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*UDYLWDWLRQDO�0DQLSXODWLRQ
RI�'RPHG�&UDIW

�������3DXO�(�3RWWHU

7KLV� EDFN� FRYHU� SKRWRJUDSK� ZDV� WDNHQ� E\� .HUU\� /\QQ� &DVVLG\�� DQG� ,� VKDOO
LQFOXGH�KHUH�.HUU\
V�RZQ�GHVFULSWLRQ�RI�LW�
�<HV� WKH�8)2� RYHU�0DOLEX� LV� UHDO���,Q� IDFW� ,� EHOLHYH� WKH\� ZHUH� GRLQJ� D� GHPRQVWUDWLRQ� WKH\
ZDQWHG�PH�WR�SKRWRJUDSK�

7KLV� HQHUJ\� WUDFH� RI� VFDWWHUHG� SKRWRQV� VKRZV� SUHFLVHO\� WKH
SDWK� RI� WKH� JUDYLWR�HOHFWURPDJQHWLF� IRUFHV� EHLQJ� HMHFWHG� LQ
ZDYH�SDFNHWV�IURP�D�8)2�VHHQ�RYHU�WKH�&DOLIRUQLDQ�FRDVWOLQH�
$V�D�FRPSDULVRQ�DW�WKH�ERWWRP�ULJKW�FDQ�EH�VHHQ�WKH�OLJKWV�RI
FDUV�WUDYHOLQJ�DORQJ�WKH�3DFLILF�&RDVW�+LJKZD\�DW�0DOLEX��7KDW
WKH�FUHZ�LQVLGH�WKH�8)2�UHWXUQHG�DJDLQ�DQG�DJDLQ�ZLWKLQ�WKH
VSDFH�RI�DQ�KRXU�WR�UHSHDW�WKLV�VDPH�PDQHXYHU��VR�WKDW�LW�FRXOG
EH�SKRWRJUDSKHG�VHYHUDO�WLPHV��ZRXOG�LQGLFDWH�FRPPXQLFDWLRQ
FDQ�EH�HVWDEOLVKHG�EHWZHHQ�DOLHQV�DQG�KXPDQV�
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$FWXDOO\��LW
V�QRW�WLPH�ODSVH���LW
V�WDNHQ�ZLWK�D�GLJLWDO�FDPHUD�LQ�D�IUDFWLRQ�RI�D�VHFRQG���WKDW
V
KRZ�IDVW�WKH�FUDIW�RU�FUDIWV�ZHUH�PRYLQJ�
,�KDG�D�VLJKWLQJ�RQ�WKH�VDPH�EHDFK�DW�QLJKW�DERXW�WZR�ZHHNV�EHIRUH���UHSRUWHG�LW�WR�0XIRQ�DQG
WKH\�ZDQWHG�PH�WR�PHHW�RQH�RI�WKHLU�LQYHVWLJDWRUV�WKHUH�WR�VHH�WKH�VHWWLQJ�HWF���$W�WKDW�WLPH�,�VDZ
D�WULDQJXODU�FUDIW�UHDOO\� OLNH�D�SLH�ZHGJH�ZLWK�OLJKWV�DFURVV� WKH� IURQW� IO\LQJ�YHU\� VORZO\���OLNH�D
UHFRQQDLVVDQFH�RU�VXUYHLOODQFH�FUDIW���,�VHQVHG�LW�ZDV�SDUWLDOO\�RQH�RI�RXUV�EXW�PLJKW�EH�SLORWHG�E\
D� FRPER� UHSWLOLDQ�KXPDQRLG� JURXS���MXVW� D� IODVK� WKRXJKW���WKHQ� ,� VDZ� DQRWKHU� FRPLQJ� IURP� D
FRPSOHWH�GLIIHUHQW�GLUHFWLRQ�DV�ZHOO����GLGQ
W�KDYH�P\�FDPHUD���,�ZDV�RQ�WKH�EHDFK�ZDONLQJ�P\�GRJ
DW�QLJKW���WKHUH�ZDV�D�SROLFH�FDU�RQ�WKH�ULGJH�ZKLFK�,�QRWHG�DW�WKH�WLPH���
:KHQ�,�ZHQW�WR�PHHW�WKH�0XIRQ�UHS�DW�WKH�DSSRLQWHG�EHDFK�DQG�WLPH���KH�QHYHU�VKRZHG���)RXQG
RXW�ODWHU�KH�ZHQW�WR�WKH�ZURQJ�DGGUHVV�RQ�3&+��$QG�VR�,�ZDV�OHIW�ZDLWLQJ��,�JRW�ERUHG�DIWHU���
PLQV�RI�ZDLWLQJ�DQG�VWDUWHG� WR� JR�GRZQ�RQ� WKH�EHDFK���WKHQ� VDZ� WKLV�GUDPDWLF�GHPRQVWUDWLRQ�
ZKLFK�LV�WKH�ILUVW�VSLUDOLQJ�FUDIW�RI�PXOWL�FRORUV��DQG�VFUDPEOHG�WR�JUDE�P\�OLWWOH�GLJLWDO�FDPHUD
IURP�P\�FDU���VQDSSLQJ�D�FRXSOH�SKRWRV�RI�WKDW�MXVW�LQ�WLPH���WKHQ�,�ORRNHG�WR�WKH�RSSRVLWH�VLGH�RI
WKH�VN\���DQG�VDZ�OLJKWV��EXW�QR�GHILQLWLRQ��DQG�KDG�WKH�WKRXJKW�WKDW�LI�,�VKRW�SLFV���P\�FDPHUD
PLJKW�VHH�ZKDW�,�FRXOG�QRW���ZKHQ�,�JRW�LW�KRPH�DQG�XSORDGHG�WKH�SLFV�,�ZDV�DVWRXQGHG�DW�WKH
DPD]LQJ�GHVLJQV���DQG�UHDOL]HG�WKH\�PXVW�KDYH�EHHQ�DZDUH�WKDW�,�ZDV�WKHUH���DW�WKH�WLPH�,�VKRW
WKRVH�SKRWRV�,�UHDOO\�KDG�QR�LGHD�LI�ZKDW�,�ZDV�VHHLQJ�ZDV�DQ\WKLQJ�HYHQ�ZRUWK�WU\LQJ�WR�VKRRW����
.HUU\�/\QQ�&DVVLG\�LV�D�ZULWHU��GLUHFWRU��DQG�SURGXFHU�OLYLQJ�LQ�&DOLIRUQLD��$ORQJ�ZLWK�%LOO�5\DQ
VKH�IURQWV�WKH�RUJDQL]DWLRQ�FDOOHG�3URMHFW�&DPHORW��WKH�SXUSRVH�RI�ZKLFK�LV�WR�SURYLGH�D�YHKLFOH
IRU�UHVHDUFKHUV�DQG�
ZKLVWOHEORZHUV
�WR�JHW�WKHLU�VWRULHV�RXW��7KH�JRDOV�RI�3URMHFW�&DPHORW�DUH�
��7R�SURYLGH�UHVHDUFKHUV��DFWLYLVWV�DQG�
ZKLVWOHEORZHUV
���LQ�WKH�DUHD�RI�H[RSROLWLFV��IUHH�HQHUJ\
DQG�LQYHVWLJDWLRQ�LQWR�FRQVSLUDFLHV�WKDW�WKUHDWHQ�WKH�FXUUHQW�SDUDGLJP���ZLWK�DFFHVV�WR�DOO�IRUPV
RI�PHGLD�LQ�RUGHU�WR�JHW�WKH�WUXWK�RXW�
�� 7R� HVWDEOLVK� 
VDIHW\� LQ� QXPEHUV
� DQG� XQLWH� WKHVH� GLVSDUDWH� IDFWLRQV� XQGHU� DQ� XPEUHOOD� RI
SURWHFWLRQ� IRU� DFWLYLVWV� DQG� 
ZKLVWOHEORZHUV
� ZKR� PD\� KDYH� FRQFHUQV� IRU� WKH� VDIHW\� RI
WKHPVHOYHV�DQG�WKHLU�ORYHG�RQHV�
��7R�SURYLGH�D�WULEXWH�WR�DOO�DFWLYLVWV�LQ�SDUDGLJP�FKDOOHQJLQJ�ILHOGV�ZKR�KDYH�ZRUNHG�IRU�WKH
EHQHILW�RI�KXPDQLW\����DQG�ZKR�KDYH�VXIIHUHG�RU�EHHQ�VLOHQFHG�IRU�VSHDNLQJ�WKH�WUXWK�
7KH�3URMHFW�&DPHORW�ZHEVLWH� FDQ� EH� IRXQG� DW� KWWS���SURMHFWFDPHORW�RUJ� DQG� LV�ZKHUH�PDQ\
LQWHUYLHZV�DUH�SXEOLVKHG�WKDW�SURYLGH�DQ�LQVLJKW�LQWR�WKH�8)2�DQG�H[WUDWHUUHVWULDO�ILHOG�
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$OO�ULJKWV�UHVHUYHG��1R�SRUWLRQ�RI�WKLV�VWXG\�PD\�EH
UHSURGXFHG�LQ�DQ\�IRUP�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�WKH�DXWKRU�

1R�SRUWLRQ�RI�WKLV�VWXG\�LV�SHUPLWWHG�WR�EH�XVHG���XQGHU�DQ\
FLUFXPVWDQFHV���IRU�WKH�SXUSRVH�RI�ZDUPRQJHU\
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,QGH[�RI�&RQWHQWV�
)RUHZRUG�
:ULWWHQ�E\�%HWW\�$QQ�/XFD
$FNQRZOHGJPHQWV�
,OOXVWUDWLRQV�
,QWURGXFWLRQ�
'LVFODLPHU�
&KDSWHU����7KH�$QGUHDVVRQ�([WUDWHUUHVWULDO�3DUDGLJPV
����3RO\PHFKDQLFDO�(QJLQHHULQJ�6WXGLHV�IURP�'LVWDQW�*DOD[LHV
����9DOXDEOH�0HPRULHV�RI�$OLHQ�7HFKQRORJLHV�IURP�$EGXFWHHV
����7KH�&XULRXV�2EVHUYDWLRQV�5HFDOOHG
����'HEULHILQJV�$WWHQGHG�E\�$HURVSDFH�6FLHQWLVWV
����:H�$UH�$ORQH����LQ�RXU�&URZQ�RI�7KH�&UHDWLRQ�6\QGURPH
����'DPDJH�/LPLWDWLRQ�6WUDWHJ\�RI�'HIHQVH�'HSDUWPHQWV

&KDSWHU����+HOLFDO�)LHOG�$FFHOHUDWLRQ�DV�D�0HDQV�RI�3URSXOVLRQ
����'RPHG�&UDIW�,QVLGH�D�6XUURXQGLQJ�(QHUJ\�(QYHORSH
����3URSXOVLRQ�RI�D�%HDP�GULYH�8)2
����)LOP�)RRWDJH��IURP�0H[LFR��RI�+\SHU�-XPSV
����([WUDWHUUHVWULDO�0XVLQJV�%HWZHHQ�WKH�6WDUV
����-HWV�3URGXFHG�IURP�5RWDWLQJ��.HUU��%ODFN�+ROHV
����0HFKDQLVPV�IRU�3URGXFWLRQ�RI�(OHFWURQ�3RVLWURQ�$YDODQFKHV
����5RWDWLRQ�)RUFH�DQG�0RPHQWXP�7UDQVIHU�IURP�D�%ODFN�+ROH
����0DJQHWLF�)OX[�/LQH�%UHDN�5HFRQQHFWLRQ�,RQL]DWLRQ��5HFRQQHFWLRQ�3DUW�,�
����7KH�4XHVW�IRU�6WDELOLW\�LQ�WKH�'HYHORSPHQW�RI�D�)LODPHQW�WXEH
�����&ROOLPDWLRQ�DQG�+RRS�6WUHVV
�����(OHFWURG\QDPLF�$QFKRULQJ�RI�WKH�0DJQHWLF�)LHOG
�����:LOOLDPV�DQG�'H�)HOLFH�RQ�1HJDWLYH�5DGLDO�0RPHQWXP

&KDSWHU����7KH�+RO\�*UDLO�RI�$VWURSK\VLFV��7KH�%ODFN�9RUWH[
����,QWURGXFWLRQ�WR�WKH�&U\VWDO�JODVV�6SKHUHV
����6FKRROURRP�(DUWK�RU�WKH�8QLYHUVDO�6FKRRO�RI�7KRXJKW�"
����2VFLOODWLRQV�RI�WKH�DD8)2
V�6SKHUHV�RI�&U\VWDO�JODVV
����3ODVPD��7KH�(OHFWURQLF�6WDWH�RI�0DWWHU
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����8OWUD�YLROHW�,RQL]DWLRQ�0HFKDQLVPV
����([FLWRQ�([FLWDWLRQV�$URXQG�'LHOHFWULF�6SKHUHV
����(OHFWURQ�)XVLRQ�DQG�*\UDWLRQ
����*HQHUDWLRQ�DQG�7UDQVIHU�RI�&KDUJHV�IURP�WKH�7RURLG�)OXLG
����)RUPDWLRQ�RI�WKH�7RURLG
V�0DJQHWLF�)LHOG�/LQHV
�����7RURLG
V�0DJQHWLF�)OX[�/LQHV�3XOOHG�LQWR�6KDSH
�����%UHDNLQJ�DQG�5HFRQQHFWLRQ�RI�)OX[�/LQHV��5HFRQQHFWLRQ�3DUW�,,�
�����7RS�6SKHUH�(PLVVLRQV�*LYLQJ�RII�%DUV�RI�/LJKW
�����*\UDWLRQ�RI�D�&\FORWURQLF�6WRULQJ�)LHOG
�����7KUHH�,QWHQVLWLHV�RI�WKH�0DJQHWLF�)LHOG�WR�$LG�(PLVVLRQV
�����0DJQHWLF�)XQQHO�&UHDWHV�D�%ODFN�9RUWH[�DW�WKH�+HDUW�RI�WKH�DD8)2
�����9DFXRXV�)RUFH���/LJKW�&RQYHUWV�WR�*UDYLW\
�����&OXHV�)RUWKFRPLQJ�LQ�WKH�8)2
V�4XDVL�%ODFN�+ROH�'ULYH
�����2Q�WKH�&RKHUHQW�$PSOLILFDWLRQ�IURP�LWV�%ODFN�9RUWH[

&KDSWHU����(OHFWURFKHPLVWU\�RI�)HUURHOHFWULF�6SKHUHV
����3KRWRQ�*HQHUDWRU�RI�*UDYLWDWLRQDO�)RUFHV
����(OHFWULFDO�0HFKDQLVPV�:RUNLQJ�LQ�4XDUW]�*ODVV
����0DJQHWR�(OHFWULF�2VFLOODWLRQV�IURP�0DJQHWRVWULFWLRQ�0DWHULDOV
����0DJQHWRVWULFWLYH�DQG�)HUURHOHFWULF�&HUDPLFV�LQ�6SKHUHV
����)HUURHOHFWULF�(PLVVLRQV�DQG�3RODUL]DWLRQ�5HYHUVDO�(PLVVLRQV
����&RORUHG�/XPLQHVFHQFH�IURP�:LWKLQ�WKH�6SKHUHV
����4XDUW]�RU�*ODVV��&U\VWDOOLQH�RU�$PRUSKRXV"
����$�&U\VWDO
V�$FRXVWRHOHFWULF�3KRQRQ�:LQG
����6SKHUH�)DEULFDWLRQ�ZLWK�6RO�*HOV�RI�6LOLFRQV�DQG�/DQWKDQRLGV
�����6XUIDFH�)DFHWV�WR�(QKDQFH�(OHFWURQ�DQG�3KRQRQ�([FKDQJH
�����:KLUOLQJ�=RQHV�,QVLGH�)RFXVHG�$FRXVWLF�2UEV
�����3HUPHDELOLW\�6ZLWFKLQJ�&DSV�$URXQG�7RS�6SKHUHV

&KDSWHU����*UDYLWDWLRQDOO\�0RGLILHG�/RZHU�6SKHUHV
����3RODUL]DWLRQ�&KDQJHV�LQ�/RZHU�6SKHUHV�2UELWLQJ�%ODFN�9RUWH[
����5RWDWLQJ�)RUFHV�(QFORVHG�:LWKLQ�8)2
V�(UJRVSKHUH�$
����'LVSODFHG�$OLJQPHQW�RI�&U\VWDOOLQH�/DWWLFH�&HOOV
����)LWWLQJ�WKH�%ODFN�9RUWH[�LQWR�WKH�&UDIW
V�(OHFWURQLF�&LUFXLW
����1HJDWLYH�3KDVH�9HORFLW\�RI�0HWDPDWHULDOV
����3ODVPRQLF�3XPS�IURP�D�7KLQ�:LUH�/DWWLFH�1HWZRUN
����7KLFN�:LUH�DQG�'LDPRQG�ODWWLFH�3ODVPRQLF�)UHTXHQFLHV
����)DFHWHG�6SKHUHV�,QVLGH�0LFURZDYH�6SLQQLQJ�)LHOGV
����6XPPDU\�2QH��*ODVV�6SKHUHV�WKDW�7KLQN�WKH\�DUH�6XSHUFRQGXFWRUV
�����6XPPDU\�7ZR��:LUH�1HWZRUN�LQ�0HJDFRQGXFWRU�'LHOHFWULF�6SKHUHV
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&KDSWHU� ��� ,QQHU� 5LQJ�WXEH�� 7RURLG� )OXLG�� 6WHP� &RLOV�� $UPV�� DQG
7HOHPHWHU�:KHHOV
����5DGLDO�0RPHQWXP�,QGXFHG�LQWR�WKH�7HOHPHWHU�:KHHOV
����3DWKZD\V�RI�&RQGXFWLYLW\�IRU�DQ�(OHFWULFDO�&LUFXLW
����(OHFWULFDO�(QHUJ\�IURP�WKH�%ODFN�9RUWH[
����$UUD\�RI�7XEH�JXLGHV�ZLWK�&U\VWDO�OLNH�)LULQJ�/HQVHV
����2UWKRJRQDO�0DJQHWLF�)LHOG�7XUQV�%HDPV�+HOLFDO
����3XPSLQJ�XS�WKH�0LFURZDYH�%HDPV
����)LULQJ�7KURXJK�WKH�7RURLG�:DOO
����7KH�8)2�7DNHV�RQ�:DWHU�WR�%UHDNGRZQ�LQWR�(OHFWURQLF�)XHO
����3XOVH�)LULQJ�LQWR�WKH�7RURLG�WR�,RQL]H�LWV�)OXLG
�����)OXLG�3RODUL]HG�E\�%ODFN�9RUWH[�DW�,QQHU�5LP
�����,QQHU�5LQJ�WXEH�&RQWUROOLQJ�0HFKDQLVP
�����$FWLYH�*RYHUQLQJ�&RQWURO�7KURXJK�WKH�,QQHU�5LQJ�WXEH
�����7KH�6RIW�3RO\PHU�SODVWLF�RI�WKH�,QQHU�5LQJ�WXEH
�����$GMXVWDELOLW\�RI�WKH�7RURLG�)OXLG
V�3HUPLWWLYLW\

&KDSWHU����7KH�%ODFN�9RUWH[�RI�,PPHQVH�3RZHU
����,QWDNH�DQG�2XWIORZ�RI�DQ�$VWURSK\VLFDO�+ROH�LQ�6SDFH
����+RZ�WKH�DD8)2
V�%ODFN�9RUWH[�,QKDOHV�DQG�([KDOHV
����$UWLILFLDO�(QJLQHHULQJ�RI�D�)XQFWLRQDO�%ODFN�9RUWH[
����5HDO�WLPH�(QJLQHHULQJ�RI�D�)XQFWLRQDO�%ODFN�9RUWH[
����/LQLQJ�XS�WKH�6SKHUH�VHWV�WR�WKH�&HQWUDO�9RUWH[
����6HHLQJ�D�&RPSOHWH�5DQJH�RI�)UHTXHQFLHV�,QVLGH�WKH�8)2�&UDIW
����*\UDWLQJ�6WRUDJH�)LHOG�)HHGV�5LP�)LHOG��&XUUHQW�5LQJ�
����7KH�*XOO\�3DUDGR[�RI�D�6PDOO�*DS�/HDGLQJ�WR�%LJJHU�7KLQJV

&KDSWHU����*UDYLW\�3XOOLQJ�,Q�DQG�3XVKLQJ�2XW
����$FRXVWLF�%ODFN�9RUWH[�*LYHV�8)2V�WKH�6WHDOWK�RI�6LOHQFH
����%ODFN�9RUWH[�(VWDEOLVKHV�+RUL]RQWDO�*UDYLWDWLRQDO�)RUFH
����'LIIHUHQFH�LQ�$HURQDXWLFV�:LWK�*UDYLWDWLRQDO�%XR\DQF\
����%DVH�'LVF�'LYLGHV�*UDYLWDWLRQDO�)LHOG�'\QDPLFV
����1HJDWLYH��5HSXOVLYH��*UDYLW\�%HORZ�WKH�%DVH�'LVF
����%H\RQG�WKH�%XR\DQF\�RI�5DGLDO�DQG�1HJDWLYH�*UDYLWDWLRQDO�)RUFHV
����2Q�0\�:D\�+RPH�$IWHU�D�+DUG�1LJKW
V�$EGXFWLRQ���

&KDSWHU����6XSHUUDGLDQFH�0HFKDQLVP�8VHG�LQ�8)2V
����*\UDWLQJ�5LP�)LHOG��&XUUHQW�5LQJ��,QGXFWLYH�FRXSOLQJ�WR�9RUWH[
����:KLWH�:DOO�5HSXOVLRQ�)RUFH�,QVLGH�5LP
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����)RXUWK�$PSOLILFDWLRQ��6XSHUUDGLDQFH
����0RGHOOLQJ�DQ�(UJRVSKHUH�IRU�D�6ORZHU�/LJKW�6SHHG
����0RYLQJ�)OXLG�6ORZV�/LJKW�6SHHG�(YHQ�0RUH
����8)2V�(VWDEOLVK�(OHFWURPDJQHWLF�$QFKRU�:LWKLQ�7KHLU�(UJRVSKHUH
����6XSHUUDGLDQFH�3OXV��$QRWKHU�3ODVPD�3XPS��5HFRQQHFWLRQ�3DUW�,,,�
����6WDELOLVLQJ�WKH�%DFN�(0)�RQ�WKH�%ODFN�9RUWH[
����'LG�WKH�*UH\V�0HQWLRQ�6XSHUUDGLDQFH�'XULQJ������$EGXFWLRQ�"

&KDSWHU�����*UDYLWDWLRQDO�0RPHQWXP�)LHOG�(MHFWLRQV
�����7RURLGDO�)UXVWXP�RI�+RRS�6WUHVV
�����*UDYLWDWLRQDO�0RPHQWXP�6HQW�LQWR�D�&XUYHG�*HRPHWU\
�����*DWHG�5LP�(MHFWV�(OHFWURPDJQHWLF�*UDYLWDWLRQDO�:DYH�SDFNHWV
�����'RPH
V�&XUYHG�*HRPHWU\�&RPSUHVVHV�WKH�:DYH�SDFNHWV
�����6L[WK�$PSOLILFDWLRQ��7KH�'RPH
V�$SH[�&RQWURO�RI�WKH�7XEH
V�%RUH
�����%HIRUH�(LQVWHLQ
V�&RVPRORJLFDO�&RQVWDQW�&DSHU
�����5HSXOVLYH�*UDYLWDWLRQDO�)RUFH�DQG�1HJDWLYH�6SDWLDO�&XUYDWXUH
�����8VLQJ�WKH�5HSXOVLYH�$WWUDFWLYH�)RUFHV
�����&KLUSLQJ�WKH�6HPL�IXOO�6ZLQJ�EDFNV�LQWR�:DYH�SDFNHWV
������3HUWXUEDWLRQV�WR�9DU\�WKH�2SWLFDO�7UDQVSDUHQF\�RI�6SDFHWLPH
������$�6XFFHVVIXO�0HFKDQLVP�WR�+DUYHVW�=3)�(QHUJLHV�%\

&KDSWHU�����'HQVLW\�(QYLURQPHQWV��+HOLFDO�7UDQVSRUW�DQG�7LPH�'LODWLRQ ��
�����$�8)2�LV�D�6HDOHG�(QYLURQPHQW�$URXQG�D�4XDVL�EODFN�+ROH
�����'LPHQVLRQ�$QRPDOLHV�([SHULHQFHG�E\�$EGXFWHHV
�����'HRSXODWLQJ�:LWKLQ�D�0DVV�GHQVLW\�*UDGLHQW
�����0DWWHU�7UDQVSRUWDWLRQ�)LHOG�3URMHFWLRQV
�����GH�%URJOLH�:DYH�0HFKDQLFV�DQG�WKH�3ODQFN�6FDOH

6XSSOHPHQWDU\�&KDSWHUV�
6XSSOHPHQW�����/D]DU
V�%DFN�HQJLQHHUHG�8)2�5HLQWHUSUHWHG
�����/D]DU
V�6XSHUKHDY\�*UDYLWDWLRQDO�)LHOG
�����7KH�%RE�/D]DU�6���8)2�7KURXJK�WKH�/RRNLQJ�*ODVV
�����7KH�&HQWUDO�5HDFWRU
V�:KLWH�+ROH
�����)LVKLQJ�IRU�WKH�*UDYLW\�$�)RUFH
�����%RE�/D]DU
V�6WUDQJH�7HFKQRORJ\�5HFRQILJXUHG�WR�0DNH�0RUH�6HQVH
�����4XDVL�EODFN�+ROH
V�'HOLFDWH�6WRPDFK
�����%RE�/D]DU
V�(OHPHQW�����LV�+HUH�WR�6WD\����LWV�2IILFLDO��
�����&RQVWDQW�(QHUJ\�%HLQJ�'HOLYHUHG�IURP�3RODUL]HG�8QXQSHQWLXP����
�����3URWRQ�&\FORWURQ�%HQHDWK�WKH�'RPH
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������3LWFKLQJ�LQ�)URP�7KUHH�$QJOHV�WR�/RDG�WKH�'RPH
������+RO\�*UH\O�)RXQG�+LGGHQ�,QVLGH�/D]DU
V�)UHTXHQF\�3DUDPHWHUV

6HFWLRQ������1RWHV�WR�FKDSWHUV
6HFWLRQ������%LEOLRJUDSK\�RI�UHIHUHQFHV�DQG�ZHE�OLQNV
6HFWLRQ������,QGH[��DYDLODEOH�RQ�UHTXHVW�
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)RUHZRUG��E\�%HWW\�$QQ�/XFD�
+DYLQJ� ZRUNHG� ZLWK� WKH� DXWKRU� RII� DQG� RQ�� IRU� ILYH� \HDUV�� ,� DP� SOHDVHG� DQG
KDSS\� WR� SUHVHQW� WKLV� LQWURGXFWLRQ� WR� 3DXO� 3RWWHU
V� LQVSLUDWLRQDO� PDWHULDO� DQG
H[FHOOHQW� ERRN�� *UDYLWDWLRQDO� 0DQLSXODWLRQ� RI� 'RPHG� &UDIW�� ,W� LV� D� ILUVW� WLPH
SXEOLFDWLRQ��DQG�D�PXVW�KDYH����IRU�SHRSOH�LQWHUHVWHG�LQ�ZKDW
V�UHDOO\�KDSSHQLQJ�LQ
WKH�ILHOG�RI�8)2�SKHQRPHQRQ�
3DXO
V� WRWDO� FRPPLWPHQW� DQG�H[WUDRUGLQDU\� DELOLW\� WR�GHYHORS�DZHVRPH� DQVZHUV
WR�WKH�SKHQRPHQDO�8)2�SURSXOVLRQ�V\VWHP�LV�VKHHU�JHQLXV��+LV�NQRZOHGJH�DQG
LQWHUHVW�RI�SK\VLFV�LV�UHPDUNDEOH��7KLV�VWXG\�RI�WKH�$$�FUDIW
V�VWUXFWXUHV�KDV�OHG
KLP� LQWR� PDJQHWRK\GURG\QDPLFV�� IOXLG� G\QDPLFV�� HOHFWURFKHPLVWU\�� HOHFWUR�
NLQHWLFV��DQG�SODVPD�SURSXOVLRQ�SK\VLFV��3DXO�KDV�PDQDJHG�WR�XQORFN�VHFUHWV�RI
XQLYHUVDO�SRZHUV�KLGGHQ�DQG�XWLOL]HG�LQ�WKH�LQWHULRU�RI�WKH�FUDIW��DQG�WKH�H[WHULRU
RI�WKH�FUDIW
V�RXWHU�VKHOO��7KURXJK�WKLV�ERRN�KH�VKDUHV�WKH�ERXQWLIXO�EOHVVLQJV�RI
GLVFRYHU\�� DFTXLUHG� NQRZOHGJH�� DQG� EULOOLDQW� UHVHDUFK� WKDW� VHWV� KLV� ZRUN� KLJK
DERYH� WKH� XVXDO� LQIRUPDWLRQ� RQ� SURSXOVLRQ� V\VWHPV� LQ� WRGD\
V� PDUNHW�� 6XFK
EOHVVLQJV�GLG�QRW�FRPH�HDV\�DQG�ZHUH�PRWLYDWHG�E\� VWUXJJOH� LQ�ERG\�� VRXO�� DQG
VSLULW��/LNH�PDQ\� LQYHQWRUV��3DXO�KDV�QRW�EHHQ�D� VWUDQJHU� WR�SHUVRQDO� KDUGVKLS�
VDFULILFH��DQG�ILQDQFLDO�VWUHVV��/LIH�RIWHQ�DFTXLUHV�VRPH�W\SH�RI�VXIIHULQJ�LQ�RUGHU
WR�EULQJ�RQH�WR�WKH�JDWH�RI�EDODQFH��H[SHFWDWLRQ�DQG�VXFFHVV��,Q�P\�RSLQLRQ�3DXO
KDV�DFKLHYHG�WKDW�WUXH�PHDVXUH�RI�VXFFHVV�WKURXJK�KLV�ZRUN�RQ�WKH�FUDIW�
7R�WKH�5HDGHU����,�EHOLHYH�LW�LV�QRW�E\�FKDQFH�WKLV�ERRN�LV�LQ�\RXU�SRVVHVVLRQ��<RX
DUH�GHILQLWHO\� D� VHULRXV� WKLQNHU� KHDGLQJ� WRZDUG� WKH� IDQWDVWLF� UHDOLW\�RI� IXWXULVWLF
IOLJKW��<RXU�WKLUVW�IRU�DQVZHUV�WR�WKH�VRUHO\�LJQRUHG�VXEMHFW�RI�SRZHUHG�FUDIW�VXFK
DV�XQLGHQWLILHG� IO\LQJ�FUDIW�RU�REMHFWV�ZLOO� VRRQ�EH� VDWLVILHG��$QG�3DXO
V� VXFFHVV
ZLOO� KDYH� OHG� WKH�ZD\�ZLWK� DOO� KLV� JURXQG�ZRUN��7KLV�QHZ� LQIRUPDWLRQ� LV� QRW� D
ERRN� DERXW� PXOWLSOH� VLJKWLQJV�� QRU� DOLHQ� DVWURQDXWV� ZKR� HDVLO\� RSHUDWH� VXFK
XQEHOLHYDEOH� PDFKLQHV�� %XW� LW� LV� DERXW� WKH� PDFKLQH� DQG� LWV� LQFUHGLEOH� SRZHU
VRXUFH��DQG�KRZ�LW�HYROYHV��,WV�YROXPH�RI�VSHFWDFXODU�LGHDV��DQG�XVH�RI�VFLHQWLILF
FKDQQHOV�ZLOO� FKDOOHQJH� \RXU�PLQG� WR� REVHUYH� HYHU\� GHWDLO� WKDW� SXOOV� WRJHWKHU� D
ZRUNDEOH�ILQLVKHG�SURGXFW��7KH�SRZHU�IRU�WKH�$$�FUDIW�
*RYHUQPHQWV�� PLOLWDU\�� DQG� FRUSRUDWH� LQGXVWULHV� KDYH� VHFUHWO\� WULHG� WR� EDFN�
HQJLQHHU�UHWULHYHG�8)2�FUDIW��DQG�DUH�VWLOO�GRLQJ�VR�WR�WKLV�GD\��%HFDXVH�RI�3DXO
V
WLUHOHVV� UHVHDUFK� DQG� GHVLJQV� ZH� FDQ� EHJDQ� WR� FRPSUHKHQG� WKH� VWUDQJH� DQG
RULJLQDO� FRPSOH[LWLHV� RI� DQ� H[WUHPHO\� DGYDQFHG� SURSXOVLRQ� V\VWHP� WKDW� SRZHUV
WKHVH� DOLHQ� VKLSV�� 8QWLO� QRZ�� WKHUH� ZDV� OLWWOH� QHZV� RU� JDWKHUHG� XQGHUVWDQGDEOH
NQRZOHGJH�DYDLODEOH�WR�WKH�JHQHUDO�SXEOLF��WKDW�PLJKW�UHYHDO�KRZ�WKH�8)2�FUDIW
DQG�LWV�VRXUFH�RI�HQHUJ\�ZDV�FDSDEOH�RI�VXFK�RXW�RI�WKLV�ZRUOG�WUDYHO��:HOO����*HW
UHDG\�WR�EH�EORZQ�DZD\��$QVZHUV�ZH
YH�DOO�EHHQ�VHHNLQJ�FRQFHUQLQJ�WKLV�VRXJKW�
DIWHU� LQIRUPDWLRQ� ZLOO� EH� IRXQG� LQ� WKH� SDJHV� RI� WKLV� ERRN�� 3DXO
V� UHOHQWOHVV
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VFLHQWLILF� UHVHDUFK� LQWR� HOHFWURPDJQHWLVP�� VXSHUFRQGXFWLYLW\�� GLVSHUVHG� FKDUJH
SDUWLFOHV�� DWRPLF� DQG� IXVLRQ� UHDFWLRQ�� PDJQHWLF� ILHOGV�� KHOLFDO� SODVPD�� PXOWLSOH
SROHV�� WRURLG� PDJQHWLF� ILHOGV�� IOX[� OLQHV�� FU\VWDO� WHFKQRORJ\� ZLWK� TXDVL�
SLH]RHOHFWULF�JODVV�NHSW�KLP�IRFXVHG�RQ�WKH�$QGUHDVVRQ�$IIDLU�FUDIW
V�FU\VWDO�RUEV�
DQG�LQWHUQDO�VWUXFWXUHV�XQWLO�KH�DFKLHYHG�D�WUHPHQGRXV�EUHDNWKURXJK��+LV�LGHD�LV
WKDW� D� FUHDWHG� KLJK�SRZHUHG� HQHUJ\� UHOHDVH� LQ� WKH� ORZHU� VHFWLRQ� RI� WKH� FUDIW
EHWZHHQ� LWV� VWHPV� DQG� RUEV� ZRXOG� DXWRPDWLFDOO\� FLUFXODWH� LQWHUQDOO\� DQG� WKHQ
RXWZDUG� DURXQG� WKH� H[WHULRU� VNLQ� RI� WKH� FUDIW��ZKLFK�ZRXOG� SURGXFH� IRUP� DQG
FRQWURO��DQG�HDVLO\�GLVWULEXWH�DQ�HYHQ�IORZ�RI�PRYHPHQW��IURP�WKH�V\VWHP
V�PXOWL�
XQLW�SURSXOVLRQ�FHQWHU��WR�SRZHU��OLIW��DQG�PRYH�WKH�VKLS�LQ�DQ\�GLUHFWLRQ�
%XW�ZKDW�DERXW� WKH�P\VWHULRXV�8)2V�WKDW�VLOHQWO\�KDXQW�RXU� VNLHV��DQG� WHQG� WR
OHDYH�XV�DOO�GXPE�IRXQGHG��ZRQGHULQJ���KRZ�LV�LW�SRVVLEOH��+RZ�GRHV�LW�IO\��0DQ\
SHRSOH�GHVSHUDWHO\�QHHG�DQG�GHVHUYH�DQ�DQVZHU��,WV�VWUDQJH�DELOLW\�WR�SURGXFH�IHDU
RU� RYHUZKHOPLQJ� FXULRVLW\� DIWHU� D� SHUVRQDO� VLJKWLQJ�� PD\� VRPH� GD\� EHFRPH� D
WKLQJ�RI�WKH�SDVW��LI�WKH�EOXHSULQWV�WKDW�ILOO�WKH�YROXPH�RI�WKLV�ERRN�FRXOG�UHFHLYH
WKH� LPSRUWDQW� VFLHQWLILF� VXSSRUW� LW� WUXO\� GHVHUYHV�� ,W� ZRXOG� EH� JUHDW� LI� IXQGV
EHFDPH�DYDLODEOH�WR�EXLOG�D�ZRUNLQJ�SURWRW\SH�RI�WKH�$$�PDFKLQH��$V�\RX�VWXG\
DXWKRU� 3DXO� 3RWWHU
V� FDUHIXOO\� DVVHPEOHG�� WKRURXJKO\� UHVHDUFKHG� LGHDV�
FRQFOXVLRQV�� DQG� EHDXWLIXO� LOOXVWUDWLRQV�� \RX
UH� OHIW� ZLWK� DPD]HPHQW�� 7KH� WRWDO
ZRUN� TXLFNO\� VZHHSV� DZD\� DQ\� VNHSWLFDO� WKRXJKW� VXFK� DV���� LW� LVQ
W� SRVVLEOH���� WR
:2:�
+RSHIXOO\� WKH�ZULWWHQ� ERG\� RI� WHFKQLFDO� HYLGHQFH�� DQG� SLFWRULDO� UHQGLWLRQV� ZLOO
DVWRXQG� DQG� FKDOOHQJH� WKH� OD\PDQ�� WKH� VFLHQWLVW�� DQG� SURIHVVLRQDOV� DV� ZHOO� WR
DFFHSW�WKH�LQFUHGLEOH�UHVXOWV�3DXO�KDV�DFFRPSOLVKHG�
:RUNLQJ� WRJHWKHU� ZLWK� KLP� KDV� EHHQ� DQ� H[FLWLQJ�� SURGXFWLYH�� DQG� UHZDUGLQJ
MRXUQH\�IRU�PH��%HLQJ�DQ�DUWLVW�P\VHOI��,�RIWHQ�FDXJKW�P\�EUHDWK�ZLWK�H[XEHUDQW
MR\�RYHU�WKH�ZRQGHUIXO�SLFWRULDO�LOOXVWUDWLRQV��DQG�IXQFWLRQDO�GHVFULSWLRQV�RI�3DXO
V
ZRUN�� (DFK� VQDLO�PDLO� DQG� H�PDLO� WKDW� DUULYHG� DOORZHG� WKH� IORZ� RI� HQWKXVLDVP�
LQVLJKW��DQG�PRUH�SLQ�SRLQW�TXHVWLRQV�WR�PDWHULDOL]H��,QGLUHFWO\�KLV�GHWHUPLQDWLRQ
VHUYHG�DV�D�FDWDO\VW�� WKDW�DFWXDOO\� IRUFHG�P\�PLQG� WR� UHPHPEHU�QHZ��SUHYLRXVO\
IRUJRWWHQ� GHWDLOV� VXFK� DV� WKH� VWDLUV� RI� WKH� FUDIW� GLVDSSHDULQJ� LQWR� WKH� GRRU�� RU
FXUYHG� IORRU�� DOORZLQJ� WKH�SHULPHWHU� WURXJK� WR�KDYH�FRPSOHWH� FOHDUDQFH�DURXQG
WKH�VKLSV�LQQHU�HQWUDQFH�
3DXO�KDV� VWXGLHG�PDQ\� W\SHV�RI� UHSRUWHG�FUDIW� IRU� WKHLU�PHULW� DQG�SRVVLEOH� XVH�
$QG� DIWHU� KLV� SUHYLHZV� RI� WKRVH� LPSRUWDQW� FDVHV� ZKLFK� FRQWULEXWHG� WR� ILQGLQJ
PDQ\� VLPLODU�� RU� VLPLODUO\� FRPELQHG�� SURSXOVLRQ� FKDUDFWHULVWLFV�� HDFK� RI� WKRVH
VWXGLHV� KDV� OHDG� KLP� WR� IXUWKHU� HQKDQFH� WKH� SUREDELOLW\� RI� UHDFKLQJ� VXFFHVVIXO
FRQFOXVLRQV�
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+RZHYHU�� DIWHU� UHDGLQJ� 7KH� $QGUHDVVRQ� $IIDLU� ERRN�� DQG� UHIOHFWLQJ� RQ� WKH
GUDZLQJV��KLV�$$�FUDIW�SURMHFW�EHJDQ��7KH�DOLHQ�VDXFHU�OLNH�PDFKLQH�,�ZLWQHVVHG
GXULQJ�D������HQFRXQWHU��FDXJKW�KLV�DWWHQWLRQ��DQG�FUHDWHG�D�GHVLUH� WR� ILQG�DQG
SURYH�LWV�SRZHU�VRXUFH��$OWKRXJK�ODUJH�EDUULHUV�VXFK�DV�DQ�RFHDQ��DQG�FRQWLQHQW�
ZHUH�LQ�WKH�SDWK�RI�IDFH�WR�IDFH�LQTXLU\��ZH�PDQDJHG�WR�HVWDEOLVK�UHSRUW�WKURXJK
ZULWWHQ� FRUUHVSRQGHQFH� ZKLFK� LQ� WKH� EHJLQQLQJ� PRYHG� YHU\� VORZ�� $V� WLPH
SURJUHVVHG� OHWWHUV� NHSW� FRPLQJ�ZLWK�PXOWLSOH� TXHVWLRQV� DERXW� WKH� FUDIW
V� FU\VWDO
RUEV�� FRORUV�� OLJKWV�� VL]H�� SDWWHUQV�� VKDSHV�� VRXQGV��PHWDOV�� VWUXFWXUHV�� DQG� RWKHU
SRVVLELOLWLHV��3DXO�ZDV�VR� LQWR�GHWDLOV� WKDW�ZRXOG�KHOS�KLP�ILJXUH�RXW� WKH�HQHUJ\
V\VWHP� ,� FRXOG� EDUHO\� NHHS� XS�� $V� VRRQ� DV� KH� UHFHLYHG� P\� OHWWHU�� KLV� ZRUN
H[SORGHG�ZLWK�PRUH�LGHDV��FRQFOXVLRQV�DQG�SRVVLELOLWLHV��+LV�VFLHQWLILF�NQRZOHGJH�
HGXFDWLRQ��DQG�LQWHOOLJHQFH�ZDV�ZD\�RXW�RI�P\�OHDJXH��$W�WLPHV�KH�ZRXOG�PHQWLRQ
HOHFWULFDO� QDPHV�� DQG� WHUPV�� QXFOHDU� SK\VLFV�� W\SHV� RI� ZDYHV�� WHFKQLFDO
DEEUHYLDWLRQV�DQG�REVHUYDWLRQV��DQG�HQJLQHHULQJ�MDUJRQ��WKDW�ZDV�VR�XQIDPLOLDU�WR
PH��,�ZDV�VW\PLHG��3DXO�PXVW�KDYH�UHDOL]HG�P\�DSSUHKHQVLRQ�RYHU�WKH�VLWXDWLRQ�
DQG�LPPHGLDWHO\��DQG�WKRXJKWIXOO\�EDFNHG�XS��DQG�WRRN�WKH�WLPH�WR�H[SODLQ�WKLQJV
LQ�D�VLPSOHU�ZD\�WRZDUG�ZKDW�KH�ZDV�PHDQLQJ��%HOLHYH�PH�LW�ZDV�WKURXJK�SUD\HU�
DQG� E\�*RGV� JUDFH� ,� EHJDQ� WR� XQGHUVWDQG�� DQG� MR\IXOO\� UHFRJQL]H� WKH� DEVROXWH
JHQLXV�RI�KLV�ZRUN��$EVROXWHO\��$V�\RX�YLHZ�KLV�GHVLJQV��DQG�DUWLVWLF�LOOXVWUDWLRQV
\RX�ZLOO�DSSUHFLDWH�VXFK�FOHDU�YLVXDO�DLGV��7UXO\����$�SLFWXUH� LV�ZRUWK�D�WKRXVDQG
ZRUGV��0DQ\�RI�KLV�GUDZLQJV�PDS�WKH�LQYLVLEOH�HQHUJ\�OLQHV�LQ�RSHUDWLRQ��PRYLQJ
LQ� GLIIHUHQW� GLUHFWLRQV�� \HW� HQFRPSDVVLQJ� WKH� HQWLUH� FUDIW�� 7R� VD\� WKH� OHDVW�� WKH
LQFUHGLEOH�FRPSXWHU�LPDJHV�DUH�YHU\�LPSUHVVLYH�
$V�\RX�VKDOO�VHH��WKLV�YHKLFOH
V�UHDOLW\�LV�RQ�WKH�FXWWLQJ�HGJH�RI�RXU�QHDU�IXWXUH�
*HW�UHDG\�WR�EH�WKULOOHG�ZLWK�WKH�SRVVLELOLWLHV�VXFK�GLVFRYHU\�PD\�EULQJ� LQWR�WKH
ZRUOG�� DQG�ZLWKLQ�\RXU� OLIH�WLPH��$V�*RG�KDV�DOUHDG\�SURPLVHG���$OO� WKLQJV� DUH
SRVVLEOH��IRU�WKRVH�ZKR�EHOLHYH��$QG�+LV�6RQ�KDV�DOVR�VWDWHG��JUHDWHU�WKLQJV�VKDOO
\RX�GR��WKHQ�,�KDYH�GRQH���$UH�\RX�UHDG\�WR�VHH�WKRVH�ZRUGV�RI�WUXWK�PDWHULDOL]H"
,� EHOLHYH� WKHUH� ZLOO� VRRQ� FRPH� D� WLPH�� ZH� ZLOO� QR� ORQJHU� ZRQGHU� KRZ� WKH
SKHQRPHQDO�8)2�VDXFHU�W\SH�VKLSV�SHUIRUP��%XW�WKDW�ZH�ZLOO�VHH�DQG�IO\�PDQ�
PDGH�VKLSV��DIWHU�WKH�PDJQLILFHQW�FRQFHSW�DQG�GHVLJQ�RI�3DXO�3RWWHU
V�$$�FUDIW�
IRU�RXUVHOYHV��
%HWW\�$QQ�/XFD������
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$FNQRZOHGJHPHQWV
6SHFLDO� WKDQNV� WR� %HWW\� $QQ� /XFD� DQG� %RE� /XFD�� ERWK� RI� ZKRP� KDYH� KHOSHG
WUHPHQGRXVO\�ZLWK�WKH�ILQHU�SRLQWV�RI�H[WUDWHUUHVWULDO�WKLQNLQJ�
7KDQNV� WR� 3DW� 8VNHUW�� .HUU\� &DVVLG\�� 1DQF\� %LUQHV�� 0DKPRXG� <RXVLI�� 'DQD
5HGILHOG�� ;DQ� 3KLOLSV�� 3DWULFLD� 7KRPDV� IRU� \RXU� FRQWULEXWLRQV�� H[SHULHQFH�
HQFRXUDJHPHQW��KXPRU�DQG�H[FHOOHQW�FRIIHH�
6SHFLDO�WKDQNV�WR�%LJ�-RKQ��ZKRVH�HDU�,�KDYH�EHQW�RQ�PDQ\�RFFDVLRQV�LQ�RUGHU�WR
IXUWKHU�P\�NQRZOHGJH�RI�WKH�ILQHU�SRLQWV�RI�HOHFWURQLFV�
7KDQNV�DOVR�WR�-HII�6DYDJH�DQG�WR�:DUUHQ�<RUN�IRU�WKHLU�WHFKQRORJLFDO�QRXV��DOVR
WR� -RKQ� 6HDUO� IRU� KLV� NLQG�ZRUGV� RI� HQFRXUDJHPHQW�� DQG� WR�*DU\�9RVV� DW� 7KH
5DQFK��WKDQN�\RX�DOO�IRU�JHWWLQJ�PH�WR�VWDUW�WKLV�ERRN�LQ�WKH�ILUVW�SODFH��
6SHFLDO� WKDQNV�WR�'U��9DOHUL�'YX]KLOQ\�ZKRVH�GHGLFDWLRQ�WR� WKH�DFDGHPLF�VWXG\
RI�8)2�DUWLIDFWV�KDV�EHHQ�WUXO\�LQVSLUDWLRQDO�
7KDQNV� WR� WKH�XQVHHQ�RQHV�ZKR� FDUH� LQ� WKHLU� RZQ� VSHFLDO�ZD\V�� DQG�ZKR�KDYH
DFKLHYHG�DQ�DPD]LQJ�WDVN�KHUH��DQG�ZKR�KDYH�KLJKHU�KRSHV�IRU�RXU�IXWXUH�
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,OOXVWUDWLRQV�
)LJXUH����2XWVLGH�LPDJH�RI�8)2�IHDWXUHG�LQ�$QGUHDVVRQ�$IIDLU�ERRNV
)LJXUH� ��� 7KHVH� JODVV� VKRHV� DSSHDU� WR� ZRUN� WKURXJK� VRXQG� ZDYH� WHFKQRORJ\
�IURP�$QGUHDVVRQ�$IIDLU���3KDVH�7ZR�ILJ����
)LJXUH����9LUWXDO�HQHUJLHV�PDNLQJ�XS�UHF\FOLQJ�OLIH�IRUPV��IURP�$QGUHDVVRQ�$IIDLU��
3KDVH�7ZR�ILJ����
)LJXUH� ��� 5HIOHFWHG� DQG� UHIUDFWHG� UD\V� PDNLQJ� XS� DQ� HQJLQHHUHG� HQYLURQPHQW
�IURP�:DWFKHUV�,,�ILJ���
)LJXUH� ��� %HWW\� KDV� KHU� VKRHV� UHSODFHG� WR� LQVXODWH� KHU� IURP� WKLV� HQYLURQPHQW
�IURP�:DWFKHUV�,,�ILJ����
)LJXUH����,Q�WKH�PLVW�D�*UH\�DVNV�%HWW\�WR�SXW�RQ�VSHFLDO�VKRHV��IURP�:DWFKHUV�,,
ILJ���
)LJXUH����(QHUJ\�LQ�WKH�HQYHORSH�VXUURXQGLQJ�D�GRPHG�FUDIW�ZLOO�IROORZ�D�KHOLFDO
SDWK�RI�UHGXFLQJ�UDGLXV�RI�FXUYDWXUH
)LJXUH����(OHFWULFDO�ILHOG�OLQHV�SHUSHQGLFXODU�WR�PDJQHWLF�ILHOG�OLQHV
)LJXUH����8)2
V�SURSDJDWLQJ�EHDPV�RI�HQHUJ\�DQG�PRYLQJ�LQWR�WKHP
)LJXUH�����,Q�WKLV�YLGHR�WKH�8)2�PRYHV�LQ�MXPSV�WKURXJK�WKH�VN\��+HUH�,�VKRZ
WKH�IUDPHV�ZKHUH�WKUHH�RI�WKH�MXPS�VHTXHQFHV�EHJLQ
)LJXUH�����,QWHU�VWHOODU�PDJQHWLF�ILHOGV�RI�D�EODFN�KROH�DQG�DFFUHWLRQ�GLVN
)LJXUH�����0DJQHWLF�ILHOGV�DQG�PDJQHWRVSKHUH�RI�$QGUHDVVRQ�8)2
)LJXUH�����7KH�ZHOO�FROOLPDWHG�0���JDOD[\�MHW
)LJXUH�����&RPSDULVRQ�RI�WKH�1*&�����MHW�DQG�D�IUDPH�IURP�RQH�RI�WKH�EHDP
SURSXOVLRQ�8)2V�ILOPHG�RYHU�0H[LFR
)LJXUH�����$�EODFN�KROH��HUJRVSKHUH��DQG�DFFUHWLRQ�GLVN� WZLVWLQJ� WKH� LQWHU�VWHOODU
ILHOG�OLQHV
)LJXUH�����,RQL]DWLRQ��DQQLKLODWLRQ�DQG�SKRWRQ�SURGXFWLRQ�RXWVLGH�D�TXDVL�EODFN
KROH
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)LJXUH�����6SKHUH�VHWV�RI�WRS�VSKHUHV��ORZHU�VSKHUHV�DQG�WHOHPHWHU�ZKHHOV
)LJXUH�����(PLVVLRQV�J\UDWLQJ�DURXQG�PDJQHWLF�ILHOG�OLQHV
)LJXUH�����(DFK�RI�WKH�IRXU�VSKHUH�VHWV�JUDEV�D�TXDGUDQW�RI�WKH�WRURLG
V�PDJQHWLF
IOX[�OLQHV
)LJXUH�����,Q�WKH�6HDUO�URWRUV�D�IUXVWXP�ILHOG�LQ�ILUVW�JHQHUDWHG
)LJXUH�����&XUUHQW�VKHHWV�DV�D�VSLUDO�FRUUXJDWLRQ�LQ�DQ�0+'�SXOVDU�ZLQG
)LJXUH�����+HOLFDO�ILHOG�FUHDWHG�E\�D�6HDUO�URWRU�IURP�FKDUJHG�SDUWLFOHV�SURGXFHG
WKURXJK�PDJQHWLF�ILHOG�EUHDNLQJ�DQG�UHFRQQHFWLRQ��$OVR�WKH�=�SLQFK�HIIHFW�RQ�D
URWDWLQJ�ILHOG
)LJXUH� ����'HSHQGLQJ� RQ�KRZ� LWV�PDJQHWLF� KHOLFDO� ILHOG� LV� FRQILJXUHG� D�GRPHG
FUDIW�FDQ�SURSHO�D�ILHOG�RI�FKDUJHG�SDUWLFOHV�SDUDOOHO�WR�LWV�ORQJLWXGLQDO�D[LV�RU�LQ�DQ
D]LPXWKDO�FXUYLQJ�WUDMHFWRU\
)LJXUH�����7KH�IORZ�YHORFLW\�DQG�GHQVLW\� ILHOGV�RI�D�SURWRVWDU�� ,V� WKH�HQHUJ\�IRU
WKH�MHWV�EHLQJ�SXVKHG�LQWR�WKRVH�DUHDV�RU�SXOOHG�"
)LJXUH�����7KH�8)2�FUHDWHV�LWV�PDJQHWLF�DQFKRU�LQVLGH�WKH�FUDIW�DW�WKH�ULP
)LJXUH�����7KH�SLWFK�DQJOH�RI�D�KHOLFDO�ILHOG
)LJXUH�����(MHFWHG�HQHUJ\�FXUOV�DURXQG�FUDIW
V�GRPH�LQ�D�)LERQDFFL�FXUYH
)LJXUH�����8)2�KDUYHVWV�HQHUJ\�IURP�WKH�=3)�ILHOG�WKURXJK�WKH�DFRXVWLF�ZDYHV
DURXQG�WKH�ORZHU�VSKHUHV
)LJXUH�����5H�URXWLQJ�RI�WKH�XSSHU�DQG�ORZHU�PDJQHWLF�ILHOGV�RI�WKH�WRURLG�IRUPV
WZR�LQWHQVLWLHV�DURXQG�WKH�ORZHU�VSKHUHV
)LJXUH� ���� 7KH� OHDGLQJ� *UH\� VZLWFKHV� WKH� RXWHU� VKHOO� WR� WUDQVSDUHQW� PRGH� WR
VKRZ�%HWW\� WKH� VSKHUH�VHWV� ZRUNLQJ� LQVLGH� WKDW� 8)2� �IURP�$QGUHDVVRQ�$IIDLU� �
3KDVH�7ZR�IURQW�FRYHU�
)LJXUH�����6RPH�RI�WKH�PHFKDQLVPV�ZKLFK�GLUHFW�HQHUJ\�WRZDUG�WKH�WRS�VSKHUHV�
QRWH�WKH�DFRXVWLF�ZDYHV�ERXQFLQJ�RII�WKH�LQQHU�ZDOO�RI�WKH�WRURLG



15

)LJXUH�����&KDUJHG�SDUWLFOHV�ZLOO�PRYH� LQ�FHUWDLQ�GLUHFWLRQV�XQGHU� WKH� LQIOXHQFH
RI� IOXFWXDWLQJ� PDJQHWLF� ILHOG� OLQHV�� 6WDQGDUG� WKURXJKRXW� WKLV� VWXG\� ZLOO� EH� WKH
FLUFXODU�PRWLRQV�GHSLFWHG�LQ�WKHVH�FKDUWV
)LJXUH� ���� 7KH� WRURLG� IOXLG� DQG� WKH� YRUWH[� ZLOO� IORZ� LQ� D� FRXQWHU�FORFNZLVH
GLUHFWLRQ�� EXW� WKH� SRVLWLYH� FKDUJHV� RI� WKH� GLIIXVH� OD\HU�ZLOO� IORZ� LQ� D� FORFNZLVH
GLUHFWLRQ
)LJXUH� ����1HJDWLYH� FKDUJHG� SDUWLFOHV� ZLOO� IORZ� RXW� IURP� FHQWHU� ZKLOH� SRVLWLYH
FKDUJHV�ZLOO�IORZ�LQWR�FHQWHU
)LJXUH�����7KH� LQWHQVLW\�RI�PDJQHWLF� IOX[� OLQHV�SXOOHG� LQWR�VWHP�FRLOV�ZLOO� FDXVH
KLJK�H[FLWDWLRQ�RI�FKDUJHG�SDUWLFOHV�DURXQG�WRS�VSKHUHV
)LJXUH�����$V�WKH�VSKHUH�VHW�DVVHPEO\�URWDWHV� WKH�PDJQHWLF� IOX[� OLQHV�ZLOO�EUHDN
DQG�WKHQ�UHFRQQHFW
)LJXUH�����,Q�WKH�PLGGOH�RI�WKH�VSKHUH�VHWV�LV�HPSRZHUHG�D�ZKLUOLQJ�YRUWH[��IURP
$QGUHDVVRQ�$IIDLU�ILJ���
)LJXUH�����7KH�VSKHUH�VHW�LV�FRPSULVHG�RI�D�WRS�VSKHUH��D�VWHP�FRLO��D�ZKHHO�KHOG
E\�FRQGXFWLQJ�DUPV��D�UHYROYLQJ�FODPS�DQG�D� ORZHU�VSKHUH�� ,Q� WKLV�GUDZLQJ� WKH
ORZHU�VSKHUH�FOHDUO\�VKRZV�D�ZLUH�QHWZRUN�LQVLGH�LW���IURP�$6%7�,,�GUDZLQJ����
)LJXUH� ���� 2Q� D� PLFURVFRSLF� VFDOH� PDJQHWLF� IOX[� OLQHV� KDYH� VHYHUDO� VWDJHV� RI
H[LVWHQFH��PDJQHWLF�VWULSV�FDQ�EUHDN�GRZQ�LQWR�EXEEOH�OLNH�GRPDLQV
)LJXUH�����&U\VWDO�VWUXFWXUHV�RI�FU\VWDOOL]HG�VLOLFD�DQG�DPRUSKRXV�VLOLFD
)LJXUH�����2Q�VHYHUDO�RFFDVLRQV� WKH�H[WUDWHUUHVWULDOV� WRRN� WLPH� WR� VKRZ�%HWW\� D
SDUWLFXODU� IDFHW� RI� WKHLU� HQHUJ\� VWRUDJH� V\VWHP� �WKHVH� WKUHH� LPDJHV� DUH� IURP
$6%7�,,�GUDZLQJ�����$QGUHDVVRQ�$IIDLU�ILJ�����DQG�$QGUHDVVRQ�$IIDLU���3KDVH�7ZR
ILJ����
)LJXUH�����7KH�WZR�FRXQWHU�URWDWLQJ�IORZV�PHHW�DW�WKH�SKRWRQ�RUELW�ULQJ���H[DFWO\
ZKHUH�WKH�WRS�VSKHUHV�RUELW�DURXQG�WKH�YRUWH[
)LJXUH� ���� 7KH� VWHP� FRLOV� GLUHFW� WKH� FUDIW
V� PDJQHWLF� ILHOGV� WKURXJK� WKH� ORZHU
VSKHUHV�DV�ZHOO�DV�WKURXJK�WKH�WRS�VSKHUHV
)LJXUH�����7KH�FHQWUDO�HUJRVSKHUH�IRUPV�D�SRZHUIXO�HQJLQH�ZLWK�LWV�FHQWUDO�EODFN
YRUWH[



16

)LJXUH� ���� *UDYLWDWLRQDO� IRUFHV� IURP� WKH� EODFN� YRUWH[� ZLOO� GLVSODFH� WKH� PRUH
PDVVLYH�QXFOHL�DZD\�IURP�WKH�FHQWHU�RI�WKH�HOHFWURQ�RUELW
)LJXUH�����'LVSODFHPHQW�RI�SRVLWLYH�FDWLRQV�LQVLGH�WKH�QHJDWLYH�R[\JHQ�DQLRQV
)LJXUH�����'LIIHUHQFH�LQ�FXUYDWXUH�RI�LQIOXHQFH�DW�WRS�DQG�ERWWRP�RI�EODFN�YRUWH[
)LJXUH�����2QH�RI�WKH�GUDZLQJV�RI�WKH�H[WUDWHUUHVWULDO
V�FU\VWDOOLQH�SRZHU�V\VWHP
UHVHPEOHV�FDWLRQ�GLVSODFHPHQW�ZLWKLQ�D�FHOOXODU�VWUXFWXUH
)LJXUH� ���� 7KH� DD8)2
V� HOHFWURG\QDPLF� FLUFXLW� IROORZV� WKH� %ODQGIRUG�=QDMHN
HOHFWULF� FLUFXLW� IRU� D� EODFN�KROH��:KHUH� WKH� URWDWLQJ� IORZ�QHJRWLDWHV� DURXQG� WKH
IRXU�VSKHUH�VHWV�DQ�RVFLOODWLRQ�ZLOO�RFFXU�LQ�WKH�YRUWH[·V�PLG�VHFWLRQ
)LJXUH�����&KDUJHG�SDUWLFOHV� WKDW�ZLOO�EH� IRUFHG� WR� URWDWH�DURXQG� WKH�RXWVLGH�RI
WKHVH�VSKHUHV�ZLOO�PRYH�LQ�DQ�XQGXODWLQJ�WUDMHFWRU\��$W�GLIIHUHQW�GLDPHWHUV�WKHLU
XQGXODWLRQV�ZLOO�EH�YDULHG�DQG�VR�VHW�XS�D�KDUPRQLF�UHVRQDQFH
)LJXUH�����6SKHUHV�UHYROYLQJ�LQWR�LQWHQVH�PDJQHWLF�ILHOG�DW�ERWWRP�RI�VWHP�FRLOV
ZLOO�LQFUHDVH�WKH�HIIHFWLYH�PDVV�RI�HOHFWURQV�LQ�FHOOV
)LJXUH� ���� /RZ�UHVLVWDQFH� JROG� ZLUH� HQFDVHG� LQVLGH� TXDUW]� ILODPHQWV� EUDLGHG
WRJHWKHU�LQ�EXQFKHV�RI����WR����ILODPHQWV�ZHUH�IRXQG�WR�EH�IRUPHG�LQWR�D�PHVK
QHWZRUN�HQFDSVXODWHG�LQVLGH�D�FDUERQ�JODVV�PDWHULDO
)LJXUH� ���� )URP� WKH� GHWDLOHG� DQDO\VLV� RI� WKH� DUWLIDFWV� OHIW� EHKLQG� E\� WKH
'DOQHJRUVN�8)2��DQG�IURP�WKH�REVHUYDWLRQV�PDGH�DERXW�WKH�$QGUHDVVRQ�8)2�
LW�KDV�EHHQ�SRVVLEOH�WR�UHFRQVWUXFW�WKH�SRZHU�VSKHUH�XVHG�E\�D�8)2
)LJXUH� ���� 7KH� ORZHU� VHFWLRQ� RI� WKH� DD8)2� LV� PDGH� XS� RI� WKUHH� GLIIHUHQW
FRPSDUWPHQWV�ZKHUHLQ�WKUHH��RU�IRXU�FRXQWLQJ�WKH�YRUWH[��ILHOGV�RI�HQHUJ\�URWDWH
DW�GLIIHUHQW�YHORFLWLHV
)LJXUH� ���� (UJRVSKHUH� 
$
� LV� D� YHU\� FRPSDFW� VSDFH� ZKHUH� HQHUJ\� ZLOO� EH
FRQVWDQWO\�GUDZQ�LQWR�VR�WKDW�LWV�URWDWLRQDO�YHORFLW\�ZLOO�HYHU�LQFUHDVH
)LJXUH�����$V�WKH�FRQGXFWLQJ�WXEHV�DOLJQ�ZLWK�WKH�WRURLG�ZDOO�WKH\�ZLOO�DOVR�DOLJQ
SDUDOOHO�WR�WKH�WRURLG
V�PDJQHWLF�ILHOG�OLQHV��WKLV�ZLOO�FDXVH�WKH�RVFLOODWLQJ�HQHUJLHV
WR�WXUQ�LQ�D�KHOLFDO�SDWK
)LJXUH�����7KH�WHOHPHWHU�ZKHHOV�ILUH�LRQL]LQJ�EHDPV�LQWR�WKH�IOXLG�PRYLQJ�DURXQG
WKH�WRURLG



17

)LJXUH�����7KH�VSKHUH�VHW�DVVHPEO\�ZLOO�URWDWH�E\�WKH�IRUFH�RI�WKH�EODFN�YRUWH[�WR
ILUH�SXOVHV�LQWR�IOXLG
)LJXUH�����*UDYLWDWLRQDO�IRUFH�ZLOO�EH�LQGXFHG�XSRQ�WKH�KHDYLHU�DWRPLF�QXFOHL�RI
WKH�IOXLG
V�PROHFXODU� VWUXFWXUH�� WKURXJK� WKH�KHDY\�DWRPV� WKDW�PDNH�XS� WKH�EDVH
GLVF�DQG�WKH�WRURLG�FDVLQJ
)LJXUH� ����0LFURZDYH� HQHUJLHV�SDVV� WKURXJK� WKH� FRQGXFWLQJ� WXEHV� DQG�EHFRPH
DPSOLILHG�LQ�WKH�PDVHU�OLNH�FU\VWDOV�EHIRUH�EHLQJ�ILUHG�WKURXJK�WKH�WRURLG�ZDOO�LQWR
WKH�WRURLG
V�IOXLG
)LJXUH�����$W�WKH�SKRWRQ�RUELW�ULQJ�WKH�URWDWLRQDO�IRUFHV�ZLOO�EH�VR�HQHUJHWLF�WKDW
WKH� LQFRPLQJ� SRVLWLYH� SDUWLFOHV� ZLOO� FROOLGH� WKURXJK� 3HQURVH�:LOOLDPV� FROOLVLRQV
DQG�ZLOO�EH�HMHFWHG�IRUFLEO\�DZD\�WRZDUG�WKH�RXWHU�ULP�RI�WKH�DD8)2
)LJXUH�����,QWHULRU�GHFNV�RI�WKH�DD8)2�FUDIW��IURP�$QGUHDVVRQ�$IIDLU�ILJ����
)LJXUH� ���� 7KH� VWULFNHQ� DD8)2� LV� UHYLWDOL]HG� E\� D� VLVWHU� VKLS� DIWHU� WKH� ORZHU
8)2
V� HOHFWURG\QDPLF� SRZHU� V\VWHP� DQG� FHQWUDO� YRUWH[� VKRUW�FLUFXLWHG� �IURP
:DWFKHUV�ILJ����
)LJXUH�����6KRZLQJ�WKH�FRPPXWDWRU�W\SH�DUUDQJHPHQW�ZKLFK�HQDEOHV�WKH�FODPS
DQG�ORZHU�VSKHUH�WR�UHYROYH�LQGHSHQGHQWO\�RI�WKH�VWHP�FRLO��EXW�WR�EH�LQ�FRQVWDQW
HOHFWULFDO�FRQWDFW
)LJXUH�����%HWW\
V�GUDZLQJV�RI�WKH�TXDUWHU�VHFWLRQ�RI�WKH�DD8)2�ZKLFK�IDFLOLWDWHG
WKH� HQWUDQFH� DQG� WKH� ZDLWLQJ� FKDPEHU�� QRWH� WKH� JXOO\� WKDW� FXUYHV� DURXQG� WKH
RXWVLGH�RI�WKDW�FKDPEHU��IURP�$QGUHDVVRQ�$IIDLU�ILJ����	�ILJ����
)LJXUH�����8VLQJ�D�IOH[LEOH�PDWHULDO��VXFK�DV�D�PDJQHWLFDOO\�VKDSHG�SRO\PHU��WKH
GHFN�FDQ�EH�UDLVHG�WR�DOORZ�HQHUJ\�WR�URWDWH�RXW�RI�WKH�SODQDU�ZDYHJXLGH�LQWR�WKH
JXOO\�WR�FUHDWH�D�FXUUHQW�ULQJ�DURXQG�RXWVLGH�RI�FUDIW
)LJXUH�����7KH�8)2�REVHUYHG�DQG�ZRUNHG�RQ�E\�%RE�/D]DU�DW�$UHD����ZRXOG
SURSDJDWH�D�URWDWLQJ�ILHOG�RI�UHSXOVLYH��RU�QHJDWLYH��JUDYLWDWLRQDO�IRUFH
)LJXUH�����6RPH�RI�WKH�QHJDWLYH�JUDYLWDWLRQDO�IRUFH�FDQ�EH�LQGXFHG�LQWR�WKH�ORZHU
VSKHUHV�� DQG� D� VKHDULQJ� IRUFH� ZLOO� EH� HVWDEOLVKHG� EHQHDWK� WKH� FUDIW� WR� SURGXFH
HOHFWURQ�SRVLWURQ�SDLUV
)LJXUH� ���� 7KLV� VKRZV� WKH� QHJDWLYH� JUDYLWDWLRQDO� IRUFH� SURSDJDWHG� EHORZ� WKH
DD8)2�FUDIW�DQG�KRZ�WKH�KHOLFDO�ILODPHQW�WXEH�FDQ�EH�HVWDEOLVKHG�DW�DQ\�SDUW�RI
WKH�XSSHU�GRPH
V�FXUYH



18

)LJXUH�����7KH�HOHFWULF�ILHOG�ZLOO�H[WHQG�VWUDLJKW�XS�LI�WKH�PDJQHWLF�ILHOG�OLQHV�DUH
VSLUDOHG�DURXQG�WKH�XSSHU�GRPH
)LJXUH�����7KH�FHQWUDO�YRUWH[��WKH�LQQHU�ULQJ�WXEH��DQG�WKH�RXWHU�ULP
V�FXUUHQW�ULQJ
ZLOO� DOO� EH� LQGXFWLYHO\�FRXSOHG� WRJHWKHU� �� WKLV� VHWXS� ZLOO� GDPSHQ� WKH� UHYHUVH�
HOHFWURPRWLYH�IRUFHV�JHQHUDWHG�ZKHQ�WKH�ZDYH�SDFNHWV�OHDYH�WKH�FUDIW
V�ULP
)LJXUH� ����0DQ\�PHFKDQLVPV�ZLOO� JHQHUDWH� VSRQWDQHRXV� HPLVVLRQV� HVSHFLDOO\� LQ
WKH�SODQDU�ZDYHJXLGH
)LJXUH� ���� (OHFWURPDJQHWLF� DQG� JUDYLWDWLRQDO� ZDYHV� UDGLDWLQJ� DZD\� IURP� WKH
FHQWUDO�YRUWH[�ZLOO�SDVV� WKURXJK� WKH� WRURLG� IOXLG�DQG�EH�VORZHG�GRZQ�� WKH\�ZLOO
DOVR�EH�UHIUDFWHG�DORQJ�GLIIHUHQW�SDWKV�E\�WKH�PRYLQJ�IOXLG
)LJXUH� ����7KH� EUHDNLQJ� DQG� UHFRQQHFWLRQ�RI�PDJQHWLF� ILHOG� OLQHV�ZLOO� JHQHUDWH
SXOVLQJ�VKRFN�ZDYHV�WKURXJK�HDFK�RI�WKH�IRXU�TXDGUDQW�ILHOGV
)LJXUH� ���� )RXU� TXDGUDQW� ILHOGV� ZLOO� XQGHUJR� EUHDN�UHFRQQHFWLRQ� VKRFN�
H[SORVLRQ�HPLVVLRQV�VLPXOWDQHRXVO\
)LJXUH� ����:DYH�SDFNHWV� RI� JUDYLWDWLRQDO� HQHUJLHV� DQG� DQJXODU� PRPHQWXP�ZLOO
FXUO�DURXQG�WKH�XSSHU�GRPH�DQG�LQWR�D�KHOLFDO�ILODPHQW�WXEH
)LJXUH�����7KH�SRVLWLRQ�RI�WKH�ULP�JDWH�DQG�LWV�GHJUHH�RI�DUF�ZLOO�EH�GHWHUPLQHG
E\�ZKDW�GLUHFWLRQ�WKH�FUDIW�QHHGV�WR�JR�LQ�DQG�KRZ�PXFK�HQHUJ\�LV�QHHGHG�WR�JR
LQWR�HDFK�ZDYH�SDFNHW
)LJXUH� ���� 7KH� SK\VLFDO� FRQWRXUV� RI� WKH� ULP� FDQ� GHWHUPLQH� WKH� EDQGZLGWK� RI
ZDYHOHQJWKV�ZKLFK�ZLOO�PDNH�XS�WKH�ZDYH�SDFNHW��$W�WKH�DSH[�D�FKDQQHO�FDQ�EH
HVWDEOLVKHG�LQ�D�SUHFLVH�GLUHFWLRQ�E\�D�VLPSOH�HOHFWURPDJQHWLF�EHDP
)LJXUH�����7KHVH�OLJKW�EHDPV��RI�UHG�RU�LQIUD�UHG�SKRWRQV��ZHUH�QRWLFHG�LQ�RQH�RI
%HWW\
V�DEGXFWLRQ�H[SHULHQFHV��IURP�$QGUHDVVRQ�$IIDLU���3KDVH�7ZR�ILJ����
)LJXUH�����7KLV�PRGHO�RI�WKH�XQLYHUVH�LV�ERWK�D�VROXWLRQ�WR�WKH�IODW�VSDFH�SUREOHP
DQG�LW�FDQ�EH�VHHQ�DV�D�GLDJUDP�WR�VKRZ�KRZ�8)2
V�PDQXIDFWXUH�ERWK�SRVLWLYH
DQG�QHJDWLYH�JUDYLWDWLRQDO�IRUFHV�DERYH�DQG�EHORZ�WKHP
)LJXUH� ���� 7KH� ZDYH�SDFNHWV� HMHFWHG� IURP� WKH� 8)2� ZLOO� KDYH� ERWK� QHJDWLYH
JUDYLWDWLRQDO� IRUFH� DQG� SRVLWLYH� JUDYLWDWLRQDO� IRUFH�� WKH� IRUPHU� ZLOO� EH� DQ
H[SDQVLYH�IRUFH�DQG�WKH�ODWWHU�ZLOO�EH�WKH�WUDLOLQJ�DWWUDFWLYH�IRUFH
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)LJXUH� ���� 7KH� HOHFWURG\QDPLF� DUUDQJHPHQW� RI� HQHUJ\� LQVLGH� WKH� DD8)2� LV
DQDORJRXV�WR�WKH�PHFKDQLVP�RI�FKLUSHG�SXOVH�DPSOLILFDWLRQ
)LJXUH�����+RZ�GLG�WKH�*UH\V��DQG�%HWW\�$QGUHDVVRQ��$1'�WKH�WDOO�(OGHU�DOO�ILW
FRPIRUWDEO\�LQWR�WKLV�8)2�"�7KLV�GUDZLQJ�VKRZV�%HWW\�EHLQJ�EURXJKW�EHIRUH�WKH
*UHDW�'RRU�EH\RQG�ZKLFK�VKH�VDZ�%HLQJV�RI�/LJKW��IURP�:DWFKHUV�,,�ILJ����
)LJXUH� ���� $�8)2� HVWDEOLVKHV� D� VNLUW� EHWZHHQ� LWVHOI� DQG� WKH� JURXQG� DQG� WKHQ
HQJLQHHUV�D�PDVV�GHQVLW\�GLIIHUHQWLDO�EHWZHHQ�LWVHOI�DQG�WKH�ORZHU�FUDIW��,QVLGH�WKH
ORZHU� FUDIW� ZKHQ� LW� VKUDQN� ZHUH� WZR� KXPDQV� DQG� D� FUHZ� RI� *UH\V� �� �IURP
:DWFKHUV�ILJ����DQG�$6%7�,,�GUDZLQJ����
)LJXUH� ���� 7KH� VHFUHW� WR� D� 
7$5',6� (IIHFW
� LQVLGH� D� 8)2� KDV� WR� GR� ZLWK� LWV
VHDOHG�HQYLURQPHQW��VHH�DOVR�ILJXUH����RI�WKLV�VWXG\�
)LJXUH� ���� 7KH� HQHUJ\� RUE� VXUURXQGLQJ� WKH� 'DOQHJRUVN� 8)2� ZRXOG� KDYH
SURYLGHG�D�EDUULHU�� RU� VKLHOG�� EHWZHHQ� WKH�8)2·V� KLJKHU� �N!���GHQVLW\� DQG� WKH
HDUWK·V��N����PDVV�GHQVLW\
)LJXUH�����%HWW\�DUULYHV�LQWR�D�URRP�ZKHUH�*UH\V�DUH�ZDWFKLQJ�PROHFXOHV���'RHV
WKLV� PHDQ� WKDW� HOHFWURPDJQHWLF� HQHUJLHV� ZHUH� VORZHG� GRZQ� EHFDXVH� WKDW
HQYLURQPHQW
V�SHUPLWWLYLW\�KDG�EHHQ�FKDQJHG�"�)URP�:DWFKHUV�,,�ILJ���
)LJXUH�����(LWKHU�WKH�8)2
V�YHQW�KROH�RSHQHG�XS�E\�D�KXJH�DPRXQW�WR�DOORZ�WKLV
WR�KDSSHQ��RU�%HWW\
V�DQG�WKH�*UH\
V�SK\VLFDO�IRUPV�XQGHUZHQW�GLPLQXWLRQ�IURP
DQ�DOWHUDWLRQ�WR�WKH�PDVV�GHQVLW\�HQYLURQPHQW�VXUURXQGLQJ�WKHP��1RWH�KRZ�WKLV
EHDP�LV�RQ�WKH�,16,'(�RI�WKH�VSKHUHV��7KLV�LPDJH�LV�IURP�:DWFKHUV�ILJ��
)LJXUH� ���� 7KH� SDVV�QRW� VKLHOG� DURXQG� WKH� UHDFWRU� GRPH� ZDV� QRW� DFWXDOO\
JHQHUDWHG�E\�WKH�UHDFWRU���LW�ZDV�RQO\�ZKHUH�WKRVH�JUDYLWDWLRQDO�IRUFHV�PHW
)LJXUH�����$QWL�SURWRQV�ZKHQ�WKH\�FROOLGH�ZLWK�PDWWHU�DUH�WKH� LGHDO� IXHO�IRU� WKH
TXDVL�EODFN�KROHV��4XDVL�EODFN�KROHV�DUH� WKH� LGHDO�SRZHU�V\VWHP�WR�IXOO\�FRQWDLQ
WKHLU�DQQLKLODWLRQ�UHDFWLRQV
)LJXUH�����9HU\�FOHYHUO\�WKH�H[WUDWHUUHVWULDOV�KDYH�GHVLJQHG�WKHLU�8)2�VWUXFWXUHV
WR�WUDQVPLW�ERWK�HOHFWULFDO�IRUFH�DQG�JUDYLWDWLRQDO�SHUWXUEDWLRQV
)LJXUH�����7KH�DOLHQ
V�XQXQSHQWLXP�����IXHO�GLVFV�KDG�WR�EH�VWDFNHG�LQ�D�VSHFLDO
ZD\�EHIRUH�WKH\�ZHUH�IXVHG�WRJHWKHU�DQG�PLOOHG�LQWR�D�ZHGJH
)LJXUH�����:LWK�WKH�DLG�RI�WKH�PDJQHWLF�ILHOGV�ZKHQ�WKH�SURWRQV�DUH�ILUHG�DW�WKH
DQWLSURWRQV�FUHDWHG�ZLOO�VKRRW�GRZQZDUGV�ZKLOH�WKH�SURWRQV�ZLOO�VKRRW�XSZDUGV
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)LJXUH�����7KH�ER[�EHORZ�WKH�UHDFWRU�ZLOO�KRXVH�D�VLPSOH�F\FORWURQ�DFFHOHUDWRU
)LJXUH� ���� 7R� NHHS� WKH� DQWLSURWRQV� DZD\� IURP� WKHLU� FKDQQHO� ZDOOV� WKH
JUDYLWDWLRQDO�SRODUL]DWLRQ�WUDFNV�VKRXOG�IROORZ� WKH�VDPH�SDWK�DV� WKRVH�FKDQQHOV�
VR�DV�WR�JLYH�HDFK�FKDQQHO�ZDOO�D�PLFUR�PDJQHWLF�EODQNHW
)LJXUH� ���� 6WUHVVLQJ� WKH� PDJQHWLF� ILHOG� OLQHV� DURXQG� WKLV� 8)2� ZLOO� SURGXFH
HOHFWURQ�SRVLWURQ�SDLUV�ZKLFK�ZLOO�WKHQ�EH�LQGXFHG�LQWR�WKH�J\UDWLQJ�EHDPV�EHORZ
WKH�FUDIW��WKH�EHDPV�GR�QRW�SDVV�GLUHFWO\�WKURXJK�WKH�KXOO�
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,QWURGXFWLRQ
2QH� RI� WKH�PRVW� IXQGDPHQWDO� UHDVRQV� DV� WR� ZK\� 8)2V� ZHUH� LQLWLDOO\� GHHPHG
XQUHDO�E\�VFLHQWLVWV�ZDV�WKH�IDFW�WKDW�WKHLU�DELOLW\�WR�JHQHUDWH�YDULDEOH�DPRXQWV�RI
JUDYLWDWLRQDO� IRUFHV� FRXOG� QRW� EH� DFFHSWHG� DV� EHLQJ� SRVVLEOH�� $IWHU� DOO�� WR� DQ
DGYRFDWH�RI�PHGLHYDO�1HZWRQLDQ�WKHRU\��JUDYLWDWLRQDO�IRUFHV�FDQQRW�RVFLOODWH�DQG
QRU�FDQ� WKRVH� IRUFHV�EH�DUWLILFLDOO\� JHQHUDWHG�EHFDXVH� WR� WKRVH� WKLQNHUV�QRWKLQJ
RWKHU� WKDQ� ZKDW� LV� DOUHDG\� LQKHUHQW� LQ� PDVV� FDQ� GHWHUPLQH� WKDW� PDVV
V
JUDYLWDWLRQDO� IRUFH�� +HQFH� QRWLRQV� VXFK� DV� DQWL�JUDYLW\� RU� JUDYLWDWLRQDO
PDQLSXODWLRQ�SURYHG�WR�WKRVH�XQHQWKXVLDVWLF�VFLHQWLVWV�DV�KHUHWLF�D�QRWLRQ�DV�WKDW
RI�WKH�HDUWK
V�VXUIDFH�EHLQJ�FXUYHG�UDWKHU�WKDQ�LW�EHLQJ�IODW�
,W�ZDV�IRU�WKLV�YHU\�VDPH�UHDVRQ�WKDW�ZKHQ�EODFN�KROHV�ZHUH�ILUVW�GLVFRYHUHG�WKH\
ZHUH�PHWURQRPLFDOO\�DVVXPHG�WR�EH�VWDWLRQDU\�DIIDLUV�IRU�� WR�WKRVH�DGKHUHQWV�RI
1HZWRQ
V�/DZ�RI�8QLYHUVDO�*UDYLWDWLRQ� LW�ZRXOG�KDYH�PDGH�QR�GLIIHUHQFH�ZKHWKHU
WKRVH�EODFN�KROHV�URWDWHG�RU�QRW��EHFDXVH��E\�1HZWRQLDQ�WKLQNLQJ�WKH�EODFN�KROH
V
LQIOXHQFH�ZRXOG�VROHO\�EH�GHWHUPLQHG�E\�KRZ�PDVVLYH�LW�ZDV��SHULRG��+LVWRU\��RI
FRXUVH��KDV�SURYHG�WKRVH�VFLHQWLVWV�YHU\�ZURQJ�IRU�ZKHQ�.HUU�LQ������SXEOLVKHG
KLV� WKHRU\� RQ� URWDWLQJ� EODFN� KROHV� DQG� WKDW� WKHRU\� ZDV� GHYHORSHG� E\� 5RJHU
3HQURVH� LQ������DQG�=HOGRYLFK� LQ������WKH� LGHD� WKDW�HQHUJ\�FRXOG�EH�H[WUDFWHG
IURP� WKH� VKHDULQJ� URWDWLRQDO� IRUFHV� RI� EODFN� KROHV� DQG� WKDW� JUDYLWDWLRQDO� IRUFHV
FDQ�DGGLWLRQDOO\�EH�SURGXFHG�E\�WKRVH�URWDWLQJ�HQHUJ\�ILHOGV�ZDV�ERUQ�DQG�KHUH�WR
VWD\�
%XW� GLG� WKLV� URWDWLRQDO� UHYHODWLRQ� EULQJ� DERXW� QHZ� ZD\V� RI� VFLHQWLILF� WKLQNLQJ
DFURVV�WKH�ERDUG�"�,I�RQH�FRQVLGHUV�KRZ�VSDFH�FUDIW�GHVLJQHUV�VWLOO�ZRUNHG�DORQJ
WKH�OLQHV�RI�WKDW�PRVW�WULHG�DQG�WHVWHG�RI�SULQFLSOHV��WKDW�RI�IRUZDUG�IRUFH�EHLQJ
SURSRUWLRQDO�WR�VWXSHQGRXV�DPRXQWV�RI�EDFNZDUG�IRUFH��WKHQ�WKH�DQVZHU�KDV�WR
EH� D� GLVDSSRLQWLQJ���12� �� 7KH� QHZ� ZD\V� RI� WKLQNLQJ� DERXW� KRZ� JUDYLWDWLRQDO
IRUFHV�FDQ�EH�JHQHUDWHG� WKURXJK�URWDWLQJ�HQHUJ\� ILHOGV�DQG�VXEVHTXHQWO\� WXUQHG
LQWR� SURSXOVLRQ� IRUFHV� GLGQ
W� ILOWHU� GRZQ� WR� WKH� VFLHQWLVWV� ZRUNLQJ� IRU� WKH� ELJ
DHURVSDFH� FRUSRUDWLRQV�� DQG� VR� WKH\� FRQWLQXHG� WR� GHYHORS� WKHLU� FRPEXVWLRQ
HQJLQH� URFNHWV�� ZKLFK�� HYHQ� QRZ� LQ� WKH� JXLVH� RI� WKH� 86$)
V� ODWHVW� WRS� VHFUHW
$XURUD� VS\SODQH�ZLWK� LWV� SXOVH�GHWRQDWLRQ� HQJLQHV� WKDW� FDQ� WUDYHO� XS� WR� D� YHU\
IULFWLRQDO�������PSK�� WKHVH�DLUFUDIW�DUH� VWLOO�YDULDWLRQV�XSRQ� WKH�EDVLF�PRGHOV�RI
H[SORVLYH� FRPEXVWLRQ�� $QG�� WKHVH� DLUFUDIW� �DQG� VSDFHFUDIW�� DUH� VXEVWDQWLDOO\
KDPSHUHG�E\� WKH� IDFW� WKDW� WKH\� FDQ� RQO\� WUDYHO� LQ� D� YHU\� VWUDLJKW� OLQH� XQGHU� VXFK
WHFKQRORJLHV� �ZKHUHE\� LI� WKH\� DWWHPSWHG� WR� WXUQ� WKURXJK�D� WLJKW� FXUYDWXUH� WKH\
ZRXOG�GLVLQWHJUDWH��
8QIRUWXQDWHO\�� WKH� SHQDOW\� DIIRUGHG� WR� UDGLFDOO\� QHZ� GHSDUWXUHV� IURP� WKH� ROG
HVWDEOLVKHG�EHOLHIV�LV�WR�EH�FDOOHG�D� 
NRRN
�VFLHQWLVW��RU�ZRUVH�� WR�EH�UHJLVWHUHG�DV
VRPHRQH� ZKR� SURSRXQGV� 
H[RWLF� VFLHQFH�
� ,QGHHG�� WR� VHH� KRZ� WKH� V\VWHP� RI
VFLHQWLILF� SURJUHVVLRQ� DFWXDOO\� ZRUNV� LV� D� UHDO� H\H�RSHQHU�� IRU� WR� VFDQ� WKURXJK
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SK\VLFV� MRXUQDOV�RYHU�PDQ\�\HDUV�DQG�IROORZ�KRZ�D�SDUWLFXODU�VFLHQWLILF�FRQFHSW
SURJUHVVHV� WKURXJK� WLPH�� LW� ZLOO� EH� VHHQ� WKDW� WKDW� SURJUHVV� LV� PDGH� LQ� TXLWH� D
JLQJHUO\�PDQQHU�� E\� DPSOH� UHIHUHQFH� WR� HDUOLHU� HVWDEOLVKHG� VWXGLHV� DQG� WKHQ� E\
LQWURGXFWLRQ�RI�WKH�SUHVHQW�VFLHQWLVW
V�UHVHDUFK�ILQGLQJV�LQ�WKH�WHQWDWLYH�KRSH�WKDW
VRPHRQH�HOVH�ZLOO� GXSOLFDWH� WKDW� VFLHQWLVW
V� ODWHVW�GLVFRYHU\� DQG�DFNQRZOHGJH� LWV
ZRUWK��6L[�VWHSV�IRUZDUG��IROORZHG�E\�ILYH�EDFN�
6R��ZLWK�WKH�DERYH�SRLQWV�LQ�PLQG��D�8)2�SURSXOVLRQ�V\VWHP�IROORZLQJ�WKH�VDPH
SULQFLSOHV�DV�D�TXDVL�EODFN�KROH�REYLRXVO\�IDFHV�VWLII�RSSRVLWLRQ�IURP�WKRVH�ZKR
UDLVH�WKHLU�H\HEURZV�WR�GHSDUWXUHV�IURP�H[LVWLQJ�VFLHQWLILF�SUHFHSWV�
7KHUHIRUH�� LW� LV�KDUGO\�VXUSULVLQJ� WKDW� WKH� WHUP�8)2�LQ� WKH�PLQGV�RI�SK\VLFLVWV�
ZKR�ZRUU\�RYHU� WKHLU� FUHGLELOLW\� DQG�PRUH� HVSHFLDOO\� RYHU� WKHLU� IXWXUH� IXQGLQJ�
FDUULHV�ZLWK�LW�D�FHUWDLQ�DPRXQW�RI�VFRUQ�DQG�GHULVLRQ�ZKLFK�PLJKW�ZHLJK�GRZQ
DQ\� UHVHDUFK� SURSRVDOV� ZLWK� HQRXJK� VXSUD�JUDYLW\� WR� SUHYHQW� 8)2� SURSXOVLRQ
IURP� HYHU� JHWWLQJ� RII� WKH� JURXQG���� )RU� LQVWDQFH�� ,� FDQ� MXVW� LPDJLQH� 6WHSKHQ
+DZNLQJ
V� UHSO\� WR� WKLV� VRUW� RI� FRPPHQW�� ZLWK� KLV� YRLFH�ER[� LQ� LWV� VTXHDN\
PRQRWRQHV� GHULGLQJ� 8)2� SURSXOVLRQ� WHFKQRORJLHV� DV� EHLQJ� ����WKH� ZRUNV� RI
FUDQNV� DQG� ZHLUGRHV��� 3HUKDSV�� WR� PDNH� WKLV� VFLHQWLILF� UHVHDUFK� SDUDGR[� PRUH
QRWLFHDEOH�,�VKRXOG�PDNH�D�RQH�JXLQHD�ZDJHU�ZLWK�+DZNLQJ�WKDW�LI�KH�ZHUH�HYHU
LQYLWHG� LQWR� WKH� XQGHUJURXQG� KDQJDUV� RI� $PHULFD
V� $UHD� ���� DQG� RIIHUHG� WKHLU
DOOHJHG� VHOHFWLRQ� RI� RII�ZRUOG� FUDIW� IURP� ZKLFK� KH� PLJKW� FKRRVH� MXVW� RQH� WR
GLVVHFW� DQG� LQVSHFW� IRU�KLPVHOI�� WKDW� DIWHU�KLV� UHTXHVW�ZDV�KRQRUHG�KH�ZRXOGQ
W
WKHQ�UHJDUG�WKRVH�SK\VLFLVWV�DQG�HQJLQHHUV����DV�FUDQNV�DQG�ZHLUGRHV��
%XW�WKHQ�WKHRUHWLFDO�3K\VLFV��GRHV�QRW�FRQFOXVLYHO\�LQVSHFW�D�WKHRU\�DQG�UHJLVWHU�LW
DV� WUXH� RU� XQWUXH�� LW� PHUHO\� UHJLVWHUV� ZKHWKHU� D� WKHRU\� VKRXOG� EH� GHHPHG
DFFHSWDEOH� RU� XQDFFHSWDEOH� E\� PDMRULW\� DJUHHPHQW� WRZDUG� LWV� SUREDEOH
ZRUNDELOLW\��,W�ZDV�EHFDXVH�RI�WKLV�TXLUN�RI�SURFHGXUH�WKDW�(LQVWHLQ
V�WKHRULHV�RI
UHODWLYLW\�LQLWLDOO\�VDW�IRUORUQ�LQ�WKH�ZLOGHUQHVV�IRU�PDQ\�D�\HDU�EHIRUH�WKH\�EHFDPH
DFFHSWHG�E\�WKH�PDMRULW\��H[FHSW�IRU�ZKHQ�+XEEOH
V�WHOHVFRSH�SURYHG�(LQVWHLQ
V
DVVXPSWLRQ�RI�WKH�XQLYHUVH�EHLQJ�VWDWLF�DQG�XQFKDQJLQJ�ZDV�ZURQJ��UHVXOWLQJ� LQ
(LQVWHLQ
V� IDPRXV� DGPLVVLRQ� WR� KLV� 
JUHDWHVW� EOXQGHU
��� DQG� ZK\�+DUU\�.URWR·V
YLVLRQ�RI�WKH�%XFNPLQVWHU�)XOOHULQH�VWUXFWXUH�RI�FDUERQ����WRRN�VR�PDQ\�\HDUV�WR
EH� DFFHSWHG�� DQG� ZK\� WKH� 5XVVLDQ� 7DO\DUNKDQ
V� VRQRIXVLRQ� ZDV� VR� RSHQO\
DWWDFNHG� EHIRUH� KLV� ILQGLQJV� HYHQWXDOO\� EHFDPH� DFFHSWHG� DV� DJUHHDEOH� WKHRU\
WKURXJK� VXIILFLHQW� QRGV� RI� WKH� KHDGV� LQ� WKH� ODWH� WZHQWLHWK�FHQWXU\�� $QG�� RI
FRXUVH��6WHSKHQ�+DZNLQJ�KLPVHOI�IDFHG�EHLQJ�FDOOHG�D�FUDQN�DQG�D�ZHLUGR�E\�KLV
SHHUV�ZKHQ�KH�ZDV�IRUFHG�WR�FDOFXODWH�DQG�WKHQ�DGPLW�LQ�WKH�����V��WKDW�URWDWLQJ
EODFN�KROHV�GR�LQGHHG�UDGLDWH�DQ�RXW�IORZLQJ�HQHUJ\��%XW�WKDW�LV�ZKDW�VFLHQFH�DQG
SK\VLFV�DUH�DERXW��$W�QR�RQH�PRPHQW�LV�WKHUH�D�GHILQLWLYH�SDSHU�ZKLFK�SURYHV�DOO�
$� VWXG\� EXLOGV� XSRQ� H[LVWLQJ� NQRZOHGJH� VR� WKDW� IXWXUH� VWXGLHV� RI� WKDW� VDPH
VXEMHFW�FDQ�HYROYH�
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7KHUHIRUH��IURP�WKH�YHU\�HDUOLHVW�PRPHQWV�RI�P\�VFLHQWLILF�VWXG\�RI�8)2V��VRPH
WZHQW\�\HDUV�DJR��,�GHFLGHG�WR�EH�YHU\�FDUHIXO�DERXW�KRZ�,�ZRXOG�XVH�UHFRJQL]HG
H[SUHVVLRQV� RI� HQHUJ\� PHFKDQLFV� EHFDXVH� VXFK� UHFRJQL]HG� H[SUHVVLRQV� WHQG
VRPHWLPHV� WR� EH� DVVRFLDWHG� ZLWK� GHWULPHQWDO� KDUG�DQG�IDVW� QRWLRQV� DOUHDG\
SUHFRQFHLYHG�LQ�WKH�UHDGHUV�PLQG��WKLV�LV�HVSHFLDOO\�WUXH�ZKHQ�D�QHZ�VFLHQFH�RU�D
QRYHO�FRQFHSW�LV�EHLQJ�LQWURGXFHG�ZKLFK�VPDFNV�LQ�WKH�IDFH�RI�H[LVWLQJ�LQGXVWU\�
)RU�LQVWDQFH��WKH�H[SUHVVLRQV�VXFK�DV�DQWL�JUDYLW\��RU�HOHFWUR�JUDYLWLF��RU�LRQ�SURSXOVLRQ�
DUH� DOO� OLNHO\� WR� UHJLVWHU� DV�PRUH� DSSURSULDWH� WR�+ROO\ZRRG�ILFWLRQDO� VFUHHQSOD\
ZULWHUV�WKDQ�DV�WHFKQRORJLHV�WR�SXUVXH�E\�SK\VLFLVWV�IRU�WKHLU�SRVVLEOH�FRPPHUFLDO
YLDELOLW\� DW� WKH� OLNHV� RI� $PHULFD
V� 1$6$�� %RHLQJ�� DQG� 6SDFH;� DHURVSDFH
FRUSRUDWLRQV�� WKH� 5XVVLDQ� )HGHUDO� 6SDFH� $JHQF\� �5.$��� RU� DW� WKH� (6$
�(XURSHDQ�6SDFH�$JHQF\���RU�DW�-$;$��-DSDQ
V�$HURVSDFH�([SORUDWLRQ�$JHQF\��
%HWWHU� WKHQ� ZLOO� LW� EH�� IRU� WKLV� VWXG\� WR� KDYH� LWV� WHFKQRORJLFDO� H[SUHVVLRQV
DFFRPSDQLHG� E\� QXPHURXV� JUDSKLF� LOOXVWUDWLRQV�� UDWKHU� WKDQ� WKHP� EHLQJ� OHIW
QDNHG�DQG�YXOQHUDEOH� WR�PLVLQWHUSUHWDWLRQ�E\�SUH�DVVXPLQJ�PLQGV��7KLV�ZLOO� EH
ZK\� P\� VWXG\� ZLOO� VK\� DZD\� IURP� ORQJ� DQG� SHGLJUHHG� ZRUGV� DQG� LQVWHDG� EH
ODYLVKO\�SXQFWXDWHG�ZLWK�DV�PDQ\�FXW�DZD\�GLDJUDPV�DQG�SODLQ�ZRUGHG�WHFKQLFDO
H[SODQDWLRQV�DV�SRVVLEOH��,�DOVR�NQRZ�ILUVW�KDQG�ZKDW�LW�LV�OLNH�WR�VWXG\�KXQGUHGV
XSRQ� KXQGUHGV� RI� SK\VLFV� SDSHUV� ZKHUH� WKH� DXWKRUV� GRQ
W� VXSSRUW� WKHLU� LGHDV
ZLWK�VXLWDEOH�GLDJUDPV�²�SOHDVH�QRWH��LQ�P\�RSLQLRQ�DOO�SK\VLFLVWV�VKRXOG�OHDUQ�WR
GUDZ�DQG�SUHVHQW�WKHLU�ZRUN�LQ�WKH�IDVKLRQ�VLPLODU�WR�WKDW�RI�D�5RJHU�3HQURVH�RU�D
5LFKDUG�)H\QPDQ�
:LWK� WKLV� LQ�PLQG� D� YHU\� LPSRUWDQW� IHDWXUH� RI� WKLV� VWXG\�ZLOO� EH� WR� RIIHU� FOHDU
UHSUHVHQWDWLRQV�RI�PDQ\�QHZ�DQG�UDGLFDO�QRWLRQV�UHJDUGLQJ�SURSXOVLRQ�G\QDPLFV
ZLWKRXW� UHDPV� RI� PDWKHPDWLFDO� HTXDWLRQV�� 6RPH� PD\� VD\� WKDW� SK\VLFV� LV
HQFDSVXODWHG� LQ� PDWKHPDWLFV�� EXW� ,� IHHO� SK\VLFV� LV� HQFDSVXODWHG� EHQHDWK� WKH
LQDGHTXDFLHV� RI� PDWKHPDWLFV� �,� FLWH� DV� D� IRU�LQVWDQFH� VSDFH�VFLHQFH·V
SUHGLVSRVLWLRQ� WRZDUG� OLQHDU�SURSXOVLRQ� IRUFHV�� VLPSO\� EHFDXVH� WKH�PDWKHPDWLFV
ZKLFK� JRYHUQ� URWDWLRQDO�FRQILQHPHQW� IRUFHV� LV� GHHPHG� WRR� GLIILFXOW� IRU� WKHVH
VFLHQWLVWV�WR�ZRUN�ZLWK����:KLFK��LQ�P\�RSLQLRQ��LV�SUHFLVHO\�ZK\�WKH�ELJ�DHURVSDFH
FRUSRUDWLRQV�KDYH�JRWWHQ�VWXFN�LQ�WKH�NLQGHUJDUWHQ�VWDJH�RI�VSDFH�YHKLFOH�GHVLJQ��
:KDW�,�KDYH�DOVR�DYRLGHG�DV�PXFK�DV�,�FDQ�LQ�WKLV�ERRN�DUH�UHIHUUDOV�WR�SUHYLRXVO\
SULQWHG�ERRNV�RQ�8)2V�DQG�(7V��7KLV�ZDV�D�OHVVRQ�,�OHDUQHG�IURP�P\�ZHEVLWH
PDQDJHPHQW�GD\V�� HVSHFLDOO\� UHJDUGLQJ� WKH�$QGUHDVVRQ�$IIDLU� ERRNV� DQG�/LQGD
0RXOWRQ�+RZH
V�ERRN�*OLPSVHV� RI�2WKHU�5HDOLWLHV� �YRO�����EHFDXVH� JRRG�ERRNV�RQ
8)2V�FDQ�EHFRPH�YHU\�XQREWDLQDEOH�IRU�QXPHURXV�UHDVRQV��0DNLQJ�D�SRLQW�WKDW
UHOLHV�RQ� WKH� UHDGHU� UHIHUULQJ� WR� D�ERRN� WKH\�ZLOO� VWUXJJOH� WR� ILQG� LV� D� SRLQWOHVV
H[HUFLVH��VR�LQVWHDG�PRVW�RI�WKH�WHFKQLFDO�SRLQWV�LQ�WKLV�VWXG\�ZLOO�EH�EDFNHG�XS�E\
UHIHUUDOV�WR�VFLHQWLILF�DUWLFOHV�DQG�SK\VLFV�SDSHUV�WKDW�FDQ�EH�UHDGLO\�REWDLQHG�IURP
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XQLYHUVLWLHV�� SXEOLF� OLEUDULHV� RU� IURP� WKH� LQWHUQHW�� 5HVHDUFK� SDSHUV� UHIHUUHG� WR
WKURXJKRXW�WKLV�VWXG\�FDQ�EH�IRXQG�DW�WKH�YHU\�FRPSUHKHQVLYH��DQG�IUHH��&RUQHOO
8QLYHUVLW\� RQ�OLQH� OLEUDU\� DW� KWWS���HSULQWZHE�RUJ�6�VHDUFK�� RU� WKH\� FDQ� EH
*RRJOH�VHDUFKHG� IRU�E\�XVLQJ� HLWKHU� WKHLU� �DU;LY��� W\SH� UHIHUHQFH� �L�H�� DU;LY�JU�
TF����������ZKLFK�,�KDYH�LQFOXGHG�LQ�WKHLU�ELEOLRJUDSK\�HQWULHV�RU�E\�VHDUFKLQJ
WKH�DXWKRU
V�QDPH�DQG�WKH�QXPEHUV�DVVRFLDWHG�ZLWK�LW�
0RUH�EDFNJURXQG�NQRZOHGJH� OHDGV�XOWLPDWHO\� WR�PRUH� IRUZDUG�NQRZOHGJH��%XW
\RX�GRQ
W�JR�YHU\�IDU�VHDUFKLQJ�WKURXJK�WKLV�ILHOG�EHIRUH�\RX�UHDOL]H�WKDW�WKHUH�LV�D
YHU\� DFWLYH� PRYHPHQW� WR� 
GXOO� GRZQ
� WKURXJK� PLVLQIRUPDWLRQ� WKH� ZKROH
SKHQRPHQD� RI�8)2V�� (7V�� DQG� DOLHQ� DEGXFWLRQ�� RU� WR� SLJHRQ�KROH� WKHVH� ZLWK
VXFK�H[DFWLQJ�SURSRUWLRQV�DV�LI�DOO�WKLQJV�ZHUH�IXOO\�NQRZQ�DERXW�WKHP��SURYLQJ
WKHP� RQH� ZD\� RU� WKH� RWKHU� WR� H[LVW� RU� WR� QRW� H[LVW�� ,� SHUVRQDOO\� ILQG� LW� TXLWH
ODXJKDEOH� WKDW� WKH� RGG� SHUVRQ� KHUH� DQG� WKHUH� LV� VR� GRJPDWLF� LQ� WKHLU� TXHVW� WR
LOOXVWUDWH�(7
V�QRQ�H[LVWHQFH��EXW� ,�KDYH� WR�VD\� ,
P�VDGGHQHG� IRU� VRPH�VNHSWLFV
ZKRP� ZLOO� IHUYHQWO\� GHYRWH� WKHLU� ZKROH� OLYHV� WR� H[SORLWV� ZKLFK� UHIXWH� $//
H[WUDWHUUHVWULDO� LQYROYHPHQW� LQ� WKLV� HDUWK� UHDOP
V� GHYHORSPHQW�� RU� RQ� WKH� RWKHU
KDQG�� WKDW� WKH\� EHOLHYH� �ZLWK� VXFK� SLHW\�� WKDW� LI� (7
V� H[LVWHQFH� LV� WR� EH
DFNQRZOHGJHG�WKHQ�WKHVH�XQHDUWKO\�EHLQJV�DUH�XQ�*RGO\�DQG�PXVW�EH�PDOHYROHQW
WRZDUG�PDQNLQG�DFURVV�WKH�ZKROH�ERDUG�RI�KXPDQ�G\QDPLFV��0D\�WKHVH�VNHSWLFV
DQG�VFDUHPRQJHUV�HYHU�VXEVLVW�WKRXJK��IRU�,�EHOLHYH�HYHU\RQH�KDV�WKHLU�WDVN�WR�GR
LQ�WKLV�WKHDWUH�FDOOHG�HDUWK��DQG�WKH\�KDYH�JUHDW�YDOXH�XQWR�WKHPVHOYHV�WR�GDPSHQ
GRZQ� WKH� JHQHUDO� SXEOLF
V� LQTXLVLWLYHQHVV� DQG� LQ� NHHSLQJ� WKH� JHQHUDO� SXEOLF
PLVLQIRUPHG��,QGHHG��DORQJ�WKLV�OLQH�RI�WKRXJKW��WKH�UHDGHU�PD\�ZRQGHU�ZK\�LW�LV
WKDW� RXW� RI� DOO� WKH� VXEMHFWV� LQ� WKH� ZRUOG� WKDW� PLJKW� EH� FODVVLILHG� SHUKDSV� DV

VHQVDWLRQDO
�WKDW�WKH�VXEMHFW�RI�8)2V�DQG�H[WUDWHUUHVWULDOV�LV�WKH�RQH�VWDQG�DORQH
VXEMHFW�ZKLFK�KDV�EHHQ�FRQWUROOHG�E\�VXFK�D�GLVSURSRUWLRQDWH�DPRXQW�RI�GHQLDO
E\�JRYHUQPHQW�GHSDUWPHQWV��DQG�ZK\�QHZVSDSHU�DQG�PHGLD�SURJUDP�HGLWRUV�DUH
VR�LQVLVWHQW�DERXW�UHIXVLQJ�WR�FRYHU�QHZVZRUWK\�VWRULHV�RQ�WKLV�VXEMHFW��DQG�,�JLYH
DV�DQ�H[DPSOH� WKH�H\H�ZLWQHVV�DFFRXQWV�RI�8)2V� WKDW�ZHUH�VHHQ�KRYHULQJ�RYHU
&KHUQRE\O�DIWHU�LWV�QXFOHDU�SRZHU�SODQW�H[SORGHG�DQG�ZHUH�REVHUYHG�WDNLQJ�DZD\
LWV�KDUPIXO�UDGLRDFWLYH�HPLVVLRQV���6RPH�PD\�VD\�WKDW�LI�HYHU�WKHUH�ZDV�D�FDVH�IRU
WUXWK�JHQHUDWLQJ�WKH�UDZ�IHDU�RI�UHSULVDO�DPRQJVW�PHGLD�FRUSRUDWLRQV�VKDFNOHG�E\
JRYHUQPHQWV���WKHQ�WKLV�LV�LW�
6R�ZKDW�WKLV�ERRN�ZLOO�VHW�RXW�WR�GR�LV�SUHVHQW�D�VFLHQWLILF�ORRN�DW�WKH�YLDELOLW\�RI
REVHUYDWLRQV� DERXW� 8)2V�� ,W� ZLOO� WDNH� IDFWV� IURP� ZLWQHVV� UHSRUWV� DQG� IURP
DEGXFWHH� UHSRUWV�� DQG� DWWHPSW� WR� XQGHUVWDQG� H[WUDWHUUHVWULDO� SK\VLFV� SULQFLSOHV�
DQG� FRPSDUH� WKRVH� WR�SK\VLFV�SULQFLSOHV� NQRZQ� WR� WKH� VFLHQWLVWV� RI� WKLV�ZRUOG�
$QG�LQ�WKH�SURFHVV�WKLV�ERRN�ZLOO�FRQVWUXFW�D�ZRUNDEOH�DLUFUDIW�WKURXJK�LWV�SDJHV�
DQG�RIIHU�TXLWH�D�IHZ�VXUSULVHV�WR�WKRVH�ZKR�EHOLHYH�WKDW�WKH�ZRUOG�LV�QRW�UHDG\
\HW�IRU�JUDYLWDWLRQDO�PDQLSXODWLRQ�
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7KLV�VWXG\�KDV�ZLWKRXW�GRXEW�EHHQ�YHU\�DUGXRXV��EXW�ZKDW� ,�SHUVRQDOO\� ILQG�VR
UHZDUGLQJ� DERXW� WKH� ZRUN� SUHVHQWHG� LQ� WKLV� ERRN� LV� WKDW� WKH� (7
V� PXOWLSOH�
IXQFWLRQLQJ�HQJLQHHULQJ��WKDW�KDV�EHHQ�UHFRJQL]HG�IURP�UHFXUUHQW�GHVLJQ�IHDWXUHV
ZLWKLQ�VR�PDQ\�GLIIHUHQW�8)2V�DQG�ZLWQHVVHG�E\�VR�PDQ\�GLIIHUHQW�SHRSOH��KDV
EHHQ� IXOO\� GLVSOD\HG� WKURXJKRXW� WKH� FKDSWHUV� RI� WKLV� ERRN� DV� FRUUHVSRQGLQJ� WR
ERQD�ILGH�ZRUNDEOH�WKHRU\��,Q�RWKHU�ZRUGV��HYHQ�LI�WKH�UHDGHU�LV�VNHSWLFDO�DERXW
ZKHWKHU� RU� QRW� 8)2
V� DQG� H[WUDWHUUHVWULDOV� FDQ� WUXO\� H[LVW� ZLWKRXW� WKHLU
DFFHSWDQFH�� EHFDXVH� WKH� RYHUDOO� GHVLJQV� SUHVHQWHG� WKURXJKRXW� WKLV� ERRN� DUH� VR
ZKROO\� ZRUNDEOH� DQG� FDQ� UHVXOW� LQ� DFWXDO� DLUFUDIW� EHLQJ� HQJLQHHUHG� DQG� IORZQ
LQVLGH� DQG� RXWVLGH� RI� HDUWK·V� DWPRVSKHUH�� WKHQ� WKH� H[WUDWHUUHVWULDO� HOHPHQW
QXPHURXVO\� UHIHUUHG� WR� WKURXJKRXW� WKLV� ERRN� FDQ� DFWXDOO\� EH� UHOHJDWHG� WR� D
VXSSOHPHQWDU\�VRXUFH�RI�WKLV�WHFKQRORJ\�²�QRW��DV�LW�XVHG�WR�EH��WKH�RQO\�VRXUFH�
6R��,�KRSH�PRUH�WKDQ�DQ\WKLQJ�WKH�UHDGHU�ZLOO�EH� LPSUHVVHG�ZLWK� WKH�ZD\�WKHVH
H[WUDWHUUHVWULDO�PHFKDQLVPV�DUH�SUHVHQWHG� WKURXJKRXW� WKHVH�SDJHV��QRW� VR�PXFK
IURP�P\�EDVLF�IRUP�RI�DUWLVWU\�EXW�IURP�WKH�SHUVSHFWLYH�RI� WKH�H[WUDWHUUHVWULDO
V
GHVLJQ�SURZHVV��,QWHUHVWLQJ�GHVLJQ�LV�FRQWDJLRXV��DQG�FHUWDLQO\�LW�FRXOG�ZHOO�KDYH
WKH� HIIHFW� RI� FKDQJLQJ� WKH� ZD\� LWV� H[SHULHQFHU� SDUWLFLSDWHV� LQ� KLV� RU� KHU� RZQ
GHVLJQ� SURMHFWV� WKHUHDIWHU�� %H� ZDUQHG� �� %HFDXVH� ,� ZLOO� DWWHPSW� WR� HPSKDVL]H
GHVLJQ�IXQFWLRQ�DV�EHVW�,�FDQ�DV�D�VXE�SORW�WKURXJKRXW�WKLV�VWXG\�



26

'LVFODLPHU
7KH� HOHFWURG\QDPLF� HQJLQH� GHVFULEHG� LQ� WKLV� VWXG\� LV� NQRZQ� WR� SURGXFH� ODUJH
DPRXQWV� RI� HOHFWULFDOO\� FKDUJHG� SDUWLFOHV� DW� H[WUHPHO\� KLJK� YROWDJHV�� LW� ZLOO
SURGXFH� KLJK� HQHUJ\� H[WUHPH�XOWUDYLROHW� UDGLDWLRQ� �DQG� LQ� FHUWDLQ� DUHDV� RI� WKH
FUDIW�;�UD\� DQG� JDPPD�UD\� UDGLDWLRQ��� DQG� LW� ZLOO� DOVR� SURGXFH� FKDQJHV� WR� WKH
PDVV�GHQVLW\� RI� LWV� ORFDOL]HG� HQYLURQPHQW�� $OO� WKHVH� FDQ� EH� KDUPIXO� WR� KXPDQ
EHLQJV�LI�OLWWOH�RU�QR�UHVSHFW�LV�JLYHQ�WR�DGHTXDWH�VDIHW\�PHDVXUHV�
7KH�DXWKRU�KHUHE\�GLVFODLPV�DQ\� OLDELOLW\� IRU� LQMXU\� WR�SHUVRQV�RU�SURSHUW\� WKDW
PD\� UHVXOW� GXH� WR� WKH� FRQVWUXFWLRQ� DQG� XVH� RI� WKH� GRPHG� FUDIW� DOOXGHG� WR
WKURXJKRXW�WKLV�VWXG\�
,Q�WKLV�ZLVH�WKH�DXWKRU�ZRXOG�RQO\�UHFRPPHQG�WKDW�D�SURMHFW�WR�EXLOG�WKHVH�8)2
FUDIW�VKRXOG�EH�XQGHUWDNHQ�RQO\�LQ�D�XQLYHUVLW\�HQYLURQPHQW��VXFK�DV�LQ�D�SK\VLFV
GHSDUWPHQW��RU� LQ�D�ZHOO�IDFLOLWDWHG� ODERUDWRU\�ZLWK�DGHTXDWH�SURWHFWLYH�ZHDU�IRU
SHUVRQQHO� DQG� VDIHW\� HQFDSVXODWLRQ� EHWZHHQ� DOO� SHUVRQQHO� DQG� WKH� FUDIW� XQGHU
FULWLFDO�VWDJHV�RI�GHYHORSPHQW�DQG�FRQVWUXFWLRQ��0RVW�HVSHFLDOO\��ZLWK�UHVSHFW�WR
WKH� FUDIW
V� FHQWUDO� HUJRVSKHUH�� WKH� DXWKRU� ZRXOG� DOVR� VWURQJO\� UHFRPPHQG� WKDW
HYHQ�EHIRUH�WKH�
QXWV�DQG�EROWV
�RI�LWV�FRQVWUXFWLRQ�ZHUH�SODQQHG�LW�VKRXOG�),567
EH�HQYLVDJHG�KRZ�WKDW� ODERUDWRU\�HQYLURQPHQW�ZRXOG�RUFKHVWUDWH�DQ�RUJDQL]HG�
DQG� VDIH�� VKXW�GRZQ� SURFHGXUH� IRU� ZKHQHYHU� WKH� FHQWUDO� YRUWH[� EHFRPHV
HVWDEOLVKHG�
7KH� DXWKRU� KDV� LVVXHG� WKLV� GLVFODLPHU� DQG� ZDUQLQJ� EHFDXVH� WKHUH� KDYH� EHHQ
VXJJHVWLRQV�E\�DPDWHXU�H[SHULPHQWHUV�WKDW�WKH\�PLJKW�EXLOG�RQH�RI�WKHVH�FUDIW�LQ
WKHLU�JDUDJH��0\�UHVSRQVH�WR�WKDW�LGHD�ZLOO�EH�DQ�XQHTXLYRFDO���'217��
6RPH� H[FHOOHQW� VDIHW\� GRFXPHQWV� WR� UHDG� DQG� WDNH� QRWH� RI� FDQ� EH� IRXQG� DW�
KWWS���ZZZ�SXSPDQ�FRP�VDIHW\�KWP�DQG�KWWS���ZZZ�WHVOD���RUJ�VDIHW\�KWPO
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&KDSWHU����7KH�$QGUHDVVRQ�([WUDWHUUHVWULDO�3DUDGLJPV

&RQWHQWV�
����3RO\PHFKDQLFDO�(QJLQHHULQJ�6WXGLHV�IURP�'LVWDQW�*DOD[LHV
����9DOXDEOH�0HPRULHV�RI�$OLHQ�7HFKQRORJLHV�IURP�$EGXFWHHV
����7KH�&XULRXV�2EVHUYDWLRQV�5HFDOOHG
����'HEULHILQJV�$WWHQGHG�E\�$HURVSDFH�6FLHQWLVWV
����:H�$UH�$ORQH����LQ�RXU�&URZQ�RI�7KH�&UHDWLRQ�6\QGURPH
����'DPDJH�/LPLWDWLRQ�6WUDWHJ\�RI�'HIHQVH�'HSDUWPHQWV

����3RO\PHFKDQLFDO�(QJLQHHULQJ�6WXGLHV�IURP�'LVWDQW�*DOD[LHV
7R�PH�� WKH� IHDWXUH� WKDW�PDNHV� WKH� H[WUDWHUUHVWULDOV� VR�DOLHQ� WR�XV� LV� WKH� DPD]LQJ
DSSURDFK� WKH\� KDYH� WR� HQHUJ\� WUDQVPXWDWLRQ� ZKHUH�� DV� ZLOO� EH� DOOXGHG� WR
WKURXJKRXW� WKLV�VWXG\�� WKH\� ORRN�IRU�DQG�GLVVHFW�PHFKDQLVPV�RQ�VR�PDQ\�PRUH
OHYHOV� RI� RSHUDWLRQ� WKDQ� ZH� GR�� DQG� WKHQ� WKH\� EXLOG� D� PDFKLQH� ZKLFK� LQWHU�
FRXSOHV� WKH� ZKROH� PXOWLSOLFLW\� RI� WKRVH� PHFKDQLVPV� LQWR� RQH� XQLW�� )RU� DQ
H[DPSOH� RI� ZKDW� ,� PHDQ� UHJDUGLQJ� WKLV� PXOWLSOLFLW\� KHUH� LV� DQ� DQDORJRXV
FRPSDULVRQ�� FRQVLGHU� LI� \RX� ZLOO� KRZ� ZH� RQ� HDUWK� GHVLJQ� GLYHUVH� ELWV� RI
PDFKLQHU\� DQG� HTXLSPHQW� PRVWO\� ZLWK� RQH� SXUSRVH� LQ� PLQG�� IRU� H[DPSOH� ZH
KDYH�D�FDUEXUHWRU�ZKLFK�FRQYHUWV�D�OLTXLG�LQWR�D�YDSRU�ZKLFK�LV�WKHQ�PL[HG�ZLWK
DLU��RU�ZH�KDYH�D�VWDUWHU�PRWRU� WKDW� WXUQV� WKH�FUDQNVKDIW�RI�D�FDU��RU� D�G\QDPR
WKDW�SURSHOV�HOHFWULF�FKDUJH�DORQJ�D�ZLUH��DQG�VR�RQ�DQG�VR� IRUWK��$QG� WKHQ�ZH
EROW�PDQ\�GR]HQV�RI�WKHVH�VHSDUDWH�XQLWV�WRJHWKHU� WR�PDNH�D�FDU��ZKLFK� LQ� WXUQ
PRVWO\�GRHV�MXVW�WKUHH�WKLQJV���FRQYH\V�XV�IURP�$�WR�%��FRQVWDQWO\�GHSUHFLDWHV�WR
ZDVWH�RXU�PRQH\��DQG�FRQVWDQWO\�SROOXWHV�WKH�DWPRVSKHUH�WR�ZDVWH�RXU�UDFH��$QG
VR� ZH� RQ� HDUWK� FROOHFW� PDQ\� VHSDUDWH� RQH�IXQFWLRQ�PDFKLQHV� DQG� WKHQ� ZH� IOLW
EHWZHHQ�RQH�DQG�DQRWKHU�RI�WKHP�LQ�RUGHU�WR�RFFXS\�RXU�OLYHV��%XW�WKH�(7V�EXLOG
WKHLU�VFLHQWLILF�PDFKLQHV�DV�D�FR�RUGLQDWLRQ�RI�PDQ\�GLIIHUHQW�IXQFWLRQV�VWULSSHG
GRZQ�WR�WKHLU�PRVW�EDVLF�G\QDPLFV��DQG�WKHQ�WKH\�LQVWDOO�WKH�EDVLF�UHTXLUHPHQWV
RI� WKRVH� QXPHURXV� G\QDPLFV� LQWR� WKH� YHU\� VWUXFWXUH� RI� WKHLU� FUDIW� VR� WKDW� RQH
PHFKDQLVP�VLPXOWDQHRXVO\�DLGV�DQRWKHU�PHFKDQLVP�DQG�WKHQ�DQRWKHU��DQG�VR�RQ
DQG�VR�IRUWK��7DNH�IRU�H[DPSOH�WKH�$QGUHDVVRQ�FUDIW
V�WRURLG�VKHOO��ZKLFK�LV�WKH
GRQXW�VKDSHG�FRQWDLQHU�WKDW�QRW�RQO\�IRUPV�WKH�ORZHU�KXOO�RI�WKH�FUDIW�EXW�LW�DOVR
IRUPV�SDUW�RI� WKH� UDGLDO�SODQDU�ZDYHJXLGH� WKURXJK�ZKLFK�PLFURZDYH�SXOVHV� DUH
GLUHFWHG�IURP�WKH�FUDIW
V�FHQWHU�RXWZDUG�WR�WKH�FUDIW
V�RXWHU�ULP��7KDW�VDPH�WRURLG
DW�LWV�LQQHU�ZDOO��DV�FDQ�EH�VHHQ�LQ�PDQ\�RI�WKH�GLDJUDPV�WKURXJKRXW�WKLV�VWXG\��LV
JLYHQ� D� VSHFLILF� FXUYH� ZKLFK� RQ� RQH� VLGH� RI� WKDW� ZDOO� VHUYHV� WR� GLUHFW� HOHFWULF
FKDUJHV� WRZDUGV� WKH� WRURLG
V� VKDUS�HGJHG�FLUFXODU� ULP��DQG�RQ� WKH�RWKHU� VLGH�RI
WKDW� ZDOO� LW� VHUYHV� DV� D� SDUDEROLF� UHIOHFWRU�� $QG� WKH� IOXLG� FRQWDLQHG� LQVLGH� WKDW
WRURLG� ZLOO� EH� XVHG� DV� D� SRZHU� VRXUFH�� EXW� DOVR�� DV� D� PHGLXP� WKURXJK� ZKLFK
HOHFWURPDJQHWLF�ZDYHV�ZLOO� EH� VORZHG�GRZQ�ZKHQ� WKH\� UHIUDFW� WKURXJK� LW��2QH
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VWUXFWXUH��PXOWLSOH�IXQFWLRQV��JUHDWHU�HIILFLHQF\��7KLV�KRSHIXOO\�ZLOO�EH�ZKDW� WKLV
ERRN�ZLOO�EH�DOO�DERXW��GHVLJQ�HIILFLHQF\��DQG� WKH� LQWHQWLRQ�ZLOO�EH� WR�VKRZ�WKLV
PXOWL�IXQFWLRQLQJ�DVSHFW�RI�WKHLU�HOHFWUR�PHFKDQLFDO�V\VWHPV�ZLWKLQ�WKH�GHVLJQ�RI
WKH�8)2�IHDWXUHG�WKURXJKRXW�WKLV�VWXG\��6R�LQ�FRPSDULVRQ��VXUH��LQ�HYHU\�VHQVH
RI�WKH�ZRUG�ZH�RQ�HDUWK�KDYH�9RUVSUXQJ�GXUFK�7HFKQLN��OHDGLQJ�WKURXJK�WHFKQRORJ\��
EXW�WKH�H[WUDWHUUHVWULDO
V�WHFKQRORJ\�LV�OHYHOHG�WR�DQ�HQWLUHO\�KLJKHU�SODQH�WKDQ�WKDW
ZKLFK�ZH�SUHVHQWO\�DVSLUH�WR�RQ�WKLV�SODQHW�
7KLV�SRO\PHFKDQLFDO�IDFWRU�VR�RPQLSUHVHQW�LQ�WKH�ZD\�WKH�(7V�PDNH�WKHLU�8)2
FUDIW��ZDV�D�SRLQW�WKDW�GLGQ
W�JR�XQQRWLFHG�E\�&RO��3KLOLS�-��&RUVR�LQ�KLV�ERRN�7KH
'D\� $IWHU� 5RVZHOO� ZKLFK� H[SODLQV� KLV� UROH� LQ� EDFN�HQJLQHHULQJ� �RU� UDWKHU�� WKH
IDUPLQJ� RXW� WR� 86� HOHFWURQLFV� ODEV�� RI� DOLHQ� DUWLIDFWV� DQG� VWUDQJH� H[RWLF
WHFKQRORJ\� IRU� WKH� 86� $UP\�� &RUVR� PHQWLRQV� WKDW� WKH� PLOLWDU\� DQDO\VWV� DQG
HQJLQHHUV�ZKRP�ZHUH�JLYHQ�WKH� WDVN�RI�VHFUHWO\�UHWULHYLQJ�DQG�EDFN�HQJLQHHULQJ
WKH�5RVZHOO� UHPDLQV� RI� WKDW�8)2�FUDIW�ZHUH� LQLWLDOO\� SHUSOH[HG� DV� WR�ZK\� WKH\
FRXOGQ
W� ILQG� WKDW� 8)2
V� HQJLQHV� DQ\ZKHUH�� ,WV� HDV\� WR� VHH� ZK\� WKH\� ZHUH
SHUSOH[HG��WKDW�8)2�FUDIW�ZDV�IO\LQJ�WKURXJK�D�KHDY\�VWRUP�DQG�JRW�VWUXFN�E\�D
OLJKWQLQJ�EROW�WKDW�FDXVHG�LWV�LQWHUQDO�ZRUNLQJ�IOXLG�WR�H[SORGH�ZKLFK�VSOLW�RSHQ
WKH�FUDIW
V�ORZHU�KXOO�VHFWLRQ��WKH�FUDIW�ORVW�LWV�PDLQ�SURSXOVLRQ�GULYH�DQG�FDUHHUHG
JURXQG�ZDUG� RQO\� WR� ULVH� XS� DJDLQ� DQG� FRDVW� EDFN� LQWR� WKH� DLU� E\� XVLQJ� WKH
JUDYLWDWLRQDO�EXR\DQF\�LW�VWLOO�KDG�LPEXHG�LQWR�LWV�VWUXFWXUH��%XW�WKDW�FUDIW�ZLWK�D
JDSLQJ�KROH�LQ�WKH�VLGH�RI�LWV�KXOO�DQG�ZLWK�WKH�FRQWHQWV�RI�LWV�KXOO�RQ�ILUH�ZDV��IRU
DOO�LQWHQWV�DQG�SXUSRVHV��D�ODPH�GXFN��7KH�PHPEHUV�RI�WKH�IRXU�EHLQJ�FUHZ�WKDW
VXUYLYHG� WKH� LQLWLDO� PLG�DLU� H[SORVLRQ� ZHUH� SUREDEO\� WU\LQJ� WR� PDNH� IRU�:KLWH
6DQGV�PLOLWDU\�EDVH�LQ�RUGHU�WR�VHHN�PHGLFDO�KHOS��EXW�WKH�DOLHQ�FUHZ�RU�WKH�DOLHQ
EXR\DQF\�RQO\�NHSW�WKH�8)2�LQ�WKH�DLU�IRU�DQRWKHU�WKUHH�PLOHV�RU�VR�DQG�WKH�FUDIW
FDPH�GRZQ�DW�D�ORFDWLRQ�RQ�D�KHDGLQJ�WRZDUG�:KLWH�6DQGV��D�VKRUW�GLVWDQFH�IURP
5RVZHOO�>QRWH���@�>QRWHV�IRU�HDFK�FKDSWHU�ZLOO�EH�IRXQG�LQ�WKH�JPRGF�QRWHV�3')@�
:KLWH� 6DQGV� ZDV� ZKHUH� $PHULFD
V� ILUVW� URFNHWV� ZHUH� GHYHORSHG� XQGHU� WKH
*HUPDQ�9RQ�%UDXQ�DQG� ODXQFKHG� IRU� WKH� ILUVW� WLPH�RQ�$SULO� ��� ������ DQG� WKH
WHVWLQJ�DW�:KLWH�6DQGV�RI�WKHVH�9��W\SH�URFNHWV�FRQWLQXHG�DOO�WKURXJK���������,W
ZDV� DOVR� DURXQG� WKLV� WLPH� WKDW� WKH� ���WK� %RPE� *URXS� ZDV� VWDWLRQHG� DW� WKH
:DONHU� $UP\� $LU� )RUFH� EDVH� DW� 5RVZHOO� ZKLFK�� FRLQFLGHQWDOO\�� ZDV� WKH� RQO\
DLUEDVH� LQ� WKH�ZKROH�ZRUOG� WR� SRVVHVV� DQ� DUVHQDO� RI� QXFOHDU� ERPEV�ZLWK�%��
V
SULPHG� DQG� UHDG\� WR� JR� >QRWH�� �@�� +HQFH� DQ� LPPHGLDWH� 1HZV� EODFNRXW� ZDV
HQIRUFHG�E\� WKH�KLJKHVW�RI�RUGHUV� DOO� WKH�ZD\�GRZQ� IURP�:DVKLQJWRQ�� DQG� WKH
ZHDWKHU�EDOORRQ�SODFHER�WKDW�ZDV�JLYHQ�WR�WKH�ZRUOG�ZDV�WR�GXOO�GRZQ�WKH�ZKROH
8)2�LQFLGHQW�DQG�JHW�:KLWH�6DQGV�RXW�RI�WKH�ZRUOG
V�QHZVSDSHUV�DQG�79�QHZV
EURDGFDVWV��:KLWH�6DQGV�PLOLWDU\�EDVH�ZDV�DV� WRS�VHFUHW�DQG�DV� VHQVLWLYH� DV�\RX
FRXOG�JHW� LQ� WKH�86�� LW�ZDV� WKH�$UHD����RI� LWV�GD\��DQG� WKH� WRS�86�EUDVV�GLGQ
W
ZDQW�DQ\�FLYLOLDQ�VHQVDWLRQDOLVWV�VQLIILQJ�URXQG�LW��
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%XW� IURP� WKH� IDFW� WKDW� URFNHW� HQJLQHHULQJ� ZDV� WKHQ� WKH� QHZHVW� DQG� PRVW
DGYDQFHG� WHFKQRORJ\� DYDLODEOH� LQ� WKH�ZRUOG�� WKRVH�PLOLWDU\� HQJLQHHUV�ZHUH� RQO\
VHDUFKLQJ�WKURXJK�WKH�5RVZHOO�8)2�GHEULV�ORRNLQJ�IRU�VLJQV�RI�WKDW�FUDIW�EHLQJ
URFNHW�SRZHUHG��-XVW�DV�&RORQHO�&RUVR�H[SODLQV��WKRVH�DQDO\VWV�LQ�WKH�����V�KDG
QR�UHDO�LGHD�RI�ZKDW�GLG�DFWXDOO\�SRZHU�WKRVH�VWUDQJH�8)2�FUDIW�DQG�VR��EHFDXVH
WKH\�FRXOGQ
W�ILQG�DQ\WKLQJ�WKH\�FRXOG�UHFRJQL]H�DV�EHLQJ�SDUW�RI�D�URFNHW�HQJLQH
WKH\�DXWRPDWLFDOO\�DVVXPHG�WKDW� WKH�8)2
V�SRZHU�GULYH�PXVW�KDYH�HLWKHU�IDOOHQ
RXW�VRPHZKHUH��RU�WKDW�LW�KDG�EHHQ�VHOI�GHVWUXFWHG�E\�RUGHU�RI�WKH�ODVW�VXUYLYLQJ
DOLHQ�FUHZ�PHPEHU�
,W�ZDV�EHFDXVH�WKH�5RVZHOO�GHEULV�LQFOXGHG�QR�DSSDUHQW�HQJLQH�WKDW�PRVW�RI�WKDW
8)2·V�VWUXFWXUDO�DUWLIDFWV�FROOHFWHG�E\�WKH�DUP\�SHUVRQQHO�WKHQ�ZHQW� LQWR�VWRUH�
DQG�DV�&RUVR�H[SODLQHG��WKH\�ZHUH�DOO�EXW�IRUJRWWHQ�DERXW�IRU�DW�OHDVW�D�GHFDGH��,W
ZDV�RQO\�ODWHU��LQ�WKH�����V��WKDW�VRPH�EULJKW�VSDUN�ZRUNHG�RXW�WKDW�WKH�HQJLQHV
GLGQ
W�IDOO�RXW�DIWHU�DOO��DQG�WKDW�WKH�FUDIW
V�FHQWUDO�SRZHU�JHQHUDWRUV�RQO\�ORRNHG
OLNH�HQJLQHV�ZKLOH�WKDW�8)2�LV�SRZHUHG�XS����)RU�ZKHQ�WKH\�DUH�GHFRPPLVVLRQHG
DQG�SRZHUHG�GRZQ�WKHUH�LV�QRWKLQJ�WKHUH�WKDW�ORRNV�UHPRWHO\�OLNH�D�FRQYHQWLRQDO
HQJLQH��7KLV�LV�QRW�VD\LQJ�WKDW�WKH�(7V�KDG�GHYHORSHG�VRPH�GHIW�
PDJLF�DUWV
�WKDW
UHQGHUHG� WKHLU�HQJLQHV� LQYLVLEOH�ZKHQ�QRW� LQ�XVH�� IDU� IURP� LW�� ,W� MXVW�PHDQV�\RX
KDYH�WR�NQRZ�ZKDW�\RX�DUH�ORRNLQJ�IRU�EHIRUH�\RX�FDQ�ILQG�LW��DQG��\RX�QHHG�WR
YHQWXUH� WKDW� IRU� D� GULYH�XQLW� WR� SURYLGH� URWDWLQJ� IRUFHV� WKDW� GULYH�XQLW� GRHVQ
W
QHFHVVDULO\�KDYH�WR�EH�DQ�HQVHPEOH�RI�PRYLQJ�SDUWV�HQFDVHG�LQVLGH�D�ELJ�FKXQN�RI
PHWDO��%XW�WKDW��,�PLJKW�DGG��LV�ZKDW�WKLV�VWXG\�LV�JRLQJ�WR�EH�DOO�DERXW��IRU�LQ�D
VLPLODU�IDVKLRQ�QHLWKHU�GRHV�WKH�FHQWUDO�SRZHU�JHQHUDWRU�RI�WKH�$QGUHDVVRQ�8)2�
ZKLFK�LV�IHDWXUHG�WKURXJKRXW�WKHVH�FKDSWHUV��ORRN�DQ\WKLQJ�OLNH�DQ�HQJLQH�ZKHQ�LW
LV�LQDQLPDWH�DQG�SRZHUHG�GRZQ�>QRWH���@�
2EYLRXVO\�� WKH� QHFHVVLW\� IRU� FRPSDFWQHVV� LV� WKH� JRYHUQLQJ� UHDVRQ� EHKLQG� WKH
(7
V�SUHIHUHQFH�IRU�PXOWL�IXQFWLRQLQJ��IRU�WKHLU�FUDIW�KDYH�WR�FRQYH\�WKHLU�SLORWV�
HQJLQHHUV��GRFWRUV��DQG�QXUVHV��HWF���VDIHO\�WKURXJK�HDUWK
V�DWPRVSKHUH�DQG�EDFN
LQWR�VSDFH�DJDLQ��RU�DW�OHDVW�EDFN�RXW�WR�WKH�IDU�UHDFKHV�RI�HDUWK
V�DWPRVSKHUH�WR
UHQGH]YRXV� ZLWK� ODUJHU�PRWKHUVKLSV� RU� LQWR� D� JURXSLQJ�W\SH� DUUDQJHPHQW� KLJK
DERYH�XV�
:KDW� WKH� DERYH� DFFRXQW� HPSKDVL]HV�PRUH� WKDQ� DQ\WKLQJ� HOVH� LV� WKDW� VFLHQWLVWV
ZKR� ZRUN� RQ� SRZHU� V\VWHPV� RI� WKH� QRUP� RQ� WKLV� SODQHW�� DUH� QRW� QHFHVVDULO\
FRJQL]DQW�RI�KRZ�WKH�SRZHU�GULYH�V\VWHPV�HQJLQHHUHG�RQ�RWKHU�ZRUOGV�DSSHDU�WR
ZRUN��$V�KDV�EHHQ�WKH�FDVH�ZLWK�DVWURSK\VLFLVWV��ZKR�ZKHQ�WKH\�ILUVW�GLVFRYHUHG
EODFN� KROHV� LQ� VSDFH� WKH\� VWUXJJOHG� LQLWLDOO\� WR� XQGHUVWDQG� H[DFWO\� ZKDW� WKHLU
SXUSRVH�ZDV�DQG�KRZ�WKH\�ZRUNHG��HVSHFLDOO\�ZLWK�UHJDUG�WR�KRZ�EODFN�KROHV�FDQ
JHQHUDWH�MHWV�WKDW�FDQ�VSDQ�WKRXVDQGV�RI�PLOHV�WKURXJK�VSDFH��DQG�RQO\�QRZ�DIWHU
VRPH� IRUW\� \HDUV� RI� VSHFXODWLYH� GLVFXVVLRQ� DUH� WKHVH� WKHRULVWV� FRPLQJ� WR� D
ZRUNLQJ�K\SRWKHVLV�IRU�WKHVH�PRVW�SRZHUIXO�HQJLQHV�RI�WKH�FRVPRV��7KH�UHDGHU



30

ZLOO�REVHUYH�DV�WKLV�VWXG\�SURJUHVVHV�WKDW�EODFN�KROH�SK\VLFV�DQG�8)2�SK\VLFV�DUH
FORVHO\� DOOLHG��ZKLFK� LQ� LWVHOI� LV� D� YHU\�QHZ�GLVFRYHU\� DQG� LV� RQH� WKDW� KDV� QHYHU
EHIRUH�EHHQ�RSHQO\�GLVFXVVHG�DPRQJ�SK\VLFLVWV�
:KDW� FRPSOLFDWHV� WKH� 8)2� EDFN�HQJLQHHULQJ
V� UHFRJQL]H�DQG�GLVFRYHU� SURFHVV
PRVWO\�WKRXJK�LV�WKH�IDFW�WKDW�WKHUH�LVQ
W�MXVW�RQH�W\SH�RI�8)2�FUDIW��DQG�WKHUH�LV
WKH�IDFW�WKDW�D�8)2�GRHVQ
W�MXVW�IO\�IURP�RQH�SLHFH�RI�VN\�WR�DQRWKHU�XVLQJ�RQH
IRUP� RI� SURSXOVLRQ�� $QG� VR� DQ� DZDUHQHVV� RI� WKH� GLYHUVLW\� RI� SURSXOVLRQ
FRQILJXUDWLRQV��OHDGLQJ�WR�ZKDW�W\SHV�RI�IOLJKW�PDQHXYHULQJ�FDQ�EH�SHUIRUPHG�E\
WKH�YDULRXV� W\SHV�RI�8)2�� LV� D� YHU\� QHFHVVDU\�SUHUHTXLVLWH� WR� GLVFRYHULQJ�ZKDW
HQHUJ\� PDQLSXODWLRQ� SULQFLSOHV� WKH� GLIIHUHQW� JURXSV� RI� (7V� DUH� XVLQJ� LQ� WKHLU
GLIIHUHQW� FUDIW�� %XW� WKLV� LV� QRW� RYHUO\� GLIILFXOW�� NQRZOHGJH� RI� WKHVH� LV� TXLWH
IRUWKFRPLQJ�WKURXJK�HDUQHVW�VWXGLHV�DQG�FDQ�RI�FRXUVH�FRPH�IURP�D�ORQJ�VWXG\
RI�WKH�ZHOO�GRFXPHQWHG�HYLGHQFH�QRZ�DYDLODEOH����IURP��$��ZKDW�KDV�VR�IDU�EHHQ
REVHUYHG�DQG� UHSRUWHG�E\� WKRVH�ZKR�KDYH� HQFRXQWHUHG�8)2V�� IURP� �%�� WKRVH
ZKR�KDYH�ILOPHG�WKHP�IO\LQJ�LQ�RXU�DWPRVSKHUH��IURP��&��WKRVH�ZKR�KDYH�VLIWHG
WKURXJK�WKH�1$6$�IRRWDJH�ZKLFK�VKRZ�8)2V��IURP��'��WKRVH�ZKR�KDYH�WDNHQ
UHDO�SKRWRV�RI�UHDO�8)2V��IURP��(��WKRVH�ZKR�KDYH�EHHQ�DEGXFWHG�DQG�FRQYH\HG
WR�VWUDQJH�ORRNLQJ�GHVWLQDWLRQV�LQVLGH�8)2V��DQG�HYHQ�PRUH�VR��)��E\�WKRVH�ZKR
KDYH�ZRUNHG�LQ�JRYHUQPHQW�
EDFN�HQJLQHHULQJ
�SURJUDPV�DW�SODFHV�OLNH�$UHD����LQ
WKH�86�� DQG� �*��E\� WKRVH�ZKR�KDYH�SDVVHG�8)2�DUWLIDFWV� IURP� WKH�PLOLWDU\� WR
HOHFWURQLFV�ODEV�LQ�WKH�FLYLOLDQ�VHFWRU�IRU�WHFKQRORJLFDO�DSSUDLVDOV��DV�ZDV�WKH�FDVH
ZLWK�WKH�&RO��&RUVR�PHQWLRQHG�DERYH���7KH�SXUSRVH�RI�EDFN�HQJLQHHULQJ�VWXGLHV
LV� WR� IRUP� RSLQLRQV� DERXW� WKH� VWUDQJH� VLJQDWXUHV� RI� HQHUJ\� WUDQVPXWDWLRQ� DQG
JUDYLWDWLRQDO� PDQLSXODWLRQ� WKDW� DUH� WKH� KDOOPDUNV� RI� 8)2V�� VR� WKDW� WKHVH
VLJQDWXUHV� FDQ� EH� UHFRJQL]HG� DORQJVLGH� NQRZQ� VFLHQWLILF� SULQFLSOHV�� $QG� HYHQ
WKRXJK� WKRVH� DVVRFLDWHG� SULQFLSOHV� PD\� EH� UDUHO\� NQRZQ� DQG� LQ� VRPH� FDVHV
XQGHU�GHYHORSHG� RQ� HDUWK� WKH\� GR� SURYLGH� HQRXJK� FOXHV� WR� VKRZ� WKDW� WKH
P\VWHULHV�RI�8)2�WHFKQRORJ\�DUH�PRVWO\�UHVROYDEOH���E\�WKRVH�WHFKQLFDOO\�PLQGHG
DQG�YHUVHG�LQ�D�EURDG��DQG�,�GR�HPSKDVL]H�EURDG��UDQJH�RI�GLVFLSOLQHV�VFLHQWLILF
DQG�RWKHUZLVH�
,I� \RX� KDYHQ
W� WKH� WLPH� DQG� SDWLHQFH� WR� ORRN� WKURXJK� WKH� OLWHUDWXUH� DQG� ILOP
IRRWDJH�WKDW�LV�RXW�WKHUH�RQ�8)2V�,�ZLOO�VXPPDUL]H�WKH�PDLQ�DWWULEXWHV�RI�D�UDQJH
RI�8)2V��DV�KDYLQJ�WKH�DELOLW\�WR�IO\�DQG�KRYHU�LQ�VLOHQFH��WR�DFFHOHUDWH�WR�WHQV�RI
WKRXVDQGV� RI�PLOHV� SHU� KRXU� LQ� D� PDWWHU� RI� VHFRQGV� ZLWKRXW� VRQLF� ERRPV�� WR
WUDYHO�IURP�WKLV�DWPRVSKHUH�LQWR�ERWK�ORFDO�VSDFH�DQG�IDU�VSDFH��ZLWK�QR�QHHG�IRU
KHDW�VKLHOGV���WR�WUDYHO�WKURXJK�LQVWDQWDQHRXV����GHJUHH�EHQGV�LPSHUYLRXV�WR�*�
IRUFH�UHDFWLRQV��WR�VXGGHQO\�DSSHDU�RU�GLVDSSHDU�IURP�YLVXDO�VLJKW�DQG�EH�RQ�DQG
RII� UDGDU� VXUYHLOODQFH� DW� ZLOO�� WR� FUHDWH� OLJKW�VSKHUHV� RI� V\QFKURWURQ� HPLVVLRQV
DURXQG� WKHPVHOYHV� �LH� DV� D� JOREH� HPLWWLQJ� EULJKW� OLJKW��� WR� HQWHU� LQWR� ZDWHU
ZLWKRXW� VSHHG� UHGXFWLRQ� RU� SHUWXUEDWLRQ� WR� WKH� VXUIDFH� ZDWHU�� DQG� WR� GHWHFW
KRVWLOH� DWWDFNV� DW� WKHLU� PRPHQW� RI� LQWHQWLRQ� RI� SHUSHWUDWLRQ� �LH� MXVW� EHIRUH
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DQ\WKLQJ� LV�SK\VLFDOO\� ILUHG�DW� WKHP���8)2V�KDYH�WKH�DELOLW\� WR�SURSDJDWH�VSDFH�
WLPH�JHRPHWU\�WKDW�ZLOO�WUDS�HOHFWURPDJQHWLF�ZDYHV�VXFK�DV�OLJKW��DQG�JUDYLWDWLRQDO
ZDYHV��VR�WKDW�WKH\�FDQ�DFWLYDWH�ORFDOL]HG�JUDYLWDWLRQDO�ILHOGV�ZKLFK�FDQ�WUDQVSRUW
PDWHULDO� REMHFWV� RYHU� VKRUW� GLVWDQFHV� �LH� JURXQG� WR� VKLS� DQG� YLFH� YHUVD��� DQG
8)2V� FDQ� HYHQ�PDQXIDFWXUH� D� WRSRORJLFDO� HQYHORSH� ZKLFK� FDQ� FDXVH�PDWHULDO
REMHFWV� WR�XQGHUJR�GLODWLRQ�RU�GLPLQXWLRQ� �WR�EHFRPH� ODUJHU�RU� VPDOOHU� LQ�VL]H��
7KH�H[WUDWHUUHVWULDOV�FDQ�DOVR�SURSDJDWH�HQHUJ\�ILHOGV�XSRQ�KXPDQV�WKDW�ZLOO�DUUHVW
WKH�PRWRQHXURQ�PHFKDQLVPV� LQ� KXPDQ� EHLQJV� �WR� SDUDO\]H� KXPDQ�PXVFOHV� DW
ZLOO���0HWDOV�LQVLGH�8)2�FUDIW�FDQ�EH�VZLWFKHG�IURP�RSDTXH�WR�WUDQVOXFHQW�RU�WR
HYHQ�EHFRPH�LOOXPLQDWHG��DOWKRXJK�WKLV� LV�VRPHWKLQJ�RXU�VFLHQWLVWV�RQ�HDUWK�DUH
MXVW�QRZ�VWDUWLQJ�WR�GHYHORS�WRR���$QG�DVVRFLDWHG�ZLWK�WKH�8)2�DQG�(7�VFLHQFHV
LV� DOVR� D� UDQJH� RI� JDWH�KROH� SKHQRPHQD� ZKHUH� LQWHQVH� HQHUJ\� ILHOGV� DUH
PDQLIHVWHG� LQ� WKLQ� DLU� DQG� WKHQ�PDWHULDOL]HG� LQWR�EULGJLQJ�KROHV� WKURXJK�ZKLFK
EHLQJV�HQWHU�LQWR�DQG�OHDYH�IURP�WKLV�PDWHULDO�UHDOP�>QRWH���@��,Q�VLPLODU�IDVKLRQ
�EXW�PRVWO\� ZLWKRXW� WKH� VSHFWDFOH� RI� LQWHQVH� HQHUJ\� ILHOGV�� WKH� VDPH� EULGJLQJ�
KROHV�FDQ�RFFXU�DW�H[LVWLQJ�VSDWLDO�EDUULHUV��DW�RXU�QRUPDO�HYHU\GD\�PDWHULDO�ZDOOV
VXFK� DV� ZDOOV� LQVLGH� EXLOGLQJV�� ZKHUH� EULGJLQJ�KROHV� DUH� WHPSRUDULO\� IRUPHG
WKURXJK� ZKLFK� DOLHQ� EHLQJV� VHHP� WR� EH� DEOH� WR� SDVV� LQWR� DQG� RXW� RI� RXU
HQYLURQPHQWV� �WKH� ODWWHU� VXJJHVWV�� LI� QRWKLQJ� HOVH�� WKDW� VRPH� RI� RXU
SUHFRQFHSWLRQV�DERXW�¶VROLG·�PDWHULDOV�QHHGV�D�OLWWOH�PRUH�HGXFDWLRQ��
$V�ZLOO�EH�H[SODLQHG�IXUWKHU�LQ�WKH�IROORZLQJ�FKDSWHUV�RI�WKLV�VWXG\�PXFK�RI�WKH
DERYH� SKHQRPHQD� LQYROYHV� WKH� PDQLSXODWLRQ� RI� HQHUJ\� HQYHORSHV� ZKLFK� DUH
WUDQVSRVHG�IURP�WKH�8)2�FUDIW�WR�D�GLVWDQW�ORFDWLRQ�H[WHULRU�WR�WKDW�FUDIW��$V�WKLV
LV� D� YHU\� QRYHO� IRUP� RI� HQHUJ\� PDQLSXODWLRQ� IRU� RXU� VWDJH� RI� VFLHQWLILF
GHYHORSPHQW�WKLV�WHFKQRORJ\��ZKLFK�FDQ�EH�GLVFRYHUHG�LQ�DVWURSK\VLFDO�SULQFLSOHV
,�ZRXOG�KDVWHQ�WR�DGG��ZLOO�EH�IHDWXUHG�WKURXJKRXW�VHYHUDO�RI�WKH�FKDSWHUV�LQ�WKLV
VWXG\�
$V� IDU� DV� PDWHULDO� IDEULFDWLRQ� DQG� VWUXFWXUDO� GHVLJQ� DUH� FRQFHUQHG� WKHUH� LV� D
ZHDOWK�RI�WHFKQRORJLFDO�DGYDQFHV�ZDLWLQJ�WR�EH�GLVFRYHUHG�KHUH��DOWKRXJK��ZKLOH
WKLV� ILHOG� LV�PRVWO\� DOLHQ� �SOHDVH� H[FXVH� WKH�SXQ�� WR� DQ\WKLQJ�ZH�PLJKW�SUHVHQWO\
HQJLQHHU�RQ�WKLV�SODQHW��WKHUH�KDYH�EHHQ�SDUDOOHOV�IRXQG�LQ�HDUWK·V�VFLHQFHV�ZKLFK
PLJKW� RIIHU� JUHDW� DGYDQWDJHV� LQ� WKRVH� DUHDV� LI� SXUVXHG� YLJRURXVO\� HQRXJK� WR
DQ\ZKHUH�QHDU�WKH�VWDJH�WKH�(7V�KDYH�WDNHQ�WKHP��WKHVH�DUH�WKH�DUHDV�RI�DFRXVWLF
DQG� YLEUDWLRQDO� VWUXFWXULQJ� RI�PDWWHU� DQG� WKH� ZD\�PDWHULDOV� DUH� RVFLOODWHG� ZLWK
HQHUJ\��>QRWH���@��,QGHHG��WKHVH�ILHOGV�RI�PDWHULDO�IDEULFDWLRQ�DQG�VWUXFWXUDO�GHVLJQ
DUH� FHUWDLQO\� WDNHQ� PXFK�PRUH� VHULRXVO\� E\� WKH� (7V� WKDQ� E\� WKH� VFLHQWLVWV� RI
FRPPHUFLDO� LQGXVWU\�RQ�HDUWK��DQG�WKHVH�ILHOGV�KDYH�REYLRXVO\�EHHQ�LQYHVWLJDWHG
PXFK�PRUH�ULJRURXVO\�E\�WKH�(7�GHVLJQHU�WKDQ�WKH�VFLHQWLILF�GHVLJQHUV�RI�HDUWK�
DV�WKH�UHDGHU�ZLOO�VHH�
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0\� GLVFRYHULHV� WKRXJK� RIIHU� MXVW� D� VPDOO� FRUQHUVWRQH� WRZDUG� VFLHQWLILF
DGYDQFHPHQW��DQG�LW�ZRXOG�EH�QDLYH�RI�PH�QRW� WR�VXJJHVW� WKDW�JUHDWHU�VFLHQWLILF
PLQGV�� RQFH� WKH\� ODWFK� RQ� WR� WKH� PRUH� GHWDLOHG� DQDO\VLV� RI� H[WUDWHUUHVWULDO
WHFKQRORJ\� �DV� LW�EHFRPHV�PRUH�DYDLODEOH� WKURXJK� LQGXVWULDO� HQWHUSULVH���ZLOO�QR
GRXEW�ZDQW� WR� SURJUHVV�PRUH� RSHQO\� WKHLU� FRPPHUFLDOL]DWLRQ� RI� H[WUDWHUUHVWULDO
WHFKQRORJ\� WKURXJK� OHDSV� DQG� ERXQGV�� ,Q� WKH� PHDQWLPH�� DQG� ZKLOH� PXFK
PLVLQIRUPDWLRQ�LV�VWLOO�SHUSHWXDWHG�WKURXJK�WKH��TXLWH�XQGHUVWDQGDEOH�� LJQRUDQFH
RI�QHZV�DQG�VFLHQFH�PHGLD�SURGXFHUV��DQG�LV�SUHYDOHQW�DQG�ZDLWLQJ�WR�PLVGLUHFW
WKH�XQVXVSHFWLQJ�UHVHDUFKHU�GRZQ�WKH�ORQJHVW�RI�JDUGHQ�SDWKV��PD\�,�RIIHU�D�IHZ
SRLQWHUV� DV� WR�ZKDW�8)2� WHFKQRORJ\� LV� QRW�� ,�ZLOO� DOOXGH� WR� WKLV� EHFDXVH� WKHUH
KDYH�EHHQ�VRPH�UHDOO\�ZLOG�DVVXPSWLRQV�RYHU�WKH�\HDUV�PDGH�DERXW�KRZ�D�8)2
SRZHUV� LWV� SURSXOVLRQ� �E\�79�SURGXFHUV�ZKR�KDYH� VHHQ� WRR�PDQ\� HSLVRGHV� RI
)ODVK� *RUGRQ�� DQG� HYHQ� E\� VR�FDOOHG� 8)2ORJLVWV��� DQG� RQ� WKLV� PDWWHU� ,� ZLOO
GHFODUH� WKDW� D�8)2�GRHV�QRW� FDUU\� DQ�HOHFWULFDO�EDWWHU\�� QRU� D� VHW� RI�7HVOD� FRLO
DFFXPXODWRUV�� QRU� D� QXFOHDU� IXVLRQ�UHDFWRU�� QRU� LV� URFNHW�SRZHUHG� �VR� WKDW� LW
VKRXOG�FDUU\�KLJK�RFWDQH�IXHOV��LQ�DQ\�ZD\�VKDSH�RU�IRUP��QRU�FDUULHV�DQ\�VXSHU�
FRQGXFWLQJ�PDJQHWV��DQG�QRU�IRU�WKDW�PDWWHU�GRHV�D�8)2�QHHG�WR�FDUU\�DQ�DUUD\
RI� VHSDUDWH� HOHFWULFDO� SRZHU� JHQHUDWRUV�� QRU� HYHQ�ZLOO� LW� KDYH� D� VHSDUDWH� HQJLQH
WKURXJK� ZKLFK� LW� HQHUJL]HV� LWV� JUDYLWDWLRQDO� IRUFH�� IRU� LQGHHG� �� WKH� 8)2
V
VWUXFWXUH�LV�LWV�HQJLQH��LWV�SRZHU�JHQHUDWRU��LWV�JUDYLWDWLRQDO�IRUFH�V\VWHP��
0RUHRYHU��GHVLJQHG�LQWR�WKH�8)2
V�VWUXFWXULQJ�LV��DV�,�VD\��WKLV�PXOWL�IXQFWLRQLQJ
WKDW� HQDEOHV� WKH� FRPSRVLWH�ZKROH� WR�ZRUN� WR� VXFK� D� KLJK� GHJUHH� RI� HIILFLHQF\
WKDW�� ZLWK� UHVSHFW� WR� LWV� HOHFWUR�G\QDPLF� SRZHU� FLUFXLW�� WKH� HQWLUH� FUDIW� FDQ
IXQFWLRQ� DV� D� PHJD�FRQGXFWRU� RU� D� PHJD�DFFXPXODWRU� RU� D� PHJD�DPSOLILHU
ZLWKRXW�LWV�SLORW�HYHQ�KDYLQJ�WR�DFWLYHO\�FRQWURO�WKHVH�IXQFWLRQV��6R�FOHYHU�DUH�WKH
H[WUDWHUUHVWULDOV� WKDW� WKHLU� HOHFWULFDO� FXUUHQW� LV� WUDQVPLWWHG� WKURXJK� WKH� DFWXDO
VWUXFWXUH� RI� WKHLU� 8)2V� �UDWKHU� WKDQ� WKURXJK� ORRPV� RI� ZLUHV��� DQG� HQHUJ\�
WKUHVKROG� OHYHOV� DUH�GHVLJQHG� LQWR� WKH� YHU\�PDWHULDOV�ZKLFK� IRUP� WKDW� HOHFWULFDO
FLUFXLW� �LH�DV�ZH�DOVR� LQFRUSRUDWH� LQWR�RXU� VHPLFRQGXFWRU�FLUFXLWV���DQG�VR� WKHVH
PDWHULDOV�HVVHQWLDOO\�GHWHUPLQH�WKH�PRPHQW�ZKHQ�HOHFWURQLF�WULJJHULQJ�WDNHV�SODFH
IURP�RQH� VWDJH� WR� WKH� QH[W� LQ� WKHLU� FUDIW·V� HQHUJ\�GHYHORSPHQW� SURFHVVHV�� 7KH
HQHUJ\�G\QDPLFV�,�KDYH�GLVFRYHUHG�ZRXOG�DOZD\V�EH�RVFLOODWRU\�RU�F\FOLF�DQG�VR
ZKROH�FKDLQV�RI�UHDFWLRQV��WKUHVKROGV�WULJJHULQJV��DQG�SRZHU�DPSOLILFDWLRQ�HIIHFWV
WDNH�SODFH�ZLWKLQ�D�8)2�ZLWK�D�PHWURQRPLF�UHJXODULW\�WKDW�PLJKW�EH� OLNHQHG�DQ
XS�VFDOHG�
���
�HOHFWURQLF�WLPHU�FLUFXLW���%DFN�HOHFWURPRWLYH�IRUFHV�DUH�DSOHQW\�LQ
8)2V��DQG�DOWKRXJK�WKHVH�¶URJXH·�IRUFHV�DUH�WKH�FKDJULQ�RI�HOHFWURQLF�HQJLQHHUV
KHUH�� WKH\� DUH� LQWHJUDWHG� LQWR� WKHVH� FUDIW
V� HOHFWURQLF� FLUFXLWV� DV� DQ� LQWHJUDO�� DQG
ZKROO\�QHFHVVDU\��SDUW�RI�WKH�8)2·V�HQHUJ\�DFFXPXODWLRQ�PHFKDQLVPV�
+RSHIXOO\�WKRXJK��PRUH�WKDQ�DQ\WKLQJ�HOVH�� WKLV�VWXG\�ZLOO�VKRZ�WKH�UHDGHU�WKDW
8)2�FUDIW�DUH�HQJLQHHUHG�DQG�VWUXFWXUHG�DV�PXOWL�SXUSRVH�DQG�PXOWLSOH�IXQFWLRQ
SRO\PHFKDQLFDO�PDFKLQHV��DQG�DV�,�GLVFRYHUHG�LQ�P\�MDXQWV�WKURXJK�WKH�YDULRXV
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8)2�GHVLJQV��VXFK�DV�WKH�$QGUHDVVRQ�8)2��WKH�%RE�/D]DU�8)2��WKH�$GDPVNL
8)2�� WKH� 5RVZHOO�8)2�� WKH�2QLRQ�'ULYH�8)2�� WKH�*UDQJHPRXWK�8)2�� WKH
XSULJKW� F\OLQGHU� 8)2V�� DQG� HYHQ� WKH� QRQ�8)2� GHVLJQV� RI� 6HDUO
V� ,*9� FUDIW��
WKHUH� LV�QR�VWUXFWXUH� LQ�D�8)2�ZKLFK�KDV� MXVW�RQH� IXQFWLRQ� UHODWLQJ� WR� LW�GRLQJ
RQH� WDVN�� DQG� QR� VWUXFWXUDO� DVVHPEO\� LQVLGH� D� 8)2� LV� PHUHO\� SHUIXQFWRU\� �WR
ERUURZ�D�SKUDVH�IURP�%RE�/D]DU��
$V� DERYH��RQH�PLJKW� FRQFOXGH� WKDW� WKLV�QRYHO�WR�XV�SRO\PHFKDQLFDO� WHFKQRORJ\
ZDV�ERUQ�RXW�RI�QHFHVVLW\��IURP�WKH�GHVLUH�WR�SXW�WKH�ZKROH�RI�WKH�8)2
V�SRZHU
JHQHUDWLRQ�DQG�SURSXOVLRQ�GULYH�PHFKDQLVPV�LQWR�D�YHU\�VPDOO�YROXPH��VR�DV�WR
GHYHORS� ODUJH� DPRXQWV� RI� HQHUJ\� TXLFNO\� DQG�ZLWKRXW�ZDVWHIXO� GLVVLSDWLRQ�� DQG
DGYDQWDJHRXVO\� XVLQJ� WKH�PHGLXP�ZKLFK� VXUURXQGV� WKDW� FUDIW� WR� GUDZ� RQ� DV� D
YLDEOH� VRXUFH� RI� HQHUJ\� WR� UHSOHQLVK� LWV� RZQ� HQHUJ\� VXSSOLHV� DV� DQG� ZKHQ
QHFHVVDU\��2U���� LW�PD\� MXVW� EH� WKDW� WKH� GHVLJQHUV� IRU� WKHVH� OLWWOH�*UH\V� DUH� MXVW
LQFUHGLEO\�&/(9(5�DW�EXLOGLQJ�WKHVH�8)2V��
(VVHQWLDOO\�� ,� KRSH� WKURXJK� WKLV� VWXG\� WKHUH� ZLOO� EH� LQVSLUHG� D� QHZ� EUHHG� RI
PXOWLSOH�IXQFWLRQ� GHVLJQHUV� ZKR� ZLOO� GHVLJQ� IURP� WKHLU� RZQ� LQJHQXLW\� SRZHU�
GULYH�V\VWHPV�WKDW�ZLOO�VKRZ�D�PXFK�KLJKHU�GHJUHH�RI�HIILFLHQF\�WKDQ�DW�SUHVHQW�
DQG�WKDW�WKH\�PLJKW�DIWHU�UHDGLQJ�WKLV�VWXG\�DVN�WKH�TXHVWLRQ�RI�DQ\�FRPSRQHQW
RI�DQ\�PDFKLQH���<HDK�"�:KDW�HOVH�GRHV�LW�GR���"�
����9DOXDEOH�0HPRULHV�RI�$OLHQ�7HFKQRORJLHV�IURP�$EGXFWHHV
+RZ� GLG� DOO� WKLV� LQIRUPDWLRQ� DERXW� 8)2V� DQG� WKH� H[WUDWHUUHVWULDO� QRXV� IRU
VFLHQFH�DQG�HQJLQHHULQJ�FRPH�WR�WKH�IRUH�"
1RW�WKURXJK�RIILFLDO�FKDQQHOV�WKDW
V�IRU�VXUH���$QG�FHUWDLQO\�QRW�WKURXJK�WKH�ZRUGV
RI�D�JRYHUQPHQW�VSRNHVPDQ�RU�VSRNHVZRPDQ��7KH\�FDPH�PRVWO\�IURP�RUGLQDU\
SHRSOH�ZKR·YH�KDG�SHUVRQDO�H[SHULHQFHV�ZLWK�WKH�H[WUDWHUUHVWULDOV�WKURXJK�ZKDW�LV
NQRZQ�DV�DOLHQ�DEGXFWLRQ��ZKHUH�WKRVH�SHRSOH�ZHUH�WDNHQ�E\�WKH�(7V�DQG�VKRZQ
YDULRXV� DWWULEXWHV� RI� DOLHQ� OLIH� DQG� DOLHQ� WHFKQRORJ\� DV� EHILWWLQJ� WR� WKH� OHYHO� RI
LQWHOOHFW�RI�WKH�SHUVRQ�WKH\�WRRN��,I�WKH�UHDGHU�LV�LQWHUHVWHG�LQ�WKLV�VXEMHFW�WKHQ�,
DGYLVH� WKHP� WR� JR� DQG� LQTXLUH� DERXW� WKLV� YDVW� ILHOG� RI� VWXG\� OLNH� HYHU\RQH� HOVH
ZKR� KDV� EHHQ� LQYROYHG� LQ� LW�� IRU� LW� VXUHO\� LV� RXWVLGH� WKH� UHPLW� RI� WKLV� ERRN� WR
UHSHDW� VXFK� LQIRUPDWLRQ��ZKLFK� LV� DEXQGDQWO\� SUHVHQWHG�PXFK�PRUH� HORTXHQWO\
HOVHZKHUH�>QRWH���@�
6XIILFH�LW�WR�VD\�WKDW��IRU�WKLV�VWXG\��WKH�PDLQ�VRXUFH�RI�WKH�WHFKQLFDO�GLDJUDPV�DQG
DUWIXO�UHSUHVHQWDWLRQV�WKDW�,�KDYH�EHHQ�ZRUNLQJ�ZLWK�LQ�RUGHU�WR�SUHVHQW�D�FOHDUHU
H[SODQDWLRQ�RI� H[WUDWHUUHVWULDO� VFLHQFH� DQG� WHFKQRORJ\�KDV�PRVWO\�EHHQ� WKRVH�RI
%HWW\�/XFD��RU�%HWW\�$QGUHDVVRQ�� DV� VKH�ZDV� NQRZQ�ZKHQ� VKH� ILUVW� LQWURGXFHG
KHUVHOI� LQ� ����� WR� 'U�� -�� $OOHQ� +\QHN� WKH� IRUHPRVW� LQYHVWLJDWRU� RI� 8)2
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SKHQRPHQD� LQ� UHVSRQVH� WR� +\QHN
V� QHZVSDSHU� UHTXHVW� IRU� SHUVRQDO� 8)2
H[SHULHQFH�LQIRUPDWLRQ�
%HWW\�$QGUHDVVRQ�/XFD�ZDV�DEGXFWHG�DW�YDULRXV�VWDJHV�WKURXJK�PRVW�RI�KHU�OLIH�
IURP�KHU�FKLOGKRRG�\HDUV�LQ�WKH�����V�XS�WKURXJK�WR�WKH�����
V��DQG�HYHU�VLQFH
KHU�ILUVW�H[SHULHQFH�VKH�KDV�EHHQ�JLIWHG�ZLWK�WKH�DELOLW\�WR�GUDZ�LQ�JUHDW�GHWDLO�WKH
VLJKWV�VKH�KDV�ERWK�H[SHULHQFHG�KHUVHOI�DQG�KDV�EHHQ�JLYHQ�WR�SRUWUD\�DW�YDULRXV
ODWHU� WLPHV�E\�RWKHU�EHLQJV��%HWW\
V� W\SH� RI� H[SHULHQFH�ZLWK� WKH� H[WUDWHUUHVWULDOV
KDYH�EHHQ�IHDWXUHG�LQ�WKH�ZRUNV�RI�:KLWOH\�6WULHEHU��'U��-��$OOHQ�+\QHN��DQG�'U�
'DYLG� -DFREV�� ,QGHHG�� WKH� ULFK� FRQWHQW�RI�%HWW\
V� H[SHULHQFHV� VXJJHVWV� WKDW� WKH
WHUP�DEGXFWHG�LV�QRW�RQH�WKDW�VKRXOG�DOVR�EH�DVVRFLDWHG�ZLWK�WKH�ZRUGV��DJDLQVW�KHU
RZQ� ZLOO�� IRU� ZKRHYHU� KDV� UHDG� DW� OHDVW� RQH� RI� WKH� ILYH� ERRNV� GHWDLOLQJ� KHU
H[SHULHQFHV�PD\�UHDGLO\�DFNQRZOHGJH�WKDW�KHU�H[SHULHQFHV��RIWHQ�DFFRPSDQLHG�E\
RQH�RU�PRUH�RI� WKH�VPDOO�*UH\V�� DUH�PRUH�SHUFHSWLEOH�DV� LQVWUXFWLYH�DGYHQWXUHV
WKDQ�JUXHOLQJ�WUDXPDV��,I�WKH�UHDGHU�LV�DZDUH�RI�WKH�XVXDO�SURFHGXUHV�RI�SK\VLFDO
LQVSHFWLRQ� FDUULHG� RXW� E\� H[WUDWHUUHVWULDOV� RQ� DOO� DEGXFWHHV�� ZLWK� UHJDUG� WR� WKH
PHGLFDO� H[DPLQDWLRQV� DQG� SDLQIXO� SURFHGXUHV� DGPLQLVWHUHG� ZLWK� OLWWOH� DSSDUHQW
FDUH� WRZDUG� WKH� DEGXFWHH
V�SDLQ� WKUHVKROG�� DOO� RI�ZKLFK�KDYH� OHG� WR� QR� DSSDUHQW
UHZDUG��WKHQ�FRPSDUHG�WR�HYHU\�RWKHU�PRUWDO�WDNHQ�E\�WKHVH�DOLHQV�%HWW\�ZDV�IRU
WKH�PRVW�SDUW�JLYHQ�WKH�5R\DO�7RXU�>QRWH���@�
%HWW\�DOVR�FDPH�DFURVV�WKRVH�KXPDQRLG�EHLQJV�NQRZQ�DV�(OGHUV�ZKRP�VHHP�WR
EH�WKH�JXDUGLDQV�DQG� LQVWUXFWRUV�RI� WKH�*UH\V��$QG�PRVWO\�%HWW\�ZDV�JLYHQ� WKH
SULYLOHJH�RI�WKH�5R\DO�7RXU�RI�WKLQJV�H[WUDWHUUHVWULDO�EHFDXVH�RI�WKH�ZD\�VKH�GHDOW
ZLWK�KHU�KXPDQ�HPRWLRQV�WKURXJKRXW�DOO�WKH�W\SHV�RI�H[SHULHQFH�WKDW�PRVW�RWKHU
DEGXFWHHV�KDYH�EHHQ�VFDUHG�ZLWOHVV�E\��%XW�,�WKLQN�DQRWKHU�UHDVRQ�DOVR�ZDV�WKHLU
WUXVW�LQ�%HWW\�WR�DFFXUDWHO\�UHFDOO��DQG�WR�SRUWUD\�LQWR�GUDZLQJV�WKH�VWUDQJH�VFHQHV
VKH� H[SHULHQFHG�� IRU� WKH� EHQHILW� RI� RWKHUV� DV� LV� HYLGHQFHG� LQ� WKLV� VWXG\� ZKLFK
IHDWXUHV� VRPH� RI� WKRVH� GUDZLQJV�� +HU� ILUVW� SXEOLVKHG� H[SHULHQFH� �DOWKRXJK� QRW
%HWW\
V�ILUVW�FKURQRORJLFDO�H[SHULHQFH��RI�WKH�OLWWOH�*UH\V�HQWHULQJ�LQWR�KHU�KRXVH
DQG�LQWR�KHU�OLIH�WHOOV�WKH�UHDGHU�RI�D�JURXS�RI�*UH\V�VKXIIOLQJ�WKURXJK�WKH�GRRU
RI�KHU�KRXVH��LQ�IDFW�TXLWH�OLWHUDOO\�VKXIIOLQJ�7+528*+�%HWW\
V�FORVHG�GRRU���DV
LI�WKH\�HQWHUHG�IURP�D�SDUDOOHO�GLPHQVLRQ���7KHQ�LQ�WKLV�DFFRXQW�SXEOLVKHG�LQ�7KH
$QGUHDVVRQ�$IIDLU�� WKHUH� IROORZV�KHU�EHLQJ�JLYHQ� WKH� ORDQ�RI� D�EOXH�ERRN�E\� WKH
*UH\V�� ZKLFK� VKH� DFFHSWHG� LQ� H[FKDQJH� IRU� KHU� ELEOH� �ZKLFK� WKH� OHDGLQJ�*UH\
LPPHGLDWHO\� UHSOLFDWHG� LQWR� VHYHUDO� FRSLHV� DQG� KDQGHG� RYHU� WR� KLV� FROOHDJXHV�
>QRWH���@��7KH�EOXH�ERRN�ZDV�XQXVXDO� LQ�DEGXFWLRQ� WHUPV� IRU� LW�EHLQJ�DQ�DFWXDO
ERRN�ZLWK�SDJHV��DQG�VKRZLQJ�WHFKQLFDO�VFKHPDWLFV�DQG�GLDJUDPV�RI�SDUWV�RI�WKH
8)2V� VKH� ZRXOG� RIWHQ� EH� WDNHQ� DZD\� LQ�� LW� DOVR� FRQWDLQHG� QXPHURXV
PDWKHPDWLFDO�IRUPXODH��PXFK�RI�ZKLFK�VKH�KDV�VLQFH�IRUJRWWHQ��EXW�PXFK�ZKLFK
VKH�SXEOLVKHG�WKURXJK�KHU�RZQ�$6%7�ERRNV��7KLV�SDUWLFXODU�EOXH�ERRN�ZDV�OHQW
WR� %HWW\� IRU� D� PDWWHU� RI� GD\V� RQO\� DQG� ZDV� WKHQ� WDNHQ� EDFN� E\� WKH� (7V���
)RUWXQDWHO\��PDQ\�RI�WKH�H[SHULHQFHV�WKDW�%HWW\��$QGUHDVVRQ��/XFD�UHFDOOHG�ZLWK
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WKH�DLG�RI�K\SQRWKHUDS\�VHVVLRQV�FDUULHG�RXW�GXULQJ�WKH�����V������V��DQG�����V�
KDYH�EHHQ�SXEOLVKHG� LQ� ILYH�ERRNV� >QRWH�� �@�� DQG�%HWW\�KHUVHOI�KDV�SXEOLVKHG� D
IXUWKHU� WZR� ERRNOHWV� RQ� D� VSHFLILF� VHULHV� RI� PHVVDJHV� JLYHQ� WR� KHU� E\� WKH
H[WUDWHUUHVWULDOV�RQ�WKH�IXWXUH�HYHQWV�DZDLWLQJ�WKH�KXPDQ�UDFH��7KURXJK�KHU�PDQ\
VHVVLRQV�RI�K\SQRWKHUDS\�%HWW\�JUDGXDOO\�GLVFRYHUHG�WKDW�VKH��KHU�KXVEDQG��DQG
PDQ\� RI� KHU� LPPHGLDWH� IDPLO\� KDG� EHHQ� WDNHQ� E\� WKH� (7V� RQ� H[SHULHQFH�
DEGXFWLRQV��DQG�WKDW�VKH�SHUVRQDOO\�KDG�H[SHULHQFH�DEGXFWLRQV�HYHU�VLQFH�VKH�ZDV
VHYHQ�\HDUV�ROG��:KLFK�FRLQFLGHQWDOO\�ZDV�WKH�DJH�RI�WKH�DXWKRU
V�ILUVW�H[SHULHQFH�
DEGXFWLRQ�
����7KH�&XULRXV�2EVHUYDWLRQV�5HFDOOHG
7R�JLYH�WKH�UHDGHU�VRPH�LGHD�RI�ZKDW�VWUDQJH� WHFKQRORJLHV�FDQ�EH�IRXQG� LQ� WKH
UHFROOHFWLRQV� RI� 8)2� DQG� (7� H[SHULHQFHUV�� ,
P� JRLQJ� WR� IHDWXUH� WKLV� VPDOO
HSLVRGH�RI�%HWW\�/XFD
V�H[SHULHQFHV�ZLWK�WKH�(7V�LQ�WKLV�VHFWLRQ�EHFDXVH�LW�VKRZV
KRZ�IURP�VPDOO�DFRUQV�ELJ�RDN�WUHHV�FDQ�JURZ��7KLV�SDUWLFXODU�VFHQH�ZDV�UHFDOOHG
E\�%HWW\�LQ������DQG�LWV�GHWDLOV�ZHUH�SXEOLVKHG�LQ�5D\�)RZOHU
V�ERRN��:DWFKHUV�,,�
SS������
:KDW� ,� WKLQN� LV� EHLQJ� GHSLFWHG� KHUH� KDV� WR� GR� ZLWK� KRZ� VRXQG�ZDYHV� FDQ� EH
WXUQHG�LQWR�OLJKW�DQG�XOWUD�YLROHW�HQHUJLHV��6RQROXPLQHVFHQFH�DV�LQ�WKH�ILQGLQJV�RI
6HWK�3XWWHUPDQ�DQG�RWKHUV�LV�D�ZD\�LQ�ZKLFK�D�EXEEOH�RI�JDV�LQ�D�ZDWHU\�IOXLG�FDQ
IRFXV�DQG�DPSOLI\�DFRXVWLF�ZDYH�HQHUJ\�D�WULOOLRQ�IROG�WR�SURGXFH�VKRUW�IODVKHV�RI
OLJKW� LQ� WKH� YLVLEOH� OLJKW� EDQG� �DQG� WKH� QHDU�89� EDQG�� RI� WKH� HOHFWURPDJQHWLF
VSHFWUXP�>QRWH����@��7KLV�SKHQRPHQD�KDV�KXJH�SRWHQWLDO�IRU�IXUWKHU�GHYHORSPHQW
EXW� ODWHO\� KDV� VPDFNHG� LQWR� VRPH� UDWKHU� XQVDYRU\� VFLHQWLILF� SROLWLFV� ZKLFK
VXJJHVWV�WKDW�LV�QRW�FXUUHQWO\�EHLQJ�XVHG�WR�DQ\ZKHUH�QHDU�LWV�IXOO�SRWHQWLDO��DQG
VR�DV�LW�FDQ·W�EH�H[SORLWHG�LWV�VWLOO�RQO\�UHJDUGHG�DV�D�QRYHOW\���%XW�LI�LW�ZHUH�XVHG
LQ�VXFK�D�ZD\�VR�DV�WR�FUHDWH�D�WUDLQ�RI�RVFLOODWLRQV��RI�89�LRQL]LQJ�UDGLDWLRQ��WKHQ
WKH�V\VWHP�KDV�JUHDW�SRWHQWLDO�LQ�LRQL]LQJ�WKH�DLU��DQG�RI�FRXUVH�DV�D�JHQHUDWRU�E\
XVLQJ� WKH� 89� UDGLDWLRQ� LW� SURGXFHV� YLD� WKH� SKRWRHOHFWULF� HIIHFW� WR� UHOHDVH
HOHFWURVWDWLF� FKDUJHV� IURP� PDWHULDO� REMHFWV�� 7KLV� ,� EHOLHYH� LV� RQH� SRVVLEOH
H[SODQDWLRQ� DV� WR�ZKDW� VHHPV� WR� EH� KDSSHQLQJ� LQ� WKHVH� WUDQVSDUHQW� VKRHV� WKDW
%HWW\�ZDV�JLYHQ� WR�ZHDU�E\� WKH�H[WUDWHUUHVWULDOV��%HFDXVH�DV� WKLV�GUDZLQJ� VKRZV
�VHH�ILJXUH���EHORZ��WKH�OLWWOH�*UH\�LV�SRLQWLQJ�WR�WKH�FKDUJLQJ�XS�SURFHVV�RI�WKHVH
VKRHV��VKRZLQJ�%HWW\�WKDW�WKH\�DUH�EHLQJ�FKDUJHG�XS�RQ�D�VWDQG�ZLWK�VRPH�VRUW�RI
HQHUJ\� WKDW� %HWW\� KDV� VXJJHVWLYHO\� EHHQ� PDGH� WR� GUDZ� DV� DQ� DUUD\� RI� 
YLVLEOH

RVFLOODWLQJ�ZDYHV�
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)LJXUH� ��� 7KHVH� JODVV� VKRHV� DSSHDU� WR� ZRUN� WKURXJK� VRXQG� ZDYH� WHFKQRORJ\
�IURP�$QGUHDVVRQ�$IIDLU���3KDVH�7ZR�ILJ����
%XW�LQ�FRQVLGHUDWLRQ�RI�WKH�IDFW�WKDW�D�SXOVLQJ�¶VSDUN·�RI�EULJKW�OLJKW�ZDV�VHHQ�WR
IODVK�IURP�D�VPDOO�FHQWUDO�VSKHUH�LQ�WKH�PLGGOH�RI�WKRVH�WUDQVSDUHQW�VKRHV��DQG�WR
WKHQ�VWUHDP�RXWZDUGV�LQ�ERWK�GLUHFWLRQV�LQ�D�WKLQ�OLQH�RXWZDUG�WR�ERWK�HQGV�WKRVH
VKRHV�� WKHQ� WKLV� LV� H[DFWO\� ZKDW� VRQROXPLQHVFHQFH�� DQG� LWV� VLEOLQJ� SURFHVV
VRQRIXVLRQ�� GRHV��7KH� ODWHU� GHYHORSPHQW�� VRQRIXVLRQ�� KDV� HYHQ�PRUH� SRWHQWLDO
DQG�ZRUNV�ZLWK�VRXQG�ZDYHV��DW�DERXW����N+]��EHLQJ�SXPSHG�LQWR�D�IOXLG��VXFK
DV�ZDWHU��ZKLFK�FDXVHV�VPDOO�EXEEOHV�WR�IRUP�DQG�WR�LPSORGH�DW�D�SUH�GHWHUPLQHG
UDWH��$V�WKDW�LPSORVLRQ��LQ�ERWK�VRQROXPLQHVFHQFH�DQG�VRQRIXVLRQ��FDUULHV�ZLWK�LW
WKH�HOHFWURPDJQHWLF�ZDYHV�RI�VRXQG�WKH�IUHTXHQF\�RI�WKRVH�ZDYHV�FRPSUHVVHV�DV
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WKH�EXEEOHV� LPSORGH�DQG�WKH�VRXQG�ZDYHV� WUDQVIRUP�LQWR� OLJKW�ZDYHV��7KDW� WKH
VKRHV�VWD\HG�RQ�%HWW\
V�IHHW��EHFDXVH�RI�WKLV�HQHUJ\�SURFHVV�WKHUH�LV�REYLRXVO\�DW
ORW�PRUH� WKDW� WKLV� VRXQG�IXVLRQ�SURFHVV� FDQ�GHOLYHU� LI� LW� LV� HQFRPSDVVHG� LQWR� D
SXUSRVHO\�GHVLJQHG� VWUXFWXUH� �� DV� WKHVH� VKRHV� DSSHDU� WR� EH�� )RU�� WKHVH� LPDJHV
VXJJHVW�WKDW�WKH�(7V�DUH�XWLOL]LQJ�VRPH�VRUW�RI�FRQYHUJLQJ�QRQ�XQLIRUP�HOHFWULF
ILHOG�EHLQJ�HVWDEOLVKHG�DORQJ�WKH�D[LV�RI�WKH�VKRH��DQG�WKDW�WKH�SURGXFHG�HQHUJ\
PLJKW�LQYROYH�VRPH�&RXORPE�ILHOG�RI�HOHFWURVWDWLF�IRUFH��$OWKRXJK��E\�WDNLQJ�WKLV
FRQFHSW� IXUWKHU�� ZLWK� D� ELW� PRUH� LQJHQXLW\�� WKH� LQLWLDO� VRQRIXVLRQ� LPSORVLRQ�
H[SORVLRQ�DFWLYLW\�FRXOG�EH�GLUHFWHG�WKURXJK�D�VSLUDO�PRWLRQ�LQVLGH�WKHVH�YHU\�WKLQ
KROORZ� WXEHV� UXQQLQJ� WKURXJK� WKH� FHQWHU� RI� WKHVH� VKRHV�� DQG� VR� SRVVLEO\�� DQ
HOHFWURJ\UDWLRQ� �ELUHIULQJHQFH�� WHFKQRORJ\� LV� EHLQJ� XVHG� ZLWKLQ� WKH� VKRHV�� LQ
FRQMXQFWLRQ�ZLWK�WKH�LPSORVLRQ�SURFHVV��DQG�LV�EHLQJ�VKRZQ�KHUH�DV�LI�WR�FRQYHUW
WKH�VRQRIXVLRQ�IRUFH� LQWR�D�URWDWLQJ�HQHUJ\�ILHOG�WKDW�H[SDQGV�DORQJ�WKHVH�VPDOO
WXEHV�WKDW�UXQ�GRZQ�WKH�PLGGOH�RI�WKHVH�JODVV��RU�TXDUW]��VKRHV��6R��LW�PLJKW�EH
WKDW�WKH�VRQRIXVLRQ�LPSORVLRQ�LV�EHLQJ�XVHG�WR�IRUFLEO\�GUDZ�LQ�DLU�IURP�RXWVLGH
WKH�VKRH�WKURXJK�WKHVH�WLQ\�KROORZ�WXEHV�DV�D�QHJDWLYH�SUHVVXUH�ILHOG�ZKLFK�VSLQV
WKURXJK� WKRVH� WXEHV�� ,I� VR�� WKHQ� WKHUH�PD\� EH� D� SRVVLEOH� OLQN� WR� WKDW� URWDWLQJ
HQHUJ\� ILHOG� JHQHUDWLQJ� LWV� RZQ� ORFDOL]HG� DWWUDFWLRQ� IRUFH� �VLPLODU� WR� WKH
JUDYLWDWLRQDO�HIIHFW�QRWHG�E\�=HOGRYLFK�LQ��������$V�DQ�DVLGH��%HWW\�/XFD� LQ� WKH
ERRNOHWV�VKH�SXEOLVKHG�RI�VFLHQWLILF�QRWHV�VKH�UHFHLYHG�IURP�WKH�H[WUDWHUUHVWULDOV
WKHUH� LV� D� ZKROH� HOHFWULF�SRZHU�JHQHUDWRU� VFKHPDWLF� IRU� D� VRQRIXVLRQ�VW\OH
WXUELQH��ZKLFK�LV�SHUIHFWO\�XQGHUVWDQGDEOH�DQG�UHSURGXFLEOH���VR�REYLRXVO\�WKLV�LV
DQ�DUHD�ZKHUH�WKH�HDUWK·V�VFLHQWLVWV�KDYH�EHHQ�GUDJJLQJ�WKHLU�IHHW�VRPHZKDW�EXW
ZKHUH�WKH�H[WUDWHUUHVWULDOV�KDYH�VHHQ�LWV�ZRUWK�
:KDW�LV�DOVR�LQWHUHVWLQJ�LQ�WKLV�VHW�RI�ILJXUHV�� LV�WKDW�WKH�HQYLURQPHQW�DVVRFLDWHG
ZLWK�WKRVH�VWUDQJH�VKRHV�VHHPHG�WR�KDYH�EHHQ�H[SHULHQFHG�LQ�WKH�QHDU�XOWUD�YLROHW
UDQJH� RI� WKH� HOHFWURPDJQHWLF� VSHFWUXP���� 7KH� KLQWV� DOOXGLQJ� WR� WKLV� DUH� VKRZQ
HDUO\�LQWR�%HWW\·V�HQFRXQWHU�ZKHQ�VKH�QRWLFHV�WKDW�WKH�FUDIW·V�OLJKWV�DUH�JLYLQJ�RII
D� PDJHQWD�SLQN� OLJKW� �$QGUHDVVRQ� $IIDLU� �� 3KDVH� 7ZR� S����� DQG� WKDW� LQ� VRPH
LQVWDQFHV�VKH�FRXOG�IHHO� WKLV�PDJHQWD� OLJKW�KXUWLQJ�KHU�H\HV� �MXVW�DV� LI� WKHUH�ZDV
VDQG�LQ�WKHP���7KDW�VKH�GRHV�QRW�PHQWLRQ�DQ\�SDLQ�IURP�WKLV�KXH�ODWHU�LQWR�KHU
HQFRXQWHU� PD\� EH� LQGLFDWLYH� WKDW� KHU� H\HV� KDG� EHFRPH� XVHG� WR� WKH� 89�OLW
HQYLURQPHQW� �RU� WKDW� WKH� VKRUW� ZDYHOHQJWK� 89� ZDV� UHSODFHG� E\� D� ORQJHU
ZDYHOHQJWK�DQG�QRW�VR�KDUPIXO��
$QRWKHU�FRQWULEXWRU\�IDFWRU�WR�WKLV�DVVXPSWLRQ�RI�D�IUHTXHQF\�VKLIW�PLJKW�EH�WKDW
%HWW\�VD\V�VKH�KDG�WR�SDVV�WKURXJK�ERWK�D�UHG�DQG�D�JUHHQ�HQYLURQPHQW�RQ�KHU
ZD\�WR�WKLV�89�IUHTXHQF\�ZRUOG��RU�FU\VWDO� IRUHVW��DV�%HWW\�FDOOHG� LW��7KLV�VXJJHVWV
WKDW� KHU� SK\VLFDO� VHQVHV� ZHUH� K\SHU�WXQHG� LQWR� D� KLJKHU� IUHTXHQF\� WKURXJK
JUDGXDWHG�VWHSV�� ILUVW� LQWR� WKH�UHG�IUHTXHQF\�DQG� WKHQ� LQWR� WKH�JUHHQ� IUHTXHQF\�
7KLV�SUH�RUJDQL]LQJ�ZDV�REYLRXVO\�EHFDXVH� WKH�(7V�ZDQWHG�%HWW\� WR�H[SHULHQFH
TXLWH�D�GLIIHUHQW�OLIH�VXVWDLQLQJ�HQYLURQPHQW��GLIIHUHQW�IURP�ZKDW�VKH�ZDV�XVHG�WR



38

RQ�HDUWK��ZLWK�SUHVXPDEO\� WKH� LQWHQWLRQ�RQ�WKH�SDUW�RI� WKH�(7V� WKDW� VKH�ZRXOG
ODWHU� SDVV� WKLV� XQLTXH� LQIRUPDWLRQ� RQ� WKURXJK� KHU� GUDZLQJV�� DQG� WKURXJK� KHU
K\SQRWLF�UHJUHVVLRQ� UHFROOHFWLRQV�� WR� RWKHUV� �DV� LV� KDSSHQLQJ� KHUH��� 7KH� UHDVRQ
ZK\�WKH�(7V�VKRXOG�JR�WR�DOO�WKLV�WURXEOH�LQ�WKHVH�HSLVRGHV�LV�QRW�ZKROO\�FOHDU�WR
WKH�DXWKRU��DQG�HYHQ�WKRXJK�,�FDQ�RIIHU�KHUH�D�IHZ�VXJJHVWLRQV�DV�WR�ZK\�WKH�(7V
JDYH� %HWW\� VXFK� D� VWUDQJH� HQYLURQPHQW� DQG� VXFK� D� FRUQXFRSLD� RI� VWUDQJH
H[SHULHQFHV�� IRU� WKH� WUXH� LPSOLFDWLRQV� WR� SUHVHQW� WKHPVHOYHV� DERXW� WKLV
HQYLURQPHQW� WKHUH�ZLOO� QHHG� WR� EH� D� OLWWOH�PRUH� LQSXW� DGGHG� WR� WKHP� �DQG� WKLV
LQSXW�PD\�FRPH�IURP�WKH�(7V�DW�D�ODWHU�GDWH��SHUKDSV��
,Q�WKDW�TXLWH�GLIIHUHQW�HQYLURQPHQW�%HWW\�ZDV�VKRZQ�ZKDW�FDQ�SUHVHQWO\�RQO\�EH
GHVFULEHG�DV�D�KRORJUDSKLF�YLVWD��VHHPLQJO\�NHSW�LQ�SODFH�E\�WKH�DLG�RI�SURMHFWHG
HQHUJ\��OLJKW��UD\V��7KDW�WKHVH�UD\V�WRRN�WKH�IRUP�RI�UHIUDFWHG�UD\V�PD\�EH�VRPH
VRUW� RI� FOXH� WKDW� QHHGV� WR� EH� DVVRFLDWHG� ZLWK� WKLV� HSLVRGH�� WR� VXJJHVW� WKDW� WKH
LPPHGLDWH�HQYLURQPHQW�VKH�ZDV�LQ�KDG�D�GLIIHUHQW�SHUPLWWLYLW\�DQG�SHUPHDELOLW\
�PHDQLQJ�� D� GLIIHUHQW� UHIUDFWLYH� LQGH[�� WR� WKH� HQYLURQPHQW� ZH� QRUPDOO\� OLYH� LQ
XSRQ�HDUWK��2U�LQ�RWKHU�ZRUGV��WKDW�LW�ZDV�D�VSHFLDOO\�PDQXIDFWXUHG�HQYLURQPHQW
TXLWH�DUWLILFLDO� WR� WKDW�RI� WKH� ¶UHDO·�ZRUOG�ZH�SUHVHQWO\� H[SHULHQFH�RQ� WKLV�SODQHW
>QRWH����@��%HFDXVH��QRWLFH�WKH�IHDWXUH�OHVV�EHLQJV�LQ�WKHVH�VFHQHV��%HWW\�KDV�VHHQ
WKHP�EHIRUH�DQG�KDV�GUDZQ�WKHP�EHIRUH��WKHVH�ZHUH�WKH�VDPH�IHDWXUH�OHVV�EHLQJV
VKH�ZDWFKHG�SOD\LQJ�JDPHV�RQ�ERDUG�D�PRWKHUVKLS�ZKHQ�VKH�KHUVHOI�ZDV�RXW�RI�
ERG\�ZDWFKLQJ�WKHP��:DWFKHUV�SS����������7KH\�DUH�QRW�VR�PXFK�ERGLHV�DV�PRUH
OLNH�VSLULWXDO�HVVHQFHV��%HWW\�GHVFULEHV�WKHVH�IHDWXUH�OHVV�EHLQJV�DV�OLJKW�IRUPV�DQG�,
ZRXOG�UHFRJQL]H�WKHVH�OLJKW�IRUPV�DV�EHLQJ�OLNH�WKH�VSLULW�RU�WKH�GLYLQH�HVVHQFH�RI�D
EHLQJ��7KHVH�OLJKW�IRUPV�FRXOG�EH�SHUFHLYHG�ZKHQ�D�SHUVRQ�ZDV�XQGHUJRLQJ�DQ�RXW�
RI�ERG\� H[SHULHQFH�� RU� SHUKDSV� LI� WKHLU� SK\VLFDO� ERG\� ZDV� UDPSHG� XS� LQWR� D
KLJKHU� YLEUDWLRQDO� IUHTXHQF\�� ZKLFK� LV� WKH� VRUW� RI� WKLQJ� (DVWHUQ� P\VWLFV� DQG
$GHSWV�RI�%XGGKLVP�FDQ�GR�WR�UHDFK�KLJKHU�VSLULWXDO�OHYHOV�RI�SHUFHSWLRQ�>QRWH�
��@�� 7KH� ODWWHU� SRLQW� PD\� EH� VHHQ� WR� EH� DOO� WKH� PRUH� LPSRUWDQW� ZKHQ� RQH
FRQVLGHUV�WKDW�RQ�SUHYLRXV�RFFDVLRQV��ZKHQ�%HWW\�KDV�EHHQ�WKH�JXHVW�RI�WKH�*UH\V
DQG�WKH�(OGHUV��KHU�VSLULWXDO�HVVHQFH�KDV�EHHQ�PDGH�WR�OHDYH�KHU�ERG\�VR�WKDW�VKH
KHUVHOI�PD\�DFFRPSDQ\�WKRVH�*UH\V�RU�WKRVH�(OGHUV��EXW�RQ�WKLV�RFFDVLRQ�ERWK
%HWW\� DQG� WKH� OLWWOH� *UH\� ZKLFK� DFFRPSDQLHG� KHU� REYLRXVO\� UHPDLQHG� LQ� WKHLU
SK\VLFDO�ERGLHV�
)XUWKHU� FOXHV� FDQ� EH� IRXQG� LQVLGH� WKLV� KRORJUDSKLF� YLVWD� RI� D� KLJKHU� IUHTXHQF\
ZKLFK�VXSSRUWV�WKH�XOWUD�YLROHW�K\SRWKHVLV�>QRWH����@���7KHVH�DUH�JLYHQ�LQ�%HWW\·V
GHVFULSWLRQV�RI�WKH�VWUDQJH�FU\VWDO�HQYLURQPHQW�ZKHUH�HYHU\WKLQJ�WR�KHU�ORRNV�OLNH
FU\VWDO� DQG� LV� VRPHZKDW� RSDTXH� LQ� DSSHDUDQFH� �� UDWKHU� WKDQ� EHLQJ� QDWXUDOO\
FRORUHG� ��DV�ZDV� WKH�FDVH�ZLWK�D�JODVVOLNH�EXWWHUIO\��%HWW\�VHHPV� WR�FRQWDPLQDWH
WKLV�EXWWHUIO\�E\�WRXFKLQJ� LW�ZLWK�KHU�HDUWK�IUHTXHQF\�ILQJHU��EHFDXVH�EHIRUH�VKH
WRXFKHG�LW�LW�ZDV�LQDQLPDWH�DQG�FRORUOHVV��EXW�DIWHU�VKH�WRXFKHG�LW�VKH�FRXOG�VHH�LW
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WDNH� RQ� LWV�PRUH� HDUWKO\� FRORUV�� EHIRUH� LW� WUDQVIRUPHG� \HW� DJDLQ� LQWR� D� IODVK� RI
HQHUJ\�DQG�WKHQ�EDFN�LQWR�DQRWKHU�EXWWHUIO\��$QGUHDVVRQ�$IIDLU���3KDVH�7ZR�S�����

)LJXUH����9LUWXDO�HQHUJLHV�PDNLQJ�XS�UHF\FOLQJ�OLIH�IRUPV��IURP�$QGUHDVVRQ�$IIDLU��
3KDVH�7ZR�ILJ����
7KLV� ZKROH� VFHQDULR� VPDFNV� RI� D� SDUWLFXODU� UHDOP� ,
G� KHDUG� RI� EHIRUH�� IURP
VRPHRQH�HOVH� LQYROYHG� LQ�H[WUDWHUUHVWULDOV�DQG�DEGXFWLRQV��ZKRP�KDG�GHVFULEHG
FRPPXQLFDWLQJ�ZLWK�FHUWDLQ�DHWKHULDO�DQG�DOLHQ�LQWHOOLJHQFHV�DERXW�D�VWUDQJH�QHZ
HQYLURQPHQW���� LV� WKHUH� DQ\�GLIIHUHQFH�EHWZHHQ� DOLHQ�EHLQJV� DQG� VSLULWXDO� EHLQJV
WKDW�JXLGH�XV�"�7KHUH�VHHPV�WR�PH�WR�EH�HVWDEOLVKHG�D�ZRUNLQJ�DOOHJLDQFH�EHWZHHQ
WKH�WZR����DV�KDV�EHHQ�VSRNHQ�DERXW�E\�'DQD�5HGILHOG�� WKH�RWKHU�DXWKRU�ZKRP
KDV� DOVR� UHVHDUFKHG� WKH� DEGXFWLRQ� SKHQRPHQD�� DQG� KDV� SURJUHVVHG� WR� D� OHYHO
ZKLFK� FDQ� IXOO\� XQGHUVWDQG� WKDW� WKHUH� PLJKW� EH� D� EHQLJQ� OLQN� EHWZHHQ
H[WUDWHUUHVWULDOV� DQG�KXPDQV�� ,Q�'DQD·V� TXHVW� WR� ILQG� RXW�PRUH� DERXW�ZK\� WKH
(7V� DUH� QRZ� KHUH� VKH� EHJDQ� UHFRUGLQJ� KXQGUHGV� RI� FRPPXQLFDWLRQV� IURP
HYROYHG�EHLQJV��ZKLFK�VHHPHG�WR�EH�DHWKHULDO�RU�VSLULWXDO�EHLQJV�MXVW�DV�PXFK�DV
WKH\� PLJKW� EH� GHVFULEHG� DV� H[WUDWHUUHVWULDOV�� 6RPH� RI� WKHVH� FRPPXQLFDWLRQV
UHFHLYHG�E\�'DQD��OLNH�,�VD\��PHQWLRQHG�D�
1(;7�GLPHQVLRQ
�RI�VSDFH�WLPH�ZKHUH
D� PRUH� DHWKHULDO� YLEUDWLRQ� �WKDQ� WKDW� RI� RXU� SUHVHQW� H[LVWHQFH�� ZLOO� EHFRPH
DYDLODEOH�IRU�VRPH�RI�WKLV�KXPDQ�UDFH�WR�FRQWLQXH�LQWR��DV�LV�H[SODLQHG�LQ�JUHDWHU
GHWDLO�LQ�µ7KH�(7�+XPDQ�/LQNµ�E\�'DQD�5HGILHOG��



40

)LJXUH� ��� 5HIOHFWHG� DQG� UHIUDFWHG� UD\V� PDNLQJ� XS� DQ� HQJLQHHUHG� HQYLURQPHQW
�IURP�:DWFKHUV�,,�ILJ���
:KHWKHU� RU� QRW� WKHVH� WZR� VFHQDULRV� DUH� WZR� GLIIHUHQW� DSSURDFKHV� WR� WKH� VDPH
IXWXUH�HQYLURQPHQW��RU�VRPH�VRUW�RI�WDVWHU�IRU�KXPDQ�EHLQJV�ZKR�PLJKW�ZDQW�WR
GLVFRYHU� PRUH� DERXW� H[WUDWHUUHVWULDO�FUHDWHG� HQYLURQPHQWV�� QR�RQH� LV� \HW� VXUH�
&HUWDLQO\�WKRXJK��WKLV�VFHQDULR�RI�%HWW\
V�LV�PRVW�OLNH�DQ�DUWLILFLDOO\�PDQXIDFWXUHG
HQYLURQPHQW� �IRU� ZKLFK� WKH� RQO\� DYDLODEOH� FRPSDULVRQ� ,� FDQ� WKLQN� RI� LV� D
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KRORJUDSKLF�RQH�OLNH�WKH�KRORGHFN�HQYLURQPHQWV�SUHVHQWHG�LQ�6WDU�7UHN���7KH�1H[W
*HQHUDWLRQ��� %XW� IURP� WKHVH� UHFROOHFWLRQV� LW� GRHVQ
W� VHHP� IXOO\� SHUPDQHQW�� LW
DSSHDUV� RQO\� WR� EH� D� WHPSRUDU\� FUHDWLRQ�� OLNH� D�PRGHO� RI� D� UHDO� HQYLURQPHQW� �
ZKHUHYHU� WKDW� LV�� $V� LW� DSSHDUV� LQ� WKHVH� GUDZLQJV� ZLWK� DOO� WKH� UHIUDFWLRQ� UD\V
EHDPLQJ�GRZQ�WKURXJK�LW��DQG�EHFDXVH�LW�DSSHDUV�WKDW�WKH�H[WUDWHUUHVWULDO�(OGHUV
�RU� ZKRPHYHU� WKH\� DUH�� DUH� LQ� VSLULWXDO� IRUP� ZKHQ� WKH\� DUH� VFXOSWXULQJ� WKDW
PDQXIDFWXUHG�HQYLURQPHQW�EDFN�LQWR�VKDSH�WR�UHSDLU�WKH�GDPDJH�GRQH�WR�LW��WKHQ
LW�DOO�VHHPV�VSHFLILFDOO\�FHQWHUHG�DURXQG�VRPHWKLQJ�ZKLFK�FDQ�RQO\�EH�HQJLQHHUHG�
DQG�UHSDLUHG��E\�KLJKO\�HYROYHG�VSLULWXDO�HQWLWLHV�
7KH� VFHQHV� GUDZQ� IURP� %HWW\·V� UHFROOHFWLRQ� EHIRUH� WKLV� �ILJXUH� ��� RQH� VKRZ� D
SOHDVDQW�QDWXUDO�VFHQH�RI�WUHHV�DQG�D�IRRWSDWK�WKDW�%HWW\�DQG�WKH�OLWWOH�*UH\�ZHUH
ZDONLQJ� DORQJ�TXLWH� KDSSLO\�� EXW�ZKHQ�%HWW\� GHFLGHG� VKH
G� UXQ� DORQJ� WKDW�SDWK
DQG�ZKHQ�VKH�VXEVHTXHQWO\�IHOO�RII�KHU�VSHFLDO�VRQRIXVLRQ�VKRHV��WKDW
V�ZKHQ�DOO
WKH� UHIUDFWLRQ� UD\V� VZLWFKHG� RQ��$IWHU� ORRVLQJ� KHU� VSHFLDO� VKRHV� DQG� VWXPEOLQJ
RYHU�%HWW\� WKHQ�IHOO� LQWR� WKH� ODNH�QH[W� WR� WKH�SDWK��EXW� WKH�ZDWHU�VKH�KDG�IDOOHQ
LQWR�ZDV�VROLG�DQG�JODVV�OLNH��DQG�DV�VKH�IHOW�DURXQG�KHUVHOI�VKH�WKRXJKW�VKH�ZDV�LQ
D�JDSLQJ�KROH�LQ�WKDW�ODNH��7KHQ�VWUDQJHO\��VKH�FRXOG�IHHO�WKH�JODVV�OLNH�DSSHDUDQFH
WR�WKH�ZDWHU�FKDQJH�WR� LW�EHLQJ�PRUH� OLNH� OLTXLG��$QG�WKHQ�VKH�UHFDOOHG� WKDW�VKH
EHJDQ�WR�IHHO�ZHW�DQG�FROG�LQ�WKH�ODNH��$IWHU�WKLV��ZKLOH�UHFDOOLQJ�KRZ�VKH�FUDZOHG
RXW� RI� WKDW� KROH�� VKH� UHPHPEHUHG� WKDW� WKH� JUDVV� RQ� WKH� EDQN� DV� VRRQ� DV� VKH
WRXFKHG� LW� WXUQHG� IURP� EHLQJ� FU\VWDO�JODVV�OLNH� WR� LW� IHHOLQJ� OLNH� SURSHU� JUHHQ�
FRORUHG� JUDVV� �� <HV�� WKLV� LV� DOWHUHG� DZDUHQHVV�� EXW� LW� DOVR� LQGLFDWHV� WKH
WUDQVIRUPDWLRQ� SKDVHV� PDWWHU� ZLOO� JR� WKRXJK� �WKURXJK� WKH� OLTXLG� DQG� VROLG
SKDVHV��ZKLOH�UHPDLQLQJ��HVVHQWLDOO\��WKH�VDPH�IRUP�RI�PDWWHU�
%XW�IXUWKHU��ZKHQ�WKH� OLJKW�IRUPV�FDPH�WR�KHU�DLG�� LW�ZDV�DV� LI� WKH\�ZHUH�VWDQGLQJ
FORVH�E\� ZDWFKLQJ� DOO� WKLV� XQIROG�� REVHUYLQJ� %HWW\·V� UHDFWLRQV� WR� WKLV� PLQG�
SHUSOH[LQJ�VLWXDWLRQ��DQG�WKHQ�ZKHQ�WKH\·G�VHHQ�HQRXJK�WKH\�FDPH�WR�%HWW\·V�DLG�
%XW� WKDW� WKH\�FRXOG� WKHQ� VWDQG�RQ� WKH� VXUIDFH�RI� WKH� ODNH� WR� UHSDLU� LW� WKURZV� D
SHUVRQ·V�SUH�FRQFHLYHG�LGHDV�DERXW�VXFK�D�VLWXDWLRQ��VKRXOG�LW�EH�FRPSDUHG�LQ�WKH
FRQWH[W�RI�RXU�ZRUOG��ULJKW�RXW�WKH�ZLQGRZ���-XVW�DV�SHUSOH[LQJ�LV�WKH�QH[W�VFHQH
�LQ�ILJXUH����ZKLFK�VKRZV�PRUH�OLJKW�IRUPV�WKDW�KDYH�FRPH�DORQJ�ZLWK�D�JODVV�EDUUHO
WR�SODFH�%HWW\�LQ�ZKLOH�WKH\�FRQWLQXH�WR�UHSDLU�WKH�FU\VWDO�ODNH��RXW�RI�WKLV�EDUUHO
ZDV�SURMHFWHG�ODVHU�OLJKW�EHDPV�DQG�WKH�OLJKW�IRUPV�VHHP�WR�EH�XVLQJ�WKDW�EDUUHO�IRU
WKH� SXUSRVH� RI� LQVXODWLQJ� %HWW\
V� YLEUDWLRQDO� IUHTXHQF\�� ZKLFK�PXVW� KDYH� EHHQ
GLIIHUHQW� WR� WKHLUV� DQG� GLIIHUHQW� WR� WKLV� PDQXIDFWXUHG� HQYLURQPHQW�� XQWLO� WKH\
FRXOG�WUDQVIHU�KHU�EDFN�RQWR�KHU�LQVXODWLQJ�VKRHV�
2WKHUZLVH��WKH�RWKHU�WKLQJ�WKDW�SX]]OHG�PH�DERXW�WKLV�LQFLGHQW�ZDV�WKDW�ZKLOH�WKLV
HQYLURQPHQW
V� UHIUDFWLYH� LQGH[�PD\�ZHOO� KDYH� EHHQ�GLIIHUHQW� WR� RXU� UHDO�ZRUOG�
ZK\� ZDV� WKDW� HQYLURQPHQW� UHDO�ORRNLQJ� EHIRUH� %HWW\� GDPDJHG� LW�� EXW� ZDV� WKHQ
SHUPHDWHG�E\�DQ�DUUD\�RI�UHIUDFWLRQ�UD\V�DV�VRRQ�DV�%HWW\�GLG�GDPDJH� LW�"�,�GLG
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ZRQGHU� LI� WKLV� ZKROH� LQFLGHQW� ZDV� VWUDQJHO\� UHPLQLVFHQW� RI� WKH� SORW� IURP� WKH
PRYLH�7KH�7UXPDQ�6KRZ���$QG�DW�WKH�HQG�RI�WKH�GD\��ZHUH�WKH�(7V�HGXFDWLQJ�%HWW\
RU�ZHUH�WKH\� OHDUQLQJ�VRPHWKLQJ�IURP�%HWW\�"�:DV�WKLV�ZKROH�HSLVRGH�DUUDQJHG
IRU�%HWW\�WR�WHVW�WKH�LQWHJULW\�RI�WKH�(7·V�VSHFLDOO\�PDQXIDFWXUHG�HQYLURQPHQW��WR
WHVW� KRZ� D� KXPDQ·V� YLEUDWLRQDO� IUHTXHQF\� PLJKW� LQWHUDFW� ZLWK� VRPH� QHZ
GLPHQVLRQ� EHLQJ� SUHSDUHG� "�2U�ZDV� WKLV� WR� WHVW� KRZ� D� KXPDQ� FDQ� FRSH�ZKHQ
VXUURXQGHG�E\�QRQ�VHQVLEOH�VWLPXODWLRQ�"

)LJXUH� ��� %HWW\� KDV� KHU� VKRHV� UHSODFHG� WR� LQVXODWH� KHU� IURP� WKLV� HQYLURQPHQW
�IURP�:DWFKHUV�,,�ILJ����
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%XW�WKLV�� LW�VKRXOG�EH�QRWHG��KLJKOLJKWV�WKH�TXLQWHVVHQFH�RI�DOLHQ�DEGXFWLRQ��DQG
WKH�SUREOHP�IRU�WKH�DEGXFWHH�H[SHULHQFHUV��EHFDXVH�ZKHQ�DQ�DEGXFWHH�LV�WDNHQ�WR

RII�ZRUOG
� HQYLURQPHQWV� WKH\�ZLOO� VHOGRP�UHFRJQL]H�DQ\�RI� LW�� DQG� LQGHHG� WKHLU
PLQG�ZLOO� UHPHPEHU�YHU\� OLWWOH�RI� WKHVH� HSLVRGHV�EHFDXVH� WKHLU�PLQG� MXVW�ZRQ
W
NQRZ�KRZ�WR�ILOH�LWV�GHWDLOV��6XFK�DQ�LQFLGHQW�ZLOO�KDYH�OLWWOH�VLPLODULW\�WR�DQ\WKLQJ
SUHYLRXVO\� UHFRUGHG� LQ� WKH� SHUVRQ
V� PHPRU\� EDQN�� ZLWK� ZKLFK� WKH� PLQG� FDQ
DVVRFLDWH�WKHVH�VWUDQJH�GHWDLOV���VR�DQ�LQFLGHQW�OLNH�WKLV�GRHVQ·W�JHW�UHFRUGHG�LQ�WKH
PLQG�LQ�WKH�XVXDO�ZD\�
7KLV� DGGUHVVHV� WKH� SULQFLSOH� LQ� SV\FKRWKHUDS\� WKDW� WKH� PLQG� FDQQRW� ILOH
VRPHWKLQJ�LI�LW�FDQ
W�DVVRFLDWH�ZLWK�LW�LQ�VRPH�ZD\�VRPH�VRUW�RI�GHVFULSWLYH�ODEHO�
$QG�LI�WKH�PLQG�FDQ·W�UHFRJQL]H�VRPHWKLQJ�LW�VHHV�DQG�LW�FDQ·W�ODEHO�LW�KRZ�ZLOO�WKH
PLQG�ILQG�LW�ODWHU�DQG�UHPHPEHU�LW�"�)RU��LI�LW�SHUFHLYHV�VRPHWKLQJ�LW�KDV�QRW�WKH
UHPRWHVW�FKDQFH�RI�UHFRJQL]LQJ�WKDW�PLQG�ZLOO�KDYH�WZR�FKRLFHV��LW�HLWKHU�WKURZV
LWVHOI�LQWR�D�VSLQ�DQG�RYHUORDGV��RU�LW�GXPSV�WKDW�VWUDQJH�HSLVRGH
V�PHPRU\�GHWDLOV
LQWR�D�EODQN�ILOH�DQG�VKRYHV�WKDW�EODQN�ILOH� LQWR�D�UHPRWH�FRUQHU�RI� LWV�PHPRU\�
EDQNV�ZLWK�QR� ODEHOV�DQG�QR�UHWULHYLQJ� WDJV�DWWDFKHG� WR� LW��7KH�PHPRU\�ZLOO�EH
WKHUH�LQ�WKH�PLQG��EXW�WKH�VSHFLDO�WULJJHUV�WR�JHW�WKDW�ILOH�WR�RSHQ��WR�EH�UHYLHZHG
VR� WKDW� WKRVH�PHPRULHV� FDQ� EH� UHFDOOHG� LQWR� WKH� SHUVRQ·V� FRQVFLRXV�PLQG�� ZLOO
QHYHU� RFFXU� �SDUWLFXODUO\� ZKLOH� WKDW� SHUVRQ� LV� EDFN� RQ� HDUWK� OLYLQJ� D� OLIH� RI

QRUPDOLW\
��
+HUH� LV� WKH� SUREOHP� IRU� DEGXFWHHV�� WKH� UHWULHYLQJ� WDJV� IRU� WKHLU� H[SHULHQFHV
DPRQJVW�WKH�DOLHQV�ZLOO�KDYH�EODQNV�RQ�WKHP��VR�ZKHQ�WKH�PLQG�VFDQV�LWV�PHPRU\
EDQN�WKHVH�PHPRULHV�ZLOO�EH�XQGHWHFWDEOH��7KH�LQFLGHQWV�LQ�WKHVH�PHPRULHV�ZLOO
QHYHU�JHW�UHVWLPXODWHG�EHFDXVH�WKHUH�ZLOO�EH�YHU\�IHZ�FLUFXPVWDQFHV�RQ�HDUWK�WKDW
ZLOO�EH�DQ\WKLQJ�OLNH�WKH�H[WUDWHUUHVWULDO�HQYLURQPHQWV��$QG�VR��IRU�DOO�LQWHQWV�DQG
SXUSRVHV� WKH� HSLVRGH� WKDW� SHUVRQ
V� PLQG� KDG� H[SHULHQFHG� ZLOO� HIIHFWLYHO\� EH
REOLWHUDWHG�IURP�WKDW�SHUVRQ
V�JUDVS��,Q�IDFW��WKLV�PHFKDQLVP�JXDUDQWHHV�WKDW�WKH
HSLVRGH�ZLOO� EH� D� 
PLVVLQJ� WLPH
� EODQN� LQ� WKDW� SHUVRQ
V�PHPRU\�� DQG� WKH� DOLHQ·V
NQRZ� WKLV�� WKH\� NQRZ� IXOO�ZHOO� KRZ� WKH� KXPDQ�PLQG�ZRUNV��%XW�� FOHYHUO\�� WKLV
PHFKDQLVP�ZLOO�JXDUDQWHH�WKDW�WKRVH�PHPRULHV�FDQ�EH�UHWULHYHG�DW�D�ODWHU�GDWH�LI
WKDW� SHUVRQ� ZHUH� HYHU� UH�XQLWHG� ZLWK� ZKRPHYHU� RU� ZKDWHYHU� HQYLURQPHQW� ZDV
RULJLQDOO\� LQYROYHG� LQ� WKH� JHQHUDWLRQ� RI� WKHLU� H[SHULHQFH�PHPRULHV� �LH� WKDW
SHUVRQ
V�PLQG�ZLOO�UDUHO\�UHPHPEHU�DQ�DEGXFWLRQ�HSLVRGH�RQ�LWV�RZQ�LQ�DQ�HDUWK
HQYLURQPHQW�� EXW� LW� FRXOG� EH� UHVWLPXODWHG� LI� WKDW� SHUVRQ� HYHU� UHWXUQHG� WR� WKDW
SDUWLFXODU� DOLHQ� HQYLURQPHQW� DJDLQ�� RU� LI� WKDW� SHUVRQ�ZDV� ODWHU� UH�LQWURGXFHG� WR
WKRVH�VWUDQJH�EHLQJV�DJDLQ��
$QG�VR�KHUH��LQ�D�QXWVKHOO��LV�RQH�RI�WKH�PDMRU�PHPRU\�FRQWUROOLQJ�PHFKDQLVPV
XVHG� E\� WKH� H[WUDWHUUHVWULDOV� RQ� KXPDQV�� $QG� WR� D� FHUWDLQ� GHJUHH� ZKDW
K\SQRWKHUDS\� GRHV� LV� UH�LQWURGXFH� WKH� HQYLURQPHQW� RI� WKH� (7V� EDFN� LQWR� WKH
DEGXFWHH·V�PLQG��EXW�ZLWK�WKH�DGGHG�FRPIRUW�RI�WKH�VDIH�VXUURXQGLQJV�RI�KHUH�RQ
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HDUWK���VR�WKDW�YHU\�FDUHIXOO\��ZKDWHYHU�H[SHULHQFH�PHPRULHV�KDYH�EHHQ�ILOHG�LQWR
WKH�PLQG·V�RXW�RI�WKH�ZD\�FRUQHUV��FDQ�EH�VHDUFKHG�IRU�DQG�HYHQWXDOO\�IRXQG�
,QGHHG�� WKH�FU\VWDO� ODNH� LQFLGHQW�UHPHPEHUHG�E\�%HWW\� WKURXJK�K\SQRWKHUDS\� LV
DOVR�XQLTXH�IRU�WKH�IDFW�WKDW�QRW�RQO\�%HWW\�ZDV�JLYHQ�WKH�VSHFLDO�LQVXODWLQJ�VKRHV
WR�ZHDU�EXW�VR�WRR�ZDV�WKH�*UH\�DFFRPSDQ\LQJ�KHU��ZKLFK�VXJJHVWV�WKDW�WKH�OLWWOH
*UH\�LQ�KLV�SK\VLFDO�ERG\�ZDV�DOVR�DOLHQ�WR�WKLV�SDUWLFXODU�W\SH�RI�HQYLURQPHQW��6R
GLG�WKH�VKRHV�RIIHU�D�EULGJLQJ�IXQFWLRQ�EHWZHHQ�RXU�EDQGZLGWK�RI�YLEUDWLRQ�DQG
WKH� IUHTXHQF\� RI� WKLV� VWUDQJH� HQYLURQPHQW� "� ,I� VR� WKHQ� GRHV� WKLV� VXJJHVW� WKDW
WKHUH�H[LVWV�D�PDVV�IUHTXHQF\�VSHFWUXP����RU�D�JUDGLHQW�WR�WKH�VSDFH�WLPH�PHWULF�"
2QH� ILQDO� SRLQW� WR� PDNH� KHUH� DERXW� %HWW\·V� UHFROOHFWLRQV�� RU� LQGHHG� DQ\
DEGXFWHH·V�UHFROOHFWLRQV��RI�WKHVH�H[WUDWHUUHVWULDO�UHODWHG�LQFLGHQWV��DQG�WKLV�UHIHUV
EDFN�WR�WKH�KHDG�RI�WKLV�VHFWLRQ�WR�ZKHUH�%HWW\�ZDV�SUH�SUHSDUHG�IRU�WKH�FU\VWDO
IRUHVW�� DQG� WKDW� LV� WKDW� WKHUH� LV� DQ� LPSRUWDQW� SRLQW� WR� PDNH� DERXW� WKH� ZKROH
PHPRU\�UHFDOO�SURFHVV�WKURXJK�K\SQRWKHUDS\�DQG�KRZ�LW�ZRUNV��,I�WKH�PHPRU\
LQ�WKH�SURFHVV�RI�EHLQJ�H[WUDFWHG�KDV�VFDQW�ODEHOLQJ��ZLWK�IHZ�GHVFULSWLYH�WDJV��LWV
JRLQJ�WR�FRPH�RXW�PRVW�SUREDEO\�LQ�GULEV�DQG�GUDEV��+RZ�FDQ�WKH�PLQG�NQRZ�LW
KDV�IRXQG�D�FRPSOHWH�HSLVRGH�ZKHQ�WKHUH�DUH�VR�IHZ�UHPHPEHULQJ�WDJV�DWWDFKHG
WR� LW� "�$� SHUIHFW� H[DPSOH� RI� WKLV� IUDJPHQWDWLRQ� RI� D�PHPRU\� FDQ� EH� IRXQG� LQ
ZKDW�%HWW\�LQLWLDOO\�UHFDOOHG�DERXW�WKH�FU\VWDO�ODNH�LQFLGHQW��ZKLFK�FDPH�XS�ILUVW�LQ
D�K\SQRWKHUDS\�VHVVLRQ�LQ�������ZKHQ�KHU�UHFROOHFWLRQ�DERXW�WKH�VKRHV�VKH�ZDV
JLYHQ�WR�ZHDU�ZDV�UHFRUGHG�WKHQ�DV�RQO\�
´$QG�ZH·UH�ZDONLQJ�DORQJ��DQG�DV�\RX�ZDON�LW�VHHPV�OLNH�WKDW�OLWWOH�RQH��WKDW�SHUVRQ�WKHUH��KLV
IRRW�OLJKWV��WKDW�JODVV�WKLQJ·V�XQGHUQHDWK�OLJKWV��¶+RZ�FRPH�ZH�KDYH�WR�KDYH�WKHVH�WKLQJV�RQ�RXU
IHHW�"·�,�DVNHG�KLP��$QG�KH�VD\V�WKH\�DUH�QHFHVVDU\�µ��$QGUHDVVRQ�$IIDLU���3KDVH�7ZR�S�����
%XW� ODWHU� LQ� ������ DIWHU� %HWW\� KDG� UHPHPEHUHG� D� VXEVWDQWLDO� DPRXQW� RI� RWKHU
LQFLGHQFHV� WR� GR� ZLWK� WKH� H[WUDWHUUHVWULDOV�� KHU� FRPPHQWDU\� DERXW� WKLV� FU\VWDO
IRUHVW�VFHQH�LQ�KHU�K\SQRWLF�VHVVLRQV�UDQ�OLNH�WKLV�
´7KHUH·V���PLVW�DOO�DURXQG��EXW�WKHUH·V���WKHVH�WKLQJV�WKDW�FRPH�RXW�DQG�WKHUH·V�WKH�OLJKW�LQ�ZDYHV�
OLNH�OLJKW�UD\V��7KHUH·V�WKHVH�JODVV���,�GRQ·W�NQRZ�LI�WKH\·UH�JODVV��7KH\·UH�FOHDU�DQG�WKH\·UH�MXVW
>OLNH@�FODVS�RQ�VKRHV�
´7KDW�ORRNV�VR�IDPLOLDU�GRZQ�KHUH��,W·V�WKRVH�JODVV�VKRHV�DQG�WKRVH�WKLQJV�VWLFNLQJ�RXW��,�GRQ·W
NQRZ���H[DFWO\��EXW�WKHUH·V�OLJKW��DQG�WKHUH·V�D�FU\VWDO�IRUHVW�DURXQG�KHUH�VRPHZKHUH��$QG�ZH·UH
SXWWLQJ�RQ�RXU�>JODVVOLNH@�VKRHV��7KH\�MXVW�VWLFN�WR�RXU�IHHW���µ��:DWFKHUV�,,�SS������
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)LJXUH����,Q�WKH�PLVW�D�*UH\�DVNV�%HWW\�WR�SXW�RQ�VSHFLDO�VKRHV��IURP�:DWFKHUV�,,
ILJ���
$V�WKHVH�WZR�UHFROOHFWLRQV�VWDQG��WKHLU�UDZ�FRPPHQWV�PLJKW�UHPLQG�WKH�UHDGHU�RI
:DOW�'LVQH\
V�DQLPDWHG�YHUVLRQ�RI�$OLFH�LQ�:RQGHUODQG����EXW�LW�ZDV�EHFDXVH�PDQ\
RI�%HWW\
V�ODWHU�UHFROOHFWLRQV�UHIHUULQJ�EDFN�WR�HDUOLHU�RQHV�RI�KHU�H[SHULHQFHV�ZLWK
WKH�H[WUDWHUUHVWULDOV�WKDW�PRUH�GHWDLOV�RI�WKRVH�VFHQHV�FRXOG�WKHQ�EH�EURXJKW�IRUWK
WR� SURYLGH� D� EHWWHU� FODULILFDWLRQ� RI� WKH� HDUOLHU� HSLVRGHV�� DQG� WKHQ� ZKHQ� WKRVH
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HSLVRGHV�ZHUH�FRPSDUHG�ZLWK�%HWW\
V�VFHQH�VNHWFKHV��GUDZQ�XQGHU�K\SQRVLV��WKH\
SURYLGHG�DQ�H[FHOOHQW�EDVH�WR�ZRUN�IURP�DQG�WR�DVFULEH�VFLHQWLILF�SULQFLSOHV�WR�
6XEVHTXHQW�UHVHDUFK�WR�FKHFN�RXW�WKHVH�FKDUDFWHULVWLFV�KDV�WKHQ�OHG�WR�ZRUNDEOH
FRQMHFWXUHV� EHLQJ� PDGH� �DV� KDV� EHHQ� WKH� FDVH� ZLWK� WKH� DVVRFLDWLRQ� RI� WKH
WHFKQRORJLFDO� ILHOG�RI�VRQRIXVLRQ�ZLWK� WKH�JODVV� VKRHV�PHQWLRQHG�DERYH��� DERXW
WKH�HQHUJ\�G\QDPLFV� LQYROYHG��RU�� DV�ZDV� WKH�FDVH�ZLWK� WKH�FU\VWDO� IRUHVW� VFHQH�
DERXW� WKH� SRVVLELOLW\� RI� PDQXIDFWXULQJ� D� WRSRORJLFDO� HQYLURQPHQW� �ZKLFK� PD\
ZHOO�WXUQ�RXW�WR�KDYH�WKH�FKDUDFWHULVWLFV�RI�D�GLIIHUHQW�PHWULF�RI�PDVV�GHQVLW\�WR
WKH�RQH�ZH�H[LVW� LQ�RQ� HDUWK� �� WKHUH�ZLOO� EH�PRUH� DERXW� WKLV� LQ� ODWHU� FKDSWHUV��
$QG��RI�FRXUVH��WKH�H[DFW�VDPH�SURFHVV�KDV�EHHQ�DIIRUGHG�WR�WKH�HOHFWURG\QDPLF
FKDUDFWHULVWLFV� RI� WKH�8)2V� WKDW� KDG� EHHQ� REVHUYHG� E\� %HWW\� DQG� ZKHUH� WKHLU
WHFKQLFDO� GHWDLOV� KDYH� EHHQ� EURXJKW� IRUZDUG� E\� WKLV� H[SHULHQFHG� DEGXFWHH�� 6R
DQ\RQH�ZKR�VD\V�DEGXFWLRQ�H[SHULHQFHV�DUH�QRW�ZRUWKZKLOH�DQG�H[WUHPHO\�IUXLWIXO
FDQ�RQO\�EH�VD\LQJ�WKLV�WR�WKZDUW�VFLHQWLILF�DGYDQFHPHQW�>QRWH����@�
����'HEULHILQJV�$WWHQGHG�E\�$HURVSDFH�6FLHQWLVWV
$W� RQH� SRLQW� %HWW\
V� K\SQRWLF� VHVVLRQV� ZHUH� DWWHQGHG� E\� VRPH� YHU\� OHDUQHG
VFLHQWLILF� LQYHVWLJDWRUV� ZKRP�� WKURXJK� WKH� FRXUVH� RI� WKRVH� VHVVLRQV� ZRXOG
VXGGHQO\� EHFRPH� YHU\� DQLPDWHG� DERXW� ZKDW�PHFKDQLVPV� %HWW\� ZDV� GHVFULELQJ
>QRWH�� ��@�� 2EYLRXVO\� WKH\� ZHUH� VFLHQWLVWV� DW� WKH� WRS� RI� WKHLU� ILHOG� DQG� DW� WKH
FXWWLQJ�HGJH�RI�WKH�PRVW�XS�WR�GDWH�UHVHDUFK�SURMHFWV��DQG�WKH\�ZHUH�ILVKLQJ�IRU
FOXHV� DERXW� WHFKQRORJLHV� WKH\
G�KHDUG� DERXW� LQ�8)2V�EXW� FRXOGQ
W� XQGHUVWDQG�
%HFDXVH�RQ�RQH�RFFDVLRQ�RQH�SDUWLFXODU�PHFKDQLVP�ZKLFK�ZDV�EHLQJ�GHVFULEHG
E\� %HWW\� FDXVHG� JUHDW� H[FLWHPHQW� DPRQJ� WKHVH� VFLHQWLVWV�� )URP� WKH� IOXUU\� RI
UHPDUNV� SDVVLQJ� EHWZHHQ� WKRVH� VFLHQWLVWV� DW� KHDULQJ� WKHVH� GHVFULSWLRQV� LW� ZDV
REYLRXV�WKDW�WKH\�KDG�UHFRJQL]HG�VRPHWKLQJ�YHU\�VSHFLDO�LQ�WKH�ZRUGV�%HWW\�ZDV
SDVVLQJ� RQ� WR� WKHP�� DQG�ZDV� EHLQJ� VKRZQ� WR� WKHP� LQ� WKH� GLDJUDPV�%HWW\�ZDV
GUDZLQJ� XQGHU� K\SQRWLF� WUDQFH�� 7KH� GHVFULSWLRQ� LQ� TXHVWLRQ� HQWDLOHG� WKH� YHU\
EULJKW� HPLVVLRQV� RI� HQHUJ\� WKDW� %HWW\� GHVFULEHG� VHHLQJ� FRPLQJ� RXW� RI� WKH� WRS
VSKHUHV��RI�WKH�URWDWLQJ�VSKHUH�VHW�DVVHPEO\�DW�WKH�FHQWHU�RI�WKH�8)2�ZKLFK�WKH
*UH\V�WRRN�WKH�WURXEOH�WR�VKRZ�KHU�GXULQJ�KHU������DEGXFWLRQ��7KHVH�GHWDLOV�RI
KRZ� VRPH� RI� WKDW� 8)2� FUDIW� ZRUNHG� ZHUH� REYLRXVO\� HQRXJK� WR� VXJJHVW� QHZ
VFLHQWLILF�DGYDQFHV�FRXOG�EH�PDGH��DQG� WKDW� WKHVH�VFLHQWLVWV�NQHZ�KRZ�VRPH�RI
WKH�SRZHU�JHQHUDWLRQ�PHFKDQLVPV�LQVLGH�WKDW�8)2�ZRUNHG�
2IILFLDOO\�� QRQH� RI� WKHVH� VFLHQWLVWV� UHWXUQHG� WR� DQQRXQFH� ZKDW� WKH\� KDG
GLVFRYHUHG� LQ� %HWW\
V� GHVFULSWLRQV� RI� H[WUDWHUUHVWULDO� WHFKQRORJ\�� $W� WKDW� WLPH
WKRXJK��GXULQJ�WKH�ODWH�����V��WKH�VFLHQWLILF�FRPPXQLW\�ZDV�DEX]]�ZLWK�D�UHFHQW
GLVFRYHU\�NQRZQ�DV�IHUURHOHFWULF�HPLVVLRQV��EXW�UHVHDUFK�KDG�VWDOOHG�DQG�VFLHQWLVWV
DOWKRXJK� WKH\� NQHZ� KRZ� WKH� EDVLF� SURFHVV� RI� LW� ZRUNHG�� ZHUH� QRW� JHWWLQJ� WKH
GHVLUHG� UHVXOWV� IURP� WKH�PDWHULDOV� WKH\�ZHUH� WHVWLQJ��$QG� KHUH�ZDV� %HWW\� /XFD
GHVFULELQJ�WKH�PRVW�DPD]LQJ�DFFRXQW�RI�VXSHU�DEXQGDQW�HPLVVLRQV�EHLQJ�HMHFWHG
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RXW� RI� WKLV� 8)2
V� JODVV�OLNH� VSKHUHV�� DQG� GHVFULELQJ� WKH� YHU\� JRDO� WKDW� PDQ\
FRQWHPSRUDU\�VFLHQWLVWV�ZHUH�VWULYLQJ�IRU�>QRWH����@��,�GRQ
W�KDYH�WKH�ZKROH�OLVW�RI
WKHVH�PHQ��EXW�DSSDUHQWO\�RQH�RI�WKH�VFLHQWLILF�LQYHVWLJDWRUV�EHLQJ�NHSW�LQIRUPHG
DERXW� ZKDWHYHU� %HWW\� DQG� KHU� KXVEDQG� %RE� ZHUH� GHVFULELQJ� GXULQJ� WKH� ODWHU
K\SQRWKHUDS\�VHVVLRQV��DV�PHQWLRQHG�LQ�:DWFKHUV�S����ZDV�QRQH�RWKHU�WKDQ�-RKQ
)�� 6FKXHVVOHU�� SURMHFW�PDQDJHU� IRU�0F'RQQHOO�'RXJODV� $HURVSDFH�� D� FRPSDQ\
ZKLFK�ODWHU�PHUJHG�ZLWK�%RHLQJ�DQG�ZKLFK�KDG�LQ�SDVW�\HDUV�SURGXFHG�WKH�)���
(DJOH�DQG�)�$����+RUQHW�PLOLWDU\�DLUFUDIW�
7KURXJKRXW�PDQ\�RI�KHU�K\SQRWLF� UHJUHVVLRQV�%HWW\�ZDV� NQRZQ� WR�EULQJ� IRUWK
VFLHQWLILF� IRUPXODH�� VRPHWLPHV� IURP� KHU� UHFROOHFWLRQV� RI� EHLQJ� ZLWK� WKH� (7
VFLHQWLVWV��DQG�VRPHWLPHV�WKHVH�IRUPXODH�FDPH�GLUHFW�IURP�WKH�(7V�WKHPVHOYHV�
RU� E\� WKHP� XVLQJ� %HWW\
V� YRLFH�ER[� ZKLOH� KHU� ERG\� ZDV� LQ� K\SQRWLF� WUDQFH� �D
NQRZQ� SKHQRPHQD� LQ� VSLULWXDOLVW�FKDQQHOLQJ� DQG� SV\FKLF�FRPPXQLFDWLRQ
SURFHGXUHV���7KHVH�IRUPXODH�FRPLQJ� WKURXJK�%HWW\�ZRXOG�PRVWO\�EH� LQ� ULGGOHV�
XQGHUVWDQGDEOH� RQO\� WR� WKRVH� ZKR� DOUHDG\� KDG� SHULSKHUDO� NQRZOHGJH� RI� WKDW
SDUWLFXODU� VFLHQFH� �� WKH� (7
V� KDYH� YHU\� VWURQJ� UHVHUYDWLRQV� LW� VHHPV� DJDLQVW
KDQGLQJ� RXW� FRQFHSWV� DERXW� WKHLU� VFLHQFHV� WR� WKRVH�ZKR� OLYH� E\�*5(('�ZLWK
OLWWOH�WKRXJKW�IRU�WKH�UHVW�RI�PDQNLQG��$QG�RQH�VXFK�VHULHV�RI�FKHPLFDO�IRUPXODH
ZDV�JLYHQ�WR�%HWW\�LQ�D�QXPEHU�RI�PHVVDJHV�WKDW�ZHUH�RULJLQDOO\�UHFHLYHG�WRZDUG
WKH�HQG�RI�WKH�����V�DQG�WKURXJK�WKH�HDUO\�����V��WKHVH�ZHUH�ODWHU�SXEOLVKHG�LQ
WKH�$QGUHDVVRQ�$IIDLU�ERRNV��DQG�ODWHU�VWLOO�LQ�%HWW\�/XFD
V�RZQ�SXEOLFDWLRQV�RI��WKH
$6%7� ERRNOHWV��� 7KHVH� VWUDQJH� IRUPXODH� GHOLQHDWHG� FKHPLFDO� SURFHGXUHV
FRPSOHWHO\� XQ�NQRZQ� DW� WKH� WLPH�� EXW� DV� RQH� LQ� SDUWLFXODU� SURPLVHG� WR� \LHOG� D
QHZ� IRUP� RI� FDUERQ� LW� ZDV� FDUHIXOO\� VWXGLHG� E\� YHU\� HQWKXVLDVWLF� VFLHQWLILF
H[SHUWV�
2QH� JURXS� RI� PHVVDJHV� ZDV� WDNHQ� XS� GXULQJ� WKH� ����V� DQG� ZDV� GHFLSKHUHG
LQGHSHQGHQWO\� E\� WZR� GLIIHUHQW� UHVHDUFKHUV�� RQH� IURP� WKH� &DULEEHDQ� 0DULQH
5HVHDUFK� &HQWHU�� 1DWLRQDO� 8QGHUVHD� 5HVHDUFK� 3URJUDP� �)ORULGD��� DQRWKHU� ZDV
IURP�D�XQLYHUVLW\�RI�&RORUDGR��7KHVH�PHVVDJHV�ZHUH�D�FRPSOHWH�ULGGOH� WR�%HWW\
KHUVHOI�� EHFDXVH� RI� WKHLU� VWUDQJH� SURVH�� EXW� WR� WKH� FKHPLVW� WKH\� FRXOG� EH
XQGHUVWRRG��WKH\�VSRNH�RI�D�FKHPLFDO�FRPELQDWLRQDO�KLHUDUFK\�DQG�RI�HOHPHQWV�LQ
WKH� SHULRGLF� WDEOH�� WKH\� VSRNH� RI� VWUXFWXUHV� VXFK� DV�%XFNDQRVD�� ZKLFK�ZDV� ODWHU
UHFRJQL]HG� WR� EH� D� VROLG� UHIHUHQFH� WR� %XFNPLQVWHU� IXOOHUHQH� ��GLPHQVLRQDO
DWRPLF�VWUXFWXULQJ�� :KHQ� WKH� ODWWHU� DVVRFLDWLRQ� ZDV� PDGH� DQG� WKH� PHVVDJHV
ILQDOO\� UHYHDOHG� WKHLU� FKHPLFDO� SURFHGXUHV� WKHVH� WZR� UHVHDUFKHUV� ZD[HG� O\ULFDO
DERXW�WKH�JUHDW�GLVFRYHULHV�WKH\�KDG�PDGH�
,Q�IDFW��WKH�VWRU\�RI�KRZ�WKH�EXFNPLQVWHUIXOOHUHQH�VWUXFWXUH�FRXOG�EH�DVVRFLDWHG
WR�DWRPLF�VWUXFWXUH�LV�D�YHU\�LQWHUHVWLQJ�RQH��+DUU\�.URWR��IURP�WKH�8QLYHUVLW\�RI
6XVVH[��LQ�(QJODQG��DSSHDUV�WR�KDYH�EHHQ�WKH�ILUVW�WR�KDYH�QRWLFHG�WKLV�RGG�QHZ
FDUERQ�LQ�������DORQJ�ZLWK�KLV�DVVRFLDWH�:ROIJDQJ�.UDWVFKPHU�DW�WKH�0D[�3ODQFN
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,QVWLWXWH� LQ� *HUPDQ\�� 7KH\� QLFNQDPHG� WKLV� QHZ� FDUERQ� DV� 
MXQN
� EHFDXVH
RULJLQDOO\� WKH\� GLGQ
W� TXLWH� NQRZ�ZKDW� LW� ZDV� �DOO� WKH\� NQHZ� ZDV� WKDW� LW� ZDV� D
FDUERQ�ZLWK� ��� FOXVWHUV�ZKLFK�DW� WKH� WLPH�ZDV� FRQVLGHUHG� YHU\� VWUDQJH���:KHQ
.URWR� ZHQW� RYHU� WR� $PHULFD� DQG� PHW� XS� ZLWK� 5LFN� 6PDOOH\� �DW� WKH� 5LFH
8QLYHUVLW\��+RXVWRQ��WKH\�FRQGXFWHG�WHVWV�WR�FUHDWH�PRUH�RI�WKLV�
MXQN
��%XW�LW�ZDV
KHUH� ZKHQ� WKH\� PDGH� WKH� PRPHQWRXV� GLVFRYHU\� WKDW� WKLV� QHZ� FDUERQ� KDG� D
VRFFHU�EDOO�VWUXFWXUH�WR�LW��DQG�WKHQ�ZKHQ�WKH\�UHILQHG�LWV�WKHRUHWLFDO�VWUXFWXUH�E\
DVFULELQJ� WR� LW� WKH�JHRGHVLF� VWUXFWXUH�RI� WKH�EXFNPLQVWHUIXOOHUHQH� WKH\� VXGGHQO\
UHDOL]HG� ZK\� LW� KDG� WKDW� SUHFLVH� QXPEHU� RI� FOXVWHUV� �� LW� ZDV� D� ��GLPHQVLRQDO
PROHFXOH���7KLV�ZDV�D�EUDQG�QHZ�DGGLWLRQ�WR�WKH�IDPLO\�RI�FDUERQ��+RZHYHU��WKLV
GLVFRYHU\�ZDV�IDU�WRR�UDGLFDO�IRU�RWKHU�VFLHQWLVWV�WR�EHOLHYH��DQG�DV�LV�TXLWH�XVXDO
DPRQJVW� WKH� VFLHQWLILF� IUDWHUQLW\�� WKH\� ULGLFXOHG� WKHVH� FODLPV� DV� EHLQJ� QRQVHQVH�
DQG�VR�WKDW
V�DV�IDU�DV�WKDW�UHVHDUFK�SURMHFW�WKHQ�ZHQW��6R�WKH�&���WUDLO�HQGHG��RU
DW�OHDVW�LW� ODLG�GRUPDQW�IRU�ILYH�\HDUV��7KH�UHDGHU��RI�FRXUVH��ZLOO�QRWH�IURP�WKLV
VWXG\·V�ELEOLRJUDSK\�WKDW�5D\�)RZOHU·V�ERRNV�RI�WKH�$QGUHDVVRQ�$IIDLU�ZHUH�EHLQJ
SXEOLVKHG�MXVW�EHIRUH�DQG�GXULQJ�WKH�����·V����$QG�LW�ZDVQ
W�XQWLO�VRPH�WKHRUHWLFDO
SK\VLFLVWV��IURP�$PHULFD��,�GR�EHOLHYH��VXGGHQO\�EHJDQ�SXEOLVKLQJ�SDSHUV�LQ�WKH
ODWH�����
V��RQ�KRZ�EXFNPLQVWHUIXOOHUHQHV�ZHUH�QRZ�FRQVLGHUHG�WKH�SHUIHFW�IRUP
RI�VWUXFWXUH��WKDW�&���UHVHDUFK�UHVXPHG�RQFH�DJDLQ��:KHQ�WKDW�UHVHDUFK�RQ�&��
GLG� UHVXPH� DQG� D� ZD\� ZDV� IRXQG� �LQ� ����� WKURXJK� .UDWVFKPHU� DQG� 'RQ
+XIIPDQ� DW� XQLYHUVLW\� RI� $UL]RQD�� WR� SURGXFH� FU\VWDOOL]HG� &��� WKHQ� WKH� QHZ
FDUERQ�ZDV�KHUH�WR�VWD\��DQG�WKDQNIXOO\�+DUU\�.URWR�ZDV�RQH�RI�WKRVH�DZDUGHG
ZLWK�WKH�1REHO�SUL]H�IRU�FKHPLVWU\��LQ��������$IWHU� WKDW� WKH�%HOO� ODERUDWRULHV� LQ
$PHULFD� IRXQG� WKDW� E\� OLQNLQJ� &��� ZLWK� SRWDVVLXP� WKHQ� D� VXSHUFRQGXFWRU
PROHFXOH�FRXOG�EH�SURGXFHG�
,W�LV�QRW�NQRZQ�KRZ�LQIOXHQWLDO�%HWW\
V�PHVVDJHV�RI�VFLHQWLILF�SURVH�DQG�IRUPXODH
ZDV�LQ�WKDW�FRQYROXWHG�GLVFRYHU\��DOWKRXJK�LQGXELWDEO\��LW�ZDV�WKH�H[WUDWHUUHVWULDOV
ZKR� XVHG� WKH� HDUOLHVW� DWWULEXWDEOH� UHIHUHQFH� WR� �%XFNDQRVD�� LQ� WKHLU� DOOHJRULFDO
SURVH�WR�GHQRWH�ZKDW�WKH�QHZ�FDUERQ
V�FKHPLFDO�VWUXFWXUH�VKRXOG�ORRN�OLNH�
&RO��&RUVR�DOOXGHG�WR�WKH�IDFW�WKDW�DW�RQH�WLPH�LW�ZDV�DOVR�TXLWH�RSHQO\�DGPLWWHG
WKDW�PDQ\�08)21�JURXSV�LQ�$PHULFD�ZHUH�IUHTXHQWO\�KHDGHG�E\�86�DHURVSDFH
HQJLQHHUV�� IRU� WKH� VROH� SXUSRVH� RI� WUDQVSRVLQJ� 8)2�UHODWHG� WHFKQRORJLHV� LQWR
QHZ�LGHDV�IRU�WKH�DHURVSDFH�LQGXVWU\��7KHVH�QHZ�LGHDV�ZHUH�DOORZHG�WR�LQILOWUDWH
LQWR�ERWK�WKH�FLYLOLDQ�VHFWRU�DQG�WKH�PLOLWDU\�VHFWRU�DURXQG�WKH�����V�DQG�����V�
&RUVR�JDYH�DQ�DPXVLQJ�DFFRXQW� LQ�KLV�ERRN�7KH�'D\�$IWHU�5RVZHOO� �SS�������RI
ZKHQ�KH�DQG�VRPH�RI�WKH�JX\V�DW�WKH����WK�DW�5RVZHOO�� WULHG�RQ�IRU�WKHPVHOYHV
RQH� RI� WKH� DOLHQ
V� VSHFLDO� KHDGEDQGV� ZKLFK� LQWHU�OLQNHG� LQ� ZLWK� WKH� FUDIW
V
HOHFWURQLF� RSHUDWLRQDO�FRQWURO� FLUFXLW�� DQG� ZKLFK� WUDQVPLWWHG� DV� FRQWURO� VLJQDOV
LQWR� WKH� FUDIW
V� FLUFXLW� WKH� HOHFWURPDJQHWLF� SXOVH�ZDYH�DFWLYLW\� FRPLQJ� IURP� WKH
DOLHQ
V� EUDLQ�� 7KLV� WHFKQRORJ\� ODWHU� IRXQG� LWV� ZD\� LQWR� WKH� +8'� WHOH�PHQWDO
FRQWURO� KHOPHWV� XVHG� E\�PLOLWDU\� KHOLFRSWHU� SLORWV�� DQG� EHFDPH� D� WHFKQRORJLFDO
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DGYDQFHPHQW� WKDW�VSUHDG�RYHU� WR�ERWK�%ULWDLQ�DQG�5XVVLD�GXULQJ� WKH�����
V��6R
KHUH� ZDV� D� FDVH� IRU� (7� WHFKQRORJ\� SHUPHDWLQJ� LQWR� WKH� ZRUOG� ZKLFK� FDPH
GLUHFWO\� IURP� &RUVR
V� 8)2� EDFN�HQJLQHHULQJ� FRQQHFWLRQV�� WKURXJK� WKH� 86
HOHFWURQLFV�FRUSRUDWLRQV�RI�%HOO� ODERUDWRULHV�� DQG�6SHUU\�5DQG�� DQG� WKURXJK� WKH
DHURVSDFH�JLDQWV�+XJKHV�$LUFUDIW�&RUS��7KDW�LW�WRRN�DOO�RI�ILIW\�\HDUV�WR�GR�VR�WHOOV
LWV�RZQ�VWRU\�>QRWH����@�
����:H�$UH�$ORQH����LQ�RXU�&URZQ�RI�7KH�&UHDWLRQ�6\QGURPH
,W�KDV�DOZD\V�DPD]HG�PH�WKDW�ZKRHYHU�ZHQW�WR�DOO�WKH�WURXEOH�WR�RUFKHVWUDWH�DQG
ILOP� WKH� LQIDPRXV� 
DOLHQ� DXWRSV\
� �WKH� VRXUFH�RI� WKH� FRPHG\�RI� WKH� VDPH�QDPH
ZLWK�$QW�DQG�'HF�SURGXFHG� LQ������� WKDW� WKH\�VKRZHG�WKH�YLHZHU�VRPH�RI� WKH
GXOOHU�SRLQWV�RI�D�KXPDQ�PLGJHW
V�LQWHUQDO�RUJDQV��DQG�WKDW�WKH\�KDG�GHSLFWHG�RQ
WKH�SRVWPRUWHP�WDEOH�D�ERG\�ZLWK�D�VWRPDFK��
)RU�LI�\RX�WKLQN�DERXW�LW�D�ERG\�ZLWK�D�VWRPDFK�ZLOO�WKHQ�QHHG�WR�KDYH�D�GLJHVWLYH
WUDFN�� DQG� DOVR� D� WKURDW� DQG� D� PRXWK�� ,
P� FHUWDLQO\� QRW� DQ� H[SHUW� RQ� DOO� WKH
ELRORJLFDO�GHWDLOV�RI�HYHU\�RQH�RI�WKH�GLIIHUHQW�H[WUDWHUUHVWULDO�UDFHV�WKDW�KDYH�DUULYHG
KHUH�IRU�RXU�HYHQW��EXW�IURP�DOO�WKH�DEGXFWHH�DFFRXQWV�,
YH�VWXGLHG�,�KDYH�DOZD\V
DVVXPHG� WKDW� D� *UH\� �ZKLFK� LV� WKH� W\SH� RI� DOLHQ� WKLV� ILOP� VKRXOG� KDYH� EHHQ
SRUWUD\LQJ��KDV�QR�PRXWK�DQG�QRU�GRHV�LW�KDYH�DQ\�WHHWK���$QG�QRU�GR�WKH�*UH\V
ZKLFK�KDYH�EHHQ�SUHGRPLQDQWO\�IHDWXUHG�LQ�KXQGUHGV�RI�DEGXFWHH�UHSRUWV�KDYH�WR
GHDO�ZLWK�WKH�H[FUHWLRQ�RI�ZDVWH��6R�D�VWRPDFK�LQVLGH�DQ�DOLHQ�ZRXOG�EH�DV�XVHIXO
DV�DQ�XQGHUZDWHU�FXS�RI�FRIIHH��
*UH\V�RQO\�KDYH�D�VPDOO�FDYLW\�EHKLQG�D�YHU\�VPDOO�PRXWK��DQG�WDNH�LQ�QXWULWLRQ
WKURXJK� WKH� SRUHV� RI� WKHLU� VNLQ�� $V� ZH� NQRZ� IURP� REVHUYDWLRQV� PDGH� E\
DEGXFWLRQ�H[SHULHQFHUV�ZKHQ� RQ� ERDUG�8)2� FUDIW�� DQG� LQ� SDUWLFXODU� IURP� RQH
UHSRUW�ZKHUH�D�SHUVRQ�ZKR�ZDV�OHIW�XQVXSHUYLVHG�DQG�ZDV�DOORZHG�WR�ZDQGHU�LQWR
WKH� DOLHQ
V� OLYLQJ�TXDUWHUV� DQG� ZKR� PDQDJHG� WR� JUDE� D� TXLFN� JOLPSVH� RI� DQ
XQVXVSHFWLQJ�JURXS�RI�*UH\V�WDNLQJ�RQ�QXWULWLRQ��LQ�DQ�DSSDUDWXV�ZKLFK�DSSHDUHG
WR� VSUD\� D� ILQH�PLVW� DW� WKHLU� ERGLHV�ZKLFK� WKHLU� ERGLHV� LPPHGLDWHO\� VRDNHG� XS
ZLWKRXW� VSLOODJH��7KLV�SDUWLFXODU� DFFRXQW�ZDV� FROOHFWHG�E\� WKH� YHU\� FUHGLEOH�'U�
'�0��-DFREV�RI�+DUYDUG�DQG�VR�� LI�ZH�FDQ�DVVXPH�WKDW� WKH�H[WUDWHUUHVWULDO�*UH\
DEVRUEV�QXWULWLRQ� WKURXJK� WKH�SRUHV�RI�KLV�RU�KHU� VNLQ�� WKHQ� WKLV�ZRXOG�H[SODLQ
ZK\�WKHUH�LV�QR�VWRPDFK�QHHGHG��DQG�ZK\�WKH�PRXWK�RI�D�*UH\�LV�QRQ�IXQFWLRQDO
IRU��DV�ZH�DOVR�VKRXOG�NQRZ��WKH�*UH\�SUHIHUV�WR�WDON�GLUHFWO\�LQWR�D�KXPDQ
V�EUDLQ
WKURXJK�WHOHSDWKLF�FRPPXQLFDWLRQ��DQG�LW�GRHVQ
W�XVH�D�PRXWK�WKURXJK�ZKLFK�WR
WDON�>QRWH����@�
0\�WKRXJKW�DERXW�WKH�IDNHG�DOLHQ�DXWRSV\�ILOP�ZDV�WKDW�LW�VHHPHG�WR�
XJOLWL]H
�WKH
H[WUDWHUUHVWULDOV��WR�PDNH�WKHP�ORRN�OLNH�WKH�EDG�JX\�SHUKDSV��OLNH�+ROO\ZRRG�GLG
ZKHQ� WKH\� EURXJKW� RXW� FDOYDOU\�DQG�LQGLDQV� PRYLHV� EDFN� LQ� WKH� ����V�� PD\EH
WKHUH�ZDV�DQ�DVVXPSWLRQ� WKDW�DOO� DOLHQV� VKRXOG�EH�DFNQRZOHGJHG�DV�EHLQJ�PRUH
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KRVWLOH� WKDQ�XV��RU� OHVV� EHDXWLIXO� DQG� OHVV� VSLULWXDO� WKDQ� XV��$V� VWUDQJH� LQIHULRUV
SHUKDSV�WKH\�FRXOG�WKHQ�EH�UHJDUGHG�DV�OHVV�WKUHDWHQLQJ�WR�XV�"
)XQQLO\� HQRXJK�� WKLV� IDFWRU� LV� HFKRHG� E\� %HDWUL]� *DWR�5LYHUD� LQ� KHU� HORTXHQW
SDSHU�RQ�KHU��6XEDQWKURSLF�3ULQFLSOH���S���ZLWK�LWV�LQVLJKW�LQWR�D��PXOWLGLPHQVLRQDO
HPSLUH�ZLWKLQ�WKH�FRVPRV�WKDW�IHZ�SHRSOH�RI�WKLV�ZRUOG�KDYH�YHQWXUHG�WR�WKLQN
DERXW�
:KDW�,�IRXQG�VR�LOOXPLQDWLQJ�LQ�WKLV�%HDWUL]�*DWR�5LYHUD�FRQMHFWXUH�DERXW�OLIH�LQ
WKH� FRVPRV� ZDV� WKDW� LW� FRQFOXGHG� ZLWK� WKH� UDWKHU� SURYRFDWLYH� UHDOL]DWLRQ� WKDW
DOWKRXJK�ZH�KXPDQV�KDYH�QHYHU�ERWKHUHG� WR� LQYHVWLJDWH� WKH�SRVVLELOLW\�RI� DOLHQ
FLYLOL]DWLRQV� ZH� DXWRPDWLFDOO\� %(/,(9(� WKDW� WKHUH� VKRXOG� EH� QRQH�� DQG� DOVR
DXWRPDWLFDOO\� DVVXPH� WKDW� ZKRVRHYHU� FODLPV� WKDW� WKHUH� PLJKW� EH� FLYLOL]DWLRQV
PRUH�DGYDQFHG�DQG�LQWHOOLJHQW�WKDQ�XV�VKRXOG�EH�ULGLFXOHG�RU�VKRXWHG�GRZQ��6XFK
DVVXPSWLRQV��DFFRUGLQJ�WR� LWV�DXWKRU��DUH�SDUW�RI�D�GHHS�SV\FKRORJLFDO�SUHMXGLFH
WKDW�KDV�EHHQ�SURJUDPPHG�LQWR�XV�KXPDQV�DQG�ZKLFK�LV�WHUPHG�WKH�&URZQ�RI�WKH
&UHDWLRQ�6\QGURPH����IRU�REYLRXV�UHDVRQV�>QRWH����@�
����'DPDJH�/LPLWDWLRQ�6WUDWHJ\�RI�'HIHQVH�'HSDUWPHQWV
3HUKDSV�SUHMXGLFH�LV�WKH�PDUNHU�IRU�LQWHOOLJHQFH��,W�KDV�EHHQ�ZHOO�GRFXPHQWHG�WKDW
EODFN� XQPDUNHG� KHOLFRSWHUV� ZRXOG� EX]]� WKH� KRPHV� RI� WKH� /XFD
V� EDFN� LQ� WKH
����V��DV�UHFRUGHG�LQ�$QGUHDVVRQ�$IIDLU� ��3KDVH�7ZR�SS������%HWW\�/XFD�DOVR� WROG
PH� WKDW� D� VSHFLILF� VHULHV� RI� WHFKQLFDO� GLDJUDPV� VKH� KDG� 
UHFHLYHG
� LQ� WKH� ����·V
DERXW� H[WUDWHUUHVWULDO� HQHUJ\� GHYHORSPHQW� PHFKDQLVPV�� ZHUH� VWROHQ� IURP� KHU
KRXVH�ZKHQ� VKH� DQG�KHU�KXVEDQG�ZHUH� DZD\�RQ� D�GD\� WULS� �DOWKRXJK� DIWHU� WKLV
EUHDN�LQ�QR�YDOXDEOHV�KDG�EHHQ� WDNHQ�E\�ZKRPHYHU�GLG�EUHDN� LQ���%XW� WKH�RQH
VXUYLYLQJ�GUDZLQJ�RI�WKLV�FRYHWHG�VHULHV��ZKLFK�ZDV�VWRUHG�LQ�D�GLIIHUHQW�SODFH�DW
WKH�WLPH�RI�WKDW�EUHDN�LQ��DQG�ZKLFK�KDV�UHPDLQHG�LQ�%HWW\
V�SRVVHVVLRQ��DOOXGHV
VSHFLILFDOO\� WR� D�KLWKHUWR�XQNQRZQ�SURSXOVLRQ�SURFHVV� WKDW�ZLOO� EH� H[SODLQHG� LQ
FKDSWHU����RI�WKLV�VWXG\���DQG�VR�DJDLQVW�WKH�RGGV�LW�GLG�LWV�MRE�DIWHU�DOO��6R�VRPH
KDYH� WKRXJKW� LW� LPSRUWDQW� WR� WU\� WR� VWRS� %HWW\� /XFD·V� VWRU\� JHWWLQJ� RXW� WR� WKH
JHQHUDO�SXEOLF�
%XW� MXGJLQJ�E\�ZKDW�FODLPV�&RO��3KLOLS�-��&RUVR�PDGH� LQ�KLV�ERRN�DERXW�VHHLQJ
WKH� DOLHQV� DQG� DOLHQ� DLUFUDIW� DV� EHLQJ� DEOH� WR� RXW�WKLQN� DQG� WR� RXW�PDQHXYHU
DQ\WKLQJ�RU�DQ\RQH�LQ�WKH�86�PLOLWDU\��LW�GRHVQ
W�QHHG�D�6KHUORFN�+ROPHV�WR�ZRUN
RXW� WKDW� WKH�86�'HSDUWPHQW�RI�'HIHQVH�ZRXOG� KDYH� JRWWHQ� H[WUHPHO\� DJLWDWHG
DERXW�ZKDW�ZDV�WKHQ�EHLQJ�
GLVFORVHG
�LQ�WKH�ODWH�����V�WKURXJK�WKH�ERRNV�EHLQJ
SXEOLVKHG� DERXW� %HWW\� �$QGUHDVVRQ�� /XFD
V� DEGXFWLRQ�H[SHULHQFHV�� LQ� ZKLFK
ERRNV�%HWW\�ZDV�GHVFULELQJ�LQ�GHWDLO�D�8)2
V�SRZHU�GULYH�WKDW�KDG��IRU�DOO�LQWHQWV
DQG�SXUSRVHV��WKH�VDPH�SRZHU�GULYH�V\VWHP�RI�HOHFWURG\QDPLFV�DQG�JUDYLWDWLRQDO
SURSXOVLRQ�DV�WKH�5RVZHOO�FUDIW�KDG�LQ������
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%XW� ,� FDQ� XQGHUVWDQG� WKH� HWKRV� WR� KXVK� WKLQJV� XS�� ,� ZDV� RQFH� VKRZQ� D
SKRWRJUDSK�RI�WKH�HQHUJ\�WUDFH�IURP�D�8)2�DW�GXVN�VNLPPLQJ�XS�WKH�FRDVWOLQH�LQ
QR� SDUWLFXODU� KXUU\�� ,Q� RQH� IUDPH� LW� VNLSSHG� WKURXJK� VL[� VWULGHV� RI� SURSXOVLRQ
�IURP�SURMHFWLQJ� VL[� FRQVHFXWLYH�ZDYH�SDFNHWV� RI� JUDYLWDWLRQDO� HQHUJ\� DKHDG� RI
LWVHOI���0\� FRQVHUYDWLYH� HVWLPDWH� IRU� WKH� GLVWDQFH� LW� WUDYHOHG� LQ� WKRVH� VL[� VNLSV
ZRXOG�EH�DERXW�KDOI�D�PLOH��ZLWKLQ�DQ�H[SRVXUH�WLPH�RI�����WK�RI�D�VHFRQG��7KDW
GRHVQ
W�VRXQG�VXFK�D�ELJ�GHDO�XQWLO�\RX�ZRUN�RXW�WKH�PDWKHPDWLFV�DQG�GLVFRYHU
WKDW�8)2�PXVW�KDYH�EHHQ�GRLQJ�D�FRRO��������PSK���+RZHYHU��8)2V�FDQ�XVH�D
SURSXOVLRQ�PHFKDQLVP� VLPLODU� WR� DVWURSK\VLFDO� MHW� H[SDQVLRQ�� DQG� DVWURSK\VLFDO
MHW� H[SDQVLRQ� YHORFLWLHV� IRU� PDVV�SDUWLFOHV� FDQ� EH� DV� KLJK� DV� ���� NPV�VHF� �RU
��������NPK���VR�PD\EH�WKDW�8)2�ZDV�MXVW�FUXLVLQJ��
(LWKHU�ZD\�� WKH� IDVWHVW� UXQ�RI�WKH�PLO�SDWURO� MHWV�RI�%ULWDLQ�$PHULFD� DQG�5XVVLD
UXQ�DW�DERXW�WZR�0DFK�RU������PSK��$XURUD�FDQ�GR�VL[�0DFK�RU�VR�EXW�OHWV�IDFH
LW�RQO\�LQ�D�VWUDLJKW�OLQH�>QRWH����@�
6R�8)2
V�DUH�NLQGD�WRR�IDVW�IRU�PLOLWDU\�SODQHV�WR�FKDVH�DIWHU��ULJKW�"
8QIRUWXQDWHO\�� EHFDXVH� WKH� FLYLO� VHUYDQWV� LQ� WKH� YDULRXV� GHIHQVH� GHSDUWPHQWV
KDYHQ
W�ZRUNHG�RXW� IRU� WKHPVHOYHV�:+<� WKH�(7V�DUH�KHUH� WKH\�KDYH� DVVXPHG
WKDW�WKHUH�LV�HYHU\�FKDQFH�WKH�(7V�FRXOG�EH�KRVWLOH��DQG�VR�WKH\�DVVXPH�WKDW�WKH
SXEOLF� ZRXOG� SDQLF� LI� WKH\� HYHU� IRXQG� RXW� WKDW� WKH� (7V� FDQ� RXW�UXQ�� RXW�
PDQHXYHU�� DQG�RXW�WKLQN�DQ\�RI� WKLV�ZRUOG
V� GHIHQVH� VWUDWHJLVWV��$QG� LI� ,� EDVHG
P\�GDWD�UHJDUGLQJ�H[WUDWHUUHVWULDOV�RQ�IHDU��SDUDQRLD��DQG�ZLOG�VXSSRVLWLRQ��WKHQ�LI
,�ZHUH� UXQQLQJ�D�QDWLRQ
V�'R'�,� WRR�ZRXOG�EH� UXQQLQJ�D�PXVWQ
W� DGPLW� WKHUH� DUH
8)2V�SURJUDP��$QG� VR� LQ�FRQVLGHUDWLRQ�RI� WKH� DERYH�HTXDWLRQ�RI��������PSK
GLYLGHG�E\������PSK�WKHQ�,�WRR�ZRXOG�LQVWUXFW�DOO�DQG�VXQGU\�WKDW�ZRUNHG�LQ�WKDW
'R'�� IURP� WKH� WRS� SURIHVVRUV� GRZQ� WR� WKH� WHD� PDNHUV�� WR� QHYHU� HYHU� DGPLW�
DFNQRZOHGJH��RU� HYHQ� ORRN� DW� WKH�8)2�SKHQRPHQRQ�� EHFDXVH� ,
G� NQRZ� WKDW� D
SHUVRQ� ZKR� KDV� QRWKLQJ� WR� DUJXH� ZLWK� LV� D� SHUVRQ� ZKR� KDV� DOUHDG\� ORVW� WKDW
DUJXPHQW��6R�DW�DOO�FRVWV�8)2V�ZRXOG�KDYH�WR�UHPDLQ�XQ�DFNQRZOHGJHG�DQG�QRQ�
H[LVWHQW��DQG�WKDW
V�IRU�DOO�WLPH���
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&KDSWHU����+HOLFDO�)LHOG�$FFHOHUDWLRQ�DV�D�0HDQV�RI�3URSXOVLRQ

&RQWHQWV�
����'RPHG�&UDIW�,QVLGH�D�6XUURXQGLQJ�(QHUJ\�(QYHORSH
����3URSXOVLRQ�RI�D�%HDP�GULYH�8)2
����)LOP�)RRWDJH��IURP�0H[LFR��RI�+\SHU�-XPSV
����([WUDWHUUHVWULDO�0XVLQJV�%HWZHHQ�WKH�6WDUV
����-HWV�3URGXFHG�IURP�5RWDWLQJ��.HUU��%ODFN�+ROHV
����0HFKDQLVPV�IRU�3URGXFWLRQ�RI�(OHFWURQ�3RVLWURQ�$YDODQFKHV
����5RWDWLRQ�)RUFH�DQG�0RPHQWXP�7UDQVIHU�IURP�D�%ODFN�+ROH
����0DJQHWLF�)OX[�/LQH�%UHDN�5HFRQQHFWLRQ�,RQL]DWLRQ��5HFRQQHFWLRQ�3DUW�,�
����7KH�4XHVW�IRU�6WDELOLW\�LQ�WKH�'HYHORSPHQW�RI�D�)LODPHQW�WXEH
�����&ROOLPDWLRQ�DQG�+RRS�6WUHVV
�����(OHFWURG\QDPLF�$QFKRULQJ�RI�WKH�0DJQHWLF�)LHOG
�����:LOOLDPV�DQG�'H�)HOLFH�RQ�1HJDWLYH�5DGLDO�0RPHQWXP

����'RPHG�&UDIW�,QVLGH�D�6XUURXQGLQJ�(QHUJ\�(QYHORSH

)LJXUH����(QHUJ\�LQ�WKH�HQYHORSH�VXUURXQGLQJ�D�GRPHG�FUDIW�ZLOO�IROORZ�D�KHOLFDO
SDWK�RI�UHGXFLQJ�UDGLXV�RI�FXUYDWXUH
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:KDW�,�LQWHQG�WR�GR�LQ�WKLV�FKDSWHU�LV�JLYH�WKH�UHDGHU�D�EULHI� ORRN�DW�WKH�HQHUJ\
ILHOG� FUHDWHG� DURXQG� D� 8)2�� 1RW� SDUWLFXODUO\� DV� WR� KRZ� WKDW� FUDIW� PLJKW� XVH
HQHUJ\� WR� PRYH� WKURXJK� WKH� DLU� �WKDW� ZLOO� EH� FRYHUHG� WKURXJK� VXEVHTXHQW
FKDSWHUV���EXW�MXVW�WR�VHH�KRZ�D�FUDIW�FDQ�FUHDWH�DQ�HQHUJ\�ILHOG�WKDW�PLJKW�SDUDOOHO
WKH�VRUWV�RI�HQHUJ\�ILHOGV�ZKLFK�H[LVW�LQ�VSDFH��,Q�RUGHU�WR�GR�WKDW�WKHUHIRUH��WKLV
FKDSWHU�ZLOO�DOVR� ORRN�DW�ZKDW�DVWURSK\VLFDO�HQHUJ\�SURSXOVLRQ�PRGHOV� WKHUH�DUH
DQG�KRZ�WKH\�ZRUN��DQG� ORRN�WR�VHH� LI� WKHUH�DUH�DQ\�FOXHV�ZLWKLQ� WKRVH�PRGHOV
ZKLFK�PLJKW�SURYLGH�DQ�LQVLJKW�LQWR�8)2�SURSXOVLRQ�WHFKQRORJ\�
$V�WKLV�VWXG\�ZLOO�EH�IRUPXODWHG�PRUH�DV�D�GHVLJQ�SURSRVDO�IRU�WKH�HQJLQHHULQJ�RI
D� 8)2� FUDIW�� WR� EH� GHYHORSHG� DQG� FRQVWUXFWHG� LQ� D� ODERUDWRU\� HQYLURQPHQW�
UDWKHU�WKDQ�DV�D�EULHI�H[SODQDWLRQ�RI�KRZ�RQH�SDUWLFXODU�8)2�FUDIW�PLJKW�ZRUN��,
ZLOO� QRW� EH� VWLFNLQJ� WR� MXVW� RQH� W\SH� RI�8)2� DQG� RIIHULQJ� WKH� UHDGHU� D� OLVW� RI
SUHWW\�FRPSDULVRQV�WR�FRPIRUWDEO\�NQRZQ�VSDFH�WHFKQRORJLHV��,�ZLOO�EH�IHDWXULQJ
H[WHQVLYHO\�WKH�$QGUHDVVRQ�$IIDLU�8)2��KHQFHIRUWK�UHIHUUHG�WR�DV�WKH�DD8)2��DV
DOOXGHG� WR� LQ� WKH� SUHYLRXV� FKDSWHU�� EXW� ,� ZLOO� DOVR� DQG� YHU\� SXUSRVHIXOO\� EH
GUDZLQJ�DWWHQWLRQ�WR�FKDUDFWHULVWLFV�H[KLELWHG�LQ�DV�PDQ\�RWKHU�W\SHV�RI�8)2�DV�LV
ILWWLQJ�WR�LQFOXGH�ZLWK�WKH�DSSURYDO�RI�WKH�RYHUDOO�JRDO�RI�WKLV�VWXG\��WKDW�EHLQJ�WKH
GHYHORSPHQW�RI�D�FUDIW�ZKLFK�FDQ�EH�HQJLQHHUHG�ZLWK�FRPSOHWH�ZRUNDELOLW\�>QRWH�
�@��7KLV�FURVV�UHIHUHQFLQJ�WR�RWKHU�W\SHV�RI�8)2�ZLOO�EH�LPSRUWDQW�DOVR�EHFDXVH�,
ZRXOG�OLNH�WR�LQYROYH�DV�PDQ\�8)2�ZLWQHVV�UHSRUWV�DV�,�FDQ��WR�HPSKDVL]H�WKDW
WKRVH� QXPHURXV� UHSRUWV� KDYH� SURYLGHG� LQYDOXDEOH� FRQWULEXWLRQV� WR� WKH
XQGHUVWDQGLQJ� RI� (7� WHFKQRORJ\�� /RQJ� PD\� WKRVH� UHSRUWV� SHUVLVW� WR� VHHN
VFLHQWLILF�DWWHQWLRQ�
2QH�RI�WKH�LQWHUHVWLQJ�IDFWV�,
YH�OHDUQHG�DERXW�8)2V��DQG�8)2�UHSRUWV��LV�WKDW�D
UHDO�8)2�ZLOO�DOZD\V�KDYH�VRPH�VRUW�RI�HQHUJ\�ILHOG�VXUURXQGLQJ�LW�ZKHQ�LW�LV�LQ
WKH� DLU�� ,W� ZLOO� HLWKHU� KDYH� D� IDLUO\� YLVLEOH� IORZ� RI� DLU� RU� D� J\UDWLQJ� IORZ� RI
HOHFWULFDOO\�FKDUJHG�SDUWLFOHV�VXUURXQGLQJ�LW��RU�LW�ZLOO�EH�HQFDVHG�LQVLGH�DQ�HQHUJ\�
HQYHORSH� WKDW�SXOVHV�ZLWK�FRORUHG� �OLJKW�� HPLVVLRQV��7KHVH� OLJKW�ZDYH�HPLVVLRQV
WKRXJK� ZLOO� QRW� QHFHVVDULO\� IROORZ� WKH� H[DFW� URXWH� RI� WKH� 8)2
V� SURSXOVLRQ
HQHUJLHV��PHUHO\�ZLOO�WKH\�EH�HMHFWHG�IURP�WKRVH�SURSXOVLRQ�HQHUJLHV�ZKHUH�WKRVH
HQHUJLHV� WXUQ� WKURXJK�D� VKDUS�FXUYH� �DV�ZLOO�KDSSHQ�DURXQG�D�8)2
V�SHULPHWHU
ULP���7KH�SURSXOVLRQ�HQHUJ\�JRHV�RQH�ZD\�DQG�WKH�SKRWRQV�LW�JHQHUDWHV��WKURXJK
D�SURFHVV�FDOOHG�FXUYDWXUH� UDGLDWLRQ��ZLOO�JR�DQRWKHU�ZD\�� ,Q� WXUQ� WKRVH�FRORUHG
OLJKW�HPLVVLRQV�ZRXOG�EH�DIIHFWHG�E\�UHIUDFWLRQ�DV�WKH\�SDVV�WKURXJK�WKH�URWDWLQJ
PHGLXP�VXUURXQGLQJ�WKDW�8)2��DQG�ZKLOH�WKDW�ZDOO�RI�YLEUDQW�HQHUJ\�ZLOO�UHIUDFW
GLIIHUHQW� OLJKW� FRORUV� LQWR� GLIIHUHQW� GLUHFWLRQV�� WKHQ� LW� ZRXOG� VHHP� WR� PH� WKDW
ZKDWHYHU�LPDJH�ZDV�SURMHFWHG�RI�WKDW�FUDIW�WKURXJK�DOO�WKDW�GHIOHFWLRQ�ZRXOG�RQO\
EH�DSSDUHQW�DV�D�IX]]\�DQG�GLVWRUWHG�RQH��VR�D�SKRWRJUDSK�WKDW�SXUSRUWV�WR�EH�RI
DQ� H[WUDWHUUHVWULDO� 8)2� ZKLFK� VKRZV� WKDW� FUDIW
V� FRQWRXUV� DV� FU\VWDO� FOHDU� DUH
PRVW�SUREDEO\�IDNHV��
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,W� WKHQ� IROORZV� WKDW� WKH� SRZHUHG�XS� 8)2� ZKLOH� LW� H[LVWV� LQVLGH� DQ� HQHUJ\
HQYHORSH�ZRXOG�EHFRPH�HLWKHU�PRUH�HQHUJL]HG��RU�OHVV�HQHUJL]HG��WKURXJK�VRPH
VRUW� RI� HOHFWURPDJQHWLF�ILHOG�HQHUJL]LQJ� V\VWHP� WKDW� WKH� FUDIW
V� FUHZ� ZLOO� EH� LQ
FRQWURO� RI��7KLV� FRXOG� FRQIRUP�� IRU� LQVWDQFH�� WR� WKH� FKDUDFWHULVWLFV�RI� D� VLPSOH
HOHFWURPDJQHWLF�ILHOG��VXFK�DV�D�WRURLGDO�ILHOG�RU�D�SRORLGDO�ILHOG��LQ�ZKLFK�FKDUJHG
SDUWLFOHV�ZLOO�EH� LPEXHG�ZLWK�/RUHQW]�IRUFH�DQG�ZLOO�EH� LQGXFHG�WR�VSLQ�DURXQG
WKH�FUDIW�LQ�D�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�OLQHV�RI�VXFK�DQ�HOHFWURPDJQHWLF�ILHOG
>QRWH�� �@�� $QG� GHSHQGLQJ� XSRQ� ZKDW� OHYHO� RI� SRZHU� WKDW� HQHUJ\� HQYHORSH� LV
HQHUJL]HG� WR� WKHQ� WKH� FKDUJHG� SDUWLFOHV� IUHH� WR� FLUFXODWH� DURXQG� WKH� 8)2� ZLOO
PRYH�DW�D�ORZ�YHORFLW\�RU�DW�D�KLJK�YHORFLW\�

)LJXUH����(OHFWULFDO�ILHOG�OLQHV�SHUSHQGLFXODU�WR�PDJQHWLF�ILHOG�OLQHV
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7KLV�DOVR�PHDQV�WKDW�ZKHQ�WKH\�DUH�LQ�WKH�DLU�KRYHULQJ�RU�PDQHXYHULQJ�8)2V�ZLOO
KDYH� D� YLEUDQW� HOHFWURPDJQHWLF� ILHOG� VXUURXQGLQJ� WKHP� ZKLFK� LQ� HIIHFW� ZLOO
PDQXIDFWXUH�LWV�RZQ�HOHFWULF�FKDUJH�GHQVLW\�HQYLURQPHQW��RU�HQYHORSH��ZKLFK�ZLOO
EH�SURMHFWHG�RXWZDUG��WR�DQ�RXWVLGH�REVHUYHU��DV�D�PRYLQJ�ILHOG�RI�YLVLEO\�H[FLWHG
HQHUJ\��,Q�ODWHU�FKDSWHUV�WKHUH�ZLOO�EH�IXUWKHU�PHQWLRQ�RI�KRZ�WKLV�H[FLWHG�HQHUJ\
ILHOG�FDQ�EH�PDGH�WR�GLVWRUW�WKH�YLVXDO�LPDJH�RI�ZKDWHYHU�LV�LQVLGH�VXFK�DQ�HQHUJ\
HQYHORSH��WR�PDNH�WKDW�FUDIW
V�LPDJH�DSSHDU�WR�SURJUHVVLYHO\�GLVVLSDWH�XQWLO��IRU�DOO
LQWHQWV�DQG�SXUSRVHV�� LW�VHHPV�WR�KDYH�EHFRPH�LQYLVLEOH�LQVLGH�WKDW�HQHUJ\�ILHOG�
$V�IRU�WKH�FKDUJH�DQG�PDVV�GHQVLW\�ILHOG�JUDGLHQWV�RI�D�8)2�ZKLFK�ZLOO�SHUPHDWH
WKURXJKRXW�WKDW�HQYHORSH��DQG�HYHQ�IXOO\�LQWR�WKDW�8)2
V�LQWHULRU��WKHVH�DOVR�ZLOO
EH�FRYHUHG�H[WHQVLYHO\�WKURXJKRXW�WKH�IROORZLQJ�FKDSWHUV�
*RRG�H[DPSOHV�RI�YLEUDQW�HQHUJ\�ILHOGV�VXUURXQGLQJ�D�8)2�KDYH�FRPH�IURP�WKH
YLGHRV� RI� 8)2V� ILOPHG� RYHU� 0H[LFR� GXULQJ� WKH� ����V�� ZKLFK� VKRZ� 8)2V
KRYHULQJ� LQ� WKH� DLU� ZLWK� YHU\� IX]]\� RXWOLQHV� DQG� IDLQW� EXUVWV� RI� FRORUHG� OLJKW
FRPLQJ�IURP�WKH�ULP�DUHDV�RI�WKRVH�FUDIW�
7KLV� IX]]\� LPDJHU\� LV� RI� FRXUVH� D� GDPQ� VKDPH� IRU� WKDW� WDEORLG� QHZVSDSHU
SKRWRJUDSKHU�ZKR�ZLVKHV�WR�REWDLQ�WKH�XOWLPDWH�SURRI�RI�8)2�H[LVWHQFH��EXW�LW
LV�ZRQGHUIXO�IRU�UHVHDUFKHUV�LQWHUHVWHG�LQ�KRZ�WKHVH�8)2V�ZRUN��)RU�WKH�HQHUJ\
VLJQDWXUHV� WKDW�DUH�SHUFHLYDEOH�FDQ�WHOO�D�JUHDW�GHDO�DERXW�ZKDW� LV�JRLQJ�RQ�ERWK
RXWVLGH�DQG�LQVLGH�D�8)2��DQG�TXLWH�IUDQNO\�,�IRU�RQH�ZRXOG�UDWKHU�KDYH�WKH�ODWWHU
SHUVRQ�DGYDQWDJHG�WKDQ�WKH�IRUPHU�>QRWH���@�
����3URSXOVLRQ�RI�D�%HDP�GULYH�8)2
%XW� WKH� UHDO� VWDUWLQJ� SRLQW� IRU� WKLV� VWXG\� ZLOO� EH� RQH� RI� WKH� PRVW� VSHFWDFXODU
SKHQRPHQD�RI�8)2�SURSXOVLRQ��DQG�WKDW�LV�WKH�EHDP�GULYH�RU�K\SHU�MXPS�ZKHUH
WKH�8)2�H[WHQGV�D�IRUZDUG�EHDP�DKHDG�RI�LW�DQG�WKHQ�WUDYHUVHV�DORQJ�WKDW�EHDP
DFURVV�WKH�VN\��VSHHGLQJ�LQWR�WKH�EHDP�OLNH�D�WRUFK�DWWUDFWHG�LQWR�LWV�RZQ�UD\V�RI
OLJKW�
7KHUHIRUH��DORQJ�ZLWK�WKH�EDVLF�LQWHQWLRQ�RI�LQYHVWLJDWLQJ�KRZ�WKH�8)2
V�HQHUJ\
HQYHORSH� FDQ� EH� FRPSULVHG� WKLV� FKDSWHU� ZLOO� DOVR� LQTXLUH� DERXW�� LQ� RUGHU� WR
IXUWKHU�XQGHUVWDQG��KRZ�WKLV�HQHUJ\�HQYHORSH�PLJKW�WKHQ�EH�H[WHQGHG�DKHDG�RI
WKH�FUDIW��DQG�KRZ�WKDW�H[WHQVLRQ�WR�WKH�FUDIW
V�HQHUJ\�ILHOG�PLJKW�EH�FRQILJXUHG
IRU� SURSXOVLRQ�� 6R� WKDW� WKH� 
EHDP� GULYH
� V\VWHP� XVHG� E\� VRPH� 8)2V�� ZKLFK
DSSHDUV� WR� EH�PRGHOHG� XSRQ� D� SURSXOVLRQ� WHFKQRORJ\� WKDW� SXOOV� WKH� FUDIW� LQWR� LW
UDWKHU�WKDQ�WR�SXVK�LW��ZLOO�EH�ORRNHG�DW�LQ�JUHDW�GHWDLO��7KLV�ORUH�RI�PRWLRQ�ZLOO�RI
FRXUVH�EH�RQH�WKDW�WKH�UHDGHU�ZLOO�NQRZ�IXOO�ZHOO�LV�WKH�FRPSOHWH�RSSRVLWH�RI�KRZ
URFNHW�VFLHQFH�ZRUNV��ZKLFK�LV�XQGHUVWRRG�WR�ZRUN�E\�JHQHUDWLQJ�KXJH�DPRXQWV
RI�FRPEXVWLRQ�DQG�E\�EODVWLQJ� LW�RQH�ZD\� LQ�RUGHU� WR�IRUFH� WKH�URFNHW� WR�PRYH
WKH�RWKHU�ZD\��PXFK�OLNH�DQ�H[SORVLYH�GHYLFH�
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([DFWO\� KRZ� WKH� EHDP�GULYH�ZRUNV� WKURXJK�ZKDW� SDUDPHWHUV�� DQG� KRZ� VXFK� D
SXOO�GULYH�V\VWHP�PLJKW�EH�FRQILJXUHG�ZLOO�REYLRXVO\�EHQHILW�JUHDWO\� IURP�EHLQJ
FRPSDUHG� WR� NQRZQ� HOHFWURPHFKDQLFDO� SKHQRPHQD�� EXW� DOVR� WR� NQRZQ
PHFKDQLVPV� LQYHVWLJDWHG� LQ� DVWURSK\VLFDO� VWXGLHV�� DQG� WR� NQRZQ� SKHQRPHQD
GLVFRYHUHG�WKURXJK�SDUWLFOH�DFFHOHUDWLRQ�SK\VLFV��7KHUHIRUH��YHU\�VSHFLILFDOO\��WKLV
FKDSWHU�ZLOO� DOVR� HQGHDYRU� WR� KLJKOLJKW� VRPH� RI� WKH� KHOLFDO�YRUWLFDO�EHDP�GULYH
PHFKDQLVPV�IURP�WKH�DERYH�PHQWLRQHG�DVWURSK\VLFV�VWXGLHV��DQG�FRXSOH�WKHP�WR
WKH�PRVW�XVHIXO�HQHUJ\�JHQHUDWLRQ��SDUWLFOH�DFFHOHUDWLRQ��DQG�JUDYLW\�PDQLSXODWLRQ
PHFKDQLVPV�NQRZQ�IURP�SK\VLFV�VWXGLHV��7KLV�ZLOO�EH�GRQH�LQ�FRQFHUW�DORQJVLGH
WKH�NQRZQ�SKHQRPHQD�RI�8)2V��E\�FORVHO\�FRQVLGHULQJ�WKH�IDFWXDO�REVHUYDQFHV
UHSRUWHG� LQ� H\H�ZLWQHVV� DFFRXQWV� UHODWLQJ� WR� 8)2
V� SK\VLFDO� VWUXFWXUHV�� 8)2
V
HQHUJ\� VLJQDWXUHV�� DQG� D� 8)2
V� XQLTXH� PHWKRGV� RI� PDQHXYHULQJ� �LH� ]LJ�]DJJLQJ
WKURXJK����GHJUHH�WXUQV���,W�ZLOO�WKHQ�IRFXV�RQ�WKH�HQHUJ\�UHTXLUHPHQWV�RI�8)2V
DQG�WKH�FRQILJXUDWLRQ�SDUDPHWHUV�JOHDQHG�WKURXJK�WKLV�GHWDLOHG� LQYHVWLJDWLRQ��RI
HQHUJ\�HQYHORSHV�WKDW�D�8)2�PD\�HVWDEOLVK�DURXQG�LWVHOI�DQG�PD\�H[WHQG�IURP�LW�
DQG�KRZ�LW�ZRXOG�EH�SRVVLEOH�IRU�VXFK�EHDP�FUDIW�WR�HQHUJL]H�D�SURSXOVLYH�IRUFH
WKURXJK�WKH�ZKROH�OHQJWK�RI�WKDW�H[WHQGHG�EHDP�ZKLFK�ZRXOG�SXOO�WKH�8)2�FUDIW
DW�QHDU�UHODWLYLVWLF�VSHHGV�LPSHUYLRXV�WR�DPELHQW�JUDYLWDWLRQDO�IRUFHV�
����)LOP�)RRWDJH��IURP�0H[LFR��RI�+\SHU�-XPSV

)LJXUH����8)2
V�SURSDJDWLQJ�EHDPV�RI�HQHUJ\�DQG�PRYLQJ�LQWR�WKHP
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7KH�DERYH�JUDSKLF�LV�DQ�DUWLVW
V�LPSUHVVLRQ�RI�DQ�H[WUDWHUUHVWULDO�8)2�SURSXOVLRQ
V\VWHP�ZKLFK� FDPH� WR� OLJKW� DIWHU� UHDO�WLPH�8)2V�ZHUH� ILOPHG� LQ� GD\OLJKW� RYHU
0H[LFR�DQG�ZHUH�VXEVHTXHQWO\�EURDGFDVW�RQ�0H[LFDQ�DQG�%ULWLVK�79�LQ�WKH�HDUO\�
����V� >QRWH�� �@�� %ULWLVK� YLHZHUV� ZLOO� UHPHPEHU� WKDW� WKH� HGLWRUV� IRU� -DLPH
0DXVVDQ�� WKH� QHZVPDQ� ZKR� FROOHFWHG� DOO� WKHVH� UHFRUGLQJV� IRU� 0H[LFDQ� 79�
QRWLFHG�WKDW�ZKHQ�WKH�YLGHR�IRRWDJH�ZDV�VORZHG�WR�D�IUDPH�E\�IUDPH�VSHHG�WKLV
IRRWDJH�FOHDUO\�VKRZHG�VRPH�VRUW�RI�
K\SHU�MXPS
�DFWLRQ�EHLQJ�SHUIRUPHG�E\�WKH
8)2V�ZKHUH� D� ORQJ� WXEH�ZRXOG� EH� HQHUJL]HG� LQ� WKH� DWPRVSKHUH� DKHDG� RI� WKH
8)2�FUDIW��LQWR�ZKLFK�WKH�FUDIW�WKHQ�MXPSV�DW�LQFUHGLEOH�VSHHG��DQG�DV�WKH�FUDIW
FRPHV�WR�WKH�HQG�RI�WKDW�HQHUJ\�WXEH�LW�VHQGV�IRUZDUG�DQRWKHU�VXFK�WXEH�IRU�LW�WR
ULGH�LQWR�DJDLQ��7KLV�LW�ZLOO�GR�UHSHDWHGO\��WKXV�DOORZLQJ�WKH�8)2�WR�FURVV�D�YDVW
H[SDQVH�RI�WKH�VN\�DQG�DOO�ZLWKLQ�D�PDWWHU�RI�D�IHZ�VHFRQGV�
$V�LW�WXUQHG�RXW�WKLV�K\SHU�MXPS�ZDV�QRW�DQ�LVRODWHG�RFFXUUHQFH�DQG�VXFK�MXPSV
VHHPHG�WR�KDYH�EHHQ�SHUIRUPHG�VHYHUDO�WLPHV�LQ�WKH�VNLHV�RYHU�0H[LFR�DQG�ZHUH
ILOPHG�VHYHUDO�WLPHV�E\�QXPHURXV�SHRSOH���DOO�IURP�GLIIHUHQW�DQJOHV��$QRWKHU�RI
WKHVH� MXPSV� IURP� -DLPH�0DXVVDQ
V� FRPSLODWLRQV� FDQ� EH� VHHQ� WR� H[WHQG� D� ORQJ
ILODPHQW�WXEH�DERYH�LWVHOI��WR�WUDYHUVH�LW��DQG�WKHQ�WR�VHQG�DQRWKHU�ILODPHQW�WXEH
LQWR�WKH�DLU�DERYH�LW��WR�WUDYHUVH�WKDW��DQG�WKHQ�WR�VHQG�DQRWKHU�DQG�DQRWKHU�DQG
DQRWKHU��7KLV�VHTXHQFH�FRPSULVHG�RI�QR�OHVV�WKDQ�QLQH�FRQVHFXWLYH�MXPSV��ZKLFK�WRRN
WKH� FUDIW� VR� KLJK� LQWR� WKH� VN\� WKDW� LW� GLVDSSHDUHG� LQWR� WKH� XSSHU� VWUDWRVSKHUH
>QRWH���@�
%XW�ZKDW�ZDV� MXVW� DV� LQWHUHVWLQJ� DERXW� WKLV� SDUWLFXODU�8)2�ZDV� WKDW� WKH� YLGHR
IRRWDJH�VKRZHG�WKDW�D�IHZ�VHFRQGV�EHIRUH�WKLV�8)2�KDG�VHQW�RXW� LWV�VXFFHVVIXO
EHDP��LQWR�ZKLFK�LW�WUDYHUVHG���LW�VHQW�RXW�DQ�HDUOLHU�HQHUJ\�EHDP�WKDW�VHHPHG�QRW
WR�FRQQHFW�ZLWK�WKH�DLU�DKHDG�RI�LW��DQG�ZKLFK�DSSHDUHG�WR�EH�PXFK�IDLQWHU�WKDQ
WKH�VXFFHVVIXO�EHDPV�ZKLFK�GLG�FRQQHFW�EHWZHHQ�WKH�FUDIW�DQG�WKH�IRUZDUG�DLU�
7KLV� VXJJHVWV� WKDW� WKHUH� DUH� GHWHUPLQLQJ� IDFWRUV� ZKLFK� PDNH� WKLV� EHDP�GULYH
V\VWHP� ZRUN�� RU� WR� QRW� ZRUN�� ZKLFK� DUH� YDULDEOHV�� RU� FKDUDFWHULVWLFV�� RI� WKH
SDUWLFXODU�DPELHQW�PHGLXP�ZKLFK�WKH�8)2�LV�WUDYHOOLQJ�WKURXJK��LQ�RWKHU�ZRUGV�
LW�VXJJHVWV�WKH�DWPRVSKHULF�DLU�DKHDG�RI�WKDW�FUDIW�LV�¶ZRUNHG·�E\�WKH�8)2�DV�LI�LW
ZHUH� D� IOXLG��� $QG� VR� WKLV� VXJJHVWV� WKH� ILUVW� ELJ� FOXH� ZKLFK� QHHGV� WR� EH
LQYHVWLJDWHG��%HFDXVH�LI�WKHUH�DUH�YDULDEOHV�WR�WKLV�SURSXOVLRQ�GULYH�V\VWHP�WKHQ�LW
PHDQV� WKDW� WKH� 8)2
V� SURSXOVLRQ� KDV� WR� FRQIRUP� VRPHKRZ� WR� VSHFLILF
FKDUDFWHULVWLFV�RI�RXU�DWPRVSKHULF�DLU��6R��RQH��ZKDW�DUH�WKH�SDUDPHWHUV�SRVVHVVHG
E\�RXU�DWPRVSKHULF�DLU�ZKLFK�WKH�8)2
V�HQHUJ\�ILHOG�KDV�WR�DGMXVW�WR�"�$�VHFRQG
FOXH��ZLOO�EH�WKDW�WKH�SURSXOVLRQ�RFFXUV�WKURXJK�MXPSV�RI�ILQLWH�GXUDWLRQ��DQG�WKLV
VXJJHVWV� WKDW� WKH� 8)2� LV� XVLQJ� SDFNHWV� RI� SURSXOVLRQ� HQHUJ\� UDWKHU� WKDQ� D
FRQWLQXRXVO\�JHQHUDWHG�ILHOG�RI�SURSXOVLRQ�HQHUJ\�
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)LJXUH�����,Q�WKLV�YLGHR�WKH�8)2�PRYHV�LQ�MXPSV�WKURXJK�WKH�VN\��+HUH�,�VKRZ
WKH�IUDPHV�ZKHUH�WKUHH�RI�WKH�MXPS�VHTXHQFHV�EHJLQ
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7KHUH� LQ� WKRVH�0H[LFR� YLGHRV�� DV� ZHOO� DV� LQ� WKHVH� WKUHH� SLFWXUHV� DERYH�� LV� WKH
EHJLQQLQJ� WR� D� VWXG\� ZKLFK� ZLOO� VROYH� WKH� TXHVWLRQ� RI� KRZ� 8)2� SURSXOVLRQ
ZRUNV���WKHVH�ILUVW�WZR�FOXHV�WR�SXUVXH���DUH�UDULQJ�WR�JR�DQG�DUH�IXOO\�ORDGHG�ZLWK
TXHVWLRQV��DQG�WKHVH�TXHVWLRQV�FDQ�IRUP�D�IUDPHZRUN�ZLWK�ZKLFK�WKH�UHDGHU�FDQ
VHDUFK�LQWR�WKH�IXQGDPHQWDOV�RI�H[WUDWHUUHVWULDO�SK\VLFV�
$QG�VR��DV�,�VD\��LW�LV�DGYDQWDJHRXV�WR�JDWKHU�LQIRUPDWLRQ�IURP�DV�PDQ\�VRXUFHV
DV�SRVVLEOH��HVSHFLDOO\�ZKHQ�WKH\�DOO�WLH�LQ�WRJHWKHU�VR�FRQFOXVLYHO\��EHFDXVH�ZKDW
RQH�8)2�UHSRUW�ZLOO� ODFN�LQ�FODULW\�FDQ�SUREDEO\�EH�H[SODLQHG�LQ�DQRWKHU�UHSRUW
IURP� DQ� HQWLUHO\� GLIIHUHQW� SDUW� RI� WKH� ZRUOG�� 7KH� DERYH� WZR� FOXHV� LQ� 8)2
SURSXOVLRQ�ZLOO�SURYLGH�WKH�PDLQ�GULYLQJ�IRUFH�IRU�WKLV�FKDSWHU��,W�DOVR�ERGHV�ZHOO
WKRXJK�WR�ZRUN�ZLWK�WKHVH�SDUWLFXODU�K\SHU�MXPS�LPDJHV�LQ�PLQG��EHFDXVH�WKHVH
YLGHR�FOLSV� DUH�ZKROO\� DYDLODEOH� IRU� DOO� WR� VHH� RQ� YLGHR� DQG�'9'�FRPSLODWLRQV
WKDW� KDYH� EHHQ� DYDLODEOH� IRU� \HDUV� DQG�KDYH� EHHQ� VHHQ�E\� WKRXVDQGV� RI�SHRSOH
ZRUOG�ZLGH��7KDW� WKHVH�YLGHR�FOLSSLQJV�DUH�RI� VXFK�KLJK�TXDOLW\�JLYLQJ�H[FHOOHQW
IUDPH�E\�IUDPH�GHWDLO�RI�WKH�EHDP�GULYH�SKHQRPHQRQ�LV�DQ�DGGHG�ERQXV�
����([WUDWHUUHVWULDO�0XVLQJV�%HWZHHQ�WKH�6WDUV
$V� WKLV� VWXG\� LV� SUREDEO\� WKH� ILUVW� WR� DWWHPSW� WR� ORRN� WKURXJK� WKH� H\HV� RI� WKH� (7
SK\VLFLVWV� LW� ZLOO� VHW� QHZ� SUHFHGHQWV� E\� JLYLQJ� WKHP� KRPH�DGYDQWDJH� DQG� ORRN� DW
HQHUJ\�V\VWHPV�WKDW�DUH�LQ�H[LVWHQFH�DQG�LQ�RSHUDWLRQ�ULJKW�QRZ�RXWVLGH�RI�HDUWK
V
DWPRVSKHUH�� $QG� WKLV� QHZ� SUHFHGHQW� LV� ZHOO� MXVWLILHG� EHFDXVH� LI� ZH� VKRXOG
VXUPLVH�WKDW�WKH�(7�ZLOO�QRW�KDYH�OHDUQHG�KLV�RU�KHU�SK\VLFV�IURP�(DUWK�WKHQ�LW
ZRXOG� PDNH� SHUIHFW� VHQVH� IRU� XV� WR� ORRN� RXWVLGH� RI� (DUWK
V� VSKHUH�� WRZDUG� WKH
JDODFWLF�HQHUJ\�G\QDPLFV��IRU�WKH�YHU\�PRGHOV�IURP�ZKLFK�8)2�FUDIW�ZRXOG�KDYH
EHHQ�GHVLJQHG��0HDQLQJ�WKDW��IURP�RXU�SRLQW�RI�YLHZ�LW�ZLOO�EH�ZKROO\�QHFHVVDU\
WR�JDWKHU�LQIRUPDWLRQ�IURP�WKH�UHVHDUFKHV�WKDW�RXU�VFLHQWLVWV�KDYH�VR�IDU�FDUULHG
RXW� RQ� JDODFWLF� HQHUJ\� G\QDPLFV� DQG� FRPSDUH� WKRVH� SK\VLFV� DQG� DVWURSK\VLFDO
WKHRULHV�ZLWK�ZKDW�PD\�EH�REVHUYDEOH�LQ�8)2�GULYH�V\VWHPV�
0RUH� VSHFLILFDOO\��ZKDW� ,� DP�SURSRVLQJ� IRU� WKLV� FRPSDULVRQ�RI� D�8)2
V�EHDP�
GULYH�LV�WKDW�LQ�SDUWLFXODU�WKH�PHFKDQLVPV�RI�DVWURSK\VLFDO�MHWV�VKRXOG�EH�VWXGLHG
ZLWK� WKH� YLHZ� WR� XQGHUVWDQG� WKH� HOHFWURG\QDPLF� DQG� K\GURG\QDPLF� SULQFLSOHV
LQYROYHG� LQ� WKRVH� MHWV�� WR� GLVFRYHU� ZKHWKHU� RU� QRW� WKRVH� SULQFLSOH� FRXOG� EH
XWLOL]HG�E\�D�8)2�FUDIW�� WKURXJK�ZKLFK�WKDW�FUDIW�FRXOG� WKHQ�HQJLQHHU�DKHDG�RI
LWVHOI�D�ILHOG�RI�HQHUJ\�ZKLFK�LW�FRXOG�XVH�DV�SURSXOVLRQ��6R�ZKDW�WKH�NH\�IDFWRUV
DUH�WR�WKHVH�DVWURSK\VLFDO� MHWV��RI�KRZ�WKH\�DUH�VWUXFWXUHG�WR�NHHS�WKHLU�VWUHQJWK
DQG� VWDELOLW\�� IRU� LQVWDQFH��ZLOO� EH� DVVHPEOHG�KHUH� DQG� WKRVH�ZRUNLQJ�SULQFLSOHV
ZKHQ�HVWDEOLVKHG�DQG�IXUWKHU�GHYHORSHG��ZLOO�WKHQ�EH�XVHG�WR�SURJUHVVLYHO\�GHVLJQ
D� PHWKRG� E\� ZKLFK� D� FUDIW� FDQ� HQJLQHHU� IRU� LWVHOI� PLQLDWXUL]HG� KHOLFDO� WXEHV�
7KHVH�KHOLFDO�WXEHV��WKDW�ZLOO�VSDQ�IRU�WKH�8)2�IRU�PXFK�VKRUWHU�GLVWDQFHV�WKDQ
LQ� WKH� DVWURSK\VLFDO� PRGHOV�� PLJKW� WKHQ� DOORZ� WKDW� FUDIW� ZKHQ� LW� VHQGV
HOHFWURG\QDPLF�HQHUJ\�SDFNHWV� LQWR� WKHP�� WR� WUDYHUVH� WKURXJK� ORQJ�GLVWDQFHV�RI
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VSDFH� RU� WKURXJK� VKRUW� GLVWDQFHV� ZLWKLQ� HDUWK
V� DWPRVSKHUH� �DQG� HDUWK
V� RWKHU
PHGLXPV��

)LJXUH�����,QWHU�VWHOODU�PDJQHWLF�ILHOGV�RI�D�EODFN�KROH�DQG�DFFUHWLRQ�GLVN
:LWK�WKH�EHQHILW�RI�UDGLR� WHOHVFRSHV�ZH�KDYH�EHHQ�JDWKHULQJ� LQIRUPDWLRQ�DERXW
WKH�DVWURSK\VLFDO�MHWV�LQ�VSDFH�VLQFH�WKH�����
V�DQG�VR�ZH�NQRZ�D�JUHDW�GHDO�DERXW



61

QRW� RQO\� WKH� MHWV� EXW� DOVR� WKH� JDODFWLF� GULYH� V\VWHPV� WKDW� DFWXDOO\� SRZHU� WKHP�
7KHVH�SRZHU�V\VWHPV�FDQ�EH�EULHIO\�VXPPDUL]HG�DV�EHLQJ�WKH�UHVXOW�RI�D�JDV�FORXG
RXW� LQ� VSDFH� FRQGHQVLQJ� LQWR� D� URWDWLQJ� GLVN�� RU� VHULHV� RI� FRLOLQJ� HQHUJ\�VKHHWV
IORZLQJ� DURXQG�ZKDW� DSSHDUV� WR� EH� D� GHQVH�PDVV� �VXFK� DV� D� EODFN� KROH��� $QG
XSRQ� GUDZLQJ� LQWR� LWVHOI� WKH� PDJQHWLF� ILHOG� OLQHV� RI� VSDFH� DQG� WKHQ� ZUDSSLQJ
WKRVH�PDJQHWLF� ILHOG� OLQHV�DURXQG� LWVHOI� LQ�D�G\QDPR�OLNH�PRWLRQ�� VXFK�D�V\VWHP
WKHQ�EHFRPHV� DQ� HQJLQH� ZKLFK� JHQHUDWHV� KXJH� DPRXQWV� RI� HOHFWULFDOO\� SRODUL]HG
SDUWLFOHV��$QG�IXUWKHU��ZKLOH�FRLOLQJ� WKRVH�PDJQHWLF� ILHOG� OLQHV�DURXQG� LWVHOI� WKDW
HQJLQH
V�FKDUJHG�SDUWLFOHV�ZLOO�EH�DFFHOHUDWHG��E\�WKH�/RUHQW]�IRUFHV�RI�WKDW�FRLOHG
ILHOG��DV�D�SODVPD�IORZLQJ�LQVLGH�DQG�DURXQG�WKRVH�FRLOLQJ�PDJQHWLF�ILHOG�OLQHV��VR
WKDW� WKLV� URWDWLQJ� SODVPD� ZLOO� VXEVHTXHQWO\� OHDYH� WKDW� EODFN� KROH� V\VWHP� DV� D
UHODWLYLVWLF�YHORFLW\� MHW��7KLV�ZLOO�KDSSHQ�PDLQO\�EHFDXVH� DV� WKH�JDV� FORXG�RI� WKH
URWDWLQJ�GLVN�FRQWLQXHV�WR�JHQHUDWH�HQHUJ\��WKURXJK�LWV�G\QDPR�OLNH�PRWLRQ��WKDW
HQHUJ\�ZLOO�DOZD\V�PRYH� LQZDUG� WRZDUG� WKH�D[LV�RI� WKDW�GLVN
V� URWDWLRQ��EHFDXVH
WKDW
V�ZKHUH�WKH�PDJQHWLF�ILHOG�OLQHV�ZLOO�EH�PRVW�LQWHQVH��DQG�RI�FRXUVH�EHFDXVH
RI�WKH�JUDYLWDWLRQDO�SXOO�IURP�WKH�GHQVH�PDVV�DW�WKH�FHQWHU�RI�WKDW�URWDWLQJ�GLVN��
,Q�IDFW�� WKH�GHQVH�PDVV�RU�EODFN�KROH�VKRXOG�EH�DEOH� WR�GHDO�ZLWK� WKLV� LQIOX[�RI
HQHUJ\� EXW� LW� FDQ
W� EHFDXVH� WKHUH� LV� VR�PXFK� RI� LW�� DQG�PDWWHU�HQHUJ\� FDQ� RQO\
HQWHU� LQWR� D� EODFN� KROH� WKURXJK� WKH� KRUL]RQWDO� URWDWLQJ� SDWK� HVWDEOLVKHG� E\� LWV
DFFUHWLRQ�GLVN��DQG�EHFDXVH�WKH�FKDUJHG�SDUWLFOHV�LQ�WKDW�JDV�FORXG�FDQ�RQO\�PRYH
SHUSHQGLFXODU�WR�WKH�PDJQHWLF�ILHOG�OLQHV���DQG�VR�WKH�LQFRPLQJ�HQHUJ\�VWDFNV�XS
MXVW�DURXQG�WKH�RXWVLGH�RI�WKH�EODFN�KROH�DQG�LQVWHDG�RI�EHLQJ�VZDOORZHG�XS�E\
WKDW�EODFN�KROH�LW�GHYHORSV�LQWR�D�VWDWH�RI�H[WUHPH�H[FLWDWLRQ��7KLV�H[FLWDWLRQ�DQG
H[FHVV� RI� HQHUJ\� FDQ
W� JR� DQ\ZKHUH� RWKHU� WKDQ� XS� LQWR� WKH� FRLOHG�DURXQG
PDJQHWLF�ILHOG�OLQHV��KHQFH�WKH�MHWV�>QRWH���@�
7KDW� VRPH� RI� WKH� HQHUJ\�JHQHUDWLQJ� DQG� MHW�IRUPLQJ� PHFKDQLVPV� RI� DQ
DVWURSK\VLFDO�MHW�FDQ�EH�IRXQG�LQ�8)2�GULYH�V\VWHPV�VKRXOG�SRVVLEO\�EH�RI�JUHDW
LQWHUHVW� WR� WKH�DVWURSK\VLFLVW��$QG� ORRNLQJ�DW� WKLV�DQRWKHU�ZD\�� WKDW� VRPH�8)2
PHFKDQLVPV�ZKHQ�GHOLQHDWHG�DQG�LQVSHFWHG�PLJKW�OHDG�WR�D�JUHDWHU�XQGHUVWDQGLQJ
RI� WKH� JDODFWLF� GULYH� V\VWHPV� RI� VSDFH� VKRXOG� EH� RI� LQWHUHVW� WR� WKH� 8)2
UHVHDUFKHU�
$VWURSK\VLFDO�FRPSDULVRQV� WKDW�DUH�UHDGLO\�DSSDUHQW�ZLWKLQ� WKH�G\QDPLFV�RI� WKH
$QGUHDVVRQ� $IIDLU� 8)2� �DD8)2�� DUH�� WKH� VWURQJ� WRURLGDO� PDJQHWLF� ILHOG�� WKH
HUJRVSKHUH�� WKH� URWDWLQJ� YRUWH[�� WKH� DFFUHWLRQ�GLVN
V� VKHDULQJ� ILHOG�� WKH� SRORLGDO
PDJQHWRVSKHUH�� WKH� PDJQHWLF� IOX[� URWDWLQJ�MHW� ILODPHQW�WXEH�� WKH� LQHUWLDO� IUDPH
GUDJJLQJ��WKH�DYDODQFKH�LRQL]DWLRQ�SURFHVVHV�E\�PDJQHWLF�IOX[�OLQH�UHFRQQHFWLRQ�
WKH�HPLVVLRQ�RI�V\QFKURWURQ�UDGLDWLRQ��DQG�WKH�PDJQHWLF�ILHOG�DQFKRU�SRLQW���� WR
QDPH�EXW�D�IHZ��$V�ZHOO�DV�D�PHFKDQLVP�VLPLODU�WR�D�EODFN�KROH�WKDW�ZLOO�VWURQJO\
DPSOLI\�DQG�FRQVWDQWO\�VXSSO\�IRU�WKH�FUDIW
V�SURSXOVLRQ�ERWK�DQJXODU�PRPHQWXP
DQG�JUDYLWDWLRQDO�IRUFH�
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)LJXUH�����0DJQHWLF�ILHOGV�DQG�PDJQHWRVSKHUH�RI�$QGUHDVVRQ�8)2
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7KDW�HYHQ�RQH�RI�WKHVH�PHFKDQLVPV�FDQ�EH�IRXQG�LQ�D�8)2
V�SRZHU�GULYH�V\VWHP
VXJJHVWV�WKDW�WKH�(7�SK\VLFLVWV�KDYH�ZRUNHG�DORQJ�VFLHQWLILF�SULQFLSOHV�NQRZQ�WR
WKLV�ZRUOG��EXW�,�WKLQN�WKHUH�ZLOO�DOVR�EH�IRXQG�HYLGHQFH�WKDW�WKHVH�SK\VLFLVWV�PD\
KDYH�D�IHZ�IXUWKHU�WULFNV�XS�WKHLU�VNLQ�WLJKW�VOHHYHV�WR�DGG�WR�WKH�DERYH�OLVW��ZKLFK
ZH�RQ�HDUWK�KDYHQ
W�GDUHG�WR�ORRN�DW�\HW��EXW�FRXOG�EHQHILW�JUHDWO\�IURP��%XW��WR
UHLWHUDWH� WKH� SRLQWV�PDGH� DERYH�� LQ� RUGHU� IRU� XV� WR� H[WUDFW� D� WHFKQRORJ\� IURP
WKHVH�HQJLQHV�RI�VSDFH��OLNH�WKH�(7V��WKH�ELJ�TXHVWLRQ�LV��KRZ�PXFK�GR�ZH�NQRZ��
DERXW�KRZ�PXFK�WKH�(7V�NQRZ���DERXW�DVWURSK\VLFDO�MHWV�"�$QG�IRU�WKDW�PDWWHU��ZKDW
GR�:(�NQRZ�DERXW�WKH�MHWV�LQ�VSDFH�"
����-HWV�3URGXFHG�IURP�5RWDWLQJ��.HUU��%ODFN�+ROHV
7KH� ODWWHU� TXHVWLRQ� LV� HDVLO\� DQVZHUHG� EHFDXVH�� OXFNLO\�� WKH� GHEDWH� RYHU
DVWURQRPLFDO� MHW�PHFKDQLVPV�KDV�EHHQ�KRWO\�SXUVXHG�RQ�WKLV�SODQHW� IRU�RYHU���
\HDUV��VR�PXFK�VR�WKDW�WKLV�VFLHQFH�QRZ�IRUPV�D�YHU\�VXEVWDQWLDO�ERG\�RI�UHVHDUFK
ERWK� LQ� WKHRU\�DQG�VLPXODWLRQV� >QRWH���@��'DYLG�/��0HLHU�RI� WKH� -HW�3URSXOVLRQ
/DE��&DOLIRUQLD�,QVWLWXWH�RI�7HFKQRORJ\���IRU�LQVWDQFH��LQ�H[SHULPHQWV�WR�VLPXODWH
0+'�DFFHOHUDWHG�MHWV�PRGHOHG�IURP�DVWURSK\VLFDO�MHWV�KDV�IRXQG�RXW�KRZ�KLJKO\�
PDJQHWL]HG��UDSLGO\�URWDWLQJ�XOWUD�UHODWLYLVWLF�MHWV�FDQ�EH�HVWDEOLVKHG�DQG�KRZ�WKH\
DUH�VHOI�VWDELOL]LQJ�GXH�WR�WKH�LQHUWLD�RI�WKH�URWDWLQJ�PDJQHWLF�ILHOG�LWVHOI���DQG�DV
ORQJ�DV�WKH�MHW�WXEH��VD\V�0HLHU��LV�VWURQJO\�PDJQHWLFDOO\�GRPLQDWHG�WKHQ�LWV�ORQJ
ILODPHQW�WXEH�VWUXFWXUH�ZLOO�UHPDLQ�VWDEOH�DQG�LQWDFW��LQGHHG��VXEVHTXHQW�UHVHDUFK
E\�PDQ\�RWKHUV�KDV�HVWDEOLVKHG�D�YHU\�VWURQJ�FDVH�IRU�WKH�VWDELOLW\�RI�D�ILODPHQW�
WXEH� VXUURXQGHG�E\�DQ� LQILQLWHO\�ORQJ� WRURLGDO�PDJQHWLF� ILHOG���0HLHU
V�PRGHO� LV
DORQJ� WKH� OLQHV� RI� DQ� DFFUHWLRQ� GLVN� PDJQHWRVSKHUH� ZLWK� ILHOG� OLQHV� WZLVWLQJ
LQZDUG�WRZDUG�LWV�EODFN�KROH�DQG�RXWZDUG�DORQJ�LWV�D[LV�RI�URWDWLRQ�WR�FUHDWH�WKH
MHW�DV�D�WRUVLRQDO�$OIYpQ�ZDYH�ZKLFK�FXUOV�DURXQG�DQG�H[WHQGV�� WKURXJK�ZKDW� LV
NQRZQ�DV�D�3R\QWLQJ�IOX[�GRPLQDWHG�PHFKDQLVP��DORQJ�WKH�ORQJLWXGLQDO�D[LDO�OLQH
�WKH�]�D[LV��DZD\�IURP�WKH�EODFN�KROH�>QRWH���@�
:KDW� LV�PRVW� LQWHUHVWLQJ� DERXW�0HLHU
V� K\SRWKHVLV� LV�ZKHUH� KH� SRLQWV� RXW� WKDW
WKHUH� DUH� HVVHQWLDOO\� WZR� SDUWV� WR� WKH� KHOLFDO� MHW�� WKH� LQQHU� FRUH� �RI� DQ� XOWUD�
UHODWLYLVWLF�VSLQH��DQG�LWV�RXWHU�VKHDWK��RI�D�PLOGO\�UHODWLYLVWLF�WXEH���JLYLQJ�WKH�0��
MHW��9LUJR�$��DV�RQH�JRRG�H[DPSOH�RI�DQ�RXWVLGH�VKHDWK�ILHOG�VXUURXQGLQJ�D�FRUH
MHW� >0HLHU� ����@�� $QG� WKHQ�� WKURXJK� WKH� SURFHVV� RI� GLIIHUHQWLDO� URWDWLRQ� ZKLFK
WZLVWV� WKH� GLVN
V� ILHOG� WKH� UHVXOWDQW� PDJQHWLF�SUHVVXUH�GHQVLW\�JUDGLHQW� ZLOO
DFFHOHUDWH�WKH�ILHOG
V�SODVPD�IURP�WKH�GLVN�LQWR�WKH�KHOLFDO�ILHOG�RU�MHW�ZKLFK�ZLOO
H[WHQG�RXWZDUG�DORQJ�WKH�ORQJLWXGLQDO�D[LV�RI�WKH�GLVN�DQG�EODFN�KROH��VHH�ILJXUH
���RI� WKH�0��� MHW��� 6WDELOLW\�RI� WKH�KHOLFDO� ILHOG� LV� HVWDEOLVKHG� IURP�DQ� LQWHUSOD\
EHWZHHQ� WKH� UDGLDO�WR�D[LDO� �FHQWULSHWDO�� PDJQHWLF� WHQVLRQ� EDODQFLQJ� DJDLQVW� LWV
RXWZDUG�IRUFLQJ�FHQWULIXJDO�IRUFH��*UHDW�LPSRUWDQFH�LV�SODFHG�XSRQ�WKLV�LQZDUG�
IORZLQJ� IRUFH� FDOOHG� WKH� �KRRS�� VWUHVV�� DV� LW� SLQFKHV� LQZDUG� DQG� FROOLPDWHV� WKH
FXUOLQJ�MHW�
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)LJXUH�����7KH�ZHOO�FROOLPDWHG�0���JDOD[\�MHW
,QGHHG�� WKH� VWDELOLW\� RI� D� URWDWLQJ� KHOLFDO� HQHUJ\� ILHOG� ZLOO� EH� WKH�PXFK� VRXJKW
DIWHU� SUH�UHTXLVLWH� IRU� DQ\� 8)2� WR� HVWDEOLVK� LQ� LWV� H[WHQGHG� HQHUJ\� ILHOG�� DQG
PXFK�RI�WKDW�VWDELOLW\�ZLOO�FRPH�IURP�WKH�KHOLFDO�QDWXUH�RI�WKH�PDJQHWLF�IOX[�OLQHV
RI� WKH� ILODPHQW�WXEH�� $1'� IURP� WKH� KHOLFDO� QDWXUH� RI� WKH� HOHFWULFDOO\�FKDUJHG
SDUWLFOHV�ZKLFK�ZLOO�EH�DFFHOHUDWHG�XS�DORQJ�WKH�RXWHU�ZDOO�RI�WKDW�PDJQHWLF�WXEH�
$QG�DV�LW�ZLOO�EH�VHHQ�IXUWKHU�LQWR�WKLV�FKDSWHU��WKH�DELOLW\�WR�PDLQWDLQ�D�EDODQFH
EHWZHHQ�WKH�LQZDUG�KRRS�VWUHVV�DQG�WKH�RXWZDUG�FHQWULIXJDO�IRUFH�LQ�D�KHOLFDO�WXEH�
ZLOO�EH�WKDW�ZKLFK�GHWHUPLQHV�WKH�VWDELOLW\�RI�WKDW�KHOLFDO�WXEH��DQG�ZLOO�EH�RQH�RI
WKH�PRVW�LPSRUWDQW�IDFWRUV�WR�EH�FRQVLGHUHG�ZKHQ�LW�FRPHV�WR�WKH�GXSOLFDWLRQ�RI
VXFK�DQ�HQHUJ\�V\VWHP�IRU�WKHVH�QHZ�GRPHG�FUDIW�>QRWH���@�
-XVW�WR�HPSKDVL]H�WKH�HQRUPLW\�RI�WKHVH�HQHUJ\�DFFHOHUDWLRQ�V\VWHPV�RXW�LQ�VSDFH
WKH� UHDGHU� PLJKW� OLNH� WR� ORRN� DW� WKH� MHWV� RI� &\JQXV� $�� ++��� RU� 1*&�����
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SDUWLFXODUO\�ZKHUH��DV�LQ�VRPH�FDVHV��WKHVH�DVWURSK\VLFDO�MHWV�H[WHQG�WR�PHJDSDUVHF
OHQJWKV��PSF�a��[������FP��\HW�TXLWH�LQFUHGLEO\�KDYH�RSHQLQJ�DQJOHV�DV�QDUURZ�DV
MXVW�RQH�GHJUHH�>QRWH����@��,Q�SDUWLFXODU�WKRXJK��WKH�EHVW�H[DPSOH�RI�VXFK�D�MHW�LQ
VSDFH�LV�1*&������ZKLFK�FOHDUO\�KDV�JRRG�FROOLPDWLRQ��RI�RQO\���GHJUHHV��DQG�DQ
LPSUHVVLYH�OHQJWK�RI�PRUH�WKDQ������.P���)RU�DQ�LQWHUHVWLQJ�FRPSDULVRQ�LQ�ERWK
WKHLU�IRUPV�VHH�WKH�LPDJH�RI�RQH�RI�WKH�IUDPHV�IURP�WKH�0H[LFR�8)2
V�HQHUJL]HG
ILODPHQW�WXEHV��DQG�WKH�LPDJH�RI�DVWURSK\VLFDO�MHW�1*&������ZKLFK�LV�PLOOLRQV�RI
PLOHV�LQ�OHQJWK�

)LJXUH�����&RPSDULVRQ�RI�WKH�1*&�����MHW�DQG�D�IUDPH�IURP�RQH�RI�WKH�EHDP
SURSXOVLRQ�8)2V�ILOPHG�RYHU�0H[LFR
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&DQ�ZH�VHH�KHUH�D�FRPSDULVRQ�ZLWK�D�8)2�GULYH�PHFKDQLVP�"�,Q�WKH�VHTXHQFH�RI
IUDPHV� LQ� WKH� 0H[LFR� 8)2� YLGHRV� ZKDWHYHU� ZDV� DW� WKH� ERWWRP� RI� WKH� WXEH
�FLUFOHG�� WUDYHUVHV� WKLV� WXEH� DW� YHU\� KLJK� YHORFLW\� DQG� WKHQ� DIWHU� PRPHQWDULO\
SDXVLQJ� VHHPV� WR� ULVH� DJDLQ� LQWR� DQRWKHU�PRUH� GLVWDQW� WXEH�� DQG� WKHQ� DJDLQ� WR
VKRRW�XSZDUG�WKURXJK�D�KLJKHU�FXUYH��DQG�ZKHQ�WKH�8)2�WUDYHUVHV�WKDW�WXEH� LW
SDXVH� PRPHQWDULO\� DJDLQ� EHIRUH� MXPSLQJ� XS� \HW� DQRWKHU� WXEH� XQWLO� ILQDOO\� WKH
FUDIW�GLVDSSHDUV�RXW�RI�VLJKW�LQWR�WKH�XSSHU�VWUDWRVSKHUH�RI�FORXGV��,QWHUHVWLQJO\
WKH� YLGHR� VKRZV� WKDW� WKH� LQLWLDO� WXEH� UHPDLQV� LQWDFW� LQ� WKH� DLU� XQWLO� WKH� FUDIW
UHDFKHV� WKH� WRS� RI� LW�� DW� ZKLFK�PRPHQW� �ZKLOH� WKH� QH[W� IRUZDUG� WXEH� LV� EHLQJ
HQHUJL]HG��WKH�LQLWLDO�WXEH�EHKLQG�WKH�8)2�VORZO\�GLVSHUVHV�LQWR�WKH�DLU�
:KLOH�WKH�DERYH�H[DPSOH�RI�D�8)2
V�ILODPHQW�WXEH�ZLOO�VKHG�LWV�P\VWHU\�ODWHU�LQ
WKLV� VWXG\� �WKURXJK� FKDSWHUV� ��� �� DQG� ����� IXUWKHU� H[DPSOHV� �DQG� PRUH
PDWKHPDWLFDO�HTXDWLRQV��RI�WKH�DVWURSK\VLFDO�SURFHVVHV�RI�MHW�JHQHUDWLRQ�DUH�JLYHQ
LQ� VWXGLHV� E\� >7VLQJDQRV@� DQG� >/L�/RYHODFH@� >QRWH�� ��@�� 7KH� >7VLQJDQRV@� VWXG\
H[SODLQV� LQ�VLPSOH�PDWKHPDWLFV�KRZ�WKH�D]LPXWKDO�DFFUHWLRQ� ILHOG�DW� ILUVW�JURZV
RXWZDUG� IURP� WKH� D[LV� RI� URWDWLRQ�� DQG� WKHQ� LW� VKRZV� KRZ� WKH� PRUH� H[WUHPH
IRUFHV�H[HUWHG�E\�WKH�VKHDULQJ�G\QDPLFV�RI�WKH�GLVN�WKHQ�UHWXUQ�DQG�PRYH�EDFN
WRZDUG�WKH�D[LV��ERWK�DERYH�DQG�EHORZ�WKH�EODFN�KROH��ZKLFK�WKHQ�UHVXOWV�LQ�WKH
IRUPDWLRQ�RI�WKH�F\OLQGULFDO�MHW�RXWIORZV��FRPSOHWH�ZLWK�WKHLU�KRRS�VWUHVVHV���7KLV
ODWWHU�VWXG\�ZRUNV�RQ�WKH�SULQFLSOH�RI�WKHUH�EHLQJ�D�SRORLGDO�PDJQHWLF�ILHOG�ZKLFK
JHQHUDWHV�URWDWLRQDO�DQG�PDJQHWLF�SUHVVXUHV�ZKLFK�OHDG�WR�WHQVLOH�IRUFHV�LQVLGH�WKH
MHWV�
2I�LQWHUHVW�WR�8)2�UHVHDUFK�ZLOO�EH�WKH�ZD\�WKH�D]LPXWKDO�DFFUHWLRQ�ILHOG�ZKHQ�LW
KDV� JDLQHG� VXIILFLHQW� URWDWLRQDO� HQHUJ\�� ZLOO� DOVR� SXVK� XSRQ� WKH�PDJQHWLF� ILHOG
OLQHV� WR� EXQFK� WKHP� LQWR� D� ZDOO� DW� WKH� HYHQW� KRUL]RQ� RI� WKH� EODFN� KROH� �DV
PHQWLRQHG�LQ�WKH�EULHI�VXPPDU\�DERYH�LQ�WKH�SUHYLRXV�VHFWLRQ���DGGLQJ�/RUHQW]
IRUFH�WR�WKH�UDGLDO�WR�D[LDO�IORZ�RI�FKDUJHG�SDUWLFOHV�WRZDUG�WKH�D[LV�ZKLFK�FRLOV
WKH� FKDUJHG� SDUWLFOHV� DURXQG� WKRVH�PDJQHWLF� ILHOG� OLQHV� >.KDQQD@�� 7KLV� IROORZV
WKH� RIW� PHQWLRQHG� REVHUYDWLRQ� LQ� EODFN� KROH� SK\VLFV� WKDW� WKH� IOX[� OLQHV� RI� D
PDJQHWLF�ILHOG�ZKLFK�OLQNV�WKH�EODFN�KROH�WR�WKH�DFFUHWLRQ�GLVN�FDQ�RQO\�OLQN�WR�WKH
EODFN� KROH� RQ� WKH� RXWVLGH� RI� LWV� HYHQW� KRUL]RQ�� %HFDXVH�� DV� LV� VKRZQ� LQ� PDQ\
VWXGLHV��QR�PDJQHWLF�IOX[�OLQHV�FDQ�DFWXDOO\�H[LVW� LQVLGH�RI�WKH�EODFN�KROH�DQG�VR
WKRVH�IOX[�OLQHV�ZLOO�EXQFK�XS�RXWVLGH�RI�WKDW�EODFN�KROH
V�HYHQW�KRUL]RQ���ZKLFK
LV�REYLRXVO\�D�SRZHU�DPSOLILFDWLRQ�PHFKDQLVP�ZKLFK�FDQ�EH�WDNHQ�DGYDQWDJH�RI
>3XQVO\� ����@��$OVR� H[SODLQHG� LQ� >7VLQJDQRV@� LV� WKH� LPSRUWDQW� REVHUYDWLRQ� WKDW
YHU\� ZHDN� FROOLPDWLRQ� RI� WKDW� F\OLQGULFDO� MHW� ILHOG� ZLOO� UHVXOW� LI� LWV� URWDWLRQDO
YHORFLW\� LV� WRR� ORZ� �JLYLQJ� DV� D� UHIHUHQFH� WKH� URWDWLRQDO� YHORFLW\� RI� RXU� VXQ��
ZKHUHDV� D� UDSLGO\� URWDWLQJ� ERG\� �URWDWLQJ� ��� WLPHV� IDVWHU� WKDQ� RXU� VXQ�� ZRXOG
UHVXOW�LQ�D�PXFK�PRUH�WLJKWO\�FROOLPDWHG�DQG�PRUH�VWDEOH�MHW��7KLV�SULQFLSOH��WKDW�WKH
URWDWLRQDO� YHORFLW\� RI� WKH� ILODPHQW�WXEH� FDQ� GHWHUPLQH� WKH� VWDELOLW\� RI� WKDW
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ILODPHQW�WXEH�� ZLOO� REYLRXVO\� EH� RQH� RI� JUHDW� LPSRUWDQFH�� HVSHFLDOO\� LI� RQH
FRQVLGHUV� WKDW� WKH�PRUH� DQ� HQHUJ\� ILHOG� LV� URWDWHG� WKH�PRUH� LWV� HOHFWURPDJQHWLF
IRUFHV�ZLOO�EH�DPSOLILHG��DQG�WRR�LWV�JUDYLWDWLRQDO�IRUFHV�DFFRUGLQJ�WR�>=HOGRYLFK
����@���6R�KHUH�DOUHDG\�DUH�WKUHH�IDFWRUV�WKDW�FDQ�EH�XVHG�LQ�8)2�G\QDPLFV���D��DV
WKH�PDJQHWLF�IOX[�ZLOO�EH�PRUH�LQWHQVH�DURXQG�WKH�HYHQW�KRUL]RQ��VR�WKHUH�ZLOO�EH
DQ�HOHFWUR�PHFKDQLFDO�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WKH�LQVLGH�DQG�WKH�RXWVLGH�RI
WKDW� ILHOG��E�� WKDW� WKHUH�ZLOO�EH�D� WKUHVKROG� URWDWLRQDO� VSHHG�ZKHUH� WKH� ILODPHQW�
WXEH
V�FROOLPDWLRQ�JRHV�IURP�XQVWDEOH� WR�VWDEOH��DQG�F�� WKDW� WKH�DPSOLILFDWLRQ�RI
WKH�8)2
V�SURSXOVLRQ� IRUFH� LQVLGH� LWV� ILODPHQW�WXEH�ZLOO� EH�SURSRUWLRQDO� WR� WKH
ERUH�GLDPHWHU� RI� WKDW� WXEH� ZKLFK� LW� H[WHQGV� DKHDG� RI� LW� �WKLV� YHU\� LPSRUWDQW
IDFWRU�ZLOO�EH�IXUWKHU�H[SDQGHG�XSRQ�LQ�ODWHU�FKDSWHUV��
7KLV� 
WXQLQJ
� RI� WKH� ILODPHQW�WXEH� WR� GHWHUPLQH� SURSXOVLRQ� KDV� DOUHDG\� EHHQ
SURSRVHG� LQ� -HII� 6DYDJH
V� PRGHO� RI� WKH� 2QLRQ� 8)2� SRZHU�GULYH� V\VWHP�
ZKHUHE\� WKH� KRRS� VWUHVV� RI� LWV� ILODPHQW�WXEH� ZRXOG� EH� ZRXQG�LQ� WR� IRUP� D
WLJKWO\�FROOLPDWHG� ILODPHQW�WXEH� VR� WKDW� LWV� 8)2� FDQ� WULJJHU� D� VKRFN�IRUFH
DFFHOHUDWLRQ�� RU� DOWHUQDWLYHO\� LI� WKDW� 8)2
V� URWDWLQJ� EHDP
V� KRRS� VWUHVV� LV
VODFNHQHG�RII�VR�WKDW� LWV�ILODPHQW�WXEH� LV�VSUHDG�RXW� LQWR�D� ODUJHU�ERUH�WKHQ�WKDW
FUDIW�ZLOO�XQGHUJR�D�VORZHU�DFFHOHUDWLRQ�
6R�YHU\�HDUO\�LQWR�WKLV�VWXG\�WKHUH�LV�VXEVWDQWLDO�SURJUHVV�LQ�XQGHUVWDQGLQJ�KRZ�D
8)2�ZRUNV�
����0HFKDQLVPV�IRU�3URGXFWLRQ�RI�(OHFWURQ�3RVLWURQ�$YDODQFKHV
$FWXDOO\��MXVW�DIWHU�,�HPEDUNHG�RQ�WKLV�VWXG\�RI�8)2V�DQG�DVWURSK\VLFDO�G\QDPLFV
,�ZDV�WROG�E\�RQH�RU�WZR�UHVHDUFKHUV�WKDW�VSDFH�ZDV�HPSW\�DQG�WKDW�EHFDXVH�RI�LW
EHLQJ� D� YDFXXP� LW�ZDV� FRPSOHWHO\� YRLG�RI� DQ\� HQHUJ\��$SSDUHQWO\�� WR� D� FHUWDLQ
VXE�VHW� RI� VHHPLQJO\�ZHOO�HGXFDWHG� SHRSOH� WKLV� LV� FRPPRQ� NQRZOHGJH�� %XW�P\
DUJXPHQW�WR�WKRVH�SHRSOH�LV�WKLV��ZHOO�LI�VSDFH�LV�D�YDFXXP�DQG�LV�HPSW\�ZKDW�WKH
KHOO�DUH�WKH\�VWDQGLQJ�RQ�"
,� ILQG� WKH� PHFKDQLVPV� RI� HQHUJ\�SURGXFWLRQ� LQ� VSDFH� LPPHQVHO\� IDVFLQDWLQJ�
6XFK�HQHUJ\�LV�DV�UDZ�DV�LW�FDQ�EH��(MHFWLRQV�RI�SRZHUIXO�EXUVWV�RI�HQHUJ\�LQ�VSDFH
FDQ�OLWHUDOO\�EH�WKH�KDUELQJHUV�RI�ERWK�OLIH�DQG�GHDWK��6R�ZKDW�,�VKDOO�GR�QH[W� LQ
WKLV� FKDSWHU� LV� JLYH� D� ORW� RI� DWWHQWLRQ� WR� WKH� YDULRXV� HQHUJ\� SURGXFWLRQ
PHFKDQLVPV�IRXQG�LQ�VSDFH��IRU�WKH�SXUSRVH�RI�EULQJLQJ� LQ�VLPLODUO\�FRQILJXUHG
PHFKDQLVPV� REVHUYDEOH� LQ� PDQ\� 8)2� VWUXFWXUHV� DQG� LQ� PDQ\� 8)2� HQHUJ\
VLJQDWXUHV�� ,Q� WKLV� ZD\� ,� KRSH� WR� NHHS� WKH� UHDGHU� JOXHG� WR� WKH�PDUYHOV� RI� (7
WHFKQRORJLFDO�GHVLJQ��DQG�RI�FRXUVH�DZDNH��
&RQWUDU\�WR�WKH�,�ILQN�LWV�HPSW\�EULJDGH
V�YLHZ�RI�VSDFH��LQ�UHDOLW\�VSDFH�HQHUJLHV
WHQG� WR� FRPH� LQWR� H[LVWHQFH� WKURXJK� YLROHQW� WUDQVIRUPDWLRQV�� VXFK� DV� KDSSHQV
ZKHQ� EUHDNGRZQV� RFFXU� LQ� WKH� IDEULF� RI� VSDFH�WLPH� ZKHQ� DQ� HOHFWURPDJQHWLF
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VWUHVV� LV� SODFHG� XSRQ� WKDW� VHHPLQJO\� QHEXORXV� IDEULF�� 7KHVH� EUHDNGRZQV� WKHQ
SURGXFH�DYDODQFKHV�RI�HOHFWURQV�DQG�SRVLWURQV�RXW�RI�WKDW�VR�FDOOHG�YDFXRXV�QRWKLQJ�
3K\VLFLVWV�DVFULEH�WKLV�HOHFWURQ�SRVLWURQ�SDLU�SURGXFWLRQ�WR�WKH�QRWLRQ�WKDW�VSDFH
LV� LQ� DFWXDO� IDFW� D� WKULYLQJ� PLOO� RI� YLUWXDO� HQHUJLHV� ZLWK� XQOLPLWHG� SRWHQWLDO�� DQG
REYLRXVO\� WKH� MHWV� FRPLQJ�RXW�RI�EODFN�KROHV� DUH� OLYLQJ�SURRI�RI� WKDW� DEXQGDQW
HQHUJ\�SURGXFWLRQ��&HUWDLQO\� LW� LV�ZHOO�NQRZQ�WKURXJK�DVWURSK\VLFDO� VWXGLHV� WKDW
WKHUH�DUH�D�ZKROH�UDQJH�RI�ZD\V�WKH�VSDFH�WLPH�IDEULF�FDQ�EH�VWUHVVHG��DV�WKHUH�DUH
D�ZKROH� YDULHW\� RI�PHFKDQLVPV�ZKLFK� OHDG� WR� WKH� SURGXFWLRQ� RI� DYDODQFKHV� RI
HOHFWURQ�SRVLWURQ�SDLUV��.QRZOHGJH�DERXW�WKHVH�PHWKRGV�RI�HQHUJ\�SURGXFWLRQ�LV
YHU\�H[WHQVLYH�PDLQO\�EHFDXVH�WKH\�KDG�WR�EH�ZHOO�UHVHDUFKHG�LQ�RUGHU�WR�H[SODLQ
WKH�KXJH�JHQHUDWLRQV�RI�FKDUJHG�SDUWLFOHV�ZKLFK�JR�LQWR�WKH�IRUPDWLRQ�RI�SODVPD
FORXGV�IRXQG�WKURXJKRXW�VSDFH��DQG�WR�H[SODLQ�WKH� ODUJH�HOHFWULF�FXUUHQWV�ZKLFK
DUH� UHTXLUHG� WR� SRZHU� WKH� QXPHURXV� HMHFWLRQ� HYHQWV�� ZKLFK� UDQJH� IURP�PLQRU
RXWEXUVWV��VXFK�DV�RXU�VXQ
V�VRODU�IODUHV��WR�WKH�JDUJDQWXDQ�JDODFWLF�MHWV�WKDW�EODVW
WKURXJK�VSDFH�IRU�PLOOLRQV�RI�PLOHV�PXFK�OLNH�WKH�1*&������MHW�FLWHG�DERYH�
%XW�LW�LV�LPSRUWDQW�WR�HPSKDVL]H�KHUH�WKDW�WKLV�LQVSHFWLRQ�RI�WKH�HQJLQHV�RI�VSDFH
IRU�VRXUFHV�RI�HQHUJ\�SDUWLFOHV�SULPDULO\�LQYROYHV�WKH�JDODFWLF�HQHUJ\�V\VWHPV�WKDW
GHYHORS�IURP�FROG�SODVPDV��2U�WKDW�WKH\�ZLOO�LQYROYH�WKH�FROG�ELSRODU�JDVHV�WKDW
VXEVHTXHQWO\� SDVV� WKURXJK� YDULRXV� WKHUPRG\QDPLF� FKDQJHV� GXULQJ� WKHLU
DFFHOHUDWLRQV��DV� LQ� WKH�>%ODQGIRUG�3D\QH@�DQG� >8FKLGD�6KLEDWD@� WKHRULHV��7KLV� LV
WR�GLIIHUHQWLDWH�WKHVH�HQHUJ\�SURGXFWLRQ�VRXUFHV�IURP�WKH�
KRW
�V\VWHPV�VXFK�DV�LV
IRXQG� LQ� $(� $TXDULL� ZKLFK� ZKLOH� WKLV� ZKLWH� GZDUI� GRHV� KDYH� D� PDJQHWLF

SURSHOOHU�PHFKDQLVP
�ZLWK�ZKLFK�LW�HMHFW�LWV�KXJH�DPRXQWV�RI�PDWWHU��LWV�SODVPDV
DUH�LQ�WKH�UHJLRQ�RI�����.�GHJUHHV�DQG�DUH�UHDGLO\�LRQL]HG�E\�LQWHQVH�KHDW�>QRWH�
��@��6R�UDWKHU�WKDQ�IROORZ�HDUWK�VFLHQFH
V�SUHSRQGHUDQFH�IRU�VHHLQJ�PHJD�HQHUJ\
SURGXFWLRQ�RQO\� WKURXJK� WKHUPRG\QDPLFV� ,� VKDOO�PDNH� WKH�EROG� ERDVW� WKDW� WKH
H[WUDWHUUHVWULDO�SK\VLFLVW�DSSHDUV�WR�SUHIHU�XVLQJ�QRQ�WKHUPRG\QDPLF�PHFKDQLVPV
RI� SDUWLFOH� SURGXFWLRQ�� ZKLFK� JHQHUDWH� FKDUJHG� SDUWLFOHV� WKURXJK� GLVVLSDWLRQ�
&RPSWRQ� DQG� LQYHUVH�&RPSWRQ� VFDWWHULQJ�� PDJQHWLF� ILHOG� UHFRQQHFWLRQ�� DQG
FXUYDWXUH� UDGLDWLRQ� LRQL]DWLRQ�� 7KDQNIXOO\� PDQ\� RI� WKHVH� SDUWLFOH� SURGXFWLRQ
PHFKDQLVPV� DUH� IDYRUHG� WKURXJKRXW� WKH� QXPHURXV� VWXGLHV� RI� EODFN� KROHV�
DFFUHWLRQ�GLVNV��DQG�DVWURSK\VLFDO�MHWV�
2QH� LQ� SDUWLFXODU� RI� WKHVH� FROG� PHFKDQLVPV� LV� PHQWLRQHG� LQ� WKH� >%ODQGIRUG�
=QDMHN@� SDSHU� DQG� LV� RQH� ZKLFK� ZLOO� EH� RI� LQWHUHVW� LQ� 8)2� G\QDPLFV�� 7KH
PHFKDQLVP� LV� FDOOHG� VSDUN�JDS� LRQL]DWLRQ�� ,W� VXJJHVWV� WKDW� D� VSDUN� JDS� ZLOO
GHYHORS� DFURVV� DOO� FRQFHQWULF� HOHFWULF� ILHOG� OLQHV� LQ� D� UDGLDOO\� H[SDQGLQJ� HOHFWULF
ILHOG���ZKLFK��LI�\RX�FDQ�LPDJLQH�DQ�HOHFWULF�ILHOG�HPDQDWLQJ�IURP�D�FHQWUDO�VSKHUH�
IRU�LQVWDQFH�D�URWDWLQJ�EODFN�KROH��DQG�KDYLQJ�KLJKHU�DQG�KLJKHU�HOHFWULFDO�FKDUJH
DV�WKDW�ILHOG�H[SDQGV�DZD\�IURP�WKH�FHQWUDO�VSKHUH�� WKHQ�WKDW�HOHFWULFDO�ILHOG�ZLOO
EH�VHHQ�WR�EH�FRPSRVHG�RI�D�ZKROH�QXPEHU�RI�FRQFHQWULF�VSKHUHV�RI�HOHFWULFDO
HQHUJ\��,W�ZLOO�WKHQ�EH�QRWLFHG�DOVR�WKDW�DQ�HOHFWULFDO�SRWHQWLDO�ZLOO�H[LVW�EHWZHHQ
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HDFK�FRQFHQWULF�VSKHUH��7KH�ODWWHU�LPDJH�EHFRPHV�LQWHUHVWLQJ�ZKHQ�HOHFWURQV�DQG
SRVLWURQV� DUH� SODFHG� LQWR� WKRVH� FXUYHG� FRQFHQWULF� ILHOG� OLQHV� EHWZHHQ� WKRVH
VSKHUHV�� %HFDXVH� DV� LQ� WKH� FDVH� RI� D� VLQJOH� HOHFWURQ� �RU� SRVLWURQ��� LW� ZLOO� EH
DFFHOHUDWHG�DORQJ�WKRVH�FXUYHG�OLQHV�E\�WKHVH�FRQFHQWULF�SRWHQWLDO�GLIIHUHQFHV�DQG
LW�ZLOO� UHDFK� D�KLJK� HQRXJK� OHYHO� RI� HQHUJ\� WR� WKHQ� UDGLDWH� JDPPD�UD\�SKRWRQV
DZD\� IURP� LW� �E\� WKH� FXUYDWXUH� UDGLDWLRQ� SURFHVV��� 7KHVH� HPLWWHG� JDPPD�UD\V�
VKRRWLQJ�RII�DW�D�WDQJHQW��ZLOO�WKHQ�FROOLGH�ZLWK�WKH�RWKHU�HOHFWURQV�DQG�SRVLWURQV�
IRU� LQVWDQFH�� WUDYHUVLQJ� WKH� QH[W� RXWHU� FRQFHQWULF� VSKHUH� DORQJ� WKHLU� FXUYLQJ
PDJQHWLF� ILHOG�� WR� WKHQ� SURGXFH� PRUH� HOHFWURQ�SRVLWURQ� SDLUV� IURP� WKRVH
FROOLVLRQV� DQG�PRUH� JDPPD�UD\V�� DQG� WKHVH� LQ� WXUQ�ZLOO� GR� WKH� VDPH� WR� FROOLGH
ZLWK�RWKHU�SDUWLFOHV��DQG�VR�WKH�SURFHVV�ZLOO�UHSHDW�DQG�WKH�UHVXOW�ZLOO�EH�PDVVHV
DQG� PDVVHV� RI� HOHFWURQV� DQG� SRVLWURQV� VKRRWLQJ� RII� LQ� RSSRVLWH� GLUHFWLRQV� DOO
DURXQG� WKDW� PDJQHWLF� ILHOG�� 7KLV� SURFHVV�� KDSSHQLQJ� WR� DOO� HOHFWURQV� DQG� DOO
SRVLWURQV� LQ� HDFK� FRQFHQWULF� OD\HU� DOO� DW� WKH� VDPH� WLPH�� ZLOO� FDXVH� D� FRQWLQXDO
SURGXFWLRQ�RI�FKDUJHG�SDUWLFOHV��ZKLFK� LV� D�SURFHVV�NQRZQ�DV� HOHFWURQ�SRVLWURQ
DYDODQFKLQJ��7KH�VDPH�SURFHVV�ZLOO�KDSSHQ�WR�FRQFHQWULF�ULQJV�RI�HOHFWULF�ILHOGV��RI
FRXUVH�� )RU� WKLV� UHDVRQ� DORQH� FLUFXODU� HQHUJ\� JHQHUDWRUV� ZLOO� DOZD\V� EH� PRUH
HIILFLHQW�WKDQ�DQJXODU�RQHV�
2EYLRXVO\��WKH�UHDVRQ�ZK\�,�PHQWLRQ�WKLV�DVWURSK\VLFDO�SURFHGXUH�KHUH�LV�EHFDXVH
WKH�VDPH�SURFHGXUH�IRU�SDUWLFOH�SURGXFWLRQ�FDQ�EH�IRXQG�LQ�WKH�DD8)2
V�LQWHUQDO
ILHOGV�RI�URWDWLQJ�HQHUJ\�ZKLFK�ZLOO�DOVR�KDYH�D�VHULHV�RI�FRQFHQWULF�HOHFWULF�ILHOGV�
ZKLFK�ZLOO�YDU\� LQ�SRWHQWLDO�EHWZHHQ�LWV�FHQWUDO�YRUWH[�DQG�WKH�FUDIW
V�RXWHU�ULP�
6R� WKH� DD8)2
V� URWDWLQJ� HQHUJ\� ILHOGV� ZLOO� KDYH� WKH� SRWHQWLDO� WR� DOVR� SURGXFH
HOHFWURQ�SRVLWURQ� SDLUV� ZKHQ� LWV� ILHOG
V� URWDWLRQDO� PRPHQWXP� UHDFKHV� D� FULWLFDO
YHORFLW\��ZKLFK�ZLOO�EH�GHWDLOHG�LQ�ODWHU�FKDSWHUV���,W�VKRXOG�EH�QRWHG�DOVR�WKDW�WKH
6HDUO�(QHUJ\�*HQHUDWRU�ZLOO�KDYH�WKLV�FRQFHQWULF�ILHOG�DUUDQJHPHQW�LQ�LWV�WRURLGDO
HQHUJ\� ILHOG� �D� IDFWRU� ZKLFK� ZLOO� EH� JRQH� LQWR� PRUH� WKRURXJKO\� HOVHZKHUH� LQ
FKDSWHU���RI�WKLV�VWXG\��>QRWH����@�
6WXG\� E\� VWXG\� DVWURSK\VLFDO� UHVHDUFKHUV� KDYH� VKRZQ� GLIIHUHQW� SUHIHUHQFHV� IRU
GLIIHUHQW� LRQL]DWLRQ�PHFKDQLVPV�� )RU� LQVWDQFH�� GLVVLSDWLRQ� LRQL]DWLRQ� FDQ� FRPH
DERXW�E\�FR�URWDWLQJ�YLVFRXV�VKHDULQJ�ILHOGV�RU�E\�WKH�EUHDNLQJ�DQG�UHFRQQHFWLRQ
RI� PDJQHWLF� ILHOG� OLQHV�� DQG� WKHVH� IRUP� MXVW� WZR� RI� WKH� PHWKRGV� RI� HQHUJ\
SURGXFWLRQ� IURP� D� YHU\� ODUJH� UDQJH� RI� PHWKRGV� IDYRUHG� WKURXJKRXW� WKH
>%ODQGIRUG�3D\QH@� VWXG\� RI� HOHFWURQ�SRVLWURQ� SURGXFWLRQ�� ZKLOH� WKH� VWXGLHV� RI
>3XQVO\�&RURQLWL� ����E@� DQG� >3XQVO\� ����@� HPSKDVL]H� D� SDUWLFXODU� >%ODQGIRUG�
=QDMHN@� JDPPD�UD\� DQG� 89� SKRWRQ� &RPSWRQ�FROOLVLRQ� PHWKRG� RI� SURGXFLQJ
HOHFWURQ�SRVLWURQ�SDLUV��7KLV�ODWWHU�PRGHO�RI�D�EODFN�KROH�G\QDPLFV�KDV�LWV�SODVPD
DOLJQHG�WR�WKH�LQWHUVWHOODU�PDJQHWLF�ILHOG� OLQHV� WKDW� WKUHDG�WKURXJK�WKH�HTXDWRULDO
SODQH� RI� WKH� DFFUHWLRQ� GLVN� MXVW� RXWVLGH� WKH� HYHQW� KRUL]RQ�� VR� WKDW� WKH� SODVPD
HYROYHV� LQWR� D� GLVN�� ZKLFK� FRXOG� EH� GHVFULEHG� DV� D� FRQGHQVDWH� RI� HOHFWURQ�
SRVLWURQ� SDLUV� �DQG� ZKLFK� IRUPV� LQWR� WZR� VWUHDPV� RI� FRXQWHU�URWDWLQJ� SODVPD
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FHQWHUHG�DW�WKH�HTXDWRULDO�SODQH�RI�WKH�EODFN�KROH���-XVW�WR�UHPLQG�WKH�UHDGHU�RI
WKH� SURFHVV�� LW�ZLOO� EH� IURP� WKLV� SODVPD� EHLQJ� KLJKO\� FRQGXFWLYH� WKDW� LW�ZLOO� EH
H[SHFWHG� WKDW� WKH� LQWHUVWHOODU�PDJQHWLF� ILHOG� OLQHV� ZLOO� EHFRPH� IUR]HQ� LQWR� WKDW
SODVPD�ZKLFK�URWDWHV�ZLWKLQ�WKH�DFFUHWLRQ�GLVN��DQG�DV�WKH�GLVN�URWDWHV�LW�ZLOO�GUDJ
DQG� WZLVW� WKRVH� PDJQHWLF� ILHOG� OLQHV�� SXOOLQJ� WKHP� WRJHWKHU�� %XW�� DV� ZLOO� EH
REVHUYHG�D�OLWWOH�ODWHU�LQWR�WKLV�VWXG\�LW�ZLOO�EH�WKH�ILUVW�WZR�LRQL]DWLRQ�PHFKDQLVPV
PHQWLRQHG�DERYH��DV�IDYRUHG�LQ�WKH�%ODQGIRUG�3D\QH�VWXG\��WKDW�ZLOO�IHDWXUH�WKH
PRVW�SURPLQHQWO\�LQ�WKH�DD8)2·V�HOHFWURG\QDPLF�V\VWHP�

)LJXUH�����$�EODFN�KROH��HUJRVSKHUH��DQG�DFFUHWLRQ�GLVN� WZLVWLQJ� WKH� LQWHU�VWHOODU
ILHOG�OLQHV
,QWULJXLQJO\��ZKLOH�,�KDYH�SRLQWHG�WR�WKH�IDFW�WKDW�WKH�UHSRUWHG�HYLGHQFH�RI�8)2V
VXJJHVWV� 
FROG
� LRQL]DWLRQ� SURFHVVHV�� WKHUH� LV� VRPH� HYLGHQFH� RI� WKHUPRG\QDPLF
SURFHVVHV�ZKLFK� GR� WDNH� SODFH� LQ� WKH� FUDIW
V� HQHUJ\� FRQYHUVLRQ�PHFKDQLVPV� DW
ODWHU�VWDJHV��DV�ZLOO�EH�H[SODLQHG�PRUH�IXOO\�LQ�FKDSWHU�����$V�IRU�LQVWDQFH� LQ�WKH
8)2V� ILOPHG� RYHU� 0H[LFR� FLW\� LQ� WKH� ����V� ZKLFK� FOHDUO\� VKRZ� D� KHDW�KD]H



71

WUDLOLQJ�EHKLQG�VRPH�RI� WKH� VORZO\�PRYLQJ�8)2V��7KLV�KHDW�PD\�EH� DVVRFLDWHG
ZLWK� WKH� YLVLEOH� HIIHFWV� RI� V\QFKURWURQ� UDGLDWLRQ� ZKLFK� DSSHDUV� WR� EH� HPLWWLQJ
IURP�DURXQG�WKH�8)2
V�ULP�
,Q� WKH�*UDQJHPRXWK�8)2�SKRWRJUDSK�ZKLFK� GHSLFWV� D� 8)2� DW� QLJKW� SDVVLQJ
YHU\�FORVH�DERYH�WKH�SKRWRJUDSKHU�WKHUH�DUH�GLVWLQFW�KHDW�WUDLOV�FRPLQJ�IURP�LWV
WKUHH�PDLQ�DUHDV�RI�HQHUJ\�HPLVVLRQV���ZKLFK�DOVR�DSSHDU�WR�EH�V\QFKURWURQ�OLNH
HPLVVLRQV�>QRWH����@�
����5RWDWLRQ�)RUFH�DQG�0RPHQWXP�7UDQVIHU�IURP�D�%ODFN�+ROH
$W�WKLV�VWDJH�,�VKRXOG�SRLQW�RXW��HVSHFLDOO\�WR�SURVSHFWLYH�GHYHORSHUV��WKDW�ZLWK�DOO
WKH�UHFHQW�GLVFRYHULHV�DERXW�HQHUJ\�JHQHUDWLRQ�G\QDPLFV�LQ�DVWURSK\VLFDO�V\VWHPV�
LW�PDWWHUV�QRW�RQH�LRWD�ZKHWKHU�WKH�UHDGHU�VKRXOG�EHOLHYH�LQ�8)2V�RU�QRW�EHOLHYH�LQ
8)2V�� /LNHZLVH�� LW� GRHVQ
W� UHDOO\� PDWWHU� ZKHWKHU� RU� QRW� DQ� (7� SK\VLFLVW� KDV
GHVLJQHG� WKH� IO\LQJ�GLVF� DVVRFLDWHG�ZLWK� WKLV� H[WHQVLYH� VWXG\�� RU�ZKHWKHU� LW�ZDV
GHVLJQHG� E\� D� IHZ� VFLHQWLVWV� ZLWK� DFWLYH� LPDJLQDWLRQV� LQ� D� ODERUDWRU\�� IRU� WKH
GHWDLOV� RI� WKLV� VWXG\� KDYH� EHHQ� EURXJKW� IRUZDUG� WR� VXFK� D� KLJK� GHJUHH� RI
ZRUNDELOLW\�QRZ�WKDW�EHOLHI�RU�GLVEHOLHI� LQ�WKH�(7�K\SRWKHVLV�ZLOO�QRW� OHVVHQ�WKH
FRQVWUXFW�DELOLW\�RU�ZRUNDELOLW\�RI�WKHVH�FUDIW��WR�WKLV�HQG�,�KRSH�WKH�UHDGHU�ZLOO
KDYH�QRWLFHG�WKDW�,�ZLOO�EH�EDFNLQJ�XS�HYHU\�VWHS�RI�WKLV�ZRUNLQJ�K\SRWKHVLV�ZLWK
VXEVWDQWLDO�VFLHQWLILF�UHIHUHQFH��VR�WKDW��IRU�DOO�LQWHQWV�DQG�SXUSRVHV�WKH�8)2�KDV
QRZ�EHHQ�WDNHQ�RXW�RI�WKH�FORXGV�DQG�KDV�EHHQ�SODFHG�VTXDUHO\�LQWR�WKH�SK\VLFV
ODE��
+RZHYHU��,�OLNH�WR�WKLQN�WKDW�H[WUDWHUUHVWULDO�HQJLQHHUV�GLG�FRQVWUXFW�WKHVH�8)2V
DQG� PRGHO� WKHP� RQ� DVWURSK\VLFDO� SULQFLSOHV�� VR� ,� ZLOO� FRQWLQXH� WKLV� VWXG\
DFFRUGLQJ� WR� WKHLU� QRQ�WHUUHVWULDO� EULOOLDQFH� DQG� SURIRXQG� LQJHQXLW\�� $QG� RQH
H[DPSOH� RI� WKDW� LQJHQXLW\� WRZDUG� WUDQVIHUULQJ� DVWURSK\VLFDO� PHFKDQLVPV� LQWR
WKHLU�FUDIW��FDQ�EH�VHHQ�LQ�WKH�LQWULJXLQJ�PHWKRG�RI�HQHUJ\�WUDQVIHUHQFH�WKDW�ZDV
QR� GRXEW� VHHQ� WR� RFFXU� ILUVW�KDQG� RXW� LQ� VSDFH� E\� RXU� YHU\�NHHQ�H\HG� (7
SK\VLFLVW��:KHUHE\�RQ�WKH� LQVLGH�RI� LWV�HUJRVSKHUH� LPPHGLDWHO\�VXUURXQGLQJ�WKH
EODFN�KROH��WKH�IUHVKO\�FUHDWHG�89�DQG�JDPPD�UD\�KDUG�SKRWRQV��E\�V\QFKURWURQ
UDGLDWLRQ�� LQYHUVH�&RPSWRQ�VFDWWHULQJ� DQG� SDLU�DQQLKLODWLRQ�� MXVW� RXWVLGH� WKH
HYHQW�KRUL]RQ��DUH�GUDZQ�IURP�WKH�LQVLGH�RI�WKDW�HUJRVSKHUH�GRZQ�LQWR�WKH�EODFN
KROH�DQG�WKLV�VSLQQLQJ�GRZQ�UHVXOWV�LQ�WKHP�EHLQJ�
ORVW
�IRUHYHU�>QRWH����@�
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)LJXUH�����,RQL]DWLRQ��DQQLKLODWLRQ�DQG�SKRWRQ�SURGXFWLRQ�RXWVLGH�D�TXDVL�EODFN
KROH
%XW�WKHQ�HQHUJ\� LV�QHYHU�UHDOO\� ORVW��DOO� LW�GRHV� LV�JHW�WUDQVIHUUHG�IURP�RQH�IRUP
LQWR�DQRWKHU�IRUP��RU�IURP�RQH�SODFH�WR�DQRWKHU�SODFH���$QG�VR�LQ�WKLV�FDVH��HYHQ
WKRXJK� WKHVH� VXE�DWRPLF�SDUWLFOHV� DUH� VSLQQLQJ�GRZQ� LQWR� WKLV�EODFN�KROH� WKHUH
ZLOO�UHVXOW�D�FRUUHVSRQGLQJ�JHQHUDWLRQ�RI�VSLQ�PRPHQWXP�DQG�JUDYLWDWLRQDO�SXOO
ZKLFK�ZLOO�UDGLDWH�DZD\�IURP�WKDW�EODFN�KROH�DQG�ZKLFK�ZLOO�SHUPHDWH�WKURXJK�WR
LWV� DGMRLQLQJ� SRZHU� V\VWHPV�� $QG� EHFDXVH� RI� WKDW� LQGXFWLRQ� RI� VSLQ� DQG
JUDYLWDWLRQDO�PRPHQWXP�EHLQJ�WUDQVSRVHG�LQWR�YDULRXV�ILHOGV�RI�URWDWLQJ�FKDUJHG
SDUWLFOHV�� WKHUH� ZLOO� WKHQ� RFFXU� LRQL]DWLRQ� SURFHVVHV� WKURXJK� ZKLFK� WKHUH� ZLOO
VXEVHTXHQWO\� EH� JHQHUDWHG� HYHQ� PRUH� HOHFWURQ�SRVLWURQ� SDLUV�� 7KLV� WUDQVIHU� RI
HQHUJ\� IURP� WKH� EODFN� KROH�� WKH� UHDGHU� ZLOO� UHPHPEHU�� LV� ZKDW� KDSSHQV� LQ
GHVFULSWLRQV�RI�WKH�DFFUHWLRQ�GLVN��LQ�VHFWLRQ�����DERYH���DQG�WKLV�VWHPV�IURP�WKH
IDFW� WKDW� WKH� IOX[� OLQHV�RI� WKH�FR�PXWXDO�PDJQHWLF� ILHOG�ZLOO� WKUHDG� WKURXJK�ERWK
WKH� HUJRVSKHUH� VXUURXQGLQJ� WKDW� EODFN� KROH� DQG� WKURXJK� WKH� DFFUHWLRQ� GLVN�
0HDQLQJ� WKDW� WKH� H[WUD� /RUHQW]� IRUFH� JHQHUDWHG� DURXQG� WKH� LQERDUG� IOX[� OLQHV
�DURXQG�WKH�HYHQW�KRUL]RQ��ZLOO�IHHG�/RUHQW]�IRUFH�LQWR�WKH�RXWERDUG�IOX[�OLQHV��LQ
WKH�DFFUHWLRQ�GLVN��>QRWH����@��6R�WKH�FRQVHTXHQFH�RI�WKLV�ZLOO�EH�WKDW�WKH�RULJLQDO
SKRWRQ�PDVV�DQG� LQHUWLD�JLYHQ�XS�DQG�VXSSRVHGO\� 
ORVW
� LQWR� WKH�EODFN�KROH�ZLOO
QRW� EH� ORVW� FRPSOHWHO\�� IRU� LW�ZLOO� VXEVHTXHQWO\� LQGXFH�PRUH� URWDWLRQDO� IRUFH� DQG
IUHVKO\�JHQHUDWHG�SODVPD�LQWR�WKH�HQHUJ\�ILHOGV�URWDWLQJ�DURXQG�WKH�RXWVLGH�RI�WKDW
EODFN�KROH��7KLV�HPSKDVL]HV� WKDW� WKH�HOHFWURG\QDPLFV�RI�D�EODFN�KROH� HTXDWH� WR
WKDW�RI�WKH�SHUIHFW�VHOI�VXVWDLQLQJ�HQJLQH�
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)XUWKHUPRUH�� LQ� WKLV� V\PELRWLF� UHODWLRQVKLS� WKHUH� LV� HVWDEOLVKHG� DQ� HQHUJ\�
H[FKDQJH� SURFHVV� ZKLFK� TXLWH� FOHDUO\� VKRZV� WKDW� IRUFH� DQG� HQHUJ\� LV� EHLQJ
H[WUDFWHG� IURP�WKH�EODFN�KROH��,QGHHG��WKLV�H[SRVHV� WKH�VHFUHW�RI� WKH�EODFN�KROH
V
HIILFLHQF\�� DQG� LW� DOVR� ZLOO� VKRZ� KRZ� WKDW� HIILFLHQF\� FDQ� EH� LPSURYHG� XSRQ�
&HUWDLQO\��WKH�DVVXPSWLRQ�WKDW�LI�VRPHWKLQJ�LV�GUDJJHG�LQWR�D�EODFN�KROH�LW�VKRXOG
HTXDOO\�EH�VHHQ�DV�EHLQJ�ORVW�XQFRQGLWLRQDOO\��LV�D�WDEORLG�UHDGHU�DVVXPSWLRQ��DQG
LQ�WKH�UHDO�ZRUOG�WKH�EODFN�KROH�LQWDNH�RI�VXE�DWRPLF�SDUWLFOHV�VKRXOG�DFWXDOO\�EH
VHHQ�DV�PHUHO\�RQH�W\SH�RI�HQHUJ\�ZKLFK�EHFRPHV�WUDQVIRUPHG�LQWR�VHYHUDO�RWKHU
W\SHV�RI�HQHUJ\��ZKLFK��IRU�WKH�SUHVHQW�VLWXDWLRQ��ZLWKLQ�WKH�G\QDPLFV�RI�8)2V
EHLQJ�DLUFUDIW� WKDW�DUH�SUHGRPLQDQWO\� FLUFXODU� DQG�ZKLFK�QHHG� WR�GHI\�JUDYLW\�� �
WKHQ� WKH� H[WUDFWLRQ� RI� JUDYLWDWLRQDO� IRUFH� DQG� DQJXODU� PRPHQWXP� IURP� LWV
URWDWLQJ�HQJLQH�ZLOO�EH�LQILQLWHO\�PRUH�XVHDEOH�IRUPV�RI�HQHUJ\��DQG�WKLV�ZRXOG�EH
D�YHU\�ZHOFRPH�H[FKDQJH�SURFHVV�LQGHHG�>QRWH����@�
2Q� WKLV� YHU\� VXEMHFW�� RI�EODFN�KROH� HIILFLHQF\�� LW� LV�PRVW� LQWULJXLQJ� WR� ILQG� WKDW
HVWLPDWHV�RI�D�EODFN�KROH
V�HIILFLHQF\�DV�D�PDVV�FRQYHUVLRQ�WR�HQHUJ\�V\VWHP�WKDW
WXUQV� PDVV� LQWR� XVHDEOH� HQHUJ\� DUH� YHU\� JRRG�� UDQJLQJ� IURP� ��� IRU� D� QRQ�
URWDWLQJ� KROH� WR� D� ���� HIILFLHQF\� IRU� D� URWDWLQJ� KROH� �ZKLOH� QXFOHDU� IXVLRQ
VOXPEHUV� ZRHIXOO\� EHKLQG� WKHP� DW� OHVV� WKDQ� ��� HIILFLHQW�� >QRWH�� ��@�� ,Q� WKLV
UHVSHFW� \RX� FRXOG� DOPRVW� DV� HTXDOO\� VD\� WKDW� JUDYLWDWLRQDO� IRUFH� FRQYHUWV� OLJKW
SKRWRQV� �DV� WKH� IXHO� RI� D�EODFN� KROH�� LQWR� D� -� [�%� IRUFH� �WKH� WRUTXLQJ� IRUFH� RI
DFFUHWLRQ�GLVN�URWDWLRQ��>QRWH����@�
,QWULJXLQJO\�� WKLV� IDFWRU� RI� HQHUJ\�H[WUDFWLRQ� IURP� D� EODFN� KROH� PD\� DOVR� EH
UHYHUVLEOH�� LQ� WKDW� JUDYLWDWLRQDO� IRUFH� FDQ� EH� HTXDWHG� DV� WKH� IRUFH� ZKLFK� LV
JHQHUDWHG� WKURXJK� D� GLIIHUHQWLDO� LQ� DQJXODU�PRPHQWXP� H[LVWLQJ� LQ� WKH� VDPH
VSDWLDO�IUDPH��7KLV�LV�VRPHWKLQJ�DOUHDG\�ERUQH�RXW�E\�WKH�ILQGLQJV�RI�>=HOGRYLFK
����@�� (LQVWHLQ�� DQG� 5RVHQ�� ZKRP� KDYH� SRVWXODWHG� WKDW� URWDWLRQDO� IRUFHV� RQ
PDVV�HQHUJ\� ILHOGV�ZLOO� JHQHUDWH� DQG�DPSOLI\� JUDYLWDWLRQDO� IRUFH� LQ� WKRVH� HQHUJ\
ILHOGV� �DQG� WKLV�GLVFXVVLRQ�ZLOO� WDNH�RQ�IXUWKHU�ZHLJKW� LQ� VHFWLRQ�����
V�QRWH����
>QRWH����@�
,QGHHG��VRPH�VFLHQWLVWV�ZKR�KDYH�EHHQ�ZRUNLQJ�RQ�WKH�PLQLDWXUL]DWLRQ�RI�EODFN
KROH�G\QDPLFV�KDYH�DVVRFLDWHG�WKH�HQHUJ\�VZDOORZLQJ�SURFHVV�RI�D�EODFN�KROH�WR
WKDW�RI�FDQQLEDOLVP��DQG�KDYH�VHHQ�WKH�FHQWHU�RI�RXU�JDOD[\��IRU� LQVWDQFH��DV�WKH
EHVW� H[DPSOH� RI� WKLV� SURFHVV�� ZKHUHE\� WKH� FRQVWDQW� VWULSSLQJ� DZD\� RI� HQHUJ\
IURP�PDVV�REMHFWV�WKDW�RUELW�WRR�FORVHO\�WR�WKDW�EODFN�KROH�HQG�XS�FRQWULEXWLQJ�WR
WKH�G\QDPLVP�RI�WKDW�EODFN�KROH�>QRWH����@�
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)LJXUH�����6SKHUH�VHWV�RI�WRS�VSKHUHV��ORZHU�VSKHUHV�DQG�WHOHPHWHU�ZKHHOV
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,W� LV� VLJQLILFDQW� WKHQ� WKDW� WKHUH� LV� D� UHPDUNDEOH� VLPLODULW\� WR� WKDW� SURFHVV� RI
FDQQLEDOLVP�DURXQG�D�EODFN�KROH�� WR� WKDW� IHDWXUHG� LQVLGH� WKH� DD8)2�DURXQG� LWV
FHQWUDO�YRUWH[��EHFDXVH�LW�VHHPV�WKDW�WKLV�VDPH�SKRWRQ�VSLQ�GRZQ�DUUDQJHPHQW�WR
IHHG�HQHUJ\�LQWR�LWV�URWDWLQJ�HQJLQH��LV�ULJKW�WKHUH�LQ�WKH�FHQWHU�RI�WKLV�FUDIW��DQG
ZKLFK� VHHPV� WR� KDYH� EHHQ� VWUXFWXUHG� VR� DV� WR� FRS\� WKH� PRVW� HVVHQWLDO
FKDUDFWHULVWLFV�RI�ZKDW�D�EODFN�KROH�GRHV��$QG�VR� LW� LV�YHU\�DSSDUHQW� WKDW� LQVLGH
WKLV�8)2�WKHUH�LV�SRVVLEO\�D�PLQLDWXUL]DWLRQ�RI�WKDW�FRVPLF�FDQQLEDOLVP�SURFHVV�
ZKHUHE\� WKH� IRXU� WRS� VSKHUHV� RI� WKH� DD8)2� ZLWK� WKHLU� OLJKW� EDUV� RI� LQWHQVH
SKRWRQ�HPLVVLRQV��GHVLJQHG�WR�RUELW�YHU\�FORVHO\�DURXQG�WKH�RXWVLGH�RI�WKH�HYHQW
KRUL]RQ� RI� WKH� FUDIW
V� FHQWUDO� YRUWH[�� DUH� YHU\� SXUSRVHO\� DQG� RUGHUO\� VXSSO\LQJ
WKDW� TXDVL�EODFN� KROH� ZLWK� D� FRQVWDQW� 
IHHG
� RI� VXE�DWRPLF� PDVV� DQG� SKRWRQLF
HQHUJ\�
$V� D� UHVXOW� RI� WKRVH� VSKHUHV� IHHGLQJ� LQWR� WKH� 8)2� HQJLQH
V� URWDWLRQDO� SRZHU�
JUDYLWDWLRQDO�IRUFH�DQG�URWDWLRQDO�IRUFH�PLJKW�WKHQ�EH� LPSDUWHG� LQWR�WKH�DD8)2
FUDIW
V� DGMRLQLQJ�HQHUJ\�V\VWHPV��$QG�DV�+DZNLQJ�KDV� VXJJHVWHG� IRU�PLQL�EODFN
KROHV�� WKDW�SRZHU�ZLOO� LQ�SURSRUWLRQ�EH�DOO� WKH�PRUH�IHURFLRXV�DW� WKLV�VFDOH� WKDQ
RQ�WKH�DVWURSK\VLFDO�VFDOH�>QRWH����@��,QGHHG��MXGJLQJ�IURP�WKH�UHPDUNDEOH�VFHQH
RI� WKHVH� 
DOPRVW� WDQJLEOH
� EDUV� RI� LQWHQVH� OLJKW� VSLOOLQJ� RXW� RI� WKH� IRXU� JODVV
VSKHUHV�RI�WKH�DD8)2��DV�VHHQ�DQG�GUDZQ�E\�WKH�DEGXFWHH�%HWW\�/XFD��ZLWK�WKHLU
SKRWRQV� VSLQQLQJ� GRZQ� LQWR� WKH� FUDIW
V� FHQWUDO� YRUWH[�� WKLV� PXVW� KDYH� EHHQ� D
UHPDUNDEOH�VLJKW�WR�EHKROG��RQH�RI�UDZ�HQHUJ\�XQGHU�SHUIHFW�FRQWURO�>QRWH����@�
���� 0DJQHWLF� )OX[� /LQH� %UHDN�5HFRQQHFWLRQ� ,RQL]DWLRQ� �5HFRQQHFWLRQ
3DUW�,�
+RZ�WKHQ�GRHV�WKH�DD8)2�SURGXFH�WKH�IXHO�WR�PDNH�WKDW�YRUWH[�HQJLQH�GR�ZRUN�
DQG� KRZ� SRZHUIXO� FDQ� WKLV� HOHFWUR�G\QDPLF� HQJLQH� EHFRPH� "� %HFDXVH� VWUDLJKW
DZD\� WKHUH�ZLOO� H[LVW� D� VFLHQWLILF� FRQXQGUXP�� VWUDLJKW� DZD\� WKLV� EUDQG� QHZ� DQG
QRYHO�DVVXPSWLRQ�ZLOO�VXJJHVW�WKDW�WKH�IXHO�IRU�WKLV�FUDIW�ZLOO�QRW�EH�OLTXHILHG�JDV�
DQG�LW�ZLOO�QRW�EH�D�SHWUROHXP�EDVHG�IXHO��DQG�LW�ZLOO�QRW�EH�QXFOHDU�IXVLRQ�GHULYHG
��ZKLFK�WKXV�IDU�DUH�WKH�RQO\�IXHOV�SUHVHQWO\�XQGHUVWRRG�DV�EHLQJ�DEOH�WR�SURGXFH
SRZHU�RI�DQ\�PDJQLWXGH�RQ� WKLV� HDUWK��7KH�8)2·V� IXHO� KDV� WR�EH� DEOH� WR� \LHOG
VXEVWDQWLDO� SRZHU� DQG� LW� ZLOO� KDYH� WR� EH� D� IXHO� WKDW� WKH� 8)2� FDQ� HLWKHU� VWRUH
VRPHZKHUH�� RU� WKDW� LW� FDQ� UHDGLO\� FRQYHUW� IURP� DQ� HDVLO\� DFFHVVLEOH� DQG
RPQLSUHVHQW�VRXUFH��RXWVLGH�RI�LW��VRPHKRZ��7KH�ODWWHU�VWDWHPHQW�ZRXOG�VHHP�WR
EH�WKH�PRVW�SUHIHUUHG�EHFDXVH�WKHUH�LV�QR�VRXUFH�RI�HQHUJ\�LQ�VSDFH����RU�LV�WKHUH�"
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)LJXUH�����(PLVVLRQV�J\UDWLQJ�DURXQG�PDJQHWLF�ILHOG�OLQHV
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,I� WKH� UHDGHU� ZRXOG� WDNH� RQ� WKH� WDVN� RI� VFDQQLQJ� WKURXJK� WKH� XVXDO� UHIHUHQFH
ERRNV� IRU� SK\VLFV� DQG� VFLHQFH�� DQG� HYHQ� WKURXJK� HOHFWURQLF� UHIHUHQFH� ERRNV�� ,
ZRXOG� ZDJHU� WKDW� KH� RU� VKH� ZLOO� QRW� EH� HQFRXUDJHG�� ZKHQ� ORRNLQJ� IRU� PHJD�
SRZHUIXO� HQHUJ\� VRXUFHV�� WR� YHQWXUH� WRR� IDU� IURP� WKH� XELTXLWRXV� ORUHV� RI
HOHFWULFLW\� SRZHU� WXUELQHV�� 7KHVH� DUH�� DIWHU�DOO�� WKH� SUHVHQW� SULPDU\� VRXUFHV� RI
HOHFWULF� FXUUHQW�ZKLFK� IHHGV� LQWR� WKH� QDWLRQDO� JULGV�� DQG�ZKLFK� DUH� SRZHUHG�E\
ZDWHU�IORZ�LQ�K\GUR�HOHFWULF�SODQWV��DQG�VWHDP�IORZ�LQ�QXFOHDU�RU�IRVVLO�IXHO�SRZHU
SODQWV�� DQG�PRUH� UHFHQWO\� WKURXJK�ZLQG� IORZ��+RZHYHU�� WKHUH� LV� RQH� VRXUFH�RI
DEXQGDQW�DQG�SRZHUIXO�HQHUJ\� WKDW�QR�RQH� �DV�\HW��KDV�PDQDJHG� WR�SXW�D�SULFH
RQ�� DQG� WKDW� QR�RQH� FDQ� DVFULEH� D� SDWHQW� QXPEHU� WR�� <HW� LW� LV� IRXQG� LQ�PRUH
DEXQGDQFH� ZRUNLQJ� ZLWK�PRUH� HIILFLHQF\� WKDQ� DOO� WKH� SRZHU� JHQHUDWRUV� LQ� WKH
ZKROH�RI�WKLV�ZRUOG�SXW�WRJHWKHU��$QG�VWUDQJHO\�HQRXJK��LWV�SULQFLSOHV�ZLOO�QRW�EH
IRXQG�DQ\ZKHUH�LQ�DQ\�WH[W�ERRNV�RI�SK\VLFV��RI�VFLHQFH��RU�HYHQ�RI�HOHFWURQLFV�
DQG� QHLWKHU� ZLOO� LW� EH� WDXJKW� E\� DQ\� WHDFKHU� LQ� DQ\� VFKRRO� FXUULFXOXP�� IRU� LQ
JHQHUDO�LW�LV�D�SULQFLSOH�RI�SRZHU�JHQHUDWLRQ�ZKLFK�GRHVQ
W�IHDWXUH�LQ�UXGLPHQWDU\
HOHFWURPDJQHWLF�WKHRU\�
%XW�KHUH�LW�LV� LQ�DVWURSK\VLFV�DQG�LWV�FDOOHG�PDJQHWLF� ILHOG�UHFRQQHFWLRQ��DQG�LW�FDQ�EH
IRXQG�ZRUNLQJ�LQ�DOO�DUHDV�RI�VSDFH�DW�DOO�WLPHV��DQG�LW� LV�HYHQ�KLJKO\�SURPLQHQW
RQ�WKH�VXUIDFH�RI�WKH�VXQ�DQG�LQ�WKH�VXQ
V�VRODU�IODUHV��,WV�EDVLF�ZRUNLQJ�SULQFLSOH
LV�JLYHQ�LQ�WKH�SDSHU�RI�0�$��5XGHUPDQ�DQG�3�*��6XWKHUODQG�>VHH�DERYH�QRWH����@
ZKRVH�DXWKRUV�KDYH�IRXQG� WKDW� LW�ZRUNV�HVSHFLDOO\�ZHOO� LQ� WKH� URWDWLQJ� ILHOGV�RI
DFFUHWLRQ� GLVNV� LQ� VSDFH�� ,Q� WKHLU� GHOLQHDWLRQ� RI� KRZ� LW� ZRUNV� LQ� D� SXOVDU� MHW
5XGHUPDQ�DQG�6XWKHUODQG�SRLQW�RXW�WKDW� LW�ZLOO�SURYLGH�FRSLRXV�SURGXFWLRQV�RI
HOHFWURQ�SRVLWURQ�FKDUJHG�SDUWLFOHV��DQG� LQGHHG�ZLOO�SURGXFH�VR�PXFK�HQHUJ\�DV
WR� FDXVH� SXOVDUV� WR� FRQWLQXDOO\� HMHFW� WRQQHV� RI� VXUSOXV� SDUWLFOHV� RXW� LQWR� VSDFH�
7KHVH� DXWKRUV� DOVR� SRLQW� RXW�� LQ� WKHLU� H[SODQDWLRQ� RI� WKLV� SDUWLFOH�SURGXFWLRQ
SULQFLSOH��WKDW�EHFDXVH�WKH�PDJQHWLF�ILHOG�OLQHV�ZKLFK�SHQHWUDWH�D�SXOVDU
V�MHW�SOD\
D� UROH� DQDORJRXV� WR� WKDW� RI� FRQGXFWLQJ� ZLUHV� LQ� DQ� HOHFWURQLF� FLUFXLW�� LI� WKRVH
PDJQHWLF�ILHOG�OLQHV�DUH�EURNHQ�QHDU�WKH�SXOVDU
V�VXUIDFH��WKHQ�WKH�HQWLUH�YROWDJH�
SRWHQWLDO�GURS��EHLQJ�FDUULHG�DURXQG�WKDW�PDJQHWLF�ILHOG�OLQH��ZRXOG�EH�GHYHORSHG
DFURVV� WKDW�EUHDN��0HDQLQJ� WKDW��ZKHUH� WKH�PDJQHWLF� IOX[� OLQHV� DUH� VQDSSHG� WKH
HOHFWULFDO� YROWDJH� WKDW� ZDV� EHLQJ� FDUULHG� DORQJ� WKH� ZKROH� RI� WKDW� XQEURNHQ� OLQH
ZRXOG�FRQWLQXH�WR� WUDYHUVH� WKH�JDS�EHWZHHQ�WKH�VQDSSHG�HQGV�RI� WKDW� IOX[� OLQH�
DQG�ZRXOG�FRQWLQXH�WR� LQFUHDVH� LQ�SRWHQWLDO� �E\�VHOI�LQGXFWDQFH��ZHUH� LW�QRW� IRU
WKH�IDFW�WKDW�WKH�YLUWXDO�SDUWLFOH�ILHOG�RI�WKH�YDFXXP�ZLOO�EHFRPH�XQVWDEOH��DW�WKDW
JDS��DQG�ZLOO�EUHDNGRZQ�WR�WUDQVIRUP�WKRVH�YLUWXDO�SDUWLFOHV�LQWR�UHDO�HOHFWULFDOO\�
FKDUJHG�SDUWLFOHV��:KHQ�WKDW�EUHDNGRZQ�LQ�WKH�YDFXXP�RFFXUV��VD\V�>5XGHUPDQ�
6XWKHUODQG@�� DYDODQFKHV� RI� HOHFWURQ�SRVLWURQ�SDLUV�ZLOO� EH� SURGXFHG� RXW� RI� WKDW
DUHD� RI� VSDFH�� ,Q� VSDFH� WKH� SRWHQWLDO� GURS� WKUHVKROG� IRU�ZKHQ� WKLV� HIIHFW� WDNHV
SODFH� DURXQG� WKH�EUHDNLQJ�RI�PDJQHWLF� IOX[� OLQHV� LV� DERXW� ����� YROWV��7KH�PRVW
VDOLHQW� H[DPSOH� RI� WKLV� SDUWLFOH� SURGXFLQJ� PHFKDQLVP� FDQ� EH� IRXQG�� DV� ,� VD\
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DERYH�� DURXQG� RXU� RZQ� VXQ�� ZKHUH� WKH� FKURPRVSKHUH� FRQWLQXDOO\� SURGXFHV
HOHFWURQV�DQG�SRVLWURQV�E\�WKLV�PHWKRG�DQG�WKHQ�KDV�WR�HMHFW�RXW�IURP�LW�DURXQG�D
PLOOLRQ�WRQQHV�RI�WKRVH�FKDUJHG�SDUWLFOHV�HYHU\�VHFRQG�>QRWH����@�
7KLV�PDJQHWLF�ILHOG�OLQH�UHFRQQHFWLRQ�SURFHVV�LV��DV�,�VD\��ZRUNLQJ�WKURXJKRXW�WKH
ZKROH�FRVPRV��DQG�LQ�DFWLYH�JDODFWLF�QXFOHL�ZKLFK�DUH�VRPH�RI�WKH�PRVW�SRZHUIXO
RI�DOO�WKH�DVWURSK\VLFDO�MHWV��WKHLU�PDJQHWLF�ILHOG�UHFRQQHFWLRQ�V\VWHP�LV�UHJDUGHG
DV�RQH�RI�WKH�PRVW�HIILFLHQW�SURGXFHUV�RI�FKDUJHG�SDUWLFOHV�LQ�WKH�JDOD[\��WKURXJK
ZKLFK� PDJQHWLF� HQHUJ\� LV� FRQYHUWHG� LQWR� NLQHWLF� DQG� WKHUPDO� HQHUJ\� E\
FRQYHUVLRQV� WKURXJK� VORZ� PDJQHWRK\GURG\QDPLF� VKRFN� ZDYHV�� $QG� DURXQG
DFFUHWLRQ� GLVNV� WKLV� VKHDULQJ�UHFRQQHFWLRQ� RI� WKHLU� VWURQJ� PDJQHWLF� ILHOGV
SURGXFHV�D�G\QDPR�HIIHFW� �DV�UHIHUULQJ�EDFN�DJDLQ� WR�P\�VHFWLRQ����� VXPPDU\��
ZKLFK� JLYHV� D� UDSLG� DPSOLILFDWLRQ�RI� DQ\� RI� LWV� LQFRPLQJ�� DQG� VPDOOHU� HOHFWULFDO
ILHOGV�RI�FKDUJHG�SDUWLFOHV��LWV�VHHG�ILHOGV���VR�WKDW�YHU\�TXLFNO\�WKH\�ZLOO�GHYHORS
LQWR�PXFK�ODUJHU�ILHOGV��DQG�JR�RQ�WR�DFFHOHUDWH�SDUWLFOHV�ZKLFK�ZLOO�FROOLGH�ZLWK
RWKHU� SDUWLFOHV�� WR� SURGXFH� PRUH� SDUWLFOHV�� DQG� PRUH� FROOLVLRQV�� ZKLFK
VXEVHTXHQWO\�ZLOO�OHDG�WR�DYDODQFKH�SURGXFWLRQV�RI�PRUH�HOHFWURQ�SRVLWURQ�SDLUV�
,Q�LPSXOVLYH�UHFRQQHFWLRQ�PHFKDQLVPV�ZKLFK�DOVR�RFFXU�LQ�DFFUHWLRQ�GLVNV��WKHVH
PDJQHWLF�ILHOG� OLQH�EUHDNV�DQG�UHFRQQHFWLRQV�ZRXOG� OHDG�WR� LQWHQVH�KHDWLQJ��DQG
WKHQ� DQRPDORXV� GLVVLSDWLRQ� RI� DGGLWLRQDO� FKDUJHG� SDUWLFOHV� LQ� ORFDOL]HG� UHJLRQV
DURXQG� WKRVH� IOX[� OLQHV�� :LWK� WKH� VXEVHTXHQW� SURGXFWLRQ� RI� HOHFWURQ�SRVLWURQ
SDLUV�DQG�HYHQ�RI�;�UD\�HPLVVLRQV��HVSHFLDOO\�LI�VKRFN�ZDYHV�DUH�SURGXFHG�LQ�WKH
YLFLQLW\�RI�GHQVH�SODVPD�ILHOGV��WKHQ�WKHVH�SDUWLFOHV�IHHG�EDFN�LQWR�WKH�DFFUHWLRQ
GLVN�WR�FRPSOHWH�WKH�G\QDPR�HIIHFW��$V�WKH�LQVWDELOLWLHV�DFFXPXODWH�LQ�HQHUJ\�DQG
ZKHQ� WKH� HOHFWURQ� YHORFLWLHV� H[FHHG� WKDW� RI� LRQ�DFRXVWLF� ZDYHV� D� IOXUU\� RI� IDVW
UHFRQQHFWLRQV� RFFXU� UHVXOWLQJ� LQ� H[SORVLYH� RXWEXUVWV� RI� FKDUJHG� SDUWLFOHV� >'L
0DWWHR@�>QRWH����@�
,Q�WKH�>%ODQGIRUG�3D\QH@�SDSHU�LW�LV�H[SODLQHG�WKDW�WKH�PDJQHWLF�IOX[�OLQHV�ZLOO�EH
EURNHQ� E\� SRZHUIXO� VXUJHV� RFFXUULQJ� WKURXJK� WKH� VKHDULQJ� URWDWLRQV� RI� WKH
DFFUHWLRQ�GLVN��EXW�WKDW�WKRVH� OLQHV�ZLOO� WKHQ�EH�FRQWLQXRXVO\�UHJHQHUDWHG�E\�WKH
G\QDPR�DFWLRQ�RI�WKH�GLVN���DQG�ZKHQ�WKHVH�H[SORVLYH�UHFRQQHFWLRQV�WDNH�SODFH
WKH\�ZLOO�GLVVLSDWH�VLJQLILFDQW�HPLVVLRQV�RI�HOHFWURQV�DQG�SRVLWURQV��FDXVLQJ�IODUHV
LQ�DQG�DURXQG�WKH�DFFUHWLRQ�GLVN�
0RUHRYHU��IURP�WKLV�EDVLF�SUHPLVH��WKDW�HOHFWURQ�SRVLWURQ�SDLU�SURGXFWLRQ�FRPHV
IURP� WKH� EUHDNLQJ� DQG� UHFRQQHFWLRQ� RI� PDJQHWLF� ILHOG� OLQHV�� WKHUH� LV� PXFK
DVVRFLDWHG�UHVHDUFK�ZKLFK�DOVR�LQGLFDWHV�WKDW��DV�ZHOO�DV�WKH�SURGXFWLRQ�RI�FKDUJHG
SDUWLFOHV�WKHUH�ZLOO�DOVR�EH�JHQHUDWHG�VXEVWDQWLDO�EXUVWV�RI�NLQHWLF�HQHUJ\��VKRFN�
ZDYH�SDUWLFOH�DFFHOHUDWLRQV��DQG�DOVR�KHDW�FRQYHUVLRQ�SURFHVVHV�>3ULHVW�)RUEHV@�
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)LJXUH�����(DFK�RI�WKH�IRXU�VSKHUH�VHWV�JUDEV�D�TXDGUDQW�RI�WKH�WRURLG
V�PDJQHWLF
IOX[�OLQHV
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:KHUH� WKLV� IRUP� RI� HQHUJ\� SURGXFWLRQ� RFFXUV� LQVLGH� WKH� DD8)2� DQG� KRZ� WKH
HOHFWURQ�SRVLWURQ� SURGXFLQJ� VKRFN� ZDYHV� DUH� GHYHORSHG� LQVLGH� WKH� DD8)2�� LQ
UHJXODU�SXOVHV��ZLOO�EH�GHDOW�ZLWK�LQ�GHWDLO�WKURXJKRXW�WKH�VXEVHTXHQW�FKDSWHUV�RI
WKLV� VWXG\� >QRWH�� ��@��%XW� HVVHQWLDOO\�� KHUH� LV� WKH� ILUVW� DEXQGDQW� VXSSO\� RI� IXHO
ZKLFK�FDQ�EH�XVHG�E\�WKH�DD8)2�ZKHWKHU�WKDW�FUDIW�LV�IO\LQJ�WKURXJK�RXU�VN\�RU
ZKHWKHU� LW� LV� PRYLQJ� WKURXJK� VSDFH�� )RU�� ZKHWKHU� LW� LV� DWWULEXWHG� WR� SDUWLFOH
GLVVLSDWLRQ�RU�SDUWLFOH�GLVVRFLDWLRQ�� WKH�EUHDNLQJ�DQG�UHPDNLQJ�RI�PDJQHWLF� ILHOG
OLQHV� SURGXFHV� DQG� WKHQ� DPSOLILHV� FRSLRXV� DPRXQWV� RI� HOHFWURQV� DQG� SRVLWURQV
IURP� ZKDW� VRPH� KDYH� FDOOHG� WKH� ¶HPSW\·� YDFXXP� RI� VSDFH�� $QG� DV� WKLV� LV� D
PHFKDQLVP�E\�ZKLFK�MHWV�RI�SODVPD�FDQ�EH�SRZHUHG�IRU�WKRXVDQGV�RI�PLOHV��DQG
LQ� VRPH� FDVHV� PLOOLRQV� RI� PLOHV� WKURXJK� VSDFH�� WKHQ� LW� VXUHO\� DQG� HDVLO\� FDQ
SURYLGH�DQG�DPSOLI\�WKH�VLJQLILFDQW�DPRXQW�RI�HQHUJ\�D�8)2�QHHGV�WR�SRZHU�LWV
HOHFWULF�FLUFXLW�DQG�WR�SURGXFH�LWV�SURSXOVLRQ�
1RWDEO\��WKLV�UHFRQQHFWLRQ�PHFKDQLVP�ZDV�PRVWO\�ZKDW�OHG�WR�WKH�VWUHVVLQJ�RI�WKH
DLU�VXUURXQGLQJ�WKH�GLVFV�RI�-�5�5��6HDUO��EDFN�LQ�WKH�����
V���DQG�ZKLFK�SURYLGHG
WKH�FRSLRXV�VXSSOLHV�RI�FKDUJHG�SDUWLFOHV�ZKLFK�WKHQ�EHFDPH�LPEXHG�ZLWK�RWKHU
NLQHWLF� IRUFHV��DQG�ZKLFK�VXEVHTXHQWO\�DOORZHG�6HDUO·V�JHQHUDWLQJ�URWRUV� WR�GHI\
JUDYLW\� DQG� WR� ULVH� XSZDUG�� QRW� RQO\� E\� LRQL]LQJ� WKH� VXUURXQGLQJ� DLU� EXW� E\
FUHDWLQJ�D�SURMHFWHG�ILHOG�LQ�WKH�IRUP�RI�D�URWDWLQJ�WXEH�ILHOG�DKHDG�RI�DQG�DERYH
WKDW�GLVF��ZKLFK�WKH�GLVF�ZRXOG�VLPSO\�IDOO�XSZDUG�LQWR��7KH�VDPH�UHFRQQHFWLRQ
HOHFWURQ�SRVLWURQ� SURGXFLQJ� SURFHVV� LV� IRXQG� LQ� 6HDUO
V� 6(*� SRZHU� JHQHUDWLRQ
WXUELQH�ZKLFK�ZRXOG� DOVR� FUHDWH� FRSLRXV� VXSSOLHV�RI� HOHFWURQV��ZKLFK� LQ� 6HDUO
V
WXUELQH�ZRXOG�EH� KDUYHVWHG� E\� LQGXFWRU� FRLOV� DQG� IHG� LQWR� DQ� HOHFWULFDO� VWRUDJH
FLUFXLW��DQG�LQ�DQ�LQWHOOLJHQW�ZRUOG�VXFK�D�PHFKDQLVP�ZRXOG�KDYH�WKHQ�SRZHUHG
LQWR� D� QDWLRQDO� JULG�� ZLWKRXW� WKH� QHHG� IRU� IRVVLO� IXHOV� RU� QXFOHDU�SRZHU� URGV�
>QRWH����@�
)XUWKHU� WR� WKLV�PHQWLRQ�DERXW� -RKQ�6HDUO��ZKDW�PDGH�PH� LQLWLDOO\� LQTXLUH�DERXW
PDJQHWLF� IOX[� UHFRQQHFWLRQ� DQG� WR� ILQG� RXW� DOO� DERXW� LW� JHQHUDWLQJ� HOHFWULFDO� HQHUJ\�
ZDV� WKDW� WKH� EDVLF� SKHQRPHQRQ� RI� LW� LV� ZDV� ZKDW� FDXJKW�P\� H\H� ZKHQ� ,� ZDV
WU\LQJ�WR�ZRUN�RXW�ZKDW�-�5�5��6HDUO
V�6(*�HOHFWULFDO�JHQHUDWRU�ZDV�GRLQJ��7HVWV
KDG� VKRZQ� WKDW� ZKHQHYHU� D� 6HDUO� JHQHUDWRU� ZDV� IDLWKIXOO\� FRQVWUXFWHG� DQG
DOORZHG�WR�URWDWH��KXJH�DPRXQWV�RI�HOHFWULFDO�HQHUJ\�ZRXOG�EH�JHQHUDWHG��EXW�QR�
RQH�NQHZ�WKHQ�H[DFWO\�ZKHUH�LW�ZDV�DOO�FRPLQJ�IURP��
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)LJXUH�����,Q�WKH�6HDUO�URWRUV�D�IUXVWXP�ILHOG�LQ�ILUVW�JHQHUDWHG
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7KHUHIRUH��UHJDUGLQJ�WKH�HIIHFW�RI�LRQL]DWLRQ�WKURXJK�WKH�PDNLQJ�DQG�EUHDNLQJ�RI
PDJQHWLF� IOX[� OLQHV� LQ� 6HDUO
V� URWRUV�� ZKHUH� WKH� VDWHOOLWH� PDJQHWLF� URWRUV� RUELW
DURXQG� WKH� VWDWRU� ULQJ�� DQG� LQ� WKHLU� HSLF\FOLF� PRWLRQV� WKH� IOX[� OLQHV� ZRXOG
HVWDEOLVK� D� VKDUHG� OLQN� EHWZHHQ� WKH� VDWHOOLWH� URWRU
V� PDJQHWLF� ILHOG� DQG� WKH
PDJQHWLF�ILHOG�RI�WKH�FHQWUDO�VWDWRU�ULQJ��:KHQ�WKRVH�RXWHU�URWRUV�URWDWH�DURXQG
WKH�RXWVLGH�RI� WKH� VWDWRU� WKRVH� VKDUHG� IOX[�OLQNV�ZLOO� JHW� ULSSHG� DSDUW�� EXW� WKHQ
DOPRVW� LPPHGLDWHO\�WKH\�ZLOO�EHFRPH�UHFRQQHFWHG�WR�WKH�1(;7�VDWHOOLWH� URWRU
V
PDJQHWLF�IOX[�DV�LW�URWDWHV�LQWR�SUR[LPLW\��7KLV�ZLOO�KDSSHQ�ZLWK�HYHU\�URWRU�DQG
VR�HYHU\�URWRU�ZLOO�SURGXFH�HOHFWURQ�SRVLWURQ�SDLUV�ZKLOH�LW�URWDWHV���DG�LQILQLWXP�
6R�$//� WKH�PDJQHWLF� IOX[� OLQHV� DUH� EHLQJ� EURNHQ� DQG� UHFRQQHFWHG�$//� 7+(
7,0(�DV�ORQJ�DV�WKH�URWRUV�PRYH��+HQFH�WKH�KLJK�JHQHUDWLRQ�RI�FKDUJHG�SDUWLFOHV
DURXQG�6HDUO·V�URWRUV��
7KLV� UHFRQQHFWLRQ� SURFHVV� KDSSHQV� DJDLQ� DQG� DJDLQ� DV� WKH� WZHOYH� RU� VR� URWRUV
URWDWH� DURXQG� WKH� VWDWRU� ULQJ� VR� WKH� 6(*� LV� FRQWLQXDOO\� SURGXFLQJ� FRSLRXV
DPRXQWV�RI�HOHFWURQ�SRVLWURQ�SDLUV��TXLWH�OLWHUDOO\��RXW�RI�WKLQ�DLU��%XW�WKHQ�DJDLQ�
ORRNLQJ�D�OLWWOH�FORVHU�LQWR�WKLV�SURFHVV��LW�ZLOO�EH�WKH�VKRFN�ZDYHV�SURGXFHG�LQ�WKLV
UHFRQQHFWLRQ�SURFHVV� WKDW�ZLOO�EH�SURGXFLQJ� WKH�HOHFWURQ�SRVLWURQ�SDLUV� �DQG�VR
WKHUH�ZLOO�EH�DQ�RVFLOODWRU\�QDWXUH�WR�WKHVH�HPLVVLRQV��
7R�DGG�ZHLJKW� WR� WKLV� UHYHODWLRQ� LQ�HQHUJ\�JHQHUDWLRQ�5RVFKLQ� DQG�*RGLQ�� WZR
UHVHDUFKHUV� LQ� 5XVVLD�� UHSRUWHG� WKDW� LQ� ODERUDWRU\� WHVWV� �SHUIRUPHG� GXULQJ� WKH
����
V��WKH�H[WUHPH�LRQL]DWLRQ�FUHDWHG�DURXQG�WKH�YHUVLRQ�WKH\�PDGH�RI�WKH�6HDUO
6(*� FDXVHG� D� WRURLGDO� PDJQHWLF� ILHOG� WR� IRUP�� DQG� WKLV� ILHOG� VSUHDG� RXW
KRUL]RQWDOO\�IURP�WKHLU�RQH�PHWHU�6(*�JHQHUDWRU�WR�DERXW����PHWHUV�LQ�GLDPHWHU�
ZKLFK� RUJDQL]HG� LWVHOI� FRQFHQWULFDOO\� LQWR� YHUWLFDO� 
ZDOOV
� RI� PDJQHWLF� IOX[
LQWHQVLW\�
$QG�MXVW�VR�WKDW�WKH�UHDGHU�GRHVQ
W�ORRVH�VLJKW�RI�WKH�DVWURSK\VLFDO�QDWXUH�RI�WKLV
SKHQRPHQD��EHFDXVH�WKDW·V�ZKDW�LW�LV���D�FRQYHUVLRQ�SURFHVV�RI�WKH�RPQL�SUHVHQW
YLUWXDO� HQHUJLHV� LQWR� UHDO�WLPH� HOHFWURQ�SRVLWURQ� SDLUV�� H[DFWO\� WKH� VDPH
FRQYHUVLRQ� SURFHVV� ZKLFK�PDQLIHVWV� LWVHOI� RXW� LQ� VSDFH� DURXQG� URWDWLQJ� HQHUJ\
ILHOGV� �� ,� KDYH� IRXQG� D� YHU\� VLPLODU� PRGHO� WR� 6HDUO
V� 
FXUUHQW�VKHHW
� ILHOGV� LQ� D
SDSHU� E\� >.LUN�/\XEDUVN\� ����@� ZKLFK� H[SODLQV� WKH� FRQFHQWULF� QDWXUH� RI� WKHVH
HOHFWULF�ILHOGV�LQ�DVWURSK\VLFDO�SXOVDUV�>QRWH����@�
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)LJXUH�����&XUUHQW�VKHHWV�DV�D�VSLUDO�FRUUXJDWLRQ�LQ�DQ�0+'�SXOVDU�ZLQG
����7KH�4XHVW�IRU�6WDELOLW\�LQ�WKH�'HYHORSPHQW�RI�D�)LODPHQW�WXEH
7KH� UHDGHU�ZLOO�QRWLFH� WKDW� ,�KDYH�RQO\�YHU\� WHQWDWLYHO\� DVVRFLDWHG� VHYHUDO� EODFN
KROH�PHFKDQLVPV�WR�WKH�DD8)2��7KDW�LV�EHFDXVH�WKLV�LV�RQO\�FKDSWHU����DQG�DOO�,
DP� HQGHDYRULQJ� WR� HVWDEOLVK� LQ� WKLV� HDUO\� FKDSWHU� LV� D� JHQHUDOL]HG� OLQN� EHWZHHQ
DVWURSK\VLFV� DQG�8)2�SK\VLFV��7KH�SUHYLRXV� VHFWLRQV�RI� WKLV� FKDSWHU�ZLOO� KDYH
SURYLGHG�D�EDVLF�EDFNJURXQG�RI�HQHUJ\�G\QDPLFV�ZKLFK�FDQ�EH�H[SDQGHG�XSRQ
PXFK�PRUH� WKRURXJKO\� LQ� WKH� IROORZLQJ�FKDSWHUV��7KLV�FKDSWHU� WKRXJK� LV�DERXW
8)2�ILODPHQW�WXEHV�DQG�DVWURSK\VLFDO�MHWV�DQG�VR�WKDW�ZLOO�EH�ZKDW�WKH�UHPDLQLQJ
VHFWLRQV�RI�WKLV�FKDSWHU�ZLOO�EH�IRFXVLQJ�XSRQ��EHFDXVH�WKHUH�LV�VWLOO�D�ZKROH�QHZ
VFLHQFH� WR� ILQG�SDUDPHWHUV� IRU�VR� WKDW�D�8)2�FUDIW�FDQ�EH�DEOH� WR�HVWDEOLVK� IRU
LWVHOI�ZHOO�FROOLPDWHG��VWUXFWXUDOO\�VWDEOH�ILODPHQW�WXEHV�
$QG��ZKHWKHU� LW� LV� GRZQ�RQ� SDSHU� DV� D� 7RUVLRQDO�$OIYpQ�:DYH�� RU� D� 3R\QWLQJ
9HFWRU�)OX[�� RU� D� URWDWLQJ� D]LPXWKDO�PDJQHWRK\GURG\QDPLF� �0+'�� ILHOG�� RU� D
/HQVH�7KLUULQJ�YRUWLFDO� ILHOG�� WKH�RYHU�ULGLQJ�SRLQW�RI� UHIHUHQFH� WKURXJKRXW� WKLV
VWXG\�ZLOO� EH� KRZ� WKH� G\QDPLF� RI� WKDW� URWDWLQJ� HQHUJ\�ZLOO� EH� FRQILJXUHG� DV� D
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KHOLFDO�� VSLUDOLQJ�� URWDWLQJ� WXEH� RI� HQHUJ\�� $QG� DV� DOO� RI� WKHVH� K\GURG\QDPLF
PRGHOV�ZLOO�� ZLWK� UHVSHFW� WR� WKH� URWDWLQJ� HQJLQHV� WKDW� KDYH� FUHDWHG� WKHP�� KDYH
EHHQ� IRUPHG� LQ� WKH� VDPH� SULQFLSOH�PDQQHU� DV� D� URWDWLQJ� YRUWH[� ILODPHQW�� WKHQ
WKRVH� YRUWLFDO� WXEHV� ZKHQHYHU� UHIHUUHG� WR� ZLOO� �DV� PXFK� DV� SRVVLEOH� VR� DV� WR
SURYLGH�D�FRPPRQ�VWULQJ�WKURXJKRXW�WKLV�VWXG\��EH�UHIHUUHG�WR�DV�WKH�ILODPHQW�WXEH�
$QG�ZKDWHYHU�WKH\�KDYH�EHHQ�FDOOHG� LQ�RWKHU�VWXGLHV�WKH�PRVW� LPSRUWDQW�DVSHFW
RI� WKHVH� ILODPHQW�WXEHV�ZLOO�EH� WKHLU� VWDELOLW\� DQG� VWUDLJKW� FROOLPDWLRQ�� IRU�ZKHQ
WUDQVSRVLQJ� WKLV� WHFKQRORJ\� LQWR� WKH� 8)2
V� SURSXOVLRQ� V\VWHP� WKLV� FROOLPDWHG
VWDELOLW\�ZLOO�KROG�WKDW�ILODPHQW�WXEH�DV�RQH�ORQJ�FRQWLQXRXV�URWDWLQJ�HQHUJ\�ILHOG�
VR�WKDW�LW�FDQ�WKHQ�EH�XVHG�WR�WUDQVSRUW�SXOVHV�RI�WKH�FUDIW·V�SURSXOVLRQ�LQGXFLQJ
HQHUJ\��2EYLRXVO\��XQGHUVWDQGLQJ�IXOO\�KRZ�WKHVH�ILODPHQW�WXEHV�ZRUN�DQG�ZKDW
G\QDPLFV�ZRXOG�EH�UHTXLUHG�E\�WKH�8)2�WR�LQLWLDWH�WKHP��DQG�WR�PDLQWDLQ�WKHP
LQ� WKH� DLU� IRU� DQ\WKLQJ�XS� WR� D� VHFRQG��ZLOO� EH� HVVHQWLDO� WR� WKH� SURFHVV�RI� WKHQ
XQGHUVWDQGLQJ�SUHFLVHO\�ZKDW�VRUW�RI�HQHUJLHV�PLJKW�EH�VHQW�GRZQ�WKRVH�ILODPHQW�
WXEHV�WKDW�ZLOO�SURGXFH�NLQHWLF�PRYHPHQW�LQ�WKDW�8)2�
2QH�RI�WKH�IDYRUHG�SULQFLSOHV�EHKLQG�ILODPHQW�WXEH�JHQHUDWLRQ�FDQ�EH�VHHQ�LQ�WKLV
LPDJH��ILJXUH�����RI�WKH�WRUXV�F\OLQGHU�RI�PDJQHWLF�IOX[�OLQHV�ZKLFK�LV�FUHDWHG�E\
FKDUJHG� SDUWLFOH� PRPHQWXP� ZUDSSLQJ� DURXQG� WKH� SULPDU\� ILHOG� OLQHV� WKDW� DUH
DQFKRUHG�LQ�WKH�URWDWLQJ�FRUH�RI�WKH�DFFUHWLRQ�GLVN��7KH�ZUDSSLQJ�DURXQG�ZLOO�OHDG
WR� WKH� HPHUJHQFH�RI� D� KHOL[�VKDSHG� ILHOG� �ILODPHQW�WXEH�� WKDW� H[WHQGV� DORQJ� WKH
ORQJLWXGLQDO� D[LV� RI� WKDW� V\VWHP� WR� SURGXFH� ILHOG�DPSOLILFDWLRQ�ZKLFK�ZLOO� FDUU\
DQG�DFFHOHUDWH�SODVPD�LQ�MHW�OLNH�IORZV��DORQJ�WKDW�VDPH�D[LV��ZKLFK�ZLOO�EH�IXUWKHU
GULYHQ�E\�ILHOG�WRUVLRQ�DQG�FRQILQHG�E\�LQZDUG�PDJQHWLF�WHQVLRQ��LH�KRRS�VWUHVV��
,�FODULI\�WKLV�EHFDXVH�VHYHUDO�UHVHDUFK�VWXGLHV�RIIHULQJ�GLIIHUHQW�YLHZSRLQWV�LQ�WKH
ILHOG�RI�DVWURSK\VLFDO� MHW�SURGXFWLRQ�KDYH�SURSRVHG� LQ� WKHLU�GLIIHUHQW�PRGHOV�DOO
VRUWV�RI�GLIIHUHQW�QDPHV�DQG�WHUPV�IRU�WKHLU�MHWV��IRU�LQVWDQFH��ZKHQ�0HLHU�>0HLHU
����@�JLYHV�GHWDLOV�RI�KLV�YLHZ�RI�KRZ�D�MHW�LV�VWUXFWXUHG�KH�VWDWHV�WKDW�WKH�VWDELOLW\
RI� VXFK� D� MHW� LV� HQKDQFHG� E\� D� KHOLFDO� PDJQHWLF� ILHOG� ERWK� LQVLGH� WKH� ZHOO�
FROOLPDWHG�FXUUHQW�GULYHQ�3R\QWLQJ� IOX[�GRPLQDWHG�SODVPD�� DQG�RXWVLGH�RI� LW� LQ
ZKDW�0HLHU�VHHV�DV�D�ODUJH�HOHFWULFDO�FXUUHQW�ZKLFK�IORZV�SDUDOOHO� WR�WKH�PDLQ� MHW
IORZ��DQG�LW�ZLOO�EH�WKLV�VWURQJ�FXUUHQW�ZKLFK�ZLOO�EH�UHVSRQVLEOH�IRU�JHQHUDWLQJ�DQ
LQWHQVH�WLJKWO\�ZRXQG�KHOLFDO�PDJQHWLF�ILHOG�DURXQG�WKH�MHW��DQG�WKDW�LW�ZLOO�EH�WKH
FRQWLQXHG� URWDWLRQ� RI� WKH� HQWLUH�PDJQHWL]HG� SODVPD� DERXW� WKH� MHW
V� D[LV� ZKLFK
SOD\V�WKH�PRVW�LPSRUWDQW�UROH�LQ�WKDW�MHW
V�G\QDPLFV�>QRWH����@��7KLV�PHFKDQLVP
GULYHV�ZKDW�FDQ�EH�GHVFULEHG�DV�D�EDUEHU
V�SROH�WRUVLRQDO�$OIYpQ�ZDYH�ZKLFK�FDUULHV
WKH�HOHFWURPDJQHWLF�HQHUJ\�WKDW�DFFHOHUDWHV�WKH�SODVPD�VSLUDOLQJ�ZLWKLQ�LW�
6WDELOLW\�RI�WKHVH�ILODPHQW�WXEHV�FDQQRW�EH�RYHU�HPSKDVL]HG��)RU��DV�ZDV�VKRZQ
LQ� WKH� LPDJH� RI� WKH�0H[LFR�8)2�ZKHUH� WKH� YLGHR� FDSWXUHG� WKH� ILODPHQW�WXEH
LQLWLDOO\�VHQW�RXW�E\�WKDW�8)2��EXW�ZKLFK�IDLOHG�WR�FRQQHFW�ZLWK�WKH�VXUURXQGLQJ
DLU��LI�WKH�ILODPHQW�WXEH�FROODSVHV�WKHQ�WKH�8)2�GRHVQ
W�JR�DQ\ZKHUH��
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3HUKDSV�� IURP� WKH� IDFW� WKDW� D�8)2·V� ILODPHQW�WXEH� KDV� EHHQ� VKRZQ�RQ� ILOP� DV
IDLOLQJ�� LW�ZRXOG� EH� DSSURSULDWH� WR� VWUHVV� KHUH� WKDW� WKHVH� ILODPHQW�WXEHV�ZLOO� EH
SURQH�WR�LQVWDELOLW\�DQG�FROODSVH�LI�WKH�FRUUHFW�SDUDPHWHUV�DUH�QRW�DSSOLHG�WR�WKHP
FRQWLQXDOO\�ZKLOH�WKH\�DUH�DFWLYH��)RU�LQVWDQFH��WKHUH�FDQ�RFFXU�LQVWDELOLWLHV�LQ�WKH
ILODPHQW�WXEH�VXFK�WKDW�ZLOO�GULYH�NLQNV�LQWR�WKHP�WKDW�ZLOO�FRPH�IURP�GLVUXSWLYH
LQWHUSOD\V� EHWZHHQ� SUHVVXUH� DQG� WKH� FXUYDWXUH� RI� PDJQHWLF� ILHOG� OLQHV�� �LH
SUHVVXUH�GULYHQ� LQVWDELOLWLHV� UHVXOWLQJ� IURP� .HOYLQ�+HOPKROW]� NLQNV� GHYHORSLQJ
RXW�RI�YHORFLW\�LPEDODQFHV�LQ�WKRVH�IORZV�FDXVLQJ�ZUDS�DURXQG�RYHUODSV���,Q�WKH
HDUO\�VWDJHV�RI�DVWURSK\VLFDO�MHW�UHVHDUFK�ZKHQ�WKH�SURFHVV�RI�KRZ�WKHVH�ILODPHQW�
WXEHV�ZHUH�IRUPHG�ZDV�QRW�DGHTXDWHO\�XQGHUVWRRG��PDQ\�WKHRULHV�ZHUH�SURSRVHG
WR�HLWKHU�GHDO�ZLWK�WKLV�NLQN�RYHUODS�SUREOHP�RU�WR�H[SODLQ�WKLV�SUREOHP�LQ�JUHDWHU
GHWDLO�� 7KLV� ZDV� EHFDXVH�� DW� WKDW� WLPH�� WKLV� ZDV� VHHQ� DV� DQ� LQVXUPRXQWDEOH
SUREOHP��DQG�VR�EHFDXVH�VR�PDQ\�UHVHDUFKHUV�WRRN�RQ�WKH�WDVN�WR�VROYH�WKLV�NLQN�
RYHUODS�SKHQRPHQRQ�WKHUH�UHVXOWHG�D�ZKROH�ZHDOWK�RI�WKHRULHV�DQG�LQIRUPDWLRQ
DERXW�ZD\V�LQ�ZKLFK�WKHVH�MHWV�FDQ�EH�IRUPHG�DQG�PDGH�VWDEOH��DQG�KRZ�WKH\�FDQ
EH� FROOLPDWHG� �DQG� WKLV� JUHDW� ZHDOWK� RI� LQIRUPDWLRQ�� RI� FRXUVH�� ZLOO� EH� KLJKO\
EHQHILFLDO�WR�WKH�SUHVHQW�VWXG\��
2QH�RI�0HLHU
V�VXJJHVWLRQV��IURP�WKH�-HW�3URSXOVLRQ�/DERUDWRU\�DW�&DO�7HFK�� LV
WKDW� WKH�PRVW� VWDEOH� W\SH� RI� ILODPHQW�WXEH� FRPHV� IURP� D� VWURQJO\�PDJQHWL]HG�
K\SHU�VRQLF� �EXW� VXE�$OIYpQ� VSHHG��� 3R\QWLQJ� IOX[� GRPLQDWHG�� WRUVLRQDO�$OIYpQ
ZDYH��$QG�ZKLOH�0HLHU�GRHV�KDYH� VRPH�JRRG� LGHDV� WKHVH� VKRXOG� EH� FRPSDUHG
ZLWK�ZKDW�6SUXLW�VD\V�DERXW�WKH�FRQILJXUDWLRQ�RI�D�KHOLFDO�SODVPD�IORZ��HVSHFLDOO\
ZKHUH�WKH�IORZ
V�$OIYpQ�VSHHG�VKRXOG�EH�ODUJH�FRPSDUHG�WR�WKH�ORFDOL]HG�VRXQG
VSHHG�� ,Q� WKLV� W\SH� RI� MHW� VWURQJ�PDJQHWL]DWLRQ� LV� DJDLQ� ILJXUHG� WR� EH� WKH�PRVW
LPSRUWDQW�IDFWRU��DQG�H[DPSOHV�RI�VXFK�MHWV�DUH�JDPPD�UD\�EXUVWV�ZKHUH�WKHUH�LV
DQ� D]LPXWKDO� PDJQHWLF� ILHOG� LQVLGH� WKH� MHW� ZKLFK� ZLOO� EH� XVHG� WR� DFFHOHUDWH� LWV
SDUWLFOHV� �WKH� UHDGHU� FDQ� VHH� DQ� D]LPXWKDO�PDJQHWLF� ILHOG� RXWVLGH� WKH� MHW� LQ�P\
ILJXUH� ��� EHORZ��� $OVR� LQ� WKHVH� ILODPHQW�WXEHV� PDJQHWRK\GURG\QDPLF� �0+'�
ZDYHV� FDQ� EH� IRUPHG� DQG� WKHVH� LQ� WXUQ� FDQ� EH� FRPSUHVVHG� LQWR�0+'� VKRFN
ZDYHV� WKDW� ZLOO� WKHQ� DFFHOHUDWH� ILHOGV� RI� SDUWLFOHV� WKURXJK� WKHP� �HVSHFLDOO\� LI
DQRWKHU� WZLVWLQJ� WHFKQLTXH��PHQWLRQHG�E\� >.DUDV@� LV�DOVR� LQFRUSRUDWHG� LQWR� WKDW
ILODPHQW�WXEH��
�����&ROOLPDWLRQ�DQG�+RRS�6WUHVV
&ROOLPDWLRQ� LV� WKH� LQWULQVLF� DELOLW\� RI� WKH� KHOLFDO� ILODPHQW�WXEH� WR� H[LVW� DV� D
VWUDLJKW�ZDOOHG�DQG�SDUDOOHO��RU�DOPRVW�SDUDOOHO��VWDEOH�F\OLQGHU��+RRS�VWUHVV�LV�DQ
LPSRUWDQW�SDUW�RI�WKH�FROOLPDWLQJ�SURFHVV��ZKLFK�LV�GHILQHG�DV�EHLQJ�SDUW�RI� WKH
PDJQHWLF�WHQVLRQ�IRUFH�FUHDWHG�E\�WKH�WRURLGDO�PDJQHWLF�ILHOG�VXUURXQGLQJ�WKDW�MHW�
DQG� ZKLFK� FROOLPDWHV� DQG� FRQILQHV� WKH� SUHVVXUH� RI� WKH� SODVPD� LQWR� D� VWDEOH
F\OLQGHU�� ,Q� RWKHU� ZRUGV�� LW� ZLOO� EH� DQ� LQZDUG�DFWLQJ� IRUFH� RI� WHQVLRQ� ZKLFK
H[WHQGV�DORQJ�WKH�ZKROH�OHQJWK�RI�WKH�ILODPHQW�WXEH��7KLV�LQZDUG�WHQVLRQ�PXVW�EH
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EDODQFHG� E\� DQ� RXWZDUG� FHQWULIXJDO� IRUFH� �DQG� YLFH� YHUVD�� DOO� DORQJ� WKH� ZKROH
OHQJWK�RI� WKH� ILODPHQW�WXEH� RWKHUZLVH� DQ� LQVWDELOLW\�ZLOO� IRUP� DQG� WKH� WXEH�ZLOO
EHFRPH� XQVWDEOH� DQG� FROODSVH�� 2WKHU� UHVHDUFKHUV� KDYH� FRLQHG� WKLV� FROOLPDWLQJ
PHFKDQLVP��WKH�VZHHSLQJ�PDJQHWLF�WZLVW�IURP�WKH�/RUHQW]�IRUFH�PHFKDQLVP�WKDW�KDV
EHHQ�SURSRVHG�LQ�WKH�>8FKLGD�6KLEDWD@�VWXG\��ZKLFK�DJDLQ��LV�VLPLODU�WR�WKH�PRGHO
SURSRVHG�E\�0HLHU�>0HLHU�����@�ZLWK� LWV�WRUVLRQDO�$OIYpQ�ZDYH��VR�DV�WR�HQVXUH
WKDW�WKH�ILODPHQW�WXEH�LV�IRUPHG�WR�D�VWDEOH�DQG�VOHQGHU�MHW�VKDSH�>QRWH����@�
,W� LV� LQWHUHVWLQJ� WKDW�ZKLOH� VRPH�SK\VLFLVWV�KDYH�GLVPLVVHG� VXFK�KHOLFDO� ILHOGV� DV
EHLQJ� WRR� XQVWDEOH� WR� UHSURGXFH� 6SUXLW�� WKURXJK� KLV� D[LV\PPHWULF�VWHDG\
FDOFXODWLRQV��KDV�SURYHG�RQ�WKH�FRQWUDU\�WKDW�WKHUH�FDQ�EH�LPPHQVH�VWDELOLW\��DQG
KH�KDV�RXWOLQHG�WKH�SDUDPHWHUV�E\�ZKLFK�H[FHOOHQW�FROOLPDWLRQ�RI�WKH�IORZ�FDQ�EH
PDLQWDLQHG� LQ� QHDUO\� DOO� FDVHV� �DQG� WKLV� HFKRHV� ZKDW� ZDV� VDLG� HDUOLHU�� LQ� WKH
SUHYLRXV�VHFWLRQ��DERXW�WKH�QXPHURXV�VWXGLHV�FDUULHG�RXW�RQ�WKHVH� MHWV�ZKLFK�LQ
WKH� HQG� GLG� SURYH� WKDW� WKHUH� ZHUH� ZD\V� LQ� ZKLFK� VWDELOLW\� FDQ� EH� VXFFHVVIXOO\
DFKLHYHG���6SUXLW�H[SODLQV�WKDW�PDQ\�IORZV�EHFRPH�DV\PSWRWLFDOO\�SDUDOOHO�WR�WKH
URWDWLRQ�D[LV�RQFH�WKH�ILODPHQW�WXEH� LV�HVWDEOLVKHG��PHDQLQJ�WKDW�WKH�FROOLPDWLRQ
EHFRPHV�PRUH�DQG�PRUH�SHUIHFW�WKH�PRUH�LW�H[WHQGV��LH�XQWLO�WKH�WXEH�EHFRPHV
SHUIHFWO\� VWUDLJKW���+H�QRWHV� WKDW�ZKHUH� WKH�KHOLFDO� IORZ� LV� LQLWLDOO\� IRUPHG��DV� LW
OHDYHV� WKH� DFFUHWLRQ� GLVN� RI� WKH� URWDWLQJ� EODFN� KROH� V\VWHP�� WKH� WXEH� PD\� EH
SRRUO\� FROOLPDWHG� DV� LW� EHJLQV� LWV� IRUPDWLRQ� SURFHVV�� DQG� WKDW� WKH� FROOLPDWLRQ
HIIHFW�RQO\�JDWKHUV�VWUHQJWK�DQG�FRKHVLRQ�ZKHQ�WKH�URWDWLRQ�H[WHQGV�DZD\�IURP
WKH�D[LV�DQG�DV�WKH�ILODPHQW�WXEH�GHYHORSV�LQ�OHQJWK�>QRWH����@�
3K\VLFLVWV�RI� WKH�0DU\ODQG�&HQWULIXJDO�([SHULPHQW� �86$��VHH� WKH�SKHQRPHQRQ
RI� KRRS� VWUHVV� VOLJKWO\� GLIIHUHQWO\� DQG� VXJJHVWV� WKDW� WKH� FRQFHSW� RI� FHQWULIXJDO
FRQILQHPHQW�LV�WR�GHYHORS�FHQWULIXJDO�IRUFHV�WKURXJK�D�ILHOG�PRYLQJ�DW�VXSHUVRQLF
URWDWLRQDO�VSHHG�LQ�RUGHU�WR�HQKDQFH�WKH�IRUFH�RI�WKH�PDJQHWLF�FRQILQHPHQW��DQG
WKDW�WKH�URWDWLRQDO�VSHHG�ZLOO�EH�GHWHUPLQHG�E\�DQ�DSSOLHG�HOHFWULF�ILHOG�ZKLFK�LV
SHUSHQGLFXODU� WR� WKH� FRQILQLQJ�PDJQHWLF� ILHOG� �LH� WKURXJK� (� [� %� IRUFH�� �� DV� LV
VKRZQ� LQ� ILJXUH� �� �DQG� LQ� ILJXUH� ��� EHORZ��� 7KH� UHVXOWLQJ� URWDWLRQ� RI� WKH
DFFHOHUDWHG�SODVPD�ZLOO�EH�QRQ�XQLIRUP�UHVXOWLQJ�LQ�ODUJH�YHORFLW\�VKHDU�DORQJ�WKH
OHQJWK�RI�WKH�ILODPHQW�WXEH��ZKLFK�ZLOO�VXEVWDQWLDOO\�VWDELOL]H�WKDW�ILODPHQW�WXEH�DV
LW�H[WHQGV�>QRWH����@�
,Q�DQRWKHU�GLIIHUHQW�ORRN�WRZDUG�XQGHUVWDQGLQJ�WKH�SKHQRPHQRQ�RI�FROOLPDWLRQ�
DQG� SHUKDSV� FRQWUROOLQJ� LW�� WKH� SDSHU� E\� >+RQGD�+RQGD@� SURSRVHV� WKDW� WKH
IDYRUHG� FDQGLGDWH� IRU� WKH� FROOLPDWLQJ� IRUFH� LV� WKH� DFWXDO� HOHFWURQ�SRVLWURQ� IORZ
IORZLQJ�RXW�RI� WKH�DFFUHWLQJ�GLVN��ZKLFK� LQGXFHV� D� WUDQVYHUVH� WRURLGDO�PDJQHWLF
ILHOG�DURXQG�WKH� MHW��DQG�WKDW�WKH�VFUHHQLQJ�HIIHFW��FKDUJH�QHXWUDOL]LQJ�HIIHFW��E\
WKH� HOHFWURQ�SRVLWURQ� SDLUV� RQ� WKHLU� DGMDFHQW� GLIIXVH� HQYHORSHV� ZLOO� EH� ZKDW
SUHYHQWV�DQ\�VQDNHOLNH�GLVWRUWLRQV�IURP�RFFXUULQJ� �ZKLFK� LV� WKH�VDPH�WKLQJ� WKDW
0HLHU�ZDV�WU\LQJ�WR�HVWDEOLVK�ZLWK�UHJDUG�WR�WKH�WRUVLRQDO�$OIYpQ�ZDYH�FHQWUDO�WR
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KLV� WKHRUHWLFDO�3R\QWLQJ� IOX[�PRGHO���+RQGD� WKHQ� JRHV�RQ� WR� FODULI\� WKDW� LW� LV� D
VWUHDP�RI�H[FHVV�HOHFWURQV��WKH�VXUSOXV�XQVFUHHQHG�HOHFWURQV��ZKLFK�JHQHUDWHV�WKH
WRURLGDO�VHOI�RUJDQL]LQJ�PDJQHWLF�ILHOG��ZKLFK�H[WHQGV�DORQJ�WKH�ZKROH�OHQJWK�RI
WKH� ILODPHQW�WXEH� DQG� ZKLFK� FRQWULEXWHV� D� VHOI�SLQFKLQJ� PHFKDQLVP� RQ� WKH
HOHFWURQ�SRVLWURQ�SODVPD��DQG�ZLWK�LW�D�FRUUHVSRQGLQJ�PLJUDWLRQ�RI�LRQV�PRYLQJ
UDGLDOO\�LQZDUG�WRZDUG�WKH�WXEH
V�FRUH��,Q�WKLV�+RQGD�+RQGD�PRGHO�WKH�GLDPHWHU
RI� WKH� ILODPHQW� WXEH� LV� DGMXVWDEOH� DFFRUGLQJ� WR� WKH� EDODQFH� RI� $�� WKH� SDLU�
SURGXFWLRQ�UDWH��RI�%��WKH�UHWXUQ�FXUUHQW�VWUHQJWK��DQG�WR�&��WKH�DYHUDJH�SDUWLFOH�
GHQVLW\�ZLWKLQ� WKH� ILODPHQW�WXEH��+RQGD
V� LGHD�� DJDLQ�� LV� WKDW� WKH�PDJQHWLF� ILHOG
SUHVVXUH�ZLOO�EDODQFH�DJDLQVW�WKH�SODVPD�SUHVVXUH�RI�WKH�MHW��DOWKRXJK��VRPHZKDW
GLIIHUHQWO\� WR�PDMRULW\� RSLQLRQ�+RQGD�PDLQWDLQV� WKDW� WKH� SDLU�VFUHHQLQJ� HIIHFWV
DQG� UHWXUQ�FXUUHQWV�ZLOO� WKHQ� H[SDQG� WKH� ERUH�GLDPHWHU� RI� WKH� ILODPHQW�� WR� WKH
SRLQW�ZKHUH� VXFK� H[SDQVLRQ�ZLOO� OHDG� WR� VWURQJ� VXSSUHVVLRQ� RI� WKH� LQVWDELOLWLHV
>QRWH����@�
7KLV� LGHD�� DV� LQGHHG� DOO� WKH� DERYH�PHQWLRQHG� ILODPHQW�WXEH� WKHRULHV�� VKRXOG�EH
FRPSDUHG�WR� WKDW�RI� WKH�=�SLQFK�HIIHFW��ZKLFK�RFFXUV� LQ�DQ�HOHFWULFDOO\�FKDUJHG
YRUWH[��RU�D�WRUQDGR��DQG�VKRZV�WKH�UHDGHU�WKH�EDVLF�IRUP�RI�D]LPXWKDO�SDUWLFOH
URWDWLRQ��DQG�WRURLGDO�SRORLGDO�PDJQHWLF�ILHOG�OLQHV��>7KRPVRQ@�
:KHUH�VXSSUHVVLRQ�RI�LQVWDELOLW\�LV�PHQWLRQHG�LQ�6SUXLW�>6SUXLW�����@�LW�LV�DUJXHG
WKDW�WKH�QHFHVVDU\�LQJUHGLHQW�WR�VWDELOL]H�D�MHW�LV�D�SRORLGDO�PDJQHWLF�IOX[�DQFKRUHG
LQ� WKH� DFFUHWLRQ� GLVN�� DQG� WKH� JUHDWHU� WKH� GLVWDQFH� IURP� WKH� FHQWUDO� D[LV� WKDW
DQFKRULQJ�LV�ORFDWHG�WKH�JUHDWHU�WKH�VWDELOL]LQJ�HIIHFW�>6SUXLW�����@��$QG�/HEHGHY
H[SDQGV� RQ� WKLV� E\� H[SODLQLQJ� WKDW� RXW� IURP� WKH� LQLWLDO� IRUPDWLRQ� RI� D� ZLGH
SRORLGDO�ILHOG�WKHUH�ZLOO�IRUP�WKH�QDUURZHU�WRURLGDO�ILHOG�ZKLFK�ZLOO�VXUURXQG�WKH
ILODPHQW�WXEH�DQG�JLYH�LW�JUHDW�VWDELOLW\�>/HEHGHY�����@�
7KH�PRGHO�RI�D�ILODPHQW�WXEH�VXUURXQGHG�E\�D�WRURLGDO�ILHOG�LV�DOVR�IDYRUHG�LQ�WKH
>3XQVO\�����@�PRGHO�ZKHUHE\�WKH�LQILQLWHO\�ORQJ�WRURLG�ILHOG�KHOSV�WR�SURGXFH�DQ
HIIHFW�VLPLODU�WR�D�ORQJ�F\OLQGULFDO�ZDYHJXLGH�VXUURXQGHG�E\�D�VROHQRLGDO�PDJQHWLF
ILHOG� ZKLFK�� DV� 3XQVO\� DOVR� VD\V�� VXEVWDQWLDOO\� RYHUFRPHV� WKH� SUREOHP� RI
LQVWDELOLW\�
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)LJXUH�����+HOLFDO�ILHOG�FUHDWHG�E\�D�6HDUO�URWRU�IURP�FKDUJHG�SDUWLFOHV�SURGXFHG
WKURXJK�PDJQHWLF�ILHOG�EUHDNLQJ�DQG�UHFRQQHFWLRQ��$OVR�WKH�=�SLQFK�HIIHFW�RQ�D
URWDWLQJ�ILHOG
,� GLG�ZRQGHU�ZKDW� WKH� UHDVRQ�PLJKW� EH� IRU� WKH� GDUNQHVV� RI� WKH� ILODPHQW�WXEH
SURMHFWHG�E\�WKH�8)2V�RYHU�0H[LFR�DQG�FDSWXUHG�RQ�YLGHR�WDSH��ZKLFK�FDQ�EH
VHHQ�LQ�WKH�VWLOO�IUDPH�RI�WKDW�8)2
V�ILODPHQW�WXEH��VHH�ILJXUHV����DQG����DERYH�
>QRWH����@��2EYLRXVO\��WKH�FKDUJHG�SDUWLFOHV�WKDW�PDNH�XS�WKDW�ILODPHQW�WXEH�ZLOO
KDYH�DQ�D]LPXWKDO�YHORFLW\�DQG�VR�LW�PD\�MXVW�EH�WKDW�WKH�URWDWLQJ�HQHUJ\�RI�WKDW
8)2
V� ILODPHQW�WXEH� KDV� GUDZQ�PRLVWXUH� RXW� RI� WKH� VXUURXQGLQJ� DLU� �DOWKRXJK
ZKHQ�ZDUP�DLU� ULVHV�XS� WKURXJK� WKH�PLGGOH�RI� WKDW� WXEH� WKDW�DLU�ZLOO� FRRO� WRR��
DQG�WKH�URWDWLRQ�KDV�SDFNHG�WKDW�PRLVWXUH�LQWR�LWV�WLJKWO\�FRLOLQJ�OD\HUV��ZKLFK�LQ
WXUQ� LV� GUDZLQJ� WRZDUG� LW� D� VKHHW�RI� DLU� �DQG�PRUH�PRLVWXUH�� DOO� WKH�ZD\�XS� LWV
ZKROH� OHQJWK� LQ� D� IDVKLRQ� VLPLODU� WR� D� /HQVH�7KLUULQJ� GUDJJLQJ� HIIHFW� ZKLFK� LV
ZUDSSLQJ�OD\HUV�RI�DLU�DURXQG�WKDW�WXEH���DQG�SHUKDSV�WKDW
V�ZK\�LWV�GDUNHU�WKDQ
WKH�VXUURXQGLQJ�DLU�
)XUWKHU� LQIRUPDWLRQ� DERXW� WKH� RXWHU� VKHOO� RI� D� URWDWLQJ� ILHOG� FRPHV� IURP� WKH
>%ODQGIRUG�3D\QH@�VWXG\�ZKHUH�LWV�DXWKRUV�VD\�WKDW�WKH�EHVW�IRUPDWLRQ�RI�D�MHW�ZLOO
HVVHQWLDOO\� GHSHQG� XSRQ� WKH� G\QDPLFV� RI� WKH� URWDWLQJ� GLVN� WKDW� IRUPV� LW�
,QWULJXLQJO\�� WKHVH�DXWKRUV�VXJJHVW�WKDW�DLU�PROHFXOHV�GULYHQ�IURP�WKH� LQQHU�HGJH
RI�WKH�URWDWLQJ�GLVN�ZLOO�KDYH�WKH�KLJKHU�YHORFLW\��ZKLOH�PROHFXOHV�GULYHQ�IURP�WKH
RXWHU�SDUWV�RI� WKDW�GLVN�ZLOO�KDYH�D�PXFK�ORZHU�YHORFLW\��DQG�EHFDXVH�RI� WKLV� WKH
ILODPHQW�WXEH�ZKLFK�UHVXOWV�ZLOO�KDYH�D�GLIIHUHQW�YHORFLW\�DW�HDFK�GLIIHUHQW�UDGLXV
�LH� WKHUH�ZLOO�RFFXU�D� IUDPH�GUDJJLQJ�HIIHFW��DQG�WKHVH�GLIIHUHQWLDO�YHORFLWLHV�ZLOO
GHWHUPLQH�WKDW�VXFK�D�WXEH�ZLOO�KDYH�JRRG�VWDELOLW\�
:KLFK�� LQ�IDFW�� LV� WKH�SHUIHFW�GHVFULSWLRQ�RI�KRZ�WKH�GRPH�VKDSHG�VXUIDFH�RI� D
8)2�ZLOO�ZRUN��0HDQLQJ�WKDW�� LQ� WKH�FDVH�RI�D�8)2��ZLWK�D� VSHFLILFDOO\�GRPHG
DQG�FLUFXODU�VKDSH��WKDW�FXUYHG�GRPH�FDQ�SULQFLSDOO\�SURYLGH�WKH�PRVW�SURILFLHQW
W\SH�RI�ZDYHJXLGH��RU�SURMHFWRU��IURP�ZKLFK�WR�VHQG�URWDWLQJ�HQHUJLHV�LQWR�WKH�DLU
DKHDG�RI�LW���EHFDXVH�WKH�DSH[�RI�LWV�FXUYHG�GRPH�ZLOO�SURPRWH�D�KLJKHU�URWDWLRQDO
YHORFLW\��ZKLOH� IURP� LWV�SHULPHWHU� ULP� WKHUH�ZLOO�EH�SURMHFWHG�D� ORZHU� URWDWLRQDO
YHORFLW\� �� VR� WKDW� WKH� LQQHU� URWDWLRQDO� IRUFH� IURP� WKH� WXEH·V� OHDG� SDUWLFOHV� ZLOO
DOZD\V�GUDJ�XSRQ�WKH�VORZHU�SDUWLFOHV�LQ�WKH�RXWHU�SDUW�RI�WKDW�ILODPHQW�WXEH��DQG
WKLV�VLPSOH�PHFKDQLVP�ZLOO�JLYH�WKH�PRVW�VWDELOLW\�
,Q� WKLV� SDSHU� %ODQGIRUG� DQG� 3D\QH� WKHQ� PDNH� WKH� LPSRUWDQW� VXJJHVWLRQ� WKDW
ZKLOH� PRVW� RI� WKH� SRZHU� ZLOO� EH� FRQFHQWUDWHG� ZLWKLQ� WKH� FRUH� RI� WKH� MHW� WKH
KLJKHVW� GHJUHH� RI� DQJXODU� PRPHQWXP� DQG� PDJQHWLF� IOX[� ZLOO� EH� FDUULHG� LQ� WKH
ILODPHQW�WXEH
V� RXWHU� ZDOO� >QRWH�� ��@�� :KLFK� VXUHO\� VXJJHVWV� WKDW� WKH� JUHDWHVW
GHJUHH�RI�HQWUDLQPHQW�ZLOO�EH�LQVLGH�WKH�ILODPHQW�WXEH��UDWKHU�WKDQ�RXWVLGH�RI�LW�
DQG�DOVR��WKDW�LI�WKH�ERUH�GLDPHWHU�RI�WKDW�WXEH�FDQ�EH�DGMXVWHG��WKHQ�WKH�SRZHU�RI
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WKDW� HQWUDLQPHQW� IRUFH� ZLOO� EH� DGMXVWDEOH�� ,QGHHG�� WKLV� LV� VRPHWKLQJ� DOVR
PHQWLRQHG�LQ�WKH�:KHHOHU��0HLHU��DQG�:LOVRQ�VWXG\��LQ�WKDW�WKH�QDUURZHU�WKH�MHW
�LH� WKH� WLJKWHU� WKH� FROOLPDWLRQ�� WKH� IDVWHU� LWV� IORZ� ZLOO� EH�� DQG� VR� PRVW� RI� WKH
HQHUJ\�ZRXOG�EH�GLVVLSDWHG�LQWR�WKH�WKURXJK�IORZLQJ��FHQWUDO��MHW�UDWKHU�WKDQ�LQWR
ODWHUDO� VKRFNV� WKDW� ZRXOG� FRPSURPLVH� WKH� LQWHJULW\� RI� WKDW� ILODPHQW�WXEH
>:KHHOHU�0HLHU�:LOVRQ@�
$QRWKHU� DGYDQWDJHRXV� HIIHFW� WKDW� FRXOG� EH� XWLOL]HG� WKURXJK� WKH� GRPHG�VKDSH
XSSHU� VKHOO� RI� D� 8)2� ZLOO� EH� 
PDJQHWLF� GULIW�
� ZKLFK� LV� FDXVHG� E\� WKH� VOLJKW
YDULDWLRQ�EHWZHHQ� WKH� J\URUDGLXV� DQG� WKH� J\URSKDVH�RI� WKH� FKDUJHG�SDUWLFOHV� DV
WKH\�URWDWH�DURXQG�D�8)2·V�XSSHU�GRPH�WKURXJK�D�QRQ�XQLIRUP�PDJQHWLF� ILHOG
�ZKLFK�DV�FDQ�EH�VHHQ�LQ�WKH�LPDJHV�WKURXJKRXW�WKLV�ERRN��LV�TXLWH�REYLRXVO\�WKH
FDVH�ZKHUH�FKDUJHG�SDUWLFOHV�DUH�DFFHOHUDWHG�LQ�D�FXUYH�DURXQG�WKH�DD8)2�FUDIW
V
XSSHU� GRPH� WKURXJK� WKH� FUDIW
V�PDJQHWLF� ILHOG� OLQHV� EHLQJ� IRUPHG� LQWR� D� QRQ�
XQLIRUP�FRQILJXUDWLRQ�DERYH�WKDW�GRPH��ZKLFK�XOWLPDWHO\��FDQ�EH�ILQH�WXQHG�E\
PDJQHWLF�SDGV�LQ�WKDW�GRPH��
%XW�WKLV�VWXG\�KDV�DOUHDG\�DVVXPHG��WKURXJK�WKH�IDFW�WKDW�WKH�8)2·V�XSSHU�GRPH
SURPRWHV� D� FRQYHUJHQFH�RI�PDJQHWLF� ILHOG� LQWHQVLW\�� WKDW� WKHUH�ZLOO� EH� D� VWURQJ
¶GULIW·� RI� WKH� FKDUJHG� SDUWLFOHV� WKDW� VSLQ� DURXQG� WKH� GRPH� WRZDUG� WKDW� 8)2·V
DSH[�� E\� ZKDW� ,� ZRXOG� FDOO� WKH� IUXVWXP� HIIHFW�� DV� ZLOO� EH� IXUWKHU� H[SODLQHG� LQ
VHFWLRQV�����DQG������EHORZ��>QRWH����@�
,� GR� KRSH� WKDW� WKH� UHDGHU�ZLOO� DSSUHFLDWH� WKDW�� DW� WKLV� HDUO\� VWDJH� RI� WKLV� VWXG\�
WKHUH�LV�DOUHDG\�D�VXEVWDQWLDO�ERG\�RI�LQIRUPDWLRQ�WKDW�FDQ�EH�XVHG�WR�GHYHORS�WKH
PHDQV�E\�ZKLFK�SURSXOVLRQ�IRUFHV�FDQ�EH�H[WHQGHG�IRUZDUG�IURP�D�8)2�LQWR�WKH
DLU� RU� VSDFH� DKHDG�RI� LW�� VR� WKDW�ZKHQ� LW� GRHV� GHYHORS� WKRVH� SURSXOVLRQ� IRUFHV
WKH\�ZLOO�EH�SURMHFWHG�DQG�GLUHFWHG�ZLWK�D�VXEVWDQWLDO�DPRXQW�RI�FRQWURO�
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)LJXUH� ����'HSHQGLQJ� RQ�KRZ� LWV�PDJQHWLF� KHOLFDO� ILHOG� LV� FRQILJXUHG� D�GRPHG
FUDIW�FDQ�SURSHO�D�ILHOG�RI�FKDUJHG�SDUWLFOHV�SDUDOOHO�WR�LWV�ORQJLWXGLQDO�D[LV�RU�LQ�DQ
D]LPXWKDO�FXUYLQJ�WUDMHFWRU\
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2QH�SRLQW�ZKLFK�ZLOO�EH�XVHIXO�WR�PDNH�KHUH��ZLOO�EH�WKDW�SUHVHQWO\�LW�VHHPV�WR�EH
DVVXPHG�WKDW�VXFK�ILODPHQW�WXEH�MHWV�ZLOO�VHUYH�WR�SXVK�HQHUJ\�DORQJ�WKHP�
+RZHYHU��LQ�WKH�DERYH�FDVHV�GHOLQHDWHG�LQ�WKH�%ODQGIRUG�DQG�3D\QH�VWXG\��ZKHUH
WKH� IUDPH�GUDJJLQJ� DQG� HQWUDLQPHQW� ZLOO� EH� RQ� WKH� LQVLGH� RI� WKH� ILODPHQW�WXEH�
WKHQ� VXUHO\�� WKHUH� VKRXOG� EH� H[SHFWHG� D� GHJUHH� RI� WHQVLOH� GUDJ�IRUFH� RSHUDWLQJ
LQVLGH� WKH� ILODPHQW�WXEH� �UDWKHU� WKDQ�D�SUHVVXUH� IRUFH���:KDW�PLJKW� VXEVWDQWLDWH
WKLV� IDFWRU�RI�D� WHQVLOH�GUDJ�IRUFH�PD\�SRVVLEO\�EH� IRXQG� LQ�D� VWXG\�RQ� WKH� VWDU
IRUPDWLRQ� PHFKDQLVP� DV� SURSRVHG� E\� /HU\� HW� DO�� ZKHUHLQ� LW� LV� VXJJHVWHG� WKDW
WKHVH� PHFKDQLVPV� DUH� DFFRPSDQLHG� E\� SRZHUIXO� HMHFWLRQ� MHWV� IURP� DFFUHWLRQ
GLVNV�>QRWH����@�

)LJXUH�����7KH�IORZ�YHORFLW\�DQG�GHQVLW\� ILHOGV�RI�D�SURWRVWDU�� ,V� WKH�HQHUJ\�IRU
WKH�MHWV�EHLQJ�SXVKHG�LQWR�WKRVH�DUHDV�RU�SXOOHG�"
%HFDXVH�WKHQ�LW�VKRXOG�EH�QRWHG�WKDW��LQ�WKLV�IRUPDWLRQ�SURFHVV�WKH�GHQVLW\��RI�WKH
SURWRVWDU
V�MHW�DURXQG�WKDW�V\VWHP·V�ORQJLWXGLQDO�D[LV��ZLOO�EH�PXFK�ORZHU�WKDQ�WKH
GHQVLW\�RI�WKH�URWDWLQJ�SODVPD�LQ�LWV�GLVN��$OVR�WR�EH�QRWHG�LQ�WKLV�VWXG\��LV�WKH�IDFW
WKDW� WKH� RXW�IORZLQJ� FR�D[LDO� MHW� ZKLFK� UHVXOWV� LQ� VXFK� D� VLWXDWLRQ� ZRXOG� EH
FROOLPDWHG� F\OLQGULFDOO\�� DJDLQ� E\� WKH� SLQFK� HIIHFW� RQ� LWV� WRURLGDO� ILHOG�� MXVW� WKH
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VDPH� DV� LQ� WKH� EODFN� KROH� DQG�SXOVDU� V\VWHPV�� DQG� LQ� WKLV� SDUWLFXODU� WKHRU\� WKH
SLQFK�HIIHFW��RU�KRRS�VWUHVV��ZLOO�EH�UHLQIRUFHG�E\� WKH�GHQVLW\�JUDGLHQW�FRQILQHG
DORQJ� LWV� ORQJLWXGLQDO� VKHDWK� �DV� FDQ� EH� VHHQ� YHU\� FOHDUO\� LQ� WKLV� GHQVLW\� FKDUW�
>/HU\�����@��&RQVHTXHQWO\��WKLV�EHJV�WKH�TXHVWLRQ���LV�WKH�MHW�EHLQJ�SXVKHG�RXW�RI
WKH�SURWRVWDU�GLVN�V\VWHP��RU�LV�LW�EHLQJ�SXOOHG���
,QWULJXLQJO\��LI�WKHUH�ZHUH�D�WHQVLOH�IRUFH�RSHUDWLQJ�LQVLGH�D�ILODPHQW�WXEH�WKHQ�WKLV
ZRXOG�IDFLOLWDWH�D�QHJDWLYH�UHVLVWDQFH�IDFWRU�IRU�DQ\�HQHUJLHV��RU�ZDYH�SDFNHWV�RI
HQHUJLHV��EHLQJ�VHQW�GRZQ�WKDW�WXEH��)XUWKHUPRUH��LI�WKDW�WHQVLOH�IRUFH�FRXOG�WKHQ
EH� DFFXPXODWHG�� DORQJ� VSHFLILF� OHQJWKV� RI� WKDW� WXEH�� ZKLFK� ZRXOG� HTXDWH� WR
PHWDVWDEOH� VWDWHV�RI� WHQVLRQ� LQVLGH� WKDW� WXEH��7KHQ�VXFK�D�PHFKDQLVP�FRXOG�EH
XWLOL]HG�E\�D�8)2�FUDIW��WR�WDNH�DGYDQWDJH�RI�D�PHWDVWDEOH�FRQGLWLRQ�ZKHUHE\�YDVW
DPRXQWV�RI�WHQVLOH�IRUFH�FRXOG�EH�VWRUHG�DORQJ�WKH�ZKROH�OHQJWK�RI�WKDW�ILODPHQW�
WXEH�� ZKLFK� FRXOG� EH� KHOG� LQ� WKDW� VWDWH� XQWLO� UHOHDVHG� E\� D� VXLWDEOH� WULJJHULQJ
PHFKDQLVP��7KLV�ZRXOG�EH�VLPLODU� WR� WKH�PHFKDQLVP�WKDW�KDV�EHHQ�GXEEHG� WKH
VSULQJ�DQG�IOLQJ�PHFKDQLVP�LQ�WKH�>:KHHOHU�0HLHU�:LOVRQ@�K\SRWKHVLV��ZKHUH�WKHVH
DXWKRUV�VXJJHVW�WKDW�IURP�D�GLIIHUHQWLDO�URWDWLRQ�SURFHVV��WKH�ILODPHQW�WXEH
V�ILHOG
FRXOG�EH�PDGH�WR�FRLO�DURXQG��OLNH� LQ�D�EDUEHU�SROH�FXUO���VR�WKDW� LW�ZRXOG�ZLQG
LQWR�LWVHOI�YHU\�ODUJH�WRURLGDO�VWUHQJWKV��DQG�ZKHQ�WKLV�VWRUHG�HQHUJ\�ZDV�UHOHDVHG
ZKDWHYHU� ZDV� LQVLGH� WKDW� ILODPHQW�WXEH� ZRXOG� EH� SURMHFWHG� GRZQ� WKDW� WXEH� DW
FRORVVDO�VSHHG��7KLV�KDSSHQV� LQ� WKH�FDVH�RI� WKH�SURWRSXOVDU��ZKHUH� LWV� ILODPHQW�
WXEH�ZLOO�EH�DQFKRUHG�DW�RQH�HQG� WR� WKH�RXWHU�FRUH�RI� LWV� WRURLG� ILHOG��ZKLOH� LWV
RWKHU�HQG�ZLOO�ZUDS�LWVHOI�DURXQG�WKH�D[LDO�FRUH�DQG�FUHDWH�VXIILFLHQW�DPSOLILFDWLRQ
WKURXJK� WKLV� WZLVWLQJ� SURFHVV� WKDW�� ZKHQ� WULJJHUHG�� ZLOO� UHOHDVH� D� MHW�OLNH� IORZ
GULYHQ� E\� WKDW� ILHOG� WRUVLRQ·V� UHQRUPDOL]DWLRQ��:LWK� WKLV� VSULQJ�DQG�IOLQJ� LW� KDV
EHHQ� FRQMHFWXUHG� WKDW� WKHUH�ZLOO� FRPH� D� FULWLFDO� VWDJH�ZKHUH� D� VLPSOH�PDJQHWLF
VZLWFK�PHFKDQLVP�FDQ�FRPH� LQWR�SOD\� WR� WULJJHU� WKLV�KLJK�VSHHG� MHW�IORZ��:KDW
ZLOO�EH�XVHIXO�WR�D�8)2�ZLWK�WKLV�PHFKDQLVP�ZLOO�EH�WKDW�KXJH�DPRXQWV�RI�FRLOHG�
XS� HQHUJ\� FRXOG�EH� UHOHDVHG�PHUHO\�E\� DFWLYDWLQJ� D�PDJQHWLF� VZLWFK� WKURXJK�� LW
VKRXOG�EH�QRWHG��D�VLJQLILFDQWO\�OHVVHU�IRUFH�>QRWH����@�
,Q�VSDFH�WKH�ZUDSSLQJ�RI�VSDFH�WLPH�LQ�RUGHU�WR�PDQLSXODWH�LW��PRVWO\�E\�WDNLQJ
DGYDQWDJH� RI� LWV� LQKHUHQW� UHQRUPDOL]LQJ� SURFHVV� ZKLFK� VQDSV� LW� EDFN� WR� QRUPDO
DJDLQ��DQG�LQ�GRLQJ�VR�SURYLGHV�VXEVWDQWLDO�IRUFH� LQ�D�PXFK�VKRUWHU�WLPH�WKDQ�LW
WRRN�WR�ZDUS�LW�XS���FRXOG�EH�UHIHUUHG�WR�DV� 
IUDPH�WZLVWLQJ
��QRW�WR�EH�PLVWDNHQ
ZLWK� IUDPH�GUDJJLQJ��� LQ� WKDW� LW�ZRXOG� VHHP� WR� UHSUHVHQW�RQH�ZD\� LQ�ZKLFK� WKH
KHOLFDO� WXEH��GULYHQ�E\� D� VSDFH�YHKLFOH��PLJKW� DWWDFK� LWVHOI� WR� WKH�JHRPHWULF�DQG
PDJQHWLF� ILHOG� OLQHV�RI� VSDFH�� WR� FRLO� WKHP� LQWR� WKH� UHTXLUHG� WRUVLRQDO� WXEH� DQG
WKHUHE\� 
FRQQHFW
� ZLWK� WKH� IDEULF� RI� VSDFH�WLPH� DW� D� YHU\� GLVWDQW� ORFDWLRQ�� 7KLV
UDLVHV� WKH� TXHVWLRQ� RI� KRZ� PXFK� 
HODVWLFLW\
� GRHV� WKH� VSDFH�WLPH� PDWUL[�� RU
SHUKDSV� WKH� LQWHUVWHOODU� PDJQHWLF� ILHOG� OLQHV�� KDYH�� LQ� RUGHU� IRU� WKHP� WR� EH
PDQLSXODWHG� E\� DQ� HQHUJ\� ILHOG� JHQHUDWHG� E\� D� 8)2� FUDIW� "� $QG� LQGHHG�� WKLV
TXHVWLRQ�KDV�EHHQ�UDLVHG�PDQ\�WLPHV�LQ�WKH�VHDUFK�IRU�WKH�G\QDPLFV�EHKLQG�VRPH
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DVWURSK\VLFDO�MHWV�>QRWH����@��%XW�LI�D�ZD\�FDQ�EH�IRXQG�VR�WKDW�WKH�VSDFH�YHKLFOH·V
ILODPHQW�WXEH�DIWHU�LW�KDV�EHHQ�H[WHQGHG�IURP�WKDW�FUDIW��FDQ�EH�FRQILJXUHG�VR�DV
WR� 
JUDE
� WKH� GLVWDQW�PDWUL[� RI� VSDFH�WLPH�� DQG� FDQ� WKHQ� WZLVW� LQWR� WKDW� GLVWDQW
PDWUL[�D�WHPSRUDU\�FRLOLQJ�RI�LWV�HODVWLF�IUDPHZRUN��WKHQ�WKDW�GLVWDQW�PDWUL[�FRXOG
EH�XVHG�WR�VWRUH�HQHUJ\�ZKLFK��DV�LQ�WKH�PHWDVWDEOH�H[DPSOH�JLYHQ�DERYH��FRXOG
EH�WULJJHUHG�LQWR�UHOHDVLQJ�DOO�RI�WKDW�VWRUHG�HQHUJ\�DOO�DW�RQFH��WR�WKXV�HQJLQHHU�D
SDWK�RI�WHQVLOH�IRUFH�EHWZHHQ�WKDW�GLVWDQW� ORFDWLRQ�DQG�WKDW�FUDIW� ��ZKLFK�ZRXOG
DOORZ� WKH� FUDIW� WR� EH� SURSHOOHG� DORQJ� D� IRUFH�FXUUHQW�ZLWKRXW� LW� H[SHQGLQJ� DQ\
HQHUJ\�� $QG� LI� WKH� VSDFH�WLPH� PDWUL[� KDV� QRW� WKH� UHTXLUHG� HODVWLFLW\� DOUHDG\
DYDLODEOH�LQ�LW��WKHQ�FDQ�VXIILFLHQW�HODVWLFLW\�EH�GLDOHG�LQWR�WKH�VSDFH�WLPH�PDWUL[�LQ
DQ\� ZD\� �VXFK� DV� E\� JLYLQJ� LW� WHPSRUDU\� PDVV� RU� SHUKDSV� D� WHPSRUDU\
HOHFWURPDJQHWLF�JUDYLWDWLRQDO� IRUFH�� "� 2Q� D� PLFUR�VFDOH�� WKHVH� VDPH� TXHVWLRQV
DSSHDU�WR�KDYH�DOUHDG\�EHHQ�DQVZHUHG�LQ�WKH�EHDP�WXEHV�XVHG�E\�WKH�8)2·V�RYHU
0H[LFR���
�����(OHFWURG\QDPLF�$QFKRULQJ�RI�WKH�0DJQHWLF�)LHOG
&RLOLQJ�XS�DQ�HQHUJ\�ILHOG��ZKLFK�LV�ZKDW�D�ILODPHQW�WXEH�LV��VR�DV�WR�VWRUH�HQHUJ\
LQWR�LW�ZLOO��RI�FRXUVH��GHSHQG�XSRQ�KRZ�WKDW�ILODPHQW�WXEH�LV�DQFKRUHG��2QH�RI
WKH�IHZ�SDSHUV�WKDW�JRHV� LQWR�GHWDLO�DERXW� WKH�DQFKRULQJ�PHFKDQLVPV�RI�D�.HUU
EODFN�KROH�RXW�LQ�VSDFH�LV�WKH�RQH�E\�>3XQVO\�&RURQLWL�����E@��7KH�DQFKRU�IRUPV
D� YHU\� LPSRUWDQW� UROH� LQ� WKH� ZKROH� KHOLFDO� ILHOG� JHQHUDWLQJ� PHFKDQLVP�� IRU�
ZLWKRXW� DQ� DQFKRU� WKH� PDJQHWLF� ILHOG� ZRQ
W� EH� HIIHFWLYH� LQ� WZLVWLQJ� DQG
GHYHORSLQJ�DQ\�VRUW�RI�HOHFWURPDJQHWLF�SUHVVXUH��,Q�RWKHU�ZRUGV��WKH�DQFKRU�ZLOO
ZRUN�VRPHZKDW�OLNH�D�FORFNZRUN�VSULQJ�ZKLFK�QHHGV�WR�EH�DQFKRUHG�EHIRUH�LW�FDQ
GR�ZRUN�RU�VWRUH�HQHUJ\��7KH�DQFKRULQJ� UHJLRQ� LQ� VSDFH��RI�FRXUVH�� LV� VLPSO\� D
UHVLVWDQFH�WR�URWDWLRQ��FDXVHG�E\�D�PRUH�SRZHUIXO�IRUP�RI�NLQHWLF�PRWLRQ���$QG
LQ� VSDFH� WKLV� ZLOO� EH� DFKLHYHG� PDLQO\� ZKHUH� D� ODUJH� DFFXPXODWLRQ� RI� HOHFWULFDO
FKDUJHV� JDWKHUV� DERYH� DQG� EHORZ� WKH� EODFN� KROH�� DQG� ZKHUH� WKH� HOHFWULFDOO\
FKDUJHG�SDUWLFOHV�FRPH�VWUHDPLQJ�XS�IURP�WKH�DFFUHWLRQ�GLVN� WR�FRQVWDQWO\� IHHG
LQWR� WKDW� DFFXPXODWLRQ��7KHQ��ZKHUH� ODUJH� TXDQWLWLHV� RI� WKRVH� FKDUJHG�SDUWLFOHV
URWDWH�DURXQG�WKH�PDJQHWLF�IOX[�OLQHV�DURXQG�WKH�D[LV�RI�WKH�EODFN�KROH
V�URWDWLRQ�
DQG� GUDZ� WKRVH� IOX[� OLQHV� LQ� WR� WKDW� ORQJLWXGLQDO� D[LV� WR� VWUHQJWKHQ� DQG� WR
LQWHQVLI\� WKDW�PDJQHWLF� ILHOG�� WKH� UHVXOWLQJ�/RUHQW]� IRUFH�ZLOO� FDXVH� WKH� FKDUJHG
SDUWLFOHV�WR�EH�DFFHOHUDWHG�DURXQG�WKH�IOX[�OLQHV�DQG�WR�HVWDEOLVK�D�WRUTXLQJ�IRUFH
LQ� WKRVH� URWDWLQJ� ILHOGV�� DQG� WKLV� WRUTXLQJ� IRUFH� ZLOO� IRUP� WKH� EDVLV� IRU� WKH
V\VWHP
V�DQFKRU��2EYLRXVO\� LWV�QRW� D�SK\VLFDOO\�VROLG� DQFKRU�EXW� LW�ZLOO� VHW�XS�D
KROGLQJ�IRUFH�EHWZHHQ�WKH�GLVN��WKH�EODFN�KROH��DQG�WKH�LQWHUVWHOODU�ILHOG�OLQHV��DQG
WKH�WRUTXH�ZLOO�SURYLGH�D�KHOLFDO�IRUP�WR�VKDSH�DQG�GLUHFW�WKH�SDUWLFOHV�FRPLQJ�RII
WKH� DFFUHWLRQ� GLVN� ZLWK� WKHLU� VXUSOXV� NLQHWLF� HQHUJLHV� �RI� LQHUWLD� DQG� DQJXODU
PRPHQWXP���2QFH�WKH�MHW�LV�HVWDEOLVKHG�VXEVHTXHQW�HPLVVLRQV�IURP�WKH�DFFUHWLRQ
GLVN� ZLOO� EXLOG� XS� WKH� MHW
V� VKHDWK� DQG� DW� WKH� VDPH� WLPH� PDLQWDLQ� WKH
HOHFWURPDJQHWLF�SUHVVXUH�ILHOG�DW�WKH�EDVH�RI�WKH�MHW�
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)LJXUH�����7KH�8)2�FUHDWHV�LWV�PDJQHWLF�DQFKRU�LQVLGH�WKH�FUDIW�DW�WKH�ULP
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7KH� DQFKRU� IRU� WKH� DD8)2
V� PDJQHWLF� ILHOG� DSSHDUV� WR� EH� ORFDWHG� DW� WKH
FLUFXPIHUHQWLDO�ULP�ZKHUH�DQ�DX[LOLDU\�IORZ�RI�HOHFWULF�FXUUHQW�RUELWV�DURXQG�WKH
FUDIW� MXVW� LQVLGH� WKH� FUDIW
V� XSSHU� GRPH� ULP� �VHH� VHFWLRQ� ���� IRU� PRUH� RQ� WKH
DD8)2
V�DQFKRU���DOWKRXJK�DQRWKHU�SRVVLEOH�PDJQHWLF� ILHOG� DQFKRU�SRLQW� LQ� WKH
DD8)2�PLJKW�EH�DW� WKH�FRUH�RI� LWV�FHQWUDO�YRUWH[�ZKHUH� WKH�IOX[� OLQHV�FRQYHUJH
EHWZHHQ�WKH�ODUJH�ORZHU�VSKHUHV�
�����:LOOLDPV�DQG�'H�)HOLFH�RQ�1HJDWLYH�5DGLDO�0RPHQWXP
6RPHZKDW� GLIIHUHQW� WR� DOO� WKH� DERYH� DSSURDFKHV� UHJDUGLQJ� ILODPHQW�WXEH
IRUPDWLRQ� LV� WKH� 5HYD� .�� :LOOLDPV� K\SRWKHVLV� GHYHORSHG� IURP� ERWK� 5RJHU
3HQURVH
V�VXJJHVWLRQ� WKDW� LW� VKRXOG�EH�SRVVLEOH� WR�H[WUDFW�HQHUJ\�RXW�RI�D�EODFN
KROH�PHFKDQLVP��DQG�IURP�WKH�/HQVH�7KLUULQJ�HIIHFW�RI� LQHUWLDO� IUDPH�GUDJJLQJ�
:LWK� WKH� IRUPHU� GHYHORSPHQW� DLPHG� DW� WKH� EODFN� KROH
V� SURGXFWLRQ� RI� KLJK�
HQHUJ\�HOHFWURQ�SRVLWURQ�SDUWLFOHV�DQG�KDUG�SKRWRQV��DQG�WKH�ODWWHU�GHYHORSPHQW
ZKLFK� DOORZV� WKDW� DQJXODU� PRPHQWXP� FDQ� EH� LPEXHG� LQWR� WKRVH� FKDUJHG
SDUWLFOHV��VR� WKDW�E\�FRPELQLQJ� WKHVH� WZR�IXQFWLRQV� WRJHWKHU�D� IORZ�RI�SDUWLFOHV
ZLOO� HQVXH� WKDW� ZLOO� JHQHUDWH� WKHLU� RZQ� LQHUWLDO� IUDPH� GUDJJLQJ� �RU� PRPHQWXP
IUDPH�GUDJJLQJ��>QRWH����@�
2QH�RI�WKH�UHDVRQV�ZK\�WKLV�K\SRWKHVLV�LV�VR�GLIIHUHQW�LV�WKDW�LW�RYHU�ULGHV�PDQ\
RI� WKH� SUREOHPV� DVVRFLDWHG� ZLWK� WKH� %ODQGIRUG�=QDMHN� DQG� %ODQGIRUG�3D\QH
WKHRULHV��DV�UHIHUUHG�WR�DERYH��EHFDXVH��LQ�WKHVH�WZR�HDUO\�WKHRULHV�LQ�RUGHU�IRU�D
MHW�WR�EH�IRUPHG�IURP�WKH�DFFUHWLRQ�GLVN
V�HQHUJ\�WKHUH�QHHGV�WR�EH�D�YHU\�VWURQJ
PDJQHWLF� ILHOG� FRXSOLQJ� EHWZHHQ� ERWK� WKH� DFFUHWLRQ� GLVN� DQG� WKH� EODFN� KROH
V
HYHQW�KRUL]RQ��EXW�DV�QXPHURXV�VXEVHTXHQW�VWXGLHV�KDYH�VKRZQ�VXFK�D�FRXSOLQJ
LV�QRW�FHUWDLQO\�GHVFULEHG�DV�WR�KRZ�LW�H[LVWV�LQ�WKHVH�WZR�HDUO\�WKHRULHV�>QRWH����@�
+RZHYHU�� LQ� WKH� :LOOLDPV� K\SRWKHVLV� WKH� JUDYLWDWLRQDO� HQHUJ\�PRPHQWXP
H[WUDFWLRQ� DQG� HMHFWLRQ� SURFHVV� RFFXUV� LQGHSHQGHQWO\� RI� DQ\� PDJQHWLF� ILHOG�
SULPDULO\� EHFDXVH� WKH� URWDWLQJ� SDUWLFOHV� KDYH� GHYHORSHG� LQ� WKHP� D�QHJDWLYH� UDGLDO
PRPHQWXP� IRUFH�� ZKLFK� JLYHV� WKRVH� URWDWLQJ� SDUWLFOHV� WKHLU� RZQ� D[RQSHWDO� �D[LV�
VHHNLQJ�� FROOLPDWLQJ� IRUFH� �ZKLFK� ZRXOG� EH� VRPHZKDW� DNLQ� WR� D� VHOI�LQGXFLQJ
KRRS�VWUHVV���VR�WKDW�ZKHQ�WKH\�OHDYH�WKH�V\VWHP�JHQHUDWLQJ�WKHP�WKH\�OHDYH�LQ�D
YRUWLFDO�WUDMHFWRU\��7KLV�DVWXWH�REVHUYDWLRQ�RI�D�URWDWLQJ�SDUWLFOH
V�LQWULQVLF�QHJDWLYH
UDGLDO� PRPHQWXP� IRUFH� FRUUHODWHV� ZLWK� WKH� QHJDWLYH� HQHUJ\� RUELWDO� WUDMHFWRULHV
SURSRVHG�LQ�WKH�>/HLWHU�.DIDWRV@�DQG�>3LUDQ�6KDKDP@�VWXGLHV��DQG�DOVR�FRUUHODWHV
WR� WKH� 8PVWDGWHU� &85/� HIIHFW� ZKLFK� VHQGV� SDUWLFOHV� RQ� D� FXUYHG� WUDMHFWRU\
�ZKLFK� ODWWHU� HIIHFW� LV� FHQWUDO� WR� WKH� >0DXUHU�0LOOHU@� EHDP� V\VWHP� RI� FUDIW
SURSXOVLRQ�>QRWH����@�
6R�WKHUHIRUH�LQ�WKLV�:LOOLDPV�K\SRWKHVLV�WKH�FROOLPDWLRQ�IRUFH�ZKLFK�FDQ�EH�XVHG
WR� GHYHORS� D� KHOLFDO� ILODPHQW�WXEH� LV� PXFK� PRUH� VXEVWDQWLDO� DQG� PXFK� PRUH
VWDEOH� WKDQ� LQ� DQ\� RI� WKH� SUHYLRXVO\� PHQWLRQHG� ILODPHQW�WXEH� PHFKDQLVPV�
HVVHQWLDOO\� IURP� WKH� IDFWRU� RI� WKH� VSDFH�WLPH� IUDPH�GUDJJLQJ� HIIHFW�� RU
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JHRGHVLFLW\��JHQHUDWLQJ� WKH�QHJDWLYH� UDGLDO�PRPHQWXP�IRUFH� LQWULQVLFDOO\� LQ�HDFK
LQGLYLGXDO�SDUWLFOH�

)LJXUH�����7KH�SLWFK�DQJOH�RI�D�KHOLFDO�ILHOG
7KH�JUHDWHVW�DGYDQWDJH�RI�DOO�ZLOO�EH�WKDW�WKLV�QHJDWLYH�UDGLDO�PRPHQWXP�FDQ�EH
JHRPHWU\�LQGXFHG�DQG�WKHUHIRUH� LW�ZLOO�FRUUHVSRQG�SUHFLVHO\� WR�D�IRUPXODWHG�VHW
RI� JHRGHVLF� SDUDPHWHUV� �ZKLFK� KDYH� EHHQ� GHYHORSHG� LQ� DVVRFLDWLRQ� ZLWK� WKH
FROOLPDWLRQ�IRUPXODH�RXWOLQHG�LQ�WKH�'H�)HOLFH�&DUORWWR�DVWURSK\VLFDO�VWXGLHV��IRU
LQVWDQFH���$QG�VR��XQOLNH�DOO� WKH�KLWKHUWR�PHQWLRQHG�0+'�W\SHV�RI� MHW�IRUPLQJ
PHFKDQLVPV�ZKLFK�UHO\�RQ�WKH�HVWDEOLVKPHQW�RI�D�PDJQHWLF�IRUFH�DORQH��ZLWK�WKLV
WUDMHFWRU\�PHFKDQLVP�WKH�SDUWLFOHV�FDQ�EH�JLYHQ�D�VWURQJ�FRLOLQJ�FROOLPDWLRQ�IRUFH
E\�VHWWLQJ� WKH� LQWULQVLF�KHOLFDO�SLWFK�DQJOH�RI� WKRVH� URWDWLQJ�SDUWLFOHV� DV� WKH\� DUH
HMHFWHG� IURP�� DV� LQ� WKLV� FDVH�� WKH� DD8)2
V� ULP�� VR� WKDW�ZKHQ� WKH\� IRUP� LQWR� D
KHOLFDO�ILODPHQW�WXEH�ILHOG�WKH\�ZLOO�DXWRPDWLFDOO\�VHOI�FROOLPDWH�>QRWH����@�
$QG�DV�LW�ZLOO�EH�WKH�KHOLFDO�SLWFK�DQJOH�WKDW�ZLOO�SURYLGH�WKH�GHWHUPLQLQJ�IDFWRU�LQ
WKH� IRUPDWLRQ�RI� WKDW�8)2�FUDIW
V� ILODPHQW�WXEH� WKHQ� LW� EHFRPHV� YHU\� UHOHYDQW
WKDW�WKLV�KHOLFDO�ILHOG�VKRXOG�EH�GHYHORSHG�DV�LW�OHDYHV�WKDW�FUDIW�DURXQG�D�VXUIDFH
ZKLFK� LV� GRPHG�� 7KHUHIRUH�� LW� IROORZV� WKDW� ZKHQ� WKH� DD8)2
V� J\UDWLQJ� HQHUJ\
ILHOG�RI� JUDYLWDWLRQDO� IRUFH� LV� HMHFWHG� WDQJHQWLDOO\�RXW�RI� LWV� FLUFXPIHUHQWLDO� GXFW
DQG�LW�FXUOV�RYHU�WKH�FUDIW
V�XSSHU�GRPH��DIWHU�LW�WKHQ�FXUOV�DURXQG�WR�WKH�DSH[�RI
WKDW� GRPH� WKHQ� WKH� YHU\� FXUYH� RI� WKDW� GRPH� ZLOO� VHW� WKH� SLWFK�DQJOH� DQG
DXWRPDWLFDOO\�IRUP�WKDW�HMHFWHG�HQHUJ\�LQWR�D�VWDEOH�ZHOO�FROOLPDWHG�ILODPHQW�WXEH�
7KHQ��WKH�SURSDJDWHG�ZDYH�SDFNHWV�DQG�WKH�KHOLFDO�ILODPHQW�WXEH�ZLOO�EH�RQH�DQG
WKH�VDPH�WKLQJ�
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)LJXUH�����(MHFWHG�HQHUJ\�FXUOV�DURXQG�FUDIW
V�GRPH�LQ�D�)LERQDFFL�FXUYH
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&KDSWHU����7KH�+RO\�*UDLO�RI�$VWURSK\VLFV��7KH�%ODFN�9RUWH[

&RQWHQWV�
����,QWURGXFWLRQ�WR�WKH�&U\VWDO�JODVV�6SKHUHV
����6FKRROURRP�(DUWK�RU�WKH�8QLYHUVDO�6FKRRO�RI�7KRXJKW�"
����2VFLOODWLRQV�RI�WKH�DD8)2
V�6SKHUHV�RI�&U\VWDO�JODVV
����3ODVPD��7KH�(OHFWURQLF�6WDWH�RI�0DWWHU
����8OWUD�YLROHW�,RQL]DWLRQ�0HFKDQLVPV
����([FLWRQ�([FLWDWLRQV�$URXQG�'LHOHFWULF�6SKHUHV
����(OHFWURQ�)XVLRQ�DQG�*\UDWLRQ
����*HQHUDWLRQ�DQG�7UDQVIHU�RI�&KDUJHV�IURP�WKH�7RURLG�)OXLG
����)RUPDWLRQ�RI�WKH�7RURLG
V�0DJQHWLF�)LHOG�/LQHV
�����7RURLG
V�0DJQHWLF�)OX[�/LQHV�3XOOHG�LQWR�6KDSH
�����%UHDNLQJ�DQG�5HFRQQHFWLRQ�RI�)OX[�/LQHV��5HFRQQHFWLRQ�3DUW�,,�
�����7RS�6SKHUH�(PLVVLRQV�*LYLQJ�RII�%DUV�RI�/LJKW
�����*\UDWLRQ�RI�D�&\FORWURQLF�6WRULQJ�)LHOG
�����7KUHH�,QWHQVLWLHV�RI�WKH�0DJQHWLF�)LHOG�WR�$LG�(PLVVLRQV
�����0DJQHWLF�)XQQHO�&UHDWHV�D�%ODFN�9RUWH[�DW�WKH�+HDUW�RI�WKH�DD8)2
�����9DFXRXV�)RUFH���/LJKW�&RQYHUWV�WR�*UDYLW\
�����&OXHV�)RUWKFRPLQJ�LQ�WKH�8)2
V�4XDVL�%ODFN�+ROH�'ULYH
�����2Q�WKH�&RKHUHQW�$PSOLILFDWLRQ�IURP�LWV�%ODFN�9RUWH[

����,QWURGXFWLRQ�WR�WKH�&U\VWDO�JODVV�6SKHUHV
,� VKRXOG� WDNH� WKLV� RSSRUWXQLW\� WR� UHPLQG� WKH� UHDGHU� WKDW� DV� WKLV� LV� WKH� ILUVW
H[WHQVLYH� VWXG\� WR� EH� SXEOLVKHG� VKRZLQJ� ZKDW� DUHDV� RI� XQLYHUVDO� VFLHQWLILF
H[SORUDWLRQ�DQG�SK\VLFV�WKH�H[WUDWHUUHVWULDOV�PLJKW�KDYH�LQLWLDOO\�EHFRPH�LQYROYHG
LQ� SULRU� WR� WKHLU� GHYHORSPHQW� RI� ZRUNDEOH�8)2V�� DQG� ZKLFK� KDV� OHG� WKHP� WR
IRUPXODWH�D�TXLWH�VSHFLILF�VHULHV�RI�ZRUNLQJ�SULQFLSOHV�WKURXJK�ZKLFK�WKH\�FRXOG
EHJLQ� WR� FRQVWUXFW� WKHLU�8)2V�� WKDW� LQ�RUGHU� WR�GR� MXVWLFH� WR� WKDW� VWXG\� ,�KDYH
HQGHDYRUHG�WR�LQFOXGH�ZKHUHYHU�UHOHYDQW�DV�PDQ\�UHIHUHQFHV�WR�H[LVWLQJ�VFLHQWLILF
VWXGLHV�DV�SRVVLEOH��)RU�WKLV�UHDVRQ�WKLV�ZRUN�ZLOO�SURFHHG�YHU\�WKRXJKWIXOO\��DQG
P\� KRSH� ZLOO� EH� WKDW� LWV� MX[WDSRVLWLRQ� RI� DPSOH� UHIHUHQFHV� WR� H[LVWLQJ� VWXGLHV
SXEOLVKHG� LQ�ZHOO�NQRZQ�SK\VLFV� MRXUQDOV�DQG�ERRNV�ZLOO�EH�RI�XVH� WR�ERWK� WKH
FDVXDO�UHDGHU�DQG�WKH�LQWHUHVWHG�VFLHQWLVW�
7KHUH�ZLOO�EH�PXFK�EDFNJURXQG�LQIRUPDWLRQ�WR�LQWURGXFH�ZLWKLQ�WKLV�ZRUN�WR�UXQ
LQ� DQG�RXW�RI�ZKLOH� WKH�8)2� WHFKQRORJ\�XQUDYHOV� LWVHOI� VR� DV� WR�PDNH� LW�PRUH
UHDGLO\� XQGHUVWDQGDEOH� IRU� WKH� UHDGHU�� WKLV� LV� SDUWO\�EHFDXVH� ,�EHOLHYH� WKLV� VWXG\
VKRXOG� QRW� EH� SLJHRQ�KROHG� DV�� 
WKDW� TXDVL�VFLHQFH� IURP� WKH� SDUDQRUPDO�
� EXW
UDWKHU� WKDW� WKURXJK� LWV� SURIXVH� DWWHQWLRQ� WR� GHWDLO� DQ� LQVSHFWLRQ� RI� LW� PLJKW
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SURYLGH� YDOXDEOH� LQVSLUDWLRQ� WKURXJK� ZKLFK� QXPHURXV� DYHQXHV� RI� H[SORUDWLRQ
DOUHDG\�NQRZQ�WR�VFLHQFH�DQG�SK\VLFV�FDQ�EH�H[WHQGHG�HYHQ�IXUWKHU�
0XFK� RI� WKH� SUHYLRXV� FKDSWHU� LQYROYHG� DVWURSK\VLFV� DQG� WKDW� UHDOP� ZLOO� DOVR
IHDWXUH� LQ� VRPH� RI� WKH� IROORZLQJ� FKDSWHUV� WR� LOOXVWUDWH� ZKHUH� WKH� (7V� KDYH
VRXUFHG� PDQ\� RI� WKHLU� PHFKDQLVPV�� ,� WKHUHIRUH� DVN� WKH� UHDGHU� IRU� KLV� RU� KHU
SDWLHQFH�DQG�QRW�WR�H[SHFW�D�8)2
V�GULYH�V\VWHP�WR�FRPH�IO\LQJ�RXW�WRZDUG�WKHP
IURP� MXVW�RQH�RU� WZR�SDUDJUDSKV�RI� WKLV�ERRN�� ,�ZLOO� WKRXJK� WU\� DQG�PDNH� WKLV
VWXG\� LQWHUHVWLQJ� DQG� DV� ,� VDLG� LQ�P\� LQWURGXFWLRQ� ,� ZLOO� QRW� LQWURGXFH� RQ� WKH
XQVXVSHFWLQJ� UHDGHU� UHDPV� DQG� UHDPV� RI� PDWKHPDWLFDO� IRUPXODH� DQG� PDNH� LW
PRUH� FRPSOLFDWHG� WKDQ� LW� QHHGV� WR� EH�� DQG� LQVWHDG� RI� WKH� PDWKHPDWLFV� ,� ZLOO
VXSSO\�GLDJUDPV�WR�PDNH�LW�PRUH�SUHVHQWDEOH�DQG�XQGHUVWDQGDEOH��)RU�WKDW
V�ZKDW
WKH�VFLHQFH�RI�D�8)2�VKRXOG�EH���SUHVHQWDEOH�DQG�XQGHUVWDQGDEOH����WKHUH�LV�QR
SRLQW�LQ�WUHDWLQJ�LW�OLNH�URFNHW�VFLHQFH��
2QH� SODFH� WR� VWDUW� ZLWK� UHJDUG� WR� WKH� GRPHG� FUDIW� WKDW� KDYH� EHHQ� REVHUYHG
DURXQG� WKH� ZRUOG� PLJKW� EH� WKH� ODUJH� VSKHULFDO� GRPHV� XQGHUQHDWK� WKHVH� FUDIW
ZKLFK�IHDWXUH�DURXQG�WKH�FHQWHU�RI�WKHLU�ORZHU�KXOO�VHFWLRQV�
7KDW�WKHVH�TXDUW]�FU\VWDO�RU�JODVV�VSKHUHV�DUH�VR�SUHYDOHQW�LQ�WKH�GLIIHUHQW�GHVLJQV
RI�ZKDW�,�ZRXOG�WHUP�FRQYHQWLRQDO�VDXFHU�GLVF�8)2V�VXJJHVWV�WKDW�WKHUH�PLJKW�EH
RQH�RU�WZR�DUHDV�RI�SK\VLFV�WKDW�KLWKHUWR�ZH�RQ�HDUWK�KDYH�QRW�\HW�EHFRPH�IXOO\
FRQYHUVDQW� ZLWK� >QRWH�� �@�� 2U�� LW� PD\� MXVW� EH� WKDW� WKHVH� VSKHUHV� FRPSULVH� D
PXOWLSOLFLW\�RI�SULQFLSOHV�ZKLFK�DUH�NQRZQ�DERXW�LQ�VHSDUDWH�IRUP�EXW�ZKLFK�KDYH
EHHQ� EURXJKW� WRJHWKHU� DQG� XWLOL]HG� DV� D� VLQJXODU� FR�RSHUDWLRQDO� HQVHPEOH� LQ� D
KLWKHUWR�XQIDPLOLDU�ZD\��(LWKHU�ZD\��,�DP�FRQILGHQW� WKDW�VXFK� WHFKQRORJ\�ZKHQ
LQVSHFWHG�IXOO\�PD\�SURYH�WR�HQFRPSDVV�VRPH�H[WUHPHO\�IXQGDPHQWDO�DQG�XVHIXO
HQHUJ\�FRQYHUVLRQ�SULQFLSOHV�
$W�ILUVW�VLJKW�WKH\�ORRN�UDWKHU�LQQDWH�DQG�FXPEHUVRPH�DQG�LW�PXVW�EH�VDLG�WKDW�WR
PRVW� SHRSOH
V� ZD\� RI� WKLQNLQJ� WKH� LQFOXVLRQ� RI� WKHVH� VSKHUHV� LQ� DQ� DLUFUDIW� LV
FRPSOHWHO\�LOORJLFDO����IRXU�KXJH�RQH�PHWHU�SOXV�GLDPHWHU�VSKHUHV�PDGH�RI�KHDY\
JODVV�RU�TXDUW]�EHLQJ�OXJJHG�DURXQG�DW�WKH�ERWWRP�RI�D�8)2��ZKLFK�LV�HVVHQWLDOO\
DQ�DLUFUDIW�WKDW�VKRXOG�EH�FRQVWUXFWHG�RXW�RI�ORZ�ZHLJKW�PDWHULDOV�VR�DV�WR�KHOS�LW
GHI\� JUDYLW\���� 6RPH� UHVHDUFKHUV� KDYH� LJQRUHG� WKHP� IRU� IHDU� WKDW� WKHLU� ZLOG
VSHFXODWLRQV� DERXW� KRZ� WKH\� PLJKW� IXQFWLRQ� ZLWKLQ� ZKDW� VRUW� RI� PHFKDQLVP
LQVLGH� D� 8)2� ZRXOG� DWWUDFW� HTXDOO\� ZLOG� GHULVLRQ� DQG� ODXJKWHU� IURP� WKRVH
DFTXDLQWHG�ZLWK�WKH�HDUWKO\�VFLHQFHV��4XDUW]�LWVHOI�KDV�EHHQ�DVFULEHG�VRPH�SUHWW\
ZDFN\� DWWULEXWHV� E\� WKRVH� ZKR� KDYH� MXPSHG� WR� FRQFOXVLRQV� DERXW� LW� ZLWKRXW
SURSHUO\�UHVHDUFKLQJ�WKHLU�FODLPV�>QRWH���@��$QG�VR��TXDUW]�FU\VWDO�KDV�VHHQ�PXFK
ULGLFXOH�IURP�VFLHQWLVWV��SDUWLFXODUO\�VLQFH�WKH�����V�ZKHQ�LW�ZDV�MRNLQJO\�FODLPHG
LQ�RQH�VFLHQWLILF�MRXUQDO�WKDW�TXDUW]�ZRXOG�HQODUJH�WR�IRXU�WLPHV�LWV�VL]H�ZKHQ�DQ
HOHFWULF�ILHOG�ZDV�DSSOLHG�WR�LW��
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$V�LW�ZLOO�EH�VKRZQ�LQ�WKLV�FKDSWHU��DQG�WKURXJK�WKH�QH[W�WZR�FKDSWHUV��WKDW�WKHVH
VSKHUHV�DUH� UDWKHU�FRPSOLFDWHG�DFRXVWR�RSWR�PDJQHWR�HOHFWUR�JUDYLWR� VWUXFWXUHV�
,�ZRXOG�OLNH�WR�SRLQW�RXW�WKDW�ZKLOH�,�KDYH�GLVFRYHUHG�PRVW�RI�WKH�IXQFWLRQV�WKH\
SHUIRUP� DQG� FDQ� SRLQW� WR� FHUWDLQ� TXDOLWLHV� WKDW�PLJKW� H[SODLQ� KRZ� WKH\� FDQ� EH
FRQVWUXFWHG� �DQG� ZLWK� ZKDW� PDWHULDOV�� ,� VKRXOG� DOVR� SRLQW� RXW� WKDW� (7
HQJLQHHULQJ�� VR� ,� KDYH� DOVR� GLVFRYHUHG�� LV� QRW� TXLWH� DV� VWUDLJKW�IRUZDUG� DV� WKH
HOHFWUR�PHFKDQLFDO� HQJLQHHULQJ� QRUP� RI� WKLV� SODQHW� �� LQ� DV� PXFK� DV� WKH� (7
GHVLJQHU
V� EULHI� IDYRUV� PXOWL�SXUSRVLQJ� DQG� PXOWL�IXQFWLRQDOLW\�� 0HDQLQJ� WKDW
ZKLOH�,�KDYH�IRXQG�D�QXPEHU�RI�PHFKDQLVPV�RSHUDWLQJ�LQ�WKHVH�VSKHUHV�HYHQ�PRUH
IXQFWLRQV�PD\�EH�GLVFRYHUHG� LQ� WKHP� ODWHU� WKURXJK� WKH�FRXUVH�RI� WKLV�RQ�JRLQJ
UHVHDUFK�LQWR�8)2V��2EYLRXVO\��ZKDWHYHU�HOVH�LV�GLVFRYHUHG�DERXW�WKHP�ZLOO�DOWHU
WKH� FRPSRQHQWV� DQG� PDQXIDFWXULQJ� SURFHVVHV� LQYROYHG� LQ� HQJLQHHULQJ� DQG
IDEULFDWLQJ�WKHVH�VSKHUHV��,Q�WKLV�UHVSHFW�WKLV�LV�ZK\��LQ�WKHVH�HDUO\�FKDSWHUV��,�ZLOO
UHIHU� WR� WKHP� DV� EHLQJ�PDGH� RI� HLWKHU� JODVV� RU� TXDUW]� RU� FU\VWDO� XQWLO� DOO� WKHLU
SDUDPHWHUV�DUH�IXOO\�YLHZHG�DQG�UHFRJQL]HG��6R�UDWKHU�WKDQ�RIIHULQJ�WKH�UHDGHU�D
IXOO�H[SODQDWLRQ�RI�WKHP�LQ�WKLV�RQH�FKDSWHU�WKHVH�VSKHUHV�ZLOO�VKHG�WKHLU�VHFUHWV
WKURXJK� VHYHUDO� RI� WKH� FKDSWHUV� RI� WKLV� ERRN�� DQG� RQFH� DJDLQ� ,� DSSHDO� WR� WKH
UHDGHUV�SDWLHQFH�LQ�WKHLU�VWXGLHV�RI�8)2�HQHUJ\�V\VWHPV��EHFDXVH�WKH�RQO\�ZD\�WR
IXOO\�XQUDYHO�WKHLU�FRPSOH[LW\�LV�WR�SODFH�WKHVH�VSKHUHV�LQWR�D�VXUURXQGLQJ�HQJLQH�
RU�UDWKHU�LQWR�FRPSRQHQW�PHFKDQLVPV�RI�WKDW�HQJLQH��ZKLFK�OD\V�DW�WKH�KHDUW�RI�D
8)2�DQG�ZKLFK�QHHGV� WR� H[LVW� LQ�RUGHU� IRU� WKH� FUDIW� WR� GHYHORS� WKH� QHFHVVDU\
HQHUJ\�ILHOGV�DQG�SRZHU�PHFKDQLVPV�WKDW�ZRXOG�ERWK�JHQHUDWH�HQHUJ\�DQG�SURSHO
WKDW�HQHUJ\�WKURXJK�RXU�DWPRVSKHUH��DQG�WKURXJK�RXU�SDUW�RI�VSDFH�
����6FKRROURRP�(DUWK�RU�7KH�8QLYHUVDO�6FKRRO�RI�7KRXJKW�"
2QH� WKLQJ� WKH� H[WUDWHUUHVWULDOV� KDYH� GRQH� LV� WR� UHFRJQL]H� ZKDW� HQHUJLHV� DUH
DYDLODEOH�LQ�VSDFH�DQG�WKH\�VHHP�WR�KDYH�OHDUQHG�RQH�RU�WZR�WULFNV�DERXW�KRZ�WR
FROOHFW�DPELHQW�HQHUJLHV�SRWHQWLDOO\�H[LVWLQJ�LQ�WKH�YDFXXP�RI�VSDFH��DQG�WKH\�KDYH
OHDUQHG� KRZ� WR� XWLOL]H� WKH� ]HUR�SRLQW� IOXFWXDWLRQ� �=3)�� ILHOGV�� YLUWXDO� HQHUJ\
ILHOGV�� WKH� +LJJV�3ODQFN� ILHOGV� >QRWH�� �@�� 7KH\� DOVR� VHHP� WR� NQRZ� KRZ� WR
PDQLSXODWH� VSDFH�WLPH�JHRPHWU\� LQ� VXFK�D�ZD\�DV� WR� FRQYHUW� WKDW�SRWHQWLDO� HQHUJ\
LQWR� XVHIXO� HQHUJLHV� IRU� WKHLU� FUDIW
V� SURSXOVLRQ�� 6R� LGHDOO\�� WKLV� VWXG\� QHHGV� WR
ORRN�DW�VSDFH�IURP�WKH�YLHZSRLQW�RI�WKRVH�ZKR�KDYH�KDG�WR�VXUYLYH�LQ�VSDFH��RU
ZKR�KDYH�OHDUQHG�IURP�LWV�PHFKDQLVPV�KRZ�WKH\�PLJKW�VXEVLVW�LQ�VSDFH�IRU�ORQJ
SHULRGV�RI�WLPH��1RW�OLNH�RXU�VFLHQWLVWV�ZKR�KDYH�KDG�EXW�D�IHZ�KRXUV�QRZ�DQG
WKHQ�WR�VWXG\�VSDFH�DV�UHOD\HG�IURP�WKH�LQQDUGV�RI�VPDOO�FUDPSHG�EODVW�YHKLFOHV�
7KHVH�(7�JX\V�KDYH�SUREDEO\�KDG�WR�H[LVW�LQ�VSDFH�IRU�PDQ\�\HDUV�DW�D�WLPH��DQG
KDYH� QR� GRXEW� WUDYHOHG� D� ZLGH� VZDWKH� RI� LW� WR� VHH� KRZ� JDOD[LHV� ZRUN�� KRZ
SODQHWDU\� V\VWHPV�HYROYH��$QG�SUREDEO\� WKH\�KDYH�GRQH� VR� VLQFH�EHIRUH�ZH�RQ
WKLV�SODQHW�ILUHG�RXU�ILUVW�DUURZKHDG�LQWR�RXU�ILUVW�PHDO��6R�WKHVH�(7V�KDYH�OLNHO\
EHHQ�SULY\�WR�PDQ\�PRUH�LQVLJKWV�WKDQ�XV�DERXW�ZKDW�VSDFH�FDQ�DQG�FDQ
W�GR�DQG
ZKDW�VSDFH�HQHUJ\�LV�DOO�DERXW�
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,QGHHG��KDYLQJ�D�ZKROH�XQLYHUVH�WR�OHDUQ�IURP�UDWKHU�WKDQ�OHDUQLQJ�IURP�MXVW�WKH
DFKLHYHPHQWV�RI�RQH�LVRODWHG�EOXH�SODQHW��LW�FRXOG�ULJKWO\�EH�FRQMHFWXUHG�WKDW�WKH
(7� SK\VLFLVWV� PD\� KDYH� SLFNHG� RXW� WKH� YHU\� EHVW� IHDWXUHV� RI� WKH� EODFN� KROHV�
TXDVDUV��SXOVDU��DQG�RWKHU�FRVPLF�V\VWHPV�REVHUYDEOH�WKURXJKRXW�VSDFH��DQG�WKDW
WKRVH�(7V�KDYH�ZRUNHG�RXW� IURP� WKHVH�QRQ�WHUUHVWULDO� HQHUJ\�G\QDPLFV� D�TXLWH
GLIIHUHQW�DSSURDFK�WR�ERWK�SURGXFLQJ�HQHUJ\�DQG�DPSOLI\LQJ�HQHUJ\�
:KLOH� WKH�FRPSDULVRQ�EHWZHHQ� WKH�$QGUHDVVRQ�$IIDLU
V� DD8)2�GULYH� V\VWHP�DQG
WKDW� RI� D� EODFN� KROH� KDV� DOUHDG\� EHHQ� PHQWLRQHG� WHQWDWLYHO\� LQ� WKH� SUHYLRXV
FKDSWHU�VXFK�D�FRPSDULVRQ�ZLOO�EH�JRQH�LQWR�LQ�HYHQ�JUHDWHU�GHWDLO�WKH�PRUH�WKLV
VWXG\� SURJUHVVHV�� )RU�� LQ� H[DPLQLQJ� WKH� YHU\�PHFKDQLVPV� RI� WKH� EODFN� KROH� LW
ZRXOG� DSSHDU� TXLWH� SRVVLEOH� WKDW� WKH� (7V� KDYH� QRW� RQO\� IRXQG� WKH� XOWLPDWH
WUDQVPXWDWLRQ�SURFHVVHV�WR�XVH�LQ�WKHLU�8)2V��ZKHUHLQ�WKH�SKRWRQ�LV�H[FKDQJHG
IRU� JUDYLWDWLRQDO� IRUFH�� ��EXW� WKDW� WKH�(7V�KDYH� DOVR� LPSURYHG� XSRQ� WKDW� FRVPLF
PRGHO�� $QG� VR�� ZLWK� VXFK� D� SRVVLELOLW\� LQ� PLQG�� WKLV� VWXG\� ZLOO� IHDWXUH� DV� LWV
FHQWUDO� WKUHDG� WKH� GXSOLFDWLRQ� DQG� PLQLDWXUL]DWLRQ� RI� WKDW� PRVW� SRZHUIXO� DQG
HIILFLHQW�PHFKDQLVP� RI� WKH� ZKROH� HQHUJ\�ILOOHG� XQLYHUVH� DV� WKH� SULPDU\� HQJLQH
IURP�ZKLFK�WKH�8)2�GULYH�V\VWHP�ZLOO�EH�GHULYHG���
����2VFLOODWLRQV�RI�WKH�DD8)2
V�6SKHUHV�RI�&U\VWDO�JODVV
$Q\ZD\�� EDFN� WR� WKH� DD8)2� VSKHUHV�� *ODVV� DQG� TXDUW]� FU\VWDO� DUH� GLHOHFWULF
FRPSRXQGV�DQG�DUH�VHPLFRQGXFWRUV��WKLV�LV�DOUHDG\�NQRZQ��DQG�WKLV�PHDQV�WKH\
FDQ�EH�XVHG�DV�SDUW�RI�DQ�HOHFWULFDO�FLUFXLW�WR�FRQGXFW��WR�LQVXODWH��RU�EH�PDGH�WR
RVFLOODWH�DW�D�UHVRQDQW�IUHTXHQF\�RU�DW�D�QXPEHU�RI�PXFK�KLJKHU�RFWDYH�KDUPRQLF
IUHTXHQFLHV�� 7KH\� FDQ� DOVR� WUDQVGXFH� HQHUJ\� IURP� RQH� W\SH� RI� IUHTXHQF\� LQWR
DQRWKHU��LH�HOHFWULFDO�WR�PHFKDQLFDO�DQG�WKURXJK�DFRXVWLF�ZDYHV�LQWR�SKRQRQV���$
FU\VWDO� VWUXFWXUH� LV� DIWHU� DOO� D� IRUP� RI� PDFUR�PROHFXOH�� DQG� DV� VXFK� KDV� DQ
DUUDQJHPHQW�RI�DWRPV��SRVLWLYH�KROHV�DQG�QHJDWLYH�FKDUJH�FDUULHUV��HOHFWURQV��WKDW
ZLOO�SHUIRUP�FHUWDLQ�HOHFWURFKHPLFDO�DQG�HOHFWURPHFKDQLFDO� IXQFWLRQV�GHSHQGLQJ
RQ�ZKDW�SUHFLVH�VWUXFWXULQJ�RU�FRPSRVLWLRQ�LW� LV�JLYHQ���SDUWLFXODUO\� LI� WKDW�EDVLF
JODVV�RU�FU\VWDO� VWUXFWXUH�KDV�RWKHU�HOHFWUR�FKHPLFDO� FRPSRXQGV�GRQDWHG� LQWR� LW
GXULQJ� LWV� PHOW� SURFHVV�� RU� VLJQLILFDQWO\�� LI� WKDW� JODVV� LV� IDEULFDWHG� E\� WKH� QHZO\
GHYHORSHG�6RO�*HO�SURFHVV� >QRWH�� �@�� ,QWHUHVWLQJO\�� D� GHWDLOHG� LQVSHFWLRQ� RI� WKLV
ODWWHU�WHFKQRORJ\�ZLOO�VKRZ�WKDW�WKH�6RO�*HO�SURFHVV�ZRXOG�EH�DQ�H[FHOOHQW�ZD\�WR

GHVLJQ
� WKH� ODUJH� ORZHU� VSKHUHV� �DQG� HYHQ� WKH� VPDOOHU� XSSHU� VSKHUHV�� IRU� WKH
8)2� IHDWXUHG� LQ� WKLV� VWXG\�� DQG� VR� WKLV� ZLOO� EH� IXUWKHU� H[SDQGHG� XSRQ
WKURXJKRXW�WKH�IROORZLQJ�WZR�FKDSWHUV�
%XW�WKH�HVVHQWLDO�TXDOLW\�RI�WKH�JODVV�RU�TXDUW]�FU\VWDO�VSHFLILF�WR�WKLV�VWXG\�LV�WKDW
LW�KDV�LQQDWH�ZLWKLQ�LWV�VWUXFWXUH�HIIHFWV�ZKLFK�UHODWH�WR�D�QRQ�]HUR�UHQRUPDOL]LQJ
HOHFWULFDO�SRODUL]DWLRQ�ZKLFK�RFFXUV�DERYH�FHUWDLQ�IUHTXHQFLHV�WKURXJK�D�SDUWLFXODU
W\SH� RI� RVFLOODWLRQ� ZKLFK� FDQ� EH� LQGXFHG� ZLWKLQ� LWV� ODWWLFH� VWUXFWXUH�� ,Q� RWKHU
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ZRUGV��D�KLWKHUWR�XQ�H[SORLWHG�RQH�GLUHFWLRQ�SRODUL]DWLRQ�HIIHFW��:LWK�WKLV�IDFWRU
LQ�PLQG�LW�ZDV�LQWHUHVWLQJ�WKDW�ZKHQ�SK\VLFLVW�.LS�7KRUQH�ZDV�DVNHG�WR�JLYH�KLV
VFLHQWLILF�YLHZSRLQW�RQ�WKH�ZRUPKROH�FRQFHSW�WKDW�ZRXOG�IHDWXUH�VR�SURPLQHQWO\
LQ�&DUO�6DJDQ
V�&RQWDFW�QRYHO��DQG�PRYLH���WKDW�7KRUQH�LQ�KLV������SDSHU�VKRXOG
SLFN�XS�RQ�D�GLVFRYHU\�PDGH�E\�RQH�RI�WKDW�VWRU\
V�FKDUDFWHUV��(GD��ZKRP�&DUO
6DJDQ�KDG�DOORZHG� WR�GLVFRYHU� DQG� H[SORLW� DQ� HQHUJ\� ILHOG�ZKLFK� GHYHORSHG� DQ
DQLVRWURSLF�VWUHVV��D�VWUHVV�WKDW�RFFXUV�RQO\�LQ�RQH�GLUHFWLRQ�VR�WKHUH�ZLOO�UHVXOW�D
SRWHQWLDO�GLIIHUHQFH�WKDW�FDQ�EH�H[WUDFWHG�DQG�VXLWDEO\�XWLOL]HG���1RZDGD\V�WKHUH
DUH� PDQ\� VXFK� HIIHFWV� ZKLFK� FDQ� EH� IRXQG� LQ� D� UDQJH� RI� QHZO\� GLVFRYHUHG
PDWHULDOV��DQG�HQHUJ\�ILHOGV��ZKLFK�KDYH�WKH�SRWHQWLDO�WR�RQH�GD\�\LHOG�H[SORLWDEOH
SRZHU�� LQ� OHIW�KDQGHG� QHXWULQRV�� LQ� QHJDWLYH�UHIUDFWLRQ� PDWHULDOV� �VXFK� DV
SKRWRQLF� FU\VWDOV��� DQG� HYHQ� LQ� VRPH� QRW� VR� UHFHQW� GLVFRYHULHV� PDGH� DERXW
GLHOHFWULFV��5HJDUGLQJ�WKLV�ODWWHU�W\SH�RI�HIIHFW�RQH�RI�WKH�PRVW�LQWULJXLQJ�LQWULQVLF
SURSHUWLHV� RI� D� GLHOHFWULF� LV� WKDW� RI� GLHOHFWULF� DEVRUSWLRQ� IRU� LW� PHDQV� WKDW� ZKHQ
FKDUJHV� DUH� RVFLOODWHG� WKURXJK� VXFK�PDWHULDOV� �IRU� LQVWDQFH�� UHVLQ� RU� SHUVSH[�� D
WLPH�YDULDEOH� GLIIHUHQWLDO� FDQ� H[LVW� EHWZHHQ� WKH� SRVLWLYH� DQG� QHJDWLYH� FKDUJH
PRELOLWLHV�ZKHQ�RVFLOODWLQJ� HOHFWULFDO� FKDUJHV� DUH�SDVVHG� WKRXJK� WKHP� >QRWH�� �@�
7KLV� GLIIHUHQWLDO� WKHQ� DIIHFWV� KRZ� WKDW� GLHOHFWULF� EHFRPHV� FKDUJHG� ZLWKLQ� LWV
PROHFXODU�VWUXFWXUH� �DQG�KRZ�LW� 
VRDNV�XS
�RQH�SRODULW\�RI� WKH�RVFLOODWLQJ�FKDUJH
PRUH� WKDQ� WKH� RWKHU� DERYH� D� FULWLFDO� IUHTXHQF\��� DQG� VXEVHTXHQWO\�� KRZ� WKH
DPELHQW� DLU� VXUURXQGLQJ� WKDW� GLHOHFWULF� DOVR� EHFRPHV� FKDUJHG�� $QG� WKLV
DQLVRWURSLF�SRWHQWLDO�HIIHFW�LQ�DQG�DURXQG�D�GLHOHFWULF�PDWHULDO�FDQ��IRU�LQVWDQFH�LI
LW� LV� D� JODVV� RU� D� FU\VWDO�PDWHULDO�� EH� VRPHWKLQJ� WKDW� FDQ� EH� WDNHQ� DGYDQWDJH� RI
ZKHQHYHU�HOHFWULFDO��PDJQHWLF�RU�JUDYLWDWLRQDO�IRUFHV�PLJKW�EH�DSSOLHG�WR�WKHP�
4XDUW]� UHVHDUFK� QRZDGD\V�� DV� ZH� PRYH� WKURXJK� WKH� WZHQW\�ILUVW� FHQWXU\�� LV
WKDQNIXOO\�PXFK�PRUH�UHVSHFWDEOH�WKDQ�WKH�H[DPSOH�,�FLWHG�DERYH�IRU�WKH�����
V�
)RU� LQVWDQFH�� LQ� ����� 5�0�/�� %DNHU� -U� ODXQFKHG� KLV� ELG� �ZLWK� 86� SDWHQWV
���������JUDQWHG� -XO� �� ������ DQG� ���������� JUDQWHG� $XJ� ��� ������ WR� GHYHORS
VHYHUDO� VSKHULFDO� DQG� QRQ�VSKHULFDO� FRQYHUWHUV� RI� XOWUD�KLJK� IUHTXHQF\
JUDYLWDWLRQDO�ZDYHV��LQ�WKH�4XDGUDKHUW]�RU������+]�UHJLRQ���XVLQJ�QDWXUDO�TXDUW]
FU\VWDO� WR� WUDQVIRUP� WKDW� HOHFWURPDJQHWLF� ZDYH� HQHUJ\� LQWR� FRQWLQXRXV� KLJK�
YROWDJH� SRZHU� RXWSXWV� IURP� WKH� =HUR�3RLQW� )OXFWXDWLRQV� �=3)�� LQ� VSDFH�
$QRWKHU� H[DPSOH� RI� TXDUW]� EHLQJ� XVHG� LQ� WKLV� ZD\� FDQ� EH� IRXQG� LQ� WKH� ZRUN
SURMHFW� RI� )�%��0HDG� DQG� -�� 1DFKDPNLQ� ZKRP� KDYH� MRLQWO\� GHOLQHDWHG� D� =3)
HOHFWURPDJQHWLF�ZDYH�WUDQVGXFHU�ZKLFK�FROOHFWV�DQG�FRQYHUWV�WKH�H[WUHPHO\�KLJK
IUHTXHQF\� LQFLGHQW� HQHUJ\� RI� WKH� KRPRJHQRXV� DQG� LVRWURSLF� =3)� UDGLDWLRQ� RI
VSDFH�� DQG� ZKLFK� WKURXJK� WKH� WHFKQRORJ\� RI� SURYLGLQJ� WZR� VOLJKWO\� GLVVLPLODU
VSKHULFDO�DQWHQQDV��PDGH�RI�TXDUW]��JHQHUDWHV�D�EHDW� IUHTXHQF\�EHWZHHQ�WKRVH� WZR
VSKHUHV� WR� UHFHLYH� WKHVH� =3)� HQHUJLHV� >QRWH�� �@�� ,Q� FRQYHUWLQJ� RQH� VPDOO
EDQGZLGWK�RI�WKH�H[WUHPHO\�KLJK�IUHTXHQF\�=3)�LQWR�D�PXFK�/2:(5�IUHTXHQF\
RI�EHDWV�WKRVH�DPELHQW�HQHUJLHV�RPQLSUHVHQW�WKURXJKRXW�VSDFH�FDQ��LQ�WKHRU\�DW
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OHDVW�� EH� FROOHFWHG� DQG� VXEVHTXHQWO\� WUDQVIHUUHG� E\� FRQYHQWLRQDO� HOHFWURQLF
FLUFXLWU\��LQWR�HOHFWULFDO�PDFKLQHV�DQG�SXW�WR�JRRG�XVH�
,Q�ERWK�WKHVH�DIRUHPHQWLRQHG�DUHDV�RI�UHVHDUFK�WKH�HPSKDVLV�LV�XSRQ�WKH�XVH�RI
RU� WKH� GHYHORSPHQW� RI� VSKHULFDO� DFRXVWLF� ZDYHV� WKDW� LQWHUDFW� EHWZHHQ� WKH� FU\VWDO
VSKHUHV� DQG� WKH� RPQLSUHVHQW� DPELHQW� HQHUJLHV� DW� D� KDUPRQLF� IUHTXHQF\�� 7KH
HVVHQWLDO� EHDXW\� RI� DFRXVWLF� ZDYHV� EHLQJ� WKDW� WKH\� FDQ� WUDQVSRUW� HQHUJ\�� DV
SKRQRQV��WKURXJK�D�VHPLFRQGXFWRU�RU�GLHOHFWULF�PDWHULDO��E\�WKH�DFRXVWR�HOHFWULF
HIIHFW��� DQG� WKHQ� GHOLYHU� WKDW� HQHUJ\� RXW� IURP� WKH� 
RWKHU� HQG
� RI� WKDW� VDPH
PDWHULDO�E\�GUDJJLQJ�IUHVKO\�JHQHUDWHG�SKRWRQV�DQG�HOHFWURQV��DV�H[FLWRQV��LQWR�D
VXLWDEOH�UHFHLYHU�FLUFXLW��6XUIDFH�DFRXVWLF�ZDYHV��6$:V��ZKLOH�FDUU\LQJ�HOHFWURQV
DQG� H[FLWRQV� FDQ�� IRU� LQVWDQFH�� ZKHQ� VXLWDEO\� DPSOLILHG�� EH� FRXSOHG� WR
PLFURZDYH�IUHTXHQF\�ZDYHV� WR� IRUP� LQWR�ZDYHSDFNHWV� RI� HQHUJ\�� DQG� WKHQ� WKRVH
ZDYHSDFNHWV�FDQ�EH�WUDQVSRUWHG�WKURXJK�WKH�VHPLFRQGXFWRU�DQG�EH\RQG�LW�E\�WKH
DJHQW�RI�D�VWDWLRQDU\�PDJQHWLF�ILHOG�ZKLFK�FXUOV�WKRVH�HOHFWULF�FKDUJHV�LQWR�D�KHOLFDO
HOHFWURPDJQHWLF� EHDP�� 6LPLODU� WR� WKLV� ODWWHU� W\SH� RI� FRXSOLQJ� LV� WKH� SULQFLSOH
EHKLQG�WKH�FXUOLQJ�RI�HOHFWURQV�WKURXJK�D�IUHH�HOHFWURQ�ODVHU��)(/���RU�DQ�HOHFWURQ
F\FORWURQ�PDVHU� �(&0��� RU� LQGHHG� WKDW� RI� WKH�*UDVHU� ZKLFK� DFWLYDWHV� D� FXUOLQJ
EHDP�RI� JUDYLWDWLRQDO� UDGLDWLRQ� LQ� FRQMXQFWLRQ�ZLWK� D� VWDWLRQDU\�PDJQHWLF� ILHOG�
7KHVH� VRUWV� RI� HQHUJ\� WUDQVIHUULQJ� SURFHVVHV� ZLOO� SUHVHQW� WKHPVHOYHV� LQ� WKH
DD8)2�� WKURXJK� WKH� FUDIW
V� WHOHPHWHU� ZKHHOV�� IRU� LQVWDQFH� �DV� ZLOO� EH� IXUWKHU
DOOXGHG�WR�LQ�FKDSWHUV�������DQG����
:LWK�UHJDUG�WR�H[WUDWHUUHVWULDO�WHFKQRORJ\�LW�ZLOO�EH�P\�VXJJHVWLRQ�WKURXJKRXW�WKLV
ERRN��WKDW�WKH�8)2V�FHQWUDO�WR�WKH�$QGUHDVVRQ�$IIDLU�VHULHV�RI�ERRNV�DOVR�XWLOL]H�D
QXPEHU�RI�HOHFWUR�G\QDPLF�DUUDQJHPHQWV�DURXQG�WKH�GLHOHFWULF�VSKHUHV�WKH\�XVH�
E\�ZKLFK�D�VLPLODU�FRQYHUVLRQ�LV�PDGH�IURP�WKH�VR�FDOOHG�]HUR�SRLQW�IOXFWXDWLRQV
�=3)��� WR� GUDZ� XVHDEOH� HQHUJ\� RXW� RI� WKRVH� XOWUD�KLJK� IUHTXHQF\� HQHUJ\� ILHOGV
>QRWH���@��7KHVH�DUUDQJHPHQWV�ZLOO� IRUP�RQH�RI�PDQ\�G\QDPLF�SURFHVVHV� WR�EH
EURXJKW� LQWR� DFWLRQ� DURXQG� WKHVH� VSKHUH�VHWV� LQ� ZKDW� ZLOO� EH� VHHQ� DV� D� ZKROH
JDPXW� RI� IXQFWLRQV� WKDW� VHHP� WR� EH� RSHUDWLQJ� LQ� FRQFHUW�ZLWK� HDFK� RWKHU�� DQG
ZKLFK�VHHP�WR�EH�GHVLJQHG�WR�HVWDEOLVK�DFRXVWLF�ZDYH�ILHOGV�WKDW�ZLOO�EH�SHUYDGLQJ
WKURXJKRXW�PRVW�RI� WKH�FHQWUDO�SDUW�RI� WKLV�8)2��6R� WKH�=3)�IOXFWXDWLRQV�DQG
WKH� HQHUJLHV� WKH\� EULQJ� LQ� DUH� YHU\� LPSRUWDQW� WR� WKLV� VWXG\� EHFDXVH� WKH\� ZLOO
HYHQWXDOO\� EH� VHHQ� DV� DQ� RXWVLGH� ILHOG� ZKLFK� FRDOHVFHV� ZLWK� VHYHUDO� RWKHU� HQHUJ\
PHFKDQLVPV�GHYHORSHG�ZLWKLQ�WKH�LQVLGH�RI�WKLV�DD8)2�>QRWH���@�
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)LJXUH�����8)2�KDUYHVWV�HQHUJ\�IURP�WKH�=3)�ILHOG�WKURXJK�WKH�DFRXVWLF�ZDYHV
DURXQG�WKH�ORZHU�VSKHUHV
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:KDW�OHQGV�FUHGHQFH�WR�WKLV�DVVXPSWLRQ�WKDW�8)2V�DUH�GHVLJQHG�WR�GUDZ�LQ�=3)
GHULYHG�HQHUJ\�IURP�RXWVLGH�IRU�WKH�FUDIW�WR�XWLOL]H�LQ�LWV�GULYH�V\VWHP��DQG�,�VKDOO
XVH�WKH�DD8)2�DV�D�SULPH�H[DPSOH��LV�WKDW�WKH�ODUJH�ORZHU�VSKHUHV�RI�WKH�DD8)2
DUH�VSHFLILFDOO\�ORFDWHG�VR�WKDW�WKH\�SURWUXGH�RXWVLGH�RI�LWV�PHWDOOLF�XSSHU�DQG�ORZHU
GRPHV��7KHVH� ORZHU� VSKHUHV�PXVW� WKHUHIRUH�EH�SRVLWLRQHG� VR� DV� WR� KDYH� GLUHFW
LQWHUDFWLRQ� EHWZHHQ� ERWK� WKH� VXUURXQGLQJ� DLU� �RU� LQFLGHQW� HOHFWURPDJQHWLF
UDGLDWLRQ��DQG�WKH�LQWHUQDO�HOHFWUR�G\QDPLF�FLUFXLW�RI�WKH�FUDIW�
%XW�UDWKHU�WKDQ�DOORZ�WKH�=3)�GHULYHG�LQGXFWLRQV�WR�KRJ�DOO�WKH�OLPHOLJKW�KHUH�,
ZLOO�EUHDN�RII�IURP�WKLV�IDVFLQDWLQJ�VXEMHFW�DQG�OHDYH� LW�IRU�WKH� ODWHU�FKDSWHUV�RI
WKLV� VWXG\�� ZKHUH� LWV� UHOHYDQFH�ZLWKLQ� RWKHU�8)2� HQHUJ\� FRQYHUVLRQ� SURFHVVHV
ZLOO�EHWWHU�IDOO�LQWR�SODFH��+RZHYHU��FRQFHUQLQJ�WKH�ORZHU�VSKHUHV��,�ZRXOG�OLNH�WR
SRLQW�RXW� WKDW� WKHVH� LQGXFWLRQV�VKRXOG�EH�H[SHFWHG�FRQVLGHULQJ� WKDW� WKH�FUDIW� LV
SUHGRPLQDQWO\�FLUFXODU�DQG�WKH�HQHUJ\�ILHOGV�ZKLFK�LW�JHQHUDWHV�DUH�DOVR�FLUFXODU�
DQG� VR� WKHUH� ZLOO� DOZD\V� EH� DQ� LQKRPRJHQHRXV� QDWXUH� WR� WKHVH� ILHOGV�� DQG
PDJQHWLF�SRWHQWLDO�GLIIHUHQFHV��ZKLOH�WKH\�SHUPHDWH�WKURXJK�WKH�ORZHU�VSKHUHV�
)RU� LQVWDQFH�� WKH� IRXU� ODUJH� VSKHUHV� ZLOO� KDYH� WZR� KLJK� LQWHQVLW\� QRQ�XQLIRUP
�LQKRPRJHQHRXV��SXOVLQJ�PDJQHWLF�ILHOGV�WKDW�FRQYHUJH�DW�RSSRVLWH�TXDGUDQWV�RI
HDFK� RI� WKRVH� VSKHUHV�� DQG� ZKLOH� HDFK� RI� WKHVH� ODUJH� VSKHUHV� VLPXOWDQHRXVO\
UHYROYHV�DERXW�LWV�RZQ�D[LV��DQG�ZKLOH�DOO�IRXU�MRLQWO\�URWDWH�DERXW�WKH�FHQWUDO�D[LV
RI� WKH� FUDIW�� WKH\� VKRXOG� EH� VHHQ�� DW� WKH� YHU\� OHDVW�� DV� D� FRQILJXUDWLRQ� RI� IRXU
HOHFWULFDO�FKDUJH� FRQGXFWRUV� WKDW� DUH� UHYROYLQJ� WKURXJK� WZR� VHSDUDWH� SXOVLQJ
PDJQHWLF� ILHOGV�� &HUWDLQO\� WKLV� ODWWHU� DUUDQJHPHQW� DORQH� FDQ� EH� XVHG� WR� LQLWLDWH
SLH]RHOHFWULF�RVFLOODWLRQV�WKURXJKRXW�WKH�ORZHU�VSKHUHV�DQG�WR�FUHDWH�DURXQG�WKHP
D�YHU\�HQHUJHWLF�QHWZRUN�RI�DFRXVWLF�ZDYHV�
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)LJXUH�����5H�URXWLQJ�RI�WKH�XSSHU�DQG�ORZHU�PDJQHWLF�ILHOGV�RI�WKH�WRURLG�IRUPV
WZR�LQWHQVLWLHV�DURXQG�WKH�ORZHU�VSKHUHV
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6R�� LI� D� KDUPRQLF� UHVRQDQFH� PHFKDQLVP� FDQ� WKHQ� EH� HQJLQHHUHG� EHWZHHQ� WKH
ODUJH�ORZHU�VSKHUHV�DQG�WKH�WRS�VPDOO�VSKHUHV�ZLWK�WKHVH�DFRXVWLF�ZDYHV��WKHQ�WKLV
ZRXOG� EH� YHU\� EHQHILFLDO� IRU� SURYLGLQJ� VHYHUDO� PHWKRGV� E\� ZKLFK� HQHUJLHV� RI
YDULRXV� NLQGV� FRXOG� SDVV� IURP� WKH� ORZHU� VSKHUHV� WR� WKH� XSSHU� RQHV�� (QHUJLHV
FRXOG�SDVV�HLWKHU� WKURXJK� WKH�PHWDO� VWHP�FDVLQJV� �ZKLFK� MRLQ�ERWK� VSKHUHV��� RU
WKH\� FRXOG� SDVV� WKURXJK� WKH� WXEHV� RU� URGV� WKDW� IRUP� WKH� FRLOV� ZKLFK� FRQQHFW
EHWZHHQ� WKH� WZR� VSKHUHV�� %XW� MXVW� DV� FRQYHQLHQWO\� WKHVH� DFRXVWLF� ZDYHV� FRXOG
RVFLOODWH�WKURXJK�WKH�RSHQ�DLU��E\�VSUHDGLQJ�RXWZDUG�WRZDUG�WKH�FRQFDYH�SDUDERORLG
LQQHU�ZDOO�RI�WKH�WRURLG��WR�EH�UHIOHFWHG�RII�WKDW�ZDOO�DQG�WR�ERXQFH�XSZDUG�LQWR
WKH� VPDOO� WRS� VSKHUHV�� ,� VD\� FRQYHQLHQWO\� EHFDXVH� E\� ERXQFLQJ� WKHP� RII� WKH
SDUDERORLG� ZDOO�� ZLWK� WKH� ZDOO� DFWLQJ� DV� D� UHIOHFWRU�� WKH� ZDOO� ZRXOG� WKHQ� IRFXV
WKRVH� DFRXVWLF� ZDYHV�� DQG� DOVR� WUDQVSRUW� LQ� WKHP� DQ\� HOHFWULF� FKDUJHV
DFFXPXODWLQJ�DURXQG�WKH�WRURLG�ZDOO��7KHUHIRUH��WKURXJK�WKHVH�WKUHH�GLIIHUHQW�URXWHV
WKH� WRS� VSKHUHV� ZRXOG� FRQWLQXDOO\� EH� VXSSOLHG� E\�� RU� VXUURXQGHG� E\�� DQ
RVFLOODWLQJ��DFRXVWLF��HQHUJ\�ILHOG�
7KLV� TXLFNO\� EULQJV� XV� EDFN� WR� WKH� VWUDQJH� DSSHDUDQFH� RI� H[WUHPH� HQHUJ\
H[FLWDWLRQ�VHHQ�DQG�GHVFULEHG�E\�%HWW\�/XFD�LQ�WKH�FHQWHU�RI�D�8)2�FUDIW�VKH�ZDV
VKRZQ�E\�D�JURXS�RI�*UH\V� WKDW�VSHFLILFDOO\�ZDQWHG�KHU� WR� VHH�KRZ� WKHLU�8)2
JHQHUDWHG�LWV�SRZHU�
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)LJXUH� ���� 7KH� OHDGLQJ� *UH\� VZLWFKHV� WKH� RXWHU� VKHOO� WR� WUDQVSDUHQW� PRGH� WR
VKRZ�%HWW\� WKH� VSKHUH�VHWV� ZRUNLQJ� LQVLGH� WKDW� 8)2� �IURP�$QGUHDVVRQ�$IIDLU� �
3KDVH�7ZR�IURQW�FRYHU�
7KHVH�DUH�WKH�EULJKW�HQHUJ\�EDUV�ZKLFK�KRYHUHG�DURXQG�WKH�WRS�VSKHUHV�DQG�ZHUH
VR�EULJKW�WKH\�VKRQH�OLNH�DQ�DUF�ZHOGHUV�WRUFK�>QRWH���@��,
YH�VHHQ�D�ZHOGHU
V�JXQ
DQG� ,
YH� XVHG� D� ZHOGHU
V� JXQ�� DQG� ,� FDQ� WHVWLI\� WKDW� WKH� EOXH�ZKLWH� OLJKW� LV� VR
LQWHQVH� WKDW� GDUNHQHG� JRJJOHV�KDYH� WR�EH�ZRUQ�RWKHUZLVH� LW�ZRXOG�GDPDJH� WKH
UHWLQD� RI� WKH� H\H� >QRWH�� ��@��� 6XFK� D� KLJK� RUGHU� RI� OXPLQHVFHQFH� RI� SKRWRQ
UDGLDWLRQ� FDQ� EH� DQ� LQGLFDWLRQ� RI� D� QXPEHU� RI� GLIIHUHQW� HIIHFWV�� RI� H[WUHPH
H[FLWRQ� UHFRPELQDWLRQ� �ZKHUH� WKH� UHFRPELQDWLRQ�RI� WKH�H[FLWRQ
V� FKDUJH�FDUULHU
DQG� FKDUJH�YDFDQF\� OHDGV� WR� WKH� H[FLWRQ
V� DQQLKLODWLRQ� DQG� JHQHUDWLRQ� RI
SKRWRQV��� RU� LW� FRXOG� LQGLFDWH� DEUXSW� FKDQJHV� IURP� WKH� H[FLWDWLRQ� VWDWHV� RI
FKDUJHG�SDUWLFOHV��LW�FRXOG�EH�IURP�DFXWH�J\UR�URWDWLRQ�RI�WKH�SDUWLFOH
V�WUDMHFWRU\
OHDGLQJ�WR�HPLVVLRQV�E\�FXUYDWXUH�UDGLDWLRQ��RU�LW�FRXOG�HYHQ�FRPH�IURP�SDUWLFOH
IXVLRQ�
%XW�WR�XQGHUVWDQG�KRZ�VXFK�VROLG�DUFV�RI�LQWHQVH�HQHUJ\�FDQ�RFFXU�ILUVWO\�OHW�XV
ORRN�DW�D�EUHDNGRZQ�RI�WKH�YDULRXV�HOHPHQWV�VKRZQ�LQ�WKHVH�HQHUJ\�EDUV��)LUVWO\�
ZLWKLQ� WKH�SULQFLSOHV�RI�VWDWLF�HOHFWULF� ILHOGV� WKHUH� LV� WKH� LVRWURSLF�DSSHDUDQFH�RI
HOHFWULF� FKDUJH� ILHOG�OLQHV� DURXQG� D� VSKHUH�� DQG� WKH\� IROORZ� WKH� ZHOO� NQRZQ
SKHQRPHQRQ� RI� ILHOG�OLQHV� FRQQHFWLQJ� WR� VSKHULFDO� REMHFWV� ZKHQ� FKDUJHG
HOHFWURVWDWLFDOO\��VXFK�OLQHV�LQGLFDWH�WKDW�WKH�HOHFWURVWDWLF�ILHOG�IRUFHV�KDYH�DOLJQHG
WKHPVHOYHV�SHUSHQGLFXODU�WR�WKH�VXUIDFH�RI�WKH�VSKHUH�DQG�DUH�QRQ�FRQGXFWLQJ�
6HFRQG��LV�D�SKHQRPHQRQ�WKDW�PLJKW�EH�SDUWLFXODUO\�UHOHYDQW�KHUH��DQG�ZKLFK�KDV
WKH� SRWHQWLDO� WR� GHYHORS� DQ� DQLVRWURSLF� VWUHVV� LQ� DQ� DSSURSULDWHO\� GHVLJQHG
DPSOLILFDWLRQ�V\VWHP��LV�RQH�WKDW�FDQ�DJDLQ�EH�IRXQG�ZLWKLQ�WKH�IXQGDPHQWDO�ODZV
RI�HOHFWURVWDWLFV�ZKLFK�VD\V�WKDW�FKDUJH�GHQVLW\�ZLOO�EH� LQYHUVHO\�SURSRUWLRQDO� WR
UDGLXV� RI� FXUYDWXUH�� DQG� ZKLFK� GHQRWHV� WKDW� ZKHQ� WZR� HOHFWULFDOO\� FKDUJHG
VSKHUHV� RI� GLVVLPLODU� YROXPH� DUH� LQWHUFRQQHFWHG�� HYHQ� WKRXJK� WKHLU� SRWHQWLDOV
PD\�EH� WKH�VDPH�� WKHLU�HOHFWURVWDWLF� GHQVLWLHV� �LQWHQVLWLHV�RI� HOHFWULF� FKDUJH��ZLOO
DOZD\V� EH� JUHDWHU� IRU� WKH� VSKHUH� RI� VPDOOHU� FXUYDWXUH�� 7KLV� FRPHV� IURP
&RXORPE
V�HOHFWULFDO�IRUFH�ODZ�)� �.4��4����5���DQG�ZKLFK�ZDV�SXW�WR�JRRG�XVH
E\�1LNROD�7HVOD� LQ�KLV�DWPRVSKHULF�FKDUJH�FROOHFWRU�SDWHQW�86����������:KLFK
HIIHFWLYHO\�PHDQV� WKDW�PRVW�RI� WKH�HOHFWULF�FKDUJH�FROOHFWHG�RU�FRQYHUWHG�DW� WKH
ODUJH� ORZHU� VSKHUHV� ZLOO� DXWRPDWLFDOO\� GULIW� XS� WR�� DQG� DFFXPXODWH� DURXQG�� WKH
VPDOOHU�WRS�VSKHUHV��EHFDXVH�WKH\�DUH�LQWHU�FRQQHFWHG��
$QG� RI� FRXUVH�� E\� UXQQLQJ� D� FRLO� EHWZHHQ� WKHP� LQWHU�FRQQHFWLQJ� WKHP� DQ\
RVFLOODWLRQ�HVWDEOLVKHG�EHWZHHQ�WKHP�ZLOO�EH�����GHJUHHV�RXW�RI�SKDVH��0HDQLQJ
WKDW�DW�HLWKHU�HQG�RI�WKH�FRLO�WKH�WZR�ZLOO�EH�RSSRVLWHO\�SRODUL]HG�EXW�ZLOO�EHKDYH
DV� LI�KDUPRQLRXVO\� OLQNHG�� DQG�SHUIHFWO\�SULPHG� WR� WUDQVIHU�HQHUJ\� IURP�RQH� WR
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WKH�RWKHU��7KLV�SKHQRPHQRQ�ZLOO�EH�LPSRUWDQW�WR�H[SODLQ�KRZ�WKH�XSSHU�VSKHUHV
FRXOG�EH�FRQWLQXDOO\�UHSOHQLVKHG�ZLWK�DEXQGDQW�VXSSOLHV�RI�FKDUJHG�SDUWLFOHV�RYHU
WKH�FRXUVH�RI�VD\��D�8)2
V�MRXUQH\��IURP�WKHP�EHLQJ�FRQWLQXDOO\�VXSSOLHG�E\�WKH
ORZHU�VSKHUHV��DQG�WKH�=3)�HQHUJLHV�FRQYHUWHG�WKURXJK�WKHP�IURP�RXWVLGH���,Q
WKLV� ZLVH� WKH� IRXU� JODVV�FU\VWDO� VSKHUH�VHWV� VKRXOG� DOZD\V� EH� VHHQ� DV� VWUXFWXUHV
WKDW� FRQYHUW� UDWKHU� WKDQ� VWRUH� HOHFWULFDO� FKDUJHV� �DQG� RWKHU� IRUPV� RI� HQHUJLHV
ZKLFK�ZLOO�EHFRPH�DSSDUHQW�LQ�ODWHU�FKDSWHUV��>QRWH����@�
����3ODVPD��7KH�(OHFWURQLF�6WDWH�RI�0DWWHU
2EYLRXVO\��WR�EHWWHU�XQGHUVWDQG�DQG�GXSOLFDWH�WKH�HQHUJ\�LQWHQVLWLHV�H[KLELWHG�E\
WKHVH�XSSHU�DQG� ORZHU�VSKHUHV� WKH�DERYH�PHQWLRQHG�HQHUJ\� ILHOGV�DURXQG� WKHP
PXVW�DOVR�EH�DFFRPSDQLHG�E\�D�YDVW�DPRXQW�RI�FKDUJHG�SDUWLFOHV��7KHVH�FKDUJHG
SDUWLFOHV� ZRXOG� KDYH� WR� FRPH� LQ� JUHDW� DEXQGDQFH� WKURXJK� PHFKDQLVPV� LQ
RSHUDWLRQ�FORVH�WR�WKH�FHQWHU�RI�WKH�DD8)2
V�SRZHU�GULYH�V\VWHP�>QRWH����@��7KH
RQHV�PRVW�HYLGHQW�RI�ZKLFK�DUH�

8OWUD�YLROHW�LRQL]DWLRQ�DQG�SKRWRQ�HPLVVLRQ
([FLWRQ��HOHFWURQ�KROH��H[FLWDWLRQ�DQG�SKRWRQ�HPLVVLRQ
(OHFWURQ�H[FLWDWLRQ�DQG�HOHFWURQ�IXVLRQ�ZLWK�SKRWRQ�HPLVVLRQ
&HUDPLF�FRPSRXQG�H[FLWDWLRQ�DQG�HOHFWURQ�HPLVVLRQ
(OHFWURQ�SRVLWURQ�JHQHUDWLRQ�IURP�PDJQHWLF�IOX[�UHFRQQHFWLRQ
(OHFWURQ�SRVLWURQ�SURGXFWLRQ�WKURXJK�WKH�YLUWXDO�HQHUJ\�ILHOGV�LQ�VSDFH
(OHFWURQ�SRVLWURQ�SURGXFWLRQ�WKURXJK�FXUYDWXUH�UDGLDWLRQ��URWDWLQJ�ILHOGV�
&RPSWRQL]HG�LRQL]DWLRQ�IURP�3HQURVH�SDLU�SURGXFWLRQ
*UDYLWRQ�WR�SKRWRQ�FRQYHUVLRQ�ZLWK�HOHFWURQ�SRVLWURQ�JHQHUDWLRQ
0LFURZDYH�LRQL]DWLRQ�RI�IOXLGV�WR�LQGXFH�GLIIXVH�FKDUJHV�RXWVLGH�WRURLG

����8OWUD�YLROHW�,RQL]DWLRQ�0HFKDQLVPV
8OWUD�YLROHW��89��LRQL]DWLRQ�LV�D�SRZHUIXO�ZD\�RI�VXSSO\LQJ�DEXQGDQW�DPRXQWV�RI
HOHFWURQV�� E\� WKH� SKRWRHOHFWULF� HIIHFW�� DQG� LV� D� V\VWHP� ZKLFK� FDQ� UHDGLO\� EH
LQLWLDWHG�ZLWKLQ�PRVW�DUHDV�RI�D�8)2�FUDIW��,QGHHG��LQ�WKH�PDQ\�DFFRXQWV�JLYHQ�E\
%HWW\� /XFD�� DQG� WKURXJKRXW� WKH� OLWHUDWXUH� UHSRUWLQJ� DEGXFWLRQ� SKHQRPHQD�
PHQWLRQ�LV�RIWHQ�PDGH�RI�D�VWUDQJH�SLQN�WR�YLROHW�LOOXPLQDWLRQ�RSHUDWLQJ�LQVLGH�D
8)2��6R��ZKLOH�DW�ILUVW�LW�ZRXOG�VHHP�WKDW�89�LRQL]DWLRQ�ZLOO�EH�LQ�WKH�YLFLQLW\�RI
8)2� GULYH� V\VWHPV� PHUHO\� WR� LOOXPLQDWH�� LW� PLJKW� DOVR� H[LVW� VSHFLILFDOO\� WR
FRQWULEXWH� WR� WKH� QHFHVVDU\� FKDUJHG� SDUWLFOH� HQYLURQPHQW� �SHUKDSV� LQ� D� ZD\� WR
SULPH�WKH�DPELHQW�VSDFH�LQWR�D�PHWDVWDEOH�VWDWH�LQ�UHDGLQHVV�IRU�LW�WR�EUHDN�GRZQ
DQG� WR� DWRPL]H� ZKHQ� WULJJHUHG� HOHFWULFDOO\��� ,I� D� PHWDVWDEOH� VWDWH� FDQ� EH
PDLQWDLQHG�WKHQ�WKH�DWRPV�LQ�WKH�DLU�ZLOO�WKHPVHOYHV�EHFRPH�SDUW�RI�WKH�SURFHVV
WR� SURYLGH� DEXQGDQW� VXSSOLHV� RI� FKDUJHG� SDUWLFOHV� �IURP� WKH� FROOLVLRQV� RI� IDVW
PRYLQJ�SDUWLFOHV�IORZLQJ�WKURXJK�WKHP�LQLWLDWLQJ�HOHFWURQ�FDVFDGHV�RU�DYDODQFKHV�
>QRWH����@��$V�ZHOO�DV�WKH�QXPHURXV�PHQWLRQV�RI�WKLV�89�LOOXPLQDWLRQ�WKURXJKRXW
WKH�$QGUHDVVRQ�OLWHUDWXUH�WKHUH�DUH�PDQ\�RWKHU�FOXHV�WR�EH�IRXQG�LQ�WKH�DVSHFWV
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RI� 8)2V�� UHFRUGHG� HOVHZKHUH� LQ� 8IRORJ\� GRFXPHQWDWLRQ�� WR� VXEVWDQWLDWH� WKLV
SRLQW� �WKDW� WKH� YDULRXV�ZDYHOHQJWKV�RI� XOWUD�YLROHW� UDGLDWLRQ� SHUPHDWH� DURXQG� D
8)2���)RU�LQVWDQFH��WKH�REVHUYDWLRQ�WKDW�8)2�VKHOOV�DUH�SHUIHFWO\�VKLQ\�RU�KDYH
SHUIHFWO\�FOHDQ�VXUIDFHV��LV�DQ�DVVRFLDEOH�FKDUDFWHULVWLF�RI�89�UDGLDWLRQ��IURP�WKH
IDFW�WKDW�89�LUUDGLDWLRQ�LV�D�FOHDQHU�RI�PHWDO�VXUIDFHV��LWV�D�PHWKRG�ZH�DOVR�XVH�RQ
HDUWK� WR� FOHDQ� RXU� PHWDO� VXUIDFHV� WRR��� $QG� LQ� VRPH� 8)2� UHSRUWV� ZKHUH
DEGXFWHHV�KDYH�UHSRUWHG�UDGLDWLRQ�EXUQV�RQ�WKHLU�VNLQ��WKLV�UDGLDWLRQ�EXUQLQJ�LV�D
GLUHFW�UHVXOW�RI�EHLQJ�H[SRVHG�WR�VKRUW�ZDYHOHQJWKV�89�IUHTXHQFLHV��DOWKRXJK��LQ
FKDSWHU� ��� LW� ZLOO� EH� H[SODLQHG� WKDW� VRPH� RI� WKLV� 89�PD\� UHVXOW� IURP� DQ� XS�
VKLIWLQJ�RI�YLVLEOH�OLJKW·V�IUHTXHQF\��
����([FLWRQ�([FLWDWLRQV�$URXQG�'LHOHFWULF�6SKHUHV
$QRWKHU� VXSSO\� RI� HQHUJ\� LQVLGH� WKH� DD8)2� FDQ� FRPH� IURP� WKH� SURGXFWLRQ�
SDUWLFXODUO\� WKURXJK� GLHOHFWULF� PDWHULDOV�� RI� H[FLWRQ� PROHFXOHV�� ([FLWRQV� DUH
FRXSOLQJV�RI�FKDUJH�FDUULHUV��HOHFWURQV��DQG�KROHV��SRVLWLYH�FKDUJH�YDFDQFLHV��DQG
DUH� HVSHFLDOO\� DGYDQWDJHRXV� EHFDXVH� ZKHUHDV� HOHFWURQV� RQO\� H[LVW� IRU� D� IHZ
ELOOLRQWKV�RI�D�VHFRQG�WKH�H[FLWRQ�FRXSOLQJV�KDYH�PXFK�ORQJHU�OLIHWLPHV�
,Q� UHFHQW� VWXGLHV� WKURXJKRXW� WKH� 86�� -DSDQ�� &KLQD�� DQG� 5XVVLD� WKDW� KDYH
FRQFHQWUDWHG� RQ� WKH� SKHQRPHQRQ� RI� H[FLWRQ� JHQHUDWLRQ� DQG� WUDQVSRUWDWLRQ
ZLWKLQ�GLHOHFWULF�FU\VWDOV�DQG�FHUWDLQ�VLOLFDWH�JODVVHV��LW�LV�VXJJHVWHG�WKDW�DEXQGDQW
HOHFWURQ�DQG�LRQ�SURGXFWLRQ�FDQ�FRPH�WKURXJK�VHPLFRQGXFWRU�FU\VWDO�PDWHULDOV�LI
WKHLU� PLFUR�VWUXFWXUHV� DUH� PRUH� IXOO\� XQGHUVWRRG� DQG� DUH� PDQLSXODWHG� RQ� D
TXDQWXP� OHYHO� �YLV�� WKURXJK�TXDQWXP�HOHFWURG\QDPLFV���7KHVH�VWXGLHV�KDYH� DOVR
H[SODLQHG� WKDW� WUDQVSRUWDWLRQ� RI� HOHFWURQV� FDQ� FRPH� WKURXJK� WKH�PRYHPHQW� RI
H[FLWRQ�PROHFXOHV��RI�H[FLWRQV�FRXSOHG�ZLWK�IUHH�HOHFWURQV��PRYLQJ�RYHU�FU\VWDO
VXUIDFHV��RU�MXVW�XQGHU�WKHLU�VXUIDFHV��E\�WKHP�EHLQJ�PRYHG�WKURXJK�WKH�DJHQW�RI
DFRXVWLF� ZDYHV�� DQG� IURP� WKH� H[FLWRQV� GUDJJLQJ� FKDUJHG� SDUWLFOHV� IURP� ZLWKLQ
WKRVH�FU\VWDOV�VR�WKDW�RQ�WKH�RXWVLGH�RI�WKHP�WKHUH�FDQ�IRUP�GHQVH�SODVPD�FORXGV�
$QG� VLPLODUO\�� IURP� WKH�VWXGLHV�RI� H[FLWRQ�SRODULWRQ�JHQHUDWLRQ� WKHUH� FDQ�FRPH
WZR�OLQHV�RI�WKHRU\�RI�UHOHYDQFH�KHUH��RQH�WKDW�WKH�H[FLWRQ�FDQ�EH�FRXSOHG�WR�DQ
HOHFWURPDJQHWLF�ZDYH�SDUWLFOH��DV�D�SKRWRQ���DQG�WKH�RWKHU�WKDW�WKH�H[FLWRQ�FDQ�EH
FRXSOHG� WR� D� UHVRQDQFH� HIIHFW� WKDW� FDQ� RFFXU� ZLWKLQ� DQ� RVFLOODWLQJ� GLHOHFWULF
VXEVWDQFH��PHDQLQJ� WKDW� HOHFWULF� FKDUJHV��ZKHQ� WKH� FU\VWDO� RU� JODVV� VXEVWDQFH� LV
XQGHU� DFRXVWLF� ZDYH� RU� HOHFWURPDJQHWLF� SHUWXUEDWLRQ�� FDQ� HLWKHU� EH� WUDQVSRUWHG
WKURXJK�WKDW�GLHOHFWULF�PDWHULDO��RU�WKRVH�HOHFWULFDO�FKDUJHV�FDQ�IRUP�LQWR�HQHUJHWLF
HOHFWULF� ILHOGV� IXOO\� RXWVLGH� WKDW� FU\VWDO� VXEVWDQFH� �ZLWK� WKH� DLG� RI� DQ� ORFDOL]HG
SXOVLQJ�PDJQHWLF�ILHOG��>QRWH����@�
&RXSOHG� WRJHWKHU�ZLWK� WKH� DERYH� LRQL]LQJ�SURSHUWLHV�RI� VHPLFRQGXFWRUV� VKRXOG
DOVR�EH� WKH�SURFHVV�RI�PDJQHWRVWULFWLRQ�ZKHUHXSRQ� VXFK�PDWHULDO� HOHPHQWV� FDQ
EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�FU\VWDO��RU�JODVV��WR�HQHUJL]H�WKDW�FU\VWDO�PDWHULDO
XSRQ� WKH� DSSOLFDWLRQ� RI� DQ� HQHUJHWLF�PDJQHWLF� ILHOG��0DJQHWRVWULFWLYH� URGV�� IRU
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LQVWDQFH�� LQVHUWHG� LQWR� RU�PROGHG� LQWR� WKH� FU\VWDO·V� VWUXFWXUH� ZRXOG� EH� D� JRRG
FDQGLGDWH�WR�WULJJHU�KLJK�IUHTXHQF\�HIIHFWV�ZLWKLQ�WKDW�FU\VWDO�ZKLFK�ZRXOG�WKHQ
\LHOG� IDLUO\� VWURQJ� FKDUJH� WUDQVIHUULQJ� WKURXJK� SLH]RHOHFWULF� DQG� DVVRFLDWHG
PHFKDQLVPV�� DQG� LI� WKH� DLU� VXUURXQGLQJ� WKHP� LV� VXIILFLHQWO\� SULPHG� LQWR� D
PHWDVWDEOH�VWDWH��DV�PHQWLRQHG�DERYH��WKHVH�RVFLOODWLQJ�HIIHFWV�FRXOG�OHDG�WR�WKHLU
VXUURXQGLQJ� SODVPD� FORXGV� DIIHFWLQJ� HOHFWURQ�LRQ� FROOLVLRQV� DQG� VXEVHTXHQWO\
HOHFWURQ� DYDODQFKHV� DURXQG� WKHVH� VSKHUHV� �PRVW� HVSHFLDOO\� DURXQG� WKH� WRS
VSKHUHV��>QRWH����@�
����(OHFWURQ�)XVLRQ�DQG�*\UDWLRQ
,Q�WKLV�DUHD�,�KDYH�EHHQ�DVVLVWHG�E\�RQH�SDUWLFXODU�SK\VLFLVW�ZKRP�KDV�HDUQHVWO\
DGGUHVVHG� WKH� REVHUYHG� IDFWRUV� RI� 8)2� SURSXOVLRQ�� DQG� KDV� IRUPXODWHG� D
QXPEHU� RI� FDOFXODWLRQV� WR� �D�� GHWHUPLQH� WKH� PDJQHWLF� IOX[� GHQVLW\� DQG� IRUFH
RSHUDWLQJ� ZLWKLQ� D� 8)2�W\SH� HQYLURQPHQW�� DQG� �E�� WR� GHWHUPLQH� WKH� FKDUJHG
SDUWLFOH� DQG� PDJQHWLF� ILHOG� LQWHUDFWLRQV� H[WHQGLQJ� IURP� WKH� FUDIW� LQWR� WKH
VXUURXQGLQJ� DLU� �ZLWK� FDOFXODWLRQV� EDVHG� XSRQ� DVWURSK\VLFDO� GDWD��� DQG� �F�� KDV
RIIHUHG� DQ� LQWULJXLQJ� WKHRU\� DERXW� URWDWLQJ� PDJQHWLF� IRUFHV� DFWLQJ� RQ� FKDUJHG
SDUWLFOHV� DQG� GLDPDJQHWLF� PDWHULDOV� �ZKLFK�� WKH� DXWKRU� KDV� UHFRJQL]HG�� LV
SDUWLFXODUO\� WUDQVIHUDEOH� WR� WKH�VKLHOG�HIIHFW�XWLOL]HG� LQ� WKH�%RE�/D]DU�8)2�� WKH
2QLRQ� GULYH�� DQG� WKH� 7UDYLV�:DOWRQ� 8)2��� DQG� �G�� KDV� RIIHUHG� WKH� QHFHVVDU\
FDOFXODWLRQV� WR� GHWHUPLQH� LI� LQ� D� 8)2� GULYH� V\VWHP� WKHUH� DUH� VXIILFLHQW� IRUFHV
JHQHUDWHG�WR�LQLWLDWH�HOHFWURQ�IXVLRQ��SURWRQ�IXVLRQ��DQG�HYHQ�WKH�WUDQVIRUPDWLRQ
RI�SURWRQV�LQWR�QHXWURQV��7KH�IROORZLQJ�H[WUDFW�IURP��7KH�8QLYHUVDO�(QHUJLHV��E\
0DKPRXG�(��<RXVLI��RI�WKH�8QLYHUVLW\�RI�1DLUREL��LV�LQFOXGHG�KHUH�WR�JLYH�D�IHZ
LQVLJKWV� LQWR� WKH� SKHQRPHQRQ� RI� HOHFWURQ� IXVLRQ� LQ� UHODWLRQ� WR� 8)2� HQHUJ\
V\VWHPV��ZKLFK�PD\�VKHG�VRPH�OLJKW�RQ�WKH�EDUV�RI�H[WUHPH�EULJKWQHVV�HPDQDWLQJ
IURP�WKHVH�WRS�VSKHUHV�LQVLGH�WKH�DD8)2�>QRWH����@�
�,Q�D�V\VWHP�ZKHUH�FDSWXUHG�FKDUJHG�SDUWLFOHV�DUH�DEXQGDQW�DQG�HQHUJL]DWLRQ�JLYHQ�E\�(T�^��`
LV�FRQWLQXDO��RUELWDO�FKDUJHG�SDUWLFOHV�DUH�GHQRWHG�E\�QR��RUELWV�QXPEHU� LQ�RQH�PHWHU�DORQJ� WKHOLQHV�RI�IRUFH�LV�GHQRWHG�E\�2Q��WKHUHIRUH�WKH�WRWDO�QXPEHU�RI�J\UDWLQJ�FKDUJHG�SDUWLFOHV�LQ�YROXPHRI�PDJQHWLF�OLQHV�RI�IRUFH�LV�JLYHQ�E\

^HTX���`
:KHUH��1Y�LV�WKH�QXPEHU�RI�FKDUJHG�SDUWLFOHV�J\UDWLQJ�LQ�D�VSHFLILF�YROXPH�RI�PDJQHWLF�OLQHV�RIIRUFH��
�$V� VKRZQ� LQ� ILJ���� LQWHQVH� %(,� � JLYHQ� E\� (T�^��`� GHFUHDVHV� UDGLXV� RI� J\UDWLRQ�� JLYHQ� E\(TV�^���DQG���`��WKH�FLUFXPIHUHQFH��DQG�DGMDFHQW�GLVWDQFHV��UU��EHWZHHQ�RUELWDO�HOHFWURQV�VKRZQLQ�ILJ��D��UHGXFHG�IURP��D��WR��F���WKHUHIRUH�SURGXFWLRQ�RI�H[WHUQDO�PDJQHWLF�ILHOG��([0)��LV�DW
LWV�PD[LPXP��VXEVWLWXWLQJ�(T�^��`�ZLWK�QP�O�LQ�(T�^��`��KHQFH
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^HTX���`
:KHUH��%((�LV�WKH�PD[LPXP�([0)�SURGXFHG�E\�HOHFWURQV��
�7KH�([0)�QHHGHG�WR�JLYH�UHTXLUHG�UU�IRU�(OHFWURQ�(OHFWURQ�LQWHUDFWLRQ�DV�VKRZQ�LQ�ILJ����LVJLYHQ�E\

^HTX���`
7KHUHIRUH�� GLVWDQFH� UU� EHWZHHQ� DGMDFHQW� HOHFWURQV� LV� UHGXFHG� WR� )HUPL� UDQJH� ��������� WKXV
HQKDQFLQJ�LQWHUDFWLRQ�RI�RSSRVLWH�VSLQQLQJ�PDJQHWLF�ILHOGV��60)���WKHUHIRUH��SURGXFLQJ�HOHFWURQV�
VSLQQLQJ�PDJQHWLF�IRUFH��OHDGLQJ�WR�WKH�HOHFWURQV�IXVLRQ��
����*HQHUDWLRQ�DQG�7UDQVIHU�RI�&KDUJHV�IURP�WKH�7RURLG�)OXLG
6ROLG�PDWHULDOV� ZLOO� QRW� EH� WKH� RQO\� VRXUFHV� RI� FKDUJHG� SDUWLFOHV�� IOXLG� IORZLQJ
LQVLGH�RI�WKH�WRURLG�VKHOO�ZLOO�DOVR�VXSSO\�HOHFWULFDO�FKDUJHV��DQG�IRU�WKLV�UHDVRQ�WKH
WRURLG�KDV�EHHQ� HVSHFLDOO\� GHVLJQHG� WR�SURYLGH� WKUHH� VKDUS� HGJHV� WR� LWV� FLUFXODU
VKDSH��7R�XQGHUVWDQG�KRZ�FKDUJHV�FDQ�EH�WUDQVSRUWHG�IURP�WKH�WRURLG
V�IOXLG�WR
WKH� WRS� VSKHUHV� LW� VKRXOG� DOVR� EH� ERUQH� LQ� PLQG� WKDW� DFRXVWLF� ZDYHV� ZLOO� EH
IORZLQJ� RXW� RI� WKH� ORZHU� VSKHUHV�� DQG� ZKLOH� IORZLQJ� WRZDUG� WKH� WRS� VSKHUHV
GLUHFWO\� WKH\�ZLOO� DOVR� EH� SURSDJDWLQJ� WKURXJK� WKH� WRURLG
V� IOXLG� DQG�PRELOL]LQJ
FKDUJHV� LQ� WKDW� GLHOHFWULF� IOXLG��7KH�DFRXVWLF�ZDYHV�SURSDJDWLQJ� WKURXJK� WKH� DLU
DQG� UHERXQGLQJ� RII� WKH� LQQHU� ZDOO� RI� WKH� WRURLG� ZLOO� PRELOL]H� DQG� FDUU\� ZLWK
WKHP��RQ�WKHLU�ZD\�WR�WKH�WRS�VSKHUHV��D�YHU\�ODUJH�ILHOG�RI�SRVLWLYH�FKDUJHV�WKDW
ZLOO� FRQWLQXDOO\�EH� UHSOHQLVKHG�RQ� WKH�2876,'(�RI� WKH� LQQHU�PRVW�SRLQW�HGJH
RI�WKH�WRURLG��IURP�WKH�FRSLRXV�VXSSOLHV�RI�QHJDWLYH�FKDUJHV�WKDW�ZLOO�DFFXPXODWH
WKHUH�RQ�WKH�,16,'(�RI�WKH�WRURLG���VHH�ILJXUH������%RWK�RI�WKH�XSSHU�HGJHV�LQ
IDFW�� WKH�RXWHU�PRVW�DQG� LQQHU�PRVW�SRLQW�HGJH�RI� WKH�XSSHU�KDOI�RI� WKH� WRURLG�
VHHP�WR�KDYH�EHHQ�HVSHFLDOO\�GHVLJQHG�E\� WKH�H[WUDWHUUHVWULDOV�VR� WKDW� WKHVH� WZR
HGJHV�ZLOO�FRQWLQXDOO\�EH�UHFKDUJHG�HOHFWULFDOO\�IURP�WKH�LQVLGH��DV�ORQJ�DV�WKHUH�LV
PRYHPHQW�RI�WKH�SRODUL]HG�IOXLG�ZKLFK�IORZV�LQVLGH�WKDW�WRURLG�VKHOO��WKLV�ZLOO�EH
JRQH�LQWR�LQ�PRUH�GHWDLO�WKURXJK�FKDSWHU�����7KLV�ZLOO�EH�EHFDXVH��LQ�D�SRODUL]HG
IOXLG�RI�SRVLWLYH� DQG�QHJDWLYH� FKDUJHV��ZKHUH� WKH�QHJDWLYH�PROHFXOHV� DUH� OLJKWHU
�OHVV�PDVVLYH�� WKDQ� WKH� SRVLWLYH�PROHFXOHV� WKHQ� WKH� QHJDWLYH�PROHFXOHV� ZLOO� EH
LQIOXHQFHG�WR�D�OHVVHU�H[WHQW�E\�DQ\�JUDYLWDWLRQDO�IRUFHV�WKDQ�WKRVH�SRVLWLYH�RQHV�
DQG�VR�WKH\�ZLOO�DFFXPXODWH�WRZDUG�WKH�WRS�RI�WKH�WRURLG�IOXLG��$QG�WKH�SRVLWLYH
PROHFXOHV�EHLQJ�PRUH�PDVVLYH�ZLOO�PRUH�UHDGLO\�DFFXPXODWH�DW�WKH�WRURLG
V�ORZHU
LQQHU�HGJH�
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)LJXUH�����6RPH�RI�WKH�PHFKDQLVPV�ZKLFK�GLUHFW�HQHUJ\�WRZDUG�WKH�WRS�VSKHUHV�
QRWH�WKH�DFRXVWLF�ZDYHV�ERXQFLQJ�RII�WKH�LQQHU�ZDOO�RI�WKH�WRURLG
7KH�PDLQ�SULQFLSOH�RI� WKH� WRURLG� IOXLG�EHLQJ� WKDW�ZKDWHYHU�SRODULW\� FKDUJHV� DUH
JHQHUDWHG�DQG�DFFXPXODWHG�RQ�WKH� LQVLGH�VXUIDFHV�DQG�HGJHV�RI�WKH�WRURLG�VKHOO�
WKHVH�ZLOO�EH�PDWFKHG�E\�WKH�JHQHUDWLRQ�RI�HOHFWULF�FKDUJHV�RI�WKH�RSSRVLWH�SRODULW\
RQ�WKH�RXWVLGH�VXUIDFHV�RI�WKH�WRURLG�VKHOO
V�ZDOOV�DQG�IDFHV��7KLV�OD\HU�RI�LQGXFHG
FKDUJHV� LV� NQRZQ� DV� WKH� GLIIXVH� OD\HU� DQG� WKH� JUHDWHVW� DFFXPXODWLRQV� RI� WKRVH
GLIIXVH�LRQV�ZLOO�EH�DW�WKH�VKDUSHVW�HGJHV�RI�WKH�WRS�KDOI�RI�WKH�WRURLG��WKH�ERWWRP
HGJH�RI� WKH� WRURLG�ZLOO�KDYH�RQ�WKH�RXWVLGH�D�GLIIXVH� OD\HU�RI�QHJDWLYH�FKDUJHV��
7KLV�LV�D�ZHOO�NQRZQ�E\�SURGXFW�RI�IOXLGV�FRQWDLQHG�LQ�LQVXODWHG�FRQWDLQHUV��DQG
ZKLOH� HOHFWURVWDWLF� EXLOG�XSV� GR� WHQG� WR� RFFXU� DQG� WR� FORJ� WKHVH� FKDUJHV� LQ
VWDWLRQDU\�RU�VORZ�PRYLQJ�IOXLGV��EHFDXVH�RI�OLNH�FKDUJH�UHSXOVLRQ�PHFKDQLVPV��
WKDW�SUREOHP�ZLOO�EH�HUDGLFDWHG�EHFDXVH�WKLV�ZKROH�IOXLG�V\VWHP�ZLOO�EH�FRQVWDQWO\
FLUFXODWLQJ� DURXQG� WKH� WRURLG� VKHOO� DQG�� DV� ZLOO� EH� GHWDLOHG� LQ� WKH� IROORZLQJ
FKDSWHUV�� ZKLOH� LW� FLUFXODWHV� LW� ZLOO� DOVR� EH� DJLWDWHG� E\� KDYLQJ�PLFURZDYH� SXOVH
EHDPV�ILUHG�LQWR�LW�
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7KHUHIRUH�� WKH� WRURLG� WKHQ� EHFRPHV� DQRWKHU� H[DPSOH� RI� WKH� (7
V� PXOWL�
IXQFWLRQLQJ�ZKHUHE\�D�IOXLG�FRQWDLQHU�DFWXDOO\�IRUPV�DQ�LQWHJUDO�SDUW�RI�WKH�FUDIW
V
HOHFWUR�G\QDPLF�SRZHU�FLUFXLW��)RU�WKH�WRURLG�LV�GHVLJQHG�WR�EH�ZKDW�LV�HVVHQWLDOO\
D�WKUHH�HGJHG�VKHOO�RU�WKUHH�DUFHG�WRURLG��VSHFLILFDOO\�WR�PRELOL]H�HOHFWULF�FKDUJHV
�UDWKHU�WKDQ�LW�EHLQJ�FRQVWUXFWHG�DV�D�RQH�SLHFH�WXEH�ORRNLQJ�OLNH�D�GRQXW�WKDW�KDV
D�FLUFXODU�FURVV�VHFWLRQ�ZLWK�QR�FKDUJH�WUDQVIHUULQJ�HGJHV�DURXQG� LW�DW�DOO���$QG�
RQFH� DJDLQ�� WKLV� WRURLG� ZLOO� FRQWLQXDOO\� JHQHUDWH� DQ� DEXQGDQFH� RI� HOHFWURVWDWLF
FKDUJHV�ZLWKLQ� LWV� LQWHULRU� IOXLG�WR�VXUIDFH� DQG� ODPLQDH� OD\HULQJ� �VKHDWK�WR�EXON�
LQWHUIDFHV�>QRWH����@�
7KLV�DUUDQJHPHQW�EHWZHHQ�WKH�LQQHU�PRVW�HGJH�RI�WKH�WRURLG�FDVLQJ�DQG�WKH�WRS
VSKHUHV� FRXOG� EH� OLNHQHG� WR� D� FDWKRGH�DQRGH� DUUDQJHPHQW�� RU� D� VSDUN� JDS
GLVFKDUJH�� %XW� KRZ� WKHVH� GLVFKDUJHV� LQWHUDFW� ZLWK� WKH� IRXU� WRS� VSKHUHV� ZKLFK
RUELW�DURXQG�WKH�FUDIW
V�FHQWUDO�YRUWH[��DQG�KRZ�WKH�WRURLG
V�IOXLG�ZLOO�EH�DJLWDWHG�
DQG�ZKDW�WKDW�IOXLG�LV��ZLOO�EH�EHWWHU�XQGHUVWRRG�RYHU�WKH�QH[W�IHZ�FKDSWHUV�DIWHU
FHUWDLQ�RWKHU�SDUWV�RI�WKH�DD8)2�DUH�GHWDLOHG�DQG�FRQVLGHUHG�ILUVW�
����)RUPDWLRQ�RI�WKH�7RURLG
V�0DJQHWLF�)LHOG�/LQHV
:KLOH�WKH�QLQH�RU�VR�PDMRU�FDQGLGDWHV�IRU�DEXQGDQW�FKDUJHG�SDUWLFOH�VXSSO\�KDYH
EHHQ�PHQWLRQHG�DERYH��WKHVH�FKDUJHG�SDUWLFOHV�PXVW�DOO�EH�HQHUJL]HG�ZLWK�NLQHWLF
HQHUJLHV�� $QG� LQ� WKH� DD8)2� WKLV� LV� GRQH� YHU\� SXUSRVHIXOO\� E\� LQWHQVLI\LQJ�
FRQILQLQJ��DQG�FRQVWDQWO\�SXOVLQJ� LWV�PDJQHWLF� ILHOG�IOX[� OLQHV�VR�DV� WR�SXPS�XS
WKH� /RUHQW]� IRUFH� RQ� WKRVH� FKDUJHG� SDUWLFOHV� WR� D� KLJK� VWDWH� RI� H[FLWDWLRQ� �WKH
/RUHQW]�IRUFH�LV�EDVLFDOO\�ZKHUH�WKH�HOHFWULFDO�FXUUHQW�ZLOO�PRYH�SHUSHQGLFXODUO\�
DW����GHJUHHV�� WR� WKH�IORZ�GLUHFWLRQ�RI� WKH�PDJQHWLF� IOX[� OLQHV��:KHQHYHU� WKRVH
PDJQHWLF�IOX[�OLQHV�PRYH�WKHQ�DQ�HOHFWULF�FXUUHQW�ZLOO�EH�LQGXFHG�WR�IORZ�DORQJ�D
FRQGXFWRU�LQ�WKRVH�IOX[�OLQHV��6LPLODUO\��FKDUJHG�SDUWLFOHV��DV�LQ�D�SODVPD��ZLOO�EH
LQGXFHG�WR�PRYH�LQ�D�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�PRWLRQ�RI�WKH�PDJQHWLF�ILHOG
OLQHV�� 7KLV� LV� WKH� EDVLF� SULQFLSOH� XSRQ�ZKLFK� HOHFWULF�PRWRUV�� G\QDPRV�� DQG� RI
FRXUVH�V\QFKURWURQ�SDUWLFOH�DFFHOHUDWRUV�ZRUN���VHH�ILJXUH�����
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)LJXUH�����&KDUJHG�SDUWLFOHV�ZLOO�PRYH� LQ�FHUWDLQ�GLUHFWLRQV�XQGHU� WKH� LQIOXHQFH
RI� IOXFWXDWLQJ� PDJQHWLF� ILHOG� OLQHV�� 6WDQGDUG� WKURXJKRXW� WKLV� VWXG\� ZLOO� EH� WKH
FLUFXODU�PRWLRQV�GHSLFWHG�LQ�WKHVH�FKDUWV
7KLV�DFWLRQ�VWDUWV�RII�ZLWK�WKH�WRURLG�IOXLG��EHFDXVH�DIWHU�WKH�HOHFWURO\WLF�IOXLG� LQ
WKH�WRURLG�KDV�EHHQ�PDGH�WR�PRYH�WKURXJK�WKH�WRURLG�VKHOO�WKH�HOHFWULFDO�FKDUJHV
LQ�WKH�IOXLG�ZLOO�VHSDUDWH��E\�JUDYLWDWLRQDO�DQG�/RUHQW]�IRUFHV�RQ�D�SRODUL]HG�IOXLG
��VHH�VHFWLRQ��������DQG�WKH�IOXLG�DFWV�OLNH�D�FXUUHQW�IORZLQJ�WKURXJK�D�FRQGXFWRU�
WKH� IOXLG� ZLOO� JHQHUDWH� DQ� HOHFWURPRWLYH� IRUFH� DQG� HVWDEOLVK� DQ� RUWKRJRQDO
PDJQHWLF� ILHOG� DURXQG� LW�� 7KLV� PDJQHWLF� ILHOG� ZLOO� VXUURXQG� WKH� WRURLG� VKHOO� LQ
PXFK� WKH� VDPH� ZD\� DV� PRYLQJ� HOHFWURQV� JHQHUDWH� OLQHV� RI� PDJQHWLF� IOX[
SHUSHQGLFXODU� WR� WKH� FXUUHQW� IORZLQJ� DORQJ� D� ZLUH�� $QG� EHFDXVH� WKH� WRURLG� LV
FLUFXODU� WKRVH� PDJQHWLF� IOX[� OLQHV� ZLOO� IRUP� LQWR� DQ� LQKRPRJHQHRXV� �QRQ�
XQLIRUP��ILHOG��VR�WKDW�WKRVH�OLQHV�ZLOO�FRQYHUJH�FORVHU�WRJHWKHU�DV�WKH\�DSSURDFK
WKH�LQQHU�HGJH�RI�WKH�WRURLG��VHH�ILJXUH�����
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)LJXUH� ���� 7KH� WRURLG� IOXLG� DQG� WKH� YRUWH[� ZLOO� IORZ� LQ� D� FRXQWHU�FORFNZLVH
GLUHFWLRQ�� EXW� WKH� SRVLWLYH� FKDUJHV� RI� WKH� GLIIXVH� OD\HU�ZLOO� IORZ� LQ� D� FORFNZLVH
GLUHFWLRQ
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7KH�PRYHPHQW�RI�WKH�HOHFWURO\WH�IOXLG�ZLWKLQ�WKH�WRURLG�VKHOO�ZLOO�LQGXFH�PRELOLW\
LQWR� DQ\� FKDUJHG� SDUWLFOHV� WKDW� KDSSHQ� WR� KDYH� DFFXPXODWHG� RXWVLGH� WKH� WRURLG
VKHOO��6R�WKH�GLIIXVH�OD\HU�RI�RSSRVLWHO\�FKDUJHG�SDUWLFOHV�ZLOO�EH�LQGXFHG�WR�PRYH
LQ�DQ�RSSRVLWH�GLUHFWLRQ� WR� WKH� WRURLG� IOXLG� �EHFDXVH�RI� WKHLU�RSSRVLWH�SRODULW\��
%\� WKHVH� HOHFWURPRWLYH� IRUFHV� UHVXOWLQJ� IURP� WKH� WRURLG
V�PDJQHWLF� ILHOG�� DOO� WKH
QHJDWLYH�FKDUJHG�SDUWLFOHV��FRPLQJ�IURP�WKH�DERYH�PHQWLRQHG�DUUD\�RI�LRQL]DWLRQ
SURFHVVHV�DYDLODEOH� WR� WKH�FHQWHU�RI� WKLV�8)2��ZLOO�PLJUDWH�RXWZDUG� WRZDUG� WKH
RXWHU� ULP� LQ� D� FRXQWHU�FORFNZLVH� GLUHFWLRQ��ZKLOH� WKH� SRVLWLYH� LRQV�ZLOO�PLJUDWH
WRZDUG� WKH� FHQWHU� WR� ZKHUH� WKH� YRUWH[� LV� LQ� D� FORFNZLVH� GLUHFWLRQ�� 7KLV
SKHQRPHQRQ�ZLOO� EH� VXSSOHPHQWHG�E\� WKH� IDFW� WKDW� WKH� WRURLG
V�PDJQHWLF� ILHOG
ZLOO�EH�QRQ�XQLIRUP�DQG�FRQYHUJLQJ� WRZDUG�WKH�FHQWHU��PHDQLQJ�WKDW� WKH�DFWXDO
IRUFH�RI�WKH�PDJQHWLF�ILHOG�ZLOO�EH�VWURQJHU� WRZDUG�WKH� LQQHU�SDUW�RI� WKLV� WRURLG
ILHOG� WKDQ� WKH� RXWHU� SDUW� �FDXVLQJ� D� VSLUDOLQJ� PDJQHWLF�GULIW� IRUFH� RQ� FKDUJHG
SDUWLFOHV��
6R� HVVHQWLDOO\��ZKHQ� WKH� WRURLG
V� IOXLG�PRYHV� WKHUH�ZLOO� UHVXOW� WZR� IORZV� DERYH
DQG�RXWVLGH�WKH�WRURLG�VKHOO��RQH�RI�QHJDWLYH�HOHFWURQV�FLUFXODWLQJ�RXWZDUG�WRZDUG
WKH� RXWHU� ULP�� DQG� WKH� RWKHU� IORZ�ZLOO� EH� WKH� SRVLWLYH� ILHOG� RI� LRQV� FLUFXODWLQJ
LQZDUG�RYHU� WKH� LQQHU� HGJH�RI� WKH� WRURLG� DQG� WRZDUG� WKH�FHQWHU�RI� WKH�FUDIW� WR
ZKHUH� WKH� VSKHUH�VHWV� DUH�� 7KLV� WZR�IORZ� PHFKDQLVP� ZLOO� EH� ZKDW� VKRXOG
EDVLFDOO\�EH�VHHQ�DV�QRWKLQJ�PRUH�WKDQ�WKH�
HQJLQH�VWDUWHG
�VWDJH�RI�WKH�DD8)2
V
GULYH�V\VWHP�
7KURXJKRXW� WKH� IROORZLQJ� FKDSWHUV� ,� ZLOO� EH� UHIHUULQJ� EDFN� WR� WKLV� EDVLF
DUUDQJHPHQW� DQG� IXUWKHU� H[SDQGLQJ� XSRQ� DOO� WKH� PHFKDQLVPV� LQYROYHG� LQ
JHQHUDWLQJ�DQG�PRELOL]LQJ�WKHVH�HOHFWULFDO�FKDUJHV�LQ�DQG�DURXQG�WKH�WRURLG�IOXLG��
DQG�HYHQ�FRPSDULQJ�WKHVH�J\UDWLQJ�ILHOGV�WR�DQ�DFFUHWLRQ�GLVN�ZKLFK�VXUURXQGV�DQ
DVWURSK\VLFDO�EODFN�KROH��%XW�DV�,�KDYH�SUHYLRXVO\�PHQWLRQHG�IRU�FKDSWHU�WZR�DOO�,
ZLOO�EH�GRLQJ�WKURXJKRXW�WKLV�FKDSWHU�ZLOO�EH�JLYLQJ�D�UDWKHU�JHQHUDOL]HG�XQIROGLQJ
RI�WKH�DD8)2
V�GULYH�V\VWHP�
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)LJXUH� ����1HJDWLYH� FKDUJHG� SDUWLFOHV� ZLOO� IORZ� RXW� IURP� FHQWHU� ZKLOH� SRVLWLYH
FKDUJHV�ZLOO�IORZ�LQWR�FHQWHU
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7KH�DD8)2�RI�FRXUVH�LV�VWLOO�SDUNHG�LQ�LWV�ORDGLQJ�ED\�DQG�LWV�FUHZ�DUH�MXVW�VWRULQJ
WKHLU�KDQG� OXJJDJH�XS�RQ�WKH�XSSHU�GHFNV��EHFDXVH� WKLV�8)2�ULJKW�QRZ� LV�RQO\
MXVW�WLFNLQJ�RYHU���LGOLQJ��:LWK�WKLV�ORZ�UDWH�RI�HQHUJ\�JHQHUDWLRQ�LWV�QRW�OLNHO\�WR
JR� DQ\ZKHUH� RU� GR� YHU\� PXFK�� :KDW� LW� ZLOO� QHHG� QRZ� LV� VRPH� VHULRXV� ILHOG
SXPSLQJ�DFWLRQ�WR�JHW� LWV�QXPHURXV�PHFKDQLVPV�JHQHUDWLQJ�PXFK�PRUH�HQHUJ\
DQG�EULQJLQJ�DOO�WKDW�HQHUJ\�RQ�VRQJ����WKHQ�PD\EH�LW�FDQ�ULVH�XS�LQWR�WKH�DLU�DQG
EH�RII�RQ�LWV�WUDYHOV�
�����7RURLG
V�0DJQHWLF�)OX[�/LQHV�3XOOHG�LQWR�6KDSH
,QWULJXLQJO\�� WKLV�FUDIW� LV�VR�ZHOO�GHVLJQHG�WKDW� IRU� LWV�SLORW� WR� LQLWLDWH� WKH� HQHUJL]H
VHTXHQFH�DOO�KH�RU�VKH�ZRXOG�QHHG�WR�GR�LV�SXVK�RQH�VROLWDU\�EXWWRQ����EHFDXVH�WKH
ZD\�WKH�HOHFWURQLF�V\VWHP�LV�FRQILJXUHG�� LQ� WKH�PDQQHU�RI�D�VHTXHQWLDO� VHULHV�RI
HOHFWURG\QDPLF�SURFHVVHV��WKDW�LQLWLDO�WULJJHULQJ�RI�MXVW�RQH�VZLWFK�ZRXOG�DOORZ�DQ
RVFLOODWLQJ� ILHOG� WR� EH� FKDQQHOHG� DORQJ� DQ� RSWLFDO� ILEHU� WUDQVPLVVLRQ� OLQH�� WKDW
ZRXOG�EH�URXWHG�IURP�WKH�XSSHU�GHFNV�ZKHUH�WKH�FRQWURO�FHQWHU�ZRXOG�EH��GRZQ
WR�WKH�ORZHU�GHFN�DUHD��DQG�WR�OLQN�GLUHFWO\�LQWR�WKH�DD8)2
V�LQQHU�ULQJ�WXEH��WR
RSHUDWH�LW��6R�WHFKQLFDOO\�VSHDNLQJ��WKLV�8)2�ZRXOG�EH�YHU\�VLPSOH�WR�RSHUDWH�DQG
EXLOG��DQG�HYHQ�WKRXJK�LWV�PDQHXYHUDELOLW\�ZLOO�EH�VHHQ�WR�EH�TXLWH�VRSKLVWLFDWHG
WKH�WUDQVPLVVLRQ�OLQHV�LW�RSHUDWHV�E\�DUH�YHU\�IHZ��7KLV�IDFWRU�ZLOO�REYLRXVO\�PDUN
D�KXJH� LPSURYHPHQW�RYHU�H[LVWLQJ�DHURVSDFH�DLUFUDIW�ZKHUH�PRQXPHQWDO�ZLULQJ
ORRPV��FLUFXLW�ERDUGV��VZLWFKHV��UHOD\V��DQG�JUHPOLQV��HWF��DUH�UHTXLUHG�
7KH�SULPDU\�LPSXOVH�ZRXOG�EH�WUDQVPLWWHG�LQWR�WKH�LQQHU�ULQJ�WXEH�ZKHUHLQ�D�VHW
RI�(+'�DFWXDWRUV�ZRXOG�EH� WULJJHUHG� VR� DV� WR� LQLWLDWH� D� VHW�RI�PDJQHWLF�SXOVHV
LQWR�WKH�PDJQHWLF�IOXLG�LQVLGH�WKDW�LQQHU�ULQJ�WXEH�>QRWH����@��7KLV�ZRXOG�VWDUW�WR
FLUFXODWH� WKH�PDJQHWLF� IOXLG�RI� WKH� LQQHU� ULQJ� E\� JHQHUDWLQJ� D� VHW� RI� VPDOO� ORFDO
PDJQHWLF�LVODQG�ILHOGV��DQG�ZKHQ�WKHVH� LVODQG�ILHOGV�PRYH�WKURXJK� WKH� ULQJ� WKH\
ZLOO�DFW�XSRQ�WKH�WHOHPHWHU�ZKHHOV�VR�DV�WR�DOORZ�WKHP�WR�WXUQ��2I�FRXUVH��WXUQLQJ
WKH� WHOHPHWHU� ZKHHOV� DOVR� WXUQV� WKH� VSKHUH�VHWV�� DQG� DV� DOO� IRXU� VSKHUH�VHWV� DUH
ORFDWHG� LQ� WKH� FUDIW
V� EDVH� GLVF� WKHQ� WKH�ZKROH� VSKHUH�VHW�DVVHPEO\�ZLOO� WXUQ� DV
RQH��7KH�VSKHUH�VHWV�EHLQJ�TXLWH� IULFWLRQOHVV�EHFDXVH� WKH�RQO\� WKLQJ� WKDW� ORFDWHV
WKHP�DUH�WKH�WHOHPHWHU�ZKHHOV��DQG�ZKHUH�WKHVH�ZKHHOV�WXUQ�WKHUH�ZLOO�EH�DFRXVWLF
ZDYH�YLEUDWLRQV�DFWLQJ�EHWZHHQ�WKH�ZKHHOV�DQG�WKH�LQQHU�ULQJ�WXEH�
2QFH�WKH�WHOHPHWHU�ZKHHOV�DUH�DOORZHG�WR�WXUQ�WKHQ�DOO�WKH�VHTXHQWLDO�SURFHVVHV�LQ
WKH�DD8)2�EHFRPH�HQHUJL]HG�RQH�DIWHU�WKH�RWKHU�
:KHQ� WKH� WHOHPHWHU� ZKHHOV� WXUQ�� WKH� URGV� LQVLGH� WKHP� ZKHQ� WKH\� OLQH� XS
SHUSHQGLFXODU�WR�WKH�WRURLG�ZDOO�� WKH\�ZLOO� WKHQ�PDNH�D�SDWK�RI�FRQGXFWLYLW\� IRU
WKH�HOHFWULF�FXUUHQW�WKDW�ZLOO�UXQ�WKURXJK�WKHP�DQG�RQ�LQWR�WKH�WRURLG
V�IOXLG��,Q
IDFW��LI�WKH�UHDGHU�ORRNV�DW��ILJXUH�����WKH\�ZLOO�VHH�WKH�URXWH��DOO�WKH�ZD\�IURP�WKH
GLIIXVH� OD\HUV� �DW� WKH�RXWHU� VXUIDFH� RI� WKH� WRURLG��� RYHU� WKH� VXUIDFHV� RI� WKH� WRS
VSKHUHV�� WKURXJK� WKH� VWHP�FRLOV�� DQG� WKURXJK� WKH� DUPV�� DQG� ILQDOO\� WKURXJK� WKH
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ZKHHOV� DORQJ� WKH� URGV� DQG� LQWR� WKH� QHXWUDO�� RU� ]HUR�SRWHQWLDO��PLG�]RQH� RI� WKH
WRURLG�IOXLG�ZKHUH�WKRVH�HOHFWULF�FXUUHQWV�ZLOO�EH�GLVSHUVHG�LQWR�WKDW�IOXLG�
)XUWKHUPRUH�� DV� WKLV� DFWLRQ� RI� WKH� WHOHPHWHU� ZKHHOV� WXUQLQJ� FRQVWLWXWHV� D
FRQGXFWRU�PRYLQJ�WKURXJK�D�PDJQHWLF�ILHOG��WKURXJK�WKH�WRURLG
V�PDJQHWLF�ILHOG�
WKHUH� ZLOO� EH� LQGXFHG� LQ� WKH� ZKHHOV� �DQG� WKHUHIRUH� WKH� VSKHUH�VHW� DVVHPEO\�� D
/RUHQW]�IRUFH��HOHFWULF�PRWRU�SULQFLSOH���DQG�KHQFH�WKH�VSKHUH�VHWV�ZLOO�EHJLQ�WR
WXUQ�ZLWK�PRUH�DQG�PRUH�IRUFH��7KLV�PHFKDQLVP�ZLOO�EH�KHOSHG�E\�WKH�SUREDELOLW\
WKDW� WKH� ZKHHO�URGV� ZLOO� QRW� EH� DOLJQHG� VLPXOWDQHRXVO\� WRJHWKHU� EXW� WKDW� WKHLU
DOLJQPHQWV�ZLOO�EH�VWDJJHUHG��DQG�VR�WRJHWKHU�WKH\�DFW�VRPHZKDW�OLNH�D�PXOWLSOH�
SKDVH�PRWRU���$OWKRXJK��WKLV�LV�QRW�WR�VD\�WKDW�LW�ZLOO�EH�WKH�SULPDU\�GULYLQJ�IRUFH
RI�WKHVH�ZKHHOV��DV�ZLOO�EH�VHHQ�LQ�D�ODWHU�FKDSWHU�
%XW�� EHFDXVH� WKH� URGV� RQO\� FRQGXFW� PRPHQWDULO\� �ZKHQ� WKH\� GR� DOLJQ
SHUSHQGLFXODU� WR� WKH� WRURLG� ZDOO�� WKLV� PHDQV� WKDW� DV� WKH� ZKHHOV� WXUQ� WKH
FRQGXFWLRQ�SDWK�ZLOO�EH�PDGH�DQG�WKHQ�EURNHQ��RU� UDWKHU�� UHSHDWHGO\�PDGH�DQG
EURNHQ�E\�DOO�IRXU�WHOHPHWHU�ZKHHOV��VR�WKHUH�ZLOO�UHVXOW�D�SXOVLQJ�IORZ�RI�HOHFWULF
FXUUHQW�WKURXJK�WKH�VWHP�FRLOV�DQG�WKURXJK�WKH�WRURLG�IOXLG��7KHQ��LI�WKH�SXOVLQJ
HOHFWULF�FXUUHQW�LV�SDVVLQJ�EHWZHHQ�WKH�WRS�VSKHUH��DQG�WKH�DUPV��DQG�ZKHHOV��WKHQ
LW�ZLOO�EH�SDVVLQJ� WKURXJK�WKH�VWHP�FRLOV� �ZKLFK� LGHDOO\�ZLOO�SURYLGH� WKH�SDWK�RI
OHDVW�UHVLVWDQFH���DQG�VR�WKHUHIRUH�D�VROHQRLG�W\SH�PDJQHWLF�ILHOG�ZLOO�EH�JHQHUDWHG
DQG�HVWDEOLVKHG�DURXQG�WKH�VWHP�FRLOV��VHH�ILJXUH����IRU�LQVWDQFH��
1RWKLQJ� LV� VSHFLILFDOO\�GHVLJQHG� LQWR� WKLV�SDUW�RI� WKH�FUDIW
V� HOHFWURQLF� FLUFXLW� WR
SURYLGH� DQ\� VXEVWDQWLDO� HOHFWURPDJQHWLF� GDPSLQJ� DQG� VR� WKLV� FLUFXLW� ZLOO
VXEVHTXHQWO\�JHQHUDWH��E\�VHOI�LQGXFWDQFH��D�EDFN�HPI�YROWDJH�WKDW�ZLOO�FRQWLQXDOO\
DPSOLI\� LWVHOI� DQG� WKHUHE\� TXLWH� YRUDFLRXVO\� LQFUHDVH� WKH� YROWDJH� EHLQJ� SXPSHG
DURXQG� WKLV� SDUWLFXODU� HOHFWURQLF� FLUFXLW�� ,Q� IDFW�� WKLV� ZLOO� RFFXU� DOPRVW
LQVWDQWDQHRXVO\� EHFDXVH� RI� WKH� JUHDW� GHQVLW\� RI� LRQL]HG� FKDUJHV� DOUHDG\
DFFXPXODWHG� LQ� WKLV� FHQWUDO� SDUW� RI� WKH� FUDIW�� %HFDXVH� RI� WKLV� WKHUH� ZLOO� YHU\
TXLFNO\�FRPH�D�SRLQW�ZKHQ�WKH�VROHQRLG�W\SH�PDJQHWLF�ILHOGV�IORZLQJ�WKURXJK�WKH
IRXU�VWHP�FRLOV�ZLOO�EHFRPH� WKH�PRVW� LQWHQVLILHG�ILHOGV� LQ� WKLV�SDUW�RI� WKH�FUDIW�
DQG� FHUWDLQO\�PXFK�PRUH� LQWHQVH� WKDQ� DQ\� RWKHU� SDUW� RI� WKH� WRURLG
V�PDJQHWLF
ILHOG��6R�WKHVH�VWHP�FRLO�ILHOGV�EHLQJ�VR�VWURQJ�ZLOO�WKHQ�JUDE�WKH�WRURLG�IOX[�OLQHV�
VR� WKDW� WKH�XSSHU� WRURLG� ILHOG�ZLOO� EH� UH�URXWHG� WKURXJK� WKH� VWHP�FRLOV� DQG� WKH
ORZHU�WRURLG�ILHOG�ZLOO�UH�URXWH�WKURXJK�WKH�FHQWUDO�EDVH�GLVF��7KLV�FDQ�EH�VHHQ�LQ
�ILJXUH� ��� DERYH�� DOWKRXJK� LW� PLJKW� EH� PRUH� XQGHUVWDQGDEOH� LQ� DQ� DQLPDWHG
GLDJUDP�>QRWH����D@�
,Q� HVVHQFH� WKH� XSSHU� DQG� ORZHU� WRURLG� ILHOGV� QRZ� FRPH� XQGHU� WKH� FRPSOHWH
FRQWURO�RI�WKH�VSKHUH�VHWV���DQG�WKLV�LV�ZKHQ�DOO�WKH�SDQHO�OLJKWV�FRPH�RQ�LQ�WKH
SLORW
V� FRQWURO� URRP�� 7KLV� LV� ZKHUH� ,� ZRXOG� FRQVLGHU� WKDW� WKH� DD8)2
V� SRZHU
G\QDPLFV�ZLOO�EHJLQ�WR�SURGXFH�WKH�FUDIW
V�ORZHU�UDQJH�RI�SURSXOVLRQ�IRUFHV�
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%HFDXVH��DV�VRRQ�DV�WKH�LQQHU�ULQJ�LV�HQHUJL]HG�DQG�WKH�VSKHUH�VHWV�EHJLQ�WR�URWDWH
DQG�WKH�YDVW�DPRXQWV�RI�HOHFWURPRWLYH�IRUFH�EHJLQV�WR�EH�JHQHUDWHG��WKLV�SULPDU\
VWDJH�RI�H[FLWDWLRQ��DV�GHOLQHDWHG�LQ�WKLV�FKDSWHU�EHWZHHQ�����WR�������ZLOO�TXLFNO\
EHFRPH�VXIILFLHQWO\�SXPSHG�XS�WR� LQLWLDWH�ZKDW�,�ZRXOG�WHUP�WKH�VHFRQGDU\�VWDJH
RI� H[FLWDWLRQ�� RI� FHUWDLQ� �FHUDPLF�� PDWHULDO� VWUXFWXUHV� VR� DV� WR� LQLWLDWH� FKDUJHG
SDUWLFOH�JHQHUDWLRQ�DQG�HPLVVLRQV��WKURXJK�WKH�WRS�VSKHUHV��WKDW�ZLOO�EH�VXIILFLHQW
WR�FRQWLQXDOO\�UHSOHQLVK�DQ\�HMHFWLRQV�RI�HQHUJLHV� WKDW�ZLOO�EH� WUDQVIHUUHG�RXW�RI
WKLV�FHQWUDO�HQJLQH�DUHD�ZKLFK�ZLOO�FDUU\�RXW�RI�WKH�FUDIW�LWV�SURSXOVLRQ�IRUFHV��7KH
VHFRQGDU\�VWDJH��ZKLFK�ZLOO�SURYH�WR�EH�WKH�VHFRQG�RI�)285�H[FLWDWLRQ�PHFKDQLVPV
FHQWHUHG� DURXQG� WKH� VSKHUH�VHWV�� ZLOO� EH� FDOOHG� XSRQ� WR� UH�VXSSO\� FRSLRXV
DPRXQWV�RI� YDULRXVO\� FKDUJHG�SDUWLFOHV�� DQG�DOWKRXJK� WKH�SUHYLRXVO\�PHQWLRQHG
�QLQH�RU�VR��PHFKDQLVPV�RI�LRQL]DWLRQ�DUH�YDOLG�DQG�DUH�VWLOO�ZKROO\�DSSOLFDEOH�DV
PHFKDQLVPV�WR�VXSSO\�HOHFWURQV�DQG�LRQV�WR�EH�HQHUJL]HG�E\�WKH�PDJQHWLF�ILHOGV
LQ� WKLV� FUDIW�� ,� EHOLHYH� WKRVH� SULPDU\� PHFKDQLVPV� ZLOO� RQO\� VXSSOHPHQW� WKLV
VHFRQGDU\�DQG�HQWLUHO\�PRUH�HQHUJHWLF�DQG�SRZHUIXO�PHFKDQLVP� WKURXJK�ZKLFK
HOHFWULFDO� FKDUJHV� �DQG� RWKHU� IRUFHV�� ZLOO� EH� SURGXFHG� DQG� DPSOLILHG� WR� ILUH� XS
VHYHUDO�PRUH�RI�WKH�HQJLQH
V�HOHFWURG\QDPLF�SURFHVVHV�
�����%UHDNLQJ�DQG�5HFRQQHFWLRQ�RI�)OX[�/LQHV��5HFRQQHFWLRQ�3DUW�,,�
$V� LV� VKRZQ� LQ� RQH� RI� WKH� SUHFHGLQJ� GLDJUDPV� �VHH� DERYH� ILJXUH� ���� WKH� IRXU
VSKHUH�VHWV� ZLOO� GLYLGH� WKH� XSSHU� WRURLG� ILHOG� LQWR� IRXU� 
TXDGUDQWV
� DQG� DV� WKH
VSKHUH�VHW�DVVHPEO\�URWDWHV�WKH�VSKHUH�VHWV�ZLOO�DWWHPSW�WR�SXOO�DURXQG�ZLWK�WKHP
WKHVH� IRXU�TXDGUDQWV�RI� IOX[� OLQHV�� ,� VD\�DWWHPSW�EHFDXVH� WKHVH�TXDGUDQWV�ZRQ
W
IXOO\�WXUQ�ZLWK�WKH�VSKHUH�VHWV��WKH�RXWHU�VWUHWFKHV�RI�WKHVH�IRXU�TXDGUDQWV�ZLOO�EH
DQFKRUHG�DW�WKH�ULP�EHFDXVH�RI�DOO�WKH�RWKHU�PDJQHWLF�ILHOGV�RSHUDWLQJ�WKHUH��WKH
DQFKRU� ZKLFK� LV� DQRWKHU� DVWURSK\VLFV� PHFKDQLVP� GHULYHG� IURP� D� EODFN� KROH
V
G\QDPLFV�DQG�ZLOO�EH�IXUWKHU�H[SODLQHG�LQ�&KDSWHU����
%HFDXVH�RI�WKLV�DQFKRULQJ�RI�WKH�RXWHU�VWUHWFKHV�RI�WKH�WRURLG
V�XSSHU�IOX[� OLQHV
WKH�VSKHUH�VHW�DVVHPEO\�HVVHQWLDOO\�FRQYHUWV�WKH�WRURLG
V�ILHOG�LQWR�D�YHU\�SRZHUIXO
JHQHUDWRU�RI�HOHFWULFLW\� �HOHFWULFLW\�SRZHU�JHQHUDWLRQ�FRUSRUDWLRQV�SOHDVH�QRWH� ���
7KH�EHVW�ZD\�WR�XQGHUVWDQG�ZKDW�DFWXDOO\�KDSSHQV�LQ�WKLV�LQJHQLRXV�PHFKDQLVP�LV
WR�FRQVLGHU�HDFK�IOX[�OLQH�LQGLYLGXDOO\��IRU�ZKHQ�WKH�VSKHUH�VHWV�WXUQ�DQG�SXOO�RQ
WKH� IOX[� OLQHV� HDFK� RQH� ZLOO� EH� VWUHWFKHG� XQWLO� LW� EUHDNV�� %XW� DV� WKH� HOHFWULFDOO\
SRODUL]HG� IOXLG� �ZLWKLQ� WKH� WRURLG�� ZLOO� VWLOO� EH�PRYLQJ� DURXQG� WKH� WRURLG� VKHOO
JHQHUDWLQJ� D� /RUHQW]� IRUFH� LW� ZLOO� GHPDQG� WKDW� WKH� IOX[� OLQHV� DUH� TXLFNO\� UH�
HVWDEOLVKHG��6R��DV�WKH�FHQWUDO�DVVHPEO\�URWDWHV�DQG�WKH�QH[W�RI�WKH�IRXU�VSKHUH�
VHWV�DSSURDFKHV�WKDW�EURNHQ�IOX[�OLQH�LW�ZLOO�UHFRQQHFW�LWVHOI�DQG�DOVR�SDVV�WKURXJK
WKDW� QH[W� VSKHUH�VHW
V� VWHP� FRLO�� $QG� RI� FRXUVH� WKLV� ZKROH� EUHDNLQJ� DQG
UHFRQQHFWLRQ� SURFHGXUH� LV� UHSHDWHG� FRQWLQXDOO\� WKURXJK� HYHU\� VLQJOH� PDJQHWLF
IOX[�OLQH�DURXQG�WKH�WRURLG��7KLV�FDQ�EH�VHHQ�LQ��ILJXUH�����DOWKRXJK�LW�PLJKW�EH
PRUH�XQGHUVWDQGDEOH�LQ�DQ�DQLPDWHG�GLDJUDP�>QRWH����E@�
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$V�D�UHVXOW�RI�WKHVH�IOX[�OLQHV�EHLQJ�EURNHQ�DQG�UHFRQQHFWHG�ZLWK�VXFK�SURIXVLRQ
DQG�ZLWK�VXFK�UHJXODULW\�WKH�WRURLG
V�PDJQHWLF�ILHOG�EHFRPHV�D�SXOVHG�DQG�KLJKO\
HQHUJHWLF� ILHOG�� DQG� DV� HYHU\� HOHFWURQLFV� HQJLQHHU� NQRZV�� VXFK� DQ� DOWHUQDWLQJ� RU
SXOVHG� PDJQHWLF� ILHOG� JHQHUDWHV� ODUJH� DPRXQWV� RI� HOHFWURPRWLYH� IRUFH� LQ� DQ\
QHDUE\�FRQGXFWRU��7KLV�SULQFLSOH� LV�XVHG�WR�JUHDW�HIIHFW�WKURXJK�ERWK�WKH�XSSHU
DQG� ORZHU� VSKHUHV�ZKLFK�� DV� FDQ�EH� VHHQ� IURP� WKH�GLDJUDPV� �VXFK� DV� ILJXUH���
EHORZ��� ZKHUHE\� WKH� SXOVLQJ� ILHOGV� DUH� GLUHFWHG� WKURXJK� WKH� WRS� FU\VWDO�JODVV
VSKHUHV� DQG� WKURXJK� WKH� XSSHU� KDOI� RI� WKH� ORZHU� VSKHUHV�� VR� WKDW� WKHVH
LQWHUDFWLRQV� ZLOO� LQLWLDWH� VHSDUDWH� HOHFWULFDO� PHFKDQLVPV� LQ� DQ\� PDWHULDOV
VSHFLILFDOO\� GHVLJQHG� WR� JHQHUDWH� HPLVVLRQV� �LH� FHUDPLF� PDWHULDOV�� E\� WKHVH
PHWKRGV��DQG�ZKLFK�ZLOO�EH�GHWDLOHG�IXUWKHU�LQ�&KDSWHU���DQG����
$JDLQ��WKH�EUHDNLQJ�RI�PDJQHWLF�ILHOG�OLQHV�DQG�WKH�UH�HVWDEOLVKPHQW�RI�WKRVH�ILHOG
OLQHV� LV�D�NQRZQ�SKHQRPHQRQ� LQ�DVWURSK\VLFV� �VHH�DERYH� LQ� VHFWLRQ������� DQG� LV
RQH�WKDW�LV�NQRZQ�WR�SURGXFH�FRSLRXV�DPRXQWV�RI�HOHFWURQ�SRVLWURQ�SDLUV�RXW�LQ
VSDFH�QHDUE\�WR�WKH�PHHWLQJ�SRLQWV��RU�YLVFRXV�VKHDU�SODQHV��EHWZHHQ�EODFN�KROHV
DQG� WKHLU� DFFUHWLRQ� GLVNV�� DQG� LV� D� PHFKDQLVP� WKURXJK� ZKLFK� WKH� EODFN� KROH
V\VWHPV�FDQ�VXSSO\� WKH�HQRUPRXV�DPRXQWV�RI�FKDUJHG�SDUWLFOHV� WKDW�DUH�QHHGHG
WR�IRUP�DQG�SRZHU�WKHLU�TXDVDU�DQG�SXOVDU�MHWV�ZKLFK�H[WHQG�IRU�PLOOLRQV�RI�PLOHV
WKURXJK� VSDFH� >QRWH�� ��@�� 7R� XQGHUVWDQG� ZKDW� KDSSHQV� LQ� WKH� EUHDNLQJ� RI
PDJQHWLF� ILHOG� OLQHV� DQG� WKHLU� UHFRQQHFWLRQ� LV� WR� OLNHQ� WKLV� SKHQRPHQRQ� WR� WKH
EUHDNLQJ�RI�ZLUHV�FRQGXFWLQJ�DQ�HOHFWULFDO�FXUUHQW�LQ�DQ�HOHFWULFDO�FLUFXLW��EHFDXVH
LI�WKH�ZLUH�LV�EURNHQ�QHDU�WKH�SRZHU�VRXUFH�WKH�HQWLUH�SRWHQWLDO�GLIIHUHQFH�RI�WKH
FLUFXLW�FRXOG�EH�GHYHORSHG�DFURVV� WKH�JDS�RI� WKDW�EURNHQ�ZLUH��DQG�VR�ZLWK� WKLV
IOX[�OLQH�EUHDNLQJ�FKDUJHG�SDUWLFOHV�DURXQG�WKH�IOX[�OLQHV�DUH�LQVWDQWO\�DFFHOHUDWHG
LQ�DOO�GLUHFWLRQV��KHQFH� WKH\�FROOLGH�ZLWK�RWKHU�SDUWLFOHV� LQ� WKH�DLU�DQG�FDQ�HYHQ
WULJJHU�HOHFWURQ�SRVLWURQ�DYDODQFKHV�DURXQG�WKHVH�EUHDNV� >QRWH����@��7KHQ�ZKHQ
WKH�ILHOG�OLQHV�UHFRQQHFW�DJDLQ�D�KXJH�DPRXQW�RI�FKDUJHG�SDUWLFOHV�KDYH�WKHQ�WR�EH
IUHVKO\�JHQHUDWHG�RXW�RI�WKH�VXUURXQGLQJ�DLU��RU�RXW�RI�VSDFH�WKURXJK�WKH�=3)��VR
DV� WR� DFFRPPRGDWH� WKH� LPEDODQFH� LQ� SRWHQWLDO� GLIIHUHQFH�� 7KH� HIIHFWLYHQHVV� RI
VXFK� D�PHFKDQLVP�ZLWKLQ� WKH� DD8)2� FDQ� EH� WDNHQ� D� VWHS� IXUWKHU� WKDQ� LQ� WKH
EODFN� KROH� HQYLURQPHQW� WKRXJK�� WR� WKH� GHJUHH� WKDW� VXFK� D� PHFKDQLVP� FDQ� EH
PDGH�WR�RFFXU�LQ�WKH�YLFLQLW\�RI�FHUWDLQ�FKDUJH�GRQDWLQJ�PDWHULDOV�ZKLOVW�WKH\�DUH
HPEHGGHG�LQWR�WKH�XSSHU�JODVV�TXDUW]�VSKHUHV�
�����7RS�6SKHUH�(PLVVLRQV�*LYLQJ�RII�%DUV�RI�/LJKW
:LWK�WKH�DERYH�PHFKDQLVPV�RI�HOHFWURPDJQHWLF�ILHOG�SXPSLQJ��DQG�EUHDNLQJ�IRU�
UHFRQQHFWLRQ�RI�IOX[�OLQHV��ZKLFK�ZLOO�FRXSOH�WR�WKH�DOUHDG\�SUHVHQW�DFRXVWLF�ZDYH
ILHOGV�IRFXVLQJ� LQWR� WKLV�DUHD��� LW�FDQ�EH�VHHQ�WKDW�HOHFWURQV�DQG�SKRWRQV�FDQ�EH
FRSLRXVO\� VXSSOLHG�ZLWKLQ� WKLV�FHQWUDO�DUHD�RI� WKLV�8)2�FUDIW��%XW� WKH� LPDJH�RI
WKH� SKRWRQ� EDUV� VXSSOLHG� E\� %HWW\� /XFD� VWLOO� VXJJHVWV� WKDW� WKHUH� DUH� HQHUJ\
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HPLVVLRQV�RI� DQ� HYHQ� JUHDWHU� FDOLEHU� FRPLQJ�RXW� RI� WKHVH� WRS� VSKHUHV� DQG� WKDW
WKHUH�LV�D�SDUWLFXODU�FRKHVLRQ�WR�WKHP�
)RU� VXFK� DQ� LPDJH� LV� QRW� VKRZLQJ� DQ� LQGLVFULPLQDWH� GDQFH� RI� SKRWRQV�� LW� LV
SRUWUD\LQJ� D� TXLWH� ULJLG� FRRUGLQDWLRQ� RI� ORFDOO\� LQGXFHG� IRUFHV� WKDW� PXVW� EH
FRPLQJ�IURP�DQ�H[WUDRUGLQDU\�LQWHQVLILFDWLRQ�RI�PDJQHWLF�IRUFHV�
%XW�WKHQ��ZKDW�LV�VR�KLJKO\�VLJQLILFDQW�KHUH�LV�WKDW�WKH�IRXU�WRS�VSKHUHV�DUH�ORFDWHG
DW� WKH� WRS�RI� WKH�IRXU� VWHP�FRLOV�� WKURXJK�ZKLFK� WKH� WRURLG
V� IRXU�TXDGUDQWV�RI
SXOVLQJ�PDJQHWLF�IOX[�OLQHV�ZLOO�EH�FRQYHUJLQJ�LQWR�IRXU�RI�WKH�JUHDWHVW�LQWHQVLWLHV
RI� WKH� ZKROH� RI� WKH� WRURLG
V� PDJQHWLF� ILHOG�� DQG� VR� WKHUHIRUH� WKH� JUHDWHVW
HPSRZHUPHQWV�RI� WKH�/RUHQW]� �VSLQQLQJ�� IRUFH�XSRQ� WKRVH�FRSLRXV�VXSSOLHV�RI
FKDUJHG�SDUWLFOHV�ZLOO�RFFXU�ZKHUH�HDFK�RI�WKRVH�TXDGUDQWV�DUH�GLUHFWHG�WKURXJK
WKH�IRXU�VSKHUHV��$QG�EHFDXVH�DOO�RI� WKRVH�IOX[� OLQHV�ZLOO�EH�VHTXHQWLDOO\�SXOVHG
WKHUH�ZLOO�EH�LQGXFHG�H[WUDRUGLQDULO\�SRZHUIXO�/RUHQW]�IRUFHV�LQWR�DQ\�VXEDWRPLF
SDUWLFOHV�PRYLQJ�DQ\ZKHUH�QHDU�WKHVH�IRXU�VSKHUHV�
:LWK� WKLV� DUUDQJHPHQW�� LW� ZRXOG� WKHQ� VHHP� WR� EH� FOHDU� WKDW� WKHVH� WRS� VSKHUHV
VKRXOG�EH�PDGH�QRW�MXVW�RI�TXDUW]�JODVV�DORQH��EXW�WKDW�WKH\�VKRXOG�EH�PDGH�RI�D
JODVV�OLNH� VXEVWDQFH� LQWR� ZKLFK� FDQ� EH� HPEHGGHG� FHUWDLQ� FHUDPLF� FRPSRXQGV
ZKLFK�DUH�NQRZQ�WR�HPLW�HOHFWURQV�RU�SKRWRQV�ZKHQ�/RUHQW]�VWUHVVHV�DUH�DSSOLHG
WR�WKHP�DW�SDUWLFXODU�IUHTXHQFLHV�RI�RVFLOODWLRQ�
$QG�VR��ZLWK�UHVSHFW�WR�WKH�LPDJHV�RI�WKH�VKDUSO\�GHILQHG�OLJKW�EDUV�VHHQ�E\�%HWW\
/XFD� ZKHQ� WKH� H[WUDWHUUHVWULDOV� VKRZHG� KHU� WKH� ZRUNLQJV� RI� WKHVH� VSKHUHV�� LW
VKRXOG�QRW�EH�WRR�GLIILFXOW�WR�SLHFH�WRJHWKHU�WKH�RWKHU�FRPSRQHQWV�RI�WKLV�GLVSOD\
RI�SRZHU�DQG�WR�XQGHUVWDQG�H[DFWO\�KRZ�WKLV�ZDV�GRQH�
)RU�ZKLOH� WKH�PDJQHWLF� IOX[� OLQHV� DUH� FRQYHUJLQJ�RQWR� WKH� WRS� VSKHUHV� DQG� WKH
/RUHQW]�IRUFHV�DURXQG�WKHP�DUH�KLJKO\�DPSOLILHG��WKH�UHVXOWLQJ�HPLVVLRQV�EXUVWLQJ
RXW� IURP� WKH� FHUDPLFV� HPEHGGHG� LQVLGH� WKHVH� VSKHUHV�ZRXOG�� OLNH� DOO� WKH� RWKHU
FKDUJHG�SDUWLFOHV�DOUHDG\�PHQWLRQHG��KDYH�TXLFNO\�EHHQ�FDXJKW�LQWR�WKH�LQIOXHQFH
RI� WKH� LQWHQVLILHG� PDJQHWLF� IOX[� OLQHV� DQG� LPPHGLDWHO\� WUDSSHG� LQWR� HQHUJHWLF
J\UDWLRQV��E\� WKRVH�KHLJKWHQHG�/RUHQW]�IRUFHV��DQG�PDGH� WR�VSLQ� WLJKWO\�DURXQG
WKRVH� IOX[� OLQHV�� 6XFK� FORVH� J\UDWLRQV� RI� WKHVH� DEXQGDQW� FHUDPLF� DQG� RWKHU
HPLVVLRQV�ZRXOG�� LQ� WXUQ�� UDGLDWH� FXUYDWXUH�UDGLDWLRQ� SKRWRQV� DZD\� IURP� WKHP
DQG�ZRXOG�IRUP�D�YHU\�YLEUDQW�FORXG�RI�SKRWRQV�DURXQG�WKHVH�VSKHUHV�
%XW� EHFDXVH� WKH� DFRXVWLF� ZDYH� RVFLOODWLRQV� HPDQDWLQJ� RXW� RI� WKH� ODUJH� ORZHU
VSKHUHV�ZLOO�SDVV�WKURXJK�7:2�URXWHV�WR�WKH�XSSHU�VPDOOHU�VSKHUHV��ZKLFK�ZLOO
HIIHFWLYHO\� VSOLW� WKRVH� RVFLOODWLRQV� LQWR� WZR� VOLJKWO\� GLIIHUHQW� IUHTXHQFLHV� �ZKHUH
RQH� VHW�RI� WKRVH� IUHTXHQFLHV� DUH�EHLQJ�ERXQFHG�RII� WKH� WRURLG
V� LQQHU�ZDOO� DQG
IRFXVHG� LQWR� WKH� YLFLQLW\� RI� WKH� WRS� VSKHUHV�� DQG� WKH� RWKHU� VHW� RI� DFRXVWLF
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RVFLOODWLRQV� ZLOO� EH� SURSDJDWLQJ� PRUH� GLUHFWO\� WKURXJK� WKH� VWHP� FRLOV�� �� $1'
IURP�WKH�IDFW�WKDW�WKHUH�ZLOO�EH�DQRWKHU�ILHOG�RI�DFRXVWLF�ZDYHV�HPDQDWLQJ�GLUHFWO\
RXW�RI�WKH�WRS�VSKHUHV�WKHPVHOYHV��WKHQ�WKHUH�ZLOO�KDYH�WKHQ�UHVXOWHG�D�FRPSRVLWH
LQWHUIHUHQFH�SDWWHUQ�IURP�WKHVH�7+5((�DFRXVWLF�ILHOGV�FHQWHUHG�DURXQG�HDFK�RI
WKH�WRS�VSKHUHV��VHH�DERYH�ILJXUH�����

)LJXUH�����7KH� LQWHQVLW\�RI�PDJQHWLF� IOX[� OLQHV�SXOOHG� LQWR�VWHP�FRLOV�ZLOO� FDXVH
KLJK�H[FLWDWLRQ�RI�FKDUJHG�SDUWLFOHV�DURXQG�WRS�VSKHUHV
7KH� WRS� VSKHUH
V� DFRXVWLF� ILHOG� ZRXOG� KDYH� GHYHORSHG� DV� D� VSKHULFDO� ]RQLQJ
DURXQG� WKDW� VSKHUH� DQG�ZRXOG� KDYH� EHKDYHG�PXFK� LQ� WKH� VDPH�ZD\� DV� %HVVHO
VSKHULFDO�ZDYHV�GR� DV� FRQFHQWULF�RUEV�� EXW� WKHQ�� EHFDXVH� RI� WKH�PXOWLSOLFLW\� RI
WKHVH�IUHTXHQFLHV�DOO� LQWHUIHULQJ�RQH�XSRQ�WKH�RWKHU� WKHQ�WKH� LQWHUIHUHQFH�HIIHFW
EHWZHHQ� WKHP� DOO� �LQ� VLPLODU� IDVKLRQ� DV� WR� KRZ�PXOWLSOH� HOHFWURPDJQHWLF� ILHOGV
FUHDWH� LQWHUIHUHQFH� SDWWHUQV� RI� VWULSHV� RU� ULEV�� ZRXOG� KDYH� UHVXOWHG� LQ� WKH
HVWDEOLVKPHQW� RI� VHYHUDO� VKDUSO\� GHILQHG� KL�ORZ� SHUPLWWLYLW\� ]RQHV� �LQ� D� WKUHH
GLPHQVLRQDO� SDWWHUQ�� VSUHDGLQJ� RXWZDUG� IURP� HDFK� VSKHUH�� 7KHVH� ]RQHV�ZRXOG
KDYH� LQIOXHQFHG� WKH�FKDUJHG�SDUWLFOHV� �DQG�VXEVHTXHQWO\� WKH�PDJQHWLF� IOX[� OLQHV
FRQYHUJLQJ� LQWR�WKH�WRS�VSKHUHV��WR� ORFDWH�JURXSLQJV�RI�HOHFWURQV�DQG�SRVLWURQV
WR�VSLQ�LQ�YHU\�WLJKW�J\UDWLRQV�DURXQG�WKH�VSKHUHV��7KHVH�ZRXOG�KDYH�FUHDWHG�YHU\
VKDUSO\� GHILQHG� EDUV� RI� OLJKW�� ZLWK� WKH� OLJKW� FRPLQJ� IURP� LQWHQVH� FXUYDWXUH�
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V\QFKURWURQ�UDGLDWLRQ�HPLWWHG�RII�WKH�HOHFWURQV�DQG�SRVLWURQV�J\UDWLQJ�VR�WLJKWO\
DURXQG�JURXSV�RI�IOX[�OLQHV�
6R�� WKH�H[SODQDWLRQ� WR� WKHVH�HQHUJ\�EDUV� WKHQ� LV� WKDW� WKH\�DUH�D�FRPELQDWLRQ�RI
KLJKO\� H[FLWHG� J\UDWLQJ� HOHFWURQ� DQG� SRVLWURQ� HPLVVLRQV� RI� SKRWRQLF� UDGLDWLRQ�
VWURQJO\�HQHUJL]HG�E\�D�JUHDW�LQWHQVLW\�RI�PDJQHWLF�IOX[�OLQHV�FRQYHUJLQJ�RQ�WKHVH
VSKHUHV�IURP�DOO�GLIIHUHQW�DQJOHV��DQG�EHFDXVH�WKH� LQWHUIHUHQFH�SDWWHUQ�IURP�WKH
WKUHH� DFRXVWLF� ZDYH� ILHOGV� IRFXVVHG� DURXQG� HDFK� RI� WKHVH� VSKHUHV� ZRXOG� KDYH
JHQHUDWHG��FROOHFWHG��DQG�VKDSHG�DOO�WKHVH�HPLVVLRQV�LQWR�KLJK�SHUPLWWLYLW\�]RQHV�
WKHQ�WKHVH�SKRWRQ�EDUV�ZRXOG�KDYH�EHHQ�YHU\�VKDUSO\�GHILQHG�>QRWH����@�
�����*\UDWLRQ�RI�D�&\FORWURQLF�6WRULQJ�)LHOG
2QH� DGGLWLRQDO� SRLQW� WR� PDNH� DERXW� WKH� XSSHU� IOX[� OLQHV� LV� WKDW� IURP� WKHVH
GLDJUDPV�LW�FDQ�EH�VHHQ�WKDW� WKHVH�UDGLDO� IOX[� OLQHV�ZLOO�JHQHUDOO\�EHFRPH�DQJOHG
QRQ�SHUSHQGLFXODU�WR�WKH�FUDIW
V�ULP�DQG�FLUFXPIHUHQWLDO�GXFW��DQG�WKLV�ZLOO�FDXVH
WKH�QHJDWLYH�HOHFWURQ�ILHOG��ZKLOH�J\UDWLQJ�DERYH�WKH�WRURLG�VKHOO��WR�FXUO�JUDGXDOO\
RXWZDUG�WRZDUG�WKH�RXWHU�ULP�DUHD�
:KLOH�WKLV�ILHOG�ZLOO�EH�J\UDWLQJ�LW�ZLOO�EH�J\UDWLQJ�WKURXJK�WKH�UDGLDO�SODQDU�ZDYH�
JXLGH�ZKLFK�LV�HVVHQWLDOO\�WKH�VSDFH�EHWZHHQ�WKH�IORRU�GHFN�RI�WKH�XSSHU�SDUW�RI
WKH�8)2��DQG�WKH� WRS�IDFH�RI� WKH� WRURLG��DQG� WKLV� UDGLDO�SODQDU�ZDYH�JXLGH�ZLOO
ZRUN�MXVW�OLNH�D�JLDQW�F\FORWURQ�DFFHOHUDWRU�RQ�WKH�J\UDWLQJ�HQHUJLHV��ZKLFK�ZLOO�EH
D� URWDWLQJ� ILHOG� DQDORJRXV� WR� D� EODFN� KROH
V� DFFUHWLRQ� GLVF��� ,Q� WKH� IROORZLQJ
FKDSWHUV�PRUH� ZLOO� EH� H[SODLQHG� DERXW� WKH� DPSOLILFDWLRQ� SURSHUWLHV� ZLWKLQ� WKLV
QDUURZ�DQG�FLUFXODU�ZDYH�JXLGH��HVSHFLDOO\�LQ�FKDSWHU����
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)LJXUH�����$V�WKH�VSKHUH�VHW�DVVHPEO\�URWDWHV� WKH�PDJQHWLF� IOX[� OLQHV�ZLOO�EUHDN
DQG�WKHQ�UHFRQQHFW
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%XW�VXFK�ZLOO�EH�WKHLU�WUDMHFWRU\�RYHU�WKH�IRXU�TXDGUDQWV�RI�WKH�WRURLG
V�IOX[�OLQHV
�VHH� ILJXUH������PDNLQJ�VXFK�D� VKDOORZ�DQJOH� WR� WKH�RXWHU� ULP�� WKDW� WKH�J\UDWLQJ
SDUWLFOHV�ZLOO�QRW�E\�WKLV�/RUHQW]�PHFKDQLVP�DORQH�EH�GLUHFWHG�RXWZDUG�WKURXJK
WKH�GXFW�ZLWK�DQ\�FHQWULIXJDO�IRUFH�ZKDWVRHYHU��(VVHQWLDOO\�WKHVH�SDUWLFOHV�ZLOO�EH
IRUFHG� RQO\� WR� J\UDWH� DW� KLJK� YHORFLW\� MXVW� LQVLGH� WKH� ULP·V� GXFW� DQG� EHFRPH� D

VWRULQJ�HQHUJ\�ILHOG
�LQVLGH�WKH�FUDIW�
7KLV�ZRXOG�EH�EHFDXVH�� WHFKQLFDOO\�� WKH�HOHFWURQV�WKDW�JHW�SURGXFHG�E\�WKH�IOX[�
OLQH�EUHDNV�ZLOO�EH�JLYHQ�WKH�PRVW�NLQHWLF�HQHUJ\�ZKHUH�WKHLU�WKHWD�DQJOH�WR�HDFK
RI� WKH� IOX[� OLQHV� ZLOO� EH� ��� GHJUHHV�� /RRNLQJ� DW� WKH� IOX[�OLQH� DUUDQJHPHQW� �LQ
ILJXUH�����LW�ZLOO�EH�VHHQ�WKDW�VXFK�DQ�DUUDQJHPHQW�ZLOO�RQO\�JLYH�WKH�HOHFWURQV�WKH
&85/� WUDMHFWRU\� WKDW� GLUHFWV� WKHP� LQWR� D� FLUFXODU� RUELW� MXVW� LQVLGH� WKH� FUDIW·V
FLUFXPIHUHQWLDO�ULP��$OWKRXJK��ZKDW�FDQ�DOVR�EH�VHHQ�LQ�WKLV�GUDZLQJ��ILJXUH�����
LV�WKDW�WKHVH�HOHFWURQV��ZKLFK�ZLOO�DGG�LQWR�WKH�J\UDWLQJ�VWRUDJH�ILHOG��ZLOO�QRW�EH
DFFHOHUDWHG�DURXQG�WKH�FUDIW� LQ�D�SHUIHFWO\�FLUFXODU�RUELW�²�WKH�IOX[� OLQHV�ZLOO�SXW
IRXU�PRYLQJ� SHUWXUEDWLRQV� LQWR� WKRVH� RUELWV� DQG� WKLV� ZLOO� RVFLOODWH� WKH� HOHFWURQ
ILHOG��ZKLFK�LQ�WXUQ�ZLOO�LPEXH�H[WUD�HOHFWURPRWLYH�IRUFH�LQWR�WKH�J\UDWLQJ�VWRUDJH
ILHOG�� DQG� LQGHHG�� ZLOO� LPEXH� H[WUD� HOHFWURPRWLYH� IRUFH� LQWR� WKH� ZKROH
HOHFWURG\QDPLF�FLUFXLW�RI�WKH�FUDIW��
,Q�IDFW��E\�FLUFXODWLQJ�MXVW�LQVLGH�WKH�ULP�WKLV�RVFLOODWLQJ�ILHOG�ZLOO�EROVWHU�WKH�ULP
DUHD�� ZKHUH� WKH� UDGLDO� SODQDU� ZDYHJXLGH� FRQWUDFWV� LQWR� LWV� VKDOORZHVW� GHSWK�
EHFDXVH� WKLV� J\UDWLQJ� ILHOG� ZLOO� KHOS� WR� LQWHQVLI\� WKH� WRURLG
V� DQG� WKH� ULP·V
PDJQHWLF� ILHOGV� LQ� WKDW� UHJLRQ��3HUSHWXDO� DFFHOHUDWLRQ� RI� WKHVH� FKDUJHG�SDUWLFOHV
ZLOO� WDNH� SODFH� EHFDXVH� WKH� IOX[� OLQHV� ZLOO� FRQWLQXDOO\� EH� VWUHVVHG� EURNHQ� DQG
UHFRQQHFWHG�DQG�JHQHUDOO\�SXOVH�RVFLOODWHG��DQG�EHFDXVH�RI�WKH�PDJQHWLF�SUHVVXUH
H[HUWHG�RQ�WKH�DFFHOHUDWHG�SDUWLFOHV�ZKLFK�ZLOO�EH�SURSRUWLRQDO� WR� WKH�VTXDUH�RI
WKH�PDJQHWLF�IOX[�GHQVLW\��ZKLFK�ZLOO�EH�DW�LWV�JUHDWHVW�FORVH�WR�WKH�WRS�VSKHUHV�LQ
WKH� FUDIW
V� FHQWHU��� 7KLV� ZLOO� HQVXUH� WKDW� WKHUH� ZLOO� EH� D� FRQWLQXDO� RXWIORZ� RI
HOHFWURQV�IURP�WKH�FHQWHU�WRZDUG�WKH�RXWHU�DUHDV�ZKHUH�WKH�IOX[�OLQHV�VSUHDG�RYHU
WKH�WRURLG�DQG�EHFRPH�IXOO\�LQWHQVLI\�DW�WKH�RXWHU�ULP�²�IURP�WKH�IRUFHV�LPEXHG
LQWR� WKHP�E\� WKH� FXUOLQJ� HOHFWURQV� DV�PHQWLRQHG� DERYH� ²� DQG� VR� FRQVHTXHQWO\
WKHUH�ZLOO�EH�IRUPHG�D�VXEVWDQWLDO�
ERWWOHQHFN
�RI�HOHFWURPRWLYH�DQG�NLQHWLF�IRUFHV
DW�WKH�ULP�ZKLFK�ZLOO�JUHDWO\�LQWHQVLI\�WKDW�DUHD·V�PDJQHWLF�ILHOGV��RI�FRXUVH�� WKLV
FRPSOLFDWHG�DUUDQJHPHQW�RI�ILHOGV�DW�WKH�ULP��ZKLFK�KDV�D�QXPEHU�RI�LPSRUWDQW
HQHUJ\�G\QDPLFV�HQIROGHG�LQWR�LW�ZLOO�EH�GHWDLOHG�LQ�&KDSWHUV����������DQG�����
)URP�WKH�PLQLDWXUL]DWLRQ�RI�WKH�DVWURSK\VLFDO�PRGHO�SRLQW�RI�YLHZ��WKLV�J\UDWLQJ
VWRUDJH�ILHOG�RI�HQHUJ\��ZKLFK�LV�FRPSDUDEOH�WR�D�EODFN�KROH
V�DFFUHWLRQ�GLVN���ZLOO
KDYH�WKH�SRWHQWLDO�WR�EH�DQ�HYHQ�PRUH�HIILFLHQW�SURYLGHU�RI�SRZHU�WKDQ�LWV�ELJJHU
FRXVLQ� RXW� LQ� VSDFH�� FRQVLGHULQJ� WKDW� LW� LV� D� J\UDWLQJ� VWRUDJH� ILHOG� WKDW� LV� IXOO\
FRQWDLQHG�ZLWKLQ�D�SXUSRVH�EXLOW�JURXSLQJ�RI�HUJRVSKHUHV��ZKHUHLQ�HQHUJ\�FDQ�EH
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DPSOLILHG�XS�WR�VSHFLILF� WKUHVKROG� OHYHOV�DQG�WKHQ�UHOHDVHG�EH\RQG�WKRVH� WKUHVKROG
OHYHOV��ZLWK�WKH�XWPRVW�HIILFLHQF\��ZKLFK�DJDLQ��ZLOO�UHFHLYH�PRUH�DWWHQWLRQ�LQ�ODWHU
FKDSWHUV��
�����7KUHH�,QWHQVLWLHV�RI�WKH�0DJQHWLF�)LHOG�WR�$LG�(PLVVLRQV
$QG�WKLV�ORFDOL]HG�LQWHQVLI\LQJ�EULQJV�XV�EDFN�WR�D�SRLQW�PHQWLRQHG�DW�WKH�KHDG�RI
VHFWLRQ������LQ�WKDW�RQH�RI�WKH�PRVW�LPSRUWDQW�DVSHFWV�RI�WKH�DD8)2�GULYH�V\VWHP
LV� WKH� LQWHQVLI\LQJ� RI� WKH�PDJQHWLF� ILHOGV� LQ� ORFDOL]HG� DUHDV� VR� WKDW� WKH� FKDUJHG
SDUWLFOHV�FDQ�EH�KLJKO\�HQHUJL]HG�ZLWK�NLQHWLF�HQHUJ\��7KLV�RI�FRXUVH�LV�RQH�RI�WKH
IDFWRUV�ZKLFK�WKH�GHVLJQHUV�RI�WKH�8)2�GULYH�V\VWHP�KDYH�WDNHQ�IURP�WKH�EODFN
KROH�PRGHO�DQG�KDYH�JUHDWO\�LPSURYHG�XSRQ��IRU�WKH�QDWXUDO�HQYLURQPHQW�RI�WKH
EODFN�KROH�RXW� LQ�VSDFH�ZKLOH� LW�XWLOL]HV�PDJQHWLF� ILHOG�EXQFKLQJ� WKDW� FDQ�RFFXU
MXVW�RXWVLGH�RI�LWV�HYHQW�KRUL]RQ��REYLRXVO\�FDQQRW�WDNH�DGYDQWDJH�RI�DQ\�PDWHULDO
ZDOOV�RU�VWUXFWXUHV�WKDW�ORFDOL]H�DQG�GLUHFW�WKH�SDUWLFOHV�DIIHFWHG�E\�WKRVH�PDJQHWLF
IOX[�OLQHV��%XW�LQ�WKH�DD8)2�GULYH�V\VWHP�WKLV�LV�VSHFLILFDOO\�GRQH�ZLWK�VXUSULVLQJ
HIIHFWLYHQHVV� LQ� WKUHH� PDLQ� DUHDV� RI� WKDW� 8)2�� WKHVH� DUHDV� DUH�� 21(� DW� WKH
FLUFXPIHUHQWLDO� GXFW� ZKHUH� WKH� SDUWLFOHV� PRYH� LQ� D� F\FORWURQLF� PRWLRQ� LQ
UHDGLQHVV�EHIRUH� WKH\�DUH�IRUFHG�RXW�RI� WKH�FUDIW
V� ULP��DQG� WKHQ�KDYH� WR�EH� UH�
DFFHOHUDWHG�RYHU�WKH�XSSHU�GRPH���7:2�DW�WKH�WRSV�RI�HDFK�RI�WKH�IRXU�VWHP�FRLO
DVVHPEOLHV�ZKHUH� WKH� WRS� VSKHUHV� UHYROYH�� DQG� WKH�7+,5'�RI� WKHVH� LQWHQVLILHG
DUHDV�LV�DW�WKH�FHQWHU�RI�WKH�FUDIW
V�EDVH�GLVF�ZKHUH�WKH�PDJQHWLF�ILHOG�OLQHV�RI�WKH
WRURLG
V�ORZHU�ILHOG�FRQYHUJH�DQG�IRUP�LQWR�D�IXQQHO�VKDSH�
�����0DJQHWLF�)XQQHO�&UHDWHV�D�%ODFN�9RUWH[�DW�WKH�+HDUW�RI�WKH�DD8)2
7KH�IXQQHOLQJ�RI�WKRVH�ILHOG�OLQHV�ZLOO�RI�FRXUVH�FUHDWH�D�YRUWH[�RU�PLQLDWXUH�EODFN
KROH�DW�WKH�KHDUW�RI�WKH�8)2��)RU�HOHFWULFDOO\�SRODUL]HG�SDUWLFOHV�ZLOO�EH�LQGXFHG
WR�PRYH�SHUSHQGLFXODU�WR�WKRVH�PDJQHWLF�ILHOG�OLQHV�DQG�WKHUHIRUH�WKH\�ZLOO�FXUYH
LQWR�D�FHQWUDO�J\UDWLQJ�ILHOG�
,Q�IDFW�WKLV�FRQLFDO�ILHOG�RI�J\UDWLQJ�FKDUJHG�SDUWLFOHV��IRUPHG�ZKHQ�WKH�WRURLG
V
ORZHU�PDJQHWLF�ILHOG�IOX[�OLQHV�UH�URXWH�WKURXJK�WKH�EDVH�GLVF�>QRWH����@��ZLOO�IRUP
D�FRQWLQXDWLRQ�RI� WKH�SRVLWLYH� LRQ� ILHOG� WKDW�ZLOO� DOUHDG\�EH� J\UDWLQJ� WRZDUG� WKH
WRS�VSKHUHV�LQ�WKH�FHQWHU�RI�WKH�FUDIW��VHH�ILJXUH������7KH�SXOVH�RVFLOODWLQJ��IURP
WKH� EUHDNLQJ� DQG� UHFRQQHFWLRQ�� RI� WKH� WRURLG
V� IOX[� OLQHV� ZLOO� HQVXUH� WKDW� WKH
SRVLWLYHO\�FKDUJHG�SDUWLFOHV�ZLOO�EH�DFFHOHUDWHG�LQWR�WKH�FHQWHU�DQG�HYHQWXDOO\�LQWR
WKH�J\UR�PRWLRQ�WKDW�FXUOV�WRZDUGV�WKH�FHQWUDO�YRUWH[�
,QGHHG�� RQ� FORVHU� LQVSHFWLRQ� WKHUH� PD\� EH� QRWLFHG� VHYHUDO� PRUH� LQWHUHVWLQJ
IHDWXUHV�WR�WKLV�YRUWH[�LQGXFLQJ�PDJQHWLF�ILHOG��%HFDXVH��ZKLOH�WKH�LQWHQVLW\�RI�WKH
SXOVH�RVFLOODWHG�PDJQHWLF� IOX[� OLQHV�ZLOO�EH�JUHDWHVW�DW� WKH�VPDOO� H[LW� KROH� LQ� WKH
FHQWHU�RI�WKH�EDVH�GLVF��ZKLFK�ZLOO�EH�WKH�RQO\�SODFH�ZKHUH�WKH�FKDUJHG�SDUWLFOHV
FDQ�H[LW���XQOHVV�WKH\�DUH�ERXQFHG�RXW�E\�FROOLVLRQV�DW�WKH�WRS�ULQJ�RI�WKH�YRUWH[��
WKHQ�WKLV�ZRXOG�PHDQ�WKDW�DV�WKH\�VSLQ�URXQG�VR�DV�WR�H[LW�GRZQ�WKURXJK�WKH�KROH
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DW� WKH�ERWWRP� WKH\�ZRXOG�SXOO� LQZDUG� WRZDUG� WKH�FHQWUDO� D[LV� DOO� RI� WKH�QHDUE\
IOX[� OLQHV� DQG� LQWHQVLI\� WKHP� DQG� JHQHUDOO\� DPSOLI\� WKH� URWDWLRQDO� IRUFH� RI� WKDW

KROH�
� ,I� LQGHHG� WKH� VSLQQLQJ� SDUWLFOHV� GR� H[LW� FRPSOHWHO\�� IRU� VXFK�ZLOO� EH� WKH
KLJK�GHQVLW\�RI� IOX[� OLQHV�FRQYHUJLQJ� WRJHWKHU�KHUH� WKDW� WKHUH�ZLOO�FRPH�D�SRLQW
ZKHQ� WKH� PDJQHWLF� ILHOG� GHQVLW\� ZLOO� EHFRPH� WRR� SRZHUIXO� IRU� WKH� VSLQQLQJ
SDUWLFOHV� WR� FRQWLQXH� GRZQ� WKURXJK�� VR� WKHQ� VRPH�ZRXOG� EH� IRUFHG� WR�PLUURU
EDFN� RXW� RI� WKLV� FRQYHUJHQFH� DQG� ZRXOG� DWWHPSW� WR� ULVH� EDFN� XS� RXW� RI� WKLV
YRUWH[��RQO\�WR�EH�IRUFHG�GRZQ�DJDLQ�LQWR�LW�E\�WKH�/RUHQW]�IRUFH�RI�WKH�PDJQHWLF
IOX[� OLQHV��$QG�VR� WKHVH�VSLQQLQJ�SDUWLFOHV�ZLOO�FXUO� LQ�DQG�RXW�RI� WKLV�KROH�DUHD
DJDLQ�DQG�DJDLQ�LQ�D�FRQWLQXRXVO\�UHSHDWLQJ�F\FOH��2EYLRXVO\��WKH�HQHUJ\�VWDWHV�RI
WKH�VSLQQLQJ�SDUWLFOHV�WKDW�GR�SDVV�GHHSHU�LQWR�WKLV�KROH�ZRXOG�WKHQ�ULVH�WR�KLJKHU
DQG�KLJKHU�OHYHOV�RI�H[FLWDWLRQ�WKURXJK�WKLV�FRQWLQXDO�DPSOLILFDWLRQ�DQG�JHQHUDWH
PRUH�HOHFWURPDJQHWLF�/RUHQW]�IRUFH�LQWR�WKH�VXUURXQGLQJ�ILHOG� OLQHV��DQG�DV�WKLV
SURFHVV� ZRXOG� IRUHYHU� UHSHDW� WKHQ� WKHVH� VSLQQLQJ� SDUWLFOHV� ZRXOG� IRUHYHU� EH
DFFHOHUDWHG�WKURXJK�D�VPDOOHU�DQG�VPDOOHU�UDGLXV��DQG�KDYH�WKHLU�WUDMHFWRULHV�WXUQ
PRUH� DQG� PRUH� D]LPXWKDO� �RU� SHUSHQGLFXODU� WR� WKH� ORQJLWXGLQDO� D[LV� RI� WKDW
YRUWH[�� DQG� EHFRPH�PRUH� FRPSDFWHG� WRJHWKHU�� 6R� HVVHQWLDOO\�� WKLV� DUHD� RI� WKH
8)2� ZLOO� WKHQ� SRVVHVV� WKH� KLJKHVW� GHJUHH� RI� PDVV�HQHUJ\�GHQVLW\� DQG
HOHFWURPHFKDQLFDO� IRUFH� WKURXJKRXW� WKH� ZKROH� RI� WKH� FUDIW�� $QG� LW� ZRXOG� EH
LQWHUHVWLQJ� WR� VSHFXODWH� ZKHWKHU� RU� QRW� WKRVH� PDVV�HQHUJ\� SDUWLFOHV� ZRXOG
HYHQWXDOO\�EHFRPH�ORFNHG�LQWR�D�FORVHG�ORRS�RI�URWDWLRQ�DW�WKH�EDVH�RI�WKLV�YRUWH[
>QRWH����@��,QWHUHVWLQJO\��DW�WKH�KROH�DQG�MXVW�DERYH�WKH�EDVH�GLVF��WKH�YHORFLW\�RI
WKRVH� VSLQQLQJ� SDUWLFOHV� ZRXOG� FRQWLQXDOO\� LQFUHDVH� WKURXJK� UHODWLYLVWLF� �DQG
SHUKDSV�HYHQ�WKURXJK�VXSHUOXPLQDO�VSHHGV���\HW��LI�WKH\�SDVVHG�WKURXJK�WKH�KROH
WKHQ�WKH�PDJQHWLF�ILHOG�FRQILJXUDWLRQ�RQ�WKH�RWKHU�VLGH�RI�LW�ZRXOG�EH�VXFK�WKDW
WKRVH�VSLQQLQJ�PDVV�SDUWLFOHV�ZRXOG�WKHQ�EH�IRUFHG�WR�VXGGHQO\�H[SDQG�RXWZDUGV
EHQHDWK�WKH�FUDIW�>QRWH����@�
7KLV�DUUDQJHPHQW�LQ�WKH�DD8)2�LV�REYLRXVO\�YHU\�PXFK�OLNH�D�EODFN�KROH��EXW�LWV
QRW��DQG� LQ�RUGHU� WR�GLVVRFLDWH� WKLV� IRUP�RI�VSLQQLQJ�GULYH� IURP�EHLQJ�DQ�H[DFW
GXSOLFDWLRQ�RI�DQ�DVWURSK\VLFDO�EODFN�KROH�� ,� VKDOO�FRLQ� IRU� WKLV�TXDVL�EODFN�KROH
WKH�WHUP�EODFN�YRUWH[�DQG�JLYH�PRUH�GHWDLOV�DERXW�LW�WKURXJK�FKDSWHUV������DQG���
%XW�ZLWK�FRQVLGHUDWLRQ�WR� WKLV�QHZ�IDFWRU�� WKDW� WKH�DD8)2
V�GULYH�V\VWHP�KDV�D
EODFN�YRUWH[�DW�LWV�FHQWHU��WKH�ZKROH�PHOHH�RI�SDUWLFOH�JHQHUDWLRQV�DQG�HPLVVLRQV
WKDW�KDYH�EHHQ�SRXULQJ� LQWR� WKLV� FHQWUDO� DUHD�� IURP�DOO�RI� WKH� DERYH�PHQWLRQHG
LRQL]LQJ� PHFKDQLVPV� FDQ� WKHQ� EH� SHUIHFWO\� RUFKHVWUDWHG� LQWR� D� FRRUGLQDWHG
VSLQQLQJ�SRZHU�GULYH�V\VWHP�� &RQVHTXHQWO\�� LPPHGLDWHO\� DURXQG� WKLV� EODFN
YRUWH[� ZRXOG� EH� HVWDEOLVKHG� URWDWLQJ� IRUFHV� WKDW� ZRXOG� EHFRPH� WKH� DD8)2
V
PRVW� SRZHUIXO� LRQL]LQJ� PHFKDQLVP� RI� DOO�� DQG� WKLV� XQLILHG� SRZHU� ZRXOG� IHHG
EDFN� DORQJ� WKH� PDJQHWLF� ILHOG� OLQHV�� WR� WULJJHU� WKH� XSSHU� VSKHUH
V� FHUDPLF�
HPLVVLRQ� PHFKDQLVPV�� DQG� EDFN� LQWR� WKH� EUHDN�DQG�PDNH� UHFRQQHFWLQJ� DUHDV
DERYH� WKH� WRURLG� WR� ZKHUH� WKRVH� IRXU� HSLFHQWHUV� ZRXOG� EH� SURGXFLQJ� WKHLU
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LRQL]LQJ�VKRFN�ZDYHV��DV�ZLOO�EH�IXUWKHU�H[SODLQHG�LQ�VHFWLRQ�������DQG�VR�SRVVLEO\
WKHUH� ZRXOG� WKHQ� RFFXU� DQ� RVFLOODWLQJ� UHVRQDQFH� SKHQRPHQRQ� EHWZHHQ� DOO� WKH
GLIIHUHQW�LRQL]LQJ�PHFKDQLVPV��7KLV�ZRXOG�GHSHQG�RQ�ZDYHJXLGH�SDUDPHWHUV�DQG
GLPHQVLRQV�RI�WKH�VXUURXQGLQJ�YROXPHV�EXW�LI�HQRXJK�FRRUGLQDWLRQ�FRXOG�LQWHU�
FRQQHFW� WKRVH� PHFKDQLVPV� WKHQ� WKHUH� PLJKW� RFFXU� D� 
VSRQWDQHRXV� LRQL]DWLRQ

LQVWDELOLW\� ZKHUHE\� VXFK� HPLVVLRQV� EHFRPH� VHOI�VXVWDLQLQJ� DQG� FRQWLQXDOO\
UHSHDWLQJ�� ,I� VR� WKHQ� WKH�EODFN�YRUWH[�PD\�ZHOO� FRPPDQG� D� VXSSO\�RI� HQHUJLHV
WKDW�DUH�LQH[KDXVWLEOH�
�����9DFXRXV�)RUFH���/LJKW�&RQYHUWV�WR�*UDYLW\
7KH� UHDVRQ�ZK\� LW�ZRXOG� EH� LQWHUHVWLQJ� WR� FRQMHFWXUH� WKDW� DW� WKH� KHDUW� RI� WKLV
8)2� WKHUH� LV� D�EODFN�YRUWH[�ZKLFK�ZRUNV� OLNH� D�EODFN�KROH�� LV� EHFDXVH� WKHQ� DV
DFFRUGLQJ�WR�WKH�HQHUJ\�G\QDPLFV�RI�D�EODFN�KROH��DQ\�SDUWLFOH�HQWHULQJ�LQWR�LW�DV�D
KLJK�HQHUJ\�SKRWRQ�PDVV�ZLOO�EH�GLVVRFLDWHG�LQWR�DQ�HQHUJ\�G\QDPLF�WKDW�LPEXHV
D�SURSRUWLRQDO� DPRXQW�RI� JUDYLWDWLRQDO� DQG� DQJXODU�PRPHQWXP� IRUFHV� LQWR� DQ\
DGMRLQLQJ�ILHOGV�RI�URWDWLRQDO�HQHUJ\�QHDUE\�LW��:KLFK�LQ�WKH�FDVH�RI�WKLV�DD8)2�
ZLOO�EH�LPEXHG�LQWR�LWV�SODVPD�J\UDWLQJ�DURXQG�WKH�SODQDU�ZDYH�JXLGH��VHH�DERYH
ILJXUH� ����� DQG� LQWR� WKH� SRODUL]HG� IOXLG� URWDWLQJ� DURXQG� WKH� LQVLGH� RI� LWV� WRURLG
VKHOO��DQG�DOVR�LQWR�WKH�FU\VWDO�JODVV�IDEULFDWLRQV�RI�WKH�ODUJH�ORZHU�VSKHUHV�DV�WKH\
UHYROYH� DERXW� WKHLU� RZQ� D[LV� DQG� RUELW� VR� FORVHO\� DURXQG� WKLV� PLQLDWXUH� EODFN
KROH��
,W�ZRXOG�KDYH�WR�EH�VHHQ�H[DFWO\�KRZ�DOO�WKH�IHDWXUHV�RI�DQ�DVWURSK\VLFDO�EODFN�KROH
GR� WUDQVIHU� LQWR� D� PLQLDWXUH� RQH�� EXW� DFFRUGLQJ� WR� WKH� WKHRULHV� RI� 6WHSKHQ
+DZNLQJ��5RJHU�3HQURVH�� DQG�5HYD�:LOOLDPV�RQ�%ODFN� KROHV� WKHUH� LV� VXIILFLHQW
HYLGHQFH�WR�EHOLHYH�WKDW�WKH�HVVHQWLDOV�WKDW�WKLV�FUDIW�QHHGV�GR�WUDQVIHU�>QRWH����@�
6R� WKHQ� LW� FDQ� EH� DVVXPHG� WKDW� WKLV� DD8)2
V� EODFN� YRUWH[� ZLOO� KDYH� DQ� HYHQW
KRUL]RQ��D�PDUJLQDOO\�ERXQG�KRUL]RQ��DQG�D�SRLQW�RI�QRQ�FRPPXQLFDWLRQ�ZKHUH
LQWDNH�ZLOO� EH� 
ORVW
� WR� LQILQLW\�� DQG�7+(1��PRVW� LPSRUWDQWO\� RI� DOO�� WKDW� LW�ZLOO
KDYH� D� PHFKDQLVP� WKDW� FRQYHUWV� HOHFWULFDO� HQHUJ\� DQG� PDVV� LQWR� JUDYLWDWLRQDO
IRUFH�DQG�DQJXODU�PRPHQWXP�
%HFDXVH�RI�WKLV�GLVFRYHU\�LW�ZRXOG�WKHQ�VHHP�WKDW�WKHUH�ZRXOG�EH�D�UK\PH�DQG�
UHDVRQ�WR�WKH�DD8)2
V�FHQWUDO�VWUXFWXUH�DQG�LWV�RXWOLQLQJ�VWUXFWXUHV��%HFDXVH�WKHQ
LW� FRXOG� EH� H[SHFWHG� WKDW� VXUURXQGLQJ� WKLV� FHQWUDO� EODFN� YRUWH[� HQJLQH� WKHUH
ZRXOG�EH�IRXQG�WKH�PHFKDQLVPV�RI�D�J\UDWLQJ�DFFUHWLRQ�GLVN��DQG�DV�PHQWLRQHG
DERYH� WKHVH� DUH� LQGHHG� TXLWH� QRWLFHDEOH� LQ� WKH� DD8)2� >QRWH�� ��@�� $QG� VR
FRQVHTXHQWO\�LW�LV�EHFRPLQJ�PRUH�DQG�PRUH�REYLRXV�ZK\�WKHUH�VKRXOG�EH�VXFK�D
ODUJH�DPRXQW�RI�SRVLWLYH�LRQ��HOHFWURQ�DQG�SKRWRQ�SURGXFLQJ�PHFKDQLVPV�EHLQJ
HPSOR\HG�LQ�WKLV�FUDIW��WR�GLUHFW�VXEDWRPLF�SDUWLFOHV�WRZDUG�WKH�WRS�VSKHUHV��HYHQ
PRUH�VR�WKDQ�WKHUH�DUH�PHFKDQLVPV�WR�H[WUDFW�VXFK�SDUWLFOHV�IURP�WKHP���DV�ZLOO�EH
SRLQWHG�RXW�WKURXJKRXW�FKDSWHUV���DQG����
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7KLV�ZRXOG�DOVR�H[SODLQ�ZK\�WKH�WRS�VSKHUHV�DUH�EHLQJ�XVHG�DW�WKH�PHHWLQJ�SRLQW
ZKHUH�VR�PXFK�HQHUJ\�LV�IRUFHG�WR�URWDWH�DURXQG�WKH�PRXWK�RI�WKH�FUDIW
V�YRUWH[�
ZKLFK� LQ�EODFN�KROH�SK\VLFV� LV�FDOOHG� WKH�SKRWRQ�RUELW�� VLWXDWHG� MXVW�RXWVLGH� WKH
EODFN�KROH
V�HYHQW�KRUL]RQ��7KLV�ZRXOG�DOVR�PDNH�VHQVH�IURP�WKH�SRLQW�RI�YLHZ�RI
GLUHFWLQJ�WKH�JUHDWHVW�SURIXVLRQ�RI�WKH�FUDIW
V�SXOVLQJ�PDJQHWLF�IOX[�OLQHV�LQWR�WKH
VDPH� DUHD� DV� WKH� URWDWLQJ� SKRWRQ� RUELW�� EHFDXVH� LW� ZRXOG� PHDQ� WKDW� WKRVH
VXEDWRPLF�SDUWLFOHV�ZLOO�EH�JLYHQ�D�KXJH�DPRXQW�RI�NLQHWLF�HQHUJ\�DQG�EH�IRUFHG
LQWR�D�URWDWLRQDO�IUHQ]\���MXVW�RXWVLGH�WKH�EODFN�YRUWH[
V�HYHQW�KRUL]RQ�
,Q�RWKHU�ZRUGV�� LQ� WKH�PLGGOH�RI� WKLV�8)2�LW� ORRNV�DV� LI� WKH�(7V�KDYH�IRXQG�D
ZD\�WR�GHYHORS�/RUHQW]�PDJQHWLF� IRUFHV�VR�DV� WR�JHQHUDWH�D�URWDWLQJ�YRUWH[�LQWR
ZKLFK�OLJKW�DQG�PDVV�HQHUJLHV�DUH�FRQWLQXDOO\�SXPSHG�LQ�RUGHU�IRU�WKDW�YRUWH[�WR
FRQWLQXDOO\�SXPS�EDFN�RXW�JUDYLWDWLRQDO�DQG�URWDWLRQDO�IRUFHV���ZKLFK�LQ�WKH�FDVH�RI�D
8)2�DUH�LQILQLWHO\�PRUH�XVHIXO�IRUPV�RI�HQHUJ\�WKDW�FDQ�EH�XVHG�LQ�LWV�SURSXOVLRQ
PHFKDQLVPV�>QRWH����@�
�����&OXHV�)RUWKFRPLQJ�LQ�WKH�8)2
V�4XDVL�%ODFN�+ROH�'ULYH
)RU� WKH� UHDGHUV� RI� WKH� ERRN� VHULHV� SXEOLVKHG� DERXW� %HWW\� �$QGUHDVVRQ�� /XFD
V
H[SHULHQFHV� LQ� WKH� VWUDQJHQHVV� RI� WKH� DOLHQ
V� ZRUOG� WKLV� EODFN� YRUWH[� ZLOO� EH
UHFRJQL]HG�DV� WKH� FRQH� ILHOG� WKDW�%HWW\�/XFD�VDZ�DQG�GHVFULEHG�DV� VSLQQLQJ� OLNH�D
ZKLUOLQJ� WRUQDGR� LQVLGH� WKH� FUDIW� VKH� ZDV� WDNHQ� LQWR� DQG� VKRZQ� E\� WKH
H[WUDWHUUHVWULDO�*UH\V��VHH�ILJXUH������$QG�LI�WKH�VDPH�UHDGHUV�KDYH�EHHQ�LQWULJXHG
E\�WKH�VWUDQJH�WHFKQLFDO�WHUPV�XVHG�E\�RQH�RU�WZR�RI�WKH�*UH\V��ZKLFK�KDYH�EHHQ
UHOD\HG� WR�XV� WKURXJK�ERWK�%RE�DQG�%HWW\�/XFD
V�K\SQRWLF� UHJUHVVLRQV�� VXFK�DV
WKH�(7
V�PHQWLRQ�RI�WKHP�SXUJLQJ�DQG�OLQLQJ�WKH�F\FORQHWLF�WURZHO�LQ�RQH�RI�WKHLU�8)2V
�IURP�:DWFKHUV�SS�����WKHQ�WKH\�VKRXOG�EH�SOHDVHG�WR�NQRZ�WKDW�WKURXJKRXW�WKH
IROORZLQJ� FKDSWHUV� RI� WKLV� ERRN� WKRVH� SKUDVHV�ZLOO� EH�PDWFKHG� WR� VFLHQWLILFDOO\
UHFRJQL]HG�G\QDPLFV�DQG�H[SODLQHG�LQ�IXOO�
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)LJXUH�����,Q�WKH�PLGGOH�RI�WKH�VSKHUH�VHWV�LV�HPSRZHUHG�D�ZKLUOLQJ�YRUWH[��IURP
$QGUHDVVRQ�$IIDLU�ILJ���
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&HUWDLQO\�� VRPH� RI� WKRVH� SKUDVHV� KHDUG� E\� %HWW\� DQG� UHFDOOHG� WKURXJK� KHU
K\SQRWLF�UHJUHVVLRQV�KDYH�SURYLGHG�LQYDOXDEOH�FOXHV�WR�WKH�HOHFWURG\QDPLFV�RI�WKH
FUDIWV�WKDW�VKH�KDG�EHHQ�LQWURGXFHG�WR��+RZHYHU��DSDUW�IURP�WKRVH�KDOI�GR]HQ�RU
VR�SKUDVHV�DQG�WKH�WKUHH�RU�IRXU�VNHWFKHV�ZKLFK�RQO\�DIIRUG�D�IOHHWLQJ�JODQFH�DW
WKH�FHQWUDO�PHFKDQLVPV�WR�WKRVH�FUDIW��WKH�DYLG�UHVHDUFKHU�LQWR�8)2�SK\VLFV�KDV
KDG� OLWWOH�HOVH�SUHVHQWHG� WR� WKHP�WR�SHDN� WKHLU� LQJHQXLW\� LQ�RUGHU� WKDW� WKH\�PD\
IRUPXODWH�LQ�WKHLU�PLQG
V�H\H�D�ZRUNLQJ�EOXHSULQW�RI�D�8)2��6R�LW�LV�DOO�WKH�PRUH
UHZDUGLQJ�WR�UHFRJQL]H�WKRVH�VFDQW�GHWDLOV�DERXW�WKLV�8)2
V�VWUXFWXUH�ZLWKLQ�WKH
YDVWQHVV�RI�WKH�SK\VLFV�GHWDLOLQJ�WKH�EODFN�KROH�SRZHU�V\VWHPV�WKDW�FDQ�EH�UHDGLO\
VHHQ�WR�H[LVW�LQ�VSDFH��$QG�WR�UHLWHUDWH�WKH�SRLQW�PDGH�DW�WKH�KHDG�RI�WKLV�FKDSWHU�
QRZ� WKDW� WKH� FRPSDULVRQ�KDV� EHHQ�PDGH� LW� EHFRPHV� DOO� WKH�PRUH�REYLRXV� WKDW
WKHUH� VKRXOG� EH� VXFK� D� OLQN� EHWZHHQ� H[WUDWHUUHVWULDO� FUDIW� GHVLJQ� DQG� SRZHU
V\VWHPV� WKDW� SHUYDGH� VSDFH�� $QG� ZKLOH� ,� KDYH� DOUHDG\� PHQWLRQHG� TXLWH� DQ
LPSUHVVLYH�DUUD\�RI�SRZHU�VXSSO\LQJ�PHFKDQLVPV��ZKLFK�LQ�WKH�DD8)2�UHVHPEOH
VR�FORVHO\�WKH�PHFKDQLVPV�RI�WKH�DVWURSK\VLFDO�EODFN�KROH�RU�SXOVDU�RXW�LQ�VSDFH�
ZKHUH�HQHUJLHV�DUH�GUDZQ�RXW�RI�WKH�=3)�ILHOGV�RI�VSDFH��WKURXJK�WKH�LQWHUDFWLRQV
RI� MXVW� JUDYLWDWLRQDO� PRPHQWXP� DQG� PDJQHWLF� ILHOGV��� WKHUH� DUH� PDQ\� PRUH
FRPSDULVRQV�WR�PDNH�ZKLFK�FDQ�EH�XVHG�WR�DIIRUG�D�PXFK�JUHDWHU�XQGHUVWDQGLQJ
RI�WKH�DD8)2�DQG�RWKHU�NQRZQ�8)2�HQJLQHV�
)RU�LQVWDQFH��LQ�YLHZLQJ�WKH�DD8)2
V�GULYH�V\VWHP�LW�LV�SDUWLFXODUO\�LQWHUHVWLQJ�WR
VHH�KRZ�WKLV�FUDIW�KDV��LQ�DGGLWLRQ�WR�DOO�WKH�LRQL]LQJ�PHFKDQLVPV��DV�DOOXGHG�WR�LQ
VHFWLRQ� ���� DERYH��� YHU\� QHDWO\� FRPELQHG� WRJHWKHU� VHYHUDO� RI� WKRVH� FKDUJHG�
SDUWLFOH�SURGXFWLRQ�PHFKDQLVPV�LQWR�WDJJHG�WRJHWKHU�RQHV�
2QH� VXFK�PXOWLSOLFLW\� LV� FRPSULVHG� RI� FXUYDWXUH� UDGLDWLRQ� �ZKHUH� SKRWRQV� DUH
HPLWWHG�ZKHUH�FKDUJHG�SDUWLFOHV�DUH�PDGH� WR� URWDWH� WKURXJK� WLJKW� FXUYDWXUHV��DW
ZKHUH� WKH� EODFN� YRUWH[
V� SKRWRQ� RUELW� ULQJ� URWDWHV�� DQG� WDJJHG�ZLWK� WKLV� LV� WKH
>%ODQGIRUG�=QDMHN@�LRQL]LQJ�FRPLQJ�IURP�WKH�VSDUN�JDS�VHSDUDWLRQ�EHWZHHQ�WZR
FRXQWHU�URWDWLQJ� HQHUJ\� ILHOGV� ZKLFK� VKHDU� DJDLQVW� HDFK� RWKHU� �ZKLFK� LQ� WKH
DD8)2�ZRXOG�RFFXU�EHWZHHQ�WKH�&&:�EODFN�YRUWH[�IORZ�DQG�WKH�WRURLG
V�GLIIXVH
OD\HU�RI�SRVLWLYH� LRQV�IORZLQJ�&:�WRZDUG� WKH�FHQWHU�� >QRWH����@��7KHQ�PHHWLQJ
WRJHWKHU�ZLWK� WKHVH�DW� WKH�H[DFW� VDPH� ORFDWLRQ� LV�D� WKLUG�PHFKDQLVP�RI� DQRWKHU
LRQL]LQJ�VSDUN�JDS�RFFXUULQJ�EHWZHHQ�WKH�LQQHU�XSSHU�HGJH�RI�WKH�WRURLG�VKHOO�DQG
WKH�IRXU�FR�URWDWLQJ�WRS�VSKHUHV��DQG�ZKLFK�PLJKW�EH�FRPSDUHG�WR�D�FDWKRGH�WR�
DQRGH� W\SH� RI� DUUDQJHPHQW� RI� FKDUJH� WUDQVIHU��� 7KHQ� WKHVH� WKUHH� WDJ� LQWR� WKH
IRFXV�RUEV�RI� DFRXVWLF�ZDYHV�GLUHFWHG� WRZDUG� WKH� WRS� VSKHUHV� �DV� DOOXGHG� WR� LQ
VHFWLRQ� ����� DERYH��� EXW� LQ� VXFK� DQ� HQHUJHWLF� DQG� IUHQ]LHG� ZD\�� IURP� DOO� WKH
SXOVLQJ�PDJQHWLF� IOX[� OLQHV�H[FLWLQJ� WKHLU�/RUHQW]�IRUFHV�� WKDW� WKHUH� WKHQ�RFFXUV
DEXQGDQW� FROOLVLRQV� EHWZHHQ� DOO� WKHVH� LQERXQG� SDUWLFOHV� DJDLQVW� WKH� J\UDWLQJ
SDUWLFOHV� URWDWLQJ� WKURXJK� WKH� SKRWRQ� RUELW�� %XW� WKLV� PHOHH� RI� PXOWLSOLFLW\
FRQWLQXHV� HYHQ� IXUWKHU�� WKHVH� ILYH� PHFKDQLVPV� DUH� WKHQ� MRLQHG� E\� WKH� =3)
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HQHUJLHV� EHLQJ� URXWHG� WRZDUG� WKH� FUDIW
V� EODFN� YRUWH[� IURP� RXWVLGH� WKH� FUDIW
WKURXJK� WKH� ORZHU� VSKHUHV�� WKURXJK� WKH� VWHP� FRLOV�� DQG� WKHQ� WKURXJK� WKH� WRS
VSKHUHV��ZKLFK�ZLOO�ILUH�XS�WKH�VXE�DWRPLF�HPLVVLRQV�IURP�WKH�FHUDPLF�PDWHULDOV
HPEHGGHG�LQ�WKH�WRS�VSKHUH
V�JODVV��6R�GRHV�DQ\RQH�ZRQGHU�ZK\�,�KDYHQ
W�DV�\HW
WULHG�WR�ZRUN�RXW�WKH�PDWKHPDWLFV�RI�DOO�WKLV�PXOWL�IXQFWLRQLQJ��
2QH� RI� WKH� ILQDO� FOXHV� LQ� GHWHUPLQLQJ� WKH� IXQGDPHQWDO� FKDLQ� RI� SURFHVVHV
RFFXUULQJ� LQ� WKLV� HQJLQH� FDPH� IURP� WKH� IDFW� WKDW� ZKLOH� WKH� WRS� VSKHUHV� DUH
RUELWLQJ� DERXW� WKH� FUDIW
V� ORQJLWXGLQDO� D[LV� DV� SDUW� RI� WKH� VSKHUH�VHW� DVVHPEO\�
HDFK�WRS�VSKHUH�LV�LQGLYLGXDOO\�UHYROYLQJ�DERXW�LWV�RZQ�VWHP�D[LV��7KLV�ZDV�FOHDUO\
REVHUYHG� E\� %HWW\� /XFD� ZKHQ� VKH� ZDV� VKRZQ� WKH� LQWHUQDO� ZRUNLQJV� RI� WKLV
DD8)2�DQG�WKH�HQHUJ\�HPLVVLRQV�DURXQG�WKHVH�WRS�VSKHUHV�>QRWH����@�
$QG� WKLV� UHYROYLQJ� RI� WKH� WRS� VSKHUHV� ZLOO� HTXDWH� WR� D� ZKROO\� QHFHVVDU\
PHFKDQLVP�� EHFDXVH� DV� WKH� DERYH�PHQWLRQHG�PXOWL�WDJJLQJ� DOO� FRQYHUJHV� XSRQ
WKRVH� WRS� VSKHUHV�� LQ� RUGHU� WR� SUHYHQW� ORFDOL]HG� KRW�VSRWV� GHYHORSLQJ� RQ� WKHLU
VXUIDFHV�IDFLQJ�WRZDUG�WKH�EODFN�YRUWH[
V�URWDWLRQ�WKH\�PXVW�EH�PDGH�WR�UHYROYH
�VHH�DERYH�ILJXUH������2WKHUZLVH��FRQVHTXHQW�WR�WKH�TXDVL�EODFN�KROH
V�SRZHUIXO
PDVV�GHQVLW\� JUDGLHQW� WKHUH�ZLOO� RFFXU� D� 
WLGDO
� HIIHFW� DURXQG� WKH� WRS� VSKHUHV� LQ
UHODWLRQ� WR� WKDW�EODFN�KROH
V�JUDYLWDWLRQDO�SXOO��$QG� WR�H[SODLQ��D� WLGDO�HIIHFW� LV�D
SDUW� RI� WKH�+DZNLQJ� WKHRU\� DERXW� EODFN� KROHV� ZKLFK� EDVLFDOO\� REVHUYHV� WKDW� D
WHQVLOH� GLIIHUHQWLDO� ZLOO� H[LVW� EHWZHHQ� WKH� FHQWHU�IDFLQJ� VLGH� RI� D� PDVV� DQG� LWV
RXWZDUG� IDFLQJ� VLGH� �IURP� WKH� JUDYLWDWLRQDO� SXOO� EHLQJ� VR� PDUNHGO\� GLIIHUHQW
EHWZHHQ� WKH� WZR� IDFHV���$QG� VR�ZLWK� UHJDUG� WR� WKHVH� IRXU� WRS� VSKHUHV�EHFDXVH
WKH\�DUH�VLWXDWHG�VR�FORVH�WR�WKH�URWDWLQJ�IRUFHV�MXVW�RXWVLGH�HYHQW�KRUL]RQ�RI�WKLV
EODFN�YRUWH[�WKHUH�ZRXOG�UHVXOW�� LI�WKH\�GLGQ
W�UHYROYH��DQ�HQHUJ\�IORZ�VWUHDPLQJ
RII�HDFK�RI�WKHP�DW�MXVW�RQH�VPDOO�DUHD�RI�WKHLU�RXWHU�VXUIDFH��7KDW�EHLQJ�WKH�FDVH
WKHUH�ZRXOG�VRRQ�GHYHORS�D�KRW�VSRW�IURP�WKH�H[FLWHG�SDUWLFOHV�EHLQJ�VXFNHG�LQWR
WKH�KROH�DQG�WKH�ZKROH�V\VWHP�ZRXOG�EHFRPH�XQVWDEOH�
,QGHHG�� LQ� SULQFLSOH�� WKH� FRQILJXUDWLRQ� RI� WKHVH� IRXU� UHYROYLQJ� WRS� VSKHUHV� DOO
RUELWLQJ�DURXQG�WKH�PLQLDWXUH�EODFN�KROH�LQ�WKH�FHQWHU�RI�WKLV�8)2�DQG�VKHGGLQJ
KXJH�DPRXQWV�RI�SKRWRQ�HQHUJ\�LQWR�D�VSLUDOLQJ�HYHQW�KRUL]RQ���ZLWK�WKH� LPDJH
RI� FUHDWLQJ� D� EOXH� JORZ� RI� XOWUDYLROHW� DQG� &KHUHQNRY� UDGLDWLRQ� DERYH� LW� �� LV
SUHFLVHO\�WKH�VDPH�DV�WKH�LPDJH�RI�WKH�
FDQQLEDO
�WKHRU\�RI�JDOD[LHV�LQ�WKH�2VWULNHU�
7UHPDLQH� K\SRWKHVLV� �ZKLFK� ,� DOOXGHG� WR� LQ� VHFWLRQ� ����� ZKHUH� D� FHQWUDO� EODFN
KROH� FRQVXPHV� IURP� WKH� LRQL]HG� HQHUJLHV� RI� LWV� VXUURXQGLQJ� VWDUV� E\� WKLV� WLGDO
HIIHFW�>QRWH����@�
%XW� WKLV� VXJJHVWV� WR�PH� DQ� LPSRUWDQW� SRLQW� WR� HPSKDVL]H� DERXW� URWDWLQJ� EODFN
KROHV� VXUURXQGHG�E\� DQ� HUJRVSKHUH� DQG� DQ� DFFUHWLRQ� GLVN��ZLWK� UHJDUG� WR�ZKDW
FDQ�DQG�ZKDW�FDQ
W�EH�VXFNHG�LQWR� WKHP�>QRWH����@��%HFDXVH��HVVHQWLDOO\� WKHUH� LV
QR�YDFXRXV�IRUFH�GLUHFWO\�DERYH�WKH�PRXWK�RI�VXFK�D�EODFN�KROH��WKHUH�LV�D�YRLG�GLUHFWO\
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DERYH�WKH�PRXWK�ZKLFK�LV�QRW�DIIHFWHG�E\�WKH�EODFN�KROH
V�JUDYLWDWLRQDO�RU�URWDWLRQDO�IRUFHV��7KH
PDLQ�IRUFH�DQG�IORZ�WRZDUG�D�EODFN�KROH�LV�ODWHUDO�DQG�RQO\�RSHUDWHV�RQ�WKH�EDVLV
RI�KRUL]RQWDO�IUDPH�GUDJJLQJ�DV�RFFXUULQJ�FR�SODQDU�WR�WKH�EODFN�KROH
V�HTXDWRULDO
SODQH�� :KDW� WKHUH� LV� DERYH� D� EODFN� KROH� LV� D� EXON�HIIHFW� EXW� LW� ZRQ
W� EH� DV
SRZHUIXO�DV�WKH�ODWHUDO�JUDYLWDWLRQDO�IRUFH��6LPLODUO\��LQ�WKH�DD8)2
V�EODFN�YRUWH[
WKH�SUHGRPLQDQW�IRUFHV�ZLOO�EH�D]LPXWKDO�IRUFHV�QRW�D�GLUHFW�ORQJLWXGLQDO�IRUFH�
7KLV�LV�ZK\�DQ�DFFUHWLRQ�GLVN�DFFRPSDQLHV�DQ�DVWURSK\VLFDO�EODFN�KROH�� LW� IRUPV
WKH�PDLQ�G\QDPLFV�RI�HQWU\�LQWR�WKH�EODFN�KROH��)RU�LQVWDQFH�LI�WKH�UHDGHU�ORRNV�DW
WKH�LPDJHV�RI�PLFURTXDVDU�66�����ZKLFK�LV�D�ELQDU\�V\VWHP�LQ�WKH�$TXLOD�UHJLRQ�
ZKHUH� WKH� 66� ���� VWDU� LV� VORZO\� GLVLQWHJUDWLQJ� LQWR� WKH� EODFN� KROH� �FDOOHG�:���
ZKLFK�DFFRPSDQLHV� LW�� WKHQ�WKH�UHDGHU�ZLOO� VHH�ZKDW� ,�PHDQ��)RU�VXEVHTXHQW� WR
WKH� VWDU
V�PDVV� EHLQJ� FKXUQHG� XS� E\� WKH� LQWHUYHQLQJ� DFFUHWLRQ� GLVN�� ZKHQ� WKDW
VWUHDP�RI�PDVV�SDUWLFOHV�DQG�JDVHV�DUH�GUDZQ�WRZDUG�WKH�EODFN�KROH�LW�ZLOO�EH�WKH
LQWHUDFWLRQ� EHWZHHQ� WKH� GLVN
V� URWDWLRQDO� IRUFHV� WKH� KROH
V� JUDYLWDWLRQ� �DQG� WKH
VWHOODU�PDJQHWLF�ILHOG���ZKLFK�WKHQ�WXUQV�WKH�H[FHVV�HQHUJLHV�RI�WKDW�VWUHDP�LQWR�D
ELSRODU�MHW�ZKLFK�ZLOO�H[SHO�WKRVH�H[FHVV�HQHUJLHV�LQWR�VSDFH�
7KLV� ODWHUDO� IHHGLQJ� LV� RQH� RI� WKH� UHDVRQV� ZK\� WKH� VWDU� RI� 66� ���� FDQQRW� EH
FRQVXPHG�ZKROH�LQ�RQH�KXJH�ELWH�E\�LWV�QHLJKERULQJ�EODFN�KROH��7KLV�LV�HVSHFLDOO\
UHOHYDQW� WR� WKH� DERYH� PHQWLRQHG� DFW� RI� FDQQLEDOLVP�� EHFDXVH� WKH� EODFN� KROH
VHHPV�WR�KDYH�D�YHU\�GHOLFDWH�VWRPDFK�DQG�FDQQRW�GHYRXU�KXJH�FKXQNV�RI�PDWWHU�
WKXV�DOO�LWV�LQWDNH�KDV�WR�EH�EURNHQ�GRZQ�DQG�DWRPL]HG�LQWR�VXEDWRPLF�SDUWLFOHV
DQG� SKRWRQV� ILUVW�� WKURXJK�� DV� LQ� WKH� FDVH� RI� WKH� DVWURSK\VLFDO� EODFN� KROH�� WKH
DFWLRQ� RI� WKH� DFFUHWLRQ� GLVN� DQG� WKH� HUJRVSKHUH�� $QG� KHUH� LV� WKH� H[FKDQJH� RI
G\QDPLFV� WKDW� NHHSV� WKH� EODFN� KROH� VXVWDLQHG�� EHIRUH� LW� FDQ� GLJHVW� DQ\WKLQJ�� DOO
PDWWHU�KDV� WR�EH�EURNHQ�GRZQ� LQWR�GLJHVWLEOH�PDVVHV�ZLWK� HOHFWURPDJQHWLF� DQG
JUDYLWDWLRQDO� HOHPHQWV�� DQG� LW� ZLOO� EH� ZKDW� WKHVH� HOHPHQWV� DQG� WKHLU� URWDWLRQDO
IRUFHV�LQGXFH�LQWR�WKH�EODFN�KROH
V�IRUFHV��DV�WKH\�WKHQ�VSLQ�GRZQ�DQG�FRQWULEXWH
WR�WKH�KROH��WKDW�ZLOO�PDLQWDLQ�WKH�KROH
V�PDJQHWLF�DQG�JUDYLWDWLRQDO�IRUFHV�DQG�LWV
DQJXODU�PRPHQWXP��ZKLFK� LQ� UHWXUQ�NHHSV� WKDW�EODFN�KROH� UXQQLQJ��7KH�ZKROH
SURFHVV�LV�D�ZKROO\�QHFHVVDU\�UHFLSURFDO�DUUDQJHPHQW�
2I�FRXUVH�WKH�DD8)2�HQJLQH�GRHVQ
W�H[SHQG�QHDUO\�VR�PXFK�HQHUJ\�LQ�EUHDNLQJ
GRZQ� PDWWHU� LQWR� SKRWRQV� DV� GRHV� WKH� DVWURSK\VLFDO� EODFN� KROH�� LW� PRVWO\
HOLPLQDWHV�WKDW�VWDJH�RI�WKH�SURFHVV�E\�LWV�GHVLJQHUV�JLYLQJ� LW�DPSOH�PHFKDQLVPV
WKDW�GLUHFWO\�SURGXFH�WKH�KLJKO\�HQHUJHWLF�SKRWRQV�WKDW�LW�QHHGV�
&HUWDLQO\�WKLV�DLUFUDIW�HQJLQH�VHHPV�WR�KDYH�EHHQ�VSHFLILFDOO\�GHVLJQHG�WR�GLUHFW�DV
PDQ\�DWRPLF�DQG�VXEDWRPLF�SDUWLFOHV�LQ�DV�PDQ\�ZD\V�DV�SRVVLEOH�WRZDUG�WKH�WRS
VSKHUHV��ZKHUH� WKRVH�SDUWLFOHV�DUH� LPEXHG�ZLWK�H[WUD� HQHUJ\� IURP� WKH�PDJQHWLF
ILHOGV�� DQG� E\� FROOLVLRQV� ZLWK� RWKHU� SDUWLFOHV� IO\LQJ� DURXQG� LQ� D� KLJK� VWDWH� RI
H[FLWDWLRQ�ZLWKLQ�WKH�DFRXVWLF�RUEV�ZKLFK�VXUURXQG�WKRVH�VSKHUHV��DQG�WKHQ�ZKHQ
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DOO� WKDW� H[FLWHG� HQHUJ\� PHHWV� ZLWK� WKH� URWDWLQJ� SKRWRQ� RUELW� ULQJ�� ZKLFK� LV
EDVLFDOO\�D�KROORZ�F\OLQGHU�URWDWLQJ� LQFUHGLEO\�IDVW��DOO� WKDW� LQFRPLQJ�DWRPLF�DQG
VXEDWRPLF�HQHUJ\�LV�GLVVRFLDWHG�HYHQ�PRUH��$QG�IURP�WKHQ�RQ�LWV�WKH�PLQLDWXUH
TXDVL�EODFN�KROH�WKDW�FRPSOHWHV�WKH�GLJHVWLYH�SURFHVV�DQG�UDGLDWHV�DZD\�HQHUJLHV
WKDW� DUH�PRUH� XVHIXO� WR� WKH�8)2�� 6R� LWV� WKH� SHUIHFW� HQJLQH� IRU� D� JUDYLWDWLRQDO
PDQLSXODWLRQ�DLUFUDIW��
�����2Q�WKH�&RKHUHQW�$PSOLILFDWLRQ�IURP�LWV�%ODFN�9RUWH[
$OWKRXJK� ,� KDYH� QRW� LQ� WKLV� FKDSWHU� IXOO\� DQVZHUHG� WKH� TXHVWLRQ� DLUHG� DW� WKH
EHJLQQLQJ�RI�LW�DV�WR�ZKDW�WKH�FU\VWDO�JODVV�VSKHUHV�GR��WKHLU�FRPSOH[LW\�ZDUUDQWV
ERWK�RI� WKH�QH[W� WZR�FKDSWHUV�DQG�VSRUDGLF�PHQWLRQV� LQ� ODWHU�FKDSWHUV���ZKDW� ,
KDYH�VKRZQ�WKURXJKRXW�WKLV�FKDSWHU�ZLWK�XQSDUDOOHOHG�VXFFHVV�,�IHHO�� LV� WKDW� WKH
DD8)2�FDQ�EH�FRPSDUHG�WR�WKH�DVWURSK\VLFDO�EODFN�KROH��%XW�DOVR��WKDW�ZKHQ�LWV
VWUXFWXUH� KDV� DOVR� EHHQ� FRPSDUHG� ZLWK� WKH� DVWURSK\VLFDO� V\VWHPV� H[LVWLQJ� LQ
XQFRQILQHG� VSDFH� ZKHUH� LWV� DFFUHWLRQ� GLVN� DQG� HUJRVSKHUH� DUH� RQO\� VKDSHG� DQG
JXLGHG� E\� WKH� LPPHGLDWH� EXQFKLQJ� RU� WZLVWLQJ� RI� WKH� PDJQHWLF� ILHOG� OLQHV� RI
VSDFH��WKHQ�WKH�8)2�FOHDUO\�VKRZV�WKDW�ZKLOH�LW�KDV�EHHQ�SXUSRVHO\�GHVLJQHG�WR
PLQLDWXUL]H�WKH�EODFN�KROH�LQWR�DV�FRPSDFW�DQ�HQJLQH�DV�SRVVLEOH��LW�KDV�DOVR�EHHQ
GHVLJQHG�WR�JUHDWO\�LPSURYH�XSRQ�WKH�HIILFLHQF\�RI�WKH�DVWURSK\VLFDO�PRGHO�
%HFDXVH��ZKDW�WKHVH�FRPSDULVRQV�VKRZ�PRVW�RI�DOO� LQ�WKH�DD8)2
V�IDYRU�LV�WKDW
LWV�SK\VLFDO�HQHUJ\�FRQWDLQPHQW�DVVHPEOLHV�KDYH�EHHQ�DGYDQWDJHRXVO\�GHVLJQHG�WR
SURYLGH� FOHDU�FXW� DQG� VROLG� ERXQGDULHV� WR� DOO� WKH� PDMRU� URWDWLRQDO� ILHOGV� WKDW
DVVRFLDWH� ZLWK� WKH� DVWURSK\VLFDO� PRGHO�� $QG� LQ� VR� GRLQJ� WKH� GHVLJQHUV� RI� WKH
DD8)2
V� HUJRVSKHULF� FRPSDUWPHQWDOL]DWLRQV� KDYH� FOHDUO\� LQWURGXFHG� VXEVWDQWLDO
LPSURYHPHQWV�RYHU�WKH�RULJLQDO�PRGHO��)RU�LQVWDQFH��DQG�DQ\RQH�FDQ�REVHUYH�WKLV
IDFW�E\�ORRNLQJ�DW�WKH�VWXGLHV�RI�WKH�URWDWLRQDO�IRUFHV�RI�DQ�DVWURSK\VLFDO�DFFUHWLRQ
GLVN�RXW�LQ�VSDFH��%HFDXVH�WKHUH�DUH�QR�HQFDVLQJ�EDUULHUV�IRU�WKHP�WKH\�EHFRPH
ZHDNHU� WKH� IDUWKHU� WKH\� VSUHDG� RXW� IURP� WKH� KROH
V� FHQWHU� �EHFDXVH� WKHUH� LV
QRWKLQJ�WR�KROG�WKHP�LQ�RSHQ�VSDFH���%XW�WKH�DD8)2�KDV�LWV�VWRUDJH�ILHOG�J\UDWLQJ
LQVLGH�D�SODQDU�ZDYHJXLGH��DERXW����FP�GHHS��ZKLFK�H[WHQGV�DV�D�QDUURZ�FKDQQHO
RXWZDUG�WR�WKH�FUDIW
V�FLUFXPIHUHQWLDO�GXFW�EXW�ZKLFK�FRQWUDFWV�GRZQ��WR�DSSUR[�
��FP��ZLWK�D�PDJQHWLF�FRQWUDFWLRQ�DW�WKH�ULP��DQG�VR�WKDW�VWRUDJH�ILHOG�XQGHUJRHV
FRQILQHPHQW� DPSOLILFDWLRQ� E\� J\UDWLQJ� WKURXJK� D� GXDO� FRQVWULFWLRQ�� VR� WKH
DD8)2
V� YHUVLRQ� RI� DQ� DFFUHWLRQ� GLVN� ZRXOG� DSSHDU� WR� EH� 025(
32:(5)8//<�$03/,),('�WKDQ�WKH�DVWURSK\VLFDO�RQH�
7KLV� VWXG\� WKRXJK�KDV�RQO\� VFUDWFKHG� WKH� VXUIDFH�RI�ZKDW�KDV�EHHQ� GLVFRYHUHG
JRLQJ�RQ�LQVLGH�D�8)2
V�HQJLQH��DQG�WR�HQG�WKLV�FKDSWHU�RQH�ODVW�WKRXJKW��LQ�WKH
SODQDU�ZDYHJXLGH�FKDQQHO�EHFDXVH�LW�KDV�VXFK�FRQVWULFWLRQV��DV�PHQWLRQHG�DERYH�
ZKLFK� SXWV� ERWK� SQHXPDWLF� EDFN�SUHVVXUH� DQG� HOHFWURPRWLYH� EDFN�SUHVVXUH� RQ
WKH� HQHUJ\� ILHOG� J\UDWLQJ� DURXQG� LW�� LW� ZRXOG�PHDQ� WKDW� DV� WKDW� J\UDWLQJ� HQHUJ\
ILHOG�QHDUV�WKH�FLUFXPIHUHQWLDO�H[LW�GXFW�LW�ZRXOG�EXQFK�LQWR�D�PRUH�FRPSUHVVHG
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ILHOG�� 7KLV� LV� DQDORJRXV� WR� SDUDPHWULF� DPSOLILFDWLRQ� ZKHUH� DQ� HOHFWURPDJQHWLF
UHDFWDQFH�FDXVHV�DQ�DEUXSW�VORZLQJ�RI�WKH�ZDYHV�UHVXOWLQJ� LQ�WKHP�EXQFKLQJ�XS
VR� WKH\�JDLQ� H[WUD� HQHUJ\�EHIRUH� WKH\� DUH� ILQDOO\�SURSDJDWHG�RXW�RI� WKDW� V\VWHP
>QRWH����@�
$OWKRXJK�VRPHKRZ��WKH� ODWWHU�PHFKDQLVP�GRHVQ
W�TXLWH�VRXQG�WKH�GHILQLWLYH�IXOO
WLQ� RI� ELVFXLWV� ZKLFK� PLJKW� EH� DVFULEHG� WR� D� FUDIW� WKDW� LV� DOOHJHGO\� FDSDEOH� RI
DFFHOHUDWLQJ� WR� WZHQW\�WKRXVDQG�PLOHV�SHU�KRXU� LQ� D� PDWWHU� RI� VHFRQGV���� 6R
SHUKDSV� WKHUH�PD\� EH� VRPHWKLQJ� IXUWKHU� WR� EH� GLVFRYHUHG� KHUH� LQ� WKH� DD8)2�
VRPHWKLQJ� WKDW� EHWWHU� FRPELQHV� DOO� WKRVH� DYDLODEOH� PHFKDQLVPV� DQG� G\QDPLFV
LQWR�D�ELJJHU�IRUFH��ZKLFK�HPSRZHUV�WKHP�HYHQ�PRUH�WKDQ�KDV�EHHQ�VXJJHVWHG�LQ
WKLV�FKDSWHU�
%HFDXVH� LI� DOO� WKHVH� FRPELQHG� IRUFHV�� RI� WKH� EUHDN�UHFRQQHFWLRQ� SDUWLFOH
SURGXFWLRQV��DQG�WKH�FHUDPLF�HPLVVLRQV��WKH�DFRXVWR�HOHFWUR�PDJQHWLF�ILHOGV��DQG
WKH�FRQWUD�URWDWLQJ�VKHDU�GLVFKDUJHV� �HWF��� FDQ�DOO�EH�KDUPRQL]HG� LQ� VRPH�VSHFLDO
ZD\�DQG�OLQNHG�WRJHWKHU�ZLWK�WKH�PXOWLSOH�HUJRVSKHUHV��$1'�ZLWK�WKH�IRUFHV�RI
WKLV� HQJLQH
V� EODFN� YRUWH[� �ZKLFK� KDV� QRW� EHHQ� FRXSOHG� GLUHFWO\� LQWR� WKH� FUDIW
V
G\QDPLFV�\HW����E\�VRPH�VSHFLDO�RVFLOODWLQJ� IRUFH� �� WKHQ�SHUKDSV�WKHUH�FRXOG�UHVXOW�D
JUDQG� FRKHUHQFH� WR� WKLV� JUHDW� PXOWLWXGH� RI� HQHUJ\� G\QDPLFV�� DQG� PD\EH� 7+(1
WKHUH�ZRXOG�EH�GHYHORSHG�D�WUXO\�VXSHU�LQH[KDXVWLEOH�GULYH�IRUFH�IRU�WKLV�DD8)2
WR�ZRUN�WKH�VN\�ZLWK��6R��WKLV�LV�WR�VD\�WKDW�WKHUH�PD\�ZHOO�EH�IXUWKHU�GLVFRYHULHV
WR� FRPH� IURP� WKHVH� FOHYHU� OLWWOH� H[WUDWHUUHVWULDO� HQJLQHHUV� LQ� WKH� FKDSWHUV� WKDW
IROORZ�
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&KDSWHU����(OHFWURFKHPLVWU\�RI�)HUURHOHFWULF�6SKHUHV

&RQWHQWV�
����3KRWRQ�*HQHUDWRU�RI�*UDYLWDWLRQDO�)RUFHV
����(OHFWULFDO�0HFKDQLVPV�:RUNLQJ�LQ�4XDUW]�*ODVV
����0DJQHWR�(OHFWULF�2VFLOODWLRQV�IURP�0DJQHWRVWULFWLRQ�0DWHULDOV
����0DJQHWRVWULFWLYH�DQG�)HUURHOHFWULF�&HUDPLFV�LQ�6SKHUHV
����)HUURHOHFWULF�(PLVVLRQV�DQG�3RODUL]DWLRQ�5HYHUVDO�(PLVVLRQV
����&RORUHG�/XPLQHVFHQFH�IURP�:LWKLQ�WKH�6SKHUHV
����4XDUW]�RU�*ODVV��&U\VWDOOLQH�RU�$PRUSKRXV"
����$�&U\VWDO
V�$FRXVWRHOHFWULF�3KRQRQ�:LQG
����6SKHUH�)DEULFDWLRQ�ZLWK�6RO�*HOV�RI�6LOLFRQV�DQG�/DQWKDQRLGV
�����6XUIDFH�)DFHWV�WR�(QKDQFH�(OHFWURQ�DQG�3KRQRQ�([FKDQJH
�����:KLUOLQJ�=RQHV�,QVLGH�)RFXVHG�$FRXVWLF�2UEV
�����3HUPHDELOLW\�6ZLWFKLQJ�&DSV�$URXQG�7RS�6SKHUHV

����3KRWRQ�*HQHUDWRU�RI�*UDYLWDWLRQDO�)RUFHV
7KLV� FKDSWHU� ZLOO�PRVWO\� EH� FRQFHUQHG� ZLWK� WKH� WRS� VSKHUHV� RI� WKH� VSKHUH�VHW
DVVHPEOLHV��ZKLOH�WKH�QH[W�FKDSWHU��FKDSWHU����ZLOO�EH�PRVWO\�FRQFHUQHG�DERXW�WKH
ORZHU�VSKHUHV�RI� WKRVH�DVVHPEOLHV��DOWKRXJK�REYLRXVO\� WKHUH�ZLOO�EH�FURVV�RYHUV
KHUH�DQG�WKHUH�DV�WKH�EDVLF�SULQFLSOH�RI�VWUXFWXUH�LQ�ERWK�W\SHV�RI�VSKHUH�DUH�YHU\
VLPLODU��HYHQ�WKRXJK�WKHLU�HQHUJ\�RXWSXWV�DUH�TXLWH�GLVVLPLODU�
,Q�WKH�SUHYLRXV�FKDSWHU�,�PHQWLRQHG�WKDW�WKLV�VWXG\�KDG�UHDFKHG�WKH�VWDJH�ZKHUH
LW� KDG� EHFRPH� TXLWH� REYLRXV� WKDW� D� ODUJH� DPRXQW� RI� SRVLWLYH�LRQ�� HOHFWURQ� DQG
SKRWRQ� SURGXFLQJ� PHFKDQLVPV� ZHUH� EHLQJ� HPSOR\HG� DURXQG� WKH� WRS� VSKHUHV�
DQG�DOVR�WKDW�QXPHURXV�PHFKDQLVPV�FRXOG�EH�GLVFRYHUHG�ZKLFK�GLUHFWHG�FRQVWDQW
VXSSOLHV� RI� WKHVH� DWRPLF� DQG� VXEDWRPLF� SDUWLFOHV� WRZDUG� WKH� WRS� VSKHUHV�� 7KH
SX]]OH�ZDV��ZK\�WKURXJK�DOO�WKHVH�HQHUJ\�WUDQVIHUULQJ�PHFKDQLVPV�ZDV�WKH�LQIOX[
RI� QHJDWLYH� SDUWLFOHV� FRPSOLPHQWHG� ZLWK� FRSLRXV� DPRXQWV� RI� SRVLWLYH� RQHV� DV
ZHOO�� VXFK� DV� KDSSHQV� DW� WKH� LQQHU�XSSHU� HGJH� RI� WKH� WRURLG� ZKLFK� LV� DQ� HGJH
HQFLUFOLQJ� DOO� IRXU�RI� WKH� WRS� VSKHUHV� DQG� LV� VSHFLILFDOO\� VKDSHG� VR�DV� WR�SURSHO
SRVLWLYH�FKDUJHV�WRZDUG�WKHVH�WRS�VSKHUHV�
%XW�WKLV�LV�QRW�WR�EH�H[SHFWHG��EHFDXVH��SRVLWURQV�DQG�HOHFWURQV�PHHWLQJ�LQ�VXFK�D
ZD\�ZLOO�OHDG�WR�WKH�DQQLKLODWLRQ�RI�ERWK�WKRVH�SDUWLFOHV�
6LPLODUO\�� LW�ZDVQ
W�VR�REYLRXV� LQ� WKH�ILUVW�VWDJHV�RI� WKLV�VWXG\�DV� WR�:+<�WKHUH
ZDV�VR�PDQ\�PHFKDQLVPV�ZKLFK�UDWKHU�WKDQ�SURGXFH�MXVW�HOHFWURQV��WKH\�ZHQW�RQ
WR� SURGXFH� H[FLWRQV� DQG� SRODULWRQV�ZKLFK� DFWXDOO\� WKHQ� JR�RQ� WR� FRQYHUW� WKHLU
LQLWLDO� HOHFWULF� FKDUJH� LQWR� HQHUJHWLF� SKRWRQV�� 6WULFWO\� VSHDNLQJ� WKLV�ZRXOG� EH� DW
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RGGV� ZLWK� D� SRZHU� GULYH� V\VWHP� WKDW� ZDV� H[SHFWHG� WR� EH� HOHFWULFDO� DQG� ZKLFK
VKRXOG�WKHUHIRUH�EH�DVVHPEOLQJ�PHFKDQLVPV�ZKHUHE\�WKH�HQG�SURGXFW�VKRXOG�EH
HOHFWURQV�� )RU� D� ZKLOH� ,� ZDV� KDYLQJ� HPSDWK\� IRU� &RO�� 3KLOLS� &RUVR� DQG� WKH
HQJLQHHUV�WKDW�FRXOGQ
W�VHH�ZKDW�FRQVWLWXWHG�DQ�HQJLQH�LQ�WKH�5RVZHOO�8)2��-XVW
OLNH�WKDW�5RVZHOO�FUDIW�WKLV�DD8)2�GLGQ
W�FRQIRUP�WR�FXVWRPDU\�HOHFWURPDJQHWLF
GHVLJQ�� $QG� E\� DSSO\LQJ� WKH� XVXDO� WRROV� RI� VFLHQWLILF� DQDO\VLV� �WKURXJK
HOHFWURPDJQHWLF� WKHRU\�� WKLV� 8)2� FUDIW
V� HQJLQH� MXVW� GLGQ
W� PDNH� DQ\� VHQVH�
%HFDXVH�ZKDW�XVH�ZRXOG�WKHUH�EH� LQ�D�SRZHU�GULYH�V\VWHP�WKDW�SURGXFHV�MXVW�DV
PXFK�VXEDWRPLF�DQG�SKRWRQLF�HQHUJ\�DV�HOHFWURQ�HQHUJ\�"
%XW�WKHQ��ZKHQ�WKH�K\SRWKHVLV�RI�WKH�EODFN�YRUWH[�ZDV�IORDWHG� LQWR�WKH�XQXVXDO
IHDWXUHV� RI� WKLV� HQJLQH
V� VWUXFWXUH� 7+(1� 68''(1/<� DOO� WKH� OLJKWV� VWDUWHG
IODVKLQJ� DQG� WKH� EHOOV� EHJDQ� ULQJLQJ�� ,W� DOO� VWDUWHG� WR� PDNH� PXFK�PRUH� VHQVH�
3HUIHFW�VHQVH��
$QG�VR�DOO�WKH�SKRWRQ�DQG�VXE�DWRPLF�SDUWLFOH�SURGXFWLRQ�PHFKDQLVPV�ZLOO�EH�RI
SULPDU\�LPSRUWDQFH�WR�WKLV�8)2�FUDIW��$QG�WKH�VWUDQJH�GLVSRVLWLRQ�WRZDUG�XVLQJ
GLHOHFWULF�PDWHULDOV�DFWXDOO\�PDNH�SHUIHFW�VHQVH��EHFDXVH�WKHVH�ZLOO�PDUU\�WRJHWKHU
WKH�DFRXVWLF�ZDYHV�DQG�WKH�HOHFWURQV�DQG�WKH�SRVLWURQV��ZKLFK�ZLOO�ERQG�WRJHWKHU
WR�SURGXFH�H[FLWRQV��WKDW�FDQ�EH�WUDQVSRUWHG�RYHU�WKH�GLHOHFWULF�PDWHULDOV�DQG�JR
RQ� WR� SURGXFH� SKRWRQV�� 7KHVH� DUH� ZKROO\� XQGHUVWDQGDEOH� DQG� QHFHVVDU\
SURFHVVHV�WKDW�ZLOO�FRQWULEXWH�WR�WKLV�8)2
V�EODFN�YRUWH[�
6R�� LQ� RUGHU� WR� JHQHUDWH� WKRVH�PXFK�QHHGHG� JUDYLWDWLRQDO� DQG� URWDWLRQDO� IRUFHV
WKH�8)2�ZRXOG�EH�GHVLJQHG�DURXQG� LWV�EODFN�YRUWH[��DQG�WKDW�EODFN�YRUWH[�ZLOO
KDYH�WR�EH�IHG�WKH�ULJKW�VRUW�RI�HQHUJ\�WR�NHHS�LW�UXQQLQJ�DQG�SRZHUHG�XS��7KH
ULJKW� VRUW� RI� HQHUJ\� EHLQJ� PDVV� DQG� PDJQHWLF� IRUFH�� ERWK� RI� ZKLFK� IRU� WKH
DVWURSK\VLFDO�PRGHO�RXW�LQ�VSDFH�DUH�FRQYHUWHG�IURP�VXEDWRPLF�SDUWLFOHV�DQG�KLJK
HQHUJ\� SKRWRQV� DQG� GLUHFWHG� LQWR� WKH� DVWURSK\VLFDO� EODFN� KROH� E\� LWV� URWDWLQJ
DFFUHWLRQ�GLVF��7KH�DFFUHWLRQ�GLVF
V�UROH�EHLQJ�WR�FRQYHUW�HOHFWURQ�SRVLWURQ�SDLUV
RXW�RI�WKH�EDFNJURXQG�UDGLDWLRQ�RI�VSDFH�DQG�WR�EUHDN�GRZQ�DOO�LQFRPLQJ�HQHUJ\
LQWR�SKRWRQLF�HQHUJ\��PDJQHWLF�IRUFH�DQG�DQJXODU�PRPHQWXP��,Q�WKH�DD8)2�WKH
SXOVHG�PDJQHWLF�IOX[�OLQHV�ZLOO�EH�SURYLGLQJ�WKH�DQJXODU�PRPHQWXP�E\�LPEXLQJ
/RUHQW]� IRUFH� RQ� DOO� WKH� FKDUJHG� SDUWLFOHV� WR�PDNH� WKHP� J\UDWH� �DV� GHWDLOHG� LQ
FKDSWHU�����DQG�LW�ZLOO�EH�WKH�MRE�RI�WKH�IRXU�WRS�VSKHUHV�WR�SURYLGH�WKH�FKDUJHG
SDUWLFOHV� DQG� FRQYHUVLRQ� SURFHVV� RI� WXUQLQJ� HOHFWURQV� LQWR� SKRWRQLF� HQHUJ\�� VR
WKDW�WKLV�HQHUJ\�FDQ�EH�URWDWHG�LQWR�WKH�FHQWUDO�EODFN�YRUWH[�WR�HPSRZHU�LW�
7R�XQGHUVWDQG�WKH�WRS�VSKHUHV�ZKDW�QHHGV�WR�EH�GLVFRYHUHG�DERXW�WKHP�LV��$��WKH
YDULRXV�SURFHVVHV�WKURXJK�ZKLFK�HOHFWURQV�DQG�SKRWRQV�FDQ�EH�JHQHUDWHG�LQVLGH
DQG�HPLWWHG�IURP�WKHVH�VSKHUHV��%��ZKDW�VSHFLDO�PDWHULDOV�QHHG�WR�EH�HPEHGGHG
LQVLGH� WKHVH� VSKHUHV� WKDW� ZLOO� EH� FRQGXFLYH� WR� WKH� SURGXFWLRQ� RI� HOHFWURQ� DQG
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SKRWRQ� HPLVVLRQV�� &�� ZKDW� /RUHQW]� PDJQHWLF� DQG� RWKHU� IRUFHV� FDQ� EH
PDQLSXODWHG�DURXQG�DQG�WKURXJK�WKHVH�VSKHUHV�
����(OHFWULFDO�0HFKDQLVPV�:RUNLQJ�LQ�4XDUW]�*ODVV
,Q�D�FU\VWDOOLQH�PDWHULDO�VXFK�DV�JODVV�RU�TXDUW]�FU\VWDO�WKHUH�DUH�WKUHH�EDVLF�W\SHV
RI� HQHUJ\�HPLWWLQJ� VFDWWHULQJ� HIIHFWV� WKDW� FDQ� EH� WULJJHUHG� WR� FDXVH� HOHFWULFDO
SRODUL]DWLRQ� DQG� HOHFWULF� ILHOG� JHQHUDWLRQ�� SLH]RHOHFWULF� �DFRXVWLF� PRGH��� SRODU�
RSWLF� �RSWLFDO� PRGH��� DQG� GHIRUPDWLRQ�SRWHQWLDO� �DFRXVWLF� DQG� RSWLF� PRGHV�
>QRWH�� �@�� 7KH� ODWWHU� W\SH� RI� VFDWWHULQJ�� DV� ZLOO� EH� JRQH� LQWR� LQ� IXUWKHU� GHWDLO
SDUWLFXODUO\� WKURXJK� WKH� QH[W� FKDSWHU� �FKDSWHU� ���� FDQ� DOVR� EH� DIIHFWHG� E\
JUDYLWDWLRQDO�IRUFHV�LQ�VSHFLDO�FLUFXPVWDQFHV�ZKHUH�WKRVH�JUDYLWDWLRQDO�IRUFHV�DUH
H[WUHPHO\�SRZHUIXO�DQG�ZKHQ�WKH\�H[LVW�LQ�YHU\�FORVH�SUR[LPLW\�WR�WKDW�FU\VWDOOLQH
VWUXFWXUH�� 7KH� ILUVW� RI� WKHVH�� WKH� SLH]RHOHFWULF� SRODUL]DWLRQ�� FDQ� EH� DIIHFWHG� E\
PDJQHWLF�IRUFHV�DQG�DFRXVWLF�IRUFHV�
%XW� LI� WKH� WRS� VSKHUHV� DUH� PHUHO\� PDGH� RI� JODVV� RU� TXDUW]� WKHQ� WKHUH� GRHVQ
W
DSSHDU�WR�EH�WKDW�PDQ\�ZD\V�WKURXJK�ZKLFK�HOHFWURQ�DQG�SKRWRQ�HPLVVLRQV�FDQ
EH�SURGXFHG��DQG�VR�WKH�WKHRU\�WKDW�WKH\�PLJKW�EH�PDGH�IURP�QRWKLQJ�PRUH�WKDQ
WKHVH�PDWHULDOV�LV�D�ELW�VXVSHFW�DQG�ZLOO�QHHG�WR�EH� ORRNHG�DW�PRUH�WKRURXJKO\��
ZKLFK�LV�ZKDW�WKLV�FKDSWHU�ZLOO�EH�DERXW�
&HUWDLQO\�� LI� JODVV� RU� TXDUW]� ZHUH� XVHG� RQ� LWV� RZQ� WKHQ� WKH� PDJQHWLF� HQHUJ\�
WULJJHULQJ� ILHOGV� DURXQG� WKHVH� VSKHUHV� ZRXOG� EH� UDWKHU� ZDVWHG�� $QG� WKHVH
PDJQHWLF�HQHUJ\�WULJJHULQJ�ILHOGV�DUH�LPSUHVVLYH��IRU�WKH\�FRPSULVH�RI�WKH�SXOVLQJ
PDJQHWLF�IOX[�OLQHV�RI�WKH�WRURLG
V�TXDGUDQW�ILHOGV��WKH�EUHDNLQJ�DQG�UHFRQQHFWLQJ
RI�WKRVH�VDPH�PDJQHWLF�IOX[�OLQHV��DQG�WKH�LQWHQVLILFDWLRQ�RI�WKRVH�IOX[�OLQHV�LQWR
WKH� VWHP� FRLOV� WKURXJK� WKH� WRS� VSKHUHV�� $QG� DQ� DGGLWLRQDO� IDFWRU� WR� WKHVH
FRQYHUJLQJ�PDJQHWLF�ILHOGV�ZLOO�EH�WKDW�WKH�IDVWHU�WKH�FHQWUDO�VSKHUH�VHW�DVVHPEO\
URWDWHV�WKHQ�WKH�PRUH�WKLV�PDJQHWLF�HQHUJ\�ZLOO�EH�LQWHQVLILHG�
$QG� VR�� ORRNLQJ�DW� DOO� WKH�PHFKDQLVPV� WR� EH� IRXQG� LQVLGH� WKH� DD8)2
V� HQJLQH
�VHH� ILJXUH� �����ZKHUH� WKHUH� LV� D� JUDQG� RUFKHVWUDWLRQ� WR� DOO� WKHVH� YHU\� HQHUJHWLF
IRUFHV�DQG�PDJQHWLF�ILHOGV��DOO�FRQYHUJLQJ�XSRQ�WKH�VSKHUHV��DQG�LQWHUFRQQHFWLQJ
LQWR� WKH� DFRXVWLF� IRUFH� ILHOGV� VXUURXQGLQJ� WKHP�� DQG� LQWHUFRQQHFWLQJ� ZLWK� WKH
URWDWLRQDO�IRUFHV�RI�WKH�EODFN�YRUWH[
V�SKRWRQ�RUELW�ULQJ��WKHQ�LW�ZRXOG�VHHP�WKDW
WKHVH�VSKHUHV�UHDOO\�GR�QHHG�WR�EH�PDGH�RI�VRPHWKLQJ�UDWKHU�VSHFLDO�
����0DJQHWR�(OHFWULF�2VFLOODWLRQV�IURP�0DJQHWRVWULFWLRQ�0DWHULDOV
7KH�PRVW�FRPPRQ�PHFKDQLVP�WR�SURGXFH�LRQL]DWLRQ�RU�HOHFWURQ�HPLVVLRQ�LV�WKH
FDWKRGH�DQRGH� DUUDQJHPHQW�ZKHUH� WKH� FDWKRGH� LV� KHDWHG�� VR� WKDW� LWV� DWRPV� DUH
H[FLWHG��DQG�WKH�HOHFWURQV�DUH�GULIWHG�WRZDUG�WKH�DQRGH�E\�DQ�HOHFWULFDO�SRWHQWLDO
GLIIHUHQFH�
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%XW�EHFDXVH�DW�WKH�YLFLQLW\�RI�WKHVH�WRS�VSKHUHV�WKH�PRVW�DEXQGDQW�IRUFHV�WKDW�DUH
UHDGLO\�DYDLODEOH�DUH�WKRVH�DVVRFLDWHG�ZLWK�WKH�LQWHQVH�PDJQHWLF�IOX[�OLQHV��ZKLFK
FRQYHUJH�WKURXJK�WKH�VWHP�FRLOV��WKHQ�LQ�WKLV�UHVSHFW�LW�ZRXOG�EH�DGYDQWDJHRXV�WR
KDYH� HPEHGGHG� LQWR� WKRVH� VSKHUHV� FHUWDLQ�PDWHULDOV�ZKLFK� FDQ�EH�PDJQHWLFDOO\
UDWKHU�WKDQ�HOHFWULFDOO\�WULJJHUHG�WR�SURGXFH�DEXQGDQFH�HOHFWURQ�HPLVVLRQV�
$ODV�WKDW�LV�QRW�GLUHFWO\�SRVVLEOH�ZLWK�PDWHULDOV�VXFK�DV�JODVV�DQG�TXDUW]��%XW�LW�LV
SRVVLEOH� LI� WKH� FU\VWDO� ODWWLFH� RI� WKRVH� PDWHULDOV� LV� GRSHG� RU� HPEHGGHG� ZLWK
PDJQHWRUHVLVWLYH� RU� PDJQHWRVWULFWLYH� PDWHULDOV�� )RU� LQVWDQFH�� PDQJDQHVH�EDVHG
FRPSRXQGV� �PDQJDQLWHV�� FDQ� H[KLELW� ZKDW� LV� NQRZQ� DV� FRORVVDO�
PDJQHWRUHVLVWDQFH�VR� WKDW� VXFK�D�FRPSRXQG� FDQ�EHFRPH�PHFKDQLFDOO\� VWUHVVHG
ZKHQ� PDJQHWLF� ILHOGV� DUH� DSSOLHG� WR� WKHP�� $OWHUQDWLYHO\�� PDJQHWRVWULFWLYH
PDWHULDOV�FDQ�EH�VWUHWFKHG�RU�FRPSUHVVHG�E\�DQ�DSSOLHG�PDJQHWLF�ILHOG��DQG�WKH\
FDQ�PDGH� WR� RVFLOODWH� WKURXJK� D�PDJQHWLFDOO\�LQGXFHG�PHFKDQLVP�PXFK� LQ� WKH
VDPH�ZD\�SLH]RHOHFWULF�RVFLOODWLRQV�FDQ�EH�LQGXFHG�LQ�WKRVH�PDWHULDOV�WKURXJK�WKH
DSSOLFDWLRQ� RI� HOHFWULFDO� SXOVHV� �LQGHHG�� D� PDJQHWRVWULFWLYH� URG� XVHG� LQ
FRQMXQFWLRQ� ZLWK� TXDUW]� LV� FRPPRQO\� XVHG� DV� D� W\SH� RI� RVFLOODWRU� LQ� WKH
HOHFWURQLFV�LQGXVWU\��
+HUH�WKHQ�LV�D�SRVVLELOLW\�IRU�WKH�8)2
V�VSKHUHV��DQG�ZLWK�WKH�FRQVWDQWO\�SXOVLQJ
DQG� KLJKO\� HQHUJL]LQJ� PDJQHWLF� IRUFHV� URXWHG� WKURXJK� WKRVH� WRS� VSKHUHV� VXFK
PDJQHWRVWULFWLYH�LQVHUWV�XVHG�LQVLGH�WKHP�FRXOG�EH�HQHUJL]HG�WR�SXW�WKH�TXDUW]�RI
WKH�VSKHUHV�LQWR�D�FRQVWDQW�VWDWH�RI�VWUDLQ�RVFLOODWLRQ�OHDGLQJ�WR�WKH�WULJJHULQJ�RI
WKH�XVXDO�SLH]RHOHFWULF�FKDUJHV�LQVLGH�WKHP�
$QRWKHU� IHDWXUH� ZRUWK� PHQWLRQLQJ� KHUH� PLJKW� EH� WKDW� ZKHQ� PDJQHWRVWULFWLRQ
HIIHFWV� RFFXU� DW� IDLUO\� ORZ� IUHTXHQFLHV� �RI� XS� WR� ���.K]��� ZKLFK� PD\� EH� ZHOO
VXLWHG� WR�VRPH�RI� WKH� ORZHU�KDUPRQLFV�RI� WKH�DFRXVWLF�ZDYHV�FRPLQJ� IURP� WKH
ORZHU�VSKHUHV�LQ�WKH�DD8)2�FUDIW
V�SRZHU�FLUFXLW��WKH�PDJQHWRVWULFWLRQ�HIIHFW�ZLOO
FUHDWH�DQ�DXGLEOH�KXP�ZLWKLQ�WKRVH�PDWHULDO�VWUXFWXUHV��DQG�VXFK�D�KXP�KDV�RIWHQ
EHHQ�UHSRUWHG�DV�EHLQJ�KHDUG�FRPLQJ�IURP�D�8)2�E\�WKRVH�ZKR�KDYH�ZLWQHVVHG
WKHP�FORVH�E\��DV�IRU�LQVWDQFH�WKH�*UDQJHPRXWK�8)2��>QRWH���@�
%HWW\�/XFD�GLG�PHQWLRQ�WKDW�VKH�VDZ�VWUDQJH�ZLUH�OLNH�RU�URG�OLNH�VWUXFWXUHV�LQVLGH
WKH� ODUJH� ORZHU�VSKHUHV�ZKHQ� WKH�H[WUDWHUUHVWULDO�*UH\V� VKRZHG�KHU� WKH� LQWHUQDO
ZRUNLQJV� RI� RQH� RI� WKHLU� FUDIW�� DOWKRXJK�KDYLQJ� VDLG� WKDW� ,� KDYH� VLQFH� IRXQG� D
PXFK� EHWWHU� H[SODQDWLRQ� IRU� WKRVH� VWUXFWXUHV� RI� ZLUHV� �DV� ZLOO� EH� H[SODLQHG� LQ
FKDSWHU����
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)LJXUH�����7KH�VSKHUH�VHW�LV�FRPSULVHG�RI�D�WRS�VSKHUH��D�VWHP�FRLO��D�ZKHHO�KHOG
E\�FRQGXFWLQJ�DUPV��D�UHYROYLQJ�FODPS�DQG�D� ORZHU�VSKHUH�� ,Q� WKLV�GUDZLQJ� WKH
ORZHU�VSKHUH�FOHDUO\�VKRZV�D�ZLUH�QHWZRUN�LQVLGH�LW���IURP�$6%7�,,�GUDZLQJ����
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����0DJQHWRVWULFWLYH�DQG�)HUURHOHFWULF�&HUDPLFV�LQ�6SKHUHV
:KDW� WKHVH� VSKHUHV� ZRXOG� 5($//<� EHQHILW� IURP� ZRXOG� EH� IHUURHOHFWULF
PDWHULDOV�EHLQJ�HPEHGGHG�LQVLGH�WKHP��)HUURHOHFWULF�PDWHULDOV��VRPHWLPHV�NQRZQ
DV�FHUDPLFV�� IRUP�D� VSHFLDO�EUDQFK�RI� HOHFWURQ�HPLWWLQJ� FRPSRXQGV� WKDW��ZKHQ
VXEMHFWHG�WR�YHU\�UDSLG�HOHFWURQLF�ILHOG�VZLWFKLQJV� �SRODULW\�VZLWFKLQJV��ZLOO�HPLW
IURP�WKHP�FRSLRXV�EXUVWV�RI�HOHFWURQV��$QG�ZKDW�LV�VLJQLILFDQW�DERXW�WKLV�HIIHFW
LV�WKDW�HYHQ�PDQ\�TXLWH�FRPPRQ�PDWHULDOV�ZLOO�H[KLELW�WKLV�IHUURHOHFWULF�HOHFWURQ�
HPLVVLRQ�HIIHFW�ZKHQ�SODFHG�LQ�D�UDSLGO\�VZLWFKLQJ�HOHFWULF�ILHOG�>QRWH���@�
6R�KHUH�LV�WKH�PRVW�IHDVLEOH�VROXWLRQ�IRU�JHWWLQJ� ODUJH�DPRXQWV�RI�HQHUJ\�RXW�RI
WKHVH�WRS�VSKHUHV��%\�FRPELQLQJ�WRJHWKHU�WKH�DERYH�PHQWLRQHG�DWWULEXWHV�RI�ERWK
IHUURHOHFWULF� DQG� PDJQHWRVWULFWLYH� PDWHULDOV�� E\� LQVHUWLQJ� RU� GRSLQJ� LQWR� WKH
VSKHUHV� FHUWDLQ� IHUURPDJQHWLF�PDJQHWRVWULFWLYH� FRPSRXQGV� �VXFK� DV� QLFNHO�
FREDOW�� RU� LURQ�� IRU� LQVWDQFH�� WRJHWKHU� ZLWK� HOHFWURQ�HPLWWLQJ� IHUURHOHFWULF
FHUDPLFV�VXFK�DV� ODQWKDQXP��HUELXP��\WWULXP��RU�QHRG\PLXP��RU�HYHQ�HOHPHQWV
VXFK� DV� OHDG� ]LUFRQDWH� WLWDQDWH� �31=7�� GRSHG� ZLWK� QHRG\PLXP��� WKHQ� WKH
HQHUJHWLF� �DQG� ZHOO� UHVHDUFKHG�� IHUURHOHFWULF� HOHFWURQ� HPLVVLRQ� SKHQRPHQRQ
FRXOG�EH� WDNHQ�DGYDQWDJH�RI� LQ� WKHVH� WRS� VSKHUHV�E\�XVLQJ� WKH�PDJQHWLF� IRUFHV
WKDW�DUH�GLUHFWHG�WKURXJK�WKHP��2QH�VHW�RI�FRPSRXQGV�ZRXOG�ZRUN�RQ�WKH�RWKHU
VHW� WR� SURGXFH� WKH� HOHFWURQ� HPLVVLRQV� QHHGHG� E\� WKH� 8)2� �LQ� IDFW� VXFK� D
FRPELQDWLRQ� RI� IHUURPDJQHWLF�PDJQHWRVWULFWLYH� FRPSRXQGV� ZDV� GLVFRYHUHG� LQ
WKH�VR�FDOOHG�¶LURQ�EDOOV·�IURP�WKH�EXUQHG�RXW�UHPDLQV�RI�RQH�RI�WKHVH�VSKHUHV�OHIW
EHKLQG�E\�WKH�'DOQHJRUVN�8)2�LQ�������IRU�ZKHQ�WKHVH�EDOOV�ZHUH�FXW�RSHQ�DQG
VFDQQHG� WKH\� ZHUH� IRXQG� WR� EH� FRPSRVHG� RI� PDJQHVLXP�� LURQ� DQG� QLFNHO�
WRJHWKHU�ZLWK�ODQWKDQXP�DQG�FHULXP���IRU�PRUH�RQ�WKLV�VHH�EHORZ�VHFWLRQ�������
7KLV�ZLOO�UDLVH�D�VXLWDEOH�SODWIRUP�IURP�ZKLFK�WR�SURJUHVV�IXUWKHU��DQG�DOWKRXJK
LWV�IRUP�LV�VWLOO�VRPHZKDW�FUXGH�ULJKW�QRZ�WKHUH�LV�HVWDEOLVKHG�D�EDVH�IURP�ZKLFK
VXEVWDQWLDO�SURJUHVV�FDQ�EH�PDGH�WR�SURGXFH�D�JODVV�FU\VWDO�WKDW��ZLWK�WKH�KHOS�RI
WKH�DD8)2
V�LQWHQVH�PDJQHWLF�ILHOGV��FDQ�JHQHUDWH�ODUJH�DPRXQWV�RI�HOHFWURQ�DQG
SKRWRQ� SRZHU�� %HFDXVH�� E\� XVLQJ� WKH� DEXQGDQW� HOHFWURPRWLYH� IRUFHV� DYDLODEOH
DURXQG�WKHVH�VSKHUHV�XSRQ�WKH�DERYH�PHQWLRQ�PDJQHWRVWULFWLYH�DQG�IHUURHOHFWULF
HOHPHQWV�ZLWKLQ� WKH�VSKHUHV�� WKH� UHVXOWLQJ�HOHFWURQ�SKRWRQ�SURGXFWLRQ�FDQ� WKHQ
EH� XVHG� IRU� RWKHU� SDUWV� RI� WKH� DD8)2
V� HOHFWULFDO� FLUFXLW� �� WKURXJK� WKH� EODFN
YRUWH[���IURP�WKH�HQHUJLHV�UDGLDWHG�DZD\�IURP�WKH�EODFN�YRUWH[�
%XW�MXVW�WR�EDFN�WUDFN�VOLJKWO\��RU�UDWKHU�PDNH�D�TXLFN�GHWRXU��LQ�PDQ\�ZD\V�WKLV�LV
WKH�VDPH�SURFHVV�WKDW�KDSSHQHG�LQ�WKH�6HDUO�HOHFWULFLW\�JHQHUDWRU��6(*��WXUELQH�
ZKHUHE\�WKH�QHRG\PLXP�LQ�6HDUO
V�URWRUV�ZDV�PDGH�WR�HPLW�FRSLRXV�DPRXQWV�RI
HOHFWURQV� WKURXJK� WKH� IHUURHOHFWULF� HPLVVLRQ� SKHQRPHQRQ� �DQG� WKH� KLJK
IUHTXHQF\� /DPE�5HWKHUIRUG� VKLIW� HIIHFW� ZKLFK� LW� LV� DVVRFLDWHG� ZLWK�� EHLQJ
WULJJHUHG�E\�LWV�DOWHUQDWLQJ�PDJQHWLF�ILHOGV�>QRWHV���D@��,QWHUHVWLQJO\��ZLWK�UHJDUG
WR�WKRVH�JHQHUDWRUV�RI�6HDUO��KH�ZRXOG�KDYH�H[WUDFWHG�WKRVH�IHUURHOHFWULF�HOHFWURQ
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HPLVVLRQV� E\� D� IRUP� RI�PDJQHWR�HOHFWULF�LQGXFWLRQ� EHFDXVH� KLV� 6(*� ULJV� ZHUH
QRW�JLYHQ�DQ\�HOHFWULFDO�LQSXW�WR�VWDUW�WKHP�RII�UXQQLQJ���DQG�\HW�RQFH�WKH\�VWDUWHG
WR� URWDWH� WKH\� ZRXOG� FRQWLQXH� IRUHYHU�� 7KLV� ZRXOG� RFFXU� E\� WKH� VOLJKWO\� PLV�
DOLJQHG� PDJQHWLF� ILHOG� OLQHV� RI� WKH� URWRUV� DQG� WKH� VWDWRU� EXFNLQJ� HDFKRWKHU�
WKHUHE\� JHQHUDWLQJ� D� NLQHWLF� URWDWLRQDO� IRUFH� WKDW�ZDV� VHOI�VXVWDLQLQJ� DQG�ZKLFK
UHVXOWHG� LQ�D� VHOI�LQFUHDVLQJ� URWDWLRQDO�YHORFLW\��2QFH� WKH\� VWDUWHG� WR� LQFUHDVH� LQ
YHORFLW\�WKHVH�URWRUV�ZRXOG�DOPRVW�LQVWDQWO\�KDYH�GHYHORSHG�HOHFWULF�ILHOGV�RI����
YROWV�FP� WKURXJK� WKH� EUHDN�UHFRQQHFWLRQ� SURFHVV�� %XW� LW�ZRXOG� KDYH� EHHQ� WKH
UHVRQDQFH�HIIHFW�IURP�WKH�EUHDN�UHPDNH�VKRFN�ZDYHV�ULVLQJ�KLJKHU�DQG�KLJKHU�LQ
IUHTXHQF\� WKDW� ZRXOG� KDYH� WKHQ� WULJJHUHG� WKH� IHUURHOHFWULF� HPLVVLRQV�� DQG� DV
H[SODLQHG�E\�6HDUO�KLPVHOI��´:KDW�\RX�KDYH�EDVLFDOO\�LV�D�VROLG�VWDWH�GHYLFH�KHUH��VHH�ILJXUH
RQ�ZHEVLWH�IRU�>6HDUO@�LQ�ELEOLRJUDSK\���7KH�HOHFWURQV�DUH�JLYHQ�RII�IURP�WKH�FHQWHU�HOHPHQW��ZKLFK
LV�QHRG\PLXP���DQG�WKH\� WUDYHO�RXW� WKURXJK� WKH�RWKHU� HOHPHQWV�� ,I� WKH�Q\ORQ�KDG�QRW�EHHQ�SXW
WKHUH��WKH�6(*�ZRXOG�DFW�OLNH�D�ODVHU�DQG�RQH�SXOVH�ZRXOG�JR�RXW�DQG�LW�ZRXOG�VWRS��EXLOG�XS�
DQG�DQRWKHU�SXOVH�ZRXOG�JR�RXW��%XW��ZLWK�WKH�Q\ORQ�LQ�WKHUH��WKH�Q\ORQ�DFWV�DV�D�FRQWURO�JDWH�
DQG�WKDW�FRQWURO�JDWH�JLYHV�\RX�DQ�HYHQ�IORZ�RI�HOHFWURQV�WKURXJKRXW�WKH�6(*���>QRWH���E@�

)LJXUH� ���� 2Q� D� PLFURVFRSLF� VFDOH� PDJQHWLF� IOX[� OLQHV� KDYH� VHYHUDO� VWDJHV� RI
H[LVWHQFH��PDJQHWLF�VWULSV�FDQ�EUHDN�GRZQ�LQWR�EXEEOH�OLNH�GRPDLQV



146

7KHUHIRUH��ZLWK�UHVSHFW�WR�WKH�VWUHVVLQJ�RI�WKH�=3)�ILHOG�RI�YLUWXDO�HQHUJLHV�DQG
WKH�FRQYHUVLRQ�RI� WKRVH� YLUWXDO� HQHUJLHV� LQWR� DFWXDO� HOHFWURQ�SRVLWURQ� HPLVVLRQV
E\� WKH�6(*��RQH�RI� WKH�PRVW� LPSRUWDQW�SDUWV�RI� WKH�6HDUO�PHFKDQLVP�ZDV� WKH
IXQFWLRQ�RI�WKH�Q\ORQ�OD\HU�LQ�KLV�UROOHUV�WKDW�DFWHG�DV�ERWK�DQ�DFFXPXODWRU�DQG�D
UHFWLI\LQJ�JDWH�IRU�WKH�HOHFWURQV�>QRWH���@��$QG�LW�VKRXOG�EH�QRWHG��Q\ORQ�LV�LWVHOI
DQRWKHU� IHUURHOHFWULF�PDWHULDO� �� ,QFLGHQWDOO\�� UHFHQW� VWXGLHV� KDYH� VKRZQ� WKDW� WKH
IHUURHOHFWULF�HPLVVLRQV�IURP�ODQWKDQXP�DUH�DOPRVW�WZLFH�WKDW�RI�QHRG\PLXP��DQG
VR�6HDUO
V�GHVLJQ�RI�JHQHUDWRU�PD\�JLYH�HYHQ�PRUH�RXWSXW�LI�WKH�6(*�ZHUH�WR�XVH
KLJKHU�\LHOGLQJ�ODQWKDQRLGV��DQG�LW�PLJKW�DOVR�EHQHILW�IURP�D�PRUH�HIIHFWLYH�Q\ORQ
WRR���7KLV� IDFWRU�VKRXOG�EH� VHHQ�DV� IRRG� IRU� WKRXJKW� DQG� LW�PD\�SURYH� WR�EH� D
EHQHILFLDO� OLQH� RI� LQTXLU\� DV� D� FRPSOHPHQWDU\� PHFKDQLVP� E\� ZKLFK� JUHDWHU
DGYDQWDJH�FRXOG�EH� WDNHQ�IURP�WKH�HPLVVLRQ�HIIHFWV� LQ� IHUURHOHFWULF�PDWHULDOV�DV
RXWOLQHG� DERYH�� ,Q� WKLV� UHVSHFW� ZKDW� -RKQ� 6HDUO� LQWXLWLYHO\� VWXPEOHG� XSRQ� KDV
SURYHG�WR�EH�D�GLVFRYHU\�\HDUV�DKHDG�RI�DQ\RQH�HOVH�UHVHDUFKLQJ�WKLV�IHUURHOHFWULF
HPLVVLRQ�HIIHFW��$QG�PRVW�LQWULJXLQJO\��WKH�6HDUO�(IIHFW�PHFKDQLVP�LV�OLJKW�\HDUV
DKHDG�RI�WKH�&DVLPLU�URXWH��ZKLFK�LQ�P\�RSLQLRQ�ZKHQ�FRQVLGHULQJ�LW�KDV�\LHOGHG
VR� OLWWOH� UHWXUQ�� KDV� UHFHLYHG� D� GLVSURSRUWLRQDWHO\� ODUJH� DPRXQW� RI� UHVHDUFK
IXQGLQJ�WRZDUG��VXSSRVHGO\��GHYHORSLQJ�XVHDEOH�SRZHU�WKURXJK�WKH�=3)�ILHOG�LQ
VSDFH�
%XW� JHWWLQJ� EDFN� WR� WKH� DD8)2
V� HOHFWURQ�HPLWWLQJ� WRS� VSKHUHV�� WKLV
H[WUDWHUUHVWULDO�GHULYHG� FRPELQDWLRQ� RI� PDWHULDOV� FDQ� EH� FRPSDUHG� ZLWK� D
UHODWLYHO\� QHZ� EUDQFK� RI� VFLHQFH� ZKLFK� LV� FXUUHQWO\� GHYHORSLQJ� OLWKLXP�TXDUW]
JODVVHV�� ZKLFK� DUH� JODVVHV� ZLWK� KLJK� LRQLF� FRQGXFWLYLW\� DQG� DUH� XVHG� DV� VROLG
HOHFWURO\WHV� IRU� XVH� DV� SRZHU� EDWWHULHV� LQ� FRPSDFW� HOHFWURQLF�GHYLFHV��$OWKRXJK
REYLRXVO\��WKH�FRPSDULVRQ�HQGV�ZKHUH�WKH�ODWWHU
V�SRZHU�RXWSXWV�DUH�QRW�VXLWDEO\
DPSOLILHG�E\�DQ\�/RUHQW]�PDJQHWLF�IRUFHV�>QRWH���@�
����)HUURHOHFWULF�(PLVVLRQV�DQG�3RODUL]DWLRQ�5HYHUVDO�(PLVVLRQV
7KH� EDVLF� SKHQRPHQRQ� RI� IHUURHOHFWULF� HOHFWURQ� HPLVVLRQ� �)((�� FHUDPLFV� LV
ZKHUH� VWUHDPV� RI� HOHFWURQV� DUH� UHSXOVHG� RXW� RI� WKH� VXUIDFH� RI� WKDW� GLHOHFWULF
PDWHULDO�� RU� RXW� RI� LWV� SODVPD� IRUPDWLRQ� DURXQG� LW�� XQGHU� FRQGLWLRQV� RI� IDVW
SRODULW\�VZLWFKLQJ�RI�WKH�HOHFWULF�ILHOG�EHLQJ�DSSOLHG�WR�WKDW�GLHOHFWULF��%HFDXVH��RQ
D�PROHFXODU�VFDOH�ZKHQ�WKH�FU\VWDOOLQH�FHOOV�DUH�IRUFHG�WR�VZLWFK�SRODULW\�IDU� WRR
UDSLGO\� IRU� WKHLU� QRUPDO� FRPSHQVDWLQJ�QHXWUDOL]LQJ� SURFHVV� WR� QHXWUDOL]H� WKHP
EDFN� WR� D� VWDWH� RI� HTXLOLEULXP� WKRVH� FU\VWDOOLQH� FHOOV� FUHDWH� PXOWLSOH� OD\HUV� RI
HOHFWURQV�ZKLFK�WKHQ�SLOH�XS�RQ�HDFK�RWKHU��DV�PHQWLRQHG�DERYH�LQ�QRWH�����WKLV
JHQHUDWHV� DQ� DEXQGDQW� DFFXPXODWLRQ� RI� QRQ�QHXWUDOL]HG� KLJK�HQHUJ\� HOHFWURQV
ZKLFK�EXON�WRJHWKHU�DQG�JHQHUDWH�D�&RXORPE�UHSXOVLRQ�IRUFH�ZKLFK�HMHFWV�WKRVH
HOHFWURQV� 287� )520� WKDW� FU\VWDO� PDWHULDO� DQG� JHQHUDWHV� VXEVWDQWLDO� HOHFWULF
ILHOGV�DURXQG�WKHVH�PDWHULDOV�>QRWH���@�
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6XFK� DQ� HIIHFW�� IRU� LQVWDQFH�� FDQ� RFFXU� LQ� OHDG�ODQWKDQXP�]LUFRQLXP�WLWDQDWH
�3/=7�� FHUDPLFV�ZKHUH� HOHFWURQ� HPLVVLRQV� KDYH� EHHQ�REVHUYHG� DV� KLJK� DV�RQH
KXQGUHG�DPSHUHV�SHU�VTXDUH�FHQWLPHWHU� >QRWH���@��7KH�EHVW�NQRZQ�IHUURHOHFWULF
PDWHULDOV�DUH�WKH�RQHV�ZLWK�LOPHQLWH�RU�SHURYVNLWH�DWRPLF�VWUXFWXUHV�EHFDXVH�WKHVH
DUH� PRVW� IDYRUDEO\� GLVSRVHG� WR� XQGHUJR� GLVSODFLYH� SKDVH� WUDQVLWLRQV� LQ� WKHLU
FHOOXODU� VWUXFWXUH� �DQG� VR� LW� LV� QRW� VXUSULVLQJ� WKDW� WKH\� KDYH� UHFHLYHG� WKH�PRVW
DWWHQWLRQ�IURP�UHVHDUFKHUV��DQG�WKDW�VRPH�RI�WKHVH�PDWHULDOV�DUH�EHLQJ�GHYHORSHG
IRU�XVH�DV�HOHFWURQLF�FDWKRGHV�DQG�IRU�HOHFWURQ�JXQV��
:LWK� VXFK� DQ� HPLVVLRQ� PHFKDQLVP� WKH� )((� PDWHULDO� DFWV� OHVV� OLNH� D
VHPLFRQGXFWRU�DQG�PRUH�OLNH�D�VDWXUDWHG�FKDUJH�FDSDFLWRU�EHLQJ�HPSWLHG�WKURXJK
D�VKRUW�SXOVH�RI�KLJK�FXUUHQW��,Q�IDFW��LQ�PLFURHOHFWURQLFV�LW�FRXOG�EH�OLNHQHG�WR�D
FKDUJHG�FDSDFLWRU�EHLQJ�GLVFKDUJHG� WKURXJK�DQ�RVFLOODWHG� WK\ULVWRU��ZKLFK� LV� WKH
W\SH�RI�HOHFWURQLF�FLUFXLW�WKDW�ODVHUV�XVHG�WR�XVH�WR�WULJJHU�WKHLU�SXOVHV�
3K\VLFLVWV� ZKR� KDYH� EHHQ� ZRUNLQJ� RQ� WKHVH� FHUDPLFV� KDYH� IRXQG� WKDW� FKDUJH
GHQVLWLHV�IRU�HOHFWURQV�EHLQJ�HMHFWHG�FDQ�EH�H[WUHPHO\�KLJK��LQ� WKH�RUGHU�RI�����
HOHFWURQV� SHU� FP�� � ZLWK� HOHFWULF� ILHOGV� ULVLQJ� XS� WR� WKH� *9�P� UDQJH� >*XQGHO
����@���DQG�LQ�VRPH�FDVHV�WKH�FXUUHQW�GHQVLWLHV�IURP�IHUURHOHFWULF�HPLVVLRQV�KDYH
ULVHQ�WR�DV�KLJK�DV�����$�FP���:KDW�LV�VLJQLILFDQW��LQ�UHVSHFW�WR�WKH�OLJKW�EDUV�LQ
WKH� DD8)2� WKDW� WKH�(7V� VKRZHG� WR� %HWW\� /XFD�� LV� WKDW� LQ�PDQ\� VWXGLHV� WKHVH
HOHFWURQ�HMHFWLRQV�FDQ�EH�H[WUHPHO\�HQHUJHWLF��KDYLQJ�NLQHWLF�HQHUJLHV�RI�XS�WR���
NH9�>5LHJH�����@��DQG�SRVVLEO\�HYHQ�DV�KLJK�DV�����NH9�>5LHJH�����@��%XW�PRVW
VLJQLILFDQWO\�WKHVH�FHUDPLFV�ZLOO�KDYH�HPLVVLRQ�UHSHWLWLRQ�UDWHV�RI�DW�OHDVW�����N+]
DQG�LQ�VRPH�FRQILJXUDWLRQV�WKLV�UHSHWLWLRQ�UDWH�FDQ�ULVH�LQWR�WKH�0+]�IUHTXHQF\
UDQJH�>QRWHV���@�
%XW�WKHQ�HYHQ�IXUWKHU�DZD\�IURP�FODVVLFDO�HPLVVLRQ�PHFKDQLVPV��DQG�WDNLQJ�LQWR
DFFRXQW� WKH�VWUXFWXUH�RI�D� ODUJH�QHWZRUN�RI� IHUURHOHFWULF�PDWHULDOV� �IRU� LQVWDQFH�
HPEHGGHG�LQVLGH�WKH�IRXU�ORZHU�VSKHUHV�ZKLFK�HDFK�KDYH�D�YROXPH�RI�����PWU���
ZKDW� PDNHV� )((� HPLVVLRQ� WUXO\� XQLTXH� LV� WKDW� LW� GRHV� QRW� DOZD\V� UHTXLUH� D
FRQWLQXDOO\� DSSOLHG� H[WHUQDO� HOHFWULF� ILHOG� IRU� WKH� HPLVVLRQV� WR� WULJJHU�� 7KLV� LV
EHFDXVH� WKH�HPLVVLRQ�RI�HOHFWURQV� LQ�EXON�ZLOO� JHQHUDWH� WKHLU�RZQ�HOHFWULF� ILHOGV
DFURVV�WKH�FHOOXODU�GRPDLQV�RI�WKDW�GLHOHFWULF�PDWHULDO��DQG�WKHVH�JHQHUDWHG�HOHFWULF
ILHOGV�ZLOO�WULJJHU�D�EDFN�VZLWFKLQJ�UHDFWLRQ�ZKLFK�FDQ�LWVHOI�VZLWFK�WKH�SKDVHV�RI
WKDW�GLHOHFWULF�PDWHULDO��:KLFK�HIIHFWLYHO\�PHDQV� WKDW� WKRVH� VHOI�JHQHUDWHG� ILHOGV
FDQ� XQGHU� FHUWDLQ� FRQGLWLRQV� ERXQFH� WKH� FHOOXODU� SRODUL]DWLRQ� EDFN� DQG� IRUWK
EHWZHHQ�RQH�SRODULW\�DQG�WKH�RWKHU��6RPH�FHUDPLFV�DUH�PRUH�VXVFHSWLEOH�WR�WKLV
EDFN�VZLWFKLQJ�HIIHFW�WKDQ�RWKHUV��IRU�LQVWDQFH�FHUWDLQ�W\SHV�RI�WKH�SHURYVNLWH�DQG
LOPHQLWH�FRPSRXQGV�FDQ�EH�PDGH�WR�VZLWFK�SRODULW\�DQG�UHYHUVH�VZLWFK�SRODULW\�
DQG� REYLRXVO\� NHHS� RQ� VZLWFKLQJ� EDFNZDUG� DQG� IRUZDUG� EHWZHHQ� SRODULWLHV�� $
UHJXODU� IUHTXHQF\� RI� HOHFWURQ� HPLVVLRQ� SXOVHV� ZRXOG� WKHQ� RFFXU� IURP� WKHVH
VSRQWDQHRXV�SRODUL]DWLRQ�UHYHUVDO�DFWLRQV�ZLWKLQ�WKH�)((�PDWHULDO� LWVHOI���ZKLFK
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ZRXOG� JHQHUDWH� SRZHUIXO� HOHFWULF� ILHOGV� �VHH� IRU� LQVWDQFH� KRZ� GLVSODFHPHQW
WUDQVLWLRQV�LQ�IHUURHOHFWULF�HPLVVLRQ�GLHOHFWULFV�FDQ�EH�WULJJHUHG�E\�WKHLU�RZQ�VHOI�
JHQHUDWHG�HOHFWULF�ILHOGV�LQ�>5RVHQPDQ@��>.LWWHO@��>6FRWW@��DQG�><DNRYOHY@��
$QG� ORRNLQJ� DW� WKLV� DQRWKHU� ZD\�� DQG� DJDLQ�� HVSHFLDOO\� FRQFHUQLQJ� WKH� ORZHU
GLHOHFWULF�VSKHUHV��WKURXJK�WKLV�VHOI�LQGXFWLRQ�SURFHVV��DW�D�PROHFXODU�OHYHO��WKHUH
ZLOO� EH� VHOI�LQGXFHG� IURP� WKHVH� UHYHUVDOV� RI� SKDVH� WUDQVLWLRQV� �WKDW� ZLOO� DIIHFW
SRODULW\�UHYHUVDOV�WKURXJKRXW�WKH�GLHOHFWULF�PDWHULDO��D�FRUUHVSRQGLQJ�PRYHPHQW�RI
HOHFWULF�FKDUJHV�DV�SKRQRQ�WUDQVSRUWDWLRQV�RI�HQHUJ\��WKURXJK�WKDW�VROLG�PDWHULDO�
DQG�WKHVH�HQHUJ\�WUDQVSRUWDWLRQV�ZLOO�PRYH�LQ�WXQH�ZLWK�WKH�UHYHUVDO�VZLWFKLQJ�WR
VHW�XS�DQ�DOWHUQDWLQJ�SKRQRQ�UHVRQDQFH�HIIHFW��RU�RVFLOODWLQJ�SODVPRQLF�UHVRQDQFH
HIIHFW��ZLWKLQ� WKDW� GLHOHFWULF�PDWHULDO�� 6R� LQ�RWKHU�ZRUGV� HOHFWURQ� FKDUJHV� FDQ� EH
PDGH� WR� RVFLOODWH�ZLWKLQ� WKH�GLHOHFWULF� VWUXFWXUH� RI�� VD\�� WKH� ORZHU� VSKHUHV� �DQG
WKLV�UHIHUHQFH�WR�SKRQRQ�UHVRQDQFH�ZLOO�EH�IXUWKHU�H[SDQGHG�XSRQ�LQ�FKDSWHU����
����&RORUHG�/XPLQHVFHQFH�IURP�:LWKLQ�WKH�6SKHUHV
2EYLRXVO\�� LI� WKHVH� FHUDPLFV� HPEHGGHG� LQWR� WKHVH� JODVV�FU\VWDO� VSKHUHV� FDQ� EH
PDGH�WR�RVFLOODWH�DQG�HPLW�HQHUJ\�WKHQ�WKH\�ZLOO�EH�HPLWWLQJ�HQHUJ\�WKDW�ZLOO�KDYH
VSHFLILF� FRORULQJ�� :KDWHYHU� WKLV� FRORUHG� UDGLDWLRQ� LV� LW� FDQ� WKHQ� EH� KHOSIXO� LQ
SURYLGLQJ� DQ� LQGLFDWLRQ� RI� ZKDW� WKH� FHUDPLFV� PLJKW� EH� HPEHGGHG� LQWR� WKH
GLHOHFWULFV� XVHG� E\� WKH� H[WUDWHUUHVWULDOV�� %HFDXVH� WKH� SKHQRPHQRQ� RI� JHQHUDWHG
FRORU� FHQWHUV� LV� ZHOO� NQRZQ� WR� SK\VLFLVWV� UHVHDUFKLQJ� FU\VWDOORJUDSK\� DQG� ZKR
ZRUN�RQ�WKH�GLIIHUHQW�NLQGV�RI�JODVV�FU\VWDO�>QRWH����@�
7KLV�RI�FRXUVH�� LV�QRW�WR�EH�FRQIXVHG�ZLWK�JODVV�WLQWLQJ�ZKLFK�RFFXUV�WKURXJK�D
PDQXIDFWXULQJ�SURFHVV��ZKHUH� LW� LV�ZHOO�NQRZQ�WKDW�PHWDOOLF�FRPSRXQGV�FDQ�EH
DGGHG� LQWR�JODVV�PHOWV� VR�DV� WR�JLYH� WKDW�JODVV�SHUPDQHQW� WLQWV� �LH� JUHHQ� WLQWLQJ
FRPHV�IURP�FKURPLXP�R[LGH�EHLQJ�DGGHG���6R�VSHFLILFDOO\��WKHVH�DUH�FRORU�FHQWHUV
EHLQJ� WULJJHUHG� LQVLGH� WKH� DD8)2
V� VSKHUHV� ZKLFK� DSSHDU� WR� EH� FRPLQJ� IURP
HQHUJ\� HPLVVLRQV�� DQG� ZKLFK� DUH� WHPSRUDU\� JORZV�� $QG� SXUH� DQG� VLPSOH� WKH\
ZRXOG� FRUUHVSRQG� YHU\� IDYRUDEO\� WRZDUG� EHLQJ� FHUDPLF�IHUURHOHFWULF� HQHUJ\
HPLVVLRQV�FRPLQJ�IURP�GHHS�ZLWKLQ�WKH�FU\VWDO�RU�JODVV�PDWHULDO�
%HWW\� /XFD� KDV� PHQWLRQHG� VHHLQJ� WKHVH� VWUDQJH� HIIHFWV� ZLWKLQ� WKH� ODUJH� ORZHU
VSKHUHV��IURP�WKH�WLPHV�ZKHQ�VKH�KDG�WR�WUDYHO�LQ�WKHVH�SDUWLFXODU�8)2V��RU�IURP
ZKHQ�VKH�KDG�WR�VWDQG�QH[W�WR�WKHP��VD\LQJ�DOVR�WKDW�ZKDW�VKH�QRWLFHG�ZDV�WKDW
ZKHQ�WKHVH�VSKHUHV�ZHUH�HQHUJL]HG�WKH\�KDG�VPDOO�JORZLQJ��SXOVDWLQJ�]RQHV�GHHS
LQVLGH� WKHP�ZKLFK� VKRQH�ZLWK� UHG�� EOXH�� JUHHQ�� DQG� WKHQ�ZKLWH� OLJKW��ZKLOH� RQ
RWKHU� RFFDVLRQV� VKH� HYHQ� VDZ� ORQJ� ZLUHV� RU� URGV� HPEHGGHG� LQWR� WKRVH� ORZHU
VSKHUHV��DV�LQ�ILJXUH����DERYH��>QRWH����@�
,Q�WU\LQJ�WR�ILQG�D�VFLHQWLILF�H[SODQDWLRQ�WR�WKHVH�SXOVDWLQJ�HQHUJ\�]RQHV�,�GLG�ILQG
RXW�WKDW�VRGLXP�VLOLFDWH�JODVVHV��IRU�LQVWDQFH��ZLOO�OXPLQHVFH�EULJKWO\�LQ�DQ�HOHFWULF
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ILHOG��DOWKRXJK�WKH�JORZ�ZRXOGQ
W�ODVW�IRU�PXFK�ORQJHU�WKDQ�D�IHZ�PLFURVHFRQGV
DQG� WKHQ� LW�ZRXOG�TXLFNO\� IDGH�DZD\��%XW� WKHQ� ,�GLVFRYHUHG��PRUH�SURPLVLQJO\�
WKDW� QRW� RQO\�ZLOO� VRPH�PDWHULDOV� JORZ� WKURXJK� D� UDQJH� RI� GLIIHUHQW� FRORUV�EXW
DOVR� WKDW� FHUWDLQ� PDWHULDOV� ZLOO� HPLW� FRORUV� DV� D� SKRVSKRUHVFH� JORZ� ZKHQ
HQHUJL]HG��DQG�WKH�PDWHULDOV�WKDW�XQGHUJR�SKRVSKRUHVFH�HPLVVLRQV�JORZ�IRU�VHYHUDO
WHQV� RI� VHFRQGV� �� HVSHFLDOO\� XQGHU� FRQGLWLRQV� RI� SKRWRH[FLWDWLRQ�� DQG� SDUWLFXODUO\
IURP� EHLQJ� HQHUJL]HG� E\� KLJK� IUHTXHQF\� XOWUDYLROHW� �89�� RU� ;�UD\� SKRWRQ
LUUDGLDWLRQ�� 6R�� KHUH� DW� ODVW� ZDV� DQRWKHU� LPSRUWDQW� VWHS� IRUZDUG� LQ� WKH
XQGHUVWDQGLQJ�RI� WKHVH�XSSHU�DQG� ORZHU�VSKHUHV�REVHUYHG� LQVLGH�D�8)2�>QRWH�
��@��7KH�SKHQRPHQRQ�RI�SKRWROXPLQHVFHQFH�KDV�EHHQ� H[SODLQHG� DV� D� TXDQWXP
FRQILQHPHQW� HIIHFW�� DOWKRXJK� WKLV� VHHPV�PRVWO\� WR� H[SODLQ� WKH�HIIHFW�RI� D�EOXH�
VKLIW�RU�D�UHG�VKLIW�LQ�VXFK�PDWHULDOV�>QRWH����@�
$�EULHI� VXPPDU\�RI� WKH�YDULRXV� FRORUV�ZKLFK�FDQ�FRPH� IURP�YDULRXV�PDWHULDOV
ZRXOG� LQGLFDWH�� WKDW� TXDUW]� FDQ� VKRZ� D� EURZQ� FRORULQJ� ZKHQ� LUUDGLDWHG� ZLWK
QHXWURQV�� DOWKRXJK� H[FLWRQV� ZKHQ� UHFRPELQLQJ� LQ� TXDUW]� ZLOO� JLYH� RII� D� EOXH
OXPLQHVFHQFH� RU� D� JUHHQ� OXPLQHVFHQFH� LI� WKH� TXDUW]� KDV� EHHQ� GRSHG� ZLWK
JHUPDQLXP�� $W� YHU\� ORZ� WHPSHUDWXUHV� �WRR� ORZ� IRU� WKLV� 8)2V� HQHUJ\� V\VWHP�
TXDUW]�FDQ� IRUP�YHU\� LQWHQVH� OXPLQHVFHQFH�FHQWHUV�ZKHQ� LUUDGLDWHG�E\�D�SXOVHG
ODVHU��DW�WHPSHUDWXUHV�EHORZ����.���(UELXP�ZKHQ�GRSHG�LQWR�D�FU\VWDO�FDQ�JLYH
RII�JUHHQ�OXPLQHVFHQFH�>QRWH����@��,Q�VRPH�RI�WKH�IDVFLQDWLQJ�VWXGLHV�FDUULHG�RXW
E\�5XVVLDQ�SK\VLFLVW�>.DSXVWLQ@�LW�ZDV�QRWLFHG�WKDW�ZKHQ�XOWUDVRXQG�IUHTXHQFLHV
ZHUH� DSSOLHG� WR� D� FKXQN� RI� WUDQVSDUHQW� TXDUW]� FU\VWDO� LW�ZRXOG� FORXG� RYHU� DQG
WKHQ� YLVLEO\� JORZ�ZLWK� IOXFWXDWLRQV� RI� GLIIHUHQW� FRORU� >QRWH�� ��@�� $QG� QRW� RQO\
FRORU� FHQWHUV�� EXW� DOVR� FRORUHG� KDORV� RU� FRORUHG� ULQJV� KDYH� EHHQ� REVHUYHG� WR
DSSHDU�LQ�QRQ�FU\VWDOOLQH�VROLGV�IURP�HOHFWURQ�GLIIUDFWLRQ��QHXWURQ�GLIIUDFWLRQ�DQG
;�UD\�GLIIUDFWLRQ� >QRWH�� ��@�� ,QWHUHVWLQJO\�� WKH�SHUFHLYHG�FRORUV�RI� \HOORZ��JUHHQ
DQG�EOXH�OXPLQHVFHQFH�IURP�H[FLWRQ�UHFRPELQDWLRQ�KDYH�EHHQ�UHFRUGHG�LQ�&8�2�FRSSHU�R[LGH��VHPLFRQGXFWRUV��DOEHLW�XQGHU�VXSHU�FRROHG�FRQGLWLRQV�>QRWH����@�
$QG� ILQDOO\�� ]LQF�EDVHG� SKRVSKRUXV� PDWHULDOV� XVHG� LQ� FRQMXQFWLRQ� ZLWK
IHUURHOHFWULFV�FDQ�DOVR�JORZ�ZLWK�D�YDULHW\�RI�FRORUV�RI�\HOORZ�RUDQJH��UHG��JUHHQ
DQG�EOXH�>7DOERW@�
6R� REYLRXVO\�� WKH� FRORU� HPLVVLRQV� DUH� D� UDGLR� IUHTXHQF\� �5)�� UHVRQDQFH� HIIHFW
RFFXUULQJ�LQ�WKH�DWRPV�ZLWKLQ�WKH�FU\VWDO
V�VWUXFWXUH�
7KHUH� DJDLQ�� LI� WKHVH� FRORUHG� FHQWHUV� DUH� DQ� LQGLFDWLRQ� RI� GLVFUHWH� HQHUJ\
HPLVVLRQV� WKHQ� SHUKDSV� ZLWKLQ� WKH� FU\VWDO� WKH� SKHQRPHQRQ� RI� SDUWLFOH
FRQILQHPHQW� LV� EHLQJ� XWLOL]HG� DQG� VKRXOG� EH� JLYHQ� FRQVLGHUDWLRQ� IRU� IXUWKHU
UHVHDUFK��7KLV�VDPH�WHFKQRORJ\�ZRXOG��LQFLGHQWDOO\��EH�TXLWH�HYLGHQW�LQ�WKH�RSWLFDO
ILEHU�WUDQVPLVVLRQ�DQG�SRZHU�OLQHV�WKDW�WKH�(7V�KDYH�EHHQ�REVHUYHG�WR�XVH�>QRWH�
��@�
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����4XDUW]�RU�*ODVV��&U\VWDOOLQH�RU�$PRUSKRXV�"
:KLOH�LWV�DOO�YHU\�ZHOO�SLFNLQJ�WKH�EHVW�VRUWV�RI�HPLWWLQJ�FHUDPLFV�WR�XVH�LQ�WKHVH
SRZHU� VSKHUHV�� LQ� RUGHU� WR� XWLOL]H� DQ\� JURXS� RI� HOHFWUR�FKHPLFDO� FRPSRXQGV
WKHUH�ZLOO�EH�QHHGHG�D�KRVW�PDWHULDO�WR�NHHS�DOO�WKHVH�FRPSRXQGV�ORFDWHG�DQG�LQWHU�
FRQQHFWHG�DQG�SURWHFWHG��IURP�R[LGL]DWLRQ���7KLV�GUDZV�EDFN�WR�WKH�ILUVW�WHQWDWLYH
GHVFULSWLRQV�RI� WKH� DD8)2
V� FU\VWDO� VSKHUHV� �LQ� WKH�SUHYLRXV� FKDSWHUV��ZKHUH� LW
ZDV�TXHVWLRQHG�ZKHWKHU�WKHVH�VSKHUHV�ZHUH�PDGH�RI�TXDUW]�RU�RI�D�GLIIHUHQW�NLQG
RI�FU\VWDO�RU�RI� D� VSHFLDO� W\SH�RI�JODVV��%HWW\�/XFD
V�GHVFULSWLRQ�RI� WKHP�FRPHV
IURP�KHU�REVHUYLQJ� WKDW� WKH\� ORRNHG� OLNH�D� WUDQVSDUHQW�JODVV�OLNH�PDWHULDO�ZKLFK
UHVHPEOHG� FXW�FU\VWDO� JODVV� ZLWK� WKHLU� RXWVLGH� VXUIDFHV� RI� WKHVH� VSKHUHV� EHLQJ
IDFHWHG�>QRWH����@�
,QWHUHVWLQJO\�� LW�ZLOO� QRW� VR�PXFK�EH� TXDUW]� FU\VWDO� WKDW�PD\� SURYH� WR� KDYH� WKH
VSHFLDO�TXDOLWLHV�QHHGHG�IRU�WKLV�WDVN��LW�PD\�WXUQ�RXW�WKDW�FHUWDLQ�W\SHV�RI�JODVV�ZLOO
KDYH� PRUH� WR� RIIHU�� 7KH� PDLQ� GLIIHUHQFH� EHWZHHQ� WKH� WZR� LV� WKDW� TXDUW]� LV
SUHGRPLQDQWO\�D�FU\VWDOOLQH�PDWHULDO�ZLWK�D�UHSHDWLQJ�ODWWLFH�VWUXFWXUH��ZKLOH�JODVV
LV� DQ� DPRUSKRXV�PDWHULDO�KDYLQJ�QR� UHSHDWLQJ�FU\VWDOOLQH�RU� ORQJ�UDQJH�RUGHUHG
ODWWLFH�VWUXFWXUH��EXW�WKHQ�JODVV�GRHV�KRZHYHU�KDYH�WKH�QHFHVVDU\�DWRPLF�VWUXFWXUH
ZKLFK�FDQ�DFW� DV� D�KRVW� IRU� FKDUJH�GRQDWLQJ�PDWHULDOV� �RU� FHUDPLFV� VXFK�DV� WKH
UDUH�HDUWK�ODQWKDQRLGV�ZKLFK�DUH�IHUURHOHFWULFV���$OWKRXJK��DV�ZLOO�EH�VKRZQ�LQ�WKH
QH[W�FKDSWHU��FKDSWHU����WKHUH�PD\�\HW�EH�DQRWKHU�WZLVW�LQ�WKH�WDOH�RI�WKLV�VSHFLDO
JODVV�

)LJXUH�����&U\VWDO�VWUXFWXUHV�RI�FU\VWDOOL]HG�VLOLFD�DQG�DPRUSKRXV�VLOLFD
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%XW�WKH�FRPSOH[�TXHVWLRQ�DV�WR�KRZ�WKH�DD8)2�PLJKW�JHQHUDWH�HQRXJK�SRZHU�WR
IXHO� LWV� SURSXOVLRQ� GULYH� V\VWHP� LV� QRZ� EHJLQQLQJ� WR� VXSSO\� VRPH� SURPLVLQJ
VROXWLRQV�� ,� KRSH� LW�ZLOO�EH� DSSUHFLDWHG�KRZ� WKH� VFDQW� LPDJHV� UHFDOOHG� E\�%HWW\
/XFD�DQG�SXEOLVKHG�LQ�DOO�WKH�5D\�)RZOHU�ERRNV�DUH�EHFRPLQJ�TXLWH�LQYDOXDEOH�WR
WKLV� VWXG\�� DQG� WKDW� WKH\� ZLOO� FRQWLQXH� WR� SURYH� LQYDOXDEOH� ZKHQ� LW� FRPHV� WR
SURJUHVVLQJ�DQ\�HDUQHVW�5�'�ODE�ZRUN�IRU�8)2�FRQVWUXFWLRQ�DW�D� ODWHU�GDWH��DV
ZLOO�DOO�WKH�RWKHU�SLHFHV�RI� LQIRUPDWLRQ�OHDUQHG�IURP�WKH�KXQGUHGV�RI�DEGXFWHHV
ZKRP�KDYH�H[SHULHQFHG� VRPH�RI� WKH�RWKHU� WHFKQRORJLFDO� DGYDQFHPHQWV� DW� ILUVW
KDQG� XQGHU� WKH� ZDWFKIXO� H\HV� RI� WKH� H[WUDWHUUHVWULDOV�� +RSHIXOO\� D� ZD\� ZLOO� EH
IRXQG��QRZ�WKDW�WKLV�8)2�LQIRUPDWLRQ�LV�FRPLQJ�RXW�RI�WKH�FORVHW��WR�EXLOG�XS�D
FRKHUHQW� NQRZOHGJH�EDVH� DERXW� H[WUDWHUUHVWULDO� VFLHQFHV�� WKDW� VFLHQWLVWV� IURP� DOO
DURXQG� WKH� ZRUOG� FDQ� SRRO� IURP� DQG� GHYHORS� LQWR� DV� D� FRQGLWLRQDO� QRQ�
ZDUPRQJHU\�VWHS�IRUZDUG��DQG�EH�SXW�WR�XVH�IRU�WKH�FLYLOLDQ�SXEOLF�
����$�&U\VWDO
V�$FRXVWRHOHFWULF�3KRQRQ�:LQG
,
P�QRW�JRLQJ�WR�XVH�WKHP�DV�SURRI�IRU�WKH�DERYH�DVVXPSWLRQV��EXW�,�ZLOO�FDOO�WR
WKH�UHDGHU
V�DWWHQWLRQ�D�SDUWLFXODU�JURXS�RI�LPDJHV�WKDW�%HWW\�/XFD�ZDV�VKRZQ�E\
WKH�(7�EHLQJV��DQG�ZKLFK�VKH�KDV�SXEOLVKHG�LQ�KHU�$6%7�ERRNOHWV��,�ZLOO�SUHVHQW
WKRVH� LPDJHV�KHUH�EHFDXVH� WKH\� VKRZ�SDUWLFXODUO\� FOHDUO\� WKH� FDUERQ�TXDUW]�OLNH
ODWWLFH� VWUXFWXUH� WKDW� WKH� H[WUDWHUUHVWULDO� *UH\V� VKRZHG� WR� %HWW\�� ZKLFK� WKH\
LQGLFDWHG� DW� WKH� WLPH�ZHUH� VWUXFWXUHV� DQDORJRXV� WR� WKH�PDWHULDOV� WKH\� XVHG�� EXW
ZKLFK�DOVR��ZKHQ�XQGHUVWRRG�IXOO\�ZRXOG�VKRZ�KRZ�WKH�*UH\
V�HQHUJ\�PDWHULDO�
WHFKQRORJ\� ZRUNHG�� :LWK� WKLV� ODWWHU� IDFWRU� LQ� PLQG� ZKDW� ZDV� VKRZQ� LQ� WKRVH
KRORJUDSKLF�W\SH� LPDJHV� ZDV� HVVHQWLDOO\� D� VROLG� VWUXFWXUH� LQVLGH� RI� ZKLFK� ZDV
FRQWDLQHG� ZLQG�� VPRNH� �RU� JDV��� DQG� OLJKWQLQJ� �� DOO� DV� LI� LQ� DQ� DUUHVWHG� VWDWXV
>QRWH����@�
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)LJXUH�����2Q�VHYHUDO�RFFDVLRQV� WKH�H[WUDWHUUHVWULDOV� WRRN� WLPH� WR� VKRZ�%HWW\� D
SDUWLFXODU� IDFHW� RI� WKHLU� HQHUJ\� VWRUDJH� V\VWHP� �WKHVH� WKUHH� LPDJHV� DUH� IURP
$6%7�,,�GUDZLQJ�����$QGUHDVVRQ�$IIDLU�ILJ�����DQG�$QGUHDVVRQ�$IIDLU���3KDVH�7ZR
ILJ����
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,Q�VRPH�RI�WKH�GHSLFWLRQV��ZKLFK�ZHUH�VKRZQ�WR�%HWW\�/XFD�RQ�WKUHH�RFFDVLRQV�
DQG�ZKLFK�VKH�KDV�GUDZQ�LQ�GLDJUDP�IRUP�WKHUH�LV�VKRZQ�ZKDW�,�EHOLHYH�WR�EH�WKH
WHFKQRORJ\�RI�IHUURHOHFWULF�HPLVVLRQV�XVLQJ�IHUURHOHFWULF�FHUDPLFV�HPEHGGHG�LQWR
GLHOHFWULF�JODVV��)RU� WKH�PDLQ� LQJUHGLHQWV� WR� WKH�PDWHULDO� WKH�H[WUDWHUUHVWULDOV�DUH
XVLQJ�ZRXOG� DSSHDU� WR� EH�ZLQG�� VPRNH�JDV�SODVPD� HOHFWULFLW\�� LQ� D� KRQH\FRPE
ODWWLFH�VWUXFWXUH�
,QGHHG��FRQFHUQLQJ�WKH�DERYH�GUDZLQJV�ZKDW�LV�FOHDUO\�VKRZQ�LV�D�KRQH\FRPE�RU
WHWUDKHGUDO�� RU�ZXUW]LWH� FHOO� VWUXFWXUH�� ZKLFK� LV� FRPPRQO\� IRXQG� LQ� ]LQFEOHQGH
FRPSRXQGV��RU�LW�LV�WKH�GLDPRQG�FHOO�VWUXFWXUH�IRXQG�LQ�TXDUW]�DQG�FDUERQ��DQG
SHUKDSV�ZKHQ� LW� EHFRPHV� DYDLODEOH� WKH� VROLG� IRUP�RI� FDUERQ� GLR[LGH� JODVV��� DOO
WKHVH�VWUXFWXUHV�DUH�NQRZQ�DV� WKH� LGHDO����EDVH� VWUXFWXUHV��'HSHQGLQJ�RQ�ZKDW
NLQG�RI�ODWWLFH�VWUXFWXUH�WKDW�PDWHULDO
V�FHOO�ZLOO�KDYH�WKH�FHOOV�ZLOO�EH�PDGH�XS�RI
FDWLRQ�DQG�DQLRQ�LRQV�
7KH�XVXDO�ZD\� LQ�ZKLFK�HOHFWULF�FKDUJH� LV�WUDQVSRUWHG�DFURVV�QRQ�PHWDO�PDWHULDO
VWUXFWXUHV� LV� WKURXJK� SKRQRQV� DQG� SODVPRQV� UDWKHU� WKHQ� HOHFWURQV�� 7KH
PHFKDQLVPV�ZKLFK�GR�WKH�WUDQVSRUWLQJ�DUH�FDOOHG�WKH�DFRXVWRHOHFWULF�HIIHFW��DQG�WKH
SODVPRQLF� UHVRQDQFH� HIIHFW�� 7KLV� LV� EHFDXVH� LQ� VROLG� PDWHULDOV� WKH� SKRQRQ� LV� WKH
HTXLYDOHQW� RI� DQ� HOHFWULF� FKDUJH� DQG� DFWV� DV� LI� LW� ZHUH� D� JDV� PROHFXOH� PRYLQJ
WKURXJK�WKH�ODWWLFH�VSDFHV�RI�D�PDWHULDO��DQG�LWV�LQIOXHQFH�LV�WUDQVPLWWHG�WKURXJK�D
PDWHULDO�VXEVWDQFH�DV�DFRXVWLF�ZDYHV�RI�H[WUHPHO\�KLJK�IUHTXHQF\��LQ�WKH�RUGHU�RI
�����+]��ZKLFK�LV�DURXQG�WKH�LQIUD�UHG�ZDYHEDQG���$OVR�ZLWKLQ�WKLV�KXJH�ILHOG�RI
UHVHDUFK��EXW�LQYROYLQJ�HOHFWURPDJQHWLF�DQG�XOWUDVRQLF�H[FLWDWLRQ�RI�GRSHG�JODVV�
TXDUW]��WKHUH�FDQ�EH�HQHUJL]HG�QHDU�WKH�VXUIDFHV�RI�WKHVH�VWUXFWXUHV�TXDVL�SDUWLFOHV
VLPLODU� WR� SKRQRQV�ZKLFK� FDQ� WKHQ� EH�PDGH� WR� FRXSOH� WRJHWKHU�ZLWK� HOHFWURQ�
DQG�KROH�SDLUV�DQG�WR�SURSDJDWH� WKURXJK�WKH�FU\VWDO� ODWWLFH�DW� WKH�VXUIDFH�RI� WKH
JODVV�RU�TXDUW]�DV�H[FLWRQ�SDUWLFOHV�
3KRQRQV� FDQ� DOVR� LQWHUDFW� ZLWK� HOHFWURQV� DORQH� WKRXJK�� DQG� ZKHQ� D� VXUIDFH
DFRXVWLF�ZDYH��6$:��LV�SURSDJDWHG�DURXQG�WKH�RXWVLGH�RI�D�FU\VWDO��RU�MXVW�XQGHU
WKH�VXUIDFH�RI�WKH�FU\VWDO��WKHVH�DFRXVWLF�ZDYHV�WUDQVIHU�VRPH�RI�WKHLU�PRPHQWXP
LQWR� WKH� HOHFWURQV� DQG� HOHFWURQ�KROH� SDLUV� �DV� H[FLWRQ� PROHFXOHV�� VR� WKHQ� WKH
HOHFWURQV� FDQ� EH� PRELOL]HG� DURXQG� WKH� GLHOHFWULF�� DQG� VR� WKHVH� H[FLWRQV� DQG
H[FLWRQ�PROHFXOHV��DQG�RWKHU�FKDUJHG�SDUWLFOHV��FDQ�EH�DFFXPXODWHG�DV�DQ�HOHFWULF
SODVPD�ILHOG�RQ�WKH�RXWVLGH�WKH�FU\VWDO��DV�LV�DOVR�ZHOO�NQRZQ�WKDW�6$:V�DFWLQJ�RQ
SLH]RHOHFWULF� PDWHULDOV� ZLOO� DOVR� JHQHUDWH� HOHFWULF� ILHOGV� LQ� WKRVH� PDWHULDOV��
6XEVHTXHQW� WR� WKLV� HQHUJ\� WUDQVIHU� SURFHVV� WKH� VXUURXQGLQJ� SODVPD� ILHOG� FDQ
SRVVHVV� ZKDW� LV� FDOOHG� DQ� DFRXVWRHOHFWULF� '&� FXUUHQW�� $QG� WKLV� SKHQRPHQRQ
UHVXOWV� LQ� D� WDQJLEOH� SUHVVXUH� DW� WKH� IDFH� RI� WKH� FU\VWDO� NQRZQ� DV� 
SKRQRQ� ZLQG�

ZKLFK� LV� D� FROOHFWLYH� HPLVVLRQ� RI� HOHFWURQV�� SRVLWLYH� FKDUJHV� DQG� H[FLWRQV�� DQG
WKHVH� FDQ�EH�PDGH� WR�PRYH�D� VKRUW�GLVWDQFH�EH\RQG� WKH� VXUIDFH�RI� WKH� FU\VWDO�
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DQG� FDQ� EH� KHOG� LQ� WKH� VXUURXQGLQJ� DLU� MXVW� RXWVLGH� WKH� FU\VWDO
V� VXUIDFH� E\� D
UHVRQDWLQJ�DFRXVWLF�ZDYH�ILHOG�>QRWH����@�
,V� WKH� SKRQRQ� ZLQG�� ZKLFK� LV� WKH� JDV� RI� HOHFWULFDO� FKDUJHV� WKDW� PRYHV� WKURXJK
GLHOHFWULF�PDWHULDOV��WKH�ZLQG�JDV�OLJKWQLQJ�EHLQJ�GHSLFWHG�E\�WKH�H[WUDWHUUHVWULDOV
LQ�WKHLU�VWUDQJH�DQDORJRXV�UHSUHVHQWDWLRQV�IRU�WKHLU�SRZHU�PDWHULDOV��"
����6SKHUH�)DEULFDWLRQ�ZLWK�6RO�*HOV�RI�6LOLFRQV�DQG�/DQWKDQRLGV
0RUH� WR� WKH� SRLQW�� ZKHUH� FDQ� WKH� VSHFLDO� JODVV�FU\VWDO� PDWHULDO� QHHGHG� IRU� WKH
8)2
V�VSKHUHV�FRPH�IURP�"�7KH�EHVW�EHW�ZRXOG�EH�WKDW�VXFK�JODVV�ZRXOG�QHHG�WR
EH�HVSHFLDOO\�GHVLJQHG��DQG�WKHQ�HVSHFLDOO\�IDEULFDWHG��&HUWDLQO\��,�IHHO�LW�ZRXOG�EH
UDWKHU�QDLYH�WR�WKLQN�WKDW�WKH�(7V�DUH�XVLQJ�LQ�WKHLU�8)2�SRZHU�GULYHV�VRPH�RGG
FKXQNV�RI�TXDUW]�FU\VWDO�WKH\�PLJKW�KDYH�IRXQG�RQ�D�EHDFK�VRPHZKHUH�RQ�VRPH
H[RWLF�SODQHW�ZLWK�GRXEOH�VKDGRZV���+DYLQJ�VDLG�WKDW��RQH�RI�WKH�35,1&,3/(6
EHKLQG� PDNLQJ� WKLV� VSHFLDO� JODVV�FU\VWDO� PD\� FRPH� IURP� WKH� ZD\� FU\VWDOOLQH
VWUXFWXUHV�DUH�IRUPHG�DQG�IRXQG�GHHS�ZLWKLQ�WKH�FRUH�RI�VRPH�GLVWDQW�SODQHW��)RU
WKH�SULQFLSOH�EHKLQG�PDNLQJ�VXFK�D�JODVV�PD\�WXUQ�RXW� WR�EH�VLPLODU� WR� WKH�ZD\
GLDPRQG�LV�IRUPHG�GHHS�ZLWKLQ�WKLV�SODQHW��LH�DW�H[WUHPHO\�KLJK�SUHVVXUHV��PRUH
RQ�WKLV�LQ�WKH�QH[W�FKDSWHU��
%XW�DV�D�VWDUWLQJ�SRLQW�LQ�WKH�SXUVXLW�WR�GXSOLFDWH�VXFK�WHFKQRORJ\�,�ZRXOG�VXJJHVW
WKDW� LW� PLJKW� EH� PRUH� DGYLVDEOH� WR� WKLQN� DORQJ� WKH� OLQHV� RI� D� VRO�JHO� W\SH� RI
WHFKQRORJ\� ZKHUHE\� VXFK� VSKHUHV� FDQ� EH� VSHFLILFDOO\� GHVLJQHG� DQG� IDEULFDWHG
IURP�D�SURSRUWLRQHG�PL[WXUH�RI�VSHFLILF�PDWHULDOV�
,I�WKHVH�VSKHUHV�ZHUH�WR�EH�IDEULFDWHG�WR�RUGHU�WKH\�ZRXOG�QHHG�WR�KDYH�LQ�WKHP�D
FRPELQDWLRQ� RI� FRPSRXQGV� WKDW� FDQ� HPLW� HOHFWURQV�� DQG� DOVR� FRPSRXQGV� WKDW
FDQ�WULJJHU�WKRVH�HPLVVLRQV�ZKLFK�FDQ�EH�LQGXFHG�LQWR�DFWLRQ�E\�PDJQHWLF�ILHOGV
�ZKLFK�DUH�SOHQWLIXO�HVSHFLDOO\�DURXQG�WKH�WRS�VSKHUHV���7KH�ORZHU�VSKHUHV�PLJKW
QHHG� WR� KDYH�� HVSHFLDOO\� RQ� WKHLU� ORZHU� FXUYH� �ZKHUH� WKH\� SURWUXGH� EHORZ� WKH
FUDIW��� MXVW� LQVLGH� WKHLU�RXWHU�VXUIDFHV�� D�SUHGRPLQDQFH�RI�SRVLWLYH�YDFDQFLHV� �RU
KROHV��� DQG� KDYH� D� VWUXFWXUH� WKDW� ZRXOG� IDFLOLWDWH� FKDUJH� PRYHPHQW� IURP� WKH
RXWVLGH� �LH� WKH� YLUWXDO� HQHUJ\� ILHOGV� WKDW� KDYH�=3)� IOXFWXDWLRQV�� LQWR� WKH� LQQHU�
EXON�RI�WKH�ORZHU�VSKHUH
V�PDWHULDO��PRUH�GHWDLOV�LQ�IROORZLQJ�FKDSWHUV��
,·G� WHQWDWLYHO\� VXJJHVW� D� FRPELQDWLRQ� RI� PDJQHWRVWULFWLYH� HOHPHQWV� �VXFK� DV
7HUIHQRO�'�� WKDW� ZRXOG� JHQHUDWH� WKH� PDJQHWLF�ILHOG�LQGXFHG� RVFLOODWLRQV�� DQ
DEXQGDQFH� RI� IHUURHOHFWULF� HOHPHQWV� �VXFK� DV� HUELXP�� \WWULXP�� ODQWKDQXP�� RU
QHRG\PLXP���DQG�D�JURXS�RI�KLJK�PDVV�HOHPHQWV�VXFK�DV�OHDG��)RU�LQVWDQFH��VXFK
D�JURXS�RI�FRPSRXQGV�ZRXOG�WKHQ�EH�YHU\�VLPLODU�WR�WKH�WULHG�DQG�WHVWHG�3/=7
IRUPXOD� RI� FHUDPLFV� �DV� PHQWLRQHG� LQ� QRWH� �� DERYH��� $QG� WKHQ� DOO� WKHVH
FRPSRXQGV� ZRXOG� QHHG� WR� EH� GRSHG� LQWR� D� VSHFLDO� VRUW� RI� JODVV�FU\VWDO� KRVW
PDWHULDO��IRU�LQVWDQFH��D�VLOLFDWH�JODVV��,
P�QRW�D�HOHFWURFKHPLVW��EXW�,�ZRXOG�WKLQN
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WKDW� WKHUH� VKRXOG� DOVR� EH� DQ� HOHFWUR�SRVLWLYH� FRPSRXQG� LQFOXGHG� WRR� �PDGH
VXLWDEOH� IRU� WKH� RXWVLGH� SURWUXGHQFHV��� EHFDXVH� WKHQ� D� VHTXHQFH� RI� FKDUJH�
WUDQVIHUULQJ� MXPSV� FRXOG� EH� VHW� XS� DURXQG� WKH� RXWVLGH� VXUIDFHV� RI� WKH� ORZHU
VSKHUHV� LQ�FRQMXQFWLRQ�ZLWK� WKH� LQWULQVLF�SLH]RHOHFWULF�PHFKDQLVPV�ZLWKLQ� WKRVH
PDWHULDOV�� WR� GUDZ� WKH� RXWVLGH� �=3)�� FKDUJHV� LQ� DQG� WKURXJK� WKHVH� VSKHUHV� �WR
ZKHUH�WKH\�FDQ�EH�DEVRUEHG�LQWR�WKH�FUDIW
V�HOHFWURQLF�FLUFXLW���)LQDOO\��ZKDWHYHU
ZRXOG�EH�XVHG�DV�WKH�KRVW�PDWHULDO�LW�ZRXOG�DOVR�QHHG�WR�SURWHFW�WKH�IHUURHOHFWULF
FRPSRXQGV� IURP� WKH� DLU�� DV� WKHVH� FHUDPLF�HOHPHQWV�ZRXOG�TXLFNO\�R[LGL]H� �VHH
DERYH�QRWH����
$OO� RI� WKH� DERYH� UHTXLUHPHQWV� ZRXOG� VXLW� WKH� VRO�JHO� FKHPLFDO� IDEULFDWLRQ� DQG
PDQXIDFWXULQJ� SURFHVV�� ,Q� VRO�JHO� IDEULFDWLRQ� WKH� VWDUWLQJ�PDWHULDOV� XVHG� LQ� WKH
SUHSDUDWLRQ� RI� WKH� EDVH� 
VRO
� ZRXOG� EH� LQRUJDQLF� PHWDO� VDOWV� RU� PHWDO� RUJDQLF
FRPSRXQGV� �VXFK� DV� PHQWLRQHG� DERYH��� 7KHQ� �DV� DFFRUGLQJ� WR� WKH� VRO�JHO
PDQXIDFWXULQJ�SURFHVV�LQ�P\�UHIHUHQFHV��WKLV�FRPSRXQG�ZRXOG�EH�VXEMHFWHG�WR�D
VHULHV� RI� ERWK� K\GURO\VLV� DQG� SRO\PHUDWLRQ� UHDFWLRQV� WR� IRUP� ZKDW� LV� FDOOHG� D
FROORLGDO�VXVSHQVLRQ��ZKLFK�LV�WKH�FRPSRVLWH�VRO���$IWHU�WKHVH�WZR�SURFHVVHV�WKH
FRPSRVLWH� VRO� LV� FDVW� LQWR� D� PROG� VR� WKDW� D� ZHW� JHO� FDQ� IRUP� RXW� RI� DOO� WKHVH
FRPSRQHQWV��7KHQ��WKURXJK�IXUWKHU�GU\LQJ�DQG�KHDW�WUHDWPHQW�WKH�FRPSRVLWH�JHO
ZRXOG�HYHQWXDOO\�HYROYH�LQWR�D�GHQVH�FHUDPLF�JODVV�PDWHULDO�RI�WKH�UHTXLUHG�VKDSH
DQG�VL]H�>QRWH����@�
,I�QRW�E\�WKH�VRO�JHO�PHWKRG�WKHQ�WKHVH�HQHUJ\�VSKHUHV�ZRXOG�LGHDOO\�QHHG�WR�EH
ORDGHG� ZLWK� WKHLU� KLJKO\� SURGXFWLYH� HOHFWURQ�HPLWWLQJ� FRPSRXQGV� �FRPELQHG
ZLWK� WKH� RWKHU� HOHPHQWV� PHQWLRQHG� DERYH�� LQ� D� VWUDLJKWIRUZDUG� PHOW� SURFHVV�
VXFK�DV�LV�XVHG�WR�GRSH�ODQWKDQRLG�FHUDPLFV�LQWR�D�JODVV�FU\VWDO�
:KLFKHYHU� IDEULFDWLRQ�PHWKRG� FDQ�EH� XVHG� WR� SURGXFH� WKHVH� VSKHUHV��ZLWK� WKH
WRS� VSKHUHV� IDEULFDWHG� LQ� WKH� ULJKW� ZD\�� WKHQ� WKH� KLJKO\� HQHUJL]HG� DQG� SXOVLQJ
PDJQHWLF� ILHOGV� SHUPHDWLQJ� ULJKW� WKURXJK� WKHVH� VSKHUHV� ZRXOG� IRUFH� WKH
PDJQHWRVWULFWLYH� FRPSRXQGV� WR� SUHVVXUL]H� WKH� SLH]RHOHFWULF� HOHPHQWV� RI� WKH
�VLOLFDWH�RU�FDUERQ�JODVV��WR�FUHDWH�D�KLJK�YROWDJH�HOHFWULFDO��SLH]RHOHFWULF��VWUDLQ�LQ
WKDW� JODVV�FU\VWDO�� DQG�ZLWK� VXFK� D�KLJK� YROWDJH� VWUDLQ� UHSHDWHGO\� DSSOLHG� WR� WKH
VSKHUH·V� FHOOXODU� VWUXFWXUH� D� UHVRQDQW� IUHTXHQF\� ZRXOG� EH� VHW� XS� ZLWKLQ� WKH
VWUXFWXUH�ZKLFK�ZRXOG� DFW� XSRQ� WKH� IHUURHOHFWULF� FHUDPLFV� �LQ� WKH� VSRQWDQHRXV
SRODUL]DWLRQ�PRGH���VR�WKDW�WKRVH�HOHPHQWV�GRSHG�LQWR�WKH�VLOLFDWH�RU�FDUERQ�JODVV
ZRXOG�WULJJHU�WKH�FRSLRXV�HPLVVLRQV�RI�FKDUJHG�SDUWLFOHV�WR�EH�HMHFWHG��UHSXOVHG�
RXW�IURP�WKH�VXUIDFH�RI�WKRVH�VSKHUHV�
)URP� WKH� ZD\� WKH\� DUH� XVHG� LQ� WKH� DD8)2� WKHLU� LPPHGLDWH� HQYLURQPHQWV� DUH
DOUHDG\�HQHUJL]HG��IURP�WKH�SRZHU�RI�WKH�FHQWUDO�EODFN�YRUWH[��IURP�WKH�PDJQHWLF
ILHOGV�SDVVLQJ� WKURXJK� WKHP�� DQG� IURP� WKH� ILHOGV� RI� DFRXVWLF�ZDYHV� FRPLQJ� XS
IURP�WKH�ORZHU�VSKHUHV�DQG�IRFXVLQJ�RQWR�WKRVH�WRS�VSKHUHV��6R�WKHQ�WKH�HMHFWHG
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FKDUJHG�SDUWLFOHV� VWUHDPLQJ�RXW� IURP� WKHVH� WRS� VSKHUHV�ZRXOG�DXWRPDWLFDOO\�EH
JUDEEHG�E\�WKH�/RUHQW]LDQ�IRUFHV�FRQYHUJLQJ�DURXQG�WKHP��DV�VKRZQ�LQ�ILJXUHV
��� DQG� ����� DQG� WKH\� ZRXOG� FXUO� LQWR� D� KLJKO\� H[FLWHG� FORXG� RI� IDVW�PRYLQJ
HOHFWURQV�SRVLWURQV� DURXQG� WKRVH� VSKHUHV� �DJDLQ�� WKLV�ZRXOG� EH� FRXUWHV\� RI� WKH
SXOVLQJ�RI�WKH�PDJQHWLF�IOX[�OLQHV�FRQYHUJLQJ�DOO�DURXQG�WKH�WRS�VSKHUHV��
6XFK�HPLVVLRQV�FRXOG�DSSHDU�DV�ERWK�D�IUHQ]LHG�SODVPD�VXUURXQGLQJ�WKH�VSKHUHV
DQG�DV�PXOWLSOH�HMHFWLRQV�RI�FKDUJHG�SDUWLFOHV�FRPLQJ�RXW�IURP�HYHU\�DQJOH�RI�WKH
WRS� VSKHUH·V� VXUIDFH� �� MXVW� DV� %HWW\
V� GUDZLQJ� VKRZV� �� DQG� RQFH� WKHVH� FRSLRXV
HPLVVLRQV�RI�FKDUJHG�SDUWLFOHV�ZHUH�EHLQJ�SXPSHG�RXW��HYHQ�WKRXJK�WKH�HOHFWURQV
ZRXOG�EH�LQWHQVLILHG�E\�DOO�WKH�PDJQHWLF�ILHOG�OLQHV�DURXQG�WKRVH�WRS�VSKHUHV�WKH
SKRWRQV� JLYHQ� RII� WKHP�� DV� ZHOO� DV� VRPH� RI� WKRVH� HOHFWURQV�� ZRXOG� HLWKHU� EH
GUDZQ� LQWR� WKH� URWDWLQJ� IRUFHV� RI� WKH� SKRWRQ� RUELW� ULQJ� ZKLFK� LV� URWDWLQJ
LPPHGLDWHO\�LQVLGH�WKH�RUELW�RI�WKH�WRS�VSKHUHV��RU�WKH\�ZRXOG�EH�IRUFHG�WR�J\UDWH
LQWR�WKH�J\UDWLQJ�VWRUDJH�ILHOG���ZKLFK�ZLOO�EH�J\UDWLQJ�WKURXJK�WKH�FUDIW
V�SODQDU
ZDYH�JXLGH��DQG�ZKLFK�ZLOO�EH� URWDWLQJ�RQ� WKH�RXWVLGH�RI� WKH�RUELW�RI� WKRVH� IRXU
WRS�VSKHUHV�
�����6XUIDFH�)DFHWV�WR�(QKDQFH�(OHFWURQ�DQG�3KRQRQ�([FKDQJH
,Q�IDFW��E\�FRXSOLQJ�WKH�DERYH�LPDJH�RI�D�IUHQ]LHG�HQHUJ\�ILHOG�VXUURXQGLQJ�WKH
WRS�VSKHUHV�ZLWK�WKH�QXPHURXV�LRQL]LQJ�PHFKDQLVPV�UHIHUUHG�WR�LQ�WKH�SUHYLRXV
FKDSWHU��ZKLFK�DUH�DOVR�H[SHFWHG�WR�EH�DFWLYDWHG�LQ�WKH�YLFLQLW\�RI�WKH�XSSHU�LQQHU
HGJH� RI� WKH� WRURLG�� LW� ZLOO� EH� VHHQ� WKDW� WKH� HQHUJ\� HQYLURQPHQW� DURXQG� WKHVH
VSKHUHV�ZLOO�EH�LQ�DQ�H[WUHPH�VWDWH�RI�H[FLWDWLRQ��$�ORW�RI�WKLV�SDUWLFOH�HQHUJ\�ZLOO
EH�JUDEEHG�E\�WKH�PDJQHWLF�ILHOGV�FRQYHUJLQJ�LQWR�WKH�WRS�VSKHUHV�VR�WKDW�ZKLOH
PRVW�DOO� RI� WKHVH� DLU�ERUQ� FKDUJHG� SDUWLFOHV� DURXQG� WKH� WRS� VSKHUHV� ZLOO� EH
LPEXHG�ZLWK�/RUHQW]�IRUFHV��DQG�VRPH�RI�WKRVH�ZLOO�EH�J\UDWLQJ�DURXQG�WKH�IOX[
OLQHV�SURGXFLQJ�WKH�
HPLVVLRQ�EDUV
�WKDW�%HWW\�VDZ���WKHUH�ZLOO�EH�D�JUHDW�DPRXQW
RI�HPLVVLRQV�IURP�WKRVH�VSKHUHV�WKDW�ZLOO�EH�GUDJJHG�LQWR�WKH�SKRWRQ�RUELW�ULQJ
RQ�WKHLU�ZD\�LQWR�WKH�FHQWUDO�YRUWH[��DQG�WKHUH�ZLOO�EH�RWKHU�HPLVVLRQV�WKDW�ZLOO�EH
J\UDWLQJ�YHU\�FORVHO\�DURXQG�WKH�RXWHU�VXUIDFHV�RI�WKRVH�WRS�VSKHUHV�
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)LJXUH�����7KH�WZR�FRXQWHU�URWDWLQJ�IORZV�PHHW�DW�WKH�SKRWRQ�RUELW�ULQJ���H[DFWO\
ZKHUH�WKH�WRS�VSKHUHV�RUELW�DURXQG�WKH�YRUWH[
,Q�FRQMXQFWLRQ�ZLWK�WKHVH�J\UDWLRQV�DURXQG�WKH�WRS�VSKHUH�VXUIDFHV�WKHUH�ZLOO�EH
WKH� LQIOXHQFH� WKDW� WKH� WZR� FRXQWHU�URWDWLQJ� ILHOGV� �RI� WKH� RQH� JRLQJ� ZLWK� WKH
FHQWUDO� YRUWH[�� DQG� WKH� RQH� JRLQJ� ZLWK� WKH� VWRUDJH� ILHOG�� ZLOO� GHOLYHU� RQ� WKLV



158

HQFLUFOLQJ�HQHUJ\�DURXQG�HDFK�RI�WKH�WRS�VSKHUHV��$QG�REYLRXVO\�WKLV�LV�D�GHVLJQ
IHDWXUH� WKDW�ZLOO�JUHDWO\�DPSOLI\� WKH�RXWSXWV�RI� WKRVH�VSKHUHV� LI� LW� LV�XQGHUVWRRG
SURSHUO\� DQG� FDWHUHG� IRU� E\� DQ\RQH� FRQVLGHULQJ� EXLOGLQJ� WKHVH� GULYH� V\VWHPV�
%HFDXVH�WKH�FRXQWHU�URWDWLQJ�ILHOG
V�LQIOXHQFH�ZLOO�DFFHOHUDWH�WKH�HQHUJLHV�DOUHDG\
VSLQQLQJ� FORVH� WR� WKH� VSKHUH
V� VXUIDFHV� WR� EULQJ� WKHLU� RUELWV� LQZDUG� LQWR� WKH
VPDOOHVW�SRVVLEOH�UDGLXV�DURXQG�WKRVH�WRS�VSKHUHV��0HDQLQJ�WKDW�LI�WKRVH�VXUIDFHV
DUH�IDFHWHG�WKHQ�ZKHQ�WKRVH�RUELWLQJ�FKDUJHG�SDUWLFOHV�VSHHG�XS�IDVWHU�DQG�IDVWHU
ZKLOH� WKH\� VNLP� RYHU� WKRVH� IDFHW� IODWV� DQG� FROOLGH� LQWR� WKH� IDFHW� HGJH�SHDNV
DURXQG�WKRVH�VSKHUHV�� WKHQ�WKLV�SURIXVLRQ�RI�FROOLVLRQV�ZLOO�JHQHUDWH�HYHQ�PRUH
HOHFWURQV�DQG�LQ�WKH�SURFHVV�LQFUHDVH�LQ�SRWHQWLDO�WKH�HOHFWULF�ILHOGV�DURXQG�WKRVH
VSKHUHV���DQG�WKLV�ZLOO�HTXDWH�WR�\HW�DQRWKHU�HQHUJ\�DPSOLILFDWLRQ�SURFHVV�
6R� KHUH� LQ� WKLV� DPSOLILFDWLRQ� SURFHVV� LV� DQ� DGGLWLRQDO� IDFWRU� WKDW� ZRXOG
FRPSOLPHQW�WKH�SKRQRQ�ZLQG�HPLVVLRQV�WKDW�ZRXOG�EH�H[FLWHG�DURXQG�WKHVH�WRS
VSKHUHV�WR�PRELOL]H�DQ\�FKDUJHG�SDUWLFOHV�LQ�WKHLU�YLFLQLW\��%HFDXVH��WKH�HOHFWURQV
VSHHGLQJ�DURXQG�WKH�IDFHWV�RI�WKH�WRS�VSKHUHV�ZRXOG�EH�DIIHFWHG�E\�WKH�IODWV�DQG
HGJHV�RI�WKRVH�IDFHWV��PXFK�DV�LI�WKRVH�HOHFWURQV�ZHUH�SDVVLQJ�RYHU�D�FRUUXJDWHG
ZDYHJXLGH��RU�VDZWRRWK�ZDYHJXLGH���,Q�IDFW�VRPH�PD\�HYHQ�WXQQHO�7+528*+
WKHVH�SURWUXGLQJ� HGJHV�� DQG� LQ�GRLQJ� VR� FRQQHFW�ZLWK� WKH� VXUIDFH� H[FLWRQV� DQG
RWKHU�FKDUJHG�SDUWLFOHV�ZKLFK�ZLOO�EH�JDWKHUHG�MXVW�LQVLGH�WKH�VXUIDFH�RI�WKRVH�WRS
VSKHUHV��$QG�VR�DW�WKHVH�IDFHWV�DQ�HQHUJ\�H[FKDQJH�SURFHVV�ZRXOG�RFFXU�ZKHUHE\
WKH�HOHFWURQV� DQG� WKH�HOHFWURQ�ORDGHG� VXUIDFH� DFRXVWLF�ZDYHV�� DOVR�PRYLQJ�RYHU
WKH� HGJH�SHDNV� DQG� IODWV�� ZRXOG� LQWHUFKDQJH� PRPHQWXP� ZLWK� DOO� WKH� RWKHU
HQHUJLHV� RSHUDWLQJ� ZLWKLQ� WKH� JODVV�TXDUW]� �DQG� WULJJHU�� IRU� LQVWDQFH�� DOO� WKH
LQWHUQDO� IHUURHOHFWULF� HPLVVLRQV��� 7KLV� RXWVLGH� VXUIDFH� VSLQQLQJ� SDUWLFOH� HIIHFW� ,
KDYH�GXEEHG�WKH�*LQ]EXUJ�*ULJRU\DQ�HIIHFW�>QRWH����@�
7KLV�WKHUHIRUH��ZRXOG�EH�KRZ�$//�WKH�VXUIDFH�HQHUJLHV�RI�WKH�IRXU�WRS�VSKHUHV
DQG� WKHLU� RXWHU� SODVPDV� �RI� H[FLWRQV�� H[FLWRQ�PROHFXOHV�� HOHFWURQV�� SRVLWURQV�
SRODULWRQV��SKRQRQV�DQG�SKRWRQV���$1'�DOO�RI�WKH�HPLVVLRQV�FRPLQJ�RXW�RI�WKHLU
IHUURHOHFWULF� LQFOXVLRQV��ZRXOG�EH�JLYHQ�D�YHU\�YLEUDQW�FRDOHVFLQJ�ERRVW� WR�IRUP
KLJK� YHORFLW\� VSLQQLQJ� HQHUJ\� FORXGV� MXVW� RXWVLGH� WKH� VXUIDFHV� RI� WKHVH� WRS
VSKHUHV��7KLV� LV�ZK\�,�VXJJHVWHG� LQ� WKH�SUHYLRXV�FKDSWHU� WKDW� WKH�HPLVVLRQ�EDUV
PD\� ORRN�YHU\�SRZHUIXO�DURXQG� WKH� WRS� VSKHUHV��EXW� WKH\�ZHUH�RQO\� VKRZLQJ�D
VPDOO�SHUFHQWDJH�RI�WKH�SRZHU�WKDW�&28/'�EH�JHQHUDWHG�DURXQG�WKHP��PRUH�RQ
WKLV�LQ�VHFWLRQ������>QRWH����@�
�����:KLUOLQJ�=RQHV�,QVLGH�)RFXVHG�$FRXVWLF�2UEV
$W� WKH� KHDG� RI� WKLV� FKDSWHU� ,� GLG� SRVH� WKH� TXHVWLRQ�� ZK\� GR� WKHVH� VSKHUHV
SURGXFH� H[FLWRQV� "�:HOO�� WKH� JUHDWHVW� DGYDQWDJH� ZLWK� H[FLWRQV� LV� WKDW� WKH\� ZLOO
KDYH� ORQJHU� OLIHWLPH�WKDQ�RWKHU�SDUWLFOHV��ZKLFK�LV� LGHDO� IRU� WKHVH�SDUWLFOHV� WR�EH
FUHDWHG�LQVLGH�WKH�VXUIDFHV�RI�WKHVH�VSKHUHV�DQG�WKHQ�WR�EH�H[WUDFWHG�DZD\�IURP
WKH�VSKHUHV��(YHQWXDOO\�WKHVH�H[FLWRQV��EHFDXVH�WKH\�DUH�IRUPHG�RI�D�QHJDWLYH�DQG
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D� SRVLWLYH� SDUWLFOH�� ZLOO� JR� WKURXJK� WKH� DQQLKLODWLRQ� SURFHVV� WR� WUDQVIRUP
XOWLPDWHO\� LQWR�SKRWRQV� ��ZKLFK�RI�FRXUVH�DUH� WKH�SHUIHFW� IRUPV�RI�HQHUJ\�ZLWK
ZKLFK�WR�IHHG�WKH�EODFN�YRUWH[�HQJLQH�RI�WKLV�8)2�
7KH�UHDO�EHDXW\�RI�WKHVH�DUUDQJHPHQWV�ZLOO�EH�WKDW�WKH�EODFN�YRUWH[�ZLOO�FRQVXPH
PRVW� DOO� WKH� DQQLKLODWLRQ� SKRWRQV� DQG� VXE�DWRPLF� SDUWLFOHV� FKXUQHG� XS� LQ� WKH
QXPHURXV�DWRP�EXVWLQJ�PHFKDQLVPV�DURXQG�WKH�IRXU�WRS�VSKHUHV��7KHUH�ZLOO�DOVR
EH��ZKHUH�WKH�WZR�FRXQWHU�URWDWLQJ�FKDUJHG�SDUWLFOH�ILHOGV�PHHW��D�ZKROH�UDQJH�RI
FROOLVLRQ�SURFHVVHV�ZKHUH�FRXQWHU�URWDWLQJ�SDUWLFOHV�ZLOO�VPDVK�LQWR�HDFK�RWKHU�WR
UHVXOW�LQ�&RPSWRQL]LQJ�LRQL]DWLRQV��HVSHFLDOO\�WKURXJK�WKH�3HQURVH�:LOOLDPV�SDLU�
SURGXFWLRQ� SURFHVVHV� KDSSHQLQJ� DURXQG� WKH� SKRWRQ� RUELW� ULQJ��� DQG� WKRVH
VKHDULQJ� IRUFHV�ZLOO� OHDG� WR� GLVVRFLDWLRQ� RI�PROHFXOHV� LQWR� VXE�DWRPLF� SDUWLFOHV�
SKRWRQV�� DQG� JUDYLWDWLRQDO� ELQGLQJ� HQHUJ\� >QRWH�� ��@�� &XUYDWXUH� LRQL]DWLRQ�
V\QFKURWURQ� UDGLDWLRQ�� VSDUN�JDS� LRQL]DWLRQ� ZLOO� DOO� DGG� LQWR� WKH� IUHQ]LHG
SURGXFWLRQ�RI�FRSLRXV�HPLVVLRQV�EX]]LQJ�DURXQG�WKHVH�WRS�VSKHUHV�
,QWHUHVWLQJO\��ZLWK�WKH�DFFHOHUDWLRQ�RI�VR�PXFK�RI�WKLV�VXE�DWRPLF�DQG�SKRWRQLF
HQHUJ\�DURXQG�WKH�SKRWRQ�RUELW�ULQJ�LW�PD\�EH�SRVVLEOH�WKDW�VRPH�RI�WKHVH�KLJK�
HQHUJ\� SKRWRQV� DQG� SDUWLFOHV� WKDW� FRPH� VSLQQLQJ� $:$<� IURP� WKHLU� FROOLVLRQV
ZLWK�WKH�SDUWLFOHV�RI�WKDW�ULQJ��ZLOO�SXPPHO�ULJKW�EDFN�LQWR�WKHVH�IUHQ]LHG�HQHUJ\
RUEV�VXUURXQGLQJ�WKH�WRS�VSKHUHV�WR�WULJJHU�HYHQ�PRUH�VHFRQGDU\�HPLVVLRQV�
�����3HUPHDELOLW\�6ZLWFKLQJ�&DSV�$URXQG�7RS�6SKHUHV
2QH� ODVW� SRLQW� WR�EH�PDGH� DERXW� WKH� WRS� VSKHUHV��:KHQ�%HWW\�ZDV� VKRZQ� WKH
LQWHUQDO�ZRUNLQJV�RI�WKH�8)2�FUDIW�VKH�DW�ILUVW�QRWLFHG�WKDW�WKH�WRS�VSKHUHV�ZHUH
HDFK� FRYHUHG� E\� D� FDS�� ZKLFK� DSSHDUHG� WR� EH� TXLWH� VHSDUDWH� IURP� WKH� WLJKWO\�
ILWWLQJ� DOXPLQXP� �EUXVKHG�DOXPLQXP�OLNH�� VWHP� FRLO� FRYHULQJV� WKDW� DFW� DV
PDJQHWLF� \RNHV� �ZKLFK� GLUHFW� WKH�PDJQHWLF� IOX[� DZD\� IURP� WKH� RXWVLGH� RI� WKH
VWHP�FRLOV�WR�HQVXUH�WKDW�LW�LQWHQVLILHV�WKURXJK�WKH�PLGGOH�RI�WKRVH�FRLOV���VHH�ILJXUH
����>QRWH����@�
7KDW�WKHVH�FRYHULQJ�FDSV�KDG�WR�EH�UHPRYHG��RU�GLVSHUVHG��EHIRUH�WKH�WRS�VSKHUHV
FRXOG�EH�VHHQ� WR�HPLW� WKHLU�YHU\�EULJKW�SKRWRQLF�HQHUJ\�EDUV� VKRZV�RQH�RI� WKH
SRVVLEOH�ZD\V� LQ�ZKLFK� WKH� H[WUDWHUUHVWULDOV�ZHUH� FRQWUROOLQJ� WKH� FHQWUDO� YRUWH[�
DQG�KHQFH�WKH�FUDIW
V�HOHFWURG\QDPLF�FLUFXLWV��7KDW�WKHVH�FRYHULQJ�FDSV�VXGGHQO\
GLVDSSHDUHG�EHIRUH�%HWW\
V�H\HV���DV�LI�WKH\�ZHUH�GLVVROYHG�LQWR�WKLQ�DLU���PD\�KDYH
EHHQ�LQGLFDWLYH�RI�WKHP�EHLQJ�PDGH�RI�D�VSHFLDO�PDWHULDO��VXFK�DV�D�PHWDPDWHULDO�
ZLWK� WKH�XQXVXDO� TXDOLW\�RI�EHLQJ� DEOH� WR� EH� VZLWFKHG� IURP� RSDTXH� WR� WUDQVSDUHQW
ZKHQ�DQ�RVFLOODWLQJ�HOHFWULF�ILHOG�RI�D�VSHFLILF�IUHTXHQF\�LV�DSSOLHG�WR�WKHP�
7KH�FRYHULQJ�FDSV�ZRXOG�KDYH�UHSUHVHQWHG�WKH�QRWLRQ�WKDW�WKH�IOX[�OLQHV�FRXOG�EH
SURKLELWHG�IURP�SDVVLQJ�WKURXJK�WKHP��VR�WKDW�WKRVH�IOX[�OLQHV�ZRXOG�LQVWHDG�EH
GLUHFWHG�DURXQG�WKH�RXWVLGH�RI�WKH�VSKHUH�VHWV��$QG�LI�WKH�IOX[�OLQHV�FRXOGQ
W�SDVV



160

WKURXJK�WKHVH�FRYHULQJ�FDSV�WKHQ�WKH\�ZRXOGQ
W�URXWH�WKURXJK�WKH�VWHP�FRLOV��DQG
WKH� VWHP�FRLOV�ZRXOG� QRW� WKHQ�EH� DEOH� WR� JUDE� WKH� WRURLG
V� TXDGUDQW� ILHOGV� DQG
DPSOLI\�DQ\�RI�WKH�8)2
V�HOHFWURG\QDPLF�SRZHU�FLUFXLWV��DQG�WKHUH�ZRXOG�EH�QR
EUHDN�DQG�UHFRQQHFWLRQ� RI� WKH� WRURLG·V� IOX[� OLQHV� HLWKHU�� 6R� LQ� RWKHU� ZRUGV�� LQ
WKHLU�SURKLELWLYH�FRQILJXUDWLRQ�WKHVH�FDSV�ZRXOG�HIIHFWLYHO\�VKXW�GRZQ�WKH�8)2·V
SRZHU� FLUFXLWV�� ,Q� IDFW�� WKH� FRQWUROOHG� VZLWFKLQJ�RI� WKHVH� FDSV� WR� RSDTXH� FRXOG
HYHQ�EH�FRQVLGHUHG�DV�RQH�RI�WKH�8)2·V�SRZHU�GRZQ�PHFKDQLVPV��RU�LW�FRXOG�EH
UHSUHVHQWDWLYH�RI�ZKDW� ,�ZRXOG� FDOO� WKH� 
WLFN�RYHU�PRGH
� IRU� WKLV� W\SH� RI�8)2�
EHFDXVH�WKLV�DFWLRQ�RI�JRYHUQLQJ�WKH�PDJQHWLF�IOX[�OLQHV�SDVVLQJ�WKURXJK�WKH�VWHP
FRLOV� ZRXOG� EULQJ� PRVW� RI� WKH� WRS� VSKHUH
V� PDJQHWLFDOO\� WULJJHUHG� HPLVVLRQ
PHFKDQLVPV�WR�D�VWHDG\�KDOW��7KLV�LQ�WXUQ�ZRXOG�GH�LQWHQVLI\�WKH�FHQWUDO�YRUWH[�VR
WKDW� LW�ZRXOG�SRZHU�GRZQ�FRQVLGHUDEO\�DQG� MXVW� URWDWH�DW� LWV�PLQLPXP�YHORFLW\�
%XW� WKHQ�� WR� JHW� WKH�8)2� SRZHUHG�XS� IURP� WKLV� WLFN�RYHU�PRGH� DOO� IRXU� FDSV
ZRXOG�RQO\�QHHG�WR�EH�VZLWFKHG�EDFN�LQWR�WUDQVSDUHQF\��ZKLFK�ZRXOG�SHUPLW�WKH
PDJQHWLF�IOX[�OLQHV�WR�DJDLQ�SDVV�WKURXJK�WKH�WRS�VSKHUHV�DQG�WKH�VWHP�FRLOV��WR
ILUH� XS� WKH� HPLVVLRQV�� DQG� WR� HQHUJL]H� DOO� WKH� 8)2
V� HOHFWURG\QDPLF� FLUFXLWV�
3HUIHFW� FRQWURO� �� PHUHO\� E\� VZLWFKLQJ� WKHVH� IRXU� FDSV� EHWZHHQ� RSDFLW\� DQG
WUDQVSDUHQF\��
0\�ILQDO�VXJJHVWLRQ�WKRXJK�ZRXOG�EH�WKDW�WHFKQLFDOO\�WKHVH�FRYHULQJ�FDSV�FRXOG
UHSUHVHQW� D�ZD\�RI�SURYLGLQJ� D�JUDGXDWHG� VZLWFKLQJ�GHYLFH� IRU� WKH� WRURLG
V� IOX[
OLQHV� �IRU� FRQWUROOLQJ�KRZ� WKRVH� IOX[� OLQHV� URXWH� WKURXJK� WKH� VWHP�FRLOV��� ,I� WKH
FRYHULQJ� FDSV� FDQ� EH� VZLWFKHG� WKURXJK� D� JUDGXDWHG� DPRXQW� RI� PDJQHWLF
SHUPHDELOLW\� WKHQ� WKH\�ZRXOG�DOORZ�YDULDEOH�DPRXQWV�RI�PDJQHWLF� IRUFH� WR�SDVV
WKURXJK� WKHP� DQG� WKURXJK� WKH� VWHP� FRLOV�� 7+(1� WKHUH� ZRXOG� EH� D� ZD\� WR
FRQWURO� WKH� WRS� VSKHUH� HPLVVLRQV� DQG� WKH� SRZHU� RI� WKH� EODFN� YRUWH[�� 6R� WKHVH
FRYHULQJ� FDSV�� VLPSOH� WKRXJK� WKH\� DUH�� FRXOG� FRQWURO� WKH� FUDIW
V� WLFN�RYHU�� WKH
FUDIW
V�SRZHU�OHYHOV��DQG�SURYLGH�RQH�RI�WKH�ZD\V�WR�SRZHU�GRZQ�WKH�FUDIW
V�PDLQ
HOHFWURG\QDPLF� SRZHU� FLUFXLW� �WKH� RWKHU� ZD\� EHLQJ� WKURXJK� WKH� FRQWURO� RI� WKH
LQQHU�ULQJ�WXEH��
%XW� WKH� RYHU�ULGLQJ� FRQVLGHUDWLRQ� ZLOO� EH���� KRZ� WR� UXQ� D� WUDQVPLVVLRQ� OLQH� WR
WKHVH� FHQWUDO� VSKHUH�VHWV� VR� DV� WR� FRQWURO� WKLV� SHUPHDELOLW\� IXQFWLRQ� LQ� WKRVH
FRYHULQJ�FDSV�"�$QG�WKLV�PD\�SURYH�D�OLWWOH�GLIILFXOW�
6R�ZDV�WKLV�VFHQH�VKRZQ�WR�%HWW\�LQ�WKLV�ZD\�DV�DQ�DUUDQJHPHQW�WR�EH�EURXJKW�WR
WKH�UHVHDUFKHU
V�DWWHQWLRQ��WR�HPSKDVL]H�WKH�IDFW�WKDW�WKHUH�VKRXOG�EH�D�ZD\�IRXQG
WR�SURYLGH�DQ�DGMXVWDEOH�SHUPLWWLYLW\�SHUPHDELOLW\�VKLHOG�IRU� WKHVH� WRS�VSKHUHV� "
2U�ZDV� LW� MXVW� VKRZLQJ�KRZ�DQ�RQ�RII�SHUPHDELOLW\� VZLWFK�ZRXOG�EH� UHTXLUHG� "
2QO\�WKLV�FUDIW
V�FRQVWUXFWLRQ�ZLOO�SURYLGH�WKH�DQVZHU�
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&KDSWHU����*UDYLWDWLRQDOO\�3RODUL]HG�/RZHU�6SKHUHV

&RQWHQWV�
����3RODUL]DWLRQ�&KDQJHV�LQ�/RZHU�6SKHUHV�2UELWLQJ�%ODFN�9RUWH[
����5RWDWLQJ�)RUFHV�(QFORVHG�:LWKLQ�8)2
V�(UJRVSKHUH�$
����'LVSODFHG�$OLJQPHQW�RI�&U\VWDOOLQH�/DWWLFH�&HOOV
����)LWWLQJ�WKH�%ODFN�9RUWH[�LQWR�WKH�&UDIW
V�(OHFWURQLF�&LUFXLW
����1HJDWLYH�3KDVH�9HORFLW\�RI�0HWDPDWHULDOV
����3ODVPRQLF�3XPS�IURP�D�7KLQ�:LUH�/DWWLFH�1HWZRUN
����7KLFN�:LUH�DQG�'LDPRQG�ODWWLFH�3ODVPRQLF�)UHTXHQFLHV
����)DFHWHG�6SKHUHV�,QVLGH�0LFURZDYH�6SLQQLQJ�)LHOGV
����6XPPDU\�2QH��*ODVV�6SKHUHV�WKDW�7KLQN�WKH\�DUH�6XSHUFRQGXFWRUV
�����6XPPDU\�7ZR��:LUH�1HWZRUN�LQ�0HJDFRQGXFWRU�'LHOHFWULF�6SKHUHV

����3RODUL]DWLRQ�&KDQJHV�LQ�/RZHU�6SKHUHV�2UELWLQJ�%ODFN�9RUWH[
,Q�FKDSWHU��� LW�KDV�EHHQ�HVWDEOLVKHG� WKDW� WKH�VPDOO�JODVV�FU\VWDO� VSKHUHV� VLWXDWHG
GLUHFWO\�DERYH�WKH�VWHP�FRLOV��DV�D�UHVXOW�RI�WKH�KLJK�GHQVLW\�RI�SXOVLQJ�PDJQHWLF
ILHOGV�SDVVLQJ�WKURXJK�WKHP��ZRXOG�RSHUDWH�DV�SRZHUIXO�HPLWWHUV�RI�HOHFWURQ�DQG
SKRWRQ�HQHUJ\�DQG�ZRXOG�FUHDWH�DURXQG�WKHP�PHWDVWDEOH�RUEV�RI�KLJKO\�H[FLWHG
HOHFWURQ�DQG�SKRWRQ�HQHUJ\�IRU�WKH�EODFN�YRUWH[�WR�GUDZ�IURP�DQG�FRQVXPH�
+RSHIXOO\��LW�ZLOO�EH�VHHQ�LQ�WKLV�FKDSWHU�WKDW�WKH�ORZHU�VSKHUHV�ZLOO�KDYH�D�TXLWH
GLIIHUHQW�VHULHV�RI�HQHUJ\�PHFKDQLVPV�WR�VHUYH�DQG�WR�EH�DIIHFWHG�E\�FRPSDUHG
ZLWK�WKRVH�RI�WKH�WRS�VSKHUHV��%XW�HYHQ�VR�WKH�IDEULFDWLRQ�SURFHVV�RI�WKH� ORZHU
VSKHUHV�VKRXOG�KDYH�DV� LWV� VWDUWLQJ�SRLQW� WKH�DVVXPSWLRQ� WKDW� WKHVH�VSKHUHV�ZLOO
JHQHUDOO\�EH�VLPLODU� WR� WKH� WRS� VSKHUHV� UHJDUGLQJ� WKH�KRVW� JODVV�FU\VWDO�PDWHULDO�
DQG�WKDW�WKH\�VKRXOG�DOVR�EH�HPEHGGHG�ZLWK�PDJQHWRUHVLVWDQFH�PDJQHWRVWULFWLYH
PDWHULDOV�DQG�IHUURHOHFWULF�FHUDPLFV�
%XW� EHFDXVH� GLIIHUHQW� FOXHV� KDYH� EHHQ� IRUWKFRPLQJ� UHJDUGLQJ� ZKDW� WKH� ORZHU
VSKHUHV�DUH�FRPSULVHG�RI�WKHUH�PD\�SRVVLEO\�EH�RIIHUHG�IXUWKHU�LQWR�WKLV�FKDSWHU
D� TXLWH� GLIIHUHQW� IRUPDW� WR� EH� DGGHG� LQWR� WKH� IDEULFDWLRQ� SURFHVV� IRU� WKHP�
,QGHHG��WKLV�IRUPDW�PD\�EH�VR�GLIIHUHQW�WKDW�,�IHHO�REOLJHG�WR�RIIHU�GXH�ZDUQLQJ
KHUH��WKDW�ZLWK�WKH�XQUDYHOLQJ�RI�WKLV�UDWKHU�QHZ�DQG�UDGLFDO�IRUPDW��WKHUH�PD\�EH
JLYHQ�WR�WKH�UHDGHU�PRUH�WKDQ�RQH�RSSRUWXQLW\�WR�UDLVH�DQ�H\HEURZ��RU�WZR�HYHQ�
EHIRUH� WKH� HQG� RI� WKLV� FKDSWHU� UHJDUGLQJ� WKH� XQXVXDOQHVV� RI� ZKDW� WKHVH� ORZHU
VSKHUHV�ZLOO�EH�FDSDEOH�RI�GRLQJ�
8QOLNH�WKH�WRS�VSKHUHV�WKH�ODUJHU�ORZHU�VSKHUHV�ZLOO�QRW�HQG�XS�KDYLQJ�WKH�VDPH
VRUW�RI�KLJKO\�H[FLWHG�IUHH�HOHFWURQ�DQG�SKRWRQ�HQHUJ\�FORXGV�DURXQG�WKHP��$QG
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EHFDXVH� WKH\� ZRQ
W� EH� IHHGLQJ� LQWR� WKH� EODFN� YRUWH[� WKH\� FHUWDLQO\� ZRQ
W� EH
JORZLQJ�QHDUO\�DV�EULJKWO\�DV�WKH�WRS�VSKHUHV�ZLOO�EH�
7KH�HQHUJ\�HQYLURQPHQW�WKH\�ZLOO�KDYH�DURXQG�WKHP�ZLOO�EH�TXLWH�GLIIHUHQW�IURP
WKH� WRS� VSKHUHV�� )RU� LQVWDQFH�� WKH\�ZLOO� QRW� EH� VDQGZLFKHG� EHWZHHQ� WZR� KLJK�
HQHUJ\�FRXQWHU�URWDWLQJ�HQHUJ\�ILHOGV��7KH\�ZLOO�KRZHYHU��KDYH�LPPHGLDWHO\�QH[W
WR� WKHP�� LQ� RQH� GLUHFWLRQ�� WKH� SRZHUIXO� JUDYLWDWLRQDO� IRUFHV� UDGLDWLQJ� IURP� WKH
FHQWUDO� EODFN� YRUWH[�� DQG� WKHQ� FRPLQJ� IURP� WKH� RWKHU� GLUHFWLRQ�� WKHVH� ORZHU
VSKHUHV� ZLOO� KDYH� WKH� JUHDW� GHQVLW\� RI� PDJQHWLF� IOX[� OLQHV� WKDW� ZLOO� EH� SDVVLQJ
GRZQ�WKURXJK�WKH�VWHP�FRLOV��DQG�WKHVH�ZLOO�EH�SDVVLQJ�WKURXJK�WKH�WRSV�RI�WKH
ORZHU� VSKHUHV�� 7KH� ODWWHU
V� /RUHQW]� IRUFHV� ZLOO� EH� DOPRVW� DV� SRZHUIXO� DV� WKRVH
DURXQG�WKH�WRS�VSKHUHV��6R�WKHUHIRUH�WKH�ORZHU�VSKHUHV�ZLOO�EH�VLWXDWHG�EHWZHHQ
WZR�YHU\�GLIIHUHQW� FKDUJH� WUDQVIHUULQJ�PHFKDQLVPV��ZKLFK�ZLOO� LQGXFH� WZR� YHU\
GLIIHUHQW�W\SHV�RI�SRODUL]DWLRQ�PRYHPHQWV�ZLWKLQ�WKH�DWRPLF�FHOOV�RI�WKRVH�ORZHU
VSKHUHV�DV�WKH\�UHYROYH�DERXW�WKHLU�RZQ�D[LV�DQG�RUELW�DURXQG�WKH�EODFN�YRUWH[�

)LJXUH� ���� 7KH� VWHP� FRLOV� GLUHFW� WKH� FUDIW
V� PDJQHWLF� ILHOGV� WKURXJK� WKH� ORZHU
VSKHUHV�DV�ZHOO�DV�WKURXJK�WKH�WRS�VSKHUHV
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%XW� LW� LV� WKH�IRUPHU�RI� WKHVH� WZR�DUUDQJHPHQWV� WKDW�ZLOO�EH� WKH�PRVW� LQWULJXLQJ
EHFDXVH�WKH�ORZHU�VSKHUHV�ZLOO�EH�WDSSLQJ�VRPH�RI�WKH�JUDYLWDWLRQDO�UDGLDWLRQ�RI
WKH�EODFN�YRUWH[�ZKLOH�WKH\�RUELW�DURXQG�LW��6RPH�LGHD�RI�KRZ�WKLV�DUUDQJHPHQW
ZRUNV�FDQ�EH�IRXQG�LQ�WKH�PRGHO�IRU�DQ�DVWURSK\VLFDO�HUJRVSKHUH��ZKHUH�RXW� LQ
VSDFH� DQG� LQVLGH� WKH� HUJRVSKHUH� WKDW� VXUURXQGV� D�EODFN� KROH�� D� SRODUL]DWLRQ� FORXG
ZLOO� IRUP� DURXQG� WKH� EODFN� KROH� EHFDXVH� RI� WKH� ZD\� WKH� JUDYLWDWLRQDO� IRUFH
UDGLDWLQJ� DZD\� IURP� WKH� EODFN� KROH� ZLOO� SXOO� RQ� WKH� DWRPLF� DQG� PROHFXODU
VWUXFWXUHV� RI� WKH� SDUWLFOHV� IRUPLQJ� WKDW� VXUURXQGLQJ� JDV� FORXG�� $QG� DV� WKDW
JUDYLWDWLRQDO� SXOO� HIIHFW� ZLOO� EH� SURSRUWLRQDO� WR� WKH� VXEDWRPLF�PDVVHV� RI� WKRVH
SDUWLFOHV�WKHQ�LW�ZLOO�IROORZ�WKDW�LW�ZLOO�EH�WKH�PRUH�PDVVLYH�QXFOHL�RI�WKRVH�DWRPV
WKDW�ZLOO�EH�SXOOHG�DZD\�IURP�WKHLU�QRUPDO�FHQWUDO�DOLJQPHQWV�ZLWKLQ�WKRVH�DWRPV
E\�WKH�EODFN�KROH
V�LQIOXHQFH�>%HNHQVWHLQ�6FKLIIHU@�>6DD�6FKLIIHU@�
7KH� EODFN� KROH
V� JUDYLWDWLRQDO� IRUFHV�ZLOO� SXOO� RQ� WKH� SRVLWLYHO\� FKDUJHG� DWRPLF
QXFOHL�PRUH�WKDQ�RQ�WKH�HOHFWURQV�EHFDXVH�WKH�HOHFWURQV��IRU�H[DPSOH�LQ�K\GURJHQ
DWRPV��ZLOO�KDYH������WLPHV�OHVV�PDVV�WKDQ�WKHLU�SRVLWLYH�QXFOHL�FRXQWHUSDUWV��$QG
LW� ZLOO� EH� EHFDXVH� RI� WKLV� PDVV� LPEDODQFH� UDWLR� WKDW� VRPH� DVWURSK\VLFLVWV� KDYH
VXJJHVWHG�WKDW�JUDYLWDWLRQDO�LQIOXHQFH�XSRQ�PDVV�ZLOO�SULPDULO\�EH�FRPPXQLFDWHG
WKURXJK� WKLV� SRODUL]DWLRQ� HIIHFW�� DQG� LQGHHG� WKDW� LW� ZLOO� EH�PRVWO\� WKURXJK� WKLV
HIIHFW�WKDW�JUDYLWDWLRQDO�IRUFHV�ZLOO�EH�WUDQVIHUUHG�DZD\�IURP�WKH�EODFN�KROH� LQWR
WKH�URWDWLQJ�HQHUJ\�ILHOGV�ZLWKLQ�WKH�HUJRVSKHUH�VXUURXQGLQJ�LW�LQ�VSDFH��$OVR��WKDW
DV� D� UHVXOW� WKHUH� ZLOO� EH� D� EXON�W\SH� HQKDQFHPHQW� WR� WKLV� DWRPLF� SRODUL]DWLRQ
HIIHFW��ZKLFK�ZLOO�DFW�OLNH�D�KRPRJHQL]LQJ�IRUFH�XSRQ�DOO�WKH�DOLJQPHQWV�RI�HYHU\
DWRP
V� HOHFWURPDJQHWLF� DQG� JUDYLWDWLRQDO�ELQGLQJ� IRUFHV� ZKLFK� ZLOO� EHFRPH
XQEDODQFHG�GXH�WR�WKDW�DOLJQLQJ�IRUFH�IURP�WKDW�JUDYLWDWLRQDO�VRXUFH�
7KHUHIRUH�� ZKHQ� WKHVH� EXON� SRODUL]DWLRQ� PRWLRQV� DUH� LQLWLDWHG� ZLWKLQ� WKH
VXUURXQGLQJ�JDV�FORXG
V�DWRPV�DQG�PROHFXOHV�� WKH�UHVXOWLQJ�IRUFH�PLVDOLJQPHQWV
ZLWKLQ�HDFK�DWRP�ZLOO�WKHQ�EH�DFFRPSDQLHG�E\�DQRWKHU�DWRPLF�IRUFH�ILHOG���ZKLFK
ZLOO�HVVHQWLDOO\�KDYH�WR�FRPH�LQWR�SOD\�WR�EDODQFH�WKH�WHQGHQF\�RI� WKH�HQKDQFHG
JUDYLWDWLRQDO�SXOO�WR�ULS�WKH�SRVLWLYH��DQG�QHXWUDO��QXFOHL�DZD\�IURP�WKH�HOHFWURQV�
7KLV�RWKHU� LQWHU�DWRPLF� IRUFH� ILHOG�ZKLFK�ZRXOG�KDYH� WR�GHYHORS� LQVLGH� WKH�DWRP� LQ
RUGHU�WR�FRXQWHUDFW�WKH�KROH
V�JUDYLWDWLRQDO�SXOO��WR�SUHYHQW�WKDW�DWRP·V�LRQL]DWLRQ�
ZRXOG�KDYH�WR�EH�D�VXSSOHPHQWDU\�RQH�WR�WKH�DWRP·V�HOHFWURPDJQHWLF�IRUFH�ILHOG�
DQG�LW�ZRXOG�KDYH� WR�EH�DQ�HOHFWUR�JUDYLWDWLRQDO�H[FKDQJH�IRUFH�ZKLFK�PHGLDWHV
GLUHFWO\�ZLWK�WKH�DWRP
V�VWURQJ�QXFOHDU�ELQGLQJ�IRUFH�>QRWH���@�
/RRNLQJ�DW�WKH�DERYH�H[DPSOH�RI�DVWURSK\VLFDO�G\QDPLFV�IURP�WKH�SHUVSHFWLYH�RI
WKH�DD8)2��WKDW�FUDIW
V�EODFN�YRUWH[�ZLOO�SURGXFH�DURXQG� LW�D� VLPLODU�SRODUL]DWLRQ
FORXG� WKURXJKRXW� LWV� HUJRVSKHUH� RI� URWDWLQJ� HQHUJ\� ZKLFK� VXUURXQGV� LWV� EODFN
YRUWH[�� $QG� RXWVLGH� WKDW� EODFN� YRUWH[� LQ� WKH� SRODUL]DWLRQ� FORXG� WKH� FRXQWHU�
EDODQFLQJ�IRUFHV�WR�NHHS�WKH�SRODUL]HG�DWRPV�WRJHWKHU�ZLOO�EH�IRUPHG�DOVR�IURP
WKH�LQWHU�DWRPLF�ELQGLQJ�VHSDUDWLRQ�IRUFHV��ZKLFK�PLJKW�DOVR�EH�FRQVLGHUHG�DV�WKH
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YDQ� GHU� :DDOV� IRUFHV�� ZLWKLQ� LWV� DWRPV� DQG� PROHFXOHV�� %XW� WKHUH� ZLOO� EH� D
SDUWLFXODU�GLIIHUHQFH�WR�WKLV�HIIHFW�ZLWKLQ�WKH�8)2��EHFDXVH�RI�LWV�VPDOOHU�VL]H�DQG
WKH�ZD\� URWDWLQJ�SDUWLFOHV� LQVLGH� WKH�DD8)2·V�HUJRVSKHULF�FKDPEHU�ZLOO�KDYH� WR
QHJRWLDWH�DURXQG�WKH�IRXU�VSKHUH�VHWV��VR�WKDW�WKHLU�RUELWV�ZLOO�IOXFWXDWH�LQ�RUELWDO
UDGLXV��UDWKHU�WKDQ�KDYLQJ�D�SODLQ�FLUFXODU�RUELW���DV�LQGLFDWHG�LQ�ILJXUH����EHORZ��
7KLV�ZRXOG�PHDQ�WKDW�WKH�PLVDOLJQPHQW�RI�WKH�HOHFWURQ�FORXG�ZLWKLQ�HDFK�DWRP
ZLOO� YDU\� DQG� JHQHUDWH� D� IOXFWXDWLQJ� UHVRQDQFH� LQ� WKRVH� DWRPV�� DQG� SRVVLEO\� D
FKDQJH� WR� WKH�ZDYH�IXQFWLRQ�RI� WKRVH�HOHFWURQV�� IURP� WKH� UHSHWLWLYH� FKDQJHV� LQ
WKH�RUELWDO�GLVWDQFH�EHWZHHQ�WKRVH�HOHFWURQV�DQG�WKH�DWRP
V�QXFOHL��DV�SHU��H��U���6R
ZKLOH� WKLV� JUDYLWDWLRQDO� SRODUL]DWLRQ� ZLOO� WDNH� SODFH�PXFK� OLNH� LW� GRHV� DURXQG� D
EODFN�KROH�RXW�LQ�VSDFH��LQ�WKH�8)2�LW�ZLOO�GR�VR�DW�DQ�RVFLOODWLQJ�IUHTXHQF\�>QRWH�
�@�

)LJXUH�����7KH�FHQWUDO�HUJRVSKHUH�IRUPV�D�SRZHUIXO�HQJLQH�ZLWK�LWV�FHQWUDO�EODFN
YRUWH[
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6XSSOHPHQWDU\�WR�WKH�DERYH�DVVXPSWLRQ�RI�DWRPLF�IOXFWXDWLRQ�FRPLQJ�IURP�WKH
DD8)2·V� EODFN� YRUWH[� WKHQ� WKH� DWRPV� RI� LWV� SRODUL]DWLRQ� FORXG�� DV� WKH\� RUELW
DURXQG� WKDW�YRUWH[��ZLOO� DOVR�JHQHUDWH� D� UDGLDO�HOHFWULF� ILHOG�� DQG�DOWKRXJK� LW� WRR
ZRXOG� EH� RVFLOODWLQJ�� SUHGRPLQDQWO\�� LW� ZRXOG� EH� PRUH� SRVLWLYH� WRZDUG� WKH
DD8)2
V�YRUWH[�DQG�PRUH�QHJDWLYH�IDFLQJ�DZD\�IURP�WKDW�YRUWH[��7KXV�WKHUH�ZLOO
EH�FUHDWHG�D�FRQFHQWULF�HOHFWULF�ILHOG�ZLWK�D�IOXFWXDWLQJ�PDJQHWLF�ILHOG��UXQQLQJ�XS
WKURXJK�WKH�FHQWUDO�DUHD�RI�WKH�8)2��DURXQG�WKDW�FUDIW
V�EODFN�YRUWH[��VHH�ILJXUHV
���DQG����DERYH���$OVR��DQG�DV�WKHVH�HUJRVSKHUH�LPDJHV�FOHDUO\�VKRZ��WKLV�IDFWRU
RI�DWRPLF�LPEDODQFH�ZLOO�EH�HVSHFLDOO\�HQKDQFHG�ZLWKLQ�WKH�DD8)2
V�HUJRVSKHULF
FDYLW\�EHFDXVH�WKDW�HQHUJ\�LV�PDGH�WR�FLUFXODWH�ZLWKLQ�VXFK�D�SXUSRVHIXOO\�FRQILQHG
YROXPH�� )RU� WKLV� HUJRVSKHUH� KDV� D� FRQWDLQPHQW� ZDOO� DOO� DURXQG� LW� DQG� VR� WKH
HIIHFW� RI� WKLV� DWRPLF� SRODUL]DWLRQ� ZLOO� EH� DOO� WKH� PRUH� DFXWHO\� HQKDQFHG�
&RQVHTXHQWO\� WKH� FUDIW
V� YDULDEOH� PDJQHWLF� ILHOG� ZLOO� WKHQ� EHFRPH� HYHUPRUH
HPSRZHUHG�ZLWK�/RUHQW]� IRUFHV��ZKLFK� LQ� H[FKDQJH��ZRXOG� IHHG� EDFN� LQWR� WKH
JUDYLWDWLRQDOO\�SRODUL]HG�ILHOG
V�JHQHUDWLRQ�RI� LWV�FRQFHQWULF�HOHFWULF�ILHOGV�VR�WKDW
WKRVH�WRR�ZLOO�EHFRPH�HYHUPRUH�HPSRZHUHG�
:KDW�LV�DOVR�VLJQLILFDQW��DQG�DJDLQ��LWV�YHU\�HYLGHQW�LQ�WKHVH�GLDJUDPV��LV�WKDW�RQFH
HQHUJ\�HQWHUV� WKLV� DD8)2
V� HUJRVSKHUH� LW�ZLOO�EH� IRUFHG� WR� DFFXPXODWH� LQWR� WKH
URWDWLQJ� ILHOGV� VXUURXQGLQJ� WKH� YRUWH[�� $QG� WKLV� PDUNV� DQRWKHU� VXEVWDQWLDO
LPSURYHPHQW�RYHU�WKH�G\QDPLFV�RI�WKH�DVWURSK\VLFDO�EODFN�KROH��ZKLFK�FDQ�RQO\
EH� FRQILQHG� E\� WKH� PDJQHWLF� ILHOGV� RI� VSDFH��� 7KLV� DUWLILFLDO� HUJRVSKHUH
V� VROLG
ZDOOV�DQG�LWV�VROLG�URWDWLQJ�EDVH�PHDQ�WKDW� LWV�RQO\� 
RSHQ
�VHFWLRQ� LV�DW� WKH� WRS��
EXW�WKLV�RSHQ�WRS�ZLOO�EH�ZKHUH�WKH�PRXWK�RI�WKH�URWDWLQJ�YRUWH[�ZLOO�EH���DQG�VR
WKH� WRS� ZLOO� RQO\� EH� RSHQ� WR� HQHUJ\� FRPLQJ� LQWR� LW� IURP� DERYH� �� IURP� WKH
SHUVSHFWLYH�RI�DQ\�HQHUJL]HG�SDUWLFOHV�DOUHDG\� LQVLGH� WKDW�HUJRVSKHUH�� WKH� WRS�RI
WKDW�ZKROH�HUJRVSKHUH�ZLOO�EH�VHDOHG�RII�E\�WKH�YRUWH[
V�GRZQZDUG�URWDWLQJ�IRUFHV
SUHYHQWLQJ� DQ\WKLQJ� IURP� OHDYLQJ�� 6R� WKH� JUHDWHVW� DVSHFW� RI� WKLV� LPSURYHPHQW
RYHU�WKH�EODFN�KROH� LQ�VSDFH�ZLOO�EH� WKDW�ZKLOH�HQHUJ\�FDQ�FRQWLQXDOO\�EH�SXOOHG
,172�WKLV�8)2
V�HUJRVSKHUH�WKH�RQO\�SODFH�ZKHUH�HQHUJ\�PLJKW�/($9(�RQFH�LW
KDV� HQWHUHG�ZLOO� EH� WKURXJK� WKH� FHQWUDO� EDVH� KROH� �� %XW�� DQG� KHUH� ,� UHLWHUDWH� D
SRLQW�DOUHDG\�DOOXGHG�WR�LQ�FKDSWHU����LQ�RUGHU�WR�SURJUHVV�WKURXJK�WKDW�FRQILQLQJ
EDVH� KROH� WKDW� VSLQQLQJ� HQHUJ\� ZLOO� KDYH� WR� EHFRPH� KXJHO\� DPSOLILHG� VR� DV� WR
RYHUFRPH� WKH� PDJQHWLF� PLUURU� HIIHFW�� IURP� WKH� PDJQHWLF� ILHOGV� FRQYHUJLQJ
WKURXJK�WKLV�KROH�ZKLFK�ZLOO�DWWHPSW�WR�UHYHUVH�WKDW�VSLQQLQJ�HQHUJ\�EDFN�XS�LQWR
WKH�ERG\�RI�WKH�YRUWH[��7KLV�FRUH�VHFWLRQ�RI�WKH�EODFN�YRUWH[�ZLOO�EH�DQDORJRXV�WR
WKDW� RI� WKH� EODFN� KROH�ZKHUH� DWRPLF� HQHUJLHV� DUH� VXEMHFWHG� WR� LQWHQVH� VKHDULQJ
IRUFHV�UHVXOWLQJ�LQ�WKH�UHOHDVH�RI�YDVW�DPRXQWV�RI�HQHUJ\����VR��LQ�IDFW��DURXQG�WKLV
KROH��MXVW�DERYH�WKH�SODQH�RI�WKH�DD8)2
V�EDVH�GLVF��ZRXOG�EH�WKH�SHUIHFW�SODFH
WR�WDS�RII�VRPH�RI�WKDW�KXJHO\�DPSOLILHG�HQHUJ\��DQG�WKLV�RI�FRXUVH��DV�RQH�PLJKW
H[SHFW�� LV� GRQH� YHU\� HIILFLHQWO\� LQ� VHYHUDO� ZD\V� E\� WKH� H[WUDWHUUHVWULDOV� �IXUWKHU
DVSHFWV�RI�WKLV�RQH�ZD\�DPSOLILHG�IORZ�ZLOO�EH�GHOLQHDWHG�LQ�FKDSWHUV���������DQG
����
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:LWKRXW�GRXEW�� WKH�NLQHWLF� HQHUJ\�RI�WKLV�EXON�RI�URWDWLQJ�SDUWLFOHV�ZKLFK� LV�EHLQJ
SXPSHG�E\�DOO� WKH�PHFKDQLVPV�DURXQG�WKH�PRXWK�RI�WKH�YRUWH[��SDUWLFXODUO\�E\
WKH� WRS� VSKHUH� HPLVVLRQV��ZLOO� EH� HQKDQFHG�E\� WKH� FRQWDLQPHQW� RI� WKDW� HQHUJ\
ZLWKLQ�WKLV�HUJRVSKHUH��IRU�DV�ZLWK�DQ\�URWDWLQJ�ERG\�RI�SDUWLFOHV��ZKLOH�WKH�NLQHWLF
HQHUJ\� LV� LQFUHDVLQJ� VR�ZLOO� WKH�YHORFLW\�RI� WKRVH�SDUWLFOHV� DOVR� LQFUHDVH��$QG� LQ
JHQHUDO��ZKHQHYHU�DQ�REMHFW�LQFUHDVHV�LWV�YHORFLW\��LWV�UHODWLYLVWLF�PDVV�DOVR�LQFUHDVHV
�DV� SHU� H�  �PF���� 6R� WKHUH� ZLOO� EH� D� PDVV�JDLQ� SURFHVV� HVWDEOLVKHG� LQVLGH� WKLV
HUJRVSKHUH��$QG��WKLQNLQJ�WKLV�HIIHFW�WKURXJK�D�OLWWOH�IXUWKHU��RQH�RWKHU�HIIHFW�WKLV
PDVV�LQFUHDVH�SURFHVV�ZRXOG�HVWDEOLVK�ZRXOG�EH� WKDW� WKHUH�ZRXOG�DULVH�D� 
PDVV�
SXOO�JUDGLHQW
� �JUDYLWDWLRQDO�JUDGLHQW��EHWZHHQ� WKLV� URWDWLQJ�ERG\� ��RI� WKH�HQHUJ\
URWDWLQJ� ZLWK� WKLV� YRUWH[� DQG� ZLWK� WKLV� HUJRVSKHUH� �� DQG� LWV� LPPHGLDWH
VXUURXQGLQJV�� 7KLV�� SXUHO\� DQG� VLPSO\�� LV� ZKHUH� WKH� DD8)2� SURGXFHV� LWV� RZQ
ORFDOL]HG� JUDYLWDWLRQDO� ILHOG�� DQG� WKLV� RQH�ZD\� PDVV�HQHUJ\� DFFXPXODWLRQ
FRPSDUHV�IDYRUDEO\�WR�DQ�DVWURSK\VLFDO�EODFN�KROH
V�SRLQW�RI�VLQJXODULW\��WKLV�ZLOO
EH� H[SDQGHG� XSRQ� LQ� FKDSWHU� ����� %XW� HYHQ� PRUH� LQWULJXLQJO\�� WKH� PDVV�JDLQ
SURFHVV�LQ�WKH�FHQWHU�RI�WKLV�DD8)2�ZLOO�SURGXFH�D�KLJKO\�DQRPDORXV�HIIHFW���RQH
ZKLFK�LV�FHUWDLQO\�QRW�IHDWXUHG�LQ�WKH�DVWURSK\VLFDO�EODFN�KROH���DQG�WKDW�ZLOO�EH
WKH� HIIHFW� RI� D� ORFDOL]HG�PDVV�GHQVLW\� JUDGLHQW�ZKLFK�ZLOO� SHUPHDWH� WKURXJKRXW
WKH�:+2/(�RI� WKDW�GRPHG�FUDIW� �� WR�ZKLFK�DOO�PDVV�REMHFWV�ZLOO�EH� VXEMHFWHG
�ZKLFK�ZLOO�EH�H[SDQGHG�XSRQ�LQ�FKDSWHU�����
6LJQLILFDQWO\�� WKH� DWRPLF�PDVV� SRODUL]LQJ� IRUFH� IURP� WKH� EODFN� YRUWH[� DQG� WKH
PDVV�HQKDQFHPHQW�XSRQ� WKH�HQHUJ\�FLUFXODWLQJ� IDVWHU�DQG� IDVWHU� LQVLGH�HUJRVSKHUH
$�ZLOO�DOVR�EH�IHOW�ZLWKLQ�WKH�DWRPLF�VWUXFWXUH�RI�ZKDWHYHU�PDWHULDOV�DUH�XVHG�LQ
WKH� ORZHU� VSKHUHV�� )RU�� MXVW� DV� LQ� WKH� H[DPSOH� RI� WKH� SRODUL]DWLRQ� FORXG� FLWHG
DERYH�WKHUH�ZLOO� UHVXOW� D� WHQGHQF\� IRU� WKH�DWRPLF�FHOOV� LQ� WKH�PDWHULDOV�RI� WKRVH
VSKHUHV�WR�UH�DOLJQ�WRZDUG�WKH�FHQWUDO�EODFN�YRUWH[��EXW�DV�WKHVH�IRXU�ORZHU�JODVV�
FU\VWDO�VSKHUHV�ZLOO�EH�UHYROYLQJ�DQG�RUELWLQJ�YHU\�FORVH�DURXQG�WKH�EODFN�YRUWH[
WKHUH�ZLOO�UHVXOW�D�FRQWLQXDOO\�PRYLQJ�DQG�UH�DOLJQPHQW�HIIHFW�ZLWKLQ�WKH�FHOOV�RI
WKRVH�IRXU�VSKHUH
V�PDWHULDOV�
7KH� KHDYLHU� SRVLWLYH� QXFOHL� RI� WKH� DWRPV� DQG� LRQV� LQ� WKH� VSKHUH
V� FHOOV� ZRXOG
H[SHULHQFH�D�JUHDWHU�IRUFH�SXOOLQJ�RQ�WKHP�WKDQ�WKHUH�ZRXOG�EH�RQ�WKH�HOHFWURQV
LQ�WKRVH�FHOOV�EHFDXVH�RI�WKHLU�PDVV�GLIIHUHQWLDO��DQG�DV�PHQWLRQHG�DERYH�WKLV��LQ
WKH�DWRPV�RI�D�VLPSOH�JDV��DPRXQWV�WR�D��������ZHLJKW�GLIIHUHQFH��%XW�ZLWKLQ�WKH
VSKHUH
V�JODVV�FU\VWDO�WKDW�LV�HPEHGGHG�ZLWK�KLJK�PDVV�PDWHULDOV�WKH�HIIHFW�ZRXOG
EH� JUHDWO\� HQKDQFHG� EHFDXVH� RI� DQ� HYHQ� JUHDWHU� PDVV� GLIIHUHQWLDO� EHWZHHQ� WKH
PRUH�PDVVLYH�SRVLWLYH�QXFOHL�DQG�WKH�HOHFWURQV�ZLWKLQ�WKRVH�PROHFXODU�FHOOV��)RU
H[DPSOH�� ZLWKLQ� WKH� KHDYLHU� ODQWKDQRLG� VHULHV� RI� DWRPV� WKH� PDVV�GLIIHUHQWLDO
EHWZHHQ�RQH�RI�WKRVH�DWRPV�DQG�RQH�RI�LWV�HOHFWURQV�ZRXOG�EH�DOPRVW����������
DQG�ZLWK�OHDG�RU�ELVPXWK�WKLV�GLIIHUHQWLDO�UDWLR�ZRXOG�ULVH�WR�RYHU������������DQG
DOWKRXJK�WKLV�GLIIHUHQWLDO�FRPHV�GRZQ�ZKHQ�RQH�FRQVLGHUV�WKH�QXFOHRQ�FOXVWHU�DV
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FRPSDUHG� WR� WKH�ZKROH�RI� WKH�HOHFWURQ�FORXG�� LH� WKLV� UDWLR�ZRXOG� WKHQ�HTXDWH� WR
�������IRU�ELVPXWK��IRU�H[DPSOH��LW�LV�VWLOO�D�YHU\�HIIHFWLYH�GLIIHUHQWLDO��
7KHUHIRUH�� ZLWKLQ� HYHU\�PRPHQWDU\� IUDPH�� RU� VQDSVKRW� �RI� WKH� ORZHU� VSKHUH
V
PRYHPHQWV�DV�WKH\�UHYROYH�DQG�RUELW�DURXQG�WKH�FHQWUDO�YRUWH[���WKH�JUDYLWDWLRQDO
SXOO�RQ�WKRVH�VSKHUH�FHOOV�ZRXOG�DIIHFW�D�VKLIWLQJ�RI�WKH�SRVLWLYH�QXFOHL�WRZDUG�WKH
FHQWUDO�YRUWH[��DQG�WKLV�ZRXOG�EH�IHOW�LQVLGH�DOO�WKRVH�FHOOV�DV�D�SRODUL]DWLRQ�FKDQJH
EHFDXVH�WKH�SRVLWLYHO\�FKDUJHG�QXFOHL�ZRXOG�KDYH�WKHLU�D[LV�GLVSODFHG�UHODWLYH� WR
WKH� HOHFWURQ� RUELWV�� $QG� KHQFH� DQ� HOHFWULFDO� SRODUL]DWLRQ� ZRXOG� UHVXOW� IURP� WKLV
JUDYLWDWLRQDO� GLVSODFHPHQW� DQG� WKHUH� ZRXOG� LQ� WKDW� VQDSVKRW�LQVWDQW� EH� D
SRWHQWLDO�GLIIHUHQFH� SURGXFHG� ZLWKLQ� WKH� FU\VWDO� FHOOV� RI� WKDW� PDWHULDO�� 7KLV
HOHFWULFDO� GLVSODFHPHQW� ILHOG� HIIHFW� RQ� DQ� DWRPLF� VFDOH� LV� RQO\� VPDOO�� EXW� ZKHQ� LW
KDSSHQV�LQ�EXON�LQ�D�ODUJH�ERG\�WKHQ�WKH�HIIHFW�SURGXFHG�FDQ�EH�VXEVWDQWLDO��$QG
VR�JHQHUDOO\��ZKHQHYHU�WKHVH�ORZHU�VSKHUHV�DUH�UHYROYLQJ�DQG�RUELWLQJ�DURXQG�WKH
EODFN�YRUWH[��WKHUH�ZLOO�EH�JHQHUDWHG�D�YDU\LQJ�GLVSODFHPHQW�RI�DWRPLF�FKDUJHV�LQ
WKH� VSKHUH
V� PDWHULDO� �UHODWLYH� WR� WKH� YRUWH[
V� SXOO� DQG� UHODWLYH� WR� WKH� VSKHUH
V
UHYROXWLRQV��DQG�VR�JHQHUDOO\�WKHUH�ZLOO�UHVXOW�D�FRUUHVSRQGLQJ�SXPSLQJ�XS�DFWLRQ
RI� WKH� SRWHQWLDO�GLIIHUHQFHV� �RI� HOHFWULF� ILHOGV�� SURGXFHG� ZLWKLQ� WKH� VSKHUH
V
VWUXFWXUH��,Q�RWKHU�ZRUGV��WKHUH�ZLOO�EH�DQ�RVFLOODWLQJ�HOHFWULF�ILHOG�SURGXFHG�LQVLGH
WKHVH�ORZHU�VSKHUHV�DV�WKH\�UHYROYH�DQG�RUELW�WKH�DD8)2
V�EODFN�YRUWH[�>QRWH���@�

)LJXUH� ���� *UDYLWDWLRQDO� IRUFHV� IURP� WKH� EODFN� YRUWH[� ZLOO� GLVSODFH� WKH� PRUH
PDVVLYH�QXFOHL�DZD\�IURP�WKH�FHQWHU�RI�WKH�HOHFWURQ�RUELW
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,QWHUHVWLQJO\�� IURP� DQ� HOHFWURFKHPLFDO� SRLQW� RI� YLHZ�� WKLV� SRODUL]DWLRQ� FUHDWHV
ZLWKLQ� WKH�PROHFXOHV� RI� WKH� JODVV�FU\VWDO� D� GLVSODFHPHQW� RI� WKH� HOHFWUR�SRVLWLYH
FDWLRQV� UHODWLYH� WR� WKH� HOHFWUR�QHJDWLYH� DQLRQV� ZLWKLQ� WKH� JODVV�FU\VWDO
V� FHOOXODU
VWUXFWXUH�� ZKLFK�� PRVW� LPSRUWDQWO\� ZRXOG� SK\VLFDOO\� DOWHU� WKH� QHXWUDOL]LQJ
SRVLWLRQLQJ� RI� WKH� FDWLRQV� DQG� DQLRQV�� DQG� XQGR� WKHLU� HTXLOLEULXP� VWDWH�RI�
FRLQFLGHQFH� FHOOXODU� DOLJQPHQWV� ZKLFK� QRUPDOO\� JLYH� WKDW� PDWHULDO� LWV� ]HUR�
SRWHQWLDO� 
JURXQG� VWDWH
� �VXFK� D� QRUPDO� 
]HUR�VWDWH
� LQ� D� PDWHULDO
V� FHOOXODU
DOLJQPHQWV� ZRXOG� SK\VLFDOO\� FRUUHVSRQG� WR� WKH� FDWLRQ�DQLRQ� DOLJQPHQWV� EHLQJ
FRLQFLGHQW�� RU� LQ� RWKHU�ZRUGV� LQ�OLQH� DQG� HTXDOO\�VSDFHG��� 7KHUHIRUH�� ZKDW� WKLV
JUDYLWDWLRQDO� SRODUL]DWLRQ� GRHV� LV� PRYH� WKH� FHQWUDO� SOXV� LRQ� RXW� RI� WKDW� ]HUR�
SRWHQWLDO� QHXWUDO� VWDWH� WRZDUG� WKH� PLQXV� LRQV� LQ� WKDW� FHOO�� DQG� WKLV� PRYH
HOHFWULFDOO\�SRODUL]HV�WKDW�FHOO�
:KDW� LV� HYHQ�PRUH� IDVFLQDWLQJ� WKRXJK�� LV� WKDW� WKLV� UH�DOLJQPHQW� RI� DQLRQV� DQG
FDWLRQV�LV��,�EHOLHYH��RQH�RI�WKH�WKLQJV�EHLQJ� LQGLFDWHG� LQ�WKH�FU\VWDO�KRQH\FRPE
LPDJHV�JLYHQ�WR�%HWW\�/XFD�E\� WKH�H[WUDWHUUHVWULDOV� �PHQWLRQHG�DERYH� LQ� VHFWLRQ
�����>QRWH���@�

)LJXUH�����'LVSODFHPHQW�RI�SRVLWLYH�FDWLRQV�LQVLGH�WKH�QHJDWLYH�R[\JHQ�DQLRQV
����5RWDWLQJ�)RUFHV�(QFORVHG�:LWKLQ�8)2
V�(UJRVSKHUH�$
$�YHU\�SURPLQHQW�IHDWXUH�RI�WKLV�DD8)2�HQJLQH�ZLOO�EH�KRZ�LWV�JUDYLWDWLRQDO�DQG
HOHFWURPDJQHWLF�IRUFHV�FDQ�EH�LQFUHDVHG�RU�GHFUHDVHG�LQ�UHODWLRQ�WR�WKH�LQFUHDVH�RU
GHFUHDVH�LQ�URWDWLRQDO�VSHHG�RI�WKH�VSKHUH�VHW�DVVHPEO\��DQG�ZKHQ�WKHVH�VSKHUH�
VHWV�DUH�QRW�URWDWLQJ�DW�DOO�WKH�FUDIW
V�SRZHU�GULYH�FDQ�WKHQ�EH�VHHQ�DV�EHLQJ�LQ�WKH
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WLFN�RYHU
� PRGH�� :KLOH� WKH� DFWXDO� GHWDLOV� RI� KRZ� WKLV� URWDWLRQDO� YHORFLW\� LV
FRQWUROOHG�DQG�PDLQWDLQHG�ZLOO�EH�IHDWXUHG�LQ�WKH�QH[W�FKDSWHU��LW�ZLOO�EH�QHFHVVDU\
KHUH�WR�DVVLJQ�VRPH�ILJXUHV�WR�D�EDVLF�URWDWLRQDO�YHORFLW\�IRU�WKHVH�VSKHUH�VHWV�LQ
RUGHU� IRU� WKH� UHDGHU� WR� LPDJLQH� KRZ� WKH� ORZHU� VSKHUHV� ILW� LQWR� WKH� FUDIW
V
JUDYLWDWLRQDO�DQG�HOHFWURPDJQHWLF�SURFHVVHV�
6R� LQ� RUGHU� WR� VHW� VRPH� VRUW� RI� EHQFKPDUN� ,� KDYH� DUELWUDULO\� GHWHUPLQHG� �DQG
WKHVH�ILJXUHV�FDQ�KROG�IRU� WKH�ZKROH�RI� WKLV�VWXG\�� WKDW� WKH�VSKHUH�VHW�DVVHPEO\
ZLOO�RUELW�DURXQG�WKH�EODFN�YRUWH[�DW�RQH�KDOI�UHYROXWLRQV�SHU�VHFRQG��DQG�,�ZLOO
DVVXPH� D� VOLJKWO\� KLJKHU� VSHHG� IRU� WKH� UHYROYLQJ� VSHHG� RI� WKH� ORZHU� VSKHUHV
�ZKHUH�WKH\�UHYROYH�DERXW�WKHLU�RZQ�D[LV��RI�RQH�UHYROXWLRQ�SHU�VHFRQG���VR�DV�WR
GLIIHUHQWLDWH� WKHLU� UHYROYLQJ� IURP� WKHLU� RUELWLQJ� �RWKHU� ILJXUHV� FDQ� EH� IRXQG� LQ
FKDSWHU����QRWH�����
*RLQJ�E\�WKH�GHVFULSWLRQV�RI�WKH�WRS�VSKHUHV��LQ�$6%7�,,�S���GUDZLQJ�����ZKLFK
VD\V�WKDW�WKH�WRS�VSKHUHV�UHYROYH�RSSRVLWH�WR�WKH�ERWWRP�ODUJH�VSKHUHV��DQG�DW�D
GLIIHUHQW�UDWH�RI�VSHHG��DQG�IURP�WKH�IDFW�WKDW� LQ��$6%7�,,�S���GUDZLQJ�����WKH
ORZHU� VSKHUHV� DUH� VKRZQ� UHYROYLQJ� ZLWK� DUURZV� GUDZQ� LQGLFDWLQJ� FRXQWHU�
FORFNZLVH��DV�YLHZHG�IURP�DERYH���7KHQ�,�ZLOO�WKHUHIRUH�VWDWH�WKDW�WKH�WRS�VSKHUHV
URWDWH�FORFNZLVH��$QG�DJDLQ��IRU�HDVH�RI�FDOFXODWLRQV��,�ZLOO�DVVXPH�D�VSHHG�RI��
UHYROXWLRQV�SHU�VHFRQG�IRU�WKH�WRS�VSKHUHV��2EYLRXVO\�� WKH�IDVWHU�WKH�VSKHUH�VHW
DVVHPEO\�URWDWHV�WKH�JUHDWHU�ZLOO�EH�WKH�8)2
V�SRZHU�RXWSXW�EHFDXVH�LW�ZLOO�PHDQ
WKDW� WKH� WRURLG
V� PDJQHWLF� ILHOGV� URXWHG� WKURXJK� WKH� WRS� VSKHUHV� ZLOO� SURGXFH
PRUH� HOHFWURQ�SRVLWURQ� SDLUV� DQG� HQHUJL]H� DOO� WKH� PRUH� /RUHQW]� IRUFH� WR
DFFHOHUDWH�WKH�FKDUJHG�SDUWLFOHV�J\UDWLQJ�LQVLGH�HUJRVSKHUH�
%
��RI�WKH�VWRUDJH�ILHOG
J\UDWLQJ�LQVLGH�SODQDU�ZDYH�JXLGH��
����'LVSODFHG�$OLJQPHQW�RI�&U\VWDOOLQH�/DWWLFH�&HOOV
&RQWLQXLQJ�RQ� IURP�VHFWLRQ����� DQG� LW
V� EULHI� ORRN� DW� WKH� HUJRVSKHUH�RI� HQHUJ\
VSLQQLQJ� RXWVLGH� WKH� FHQWUDO� YRUWH[�� DQRWKHU� SURFHVV� WR� FRQVLGHU� ZLOO� EH�� WKDW
ZKLOH�WKH�ORZHU�VSKHUHV�UHYROYH�DERXW�WKHLU�RZQ�D[LV�DQG�DV�WKH\�RUELW�WKH�YRUWH[�
WKH\� ZLOO� UHYROYH� WKURXJK� D� YROXPH� RI� IOXLG� �LH� RI� IUHH�HOHFWURQV�� LRQV� DQG
SKRWRQV�� WKDW� ZLOO� EH� LQ� FRQVWDQW� DFFHOHUDWLRQ� DQG� ZKLFK� ZLOO� EH� DIIHFWLQJ
PRPHQWXP�IUDPH�GUDJJLQJ� DURXQG� WKH� FHQWUDO� YRUWH[�� ,I� WKH� UHDGHU� LPDJLQHV� D
F\OLQGHU�ZLWK� D� WRUQDGR� VSLQQLQJ� LQVLGH� LW� WKHQ� WKDW
V� WKH�EDVLF� LGHD�� LQWR�ZKLFK
VKRXOG�EH�GURSSHG�IRXU�HTXDOO\�VSDFHG�VSKHUH�VHWV��DQG�ZKLFK�LQ�IOXLG�G\QDPLFV
ZRXOG�HTXDWH�WR�IRXU�URWDWLQJ�F\OLQGHUV�WXUQLQJ�WKURXJK�D�URWDWLQJ�IOXLG���DQG�WKHQ
LQWR�WKH�PLGGOH�RI�WKDW�URWDWLQJ�IOXLG�ZRXOG�EH�SRVLWLRQHG�WKH�FUDIW
V�EODFN�YRUWH[
��DOO�WLJKWO\�QHVWOHG�WRJHWKHU�
%XW�EHFDXVH�RI� WKHLU�FORVH�SUR[LPLW\� WR� WKH�PRVW�SRZHUIXO� VHFWLRQ�RI� WKH�EODFN
YRUWH[� WKHVH� IRXU� ODUJH� ORZHU� VSKHUHV� ZLOO� H[SHULHQFH� WKH� JUHDWHVW� JUDYLWDWLRQDO
LQIOXHQFH�� 7KH\� ZLOO� DOVR� H[SHULHQFH� WKH� PRVW� SURQRXQFHG� WLGDO� HIIHFW� RI
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GLIIHUHQWLDO� WHQVLRQ�� LQ� D� ZD\� TXLWH� VLPLODU� WR� WKDW� RI� WKH� XSSHU� VSKHUHV
�UHPHPEHU��WKH�WLGDO�IRUFH�HIIHFW�RQ�WKH�WRS�VSKHUHV�ZKLFK�KDXOV�HQHUJ\�RII�WKH
LQ�IDFLQJ�VLGH�ZLWK�PRUH�IHURFLW\�WKDQ�WKH�IDU�VLGH���� LQ�VHFWLRQ�������EXW��IRU�WKH
ORZHU�VSKHUHV�WKLV�HIIHFW�ZLOO�EH�IHOW�PXFK�PRUH�DFXWHO\�RQ�WKH�LQ�IDFLQJ��YRUWH[�
IDFLQJ��VLGH�RI�WKHVH� ORZHU�VSKHUHV�EHFDXVH�RI� WKHLU� ODUJHU�GLDPHWHU��7KLV�ZRXOG
HTXDWH�WR�D�PXFK�JUHDWHU� WLGDO� IRUFH�DFWLQJ�XSRQ�WKH� ORZHU�VSKHUHV� WKDQ�RQ�WKH
VPDOOHU� XSSHU� VSKHUHV�� IURP� WKHUH� EHLQJ� D� JUHDWHU� DQJOH� RI� GLYHUJHQFH� �DFWLQJ
EHWZHHQ�WKH�YRUWH[·V�FRUH�DQG�WKH�ODUJH�VSKHUHV���VHH�ILJXUH������7KHVH�ZLOO�EH�WKH
JUDYLWDWLRQDO� IRUFHV� WKURXJK� ZKLFK� WKH� DWRPLF� VWUXFWXULQJ� LQVLGH� WKH� ORZHU
VSKHUHV�ZLOO�EH�XQ�QHXWUDOL]HG�DQG�WKHQ�SRODUL]HG�

)LJXUH�����'LIIHUHQFH�LQ�FXUYDWXUH�RI�LQIOXHQFH�DW�WRS�DQG�ERWWRP�RI�EODFN�YRUWH[
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7R�RIIHU�D�EHWWHU�LGHD�DV�WR�ZKDW�WKLV�IDFWRU�RI�GLYHUJHQFH�PD\�PHDQ�LW�PLJKW�EH
EHWWHU�WR�FRPSDUH�WKLV�ZLWK�WKH�IDPLOLDU�PHFKDQLVP�RI�OLQHV�RI�PDJQHWLF�IRUFH��LQ
WKH� NQRZOHGJH� WKDW� WKH� DFWXDO� PDJQHWLF� DWWUDFWLYH� IRUFH� LV� SURSRUWLRQDO� WR� WKH
GHJUHH�E\�ZKLFK�WKH�PDJQHWLF�IOX[�OLQHV�FRQYHUJH�GLYHUJH��7KHQ�LW�PLJKW�EH�HDVLHU
WR� LPDJLQH� WKDW� LI� WKHUH�ZLOO� EH� D� YHU\� ORFDOL]HG� GLYHUJHQFH� RI� WKH� JUDYLWDWLRQDO
IRUFH�OLQHV�UDGLDWLQJ�RXW�IURP�WKH�FHQWUDO�YRUWH[��KRZ�WKDW�GLYHUJLQJ�JUDYLWDWLRQDO
IRUFH�PLJKW�DFW�XSRQ�WKH�ORZHU�VSKHUHV��$QG�WKH�UHDGHU�PLJKW��DW�WKH�VDPH�WLPH�
FRPSDUH� WKLV� GLYHUJHQFH� WRZDUG� WKH� ORZHU� VSKHUHV� WR� WKH� HIIHFW� XSRQ� WKH� WRS
VSKHUHV��ZKHUH� WKH�JUDYLWDWLRQDO�SXOO�ZLOO� FRPH�IURP� WKH� ODUJH�GLDPHWHU�SKRWRQ
RUELW� ULQJ� �MXVW�DERYH� WKH�HYHQW�KRUL]RQ��� DQG�ZKLFK�VKRZV�D�PDUNHG� FRQYHUJHQFH
XSRQ�WKRVH�VPDOOHU�WRS�VSKHUHV��DQG�WKDW�IURP�WKLV�IDFWRU�LW�ZRXOG�IROORZ�WKDW�WKH
IRUFH�DFWLQJ�XSRQ�WKHVH�ORZHU�VSKHUHV�ZLOO�EH�TXLWH�RSSRVLWH�WR�WKDW�DFWLQJ�XSRQ
WKH� XSSHU� VSKHUHV� �DQG� LI� QRWKLQJ� HOVH�� WKLV� ZRXOG� VXJJHVW� RSSRVLWH� SRODULWLHV
EHWZHHQ�WKH�XSSHU�DQG�ORZHU�VSKHUHV��
7KDW�WKH�DQJOH�RI�GLYHUJHQFH�LV�VR�ZLGH�UHODWLYH�WR�WKH�ZKROH�VSKHUH�PHDQV�WKDW�DW
WKH�VPDOO�VXUIDFH�DUHD�ZKHUH�WKH�VSKHUH�LV�FORVHVW�WR�WKH�EODFN�YRUWH[�WKHUH�ZLOO�EH
D� PDUNHG� YDULDWLRQ� LQ� WKH� JUDYLWDWLRQDO� IRUFH� LQGXFHG� IURP� WKH� YRUWH[� WKHUH
FRPSDUHG�� VD\�� WR� WKH� IRUFH� LQGXFHG� DW� WKH� ORZHU� VSKHUH
V� HTXDWRU�� 7KH� FUDIW·V
PDJQHWLF� IOX[�GHQVLW\�ZLOO�EH�DOO� WKH�PRUH�JUHDWHU� LQ� WKH�JDS�EHWZHHQ� WKH� ORZHU
VSKHUHV�DQG�WKH�YRUWH[�WRR��WKLV�LV�EHFDXVH�PDJQHWLF�ILHOG�OLQHV�FDQQRW�HQWHU�DQ\
VRUW�RI�TXDVL�EODFN�KROH��WR�SDVV�EH\RQG�LWV�HYHQW�KRUL]RQ��VR�WKRVH�IOX[�OLQHV�ZLOO
WHQG�WR�EXQFK�XS�MXVW�RXWVLGH�WKH�HYHQW�KRUL]RQ���6LPLODUO\��DV�WKLV�ZLOO�EH�ZKHUH
WKH�KLJKHVW�LQWHQVLW\�RI�PDJQHWLF�IOX[�OLQHV�ZLOO�FROOHFW��WKHQ�WKLV�ZLOO�EH�ZKHUH�WKH
PRVW�SRZHUIXO� URWDWLRQDO� IRUFHV�RI� WKH�ZKROH�HUJRVSKHUH�ZLOO�EH�FRQFHQWUDWHG� �
EHWZHHQ�WKH�FRUH�RI�WKH�YRUWH[�DQG�WKH�LQQHU�HGJH�RI�WKHVH�VSKHUHV��7KH�XSVKRW
RI� DOO� WKHVH� IDFWRUV� ZLOO� EH� WKDW� WKH� JUDYLWDWLRQDO� SRODUL]DWLRQ� HIIHFW� IURP� WKH
FUDIW·V�EODFN�YRUWH[�ZLOO�EH�HVSHFLDOO\� ORFDOL]HG�KHUH�DQG�HVSHFLDOO\�VWURQJ��DQG� LW
ZLOO�EH�DFWLQJ�PRVW�XSRQ�D�VPDOO�DUHD�RI�WKH�RXWHU�VXUIDFH�RI�HDFK�RI�WKHVH�IRXU
ORZHU�VSKHUHV�>QRWH���@�
7RJHWKHU��ZKDW�WKHVH�HOHPHQWV�DPRXQW�WR�LV�D�PDJQLILFDWLRQ�RU�LQWHQVLILFDWLRQ�RI
WKH� JUDYLWDWLRQDO�SXOO� IURP� WKH�YRUWH[��7KHUHIRUH�� DV� WKH� VSKHUHV� UHYROYH� URXQG
RQO\�D�VPDOO�VHFWLRQ�RI�LWV�RXWVLGH�VXUIDFH�DUHD�ZLOO�OLQH�XS�PRPHQWDULO\�ZLWK�WKDW
JUDYLWDWLRQDO�SXOO�� DQG� WKHQ�DV� WKH� VSKHUH�FRQWLQXHV� WR� WXUQ� IXUWKHU�DURXQG� WKDW
JUDYLWDWLRQDO�LQIOXHQFH�ZLOO�EHFRPH�UHGXFHG�RQ�WKDW�VHFWLRQ��DQG�LQFUHDVHG�XSRQ
WKH�QH[W�VHFWLRQ�DV�LW�FRPHV�FORVHVW�WR�WKH�YRUWH[���7KXV�E\�IRFXVLQJ�XSRQ�D�VPDOO
DUHD�RI�WKH�VSKHUH
V�FU\VWDOOLQH�VWUXFWXUH�WKH�YRUWH[�ZLOO�SXOO� WKH�PDVVLYH� LRQV�RI
WKRVH�FHOOV�RXW�RI�WKHLU�QDWXUDO�DOLJQPHQWV���EXW�QRW�DOO�DW�WKH�VDPH�WLPH�
7KLV� ZRXOG� SURYLGH� D� VZLWFKLQJ� GHYLFH� ZKLFK�� UHIHUULQJ� EDFN� WR� WKH� HOHFWUR�
SRVLWLYH�DQG�HOHFWUR�QHJDWLYH�LRQ�VZLWFKLQJ�SURFHVV�PHQWLRQHG�DERYH��LI�LW�FDQ�EH
PDGH�WR�RFFXU�DV�D�GHFLVLYH�VZLWFKLQJ�LQ�WKH�FU\VWDOOLQH�PDWHULDOV��DFWXDOO\�ZLWKLQ
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WKH�DWRPLF�FHOOV�LQVLGH�WKHVH�ORZHU�VSKHUHV��WKHQ�JUHDW�DGYDQWDJH�FDQ�FRPH�IURP
WKLV� JUDYLWDWLRQDO� HIIHFW� JHQHUDWLQJ� DQ� HOHFWULFDO�SRODULW\� VZLWFKLQJ� SURFHVV� XSRQ
HDFK�DWRPLF�FHOO�LQVLGH�HDFK�RI�WKHVH�VSKHUHV�
2QFH� WKH� FHQWUDO� SRVLWLYH� LRQ�KDV� EHHQ�GLVSODFHG� LW�ZLOO� WKHQ�5(0$,1� LQ� WKDW
GLVSODFHG� SRVLWLRQ� HYHQ� DIWHU� WKH� HOHFWULFDO� ELDVLQJ� ILHOG� �RU� DV� LQ� WKLV� FDVH� WKH
JUDYLWDWLRQDO� ELDVLQJ� ILHOG�� LV� UHGXFHG�� EHFDXVH� RI� WKH� IDFW� WKDW� WKH� LRQLF
GLVSODFHPHQW�ZLOO� LQVWDQWDQHRXVO\� JHQHUDWH� LWV� RZQ� HOHFWULF� ILHOG� RQFH� LW�PRYHV�
$QG�EHFDXVH�WKLV�ORFDOL]HG�HOHFWULF�ILHOG�ZLOO�EH�JUHDWHU�WKDQ�WKH�HODVWLF�UHVWRULQJ
IRUFH�� ZKLFK� ZRXOG� DWWHPSW� WR� SK\VLFDOO\� SXVK� WKH� SRVLWLYH� LRQ� EDFN� LQWR� LWV
QHXWUDO�SRVLWLRQ��WKH�GLVSODFHG�LRQ�ZLOO�UHPDLQ�GLVSODFHG�>QRWH���@��,QGHHG��JHWWLQJ
WKH�SRVLWLYH�LRQ�WR�UHWXUQ�%$&.�WR�LWV�RULJLQDO�SRVLWLRQ�ZLOO�LQYROYH�MXVW�DV�PXFK
HIIRUW�DQG�D�VLPLODU�VRUW�RI�ILHOG�DSSOLFDWLRQ�WR�WKDW�ZKLFK�GLVSODFHG�LW�LQLWLDOO\��)RU
RQFH�WKH�SRVLWLYH�LRQ�KDV�EHHQ�GLVSODFHG�LQ�HDFK�FHOO�WKHQ�HDFK�FHOO�ZRXOG�UHTXLUH
DQ�RSSRVLWHO\�ELDVHG�HOHFWULF� ILHOG� WR�EH�DSSOLHG� WR� LW�EHIRUH� LW�ZRXOG�PRYH� WKDW
LRQ� EDFN� WR� WKH� FHQWHU� DJDLQ� >QRWH�� �@�� 7KLV� RSSRVLWHO\�ELDVHG� HOHFWULF� ILHOG� LV
NQRZQ�DV� WKH�FRHUFLYH� ILHOG�RU�FRHUFLYH�YROWDJH� �ZKLFK� LQ� IHUURHOHFWULFV� LV�TXLWH
KLJK�DQG�LQ�WKH�UHJLRQ�RI�N9�FP���7KDW�WKHVH�RSSRVLWHO\�ELDVLQJ�ILHOGV�ZRXOG�EH
UHODWLYH�WR�SUHFLVHO\�ZKDW�FHUDPLFV�DUH�GRSHG�LQWR�WKH�VSKHUHV��ZRXOG�WKHRUHWLFDOO\
VXJJHVW� WKDW� WKHUH� FRXOG�EH� D�ZD\� WR� GHVLJQ� LQWR� WKHVH� VSKHUHV� SURYLVLRQ� IRU� D
ZLGH�YDULHW\�RI�SRZHU�RXWSXWV�WR�VXLW�WKH�EURDGHVW�UDQJH�RI�SDUDPHWHUV�WKURXJK
ZKLFK�WKHVH�VSKHUHV�ZRXOG�EH�DEOH�WR�RSHUDWH��$QG�VR�UDWKHU� WKDQ�EHLQJ�GRSHG
ZLWK�MXVW�RQH�W\SH�RI�IHUURHOHFWULF�FHUDPLF�D�ZKROH�UDQJH�RI�RSHUDWLQJ�SDUDPHWHUV
�LQFOXGLQJ� WKHLU� WKHUPDO�RSHUDWLQJ� UDQJHV�� FDQ�EH�GLDOHG� LQWR� WKHVH� VSKHUHV� DQG
XWLOL]HG�LI�D�YDULDWLRQ�RI�IHUURHOHFWULF�FHUDPLFV�ZHUH�XVHG�ZLWKLQ�WKHP�>QRWH���@�
5REXVW� VZLWFKLQJ� RI� WKH� FHQWUDO� LRQ� ZLOO� WULJJHU� WKH�PRVW� FRSLRXV� HMHFWLRQV� RI
HOHFWURQ� HPLVVLRQV� IURP� ZKHQ� FHOOXODU� SKDVH�WUDQVLWLRQV� RFFXU� �DQ� HQKDQFHG
VZLWFKLQJ� HIIHFW� ZLWKLQ� IHUURHOHFWULF� FHUDPLFV��� DQG� ZLOO� LQLWLDWH� D� JUHDWHU� EXON�
HIIHFW�ZLWKLQ�WKH�PDWHULDO
V�FHOOXODU�GRPDLQV�WR�WULJJHU�VSRQWDQHRXV�SRODUL]DWLRQV�
DQG�PRVW�LPSRUWDQWO\�UREXVW�VZLWFKLQJ�ZLOO�EH�FRQGXFLYH�WR�SRODUL]DWLRQ�UHYHUVDO
VZLWFKLQJ�ZKLFK�LV�ZKHUH�WKH�LRQLF�SKDVH�FRQILJXUDWLRQV�UHSHDWHGO\�ERXQFH�EDFN
DQG�IRUWK�IURP�RQH�SKDVH�WR�WKH�RWKHU�IURP�WKHP�EHLQJ�LQ�VXFK�D�KLJKO\�H[FLWHG
VWDWH�� WULJJHULQJ� VHOI�LQGXFHG� UHYHUVDO� VZLWFKLQJ�ZKLFK�� DV�PHQWLRQHG� LQ� VHFWLRQ
����� WDNHV� SODFH� ZKHQ� OLNH�FKDUJH� UHSXOVLRQ� IRUFHV� EXLOG� XS� DQG� FDXVH� IDVW�
UHSHDWLQJ�HMHFWLRQV�RI�HOHFWURQ�HPLVVLRQV�IURP�WKH�FHOOV�>QRWH���@�
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)LJXUH�����2QH�RI�WKH�GUDZLQJV�RI�WKH�H[WUDWHUUHVWULDO
V�FU\VWDOOLQH�SRZHU�V\VWHP
UHVHPEOHV�FDWLRQ�GLVSODFHPHQW�ZLWKLQ�D�FHOOXODU�VWUXFWXUH
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:RQGHUIXO�WKRXJK�WKLV�HIIHFW�LV��ZKDW�KDV�WR�EH�ERUQH�LQ�PLQG�KHUH�LV�WKDW�QRW�WKH
ZKROH�RI� WKH� VSKHUH
V� VWUXFWXUH� VKRXOG�EH��RU�QHHG�EH�� IDEULFDWHG� VROHO\� WR� WDNH
DGYDQWDJH� RI� WKLV� HIIHFW� DORQH�� %HFDXVH� ZKHQ� DOO� WKH� PHFKDQLVPV� EHFRPH
DSSDUHQW� DQG� DUH� FRQVLGHUHG� WRJHWKHU� LW�PD\� ZHOO� SURYH� DGYDQWDJHRXV� WR� KDYH
VHYHUDO� GLIIHUHQWO\� FRQILJXUHG� ]RQHV� LQWR� VXFK� D� JODVV�FU\VWDO� VSKHUH� �HDFK� IRU
WKHLU�RZQ�VSHFLILF�SXUSRVH��EXW�LQWHUFRQQHFWHG�VR�WKDW�RQH�HPLVVLRQ�PHFKDQLVP
ZRXOG� HIIHFWLYHO\� WULJJHU� RWKHUV��� LQ� RWKHU� ZRUGV�� WKHUH� DUH� VWLOO� PDQ\� PRUH
PHFKDQLVPV�WR�ORRN�DW�ZKLFK�PLJKW�EH�JRLQJ�RQ�LQVLGH�WKHVH�VSKHUHV�
����)LWWLQJ�WKH�%ODFN�9RUWH[�LQWR�WKH�&UDIW
V�(OHFWURQLF�&LUFXLW
2EYLRXVO\�� WKH� FRSLRXV� HPLVVLRQV� FRPLQJ� IURP� WKH� VSRQWDQHRXV� SRODUL]DWLRQ
UHYHUVDOV� ZRXOG� EH� JUHDWO\� EHQHILFLDO�� IRU� WKH\� ZRXOG� WUDQVIRUP� WKHVH� ORZHU
VSKHUHV� LQWR� SRZHU� VRXUFHV� �� LI� RQO\� WKHVH� HOHFWULFDOO\� SRODUL]LQJ� HIIHFWV� FDQ� EH
PDGH�WR�RVFLOODWH�EDFNZDUGV�DQG�IRUZDUGV��%HIRUH�ZH�FDQ�ORRN�DW�KRZ�WKDW�PLJKW
EH� DFKLHYHG� WKHUH� QHHGV� WR� EH� D� VWHS� EDFN� WR� VHH� KRZ�$1<� VRUW� RI� HOHFWULFDO
SRWHQWLDO�FDQ�FRPH�RXW�RI�WKHVH�VSKHUHV�
/RRNLQJ� DW� ZKDW� WKH� DD8)2
V� ORZHU� VSKHUHV� DUH� GRLQJ� LW� VXJJHVWV� WKDW� D
FRQWLQXDOO\�PRYLQJ�VWUHVV�IRUFH�ZLOO�EH�DYDLODEOH�WR�DFW�XSRQ�WKH�VSKHUHV�DV�ORQJ
DV�WKH\�FRQWLQXH�WR�UHYROYH�DQG�RUELW�DURXQG�WKH�EODFN�YRUWH[��,I�WKLV�VWUHVV�IRUFH
ZHUH�PDGH�WR�SXPS�XS�DQG�GRZQ�LQ�VWUHQJWK�WKHQ�E\�WKH�SLH]RHOHFWULF�HIIHFW��DQG
E\�WKH�LQWHUIDFLDO�HIIHFWV�ZLWKLQ�WKH�VSKHUH·V�FHOOV��WKHQ�WKRVH�FHOO·V�HOHFWULF�FKDUJHV
ZRXOG�KDYH�PRYHPHQW�LQGXFHG�LQWR�WKHP��LH�ZKLFK�LQ�D�GLHOHFWULF�ZLOO�EH�WKURXJK
WKH�PRYHPHQW�RI�SKRQRQV��VR�WKDW�WKH\�ZRXOG�HLWKHU�PRYH�LQWR�QHLJKERULQJ�FHOOV
LQ� RWKHU� SDUWV� RI� WKHVH� ODUJH� VSKHUHV� DQG�PRPHQWDULO\� DFFXPXODWH� LQ� WKHP�� RU
WKH\� FRXOG� EH� GLUHFWHG� LQWR� WKH� QH[W� SDUW� RI� WKH� 8)2
V� HOHFWULFDO� FLUFXLW� WR
FRQGXFW� DV� HOHFWULFDO� FXUUHQW� �WKH� QH[W� SDUW� RI� WKH� HOHFWULFDO� FLUFXLW� LQ� WKLV� FDVH
ZRXOG�EH�WKH�VWHP�FRLOV��RQ�WKHLU�ZD\�WR�WKH�WRS�VSKHUHV���7KH�TXHVWLRQ�LV��KRZ
ZLOO�VXFK�DFFXPXODWLRQV�RI�FKDUJH�PRYH�WRJHWKHU� LQ�EXON� WKURXJK�WKH�JODVV�FU\VWDO
PDWHULDO�RI�WKHVH�VSKHUHV�IURP�WKH�ERWWRP�H[WUHPLWLHV�RI� WKRVH�VSKHUHV� WR� WKHQ
FRQGXFW�LQWR�WKH�VWHP�FRLOV�"�>QRWH���@
2QH� RI� WKH� DQVZHUV� WR� WKLV� TXHVWLRQ� FRPHV� WKH�ZRUNLQJ�PRGHO� RI� WKH� HOHFWULF
JHQHUDWRU� K\SRWKHVLV� RI� >%ODQGIRUG�=QDMHN@� ZKLFK� RSLQHV� WKDW� FXUUHQW� FDQ� EH
H[WUDFWHG�IURP�D�EODFN�KROH
V�HOHFWURG\QDPLFV�LI�D�FRQGXFWLQJ�PHFKDQLVP�ODWFKHV
LWVHOI�WR�ERWK�WKH�VKDUS�HQG�DQG�WR�WKH�EOXQW�HQG�RI�WKDW�EODFN�KROH��EHFDXVH�RI
WKH� H[WUHPH� GLIIHUHQFHV� LQ� HOHFWULFDO� SRWHQWLDO� HVWDEOLVKHG� EHWZHHQ� WKHP�� 7KH
VDPH�SRWHQWLDO�GLIIHUHQFH�ZLOO�EH�HVWDEOLVKHG�EHWZHHQ�WKH�WRS�DQG�ERWWRP�RI�WKH
DD8)2
V�EODFN�YRUWH[� ��KLJKO\�SRVLWLYH� DW� LWV�EDVH�DQG�KLJKO\� QHJDWLYH�DW� WKH�SKRWRQ
RUELW� ULQJ�� (OHFWURQLFDOO\� WKLV� ZRXOG� HTXDWH� WR� D� SRZHU� VRXUFH� IORZLQJ� HQHUJ\
WKURXJK� D� VHPLFRQGXFWLQJ� FU\VWDO�� WKURXJK� DQ� LQGXFWRU� FRLO�� WKURXJK� DQRWKHU
VHPLFRQGXFWLQJ� FU\VWDO�� DQG� WKHQ� WKURXJK� DQ� DLU�JDS� UHVLVWRU�� ,Q� RWKHU� ZRUGV
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WKURXJK�D�W\SLFDO�HOHFWURQLFV�FLUFXLW�ZKLFK�RVFLOODWHV��OLNH�,�VD\� LQ�FKDSWHU���� MXVW
OLNH�D�
���
�HOHFWURQLF�WLPHU�FLUFXLW��
6R� KHUH� LV� WKH� SRWHQWLDO� IRU� HOHFWULF� FKDUJHV� WR� EH� PRYHG� RXW� RI� WKHVH� VSKHUHV
EHFDXVH�DV�WKH\�ZRXOG�EH�FKDUJHG�ZLWK�RQH�HOHFWULFDO�SRODULW\��IURP�WKH�ERWWRP
RI�WKH�EODFN�YRUWH[��WKH�WRS�VSKHUHV�ZRXOG�EH�FKDUJHG�ZLWK�WKH�RSSRVLWH�SRODULW\
�WKDW� RI� WKH�PRXWK� RI� WKDW� EODFN� YRUWH[��� 7KDW� WKH� VWHP� FRLO� LV� WKH� FRQGXFWRU
EHWZHHQ�WKH�ORZHU�VSKHUH�DQG�WKH�WRS�VSKHUH�PHDQV�WKDW�HOHFWULF�FXUUHQW�KDV�WKH
SRWHQWLDO�WR�IORZ�EHWZHHQ�WKHP�WKURXJK�WKDW�FRLO�>QRWH����@�
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)LJXUH� ���� 7KH� DD8)2
V� HOHFWURG\QDPLF� FLUFXLW� IROORZV� WKH� %ODQGIRUG�=QDMHN
HOHFWULF� FLUFXLW� IRU� D� EODFN�KROH��:KHUH� WKH� URWDWLQJ� IORZ�QHJRWLDWHV� DURXQG� WKH
IRXU�VSKHUH�VHWV�DQ�RVFLOODWLRQ�ZLOO�RFFXU�LQ�WKH�YRUWH[·V�PLG�VHFWLRQ
)URP�D�TXLFN�ORRN�DW�WKLV�FLUFXLW�ZKDW�WKH�H[WUHPLWLHV�RI�WKH�ORZHU�VSKHUHV�QHHG�LV
D� FXUUHQW� WUDQVPLVVLRQ� PHFKDQLVP� WKURXJK� ZKLFK� HOHFWULFDO� FKDUJHV� FDQ� EH
WUDQVIHUUHG� LQWR� WKH� LQWHUFRQQHFWLQJ� ULQJV� RI� WKH� VWHP� FRLO�� :KDW� FRXOG� EH
LQVHUWHG� LQWR� WKH� ORZHU� VSKHUHV� WR� DFFRPPRGDWH� WKLV� LV� D� VSUHDG� RI� PHWDO
FRQGXFWLQJ� URGV� ZKLFK� ZRXOG� VRPHKRZ� FRQQHFW� ZLWK� WKH� VSKHUH
V� FHOOXODU
VWUXFWXUH��DQG�WKHVH�ZLUHV�FRXOG�EH�PDGH�WR�PDNH�FRQWDFW�ZLWK�WKH�VWHP�FRLOV���
1RW� D� EDG� LGHD�� EXW� WKHQ� WKLV� LV� QRW� XVLQJ� WKH� JHQLXV� RI� WKH� H[WUDWHUUHVWULDO
GHVLJQHU��
����1HJDWLYH�3KDVH�9HORFLW\�RI�0HWDPDWHULDOV
$FWXDOO\�� WKH� XQ�QRUPDOL]LQJ� DQG� UH�HVWDEOLVKLQJ� RI� D� FU\VWDO
V� DWRPLF� VWUXFWXUH
ZLWK� HOHFWURPDJQHWLF� RU� JUDYLWDWLRQDO� ELDVLQJ� ILHOGV� PLJKW� EH� HVWDEOLVKHG� PRUH
HIIHFWLYHO\�LQ�DQRWKHU�ZD\��$QG�WKLV�FDOOV�XSRQ�D�SKHQRPHQRQ�NQRZQ�DV�QHJDWLYH
SKDVH� YHORFLW\� ZKLFK� KDV� EHHQ� QRWHG� WR� RFFXU� LQ� VRPH� VHPLFRQGXFWLQJ� GLHOHFWULF
PDWHULDOV� EXW� ZKLFK� KDV� DOVR� EHHQ� REVHUYHG� E\� VRPH� DVWURSK\VLFLVWV� WR� RFFXU
LPPHGLDWHO\�RXWVLGH�D�URWDWLQJ�EODFN�KROH�
6R�LW�ZRXOG�SD\�WR�ORRN�DJDLQ�WR�WKH�HUJRVSKHUH�RI�HQHUJLHV�URWDWLQJ�DURXQG�WKH
DD8)2
V� YRUWH[�� HVSHFLDOO\� DW� WKH� DUHD� EHWZHHQ� WKH� ORZHU� VSKHUHV� ZKHUH� WKH
FHQWUDO� KROH� LV� ORFDWHG� LQ� WKH� EDVH� GLVF�� $W� WKLV� KROH� ZKHUH� WKH� YRUWH[� UXQV

WKURXJK
�WKH�FUDIW�LV�SUREDEO\�WKH�PRVW�SRZHUIXO�YROXPH�RI�HQHUJ\�LQ�WKH�ZKROH
FUDIW��$QG�LW�LV�E\�QR�PHDQV�D�IOXNH�RI�FRLQFLGHQFH�WKDW�WKH�IRXU�ORZHU�VSKHUHV�DUH
SRVLWLRQHG�H[DFWO\�ZKHUH�WKH�PRVW�LQWHQVH�IRUFH�RI�JUDYLWDWLRQDO�UDGLDWLRQ�FDQ�EH
LQGXFHG� IURP� WKH� EODFN� YRUWH[�� DW� SUHFLVHO\� ZKHUH� LWV� URWDWLQJ� HQHUJ\� LV� PRVW
GHQVH�DQG�PRVW�HQHUJHWLF���IRU�WKLV�LV�DOVR�ZKHUH�WKH�PDJQHWLF�IOX[� OLQHV�ZLOO�EH
PRUH�WLJKWO\�FRQYHUJHG�WRJHWKHU�WKDQ�DW�DQ\�RWKHU� ORFDWLRQ� LQ� WKH�ZKROH�RI� WKLV
8)2�FUDIW�
2QH� RI� WKH� SURGXFWV� RI� QHJDWLYH� SKDVH� YHORFLW\� LV� WKDW� LQ� GLHOHFWULF� PDWHULDOV�
IOXLGV�DQG�ILHOGV��HOHFWURPDJQHWLF�DQG�JUDYLWDWLRQDO�ZDYHV�FDQ�EH�EHQW�WKH�
ZURQJ
ZD\
�ZKHQ�WKH\�DWWHPSW�WR�SDVV�WKURXJK�WKRVH�PDWHULDOV��RU�WKURXJK�WKRVH�IOXLGV
DQG�ILHOGV���$VWURSK\VLFLVWV�KDYH�DFWXDOO\�IRUPXODWHG�KRZ�LQ�WKH�DUHD�VXUURXQGLQJ
D� EODFN� KROH� RXW� LQ� VSDFH� �LQ� LWV� HUJRVSKHUH�� HOHFWURPDJQHWLF� DQG� JUDYLWDWLRQDO
ZDYHV�FDQ�EH�6/2:('�GRZQ� IURP� WKHLU�QRUPDO� OLJKW�VSHHG�YHORFLW\� WR�PXFK
VORZHU�YHORFLWLHV�� DQG� WKDW�XQGHU� FHUWDLQ�FRQGLWLRQV� WKHVH�ZDYHV� FDQ� HYHQ�EHQG
IXOO\�EDFNZDUGV�IURP�EHLQJ�WRR�FORVH�WR�D�URWDWLQJ�VRXUFH�RI�JUDYLW\�>QRWH����@�
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2Q�D�VRPHZKDW�VPDOOHU�VFDOH�WKLV�QHJDWLYH�SKDVH�YHORFLW\�SKHQRPHQRQ�FDQ�RFFXU
LQ�FU\VWDOOLQH�PDWHULDOV�LI�WKH�PDWHULDO�LV�QDWXUDOO\�FRQGXFLYH�WR�LW��E\�LWV�VWUXFWXUH
KDYLQJ� D� QHJDWLYH� UHIUDFWLRQ� LQGH[� �15,��� RU� LI� WKDW� PDWHULDO� LV� VSHFLILFDOO\
IDEULFDWHG� WR� H[KLELW� WKHVH� DWWULEXWHV�� 3URI�� -�%�� 3HQGU\� VXJJHVWV� WKDW� UDGLDWHG
ZDYHV�ZKHQ�HQWHULQJ�15,�PDWHULDOV�PD\�JHW�WUDSSHG�LQVLGH�WKDW�PDWHULDO�IURP�D
UHVRQDQFH�HIIHFW�WKDW�ZLOO�H[LVW�MXVW�LQVLGH�LWV�VXUIDFH�ZKLFK�ERXQFHV�WKRVH�ZDYHV�
RQFH� WKH\� KDYH� HQWHUHG� WKH�PDWHULDO�� EDFN� DQG� IRUWK� E\� GLIIUDFWLRQ� �LH� ZKHQ� D
ZDYH� LV� WUDSSHG� WKHUH� UHVXOWV� D� UHVRQDQFH�ZLWKLQ� WKDW�PDWHULDO�� >QRWH�� ��@��7KLV
KLJKO\�WHFKQLFDO�EXW�IDVFLQDWLQJ�SKHQRPHQRQ��ZKLFK�IHDWXUHV�MXVW�DV�HTXDOO\�LQ�WKH
DD8)2�DV� LW� GRHV� LQ� WKH� EODFN� KROH��ZLOO� EH� JLYHQ�PXFK�PRUH� DLU� WR� EUHDWK� LQ
FKDSWHUV�������DQG����RI�WKLV�VWXG\��VR�,�VKDOO�JLYH�RQO\�D�EULHI�PHQWLRQ�RI�LW�KHUH
�XQWLO�LW�WDNHV�WKH�UHDGHU�WR�WKH�SRLQW�,�ZDQW�WR�LQWURGXFH�QH[W��
,Q� WKH� ZRUOG� RI� VFLHQFH�� QHJDWLYH� UHIUDFWLRQ� LQGH[� PDWHULDOV� JDLQHG� VROLG
UHFRJQLWLRQ� DURXQG� WKH� ����V�� DQG� WKURXJK� LWV� ODWHU� VWDJHV� WKLV� UHVHDUFK
SURJUHVVHG�LQWR�QHJDWLYH�SKDVH�YHORFLW\�PDWHULDOV��DQG�WKHQ�WKLV�UHVHDUFK��DIWHU�WKH
ODWH�����V��ZHQW�EDFN�DQG�EURXJKW�IRUZDUG�HYHQ�PRUH�HIIHFWLYH�15,�PDWHULDOV��
7R�H[SODLQ�ZK\�15,�PDWHULDOV�UHVHDUFK�KDV�UHFHLYHG�VR�PXFK�DWWHQWLRQ�WKH�UHDGHU
PLJKW�EHJLQ�ZLWK�D�ORRN�DW�WKH�VWXGLHV�RI�3HQGU\��DQG�REVHUYH�WKDW�PXFK�RI�WKHLU
VSHFLDO� TXDOLWLHV� FHQWHU� DURXQG� WKH� WUDQVPLVVLRQ� RI� HOHFWURQ� FKDUJHV� WKURXJK� WKRVH
PDWHULDOV� DV� SODVPRQV�� ZKLFK� UDWKHU� WKDQ� EHLQJ� WKH� HOHFWURQV� WKHPVHOYHV� DUH� D
FROOHFWLYH�RVFLOODWLRQ�RI�WKH�HOHFWURQ
V�FKDUJHV���DV�KDSSHQV�LQ�D�VLPLODU�ZD\�WKURXJK
D� SKRQRQ� �� LQ� WKDW� WKH� SODVPRQ� FDQ� WUDQVPLW� HOHFWURQLF� FKDUJH� WKURXJK� WKH
FHOOXODU�VWUXFWXUH�RI�D�GLHOHFWULF�PDWHULDO��7KLV�SODVPRQ�WHFKQRORJ\�WKHQ��EHFRPHV
FRPSDUDEOH�WR�HOHFWURQ�WUDQVPLVVLRQ�WKURXJK�PHWDOV��DOWKRXJK��DV�ZLOO�EH�VKRZQ
EHORZ�� WKLV� SODVPRQ� WHFKQRORJ\� KDV� PDQ\� DGYDQWDJHV� RYHU� HOHFWURQ�WKURXJK�
PHWDO�WUDQVPLVVLRQ�
0RUH�UHFHQW�VWXGLHV�LQWR�15,�PHWDPDWHULDOV�ZHUH�QRWDEOH�IRU�WKH�GLVFRYHU\�WKDW�WKH
SODVPRQLF� UHVRQDQFH� �ZKHUH� WKH� IORZ� RI� HOHFWURQ� FKDUJHV� DFWV� OLNH� D� SODVPD�
FRXOG� RFFXU� DW� D�PXFK� ORZHU� IUHTXHQF\� LQ� WKHVH�PHWDPDWHULDOV� WKDQ� LW� GRHV� LQ
PHWDOV��LQ�PHWDOV�LW�RFFXUV�DW�89�IUHTXHQFLHV���6R�LQVWHDG�RI�EHLQJ�KDPSHUHG�E\
DQ�XOWUD�KLJK�IUHTXHQF\� IRU� WKLV� UHVRQDQFH� �ZKLFK�ZRXOG� LQ�PHWDOV�RFFXU� LQ� WKH
YLVLEOH� DQG� 89� UDQJH�� DV� GRHV� SKRWRHOHFWULF� LRQL]DWLRQ� LQ� PHWDOV�� WKH� JUHDW
DGYDQWDJH�LQ�DUWLILFLDO�PHWDPDWHULDOV�ZDV�WKDW�WKLV�SODVPRQLF�UHVRQDQFH�FRXOG�EH
EURXJKW�GRZQ�WR�WKH�PXFK�ORZHU�7HUDKHUW]�IUHTXHQFLHV�>QRWH����@�
%XW�ZKHQ�UHVHDUFKHUV�ZHQW�RQ�WR�GLVFRYHU�PRUH�DERXW� WKH�SDUDPHWHUV� IRU�15,
PHWDPDWHULDOV� WKH\� WKHQ� GLVFRYHUHG� KRZ� WKH� SODVPRQLF� IUHTXHQF\� FRXOG� EH
ORZHUHG�GRZQ�HYHQ�IXUWKHU�WR�*+]�IUHTXHQFLHV��LQ�WKH�PLFURZDYH�UDQJH���DQG�VR
WKHQ�PHWDPDWHULDOV�EHFDPH�D�YHU\�ZRUWKZKLOH�ILHOG�RI�UHVHDUFK�
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$W�WKLV�SRLQW�WKH�UHDGHU�PLJKW�EH�ZRQGHULQJ��ZKDW�RQ�HDUWK�LV�WKH�SRLQW�WR�DOO�WKLV
VFLHQWLILF�SODVPR�EDEEOH���$QG�,�DSRORJL]H�IRU�DOO�WKLV�WHFK��EXW�,�GR�SURPLVH�WKDW
LW�ZLOO�DOO�PDNH�VHQVH�YHU\�VRRQ��/HW�PH�VD\�WKDW��WKH�TXLQWHVVHQWLDO�SRLQW�WR�IROORZ
KHUH� DERXW�15,�PHWDPDWHULDOV�� LV� WKDW� WKH\� FDQ� EH� %27+� DQ� LQVXODWRU� $1'� D
PHJD�FRQGXFWRU�RI�HOHFWULF�FKDUJH����DQG�WKDW�LV�VRPHWKLQJ�PHUH�PHWDOV�FDQQRW�GR�
%HFDXVH�� E\� WKLV� 15,� WHFKQRORJ\� D� PDWHULDO� ZKLFK� IRU� DOO� RWKHU� LQWHQWV� DQG
SXUSRVHV�LV�FODVVLILHG�DV�D�GLHOHFWULF�DQG�ZLOO�KDYH�IRU�LWV�EDVH�VXEVWDQFH�JODVV�RU
FU\VWDO�RU�SODVWLF��HWF���LW�FDQ�EH�
VZLWFKHG�RQ
�WR�FRQGXFW�HOHFWULFLW\���LQ�SODVPRQLF
ZDYHV���DERYH�D�FHUWDLQ�IUHTXHQF\�RI�RVFLOODWLRQ�
6R�ZLWK�UHJDUG�WR�WKH�DD8)2��LI�WKH�VSKHUHV��XSSHU�DQG�ORZHU��FDQ�EH�IDEULFDWHG
LQ�WKH�VDPH�ZD\�WKDW�PHWDPDWHULDOV�DUH�IDEULFDWHG��DQG�LI�DQ�RVFLOODWLQJ�IUHTXHQF\
FDQ� EH� HVWDEOLVKHG� ZLWKLQ� WKHP� ZKLFK� 
VZLWFKHV� RQ
� WKH� VSKHUH
V� SODVPRQLF
RVFLOODWLRQV� DW�� VD\�� D� SDUWLFXODU� PLFURZDYH� IUHTXHQF\�� WKHQ� WKHVH� RVFLOODWLQJ
HOHFWURQLF� FKDUJH�PRYHPHQWV�ZLOO�7+(1� VZLWFK� RQ� WKH� DOO�LPSRUWDQW� DWRPLF� FHOO
VSRQWDQHRXV� SRODUL]DWLRQ� UHYHUVDO� PHFKDQLVPV� ZLWKLQ� WKH� IHUURHOHFWULF� FHUDPLFV
HPEHGGHG�LQWR�WKRVH�VSKHUHV�
2QFH� WKH� VSRQWDQHRXV� SRODUL]DWLRQ� UHYHUVDOV� DUH� WULJJHUHG� DQG� FDXVH� FRSLRXV
HPLVVLRQV� RI� HOHFWURQV� WR� EH� HMHFWHG� RXW� RI� WKRVH� IHUURHOHFWULF� FHOOV� WKHQ� WKHVH
FKDUJHV�ZRXOG�EH�SLFNHG�XS�DQG� WUDQVIHUUHG� LQ�EXON�7+528*+� WKH�GLHOHFWULF
PDWHULDOV�E\�WKH�SODVPRQLF�ZDYHV�HVWDEOLVKHG�LQVLGH�WKRVH�PHWDPDWHULDO�VSKHUHV���
DQG�IURP�WKH�ZD\�WKH�DD8)2�LV�VHW�XS�WKRVH�HOHFWULF�FKDUJHV�ZRXOG�EH�UHFHLYHG
LQWR� WKH� SXOVLQJ� PDJQHWLF� IOX[� OLQHV� ZKHUH� WKH\� HQWHU� WKH� ORZHU� VSKHUHV�� MXVW
EHORZ�WKH�VWHP�FRLOV��ZKHUH�WKH�PDJQHWLF�ILHOGV�SDVV�WKURXJK�WKH�VWHP�FRLOV���VR
WKDW�WKHQ��WKRVH�FKDUJHV�FDQ�SDVV�WKURXJK�WKH�VWHP�FRLOV�DQG�SDVV�XS�LQWR�WKH�IRXU
WRS� VSKHUHV�� $V� D� UHVXOW�� WKH� ORZHU� VSKHUHV� FDQ� WKHQ� EH� VHHQ� WR� SHUIRUP� DV
26&,//$7,1*� 32:(5� 6285&(6� WKDW� FDQ� EH� VZLWFKHG� RQ� RU� RII� E\� WKH
RSHUDWLRQDO�IUHTXHQF\�RI�WKH�FUDIW
V�HOHFWURG\QDPLF�FLUFXLW�
2I�JUHDW�VLJQLILFDQFH�IRU� WKH�DD8)2��DQG� LQGHHG��PDQ\�RWKHU� W\SHV�RI�8)2�� LV
WKDW� LQ� 15,� PHWDPDWHULDOV� UHVHDUFKHV� LW� ZDV� HYHQWXDOO\� GLVFRYHUHG�� WKDW� D
VLJQLILFDQW� IHDWXUH� ZKLFK� FRQWULEXWHG� FRQVLGHUDEO\� WR� ORZHULQJ� RI� WKDW� 15,
PHWDPDWHULDO·V�SODVPRQLF�UHVRQDQFH�ZDV�WKH�LQFOXVLRQ�LQVLGH�LW�RI�D�QHWZRUN�RI�WKLQ
ZLUHV�
7KLV� LPPHGLDWHO\� EULQJV� EDFN� WKH� LPDJHV� UHFDOOHG� E\� %HWW\� /XFD� WKURXJK� KHU
K\SQRWLF�UHJUHVVLRQ�VHVVLRQV��DQG�SXEOLVKHG�LQ�WKH�$QGUHDVVRQ�$IIDLU�ERRNV���:KDW
ZDV�VHHQ�E\�%HWW\�DQG�GUDZQ�E\�KHU�ZDV�D�ORQJ�ZLUH�QHWZRUN�ZKLFK�ZDV�HPEHGGHG
LQVLGH�WKH�8)2�FUDIW
V� ORZHU�VSKHUHV��DV�ILJXUH������DQG�IURP�WKH�IDFW� WKDW� WKH\
DSSHDUHG� WR� %HWW\� DV� LI� WKH\� FRQYHUJLQJ� IURP� WKH� RXWHU� H[WUHPLWLHV� RI� WKRVH
VSKHUHV� LQWR�D� VPDOO�KXE�QHDU� WKH� WRS�RI� WKHP�� MXVW�DERXW�ZKHUH� WKRVH� VSKHUHV
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KRRN�LQWR�WR�WKH�VWHP�FRLOV��WKHQ�LW�ZRXOG�VXJJHVW�WKDW�WKRVH�ZLUHV�ZHUH�HVSHFLDOO\
HPEHGGHG�LQVLGH�WKH�DD8)2
V�VSKHUHV�IRU�WKH�VDPH�SXUSRVH�DV�ZLUH�PHVKHV�DUH
XVHG�LQVLGH�15,�PHWDPDWHULDOV�
7KLV� ZRXOG� FRUUHODWH� DOVR� ZLWK� WKH� REVHUYDWLRQ� WKDW� WKRVH�8)2� VSKHUHV� ZKHQ
RSHUDWLQJ�ZHUH�VHHQ�WR�EH�JORZLQJ�LQVLGH�IURP�ZKDW�DSSHDUHG�WR�EH�VPDOO�OXPLQRXV
FRORU� FHQWHUV�� DQG� DV� SUHYLRXVO\�PHQWLRQHG� �LQ� FKDSWHU� �� DERYH��� VXFK� WHOO�WDOH
SKHQRPHQD�RI�FRORU�FHQWHUV�DUH�D�JRRG� LQGLFDWLRQ�WKDW� WKH\� WRR�KDYH�HQHUJL]HG
LQVLGH� WKHP� HOHFWURQ�HPLWWLQJ� IHUURHOHFWULF�PDWHULDOV�� ZKLFK� DUH� JLYLQJ� RII� ERWK
HOHFWULFDO�FKDUJHV�DQG�SKRVSKRUHVFH�HPLVVLRQV�
%XW��ZLWKRXW�GRXEW��WKH�IDFW�WKDW�WKH�DD8)2
V�VSKHUHV�KDYH�LQFOXVLRQV�RI�ZLUHV�LQ
WKHP�PDUNV� D� SDUWLFXODUO\� VLJQLILFDQW� EUHDNWKURXJK� LQ� WKH� XQGHUVWDQGLQJ� RI� WKH
ZKROH� ILHOG� RI� 8)2� HOHFWULFDO� SRZHU� VRXUFHV�� $QG�� GDUH� ,� VD\� LW�� LW� PD\� HYHQ
FKDQJH� WKH� ZD\� 6FLHQFH� ORRNV� DW� HOHFWULFDO� SRZHU� VXSSO\� RQ� WKLV� SODQHW� ZLWK
UHJDUG�WR�H[LVWLQJ�HOHFWULFDO�DSSOLDQFHV��
����3ODVPRQLF�3XPS�IURP�D�7KLQ�:LUH�/DWWLFH�1HWZRUN
:KLOH� SK\VLFLVWV� 3HQGU\� DQG� 0DUTXHV� QRWHG� WKDW� E\� KDYLQJ� ERWK� QHJDWLYH
HOHFWULFDO� SHUPLWWLYLW\� DQG� QHJDWLYH� PDJQHWLF� SHUPHDELOLW\� WKDW� WKHVH� PDWHULDOV
FRQVWLWXWHV�WKHP�DV�KDYLQJ�QHJDWLYH� UHIUDFWLRQ� �D�FRQWULEXWLYH�IDFWRU� LQ�15,��� WKHVH
SK\VLFLVWV
�PRVW� LPSRUWDQW� REVHUYDWLRQ� ZDV� WKDW� E\� XVLQJ� D� ORQJ� ZLUH� QHWZRUN
FRPSRVHG� RI� DQ� LQILQLWH� QXPEHU� RI� ZLUHV� LQ� WKRVH� GLHOHFWULF� PDWHULDOV�� WKDW
SODVPRQLF� UHVRQDQFH� FRXOG� EH� DFKLHYHG� LQ� WKRVH� PDWHULDOV� DW� D� PXFK� ORZHU
IUHTXHQF\�WKDQ�ZDV�SUHYLRXVO\�H[SHFWHG�>QRWH����@�
,W�ZDV�WKHQ�VKRZQ�WKDW�D�ZLUH�QHWZRUN�PDGH�RI�JROG�SODWHG�WXQJVWHQ�ZLUHV�FRXOG
VZLWFK�RQ�WKH�SODVPRQLF�UHVSRQVH�DW�D�IUHTXHQF\�DV� ORZ�DV���*+]��7KLV�PHDQV
WKDW� EHORZ� �� *+]� WKH� PHWDPDWHULDO� LV� DQ� LQVXODWRU� DQG� DERYH� �� *+]� WKH
SODVPRQLF�UHVRQDQFH�EHFRPHV�HVWDEOLVKHG�DQG�WKH�PDWHULDO�EHFRPHV�
WUDQVSDUHQW

DQG�WUDQVSRUWV�HOHFWULFDO�FKDUJH��7KHQ�LQ�WKH�SODVPRQLF�VWDWH�WKH�HOHFWURQ�FKDUJHV
EHKDYH�DV�D�FROOHFWLYH�ILHOG�UDWKHU�WKDQ�LQGLYLGXDO�FKDUJHV�DQG�EHKDYHV�DV�D�SODVPD
�D�SODVPRQ� LV� WKH�TXDQWXP�RI� WKLV�SODVPD�RVFLOODWLRQ�� >QRWH����@��7KLV�ZDV� ODWHU
H[SODLQHG� E\� WKH� IDFW� WKDW� WKHVH� ORQJ� ZLUH� QHWZRUNV� ZHUH� PDGH� XS� RI
H[FHSWLRQDOO\�WKLQ�ZLUH���RI�DQ�LQFUHGLEO\�VPDOO�GLDPHWHU�RI�MXVW����PLFURQV��)RU�LW
ZDV�WKH�WKLQQHVV�RI�WKH�ZLUH�WKDW�ZDV�IRXQG�WR�EH�FUXFLDO�WR�WKH�DFWLYDWLRQ�RI�WKH
SODVPRQLF�UHVRQDQFH�DW�WKDW�PXFK�ORZHU�IUHTXHQF\��7KH�WKLQQHVV�RI�WKH�ZLUH�� LW
VHHPV�� UHGXFHV� WKH� HOHFWURQ� GHQVLW\� LQ� WKH� PHWDPDWHULDO� �EHFDXVH� RQO\� D� VPDOO
SHUFHQWDJH�RI�WKH�PDWHULDO
V�YROXPH�LV�ILOOHG�ZLWK�PHWDO���EXW�WKH�WKLQQHU�WKH�ZLUH
WKH�JUHDWHU�ZLOO�EH� WKH�PDJQHWLF� ILHOG� LQGXFHG�E\� WKH�HOHFWURQV� WKDW�PRYH�DORQJ
WKRVH�ZLUHV��DQG�VR�E\�WKLV�IDFWRU�WKH�HIIHFWLYH�PDVV�RI�WKH�HOHFWURQV�LV�LQFUHDVHG
RXW�RI�DOO�SURSRUWLRQ�>QRWH����@�
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7KH� SODVPRQLF� EHKDYLRXU� DOVR� FRPHV� IURP� WKH� VHOI�LQGXFWDQFH� �RU� UHYHUVHG
HOHFWURPRWLYH� IRUFH�� RI� WKH� WKLQ�ZLUH� QHWZRUN�� $QG� VR� DQRWKHU� FRQWULEXWRU\
IDFWRU�LV�WKDW�E\�UDLVLQJ�WKH�VHOI�LQGXFWDQFH��/��WKH�SODVPD�WXUQ�RQ�IUHTXHQF\�FDQ
EH� ORZHUHG� VWLOO� IXUWKHU�� DQG� WKLV� FDQ� EH� GRQH� ERWK� E\�PDNLQJ� WKH� ZLUHV� HYHQ
WKLQQHU�RU�E\�SXWWLQJ�FXUOLQJ�ORRSV�LQWR�WKH�ZLUH��RU�ERWK��DQG�LW�KDV��ZLWK�WKHVH
VRUWV� RI� PRGLILFDWLRQV�� EHHQ� IRXQG� WKDW� WKH� FRQGXFWLRQ� IUHTXHQF\� FDQ� FRPH
GRZQ�HYHQ�IXUWKHU�WR�����*+]��
%XW�ILQDOO\��HYHQ�PRUH�UHFHQW�WHVWV�KDYH�VKRZQ�WKDW�WKH�VXUIDFH�SODVPRQ�UHVRQDQFH�RI
D�VSKHUH�RI�ZLUH�ORRSV�FRXOG�EULQJ�WKH�FRQGXFWLYLW\�VZLWFK�RQ�WKUHVKROG�GRZQ�WR
MXVW�����*+]����DQG�WKLV�LV�D�ORW�PRUH�SURPLVLQJ��EHFDXVH�IRU�VXFK�D�WHFKQRORJ\�WR
EH�XVHG�LQVLGH�WKH�DD8)2
V�ORZHU�VSKHUHV�WKH�FRQGXFWLRQ�IUHTXHQF\�ZRXOG�QHHG
WR� EH� DV� QHDU� DV� SRVVLEOH� WR�P\� SUHYLRXVO\� HVWDEOLVKHG� ILJXUH� IRU� WKH� DD8)2·V
ZRUNLQJ� IUHTXHQF\� RI� ����*+]� �DQG� LQ� WKH� IROORZLQJ� VHFWLRQV� WKHUH�ZLOO� EH� DQ
DWWHPSW�WR�VHH�LI�WKH�ORZHU�VSKHUHV�PLJKW�LQGHHG�EH�IDEULFDWHG�DV�D�VSHFLILF�VRUW�RI
JODVV�� DQG� FXW�ZLWK� D� IDFHWHG� VXUIDFH�RI� VSHFLILF� GLPHQVLRQV�� LQ� RUGHU� WKDW� WKH\
PLJKW�DXWRPDWLFDOO\�JHQHUDWH�IRU� WKHPVHOYHV�D�UHVRQDQW�IUHTXHQF\�RI�EHWZHHQ��
DQG���*+]���VR�WKDW�VHDPOHVVO\�WKHVH�WZR�IDFWLRQV�FDQ�PDWFK���$QG�VR�WKLV�LV�ZK\
,�DP�SD\LQJ�VR�PXFK�DWWHQWLRQ�WR�WKH�WHFKQRORJLHV�RI�PHWDPDWHULDOV��DQG�WU\LQJ�WR
VHH� LI� WKH�SODVPRQLF� UHVRQDQFH�FDQ�EH� ORZHUHG�GRZQ� WR� WKH� IUHTXHQF\� WKDW� WKH
DD8)2·V�VWUXFWXULQJ�ZLOO�UHVRQDWH�WR�
%\�GHWHUPLQLQJ�WKDW�WKH�HQKDQFHPHQW�RI�WKH�VHOI�LQGXFWDQFH�RI�WKH�ZLUH�QHWZRUN
ZRXOG�SOD\�DQ�LPSRUWDQW�UROH�LQ�ORZHULQJ�WKH�SODVPRQLF�UHVRQDQFH�GRZQ�IXUWKHU�
LW� ZRXOG� EH� YHU\� WHPSWLQJ� WR� FRQMHFWXUH� WKDW� EHIRUH� WKH� WKLQ� ZLUH� QHWZRUN� ZDV
FRQVWUXFWHG��WKDW�LW�PLJKW�EHQHILW�VLJQLILFDQWO\�E\�KDYLQJ�WKRVH�WKLQ�ZLUHV�VOHHYHG
LQVLGH� WKLQ� ILODPHQWV� RI� TXDUW]�� $QG� WKDW� WKRVH� TXDUW]�FRDWHG� ZLUHV� FRXOG
DGGLWLRQDOO\�EH�SODLWHG�WRJHWKHU�LQ�EXQGOHV�RI����RU�����WKHUHE\�RIIHULQJ�LQGXFWLYH
FRLOLQJV�LQWR�WKDW�ZLUH��ILUVW��EHIRUH�EHLQJ�VWUXFWXUHG�LQWR�D�UHSHDWLQJ�QHWZRUN��)RU
VXFK� UHILQHPHQWV� VKRXOG� VLJQLILFDQWO\� HQKDQFH� WKH� DPRXQW� RI� VHOI�LQGXFWDQFH
LQFRUSRUDWHG� LQWR� WKDW� ZLUH� QHWZRUN
V� HOHFWULFDO� FLUFXLW�� DQG� WKXV�� WKH� FROOHFWLYH
SODVPRQLF�IUHTXHQF\�PLJKW�EH�EURXJKW�GRZQ�HYHQ�FORVHU�WR�����*+]��4XDUW]��DV
PRVW�ZLOO�NQRZ��KDV�LQGXFWDQFH�DQG�FDSDFLWDQFH�RI�LWV�RZQ�VR�LW�ZRXOG�EH�DQ�LGHDO
PDWHULDO�WR�ERWK�FRYHU�WKH�ZLUH�DQG�WR�LQWHUIDFH�ZLWK�WKH�KRVW�PDWHULDO��WKH�JODVV�
RI�WKH�VSKHUH��:KDW�ZRXOG�DOVR�EH�EHQHILFLDO�DERXW�VOHHYLQJ�VXFK�WKLQ�ZLUH�ZRXOG
EH� WKDW� WKH� ZLUH� VKRXOG� EH� FRQVLGHUDEO\� PRUH� HDVLHU� WR� KDQGOH� GXULQJ� WKH
FRQVWUXFWLRQ�VWDJH�RI�ZKHQ�WKHVH�VSKHUHV�ZHUH�IDEULFDWHG�>QRWH����@�
7KHUHIRUH�� LGHDOO\�� WKH� ZLUH� IRU� WKLV� PHWDPDWHULDO
V� QHWZRUN� ZRXOG� QHHG� WR� EH
DURXQG� �� �� �� PLFURQV� LQ� WKLFNQHVV� �ZKLFK� FRPSDUHV� WR� KXPDQ� KDLU� ZKLFK� LV
DURXQG����PLFURQV�ZLGH���SRVVLEO\�PDGH�RI�PRQDWRPLF�FRSSHU�RU�JROG�VR�DV�WR
RIIHU�OLWWOH�RU�QR�HOHFWULFDO�UHVLVWDQFH�>QRWH����@�
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7KLV�DUUDQJHPHQW�PD\�VRXQG�TXLWH�H[RWLF�\HW�LW�LV�SUHFLVHO\�WKH�DUUDQJHPHQW�WKDW
KDV� EHHQ� IRXQG� DW� WKH� VLWH� RI� D� 8)2� LQFLGHQW� LQ� 5XVVLD� DQG� VXEVHTXHQWO\
GLDJQRVHG�LQ�UHFRJQL]HG�ODERUDWRULHV�DFURVV�5XVVLD��7KLV�TXDUW]�VOHHYH�K\SRWKHVLV
�RI�PLQH��ZDV�SURSRVHG�DV�D�UHVXOW�RI�SLHFLQJ�WRJHWKHU�WKH�HYLGHQFH�ZKLFK�FDPH
IURP� WKH� EXUQHG�RXW� UHPDLQV� RI� ZKDW� VHHPV� WR� KDYH� EHHQ� D� 
JODVV�OLNH
� VSKHUH
RSHUDWLQJ� LQVLGH� WKH�'DOQHJRUVN�8)2�ZKLFK�KDG�RYHU�KHDWHG� DQG�KDG�SDUWLDOO\
GLVLQWHJUDWHG��7KDQNIXOO\�WKRXJK��WKHUH�ZDV�HQRXJK�FRUUHODWLYH�HYLGHQFH�WR�VKRZ
WKDW� WKLV� 8)2�ZKLFK�PDGH� D� VRIW� ODQGLQJ� RQ� WRS� RI� D� KLOO� KDG� XWLOLVHG� D� YHU\
VLPLODU�W\SH�RI�HOHFWULFDO�SRZHU�VSKHUH�WR�WKDW�RI�WKH�$QGUHDVVRQ�8)2��EHFDXVH�LW
DOVR�VKRZHG�HYLGHQFH�RI�KDYLQJ�VHYHUDO� W\SHV�RI�IHUURHOHFWULF�FHUDPLFV� LQVLGH� LWV
UDWKHU�YRODWLOH�KRVW�PDWHULDO���ZKLFK�FRXOG�ZHOO�KDYH�EHHQ�D�YHU\�XQ�HDUWKO\�W\SH�RI
JODVV��DQG�ZKLFK�ZLOO�EH�IXUWKHU�GHWDLOHG�EHORZ��
����7KLFN�:LUH�DQG�'LDPRQG�ODWWLFH�3ODVPRQLF�)UHTXHQFLHV
$V�GHWDLOHG�LQ�D�SDSHU�E\�3HQGU\�>3HQGU\�����@�LW�ZDV�SURYHG�WKDW�E\�XVLQJ�D�ORQJ
WKLQ� ZLUH� QHWZRUN� PDGH� RI� ZLUH� �� PLFURQ� WKLFNQHVV� WKHUH� WKHQ� UHVXOWHG� DQ
DQRPDORXV� UHDFWLRQ�� EHFDXVH� E\� XVLQJ� VXFK� WKLQ� ZLUH� WKH� ZKROH� PHWDPDWHULDO
VWUXFWXUH� WKHQ� DFWHG� OLNH� D� KRPRJHQHRXV� GLHOHFWULF� PHGLXP�� ZKHUH� WKH� UHVRQDQW
IUHTXHQF\� ZDYHOHQJWK� ZRXOG� EH� GHULYHG� IURP� WKH� DFFXPXODWLYH� HIIHFW� RI� WKDW
WKLQ�ZLUH�QHWZRUN��� UDWKHU� WKDQ� IURP�WKH�DFWXDO� VSDFLQJ�EHWZHHQ� LWV�ZLUHV��7KLV
KRPRJHQHRXV�HIIHFW�EULQJV�GRZQ�WKH�SODVPRQLF�DFWLYDWLRQ�WKUHVKROG�WR�D�YHU\�PXFK
ORZHU� IUHTXHQF\� WKDQ� WKH� DFWXDO� ODWWLFH� GLPHQVLRQV� RI� LWV� ZLUH� QHWZRUN� ZRXOG
QRUPDOO\� RVFLOODWH� DW�� VR� WKDW� WKH� SODVPRQLF� DFWLYDWLRQ� ZDYHOHQJWK� DFWXDOO\
EHFRPHV�PXFK�ORQJHU�WKDQ�WKH�ODWWLFH�VSDFLQJ�LQ�WKDW�VWUXFWXUH��)RU�LQVWDQFH��LQ�D
WKLFN�ZLUH�DUUD\�ZLWK�WKH�ZLUHV��PP�DSDUW��VR�WKH�ZDYHOHQJWK�ZRXOG�HTXDWH�WR���
PP��WKDW�ZRXOG�UHSUHVHQW�D�IUHTXHQF\�RI����*+]�LQ�RSHQ�DLU��,Q�D�WKLQ�ZLUH�DUUD\
ZLWK� WKH�ZLUHV��PP�DSDUW� WKH�SODVPRQLF� IUHTXHQF\�ZLOO� FRPH�GRZQ� WR���*+]�
GLVSURSRUWLRQDWHO\� ORZHU�WKDQ�WKH�DFWXDO� ODWWLFH�VSDFLQJ�RI� WKDW�QHWZRUN� >3HQGU\
����@��7KLV� HIIHFW�ZRXOG�EH� HYHQ�PRUH� HQKDQFHG�ZKHQ� WKH�ZLUHV�ZHUH� VKDSHG
LQWR� D� QRQ�XQLIRUP� �GLYHUJLQJ�� VSUHDG�� )URP� WKLV� VWXG\
V� SRLQW� RI� YLHZ�� LI� WKLV
KRPRJHQHRXV� IDFWRU� RI�15,�PHWDPDWHULDOV� FDQ� EH� LPSURYHG� XSRQ� VWLOO� IXUWKHU
DQG�XVHG�WR�UHGXFH�WKH�SODVPRQLF�DFWLYDWLRQ�IUHTXHQF\�HYHQ�ORZHU��WKHQ�LW�ERGHV
H[WUHPHO\� ZHOO� IRU� RIIHULQJ� DQ� H[SODQDWLRQ� RI� WKH� GHVLJQV� RI� ZLUHV� EHLQJ� XVHG
LQVLGH�WKH�VSKHUHV�WKDW�%HWW\�ZDV�VKRZQ�E\�WKH�H[WUDWHUUHVWULDOV�
$QG�WKHUH�DUH�VLJQV�WKDW�WKLV�PXFK�ORZHU�IUHTXHQF\�FDQ�EH�DFKLHYHG��%HFDXVH��LQ
RQH�VWDQG�DORQH�VWXG\�ZKLFK�LQDGYHUWHQWO\�VWXPEOHG�XSRQ�WKH�DERYH�PHQWLRQHG
KRPRJHQHRXV� HIIHFW� LW� GLG� VR� HYHQ� WKRXJK� LW
V� DXWKRUV� GLG� QRW� XVH� XOWUD�WKLQ�ZLUHV�
7KLV�PHDQW� WKDW� WKH� WKLQQHVV� RI� WKH�ZLUH�ZDV� QRW� WKH� RQO\� FUXFLDO� SDUDPHWHU� �
:KDW�ZDV�VR�VLJQLILFDQW�DERXW�WKLV�GLIIHUHQW�DSSURDFK�ZKLFK�LPSURYHG�XSRQ�WKH
ORQJ�WKLQ�ZLUH� WKHRU\��ZDV� WKDW� LW� XVHG� D� UHSHDWLQJ� QHWZRUN� RI�ZLUH�ZKLFK�ZDV
IRUPHG� LQWR� D�KH[DJRQDO� �JUDSKLWH�GLDPRQG�VWUXFWXUH�� ODWWLFH� >QRWH�� ��@�� ,Q� WKLV
VWXG\�LW�KDV�EHHQ�VXJJHVWHG�WKDW�ZLUHV�LQ�WKLV�W\SH�RI�FRQILJXUDWLRQ�DFW�PRUH�OLNH
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DWRPLF�YDODQFH�ERQGV�DQG�WKDW�LWV�JHRPHWULFDO�VSDFHV�DFW� OLNH�DWRPV��VR�WKDW�WKH
ZKROH�VWUXFWXUH�WKHQ�SHUIRUPV�OLNH�D�JLDQW�PROHFXOH��5HPDUNDEO\��WKH�SODVPRQLF
WXUQ�RQ�IUHTXHQF\�ZLWK�WKLV�W\SH�RI�GLDPRQG�VWUXFWXUH�ODWWLFH�ZDV�DFKLHYHG�DW����
*+]���IURP�WKLV�PHVK�KDYLQJ�D�ZDYHOHQJWK�VSDFLQJ�RI�����FP���ZKLFK�LV�DOO�WKH
PRUH� UHPDUNDEOH� FRQVLGHULQJ� WKDW� WKH�PHWDO�ZLUH� XVHG� LQ� WKLV�PHVK�KDG� D� ����
PP�VTXDUH� FURVV�VHFWLRQ� �� 6R�REYLRXVO\� WKLV�ZHOO�GHVLJQHG���'�VWUXFWXUH�RIIHUV
PXFK�IRRG�IRU�WKRXJKW��EXW�HTXDOO\� LW�RIIHUV�PXFK�URRP�IRU� LPSURYHPHQW� WRR�
EHFDXVH�WKH�SODVPRQLF�IUHTXHQF\�FDQ�WKHQ�EH�UHGXFHG�IXUWKHU�LI�WKDW�PHVK�ZHUH
PDGH� RI� WKLQQHU� ZLUH� �ZKLFK� ZRXOG� UDLVH� WKH� VHOI�LQGXFWDQFH� RI� WKH�PHVK� DQG
FRQVHTXHQWO\�DOVR� LQFUHDVH� WKH�HIIHFWLYH�PDVV�RI� LWV�HOHFWURQV��� ,QWHUHVWLQJO\�� WKH
DXWKRUV�IXUWKHU�VXJJHVW�WKDW�KLJK�SHUPLWWLYLW\�SHOOHWV� �FHUDPLF�PDWHULDOV��FRXOG�EH
SODFHG�LQWR�WKDW�PHVK�WR�ORZHU�LWV�RSHUDWLRQDO�IUHTXHQF\��EXW�,�ZRXOG�VXJJHVW�WKDW
WKH� LQGXFWDQFH� FRXOG� EH� LPSURYHG� LQ� D� EHWWHU� ZD\�� E\� XVLQJ� KLJK� SHUPLWWLYLW\
FHUDPLF� SHOOHWV� DOOR\HG� ZLWK� KLJK� SHUPHDELOLW\� LURQ� �DV� ZLOO� EH� UHIHUHQFHG� DQG
H[SODLQHG� LQ� VHFWLRQ� ����� EHORZ���1RWH� WKH� VLPLODULW\� RI� WKH� GLDPRQG�VWUXFWXUH
PHVK�XVHG�LQ�WKH�DERYH�VWXG\�ZLWK�WKH�TXDUW]�OLNH�ODWWLFH�GHSLFWHG�LQ�WKH�GUDZLQJV
PDGH�RI�WKH�H[WUDWHUUHVWULDO
V�FU\VWDOOLQH�VWUXFWXUH��VKRZQ�LQ�ILJXUH����DERYH��
����)DFHWHG�6SKHUHV�,QVLGH�0LFURZDYH�6SLQQLQJ�)LHOGV
$V�PHQWLRQHG�DERYH�LQ�VHFWLRQ�����ZKDW�WKHVH�VSKHUHV�QHHG�LV�D�ZD\�WR�JHW�WKHP
UHVRQDWLQJ� WR� D� SUHFLVH� IUHTXHQF\�� VR� WKDW� DOO� WKHVH� HPLVVLRQ� PHFKDQLVPV� FDQ
VZLWFK� RQ�� :KDW� WKH\� QHHG� LQVLGH� WKHP� LV� D� ZD\� WR� RVFLOODWH� EDFNZDUGV� DQG
IRUZDUGV��$QG� WKH�ZD\� WKH� H[WUDWHUUHVWULDOV� DUH�SRVVLEO\�GRLQJ� WKLV� LV� LQFUHGLEO\
IDVFLQDWLQJ�
/RRNLQJ� EDFN� DW� WKH� HQHUJ\� HQYLURQPHQW� WKH� ORZHU� VSKHUHV� DUH� LQ�� LQVLGH
HUJRVSKHUH�$��LW�ZLOO�EH�QRWLFHG�WKDW�DOO�RI�LWV�HQHUJLHV�ZLOO�EH��D��URWDWLQJ��DQG�E�
IROORZLQJ� D� FXUYHG� WUDMHFWRU\�� ,Q� IDFW�� LQVLGH� HUJRVSKHUH� $� WKHUH� ZLOO� EH� QR
VWUDLJKW�OLQH�SDWK�IRU�DQ\�RI�LWV�HQHUJLHV�WR�IORZ�DORQJ�
$QG� DJDLQ�� IURP� WKH� IDFW� WKDW� HUJRVSKHUH�$� LV� VR� FRQILQHG� WKHUH� ZLOO� EH� JUHDW
DGYDQWDJH� WR� EH� JDLQHG� IURP� WKH� /HQVH�7KLUULQJ� IUDPH�GUDJJLQJ� JRLQJ� RQ
EHWZHHQ� WKH� URWDWLQJ� ERG\� RI� WKH� FHQWUDO� YRUWH[� DQG� WKH� VLGH� ZDOOV� RI� WKLV
HUJRVSKHUH�
%HFDXVH��ZKLOH� ,� GLG�PHQWLRQ� DERYH� WKDW� DV� HQHUJ\�ZLOO� EH� FRQWLQXDOO\� SRXULQJ
LQWR� WKLV� FLUFXODWLQJ� ILHOG�� DQG� WKDW� LW�ZLOO� IRUHYHU� DFFXPXODWH� WKHUH� EHFDXVH� WKH
RQO\� SURYLVLRQ� IRU� WKDW� HQHUJ\
V� H[LW� ZRXOG� EH� WKURXJK� WKH� EDVH�GLVF
V� FHQWUDO
KROH��WKHUH�LV�DQRWKHU�ZD\�LW�FDQ�H[LW��,W�FDQ�H[LW�WKURXJK�WKH�ORZHU�VSKHUHV��LW�FDQ
SDVV� WKURXJK� WKH� ORZHU� VSKHUHV� DQG� WKHQ� RXW� WKURXJK� WKH�ZKHHOV� DQG� LQWR� WKH
DGMRLQLQJ�WRURLG�VKHOO
V�IOXLG��RU�LW�FDQ�SDVV�WKURXJK�WKH�ORZHU�VSKHUHV��XS�WKURXJK
WKH� VWHP� FRLOV� WR� WKH� WRS� VSKHUHV�� DQG� WKHQ�EH� HPLWWHG� RXW� RI� WKH� WRS� VSKHUHV
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EDFN�LQWR�WKH�EODFN�YRUWH[��ZKHUHLQ�LW�ZLOO�HLWKHU�WKHQ�EHFRPH�PRUH�GHQVLILHG�RU
LWV�HTXLYDOHQW�HQHUJLHV�ZLOO�EH�UDGLDWHG�DZD\�
%XW��ZKDW�ZLOO�EH�QHHGHG�LQ�RUGHU�WR�GR�WKLV��WR�EULQJ�WKH�ORZHU�VSKHUHV�LQWR�WKH
EODFN�YRUWH[
V�HOHFWURQLF�FLUFXLW�DQG�WR�DOORZ�HQHUJ\�WR�IORZ�WKURXJK�WKHP��ZLOO�EH
WKDW�WKH�SODVPRQLF�UHVRQDQFH�RI�WKRVH�VSKHUHV�ZLOO�KDYH�WR�EH�HQHUJL]HG�ILUVW�VR
WKDW�WKHVH�ORZHU�VSKHUHV�EHFRPH�FKDUJH�WUDQVIHUULQJ�VSKHUHV�
6XUSULVLQJO\��ZKDW�ZLOO� IDFLOLWDWH� WKH�SDWKV�RI�FRQGXFWLRQ�RXW�RI� WKLV�HUJRVSKHUH�
WKURXJK�WKH�ORZHU�VSKHUHV��ZLOO�EH�WKH�IDFHWLQJ�FXW�LQWR�WKH�VSKHUH
V�VXUIDFHV�
,Q�RUGHU�WR�VHH�ZK\��WKH�HUJRVSKHUH�WKHVH�ORZHU�VSKHUHV�DUH�LQ�VKRXOG�EH�YLHZHG
YHU\�PXFK�DV� LW�ZDV� LQ�VHFWLRQ�����DERYH��DV� LI�EHLQJ� LQVLGH�D�ZKLUOLQJ� WRUQDGR�
$QG�EHFDXVH�DOO�WKRVH�ZKLUOLQJ�HQHUJLHV�ZLOO�EH�IORZLQJ�LQ�FXUYHG�WUDMHFWRULHV��WKH
HQHUJ\�VSLQQLQJ�LQVLGH�HUJRVSKHUH�$�ZLOO�WKHQ�FXUYH�DURXQG�WKH�VSKHUH�VHWV�LQ�WKH
VDPH�ZD\�DQ�HGG\�FXUUHQW�EHFRPHV�HVWDEOLVKHG�LQ�D�IDVW�IORZLQJ�IOXLG�DQG�IORZV
DURXQG�WKH�RXWVLGH�RI�FXUYHG�REMHFWV��7KDW�URWDWLQJ�HQHUJ\�ZLOO�IORZ�DURXQG�WKH
IRXU�VSKHUH�VHWV� LQ� WKH�RSSRVLWH�GLUHFWLRQ� WR� WKDW�RI� WKH�PDLQ�YRUWH[��6R��ZKLOH
WKH� YRUWH[�ZLOO� IORZ� FRXQWHU�FORFNZLVH� �DV� VHHQ� IURP� DERYH�� WKH� HGG\� FXUUHQWV
DURXQG�HDFK�RI� WKH�VSKHUH�VHWV�ZLOO� DOO� IORZ�FORFNZLVH��7KLV� FORFNZLVH� IORZ�ZLOO
KXJ�WLJKWO\�DURXQG�WKH�ORZHU�VSKHUHV�DQG�EH�SRZHUHG�E\�WKH�YRUWH[�
%XW�LQVWHDG�RI�WUDYHOOLQJ�RYHU�D�VPRRWK�VXUIDFH�WKDW�IDVW�URWDWLQJ�HQHUJ\�ZLOO�KDYH
WR� FLUFXODWH� DURXQG�� DQG� QHJRWLDWH� LWV� ZD\� RYHU�� DOO� WKH� ULGJHV� DQG� IODWV� RI� WKH
VSKHUH
V�IDFHWV��:LWK�D�OLWWOH�LPDJLQDWLRQ�WKH�UHDGHU�PD\�YLVXDOL]H�WKLV�FXUYHG�IORZ
UHYHUEHUDWLQJ�DURXQG�WKH�RXWVLGH�RI�WKH�VSKHUHV��$QG�IURP�D�ZDYHJXLGH�SRLQW�RI
YLHZ�WKLV�UHYHUEHUDWLQJ�DFWLRQ�ZRXOG�EH�HTXLYDOHQW�WR�VSUHDGLQJ�WKH�IODW�IDFHWV�RI
WKDW� FXUYHG�PDWHULDO� RXW� LQ� D� VWUDLJKW� OLQH� DQG� KDYLQJ� WKDW� HQHUJ\� IORZ� XS� DQG
GRZQ�RYHU� LWV�KLOOV� DQG�YDOOH\V�� DQG� WKLV�ZRXOG� WKHQ�EH�HTXLYDOHQW� WR� VHHLQJ� DQ
HQHUJ\�EHDP�SDVVLQJ�RYHU�D�VDZ�WRRWK�ZDYH�JXLGH�
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)LJXUH�����&KDUJHG�SDUWLFOHV� WKDW�ZLOO�EH� IRUFHG� WR� URWDWH�DURXQG� WKH�RXWVLGH�RI
WKHVH�VSKHUHV�ZLOO�PRYH�LQ�DQ�XQGXODWLQJ�WUDMHFWRU\��$W�GLIIHUHQW�GLDPHWHUV�WKHLU
XQGXODWLRQV�ZLOO�EH�YDULHG�DQG�VR�VHW�XS�D�KDUPRQLF�UHVRQDQFH
6R�� WKH� IDFHWLQJ� DURXQG� WKH� ORZHU� �DQG� WKH� XSSHU�� VSKHUHV� ZRXOG� DFW� DV� D
ZDYHJXLGH� IRU� WKH� FKDUJHG� SDUWLFOHV� VSHHGLQJ� DURXQG� WKHP�� DQG� ZKDWHYHU
SDUWLFOHV� �LRQV�DURXQG� WKH� ORZHU�VSKHUHV� DQG� HOHFWURQV� DURXQG� WKH� WRS� VSKHUHV�
ZHUH�FLUFXODWLQJ�DURXQG�WKHP�WKH\�ZRXOG�UHVRQDWH�WR�WKH�IUHTXHQF\�HTXLYDOHQW�WR
D� EHDP� EHLQJ� JXLGHG� RYHU� D� VWUDLJKW�OLQH� VDZ�WRRWK� ZDYHJXLGH� ZLWK� VLPLODU
SURSRUWLRQV��,Q�IDFW�� WKLV�QRYHO�ZDYHJXLGH�PHFKDQLVP�ZLOO�RVFLOODWH� WKDW� IORZLQJ
HQHUJ\� WR� D� SUHFLVH� IUHTXHQF\� SURSRUWLRQDO� WR� WKH� GLPHQVLRQV� RI� WKH� IDFHWV
DURXQG�WKRVH�VSKHUHV�>QRWH����@�
)RU�H[DPSOH�� LI� WKH�GLPHQVLRQV�RI� WKH� IDFHWV�FDQ�EH� URXJKO\�HVWLPDWHG� IRU�QRZ
�WKHUH� LV�QR�HTXLYDOHQW�UHVHDUFK�RQ�IDFHWHG�ZDYHJXLGHV�DV�\HW�VR� LWV�DQ�DUHD� WKDW
ZLOO� QHHG� IUHVK� LQYHVWLJDWLRQ�� SDUWLFXODUO\� WR� VHH� LI� LW� GHYHORSV� D� KRPHJHQHRXV
UHVRQDQFH�IURP�WKHUH�EHLQJ�VR�PDQ\�DGMRLQLQJ�IDFHWV���ZLWK�D�EDOOSDUN�HVWLPDWHG
ZLGWK� VHW� WR� �FP� �� ZKLFK� ZRXOG� HTXDWH� WR� D� ZDYHOHQJWK� RI� ��FP� �� WKHQ� WKLV
ZRXOG� PHDQ� WKDW� D� ILHOG� RI� SDUWLFOHV� WUDYHUVLQJ� WKLV� FXUYHG� ZDYHJXLGH� ZRXOG
RVFLOODWH�DW�DURXQG���*+]�
6XFK�D�FRQFHSW�ZRXOG�FRUUHVSRQG�ILUVWO\��WR�D�SKHQRPHQRQ�QRWHG�LQ�D�SDSHU�E\
>*ULJRU\DQ�����D@�ZKR�ZDV�LQYHVWLJDWLQJ�KRZ�UHODWLYLVWLF�HOHFWURQV�LQWHUDFW�ZLWK�D
VSKHULFDO� GLHOHFWULF�ZKHQ� WKRVH� FKDUJHG� SDUWLFOHV� URWDWH� DURXQG� LW� �DQG� SDUWLDOO\
LQVLGH�� LQ� DQ� HTXDWRULDO� RUELW�� $QG� VHFRQGO\�� LW� ZLOO� FRUUHVSRQG� WR� DQ� H[WHUQDO
EHDP�HIIHFW�SURSRVHG�E\�5XVVLDQ�SK\VLFLVW�*LQ]EXUJ�ZKHUH�FKDUJHG�SDUWLFOHV�DUH
SDVVHG� RYHU� WKH� VXUIDFH� RI� D� GLHOHFWULF� WR� JHQHUDWH� PLFURZDYHV� >QRWH�� ��@�
7KHUHIRUH��DV�WKHVH�8)2�IDFHWV�ZLOO�JHQHUDWH�RVFLOODWLRQV�LQ�WKH�PLFURZDYH�UHJLRQ
LQ�PXFK�WKH�VDPH�ZD\�DV�WKHVH�WZR�DIRUHPHQWLRQHG�VWXGLHV��,�ZLOO�GXE�WKLV�QRYHO
PLFURZDYH� RVFLOODWLRQ� E\� IDFHWHG� ZDYHJXLGHV� DURXQG� D� GLHOHFWULF� VSKHUH� WKH
*LQ]EXUJ�*ULJRU\DQ�H[WHUQDO�EHDP�HIIHFW�
7KH�H[DFW�IRUPXODWLRQ�IRU�WKH�IUHTXHQF\�WKLV�HIIHFW�ZLOO�JLYH�ZLOO�PRVW�SUREDEO\
EH�DIIHFWHG�QRW�E\�MXVW�RQH�FLUFXPIHUHQFH�RI�IDFHWV�DURXQG�WKH�VSKHUH��EXW�E\�WKH
ZKROH�PXOWLSOLFLW\�RI� IDFHWV�RYHU� DOO� WKH�GLIIHUHQW�FLUFXPIHUHQFHV�RI� WKDW� VSKHUH
�ZKLFK�ZRXOG�WXUQ�LW� LQWR�D�PXOWLSOH�SODQH�ZDYHJXLGH���$QG�VR�WKLV�LV�ZK\�,�VD\
DERYH��WKDW�WKLV�PXOWLSOLFLW\�RI�IDFHWLQJ�PD\�UHVXOW� LQ�D�KRPRJHQHRXV�UHVRQDQFH
HIIHFW��VR�WKHUHIRUH�WKH�IDFHW�ZLGWK�PD\�HQG�XS�QHHGLQJ�WR�EH�OHVV�WKDQ��FP�IRU
WKH�WRS�VSKHUHV�DQG�PRUH� WKDQ��FP�IRU� WKH� ORZHU�VSKHUHV� WR�DFFRPPRGDWH�IRU
WKLV�IDFWRU�
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,GHDOO\�WKRXJK��WKLV�DFWLRQ�RI�WKH�HUJRVSKHUH
V�URWDWLRQDO�HQHUJLHV�VSLQQLQJ�DURXQG
WKH�IDFHWV�ZLOO�EH�DVVXPHG�WR�LQLWLDWH�RVFLOODWLRQV�DURXQG�WKH�IRXU�ORZHU�VSKHUHV�LQ
WKH���*+]�WR���*+]�UHJLRQ��%XW�LQ�RUGHU�WR�VHFXUH�WKDW�UDQJH�RI�IUHTXHQFLHV�WKLV
*LQ]EXUJ�*ULJRU\DQ� H[WHUQDO� EHDP� HIIHFW� PXVW� DOVR� KDYH� IDFWRUHG� LQWR� LW� WKH
JUDYLWDWLRQDO� UDGLDWLRQ� DQG� DQJXODU� PRPHQWXP� FRPLQJ� IURP� WKH� EODFN� YRUWH[�
SDUWLFXODUO\� IRU�ZKHQ� WKH� VSKHUH�VHWV� EHJLQ� WR� URWDWH� �EHFDXVH� WKHQ� WKHVH� 
DQWL�
YRUWLFHV
�DURXQG�WKH�VSKHUH�VHWV�ZLOO� LQFUHDVH� LQ�YHORFLW\�IURP�WKH�EODFN�YRUWH[
V
LQFUHDVHG�SRZHU���/RRNLQJ�DW� WKLV�DQRWKHU�ZD\�� WKLV�ZLOO�SURYLGH�DQRWKHU�RI� WKH
FUDIW
V�RQ�RII�SRZHU�VZLWFKHV�WR�VZLWFK�RQ�WKH�SODVPRQLF�DFWLYDWLRQ�IRU�WKH�ZLUH
QHWZRUNV�LQVLGH�WKH�VSKHUHV��%HFDXVH��WKLV�PHFKDQLVP�RI�PLFURZDYHV�RVFLOODWLQJ
DURXQG� WKH� ORZHU� VSKHUHV� VKRXOG� EH� GHVLJQHG� VR� WKDW� WKH� UHYHUEHUDWLQJ
RVFLOODWLRQV� ZLOO� EH� KHOG� EHORZ� WKH� SODVPRQLF� IUHTXHQF\� IRU� WKH� IHUURHOHFWULFV
LQVLGH�WKHP�ZKLOH�WKH�VSKHUH�VHW�DVVHPEO\�LV�KHOG�VWDWLRQDU\��EXW�WKHQ��DV�VRRQ�DV
WKH� VSKHUH�VHW� DVVHPEO\� LV� DOORZHG� WR� URWDWH� DQG� D� SUH�HVWDEOLVKHG� WKUHVKROG
ZRXOG�EH� VXUSDVVHG� �ZKHQ� WKH�HUJRVSKHUH
V� URWDWLRQV� ULVH� WR� D�FHUWDLQ�YHORFLW\��
WKHQ�WKHVH�*LQ]EXUJ�*ULJRU\DQ�PLFURZDYH�RVFLOODWLRQV�RYHU�WKH�IDFHWV�ZRXOG�ULVH
DERYH�D�FULWLFDO�IUHTXHQF\�DQG�WKH\�ZRXOG�WKHQ�WULJJHU�WKH�SODVPRQLF�VZLWFK�RQ�WR
RFFXU�ZLWKLQ� WKHVH� VSKHUHV�� 7KLV� DXWRPDWLF� VZLWFKLQJ� HIIHFW�ZRXOG� FRQIRUP� WR
WKH�GHVLJQ�IXQFWLRQ�,�PHQWLRQHG�HDUOLHU� �LQ�FKDSWHU�����ZKHUHE\�WKH�EHVW�ZD\� WR
GHVLJQ�D�8)2
V�SRZHU�GULYH�LV�WR�XVH�DSSURSULDWH�VHPLFRQGXFWLQJ�PDWHULDOV�DQG
VWUXFWXUHV���LQWR�ZKLFK�HQHUJ\�WKUHVKROGV�FDQ�EH�VHW�WR�VZLWFK�RQ�DW�DSSURSULDWH
VWDJHV� WKURXJK� WKH�HQHUJ\�GHYHORSPHQW�SURFHVV�RI� WKLV�HQJLQH��� WKDW�ZD\� IHZHU
WUDQVPLVVLRQ�OLQHV�DUH�QHHGHG��DQG�DOVR�WKHUH�ZLOO�EH�OHVV�WKLQNLQJ�IRU�WKH�SLORW�WR
GR��
����6XPPDU\�2QH��*ODVV�6SKHUHV�WKDW�7KLQN�WKH\�DUH�6XSHUFRQGXFWRUV
$OVR�WRZDUGV�WKH�KHDG�RI�WKLV�FKDSWHU�,�SRLQWHG�RXW�WKDW�RQ�WKH�RWKHU�VLGH�RI�WKH
ORZHU�VSKHUHV��RSSRVLWH�WR�WKH�FHQWUDO�YRUWH[��RQ�WKH�RXW�IDFLQJ��DZD\�IDFLQJ��VLGH
RI�HDFK�RI�WKH�ORZHU�VSKHUHV�� WKHUH�ZLOO�EH�D�VKDUSO\�FRQYHUJLQJ�KLJK�GHQVLW\�RI
PDJQHWLF� ILHOG� OLQHV�� LQWR� ZKLFK�� DQG� WKURXJK� ZKLFK�� WKHVH� ORZHU� VSKHUH� ZLOO
UHYROYH��$QG�EHFDXVH� WKHVH�PDJQHWLF�ILHOG� OLQHV�FRPLQJ�IURP�WKH� WRURLG�ZLOO�EH
SXOVLQJ�DQG�KLJKO\�HQHUJL]HG�WKH\�ZLOO�LPEXH�D�ODUJH�DPRXQW�RI�/RUHQW]�IRUFH�LQWR
DQ\�ERG\�RI�HOHFWURQV��RU�HOHFWULF�FKDUJHV��PRYLQJ�WKURXJK�WKHP��$V�SHU�H� �P�F�
WKH�UHVXOW�ZLOO�EH�WKDW�WKRVH�HOHFWURQV�ZLOO�WDNH�RQ�DGGLWLRQDO�PDVV�
7KH� IROORZLQJ� K\SRWKHVLV�PD\� EH� VHHQ� DV� D� ZD\� WR� SURYLGH� WKH� QHFHVVDU\� FHOO�
VZLWFKLQJ�WKDW�ZRXOG�FRXQWHU�DFW�DJDLQVW�WKH�YRUWH[
V�JUDYLWDWLRQDO�IRUFH�VZLWFKLQJ
RQ�WKH�WUDQVLWLQJ�LRQV�LQVLGH�WKH�VSKHUH
V�FHOOV��%HFDXVH��IRU�VSRQWDQHRXV�UHYHUVDO
VZLWFKLQJ�WR�RFFXU� LQ�WKH�IHUURHOHFWULF�PDWHULDOV�HPEHGGHG�LQWR�WKH�VSKHUHV�� WKH
FHQWUDO�LRQV�KDYH�WR�EH�GLUHFWO\�VZLWFKHG�RXW�RI�RQH�SRODUL]HG�DOLJQPHQW�DQG�WKHQ
IRUFLEO\� VZLWFKHG� LQWR� WKH� RWKHU� SRODUL]HG� DOLJQPHQW�� DQG� WKLV� ZLOO� KDYH� WR� EH
GRQH�LQ�D�FRQWLQXDOO\�UHSHDWLQJ�WR�DQG�IUR�DFWLRQ�
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6ZLWFKLQJ�FDQ�RFFXU�DW�WKH�WZR�SODFHV�ZKHUH�PDJQHWLF�ILHOG�LQWHQVLW\�ZLOO�EH�DW�LWV
VWURQJHVW�� DQG� DV� DERYH�� WKLV� ZLOO� RFFXU� DV� WKH� ORZHU� VSKHUH� UHYROYHV� DQG� WKH
DWRPLF� FHOOV� ZLWKLQ� WKHP� PRPHQWDULO\� EHFRPH� DOLJQHG� DGMDFHQW� WR� WKH� FHQWUDO
YRUWH[��7KLV�VZLWFKLQJ�PLJKW�DOVR�RFFXU�DW�WKH�DZD\�VLGH�RI�WKH�VSKHUH��ZKHUH�WKH
HOHFWURQV� LQ� WKH� FHOOV� EHFRPH� PRUH� PDVVLYHO\� FKDUJHG� GXH� WR� WKHLU� LQGXFHG
/RUHQW]� IRUFH� WKHUH�� 7KH� LQFUHDVH� LQ� HIIHFWLYH�PDVV� LPEXHG� XSRQ� ERWK� WKH
HOHFWURQV�DQG�WKH�SURWRQV�IURP�WKH�PDJQHWLF�ILHOGV�RQ�WKLV�DZD\�VLGH�RI�WKH�ORZHU
VSKHUHV�ZLOO�EH�GLVSURSRUWLRQDWHO\�JUHDWHU�IRU�WKH�HOHFWURQV�WKDQ�IRU�WKH�SURWRQV
�IURP� WKH� HOHFWURQ
V� H[WUD�PRPHQWXP�� �VHH� QRWH� ��� DERYH���7KXV� RQ� WKH� DZD\
VLGH�RI�WKH�VSKHUH��DZD\�IURP�WKH�YRUWH[��WKHVH�PRUH�PDVVLYH�DQG�PRUH�HQHUJL]HG
HOHFWURQV�ZLOO�RUELW�DURXQG�WKH�DWRPLF�QXFOHXV�DW�D�JUHDWHU�YHORFLW\��DQG�WKHUHIRUH
SXVK� WKH� SRVLWLYH� DQG� QHXWUDO� QXFOHL� EDFN� LQWR� WKHLU� FHQWUDO� DOLJQPHQWV� ZLWKLQ
WKRVH�DWRPV��7KLV�ZLOO�LQLWLDWH�WKDW�EDFN�VZLWFKLQJ�RI�WKH�VSKHUH
V�FHOOV�
$V� WKH� VSKHUHV� FRQWLQXH� WR� UHYROYH� DURXQG� WKH� IDU� VLGH� RI� WKH� ORZHU� VSKHUH
V
WXUQLQJ�FLUFOH�DQG�WKHQ�UHWXUQ�EDFN�WRZDUG�WKH�FHQWUDO�YRUWH[��RXW�RI�WKH�PDJQHWLF
IOX[��WKLV�UH�DOLJQPHQW�WKURXJK�WKH�HQHUJL]HG�HOHFWURQ�FORXG�ZRXOG�FHDVH�DQG�VR
WKH�HOHFWURQV�ZRXOG�ORRVH�WKHLU�HIIHFWLYH�PDVV��VR�ZKHQ�WKDW�FHOO�FRPHV�XS�WR�WKH
YRUWH[�DJDLQ��DQG�DV�WKH�IDFHWV�OLQH�XS�WR�WKH�JUDYLWDWLRQDO�UDGLDWLRQ��WKH�WUDQVLWLQJ
SRVLWLYH� LRQV� JHW� GLVSODFHG� EDFN� WR� WKHLU� SUHYLRXV� DOLJQPHQW�� 7KLV� VZLWFKLQJ
FRQWLQXHV�IRU�HYHU\�IDFHW�DV�LW�OLQHV�XS�DGMDFHQW�WR�WKH�YRUWH[�DQG�WKHQ�WXUQV�DZD\
IURP�LW��DQG�PRYHV�LQWR�WKH�PDJQHWLF�ILHOG�LQWHQVLILHG�RQ�WKH�RSSRVLWH�VLGH��:KDW
LQWHQVLILHV�WKLV�VZLWFKLQJ�IXUWKHU�ZLOO�EH�WKDW�DV�WKH�FHOOV�DSSURDFK�WKH�YRUWH[�VR
WKH\�ZLOO�DOVR�SDVV�WKURXJK�WKH�PRVW�LQWHQVLYH�VHFWLRQ�RI�WKH�PDJQHWLF�ILHOG�WKDW
VXUURXQGV� WKH� YRUWH[�� VR� DJDLQ� WKHLU� HIIHFWLYH� PDVVHV� EHFRPH� VXEVWDQWLDOO\
LQFUHDVHG�HLWKHU�VLGH�RI�ZKHQ�WKH�IDFHWV�SDVV�LQ�DQG�RXW�RI�SHUIHFW�DOLJQPHQW�ZLWK
WKH�YRUWH[�� FDXVLQJ� WKH�DWRPLF� DOLJQPHQWV� WR� MLWWHU�EDFN�DQG�IRUWK�PRPHQWDULO\�
7KLV� FDXVHV� WKH� JUDYLWDWLRQDO� GLVSODFHPHQW� VZLWFKLQJ� WR� RFFXU� DOO� WKH� PRUH
VXGGHQO\�DQG�UREXVWO\�IRU�WKH�SRVLWLYH�LRQ��$QG�EHFDXVH�WKH�VZLWFKLQJ�RFFXUV�DV
HDFK�VPDOO�IDFHW�LQ�WXUQ�DOLJQV�WR�WKH�EODFN�YRUWH[�WKH�ORZHU�VSKHUHV�RQO\�QHHG�WR
UHYROYH�URWDWH�VORZO\� WR�JHW�DOO� WKH� IDFHWV� WR� VHTXHQWLDOO\� VZLWFK�DQG� WR� VHW�XS�D
UHVRQDQFH�HIIHFW�
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)LJXUH�����6SKHUHV�UHYROYLQJ�LQWR�LQWHQVH�PDJQHWLF�ILHOG�DW�ERWWRP�RI�VWHP�FRLOV
ZLOO�LQFUHDVH�WKH�HIIHFWLYH�PDVV�RI�HOHFWURQV�LQ�FHOOV
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-XVW� WR� WUDFN�EDFN� WR� VXPPDUL]H� DOO� WKHVH� IDFWRUV� LQ� WKH� ORZHU� VSKHUHV�� LQ
VXPPDU\��WKH�HVVHQWLDO�LQJUHGLHQW�IRU�WKHVH�VSKHUHV�ZLOO�EH�
���D�QRQ�XQLIRUP�ZLUH�ODWWLFH�PHVK
���DUWLILFLDO�GLHOHFWULF�KRVW�PDWHULDO��JODVV�
���FHOOXODU�VWUXFWXUH�RI�DWRPLF�PDVV�FRPSRQHQWV�WR�EH�JUDYLWDWLRQDOO\�SRODUL]HG
���SODVPRQLF�SXPS�IUHTXHQF\�WKUHVKROG��DW�PLFURZDYH�RVFLOODWLRQ�
���SURYLVLRQ�IRU�G\QDPLF�PDJQHWLF�ILHOG�DPSOLILFDWLRQ�RQ�FHOOXODU�HOHFWURQV
���VSRQWDQHRXV�SRODUL]DWLRQ�UHYHUVDO�IHUURHOHFWULF�LQFOXVLRQV
���=3)�RQH�ZD\��UHFWLILHU��JDWH�PHFKDQLVP��IRU�RXWVLGH�VXUIDFH�FHOOV�
2QFH� WKH� VSKHUHV� DUH� IDEULFDWHG� �DV� PHQWLRQHG� DERYH�� WKURXJK� WKH� VRO�JHO
SURFHVV��WKH\�ZLOO�MXVW�QHHG�WR�EH�RVFLOODWHG�DERYH�D�FULWLFDO�IUHTXHQF\�IRU�WKHP�WR
GHOLYHU�HOHFWULFDO�SRZHU�
7KLV�LV�WR�VD\�WKDW�ZKLOH�TXDUW]�LVQ
W�D�VXSHUFRQGXFWRU��DQG�QRU�ZLOO�LW�HYHU�EH���D
VSHFLDOO\� IDEULFDWHG� JODVV� FDQ� EH� KRRGZLQNHG� LQWR� EHKDYLQJ� OLNH� D�PHJDFRQGXFWRU
ZKHQ�LW�LV�JLYHQ�D�ZLUH�PHVK�ODWWLFH��VRPH�IHUURHOHFWULF�FHUDPLFV����DQG�MXVW�D�OLWWOH
TXDUW]��%HFDXVH� WKHQ� WKLV� JODVV�ZLOO�EHFRPH�D�SODVPRQLF�PHGLXP�DFWLQJ� OLNH� DQ
LQVXODWRU�EHORZ�D�FHUWDLQ�IUHTXHQF\�DQG�WKHQ� OLNH�D�UHVRQDWLQJ�SODVPD�SXPS� DERYH
WKDW� IUHTXHQF\�� 6R� E\� DQ\ERG\
V� VWDQGDUG� VXFK� D� FRPSRVLWH� PDWHULDO� FDQ� EH
UHFRJQL]HG� DV� D� PXFK� PRUH� HIILFLHQW� DFFXPXODWRU�FRQGXFWRU� WKDQ� DQ\� PHWDO�
ZRXQG�JHQHUDWRU�
�����6XPPDU\�7ZR��:LUH�1HWZRUN�LQ�0HJDFRQGXFWRU�'LHOHFWULF�6SKHUHV
9HULILFDWLRQ�RI�WKH�DERYH�K\SRWKHVLV�PD\�EH�IRXQG�LQ�WKH�H[WHQVLYHO\�UHVHDUFKHG
DQG�KLJKO\� LQIRUPDWLYH� UHSRUWV� SUHSDUHG� IRU� D�5XVVLDQ�8)2� LQYHVWLJDWRU� DERXW
ZKDW�ZDV�GLVFRYHUHG�LQ�WKH�GLVFDUGHG�GHEULV�OHIW�EHKLQG�IURP�ZKHQ�D�8)2�KDG
VHHPLQJO\� LJQLWHG� RQH� RI� LWV� JODVV�FU\VWDO� VSKHUHV�ZKLOH� LQ�PLG�DLU��ZKLOVW� IO\LQJ
LQWR�WKH�HDUWK
V�DWPRVSKHUH�RYHU�5XVVLD��DQG�ZKLFK�FDXVHG�WKH�FUDIW�WR�PDNH�DQ
HPHUJHQF\�ODQGLQJ�LQ�WKH�3ULPRU\H�7HUULWRU\�RI�5XVVLD�WR�DIIHFW�D�UHSDLU��)RU�RQ
-DQXDU\�����������DW�������ORFDO�WLPH��QHDU�D�WRZQ�FDOOHG�'DOQHJRUVN��QHDU�WKH�IDU�
(DVWHUQ� FRDVW� RI�5XVVLD� WRZDUGV� WKH� 6HD�RI� -DSDQ�� D�8)2�ZDV� VHHQ� E\� VHYHUDO
ZLWQHVVHV�WR�EH� LQ�WURXEOH�DQG�IO\LQJ�RQ�D�KRUL]RQWDO� WUDMHFWRU\�DW�DQ�DOWLWXGH�RI
DERXW�����PHWHUV�DW�DQ�HVWLPDWHG�VSHHG�RI����PHWHUV�SHU�VHFRQG�����PSK��ZLWK�D
FULPVRQ� IODPH� VKRRWLQJ� RXW� RI� LW�� 7KHQ� VXGGHQO\�� DFFRUGLQJ� WR� WKH� H[WHQVLYH
UHSRUWV�SUHSDUHG�E\�9DOHUL�'YX]KLOQ\��XSRQ�QHDULQJ�WKH�,]YHVUNRYD\D�PRXQWDLQ
FORVH�E\�WR�'DOQHJRUVN�WKH�8)2�ZDV�VHHQ�WR�DOWHU�LWV�WUDMHFWRU\�DQG�WR�XQGHUJR�D
VWHDG\�DQG�DSSDUHQWO\�FRQWUROOHG�ODQGLQJ�RQ�WRS�RI�WKH�PRXQWDLQ��ZKHUH�WKH�FUDIW
UHPDLQHG�IRU�DSSUR[LPDWHO\�WZR�KRXUV�>QRWH����@�
,QWHUHVWLQJO\�� GXULQJ� WKH� ILUVW� KDOI�KRXU� WKDW� WKH� FUDIW� ZDV� VHHQ� WR� EH� RQ� WKH
PRXQWDLQ��DOVR�NQRZQ�DV�+LOO�������ZLWQHVVHV�ZDWFKLQJ�LW�IURP�WKHLU�KRXVHV�LQ�WKH
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WRZQ� VDLG� WKDW� WKH� VWULFNHQ� FUDIW� WULHG� WR� ULVH�EDFN� LQWR� WKH� DLU� QR� OHVV� WKDQ� VL[
WLPHV��DQG�WKDW�HDFK�WLPH�LW�URVH�LW�DOPRVW�LPPHGLDWHO\�ORZHUHG�LWVHOI�GRZQ�WR�WKH
JURXQG�DJDLQ��WKHVH�ZLWQHVVHV�QRWLQJ�DOVR�WKDW�WKH�FUDIW
V�VXUURXQGLQJ�HQHUJ\�ILHOG
YLVXDOO\� LQWHQVLILHG� ZKHQHYHU� WKH� FUDIW� GLG� WU\� WR� ULVH� XS�� DQG� GLPLQLVKHG� DV� LW
ORZHUHG�EDFN�GRZQ�WR�WKH�JURXQG���$IWHU�WKHVH�VL[�DERUWHG�DWWHPSWV�WR�WDNH�RII
WKH�8)2�DSSHDUHG�WR�UHPDLQ�LQDFWLYH�IRU�D�IXUWKHU�RQH�DQG�D�KDOI�KRXUV�RQ�WRS
RI�WKH�PRXQWDLQ��DOWKRXJK�GXULQJ�WKDW�WLPH�LW�VWLOO�KDG�VXUURXQGLQJ�LW�D�YHU\�EULJKW
HQHUJ\�ILHOG��,QGHHG��EHIRUH�WKH�8)2�GLG�ILQDOO\�UHPRYH�LWVHOI�IURP�WKH�PRXQWDLQ
DQG� LW�GLVDSSHDUHG� LQWR� WKH�QLJKW�VN\�� WKRVH�ZKR�ZDWFKHG�WKH�ZKROH�HYHQW� ODWHU
UHPDUNHG�WKDW�GXULQJ�WKH�ZKROH�WZR�KRXUV�WKDW�LW�ZDV�RQ�WKH�PRXQWDLQ�D�EULJKW
VSKHUH�RI�JORZLQJ�HQHUJ\�FRXOG�FOHDUO\�EH�VHHQ�WR�IXOO\�VXUURXQG�WKH�8)2��DQG
WKDW� RXW� RI� WKLV� JORZLQJ� HQHUJ\� WKHUH�ZHUH�RFFDVLRQDOO\�SURGXFHG� D� QXPEHU� RI
KLJK�LQWHQVLW\� IODVKHV� RI� OLJKW� WKDW� WKH� ZLWQHVVHV� FRPSDUHG� WR� WKH� IODVKHV� RI
HOHFWURQLF�DUF�ZHOGLQJ���
:KHQ� 'YX]KLOQ\�� ZKR� LQ� SUHYLRXV� \HDUV� KDG� ZRUNHG� ZLWK� 5XVVLDQ� �&&&3�
PLOLWDU\�SHUVRQQHO�DQG�KDG�DOVR�ZRUNHG�ZLWK� WKH�5XVVLDQ�$QWL�$LUFUDIW�'HIHQFH
�$$'��RQ�UDGDU�GHWHFWLRQ�RI�8)2V��SDUWLFXODUO\�LQ�WKLV�DUHD���ZDV�LQIRUPHG�DERXW
WKH�LQFLGHQW�E\�VRPH�RI�'DOQHJRUVN·V�VFKRROER\V��ZKR�WKRXJKW�LW�PD\�KDYH�EHHQ
D�PHWHRULWH�FRPH�GRZQ��KH�ZDV�LQWULJXHG�DQG�LPPHGLDWHO\�ZDQWHG�WR�GLVFRYHU�IRU
KLPVHOI�ZKHWKHU�RU�QRW�WKH�LQFLGHQW�LQYROYHG�D�8)2��EHFDXVH�KH�NQHZ�IXOO�ZHOO
WKDW�PHWHRULWHV�GR�QRW�EXUQ�RU�LJQLWH�RWKHU�PDWHULDOV�ZKHQ�WKH\�KLW�WKH�JURXQG��
+LV� VXVSLFLRQV� ZHUH� FRQILUPHG� ZKHQ�� VRPH� WZR� GD\V� ODWHU�� KH� ZDV� OHG� WR� WKH
ODQGLQJ�VLWH�E\�WKH�'DOQHJRUVN�VFKRROER\V��IRU�RQ�WKH�FROG�ZLQWHU·V�GD\�ZKHQ�KH
ZHQW� XS� WKH� PRXQWDLQ� KH� ZDV� VXUSULVHG� WR� GLVFRYHU� D� IRXU�PHWHU� ZLGH� DUHD
FRPSOHWHO\�GHYRLG�RI�DQ\�VQRZ���ZKHUHDV�DOO�DURXQG�WKH�UHVW�RI�WKH�PRXQWDLQ�DQG
DOO�DORQJ�KLV�URXWH�XS�WKHUH�KDG�EHHQ�D�FRYHULQJ�RI�VQRZ�IXOO\�WZR�IHHW�����FP�
GHHS��2EYLRXVO\�KH�IRXQG�WKDW�WKH�8)2�KDG�JRQH��EXW�ZKDW�'YX]KLOQ\�GLG�ILQG
UHPDLQLQJ� DOO� DURXQG� WKH� IRXU�PHWHU� FOHDULQJ� ZHUH� XQPLVWDNDEOH� VLJQV� WKDW
VRPHWKLQJ�KDG�EHHQ�WKHUH�YHU\�UHFHQWO\��DQG�WKDW�ZKDWHYHU�LW�ZDV�KDG�JHQHUDWHG�D
WUHPHQGRXV�DPRXQW�RI�KHDW�ZKLOH� LW�ZDV�WKHUH� ��)RU�KH�IRXQG�WKDW�PDQ\�RI�WKH
URFNV�DURXQG�WKH�FOHDUHG�DUHD�KDG�EHHQ�FUDFNHG�DV�LI�H[SRVHG�WR�H[WUHPHO\�KLJK
WHPSHUDWXUHV� �VXEVHTXHQW� LQYHVWLJDWLRQ� RI� WKH� PDJQHWLF� ILHOG� VLJQDWXUHV� VWLOO
UHPDLQLQJ�LQ�WKH�VLOLFHRXV�URFNV�ZRXOG�DOVR�UHYHDO�WKH�H[WUHPHO\�KLJK�SRZHU�OHYHOV
WKH�8)2�PXVW�KDYH� JHQHUDWHG�ZKLOH� LW� DVFHQGHG�DQG�GHVFHQGHG� VL[� WLPHV�RYHU
GLIIHUHQW�DUHDV�RI�WKH�URFNV���'YX]KLOQ\�IRXQG�WRR�WKDW�PDQ\�RI�WKH�URFNV�ZHUH
KD]HG�RYHU�ZLWK� D� FKHPLFDO� ILOP�� DQG� WKDW� RYHU� D�ZLGH� DUHD� VSLWV� RI�PHWDO� KDG
VSOD\HG� RXW� DQG� ZHUH� DOLJQHG� LQ� DQ� RXWZDUG� GLUHFWLRQ� �WKH� VXEVHTXHQW
LQYHVWLJDWLRQ�ZRXOG�HVWDEOLVK�WKDW�PRVW�RI�WKHVH�VSLWV�ZHUH�RI�OHDG����$W�WKH�HGJH
RI� WKH� FOHDUHG� JURXQG� RQ� VRPH� RI� WKH� WUHHV�� VWUDQJHO\�� WKH� EDUN� KDG� EHHQ
VHSDUDWHG�IURP�WKH�ZRRG�RI�WKH�WUHH�EXW�LW�ZDV�QRW�EXUQHG�RU�EODFNHQHG��PHUHO\
GLG�LW�KDYH�D�\HOORZ�FRORULQJ���LQGLFDWLQJ�WKDW�WKH�HQHUJ\�ILHOG�LQVLGH�WKH�RUE�WKDW
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VXUURXQGHG� WKH� 8)2�� ZKLOH� WKH� 8)2� ZDV� RQ� WKH� PRXQWDLQ�� ZDV� FRPSOHWHO\
GHYRLG�RI�R[\JHQ�DQG�ZDV�SRVVLEO\�YDFXRXV�LQ�FKDUDFWHU�
$V�D�UHVXOW�RI�WKLV�LQLWLDO�LQYHVWLJDWLRQ�QXPHURXV�REMHFWV�RI�PHWDO�DQG�RWKHU�QRQ�
PHWDO�PDWHULDOV�ZHUH�FROOHFWHG�E\�'YX]KLOQ\�IRU�IXUWKHU�DQDO\VLV�� WKHVH� LQFOXGHG
EXUQHG�RXW� UHPDLQV� RI� D� VWUDQJH� FDUERQ�JODVV�OLNH�PDWHULDO� �ZLWKLQ� ZKLFK� ZHUH
SUHVHUYHG� WKH� UHPDLQV�RI� D�ZLUH�PHVK� VWUXFWXUH��� WKH�QXPHURXV� VSLWV�RI�PHWDOV
�VXFK�DV�OHDG��ELVPXWK��WLQ�DQG�FDGPLXP���DQG�D�ODUJH�DPRXQW�RI�VPDOO�¶LURQ�UDUH�
HDUWK·� EDOOV� �WKHVH� ZHUH� IRXQG� WR� FRQWDLQ� PDQ\� HOHPHQWV� IURP� WKH� ODQWKDQRLG
UDUH�HDUWK�VHULHV��>QRWH����@�
7KH�5XVVLDQ�ODQJXDJH�ZHEVLWHV� ZKLFK� FRYHU� WKLV� UHSRUW� IURP�9DOHUL�'YX]KLOQ\
VD\�D� ORW�PRUH�DERXW� WKH�8)2·V� ODQGLQJ�VLWH� WKDQ� WKH�:HVWHUQ�ZHEVLWHV��DQG� LQ
SDUWLFXODU�WKDW�LQ�WKH�PRQWKV�DQG�\HDUV�WKDW�IROORZHG�ERWK�WKH�PDWHULDOV�IRXQG�DW
WKH� VLWH�� DQG� WKH�PRXQWDLQ� ODQGLQJ� VLWH� LWVHOI�� XQGHUZHQW� D� YHU\� FRPSUHKHQVLYH
DUUD\�RI�VFLHQWLILF� LQYHVWLJDWLRQV�XQGHU� WKH�SHUVRQDO�GLUHFWLRQ�RI�'U��'YX]KLOQ\�
ZKR�KDG�RULJLQDOO\� EHHQ� HGXFDWHG� DV� D� ELR�SK\VLFLVW� DQG�ERWDQLVW��$GGLWLRQDOO\�
ZKHQ� RWKHU� VFLHQWLVWV�� LQ� ������ YLVLWHG� WKH� WRS� RI� 'DOQHJRUVN
V� PRXQWDLQ� WR
LQYHVWLJDWH� WKLV� ODQGLQJ� VLWH� XVLQJ� WKHLU� H[WHQVLYH� UDQJH� RI� JHRORJLFDO� DQG
JHRSK\VLFDO� LQVWUXPHQWV�� WKH\� EHJDQ� WR� GLVFRYHU� PDQ\� SKHQRPHQD� HTXDOO\� DV
LPSRUWDQW� DV� WKH� RULJLQDO� SLHFHV� RI� 8)2� GHEULV� �DOWKRXJK� VWUDQJHO\�� WKHVH
SKHQRPHQD�ZHUH�QRW�PHQWLRQHG�LQ�DQ\�RI�WKH�(QJOLVK�ODQJXDJH�ZHEVLWHV�,�YLVLWHG
IRU�'DOQHJRUVN��>QRWH����@��)RU�LQVWDQFH��ZKLOH�WKH\�ZHUH�GRLQJ�JHRSK\VLFV�RYHU
WKH�DIIHFWHG�JURXQG�LQ������WKHVH�VFLHQWLVWV�GLVFRYHUHG�WKDW�VL[�SODFHV�ZLWKLQ�WKH
VPDOO�FLUFXODU�FOHDULQJ�VWLOO�KDG�XQXVXDOO\�KLJK�DPRXQWV�RI�UHVLGXDO�PDJQHWLVP�WKDW
FRXOG�EH�GHWHFWHG�LQ�WKH�VXUURXQGLQJ�URFNV��DV�D�PDUN�RI�WKHLU�WKRURXJKQHVV��WKH\
ZHUH�HYHQ�DEOH�WR�HVWLPDWH�KRZ�PXFK�SRZHU� LQ�*LJDZDWWV� WKH�8)2�PXVW�KDYH
JHQHUDWHG�LQ�RUGHU�WR�KDYH�DIIHFWHG�WKH�PDJQHWLF�VLJQDWXUHV�WKDW�WKHLU�LQVWUXPHQWV
GHWHFWHG��� $QG� RQH� RI� WKHVH� VFLHQWLVWV� VDLG� WKDW� MXGJLQJ� E\� WKH� LQVWUXPHQW
UHDGLQJV�KH�KDG� WDNHQ��ZKDWHYHU� WKH�REMHFW�ZDV� DW� WKH� FHQWHU�RI� VXFK�SRZHUIXO
HPLVVLRQV� LW�PXVW� KDYH� KDG� LWV� RZQ� LQGHSHQGHQW� SRZHU�JHQHUDWLQJ� VRXUFH�� DQG
WKDW�VXFK�D�SRZHU�VRXUFH�ZRXOG�KDG�WR�KDYH�RSHUDWHG�LQ�WKH�6+)�IUHTXHQF\�UDQJH�
6+)�IUHTXHQF\�UDQJH�"�7KLV�JROGHQ�QXJJHW�RI�LQIRUPDWLRQ�LV�KLJKO\�VLJQLILFDQW��
EHFDXVH� LW� FRUUHODWHV� SHUIHFWO\� ZLWK� WKH� PHWDPDWHULDO� GDWD� ,� KDYH� PHQWLRQHG
DERYH�� DQG� HYHQ� PRUH� VLJQLILFDQWO\� LW� FRUUHODWHV� SHUIHFWO\� WR� WKH� RSHUDWLRQDO
IUHTXHQFLHV�,�KDYH�DUULYHG�DW��IURP�HQWLUHO\�GLIIHUHQW�FULWHULD��IRU�WKH�$QGUHDVVRQ
8)2�DQG�HYHQ�IRU�D�QXPEHU�RI�RWKHU�8)2V��7KLV�LV�EHFDXVH��WKH�6+)�IUHTXHQF\
UDQJH�LV�WKH�HOHFWURPDJQHWLF�IUHTXHQF\�UDQJH�EHWZHHQ���*+]�DQG����*+]��ZLWK
ZDYHOHQJWKV�IURP���FP�WR��FP��LH�LW�FRYHUV�WKH�PLFURZDYH�UDQJH�RI�IUHTXHQFLHV
WKDW�,
YH�EHHQ�ZRUNLQJ�ZLWK�WKURXJKRXW�WKLV�DD8)2�VWXG\��
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7KLV�PLFURZDYH�IUHTXHQF\�GLVFRYHU\�DW�'DOQHJRUVN�ZDV�DOVR�SHUIHFWO\�FRUUHODWHG
WR� WKH� REVHUYDWLRQ� WKDW�ZKHQ� WKH� EUDQFKHV� RI� WKH� EXVKHV� QHDUE\� WR�ZKHUH� WKH
8)2�ODQGHG�ZHUH�DQDO\VHG�WKH�LQQHU�OD\HU�RI�ZRRG�VKRZHG�VLJQV�RI�EHLQJ�ERLOHG
IURP�WKH�LQVLGH�RXW��DQG�WKLV�PLFURZDYH�VLJQDWXUH�DOVR�FRUUHODWHG�WR�WKH�UHVXOWV�RI
D� UDWKHU� XQXVXDO� LQYHVWLJDWLRQ� FDUULHG� RXW�E\�'U��'YX]KLOQ\� RQ� ELRORJLFDO� VDPSOHV
GXJ�RXW�RI�WKH�JURXQG�DW�WKH�VLWH��ZKHUHE\�� LQ� WKH�VXEVHTXHQW� ODERUDWRU\�UHSRUW
SURGXFHG� LW� ZDV� LQGLFDWHG� WKDW� HDUWK�ZDVS� ODUYDH�� ZKLFK� KDG� EHHQ� GLVFRYHUHG
VHYHQ�FHQWLPHWHUV�EHORZ�WKH�JURXQG�VXUIDFH�DW�WKH�VLWH��KDG�EHHQ�FKDUUHG�DV�LI�E\
D�YHU\�LQWHQVH�KHDWLQJ�PHFKDQLVP��HYHQ�WKRXJK�WKH�VRLO�WDNHQ�IURP�WKH�VXUIDFH�
OD\HU�GLUHFWO\�DERYH� WKHP�ZDV�FRPSOHWHO\� IUHH�RI� DQ\� VXFK�KHDWLQJ�HIIHFW� ��$QG
DJDLQ��VXFK�D�KHDWLQJ�PHFKDQLVP�ZRXOG�EH�FRQGXFLYH�WR�WKH�DUHD�EHLQJ�UDGLDWHG
E\� PLFURZDYH� HQHUJLHV�� EHFDXVH�� DV� PDQ\� DQ� DVWXWH� FRRN� ZLOO� NQRZ�� D� VLPLODU
SULQFLSOH� RFFXUV� LQ� PLFURZDYH� IRRG�SURFHVVLQJ�� ZKLFK� IRUPV� WKH� SULQFLSOH� E\
ZKLFK�IRRG�LV�FRRNHG��ZKHUHE\�LW� LV�WKH�KHDWLQJ�RI�WKH�ZDWHU�FRQWHQW�ZLWKLQ�WKH
IRRG�WKDW�FRRNV�WKH�IRRG�QRW�WKH�DFWLRQ�RI�WKH�PLFURZDYHV�RQ�WKH�PDWHULDO�LWVHOI�
6R� VLPLODUO\�� WKLV�ZRXOG� EH�ZK\� WKH�ZDVS�JUXEV� GXJ� XS� DW� WKH� VLWH�ZRXOG� KDYH
EHHQ� FKDUUHG� �IURP� WKH� LQVLGH� RXW�� DQG� QRW� WKH� VRLO� DERYH� DQG� DURXQG� WKHP�
:KLOH� WKLV� LV�DQ�XQXVXDO�GLVFRYHU\� LW� FHUWDLQO\�DGGV�ZHLJKW� WR� WKH�GLDJQRVLV� WKDW
WKH� 'DOQHJRUVN� 8)2
V� SRZHU� GULYH� RSHUDWHG� DW� D� PLFURZDYH� IUHTXHQF\� RI
EHWZHHQ���*+]�DQG����*+]��$QG�VR�WKLV�ZKROH�ILHOG�RI�GLDJQRVWLFV�FDUULHG�RXW
DW� WKH�'DOQHJRUVN� VLWH� LV� HVSHFLDOO\� ZHOFRPH� WR� WKH� VWXG\� RI� 8)2V� EHFDXVH� LW
KHOSV� WR�FRQILUP�WKH�RSHUDWLRQDO� IUHTXHQF\�UDQJH�RI�VHYHUDO�RWKHU�8)2V�>QRWH�
��@�
2EYLRXVO\��WKH�'DOQHJRUVN�8)2�FUDIW�IO\LQJ�WKURXJK�RXU�DWPRVSKHUH�WKDW�QLJKW
ZDV�LQ�WURXEOH�DQG�VRPH�SDUWV�RI�LW�VHHPHG�WR�EH�PDOIXQFWLRQLQJ�RU�RYHUKHDWLQJ�
WKDW� FDQ� EH� DVFHUWDLQHG� IURP� WKH� VLJKWLQJV� RI� LW� IO\LQJ� WKURXJK� WKH� DLU� ZLWK� LWV
VXUURXQGLQJ� HQHUJ\� RUE� SXQFWXUHG� E\� D� VKRUW� FULPVRQ� IODPH� �SRVVLEO\� KRW
SODVPD��� 7KH� PHOWHG� GHEULV� RI� FDUERQ� DQG� JODVV� IRXQG� QHDU� WKH� WUHHV� DW� WKLV
'DOQHJRUVN� VLWH�� WKH� GLVFRORUHG� EDUN� RI� WKH� WUHHV�� WKH� PDJQHWLF� VLJQDWXUHV
SUHFLVHO\�LPSUHJQDWHG�LQWR�WKH�URFNV�DW�VL[�VHSDUDWH�ORFDWLRQV��DQG�WKH�VSUHDGV�RI
PHWDO�WKDW�KDG�PHOWHG�DQG�VSUD\HG�RXW�RYHU�WKH�LPPHGLDWH�DUHD��DOO�FRQILUP�WKDW
VRPH� VRUW� RI� VWUXFWXUH� KDG� XQGHUJRQH� GLVLQWHJUDWLRQ� IURP� LQWHQVH� KHDW� �ZKLFK
ZDV�HVWLPDWHG�E\�WKH�5XVVLDQ�VFLHQWLVWV�WR�KDYH�ULVHQ�WR�ZHOO�DERYH������GHJUHHV
&��� DQG� WKH� ODWHU� PDJQHWRPHWHU� UHDGLQJV� DOVR� FRQILUP� WKDW� D� YHU\� SRZHUIXO
JHQHUDWLRQ�RI�HOHFWURPDJQHWLF�HQHUJ\�WRRN�SODFH�DURXQG�WKRVH�URFNV�
,QGHHG��WKH�UHDGHU�PLJKW�KHUH�EH�UHPLQGHG�RI�WKH�5RVZHOO�8)2��ZKLFK�LQ�����
DOVR�VXIIHUHG�DQ� LJQLWLRQ�RI� LWV�JDVHV�DQG�RU�FRPEXVWLYH�PDWHULDOV��ZKLFK� OHG� WR
WKDW�FUDIW
V�VXUURXQGLQJ�HQHUJ\�RUE�EHLQJ�HQJXOIHG�E\�D�ILHU\�SODVPD�DV�D�UHVXOW�RI
WKDW�8)2�EHLQJ�VWUXFN�E\�OLJKWQLQJ��VR�WKDW�LW�VFRUFKHG�WKH�HDUWK�DQG�VDQG�ZKHUH
LW� LQLWLDOO\�FDPH�GRZQ�DQG�VNLPPHG�WKH�JURXQG��EHIRUH� LW�URVH�EDFN� LQWR�WKH�DLU
DQG�ILQDOO\�FUDVK�ODQGHG�VHYHUDO�PLOHV� IXUWKHU�RQ��NLOOLQJ� WKUHH�RI� LWV�DOLHQ�FUHZ��
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:KDW�ZDV�VR�GLIIHUHQW�EHWZHHQ�WKHVH�WZR�HYHQWV��WKRXJK��ZDV�WKDW�DW�'DOQHJRUVN
WKHUH�ZHUH�DFWXDO�H\HZLWQHVVHV�ZDWFKLQJ�WKLV�8)2��ZDWFKLQJ�LW�ODQG��DQG�ZDWFKLQJ
LW�XQWLO� LW� WRRN�RII��$QG�ZKDWHYHU�ZDV�IRXQG�WR�UHPDLQ�IURP�WKH� LJQLWHG�SODVPD
DQG�FRPEXVWLYH�PDWHULDOV�DIWHU�WKDW�'DOQHJRUVN�8)2�GHSDUWHG�ZDV�UHWULHYHG�E\
FLYLOLDQV� �� DQG� SDLQVWDNLQJO\� DQDO\VHG� LQ� VFLHQWLILF� ODERUDWRULHV� �� DQG� WKHUH� ZDV
HQRXJK� RI� WKDW� 8)2·V� GHEULV� �ZKLFK� UHPDLQV� WRGD\�� WKDW� FDQ� WHOO� XV� D� YHU\
VLJQLILFDQW�VWRU\�>QRWH����@�
2I�FRXUVH��DV�KDSSHQV�LQ�(QJODQG�DQG�$PHULFD�WKH�UHSRUWV�DERXW�WKLV�8)2�ZHUH
KXVKHG�XS�RU�GLOXWHG�IURP�GLIIHUHQW�VWDQGSRLQWV��MXVW�OLNH�WKH�8)2V�ZKLFK�ZHUH
VHHQ�DQG�SKRWRJUDSKHG�FOHDULQJ�WKH�UDGLRDFWLYH�IDOO�RXW�IURP�&KHUQRE\O·V�QXFOHDU
SRZHU�SODQW�DFFLGHQW�EDFN�LQ�WKH�����·V��7KH�:HVWHUQ�SUHVV�DJHQFLHV�WXUQHG�WKHLU
EDFNV�RQ�WKH�DODUPLQJ�IDFWV�DERXW�&KHUQRE\O�DV�LI�WKRVH�HYHQWV�QHYHU�KDSSHQHG��
/LNHZLVH�IRU�'DOQHJRUVN��WKH�ILUVW�VSRNHVSHUVRQ�IRU�WKH�5XVVLDQ�DXWKRULWLHV��RQFH
WKH\�JRW�WR�KHDU�RI�WKLV�'DOQHJRUVN�8)2��DQQRXQFHG�WKDW�ZKDW�KDSSHQHG�RQ�WKH
'DOQHJRUVN�PRXQWDLQ�ZDV�D�JHRORJLFDO� VWUHVV�ILHOG�ZKLFK�KRYHUHG�RYHU� WKH�DUHD
DQG�DEVRUEHG�WKHVH�PHWDOOLF�DQG�PLQHUDO�PDWHULDOV�LQWR�LW����EXW�WKHQ�EHFDXVH�WKDW
UHSRUW� ZDV� GHHPHG� WRR� IDUFLFDO� DQRWKHU� 5XVVLDQ� DFDGHPLF� SUHVHQWDWLRQ� ZKROO\
GLVPLVVHG� WKH� 5XVVLDQ� DXWKRULW\·V� JHRORJLFDO� H[SODQDWLRQ� DQG� DQQRXQFHG� WKDW
ZKDW� KDSSHQHG� DW� 'DOQHJRUVN� ZDV� D� VFLHQWLILF� H[SHULPHQW���ZKLFK� ZHQW� ZURQJ
>QRWH����@��*RYHUQPHQWV�PD\�EH�YHU\�JRRG�DW�VKRXWLQJ�ORXGO\�DERYH�WKH�YRLFHV
RI� LQGLYLGXDOV�ZKHQ� WKHVH� VRUWV�RI� WKLQJV�KDSSHQ��EXW� WKH\� FDQ·W� HUDVH� SHRSOH·V
PHPRULHV�RI�WKHP�KDSSHQLQJ����DV�KDV�EHHQ�WKH�FDVH�ZLWK�WKH�5RVZHOO�8)2��
,W�LV�QRW�GLIILFXOW�WR�VHH�KRZ�WKH�'DOQHJRUVN�8)2�GDWD�ZRXOG�KDYH�KDG�D�EODQNHW
SXW�RYHU�LW�EHFDXVH�LW�UHSUHVHQWV��LQ�PDQ\�UHVSHFWV��RXU�PLVSODFHG�VHUYLWXGH�WR�RXU
PLOLWDU\� KLHUDUFKLHV�ZKR� FOHDUO\� GRQ·W� SRVVHVV� DV�PXFK� LQWHOOLJHQFH� DV�ZH� WKLQN
WKH\� VKRXOG� KDYH� �WKLV� KDV� FOHDUO\� EHHQ� WKH� FDVH� ZLWK� WKH� PLOLWDU\·V� GHQLDO� RI
8)2V� LQ� WKH� SDVW��� %XW� WKHQ�� ,� ORRN� DW� 8)2� WHFKQRORJLHV� LQ� D� GLIIHUHQW� ZD\�
EHFDXVH��LI�UHVHDUFKHG�FRUUHFWO\�WKHVH�8)2�WHFKQRORJLHV�ZRXOG�UHSUHVHQW�D�KXJH
DUUD\�RI� VFLHQWLILF� DGYDQFHPHQWV� IRU� DQ\�&200(5&,$/�(1(5*<�6(&725
�DV� VKDOO� EH� H[SODLQHG�EHORZ���7KLV�� RI� FRXUVH��ZRXOG� JHQHUDWH�KXJH� SURILWV� IRU
WKLV� WHFKQRORJ\·V� ILUVW� GHYHORSHU� DQ\ZKHUH� LQ� WKH�ZRUOG���� ,Q�5XVVLD��'YX]KLOQ\
DSSURDFKHG� QR� OHVV� WKDQ� ��� VFLHQWLILF� UHVHDUFK� LQVWLWXWHV� �IURP� /HQLQJUDG�
1RYRVLELUVN��9ODGLYRVWRN��.LHY��.KDEDURYVN��,UNXWVN��0RVFRZ��DQG�.DPFKDWND�
IRU� VFLHQWLILF� DQDO\VLV� RI� WKH� 8)2·V� UHPQDQWV� KH� KDG� GLVFRYHUHG�� ,Q� DOO� ��
LQYHVWLJDWRUV�DQG���SK\VLFLVWV�ZHUH�HPSOR\HG�RQ�D�YHU\�EURDGO\�EDVHG�SURJUDP�RI
VFLHQWLILF� DQDO\VLV� DQG� GLVFRYHU\�� VR� WKDW� 'YX]KLOQ\� FRXOG� IRUPXODWH� D
FRPSUHKHQVLYH�UHSRUW�RQ�ZKDWHYHU�WKDW�8)2·V�SRZHU�JHQHUDWLRQ�PLJKW�EH��DQG
DOVR�RQ�WKH�ZKROO\�XQFRQYHQWLRQDO�PDWHULDOV�ZKLFK�WKH�8)2�KDG�GLVFDUGHG�DQG
ZHUH�GLVFRYHUHG�E\�KLP�RQ�+LOO������7KHVH�VFLHQWLILF�VWXGLHV�HQFRPSDVVHG�D�ZLGH
GLYHUVLW\�RI�GLVFLSOLQHV�IURP�FKHPLVWU\�WR�JHRSK\VLFV�WR�PLQHUDORJ\�WR�PHWDOOXUJ\�
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6R� ZKDW� GLG� DOO� WKHVH� VFLHQWLILF� LQYHVWLJDWLRQV� FDUULHG� RXW� E\� WKRVH� 5XVVLDQ
DFDGHPLFV�VKRZ�"�:HOO��,�EHOLHYH��TXLWH�FRQFOXVLYHO\��WKDW�DOO�WKH�GLVSDUDWH�VWXGLHV
FDUULHG� RXW� RQ� WKH� 'DOQHJRUVN� 8)2� UHPQDQWV� FRUUHODWH� WRJHWKHU� WRZDUG� DQ
XQSUHFHGHQWHG�GHJUHH�RI�FODULW\��%HFDXVH�WKH\�TXLWH�FOHDUO\�SRLQW� WR�D�KLJK�\LHOG
SRZHU� VRXUFH� ZKLFK� XVHG� PHWDPDWHULDO� VWUXFWXULQJ� DQG� IHUURHOHFWULF� HOHFWURQ
HPLWWHUV���DQG�WKH�PDJQHWLF�UHDGLQJV�PDGH�DW�WKH�VLWH�ZKHUH�WKH�8)2�VWUXJJOHG�WR
WDNH� RII� LQGLFDWH� WKDW� WKH� 8)2� ZDV� GHYHORSLQJ� HOHFWULFDO� HQHUJ\� LQ� WKH� PXOWL�
*LJDZDWW�SRZHU�UDQJH��
3LHFLQJ�WRJHWKHU�WKHVH�ILQGLQJV�,�ZRXOG�VXJJHVW�WKDW�WKH�EXUQLQJ�VRPHWKLQJ�WKDW�WKH
VWULFNHQ�8)2�GXPSHG�VR�XQFHUHPRQLRXVO\�RQ�WRS�RI�'DOQHJRUVN·V�PRXQWDLQ�LQ
������ZDV�RULJLQDOO\�D�VSHFLDOO\�PDQXIDFWXUHG�JODVV�VSKHUH�ZKLFK�ZDV�EHLQJ�XVHG�E\
WKDW�8)2�DV�RQH�RI�LWV�SRZHU�VRXUFHV��DQG�LI�WKDW�8)2�ZDV�VLPLODU�WR�WKH�RWKHU
8)2V�ZKLFK� KDYH� EHHQ� REVHUYHG� KDYLQJ� WKUHH� RU� IRXU� RI� WKHVH� W\SHV� RI� JODVV
VSKHUH��WKHQ�LW�ZRXOG�KDYH�EHHQ�SRVVLEOH�IRU�D�8)2�WR�¶OLPS�KRPH�·�SRVVLEO\�WR
DQRWKHU�ODUJHU�FUDIW��ZLWK�ZKDWHYHU�RWKHU�VSKHUHV� LW�VWLOO�KDG�LQWDFW���DOWKRXJK�� LW
PLJKW� DOVR� EH� VXJJHVWHG� WKDW� WKH� FUHZ� RI� WKDW� 8)2� RUJDQLVHG� D� FUXGH
PDQXIDFWXULQJ� SURFHVV� DQG� DIIHFWHG� VRPH� VRUW� RI� RQ�VLWH� UHSDLU� WR� WKHLU� FUDIW
EHIRUH�WKH\�GLG�OHDYH���(LWKHU�ZD\��,�ZLOO�LQFOXGH�EHORZ�VRPH�RI�WKH�ILQGLQJV�DQG
RQH�E\�RQH� ,� ZLOO� UHODWH� WKHP� HDFK� WR� NQRZQ� PHWDPDWHULDO� DQG� IHUURHOHFWULF
WHFKQRORJLHV��WR�VKRZ�ZK\�,�EHOLHYH�WKHVH�WHFKQRORJLHV�ZHUH�EHLQJ�XVHG�E\�WKDW
8)2�
0\�UHDVRQLQJ�ZKLFK�SRLQWV� WR� WKLV�FRQFOXVLRQ� LV� WKDW� FHQWUDO� WR� WKH�'DOQHJRUVN
8)2� LQYHVWLJDWLRQ� WKHUH�ZHUH�GLVFRYHUHG� VXEVWDQWLDO� FKXQNV�RI� WKLQ�ZLUH�PHVK
VWUXFWXUH�� ZKLFK�� DOWKRXJK� LW� ZDV� HPEHGGHG� LQVLGH� D� JODVV� PDWHULDO� ZKLFK� KDG
REYLRXVO\� VXIIHUHG�H[WUHPHO\�KLJK� WHPSHUDWXUHV��EHFDXVH� WKLV�PHVK�ZDV�VR�ZHOO
SUHVHUYHG� LQVLGH� WKDW�PHOWHG�FDUERQ�JODVV��DQG�EHFDXVH� WKHUH�ZDV�VR�PXFK�RI� LW
HQFDSVXODWHG� LQVLGH� WKDW� ¶JODVV� SUHVHUYH�·� LW� SURYLGHG� WKH� 5XVVLDQ� UHVHDUFKHU�
'YX]KLOQ\��ZLWK� VXEVWDQWLDO� RSSRUWXQLW\� WR� GLVSDWFK� QXPHURXV� VDPSOHV� RI� LW� WR
VHYHUDO� ODERUDWRULHV� IRU� VSHFLDOL]HG� DQDO\VLV��:KDW� WKH� FDUERQ�JODVV� SUHVHUYDWLRQ
ZDV�DOVR�JRRG�IRU�ZDV� WKDW� LW�SUHVHUYHG� �PRUH�RU�OHVV�� WKH�YHU\� ODWWLFH�VWUXFWXUH
WKDW� WKH� WKLQ�ZLUH� QHWZRUN� ZDV� RULJLQDOO\� IRUPHG� LQWR�� DQG� DOWKRXJK� WKHVH
UHPQDQWV� QRZ� VKRZ� D� VRPHZKDW� DPRUSKRXV� ODWWLFH� VRPH� VHFWLRQV� RI� LW� GR
LQGLFDWH�WKDW� LW�PLJKW�KDYH�RULJLQDOO\�EHHQ�IRUPHG�DV�D�UHSHDWLQJ�VWUXFWXUH��ZKLFK
ZRXOG� KDYH� EHHQ� OLNH� D� FXELF� ODWWLFH� �FHUWDLQO\�� IURP� WKH� HOHFWURQ�PLFURVFRSH
SKRWRJUDSKV� ,� KDYH� VHHQ�RI� LW� ,�ZRXOG� FRQMHFWXUH� WKDW� LW�PLJKW� KDYH� RULJLQDOO\
EHHQ�YHU\�VLPLODU�WR�WKH�FXELF�PHVK�DV�GHSLFWHG�LQ�3HQGU\·V������SK\VLFV�SDSHU�
IRU�LQVWDQFH��
)XUWKHUPRUH��'YX]KLOQ\
V�UHSRUW�DOVR�VSHDNV�RI�LURQ�DQG�UDUH�HDUWK�SHOOHWV��ZLWK
GLDPHWHUV�RI���PP�WR���PP��WKH�VL]H�RI�EDOO�EHDULQJV��WDNHQ�IURP�WKDW�8)2�VLWH
ZKLFK� KDG� DQ� H[WUHPHO\� FRPSOLFDWHG� FRPSRVLWLRQ� �� RI� EHLQJ� PDGH� XS� RI
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ODQWKDQRLGV�� IOXRULQH� DQG� DUJRQ� JDVHV�� DQG� LQ� SDUWLFXODU� WKDW� WKH\� KDG� KLJK
FRQFHQWUDWLRQV�RI�EDULXP�DQG�VWURQWLXP��WKH�ODWWHU�WZR�HOHPHQWV�DUH�ERWK�KLJKO\
IHUURHOHFWULF�DQG�KLJKO\�SLH]RHOHFWULF��DV�KDV�EHHQ�QRWHG�LQ�FKDSWHU��·V�QRWH�����6R
VWUDLJKWDZD\�� WKHUH� LV� D� VWURQJ� VXJJHVWLRQ� WKDW� WKHVH� H[WUDWHUUHVWULDOV� PLJKW� EH
XVLQJ�HOHFWURFKHPLFDO�SURFHVVHV�WR�SURGXFH�WKHLU�KLJK�OHYHOV�RI�SRZHU��DQG�PRUH
WKDQ� D� KLQW� WKDW� WKH\� ZHUH� XVLQJ� GLIIHUHQW� FRPELQDWLRQV� RI� HOHFWURQ�HPLWWLQJ
ODQWKDQRLG�FHUDPLFV�>QRWH����@�
,W�LV�LQWHUHVWLQJ�WKDW�WKH�H[WUDWHUUHVWULDOV�ZHUH�XVLQJ�LURQ�DQG�QLFNHO�LQ�WKHVH�EDOO�
SHOOHWV�WRR��EHFDXVH�LURQ�DQG�QLFNHO�ERWK�KDYH�D�KLJK�PDJQHWLF�SHUPHDELOLW\��DQG
LQ� HOHFWURQLF� FLUFXLWV� LURQ� LV� XVHG� LQVLGH� DQ� LQGXFWLRQ� FRLO� WR� LQFUHDVH� WKH
LQGXFWDQFH�RI�WKDW�HOHFWULFDO�FLUFXLW��LQ�HOHFWURQLFV�LQGXFWDQFH�LV�SURSRUWLRQDO�WR�WKH
UDWLR�EHWZHHQ�HOHFWULF�FXUUHQW�DQG�PDJQHWLF�IOX[��ZKLFK�LQ�WXUQ�LV�SURSRUWLRQDO�WR
PDJQHWLF�SHUPHDELOLW\��µ���,QGHHG��WKUHH�RI�WKH�HOHPHQWV�IRXQG�LQ�WKH�GHEULV�OHIW
EHKLQG� E\� WKDW� 'DOQHJRUVN� 8)2�� LURQ�� QLFNHO�� DQG� VLOLFRQ�� DOO� KDYH� YHU\� KLJK
PDJQHWLF� SHUPHDELOLWLHV�� 6R�� KDYLQJ� LURQ�QLFNHO� LQ� WKHVH� SHOOHWV� ZRXOG� KDYH
FRQWULEXWHG� DGGLWLRQDO� LQGXFWDQFH� WR� WKDW� VWUXFWXUH� DQG� LPSURYHG� WKH� ZD\� WKH
HOHFWURQ� FKDUJHV�ZRXOG� KDYH� RVFLOODWHG� LQVLGH� WKH�ZKROH�PHWDPDWHULDO� VWUXFWXUH
�WKLV� IROORZV� DORQJ� WKH� VDPH� OLQHV� DV� WKDW� PHQWLRQHG� DERYH� IRU� WKH� �'
PHWDPDWHULDO� VWUXFWXUHV� LQ� VHFWLRQV� ���� DQG� ����� IRU� LQVWDQFH�� DQG� SDUWLFXODUO\
EHFDXVH�LQGXFWDQFH�EHFRPHV�D�YHU\�LPSRUWDQW�IDFWRU�LQ�PHWDPDWHULDOV�LQ�WKDW�LW�LV
D� FRQWULEXWRU\� IDFWRU� ZKLFK� FDQ� ORZHU� WKH� SODVPD� IUHTXHQF\� RI� WKDW
PHWDPDWHULDO·V� WKLQ�ZLUH� QHWZRUN� IURP� 89�YLVLEOH� OLJKW� IUHTXHQFLHV� GRZQ� WR
*+]�IUHTXHQFLHV��>QRWH����@�
7KH� OLVW�RI� WUDFH�HOHPHQWV� IRXQG�GLVSHUVHG� LQVLGH� WKH�PHOWHG�FDUERQ�JODVV�PHVK
LQFOXGHG�LURQ��)H���PRO\EGHQXP��0R���JHUPDQLXP��*H���DQG�WXQJVWHQ��:���DOO�RI
ZKLFK� DUH� HOHFWURQHJDWLYH�� ]LUFRQLXP� �=U��� FHULXP� �&H��� QHRG\PLXP� �1G��
ODQWKDQXP��/D���DQG�SUDVHRG\PLXP��3U���DOO�RI�ZKLFK�DUH�HOHFWURSRVLWLYH��:KDW�LV
VLJQLILFDQW�DERXW�WKLV�OLVW�LV�WKDW�LW�TXLWH�FOHDUO\�LQFOXGHV��RQFH�DJDLQ��PDQ\�H[RWLF
HOHPHQWV� IURP� WKH� ODQWKDQRLG� �UDUH�HDUWK�� VHULHV� �ZKLFK� DUH� LQ� WKH� WUDQVLWLRQ
HOHPHQWV�JURXS�RI�IHUURHOHFWULFV��
,Q� IDFW�� ZKHQ� WKH� ODUJH� DPRXQWV� RI� OHDG� IRXQG� DW� WKH� VLWH� DUH� DOVR� WDNHQ� LQWR
FRQVLGHUDWLRQ� WKH� DERYH� JURXS� RI� HOHPHQWV� DUH� YHU\� PXFK� WKH� RQHV� ZKLFK� DQ
HOHFWURFKHPLVW� ZRXOG� H[SHFW� WR� ILQG� DV� JURXSLQJV� LQ� IHUURHOHFWULF� FHUDPLFV�
SDUWLFXODUO\� LQ� WKH� OHDG�EDVHG� SHURYVNLWH� FRPSRXQGV�� 7KH� OHDG� IRXQG� LQ� WKH
8)2·V�GHEULV�� RI� FRXUVH�� LV� DOVR� D�KLJK�PDVV�PHWDO� DQG�ZRXOG�EH� LGHDO� IRU� WKH
JUDYLWDWLRQDO�WR�HOHFWULFDO� SRODUL]DWLRQV� NQRZQ� WR� RFFXU� ZLWKLQ� 8)2V�� 6XFK
FHUDPLF�FRPSRXQGV�WKRXJK�DUH�XVHG�YHU\�VSHFLILFDOO\�IRU�HOHFWURQ�HPLVVLRQV��DQG
ZLWK� UHVSHFW� WR� WKHP� SRVVLEO\� EHLQJ� XVHG� DV� D� SRZHU�VRXUFH� IRU� D� 8)2�� WKLV
ZRXOG� VWURQJO\� VXJJHVW� WKDW� WKH� H[WUDWHUUHVWULDOV� ZHUH� XVLQJ� WKLV� PL[� RI
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FRPSRXQGV� SULPDULO\� LQ� D� IHUURHOHFWULF� VSRQWDQHRXV�SRODUL]DWLRQ� FRQILJXUDWLRQ�
$QG��DORQJ�ZLWK�WKH�LURQ��QLFNHO��DQG�FREDOW�PDWHULDOV�IRXQG��WKLV�ZRXOG�VHHP�WR
HFKR�WKH�VDPH�W\SH�RI�PDJQHWRVWULFWLYH�WHFKQLTXH�ZKLFK�FDQ�EH�XVHG�WR�RVFLOODWH
DQG� WR� VSRQWDQHRXVO\� SRODUL]H� DQ\� IHUURHOHFWULF� PDWHULDOV� WKDW� DUH� HPEHGGHG
LQVLGH�VXFK�JODVV�VSKHUHV��DV�,·YH�SRVWXODWHG�ZRXOG�RFFXU�LQ�WKH�$QGUHDVVRQ�8)2�
DV�SUHYLRXVO\�PHQWLRQHG�LQ�VHFWLRQV�����DQG�����DERYH��
,QWHUHVWLQJ� WKRXJK� WKHVH� GLIIHUHQW� HOHPHQWV� DUH�� DV� IDU� DV� WKH� DFDGHPLF
LQYHVWLJDWLRQV�ZHQW��LW�ZDV�ZLWKRXW�GRXEW�WKH�WKLQ�ZLUH�QHWZRUN�SUHVHUYHG�LQVLGH
WKH� FDUERQ�JODVV� ZKLFK� JHQHUDWHG� WKH� PRVW� LQWHUHVW� DW� WKH� YDULRXV� UHVHDUFK
IDFLOLWLHV� WKURXJKRXW� 5XVVLD�� DV� VDPSOHV� RI� LW� XQGHUZHQW� D� ZKROH� UDQJH� RI
VFLHQWLILF� WHVWV� WR� HVWDEOLVK� H[DFWO\� ZKDW� LW� PLJKW� EH�� 3DUWLFXODUO\� DV� WKHUH� ZHUH
IRXQG�D� IHZ�DQDORJRXV�HIIHFWV� IRU�ZKHQ� WKLV�ZLUH�ZDV�KHDWHG� WR� WKH�KLJKHVW�RI
WHPSHUDWXUHV��)RU� LQVWDQFH�� LW�ZRXOG�ZLWKVWDQG� WHPSHUDWXUHV�RI������GHJUHHV�&
ZLWKRXW� GHIRUPLQJ� LWV� VKDSH� �PHUHO\� GLG� LW� MXVW� JORZ� UHG��� HYHQ� WKRXJK�
HVVHQWLDOO\��WKH�ZLUH�ZDV�IRXQG�WR�EH�SULPDULO\�FRPSRVHG�RI�JROG��VLOYHU��DQG�QLFNHO
>QRWH����@�
2QFH�WKH�PHVK�VDPSOHV�ZHUH�LQYHVWLJDWHG� LQ� WKH�5XVVLDQ� ODEV� LW�ZDV�IRXQG�WKDW
LQVLGH�WKHP�WKH�XOWUD�WKLQ�ZLUHV�RI�
JROG
��JROG�VLOYHU�QLFNHO�DOOR\���ZKLOH�WKH\�ZHUH
VWUXFWXUHG� DV� VLQJOH� VWUDQGV� RI� ZLUH�� HDFK� RI� WKHP� ZHUH� HQFDVHG� LQVLGH� DQ
DUWLILFLDOO\�IDEULFDWHG�TXDUW]� VOHHYH�RU� ILODPHQW�� DQG� WKHVH�TXDUW]� ILODPHQWV� �ZLWK
WKH�ZLUH�LQVLGH�WKHP��ZRXOG�WKHQ�EH�EUDLGHG�WZLVWHG�WRJHWKHU�LQ�EXQFKHV�RI����
����SUHVXPDEO\�VR�WKDW��DV�D�EUDLGHG�PXOWL�VWUDQG�EXQFK�WKH\�ZRXOG��DJDLQ��KDYH�D
KLJKHU� GHJUHH� RI� VHOI�LQGXFWDQFH� �DQG� FDSDFLWDQFH��� 7KH� JROG�DOOR\� ZLUH� LWVHOI
ZRXOG�KDYH�D� WKLFNQHVV�RI� MXVW���PLFURQV��DQG� WKH� VOHHYH� DURXQG� WKH� JROG�ZLUH
ZRXOG� KDYH� DQ� RXWVLGH� GLDPHWHU� RI� ���PLFURQV� �UHPHPEHU� D� KXPDQ� KDLU� LV� ��
PLFURQV�LQ�WKLFNQHVV��>VHH�QRWH����@�
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)LJXUH� ���� /RZ�UHVLVWDQFH� JROG� ZLUH� HQFDVHG� LQVLGH� TXDUW]� ILODPHQWV� EUDLGHG
WRJHWKHU�LQ�EXQFKHV�RI����WR����ILODPHQWV�ZHUH�IRXQG�WR�EH�IRUPHG�LQWR�D�PHVK
QHWZRUN�HQFDSVXODWHG�LQVLGH�D�FDUERQ�JODVV�PDWHULDO
7KHVH� EUDLGHG� PXOWL�VWUDQG� EXQFKHV� RI� TXDUW]�ILODPHQWHG� WKLQ�JROG�ZLUHV� ZHUH
WKHQ�VWUXFWXUHG�LQWR�ZKDW�ORRNV��DV�,�VD\�DERYH��YHU\�PXFK�OLNH�D�FXELF�RU�TXDVL�
FXELF� ODWWLFH� QHWZRUN�� DQG� WKH\� ZRXOG� KDYH� WKHQ�� MXGJLQJ� E\� WKH� EODFNHQHG
FDUERQ�JODVV�ZKLFK�KDG�PHOWHG�DQG�WKHQ�VROLGLILHG�DURXQG�WKHP��KDYH�RULJLQDOO\
EHHQ�HPEHGGHG�LQWR�D�ODUJHU�VWUXFWXUH�PDGH�IURP�D�VSHFLDO�JODVV�PDWHULDO���PRVW
SUREDEO\�ZLWK�WKH�JODVV�PDQXIDFWXUHG�LQWR�VRPH�IRUP�RI�VSKHUH��WKLV�FRQMHFWXUH
LV� EDVHG� XSRQ� WKH� ZD\� WKH� JODVV�VSKHUHV� LQ� WKH� $QGUHDVVRQ� 8)2� ZHUH
PDQXIDFWXUHG��
$V�WKH�UHDGHU�ZLOO�UHFDOO�IURP�WKH�SUHYLRXV�VHFWLRQV�RI�WKLV�FKDSWHU�DQG�IURP�WKH
SUHYLRXV�FKDSWHU��ZLWK�DUWLILFLDO�PHWDOV��ZKLFK�LV�EDVLFDOO\�ZKDW�PHWDPDWHULDOV�DUH�
WKH\�ZLOO�EH�GHVLJQHG�DQG�PDQXIDFWXUHG�LQ�VXFK�D�ZD\�WKDW� WKH\�ZLOO� DFW� OLNH�DQ
LQVXODWRU�EHORZ�D�SDUWLFXODU� IUHTXHQF\�RI�RVFLOODWLRQ��DQG� WKHQ� WKH\�ZLOO� DFW� OLNH�D
HPLWWHU�JHQHUDWRU�DERYH�WKDW�SDUWLFXODU�IUHTXHQF\��7KLV�LV�TXLWH�D�QHZ�FRQFHSW��DQG
RI� FRXUVH�� ZKLOH� FRQYHQWLRQDO� PHWDOV� DUH� ZRQGHUIXO�� DQG� FRQYHQWLRQDO� ZLULQJ
ORRPV�DUH�DOVR�ZRQGHUIXO�� WKH\�ZLOO�21/<�WUDQVPLW�HOHFWULFDO�HQHUJ\�ZKHQ�WKH\
DUH�SK\VLFDOO\�FRQQHFWHG��DQG�VZLWFKHG�WR�FRQGXFW�EHWZHHQ�D�JHQHUDWRU�RI�SRZHU
DQG� DQ� HOHFWULFDO� ORDG�� $� PHWDPDWHULDO� VWUXFWXUH� HPEHGGHG� ZLWK� IHUURHOHFWULF
FHUDPLF� GRQRUV� LV� LQ� LWVHOI� D� JHQHUDWRU� FDSDEOH� RI� HPLWWLQJ� KXJH� DPRXQWV� RI
HOHFWURQV�� DQG� LW� ZLOO� EH� DQ� LQVXODWHG� GHYLFH� DQG� GRUPDQW� XQWLO� LW� LV� RVFLOODWHG
DERYH� D� SDUWLFXODU� IUHTXHQF\�� DERYH� ZKLFK� IUHTXHQF\� WKHVH� PHWDPDWHULDO
VWUXFWXUHV� DXWRPDWLFDOO\� VZLWFK� WKHPVHOYHV� RQ� WR� EHFRPH� SODVPRQLF� JHQHUDWRUV
DQG� WUDQVPLWWHUV� RI� HOHFWURQ� FKDUJHV�� :KDW� LV� VR� UHYROXWLRQDU\� DERXW� WKHP
�HVSHFLDOO\� IRU� WKH� FRPPHUFLDO� VHFWRU� RI� WKLV� SODQHW�� LV� WKDW� WKH\� DUH� D� SRZHU
VRXUFH���DQG�D�ZLULQJ�ORRP���DOO�LQ�RQH��$QG�WKH\�ZLOO�DOVR�KDYH�WKH�FRVW�FXWWLQJ
DGYDQWDJH�RI�KDYLQJ�LQ�EXLOW�LQWR�WKHP�DQ�21�2))�VZLWFK��
)URP�WKH�HOHFWURQ�PLFURVFRSH�SKRWRJUDSKV�RI�WKH�PHVK�WKDW�ZHUH�NLQGO\�VHQW�WR
PH� E\� 9DOHUL� 'YX]KLOQ\�� LW� DSSHDUV� WKDW� WKH� RULJLQDO� ODWWLFH�SHULRG� RI� WKH
H[WUDWHUUHVWULDO·V�PHVK�QHWZRUN�ZRXOG�KDYH�EHHQ�DSSUR[LPDWHO\���RU���PP��1RZ
WKLV�LV�YHU\�LQWHUHVWLQJ�LQGHHG��EHFDXVH�LW�PHDQV�WKHVH�EUDLGHG�VWUDQGV�RI�WKH�(7
V
FDQ�EH�FRPSDUHG�GLUHFWO\�WR�WKH�WKLQ�ZLUH�VWUXFWXUHV�IHDWXUHG�LQ�3HQGU\·V�VWXGLHV
RQ�PHWDPDWHULDOV��ZKLFK�ZHUH�VSDFHG���PP�DSDUW�LQ�D�TXDVL�FXELF�ODWWLFH�>3HQGU\
����@�>3HQGU\�����@���7KH�UHDGHU�ZLOO�UHFDOO��IURP�P\�PHQWLRQ�RI�LW�LQ�VHFWLRQ�����
WKDW� 3HQGU\·V� PHVK� ZKHQ� LW� ZDV� PDQXIDFWXUHG� DQG� RVFLOODWHG� HVWDEOLVKHG� D
EHQFKPDUN�SODVPRQLF� VZLWFK�RQ� IUHTXHQF\�RI���*+]��DQG�VR� WKHVH�VWXGLHV�FDQ
SURYLGH�D�JRRG�VWDUWLQJ�SRLQW�IURP�ZKLFK�IXUWKHU�GHYHORSPHQWV�FDQ�EH�PDGH�
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:LWK� WKLV� LQ� PLQG� WKRXJK� LW� VKRXOG� EH� SRLQWHG� RXW� WKDW� WKH� (7·V� PHVK� LV
FRQVLGHUDEO\� PRUH� UHILQHG� WKDQ� WKH� PHVKHV� XVHG� LQ� WKRVH� HDUO\� UHVHDUFKHV� E\
3HQGU\�� 7KH� IDFW� WKDW� WKH� (7·V� PHVK� FRPSULVHV� RI� PXOWL�VWUDQGHG� JROG� ZLUHV
VOHHYHG� E\� TXDUW]� ZKLFK� DUH� EUDLG�WZLVWHG� LQ� EXQFKHV� RI� WZHQW\� RU� WKLUW\�� ZLOO
EHIRUH� DQ\WKLQJ� HOVH� LV� FRQVLGHUHG� DGG� VLJQLILFDQWO\� WR� WKH� LQGXFWDQFH� DQG
FDSDFLWDQFH� RI� WKRVH� ZLUHV�� 7KHUHIRUH�� LW� ZRXOG� EH� H[SHFWHG� WKDW� WKH� ILQDO
SODVPRQLF� IUHTXHQF\� WKDW� WKH� H[WUDWHUUHVWULDOV� KDYH� GHVLJQHG� LQWR� WKHLU
PHWDPDWHULDOV�ZLOO� EH� FRQVLGHUDEO\� ORZHU� WKDQ� ��*+]�� ,QGXELWDEO\��ZLWK� DOO� WKH
DGGLWLRQDO� UHILQHPHQWV� GLVFRYHUHG� LW� FDQ� RQO\� EH� FRQMHFWXUHG� ZKDW� WKDW� ILQDO
IUHTXHQF\�PLJKW� WXUQ� RXW� WR� EH�� EXW� EULQJLQJ� LQWR� WKH� HTXDWLRQ��$�� WKH� DERYH�
PHQWLRQHG� UHVHDUFK� RQ� PHWDPDWHULDOV� UHJDUGLQJ� WKH� KRPRJHQHRXV� UHVRQDQFH� HIIHFW
�PHQWLRQHG� DERYH� LQ� VHFWLRQV� ���� DQG� ����� ZKLFK� ORZHUV� GRZQ� WKH� SODVPRQLF
IUHTXHQF\�� DQG� %�� WKH� XVH� RI� VXFK� VSHFLDOL]HG� DPRUSKRXV� PHVK�VWUXFWXULQJ� DV
XVHG� E\� WKH�(7V� EHLQJ� TXLWH� VLPLODU� WR� WKH� VWUXFWXUH� XVHG� LQ� WKH� >6LHYHQSLSHU�
6LFNPLOOHU�<DEORQRYLWFK@�UHVHDUFKHV��DQG�&��WKH�(7·V�XVH�RI�XOWUD�WKLQ���PLFURQ
JROG�ZLUH��DQG�'��WKH�KLJK�FDSDFLWDQFH�DQG�LQGXFWLRQ�HQKDQFHPHQWV�RI�WKH�TXDUW]
VOHHYLQJV� DQG� PXOWLSOH� EUDLGLQJV� RI� WKRVH� ZLUHV�� DQG� PRVW� LPSRUWDQWO\� (�� WKH
LQFOXVLRQV� EHWZHHQ� WKRVH� ZLUHV� RI� ODUJH� DPRXQWV� RI� VPDOO� LURQ�UDUH�HDUWK� KLJK�
SHUPLWWLYLW\� SHOOHWV� �VRPH� HOHPHQWV� RI� ZKLFK�ZRXOG� DOVR� LQFUHDVH� WKH�PDJQHWLF
IOX[� LQIOXHQFLQJ� WKRVH�ZLUHV����� WKHQ� FHUWDLQO\� LW� VKRXOG� EH� VFLHQWLILFDOO\� SRVVLEOH
IRU�WKH�'DOQHJRUVN�PHVK�JODVV�VSKHUH� WR�KDYH�RSHUDWHG� LQVLGH� WKDW�8)2�ZLWK�D
UHVRQDQW�SODVPRQLF�IUHTXHQF\�DV�ORZ�DV���WR���*+]�
$QG�VR�WKHUHIRUH��MXVW�DV�,�UHTXHVWHG�DW�WKH�EHJLQQLQJ�RI�VHFWLRQ�����RI�WKLV�VWXG\�
KHUH�PLJKW�ZHOO�EH�WKH�PHFKDQLFDO�VROXWLRQ�RI�KRZ�WR�FRQWURO�DQG�PDLQWDLQ� WKH
UHVRQDQW� IUHTXHQF\�RI�RVFLOODWLRQ�ZLWKLQ� WKHVH� VSKHUHV�� DQG�KHUH� LV� WKH�PDWHULDO
HQYLURQPHQW�ZKHUH�WKH�IHUURHOHFWULF�HOHPHQWV�FDQ�EH�ORFDWHG�VR�WKDW�WKH\�ZRXOG
EH�VXEMHFWHG�WR�WKHLU�FHOOXODU�SRODUL]DWLRQ�UHYHUVDOV���ZKLFK�ZRXOG�IRUFH�WKHP�WR
HPLW� FRSLRXV� DPRXQWV� RI� HOHFWURQ� FKDUJHV�� 6R� WKDQNV� WR� WKHVH� GLVFRYHULHV� LQ
5XVVLD�WKH�TXHVWLRQ�DV�WR�KRZ�WKH�H[WUDWHUUHVWULDOV�GHYHORS�HOHFWULFDO�SRZHU�LQVLGH
WKHVH�KXJH�JODVV�GLHOHFWULF�VSKHUHV� LV�ILQDOO\�DQVZHUHG��6XFK�VSKHUHV�ZRXOG�KDYH
VXSSOLHG�WKH�8)2�FUDIW�XVLQJ�WKHP�ZLWK�DQ�DOPRVW�OLPLWOHVV�UHVHUYRLU�RI�HOHFWULFDO
SRZHU�� DQG� WKHVH� VSKHUHV� FRXOG� DOVR� KDYH� EHHQ� XVHG� DV� SRZHU�SXPSV� ZKLFK
ZRXOG� KDYH� FRQYHUWHG� HYHQ�PRUH� HOHFWULFDO� HQHUJ\� IURP� WKH� VXUURXQGLQJ� =3)
ILHOG�RXWVLGH�RI�WKRVH�8)2�FUDIW��WKLV�IDFLOLW\�ZLOO�EH�IXUWKHU�H[SODLQHG�DW�WKH�HQG
RI� FKDSWHU� �����%HLQJ� VR� LQGHSHQGHQW�� WKHQ�QDWXUDOO\�� WKRVH�8)2
V�ZRXOG� KDYH
FDUWH�EODQFKH� WR� WUDYHO� LQWR� RU� RXW� RI� RXU� DWPRVSKHUH� ZLWKRXW� DX[LOLDU\� IXHO
VXSSOLHV�DQG�ZLWK�FRPSOHWH�VWHDOWK�>QRWH����@�
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)LJXUH� ���� )URP� WKH� GHWDLOHG� DQDO\VLV� RI� WKH� DUWLIDFWV� OHIW� EHKLQG� E\� WKH
'DOQHJRUVN�8)2��DQG�IURP�WKH�REVHUYDWLRQV�PDGH�DERXW�WKH�$QGUHDVVRQ�8)2�
LW�KDV�EHHQ�SRVVLEOH�WR�UHFRQVWUXFW�WKH�SRZHU�VSKHUH�XVHG�E\�D�8)2
$V� DQ� DVLGH�� WKLV� SUHVHQWV� VRPHZKDW� RI� D� TXDQGDU\�� ,� NQRZ� WKH� RSHUDWLRQDO
HQYLURQPHQW� LQVLGH� D�8)2�� SDUWLFXODUO\� LQVLGH� WKH� DD8)2��ZRXOG� EH� HVSHFLDOO\
FRQGXFLYH� WR� WKH� VXEMHFWLRQ� RI� PLFURZDYH� SXOVHV� XSRQ� WKHVH� PHWDPDWHULDO
VSKHUHV��DV�,·YH�VKRZQ�LQ�VHFWLRQV�����DQG�����DERYH���EXW� LI� WKHVH�PHWDPDWHULDO
VWUXFWXUHV� FDQ�EH�PDQXIDFWXUHG� WR�RSHUDWH� DW� VXFK� ORZ�PLFURZDYH� IUHTXHQFLHV�
WKHQ�WKLV�WHFKQRORJ\�ZLOO�VXLW�HDUWK·V�FRPPHUFLDO�VHFWRU�MXVW�DV�PXFK�DV�LW�ZLOO�VXLW
8)2� UHVHDUFK�� EHFDXVH� LW� FRXOG� MXVW� DV� HDVLO\� EH� GHYHORSHG� DV� D� SURWRW\SH� IRU
XQLYHUVDO�KRXVHKROG�VL]H�HOHFWULFLW\�JHQHUDWRUV��ZKLFK�ZRXOG�KDYH�=(52�FDUERQ�
HPLVVLRQV��RI�FRXUVH��� ,QGHHG�� VFLHQWLILFDOO\� VSHDNLQJ�� WKLV�FRXOG�EH� WKH�PRPHQW
ZKHQ�WKH�H[WUDWHUUHVWULDO�ZDWHU�RI�WKH�KRO\�*UH\O�FRXOG�EH�WXUQHG�LQWR�ZLQH���IRU
HYHU\RQH�RQ�WKLV�SODQHW���EHFDXVH�VXFK�WHFKQRORJ\�FRXOG�UHSODFH�WKH�QXFOHDU�DQG
FRDO�ILUHG� SRZHU� VWDWLRQ� JHQHUDWRUV� RI� HOHFWULFLW\� �� 6R�� ,� KDYH� WR� VD\�� GLG� WKH
VFLHQWLVWV� LQ� WKH� :HVW� PLVV�RXW� RQ� WKLV� LPSRUWDQW� VFLHQWLILF� GLVFRYHU\� VROHO\
EHFDXVH�WKH�$PHULFDQ�DQG�%ULWLVK�QHZV�PHGLD�SHRSOH�GHLJQHG�QRW�WR�UHSRUW�WKH
VFLHQWLILF� IDFWV� DERXW� 8)2V� "� 3HUKDSV� WKDW� VHFUHF\� KDV� EXLOW� LQWR� LW� D� GRXEOH�
HGJHG�VZRUG�
$Q\ZD\�� JRLQJ�EDFN� WR� WKH�8)2�DUWLIDFWV� IRXQG�DW�'DOQHJRUVN��ZKDW�ZDV� HYHQ
PRUH� LQWULJXLQJ� DERXW� WKH� EODFNHQHG� PDWHULDO� UHFRYHUHG� WKHUH� ZDV� WKDW� WKH
PDWHULDO� ZKLFK� VXUURXQGHG� WKH� VSHFLDO� ZLUH� PHVK� ZDV� D� FDUERQ�EDVHG� PDWHULDO
ZKLFK�KDG�TXLWH�FOHDUO\�PHOWHG��%HFDXVH��WKDW�WKH�KHDW�FDXVHG�WKDW�JODVV\�VWUXFWXUH
WR� WUDQVIRUP� LQWR� D� PDWHULDO� SLWWHG� ZLWK� KROHV� WKLV� VXUHO\� VLQJOHV� LW� RXW� WR� EH� D
FDUERQ�EDVHG�JODVV�PDWHULDO�>QRWH����@�
7KLV� WKHQ� UDLVHV� WKH� LQWULJXLQJ� TXHVWLRQ�� HVSHFLDOO\� DV� WKH� FDUERQ�JODVV� ZKHQ
DQDO\]HG�ZDV� UHFRJQL]HG� DV�KDYLQJ� DQ� DOPRVW� EHWD�FULVWREDOLWH� �6L2��� VWUXFWXUH�
ZDV�WKLV�VWUDQJH�PDWHULDO�XVHG�E\�WKH�(7V�DQ�HQWLUHO\�QHZ�IRUP�RI�JODVV�"�&DUERQ�
GLR[LGH�JODVV�"�3UHVHQWO\� �LQ��������ZH�NQRZ�RI� LW�DV�D�FDUERQLD�EXW�ZH�GRQ
W�\HW
PDQXIDFWXUH� WKLV� QHZ� W\SH� RI� JODVV� RQ� WKLV� SODQHW� �HYHQ� WKRXJK� DQ� ,WDOLDQ�OHG
JURXS�RI� VFLHQWLVWV� DUH�SUHVHQWO\�ZRUNLQJ�RQ� WU\LQJ� WR�SURGXFH� WKLV�QHZ� W\SH� RI
FDUERQ��>QRWH����@��/LWWOH�LV�NQRZQ�DERXW�WKLV�VSHFLDO�QHZ�PDWHULDO�RWKHU�WKDQ�LW�LV
IRUPHG�DW�H[WUHPHO\�KLJK�SUHVVXUHV�DQG�DW�H[WUHPHO\�KLJK�WHPSHUDWXUHV��EXW�LW�LV
KRSHG�WKDW�WKLV�QHZ�W\SH�RI�JODVV�ZKHQ�WKH�VHFUHWV�RI�LWV�VXFFHVVIXO�PDQXIDFWXUH
FDQ�EH�IRXQG�ZLOO�KDYH�D�PXFK�VWLIIHU�VWUXFWXUH�WKDQ�QRUPDO�JODVV�DQG�EH�PXFK
PRUH�ULJLG� OLNH�GLDPRQG��ZKLFK��FHUWDLQO\��ZRXOG�VZLWFK�SRODULW\�PRUH�ULJLGO\�WR
EHWWHU�VXLW�WKH�IHUURHOHFWULF�VSRQWDQHRXV�VZLWFKLQJ�PHFKDQLVP��
6R�� LQ�FRQFOXVLRQ��LQ�P\�K\SRWKHVLV�,�ZRXOG�VHH�WKH�RULJLQDO�'DOQHJRUVN�8)2
V
SRZHU�XQLWV�DV�EHLQJ�D�VSKHULFDO�IDEULFDWLRQ�RI�D�FDUERQ�JODVV��RU�FDUERQ�GLR[LGH
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JODVV���LQWR�ZKLFK�ZRXOG�KDYH�EHHQ�HPEHGGHG�D�WKLQ�JROG�ZLUH�QHWZRUN��VOHHYHG
ZLWK� KLJK� LQGXFWDQFH� TXDUW]� ILODPHQWV��� 7KLV� ZLUH� QHWZRUN� ZRXOG� KDYH� EHHQ
RVFLOODWHG�DW�DURXQG���*+]���SHUKDSV�OLNH�WKH�$QGUHDVVRQ�8)2�DV�D�GLUHFW�UHVXOW
RI� WKH�KLJK�HQHUJ\�SODVPD�URWDWLQJ�DURXQG�WKH�8)2·V�FHQWUDO�YRUWH[� LQWHUDFWLQJ
ZLWK� WKH� IDFHWHG� VXUIDFHV� RI� WKHVH� VSKHUHV� �� RU� WKURXJK� HOHFWURVWULFWLYH� DQG
PDJQHWRVWULFWLYH�HOHPHQWV�HPEHGGHG�LQVLGH�WKHVH�VSKHUHV�ZKLFK�FDQ�EH�WULJJHUHG
E\�H[WHUQDO�PDJQHWLF�ILHOGV�WR�RVFLOODWH�DW�PLFURZDYH�IUHTXHQFLHV��7KHQ��RQFH�WKH
ZLUH�PHVK�ZDV�RVFLOODWHG� XS� WR� LWV� RZQ� UHVRQDQW� IUHTXHQF\�� WKH� LURQ�UDUH�HDUWK
EDOOV� �DOOR\HG�ZLWK� IHUURHOHFWULF�ODQWKDQRLG� FHUDPLF� HOHPHQWV� LQVLGH� WKHP�� LQWHU�
GLVSHUVHG� LQVLGH� WKH� JDSV� LQ� WKH� WKLQ�ZLUH� QHWZRUN� �VHH� ILJXUH� ����� ZRXOG� KDYH
EHHQ�RVFLOODWHG�RQ�D�PROHFXODU�OHYHO��DQG�DOO�WKHLU�DQLRQ�FDWLRQ�DOLJQPHQWV�ZRXOG
KDYH�XQGHUJRQH�UDSLG�SRODULW\�VZLWFKLQJ��DQG�DV�D�UHVXOW�RI�WKHVH�UDSLG�VZLWFKLQJV
HYHU\� RQH� RI� WKRVH� IHUURHOHFWULF� PROHFXOHV� ZRXOG� KDYH� EHHQ� IRUFHG� WR
DFFXPXODWH��DQG�WKHQ�E\� OLNH�FKDUJH�UHSXOVLRQ��WR�HPLW�HOHFWURQ�FKDUJHV� �IRU� WKH
UHDVRQV� H[SODLQHG� LQ� VHFWLRQ� ���� DERYH��� 7KHVH� HOHFWURQ� FKDUJHV� ZRXOG� KDYH
IORRGHG�RXW�RI�HDFK� VSKHUH·V�ZLUH�QHWZRUN�DW� WKH� UDWH�RI� IRXU�WKRXVDQG�PLOOLRQ
WLPHV�SHU�VHFRQG��DQG�ZRXOG�KDYH�EHHQ�WUDQVPLWWHG�LQ�SODVPRQLF�ZDYHV�WKURXJK
WKH� 8)2·V� GLHOHFWULF� VSKHUHV� WR� WKHLU� VXUIDFHV�� 7KHQ�� DW� WKH� VXUIDFH� RI� WKRVH
VSKHUHV� H[WHUQDO�PDJQHWLF� ILHOGV��RU�PDJQHWLF� LQGXFWRU� FRLOV��ZRXOG�KDYH�GUDZQ
WKRVH�HOHFWURQ�FKDUJHV�RXW�RI� WKH�VSKHUHV�DQG�ZRXOG�KDYH�FRQYHUWHG� WKHP� LQWR
HOHFWURPRWLYH�IRUFH�HOHFWURQV� WR� EH� XVHG� E\� WKH� 8)2� IRU� SRZHU� �ZKLFK� LV
SUHFLVHO\�ZKDW�FRQYHUVLRQ�WKH�VWHP�FRLOV�DUH�XVHG�IRU� LQ�WKH�$QGUHDVVRQ�8)2V�
DV�ZLOO�EH�H[SODLQHG� LQ� VHFWLRQ�����EHORZ��RI� FRXUVH���$JDLQ��ZKDW� VXSSRUWV� WKLV
K\SRWKHVLV� YHU\� SRZHUIXOO\� LV� WKDW� DW�'DOQHJRUVN� WKH� LQWHQVLW\� RI� WKH�PDJQHWLF
ILHOGV�LPEXHG�LQWR�DQG�VWLOO�SUHVHUYHG�LQWR�WKH�URFNV�VXUURXQGLQJ�WKDW�8)2�VLWH�
ZKHQ�PHDVXUHG� E\� JHRSK\VLFLVWV�� ZDV� FDOFXODWHG� WR� KDYH� EHHQ� DSSOLHG� E\� WKDW
SRZHU�VRXUFH�DW�D�FRQVWDQW�UDWH�RI�����2HUVWHGV�ZLWK�YDULDEOH�SHDNV�RI�RYHU�����
2HUVWHGV� IRU�ZKHQ� WKH�8)2� WULHG� WR� WDNH�RII�� DQG� LW�ZDV� IURP� WKHVH�PDJQHWLF
UHDGLQJV�WKDW�WKH�8NUDLQH�JHRSK\VLFLVWV�FRXOG�FRQFOXGH�WKDW�WKH�8)2�PXVW�KDYH
KDG�D�PXOWL�*LJDZDWW�SRZHU�VRXUFH�>QRWH����@�
:K\� WKHVH� JODVV� VSKHUHV� RYHU�KHDW� DQG� FDQ� RFFDVLRQDOO\� LJQLWH� LV� QRW� D� JUHDW
P\VWHU\�LI�WKH\�ZHUH�SDUW�RI�DQ�HQJLQH�VLPLODU�WR�WKH�$QGUHDVVRQ�8)2��)RU�DV�,
H[SODLQ�LQ�VHFWLRQ������RQ�WKH�WLGDO�HIIHFW��WKH�JUDYLWDWLRQDO�SXOO�IURP�WKH�FHQWUDO
YRUWH[� �LQ� WKH�$QGUHDVVRQ�8)2�� FDQ�EH� VR� VWURQJ� WKDW� WKHVH� HQHUJ\� VXSSO\LQJ
VSKHUHV�ZLOO�KDYH�WR�FRQWLQXDOO\�UHYROYH�DURXQG�WKHLU�VRXUFH�RI�JUDYLWDWLRQDO�SXOO�
HVSHFLDOO\�ZKHQ�WKDW�YRUWH[�LV�UXQQLQJ�DW�IXOO�UHYV��,I�IRU�VRPH�UHDVRQ�WKHVH�JODVV
VSKHUHV�JHW� MDPPHG�DQG�FDQ
W�UHYROYH�WKHQ�WKH�JUDYLWDWLRQDO�VRXUFH�ZLOO�FUHDWH�D
KRW�VSRW�LQ�WKH�IHUURHOHFWULFV�LQVLGH�WKHP�>QRWH����@��6R� LI� WKH\�KDYH�EHHQ�PDGH
RI�FDUERQ�GLR[LGH�JODVV�DQG�WKH\�JHW� VR�KRW� WKDW� WKH�JODVV� LJQLWHV� WKHQ� WKH\�ZLOO
EXUQ� DOO� WKH� PRUH� IHURFLRXVO\� DQG� GLVLQWHJUDWH�� RQ� D� PROHFXODU� VFDOH� IURP� WKH
LQVLGH� RXWZDUG�� 3UHFLVHO\� DV� VHHPV� WR� KDYH� KDSSHQHG� LQ� WKH� FDVH� RI� WKH
'DOQHJRUVN�8)2�
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&KDSWHU� ��� ,QQHU� 5LQJ�WXEH�� 7RURLG� )OXLG�� 6WHP� &RLOV�� $UPV�� DQG
7HOHPHWHU�:KHHOV

&RQWHQWV�
����5DGLDO�0RPHQWXP�,QGXFHG�LQWR�WKH�7HOHPHWHU�:KHHOV
����3DWKZD\V�RI�&RQGXFWLYLW\�IRU�DQ�(OHFWULFDO�&LUFXLW
����(OHFWULFDO�(QHUJ\�IURP�WKH�%ODFN�9RUWH[
����$UUD\�RI�7XEH�JXLGHV�ZLWK�&U\VWDO�OLNH�)LULQJ�/HQVHV
����2UWKRJRQDO�0DJQHWLF�)LHOG�7XUQV�%HDPV�+HOLFDO
����3XPSLQJ�XS�WKH�0LFURZDYH�%HDPV
����)LULQJ�7KURXJK�WKH�7RURLG�:DOO
����7KH�8)2�7DNHV�RQ�:DWHU�WR�%UHDNGRZQ�LQWR�(OHFWURQLF�)XHO
����3XOVH�)LULQJ�LQWR�WKH�7RURLG�WR�,RQL]H�LWV�)OXLG
�����)OXLG�3RODUL]HG�E\�%ODFN�9RUWH[�DW�,QQHU�5LP
�����,QQHU�5LQJ�WXEH�&RQWUROOLQJ�0HFKDQLVP
�����$FWLYH�*RYHUQLQJ�&RQWURO�7KURXJK�WKH�,QQHU�5LQJ�WXEH
�����7KH�6RIW�3RO\PHU�SODVWLF�RI�WKH�,QQHU�5LQJ�WXEH
�����$GMXVWDELOLW\�RI�WKH�7RURLG�)OXLG
V�3HUPLWWLYLW\

����5DGLDO�0RPHQWXP�,QGXFHG�LQWR�WKH�7HOHPHWHU�:KHHOV
7KLV�FKDSWHU�ZLOO�EH�DERXW�ZKDW�IOXLG� LV�XVHG� LQ� WKH� WRURLG��KRZ� LW� LV�SURSHOOHG�
KRZ�WKLV�IOXLG�LV�HOHFWULFDOO\�SRODUL]HG�WR�HVWDEOLVK�WKH�FUDIW
V�HOHFWULFDO�FLUFXLW��DQG
KRZ�LW�JHQHUDWHV�HQHUJLHV�WR�ERWK�IHHG�LQWR�WKH�WRS�VSKHUHV��DQG�WR�IHHG�LQWR�WKH
J\UDWLQJ�VWRUDJH�ILHOGV��7KLV�FKDSWHU�ZLOO�DOVR�SURSRVH�KRZ�WKH�DD8)2
V�SRZHU�LV
FRQWUROOHG�
7KH� DD8)2
V� WRURLG� VKHOO� SK\VLFDOO\� HVWDEOLVKHV� WZR� RI� WKH� FUDIW
V� HUJRVSKHUHV�
HUJRVSKHUH�$� LQVLGH� LWV� LQQHU� YHUWLFDO�ZDOO�� DQG� HUJRVSKHUH�&�ZLWKLQ�ZKLFK� WKH
IOXLG�RI�WKH�WRURLG�LV�URWDWHG��7KH�WRS�VLGH�RI�WKH�WRURLG�DOVR�SURYLGHV�WKH�ORZHU
RI�WKH�SODQDU�IDFHV�RI�WKH�SODQDU�ZDYHJXLGH��RI�HUJRVSKHUH�%���6R�IXQGDPHQWDOO\
LW� LV� D� VWUXFWXUH�ZKLFK� FRQWDLQV� DQG� LV� VXUURXQGHG�E\�GLIIHUHQW� ILHOGV� RI� HQHUJ\
URWDWLQJ� DW� GLIIHUHQW� VSHHGV�� ,Q� DVWURSK\VLFV� WKH� GHILQLWLRQ� IRU� DQ� HUJRVSKHUH�
ZKLFK� VXUURXQGV� D� EODFN� KROH�� LV� D� F\OLQGULFDO� ILHOG� ZKLFK� FRQWDLQV� ZLWKLQ� LW
HQHUJLHV�WKDW�DUH�LQ�FRQVWDQW�PRWLRQ��VLPLODUO\�WKDW�VDPH�GHILQLWLRQ�DSSOLHV�WR�DOO
RI�WKH�DD8)2
V�HUJRVSKHUHV�
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)LJXUH� ���� 7KH� ORZHU� VHFWLRQ� RI� WKH� DD8)2� LV� PDGH� XS� RI� WKUHH� GLIIHUHQW
FRPSDUWPHQWV�ZKHUHLQ�WKUHH��RU�IRXU�FRXQWLQJ�WKH�YRUWH[��ILHOGV�RI�HQHUJ\�URWDWH
DW�GLIIHUHQW�YHORFLWLHV
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2QFH� WKH�PDJQHWLF� ILHOGV� �ZKLFK� UXQ� IURP� WKH� IRXU� WRS� VSKHUHV� WR� WKH� FHQWUDO
KROH� LQ� WKH� EDVH� GLVF��� DUH� HQ�SODFHG� DQG� WKH� FKDUJHG� SDUWLFOHV� URWDWH� LQWR� WKDW
PDJQHWLF� IXQQHO� WR� HVWDEOLVK� WKH� URWDWLQJ� YRUWH[� DW� WKH� FHQWHU�RI� HUJRVSKHUH�$�
DQG�WKH�VXE�DWRPLF�HQHUJLHV�DQG�SKRWRQ�HPLVVLRQV�EHJLQ�SRXULQJ�LQWR�WKDW�YRUWH[
IURP�WKH�WRS�VSKHUHV�LQWR�WKLV�HUJRVSKHUH�WR�FRQWLQXDOO\�SRZHU�LW�XS��WKHUH�ZLOO�EH
HVWDEOLVKHG�D�ILHUFH�WXUELQH�RI�URWDWLQJ�DQG�HYHU�LQFUHDVLQJ�SRZHU�
6RPH�RI�WKH�URWDWLRQDO�IRUFH�FRPLQJ�IURP�WKH�EODFN�YRUWH[�ZLOO�HVWDEOLVK�D�WRUTXH
IRUFH� LQ� WKH� VSKHUH�VHW� DVVHPEO\� GLUHFWO\�� $QG� VRPH� RI� WKDW� WRUTXH� IRUFH� ZLOO
FRPH�IURP�WKH�URWDWLRQ�RI�WKH�WHOHPHWHU�ZKHHOV��DOWKRXJK�PRVWO\�WKH�URWDWLRQ�RI
WKH� WHOHPHWHU� ZKHHOV� ZLOO� EH� XVHG� DV� D� PHWKRG� RI� JRYHUQLQJ� WKH� YHORFLW\� RI� WKH
FHQWUDO�VSKHUH�VHW�DVVHPEO\��WR�VORZ�LW�GRZQ�IURP�URWDWLQJ�WRR�IDVW�
+RZHYHU��ZKHQ�WKH�VSKHUH�VHW�DVVHPEO\�KDV�WR�EH�PRYHG�IURP�VWDWLRQDU\�DQG�WKH
FHQWUDO� YRUWH[� LV� PHUHO\� WLFNLQJ� RYHU�� LQ� RUGHU� WR� JHW� WKDW� DVVHPEO\� URWDWLQJ
DQRWKHU�WRUTXH�IRUFH�ZLOO�DOVR�EH�UHTXLUHG��DQG�WKLV�ZLOO�EH�XVHG�XQWLO�WKH�FHQWUDO
YRUWH[� FRPHV� XS� WR� RSHUDWLRQDO� OHYHOV� DQG� WKH� /HQVH�7KLUULQJ� URWDWLQJ� IRUFHV
ZLWKLQ�WKH�FHQWUDO�HUJRVSKHUH�FRPH�XS�WR�VSHHG�
7KLV� VHFRQGDU\� WXUQLQJ� IRUFH�� IURP� WKH� WHOHPHWHU� ZKHHOV�� ZLOO� FRPH� IURP� WKH
DQJXODU�PRPHQWXP�DGYHFWHG�RXWZDUG�IURP�WKH�FHQWUDO�YRUWH[��$V�VKRZQ�LQ�WKLV
GLDJUDP�WKH�FXUYH�RU�FRQFDYLW\�RI�WKH�LQQHU�WRURLG�ZDOO�ZLOO�EH�DQ�DUHD�ZKLFK�ZLOO
LQGXFH� D�%HUU\
V�YRUWLFDO� SKDVH�PRWLRQ�DURXQG� WKH� RXWVLGH� RI� WKH� URWDWLQJ� ILHOG
ZKLFK�HQFLUFOHV�WKH�YRUWH[�>QRWH���@��7KHVH� 
HGG\�FXUUHQWV
�ZLOO�URWDWH�RSSRVLWHO\
WR�WKH�PDLQ�YRUWH[�GLUHFWLRQ��DQG�WKH�DQJXODU�PRPHQWXP�IURP�WKHP�ZLOO�EH�ZKDW
ZLOO� LQGXFH� WKH� URWDWLRQDO� WRUTXH� LQWR� HDFK� RI� WKHVH� IRXU� WHOHPHWHU� ZKHHOV� DQG
ZKLFK� ZLOO� EH� SRZHUIXO� HQRXJK� WR� WXUQ� WKH� ZKROH� VSKHUH�VHW� DVVHPEO\
FRPIRUWDEO\� WKURXJK� WKH� ORZHU� SRZHU� OHYHOV�� 7KLV� ZLOO� EH� EHFDXVH� DV� WKH\� ZLOO
URWDWH� WKURXJK�D�VPDOOHU� URWDWLRQDO�GLDPHWHU� WKDQ� WKH�PDLQ�YRUWH[��HYHQ� WKRXJK
WKH�YRUWH[�ZLOO�EH�RQO\�SDUWLDOO\�HQHUJL]HG��WKRVH�HGG\�FXUUHQWV�ZLOO�KDYH�LQGXFHG
LQWR�WKHP�D�URWDWLRQDO�YHORFLW\��DQG�WRUTXH�� WKDW�ZLOO�EH�D�SURSRUWLRQDOO\�JUHDWHU
WKDQ� WKH� URWDWLRQDO�YHORFLW\�RI� WKH�FHQWUDO� YRUWH[��7KLV� IDFWRU� FRPHV� IURP�IOXLG
G\QDPLFV� ZKHUH� WKH� RXWOLQLQJ� HGG\� FXUUHQWV� ZLOO� URWDWH� IDVWHU� WKDQ� WKH� FHQWUDO
URWDWLQJ�ILHOG�LQ�RUGHU�WR�PDWFK�WKH�VDPH�RYHUDOO�DPRXQW�RI�DQJXODU�PRPHQWXP�
$QG� WKH� WRUTXH�DGYDQWDJH� DOVR�FRPHV� IURP� WKH� IDFW� WKDW�ZKHUH� WKH�ZDOO�RI� WKH
HUJRVSKHUH�LV�PRVW�FXUYHG��LQ�WKH�YLFLQLW\�RI�WKH�LQQHU�ULQJ�WXEH�DQG�WKH�ZKHHOV�
WKHUH�ZLOO�EH�WKH�JUHDWHVW�DPRXQW�RI�NLQHWLF� IRUFH�DYDLODEOH� WR� WXUQ�WKHVH�ZKHHOV
�ZKLOH� DW� WKH� WRS� DQG� ERWWRP� RI� WKLV� FXUYH� LW� ZLOO� EH� QRWLFHG� WKDW� WKHVH� HGG\
FXUUHQWV�ZLOO�EH�PLQLPDO��
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)LJXUH� ���� (UJRVSKHUH� 
$
� LV� D� YHU\� FRPSDFW� VSDFH� ZKHUH� HQHUJ\� ZLOO� EH
FRQVWDQWO\�GUDZQ�LQWR�VR�WKDW�LWV�URWDWLRQDO�YHORFLW\�ZLOO�HYHU�LQFUHDVH
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7KLV�IDFWRU�ZLOO�DOORZ��RI�FRXUVH��WKDW�ZKHQ�WKH�PDLQ�YRUWH[�GRHV�SRZHU�XS�DQG
URWDWHV� IDVWHU� DQG� IDVWHU� DQG� GULYHV� LWV� HQHUJ\� LQ� WRZDUG� WKH� FHQWHU� �ZLWK� LWV
QHJDWLYH� UDGLDO� PRPHQWXP��� WKHQ� WKH� DPRXQW� RI� DQJXODU� YHORFLW\� LPEXHG� LQWR
WKHVH� RXWZDUG� YRUWLFDO� HOHPHQWV� ZLOO� SURSRUWLRQDOO\� EH� PXFK� JUHDWHU� DOVR� �DQG
WKHVH�ZLOO�KDYH�D�SRVLWLYH�UDGLDO�PRPHQWXP��>QRWH���@�
7RJHWKHU��ERWK�WKH�WRUTXH�IURP�WKH�/HQVH�7KLUULQJ�HQHUJLHV�IROORZLQJ�DURXQG�WKH
YRUWH[��DQG�WKH�HGG\�FXUUHQWV�URWDWLQJ�WKH�WHOHPHWHU�ZKHHOV�ZLOO�SURYLGH�D�VPRRWK
DQG�FRQWLQXDO�IRUFH�WR�NHHS�WKH�FHQWUDO�VSKHUH�VHW�DVVHPEO\�PRYLQJ�
����3DWKZD\V�RI�&RQGXFWLYLW\�IRU�DQ�(OHFWULFDO�&LUFXLW
:KLOH� WKH� PDLQ� HOHFWUR�G\QDPLF� FLUFXLW� RI� WKLV� FUDIW
V� EODFN� YRUWH[� KDV� EHHQ
GHOLQHDWHG� LQ� WKH�SUHYLRXV�FKDSWHU�� WKH� FLUFXLW�RI�SDUWLFXODU� LQWHUHVW�KHUH�ZLOO�EH
WKH� HOHFWULFDO� FLUFXLW�ZLWKLQ�D�FLUFXLW� WKDW� PDLQO\� FRPSULVHV� WKH� IRXU� VWHP� FRLOV
�UXQQLQJ�EHWZHHQ� WKH�XSSHU�DQG� ORZHU�VSKHUHV��� WKH� IRXU� VHWV�RI�DUPV�� DQG� WKH
IRXU� WHOHPHWHU� ZKHHOV�� 7KH� SDWK� RI� FRQGXFWLYLW\� RI� LPPHGLDWH� LQWHUHVW� WR� WKLV
VHFWLRQ�RI�WKH�HOHFWULFDO�FLUFXLW�LV�WKDW�ZKLFK�UXQV�IURP�WKH�IRXU�ORZHU�VSKHUHV�XS
WKURXJK� WKH� FODPSV� LQWR� WKH� VWHP� FRLOV�� IURP� WKH� VWHP� FRLOV� LQWR� WKH� DUPV�
WKURXJK� WKH� WHOHPHWHU�ZKHHO� �WKURXJK� WKH� WXEHV� LQVLGH� WKHVH�ZKHHOV��� DQG� WKHQ
WKURXJK�WR�WKH�WRURLG
V�PRYLQJ�IOXLG�
%HFDXVH�RI�WKH�ZD\�WKH�EODFN�YRUWH[�ILWV�LQWR�WKH�HOHFWULFDO�FLUFXLW�RI�WKH�VWHP�FRLOV
�VHH�ILJXUH�����WKHUH�ZLOO�DOZD\V�EH�D�FRQGXFWLYLW\�SDWK�UXQQLQJ�WKURXJK�WKH�VWHP
FRLOV��KRZHYHU��WKLV�LV�QRW�QHFHVVDULO\�WKH�FDVH�ZLWK�WKH�SDWK�RI�FRQGXFWLYLW\�LQWR
WKH�WRURLG
V�IOXLG�
$�SRWHQWLDO�GLIIHUHQFH�ZLOO�DOZD\V�H[LVW�EHWZHHQ�WKH�SRZHU�RXWSXW�FRPLQJ�DZD\
IURP�WKH�ORZHU�VSKHUHV�DQG�WKH�PLG�VHFWLRQ�RI�WKH�WRURLG��EHFDXVH�LW�ZLOO�EH�WKH
PRVW�QHXWUDO�VHFWLRQ�PLG�ZD\�EHWZHHQ�WKH�XSSHU�IOXLG
V�QHJDWLYH�FKDUJHV�DQG�WKH
ORZHU�IOXLG
V�SRVLWLYH�FKDUJHV��DQG�VR�LW�ZLOO�DVVXPH�D�
UHODWLYH�]HUR�YROWDJH�]RQH

EHWZHHQ� WKH� WZR�SRODULWLHV� WKURXJKRXW� WKH� WRURLG� DQG�ZLWK� UHVSHFW� WR� DOO� RWKHU
DUHDV� WKURXJKRXW� WKH� ORZHU� VHFWLRQ� RI� WKH� FUDIW��� WKLV� FHQWUDO� DUHD� DOVR
FRUUHVSRQGV� WR� WKH� FHQWUDO� FKDQQHOLQJ� RI� WKH� WRURLG
V� PDJQHWLF� ILHOGV� DQG� VR
HOHFWULF�FKDUJH�ZLOO�DOZD\V�EH�PRYHG�LQWR�WKLV�SDUW�RI�WKH�WRURLG�
+RZHYHU�� LW� ZLOO� RQO\� PRYH� LQWR� WKLV� DUHD� LI� D� SDWK� IRU� WKDW� FRQGXFWLYLW\� LV
HVWDEOLVKHG�IRU�LW�WR�IORZ�DORQJ�>QRWH���@��%XW��DV�LW�ZLOO�EH�REYLRXV�WR�WKH�DVWXWH
REVHUYHU��WKH�SDWK�RI�FRQGXFWLYLW\�LV�QRW�DOZD\V�HVWDEOLVKHG�IRU�WKDW�IORZ�WR�WDNH
SODFH�EHFDXVH�RI�KRZ�WKH�WHOHPHWHU�ZKHHOV�DUH�GHVLJQHG��IURP�WKHP�KDYLQJ�IRXU
FRQGXFWLQJ�WXEHV�HPEHGGHG�LQWR�WKHP�ZKLFK�ZLOO�KDYH�WR�OLQH�XS�ZLWK�WKH�WRURLG
ZDOO� LQ�RUGHU� WR�HVWDEOLVK� WKDW� IXOO� FRQGXFWLYLW\�SDWK�EHWZHHQ� WKH� ORZHU�VSKHUHV
DQG�WKH� WRURLG
V� IOXLG� �ZKLFK� LV�ZK\�WKHVH�ZKHHOV� WXUQ�RQ�WKH� WRURLG�ZDOO���7KLV
PHDQV�WKDW��UDWKHU�WKDQ�EHLQJ�GHVLJQHG�WR�FRQGXFW�FRQWLQXRXVO\��E\�WKH�LQFOXVLRQ
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RI�WKHVH�WXEHV�LQWR�WKLV�SDUWLFXODU�FLUFXLW�WKH�LGHD�ZLOO�EH�WR�GHOLYHU�VKRUW�SXOVHV�RI
HQHUJ\�WKURXJK�WKH�URWDWLRQ�RI�WKHVH�ZKHHOV��7KDW�WKLV�ZLOO�RFFXU�RQO\�ZKHQ�WKH
WHOHPHWHU�ZKHHOV�OLQH�XS�WKHLU�WXEHV�SHUSHQGLFXODU�WR�WKH�WRURLG
V�ZDOO��PHDQV�WKDW
WKH� VSKHUH�VHW� DVVHPEO\� KDV� WR� EH� DOORZHG� WR� URWDWH� FRQWLQXDOO\� IRU� WKLV� WR
KDSSHQ�
6R��LW�FDQ�EH�VHHQ�WKDW�WKLV�DFWLRQ�FRQWULEXWHV�WR�WKH�8)2
V�HQJLQH�SRZHULQJ�XS
PHFKDQLVP�� DQG� ZKHQ� WKLV� FLUFXLW� HQJDJHV� DQG� WKH� DVVHPEO\� URWDWHV� WKHQ� WKH
IDVWHU�LW�URWDWHV�WKH�IDVWHU�ZLOO�EH�WKH�SXOVLQJV�GHOLYHUHG�WKURXJK�WKHVH�ZKHHO�WXEHV
LQWR� WKH� WRURLG
V� IOXLG�� 7R� VHW� WKH� VFHQH� PRUH� IXOO\�� WKLV� ZLOO� RFFXU� DW� DOO� IRXU
VHSDUDWH� ORFDWLRQV� DURXQG� WKH� WRURLG� WKURXJK� DOO� IRXU� WHOHPHWHU� ZKHHOV� WXUQLQJ
DQG�DOLJQLQJ� WKHLU�FRQGXFWLQJ� WXEHV�ZLWK� WKH� WRURLG
V�ZDOO� �DQG� WKH� IOXLG�RQ� WKH
RWKHU�VLGH�RI�WKDW�ZDOO��
5RXJKO\� VSHDNLQJ�� LI� WKH� DVVHPEO\� URWDWHV� DW� ���� +]� �RQH�KDOI� UHYROXWLRQ� SHU
VHFRQG��WKHVH�ZKHHOV�ZLOO�ILUH�EXUVWV�RI�PLFURZDYH�RVFLOODWLQJ�HQHUJLHV���FRPLQJ
IURP� WKH� ORZHU� VSKHUHV� �� DW� D� UHSHWLWLRQ� UDWH� RI� EHWZHHQ� �� +]� DQG� ��� +]
�EHWZHHQ���DQG����WLPHV�D�VHFRQG���7KH�UHDVRQ�:+<�WKHVH�EHDPV�ZLOO�QHHG�WR
EH�ILUHG�LQWR�WKH�WRURLG�IOXLG�ZLOO�EHFRPH�FOHDUHU�WRZDUG�WKH�HQG�RI�WKLV�FKDSWHU
DQG�WKURXJK�VXEVHTXHQW�FKDSWHUV�>QRWH���@�
����(OHFWULFDO�(QHUJ\�IURP�WKH�%ODFN�9RUWH[
7KHUH� DUH� VHYHUDO� SRVVLELOLWLHV� IRU�ZKDW� VRUW� RI� HQHUJ\�ZLOO� EH� UDGLDWHG� WKURXJK
WKHVH� KROORZ� WXEHV� VHW� LQWR� WKH� WHOHPHWHU� ZKHHOV�� 7KH� VHW�XS� LV� LQWULJXLQJ�� DQG
ZKHQ�WKH\�DOLJQ�SHUSHQGLFXODU�WR�WKH�WRURLG�ZDOO�WKHUH�LV�DOVR�WKH�FKDQFH�WKDW�WKH\
PD\�HYHQ�LQWHUDFW�ZLWK�WKH�PDJQHWLF�ILHOG�RI�WKH�LQQHU�ULQJ�WXEH�WKDW�WKH�ZKHHOV
WXUQ�RQ��EXW��,�GRQ
W�ZDQW�WR�JHW�WRR�FRPSOLFDWHG�KHUH�VR�,�VKDOO�OHDYH�WKDW�QXJJHW
IRU�ODWHU���:KDW�WKH�WXEHV�FRXOG�GUDZ�WKURXJK�WKHP�DQG�FRXOG�WDS�RII�WKH�VWHP�FRLOV
LV� D� VWDWLF� '&� HOHFWULFDO� ILHOG�� EXW� LQ� WKLV� 8)2
V� HOHFWULFDO� FLUFXLWV� '&� FXUUHQW
�GLUHFW� FXUUHQW�� ZLOO� QRW� EH� PXFK� XVH� DW� DOO� DQ\ZKHUH� VR� WKDW
V� XQOLNHO\�� 7KH\
PLJKW��IRU�LQVWDQFH��WUDQVPLW�WKH�JUDYLWDWLRQDO�UDGLDWLRQ�FRPLQJ�IURP�WKH�ERWWRP
RI� WKH� YRUWH[� UHVRQDWLQJ� WKURXJK� WKH� ORZHU� VSKHUHV� DV� ZDYHV�� EXW� ,� VRPHKRZ
WKLQN� WKDW�XQOLNHO\�DOVR��7KH�EHVW� ILW� VFHQDULR�ZRXOG�EH� WKDW� WKHVH�KROORZ� WXEHV
WUDQVPLW� DQ� RVFLOODWLQJ� HOHFWULF� FXUUHQW� ZKLFK� WKH\� ZLOO� GUDZ� WKURXJK� WKH� DUPV
�WDSSLQJ�RII�WKH�VWHP�FRLOV���DQG�WKLV�FXUUHQW�ZLOO�FRPH�IURP�WKH�GLUHFWLRQ�RI�WKH
YRUWH[��EXW�PRUH� VSHFLILFDOO\� WKURXJK� WKH� ORZHU� VSKHUH
V� SODVPRQLF� UHVRQDQFHV�
ZKLFK� ZLOO� EH� HOHFWULF� SODVPRQ� FKDUJHV� ZKLFK� ZLOO� EH� FRQYHUWHG� LQWR� HOHFWULF
FXUUHQW�ZKHQ�WKH\�WUDQVLW�IURP�WKH�PHWDPDWHULDO�ORZHU�VSKHUHV�DQG�SDVV�LQWR�WKH
PDJQHWLF�ILHOGV��WKURXJK�WKHLU�/RUHQW]�IRUFHV�� LQWR�WKH�VWHP�FRLOV��7KHQ�WKURXJK
WKH� VWHP� FRLOV� WKH\� ZLOO� SDVV� DV� RVFLOODWLQJ� FXUUHQW� LQWR� WKH� DUPV� �� DQG� ZKLOH
DUULYLQJ�DW�WKH�ZKHHO�D[OH�ZLOO�HQWHU�LQWR�D�KROORZ�FDYLW\�WKHUH��ZKHUH�WKH\�ZLOO�EH
GLVWULEXWHG�LQWR�WKH�KROORZ�WXEHV�ZKHQ�WKH\�OLQH�XS��6R�HYHQWXDOO\��ZKDW�ZLOO�WKHQ
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EH� SURSDJDWHG� WKURXJK� WKH� ZKHHO
V� KROORZ� WXEHV� ZLOO� EH� DQ� RVFLOODWLQJ� HOHFWULF
FXUUHQW�
(OHFWURQLFDOO\�WKLV�ZRXOG�PDNH�SHUIHFW�VHQVH��IRU�LW�FDQ�UHDGLO\�EH�VHHQ�WKDW�ZKLOH
WKHUH� LV� D� SRWHQWLDO�GLIIHUHQFH� EHWZHHQ� WKH� ORZHU� DQG� XSSHU� VSKHUHV� WKHUH� ZLOO
DOZD\V� H[LVW�� DOVR�� D� ����GHJUHH� SKDVH�GLIIHUHQFH� EHWZHHQ� WKH� WZR� VSKHUHV�
EHFDXVH� RI� WKH� IDFW� WKDW� WKHUH� LV� D� FRQGXFWLQJ�FRLO� UXQQLQJ� EHWZHHQ� WKHP� �DV
VKRZQ� LQ� ILJXUH� ����� DQG� WKLV� ZRXOG� DXWRPDWLFDOO\� PDNH� WKH� XSSHU� VSKHUH� WR
ORZHU� VSKHUH� FLUFXLW� DQ� DOWHUQDWLQJ� FLUFXLW��7KLV� FRLO�PD\�QRW� EH� D� FRQYHQWLRQDO
FRSSHU�ZLUH� FRLO� �LW� PD\� EH� D� IOXLG� RU� SODVPD� FRQGXFWRU�� IRU� LQVWDQFH�� EXW
QHYHUWKHOHVV� LW� ZLOO� EH� WKHUH� WR� GR� WKH� VDPH� MRE� DV� D� PHWDO� FRLO� LQ� WKDW� LW� ZLOO
JHQHUDWH�D�VROHQRLGDO�PDJQHWLF�ILHOG�DURXQG�WKDW�FRLO��7KH�WDSSLQJ�SULQFLSOH�KHUH
ZLOO�EH�WKH�VDPH�DV�WKDW�IRU�D�VHOI�WDSSLQJ�WUDQVIRUPHU��DQG�VR�SURYLGLQJ�WKH�ORZHU
DUP�WDSV�LQWR�WKH�VWHP�FRLO�DW�LWV�ORZHU�HQG��DQG�WKH�XSSHU�DUP�WDSV�WKDW�FRLO�KDOI�
ZD\�XS�LW�� WKHQ�WKLV�FRLO�DUUDQJHPHQW�ZLOO�JLYH�D�YROWDJH�GLIIHUHQFH�HTXDO� WR�KDOI
WKH�YROWDJH�EHLQJ�HVWDEOLVKHG�EHWZHHQ�WKH�XSSHU�VSKHUHV�DQG�WKH� ORZHU�VSKHUHV�
DQG�WKH�HOHFWULF�FXUUHQW�VKRXOG�KDYH�D�SKDVH�GLIIHUHQFH�RI����GHJUHHV��6R��LQ�RWKHU
ZRUGV��WKHUH�ZLOO�EH�DQ�RVFLOODWLQJ�FXUUHQW�UXQQLQJ�EHWZHHQ�WKHVH�WZR�DUPV�
7KH� ELJ� TXHVWLRQ� ZLOO� EH� WKRXJK�� ZKDW� ZLOO� EH� WKH� ILQDO� IUHTXHQF\� RI� WKDW
DOWHUQDWLQJ� HOHFWULF� FXUUHQW� FRQYHUWHG� IURP� WKH� ORZHU� VSKHUH
V� SODVPRQLF
UHVRQDQFH� "� 2EYLRXVO\� LW� ZRXOG� EH� EHQHILFLDO� WR� WDS� WKH� VDPH� PLFURZDYH
RVFLOODWLRQV� WKDW� DUH� EHLQJ� JHQHUDWHG� DW� WKH� ORZHU� VSKHUHV�� ZKLFK� KDYH� EHHQ
HVWLPDWHG�DV�SRVVLEO\�KDYLQJ�D�IUHTXHQF\�RI�����*+]��+RZ�ZLOO�WKLV�IUHTXHQF\�RI
PLFURZDYH� HQHUJ\� EH� RI� XVH� WKURXJK� WKLV� QH[W� VWDJH� RI� WKH� DD8)2
V
HOHFWURG\QDPLF�FLUFXLW�WKRXJK�"
����$UUD\�RI�7XEH�JXLGHV�ZLWK�&U\VWDO�OLNH�)LULQJ�/HQVHV
$QRWKHU� HQJLQHHULQJ� IDFWRU� WKDW� VHSDUDWHV� WKH� H[WUDWHUUHVWULDO� GHVLJQHU� IURP� WKH
WHUUHVWULDO� GHVLJQHU� LV� WKH� IRUPHU
V� SUHIHUHQFH� IRU� QRQ�PHWDO� PDWHULDOV�� )RU
HYHU\GD\�HOHFWULFDO�DSSOLDQFHV�RQ�HDUWK�PHWDO�LV�DVVXPHG�WR�EH�WKH�PRVW�XVHIXO�RI
PDWHULDOV� WR� XVH� IRU� LWV� VWUHQJWK� DQG� IRU� LWV� HOHFWULFDO� FRQGXFWLYLW\�� %XW� DV� ZDV
VKRZQ�LQ�WKH�SUHYLRXV�FKDSWHU�PHWDO� LV�QRW�WKH�VXSHULRU�PDWHULDO�ZKHQ�LW�FRPHV
WR�LWV�XVHIXOQHVV�LQ�WUDQVIHUULQJ�RVFLOODWLQJ�HOHFWURQLF�FLUFXLWV���PHWDPDWHULDOV�DQG
VHPLFRQGXFWRUV� DUH�� )RU� WKLV� VDPH� UHDVRQ� WKH� WHOHPHWHU� ZKHHOV� ZRXOG� DOVR� EH
PDGH�SUHGRPLQDQWO\�RI�YDULRXV�W\SHV�RI�VHPLFRQGXFWLQJ�PDWHULDOV� �DQG�HYHQ� LWV
WXEHV�PD\�EH�PRUH�XVHIXO�PDGH�RI�VXFK�PDWHULDOV��
7KHVH�ZKHHOV�KDYH�EHHQ�GHVFULEHG�DV�KDYLQJ�DQ�RXWVLGH�VXUIDFH�ZKLFK�LV�VPRRWK
�QRW�IDFHWHG�OLNH�WKH�VSKHUHV���7KLV�ILWV�LQ�ZLWK�WKH�IDFW�WKDW�WKH\�ZRQ
W�KDYH�DQ\
VSHFLILF� HOHFWULFDOO\� FKDUJHG� HQHUJLHV� URWDWLQJ� RXWVLGH� WKHLU� VXUIDFHV� WR� LQWHUDFW
ZLWK�� EXW�PRVWO\� WKH� DVSHFW� RI� VPRRWKQHVV�ZLOO� EH� QHFHVVDU\� EHFDXVH� WKH\� ZLOO
KDYH�WR�WXUQ�XSRQ�WKH�VRIW�VXUIDFH�RI�WKH�LQQHU�ULQJ�WXEH�ZKHQHYHU�WKH�VSKHUH�VHW
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DVVHPEO\�URWDWHV��DV�ZLOO�EH�GHWDLOHG�EHORZ���7KHUHIRUH�� LW�ZRXOG�IROORZ�WKDW� WKH
VPRRWKHU�WKH\�DUH�WKH�EHWWHU�
%HWW\�/XFD�KDV�GHVFULEHG�VHHLQJ�WKHVH�JODVV�ZKHHOV�DV�KDYLQJ� LQVLGH�WKHP���IRXU
WKLFN� F\OLQGULFDO� H[WHQVLRQV� WKDW� ORRNHG� OLNH� PDQ\� FDEOHV� ZHOGHG� WRJHWKHU�
�$6%7�,,�S�����)RU�P\�ZRUNLQJ�K\SRWKHVLV�,�KDYH�WDNHQ�WKLV�GHVFULSWLRQ�WR�PHDQ
PDQ\�WXEHV�ZHOGHG�WRJHWKHU��7KH\�FRXOG�EH�ZLUHV��SRVVLEO\�EXQFKHV�RI�WKLFN�ZLUH
RI��VD\��DOXPLQXP�RU�FRSSHU�VR�WKDW�WKH\�ZRXOG�GR�WKH�VDPH�MRE�DV�/HLW]�ZLUH�WR
WDNH�DGYDQWDJH�RI�WKH�VNLQ�HIIHFW�ZKHQ�RVFLOODWLRQV�DUH�RI�DQ�XOWUD�KLJK�IUHTXHQF\
�IURP�WKH�IDFW�WKDW�XOWUD�KLJK�IUHTXHQF\�SXOVHV�RQO\�WUDYHUVH�D�FRQGXFWRU�DW�VNLQ
OHYHO���WKXV�LI�WKH�FRQGXFWLQJ�FKDQQHOV�DUH�WKHQ�PDGH�XS�RI�D�PXOWLSOH�JURXS�RI
WKLFN� ZLUHV� RU� WXEHV� WKLV� ZRXOG� EH� WR� LQFUHDVH� WKH� VXUIDFH� DUHD� RI� WKRVH
FRQGXFWRUV�WR�LPSURYH�WKH�RYHUDOO�VWUHQJWK�RI�WUDQVPLVVLRQ��7KLV�ZRXOG�SXW�WKH
FXUUHQW� RVFLOODWLRQV� EHLQJ� XVHG� E\� WKH� (7V� ILUPO\� LQ� WKH� 0+]� UDQJH� RI
IUHTXHQFLHV��EHFDXVH�WKDW·V�WKH�UDQJH�WKH�VNLQ�HIIHFW�ZRUNV�EHVW�LQ�>QRWH���@�>DQG
VHH�QRWH����@�
:KDW� WKH\�PLJKW� DOVR� EH� WKRXJK� DUH�KROORZ� ZLUHV� VSHFLDOO\�PDGH� IURP� YHU\� WKLQ
KROORZ� F\OLQGULFDO� PHWDO� �RI� DURXQG� �� PP� WKLFNQHVV��� IRU� UHFHQW� UHVHDUFK� KDV
GLVFRYHUHG�WKDW� VXFK�ZLUHV�ZKHQ�XVHG�DV�ZDYHJXLGHV�IRU�KLJK�*+]�IUHTXHQFLHV
SURSDJDWH� SODVPRQV� DORQJ� WKH� VXUIDFH� RI� WKRVH� ZLUHV� ZLWK� OLWWOH� DWWHQXDWLRQ
>'HLEHO@�>QRWH���@��7KLV�ODWWHU�ILHOG�RI�VWXG\�ZRXOG�VWUHQJWKHQ�WKH�YLHZ�WKDW�WXEHV
ZRXOG�EH�EHWWHU�WKDQ�ZLUHV��VR�,�ZRXOG�VWLOO�IDYRU�WKHVH�FRQGXFWRUV�EHLQJ�EXQFKHV
RI� KROORZ� WXEHV� UDWKHU� WKDQ� WKH� WKLFN� ZLUHV�� 7KH� PDLQ� SRLQW� DERXW� WKHVH
FRQGXFWRUV�EHLQJ�WXEHV�LV�WKDW�RQO\�DV�KROORZ�WXEHV�ZLOO�WKH\�WUDQVPLW�HQHUJLHV�DW
PLFURZDYH�IUHTXHQFLHV��ZKLFK��DV�ZLOO�EH�VKRZQ�WKURXJK�WKH�IROORZLQJ�VHFWLRQV
ZLOO�SURYH�WKH�PRUH�XVHIXO�UDQJH�RI�IUHTXHQFLHV�WR�XVH�KHUH��ZKHUHDV�ZLUHV�FDQQRW
WUDQVPLW�PLFURZDYHV�
7KH� RWKHU� SRLQW� DERXW� WKHVH� URGV� RU� WXEHV� �RU� KROORZ� ZLUHV�� DV� FRQGXFWLQJ
FKDQQHOV��LV�WKDW�HDFK�RI�WKHVH�UDGLDO�FKDQQHOV�LV�WHUPLQDWHG�E\�D�F\OLQGULFDO�FU\VWDO
ZKLFK�ORRNV�DV�LI�LW�ZRXOG�ZRUN�RQ�WKH�VDPH�SULQFLSOHV�DV�D�PDVHU�FU\VWDO�>QRWH�
�@��,QGHHG��EHFDXVH�WKHVH�FKDQQHOV�DUH�WHUPLQDWHG�ZLWK�VXFK�ER[�VKDSHG�FU\VWDOV�WKH
ZKROH� FRPSOH[LRQ� RI� ZKDW� HQHUJLHV� WKHVH� FKDQQHOV� PLJKW� WUDQVPLW� FKDQJHV
VRPHZKDW�� DQG� LW� GLVSRVHV� WKHP� HYHQ�PRUH� WRZDUG� EHLQJ�PLFURZDYH� WXEHV�� RU
SRVVLEO\�TXDVL�RSWLFDO�ZDYHJXLGHV��RU�HYHQ�DFRXVWR�RSWLFDO�ZDYHJXLGHV��>QRWH���@�
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)LJXUH�����$V�WKH�FRQGXFWLQJ�WXEHV�DOLJQ�ZLWK�WKH�WRURLG�ZDOO�WKH\�ZLOO�DOVR�DOLJQ
SDUDOOHO�WR�WKH�WRURLG
V�PDJQHWLF�ILHOG�OLQHV��WKLV�ZLOO�FDXVH�WKH�RVFLOODWLQJ�HQHUJLHV
WR�WXUQ�LQ�D�KHOLFDO�SDWK
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6WULFWO\� VSHDNLQJ� DQ� RSWLFDO� ZDYHJXLGH� PLJKW� VXJJHVW� WKDW� WKH� HQHUJ\� WR� EH
GHOLYHUHG�ZLOO�EH�DQ�LQWHQVH�OLJKW�SKRWRQ�HQHUJ\��VXFK�DV�ZLWK�D�ODVHU�EHDP��DQG
WKLV� PLJKW� EH� GLIILFXOW� WR� MXVWLI\� EHFDXVH� WKHUH� LV� QR� SKRWRQ� SRZHU�SXPSLQJ
DPSOLILHU�WR�DFFRPSDQ\�WKHVH�KROORZ�WXEHV�DQG�WKHLU�FU\VWDO�HQGV��VR�WKDW�WKHRU\
LV�RQO\�MXVW�EDODQFLQJ�XSRQ�WKH�ZLQGRZ�VLOO�
7KDW�WKH�HQHUJ\�EHDPV�SURSDJDWHG�RXW�RI�WKHVH�ZKHHOV�KDYH�WR�SDVV�WKURXJK�WKH
WRURLG� ZDOO� VXJJHVWV� WKDW� WKH� HQHUJ\�PXVW� XQGHUJR� DQ� LQWHUPHGLDU\� FRQYHUVLRQ
SURFHVV��SRVVLEO\� LQWR�SKRQRQV�RU� LQWR�SODVPRQV��2QH�ZD\�WKHQ�RI� WUDQVIHUULQJ
HQHUJ\� WKURXJK� WKH�PDWHULDO�ZDOO�RI� WKH� WRURLG�PLJKW�EH� WR� WUHDW� WKHVH� WXEHV� DV
DFRXVWR�RSWLFDO� ZDYHJXLGHV� �DV� DOOXGHG� WR� DERYH�� ZKLFK� ZRXOG� SURGXFH� D
FRQYHUVLRQ� SURFHVV� ZKLFK� ZRXOG� LQYROYH� H[FLWRQ� JHQHUDWLRQ� DQG� WKHQ� H[FLWRQ
WUDQVIHU��ZKHUH�WKHVH�JODVV�FU\VWDO�ZKHHOV�ZRXOG�EH�LUUDGLDWHG�ZLWK�6$:V��VXUIDFH
DFRXVWLF� ZDYHV��� DQG� VR� WKHUH� ZRXOG� EH� H[FLWRQ� DFWLYLW\� MXVW� EHORZ� WKH� RXWHU
VXUIDFHV�RI�WKHVH�JODVV�FU\VWDO�ZKHHOV�>QRWH���@��,I�KRZHYHU��WKH�PLFURZDYH�EHDP
ZDV� WR� FRXSOH� WR� WKH� DFRXVWLF� SKRQRQV�� WKURXJK� WKH� FU\VWDO� F\OLQGHU� WKHQ� WKDW
EHDP�PD\�EH�XVHG�WR�GUDJ�SKRQRQV�LI�WKH\�DUH�ZHDNO\�FRXSOHG�WR�LW�WKURXJK�WKH
PDWHULDO� LQWHUIDFHV� �PDVHU�TXDUW]�ZDOO�� RI� WKH� WRURLG�� HVSHFLDOO\� LI� WKH� EHDP� LV
PDGH�WR�J\UDWH�WKURXJK�WKH�FU\VWDO�LQ�VXFK�D�ZD\�DV�WR�EXQFK�WKH�HOHFWURQV�LQVLGH
WKH� PDVHU�OLNH� FU\VWDO� F\OLQGHU�� 7KH� SUHVHQFH� RI� WKH� RUWKRJRQDO� PDJQHWLF� ILHOG
ZRXOG� LPEXH� PRUH� HQHUJ\� LQWR� WKH� HOHFWURQV� WKDW� ZRXOG� FRPSHQVDWH� IRU� WKH
VOLJKW�DWWHQXDWLRQ�RI�WKH�6$:V�WUDQVSRUWDWLRQ�>QRWH����@��7KLV�EHLQJ�WKH�FDVH�WKHQ
WKH�FU\VWDOV�DW�WKH�HQG�RI�WKH�WXEHV�ZRXOG�IDFLOLWDWH�DQ�HOHFWURPDJQHWLF�WR�SKRQRQ
FRQYHUVLRQ� SURFHVV� WR� WKHQ� VHQG� WKH� HQHUJLHV� WKURXJK� WKH� PDWHULDO� ZDOO� DV
SKRQRQV��DQG�UHFRQYHUW�WKHP�EDFN�LQWR�HOHFWURPDJQHWLF�ZDYHV�RQ�WKH� LQVLGH�RI
WKH� WRURLG�� WKURXJK� WKH� FR�PXWXDO�PDJQHWLF� ILHOG� WKDW� SDVVHV� WKURXJK� ERWK� WKH
WXEHV�DQG�WKH�WRURLG�IOXLG��DQG�WKLV�SURFHVV�ZRXOG�FHUWDLQO\�SURYLGH�DQ�LQWHUHVWLQJ
IRUP� RI� RQH�ZD\� WUDQVSRUW� IRU� WKLV� XQGXODWLQJ� ILHOG�� 7KLV� PLJKW� VHHP� WR� EH� D
ZRUNDEOH�LGHD�
$QRWKHU� SRVVLELOLW\� PLJKW� EH� WKDW� LQVWHDG� RI� WKH� SODVPRQLF� UHVRQDWLQJ� FKDUJHV
IURP�WKH�ORZHU�VSKHUHV�EHLQJ�FRQYHUWHG�LQWR�HOHFWURPDJQHWLF�HQHUJ\�DQG�SDVVLQJ
WKURXJK� WKH� ZKHHO� WXEHV� DV� HOHFWURPDJQHWLF� ZDYHV�� WKH\� PLJKW� EH� WUDQVIHUDEOH
GLUHFWO\�LQWR�WKHVH�WXEHV��DV�SODVPRQLF�ZDYHV��DQG�PDGH�WR�SDVV�WKURXJK�LQWR�WKH
WRURLG�IOXLG�DV�SODVPRQ�FKDUJHV�
����2UWKRJRQDO�0DJQHWLF�)LHOG�7XUQV�%HDPV�+HOLFDO
,QWHUHVWLQJO\�� WKH�ZD\� WKDW� WKH� WRURLG
V�PDJQHWLF� ILHOG� UXQV� WKURXJK� WKH� WRURLG
V
ZDOO�RQ�LWV�ZD\�LQWR�WKH�VWHP�FRLOV�ZLOO�FRQVWLWXWH�DQ�RUWKRJRQDO�PDJQHWLF�ILHOG�DV
LW� SDVVHV� WKURXJK� WKH� WHOHPHWHU�ZKHHOV��PHDQLQJ� WKDW�ZKHQHYHU� WKH� FRQGXFWLQJ
WXEHV�OLQH�XS�SHUSHQGLFXODU�WR�WKH�WRURLG�ZDOO�WKH�PDJQHWLF�IOX[�OLQHV�ZLOO�PRVWO\
UXQ�SDUDOOHO�ZLWK�WKH�FRQGXFWLQJ�WXEHV��DV�VKRZQ�LQ�WKH�ILJXUHV����DQG����DERYH��
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7KLV�ZLOO�EH�DQ�DGGLWLRQDO�IDFWRU�ZKLFK�ZLOO�KHOS�GHWHUPLQH�ZKDW�WKH�ILQDO�HQHUJ\
FRQILJXUDWLRQ�ZLOO�EH�IRU� WKH�HQHUJLHV�SDVVLQJ� WKURXJK�WKHVH� WXEHV�� IRU� LW� LV�ZHOO
NQRZQ�WKDW� LQ� WKH�SUHVHQFH�RI�D�VWDWLRQDU\�PDJQHWLF� ILHOG�HOHFWURQV�SURSDJDWLQJ
WKURXJK�WKDW�ILHOG�ZLOO�EH�WXUQHG�LQWR�D�KHOLFDO�SDWK�GXH�WR�WKH�/RUHQW]��Y�[�%��IRUFH
�ZKHUHE\� WKH� HOHFWURQ� URWDWLRQDO� IUHTXHQF\�ZLOO� EH� SURSRUWLRQDO� WR� WKDW� DSSOLHG
PDJQHWLF�ILHOG��DQG�VR�WKLV�FRQILJXUDWLRQ�FRXOG�WKHQ�FLUFXODUO\�SRODUL]H�WKH�EHDPV�RI
HOHFWURQV�UXQQLQJ�WKURXJK�WKHVH�WXEHV�
7KDW�EHLQJ� WKH� FDVH�� LI� WKH� HOHFWURQV� DUH� IROORZLQJ� D� KHOLFDO� SDWK�� WKH\� FDQ� DOVR
WKHQ� EH� EXQFKHG� XS�� 7KLV� HOHFWURQ� EXQFKLQJ� ZRXOG� SURYLGH� D� SRZHU
DPSOLILFDWLRQ�SURFHVV��DQG�WKLV�PLJKW�EH�ZKDW�WKH�FU\VWDO�F\OLQGHUV�DW�WKH�HQGV�RI
WKH� WXEHV� DUH� VSHFLILFDOO\� HPSOR\HG� WR�HQKDQFH�E\� UHIOHFWLQJ� RU�PLUURULQJ� WKHP
EDFNZDUG�DQG�IRUZDUG��WR�DPSOLI\�WKHP�LQWR�D�PRUH�SRZHUIXO�EHDP�
%XW�DQ�RVFLOODWLQJ�HOHFWURPDJQHWLF�ILHOG�ZKLFK�UXQV�WKURXJK�D�VWDWLRQDU\�PDJQHWLF
ILHOG� DQG� WXUQV� WKDW� HOHFWURPDJQHWLF� ILHOG� LQWR� D� KHOLFDO� EHDP� $/62� IRUPV
DQRWKHU� XVHIXO� FRQYHUVLRQ� SURFHVV�� ,QGHHG�� VXFK� DQ� RUWKRJRQDO� VWDWLRQDU\
PDJQHWLF� ILHOG� FRQILJXUDWLRQ� LV� IHDWXUHG� LQ� WKH� WKHRUHWLFDO� FRQYHUVLRQ� RI
HOHFWURPDJQHWLF� �VSLQ���� ZDYHV� LQWR� JUDYLWDWLRQDO� �VSLQ���� ZDYHV�� %HFDXVH�
DFFRUGLQJ�WR�=HOGRYLFK��IROORZLQJ�RQ�IURP�*HUWVHQVKWHLQ��HOHFWURPDJQHWLF�ZDYHV
FDQ� EH� WUDQVIRUPHG� LQWR� JUDYLWDWLRQDO� ZDYHV� LI� WKH� HOHFWURPDJQHWLF� ZDYHV� DUH
SURSDJDWHG�WKURXJK�D�VWDWLF�RUWKRJRQDO�PDJQHWLF�ILHOG���UHODWLYH�WR�WKH�DFWLRQ�RI
WKH�VWUHVV�WHQVRU�EHLQJ�HVWDEOLVKHG�EHWZHHQ�WKHVH�WZR�ILHOGV��7KLV�PLJKW�EH�XVHIXO
WHFKQRORJ\�KHUH��EXW�LI�WKH�(7V�KDYH�WKLV�FRQYHUVLRQ�LQ�PLQG�WKHQ�WKH\�DUH�DOVR
DGGLQJ� WR� WKHVH� WZR� ILHOG� FRPELQDWLRQV�� DQ� H[WUD� FRQWULEXWLRQ� RI� DQJXODU
PRPHQWXP�� DQG� DOVR�� WKH\� DUH� SRVVLEO\� LQWURGXFLQJ� D� PDVV�GHQVLW\� JUDGLHQW
�EHWZHHQ� WKH� EODFN� YRUWH[� DQG� WKH� WRURLG� IOXLG���%XW� FRQVLGHULQJ� WKDW� WKHUH� DUH
RWKHU�PXFK�PRUH� VLPSOH� ZD\V� RI� WUDQVIHUULQJ� JUDYLWDWLRQDO� UDGLDWLRQ� IURP� WKLV
EODFN� YRUWH[� WR� RWKHU� SDUWV� RI� WKLV� DD8)2� WKHQ� WKLV� FRQYHUVLRQ� PHFKDQLVP�
LPSUHVVLYH�WKRXJK�LW�VRXQGV��ZLOO�EH�VHHQ�WR�EH�DQ�XQQHFHVVDU\�RQH��>QRWH����@��,WV
MXVW�LQWHUHVWLQJ�WKDW�SK\VLFLVWV�KDYH�EHHQ�ZRUNLQJ�RQ�D�VLPLODU�FRQYHUVLRQ�SURFHVV
ZKHUH� HOHFWURPDJQHWLF� ZDYHV�� LQ� WKHRU\�� FDQ� EH� FRQYHUWHG� LQWR� JUDYLWDWLRQDO
ZDYHV�>QRWH����@�
6XFK�D�PDJQHWLF�ILHOG�VHW�XS�LV�HTXDOO\�W\SLFDO�RI�D�IUHH�HOHFWURQ�ODVHU��)(/���EXW
ZLWK� WKH� LQWHQVLW\� RI� WKH� VWDWLF�PDJQHWLF� ILHOG� EHLQJ� VR� KLJK� WKHQ� WKH� VHW�XS� LV
PRUH�OLNH�D�*UDVHU��VLPLODU�WR�D�IUHH�HOHFWURQ�ODVHU�EXW�ZKLFK�UXQV�HOHFWURPDJQHWLF
ZDYHV� WKURXJK� D� VWDWLF� PDJQHWLF� ILHOG� DQG� WKHRUHWLFDOO\� FRQYHUWV� WKHP� WR
JUDYLWDWLRQDO�ZDYHV��RU�YLVD�YHUVD��E\�FLUFXODUO\�SRODUL]LQJ�WKHP�LQWR�D�KHOLFDO�ZDYH
ZKHQ� WKRVH� HQHUJLHV� DUH�SURSDJDWHG� WKURXJK�KROORZ� WXEHV� �DV�XQGXODWRU� WXEHV� RI
DSSUR[� �PP� ,�'��� DQG� VR� WKHRUHWLFDOO\� WKHVH� JUDYLWRQV�PD\� EH�ZKDW� DUH� EHLQJ
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WUDQVPLWWHG� �RU� FRQYHUWHG�� WKURXJK� WKH� WXEHV� DQG� LQWR� WKH� PDVHU�OLNH� FU\VWDOV
WHUPLQDWLQJ�WKRVH�WXEHV�>QRWH����@�
2WKHUZLVH��WKH�VHW�XS�UHVHPEOHV�DQ�HOHFWURQ�F\FORWURQ�PDVHU��(&0���DQG�LQ�VXFK
D�PHFKDQLVP�HOHFWURQV�FDQ�EH�SKDVH�EXQFKHG�LQWR�WKH�J\UDWLQJ�KHOLFDO�WUDMHFWRU\
RI�WKH�EHDP�LQ�VXFK�D�ZD\�DV�WR�DFFHOHUDWH�WKHP�>QRWH����@�
+RZHYHU�� WKH�DERYH� WKHRULHV� DUH�PRVWO\� UDWKHU� UHGXQGDQW� IURP� WKH� IDFW� WKDW� LQ
WKH�DD8)2
V�FRQILJXUDWLRQ�RI�PDJQHWLF� IOX[� OLQHV�� WKH�RQHV� FRPLQJ�GRZQ� IURP
WKH�XSSHU�WRURLG�ZLOO�EH�SXOVLQJ�DQG�WKH�IOX[� OLQHV�FRPLQJ�XS�IURP�WKH� WRURLG
V
ORZHU� PDJQHWLF� ILHOG� ZLOO� DOVR� EH� SXOVLQJ� �IURP� WKHP� DOO� EHLQJ� VWUHWFKHG� DQG
EURNHQ� E\� WKH� VWHP� FRLOV��� 6R�� ZKLOH� WKH� DD8)2� GRHV� KDYH� RUWKRJRQDO� ILHOGV
URXWHG� WKURXJK� DOO� IRXU� RI� WKH� WHOHPHWHU� ZKHHOV� WKH\� ZLOO� QRW� EH� VWDWLRQDU\� RU
VWDWLF�� ,QGHHG�� LW� VKRXOG�EH�QRWHG� WKDW� WKH� DD8)2�GRHV�QRW�KDYH�DQ\ZKHUH� LQ� LWV
HOHFWURPDJQHWLF�FLUFXLW�DQ\�VWDWLRQDU\�PDJQHWLF�ILHOGV�
����3XPSLQJ�XS�WKH�0LFURZDYH�%HDPV
6R�PDQ\�SRVVLELOLWLHV��EXW�ZKDW�KDV�WR�EH�UHPHPEHUHG�LV�WKDW�WKLV�FRQILJXUDWLRQ�LQ
WKH� DD8)2� LV� YHU\� VLPSOH�� DQG� LW� GRHVQ
W� ZRUN� E\� KDYLQJ� ORDGV� RI� SUH�
DPSOLILFDWLRQ�FLUFXLWV�DQG�KLJK�YROWDJH�WULJJHULQJV�WKDW�ZLOO�EH�GLPPLQJ�LWV�OLJKWV�
3DUWLFXODUO\� DV� WKH� VXP�RI� LWV� FRPSRQHQWV� DUH��PLFURZDYH� HQHUJ\�� FHQWUDO� KXE�
FDYLW\��KROORZ� �PHWDO�� WXEHV�� RUWKRJRQDO� �SXOVLQJ��PDJQHWLF� ILHOG�� FU\VWDO�PDVHU�
OLNH�F\OLQGHU���DOO�HQFDVHG� LQVLGH�D�JODVV�FU\VWDO�ZKHHO��$QG�WKH�HQHUJ\�KDV� WR�EH
GHOLYHUHG�WKURXJK�D�GLHOHFWULF�PDWHULDO�ZDOO�
/RRNLQJ�DW�WKLV�FRQILJXUDWLRQ�IURP�DQRWKHU�DQJOH�PLJKW�EH�D�EHWWHU�LGHD��$QG�LW
PLJKW� EH� EHWWHU� WR� WDNH� D� FORVHU� ORRN� DW� ZKDW� LV� DYDLODEOH� LQ� WKLV� SDUWLFXODU
HOHFWURPHFKDQLFDO�FLUFXLW�
,Q� HDFK�ZKHHO� WKHUH� DUH� IRXU� SHUSHQGLFXODU� UDGLDO� FKDQQHOV� HDFK� DSSUR[LPDWHO\
��FP�ORQJ�WKDW�VSUHDG�RXW�IURP�WKH�ZKHHO�D[OH��7KH�ZKHHO�D[OH�,�DP�SUHVXPLQJ�LV
VRPH� VRUW� RI� F\OLQGULFDO� FDYLW\� ZKLFK� ZLOO� EH� XVHG� WR� VKDSH� WKH� PLFURZDYH
RVFLOODWLRQV�� WR� SUHSDUH� WKHP� IRU� WKH� FRQGXFWLQJ� FKDQQHOV� �WKH� GHWDLOV� RI� WKHVH
ZHUHQ
W�VHHQ�DQG�VR�WKH\�FRXOG�KDYH�EHHQ�SODLQ�HPSW\�FDYLWLHV�RU�KDYH�KDG�FU\VWDO
ZDYHJXLGHV� LQVLGH� WKHP��� 7KH� IRXU� SHUSHQGLFXODU� FKDQQHOV� ZRXOG� KDYH� EHHQ
PDGH�XS�RI�IRXU�RU�ILYH�KROORZ�WXEHV��RU�ZLUHV��ZHOGHG�WRJHWKHU��)UHTXHQF\�ZLVH�
LI�WKH\�ZHUH�DURXQG��PP�,�'��WKDW�FRXOG�HTXDWH�WR�D����WR�����*+]�PLFURZDYH
IUHTXHQF\�� DQG� LI� VPDOOHU� VXFK� DV� WKH� �� PP� KROORZ� ZLUH� H[DPSOH� PHQWLRQHG
DERYH� WKH\� FRXOG�ZRUN� DURXQG� ��� WR� ����*+]� DOWKRXJK� ,� VXVSHFW� WKH\�PLJKW
HYHQWXDOO\�EH� IRXQG� WR�KDYH� LQWHUQDO� GLDPHWHUV� FORVHU� WR� �PP� �� �PP��ZKLFK� ,
ZRXOG�WHQWDWLYHO\�HTXDWH�WR����WR����*K]��>QRWH����@��$QG�ZLWK�WKDW�FRQMHFWXUH�,
ZRXOG�DOVR�VHH�WKDW�ZKDWHYHU�ZLOO�EH�WKH�PLFURZDYH�IUHTXHQF\�JHQHUDWHG�E\�WKHVH
WXEHV��WKLV�IUHTXHQF\�ZLOO�JUHDWO\�KHOS�LQ�WKH�GHWHUPLQDWLRQ�RI�ZKDW�VRUW�RI�IOXLG
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ZLOO�EH�FRQWDLQHG�LQVLGH�WKH�WRURLG�VKHOO��7KHVH�WZR�IDFWRUV�ZLOO�WKHUHIRUH�QHHG�WR
EH�ZRUNHG�RQ�LQ�WDQGHP�
7KDW�%HWW\�VDZ�WKHVH�FRQGXFWLQJ� WXEHV� WHUPLQDWHG�E\�FU\VWDOV�ZKLFK�ZHUH� 
ER[�
VKDSHG
� LQVLGH� WKHVH� JODVV�FU\VWDO� ZKHHOV� RIIHUV� DQ� LQGLFDWLRQ� WKDW� WKH� PRVW
SUHGRPLQDQW�IDFWRU�WR�WKHP�LV�WKDW�ERWK�WKHLU�LQQHU�DQG�RXWHU�IDFHV�DUH�SDUDOOHO�
7KLV�VXJJHVWV�TXLWH�VWURQJO\�WKDW�WKH\�PLJKW�EH�XVHG�WR�PLUURU�DPSOLI\�ZKDWHYHU
EHDP�JRHV� WKURXJK� WKHP� �� MXVW� OLNH� D�PDVHU� FU\VWDO�PLUURUV� LWV� HQHUJ\� EHDP� WR
DPSOLI\�LW��VR�DV�WR�ERXQFH�WKDW�EHDP�EDFN�DQG�IRUWK�EHWZHHQ�LWV�PLUURUHG�IDFHV
WR�SXPS�XS�WKH�EHDP
V�DPSOLWXGH��,Q�WKH� ODVHU�SURFHVV�VXFK�D�FU\VWDO� LV�XVHG�WR
LQWHQVLI\� LWV� LQSXW�EHDP�WKURXJK�FKLUSHG�SXOVH�DPSOLILFDWLRQ��ZKHUH� D�FU\VWDO�RI
QHRG\PLXP�JODVV� RU� WLWDQLXP�VDSSKLUH� LV� XVHG� �WKHVH� PDWHULDOV� KDYLQJ
H[FHSWLRQDOO\� JRRG� HQHUJ\� VWRUDJH� TXDOLWLHV�� >0RXURX�8PVWDGWHU� ����@�
2WKHUZLVH�� WKHUH�PD\�EH�D�SRSXODWLRQ� LQYHUVLRQ�PHFKDQLVP�XVHG�WKURXJK�WKHVH
ER[� FU\VWDOV�� DQG� DJDLQ�� WKH� FU\VWDO� ZRXOG� EH� 
SXPSHG
� ZLWK� PRUH� DQG� PRUH
HQHUJ\�VR�DV�WR�H[FLWH�WKH�DWRPV�FRPLQJ�WKURXJK�LW�WR�D�SRLQW�RI�H[FLWDWLRQ�ZKHUH
PRVW� RI� WKH� DWRPV� ULVH� XS� LQWR� D� PHWDVWDEOH� H[FLWHG� VWDWH�� DQG� WKHQ� ZKHQ
DGGLWLRQDOO\� WULJJHUHG� WKRVH� DWRPV� DOO�WRJHWKHU� GXPS� VXGGHQO\� WR� WKHLU� JURXQG
VWDWH�� VWLPXODWLQJ� ODUJH� QXPEHUV� RI� SKRWRQ� HPLVVLRQV�� ZKLFK� WKURXJK� D� ODVHU
FDXVHV� WKH� HQHUJ\� WR� H[LW� WKH� FU\VWDO� DV� D� SRZHUIXO� EHDP�� ,Q� WKLV� DD8)2
FRQILJXUDWLRQ� WKH� SULQFLSOH� ZLOO� SUREDEO\� EH� WKH� VDPH�� EXW� ZRUNLQJ� DW� D� PXFK
ORZHU�IUHTXHQF\�RI�HOHFWURPDJQHWLF�ZDYH�HQHUJ\�
*RLQJ� EDFN� WR� WKH� SRLQW� PDGH� DERYH� DERXW� WKH� VHW�XS� UHVHPEOLQJ� D� J\URWURQ
DVVHPEO\�RU�DQ�HOHFWURQ�F\FORWURQ�PDVHU�DVVHPEO\��ZKHUH�D�EHDP�RI�PLFURZDYH
HOHFWURQV� DUH� VHQW� GRZQ� D� WXEH� DQG� SDUDOOHO� WR� WKDW� WXEH� LV� D� YHU\� VWURQJ
RUWKRJRQDO�PDJQHWLF� ILHOG� �� VR� WKDW� WKH� EHDP�EHFRPHV� FLUFXODUO\� SRODUL]HG� DQG
IRUPV�D�KHOLFDO�SDWK�WKURXJK�WKDW�WXEH��7KHUH�DUH�YHU\�REYLRXV�VLPLODULWLHV�KHUH�WR
WKRVH�WZR�FRQILJXUDWLRQV��KRZHYHU��LI�WKHVH�FRQGXFWRUV�LQVLGH�WKLV�8)2
V�ZKHHOV
DUH�WXEHV��ZK\�JURXS�WKHP�LQWR�IRXU�RU�ILYH�WXEHV�"�+HUH��LW�PD\�SURYH�LQWHUHVWLQJ
WR�VSHFXODWH�WKDW�LI�WKHUH�ZHUH�DW�OHDVW�IRXU�KROORZ�WXEHV��WKHQ�WKH\�FRXOG�GHOLYHU
IRXU�URWDWLQJ�PLFURZDYH�EHDPV�WKURXJK�WR�WKH�ER[�VKDSHG�FU\VWDO�DW�WKH�HQG�RI
WKRVH�WXEHV�
7KLV�FRXOG�VHW�XS�D�ZKLVSHULQJ�JDOOHU\�W\SH�RI�IORZ�ZLWKLQ�WKH�ER[�VKDSHG�FU\VWDO��DW
WKH� FHQWHU� RI� ZKLFK� ZRXOG� EH� LQGXFHG� DQRWKHU� VHFRQGDU\� URWDWLQJ� EHDP�� 7KLV
VHFRQGDU\�EHDP�ZRXOG�KDYH�D�SUHFLVH� IUHTXHQF\��ZKLFK�ZRXOG�EH�DXWRPDWLFDOO\
SUH�VHW�E\� WKH�GLPHQVLRQV�RI� WKH�PXOWL�WXEH�DVVHPEO\� �DQG� WKH�FRQILJXUDWLRQ�RI
WKH�ER[�FU\VWDO��DQG�WKLV�IUHTXHQF\�ZRXOG�EH�WKH�PRVW�GHVLUHG�IUHTXHQF\�WR�VHQG
RQZDUG�WKURXJK�WR�WKH�WRURLG��6XFK�D�VHFRQGDU\�EHDP�ZRXOG�EH�JUHDWO\�DPSOLILHG
WKURXJK� WKH�FU\VWDO�E\� WKDW�EHDP�PLUURULQJ�EDFNZDUG�DQG� IRUZDUG�EHWZHHQ� WKH
FU\VWDO
V� IURQW� DQG� UHDU�SDUDOOHO�PLUURUHG� IDFHV�� DQG� WKDW�EHDP�ZRXOG� EH� JUHDWO\
DPSOLILHG�E\�WKHUH�EHLQJ��DV�LQ�WKLV�FDVH��IRXU�RU�ILYH�URWDWLQJ�EHDPV�DOO�FRDOHVFLQJ
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WRJHWKHU�WR�LQGXFH�WKH�RQH�FHQWUDO�EHDP�ZLWKLQ�WKH�ER[�VKDSHG�FU\VWDO��7KLV�IROORZV
D� SDUWLFXODU� W\SH� RI� ZKLVSHULQJ�JDOOHU\� HOHFWURQ�F\FORWURQ�UHVRQDQFH� PDVHU�
RVFLOODWRU�ZKLFK�XVHV�WKLV�YHU\�VDPH�W\SH�RI�VHW�XS�LQ�RUGHU�WR�SXPS�XS�LWV�RXWSXW
EHDP� WR� D� PXFK� JUHDWHU� OHYHO� RI� SRZHU� >QRWH�� ��@�� 7KLV� SRZHU� DPSOLILFDWLRQ
SURFHVV�ZRXOG� GHSHQG� XSRQ� KRZ� WKH�PLFURZDYH� FDYLW\� DW� WKH� WHOHPHWHU� ZKHHO
D[OH�GLVWULEXWHG�WKH�HOHFWURPDJQHWLF�HQHUJ\� LQWR�WKH�WXEHV��EXW�� LI�RQH�EHDP�FDQ
EH�GLUHFWHG�GRZQ�WKDW�FKDQQHO�ZK\�QRW�KDYH�IRXU�RU�ILYH�KROORZ�WXEHV�WR�GLUHFW
IRXU�RU�ILYH�EHDPV�GRZQ�WKH�VDPH�FKDQQHO�DOO�DW�WKH�VDPH�WLPH��$�IDFWRU�ZKLFK
ZLOO�JUHDWO\�KHOS�WKLV�DPSOLILFDWLRQ�FRQILJXUDWLRQ�ZLOO�EH�WKH�VWURQJ�PDJQHWLF�ILHOG
WKDW�WKH�ZKHHOV�ZLOO�EH�RSHUDWLQJ�LQ�FRQWLQXDOO\��VHH�ILJXUH�����
6R�WKH�TXLQWHVVHQWLDO�UHDVRQLQJ�EHKLQG�XVLQJ�WKLV�J\URWURQ�OLNH�ZKLVSHULQJ�JDOOHU\
FRQILJXUDWLRQ�ZRXOG�EH� WR�SURGXFH�D�EHDP�VHYHUDO�RUGHUV�RI�PDJQLWXGH�JUHDWHU
WKDQ� WKURXJK� D� FRQYHQWLRQDO� PLFURZDYH� WXEH� V\VWHP� >QRWH�� ��@�� 2EYLRXVO\
H[SHULPHQWDWLRQ� ZRXOG� EH� QHHGHG� WR� HVWDEOLVK� SUHFLVHO\� ZKDW� WKH� IUHTXHQFLHV
PLJKW�EH��EXW� IURP�WKH�DUELWUDU\� VFDOLQJ�RI�P\�GUDZLQJV� WKH�ER[�VKDSHG�FU\VWDO
ZRXOG�ORRN�WR�KDYH�DQ�RXWVLGH�GLDPHWHU�RI�DERXW���PP��ZKLOH�WKH�WXEHV�ZRXOG
KDYH�LQVLGH�GLDPHWHUV�DSSUR[LPDWHO\����PP��EXW�SRVVLEO\�DV�ODUJH�DV���PP���DQG
VR�WKH�LQGXFHG�VHFRQGDU\�EHDP�LQ�WKH�PLGGOH�VKRXOG�EH�EHWZHHQ���PP�����PP
LQ� GLDPHWHU� ZKLFK� ZRXOG� HTXDWH� WR� D� PLFURZDYH� IUHTXHQF\� RI� VRPHZKHUH
EHWZHHQ���WR����*+]�
)RU� WKH� ER[�VKDSHG� FU\VWDO� WHUPLQDWLQJ� WKH� FRQGXFWLQJ� WXEHV� WKHUH� DUH� PDQ\
FU\VWDO�PDWHULDO�FRPELQDWLRQV�ZKLFK�H[LVW� IRU� WKLV� W\SH�RI� WDVN��DOO�JLYLQJ�D� ODUJH
UDQJH�RI�RVFLOODWLRQV� WR�FKRRVH� IURP��DQG�VR�JRLQJ�EDFN� WR� WKH�FRPPHQW�PDGH
DERYH�� WKH� RVFLOODWLRQ� IUHTXHQF\� RI� WKH� PLFURZDYH� WXEHV� DQG� WKHVH� WHUPLQDO
FU\VWDOV�ZLOO�QHHG�WR�FRUUHVSRQG�WR�WKH�LRQL]DWLRQ�IUHTXHQF\�RI�ZKDWHYHU�IOXLG� LV
EHLQJ�XVHG�LQ�WKH�WRURLG��ZKLFK��LQ�WKH�FDVH�RI�WKH�DD8)2��ZLOO�PRVW� OLNHO\�EH�D
K\GURJHQ�EDVHG�OLTXLG�VXFK�DV�ZDWHU�RU�VHDZDWHU�>QRWH����@�
����)LULQJ�7KURXJK�WKH�7RURLG�:DOO
(OHFWURQV�EHLQJ�SXPSHG�GLUHFWO\�WKURXJK�D�ZDOO�"�:HOO�\HV�� LI�\RX�FRQVLGHU�WKDW
DQ�HOHFWURQ�LV�DIWHU�DOO�VRPHWKLQJ�WKDW�HQMR\V�SDUWLFOH�ZDYH�GXDOLW\��(OHFWURQV�FDQ
VLPXOWDQHRXVO\�EH� D�ZDYH�RU� D�SDUWLFOH� �RU� HYHQ�ERWK�DW� WKH� VDPH� WLPH��� ,I� RQH
FRQVLGHUV� WKDW� DQ� HOHFWURQ� LV� PDGH� XS� RI� SKRWRQV�� DQG� SKRWRQV� DUH� ZHOO
HVWDEOLVKHG� DV� EHLQJ� WKH� TXDQWD� RI� WKH� HOHFWURPDJQHWLF� ILHOG�� 7KLV� ZDV
GHPRQVWUDWHG� LQ� WKH�EHDP�RI� HOHFWURQV� VHQW� WKURXJK�D� FU\VWDO� LQ� WKH�'DYLVVRQ�
*HUPHU� H[SHULPHQW� EDFN� LQ� ������ DQG� LQ� WKH� FDWKRGH� UD\V� RI� HOHFWURQV� WKDW
3KLOOLSS� /HQDUG� �LQ� ������ GLVFRYHUHG� ZRXOG� SDVV� WKURXJK� PDWHULDOV� VXFK� DV
DOXPLQXP��3HUKDSV�DOVR��WKHVH�ER[�FU\VWDOV�DW�WKH�HQGV�RI�WKHVH�WXEHV�DUH�WKHUH�WR
FRQYHUW� WKH� HOHFWURQ�EHDPV� LQWR� HOHFWURQ�ZDYHV� LQ� UHDGLQHVV� WR� WXQQHO� WKURXJK
WKH�WRURLG�ZDOO�>QRWH����@�
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)LJXUH�����7KH�WHOHPHWHU�ZKHHOV�ILUH�LRQL]LQJ�EHDPV�LQWR�WKH�IOXLG�PRYLQJ�DURXQG
WKH�WRURLG
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7R� UHLWHUDWH� ZKDW� KDV� JRQH� EHIRUH� WKRXJK�� ZKLOH� H[FLWRQ� DQG� HOHFWURQ
WUDQVSRUWDWLRQV�WKURXJK�WKH�WRURLG�ZDOO�DUH�IHDVLEOH��,�WKLQN�ZKHQ�DOO�WKH�FOXHV�DUH
DVVHPEOHG�� DQG� WKHUH� DUH� \HW� VWLOO�PRUH� WR� EH� GHOLYHUHG� IXUWKHU� LQWR� WKLV� VWXG\�
ZKDW� LV�PRVW� OLNHO\� LV� WKDW� D� SODVPRQLF� UHVRQDQFH� ZLOO� EH� VHW� XS� LQ� WKH� FU\VWDO
F\OLQGHUV� IHG� E\� WKH� PLFURZDYH� WXEHV� DQG� VR� WKH� FKDUJHV� �UDWKHU� WKDQ� WKH
HOHFWURQV� WKHPVHOYHV�� ZLOO� EH� WUDQVSRUWHG� WKURXJK� WKH� JODVV�FU\VWDO� PDWHULDOV
WKURXJK�WR�WKH�IOXLG�IORZLQJ�LQVLGH�WKH�WRURLG�
2Q� WKH� RWKHU� VLGH� RI� WKH� WRURLG� ZDOO� LQWHUIDFH� WKH� IOXLG� �LH� ZDWHU�� ZLOO� EH
FLUFXODWLQJ�WKURXJK�WKH�WRURLG�VKHOO��VHH�ILJXUH����RI�WRURLG�IORZ��PRYLQJ�DURXQG
DV�D�WRURLG�ILHOG�E\�WKH�VDPH�PHFKDQLVP�WKDW�URWDWHV�WKH�IOXLG�RI�DQ�DFFUHWLRQ�GLVN
RXW� LQ� VSDFH�� WKURXJK� WKH� DJHQF\� RI� WKH� FR�PXWXDO� PDJQHWLF� ILHOG� UXQQLQJ
EHWZHHQ�WKH�WRURLG�DQG�WKH�EODFN�YRUWH[��VR� WKDW� LW�ZLOO�EH� LPEXHG�ZLWK�DQJXODU
PRPHQWXP�FRPLQJ�IURP�WKH�FUDIW
V�EODFN�YRUWH[�
����7KH�8)2�7DNHV�RQ�:DWHU�WR�%UHDNGRZQ�LQWR�(OHFWURQLF�)OXLG
,Q� WKH�FDVH�RI� WKH�DD8)2�WKHUH� LV�QRZKHUH� LQ�%HWW\�/XFD
V� UHFROOHFWLRQ�RI� WKDW
SDUWLFXODU�8)2
V�VWUXFWXUH�DQ\�LQGLFDWLRQ�ZKDWVRHYHU�RI�ZKDW�PLJKW�EH�FRQWDLQHG
LQVLGH�WKH�WRURLG�VKHOO��6R��WKLV�IDFWRU�KDV�EHHQ�DGMXGJHG�SDUWO\�E\�ZKDW�KDV�EHHQ
GHHPHG� WKH�PRVW� DSSURSULDWH� IOXLG� IRU� WKLV�ZKROH� HOHFWUR�G\QDPLF� V\VWHP�� DQG
SDUWO\� IURP� WKH� HYLGHQFH� ZKLFK� KDV� VKRZHG� WKDW� WKH� H[WUDWHUUHVWULDOV� ZHUH
REVHUYHG� WDNLQJ�RQ�ERDUG�ZDWHU�SULRU� WR� WKHP�SHUIRUPLQJ�D�PHFKDQR�HOHFWULFDO
LRQL]LQJ� SURFHVV� RQ� WKDW� ZDWHU�� &HUWDLQO\�� LW� ZRXOG� VHHP� KLJKO\� OLNHO\� WKDW� WKH
DD8)2
V�WRURLG�ZLOO�EH�ILOOHG�ZLWK�DQ�LRQL]DEOH�IOXLG��DQG�WKDW�WKLV�IOXLG�ZLOO�EH�D
K\GURJHQ�EDVHG� OLTXLG� VXFK� DV� IUHVK� ZDWHU� RU� VHDZDWHU� VR� WKDW� LW� FDQ� EH� HDVLO\
UHSOHQLVKHG�>QRWH����@�
7R� OHQG� FUHGHQFH� WR� WKH�ZDWHU� WKHRU\� LV� WKH� IDFW� WKDW� VHYHUDO� REVHUYHUV� RI� 8)2
DFWLYLW\�RWKHU�WKDQ�%HWW\�/XFD�KDYH�UHSRUWHG�VHHLQJ�8)2V�KRYHULQJ�RYHU�WKH�VHD
DQG�RYHU� ODNHV�DSSDUHQWO\�GUDZLQJ�XS� LQWR� WKHP�KXJH�TXDQWLWLHV�RI�ZDWHU��7KDW
WKRVH�8)2V�ZHUH� DOVR� VHHQ� GXPSLQJ� VRPH�ZDWHU� EDFN� VXJJHVWV� WKDW� ZKDWHYHU
ZDWHU�WKH\�GR�XVH�LQ�WKHLU�FUDIW�EHFRPHV�GHSOHWHG�LQ�VRPH�ZD\��%HWW\�/XFD�KHUVHOI
PHQWLRQV� ZDWFKLQJ� WKLV� SKHQRPHQRQ�� DQG� VKH� GRHV� DFWXDOO\� PHQWLRQ� VHHLQJ
VSDUNV�RI�HOHFWULFLW\� IO\LQJ�DOO�RYHU� WKH�SODFH�ZKHQ� WKH�SURFHVV�ZDV� WDNLQJ�SODFH
>QRWH����@��%XW� WKHQ�� MXVW� OLNH�SK\VLFLVW�'U��+DO�3XWKRII�RIWHQ� VD\V�RI� WKH�]HUR�
SRLQW�IOXFWXDWLRQV� WKDW� WKHUH� DUH� KXJH� DPRXQWV� RI� HQHUJ\� MXVW� ZDLWLQJ� WR� EH
H[WUDFWHG� IURP� EXW� D� WKLPEOH� RI� WKH� =3)� LQ� VSDFH�� VR� WRR� LV� WKHUH� LV� D� KXJH
DPRXQW�RI�HQHUJ\�HQFDSVXODWHG�LQ�VLPSOH�ZDWHU���LI�\RX�NQRZ�KRZ�WR�H[WUDFW�LW�
7KH�FROOHFWHG�ZDWHU�WKDW�ILOOV�WKH�DD8)2
V�WRURLG�WKRXJK�ZLOO�EH�RI�OLWWOH�XVH�LI�LW
FDQQRW�EH�LRQL]HG�DQG�SRODUL]HG�LQWR�VHSDUDWH�SRVLWLYH�DQG�QHJDWLYH�FRPSRQHQWV�
%XW� LI� LW�FDQ�EH� LRQL]HG�DQG�VHSDUDWHG�WKHQ�WKH�ZDWHU�ZLOO�FRQWULEXWH�DV�D�PDMRU
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FRPSRQHQW� LQ� WKH�FUDIW
V�HOHFWULFDO�FLUFXLW��)RU� WKLV� WR�KDSSHQ� LQ�ZDWHU� WKLV�ZLOO
PHDQ� VHSDUDWLQJ� WKH� QHJDWLYH� K\GUR[\O� LRQV� �2+PLQXV�� IURP� WKH� SRVLWLYH
K\GUR[RQLXP� LRQV� �+�2SOXV��� DQG�P\� VWXGLHV� KDYH� LQGLFDWHG� WKDW� XQGHU� FHUWDLQ
FRQGLWLRQV�ZDWHU�FDQ�SHUIRUP�WKLV�WDVN�YHU\�ZHOO�DQG�FDQ�EH�H[SHFWHG�WR�KDYH�D
YHU\� JRRG� UDWH� RI� VWUXFWXUDO� GLIIXVLRQ� RI� LWV� FRPSRQHQW� LRQV� LQ� RUGHU� IRU� WKLV
SRODUL]DWLRQ�WR�RFFXU�>QRWH����@��$OWKRXJK��LI� LW�ZHUH�SRVVLEOH�WR�ERQG�D�KHDYLHU
FKHPLFDO�HOHPHQW�WR�WKH�SRVLWLYH�K\GUR[RQLXP�LRQV�WKHQ�WKLV�SRODUL]DWLRQ�ZRXOG
RFFXU�DOO� WKH�PRUH�HIILFLHQWO\�� ,� IHHO� �WKLV� UHODWHV� WR� WKH�K\SRWKHVLV�GHOLQHDWHG� LQ
VHFWLRQ������EHORZ��
$QRWKHU�IDFWRU�ZLWK�ZDWHU�LV�WKDW�ZKHQ�VHSDUDWHG�WKH�SRVLWLYH�R[\JHQ�PROHFXOHV
ZLOO� KDYH� DQ� DOPRVW� ����� WLPHV� KLJKHU�PDJQHWLF� VXVFHSWLELOLW\� WKDQ� WKH� ZDWHU·V
QHJDWLYH� K\GURJHQ� PROHFXOHV�� 7KLV� ZLOO� SRLQW� WR� D� VLJQLILFDQW�� DQG� H[SORLWDEOH�
GLIIHUHQWLDO�ZKHQ�LW�FRPHV�WR�WKH�URXWLQJ�RI�WKH�PDJQHWLF�ILHOG�OLQHV�WKURXJK�WKH
PLGGOH�RI�WKH�WRURLG��ZKLFK�LV�DOVR�ZKHUH�WKH�WHOHPHWHU�ZKHHO�EHDPV�ZLOO�EH�ILULQJ
LQWR�WKH�WRURLG
V�ZDWHU�
����3XOVH�)LULQJ�LQWR�WKH�7RURLG�WR�,RQL]H�LWV�)OXLG
,�KDYH�DOUHDG\�K\SRWKHVL]HG�WKDW�WKH�IOXLG�LQVLGH�WKH�WRURLG�VKRXOG�EH�LRQL]HG�DQG
SRODUL]HG��VHFWLRQV�����DQG�������7KLV�FDQ�EH�GRQH�WKURXJK�WKH�EHDPV�EHLQJ�ILUHG
LQWR� WKH� WRURLG� E\� WKH� WHOHPHWHU� ZKHHOV��:KHQ� WKH� VKRUW� SXOVHV� RI� PLFURZDYH
HQHUJ\�DUH�ILUHG�WKURXJK�WKH�WRURLG�ZDOO�IURP�WKH�IRXU�WHOHPHWHU�ZKHHOV�LQWR�WKLV
PRYLQJ�IOXLG�WKHQ�WKHVH�EHDPV�ZLOO�FRQWLQXDOO\�LRQL]H�VPDOO�SRFNHWV�RI�WKDW�IOXLG�
SRVVLEO\�WKURXJK�D�SURFHVV�VLPLODU�WR�KRZ�PLFURZDYH�UDGLDWLRQ�FDQ�&RPSWRQL]H�
LRQL]H�DWRPV�WR�NQRFN�HOHFWURQV�RII�WKH�IOXLG
V�DWRPV�DQG�PROHFXOHV��$QG�LQVWHDG
RI�WKRVH�LRQL]HG�SDUWLFOHV�UHFRPELQLQJ�DOPRVW� LQVWDQWO\� �ZKLFK� LV�ZKDW�QRUPDOO\
KDSSHQV�LQ�VWDWLRQDU\�IOXLGV��WKH�IDFW�WKDW�WKH�IOXLG�ZLOO�EH�IDVW�PRYLQJ�WKURXJK�WKH
WRURLG�ZLOO�JUHDWO\�KDPSHU�WKDW�UHFRPELQDWLRQ�DQG�DLG�WKH�SRODUL]DWLRQ�SURFHVV�
7KH�W\SH�RI�SURFHVV� WKDW�ZRXOG�EH�XVHIXO�KHUH�ZRXOG�EH�RQH�VLPLODU� WR�D�ZDWHU
LRQL]DWLRQ�SURFHVV� LQLWLDWHG� E\� D� ODVHU� EHDP��ZKHUH� WKLV� VRUW� RI� SURFHVV� �ZKLFK
ZDV�GHYHORSHG�WR�FDUU\�RXW�VWXGLHV�RQ�VHDZDWHU��LQLWLDWHV�DQ�HOHFWULFDO�EUHDNGRZQ
RI� WKH� VXUURXQGLQJ�ZDWHU�PROHFXOHV�ZKHQ� WKH�ZDWHU� LV� SHUWXUEHG�E\� WKH� ODVHU
V
EHDP��,Q�WKLV�SURFHVV�WKH�ODVHU�EHDP�FDYLWDWHV�D�VPDOO�SRFNHW�RI�WKH�ZDWHU��DQG�DV
LQVLGH�WKHVH�VPDOO�SRFNHWV�WKH�DLU�LV�PXFK�KRWWHU�WKDQ�WKH�VXUURXQGLQJ�ZDWHU�WKH
SRFNHWV�WHQGV�WR�H[SDQG�RXWZDUG��FUHDWLQJ�D�JDV�ILOOHG�EXEEOH�ZKLFK�JRHV�RQ�WR
JHQHUDWH�DQ�DFRXVWLF�VKRFN�ZDYH��ZKLFK�WKHQ�IXUWKHU�H[SDQGV�WKURXJK�WKH�ZDWHU
>QRWH����@�
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)LJXUH�����7KH�VSKHUH�VHW�DVVHPEO\�ZLOO�URWDWH�E\�WKH�IRUFH�RI�WKH�EODFN�YRUWH[�WR
ILUH�SXOVHV�LQWR�IOXLG
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%XW�WKLV�VDPH�LRQL]LQJ�HIIHFW�VKRXOG�DOVR�EH�SRVVLEOH�DW�PLFURZDYH�IUHTXHQFLHV�E\
WKH�KHOLFDO�EHDPV�EHLQJ�ILUHG�WKURXJK�WKH�WHOHPHWHU�ZKHHOV��DQG�DW�WKH�VDPH�WLPH
WKLV�ZLOO� KDYH� D� KHDWLQJ� HIIHFW� RQ� WKH�ZDWHU���$QG� LQ� WKH�KHDWLQJ� RI� WKH� WRURLG
V
ZDWHU�� KHUH� LV� DQRWKHU� PHFKDQLVP� WKURXJK� ZKLFK� WKDW� ZDWHU� FDQ� EH� SURSHOOHG
HYHQ� IDVWHU� DURXQG� WKH� WRURLG� VKHOO�� )RU� ZKHUH� WKH� EHDPV� KLW� WKH� IOXLG� LQ� WKH
FHQWHU�RI�WKH�WRURLG��VHH�ILJXUHV����DQG������LI�WKHLU�PLFURZDYH�IUHTXHQF\�LV�KLJK
HQRXJK� WKH\�ZLOO� KHDW� XS� DQG� FDYLWDWH� VPDOO� SRFNHWV� RI� LW� �MXVW� OLNH� LQ� WKH� FDVH
DERYH� ZLWK� WKH� ODVHUV��� DQG� WKH� ZDWHU� LPPHGLDWHO\� VXUURXQGLQJ� WKH� FDYLWDWLRQ
SRFNHWV�ZLOO�H[SDQG�DQG�EHFRPH�OHVV�GHQVH�WKDQ�WKH�EXON�IOXLG�PRYLQJ�WKURXJK
WKH� WRURLG�� VR�ZKDW�ZLOO� KDSSHQ� LV� WKDW� WKH� UHVXOWLQJ� GHQVLW\�LPEDODQFHV� �LQ� WKH
IRXU� ORFDWLRQV� ZKHUH� WKHVH� EHDPV� ILUH� LQWR� WKH� ZDWHU�� ZLOO� FDXVH� WKH� ZDWHU� WR
PRYH�IDVWHU��7KH�NQRFN�RQ�HIIHFW�RI�PRYLQJ�WKH�ZDWHU� WKURXJK�WKH� WRURLG�VKHOO
IDVWHU�ZLOO�EH�WKDW� LWV� LRQL]HG�SRODUL]HG�PROHFXOHV�ZLOO�JHQHUDWH�D�PRUH�SRZHUIXO
PDJQHWLF� ILHOG� DURXQG� WKH� RXWVLGH� RI� WKH� WRURLG� VKHOO�� DQG� WKLV� PDJQHWLF� ILHOG�
ZKLOH�LW� LV�WKH�VDPH�RQH�WKDW�IHHGV�LQWR�WKH�FUDIW·V�EODFN�YRUWH[��ZLOO�DPSOLI\�WKH
/RUHQW]�IRUFHV�LQVLGH�WKH�FHQWUDO�HUJRVSKHUH�DQG�LW�ZLOO�LPEXH�H[WUD�IRUFH�LQWR�WKH
URWDWLRQDO�WRUTXH�RI�WKH�EODFN�YRUWH[�>QRWH����@�
6LJQLILFDQWO\�� WKURXJK�WKLV�PHFKDQLVP��DV� WKH� LQWHQVLILFDWLRQ�RI� WKH�EHDPV�EHLQJ
ILUHG� LQWR� WKH� WRURLG� LQFUHDVHV�� VR�ZRXOG� WKH� YHORFLW\� RI� WKH� WRURLG·V� IOXLG� DOVR
LQFUHDVH� DQG� WKH� PRUH� WKDW� IOXLG� ZRXOG� HPSRZHU� WKH� FUDIW·V� HOHFWURG\QDPLF
IRUFHV�� 7KLV� ZRXOG� EH� RQH� ZD\� LQ� ZKLFK� WKH� DD8)2·V� HOHFWURG\QDPLF� SRZHU
FRXOG�EH� LQFUHDVHG�DQG�GHFUHDVHG��EHFDXVH� WR�IHHG�PRUH�/RUHQW]� IRUFH� LQWR� WKH
FUDIW·V� EODFN� YRUWH[� ZRXOG� LQFUHDVH� LWV� URWDWLRQDO� YHORFLW\� DQG� LWV� GHPDQG� RI
VXEDWRPLF� DQG� SKRWRQLF� HQHUJ\� �DQG� WKHQ� PRUH� JUDYLWDWLRQDO� IRUFH� DQG� PRUH
DQJXODU�PRPHQWXP�ZRXOG� EH� IHG� LQWR� WKH� J\UDWLQJ� VWRUDJH� ILHOG�� DQG� LWV� RWKHU
HUJRVSKHUHV��
3UHOLPLQDU\�FDOFXODWLRQV�IRU�WKH�EHDP�ILULQJ�UHSHWLWLRQ�UDWH��DQG�WKH�UHDGHU�ZLOO�EH
UHPLQGHG�WKDW�WKHVH�ZLOO�RQO\�EH�EDVHG�RQ�D�VSKHUH�VHW�DVVHPEO\�URWDWLRQ�VSHHG�RI
MXVW�RQH�KDOI�UHYROXWLRQ�SHU�VHFRQG������+]���VXJJHVW�WKDW�SXOVHV��FRQWDLQLQJ�WKH
�����*+]�PLFURZDYHV�� FDQ� EH� ILUHG� WKURXJK� WKHVH� WHOHPHWHU� ZKHHO� WXEHV� DW� D
SXOVH�UHSHWLWLRQ�UDWH�RI�����+]��RU�HYHU\��������PLOOLVHFRQGV���SHU�ZKHHO��ZLWK�D
SXOVH�GXUDWLRQ�RI�������PLOOLVHFRQGV��7KLV�LV�TXLWH�D�FRQVHUYDWLYH�HVWLPDWH�WKRXJK
DQG� WKHUH� LV� D� ORW� RI� OHHZD\� LQ� WKHVH� ILJXUHV� IRU�ZKHQ� WKH� VSKHUH�VHW� DVVHPEO\
SRZHUV�XS�DQG�URWDWHV�IDVWHU��DOWKRXJK��ZKLOH�WKH�SXOVH�UDWH�GRHV�LQFUHDVH�VR�WKH
SXOVH�GXUDWLRQ�EHFRPHV�VPDOOHU�DQG�VPDOOHU��DQG�VR�WKHUH�ZLOO��WKHRUHWLFDOO\��EH�D
PD[LPXP�ZRUNLQJ�SXOVH�UDWH�WKDW�ZLOO�DOORZ�WKDW�LRQL]DWLRQ�WR�EH�VXVWDLQHG�LQVLGH
WKH�WRURLG��EHIRUH�WKLV�PHWKRG�EHFRPHV�LQHIIHFWXDO��DQG�WKLV�ZLOO�GHSHQG�RQ�KRZ
VKRUW�D�SXOVH�FDQ�VWLOO�EH�XVHG�WR�FDYLWDWH�WKH�ZDWHU��>QRWH����@�
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,Q�WKLV�UHJDUG�WKHQ��LW�PD\�SRVVLEO\�EH�WKDW�WKH�LQWHQWLRQ�LV�WR�ERWK�LRQL]H�$1'
WR�SURSHO��DQG�WR�KHDW��WKDW�IOXLG��DQG�WKXV�ZLVH�SURYLGH�WKH�PHDQV�WR��LRQL]H��DQG
SRODUL]H�WKH�WRURLG
V�IOXLG�VR�DV�WR�VHSDUDWH�WKH�QHJDWLYH�FKDUJHV�IURP�WKH�KHDYLHU
SRVLWLYH�SDUWLFOHV���DQG�WR�DFFHOHUDWH�LWV�PRWLRQ�WKURXJK�WKH�WRURLG�VKHOO��ZKLFK�WR
VRPH�H[WHQW�ZRXOG� WXUQ� WKH�DFWXDO� VWUXFWXUH�RI� WKH� WRURLG� LQWR� D�JLDQW� FKDUJLQJ
FDSDFLWRU� DQG� D� /RUHQW]�IRUFH� JHQHUDWRU�� ZKLFK� ZRXOG� DPSOLI\� WKH� UHVW� RI� WKH
FUDIW
V�HOHFWULFDO�HQHUJLHV��DQG�DW�WKH�VDPH�WLPH�SURYLGH�JUHDWHU�VWDELOLW\�WR�WKHP��
E\�WKH�ZDWHU�IORZLQJ�LQ�RQO\�RQH�GLUHFWLRQ��ZKLFK�ZLOO�EH�D�SRLQW�UHWXUQHG�WR� LQ
VHFWLRQ������
+RZHYHU�� DV� IDU� DV� WKH�ZDWHU� LQVLGH� WKH� WRURLG� LV� FRQFHUQHG�� WKDW� IOXLG� ZLOO� EH
SRODUL]HG� �DQG� LW�ZRXOG� FRQWLQXDOO\� EH� LRQL]HG� WKURXJK� WKHVH� SXOVLQJV�� DQG� WKH
HOHFWULFDO�FKDUJHV�WKDW�LWV�VHSDUDWH�SRODULWLHV�JHQHUDWH�ZLOO�DFFXPXODWH�LQWR�ILHOGV�DW
RSSRVLWH�DUHDV�LQVLGH�WKH�FLUFXODU�WRURLG�VKHOO��DQG�WKHVH�FKDUJHV�ZLOO�KHOS�JHQHUDWH
RXWVLGH�RI�WKDW�VKHOO�WKH�LQGXFHG�HOHFWULFDO�ILHOGV��WKH�GLIIXVH�OD\HUV�RI�RSSRVLWHO\
FKDUJHG� LRQV�� WKDW� ZLOO� DGG� LQWR� WKH� HQHUJ\� ILHOGV� J\UDWLQJ� LQVLGH� WKH� SODQDU
ZDYHJXLGH�RI� WKLV�8)2��%\�YLHZLQJ� WKLV� DFWLRQ� IURP� IXUWKHU� DZD\�� QRWLFH� KHUH
WKDW� WKHUH�ZLOO�EH�D� UHF\FOLQJ�FLUFXLW�RI� WKRVH�HQHUJLHV�� IRU�ZKHUH� WKHVH�QHJDWLYH
FKDUJHV� DFFXPXODWLQJ� LQVLGH� WKH� WRURLG� VXEVHTXHQWO\� LQGXFH� D� GLIIXVH� OD\HU� RI
SRVLWLYH� LRQV�RQ� WKH�RXWVLGH�� WKH� IDFW� WKDW� WKHVH�SRVLWLYH� LRQV�ZLOO� EH� MRLQLQJ� LQ
ZLWK� WKH� J\UDWLQJ� IORZ�RI� SRVLWLYH� FKDUJHV� FXUOLQJ� LQWR� WKH� FHQWHU� RI� WKH�8)2�
LQWR�WKH�EODFN�YRUWH[��PHDQV�WKDW�D�IORZ�SDWK�ZLOO�DOZD\V�EH�HVWDEOLVKHG�IRU�WKDW
HQHUJ\� WR� UHWXUQ� EDFN� LQWR� WKH� FUDIW
V� YRUWH[� �� DQG� WKHQ�� RI� FRXUVH�� WKHVH� ZLOO
HYHQWXDOO\� EH� UHWXUQHG� EDFN� LQWR� WKH� WRURLG� EHFDXVH� WKH� YRUWH[� ZLOO� DOZD\V
HPSRZHU�DOO� WKH�PRYLQJ�IOXLG� IORZV�E\� LPEXLQJ� WKHP�ZLWK� URWDWLRQDO� IRUFH�� 6R
HQHUJ\�GLVVLSDWLRQ�ORVVHV�VKRXOG�EH�NHSW�WR�D�EDUH�PLQLPXP�
�����)OXLG�3RODUL]HG�E\�%ODFN�9RUWH[�DW�,QQHU�5LP
:DWHU�DQG�VHDZDWHU�GRHV�VXJJHVW�D�ORW�RI�ZHLJKW�WR�EH�FDUULHG�LQ�WKLV�IO\LQJ�FUDIW���
EXW�WKHQ�ZKDW�LV�ZHLJKW�"�:HLJKW�LV�GHWHUPLQHG�VROHO\�E\�ZKDWHYHU�IRUFH�WKH�ORFDO
JUDYLWDWLRQDO�ILHOG�LPEXHV�XSRQ�WKDW�PDVV�PDWHULDO��7KH�QRWLRQ�RI�ZHLJKW�LV�RQO\
DSSDUHQW�EHFDXVH�RI�WKLV�SODQHW
V�JUDYLWDWLRQDO�ILHOG��%XW�WKLV�WRURLG
V�IOXLG�ZLOO�QRW
EH�SUHGRPLQDQWO\�DIIHFWHG�E\�WKH�GRZQ�IORZLQJ�JUDYLWDWLRQDO�ILHOG�RI�HDUWK��LW�ZLOO
EH� DIIHFWHG� E\� WKH� 67521*(67� VRXUFH� RI� JUDYLWDWLRQDO� IRUFH� LQ� LWV� YLFLQLW\� �
ZKLFK�ZLOO�DOZD\V�EH�WKH�FUDIW
V�RZQ�EODFN�YRUWH[��7KH�WRURLG
V�IOXLG�ZLOO�EHFRPH
LPEXHG�ZLWK� WKH�KRUL]RQWDO� JUDYLWDWLRQDO� DWWUDFWLYH� IRUFH� HPDQDWLQJ� UDGLDOO\� IURP
WKDW�EODFN�YRUWH[��VR�WKLV�8)2
V�IOXLG�ZRQ
W�KDYH�DQ\WKLQJ�WKDW�FDQ�EH�UHJDUGHG�DV
ZHLJKW��
7KLV�LV�ZK\�,�ZRXOG�VXJJHVW�WKH�WRURLG�VKRXOG�KDYH�LWV�ZDWHU�DV�
KHDY\
�DV�LW�FDQ
EH�� DQG� WKDW� LW� VKRXOG� KDYH� PL[HG� LQWR� LWV� ZDWHU� VRPH� HYHQ� KHDYLHU� HOHPHQWV
ZKLFK� FRXOG� ERQG� ZLWK� WKH� SRVLWLYH� K\GUR[RQLXP� �+�2��� LRQV� RI� WKH� ZDWHU
�HOHPHQWV�VXFK�DV�PDQJDQHVH��SRWDVVLXP��RU�VRGLXP��IRU�LQVWDQFH���%HFDXVH�IURP
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WKH� SURFHVV�RI� LRQL]DWLRQ�ZKLFK�ZLOO� DOORZ� WKH�ZDWHU
V� SRVLWLYH� LRQV� WR� VHSDUDWH
IURP�WKH�QHJDWLYH�LRQV��WKLV�SURFHVV�ZLOO�DOORZ�WKH�PRUH�PDVVLYH�SRVLWLYH�QXFOHL�WR
EH�DWWUDFWHG� WRZDUG� WKH� ORZHU�LQZDUG�HGJH�RI� WKH� WRURLG�EHFDXVH�RI� WKH�JUHDWHU
DPRXQW�RI�JUDYLWDWLRQDO�SXOO�EHLQJ�IRFXVHG�LQWR�WKDW�HGJH�IURP�WKH�FHQWUDO�YRUWH[�
%\� WKLV� VDPH� JUDYLWDWLRQDO� PHFKDQLVP� WKH� QHJDWLYH� LRQV� RI� WKH� ZDWHU� �EHLQJ
OLJKWHU� DQG� OHVV� PDVVLYH�� ZRXOG� EH� OHIW� WR� PLJUDWH� WR� WKH� XSSHU� HGJHV� RI� WKH
WRURLG�� IROORZLQJ� IUHHO\�ZLWK� WKH�NLQHWLF� IORZ�RI� WKH�ZDWHU� �FRUUHVSRQGLQJ��DOVR�
ZLWK�WKH�/RUHQW]�SRODUL]LQJ�IRUFH�RQ�D�PRYLQJ�IOXLG��>QRWH����@�
7KH� JUDYLWDWLRQDO� SRODUL]LQJ� DFWLRQ� XSRQ� WKH� WRURLG
V� IOXLG� ZLOO� FRUUHVSRQG� YHU\
FORVHO\�ZLWK�ZKDW�LV�JRLQJ�RQ�LQVLGH�WKH�FHQWUDO�HUJRVSKHUH��HUJRVSKHUH�$��ZKHUH�
DV� WKH� UHDGHU�ZLOO� UHFDOO� IURP� WKH� SUHYLRXV� FKDSWHU�� WKHUH�ZLOO� EH� LQHUWLDO� IUDPH
GUDJJLQJ� DQG� D� SRODUL]DWLRQ� FORXG� RI� FKDUJHG� SDUWLFOHV� HVWDEOLVKHG� DURXQG� WKH
YRUWH[�ZKHUHLQ� WKH� SURWRQV� DQG� WKH� QHXWURQV�ZLOO� EH� DOLJQHG� WRZDUG� WKH� EODFN
YRUWH[� E\� JUDYLWDWLRQDO� IRUFH�� DQG� ZLOO� EH� GLVSODFHG� DZD\� IURP� WKHLU� QRUPDO
FHQWUDO�DOLJQPHQWV�UHODWLYH�WR�WKHLU�FLUFXODWLQJ�HOHFWURQV��DV�DERYH�VHFWLRQ������
$QG��ZKDW� WKLV�PROHFXODU� SRODUL]DWLRQ� HIIHFW� DOVR� VKRZV� LV� D� ZD\� LQ�ZKLFK� WKH
JUDYLWDWLRQDO�UDGLDWLRQ�IRUFH�FDQ�EH�HYHQ�PRUH�HIILFLHQWO\�H[WHQGHG�WKURXJK�WR�WKH
DGMRLQLQJ�PDWHULDOV�RI�WKH�RXWOLQLQJ�SDUWV�RI�WKDW�8)2��%HFDXVH��DW�WKH�ORZHU�HQG
RI� WKLV� SDUWLFXODU� 8)2
V� YRUWH[�� ZKHUH� WKH� JUDYLWDWLRQDO� IRUFH� ZLOO� EH� DW� LWV
VWURQJHVW�� D� WUDQVIHUHQFH� RI� WKDW� JUDYLWDWLRQDO� IRUFH� FDQ� RFFXU� �� HYHQ� PRUH
HIIHFWLYHO\� WKDQ� WKURXJK� WKH� SRODUL]DWLRQ� FORXG� SURFHVV� �� E\� XVLQJ� WKH� DFWXDO
PROHFXODU�VWUXFWXUH�RI�WKH�EDVH�GLVF��LI�WKH�EDVH�GLVF�KDV�IDEULFDWHG�ZLWKLQ�LW�KLJK�
DWRPLF�PDVV� PHWDOOLF� FRPSRXQGV� ZKLFK� FDQ� EH� JUDYLWDWLRQDOO\� GLVSODFHG�� 7KLV
JUDYLWDWLRQDO� IRUFH� WUDQVIHUHQFH� FDQ� WKHQ�EH� DPSOLILHG�� WKURXJK� FRQVWULFWLRQ� �E\
XVLQJ�WKH�VPDOOQHVV�RI�FURVV�VHFWLRQ�IRU�WKRVH�FRPSRXQGV���WR�EH\RQG�WKH�GLVF
V
SHULPHWHU�WR�JUDYLWDWLRQDOO\�SRODUL]H�RWKHU�PDWHULDOV�RU�IOXLGV�ZKLFK�DUH�WKHQ�LQWHU�
FRQQHFWHG� WR� LW��:KLFK� VSHFLILFDOO\�� LQVLGH� WKH� DD8)2�� ZRXOG� RFFXU� ZKHUH� WKH
EDVH� GLVF� DEXWV� XS� WR� WKH� ORZHU� LQQHU� ULP� RI� WKH� WRURLG� VKHOO� ZKHUH� WKH� LQQHU
FRUQHU� RI� WKH� WRURLG� VKHOO� SUHVHQWV� D� VKDUS� HGJH� WR� WKDW� EDVH� GLVF�� 7KLV� ZRXOG
HQVXUH� WKDW� DW� WKLV� LQQHU� ULP� HGJH� WKHUH�ZRXOG� RFFXU� WKH� JUHDWHVW� H[FKDQJH� RI
JUDYLWDWLRQDO� IRUFH� EHWZHHQ� WKH� EODFN� YRUWH[� DQG� WKH� WRURLG� VKHOO�� DQG
FRQVHTXHQWO\�� WKH� IOXLG� FLUFXODWLQJ� LQVLGH� WKH� WRURLG� DW� WKLV� ORZHU� LQQHU� ULP�ZLOO
KDYH� WUDQVIHUUHG� LQWR� LW� D�PXFK� JUHDWHU� DPRXQW� RI� JUDYLWDWLRQDO� LQIOXHQFH� WKDQ�ZLOO� EH
WUDQVIHUUHG�LQWR�WKDW�IOXLG�DW�DQ\�RWKHU�SDUW�RI�WKH�FUDIW��7KLV�ZRXOG�JXDUDQWHH�WKDW
WKH�PRUH�PDVVLYH�SRVLWLYH� LRQV�RI� WKH� WRURLG
V� IOXLG�ZRXOG�EH�GUDZQ� LQ� WRZDUG
WKDW�LQQHU�HGJH�DQG�VHSDUDWHG�IURP�WKH�QHJDWLYH�LRQV�
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)LJXUH�����*UDYLWDWLRQDO�IRUFH�ZLOO�EH�LQGXFHG�XSRQ�WKH�KHDYLHU�DWRPLF�QXFOHL�RI
WKH�IOXLG
V�PROHFXODU� VWUXFWXUH�� WKURXJK� WKH�KHDY\�DWRPV� WKDW�PDNH�XS� WKH�EDVH
GLVF�DQG�WKH�WRURLG�FDVLQJ
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7KH� FRUUHODWLRQV�� SRLJQDQWO\�� IRU� WKLV� WUDQVIHUULQJ� PHFKDQLVP� RI� PROHFXODU
SRODUL]DWLRQ�LQ�8)2�VWUXFWXULQJ�FDQ�EH�IRXQG�LQ�ERWK�WKH�8)2�WKDW�%RE�/D]DU
ZRUNHG�RQ�DW�$UHD�����DQG� LQ� WKH�8)2�WKDW�ZDV� UHWULHYHG� IURP�5RVZHOO�� ,�ZLOO
JLYH� D�PRUH�FRPSUHKHQVLYH�H[SODQDWLRQ�RI� WKLV�PHFKDQLVP�� DQG� IRU�KRZ� LW� ILWV
LQWR� WKH�$UHD� ���8)2�� LQ� WKH� VXSSOHPHQW� FKDSWHU� ��� RI� WKLV� ERRN��+RZHYHU�
KHUH�� EHFDXVH� LW� LV� LOOXVWUDWHG� VR� JUDSKLFDOO\� LQ� RQH� RI� WKH� VDPSOHV� RI� VWUDQJH
PHWDOV�UHWDLQHG�IURP�WKH�5RVZHOO�8)2�FUDVK�GHEULV��,�VKDOO�GHWDLO�WKDW�SDUWLFXODU
SLHFH� IURP� 5RVZHOO�� VR� WKDW� ,� FDQ� EXLOG� XS� D� EDFNJURXQG� NQRZOHGJH� IRU� WKH
UHDGHU�DKHDG�RI�WKH�PRUH�WHFKQLFDO�VWXII�WR�FRPH�
7KLV� SDUWLFXODU� SLHFH� RI� GHEULV� ZDV� DSSDUHQWO\� RQH� RI� PDQ\� FROOHFWHG� E\� WKH
WRZQVSHRSOH�RI�5RVZHOO�LQ������IROORZLQJ�WKH�GLVFRYHU\�RI�WKDW�8)2
V�FUDVK�VLWH�
DQG� ZKLOH� ������ RI� DUWLIDFWV� KDG� WR� EH� KDQGHG� RYHU� WR� WKH� PLOLWDU\�� DOOHJHGO\
XQGHU�WKUHDW�RI�GHDWK��WKLV�VPDOO�SLHFH�ZDV�VHFUHWO\�VWDVKHG�DZD\�XQWLO�������ZKHQ
LW�DUULYHG�XQGHU�P\VWHULRXV�FLUFXPVWDQFHV�LQ�WKH�PDLO�DW�WKH�RIILFHV�RI�D�86�UDGLR
VWDWLRQ�
,W�ZDV�D�YHU\�OLJKW�SLHFH�RI�PHWDO�MXVW�D�IHZ�LQFKHV�ORQJ��TXLWH�VWURQJ�DQG�VLPLODU
WR� DOXPLQXP� EXW� YHU\� EULWWOH�� $OO� WKH� HGJHV� ZHUH� MDJJHG� DQG� VKRZHG� EUHDNV�
VXJJHVWLQJ� WKDW� LW�ZRXOG�KDYH�EHHQ�SDUW� RI� D� ODUJHU� FRQVWUXFWLRQ�� DQG� IURP� WKH
IDFW�WKDW�LW�ZDV�D�VKDWWHUHG�IUDJPHQW�LW�FDQ�EH�FRQMHFWXUHG�WKDW�ZKDWHYHU�WKH�ODUJHU
FRPSRQHQW�ZDV��WKDW�LW�ZDV�RULJLQDOO\�SDUW�RI��WKDW�LW�PXVW�KDYH�WDNHQ�WKH�EUXQW�RI
WKH�LPSDFW�IRUFH�RI�ZKHQ�WKDW�8)2�KLW�WKH�JURXQG�IRU�VXFK�VPDOO�SLHFHV�OLNH�WKLV
WR�EH�VKDWWHUHG�RII�LW�
:KHQ� SK\VLFLVWV�ZHUH� JLYHQ� WKLV�PHWDO� IUDJPHQW� WR� DQDO\]H� WKH\� UHSRUWHG� EDFN
WKDW�LW�ZDV�PDGH�IURP�DQ�DOWHUQDWH�OD\HULQJ�RI�PDJQHVLXP�]LQF�DQG�ELVPXWK��ZLWK
WKH�ELVPXWK� OD\HUV� �RI�����PLFURQ� WKLFNQHVV��EHLQJ�VDQGZLFKHG�EHWZHHQ�VHYHUDO
WKLFNHU� OD\HUV� �RI� ��������PLFURQV�� RI� D�PDJQHVLXP�]LQF� DOOR\�� /LQGD�0RXOWRQ
+RZH��ZKR�FDUULHG�RQ� WKH� UHVHDUFK� WR� ILQG�RXW�PRUH� DERXW� WKLV� IUDJPHQW��ZDV
WROG�DW� WKH� WLPH�E\� VHYHUDO�PHWDOOXUJLFDO� ODEV� WKDW� WKH\�KDG�QHYHU� VHHQ� DQ\WKLQJ
OLNH�LW�EHIRUH�DQG�WKDW�QR�RQH�KDG�DQ\�LGHD�ZK\�LW�ZRXOG�KDYH�EHHQ�VWUXFWXUHG�LQ
VXFK� D�PDQQHU� �� WKH� ELVPXWK� OD\HUV�ZHUH� VR� WKLQ� EHWZHHQ� WKH�PDJQHVLXP�]LQF
OD\HUV�WKDW�WKH\�FRXOG�RQO\�KDYH�EHHQ�SXW�LQ�SODFH�DV�XOWUD�WKLQ�HSLWD[LDO�FRDWLQJV
XSRQ� HDFK� VXEVHTXHQW� OD\HULQJ� RI� PDJQHVLXP� �HSLWD[LDO� OD\HULQJ� LV� XVHG� LQ
VHPLFRQGXFWRU� PDQXIDFWXULQJ� WR� SURGXFH� D� YHU\� WKLQ� OD\HU� EHWZHHQ� GLIIHUHQW
FRPSRXQGV��� 6XEVHTXHQW� WR� IXUWKHU� HOHFWURFKHPLFDO� WHVWV� SHUIRUPHG� RQ� WKLV
VDPSOH��LW�ZDV�HYHQWXDOO\�WKHRUL]HG�WKDW�VXFK�D�PDWHULDO�ZRXOG�EH�XVHIXO�ZRUNLQJ
DV�DQ�HOHFWURQLF� IXHO�FHOO��$QG� WKLV� IXHO� FHOO� DWWULEXWH� LV�FHUWDLQO\�RQH�SRVVLELOLW\�
EXW�,�WKLQN�VXFK�D�WKHRU\�RQO\�LGHQWLILHV�RQH�RI�LWV�LQFLGHQWDO�DWWULEXWHV��WKHUH�DUH�D
ORW� PRUH� IDFWRUV� DERXW� WKLV� IUDJPHQW� ZKLFK� ,� WKLQN� DUH� FRQVLGHUDEO\� PRUH
H[SODQDWRU\�WRZDUG�WR�LWV�SULPDU\�IXQFWLRQV�
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$FFRUGLQJ�WR�WKH�ODE�UHSRUWV�WKDW�+RZH�JRW�EDFN�WKH� 
ELVPXWK
� LQ�WKLV�IUDJPHQW
KDG�DQ� DQRPDORXV�PROHFXODU� VWUXFWXUH�EXW� LW� GLG� VKRZ�DQ� DWRPLF�PDVV�RI� ����
ZKLFK� LV� FRQVLVWHQW� ZLWK� HDUWK
V� ELVPXWK�� DQG� ZKLFK� LV� D� KLJK�PDVV� PDWHULDO�
%LVPXWK� LWVHOI� LV�QRW�D�VWURQJ�PHWDO�DQG�IRU� LW� WR�EH�XVHIXO� LW�ZRXOG�QHHG� WR�EH
VWUXFWXUHG� LQWR�D�PHWDO�ZLWK�JUHDWHU� VWUHQJWK��ZKLFK�RI� FRXUVH�PDJQHVLXP�GRHV
KDYH�ZKHQ�LW�LV�DOOR\HG�ZLWK�]LQF��KHQFH�WKH�ODPLQDWLRQ�LQ�WKH�5RVZHOO�VDPSOH�LV
SHUIHFWO\�XQGHUVWDQGDEOH�
/HDYLQJ�WKH�5RVZHOO�FUDIW�IRU�MXVW�D�IHZ�PRPHQWV�� LI�VXFK�D�PHWDOOLF�FRPSRXQG
ZHUH�WR�EH�XVHG�LQ�WKH�DD8)2�LW�ZRXOG�LGHDOO\�IHDWXUH�LQ�WKH�FRQVWUXFWLRQ�RI�WKDW
8)2
V� EDVH� GLVF�� EHFDXVH� WKH� ELVPXWK
V� KLJK� DWRPLF�PDVV� ZRXOG� EH� YHU\� ZHOO
VXLWHG�WR�WUDQVIHU�WKH�JUDYLWDWLRQDO�LQIOXHQFH�RI�LWV�EODFN�YRUWH[�WKURXJK�WKDW�KLJK�
PDVV�PROHFXODU�VWUXFWXUH�WR�WKH�RWKHU�SDUWV�RI�WKDW�8)2��DV�VKRZQ�LQ�ILJXUH�����
7KH� JUDYLWDWLRQDO� LQIOXHQFH� RI� WKH� FHQWUDO� YRUWH[� ZRXOG� EH� DEOH� WR� 
FRQGXFW

WKURXJK�WKH�PDVVLYH�SRVLWLYH�LRQV�RI�WKDW�PHWDO�E\�WKH�GLVSODFHPHQW�SRODUL]DWLRQ
RI�LWV�LQGLYLGXDO�DWRPLF�FHOOV��,Q�IDFW��LW�ZRXOG�VXLW�WKH�DD8)2�WR�DOVR�KDYH�PRVW
RI� �EXW� QRW� DOO� RI�� WKH� XQGHU�VXUIDFH� RI� LWV� WRURLG� VKHOO� IDEULFDWHG� ZLWK� VXFK� D
PHWDOOLF� FRPSRXQG�� VR� WKDW� WKH� FUDIW
V� JUDYLWDWLRQDO� LQIOXHQFH� FRXOG� EH� IRFXVHG
DQG�LQWHQVLILHG�DQG�WKHQ�WUDQVIHUUHG�LQWR�WKH�IOXLG�FRQWDLQHG�LQVLGH�LWV�WRURLG�VR�DV
WR�SRODUL]H� LWV�PROHFXOHV� �DV�H[SODLQHG�DERYH��� ,QWHUHVWLQJO\��ZKDW�HQKDQFHV� WKLV
SRODUL]DWLRQ� WKHRU\� IRU� WKH� DD8)2� LV� WKDW� RQH� RI� WKH� DQRPDOLHV� QRWHG� LQ� WKH
5RVZHOO�PHWDO�ODE�UHSRUWV��ZDV�WKDW�LQ�WKLV�ELVPXWK�PDJQHVLXP�]LQF��%L�0J�=Q�
VDPSOH�WKH�UDWH�RI�HPLVVLRQ�RI�0J�SRVLWLYH�����LRQV�ZDV�RYHU����WLPHV�JUHDWHU�WKDQ
WKH� UDWH� IURP� WKH� SXUHVW�PDJQHVLXP� VWDQGDUG� NQRZQ� RQ� HDUWK�� ZKLFK� JRHV� WR
VKRZ�WKDW� LW�ZDV� WKH�SRVLWLYH�LRQ�FRQILJXUDWLRQ� �� WKH�KLJKHU�DWRPLF�PDVV�QXFOHL
FRQILJXUDWLRQ� �� WKDW� WKH� H[WUDWHUUHVWULDOV� ZHUH� LQWHUHVWHG� LQ� H[SORLWLQJ� IRU� WKLV
SDUWLFXODU�SDUW�RI�WKHLU�FUDIW�>QRWH����@�
,Q� WKLV�ZRUOG� WKH�XVH�RI�PDJQHVLXP�]LQF� DOOR\V�KDV� IRU� D� ORQJ� WLPH�EHHQ� TXLWH
FRPPRQSODFH� �SDUWLFXODUO\� LQ� WKH� PDQXIDFWXULQJ� RI� FDU� HQJLQHV�� IRU� WKHLU
OLJKWQHVV� DQG� VWUHQJWK�� $QG� D� ORRN� DW� WKH� FKHPLFDO� SHULRGLF� WDEOHV� VKRZV� WKDW
PDJQHVLXP� LV� WKH�PRVW�HOHFWURSRVLWLYH�RI�DOO� VWUXFWXUDO�PHWDOV��ZKLOH�ELVPXWK� LV
RQH� RI� WKH� PRVW� HOHFWURQHJDWLYH�� 0DLQVWUHDP� UHVHDUFKHV� LQWR� VXFK� ELVPXWK�
PDJQHVLXP� FRPSRXQGV� SHU� VH� DUH� QRW� WKDW� H[WHQVLYH� DOWKRXJK� IRU� FRPSRXQGV
ZLWK� RQH� RI� WKHVH� WZR� LQ� WKHP� QXPHURXV� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� DQG
SXEOLVKHG�� ,QWHUHVWLQJO\�� IRU� D� VLPLODU� PDJQHVLXP� DOOR\�� IRU� LQVWDQFH� OHDG�
PDJQHVLXP�QLREDWH��301���WKH�GLHOHFWULF�FRQVWDQW�KDV�EHHQ�IRXQG�WR�EH�DV�KLJK
DV� ������� .� >QRWH�� ��@�� $QG� LI� D� VLPLODUO\� KLJK� GLHOHFWULF� FRQVWDQW� FDQ� EH
WUDQVSRVHG� LQWR� WKH�PDJQHVLXP�DOOR\� OD\HUV�RI� WKH� DD8)2
V�EDVH�GLVF� WKHQ� WKLV
ZRXOG�EH�YHU\�EHQHILFLDO�IRU�WKH�WUDQVIHUHQFH�RI�WKH�DWRPLF�GLVSODFHPHQW�HOHFWULF
ILHOG��IURP�WKH�JUDYLWDWLRQDO�SRODUL]DWLRQ�LQIOXHQFH�RI�WKH�FHQWUDO�YRUWH[��WKURXJK
WKH�DD8)2
V�EDVH�GLVF�WR�DGMRLQLQJ�PDWHULDOV��EHFDXVH�WKH�JUDYLWDWLRQDO�LQIOXHQFH
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FRXOG� EH� FKDQQHOHG� H[WUHPHO\� HIILFLHQWO\� WKURXJK� WKHVH� XOWUD�WKLQ� OD\HUV� RI
ELVPXWK� UXQQLQJ� EHWZHHQ� WKDW� EDVH� GLVF
V� LQVXODWLQJ� OD\HUV� RI� PDJQHVLXP�]LQF
ZLWK�QHJOLJLEOH�ORVVHV�
/LNHZLVH�� LQ� WKH� 5RVZHOO� 8)2
V� %L�0J�=Q� FRQILJXUDWLRQ� WKH� LQWHQWLRQ� ZRXOG
SUREDEO\�KDYH�EHHQ�WR�WUDQVPLW��DQG�DW�WKH�VDPH�WLPH�WR� LQWHQVLI\��E\�XVLQJ�WKH
WKLQQHVW� SRVVLEOH� OD\HUV� RI� ELVPXWK��� WKH� JUDYLWDWLRQDO� LQIOXHQFH� RI� LWV� FHQWUDO
YRUWH[�RXWZDUG�WKURXJK�WKDW�FUDIW
V�EDVH�GLVF��ZKLOH�WKH�PDJQHVLXP�]LQF�VWUDWD�RI
WKDW�EDVH�GLVF��LI� LWV�OD\HUV�DOVR�SRVVHVVHG�D�KLJK�GLHOHFWULF�FRQVWDQW��ZRXOG�KDYH
GHWHUPLQHG�WKDW�WKH�RULJLQDO�5RVZHOO�FRPSRQHQW�ZRXOG�FKDQQHO� LWV�JUDYLWDWLRQDO
DQG�LWV�FHOOXODU�HOHFWURQLF�FKDUJHV�ZLWK�JUHDW�HIILFLHQF\�WR�ZKHUHYHU�WKH\�QHHGHG�WR
JR��LH�WKDW�FUDIW
V�SRODUL]HG�IOXLG���/RRNLQJ�DW�LW�DQRWKHU�ZD\��WKH�5RVZHOO�8)2
V
%L�0J�=Q�FRQILJXUDWLRQ�ZRXOG�ZRUN�LQ�D�ZD\�DQDORJRXV�WR�D�GLUHFWLRQDO�FDSDFLWRU
��EHFDXVH�WKH�KRUL]RQWDO�FRQVWULFWLRQ�RI�WKH�ELVPXWK�ZRXOG�KDYH�HQVXUHG�WKDW�WKH
JUDYLWDWLRQDO�SRODUL]DWLRQ�ZRXOG�RQO\�EH�WUDQVPLWWHG�UDGLDOO\�DQG�KRUL]RQWDOO\�
)RU�HLWKHU�8)2�WKLV�ZRXOG�PHDQ�WKDW�DOO�DURXQG�WKH�SHULPHWHU�HGJH�RI�WKH�EDVH
GLVF�� EXW� QRW� DQ\ZKHUH� RYHU� WKH� XSSHU� RU� ORZHU� SODQDU� IDFHV� RI� WKDW� GLVF�� WKH
JUDYLWDWLRQDO�IRUFH�ZRXOG�EH�DOPRVW�DV�LQWHQVH�DV�LW�ZDV�DW�WKH�FHQWUDO�KROH�ZKHUH
WKH�KLJKHVW�PDVV�GHQVLW\�RI�WKH�EODFN�YRUWH[�H[LVWV�
$V�PHQWLRQHG�DERYH��WKLV�LQIOXHQFH�ZLOO�WUDQVIHU�LQWR�WKH�WRURLG
V�IOXLG��EXW�ZKDW
LW�ZLOO�DOVR�GR�LV�KHOS�WR�JHQHUDWH�VRPH�RI�WKH�8)2
V�SRZHU��)RU�ZKHQ�WKH�8)2
SRZHUV�XS�DQG� WKH�EDVH�GLVF� LV� URWDWHG�� WKH� JUDYLWDWLRQDO� LQIOXHQFH� WKDW� H[WHQGV
RXW�IURP�WKH�SHULPHWHU�RI�WKH�EDVH�GLVF�ZLOO�GUDJ�WKH�PDJQHWLF�IOX[�OLQHV�WKDW�UXQ
WKURXJK�WKH�JDS�EHWZHHQ�WKH�WRURLG�DQG�WKH�EDVH�GLVF��WKHVH�ZLOO�EH�WKH�IOX[�OLQHV
WKDW�GRQ
W�URXWH�WKURXJK�WKH�VWHP�FRLOV��RI�FRXUVH���$QG�DJDLQ��DV�KDSSHQV�DERYH
WKH�WRURLG��ZKHQ�WKRVH�IOX[�OLQHV�JHW�VWUHWFKHG�DQG�EUHDN��DQG�VXEVHTXHQWO\�KDYH
WR� UHFRQQHFW�� KXJH� DPRXQWV� RI� HOHFWURQ�SRVLWURQ� SDLUV� ZLOO� EH� SURGXFHG�� IURP
WKH� VWUHVVLQJ� RI� WKH� VXUURXQGLQJ� DLU� �RU� VXUURXQGLQJ� VSDFH�� WKURXJK� WKH� ILHOG�
UHFRQQHFWLRQ� PHFKDQLVP�� $QG� VR� WKLV� ZRXOG� EH� RQH� RI� WKH� ZD\V� ZKHUHE\
HQHUJLHV� SURGXFHG� RQ� WKH� 2876,'(� RI� WKH� 8)2� FDQ� EH� KDUYHVWHG� IRU� XVH
,16,'(�WKDW�8)2��PRUH�RQ�WKLV�HQHUJ\�KDUYHVWLQJ� LQ�VHFWLRQ�����DQG�LQ�ILJXUH
����DQG�DOVR�LQ�VHFWLRQ��������
7KHUH� DUH� VRPH� DGGLWLRQDO� IDFWRUV� SUHVHQWHG� LQ� WKLV� 5RVZHOO� VDPSOH� ZRUWK
PHQWLRQLQJ�EXW�WKHVH�ZLOO�EH�JRQH�LQWR�LQ�IXUWKHU�GHWDLO�LQ�VHFWLRQ������EHORZ�
0DLQO\� WKRXJK�� WKH� PRVW� LPSRUWDQW� WKLQJ� WR� FRQVLGHU� LV� WKDW� WKLV� LQJHQLRXV
PHFKDQLVP� GHVLJQHG� E\� WKH� H[WUDWHUUHVWULDOV� HIIHFWLYHO\� SRODUL]HV� WKH� WRURLG
V
IOXLG�� DQG� LQ� VR� GRLQJ� LW� $/62� HVWDEOLVKHV� WKH� FUDIW
V� HOHFWULFDO� FLUFXLW�� %\
HVWDEOLVKLQJ�D�QHJDWLYHO\�FKDUJHG�WRS��RI�QHJDWLYH�K\GUR[\O�LRQV��DQG�D�SRVLWLYHO\�
FKDUJHG�ERWWRP��ZLWK�SRVLWLYH�K\GUR[RQLXP�LRQV���DQG�D�KLJK�SHUPLWWLYLW\�QRQ�
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FRQGXFWLQJ� UHJLRQ� LQ�EHWZHHQ�� DQG� LQ� VR� GRLQJ� WKH� WRURLG� H[WHQGV� WKH� HOHFWUR�
G\QDPLF�FLUFXLW�RI� WKH�EODFN�YRUWH[� �DQG�HUJRVSKHUH�$��RXWZDUG� WR� LQFOXGH� WKH
WRURLG� IOXLG� �DV� HUJRVSKHUH� &��� $QG� DV� ,� KDYH� PHQWLRQHG� DERYH�� EHFDXVH� WKH
WRURLG�IOXLG�ZLOO�KDYH�D�KLJK�SHUPLWWLYLW\�DQG�EHFDXVH�LW�ZLOO�EH�IORZLQJ�LW�ZLOO�DFW
MXVW�OLNH�D�PDFUR�FDSDFLWRU�DQG�SURYLGH�VXEVWDQWLDO�GDPSLQJ�WR�WKH�8)2
V�HOHFWUR�
G\QDPLF�FLUFXLWV�WR�NHHS�WKHP�VWDELOL]HG�
+RZHYHU�� EHFDXVH� RI� WKH� QHHG� IRU� WKH� WRURLG
V� SRODUL]DWLRQ� WR� EH� FRQWLQXDOO\
PDLQWDLQHG��E\�WKH�ZKHHOV�FRQWLQXDOO\�ILULQJ�WKHLU�LRQL]LQJ�EHDPV�LQWR�WKDW�IOXLG��
WKLV�ZRXOG�VXJJHVW�WKDW�WKH�WRURLG
V�ZDWHU�ZRXOG�EH�H[KDXVWLEOH��DQG�WKDW�DW�VRPH
VWDJH�WKH�ZDWHU�ZLOO�EHFRPH�
LRQL]HG�RXW
�DQG�GHSOHWHG�RQ�D�PROHFXODU�OHYHO��$QG
VR�LQ�WKLV�UHVSHFW�WKH�ZDWHU�LW�XVHV�ZLOO�EH�D�FRPSRQHQW�WKDW�DW�DSSURSULDWH�WLPH
LQWHUYDOV�ZRXOG�QHHG�WR�EH�UHSOHQLVKHG�ZLWK�IUHVK�VXSSOLHV�>QRWH����@�
7KLV�ZRXOG� FRUUHODWH�ZLWK� WKH� HYLGHQFH� VXSSOLHG� LQ� WKH�$QGUHDVVRQ�$IIDLU� ERRNV
UHJDUGLQJ�D�SURFHVV�WKDW�ZDV�FDUULHG�RXW�RQ�RQH�RI�WKH�8)2
V�LQ�WKH�8)2�E\�WKH�
ODNH�VFHQH�REVHUYHG�E\�%HWW\�/XFD��VHH�WKLV�FKDSWHU
V�QRWH�����DQG�DOVR�VHFWLRQ����
EHORZ�� ZKLFK�PXVW� KDYH� EHHQ� D� ZDWHU�UHSOHQLVKPHQW� SURFHVV�� $QG� MXGJLQJ� E\
WKDW�JUDQG�OHVVRQ�LQ�8)2�HOHFWUR�G\QDPLFV��DV�VHW�XS�E\�WKH�*UH\V�LQ�WKDW�8)2�
E\�WKH�ODNH� HSLVRGH� DQG� ZKLFK� ZDV� SHUIRUPHG� VSHFLILFDOO\� IRU� %HWW\� /XFD� DQG
WKRVH�RWKHU� DEGXFWHHV�SUHVHQW� WR�REVHUYH� DQG� WDNH�QRWH�RI�� LW�ZRXOG� VHHP� WKDW
WKRVH� (7V� ZHUH� VKRZLQJ� WKHP� �DQG� VKRZLQJ� WKH� UHDGHU�� RI� FRXUVH�� WKDW
DSSURSULDWH� FRQVLGHUDWLRQ� VKRXOG� EH� JLYHQ� WR� D� QXPEHU� RI� GDQJHUV� LQKHUHQW� LQ
WKDW� SDUWLFXODU� UH�IXHOLQJ� SURFHGXUH� IRU� D� 8)2�� )RU� LQVWDQFH�� LQ� WKLV� FRORUIXO
HSLVRGH� RQH� RI� LWV� OHVVRQV�ZRXOG� VHHP� WR� KDYH� EHHQ�� GR� QRW� DOORZ� WKH� FHQWUDO
YRUWH[� WR� SRZHU�GRZQ� ZKLOH� WKLV� UHSOHQLVKPHQW� SURFHVV� LV� WDNLQJ� SODFH� �
RWKHUZLVH� WKH� 8)2� ZLOO� ORRVH� DOO� RI� LWV� SRZHU� JHQHUDWLRQ�� DQG� DQRWKHU� OHVVRQ
ZRXOG� KDYH� EHHQ�� GR� QRW� FURVV� WKH� SRODUL]HG� ZDWHU�WUDQVIHU� KRVHV� GXULQJ� WKLV
HOHFWUR�PHFKDQLFDO� SURFHVV� �� EHFDXVH� WKH\� DUH� OLDEOH� WR� VKRUW�FLUFXLW� �� $QG� D
IXUWKHU� SLHFH� RI� LQVWUXFWLRQ� WKDW� WKH� *UH\V� PLJKW� KDYH� EHHQ� VKRZLQJ� WKHVH
DEGXFWHHV�ZDV�WKDW�RQFH�WKH�ORZHU� LQQHU�ULP�LV�K\SHUSRODUL]HG� �LQ�UHVSRQVH� WR� WKH
JUDYLWDWLRQDO�SXOO�RI�WKH�FHQWUDO�YRUWH[��WKHUH�QHHGV�WR�EH�LPSOHPHQWHG�D�PHWKRG
E\�ZKLFK�LW�UHPDLQV�SRODUL]HG�WKURXJKRXW�WKLV�ZKROH�ZDWHU�UH�IXHOLQJ�SURFHGXUH��
RWKHUZLVH�WKH�8)2
V�HOHFWURQLF�FLUFXLW�EHFRPHV�XQ�HVWDEOLVKHG�>QRWH����@�
,QFLGHQWDOO\��LW�QRZ�EHFRPHV�TXLWH�FOHDU��IURP�WKDW�8)2�E\�WKH�ODNH�HSLVRGH��DQG
DIWHU�WKH�UHVXOWLQJ�WUDQVYHUVDO�VKRFN�LQFLGHQW�ZDV�H[SODLQHG�WR�%HWW\�E\�WKH�(7V��
WKDW�WKH�DD8)2
V�ORZHU�LQQHU�ULP�ZKLFK�EXWWV�XS�WR�WKH�EDVH�GLVF�LV�ZKDW�WKRVH
H[WUDWHUUHVWULDOV�ZHUH�UHIHUULQJ�WR�DV�WKH�GHSRODUL]HG�ULP��EHFDXVH��ZKHUH�WKH�ZDWHU�
UHSOHQLVKLQJ�LQFLGHQW�OHG�WR�D�VKRUW�FLUFXLWLQJ�RI�WKH�WRURLG
V�IOXLG�DQG�WKH�ZKROH
RI�WKH�8)2V�HOHFWULFDO�FLUFXLW��EHFDXVH�WKH�SRVLWLYH�FKDUJHV�KDG�QHXWUDOL]HG�LQVLGH
WKH� WRURLG� DQG� LW� FRXOG� QRW� WKHQ� UHWDLQ� LWV�PDJQHWLF� ILHOG�� VR� WKH� FUDIW
V� FHQWUDO
EODFN�YRUWH[�DOVR�H[SLUHG���DQG�RQFH�WKH�FHQWUDO�YRUWH[�H[SLUHG�WKDW�8)2�EHFDPH
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GHFRPPLVVLRQHG��+HQFH��WKLV�ZDV�WKH�UHDVRQ�ZK\�LWV�HQHUJ\�ILHOGV�KDG�WR�EH�ILUHG
XS�H[WHUQDOO\�E\�DQRWKHU�8)2�FUDIW����EHFDXVH�LW�KDG�ORVW�LWV�DELOLW\�WR�JHQHUDWH�LWV
RZQ�SRZHU��DV�VKRZQ�LQ�ILJXUH����EHORZ��
6R�� WR� VXPPDUL]H� WKHQ�KRZ� WKH� DD8)2
V� HOHFWUR�G\QDPLF� FLUFXLW�ZRUNV��:KHQ
WKH� PLFURZDYH� RVFLOODWLRQV� RI� WKH� ORZHU� VSKHUH� HQHUJLHV� UHDFK� WKH� UHTXLUHG
IUHTXHQF\�WKH\�WULJJHU�WKH�SODVPD�PRELOL]LQJ�IUHTXHQF\�RI�WKH�ZLUH�QHWZRUN�DQG
FHUDPLF� GRSDQWV� LQ� WKH� VSKHUHV�� WKHVH� GRSDQWV�� RI� PRVWO\� IHUURHOHFWULF
ODQWKDQRLGV�� ZLOO� HPLW� KXJH� DPRXQWV� RI� HOHFWURQ� FKDUJHV� LQ� SODVPRQLF� ZDYHV
ZKLFK� ULSSOH� WKURXJK� WKH� VSKHUHV� DQG�EHFRPH� WUDQVIHUUHG� �DV� SODVPRQ� FKDUJHV
ZKLFK�FRQYHUW�LQWR�HOHFWURPDJQHWLF�FKDUJHV�WKURXJK�WKH�WRURLG
V�PDJQHWLF�ILHOG��
WKURXJK�WKH�FRPPXWDWRU�ULQJ�DQG�WKH�FUDIW·V�PDJQHWLF� ILHOG� LQWR� WKH�VWHP�FRLOV�
7KHVH�HOHFWURPDJQHWLF�FKDUJHV�FRQGXFW�XS�WR�WKH�WRS�VSKHUHV�YLD�WKH�VWHP�FRLOV�
ZKHUH� WKH\� DUH� FRQYHUWHG� WKURXJK� DQQLKLODWLRQ� ZLWK� SRVLWLYH� FKDUJHV� LQWR
HQHUJHWLF�SKRWRQV��VRPH�RI�ZKLFK��DW�WKH�SKRWRQ�RUELW�ULQJ��JHW�GUDJJHG�LQWR�WKH
EODFN�YRUWH[��ZKLFK�JLYHV� WKH�YRUWH[�PRUH�PDVV�GHQVLW\�DQG� URWDWLRQDO�YHORFLW\�
DQG�ZKLFK�HQDEOHV�LW�WR�RVFLOODWH�DQG�WR�SRODUL]H�WKH�ORZHU�VSKHUHV��$V�D�UHVXOW�RI
WKH� HVWDEOLVKPHQW� RI� WKLV� SULPDU\� HOHFWUR�G\QDPLF� IORZ�� VRPH� RI� WKRVH
HOHFWURPDJQHWLF� FKDUJHV� DUH� WDSSHG� RII� KDOI�ZD\� XS� WKH� VWHP� FRLOV� E\� WKH
WHOHPHWHU�ZKHHO�DUPV��E\�HDFK�DUP�FROOHFWLQJ�DQ�HOHFWURPDJQHWLF�SRWHQWLDO�ZKLFK
LV����GHJUHHV�SKDVH�VKLIWHG�EHWZHHQ�WKHP���WKLV�HOHFWURPDJQHWLF�SRWHQWLDO�LV�WKHQ
PDGH�WR�RVFLOODWH�WKURXJK�WKRVH�DUPV�DQG�LQWR�WKH�JODVV�ZKHHOV�DQG�WKURXJK�WKH
KROORZ�WXEHV�UXQQLQJ�ZLWKLQ�WKRVH�JODVV�ZKHHOV��WR�SURGXFH�D�SXOVHG�EHDP�ZKLFK
SXQFKHV�LQWR�WKH�WRURLG�IOXLG�DV�KHOLFDO�PLFURZDYHV�ZKLFK�LRQL]H�WKDW�ZDWHU�IOXLG�
7KH� IDVWHU� WKHVH�EHDPV�DUH� ILUHG� WKH� IDVWHU� WKH� WRURLG·V� IOXLG�ZLOO� IORZ� �DQG� WKH
PRUH� HPSRZHUHG� WKH� FUDIW·V� YRUWH[� ZLOO� EHFRPH��� 7KH� ZDWHU� LQ� WKH� WRURLG
EHFRPHV� SRODUL]HG� E\� WKH� JUDYLWDWLRQDO� IRUFHV� RI� WKH� 8)2
V� EODFN� YRUWH[� WR
SURYLGH� D� QHJDWLYHO\� FKDUJHG� XSSHU� VHFWLRQ� DQG� D� SRVLWLYHO\� FKDUJHG� ORZHU
VHFWLRQ�� VHSDUDWHG� E\� D� KLJK�SHUPLWWLYLW\� GLHOHFWULF� OD\HU� EHWZHHQ� WKHP� LQ� WKH
PLGGOH�RI�WKDW�WRURLG��MXVW�OLNH�D�YHU\�ODUJH�FDSDFLWRU����6LPSOH��
2EYLRXVO\�� WKH� SRODUL]DWLRQ� RI� WKH� WRURLG� IOXLG� LQDXJXUDWHV�� HVWDEOLVKHV�� DQG
VWDELOL]HV��WKH�PDJQHWLF�ILHOGV�VXUURXQGLQJ�WKH�WRURLG���ZKLFK�IHHGV�DQG�QRXULVKHV
WKH�FUDIW·V�EODFN�YRUWH[�DQG�DOO�WKH�RWKHU�HOHFWUR�G\QDPLF�FRPSRQHQWV�RSHUDWLQJ
LQ� WKLV� 8)2�� DQG� DJDLQ�� WKLV� FRUUHVSRQGV� SHUIHFWO\� ZLWK� WKH� /RUHQW]� IRUFHV
RSHUDWLQJ�ZLWKLQ�WKH�WRURLG
V�PRYLQJ�IOXLG�
7KDW� LV� LI� WKH� UHDGHU�DW� WKLV� VWDJH�RI� WKH� VWXG\�KDV� JRW� WKH� JLVW�RI� WKH�PDJQHWLF
ILHOGV� RI� WKLV� DD8)2�� DQG� LV� FRQYHUVDQW� ZLWK� WKH� EDVLF� URXWHV� RI� WKH� DD8)2
V
PDJQHWLF�IOX[�OLQHV��LI�QRW�WKHQ�WKH�UHDGHU�FDQ�KDYH�D�EULHI�UHFDS�E\�UHIHUULQJ�EDFN
WR�ILJXUH����
�����,QQHU�5LQJ�WXEH�&RQWUROOLQJ�0HFKDQLVP
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$QRWKHU� KLJKO\� HIILFLHQW� SLHFH� RI� GHVLJQLQJ� E\� WKH� H[WUDWHUUHVWULDOV� HQVXUHV� WKDW
ZKDWHYHU� IRUFHV� DUH� EHLQJ� LPEXHG� LQWR� WKH� SXOVLQJ� PDJQHWLF� ILHOGV� LQVLGH� WKH
WRURLG��ZKHUH�WKRVH�PDJQHWLF�IOX[�OLQHV�HPHUJH�WKURXJK�WKH�FHQWHU�RI�WKH�WRURLG�
WKH\�ZLOO� WKH�H[HUW�JUHDWHVW�DPRXQW�RI�/RUHQW]�IRUFH�XSRQ� WKH� WHOHPHWHU�ZKHHOV
EHFDXVH�RI�WKH�ZKHHOV�SRVLWLRQLQJ��%ULHIO\��LQ�WKHVH�FURVV�VHFWLRQ�ILJXUHV�LW�FDQ�EH
VHHQ� WKDW� WKH� PDJQHWLF� IOX[� OLQHV� RI� WKH� XSSHU� DQG� ORZHU� WRURLG� ILHOGV� YHU\
SXUSRVHIXOO\� UXQ�SDUDOOHO� WR� WKH�KRUL]RQWDO� D[LV�RI� WKH� WHOHPHWHU�ZKHHOV�KHOG�E\
WKH�VSKHUH�VHW�DVVHPEOLHV��7KHUH�LV�D�UHILQHPHQW�WR�WKLV�DOLJQPHQW�WKRXJK��IRU�LQ
WKLV�ILJXUH��ILJXUH�����LW�DOVR�VKRZV�WKDW�ZKHQ�WKH�LQQHU�ULQJ�WXEH
V�PDJQHWLF�ILHOG
LV�HQHUJL]HG� LW�SXOOV� WKH� WRURLG
V� ORZHU�ILHOG�XS�DERYH� WKDW� ULQJ�WXEH���DQG� WKLV� LV� WR
HQVXUH�WKDW�WKRVH�PDJQHWLF�IOX[�OLQHV�WUDYHUVH�ULJKW�WKURXJK�WKH�WHOHPHWHU�ZKHHOV
�DQG� WKURXJK� WKH� DUPV� WKDW�KROG� WKHP��SHUSHQGLFXODU� WR� WKH�ZKHHO
V� KRUL]RQWDO
D[LV��$QRWKHU�YLHZ�RI�WKLV�ILHOG�FDQ�EH�VHHQ�LQ�ILJXUH����
(DUOLHU�LQWR�P\�UHVHDUFKHV�LW�ZDV�GLIILFXOW�WR�XQGHUVWDQG�WKH�H[DFW�SXUSRVH�RI�WKH
LQQHU� ULQJ�WXEH� �VHH� ILJXUH� ���� IURP� WKH� LQLWLDO� GHVFULSWLRQV� RI� WKH� DD8)2� WKDW
ZRXOG�WDNH�%HWW\�/XFD�RQ�KHU�QRFWXUQDO�YLVLWV�WR�WKH�DOLHQ
V�ZRUOG��%XW�IURP�WKH
GHWDLOV� %HWW\� IRUZDUGHG� LQ� KHU� $6%7� ERRNOHWV� >QRWH�� ��@� DQG� LQ� SHUVRQDO
FRPPXQLFDWLRQV�LW�HYHQWXDOO\�EHFDPH�FOHDU�WKDW�LQVLGH�WKLV�ULQJ�PXVW�KDYH�EHHQ�D
IOXLG� IRUPXODWHG� WR� HQHUJL]H� D� VWURQJ� DQG� PRELOH� PDJQHWLF� ILHOG� ORFDOL]HG� MXVW
RXWVLGH�WKDW�ULQJ�DURXQG�WKH�RXWVLGH�RI�WKH�VSKHUH�VHW�DVVHPEO\��:KHQ�,�LQLWLDOO\
GLG� VRPH� GLJJLQJ� DURXQG� DW� P\� ORFDO� XQLYHUVLW\� OLEUDU\� ,� IRXQG� WKDW� WKHUH� DUH
LQGHHG� VXFK� WKLQJV� DV�PDJQHWLF� IOXLGV� DQG� WKH� EHKDYLRU� RI� WKHVH� IOXLGV� LV� YHU\
GLIIHUHQW�IURP�ZKDW�RQH�PLJKW�H[SHFW�IURP�D�VROLG�PDJQHWLF�PDWHULDO��LQ�WKDW�WKH
PDJQHWLF�IOXLG�FRPSULVHV�PRYLQJ�LVODQGV�RI�RSSRVLWH�SRODULW\�PDJQHWLF�SROHV�WKDW
FDQ�PRYH�IUHHO\�DURXQG��RU��DV�IRU� LQVWDQFH� LQVLGH� WKH�DD8)2
V� LQQHU� ULQJ�WXEH�
WKH\�FDQ�PRYH�IUHHO\�DORQJ�WKDW�WXEH��$OVR��WKDW�IOXLG
V�PDJQHWLF�SROH�LVODQGV�FDQ
EH�VSUHDG�RXW�WR�ZHDNHQ�WKHLU�LQWHQVLW\��RU�EXQFKHG�WRJHWKHU�WR�VWUHQJWKHQ�WKHLU
PDJQHWLF�LQWHQVLW\�>QRWH����@�
7KH� ZRQGHUIXO� WKLQJ� QRZDGD\V�� DV� PHQWLRQHG� LQ� FKDSWHU� ��� LV� WKDW� SRO\PHU
VFLHQFH�KDV�EHFRPH�VR�DGYDQFHG�LQ�WKH�WZHQW\�ILUVW�FHQWXU\�WKDW�QRZ�DQ\�JHO�FDQ
EH�GHVLJQHG�DQG�LPEXHG�ZLWK�HLWKHU�HOHFWULFDO�RU�PDJQHWLF�IXQFWLRQV��DV�LV�WKH�FDVH
ZLWK� WKH�PRVW� UHFHQWO\� LQWURGXFHG� IHUUR�JHOV� �PDJQHWLF� ILHOG� VHQVLWLYH� SRO\PHUV
VXFK� DV� SRO\YLQ\O� DOFRKRO� K\GURJHO� ILOOHG� ZLWK� PDJQHWLWH� SDUWLFOHV�� >QRWH�� ��@�
%HWW\�DFWXDOO\�GHVFULEHV�WKLV�LQQHU�ULQJ�DV�D�FOHDU�VRIW�SODVWLF�OLNH�GRQXW�ILOOHG�ZLWK
JUH\�IOXLG�OLNH�JHO�>QRWH����@�
$QG�WRR�� WKHUH�DUH� WHFKQRORJLHV�QRZ�ZKLFK�H[LVW� WKDW�DOORZ�IOXLGV� WR�EH�PRYHG
HOHFWURQLFDOO\��E\�XVLQJ�HOHFWURK\GURG\QDPLF��(+'��DFWXDWRUV�WR�LQLWLDWH�HOHFWUR�
RVPRVLV�PRWLRQV� LQ� IOXLGV� �EDVHG�RQ� HOHFWULF� GRXEOH�OD\HU� IORZ�ZKLFK�SURGXFHV
HOHFWUR�NLQHWLF�WUDQVSRUW���7KDW�WKH�(+'�V\VWHP�FRXOG�KDYH�DQ�DUUD\�RI�GLHOHFWULF
DFWXDWRUV� ORFDWHG� DURXQG� WKH� LQQHU� ULQJ�WXEH�� ZKLFK� FRXOG� EH� FRQWUROOHG� E\� D
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WUDQVPLVVLRQ� OLQH� �WKDW� ZRXOG� SRVVLEO\� LQYROYH� ILEHU�RSWLF� FKDQQHOV� UDWKHU� WKDQ
HOHFWULF�FDEOHV��WKLV�ZRXOG�PHDQ�WKDW�WKH�PDJQHWLF�IOXLG�IORZLQJ�LQVLGH�WKLV�ULQJ�
WXEH�FRXOG�EH�HIILFLHQWO\�FRQWUROOHG�DOO�WKH�ZD\�IURP�WKH�8)2
V�FRQWURO�FHQWHU�E\
XVLQJ�MXVW�RQH�WUDQVPLVVLRQ�OLQH�>QRWH����@�
)RU��DQRWKHU�SURYLVR�,�KDYH�PDGH�ZLWK�P\�EUHDNGRZQ�RI�WKLV�DD8)2�LV�WKDW�WKH
WUDQVPLVVLRQ�OLQHV�WKDW�DFWXDOO\�OLQN�EHWZHHQ�WKH�SLORW�DQG�WKH�
HQJLQH
�ZLOO�EH�NHSW
WR�D�YHU\�EDUH�PLQLPXP�IRU�FRQVWUXFWLRQDO�SXUSRVHV��)RU�WKLV�UHDVRQ�,�KRSH�WKH
DVWXWH�DPRQJ�\RX�UHDGLQJ� WKLV� VWXG\�ZLOO�KDYH�REVHUYHG� WKDW� VR�IDU� WKHUH� LV� VWLOO
RQO\�21(�RSWLFDO� WUDQVPLVVLRQ� OLQH� UHTXLUHG��$QG� LI� WKH�GHVLJQ�SDUDPHWHUV� DUH
ZHOO�WKRXJKW�RXW�EHIRUHKDQG��UHJDUGLQJ�VHPL�FRQGXFWRU�WKUHVKROGV��WKHQ�WKDW�ZLOO
EH�DOO�WKDW�ZLOO�EH�QHFHVVDU\�IRU�D�EDVLF�VWDUW�IO\�UHWXUQ�WR�JURXQG�IXQFWLRQLQJ�RI
WKH�DD8)2���DQG�VR�KRZ
V�WKDW�IRU�9RUVSUXQJ�GXUFK�7HFKQLN���
�����$FWLYH�*RYHUQLQJ�&RQWURO�7KURXJK�WKH�,QQHU�5LQJ�WXEH
/RRNLQJ�PRUH�FORVHO\�DW�PDJQHWLF�ILHOGV�FUHDWHG�LQ�PDJQHWLF�IOXLGV��ZKDW�WKH\�GR
LV� FUHDWH� KLJK� DQG� ORZ� ]RQHV� �RU� LVODQGV�� DOWHUQDWHO\� WKURXJKRXW� WKH� IOXLG�
7KHUHIRUH��E\� FRQWUROOLQJ� WKH� IORZ�RI� VXFK�D� IOXLG
V�PDJQHWLF� LVODQGV� LQVLGH� WKH
LQQHU� ULQJ�WXEH� LW� ZRXOG� DOORZ� WKRVH� LVODQGV� LQ� WKH� PDJQHWLF� IOXLG� WR� DFW� DV
G\QDPLF� IOX[�PRYHUV�� 0RUH� VSHFLILFDOO\�� IOX[�PRYHUV� RU� IOX[�JRYHUQRUV�� ZKLFK
FRXOG� EH� PDGH� WR� DFFHOHUDWH� RU� EUDNH� WKH� PRYHPHQW� RI� DQ\� HOHFWURPDJQHWLF
FRPSRQHQW�WKDW�PRYHV�ZLWKLQ�WKHLU�LQIOXHQFH�
6XFK�ZRXOG�EH�WKH�DFWLRQ�RQ�WKH�WHOHPHWHU�ZKHHOV�DV�WKH\�URWDWH�DERYH�WKLV�ULQJ�
WXEH�� :KLOH� WKH� ULQJ
V� PDJQHWLF� IOXLGV� DUH� QRW� WKDW� SRZHUIXO� LQ� WKHPVHOYHV�
HVSHFLDOO\�ZKLOH�WKH�LVODQGV�DUH�DOORZHG�WR�URDP�IUHHO\��WKH\�ZLOO�WKRXJK�EH�VWURQJ
HQRXJK�WR�UH�URXWH�WKH�PXFK�PRUH�SRZHUIXO�PDJQHWLF�IOX[�OLQHV�IORZLQJ�WKURXJK
WKH�WRURLG��DV�VKRZQ�LQ�ILJXUH����ZKLFK�VKRZV�KRZ�WKH�WRURLG·V�PDJQHWLF�ILHOGV
DUH�URXWHG�RYHU�DQG�DURXQG�WKH�LQQHU�ULQJ�WXEHV���$QG�WKHQ��RQFH�WKH�VSKHUH�VHWV
JHW�XS�DQG�UXQQLQJ�DQG�SRZHUV�XS�DOO�WKRVH�IOX[�OLQHV��WKH�LQQHU�ULQJ�WXEH
V�IOX[
OLQHV�ZLOO�WKHQ�DOVR�EH�LPEXHG�ZLWK�JUHDWHU�PDJQHWLF�IRUFH�
,QGHHG��DQG�WKLV�LV�DQRWKHU�LPSRUWDQW�SRLQW�WR�PDNH�DERXW�WKLV�LQQHU�ULQJ��LQ�WKDW�
ZLWKLQ� WKH� FUDIW
V� PDJQHWLF� ILHOG� G\QDPLFV� WKHUH� LV� HYLGHQW� D� PXWXDO�LQGXFWLRQ
SURFHVV� WKDW� FRXSOHV� WKLV� LQQHU� PDJQHWLF� ULQJ�WXEH� ZLWK� WKH� FUDIW
V� RXWHU� ULP
PDJQHWLF� ILHOG�� DQG� ZKLFK� LQ� WXUQ� DOVR� FRXSOHV� WR� WKH� FHQWUDO� EODFN� YRUWH[
�EHFDXVH� WKLV� LQGXFWLYH�FRXSOLQJ� LV� WKURXJK� WKH�FR�PXWXDO�PDJQHWLF� ILHOG�RI� WKH
WRURLG���7KLV�ZLOO� EH� JRRG� IRU� VWDELOLW\� DQG�JRRG� IRU� DPSOLILFDWLRQ� �LW�ZRXOG� EH
DQDORJRXV� WR� KDYLQJ� D� VHULHV� RI� WUDQVIRUPHUV� ZLWK� PXOWLSOH� ZLQGLQJV� LQWHU�
FRQQHFWLQJ�WKHLU�FRUHV�ZLWK�YDULRXVO\�SRVLWLRQHG�WDSV�IURP�ZKLFK�FRXOG�EH�GUDZQ
GLIIHUHQW�DPRXQWV�RI�SRZHU���0RUHRYHU��ZKDWHYHU�/RUHQW]�IRUFH� LV�JHQHUDWHG�DW
WKH�YRUWH[��DQG�DW�WKH�SKRWRQ�RUELW�ULQJ��WKLV�ZLOO�LQGXFH�D�SURSRUWLRQDO�DPRXQW
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RI�/RUHQW]�IRUFH�DW�WKH�FUDIW
V�RXWHU�ULP�DW�WKH�WRURLG
V�RXWHU�SHULPHWHU��DQG�YLFH
YHUVD�
%XW� IXUWKHUPRUH�� ZKDWHYHU� IRUFH� ZLOO� EH� JHQHUDWHG� DW� WKH� RXWHU� ULP� ZLOO� EH
PXOWLSOLHG� VLJQLILFDQWO\� DW� WKH� SKRWRQ� RUELW� ULQJ� DQG� DURXQG� WKH� FHQWUDO� YRUWH[
EHFDXVH� RI� WKHLU� VPDOOHU� UDGLL���� %XW� WKHQ�� WKH� LQQHU� ULQJ�WXEH� EHLQJ� SRVLWLRQHG
ULJKW� LQ� WKH�PLGGOH� EHWZHHQ� ERWK� RI� WKHVH� HOHFWUR�G\QDPLF� IRUFH� JHQHUDWRUV�� LW
ZLOO� JDLQ� WKH� JUHDWHVW� DPSOLILFDWLRQ� IURP� %27+� RI� WKHP�� $QG� VR�� ZKHQ� WKH
ZKROH�8)2� HQJLQH� SRZHUV� XS� DQG� FRPHV� XS� WR� RSHUDWLRQDO� HQHUJ\� OHYHOV�� WKH
PDJQHWLF�IRUFHV�WKDW�ZLOO�EH�&283/('�,172�WKH�LQQHU�ULQJ�ZLOO�EH�VLJQLILFDQW��
DQG� WKH� DPRXQW� RI� /RUHQW]� IRUFH�(032:(5('�)520� WKLV� LQQHU� ULQJ�WXEH
ZLOO�DOVR�EH�VLJQLILFDQW�
7KLV�ZLOO�PHDQ�WKDW�ZLWK�LWV�PDJQHWLF�IRUFH�WKH� LQQHU�ULQJ�IOXLG�FDQ�VLJQLILFDQWO\
FRQWURO�WKH�WRURLG
V�ILHOGV��DQG�SDUWLFXODUO\�KRZ�WKHVH�IOX[�OLQHV�ZLOO�UXQ�WKURXJK
WKH�WHOHPHWHU�ZKHHOV�RQ�WKHLU�ZD\�LQWR�WKH�ERWWRP�RI�HDFK�RI�WKH�IRXU�VWHP�FRLOV�
7KH� LQQHU� ULQJ� FDQ� HLWKHU� EXQFK� XS� WKH� WRURLG
V� IOX[� OLQHV� DV� WKRVH� OLQHV� UXQ
WKURXJK�WKH�WHOHPHWHU�ZKHHOV�DQG�LQWR�WKH�VWHPV�WR�LQWHQVLI\�WKHP���RU�LW�FDQ�VSUHDG
WKHP�RXW�WR�ZHDNHQ�WKHP�
7KLV�PHFKDQLVP�ZLOO� FRUUHVSRQG� WR� D� FRQWURO� PHFKDQLVP� RYHU� WKH� DPRXQW� RI
/RUHQW]�IRUFH�DPSOLILFDWLRQ�WKDW�FDQ�EH�H[HUFLVHG�RQ�WKH�HOHFWURQ�FKDUJHV�FRPLQJ
RXW� RI� WKH� ORZHU� VSKHUHV� WKURXJK� WKH� SODVPRQLF� UHVRQDQFH�� +HQFH�� WR� D� ODUJH
GHJUHH� WKH�SRZHU�RXWSXW�RI� WKH�ZKROH�8)2�FUDIW� FDQ�EH� FRQWUROOHG�PHUHO\� E\
FRQWUROOLQJ�KRZ�WKH�LQQHU�ULQJ
V�IOXLG�LV�FRQILJXUHG�
)URP�DQ�HOHFWURG\QDPLF�SRZHU�GULYH�SRLQW�RI�YLHZ��WKLV�SDUW�RI�WKH�FUDIW
V�HQJLQH
LV�VXFK�WKDW�RQFH�LW�HQJDJHV�DQG�WKH�VSKHUH�VHWV�EHJLQ�WR�URWDWH��WKH�FUDIW
V�SRZHU
ZRXOG� LQFUHDVH�H[SRQHQWLDOO\� WR� LWV�PD[LPXP�RXWSXW� LI� WKH� VSKHUH�VHW�ZHUH�QRW
EUDNHG��6R�WKHUHIRUH� LQ�RUGHU�WR�EH�DEOH� WR�FRQWURO� WKH�8)2�LWV�HOHFWURG\QDPLF
SRZHU�GULYH�ZLOO�UHTXLUH�D�PHWKRG�RI�DFWLYH� JRYHUQLQJ� WR�FRQWURO� LWV�RXWSXW� �UDWKHU
WKDQ�DFWLYH�DPSOLILFDWLRQ�FRQWURO���,Q�WKLV�ZD\�WKH�LQQHU�ULQJ�WXEH�KDV�WR�SURYLGH�D
ZD\�RI�EUDNLQJ�WKH�URWDWLRQV�RI�WKH�WHOHPHWHU�ZKHHOV��ZKLFK�RI�FRXUVH�ZLOO�JRYHUQ
WKH� VSHHG�RI� WKH�VSKHUH�VHW� DVVHPEO\�ZKLFK�FRQWUROV� WKH�FUDIW�� >QRWH�� ��@��7KLV
FRXOG�EH�GRQH�TXLWH�HDVLO\��EHFDXVH��ZKHUH�WKH�WRURLG
V�IOX[�OLQHV�IORZ�WKURXJK�WKH
ZKHHOV�DQG�UXQ�SDUDOOHO�WR�WKH�PLFURZDYH�WXEHV�LQ�WKRVH�ZKHHOV��WKRVH�IOX[�OLQHV
FRXOG� EH� PDGH� WR� FRQYHUJH� ZLWK� D� ZLGH� FRQYHUJHQFH� RU� FRQYHUJH� ZLWK� D� QDUURZ
FRQYHUJHQFH��7R�GR�WKLV�WKRVH�IOX[�OLQHV�ZRXOG�EH�EXQFKHG�XS�EHKLQG�WKH�WHOHPHWHU
ZKHHO��RU�EXQFKHG�XS�LQ�IURQW�RI�WKRVH�ZKHHOV�� LQ�WKLV�ZD\�WKH�ZKHHOV�FRXOG�EH
VORZHG� RU� DFFHOHUDWHG�� DQG� WKLV� ZLOO� EH� KRZ� WKH� ZKHHOV� DQG� WKH� VSKHUH�VHW
DVVHPEO\�URWDWLRQ�FDQ�EH�FRQWUROOHG�>QRWH����@�
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7KH�WUDGH�RII�IURP�WKLV�EUDNLQJ�RI�WKH�VSKHUH�VHW�DVVHPEO\�LV�WKDW�WKHUH�ZLOO�EH�D
FRPSHQVDWLQJ� HIIHFW� DURXQG�HDFK�RI� WKH� VSKHUH�VHWV�� LQ�SDUWLFXODU� WKDW� WKH� DQWL�
YRWLFHV�DURXQG�HDFK�RI� WKH�VSKHUH�VHWV� �DV�VKRZQ� LQ�ILJXUH�����ZLOO�VSHHG�XS�WR
WKH�GHJUHH�WKH�DVVHPEO\�LV�SUHYHQWHG�IURP�URWDWLQJ�DORQJ�ZLWK�WKH�FHQWUDO�YRUWH[�
,Q�IDFW�WKHVH�DQWL�YRUWLFHV�ZLOO�KHOS�FRQVHUYH�HQHUJ\�LQ�WKH�PDLQ�YRUWH[�>/LQ�����@
>9LVVHU� ����D@�� %XW� DOVR�� WKDW� WKHVH� DQWL�YRUWLFHV� ZLOO� EH� HQFRXUDJHG� WR� IORZ
DURXQG�HDFK�VSKHUH�VHW��DQG�RUELW�WKH�PDLQ�EODFN�YRUWH[�ZLWK�WKRVH�VSKHUH�VHWV��LW
VXJJHVWV�WKDW�WKH�ORZHU�VSKHUHV�DUH�SHUIHFWO\�SRVLWLRQHG�VR�DV�WR�FDSWXUH�ZKDWHYHU
JUDYLWDWLRQDO� DQG� HOHFWURPDJQHWLF� HQHUJLHV� DUH� LQGXFHG� LQWR� WKHVH� DQWL�YRUWLFHV
IURP� WKH� FHQWUDO� YRUWH[� �SRVVLEO\� WKURXJK� WKH�PHFKDQLVP� GHVFULEHG� LQ� VHFWLRQ
������$QG� SRVVLEO\�� D� VHSDUDWH�PHFKDQLVP� FRXOG� HYHQ� EH� LQFRUSRUDWHG� WR� GULYH
WKHVH�DQWL�YRWLFHV�ZKLOH� WKH�FHQWUDO�YRUWH[� LV�PDGH�WR�JR� WKURXJK�FKDQJHV� LQ� LWV
FRQILJXUDWLRQ�LQ�RUGHU�WR�XVH�LWV�JUDYLWDWLRQDO�IRUFHV�H[WHUQDOO\��DV�ZLOO�EH�DOOXGHG
WR�LQ�VHFWLRQ�������
�����7KH�6RIW�3RO\PHU�SODVWLF�RI�WKH�,QQHU�5LQJ�WXEH
7KHUH�ZLOO�EH�D�JRRG� UHDVRQ� IRU� WKH� LQQHU� ULQJ�WXEH�FDVLQJ�EHLQJ�PDQXIDFWXUHG
IURP�D�VRIW�SRO\PHU�SODVWLF��6R�DV�QRW�WR�GDPSHQ�WKH�RVFLOODWLQJ�IUHTXHQF\�EHLQJ
JHQHUDWHG�ZLWKLQ�WKH�VSKHUH�VHWV�

)LJXUH� ����0LFURZDYH� HQHUJLHV�SDVV� WKURXJK� WKH� FRQGXFWLQJ� WXEHV� DQG�EHFRPH
DPSOLILHG�LQ�WKH�PDVHU�OLNH�FU\VWDOV�EHIRUH�EHLQJ�ILUHG�WKURXJK�WKH�WRURLG�ZDOO�LQWR
WKH�WRURLG
V�IOXLG
7KH� URWDWLQJ� VSKHUH�VHW� DVVHPEO\� LV� WKH� RQO\� PDMRU� FRPSRQHQW� LQ� WKH� FUDIW
V
HQJLQH�ZKLFK�PXVW�EH�DOORZHG�WR�URWDWH��LW�LV�DOVR�WKH�RQO\�PDMRU�FRPSRQHQW�WKDW



234

PXVW�EH�DOORZHG�WR�UHVRQDWH�XQKLQGHUHG�DW�LWV�RZQ�SDUWLFXODU�IUHTXHQF\���ZKLFK
ZLOO� EH� GHWHUPLQHG� E\� WKH� VSKHUH
V� SODVPRQLF� UHVRQDQFHV� DQG� WKH� DFRXVWLF
UHVRQDQFHV� FRPLQJ� IURP� WKRVH� VSKHUHV��%XW� WKH� WRURLG� VKHOO� �ZKLFK� LV� DOVR� WKH
ORZHU�KXOO��KDV�QR�QHHG�WR�RVFLOODWH�DQG�VR�LW�ZLOO�QRW�EH�UHVRQDWLQJ�DW�DQ\ZKHUH
QHDU�WKH�VDPH�IUHTXHQF\�DV�WKH�FHQWUDO�DVVHPEO\��VWULFWO\�VSHDNLQJ�LW�VKRXOGQ
W�EH
RVFLOODWLQJ� DW� DOO��� 6R� WKH� FHQWUDO� DVVHPEO\
V� RVFLOODWLQJ� FRPSRQHQWV� PXVW� EH
LVRODWHG�LQ�D�VSHFLDO�ZD\�IURP�WKH�QRQ�RVFLOODWLQJ�WRURLG�VKHOO�
%HFDXVH��LI�WKH�WHOHPHWHU�ZKHHOV�EXWWHG�XS�WR�WKH�VROLG�ZDOOV�RI�WKH�WRURLG��RU��DV
PRUH�WR�WKH�SRLQW�� WR�D�VROLG�FDVLQJ�DURXQG�WKH� LQQHU�ULQJ�WXEH�� WKHQ�WKRVH�JODVV
ZKHHOV�ZRXOG�YLEUDWH�WKHPVHOYHV�WR�SLHFHV�LQ�D�YHU\�VKRUW�VSDFH�RI�WLPH���DQG�VR
ZRXOG�WKH�LQQHU�ULQJ�WXEH�$1'�WKH�FHQWUDO�SDUW�RI�WKH�WRURLG���WKH\
G�DOO�YLEUDWH
DJDLQVW� HDFKRWKHU� DQG� HYHQWXDOO\� PDOIXQFWLRQ�� ,Q� RUGHU� WR� SUHYHQW� WKLV� IURP
KDSSHQLQJ�WKH�LQQHU�ULQJ�WXEH�KDV�WR�EH�PDGH�RI�D�VRIW�\LHOGLQJ�PDWHULDO���WR�IRUP
D� IUHTXHQF\�EULGJH� EHWZHHQ� WKH� WZR� VWUXFWXUHV�� ,Q� D� ZD\� WKLV� FRUUHVSRQGV�� LQ
HOHFWURQLFV��WR�WKH�LVRODWLRQ�RI�D�UHVRQDWLQJ�FLUFXLW��DQG�VR�E\�LVRODWLQJ�WKH�FHQWUDO
VSKHUH�VHW�DVVHPEO\�LQ�WKH�DD8)2�WKDW�DVVHPEO\�ZLOO�EH�DEOH�WR�EXLOG�XS�LWV�RZQ
KDUPRQLF� UHVRQDQFH� DQG� GHYHORS� DQ� H[WUHPHO\� KLJK� 4�IDFWRU� >QRWH�� ��@�
)XUWKHUPRUH��ZKDW�ZLOO�KHOS�PDLQWDLQ�WKDW�KLJK�4�IDFWRU�LQ�WKH�FHQWUDO�DVVHPEO\
ZLOO�EH�KRZ�WKH�EDVH�GLVF�LV�PDQXIDFWXUHG��EHFDXVH�ZKDWHYHU�PDWHULDOV�DUH�XVHG�LQ
LWV�PDQXIDFWXUH� FROOHFWLYHO\� WKH\� ZLOO� KDYH� WR� UHVRQDWH� WR� D� IUHTXHQF\� WKDW� ZLOO
HLWKHU�PDWFK��RU�KDUPRQL]H�ZLWK��WKH�SODVPRQLF�UHVRQDQW�IUHTXHQF\�RI�WKH�JODVV
VSKHUHV�� RWKHUZLVH� D� PLV�PDWFKLQJ� RI� IUHTXHQFLHV� ZLOO� GDPSHQ� GRZQ� WKDW
RSHUDWLRQDO�IUHTXHQF\�RI�WKH�VSKHUHV�DQG�WKH�4�IDFWRU�RI�WKH�ZKROH�DVVHPEO\�ZLOO
EH� GHWULPHQWDOO\� LPSDLUHG�� ,Q� IDFW�� UHJDUGLQJ� WKH� FHQWUDO� DVVHPEO\�� HYHU\� VLQJOH
SDUW�RI�LW�VKRXOG�SUREDEO\�EH�FRQVLGHUHG�DV�EHLQJ�DQ�LQWHJUDO�FRPSRQHQW�RI�RQH
ZKROH�WXQHG�FLUFXLW��DQG�WKH\�VKRXOG�DOO�EH�PDQXIDFWXUHG�DFFRUGLQJO\�
7R� WKLV� HQG�� IRU� WKH� EDVH� GLVF� D� FRPELQDWLRQ� VXFK� DV�PDJQHVLXP�]LQF�ELVPXWK
ZRXOG�EH�SUHIHUDEOH�EHFDXVH�LW�FRXOG�EH�PDQXIDFWXUHG�WR�UHVRQDWH�WR�D�SDUWLFXODU
IUHTXHQF\�ZLWK�UHVSHFW�WR�WKH�FUDIW
V�SXOVLQJ�PDJQHWLF�ILHOGV�WKDW�ZLOO�EH�DSSOLHG
DURXQG�LW�>QRWH����@��$JDLQ��DQ�LQWHUHVWLQJ�FRUROODU\�FDQ�EH�IRXQG�LQ�WKH�5RVZHOO
VDPSOH��EHFDXVH�PDJQHVLXP�DOOR\V�DUH�NQRZQ�WR�EH�KLJKO\�HOHFWURVWULFWLYH��ZKLFK
PHDQV�WKDW�WKH\�ZLOO�SURGXFH�HOHFWUR�NLQHWLF�PRYHPHQWV�ZKHQ�DQ�HOHFWULF�ILHOG�LV
DSSOLHG� WR� WKHP� �ZKLFK� LV� DQ� HIIHFW� ZKLFK� ZRUNV� LQ� D� VLPLODU� IDVKLRQ� WR
SLH]RHOHFWULF�PDWHULDOV��� ,Q� WKH�5RVZHOO� VDPSOH��ZKHQ� LW�ZDV�EHLQJ� WHVWHG� LQ� WKH
ODEV�D�VPDOO�SLHFH�RI�LW�ZDV�VXEMHFWHG�WR�DQ�DOWHUQDWLQJ�$&�ILHOG�VXSHULPSRVHG�E\
D� PLOOLRQ�YROW� HOHFWURVWDWLF� ILHOG�� ZKLFK� FDXVHG� LW� WR� MXPS� VLGHZD\V� YHU\
HQHUJHWLFDOO\��FRQILUPLQJ�TXLWH�VSHFWDFXODUO\�WKDW�LW�ZDV�LQGHHG�DQ�HOHFWURVWULFWLYH
FRPSRXQG�� >QRWH����@��6R�REYLRXVO\� D�PDWHULDO� VXFK�DV� WKH�5RVZHOO� FRPSRXQG
EHLQJ�SDUW�RI�D�FLUFXODU�GLVF�ZRXOG�UHDGLO\�RVFLOODWH�ZLWK�WKDW�8)2
V�PDJQHWLF�DQG
HOHFWULF�ILHOGV�SXOVLQJ�RU�DOWHUQDWLQJ�WKURXJK�LW�
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,QFLGHQWDOO\�� \HW� DQRWKHU� UHILQHPHQW� LQ� WKH� 5RVZHOO� VDPSOH�� RI� ELVPXWK�
PDJQHVLXP�]LQF��ZDV�WKDW�LWV�HSLWD[LDO�OD\HUV�ZHUH�XQGXODWHG�PLFURVFRSLFDOO\��$QG
WKLV�XQGXODWLRQ�ZRXOG�DOVR�PDNH�D� ORW�RI� VHQVH�ZLWK� UHVSHFW� WR�ZKHUH� WKDW�EDVH
GLVF� LV� ORFDWHG�� ULJKW� QH[W� WR� WKH� EODFN� YRUWH[� ZKLFK� ZLOO� EH� UDGLDWLQJ� D
JUDYLWDWLRQDO�IRUFH��%HFDXVH�LI�WKH�PROHFXODU�GLVSODFHPHQW��IURP�WKH�EODFN�YRUWH[�
ZKLFK� ZLOO� EH� KDSSHQLQJ� DW� D� SDUWLFXODU� IUHTXHQF\�� SURGXFHV� DQ� LQWHUUXSWHG
HOHFWULF�ILHOG�ZLWKLQ�WKH�VWUXFWXUH�RI�WKDW�EDVH�GLVF�ZKLFK�H[SDQGV�UDGLDOO\�WKURXJK
WKDW� VWUXFWXUH� �DV� DLGHG�E\� WKH�SXOVLQJ�PDJQHWLF� ILHOGV��� WKHQ� WKDW� UDGLDO� HOHFWULF
ILHOG� H[SDQGLQJ� WKURXJK� WKRVH� XQGXODWLRQV� RI� ELVPXWK� ZRXOG� EH� IRUFHG� WR
RVFLOODWH�DW�D�SUH�GHWHUPLQDEOH�IUHTXHQF\��VR�� LQ�RWKHU�ZRUGV�� WKH�GLPHQVLRQV�RI
WKH�PLFUR�XQGXODWLRQV�ZRXOG�KHOS�WR�JRYHUQ�WKH�UHVRQDQW�IUHTXHQF\�RI�WKDW�EDVH
GLVF��� 7KLV� PLFUR�XQGXODWLRQ� WKHPH� ZLOO� EH� FRQWLQXHG� ODWHU� LQ� WKLV� ERRN
V
VXSSOHPHQW�ZKHUH�LWV�LQIOXHQFH�ZLWKLQ�WKLV�8)2��DQG�RWKHU�8)2V��ZLOO�EH�PRUH
NHHQO\�DSSUHFLDWHG�
,Q� FRQFOXVLRQ� WKHQ�� EHFDXVH� WKH� EDVH� GLVF� ZRXOG� EH� EHWWHU� FRQVWUXFWHG� IURP
PDWHULDOV�ZKLFK�FDQ�EH�PDGH�WR�RVFLOODWH�VRPHZKHUH�QHDU�WKH�UHVRQDQW�IUHTXHQF\
RI� WKH� ORZHU� VSKHUHV� �SUREDEO\�ZLWKLQ� D� IDLUO\�QDUURZ�EDQGZLGWK� WR� KDUPRQL]H
ZLWK� WKRVH� VSKHUHV��� WKHQ�E\� XVLQJ� WKH� JUDYLWDWLRQDO� UDGLDWLRQ� FRPLQJ� IURP� WKH
EODFN�YRUWH[��DQG�WKH�PDJQHWLF�ILHOGV�SXOVLQJ�DURXQG�LW��D�UDGLDO�HOHFWULF�ILHOG�ZLOO
EH�JHQHUDWHG���DQG�WKLV�UDGLDO�HOHFWULF�ILHOG�ZLOO�EH�PDGH�WR�RVFLOODWH�WKURXJK�WKH
YHU\�WKLQ�OD\HUV�RI�KLJK�PDVV�ELVPXWK��7KH�WZR�PDLQ�SXUSRVHV�IRU�WKLV�ZLOO�EH�D�
WR�WUDQVPLW�WKH�JUDYLWDWLRQDO�IRUFH�IURP�WKH�EODFN�YRUWH[�WR�WKH�WRURLG�IOXLG��DQG
E��WR�HVWDEOLVK�DQG�PDLQWDLQ�WKH�KLJK�4�IDFWRU�HVVHQWLDO�IRU�WKH�FHQWUDO�DVVHPEO\
V
UHVRQDWLQJ�IUHTXHQF\��$OWKRXJK��ZKDW� WKLV�RVFLOODWLQJ�EDVH�GLVF�ZLOO�DOVR�GR� LV�F�
KHOS�EXQFK� WKH� WRURLG
V� IOX[� OLQHV� WRZDUG� WKH�FHQWUDO�KROH�� DQG�G�� LW�ZRXOG� DOVR
FUHDWH�D�ULSSOLQJ�HIIHFW�DURXQG�HDFK�RI�WKH�ORZHU�VSKHUHV��ZKLFK�PD\�EH�KRZ�WKH\
DUH�PDGH�WR�UHYROYH���DQG�H��ZKHQ�WXUQHG�WKH�EDVH�GLVF�ZLOO�SXOO�RQ�WKH�PDJQHWLF
IOX[�OLQHV�DURXQG�WKH�ORZHU�LQQHU�HGJH�RI�WKH�WRURLG�WR�VWUHWFK�DQG�EUHDN�WKHP�WR
SURGXFH�FRSLRXV�DPRXQWV�RI�HOHFWURQ�SRVLWURQ�SDLUV�
$FWXDOO\� WKH� UHDGHU� PLJKW� PDUYHO� DW� MXVW� KRZ� XQ�FRPSOLFDWHG� WKH� VSKHUH�VHW
DVVHPEO\�LV�ORFDWHG�LQ�WKH�PLGGOH�RI�WKH�WRURLG
V�FHQWUDO�HUJRVSKHUH���LI�WKH�UHDGHU
FRQVLGHUV�WKDW�WKLV�DVVHPEO\�LV�WKH�ZKROH�8)2
V�HQJLQH��<HW�LWV�EDVH�GLVF�KDV�QR
FRQWDFW�ZLWK�WKH�WRURLG�VKHOO��WKHUH�LV�D�VPDOO�DLU�JDS�DOO�DURXQG�WKH�EDVH�GLVF���DQG
WKH�21/<�FRQWDFW�WKH�FHQWUDO�VSKHUH�VHW�DVVHPEO\�ZLOO�KDYH�ZLWK�WKH�WRURLG�VKHOO
ZLOO�EH�ZKHUH�WKH�WHOHPHWHU�ZKHHOV�WXUQ�XSRQ�WKH� LQQHU�ULQJ�WXEH��6R� LW� UHDOO\� LV
WKDW�VLPSOH��
�����$GMXVWDELOLW\�RI�WKH�7RURLG�)OXLG
V�3HUPLWWLYLW\
)LQDOO\�� IURP�ZKDWHYHU�SXOVHV� WKDW� DUH� ILUHG� LQWR� WKH� WRURLG
V� IOXLG�� WKURXJK� WKH
WHOHPHWHU�ZKHHOV��WKHUH�ZLOO�EH�SURGXFHG�LQ�WKDW�IOXLG�D�SURSRUWLRQDO�FKDQJH�WR�LWV
GLHOHFWULF�SHUPLWWLYLW\�>QRWH����@��7KH�WRURLG�WKRXJK��DV�VHHQ�DV�HUJRVSKHUH�&��ZLOO
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EH� QHHGHG� WR� SHUIRUP� D� IHZ� PRUH� VSHFLDO� WDVNV� LQ� PRUH� HOHFWURG\QDPLF� DQG
JUDYLWDWLRQDO� SURFHVVHV�� \HW� WR� EH� GHOLQHDWHG� WKURXJK� WKH� IROORZLQJ� FKDSWHUV� RI
WKLV� ERRN�� DQG� VR� WKH� DFWXDO� PDNH�XS� RI� WKH� WRURLG� IOXLG� VWLOO� FDQQRW� EH� IXOO\
GHWHUPLQHG�DV�\HW��IRU�WKH�SHUPLWWLYLW\�DQG�WKH�IORZ�YHORFLW\�RI�WKH�WRURLG
V�IOXLG
ZLOO�FRQVHTXHQWO\�EHFRPH�FUXFLDO�IDFWRUV�IRU�WKHVH�RWKHU�PHFKDQLVPV�ZKLFK�ZLOO
EH� RSHUDWLQJ� WKURXJK� WKH� DD8)2
V� SRZHU� GULYH� V\VWHP� �� ZKLFK� ZLOO� HPSOR\
HUJRVSKHUH�&�HVSHFLDOO\�WR�VORZ�GRZQ�WKH�YHORFLWLHV�RI�WKH�HOHFWURPDJQHWLF�ZDYHV
DQG�WKH�JUDYLWDWLRQDO�ZDYHV�FRPLQJ�RXW�RI�WKH�YRUWH[�DQG�WKH�FHQWUDO�HUJRVSKHUH��
%XW�WKHQ��LI�LW�ZDV�WKRXJKW�WR�EH�VLPSOH�XS�WR�WKLV�SRLQW�WKHQ�IURP�KHUH�RQ�LQ�WKLV
8)2�JHWV�D�ORW�PRUH�FRPSOLFDWHG���
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&KDSWHU����7KH�%ODFN�9RUWH[�RI�,PPHQVH�3RZHU

&RQWHQWV�
����,QWDNH�DQG�2XWIORZ�RI�DQ�$VWURSK\VLFDO�+ROH�LQ�6SDFH
����+RZ�WKH�DD8)2
V�%ODFN�9RUWH[�,QKDOHV�DQG�([KDOHV
����$UWLILFLDO�(QJLQHHULQJ�RI�D�)XQFWLRQDO�%ODFN�9RUWH[
����5HDO�WLPH�(QJLQHHULQJ�RI�D�)XQFWLRQDO�%ODFN�9RUWH[
����/LQLQJ�XS�WKH�6SKHUH�VHWV�WR�WKH�&HQWUDO�9RUWH[
����6HHLQJ�D�&RPSOHWH�5DQJH�RI�)UHTXHQFLHV�,QVLGH�WKH�8)2�&UDIW
����*\UDWLQJ�6WRUDJH�)LHOG�)HHGV�5LP�)LHOG��&XUUHQW�5LQJ�
����7KH�*XOO\�3DUDGR[�RI�D�6PDOO�*DS�/HDGLQJ�WR�%LJJHU�7KLQJV

����,QWDNH�DQG�2XWIORZ�RI�DQ�$VWURSK\VLFDO�+ROH�LQ�6SDFH
7KH�EODFN�YRUWH[�LQ�WKH�FHQWHU�RI�WKLV�DD8)2�LV�QRW�D�QDWXUDOO\�PLQLDWXUL]HG�EODFN
KROH��LW�LV�DQ�HQIRUFHG�PLQLDWXUL]HG�TXDVL�EODFN�KROH��,W� LV�VSHFLILFDOO\�HQJLQHHUHG
WKURXJK�WKH�FUDIW
V�PDJQHWLF�ILHOGV�ZKLFK�IRUP�D�PDJQHWLF�IXQQHO��DW�WKH�ERWWRP
RI�ZKLFK� LV� D�PDJQHWLF� ERWWOH�QHFN�� %XW� VXUURXQGLQJ� WKDW�PDJQHWLF� IXQQHO� LV� D
YHU\� FRPSDFW� HUJRVSKHUH� RI� URWDWLQJ� HQHUJ\� SURGXFLQJ� IUDPH�GUDJJLQJ� DQG
URWDWLRQDO�WXUEXOHQFH��$QG�DV�PHQWLRQHG�LQ�VHFWLRQ������EHFDXVH�RI�WKH�PDJQHWLF
ERWWOH�QHFN� DQG� WKH� VROLG� EDVH� GLVF� DW� WKH� ERWWRP� RI� WKLV� HUJRVSKHUH� ZKLFK
WRJHWKHU�ZLOO�HIIHFWLYHO\�FORVH�RII�WKH�ERWWRP�RI�HUJRVSKHUH�$��WKHUH�ZLOO�UHVXOW�D
RQH�ZD\�HQHUJ\�DFFXPXODWLRQ�SURFHVV�ZKHUHE\�ZKDWHYHU�HQHUJ\�JHWV�SXOOHG�LQWR
WKLV�YRUWH[�ZRQ
W�HDVLO\�EH�DEOH�WR�HVFDSH�IURP�LW��7KLV�HQHUJ\�DFFXPXODWLRQ�ZLOO
DIIHFW�D�GHQVLI\LQJ�SURFHVV�RQ�WKRVH�HQHUJLHV�EHLQJ�WKUXVW�GRZQ�LQWR� WKH�YRUWH[
IURP�WKH� WRS�VSKHUHV�DW� WKH�SKRWRQ�RUELW� ULQJ��DQG�WKLV�FRQWLQXDO� LQ�SRXULQJ�RI
HQHUJ\�ZLOO�DOVR�DIIHFW�DQ�LQFUHDVH�LQ�WKH�URWDWLRQDO�YHORFLW\�RI�WKDW�ILHOG�>QRWH���@�
:KHUH� WKLV� VDPH� HIIHFW� RFFXUV� RXW� LQ� VSDFH� LQ� DQ� DVWURSK\VLFDO� EODFN� KROH� LWV
HUJRVSKHUH� RI� URWDWLQJ� HQHUJLHV� ZLOO� UK\WKPLFDOO\� H[SDQG� RXWZDUG� WR
DFFRPPRGDWH�LWV�FRQWLQXDO�LQIOX[�RI�HQHUJ\��DQG�ZKHQ�WKH�HUJRVSKHUH
V�PDJQHWLF
ILHOG�SHULRGLFDOO\�WLJKWHQV�XS���RU�LW�ZLOO�URWDWH�IDVWHU�DQG�IDVWHU�XQWLO�LW�H[SDQGV�LWV
IUDPH�GUDJJLQJ� IRUFHV� DV� DQ� H[KDXVW� IORZ� DORQJ� LWV� ORQJLWXGLQDO� D[LV�� WR� IRUP� D
SXOVDU�RU�TXDVDU�MHW�WR�WKUXVW�VRPH�RI�WKDW�H[FHVV�HQHUJ\�DZD\�LQWR�VSDFH��WKLV�FDQ
EH�VHHQ�LQ�WKH�WHFKQLFDO�EUHDNGRZQV�IRU�WKH�0���DQG�1*&������MHWV��DQG�LW�FDQ
EH� VHHQ� LQ� WKH� GHQVLW\� FKDUW� IRU� D� EODFN� KROH�� LQ� WKH� >/HU\� ����@� VWXG\� IRU
LQVWDQFH��
,Q�FRPSDULVRQ��RXWVLGH�WKH�DD8)2
V�EODFN�YRUWH[� LWV�HUJRVSKHUH�FDQQRW�H[SDQG
RXWZDUG� EHFDXVH� RI� LWV� VROLG� FRQWDLQPHQW� ZDOOV�� VR� E\� GHVLJQ� LWV� HQHUJLHV� ZLOO
EHFRPH�PRUH�GHQVH�DQG�KDYH�WR�URWDWH�IDVWHU�DQG�IDVWHU��DQG�WKDW�ZLOO�EH�VR�WKDW
LWV�FHQWUDO�HUJRVSKHUH�FDQ�DFFRPPRGDWH�DQG�FRPSHQVDWH�IRU�LWV�FRQWLQXDO�LQWDNH
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RI� HQHUJ\��$QG� VR� MXVW� OLNH� D�EODFN� KROH� WKH� DD8)2
V� YRUWH[�ZLOO� HYHQWXDOO\� EH
GULYHQ�ZLWK�DQ�DQJXODU�YHORFLW\�WKDW�ZLOO�KDYH�LQFUHDVHG�EH\RQG�WKH�YHORFLW\�RI�OLJKW
�F���ZKHUH�OLJKW�ZDYHV�ZLOO�EHFRPH�WUDSSHG�LQVLGH�WKDW�VSLQQLQJ�YRUWH[�>QRWH���@�
7KLV�OLJKW�WUDSSLQJ�HYHQW�ZLOO�FHUWDLQO\�RFFXU�WRZDUG�WKH�FRUH�RI�WKLV�FUDIW
V�YRUWH[
ZKHUH�LW�VSLQV�WKH�IDVWHVW�WKURXJK�DQ�HYHU�GHFUHDVLQJ�GLDPHWHU�DERYH�WKH�KROH�LQ
WKH�EDVH�GLVF�
:KHUH� LWV� DFWXDO�KRUL]RQWDO� HYHQW�KRUL]RQ�PLJKW�RFFXU� FRXOG�EH� WKRXJKW�RI� DV� D
SDUWLFXODU�GLDPHWHU�RI�URWDWLRQ�LQVLGH�WKDW�EODFN�YRUWH[��EXW�ZLWK�UHJDUG�WR�WKH�IXOO
FRPSOLPHQW�RI�URWDWLQJ�IRUFHV�GULYHQ�IDVWHU�WKDQ�WKDW�HYHQW�KRUL]RQ�WKHQ��LQ�WKH
DD8)2·V�FDVH��LWV�YRUWH[·V���GLPHQWLRQDO�HYHQW�KRUL]RQ�ERXQGDU\�ZRXOG�KDYH�WKH
VKDSH�RI�DQ�HORQJDWHG�FRQH�
+RZHYHU�� WKH� ZD\� LQ� ZKLFK� HQHUJ\� LV� FRQVWDQWO\� EHLQJ� GUDZQ� LQWR� WKH� EODFN
YRUWH[�UHIHUV�EDFN�WR�VRPHWKLQJ�,�PHQWLRQHG�LQ�VHFWLRQ�������LQ�WKDW�WKH�YDFXRXV
IRUFHV�RI�D�EODFN�KROH�DQG�TXDVL�EODFN�KROH�GRQ
W�KDSSHQ�LQ�WKH�VRUW�RI�VWUDLJKW�
OLQH�SDWK�WKDW�ZRXOG�VHH�D�PDVV�SDUWLFOH� 
GURS�GRZQ
�WKURXJK�WKH�PRXWK�RI�WKDW
TXDVL�EODFN� KROH�� 7KDW� PDVV� SDUWLFOH� ZRXOG� KDYH� WR� HQWHU� E\� WKH� SDWK� RI� WKH
URWDWLQJ� ILHOG� ZKLFK� GHWHUPLQHV� WKDW� TXDVL�EODFN� KROH� >QRWH�� �@�� %HFDXVH� RI� WKLV
IDFWRU�� WKDW� DOO� HQHUJ\� KDV� WR� URWDWH� LQWR� WKLV� EODFN� YRUWH[� WKURXJK� WKH� SKRWRQ
RUELW� ULQJ�� LW� ZLOO� EH� REVHUYHG� WKDW� WKH� SKRWRQ� RUELW� ULQJ� ZLOO� FRPPDQG� D
VLJQLILFDQW�UROH�ZLWKLQ�WKLV�8)2�FUDIW
V�HQHUJ\�G\QDPLFV�
:LWK� WKLV� IDFWRU� LQ�PLQG� LW� ZLOO� EH� VHHQ� WKDW� WKH� SDUWLFOHV� EHLQJ� FDXJKW� LQ� WKH
JUDYLWDWLRQDO�SXOO�RI�WKDW�EODFN�YRUWH[�ZLOO�FRPH�PRVWO\�IURP�WKH�SRVLWLYH�LRQV�LQ
WKH�VWRUDJH�ILHOG�J\UDWLQJ�RYHU� WKH� WRURLG
V�XSSHU�HGJHV�� DQG�IURP�WKH�HOHFWURQV
DQG�SKRWRQV�LQ�WKH�RUEV�RI�HQHUJLHV�VSLQQLQJ�DURXQG�WRS�VSKHUHV��DQG�LW�VKRXOG
EH�VHHQ�WKDW�ZKLOH�VRPH�RI�WKDW�LRQLF��VXE�DWRPLF�DQG�SKRWRQ�HQHUJ\�ZLOO�UHDGLO\
EOHQG�LQWR�WKH�EODFN�YRUWH[�IORZ�PRVW�RI�LW�ZLOO�LQLWLDOO\�EH�PRYLQJ�LQ�WKH�ZURQJ
GLUHFWLRQ�RU�LW�ZLOO�EH�PRYLQJ�DW�D�PXFK�VORZHU�VSHHG�WKDQ�WKH�URWDWLRQDO�VSHHG�RI
WKDW�YRUWH[��WKLV�ZDV�VKRZQ�LQ�ILJXUH����DERYH��
7KHUHIRUH�� WKH� YRUWH[
V� SKRWRQ� RUELW� ULQJ� VKRXOG� EH� VHHQ� RYHUDOO� DV� KDYLQJ� DQ
DYHUDJH� URWDWLRQDO� YHORFLW\�RI� D� OLWWOH� OHVV� WKDQ� WKDW�RI� WKH� HYHQW�KRUL]RQ�� VR� WKDW
G\QDPLFDOO\� LW�ZRXOG� IROORZ� WKDW� WKH� SKRWRQ� RUELW� ULQJ�ZLOO� EH� RXWVLGH� RI� �DQG
DERYH��WKH�HYHQW�KRUL]RQ�>QRWH���@��$QG�KHUHLQ�VWDQGV�WKH�YHU\�PHFKDQLVP�ZKLFK
EUHDNV�GRZQ�PDWWHU��IRU�LI�WKH�HQHUJ\�HQWHULQJ�LQWR�WKH�URWDWLQJ�ILHOG�RI�D�TXDVL�
EODFN� KROH� GRHVQ
W� DOO� DUULYH� DW� WKH� VDPH� VSHHG� DV� WKDW� ILHOG� �RU� HYHQ� WKH� VDPH
GLUHFWLRQ��WKHQ�SDUWLFOH�FROOLVLRQV�ZLOO�RFFXU���DQG�WKHVH�SDUWLFOH�FROOLVLRQV�ZLOO�EH
ZKDW� EUHDNV� GRZQ� PDVV� FRPSRQHQWV� LQWR� WKHLU� FRQVWLWXHQW� VXEDWRPLF�TXDQWD
HQHUJLHV�>QRWH���@��7KHVH�FROOLVLRQV�DW�WKH�SKRWRQ�RUELW�ULQJ�ZLOO�LQYROYH�3HQURVH
3DLU�3URGXFWLRQ� DQG� 3HQURVH�&RPSWRQ� VFDWWHULQJ�� DQG� WKH\� ZLOO� WKHQ� LQLWLDWH
&RPSWRQ�DQG�LQYHUVH�&RPSWRQ�VFDWWHULQJ��DOWKRXJK��DV�WKHVH�SDUWLFOHV�DUH�GUDZQ
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IXUWKHU� GRZQ� WRZDUG� WKH� HYHQW� KRUL]RQ� WKURXJK� WKH� YRUWH[·V� LQFUHDVLQJ� VKHDU
IRUFHV�� WKHUH�ZLOO�EH� LQLWLDWHG� WKH�VRUW�RI� UHDFWLRQV� WKDW�ZRXOG� ILVVLRQ� WKHP� LQWR
SLRQV��PXRQV��JDPPD�UD\V��DQG�WKHQ�LQWR�UDZ�HQHUJ\�
7KH� IRUPHU� HQHUJ\� SURGXFLQJ� PHFKDQLVP� ZDV� ILUVW� DOOXGHG� WR� ZKHQ� 5RJHU
3HQURVH�REVHUYHG�WKLV�GLIIHUHQWLDO�LQ�URWDWLRQDO�YHORFLW\�DURXQG�D�EODFN�KROH�EDFN
LQ� ����� WKURXJK� KLV� SDSHU� RQ�*UDYLWDWLRQDO� &ROODSVH�� ZKHUHLQ� 3HQURVH� SURSRVHG
WKDW�DV�VXFK�URWDWLQJ�GLIIHUHQWLDOV�H[LVW�DURXQG�D�EODFN�KROH�WKHQ�WKHUH�VKRXOG�EH�D
VXEVWDQWLDO�DPRXQW�RI�HQHUJ\�JHQHUDWLRQ�JRLQJ�RQ� MXVW�RXWVLGH� WKH� HYHQW�KRUL]RQ
>QRWH���@��3HQURVH�� LQ�WKLV�VXSHUEO\� LOOXVWUDWHG�SDSHU��SURSRVHG�WKDW� LW� VKRXOG�EH
SRVVLEOH�WR�H[WUDFW�HQHUJ\�IURP�WKH�URWDWLQJ�PDVV�HQHUJ\�DQ\ZKHUH�EHWZHHQ�WKH
HYHQW� KRUL]RQ�� ZKHUH� WKH� URWDWLRQDO� IRUFH� ZLOO� EH� H[WUHPHO\� KLJK�� DQG� WKH
VWDWLRQDU\�OLPLW��ZKHUH�WKH�URWDWLRQDO�IRUFH�RQO\�EHJLQV�WR�WDNH�HIIHFW��DQG�WKLV�LV
WKH�JLVW�RI�ZKDW�LV�KDSSHQLQJ�DW�WKH�DD8)2·V�SKRWRQ�RUELW�ULQJ��
5HYD�:LOOLDPV��LQ�������WKHQ�WRRN�WKLV�REVHUYDWLRQ�WKDW�SHUPLWV�URWDWLRQDO�HQHUJ\
WR�EH�H[WUDFWHG�IURP�D�URWDWLQJ�EODFN�KROH�DQG�H[SODLQHG�LW�HYHQ�IXUWKHU��:LOOLDPV
VXJJHVWHG�WKDW�D�SDUWLFOH��VD\�SDUWLFOH��S���FRPLQJ�IURP�LQILQLW\�ZKLOH�IDOOLQJ� LQWRWKH�HUJRVSKHUH�RI�D�EODFN�KROH��LI�EHIRUH�LW�SDVVHV�RYHU�WKH�HYHQW�KRUL]RQ�RI�WKDW
EODFN�KROH�LW�FROOLGHV�ZLWK�D�ERXQG�SDUWLFOH��S���ZKLFK�LQ�WKLV�LQVWDQFH�ZRXOG�EH�DSDUWLFOH�ERXQG�WR�WKH�URWDWLRQDO�IRUFHV�RI�WKH�SKRWRQ�RUELW�ULQJ��DQG�DV�D�UHVXOW�RI
WKDW� FROOLVLRQ� WKH� VFDWWHULQJ�SDUWLFOH� �S�� �� LV�NQRFNHG�EDFNZDUGV� LQWR� D� UHWURJUDGHRUELW�� WKHQ� WKDW� �S���SDUWLFOH�KDV� HIIHFWLYHO\�JLYHQ�XS� LWV� HQHUJ\� WR� WKH� LQFRPLQJ�S���SDUWLFOH�EHIRUH�LW�WKHQ�VSLQV�GRZQ�ZLWK�D�UHWURJUDGH�HQHUJ\��QHJDWLYH�HQHUJ\�LQWR� WKH� URWDWLQJ� EODFN� KROH�� :KLOH� WKDW� �S��� SDUWLFOH�� WKURXJK� WKLV� 3HQURVH�:LOOLDPV�K\SRWKHVLV��IHHGV�LQWR�WKH�EODFN�KROH�WKH��S���SDUWLFOH�WKDW�ZDV�LQFRPLQJ�DIWHU� LWV� FROOLVLRQ� DW� WKH� SKRWRQ� RUELW� ULQJ�� LV� WKHQ� URFNHWHG� RXW� RI� WKH� V\VWHP
LPEXHG�ZLWK�D�KXJH�LQFUHDVH�WR�LWV�HQHUJ\��ZKLFK�LW�KDV�FROOHFWHG�IURP�LWV�FROOLVLRQ
ZLWK�WKDW�KLJK�HQHUJ\�SDUWLFOH�URWDWLQJ�LQ�WKH�EODFN�KROH��6R�LQ�WKLV�PHFKDQLVP�WKH
EODFN�KROH�WUDQVIRUPV�LQWR�ERWK�D�FRQVXPHU�RI�HQHUJ\�DQG�DQ�DPSOLILHU�RI�HQHUJ\��7KLV�LV
WKH�VHFUHW�WR�WKH�DD8)2·V�GULYH�PHFKDQLVP�
%\�WUDQVODWLQJ�WKLV�HIIHFW�LQWR�WKH�DD8)2�DW� LWV�SKRWRQ�RUELW�ULQJ� LW�FDQ�EH�VHHQ
WKDW�WKH�LQFRPLQJ�SDUWLFOH�LRQ�ILHOG�URWDWLQJ�LQWR�WKH�FHQWHU�RI�WKH�FUDIW�ZLOO�DOVR
FROOLGH�ZLWK� WKH� URWDWLQJ� SDUWLFOHV� �WKH� 3HQURVH�:LOOLDPV
�ERXQG� SDUWLFOHV�� RI� WKH
DD8)2
V�EODFN�YRUWH[��DQG�ZKLOH�KDOI�WKDW�FROOLVLRQ�HQHUJ\�ZLOO�IHHG�LQWR�WKH�EODFN
YRUWH[� WKH�RWKHU�KDOI�ZLOO� EH�EODVWLQJ�RII� LQ� DPSOLILHG� J\UDWLRQV�RXW� WRZDUG� WKH
SHULPHWHU� ULP� RI� WKDW� 8)2�� DQG� WKHVH� DPSOLILHG� J\UDWLRQV� ZLOO� IHHG� LQWR� WKH
VWRUDJH� ILHOG�RI� FKDUJHG�SDUWLFOHV� J\UDWLQJ�ZLWKLQ� WKH�8)2·V�SODQDU�ZDYH�JXLGH�
6R� KHUH� LV� D� FDVH� RI� DVWURSK\VLFV� SXWWLQJ� IRUWK� D� SULQFLSOH� E\� ZKLFK� D� 8)2·V
HQHUJ\�G\QDPLFV�FDQ�EH�H[SODLQHG��DQG�HTXDOO\��D�FDVH�ZKHUH�WKH�8)2·V�VWUXFWXUH
LV� SXWWLQJ� IRUWK� WKH� HYLGHQFH� WR� VKRZ�KRZ� WKH� H[WUDWHUUHVWULDOV� DUH� LPSURYLQJ� RQ
WKDW�EDVLF�DVWURSK\VLFDO�SULQFLSOH�
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)LJXUH�����$W�WKH�SKRWRQ�RUELW�ULQJ�WKH�URWDWLRQDO�IRUFHV�ZLOO�EH�VR�HQHUJHWLF�WKDW
WKH� LQFRPLQJ� SRVLWLYH� SDUWLFOHV� ZLOO� FROOLGH� WKURXJK� 3HQURVH�:LOOLDPV� FROOLVLRQV
DQG�ZLOO�EH�HMHFWHG�IRUFLEO\�DZD\�WRZDUG�WKH�RXWHU�ULP�RI�WKH�DD8)2
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$QG�WR�ERUURZ�DJDLQ�IURP�WKH�3HQURVH�:LOOLDPV�K\SRWKHVLV��DQG�IURP�:LOOLDPV·
PDWKHPDWLFV���WKHVH�HMHFWHG�SDUWLFOHV�IURP�WKH�DD8)2
V�YRUWH[�ZLOO�VXEVHTXHQWO\
KDYH� 025(�0$66�(1(5*<� WKDQ� WKH� VXP� RI� WKRVH� SDUWLFOHV� SULRU� WR� WKHLU
FROOLVLRQV���7KLV�ZRXOG�EH�EHFDXVH�WKH�RXW�URFNHWLQJ�SDUWLFOHV�ZLOO�WDNH�ZLWK�WKHP
WKH�/RUHQW]� URWDWLRQDO� IRUFH� WKDW� WKH� VFDWWHULQJ� SDUWLFOHV� �S�� �� RULJLQDOO\� KDG�� DQGWKH\�ZLOO�DOVR�WDNH�ZLWK�WKHP�WKH�JUDYLWDWLRQDO�IRUFH�WKDW�ZDV�SXOOLQJ�RQ�WKRVH��S���SDUWLFOHV�ZKLOH�WKH\�ZHUH�ERXQG�LQWR�WKDW�EODFN�YRUWH[��DQG�E\�WKLV�SUHPLVH�LW�FDQ
EH�HQYLVDJHG�KRZ�WKH�RXWSXW�RI�WKLV�¶HQJLQH·�ZLOO�ULVH�SURSRUWLRQDOO\�WR�WKH�GHJUHH
WKH� YHORFLW\� RI� WKDW� YRUWH[� LV� LQFUHDVHG��� ,W� ZRXOG� DOVR� IROORZ� WKDW� DIWHU� WKHVH
HMHFWHG� SDUWLFOHV� HQHUJHWLFDOO\� DQG� IRUFLEO\� J\UDWH� DZD\� IURP� WKH� EODFN� YRUWH[
�QRZ� LQ� WKH� VDPH� GLUHFWLRQ� DV� WKDW� YRUWH[�� LH�� FRXQWHU�FORFNZLVH� DV� VHHQ� IURP
DERYH��WKDW�WKH\�ZLOO�EH�LPEXHG�ZLWK�D�SDUWLFXODU�JUDYLWDWLRQDO�/RUHQW]�IRUFH�WKDW
ZRXOG�GLFWDWH�WKDW�WKRVH�SDUWLFOHV�ZRXOG�HVFDSH�IURP�WKDW�DD8)2�LQ�D�SDUWLFXODU
YRUWLFDO� WUDMHFWRU\� �LH�� WKH\� ZLOO� EH� LPEXHG� ZLWK� D� SDUWLFXODU� GHJUHH� RI� &85/
IRUFH��EXW�PRUH�RQ�WKDW�LQ�&KDSWHU�����>QRWH���@�
7KH� WUDGH�RII�� LI� LW� FDQ� EH� FDOOHG� WKDW�� ZLOO� EH� WKDW� WKH� DD8)2
V� URWDWLQJ� EODFN
YRUWH[�ZLOO�ORVH�HQHUJ\�LQ�WKH�IRUP�RI�JUDYLWDWLRQDO�IRUFH�DQG�/RUHQW]�IRUFH�LQ�WKLV
SURFHVV��%XW� DV�:LOOLDPV� VKRZV� LQ�KHU� FDOFXODWLRQV� IRU� DVWURSK\VLFDO� EODFN�KROH
V\VWHPV��WKRVH�ORVVHV�ZLOO�EH�FRPSHQVDWHG�IRU�KDQGVRPHO\�WKURXJK�WKH�VHFRQGDU\
VWDJH� RI� WKLV� HQHUJ\�HMHFWLRQ� SURFHVV�� ZKHUHE\� WKH� UHODWLYLVWLF� SDUWLFOHV� EHLQJ
HMHFWHG� RXW� RI� WKLV� V\VWHP� ZLOO� RQ� WKHLU� ZD\� RXW� LQLWLDWH� VLJQLILFDQW� SDUWLFOH
FROOLVLRQV�ZLWK�H[LVWLQJ�SDUWLFOH�DFFXPXODWLRQV��LQ�WKH�WRS�VSKHUH�RUEV�DQG�LQ�WKH
J\UDWLQJ�VWRUDJH�ILHOG���DQG�WKHUHIRUH�ZLOO�FDXVH�IXUWKHU�HOHFWURQ�SRVLWURQ�SDLUV�WR
EH�SURGXFHG��ZKLFK��DV�WKH\�RFFXU�LQ�WKH�DD8)2��ZLOO�WKHQ�SURYLGH�VXEVWDQWLDOO\
PRUH�IXHO�WR�EH�IHG�EDFN�LQWR�WKH�EODFN�YRUWH[��DQG�WR�JR�WKURXJK�WKH�YHU\�VDPH
PHFKDQLVP� DV� WKDW� GHOLQHDWHG� DERYH�� VR� WKDW� WKH� SURFHVV� EHFRPHV� VHOI�
SHUSHWXDWLQJ�>QRWH���@�
5HWXUQLQJ�WR�WKH�3HQURVH�:LOOLDPV�K\SRWKHVLV��WKLV�SURFHVV�ZDV�SURSRVHG�DV�WKH
SRVVLEOH�VRXUFH�PHFKDQLVP�IRU� WKH�FRSLRXV�DPRXQWV�RI�HQHUJ\�UHTXLUHG�IRU� WKH
KXJHO\� SRZHUIXO� DFWLYH� JDODFWLF� QXFOHL� �$*1�� MHWV� DQG� IRU� WKH� MHWV� OLNH�0��� DV
SUHYLRXVO\� PHQWLRQHG� �LQ� VHFWLRQ� ������ $QG� LQ� WKH� FRQWH[W� RI� FRUUHODWLQJ� HYHQ
PRUH�NQRZOHGJH�DERXW� WKLV�8)2·V�PHFKDQLVPV�,�ZRXOG�DGG� WKDW�� IRU� WKH�PRVW
SDUW��WKLV�SURFHVV�DOVR�IROORZV�DORQJ�WKH�OLQHV�RI�WKH�>3XQVO\�&RURQLWL�����@�VWXG\
�VHH� ILJXUH� ��� DERYH�� DQG� WKH� >/HLWHU�.DIDWRV@� H[SODQDWLRQ� RI� KRZ� WKH� URWDWLQJ
IRUFHV� RI� D�EODFN� KROH� SURGXFHV� KLJK� HQHUJ\� SURWRQV�� JDPPD�UD\V��;�UD\V�� DQG
HOHFWURQ�SRVLWURQ�SDLUV��DOO�PDLQO\�FRPLQJ�IURP�&RPSWRQ�DQG�LQYHUVH�&RPSWRQ
VFDWWHULQJ�� RU� WKURXJK� WKH� V\QFKURWURQ� DQG� FXUYDWXUH� UDGLDWLRQ� HPLVVLRQV
RFFXUULQJ�ZLWKLQ�LWV�HUJRVSKHUHV�DQG�DFFUHWLRQ�GLVN�
2EYLRXVO\��WKH�8)2�LV�D�PLFUR�YHUVLRQ�RI�WKH�DVWURSK\VLFDO�LQ�VL]H��EXW�DV�IDU�DV
URWDWLRQDO� YHORFLWLHV� DUH� FRQFHUQHG� WKH� WZR� V\VWHPV�ZLOO� ERWK� UXQ� DW� UHODWLYLVWLF
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YHORFLWLHV�DQG�WKHUHIRUH�ZLOO� IXQGDPHQWDOO\�EH� WKH�VDPH��3DUWLFOH�FROOLVLRQ�IRUFHV�ZLOO
DOVR� EH� YHU\� VLPLODU�� DQG� VR� WKH� NLQHWLF� HQHUJLHV� H[SHFWHG� LQ� WKH� 8)2�ZLOO� EH
KLJKO\� FRPSDUDEOH� WR� WKH� GDWD� JLYHQ� IRU� DVWURSK\VLFDO� EODFN� KROHV� �� DQG� 5HYD
:LOOLDPV�KDV�FDOFXODWHG�DQ�HMHFWHG�SDUWLFOH�HQHUJ\�UDWLQJ�RI�XS�WR���*H9�IRU�HDFK
RI� WKHVH�SKRWRQ�RUELW�FROOLVLRQV� �ZKLFK�FRPSDUHV� WR�1$6$·V�FDOFXODWLRQ� IRU� LWV
QHZ�DQWLSURWRQ�SURWRQ�DQQLKLODWLRQ�UHDFWLRQ�SURGXFLQJ�������*H9��
)XUWKHU�� ZKDW� LV� HVSHFLDOO\� LQWHUHVWLQJ� DERXW� WKH� :LOOLDPV� WUHDWPHQW� RI� WKH
3HQURVH�&RPSWRQ� VFDWWHULQJ� HIIHFWV� �DW� WKH� SKRWRQ� RUELW� ULQJ� ZKHUH� WKLV
WUDQVODWHV� LQWR� WKH� DD8)2·V� EODFN� YRUWH[��� LV� WKDW� PDQ\� W\SHV� RI� ORZ� HQHUJ\
SKRWRQV�� IRU� LQVWDQFH� ORZ� HQHUJ\� 89� UD\V�� ZKLFK� KDYH� DOUHDG\� EHHQ� QRWHG� DV
EHLQJ�SURPLQHQW� LQ� WKLV�DUHD�RI� WKH� DD8)2� �VHH� WKH� OLVW� LQ� VHFWLRQ�������ZLOO� EH
ERRVWHG�XS�WR�KDUG�;�UD\�DQG�JDPPD�UD\�SRZHU�OHYHOV��IURP�WKRVH�89�SKRWRQV
EHLQJ� GUDZQ� LQWR� WKH�8)2
V� SKRWRQ� RUELW� ULQJ� DQG� FROOLGLQJ� ZLWK� WKH� URWDWLQJ
YRUWH[� DQG� EHLQJ� HMHFWHG� DZD\� IURP� WKDW� SKRWRQ� RUELW� ULQJ� DQG� EHLQJ� LPEXHG
ZLWK� H[WUD� HQHUJ\�� $QG� DJDLQ�� ZKHQ� WKHVH� WKHQ� EXUVW� WKURXJK� WKH� HQHUJ\� RUEV
VXUURXQGLQJ� WKH� WRS� VSKHUHV� DQG� FROOLGH� ZLWK� WKHLU� DLU�ERUQ� SDUWLFOHV� WKRVH
FROOLVLRQV�ZLOO� OHDG� WR�PRUH� HOHFWURQ�SRVLWURQ� SDLUV� EHLQJ� SURGXFHG� IURP� WKRVH
VHFRQGDU\�FROOLVLRQV�>QRWH���@�
����+RZ�WKH�DD8)2
V�%ODFN�9RUWH[�,QKDOHV�DQG�([KDOHV
$V�KDV�EHHQ�PHQWLRQHG�DERYH��ZKLOH�WKH�DD8)2�LV�GHVLJQHG�WR�KDYH�FRQILQHPHQW
ZDOO�VWUXFWXULQJV�ZKLFK�VXUURXQG�LWV�HUJRVSKHUHV�RI�URWDWLQJ�HQHUJLHV��E\�SODFLQJ
WKH� HYHU�HQHUJHWLF� SKRWRQ� RUELW� ULQJ� LQWR� WKH� EODFN� YRUWH[
V� HOHFWURG\QDPLF
FLUFXLW�� DQG� WKHQ� LPPHGLDWHO\� VXUURXQGLQJ� LW� ZLWK� WKH� LQQHU�HGJH� RI� WKH� WRURLG
VKHOO�WKLV�HQVXUHV�WKDW�WKH�ZKROH�RI�WKH�FUDIW
V�ORZHU�VHFWLRQ�ZLOO�EH�SURSRUWLRQDOO\
HQHUJL]HG� RXWZDUG� IURP� WKLV� FHQWUDO� HUJRVSKHUH� WKURXJK� WR� WKH� VXUURXQGLQJ
HUJRVSKHUHV�� E\� WKH� DJHQW� RI� WKRVH� SXUSRVHO\� VKDSHG� VWUXFWXUHV� �VHH� ILJXUH� ��
DERYH��� )XUWKHUPRUH�� XQGHU� QRUPDO� UXQQLQJ� FRQGLWLRQV� WKLV� ZKROH
HOHFWURG\QDPLF�FLUFXLW�ZLOO�QRW�EH�SURQH� WR�VKRUW�FLUFXLWLQJ�EHFDXVH� WKH�SDWK�RI
FRQGXFWLYLW\�ZLOO�EH�URXWHG�WKURXJK�WKH�ORZHU�VSKHUHV�DQG�WKRVH�VSKHUHV�ZLOO�RQO\
FRQGXFW� WKURXJK� WKH� LQWHUUXSWHG� FRQGXFWLYLW\� RI� WKH� SODVPRQLF� RVFLOODWLRQV�
,QWULJXLQJO\�� E\� WKLV� YHU\� FRQGXFWLYLW\� DUUDQJHPHQW� LW� ZRXOG� VXJJHVW� WKDW� WKH
FUDIW
V� EODFN� YRUWH[�ZRXOG� RVFLOODWH�UDGLDWH� WR� WKH� VDPH� IUHTXHQF\� DV� WKH� ORZHU
VSKHUHV��7KLV�DVVXPSWLRQ�ZRXOG�FHUWDLQO\�EHILW�WKH�GHVLJQ�SURZHVV�VR�IDU�HYLGHQW
LQ�WKLV�FUDIW��DQG�REYLRXVO\��WKLV�LV�D�UHILQHPHQW�ZLWK�KXJH�LPSOLFDWLRQV��WKLV�ZLOO
JLYH�WKH�ZKROH�HOHFWURG\QDPLF�FLUFXLW�D�UHVRQDQFH�RU�FRKHUHQFH�IDFWRU��DQG�DV�,
PHQWLRQHG�DW�WKH�HQG�RI�WKH�SUHYLRXV�FKDSWHU��WKHUH�VKRXOG�EH�DQ�LQWHUHVWLQJ�4�
IDFWRU�WR�WKLV�FLUFXLW�ZKLFK�ZRXOG�UDLVH�LWV�RYHUDOO�SRZHU�HIILFLHQF\�WR�D�YHU\�KLJK
OHYHO��QRW�RQO\�HOHFWULFDOO\�EXW�DOVR�JUDYLWDWLRQDOO\��)RU� WKLV�ZRXOG�PHDQ�WKDW� WKH
JUDYLWDWLRQDO�ZDYHV�EHLQJ� UDGLDWHG� DZD\� IURP� WKLV�8)2·V�EODFN�YRUWH[�ZLOO� DOVR
VXEWHQG�WR�WKDW�VDPH�ZRUNLQJ�IUHTXHQF\��RU�DW�OHDVW�WR�D�KDUPRQLF�RI�LW��%HFDXVH
RI�WKLV�UHVRQDQFH�HIIHFW��LQ�UHODWLRQ�WR�WKH�YRUWH[·V�JUDYLWDWLRQDO�UDGLDWLRQ��LW�FRXOG
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WKHQ� EH� DVVXPHG� WKDW� WKH� TXLQWHVVHQWLDO� HIIHFW� RI� WKH� JUDYLWDWLRQDO� SRODUL]DWLRQ
FORXG��WKDW�WKH�EODFN�YRUWH[�XVHV�WR�FRPPXQLFDWH�LWV�IRUFHV�WKURXJK�WR�WKH�ZKROH
RI�WKH�ORZHU�VHFWLRQ�RI�WKLV�FUDIW��ZLOO�DOVR�UHVRQDWH�WR�WKDW�VDPH�VKDUHG�IUHTXHQF\
��DQG�WKLV�ZRXOG�SURYLGH�D�FRQWURO�PHFKDQLVP�IRU� WKH�JUDYLWDWLRQDO� IRUFHV�XVHG
WKURXJKRXW�WKH�FUDIW·V�VWUXFWXUH��PRUH�RQ�WKLV�WKRXJK�LQ�D�ODWHU�VWXG\��,�IHHO��
&HUWDLQO\��LW�ZRXOG�EH�LQWHUHVWLQJ�WR�GR�VRPH�QXPEHU�FUXQFKLQJ�WR�FRPSDUH�WKH
HOHFWUR�PHFKDQLFDO� HIILFLHQF\� RI� WKH� H[WUDWHUUHVWULDO·V� DD8)2� ZLWK� WKDW� RI� WKH
DVWURSK\VLFDO� EODFN� KROH�� DQG� ,� EHOLHYH� WKHUH� ZRXOG� EH� IRXQG� D� JUHDWHU
HOHFWURG\QDPLF� HIILFLHQF\� KHUH� WKDQ� LQ� DQ\� RI� WKH� SUHVHQWO\� NQRZQ� HQHUJ\�
SURYLGLQJ�SURFHVVHV�RQ�HDUWK�� LQFOXGLQJ�QXFOHDU�IXVLRQ���(VSHFLDOO\�EHFDXVH��DV�D
UHVXOW�RI�P\�UHVHDUFKHV��DV�VKRZQ�DERYH��VR�PDQ\�YHU\�LPSRUWDQW�DUHDV�KDYH�QRZ
EHHQ� IRXQG� LQ�8)2V� WKDW�KDYH�QRW� \HW�EHHQ� WDNHQ�XS�E\� WKH�DVWURSK\VLFLVWV� LQ
WKHLU� EODFN� KROH� VWXGLHV�� EXW� ZKLFK� VKRXOG� SHUKDSV� EH� IXUWKHU� H[DPLQHG� LQ
UHODWLRQ�WR�HQHUJ\�WUDQVIRUPDWLRQ�PHFKDQLVPV�WKDW�DUH�ZKROO\�UHSURGXFLEOH�RQ�D
PLFUR�VFDOH��7KH�VWXG\�RI�8)2V�KDV�EHHQ�D�YHU\�EURDG�EDVHG� OHDUQLQJ�SURFHVV�
DERXW�HQHUJ\�JHQHUDWLRQ�MXVW�DV�PXFK�DV�LW�KDV�EHHQ�DERXW�IO\LQJ�DLUFUDIW��DQG�WR
WKLV�HQG�,�IHHO�WKDW�IXUWKHU�FRQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�SULQFLSOHV�RI�WKH
8)2�ZKHUH�LW�PLPLFV�WKH�DVWURSK\VLFDO�DFFUHWLRQ�GLVN
V�FRXSOLQJ�WR�LWV�EODFN�KROH�
DQG� WKH� XQLTXH� SDUW� WKDW� JUDYLWDWLRQDO� DWWUDFWLRQ� SOD\V� LQ� LQGXFLQJ� H[WUDFWDEOH
HQHUJ\�RXW�RI�WKDW�GLVN�KROH�FRXSOLQJ��1RW�MXVW�IRU�WKH�FUHDWLRQ�RI�D�IO\LQJ�DLUFUDIW�
EXW�DOVR�IRU�HQHUJ\�JHQHUDWLRQ�SULQFLSOHV�� WR�EH�XVHG� LQ�D�FRPPHUFLDO�HQWHUSULVH
ZKLFK�ZRXOG�GHOLYHU�DEXQGDQW�HOHFWULFDO�HQHUJ\�RQ�D�SXEOLF�XWLOLW\�VFDOH��7KHUH�LV�D
+8*(� SRWHQWLDO� KHUH� IRU� WKH� GHYHORSPHQW� RI� QHZ� IRUPV� RI� DEXQGDQW� HQHUJ\
SURGXFWLRQ�� 7KH� UHDGHU� PLJKW� EH� LQWHUHVWHG� WR� NQRZ� WKDW� LQ� DVWURSK\VLFV� WKH
HVWLPDWHV�RI�D�EODFN�KROH
V�HIILFLHQF\�DV�D�V\VWHP�WKDW�WXUQV�PDVV�LQWR�HQHUJ\�DUH
H[FHSWLRQDOO\�JRRG��UDQJLQJ�IURP����IRU�D�QRQ�URWDWLQJ�KROH�WR�D�����HIILFLHQF\
IRU�D�URWDWLQJ�KROH���ZKLOH�QXFOHDU�IXVLRQ�VOXPEHUV�DORQJ�EHKLQG�WKHP�ZRHIXOO\�DW
OHVV� WKDQ� ��� HIILFLHQW����:LWK� VXLWDEOH�PRGLILFDWLRQV�� VXFK� DV� WKRVH� IHDWXUHG� LQ
8)2� HOHFWUR�PHFKDQLFV�� EODFN� KROH� G\QDPRV� FRXOG� EH� WXUQHG� LQWR� H[WUHPHO\
XVHIXO� HQHUJ\� JHQHUDWRUV�� WKLV� LV� DQ� HVSHFLDOO\� ZRUWKZKLOH� WKRXJKW� ZKHQ� RQH
FRQVLGHUV� WKDW� WKH� HOHFWULFDO� LQGXFWLRQ� ILHOG� RI� DQ� DVWURSK\VLFDO� EODFN� KROH� FDQ
DFFHOHUDWH�FKDUJHG�SDUWLFOHV�XS� WR�HQHUJLHV�RI������*H9� >QRWH�� ��@��7R�SURJUHVV
WKLV� QRWLRQ� IXUWKHU� ,� ZRXOG� SURSRVH� IXUWKHU� VWXG\� LQWR� WKHVH� KLWKHUWR� LJQRUHG
DVWURSK\VLFDO� SULQFLSOHV�� DQG� ,� ZRXOG� IXUWKHU� SURSRVH� WKDW� WKH� EHVW� VWXGLHV
DGGUHVVLQJ�WKH�LVVXH�RI�PDFUR�WR�PLFUR�VFDOLQJ�DUH�WKRVH�FROOHFWLYHO\�IRXQG�LQ�WKH
:LOOLDPV�3HQURVH��3XQVO\�&RURQLWL��'H�)HOLFH�&DUORWWR�PRGHO�WKHRULHV�RQ�HQHUJ\
H[WUDFWLRQ�IURP�D�EODFN�KROH����DOWKRXJK�IRU� WKH�PLQLDWXUL]DWLRQ�RI�D�TXDVL�EODFN
KROH� ,·G� KDYH� WR� RSLQH� WKDW� QR� VWXG\� LV� EHWWHU� WKDQ� WKH� SUHVHQW� RQH� �� $QG� QR
PRGHO�RI�PLQLDWXUL]HG�EODFN�KROH�G\QDPLFV� LV�EHWWHU� WKDQ� WKH�RQH�SUHVHQWHG�E\
WKH�H[WUDWHUUHVWULDOV�LQ�WKLV�DD8)2���LQ�YLHZ�RI�WKH�IDFW�WKDW�LW�WDNHV�DGYDQWDJH�RI
QR� OHVV� WKDQ� WKUHH� HQHUJ\�FKXUQLQJ�HUJRVSKHUHV� HQWUDLQHG� LQVLGH� WKUHH�SXUSRVH�
EXLOW�FRQILQHPHQW�F\OLQGHUV�
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����$UWLILFLDO�(QJLQHHULQJ�RI�D�)XQFWLRQDO�%ODFN�9RUWH[
5HIHUULQJ� EDFN� WR� FKDSWHU� ��ZKHUH� ,� WHQWDWLYHO\� TXHVWLRQHG�ZKHWKHU� WKH� YRUWH[
JHQHUDWHG�DW�WKH�FHQWHU�RI�WKH�DD8)2�FRXOG�DFWXDOO\�EHFRPH�D�EODFN�KROH��,�GLG
FLWH�6WHSKHQ�+DZNLQJ
V�WKHRU\�RQ�WKH�PLQLDWXUL]LQJ�RI�EODFN�KROHV��EXW�+DZNLQJ
V
LV�QRW�WKH�RQO\�VWXG\�WR�SURSRVH�WKLV�LGHD�>QRWH����@�
&RQVWUXFWLQJ� D� EODFN� KROH� LQ� D� ODERUDWRU\� HQYLURQPHQW� LV� SUHVHQWO\� D� PXFK
DZDLWHG� VFLHQWLILF� GHYHORSPHQW�� EXW� LW� LV� VKRZLQJ� SURPLVH�ZLWK�:LOOLDP�8QUXK
OHDGLQJ� VHYHUDO� H[SHULPHQWV� WR� XQGHUVWDQG� EODFN� KROH� G\QDPLFV� ZLWKLQ� D
ODERUDWRU\� HQYLURQPHQW�� 7KH� SUHVHQW� DQDORJ� WR� WKH� EODFN� KROH� LV� WHUPHG� WKH
GUDLQLQJ� EDWKWXE�� REYLRXVO\� UHIHUULQJ� WR� WKH� VLPLODULW\� LQ� FHUWDLQ� DUUDQJHPHQWV� RI
IOXLG� IORZ�� $OVR� LQ� WKH� ODERUDWRU\� >'LPRSRXOLV�/DQGVEHUJ@� KDYH� FUHDWHG� DQ
HOHFWURG\QDPLF� PHFKDQLVP� ZKLFK� SURGXFHV� RQH� EODFN� KROH� HYHU\� VHFRQG� �DQG
ZKLFK�FROODSVHV�DW�D�UDWH�RI�RQH�HYHU\�VHFRQG�DOVR���0LQLDWXUL]HG�DVWURSK\VLFDO�MHW
SURGXFWLRQ� LV� DOVR� EHLQJ� SXUVXHG� DQG� SRZHUIXO� MHWV� DUH� EHLQJ� SURGXFHG
VXFFHVVIXOO\� LQ� WKH� ODERUDWRU\�E\�XVLQJ�FRQLFDO�ZLUH� DUUD\V� �RI� DURXQG���PP� WR
��PP�LQ�OHQJWK��>QRWH����@�
$Q�DUGHQW� VXSSRUWHU�RI� WKH�PLQLDWXUL]DWLRQ�RI�EODFN�KROH�G\QDPLFV��/HRQKDUGW�
H[SODLQV� LQ�PDQ\�RI� KLV� VWXGLHV� KRZ� D� URWDWLQJ� IOXLG� YRUWH[� FDQ�PLPLF� D� EODFN
KROH��DQG�SDUWLFXODUO\�� WKDW�RQH�RI� WKH�EHQHILWV�RI� WKH�YRUWH[� WKDW� LV� WUDQVIHUDEOH
IURP�WKH�PDFUR�VFDOH�EODFN�KROH��LV�WKH�GHYHORSPHQW�RI�DQ�DFRXVWLF�KRUL]RQ��ZKHUH
WKH�YHORFLW\�RI�LWV�IOXLG�IORZ�FDQ�H[FHHG�WKH�ORFDO�VSHHG�RI�VRXQG�VR�WKDW�VRXQG
ZDYHV�DUH�XQDEOH�WR�SURSDJDWH�DZD\�IURP�LW��$QG��WKH�VDPH�SK\VLFLVW�HVWDEOLVKHV
WKDW� WKH�HVVHQWLDO� DWWULEXWH�RI�DQ�RSWLFDO�EODFN�KROH� WKDW�QHHGV� WR�EH�HVWDEOLVKHG
ZLWKLQ�DQ�DUWLILFLDO�YRUWH[�LV�WKDW�LW�ZLOO�KDYH�WR�JHQHUDWH�D�VWURQJO\�IDOOLQJ�SUHVVXUH�DW�LWV
FRUH��DQG�DQRWKHU�SURYLVR�IRU�WKH�DUWLILFLDO�FUHDWLRQ�RI�D�EODFN�KROH�LV�WKDW�LW�ZLOO
KDYH�WR�KDYH�UDGLDO�PRWLRQ�WKDW�OHDGV�WR�LWV�FRUH��LH�DQ�LQZDUG�UDGLDO�FRPSRQHQW���
ZKLFK�RI�FRXUVH�WKH�DD8)2�YRUWH[�GRHV�KDYH��,Q�IDFW��WKH�DD8)2
V�EODFN�YRUWH[
VFRUHV�RQ�ERWK�FRXQWV��IRU�ERWK�WKHVH�FULWHULD�DUH�HYLGHQW�LQ�LWV�EODFN�YRUWH[�IURP
WKH�PDJQHWLF�IOX[�OLQHV�EHLQJ�GUDZQ�LQ�WRZDUG�WKH�KROH� LQ�WKH�8)2·V�EDVH�GLVF�
ZLWK� WKHLU� LQFUHDVLQJ� /RUHQW]� IRUFH� XSRQ� DOO� FKDUJHG� SDUWLFOHV� PDNLQJ� WKRVH
SDUWLFOHV�VSLQ�IDVWHU�WRZDUG�WKH�YRUWH[·V�D[LV��1R�PHQWLRQ�LV�PDGH�RI�DQ�DUWLILFLDO
YRUWH[�QHHGLQJ�WR�FUHDWH�D�SRLQW�RI�VLQJXODULW\��7KH�HPSKDVLV�VHHPV�WR�EH�RQ�LW�RQO\
QHHGLQJ� WR� EH� D� URWDWLQJ� VKHDULQJ� ILHOG� ZKLFK� HLWKHU� WUDSV� VRXQG� ZDYHV� �VRQLF
EODFN�KROH��RU�ZKLFK�WUDSV�OLJKW�ZDYHV��RSWLFDO�EODFN�KROH���RU�ERWK�>QRWH����@�
,PSRUWDQWO\�� LQ� WKH�8)2�ZKLFK�KDV� EHHQ� IHDWXUHG� LQ� WKLV� VWXG\� LW�ZDV� DFWXDOO\
QRWLFHG�E\�VRPHRQH�WKDW�LQ�WKH�FHQWUDO�FRUH�RI�LWV�URWDWLQJ�HQHUJ\�LW�DSSHDUHG�WR
EH�EODFN��7KLV�FRPHV�IURP�WKH�REVHUYDWLRQV�RI�DQ�DEGXFWHH�WDNHQ�LQWR�WKDW�8)2
FUDIW��DQG�ZKR�ZDV�VXEVHTXHQWO\�TXHVWLRQHG�E\�D�JURXS�RI�LQGLYLGXDOV�WUDLQHG�LQ
K\SQRWKHUDS\�DQG�ZKRP�KDG�EDFNJURXQGV� LQ�DHURVSDFH�HQJLQHHULQJ� �DV�DOOXGHG
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WR�LQ�VHFWLRQ�������)URP�WKLV�REVHUYDWLRQ��RI�WKH�EODFNQHVV�RI�WKDW�HQHUJ\�ILHOG��LW
FDQ� LPPHGLDWHO\�EH�DVVXPHG� WKDW�ERWK� WKH�TXDVL�YHUVLRQV�RI�D� VRQLF�EODFN�KROH
DQG�WKDW�RI�DQ�RSWLFDO�EODFN�KROH�ZHUH�EHLQJ�GHYHORSHG�LQ�WKH�FHQWHU�RI�WKDW�8)2�

)LJXUH�����,QWHULRU�GHFNV�RI�WKH�DD8)2�FUDIW��IURP�$QGUHDVVRQ�$IIDLU�ILJ����
7KH�FLUFXPVWDQFHV�E\�ZKLFK�%HWW\�/XFD�REVHUYHG�WKDW�TXDVL�EODFN�KROH�ZLWK� LWV
J\UDWLQJ�ILHOGV�,16,'(�WKH�8)2�FUDIW��ZKLFK�VKH�ZDV�HVFRUWHG� LQWR�GXULQJ�KHU
�����DEGXFWLRQ��ZHUH�XQXVXDO�IRU�PDQ\�UHDVRQV��EXW�QRQH�PRUH�VR�IRU�WKH�IDFW
WKDW�WKH�WRS�RI�WKDW�EODFN�YRUWH[�ZDV�RSHQ�WR�WKH�XSSHU�GHFNV�RI�WKDW�8)2�FUDIW
�WKDW� WKLV� ZDV� VR� ZLOO� SURYLGH� D� VWXQQLQJ� QHZ� UHYHODWLRQ� DERXW� EODFN� KROH
G\QDPLFV�WKDW�KDV�KLWKHUWR�QHYHU�EHHQ�UHFRJQL]HG�E\�DQ\�SK\VLFLVW�RQ�HDUWK��DQG
ZKLFK� ,� ZLOO� EH� H[SDQGLQJ� XSRQ� LQ� FKDSWHU� ����� %XW� ZKDW� ZDV� DOVR� LPSRUWDQW
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DERXW� ZKDW� ZDV� REVHUYHG� LQ� WKDW� SDUWLFXODU� DEGXFWLRQ� H[SHULHQFH�� ZKLFK� ZLOO
SURYLGH� PXFK� IRRG� IRU� WKRXJKW� LQ� WKH� SUHVHQW� GLVFXVVLRQ� RQ� PDFUR�PLFUR
VFDOLQJ��ZDV� WKDW� WKHVH�URWDWLQJ�HQHUJ\�ILHOGV�ZHUH�EHLQJ�VXFFHVVIXOO\� WUDQVIHUUHG
IURP�RQH�8)2�WR�DQRWKHU��7KLV�ZDV�REVHUYHG�WR�KDSSHQ�WKURXJK�URWDWLQJ�IRUFHV
JHQHUDWHG�E\� WKH�*UH\V�RQ�WKH�2876,'(�RI� WKHLU�8)2V��DV�ZLOO�EH�DOOXGHG� WR
EHORZ�
����5HDO�WLPH�(QJLQHHULQJ�RI�D�)XQFWLRQDO�%ODFN�9RUWH[
,W� VKRXOG� EH� VDLG� QRZ� LQ� UHWURVSHFW�� DIWHU� ORRNLQJ� WKURXJK� DOO� RI� 5D\� )RZOHU·V
VWXG\�DQG� WKH�K\SQRWKHUDS\�QRWHV� IRU�%HWW\�/XFD·V� DEGXFWLRQ� H[SHULHQFHV�� WKDW
WKHUH�ZDV�D�VXEVWDQWLDO�DPRXQW�RI�LQIRUPDWLRQ�EHLQJ�JLYHQ�WR�%HWW\�/XFD�E\�WKH
H[WUDWHUUHVWULDOV�WKURXJK�KHU�DEGXFWLRQ�H[SHULHQFHV�DERXW� WKH�G\QDPLFV�RI� WKHVH
8)2�W\SH�TXDVL�EODFN�KROHV��6XFK�LQIRUPDWLRQ�ZDV�XQ�FRUUHODWHG�DW� WKH� WLPH�RI
LWV�UHFDOO��RI�FRXUVH��DQG�LW�KDG�WR�EH�FRUUHODWHG�DQG�IRFXVHG�XSRQ��HYHQWXDOO\���E\
PDWFKLQJ�LW�XS�ZLWK�UHFRJQL]HG�VFLHQWLILF�SULQFLSOHV��ZKLFK�LQ�WKLV�FDVH�KDV�WXUQHG
RXW� WR� EH� WKH� NQRZQ� SULQFLSOHV� RI� DVWURSK\VLFDO� VFLHQFH�� ,W� KDV� WDNHQ� D
FRQVLGHUDEOH�DPRXQW�RI�HIIRUW�WR�PDNH�WKLV�GLVFRYHU\�EXW�WKH�KDUG�ZRUN�KDV�SDLG
RII�IRU�LW�ZLOO�EH�WKURXJK�WKLV�VFLHQWLILF�FRUUHODWLRQ�WKDW�DQ\RQH�QRZ�FDQ�UHFRJQL]H
DQG�GH�P\VWLI\�HYHQ�PRUH�RI�WKH�8)2�H[WUDWHUUHVWULDO�SHFXOLDULWLHV�WKDW�KDYH�EHHQ
REVHUYHG�DQG� UHPHPEHUHG�E\�RWKHUV�� DQG� LW�ZLOO� EH�XVHIXO� DV� D�GDWDEDVH� LI� DQG
ZKHQ�PRUH�8)2V�SUHVHQW�WKHPVHOYHV�LQ�WKH�IXWXUH��)RU�WKLV�VWXG\�KHUH�WKRXJK�
WKHVH� LQVLJKWV�JLYHQ�XV�E\� WKH�H[WUDWHUUHVWULDO�HQJLQHHUV�FDQ� WHOO�XV�DQ�HQRUPRXV
DPRXQW�DERXW�WKH�EODFN�KROH�PLQLDWXUL]DWLRQ�SURFHVV�
)RU�LQVWDQFH��,�GLG�IRU�D�ORQJ�ZKLOH�DVVXPH�WKDW�WKH�FUDIW
V�FHQWUDO�YRUWH[�KDG�WR
EH�HVWDEOLVKHG�DQHZ�ZLWK�D�SDUWLFXODU� ¶VWDUW�XS·�SURFHGXUH�EHIRUH�SRZHU�XS�DQG
WDNH�RII�FRXOG�FRPPHQFH�LQ�WKLV�DD8)2��%XW�RQ�UHDOL]LQJ�WKDW�WKH�EODFN�YRUWH[�
LQVWHDG��ZRXOG�KDYH�WR�EH�LQ�RSHUDWLRQ�FRQWLQXDOO\��DQG�WKDW�DW�VXFK�WLPHV�ZKHQ
WKH�8)2�ZDV� ODQGHG�DQG� VWDWLRQDU\� LWV� YRUWH[�ZRXOG� VLPSO\�EH�SRZHUHG�GRZQ
LQWR� VRPH� VRUW� RI� WLFN�RYHU� PRGH�� WKHQ� WKH� SUH�DVVXPHG� VWDUW�XS� SURFHGXUH
EHFDPH�UHGXQGDQW��)RU��,�KDG�UHDOL]HG�WKDW�WKH�8)2·V�YRUWH[�ZRXOG�KDYH�WR�EH
UXQQLQJ� FRQWLQXDOO\� DIWHU� ,·G� VWXGLHG� WKH� GHVFULSWLRQ� %HWW\� JDYH� RI� WKH� 8)2
ZKLFK� KDG� VWRSSHG� E\� WKH� ODNH� QHDU� KHU� KRPH� EDFN� LQ� ������ DQG� ZKLFK� KDG
PDOIXQFWLRQHG�VR�FRPSUHKHQVLYHO\�WKDW�LWV�ZKROH�HOHFWURQLF�FLUFXLW�KDG�IDLOHG�DQG
LW� EHFDPH� JURXQGHG� DQG� LQRSHUDEOH�� $QG� UHDOO\�� LW� ZDV� EHFDXVH� RI� %HWW\� EHLQJ
JLYHQ�WKH�RSSRUWXQLW\�WR�ZLWQHVV�WKLV�HYHQW�DQG�KHU�GHVFULSWLRQ�RI�KRZ�WKLV�8)2
FDPH�WR�EH�VKRUW�FLUFXLWHG��DQG�WKH�PHWKRG�E\�ZKLFK�WKDW�FUDIW·V�HQJLQH�KDG�WR�EH
UH�HQHUJL]HG� E\� DQRWKHU�8)2� VR� WKDW� LW� FRXOG� JHW� EDFN� XS� LQWR� WKH� DLU�� WKDW� ,
ILQDOO\�XQGHUVWRRG�KRZ�WKH�ZKROH�HOHFWURG\QDPLF�SURFHVV�LQ�WKHVH�8)2V�ZRUNV�
7KLV�YHU\�GHWDLOHG�HSLVRGH�ZDV�SXEOLVKHG�LQ�5D\�)RZOHU·V�ERRN�7KH�:DWFKHUV�SS���
���� DQG� ,�KDYH�JLYHQ� WZR�YHU\� VKRUW� DFFRXQWV�RI� LW� DOUHDG\� �LQ�P\�QRWH� ��� DQG
QRWH����IRU�FKDSWHU�����DQG�LQ�WKLV�FRQWLQXDWLRQ�RI�WKDW�HSLVRGH�RI�ZKDW�IROORZHG
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QH[W�DIWHU�WKDW�8)2�EOHZ�RXW� LWV�HOHFWURG\QDPLF�FLUFXLW��%HWW\�/XFD�ZHQW�RQ�WR
PHQWLRQ� WKDW� RQH� RI� WKH�*UH\V� FRPPXQLFDWHG� WR� KHU� WKDW� LQ� RUGHU� WR� JHW� WKDW
8)2�XS�DQG�UXQQLQJ�DJDLQ�KH��DQG�KLV� IHOORZ�HQJLQHHUV��ZHUH�JRLQJ�WR�KDYH� WR
UH�OLQH� WKH� ´F\FORQHWLF� WURZHO�� LQVLGH� RI� LW���� :HOO�� WKLV� REYLRXVO\� LV� QRW� D� SKUDVH
NQRZQ�WR�WKLV�VFLHQWLILF�ZRUOG��VR�RQ�ILUVW�KHDULQJ�LW�GRHVQ·W�VD\�D�ORW�DERXW�ZKDW
WKH�*UH\V�ZHUH�JRLQJ�WR�GR�WKDW�FDQ�EH�HDVLO\�UHFRJQL]HG��DQG�DSDUW�IURP�WKLV�RQH
SKUDVH� DQG� PD\EH� WKUHH� RU� IRXU� RWKHU� WHFKQLFDO� ZRUGV� JLYHQ� E\� WKDW� *UH\� WR
%HWW\��ZKLFK�%HWW\�GLGQ·W�UHDOO\�XQGHUVWDQG�DW�WKH�WLPH��WKDW
V�EDVLFDOO\�DOO�WKDW�ZDV
UHPHPEHUHG� DERXW� WKH� *UH\·V� H[SODQDWLRQ� LQ� %HWW\·V� UHFROOHFWLRQ�� 7KRVH� ZKR
KDYH� VWXGLHG� WKLV� ILHOG� ZLOO� DOUHDG\� NQRZ� WKDW� *UH\V� GRQ·W� FRPPXQLFDWH� WKDW
UHDGLO\�WR�WKHLU�DEGXFWHHV�DQ\ZD\�XVXDOO\��DQG�VR�,�VXSSRVH�ZH�VKRXOG�EH�WKDQNIXO
IRU� WKH� IHZ�ZRUGV� WKDW� ZHUH� UHFDOOHG� WKURXJK� %HWW\·V� K\SQRWKHUDS\�� +RZHYHU�
WKHUH� LV� VXIILFLHQW�GDWD� LQ� WKH� UHVW�RI� WKDW� UHFROOHFWLRQ�RI�ZKDW�%HWW\�SHUFHLYHG� RI
WKDW�VFHQH�WR�ILJXUH�RXW�ZKDW�WKH�*UH\V�ZHUH�GRLQJ�WR�WKHLU�8)2�DQG�ZK\�
7KH�ILUVW�WHOO�WDOH�VLJQ�RI�ZKDW�ZDV�JRLQJ�RQ�ZDV�ZKHQ�%HWW\�KDG�WR�EH�VPHDUHG�DOO
RYHU�WKH�ZKROH�RI�KHU�ERG\�E\�RQH�RI�WKH�*UH\V�ZLWK�HOHFWUR�LQVXODWLQJ�JHO��DV�GLG
DQRWKHU�ZRPDQ�DQG�WKH�PDQ�ZKR�KDG�DOVR�EHHQ�DEGXFWHG�WKDW�QLJKW�E\�WKH�VDPH
*UH\V�RI�WKLV�VDPH�8)2���7KLV�ZDV�VR�WKDW�WKHVH�WKUHH�KXPDQV�FRXOG�EH�PRYHG
RXWVLGH�WKH�VWULFNHQ�8)2�DORQJ�ZLWK�WKH�RWKHU�*UH\V�WKDW�PDGH�XS�WKH�FUHZ�RI
WKDW�8)2��7KH�FUHZ�RI�*UH\V�ZRXOGQ·W�QHHG�WKH�JHO�VPHDUHG�RYHU�WKHP�EHFDXVH
WKH\�KDG�RQ� WKHLU� HOHFWUR�SURWHFWLYH� VNLQ�WLJKW� VXLWV� DQG� LQVXODWLQJ� ERRWV��1H[W�
WKH�*UH\V�VHW�XS�DURXQG�WKHLU�8)2�DERXW�WZHQW\�HOHFWULF�FKDUJH�JURXQGLQJ�MDFNV�
VHWWLQJ�WKHVH�FRQWUDSWLRQV�LQWR�WKH�JURXQG��WKHVH�HDFK�XWLOL]HG�D�JODVV�OLNH�VSKHUH
LQ�WKHP�DV�LI�WR�GLUHFW�HOHFWULF�FKDUJHV�LQ�RQO\�RQH�GLUHFWLRQ��LH��LQWR�WKH�JURXQG�
VR�WKH\�ZRXOG�DSSHDU�WR�KDYH�ZRUNHG�OLNH�OLJKWQLQJ�EROW�JURXQGLQJ�URGV��EXW�WKH\
ZRXOG� KDYH� HQKDQFHG� WKH� SRWHQWLDO� RI� WKH� JURXQG� WKURXJK� WKHLU� VSKHUHV
VRPHKRZ��VR�WKDW�WKH\�DPSOLILHG�WKH�JURXQG·V�SRWHQWLDO�LQ�D�ZD\�WKDW�ZRXOG�KDYH
SURYLGHG�WKH�KLJKHVW�SRWHQWLDO�WDUJHW��VR�WKH\·G�UHDGLO\�DWWUDFW�DQG�GUDLQ�DZD\�DQ\
URJXH� HOHFWULF� FKDUJHV� FRPLQJ� RII� WKH� 8)2V��� $OO� RI� WKH� FUHZ� DQG� WKH� WKUHH
KXPDQV�ZHUH� WKHQ�PDGH�WR�VWDQG�WRJHWKHU�RXWVLGH� WKDW�SODFHG� ULQJ�RI� VWDNHV� WR
ZDWFK�WKH�XQIROGLQJ�SURFHHGLQJV��VHH�ILJXUH�����
:KDW�ZDV�JRLQJ�WR�KDSSHQ�WR�WKH�VWULFNHQ�8)2�ZRXOG�HQWDLO�WKH�ORZHU�GHFN�DUHD
EHLQJ� SXPPHOHG� E\� D� KLJK�SRZHUHG� URWDWLQJ� ILHOG� RI� FKDUJHG� SDUWLFOHV�� 7KLV
ZRXOG� EH� WR� FOHDQ� RXW� DOO� WKH� UHVLGXDO� SRFNHWV� RI� HOHFWURVWDWLF� FKDUJHV� ZKLFK
ZRXOG�KDYH�VSUHDG�LQVLGH�WKDW�8)2���DQG�WKDW�ZRXOG�KDYH�GLVSHUVHG�LQWR�DOO�WKH
ZURQJ�SODFHV���DV�D�UHVXOW�RI�WKH�VKRUW�FLUFXLW�IODVK�RYHU�LW�KDG�MXVW�JRQH�WKURXJK
LQ�LWV�VR�FDOOHG�DFFLGHQW��7KLV�SXPPHOLQJ�DQG�FOHDQVLQJ�SURFHVV�ZRXOG�DOVR�FDXVH
DQ\�ZDWHU�LQ�WKDW�8)2·V�WRURLG�WR�PRELOL]H�DQG�WR�KHDW�XS��VR�REYLRXVO\�WKH�FUHZ
DQG� WKH� DEGXFWHHV� QHHGHG� WR� EH� EURXJKW� RXWVLGH� WKLV� 8)2� WR� D� VDIH� GLVWDQFH
EHIRUH�WKH�*UH\V�FRXOG�SHUIRUP�WKLV�QHXWUDOL]LQJ�SURFHVV��
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,Q� IDFW�� MXGJLQJ�E\� WKLV�HSLVRGH� LW�ZRXOG� VHHP� WR�PDNH�SHUIHFW� VHQVH� WKDW�ZKDW
WKRVH� *UH\V� ZHUH� FDOOLQJ� WKH� FUDIW
V� F\FORQHWLF� WURZHO� ZDV� LWV� FHQWUDO� YRUWH[� RI
URWDWLQJ�IRUFH��%HFDXVH��WKDW�WKH�*UH\V�ZHUH�UH�OLQLQJ�WKDW�8)2·V�F\FORQHWLF�WURZHO�LW
ZRXOG� WKHQ� H[SODLQ� WKH� QH[W� VWUDQJH� VFHQH� ZKLFK� WRRN� SODFH�� DQG� ZKLFK� ZDV
REVHUYHG�E\�%HWW\� �DQG�GUDZQ�XQGHU�K\SQRVLV� LQ� ILJXUH� ����� RI�ZKHUH� LW� VKRZV
WKDW�DQRWKHU�8)2��VDPH�W\SH�DV�WKH�DD8)2��ZDV�VXPPRQHG�LQWR�WKH�DUHD�E\�WKH
*UH\V��DQG�ZDV�GHSLFWHG�E\�%HWW\�DV�FRPLQJ�LQ�DQG�SRVLWLRQLQJ� LWVHOI�DERYH�WKH
VWULFNHQ� FUDIW�� 5HWXUQLQJ� WR� %HWW\·V� QDUUDWLRQ�� %HWW\� WKHQ� GHVFULEHG� VHHLQJ� WKH
VHFRQG�8)2�KRYHULQJ� LWVHOI� LQWR�SODFH�RYHU�WKH�JURXQGHG�8)2�EHIRUH�RIIHULQJ
GRZQ� D�QXPEHU�RI� JUDE�DUPV��ZLWK�ZKLFK� LW� DWWDFKHG� LWVHOI� ILUPO\� WR� WKH� ORZHU
8)2��6KH�WKHQ�UHSRUWHG�WKDW�WKH�VHFRQG�8)2�SURFHHGHG�WR�VSLQ�XS�WZR�J\UDWLQJ
HQHUJ\� ILHOGV� DOO� DURXQG� WKH� ORZHU� FUDIW�� 7KH� ILUVW� ILHOG·V� IORZLQJ� HQHUJLHV�ZHUH
KLJKO\� YLVLEOH� EHFDXVH� WKH\� ZHUH� UDGLDWLQJ� IODVKHV� RI� OLJKW� �VRPHZKDW� OLNH
V\QFKURWURQ�UDGLDWLRQ���DQG�DIWHU�WKH\�ZHUH�VSXQ�LQ�RQH�GLUHFWLRQ�WKH\�ZHUH�WKHQ
IROORZHG�E\�DQRWKHU�ILHOG�ZKLFK�ZDV�VSXQ� LQ� WKH�RSSRVLWH�GLUHFWLRQ��%HWW\� VD\V�
7KLV� OLW� XS� WKH� LPPHGLDWH� DUHD� DQG� FDXVHG� D� ORW� RI� KHDW� WR� EH� JHQHUDWHG� DQG
UDGLDWHG� LQWR� WKH� DLU� DURXQG� WKH�8)2V� �DQG� WR� EH� IHOW� E\� HYHU\RQH� ZDWFKLQJ��
3XIIV�RI�VWHDP�ZHUH�VHHQ�WR�FRPH�RXW�RI�WKH�ORZHU�FUDIW��DQG�DW�WKH�VDPH�WLPH�WKH
DLU� DOO� DURXQG� WKH� WZR� FUDIW� EHJDQ� WR� EUHDNGRZQ� HOHFWULFDOO\�� OHDGLQJ� WR� VSDUNV
IO\LQJ�DOO�RYHU�WKH�SODFH�DQG�PLFUR�OLJKWQLQJ�GLVFKDUJHV�WR�IODVK�EHWZHHQ�WKH�WZR
8)2V� DQG� LQWR� WKH� QLJKW� VN\�� +HUH�� REYLRXVO\� ZDV� WKH� UHDVRQLQJ� EHKLQG� WKH
DOLHQ·V� ULQJ� RI� JURXQGLQJ� MDFNV� DQG� WKH� LQVXODWLQJ� JHO� VPHDUHG� RYHU� WKH� WZR
ZRPHQ·V�DQG�WKH�PDQ·V�ERGLHV��7KHQ�IURP�WKHVH�PLQL�WRUQDGRHV�RI�OLJKW�IODVKHV
VRPHWKLQJ�KDSSHQHG�WR�WKH�DLU·V�SUHVVXUH�RU�DLU�GHQVLW\�DURXQG�HYHU\RQH�VWDQGLQJ
E\� WKH� ODNH�ZDWFKLQJ�� EHFDXVH�PRLVWXUH�EHJDQ� WR� FROOHFW� LQ� WKH� VXUURXQGLQJ� DLU
DQG�D�WKLQ�PLVW�IRUPHG�ZKLFK�WXUQHG�DOPRVW�LPPHGLDWHO\�LQWR�GURSOHWV�RI�ZDUP
UDLQ��WKLV�UDLQ�PXVW�KDYH�EHHQ�WKH�UHVXOW�RI� WKH�VWHDP�EORZLQJ�RXW�RI� WKH� ORZHU
8)2�� ULVLQJ� LQWR� WKH� DLU� DQG�FRROLQJ���7KHQ�� DV� WKH�PLVW\�UDLQ�PLQJOHG� LQWR� WKH
OLJKW� IODVKHV� EHLQJ� SURGXFHG� E\� WKH� XSSHU� 8)2� D� ZKROH� DUUD\� RI� VSHFWDFXODU
UDLQERZ�HIIHFWV� VSUHDG�DOO� DURXQG� WKH�ZKROH� DUHD� IRU� VHYHUDO�PLQXWHV�� XQWLO� WKH
HQHUJ\� IRUFHV� IURP� WKH� GULYLQJ�8)2� VORZO\� VXEVLGHG��7KHQ� HYHU\WKLQJ� FDOPHG
GRZQ��DQG�ZKHQ�WKH�ORZHU�8)2�DSSHDUHG�WR�UHWXUQ�WR�JRRG�ZRUNLQJ�RUGHU�WKH
XSSHU�8)2�XQDWWDFKHG�LWVHOI�IURP�LW�DQG�OLIWHG�XS��EXW�WKHQ�UHPDLQHG�FORVH�E\�LQ
WKH�DLU�GLUHFWO\�DERYH�WKH�UHMXYHQDWHG�FUDIW�
7R� FRQWLQXH�P\� VXJJHVWLRQ�RI�ZKDW�ZDV� JRLQJ�RQ� WKHUH� DW� 6RXWK�$VKEXUQKDP
ODNH�� ,�ZRXOG�VD\� WKDW� WKH�XSSHU�8)2�ZDV�H[WHQGLQJ�GRZQ� LWV� URWDWLQJ� ILHOG�RI
HOHFWUR�NLQHWLF� HQHUJ\�� DQG� VSLQQLQJ� WKDW� HQHUJ\� LQVLGH� DQG� DURXQG� WKH� VWULFNHQ
8)2
V�HUJRVSKHUH�$�DQG�%��ILUVWO\�WR�PDNH�VXUH�WKDW�WKH�UHVLGXDO�HOHFWULF�FKDUJHV
WKDW�KDG�GLVSHUVHG�LQWR�WKH�ZURQJ�SODFHV�ZHUH�DOO�XQLILHG�LQWR�RQH�DQG�PRELOL]HG�
$QG� WKHQ� WKDW�XSSHU�8)2�ZRXOG�KDYH� ILQDOO\� URWDWHG� LWV� HQHUJ\� ILHOG� LQ� VXFK�D
ZD\� WKDW� ZRXOG� KDYH� URWDWHG� WKH� IOXLG� LQ� WKH� ORZHU� 8)2·V� WRURLG� FRXQWHU�
FORFNZLVH��7KLV� ILQDO� DFWLRQ�ZRXOG�EH�ZKDW� WKH�*UH\V�KDG� UHIHUUHG� WR�HDUOLHU� DV
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WKH� UH�OLQLQJ� RI� WKDW� 8)2·V� F\FORQHWLF� WURZHO�� ZKLFK� ZRXOG� KDYH� PHDQW� UH�
IORZLQJ�WKH�WRURLG�IOXLG�WR�HQHUJL]H� LWV�PDJQHWLF�ILHOG�DQG�URXWLQJ�WKDW�PDJQHWLF
ILHOG� WKURXJK� WKH� FUDIW·V� EDVH� GLVF� WR� HVWDEOLVK� WKH� FUDIW·V� PDJQHWLF� IXQQHO� �WR
VKDSH�LWV�URWDWLQJ�HQHUJ\�LQWR�D�YRUWH[���$IWHU�WKDW��ZLWK�DOO�RI�LWV�HQHUJLHV�IORZLQJ
DJDLQ�DQG�IORZLQJ�LQ�WKH�ULJKW�GLUHFWLRQ��WKH�ORZHU�8)2�ZRXOG�KDYH�EHHQ�VDIH�WR
UXQ�LQ�LWV�WLFN�RYHU�PRGH�DQG�LW�ZRXOG�KDYH�EHHQ�UHDG\�WR�SRZHU�XS�DJDLQ�DQG�IO\
RII�EDFN�LQWR�WKH�QLJKW�VN\�RQ�LWV�RZQ�
$OWKRXJK��LQ�IDFW��WKDW�HSLVRGH�GLGQ·W�TXLWH�ILQLVK�WKHUH��DQG�WKH�8)2�GLGQ·W�TXLWH
IO\�RII�DV�H[SHFWHG��DQG�ZKDW�KDSSHQHG�QH[W�FDXVHG�D�JUHDW�GHDO�RI�DVWRQLVKPHQW
WR� %HWW\�� ,QGHHG�� ZKDW� VKH� UHFDOOHG� QH[W� EULQJV� LQ� D� ZKROO\� QHZ� DQG� KLWKHUWR
XQLQYHVWLJDWHG�DYHQXH�RI�VFLHQFH��DQG�WKLV�XQH[SHFWHG�GHYHORSPHQW�ZLOO�ZDUUDQW
D� IUHVK� ORRN� DW� VRPH� NQRZQ�� EXW� ODUJHO\� XQGHU�DFNQRZOHGJHG�� SULQFLSOHV� RI
DVWURSK\VLFV��DQG�WKLV�ZLOO�EH�JRQH�LQWR�LQ�D�ODWHU�FKDSWHU��RI�FRXUVH��

)LJXUH� ���� 7KH� VWULFNHQ� DD8)2� LV� UHYLWDOL]HG� E\� D� VLVWHU� VKLS� DIWHU� WKH� ORZHU
8)2
V� HOHFWURG\QDPLF� SRZHU� V\VWHP� DQG� FHQWUDO� YRUWH[� VKRUW�FLUFXLWHG� �IURP
:DWFKHUV�ILJ����
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5HWXUQLQJ�WR�WKH�FXUUHQW�VXEMHFW�RI�EODFN�KROH�PLQLDWXUL]DWLRQ��LW�LV�TXLWH�REYLRXV�
IURP�WKH�DPRXQW�RI�HIIRUW�WKDW�KDG�WR�JR�LQWR�UH�FUHDWLQJ�WKLV�F\FORQHWLF�WURZHO
YRUWH[� LQVLGH� WKH� FUDIW� ZKLFK� DEGXFWHG� %HWW\� /XFD�� WKDW� WKLV� SURFHGXUH� ZDVQ
W
VRPHWKLQJ� WKDW� QHHGHG� WR� KDSSHQ� HYHU\� GD\� RQ� HYHU\� WULS�� ,W� ZRXOG� VHHP� D
WUHPHQGRXV�DPRXQW�RI�ZRUN�WR�VZLWFK�WKH�YRUWH[�RII�DQG�WKHQ�KDYH�WR�JHW�LW�XS
DQG�UXQQLQJ�DJDLQ�MXVW�WR�PDNH�RQH�WULS�DW�D�WLPH��6R�ZLWKRXW�GRXEW��WKLV�HSLVRGH
UHFDOOHG� E\� %HWW\� WKURXJK� KHU� K\SQRWKHUDS\� VHVVLRQV� FRQILUPV� LUUHYRFDEO\� WKDW
WKH�DD8)2
V�YRUWH[�PXVW�EH�UXQQLQJ�DOO�WKH�WLPH��DQG�WKLV�LQ�LWVHOI�LQGLFDWHV�WKDW
WKLV�8)2·V�SRZHU�RXWSXW� LV�YDULDEOH� >QRWH����@��6R� WKHUHIRUH�� WKH�ERQXV� WR� WKLV
UHDOL]DWLRQ� LV� WKDW� D� PXFK� PRUH� G\QDPLF� SRZHU�GULYH� V\VWHP� FDQ� QRZ� EH
HQYLVLRQHG��IRU�LW�FDQ�VXEVHTXHQWO\�EH�DVVXPHG�WKDW�LI�WKH�YRUWH[�LV�DOZD\V�WKHUH�
LQ�SODFH��WKHQ�OLNHZLVH�WKH�WRURLG
V�PDJQHWLF�ILHOG�ZLOO�DOVR�EH�WKHUH�LQ�H[LVWHQFH�RQ
D�SHUPDQHQW�EDVLV��$QG�ZLWK�WKDW�EHLQJ�WKH�FDVH�WKHUH�ZLOO�QHHG�WR�EH�IRXQG�WKH
PHFKDQLVP� VRPHZKHUH� LQ� WKLV� 8)2� ZKLFK� YDULDEO\� SRZHUV�GRZQ� WKH� EODFN
YRUWH[
V�G\QDPLFV�DQG�ZKLFK�ZLOO�QHHG� WR�EH�XQGHU� WKH�FRQWURO�RI� WKH� DLUFUDIW
V
FUHZ�� SRVVLEO\� DV� D� VHPL�DXWRPDWLFDOO\� FRQWUROOHG� VZLWFKLQJ� GHYLVH�� 2QH� VXFK
VZLWFKLQJ�PHFKDQLVP��RI�FRXUVH��ZDV�HYLGHQW�LQ�WKH�YDULDEOH�SHUPLWWLYLW\�FDSV�WKDW
FRYHU� WKH� WRS� VSKHUHV� �DV� QRWHG� LQ� VHFWLRQ� ������ >QRWH�� ��@�� %XW� ZLOO� WKHUH� EH
IRXQG�DQ\�RWKHU�SRZHU�FRQWUROOLQJ�GHYLVHV�RQ�WKLV�8)2��,�ZRQGHU�"
:HOO��WKHUH�DUH�7+5((�DUHDV�ZKHUH�WKH�DD8)2·V�SRZHU�FDQ�EH�FRQWUROOHG��RQH
RI�WKRVH�LV��DV�,·YH�MXVW�PHQWLRQHG��WKURXJK�WKH�FDSV�ZKLFK�FRYHU�WKH�WRS�VSKHUHV
DQG�WKHVH�FDSV�FRQWURO�KRZ�WKH�PDJQHWLF�IOX[�FRQYHUJHV�WKURXJK�WKH�VWHP�FRLOV�
$QRWKHU� LV�ZKHUH�WKH�PDJQHWLF�ILHOGV�SDVV�RYHU�DQG�DURXQG�WKH� LQQHU�ULQJ�WXEH�
ZKLFK�FRQWUROV�KRZ�IDVW�WKH�WHOHPHWHU�ZKHHOV�DUH�DOORZHG�WR�URWDWH��WKH�WHOHPHWHU
ZKHHOV�ZLOO� JHW� WKHLU� URWDWLRQDO� WRUTXH� IURP� WKH�/HQVH�7KLUULQJ� IRUFH� LQVLGH� WKH
FHQWUDO� HUJRVSKHUH� EXW� WKH� LQQHU� ULQJ�WXEH� ZLOO� EH� XVHG� DV� D� %5$.,1*
PHFKDQLVP� RQ� WKDW� IRUFH� �� DV� H[SODLQHG� LQ� VHFWLRQ� ������ DQG� VKDOO� EH� IXUWKHU
H[SODLQHG�LQ�VHFWLRQ�������7KH�WKLUG�PHWKRG��RI�FRQWUROOLQJ�WKH�FUDIW·V�DFFHOHUDWLRQ
DQG� GHFHOHUDWLRQ�� ZLOO� EH� DOOXGHG� WR� LQ� D� ODWHU� FKDSWHU� �VHFWLRQV� ����� DQG� ����
EHORZ���EXW�,�VKRXOG�VD\�KHUH�WKDW�IRU�WKLV�PHWKRG�LW�ZLOO�EH�WKH�UDWH�DW�ZKLFK�WKH
WHOHPHWHU�ZKHHOV�SXOO�RQ�DQG�EUHDN�WKH�WRURLG·V�PDJQHWLF�ILHOG�OLQHV��DQG�KRZ�IDVW
WKH\�ILUH�WKHLU�SXOVHV�WKURXJK�WKH�WRURLG�ZDOO�� WKDW�GHWHUPLQHV�WKH�8)2·V�SRZHU
RXWSXW��6R�ZKLOH� WKH�FDSV�FRYHULQJ� WKH� WRS�VSKHUHV�FRXOG�EH�VHHQ�DV� WKH�FUDIW·V
RQ�RII� VZLWFKHV� WKH� PRVW� EDVLF� JRYHUQLQJ� PHFKDQLVP� IRU� WKH� FRQWURO� RI� WKH
FUDIW·V� EODFN� YRUWH[�� DQG� XOWLPDWHO\� IRU� WKH� FRQWURO� RI� WKH� 8)2·V� SURSXOVLYH
SRZHU��ZLOO�EH�WKH�URWDWLRQDO�VSHHG�RI�WKH�WHOHPHWHU�ZKHHOV�
����/LQLQJ�XS�WKH�6SKHUH�VHWV�WR�WKH�&HQWUDO�9RUWH[
,W� ZDV� LQWHUHVWLQJ� WKHQ�� WR� YLVXDOL]H� ZKDW� PLJKW� KDYH� KDSSHQHG� WR� WKHVH� DOO�
LPSRUWDQW�WHOHPHWHU�ZKHHOV�LQ�WKDW�8)2�ZKHQ�LW�VKRUW�FLUFXLWHG�
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7KH� DUPV� RI� HDFK� RI� WKH� IRXU� VSKHUH�VHWV�� DQG� WKHLU� WHOHPHWHU� ZKHHOV
DXWRPDWLFDOO\� DOLJQ� WR� WKH� WRURLG
V� LQQHU� ZDOO�� +RZHYHU�� WKHUH� DSSHDUV� WR� EH
QRWKLQJ� KROGLQJ� WKHP� LQ� WKDW� DOLJQPHQW�� 7KH� ORZHU� VSKHUHV� KDYH� WR� UHYROYH
RWKHUZLVH�WKH\�ZLOO�GHYHORS�KRW�VSRWV�IURP�WKH�JUDYLWDWLRQDO�IRUFH�RI�WKH�FHQWUDO
YRUWH[��DV�ZDV�PHQWLRQHG�LQ�VHFWLRQ�������LQ�UHIHUHQFH�WR�WKH�VR�FDOOHG�WLGDO�IRUFH�RI
WHQVLRQ� XSRQ� WKHP��� %XW� LI� WKH� VWHPV� �ZLWK� WKHLU� DUPV� KROGLQJ� WKH� WHOHPHWHU
ZKHHOV��ZHUH�IL[HG�WR�WKH�VSKHUHV�WKHQ�WKH\�ZRXOG�URWDWH�DERXW�WKH�D[LV�RI�HDFK
VSKHUH�VHW��ZKLFK�ZRXOG�FOHDUO\�EH�XQZRUNDEOH�DQG�QRQVHQVLFDO�
,Q�RWKHU�ZRUGV��WKH�VWHPV�RU�WKH�FODPSV�ZLOO�KDYH�WR�EH�PDQXIDFWXUHG�LQ�VXFK�D
ZD\�ZKLFK�ZRXOG�DOORZ� WKH� ORZHU� VSKHUHV� WR� UHYROYH��%XW� WKH\�ZLOO� KDYH� WR� EH
PDQXIDFWXUHG�VR�WKDW�WKH\�ZLOO�DOZD\V�SRLQW�WKH�WHOHPHWHU�ZKHHOV�RXWZDUG��DZD\
IURP�WKH�FHQWUDO�YRUWH[� �VR� WKDW� WKH�ZKHHOV�ZLOO� DOZD\V� IDFH� WKH� WRURLG�ZDOO�DQG
WXUQ� RQ� WKH� LQQHU� ULQJ�WXEH���0HFKDQLFDOO\� WKLV� FRXOG� EH� DFKLHYHG� LI� IRXU� URGV
ZHUH�PDGH� WR� LQWHU�FRQQHFW� EHWZHHQ� HDFK�RI� WKH� IRXU� VWHPV� �DQG� WKLV�PLJKW� EH
ZKDW�LV�EHLQJ�LQGLFDWHG�LQ�ILJXUH�����
2WKHUZLVH��WKH�FODPSV�PLJKW�EH�PDQXIDFWXUHG�WR�HQVXUH�WKDW�RQH�RI�WKH�FODPS
V
IRXU� OHJV�ZDV�PDGH�RI�PRUH�PDVVLYH�PDWHULDOV� WKDQ� WKH�RWKHU� WKUHH�� VR� WKDW�E\
KDYLQJ�D�JUHDWHU�GHJUHH�RI�PDVV�RQH�OHJ�ZRXOG�DOZD\V�EH�DWWUDFWHG�WR�WKH�FHQWUDO
YRUWH[�PRUH�WKDQ�WKH�RWKHU�WKUHH��%XW�WKHQ��DV�DQRWKHU�RI�%HWW\
V�GUDZLQJV�FOHDUO\
VKRZV��IURP�WKH�ZD\�VKH�ZDV�VKRZQ�WKHVH�FODPSV��WKH\�DSSHDU�WR�KDYH�D�URXQG
ERVV� RQ� WRS� RI� WKHP� ZKLFK� ORRNV� YHU\� PXFK� OLNH� LW� ZRXOG� IRUP� DQ� HOHFWULFDO
FRQQHFWLRQ�WR� WKH�VWHP�FRLOV��DQG�WKDW� WKH�VWHP�FRLOV�ZRXOG�VLW�RYHU� WKDW�URXQG
ERVV��DQG�WKH\�ZRXOG�ZRUN�VLPLODU�WR�KRZ�D�FRPPXWDWRU�URWDWHV�LQVLGH�DQ�HOHFWULF
G\QDPR�VR�WKDW�LW�UHPDLQV�LQ�FRQVWDQW�FRQWDFW�HOHFWULFDOO\�ZKLOH�WXUQLQJ��
7KHVH�LPDJHV��VHH�ILJXUH����EHORZ��ZRXOG�LQGLFDWH�WKRXJK�WKDW�WKHUH�LV�D�SDWK�RI
FRQGXFWLYLW\� EHWZHHQ� WKH� ORZHU� VSKHUHV� DQG� WKH� VWHP� FRLOV� �� DQG� WKDW� LW� UXQV
WKURXJK�WKHVH�FODPSV��DQG�WKURXJK�WKHVH�FRPPXWDWRU�ERVVHV�VSHFLILFDOO\�VR�WKDW
RQH�FDQ�URWDWH�LQGHSHQGHQWO\�RI�WKH�RWKHU�
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)LJXUH�����6KRZLQJ�WKH�FRPPXWDWRU�W\SH�DUUDQJHPHQW�ZKLFK�HQDEOHV�WKH�FODPS
DQG�ORZHU�VSKHUH�WR�UHYROYH�LQGHSHQGHQWO\�RI�WKH�VWHP�FRLO��EXW�WR�EH�LQ�FRQVWDQW
HOHFWULFDO�FRQWDFW
2N��VR�WKH�QH[W�DYDLODEOH�VROXWLRQ�ZLOO�EH�WR�KDYH�WKH�VWHP�FRLO�LPEXHG�ZLWK�H[WUD
PDVV�RQ�WKH�D[LV�IDFLQJ�VLGH��RSSRVLWH�WR�WKH�VLGH�WKH�DUPV�DUH�RQ���DQG�WKLV�ZD\
WKH�VWHP��DQG�WKHUHIRUH�WKH�DUPV�KROGLQJ�WKH�ZKHHOV��ZLOO�DOZD\V�IDFH�WRZDUG�WKH
WRURLG�ZDOO��VR�WKDW�WKH�WHOHPHWHU�ZKHHOV�RI�WKDW�VSKHUH�VHW�ZLOO�DOZD\V�UROO�XSRQ
WKH�LQQHU�ULQJ�WXEH�
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%XW� KHFN�� PD\EH� WKHUH� DUH� VLPSO\� IRXU� URGV� UXQQLQJ� EHWZHHQ� HDFK� VSKHUH�VHW
VWHP�NHHSLQJ�DOO�IRXU�VHWV�RI�ZKHHO�DUPV�SRLQWLQJ�LQ�WKH�ULJKW�GLUHFWLRQ��NHHSLQJ
WKH�ZKHHOV�DOLJQHG�WR�WKH�WRURLG�ZDOO��DQG�WKDW·V�SUREDEO\�DOO�WKDW�ZLOO�EH�QHHGHG��
ZLWK�QR�QHHG�WR�PDNH�WKLQJV�RYHU�FRPSOLFDWHG��
7KH� WHUP� WHOHPHWHU� ZKHHO� ZDV�� RI� FRXUVH�� RQH� RI� WKH� WHUPV� XVHG� E\� WKH
H[WUDWHUUHVWULDOV� LQ� WKH� ODNH� LQFLGHQW�� DQG� DV�ZDV� GHOLQHDWHG� DERYH�� WKHVH� ZRXOG
GHOLYHU�SXOVHV�RI�PLFURZDYH�RVFLOODWLRQV� LQWR� WKH� WRURLG·V�ZDWHU� WR�KHOS�VHSDUDWH
WKDW�ZDWHU·V�SRVLWLYH�DQG�QHJDWLYH�FKDUJHV�
����6HHLQJ�D�&RPSOHWH�5DQJH�RI�)UHTXHQFLHV�,QVLGH�WKH�8)2�&UDIW
7KH�WHOHPHWHU�ZKHHO�SXOVHV�ZRXOG�FRQWDLQ�PLFURZDYHV�LQ�WKH�����*+]�UDQJH��RU
DW�OHDVW��WKH�VDPH�IUHTXHQF\�RI�PLFURZDYHV�DV�WKH�ORZHU�VSKHUHV��%XW�DVLGH�IURP
WKH� SODVPRQLF� IUHTXHQFLHV� IRU� WKH� ORZHU� VSKHUHV� ZKLFK� ,� KDYH� DUELWUDULO\� VHW
EHWZHHQ��� WR� ��*+]� �DV� DOOXGHG� WR� LQ� FKDSWHU� ��� WKHUH�ZRXOG�EH� VHYHUDO� RWKHU
IUHTXHQFLHV�EHLQJ�HVWDEOLVKHG�LQVLGH�WKH�DD8)2�
)RU� LQVWDQFH�� WKHUH� ZLOO� EH� WKH� SXOVLQJ� V\VWHP� RI� UK\WKPLF� SRZHU� JHQHUDWLRQV
HPDQDWLQJ�IURP�DURXQG�WKH�FHQWHU�RI� WKH�FUDIW�ZKLFK�ZRXOG� UHSHDW�DW�DERXW���
+]� ���� WLPHV�SHU� VHFRQG��� DV� D�GLUHFW� UHVXOW� RI� WKH�EHDPV�EHLQJ� ILUHG� IURP� WKH
WHOHPHWHU�ZKHHOV�WKURXJK�WKH�WRURLG�ZDOO�>QRWH����@�
$QRWKHU� UDQJH� RI� RVFLOODWLQJ� IUHTXHQFLHV� WR� FRQVLGHU� ZLOO� EH� WKH� RQHV� UHVXOWLQJ
IURP� WKH� J\UDWLRQV� RI� WKH� HOHFWULF� VWRUDJH� ILHOG� FLUFXODWLQJ� WKURXJK� WKH� SODQDU
ZDYHJXLGH��ZKLFK�PD\�EH�DSSUR[LPDWHG�EHWZHHQ������*+]�DQG���*+]��IURP�P\
DUELWUDU\� UHQGLWLRQ� RI�%HWW\
V� GUDZLQJV� DQG� IURP�P\� VFDOHG� WHFKQLFDO� GUDZLQJV�
ZKLFK�LQGLFDWH�D���FP�WR����FP�GHSWK�IRU�WKH�DD8)2
V�SODQDU�ZDYHJXLGH���7KH
PHFKDQLVP� WR� RVFLOODWH� WKRVH� ILHOGV� RI� FKDUJHG� SDUWLFOHV� XS� WR� 5)� IUHTXHQFLHV
ZRXOG�FRPH�IURP�WKH�&RPSWRQL]LQJ�RVFLOODWLRQV�ZKLFK�ZLOO� LQ� WXUQ�FRPH�IURP
SDUWLFOH� FROOLVLRQV� KDSSHQLQJ� DW� WKH� FHQWUDO� SDUW� RI� WKH� 8)2
V� HQJLQH� �DV
PHQWLRQHG� LQ� DQ� HDUOLHU� VHFWLRQ�� IURP� SDUWLFOHV� EHLQJ� HMHFWHG� RXW� RI� WKH� EODFN
YRUWH[�E\�WKH�3HQURVH�:LOOLDPV�FROOLVLRQV�DW�WKH�SKRWRQ�RUELW�ULQJ�DQG�ERXQFLQJ
WKURXJK� WKDW� SODQDU� ZDYHJXLGH��� ,QWHUHVWLQJO\�� DV� D� UHVXOW� RI� WKHLU� PLFURZDYH
RVFLOODWLRQV�ZKHQ�WKRVH�HQHUJLHV�J\UDWH�WRZDUG�WKH�FLUFXPIHUHQWLDO�GXFW��RQ�WKHLU
ZD\�WR�H[LWLQJ�WKURXJK�WKDW�GXFW�ZKHUH�WKDW�SODQDU�ZDYHJXLGH�FRQYHUJHV�GRZQ�WR
D�GHSWK�RI�RQO\�D� IHZ�FHQWLPHWHUV�� WKHUH�ZRXOG� WKHQ�EH�DIIHFWHG�D� UHGXFWLRQ� LQ
WKHLU�RVFLOODWLQJ�ZDYHOHQJWK�� DQG�DQ� LQFUHDVH� LQ� WKHLU� IUHTXHQF\� �LH� WKH� �FP�H[LW
GHSWK�DW�WKH�FLUFXPIHUHQWLDO�GXFW�ZRXOG�HTXDWH�WR�D�5)�PLFURZDYH�IUHTXHQF\�RI
���*+]��
,�KDYH�DQ�LGHD�WKRXJK�WKDW�DW�WKH�FLUFXPIHUHQWLDO�GXFW�WKHVH�HQHUJ\�ZDYHV�ZLOO�EH
JURXSHG� LQWR� ZDYH�SDFNHWV�� DQG� VR� WKHVH� ZDYH�SDFNHWV� FRXOG� XQGHUJR� D
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VWUHWFKLQJ�SURFHVV�DW�WKDW�GXFW�DV�SDUW�RI�D�ILQDO�DPSOLILFDWLRQ�EHIRUH�WKH\�GHOLYHU
WKH�FUDIW·V�SURSXOVLRQ�IRUFH�>QRWH����@�
����*\UDWLQJ�6WRUDJH�)LHOG�)HHGV�5LP�)LHOG��&XUUHQW�5LQJ�
7KH�ODWWHU�SRLQW�ZLOO�EH�IXUWKHU�H[SDQGHG�XSRQ�LQ�ODWHU�FKDSWHU�EHFDXVH�WKHUH�LV�VR
PXFK�JRLQJ�RQ�LQ�WKLV�DUHD�RI�WKH�FUDIW��DQG�EDVLFDOO\�,�KDYH�MXVW�EHHQ�EULQJLQJ�D
IHZ�RI�WKRVH�GHWDLOV�WR�WKH�UHDGHU
V�DWWHQWLRQ�KHUH��LQ�WKLV�EULGJLQJ�FKDSWHU��LQ�WKH
IRUP�RI�D�VDYRU\�KRUV�G
�RHXYUH�WR�SUHSDUH�WKH�ZD\�IRU�WKH�PRUH�KHDUW\�PHDOV�WKDW
DZDLWV�WKH�UHDGHU�WKURXJKRXW�WKH�UHPDLQLQJ�FKDSWHUV�
$OVR�EHIRUH�WKLV�FKDSWHU�HQGV�,�VKRXOG�GR�D�EULHI�UHFDS�RQ�WKH�FUDIW·V�HUJRVSKHUHV�
7KHUH�DUH�WKUHH�LQWHUQDO�HUJRVSKHUHV��DQG�WKHUH�ZLOO�EH�DW�OHDVW�RQH�HUJRVSKHUH�RI
URWDWLQJ�HQHUJLHV�RXWVLGH�WKH�FUDIW�ZKLFK�ZLOO�KDYH�XVHIXO�IRUFHV�WR�FRQVLGHU��2I
WKH� WKUHH� LQVLGH� WKH�FUDIW� WKH� LQQHU�PRVW�RQH� �HUJRVSKHUH�$��ZLOO�EH� WKDW�ZKLFK
LPPHGLDWHO\�HQFORVHV�DQG�VXUURXQGV�WKH�FHQWUDO�VSKHUH�VHW�DVVHPEO\��7KH�SODQDU
ZDYH�JXLGH�DUHD�ZLOO�EH�GHVLJQDWHG�HUJRVSKHUH�%�ZKLFK�LV�ZKHUH�WKH�VWRUDJH�ILHOG
J\UDWHV��7KH�WRURLG�DQG�LWV�IOXLG�ZLOO�EH�HUJRVSKHUH�&��:KDWHYHU�PHQWLRQ�LV�PDGH
RI� WKH� HUJRVSKHUH� RXWVLGH� DQG� EHORZ� WKH� FUDIW� ZLOO� EH� FDOOHG� WKH� RXWVLGH� ILHOG
HUJRVSKHUH��RU�HUJRVSKHUH�'���$QG�EDVLFDOO\��WKH�ZKROH�DUHD�EHORZ�DQG�LQZDUG�RI
WKH�RXWHU�ULP��FRPSULVLQJ�HUJRVSKHUHV�$��%��DQG�&��ZLOO�EH�ZKDW�FRQVWLWXWHV�WKH
¶HQJLQH·�RI�WKLV�DD8)2��DV�VKRZQ�LQ�ILJXUH����DERYH��
:KLOH�LW�KDV�EHHQ�VHHQ�WKDW�D�SRZHUIXO�JHQHUDWLQJ�V\VWHP�H[LVWV�DW�WKH�FHQWHU�RI
WKLV� FUDIW
V� ORZHU� KXOO� LW� VKRXOG� DOVR� EH� UHFRJQL]HG� WKDW� D� YDVW� DPRXQW� RI� WKH
FUDIW
V�HQHUJ\�ZLOO�EH�VWRUHG�LQVLGH�WKH�FUDIW��E\�LW�EHLQJ�J\UDWHG�LQVLGH�WKLV�FUDIW
V
SODQDU�ZDYHJXLGH��WKLV�LV�ZK\�,�KDYH�FDOOHG�LW�WKH�J\UDWLQJ�VWRUDJH�ILHOG��
7KLV� ZDYHJXLGH� DUHD�� WHUPHG� HUJRVSKHUH� %�� LV� WKH� HUJRVSKHUH� ZKLFK� PRVW
UHVHPEOHV�WKH�DFFUHWLRQ�GLVN�VXUURXQGLQJ�WKH�DVWURSK\VLFDO�EODFN�KROH��DOWKRXJK�,
ZRXOG� DOVR� KDYH� WR� VD\� WKDW� EHFDXVH� LWV� HQHUJLHV� FRPSULVH� RI� WZR� IORZV�� RQH
RXWZDUG�IORZLQJ�ZKLOH�WKH�RWKHU�LV�LQZDUG�IORZLQJ��WKHQ�LW�PLJKW�EH�EHWWHU�WR�UHJDUG�LW
DV�EHLQJ�PRUH� OLNH�D� WRURLGDO� ILHOG�ZKLFK�VXUURXQGV�DQ�DVWURSK\VLFDO�EODFN�KROH�
HVSHFLDOO\� DV� ZLWKLQ� LW� WKHUH� ZLOO� DOVR� EH� VXEVWDQWLDO� HOHFWURQ�SRVLWURQ� SDLU�
SURGXFWLRQ� DFWLYLW\� JRLQJ� RQ�� IURP� FKDUJHG� SDUWLFOHV� ERXQFLQJ� RII� WKH� VROLG
FRQILQLQJ� ZDOOV� RI� WKDW� ZDYHJXLGH� DQG� FUHDWLQJ� VHFRQGDU\� &RPSWRQL]DWLRQ
FROOLVLRQV��7KLV�SODQDU�ZDYHJXLGH�DUHD�ZLOO�EH� OLYH�ZLWK�HQHUJ\��QRW� FKDRWLF�� EXW
UK\WKPLFDOO\�DQG�FRQVWDQWO\�H[FLWHG�
(UJRVSKHUH� %� DFWXDOO\� GLYLGHV� LQWR� WZR� SDUWV� WRZDUGV� WKH� RXWVLGH� RI� WKH� FUDIW
EHIRUH�LW�UHDFKHV�WKH�FLUFXPIHUHQWLDO�GXFW��IRU��ZKLOH�WKH�PDLQ�HQHUJ\�VWRULQJ�ILHOG
J\UDWHV� LQ� WKH� JDS� EHWZHHQ� WKH� WRURLG� VKHOO� DQG� WKH� XSSHU� GHFN�� WKHUH� LV� DQ
DX[LOLDU\�PLQL�ILHOG�RI�HQHUJ\�ZKLFK�EUDQFKHV�RII�IURP�WKDW�PDLQ�VWRUDJH�ILHOG�DQG
FLUFXODWHV�LQWR�DQRWKHU�FLUFXODU�FKDQQHO�MXVW�DERYH�WKH�SODQDU�ZDYHJXLGH��EHWZHHQ
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WKH�SODQDU�ZDYHJXLGH�DQG�WKH�VKHOO�RI� WKH�XSSHU�GRPH�� ,�FDOO� WKLV�DX[LOLDU\�ILHOG
WKH�ULP�ILHOG�FXUUHQW�ULQJ�DQG�LW�LV�IDFLOLWDWHG�E\�H[WHQGLQJ�D�PRYHDEOH�VHFWLRQ�RI�WKH
XSSHU�GHFN
V� IORRU� RYHU� WKH� FUDIW·V� JXOO\�� 7KH� ERWWRP�RI� WKLV� FKDQQHO� LV� DOZD\V
WKHUH�DV�D�SHUPDQHQW�IL[WXUH��DQG�LW�ORRNV�MXVW�OLNH�D�JXOO\�ZKLFK�UXQV�DOO�WKH�ZD\
DURXQG�WKH�SHULPHWHU�RI�WKH�FUDIW��ZKLOH�WKH�WRS�SDUW�RI�WKLV�FKDQQHO�LV�IDFLOLWDWHG
E\� H[WHQGLQJ� WKH�GHFN� IORRU� XS� DQG�RYHU� WKDW� JXOO\� �VR�ZKHQ� WKH�GHFN� IORRU� LV
H[WHQGHG�LW�HQFORVHV�LWVHOI�DURXQG�WKDW�FKDQQHO��VR�WKH�FXUUHQW�ULQJ�RI�SODVPD�FDQ
IORZ� LQVLGH� LW� IXOO\� FRQWDLQHG��� 7KLV� LV� EHFDXVH� WKH� FXUUHQW� ULQJ� FDQQRW� EH� D
SHUPDQHQW�RU�FRQVWDQWO\�RSHUDWLQJ�ILHOG��LW�ZRXOG�EH�QHHGHG�IRU�ZKHQ�WKH�8)2�LV
IO\LQJ��EXW�LW�ZRXOG�KDYH�WR�EH�VZLWFKHG�RII�ZKHQ�WKH�FUDIW�KDG�ODQGHG��DQG�IRU
ZKHQ�WKH�HQWUDQFH�RU�WKH�ZDLWLQJ�FKDPEHU�ZDV�EHLQJ�XVHG��DQG�LW�ZRXOG�KDYH�WR
EH�HQWLUHO\�FRQWUROODEOH�E\�WKH�SLORWV�RI�WKDW�8)2��$V�FDQ�EH�VHHQ�LQ�WKHVH�ILJXUHV
�ILJXUH����DQG������E\�IRUPLQJ�WKLV�FKDQQHO�DURXQG�WKH�IXOO�FLUFXPIHUHQFH�RI�WKH
FUDIW��D�ILHOG�RI�HOHFWURPDJQHWLF�DQG�JUDYLWDWLRQDO�HQHUJ\�FDQ�EH�PDGH�WR�FLUFXODWH
DURXQG� WKH�FUDIW�� DQG�ZKLFK�FDQ�EH�FRPSRVHG�RI� FKDUJHG�SDUWLFOHV� WKDW�ZLOO�EH
VXSSOLHG� IURP� WKH� PDLQ� J\UDWLQJ� VWRUDJH� ILHOG� RQ� D� FRQWLQXDO� EDVLV� �EXW� WKDW
HQHUJ\� ILHOG� ZLOO� QRW� EH� ZHOFRPH� ZKHQ� SHRSOH� DUH� VWDQGLQJ� LQVLGH� WKDW� FUDIW·V
ZDLWLQJ�FKDPEHU��
7KH�VLJQLILFDQFH�RI�WKH�JXOO\�ZLWK�WKH�IORRU�H[WHQGLQJ�RYHU�LW�FDPH�XS�DV�D�UHVXOW
RI� VWXG\LQJ� D� QXPEHU� RI� 8)2� LQWHULRUV� GUDZQ� E\� %HWW\� /XFD� �VHH� ILJXUHV� ��
DERYH� DQG� ��� EHORZ��ZKLFK� VKRZ� D� WHPSRUDU\� UDLVLQJ� RI� WKH� IORRU��2ULJLQDOO\�
%HWW\�KDG�QRW�NQRZQ�ZKDW�WKLV�JXOO\�ZDV�IRU��DQG�REYLRXVO\��VKH�ZRXOGQ·W�KDYH
VHHQ� LW�ZKHQ� LW�ZDV� IXOO\�RSHUDWLRQDO�DQG� FRQWDLQLQJ� D� IORZLQJ�SODVPD� LQVLGH� LW�
%XW�ZKDW�ZDV�VR�PHPRUDEOH�DERXW� LW�ZDV�WKH�IDFW�WKDW�ZKHQ�%HWW\�HQFRXQWHUHG
WKH�IORRU�H[WHQVLRQ�FRYHULQJ�RYHU�WKDW�JXOO\�VKH�ZDV�SX]]OHG�DERXW�KRZ�VKH�ZDV�JRLQJ
WR�FOLPE�RYHU� LW� WR�JHW�RXW�RI� WKH�8)2
V�H[LW�KDWFK��ZKHQ�VKH�ZDV�EHLQJ� WDNHQ
EDFN�WR�KHU�KRPH�>QRWH����@��,QGHHG��WKLV�UDLVHG�IORRU�ZDV�RQO\�QRWLFHG�RQ�%HWW\
V
UHWXUQ�MRXUQH\��DQG�LW�ZDV�GHILQLWHO\�QRW�WKHUH�ZKHQ�VKH�ZDV�ILUVW�WDNHQ�LQWR�WKDW
VDPH�8)2�WKURXJK�WKDW�VDPH�HQWUDQFH��DV�VKRZQ�LQ�ILJXUH������,W�ZRXOG�VXJJHVW
WKDW� WKH� SDUW� RI� WKH� GHFNLQJ� DURXQG� WKH�ZDLWLQJ� FKDPEHU�ZRXOG� EH�PDGH� RI� D
IOH[L�PHWDO�RU�D�SRO\PHU�PDWHULDO�ZKLFK�FRXOG�EH�FRQWUROOHG�HOHFWURPDJQHWLFDOO\
>QRWH����@��)URP�WKH�ZD\�%HWW\�GHVFULEHG�WKH�8)2�VKRRWLQJ�RII�DIWHU�WDNLQJ�KHU
KRPH� RQ� WKDW� SDUWLFXODU� RFFDVLRQ�� WKH� LGHD� ZDV� SUHVXPDEO\� WR� MXVW� ODQG
PRPHQWDULO\��WR�RIIORDG�%HWW\��DQG�WR�TXLFNO\�WDNH�RII�DJDLQ��DQG�VR�SUHVXPDEO\
WKDW·V�ZK\�WKH�FUHZ�GLGQ·W�ZDQW�WR�VWUDLJKWHQ�XS�WKH�IORRU��EHFDXVH�WKH\�ZDQWHG
WKH�FUDIW�WR�UHPDLQ�LQ�IOLJKW�PRGH�
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)LJXUH�����%HWW\
V�GUDZLQJV�RI�WKH�TXDUWHU�VHFWLRQ�RI�WKH�DD8)2�ZKLFK�IDFLOLWDWHG
WKH� HQWUDQFH� DQG� WKH� ZDLWLQJ� FKDPEHU�� QRWH� WKH� JXOO\� WKDW� FXUYHV� DURXQG� WKH
RXWVLGH�RI�WKDW�FKDPEHU��IURP�$QGUHDVVRQ�$IIDLU�ILJ����	�ILJ����
7KLV�LV�ZK\�,�ZRXOG�SUHVXPH�WKDW�DW�WKH�RXWHU�SHULPHWHU�RI�WKH�XSSHU�GRPH�VKHOO
ZLWKLQ�LWV�KROORZ�ULP�WKHUH�ZLOO�EH�GLUHFWHG�WKLV�J\UDWLQJ�ILHOG�RI�HOHFWULFDO�SODVPD
IURP�WKH�PDLQ�VWRUDJH�ILHOG��DQG�,�ZRXOG�VD\�WKDW�LWV�DQJXODU�PRPHQWXP�ZLOO�EH
LQGXFHG�GLUHFWO\�IURP�WKH�FHQWUDO�YRUWH[�WKURXJK�WKHLU�FR�PXWXDO�PDJQHWLF�ILHOG�
&RQVHTXHQWO\��ZKLOH�WKLV�FXUUHQW�ULQJ�RI�SODVPD�URWDWHV�DURXQG�WKH�LQVLGH�RI�WKH�ULP
�DQG�LQVLGH�WKH�JXOO\��LW�ZLOO�JHQHUDWH�D�ORFDOL]HG�PDJQHWLF�ILHOG�DURXQG�WKH�ZKROH
����GHJUHHV�RI�WKH�FUDIW
V�RXWHU�SHULPHWHU���VSHFLILFDOO\�DV�D�SXOO�GRZQ�ILHOG�WR�SXOO
XSRQ� DQ\� FKDUJHG� SDUWLFOHV� WKDW� DUH� GLUHFWHG� RXW� RI� WKH� FLUFXPIHUHQWLDO� GXFW� LQ
RUGHU�WR�FXUYH�WKHP�XS�RYHU�WKH�ULP�WRZDUGV�WKH�GRPH
V�DSH[�
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)LJXUH�����8VLQJ�D�IOH[LEOH�PDWHULDO��VXFK�DV�D�PDJQHWLFDOO\�VKDSHG�SRO\PHU��WKH
GHFN�FDQ�EH�UDLVHG�WR�DOORZ�HQHUJ\�WR�URWDWH�RXW�RI�WKH�SODQDU�ZDYHJXLGH�LQWR�WKH
JXOO\�WR�FUHDWH�D�FXUUHQW�ULQJ�DURXQG�RXWVLGH�RI�FUDIW
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7KLV�PD\�EH�RQH�RI�WKH�UHDVRQV�ZK\�RWKHU�GHVLJQV�RI�8)2V�KDYH�D�PRUH�DFXWH
DQJOH�DW�WKH�ULP��JLYLQJ�WKH�ULP�D�PXFK�IODWWHU�SURILOH���VSHFLILFDOO\�WKLV�ZRXOG�EH
WR�HQVXUH�WKDW�WKH�H[LWLQJ�HQHUJ\��MXVW�EHIRUH�LW�H[LWV�WKH�ULP��WKDW�LW�LQGXFHV�H[WUD
PDJQHWLF�IRUFH�LQWR�WKH�PDJQHWLF�ILHOG�RI�WKH�ULP��ZKLFK�LQ�WXUQ�ZRXOG�UDLVH�WKH
LQWHQVLW\�RI�WKH�ULP·V�/RUHQW]�IRUFH�XSRQ�WKH�H[LWLQJ�SURSXOVLRQ�HQHUJLHV��VR�WKDW
WKRVH�HQHUJLHV�ZRXOG�FXUYH�DURXQG�WKH�ULP��UDWKHU�WKDQ�IORZ�VWUDLJKW�RXW�RI�WKH
ULP�WR�VSLOO�LQWR�WKH�VXUURXQGLQJ�DLU���2QFH�WKH�SURSXOVLRQ�HQHUJ\�FXUYHV�RQWR�WKH
XSSHU�GRPH�WKHQ�LWV�PDJQHWLF�ILHOG�ZLOO� WDNH�RYHU��DQG�E\�WKH�IUXVWXP�HIIHFW� WKRVH
SURSXOVLRQ� HQHUJLHV�ZLOO� WKHQ� VLPSO\� FXUO� DURXQG� WKH� GRPH� WR� WKH� FUDIW·V� DSH[
>QRWH����@��2Q�WKLV�SDUWLFXODU�DD8)2�FUDIW��ZLWK�LWV�UDWKHU�REWXVH�DQJOHG�SURILOH�
WKLV�SXOO�GRZQ�SURFHVV�ZLOO� DOVR�EH� VXSSOHPHQWHG�E\� D� VHULHV� RI�PDJQHWLF� SDGV
HPEHGGHG� LQWR� WKH�FXUYHG�VXUIDFH�RI� WKDW�XSSHU�GRPH�VKHOO��ZKLFK�ZRXOG�KHOS
FRQWURO�DQG� VKDSH� WKH�SURSXOVLRQ�SODVPD� LQWR� D�KHOLFDO� WUDMHFWRU\��/LNHZLVH�� WKH
GLUHFWLRQ�DQG�WKH�DFFHOHUDWLRQ�RI�WKHVH�SURSXOVLRQ�ILHOGV�FDQ�DOVR�EH�DGMXVWHG�E\
KRZ�WKHVH�PDJQHWLF�SDGV�DUH�FRQILJXUHG�>QRWH����@�
����7KH�*XOO\�3DUDGR[�RI�D�6PDOO�*DS�/HDGLQJ�WR�%LJJHU�7KLQJV
:KLOH� WKH� DERYH� VHFWLRQ� H[SODLQV� WKH� JXOO\� ZHOO� HQRXJK� LI� WKH� UHDGHU� ORRNV
FDUHIXOO\�DW�WKHVH�PHPRU\�VNHWFKHV��LQ�ILJXUH�����LW�PLJKW�EH�IXUWKHU�QRWLFHG�WKDW
WKHUH� DUH� D� IHZ� UDWKHU� XQXVXDO� IHDWXUHV� DERXW� WKHP�� %HFDXVH�� WKHVH� DSSDUHQW
XQXVXDO�LWLHV�PD\�ZHOO� SRLQW� WR� D� VSHFLDO� UHILQHPHQW� �DV� ,�PHQWLRQHG� LQ� VHFWLRQ
�����LQ�WKH�ZD\�WKH�LQWHUQDO�HQYLURQPHQW�RI�WKDW�8)2�LV�FRQWUROOHG��7KHUH�ZRXOG
IRU� LQVWDQFH�EH�WZR�TXHVWLRQV�WKDW�ZRXOG�VSULQJ� WR�PLQG�KHUH��EHFDXVH� LQ� WKHVH
JXOO\� GUDZLQJV� ZK\� DUH� WKH� LQQHU� VHFWLRQV� RI� WKH� 8)2� VHDOHG� RII� IURP� WKH
HQWUDQFH� DUHD� "�$QG�ZK\�KDYH�D�JXOO\� DOO� DURXQG� WKH�8)2�ZKLFK� LV� IHG�HQHUJ\
IURP�WKH�J\UDWLQJ�VWRUDJH�ILHOG��ZKLFK�LQ�WXUQ�LV�IHG�E\�WKH�EODFN�YRUWH[��ZKHQ�DW
WKH�FHQWHU�RI�WKH�FUDIW�WKDW�VDPH�EODFN�YRUWH[�LV�RSHQ�WR�WKH�XSSHU�GHFNV�"
7KHVH� TXHVWLRQV� ZLOO� EH� DQVZHUHG� LQ� WKH� IROORZLQJ� FKDSWHUV�� DV� ZLOO� DQRWKHU
LQWHUHVWLQJ�TXHVWLRQ�� WKLV� WLPH� UHODWLQJ� WR� WKH�JUDYLWDWLRQDO� IRUFHV� LQVLGH� D�8)2�
:K\� LV� LW� WKDW� DIWHU� DOO� WKH� WKRXVDQGV� RI� REVHUYDWLRQV�PDGH� E\� DEGXFWHHV� WKDW
WKHUH�KDV�QHYHU�EHHQ�PHQWLRQHG�DQ\WKLQJ�DEQRUPDO�DERXW�WKRVH�DEGXFWHH·V�ERG\�
ZHLJKWV� ZKHQ� WKH\� ZHUH� WDNHQ� LQVLGH� D�8)2� "�1R� DEGXFWHH� KDV� HYHU� UHFDOOHG
IORDWLQJ� LQVLGH� D� 8)2� FUDIW�� \HW� LW� LV� ZHOO� NQRZQ� WKDW� FRVPRQDXJKWV� DQG
DVWURQDXJKWV�DUH�REOLJHG�WR�H[SHULHQFH�]HUR�JUDYLW\� LQVLGH� WKHLU� VSDFHVKLSV�RQFH
WKRVH� VSDFHVKLSV� OHDYH� HDUWK
V� DWPRVSKHUH� >QRWH�� ��@�� 7KLV� VD\V� WKDW� WKH� 8)2
JHQHUDWHV�D� ORFDOL]HG�JUDYLWDWLRQDO�ILHOG� LQVLGH�RI� LW��DQG�HDVLO\�NHHSV� LW�DW�D�IDLUO\
FRQVWDQW�OHYHO�WKURXJKRXW�WKH�8)2
V�MRXUQH\V�

,�OLNH�WKH�H[WUDWHUUHVWULDO�SK\VLFLVW�
WR�KLP�RU�KHU�VSDFH�LV�QRW�HPSW\�DQG�QRW�V\PPHWULF�

DQG�HYHU\WKLQJ�GRHV�QRW�HTXDO�]HUR���
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&KDSWHU����*UDYLW\�3XOOLQJ�,Q�DQG�3XVKLQJ�2XW

&RQWHQWV�
����$FRXVWLF�%ODFN�9RUWH[�*LYHV�8)2V�WKH�6WHDOWK�RI�6LOHQFH
����%ODFN�9RUWH[�(VWDEOLVKHV�+RUL]RQWDO�*UDYLWDWLRQDO�)RUFH
����'LIIHUHQFH�LQ�$HURQDXWLFV�:LWK�*UDYLWDWLRQDO�%XR\DQF\
����%DVH�'LVF�'LYLGHV�*UDYLWDWLRQDO�)LHOG�'\QDPLFV
����1HJDWLYH��5HSXOVLYH��*UDYLW\�%HORZ�WKH�%DVH�'LVF
����%H\RQG�WKH�%XR\DQF\�RI�5DGLDO�DQG�1HJDWLYH�*UDYLWDWLRQDO�)RUFHV
����2Q�0\�:D\�+RPH�$IWHU�D�+DUG�1LJKW
V�$EGXFWLRQ���

����$FRXVWLF�%ODFN�9RUWH[�*LYHV�8)2V�WKH�6WHDOWK�RI�6LOHQFH
$Q\�VRXQGV�FUHDWHG�DURXQG�D�YRUWH[�ZKHUH�WKH�URWDWLQJ�IOXLG�LV�D[LDO�SRLQWLQJ�DQG
WKH� IOXLG
V� YHORFLW\� LV� JUHDWHU� WKDQ� WKH� ORFDO� VSHHG� RI� VRXQG� WKHQ� WKRVH� VRXQG
ZDYHV�ZLOO�EH�VZHSW�LQZDUG�LQWR�WKDW�YRUWH[�IORZ�DQG�ZLOO�EH�WUDSSHG�EHWZHHQ�WKH
FRUH�RI�WKDW�URWDWLQJ�IORZ�DQG�WKH�HQFORVLQJ�VXUIDFH�VXUURXQGLQJ�LW��ZKLFK�LQ�WKH
DD8)2� ZLOO� RFFXU� EHWZHHQ� LWV� EODFN� YRUWH[� DQG� WKH� HQFORVLQJ� VXUIDFH� RI� LWV
FHQWUDO�HUJRVSKHUH�
7KLV�VRXQG�WUDSSLQJ�SKHQRPHQRQ�ZRXOG�UHVXOW�IURP�WKH�/HQVH�7KLUULQJ�IUDPH�
GUDJJLQJ� JRLQJ� RQ� LQVLGH� WKH� DD8)2
V� FHQWUDO� HUJRVSKHUH�� IURP� WKH� FRQWLQXDO
LQIOX[�RI�HQHUJ\�EHLQJ�SXOOHG�LQWR�WKH�EODFN�YRUWH[�DQG�EHLQJ�IHG�LQWR�LW�IURP�WKH
WRS�VSKHUHV��DQG�IURP�HUJRVSKHUH�%���ZKLFK�ZLOO�IRUFH�WKDW�HQHUJ\�ILHOG�WR�IORZ
IDVWHU�DQG�IDVWHU��DV�VKRZQ�LQ�VHFWLRQ�������,QGHHG��ZKHUHYHU�WKH�IOXLG�YHORFLW\�RI
WKDW�8)2
V�HOHFWURG\QDPLF�IORZV�H[FHHG�WKH�ORFDO�YHORFLW\�RI�VRXQG�WKHQ�QRQH�RI
WKH� VRXQG�ZDYHV� LQ� WKHLU� YLFLQLW\�ZLOO� HVFDSH�RXW�RI� WKRVH� ORFDOL]HG� VXSUD�VRQLF
IORZV�� )RU� WKH� DD8)2� WKLV� SKHQRPHQRQ�PD\� DFWXDOO\� EH� WDNHQ� DV� D� IRUHJRQH
FRQFOXVLRQ�EHFDXVH��DV�PHQWLRQHG�DERYH��LQ�VHFWLRQ�������WKHUH�KDV�EHHQ�WKH�RYHU�
ULGLQJ� REVHUYDWLRQ� WKDW� OLJKW� WUDSSLQJ� KDV� DOVR� EHHQ� HYLGHQW� DW� WKH� FRUH� RI� WKH
DD8)2
V�YRUWH[��DV� LQGLFDWHG� LQ�ILJXUHV����DQG������ZKLFK�VWUDLJKWDZD\�VXJJHVWV
WKDW� WKH�URWDWLQJ� ILHOGV� LQVLGH� WKDW�8)2�ZHUH�QRW�RQO\�VXSHUVRQLF�EXW� WKDW� WKH\
KDG�YHORFLWLHV�JUHDWHU�WKDQ�WKDW�RI�WKH�ORFDOL]HG�VSHHG�RI�OLJKW�WRR�>QRWH���@�
%XW� FHUWDLQO\�� ZKLOH� WKLV� HQJLQH� LQ� WKH� DD8)2� KDV� DOUHDG\� WDNHQ� RQ� QXPHURXV
VSDFH�WLPH�SURSHUWLHV�RI�D�EODFN�KROH�KHUH�ZLOO�EH�\HW�DQRWKHU�RI�WKRVH�SURSHUWLHV�
IRU�ZKLOH� LWV� VXUURXQGLQJ� HUJRVSKHULF� ILHOGV�ZLOO� DOO� FRQWDLQ� URWDWLQJ� HQHUJLHV� WR
WKH�GHJUHH�WKDW�WKRVH�HQHUJLHV�FDQ�EH�DFFHOHUDWHG�WR�ORFDOL]HG�VXSUD�VRQLF�VSHHGV�
PRVW�LPSRUWDQWO\�WKURXJKRXW�HUJRVSKHUHV�$�DQG�%��WKHQ�VR�ZLOO�WKDW�8)2�FUDIW·V
PRWLYH�SRZHU�GULYH�EH�VXUURXQGHG�E\�DQ�DFRXVWLF�KRUL]RQ�
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7KLV�LV�WKH�EHDXW\�RI�DQ�DLUFUDIW�KDYLQJ�D�FLUFXODU�VKDSH�ZLWK� LQWHUQDO�F\OLQGULFDO
FRQWDLQPHQW� ZDOOV�� 4XLQWHVVHQWLDOO\�� WKLV� ZLOO� DQVZHU� ZK\� WKH� YDVW� PDMRULW\� RI
8)2V�DUH�UHSRUWHG�DV�EHLQJ�DEOH�WR�UXQ�6,/(17�>QRWH���@�
����%ODFN�9RUWH[�(VWDEOLVKHV�+RUL]RQWDO�*UDYLWDWLRQDO�)RUFH
$QRWKHU� DGYDQWDJH� RI� DQ� DLUFUDIW� KDYLQJ� D� F\OLQGULFDOO\� FRQWDLQHG� LQWHUQDO
VWUXFWXUH�ZLOO� EH� WKDW� LWV� JUDYLWDWLRQDO� IRUFHV�ZLOO� EH� UDGLDO� WRZDUG� WKH� FHQWHU�RI
WKDW�FUDIW��7KLV�IROORZV�RQ�IURP�WKH�JUDYLWDWLRQDO�SRODUL]DWLRQ�HIIHFW�PHQWLRQHG�LQ
VHFWLRQV� ���� DQG� ����� DERYH�� ZKLFK� DOOXGHV� WR� WKH� IDFW� WKDW� WKH� KRUL]RQWDO
JUDYLWDWLRQDO� IRUFH�RI� WKH�EODFN�YRUWH[�FDQ�EH� WDSSHG�RII�HLWKHU�DW� WKH�EDVH�GLVF
DQG�WUDQVIHUUHG�LQWR�WKH�WRURLG�IOXLG��DQG�LQWR�WKH�FUDIW
V�KXOO���RU�LW�FDQ�EH�WDNHQ
DGYDQWDJH�RI�DV� LW� UDGLDWHV�DZD\�IURP�WKH�EODFN�YRUWH[� WKURXJK� WKH�SRODUL]DWLRQ
HIIHFW�LQ�WKH�DLU�DQG�WKURXJK�RWKHU�IOXLGV��VR�WKDW�RYHUDOO�WKH�ZKROH�ORZHU�VHFWLRQ
RI�WKH�8)2�ZRXOG�EH�SHUPHDWHG�E\�D�UDGLDO�JUDYLWDWLRQDO� IRUFH�GLUHFWHG� LQZDUG
WRZDUG� WKH� EODFN� YRUWH[�� )XUWKHUPRUH�� EHFDXVH� DOO� PDWWHU� ZLOO� EH� JUDYLWDWLRQDOO\
DWWUDFWHG� KRUL]RQWDOO\� WRZDUG� WKH� FHQWUDO� YRUWH[�� PHDQLQJ� WKDW� HYHU\WKLQJ� LQ
HUJRVSKHUHV�$�WR�&�ZLOO�EH�JUDYLWDWLRQDOO\�DOLJQHG�WRZDUG�WKH�FHQWUDO�YRUWH[��WKHQ
WKURXJK�WKLV�DOLJQPHQW�WKH�YRUWH[
V�LQIOXHQFH�ZLOO�EH�WUDQVPLWWHG�FRQFHQWULFDOO\�DOO
WKH�ZD\�RXW�WR�WKH�ULP�RI�WKDW�FUDIW��7KHUHIRUH�WKLV�KRUL]RQWDO�JUDYLWDWLRQDO�IRUFH
ZLOO� SUHGRPLQDWH� LQVLGH� WKLV� FUDIW� RYHU� DQ\� H[WHULRU� JUDYLWDWLRQDO� ILHOG� �LH� WKH
(DUWK
V��IRU�DV�ORQJ�DV�WKH�FUDIW
V�EODFN�YRUWH[�LV�RSHUDWLRQDO�
7KLV�LQ�IORZLQJ�IRUFH�RI�JUDYLWDWLRQDO�DWWUDFWLRQ�WKRXJK�ZLOO�QRW�EH�ZKDW�PDNHV�D
8)2�ULVH�XS�RU�PRYH� ��$OO� LW�ZLOO�GR� LV�FDQFHO�RXW� WKH�HDUWK
V� JUDYLWDWLRQDO�SXOO
DQG�PDNH�WKDW�8)2�EXR\DQW��%XW�LQ�PDNLQJ�WKH�8)2�EXR\DQW��DQG�PDNLQJ�LW�IRU
DOO� LQWHQWV�DQG�SXUSRVHV�ZHLJKWOHVV� �EHFDXVH� LWV�FDUU\LQJ� LWV�RZQ�VRXUFH�RI�JUDYLW\
DURXQG�ZLWK�LW��LW�ZRXOG�UHQGHU�WKDW�FUDIW�H[WUHPHO\�HDV\�WR�PDQHXYHU��DQG�PRVW
LPSRUWDQWO\�PDQHXYHUDEOH�E\�WKH�VOLJKWHVW�RI�VXSSOHPHQWDU\�IRUFH�ILHOGV�
����'LIIHUHQFH�LQ�$HURQDXWLFV�ZLWK�*UDYLWDWLRQDO�%XR\DQF\
8)2�SURSXOVLRQ�FDQ�EH�YHU\�WHFKQLFDO�DV�ZLOO�EH�VHHQ�LQ�ODWHU�FKDSWHUV��EXW�WKHUH
LV�QR� UHDVRQ�ZK\�D�8)2�FDQQRW�RQFH� LW� DFTXLUHV� LWV�EXR\DQF\�PRYH�E\�VLPSOH
PHFKDQLVPV�DV�ZHOO��XVLQJ�IRU�LQVWDQFH��WKH�VDPH�VLPSOH�PHFKDQLVPV�WKDW�ZLQJHG
DLUFUDIW� XVH�� 6RPH� RI� WKHVH� KDYH� YHU\� OLWWOH� HQHUJ\� H[SHQGLWXUH� LI� RQO\� VORZ
PRPHQWXP�LV�UHTXLUHG�
,PSRUWDQWO\�� WKH� EXR\DQF\� IDFWRU� ZRXOG� DOORZ� WKH� 8)2� WR� PDNH� PRYHPHQWV
VLPSO\�E\�FUHDWLQJ�WKHUPRG\QDPLF�LPEDODQFHV��RU�DLU�SUHVVXUH�LPEDODQFHV��RU�DLU�GHQVLW\
LPEDODQFHV�� EHWZHHQ� LW� DQG� D� QHDU�GLVWDQW� ORFDWLRQ�� 7KHVH� HVVHQWLDOO\� ZRXOG� EH
HQJLQHHUHG� DV� DUWLILFLDOO\� LQGXFHG� SUHVVXUH�GLIIHUHQWLDOV� RU� GHQVLW\�GLIIHUHQWLDOV�
ZKHUH�LI�WKH�SUHVVXUH�GHQVLW\�RI�WKH�8)2
V�RZQ�HQYHORSH�FDQ�EH�PDGH�WR�GLIIHU
ZLWK�WKDW�RI�WKH�SUHVVXUH�GHQVLW\�RI�WKH�DLU�DERYH�RU�WR�WKH�VLGH�RI�WKDW�FUDIW�WKHQ
WKDW�FUDIW�ZRXOG�ULVH�RU�PRYH�VLGHZD\V�
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,QGXELWDEO\��D�ZHLJKWOHVV�8)2�ZLWK�D�GRPHG�VKHOO�ZRXOG�EH�SHUIHFWO\�VKDSHG�WR
SURMHFW� VXFK� GLIIHUHQWLDOV� HYHQ� IXUWKHU� LQWR� WKH� DLU� DKHDG� RI� LWVHOI�� 7KH� 8)2
ZRXOG�RQO\�QHHG�WR�SURMHFW�LQWR�WKH�GLVWDQFH�D�PRYLQJ�FROXPQ�RI�URWDWLQJ�DLU�WR
VHW�XS�D�IUDPH�GUDJJLQJ�PRWLRQ� LQ� WKDW�DLU�� VR� WKDW� WKH�DLU�OD\HUV�FDQ� WKHQ� IRUP
LQWR� D� URWDWLQJ� F\OLQGHU� ZKLFK� DWWUDFWV� WRZDUG� LW� OD\HUV�XSRQ�OD\HUV� RI� PRUH
VXUURXQGLQJ� DLU�� 7KLV� FRXOG� EH� GRQH� LQ� D� IHZ� VHFRQGV�� DQG�ZKLOH� WKDW� URWDWLQJ
FROXPQ�LV�EXV\�SXOOLQJ�LQ�PRUH�OD\HUV�RI�DLU�LW�ZLOO�DOVR�EH�HVWDEOLVKLQJ�LQVLGH�LWVHOI
D� ORZ�SUHVVXUH� ]RQH�� VR� WKHQ� E\� WKH� DGLDEDWLF� SULQFLSOH� WKH�8)2
V� RZQ� KLJKHU
SUHVVXUH� HQYHORSH� LPPHGLDWHO\� VXUURXQGLQJ� LW� ZRXOG� EH� GUDZQ� XSZDUG� LQWR� LW�
3URYLGLQJ�WKLV�VRUW�RI�PHFKDQLVP�ZDV�XVHG�DV�D�SXOVLQJ�PHFKDQLVP�WKHQ�DV�VRRQ
DV�WKH�FUDIW�PRYHG�WKURXJK�RQH�DLU�F\OLQGHU�LW�ZRXOG�GXPS�LW�DQG�WKHQ�HVWDEOLVK
DQRWKHU�DLU�F\OLQGHU�DQG�WUDYHUVH�WKDW��DQG�VR�RQ��DQG�DV�LW�ZLOO�EH�WKH�8)2�WKDW
JHQHUDWHV�WKDW�DLU�F\OLQGHU�VR�WKH�QH[W�F\OLQGHU�ZLOO�DOZD\V�EH�PRYHG�SURJUHVVLYHO\
DKHDG�RI�WKDW�8)2�WR�SURORQJ�WKDW�FUDIW
V�PRPHQWXP��7KH�8)2�ZLOO�QRW�WUDYHO
DW�DQ\�JUHDW�VSHHG�LQ�WKLV�PRGH��MXVW�E\�XVLQJ�SUHVVXUH�GHQVLW\�GLIIHUHQWLDOV�DQG�E\
ULGLQJ� RQ� VLPSOH� FRQYHFWLRQ� FXUUHQWV�� EXW� LW� ZLOO� ULGH� WKHVH� FROXPQV� ZLWK� YHU\
OLWWOH� HQHUJ\�RXWSXW� IRU� DV� ORQJ� DV� WKHVH� SUHVVXUH�GHQVLW\� LPEDODQFHV� ZLWK� WKH
GLVWDQW�DLU�FDQ�EH�PDLQWDLQHG�>QRWH���@�
2WKHUZLVH��DQRWKHU�PHFKDQLVP�RI�UHGXFHG�HQHUJ\�H[SHQGLWXUH�LV�WKH�PHFKDQLVP
RI�D�F\FORQH�ZKHUH�DQ�DLUIORZ�FROXPQ�H[WHQGV�KLJK�LQWR�WKH�HDUWK
V�DWPRVSKHUH�
ZKHUH�DW�WKH�WRS�RI�VXFK�D�FROXPQ�WKH�DLU�LV�PRUH�UDULILHG��DQG�WKH�FKDQQHOHG�DLU
DIWHU� ULVLQJ� WKURXJK� KXQGUHGV� RI� PHWHUV� RI� WKH� DWPRVSKHUH� ZLOO� XQGHUJR� D
GLYHUJHQFH� WR� VSUHDG� UDGLDOO\� RXWZDUG� LQWR� WKH� XSSHU� OHYHOV� RI� WKH� DWPRVSKHUH�
DQG�WKLV�UDGLDO�GLYHUJHQFH�DW�WKH�WRS�RI�WKH�FROXPQ�ZLOO�EH�ZKDW�ZLOO�
DQFKRU
�WKDW
ZKROH�DLU�IORZ�V\VWHP�DQG�FUHDWH�D�SUHVVXUH�JUDYLW\�FXUUHQW��ZKLFK�ZRXOG�PRYH
WKDW� 8)2� LQWR� WKH� OHVVHU� SUHVVXUL]HG� SODWHDXV� RI� WKH� XSSHU� DWPRVSKHUH� YHU\
TXLFNO\��,QGHHG��DW�WKH�WRS�RI�WKDW�FROXPQ�WKH�PRUH�LW�VSUHDGV�DQG�GLYHUJHV�LQWR
WKH�XSSHU�DWPRVSKHUH�WKH�JUHDWHU�ZLOO�EH�WKH�DQFKRULQJ�HIIHFW�WKDW�WKH�FUDIW�FDQ
XVH� WR�GHYHORS�D�SUHVVXUH�GLIIHUHQWLDO�EHWZHHQ�WKH�FUDIW
V�VXUURXQGLQJ�HQYHORSH�
DQG�WKDW�XSSHU�DQFKRUHG�DUHD��SDUWLFXODUO\�LI�WKDW�XSSHU�DUHD�LV�VWUDWLILHG�DQG�IDLUO\
FDOP���$QG�DOO� WKH�FUDIW�ZLOO�KDYH� WR�GR� LV�PDLQWDLQ� WKH�GLIIHUHQWLDO� WKURXJK� WKH
FROXPQ
V�QDUURZ�ERUH��WR�HQVXUH�WKDW�WKH�FROXPQ�UHPDLQV�HVWDEOLVKHG�>QRWH���@�
:LWK�VXFK�EXR\DQF\�D�VLPSOH�PHWKRG�VXFK�DV� WKH�DSSOLFDWLRQ�RI�KHDW� WR� WKH�DLU
VXUURXQGLQJ� WKH� FUDIW�ZRXOG� DOVR� FDXVH� LW� WR�PRYH�� DV� LQ� WKH� FDVH� RI� WKH�8)2
HQFORVLQJ�LWVHOI�LQVLGH�DQ�DLU�SDUFHO�DQG�DSSO\LQJ�KHDW�WR�WKH�OHDGLQJ�HGJH�RI�WKDW
DLU�SDUFHO��VR�WKDW�WKH�DLU�SDUFHO�ORZHUV�LWV�GHQVLW\���EHFDXVH�WKHQ�WKH�8)2�ZRXOG
PRYH�WRZDUG�DQ\�FROG�UDUHILHG�DLU�DKHDG�RI�LW�ZLWK�D�YHORFLW\�SURSRUWLRQDO�WR�WKH
UDUHIDFWLRQ� DQG� FROGQHVV� RI� WKDW� UHPRWH� DLU�� (YHQ� E\� KHDWLQJ� RQH� VLGH� RI� WKH
8)2
V�XSSHU�GRPH�VKHOO� �DURXQG�WKH�ULP�DUHD�� LW�ZRXOG�PDNH�LW�ULVH�XSZDUG�RU
PRYH�VLGHZD\V��7KLV�PHWKRG�RI�PRYHPHQW�LV�TXLWH�HYLGHQW�LQ�WKH�SKRWRJUDSK�RI
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WKH� *UDQJHPRXWK� 8)2� ZKHUH� WKH� KHDW� WUDLO� IURP� LWV� HOHFWURG\QDPLF� HQHUJ\
VXJJHVWV�WKDW�WKH�FUDIW�ZDV�PRYLQJ�YHU\�VORZO\�DERYH�WKH�JX\V�ZKR�SKRWRJUDSKHG
LW��7KLV�ODWWHU�FDVH�EULQJV�XS�DQ�LQWHUHVWLQJ�SRLQW�WR�EH�PDGH��EHFDXVH�LI�VRPH�RI
WKH� HQHUJLHV� JHQHUDWHG� E\� D� 8)2·V� KLJK�SRZHUHG� SURSXOVLRQ� GULYH� FDQ� EH
KDUPIXO�WR�OLYLQJ�RUJDQLVPV�SRVLWLRQHG�WRR�FORVH�WR�WKHP�ZKHQ�WKH\�SRZHU�XS��LH
VRPH�SURSXOVLRQ�GULYHV�ZLOO�LQYROYH�89��;�UD\��DQG�JDPPD�UD\�SKRWRQ�HPLVVLRQV
ZKHQ�WKH\�DUH�IXOO\�RSHUDWLRQDO���WKHQ�RXW�RI�FRQVLGHUDWLRQ�WR�WKH�OLYLQJ�EHLQJV�RI
WKLV�SODQHW�WKLV�W\SH�RI�DX[LOLDU\�¶VDIH·�SURSXOVLRQ�ZRXOG�EH�EHQHILFLDO�WR�KDYH�DV
DQ� DOWHUQDWLYH� WR� WKHLU� PDLQ� GULYH� IRUFH�� 2EYLRXVO\�� QRW� DOO� 8)2V� DUH� VR
FRQVLGHUDWH��EXW�,�ZRXOG�WKLQN�LW�KDV�EHHQ�D�SRLQW�RI�FRQVLGHUDWLRQ�IRU�PRVW�8)2
GHVLJQHUV��WKDW�VRPH�VLPSOH�ZD\V�WR�FUHDWH�PRPHQWXP�ZRXOG�JHQHUDOO\�EH�PDGH
DYDLODEOH� IRU�8)2V�EHFDXVH� WKHVH�ZRXOG�EH�SUHIHUUHG� IRU�8)2V� IO\LQJ�FORVH� WR
SRSXODWHG� DUHDV�� WR� DOORZ� WKRVH� FUDIW� WR� PRYH� D� VDIH� GLVWDQFH� DZD\� IURP� DQ\
KXPDQV�WKDW�PLJKW�EH�LPPHGLDWHO\�EHORZ�WKHP�EHIRUH�WKRVH�FUDIW�HQJDJHG�WKHLU
PDLQ�GULYH�IRUFHV�>QRWH���@�
7KLV�PLJKW�DOVR�KDYH�EHHQ�WKH�FDVH�ZLWK�WKH�8)2V�KRYHULQJ�RYHU�0H[LFR�&LW\�LQ
WKH�����
V�ZKHUH�VHYHUDO�RI�WKH�8)2�FUDIW�ILOPHG�E\�ORFDO�SHRSOH�ORRN�DV�LI�WKH\
KDYH� D� KHDW� WUDLO� MXVW� DERYH� WKHP� WR� DFFRPSDQ\� WKHLU� FRORUHG� ILHOGV� RI
V\QFKURWURQ� UDGLDWLRQ� VHHQ� DURXQG� WKHLU� SHULPHWHU� ULPV�� 2EYLRXVO\�� RQFH� WKH
8)2�DFKLHYHV�EXR\DQF\��OLNH�,�VD\��DOO�LW�ZRXOG�WKHQ�QHHG�WR�GR�WR�LQLWLDWH�WKHVH
VPDOO� LQ�DQG�RXW�RI�WKH�FORXGV�W\SH�PRYHPHQWV�ZRXOG�EH� WR�HQFDVH� LWVHOI� LQVLGH
DQ�HQYHORSH�RI�VSLQQLQJ�FKDUJHG�SDUWLFOHV�DQG�WKHQ�UDGLDWH�D�PLFURZDYH�ILHOG�LQWR
VPDOO�VHFWLRQV�RI�WKDW�RXWHU�HQYHORSH��WR�KHDW�WKH�DLU�WR�FUHDWH�LPEDODQFHV�LQ�WKH
VXUURXQGLQJ� DLU� GHQVLW\�� 6R� WKH� WHFKQLTXH� WR� SURMHFW� KHDW� UDGLDWLRQ� LQWR� WKHLU
VXUURXQGLQJ� HQHUJ\� ILHOGV� PD\� EH� VRPHWKLQJ� WKH� H[WUDWHUUHVWULDOV� XVH� DV� DQ
DOWHUQDWLYH�WR�WKHLU�PDLQ�SURSXOVLRQ�GULYH��&HUWDLQO\��D�ZKROH�OLVW�RI�VLPSOH�LGHDV
FRXOG� EH�GUDZQ�XS� DQG� WKLV�PLJKW�KHOS� WR� H[SODLQ� WKH� GLYHUVLW\� RI�PRYHPHQWV
LQGLFDWHG� LQ�8)2� UHSRUWV�� DQG� IURP� WKH� VWDQGSRLQW� RI� VRPHRQH� WU\LQJ� WR� IXOO\
XQGHUVWDQG� KRZ� WKHVH� FUDIW� ZRUN� LW� ZRXOG� KDYH� WR� EH� FRQVLGHUHG� D� QRQVHQVH
WKLQNLQJ�RI�WKHP�DV�KDYLQJ�RQO\�RQH�IRUP�RI�SURSXOVLRQ��7KLV�ZRXOG�EH�ZK\�DOO
VRUWV�RI�PRPHQWXP�LQGXFLQJ�PHFKDQLVPV�FDQ�EH�GLVFRYHUDEOH�LQ�8)2V�
,QGHHG��LW�PLJKW�EH�D�SRLQW�RI�FRQVLGHUDWLRQ�KHUH�WKDW�SHUKDSV�WKH�GLYHUVLW\�WKDW
FRPHV�ZLWK�8)2�VLJKWLQJV�LV�WKH�YHU\�UHDVRQ�ZK\�VFLHQWLVWV�KDYH�EHHQ�REOLJHG�WR
LJQRUH� 8)2� UHVHDUFK� LQ� WKH� SDVW�� $� VFLHQWLVW� ZLOO� DOZD\V� ORRN� IRU� WKH� SHUIHFW
FRUUHODWLRQ� EHWZHHQ� REVHUYHG� SKHQRPHQD� DQG� NQRZQ� SKHQRPHQD� �NQRZQ
WKURXJK�WKDW�VFLHQWLVW·V�HGXFDWLRQ�DQG�H[SHULHQFH���DQG�VR�LI�WZR�GLIIHUHQW�UHSRUWV
IRU� WZR� GLIIHUHQW� 8)2V� GLIIHUV� RQH� IURP� WKH� RWKHU� E\� WKH� VLJQDWXUHV� RI� KRZ
WKRVH� FUDIW� PRYH� WKHQ� WKRVH� VFLHQWLVWV� ZLOO� GLVPLVV� ERWK� WKRVH� UHSRUWV� DV
FRQWUDGLFWRU\��6FLHQWLVWV�� DIWHU�DOO�GRQ
W�KDYH�DQ\�GDWDEDVH�RQ�8)2V�ZLWK�ZKLFK
WR�ZRUN�IURP�VR�LW�ZRXOG�EH�ULGLFXORXV�WR�H[SHFW�WKHP�WR�NQRZ�DQ\WKLQJ�DERXW
VXFK� FUDIW�� &HUWDLQO\�� LI� WKH\� ZHUH� ORRNLQJ� IRU� D� VROXWLRQ� WR�8)2� SK\VLFV� DQG



263

DVVXPHG�WKDW�WKH\
G�KDYH�WR�ZRUN�RXW�KRZ�WKHVH�FUDIW�ZHUH�VR�DJLOH�LQ�WKH�DLU��DQG
WKH\�GLGQ
W�NQRZ�DERXW�WKH�EXR\DQF\�PHFKDQLVP�ZKLFK�WDNHV�DZD\�WKHLU�ZHLJKW
IDFWRU��WKHQ�WKRVH�VFLHQWLVWV�ZRXOG�QHYHU�EH�DEOH�WR�XQGHUVWDQG�KRZ�D�8)2�FDQ
PDQHXYHU�LQ�WKH�DLU���QRW�KDYLQJ�DQ\�ZLQJV�RU�DQ\�RXW�WKH�EDFN�WKUXVW�
2QH� FDVH� VLPLODU� WR� WKH� 0H[LFR� 8)2V�� RI� ZKDW� ,� ZRXOG� UHJDUG� DV� D� 8)2

VKRZLQJ� RII�
� ZDV� LQ� DQ� LQFLGHQW� UHOD\HG� E\� D� ZLWQHVV� �DQG� WKLV� ,� KHDUG� LQ� DQ
LQWHUYLHZ�EURDGFDVW� E\�P\� ORFDO� UDGLR� VWDWLRQ� LQ� ������ZKHUH� WKLV� SHUVRQ� IURP
6RXWK�$IULFD�KDG�REVHUYHG� D�8)2�DERYH�KLV� YLOODJH�� DQG�KH�GHVFULEHG�KRZ�KH
DQG� VHYHUDO� RI� KLV� IULHQGV� ORRNHG� LQWR� WKH� GLVWDQFH� WR� VHH� WKLV�8)2� IO\� LQ� ORZ
DERYH� WKHLU� YLOODJH� DQG�ZDWFKHG� LW� MXVW� FRPH� WR� D� KDOW� LQ�PLG�DLU�� DQG� DIWHU� WKH
8)2�KRYHUHG�PRWLRQOHVV� LQ� WKH� VN\� IRU� VHYHUDO�PLQXWHV�� DOPRVW� DV� LI� LWV� FUHZ
ZHUH� ZDLWLQJ� IRU� WKH� JDWKHULQJ� DXGLHQFH� EHORZ� LW� WR� VZHOO�� WKLV� 8)2� WKHQ
SURFHHGHG� WR� ]LJ]DJ� EDFN� DQG� IRUWK� LQ� WKH� DLU� DERYH� LWV� DXGLHQFH� DW� EUHDNQHFN
VSHHGV��DQG�WKHQ��DIWHU�D�IHZ�PRUH�PLQXWHV�RI�WKLV�]LJ]DJJLQJ��DV�LI�LW�ZDV�VDWLVILHG
LW�KDG�SHUIRUPHG�LWV�VKRZ��LW�WKHQ�IOHZ�RII�EDFN�LQWR�WKH�VN\�DW�FRORVVDO�VSHHG�DQG
ZDV�QHYHU�VHHQ�DJDLQ�>QRWH���@�
7KLV� VRUW� RI� PDQHXYHU� PLJKW� HQWDLO� XVLQJ� PRUH� WKDQ� MXVW� EXR\DQF\� DQG� KHDW
WKRXJK�� WKLV� FRXOG� EH� VLPLODU� WR� KRZ� WKH� %RE� /D]DU� 8)2� ZRUNV� E\� XVLQJ� D
SURFHVV� TXLWH� GLIIHUHQW� IURP� WKH� DD8)2� WR� KRYHU� LQ� RXU� DWPRVSKHUH� E\�� 7KH
/D]DU�8)2�GRHV�JHQHUDWH�D�KRUL]RQWDO�JUDYLWDWLRQDO�ILHOG�IRU�LWVHOI�EXW�LW�WKHQ�DOVR
GHYHORSV�VSLQQLQJ�ILHOGV�WR�HVWDEOLVK�JUDYLWDWLRQDO�HSLFHQWHUV�ZKLFK�DUH�GLVWDQW�WR
LW�DQG�EHORZ�WKH�FUDIW�VR�WKDW�LW�FDQ�XVH�WKRVH�HSLFHQWHUV�DV�LWV�FHQWHUV�RI�JUDYLW\
WR�SLYRW�RQ�ZKHQ�LW�KRYHUV�RU�PRYHV�>QRWH���@�
7KH�/D]DU�V\VWHP�ZRXOG�HIIHFWLYHO\�EH�UH�ORFDWLQJ� LWV�FHQWHU�RI�JUDYLW\� WR�EHORZ
LWV� KXOO� DQG� WKLV� DOORZV� LW� WR� 
SXQW
� WKH� DLU� DW� WKRVH� PRPHQWDULO\� HVWDEOLVKHG
HSLFHQWHUV��6XFK�D�8)2�E\�H[WHQGLQJ�D�EHDP�RI�IRUFH�LQWR�WKH�DLU��FDQ�WKHQ�PRYH
EDVLFDOO\� DV� IDVW� DV� LW� FDQ� VHQG�RXW� WKRVH�EHDPV�� DQG� LI� LW� WDNHV� WZR� VHFRQGV� WR
FUHDWH�D�JUDYLW\�HSLFHQWHU�WKHQ�WKDW
V�KRZ�ORQJ�LW�QHHG�ZDLW�LQ�RQH�ORFDWLRQ�EHIRUH
LW� PRYHV� WR� DQRWKHU�� *�IRUFHV�� VR� GLVDVWURXV� IRU� WKH� SLORWV� RI� HDUWK
V� DLUFUDIW
ZRXOG�� LQVLGH� WKHVH�8)2�FUDIW� QHYHU� EH� DQ\WKLQJ� RWKHU� WKDQ� XQLW\�EHFDXVH� WKH
FUHZ
V� UHODWLRQVKLS�ZLWK� WKHLU� VRXUFH�RI�JUDYLW\�QHYHU� FKDQJHV� HYHQ� LI� WKDW� FUDIW
XQGHUJRHV� WKHVH� ZLOG� ]LJ]DJ� PRYHV� �� (DUWK
V� DLUFUDIW� DUH� VXSHUE� EXW� WKHLU� WRS
VSHHGV�ZLOO�$/:$<6�EH�KDPSHUHG�E\�*�IRUFHV�RQ�WKH�SLORW�
,QFLGHQWDOO\�� ZKDW� WKH� /D]DU� 8)2� XVHV� LQ� LWV� URWDWLQJ� ILHOGV� DUH� QHJDWLYH
JUDYLWDWLRQDO�IRUFHV���IRUFHV�RI�UHSXOVLRQ�QRW�DWWUDFWLRQ��PRUH�RQ�WKLV�8)2�LQ�D
ODWHU�FKDSWHU��
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)LJXUH�����7KH�8)2�REVHUYHG�DQG�ZRUNHG�RQ�E\�%RE�/D]DU�DW�$UHD����ZRXOG
SURSDJDWH�D�URWDWLQJ�ILHOG�RI�UHSXOVLYH��RU�QHJDWLYH��JUDYLWDWLRQDO�IRUFH
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����%DVH�'LVF�'LYLGHV�*UDYLWDWLRQDO�)LHOG�'\QDPLFV
7KH� DELOLW\�RI� FUHDWLQJ� D� IRUFH� RI� JUDYLWDWLRQDO� UHSXOVLRQ�ZLOO� EH� TXLWH� D� XQLTXH
SKHQRPHQRQ� WR� HDUWK
V� VFLHQWLVWV� �DV� ZRXOG� WKDW� RI� FUHDWLQJ� DQ� DWWUDFWLYH
JUDYLWDWLRQDO� IRUFH�� LW� VKRXOG� EH� QRWHG�� EXW� ZLWK� UHIHUHQFH� DJDLQ� WR� ZKHUH� WKH
HIIHFW�RI�JUDYLWDWLRQDO�SRODUL]DWLRQ�ZDV�QRWHG�WR�SHUPHDWH�WKURXJKRXW�WKH�FUDIW
V
FHQWUDO�HUJRVSKHUH��LQ�VHFWLRQV�����DQG��������WKLV�JUDYLWDWLRQDO�SRODUL]DWLRQ�HIIHFW
FDQ�EH�DVVRFLDWHG�ZLWK�DQRWKHU�RI�WKH�FXULRXV�REVHUYDWLRQV�PDGH�E\�%HWW\�/XFD�
ZKLFK�ZDV� WKDW� ORQJ� DIWHU� WKH�(7V�RULJLQDOO\� VKRZHG�KHU� WKH�ZRUNLQJV� RI� WKHLU
8)2��LQ�D�TXLWH�VHSDUDWH� LQFLGHQW�VHYHUDO�\HDUV� ODWHU��WKH�(7�*UH\V�VKRZHG�KHU
KRZ�RQH�RI�WKHVH�VSKHUH�VHW�DVVHPEOLHV�FDPH�DSDUW�DQG�KRZ�LW�FRXOG�HYHQ�KRYHU
LQ� WKH� DLU� DQG�PDQHXYHU� LQ� WKH� DLU� RQ� LWV� RZQ�� TXLWH� LQGHSHQGHQW� RI� DQ\�8)2
FUDIW
V�SRZHU�GULYH�V\VWHP�>QRWH���@�
7KLV� WDQWDOL]LQJ� REVHUYDWLRQ� PLJKW� RIIHU� WKH� LQWULJXLQJ� SRVVLELOLW\� WKDW� WKHVH
FU\VWDO� VSKHUHV� FDQ� EHFRPH� JUDYLWDWLRQDOO\� FKDUJHG� DV� D� FRQVHTXHQFH� RI� WKHP
RUELWLQJ� VR� FORVHO\� DURXQG� D� FUDIW
V� EODFN� YRUWH[�� HLWKHU� WKURXJK� WKH� YRUWH[
V
VSDWLDO�UDGLDWLRQ��RU�WKURXJK�WKH�ORZHU�VSKHUHV
�FRQWDFW�ZLWK�WKH�EDVH�GLVF�ZKLFK
ORFDWHV� WKHP�� SHUKDSV� LQ� D� ZD\� VLPLODU� WR� KRZ� WKH� EDVH� GLVF� WUDQVPLWV
JUDYLWDWLRQDO� UDGLDWLRQ� IURP� WKH� EODFN� YRUWH[� WKURXJK� WR� WKH� WRURLG� WKURXJK� LWV
KLJK�PDVV� OD\HUV� RI� ELVPXWK�OHDG� �DOWHUQDWLQJ� EHWZHHQ� OD\HUV� RI� PDJQHVLXP��
%RWK� RI� WKHVH� WZR� PHFKDQLVPV� ZRXOG� WKHQ� DSSHDU� WR� EH� WKH� SURGXFW� RI
JUDYLWDWLRQDO�SRODUL]DWLRQ�RQ�D�PROHFXODU�VFDOH��WKURXJK�ZKLFK�SURFHVV�WKHVH�JODVV
VSKHUHV�PLJKW�EH�H[SHFWHG�WR�WHPSRUDULO\�KROG�ZLWKLQ�WKHP�D�UHVLGXDO�DPRXQW�RI
WKDW�YRUWH[
V�JUDYLWDWLRQDO�IRUFH�
$OWKRXJK��PLJKW�LW�EH�ZURQJ�WR�H[SHFW�WKLV�LQIOXHQFH�WR�EH�MXVW�D�VKRUW�WHUP�DQG
WUDQVLHQW�HIIHFW��MXGJLQJ�E\�WKH�VSKHUHV�WKDW�ZHUH�VKRZQ�WR�%HWW\�LW�PLJKW�EH�WKDW
WKH�JUDYLWDWLRQDO� IRUFHV� LPEXHG� LQWR� WKHP�GR�QRW�SXUHO\�GHSHQG�XSRQ�ZKHWKHU
WKH�VSKHUHV�DUH�FORVH�WR�WKH�FHQWUDO�YRUWH[�ZKHQ�LW�LV�SRZHUHG�XS�VR�WKDW�WKH\�DUH
DFWLYHO\�EHLQJ�SRODUL]HG�E\�WKDW�YRUWH[��7KHUH�PD\�EH�D�ZD\�LQ�ZKLFK�JUDYLWDWLRQDO
IRUFHV�FDQ�EH�PDGH�SHUPDQHQW��RU�DW�OHDVW�VHPL�SHUPDQHQW��RQ�D�PROHFXODU�VFDOH
LQVLGH� WKHVH� JODVV� VSKHUHV� �� SHUKDSV� LQ� FRQMXQFWLRQ� ZLWK� WKHLU� SODVPRQLF
RVFLOODWLRQV�ZKHUHE\�DQ�DEVRUSWLRQ�HIIHFW�ZRXOG�DOORZ�WKRVH�PROHFXOHV�WR�UHWDLQ
LQVLGH�WKHP�VRPH�RI�WKHLU�JUDYLWDWLRQDO�UH�DOLJQPHQWV��PXFK�LQ�WKH�VDPH�ZD\�WKDW
WKHLU�IHUURHOHFWULF�PROHFXOHV�FDQ�UHWDLQ�WKHLU�SRODUL]DWLRQV���DV�VKRZQ�LQ�FKDSWHU��
DERYH��
:KLFKHYHU�RI�WKHVH�SRVVLELOLWLHV�LV�DSSOLFDEOH��IRU�LPEXLQJ�JUDYLWDWLRQDO�IRUFH�LQWR
WKRVH� VSKHUHV�� LI� LW�ZDV� FRQYHQWLRQDO� JUDYLWDWLRQDO� IRUFH� �RI� WKH� SRVLWLYH�DWWUDFWLYH
YDULHW\��EHLQJ�LPEXHG�LQWR�WKHP�WKHQ�LW�ZRXOG�PHDQ�WKDW�WKRVH�VSKHUHV�ZRXOG�DFW
OLNH�PDVV�PDJQHWV���ZKLFK�WKH\�GRQ
W���WKH\·UH�WKH�RSSRVLWH��WKH\�KRYHU�LQ�WKH�DLU��
6R�SUHVXPDEO\�WKH\�ZRXOG�KDYH�EHHQ�SRODUL]HG�ZLWK�WKH�QHJDWLYH�UHSXOVLYH�IRUP
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RI�JUDYLW\��LQ�D�SDUWLFXODU�FRQILJXUDWLRQ�WKDW�GLUHFWO\�RSSRVHV�HDUWK
V�JUDYLWDWLRQDO
ILHOG��
����1HJDWLYH��5HSXOVLYH��*UDYLW\�%HORZ�WKH�%DVH�'LVF
7KH�PRVW�OLNHO\�VROXWLRQ�WR�WKHVH�VSKHUHV��LV�WKDW�WKH�UHSXOVLYH�JUDYLWDWLRQDO�IRUFH
EHLQJ�JHQHUDWHG�E\�WKH�DD8)2�EHORZ�LWV�EDVH�GLVF�LV�PDGH�WR�SHUPHDWH�LQWR�WKHP
WKURXJK� WKH� DJHQW� RI� WKH� FUDIW
V�PDJQHWLF� ILHOG�� $URXQG� WKLV� XQGHUEHOO\� RI� WKH
DD8)2�LW�FDQ�EH�VDIHO\�SRLQWHG�RXW� WKDW�ZKDWHYHU�KDV�EHHQ�HVWDEOLVKHG� IRU� WKLV
8)2�DERYH�LWV�EDVH�GLVF�LV�FHUWDLQO\�QRW�ZKDW�KDSSHQV�EHORZ�WKDW�EDVH�GLVF��)LUVWO\�
WKHUH�LV�D�VXEVWDQWLDO�GLIIHUHQFH�LQ�WKH�G\QDPLFV�RI�WKH�XSSHU�DQG�ORZHU�PDJQHWLF
ILHOGV�RI�WKH�WRURLG��DQG�WKLV�LV�HYHQ�PRUH�SURQRXQFHG�DERYH�DQG�EHORZ�WKH�EDVH
GLVF�DUHD��)RU�EHORZ�WKH�EDVH�GLVF�WKH�ILHOG�OLQHV�DUH�QRW�EHLQJ�GUDJJHG�QHDUO\�VR
PXFK�DV�WKH�XSSHU�RQHV�DUH��DOWKRXJK�WKH\�DUH�VWLOO�EHLQJ�VWUHWFKHG��EURNHQ��DQG
UHFRQQHFWHG�DV� WKH� XSSHU�PDJQHWLF� TXDGUDQW� ILHOGV� DUH���7KH� ORZHU� WRURLG� ILHOG
OLQHV�DUH�RVFLOODWLQJ�LQWR�DQG�DZD\�IURP�WKH�FHQWUDO�KROH�LQ�D�IDLUO\�UREXVW�PDQQHU�
DV� FRQYHUJLQJ�GLYHUJLQJ� QRQ�XQLIRUP� IOX[� OLQHV�� ZKLFK� LV� VLPLODU� WR� KRZ� WKRVH
VDPH�ILHOG�OLQHV�ZLOO�EH�FUHDWLQJ�WKH�PDJQHWLF�IXQQHO�LQVLGH�WKH�DD8)2�WR�SURGXFH
LWV�EODFN�YRUWH[��EXW�WKHUH�LV�QR�FRQWDLQPHQW�ZDOO�VXUURXQGLQJ�WKH�HUJRVSKHUH�RI
HQHUJ\�EHORZ�WKH�FUDIW��PHUHO\�GRHV�LW�FRQIRUP�WR�D�SRORLGDO�PDJQHWRVSKHUH��6R
WKH� URWDWLQJ� FKDUJHG� SDUWLFOHV� IORZLQJ� LQWR� WKDW� PDJQHWRVSKHUH� ZLOO� IORZ� IXOO\
DURXQG�WKH�ORZHU�SHULPHWHU�RI�WKH�FUDIW��%XW�WKHQ��WKLV�SRORLGDO�ILHOG�LV�XQLTXH�LQ
WKDW� WKHUH� ZLOO� EH� QR� HTXLYDOHQW� DQ\ZKHUH� HOVH� DURXQG� WKH� 8)2�� LW� ZLOO� EH� D
PDJQHWLF� ILHOG� VSUHDGLQJ� RXWZDUG� IURP� WKH� FHQWHU� RI� WKH� EDVH� GLVF� DQG� DIWHU� LW
VSUHDGV� RXWZDUG� LW� ZLOO� FXUO� EDFN� RQ� LWVHOI� OLNH� D� ELJ� EXEEOH�� DQG� WKHQ� WKRVH
PDJQHWLF�IOX[�OLQHV�ZLOO�ORRS�EDFN�LQWR�WKH�WRURLG�DERXW�KDOI�ZD\�XS�WKH�WRURLG
V
RXWHU�ZDOO��6R�WKH�SRLQW�WR�HPSKDVL]H�KHUH�LV�WKLV�ILHOG
V�LQKRPRJHQHLW\��EHFDXVH�
DV� LV� ZHOO� NQRZQ� LQ� HOHFWURQLF� HQJLQHHULQJ� WKH� DFWXDO� DWWUDFWLYH� IRUFH� RI
PDJQHWLVP�DQG�HOHFWURPDJQHWLVP�FRPHV�IURP�ZKHUH�WKH�OLQHV�RI�D�PDJQHWLF�ILHOG
DUH� FRQYHUJHQW�GLYHUJHQW�� DQG� VR� WKH�TXHVWLRQ� WR� DVN�KHUH�PLJKW�EH��ZRXOG� WKH
HOHFWURPDJQHWLF�JUDYLWDWLRQDO� IRUFH� RI� WKH� EODFN� YRUWH[� DV� LW� SDVVHV� WKURXJK� WKH
KROH�LQ�WKH�EDVH�GLVF�EH�PRUH�SRZHUIXO�KHUH��EHFDXVH�RI�WKLV�LQKRPRJHQHLW\��WKDQ
DW�DQ\�RWKHU�ORFDWLRQ�DURXQG�WKDW�8)2�"�,Q�JUDYLWR�PDJQHWLF�WKHRU\��RI�FRXUVH��LW
ZRXOG�EH�FRQMHFWXUHG�WKDW�WKLV�ZRXOG�LQGHHG�EH�WKH�FDVH�
,I� VR� WKHQ� WKLV� GLVSOD\V� D�ZKROH�QHZ� JURYH�RI� WUHH�VWXPSV� WR� RYHUWXUQ� DQG� OD\
EDUH��3DUWLFXODUO\�DV�XS�XQWLO�QRZ�WKH�DD8)2�KDV�EHHQ�IDYRUDEO\�FRPSDUHG�ZLWK�D
EODFN�KROH�V\VWHP�DV�DQ�DLUFUDIW�ZLWK�LWV�RZQ�JUDYLWDWLRQDO�ILHOG�DQG�LWV�RZQ�PHDQV
RI�FXUYLQJ�WKH�VSDFHWLPH�JHRPHWU\�GLUHFWO\�EHORZ�LW��)RU�JUDYLWDWLRQDOO\�VSHDNLQJ
ERWK�WKH�DVWURSK\VLFDO�EODFN�KROH�DQG�WKH�DD8)2
V�EODFN�YRUWH[�DUH�YHU\�VLPLODU
H[FHSW�IRU�RQO\�RQH�WKLQJ��DQG�WKDW��DV�DOOXGHG�WR�LQ�FKDSWHU�����ZLOO�EH�WKDW�ZKLOH
WKH�EODFN�KROH� LV�SRVWXODWHG� WR�KDYH� D�SRLQW�RI� VLQJXODULW\� WKH�DD8)2�GRHV�QRW
KDYH� WR� IROORZ� WKDW� SDUWLFXODU� OLQH� RI� VSHFXODWLRQ�� LW� FDQ� KDYH� D� PXFK� PRUH
SRZHUIXO� G\QDPLF� WKDQ� WKDW�� EHFDXVH� ZKDW� WKH� DD8)2� ZLOO� KDYH� LV� D� URWDWLQJ
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FRQYHUJLQJ�ILHOG�ZKLFK�URWDWHV�IDVWHU�DQG�IDVWHU�LQWR�D�FRUH�RI�KLJK�PDVV�GHQVLW\
HQHUJ\� DERYH� WKH� EDVH� GLVF�� DURXQG� ZKLFK� ZRXOG� JDWKHU� D� YHU\� LQWHQVH
DFFXPXODWLRQ� RI� PDJQHWLF� ILHOG� OLQHV�� 7KLV� JDWKHULQJ� IRUPV� WKH� EODFN� YRUWH[
V
PDJQHWLF�ERWWOH�QHFN�DERYH� WKH�EDVH�GLVF� ��EXW� LW�DOVR� IRUPV�D�PDJQHWLF�ERWWOH�
QHFN�EHORZ�WKH�EDVH�GLVF�RI�D�FRPSOHWHO\�GLIIHUHQW�FRQILJXUDWLRQ��$QG�WR�JR�EDFN
WR�D�SRLQW� WKDW�ZDV�PDGH� LQ�VHFWLRQ�����DERYH�� LQVLGH� WKH�YRUWH[� DW� LWV� FRUH� WKH
DWRPV�ZLOO�VXFFXPE�WR� WKH�FRUH
V�VKHDULQJ�IRUFHV�DQG�JUDYLWDWLRQDO�SXOO� DQG�ZLOO
EUHDN�GRZQ�WKURXJK�DWRPLF�ILVVLRQ�UHDFWLRQV��DQG�IURP�WKLV�ILVVLRQLQJ�WKHUH�ZLOO
EH� UHOHDVHG� KXJH� DPRXQWV� RI� HQHUJ\�� PXFK� LQ� WKH� VDPH� ZD\� DWRPLF� ELQGLQJ
IRUFHV� DUH� UHOHDVHG� WR� SRZHU� WKH� EODFN� KROHV� RI� VSDFH�� 7KLV� PDNHV� WKH� IRUFHV
DURXQG� WKDW� FRUH�� DQG� DURXQG� WKDW� DFFXPXODWLRQ� RI� PDJQHWLF� IOX[� OLQHV�� YHU\
SRZHUIXO�LQGHHG��7KLV�SRZHU�ZLOO�DOVR�SXOO�WKURXJK�WKDW�FRUH�DQ\�HOHFWURPDJQHWLF
ZDYHV�WKDW�JHW�FDXJKW�DQG�WUDSSHG�E\�WKRVH�URWDWLQJ�IRUFHV��DV�ZLOO�EH�VKRZQ�LQ
FKDSWHUV��������DQG������%XW�LQ�WKH�EODFN�YRUWH[�G\QDPLFV�ZKHUH�WKHUH�LV�QR�SRLQW
RI�VLQJXODULW\��WKLV�PHDQV�WKDW�ZKDWHYHU�SDUWLFOHV�DQG�ZDYHV�WKDW�GR�H[LW�WKURXJK
WKLV�KROH��WKURXJK�WKLV�PDJQHWLF�ERWWOH�QHFN��WKRVH�SDUWLFOHV�ZLOO�EH�IRUFHG�WR�H[LW
WKH�FUDIW�WKURXJK�WKH�DJHQW�RI�WKH�SRORLGDO�PDJQHWLF�ILHOG�OLQHV�VSUHDGLQJ�RXWZDUG
EHORZ�WKH�FUDIW��6R�WKH�FKDUJHG�SDUWLFOHV��ZKLFK�ZLOO�FDUU\�ZLWK�WKHP�VXEVWDQWLDO
DQJXODU�PRPHQWXP�DQG�JUDYLWDWLRQDO� IRUFH�� DQG�HOHFWURPDJQHWLF�HQHUJ\��ZLOO�EH
REOLJHG� WR� IROORZ� WKH� LQIOXHQFH� RI� WKDW� SRORLGDO� PDJQHWLF� ILHOG� ZKLFK� ZLOO� EH
DQFKRUHG�DW��DQG�E\��WKH�EDVH�GLVF�>QRWH����@�
%XW�WKHQ�KHUH�LV�WKH�ELJ�GLIIHUHQFH�EHWZHHQ�ZKDW�KDSSHQV�DERYH�DQG�EHORZ�WKH
EDVH�GLVF��ZKLOH� LQVLGH� WKH�FUDIW� WKH� ILHOGV�PRYH� UDGLDOO\� LQZDUG��EHORZ� WKH�EDVH
GLVF� WKH� JUDYLWDWLRQDOO\� FKDUJHG� SDUWLFOHV� ZLOO� IROORZ� WKURXJK� DQ� H[SDQVLYH
FXUYDWXUH� >QRWH�� ��@�� 6R�� LW� ZRXOG� IROORZ� WKDW� E\� WKH� FUDIW� KDYLQJ� D� VRXUFH� RI
HOHFWURPDJQHWLF�JUDYLWDWLRQDO� IRUFH� IHHGLQJ� LQWR� DQ� H[SDQGLQJ�PDJQHWLF� ILHOG� RI
LQWHQVH�SRZHU��ZKHQ�DQ\�RI� LWV�SDUWLFOHV� �DQG� WKH� UDZ�HQHUJ\� IURP� WKH�YRUWH[·V
FRUH�� ZKLFK� ZLOO� EH� FKDUJHG� ZLWK� JUDYLWDWLRQDO� DQG� HOHFWURPDJQHWLF� IRUFHV�
EHFRPH�DIIHFWHG�E\� WKDW�SRZHUIXO�PDJQHWLF� ILHOG� WKHQ� WKH\�ZLOO� EH� LQGXFHG�� E\
/RUHQW]� IRUFHV�� WR� IROORZ�D� FXUYDWXUH�ZKLFK� LV�H[SDQVLYH� LQ�QDWXUH��6R� LQ�RWKHU
ZRUGV�� WKH�FROOHFWLYH�JUDYLWDWLRQDO� IRUFH� IORZLQJ�RXW� IURP�WKH�FRUH�RI� WKH�EODFN
YRUWH[�EHORZ�WKH�FUDIW�ZLOO�WKHUHIRUH�DOVR�EH�RXWZDUG�PRYLQJ�DQG�5(38/6,9(�
$OWKRXJK��LW�VKRXOG�EH�VDLG�WKDW�WKLV�LV�FHUWDLQO\�QRW�WKH�HQG�RI�WKH�VWRU\��DV�VKDOO
EH�VHHQ�EHORZ��LQ�FKDSWHUV��������DQG�����
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)LJXUH�����6RPH�RI�WKH�QHJDWLYH�JUDYLWDWLRQDO�IRUFH�FDQ�EH�LQGXFHG�LQWR�WKH�ORZHU
VSKHUHV�� DQG� D� VKHDULQJ� IRUFH� ZLOO� EH� HVWDEOLVKHG� EHQHDWK� WKH� FUDIW� WR� SURGXFH
HOHFWURQ�SRVLWURQ�SDLUV
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����%H\RQG�WKH�%XR\DQF\�RI�5DGLDO�DQG�1HJDWLYH�*UDYLWDWLRQDO�)RUFHV
:LWK�WKH�DVVXPSWLRQ�WKDW�WKH�8)2�JHQHUDWHV�ERWK�D�KRUL]RQWDO�JUDYLWDWLRQDO�ILHOG
ZKLFK�LV�D�JUDYLWDWLRQDO�IRUFH�DFWLQJ�UDGLDOO\�LQZDUG�FHQWHULQJ�RQ�WKH�FUDIW
V�FHQWUDO
EODFN�YRUWH[��DQG�DQ�RXW�IORZLQJ�H[SDQVLRQ�RI�JUDYLWDWLRQDO�IRUFHV�EHORZ�LWV�EDVH
GLVF��DQG�WKH�SRVVLELOLW\�WKDW�ERWK�IODYRUV�RI�WKDW�IRUFH�PLJKW�EH�SHUPDQHQWO\��RU
VHPL�SHUPDQHQWO\��KHOG� LQ� WKH� ORZHU�VSKHUHV�� WKHQ�� ,� UHSHDW�RQFH� DJDLQ��KHUH� LQ
8)2�WHFKQRORJ\�LV�D�QHZ�URFN�WR�HVWDEOLVK�FRQFUHWH�IRRWLQJV�XSRQ����IURP�ZKLFK
JUDYLWDWLRQDO�UHVHDUFK�RQ�WKLV�SODQHW�FDQ�PDNH�VLJQLILFDQW�DGYDQFHV�DQG�FDQ�JDLQ
PXFK�EHQHILW�
*UDYLWDWLRQDOO\�VSHDNLQJ�� LI� WKH�FUDIW�FDQ�KROG� LWV�SRVLWLRQ� LQ�HDUWK
V�DWPRVSKHUH
LPSHUYLRXV� WR�HDUWK
V�JUDYLWDWLRQDO�SXOO�ZLWK� LWV�RZQ�YRUWH[�JUDYLW\�� DQG� LQ�ZKDW
FDQ� HDVLO\� EH� HQJLQHHUHG� DV� DQ� LQWULQVLF� PHFKDQLVP� �ZKHUH� WKH� HQHUJ\
GHYHORSPHQW�FKDLQ�WDNHV�FDUH�RI�LWVHOI�ZLWK�QR�LQSXW�QHHGHG�IURP�WKH�FUHZ���WKHQ
WKLV�IUHHV�XS�ERWK�WKH�FUHZ�DQG�WKH�8)2
V�DX[LOLDU\�SURSXOVLRQ�GULYH�PHFKDQLVPV
WR�SUHSDUH�RWKHU�HQHUJ\�ILHOGV�IRU�D�UDQJH�RI�GLIIHUHQW�SXUSRVHV��HLWKHU�IRU�IOLJKW
RU�IRU�WKH�WUDQVSRUWDWLRQ�RI�REMHFWV�
)RU� LQVWDQFH�� ZKLOH� WKH� 8)2� LV� LQ� WKH� DLU� ZLWK� QR� FRQFHUQ� IRU� RXU� SODQHW
V
JUDYLWDWLRQDO�IRUFH�WKH�FUHZ�FRXOG�EH�H[WHQGLQJ�DQG�SXPSLQJ�XS�D�ILODPHQW�WXEH
LQWR�D�PHWDVWDEOH�VWDWH�RI�WHQVLRQ��EHWZHHQ�LWVHOI�DQG�D�GLVWDQW�ORFDWLRQ�RI�WKH�VN\
�� DV� DOOXGHG� WR� LQ� VHFWLRQ� ������ IRU� LQVWDQFH�� VR� WKDW� WKDW� ILODPHQW�WXEH
V� VWRUHG
HQHUJ\�FRXOG�EH�KHOG�LQ�UHDGLQHVV�SULPHG�IRU�DQ�LQVWDQWDQHRXV�DGLDEDWLF�MXPS�E\
WKDW�8)2��:LWK�WKH�ILODPHQW�WXEH�EHLQJ�VR� ORQJ�LW�ZRXOG�HTXDWH�WR�D�YHU\� ODUJH
YROXPH� RI� DFFXPXODWHG� HQHUJ\� ZDLWLQJ� WR� EH� UHOHDVHG�� DQG� ZLWK� WKLV� IDFWRU� LQ
PLQG�LW�FRXOG�EH�VSHFXODWHG�WKDW�GXULQJ�DQ�LQVWDQW�UHOHDVH�RI�WKDW�HQHUJ\�WKH�8)2
PLJKW�DFFHOHUDWH�WR�VSHHGV�RI�KXQGUHGV�RI�PLOHV�SHU�KRXU���ZKLOH�LWV�SRZHU�GULYH
LV�VZLWFKHG�RII��
%XW� WKHUH�ZRXOG�EH� VR�PDQ\�EHQHILWV� IURP� D� FUDIW� EHLQJ� KHOG� XS� LQ� WKH� VN\� LQ
JUDYLWDWLRQDO� EXR\DQF\� QRW� UHTXLULQJ� WR� FRQWLQXDOO\� SURSDJDWH� DQ\� SURSXOVLRQ
IRUFHV�� VXFK� DV� WKURXJK� LWV� PDLQ� KHOLFDO� ILODPHQW�WXEH�� 0RVW� LQWULJXLQJ� RI� DOO
WKRXJK� IRU� D� 8)2� SRVVHVVLQJ� DQG� FDUU\LQJ� ZLWK� LW� LWV� RZQ� KRUL]RQWDO� D[LDOO\�
SRLQWLQJ�IRUFH�RI�JUDYLW\�ZRXOG�EH�WKDW��HYHQ�WKRXJK�LW�PLJKW�EH�PDGH�WR�EDUUHO�
UROH� DURXQG� WKURXJK� ���� GHJUHHV� LQ� WKH� DLU�� RU�PDGH� WR� IO\� WKURXJK� WKH� DLU� DW
0DFK��� DQG�EH� VXGGHQO\� VWRSSHG��RU�PDGH� WR� WXUQ�DW� D� ULJKW�DQJOH� WKURXJK� ��
GHJUHHV��RU�HYHQ�PDGH�WR�IO\�XSVLGH�GRZQ���VWLOO�WKH�HQYLURQPHQW�LQVLGH�WKDW�8)2
ZRXOG�UHPDLQ�MXVW�WKH�VDPH�JUDYLWDWLRQDOO\�WR�LWV�RFFXSDQWV�ZLWK�QR�DGGLWLRQDO�*�
IRUFHV�ZKDWVRHYHU��
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)LJXUH� ���� 7KLV� VKRZV� WKH� QHJDWLYH� JUDYLWDWLRQDO� IRUFH� SURSDJDWHG� EHORZ� WKH
DD8)2�FUDIW�DQG�KRZ�WKH�KHOLFDO�ILODPHQW�WXEH�FDQ�EH�HVWDEOLVKHG�DW�DQ\�SDUW�RI
WKH�XSSHU�GRPH
V�FXUYH
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6R�LQ�WKLV�UHVSHFW��ZKLOH�FRPSDULQJ�WKHVH�8)2�PHFKDQLVPV�ZLWK�WKDW�RI��VD\��WKH
¶ROG�VOXJJHU·�URFNHW�GHVWLQHG�IRU�0DUV��ZKLOH�WKDW�URFNHW�ILJKWV�WKH�HOHPHQWV�DQG
EODVWV�DJDLQVW� LWV�DPELHQW�VXUURXQGLQJV�DOO� WKH�ZD\��DQG� LQ�GRLQJ�VR�H[SHQGV�DQ
LQRUGLQDWH� DPRXQW� RI� HQHUJ\� �QHFHVVLWDWLQJ� WKDW� LW� WDNHV� DORQJ� ZLWK� LW� D� KXJH
SD\ORDG�RI� IXHO��� WKH�8)2�ZLOO�ZUDS� WKH�DPELHQW� VXUURXQGLQJV� LQWR� D� ILODPHQW�
WXEH�DQG�WKHQ�IDOO�LQWR�WKDW�WXEH�DV�LI�LW�ZHUH�D�EHG�ZLWK�VLONHQ�VKHHWV���
����2Q�0\�:D\�+RPH�$IWHU�D�+DUG�1LJKW
V�$EGXFWLRQ���
,� EHJDQ� WKLV� FKDSWHU� ZLWK� WKH� REVHUYDWLRQ� WKDW� D� YRUWLFDO� IORZ� FDQ� GHYHORS
VXIILFLHQW�IUDPH�GUDJJLQJ�DV�WR�WUDS�DQ\�VRXQG�ZDYHV�LQ�WKH�YLFLQLW\�RI�LWV�SRZHU
GULYH� V\VWHP��$QG� OLNHZLVH� ,�ZLOO� HQG� WKLV� FKDSWHU�ZLWK� DQ� LQWHUHVWLQJ� FRUROODU\
DERXW�WUDSSLQJ�VRXQG�ZDYHV��IRXQG�LQ�WKH�H[SHULHQFHV�RI�WKH�LQWUHSLG�%HWW\�/XFD�
$IWHU�%HWW\�ZDV�UHWXUQHG�WR�KHU�EHG� IROORZLQJ�RQH�RI�KHU�PDQ\�DEGXFWLRQV� WKH
*UH\V�GXO\�GHSDUWHG�IURP�WKH�EDFN�RI�KHU�KRXVH�LQ�WKHLU�8)2��%XW�%HWW\�RQ�WKLV
RFFDVLRQ�ZDV�VWLOO�DZDNH��DQG�DOWKRXJK�GURZV\�DQG�WLUHG�VKH�OLVWHQHG�WR�WKH�QRLVH
RI� WKH�DOLHQ
V� FUDIW� MXVW�EHIRUH� VKH�GULIWHG�RII� WR� VOHHS��$QG� DV�%HWW\�/XFD� ODWHU
UHFDOOHG����,
P�LQ�EHG�DQG�,�KHDU�ZKLUULQJ�DQG�ZKLUULQJ�DQG���XP��VWDUWLQJ�XS�VRPHWKLQJ�OLNH
D�ELJ�PRWRU�RU�URDULQJ��/LNH�D�ZKLUULQJ��URDULQJ�QRLVH��,�GRQ
W�NQRZ��$QG�LWV�FRPLQJ�RYHU�IURP
WKH�ULJKW�KDQG�VLGH��E\�%HFN\
V� OLWWOH�EHGURRP���$QG�LWV�QRW�URDULQJ�DQ\PRUH�� MXVW�WKH��� OLNH�D

GLQN�GLQN�GLQN
���,�GRQ
W�NQRZ����$QGUHDVVRQ�$IIDLU�S�����
7KLV� VKRUW� FRPPHQW� E\� %HWW\� /XFD� LQ� DFWXDO� IDFW� VSHDNV� YROXPHV� DERXW� WKH
GULYLQJ�ILHOGV�EHLQJ�JHQHUDWHG�E\�WKDW�8)2��EHFDXVH� MXGJLQJ�E\� WKLV�GHVFULSWLRQ
RI�%HWW\
V��RI� WKH�GULYH� V\VWHP�EHJLQQLQJ�ZLWK�D� 
ZKLUULQJ
� LW� VRXQGV�YHU\�PXFK
OLNH� WKH�8)2�ZDV�DW� ILUVW�JHQHUDWLQJ�DQ�HQHUJ\�ILHOG�ZKLFK�ZDV�J\UDWLQJ�DURXQG
LQVLGH� LW��7KLV� LW�ZRXOG�GR� DIWHU�SRZHULQJ�XS� LWV� FHQWUDO� YRUWH[� DQG�J\UDWLQJ� LWV
VWRUDJH� ILHOGV�� DQG�PRVW� LPSRUWDQWO\� WKLV� FUDIW
V� J\UDWLQJ� ILHOG� ZDV� SURSDJDWLQJ
RXWZDUG�DQ�DXGLEOH�ILHOG�RI�VRXQG�ZDYHV����ZKLFK�%HWW\�KHDUG�DV�D�ZKLUULQJ�URDULQJ�QRLVH���
,
P�HPSKDVLVLQJ�WKLV�IDFWRU�EHFDXVH�LW�LV�TXLWH�XQXVXDO�WR�KHDU�DQ\�VRXQG�FRPLQJ
IURP�D�8)2��RWKHU� WKDQ�SHUKDSV� D� VOLJKW�KXP��%XW� WKHQ�� DOPRVW�PLG�VHQWHQFH�
%HWW\�VD\V�VKH�UHFDOOV�KHDULQJ�WKH�ZKLUULQJ�VRXQG�FHDVH�DQG�MXVW�EHIRUH�WKH�8)2
VSHG� DZD\� FKDQJH� WR� D� 
GLQN�GLQN�GLQN
� VRXQG� >QRWH�� ��@�� 7KLV� TXLWH� FOHDUO\
LQGLFDWHV�� E\� WKH�ZKLUULQJ�RU� URDULQJ�G\LQJ� DZD\�� WKDW� WKH� VRXQG�ZDYHV� FRPLQJ
IURP�WKDW�J\UDWLQJ�ILHOG�ZHUH�JUDGXDOO\�EHLQJ�DEVRUEHG�E\�WKH�8)2
V�EODFN�YRUWH[
ILHOG��,Q�RWKHU�ZRUGV��WKH�J\UDWLQJ�SODVPD�RQFH�LW�ZDV�HVWDEOLVKHG�LQWR�D�YRUWLFDO
IORZ��LQVLGH�WKH�FHQWUDO�HUJRVSKHUH��ZRXOG�WKHQ�KDYH�VSHHGHG�XS�VR�PXFK�WKDW�LWV
YRUWLFDO�IORZ�YHORFLW\�EHFDPH�JUHDWHU�WKDQ�WKH�YHORFLW\�RI�VRXQG����WKXV�LQ�D�VLWXDWLRQ
WKDW�PLPLFV�WKH�HYHQW�KRUL]RQ�RI�DQ�DFRXVWLF�EODFN�KROH�WKH�8)2
V�J\UDWLQJ�ILHOG�
E\� IORZLQJ� IDVWHU� WKDQ� WKH� VSHHG� RI� VRXQG�� GHYHORSHG� DQ� DFRXVWLF� HYHQW� KRUL]RQ
DURXQG� LWVHOI���� DQG� VR� DOO� LWV� VRXQG� ZDYHV� ZHUH� WKHQ� DIWHU� XQDEOH� WR� HVFDSH
RXWZDUG�IURP�WKH�8)2�
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%XW�RI�IXUWKHU�LQWULJXH�LV�WKH�GLQN�GLQN�GLQN�VRXQG�GHYHORSLQJ�RXW�RI�WKH�8)2�DV
LW�VSHG�DZD\�IURP�%HWW\
V�KRPH�DQG�RII�LQWR�WKH�QLJKW�VN\��DQG�WKLV�LV�WKH�PRVW
WHOOLQJ� RI� WKH� VRXQGV� EHFDXVH� LW� ZRXOG� UHSUHVHQW� DQ� HQWLUHO\� GLIIHUHQW� ILHOG� RI
HQHUJ\� SURSXOVLRQ� SXOVHV� QHZO\� HPDQDWLQJ� RXW� RI� WKDW� 8)2�� VXJJHVWLQJ� WKDW� D
WUDQVIRUPDWLRQ�KDV�WDNHQ�SODFH�LQ�WKH�DD8)2
V�HQHUJ\��DQG�WKDW�LW�KDG�GHYHORSHG
LQWR�D�VHULHV�RI�IDVW�UHSHDWLQJ�HQHUJ\�FRPSUHVVLRQ�ZDYHSDFNHWV��ZDYHSDFNHWV�WKDW�ZHUH
EHLQJ�EUDNHG�DQG�VORZHG�VRPHZKHUH�LQVLGH�WKH�8)2�EHIRUH�EHLQJ�UH�DFFHOHUDWHG
DJDLQ� RXW� RI� LW�� RU� UDWKHU� WKDW� SHUKDSV� WKHVH� ZDYHSDFNHWV� ZHUH� FRPSUHVVLQJ
DJDLQVW� VRPHWKLQJ�EHIRUH� WKH\�ZHUH�EHLQJ� UH�DFFHOHUDWHG�RXW�RI� WKH�8)2
V� ULP�
%HFDXVH� WKH� GLQN�GLQN�GLQN� VRXQG� ZRXOG� RQO\� EH� KHDUG� LI� WKH� 8)2
V� HQHUJ\
ILHOGV�ZHUH�VXGGHQO\�VORZHG�GRZQ�WR�VXEVRQLF�VSHHGV���
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&KDSWHU����6XSHUUDGLDQFH�0HFKDQLVPV�8VHG�LQ�8)2V

&RQWHQWV�
����*\UDWLQJ�5LP�)LHOG��&XUUHQW�5LQJ��,QGXFWLYH�FRXSOLQJ�WR�9RUWH[
����:KLWH�:DOO�5HSXOVLRQ�)RUFH�,QVLGH�5LP
����)RXUWK�$PSOLILFDWLRQ��6XSHUUDGLDQFH
����0RGHOOLQJ�DQ�(UJRVSKHUH�IRU�D�6ORZHU�/LJKW�6SHHG
����0RYLQJ�)OXLG�6ORZV�/LJKW�6SHHG�(YHQ�0RUH
����8)2V�(VWDEOLVK�(OHFWURPDJQHWLF�$QFKRU�:LWKLQ�7KHLU�(UJRVSKHUH
����6XSHUUDGLDQFH�3OXV��$QRWKHU�3ODVPD�3XPS��5HFRQQHFWLRQ�3DUW�,,,�
����6WDELOLVLQJ�WKH�%DFN�(0)�RQ�WKH�%ODFN�9RUWH[
����'LG�WKH�*UH\V�0HQWLRQ�6XSHUUDGLDQFH�'XULQJ������$EGXFWLRQ�"

����*\UDWLQJ�5LP�)LHOG��&XUUHQW�5LQJ��,QGXFWLYH�FRXSOLQJ�WR�9RUWH[
&ORVHO\� FRXSOHG� WR� WKH� FXUUHQW� ULQJ�PHQWLRQHG� DW� WKH� HQG�RI� VHFWLRQ� ���� LV� WKH
HIIHFW� WKDW� WKH�J\UDWLQJ�VWRUDJH�ILHOG�ZLOO�KDYH�DW� WKH�SHULPHWHU� ULP�RI� WKH�8)2
FUDIW�
-XVW�E\�WKH�IDFW�WKDW�WKH�J\UDWLQJ�ILHOG�GRHV�QRW�LPPHGLDWHO\�IORZ�RXW�RI�WKH�FUDIW
V
FLUFXPIHUHQWLDO�GXFW��EXW�WKDW�LW�FLUFXODWHV�DV�D�VWRUDJH�ILHOG�MXVW�LQVLGH�WKH�ULP�LV�D
PDVWHU�VWRNH�RI�HQJLQHHULQJ�GHVLJQ��7KLV�PDUNV�D�VXEVWDQWLDO� LPSURYHPHQW�RYHU
WKH�DVWURSK\VLFDO�PRGHO�RQ�ZKLFK�WKH�RYHUDOO�SRZHU�GULYH�V\VWHP�RI�WKLV�8)2�LV
EDVHG��%HFDXVH�ZKHQHYHU�WKH�FLUFXODWLQJ�HQHUJ\�PRYHV�DURXQG�WKH�ULP�DUHD�LW�ZLOO
LQWHQVLI\�WKH�PDJQHWLF�ILHOG�DW�WKLV�SDUW�RI�WKH�FUDIW��$QG�ZLWK�%27+�WKH�J\UDWLQJ
VWRUDJH� ILHOG� DQG� WKH� FXUUHQW� ULQJ� ILHOG� FLUFXODWLQJ� DW� WKH� ULP� WKHLU� FRPELQHG
IRUFHV�ZLOO�DIIHFW�D�JUHDWHU�LQIOXHQFH�RYHU�WKH�XSSHU�GRPH
V�PDJQHWLF�ILHOG�
,W� KDV� DOUHDG\� EHHQ� PHQWLRQHG� WKDW� WKH� FXUUHQW� ULQJ� LV� IHG� �DQG� FRQWLQXDOO\
UHSOHQLVKHG�� IURP� WKH� J\UDWLQJ� VWRUDJH� ILHOG� �VHH� ILJXUHV� ��� DQG� ����� %XW� WKH
LQWULJXLQJ� IDFWRU�KHUH�ZLOO�EH� WKDW� WKHVH� WZR�RXWHU� ULP� ILHOGV�ZLOO� EH� LQGXFWLYHO\
FRXSOHG�WR�WKH�LQQHU�ULQJ�WKURXJK�WKH�WRURLG
V�PDJQHWLF�ILHOGV���DV�WRR�ZLOO�EH�WKH
YRUWH[�� ,Q� WKLV� FDVH� WKH� FR�PXWXDO� PDJQHWLF� ILHOG� ZLOO� LPSDUW� SRWHQWLDO� HQHUJ\
EHWZHHQ� RQH� SDUW� RI� WKDW� FLUFXLW� LQWR� DQRWKHU� SDUW� RI� LW� �DV� KDSSHQV� LQ� VSDFH
EHWZHHQ�WKH�DFFUHWLRQ�GLVN�DQG�WKH�EODFN�KROH��WKURXJK�WKHLU�FR�PXWXDO�PDJQHWLF
ILHOG���%HFDXVH�RI�WKHLU�GLIIHUHQFH�LQ�UDGLL�WKH�HIIHFWLYH�UHVXOW�ZLOO�EH�WKDW�ZKDWHYHU
HOHFWURG\QDPLF�IRUFH�LV�JHQHUDWHG�DW�WKH�RXWHU�ULQJ�WKLV�ZLOO�EH�JUHDWO\�DPSOLILHG
DQG�IHG�EDFN�LQWR�WKH�LQQHU�ULQJ��DQG�LQWR�WKH�EODFN�YRUWH[��ZLWK�WKH�JUHDWHVW�UDWLR
RI�DPSOLILFDWLRQ�DW�WKH�YRUWH[
V�SKRWRQ�RUELW�ULQJ�EHFDXVH�RI�LWV�VPDOOHU�UDGLXV�RI
FXUYDWXUH�WKDQ�WKDW�RI�WKH�LQQHU�ULQJ�WXEH�
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)LJXUH�����7KH�HOHFWULF�ILHOG�ZLOO�H[WHQG�VWUDLJKW�XS�LI�WKH�PDJQHWLF�ILHOG�OLQHV�DUH
VSLUDOHG�DURXQG�WKH�XSSHU�GRPH
7KLV� UHIHUV� EDFN� WR� VRPHWKLQJ� ,� KDYH� DOUHDG\�PHQWLRQHG� LQ� D� SUHYLRXV� FKDSWHU
�VHFWLRQ��������ZKHUH�,�SRLQW�RXW� WKH� WKUHH�DUHDV�RI� WKH�DD8)2�ZKLFK�KDYH� WKH
KLJKHVW� LQWHQVLWLHV�RI�PDJQHWLF� ILHOG� OLQHV�� DQG� LQ� WKDW� VDPH�SUHYLRXV� VHFWLRQ� WR
ZKHUH�LW�LV�DOVR�SRLQWHG�RXW�WKDW�WZR�RI�WKHVH�PDJQHWLF�LQWHQVLWLHV�DUH�IRUPHG�DW
WKH�RQO\�H[LWV�ZKHUH�HQHUJ\�FDQ�IORZ�LQWR�RU�RXW�RI�WKH�FUDIW��7KH�JUHDWHVW�ERWWOH�
QHFN� RI� FRQYHUJLQJ� IOX[� OLQHV� ZLOO� EH� DW� WKH� ERWWRP� RI� WKH� FHQWUDO� YRUWH[�� EXW
DQRWKHU�FRQJHVWLRQ�RI�IOX[�OLQHV�ZLOO�EH�DW�WKH�ULP��WKURXJK�WKH�ZKROH�����GHJUHHV
RI� WKH�SHULPHWHU� ULP�ZKHUH� WKH� WRURLG
V�PDJQHWLF� ILHOG�PHHWV� WKH� FXUUHQW� ULQJ
V
PDJQHWLF�ILHOG��IRU�KHUH�DOO�DURXQG�WKH�ULP�WKHUH�ZLOO�H[LVW�D�PDJQHWLF�ERWWOH�QHFN
ZKLFK�ZLOO�SUHYHQW�FKDUJHG�SDUWLFOHV� IURP�H[LWLQJ� WKURXJK� WKH� ULP��6R�ZKDW� WKH
J\UDWLQJ�VWRUDJH�ILHOG�DQG�WKH�FXUUHQW�ULQJ�DUH�GRLQJ�LV�VWUHQJWKHQLQJ�WKH�PDJQHWLF
ILHOG�LQWHQVLW\�RI�WKDW�ERWWOH�QHFN�DW�WKH�ULP���SUHYHQWLQJ�DQ\�HQHUJ\�IURP�EHLQJ
GLVVLSDWHG�DZD\�IURP�WKH�8)2·V�HQJLQH�
$OVR��DV�ORQJ�DV�WKLV�RXWHU�ULP�ILHOG��WKH�FXUUHQW�ULQJ�LQ�SDUWLFXODU��J\UDWHV�DQG�KDV
HQKDQFHG�PDVV� WKHQ� LWV� PRPHQWXP� ZLOO� ZDQW� WR� NHHS� FDUU\LQJ� LW� LQ� WKH� VDPH
GLUHFWLRQ��LH�FRXQWHU�FORFNZLVH��DV�LW�IORZV�MXVW�EHQHDWK�WKH�XSSHU�GRPH�VKHOO��RU
LQ�RWKHU�ZRUGV��LW�ZRQ
W�ZDQW�WR�UHYHUVH�DQG�JR�FORFNZLVH��DQG�VR�LW�ZRQ
W�DOORZ
WKH�PDJQHWLF�ILHOG�WR�VXGGHQO\�UHYHUVH�SRODULW\�HLWKHU��7KH�LQWULJXLQJ�WKLQJ�DERXW
WKLV�FLUFXODWLQJ�FXUUHQW�ULQJ�ZLOO�EH�WKDW�EHFDXVH�LW�VWRUHV�VR�PXFK�HOHFWULFDO�HQHUJ\
DQG�NLQHWLF�HQHUJ\��DQG�ZLOO�KDYH�PDVV�LQHUWLD��VR�LW�ZLOO�DFW�OLNH�D�VRUW�RI�IRUZDUG�
ELDVHG�GLRGH�FDSDFLWRU�ZKLOH�LWV�SODVPD�FLUFXODWHV�DURXQG�WKH�JXOO\��DQG�VR�LW�ZLOO
GDPSHQ� DQ\� VXGGHQ� JDLQV� RU� GLVFKDUJHV� RFFXUULQJ� ZLWKLQ� WKH� 8)2·V� SRZHU
FLUFXLW�� ,QGHHG�� WKH� IDVWHU� WKH� VWRUDJH� ILHOG� DQG� WKH� FXUUHQW� ULQJ� FLUFXODWH� DURXQG
WKH� FUDIW�� WKH� PRUH� WKH\� ZLOO� KHOS� VWHDG\� DOO� WKH� HOHFWULFDO� ILHOGV� LQ� WKH� FUDIW
V
HOHFWURG\QDPLF� JHQHUDWLQJ� SURFHVVHV�� 7KLV� IDFWRU� ZLOO� EH� SDUWLFXODUO\� EHQHILFLDO
ZKHQ� WKH� YRUWH[� HPLVVLRQV� GR� EHJLQ� WR� RFFXU�� ZKHQ� SURSXOVLRQ� HQHUJLHV� DUH
HMHFWHG�� VR� DV� WR� OHVVHQ� DQ\�EDFN�HPI� HIIHFWV� WKDW�PLJKW�ZRUN� EDFN� WRZDUG� WKH
EODFN�YRUWH[� WR� WU\� DQG� 
SXOO� RXW
� WKDW� FHQWUDO� YRUWH[��7KDW� WKHUH� DUH� VR�PDQ\� RI
WKHVH� GDPSLQJ� PHFKDQLVPV� GLVSHUVHG� DOO� DURXQG� WKH� DD8)2
V� HOHFWURG\QDPLF
FLUFXLW� LW� LV� REYLRXV� WKDW� WKH\� KDYH� EHHQ� VSHFLILFDOO\� GHVLJQHG� WR� FRXQWHUDFW� DQ
HOHFWULFDO� HMHFWLRQ� PHFKDQLVP� ZKLFK� UHJXODUO\� GLVFKDUJHV� SDFNHWV� RU� SXOVHV� RI
HQHUJ\�� 6R� WKH� H[WUDWHUUHVWULDOV� DUH�SXWWLQJ� WR� JRRG� XVH� KHUH� D� VRUW� RI� ¶IO\ZKHHO
HIIHFW·�LQWR�WKHLU�HOHFWURQLF�FLUFXLW��DQG�WKLV�LV�D�WULFN�RXU�HOHFWURQLF�GHVLJQHUV��RQ
HDUWK�� KDYHQ·W� FRWWRQHG� RQWR� \HW�� EHFDXVH� RXU� GHVLJQHUV� RQO\� ZRUN� ZLWK� OLQHDU
FXUUHQW�IORZV�DQG�FDQ�RQO\�XVH�FDSDFLWRUV� WR�GDPSHQ� WKHLU�EDFN�HPI� IORZV��EXW
WKH�H[WUDWHUUHVWULDOV�E\�XVLQJ�URWDWLQJ�HQHUJLHV�DUH�XVLQJ�WKDW�HQHUJ\·V�PRPHQWXP�
RU�LQHUWLD��WR�SURGXFH�WKHLU�GDPSLQJ�HIIHFW�>QRWH���@�
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)LJXUH�����7KH�FHQWUDO�YRUWH[��WKH�LQQHU�ULQJ�WXEH��DQG�WKH�RXWHU�ULP
V�FXUUHQW�ULQJ
ZLOO� DOO� EH� LQGXFWLYHO\�FRXSOHG� WRJHWKHU� �� WKLV� VHWXS� ZLOO� GDPSHQ� WKH� UHYHUVH�
HOHFWURPRWLYH�IRUFHV�JHQHUDWHG�ZKHQ�WKH�ZDYH�SDFNHWV�OHDYH�WKH�FUDIW
V�ULP



277

$QRWKHU�EHQHILW� WR�EH�JDLQHG� IURP�WKH�J\UDWLQJ�PRWLRQ�RI� WKH�VWRUHG�HQHUJ\� LQ
WKH�SODQDU�ZDYHJXLGH�ZLOO�EH�WKDW�WKH�IDVWHU�LW�VSLQV�LQVLGH�WKH�FUDIW��DQG�WKH�PRUH
LW
V�PDJQHWLF�ILHOG�ZLOO�LQGXFH�HQHUJ\�LQWR�WKH�FXUUHQW�ULQJ�FLUFXODWLQJ�MXVW�DERYH�LW�
WKH�PRUH�WKLV�FXUUHQW�ULQJ
V�PDJQHWLF�ILHOG�ZLOO�LQWHQVLI\�WKURXJK�WKH�XSSHU�GRPH
DQG�JUDE�DW�DQG�
SXOO�GRZQ
�RQ�WKH�IOX[�OLQHV�WKDW�VSDQ�RYHU�WKH�XSSHU�GRPH��DQG
FRQWURO�WKH�KHOLFDO�WXEH�SURGXFLQJ�PDJQHWLF�ILHOG�ZKLFK�H[WHQGV�XS�WR�WKH�DSH[�RI
WKDW�8)2��VHH�ILJXUH������0HDQLQJ�WKDW�ZKHQ�WKHVH�GRPH�IOX[� OLQHV�DUH�QHHGHG
IRU� WKH� QH[W� VWDJH� RI� WKH� SURSXOVLRQ� GULYH� SURFHVV� WKH\� ZLOO� EH� SUH�LQWHQVLILHG
DURXQG�WKH�ULP��DQG�PDGH�PRUH�UHDG\�WR�EH�IRUPHG�LQWR�D�ILODPHQW�WXEH�DURXQG
WKH�GRPH·V�DSH[��VR�WKDW�ZKHQHYHU�DQ\�FKDUJHG�SDUWLFOHV�GR�PDQDJH�WR�H[LW�IURP
WKH�ULP��WKH\�ZLOO�EH�IRUFHG�DURXQG�WKH�ULP��DQG�E\�WKLV�VDPH�PDJQHWLF�ILHOG�ZLOO
EH�IRUFHG�WR�FXUO�XS�WRZDUG�WKH�GRPH·V�DSH[�
)XUWKHUPRUH�� ZLWK� WKH� LQGXFWLYH�FRXSOLQJ� HVWDEOLVKHG� EHWZHHQ� WKHVH� WZR� RXWHU
ULP�ILHOGV�DQG�WKH�LQQHU�ULQJ�WXEH�ILHOG�LW�LV�IHDVLEOH�WKDW�RQH�ULQJ�FRXOG�LQIOXHQFH
WKH�RWKHU�HOHFWURG\QDPLFDOO\��7KLV�ZRXOG�PHDQ�WKDW�FRQWURO�RI�WKH�PDJQHWLF�IOXLG
IORZLQJ� WKURXJK� WKH� LQQHU� ULQJ�WXEH�ZRXOG� FRQWURO� WKH� SRZHU� LQ� WKH� RXWHU� ULP
ILHOGV�� ZKLFK� DJDLQ�� IXUWKHUV� WKH� QRWLRQ� WKDW� WKH� LQQHU� ULQJ�WXEH� ZLOO� EH� WKH
SULPDU\� FRQWUROOLQJ� PHFKDQLVP� IRU� WKH� FUDIW
V� SRZHU� DPSOLILFDWLRQ�� DQG
FRQVHTXHQWO\� ZRXOG� IRUP� WKH� SULPDU\� PHFKDQLVP� ZKLFK� FRQWUROV� WKH� 8)2
V
DFFHOHUDWLRQ��$JDLQ�� LI� WKLV�DVVXPSWLRQ�FDQ�EH�PDLQWDLQHG� WKURXJKRXW�DOO�RI� WKLV
VWXG\� WKHQ� WKH� ZKROH� FUDIW� ZLOO� 67,//� EH� XQGHU� WKH� FRQWURO� RI� 21(� VROLWDU\
WUDQVPLVVLRQ�OLQH���DQG�,�VHH�WKDW�DV�EHLQJ�YHU\�LPSUHVVLYH��
$V�DQ�DVLGH��,�GLG�ZRQGHU�LI�D�FRPPHUFLDO�IRUP�RI�HOHFWURQLF�FDSDFLWRU�FRXOG�EH
GHYLVHG�DQG�PDQXIDFWXUHG�WR�WDNH�DGYDQWDJH�RI�WKLV�KLWKHUWR�XQH[SORLWHG�¶FKDUJH
LQHUWLD� IO\ZKHHO·� SULQFLSOH���� SHUKDSV� HYHQ� DV� DQ� HOHFWULFLW\� JHQHUDWRU���� XVLQJ� D
JUDYLWDWLRQDOO\�DQG�PDJQHWLFDOO\�FKDUJHG�FRUH�RUELWHG�E\�D�ILHOG�RI�IUHH�HOHFWURQV�
,W� PLJKW� WKHQ� EH� LQWHUHVWLQJ� WR� FRQMHFWXUH� WKDW� WKLV� DQLVRWURSLF� HQHUJ\� VWRUDJH
SULQFLSOH�PLJKW�HYHQ�EH�H[WHQGHG�DOO� WKH�ZD\�GRZQ�WR�3ODQFNLDQ�URWRQV��DQG�WR
ZRUN�RQ�+LJJV�ERVRQV��SHUKDSV��WRR��
>$XWKRU·V�QRWH��$V�\RX�DVN�²�VR�\RX�VKDOO�UHFHLYH� ��-XVW�DV�ZH�ZHUH�JRLQJ�WR�SUHVV�,
FDPH�DFURVV� DQ� DUWLFOH� DERXW� D� FU\VWDO�UHFWDQJOH� HQHUJ\�GHYLFH� �&5('�� WKDW� KDV
EHHQ�GRFXPHQWHG�DV�KDYLQJ�EHHQ�UHWULHYHG�IURP�WKH�FUDVKHG�5RVZHOO�8)2�FUDIW
EDFN� LQ�������DQG�ZKLFK�VRPHKRZ�JHQHUDWHV�HOHFWULFLW\�RQ�GHPDQG� ��$FFRUGLQJ
WR�WKH�/RV�$ODPRV�LQSXW�LQ�WKHVH�',$�GRFXPHQWV��WKLV�H[WUDWHUUHVWULDO�GHYLFH�ZDV
WDNHQ� LQWR� VSDFH� IRU� WHVWLQJ� VHYHUDO� WLPHV� DQG� ZDV� ILQDOO\� WDNHQ� RQERDUG� WKH
GRRPHG� VSDFH�VKXWWOH� 676�����&ROXPELD� LQ� ������ IRU� WKH� SXUSRVH� RI� FDUU\LQJ
RXW�RQ�LW�IXUWKHU�HOHFWURQLF�FXUUHQW�WHVWV��LW�KDV�DOUHDG\�KDG�����WHVWV�GRQH�RQ�LW
VLQFH�LW�FDPH�RXW�RI�VWRUDJH�LQ�������DSSDUHQWO\���)URP�WKH�GHWDLOV�RI�WKH�GHYLFH
JLYHQ�LQ�WKH�',$�GRFXPHQWDWLRQ�WKLV�&5('�ZRXOG�DSSHDU�WR�EH�D�PLFUR�PDWUL[
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RI�URWDWLQJ�URWRQV�DVVHPEOHG�LQVLGH�D�FKDPEHU�SHUPHDWHG�E\�+��JDV��VR�WKDW�WKH
KHDY\�K\GURJHQ�SURWRQV�DUH�EHLQJ�VHSDUDWHG�IURP�WKRVH�DWRP·V�HOHFWURQV�E\�WKH
ORFDOL]HG� JUDYLWDWLRQDO� IRUFHV� RI� WKH� URWRQV�� ,I� WKLV� LV� FRUUHFW� WKHQ� WKLV
H[WUDWHUUHVWULDO� &5('� FRXOG� LQGHHG� EH� VHHQ� DV� D� PLFURVFRSLF� YHUVLRQ� RI� WKH
DERYH� ¶FKDUJH� LQHUWLD� IO\ZKHHO·� SULQFLSOH�� 7KH� VXSSO\�RQ�GHPDQG� SDUW� RI� WKH
&5('�ZRXOG�FRPH�IURP�WKH�HOHFWULFDO�ORDG�PRELOLVLQJ�WKH�HOHFWURQV�DQG�WKHUHE\
FRQWRUWLQJ� WKH� PDWUL[� WR� D� YDULDEOH� GHJUHH�� DQG� SURGXFLQJ� VPDOO� DPRXQWV� RI
GLVSODFHPHQW�FXUUHQW�LQVLGH�D�YDULDEOH�QXPEHU�RI�DIIHFWHG�DWRPV��VR�WKDW�ZKHQ�DOO
WKRVH� LQGLYLGXDO�GLVSODFHPHQW� FXUUHQWV� DOO� DFFXPXODWH� WRJHWKHU� WKH\�SURGXFH� DQ
HOHFWULFDO� SRWHQWLDO� ZKLFK� H[DFWO\� PDWFKHV� WKH� DSSOLHG� ORDG�� 6XUH� EHDWV� ZKDW
1LNROD�7HVOD�FDPH�XS�ZLWK��@�>QRWH���D@�
����:KLWH�:DOO�5HSXOVLRQ�)RUFH�,QVLGH�5LP
,W�KDV�EHHQ�ZHOO�HVWDEOLVKHG�WKURXJK�WKH�SUHYLRXV�VHFWLRQV�RI�WKLV�VWXG\�WKDW�WKH
VWDQGDUG� PRGHO� RI� WKH� DVWURSK\VLFV� HUJRVSKHUH� LV� UHDGLO\� GLVFHUQLEOH� LQ� WKH
DD8)2
V� GHVLJQ�� LQ� ERWK� LWV� LQQHU� �HUJRVSKHUH� $�� DQG� LWV� RXWHU� HUJRUHJLRQ
�HUJRVSKHUH� %��� %XW� IXUWKHU�� LQ� DFFRUGDQFH�ZLWK� WKH� 6FKXW]KROG�8QUXK� 
JUDYLW\
ZDYH�EDVLQ
�GHOLQHDWLRQ�RI�D�EODFN�KROH
V� URWDWLQJ�DPSOLILFDWLRQ�PHFKDQLVPV�� WKH
DD8)2
V�PDJQHWL]HG�ULP�ILHOGV�RI�FKDUJHG�SDUWLFOHV�J\UDWLQJ� MXVW� LQVLGH� WKH� ULP�
E\� WKHP�SUHYHQWLQJ�DQ\�HQHUJ\�ILHOGV�IURP�SDVVLQJ� WKURXJK�WKH�ULP�GXFW�� WKRVH
ULP�ILHOGV�ZLOO�DFW�YHU\�PXFK�LQ�WKH�VDPH�ZD\�DV�WKDW�6FKXW]KROG�8QUXK�PRGHO
V
ZKLWH�KROH�UHIOHFWLQJ�KRUL]RQ�ZKLFK�DOVR�SUHYHQWV�HQHUJ\�IURP�SDVVLQJ�EH\RQG�LW�
)RU�LQ�DVWURSK\VLFV�WKHUH�LV�D�ZKLWH�KROH�SKHQRPHQRQ�ZKLFK�LV�WKH�H[DFW�RSSRVLWH
WR�WKH�EODFN�KROH��DQG�ZKHUHDV�LQ�WKH�EODFN�KROH�QRWKLQJ�FDQ�HVFDSH�DIWHU�SDVVLQJ
RYHU� LWV� HYHQW�KRUL]RQ�� LQ� WKH�ZKLWH�KROH�QRWKLQJ� FDQ�SHQHWUDWH� EH\RQG� LWV� HYHQW
KRUL]RQ�DQG�SURJUHVV� DQ\� IXUWKHU��0HDQLQJ� WKDW� DURXQG� WKH� HYHQW�KRUL]RQ�RI� D
ZKLWH� KROH� DOO� WKH� LQFLGHQW� ZDYHV� �RI� JUDYLWDWLRQDO� DQG� HOHFWURPDJQHWLF� HQHUJ\�
SLOH�XS�DJDLQVW�LW��RU��DV�ZRXOG�EH�WKH�FDVH�LQVLGH�WKLV�8)2�ZKHUH�WKRVH�ZDYHV�ZLOO
FROOLGH� DJDLQVW� WKH� PDJQHWLF� ERWWOH�QHFN� MXVW� LQVLGH� WKH� FUDIW·V� ULP�� WKH\� ZLOO
ERXQFH�DZD\�IURP�WKDW�ZKLWH�KROH�>QRWH���@�
)XUWKHUPRUH��LQ�WKH�FDVH�ZKHUH�WKH�ZKLWH�KROH�LV�FOHDUO\�D�FLUFXODU�IHDWXUH�RXWVLGH
RI�D�TXDVL�EODFN�KROH��DQG�EHLQJ�XVHG�LQ�DFFRUGDQFH�ZLWK�D�PDJQHWLF�ERWWOH�QHFN�
ZKLFK�LV�ZKDW�LV�EHLQJ�HVWDEOLVKHG�LQVLGH�WKLV�DD8)2��WKHQ�WKH�ZKLWH�KROH�LV�PRUH
DNLQ�WR�D�FLUFXODWLQJ�UHIOHFWLQJ�ZDOO�DQG�WKH�J\UDWLQJ�FKDUJHG�SDUWLFOHV�FRQVWDQWO\�EHLQJ
GULYHQ� DJDLQVW� LW� ZRXOG� HIIHFWLYHO\� EH� HPSRZHULQJ� WKDW� FLUFXODWLQJ� ZDOO� �� DQG
ZRXOG� IRUFLEO\� SUHYHQW� DQ\� HQHUJ\� IURP� HVFDSLQJ� EH\RQG� LW� RXW� RI� WKDW� 8)2·V
SODQDU�ZDYHJXLGH��6R�� WKHUH� LV�DQ� DSSDUHQW� FRQWUDGLFWLRQ�KHUH�� LQ� WKDW� WKH�PRUH
WKH�ULP�ILHOGV�DUH�DFFHOHUDWHG�WKH�KDUGHU�LW�ZLOO�EH�IRU�DQ\�RI�WKH�HQHUJLHV�IURP�WKH
J\UDWLQJ� VWRUDJH� ILHOG� WR� SDVV� WKURXJK� WKDW� ZKLWH� ZDOO� DQG� H[LW� WKURXJK� WKH
FLUFXPIHUHQWLDO�GXFW��
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7KLV�UDWKHU�XQH[SHFWHG�PHFKDQLVP��WKH�VHHGV�RI�ZKLFK��WKH�UHDGHU�PLJKW�UHFDOO�
ZHUH� UHIHUUHG� WR�SUHYLRXVO\� LQ� ILJXUH����RI� WKLV� VWXG\�� LV� IXUWKHU� HPSKDVL]HG�E\
WKH� VWUDQJH� FKDUDFWHULVWLFV� RI� WKLV� SODQDU�ZDYHJXLGH�� EHFDXVH�ZKLOH� WKH� J\UDWLQJ
VWRUDJH�ILHOG�ZRXOG�EH�PDGH�WR�DFFHOHUDWH�WKURXJK�LW�QHDU�WKH�FHQWHU�RI�WKH�FUDIW�
WKDW�VWRUDJH�ILHOG�LV�FOHDUO\�PDGH�WR�GUDVWLFDOO\�VORZ�GRZQ�DW�WKH�RXWVLGH�SHULPHWHU
RI� LW� DQG� WR� FXUO� LQWR� D� FLUFXODU� RUELW� LQVLGH� WKH� FUDIW�� DW� WKH� RXWHU� HGJH� RI� WKDW
SODQDU�ZDYHJXLGH���DQG�WKLV�ZRXOG�DSSHDU�WR�EH�FRXQWHU�LQWXLWLYH��%XW��WKHQ�DJDLQ�
ZLWK�D�PRUH�DSSURSULDWH�FRQVLGHUDWLRQ�WKLV�DSSDUHQW�FRQWUDGLFWLRQ�ZLOO�SURYH�WR
EH�DQRWKHU�PDVWHU�VWURNH�LQ�H[WUDWHUUHVWULDO�HQJLQHHULQJ�GHVLJQ�
7KH�PRVW� WHOOLQJ� FOXH� WR�ZKDW� WKH�(7V� DUH� GRLQJ� LV� LQ� WKH� VKDSH� RI� WKH� SODQDU
ZDYHJXLGH�ZKHUH� LW�PHHWV� XS�ZLWK� WKH� XSSHU� GRPH��7KH� UHDGHU�ZLOO� QRWLFH� WKH
RGG�ORRNLQJ�SURILOH�RI� WKH� XSSHU� GHFN�ZKHUH� LWV� VKDSH� FXUYHV�GRZQ� WR� IRUP� D
VXGGHQ� FRQWUDFWLRQ� DW� WKH� RXWHU� HQG� RI� WKH� SODQDU� ZDYHJXLGH� �MXVW� LQVLGH� WKH
FLUFXPIHUHQWLDO� ULP��� WKLV� LV� NQRZQ� LQ� IOXLG� G\QDPLFV� DV� D�YHQD� FRQWUDFWD�� 6XFK� D
FRQWUDFWLRQ�LV�XVHG�WR�GHFHOHUDWH�WKH�IORZ�RI�D�IOXLG��DV�ZLOO�DOVR�EH�WKH�FDVH�LQVLGH
WKLV�8)2�ZLWK�LWV�J\UDWLQJ�SODVPD�>QRWH���@��,Q�WKLV�FDVH�WKH�FRQWUDFWLRQ�FRXSOHG
ZLWK� WKH� PDJQHWLF� ERWWOH� IRUPHG� DURXQG� WKH� ULP� FROOHFWLYHO\� FUHDWHV� D� VRUW� RI

RQH�ZD\�SUHVVXUH�YDOYH
�DQG�HVWDEOLVKHV�D�VXEVWDQWLDO�SRZHU�SUHVVXUH�WKUHVKROG�ZKLFK
ZLOO�KDYH� WR�EH� VXUPRXQWHG�E\�DQ\�ZDYHV�RI� HQHUJ\�EHIRUH� WKH\�FDQ�HYHQWXDOO\
EODVW�WKHLU�ZD\�RXW�RI�WKDW�8)2
V�ULP�GXFW�
7KLV�SRZHU�SUHVVXUH�PHFKDQLVP�ZLOO�WHQG�WR�EXQFK�XS�WKH�IRUFHV�RI�WKRVH�ZDYHV
RI� HQHUJ\� DV� WKH\� J\UDWH� LQWR� LW�� DQG� WKLV�ZLOO� EXQFK� WKHP� DV� D� JURXS�RI� IRUFH�
ZDYHV��DQG�DV�ZLOO�EH�VHHQ�WKURXJKRXW�WKH�QH[W�FKDSWHU��WKLV�ZLOO�EH�RQH�RI�WKH�ZD\V
LQ�ZKLFK�JURXSV�RI�ZDYHV� �RU�ZDYH�SDFNHWV�� RI� HQHUJ\� FDQ�EH� DPSOLILHG� DW� WKLV
UHIOHFWLQJ�ZKLWH�ZDOO��%HFDXVH��YHU\�FOHYHUO\��E\�WKH�FXUUHQW�ULQJ�HPSRZHULQJ�WKH
YHU\�ZKLWH�ZDOO�ZKLFK�WKRVH�ZDYH�SDFNHWV�RI�HQHUJ\�ZLOO�KDYH� WR�EXUVW� WKURXJK�
VR�WKH�PRUH�SRZHUIXOO\�WKRVH�ZDYH�SDFNHWV�ZLOO�KDYH�WR�EH�DPSOLILHG�EHIRUH�WKH\
FDQ�EH�HMHFWHG�WKURXJK�WKDW�ZKLWH�ZDOO�DQG�RXW�RI�WKH�FUDIW��VHH�ILJXUHV��������DQG
����� 7KLV� ZRQ
W� KDSSHQ� RXW� LQ� VSDFH� IRU� DQ� DVWURSK\VLFDO� EODFN� KROH� V\VWHP
EHFDXVH� LW� ZRQ
W� KDYH� DQ\� HQHUJ\� FRQWDLQPHQW� ZDOOV�� DQG� VR�� DJDLQ�� WKLV� ZLOO
JUHDWO\� LPSURYH� WKH� RYHUDOO� HIILFLHQF\� RI� WKH� 8)2
V� V\VWHP� RYHU� WKDW� RI� WKH
DVWURSK\VLFDO�EODFN�KROH�
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)LJXUH� ����0DQ\�PHFKDQLVPV�ZLOO� JHQHUDWH� VSRQWDQHRXV� HPLVVLRQV� HVSHFLDOO\� LQ
WKH�SODQDU�ZDYHJXLGH
����)RXUWK�$PSOLILFDWLRQ��6XSHUUDGLDQFH
:KHQ�WKRVH�HQHUJ\�SDFNHWV�RI�IRUFH�GRQ
W�SDVV�WKURXJK�WKH�ZKLWH�KROH�ZDOO��IURP
QRW�KDYLQJ�DFTXLUHG�D�KLJK�HQRXJK�SRZHU� OHYHO� �DPSOLWXGH��� WKH\�ZLOO� VLPSO\�EH
UHIOHFWHG�DV�ZDYHV�RI�HQHUJ\�DZD\�IURP�WKH�ZKLWH�ZDOO�DQG�EDFN�LQWR�WKH�FHQWUDO
EODFN�YRUWH[��WKLV�ZLOO�EH�IRU�ERWK�HOHFWURPDJQHWLF�HQHUJ\�DQG�JUDYLWDWLRQDO�ZDYHV
ZKLFK�ZLOO�VWULNH�DJDLQVW�WKH�HUJRVSKHUH
V�ZKLWH�ZDOO�DQG�ERXQFH�EDFN�DJDLQ�LQWR
WKH�YRUWH[��%XW�WKHQ��LPPHGLDWHO\�WKRVH�ZDYHV�VKULQN�EDFN�LQWR�WKH�FHQWHU�RI�WKH
8)2� WKH� SKRWRQ� RUELW� ULQJ� VSLQQLQJ� DURXQG� WKH� RXWVLGH� RI� WKH� EODFN� YRUWH[·V
HYHQW�KRUL]RQ�ZLOO� LQ� UHWXUQ� VPDVK� WKRVH�ZDYHV�RI� HQHUJ\�EDFN� RXWZDUG� DJDLQ�
VLJQLILFDQWO\� DPSOLI\LQJ� WKHP�ZLWK� H[WUD� URWDWLRQDO� IRUFH� DQG� H[WUD�PDVV� LQ� WKH
SURFHVV��WKURXJK�WKH�3HQURVH�:LOOLDPV�DPSOLILFDWLRQ�PHFKDQLVP��>QRWH���@�
6R� WKHQ� WKH� J\UDWLQJ� VWRUDJH� ILHOG�� ZKLFK� ZDV� LQLWLDOO\� GHVFULEHG� DV� D� ILHOG� RI
FKDUJHG� SDUWLFOHV� FLUFXODWLQJ� DURXQG� WKH� SODQDU� ZDYHJXLGH�� FRQVHTXHQWO\� ZLOO
EHFRPH�PXFK�PRUH�HQHUJHWLF� IURP�WKHVH� ULQJV�RI�ZDYHV� ULSSOLQJ� WKURXJK� LW�� DV
ERWK�IURP�ZKHQ�WKH\�H[SDQG�RXW�RI�WKH�YRUWH[��DQG�DIWHU�WKH\�WRR�KLW� WKH�ULP
V
ZKLWH� ZDOO� DQG� DUH� LPSORGHG� EDFN� LQZDUG� DJDLQ�� %HFDXVH� ZKLOH� WKHVH� ZDYH�
SDFNHWV� ERXQFH� EDFNZDUG� DQG� IRUZDUG� WKURXJK� WKH� SODQDU� ZDYHJXLGH� WKHVH
HQHUJ\�ZDYHV�ZLOO� WDNH� XS�PRUH� DQG�PRUH� DQJXODU�PRPHQWXP� IURP� WKH� EODFN
YRUWH[�DQG� WKH\�ZLOO�SDVV� WKDW� URWDWLQJ�HQHUJ\� LQWR� WKH�J\UDWLQJ� VWRUDJH� ILHOG�� WR
LQFUHDVH�LWV�DQJXODU�YHORFLW\��DQG�VR�WKH�FKDUJHG�SDUWLFOHV�LQ�WKH�VWRUDJH�ILHOG�ZLOO
H[SDQG�DQG�J\UDWH�PRUH�DQG�PRUH�HQHUJHWLFDOO\�DZD\� IURP�WKH�YRUWH[� WRR� �DQG
WKH� KDUGHU� WKH\� FROOLGH� DJDLQVW� WKH� ZKLWH� ZDOO� WKH� PRUH� WKH\� ZLOO� HQHUJLVH� LWV
UHIOHFWLQJ� IRUFH�� DQG� HDFK� WLPH�DGG� D� JUHDWHU� DPRXQW� RI� LPSHQHWUDELOLW\� WR� WKDW
ZKLWH�ZDOO·V�SRZHU�SUHVVXUH�WKUHVKROG���6LPLODUO\��EHFDXVH�WKH�UHWXUQLQJ�ZDYHV�RI
HQHUJ\� LQ�IORZLQJ� LQWR� WKH� YRUWH[�ZLOO� EH� FXUOLQJ�GRZQ� LQWR� D� VPDOOHU� UDGLXV�RI
FXUYDWXUH�HYHU\� WLPH��DQG� WKURXJK�D�FRQYHUJLQJ�PDJQHWLF� ILHOG�� WKHQ� WKH�YRUWH[
WRR�ZLOO�FRQWLQXDOO\�DEVRUE�PRUH�DQG�PRUH�HQHUJ\� IURP�WKLV� ULQJLQJ�DFWLRQ�DQG
ZLOO� FRQWLQXDOO\� EH� DPSOLILHG�� (VVHQWLDOO\�� WKLV� DPSOLILFDWLRQ� SURFHVV� ZLOO� HQVXUH
WKDW� WKH� EODFN� YRUWH[� ZLOO� DFWXDOO\� *$,1� HQHUJ\� LPPHGLDWHO\� DIWHU� HQHUJ\� LV
UDGLDWHG�DZD\�IURP�LW�>QRWH���@�
,Q� IDFW�� WKLV� FDQ� EH� GLUHFWO\� OLQNHG� WR� D� NQRZQ� DPSOLILFDWLRQ� SURFHVV� LQ
DVWURSK\VLFV�� RQH� WKDW� ZDV� VHHQ� WR� KDSSHQ� LQ� WKH� DFRXVWLF� HTXLYDOHQW� RI� WKH
+DZNLQJ� EODFN� KROH� UDGLDWLRQ�PHFKDQLVP��ZKHUH� HPLVVLRQV�ZHUH� GLVFRYHUHG� EHLQJ
SURGXFHG�DURXQG� WKH� VXSHUVRQLF� IORZ�RI� D�EODFN�KROH�� DQG� WKH� VDOLHQW� IDFWRU�RI
WKLV�W\SH�RI�PHFKDQLVP���ZKLFK�ZRXOG�EH�WUDQVIHUDEOH�WR�D�YRUWH[�WKDW�FRQVWLWXWHV
D�TXDVL�EODFN�KROH�SODFHG�LQVLGH�WKH�PLGGOH�RI�DQ�HUJRVSKHUH�ZKLFK�VXUURXQGV�LW
DV� D� UHIOHFWLQJ�ZDOO� �� LV� WKDW� WKLV�PHFKDQLVP�ZLOO� GLFWDWH� WKDW� DQ\� HQHUJ\�ZDYHV
HQWHULQJ� LQWR� WKDW� YRUWH[� ZLOO� EH� UHIOHFWHG� RXWZDUG� IURP� LW� DW� DQ� LQFUHDVHG
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DPSOLWXGH��DQG�WKDW�DV�WKRVH�HQHUJ\�ZDYHV�ZLOO�EH�FRQWLQXDOO\�UHIOHFWHG�EDFN�DQG�
IRUWK�LQWR�WKDW�YRUWH[�WKH\�ZLOO�EH�DPSOLILHG�DJDLQ�DQG�DJDLQ�>QRWH���@�
7KH�EDVLF�SKHQRPHQD�RI�ERXQFLQJ�ZDYHV�RI�HQHUJ\�LQ�DQG�RXW�RI�D�URWDWLQJ�EODFN
KROH�DQG�KDYLQJ�WKHP�ERXQFHG�EDFN�IURP�D�FXUYHG�PLUURU�ZDOO�RI�SDUWLFOHV�ZKLFK
VXUURXQGV� WKDW� EODFN� KROH�� ZDV� ILUVW� SURSRVHG� E\� >3UHVV�7HXNROVN\@� LQ� ����� WR
H[SODLQ� ZK\� YDVW� DPRXQWV� RI� HQHUJ\� VXUURXQG� D� EODFN� KROH� RXW� LQ� VSDFH�
,PSRUWDQWO\��WKLV�ZDV�WKH�ILUVW�VWXG\�WR�WDFNOH�KRZ�DQ�HQHUJ\�ZDOO�VXUURXQGLQJ�D
EODFN� KROH� FRXOG� EH� YLVXDOLVHG� DV� RQH� WKDW� FRXOG� UHIOHFW� HQHUJ\� EDFN� LQWR� WKDW
EODFN�KROH�VR�WKDW��LQVWHDG�RI�EHLQJ�SXUHO\�VHHQ�DV�DQ�DEVRUEHU�RI�HQHUJ\�WKH�EODFN
KROH�FRXOG�WKHQ�DOVR�EH�VHHQ�DV�DQ�DPSOLILHU�RI�HQHUJ\�>QRWH���@��7KLV�EODFN�KROH
DPSOLILFDWLRQ�PHFKDQLVP�ZDV� WKHQ�DIWHU� NQRZQ� LQ� DVWURSK\VLFV� DV� VXSHUUDGLDQFH�
%XW�,�ZRXOG�VD\�KHUH�WKRXJK�WKDW�LW�ZRXOG�EH�WKH�6FKXW]KROG�8QUXK�PRGHO�RI�D
EODFN�KROH
V�VXSHUUDGLDQFH�PHFKDQLVP�WKDW�JLYHV�D�PRUH�DSSURSULDWH�GHVFULSWLRQ
RI�WKH�LQQHU�VWUXFWXUH�RI� WKH�DD8)2�ZLWK�UHVSHFW� WR� LW�SRVVHVVLQJ�ERWK�D�TXDVL�
EODFN�KROH�DQG�D�TXDVL�ZKLWH�KROH�>QRWH���@��2EYLRXVO\�WKH�8)2
V�PHFKDQLVP�LV�D
PLQLDWXULVDWLRQ� RI� WKH� DVWURSK\VLFDO�� DQG� ZKLOH� PLQLDWXULVHG� YHUVLRQV� RI� EODFN
KROHV� DUH� UHDGLO\� DFFHSWHG� LQ� DVWURSK\VLFV�� DQG� ODERUDWRU\�VL]HG� YHUVLRQV� DUH
SUHVHQWO\�EHLQJ�GHYHORSHG��,�ZRXOG�WKLQN�WKH�DD8)2�PRGHO�ZLOO�ULYDO�WKHP�DOO�LQ
HYHU\� GHSDUWPHQW� EHFDXVH� RI� WKH� SXUSRVHIXO� ZD\V� LQ� ZKLFK� LWV� VXSHUUDGLDQFH
ULQJLQJ�LV�FKDQQHOOHG�WKURXJK�WKH�8)2·V�RWKHU�HQHUJ\�ILHOGV�
,QGHHG�� ZLWKLQ� WKH� DD8)2�� ORRNLQJ� DW� ZKDW� WKH� WR�DQG�IUR� DFWLRQ� RI
VXSHUUDGLDQFH�GRHV�RYHUDOO� WR� LWV� FROOHFWLRQ�RI�GLVSDUDWH� HQHUJLHV� DQG�RVFLOODWLQJ
ZDYH� UDGLDWLRQV�� WKH� DD8)2
V� VXSHUUDGLDQFH� DPSOLILFDWLRQ� LV� D� SURFHVV� ZKLFK
GUDJV�ZLWK�LW�DOO�WKRVH�GLVRUGHUHG�UDGLDWLRQ�DQG�HQHUJ\�HPLVVLRQV�HPDQDWLQJ�IURP
LWV� YDULRXV� HQHUJ\�PHFKDQLVPV�� DQG�FRDOHVFHV� WKHP�DOO� LQWR� D�PRUH�XQLILHG� DQG
UK\WKPLF� FRKHUHQFH� RI� HOHFWURPDJQHWLF� �DQG� JUDYLWDWLRQDO�� HQHUJLHV�� WKDW� ZRUN
WRJHWKHU�OLNH�D�VLQJOH�ILHOG�WR�UHJXODWH�DQG�KDUPRQLVH�DOO�WKRVH�GLIIHUHQW�VRXUFHV�RI
HQHUJ\��:LWK�WKLV�VRUW�RI�HQHUJ\�FRKHUHQFH�LW�WKHQ�EHFRPHV�PXFK�HDVLHU�WR�H[WUDFW
HQHUJ\���IURP�DOPRVW�DQ\ZKHUH�LQ�WKDW�HQHUJ\�V\VWHP���DQG�WDNH�DGYDQWDJH�RI�LWV
FRDOHVFHQFH� RI� SRZHUV��:LWK� VXFK� D� VXSHUUDGLDQW� SRZHU�GULYH� IRU� LQVWDQFH� DQ\
DPRXQW�RI�URWDWLRQDO�HQHUJ\�ZRXOG�EH�RQ�KDQG�WR�EH�H[WUDFWHG�DQG�XVHG� LQ� WKH
FUDIW
V�SURSXOVLRQ�GULYH��HVSHFLDOO\�LI�LW�ZHUH�UHOHDVHG�LQ�VKRUW�SXOVHV�>QRWH���@�
2QH� SDUWLFXODU� PHFKDQLVP� WKDW� WKH� H[WUDWHUUHVWULDOV� KDYH� HQJLQHHUHG� WR� WDNH
DGYDQWDJH�RI�WKLV�VXSHUUDGLDQFH�ULQJLQJ�LQ�DQG�RXW�RI�WKH�DD8)2·V�EODFN�YRUWH[�
ZKLFK�RIIHUV�RQH�RI�WKH�DWWULEXWHV�RI�WKLV�FUDIW·V�UK\WKPLF�FRDOHVFLQJ�PHFKDQLVP�
ZRXOG� EH� ZKHUH� HDFK� ERXQFLQJ� ULQJ� RI� ZDYHV� ZLOO� KDYH� WR� SDVV� WKURXJK� WKH
IRFXVHG�DFRXVWLF�RUEV�RI� H[FLWHG�HQHUJ\�HPLVVLRQV� VXUURXQGLQJ�HDFK�RI� WKH� WRS
VSKHUHV��)RU�HDFK�ULQJLQJ�RI�ZDYHV�ZLOO�FROOLGH�LQWR�WKRVH�IRXU�RUEV�DQG�SLFN�XS
DGGLWLRQDO� FKDUJHG� SDUWLFOH� HQHUJ\� IURP� HYHU\� RQH� RI� WKH� FROOLVLRQV� WKH\� PDNH
ZLWK� WKH� SDUWLFOHV� IO\LQJ� DURXQG� WKRVH� HQHUJ\� RUEV�� ,QGHHG�� IURP� WKH� IDFW� WKDW
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WKHVH� RUEV� DUH� EHLQJ� FRQVWDQWO\� VXSSOLHG� ZLWK� HQHUJ\�� ZKLFK� FRPHV� XOWLPDWHO\
IURP� WKH� DPELHQW� HQHUJLHV� RXWVLGH� WKH� FUDIW� �WKH� =3)� ILHOGV�� WKURXJK� WKH� ORZHU
VSKHUHV��WKHQ�WKLV��DJDLQ��LV�DQRWKHU�RQH�RI�WKRVH�PDVWHU�VWURNHV�RI�GHVLJQ�JHQLXV�
%HFDXVH�WKLV�HQVXUHV�WKDW�WKH�8)2·V�EODFN�YRUWH[�ZLOO�WDNH�LQ�HQHUJ\�IURP�D�¶IXHO�
WDQN·�ZKLFK� LV�ZKROO\� LQH[KDXVWLEOH� �� WKDW�RI� WKH� VN\��RU� WKH�RSHQ� VSDFH��ZKLFK
VXUURXQGV�WKDW�8)2�>QRWH����@�
$QRWKHU�SRLQW�WR�PDNH�LV�WKDW�WKH�HPSKDVLV�ZLWK�WKH�8)2·V�VXSHUUDGLDQW�HQHUJ\
DPSOLILFDWLRQ� PHFKDQLVP� ZLOO� EH� WKDW� LW� ZLOO� NHHS� RQ� SXPSLQJ� XS� WKH� 8)2·V
HQHUJ\�XQWLO� LW� UHDFKHV� WKH�ZKLWH�ZDOO
V� SDVV�QRW� WKUHVKROG�� DQG�REYLRXVO\�� RQFH
WKDW� WKUHVKROG� LV� VXUSDVVHG� WKRVH� HQHUJ\�ZDYHV�ZLOO� KDYH� LQFUHDVHG� WKHLU� SRZHU
HQRXJK� WR� EXUVW� WKURXJK� WKH� ERWWOH�QHFN� DUHDV� DW� WKH� FUDIW
V� SHULPHWHU� ULP�� WR
ZRUN� WKH�8)2·V�SURSXOVLRQ��7KLV�ZLOO� IRUP� WKH�EDVLF� DPSOLILFDWLRQ�PHFKDQLVP
DQG� HMHFWLRQ� PHFKDQLVP� IRU� WKLV� DD8)2·V� SURSXOVLYH� IRUFHV�� EXW� ,� ZRQGHU
WKRXJK��PLJKW� LW� EH� DGYDQWDJHRXV� WR� HQJLQHHU� LQWR� WKDW� 8)2·V� ULP� D� VHULHV� RI
VSHFLDO�ZHDN�SRLQWV�VR� WKDW� WKHVH�HMHFWLRQV�RI�SURSXOVLYH� IRUFHV�PLJKW� OHDYH� WKH
FUDIW�LQ�VKRUW�FRQWUROOHG�EXUVWV�"�,I�LW�FRXOG�EH�SUHFLVHO\�FRQWUROOHG�WKH�ULP�ZRXOG
SURYLGH�D�ZD\�RI�GHWHUPLQLQJ�H[DFWO\�KRZ�WKHVH�IRUFHV�OHDYH�WKH�8)2��VR�WKHQ�
PRUH�FRQWURO�FRXOG�EH�DIIRUGHG�XSRQ�DFFHOHUDWLQJ�DQG�GLUHFWLQJ�WKDW�FUDIW�"�$QG
WKLV�ZLOO�EH�ORRNHG�LQWR�WKURXJK�WKH�QH[W�FKDSWHU�
7KH�RQO\�RWKHU� HTXLYDOHQW� LQ� WKH� VWXGLHV� UHJDUGLQJ�DVWURSK\VLFDO� EODFN�KROHV�� WR
WKLV� VZLQJ�EDFN�DQG�IRUWK� HQHUJ\� ILHOG� DPSOLILFDWLRQ�� ZRXOG� EH� WKH� WZLVWLQJ� RI
PDJQHWLF�ILHOG�OLQHV��WZLVWLQJ�WKHP�XS�VR�PXFK�WKDW�ZKHQ�WKH\�DUH�UHOHDVHG�WKH\
VQDS� EDFN� �OLNH� D� EDFN�HPI� IRUFH�� DQG� UHOHDVH� D� SRZHUIXO� VKRFN�ZDYH� RI� IRUFH
ZKLFK��LQ�WKH�FDVH�RI�DVWURSK\VLFDO�MHWV�FRPLQJ�DZD\�IURP�EODFN�KROHV��VXFK�DV�LQ
TXDVDUV� DQG� SXOVDUV��� ZRXOG� WUDQVSRUW� HQHUJ\� WKURXJK� WKDW� MHW� DW� VXSHUOXPLQDO
VSHHGV�>QRWH����@�
7KH�WHFKQRORJ\�EHKLQG�VXSHUUDGLDQFH�WKRXJK�GLFWDWHV�WKDW�FHUWDLQ�SDUDPHWHUV�ZLOO
QHHG� WR� EH� HVWDEOLVKHG� ZLWKLQ� WKH� HQYLURQPHQW� RI� WKH� HUJRVSKHUH�V�� ZKLFK
VXUURXQG� WKH� EODFN� YRUWH[��7KH� FUDIW
V� HQHUJ\� UHVHUYRLU�ZLOO� JURZ� H[SRQHQWLDOO\
DQG�WKH�ZDYH
V�DPSOLWXGH�ZLOO�EH�DPSOLILHG�WR�WKH�WXQH�RI�VXSHUUDGLDQFH�LQVLGH�D
8)2���EXW�RQO\� LI� WKDW�8)2
V�UHIOHFWLQJ�ZDOO
V� UDGLXV�IURP�LWV�YRUWLFDO�FRUH� LV�D
FHUWDLQ�FULWLFDO�GLVWDQFH�IURP�WKDW�FRUH�RU�LV�RI�D�FHUWDLQ�GLVSHUVLYH�FRPSRVLWLRQ��,I
WKDW�GLVWDQFH� LQVLGH� WKH�8)2� LV� VPDOOHU� WKDQ�ZKDW� LV� UHTXLUHG� IRU� WKLV� HIIHFW� WR
RFFXU� �DQG� LW�PRVW� FHUWDLQO\�ZLOO�EH�� WKHQ� WKH�PHGLXP�RI� WKDW�8)2
V� UHIOHFWLQJ
ZDOO� ZLOO� KDYH� WR� EH� PRGLILHG� LQ� VXFK� D� ZD\� VR� WKDW� LW� ZLOO� 6/2:� GRZQ� WKH
YHORFLW\� RI� WKH� HOHFWURPDJQHWLF� DQG� JUDYLWDWLRQDO� ZDYHV� ZKLFK� QHHG� WR� EH
UHIOHFWHG�EDFN�WKURXJK�LW�LQWR�WKH�FUDIW
V�EODFN�YRUWH[�>QRWH����@�
)RU� LQVWDQFH�� WKH�PRVW� VXLWDEOH� YROXPH�RI�PDWHULDO�ZKLFK� FDQ� EH� XVHG� WR� VORZ
GRZQ� WKHVH�ZDYHV�ZRXOG� EH� WKH� IOXLG� IORZLQJ� LQVLGH� WKH� DD8)2
V� WRURLG� VKHOO
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EHFDXVH� LW�FRPSOHWHO\�VXUURXQGV�WKH�EODFN�YRUWH[��EXW� WKDW� IOXLG�ZLOO�QHHG�WR�EH
PRGLILHG� LQ�D�ZD\�ZKLFK�ZLOO�PDNH� LW�GLVSHUVLYH�EHIRUH� LW� FDQ� VORZ�GRZQ� WKHVH
ZDYHV� DV� WKH\� SDVV� WKURXJK� LW��2QO\� WKHQ�ZLOO� LW� SURGXFH� WKH� FRUUHFW�PLUURULQJ
HIIHFW�DQG�ZLOO�UHIOHFW�WKRVH�ZDYHV�EDFN� LQWR�WKH�FHQWUDO�YRUWH[�DW�D� ORZ�HQRXJK
YHORFLW\��7KLV��E\�DQ\RQH
V�VWDQGDUGV�ZLOO�EH�D�GLIILFXOW�FKDOOHQJH��EXW�WKHQ�WKHVH
H[WUDWHUUHVWULDO�SK\VLFLVWV�GR�KDYH�D�SHQFKDQW�IRU�DGYDQFLQJ�VFLHQFH��
����0RGHOOLQJ�DQ�(UJRVSKHUH�IRU�D�6ORZHU�/LJKW�6SHHG
7KH� RSWLPXP� UDGLXV� IRU� WKLV� HUJRUHJLRQ
V� UHIOHFWLQJ� ZDOO� �ZLWK� DQ� DSSURSULDWH
PRGLILFDWLRQ� WR� WKH� HOHFWULFDO� SHUPLWWLYLW\� RI� LWV� WRURLG� IOXLG� WR� PDNH� LW� PRUH
GLVSHUVLYH�� FDQ� EH� FDOFXODWHG� WR� GHWHUPLQH� ERWK� WKH� IUHTXHQF\�UDQJH� RI
HOHFWURPDJQHWLF�ZDYHV��DQG�WKH�JUDYLWDWLRQDO�ZDYHOHQJWKV��WKDW�LW�ZLOO�HIIHFW�PRVW�
DQG�WKH�SRZHU�DPSOLILFDWLRQ�IDFWRU� LW�ZLOO�SURGXFH��7KLV�JDLQ�FRHIILFLHQW�ZLOO�EH
UHODWLYHO\�VPDOO�IRU�HDFK�SDVV�RI�WKH�ZDYHV�WKURXJK�WKH�UHIOHFWRU�EXW�EHFDXVH�WKH
DPSOLILFDWLRQ� F\FOH�ZLOO� EH� UHSHDWHG� RYHU� DQG�RYHU� DJDLQ� LW�ZLOO� FRPSRXQG� WKDW
JDLQ�FRHIILFLHQW�YHU\�TXLFNO\��7KLV�VXSHUUDGLDQFH�DPSOLILFDWLRQ�SURFHVV�KDV�EHHQ
IRUPXODWHG� DQG�FDOFXODWHG� LQ� VHYHUDO� VWXGLHV� IRU� DQ� DVWURSK\VLFDO� HUJRVSKHUH�� LQ
SDUWLFXODU� ZKHUH� WKH� LQWHQWLRQ� LV� WKDW� D� PLQLDWXULVHG� PRGHO� RI� D� EODFN� KROH
XQGHUJRLQJ�WKLV�SURFHVV�FDQ�EH�UHSURGXFHG�LQ�D�ODERUDWRU\�HQYLURQPHQW��,Q�RQH
VWXG\� RI� WKLV� H[SRQHQWLDO� DPSOLILFDWLRQ� SURFHVV� >&DUGRVR@� IRU� D� ODUJH�VFDOH
DVWURSK\VLFDO�EODFN�KROH�LW�KDV�EHHQ�VKRZQ�WKDW�DQ�LQFLGHQW�ZDYH�ILHOG
V�DPSOLWXGH
FDQ� GRXEOH� HYHU\� ���� VHFRQGV�� DQG� LWV� HQHUJ\� FDQ� JURZ� WR� ����� �RQH�KXQGUHG�
PLOOLRQ�PLOOLRQ�� WLPHV� LWV� LQLWLDO�FRQWHQW��� LQ� MXVW����VHFRQGV� ��$OWKRXJK��D�EODFN
YRUWH[� XQGHUJRLQJ� WKH� VDPH� SURFHVV� ZLWK� D� VPDOOHU� GHJUHH� RI� PDVV� WKDQ� DQ
DVWURSK\VLFDO� EODFN� KROH� �VXFK� DV� WKDW� RI� WKH� DD8)2
V�� ZRXOG� UHVSRQG� WR� LWV
H[SRQHQWLDO�DPSOLILFDWLRQ�LQ�D�PXFK�VKRUWHU�WLPHVFDOH�WKDQ�WKH�DVWURSK\VLFDO·V��LH
LW�ZRXOG�EH�DOPRVW�LQVWDQWDQHRXV��>QRWH����@�
7KH� VORZLQJ� RI� HOHFWURPDJQHWLF� �DQG� JUDYLWDWLRQDO�� ZDYHV� ZRXOG� EH� GRQH� E\
PRGLI\LQJ� WKH�SHUPHDELOLW\� �¬�� DQG�SHUPLWWLYLW\� �¥�� RI� WKH�PDWHULDO� VXUURXQGLQJ
WKH�DD8)2
V�FHQWUDO�ZDYH�JHQHUDWRU��DQG�VLJQLILFDQWO\�UDLVLQJ�� LQ� WKH�FDVH�RI� WKH
DD8)2��WKH�SHUPLWWLYLW\� �¥��RI� WKH�RXWHU� MDFNHW�RI� LWV� UHIOHFWRU� �ZKLFK�ZRXOG�EH
WKH�WRURLG��WKDW�WKRVH�ZDYHV�ZLOO�KDYH�WR�SDVV�WKURXJK�DQG�UHIOHFW�EDFN�WKURXJK�
7KLV�ZRXOG�IROORZ�WKH� >%HNHQVWHLQ�6FKLIIHU@�PRGHO�ZKHUH� WKH� URWDWLQJ�VRXUFH� LV
VXUURXQGHG� E\� D� KLJK�SHUPLWWLYLW\� MDFNHW� ZKLFK� LV� WKHQ� VXUURXQGHG� E\� D
F\OLQGULFDO�UHIOHFWLQJ�FDYLW\�>QRWH����@�
6R��ZLWK�UHIHUHQFH�WR�WKH�WHOHPHWHU�ZKHHO�EHDPV�PHQWLRQHG�DERYH��LQ�VHFWLRQ�����
ZKLFK�DUH�ILUHG�LQWR�WKH�WRURLG·V�IOXLG�WR�PRGLI\�LWV�SHUPLWWLYLW\��ZKLOH�RQ�WKH�RQH
KDQG�� WKH�SHUPLWWLYLW\�RI�D�PDWHULDO� �RU� LQ� WKLV�FDVH� WKH� WRURLG� IOXLG��GHWHUPLQHV
KRZ� LW� ZLOO� SRODUL]H� LQ� UHVSRQVH� WR� DQ� HOHFWULF� ILHOG�� DQG� VR� WKH� KLJKHU� WKH
SHUPLWWLYLW\�WKH�PRUH�HOHFWULFDOO\�RULHQWDWHG�LW�ZLOO�EHFRPH�DQG�WKH�PRUH�HOHFWULF
FKDUJH�LW�FDQ�KROG�EHIRUH�LW�FRQGXFWV�DZD\�WKDW�FKDUJH��WKHUH�ZLOO�DOVR�QHHG�WR�EH
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FRQVLGHUHG�IRU�WKDW�IOXLG�ZKDW�LWV�GLVSHUVLRQ�UHODWLRQ�ZLOO�QHHG�WR�EH�LQ�RUGHU�IRU�LW
WR�FRQWULEXWH�IDYRXUDEO\�WR�WKH�VXSHUUDGLDQFH�SURFHVV�
,Q� DQ\� GLHOHFWULF� PDWHULDO� ZKHQ� DQ� HOHFWULF� ILHOG� LV� DSSOLHG� QHDU� LWV� LRQL]DWLRQ
WKUHVKROG�LW�H[FLWHV�WKH�PDWHULDO
V�DWRPV�LQ�D�ZD\�WKDW�LQFUHDVHV�WKH�SHUPLWWLYLW\�RI
WKDW� PDWHULDO�� %XW� DOVR� WKH� HIIHFW� RI� WKH� PDJQHWLF� ILHOG� UXQQLQJ� WKURXJK� WKH
PLGGOH�RI�WKH�WRURLG�ZLOO� LQGXFH�DGGLWLRQDO� LRQL]LQJ�HIIHFWV�RQ�WKH�QHLJKERXULQJ
DWRPV�LQ�WKH�IOXLG�ZKLFK�ZLOO�VXEVWDQWLDOO\�LQFUHDVH�ERWK�WKH�SHUPHDELOLW\�DQG�WKH
SHUPLWWLYLW\� RI� WKDW� IOXLG� >.RXURSRXORV@�� ,Q� WKH� FDVH� RI� WKH� DD8)2
V� WRURLG�
LGHDOO\��ZKDW�ZRXOG�EH�UHTXLUHG�ZRXOG�EH�WKDW�WKH�PLGGOH�SDUW�RI�LWV�IOXLG�VKRXOG
KDYH�D�KLJK�SHUPLWWLYLW\�WR�DFW�DV�DQ�LQVXODWRU��DQG�DW�WKH�WRS�DQG�ERWWRP�VHFWLRQV
ZKHUH�WKH�IOXLG�LV�UHTXLUHG�WR�EH�SRODUL]HG��LQWR�SRVLWLYH�RU�QHJDWLYH�SRODULWLHV��LW
ZRXOG�EH�EHVW� LI� WKHVH�FKDUJHV�GRQ
W�FRQGXFW�RU� OHDN�DZD\�EXW� WKDW� WKH\�VLPSO\
DFFXPXODWH��7KH�ODWWHU�SUHUHTXLVLWH�ZRXOG�ILOO�WKH�FRUQHU�HGJHV�RI�WKH�WRURLG�ZLWK
SRODUL]HG�FKDUJHV��QHJDWLYH�WR�WKH�WRS�HGJHV�DQG�SRVLWLYH�WR�WKH�ERWWRP�HGJH��DV
DOOXGHG�WR�LQ�VHFWLRQ��������DQG�LW�ZLOO�EH�WKH�GLIIXVH�FKDUJHV�LQGXFHG�E\�WKHP�RQ�WKH
RXWVLGH�VXUIDFHV�RI�WKH�WRURLG�ZDOOV�WKDW�ZLOO�EH�GRLQJ�DOO�WKH�ZRUN�IRU�WKH�8)2
V
HOHFWURG\QDPLF� FLUFXLW�� 5HDOO\�� WKH� WRURLG� VKRXOG� ZRUN� QRW� DV� D� FRQGXFWRU� RI
HOHFWULFDO�FKDUJHV�EXW�DV�D�FDSDFLWRU�RI�HOHFWULFDO�FKDUJHV��DQG�WKH�PRUH�LQWHQVLILHG
DQG�WKH�PRUH�FRQFHQWUDWHG�WKH�WRS�DQG�ERWWRP�SRODUL]HG�]RQHV�DUH�WKH�EHWWHU��WR
HQVXUH� WKDW� WKH� PLGGOH� QHXWUDO� SDUW� RI� WKH� WRURLG� IOXLG� VKRXOG� EH� DV� ZLGH� DV
SRVVLEOH� VR� WKDW� LWV� KLJK� SHUPLWWLYLW\� IDFWRU� FDQ� EH� XWLOL]HG� WR� WKH� JUHDWHVW
DGYDQWDJH� LQ� WKH�VXSHUUDGLDQFH�UHIOHFWLRQ�SURFHVV��7KLV� LV�ZK\�,�KDYH�VXJJHVWHG
WKDW�WKH�IOXLG�LQVLGH�WKH�WRURLG�VKRXOG�KDYH�DV�LWV�EDVH�SODLQ�ZDWHU�>QRWH����@�
6WXGLHV� KDYH� VKRZQ� WKDW� WKH� SHUPLWWLYLW\� RI� ZDWHU� YDULHV� ZLWK� UHVSHFW� WR
WHPSHUDWXUH� DQG� ZLWK� UHVSHFW� WR� WKH� IUHTXHQF\� RI� WKH� HOHFWURPDJQHWLF� ILHOG
DSSOLHG�WR�LW��2QH�VWXG\�IRU�ZDWHU�LQGLFDWHV�WKDW�D�SHUPLWWLYLW\�SHDN�FRUUHVSRQGLQJ
WR� DQ� DSSOLHG� IUHTXHQF\� RI� ����*+]�ZLOO� RFFXU� EHWZHHQ� ������ GHJUHHV� &HOVLXV
��������)���ZKLOH�DW� DURXQG���GHJUHHV�&HOVLXV�ZDWHU
V�GLHOHFWULF�SHUPLWWLYLW\�ZLOO
SHDN�DW���*+]���LQGLFDWLQJ�WKDW�ZDWHU
V�SHUPLWWLYLW\�SHDNV�DUH�YHU\�YDULHG�>QRWH�
��@��7KDW�SURWRQ�PRELOLWLHV�DUH�KLJKHVW� LQ�ZDWHU�PROHFXOHV�DW�DURXQG����GHJUHHV
&HOVLXV�VKRXOG�DOVR�IHDWXUH�LQWR�WKH�ILQDO�HTXDWLRQV�WR�GHWHUPLQH�ZKDW�IUHTXHQF\
WKH�ILULQJ�EHDPV�ZLOO�QHHG�WR�VXSSO\�� WR�HIIHFW�WKH�PRVW�DSSURSULDWH�SHUPLWWLYLW\
DQG�GLVSHUVLRQ�UHODWLRQ�IRU�ZKDWHYHU�IOXLG�QHHGV�WR�EH�FKRVHQ�IRU�WKH�WRURLG�
7KDW
V�LI�WKH\�DUH�WR�UHJXODWH�WKH�SHUPLWWLYLW\�GLUHFWO\��WKH�H[WUDWHUUHVWULDOV�PD\�EH
ILULQJ� WKHVH� EHDPV� LQWR� WKH� ZDWHU� MXVW� WR� LRQL]H� WKH� ZDWHU� DQG� WR� UHJXODWH� WKH
WHPSHUDWXUH�RI�WKH�ZDWHU��DQG�UHO\LQJ�RQ�WKH�PROHFXOHV� WR�UHDUUDQJH�WKHPVHOYHV
WKURXJK� WKH�SRODUL]LQJ�SURFHVV�PHQWLRQHG� LQ� VHFWLRQ� ������ ,I�P\� DVVXPSWLRQ� LV
FRUUHFW�DERXW�WKH�IUHTXHQF\�RI�WKH�EHDPV�ILULQJ�RXW�RI�WKH�WHOHPHWHU�ZKHHOV�DQG
WKDW�WKH\�DUH�LQGHHG�DV�KLJK�DV���������*+]��FRQMHFWXUHG�WKURXJKRXW�FKDSWHU���
WKHQ�VXFK�EHDPV�ZRXOG�FHUWDLQO\�LRQL]H�WKH�ZDWHU�LPPHGLDWHO\�VXUURXQGLQJ�WKRVH
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EHDPV��EHFDXVH�WKH�ZDWHU�PROHFXOHV�ZRQ
W�KDYH�WKH�DELOLW\�WR�VWD\�LQ�WXQH�ZLWK�D
PLFURZDYH�RVFLOODWLRQ�DERYH�ZDWHU
V� UHOD[DWLRQ� IUHTXHQF\�DQG� VR� WKRVH�YROXPHV
RI�ZDWHU�ZLOO�UHDGLO\�LRQL]H���$OWKRXJK��PLJKW�WKHUH�EH�VRPHWKLQJ�HOVH�KDSSHQLQJ
ZLWK� WKRVH� EHDPV�� IRU� LQ� FRQMXQFWLRQ� ZLWK� WKH� DERYH� FRQMHFWXUHV� WKHVH� EHDPV
PD\�DOVR�EH�XVHG�DW�D�SDUWLFXODU� IUHTXHQF\�ZLWKLQ� WKH�DERYH� UDQJH� WR�VZLWFK� WKH
WRURLG�ZDOO
V�PDWHULDO�IURP�RSDTXH�WR�WUDQVSDUHQW����WKHUHE\�SHUIRUPLQJ�WZR�WDVNV
DW�RQFH��WKH�UHOHYDQFH�RI�WKLV�ZLOO�EH�H[SODLQHG�LQ�VHFWLRQ�������
,W�ZLOO�DOVR�EH�SDUWLFXODUO\�XVHIXO��LQ�UHDGLQHVV�IRU�WKH�QH[W�FKDSWHU
V�SURFHVVHV��WR
EHDU� LQ� PLQG� WKDW� HOHFWULFDO� SHUPLWWLYLW\� DQG� PDJQHWLF� SHUPHDELOLW\� RI� WKH
DD8)2
V�IORZLQJ�PHGLXPV�ZLOO�$/62�GHWHUPLQH�WKH�ZDYH�JURXS�SKDVH�YHORFLW\
RI� DQ\� HOHFWURPDJQHWLF� UDGLDWLRQV� WKDW� ZLOO� SDVV� WKURXJK� WKRVH� PHGLXPV
�HVSHFLDOO\�ZKHQ� WKDW� HOHFWURPDJQHWLF� UDGLDWLRQ� WUDYHOV� WKURXJK� WKRVH� GLVSHUVLYH
PHGLXPV�DV�ZDYH�SDFNHWV���DQG�WKH�UHDGHU�PLJKW�QHHG�WR�EDFN�WUDFN�RQ�WKDW�DIWHU
KH�RU�VKH�KDV�UHDG�WKURXJK�WKH�QH[W�FKDSWHU� �ZHOO�� WKLV� LV�DIWHU�DOO�8)2�VFLHQFH
QRW�URFNHW�VFLHQFH���VR�LWV�FRPSOLFDWHG���%HFDXVH�QRZ��WKH�LQWHUHVWLQJ�TXHVWLRQ�LQ
WKH�DD8)2�LV��MXVW�KRZ�PDQ\�UHIOHFWLQJ�FDYLWLHV�GRHV�LW�KDYH�"�&HUWDLQO\�WKHUH�DUH
DW� OHDVW� 7:2� VWDJHV� WR� WKH� DD8)2
V� UHIOHFWLQJ�PLUURU���� WKH� WRURLG
V� LQQHU�ZDOO
�WKH� ZDOO� RI� HUJRVSKHUH� $��� DQG� WKHQ� WKHUH� LV� WKH� WRURLG
V� RXWHU� ZDOO�� EHWZHHQ
ZKLFK�ZRXOG�EH�LWV�URWDWLQJ�IOXLG��RI�HUJRVSKHUH�&���DQG�VR�DOO�WKUHH�RI�WKHVH�ZDOOV
PLJKW�FRXSOH�WRJHWKHU�DV�RQH�UHIOHFWRU��%XW�WKHQ�WKHUH�LV�WKH�ZKLWH�ZDOO�RI�SODVPD
FLUFXODWLQJ�DURXQG�HUJRVSKHUH�%�MXVW�LQVLGH�WKH�DD8)2
V�SHULPHWHU�ULP�ZKHUH�WKH
ULP
V� PDJQHWLF� ERWWOH� LV� IRUPHG�� DQG� WKDW� ZLOO� IRUP� WKH� RWKHU� PDMRU� UHIOHFWRU
>QRWH����@�
$OWKRXJK� LW� LV� RXWVLGH� WKH� UHPLW� RI� WKLV� VWXG\� WR� VXJJHVW� DQ\� VXSHUFRROLQJ
PHFKDQLVPV�� E\�ZD\� RI� FRPSDULVRQ� DQG� WR� VKRZ� MXVW� KRZ� IDU� HOHFWURPDJQHWLF
ZDYHV�FDQ�EH� VORZHG�GRZQ� LW�PLJKW�EH�ZRUWK�QRWLQJ� WKDW� OLJKW� VSHHG�KDV�EHHQ
UHGXFHG�WR�MXVW����P�VHF�WKURXJK�DQ�XOWUD�FROG�JDV�>QRWH����@�
����0RYLQJ�)OXLG�6ORZV�/LJKW�6SHHG�(YHQ�0RUH
6WXGLHV� EDVHG� RQ� =HOGRYLFK
V� RULJLQDO� K\SRWKHVLV� IRU� D� IOXLG� IORZ� DURXQG� D
URWDWLQJ�F\OLQGHU� VXJJHVW� WKDW� WKH�PLQLPXP�UDGLXV� IRU� WKH� UHIOHFWLQJ�ZDOO�ZKLFK
VKRXOG�EH�DEOH�WR�VORZ�WKH�YHORFLW\�RI�OLJKW�ZRXOG�HTXDWH�WR�D�UDWLR�RI�
UFULW�a�F�P�
:KHUH�����LV�DQJXODU�YHORFLW\�RI�WKH�EODFN�KROH���P��LV�LWV�PXOWLSROH�PRPHQW��RI
DQJXODU�PRPHQWXP�DERXW�DQ�D[LV����F��WKH�VSHHG�RI�OLJKW��
7KHUHIRUH�� WKH� IDVWHU� WKH� 8)2
V� YRUWH[� URWDWHV� DQG� WKH� JUHDWHU� WKH� PXOWLSROH
PRPHQW��UHODWLYH�WR�LWV�LQHUWLDO�PDVV���WKHQ�WKH�ORZHU�WKH�VSHHG�RI�OLJKW��F��ZLOO�EH�
DQG�RI�FRQVHTXHQFH��WKH�ORZHU�WKH�UDGLXV�UFULW�ZLOO�QHHG�WR�EH�>QRWH����@�
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8OI�/HRQKDUGW�KDV�VXJJHVWHG�WKDW�HYHQ�RUGLQDU\�ZDWHU��LI�PRYLQJ��ZLOO�GUDJ�OLJKW�
DQG�WKDW�WKH�OLJKW�ZDYHV�ZLOO�FXUYH�DZD\�IURP�WKHLU�VWUDLJKW�OLQH�SDWK�ZKHQ�WKH\
SDVV�WKURXJK�D�PRYLQJ�GLHOHFWULF�EHFDXVH�WKDW�GLHOHFWULF�ZLOO�DSSHDU�WR�WKRVH�OLJKW
ZDYHV�DV�D�FXUYLQJ�RI� VSDFH� WLPH��DQG�VR� WKH�FXUYHG�VSDFH�WLPH�ZLOO� DFW�RQ� WKH
OLJKW� PXFK� OLNH� D� JUDYLWDWLRQDO� IRUFH� >QRWH�� ��@�� 6R� WKHQ� WKH� VSHHG� RI� OLJKW
WUDYHOOLQJ� WKURXJK� WKDW�PRYLQJ�PHGLXP�ZLOO� GHSHQG�RQ� WKH� UHIUDFWLYH� LQGH[� RI
WKDW�PHGLXP�DQG�WKH�IORZ�YHORFLW\�RI�WKDW�PHGLXP��'LHOHFWULFV�XVHG�WR�VORZ�OLJKW
DUH� NQRZQ� DV� GLVSHUVLYH� GLHOHFWULFV� DQG� WKHLU� PRWLRQ� ZLOO� FRQWULEXWH� WR� WKH
VORZLQJ�GRZQ�RI�OLJKW
V�YHORFLW\�
/LJKW� UD\V� WUDYHOOLQJ� WKURXJK� D� VORZO\� PRYLQJ� GLVSHUVLYH� PHGLD� WKHQ� EHKDYH
VRPHZKDW�OLNH�HOHFWULFDOO\�FKDUJHG�SDUWLFOHV��RU�DQ�HOHFWURQ�ZDYH��SDVVLQJ�WKURXJK
D�PDJQHWLF� ILHOG�� EHLQJ� GHIOHFWHG� E\� LW� DQG� DFTXLULQJ� D� YHFWRU� SRWHQWLDO� LQ� WKDW
PDJQHWLF�ILHOG��$OWKRXJK�WKH�HIIHFW�RQ�WKH�OLJKW�ZDYHV�ZLOO�EH�WR�SKDVH�VKLIW�WKHP
DQG�FDXVH�WKHP�WR�LQWHUIHUH��VRPHZKDW�OLNH�D�EHDW�IUHTXHQF\���7KH�HIIHFW�LV�VPDOO
VD\V�/HRQKDUGW��EXW�MXVW�OLNH�WKH�VXSHUUDGLDQFH�HIIHFW��WKLV�SKDVH�VKLIWLQJ�HIIHFW�E\
WKH�GLVSHUVLYH�PHGLXP� WKHQ�PXOWLSOLHV� HYHU\� WLPH� WKH� OLJKW�ZDYHV� SDVV� WKURXJK
DQG�DUH�UHIOHFWHG�E\�WKDW�GLHOHFWULF�>QRWH����@�
,QWHUHVWLQJ� HIIHFWV� WKHQ� FRPH� ZLWK� WKH� XVH� RI� GLVSHUVLYH� GLHOHFWULFV� DURXQG� D
URWDWLQJ�VRXUFH�RI�UDGLDWHG�ZDYHV��VXFK�DV� WKH�EODFN�YRUWH[��%HFDXVH�RI� WKH�IDFW
WKDW� WKH� URWDWLQJ� VRXUFH� ZLOO� RQO\� URWDWH� RQH� ZD\�� REYLRXVO\�� DQG� VR� LW� ZRXOG
IROORZ� WKDW� DURXQG� WKH� 8)2
V� EODFN� YRUWH[�� DQG� WKURXJKRXW� LWV� FHQWUDO
HUJRVSKHUH�� WKHUH� ZLOO� EH� VRPH� HPLWWHG� ZDYHV� WKDW� ZLOO� EH� IORZLQJ� ZLWK� WKHVH
URWDWLQJ�ILHOGV�DQG�VRPH�WKDW�ZLOO�EH�IORZLQJ�DJDLQVW�WKHP��7KH�RQHV�ZLWK�SRVLWLYH
DQJXODU�PRPHQWXP�ZLOO�EH�ULGLQJ�ZLWK�WKDW�URWDWLQJ�IORZ��EXW�WKH�HPLVVLRQV�JRLQJ
DJDLQVW� WKDW� URWDWLRQ� ZLOO� KDYH� D� QHJDWLYH� DQJXODU� PRPHQWXP�� DQG� EH� VORZHG
GRZQ�VR�PXFK�WKH\�ZLOO�EH�WUDSSHG�E\�WKH�YRUWH[��RU�LQ�VRPH�FDVHV�5(9(56('
E\�WKDW�YRUWH[�>QRWH����@�
,W�VKRXOG�EH�QRWHG�LQ�WKLV����ILJXUH��EHORZ���SDUWLFXODUO\�LQ�WKH�WRS�UHQGLWLRQ��WKDW
WKH�WZR�UD\V�RI��OLJKW��HQWHULQJ�LQWR�WKH�WRURLG�ZRXOG�XQGHUJR�LQWHUHVWLQJ�SDWKV�RI
UHIUDFWLRQ�DQG�UHIOHFWLRQ�WKURXJK�WKDW�WKUHH�DUFHG�WRURLG�DQG�LWV�IOXLG��$FFRUGLQJ
WR�WKLV�VNHWFK� WKRVH� UD\V�ZLOO�XQGHUJR�GHVWUXFWLYH�DQG�FRQVWUXFWLYH� LQWHUIHUHQFH�
PHDQLQJ�WKDW�VRPH�RI�WKRVH�UD\V�ZLOO�JR�WKURXJK�GDUNHQHG�SDWFKHV�DQG�SURGXFH
DQ�$KDURQRY�%RKP�HIIHFW�
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)LJXUH� ���� (OHFWURPDJQHWLF� DQG� JUDYLWDWLRQDO� ZDYHV� UDGLDWLQJ� DZD\� IURP� WKH
FHQWUDO�YRUWH[�ZLOO�SDVV� WKURXJK� WKH� WRURLG� IOXLG�DQG�EH�VORZHG�GRZQ�� WKH\�ZLOO
DOVR�EH�UHIUDFWHG�DORQJ�GLIIHUHQW�SDWKV�E\�WKH�PRYLQJ�IOXLG
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$QRWKHU�SK\VLFLVW�ZKR�PLJKW�KDYH�OLNHG�MRLQLQJ�LQ�ZLWK�WKLV�GLVFXVVLRQ�LV�)UHVQHO
ZKR��LQ�������IRUPXODWHG�WKDW�WKH�VSHHG�RI�OLJKW��Y��LQ�D�PRYLQJ�PHGLXP�ZRXOG
EH�
Y� �F�Q�����������Q����X
:KHUH� �Q�� LV� WKH� UHIUDFWLYH� LQGH[� DQG� �X�� LV� WKH� PHGLXP
V� YHORFLW\�� 2U�� LQ� \HW
DQRWKHU� IUDPH� RI� UHIHUHQFH�� WKH� YHORFLW\� YHFWRU� RI� OLJKW� ZRXOG� HTXDWH� WR� WKH
YHORFLW\� RI� OLJKW� DV� LW� SDVVHV� WKURXJK� WKDW�PHGLXP�� SOXV� WKH�PHGLXP
V� YHORFLW\
WLPHV�WKH�)UHVQHO�GUDJJLQJ�FRHIILFLHQW�>/HRQKDUGW�3LZQLFNL�����F@�
2QH� DGGLWLRQDO� IDFWRU� LQ� WKLV� UDWKHU� XQLTXH�EUDQFK�RI� SK\VLFV� WR� FRQVLGHU� LV� RI
ZKHQ�D�ZDYH�SURSDJDWHV�RXWZDUG�RQO\�WR�UHWXUQ��%HFDXVH�� LI�DQ�HOHFWURPDJQHWLF
ZDYH��RU�JUDYLWDWLRQDO�ZDYH��FDQ�EH�DVVXPHG�DQDORJRXV�WR�DQ�RSWLFDO�ZDYH�WKHQ
DIWHU� LW� SURSDJDWHV� DZD\� IURP� WKH� FHQWUDO� YRUWH[�� ZKHQ� LW� HQWHUV� WKURXJK� WKH
DD8)2·V�WRURLG�ZDOO�LW�ZLOO�EH�GHIUDFWHG�E\�WKDW�WUDQVSDUHQW�ZDOO�DQG�WRURLG�IOXLG
LQ� D�&&:�GLUHFWLRQ��$QG�� EHFDXVH� RI� WKH�$KDURQRY�%RKP� HIIHFW� LQ� D�PRYLQJ
IOXLG�WKH�HOHFWURPDJQHWLF�ZDYH�ZLOO�WKHQ�EH�IXUWKHU�GUDJJHG�&&:�DORQJ�ZLWK�WKH
PRYLQJ� IORZ� ZKLFK� ZLOO� DOVR� EH� &&:� �VHH� ILJXUH� ����� 7KHQ� ZKHQ� WKH� ZDYH
ERXQFHV�EDFN�WRZDUG�WKH�FHQWHU�DQG�SDVVHV�LQWR�WKH�FHQWUDO�HUJRVSKHUH�LW�ZLOO�EH
FDXJKW� LQWR� WKH� LQHUWLDO� IUDPH�GUDJJLQJ� RFFXUULQJ� LQVLGH� HUJRVSKHUH�$�� DQG�ZLOO
WKHQ� EH� LQIOXHQFHG� E\� WKDW� IORZ� EHFDXVH� LW� DOVR� ZLOO� EH� D� PRYLQJ� GLVSHUVLYH
PHGLXP��,Q�WKLV�ZD\�IRU�LQVWDQFH��LW�FDQ�HDVLO\�EH�VHHQ�KRZ�VRXQG�ZDYHV�UHIOHFWHG
EDFN�LQWR�WKH�YRUWH[�ZLOO�KDYH�WKHLU�YHORFLWLHV�VORZHG�GRZQ�WR�PXFK�ORZHU�WKDQ
WKHLU�DWPRVSKHULF�DLU� VSHHG��DQG�EHFRPH� WUDSSHG�E\� WKH� URWDWLQJ� ILHOGV�RI�ERWK
WKH�YRUWH[�$1'�WKH�FHQWUDO�HUJRVSKHUH�
%XW�WKHQ��WKLV�FUDIW
V�WRURLG�VKHOO�PD\�KDYH�HYHQ�PRUH�WR�LW��/RRNLQJ�DW�WKH�VLGH
YLHZ�� WKH� HOHFWURPDJQHWLF� ZDYH� ZLOO� SHUPHDWH� LQWR� WKH� WRURLG� IOXLG� DQG� DIWHU
VWULNLQJ�DJDLQVW�WKH�RXWHU�KXOO�ZDOO�ZLOO�ERXQFH�83:$5'�DQG�FRQWLQXDOO\�UHIOHFW
WKURXJK� WKH�PRYLQJ� WRURLG� IOXLG�� DQG�EH� VORZHG�GRZQ� VXEVWDQWLDOO\� RQ� LWV�ZD\
EDFN�LQWR�WKH�FHQWUDO�HUJRVSKHUH�
3RVVLEO\�WKLV�IDFWRU�RI�WKH�GLVSHUVLRQ�UHODWLRQ�RI�WKH�8)2�FUDIW
V� LQWHUQDO�HQHUJ\
ILHOGV�FDQ�EH�LOOXVWUDWHG�LQ�WKH�GLQN�GLQN�GLQN�HSLVRGH��JLYHQ�LQ�VHFWLRQ������RI�WKH
8)2�FUDIW�ZKHQ� LW� SRZHUHG� XS�ZLWK� D� ORXG� VZLUOLQJ� QRLVH� EXW� WKHQ� IOHZ� DZD\
TXLWH�VLOHQW�ZLWK�MXVW�LWV�GLQN�GLQN�GLQN�VRXQG��)RU� LQLWLDOO\�WKH�ZDYHV�UDGLDWLQJ� LQ
DQG�RXW�RI�WKH�FUDIW
V�EODFN�YRUWH[�ZRXOGQ
W�KDYH�HQWHUHG�LQWR�WKH�VXSHUUDGLDQFH
PRGH�VWUDLJKWDZD\��WKH\�ZRXOG�KDYH�SURSDJDWHG�LQWR�WKH�WRURLG
V�IOXLG�IRU�VHYHUDO
VHFRQGV�EHIRUH�DOWHULQJ� WKDW� IOXLG
V�GLHOHFWULF�GLVSHUVLRQ� UDWLR� WR�EULQJ�GRZQ� WKH
UHERXQGLQJ�YHORFLW\�RI�WKRVH�ZDYHV��2QO\�DIWHU�WKLV�ZHUH�GRQH�FRXOG�WKH�SURSHU
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UHIOHFWLQJ�ZDOOV� EH� HVWDEOLVKHG� DQG� WKH� VXSHUUDGLDQFH� KDYH� FRPH� RQ� VRQJ�� 7KH
GLQN�GLQN�GLQNV�EHLQJ�WKH�ZDYH�SDFNHWV�EHLQJ�HMHFWHG�WKURXJK�WKH�FUDIW
V�ULP�
����8)2V�(VWDEOLVK�(OHFWURPDJQHWLF�$QFKRU�:LWKLQ�7KHLU�(UJRVSKHUH
7KH� PDLQ� HOHFWURG\QDPLF� FRPSRQHQWV� RQ� WKH� LQVLGH� RI� WKH� DD8)2� ZKLFK� LWV
FKDUJHG�SDUWLFOHV�ZLOO�EH�DIIHFWHG�E\�DUH�� WKH����PDJQHWLF�ILHOG� LQWHQVLWLHV����� WKH
SK\VLFDO�ZDOOV�RI�WKH�HUJRVSKHUHV����� WKH�ULP
V�ZKLWH�KROH�ZDOO� �DQG� LWV�PDJQHWLF
ERWWOH�QHFN������WKH�FHQWUDO�EODFN�YRUWH[�����WKH�FRQFHQWULFLW\�RI� WKH�HUJRVSKHUHV
UHODWLYH�WR�WKH�FHQWUDO�EODFN�YRUWH[�WKDW�IRUP�UHERXQGLQJ�ZDOOV�IRU�WKH�DFFHOHUDWHG
FKDUJHG�SDUWLFOHV�WR�ERXQFH�RII�����WKH�PDJQHWLF�ILHOG�DQFKRU�PHFKDQLVP�VLWXDWHG
DURXQG� WKH� RXWHU� ULP� RI� WKH� FUDIW� HQDEOLQJ� WKH� WRURLG
V� PDJQHWLF� ILHOG� WR� EH
VWUHWFKHG�DQG�WZLVWHG�E\�WKH�VSKHUH�VHW�DVVHPEO\�
:KLOH� QXPEHUV� RQH� WKURXJK� ILYH� RI� WKH� DERYH� FRPSRQHQWV� KDYH� DOUHDG\� EHHQ
H[SODLQHG�LQ�WKH�SUHYLRXV�VHFWLRQV�RI�WKLV�VWXG\�WKH�ODVW�RI�WKHVH�FRPSRQHQWV�KDV
RQO\�UHFHLYHG�VFDQW�PHQWLRQ�XS�WLOO�QRZ��EHFDXVH�LW�ZLOO�IHDWXUH�LQ�WKH�VHFRQGDU\
VXSHUUDGLDQFH�SRZHU�DPSOLILFDWLRQ�SURFHVV� �GHOLQHDWHG� LQ� WKH�IROORZLQJ�VHFWLRQ��
7KDW� WKH�(7V� KDYH� XWLOL]HG� WKH� VXEVWDQWLDO� DQFKRUDJH� DW� WKH� RXWHU� ULP� WR� VXFK
JRRG�HIIHFW�DOVR�VKRZV�KRZ�GHIW�WKH\�DUH�DW�HOHFWURPDJQHWLF�GHVLJQ��7R�GDWH�QR
VWXG\� RQ� EODFN� KROH� G\QDPLFV� KDV� HYHU� HVWDEOLVKHG� D� GHILQLWLYH� DQFKRULQJ
PHFKDQLVP�>QRWH����@�
$V�FDQ�EH�VHHQ�LQ�WKH�YDULRXV�GLDJUDPV�IRU�WKLV�FUDIW��SDUWLFXODUO\�LQ�ILJXUHV��������
��� DQG� ���� WKH� HOHFWURPDJQHWLF� DQFKRUDJH� DW� WKH� SHULPHWHU� ULP� RI� WKH� WRURLG
DOORZV� WKH� WRURLG
V�PDJQHWLF� ILHOGV� WR�ZRUN� LQ�D�ZD\�DQDORJRXV� WR� D�PHFKDQLFDO
VSULQJ� DQG� EH� XVHG� WR� VWRUH� HOHFWUR�PHFKDQLFDO� IRUFH�� $QG� WKLV� FRSLHV� ZKDW
KDSSHQV�RXW� LQ� VSDFH� DURXQG�D�EODFN�KROH��ZKHUH� DQ� HOHFWURPDJQHWLF� DQFKRU� LV
DOVR�IRXQG��%XW�PHFKDQLFDO�VSULQJV�KDYH�WR�EH�KHOG�DW�RQH�HQG�VR�WKDW�WKH\�FDQ�EH
WRUTXHG�XS���RWKHUZLVH�\RX�FDQ�WXUQ�WKH�NH\�WR�WU\�DQG�ZLQG�WKHP�XS�IURP�QRZ
XQWLO� WKH�GD\�RQH�RI�6HDUO
V� URWRUV�FRPH�EDFN�GRZQ� WR�HDUWK�DQG�\RX�ZRQ
W�JHW
DQ\�WRUTXH�RXW�RI�LW���,Q�VSDFH��WKH�DVWURSK\VLFDO�
VSULQJ
�ZKLFK�UHVLGHV�EHWZHHQ�D
KROH� DQG� LWV� DFFUHWLRQ� GLVN� UHOLHV�PRVWO\� RQ� DQ� DEXQGDQFH� RI� FKDUJHG� SDUWLFOHV
DFWLQJ� OLNH� VKHHWV� WKDW� FDQ
W� TXLWH� IROORZ� WKH� IUHH�WZLVWLQJ� RI� WKDW� V\VWHP
V
PDJQHWLF� IOX[� OLQHV� �DV�DOOXGHG� WR�DERYH� LQ� VHFWLRQ�������� DOWKRXJK�� LW� KDV� WR�EH
VDLG��WKLV�PHWKRG�RI�DQFKRUDJH�LV�QRW�WKH�PRVW�HIILFLHQW��%XW�KHUH�LQ�WKH�DD8)2
FUDIW�� LWV�PDJQHWLF�DQFKRU�ZLOO�EH�KHOG�YHU\�ILUPO\�LQ�SODFH�E\�WKH�WZR�ULP�ILHOGV
DQG�E\�WKH�SRZHU�RI�WKH�ZKLWH�KROH
V�ZDOO�RI�SODVPD�HQHUJLVLQJ�WKH�ULP
V�PDJQHWLF
ERWWOH�QHFN�� DQG� E\� WKH� LQGXFWLYH� FRXSOLQJ� EHWZHHQ� DOO� RI� WKH� PDMRU� ULQJV� RI
J\UDWLQJ�HQHUJ\�LQVLGH�WKLV�FUDIW��DQG�VR�WKH�PRUH�WKRVH�ULQJV�DUH�SRZHUHG�XS�VR
ZLOO� WKH� DQFKRU� EH� KHOG� IDVW� LQWR� WKDW� FRXSOLQJ� DW� WKH� SHULPHWHU� RI� WKH� SODQDU
ZDYHJXLGH�
����6XSHUUDGLDQFH�3OXV��$QRWKHU�3ODVPD�3XPS��5HFRQQHFWLRQ�3DUW�,,,�
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)LJXUH� ����7KH� EUHDNLQJ� DQG� UHFRQQHFWLRQ�RI�PDJQHWLF� ILHOG� OLQHV�ZLOO� JHQHUDWH
SXOVLQJ�VKRFN�ZDYHV�WKURXJK�HDFK�RI�WKH�IRXU�TXDGUDQW�ILHOGV
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4XLWH�XQH[SHFWHGO\��ZLWKLQ�LWV�FRQILQHG�YROXPH�WKH�SODQDU�ZDYH�JXLGH�ZLOO�DVVLVW
\HW�DQRWKHU�DPSOLILFDWLRQ�GHYLFH��%HFDXVH�RI� WKH�J\UDWLQJ�PRWLRQ�RI� WKH�VWRUDJH
ILHOG�RI�FKDUJHG�SDUWLFOHV�� WKRVH�SDUWLFOHV�ZLOO� IRUP� LQWR�D� VSLUDO�ZLWK�FRQFHQWULF
ULEV�ZLWKLQ� WKDW� ZDYHJXLGH� �ZKLFK� ILHOG�ZLOO� YLVXDOO\� ORRN� OLNH� DQ� XQLQWHUUXSWHG
FLUFXODU�VKHHW�RI�YLEUDQW�HQHUJ\���DQG�WKRVH�ULEV�ZLOO� WKHPVHOYHV�DFFHOHUDWH�RWKHU
FKDUJHG�SDUWLFOHV��%XW�ZKHQ�WKH�VSKHUH�VHWV�DUH�DOORZHG�WR�URWDWH�DQG�WKH\�SXOO�RQ
WKH�PDJQHWLF�IOX[�OLQHV�RI�HDFK�RI� WKH�IRXU�TXDGUDQW�ILHOGV��EHFDXVH� WKRVH�ILHOGV
DUH� ILUPO\� DQFKRUHG� DW� WKH� ULP�� DQG� WKH� VXEVHTXHQW� EUHDN� DQG� UHFRQQHFWLRQ
SURFHVV�RFFXUV�WR�HDFK�IOX[�OLQH��WKHUH�ZLOO�DW�HDFK�RI�WKHVH�EUHDN�UHPDNH�HYHQWV
EH� SURGXFHG� LRQL]LQJ� VKRFN� ZDYHV� WKDW� ZLOO� VSUHDG� RXWZDUG� IURP� WKRVH� IRXU
EUHDN�UHFRQQHFWLRQ� ORFDWLRQV��7KHVH�ZLOO�FRQVWLWXWH�0+'�VKRFN�ZDYHV�DQG�ZLOO
DFFHOHUDWH�FKDUJHG�SDUWLFOHV�RXWZDUG�IURP�HDFK�RI�WKHVH�IRXU�HSLFHQWHUV�WR�VSUHDG
WKURXJK� WKH� FRQILQHG� SODQDU�ZDYHJXLGH�� FDXVLQJ� WKHVH� IRXU� JURXSV� RI� LRQL]LQJ
ZDYHV�WR�ULSSOH�WKURXJK�WKH�FRQFHQWULF�ULEV�RI�WKH�J\UDWLQJ�VWRUDJH�ILHOG��7KLV�ZLOO
JHQHUDWH�D�FRQWLQXRXV�IUHQ]\�RI�PLQL�H[SORVLRQV�DW�HDFK�RI�WKH�IRXU�ORFDWLRQV�WKDW
ZLOO�HIIHFWLYHO\�SURGXFH�PXOWLSOH�&RPSWRQL]HG�FROOLVLRQV�ZLWKLQ�WKH�VWRUDJH�ILHOG
�DQG�ZLWKLQ�WKH�GLIIXVH�OD\HUV�RI�FKDUJHG�SDUWLFOHV�DFFXPXODWLQJ�RQ�WKH�XSSHU�DQG
ORZHU� ZDOOV� RI� WKDW� ZDYHJXLGH��� ZKLFK� ZLOO� JHQHUDWH� FRSLRXV� DPRXQWV� RI� IUHH�
HOHFWURQV� WR� VXSSOHPHQW� WKH� VWRUDJH� ILHOG
V� KLJKO\� HQHUJLVHG� J\UDWLRQV�� ,Q� WKH
DVWURSK\VLFV�PRGHOV�VLPLODU�EUHDN�UHPDNH�SURFHVVHV�FDXVHV�UXQDZD\�HOHFWURQV�WR
EH� VSRQWDQHRXVO\� HPLWWHG� DQG� KHDW� WR� EH� JHQHUDWHG�� 7KLV� LV� DOVR� VLPLODU� WR� WKH
SKHQRPHQRQ� NQRZQ� DV� GLIIXVH�VKRFN� �DQG� ILUVW�RUGHU� )HUPL�� DFFHOHUDWLRQ�� DQG
ZKLFK� KDSSHQV� DURXQG� D� EODFN� KROH� V\VWHP�ZKHUH� FKDUJHG� SDUWLFOHV� DUH� IRUFHG
EHWZHHQ� VKHDULQJ� SODVPD� ILHOGV� DQG� DUH� UHSXOVLRQ�DFFHOHUDWHG� WR� LQFUHDVH� WKHLU
HQHUJLHV�TXLWH�VXEVWDQWLDOO\��7KH�ULEV� LQ� WKLV�8)2·V�SODQDU�ZDYHJXLGH�VKRXOG�EH
H[SHFWHG� WR� GR� D� VLPLODU� WKLQJ� DQG� EHFRPH� SDUWLFOH� DFFHOHUDWRUV� WKHPVHOYHV
EHFDXVH� RI� WKHLU� LQKRPRJHQHRXV� ILHOG� VWUHQJWKV� �IURP� WKHLU� VSLUDOOLQJ� UDGLDO
HOHFWULF�ILHOG�PRYLQJ�IURP�WKH�FHQWHU�RXWZDUG���7KH�DD8)2·V�SODQDU�ZDYH�JXLGH
PLPLFV�WKH�YHU\�VWURQJ�PDJQHWLF�ILHOGV�ZKLFK�VDQGZLFK�DQ�DVWURSK\VLFDO�DFFUHWLRQ
GLVN�� EXW� LW� DOVR� SURYLGHV� WKH� DGGHG� IDFWRU� RI� FRQILQHPHQW� ZLWKLQ� LWV� QDUURZ
FLUFXODU�FKDQQHO�>QRWH����@�
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)LJXUH� ���� )RXU� TXDGUDQW� ILHOGV� ZLOO� XQGHUJR� EUHDN�UHFRQQHFWLRQ� VKRFN�
H[SORVLRQ�HPLVVLRQV�VLPXOWDQHRXVO\
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$GGLQJ� WR� WKLV�ZLOO� EH� WKH�SXOVLQJ� �DW� DERXW� ���+]��ZKLFK�ZLOO� FRPH� IURP� WKH
EHDPV�EHLQJ�ILUHG� LQWR� WKH� WRURLG�IOXLG��7KHVH�EHDPV��ZKHQ� WKH\�SXOVH� LQWR� WKH
WRURLG� IOXLG� DQG� WULJJHU� WKHLU� LRQL]LQJ� PHFKDQLVPV�� ZLOO� VXEVHTXHQWO\� LQGXFH
UHDFWLRQV� LQWR� WKH�HOHFWULF� ILHOGV�DFFXPXODWLQJ� �DV� WKH�GLIIXVH� OD\HUV�� RXWVLGH� WKH
XSSHU� WRURLG� IDFLQJ�� ZKLFK� ZLOO� EH� H[DFWO\� ZKHUH� WKH� TXDGUDQW� ILHOGV� ZLOO� EH
F\FOLQJ�WKURXJK�WKHLU�EUHDN�UHFRQQHFWLRQ�SURFHVVHV�ZLWKLQ�WKH�SODQDU�ZDYHJXLGH�
DV� D� UHVXOW� WKH� VKRFN� ZDYHV� FRPLQJ� IURP� WKHVH� HSLFHQWHUV� ZLOO� WKHPVHOYHV
LQWHUIHUH�ZLWK�WKH�HQHUJLHV�IORZLQJ�RXW�RI�WKH�FHQWUDO�YRUWH[��1HHGOHVV�WR�VD\�VXFK
D�IUHQ]\�RI�FROOLVLRQV�DURXQG�WKH�IRXU�HSLFHQWHUV�RI�VKRFN�ZDYHV�ZLOO�KDYH�WR�EH
RUFKHVWUDWHG�� DQG� WKLV� ZLOO� EH� GRQH� WKURXJK� WKH� FRQILQLQJ� IDFWRU� RI� WKDW
ZDYHJXLGH��DQG� WKURXJK� WKH� LQIOXHQFH�RI� WKH� VWRUDJH� ILHOG�J\UDWLQJ� WKURXJK� WKLV
FRQILQLQJ�ZDYHJXLGH�>QRWH����@�
7KLV� FRQILQHPHQW�ZLOO� FRQFHQWUDWH� WKH�&RPSWRQL]DWLRQ� HIIHFW� WKDW� WKH� J\UDWLQJ
VWRUDJH�ILHOG�LWVHOI�ZLOO�EH�XQGHUJRLQJ�WKURXJK�WKH�ZKROH�RI�WKH�SODQDU�ZDYH�JXLGH
�DQG�PRVW� HVSHFLDOO\� WRZDUG� WKH� YHQD� FRQWUDFWD�ZKHUH� WKH�ZDYHJXLGH� FRQWUDFWV
HYHQ�PRUH���$V�PHQWLRQHG� LQ� VHFWLRQV������ DQG������� WKLV� ILHOG�ZLOO� EH�J\UDWLQJ
LQVLGH�D�ZDYHJXLGH�RI�DURXQG����FP�GHHS�ZKLFK�WKHQ�FRQWUDFWV�GRZQ�WR�DURXQG��
FP� GHHS�� DW� WKH� VDPH� SODFH� ZKHUH� WKHUH� ZLOO� EH� DQ� LQWHQVLI\LQJ� RI� WKH� ULP
V
PDJQHWLF� ILHOG�� 6R�� E\� WXUQLQJ� WKH� FHQWUDO� VSKHUH�VHW� DVVHPEO\�� WR�SXOO� RQ� WKHVH
TXDGUDQWV��WKHUH�ZLOO�EH�SURYLGHG�D�WUHPHQGRXV�DPSOLILFDWLRQ�IDFWRU�LQ�WKH�FUDIW
V
HOHFWURG\QDPLF�IRUFHV�
,I�\RX�FDQ�SLFWXUH�DW� WKH�FHQWHU�RI� WKH�8)2�ZKHUH� WKH�VSKHUH�VHWV�DUH�URWDWLQJ�
DQG�DW�WKH�RXWHU�ULP�RI�WKH�FUDIW�WKH�J\UDWLQJ�VWRUDJH�ILHOG�EULJKW�DQG�EXV\�ZLWK
ILUHG�XS�HOHFWURQV�VWUHDNLQJ�DURXQG�WKH�FUDIW�MXVW�LQVLGH�WKH�ULP��DQG��LI�\RXU�H\HV
FRXOG�VHH�WKHP��WKH�HOHFWURPDJQHWLF�ZDYHV�UDGLDWLQJ�RXW�RI�WKH�EODFN�YRUWH[�LQ�D
UK\WKPLF�UHVRQDQFH��LW�PLJKW�WKHQ�EH�SRVVLEOH�WR�VHH�WKH�ULEV�RI�WKH�VWRUDJH�ILHOG
DV�J\UDWLRQV�VSLUDOOLQJ�LQ�DQG�RXW�RI�WKH�FHQWUDO�SKRWRQ�ULQJ��7KHQ��ZLWK�WKH�IRXU
JURXSV� RI� VKRFN� ZDYHV�� WXUQLQJ� DW� WKH� VDPH� VSHHG� DV� WKH� VSKHUH�VHWV�� ULSSOLQJ
WKHLU� ZDYHV� WKURXJK� WKDW� VSLUDOOLQJ� VKHHW� RI� EULJKWQHVV� ZLWK� HYHQ� EULJKWHU
UDGLDQFHV��WKHQ�WKDW�ZRXOG�EH�WKH�8)2
V�HOHFWURG\QDPLF�HQJLQH��7KHQ��ZKHQ�WKH
VXSHUUDGLDQFH�EHJLQV� ULQJLQJ� EDFN� DQG� IRUWK� EHWZHHQ� WKH� FHQWHU� RI� WKDW� HQJLQH
DQG� WKH� RXWHU� ULP�� VR� IDVW� WKDW� LWV� EOLQGLQJ� IODVKHV� DUH� DOPRVW� EOXUUHG� WRJHWKHU
XQLQWHUUXSWHG�� WKHQ� WKDW
V� DERXW� ZKDW� LW� ZRXOG� EH� OLNH� LQVLGH� WKLV� $QGUHDVVRQ
$IIDLU�8)2�>QRWH����@� ��
)XUWKHUPRUH��E\�DPSOLI\LQJ�WKH�YRUWH[
V�JUDYLWDWLRQDO�UDGLDWLRQ�WKHUH�FDQ�RQO\�EH
RQH� UHVXOW� UHODWLYH� WR� DQ\� QHDUE\�PDVV� �� DQG� WKDW�ZLOO� EH� D� JUHDWHU� SXOO� RQ� WKDW
PDVV��'HSHQGLQJ�RQ�KRZ�PDQ\�WLPHV�WKH�JUDYLWDWLRQDO�ILHOG�LV�UHIOHFWHG�EDFN�LQWR
WKH� FHQWUDO� YRUWH[� DQG� DPSOLILHG� WKDW� JUDYLWDWLRQDO� ILHOG� LV� JRLQJ� WR� JURZ� YHU\
VWURQJ�
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����6WDELOLVLQJ�WKH�%DFN�(0)�RQ�WKH�%ODFN�9RUWH[
7KH�VXGGHQ�HPLVVLRQ�RI�WKH�VXSHUUDGLDQW�ZDYH�SDFNHWV�RXW�RI�WKH�FLUFXPIHUHQWLDO
GXFW�ZRXOG�LQ�PRVW�FLUFXPVWDQFHV�DWWHPSW�WR�GUDJ�HYHU\WKLQJ�RXW�RI�WKH�FHQWHU�RI
WKH�FUDIW�ZLWK�LW��SRVVLEO\�HYHQ�VXFN�WKH�EODFN�YRUWH[�RXW�RI�H[LVWHQFH�� LI� LW�ZHUH
QRW� IRU� WKH� FLUFXPIHUHQWLDO� ULP� HIIHFWLQJ� ERWK� D� WKUHVKROG� OLPLW� RQ� WKH� HQHUJ\
EHLQJ�HPLWWHG� LQ�HDFK�ZDYH��$1'�LWV�PDJQHWLF�PLUURU�SHUIRUPLQJ�WKH�WDVN�RI�D
VRUW�RI�
RQH�ZD\�YDOYH
�WKDW�ZRXOG�DFW�OLNH�D�UHYHUVH�ELDVHG�YROWDJH�GLRGH�GRHV�LQ
DQ�HOHFWURQLF�FLUFXLW��2EYLRXVO\��WKLV�LOOXVWUDWHV�WKDW�LW�ZRXOG�EH�LPSRUWDQW�WR�QRW
DOORZ� WKH�EODFN�YRUWH[� WR�H[SHO� DOO� RI� LWV� HQHUJ\�ZLWK� WKHVH� VXSHUUDGLDQW�EXUVWV�
DQG�LW�VKRXOG�VKRZ�WKDW�LW�ZRXOG�EH�EHQHILFLDO�WR�KDYH�WKH�EODFN�YRUWH[�VRPHKRZ
SXOO�EDFN�VRPH�RI� WKH�RXWJRLQJ�HQHUJ\�DOORZLQJ� LW� WR� UHFRLO�EDFN� LQWR� WKH�EODFN
YRUWH[�FLUFXLW�>QRWH����@��7KLV�UHFRLO�ZRXOG�KDYH�WKH�HIIHFW�RI�JHQHUDWLQJ�D�EDFN�
(0)�VHOI�LQGXFWDQFH�ZKLFK��DV�DOO�HOHFWURQLF�H[SHULPHQWHUV�ZLOO�NQRZ��OHDGV�WR�D
VXGGHQ�DQG�WHPSRUDU\�DPSOLILFDWLRQ�RI�D�FLUFXLW
V�SRZHU��DV�KDSSHQV�HYHU\�WLPH�D
FLUFXLW� LV� VZLWFKHG�RQ� DQG�RII� DQG� LV� XVXDOO\� UHJDUGHG� DV� D� GHWULPHQWDO� UHDFWLRQ
EHFDXVH�LW�WHPSRUDULO\�ORDGV�WKH�FLUFXLW�FRPSRQHQWV��EXW�LQ�WKLV�FDVH�LW�PLJKW�EH�D
EHQHILFLDO� UHDFWLRQ� DV� LW� ZRXOG� EH� LQVWUXPHQWDO� LQ� VHWWLQJ� XS� D� WR�DQG�IUR
RVFLOODWLQJ�UK\WKP��%\�SXUSRVHO\�HQFRXUDJLQJ�WKDW�EDFN�(0)�LQ�WKLV�SDUW�RI� WKH
HOHFWURG\QDPLF�FLUFXLW�WKHUH�PD\�WKHQ�EH�IRXQG�D�ZD\�WR�H[SORLW�WKLV�HIIHFW�VR�DV
WR�FRQWLQXDOO\�VXSSO\�WKH�EODFN�YRUWH[�ZLWK�DQ�LPSORVLYH�FROODSVLQJ�IRUFH�>QRWH�
��@� ��
,GHDOO\�ERWK�WKH�HPLVVLRQ�DQG�WKH�EDFN�UHDFWLRQ�FDQ�EH�PDGH�WR�FRXSOH�WRJHWKHU
LQ�D�UHVRQDQW�KDUPRQ\��ZKHUH�RQH�IHHGV�WKH�RWKHU��SDUWLFXODUO\�DV�WKLV�WRLQJ�DQG�
IURLQJ� �RU� ULQJLQJV�ZKLFK�PLJKW�EH�D�EHWWHU� WHUP��ZLOO�EH�UHTXLUHG� WR�DPSOLI\� WKH
VXSHUUDGLDQW�ZDYH�DV�LW�ERXQFHV�EHWZHHQ�WKH�EODFN�YRUWH[�DQG�WKH�FLUFXPIHUHQWLDO
ULP��:LWK� VR�PXFK� HPSKDVLV�RQ� UHVRQDQW� IUHTXHQFLHV��SDUWLFXODUO\� LQ� WKH� ORZHU
VSKHUHV��WKH�ILQDO�DLP�ZRXOG�EH�WR�GHVLJQ�WKLV�FLUFXLW�WRZDUG�D�UHVRQDQW�IUHTXHQF\
WKDW� ZRXOG� PDNH� DOO� WKH� PLQL�FLUFXLWV� VLQJ� LQ� WKH� VDPH� NH\� �PHWDSKRULFDOO\
VSHDNLQJ��HYHQ�EHIRUH�WKH�VXSHUUHVRQDQFH�NLFNV�LQ�
����'LG�WKH�*UH\V�0HQWLRQ�6XSHUUDGLDQFH�'XULQJ������$EGXFWLRQ�"
,Q�YLHZ�RI�P\�GLVFRYHU\�WKDW�WKH�$QGUHDVVRQ�$IIDLU�8)2�JHQHUDWHV�VXSHUUDGLDQW
HQHUJLHV�� ZHUH� WKH� *UH\V� UHIHUULQJ� WR� D� VXSHUUDGLDQFH� PHFKDQLVP� ZKHQ� WKH
DFFLGHQW�WRRN�SODFH�WR�RQH�RI�WKHLU�FUDIW�ZKLFK�LQYROYHG�%HWW\�/XFD�EDFN�LQ������
ZKHQ�WKH\�UHIHUUHG�WR�LW�DV�D��URWDWLQJ�VHULHV�RI�VHPL�IXOO�VZLQJ�EDFN��PHFKDQLVP�ZKLFK
GHYHORSHG� WKH�HQHUJ\� IRU� WKHLU�8)2�FUDIW� "�$QG�GLG� WKH� VFLHQWLILF� LQYHVWLJDWRUV
ZKLFK�DWWHQGHG�%HWW\
V�K\SQRWLF� UHJUHVVLRQ�VHVVLRQV� LQ� WKH�����
V� UHFRJQL]H� WKH
WHFKQRORJ\�VKH�ZDV�GHVFULELQJ�"
$V�,�PHQWLRQHG�DW�WKH�YHU\�EHJLQQLQJ�RI�WKLV�VWXG\�WKHUH�ZHUH�VFDQW�IHZ�VFLHQWLILF
GDWXPV� RIIHUHG� E\� WKH� *UH\V� WKURXJK� %HWW\�� WKHUH� ZHUH� D� IHZ� H[WUDWHUUHVWULDO
WHUPV�XVHG�E\�WKH�*UH\V��EXW�WKHVH�DW�WKH�WLPH�ZHUHQ·W�XQGHUVWRRG��)RUWXQDWHO\�
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WKH�UHDGHU�FDQ�QRZ�SHUIHFWO\�XQGHUVWDQG�PRVW�RI�WKHP�DQG�VHH�ZKDW�WKH\�UHODWH
WR��)RU�WKRVH�UHDGHUV�ZKR�DUH�QRW�IDPLOLDU�ZLWK�WKHVH�VWUDQJH�DOLHQ�WHUPV�IURP�WKH
$QGUHDVVRQ�$IIDLU�VHULHV�RI�ERRNV�,�VKDOO�LQFOXGH�WKHP�KHUH�
7KH� ZRUGV� DQG� SKUDVHV� WKDW� %HWW\� UHPHPEHUV� ZKLFK� ZHUH� UHOD\HG� WR� KHU
SKRQHWLFDOO\�E\�WKH�*UH\V��DQG�ZKLFK�VKH�UHFDOOHG�XQGHU�K\SQRWLF�UHJUHVVLRQ�ZHUH
LQFOXGHG�LQ�WKLV�SDVVDJH��IURP�:DWFKHUV�SS�������
����DQG�WKH�EHLQJ�VD\V�WKH\�DUH�SXUJLQJ�DQG�OLQLQJ�WKH�F\FORQHWLF�WURZHO���$QG������WKH�EHLQJ�VD\V�

EDODQFLQJ� WKH� RVFLOODWLQJ� WHOHPHWHU� ZKHHOV� DQG� OHYHOLQJ�
�$K�� ,� MXVW� FDQ
W� XQGHUVWDQG� VRPH� RI
WKDW���)ROORZHG�E\�����URWDWLQJ�VHULHV�RI�VHPL�IXOO�VZLQJ�EDFN����OLTXLG�OLQH�"�0DJQHWLF�ULQJV
DQG�WKH�GHSRODUL]HG�ULP��
7KH� ILUVW� VHULHV� RI� ZRUGV� LV� H[SODLQHG� LQ� VHFWLRQ� ����� WKH� WHOHPHWHU� ZKHHOV� �ZKLFK
VKRXOG�SUREDEO\�EH�WHOHPHWD�ZKHHOV��KDYH�EHHQ�IHDWXUHG�WKURXJKRXW�FKDSWHU����WKH
VHPL�IXOO� VZLQJ�EDFN�ZRXOG� UHODWH� WR� WKH�FUDIW
V� VXSHUUDGLDQFH� DPSOLILFDWLRQV�� OLTXLG
OLQH� ZLOO� EH� WKH� WRURLG
V� UHIOHFWLQJ� IOXLG�� DQG� WKH� GHSRODUL]HG� ULP� LV� WKDW� ZKLFK� LV
H[SODLQHG�LQ�VHFWLRQ������
$W� ODVW� WKURXJKRXW� WKLV� VWXG\�� IROORZLQJ�RQH�REVHUYHG� VLPLODULW\� DIWHU� WKH�RWKHU
EHWZHHQ� WKH� DVWURSK\VLFDO� PRGHOV� LQ� VSDFH� DQG� WKH� SXUSRVHIXO� GHVLJQV� RI� WKH
H[WUDWHUUHVWULDOV�� WKLV� JUHDW� PXOWLSOLFLW\� RI� HQHUJ\�PHFKDQLVPV� RSHUDWLQJ� DW� WKH
SRZHU�FHQWHU�RI� WKLV� DD8)2�QRZ�PDNH�SHUIHFW� VHQVH� �� ,Q� WKLV�SRUWUD\DO� ,�KDYH
EHHQ�DEOH�WR�VKRZ�WKDW�WKLV�8)2
V�SRZHU�FHQWHU�LV�H[FLWDEOH�WR�WKH�H[WUHPH��DQG
HYHQ�WR�WKH�OHYHO�ZKHUH�WKH�HQHUJ\�DW�WKH�KHDUW�RI�WKLV�DD8)2�ZLOO�EH�SXPSHG�XS
WR� VWDWH� RI� PHWDVWDELOLW\�� 7KLV� FRPHV� IURP� VHYHUDO� PHFKDQLVPV� VXFK� DV� WKH
J\UDWLQJ�ILHOGV��WKH�XQXVXDOO\�KLJK�LQWHQVLW\�RI�PDJQHWLF�ILHOGV��DQG�RI�FRXUVH�WKH
FRQWLQXDO� JHQHUDWLRQ� RI� DQJXODU� PRPHQWXP� IURP� LWV� EODFN� YRUWH[�� 7KHVH
PHFKDQLVPV�VXUSDVV�WKRVH�IRXQG�LQ�WKH�DVWURSK\VLFDO�EODFN�KROH�VLPSO\�EHFDXVH
WKH�EODFN�KROH�KDV�QR�SK\VLFDO�FRQILQLQJ�HQFORVXUHV�RU�ZDOOV�DURXQG�LW�ZLWK�ZKLFK
WR� IRUP� LWV� HUJRVSKHUHV�� EXW� WKH� DD8)2� HYHQ�KDV� D�PXOWLSOLFLW\� RI� LQWHU�OLQNHG
HUJRUHJLRQV��%XW�QRZ�,�KRSH�WKDW�LW�FDQ�EH�VHHQ�WKDW�WKH�DD8)2
V�FHQWUDO�SRZHU�
GULYH�DUHD�� LQ�ZKDW�PLJKW�EH�WHUPHG�LWV�FHQWUDO�HUJRVSKHUH��H[KLELWV�D�FRQWLQXLW\
RI� GHVLJQ� IHDWXUHV� WKDW� V\QFKURQL]HV� QXPHURXV� RVFLOODWLQJ� HQHUJ\� ILHOGV� LQWR� D
JUDQG� FRKHVLRQ� RI� DOO� WKRVH� FRPSRQHQWV� WR� SURGXFH� D� XQLI\LQJ� VXSHUUDGLDQFH� RI
DFRXVWLF��HOHFWURPDJQHWLF�DQG�JUDYLWDWLRQDO� IRUFHV�DOO� FHQWHUHG�DURXQG� LWV�DWRPLF
HQJLQH�RI�D�TXDVL�EODFN�KROH��:KDW�RQ�HDUWK�ZLOO�LW�GR�ZLWK�WKRVH�HQHUJLHV�QH[W�"
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&KDSWHU�����*UDYLWDWLRQDO�0RPHQWXP�)LHOG�(MHFWLRQV

&RQWHQWV�
�����7RURLGDO�)UXVWXP�RI�+RRS�6WUHVV
�����*UDYLWDWLRQDO�0RPHQWXP�6HQW�LQWR�D�&XUYHG�*HRPHWU\
�����*DWHG�5LP�(MHFWV�(OHFWURPDJQHWLF�*UDYLWDWLRQDO�:DYH�SDFNHWV
�����'RPH
V�&XUYHG�*HRPHWU\�&RPSUHVVHV�WKH�:DYH�SDFNHWV
�����6L[WK�$PSOLILFDWLRQ��7KH�'RPH
V�$SH[�&RQWURO�RI�WKH�7XEH
V�%RUH
�����%HIRUH�(LQVWHLQ
V�&RVPRORJLFDO�&RQVWDQW�&DSHU
�����5HSXOVLYH�*UDYLWDWLRQDO�)RUFH�DQG�1HJDWLYH�6SDWLDO�&XUYDWXUH
�����8VLQJ�WKH�5HSXOVLYH�$WWUDFWLYH�)RUFHV
�����&KLUSLQJ�WKH�6HPL�IXOO�6ZLQJ�EDFNV�LQWR�:DYH�SDFNHWV
������3HUWXUEDWLRQV�WR�9DU\�WKH�2SWLFDO�7UDQVSDUHQF\�RI�6SDFHWLPH
������$�6XFFHVVIXO�0HFKDQLVP�WR�+DUYHVW�=3)�(QHUJLHV�%\

�����7RURLGDO�)UXVWXP�RI�+RRS�6WUHVV
5RFNHW�VFLHQFH�LV�DOO�DERXW�KRRILQJ�KXJH�DPRXQWV�RI�EODVW�IRUFH�RXW�WKH�EDFN�HQG
RI�D�ORQJ�F\OLQGHU��8)2V�ZRUN�RQ�D�V\VWHP�RI�SURSXOVLRQ�ZKLFK�LV�D�OLWWOH�PRUH
UHILQHG� DQG� WHFKQLFDO�� )RU� WKH\� RSHUDWH� E\� SURSHOOLQJ� D� KHOLFDO� ILHOG� RI� D
FRPELQDWLRQ� RI� IRUFHV� DKHDG� RI� WKHP� LQ� D� EHDP�� DQG� WKHQ� E\� XVLQJ� D� QDWXUDO
FRQWUDFWLRQ� RI� WKRVH� IRUFHV� WKH� FUDIW� LV� SXOOHG� WRZDUG� WKH� OHDGLQJ� SDUW� RI� WKDW
EHDP�� 7KHUHIRUH�� WR� D� 8)2� WKH� PRVW� LPSRUWDQW� ILHOG� LV� WKDW� ZKLFK� GHYHORSV
IRUZDUG�HQHUJ\�DQG�QRW�WKDW�ZKLFK�GHYHORSV�EDFNZDUG�HQHUJ\�
$QDORJRXVO\�WKHQ��WKDW�EHDP�PHFKDQLVP�ZKLFK�D�8)2�PLJKW�UHTXLUH�ZRXOG�EH
VRPHWKLQJ�OLNH�LQ�IOXLG�G\QDPLFV�ZKHUH�WKH�SOXJ�IURP�WKH�GUDLQ�LV�UHPRYHG�DW�WKH
ERWWRP�RI� D� VSKHULFDO� FDQLVWHU�� VR� WKDW� ZKHQ� WKH� FDQLVWHU
V� ZDWHU� UXVKHG� GRZQ
WKDW� GUDLQ�SLSH� LW� ZRXOG�� E\� D� QDWXUDO� SURFHVV� RI� IORZ� G\QDPLFV� WLJKWHQ� LQWR� D
VSLQQLQJ� IORZ� WKDW�ZRXOG� OHQG�D� FHUWDLQ�DPRXQW�RI�RUJDQL]DWLRQ� LQWR� WKDW� IORZ�
,QGHHG�� LQ�D�GUDLQ�SLSH� WKH�ZDWHU�ZLOO�QRW�IORZ�VWUDLJKW�GRZQ�DV�D�F\OLQGHU�ZLWK
WKH� VDPH� FURVV�VHFWLRQ� DV� WKH� LQWHUQDO� GLPHQVLRQV� RI� WKDW� SLSH�� D� YRUWH[� ZLOO
HYROYH� VR� WKDW� WKH� FURVV�VHFWLRQ� RI� WKDW� GUDLQLQJ� ZDWHU� ZLOO� DOZD\V� EH� PXFK
VPDOOHU�WKDQ�WKH�GLDPHWHU�RI�WKH�SLSH��%\�WXUQLQJ�WKLV�DQDORJ\�RYHU��E\�LQYHUWLQJ
WKDW�FDQLVWHU�DQG�JLYLQJ�LW�D�PDJQHWLF�ILHOG��LW�ZLOO�EH�VHHQ�WKDW�D�SODVPD�IOXLG��RQH

7DNH�D�EDOO�D�ORQJ�ZD\�LQWR�VSDFH��URWDWH�LW�WR�JHQHUDWH�VRPH
JUDYLWDWLRQDO�IRUFH�WR�KROG�LW�LQ�VSDFH��VR�WKDW�LW�JHQHUDWHV�VRPH
FXUYDWXUH�LQ�VSDFH�WLPH���7KHQ�PRYH�D�ODUJH�DPRXQW�RI�WKDW�VSDFH�
WLPH�FXUYDWXUH�D�VKRUW�GLVWDQFH�DZD\��ZKHUH�ZLOO�WKDW�EDOO�JR�"
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ZKLFK� LQ� WKLV� DQDORJ\� ZRXOG� LQLWLDOO\� KXJ� WKH� RXWVLGH� FXUYH� RI� WKDW� VSKHULFDO
FDQLVWHU��ZRXOG�HYHQWXDOO\�OHDYH�WKH�FDQLVWHU
V�VXUIDFH�DV�D�KHOLFDO�IORZ��)OXLGV�WKHQ
KDYH�D�WHQGHQF\�RI�RUJDQL]LQJ�WKHPVHOYHV�ZLWK�D�KLJK�GHJUHH�RI�HIILFLHQF\��DQG�LW
LV�WKDW�HIILFLHQF\�ZKLFK�QHHGV�WR�EH�UHFRJQL]HG�DQG�DPSOLILHG�IRU�WKH�8)2�
,W� LV� UHODWLYHO\�ZHOO�NQRZQ� LQ�DVWURSK\VLFV� WKDW�RQH�RI� WKH� UHDVRQV�EHKLQG�KRRS
VWUHVV�� D[LDOO\�GLUHFWHG� VWUHVV� LQ� D� FROOLPDWHG�DQG� URWDWLQJ� IORZ�� LV� WKDW� LW�ZLOO� EH
LQGXFHG� IURP� WKH� WRURLGDO�PDJQHWLF� ILHOG�ZKLFK� VXUURXQGV� D� EODFN� KROH� V\VWHP
DQG�ZKLFK�GHYHORSV�D�SODVPD�MHW�>QRWH���@��,I�WKH�UHDGHU�LQVSHFWV�WKH�¶GRQXW·�VKDSH
RI� WKH� WRURLGDO� ILHOG� LWV� HDV\� WR� VHH� ZK\� WKLV� PLJKW� EH� WKH� FDVH�� WKH� ORRSV� RI
PDJQHWLF�IOX[�DURXQG�D�WRURLG�ZLOO�IRUP�DURXQG�D�VPDOOHU�UDGLXV�RI�FXUYDWXUH�RQ
WKH�LQVLGH�RI�D�WRURLG�WKDQ�WKH\�ZLOO�DW�WKH�RXWHU�SHULPHWHU��VR�WKDW�WKH�LQWHQVLW\�RI
PDJQHWLF�IRUFH�ZLOO�EH�JUHDWHU�RQ�WKH�LQVLGH��DQG�WKH�ELJJHU�WKH�WRURLG�WKH�JUHDWHU
WKH�GLIIHUHQFH�WKHUH�ZLOO�EH�LQ�FXUYDWXUH��7KXV��ZKLOH�WKH�/RUHQW]��-�[�%��IRUFH�RQ
SDUWLFOHV�PRYLQJ�LQ�WKDW�PDJQHWLF�ILHOG�ZLOO�EH�VWURQJHU�WRZDUG�WKH�LQVLGH�VR�WKHUH
ZLOO� EH� D� VWUHVV� RU� IRUFH� GLUHFWLQJ� SDUWLFOHV� IURP� WKH� RXWVLGH� WRZDUG� WKH
ORQJLWXGLQDO�D[LV�RI�WKDW�WRURLG��7KLV� LV�ZKDW�WKH�KRRS�VWUHVV� LV��DQ�D[RQSHWDO�RU
D[LV�VHHNLQJ�IRUFH�
$� VLPLODU� VWUHVV�ZLOO� UHVXOW� IRU� D� FKDUJHG� SDUWLFOH� URWDWLQJ� DURXQG� D� FRQYHUJLQJ
�QRQ�XQLIRUP��PDJQHWLF�ILHOG��EHFDXVH�ZKHQ�DOO�WKRVH�ILHOG�OLQHV�FRQYHUJH�UDGLDOO\
WRZDUG�D�FHQWHU�WKHQ�WKH�PDJQHWLF�LQWHQVLW\�ZLOO�DOZD\V�EH�PXFK�VWURQJHU�WRZDUG
WKH� FHQWHU� WKDQ� DZD\� IURP� LW�� &KDUJHG� SDUWLFOHV� LQ� WKLV� ILHOG� FRQILJXUDWLRQ� ZLOO
QDWXUDOO\�GULIW�FHQWULSHWDOO\�LQWR�WKH�VWURQJHU�SDUW�RI�WKDW�ILHOG�
7KLV� LV� WKH� WULFN�ZLWK�PRVW� DOO�8)2V��ZKHWKHU� WKH\�KDYH� D� VDXFHU� VKDSH�RU� DUH
VSKHULFDO�RUEV�RU�ZKHWKHU�WKH\�DUH�URXQG�XSULJKW�F\OLQGHUV��WKH\�ZLOO�DOO�GHYHORS
VRPH�VRUW�RI�WRURLGDO�HQHUJ\�ILHOG�DURXQG�WKHLU�RXWHU�SHULPHWHUV��7ULDQJOHV�LI�\RX
ORRN� DW� WKH� LPDJHV� RI� WKHP� DUH� FRPSULVHG� RI� DUUD\V� RI� FLUFXODU� HQHUJ\� ILHOGV
�XVXDOO\�ILYH��VL[�RU�VHYHQ���DJDLQ��WKHVH�DUH�VLPSO\�PXOWLSOH�URWDWLQJ�HQHUJ\�ILHOGV
FOXPSHG�WRJHWKHU�LQWR�RQH�VWUXFWXUH�GHYHORSLQJ�PXOWLSOH�WRURLGDO�PDJQHWLF�ILHOGV�
,Q� VDXFHU�VKDSHG�8)2V� WKH�GLDPHWHU�RI� WKH�GLVN� DFWXDOO\�EHFRPHV�D� VLJQLILFDQW
IDFWRU� LQ� WKDW� FUDIW·V� DPSOLILFDWLRQ� SURFHVV�� EHFDXVH� LW� ZLOO� GHWHUPLQH� WKH� RXWHU
GLDPHWHU� RI� LWV� WRURLG� ILHOG�� DQG� HQHUJ\� WUDQVIHUUHG� IURP� D� ODUJH� GLDPHWHU� ZLOO
DOZD\V�VSLQ�IDVWHU�DQG�EHFRPH�PRUH� LQWHQVLILHG�DIWHU� LW�FXUOV�GRZQ� WR�D� VPDOOHU
GLDPHWHU�
6XFK� D�SHULPHWHU� WRURLGDO� ILHOG� IRU� D� VDXFHU�VKDSHG�GRPHG� FUDIW� ,�ZRXOG� FDOO� D
IUXVWXP� PDJQHWLF� ILHOG� EHFDXVH� LWV� EDVLFDOO\� D� FRQLFDO�VKDSHG� WRURLG�� 2Q� WKH
LQVLGH�RI�WKDW�IUXVWXP�WKH�FXUYDWXUH�ZLOO�EH�VPDOOHU�WKDQ�RQ�WKH�RXWVLGH�VR�WKHUH
ZLOO�EH�D�PDJQHWLF�SRWHQWLDO�GLIIHUHQFH��&KDUJHG�SDUWLFOHV�ZLOO�DOZD\V�FXUYH�LQZDUG
WRZDUG� WKH� D[LV� RI� D� IUXVWXP� WR� D� OHVVHU� UDGLXV� RI� FXUYDWXUH� WKURXJK�PDJQHWLF
GULIW�� DQG� LQGHHG�� ZLOO� XVXDOO\� FDXVH� WKDW� IUXVWXP�VKDSHG� PDJQHWLF� ILHOG� WR� EH
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VWUHWFKHG� DQG�GUDZQ� LQZDUG� WRZDUGV� LWV� FHQWUDO� D[LV�� DQG� DW� WKH� VDPH� WLPH�ZLOO
FDXVH� WKRVH�FKDUJHG�SDUWLFOHV� WR� VSLQ� IDVWHU�� WR� IDFLOLWDWH� WKH� VSLQQLQJ� LFH�VNDWHU
HIIHFW��DURXQG�WKH�D[LV�RI�URWDWLRQ�
7KHUHIRUH�WKH�PRVW�VLJQLILFDQW�SULQFLSOH�ZLWK�D�WRURLG�ILHOG�RI�HQHUJ\��ZLOO�EH�WKDW
ZKHQHYHU�LWV�FKDUJHG�SDUWLFOHV�EHFRPH�DPSOLILHG��WKH\�ZLOO�GULIW�WRZDUG�WKH�LQVLGH
RI�WKDW�WRURLG��DQG�DV�WKH\�VSLQ�DURXQG�WKDW�WRURLG·V�D[LV�DOO�WKH�PRUH�IDVWHU�WKH\
ZLOO�XQGHUJR�D�UHODWLYH�LQFUHDVH�LQ�PRPHQWXP��%XW��DV�LQ�WKH�JUDQGLRVH�H[DPSOHV
RI� TXDVDUV� DQG� SXOVDUV�� WKDW� LQFUHDVH� LQ� PRPHQWXP� HQHUJ\� DURXQG� D� VPDOOHU
UDGLXV� RI� FXUYDWXUH� FDQ� JR�QRZKHUH� RWKHU� WKDQ� XS�RU� GRZQ� DORQJ� WKDW� D[LV� RI
URWDWLRQ��DQG�VR�WKH�URWDWLQJ�SDUWLFOHV�ZLWK�WKHLU�LQFUHDVHG�PRPHQWXP�H[WHQGV�WKH
WRURLG·V�PDJQHWLF�ILHOG�XS�RU�GRZQ�WKH�WRURLG·V�URWDWLRQDO�D[LV�VR�WKDW�WKH�WRURLGDO
ILHOG�VSURXWV�D�WXEH�ILHOG��VHH��IRU�H[DPSOH��WKH�LQVHW�GLDJUDP�LQ�ILJXUH�����
7KLV�ZDV� WKH� JUHDW� DQG�ZRQGHUIXO� WKLQJ� DERXW� WKH� 6FKDXEHUJHU� WXUELQHV� LQ� WKH
����
V� DQG� WKH� 6HDUO� ,*9� FUDIW� LQ� WKH� ����
V� �VHH� ILJXUH� ����� ZKDW� WKH\� GLG�
HVVHQWLDOO\��ZDV�JHQHUDWH�D�WRURLGDO�IUXVWXP�PDJQHWLF�ILHOG�DURXQG�WKHP��DW�WKHLU
ODUJH�GLDPHWHU�SHULPHWHUV���DQG�WKHQ�ERWK�SURGXFHG�FRSLRXV�DPRXQWV�RI�FKDUJHG
SDUWLFOHV��LQ�WKHLU�RZQ�XQLTXH�ZD\V��ZKLFK�WKH\�WKHQ�LPPHGLDWHO\�IHG� LQWR�WKRVH
GHYHORSLQJ� WRURLGDO�IUXVWXP� ILHOGV�� DQG� ZKHQ� WKRVH� SDUWLFOHV� URWDWHG� HQ�PDVVH
�DQG�WKH\�DXWRPDWLFDOO\�GULIWHG� LQWR� WKH�FHQWUDO�D[LV�E\� WKLV� IUXVWXP�HIIHFW�� WKH\
ZRXOG�WKHQ�FROOLPDWH�XSZDUG�LQWR�DQ�RUJDQL]HG�KHOLFDO�IORZ�DERYH�WKRVH�FUDIW��WR
OLIW� WKRVH� FUDIW� XS� ZKHQ� WKH� SDUWLFOH� URWDWLRQV� UHDFKHG� DERYH� D� FULWLFDO� DQJXODU
YHORFLW\� �EHFDXVH�DV� WKRVH�PDVV�SDUWLFOHV�VSXQ�IDVWHU�DQG�IDVWHU� WKH�JUDYLWDWLRQDO
IRUFHV� LPEXHG�LQWR�WKHP�ZRXOG� LQFUHDVH�VXGGHQO\�WR�D�JUHDWHU�SRZHU� OHYHO� WKDQ
WKH�JUDYLWDWLRQDO�IRUFH�IORZLQJ�LQWR�HDUWK��
7KH� EHDXWLIXO� SRLQW� WR� PDNH� DERXW� URWDWLQJ� ILHOGV� ZKLFK� FRQWUDFW� GRZQ� WR� D
VPDOOHU�UDGLXV�RI�FXUYDWXUH��LV�WKDW�ZKDWHYHU�SRWHQWLDO�WKHLU�SDUWLFOHV�ZHUH�FKDUJHG
ZLWK�EHIRUH�WKH\�FRQWUDFWHG�GRZQ��WKRVH�SRWHQWLDOV�ZLOO�EH�FDUULHG�ZLWK�WKHP�DQG
DPSOLILHG� LQ� SURSRUWLRQ� WR� WKDW� UHGXFWLRQ� LQ� FXUYDWXUH�� 6SLQ� YHORFLW\� ZLOO� EH
LQFUHDVHG��HOHFWURPDJQHWLF�IRUFH�ZLOO�EH�LQFUHDVHG��DQG�VR�WRR�ZLOO�WKRVH�SDUWLFOH·V
JUDYLWDWLRQDO�IRUFH�
$QG�VR�DQRWKHU�SRLQW�WR�PDNH��ZLOO�EH�WKDW�LW�ZLOO�EH�YHU\�XVHIXO�IRU�D�8)2�WR�EH
DEOH� WR� H[WHQG� VXFK� D� WXEH�ILHOG� RXWZDUG� IURP� LWV� VXUURXQGLQJ� WRURLGDO� ILHOG�
EHFDXVH� WKHQ� LW� ZLOO� KDYH� WKH� PHDQV� E\� ZKLFK� LWV� HOHFWURPDJQHWLF� DQG� LWV
JUDYLWDWLRQDO�IRUFHV�PLJKW�EHFRPH�PRUH�SRZHUIXO�DW�D�GLVWDQFH�DKHDG�RI�LW�
7KLV�WRURLGDO�ILHOG�PHFKDQLVP��LW�VKRXOG�EH�SRLQWHG�RXW��LV�TXLWH�GLIIHUHQW�WR�WKH
RQH�ZKHUH�D�KHOLFDO�ILHOG�FDQ�EH�JHQHUDWHG�WKURXJK�JHRPHWULFDO�PHDQV�DORQH��DV�,
EULHIO\�WRXFKHG�XSRQ�LQ�VHFWLRQ��������7KDW�D�ZHOO�FROOLPDWHG�KHOLFDO�WUDMHFWRU\�FDQ
EH�SURSDJDWHG� WKURXJK�JHRPHWULFDO� HIIHFWV� �VXFK�DV�QHJDWLYH� UDGLDO�PRPHQWXP�
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WKDW�FDQ�EH� LQVWLOOHG� LQWR� WKRVH�SDUWLFOH·V�PRPHQWXP�WKURXJK�WKH�SLWFK�DQJOH�RI
WKHLU� KHOLFLW\�� IRU� LQVWDQFH�� WKHQ� WKLV� LQWULQVLF� W\SH� RI� FXUOLQJ�WUDMHFWRU\
HQKDQFHPHQW�ZRXOG�VHHP� WR� VXLW� D�8)2�ZKLFK�KDV�D� VSHFLILFDOO\� FXUYHG�GRPH
ZLWK� ZKLFK� WR� SURSDJDWH� WKRVH� SDUWLFOHV�� 7KLV� ZDV� WKH� VDPH� WKHPH� VWURQJO\
H[SRXQGHG� E\� 5HYD�:LOOLDPV� LQ� KHU� VWXGLHV� RQ� EODFN� KROH� UHODWHG� TXDVDU� DQG
SXOVDU�MHWV��PHQWLRQHG�EULHIO\�LQ�VHFWLRQ��������DQG�GHOLQHDWHG�LQ�WKH�SDSHU�E\�>'H
)HOLFH�&DUORWWR@��7KHQ��WKH�VXJJHVWLRQ�IRU�D�8)2�XVLQJ�WKLV�PHFKDQLVP�ZRXOG�EH
WKDW�ZKHQ�FKDUJHG�SDUWLFOHV�GR�HVFDSH�RXW�RI�LWV�TXDVL�EODFN�KROH�V\VWHP��EHFDXVH
RI� WKH�QHJDWLYH� UDGLDO�PRPHQWXP�LPEXHG� LQWULQVLFDOO\� LQWR� WKHLU�RUELWV� WKH\�ZRXOG
HVFDSH� DORQJ� D� URWDWLQJ� YRUWLFDO� WUDMHFWRU\� �ILODPHQW�WXEH��� DQG� WKDW� WKH� ILQDO
WUDMHFWRU\�RI� WKDW� IORZ�RI�SDUWLFOHV�FDQ�EH�GHWHUPLQHG�E\� WKH�JHRGHVLF�JHRPHWU\
RI� WKDW� URWDWLQJ� IORZ� �� DV� VKDSHG� E\� WKDW� 8)2·V� GRPH� �� VR� WKDW� LW� ZRXOG
DXWRPDWLFDOO\�IRUP�LQWR�D�ZHOO�FROOLPDWHG�ILODPHQW�WXEH���ZLWKRXW�WKH�UHTXLUHPHQW
RI�D�WRURLGDO�PDJQHWLF�ILHOG��LQ�VHFWLRQ������EHORZ�,�ZLOO�FRQMHFWXUH�WKDW�WKH�8)2
PD\�FRPELQH�%27+�RI�WKHVH�GLIIHUHQW�PHFKDQLVPV��>QRWH���@�
�����*UDYLWDWLRQDO�0RPHQWXP�6HQW�LQWR�D�&XUYHG�*HRPHWU\
(DUOLHU�LQWR�WKLV�VWXG\��LQ�VHFWLRQ������,�DOOXGHG�WR�WKH�7KRUQH�6DJDQ�PRGHO�RI�DQ
DQLVRWURSLF� VWUHVV� DQG� JDYH� VRPH� H[DPSOHV� WKDW� FRXOG�EH� H[SORLWHG� LQ� RUGHU� WR
SURYLGH�DEXQGDQW�VRXUFHV�RI�HQHUJ\��,�DOVR�KLQWHG�WKDW�VXFK�JDLQV�FDQ�DOUHDG\�EH
IRXQG� LQ� WKH� IXQGDPHQWDO� ODZV�RI� HOHFWULFLW\� �� LI�RQO\� DQ�DSSURSULDWHO\�GHVLJQHG
PHFKDQLVP�FRXOG�EH�PDGH�WR�H[SORLW�LW��7KH�VDPH�FDQ�EH�VDLG�RI�WKH�VSLQQLQJ�LFH
VNDWHU� HIIHFW� ZLWK� UHJDUG� WR� D� ILHOG� RI� PDVV� SDUWLFOHV� LPEXHG� ZLWK� DQ
HOHFWURPDJQHWLF� IRUFH� FRXSOHG� WR� D� JUDYLWDWLRQDO� IRUFH� DQG� ZKLFK� KDV� DQJXODU
PRPHQWXP�� ZKHQ� WKRVH� SDUWLFOHV� EHFRPH� LQIOXHQFHG� E\� D� QRQ�XQLIRUP� UDGLDO
PDJQHWLF� ILHOG� E\� FRQVHUYDWLRQ� RI� HQHUJ\� WKH\� ZLOO� URWDWH� ZLWK� D� FXUYDWXUH� RI
UHGXFLQJ�UDGLXV��FDXVLQJ�WKDW�ILHOG�RI�SDUWLFOHV�WR�URWDWH�IDVWHU�DQG�WDNH�RQ�PRUH
PDVV��DQG�VR�WKH�JUDYLWDWLRQDO�IRUFHV�WKDW�ILHOG�LV�FDUU\LQJ�PXVW�DOVR�EHFRPH�PRUH
LQWHQVLILHG�>QRWH���@�
:KHUH�WKLV�IDFWRU�UHODWHV�WR�WKH�ILODPHQW�WXEH�EHLQJ�GHULYHG�IURP�D�FRPELQDWLRQ
RI� HOHFWURPDJQHWLF� IRUFH� DQG� JUDYLWDWLRQDO� IRUFH� WKH� URWDWLQJ� HOHFWURPDJQHWLF� ILHOG
FRPSRQHQW� LV� WKDW� ZKLFK� SURYLGHV� WKH� FLUFXODWLQJ� ILHOG� �WRJHWKHU� ZLWK� LWV� D[LV�
VHHNLQJ� DQJXODU� PRPHQWXP��� ZKLFK� IRUPV� D� FROOLPDWHG� KHOLFDO� ILODPHQW�WXEH
DKHDG�RI�WKH�8)2��,W�LV�WKHQ�WKLV�FROOLPDWHG�KHOLFDO�ILODPHQW�WXEH�ZKLFK�IRFXVHV�
RU� UDWKHU� FRPSUHVVHV�� DQG�SURSHOV� WKH� JUDYLWDWLRQDO� IRUFH� FRPSRQHQW� RI� WKH�SXOVHG
ZDYH�SDFNHWV��RI�JUDYLWDWLRQDO�DQG�HOHFWURPDJQHWLF�IRUFHV�FRPLQJ�DZD\�IURP�WKH
FUDIW·V�EODFN�YRUWH[��� LQWR� WKH�GLVWDQFH��ZKHQ�WKRVH�ZDYH�SDFNHWV�DUH�SXOVHG�RXW
RI�WKH�FUDIW��RXW�RI�WKH�ULP�DQG�XS�WKH�GRPH���&RUUHODWLQJ�ZLWK�WKH�DERYH��LV�DOVR
WKH�IDFWRU��GLVFRYHUHG�WKURXJK�DVWURSK\VLFDO�VWXGLHV��WKDW�WKH�URWDWLQJ�JHRPHWU\�RI
D�ILODPHQW�WXEH�ZLOO�GUDJ�LQWR�LW�DQ\�VXUURXQGLQJ�PDJQHWLF�ILHOG� OLQHV�� LQ� MXVW�WKH
VDPH�IDVKLRQ�DV�LW�ZRXOG�GUDJ�LQWR�LW�DQ\�FKDUJHG�SDUWLFOHV��VR�WKHQ�WKHUH�ZRXOG
UHVXOW�DQ�DGGLWLRQDO�=�SLQFK�IRUFH��WRR��>QRWH���@�
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2EYLRXVO\�� DV� WKH� ERUH� GLDPHWHU� RI� WKH� ILODPHQW�WXEH� GHFUHDVHV� WKH� PDVV�
JUDYLWDWLRQDO� IRUFH� ZLOO� LQFUHDVH� LQ� LQYHUVH� SURSRUWLRQ� >0LU]D�6DOHHP@�� %\
ERUURZLQJ� IURP� WKLV� VWXG\� IRU� D�EODFN�KROH� V\VWHP� WKH� FDOFXODWLRQV� WR� ILQG� WKH
JUDYLWDWLRQDO� IRUFH� RQ� URWDWLQJ� ERGLHV� RI� YDULRXV� GLDPHWHUV� �DQG� XVLQJ� WKRVH
FDOFXODWLRQV� RQ� D�8)2�ZLWK� D� ��� IHHW� GLDPHWHU� ULP� XWLOL]LQJ� D� �� IRRW� GLDPHWHU
ILODPHQW�WXEH���WKH�UDWLR�RI�JUDYLWDWLRQDO�IRUFH�DFWLQJ�EHWZHHQ�WKHP�ZLOO�EH�LQ�WKH
UHJLRQ�RI���WR������VR�ZLWK�WKLV�VRUW�RI�JUDYLWDWLRQDO�IRUFH�DPSOLILFDWLRQ�UDWLR�WKH
FUDIW� ZLOO� EH� IRUHYHU� IDOOLQJ� WRZDUG� WKH� OHDGLQJ� HQG� RI� LWV� ILODPHQW�WXEH� WR
ZKHUHYHU� WKDW� WXEH� LV� GLUHFWHG� �DQG� SOHDVH� QRWH� ,� KDYHQ
W� ZULWWHQ� IDOOLQJ� LQWR� LWV
ILODPHQW�WXEH���IRU�WKLV�LV�QRW�D�ZRUPKROH�WKDW�WKH�FUDIW�WUDYHUVHV�7+528*+�VXFK
DV�LQ�WKH�7KRUQH�WKRXJKW�H[SHULPHQW��>QRWH���@�
$V� DQ� DVLGH�� ,� WKLQN� WKLV� LV�ZKHUH� WKH� DGYRFDWHV� RI� JUDYLWR�PDJQHWLF� IRUFHV� FRPH
XQVWXFN��EHFDXVH�LQ�DVWURSK\VLFDO�VWXGLHV�RI�MHWV�RI�SDUWLFOHV�LPEXHG�ZLWK�JUDYLWR�
PDJQHWLF� IRUFH� WKRVH� SDUWLFOHV� DUH� WUHDWHG� LQ� WKRVH� VWXGLHV� PRUH�RU�OHVV� LQ� WKH
VDPH�ZD\�DV�RUGLQDU\�HOHFWUR�PDJQHWLF�SDUWLFOHV��LH�HOHFWURQV���VR� WKDW�RQO\� WKHLU
HOHFWULFDO�DQG�PDJQHWLF�TXDOLWLHV��WKURXJK�WKH�/RUHQW]�IRUFH��DUH�IRUPXODWHG�LQWR
WKHLU� HTXDWLRQV�� $QG� VR�� E\� WKRVH� DGYRFDWHV� RQO\� ZRUNLQJ� RQ� /RUHQW]LDQ
SULQFLSOHV�WKHQ�LW� LV�DOZD\V�DVVXPHG��E\�WKRVH�DGYRFDWHV�� WKDW� WKHVH�SDUWLFOHV�JHW
SURSHOOHG�E\�HOHFWURPDJQHWLF�IRUFHV�DQG�DUH�SXVKHG�GRZQ�D�MHW
V�ILODPHQW�WXEH��%XW
DV�,�KDYH�PHQWLRQHG�LQ�FKDSWHU���DQG�ZLOO�H[SODLQ�LQ�WKH�IROORZLQJ�VHFWLRQV�RI�WKLV
FKDSWHU�WKLV�LVQ
W� WKH�IXOO�VWRU\�ZLWK�JUDYLWDWLRQDOO\�ERXQG�SDUWLFOHV�� WKHUH�FDQ�EH
DQ�DGGLWLRQDO�IDFWRU�RI�D�WHQVLOH�JUDYLWDWLRQDO�HQWUDLQPHQW�IRUFH�EHLQJ�HVWDEOLVKHG
E\�ZDYH�SDFNHWV�RI� WKRVH� SDUWLFOHV� LQVLGH� DQ� DVWURSK\VLFDO� ILODPHQW�WXEH��ZKLFK
ZRXOG�DXWRPDWLFDOO\�HTXDWH�WR�D�QHJDWLYH�UHVLVWDQFH�IDFWRU�WR�WKHVH�ILODPHQW�WXEHV�
7KLV� LV� EHFDXVH�� SDUWLFOHV� ERXQG� ZLWK� JUDYLWDWLRQDO� IRUFHV� GRQ
W� ZRUN� OLNH
LQGLYLGXDO� HOHFWULFDOO\� FKDUJHG� SDUWLFOHV�� LI� D� SDUWLFOH� LV� EHLQJ� HMHFWHG� RXW� RI� WKH
EODFN� YRUWH[� WR� ZKLFK� LW� LV� JUDYLWDWLRQDOO\� ERXQG� �IRU� LQVWDQFH�� WKURXJK� WKH
3HQURVH�:LOOLDPV�K\SRWKHVLV�� WKHQ� LW�ZLOO�EH�JUDYLWDWLRQDOO\�ERXQG� WR� WKH�FHQWHU
RI�WKDW�FUDIW��6R�LI�WKDW�SDUWLFOH�LV�HMHFWHG�RXW�WKH�ULP�LW�ZLOO�ILUVW�RI�DOO�ZDQW�WR�KXJ
WKH�GRPH�DV� LW� VSLQV�DURXQG� LW� WR� WKH� DSH[��EXW�ZKHQ� LW�PRYHV� WR� DQ\�GLVWDQFH
IURP�WKH�FUDIW�LW�ZLOO�VWLOO�KDYH�HVWDEOLVKHG�EHWZHHQ�LWVHOI�DQG�WKH�FUDIW�D�IRUFH�RI
DWWUDFWLRQ�WR�WKDW�FUDIW�
7KHUHIRUH�� D�ZKROH�QHZ�VHW�RI� FLUFXPVWDQFHV�QHHGV� WR�EH� HQYLVDJHG�E\� DQ\RQH
ZDQWLQJ�WR�XQGHUVWDQG�ZKDW�KDSSHQV�ZLWK�JUDYLWDWLRQDO�IRUFHV��SDUWLFXODUO\�ZKHQ
FRQVLGHULQJ�ZKDW�ZRXOG�KDSSHQ��ZKHUH�WKH�ILODPHQW�WXEH�ZDV�VTXHH]HG�GRZQ�WR
D�VPDOOHU�GLDPHWHU��VR� WKDW� WKH�HIIHFW�ZRXOG�EH� WR�JUHDWO\� LQWHQVLI\� WKH�SDUWLFOH
V
DWWUDFWLYH�JUDYLWDWLRQDO�IRUFH��%XW��ZKDW�ZRXOG�DOVR�QHHG�WR�EH�FRQVLGHUHG�LV�WKDW
LQ� D�ZHOO�FROOLPDWHG�F\OLQGHU�RI� HOHFWURPDJQHWLF�HQHUJ\� DQG�DQJXODU�PRPHQWXP
WKHUH� ZRXOG� EH� RQO\� RQH� GLUHFWLRQ� LQ� ZKLFK� D� ZDYH�SDFNHW� RI� VLPLODU� VXFK
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SDUWLFOHV�FRXOG�JR�WR�H[SHO�LWV�RZQ�H[WUD�DFFXPXODWLRQ�RI�NLQHWLF�HQHUJ\���DQG�WKDW
GLUHFWLRQ�ZRXOG�EH�GRZQ�WKH�WXEH�>6XVKNRY�.KULSORYLFK@�>QRWH���@�
6R�RQFH�WKH�DD8)2
V�ILODPHQW�WXEH�RI�HOHFWURPDJQHWLF�DQG�JUDYLWDWLRQDO�IRUFH�LV
FROOLPDWHG�DQG�VWDEOH��VHH�ILJXUH�����WKHQ�D�JUDYLWDWLRQDO�GLIIHUHQWLDO�FDQ�EH�VHW�XS
EHWZHHQ� WKH� SURMHFWHG� ZDYH�SDFNHW� RI� DPSOLILHG� JUDYLWDWLRQDO� IRUFH� EHLQJ
DFFHOHUDWHG�GRZQ�WKDW�WXEH�DQG�WKH�PDVV�RI�WKH�FUDIW��WR�ZKLFK�WKDW�JUDYLWDWLRQDO
IRUFH�LV�ERXQG��ZKLFK�FUDIW��LW�VKRXOG�EH�ERUQH�LQ�PLQG��LV�DOUHDG\�EHLQJ�KHOG�LQ
PLG�DLU�E\� WKH�EODFN�YRUWH[·V�RZQ�UDGLDO�JUDYLWDWLRQDO� ILHOG�ZKLFK� LV�QHXWUDOL]LQJ
WKH�HDUWK
V�JUDYLWDWLRQDO�ILHOG�DQG�JLYLQJ�WKDW�FUDIW�EXR\DQF\��
3HUKDSV�� E\� XQGHUVWDQGLQJ� KRZ� D� 8)2� FDQ� DPSOLI\� LWV� JUDYLWDWLRQDO� IRUFH
WKURXJK�D�QHJDWLYH�UHVLVWDQFH��E\�LW�GHYHORSLQJ�D�WHQVLOH�VWUHVV�DORQJ�LWV�ILODPHQW�
WXEH�� LW�PD\�VHUYH� WR�H[SODLQ� LQ�DVWURSK\VLFDO� VWXGLHV� WKH�KLWKHUWR�XQIDWKRPDEOH
P\VWHU\� DV� WR� KRZ� FKDUJHG� SDUWLFOHV� FDQ� WUDYHO� DW� UHODWLYLVWLF� YHORFLWLHV� WKURXJK
VSDFH�WR�IRUP�WKH�LQFUHGLEO\�ORQJ�MHWV�WKDW�VSDQ�IRU�PLOOLRQV�RI�PLOHV���VHHPLQJO\
ZLWKRXW�GHSUHFLDWLQJ�DQ\�RI�WKH�HQHUJLHV�WKH\�ZHUH�RULJLQDOO\�SURSHOOHG�ZLWK�IURP
WKHLU�EODFN�KROH�V\VWHPV�
�����*DWHG�5LP�(MHFWV�(OHFWURPDJQHWLF�*UDYLWDWLRQDO�:DYH�SDFNHWV
,Q�WKH�ILJXUH����,�KDYH�DUELWUDULO\�JLYHQ�WKH�ULP�ILYH�HMHFWLRQ�JDWHV��DQG�WKHVH�ILYH
JDWHV� ZRXOG� JLYH� ���GHJUHH� VWHSV� E\� ZKLFK� WKH� FUDIW
V� WUDMHFWRU\� FRXOG� EH
PDQLSXODWHG� WKURXJK� GLIIHUHQW� GLUHFWLRQV� ZKHQ� DLUERUQH� �WKH� QXPEHU� DQG
SRVLWLRQLQJ� RI� WKH� JDWHV� LV� XQOLPLWHG�� EXW� IRU� HDVH� RI� H[SODLQLQJ� KRZ� WKLV
GLUHFWLRQDO�V\VWHP�ZRUNV� ,
YH�SOXPEHG�IRU� MXVW� WKHVH� ILYH�JDWHV���$OO� WKDW�ZRXOG
QHHG�WR�EH�GRQH��VR�DV�WR�DOORZ�D�ZDYH�SDFNHW�RI�WKH�J\UDWLQJ�IRUFHV�IURP�LQVLGH
WKH�FUDIW�WR�EH�HMHFWHG�WKURXJK�WKH�ULP��ZRXOG�EH�IRU�WKH�XSSHU�ULP
V�FXUUHQW�ULQJ
WR�EHFRPH�VOLJKWO\�XS�URXWHG�DZD\�IURP�WKH�RXWHU�HGJH�RI�WKH�ULP��SXOOLQJ�LW�XS
MXVW� HQRXJK� IRU� WKH�ZDYH�SDFNHW� WR� IRUFH� LWV�ZD\� WKURXJK� WKH�PDJQHWLF� ERWWOH�
QHFN� DQG� WKURXJK� WKH� FLUFXPIHUHQWLDO� GXFW�� 7KH� SODVPD�ZLOO� VWLOO� EH� FLUFXODWLQJ
WKURXJK�WKH�ULQJ�JHQHUDWLQJ�LWV�RUWKRJRQDO�PDJQHWLF�ILHOG�EXW�E\�OLIWLQJ�WKH�ULQJ
V
IOH[LEOH� FKDQQHO� IUDFWLRQDOO\� DQG� PRPHQWDULO\� LW� ZRXOG� WDNH� DZD\� VRPH� RI� WKH
VWUHQJWK�LQ�WKH�ULP
V�ZKLWH�ZDOO�RI�UHSXOVLYH�IRUFH��ZHDNHQLQJ�MXVW�RQH�VHFWLRQ�RI
LW�WR�SURYLGH�D�JDS�LQ�WKH�ULP
V�PDJQHWLF�ERWWOH�QHFN��7KLV�ZRXOG�DOORZ�VRPH�RI
WKH� SRZHU� LQ� WKH� J\UDWLQJ� HQHUJ\� ILHOGV�� EHLQJ� SXPSHG� XS� LQ� EXUVWV� IURP� WKH
VXSHUUDGLDQW�RVFLOODWLRQ�SURFHVV�LQVLGH�WKH�FUDIW��WR�VTXHH]H�WKURXJK�WKH�ULP�DV�D
VKRUW�SXOVH�RI�KLJK�SRZHUHG�HQHUJ\�VR�WKDW�ZKHQ�LW�URXQGHG�WKH�ULP�WDQJHQWLDOO\
LW�ZRXOG� WKHQ�FXUO�XS� LQWR� WKH�PDJQHWLF� ILHOG�RI� WKH�XSSHU�GRPH��7KLV� LV�ZK\�,
KDYH�GLYLGHG�WKH�ULP�LQWR�ILYH�JDWH�VHFWLRQV�EHFDXVH�LW�ZRXOG�RQO\�QHHG�RQH�JDWH
V
ZLGWK�RI�WKH�ULP
V�PDJQHWLF�ERWWOH�QHFN�WR�EH�ZHDNHQHG�WR�SURYLGH�D�ELJ�HQRXJK
JDS�IRU�D�VKRUW�SXOVH�WR�SDVV�WKURXJK��ZKLOH�WKH�UHVW�RI�WKH�ULP�ZRXOG�VWLOO�UHWDLQ
LWV�PDJQHWLF�FRQVWULFWLRQ�DQG�WKH�UHVW�RI�WKH�ZKLWH�ZDOO�ZRXOG�UHPDLQ�LQWDFW��
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)LJXUH� ����:DYH�SDFNHWV� RI� JUDYLWDWLRQDO� HQHUJLHV� DQG� DQJXODU� PRPHQWXP�ZLOO
FXUO�DURXQG�WKH�XSSHU�GRPH�DQG�LQWR�D�KHOLFDO�ILODPHQW�WXEH
7KH�GHJUHH�RI�DUF�HPSOR\HG�E\�HDFK�JDWH��DQG�WKH�WLPH�GXUDWLRQ�WKDW�WKH�JDWH�LV
RSHQHG� IRU��ZRXOG�DOORZ� IRU� WKH�SDUWLFXODU�EDQGZLGWK�RI�ZDYH� IUHTXHQFLHV� WKDW
WKH� HMHFWHG� ZDYH�SDFNHW� ZRXOG� EH� FRPSULVHG� RI�� DQG� DOVR� WKH� TXDQWLW\� RI
HOHFWURPDJQHWLF�JUDYLWDWLRQDO� SODVPD� WR� EH� HMHFWHG� UHVSHFWLYHO\�� 7KH� IXOO� ��
GHJUHHV�RI�WKDW�JDWH�QHHG�QRW�EH�XVHG��EXW�REYLRXVO\��WKH�JUHDWHU�WKH�SURSRUWLRQ
RI�WKDW�JDWH�EHLQJ�RSHQHG��DORQJ�ZLWK�WKDW�JDWH
V�WLPH�SHULRG��WKH�JUHDWHU�ZLOO�EH
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WKH�DPRXQW�RI�HQHUJ\�WKDW�SDVVHV�WKURXJK�WKDW�JDWH��7KH�FUDIW
V�DFFHOHUDWLRQ�WKHQ�
ZRXOG� EH� FRQWUROOHG� E\� WKH� OHQJWK� DQG� LQWHQVLW\� RI� WKH� HQHUJ\� ZDYH�SDFNHWV
HMHFWHG�WKURXJK�WKH�ULP��DOWKRXJK�VWULFWO\�VSHDNLQJ�WKLV�PHFKDQLVP�ZLOO�QRW�EH�WKH
SULPDU\� PHFKDQLVP� ZKLFK� JHQHUDWHV� WKRVH� ZDYH�SDFNHWV�� EXW� ZKDW� LW� ZLOO� GR� LV
ZRUN� LQ� FRQFHUW�ZLWK� WKH� FUDIW
V� LQWHUQDO� VXSHUUDGLDQFH�SXOVH�PHFKDQLVP�ZKLFK
ZLOO� SURYLGH� WKH� PDLQ� VWUXFWXULQJ� IRU� WKH� HQHUJ\� ZDYH�SDFNHWV� �DV� ZLOO� EH
H[SODLQHG�EHORZ��
+RZHYHU��GXULQJ�WKH�WLPH�SHULRGV�WKDW�WKH�ULP�ILHOGV�DUH�ZHDNHQHG�DW�WKHVH�JDWHV
WKH� SDVVDJH� RI� WKRVH� ZDYH�SDFNHW� HPLVVLRQV� ZKHQ� WKH\� OHDYH� WKURXJK� WKH� ULP
ZRXOG�PRPHQWDULO\� VWUHQJWKHQ� WKH�PDJQHWLF� ILHOGV� DURXQG� WKH� ULP� �IURP� WKHLU
RZQ�/RUHQW]�IRUFH�JHQHUDWLQJ�D�VLPLODU� IRUFH� LQWR� WKH�FXUUHQW� ULQJ� �� VHH� VHFWLRQ
������ ZKLFK� ZLOO� FDXVH� WKRVH� HPLWWHG� SDUWLFOHV� �PRVWO\� SURWRQV�� SRVLWURQV� DQG
HOHFWURQV�� WR� WXUQ� DURXQG� WKH� ULP� WKURXJK� D� VPDOOHU� UDGLXV� RI� FXUYDWXUH� �DV� D
UHVXOW�RI�WKH�H[WUD�¶SXOO·�JHQHUDWHG�LQ�WKH�SXOO�GRZQ�ILHOG��VHH�ILJXUH������DQG�WKLV
ZLOO�UHVXOW�LQ�D�FHUWDLQ�DPRXQW�RI�V\QFKURWURQ�UDGLDWLRQ�EHLQJ�HPLWWHG�IURP�WKRVH
SDUWLFOHV�WKURXJK�FXUYDWXUH�VFDWWHULQJ�>QRWH���@��$QG�DV�WKLV�SULQFLSOH�ZRXOG�ZRUN�WKH
VDPH� ZD\� WKURXJK� D� ZLGH� UDQJH� RI� SRZHU� OHYHOV� WKH� V\QFKURWURQ� UDGLDWLRQ
HPLVVLRQV�ZRXOG�UDQJH�IURP�ORZHU�HQHUJ\� UHG�\HOORZ� WKURXJK� WR�EOXH�ZKLWH� IRU
WKH� KLJKHU� HQHUJ\� OHYHOV�� 6XFK� UDGLDWLRQ� ZLOO� EH� HPLWWHG� DW� D� VPDOO� DQJOH� RI
WUDMHFWRU\� RII� WKH� FXUYLQJ� ZDYH�SDFNHW� ILHOGV�� VR� WKHVH� V\QFKURWURQ� SKRWRQ
UDGLDWLRQV�ZLOO�DSSHDU�WR�OHDYH�WKH�FUDIW
V�ULP�LQ�D�PRUH�UDGLDO�GLUHFWLRQ�WKDQ�WKH
PDLQ�SURSXOVLRQ� HQHUJ\� �EXW� EHFDXVH� WKHVH� SKRWRQV�ZLOO� ORRVH� HQHUJ\� LQ� D� IHZ
PLOOLVHFRQGV�WKH\�ZRQ
W�JR�YHU\�IDU��DQG�VR�DV� WKH�PDLQ�ZDYH�SDFNHWV�DUH�EHLQJ
SXOVHG�RXW�RI�WKH�8)2
V�ULP�WKHVH�V\QFKURWURQ�HPLVVLRQV�ZLOO�DSSHDU�YLVXDOO\�WR
EH�D�EULJKWO\� FRORUHG� ILHOG�RI� IOHHWLQJ�HQHUJ\� IODVKHV� DURXQG� WKH�FUDIW
V� ULP� �� DV
ZDV�FDSWXUHG�LQ�WKH�YLGHR�IRRWDJH�RI�8)2V�RYHU�0H[LFR�LQ������������
7KLV� ULP�JDWLQJ� IDFLOLW\� RQ� WKH�$QGUHDVVRQ�8)2�ZLOO�� XQIRUWXQDWHO\��PHDQ� WKDW
RXU�SLORW�ZLOO�QRZ�KDYH�RQH�H[WUD� WUDQVPLVVLRQ�OLQH�DGGHG� WR�KLV�RU�KHU�FRQWURO
SDQHO�DQG�DQRWKHU�GLDO�WR�WXUQ��7KDW�WDOO\�RI�WUDQVPLVVLRQ�OLQHV�IRU�WKH�DD8)2�LV
QRZ�IXOO\�XS�WR�7:2��
�����'RPH
V�&XUYHG�*HRPHWU\�&RPSUHVVHV�WKH�:DYH�SDFNHWV
2QH�PLJKW�WKLQN�WKDW�LQ�WKH�YDULRXV�GHVLJQV�RI�8)2V�ZKDW�FRQVWLWXWHV�WKH�XSSHU
GRPH� LV� PHUHO\� XVHG� DV� QRWKLQJ� PRUH� WKDQ� D� FXUYHG� VXUIDFH� WKDW� NHHSV� WKH
HOHPHQWV� DZD\� IURP� WKH� FUHZ�� %XW� ,� OHDUQHG� YHU\� HDUO\� LQWR� WKLV�8)2� ILHOG� RI
VWXG\�� WKURXJK� EDFN�HQJLQHHULQJ� WKH� 2QLRQ�GULYH� 8)2� ZLWK� -HII� 6DYDJH� LQ
SDUWLFXODU� WKDW�QRWKLQJ� LQ� D�8)2
V�GHVLJQ� LV�SHUIXQFWRU\�� DQG� LQGHHG�� XVLQJ� WKH
2QLRQ�GULYH�DV�DQ�H[DPSOH��DV�ZHOO�DV�WKH�GHSLFWLRQV�RI�WKH�8)2�WKDW�DEGXFWHG
DQG�UHWXUQHG�7UDYLV�:DOWRQ��DV�UHQGHUHG�JUDSKLFDOO\�E\�>(WUHHG@�RQ�KLV�ZHEVLWH��
ERWK�RI� WKHVH� W\SHV� RI�8)2�FDQ�EH� VHHQ� WR� GHYHORS� ILHOGV� RI� HOHFWURPDJQHWLF�
JUDYLWDWLRQDO� DQG� DQJXODU� PRPHQWXP� IRUFHV� LQ� GULYH� V\VWHPV� WKDW� XWLOL]H� D



305

VSHFLDOO\�FXUYHG�GRPH�RI�D�VSHFLILF�UDGLXV�DQG�FRQVWUXFWLRQ��RI�YDULDEOH�PDJQHWLF
SHUPHDELOLW\�PDWHULDO���VR�WKDW�WKHLU�KHOLFRQ�HQHUJ\�ILHOGV�JHQHUDWHG�ZLWKLQ�WKRVH
FUDIW�FDQ�EXWW�XS�DJDLQVW��DQG�LQWHUDFW�ZLWK��WKH�XQGHUVLGH�RI�WKDW�GRPHG�VXUIDFH�
WR�SURGXFH�DQ�LQGXFHG�HQHUJ\�ILHOG�RQ�WKH�RXWVLGH�RI�WKDW�PDWHULDO��WKURXJK�D�FR�
PXWXDO�PDJQHWLF�ILHOG�ZKLFK�GHYHORSV�RQ�ERWK�VLGHV�RI�WKDW�GRPHG�PDWHULDO��$QG
ZLWK� WKLV�2QLRQ�GULYH� W\SH�RI�KHOLFRQ�HQHUJ\� ILHOG�SURGXFWLRQ� LW�PLJKW�EH� D�JRRG
FDQGLGDWH�IRU�WKH�GULYH�PHFKDQLVPV�XVHG�LQ�RWKHU�PRUH�XQFRQYHQWLRQDO�GHVLJQV
RI� 8)2V�� VXFK� DV� WKH� XSULJKW� F\OLQGHU� 8)2� FUDIWV� DQG� VRPH� RI� WKH� VPDOOHU
VSKHUH�RUE�FUDIWV�>QRWH���@�
:KDW�WKH�XSSHU�GRPH�GRHV�LQ�WKH�DD8)2�FUDIW�LV�SURYLGH�D�FXUYHG�JHRPHWU\�IRU
WKH�RXWVLGH�RI�WKH�FUDIW�ZKLFK�FRQYHUJHV�WKH�PDJQHWLF�IOX[�OLQHV�DQG�GUDZV�WKHP
LQWR�WKH�DSH[�DERYH�WKH�FUDIW�� VR� WKDW� WKHUH�ZLOO�EH�HVWDEOLVKHG�D� ODUJH�PDJQHWLF
SRWHQWLDO�GLIIHUHQFH� EHWZHHQ� WKH� FUDIW
V� ULP� DQG� WKH� DSH[�� )RU�� DV� WKH� FKDUJHG
SDUWLFOHV� FXUO� URXQG� WR� WKH� DSH[� WKHVH� IOX[� OLQHV� HVWDEOLVK� WKHPVHOYHV� LQWR� DQ
LQKRPRJHQHRXV� ILHOG�ZKLFK� VWUHQJWKHQV� WRZDUG� WKDW� DSH[�� WKLV�ZDV� WKH� SRLQW� ,
ZDV�PDNLQJ�LQ�VHFWLRQ������DERYH��WKDW�WKH�FKDUJHG�SDUWLFOHV�ZLOO�EH�LQIOXHQFHG�E\
D� QRQ�XQLIRUP� UDGLDO�PDJQHWLF� ILHOG� �E\�PDJQHWLF� GULIW�� WR� DOZD\V� URWDWH� LQWR� D
FXUYDWXUH� RI� UHGXFLQJ� UDGLXV��7KLV� LV�ZKDW� WKH�PDJQHWLF� IOX[� OLQHV� DUH� GRLQJ� LQ
ILJXUHV� ��� DQG� ��� DOO� FRQYHUJLQJ� WRZDUG� WKH� DSH[� DGGLQJ� WRJHWKHU� JUHDWHU� DQG
JUHDWHU�PDJQHWLF��/RUHQW]��IRUFH��6XEVHTXHQWO\��ZKHQ�WKH�ZDYH�SDFNHWV�OHDYH�WKH
ULP�DV�HORQJDWHG�SXOVHV�RI�HQHUJ\�ZDYHV�WKH\�FXUO�DURXQG�WKH�FXUYH�RI�WKH�GRPH
DQG� E\� WXUQLQJ� WKURXJK� DQ� HYHU�VPDOOHU� UDGLXV� RI� FXUYDWXUH�� WKURXJK� WKH
FRQYHUJLQJ�PDJQHWLF�ILHOG��WKH\�DFFHOHUDWH�WRZDUG�WKH�DSH[�DW�DQ�HYHU�IDVWHU�SDFH
�ZKLFK�LQ�WXUQ�LQGXFHV�PRUH�/RUHQW]�IRUFH�LQWR�WKDW�PDJQHWLF�ILHOG�DKHDG�RI�WKHP
WR�LQWHQVLI\�WKDW�FRQYHUJLQJ�PDJQHWLF�ILHOG���WKXV�WKH�PDJQHWLF�ILHOG�FRYHULQJ�WKH
GRPH�ZLOO�EHFRPH�SXPSHG�XS���$QG�KHUH�DJDLQ� LV� VKRZQ� WKH�FOHYHUQHVV�RI� WKH
H[WUDWHUUHVWULDO�GHVLJQHUV�EHFDXVH�� WKHUH�ZLOO� EH� D� FR�PXWXDO� IDFWRU�EHWZHHQ� WKLV
RXWVLGH�VHFWLRQ�RI�WKH�FUDIW
V�PDJQHWLF�ILHOG�DQG�WKH�HQJLQH�VHFWLRQ�RI�WKDW�ILHOG�DV
EHLQJ�SDUW�RI� WKH�HOHFWURG\QDPLF�FLUFXLW� LQVLGH� WKH�FUDIW� �� VR� WKH�PRYHPHQWV�RI
WKHVH� ZDYH�SDFNHWV� DURXQG� WKH� FUDIW� ZLOO� DGG� WR� WKH� ZKROH� FLUFXLW
V� UHVRQDQFH�
$QG�LI�D�ULQJ�FRXOG�EH�LPDJLQHG�EHLQJ�SODFHG�DURXQG�WKH�DSH[��RI�VPDOO�GLDPHWHU�
WKURXJK� ZKLFK� WKHVH� FRQYHUJLQJ�PDJQHWLF� IOX[� OLQHV� FRXOG� DOO� EH� FRQFHQWUDWHG
WKHQ� WKLV� VHFWLRQ� RI� WKH� FUDIW
V� ILHOG� ZRXOG� GHYHORS� DOPRVW� DV� PXFK� SRZHU�
DPSOLILFDWLRQ�DV�WKDW�DW�WKH�FRUH�RI�WKH�FUDIW
V�EODFN�YRUWH[��LQ�SURSRUWLRQ�WR�ZKDW
GLDPHWHU� WKDW� DSH[� ULQJ� PLJKW� EH�� DQG� VR�� DV� ,� KDYH� DOOXGHG� WR� LQ� D� SUHYLRXV
VHFWLRQ� WKH� DPSOLILFDWLRQ� IDFWRU� IDFLOLWDWHG� E\� WKH� GRPH� RQ� WKH� ZDYH�SDFNHW
WUDYHOOLQJ�RYHU�LWV�FXUYH�LQ�UHODWLRQ�WR�WKH�ERUH�RI�WKH�ILODPHQW�WXEH�FDQ�DPRXQW
WR�D�������DPSOLILFDWLRQ�UDWLR���PD\EH�PRUH��
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)LJXUH�����7KH�SRVLWLRQ�RI�WKH�ULP�JDWH�DQG�LWV�GHJUHH�RI�DUF�ZLOO�EH�GHWHUPLQHG
E\�ZKDW�GLUHFWLRQ�WKH�FUDIW�QHHGV�WR�JR�LQ�DQG�KRZ�PXFK�HQHUJ\�LV�QHHGHG�WR�JR
LQWR�HDFK�ZDYH�SDFNHW
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)URP� P\� XQGHUVWDQGLQJ� RI� WKLV� W\SH� RI� DPSOLILFDWLRQ� SURFHVV�� DQG� IURP� WKH
SKRWRJUDSKV�,
YH�VHHQ�RI�LW��VXFK�DV�WKH�RQH�RQ�WKH�EDFN�FRYHU�RI�WKLV�ERRN��WKH
GRPH
V�FXUYHG�VXUIDFH�ZLOO�QHHG�WR�SURYLGH�D�����GHJUHH�URWDWLRQ��RQH�FRPSOHWH
WXUQ�� IRU� WKRVH� ZDYH�SDFNHWV� WR� PRYH� DURXQG� >QRWH�� �@�� $Q\� PRUH� WKDQ� ���
GHJUHHV�ZRXOG�EH�SRLQWOHVV�DV� WKH�ZDYH�SDFNHW�ZLOO�KDYH�DFKLHYHG� LWV�PD[LPXP
HPSRZHUPHQW�IDFWRU�DIWHU�LW�FXUOV�RQFH�DURXQG�WKH�GRPH��VR�LPPHGLDWHO\�DIWHU�LWV
DUULYDO�DW�WKH�FUDIW
V�DSH[�LW�QHHGV�WR�EH�VHQW�RQ�LWV�ZD\���ZLWK� LWV�JUDYLWDWLRQDO� IRUFH
IXOO\�HPSRZHUHG���GRZQ�WKH�FUDIW
V�ILODPHQW�WXEH��7KLV�EHLQJ�WKH�FDVH�LW�VXJJHVWV�WKDW
WKH�ILODPHQW�WXEH�ZLOO�QHHG�WR�EH�LQLWLDOO\�GHYHORSHG�LQ�WKH�DLU�����GHJUHHV�IURP
ZKHUH� WKH� ULP� LV� JDWHG�� DQG� WKDW� WKH� JDWH� FKRVHQ�ZLOO� EH� RQ� WKH�EDFNVLGH� RI� WKH
FUDIW��GLUHFWO\�RSSRVLWH� WR�ZKHUH� WKH�FUDIW�ZDQWV� WR�JR��7KLV�ZRXOG�EH�KRZ� WKH
FUDIW
V�WUDMHFWRU\�QHHGV�WR�EH�GHWHUPLQHG��E\�ILUVW�VHOHFWLQJ�ZKLFK�RI�WKH�JDWHV�ZDV
XVHG� DURXQG� LWV� ULP� WR� UHOHDVH� WKH� ZDYH�SDFNHWV� WKURXJK�� DQG� VHFRQGO\� E\
GLUHFWLQJ�WKH�JXLGH�EHDP�ZKLFK�JXLGHV�WKH�ILODPHQW�WXEH
V�IRUPDWLRQ��VR�DV�WR�OLQH
LWV�SDWK��LQWR�WKH�DLU�DKHDG�RI�WKDW�FUDIW��PRUH�RQ�WKH�JXLGH�EHDP�LQ�VHFWLRQ�����
EHORZ��
:KDW� OHQGV� LWVHOI� EHVW� WR� WKH� GRPH�FXUYH� IRUP� RI� DPSOLILFDWLRQ� LV� WKDW� WKH
HOHFWURPDJQHWLF�JUDYLWDWLRQDO�HQHUJ\�EHLQJ�HMHFWHG�RXW�RI�WKH�FUDIW��LPEXHG�ZLWK
DQJXODU�PRPHQWXP��ZLOO� EH�GLYLGHG� LQWR�SXOVHV�� RU�ZDYH�SDFNHWV�� EHFDXVH� WKHQ
WKRVH�
SDFNDJHV�RI�HQHUJ\
�ZRXOG�EH�TXDQWL]HG��DQG�E\�TXDQWL]HG�,�PHDQ�WKH\�ZLOO
KDYH�D�ILQLWH�TXDQWLW\�WR�WKHP��+HUH� LV�D�K\SRWKHWLFDO�IRU�LQVWDQFH��7KRVH�ZDYH�
SDFNHWV�FRXOG�EH�JHQHUDWHG�LQVLGH�WKH�8)2
V�HQJLQH�ZLWKLQ�D�ILQLWH�WLPH�GXUDWLRQ�
DQG�WKRVH�SDFNHWV�FRXOG�FRQWDLQ�LQ�WKHP�D�IDLUO\�VLPLODU�DYHUDJH�QXPEHU�RI�ZDYHV
�DV� DQ� H[DPSOH�� DQG�� IRU� HDVH� RI� FDOFXODWLRQ�� D� ��� VHFRQG� SDFNHW� FRQWDLQLQJ� ��
ZDYHV��� WKHVH� SDFNHWV� RI� ZDYHV� FRXOG� EH� FUHDWHG� LQ� WKH� FHQWHU� RI� WKH� FUDIW
UHSHDWHGO\� RQH� DIWHU� WKH� RWKHU� IURP� WKH� ZDYHV� ERXQFLQJ� DURXQG� WKH� FHQWUDO
HUJRVSKHUH��%XW��ZKHQ�WKH\�DUULYH�DW�WKH�ZKLWH�ZDOO�DW�WKH�ULP�WKDW�ZKLWH�ZDOO�FDQ
WKHQ� GHDO� ZLWK� WKDW� ZDYH�SDFNHW� DV� D� ILQLWH� QXPEHU� RI� ZDYHV�� DQG� VR� WKH� ULP
FRXOG� �LI� LW�ZHUH� URWDWLQJ� IDVW� HQRXJK�� VKRUWHQ� WKH� WLPH�GXUDWLRQ�RI� WKDW�ZDYH�
SDFNHW�RI����ZDYHV�GRZQ�WR��VD\��RQH�VHFRQG��DQG�WKHUH�ZRXOG�VWLOO�EH�WKRVH���
ZDYHV�LQ�WKDW�ZDYH�SDFNHW�EXW�QRZ�WKH\�ZRXOG�EH�FRPSUHVVHG�ZDYHV��:KDW�LV�PRUH
OLNHO\� WKRXJK�� JLYHQ� WKDW� WKH� ZKLWH� ZDOO� ULP� ZLOO� DOZD\V� 6/2:� '2:1� WKH
J\UDWLRQV�RI�HQHUJ\�FRPLQJ�IURP�WKH�FHQWHU�RI�WKH�FUDIW��DV�H[SODLQHG�LQ�VHFWLRQ
������LV�WKDW�WKH�ZKLWH�ZDOO�ZLOO�VWUHWFK�WKDW�ZDYH�SDFNHW��OHQJWKHQ�WKH�SDFNHW
V�WLPH
GXUDWLRQ�� DQG� LQ� WKLV� K\SRWKHWLFDO� FDVH� LW� PLJKW� OHQJWKHQ� WKDW� SDFNHW� WR� ���
VHFRQGV�� WKH� QXPEHU� RI�ZDYHV�ZLOO� VWLOO� EH� ��� EXW� QRZ� WKRVH�ZDYHV� EHFRPH� D
JURXS�RI� VWUHWFKHG�ZDYHV��2I�FRXUVH�� LQ� UHDOLW\� WKH�DERYH�H[DPSOH�ZRXOG�EH�PRUH
DSSOLFDEOH�LI�LQVWHDG�RI�VHFRQGV�WKHVH�ZDYH�SDFNHW�WLPHV�ZHUH�LQ�PLOOLVHFRQGV�
7DNLQJ� WKLV� K\SRWKHWLFDO� FDVH� DURXQG� WKH� GRPH� IRU� LWV� ������ DPSOLILFDWLRQ
SURFHVV��WKH�VWUHWFKHG�ZDYH�SDFNHW�DIWHU�EHLQJ�HMHFWHG�RXW�RI�WKH�8)2
V�ULP�ZLOO
URXQG� WKH� GRPH�� DQG� ZKHQ� JRLQJ� WKURXJK� LWV� UHGXFLQJ� UDGLXV�RI�FXUYDWXUH
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VSLUDOOLQJ� DW� WKH� DSH[� LW� ZLOO� DOVR� LQFUHDVH� LWV� URWDWLRQDO� YHORFLW\�� DQG�ZKLOH� LW� LV
GRLQJ�WKDW�WKH�VWUHWFKHG�ZDYH�SDFNHW�ZLOO�EHKDYH�MXVW�OLNH�WKH�VSLQQLQJ�LFH�VNDWHU
DQG�GUDZ�LQWR�LWVHOI���DQG�ZLOO�FRPSUHVV�LWV�SDFNDJH�RI�ZDYHV�LQWR�D�PXFK�VKRUWHU
WLPH�GXUDWLRQ��7KXV�WKH�ZDYH�SDFNHW�WKDW�ZDV�VWUHWFKHG�DQG�FRQWDLQHG�ZDYHV�RI
HOHFWURPDJQHWLF�JUDYLWDWLRQDO�DQJXODU�PRPHQWXP�HQHUJLHV�RI� ORZ�DPSOLWXGH�ZLOO
WKHQ� EH� FRPSUHVVHG� LQWR� ZDYHV� RI� HOHFWURPDJQHWLF�JUDYLWDWLRQDO�DQJXODU
PRPHQWXP�ZLWK�PXFK�KLJKHU�DPSOLWXGHV�
7R�VXPPDUL]H�ZKDW�KDV�VR�IDU�EHHQ�GLVFRYHUHG�LQ�WKLV�DD8)2�SRZHU�GULYH�WKHUH
DUH� IRXU� H[FLWDWLRQ�DPSOLILFDWLRQV� XVHG� E\� WKH� DD8)2�� RI� WKH� WRURLG� IORZ
SURGXFLQJ� LWV�QRQ�XQLIRUP�/RUHQW]�IRUFHV�� WKH�PDJQHWLF� ILHOG� LQWHQVLWLHV�DURXQG
WKH� EODFN� YRUWH[� DQG� WKH� ZKLWH� ZDOO� ULP�� WKH� IHUURHOHFWULF� HPLVVLRQV� IURP� WKH
XSSHU�DQG�ORZHU�VSKHUHV��DQG�WKH�VXSHUUDGLDQFH�UHVRQDQFH��ZLWK�LWV�UHFRQQHFWLRQ
VKRFN�ZDYHV��� 7KHQ� WKHUH� DUH� WZR� JHRPHWULFDO� DPSOLILFDWLRQV� IRU� WKLV� 8)2�
ZKHUHE\� WKH� ILIWK� DPSOLILFDWLRQ� LV� WKH� ULP�GRPH�FXUO�� DQG� WKH� VL[WK� LV� WKH� DSH[
JHRPHWU\�ZKLFK�VKDSHV�WKH�ILODPHQW�WXEH�WR�D�SDUWLFXODU�ERUH�GLDPHWHU��%XW�WKLV
ILIWK� DPSOLILFDWLRQ�ZKHUH� WKH�PDJQHWLF� ILHOG� OLQHV� FRQYHUJH� WRZDUG� WKH� DSH[� VR
WKDW� WKH� HOHFWURPDJQHWLF� ILHOG� FRPSRQHQW� RI� WKH� ZDYH�SDFNHW� LQFUHDVHV� WKH
LQWHQVLW\�RI� WKH�JUDYLWDWLRQDO� IRUFH��DV� WKH�ZDYH�SDFNHWV�FXUO� WRZDUG�WKH�DSH[�� LV
WKH�PRVW�LQWHUHVWLQJ�IRU�LW�LV�WKH�PRVW�UHFRJQL]DEOH�LQ�DVWURSK\VLFDO�VWXGLHV�LQ�WKH
MHWV�ZKLFK�VKRRW�DZD\�IURP�D�TXDVDU�RU�D�SXOVDU�
%XW�WKHQ��GDPQ�LW��KHUH�LV�\HW�DQRWKHU�WUDQVPLVVLRQ�OLQH���$�WUDQVPLVVLRQ�OLQH�ZLOO
EH�QHHGHG�WR�FRQWURO�WKH�GRPH
V�PDWUL[�RI�PDJQHWLF�SDGV��7+5((�QRZ���
�����6L[WK�$PSOLILFDWLRQ��7KH�'RPH
V�$SH[�&RQWURO�RI�WKH�7XEH
V�%RUH
+RZ�WKH�PDJQHWLF�SDGV�DURXQG�WKH�FUDIW
V�DSH[��WKH�VPDOO�RQHV�DW�WKH�WRS�RI�WKH
GRPH�� DUH� FRQILJXUHG� WR� FRQWURO� WKH� SLWFK�DQJOH� �DQJXODU� IUHTXHQF\�� ZLOO
GHWHUPLQH� KRZ� IDVW� WKH� FRPSUHVVHG�ZDYH�SDFNHWV�ZLOO� OHDYH� WKH� FUDIW� DQG� KRZ
IDVW�WKH\�ZLOO�EH�DFFHOHUDWHG�GRZQ�WKH�KHOLFDO�ILODPHQW�WXEH�WKDW�WKH�FUDIW�ZLOO�QHHG
WR�H[WHQG�DKHDG�RI�LW�
%HFDXVH�WKH�FUDIW�ZLOO�EH�GUDZQ�DORQJ�E\�WKH�JUDYLWDWLRQDO�IRUFH�WKDW�LV�DPSOLILHG
LQ� HDFK� ZDYH�SDFNHW� URWDWLQJ� GRZQ� WKH� ILODPHQW�WXEH�� WKH� WUDMHFWRU\� RI� WKDW
ILODPHQW�WXEH�ZLOO�QHHG� WR�EH�FRQWUROOHG�E\� WKH�FUDIW�� 6R� WKH� ILODPHQW�WXEH�� DQG
KHQFH� WKH� H[LW� GLUHFWLRQ� RI� WKRVH�ZDYH�SDFNHWV� ZLOO� QHHG� WR� EH� GLUHFWHG� WKURXJK
VSHFLILF�DQJOHV�DQG�WKLV�ZLOO�EH�GHWHUPLQHG�E\�KRZ�WKHVH�PDJQHWLF�DSH[�SDGV�DUH
FRQILJXUHG�� VR� WKDW� WKH�XSSHU�GRPH·V�PDJQHWLF� ILHOG�PD\�EH�H[WHQGHG�DKHDG�RI
WKH�FUDIW� LQ�WKH�UHTXLUHG�GLUHFWLRQ�²�DQG�WKLV�ZRXOG�SURYLGH�RQH�RI�WKH�ZD\V�E\
ZKLFK�WKH�8)2�FRXOG�EH�PDGH�WR�IO\�DW�DQ\�DQJOH�RI�WUDMHFWRU\�EHWZHHQ�VLGH�ZD\V
DQG�VWUDLJKW�XS�
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2EYLRXVO\��D�8)2·V�XSSHU�GRPH�VKRXOG�EH�UHJDUGHG�DV�D�FXUYHG�ZDYHJXLGH�WKDW
KDV�WKH�VDPH�DPRXQW�RI�FXUYDWXUH�RYHU�LWV�ZKROH�VXUIDFH�DUHD��VR�WKDW�WKH�GRPH·V
DSH[� FDQ�EH� DW� DQ\� SDUW� RI� WKDW� FXUYDWXUH�� 7KHUHIRUH�� WKH� ODUJHU�PDJQHWLF� SDGV
DURXQG�WKH�GRPH�ZKHQ�WKH\�DUH�DGGHG�LQWR�WKH�DSH[�RQHV�FDQ�WKHQ�GHYHORS�WKH
PDJQHWLF�ILHOG�LQWR�PDQ\�DOWHUQDWLYH�FRQILJXUDWLRQV��VHH�ILJXUHV�������������������
)URP�WKH�W\SH�RI�ILHOG�XVHG��LQ�ILJXUHV���DQG�����ZKLFK�FRQYHUJHV�DOPRVW�OLQHDUO\
WRZDUG�LWV�DSH[�OLNH� WKH�VSRNHV�RI�DQ� LQKRPRJHQHRXV�ILHOG�� WKHVH�PDJQHWLF�IOX[
OLQHV� FRXOG� WKHQ� EH� FRQILJXUHG� LQWR� D� ILHOG� WKDW� VSLUDOV� DURXQG� WR� WKH� DSH[
�H[DPSOHV� RI� WKLV� DUH� VKRZQ� LQ� ILJXUHV� ��� DQG� ����� WKH� IRUPHU� FRQILJXUDWLRQ
ZRXOG�VHQG�WKH�ZDYH�SDFNHWV�RI�HOHFWURPDJQHWLF�DQG�JUDYLWDWLRQDO�IRUFH�LQWR�WKH
ILODPHQW�WXEH� DW� D� VORZHU� YHORFLW\� WKDQ� WKH� ODWWHU� FRQILJXUDWLRQ�� ZKLFK� ZRXOG
FDXVH�WKH�FUDIW�WR�ULVH�XSZDUG�YHU\�TXLFNO\�
:KDWHYHU� FRQILJXUDWLRQ� LV� XVHG� WKH� ILODPHQW�WXEH� VKHDWK� ZLOO� EH� GHYHORSHG� LQ
PXFK�WKH�VDPH�ZD\�DV�DQ�DVWURSK\VLFDO�MHW
V�WXEH�LV�GHYHORSHG�DQG�FROOLPDWHG�E\
WKH�FXUOLQJ�QHJDWLYH� UDGLDO�PRPHQWXP� LQ� WKH�SDUWLFOHV�RI� WKH�ZDYH�SDFNHWV�� DQG
RQFH�WKH�LQLWLDO�ZDYH�SDFNHWV�KDYH�URWDWHG�LQWR�WKH�DPELHQW�PHGLXP�WKH\�ZLOO�VHW
XS�WKH�KHOLFDO�ILHOG�IRU�VXEVHTXHQW�ZDYH�SDFNHWV�WR�WUDYHUVH�DQG�VWUHQJWKHQ��7KDW
URWDWLQJ� ILHOG�ZLOO�� RQ� WKH� RXWVLGH� RI� LW�� EH� GHYHORSLQJ� D� /HQVH�7KLUULQJ� IUDPH�
GUDJJLQJ�HIIHFW�LQ�WKH�DLU�ZKLFK�ZLOO�DWWUDFW�WRZDUG�LW�HOHFWULFDOO\�FKDUJHG�SDUWLFOHV
IURP� WKH� VXUURXQGLQJ� DWPRVSKHUH�� DQG� MXVW� OLNH� LQ� WKH� DVWURSK\VLFDO� VKHDWKV
ZKHUH�WKH�HOHFWULFDO�FXUUHQWV�FROOHFW�PRVWO\�DURXQG�WKH�ZDOOV�RI�WKRVH�VKHDWKV�VR
WKHUH� ZLOO� DOVR� RFFXU� SRZHUIXO� FXUUHQWV� DURXQG� WKH� RXWHU� ZDOO� RI� WKDW� 8)2
V
KHOLFDO�ILHOG�
,Q� IDFW�� WKLV� DFWLRQ� KHOSV� WR� H[SODLQ� VRPH� RI� WKH� REVHUYHG� SKHQRPHQD� DURXQG
8)2V�� EHFDXVH� ZKDW� WKH� IUDPH�GUDJJLQJ� GRHV� LV� LW� HVWDEOLVKHV� LWV� RZQ� HOHFWULF
ILHOG�EHWZHHQ�WKDW�URWDWLQJ�HQHUJ\�VKHDWK�DQG�D�YDVW�H[SDQVH�RI�DLU�VXUURXQGLQJ
WKH�8)2��7KLV�HIIHFWLYHO\�SRODUL]HV�WKH�DWRPV�RI�WKH�VXUURXQGLQJ�DLU��FDXVLQJ�WKDW
H[SDQVH� RI� DLU� WR� EHFRPH� LRQL]HG��:KDW� WKH� WRUTXH� RI� WKH� ILODPHQW�WXEH� WKHQ
GRHV� LV�ZUDS� OD\HUV��RU� VKHHWV��RI� WKRVH� LRQL]HG�DWRPV�DURXQG� WKH�RXWHU�ZDOO�RI
WKDW� URWDWLQJ� ILHOG�²�DQG� WKLV�EXLOGV�XS�HOHFWULF�FKDUJH� LQ� WKH�VKHDWK�ZDOO� �PXFK
OLNH�D�0HLVVQHU�VKHDWK�HIIHFW��²�DQG�WKDW
V�KRZ�WKH�HOHFWULF�ILHOG�JHWV�HVWDEOLVKHG
EHWZHHQ�WKH�URWDWLQJ�WXEH�DQG�WKH�VXUURXQGLQJ�DLU��7KLV�ZRXOG�EH�WKH�UHDVRQ�IRU
WKH� DLU� DURXQG� 8)2V� DSSHDULQJ� WR� EH� HOHFWULFDOO\� FKDUJHG�� DQG� WKH� UHDVRQ� IRU
PDJQHWLFDOO\�EDVHG�LQVWUXPHQWV�LQ�QHDUE\�FDUV�DQG�SODQHV�JRLQJ�KD\ZLUH��DQG�IRU
WKHLU� FRPEXVWLRQ� HQJLQHV�PLVILULQJ� RU� VWRSSLQJ� DOWRJHWKHU� ²� IURP� WKH� IDFW� WKDW
WKH� SURSHU� FXUUHQW�SDWKV� �ZKLFK� VKRXOG� EH� UXQQLQJ� WKURXJK� FRSSHU� ZLUHV�� LQ
WKRVH�HOHFWURQLF�FLUFXLWV�DUH�EHLQJ�GLVSHUVHG�UDQGRPO\�WKURXJKRXW�WKH�LRQL]HG�DLU
SDUWLFOHV� VXUURXQGLQJ� WKRVH� HOHFWURQLF� DSSDUDWXV�� EHFDXVH� WKDW� LRQL]HG� DLU� ZLOO
KDYH� MXVW� WKH� VDPH� FRQGXFWLYLW\� DV� WKH� FRSSHU� ZLUHV�� 6R� IRU� WKH� LQWHUQDO
FRPEXVWLRQ�HQJLQHV��RI�ERWK�FDUV�DQG�WKH�ROG�SURS�SODQHV�DSSURDFKHG�E\�8)2V�
WKLV� ZRXOG�PHDQ� WKDW� WKH� FRQWDFW�EUHDNHUV� ZRXOG� LQVWDQWO\� EHFRPH� LQHIIHFWLYH�
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DQG� LJQLWLRQ�FRLO� FRQGHQVHUV� ZRXOGQ·W� EH� DEOH� WR� DFFXPXODWH� HOHFWULF� FKDUJHV
�WKH\·G� VXGGHQO\� KDYH� D� ����� OHDNDJH� UDWH��� DQG� WKH� KLJK�WHQVLRQ� FRLOV� ZRXOG
KDYH�QR�FXUUHQWV�UXQQLQJ�WKURXJK�WKHP�WR�JHQHUDWH�WKH�PDJQHWLF�ILHOGV�QHFHVVDU\
WR� JHQHUDWH� KLJK�WHQVLRQ� YROWDJHV� IRU� WKH� VSDUN� SOXJV�� :LWKRXW� KLJK� WHQVLRQ
VSDUNV�QR� IXHO�ZRXOG�EH� LJQLWHG�� VR�QR�SRZHU�ZRXOG�FRPH�IURP� WKRVH�FDU� DQG
DLUSODQH�HQJLQHV��
%XW� PRVW� LPSRUWDQWO\�� DV� WKH� ZDYH�SDFNHWV� WZLVW� DURXQG� LQ� WKH� ILODPHQW�WXEH
VKHDWK�D�GUDJJLQJ�OLPLW�ZLOO�EH�UHDFKHG�IRU� WKRVH� OD\HUV�RI�SDUWLFOHV� VR� WKDW� WKH\
EHFRPH�WUDSSHG�DQG�ZLOO�WKHQ�IRUP�LQWR�D�VLQJOH�VKHDULQJ�ILHOG�DQG�FRQQHFW�LQWR�WKH
VXUURXQGLQJ� DWPRVSKHUH� �WR� GUDJ� HYHQ� PRUH� OD\HUV� RI� DLU� WR� EH� WUDSSHG� LQWR� WKDW
ZDOOHG�VKHDWK��>QRWH����@��&RUUHVSRQGLQJO\��DV�WKLV�KDSSHQV�WKH�RXWHU�ZDOO�VKHDWK
ZLOO� WKHQ� EH� IXUWKHU� VWUHQJWKHQHG� E\� SDUWLFOH� FUHDWLRQ�� DQG� DOVR� E\� WKH� SLQFK�
HIIHFW��ZKLFK�RFFXUV�EHWZHHQ� WZR�DGMDFHQW� YROXPHV�RI� HOHFWULFDO� SRWHQWLDOV� �WKH
URWDWLQJ� VKHDWK�ZDOO� EHLQJ� RQH� DQG� WKH� VXUURXQGLQJ� DLU� WKH� RWKHU�� IRUFLQJ� D
FRQWLQXRXV�LQIOX[�RI�FKDUJHG�DLU�WR�IORZ�LQWR�LW�>*UH\EHU�����E@��,Q�IDFW��ZLWK�WKLV
LQ�PLQG�LW�VKRXOG�DOVR�EH�QRWHG��WKDW�DV�WKLV�URWDWLQJ�DFWLRQ�ZLOO�SURGXFH�PDJQHWLF
IOX[� OLQHV� ZKLFK� ZLOO� EH� EURNHQ� DQG� UHFRQQHFWHG� �WKURXJK� WKH� URWDWLRQ� RI� WKH
ILODPHQW�WXEH��� ZKLFK� LV� HVVHQWLDOO\� WKH� VDPH� SDLU�SURGXFWLRQ� SURFHVV� DV� RFFXUV
RXW� LQ� VSDFH� DURXQG� DVWURSK\VLFDO� MHWV�� WKHQ� LW� ZRXOG� EH� VWUDLJKWIRUZDUG� IRU� D
8)2� WR� WUDYHO� WKURXJK� RXU� DWPRVSKHUH� DQG� WKHQ� WR� FRQWLQXH� DOO� WKH� ZD\� LQWR
VSDFH�E\�XVLQJ�WKLV�VDPH�ILODPHQW�WXEH�SURSXOVLRQ�
%XW�WR�UHWXUQ�WR�HDUWK·V�DWPRVSKHUH��RQFH�WKH�WXEH
V�VKHDWK�EHJLQV�LQFUHDVLQJ�LWV
SDUWLFOH�GHQVLW\�LW�ZLOO�DGGLWLRQDOO\�JHQHUDWH�LWV�RZQ�JUDYLW\�IRUFHV��ZKLFK�ZLOO�VHW
XS� D� FRQYHUJLQJ� VWUHVV�ILHOG� DOO� DURXQG� DQG� DOO� DORQJ� WKH� ZKROH� OHQJWK� RI� WKDW
ILODPHQW�WXEH�� DQG� WKLV� JUDYLW\� ILHOG�ZLOO� DOVR� KDXO� LQ� WRZDUG� LW� WKH� VXUURXQGLQJ
DLU
V�QHXWUDO�SDUWLFOHV� �EHFDXVH�RI� WKH�FRQYHUJLQJ�JUDYLWR�HOHFWURPDJQHWLF� ILHOG� LW
ZLOO�FUHDWH�ZLWK� WKH�VXUURXQGLQJ�DLU���6R�� WKH�URWDWLQJ�ILODPHQW�WXEH�ZLOO�EHFRPH
IDLUO\�VROLGO\�
KRRNHG
�LQ�WKH�DLU�DQG�DOO�WKURXJKRXW�WKH�VWUDWLILHG�GHQVLW\�JUDGLHQWV
RI�WKH�XSSHU�DWPRVSKHUH�²�EXW�RQO\�DV�ORQJ�DV�LWV�URWDWLRQ�LV�DFWLYHO\�DFFHOHUDWHG�E\
WKDW�8)2��DV�DOOXGHG�WR�LQ�FKDSWHUV�������DQG����>VHH�QRWH����@�
7KH� KLJKHU�GHQVLW\� DQG� ZDUPHU� DLU� FRPLQJ� IURP� WKH� 8)2� FUDIW� ZLOO� PRYH
WKURXJK�WKH�WXEH�WR� WKH�KLJKHU�DOWLWXGHV�RI� WKH� WXEH�ZKHUH� WKH�DLU� LV�FROGHU�DQG
PRUH� UDULILHG�� DQG� WKLV� DLU� IORZ�ZLOO� VHUYH� WR� NHHS� WKH� WXEH� RSHQ� DQG� FUHDWH� D
SUHVVXUH�JUDGLHQW�EHWZHHQ�WKH�FUDIW�DQG�WKH�OHDGLQJ�HQG�RI�WKH�ILODPHQW�WXEH��$W
WKH� WXEH
V� OHDGLQJ� HQG� LW� ZLOO� ORRVH� LWV� URWDWLRQDO� SRZHU� DQG� VKDSH� DQG� GLYHUJH
RXWZDUG��EXW� WKLV�ZLOO� KHOS� DQFKRU� WKDW� OHDGLQJ� HQG� LQWR� WKH� VXUURXQGLQJ� DLU� LQ
PXFK�WKH�VDPH�ZD\�D�WKXQGHUFORXG�GHYHORSV�DQ�XS�GUDIW�E\�FKDQQHOLQJ�DLU�IURP
ORZHU�DOWLWXGHV�LQWR�KLJKHU�DOWLWXGHV�WR�FDXVH�F\FORQHV�DQG�WZLVWHUV�
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7KH� WXEH�VKHDWK� ZRQ
W� KDYH� DQ\� ZHLJKW� �DQG� QRU� ZLOO� WKH� FUDIW� EHFDXVH� RI� LWV
EXR\DQF\� �� DV� VHFWLRQ� ����� VR� LW� ZRQ
W� EH� XQGHU� DQ\� HQRUPRXV� PHFKDQLFDO
VWUHVVHV��DQG�LW�ZLOO�RQO\�EH�QHHGHG�WR�HQGXUH�IRU�WZR�WR�WKUHH�VHFRQGV�DW�PRVW�
DQG�DV�ZDV�VKRZQ�LQ�WKH�YLGHR�IRRWDJH�RI�WKH�0H[LFR�K\SHU�MXPS�VN\�WXEHV��RQFH
WKH�8)2�KDV�WUDYHUVHG�WKDW�WXEH�LW�ZLOO�HYHQWXDOO\�VWRS�WXUQLQJ�DQG�GLVVROYH�LWVHOI
EDFN�LQWR�WKH�DLU��7KH�IDFW�WKDW�WKH�VN\�WXEH�GRHVQ
W�FROODSVH�LPPHGLDWHO\�DIWHU�WKH
8)2�KDV�WUDYHUVHG�LW��VRPHWKLQJ�,�PDGH�QRWH�RI�LQ�VHFWLRQ�����DERYH��FRQILUPV
WKH� URWDWLQJ�QDWXUH�RI� WKDW� WXEH
V� VKHDWK�� IRU� DV� D� UHVXOW�RI� WKH�FUDIW� SDVVLQJ�XS
WKURXJK�WKDW�WXEH�WKH�GUDJ�IRUFH�EHKLQG�WKDW�FUDIW�ZLOO�PRPHQWDULO\�LQFUHDVH�WKH
VSLQ�RI�WKH�SDUWLFOHV�LQ�WKH�VKHDWK��IURP�WKH�DGLDEDWLF�SUHVVXUH�JUDGLHQW�LQVLGH�RI
WKH� WXEH� SXOOLQJ� DLU� XS� EHKLQG� WKH� FUDIW��� EXW� WKHQ� RQFH� WKH� FUDIW� KDV� SDVVHG
WKURXJK�DQG�WKH�SUHVVXUH�IORZ�GLVVLSDWHV�LQVLGH�WKH�WXEH�WKRVH�SDUWLFOHV�ZLOO�VORZ
GRZQ�DQG� WKH�VKHDWK�ZLOO� ORRVH� LWV�FRKHVLRQ�DQG�IDOO� DSDUW��6R�HYHQ� WKRXJK� WKH
8)2�KDV�SDVVHG�WKURXJK�LW��DQG�REYLRXVO\�KDV�VWRSSHG�HPSRZHULQJ�WKDW�WXEH��LW
ZLOO�WDNH�D�IHZ�VHFRQGV�IRU�WKH�SDUWLFOHV�URWDWLQJ�LQ�WKH�VKHDWK�ZDOO�WR�VORZ�GRZQ
DQG�WR�GLVSHUVH�EDFN�LQWR�WKH�DLU�
%XW�LW�ZLOO�EH�WKH�SUHFLVH�GLUHFWLRQ�RI�:+(5(�WKDW�ILODPHQW�WXEH�LV�VHW�XS�LQ�WKH
VN\�WKDW�ZLOO�EH�FUXFLDO�WR�WKH�FUDIW
V�WUDMHFWRU\��7KDW�ZLOO�QHHG�WR�KDYH�VRPH�VRUW
RI�LQLWLDO�JXLGDQFH�VR�WKDW�WKH�8)2
V�ILODPHQW�WXEH�H[WHQGV�DZD\�IURP�WKH�FUDIW�DW
WKH�SUHVFULEHG�DQJOH��2QH�ZD\� WKLV�PLJKW�EH� DFKLHYHG� LV� WKURXJK�D�YHU\� VLPSOH
PLFURZDYH� EHDP� �FLUFXODUO\� SRODUL]HG�� RU� D� ODVHU� EHDP��ZKLFK�ZRXOG� JXLGH� WKH
KHOLFDO� IRUPDWLRQ� RI� WKH� ILODPHQW�WXEH� DQG� RQFH� IRUPHG� WKDW� EHDP� FRXOG� EH
VZLWFKHG�RII�DQG�WKH�WXEH�ZRXOG�WKHQ�WDNH�FDUH�RI�LWVHOI��7KLV�PD\�EH�SRVVLEOH�LQ
WKH�DD8)2�WKURXJK�EHDP�WXEHV�VHW�LQWR�WKH�FUDIW
V�PDJQHWLF�SDGV��IRU�LQVWDQFH�LQ
WKH� ILYH� DSH[�SDGV� VKRZQ� LQ� ILJXUH������ ,QWHUHVWLQJO\�� WKH�ZKHUHDERXWV�RI� WKHVH
EHDP�WXEHV�PD\�KDYH�EHHQ�VKRZQ�LQ�RQH�RU�WZR�RI�WKH�VFHQHV�UHPHPEHUHG�DQG
GUDZQ�E\�%HWW\�/XFD�RI�8)2�FUDIW�YHU\�VLPLODU�WR�WKH�DD8)2��DQG�,�VKDOO�LQFOXGH
RQH�RI�WKRVH�GUDZLQJV�EHORZ��ILJXUH������DV�ZHOO�DV�RQH�RI�P\�RZQ���ILJXUH�����
/RRNLQJ� DW� WKLV� URWDWLQJ� FDQRS\� DW� WKH� WRS� RI� WKH� DD8)2� LQ� VRPH� RI� %HWW\
V
GUDZLQJV�� LW� VKRZV� WKDW� $�� WKH� WRS� FDQRS\� URWDWHV� LQGHSHQGHQWO\� RI� WKH� PDLQ
GRPH�� DQG� %�� WKH� WRS� FDQRS\� KDV� SURYLVLRQ� WR� GLUHFW� EHDPV� RI� OLJKW� �RU
PLFURZDYH� HQHUJ\�� DKHDG� RI� LW� LQWR� DQ\� GLUHFWLRQ� >QRWH�� ��@�� $V� ,� VD\�� WKHVH
EHDPV��SUREDEO\�RI�PLFURZDYH�RVFLOODWLRQV��ZRQ
W�FUHDWH�WKH�FUDIW
V�ILODPHQW�WXEH�
DOO� WKH\�ZLOO�GR� LV� OLQH�D�SDWK�IRU� LW� LQ� WKH�DLU�ZKHQ� LW� IRUPV� �DQG� WKHQ� WKH\�ZLOO
VZLWFK�RII��
:KHQ� WKH� ILODPHQW�WXEH� LV� HVWDEOLVKHG� WKH� ODUJHU� LWV� GLDPHWHU� WKH� ZHDNHU� LWV
SRWHQWLDO�IRUFH�ZLOO�EH��$V�WKH�WXEH�GLDPHWHU�LV�GHFUHDVHG�WKHUH�ZLOO�DXWRPDWLFDOO\
EH� DQ� LQFUHDVH� LQ� WKH� DQJXODU� IUHTXHQF\�� DQG�ZKHQ� LW�SDVVHV� D� FULWLFDO� WKUHVKROG
WKHUH� ZLOO� EH� JHQHUDWHG� VXSSOHPHQWDU\� JUDYLWDWLRQDO� IRUFHV�� VR� WKH� EHDP� LWVHOI
EHFRPHV�DQ�DPSOLILHU�RI�JUDYLWDWLRQDO�IRUFH��DV�LQ�VHFWLRQ������DERYH��
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)LJXUH� ���� 7KH� SK\VLFDO� FRQWRXUV� RI� WKH� ULP� FDQ� GHWHUPLQH� WKH� EDQGZLGWK� RI
ZDYHOHQJWKV�ZKLFK�ZLOO�PDNH�XS�WKH�ZDYH�SDFNHW��$W�WKH�DSH[�D�FKDQQHO�FDQ�EH
HVWDEOLVKHG�LQ�D�SUHFLVH�GLUHFWLRQ�E\�D�VLPSOH�HOHFWURPDJQHWLF�EHDP

)LJXUH�����7KHVH�OLJKW�EHDPV��RI�UHG�RU�LQIUD�UHG�SKRWRQV��ZHUH�QRWLFHG�LQ�RQH�RI
%HWW\
V�DEGXFWLRQ�H[SHULHQFHV��IURP�$QGUHDVVRQ�$IIDLU���3KDVH�7ZR�ILJ����
,Q�YLHZ�RI�WKH�DERYH�WXEH�FUHDWLQJ�WHFKQLTXHV��DQ�LQWHUHVWLQJ�SRLQW�WR�DOVR�PDNH
KHUH�LV�WKDW�WKH�URWDWLQJ�HOHFWURPDJQHWLF�JUDYLWDWLRQDO�ZDYHV�DV�WKH\�HQWHU�LQWR�WKH
ILODPHQW�WXEH� F\OLQGHU� VKRXOG� KDYH� JUHDWHU� YHORFLW\� WKDQ� WKH� LQFLGHQW� ZDYHV
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UHERXQGLQJ� DZD\� IURP� WKH� EODFN� YRUWH[� LQVLGH� WKH� FUDIW� �EHDULQJ� LQ� PLQG� WKH
VORZLQJ�GRZQ�HIIHFW�RQ�WKRVH�ZDYHV�RFFXUULQJ�DW�WKH�DD8)2
V�ZKLWH�ZDOO�EHIRUH
WKH\� VTXHH]H� WKURXJK� WKH� ULP���7KLV�SURJUHVVLRQ�RI� YHORFLW\�LQFUHDVHV� IURP� WKH
RXWHU�ULP�RQZDUGV�ZLOO�HQVXUH�WKDW�WKHUH� LV�D�SURJUHVVLYH�DPSOLILFDWLRQ�IDFWRU�WR
WKRVH�URWDWLQJ�HQHUJ\�SDFNDJHV�ZKLFK�ZLOO�VHUYH�WR�OHDG�WKH�FUDIW�>QRWH����@�
2EYLRXVO\��WKH�EHDXW\�RI�WKH�8)2�LV�LWV�FLUFXODU�VKDSH�ZKLFK�LW�XVHV�WR�GHYHORS
VXFK� SURJUHVVLYH� DPSOLILFDWLRQV� WKURXJK� WKH� VLPSOHVW� RI� SURFHGXUHV�� DQG
HOHFWURG\QDPLFDOO\� LW� VKRZV� WKDW� WKH� 8)2� RQ� HYHU\� FRXQW� LV� WKH� 3(5)(&7
6+$3(�WR�DPSOLI\�URWDWLQJ�HQHUJ\�ILHOGV����EXW�ZK\�WKLV�SULQFLSOH�LVQ
W�XVHG�PRUH
RQ�HDUWK�*RG�RQO\�NQRZV��
�����%HIRUH�(LQVWHLQ
V�&RVPRORJLFDO�&RQVWDQW�&DSHU
7R� KDYH� WZR� YHU\� SRZHUIXO� HOHFWURPDJQHWLF� DPSOLILFDWLRQ� PHFKDQLVPV� RXWVLGH
WKH�8)2�HVSHFLDOO\�WR�DPSOLI\�WKH�URWDWLRQDO�DQG�JUDYLWDWLRQDO�IRUFHV�LQ�WKH�ZDYH�
SDFNHWV�� ZKLFK� WKH� FUDIW� SURGXFHV� DQG� HMHFWV� IURP� LWV� ULP�� FHUWDLQO\� LV� KLJKO\
HIILFLHQW�GHVLJQLQJ��%XW�� LQ�RUGHU�WR�GR�MXVWLFH�WR�VXFK�HIILFLHQF\�ZKDW�ZRXOG�EH
QHHGHG� IRU� WKH�8)2� WR� VHQG� WKURXJK� WKRVH�PDUYHORXV�PRPHQWXP�PXOWLSO\LQJ
PHFKDQLVPV�LV�D�W\SH�RI�HQHUJ\�WKDW�ZKHQ�DPSOLILHG�ZRXOG�ERWK�VKRRW�GRZQ�WKH
ILODPHQW�WXEH� $1'� ZRXOG� SXOO� WKH� FUDIW� ZLWK� LW�� 7KDW� LV� D� SUHWW\� WDOO� RUGHU���
+RZHYHU�� WKH� YHU\� UHTXLUHPHQW� RI� WKDW� HQHUJ\� ZLOO� KHOS� WR� GHILQH� ZKDW
JUDYLWDWLRQDO�IRUFH�PDQLSXODWLRQ�LV�DOO�DERXW�DQG�FDSDEOH�RI�
,Q� RUGHU� WKHQ� WR� VHH� WKH� IXOO� SRWHQWLDO� RI� WKLV� QRYHO� IRUP� RI� JUDYLWDWLRQDO
PDQLSXODWLRQ�D�IHZ�EDFN�WUDFNV�PLJKW�EH�UHTXLUHG���EXW� WKH\�ZRQ
W�EH� ORQJ�DQG
DUGXRXV��:KHQ�0RUULV�DQG�7KRUQH�FDPH�XS�ZLWK�WKHLU�ZRUPKROH�SURMHFW�LQ�����
WKH\� UHDOL]HG� WKDW� WKH\�ZRXOG�KDYH� WR� ILQG� D�ZD\�RI� H[SODLQLQJ�ZKDW� D�QHJDWLYH
HQHUJ\�GHQVLW\�ZDV� WR�RWKHU�SK\VLFLVWV��$IWHU� VRPH�GHIW�PDWKHPDWLFV� WKH\�FDPH
XS� ZLWK� WKH� IRUPXODH� IRU� D� YHU\� XQSDODWDEOH� VLWXDWLRQ� ZKHUH� WKH\� IRXQG� WKDW
QHJDWLYH� HQHUJ\� GHQVLW\� FRXOG� RQO\� EH� GHVFULEHG� DV� EHLQJ� ZKHQ� WKH� IRUFH� RI
WHQVLRQ��τ��H[FHHGHG�WKDW�RI�WKH�GHQVLW\��ρ��RI�PDVV�HQHUJ\�VR�WKDW��τ�!�ρF����7KLV
XQSDODWDEO\� KLJK� IDFWRU� RI� WHQVLRQ� ZDV� GLIILFXOW� WR� VWRPDFK�� VR� 0RUULV� DQG
7KRUQH�PDGH� WKH� PRXWK� RI� WKHLU� ZRUPKROH� WKH� PRVW� LPSRUWDQW� SDUW� RI� WKHLU
SDUDGLJP� EHFDXVH� LW� ZRXOG� RQO\� EH� DW� WKH�PRXWK�� ZLWK� LWV� H[WUHPH� RXW�IODULQJ
FXUYDWXUH�RI�VSDFH�WLPH��ZKHUH�HQRXJK�UDGLDOO\�RXW�IORZLQJ�IRUFH�FRXOG�EH�IRXQG
WR� HTXDWH� WR� D� KLJK� HQRXJK� YDOXH�RI� UDGLDO� WHQVLRQ� WKH\� QHHGHG� WR� VDWLVI\� WKHLU
VXPV��'HQVLW\� LW� VHHPV� LV�PXFK�PRUH�XQGHUVWDQGDEOH� WR� HDUWK
V�SK\VLFLVWV� WKDQ
WHQVLOH�VWUHVV�LV�>QRWH����@�
7KLV�FRUUHVSRQGV�WR�ZKDW�1DWXUH�GRHV�RQ�D�FRVPRORJLFDO�VFDOH�DQG�FDQ�EH�VHHQ
LQ� WKH� ORUH� RI� FRVPRORJLFDO� H[SDQVLRQ�� ZKLFK� LV� LQGLFDWHG� WKURXJK� (LQVWHLQ
V
ODPEGD� �Λ�� FRQVWDQW� DQG� LQ� LQIODWLRQ� FRVPRORJ\�� ,Q� (LQVWHLQ
V� YLHZ� RI� WKH
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XQLYHUVH� JUDYLWDWLRQDO� IRUFH� SOD\V� D� ELJ� SDUW� LQ� NHHSLQJ� LW� WR� DQ� RUGHUO\� VKDSH�
:KHQ�(LQVWHLQ�FDOFXODWHG�WKH�IRUFHV�RI�JUDYLW\��SUHVVXUH��DQG�GHQVLW\��DJDLQVW�WKH
PDVV�RI�WKH�XQLYHUVH�KH�DW�ILUVW�FDPH�XS�ZLWK�WKH�IRUPXOD�*� ��π*τ��ZKHUH��*�
LV�1HZWRQ
V�JUDYLWDWLRQDO�FRQVWDQW�DQG��τ�� LV�D�VWUHVV�HQHUJ\� WHQVRU��%XW� WKHQ�KH
TXLFNO\� UHDOL]HG� WKLV� PXVW� EH� ZURQJ� DQG� UHDVRQHG� WKDW� VRPHWKLQJ� PXVW� EH
KDSSHQLQJ� LQ� WKH� XQLYHUVH� ZKLFK� SUHYHQWV� DOO� RI� WKDW� PDWWHU� DQG� JUDYLWDWLRQDO
IRUFH�FROODSVLQJ�GRZQ�LQWR�D�ELJ�EDOO�RI�PDVVLYH�PDWWHU��7KDW�VRPHWKLQJ��$OEHUW
FRQFOXGHG�� PXVW� EH� D� YHU\� SRZHUIXO� H[SDQVLYH� IRUFH� SHUYDGLQJ� WKURXJK� WKH
XQLYHUVH�ZKLFK�FRXQWHU�EDODQFHV�PDWWHU
V�WHQGHQF\�WR�IDOO�LQ�RQ�LWVHOI��DQG�ZKLFK
PXVW�H[LVW�WR�NHHS�WKH�XQLYHUVH�LQ�SHUIHFW�EDODQFH��6R�(LQVWHLQ�FDPH�XS�ZLWK�KLV
FRVPRORJLFDO�FRQVWDQW��Λ��ODPEGD��WKH�H[SDQVLYH�IRUFH�ZKLFK�NHHSV�WKH�XQLYHUVH
LQIODWHG�DJDLQVW�JUDYLW\��$QG�LQ������KH�IRUPXODWHG�LW�LQWR�KLV�FDOFXODWLRQV�IRU�WKH
XQLYHUVH
V� HQHUJ\� DV�*���ΛJ� � �π*τ� VR� WKDW� ILQDOO\� SK\VLFV� FRXOG� JR� IRUZDUG
ZLWK� D� VWDWLF� ZHOO� EDODQFHG� XQLYHUVH�� RU� VR� WKH\� WKRXJKW�� +RZHYHU�� ZKHQ
$OH[DQGHU�)ULHGPDQQ�LQ������FDPH�RXW�ZLWK�KLV�PRGLILFDWLRQ�WR�(LQVWHLQ
V�*75
ZKLFK�VXJJHVWHG� WKDW� WKH�XQLYHUVH�PLJKW�EH�H[SDQGLQJ��DQG� WKLV�ZDV� FRQILUPHG
E\�(GZLQ�+XEEOH� LQ������ZKHQ�KLV�SRZHUIXO� WHOHVFRSH�PDGH�GHHS�VSDFH�VFDQV
DQG�GLVFRYHUHG�UHG�VKLIWLQJ�VWDUV�� WKHQ� LW�ZDV� UHDOL]HG� WKDW� WKH�XQLYHUVH�ZDV�QRW
KHOG�VWDWLF�LQ�WKDW�VWDWH�RI�SHUIHFW�EDODQFH�WKDW�(LQVWHLQ�KDG�SUHGLFWHG��7KLV�PHDQW
WKDW�WKH�PDWKHPDWLFV�LQ�*75�IRU�WKH�ODPEGD�IRUFH�$1'�(LQVWHLQ
V�JUDYLWDWLRQDO
IRUFH� ZHUH� DOO� ZURQJ� �� $IWHU� WKLV� DVWRQLVKLQJ� UHYHODWLRQ� KDG� VXQN� LQ� �LW� WRRN
VHYHUDO�\HDUV��(LQVWHLQ�ILQDOO\�DGPLWWHG�KH
G�PDGH�D�PLVWDNH�DQG�KDG�WR�DEDQGRQ
KLV�*HQHUDO� 7KHRU\� RI� 5HODWLYLW\� DVVXPSWLRQ� WKDW� WKH� XQLYHUVH� ZDV� XQPRYLQJ� DQG
DFXWHO\�EDODQFHG��3K\VLFLVWV�DQG�DVWURQRPHUV�KDYH�QRZ�JURZQ�DFFXVWRPHG�WR�WKH
IDFW�WKDW�WKH�XQLYHUVH�LV�H[SDQGLQJ�LQ�SURSRUWLRQ�WR�WKH�FXUYDWXUH�RI�VSDFH�WLPH�
DQG�LQGHHG��WKDW�LW�LV�H[SDQGLQJ�DW�DQ�DFFHOHUDWLQJ�UDWH�>2VWULNHU�6WHLQKDUGW@�
7KDW�WKH�XQLYHUVH�LV�H[SDQGLQJ�WKURXJK�FXUYDWXUH�FRUUHODWHV�ZLWK�WKH�IDFW�WKDW�WKLV
SDUW�RI�WKH�XQLYHUVH�KDV�DQ�DSSDUHQW�YDFXXP��7KLV�LV�QRW�WKH�VDPH�VRUW�RI�YDFXXP
WKRXJK� WKDW� FDQ� EH� REWDLQHG� LQVLGH� D� ERWWOH� LQ� D� ODERUDWRU\� H[SHULPHQW�� LW� LV� D
GLVSODFHPHQW� ILHOG� RI� UHODWLYH� WHQVLOH� IRUFH� RU� QHJDWLYH� SUHVVXUH�� FDXVHG� E\� WKH
H[SDQVLYH�QDWXUH�RI�VSDFH�WLPH��OLNH�WKDW�ODE�ERWWOH�JHWWLQJ�ELJJHU��LI�\RX�OLNH���,WV
D� VSDFH�WLPH� FXUYDWXUH� HIIHFW�� PXFK� OLNH� WKH� 0RUULV�7KRUQH� SDUDGLJP� RI� WKH
WKURDW� RI� D� ZRUPKROH�� ZKHUH� LWV� UDGLDO� WHQVLRQ� LV� FUHDWHG� E\� WKH� RXW�IODULQJ
FXUYDWXUH�RI�VSDFH�>QRWH����@�
:KLOH� JUDYLWDWLRQDO� IRUFH� VXEWHQGV� WR� VSDFH�WLPH� FXUYDWXUH� LI� WKH� VSLUDOLQJ
WUDMHFWRU\�RI�WKDW�FXUYDWXUH�LV�H[SDQVLYH�DQG�RXW�VWUHWFKLQJ�WKHQ�WKDW�JUDYLWDWLRQDO
IRUFH�PXVW�EH�5(38/6,9(��7KLV�PHDQV�WKDW�WKH�IRUFH�RI�FXUYDWXUH��ZKLFK�ZDV
WKHUH� ORQJ�EHIRUH�(LQVWHLQ�FDPH�XS�ZLWK�KLV�/DPEGD�FRQVWDQW�� IRU� WKLV�SDUW�RI
WKH�FRVPRV�LV�D�UHSXOVLYH�IRUFH����D�QHJDWLYH�JUDYLWDWLRQDO�IRUFH�
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�����5HSXOVLYH�*UDYLWDWLRQDO�)RUFH�DQG�1HJDWLYH�6SDWLDO�&XUYDWXUH
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)LJXUH�����7KLV�PRGHO�RI�WKH�XQLYHUVH�LV�ERWK�D�VROXWLRQ�WR�WKH�IODW�VSDFH�SUREOHP
DQG�LW�FDQ�EH�VHHQ�DV�D�GLDJUDP�WR�VKRZ�KRZ�8)2
V�PDQXIDFWXUH�ERWK�SRVLWLYH
DQG�QHJDWLYH�JUDYLWDWLRQDO�IRUFHV�DERYH�DQG�EHORZ�WKHP
7KLV�GLDJUDP��ILJXUH������ZKLFK�,�ZLOO�UHIHU�WR�DV�D�SDUDGLJP��PRGHO�GLDJUDP���KDV
EHHQ�GHVLJQHG�PRVWO\�WR�VKRZ�WKH�UHDGHU�KRZ�SRVLWLYH�DQG�QHJDWLYH�JUDYLWDWLRQDO
IRUFHV� ZRUN�� DOWKRXJK� LW� KDV� QRW� EHHQ� GUDZQ� HQWLUHO\� ZLWKRXW� FRVPRORJLFDO
FRUUHODWLRQ� >QRWH�� ��@�� 6R� LQ� LW� PLJKW� EH� VHHQ� RXU� VHFWLRQ� RI� WKH� XQLYHUVH� �RU
UDWKHU��WKH�RQO\�SDUW�RI�WKH�XQLYHUVH�VR�IDU�REVHUYHG�E\�RXU�VFLHQWLVWV���DQG�LQ� LW
PLJKW� DOVR� EH� VHHQ�KRZ�RXU� DUHD� RI� VSDFH�� DQG�RXU�SDUWLFXODU� JDOD[\�� FDQ�KDYH
ZKDW�LV�WHUPHG�QHJDWLYH�VSDWLDO�JHRPHWU\��VR�WKDW�DQ�DSSDUHQW�YDFXXP�ZLOO�UHVXOW
IURP� WKLV� UHSXOVLRQ�JUDYLWDWLRQDO� IRUFH�ZKLFK� LV� H[SDQGLQJ� WKURXJK� RXU� SDUW� RI
WKH�XQLYHUVH��/RRNLQJ�LQWR�WKLV�PRGHO�DW�WKH�RSSRVLWH�HQG�WKHUH�FDQ�EH�VHHQ�ZKDW
FRXOG�EH� WHUPHG�D�TXDVL�EODFN�KROH� �ZKLFK�� VWULFWO\� VSHDNLQJ�� LV� QRW� D� WUXH� EODFN
KROH�EHFDXVH�LW�KDV�QR�SRLQW�RI�VLQJXODULW\����LW�ZLOO�EH�WKRXJK�D�PDWWHU�FUXQFKHU
DQG� IORZLQJ� IURP� LWV� FRUH� WKHUH� ZLOO� EH� D� VXSHUIOXLG� PRWLRQ�� DQG� VR� DW� WKLV
GLDJUDP·V� TXDVL�EODFN� KROH� WKHUH�ZLOO� EH� D�SRVLWLYH� VKHDULQJ� SUHVVXUH�� D� FRPSDFWLQJ
JUDGLHQW�RI�GHQVLW\��DQG�D�VORZ�LPSORVLRQ�RI�SRVLWLYH�DWWUDFWLYH�JUDYLWDWLRQDO�IRUFH�
/LJKW�ZDYHV�RQ�WKDW�GHQVLW\�HQG�ZRXOG�EH�SXOOHG�XSRQ�DQG�VORZHG��UHODWLYH�WR�WKH
LQFUHDVLQJ�GHQVLW\�DQG�FXUYDWXUH���ZKLOH�DW�WKH�FRUH�RI�RXU�YDFXXP�HQG�ZKHUH�WKH
HDUWK�KDV�EHHQ�UHVLGLQJ�OLJKW�ZDYHV�ZRXOG�EH�SXVKHG�IDVWHU��UHODWLYH�WR�D�GHFUHDVLQJ
JUDGLHQW�RI�GHQVLW\�DQG�FXUYDWXUH���$QG��LW�PLJKW�EH�LQWHUHVWLQJ�WR�FRQMHFWXUH��WKDW
LI� HYHU� RXU� LPPHGLDWH� ORFDWLRQ� RI� VSDFH�WLPH� HYHU� FKDQJHG� WR� D� GLIIHUHQW
FXUYDWXUH��LH�LI�ZH�PRYHG�WR�DQ�DUHD�ZLWK�D�JUHDWHU�RU�OHVVHU�GHJUHH�RI�FXUYDWXUH
VR�WKDW�WKH�HIIHFW�RI�WKDW�FXUYDWXUH�EHFDPH�PRUH�RU�OHVV�SURQRXQFHG�WKDQ�LW�LV�QRZ��
WKHQ� WKH� FKDQJH� WR� WKH� ZDYHOHQJWK� RI� OLJKW� ZH� ZRXOG� WKHQ� H[SHULHQFH� ZRXOG
OLNHZLVH�EH�JUHDWHU��RU�OHVVHU��WKDQ�WKDW�ZKLFK�ZH�DUH�H[SHULHQFLQJ�ULJKW�QRZ�
,Q�IDFW�WKLV�VXEMHFW�KDV�ODWHO\�EHHQ�EURDFKHG�E\�SK\VLFLVWV�-RDR�0DJXHLMR�	�$QG\
$OEUHFKW�ZKR� LQ������SURSRVHG� WKH�9DU\LQJ�6SHHG� RI�/LJKW� �96/�� WKHRU\�� LQ� WKDW
UDWKHU�WKDQ�KDYLQJ�DOZD\V� WUDYHOHG�DW� WKH�VDPH�IL[HG�VSHHG�RI� �F��� LQ� WKH�GLVWDQW
SDVW�MXVW�DIWHU�WKH�VR�FDOOHG�%LJ�%DQJ�²�ZKLFK��IRU�WKH�SXUSRVH�RI�WKLV�VWXG\�ZLOO
EH�UHIHUUHG�WR�DV�WKH�%LJ�6KHDU�²�OLJKW�WUDYHOHG�IDVWHU�WKDQ�LW�GRHV�QRZ��DOWKRXJK�
DV�WKLV�K\SRWKHVLV�GRHV�VD\��LW�ZLOO�EH�HLWKHU�F�WKDW�FKDQJHV��RU�LW�ZLOO�EH�RQH�RI�D
QXPEHU�RI�RWKHU�FRQVWDQWV�WKDW�ZLOO�FKDQJH��DQG�QHZ�LQIRUPDWLRQ�ZLOO�EH�DGGHG
LQWR� WKDW�GLVFXVVLRQ� LQ� WKH� IROORZLQJ�FKDSWHU��+RZHYHU�� IRU� WKH�SXUSRVH�RI� WKLV
VWXG\�,�ZLOO�FRQWLQXH�WR�DVVXPH�WKDW�HOHFWURPDJQHWLF�ZDYH�YHORFLW\��IURQW��ZLOO�EH
FRQVWDQW�WKURXJKRXW�DOO�DUHDV�RI�WKH�XQLYHUVH��DQG�WKDW�LW�ZLOO�EH�VROHO\�WKH�JURXS�
YHORFLW\�RI�HOHFWURPDJQHWLF�ZDYHV�WKDW�ZLOO�EH�PDQLSXODWDEOH��
)RU� LQVWDQFH�� IURP� DQ� HDUWK�SHUVRQ� SRLQW� RI� YLHZ�� LQ� HDUOLHU� WLPHV� ZKHUH� N� LV
PXFK� VPDOOHU� WKDQ� �� �N� ��� ���� VR� WKDW� WKH� HIIHFWLYH�PDVV� RI� REMHFWV� ZDV�LV� D
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IUDFWLRQ�RI�ZKDW� LW� LV� QRZ�� WKHQ� LW�ZRXOG�PHDQ� WKDW� D�PDVV� REMHFW�ZRXOG�KDYH
EHHQ��ZRXOG�EH��JUHDWO\�H[SDQGHG�DW�WKH�%LJ�6KHDU�FRUH�UHODWLYH�WR�LWV�GLPHQVLRQV
QRZ��&RQVHTXHQWO\��DV�VSDFH�PRYHV�RXW� WR�HDUWK·V� ORFDWLRQ�ZKHUH�N� LV�RQO\� MXVW
VPDOOHU� WKDQ� �� �N� �� ���� LW� PHDQV� WKDW� RXU� SODQHWV�� RXU� VRODU� V\VWHPV�� DQG� RXU
SK\VLFDO�ERGLHV�KDYH�VORZO\�EHFRPH�PRUH�GHQVH���DQG�VPDOOHU�
7KHUHIRUH�� LQ� WKDW� SULPRUGLDO� N�PXFK�OHVV�WKDQ��� �N� ��� ��� DQG� PRUH� H[WUHPH
VWDWH�RI� FXUYDWXUH�� FORFNV�ZRXOG�DSSHDU� WR�KDYH�EHHQ� UXQQLQJ� IDVWHU�QHDUHU� WKH
SUR[LPLW\�RI�WKH�%LJ�6KHDU�FRUH�WKDQ�WKH\�DUH�ULJKW�QRZ��DV�ILJXUH����VKRZV���7KH
ZDYHOHQJWK�ZH�DWWULEXWH� WR�/LJKW�ZRXOG�KDYH�EHHQ�GLIIHUHQW� WRR�� IURP� WKH� IDFW
WKDW� WLPHG�HYHQWV�ZRXOG�KDYH� WDNHQ�PRUH�RI� RXU� VFDOH� RI� WLPH� WR�FRPSOHWH� �FORFNV
UXQ� IDVWHU��� EXW� EHFDXVH� WKH� GLVWDQFHV� WUDYHOHG� E\� WKDW� ZDYHOHQJWK� ZRXOG� KDYH
EHHQ�IDU�JUHDWHU�²�WKHQ�OLJKW�ZRXOG�KDYH�EHHQ�EOXH�89�VKLIWHG�>QRWH����@�
7R�VHH�KRZ�D�IXUWKHU�DVSHFW�RI�WKLV�FXUYDWXUH�HIIHFW�PLJKW�ZRUN�WKH�UHDGHU�VKRXOG
WDNH�D� ORRN�DW� WKH�DERYH�GLDJUDP�DQG�WKHQ�YLVXDOL]H�ZKDW�KDSSHQV� WR�D�JURXS�RI
HOHFWURPDJQHWLF�ZDYHV�ZKLOH� WKH\� DUH�EHLQJ� SXOOHG� XSRQ� LQ� WKH� SRVLWLYH� HQG�RI
WKLV�XQLYHUVH�PRGHO��7KH�JURXS�YHORFLW\�ZLOO�EH�VORZHG�GRZQ�FRQWLQXDOO\�DV�WKRVH
ZDYHV� DUH�EHLQJ� SXOOHG� GRZQ� WRZDUG� WKH� URWDWLQJ� FRUH� RI� WKH� TXDVL�EODFN� KROH�
DQG�WKHQ��EHWZHHQ�WKDW�TXDVL�EODFN�KROH
V�HYHQW�KRUL]RQ�DQG�ZKDW�,�FDOO�WKH�UHYHUVH�
OLQH�� WKH� ZDYH
V� JURXS� YHORFLW\� ZLOO� 5(9(56(� VR� WKDW� WKRVH� HOHFWURPDJQHWLF
ZDYHV� ZLOO� DSSHDU� WR� JR� EDFNZDUGV� �WKH\� ZLOO� JHW� VORZHU� DQG� VORZHU� DQG� WKHQ�
UDWKHU� WKDQ�FRPLQJ� WR� D� VWDQG�VWLOO� DQG�VWRS�� WKH�JURXS�YHORFLW\�RI� WKRVH�ZDYHV
ZLOO�VLPSO\�JR�WKURXJK�D�UHYHUVDO��DV�VKRZQ�LQ�WKH�LQVHW���1RWH�WKDW�WKLV�ZRXOG�EH
EHFDXVH� LQ� WKLV� V\VWHP� WKHUH� LV�QR�SRLQW�RI� VLQJXODULW\�ZKHUH� WLPH�� LW� LV� DOOHJHG�
ZRXOG�RWKHUZLVH�QHHG�WR�EH�VHHQ�WR�FRPH�WR�D�FRPSOHWH�VWRS�
6R�LQ�WKLV�PRGHO�RI�WKH�XQLYHUVH��ZKHUH�WKLV�PRGHO
V�D[LDO�EULGJLQJ�WXEH�PLJKW�EH
OLNHQHG� VRPHZKDW� WR� DQ�(LQVWHLQ�5RVHQ� EULGJH�� WKH� ELJ� GLIIHUHQFH� ZLOO� EH� WKDW
ZKHUH�WKH�
ZRUP
�SK\VLFLVWV�KDYH�ZRUULHG�WKDW�LQ�WKH�LQVWDQFH�RI�VRPHRQH�SDVVLQJ
WKURXJK�VXFK�D�EULGJLQJ�WXEH�WR�WKH�
ZKLWH�KROH
�ZKLFK�H[LVWV�RQ�WKH�IDU�VLGH�RI�LW�
WKDW�WKDW�SHUVRQ
V�7LPH�ZRXOG�WKHQ�DIWHU�DSSHDU�WR�UXQ�EDFNZDUGV��DFFRUGLQJ�WR
WKLV�PRGHO�WKDW�LV�DEVROXWHO\�127�7+(�&$6(��,QGXELWDEO\��WKLV�XQLYHUVH�PRGHO
VKRZV� WKDW�� DV� IDU� DV� WKH� FRQFHSW� RI� 
WUDYHOLQJ� EDFN� LQ� WLPH
� LV� FRQFHUQHG�� ZH
KXPDQV�DUH�OLYLQJ�SURRI�WKDW�WLPH�GRHV�QR�VXFK�WKLQJ�DV�JR�EDFNZDUGV�ZKHQ�RXU
OLJKW�ZDYHV�SDVV�WKURXJK�D�ZKLWH�KROH��
,Q�RWKHU�ZRUGV��IRU�RXU�HOHFWURPDJQHWLF��OLJKW��ZDYHV�D�VHULHV�RI�FKDQJHV�ZLOO�EH
DIIHFWHG�XSRQ�WKHP�ZKLFK�DUH�ZKROO\�XQIDPLOLDU�WR�WKH�PHQWDO�UHSUHVHQWDWLRQ��DV
ZDV�SUHVHQWHG�E\�(LQVWHLQ��RI�KRZ�OLJKW� LV� VXSSRVHG� WR� WUDYHO� WKURXJK�VSDFH��)RU
WKRVH�ZDYHV�ZLOO�SURSRUWLRQ�WKHPVHOYHV�DFFRUGLQJ�WR�WKH�IXQQHOLQJ�FXUYDWXUH�RI
WKDW� KROH
V� VSDWLDO� JHRPHWU\�� ZKLFK� LQ� WKH� FDVH� DERYH�� WKH\� ZLOO� EH� IRUFHG� WR
SURSDJDWH�ZLWKLQ�WKDW� 
GDUN�PDWWHU
� �KLJKHU�GHQVLW\�PDWWHU��HQG�DW�D� ORZHU�JURXS
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YHORFLW\�WKDQ��F��²�DQG�WR�UHGVKLIW��6R��ILUVWO\�� WKLV�GLVFUHSDQF\�VKRZV�WKDW�ZKLWH
OLJKW� LV� QRW� WKH� EH�DOO�DQG�HQG�DOO� \DUGVWLFN� WKURXJKRXW� WKH� XQLYHUVH� WKDW� LW�ZDV
WKRXJKW� WR� EH� E\� (LQVWHLQ�� /LJKW� VSHHG� ZRXOG� KDYH� EHHQ� WKH� \DUGVWLFN� DQG� D
XQLYHUVDO� FRQVWDQW� KDG� LW� H[LVWHG� LQ� D� 
IODW
� XQLYHUVH�� ZKLFK�� RI� FRXUVH�� LV� ZKDW
(LQVWHLQ�RULJLQDOO\�DVVXPHG�ZDV� WKH�FDVH��%XW�ZH�NQRZ�WKDW�DVVXPSWLRQ� LV�QRZ
ZURQJ�DQG�ZDV�FRUUHFWHG�ZLWK�)ULHGPDQQ·V�PDWKHPDWLFV�DQG�+XEEOH·V�WHOHVFRSH
REVHUYDWLRQV��$V�DQ�DVLGH�� LV� LW�EHFDXVH�(LQVWHLQ�IRUPXODWHG�KLV�*HQHUDO�7KHRU\�RI
5HODWLYLW\� $1'� KLV� FDOFXODWLRQV� IRU� JUDYLWDWLRQDO� IRUFHV� ²� RQ� WKDW� QDLYH
SUHVXPSWLRQ�WKDW�WKH�XQLYHUVH�ZDV�IODW�²�WKDW�SUHVHQW�GD\�SK\VLFLVWV�KDYH�IDLOHG�VR
JORULRXVO\�WR�GHWHFW�WKHVH�IRUFHV�DQG�WR�GLVFRYHU�WKH�UHDO�VRXUFH�RI�JUDYLW\�"
6HFRQGO\��WKLV�VXJJHVWV�WKDW�ZKLOH�HOHFWURPDJQHWLF�ZDYH�YHORFLW\�LV�XQLYHUVDO� LW� LV
38/6('��LH�OLJKW�ZDYHV�DUH�PRGXODWHG�E\�DQRWKHU�IUHTXHQF\���0RUH�WR�WKH�SRLQW
IRU� WKLV� LPPHGLDWH� VWXG\� WKRXJK�� ZRXOG� EH� WKDW� WKH� VDPH� SULQFLSOH�� RI� JURXS
YHORFLW\� DQG�PRGXODWLRQ�� JRHV� IRU� JUDYLWDWLRQDO� IRUFHV� �DV� ,� KDYH� VKRZQ� LQ� WKLV
DQG�WKH�SUHYLRXV�FKDSWHU�RI�WKLV�VWXG\��
+RZHYHU��EDFN�WR�WKH�PRGHO�RI�WKH�XQLYHUVH��DIWHU�WKHVH�
UHDO�WLPH
�EDFN�IORZLQJ
JURXSV�RI� HOHFWURPDJQHWLF�ZDYHV�KDYH�YDQLVKHG�GRZQ� LQWR� WKH�EODFN� KROH� �DQG
KDYH�JRQH�EH\RQG�LWV�HYHQW�KRUL]RQ���DQG�KDYH�UHYHUVHG�WKURXJK�WKH�EODFN�KROH
V
FRUH�WKH\�ZLOO�LPPHGLDWHO\�EH�SXOOHG�LQWR�WKH�EULGJLQJ�WXEH�DQG�ZLOO�TXLFNO\�SLFN
XS�PRUH�DQG�PRUH�VSHHG�DQG�EHFRPH�DFFHOHUDWHG�E\�WKH�FXUYDWXUH�RI�WKDW�WXEH�
DV�SKRWRQ�ZDYH�SDUWLFOHV��WR�D�YHORFLW\�WKDW�ZLOO�EH�PXFK�LQ�H[FHVV�RI��F���%XW�FDQ
WKLV�UHDOO\�KDSSHQ�"�&HUWDLQO\��LW�ZRXOG�EH�LPSRVVLEOH�DFFRUGLQJ�WR�FRQWHPSRUDU\
ODZV� RI� SK\VLFV� UHODWLQJ� WR� WKH� ZDYH� IURQW� YHORFLW\� RI� OLJKW�� EXW� WKHVH� DUH
HOHFWURPDJQHWLF� ZDYHV� KHDGLQJ� ,1� 5(9(56(�� DQG� VR� WKHVH� YHORFLWLHV� FDQ� EH
LQILQLWH�²�DV�KDV�EHHQ�SURYHG�E\�WKH�H[SHULPHQWV�FDUULHG�RXW�E\�*�QWHU�1LPW]�LQ
*HUPDQ\�� ZKLFK� SURGXFHG� HOHFWURPDJQHWLF� ZDYH� WUDQVPLVVLRQV� DW� D� JUDQG
YHORFLW\�RI�����WLPHV��F��>1LPW]@�
([LWLQJ�RXW�RI�WKH�VXSHUOXPLQDO�WXEH��DW�WKH�%LJ�6KHDU�FRUH�RI�WKLV�PRGHO�ZKHUH�WKH
FXUYDWXUH�RSHQV�RXW��WKH�JURXS�YHORFLW\�RI�WKH�HOHFWURPDJQHWLF�ZDYH�SDUWLFOHV�ZLOO
GUDVWLFDOO\�GHFUHDVH�LQ�YHORFLW\�DV�WKH�HIIHFWLYHQHVV�RI�WKH�VSDFH�WLPH�FXUYDWXUH�RQ
WKHP�EHJLQV�WR�FKDQJH�TXLWH�DFXWHO\�DW�WKH�VXSHUOXPLQDO�WXEH·V�HQG��DQG�WKLV�ZLOO
FDXVH�WKHP�WR�EUDNH�DSSUHFLDEO\��6R�REYLRXVO\��KHUH�DW�WKH�FRUH·V�RSHQLQJ��ZKLFK
ZRXOG� VHHP� WR� VXJJHVW� ZKHUH� WKH� VXSSRVHG� PRPHQW� RI�7KH� %HJLQQLQJ� RFFXUV�
ZKHUH� WKH� HOHFWURPDJQHWLF� ZDYHV� DQG� ORZHU� HIIHFWLYH�GHQVLW\� PDWWHU� SDUWLFOHV
HPHUJH�IURP�WKHLU�IDVWHU�WKDQ�F�WUDYHOV��WKHUH�ZRXOG�UHVXOW�DQ�HQRUPRXV�DPRXQW
RI�HQHUJ\�GLVVLSDWLRQ��%HFDXVH��WKRVH�KLJK�HQHUJ\�VXSUD�IDVW�PDWWHU�ZDYH�SDUWLFOHV
ZRXOG� KDYH� WR� VKHG� D� ODUJH� SURSRUWLRQ� RI� WKHLU� KLJKHU� HQHUJLHV� �� DOPRVW
LQVWDQWDQHRXVO\���LQ�WKDW�FXUYDWXUH�FKDQJLQJ�SURFHVV��DQG�UHPHPEHU��WKLV�LV�ZKHUH
FORFNV�DUH�UXQQLQJ�IDVWHU��HYHQW�WLPHV�DUH�FRPSUHVVHG��VR�KXJH�DPRXQWV�RI�KHDW
LQ� H[SORVLYH� HPLVVLRQV� RI� HQHUJHWLF� UDGLDWLRQV� ZRXOG� EH� JLYHQ� RII� DW� WKDW� FRUH
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GXULQJ� WKDW� VORZ�GRZQ� SURFHVV�� ,QGHHG�� WKH� FRQVHTXHQFH� RI� WKLV� RQJRLQJ
%UHPVVWUDKOXQJ�OLNH�EUDNLQJ�SURFHVV�ZRXOG�EH� WKDW� LW�ZRXOG� JLYH� WKH� DSSHDUDQFH� IURP
DIDU� WKDW� WKHUH�ZDV� D�KXJH�H[SORVLRQ�HYHQW�RI�JLJDQWLF� IRUFH�RFFXUULQJ�� DQG� WKLV
PD\�VXJJHVW�ZKHUH�FRVPLF�UD\V�JHW�WKHLU�H[WUHPHO\�KLJK�HQHUJLHV��IRU�WKHVH�ZRXOG
EH� WKH�FRUH·V�SURMHFWLRQV�RI�KLJK�HQHUJ\�SDUWLFOHV�ZKLFK�KDYH� JLYHQ�RII� OLWWOH� RI
WKHLU�RULJLQDO�HQHUJLHV��EXW�ZKLFK�KDYH�PHUHO\�KDG�WKHLU�WUDMHFWRULHV�DOWHUHG�DV�WKH\
H[LW�WKH�FRUH�WXEH��7KLV�ZRXOG�RIIHU�D�QHZ�ORRN�DW�WKDW�ZKLFK�KDV�EHHQ�DVVXPHG
WR�EH�D�RQH�WLPH�HYHQW�FDOOHG�WKH�%LJ�%DQJ��
%XW� EHFDXVH� RI� WKLV� EUDNLQJ� HIIHFW� XSRQ� WKRVH� IDVWHU�WKDQ�OLJKW� HQHUJ\� SDUWLFOHV
DQG�ZDYHV��WKHVH�YDVW�DPRXQWV�RI�HQHUJ\�GLVVLSDWLRQV�JRLQJ�RQ�ZRXOG�FRQWLQXDOO\
IHHG�HQHUJ\�EDFN��E\�WKH�DJHQW�RI�WKH�XQLYHUVH
V�PDJQHWLF�ILHOGV��WR�WKH�SRVLWLYH
HQG�RI� WKH�XQLYHUVH� WR�SRZHU� WKH�KXJH�EODFN�KROH�DW� WKDW�HQG��,QGHHG�� LW�ZRXOG
IHHG�WKH�ZKROH�V\VWHP��VR�WKDW�WKH�ZKROH�V\VWHP�ZRXOG�EH�VHOI�VXVWDLQLQJ�
,QWULJXLQJO\��WKLV�VHOI�VXVWDLQLQJ�HQHUJ\�H[SODQDWLRQ�ZRXOG�ILQDOO\�RIIHU�D�VROXWLRQ
WR�WKH�DJH�ROG�SUREOHP�LQ�6FLHQFH�DV�WR�ZK\�WKH�XQLYHUVH�LV�VWLOO�H[SDQGLQJ�DIWHU
EHLQJ�LQ�H[LVWHQFH�IRU�VR�ORQJ�DIWHU�LWV�VXSSRVHG�
PRPHQW
�RI�YLROHQW�FUHDWLRQ��D
SRLQW�ZKLFK�KDV�QHYHU�EHHQ�MXVWLILDEO\�H[SODLQHG�E\�DQ\�DGYRFDWH�RI�WKH�%LJ�%DQJ
PRGHO�� ZKHUHXSRQ� WKH� WKHRULVWV� IRU� WKDW� PRGHO� KDYH� DOZD\V� SOHDGHG� WKDW� WKH
ZKROH�RI�WKH�GULYLQJ�HQHUJ\��WR�ERWK�IRUP�WKH�XQLYHUVH��DQG�WR�NHHS�LW�H[SDQGLQJ
ZDV�JHQHUDWHG��LQ�LWV�HQWLUHW\��MXVW�IURP�WKH�RQH�DQG�RQO\�HQRUPRXV�H[SORVLRQ�LW
ZDV�WKHRUL]HG�DV�KDYLQJ�LQ�WKH�EHJLQQLQJ���&HUWDLQO\��WKLV�QHZ�ORRN�SRVLWLYH�QHJDWLYH
XQLYHUVH�PRGHO�ZRXOG�PHDQ�WKDW�DOO�WKH�HOHFWURG\QDPLF�HQHUJLHV�QHHGHG�WR�GULYH
WKH�XQLYHUVH��WR�NHHS�WKH�JDODFWLF�VSLUDOV�PRYLQJ��DUH�EHLQJ�FRQWLQXDOO\�JHQHUDWHG�
DQG� WKH�EHJLQQLQJ� LV�VWLOO�EHLQJ�JHQHUDWHG��$QG� LI� WKLV�PRGHO�,�DP�SUHVHQWLQJ�KHUH
VKRZV�PRUH�IHDVLELOLW\�WKDQ�WKH�SUHVHQWO\�DXWKRUL]HG�RQH�RII�H[SORVLRQ�WKHQ�WKH
%LJ�%DQJ�K\SRWKHVLV�ZDV��DQG�DOZD\V�ZLOO�EH��DQ�XQGLJQLILHG�QRQVHQVH�
,QFLGHQWDOO\��ZKDW�PLJKW�KDYH�IXHOHG�WKH�DVVXPSWLRQ�WKDW�WKHUH�ZDV�RQO\�RQH�%LJ
%DQJ� �DQG� WKLV� ZDV� D� IDFWRU� WKDW� ZDV� WRXFKHG� XSRQ� LQ� WKH�0DJXHLMR� VHULHV� RI
SDSHUV��� ZDV� WKH� ZKLWH� ZDOO� HIIHFW�� ZKHUHE\� LWV� LPDJLQDU\� ULQJ� DURXQG� WKH� %LJ
6KHDU
V�SRUWDO�SUHYHQWV�XV�ORRNLQJ�EDFN�WKURXJK�WLPH�WR�DQ\WKLQJ�EHIRUH�WKDW�ULQJ�
WR�DQ\�HYHQW�ZKLFK�KDV�WDNHQ�SODFH�EHWZHHQ�LW�DQG�WKH�EULGJLQJ�WXEH
V�SRUWDO��IRU
MXVW� DV� D�EODFN�KROH� DOORZV�QRWKLQJ� WR� HVFDSH� RQFH� LW� KDV� SDVVHG� RYHU� LWV� HYHQW
KRUL]RQ�� VR� WKDW�ZKLWH�KROH
V� HYHQW�KRUL]RQ� DOORZV� QRWKLQJ� WR� SHQHWUDWH� LW�� DQG
WKHUHIRUH� LW� LV� WKLV� WLPH� ULQJ� ZKLFK� SUHYHQWV� DQ\� HYHQW� LQIRUPDWLRQ� EH\RQG� LW
EHLQJ�LQVSHFWHG�E\�XV��6R�WKLV�LV�ZK\�,�VD\�SK\VLFLVWV�KDYH�ZURQJO\�DVVXPHG�WKDW
DOO� WKH� H[SDQVLYH�JUDYLW\�ZKLFK� VKDSHV�RXU�SDUW�RI� WKH�XQLYHUVH� FDPH� IURP� MXVW
RQH� H[SDQVLYH� HYHQW� �� EHFDXVH� WKDW� HYHQW� LV� RQJRLQJ� DQG� LWV� WDNLQJ� SODFH� ULJKW
QRZ��



320

5HWXUQLQJ� RQFH� DJDLQ� WR� WKH� FDVH� LQ� SRLQW�� RXU� UHYHUVHG� HOHFWURPDJQHWLF� �OLJKW�
ZDYH�SDUWLFOHV�� DQG� WKHLU� JUDQG�HQWU\� LQWR� WKLV�SDUW�RI� WKH�XQLYHUVH��ZLOO� DOVR�EH
DFFRPSDQLHG�E\�PDWWHU�WKDW�KDV�EHHQ�GLVVRFLDWHG�LQWR�VXEDWRPLF�SDUWLFOHV��E\�WKH
PDWWHU�FUXQFKLQJ�EODFN�KROH��PXFK�OLNH�WKH�SULPDU\�FRVPLF�UD\V��DQG�WKHVH�ZLOO�EH
DFFRPSDQLHG� E\� JUDYLWDWLRQDO� ZDYHV�� 7KH� JUDYLWDWLRQDO� ZDYHV�� MXVW� OLNH� WKH
HOHFWURPDJQHWLF�ZDYHV��ZLOO�DOVR�HPHUJH�IURP�WKH�XQLYHUVH
V�FRUH�UXQQLQJ� LQ�WKH
UHYHUVHG�GLUHFWLRQ��7KLV�ZLOO�PDUN�WKH�HVVHQWLDO�DWWULEXWH�RI�WKH�ZKLWH�KROH�DQG�LW
ZLOO�HVWDEOLVK�LWV�JUHDWHVW�DQWLWKHVLV�WR�WKH�EODFN�KROH���IRU�WKLV�SDUW�RI�WKH�VSLUDOLQJ
XQLYHUVH�ZLOO�KDYH�1(*$7,9(�VSDWLDO�FXUYDWXUH��DQG�D�JUDYLWDWLRQDO�IRUFH�DV�WKDW
RI�D�ZKLWH�KROH�DQG�(;3$16,9(��7KLV�DOVR�PHDQV�WKDW�ZH�DUH�SURYLGHG�ZLWK�D
YDFXXP�LQ�RXU�SDUW�RI�VSDFH��%XW��WR�UHLWHUDWH�WKH�SRLQW�PDGH�HDUOLHU��RXU�YDFXXP
ZLOO� RQO\�EH� FRPSDUDEOH� WR� WKH� YDFXXP� IRXQG� LQ� WKH� ODE� WHVW�WXEH� EHFDXVH� RXU
ORFDWLRQ�RI�VSDFH�LV�EHLQJ�FRQWLQXDOO\�H[SDQGHG�LQWR�DQ�HYHU�LQFUHDVLQJ�YROXPH�RI
VSDFH�WLPH�
%XW� MXGJLQJ�E\� WKLV�XQLYHUVH�SDUDGLJP��DV�VKRZQ� LQ�ILJXUH������DV� WKH�FXUYDWXUH
JUDGLHQW�VSUHDGV�RXW�WRZDUG�WKH��N������VWDWH��WRZDUG�ZKHUH�RXU�ORFDWLRQ�LQ�VSDFH
LV�� LW� FDQ� WKHQ� EH� VHHQ� WKDW� OLJKW�ZDYH� YHORFLW\� ZRXOG� EHFRPH�PRUH� DQG�PRUH
DWWULEXWDEOH�WR�WKH��F��VSHHG�FRQVWDQW�WKDW�ZH�KDYH�EHHQ�DFFXVWRPHG�WR�DQG�ZKLFK
KDV�EHHQ�RXU�FRQVWDQW� IRU�PDQ\�PLOOLRQV�RI�\HDUV��6R� WKDW�� \HV�� IRU�RXU� �N�����
VHFWLRQ�RI�VSDFH�DQG�IRU�RXU�ILQLWH�VSDQ�RI�WKH�XQLYHUVH
V�FXUYDWXUH��(LQVWHLQ�ZDV
SHUIHFWO\� FRUUHFW� LQ� DVVXPLQJ� WKDW� HOHFWURPDJQHWLF� �OLJKW�� ZDYHV� ZLOO
SUHGRPLQDQWO\�WUDYHO�DW��F��YHORFLW\��EXW�RQO\�IURP�WKH�IDFW�WKDW�RXU�
VHFRQGV
�DQG
RXU�
PLQXWHV
�DQG�
KRXUV
�ZHUH�GHYLVHG�IRU�XV�ZKLOH�ZH�H[LVWHG�LQ�WKLV�VDPH��N��
��� VWDWH� �� ZKLFK� LV� VRPHWKLQJ� WKDW� RXU� $OEHUW� WRRN� IRU� JUDQWHG� EHFDXVH� RI� KLV
SUHVXPSWLRQ�WKDW�VSDFH�ZDV�IODW���$OWKRXJK��KDYLQJ�VDLG�WKDW��WKLV�VRUW�RI�GLDJUDP
GRHV�VXJJHVWV� WKDW� WKH�FXUYDWXUH� LPPHGLDWHO\�DURXQG�XV�PD\�KDYH�EHHQ�DOWHULQJ
9(5<�6/2:/<�RYHU�WLPH��VR�WKDW�RXU�WLPH�DQG�RXU�HIIHFWLYH�PDVV�GHQVLW\�YHU\
VORZO\� DQG� YHU\� VXEWO\� GXULQJ� WKRVH� PLOOLRQV� RI� \HDUV� PD\� DOVR� KDYH� EHHQ
FKDQJLQJ��DOEHLW�LPSHUFHSWLEO\�E\�XV��RI�FRXUVH��%XW��LW�ZRXOG�EH�VR�LQWHUHVWLQJ�WR
FRQMHFWXUH� WKDW�KDG�RXU�$OEHUW� DV� D�ER\�EHHQ� WDNHQ�E\� D� ORQJ�UDQJH�8)2� WR� D
GLVWDQW�SDUW�RI�WKH�XQLYHUVH
V�FXUYDWXUH��DQG�ZDV�WKHQ�HQFRXUDJHG�WR�PHDVXUH�WKH
VSHHG�RI� OLJKW�DW� WKDW� VSRW�ZKHUH�KH�DUULYHG�� WKDW�KH�ZRXOG�FHUWDLQO\�KDYH�EHHQ
REOLJHG�WR�UDLVH�KLV�H\HEURZ�DW�WKH�GLIIHUHQWLDO�KH�ZRXOG�KDYH�GLVFRYHUHG�RQ�KLV
OLWWOH�VOLGH�UXOH�
$QRWKHU� LQWHUHVWLQJ�TXHVWLRQ��VXEVHTXHQW�WR�WKH�DIRUHPHQWLRQHG�FRQMHFWXUH� WKDW
OLJKW�ZDYHV�KDYH�QRW�FKDQJHG�WKHLU�JURXS�SKDVH�GLUHFWLRQ�VLQFH�WKH\�OHIW�WKH�RWKHU
HQG�RI�WKH�FRVPRV��ZLOO�EH��DUH�ZH�DOO�H[LVWLQJ�DW�WKLV�HQG�RI�WKH�FRVPRV�ZLWK�RXU
SULPRUGLDO� OLJKW� ZDYHV� VWLOO� WUDYHOLQJ� %$&.:$5'6� "� %HFDXVH� WKDW� LV� ZKDW� WKH
JUDYLWDWLRQDO�DQG�WKH�PDWWHU�ZDYHV�ZLOO�EH�GRLQJ���
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%XW�� JRLQJ� EDFN� WR� WKH� RULJLQDO� SRLQW� ,� ZDV� PDNLQJ� DW� WKH� EHJLQQLQJ� RI� WKLV
VHFWLRQ��DQG�WR�WKH�SRLQW�,�ZDV�PDNLQJ�HYHQ�EHIRUH�WKH�EHJLQQLQJ����DW�WKH�HQG�RI�WKH
SUHYLRXV�VHFWLRQ�� LI� WKH�UHDGHU�FDUHV� WR�JODQFH�\HW�DJDLQ� WR� WKH�XQLYHUVH�GLDJUDP
�ILJXUH� ���� WKHQ� WKHUH� ZLOO� EH� QRWLFHG� D� FHUWDLQ� VLPLODULW\� EHWZHHQ� WKH
HOHFWURG\QDPLF�VWUXFWXUH�RI�WKH�DD8)2�DQG�WKLV�SDUDGLJP�PRGHO�RI�WKH�XQLYHUVH
�DOVR�VHH�ILJXUH������IRU�WKH�8)2�KDV�LQVLGH�LW�D�EODFN�YRUWH[�FRUUHVSRQGLQJ�WR�WKH
SRVLWLYH� HQG� RI� WKH� DERYH� XQLYHUVH�PRGHO�� DQG� EHORZ� WKDW� 8)2� WKHUH� ZLOO� EH
GHYHORSLQJ� LQ� WKH� FUDIW
V� ORZHU�PDJQHWLF� ILHOG� DQ� H[SDQGLQJ� VSDWLDO� FXUYDWXUH� �
ZKLFK�ZLOO�EH�JHQHUDWLQJ�D�UHSXOVLYH�JUDYLWDWLRQDO�IRUFH�
$QG� VR�� E\� IOLSSLQJ� WKLV� XQLYHUVH� GLDJUDP� DURXQG� LW� ZLOO� EH� VHHQ� KRZ� DW� WKH
ERWWRP� RI� WKH� DD8)2� FUDIW� WKHUH� ZRXOG� RFFXU� D� ORFDOL]HG� PDQLSXODWLRQ� RI
JUDYLWDWLRQDO�IRUFHV�DQG��MXVW�DV�JUDYLWDWLRQDO�SK\VLFLVW�-RKQ�$��:KHHOHU�RQFH�VDLG�
ZKLOH� PDWWHU� ZLOO� WHOO� VSDFH�WLPH� KRZ� WR� FXUYH�� VSDFH�WLPH�FXUYDWXUH� ZLOO� WHOO
PDWWHU� KRZ� WR� PRYH���� >QRWH�� ��@�� $QG� RXW� RI� WKLV� QHJDWLYH� VSDWLDO� FXUYDWXUH
JHQHUDWHG�EHORZ�WKH�DD8)2�ZLOO�FRPH�QHJDWLYH�HQHUJ\�GHQVLW\���ZKLFK� LQ�8)2
WHFKQRORJ\�LV�PDQLIHVWHG�WKURXJK�D�JUDYLWDWLRQDO�UHSXOVLRQ�IRUFH�
,Q� IDFW�� 8)2V� DUH� QRW� WKH� RQO\� HOHFWURG\QDPLF� PHFKDQLVPV� RQ� D� VFDOH� PXFK
VPDOOHU�WKDQ�WKH�FRVPRV�WKDW�FDQ�JHQHUDWH�QHJDWLYH�HQHUJ\�GHQVLW\��DFFRUGLQJ�WR
:LOOLDP� 8QUXK� DQG� 7HG� -DFREVRQ� WKLV� UHSXOVLQJ� IRUFH� LV� VLPLODUO\� JHQHUDWHG
WKURXJK�WKH�LQ�IORZLQJ�IRUFH�RI�DQ�DVWURSK\VLFDO�EODFN�KROH���HYHQ�WKRXJK�LW�KDV�D
SRVLWLYH� VSDWLDO� FXUYDWXUH�� )RU� MXVW� RXWVLGH� D� EODFN� KROH� WKH� ZDYHV� RI
HOHFWURPDJQHWLF� DQG� JUDYLWDWLRQDO� IRUFH� SDVVLQJ� WRR� FORVH� WR� WKDW� EODFN� KROH
V
HYHQW� KRUL]RQ� DUH� KDYLQJ� WKHLU� JURXS�YHORFLWLHV� UHYHUVHG� DOO� WKH� WLPH�� )RU� WKH
URWDWLQJ�JUDYLWDWLRQDO� IRUFH�ZLOO�EH�VR�SRZHUIXO� RQ� WKRVH�ZDYHV� WKDW� DV� WKH\� WU\
DQG� SURSDJDWH� DZD\� IURP� WKH� EODFN� KROH� WKH� EODFN� KROH
V� SXOO� ZLOO� VORZ� WKHLU
JURXS�YHORFLWLHV�GRZQ�VR�PXFK�WKDW�WKH\�WRR�ZLOO�SDVV�WKURXJK�WKH�]HUR�YHORFLW\
OLQH���DQG�DV�WKH\�FDQ
W�VWRS�DW�]HUR�WKH\�ZLOO�UHYHUVH�DQG�WUDYHO�EDFNZDUGV�LQ�WKH
RSSRVLWH� GLUHFWLRQ� �� 6R� LPPHGLDWHO\� RXWVLGH� D� EODFN� KROH� VRPH� RI� LWV
HOHFWURPDJQHWLF�JUDYLWDWLRQDO� ZDYHV� JR� EDFNZDUGV� DQG� H[SDQG� DZD\� IURP� WKH
HYHQW�KRUL]RQ� MXVW�DV� IDVW�DV� WKH\�DSSURDFKHG� LW� >-DFREVRQ@� >6FKXW]KROG�8QUXK@
>QRWH����@�
7KLV� LV� QRZKHUH� PRUH� SHUIHFWO\� LOOXVWUDWHG� WKDQ� LQ� ZKDW� KDSSHQV� LQVLGH� WKH
DD8)2��DV�H[SODLQHG�DERYH��LQ�VHFWLRQ�������ZKHQ�WKH�VXSHUUDGLDQW�ULQJLQJV�WDNH
SODFH��LW�ZLOO�EH�WKHVH�QHJDWLYH�JUDYLWDWLRQDO�IRUFHV�WKDW�ZLOO�HPSRZHU�WKH�RXWZDUG
VSLUDOLQJ�HQHUJ\�ILHOGV��ZKLFK��ZKHQ�WKH\�J\UDWH�RXWZDUG�WKRVH�ILHOGV�ZLOO�FROOLGH
ZLWK� WKH� ULP
V� J\UDWLQJ� ZKLWH� ZDOO�� VORZ� GRZQ� DQG� UHYHUVH� �DJDLQ��� DQG� WKHQ
ERXQFH�EDFN��DJDLQ�� LQWR�WKH�FHQWUDO�EODFN�YRUWH[�� LQWR�WKH�URWDWLQJ�IRUFH�RI� WKH
SKRWRQ�RUELW�ULQJ���RQO\�WR�EH�UHYHUVHG�\HW�DJDLQ�DQG�WR�J\UDWH�RXWZDUG��$QG�WKLV
ZLOO�KDSSHQ�DJDLQ�DQG�DJDLQ��RYHU�DQG�RYHU�DJDLQ��7KH�SURYLVR��DV�PHQWLRQHG�LQ
>6FKXW]KROG�8QUXK@�� LV� WKDW� IRU� WKH�ZKLWH�ZDOO� WR�VORZ�GRZQ�DQG� WR� WKHQ�UHYHUVH
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WKRVH�ZDYHV�WKHUH�ZLOO�KDYH�WR�EH��IRU�WKH�UHIOHFWLQJ�TXDOLW\�RI�WKDW�ZKLWH�ZDOO��D
SDUWLFXODU�UHIUDFWLYH�LQGH[��DQG�WKDW�LW�ZLOO�EH�XQGHUJRLQJ�G\QDPLF�PRWLRQ��ZKLFK�
LQ� WKH� DD8)2�� ZLOO� EH� GHWHUPLQHG� E\� KRZ� WKH� HQHUJLHV� RI� LWV� ZKLWH� ZDOO� DUH
J\UDWHG�MXVW�LQVLGH�WKH�FUDIW
V�RXWHU�ULP�
1RW�DOO�ZDYHOHQJWKV�RI�WKHVH�HQHUJLHV�DURXQG�D�EODFN�KROH�ZLOO�EH�DIIHFWHG�E\�WKLV
DFWLRQ�DQG�VR� LQ� VXFK�D� VPDOO�PRGHO�RI�D�TXDVL�EODFN�KROH�� DV� LQ� WKH� DD8)2�� LW
ZRXOG� EH� LQWHUHVWLQJ� WR� VHH� KRZ� WKH� GLIIHUHQW� HUJRVSKHULF� FRPSDUWPHQWV� ZLOO
FRQWULEXWH�WR�WKH�QHJDWLYH�ZDYHV�DQG�ZKLFK�WR�WKH�SRVLWLYH�RQHV�>VHH�QRWH����@�
$QRWKHU� LQWHUHVWLQJ� IHDWXUH� WR�FRQVLGHU�ZLWK�QHJDWLYH�ZDYHV� �QHJDWLYH� UHIUDFWLYH
LQGH[�ZDYHV��ZRXOG�EH�WKDW�DV�WKH�SKDVH�IURQW�RI�WKH�ZDYHV�LV�QHJDWLYH�DQG�IRU�DOO
LQWHQWV�DQG�SXUSRVHV�JRLQJ�EDFNZDUGV��WKHUH�ZLOO�EH�QR�OLPLWLQJ�FRQVWUDLQW�XSRQ
WKHLU�SKDVH�YHORFLW\��RWKHU� WKDQ� WKDW�GHWHUPLQHG�E\�ZKDWHYHU� UHIUDFWLYH� LQGH[� LV
HQJLQHHUHG� LQWR�ZKDWHYHU�PHGLD� LW� LV� WUDYHOLQJ� WKURXJK�²�ZKLFK� IRU� D�8)2�ZLOO
DOZD\V� EH� D� YDULDEOH� EHFDXVH� LW� FDQ� PDQXIDFWXUH� LWV� RZQ� PHGLD� �LH� LQVLGH� LWV
ILODPHQW�WXEH��� 7R� UHLWHUDWH� 1LPW]� H[DPSOH� RI� ���� WLPHV� �F�� WKHQ� ERWK� WKH
J\UDWLQJ�SODVPD�DQG�WKH� IOXLG�PRYLQJ� WKURXJK� WKH�8)2·V� WRURLG�FDQ�KDYH� WKHLU
SHUPLWWLYLWLHV�DQG�KHQFH�WKHLU�UHIUDFWLYH�LQGH[�DGMXVWHG�E\�WKDW�8)2�
/DVWO\��WKLV�XQLYHUVH�PRGHO�RI�SRVLWLYH�DQG�QHJDWLYH�VSDWLDO�FXUYDWXUH�ZLOO�SURYLGH�D
VDWLVIDFWRU\�H[SODQDWLRQ�WR� WKH�JUDYLWDWLRQDO�G\QDPLFV�RI�\HW�DQRWKHU�RI� WKH�ZHOO
NQRZQ�8)2V��WKDW�RI�WKH�FDSWXUHG�8)2�DW�$UHD�����DOOHJHGO\�VHHQ�DQG�ZRUNHG
RQ� E\� %RE� /D]DU� EDFN� LQ� WKH� ODWH�����V�� ,Q� WKLV� 8)2� FUDIW� WKHUH� ZRXOG� EH
HQFDVHG� LQVLGH� HDFK� RI� LWV� WKUHH� JUDYLW\� DPSOLILHU� KHDGV� FLUFXODWLQJ� �VKHDULQJ�
IORZV�RI�PDVVLYH�SDUWLFOHV�VHWWLQJ�XS�LQ�HDFK�RI�WKRVH�HQFDVHPHQWV�D�PLQLDWXUL]HG
TXDVL�EODFN�KROH��7KHVH�TXDVL�EODFN�KROHV�ZRXOG�EH�FRQILJXUHG�DV�GXDO�DPSOLILHUV
RI�ERWK�SRVLWLYH�JUDYLWDWLRQDO�IRUFHV�DQG�QHJDWLYH��H[SDQVLYH��JUDYLWDWLRQDO�IRUFHV
VR� WKDW� WKH\� FRXOG� WUDQVIRUP� WKHVH� IRUFHV� LQWR� D� EHDP� ZKLFK� FRXOG� WKHQ� EH
SURSDJDWHG�DZD\� IURP�WKH�FUDIW� WR�FUHDWH� LQVWDQW�PRYHPHQW��EHFDXVH��ZKHUHYHU
WKDW� URWDWLQJ� ILHOG�ZDV�GLUHFWHG� LW�ZRXOG� ORFDOO\�DIIHFW�D�FXUYDWXUH�RI� VSDFH�WLPH
EH\RQG�WKDW�FUDIW��DQG�EHFDXVH� WKDW�FUDIW�ZDV�JUDYLWDWLRQDOO\�ERXQG� WR�ZKDWHYHU
IRUFHV� ZHUH� LQ� WKDW� EHDP�� WKHQ� E\� ZUDSSLQJ� WKDW� VSDFH�WLPH� LW� ZRXOG� ORFDOO\
JHQHUDWH�D�UHSXOVLRQ�JUDYLWDWLRQDO�IRUFH�ZKLFK�WKH�FUDIW�ZRXOG�HLWKHU�ULGH�XSRQ�RU
SURSHO� LWVHOI� IURP�� MXVW� DV� LI� LW�ZHUH� FUHDWLQJ� DQ� HSLFHQWHU�RI� JUDYLWDWLRQDO� IRUFH
EHORZ�RU�EH\RQG�WKDW�FUDIW��7KLV�QHZ�K\SRWKHVLV�IRU�WKH�/D]DU�8)2��LW�VKRXOG�EH
QRWHG��LV�D�FRPSUHKHQVLYH�GHSDUWXUH�IURP�WKH�RQH�%RE�/D]DU�KLPVHOI�RULJLQDOO\
H[SRXQGHG� �DQG� LQ� SDUWLFXODU� WKLV� ORFDOL]HG� HSLFHQWHU� RI� JUDYLWDWLRQDO� IRUFH
FUHDWHG�E\�WKH�FUDIW
V�EHDP�V���VWULFWO\�VSHDNLQJ��ZRXOGQ
W�EH�D�IRUFH�WKDW�ZRXOG�EH
LQWHQGHG�WR�RSSRVH�WKH�HDUWK
V�JUDYLWDWLRQDO�ILHOG��DV�ZDV�K\SRWKHVL]HG�RULJLQDOO\�E\
/D]DU�� �VHH� ILJXUH������ DV� ,�H[SODLQ� LQ�P\�VXSSOHPHQW� WR� WKLV� VWXG\·V� FKDSWHU���
>QRWH����@�
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�����8VLQJ�WKH�5HSXOVLYH�$WWUDFWLYH�)RUFHV
+RZHYHU�� JRLQJ� EDFN� WR� WKH� DD8)2� DQG� WR� LWV� WZR� SRZHUIXO� DPSOLILFDWLRQ
PHFKDQLVPV� RSHUDWLQJ� RQ� ZKDWHYHU� VSHFLDO� VRUW� RI� HQHUJ\� FDQ� EH� VHQW� GRZQ� LWV
ILODPHQW�WXEHV� �IURP� WKH� EHJLQQLQJ� RI� VHFWLRQ���������� WKH� WKLQJ� DERXW� WKH� FUDIW
HMHFWLQJ� D� ZDYH�SDFNHW� RI� SXUHO\� DWWUDFWLYH� JUDYLWDWLRQDO� IRUFH� �IURP� LWV� XSSHU
GRPH�� LV� WKDW� LW� ZLOO� EH� JUDYLWDWLRQDOO\� DWWDFKHG� WR� WKH� FUDIW�� DQG� LI� WKDW� ZDYH�
SDFNHW� FDQ� EH� SURMHFWHG� DZD\� IURP� WKH� FUDIW� WKHQ� DW� VRPH� SRLQW�� ZKLOH� WKH
DWWUDFWLYH� IRUFH� LV� DPSOLILHG� E\� LW� URWDWLQJ� WKURXJK� WKH� WXEH
V� VPDOOHU� GLDPHWHU�
WKDW�DPSOLILHG�IRUFH�ZLOO�SXOO�RQ�WKH�FUDIW�WR�PRYH�LW��,W�ZRXOG�EH�OLNH�WKH�EXQJHH�
MXPSHU�VWUHWFKLQJ�D�UXEEHU�EXQJHH�FRUG�ZKLFK�GHYHORSV�D�WHQVLOH�IRUFH�EHWZHHQ
WKH�MXPSHU�DQG�ZKHUHYHU�WKH�FRUG�LV�DQFKRUHG��WKHQ�DW�VRPH�VWDJH�DOO�WKDW�WHQVLOH
IRUFH� VWRUHG� LQWR� WKDW� FRUG�ZLOO� UHVXOW� LQ� D� FRQWUDFWLRQ�RI� WKDW� FRUG� WR� SXOO� WKH
MXPSHU� EDFNZDUG�� 2QO\�� LQ� WKH� FDVH� RI� WKH� DD8)2� LWV� ZDYH�SDFNHWV� ZLOO� EH
SURMHFWHG�DKHDG�RI�WKDW�FUDIW�DQG�VR�WKHLU�DQFKRU�ZLOO�QHHG�WR�EH�GHYHORSHG�DW�WKH
IRUZDUG�HQG�RI�WKH�FUDIW
V�VWUHWFKLQJ�
EXQJHH�FRUG�
�VR�WKDW�ZKHQ�LWV�WKUHVKROG�RI
IRUFHV� DFWLYDWHV�EHWZHHQ� WKH� FUDIW
V� DQFKRU� DQG� LWV� DWWUDFWLQJ� JUDYLWDWLRQDO� IRUFH
DQG�LW�FRQWUDFWV��LW�ZLOO�EH�WKH�FUDIW�WKDW�JHWV�SXOOHG�IRUZDUG�E\�LWV�ZDYH�SDFNHW
V
FRQWUDFWLQJ�IRUFHV��1RWH�WKDW�WKH�FUDIW�ZLOO�127�EH�JRLQJ�GRZQ�WKH�WXEH�DIWHU�LWV
ZDYH�SDFNHWV�� WKH� DPSOLILHG� JUDYLWDWLRQDO� DWWUDFWLRQ� IRUFH� ZLOO� EH� GRLQJ� DOO� WKH
QHJRWLDWLRQV� EHWZHHQ� WKH� PDVV� RI� WKH� FUDIW� DQG� WKH� IRUZDUG� HQG� RI� WKDW
JUDYLWDWLRQDO�DWWUDFWLRQ��$OO�WKH�FUDIW�ZLOO�QHHG�WR�GR�LV�VXSSO\�D�FHQWHU�RI�JUDYLW\
IRU�WKDW�PRYHPHQW�WR�WDNH�SODFH�
)RU� WKH� DERYH� QRWLRQ� RI� EHLQJ� OLNH� D� EXQJHH� FRUG
V� FRQWUDFWLRQ� ,� ZDV� LQLWLDOO\
JRLQJ� WR� GHVFULEH� LWV� DFWLRQ� DV� EHLQJ� VRPHZKDW� VLPLODU� WR� D� EDFNVFDWWHU� FKLUS�
:KHUHE\�� ZLWK� D� FKLUS� V\VWHP� D� EDFNVFDWWHU� SXOVH� LV� PDGH� WR� UHWXUQ� LQWR� WKH
IRUZDUG�SURSDJDWLQJ�ZDYH�SDFNHW�DFWLQJ� OLNH� D�SXPS�SXOVH� �� VR�DV� WR�FRPSUHVV
WKH� IRUZDUG� SXOVH� WR� JUHDWO\� DPSOLI\� LW� DQG� LQ� WKH� SURFHVV� EXQFK� WRJHWKHU� WKH
ZKROH�EDQGZLGWK�RI�IUHTXHQFLHV�RI�ZDYHV�LQ�WKH�ZDYH�SDFNHW��ZKLFK�LQ�WKLV�FDVH
ZRXOG� EH� FRPSRVHG� RI� WKH� 8)2
V� HOHFWURPDJQHWLF�� JUDYLWDWLRQDO� DQG� URWDWLQJ
NLQHWLF� IRUFHV��%XW� EHFDXVH� WKHUH� DUH� QHJDWLYH� JUDYLWDWLRQDO� IRUFHV� LQYROYHG� WKLV
ZKROH�QRWLRQ�ZDUUDQWV�D�VOLJKWO\�GLIIHUHQW�DSSURDFK�>QRWH����@�
)RU�XQIRUWXQDWHO\��QHJDWLYH�HQHUJLHV�DUH�QRW�TXLWH�DV�ZRQGHUIXO�DV�WKH\�VHHP�DQG
FHUWDLQO\�QRW�DV�VWUDLJKWIRUZDUG�DV�ZRXOG�EH� OLNHG��DQG�GHDOLQJ�ZLWK� WKHP�QHHGV
WKDW� H[WUD� GHJUHH� RI� WKRXJKWIXOQHVV�� 7R� WKLV� HQG� LW� KDV� SUHYLRXVO\� EHHQ
IRUPXODWHG�LQ�TXDQWXP�ILHOG�WKHRU\�WKDW�DQ�REVHUYDEOH�UHVWULFWLRQ�ZKLFK�PXVW�EH
DFNQRZOHGJHG�DQG�DVFULEHG�WR�QHJDWLYH�HQHUJ\�GHQVLW\��LV�WKDW�IRU�HYHU\�SXOVH�RI
QHJDWLYH� HQHUJ\� GHQVLW\� WKHUH� PXVW� EH� IROORZLQJ� LPPHGLDWHO\� DIWHU� LW� D
FRPSHQVDWLQJ�SXOVH�RI�SRVLWLYH� HQHUJ\�GHQVLW\� �RU�RWKHUZLVH� LI� WKHUH� LV�D�GHOD\� WKHQ
WKH� WLPH� GHOD\� EHWZHHQ� WKH� WZR� GHQVLWLHV� ZLOO� DOZD\V� ZRUN� RXW� WR� EH� LQYHUVHO\
SURSRUWLRQDO� WR� WKH� DPSOLWXGHV� RI� WKRVH� SXOVHV��� 7KLV� IRUPV� WKH� EDVLV� RI� WKH
TXDQWXP� LQWHUHVW� FRQMHFWXUH�� ZKHUHE\� WKH� RXWFRPH� LV� XVXDOO\� WKDW� WKH� SRVLWLYH
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HQHUJ\�GHQVLW\�ZKLFK�WUDLOV�WKH�QHJDWLYH�ZLOO�DOZD\V�EH�WKH�PRUH�DPSOLILHG�RI�WKH
WZR�DQG�ZLOO�DOZD\V�RYHUFRPSHQVDWH�IRU�ZKDWHYHU�DPRXQW�RI�HQHUJ\� WKHUH� LV� LQ
WKH�QHJDWLYH�SXOVH�>QRWH����@�
%HFDXVH�RI�WKLV�VHHPLQJO\�VHOI�GHIHDWLQJ�FRPSHQVDWLQJ�IDFWRU�WKH�UHFHQW�UHVHDUFK
LQWR�QHJDWLYH�HQHUJ\�GHQVLW\�KDV�IDOWHUHG�VRPHZKDW��PDLQO\�EHFDXVH��,�WKLQN��WKH
VFLHQWLVWV�ZRUNLQJ� RQ� LW� KDYH� \HW� DJDLQ� WULHG� WR� FRPSDUWPHQWDOL]H� WKDW� QHJDWLYH
HQHUJ\�LQWR�D�VHSDUDWH�FRPSRQHQW��5HPHPEHU�KRZ�,�ZDV�VD\LQJ�LQ�FKDSWHU���RI
WKLV� ERRN�� WKDW� WKH� H[WUDWHUUHVWULDOV� ZRUN� RQ� PXOWL�IXQFWLRQLQJ� DQG� QHYHU� RQ
VHSDUDWH�PHFKDQLVPV���� WKHVH�VFLHQWLVWV�ZRUNLQJ�RQ�QHJDWLYH�HQHUJ\�GHQVLW\�KDYH
DVVXPHG� WKDW� EHIRUH� WKH\� FDQ� ZRUN� RQ� WKDW� HQHUJ\� WKH\� VRPHKRZ� KDYH� WR
VHSDUDWH�LW�WKH�IURP�WKH�SRVLWLYH�HQHUJ\�GHQVLW\��DQG�ZKLFK�RI�FRXUVH��KDV�SURYHG
LPSRVVLEOH��$V� LW�VD\V� LQ� WKH�>)RUG�5RPDQ�����@�DUWLFOH�DOO�DWWHPSWV� WR�VSOLW� WKH
QHJDWLYH�HQHUJ\�DZD\� IURP� WKH�SRVLWLYH�KDYH� IDLOHG�� DQG� VR� WKH\�ZLOO� DOZD\V� IDLO
EHFDXVH�RI�WKH�IXQGDPHQWDO�ODZV�RI�1DWXUH�>QRWH����@�
/RRNLQJ�DW�WKLV�SUREOHP�IURP�DQ�HQWLUHO\�GLIIHUHQW�SHUVSHFWLYH��WKURXJK�DOLHQ�8)2
WHFKQRORJ\�� WKH�JUHDWHVW�DGYDQWDJH�FDQ�EH�JDLQHG�E\�VSHFLILFDOO\�XVLQJ�WKH�FRPSRVLWH
ZDYH�SDFNHW�RI�ERWK�QHJDWLYH�HQHUJ\�$1'�SRVLWLYH�HQHUJ\���7KH�DERYH�DJUHHG�
XSRQ� VWLFNLQJ� SRLQW� ZLWK� QHJDWLYH� HQHUJ\� GHQVLW\� �� WKDW� LW� ZLOO� DOZD\V� EH
DFFRPSDQLHG� E\� D� SDFNHW� RI� SRVLWLYH� HQHUJ\� ZKLFK� ZLOO� GRPLQDWH� RYHU� LW� �� LV
SUHFLVHO\�ZKDW�WKLV�DD8)2�LV�WDNLQJ�DGYDQWDJH�RI�WR�IO\�WKURXJK�WKH�DLU�ZLWK��
7KLV� ZLOO� EH� WKH� FDVH� ZLWK� D� ZDYH�SDFNHW� RI� JUDYLWDWLRQDO� IRUFH� DQG� DQJXODU
PRPHQWXP� ZKLFK� LV� SURSDJDWHG� GRZQ� D� KHOLFDO� ILHOG�� $V� ,� VD\� DERYH�� VXFK� D
PHFKDQLVP� LV� DOOLHG� WR�DVWURSK\VLFDO� MHWV�SRZHUHG�E\�EODFN�KROHV� LQVLGH�TXDVDUV
ZKLFK�H[WHQG�VXFK� ORQJ�GLVWDQFHV� WKURXJK�VSDFH� ��DQG� WKHVH� WKULYH�RQ�QHJDWLYH
HQHUJ\���$�KXJH�IDFWRU�EXLOW�LQWR�WKH�G\QDPLFV�RI�D�TXDVDU�LV�WKH�LQWHJULW\�RI�WKH
URWDWLQJ�ZDOOV�RI�WKRVH�MHWV��LQ�WKDW�WKRVH�ZDOOV�GRQ
W�EXOJH�WR�WKH�SDUWLFOH�HMHFWLRQV
SDVVLQJ� WKURXJK� WKHP� DQG� ZLOO� GLUHFW� DOO� WKHLU� DFFHOHUDWLQJ� IRUFHV� XS� WR� WKH
IRUZDUG� HQG� RI� WKRVH� ILODPHQW�WXEHV�� ,QGHHG�� WKH� KHOLFDO� ILHOG� FDQ� EH� WKH�PRVW
VWDEOH�HQHUJ\� ILHOG� WKHUH� LV� �� LW� FDQ�GHDO�ZLWK�XQLPDJLQDEOH� IRUFHV� �DV�GHOLQHDWHG
WKURXJKRXW�FKDSWHU���RI�WKLV�VWXG\���,Q�D�KHOLFDO�ILODPHQW�WXEH�LI�QHJDWLYH�HQHUJ\�
H[SDQGLQJ� JUDYLW\�� LV� VHQW� GRZQ� D� KHOLFDO� ILODPHQW�WXEH� ILUVW� LW� ZLOO� DFFHOHUDWH
DKHDG� WKURXJK� LWV� H[SDQVLYH� PRPHQWXP� DQG� WKHQ� GUDJ� DIWHU� LW� WKH� SRVLWLYH
DWWUDFWLYH�JUDYLW\�
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)LJXUH� ���� 7KH� ZDYH�SDFNHWV� HMHFWHG� IURP� WKH� 8)2� ZLOO� KDYH� ERWK� QHJDWLYH
JUDYLWDWLRQDO� IRUFH� DQG� SRVLWLYH� JUDYLWDWLRQDO� IRUFH�� WKH� IRUPHU� ZLOO� EH� DQ
H[SDQVLYH�IRUFH�DQG�WKH�ODWWHU�ZLOO�EH�WKH�WUDLOLQJ�DWWUDFWLYH�IRUFH
,Q� WKH� FDVH� RI� WKH� GRPHG� DD8)2� WKDW� FUDIW
V� ILODPHQW�WXEH� ZLOO� EH� VWURQJO\
FROOLPDWHG��DQG�ZLWK�LWV�VPDOO�ERUH�ZLOO�SURYLGH�D�SRZHUIXO�DPSOLILFDWLRQ�IDFWRU�WR
WKH�IRUZDUG�ZDYHV�LQ�WKH�ZDYH�SDFNHWV�FRPLQJ�RXW�RI�WKH�8)2
V�ULP�DQG�FXUOLQJ
DURXQG� WKH� GRPH� WR� WKH� DSH[�� 7KH� ILUVW� EXQFK� RI� ZDYHV� ZLOO� EH� WKH� QHJDWLYH
JUDYLWDWLRQDO�IRUFH��DQG�DV�WKH\�VSLQ�LQWR�WKH�WXEH�DQG�DUH�DPSOLILHG��DQG�EHFRPH
PRUH�H[SDQVLYH�� WKHLU�IRUFH�ZLOO�DFFHOHUDWH�GRZQ�DV�D�VSLQQLQJ�IRUFH� WRZDUG�WKH
IRUZDUG� HQG� RI� WKH� WXEH�� 7KLV� H[SDQVLYH� IRUFH�ZLOO� ZRUN� DV� D� IRUZDUG�PRYLQJ
DQFKRU� EHLQJ� FRQILQHG� LQVLGH� WKH� F\OLQGULFDO� ZDOO� RI� WKH� ILODPHQW�WXEH� �IURP� LW
EHLQJ� D� URWDWLQJ� UHSXOVLYH� IRUFH� FRQWLQXDOO\�EHLQJ� LQWHQVLILHG�E\� WKH� WXEH
V� WLJKW
ERUH��� $QG� ZKHQ� WKH� SRVLWLYH� SDUW� RI� WKH� ZDYH�SDFNHW� IROORZV� DQG� LV� SXOOHG
WKURXJK�WKH�ILODPHQW�WXEH�E\�WKH�DFFHOHUDWLRQ�RI� LWV�H[SDQGLQJ�SDUWQHU�� LWV�IRUFH
WKHQ�EHFRPHV�DPSOLILHG�LQVLGH�WKH�WLJKW�ERUH�DQG�LWV�DWWUDFWLYH�JUDYLWDWLRQDO�IRUFH
ZLOO�WKHQ�EHJLQ�WR�FRQWUDFW�
7KLV� FRQWUDFWLQJ� �DWWUDFWLYH�� JUDYLWDWLRQDO� IRUFH� WKRXJK� ZLOO� EH� ERXQG� WR� WKH
JUDYLWDWLRQDO�FHQWHU�RI�WKH�8)2�FUDIW��WR�WKH�EODFN�YRUWH[��DQG�VR�DV�WKRVH�ZDYHV
FRQWUDFW� WKH\�ZLOO�SXOO�RQ� WKH�FUDIW��$QG� MXGJLQJ�E\� WKH� UXOHV�RI�TXDQWXP� LQWHUHVW
VWDWHG� DERYH� WKH� SRVLWLYH� DWWUDFWLYH� IRUFH� ZLOO� EH� JUHDWHU� WKDQ� WKH� OHDGLQJ
H[SDQVLYH�IRUFH��VR�WKH�ILQDO�DFFHOHUDWLRQ�RI�WKH�FUDIW�ZLOO�EH�HYHQ�JUHDWHU�WKDQ�WKH
VSHHG� ZLWK� ZKLFK� WKH� IRUZDUG� SDUW� RI� WKH� ZDYH�SDFNHWV� KDYH� VSHG� GRZQ� WKH
ILODPHQW�WXEH�LQWR�WKH�GLVWDQFH�DKHDG�RI�WKH�FUDIW��/LNH�,�VD\�LQ�FKDSWHU���ZKHUH
,
YH� HVWLPDWHG� IRU� WKH�0DOLEX�8)2�XVLQJ� WKLV� W\SH� RI� SURSXOVLRQ�� WKDW� LW�PXVW
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KDYH�EHHQ�WUDYHOOLQJ�DURXQG��������PSK��WKH�8)2
V�VSHHG�ZLOO�EH�JRYHUQHG�QRW
E\�SURSXOVLRQ�EXW�E\�WKH�FRQWUDFWLRQ�YHORFLW\�RI�WKRVH�JUDYLWDWLRQDO�ZDYH�SDFNHWV�
$W� WKH� KHDG� RI� WKH� ILODPHQW�WXEH�ZKHUH� WKH� WXEH
V� LQWHJULW\� IDOWHUV� WKH� IRUZDUG
SDUW�RI�WKH�ZDYH�SDFNHW�ZLOO�PRPHQWDULO\�H[SDQG�DQG�FDXVH�WKH�DLU�WKHUH�WR�UDULI\�
WR�ORZHU�LQ�GHQVLW\��DQG�WR�KHDW�XS��DQG�MXVW�DV�ZLOO�KDSSHQ�DOO�DORQJ�WKH�WXEH�DV�LW
URWDWHV�LQ�WKH�DLU��DV�DERYH�������WKLV�IRUZDUG�HQG�ZLOO�GUDZ�LQ�IURP�DURXQG�LW�LQ�
IORZLQJ�FXUUHQWV�RI�DLU�WKDW�ZLOO�VHUYH�WR�KROG�WKH�HQG�RI�WKH�ILODPHQW�WXEH�WR�WKDW
ORFDWLRQ�XQWLO�WKH�FUDIW�UHDFKHV�LW��RU�XQWLO�WKH�FUDIW�VHQGV�RXW�LWV�QH[W�ZDYH�SDFNHW
WR�FRQWLQXH�WKH�SURFHVV�IXUWKHU�RQZDUG�>QRWH����@�
7KLV�ZLOO�JLYH�IRUZDUG�PRPHQWXP�WR�WKH�JUDYLWDWLRQDOO\�EXR\DQW�8)2�FUDIW�DQG
ZKHQ� FRQVHFXWLYHO\� UHSHDWHG� WKH� ZDYH�SDFNHWV� ZLOO� DFFHOHUDWH� WKH� FUDIW� WR
VXEVWDQWLDO� VSHHGV�� :LWK� WKH� 0DOLEX� 8)2� �IHDWXUHG� RQ� WKH� EDFN� FRYHU�� XVLQJ
SUHFLVHO\�WKLV�VRUW�RI�SURSXOVLRQ�P\�HVWLPDWHV�IRU�LWV�ZDYH�SDFNHW�UHSHWLWLRQ�UDWH
ZRXOG�EH����+]�����WLPHV�D�VHFRQG���ZKLFK�FRPSDUHV�WR�WKH�DD8)2
V�ILULQJ�UDWH
RI����WLPHV�D�VHFRQG�����+]���IRU�ZKHQ�LWV�FHQWUDO�VSKHUH�VHWV�VWDUW�WR�URWDWH�DQG
LWV� VXSHUUDGLDQW� SXOVHV� DUH� JRYHUQHG� E\� WKH� WHOHPHWHU� ZKHHOV� ILULQJ� DW� WKHLU
QRPLQDO��VORZ��UDWH�>QRWH����@�
�����&KLUSLQJ�WKH�6HPL�IXOO�6ZLQJ�EDFNV�LQWR�:DYH�SDFNHWV
$OWKRXJK�WKURXJK�FKDSWHUV���DQG���,�KDYH�VKRZQ�KRZ�WKH�WHOHPHWHU�ZKHHOV�ZRUN
DQG�ZK\� WKH\� VKRXOG� EH� ILULQJ� SXOVHV� LQWR� WKH� WRURLG
V� IOXLG�� ,
P� JRLQJ� WR� DGG
VRPH�PRUH�UHILQHPHQWV�KHUH�WR�WKRVH�LQLWLDO�VXSSRVLWLRQV��EHFDXVH�,�GRQ
W� WKLQN
WKH�WHOHPHWHU�EHDPV�DUH�XVHG�RQO\�WR�DGMXVW�WKH�ZDWHU�LQ�WKH�WRURLG��WR�KHDW�LW�DQG
WR� FKDQJH� LWV� SHUPLWWLYLW\� �DQG� WR� VSHHG� LWV� IORZ��� WKHVH� EHDPV� FDQ� GR� WKLV
DQ\ZKHUH� XSZDUGV� RI� ����� *+]�� DQG� WKH� ZDWHU� ZLOO� JR� RQ� EHLQJ� DIIHFWHG� E\
PLFURZDYH�RVFLOODWLRQV�XS�WR�����*+]��VR�WKH�EHDP
V�IUHTXHQF\�IRU�LW�WR�SURGXFH
DQ�HIIHFW�RQ�WKH�ZDWHU�LV�QRW�WKDW�FULWLFDO���LW�MXVW�KDV�WR�EH������*+]�RU�DERYH��6R
,�WKLQN�WKRVH�EHDPV�DUH�$/62�EHLQJ�XVHG�WR�FKDQJH�WKH�FKDUDFWHU�RI�WKH�WRURLG
V
LQQHU�ZDOO� �� WR� UHQGHU� LW� WUDQVSDUHQW� WR�HOHFWURPDJQHWLF�DQG�JUDYLWDWLRQDO�ZDYHV�
%HFDXVH�� LI� WKH� WRURLG
V� ZDOO� LV� PDGH� WUDQVSDUHQW� WR� WKHVH� ZDYHV� FRPLQJ� DZD\
IURP� WKH� EODFN� YRUWH[� WKHQ� LW� SURYLGHV� WKHP�ZLWK� WKH� SHUIHFW� VZLWFKLQJ� GHYLFH
ZLWK� ZKLFK� WR� WUDQVIRUP� WKH� WRURLG� DQG� LWV� IOXLG� LQWR� WKH� KLJK�SHUPLWWLYLW\
UHIOHFWLQJ�PLUURU�DOOXGHG�WR�DERYH��LQ�VHFWLRQV�����DQG�������ZKLFK�ZLOO�VORZ�GRZQ
WKRVH�ZDYHV�VR�WKDW�WKH\�FDQ�GHYHORS�LQWR�WKH�FUDIW
V�VXSHUUDGLDQW�ULQJLQJ�SXOVHV�
7KLV�LQGXFHG�WUDQVSDUHQF\�ZRXOG�EH�GHWHUPLQHG�E\�WKH�WRURLG
V�LQQHU�ZDOO��RU�DW
OHDVH� WKH� PLGGOH� KRUL]RQWDO� EDQG� RI� LW�� EHLQJ� PDGH� RI� D� VZLWFK�DEOH� GLHOHFWULF
PDWHULDO�� DQG� DJDLQ�� WKLV� ZRXOG� VXLW� D� PHWDPDWHULDO� WKDW� KDG� D� SHUPLWWLYLW\
WUDQVLWLRQ�IUHTXHQF\�LQ�WKH�PLFURZDYH�UHJLRQ��IRU�LQVWDQFH�DURXQG���*+]��6R�WKDW
ZKHQ� WKDW� PDWHULDO� ZDV� UDGLDWHG� E\� D� PLFURZDYH� RVFLOODWLRQ� DW� WKDW� �� *+]
IUHTXHQF\� LW� ZRXOG� WKHQ� VZLWFK� IURP� RSDTXH� WR� WUDQVSDUHQW� WR� DOORZ� WKH
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HOHFWURPDJQHWLF� DQG� JUDYLWDWLRQDO� ZDYHV� FRPLQJ� RXW� RI� WKH� FUDIW
V� FHQWHU� �DQG
UHERXQGLQJ� RXW� RI� WKH� FHQWHU�� WR� SDVV� WKURXJK� WKDW� FHQWUDO� EDQG� LQ� WKH� WRURLG
ZDOO�� WR� SHUPHDWH� LQWR� WKH� WRURLG� ZDWHU�� DQG� WR� UHIOHFW� EDFN� WKURXJK� WKH� ZDOO
DJDLQ�� DQG� WR� WKHQ� UHWXUQ� LQWR� WKH� FHQWUDO� HUJRVSKHUH� �DV� LQ� ILJXUH� ��� DERYH��
0DQLSXODWLQJ�WKH�WRURLG�ZDOO� LQ�VXFK�D�ZD\�ZRXOG�FRQVLGHUDEO\�6/2:�'2:1
WKH�ZDYHV�SDVVLQJ�LQ�DQG�RXW�RI�WKH�FHQWUDO�HUJRVSKHUH�ZKLFK��DV�WKH�UHDGHU�ZLOO
UHFDOO� �IURP� VHFWLRQ� ������ LV� WKH� SUH�UHTXLUHPHQW� IRU� WKH� HVWDEOLVKPHQW� RI� WKH
VXSHUUDGLDQFH� DPSOLILFDWLRQ� PHFKDQLVP� �� EHFDXVH� VORZLQJ� GRZQ� WKHVH� ZDYHV
HTXDWHV�WR�UHGXFLQJ�WKH�GLVWDQFH�QHHGHG�EHWZHHQ�WKH�FUDIW·V�EODFN�YRUWH[�DQG�LWV
VXSHUUDGLDQW�UHIOHFWRU�
%HFDXVH��DQG�KHUH�LV�P\�PDLQ�SRLQW�RI�FRQVLGHUDWLRQ��UDWKHU�WKDQ�KDYLQJ�WKH�ULP
JDWHV�GLYLGH�WKH�FUDIW
V�J\UDWLQJ�HQHUJLHV�LQWR�ZDYH�SDFNHWV�DW�WKH�ULP��ZKLOH�WKH\
DUH�EHLQJ�HMHFWHG�RXW�RI� WKH�FUDIW�DQG�FRLOLQJ� WKHLU�ZD\� DURXQG� WKH�GRPH� WR�EH
FRPSUHVVHG� DW� WKH� DSH[� WR� SURGXFH� WKHLU� SURSXOVLRQ� PRPHQWXP�� LW� ZRXOG� EH
EHWWHU�WR�KDYH�WKRVH�J\UDWLQJ�HQHUJLHV�DOUHDG\�IRUPHG�LQWR�ZDYH�SDFNHWV�%()25(�WKH\
DUULYH�DW�WKH�ULP��7KLV�ZD\�WKH�8)2�ZRXOG�EH�SURYLGHG�ZLWK�D�PRUH�HIILFLHQW�ZD\
RI�VWUHWFKLQJ�WKRVH�ZDYH�SDFNHWV��EHFDXVH�LW�ZRXOG�XVH�LWV�ULP
V�ZKLWH�ZDOO�WR�VORZ
GRZQ� WKH� ZDYHV� LQ� WKRVH� SDFNHWV� DQG� WR� VSUHDG� WKHP� LQWR� D� PRUH� HORQJDWHG
ZDYH�JURXS�EHIRUH�HMHFWLQJ�WKHP�

)LJXUH� ���� 7KH� HOHFWURG\QDPLF� DUUDQJHPHQW� RI� HQHUJ\� LQVLGH� WKH� DD8)2� LV
DQDORJRXV�WR�WKH�PHFKDQLVP�RI�FKLUSHG�SXOVH�DPSOLILFDWLRQ
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$OVR��LI�WKH�ZDYH�SDFNHWV�ZHUH�FUHDWHG�LQVLGH�WKH�FHQWHU�RI�WKH�FUDIW��WKH\�ZRXOG
EH�WDNLQJ�DGYDQWDJH�RI�WKLV�YHU\�SUHFLVH�VZLWFKLQJ�PHFKDQLVP�SHUIRUPHG�E\�WKH
WHOHPHWHU� ZKHHOV�� 7KH� ZDYHV� FRPLQJ� DZD\� IURP� WKH� EODFN� YRUWH[� HLWKHU� E\
UDGLDWLQJ� DZD\� RU� UHERXQGLQJ� DZD\� IURP� LWV� SKRWRQ� RUELW� ULQJ� ZLOO� EH
FRQWLQXRXVO\�RVFLOODWLQJ�ZDYHV��DQG�OHIW�WR�WKHLU�RZQ�UHVRXUFHV�WKH\�ZLOO�JUDGXDOO\
SXPS�XS�E\�ERXQFLQJ��E\�ULQJLQJ�� WR�DQG�IUR�EHWZHHQ�WKH�ULP
V�ZKLWH�ZDOO�DQG
WKH� FHQWUDO� EODFN�YRUWH[� �DV�KDV� EHHQ� H[SODLQHG� DOO� WKURXJK� FKDSWHU� ���� DQG� WKH
VDPH�WKLQJ�ZLOO�KDSSHQ�ZLWK�WKH�ZDYHV� LQVLGH�WKH�FHQWUDO�HUJRVSKHUH��RI�FRXUVH�
%XW� LI� WKRVH�ZDYHV� FDQ�EH�SODFHG� LQWR�HQYHORSHV�E\� WKH� WHOHPHWHU�ZKHHO� SXOVHV
DFWLYDWLQJ�WKH�WRURLG�ZDOO��WKHUHE\�VZLWFKLQJ�WKH�WRURLG�ZDOO���WKURXJK�ZKLFK�WKRVH
ZDYHV�KDYH� WR�SDVV� �� IURP�RSDTXH� WR� WUDQVSDUHQW�� WKHQ��DV� ,� VD\� LQ������ DERYH�
WKHQ�WKH\�EHFRPH�TXDQWL]HG��DQG�WKRVH�JURXSV�RI�ZDYHV�ZLOO�KDYH�D�ILQLWH�TXDQWLW\
WR� WKHP� WKDW� FDQ� EH�PDQLSXODWHG� LQ� D� ZD\�ZKLFK� ZLOO� HYHQWXDOO\� DPSOLI\� WKHP
HQRUPRXVO\� �� ILUVWO\��E\� VWUHWFKLQJ� WKHP�DV� WKH\� J\UDWH�RXW� RI� WKH�SODQDU�ZDYH�
JXLGH�DQG�SDVV�WKURXJK�WKH�ULP��DQG�WKHQ�E\�FRPSUHVVLQJ� WKHP�DIWHU� WKH\�KDYH
SDVVHG�RXW�RI�WKH�ULP�DQG�KDYH�FXUOHG�XS�DURXQG�WR�WKH�DSH[�RI�WKH�8)2
V�GRPH
�VHH�WKH�VFKHPDWLF�LQ�ILJXUH�����
%\� XVLQJ� WKH� WHOHPHWHU� ZKHHOV� WR� SURSDJDWH� LQWR� WKH� WRURLG� ZDOO� PDWHULDO� WKHLU
PLFURZDYH�EHDPV��ZKLFK�XS�WLOO�QRZ�KDYH�EHHQ�FRQMHFWXUHG�WR�SRVVLEO\�KDYH�DQ
RSHUDWLRQDO� UDQJH� UHDFKLQJ� DV� KLJK� DV� ���*+]� �� DV� VHFWLRQ� ������ WKH\� FRXOG� EH
PDGH�LQVWHDG�WR�GHOLYHU�PLFURZDYH�EHDPV�RVFLOODWLQJ�DW�MXVW�DERYH�WKH�WUDQVLWLRQ
WKUHVKROG��WKH�WHQWDWLYH���*+]��WR�PDNH�WKDW�PDWHULDO�WUDQVSDUHQW��DQG�WKHQ�WKDW
ZDOO�� DQG� WKH� WRURLG� IOXLG� UHIOHFWRU�� DQG� VXEVHTXHQWO\� WKH� YHU\� WULJJHULQJ� RI� WKH
VXSHUUDGLDQFH�PHFKDQLVP�LWVHOI��ZLOO�EH�VZLWFKLQJ�RQ�DQG�RII�XQGHU�WKH�FRQWURO�RI
WKH� WHOHPHWHU� ZKHHO� EHDPV�� DQG� ZLOO� EH� SUHFLVHO\� JRYHUQHG� E\� KRZ� IDVW� WKRVH
WHOHPHWHU�ZKHHOV� URWDWH�� ,Q�RWKHU�ZRUGV� WKH�SLORW�E\� FRQWUROOLQJ� WKH� LQQHU� ULQJ�
WXEH� �VHH� FKDSWHU� ��� ZKLFK� DOORZV� WKH� VSKHUH�VHW� DVVHPEO\� WR� URWDWH� DW� D� SUH�
GHWHUPLQDEOH� VSHHG��ZLOO� FRQWURO� WKH� ILULQJ�F\FOH�RI� WKH� WHOHPHWHU�ZKHHOV��ZKLFK
ZLOO�PDNH�WKH�WRURLG�ZDOO�LQWHUPLWWHQWO\�WUDQVSDUHQW��ZKLFK�ZLOO�GHWHUPLQH�WKDW�WKH
VXSHUUDGLDQFH� DPSOLILFDWLRQV� ZLOO� EH� JRYHUQHG� WR� D� VSHFLILF� UHSHWLWLRQ� UDWH� �
PHDQLQJ� WKDW� LI� WKH� SLORW� FRQWUROV� WKH� LQQHU� ULQJ�WXEH� WR� DOORZ� WKH� WHOHPHWHU
EHDPV� WR� ILUH� DW� ���SXOVHV�SHU� VHFRQG� WKHQ� WKH� VXSHUUDGLDQW� DPSOLILFDWLRQV�ZLOO
DOVR�EH�VHW�SUHFLVHO\�DW����ULQJLQJV�SHU�VHFRQG�
(VVHQWLDOO\�� WR� FRQWURO� WKH� WRURLG
V� LQQHU� ZDOO� WKH� WHOHPHWHU� EHDPV� ZRXOG� EH
RSHUDWLQJ�D�WHFKQLTXH�ZKLFK�LQGXFHV�WUDQVSDUHQF\�LQWR�WKDW�PDWHULDO�E\�FKDQJLQJ
LWV� UHIUDFWLYH� LQGH[� �ZKLFK� HIIHFWV� GLIIHUHQW� PDWHULDOV� DW� GLIIHUHQW� IUHTXHQFLHV�
PRVWO\�EHWZHHQ���WR����*+]���ZKHUH�WKH�ZDOO�PDWHULDO�ZKLFK�ZRXOG�QRUPDOO\�EH
RSDTXH�EHQHDWK�D� FULWLFDO� WKUHVKROG� IUHTXHQF\�ZRXOG�EHFRPH� WUDQVSDUHQW�ZKHQ
WKHVH� EHDPV� ZHUH� DSSOLHG� WR� LW� DW� D� IUHTXHQF\� MXVW� DERYH� WKDW� WKUHVKROG� �WKH
WHQWDWLYH���*+]���7KLV�WHFKQLTXH��NQRZQ�DV�(OHFWURPDJQHWLFDOO\�,QGXFHG�7UDQVSDUHQF\
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ZRUNV�RQ�VHPL�FRQGXFWLQJ�GLHOHFWULF�PDWHULDOV�DQG�LV�DFKLHYHG�E\�SURSDJDWLQJ�DQ
RVFLOODWLQJ� ILHOG� RUWKRJRQDOO\� �DW� ULJKW�DQJOHV�� LQWR� WKDW� PDWHULDO� �� ZKLFK
FRLQFLGHQWDOO\�LV�H[DFWO\�ZKDW�WKH�WHOHPHWHU�ZKHHO�EHDPV�DUH�GRLQJ�LQ�UHODWLRQ�WR
WKH�WRURLG
V�LQQHU�ZDOO�>QRWH����@�
7KH� UHTXLUHG� HIIHFW�ZRXOG� EH� IRU� WKDW�PDWHULDO� WR� DOORZ�ZDYHV� RI� D� IDLUO\�ZLGH
EDQGZLGWK�RI�IUHTXHQFLHV�RI�HOHFWURPDJQHWLF�DQG�JUDYLWDWLRQDO�ZDYHV�FRPLQJ�RXW
RI� WKH� EODFN� YRUWH[�� WR� SDVV� WKURXJK� LW� GXULQJ� WKH� WLPH�SHULRGV� ZKHQ� WKH
WHOHPHWHU� EHDPV� RI� PLFURZDYHV� DUH� SDVVHG� WKURXJK� WKDW� ZDOO� PDWHULDO�� 6R� WKH
WRURLG�ZDOO�ZRXOG�SURYLGH�D�VZLWFKLQJ�HIIHFW�
7KH�UHSHWLWLRQ�UDWH�RI�WKHVH�VZLWFKLQJ�SXOVHV�RI�PLFURZDYH�EHDPV��ZKLFK�,�KDYH
DUELWUDULO\� VHW� WKURXJKRXW� WKLV� VWXG\� DW� D� QRPLQDO� ��� SXOVHV� SHU� VHFRQG�� FDQ� EH
YDULHG� WR� EH� PRUH� RU� OHVV� WKDQ� ���VHF� E\� VSHHGLQJ� XS� RU� VORZLQJ� GRZQ� WKH
URWDWLRQ� UDWH�RI� WKH�VSKHUH�VHW�DVVHPEO\�E\� WKH�FRQWUROOLQJ�SLORW� �E\�KLP�RU�KHU
XVLQJ�WKH�VLQJOH�WUDQVPLVVLRQ�OLQH�UXQQLQJ�WR� WKH� LQQHU�ULQJ�WXEH�ZKLFK�FRQWUROV
WKH�VSKHUH�VHW�DVVHPEO\���DV�LQ�VHFWLRQ�������2I�HTXDO�LPSRUWDQFH��LV�WKDW�WKH�GXW\
F\FOH� RI� WKRVH� SXOVHV� �HDFK� RI�ZKLFK� GHOLYHUV� D�PLFURZDYH� EHDP� RI�� DV� LQ� WKLV
WHQWDWLYH�H[DPSOH����*+]�PLFURZDYHV���FRXOG�DOVR�EH�DGMXVWHG�E\�WKH�SLORW��DQG
WKLV� ODWWHU�VZLWFKLQJ�PHFKDQLVP�ZRXOG�PHDQ�WKDW�WKH�ZDYHV�RI�HOHFWURPDJQHWLF�
JUDYLWDWLRQDO�IRUFHV�FRXOG�EH�SODFHG�LQWR�ORQJ�RU�VKRUW�ZDYH�SDFNHWV��EXW�ZLWK�WKH
VDPH�UHSHWLWLRQ�UDWHV���VR�WKDW�WKH�DPRXQW�RI�ZDYHV�FROOHFWHG�LQWR�WKHP�FRXOG�EH
YDULHG�>QRWH����@�
%\� LQWURGXFLQJ� WKLV� SXOVH� LQWHUUXSWLRQ� LQWR� WKH� VXSHUUDGLDQFH� DPSOLILFDWLRQ� LW
ZRQ
W�PHDQ� WKDW� WKH� VXSHUUDGLDQFH�ZLOO� VWDUW�VWRS�� VWDUW�VWRS� �DQG� VR� RQ�� DW� WKH
VWDUW�DQG�ILQLVK�RI�HDFK�DQG�HYHU\�WHOHPHWHU�ZKHHO�SXOVH��DOO�WKH�SXOVHV�ZLOO�GR�LV
JDWH�WKH�VXSHUUDGLDQW�RVFLOODWLRQV���VR�WKDW�WKH\�SHDN�ZLWK�PHWURQRPLF�UHJXODULW\
DQG�V\QFKURQL]H� WR� WKH� WHOHPHWHU�ZKHHO�SXOVHV�� ,Q� IDFW�� WKLV�ZRXOG� UHDOO\�EH� WKH
EHVW� ZD\� WKDW� WKH� VXSHUUDGLDQFH� FRXOG� EH� FRQWUROOHG� WR� DGPLQLVWHU� DFFHOHUDWLRQ
DQG�GHFHOHUDWLRQ�DQG�WR�LQLWLDWH�WKH�8)2
V�SRZHU�GRZQ�VHTXHQFH�>QRWH����@�
7KHUHDIWHU� LW� ZLOO� EH� KRZ� WKH� 8)2� VHQGV� WKRVH� VXSHUUDGLDQW� ZDYH�SDFNHWV� RI
HQHUJ\� RXW� RI� WKH� FUDIW� DQG� LQWR� LWV� WZR� SRZHUIXO� FRPSUHVVLRQ�DPSOLILFDWLRQ
PHFKDQLVPV� DURXQG� WKH� GRPH� �DQG� ZKHUH� WKH\� FRPH� RII� WKH� GRPH�� WKDW� ZLOO
GHWHUPLQH� KRZ� IDVW� WKH� 8)2� PRYHV�� 7KH� ULP� DQG� GRPH
V� PHFKDQLVPV� RI
VWUHWFKLQJ�DQG� WKHQ�FRPSUHVVLQJ� WKRVH�ZDYH�SDFNHWV�ZLOO� OHQG� WKHPVHOYHV�PRVW
UHDGLO\� WR� DQ�DPSOLILFDWLRQ�PHWKRG� FDOOHG� FKLUSHG� SXOVH� DPSOLILFDWLRQ��ZKLFK� LV� YHU\
VLPLODU�WR�WKH�V\VWHP�,�KDYH�PHQWLRQHG�DERYH��RI�VWUHWFKLQJ�WKH�SDFNHWV�RI�ZDYHV
DQG�DIWHU�HMHFWLQJ�WKRVH�VWUHWFKHG�ZDYH�SDFNHWV�RXWVLGH�WKH�FUDIW��DPSOLI\LQJ�WKHP
E\�LWV�GRPH�FRPSUHVVLQJ�WKHP�VR�WKDW�D�KXJH�DPSOLILFDWLRQ�RFFXUV�LQ�WKHLU�IRUFHV
>QRWH����@�
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������3HUWXUEDWLRQV�WR�9DU\�WKH�2SWLFDO�7UDQVSDUHQF\�RI�6SDFHWLPH
2Q�WKH�QHHG� IRU�D�ZRUPKROH� LGHD� IRU�)7/�FRPPXQLFDWLRQV�DQG� WUDYHOOLQJ�� LI� D
QHZ� DSSURDFK� LV� WR� EH� DGGUHVVHG� ZLWK� UHJDUG� WR� VSDFH�WUDYHO� LW� VKRXOG� EH
DGGUHVVHG� DV� D� ZKROH� SDFNDJH�� QRW� RQO\� RI� D� QHZ� IRUP� RI� FUDIW� EXW� DOVR�� DQG
SHUKDSV�PRVW�LPSRUWDQWO\��DV�D�QHZ�IRUP�RI�PDQXIDFWXUHG�PHGLD��WKURXJK�ZKLFK
WKH� FUDIW� ZRXOG� QHHG� WR� WUDYHO�� EH� LW� RXW� LQ� VSDFH� RU� ZKLOH� IO\LQJ� WKURXJK� WKH
HDUWK·V�DWPRVSKHUH��4XLWH�VSHFLILFDOO\�DOVR�WKDW�PHGLD�ZRXOG�UHTXLUH�WR�EH�EULGOHG
E\� D� QHZ� IRUP� RI� FKDQQHO�� DV� LI� LW� ZHUH� D� FRQWDLQPHQW� ILHOG�� ZKLFK� FDQ� EH
HQJLQHHUHG� LPPHGLDWHO\� DKHDG� RI� WKDW� QHZ� IRUP�RI� FUDIW�� WR� JLYH� WKDW�PHGLD� D
YDULDEOH�GHJUHH�RI�QHJDWLYH�VSDWLDO�FXUYDWXUH�VR�WKH�FUDIW�FDQ�EH�DWWUDFWHG�WRZDUG�D
�N� !� ��� SRWHQWLDO�GLIIHUHQFH�� )RU� RQO\� WKHQ� FRXOG� WKH� OLJKW� VSHHG�� RU� WKH
HOHFWURPDJQHWLF�DQG�JUDYLWDWLRQDO�ZDYH�SDFNDJH�ZKLFK�HQYHORSHG�WKDW�FUDIW��KDYH
DQ\�KRSH�RI�EHLQJ�DFFHOHUDWHG�WR�VXSHUOXPLQDO�VSHHGV�>QRWH����@��7KLV��LQ�IDFW��LV
QRW� VXFK� DQ� ¶XQKHDUG� RI·� DV� RQH� PLJKW� LPDJLQH�� FRQVLGHULQJ� WKDW� DLUIRUFH
VHUYLFHPHQ� DFWXDOO\� UHSRUWHG� VHHLQJ� WKLV� YHU\� SURFHVV� GXULQJ� :RUOG� :DU� ,,� ²
ZKHUH�D�URWDWLQJ�ILHOG�ZDV�HQJLQHHUHG�DKHDG�RI�D�FUDIW�ZKLFK�ZRXOG�IRUHVKRUWHQ
LQWR� LW� ZLWK� FRORVVDO� DFFHOHUDWLRQ� DQG� GLVDSSHDU� LQWR� WKH� GLVWDQFH� LQ� DQ� LQVWDQW
>QRWH����@�
&HUWDLQO\��WKH�IDFW�WKDW�OLJKW� LV�EHQW�ZKHQ�LW�SDVVHV�WKURXJK�D�PHGLD�ZLWK�KLJKHU
UHIUDFWLRQ� LQGH[� WKDQ� DLU�RU� D� YDFXXP� LV�ZHOO� NQRZQ�� DQG� LW� KDV� EHHQ� DFFHSWHG
WKDW� LQ� VXFK� FLUFXPVWDQFHV� OLJKW� ZDYHV� ZLOO� VORZ� GRZQ� EHFDXVH� WKH� KLJKHU
UHIUDFWLRQ�LQGH[�HTXDWHV�WR�D�KLJKHU�GHQVLW\�DQG�OHVV�WUDQVSDUHQF\�WKDQ�DLU�RU�LQ�D
YDFXXP��:KDW�KDV�DOVR�EHHQ�DFFHSWHG��UDWKHU�ULJLGO\�DW�WKH�EHKHVW�RI�(LQVWHLQ�DQG
1HZWRQ��LV�WKDW�OLJKW�WUDYHOV�WKURXJK�D�YDFXXP�DW�WKH�KLJKHVW�YHORFLW\�WKHUH�LV�LQ
WKLV�XQLYHUVH��DSDUW�IURP�&KHUHQNRY�UDGLDWLRQ�ZKLFK�LV�IDVWHU�WKDQ�OLJKW�EXW�RQO\
E\�D�VPDOO�DPRXQW���DQG�VR�ZH�DOO�VHH� WKDW� LI� OLJKW� WUDYHOV� LQ�D�VWUDLJKW� OLQH� WKHQ
WKDW� VWUDLJKW� OLQH�ZLOO� EH� WKH�PRVW� GLUHFW�SDWK� EHWZHHQ� WZR�SRLQWV�� /LJKW� VSHHG
WKURXJK�D�YDFXXP�LV�WKH�WUXH�VSHHG���EXW�LV� LW�D�VWUDLJKW�OLQH�"�1RW�DFFRUGLQJ�WR
WKH�QHJDWLYH�VSDWLDO�FXUYDWXUH�PRGHO�RI�WKH�XQLYHUVH�
:KDW� LI� WKH� OLJKW� ZDYHV� ZHUH� WR� SDVV� WKURXJK� D� PHGLXP� ZLWK� D� WUDQVSDUHQF\
IDFWRU�*5($7(5�WKDQ�WKDW�RI�WKH�YDFXXP��WKH�SDWK�RI�OLJKW�ZRXOGQ
W�DSSHDU�WR
JHW� DQ\� VWUDLJKWHU� VR� KRZ� ZRXOG� WKH� OLJKW� ZDYHV� WUDYHO� WKURXJK� WKDW� VXSUD�
WUDQVSDUHQW�PHGLXP�"�2QH�WKLQJ�WKDW�PLJKW�KDSSHQ�LV�WKDW�WKH�GLVWDQFH�FRYHUHG
E\�WKH�OLJKW�ZDYHV�ZLOO�EH�JUHDWHU�WKDQ�WKDW�FRYHUHG�LI�WKH�PHGLXP�ZHUH�DLU�RU�WKH
YDFXXP��/XGLFURXV�SHUKDSV�IRU�WKH�IDQV�RI�*75��EXW�LQ�D�FKDQQHO�HQJLQHHUHG�DV
RQH�WKDW�FUHDWHV�D�JUHDWHU�FXUYDWXUH�WKDQ�WKH�FXUYDWXUH�ZKLFK�SUHVHQWO\�UHJXODWHV
RXU�VHFWLRQ�RI�WKH�XQLYHUVH��WKHQ�WKDW�FKDQQHOHG�HQYLURQPHQW�ZLOO�RIIHU�D�JUHDWHU
VSHHG�WKDQ�OLJKW�KDV�WKURXJK�RXU�SUHVHQW�ORFDWLRQ�LQ�WKH�YDFXXP�
7KLV� LQGHHG�� LV� VKRZQ� LQ� WKLV� XQLYHUVH� PRGHO�� LQ� EHWZHHQ� WKH� SRVLWLYH� VSDWLDO
FXUYDWXUH� DQG� WKH� QHJDWLYH� VSDWLDO� FXUYDWXUH� WKHUH� ZRXOG�� LQ� SURSRUWLRQ� WR� WKH
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GLIIHUHQWLDO�SRWHQWLDOV�RI�ERWK��EH�D�PXFK�*5($7(5�WUDQVSDUHQF\�IDFWRU�LQ�WKDW
FKDQQHO� VSDQQLQJ� EHWZHHQ� WKRVH� WZR� RSSRVLWH� VSDFH�WLPH� JHRPHWULHV� WKDQ
WKURXJK�QRUPDO� VSDFH�WLPH�� ,I� D�8)2� FUDIW� HQJLQHHUHG� DURXQG� LWVHOI� D� SRVLWLYH
VSDWLDO� FXUYDWXUH� DQG� DLPHG� DQ� HQHUJ\� HQYHORSH� DW�� VD\�� D� GLVWDQW� VWDU� ZLWK� D
QHJDWLYH�VSDWLDO�FXUYDWXUH�WR�OHDG�DW�WKH�KHDG�RI�WKDW�HQHUJ\�HQYHORSH��RQFH�LW�ZDV
VHW�XS�WKDW�FKDQQHO�EHWZHHQ�WKH�WZR�ZRXOG�RSHUDWH�DW�IDVWHU�WKDQ�OLJKW�VSHHG��DQG
ZKHQ�WKH�FUDIW�ZRXOG�EH�KDXOHG�LQWR�WKDW�FKDQQHO�WKDW�FUDIW�ZRXOG�WUDYHO�IDVWHU�
WKDQ�OLJKW�ZLWK�DOPRVW�QR�HQHUJ\�H[SHQGLWXUH�WRZDUG�LWV�SURSXOVLRQ���
������$�6XFFHVVIXO�0HFKDQLVP�WR�+DUYHVW�=3)�(QHUJLHV�%\
7KH�QH[W�ELJ�TXHVWLRQ�ZLOO�EH����+RZ�GRHV�D�8)2�KDUYHVW�HQHUJ\�ZKLOH�LW�LV�RXW�LQ
VSDFH�"�7KH�H[DFW�VDPH�ZD\�D�EODFN�KROH�KDUYHVWV�WKH�YLUWXDO�ILHOG�DQG�SURGXFHV
DEXQGDQW�HQHUJ\�IRU�LWV�MHWV����E\�JUDYLWDWLRQDOO\�DQG�HOHFWURPDJQHWLFDOO\�VWUHVVLQJ
WKH� VSDFH�WLPH� IDEULF��$QG� WRR� LQ�RXU�DWPRVSKHUH�E\� VWUHVVLQJ� WKH� VXUURXQGLQJ
DPELHQW�WR�SURGXFH�HOHFWURQ�SRVLWURQ�SDLUV�>QRWH����@�
,�KDYH�DOUHDG\�DOOXGHG��LQ�VHFWLRQ�������WR�RQH�PHFKDQLVP�WKDW�ZLOO�DOORZ�RXWVLGH
HQHUJLHV� WR� EH� SURGXFHG� DQG� EURXJKW� LQWR� D� 8)2� FUDIW
V� FHQWUDO� HUJRVSKHUH�
ZKHUH�WKH�URWDWLQJ�EDVH�GLVF�ZLOO�GUDJ�RQ�WKH�WRURLG
V�PDJQHWLF�IOX[�OLQHV��DQG�ZLOO
VWUHWFK� DQG� EUHDN� WKHP� WR� VWUHVV� WKH� DPELHQW� EHORZ� WKDW� 8)2�� WR� SURGXFH
DEXQGDQW�VXSSOLHV�RI�HOHFWURQV�SRVLWURQV�
%XW�WKHUH�LV�DQ�HYHQ�JUHDWHU�VXSSOLHU�EHORZ�WKH�DD8)2��IRU�MXVW�DV�WKH�DD8)2
V
XSSHU� GRPH� LV� XVHG� DV� DQ� DPSOLILFDWLRQ� GHYLFH� VR� WRR�ZLOO� WKH� ORZHU� GRPH� EH
XVHG�DV�DQ�DPSOLILHU��%XW�EHFDXVH� WKH� ORZHU�GRPH�DQG�WKH� ORZHU�PDJQHWLF�ILHOG
DUH� FRQILJXUHG� GLIIHUHQWO\� WR� WKH� XSSHU� GRPH�� WKDW� DPSOLILFDWLRQ� ZLOO� PDQLIHVW
LWVHOI�SULPDULO\�DV�DQ�LQ�VSLUDOLQJ�RI�HOHFWULFDOO\�FKDUJHG�HQHUJ\��LQ�D�ZD\�WKDW�ZLOO
SURGXFH�DQ�LQFUHDVH�LQ�SRWHQWLDO� WRZDUG�WKH�FHQWUDO�D[LV�RI�WKH�FUDIW��2EYLRXVO\�
WKLV�ZLOO�UHVXOW� LQ�D�VKHDULQJ�IRUFH�EHORZ�WKH�8)2��EXW�DOVR�� LQ�FRQVLGHUDWLRQ�RI
WKH� GLIIHUHQWLDOV� LQ� SRWHQWLDO� EHWZHHQ� WKH� LQ�VSLUDOLQJ� SRVLWLYH� DQG� WKH� QHJDWLYH
JUDYLWDWLRQDO� IRUFHV� UDGLDWLQJ� DZD\� IURP� WKH� FUDIW
V� EODFN� YRUWH[�� $1'� E\
FRQVLGHULQJ�WKH�PDJQHWLF�ILHOG�VSUHDGLQJ�RXW�EHORZ�WKH�FHQWHU�RI�WKH�8)2�WKHQ
WKLV�VKHDULQJ�IRUFH�ZLOO�EH� WKH�SURGXFW�RI�D�ZKROH�FRPELQDWLRQ�RI�JUDYLWDWLRQDO�
HOHFWULFDO��PDJQHWLF��GHQVLW\��DQG�NLQHWLF�IRUFHV�
,QGXELWDEO\��ORRNLQJ�DW�WKLV�DUHD�EHORZ�WKH�8)2
V�EDVH�GLVF�LW�FDQ�EH�VHHQ�WKDW�LW
ZLOO�EH�DEVROXWHO\� ORDGHG�ZLWK�H[WUHPHO\�SRZHUIXO�HOHFWURPDJQHWLF�VWUHVV� IRUFHV�
6R�PXFK� VR�� WKDW� LW� FDQ�EH�DVVXPHG� WKDW� WKH� UHVXOW�RI� DOO� WKHVH�VWUHVVHV��RQ� WKH
H[WHULRU�DPELHQW�RU�VSDFH�WLPH�IDEULF�ZLOO�EH�WKH�FRSLRXV�SURGXFWLRQ�RI�HOHFWURQ�
SRVLWURQ�SDLUV��6XEVHTXHQW�WR�WKLV�SDLU�SURGXFWLRQ�DQG�NLQHWLF�PRPHQWXP�WKHUH
ZLOO�EH�LQGXFHG�DGGLWLRQDO�PDJQHWLF�IRUFHV��ZKLFK�LQ�WXUQ�ZLOO�KDXO�LQZDUG�WRZDUG
WKH�ORZHU�VSKHUHV��IRU�LQVWDQFH��HOHFWULFDO�FKDUJHV�IURP�WKDW�H[WHULRU�DPELHQW��RU
VSDFH�WLPH� IDEULF� �VHH� ILJXUHV� ��� DQG� �����$V� LV� DOVR� VKRZQ� WKURXJK� WKHVH� WZR
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GLDJUDPV��ZKLOH�WKH�FKDUJHV�IORZLQJ�RXW�RI�WKH�DQWL�YRUWH[�EHORZ�WKH�FUDIW�ZLOO�EH
HOHFWULFDOO\� SRVLWLYH�� WKHQ� EHFDXVH� RI� WKHLU� HOHFWURPDJQHWLF� IRUFH�JHQHUDWLRQ� LW
ZRXOG� IROORZ� WKDW� WKH� VSLUDOLQJ� IORZ� LQZDUG�� IURP� WKH� VXUURXQGLQJ� PHGLXP
�DWPRVSKHULF�DLU��IRU�LQVWDQFH���ZRXOG�EH�HOHFWULFDOO\�QHJDWLYH�
:KDW� WKHVH�GLDJUDPV� VKRZ�DOVR� LV� WKDW� WKH� LQ�VSLUDOLQJ�HQHUJ\�ZLOO�QRW� LQWHUIHUH
ZLWK�WKH�RXWJRLQJ�HQHUJ\�IORZ�RI�WKH�YRUWH[��VR�LW�ZLOO�FLUFXODWH�DURXQG�WKH�D[LV�RI
WKH�8)2�YHU\�FORVH�WR�WKH�FUDIW
V�KXOO�>QRWH����@�
7R� WDNH� DGYDQWDJH� RI� WKDW� HQHUJ\� GHQVLW\� JUDGLHQW� DQG� WKDW� LQKRPRJHQHRXV
JUDGXDWLRQ�FRQYHUJLQJ�WRZDUG�WKH�FHQWHU�RI�WKH�FUDIW�MXVW�EHORZ�WKH�EODFN�YRUWH[�
LGHDOO\��WKHUH�VKRXOG�EH�HVWDEOLVKHG�D�
FXUUHQW�SDWK
�EHWZHHQ�WKH�H[WHULRU�DPELHQW
DQG�WKH�LQWHULRU�RI�WKH�8)2��DQG�PRVW�DGYDQWDJHRXVO\�WKDW�FXUUHQW�SDWK�LQWR�WKH
8)2
V� FHQWUDO� HUJRVSKHUH� VKRXOG� EH� GLUHFWHG� 7+528*+� 7+(� /2:(5
63+(5(6�� ,Q� RWKHU� ZRUGV�� WKH� ORZHU� VSKHUHV� ZRXOG� DFW� DV� WKH� PRVW� SRURXV
PDWHULDO��HOHFWULFDOO\�VSHDNLQJ��EHORZ�WKH�FHQWHU�RI�WKH�FUDIW���ZKLFK�WKH\�ZLOO�EH
DQ\ZD\��DV�H[SODLQHG�LQ�VHFWLRQ������LI�WKH\�DUH�IDEULFDWHG�ZLWK�VXIILFLHQW�HOHFWUR�
SRVLWLYH�
YDFDQF\
�PDWHULDOV�DURXQG�WKHLU�RXWHU�VXUIDFHV�
:LWK�WKLV�SRWHQWLDO�GLIIHUHQWLDO�SKHQRPHQRQ�WKH�8)2�ZRXOG�WKHQ�EH�DEOH�WR�WDNH
DGYDQWDJH�RI� WKH� GLHOHFWULF� DEVRUSWLRQ�PHFKDQLVP�ZLWKLQ� WKH� ORZHU� VSKHUHV�� WR
VHSDUDWH�RXW�WKH�QHJDWLYH�DQG�SRVLWLYH�FKDUJHV�KDUYHVWHG�IURP�RXWVLGH��$QG�DJDLQ�
WKH� DFRXVWLF� ILHOGV� EX]]LQJ� DURXQG� WKH� ORZHU� VSKHUHV� ZLOO� EH� LQVWUXPHQWDO� LQ
VKDSLQJ�WKH�LQFRPLQJ�HQHUJLHV�LQWR�RVFLOODWLQJ�FKDUJHV�
6R� \HV�� WKH� ORZHU� VSKHUHV�ZLOO� FRQYHUW� WKH� YLUWXDO� HQHUJLHV� RI� WKH�=3)� ILHOG� RI
VSDFH�� LQWR� UHDO�WLPH�HOHFWULFDO�FKDUJHV��7KHQ��DV�PHQWLRQHG� LQ�FKDSWHU���RI� WKLV
VWXG\��WKH�SODVPRQLF�RVFLOODWLRQ�SKHQRPHQRQ�ZLOO�WUDQVIHU�WKRVH�FKDUJHV�WKURXJK
WKH�GLHOHFWULF�EXON�RI�WKRVH�JODVV�VSKHUHV�DQG�RQ�LQWR�WKH�FUDIW
V�HOHFWULFDO�FLUFXLW�
%XW� WKHQ�DV� WKHVH� WHQWDWLYH�UHQGLWLRQV�RI� WKRVH�FLUFXODWLQJ�ILHOGV�EHORZ�WKH�FUDIW
LQGLFDWH�� WKHUH� FRXOG� DOVR� UHVXOW� D� VXEVWDQWLDO� DPRXQW� RI� HOHFWURQ�SRVLWURQ
UHFRPELQDWLRQV�� DQG� WKHUHIRUH� ODUJH�DPRXQWV�RI� DQQLKLODWLRQ�SKRWRQV�SURGXFHG
EHORZ� WKH�8)2� FUDIW�� 7KHQ�� LI� WKH� WZR� VKHDULQJ� ILHOGV� EHORZ� WKH� FUDIW� FDQ� EH
VSUHDG�RYHU� WKH�ZKROH�RI� WKH� ORZHU�KDOI�RI� WKH� FUDIW� �VXFK� DV�ZLWKLQ� D� GRXEOH�
OD\HUHG�PDJQHWRVSKHUH�� IRU� LQVWDQFH�� LW�ZRXOG� EH� SRVVLEOH� IRU� WKDW�8)2� WR� EH
VKHDWKHG�LQVLGH�D�ZDOO�RI�SKRWRQV���OLNH�D�OLJKW�EDOO�
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&KDSWHU�����'HQVLW\�(QYLURQPHQWV��+HOLFDO�7UDQVSRUW�DQG�7LPH�'LODWLRQ

&RQWHQWV�
�����$�8)2�LV�D�6HDOHG�(QYLURQPHQW�$URXQG�D�4XDVL�EODFN�+ROH
�����'LPHQVLRQ�$QRPDOLHV�([SHULHQFHG�E\�$EGXFWHHV
�����'HRSXODWLQJ�:LWKLQ�D�0DVV�GHQVLW\�*UDGLHQW
�����0DWWHU�7UDQVSRUWDWLRQ�)LHOG�3URMHFWLRQV
�����GH�%URJOLH�:DYH�0HFKDQLFV�DQG�WKH�3ODQFN�6FDOH

�����$�8)2�LV�D�6HDOHG�(QYLURQPHQW�$URXQG�D�4XDVL�EODFN�+ROH
,
YH�VSRWWHG�VRPHWKLQJ�YHU\�LQWHUHVWLQJ�LQ�VHYHUDO�RI�%HWW\�/XFD
V�GUDZLQJV�RI�WKH
VFHQHV�VKH�REVHUYHG�ZKHQ�VKH�ZDV�HVFRUWHG�E\� WKH�*UH\V� WKURXJK�WKH�HQWUDQFH
GRRU�DQG� LQWR� WKH�RSHUDWLRQDO�SDUW�RI� WKHLU�8)2��-XGJLQJ�E\�ZKDW� VKH�VDZ�DQG
ZKDW�VKH�GUHZ�RI�WKRVH�VFHQHV�WKHUH�DSSHDUV�WR�EH�RQH�RU�WZR�LQWULJXLQJ�IDFWRUV
WKDW� VKRXOG�EH� WDNHQ� WR�RQH� VLGH�DQG�FRQVLGHUHG� IXUWKHU��7KHVH�ZRXOG�FRQFHUQ
WKH�8)2
V�EHORZ�GHFN�DUHD��RI�ZKHUH�WKH�HQJLQH�SDUW�RI�WKH�FUDIW�ZDV�DQG�ZKHUH
WKH�HUJRVSKHUHV�RI�URWDWLQJ�HQHUJ\�ZHUH�
7KH�PDLQ�GUDZLQJ�RI�KRZ�WKH�ORZHU�HUJRVSKHUHV�ORRNHG�IURP�LQVLGH�WKH�FUDIW�LV
WKH� RQH� LQ�$QGUHDVVRQ�$IIDLU� �S���� �VHH� DERYH�� ILJXUH� ���� ZKLFK� VKRZV� WKDW� WKH
HQJLQH�DUHD�KDV�VHYHUDO�OHYHOV�WR�LW��WKUHH�LQ�IDFW��ZLWK�WKH�PRVW�HYLGHQW�OHYHO�EHLQJ
WKDW�RI�WKH�EODFN�YRUWH[��&RQVLGHULQJ�WKH�TXDVL�EODFN�KROH�K\SRWKHVLV�GHOLQHDWHG
WKURXJKRXW�WKH�SUHYLRXV�FKDSWHUV�LW�PDNHV�SHUIHFW�VHQVH�WKDW�VKH�VDZ�WKUHH�OHYHOV�
DV� VXUURXQGLQJ� WKH� EODFN� YRUWH[� LQ� WKLV� DD8)2� �EXW� ORRNLQJ� WR� %HWW\� OLNH� WKH
GHHSHVW� OHYHO���ZRXOG� KDYH� EHHQ� WKH� EDVH� GLVF� RI� WKH� FHQWUDO� HUJRVSKHUH� DERYH
ZKLFK� WKH� IUDPH�GUDJJLQJ�HQHUJLHV�ZRXOG�EH� FLUFXODWLQJ� DURXQG� WKH�RXWVLGH� WKH
EODFN� YRUWH[�� 6SUHDGLQJ� RXWZDUG� IURP� WKHVH� WZR� URWDWLQJ� ILHOGV�� DQG� VOLJKWO\
KLJKHU� �DQG� ORRNLQJ� D� OLWWOH� PRUH� VROLG��� ZRXOG� KDYH� EHHQ� WKH� WRS� IDFH� RI� WKH
WRURLG� �ZKLFK� LV� DOVR� WKH� ORZHU�ZDOO� RI� WKH�SODQDU�ZDYHJXLGH���$QG� DOWKRXJK� LW
LVQ
W�PHQWLRQHG� LQ� %HWW\
V� GHVFULSWLRQV�� DERYH� WKDW�� WKHUH� ZRXOG� KDYH� EHHQ� \HW
DQRWKHU� OHYHO� WKDW�ZRXOG�KDYH�EHHQ� WKH� OHYHO�RI�YLEUDQW�HQHUJ\�VKLPPHULQJ� MXVW
DERYH� WKDW� WRS� IDFH� RI� WKH� WRURLG�� ZKLFK� ZRXOG� KDYH� EHHQ� ZKDW� ,� KDYH� EHHQ
UHIHUULQJ� WR� DV� WKH� J\UDWLQJ� VWRUDJH� ILHOG�� WKH� URWDWLQJ� ILHOG� RI� FKDUJHG� SDUWLFOHV
DQDORJRXV� WR� DQ�DVWURSK\VLFDO� EODFN� KROH
V� DFFUHWLRQ� GLVN� �WKLV� OHYHO�ZRXOG�RQO\
KDYH�EHHQ�DSSDUHQW�ZKHQ�WKH�HQJLQH�ZDV�IXOO\�RSHUDWLRQDO�GXULQJ�IOLJKW�WKRXJK�
>QRWH���@��)LQDOO\�� WKH� IRXUWK� OHYHO� LQ�%HWW\
V�GUDZLQJ�ZRXOG�KDYH�EHHQ� WKH� OHYHO
VKH�ZRXOG�KDYH�ZDONHG�RYHU�DIWHU�VKH
G�SDVVHG�WKURXJK�WKH�GRRU�IURP�WKH�8)2
V
ZDLWLQJ�FKDPEHU��LW�ZRXOG�EH�WKH�ORZHVW�RI�WKH�XSSHU�GHFN�OHYHOV�ZKLFK��ZKLOH�LW
HVWDEOLVKHV�WKH�KRUL]RQWDO�GHPDUFDWLRQ�EHWZHHQ�WKH�HQJLQH
V�HUJRVSKHUHV�DQG�WKH
FUHZ
V�RSHUDWLRQDO�DUHD�� LW� DOVR� IRUPV� WKH�XSSHU�ZDOO�RI� WKH� HQJLQH� DUHD
V�SODQDU
ZDYHJXLGH�
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%XW� WKH�PRVW� LQWULJXLQJ� IDFWRU� LV� WKDW� %HWW\� FRXOG� DFWXDOO\� VHH� WKURXJK� WKDW� GHFN
OHYHO�WR�WKH�YRUWH[�EHORZ�LW��
)RU�WKLV�WR�KDSSHG�LW�ZRXOG�LQIHU�RQH�RI�WZR�WKLQJV��HLWKHU�WKH�*UH\V�KDG�PDGH
WKDW�GHFN�IORRULQJ� WUDQVSDUHQW��ZKLFK� LV� SODXVLEOH�EHFDXVH� DV�ZDV� VKRZQ� LQ� WKH
SUHYLRXV� FKDSWHU� PHWDPDWHULDOV� LQ� VFLHQWLILF� ODERUDWRULHV� FDQ� QRZ� EH� FKDQJHG
IURP�EHLQJ��5)��RSDTXH�WR��5)��WUDQVSDUHQW�E\�WKH�IOLFN�RI�D�VZLWFK��VR�WKH�QH[W
VWDJH�RQZDUG�IRU�VFLHQWLVWV�ZRXOG�EH�WR�GHYHORS�D�PDWHULDO�WKDW�FDQ�EH�VZLWFKHG
WR�EHLQJ�RSWLFDOO\�WUDQVSDUHQW���SRVVLEO\�WKURXJK�WHUDKHUW]�ZDYH�RVFLOODWLRQ���DQG
WKLV� FRXOG� EH� ZKDW� WKH� H[WUDWHUUHVWULDOV� ZHUH� XWLOL]LQJ� LQVLGH� WKHLU� 8)2�� 2U�� LW
FRXOG� EH� WKDW� WKH� 8)2
V� GHFN� IORRU� KDG� DQ� RSHQLQJ� GLUHFWO\� DERYH� WKH� EODFN
YRUWH[� DQG� HUJRVSKHUH� $�� ZKHUH� DOO� WKH� VXEDWRPLF� HQHUJ\� ZDV� EHLQJ� URWDWHG
>QRWH���@�
,�EHOLHYH�LW�ZRXOG�EH�KLJKO\�EHQHILFLDO��IURP�D�VFLHQWLILF�VWDQGSRLQW�� WR�VSHFXODWH
WKDW�WKH�GHFN�ZDV�23(1�HYHQ�WKRXJK�MXVW�EHORZ�WKDW�GHFN�LV�D�IXOO\�RSHUDWLRQDO
EODFN�YRUWH[��$IWHU�DOO��WKLV�DUUDQJHPHQW�ZRXOG�QRW�EH�D�KXJH�GDQJHU�IRU�WKH�FUHZ
EHFDXVH�� DV�KDV�DOUHDG\�EHHQ�QRWHG� LQ�DQ�HDUOLHU� FKDSWHU� �LQ� VHFWLRQ�������� WKHUH
ZLOO�EH�QR�GLUHFW�YDFXRXV�IRUFH�LPPHGLDWHO\�DERYH�WKH�8)2
V�TXDVL�EODFN�KROH��LW
ZRQ
W�KDYH�D�ORQJLWXGLQDO�JUDYLWDWLRQDO�IRUFH�WKDW�GUDZV�PDWWHU�VWUDLJKW�GRZQ�LQWR
LW� �� LWV�RQO\� LQ�IORZLQJ� IRUFH�ZLOO�EH� URWDWLRQDO�� DFWLQJ� DW� D� WDQJHQW��KRUL]RQWDOO\�
7KHUHIRUH��LI�LW�FDQ�EH�TXLWH�IHDVLEOH�WR�VXSSRVH�WKDW�WKLV�FUDIW
V�EODFN�YRUWH[�ZDV
LQGHHG�IXOO\�RSHQ�WR�WKH�XSSHU�GHFNV��WKHQ�FRQVHTXHQWO\�WKH�ZKROH�RI�WKH�XSSHU
GHFN�DUHDV�ZRXOG�EH�IXOO\�LQYROYHG�LQ�DOO�WKH�EXON�HIIHFWV�WKDW�FRXOG�EH�JHQHUDWHG
E\� WKDW� EODFN� YRUWH[�� $QG� ZLWK� WKH� DELOLW\� RI� WKDW� LQIOXHQFH� WR� SHUPHDWH� DOO
WKURXJK�WKH�YDULRXV�URRPV�DQG�FRPSDUWPHQWV�RI� WKRVH�XSSHU�GHFNV� WKHQ�WKRVH
XSSHU�GHFN�DUHDV�ZRXOG�EH�IXOO\�VXEMHFWHG�WR�ZKDWHYHU�DGMXVWPHQWV�WKDW�YRUWH[·V
GHQVLW\� JUDGLHQW�ZRXOG�PDNH�XSRQ� WKH�SDUDPHWHUV�RI� WKH�GLPHQVLRQDO� FRQVWDQW
LQVLGH�WKDW�8)2�
7KH�8)2� LV� WKH� TXLQWHVVHQWLDO� VHDOHG� HQYLURQPHQW�� LW� KDV� D�PDWHULDO� VKHOO� ZLWK
SRZHUIXO�HOHFWURPDJQHWLF� ILHOGV�FRQWUROOLQJ� WKH� ULP�GXFW�DQG� WKH�EDVH�GLVF�YHQW
KROH�DQG�WKH�VPDOO�JDS�EHWZHHQ�WKH�EDVH�GLVF�DQG� WKH� WRURLG�VKHOO�� VR�ZKDWHYHU
WKH�GLPHQVLRQDO�FRQVWDQW�LV�LQ�WKH�ZRUOG�RXWVLGH�WKHUH�FRXOG�EH�HQJLQHHUHG�LQVLGH�WKDW
8)2� D� GLPHQVLRQDO� FRQVWDQW� ZLWK� TXLWH� D� GLIIHUHQW� VHW� RI� YDOXHV�� 7KH� SHUIHFW
G\QDPLVP� WR� FRQWURO� SUHVVXUH��PDVV�GHQVLW\�� HQYLURQPHQWDO� GLHOHFWULF� FRQVWDQW�
HOHFWURPDJQHWLF� ZDYH� YHORFLW\�� DQG� JUDYLWDWLRQDO� IRUFH� ZLWKLQ� WKDW� VHDOHG
HQYLURQPHQW�LV�WKH�8)2
V�EODFN�YRUWH[���DQG�WKHVH�DUH�DOO�FRPSRQHQWV�RI�WKH�ILQH
VWUXFWXUH� FRQVWDQW�� �$V� D� UHVXOW� RI� WKLV� FRQWURO�� LW�ZRXOG� EH� TXLWH� SRVVLEOH� WKDW
LQVLGH�WKDW�FUDIW�WKHUH�ZRXOG�UHVXOW�D�SURSRUWLRQLQJ�HIIHFW�XSRQ�ZKDWHYHU�PDWHULDO
REMHFWV� H[LVWHG� LQVLGH� WKDW� FUDIW�� $QG� LQGHHG�� EHFDXVH� WKH� XSSHU� GHFNV� ZRXOG
IRUP� DQ� HQYLURQPHQW� FRPSOHWHO\� VHDOHG� RII� IURP� WKH� RXWVLGH� ZRUOG�� WKHQ� WKH
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VDPH�SURSRUWLRQLQJ�HIIHFW�ZRXOG�EH�H[SHULHQFHG�E\�ZKDWHYHU�OLYLQJ�ERGLHV�ZHUH
SUHVHQW�RQ� WKRVH�GHFNV�� EH� WKH\� DOLHQV� FRPSULVLQJ� WKH� VKLS
V� FUHZ���� RU�KXPDQV
EHLQJ�FRQYH\HG�DV�SDVVHQJHUV�
7KDW� WKH�GHFN�ZDV�RSHQ� �DQG�SHUKDSV�KDYLQJ�RQO\� D� VDIHW\�ZDOO� DURXQG� LW� �� VHH
ILJXUHV� ��� DQG� ��� EHORZ�� WKLV� ZRXOG� WKHQ� H[SODLQ� ZK\� %HWW\� VDLG� WKH� DLU� VKH
EUHDWKHG�LQVLGH�WKH�8)2�KDG�D�VWURQJ�VPHOO�RI�R]RQH�WR�LW�DQG�IHOW�DV�LI� LW�ZHUH
HOHFWURVWDWLF�LQ�QDWXUH��$QG�WKLV�PLJKW�H[SODLQ�ZK\�WKH�*UH\V�KDYH�EHHQ�REVHUYHG
DV�ZHDULQJ�D�RQH�SLHFH�VNLQ�WLJKW�VKLQ\�VXLW�DQG�ZK\�WKH\�KDYH�WR�ZHDU�VXFK�WKLFN
ERRWV��ZKLFK��DV�&RUVR�GLVFRYHUHG�IURP�WKH�86�HQJLQHHUV�ZKR�EDFN�HQJLQHHUHG
WKH� 5RVZHOO� FUDIW� �ZKLFK� ,� EHOLHYH� ZDV� D� FUDIW� YHU\� VLPLODU� WR� WKH� $QGUHDVVRQ
8)2���EHFDXVH�WKRVH�HQJLQHHUV�WROG�&RUVR�WKDW�WKH\
G�IRXQG�RXW�WKDW�WKH�*UH\
V
VXLWV�ZHUH�PDGH�IURP�D�PDWHULDO�VSHFLDOO\�ZRYHQ�GLUHFWLRQDOO\��LQ�VXFK�D�ZD\�DV�WR
EH� HOHFWULFDOO\� FRQGXFWLYH��� VR� WKDW� DQ\� DLU�ERUQH� HOHFWULF� FKDUJHV� ZLWKLQ� WKHLU
8)2�FRXOG�EH�GLUHFWHG�WR� WKH�GHFN�VDIHO\�RQ�WKH�RXWVLGH�RI� WKRVH�VSHFLDO� VXLWV�
ZKLOH� DW� WKH� VDPH� WLPH� FDXVLQJ� QR�KDUP� WR� WKH� ERG\� LQVLGH�RI� WKHP� >QRWH�� �@�
7KDW�WKLV�SURWHFWLYH�ZHDU�ZDV�QHHGHG�WR�WDNH�FDUH�RI�DQ\�ORQJ�WHUP�HIIHFWV�XSRQ
WKH� *UH\V� IURP� H[SRVXUH� WR� DQ� HOHFWULFDOO\� FKDUJHG� DWPRVSKHUH�� ZRXOG� DOVR
VXJJHVW� WKDW� WKH� DGMXVWDELOLW\�RI� WKH� HOHFWULFDO� SHUPLWWLYLW\�RI� WKH� DLU� LQVLGH� WKHLU
8)2�ZDV�D�QHFHVVDU\�SDUW�RI�WKDW�8)2�
7KLV�ZLOO�JR�D�ORQJ�ZD\�WR�H[SODLQ�H[DFWO\�ZK\�VR�PDQ\�DEGXFWHHV�KDYH�UHSRUWHG
WKDW� WKH� HQYLURQPHQW� LQVLGH� WKH� 8)2� WKH\� ZHUH� PRYHG� LQ� DSSHDUHG� WR� EH
SURSRUWLRQDOO\� PXFK� ODUJHU� WKDQ� ZKHQ� WKRVH� FUDIW� ZHUH� REVHUYHG� IURP� WKH
RXWVLGH� �LH� LW� H[SODLQV� WKH� FRPPRQO\� UHSRUWHG� HIIHFWV� RI� 7LPH�$QG�5HODWLYH�
'LPHQVLRQV�,Q�6SDFH� �� 7$5',6���1RZ�� LWV� HDV\� WR� VHH� ZK\� WKLV� HIIHFW� VKRXOG
KDSSHQ��IRU�LW�FRPHV�GRZQ�WR�WKH�XQLTXH�SURSHUWLHV�RI�D�EODFN�KROH
V�WRSRORJLFDO
JUDGLHQW� UHJDUGLQJ� LWV�PDVV�GHQVLW\� DQG� JUDYLWDWLRQDO� LQ�SXOO�� DQG� EHFDXVH� WKHVH
HIIHFWV� DUH� PRVW� SURQRXQFHG� MXVW� RXWVLGH� WKH� EODFN� KROH
V� HYHQW� KRUL]RQ�� %XW
WKHQ�� ZLWK� WKH� DVWURSK\VLFDO� EODFN� KROH� WKHUH� LV� QR� SK\VLFDO� EDUULHU� VHDOLQJ� WKH
HQHUJ\�HQYLURQPHQW�VXUURXQGLQJ� LW��DQG�WKHUH�DUH�QR�FRQWDLQPHQW�ZDOOV�JXLGLQJ
DQG�FRQVWULFWLQJ� WKH�URWDWLQJ�ILHOGV�ZLWKLQ� LWV�HUJRVSKHUHV���� DW�PRVW� WKHUH�PLJKW
EH�D�WRUXV�HQHUJ\�ILHOG�VXUURXQGLQJ�D�EODFN�KROH�LQ�VSDFH�ZKLFK�PLJKW�VORZ�GRZQ
HOHFWURPDJQHWLF� DQG� JUDYLWDWLRQDO� ZDYHV� SURSDJDWLQJ� WKURXJK� LW�� EXW� WKH
DVWURSK\VLFDO�WRSRORJ\�ZLOO�HVVHQWLDOO\�EH�DQ�RSHQ�RQH��VR�WKH�7$5',6�HIIHFW�ZLOO
QRW�EH�TXLWH�VR�DSSDUHQW�RXW�LQ�XQEULGOHG�VSDFH�
6R�� LI� D� WRSRORJLFDO� HQYLURQPHQW�FDQ�EH�FUHDWHG�DQG�SHUIHFWO\� VHDOHG�ZLWKLQ� WKH
FRQILQHV�RI�WKH�IHDWXUHG�GRPHG�DD8)2�FUDIW�WKHQ�D�EUDQG�QHZ�KDOOZD\�RI�GRRUV
VXGGHQO\�VZLVKHV�RSHQ�DQG�OHDGV�WR�H[FLWLQJ�QHZ�VFLHQWLILF�ILHOGV���LQWR�TXDQWXP
PHFKDQLFV�� LQWR� YDULDEOH� GLHOHFWULF�FRQVWDQW� ILHOGV�� LQWR� GH� %URJOLH� ZDYH
PHFKDQLFV�� DQG� HYHQ� LQWR� WKH� SURSRUWLRQDO� 3ODQFN� PDWWHU� FRQVWDQW�� :LWK� WKLV
PDQXIDFWXUHG�PDVV�GHQVLW\�JUDGLHQW�IHDWXULQJ�WKURXJKRXW�WKH�ZKROH�FUDIW�MXVW�DV
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PXFK�DV�LW�ZRXOG�EH�LQVLGH�HUJRVSKHUH�$��WKHQ��DV�SHU�(LQVWHLQ
V�H� �PF��GLYLGHG
E\� WKH� VSDWLDO� GLHOHFWULF� FRQVWDQW� �DV� QRWHG� LQ� VHFWLRQ� ������� WKH� HOHFWULFDO
SHUPLWWLYLW\� RI� WKH� DLU�DWPRVSKHUH� ZLWKLQ� WKH� 8)2
V� XSSHU� GHFNV� ZRXOG� DOVR
LQFUHDVH�VLJQLILFDQWO\�DQG�ORZHU�WKH�YHORFLW\�RI�HOHFWURPDJQHWLF�ZDYHV�DFURVV�WKH
ZKROH� IUHTXHQF\� VSHFWUXP� >5DELQRZLW]@�� 7KLV� ZRXOG� KDYH� D� NQRFN�RQ� HIIHFW
LQVLGH�WKH�8)2�EHFDXVH�WKHQ�WKH�EODFN�YRUWH[�ZRXOG�EHFRPH�HYHQ�PRUH�PDVVLYH�
IURP�WKH�FRQWLQXDO�GUDZLQJ�LQ�RI�LQFUHDVHG�PDVV�HQHUJ\�SDUWLFOHV�FRPLQJ�WKURXJK
WKH�FHQWUDO� HUJRVSKHUH� IURP� WKHVH�XSSHU�GHFN�YROXPHV�� 6R�QRW�RQO\�ZRXOG� WKH
8)2
V�EODFN�YRUWH[�HVWDEOLVK�DQ�LQFUHDVHG�PDVV�GHQVLW\�JUDGLHQW�EHWZHHQ�LWVHOI�DQG
WKH�UHVW�RI�WKH�VHDOHG�HQYLURQPHQW�VXUURXQGLQJ�LW���EXW�LW�ZRXOG�NHHS�RQ�UHF\FOLQJ
WKDW� DLU�HQHUJ\� VR� WKDW� LW� ZRXOG� FRQWLQXDOO\� EXLOG� RQ� WKRVH� LQFUHPHQWV� DQG
HQYLURQPHQWDO�FKDQJHV��2Q�WKH�RXWVLGH�WKLV�LQFUHDVH�LQ�LQWDNH�ZRXOG�EH�YLHZHG�DV
D� VSHHGLQJ� XS� RI� WKDW� YRUWH[
V� D]LPXWKDO� YHORFLW\�� EXW� IURP� LQVLGH� WKDW� DOWHUHG
HQYLURQPHQW� HYHU\WKLQJ� ZRXOG� DSSHDU� WR� VORZ� GRZQ�� 6R�� E\� FRQVHUYDWLRQ� RI
PDVV�GHQVLW\� WKH� EODFN� YRUWH[� ZRXOG� WKHUHIRUH� KDYH� FKDQJHG� WKH� ZKROH� PDVV�
GHQVLW\� JUDGLHQW� LQVLGH� WKDW� VHDOHG� HQYLURQPHQW� �� DQG� LW� ZRXOG� KDYH� DIIHFWHG
SK\VLFDO�GLPHQVLRQ�DOWHUDWLRQV�WR�DOO�RI�LWV�PDVV�REMHFWV��EHFDXVH��DV�,�VD\�DERYH�
DOO� WKH� IDFWRUV� ZKLFK� PDNH� XS� WKH� GLPHQVLRQDO� FRQVWDQW� ���� ZLOO� KDYH� EHHQ
LQIOXHQFHG�E\�WKH�8)2
V�EODFN�YRUWH[�
7KH�VXEMHFW�RI�WKH�GLPHQVLRQDO�FRQVWDQW�KDV�EHHQ�GLVFXVVHG�IURP�PDQ\�GLIIHUHQW
DQJOHV�E\�SK\VLFLVWV��SDUWLFXODUO\�LQ�WKH�>0DJXHLMR�$OEUHFKW@�SDSHU�ZLWK�UHJDUG�WR
WKHLU�YDU\LQJ�VSHHG�RI�OLJKW�WKHRU\��ZKHUHE\�FKDQJHV�KDYH�RFFXUUHG�WR�RQH�RU�WR
DOO�RI�WKH�FRPSRQHQW�YDOXHV�LQ�WKH�ILQH�VWUXFWXUH�FRQVWDQW���� �H����%F���)URP�D
XQLYHUVDO�SRLQW�RI�YLHZ�WKH�GLPHQVLRQDO�FRQVWDQW�ZH�H[SHULHQFH�LQ�RXU�HYHU\GD\
OLYHV��SUHVHQWO\��LV�GLIIHUHQW�QRZ�WR�ZKDW�LW�ZDV�LQ�RXU�GLVWDQW�SDVW��DV�ZDV�QRWHG
UHFHQWO\�LQ�WKH�UHG�VKLIW�VLJQDWXUHV�IURP�GHHS�VSDFH�HQHUJ\�ILHOGV�DURXQG�TXDVDUV�
>QRWH�� �@�� 7KH� PRVW� LPSRUWDQW� FURVV�UHIHUHQFH� WR� HPSKDVL]H� KHUH� IURP� WKHVH
XQLYHUVDO�SRLQWV�RI�FRRUGLQDWLRQ��EHFDXVH�WKHVH�HIIHFWV�ZLOO�DOVR�ZRUN�RQ�WKH�ORFDO
JUDYLWDWLRQDO� SRWHQWLDOV� WKDW� DUH� JHQHUDWHG� ZLWKLQ� URWDWLQJ� ILHOGV��� LV� WKDW� WKH� PRVW
SURQRXQFHG� YDULDWLRQV� LQ� WKH� GLPHQVLRQDO� FRQVWDQW� �ILQH� VWUXFWXUH� FRQVWDQW� ��� DUH
NQRZQ� WR� H[LVW� QHDU�PDVVLYH� REMHFWV�� VXFK� DV� DURXQG� EODFN� KROHV�� ZKHUH� WKRVH
YDULDWLRQV�DUH�SURSRUWLRQDO�WR�WKH�ORFDO�JUDYLWDWLRQDO�SRWHQWLDOV�VXUURXQGLQJ�WKRVH
PDVVLYH�REMHFWV�>0DJXHLMR�����@�
,Q�IDFW��LW�LV�KLJKO\�VLJQLILFDQW�WKDW�WKHUH�LV�UHFRJQL]DEOH�GDWD�WR�EH�IRXQG�LQ�PDQ\
8)2�UHSRUWV�ZKLFK�SRLQW� WR� FKDQJHV� LQ� WKLV� GLPHQVLRQDO� FRQVWDQW��7KH� UHDVRQ
IRU�LWV�VLJQLILFDQFH�LV�WKLV��WKHRUHWLFDO�SK\VLFLVWV�KDYH�ORQJ�FRQMHFWXUHG�WKDW�LI�WKHUH
ZHUH�FKDQJHV�WR�WKLV�ILQH�VWUXFWXUH�FRQVWDQW�� WKRVH�FKDQJHV�ZRXOGQ
W�EH�QRWLFHG
E\� DQ\RQH� EHFDXVH� HYHU\WKLQJ� UHODWHG� ZRXOG� DOO� FKDQJH� LQ� WKH� H[DFW� VDPH
SURSRUWLRQ��DV�QRWHG�LQ�WKH�ZRUGV�RI�3RLQFDUp�ZKHQ�KH�DVNHG���:KDW�LI�\RX�ZHQW
WR�EHG�RQH�QLJKW��DQG�ZKHQ�\RX�DZRNH�WKH�QH[W�GD\�HYHU\WKLQJ�LQ�WKH�ZRUOG�ZDV
D� WKRXVDQG� WLPHV� ELJJHU� "� :RXOG� \RX� QRWLFH� DQ\WKLQJ� "�� 7R� WKLV� TXHVWLRQ
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SK\VLFLVWV�LQ�WKH�SDVW�KDYH�VDLG�LQ�RQH�YRLFH��12��EHFDXVH�WKH\�KDYH�RSLQHG��WKDW
DOO� WKH� PHDVXULQJ� UXOHUV� DQG� RWKHU� REMHFWV� RI� PDWWHU� ZRXOG� DOO� EH� HIIHFWHG� LQ
H[DFWO\�WKH�VDPH�ZD\��VR�WKDQNV�WR�RXU�SK\VLFLVWV�DQG�WKHLU�LQWURVSHFWLRQ�OLWWOH�KDV
EHHQ�OHDUQHG�DERXW�WKLV�VOLGLQJ�JUDGLHQW�>.URJK@��%XW�KHUH�ZH�KDYH�WKH�GDWD�IURP
WKRVH�ZKR�KDYH�JRQH�WKURXJK�WKHVH�GLPHQVLRQDO�FKDQJLQJ�H[SHULHQFHV�ZLWK� WKH
H[WUDWHUUHVWULDOV�DQG�ZKR�KDYH�WKH�HPSLULFDO�NQRZOHGJH�WR�VKRZ�KRZ�WKLV�HIIHFW
ZRUNV�� 7KHUHIRUH�� WKH� UHSRUWV� E\� DEGXFWHHV� KDYH� SURYLGHG� DQ� LQYDOXDEOH
FRQWULEXWLRQ� WR� WKH�ZLGHU�XQGHUVWDQGLQJ�RI� WKLV�7$5',6� HIIHFW�� ,QGXELWDEO\�� LW
FDQ�QRZ�EH�YHULILHG�WKDW�3RLQFDUp�ZDV�TXLWH�ZURQJ�LQ�KLV�DVVXPSWLRQ�DERXW�QRW
QRWLFLQJ�DQ\�GLIIHUHQFH�ZKHQ�FKDQJHV�DUH�PDGH�WR�WKH�ILQH�VWUXFWXUH�FRQVWDQW�
%HFDXVH��DV�D�UHVXOW�RI�SLHFLQJ�WRJHWKHU�WKH�HYLGHQFH�RI�WKLV�SKHQRPHQRQ�WDNLQJ
SODFH� LQVLGH�8)2V�IURP�DEGXFWHH� UHSRUWV�� LW� DSSHDUV� WKDW�QRW� HYHU\�RQH�RI� WKH
PDVV�VSDFH�WLPH� FRPSRQHQWV� FKDQJH� WKURXJK� H[DFWO\� WKH� VDPH� SURSRUWLRQDO
JUDGLHQW��DV�ZLOO�EH�IXUWKHU�DOOXGHG�WR�EHORZ��DQG�LQ�IROORZLQJ�VHFWLRQV��
)RU�LQVWDQFH��DOWKRXJK�DW�WKH�WLPH�RI�KHU�DEGXFWLRQV�%HWW\�/XFD�GLGQ
W�QRWLFH�DQ\
FKDQJHV� LQ�KHU�RZQ�PDVV�GHQVLW\�� VKH�GLG�QRWLFH� FHUWDLQ� DQRPDOLHV�DQG� VKH�GLG
UHFRUG�DQRPDORXV�GLIIHUHQFHV�ZKHQ�VKH�GUHZ�KHU�GUDZLQJV�XQGHU�K\SQRVLV�RI�WKH
FUDIWV�VKH�ZDV�LQ��:H�DUH�IRUWXQDWH�WR�KDYH�LQ�%HWW\�D�SHUIHFW�DUWLVW��DQG�RQH�ZKR

GUHZ�LW�OLNH�LW�ZDV
��HYHQ�WKRXJK�VRPH�RI�WKH�WKLQJV�VKH�H[SHULHQFHG�GLGQ
W�PDNH
PXFK�VHQVH� WR�KHU�DW� WKH� WLPH���%XW�EHFDXVH�VR�PDQ\�GUDZLQJV�ZHUH�SURGXFHG�
DQG�EHFDXVH�KHU�DEGXFWLRQV�ZHUH�QXPHURXV��PDQ\�VFHQHV�LQ�KHU�FROOHFWLRQ�FDQ�EH
FRPSDUHG��DQG�XVHG�WR�SURYLGH�VWDQG�DORQH�HYLGHQFH�RU�XVHG�WR�FRQILUP�DFFRXQWV
UHSRUWHG� E\� RWKHU� DEGXFWHHV��:LWK� UHJDUG� WR� WKH� SUHVHQW� VXEMHFW�ZKHQHYHU� VKH
ZDV�,16,'(�WKH�8)2�FUDIW�VKH�ZDV�DOZD\V�FRUUHFWO\�SURSRUWLRQHG��MXVW�WKH�VDPH
DV�LI�VKH�ZHUH�VWDQGLQJ�LQVLGH�WKH�URRP�RI�D�KRXVH��LH�VKH�ZRXOG�EH�VWDQGLQJ�XS
VWUDLJKW� DQG� WKHUH� ZRXOG� EH� VSDFH� EHWZHHQ� KHU� KHDG� DQG� WKH� 8)2� URRP
V
FHLOLQJ���<HW�ZKHQHYHU�VKH�ZDV�RXWVLGH�QH[W�WR�WKDW�8)2�FUDIW�VKH�YLHZHG�KHUVHOI
DV�EHLQJ�SURSRUWLRQDOO\�ODUJHU�WKDQ�VKH�VKRXOG�KDYH�EHHQ�WR�ILW�FRPIRUWDEO\�LQVLGH
LW�� 7KLV� IDFWRU� KDV� EHHQ� QRWHG� E\� QXPHURXV� RWKHU� DEGXFWHHV� ZKR� KDYH� EHHQ
DERDUG� 8)2� FUDIW�� )UDPH� RI� UHIHUHQFH� LV� DOZD\V� GLIIHUHQW� LQVLGH� WR� WKDW� RI
RXWVLGH��7KHUH�LV�XVXDOO\�HYLGHQFH�RI�WLPH�GLODWLRQ�WRR�EXW�WKDW�VXEMHFW�ZLOO�QRW�EH
JRQH�LQWR�LQ�DQ\�GHWDLO�LQ�WKLV�VWXG\�
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)LJXUH�����+RZ�GLG�WKH�*UH\V��DQG�%HWW\�$QGUHDVVRQ��$1'�WKH�WDOO�(OGHU�DOO�ILW
FRPIRUWDEO\�LQWR�WKLV�8)2�"�7KLV�GUDZLQJ�VKRZV�%HWW\�EHLQJ�EURXJKW�EHIRUH�WKH
*UHDW�'RRU�EH\RQG�ZKLFK�VKH�VDZ�%HLQJV�RI�/LJKW��IURP�:DWFKHUV�,,�ILJ����
7KLV� VL]LQJ� WKHPH� ZDV� HYHQ� RQH� WKDW� %RE� /D]DU� PHQWLRQHG�� LQ� WKDW� KH� ZDV
SX]]OHG�WRR�DW�WKH�H[WUHPHO\�VPDOO�DPRXQW�RI�VSDFH�DYDLODEOH�LQVLGH�WKH�8)2�KH
ZDV�DVNHG�WR�EDFN�HQJLQHHU�DW�$UHD�����VSHFXODWLQJ�WKDW�RQO\�VPDOO�DOLHQV�ZRXOG
EH�DEOH�WR�WUDYHO�LQ�VXFK�FRQILQHG�FRPSDUWPHQWV�
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$FFRUGLQJ�WR�WKH�YDULDEOH�PHWULF�WKHRULHV��H[SRXQGHG�E\�SK\VLFLVWV�VXFK�DV�+�$�
:LOVRQ��'U��+DO�3XWKRII�� DQG� -�*�'HSS�� IRU� LQVWDQFH�� WKLV� LV� SHUIHFWO\� IHDVLEOH�
0RUHRYHU�� VXEVHTXHQW� WR� WKH� XQGHUVWDQGLQJ� RI� KRZ� WKLV� 8)2� FUDIW
V� HMHFWHG
ZDYH�SDFNHWV�PLJKW� EH� FRPSULVHG� RI� VORZHG� JURXS�YHORFLW\�ZDYHV�� LW�PLJKW� EH
ZRUWKZKLOH� WUDFNLQJ� EDFN� D� QRWFK� KHUH� WR� WDNH� D� FORVHU� ORRN� DW� WKH� HQHUJLHV
ERXQFLQJ� DURXQG� LQVLGH� WKLV� FUDIW�� 7KH� HOHFWURPDJQHWLF� ZDYHV� UDGLDWLQJ� DZD\
IURP� WKH� FHQWUDO� EODFN� YRUWH[� WKDW� SDVV� WKURXJK� WKH� WRURLG� �HUJRVSKHUH� &�� DUH
EHLQJ� VORZHG�E\� WKHLU�PXOWLSOH�UHIOHFWLRQV� WKURXJK� WKH�PRYLQJ� WRURLG� IOXLG� �VHH
ILJXUH������GXH�WR�LWV�LQFUHDVHG�UHIUDFWLYH�LQGH[��VHFWLRQV����������DQG��������$QG
WRR�� WKH� ZKROH� YROXPH� RI� HUJRVSKHUH� $� DURXQG� WKH� EODFN� YRUWH[� LV� D� IUDPH�
GUDJJLQJ� KLJK�SHUPLWWLYLW\� HQYLURQPHQW�� 6R� WRR� LV� HUJRVSKHUH� %� �WKH� VWRUDJH
HQHUJLHV�J\UDWLQJ�WKURXJK�WKH�SODQDU�ZDYH�JXLGH���$QG�ZKLOH� WKHVH�PRYLQJ�ILHOG
G\QDPLFV� LQ� DOO� WKUHH� RI� WKH� FUDIW
V� HUJRVSKHUHV� DUH� VORZLQJ� GRZQ� DOO
HOHFWURPDJQHWLF�ZDYHV�SDVVLQJ�WKURXJK�WKHP���($&+�7,0(�WKH\�SDVV�WKURXJK
WKHP� �VR� WKLV� ZLOO� EH� D� FRPSRXQGLQJ� HIIHFW�� �� WKHQ� WKHVH� DFWLRQV� ZLOO� DOO� EH
FRQWULEXWLQJ� WR� WKH� HVWDEOLVKPHQW� RI� D� �N� !� ��� HQYLURQPHQW� WKURXJKRXW� WKH
8)2
V�XSSHU�GHFNV��DOVR�VHH�ILJXUH�����>QRWH���@�
�����'LPHQVLRQ�$QRPDOLHV�([SHULHQFHG�E\�$EGXFWHHV
:RXOG�%HWW\�/XFD�KDYH�QRWLFHG�VKH�ZDV�JHWWLQJ�VPDOOHU��VKULQNLQJ�GRZQ� LQ�VL]H
ZKHQ� VKH� ZDV� HQWHULQJ� WKH� 8)2� "� 1RW� QHFHVVDULO\� LI� WKH� FKDQJHV� KDSSHQHG
VORZO\�� &HUWDLQO\�� ,� NQRZ� VKH�ZDVQ
W� FRQVFLRXVO\� DZDUH� RI� WKH� SURFHVV� KDSSHQLQJ�
DOWKRXJK�VKH�GLG�UHFRUG�LWV�HIIHFWV��$QG�WKLV�DFFRXQW�ZLOO�H[SODLQ�DQRWKHU�RGGLW\
,
YH� QRWLFHG� LQ� WKH�GHVLJQ�RI� WKH� DD8)2� �VHH� DERYH�� ILJXUH� ����ZKHUH� D�ZKROH
TXDUWHU�VHFWLRQ�RI�WKDW�8)2�LV�JLYHQ�XS�WR�VHUYH�DV�WKH�HQWUDQFH�DUHD��,WV�MXVW�D
ZDLWLQJ�FKDPEHU�\HW�LW�LV�VHDOHG�RII�IURP�WKH�LQQHU�SDUW�RI�WKH�XSSHU�GHFNV��DQG
WKH�FRQWURO�DUHD���DQG�LWV�DOVR�VHDOHG�RII�IURP�WKH�FHQWUDO�HUJRVSKHUHV��H[FHSW�IRU
WKH�JXOO\� LQ� WKH�GHFN�WKDW�UXQV�DOO� WKH�ZD\�DURXQG� WKH� LQVLGH�RI� WKH�FUDIW
V� ULP��
7KLV� ZKHQ� HYHU\� RWKHU� DUHD� RI� WKDW� FUDIW� LV� MDP�SDFNHG�IXOO� ZLWK� DQFLOODULHV� LQ
SXUSRVHIXOO\� FRPSDUWPHQWHG�DUHDV�EXV\�ZLWK� VRPH� DFWLRQ�RU� DQRWKHU��<HW�� WKLV
HQWUDQFH� VHFWLRQ� LV�QRWKLQJ�PRUH� WKDQ� D� IHDWXUHOHVV� YROXPH�ZKLFK� LV� VHDOHG�RII
IURP�WKH�LQQHU�FRQWURO�DUHDV�E\�WKH�VZLVK�GRRUV�WKDW�EOHQG�XQQRWLFHDEO\�LQWR�LWV
ZDOOV�ZKHQ�FORVHG��0\�FRQMHFWXUH�LV�WKDW�WKLV�ZLOO�EH�D�KROGLQJ�FKDPEHU�WKDW�ZLOO
EH�XVHG�E\�WKH�(7V�LQ�PXFK�WKH�VDPH�PDQQHU�WR�KRZ�D�GHFRPSUHVVLRQ�FKDPEHU
LV�XVHG�E\�GHHS�VHD�GLYHUV�ZKHQ�WKH\�FRPH�EDFN�WR�WKH�ZDWHU
V�VXUIDFH��LQ�ZKLFK
GLYHUV�KDYH�WR�VSHQG�WLPH�DGMXVWLQJ�WKHPVHOYHV�WR�D�FKDQJH�LQ�SUHVVXUH�KDOI�ZD\
WR�WKH�ZDWHU
V�VXUIDFH� >QRWH���@��:KLOH� WKH�HQYLURQPHQW� LQVLGH� WKH�8)2�ZLOO�EH
PDQXIDFWXUHG� WR� D�GLIIHUHQW�GHQVLW\� WR� WKDW�RI� WKH�ZRUOG�RXWVLGH� WKHQ�ZKRHYHU
HQWHUV� WKH� 8)2� WKURXJK� WKH� GRPH� VKHOO� HQWUDQFH� KDWFK�� DQG� LQWHQGV� WR� SDVV
EHWZHHQ�WKH�WZR�GLIIHUHQW�GHQVLW\�HQYLURQPHQWV��ZLOO�DOZD\V�KDYH�WR�VSHQG�WLPH
LQ�WKDW�8)2
V�KROGLQJ�FKDPEHU�VR�DV�WR�KDYH�WKHLU�ERGLHV�DGMXVW�WR�WKH�GLIIHUHQW
PDVV�GHQVLW\�EHLQJ�PDLQWDLQHG�ZLWKLQ�WKH�VHDOHG�SDUW�RI�WKDW�8)2�
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:KDW�VXSSRUWV�WKLV�FRQMHFWXUH�DUH�VRPH�KLWKHUWR�XQUHFRJQL]HG�GHWDLOV�WKDW�FDQ�EH
IRXQG� LQ�%HWW\
V� VWDWHPHQWV�GHVFULELQJ��XQGHU�K\SQRVLV�� WKH� WLPH�ZKHQ� VKH�ZDV
EURXJKW� LQWR� WKH� DD8)2� FUDIW� E\� D� OHDGHU� *UH\� DFFRPSDQLHG� E\� WKUHH� RWKHU
*UH\V��$QGUHDVVRQ�$IIDLU�S����ZKHUH�%HWW\�VD\V���:H
UH�LQ�OLNH�D�KDOI�EXEEOH��RU�TXDUWHU
RI�D�EXEEOH��URRP��$QG�KH�>WKH�OHDGLQJ�*UH\@�KDV�ZLWKGUDZQ�KLPVHOI�ZLWK�WKH�RWKHUV��DQG�WKH\
DUH� VWDQGLQJ� RYHU� WKHUH� WDONLQJ����>VHH� ILJXUH� ��� DERYH� DQG� ILJXUH� ��� EHORZ@� ,
P� MXVW
ORRNLQJ�DW�WKLV�URRP��6RPHWKLQJ�JRHV�GRZQ�RQ�WKH�VLGHV�RI�WKH�EXEEOH���:KHUH�WKH�VWHSV�FRPH�XS�
LW�JRHV�GRZQ�>WKH�JXOO\@���,�IHHO�YHU\�ZHLJKWOHVV�DQG�LFN\��0\�KDQGV�DQG�P\�OHJV�IHHO�OLNH�WKH\�DUH
DVOHHS�RU�VRPHWKLQJ��$QG�WKH\�DUH�VWLOO�WDONLQJ�RYHU�WKHUH��DQG�WKH\�JODQFH�RYHU�DW�PH�RQFH�LQ�D
ZKLOH���2K��KXUU\�XS��$QG�,
P�FURVVLQJ�P\�DUPV�QRZ��,
P�WLUHG�RI� MXVW�VWDQGLQJ� WKHUH���,� IHHO
ZHLJKWOHVV��2K��P\�IHHW�DUH�SLQV�DQG�QHHGOHV�RU�VRPHWKLQJ���HYHQ�P\�DUPV�DQG�P\�KDQGV��+H
V
VWLOO�WDONLQJ��DQG���DERXW�WZR�RU�WKUHH�RI�WKHP�DUH�OHDYLQJ��7KDW�GRRU�ZKRRVKHG�RSHQ��DQG�WKH\
DUH�JRLQJ�LQ���DQG�LWV�FORVLQJ���$QG�LQ�$6%7�,,�S���%HWW\�VD\V���7KH�ZKROH�FUDIW�,�VDZ�LQ
����� ZDV� DERXW� WKLUW\� IHHW� LQ� GLDPHWHU�� DQG� RQFH� LQVLGH� DQG� SDVW� WKH� ZDLWLQJ� FKDPEHU� LW
DSSHDUHG�PXFK�ODUJHU�WKDQ�ILUVW�H[SHFWHG��
)URP� WKHVH� UHFROOHFWLRQV� RI� ZKHQ� %HWW\� WKRXJKW� VKH� ZDV� MXVW� ZDLWLQJ� IRU� WKH
OHDGLQJ� *UH\� WR� ILQDOO\� VWRS� FRPPXQLFDWLQJ� WR� KLV� DVVRFLDWHV�� DOWKRXJK� VKH
FRXOGQ
W�WKHQ�XQGHUVWDQG�ZKDW�ZDV�JRLQJ�RQ�DQG�JUHZ�HYHUPRUH�WLUHVRPH�RI�WKH
ZDLWLQJ�� LWV� TXLWH� REYLRXV� WKH� OHDGLQJ� *UH\� ZDV� DFFRXQWLQJ� IRU� KHU� ERG\� WR
DFFOLPDWL]H�LWVHOI�WR�WKH�FUDIW
V� LQQHU�PDVV�GHQVLW\�HQYLURQPHQW�� MXVW�WKH�VDPH�DV
WKH� DOLHQV� ZRXOG� KDYH� EHHQ� GRLQJ� IRU� WKHLU� RZQ� ERGLHV� GXULQJ� WKDW� SHULRG� RI
ZDLWLQJ�� +HQFH� KHU� IHHOLQJ� RI� ZHLJKWOHVVQHVV� DQG� KHU� SLQV�DQG�QHHGOHV� �RU
SDUHVWKHVLD�� ZKLFK� LQ� LWVHOI� GHQRWHV� KHU� HQYLURQPHQW� FKDQJHG� WR� WKDW� RI� D
GLIIHUHQW�SUHVVXUH���2QFH�WKH�ZDLWLQJ�FKDPEHU�KDG�EHHQ�K\SHU�GHQVLILHG�WKH�LQQHU
GRRUV�FRXOG�KDYH�EHHQ�RSHQHG��DQG�RQO\�WKHQ�ZRXOG�%HWW\�KDYH�EHHQ�WDNHQ�LQWR
WKH�KHDUW�RI�WKDW�8)2�
$FWXDOO\�� LQ�3KDVH�2QH�RI�WKH�$QGUHDVVRQ�DEGXFWLRQ�H[SHULHQFHV��DV�SXEOLVKHG�LQ
�7KH�$QGUHDVVRQ�$IIDLU��� D� WHQWDWLYH� UHFRQVWUXFWLRQ�ZDV�PDGH� E\� WHFKQLFDO� DUWLVW
)UHG� <RXQJUHQ� RI� RQH� RI� WKH�8)2V� ZKLFK� %HWW\� ZHQW� LQVLGH�� WKHVH� ZHUH� WKH
GLDJUDPV�,�RULJLQDOO\�EDVHG�P\�����������ZHEVLWH�GLDJUDPV�XSRQ��DQG�ZKLFK��IRU
VRPH�VWUDQJH�UHDVRQ��DUH�VWLOO�EHLQJ�SRUWUD\HG�RQ�WKH�ZHEVLWHV�RI�XIRORJLVWV��ZKLFK
GRHV� VXJJHVW� WR� PH� WKDW� ZKLOH� XIRORJLVWV� DUH� GLVSRVHG� WRZDUG� UHSRUWLQJ� DERXW
8)2V�WKH\�DUH�QRW�QHFHVVDULO\�GLVSRVHG�WRZDUG�WKLQNLQJ�DERXW�8)2�WHFKQRORJ\��
%XW� DV� WKH� UHDGHU�ZLOO� QRWLFH�)UHG�<RXQJUHQ
V� WHFKQLFDO� GUDZLQJ� VKRZV� WKDW�KH
WRR�ZDV�KDYLQJ�SUREOHPV� WU\LQJ� WR�ILW� HYHU\WKLQJ�%HWW\�GHVFULEHG�DV� VHHLQJ� LQWR
WKDW�8)2�ZKLFK��WR�DQ�RXWVLGH�REVHUYHU�ZRXOG�DSSHDU�WR�KDYH�EHHQ�RQO\�WKLUW\�
IHHW�LQ�GLDPHWHU�>QRWH���@�
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)LJXUH� ���� $�8)2� HVWDEOLVKHV� D� VNLUW� EHWZHHQ� LWVHOI� DQG� WKH� JURXQG� DQG� WKHQ
HQJLQHHUV�D�PDVV�GHQVLW\�GLIIHUHQWLDO�EHWZHHQ�LWVHOI�DQG�WKH�ORZHU�FUDIW��,QVLGH�WKH
ORZHU� FUDIW� ZKHQ� LW� VKUDQN� ZHUH� WZR� KXPDQV� DQG� D� FUHZ� RI� *UH\V� �� �IURP
:DWFKHUV�ILJ����DQG�$6%7�,,�GUDZLQJ����
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�����'HRSXODWLQJ�:LWKLQ�D�0DVV�GHQVLW\�*UDGLHQW
$JDLQ��KHUH�LV�DQRWKHU�YDULDWLRQ�RQ�WKH�WKHPH�RI�WKLV�P\VWHULRXV�WKLQJ�DERXW�WKH
(7
V� XVLQJ� PHFKDQLVPV� WR� DOWHU� WKH� VL]H� RI� PDWHULDO� REMHFWV�� UHIHUULQJ� WR� WKLV
LPDJH��RI�ILJXUH������%HWW\�/XFD�VD\V�VKH�ZDWFKHG�WKH�ORZHU�FUDIW�VKULQN�GRZQ�WR
WKH�VL]H�RI�D�FDU�IURP�LW�RULJLQDOO\�EHLQJ�WKH�VDPH�VL]H�DV�WKH�XSSHU�FUDIW���HYHQ
WKRXJK� LW� KDG� D� PDQ�� D� ZRPDQ�� DQG� D� QXPEHU� RI� *UH\V� LQVLGH� LW� �� ,Q
FRQWHPSRUDU\� LQYHVWLJDWLYH� VFLHQFH� �LQ� WKH� ILHOG� RI� 8)2� DQG� H[WUDWHUUHVWULDO
VFLHQWLILF�UHVHDUFK��WKLV�PHFKDQLVP�DSSDUHQWO\�LV�FDOOHG�WRSRORJLFDO�GLPLQXWLRQ��RU
VSDFH�WLPH� GLPLQXWLRQ�� DQG� DJDLQ�� WKH� NH\� IDFWRUV� LQYROYHG� UHODWH� WR� WKH
GLPHQVLRQDO� FRQVWDQW� �ILQH� VWUXFWXUH� FRQVWDQW� α�� DQG� HQHUJ\� HTXLYDOHQFH
SULQFLSOHV�>QRWH���@�
7KH� *UH\V� FDOO� LW� �RSXODWLQJ����� DQG� LQ� WKLV� LQVWDQFH� WKLV� ZDV� GRQH� E\� WKHP
WUDQVIHUULQJ�WKH�PDVV�GHQVLW\�DOWHULQJ� LQIOXHQFH�RI�WKH�FUDIW
V�EODFN�YRUWH[� LQVLGH
WR� WKH� RXWVLGH� RI� WKDW� 8)2�� 7KURXJK�� ZKDW� %HWW\� SHUFHLYHG� DW� WKH� WLPH�� WKH
HVWDEOLVKPHQW�RI�VRPH�VRUW�RI�HQHUJ\�VNLUW�WKDW�DSSHDUV��DV�VKRZQ�LQ�ILJXUH�����WR
KDYH� EHHQ� H[WHQGHG� GRZQ� IURP� WKH� XSSHU� FUDIW
V� FLUFXPIHUHQWLDO� ULP� WR� WKH
JURXQG�
$W�ILUVW�,�WKRXJKW�WKLV�VNLUW�PD\�KDYH�EHHQ�UHTXLUHG�WR�KROG�WKH�XSSHU�FUDIW�VWHDG\
LQ� WKH� DLU�� EXW� ZKLOH� WKDW� FUDIW� KDV� WKH� JUDYLWDWLRQDO� EXR\DQF\� PHFKDQLVP� LQ
RSHUDWLRQ� YLD� LWV� FHQWUDO� EODFN� YRUWH[� WKHQ� WKDW� VWHDG\LQJ� DFWLRQ� ZRXOG� EH
XQQHFHVVDU\��6R�E\�H[WHQGLQJ�WKLV�VNLUW�GRZQ�LW�REYLRXVO\�PDUNV�WKH�ERXQGDU\�RI
DQ�HQHUJ\�FRQWDLQPHQW�ILHOG��VXFK�WKDW�ZKLOH�WKLV�VNLUW�LV�LQ�SODFH�WKDW�8)2�ZLOO�EH
JHQHUDWLQJ�D�SHUIHFWO\�VHDOHG�F\OLQGHU�DURXQG�LWVHOI���ZLWK�WKH�F\OLQGHU�ERXQGHG�E\
WKH� 8)2
V� ULP� DQG� XQGHU�EHOO\�� WKH� VNLUW
V� ZDOO�� DQG� WKH� JURXQG�� 7KLV� ZRXOG
H[FOXGH� WKH�DPELHQW� LQIOXHQFHV�RI� WKH�RXWVLGH�ZRUOG�ZKLOH� DQRWKHU� VNLUW� LV� VHQW
GRZQ�LQVLGH�LW�IURP�WKH�EDVH�GLVF�RI�WKH�FUDIW�
7KH\�ZRXOG�EH�GRLQJ� WKLV�E\� WDNLQJ� HQHUJ\� IURP� WKH� URWDWLQJ� VWRUDJH� ILHOG� DQG
IURP�WKH�URWDWLQJ�ILHOGV�DURXQG�WKH�FHQWUDO�YRUWH[��DQG�WKH\�ZRXOG�EH�SURMHFWLQJ
WKHP�ERWK�GRZQ�IURP�WKH�FUDIW��VHQGLQJ�HUJRVSKHUH�%�DV�D�URWDWLQJ�HQHUJ\�ILHOG
GRZQZDUG� IURP� WKH� FLUFXPIHUHQWLDO� ULP�� DQG� WKH\� ZRXOG� EH� SURMHFWLQJ
HUJRVSKHUH� $� GRZQ� WKURXJK� WKH� JDS� DURXQG� WKH� EDVH� GLVF� �WKURXJK� WKH� JDS
EHWZHHQ� WKH� EDVH� GLVF� DQG� WKH� WRURLG·V� LQQHU� ULP�� �� DQG� WKH\
G� HLWKHU� EH
HVWDEOLVKLQJ�RQH�RXWHU�DQG�RQH�LQQHU�F\OLQGHU��RU�WKH\
G�EH�KDYLQJ�ERWK�RI�WKHVH
URWDWLQJ�HQHUJ\�ILHOGV�PHHW�DW�JURXQG�OHYHO�WR�VHDO�WRJHWKHU�DV�D�GRXEOH�F\OLQGHU�
(LWKHU�ZD\��WKHVH�F\OLQGULFDO�ZDOOV�FRPLQJ�GRZQ�IURP�WKH�LQQHU�DQG�RXWHU�ULPV�RI
WKH� WRURLG�� ZRXOG� IROORZ� WKH� EDVLF� SULQFLSOH� RI� WKH�0HLVVQHU� HIIHFW� ZKHUH� LQ� D
KHOLFDO�HQHUJ\�ILHOG�WKH�PDJQHWLF�ILHOG�DQG�WKH�FKDUJHG�SDUWLFOHV�LW�DFFHOHUDWHV�DUH



343

SUHGRPLQDQWO\�JURXSHG�DV�D�WKLQ�RXWHU�ZDOO�RU�VKHDWK�DURXQG�WKDW�KHOLFDO�ILHOG��7R
NHHS�WKH�ZDOOV�RI�WKHVH��WZR��F\OLQGHUV�VWUDLJKW�WKH�H[WUDWHUUHVWULDOV�ZRXOG�VLPSO\
EH� FRS\LQJ� WKH� FROOLPDWLRQ� SURFHVV� RI� ZKHQ� KHOLFDO� VKHDWKV� DUH� IRUPHG� RXW� RI
EODFN�KROHV� �DV�H[SODLQHG� LQ� VHFWLRQ��������ZLWK�KRRS� VWUHVV�RI� LQZDUG�PDJQHWLF
WHQVLRQ�EDODQFHG�E\�DQ�RXWZDUG�FHQWULIXJDO�IRUFH��RI�WKH�SDUWLFOHV�URWDWLQJ�LQ�WKH
ZDOOV���DQG�ZLWK�WKLV�EDODQFH�WKH\�ZLOO�NHHS�ERWK�F\OLQGHU�ZDOOV�FROOLPDWHG��2QFH
WKH� LQQHU�ZDOO� RI� WKDW� GRXEOH�F\OLQGHU�ZDV� LQ� SODFH� WKH�8)2�ZRXOG� EH� DEOH� WR
FRQILQH� WKH� SUHVVXUH�GHQVLW\� HIIHFWV� WKDW� UHVXOWHG� IURP� ZKDWHYHU� SHUPLWWLYLW\�
LQIOXHQFLQJ�SODVPD�ZDV�EHLQJ�VHQW�GRZQ�E\�WKH�(7V�LQWR�WKDW�LQQHU�F\OLQGHU��DV�D
FRQWLQXDWLRQ�RI�WKH�EODFN�YRUWH[
V�GHQVLW\�JUDGLHQW���LQ�WKH�VDPH�ZD\�WKDW�JUDGLHQW
FDQ�EH�GHYHORSHG�DQG�DOORZHG�WR�SHUPHDWH�LQWR�WKH�8)2
V�XSSHU�GHFNV��VR�WKDW
WKH� (7V� FDQ� TXLWH� VLPSO\� UH�RUJDQL]H� WKDW� YROXPH
V� GLHOHFWULF� FRQVWDQW� DQG
FRQVHTXHQWO\� WKH� GLPHQVLRQDO� FRQVWDQW� RI� DQ\� SK\VLFDO� REMHFW� LQVLGH� WKDW� LQQHU
F\OLQGHU
V�SHULPHWHU�ZDOO�>QRWH���@�
7KH�FOXHV�WR�ZKDW�WKH�H[WUDWHUUHVWULDOV�ZHUH�GRLQJ�LQ�WKDW�VFHQH��FDQ�EH�IRXQG�LQ
DQRWKHU�LQVWDQFH�UHFRUGHG�E\�%HWW\��RI�ZKHQ�VKH�ZDV�EHLQJ�WDNHQ�RQ�ERDUG�RQH
RI�WKH�VPDOO�8)2�FUDIWV��ZKHUH�VKH�GLG�DFWXDOO\� UHJLVWHU� WKDW� WKH� 
RSXODWLQJ
�DQG

GHRSXODWLQJ
�SURFHVVHV�PD\�KDYH�EHHQ�FDUULHG�RXW�RQ�KHU��DQG�ZKHUH�VKH�UHFRUGV�
�7KH�H[WHULRU�RI�WKLV�FUDIW�GLG�QRW�VHHP�DV�ODUJH�DV�WKH�LQWHULRU��KRZHYHU�WKH�:DWFKHUV�PHQWLRQHG
RQH�RI�WKHLU�ZRUGV�DQG�LWV�PHDQLQJ�WR�PH��7KH\�VDLG�WKH\�FRXOG��RSXODWH�DQG�GHRSXODWH���ZKLFK
WKH\� UHYHDOHG� PHDQW�� WKH\� FRXOG� PDNH� PRUH� RU� OHVV� RI�� LQFUHDVH� RU� GHFUHDVH� VL]H�� DSSHDU� DQG
GLVDSSHDU����>$6%7�,,�S����@�>QRWH����@�
$OVR�� WKLV� ZLOO� H[SODLQ� VRPH� RWKHU� FRPPHQWV� PDGH� E\� WKH� *UH\V�� UHFDOOHG� E\
%HWW\�ZKHQ�XQGHU�K\SQRVLV��ZKLFK�LQIHUUHG�WKDW�WKHVH�H[WUDWHUUHVWULDOV�KDYH�FRPH
IURP�DQ�HQYLURQPHQW�ZKLFK�KDV�D�JUHDWHU�PDVV�GHQVLW\� WKDQ�RXUV��RQH�ZKLFK� LV
PXFK�KHDYLHU�WKDQ�RXUV��$QGUHDVVRQ�$IIDLU�S������:HOO��LI�LWV�D�KHDYLHU�HQYLURQPHQW
WKDQ� RXUV� WKHQ� QR� ZRQGHU� WKH\� DUH� FRPIRUWDEOH� H[LVWLQJ� LQ� DQ� HQYLURQPHQW
VPDOOHU�WKDQ�ZH�KXPDQV�QRUPDOO\�H[LVW�LQ��
,Q� IDFW�� WKHUH� DUH�PDQ\� VFHQHV� GUDZQ� E\�%HWW\�ZKLFK� KDYH� KXPDQV��(OGHUV�� RU
*UH\V��VWDQGLQJ�FORVH� WR� WKH�8)2V� WKH\�KDG� MXVW�EHHQ� WUDYHOLQJ� LQ�� DQG� WKH\�DOO
VXJJHVW� WKDW� WKH�8)2� LV� IDU� WRR� VPDOO� WR� DFFRPPRGDWH� WKHP� �DV� LV� QRWDEOH� LQ
ILJXUH����DERYH��
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)LJXUH� ���� 7KH� VHFUHW� WR� D� 
7$5',6� (IIHFW
� LQVLGH� D� 8)2� KDV� WR� GR� ZLWK� LWV
VHDOHG�HQYLURQPHQW��VHH�DOVR�ILJXUH����RI�WKLV�VWXG\�
,Q�8)2ORJ\�WKLV�GRZQ�VFDOLQJ�IDFWRU�KDV�OHG�PDQ\�REVHUYHUV�WR�EHOLHYH�WKDW�WKH
PDMRULW\� RI� 8)2V� WKDW� KDYH� HQWHUHG� RXU� DWPRVSKHUH� DUH� RQO\� VFRXW� FUDIW�� WRR
VPDOO� WR� SRVVHVV� LQVLGH� WKHP� DQ\� OLYLQJ� FUHZ� PHPEHUV� �� VR� TXLWH� FOHDUO\� WKDW
VFRXW�FUDIW�WKHRU\�FDQ�EH�WKURZQ�ULJKW�RXW�WKH�ZLQGRZ���:KDW�WKLV�GRZQ�VFDOLQJ
IDFWRU� ZRXOG� KHOS� WR� H[SODLQ� DOVR�� EORZLQJ� DZD\� WKH� 5RVZHOO� FREZHEV� DJDLQ�
ZRXOG�EH� WKH�VWUDQJH�REVHUYDWLRQV�PDGH�DERXW� WKH� IRXU�DOLHQ�FUHZ�PHPEHUV� LQ
WKH� FLYLOLDQ� UHSRUWV� DERXW� WKDW� 5RVZHOO� FUDIW�� IURP� WKRVH� REVHUYDWLRQV� WKDW� WKH
FUDIW�WKRVH�H[WUDWHUUHVWULDOV�FDPH�GRZQ�LQ�ZDV�GLVSURSRUWLRQDWHO\�VPDOOHU�WKDQ�LW
VKRXOG� KDYH� EHHQ� UHODWLYH� WR� WKH� VL]H� RI� LWV� FUHZ�� :KLFK� VXJJHVWV� WKDW� ZKLOH
RXWVLGH� WKHLU� FUDIW�� LQ� WKH� HDUWK
V� DWPRVSKHUH� DQG�ZLWKLQ� WKH� FRQVWUDLQWV� RI�RXU
GLPHQVLRQDO� FRQVWDQW�� WKRVH� *UH\V� DUH� DERXW� IRXU� IHHW� WDOO�� EXW� ,16,'(� WKHLU
FUDIW�ZLWK�LWV�LQWHULRU�GHQVLW\�JUDGLHQW�HVWDEOLVKHG�DQG�VHDOHG�RII�IURP�WKH�RXWVLGH
ZRUOG� WKHQ� WKRVH�*UH\V�PLJKW�RQO\�EH�KDOI� WKDW� VL]H� �� RU�SRVVLEO\� HYHQ� VPDOOHU
WKDQ�WKDW��
2QH�VOLJKWO\�GLIIHUHQW�DFFRXQW�RI�D�8)2�EHLQJ�RSXODWHG��RU�KDYLQJ�LWV�HIIHFWLYH�
PDVV�GHQVLW\� LQFUHDVHG� �VR� WKDW� LW� UHGXFHV� LWV� SK\VLFDO� GLPHQVLRQV�� �� DQG� WKLV
UHILQHPHQW�ZLOO�JLYH�WKH�UHVHDUFKHU�HYHQ�PRUH�LQIRUPDWLRQ�ZLWK�ZKLFK�WR�EHWWHU
XQGHUVWDQG�WKLV�HIIHFW���ZLOO�EH�WKDW�RI�WKH�'DOQHJRUVN�8)2��7KH�PDLQ�GHWDLOV�RI
WKLV�8)2�VHHQ�LQ������KDYH�EHHQ�VWDWHG�LQ�VHFWLRQ������DERYH��VR�,�ZRQ·W�JR�LQWR
DOO� RI� LWV� GHWDLOV� KHUH�� 7KLV� 8)2� ZDV� REVHUYHG� E\� PDQ\� ZLWQHVVHV�� DQG� HYHQ
SKRWRJUDSKHG�� WR�KDYH� ODQGHG�RQ�D�KLOOWRS�FORVH� WR� WKH� WRZQ�RI�'DOQHJRUVN�� LQ
5XVVLD��ZKHUH�LW�VWD\HG�IRU�WZR�KRXUV�ZKLOH�LWV�FUHZ�DIIHFWHG�D�WHPSRUDU\�UHSDLU
WR� RQH� RI� LWV� SRZHU� XQLWV�� )URP� WKHVH� REVHUYDWLRQV�� DQG� DOVR� IURP� VXEVHTXHQW
PDJQHWLF�ILHOG�UHDGLQJV�WDNHQ�IURP�ZKHUH�WKH�8)2�ODQGHG��LW�ZDV�FDOFXODWHG�WKDW
WKH�8)2�ZDV�RQO\�����WR���PHWHUV�LQ�GLDPHWHU�DOO�WKH�WLPH�LW�ZDV�RQ�WRS�RI�WKH
KLOO��DQG�WKDW�LW�KDG�DQ�HQHUJ\�RUE�DURXQG�LW�ZKLFK�VHHPHG�WR�LQWHU�SKDVH�ZLWK�WKH
8)2�VR�WKDW�D�YDFXRXV�HQYLURQPHQW�FRXOG�EH�HVWDEOLVKHG�EHWZHHQ�WKH�8)2�DQG
WKH� RXWHU� ZDOO� RI� WKDW� HQHUJ\� RUE�� 7KLV� YDFXRXV� HQYLURQPHQW� ZDV� FRQMHFWXUHG
EHFDXVH�RI�WKH�QXPHURXV�VDPSOHV�RI�FDUERQ�JODVV��ZRRG��DQG�IHUURHOHFWULF�PHWDOV
WKDW�ZHUH�ODWHU�IRXQG�DW�WKH�VLWH�ZKLFK�ZKLOH�WKH\�VKRZHG�REYLRXV�VLJQV�RI�EHLQJ
VXUURXQGHG�E\�LQWHQVH�KHDW��RI�DERYH������GHJUHHV�&HOVLXV��WKH\�KDG�QRW�LJQLWHG
DQG�VRPH�RI�WKH�ZRRG�KDGQ·W�HYHQ�EODFNHQHG��ZKLFK�JLYHV�WKH�VXJJHVWLRQ�WKDW�DOO
WKH�R[\JHQ�KDG�EHHQ� WDNHQ�RXW�RI� WKH� HQYLURQPHQW�EHWZHHQ� WKH�8)2�DQG� WKH
RXWHU�ZDOO�RI�LWV�HQHUJ\�RUE��WKHUH�DUH�D�ZKROH�OLVW�RI�FKHPLFDO�HIIHFWV�ZKLFK�ZHUH
REVHUYHG�E\�WKH�VFLHQWLVWV�ZKR�DQDO\]HG�WKRVH�8)2�DUWLIDFWV�WRR��ZKLFK�,·P�QRW
JRLQJ� WR� OLVW� KHUH� EHFDXVH� WKH\� ZLOO� EH� WKH� VXEMHFW� RI� D� PRUH� FRPSUHKHQVLYH
SXEOLFDWLRQ� DW� D� ODWHU� GDWH�� EXW� VXIILFH� LW� WR� VD\� WKDW�ZKHUH� R[\JHQ� VKRXOG�KDYH
EHHQ�LQ�PDQ\�RI�WKH�VDPSOHV�LW�ZDV�PLVVLQJ��
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)LJXUH� ���� 7KH� HQHUJ\� RUE� VXUURXQGLQJ� WKH� 'DOQHJRUVN� 8)2� ZRXOG� KDYH
SURYLGHG�D�EDUULHU�� RU� VKLHOG�� EHWZHHQ� WKH�8)2·V� KLJKHU� �N!���GHQVLW\� DQG� WKH
HDUWK·V��N����PDVV�GHQVLW\
$QG�VR�� LQ�YLHZ�RI� WKLV�KLWKHUWR�XQUHFRJQL]HG� IDFLOLW\�RI�8)2V� WR�PDQXIDFWXUH
WKHLU� RZQ� PDVV�GHQVLW\� JUDGLHQW� WKHQ� ,� ZRXOG� SRVWXODWH� WKDW� WKH� YDFXRXV
HQYLURQPHQW� QRWHG� DURXQG� WKH� 'DOQHJRUVN� 8)2� ZDV� WKH� UHVXOW� RI� D� GHQVLW\�
GLIIHUHQWLDO� HVWDEOLVKHG�EHWZHHQ� WKH� KLJKHU�PDVV�GHQVLW\� RI� WKH�8)2� LWVHOI� DQG
WKDW�RI�WKH�RXWHU�ZDOO�RI�WKH�HQHUJ\�RUE�ZKLFK�VXUURXQGHG�WKH�8)2��DQG�WKDW�WKH
RXWHU� ZDOO� RI� WKDW� 8)2
V� HQHUJ\� RUE� ZDV� XVHG� DV� D� FRQILQHPHQW�EDUULHU� WR
GLIIHUHQWLDWH�EHWZHHQ�WKH�8)2�DQG�WKH�PDVV�GHQVLW\�HQYLURQPHQW�ZH�H[LVW�LQ�RQ
HDUWK�
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,QWHUHVWLQJO\�� ZKHQ� WKH� HIIHFWV� RI� WKLV� RSXODWLRQ� PHFKDQLVP� ZHUH� EHWWHU
XQGHUVWRRG�LW�ZDV�WKHQ�UHDOL]HG�WKDW�WKHVH�HIIHFWV�ZHUH�DOVR�WKHUH�WR�EH�IRXQG�LQ
WKH�%ULWLVK�5HQGOHVKDP�8)2�LQFLGHQWV��ZKHUH�LW�ZDV�UHSRUWHG�E\�WZR�86�VHFXULW\
SDWUROPHQ�� -LP� 3HQQLVWRQ�� DQG� -RKQ� %XUURXJKV�� WKDW� WKH� ILUVW� 8)2� WKH\
HQFRXQWHUHG� ZDV� WKH� VL]H� RI� D� VPDOO� FDU� �RI� DURXQG� �� PHWHUV� LQ� GLDPHWHU��
)XUWKHUPRUH�� ZKHQ� SDWUROPDQ� /DUU\� :DUUHQ� ZDV� GHVFULELQJ� WKH� VHFRQG
5HQGOHVKDP�8)2�KH�VDLG�KH�DFWXDOO\�ZDWFKHG�LW�UHGXFH�LWV�VL]H�GRZQ�IURP����IHHW�WR
���IHHW�>QRWH����@��0RVW�VLJQLILFDQW�RI�DOO�WKRXJK��LV�WKH�IDFW�WKDW�LQ�WKHLU�VHSDUDWH
UHSRUWV�3HQQLVWRQ�DQG�%XUURXJKV�PHQWLRQ� WKDW� WKH� ILUVW�8)2� WKH\� HQFRXQWHUHG
ZDV�VXUURXQGHG�E\�D�EULJKW�PLVW\�SODVPD�DQG�WKDW�DV�WKH\�WULHG�WR�DSSURDFK�LW�WKH
DLU�VXUURXQGLQJ�WKH�8)2�GHQVLILHG�PRUH�DQG�PRUH�DV�WKH\�JRW�FORVHU�WR�LW��XQWLO�
WKH\�VDLG��LW�ZDV�OLNH�WU\LQJ�WR�ZDON�WKURXJK�WUHDFOH��
$�FRUUHVSRQGLQJ�IHDWXUH�RI�WKLV�GLIIHUHQW�GHQVLW\�HQYLURQPHQW�ZLOO�EH�WKDW�WLPHG�
HYHQWV��ZKHQ�LQVLGH�D�8)2��ZLOO�WDNH�OHVV�RI�RXU�WLPH�WR�FRPSOHWH��LH�WKHLU�FORFNV�ZLOO
UXQ�VORZHU��VR�WKDW����KRXUV�VSHQW�LQVLGH�D�8)2�ZRXOG�HTXDWH�WR�MXVW�21(�KRXU
EDFN� RQ� HDUWK�� IRU� H[DPSOH�� %XW� GRHV� WKLV� DSSDUHQW� WLPH�GLODWLRQ� LQVLGH� D�8)2
FUDIW� DSSO\� WR� DOO� WLPHG� HYHQWV� "� ,QFUHGLEO\�� LW� ZRXOG� VHHP� QRW� WR�� IRU� LQ� RXU
FRUUHVSRQGHQFH� %HWW\� WROG� PH� WKDW� VKH� UHPHPEHUHG� RQFH�� ZKHQ� WKH\� ZHUH
WUDQVSRUWLQJ�KHU�EDFN�LQ�WKHLU�FUDIW��WKDW�VKH�KDSSHQHG�WR�EH�ZDWFKLQJ�D�JURXS�RI
*UH\V� ZKR� ZHUH� OHDQLQJ� RYHU� DQ� RSHQ� F\OLQGHU�� DQG� VKH� FRXOG� VHH� WKH\� ZHUH
IDVFLQDWHG�E\�VRPHWKLQJ�JRLQJ�RQ�GRZQ�LQVLGH�WKDW�F\OLQGHU��EXW�IURP�ZKHUH�VKH
ZDV�SRVLWLRQHG�VKH�FRXOGQ·W�VHH�IRU�KHUVHOI�ZKDW�ZDV�LQ�WKH�F\OLQGHU��VR�VKH�DVNHG
RQH�RI�WKH�(OGHUV�VWDQGLQJ�QHDU�KHU�ZKDW�WKRVH�*UH\V�ZHUH�GRLQJ��DQG�WKH�(OGHU
LQIRUPHG�KHU�WKDW�WKH\�ZHUH�ZDWFKLQJ�PROHFXOHV�PRYLQJ�DURXQG���
1RZ�� WKH� RQO\�ZD\� WKRVH�*UH\V� FRXOG� KDYH� EHHQ�ZDWFKLQJ� WKH�PRYHPHQWV� RI
PROHFXOHV�ZDV�LI�WKRVH�PROHFXOHV�KDG�EHFRPH�FRPSDUDWLYHO\�ODUJHU��RU�RWKHUZLVH�
WKLV� ZDV� DQ� LQGLFDWLRQ� RI� WLPHG� PRYHPHQWV� VORZLQJ� GRZQ�� (LWKHU� ZD\� WKRVH
PROHFXOHV�PXVW� KDYH� EHHQ�PRYLQJ� VORZHU� WKDQ� KRZ� ZH� ZRXOG� H[SHFW� WR� ILQG
WKHP��DQG�LI�VR�WKHQ�WKH�ROG�+HLVHQEHUJ�8QFHUWDLQW\�3ULQFLSOH�IOLHV�ULJKW�RXW�WKH
VDPH� ZLQGRZ� DV� WKH� XIRORJLVW·V� VFRXW�FUDIW� WKHRU\� �� ,I� WKH\� ZHUH� ZDWFKLQJ
PROHFXOHV�WKH\�ZHUH�PRVW�SUREDEO\�ZDWFKLQJ�PROHFXODU�FROOLVLRQV��DQG�REVHUYLQJ
ZLWK�WKHLU�RZQ�H\HV��� LQ�UHDO�WLPH�DV�WKH\�KDSSHQHG���HYHQWV�RXU�VFLHQWLVWV�KDYH
RQO\� PDQDJHG� WR� UHFRUG� WKURXJK� VWLOO� SKRWRJUDSK\� E\� XVLQJ� SKRWRJUDSKLF
HPXOVLRQ�WR�SURGXFH�VQDSVKRWV�RI��
7KLV�REVHUYDWLRQ��RI�FRXUVH��ZLOO�KDYH�LQWHUHVWLQJ�UDPLILFDWLRQV�IRU�WKH�0DJXHLMR�
$OEUHFKW�FRQMHFWXUHV�DERXW�WKH�YDULDEOH�VSHHG�RI�OLJKW��
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)LJXUH�����%HWW\�DUULYHV�LQWR�D�URRP�ZKHUH�*UH\V�DUH�ZDWFKLQJ�PROHFXOHV���'RHV
WKLV� PHDQ� WKDW� HOHFWURPDJQHWLF� HQHUJLHV� ZHUH� VORZHG� GRZQ� EHFDXVH� WKDW
HQYLURQPHQW
V�SHUPLWWLYLW\�KDG�EHHQ�FKDQJHG�"�)URP�:DWFKHUV�,,�ILJ���
)XUWKHUPRUH�� DQG� WR� FRQILUP� WKDW� WKLV� WLPH�GLODWLRQ� HIIHFW� FDQ�EH� DVVRFLDWHG� WR
WKH�ILHOG�RI�KLJKHU�PDVV�GHQVLW\�DURXQG�D�8)2��LQ�WKH�UHSRUWV�RI�WKH�5HQGOHVKDP
8)2V��HVSHFLDOO\�IRU�WKH�VHFRQG�8)2��VHFXULW\�SDWUROPDQ�/DUU\�:DUUHQ�UHSRUWHG
WKDW�DIWHU�WKH�VHFRQG�8)2�HQHUJL]HG�LWVHOI�²�DQG�DIWHU�LW�UHGXFHG�GRZQ�LQ�VL]H�²
WKH� HQHUJ\� ILHOG� VXUURXQGLQJ� WKDW� 8)2� FRPSOHWHO\� GLVWRUWHG� KLV� SHUFHSWLRQ� RI
PRWLRQ�DQG�WLPH���VR�WKDW�HYHU\WKLQJ�KH�VDZ�ZDV� LQ�VORZ�PRWLRQ��DW�KDOI�VSHHG�
$QG�VR�DGGLWLRQDOO\��WKLV�FRPPHQW�ZRXOG�LQGLFDWH�WKDW�:DUUHQ�KDG�HQWHUHG�LQWR
WKH�8)2·V� KLJKHU�GHQVLW\� ILHOG� JUDGLHQW� DQG� KH� KLPVHOI� KDG� EHFRPH� SDUW� RI� LW�
DQG� WKDW�KH�ZDV�REVHUYLQJ�ZKDWHYHU�ZDV�JRLQJ�RQ�DURXQG� WKDW�8)2� IURP� LQVLGH
WKDW�8)2·V�HQHUJ\�RUE�>QRWH����@�
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%XW�MXVW�WR�FODULI\�WKLV�WKLQJ�DERXW�FORFNV�VORZLQJ�GRZQ�ZKHQ�WKH�HIIHFWLYH�PDVV
LQFUHDVHV��,V�WKLV�PROHFXODU�VORZ�GRZQ�DQG�REMHFW�VORZ�PRWLRQ�WR�EH�H[SHFWHG�LI
FORFNV�DUH�VDLG�WR�UXQ�VORZHU�"�2I�FRXUVH�QRW�� WKH� ODWWHU�REVHUYDWLRQ�LV�FRXQWHU�
LQWXLWLYH�� LI�FORFNV�DUH�UXQQLQJ�VORZHU�DQG�RXU� WLPHG�HYHQWV�DUH� WDNLQJ� OHVV� WLPH
WKHQ�VXEDWRPLF�SDUWLFOH�PRYHPHQWV�DQG�SDUWLFOH�FROOLVLRQV�VKRXOG�EH�PRYLQJ�DOO
WKH� PRUH� IDVWHU� �� EXW� DSSDUHQWO\� WKH� RSSRVLWH� LV� KDSSHQLQJ� DQG� SDUWLFOH
PRYHPHQWV� DUH� KDSSHQLQJ� LQ� VORZ�PRWLRQ�� 6R� WKLV� ZRXOG� LQGLFDWH� WKDW� REMHFW
GLPLQXWLRQ� GRHV� WDNH� SODFH� DQG� FORFNV� ZLOO� UXQ� VORZHU� LQVLGH� D� 8)2·V� KLJKHU
PDVV�GHQVLW\� HQYLURQPHQW�²�EXW� WKDW�HOHFWURPDJQHWLF�ZDYH�YHORFLW\�5(0$,16
7+(�6$0(�DV�LW�LV�LQ�WKLV�ORZHU�PDVV�GHQVLW\�HQYLURQPHQW�
6R�WKLV�LV�ZK\�,�VD\�WKDW�KHUH�LV�HPSLULFDO�HYLGHQFH�ZKLFK�VXJJHVWV�WKDW�QRW�$//
WKH�IDFWRUV�RI�DQ�DOWHUHG�ILQH�VWUXFWXUH�FRQVWDQW�VHHP�WR�EH�FKDQJLQJ�WKURXJK�WKH
H[DFW� VDPH� SURSRUWLRQ� LQVLGH� WKH� 8)2
V� DOWHUHG� HQYLURQPHQW�� $QG�� DOPRVW� DV
LPSRUWDQWO\��LW�KDV�WR�EH�VDLG�WKDW�WKHUH�DUH�DOZD\V�WZR�ZD\V�RI�SHUFHLYLQJ�WKHVH
GLIIHUHQFHV���DV�D�SHUVRQ�ZKR�ORRNV�LQWR�WKDW�DOWHUHG�HQYLURQPHQW�IURP�WKH�RXWVLGH��RU
DV�D�SHUVRQ�ZKR�ORRNV�RXWZDUG�IURP�WKDW�DOWHUHG�HQYLURQPHQW��:KDW�WKH�VFLHQWLVWV�QHHG
WR� GR� LV� DFWXDOO\� H[SHULHQFH� IRU� WKHPVHOYHV� WKHVH� DOWHUHG� HQYLURQPHQWV� EHIRUH
WKH\�FRPSDUH�WKH�WZR�DQG�GR�WKHLU�PDWKHPDWLFV�RQ�WKLV�QHZ�ILHOG�RI�VFLHQFH��$QG
JRLQJ�EDFN� WR�3RLQFDUp� UHJDUGLQJ�KLV� WKRXJKWV�RQ� WKLV� HIIHFW�� WKH�DQVZHU� WR�KLV
TXHVWLRQ�ZRXOG�KDYH�WR�EH����\HV��ZH�ZRXOG�QRWLFH�WKH�GLIIHUHQFH�>QRWH����@�
%XW� ZKDW� DUH� WKH� IXOO� UDPLILFDWLRQV� RI� WKHVH� DOWHUDWLRQV� WR� SHUFHSWLRQ� DQG
HQYLURQPHQWDO� LQWHJUDWLRQ�"�:KDW�FDQ�HDUWK
V�SK\VLFLVWV�H[SHFW� WR�GLVFRYHU�ZLWK
VXFK�DOWHUHG�SHUFHSWLRQ�ZKHQ�WKRVH�SK\VLFLVWV�XQGHUJR�HQYLURQPHQWDO�LQWHJUDWLRQ
LQWR� DQRWKHU� PDVV�GHQVLW\� "� 7KRVH� SK\VLFLVWV� ZRXOG� GR� ZHOO� WR� GHOYH� LQWR� WKH
DVWURSK\VLFV� RI� EODFN� KROHV� LQ� RUGHU� WR� JHW� D� WDVWH� RI� ZKDW� WKH\� PLJKW� ILQG�
0LQLDWXUL]DWLRQ� RI� PDVV� REMHFWV�� VORZLQJ� GRZQ� RI� HOHFWURPDJQHWLF� ZDYHV�� DQG
ZKROHVDOH�FKDQJHV�WR�WKH�3ODQFN�FRQVWDQW�ZKLFK�ZRXOG�HTXDWH�WR�GLIIHUHQW�LQWHU�
DWRPLF� VSDFLQJ� IRU� D� VWDUW���� DQG� KHUH� LV� DQRWKHU� VDYRU\�PRUVHO� WR� WHPSW� WKRVH
SK\VLFLVWV���� WKH� ODWWHU� FKDQJHV� ZRXOG� HTXDWH� WR� OHVV� GLVUXSWLYH� ELQGLQJ� IRUFHV
ZLWKLQ�DWRPLF�QXFOHL�
7KHVH�FKDQJHV��RI�FRXUVH��DUH�HQYLURQPHQWDO�IDFWRUV�WKDW�WKH�H[WUDWHUUHVWULDO�EODFN
KROH� SK\VLFLVW� ZRXOG� LQKHULW� IURP� WKH� HODVWLFLW\� RI� VSDFH�WLPH�� %XW� IXUWKHU�
FRQVLGHU�ZKDW�KDSSHQV�ZKHQ� WKDW�SK\VLFLVW� FDQ�QHJRWLDWH�EHWZHHQ� WKH�GLIIHUHQW
HQYLURQPHQWV� RI� DOWHUHG�PDVV�GLPHQVLRQ�FRQVWDQWV� "�:HOO�� WKHUH� DUH� QXPHURXV
UHIHUHQFHV� WKDW�VXJJHVW��QD\�FRQILUP�� WKDW�PDQ\�RI� WKH�H[WUDWHUUHVWULDOV�HQMR\�DQ
RSHUDWLRQDO�EDVLV�WKDW�KDV�VRPH�GHJUHH�RI�FRQWURO�RYHU�WKH�VSDFH�WLPH�PDWUL[�WKDW
ZH�WKLQN�LV�D�ULJLGLW\��7KLV�ULJLGLW\
V�KLGGHQ�VHFUHW�WKRXJK�LV�DOO�DERXW�EDQGZLGWK�
DQG�WKH�(7V�ZLOO�EH�XVLQJ�WKLV�HQKDQFHPHQW�RI�WKHLU�SHUFHSWLRQ�WR�GLVFHUQ�HQHUJ\
G\QDPLFV�WKURXJK�D�PXFK�ZLGHU�UDQJH�RI�WKH�HQHUJ\�VSHFWUXP�WKDQ� LV�FXUUHQWO\
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DYDLODEOH� WR� RXU� HDUWKO\� VFLHQWLVWV�� +HUH� LV� DQ� H[DPSOH�� WKH� UHDGHU� ZLOO� VHH� LWV
FRPSOHWH� UHOHYDQFH� LQ� GXH� FRXUVH� WKURXJK� WKH� VXSSOHPHQWDU\� FKDSWHUV� RI� WKLV
VWXG\��ZKLOH�KHUH�LW�ZLOO�VKRZ�D�SRVVLEOH�ZD\�LQ�ZKLFK�WKH�IRUFHV�LQVLGH�DQ�DWRP
FDQ�EH�H[SORLWHG�ZKHQ�PDWHULDOV�FDQ�EH�PDQXIDFWXUHG�LQ�RQH�GLPHQVLRQ�DQG�XWLOL]HG
LQ�DQRWKHU�
%HFDXVH��WKURXJK�WKH�DYDLODELOLW\�RI�WZR�GLIIHUHQW�PDVV�GHQVLW\�HQYLURQPHQWV��WZR
GLIIHUHQW�PRGHV�RI�WKH�3ODQFN�FRQVWDQW��%��DV� LW�ZHUH�� WKHUH�ZLOO�H[LVW�DQ�HQHUJ\
H[FLWDWLRQ�JUDGLHQW�EHWZHHQ�WKH�WZR��DQG�VR�LW�PD\�EH�SRVVLEOH�WR�H[SORLW�FHUWDLQ
PDWHULDOV�WKDW�PLJKW�EH�PRUH�HDVLO\�PDQXIDFWXUHG�DW�D�JUHDWHU�GHQVLW\�WKDQ�FDQ�EH
PDQXIDFWXUHG�KHUH�GXH�WR�WKHP�KDYLQJ�ORZHU�LQWHU�DWRPLF�UHDFWLRQV��,
P�WKLQNLQJ
KHUH�RI� VXSHUKHDY\� HOHPHQWV� �IURP� HOHPHQWV� ���� WR� ������ )URP� WKH� SRVVLELOLW\
WKDW� WKH� DWRPLF�QXFOHL�RI� WKRVH�HOHPHQWV�FDQ�EH�PDGH�PRUH� 
FRKDELW�DEOH
� WKDQ
WKH\�DUH�KHUH�ZKHQ�V\QWKHVL]HG�WKURXJK�D�FRPSOHWHO\�GLIIHUHQW�VHW�RI�SDUDPHWHUV�
DQG� LQ� SDUWLFXODU� WKURXJK� D� FRPSDUDWLYH� OHVVHQLQJ� RI� WKHLU� DWRPLF� ELQGLQJ
HQHUJLHV��WKHVH�PDWHULDOV�VR�IRUPHG�FRXOG�WKHQ�EH�EURXJKW�LQWR�WKLV�GHQVLW\�UHDOP
ZLWK�LQKHUHQW�VWDELOLWLHV�KLWKHUWR�XQNQRZQ�RQ�WKLV�SODQHW��7KLV�PLJKW�EH�D�ZD\�LQ
ZKLFK� WKHVH�VR�FDOOHG� 
H[RWLF
�QHZ�HOHPHQWV�PLJKW� FRPH� LQWR� WKLV� UHDOP�DQG�EH
XVHG�RQ�WKLV�SODQHW�WR�JUHDW�DGYDQWDJH��,�JLYH�DV�WKH�SHUIHFW�H[DPSOH�WKH�V\QWKHVLV
RI� WKH�VXSHUKHDY\�HOHPHQW�XQXQSHQWLXP������7KH� V\QWKHVLV�RI� WKLV� HOHPHQW�RQ
HDUWK�KDV�VR�IDU�UHVXOWHG� LQ�GLIILFXOWLHV�� IURP�WKH�IDFW� WKDW�H[LVWLQJ�5�'�ZKLOH� LW
FDQ� SURYLGH� WKLV� QHZ� HOHPHQW�ZLWK� D� QXFOHRQ� FRXQW� RI� ���� SURWRQV� WKDW� VDPH
UHVHDUFK� FDQ� RQO\� FRPELQH�ZLWK� WKHP� ���� QHXWURQV�� DQG� WKLV� UHVXOWV� LQ� D� VXE�
VWDQGDUG�HOHPHQW�ZLWK�D�KDOI�OLIH�RI�MXVW����PV��<HW�WKH�LVODQG�RI�VWDELOLW\�IRU�WKLV
HOHPHQW�KDV�EHHQ�FDOFXODWHG�WR�EH�DURXQG�=����������SURWRQV�DQG�����QHXWURQV�
DQG�ZKLOH�VHYHUDO�DWWHPSWV�KDYH�EHHQ�PDGH�QR�VWDEOH�V\QWKHVLV�RI�XQXQSHQWLXP
����KDV�\HW�EHHQ�DFKLHYHG�>*HQJ�����@��+RZHYHU��ZLWK�WKH�DYDLODELOLW\�RI�DQRWKHU
PDVV�GHQVLW\�ODERUDWRU\�HQYLURQPHQW�WKDW�VXSHUKHDY\�DWRPLF�PDWHULDO�PLJKW�H[LVW
LQ�D� 
FDOPHU
�VWDWH�� OHVV�DJJUDYDWHG�E\� WKH� LQWHU�DWRPLF� IRUFHV� VXFK�DV� WKH�VWURQJ
QXFOHDU�IRUFH�DQG�WKH�&RXORPE�UHSXOVLRQ�IRUFH��,Q�RWKHU�ZRUGV��LW�PLJKW�EH�PRUH
FRQGXFLYH� WR� WKH� VWDEOH� V\QWKHVLV� RI� WKHVH� VXSHUKHDYLHV� LI� WKH\� FRXOG� EH
PDQXIDFWXUHG�ZLWKLQ�D�JUHDWHU�PDVV�GHQVLW\�WKDQ�RXUV��DQG�WKHQ�WUDQVIHUUHG�LQWR
WKLV�GHQVLW\�HQYLURQPHQW�IRU�RXU�XVH�LQ�WKH�ILVVLRQ�DQG�IXVLRQ�LQGXVWU\�
$OVR��IURP�WKH�IDFW�WKDW�HOHFWURPDJQHWLF�ZDYHV�RSHUDWH�DW�D�UHODWLYHO\�6/2:(5
VFDOH� �VORZHU� JURXS� YHORFLW\�� IRU� WKH� H[WUDWHUUHVWULDOV� LQ� WKRVH� KLJKHU� GHQVLW\
HQYLURQPHQWV�� LW�PHDQV� WKDW� LW�ZLOO�EH�PXFK�HDVLHU� IRU� WKHP� WR�GLVFRYHU� HQHUJ\
PHFKDQLVPV�RFFXUULQJ�DW�KLJKHU�IUHTXHQFLHV��7KHVH�VRUWV�RI�IUHTXHQFLHV�ZLOO�EH�D
ORW�KLJKHU�WKDQ�WKH�IUHTXHQFLHV�WKDW�RXU�VFLHQWLVWV�DUH�FRPIRUWDEOH�ZLWK�JLYHQ�RXU
SUHVHQW�GDWDEDVH�RQ�FKHPLFDOV�DQG�PDWHULDOV��DQG�VR�RXU�VFLHQWLVWV�PD\�RQO\�KDYH
D�IOHHWLQJ�NQRZOHGJH�RI�WKHVH�IDU�HQG�RI�WKH�VSHFWUXP�PHFKDQLVPV�
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:KDW� PLJKW� WKLV� PHDQ� "� :HOO�� IRU� RQH� WKLQJ� ZKHUH� RXU� VFLHQWLVWV� KDYH� EHHQ
SUHRFFXSLHG� IRU� VR� ORQJ� ZLWK� *+]� HOHFWURPDJQHWLF� ZDYHV�� LH� WKH� PLFURZDYH
IUHTXHQFLHV��WKH�(7V�ZLOO�EH�ZRUNLQJ�ZLWK�7+]�ZDYH�IUHTXHQFLHV�DQG�DERYH��DQG
VR� WKHLU� VFLHQWLVWV�ZLOO� KDYH� GLVFRYHUHG� DQG� GHYHORSHG�PDWHULDOV�ZKLFK�ZRUN� DW
LQIUDUHG� ZDYHOHQJWKV� DQG� 89�ZDYHOHQJWKV� IRU� LQVWDQFH�� $QG� WKLV� ZRXOG� PHDQ
WKH\�ZLOO�EH�GHYHORSLQJ�DQG�HQJLQHHULQJ�PDFKLQHV�ZKLFK�ZLOO�EH�ZRUNLQJ�WKURXJK
SODVPRQLF� DQG� SKRQRQ� HQHUJ\� LQWHUDFWLRQV� WR� DIIHFW� WKHLU� SRZHU� WUDQVPLVVLRQV
�UDWKHU�WKDQ�KRZ�ZH�MXVW�XVH�HOHFWURQ�FKDUJH�WUDQVIHU�WKURXJK�FRSSHU�ZLULQJ��
:H�GR�KDYH�DQ�DZDUHQHVV�RI� WKHVH�DGYDQFHG�VFLHQFHV��HYHQ� WKRXJK� IRU�XV� WKH\
DUH�VWLOO�DW�WKHLU�LQIDQW�VWDJH��VR�RQ�WKH�RQH�KDQG��DOWKRXJK�WKH�(7
V�ZRUOG�ZLOO�EH
HQWLUHO\�GLIIHUHQW�WR�WKH�RQH�RXU�VFLHQWLVWV�ZRUN�ZLWK��RQ�WKH�RWKHU�KDQG�LW�ZLOO�EH
IDLUO\�HDV\�WR�VHH�ZKDW�DUHDV�WKH\�KDYH�EHHQ�ZRUNLQJ�LQ�E\�WKH�ZD\�WKH\�FRQVWUXFW
WKHLU�FUDIW�
:KDW� FRUUHODWHV� ZLWK� WKLV� DUH� WKH� VLJKWLQJV� RI� 8)2V� VKURXGHG� LQ� LQIUDUHG
UDGLDWLRQ��IRU�H[DPSOH��DQG�ZKDW�DOVR�FRUUHODWHV�ZLWK�WKLV�DUH�DOO�WKH�REVHUYDWLRQV
LQ�WKH�SUHVHQW�VWXG\�ZKHUH�WKH�(7V�DUH�XVLQJ�SODVPRQLF�DQG�SKRQRQ�LQWHUDFWLRQV
ZLWKLQ�WKH�DFWXDO�VWUXFWXUH�RI�WKHLU�8)2V�LQ�RUGHU�WR�WUDQVPLW�HQHUJ\��DQG�WKLV�E\
WKH�ZD\��ZLOO�EH�ZK\�WKH�(7V�GRQ·W�XVH�VHSDUDWH�FRSSHU�ZLULQJ�DUUD\V�WKH�ZD\�ZH
GR� LQ� WKHLU� HOHFWURQLF� WUDQVPLVVLRQ� OLQHV��� )RU� WKH� DVWXWH� GHVLJQHU� WKLV� LV
VRPHWKLQJ� WR� EHDU� LQ� PLQG� ZKHQ� GHVLJQLQJ� DGYDQFHG� DLUFUDIW� IRU� QHDU�IXWXUH
WUDYHO�WRR��VR�WKDW�RXU�VSDFH�WUDYHO�YHKLFOHV�FDQ�VWDUW�WR�FRPH�RXW�RI�WKH�VWRQH�DJH
�RU�LV�LW�ZLUH�DJH��"���5RFNHW�VFLHQFH�GHYHORSPHQW�PD\�EH�UHJDUGHG�RQ�WKLV�SODQHW
DV� WKH�EHH·V�NQHHV�EXW� LW� VWLOO� XVHV�ZLULQJ� ORRPV�E\� WKH� WUXFN�ORDG��DQG� ,�ZRXOG
WKLQN� WKDW� IRU� WKH�RXWVLGH�HQJLQHHU�ZKR�XVHV�PHWDPDWHULDO� WUDQVPLVVLRQ� OLQHV� LQ
WKH�WHUDKHUW]�UDQJH��NQRZV�SUHFLVHO\�KRZ�JUDYLWDWLRQDO�IRUFH�LV�JHQHUDWHG�WKURXJK
PDVVLYH�URWDWLQJ�ILHOGV��XVHV�URWDWLQJ�ILHOG�SRZHU�JHQHUDWRUV��DQG�ZRUNV�HYHU\�GD\
WKURXJK� GLIIHUHQW� ILQH� VWUXFWXUH� HQYLURQPHQWV� WKHQ� URFNHW� VFLHQFH� WR� WKHP� LV
UHDOO\� RQO\� DW� WKH� EHJLQQLQJ� RI� D� ORQJ� MRXUQH\� �DOWKRXJK�� ,
P� VXUH� WKH
H[WUDWHUUHVWULDOV�ZRXOGQ
W�EH�VR�UHIRUPDWLRQDO�DV�WR�VD\�WKDW�IRU�WKHPVHOYHV��
7KH� DELOLW\� RI� WKH� H[WUDWHUUHVWULDOV� WR� FRQWURO� WKHLU� WRSRORJLFDO� HQYLURQPHQW�� DW
ZLOO��PD\�DOVR�QRZ�H[SODLQ�WKH�UHG�DQG�JUHHQ�HQYLURQPHQWV�WKDW�%HWW\�/XFD�ZDV
SDVVHG� WKURXJK� RQ� KHU� ZD\� WR� WKH� VR�FDOOHG� ¶FU\VWDO� IRUHVW�·� DV� DOOXGHG� WR� LQ
FKDSWHU� ��� EHFDXVH� LW� QRZ� EHFRPHV� TXLWH� FOHDU� WKDW� WKH�*UH\V� ZHUH� XVLQJ� WKLV
GHQVLW\� IDFLOLW\� WR� ¶WUDQVSRVH·� DQ� DEGXFWHH� WR� ZKDW� ZDV� VXSSRVHGO\� D� GLIIHUHQW
HQYLURQPHQW� LQ� DQ� HQWLUHO\� GLIIHUHQW� ORFDWLRQ�� %HWW\� GUHZ� VHYHUDO� YLHZV� RI� WKLV
VHSDUDWH� VHDOHG� FKDPEHU� ZKLFK� KDG� EHHQ� FRQVWUXFWHG� LQVLGH� WKH� DD8)2� �DV
SXEOLVKHG�LQ�7KH�$QGUHDVVRQ�$IIDLU�ILJXUHV����������DQG�VHH�WKH�LQVHW�LQ�P\�ILJXUH
��� DERYH��� 7KLV� ZDV� WKH� FKDPEHU� ILWWHG� ZLWK� URZV� RI� VHDWV� DQG� ZKLFK� KDG
F\OLQGULFDO� ZDOOV� HVSHFLDOO\� FRUUXJDWHG� IRU� H[WUD� VWUHQJWK�� ,W� ZDV� IURP� WKLV
FKDPEHU� WKDW� %HWW\� GHVFULEHG� EHLQJ� WDNHQ�� LQ� WKH� GDUN�� DORQJ� D� WUDFN�� ILUVWO\



352

WKURXJK�D�UHG�HQYLURQPHQW�DQG�WKHQ�WKURXJK�D�JUHHQ�HQYLURQPHQW��DV�GHVFULEHG
LQ�FK�·V�QRWH������:LWKLQ�D�VHDOHG�FKDPEHU�LQVLGH�D�8)2�HQHUJL]HG�E\�WKDW�FUDIW·V
EODFN�YRUWH[�WKH�HQYLURQPHQWDO�PHWULF�ZRXOG�EHFRPH�PRUH�GHQVH��N!���PHDQLQJ
WKDW� WKH� HOHFWURPDJQHWLF�ZDYHV� FDUULHG� WKURXJK�ZRXOG� FRYHU� D� JUHDWHU� GLVWDQFH�
DQG� WKH\�ZRXOG� UHGVKLIW��)RU� WKH�JUHHQVKLIWHG� VHFWLRQ� WKHUH�PLJKW�EH� WZR�ZD\V
WKLV�PLJKW�RFFXU��,I�WKH�DOUHDG\�UHGVKLIWHG�HOHFWURPDJQHWLF�ZDYHV�DUH�WKHQ�FDUULHG
WKURXJK�WR�D�OHVV�GHQVH��N����HQYLURQPHQW�WKHQ�WKHVH�UHG�ZDYHV�ZLOO�VSHHG�XS�WR
JUHHQ� �DQG�� FRUUHVSRQGLQJO\�� DQ\�YLVLEOH�ZKLWH�OLJKW�ZDYHV�ZLOO�EH� VKLIWHG� XS� WR
89��� $QRWKHU� SRVVLELOLW\� LV� WKDW� LI� WKH� QHZ� HQYLURQPHQW� H[LVWHG� ZLWK� D
HOHFWURPDJQHWLF� ZDYH� YHORFLW\� JUHDWHU� WKDQ� �F��� DQG� WKLV� ZRXOG� LQGLFDWH� LW� ZDV
DQRWKHU� GLPHQVLRQ� HQWLUHO\�� WKHQ� WKRVH� UHGVKLIWHG� ZDYHV� FDUULHG� WKURXJK�� DQG
%HWW\�DORQJ�ZLWK�WKHP��ZRXOG�KDYH�FRYHUHG�OHVV�GLVWDQFH�²�DQG�ZRXOG�KDYH�EHHQ
JUHHQVKLIWHG�� ,� OLNH� WR� WKLQN� ZKDW� KDSSHQHG� ZDV� WKH� ODWWHU�� DQG� WKDW·V� ZK\� LQ
VHFWLRQ�����,�KDYH�SURSRVHG�WKDW�WKH�FU\VWDO�IRUHVW�KRORJUDSKLF�YLVWD�ZDV�RSHUDWHG
DW�D�89�IUHTXHQF\�
$V�DQ�DVLGH��ZLWKLQ�VXFK�DQ�DOWHUHG�GHQVLW\�VHDOHG�HQYLURQPHQW��ZKHUH�HYHQWV�DUH
FRPSOHWHG�RQ�D�GLIIHUHQW�WLPH�VFDOH�WR�WKDW�H[SHULHQFHG�QRUPDOO\�XSRQ�HDUWK��WKLV
ZRXOG�H[SODLQ�ZK\�DEGXFWHH�H[SHULHQFHUV�KDYH�UHSRUWHG�WLPH�GLODWLRQ�DQG� WLPH�
GLPLQXWLRQ�HYHQWV�DV�LI�LW�ZHUH�WKH�QRUP�ZKHQ�EHLQJ�WDNHQ�DZD\�IURP�WKLV�ZRUOG�
,PSRUWDQWO\��LW�ZRXOG�H[SODLQ�KRZ�VRPH�SHRSOH�ZKR�KDYH�EHHQ�LQMXUHG�LQ�WKHVH
H[SHULHQFHV�� RU�ZKR� KDYH� XQGHUJRQH� FRPSOLFDWHG� VXUJHU\� SURFHGXUHV� RQ�8)2
FUDIW�� KDYH� H[SHULHQFHG� 
PLUDFXORXV
� KHDOLQJ� EHIRUH� WKH\� KDYH� EHHQ� UHWXUQHG� WR
HDUWK�E\�WKH�(7V��,�FLWH�DV�RQH�H[DPSOH�WKH�7UDYLV�:DOWRQ�FDVH�ZKHUH�KLV�FKHVW
DUHD� KDG� WR� XQGHUJR� LQWHQVLYH� KHDOLQJ� IRU� VHYHUDO� GD\V� EHIRUH� KH� ZDV� EURXJKW
EDFN�� %XW� PRVW� HVSHFLDOO\� WKLV� ZRXOG� UHODWH� WR� WKH� JHVWDWLRQ�UHODWHG� RSHUDWLRQV
FDUULHG� RXW� RQ� IHPDOH� DEGXFWHHV��� $QG� LW� ZRXOG� EH� LQWHUHVWLQJ�� DOWKRXJK� TXLWH
VWUDLJKWIRUZDUG��WR�K\SRWKHVL]H�KRZ�SK\VLFDO�KHDOLQJ�WLPHV�ZRXOG�EH�EHQHILFLDOO\
DGYDQWDJHG� VXEVHTXHQW� WR� VXUJLFDO� RSHUDWLRQV� FDUULHG� RXW� RQ� WKLV� HDUWK�� LI� VXFK
DOWHUHG�HQYLURQPHQWV�ZHUH�FRQVWUXFWHG�DQG�PDGH�DYDLODEOH�RQ�WKLV�SODQHW�>QRWH�
��@�
�����0DWWHU�7UDQVSRUWDWLRQ�)LHOG�3URMHFWLRQV
&RXSOHG� WR� WKH� DERYH�PHQWLRQHG�PHFKDQLVP�RI�SURGXFLQJ�KHOLFDO� IORZV�RXW�RI
WKH� ERWWRP�RI� WKH� FUDIW�� LQ� UHIHUHQFH� WR� WKH� LPDJH� RI� WKLV� EHLQJ� XVHG� WR� EULQJ
OLYLQJ�EHLQJV�LQWR�WKH�8)2��DV�VKRZQ�LQ�ILJXUH����EHORZ�DQG�DV�GHSLFWHG�RQ�WKH
FRYHU� RI� 7KH� $QGUHDVVRQ� $IIDLU��� WKH� VDPH� KHOLFDO� PHFKDQLVP� ZRXOG� HTXDWH� WR
VRPHWKLQJ�WKDW�FRXOG� ORRVHO\�EH�GHVFULEHG�DV�WKH� 
ERG\�WUDQVSRUWHU
�PHFKDQLVP�
)RU��LW�ZRXOG�VHHP�WKDW�WKH�H[WUDWHUUHVWULDOV�DUH�XVLQJ�D�F\OLQGULFDO�HQHUJ\�ILHOG�WR
WUDQVSRUW�REMHFWV�XS�LQWR�WKHLU�8)2�WKURXJK�VKRUW�GLVWDQFHV�RI����PHWHUV�RU�VR�
7KLV�PHFKDQLVP�PD\�ZHOO�LQYROYH�WKH�JHQHUDWLRQ�RI�D�KHOLFDO�WXEH�RI�DURXQG�WZR
PHWHUV�LQ�GLDPHWHU�ZKLFK�H[WHQGV�GRZQ�IURP�WKH�ERWWRP�RI�WKH�FUDIW�DQG�ZKLFK
VKLHOGV� ZKDWHYHU� PDWWHU� LV� LQVLGH� LW� IURP� WKH� HIIHFWV� RI� DPELHQW� JUDYLWDWLRQDO
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IRUFHV�� DQG�ZKLFK� LPEXHV�ZHLJKWOHVVQHVV� LQWR� DQ\�SK\VLFDO� ERG\� DIIHFWHG�E\� LWV
LQIOXHQFH��2WKHUZLVH��DQG�LW�ZRXOG�REYLRXVO\�QHHG�D�ORW�PRUH�UHVHDUFK�WR�ILQG�RXW
PRUH�DERXW�WKH�SDUDPHWHUV�RI�WKLV��EXW�LW�SRVVLEO\�GLUHFWV�WKH�EODFN�KROH
V�DQJXODU
PRPHQWXP�DQG�JUDYLWDWLRQDO�IRUFH�LQWR�WKH�ZDOOV�RI�WKDW�F\OLQGHU��DJDLQ��XVLQJ�WKH
0HLVVQHU� HIIHFW� RQ� ILODPHQW�WXEHV� DV�PHQWLRQHG� DERYH��� ZKLFK�ZRXOG� VKLIW� WKH
WHUUHVWULDO�JUDYLWDWLRQDO� ILHOGV� WR� WKH�RXWVLGH�RI� WKDW�ZDOO��DQG�DIWHU� LW�FUHDWHG� WKH
QHFHVVDU\� VHDOHG�HQYLURQPHQW�DURXQG�ZKDWHYHU�REMHFW��RU�SHUVRQ��QHHGHG� WR�EH
WUDQVSRUWHG��WKH�FUDIW�ZRXOG�WKHQ�HVWDEOLVK�DQRWKHU�JUDYLW\�GHQVLW\�F\OLQGHU�LQVLGH
LW�� PRVW� OLNHO\� DV� DQ� LQYHUWHG� FRQLFDO�ILHOG� RI� WKH� EODFN� YRUWH[
V� SRVLWLYH
JUDYLWDWLRQDO�LQIOXHQFH��DQG�WKLV�ILHOG�ZRXOG�WKHQ�EH�GLUHFWHG�DURXQG�WKH�ERG\�RU
ERGLHV�WR�EH�WUDQVSRUWHG��VR�WKDW�WKH\�ZRXOG�VLPSO\�ULVH�XSZDUG��RU�IDOO�XSZDUG�
LQWR�WKH�FUDIW�WKURXJK�JUDYLWDWLRQDO�DWWUDFWLRQ�>QRWH����@�

)LJXUH�����(LWKHU�WKH�8)2
V�YHQW�KROH�RSHQHG�XS�E\�D�KXJH�DPRXQW�WR�DOORZ�WKLV
WR�KDSSHQ��RU�%HWW\
V�DQG�WKH�*UH\
V�SK\VLFDO�IRUPV�XQGHUZHQW�GLPLQXWLRQ�IURP
DQ�DOWHUDWLRQ�WR�WKH�PDVV�GHQVLW\�HQYLURQPHQW�VXUURXQGLQJ�WKHP��1RWH�KRZ�WKLV
EHDP�LV�RQ�WKH�,16,'(�RI�WKH�VSKHUHV��7KLV�LPDJH�LV�IURP�:DWFKHUV�ILJ��
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%XW� IXUWKHUPRUH�� EHFDXVH� ZLWK� WKLV� PHFKDQLVP� JUDYLWDWLRQDO� LQIOXHQFH� LV� VR
LQWHUZRYHQ� ZLWK� WKH� GLPHQVLRQDO� VFDOLQJ� FRHIILFLHQW� RI� SK\VLFDO� PDVV� REMHFWV�
WKHQ� WKHUH� LV� JRRG� UHDVRQ� WR� VXSSRVH� WKDW�ZKHQ� WKH�EHDP� LV� DFWLYDWHG� LW� FRXOG
DOVR� DOWHU� WKH� VL]H� RI� WKH� ERGLHV� LQ� WKDW� WUDQVSRUWDWLRQ� SURFHVV�� &HUWDLQO\�� ZLWK
UHJDUG�WR�ILJXUH����WKH�VFDOH�RI�WKH�KROH�ZKLFK�%HWW\�DQG�WKH�*UH\V�DUH�SRLVHG�WR
SDVV�WKURXJK��DQG�WKH�UHDGHU�ZLOO�QRWH�WKDW�WKLV�KROH�LV�LQVLGH�WKH�SURWUXGLQJ�JODVV
VSKHUHV� LQ� WKLV� GUDZLQJ� RI� KRZ� %HWW\� UHPHPEHUHG� WKDW� SDUWLFXODU� H[SHULHQFH��
ZRXOG�VXJJHVW�WKDW�WKH�SK\VLFDO�VL]H�RI�WKRVH�ERGLHV�ZRXOG�QRW�EH�WKH�VDPH�IRU
ERWK�WKH�SHUVRQ�V��DFWXDOO\�LQYROYHG�LQ�WKLV�PHFKDQLVP�DQG�WKH�GLVWDQW�REVHUYHU
RI�WKLV�WUDQVSRUWLQJ�PHFKDQLVP�WDNLQJ�SODFH��
7KH�DFWXDO�WHFKQLFDOLWLHV�RI�KRZ�WKHVH�ILHOGV�FDQ�EH�HVWDEOLVKHG��RU�JHQHUDWHG��E\�D
8)2�PD\�EH�XQGHUVWDQGDEOH� IURP� VRPHWKLQJ� ,
YH� DOUHDG\�PDGH�QRWH�RI� DERXW
WKH� FLUFXODWLQJ� HQHUJLHV� LQVLGH� WKH� DD8)2
V� FHQWUDO� HUJRVSKHUH�� 3DUWLFXODUO\�� IRU
LQVWDQFH�LQ�FKDSWHU����ZKHUH�,�KDYH�VKRZQ�WKDW�WKH�FHQWUDO�HUJRVSKHUH�ZLOO�KDYH
/HQVH�7KLUULQJ� IUDPH�GUDJJLQJ�� EXW� DOVR� %HUU\�W\SH� FRXQWHU�IORZLQJ� FXUUHQWV
LQVLGH� WKH� WRURLG� ZDOO� ZKHUHE\� WKHVH� HSLF\FOLF� URWDWLRQV� ZRXOG� HTXDWH� WR� DQWL�
YRWLFHV��ZKLFK�DOVR�VHUYH�DV�NLQHWLF�HQHUJ\�UHVHUYRLUV�IRU�WKH�PDLQ�YRUWH[���7KHVH
DQWL�YRUWLFHV� PD\� \HW� SURYH� WR� KDYH� RWKHU� XVHV� DQG� WKHUH� PD\� EH� D� ZD\� RI
FRQWUROOLQJ� WKHP� LQGHSHQGHQWO\� RI� WKH� PDLQ� YRUWH[�� E\� DPSOLI\LQJ� WKHP� DQG
H[WHQGLQJ�WKHLU�LQIOXHQFH�EHORZ�WKH�FUDIW�
)RU� LQVWDQFH�� LI� WKHVH� RSSRVLWHO\�URWDWLQJ� HGG\� FXUUHQWV� FDQ� EH� DPSOLILHG� ZKLOH
WKH\�DUH�LQVLGH�WKH�FHQWUDO�HUJRVSKHUH�DQG�DERYH�WKH�EDVH�GLVF��WKH\�FRXOG�WKHQ�EH
XVHG� WR� LQGXFH� D� VLQJOH�FLUFXODWLQJ� ILHOG� WKDW�ZRXOG� VXUURXQG� WKH� FHQWUDO� YRUWH[
�VRPHZKDW�OLNH�D�IODW�GRQXW�RXWVLGH�RI�WKH�YRUWH[�MXVW�DERYH�WKH�EDVH�GLVF���7KHQ�
EHFDXVH�WKHUH� LV�DOUHDG\�VXEVWDQWLDO�K\GURG\QDPLF�PRPHQWXP�RSHUDWLQJ�DURXQG
WKH�ORZHU�SDUW�RI�WKH�FHQWUDO�YRUWH[��MXVW�DERYH�WKH�EDVH�GLVF�ZKHUH�WKH�YRUWH[·V
DQJXODU�PRPHQWXP�LV�DW� LWV�JUHDWHVW��WKLV�LQGXFHG�URWDWLQJ� 
GRQXW
�ILHOG�FRXOG�EH
SXPSHG�XS�WR�D�VXEVWDQWLDO�IRUFH��VHH�ILJXUH������$QG�WKHQ�E\�DQRWKHU�LQGXFWLRQ
PHFKDQLVP�WKH�IRUFH�RI�WKLV�IODW�URWDWLQJ�GRQXW�ILHOG�DERYH�WKH�EDVH�GLVF�FRXOG�EH
PLUURUHG�RQ� WKH�RXWVLGH�RI� WKH�EDVH�GLVF�� XQGHUQHDWK� WKH�EDVH�GLVF��7KHQ�� WKDW
VHFRQGDU\�LQGXFHG�URWDWLRQ�FRXOG�EH�H[WHQGHG�GRZQ�EHORZ�WKH�FUDIW�WR�SURYLGH
WKH�DERYH�PHQWLRQHG�VHDOHG�HQYLURQPHQW��DQG�DJDLQ��WKLV�ZRXOG�SUREDEO\�LQYROYH
D� FXUO�GHYHORSLQJ� HOHFWUR�JUDYLWDWLRQDO� URWDWLQJ� ILHOG���$OWHUQDWLYHO\�� WKLV� LQGXFHG
GRQXW�URWDWLRQ�DERYH�WKH�EDVH�GLVF�FRXOG�EH�XVHG�DV�D�KROGLQJ�ILHOG��WR�NHHS�WKH
8)2·V� HOHFWURG\QDPLF� SRZHU� FLUFXLW� RSHUDWLQJ� ZLWKLQ� WKH� FHQWUDO� HUJRVSKHUH�
ZKLOH� WKH�FHQWUDO�YRUWH[� ILODPHQW� LWVHOI�ZDV�ZLGHQHG� DQG�SURSDJDWHG�GRZQZDUG
EHORZ�WKH�FUDIW�>QRWH����@�
$V� PHQWLRQHG� DERYH�� VXFK� D� URWDWLQJ� EHDP� RI� DQJXODU� PRPHQWXP� DQG
JUDYLWDWLRQDO� IRUFH�ZRXOG� GHYHORS� D� VXEVWDQWLDO� VKLHOGLQJ� HIIHFW� DW� LWV� SHULPHWHU
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ZDOO�ZKHUH�PRVW�RI� LWV� URWDWLRQDO�HQHUJ\�ZRXOG�EH�FRQFHQWUDWHG��7KH�VHFRQGDU\
�GHQVLW\�DOWHULQJ��URWDWLQJ�ILHOG�FRXOG�HDVLO\�EH�VHQW�GRZQ�WKH�FHQWHU�RI�WKDW�WXEH
DQG�GHSHQGLQJ�XSRQ�LW�EHLQJ�FRQILJXUHG�ZLWK�SRVLWLYH�RU�QHJDWLYH�PRPHQWXP�LW
PLJKW� WKHQ� EH� XVHG� DV� D� WUDQVSRUWDWLRQ� IRUFH�� WR� SLFN� XS� RU� WR� VHW� GRZQ�� DQ\
PDWHULDO�REMHFWV� IRXQG�ZLWKLQ� WKDW�EHDP��)RU� WKH�SHUVRQ�V��EHLQJ� WUDQVSRUWHG� LW
ZRXOG� EH� OLNH� VWDQGLQJ� XQGHU� WKH� FHQWHU� RI� WKH� 
H\H� RI� D� WRUQDGR�
� ZKHUH� WKH
SK\VLFDO�ERG\�ZRXOG�QRW�H[SHULHQFH�URWDWLRQDO�WRUTXH�EXW�ZRXOG�MXVW�H[SHULHQFH
WKDW� ILHOG
V�EXON�HIIHFW��RI�D� OHVVHQLQJ�RI� HDUWK
V� JUDYLWDWLRQDO� IRUFH�� DQG� WKHQ�DQ
LQFUHDVH�LQ�D�
JUDYLW\
�ZKLFK�FDXVHG�WKHP�WR�VORZO\�IDOO�XSZDUGV�
�����GH�%URJOLH�:DYH�0HFKDQLFV�DQG�WKH�3ODQFN�6FDOH
,Q�WKH�ILHOG�RI�TXDQWXP�PHFKDQLFV�WKH�IUHTXHQF\�RI�WKH�GH�%URJOLH�ZDYH�ILHOG�DQG
WKH� GH� %URJOLH� ZDYH� VWUXFWXULQJ� GHWHUPLQHV� WKH� VL]H� RI� DWRPV�� ZKLFK�� LQ� RWKHU
ZRUGV��PHDQV� WKH\�HIIHFW� WKH�VL]H�VFDOLQJ�RI�DQ\WKLQJ�WKDW�FRQVWLWXWHV�D�PDWHULDO
REMHFW��:LWK�UHJDUG�WR�WKH�LQWHULRU�HQYLURQPHQWV�RI�8)2V�WKLV�LV�YHU\�LQWHUHVWLQJ
FRQVLGHULQJ� WKDW� GH� %URJOLH� ZDYHV�� LQ� WXUQ�� DUH� LQIOXHQFHG� E\� JUDYLWDWLRQDO
SRWHQWLDOV�>.URJK@�
6LPLODUO\��WKH�3ODQFN�FRQVWDQW�IRU�PDVV��DV�DOVR�SUHYLRXVO\�PHQWLRQHG�LQ�VHFWLRQ
�������EHFDXVH� LW�IRUPV�RQH�RI� WKH�FRPSRQHQWV� LQ� WKH�VSDWLDO�GLHOHFWULF�FRQVWDQW
�WKH� ILQH� VWUXFWXUH� FRQVWDQW� α�� K\SRWKHVLV�� DQ\� FKDQJHV� PDGH� WR� WKDW� 3ODQFN
FRQVWDQW�ZLOO�FRQVHTXHQWO\�DOWHU� WKH�ZD\�HOHFWURQ�FKDUJHV��TXDUN�H[FKDQJHV�� DQG
LQWHU�DWRPLF�IRUFHV��ZLOO�EH�SURSRUWLRQHG�LQVLGH�DOO�WKH�DWRPV�DQG�PROHFXOHV�WKDW
PDNH�XS�PDWHULDO�REMHFWV�
%XW� DOVR�� DV� 5RJHU� 3HQURVH� VD\V�� WKH� 3ODQFN� FRQVWDQW� �%�� LV� SURSRUWLRQDO� WR
SDUWLFOH�PRPHQWXP� IRU� D�SDUWLFXODU�ZDYHOHQJWK� �UHODWLYH� WR� LWV� IUHTXHQF\��� VR� LI
WKH� PRPHQWXP� GHFUHDVHV�� DV� ZRXOG� KDSSHG� ZKHQ� HOHFWURPDJQHWLF� ZDYHV� DUH
VORZHG�WKURXJK�D��N�!����UHIUDFWLYH�PHGLXP��WKHQ�WKH�3ODQFN�FRQVWDQW�LQFUHDVHV�
DQG� WKURXJK� D� N�OHVV�WKDQ�RQH� �N��� ���PHGLXP� WKH� 3ODQFN� FRQVWDQW� GHFUHDVHV�
:KLFK� PHDQV� WKDW� E\� FKDQJLQJ� WKH� 3ODQFN� FRQVWDQW�� RU� E\� FKDQJLQJ� WKH
UHODWLRQVKLS�EHWZHHQ�D�SDUWLFOH
V�IUHTXHQF\�DQG�LWV�ZDYHOHQJWK��WKHQ�FKDQJHV�FDQ
EH�PDGH�WR�WKH�HIIHFWLYHQHVV�RI�DQ\�JLYHQ�TXDQWLW\�RI�HQHUJ\�>QRWH����@�
7KH� UHIUDFWLYH� LQGH[� RI� DQ\�PHGLXP� LV� GHWHUPLQHG� E\� WKH� SHUPLWWLYLW\� DQG� WKH
SHUPHDELOLW\� RI� WKDW� PHGLXP�� DQG� FKDQJHV� PDGH� WR� WKHVH� ZLOO� HIIHFW� KRZ� DQ
HOHFWURPDJQHWLF�ZDYH
V�ZDYHOHQJWK�ZLOO�FRUUHVSRQG�WR�D�SDUWLFXODU�IUHTXHQF\��)RU
LQVWDQFH�OLJKW�WUDYHOV�VORZHU�WKURXJK�HDUWK
V�DWPRVSKHUH�WKDQ�LW�GRHV�WKURXJK�WKLV
SDUW�RI�VSDFH�EHFDXVH�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKRVH�PHGLXP
V�UHIUDFWLYH�LQGH[
�DQG�OLJKW�WUDYHOV�HYHQ�VORZHU�WKURXJK�JODVV�RU�WKURXJK�ZDWHU�IRU�WKH�VDPH�UHDVRQ�
VR�WKDW�OLJKW
V�IUHTXHQF\�GRZQVKLIWV�WR�WKDW�RI�FRORUHG�OLJKW��
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7KHUHIRUH��WKH�IUHTXHQF\�SDUDPHWHUV�E\�ZKLFK�WKLV�SUHVHQW��N������HQYLURQPHQW
LV�HVWDEOLVKHG�DOO�DURXQG�XV�ZLOO�GHSHQG�XSRQ� WKH�3ODQFN�FRQVWDQW� �%���ZKLFK� LQ
WXUQ� GHSHQGV� XSRQ� WKH� ILQH� VWUXFWXUH� FRQVWDQW� �α��� ZKLFK� LQ� WXUQ� ZLOO� GHSHQG
XSRQ� WKH� SHUPLWWLYLW\� DQG� WKH� SHUPHDELOLW\� LQ� RSHUDWLRQ� IRU� WKLV� SDUW� RI� WKH
XQLYHUVH��:H�KDYH�WR�ULGH�DORQJ�ZLWK�WKDW�3ODQFN�FRQVWDQW�DQG�WKDW�ILQH�VWUXFWXUH
FRQVWDQW�� HU���� RU� GR� ZH� KDYH� WR� "� 3ODQFN� WLPH�� IRU� LQVWDQFH�� LV� UHJXODWHG� E\
ZKDWHYHU� YDOXHV� WKH� JUDYLWDWLRQDO� FRQVWDQW� �*�� DQG� WKH� 3ODQFN� FRQVWDQW� DUH�� VR
WLPH� EHFRPHV� D� YDULDEOH� MXVW� DV� GRHV� WKH� VSHHG� RI� OLJKW� ZKHQ� HLWKHU� WKH
JUDYLWDWLRQDO�FRQVWDQW�RU�WKH�3ODQFN�FRQVWDQW�RU�WKH�UHIUDFWLYH�LQGH[�DUH�FKDQJHG��
DV� ZRXOG� KDSSHQ� LQVLGH� DQ� HQFORVHG� 8)2�� 7KLV� ZRXOG� EH� ZK\� WKH
H[WUDWHUUHVWULDOV�GRQ
W�VHH�DQ\�ULJLGLW\�ZKHQ�WKH\� ORRN�DW�WLPH��DQG�LWV�ZK\�PDQ\
DEGXFWHHV� KDYH� OHDUQHG� WKDW� WKH� H[WUDWHUUHVWULDOV� MXVW� GRQ
W� UHJLVWHU� WLPH� LQ� WKH
VDPH�ZD\�WKDW�ZH�ORRN�VR�VXEVHUYLHQWO\�DW�RXU�WLPH�VFDOHV�RQ�WKLV�HDUWK��7LPH�WR
WKH�H[WUDWHUUHVWULDOV�LQVLGH�WKHLU�VHDOHG�8)2V�LV�D�FRPSOHWHO\�GLIIHUHQW�FRPPRGLW\
WR�WKH�VWXII�RXU�ZLVH�WHDFKHUV�KDYH�EHHQ�LQIRUPLQJ�XV�DERXW�DQG�VKRZLQJ�XV�KRZ
ZH�VKRXOG�UXQ�RXU�OLYHV�E\�
'RHV�WKLV�PHDQ�WKHUH�FDQ�EH�WLPH�WUDYHO�H[FXUVLRQV�EDFN�LQWR�WKH�SDVW�"�,�GRQ·W
WKLQN�VR��DOWKRXJK��,�FDQ�VHH�WKDW�WKH�(7V�FRXOG� LQ�WKHRU\�VORZ�WLPH�GRZQ�WR�D
FRPSOHWH� VWDQGVWLOO��$V�RXU�:DWFKHUV� DW� WKLV�SDUWLFXODU� WLPH� LQ�RXU� HYROXWLRQ� WKH
H[WUDWHUHVWULDOV�ZRXOG�EH�PRUH�FRQFHUQHG�DERXW�RXU�IXWXUHV�WKDQ�RXU�SDVW��DQG�,
ZRXOG�VHH�WKLV�DV�WKHLU�RYHUULGLQJ�FRQFHUQ�DV�WKH\�LQWHUSKDVH�ZLWK�XV�KXPDQV��6R
,·P� VRUU\� WR� VD\� WKDW�'U��:KR� LV� SUREDEO\� WKH� RQO\�ZLVH� ROG� RZO� WKDW� VKRXOG� EH
DVNHG�WKDW�TXHVWLRQ�DERXW�WUDYHOLQJ�EDFN�LQ�WLPH���7KHUH�LV�D�ZD\��KRZHYHU��WKDW
WKH�HYHQWV�ZH� UHFDOO� RI� WKH�SDVW�FDQ�EH�FKDQJHG�E\� WKHVH� H[WUDWHUUHVWULDOV� �DQG� WKLV
SDUWLDOO\�ZDV�ZKDW�WKH�DOLHQ�DEGXFWLRQ�SURJUDP�ZDV�DOO�DERXW���EXW�PRUH�RQ�WKDW
DQRWKHU�WLPH��SHUKDSV��
$� PRUH� SURILWDEOH� DYHQXH� WR� JR� GRZQ�� UHJDUGLQJ� WRSRORJLFDO� HQYLURQPHQW
FRQWURO��PLJKW�EH� WR� FKDQJH� WKH�RSHUDWLRQDO� IUHTXHQF\� RI� WKH�PDWHULDO� XQLYHUVH
WKDW�ZH� DUH� FXUUHQWO\� VXEVHUYLHQW� WR�� WKLV�PD\� WKHQ�RIIHU� XV� DQ� HQWUDQFH� LQWR� D
TXLWH�GLIIHUHQW�GLPHQVLRQ���LI�DOO�WKHVH�SDUDPHWHUV�FDQ�EH�XQGHUVWRRG�DQG�XVHG�WR
RXU� DGYDQWDJH� WR� DIIHFW� VRPH� VRUW� RI� VKLIW�� %HFDXVH�� LI� D� SHUVRQ� UHORFDWHG� WR� D
GLIIHUHQW�IUHTXHQF\�DQG�WKDW�SHUVRQ�KDG�D�GLIIHUHQW�3ODQFN�FRQVWDQW��IRU�LQVWDQFH�
WKH�H[WUDWHUUHVWULDO
V�KRPH�HQYLURQPHQW�ZRXOG�KDYH�D�GLIIHUHQW�YDOXH�RI��%��IRU�LWV
KHDYLHU�GHQVLW\���WKHQ�WKDW�ZRXOG�FKDQJH�WKH�YDOXHV�RI�WKH�JUDYLWDWLRQDO�DQG�PDVV�
GHQVLW\� FRQVWDQWV� WRR��+HQFH� WKH\
G� EH� DFFHVVLQJ� D�PHFKDQLVP� WKDW� FDQ� HLWKHU
RSXODWH�RU�GHRSXODWH� �DV� WKH�(7V� UHIHU� WR� LW��� DQG� WKH\�FRXOG�HYHQ�EOLQN� LQ� DQG
EOLQN�RXW�RI�H[LVWHQFH���ZKLFK�SUHVXPDEO\�VKDNHV�GRZQ�WR�VLPSO\�VKLIWLQJ�RXW�RI
RQH� IUHTXHQF\� RI� PDWHULDO� H[LVWHQFH� DQG� VKLIWLQJ� LQWR� DQRWKHU� IUHTXHQF\� RI
PDWHULDO�H[LVWHQFH��
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7KLV� WKHQ�� PLJKW� PDUN� RQH� RI� WKH� IXQGDPHQWDO� GLIIHUHQFHV� EHWZHHQ
H[WUDWHUUHVWULDOV�DQG�KRPR�VDSLHQV��ZH·UH�LPSULVRQHG�LQ�WKLV�UHQGLWLRQ�RI�PDWHULDO
H[LVWHQFH�DQG�ZH�DUH�FRQVWUDLQHG�WR�DELGH�E\�¶RXU·�GHVLJQDWHG�UXOHV�RI�VSDFH�DQG
WLPH��EHFDXVH�WKHVH�KDYH�EHHQ�VHW�GRZQ�LQ�VWRQH�IRU�XV�E\�WKH�OLNHV�RI�(LQVWHLQ
DQG�1HZWRQ��DQG�RI�FRXUVH�WKURXJK�WKH�ZDJJLQJ�ILQJHUV�RI�OHVVHU�SK\VLFLVWV���%XW
WKH� H[WUDWHUUHVWULDOV� KDYH� IUHH�ZLOO�� DQG� WKH\� DUHQ·W� FRQVWUDLQHG� EHFDXVH� WKH\
YH
ORQJ�DJR�ZRNHQ�XS�WR�WKHVH�YDULDEOHV�>QRWH����@��2U�DUH�WKH�KRPR�VDSLHQV�DERXW
WR�ZDNH�XS�WRR�"�,V�WKHUH�EHLQJ�VKRZQ�WR�XV�KHUH�D�GRRUZD\�WKDW�ZH�PLJKW�RSHQ
IRU�RXUVHOYHV��RQH�WKDW�SHUKDSV�PLJKW�OHDG�WR�D�PRUH�HWKHUHDO�H[LVWHQFH�"
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6XSSOHPHQW�����/D]DU
V�%DFN�HQJLQHHUHG�8)2�5HLQWHUSUHWHG

&RQWHQWV�
�����/D]DU
V�6XSHUKHDY\�*UDYLWDWLRQDO�)LHOG
�����7KH�%RE�/D]DU�6���8)2�7KURXJK�WKH�/RRNLQJ�*ODVV
�����7KH�&HQWUDO�5HDFWRU
V�:KLWH�+ROH
�����)LVKLQJ�IRU�WKH�*UDYLW\�$�)RUFH
�����%RE�/D]DU
V�6WUDQJH�7HFKQRORJ\�5HFRQILJXUHG�WR�0DNH�0RUH�6HQVH
�����4XDVL�EODFN�+ROH
V�'HOLFDWH�6WRPDFK
�����%RE�/D]DU
V�(OHPHQW�����LV�+HUH�WR�6WD\����LWV�2IILFLDO��
�����&RQVWDQW�(QHUJ\�%HLQJ�'HOLYHUHG�IURP�3RODUL]HG�8QXQSHQWLXP����
�����3URWRQ�&\FORWURQ�%HQHDWK�WKH�'RPH
������3LWFKLQJ�LQ�)URP�7KUHH�$QJOHV�WR�/RDG�WKH�'RPH
������+RO\�*UH\O�)RXQG�+LGGHQ�,QVLGH�/D]DU
V�)UHTXHQF\�3DUDPHWHUV

�����/D]DU
V�6XSHUKHDY\�*UDYLWDWLRQDO�)LHOG
)URP�%RE�/D]DU
V�GHVFULSWLRQ�RI�WKH�6���8)2
V�HOHPHQW������ZKHUH�KH�VD\V�WKDW
KH�ZDV�VKRZQ�DQ�HQHUJ\�ILHOG�H[WHQGLQJ�DURXQG�WKH�ZHGJH�VKDSHG�SLHFH�RI����
WKDW� WKH� DOLHQ
V� XVHG� IRU� IXHO�� /D]DU� PLJKW� KDYH� EHHQ� VOLJKWO\� PLVWDNHQ� LQ� KLV
XQGHUVWDQGLQJ�WKDW�WKLV�ZDV�WKH�ILHOG�RI�JUDYLWDWLRQDO�IRUFH�ZKLFK�WKDW�8)2�KDG
WR� DPSOLI\� DQG� WR�SURSDJDWH� LQWR� D�EHDP�� LQ�RUGHU� WR�SURYLGH� WKDW� FUDIW�ZLWK� D
SURSXOVLRQ� IRUFH��5HFHQW� UHVHDUFKHV� LQWR� WKH� V\QWKHVLV�RI�K\SHU�QXFOHL� HOHPHQWV
KDYH� IRXQG� WKDW� WKHUH� GRHV� LQGHHG� H[LVW� DURXQG� WKRVH� HOHPHQWV� D� KDOR� RU� WKLQ
PLVW�RI�ORRVHO\�ERXQG�QXFOHRQV��RI�HLWKHU�SURWRQV�RU�QHXWURQV���DQG�WKLV�ZLOO�EH
EHFDXVH� WKH�ELQGLQJ�HQHUJLHV�RI� WKRVH�QXFOHRQV� LQ� WKHLU� RXWHU�RUELWV�KDYH�EHHQ
IRXQG�WR�EH�GLVSURSRUWLRQDWHO\�ZHDNHU�WKDQ�WKH�ELQGLQJ�HQHUJLHV�RI�WKRVH�DWRP
V
LQQHU�RUELWV�>QRWH���@�
3K\VLFLVWV� KDYH� SRVWXODWHG� WKDW� WKLV� IDFWRU� RI� UHGXFHG� ELQGLQJ� HQHUJ\�PLJKW� EH
YHU\�EHQHILFLDO�IRU�ORZHU�HQHUJ\�LQLWLDWLRQV�RI�DWRPLF�ILVVLRQ�DQG�IXVLRQ�UHDFWLRQV�
DQG�� RI� FRXUVH�� IRU� WKH� SURWRQ�DQWLSURWRQ� DQQLKLODWLRQ�SURFHVV�� DQG� VRPH� KDYH
ZRQGHUHG�LI�WKLV�VDPH�KDOR�HIIHFW�FDQ�EH�IRXQG�WR�EH�HYHQ�PRUH�SURPLQHQW�LQ�WKH
QHZ�VXSHUKHDY\�HOHPHQWV���VXFK�DV�LQ�HOHPHQWV�����WKURXJK�WR�������QRZ�EHLQJ
V\QWKHVL]HG� E\� SK\VLFLVWV� DOO� DURXQG� WKH� ZRUOG�� +RZHYHU�� ZKLOH� WKH� RULJLQDO
H[SHFWDWLRQ� KDG� EHHQ� YHU\� KLJK� WR� ILQG� WKLV� VDPH� H[RWLF� SKHQRPHQRQ�� WR� WKH
GLVPD\�RI�WKHVH�UHVHDUFKHUV�LW�VHHPHG�WKLV�QHZ�VXSHUKHDY\�JURXS�RI�HOHPHQWV�ZDV
WKURZLQJ�VRPH�FXUYH�EDOOV�IURP�WKH�YHU\�XQLTXH�ZD\�WKHVH�DWRPV�DUH�VWUXFWXUHG�
+LJKO\�LQWULJXHG��WKLV�KDV�OHG�SK\VLFLVWV�WR�JR�EH\RQG�FRQYHQWLRQDO�ZLVGRP�DERXW
DWRPLF�QXFOHL��DQG�WR�GLVFRYHU�D�JUHDW�GHDO�PRUH�DERXW�KRZ�WKH�KHDYLHVW�RI�DWRPV
FDQ�EH�V\QWKHVL]HG�WKURXJK�QHZ�DQG�XQFRQYHQWLRQDO�PHDQV��$QG�LW�LV�RQO\�QRZ�
QRZ�WKDW�PRUH�KDV�EHHQ�GLVFRYHUHG�DERXW�WKHVH�VWUDQJH�HOHPHQWV��WKDW�SK\VLFLVWV
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DUH� EHJLQQLQJ� WR� EHOLHYH� WKDW� WKHVH� VXSHUKHDY\� HOHPHQWV� WRR� PLJKW� \LHOG� DQ
HQKDQFHG� KDOR� HIIHFW� DURXQG� WKHP�� MXVW� DV� KDG� EHHQ� IRXQG� DURXQG� WKH� K\SHU�
QXFOHL�RI�OLJKWHU�HOHPHQWV�
,QGHHG��EHFDXVH�WKH�UHZDUGV�DUH�VR�KLJK�WKH�H[RWLF�SKHQRPHQRQ�RI�VXSHUKHDY\
QXFOHRQ�VNLQ�LV�QRZ�DFWLYHO\�EHLQJ�SXUVXHG�E\�SK\VLFLVWV�ZKR�DUH�ORRNLQJ�DW�ZD\V
LQ� ZKLFK� LW� FDQ� EH� FUHDWHG� DQG� HQKDQFHG� DURXQG� WKH� HOHPHQWV� VXFK� DV� WKH
XQXQSHQWLXP�����
:DV�WKH�VWUDQJH�OLJKW�EHQGLQJ�VNLQ�HIIHFW�DURXQG�WKH�DOLHQ
V�HOHPHQW������WKDW�ZDV
VKRZQ� WR�%RE�/D]DU� EDFN� LQ� WKH� ODWH� ����
V� DW� $UHD� ���� WKH� VDPH� DV� WKLV� QHZ
QXFOHRQ�VNLQ�HIIHFW� WKDW� LV�EHLQJ� VR� ULJRURXVO\� VRXJKW� DIWHU�QRZ�E\� WZHQW\�ILUVW
FHQWXU\�VFLHQWLVWV�"
0RUH�WR�WKH�SRLQW��GRHV�WKLV�PHDQ��HYHQ�WKRXJK�LW�KDV�WDNHQ�DOO�RI�WZHQW\�\HDUV
IRU�WKH�ZRUOG�RI�SK\VLFV�WR�FDWFK�XS�WR�WKLV�RQH�VPDOO�IDFWRU�SURSRXQGHG�LQ�8)2
HQHUJ\�JHQHUDWLRQ�G\QDPLFV�� WKDW�ZH�FDQ�QRZ�DVVXPH�WKDW� WKH�ZRUOG�RI�SK\VLFV
FDQ�RIIHU�IXOOHU�H[SODQDWLRQV�ZKHQ�LW�FRPHV�WR�WKH�TXHVWLRQ�RI�ZKDW�LV�JRLQJ�RQ
LQVLGH�8)2V�"
:HOO�� \HV� LW� VKRXOG� EH� VR�� VXUSULVLQJO\�� TXLWH� D� ORW� RI� 8)2� WHFKQRORJ\� FDQ� EH
IRXQG� LQ� WKH�SK\VLFV�RI� WRGD\� LQ� ������ EXW� ,�ZRXOG� KDYH� WR� VD\� WKDW� WKH� RYHUDOO
XQGHUVWDQGLQJ�RI�8)2V��SDUWLFXODUO\� WKH�SURSXOVLRQ�GULYH�V\VWHPV�RI�8)2V�� VXFK
DV� LQ� WKH�8)2� WKDW�%RE�/D]DU�ZRUNHG�RQ� DQG�H[SHULHQFHG� DW�$UHD� ����ZLOO� EH
PRUH�PHDW�DQG�WZR�YHJ�WR�WKH�DYHUDJH�DVWURSK\VLFLVW�WKDQ�WR�D�SK\VLFLVW��7KLV�LV
EHFDXVH� WKH� DUUD\�RI� WHFKQRORJLHV� XVHG�E\� WKH� H[WUDWHUUHVWULDOV� LQ�8)2V� LV� YHU\
EURDG��PXFK�PRUH�H[SDQVLYH�WKDQ�WKH�VRUW�RI�VFLHQFHV�RXU�SK\VLFLVWV�HQFRXQWHU�LQ
WKHLU� HYHU\GD\� UHVHDUFKHV�KHUH�RQ� HDUWK�� 6R�SHUKDSV� ,� VKRXOG�TXDOLI\� WKH� DERYH
PHQWLRQHG�REVHUYDWLRQ�E\�VD\LQJ�WKDW�WKH�XQGHUVWDQGLQJ�RI�8)2V�ZLOO�EH�EHWWHU
DVVLPLODWHG� E\� WKRVH�ZKR� KDYH�PDGH� HIIRUWV� WR� VWXG\� LQWR� WKH� JUHDWHU� DUUD\� RI
VFLHQFHV� HQFRPSDVVHG� LQ� DVWURSK\VLFV�� ZKLOH� WKLV� XQGHUVWDQGLQJ�� DODV�� ZLOO� QRW
QHFHVVDULO\�EH�VR�SODLQ�VDLOLQJ�IRU�WKH�SK\VLFLVWV�RU�IRU�WKH�HOHFWURQLFV�HQJLQHHUV�ZKR
KDYH�EHHQ�HGXFDWHG�WR�XQGHUVWDQG�RQO\�WHUUHVWULDO�VFLHQFHV�
1RZ�� DOWKRXJK� KH� GLG� GHVLJQ� URFNHWV� DW� RQH� VWDJH� %RE� /D]DU� ZDV� QRW� DQ
DVWURSK\VLFLVW�� DQG� VR�ZKDW� ,� DP�DVNLQJ� KHUH� LV� WKLV�� GLG�%RE�/D]DU� FRPSOHWHO\
XQGHUVWDQG� IRU�KLPVHOI�KRZ�WKH�8)2�ZKLFK�KH�ZRUNHG�RQ�DW�6��� LQ� WKH�����V
DFWXDOO\�ZRUN�"�%HFDXVH��DIWHU�D�ORW�RI�UHVHDUFK�LQWR�WKLV�SDUWLFXODU�8)2��ZKLFK�,
ZLOO� UHIHU� WR� DV� WKH� VIRXU8)2��� DQG� IURP�P\�NQRZOHGJH�RI�8)2�DVWURSK\VLFDO
SURSXOVLRQ�G\QDPLFV��,�ZRXOG�KDYH�WR�VD\��MXGJLQJ�E\�WKH�SUHVHQWDWLRQ�KH�JDYH�RI
LW�� WKDW� ,� GRXEW� ZKHWKHU� KH� GLG� IXOO\� NQRZ� KRZ� LW� ZRUNHG�� ,Q� OLJKW� RI� WKLV
VRPHZKDW�VWDUWOLQJ�GLVFRYHU\�WKH�LQWHQWLRQ�RI�WKLV�FKDSWHU�ZLOO�EH�WR�RIIHU�D�JUHDW
GHDO�RI�QHZ�LQIRUPDWLRQ�DERXW�/D]DU
V�8)2��IURP�ERWK�WKH�ILHOGV�RI�SK\VLFV�DQG
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DVWURSK\VLFV�� ZKLFK� ZLOO� DOORZ� WKLV� VIRXU8)2� WR� EH� EHWWHU� XQGHUVWRRG� E\� WKH
GHGLFDWHG�UHVHDUFKHUV�LQ�WKLV�ILHOG�
)LUVW� RII�� LI� \RX� UHDG� WKURXJK� WKH� *HRUJH� .QDSS� LQWHUYLHZV� RI� %RE� /D]DU� �F�
������ \RX�PLJKW�EH� IRUJLYHQ� IRU�TXLFNO\� FRPLQJ� WR� WKH� FRQFOXVLRQ� WKDW�/D]DU
V
NQRZOHGJH�RI�VRPH�SDUWV�RI�WKH�VIRXU8)2
V�HQHUJ\�FRQYHUVLRQ�V\VWHP��ZKHQ�KH
ZDV�DVNHG�TXHVWLRQV�DERXW�LW�E\�.QDSS��ZDV�DOPRVW�WKDW�RI�D�OD\SHUVRQ��6XUH��KLV
NQRZOHGJH�RI�WKH�XQXQSHQWLXP��DWRPLF�HOHPHQW������ZDV�WZHQW\�\HDUV�DKHDG�RI
LWV�WLPH��DQG�KLV�EDFNJURXQG�NQRZOHGJH�RI�WKH�QXFOHDU�SK\VLFV�RI�WKH�����V�ZDV
TXLWH�JRRG��DOWKRXJK��DV�ZLOO�EH�VHHQ��QRW�H[FHSWLRQDO���DQG�/D]DU
V�GHVFULSWLRQV
RI� KRZ� WKDW� FUDIW
V� JUDYLWDWLRQDO� IRUFHV� FRXOG� EH� PDQLSXODWHG�� WR� HQJLQHHU� WKH
QHFHVVDU\�IRUP�RI�VSDFH�WLPH�FXUYDWXUH�LQ�VSDFH�IRU�WUDYHO��ZDV�DOVR�IDLUO\�JRRG�
%XW�� LW�KDV� WR�EH� VDLG��/D]DU
V�NQRZOHGJH�RI�ZKDW�ZHQW�RQ� LQ�EHWZHHQ� WKRVH� WZR
PDLQ�IXQFWLRQV�RI� WKH� VSRUWVPRGHO�8)2�KH�ZRUNHG�RQ�ZDV�YDJXH�DW�EHVW�� DQG�DW
ZRUVW���PLVOHDGLQJ� ��%XW� WKLV� LV�QRW� WRWDOO\�XQH[SHFWHG��YHU\� IHZ�SK\VLFLVWV�KDYH
DFURVV�WKH�ERDUG� ZLVGRP� WKURXJKRXW� DOO� VXEMHFWV�� (YHQ� WKH\� ZLOO� DJUHH� WKDW
SK\VLFV� LV� VSOLW� LQWR� D�ZKROH�PXOWLWXGH�RI�GLVFLSOLQHV� DQG�DQ\RQH�ZKR�ZRUNV� LQ
SK\VLFV�WHQGV�WR�VSHFLDOL]H�LQ�RQH��RU�LQ�RQO\�D�VPDOO�QXPEHU��RI�VXFK�GLVFLSOLQHV�
6R�SK\VLFLVWV�RIWHQ�GRQ
W�FURVV�SROOLQDWH�WKDW�ZHOO�LQWR�RWKHU�DUHDV�RI�VFLHQFH��)RU
LQVWDQFH��D�QXFOHDU�SK\VLFLVW�ZLOO�NQRZ�OLWWOH�DERXW�ELRORJ\��DQG�DQ�HOHFWURFKHPLFDO
SK\VLFLVW�ZLOO�NQRZ�DOPRVW�QRWKLQJ�DERXW� DHURG\QDPLFV��$QG��PRUH�SRLJQDQWO\�
PRVW� DOO� SK\VLFLVWV� ZLOO� NQRZ� YHU\� OLWWOH� DERXW� DVWURSK\VLFV� DQG� DVWURSK\VLFDO
HQHUJ\� G\QDPLFV� �� LQ� IDFW�� EHWZHHQ� WKHVH� WZR� GLVFLSOLQHV� LQ� SDUWLFXODU� WKHUH� LV
RIWHQ�IRXQG��ZKDW�PLJKW�EH�UHJDUGHG�DV��GDUH�,�VD\�LW��D�FHUWDLQ�DPRXQW�RI�HOLWLVW
ULYDOU\�
7KLV�FRPSDUWPHQWDOL]DWLRQ� WHQGHQF\� LQ�SK\VLFV�PLJKW� WKHQ�KHOS� WR� H[SODLQ�ZK\
WKURXJKRXW�PXFK�RI�WKH�%RE�/D]DU�LQIRUPDWLRQ�
SDFNDJH�
�DQG�ZKHQHYHU�KH�ZDV
LQ�LQWHUYLHZV�GHVFULELQJ�PHFKDQLVPV�RSHUDWLQJ�ZLWKLQ�WKDW�$UHD����8)2��ZKLFK
KH�FODLPV�KH�ZDV�EDFN�HQJLQHHULQJ��WKDW�KH�VHHPHG�WR�EH�UHO\LQJ�RQ�WKLQJV�KH�ZDV
HLWKHU�WROG�DERXW�WKDW�8)2�E\�KLV�FR�ZRUNHUV�DW�6����RU�ZKLFK�KH�KDG�GLVFRYHUHG
IURP�WKH�LQIRUPDWLRQ�SDFNV�RQ�DOLHQV�KH�ZDV�JLYHQ�DFFHVV�WR�LQ�KLV�OLWWOH�EULHILQJ
URRP� VLWXDWHG� EHVLGH� WKDW� 8)2
V� KDQJDU�� /LNH� KH� VDLG� RQ� KLV� ZHEVLWH�� KH� ZDV
JLYHQ�D�VSHFLILF�MRE�WR�GR�RQ�WKLV�8)2�FUDIW�DQG�DV�VHFXULW\�ZDV�WLJKW�IRU�KLP�WKDW
ZDV� DOO� KH� ZDV� DOORZHG� WR� GR�� 6R�� IRU� WKH� UHVW� RI� WKH� VIRXU8)2
V� ZRUNLQJV�
ZKHQHYHU� KH� VSRNH� DERXW� WKHP� DIWHU� KH� OHIW� WKH� $UHD� ��� IDFLOLW\�� KH� ZDV
SUHVXPDEO\� XVLQJ� D� FHUWDLQ� DPRXQW� RI� JXHVVWLPDWLRQ� LQ� WKRVH� SXEOLVKHG
H[SODQDWLRQV�RI�WKDW�FUDIW��7KLV�� OLNH�,�VD\�� LV�TXLWH�DSSDUHQW� LQ�WKH�WUDQVFULSWV�RI
KLV�YDULRXV�LQWHUYLHZV��IRU�*HRUJH�.QDSS�DQG�RWKHUV���$QG�WR�EH�IDLU�%RE�/D]DU
GRHV�VD\�RQ�QXPHURXV�RFFDVLRQV�WKDW�KH�UHDOO\�GLGQ
W�WKLQN�DQ\RQH��QRW�HYHQ�WKH
JX\V� DW� $UHD� ���� NQHZ� WKHQ� KRZ� WKDW� 8)2� ZRUNHG�� 6R� SUHVXPDEO\�� WKLV� ZDV
JXHVVWLPDWLRQ�KH�KDG�SLHFHG� WRJHWKHU� IRU�KLPVHOI� IURP�ZKDW�KH� FRXOG� UHFDOO� RI
WKH� VQLSSHWV� RI� LQIRUPDWLRQ� DERXW� WKH� FUDIW
V� JUDYLWR�HOHFWULF� G\QDPLFV�� VSRNHQ
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DERXW� DW�YDULRXV� WLPHV�E\�KLV� FR�ZRUNHUV� LQVLGH� WKDW�PXFK�GHQLHG� LQWHUQDWLRQDO
IDFLOLW\�DW�6���
2EYLRXVO\� WKHQ�� EHFDXVH� VRPH�RI� WKH� VIRXU8)2
V� WHFKQRORJLFDO� SUHVHQWDWLRQ� LV
EDVHG��LQ�RQH�RU�WZR�SODFHV��RQ�EHVW�ILW�VXSSRVLWLRQV�PDGH�E\�/D]DU� LW�KDV�EHHQ
TXLWH� GLIILFXOW� WR� ILQDOO\� XQGHUVWDQG� KRZ� WKDW�8)2� �DQG� RWKHU� RQHV� OLNH� LW�� GR
DFWXDOO\�ZRUN��:HOO��WR�EH�KRQHVW��IURP�D�EDFN�HQJLQHHULQJ�SRLQW�RI�YLHZ��WKLV�KDV
OHG�WR�D�JUHDW�DPRXQW�RI�GLIILFXOW\�DQG�D�ORW�RI�KDUG�ZRUN�WR�XQUDYHO�D�SURSHU�DQG
FRUUHODWHG� ZRUNLQJ�K\SRWKHVLV� IRU� WKLV� SDUWLFXODU� FUDIW�� 3DUWLFXODUO\� DV� VR� PDQ\
FUXFLDO� FRPSRQHQWV�ZHUH�VLPSO\� OHIW�RXW�RI�/D]DU
V� SUHVHQWDWLRQ� �� IRU�ZKDWHYHU
UHDVRQ��3HUKDSV�/D]DU�NQHZ�QRWKLQJ�DERXW�WKRVH�WKLQJV��RU�LW�PD\�KDYH�EHHQ�WKDW
LW�ZDVQ
W� LQ�KLV� UHPLW� WR� VD\� DQ\WKLQJ�DERXW� WKHP� WKHQ��%XW�ZKROH�PHFKDQLVPV
ZHUH�PLVVLQJ��KRZ�IRU�LQVWDQFH��GLG�WKH�FUDIW
V�FHQWUDO�UHDFWRU�WRZHU�GR�LWV�MRE�"
$QG� KRZ� GLG� WKH� JUDYLW\�$� ZDYH�� DV� /D]DU� UHIHUV� WR� LW�� JHW� DPSOLILHG� DQG
FRQILJXUHG� LQWR� D� IDVWHU�WKDQ�OLJKW� SURSXOVLRQ� PHFKDQLVP� "� $QG� KRZ� GLG� WKH
HQHUJ\� IURP� WKH� DQWLPDWWHU�DQQLKLODWLRQ� HYHQWV� JHW� WUDQVIHUUHG� LQWR� WKH� JUDYLW\
DPSOLILHU� KHDGV� "� )RU� DQ\RQH� YLHZLQJ� WKDW� SUHVHQWDWLRQ� WKH� JUDSKLFV� ZHUH
DEVROXWHO\� ZRQGHUIXO�� DQG� VXSHUEO\� GHWDLOHG�� EXW� DV� IDU� DV� WKH� WKHRU\� ZDV
FRQFHUQHG�WKHUH�ZHUH�D�ORW�RI�EODQNV�DQG�D�ORW�ZDV�OHIW�WR�WKH�LPDJLQDWLRQ�
'RQ
W�JHW�PH�ZURQJ��,
P�QRW�VD\LQJ�WKDW�%RE�/D]DU�KDG�QR�8)2V�WR�ZRUN�RQ�DW
$UHD� ���� DQG�QRU� DP� ,� VD\LQJ� WKDW�ZKDWHYHU�KH� VDLG�ZDV�EXQNXP�� ,� WKLQN�%RE
/D]DU�GLG�D�VWHUOLQJ� MRE�ZLWK�WKH�NQRZOHGJH�KH�SRVVHVVHG�DQG�ZLWK� WKH� LQWULFDWH
ZD\�KH�SRUWUD\HG�WKH�VWUDQJH�WKLQJV�KH�VDZ�DQG�H[SHULHQFHG��:KDW�,�DP�VD\LQJ�LV
WKDW�WKH�YDULRXV�SDUWV�RI�WKH�VIRXU8)2��DV�WKH\�ZHUH�SUHVHQWHG�E\�KLP��OLNH�WKH
UHDFWRU� WHFKQRORJ\� DQG� WKH� WKHUPLRQLF� FRQYHUVLRQ� SURFHVV�� ZHUH� VRPHZKDW
PLVLQWHUSUHWHG� E\� /D]DU� �RU� E\� /D]DU
V� SURGXFWLRQ� WHDP�� DV� WR� KRZ� WKH\� UHDOO\
ILWWHG�LQWR�WKDW�FUDIW��DQG�KRZ�DOO�WKRVH�SURFHVVHV�ZRUNHG�WRJHWKHU�DV�D�XQLW��,
P
FRQYLQFHG� WKDW� 8)2� ZRUNHG�� DQG� ,
YH� WUDFHG� D� YHU\� ODUJH� SURSRUWLRQ� RI� WKH
VIRXU8)2
V�DWWULEXWHV�WR�UHFRJQL]HG�VFLHQFHV��DQG�,
P�YHU\�SOHDVHG�WR�VD\��DQG�WR
VKRZ�LQ�WKLV�FKDSWHU��WKDW�PRVW�DOO�RI�WKH�HOHPHQWV�LQ�/D]DU
V�GHVFULSWLRQ�GR�PDNH
VHQVH��RQO\�� LWV� MXVW� WKDW� WKHVH�HOHPHQWV�VHHP�WR�EH�FRQILJXUHG�ZURQJO\� LQWR� WKH
ZURQJ�VRUWV�RI�HQHUJ\�WUDQVPXWDWLRQ�PHFKDQLVPV��7KLV�LV�WR�VD\�WKDW�%RE�/D]DU
V
WKHRUHWLFDO� EUHDNGRZQ� IRU� WKDW� 8)2�� DV� LW� VWRRG� ZKHQ� KLV� ZHEVLWH� ZDV� XS� �F�
������� LV� D� ELW� PL[HG� XS� DQG� FRPHV� RXW� OLNH� VHYHUDO� MLJVDZ� SX]]OHV� DOO
DPDOJDPDWHG� LQWR� RQH� EXW� ZLWK� WKH� VHSDUDWH� SLHFHV� ILWWHG� WRJHWKHU� ZLWK� D� ELJ
KDPPHU� �� $QG�� DV� D� UHVXOW� RI� VRPH� SUHWW\� H[KDXVWLYH� UHVHDUFKHV� WR� FKHFN� RXW
HYHU\WKLQJ� WKDW� /D]DU� VSRNH� RI�� ,� ZRXOG� KDYH� WR� VD\� WKDW� WKHUH� KDYH� EHHQ
GLVFRYHUHG� RQH� RU� WZR� UHG�KHUULQJV� WKDW� VHHPHG� WR� KDYH� EHHQ� LPSODQWHG� LQWR
/D]DU
V� GHVFULSWLRQV� RI� WKLV� VIRXU8)2�� DQG� ,� FDQ� RQO\� WKLQN� WKDW� WKHVH� ZHUH�
SHUKDSV��SXW�WKHUH�WR�WKURZ�EXGGLQJ�UHVHDUFKHUV�RII�WKH�VFHQW�IURP�ILQGLQJ�RXW
MXVW�KRZ�WKLV�FUDIW�GRHV�ZRUN�
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%XW�WKDW
V�JRRG��WKDW
V�D�YHU\�JRRG�SRLQW�WR�PDNH�KHUH��UHG�KHUULQJV��EOLQG�DOOH\V�
XQDQVZHUDEOH�TXHVWLRQV��PLVLQIRUPDWLRQ����LW�PXVW�EH�VDLG��GRHV�KDYH�WUHPHQGRXV
SRZHU�� ,Q� WKH� ILHOG� RI� 8)2� DFNQRZOHGJHPHQW� WKH� EHVW� ZD\� WR� GHQ\� WKH� YHU\
H[LVWHQFH�RI�8)2V�LV�WR�PDNH�VXUH�QR�RQH�FDQ�XQGHUVWDQG�KRZ�WKH\�ZRUN��)RU�DV
ORQJ� DV� 8)2� G\QDPLFV� FDQQRW� EH� XQGHUVWRRG� E\� WKH� JHQHUDO� SXEOLF�� RU� E\
VFLHQWLVWV� ZKR� DGPLQLVWHU� WR� WKH� JHQHUDO� SXEOLF�� RU� LQGHHG� E\�PHGLD� SURGXFHUV
WKDW�DGPLQLVWHU�WR�WKH�JHQHUDO�SXEOLF�WKURXJK�ILOP��WHOHYLVLRQ�DQG�FRPSXWHUV��YLD
WKH� LQWHUQHW��� WKHQ�8)2V�ZLOO�DOZD\V�EH� UHJDUGHG�DV� 
P\VWHULRXV
� WKLQJV� WKDW� DUH
FODLPHG� WR� IO\� LQ�RXU� DLU�EXW�RQO\� DV� LI�E\� VRPH� VRUW� RI� 
PDJLF
� �� DQG� HYHU\RQH
NQRZV� WKDW� PDJLF� LV� DQ� LOOXVLRQ� ZKLFK� FDQ� EH� GLVPLVVHG� DV� XQUHDO� ZKHQHYHU
QHFHVVDU\�E\�DQ\�SURWDJRQLVW�ZKR�H[HUFLVHV�WKH�SUHMXGLFHG�YRLFH�RI�LJQRUDQFH�
(OVHZKHUH�,�KDYH�SUHVHQWHG�H[SODQDWLRQV�RI�KRZ�PDQ\�GLIIHUHQW�JURXSV�RI�(7V
KDYH�PRGHOHG� WKHLU�8)2V�RQ�GLIIHUHQW� IDFHWV�RI�DVWURSK\VLFDO�G\QDPLFV��ZLWKLQ
ZKLFK�H[SODQDWLRQV��JLYHQ�LQ�SUHYLRXV�FKDSWHUV�RI�WKLV�ERRN��IRU�LQVWDQFH��,�KDYH
VKRZQ�KRZ�WKH�$QGUHDVVRQ�8)2�DQG�WKH�2QLRQ�GULYH�FUDIW��DQG�WKH�6HDUO�,*9
YHKLFOH��FDQ�EH�FRPSUHKHQVLYHO\�H[SODLQHG�WKURXJK�WKH�VDPH�G\QDPLF�SULQFLSOHV
WKDW� FDQ� EH� IRXQG� LQ� VSDFH�� 7KHUHIRUH�� DQG� VLPLODUO\�� WKURXJK� WKH� IROORZLQJ
VHFWLRQV�RI�WKLV�H[DPLQDWLRQ�RI�WKH�/D]DU�8)2�,�ZLOO�DOVR�VKRZ�WKDW�ZKLOH�ZLWKLQ
WKH�VIRXU8)2�WKHUH�FDQ�EH�IRXQG�VRPH�RI�WKH�EDVLF�SULQFLSOHV�FRPPRQO\�IRXQG
LQ�HDUWK
V�VFLHQFHV��WKHUH�ZLOO��PRUH�LPSRUWDQWO\��EH�IRXQG�VRPH�YHU\�VSHFLDOL]HG
SULQFLSOHV�WKDW�ZLOO�RQO\�EH�NQRZQ�WR�DQG�GLVFRYHUDEOH�LQ�WKH�HOHFWURG\QDPLF�DQG
K\GURG\QDPLF� SULQFLSOHV� RI� EODFN� KROH� V\VWHPV�� $QG� IXUWKHUPRUH�� ,� ZLOO� VKRZ
WKDW�WKHUH�DUH�WR�EH�GLVFRYHUHG�LQ�8)2V��E\�WKRVH�ZKR�KDYH�VWXGLHG�DVWURSK\VLFV�
YHU\� REYLRXV� PRGLILFDWLRQV� WR� WKRVH� EDVLF� DVWURSK\VLFDO� IHDWXUHV�� ZKLFK� WKH
GHVLJQHUV�RI�WKHVH�FUDIW�KDYH�REYLRXVO\�LQFRUSRUDWHG�WR�JLYH�WKRVH�8)2V�D�PXFK
PRUH� HQKDQFHG� IRUP� RI� JUDYLWDWLRQDO� IRUFH� PDQLSXODWLRQ� �� VR� DV� WR� SURYLGH
VXEVWDQWLDOO\� PRUH� SRWHQWLDO� WKDQ� FDQ� EH� IRXQG� LQ� D� VWUDLJKWIRUZDUG
PLQLDWXUL]DWLRQ�RI�WKH�.HUU�EODFN�KROHV�RI�VSDFH��7R�GR�WKLV�LW�ZLOO�EH�QHFHVVDU\�WR
SUHVHQW� VRPH�QHZ�GLDJUDPV� IRU� WKH� VIRXU8)2�� EXW� ILUVWO\�� ,� WKLQN� LW�ZRXOG� EH
EHVW�WR�JLYH�D�EULHI�UHFDS�RQ�%RE�/D]DU
V�ZRUNLQJ�K\SRWKHVLV�IRU�WKLV�8)2��DQG
WKH�UHDGHU�ZLOO�ILQG�WKH�PDLQ�GHWDLOV�RI�WKDW�K\SRWKHVLV�LQ�WKH�QH[W�VHFWLRQ�
�����7KH�%RE�/D]DU�6���8)2�7KURXJK�WKH�/RRNLQJ�*ODVV
%RE�/D]DU
V�DVVXPSWLRQ�WKDW�WKLV�8)2�KDV�D�UHDFWRU�DW�LWV�KHDUW�ZKLFK�SURGXFHV
WKHUPRHOHFWULF�HPLVVLRQV�LV�D�JRRG�SODFH�WR�VWDUW�
/D]DU� VD\V� WKDW� EXLOW� LQWR� WKH� EDVH� RI� WKH� UHDFWRU� ZDV� D� PLQLDWXUH� EXW� KLJKO\
VRSKLVWLFDWHG� SDUWLFOH� DFFHOHUDWRU�� 7KLV� DFFHOHUDWRU� ZRXOG� ILUH� SURWRQV� �ZLWK
WUHPHQGRXV� HQHUJ\�� LQWR� WKH� WLS�RI� WKH�ZHGJH� RI� HOHPHQW� �����7KH� SUHPLVH� RI
WKHVH�$UHD����SK\VLFLVWV�EHLQJ�WKDW�E\�FROOLGLQJ�D�YROXPH�RI�SURWRQV�LQWR�WKH����
DQ�H[WUD�SURWRQ�ZRXOG�EH� IXVHG� LQWR� WKH�QXFOHXV�RI� D�QXPEHU�RI�XQXQSHQWLXP
DWRPV�� VR� WKDW� WKRVH�DWRPV�ZRXOG� WKHQ� WUDQVPXWH�XS� WR�HOHPHQW������%XW�ZLWK
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���� EHLQJ� XQVWDEOH�� RU� UDWKHU�� KDYLQJ� D� YHU\� VKRUW� GHFD\� OLIHWLPH�� WKHVH� QHZO\
IRUPHG�����DWRPV�ZRXOG�DOPRVW�LPPHGLDWHO\�GHFD\�GRZQ�WR�HOHPHQW�����DQG�LQ
GRLQJ�VR�UHOHDVH��DV�/D]DU�SXW�LW��VPDOO�DPRXQWV�RI�DQWLPDWWHU��,QWULJXLQJO\��/D]DU
VD\V�WKLV�GRZQJUDGLQJ�WR�����ZLOO�DOVR�SURGXFH�DQRWKHU�HOHPHQW�ZKLFK�ZLOO�GHFD\
DOO� WKH�ZD\�GRZQ� WR� OHDG� �HOHPHQW������ DQG�HYHQ�PRUH� LQWULJXLQJO\�KH�VD\V� WKDW
VRPH�RI� WKH����� WKDW�GRZQJUDGHV� WR�����ZLOO� WKHQ� WUDQVPXWH�EDFN�XS�DJDLQ� WR
HOHPHQW� �����7KH� UHDVRQ� IRU� WKHVH�XQXVXDO� UHDFWLRQV�EHLQJ�� VD\V�/D]DU�� WKDW� WKH
DOLHQ
V�QXFOHDU�WUDQVPXWDWLRQ�SURFHVV�KDV�D�PXFK�KLJKHU� OHYHO�RI�HIILFLHQF\� WKDQ
WKDW� NQRZQ� WR� HDUWK
V� SK\VLFLVWV�� ,QGHHG�� HOVHZKHUH�� VSHFLILFDOO\� ZKHUH� KH� LV
H[SODLQLQJ� WKH� DQWLPDWWHU� DQQLKLODWLRQ� SURFHVV�� KH� RSLQHV� WKDW� VXFK� DQ� RYHUDOO
SURFHVV� LV� QHLWKHU� ILVVLRQ� QRU� IXVLRQ�� EXW� WKDW� LW� UHVXOWV� LQ� D� XQLTXH� SURFHVV� RI
�WRWDO� DQQLKLODWLRQ� UHDFWLRQ��� 3HUKDSV� QRW� VR� VWUDQJHO\�� /D]DU� RIWHQ� FDOOV� WKLV
DQQLKLODWLRQ�HYHQW�DQ�
H[SORVLRQ�

)XUWKHU��ZKHQHYHU�WKH�HOHPHQWV�WUDQVPXWH�XS�WR�����DQG�WKHQ�GHFD\�WKH\�UHOHDVH
WZR�DQWLSURWRQV� �DOWKRXJK� LQ�VRPH�SODFHV� WKH�ZRUGLQJ�KH�XVHV� LV�DQWL�K\GURJHQ
ZKLFK�GHQRWHV�DQ�DQWLSURWRQ�DQG�D�SRVLWURQ���+RZHYHU��QR�PHQWLRQ�LV�HYHU�PDGH
RI� DQ\� SURWRQV� EHLQJ� UHOHDVHG�� QRU� DQ\� QHXWURQV� EHLQJ� UHOHDVHG�� DQG� QRU� DQ\
ELQGLQJ�HQHUJ\�EHLQJ�UHOHDVHG�LQ�WKHVH�YDULRXV�UHDFWLRQV��$QG�QRU�LV�DQ\�PHQWLRQ
HYHU�PDGH�RI�$1<�W\SH�RI�SKRWRQ��DOSKD�SDUWLFOH��RU�HOHFWURQ�SRVLWURQ�HPLVVLRQV
UHVXOWLQJ�IURP�WKHVH�DWRPLF�UHDFWLRQV�
$IWHU�WKH�SVHXGR�ILVVLRQLQJ�RI�WKH�XQXQSHQWLXP�WKH�UHVXOWLQJ�IOX[�RI�DQWLPDWWHU
DQWLSURWRQV� �RU� DQWL�K\GURJHQ�� ZRXOG� WKHQ� SDVV� GRZQ� D� WXQHG� HYDFXDWHG� WXEH
�WKH�WRZHU��WKURXJK�WKH�ORZHU�FKDPEHU�RI�WKH�UHDFWRU�WR�ZKHUH�D�VPDOO�TXDQWLW\
RI� JDV� ZDV� KRXVHG� �ZKHUH� SUHVXPDEO\� LW� LV� QRW� HYDFXDWHG��� +H� GRHVQ
W� VD\
ZKHWKHU� WKLV� FKDPEHU� ZDV� DERYH� RU� EHORZ� WKH� SDUWLFOH� DFFHOHUDWRU� �DQG� WKH
ORFDWLRQ� /D]DU� DVVXPHV� IRU� LW� LV� VRPHZKDW� REVFXUHG� LQ� WKH� �UHDFWRU�PSHJ�
DQLPDWLRQ�RI� WKLV�SURFHGXUH���%XW�DV� VRRQ�DV� WKH�DQWLPDWWHU� UHDFKHV� WKH�JDV� �RU
JDVHRXV� PDWWHU�� WKLV� DQWLPDWWHU�PDWWHU� FROOLVLRQ� HYHQW� LQLWLDWHV� DQG� UHVXOWV� LQ� D
WRWDO� DQQLKLODWLRQ� UHDFWLRQ�� WKXV� WKH� JDV� DQG� WKH� DQWLK\GURJHQ� UHDFWLRQ� HYHQW
ZRXOG�SURGXFH�KXJH�DPRXQWV�RI�KHDW��ZKLFK�ZRXOG�WKHQ�EH�FRQYHUWHG�WKURXJK�D
����� HIILFLHQW� WKHUPLRQLF� FRQYHUVLRQ� SURFHVV�� FODLPV� /D]DU�� LQWR� HOHFWULFDO
SRZHU�� 8QIRUWXQDWHO\�� QR� IXUWKHU� GHWDLOV� DUH� JLYHQ� DERXW� WKH� FUDIW
V� HOHFWURQLF
FLUFXLW�� QRU� RI� KRZ� WKLV� HOHFWULFDO� HQHUJ\� FDQ� EH� WDSSHG�RII� IURP� WKH� WRWDO
DQQLKLODWLRQ�FKDPEHU�DQG�IHG�LQWR�WKRVH�HOHFWULFDO�FLUFXLWV�
0RVW� LPSRUWDQWO\�� DV� WKH� DQWLPDWWHU� DQWLSURWRQV� DUH� PDNLQJ� WKHLU� ZD\
'2:1:$5'�WKURXJK�WKH�UHDFWRU
V�WRZHU��WKH�JUDYLW\�$�ZDYH��DV�/D]DU�UHIHUV
WR� LW�� LV� EHLQJ� SURGXFHG� IURP� WKH� ���� UHDFWLRQV� DQG� LV� EHLQJ� SURSDJDWHG
287:$5'� �DQG� 83:$5'�� LQ� VXFK� D� ZD\� WKDW� WKLV� JUDYLW\� $� ZDYH� RQO\
EHFRPHV�DSSDUHQW�IRU�WKH�ILUVW� WLPH�DW� WKH�KHPLVSKHULFDO�GRPH�VXUURXQGLQJ�WKH
UHDFWRU��LH�LW�UHDFWV�ZLWK�WKH�DWRPV�RI�WKH�PDWHULDO�IURP�ZKLFK�WKH�GRPH�LV�PDGH��
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7KLV�EHLQJ�VR�WKDW�ZKHQ�WKH�FHQWUDO�WXEH�LV�ORZHUHG�GRZQ�RQWR�WKH�GRPH��ZKHQ�LW
PDNHV�FRQWDFW�ZLWK�WKH�KHPLVSKHULFDO�GRPH�WKLV�WXEH�ZRXOG��VD\V�/D]DU��
ORDG�WKH
V\VWHP
�VR�WKDW�WKLV�JUDYLW\�$�ZDYH�ZRXOG�WKHQ�EH�IRUFHG�WR�WUDYHO�XS�WKDW�FHQWUDO
PLFURZDYH� WXEH� EHFDXVH� LW� ZRXOG� EH� WXQHG� WR� D� SDUWLFXODU� IUHTXHQF\� �ZKLFK�
LQFLGHQWDOO\��/D]DU�ZDV�ZKROO\�UHOXFWDQW�WR�GLYXOJH�LQ�KLV�LQWHUYLHZV��ZKHQ�*HRUJH
.QDSS�DVNHG�KLP�DERXW� LW���:KHQ�WKHVH�JUDYLW\�$�ZDYHV�VSLOO�RXW�RI�WKH�WRS�RI
WKH� FUDIW�� XSRQ� H[LWLQJ� WKH� XSSHU� HQG� RI� WKH� FHQWUDO� WXEH� ZKHUH� WKLV� WXEH
SURWUXGHV�DERXW�D�IRRW�DERYH�WKH�FUDIW
V�VKHOO��WKRVH�JUDYLW\�$�ZDYHV�ZRXOG�WKHQ
H[SDQG�RXWZDUGV��DQG�DW�WKH�VDPH�WLPH�FXUO�DURXQG�WR�HQFLUFOH�WKH�ZKROH�FUDIW�LQ
D�VRPHZKDW�SRORLGDO��DSSOH�FRUH��VKDSHG�ILHOG��$QG�WKLV�SRORLGDO�ILHOG�ZRXOG�EH
SXQFWXUHG�DQG�SRLQWHG�E\� WKH�EHDP� ILHOGV� WKDW� WKH� FUDIW�ZRXOG� WKHQ�SURSDJDWH
GRZQZDUG�IURP�LWV�WKUHH�F\OLQGULFDO�JUDYLW\�DPSV�ORFDWHG�LQVLGH�WKH�FUDIW
V�ORZHU
KXOO�
,W�LV�DOVR�FODLPHG�WKURXJKRXW�WKLV�SUHVHQWDWLRQ�WKDW�HYHQ�WKRXJK�WKH�WDUJHW�IRU�WKH
KLJK�HQHUJ\�WULJJHULQJ�SURWRQV��FRPLQJ�XS�IURP�WKH�SDUWLFOH�DFFHOHUDWRU��ZLOO�EH
WKH�VKDUSHVW�SRLQW�RI� LWV�ZHGJH�VKDSHG�XQXQSHQWLXP�� WKDW� WKLV�����JUDP�ZHGJH
ZLOO�ODVW�WKURXJK�FRQWLQXDO�XVDJH�IRU�DW�OHDVW����WR����\HDUV�
$V� ,� KDYH� DOUHDG\� VWDUWHG� WR� VD\� LQ� WKH� SUHYLRXV� VHFWLRQ�� DIWHU� ORRNLQJ� TXLWH
REMHFWLYHO\�DW�HYHU\WKLQJ�/D]DU�KDV�VDLG�DERXW�WKLV�VIRXU8)2��WKHUH�ZLOO�EH�D�IHZ
SUREOHPV� WR� KLJKOLJKW� DQG� WR� LURQ� RXW� ILUVW� EHIRUH� VXFK� DQ� DLUFUDIW� FDQ� EH
VXFFHVVIXOO\�PDQXIDFWXUHG�DQG�RSHUDWHG��)RU� LQVWDQFH��IRU�WKH�DERYH�PHQWLRQHG
K\SRWKHVLV� WR�ZRUN� WKHUH�ZRXOG� QHHG� WR� EH� D� FRQVWDQW� VXSSO\� RI� LJQLWDEOH� JDV�
ZKLFK�ZRXOG�QHHG� WR�EH� VWRUHG� LQVLGH� WKH�8)2�VRPHZKHUH� �RU�GUDZQ� LQ� IURP
ZKDWHYHU�DWPRVSKHUH�WKH�FUDIW�ZDV�IO\LQJ� WKURXJK���7KH�FUDIW�ZRXOG�KDYH� WR�EH
EXLOW� WR� UHVLVW�DQG�GLVVLSDWH� WKH� WUHPHQGRXV� DPRXQWV� RI� KHDW� JHQHUDWHG� LQ� WKLV
DQWLPDWWHU�DQQLKLODWLRQ�SURFHVV��/D]DU�JHWV�RYHU� WKLV�SUREOHP�E\�VD\LQJ� WKDW� WKH
H[WUDWHUUHVWULDOV� KDG� GHYLVHG� D� QHDU� ����� KHDW�WR�HOHFWULFDO�HQHUJ\� FRQYHUVLRQ
SURFHVV���$QG� WKHQ�� WKH� IDFW� WKDW� WKH� XQXQSHQWLXP�ZRXOG� QHHG� WR� EH� SUHFLVHO\
KRQHG�LQWR�ZHGJH�VKDSHG�EORFNV�LV�FHUWDLQO\�JRLQJ�WR�EH�SUREOHPDWLFDO��ZKHQ�RQH
FRQVLGHUV�WKDW�WKLV�PDWHULDO
V�HOHPHQWV�KDYH�WR�XQGHUJR�FRQWLQXDO�WUDQVPXWDWLRQ�
DQG�LQ�VRPH�FDVHV��DV�/D]DU�SXWV�LW��WUDQVPXWDWLRQ�GRZQ�WR�OHDG���$OVR��DQG�PRVW
DQQR\LQJO\�� WKH� RQO\�KLQW�RI� WKH� JUDQG� DPSOLILFDWLRQ�SURFHVV� GLUHFWHG� XSRQ� WKH
JUDYLW\� $� ZDYH� VHHPV� WR� RFFXU� LQ� WKLV� K\SRWKHVLV� VRPHZKHUH� DURXQG� WKH� FHQWUDO
UHDFWRU� DUHD� WKURXJK� VRPH� XQVSHFLILHG� SURFHVV�� DQG� WKHQ� DV� VRRQ� DV� LW� GRHV� JHW
DPSOLILHG�WKDW�JUDYLW\�$�ZDYH�ZLOO�VKRRW�VWUDLJKW�XS�WKH�FHQWUDO�WXEH�DQG�RXW�WKH
WRS�RI�WKH�FUDIW��DQG�DIWHU�LW�FXUOV�URXQG�WR�WKH�XQGHUVLGH�RI�WKH�8)2��DQG�WKDW
JUDYLW\� $� ZDYH� LV� WKHQ� RQ� WKH� RXWVLGH� RI� WKH� 8)2��� LW� VRPHKRZ� JHWV� DPSOLILHG
WKURXJK�WKH�F\OLQGULFDO�JUDYLW\�DPSV��EXW�ZKLFK�DUH�RQ�WKH�LQVLGH�RI�WKH�FUDIW����&DOO
PH� ROG�IDVKLRQHG�� EXW� WKLV� SDUW� RI� WKH� /D]DU� K\SRWKHVLV�� WR� ERUURZ� D� 9XOFDQ
SKUDVH�� LV� LOORJLFDO���$QG�VR�WKH�UHDGHU�LV� OHIW�VFUDWFKLQJ�WKHLU�KHDG�DV�WR�KRZ�WKLV
HTXDWHV� WR� D� IRUFH�ZKLFK� FDQ�EH� DPSOLILHG�� DQG�KRZ� WKLV� IRUFH�PDQDJHV� WR� JHW
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LQWR� WKH� WKUHH� JUDYLW\� DPSV� LQVLGH� WKH� FUDIW� WR� EH� XVHG� E\� WKDW� DLUFUDIW� IRU
SURSXOVLRQ��
,� ZRQ
W� ERUH� WKH� UHDGHU� KHUH� E\� JRLQJ� WKURXJK� WKH� UHVW� RI� WKH� VIRXU8)2
V
SURSXOVLRQ�WHFKQRORJ\��,�NQRZ�WKLV� LV�TXLWH�VRXQG�DQG�WKLV�ZLOO�EH�JRQH� LQWR� LQ
JUHDWHU�GHWDLO�WRZDUG�WKH�HQG�RI�WKLV�VWXG\���&HUWDLQO\��,�IHHO�WKH�DERYH�GHWDLOV�RI
WKH�UHDFWRU�DQG�WKH�����PDWHULDO�DUH�VXIILFLHQW�HYLGHQFH�WR�VXJJHVW�WKDW�QRW�DOO�RI
ZKDW�/D]DU�KDV�SUHVHQWHG�DERXW�WKLV�8)2�LV�WKH�IXOO�WLQ�RI�ELVFXLWV��$QG�ZKLOH�WKH
UHDGHU�PLJKW�EH�IRUJLYHQ�IRU�GLVPLVVLQJ�ODUJH�FKXQNV�RI�WKH�DERYH�GHOLQHDWLRQ�DV
FRPSOHWH� QRQVHQVH�� OHW� PH� VD\�� SOHDVH� EH� SDWLHQW� EHFDXVH� WKHUH� LV� VRPH� UHDOO\
SUHFLRXV�SODWLQXP�KLGGHQ�LQVLGH�WKLV�RUH�MXVW�ZDLWLQJ�WR�EH�H[WUDFWHG�DQG�SROLVKHG
XS��$OVR�OHW�PH�UHPLQG�WKH�UHDGHU�WKDW�ZKDW�,�DP�HQGHDYRULQJ�WR�GR�KHUH�LV�QRW�D
JUDQG�GHQLDO�RU�D�GXPE�VNHSWLF
V�LQYDOLGDWLRQ�RI�%RE�/D]DU��PHUHO\�DP�,�SRLQWLQJ
RXW�WKDW�FHUWDLQ�SDUWV�RI�KLV�WKHRU\�KDYH�EHHQ�PLV�DOLJQHG�RU�PLV�SDFNDJHG��DQG
WKDW�WKHVH�SDUWV�ZLOO�EHQHILW�JUHDWO\�IURP�D�VPDOO�GHJUHH�RI�UH�SDFNDJLQJ��6R�WKDW�
KRSHIXOO\��ZKDW�ZLOO�EH�H[SODLQHG�EHORZ�ZLOO�SURYLGH�WKH�UHDGHU�ZLWK�D�EUDQG�QHZ
ER[�RI�ELVFXLWV�WKDW�ZLOO�EH�ZRUWK�LWV�ZHLJKW�LQ�JROG�SUHVVHG�SODWLQXP�
�����7KH�&HQWUDO�5HDFWRU
V�:KLWH�+ROH
7KH�ILUVW�PLVFRQFHSWLRQ�WR�GHDO�ZLWK�IURP�/D]DU
V�GHOLQHDWLRQV�LV�WKDW�WKH�UHDFWRU
KH� ZDV� EDFN�HQJLQHHULQJ� ZDVQ
W� SURSDJDWLQJ� DZD\� IURP� LWVHOI� D� SRVLWLYH
JUDYLWDWLRQDO� IRUFH� �� LW� ZDV� DFFXPXODWLQJ� D� QHJDWLYH� JUDYLWDWLRQDO� IRUFH� �� LW� ZDV
PDVVLQJ�DURXQG�LWVHOI�D�ZKLWH�KROH�QRW�D�EODFN�KROH��7KH�UHDFWRU�ZDV�VWRULQJ�DQG
JLYLQJ� RII� D� 5(38/6,9(� �H[SDQVLYH�� JUDYLWDWLRQDO� IRUFH� QRW� DQ� DWWUDFWLYH
JUDYLWDWLRQDO�RQH��$QG�WKDW
V�ZK\�ZKHQHYHU�KH�WULHG�WR�PRYH�FORVHU�WR�WKH�UHDFWRU
KH�IHOW�D�IRUFH�IURP�LW�SXVKLQJ�DJDLQVW�KLP��7KDW
V�ZK\�DOVR��ZKHQ�KH�ZDV�WR\LQJ
DURXQG� ZLWK� WKH� UHDFWRU� ZKLFK� KLV� DVVRFLDWH� DW� 6��� KDG� EXLOW� �QDPHG� DV� %DUU\
&DVWLOOLR� RQ� /D]DU� WDSH� ������� DQG� KH� WULHG� WR� SXW� KLV� KDQG� WKURXJK� LWV
JUDYLWDWLRQDO�VKLHOG��ZKLFK�LQ�WKDW�LQVWDQFH�/D]DU�FRXOG�VHH�YLVLEO\�DV�D�GDUN�ILHOG
WKDW� H[WHQGHG� RXW� IURP� WKDW� UHDFWRU� VR� WKDW� LW� ZKROO\� VXUURXQGHG� LW�� KH� DJDLQ
FRXOGQ
W�SXVK�KLV�KDQG�SDVW� WKDW�ZDOO�RI�HQHUJ\��GHVFULELQJ� LW� DV�EHLQJ� OLNH�ZLWK
PDJQHWLVP�ZKHQ�\RX�WU\�WR�EXFN�WZR�VDPH�SROH�PDJQHWV�DJDLQVW�HDFKRWKHU��DQG
\RX� MXVW� FDQ
W� JHW� WKHP� WR� WRXFK���6R�ZKDW�/D]DU�ZDV�SXVKLQJ�KLV�KDQG� DJDLQVW
ZDV� D� JUDYLWDWLRQDO� 5(38/6,21� )25&(�� DQG� WKLV� LV� D� IRUFH� NQRZQ� WR
DVWURSK\VLFDO�UHVHDUFKHUV��DQG�OLNH�,�VDLG�DERYH��LV�VRPHWKLQJ�NQRZQ�DV�QHJDWLYH
JUDYLWDWLRQDO�IRUFH��ZKLFK�LV�VRPHZKDW�DQDORJRXV�WR�QHJDWLYH�HQHUJ\�GHQVLW\��,W�LV
DOVR�RQH�RI�WKH�FRPSRQHQWV�QHFHVVDU\�IRU�VXSHUUDGLDQFH�DPSOLILFDWLRQ��ZKLFK�LV�D
YHU\�SRZHUIXO�DPSOLILFDWLRQ�PHFKDQLVP�NQRZQ�WR�H[LVW�DURXQG�EODFN�KROHV��DQG�
WKH�UHDGHU�ZLOO�EH�SOHDVHG�WR�NQRZ��LW�LV�DQ�DPSOLILFDWLRQ�PHFKDQLVP�SXW�WR�JRRG
XVH�E\�WKH�H[WUDWHUUHVWULDO�GHVLJQHUV� LQVLGH�WKH�$QGUHDVVRQ�8)2�DV�H[SODLQHG� LQ
P\�FKDSWHU���DERYH��>QRWH���@�
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$QG�IXUWKHU��IURP�WKH�IDFW�WKDW�WKLV�ZDV�D�VKLHOG�RI�H[SDQVLYH�JUDYLWDWLRQDO�IRUFH
DURXQG� WKH� UHDFWRU
V� GRPH�� WKLV�ZRXOG� H[SODLQ�ZK\�ZKHQHYHU� KH� WULHG� WR� IRUFH
PDWHULDO�REMHFWV�WKURXJK�WKDW�JUDYLWDWLRQDO�VKLHOG���DV�ZKHQ�KH�ZDV�WKURZLQJ�JROI
EDOOV�DW�LW���WKH�KDUGHU�WKH\�ZHUH�WKURZQ�WKH�IDVWHU�WKH\�MXVW�ULFRFKHWHG�RII�LW�OLNH�LW
ZDV�D�VROLG�LPSHQHWUDEOH�ZDOO��EHFDXVH�WKDW�VKLHOG��KRYHULQJ�D�IHZ�LQFKHV�RXWVLGH
WKH�PHWDO� GRPH�ZKLFK� KRXVHV� WKH�8)2
V� UHDFWRU��ZRXOG� KDYH� EHHQ�ZKHUH� WKH
HYHQW�KRUL]RQ�ZDV�RI�WKDW�H[SDQVLYH�JUDYLWDWLRQDO�IRUFH��(VVHQWLDOO\��WKLV�D�NQRZQ
SKHQRPHQRQ��LW�LV�NQRZQ�DV�WKH�ZKLWH�KROH�HIIHFW�LQ�DVWURSK\VLFV��:HOO��,�VD\�LW�LV
D�NQRZQ�SKHQRPHQRQ��XQIRUWXQDWHO\��WKHUH�LV�DEVROXWHO\�QRWKLQJ�WKDW�FRPSDUHV
ZLWK� LW� FLWHG� DQ\ZKHUH� LQ� WKH� WH[WERRNV� IRU� HDUWKO\� VFLHQFH�� DQG� VR� SHUKDSV� ,
VKRXOG�VD\�LWV�D�\HW�WR�EH�NQRZQ�LQ�SK\VLFV��WKDW
V�ZK\�,�VD\��VFLHQFH�DQG�SK\VLFV
UHDOO\� DUH� WKH� SRRU� FRXVLQV� WR� DVWURSK\VLFDO� UHVHDUFKHV�ZKHQ� LW� FRPHV� WR�8)2
HQJLQHHULQJ��
:LWK� WKH� DFFXPXODWLRQ� RI� D� UHSXOVLYH� JUDYLWDWLRQDO� IRUFH� DURXQG� WKH� UHDFWRU� D
SDVV�QRW�VKLHOG�ZRXOG�KDYH�EHHQ�IRUPHG��DQG�WKLV�SKHQRPHQRQ�EHLQJ�SDUW�DQG�
SDUFHO�RI�D�ZKLWH�KROH
V�JUDYLWR�G\QDPLFV��LV�TXLWH�HDV\�WR�H[SODLQ�DQG�WR�GXSOLFDWH
�VHH�P\�FKDSWHUV���DQG�����IRU�LQVWDQFH���7KLV�W\SH�RI�JUDYLWDWLRQDO�HIIHFW�ZRXOG
EH� WKH�H[DFW�RSSRVLWH�RI� D�EODFN�KROH
V�HYHQW�KRUL]RQ� ��EH\RQG�ZKLFK�QR�PDVV
FDQ�HVFDSH� �DQG� ,�ZLOO� DVN� WKH� UHDGHU� WR� UHIHU� WR�P\� �ILJXUH� ���� WR� JHW� D� EHWWHU
SLFWXUH� RI� ZKDW� ,� PHDQ��� $QG� EHFDXVH� ,� KDYH� GLVFRYHUHG� WKDW� WKLV� H[SDQVLYH
JUDYLWDWLRQDO� HYHQW� KRUL]RQ� HIIHFW� FDQ� EH� XWLOL]HG� LQVLGH� RWKHU� 8)2V�� DQG� FDQ
EHFRPH� SDUW� RI� WKRVH�8)2
V� DPSOLILFDWLRQ�PHFKDQLVPV�� ,� KDYH� DOUHDG\� FRLQHG
WKLV�GHPDUFDWLRQ� VKLHOG�ZKLFK�PDWWHU� FDQQRW�SDVV�EH\RQG�� WKH�ZKLWH�ZDOO� �UDWKHU
WKDQ�WKH�ZKLWH�KROH��EHFDXVH�WKLV�XQLTXH�SKHQRPHQRQ�LV�EHWWHU�GHVFULEDEOH�DV�DQ
LPSHQHWUDEOH�ZDOO�ZKLFK�FDQ�EH�XVHG�MXVW�DV�HIIHFWLYHO\�DV�DQ�DPSOLILHU��EHFDXVH�LW
FDQ�EH�D�KLJK�LQWHQVLW\�UHIOHFWRU�RI�NLQHWLF�IRUFH��
7KDW� JUDYLWDWLRQDO� IRUFHV� FDQ� EH� ERWK� DWWUDFWLYH� RU� H[SDQVLYH� LV� VRPHWKLQJ� WKDW
SK\VLFLVWV�DUH�VWLOO�ILQGLQJ�KDUG�WR�DFFHSW��VWUDQJHO\��DQG�SHUKDSV�WKLV� LV�GRZQ�WR
WKH� FRQVWUDLQWV� SXW� RQ� JUDYLW\� E\� WKH� VSXULRXV� WHDFKLQJV� ZH� KDYH� DOO� KDG
DGPLQLVWHUHG�XSRQ�XV�DERXW�JUDYLW\�E\�WKH�DGYRFDWHV�RI�,VDDF�1HZWRQ�DQG�$OEHUW
(LQVWHLQ��DQG�IURP�XQTXHVWLRQHG�WH[WERRNV�WKDW�VHHP�WR�EH�TXLWH�REOLYLRXV�WR�WKH
IDFW� WKDW� H[SDQVLYH� JUDYLW\� ZDV� ERUQH� RXW� E\� (LQVWHLQ
V� /DPEGD� IRUFH� �KLV
FRVPRORJLFDO�FRQVWDQW���DQG�HYHQ�WKRXJK�LW�KDV�EHHQ�IRXQG�WKDW�RXU�VRODU�V\VWHP
DQG�LQGHHG�RXU�ZKROH�JDOD[\�SUHVHQWO\�H[LVWV�DV�DQ�H[SDQVLYH�JUDYLWDWLRQDO�VSDFH�
WLPH�>VHH�DERYH�QRWH���@�
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)LJXUH� ���� 7KH� SDVV�QRW� VKLHOG� DURXQG� WKH� UHDFWRU� GRPH� ZDV� QRW� DFWXDOO\
JHQHUDWHG�E\�WKH�UHDFWRU���LW�ZDV�RQO\�ZKHUH�WKRVH�JUDYLWDWLRQDO�IRUFHV�PHW
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:KDW� LV�PRVW� LQWULJXLQJ�� IRU� WKLV� WHFKQLFDO� H[DPLQDWLRQ
V� SRLQW� RI� YLHZ�� LV� WKDW
/D]DU� PDGH� QRWH� RI� WKH� IDFW� WKDW� WKH� DERYH�PHQWLRQHG� SDVV�QRW� VSKHUH� RI
UHSXOVLYH� IRUFH� VXUURXQGLQJ� WKH� VIRXU8)2
V� UHDFWRU� LPPHGLDWHO\� GLVDSSHDUHG
ZKHQ�WKH�ORQJ�FHQWUDO�WXEH�ZDV�ORZHUHG�GRZQ�WRZDUG�WKH�UHDFWRU
V�PHWDO�GRPH�
)RU��MXVW�DV�/D]DU�KDV�VXJJHVWHG��WKLV�ZRXOG�PHDQ�WKDW�E\�WKH�FHQWUDO�WXEH�FRPLQJ
GRZQ�DQG�DSSURDFKLQJ�WKH�UHDFWRU
V�GRPH��ZKDWHYHU�H[SDQVLYH�JUDYLW\� WKDW�ZDV
EHLQJ� VWRUHG� DURXQG� WKH� FHQWUDO� UHDFWRU� ZDV�� DIWHU� WKDW� WXEH� JRW� WR� D� FHUWDLQ
GLVWDQFH�IURP�WKH�GRPH��EHLQJ�LPPHGLDWHO\�SURSDJDWHG�XS�LQWR�WKDW�FHQWUDO�WXEH
�DQG�WKHQDIWHU�SDVVHG�RXW�WKH�WRS�RI�WKH�FUDIW���6R�WKLV�REVHUYDWLRQ�E\�/D]DU�� LQ
IDFW�� WDNHV� WKH� 
PDJLFDO�P\VWHU\
�RXW�RI�DW� OHDVW� VRPH�RI� WKLV�8)2
V�GHVFULSWLRQ�
EHFDXVH�WKLV�LV�DQ�HQJLQHHUDEOH�SKHQRPHQRQ�ZKLFK�FDQ�EH�DVFULEHG�WR�D�NQRZQ
UHDFWLRQ�RI�ZKHQ�DQ�RVFLOODWLQJ�ILHOG�VXGGHQO\�PDWFKHV�XS�WR�D�ZDYHJXLGH�RI�WKH
VDPH�IUHTXHQF\��3UHFLVHO\�ZK\�WKLV�FRXOG�KDSSHQ�ZLOO�EH�H[SODLQHG�LQ�GXH�FRXUVH
EHORZ��$QG��IXQQLO\�HQRXJK��VR�ZLOO�DQRWKHU�TXHVWLRQ�ZKLFK�LPPHGLDWHO\�FRPHV
WR�PLQG�EH�DQVZHUHG��DQG�WKDW�ZLOO�EH��KRZ�GLG�WKDW�ORQJ�FHQWUDO�WXEH�JHW�ORZHUHG
GRZQ�FORVH�HQRXJK�WR�WKDW�PHWDO�GRPH��ZKHQ�DOO�DURXQG�WKDW�GRPH�ZDV�WKH�ZKLWH
KROH
V�PDVV�LQKLELWLQJ�HYHQW�KRUL]RQ���
6RPHWKLQJ� HOVH� WKDW� FDQ� EH� EHWWHU� XQGHUVWRRG� DERXW� WKLV� 8)2�� WKURXJK� WKHUH
EHLQJ� ERWK� H[SDQVLYH� DQG� DWWUDFWLYH� JUDYLWDWLRQDO� IRUFHV�� DQG� WKLV� ZLOO� ERUURZ
IURP�RWKHU�IDFHWV�RI�DVWURSK\VLFDO�VWXGLHV��ZLOO�EH�KRZ�DQG�ZK\�WKH�IRUFH�H[LWLQJ
WKH�FUDIW
V�FHQWUDO�WXEH��WKH�JUDYLW\�$�ZDYH�DV�/D]DU�FDOOV�LW��DIWHU�LW�GRHV�SURSDJDWH
XS�WKDW�WXEH��ZLOO�LPPHGLDWHO\�VSUHDG�RXWZDUGV�DQG�IROORZ�DQ�H[SDQVLYH�WUDMHFWRU\
IURP�WKH�FHQWHU�WR�EH\RQG�WKH�RXWHU�ULP�RI�WKDW�FUDIW�
$FWXDOO\�� KDYLQJ� VDLG� DOO� RI� WKH� DERYH� DERXW� WKH� FUDIW
V� ZKLWH� KROH�� ,� KDYH� WR
HPSKDVL]H�WKDW�WKH�UHDFWRU�ZLOO�QRW�EH�WKH�VRXUFH�RI�WKH�ZKLWH�KROH
V�JUDYLWDWLRQDO
IRUFH��WKH�UHDFWRU�ZLOO�RQO\�EH�WKH�ORFDWLRQ�RI�ZKHUH�DOO�WKDW�H[SDQVLYH�JUDYLWDWLRQDO
IRUFH� ZLOO� EH� PHHWLQJ� DQG� DFFXPXODWLQJ�� 6R� ORRNLQJ� LQWR� WKH� UHDFWRU� IRU� DQ\
SRVVLEOH�FOXHV�RI�ZKHUH�WR�ILQG�WKH�JUDYLWDWLRQDO�HQHUJ\�WKDW�/D]DU�ZDV�RQ�DERXW
ZDV�DFWXDOO\�RQH�RI�WKH�UHG�KHUULQJV�LQ�KLV�K\SRWKHVLV��7KH�VRXUFHV�RI�WKH�FUDIW
V
JUDYLWDWLRQDO�IRUFH�ZHUH�DW�D�GLIIHUHQW�ORFDWLRQ��DV�ZLOO�EH�H[SODLQHG�EHORZ�
�����)LVKLQJ�IRU�WKH�*UDYLW\�$�)RUFH
$QG� JRLQJ� EDFN�� EULHIO\�� WR� WKH� WKLQJ� WKDW� ZDV� PRVW� FHQWUDO� WR� %RE� /D]DU
V
K\SRWKHVLV���WKH�JUDYLW\�$�ZDYH���WKLV�JUDYLW\�$�ZDYH��DFFRUGLQJ�WR�/D]DU��ZDV�D
FXPXODWLRQ� RI� WKH� VWURQJ� QXFOHDU� IRUFH� ZKLFK� LQ� VXSHUKHDY\� HOHPHQWV� �OLNH
HOHPHQW� ����� LV� VR� DEXQGDQW� WKDW� LW� H[WHQGV� EH\RQG� WKH� SHULPHWHU� RI� WKDW
HOHPHQW
V�DWRPV��%HFDXVH�RI�WKLV�IDFWRU�WKLV�JUDYLW\�$�ZDYH�FRXOG�EH�DFFHVVHG�DQG
VLPSO\� DPSOLILHG� FODLPHG�/D]DU��(OVHZKHUH� KH� OLNHQV� WKLV� JUDYLW\�$� ILHOG� WR� WKH
IRUFH�ZKLFK�KROGV�WRJHWKHU�WKH�
VWXII
�RI�SURWRQV�DQG�QHXWURQV��DQG�KH�VXJJHVWV�LW
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LV� WKDW� IRUFH�ZKLFK�KROGV� WRJHWKHU� WKH�XSTXDUNV�DQG�GRZQTXDUNV�RI�HOHPHQWDU\
SDUWLFOHV�
7KHUH�LV�D�JUDYLWDWLRQDO�IRUFH�LQVLGH�WKH�DWRP�EXW�WKH�FRQVHQVXV�RSLQLRQ�DPRQJ
VFLHQWLVWV�LV�WKDW�LW�KDV�RQO\�PLQLVFXOH�VWUHQJWK��,I�WKH�JUDYLW\�$�IRUFH�WKDW�/D]DU�LV
UHIHUULQJ�WR�LV�VLPLODU�WR�WKH�VWURQJ�QXFOHDU�IRUFH�DQG�WR�WKDW�RI�WKH�DWRPLF�JOXRQ
WKHQ� LW� FDQ� EH� DQ� DWWUDFWLYH� IRUFH� RU� D� UHSXOVLYH� IRUFH� >QRWH�� �@�� 7KLV� JOXRQ
PRGLILHV� IRUFHV�EHWZHHQ� WKH�TXDUNV� DQG�DQWLTXDUNV�� WKH� FRPELQDWLRQV�RI�ZKLFK
JR�RQ�WR�PDNH�HOHPHQWDU\�SDUWLFOHV�OLNH�SURWRQV��DQG�LW�LV�NQRZQ�WKDW�WKH�IDUWKHU
WKH�TXDUNV�DUH�DSDUW�WKH�VWURQJHU�ZLOO�EH�WKLV�JOXRQ�IRUFH��,I��KRZHYHU�LW�LV�WKH�YHU\
SRZHUIXO�&RXORPE�IRUFH� WKDW�KDV�EHHQ� IRXQG�UHFHQWO\� WR�EH�YHU\�SURPLQHQW� LQ
VWDEOH�VXSHUKHDY\�HOHPHQWV��HVSHFLDOO\�ZKHQ�WKHLU�VKHOO�VWUXFWXUH�LV�GHIRUPHG�DQG
LW�H[HPSOLILHV�WKLV���WKHQ�RQFH�DJDLQ��WKLV�&RXORPE�IRUFH�FDQ�EH�ERWK�DQ�DWWUDFWLYH
IRUFH� RU� D� UHSXOVLYH� IRUFH��+RZHYHU��ZKDW�PLJKW� EH� RI� JUHDWHU� LQWHUHVW� KHUH�� LV
WKDW�MXVW�UHFHQWO\�LW�KDV�EHHQ�SURSRVHG��DQG�ZLWK�LW�D�FDOO�IRU�1HZWRQ
V�ROG�VFDPSV
RQ� JUDYLWDWLRQDO� IRUFH� WR� EH� RYHUKDXOHG�� WKDW� HVVHQWLDOO\� QR� GLIIHUHQFH� ZLOO� EH
IRXQG�EHWZHHQ�VWURQJ�QXFOHDU�IRUFH�DQG�JUDYLWDWLRQDO� IRUFH��DQG�WKDW� WKH�VWURQJ
QXFOHDU� IRUFH�ZLOO� DOVR� EH� IRXQG� WR� FUHDWH� GHQWV� DQG� WZLVWV� LQ� WKH� FXUYDWXUH� RI
VSDFH�WLPH��WKH�UHDGHU�ZLOO�DSSUHFLDWH�WKDW�WKLV�SURFHVV�LV�SUHVHQWO\�DVFULEHG�RQO\
WR�PDVV�GHULYHG�JUDYLWDWLRQDO�IRUFH����DQG�VR�WKHUH�FDQ�H[LVW�D�FRQQHFWLRQ�EHWZHHQ
WKH�DWRP
V�VWURQJ�IRUFH�DQG�JUDYLWDWLRQDO�PDQLSXODWLRQ�RI�VSDFH�WLPH
V�FXUYDWXUH�
7KLV�QHZO\� SURSRVHG� UHYLVLRQ� WR�1HZWRQ
V� DQFLHQW� WKHRU\��ZKLFK� GHFODUHG� WKDW
JUDYLWDWLRQDO� IRUFH� ZDV� GHSHQGHQW� RQO\� DQ� REMHFW
V� PDVV�GHQVLW\�� VXJJHVWV� WKDW
ZKDW�%RE�/D]DU�KDV�EHHQ�VD\LQJ�DERXW�DWRPLF�JUDYLW\�PLJKW�EH�TXLWH�FRUUHFW�>VHH
QRWH���@�
6R��JRLQJ�EDFN�WR�VRPHWKLQJ�PHQWLRQHG�DW�WKH�KHDG�RI�WKLV�FKDSWHU��/D]DU�GLG�VD\
WKDW�ZKHQ�KH�VDZ�RQH�RI�WKH�HOHPHQW�����ZHGJHV�DIWHU�LW�KDG�EHHQ�SUHSDUHG�DQG
PLOOHG� LQWR�VKDSH��WKDW� LW�DSSHDUHG�WR�KDYH�DQ�HQHUJ\�ILHOG�VXUURXQGLQJ� LW�ZKLFK
GHIOHFWHG� WKH� OLJKW� DURXQG� LW�� DQG� LQGHHG�� LW� ZDV� IURP� WKLV� REVHUYDWLRQ� WKDW� KH
DVVXPHG� WKDW� WKLV�ZDV�EHFDXVH�VRPH�VRUW�RI�JUDYLWDWLRQDO� ILHOG�ZDV�VXUURXQGLQJ
WKH� ZHGJH�� $QG� DOWKRXJK� KH� GLGQ
W� VD\�ZKDW� SDUW� RI� WKH� ZHGJH� EHQW� WKH� OLJKW
PRVW��,�ZRXOG�KDYH�WR�DVVXPH�WKDW� LW�ZRXOG�KDYH�EHHQ�DURXQG�WKH�SRLQW�RI� WKH
ZHGJH� �ZKHUH� WKHUH� ZRXOG� KDYH� EHHQ� WKH� PRVW� SURQRXQFHG� ILHOG� DIIHFWLQJ� D
FKDQJH� WR� LWV� UHIUDFWLYH� LQGH[�� ZKHUH� WKLV� VRUW� RI� GHIOHFWLRQ� ZRXOG� KDYH� EHHQ
PRVW�QRWLFHDEOH�
,W�ZDV�TXLWH�REYLRXV�IURP�/D]DU
V�ZHESDJHV�WKDW�LW�ZDV�RQO\�KH�ZKR�QRWLFHG�WKLV
HIIHFW� DQG� RQO\� KH� ZKR� DVVRFLDWHG� WKLV� OLJKW�EHQGLQJ� DV� SRVVLEO\� GHQRWLQJ� D
JUDYLWDWLRQDO� IRUFH� ZKLFK� PLJKW� EH� H[WHQGLQJ� EH\RQG� WKH� UDGLXV� RI� WKH� ���
V
DWRPV�� $QG� WR� GLVFRYHU� PRUH� DERXW� WKLV� /D]DU� VXJJHVWHG� GRLQJ� WHVWV� RQ� WKH
XQXQSHQWLXP�WR�ILQG�RXW�ZKHWKHU�RU�QRW�D�ODVHU�EHDP�RI�OLJKW�FRXOG�EH�EHQW�E\
ZKDWHYHU� WKLV� HQHUJ\� ILHOG� ZDV� VXUURXQGLQJ� WKH� ZHGJH�� $QG� LW� ZDV� IURP� WKH
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UHVXOWV� RI� WKRVH� ODVHU� WHVWV�� FDUULHG� RXW� E\� /D]DU�� WKDW� KH� GHFODUHG� WKLV� OLJKW
EHQGLQJ� SKHQRPHQRQ� DQ� HIIHFW� FDXVHG� E\� ZKDW� KH� WKRXJKW� ZDV� D� JUDYLWDWLRQ
IRUFH� ZKLFK� VHHPHG� WR� /D]DU� WR� EH� HPDQDWLQJ� IURP� WKH� VXSHUKHDY\� HOHPHQW�
8QIRUWXQDWHO\��LWV�QRW�FOHDU�ZKHWKHU�KH�UDQ�WKHVH�WHVWV�DW�/RV�$ODPRV
�ODERUDWRULHV
RU� DW� WKH� 6��� IDFLOLW\�� EHFDXVH� QRZKHUH� LQ� /D]DU
V� SUHVHQWDWLRQ� LV� WKHUH� DQ\
PHQWLRQ�RI�ZKDW� VRUW�RI� ODVHU�HTXLSPHQW�ZDV�DYDLODEOH� �LQ� WKH� ODERUDWRU\� LQVLGH
WKH�$UHD����KDQJDU�KH�ZRUNHG�DW��LQ�RUGHU�WR�UXQ�WKHVH�WHVWV�RQ�WKH�XQXQSHQWLXP�
+RZHYHU��LQWHUHVWLQJ�WKRXJK�WKLV�JUDYLW\�$�FRQMHFWXUH�LV�,
P�QRW�JRLQJ�WR�JR�DQ\
IXUWKHU� ZLWK� WKLV� SDUWLFXODU� SDUW� RI� WKH� JUDYLW\�$� TXHVWLRQ� KHUH�� EHFDXVH� ,� GR
VWURQJO\� EHOLHYH� WKDW� WKLV� OLQH� RI� LQTXLU\�� WR� GHWHUPLQH� H[DFWO\� ZKDW� ZDV� WKLV

JUDYLW\�$
�IRUFH�WKDW�/D]DU�ZDV�WDONLQJ�DERXW��VR�WKDW�VRPHKRZ�WKLV�JUDYLW\�IRUFH
FDQ� EH� LVRODWHG� DQG� H[WUDFWHG� �� DW� WKH� XQXQSHQWLXP� LQ� WKH� UHDFWRU� �� DQG� WKHQ
DPSOLILHG�� LV�D�SRLQWOHVV�TXHVW��7KLV�,�EHOLHYH�LV�VKDSLQJ�XS�WR�EH�DQRWKHU�RI�WKH
UHG�KHUULQJV� LQ� WKH�/D]DU�SUHVHQWDWLRQ��DQG�,�ZLOO� OHDYH� LW� WR� WKH� UHDGHU� WR�GHFLGH�
DIWHU�KH�RU�VKH�KDV�UHDG�WKURXJK�WKH�UHPDLQGHU�RI�WKLV�H[DPLQDWLRQ��DV�WR�ZKHWKHU
WKH\�WKLQN�WKLV�OLQH�RI�LQTXLU\�LV�UHOHYDQW�RU�LUUHOHYDQW�DQG�ZRUWK�UHWXUQLQJ�WR�
�����%RE�/D]DU
V�6WUDQJH�7HFKQRORJ\�5HFRQILJXUHG�WR�0DNH�0RUH�6HQVH
1RZ� WKDW� ,� KDYH� VR� LUUHYHUHQWO\� SXOOHG� %RE� /D]DU
V� SUHVHQWDWLRQ� WR� SLHFHV� ,
VXSSRVH�,�VKRXOG�JHW�RQ�ZLWK�SXWWLQJ�LW�DOO�EDFN�WRJHWKHU�DJDLQ�LQ�D�ZD\�ZKLFK��DV
,�FODLP�DERYH��ZLOO�DSSHDU�WR�PDNH�PRUH�VHQVH��6R��VWDUWLQJ�IURP�VFUDWFK�KHUH�LV
KRZ�,�EHOLHYH�WKH�VIRXU8)2�ZRUNV�
:KDW�LV�1(('('�LQ�WKH�VIRXU8)2�LV�D�PHFKDQLVP�ZKLFK�GRHV�D�ZKROH�VHULHV
RI� WKLQJV��DQG�WKLV�DOO�HQFRPSDVVLQJ�PHFKDQLVP�KDV�VRPH�SUHWW\� WDOO�REMHFWLYHV�
7KLV�PHFKDQLVP�QHHGV�WR�GUDZ�WRJHWKHU�WKH�PDWWHU��DQG�WKH�DQWLPDWWHU�SDUWLFOHV�
IURP� WKH� FUDIW
V� FHQWUDO� UHDFWRU� LQ� RUGHU� WR� LQDXJXUDWH� WKH� PDWWHU�DQWLPDWWHU
DQQLKLODWLRQ� HYHQWV�� ,W� QHHGV� WR� VDIHO\� FRQWDLQ� WKH� ZKROH� RI� WKDW� DQQLKLODWLRQ
SURFHVV� RQFH� LW� WULJJHUV� DQG� FRQYHUWV� LQWR� VXEVWDQWLDO� DPRXQWV� RI� KHDW� DQG
UDGLDWLRQ� �DQG� ,� DJUHH� ZLWK� %RE� /D]DU� LW� ZLOO� KDYH� WR� EH� DEOH� WR� GR� D� ����
FRQYHUVLRQ�RQ� WKDW�KHDW�DQG�UDGLDWLRQ� ��RWKHUZLVH� LW�ZLOO�EH� OLNH�KDYLQJ� UHG�KRW
EUD]LHUV� LQVLGH� WKHVH�8)2V�� ZKLFK�PLJKW� QRW� EH� WRR� PXFK� IXQ� IRU� WKH� FUHZV
RSHUDWLQJ�WKHP�DQG�VLWWLQJ�ULJKW�QH[W�WR�WKHP���7KLV�PHFKDQLVP�QHHGV�WR�FRQYHUW
WKDW�KHDW�DQG�UDGLDWLRQ�LQWR�XVHDEOH�HOHFWULFDO�HQHUJ\��RU�DW� OHDVW�PDNH�SURYLVLRQ
IRU�WKDW�HOHFWULFDO�HQHUJ\�WR�EH�WDSSHG�RII�DQG�SK\VLFDOO\�FRQQHFWHG�LQWR�WKH�FUDIW
V
HOHFWULFDO�FLUFXLW���7KLV�PHFKDQLVP�WKHQ�QHHGV�WR�DPSOLI\� �RU�ZRXOG�JHQHUDWH�EH�D
EHWWHU�ZRUG�WR�XVH�KHUH��D�JUDYLWDWLRQDO�IRUFH��DQG�GHOLYHU�WKDW�JUDYLWDWLRQDO�IRUFH
ERWK� WR� WKH� WKUHH�JUDYLW\�DPSV� WKDW�DUH� ORFDWHG� LQ� WKH� VIRXU8)2
V�VHDOHG� ORZHU
GHFN� FRPSDUWPHQW�� DQG� WR� WKH� FHQWUDO� UHDFWRU� GRPH� �VR� WKDW� WKLV� JUDYLWDWLRQDO
IRUFH�FDQ�WKHQ�EH�SURSDJDWHG�XSZDUG�WKURXJK�WKH�FUDIW
V�FHQWUDO�WXEH��
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7KHUH�ZLOO� EH�RQO\� RQH� NLQG�RI�PHFKDQLVP� WKDW� FDQ� GR� DOO� WKHVH� WKLQJV�ZLWK� D
UHOLDEOH� GHJUHH� RI� VDIHW\� DQG� WKH� KLJKHVW� GHJUHH� RI� HIILFLHQF\�� 7KDW�PHFKDQLVP
ZLOO�EH�WKH�PLQLDWXUL]HG�TXDVL�EODFN�KROH��DQG�IRU�/D]DU
V�8)2�WKHUH�ZLOO�DFWXDOO\
EH�7+5((�RI�WKHP�
�����4XDVL�EODFN�+ROH
V�'HOLFDWH�6WRPDFK
$QG�WKLV�VR�FRQFXUV�ZLWK�ZKDW�PDQ\�RWKHU�8)2V�KDYH�DV� WKHLU�SULPDU\�HQHUJ\
SURYLGHU�DQG�DPSOLILHU���IRU�MXVW�DV�ZH�RQ�WKLV�SODQHW�KDYH�DQ�DOPRVW�WRWDO�UHOLDQFH
XSRQ�WKDW�ROG�DQG�FDUERQ�VSHZLQJ�LQWHUQDO�FRPEXVWLRQ�HQJLQH�VR�H[WUDWHUUHVWULDOV
KDYH�D�SHQFKDQW�IRU�WKH�VXSUHPHO\�HIILFLHQW�PLQLDWXUL]DWLRQV�RI�TXDVL�EODFN�KROHV�
7KLV�LV�EHFDXVH�WKH�PLQLDWXUH�TXDVL�EODFN�KROH��RU�EODFN�YRUWH[�DV�,�KDYH�FRLQHG�LW�
ZLWK� LWV� YDULRXV� IRUPV� RI� URWDWLQJ� DFFUHWLRQ� GLVN� VWRUDJH� ILHOGV�� LV� WKH� PRVW
HIILFLHQW� FRQYHUWHU� WKHUH� LV� RI� JDV�IXHO�PDVV�SDUWLFOHV� LQWR� XVHDEOH� HQHUJ\� �WKH
WKUHH�PDLQ�XVHDEOH� HQHUJLHV�KHUH�EHLQJ�HOHFWULFDO�HQHUJ\�� JUDYLWDWLRQDO� IRUFH�DQG
DQJXODU�PRPHQWXP���(VVHQWLDOO\��WKLV�LV�EHFDXVH�WKH�JUDYLWR�G\QDPLF�FRQYHUVLRQ
RI�PDVV� WR� UDZ� HQHUJ\� WKURXJK� WKHVH� HQJLQH�VWUXFWXUHV� VSHFLILFDOO\� GHVLJQHG� WR
PLPLF�WKH�EODFN�KROHV�RI�VSDFH�FDQ�EH�H[WHQVLYHO\�LPSURYHG�XSRQ�WR�SURYLGH�DQ
H[WUHPHO\�HIILFLHQW�PRWLYH�SRZHU�XQLW�� ,W�KDV�EHHQ�FDOFXODWHG�WKDW�D�EODFN�KROH� LQ
RSHQ� VSDFH� �XVLQJ� RQO\�PDJQHWLF� ILHOG� FRQILQHPHQWV� WR� SURFHVV� LWV� HQHUJ\��ZLOO
KDYH�DQ�HQHUJ\�FRQYHUVLRQ�HIILFLHQF\�UDWLQJ�RI�D�DURXQG������DQG�WKLV�FRPSDUHV
WR�QXFOHDU�SRZHU
V�PDVV�WR�HQHUJ\�HIILFLHQF\�RI�DURXQG������%XW�WKDW�����UDWLQJ
FDQ� EH� VXEVWDQWLDOO\� LPSURYHG� XSRQ� ZLWK� VXLWDEOH�PRGLILFDWLRQV� �� DOO� RI� ZKLFK
PRGLILFDWLRQV�DUH�UHDGLO\�IRXQG�LQ�DOO�RI�WKH�8)2V�PHQWLRQHG�VR�IDU�LQ�WKLV�VWXG\�
,�ZRXOG�OLNH�WR�SRLQW�RXW�
$QG�� LQ� WKLV� ZLVH� LW� ZRXOG� EH� LQWHUHVWLQJ� IRU� WKH� PDWKHPDWLFLDQV� WR� GR� WKH
FDOFXODWLRQV� WR� ILQG� RXW� MXVW� KRZ� QHDU� WKH� JDV�IXHO�PDVV�SDUWLFOHV�WR�HQHUJ\
UDWLQJV�ZLOO�FRPH�XS�WR������IRU�WKHVH�8)2�HQJLQH�VWUXFWXUHV��SDUWLFXODUO\�ZKHQ
WKRVH� PDWKHPDWLFLDQV� SHUIHFWO\� XQGHUVWDQG� DOO� WKH� PRGLILFDWLRQV� WKDW� FDQ� EH
H[SORLWHG�WR�WKH�IXOO��WKDW
V�LI�WKH\�ZRXOG�OLNH�WR�IROORZ�P\�YDULRXV�8)2�VWXGLHV
DQG� GLVFRYHU� IRU� WKHPVHOYHV� MXVW� KRZ� WKH� H[WUDWHUUHVWULDOV� KDYH� JRQH� DERXW
LPSOHPHQWLQJ�WKHVH�PRGLILFDWLRQV�WR�H[HPSOLI\�EDVLF�EODFN�KROH�G\QDPLFV��>QRWH�
�@�
:KDW� WKH�H[WUDWHUUHVWULDOV�DUH�GRLQJ�ZLWK� WKHVH�8)2�VL]H�EODFN�YRUWH[HV�� DQG� LQ
WKH� VIRXU8)2
V� FDVH�ZKHUH� LWV� WKUHH�EODFN�YRUWH[HV� DUH� WULDQJXODWHG� HTXLGLVWDQW
IURP� WKH�FHQWUDO� UHDFWRU�� LV�GUDZLQJ� LQWR� WKHP� WKH�PDWWHU�DQWLPDWWHU� VXEDWRPLF
SDUWLFOHV� IURP� WKH� FHQWUDO� UHDFWRU� DQG� FRQYHUWLQJ� WKHP� �WKURXJK� WKH� PDWWHU�
DQWLPDWWHU� WRWDO� DQQLKLODWLRQ�SURFHVV�� LQWR�HOHFWULFDO� HQHUJ\�� DQJXODU�PRPHQWXP�
DQG�JUDYLWDWLRQDO�IRUFH�ZLWK�WKH�XWPRVW�HIILFLHQF\��$QG�ZKDW�LV�VR�UHPDUNDEOH�LV
WKH� ZD\� WKH� H[WUDWHUUHVWULDOV� DUH� GRLQJ� LW� �� ZLWK� WKH� PLQLPXP� DPRXQW� RI
PDFKLQHU\��DQG�ZLWK�WKH�PLQLPXP�DPRXQW�RI�ULVN�WR�WKH�VKLS
V�FUHZ��
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7KHVH�EODFN�YRUWH[HV�ZLOO�EH�FRQWDLQHG�LQVLGH�HDFK�RI�WKH�WKUHH�ER[�VKDSHG�XQLWV
�ZKLFK�/D]DU�UHIHUV�WR�DV�JUDYLW\�DPSOLILHU�KHDGV��WKDW�DUH�ORFDWHG�GLUHFWO\�DERYH
HDFK� RI� WKH� F\OLQGULFDO� JUDYLW\� DPSOLILHUV�� 7KH� SUHPLVH� RI� WKHVH� PLQLDWXUL]HG
TXDVL�EODFN� KROHV� LV� YHU\� VLPSOH� �� D� VKHDULQJ� SODVPD� ILHOG� LQLWLDOO\� URWDWHG� E\� D
IRXU�SKDVH�PDJQHWLF� 
ZDLVW�FRDW
� DQG� WKHQ� FRQWLQXDOO\� IHG�ZLWK�PRUH� DQG�PRUH
HQHUJ\���VR�WKDW�SODVPD�ILHOG�KDV�QR�RSWLRQ�RWKHU�WKDQ�WR�VSLQ�IDVWHU�DQG�IDVWHU�WR
DFFRPPRGDWH� WKDW� UHOHQWOHVV� LQIOX[� RI� HQHUJ\�� VR� WKH\� HQG� XS� URWDWLQJ� DW
UHODWLYLVWLF� VSHHGV�� 7KLV� ZLOO� EH� WKH� UHDVRQ� ZK\� LW� ZDV� UHSRUWHG� WKDW� QR�RQH� DW
$UHD����ZDV�DEOH�WR�FXW�WKURXJK�WKH�FDVLQJV�RI�WKRVH�DPS�KHDG�ER[HV�DQG�RSHQ
WKHP�XS�WR�ILQG�RXW�ZKDW�ZDV�LQVLGH�WKHP��IRU�WKH\�ZRXOG�KDYH�EHHQ�FRQVWUXFWHG
WR�ZLWKVWDQG�WKH�XWWHUPRVW�SRZHUIXO�IRUFHV��7KH\�ZRXOG�GHILQLWHO\�QRW�KDYH�EHHQ
PHDQW� WR� EH� WDPSHUHG� ZLWK� LQ� DQ\� ZD\� VKDSH� RU� IRUP� �SULPDULO\� EHFDXVH� LW� LV
PRVW� OLNHO\� WKDW� RQFH� VWDUWHG� WKH\� ZHUH� QHYHU� LQWHQGHG� WR� SRZHU� GRZQ� WR� D
FRPSOHWH�VWDQGVWLOO��
7KH� JUDYLWDWLRQDO� UDGLDWLRQ� ZRXOG� EH� VLSKRQHG� RII� QRW� DW� WKH� WRS�� EXW� DW� WKH
ERWWRP�RI� WKRVH� YRUWH[HV�� DQG� WKHUH�ZRXOG� EH� DQ� LQWHU�FRQQHFWLRQ�EHWZHHQ� DOO
WKUHH�EODFN�YRUWH[�XQLWV�ZKLFK�ZRXOG�PHHW�DW�WKH�FHQWUDO�UHDFWRU��DQG�WKLV�ZRXOG
EH�SK\VLFDOO\�DIIHFWHG�WKURXJK�WKH�FHQWUDO�GHFNLQJ�PDWHULDO� �DFWXDOO\�WKURXJK�WKH
DWRPLF�FHOOXODU� VWUXFWXULQJ� RI� WKDW� PDWHULDO�� DQG� ZKLFK� ZRXOG� EH� SDUW� RI� WKH
VWUXFWXUDO�IUDPHZRUN�RI�WKDW�8)2�WKDW�VSDQV�IURP�WKH�FHQWHU�RI�WKH�FUDIW�WR�WKH
SHULPHWHU�ULP��%\�XWLOL]LQJ�WKH�8)2
V�VWUXFWXUH�WKH�JUDYLWDWLRQDO�LQIOXHQFH�ZKLOH�LW
LV� EHLQJ� WUDQVPLWWHG� WRZDUG� WKH� FHQWHU� ZLOO�� DW� WKH� VDPH� WLPH�� EH� WUDQVPLWWHG
WKURXJK� WKDW� VWUXFWXUH� DOO� WKH� ZD\� RXW� WR� WKH� 8)2
V� ULP� �PRUH� DERXW� WKLV� LQ
VHFWLRQ�������EHORZ���7KH�DQWLPDWWHU�SDUWLFOHV�IHHGLQJ�LQWR�WKH�YRUWH[HV��IURP�WKH
XQXQSHQWLXP�� ZRXOG� EH� URXWHG� WKURXJK� WKH� GHFN� VWUXFWXUH� WRR�� EHWZHHQ� WKH
FHQWUDO� UHDFWRU�DQG�HDFK�RI� WKH� WKUHH�EODFN�YRUWH[�XQLWV�� DOWKRXJK�EHFDXVH� WKH\
QHHG� WR� EH� LQVXODWHG� IURP� WKDW� VWUXFWXUH� WKRVH� DQWLPDWWHU� SDUWLFOHV� ZRXOG� IORZ
WKURXJK�VSHFLDOO\�IRUPHG�FKDQQHOV�ZLWKLQ�WKLV�SODQDU�IORRU�VWUXFWXUH��DQG�E\�VRPH
FOHYHU� FRQVWUXFWLRQ� PHWKRGV� WKH� DFWXDO� FDUULHU� ILHOG� ZKLFK� WUDQVPLWV� WKH
JUDYLWDWLRQDO� UDGLDWLRQ� WRZDUG� WKH� UHDFWRU�� FDQ� SURYLGH� WKH� QHFHVVDU\� PLFUR�
PDJQHWLF� EODQNHW� LQVLGH� WKH�ZDOOV� RI� WKRVH� DQWLPDWWHU� FKDQQHOV� WR� SUHYHQW� WKDW
DQWLPDWWHU�IURP�WRXFKLQJ�WKRVH�ZDOOV�
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)LJXUH�����$QWL�SURWRQV�ZKHQ�WKH\�FROOLGH�ZLWK�PDWWHU�DUH�WKH� LGHDO� IXHO�IRU� WKH
TXDVL�EODFN�KROHV��4XDVL�EODFN�KROHV�DUH� WKH� LGHDO�SRZHU�V\VWHP�WR�IXOO\�FRQWDLQ
WKHLU�DQQLKLODWLRQ�UHDFWLRQV
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2QH�RI� WKH� IRUHPRVW� UHSUHVHQWDWLYH� IHDWXUHV� RI� WKHVH� YRUWH[� XQLWV�ZLOO� EH� WKHLU
D]LPXWKDO� LQWHJULW\��EHFDXVH� LW�ZLOO�EH�WKURXJK�WKHLU�URWDWLQJ�IRUFHV�DQG�VKHDULQJ
G\QDPLFV� WKDW� WKHVH� PLQLDWXUL]HG� TXDVL�EODFN� KROHV� ZLOO� EH� DEOH� WR� GHYHORS
SRZHUIXO� HQRXJK� IRUFHV� WR� ERWK� LQLWLDWH�� DQG� FRQWDLQ�� WKH� SURWRQ�DQWLSURWRQ
DQQLKLODWLRQ�SURFHVV�WKDW�/D]DU�KDV�WULHG�WR�DVFULEH� WR� WKLV�VIRXU8)2��,QGHHG��D
UHODWLYLVWLF� URWDWLQJ�IRUFH�ZRXOG�EH� WKH�RQO\�FRQILQHPHQW� IRUFH�SRZHUIXO�HQRXJK
WR�NHHS�WKHVH�
H[SORVLRQV
�RI�HQHUJ\�LQ�FKHFN�ZKLOH�WKHVH�DQQLKLODWLRQ�HYHQWV�DUH
FRQWLQXDOO\�EHLQJ� LQLWLDWHG�EHWZHHQ�WKH�DQWLPDWWHU�DQG�WKH�PDWWHU�SDUWLFOHV��$QG
RQO\�D�URWDWLQJ�ILHOG�VXLWDEO\�FRQILQHG�ZRXOG�EH�DEOH� WR�VWRUH�DFFXPXODWH�DOO� WKH
UHVXOWLQJ� UHDFWLRQV� EHLQJ� WULJJHUHG� WKDW� HDFK� RI� WKH� DQQLKLODWLRQ� HYHQWV� ZLOO� JR
WKURXJK�DV�LW�SURJUHVVHV��LH�WKURXJK�VXEDWRPLF�HPLVVLRQV��SKRWRQ�UDGLDWLRQ��DQG
IXUWKHU� HQHUJ\� GLVLQWHJUDWLRQV� RI� WKH� SLRQV�� JOXRQV� DQG� JDPPD� UD\V� LQWR� WKHLU
ILQDO�UDZ�HQHUJLHV��)XUWKHUPRUH��RQO\�D�VXLWDEO\�PRGLILHG�TXDVL�EODFN�KROH�FRXOG
EH� H[SHFWHG� WR�SURGXFH�DQ\ZKHUH� QHDU� WKH� �����HIILFLHQW� WKHUPLRQLF� FRQYHUVLRQ
SURFHVV�WKDW�/D]DU�KDV�FODLPHG�WKH�VIRXU8)2�ZLOO�EH�DEOH�WR�PDLQWDLQ�
7KHUH�LV�TXLWH�VSHFLILFDOO\��D�ULJKW�ZD\�DQG�D�ZURQJ�ZD\�WR�IHHG�HQHUJ\�LQWR�WKHVH
EODFN� YRUWH[HV�� DQG� WKLV� SHUIHFWO\� LOOXVWUDWHV� VRPHWKLQJ� ,� KDYH� DOOXGHG� WR
HOVHZKHUH� �LQ�FKDSWHUV���DQG���� LQ�P\�H[SODQDWLRQV� IRU� WKH�$QGUHDVVRQ� W\SH�RI
8)2V�� LQ� WKDW� VXEVWDQWLDO� LPSURYHPHQWV� WR� WKH� V\VWHP
V� RYHUDOO� HIILFLHQF\� FDQ
FRPH�IURP�DSSURSULDWH�GHVLJQ�IXQFWLRQ�IRU�WKH�HQHUJ\�EUHDN�GRZQ�VWDJH�RI�WKHVH
SRZHU� V\VWHPV�� DQG� WKLV� ZLOO� GHSHQG� SXUHO\� RQ� WKH� FOHYHUQHVV� RI� WKH� 8)2
V
GHVLJQHUV� DQG� RQ� KRZ� JRRG� WKH\� DUH� DW� RUFKHVWUDWLQJ� SUHFLVHO\� KRZ� WKH� IXHO�
SDUWLFOHV�DUH�SUHSDUHG�EHIRUH�EHLQJ�GHOLYHUHG� LQWR� WKHVH�YRUWH[HV��7KLV�� ,�ZRXOG
VD\��LV�SUREDEO\�ZKDW�PDNHV�8)2�
HQJLQHV
�VR�XQUHFRJQL]DEOH�WR�HDUWK
V�VFLHQWLVWV
EHFDXVH�WKH�(7V�GRQ
W�XVH�IXHO�WKH�ZD\�RXU�HQJLQHHUV�GR��RU�UDWKHU��RXU�HQJLQHHUV
GRQ
W� SUHVHQWO\� NQRZ� WKDW� IXHO� GRHVQ
W� DOZD\V� KDYH� WR� EH� OLTXLG�EDVHG� DQG
YRODWLOH���7KLV�FOHYHUQHVV�RI�GHVLJQ�LV�VRPHWKLQJ�WKDW�FDQQRW�EH�RYHUHPSKDVL]HG�
DQG� WKHUHIRUH� LW�ZLOO�EH� IRXQG� WKDW�PXFK�RI� D�8)2
V� LQWHUQDO�PHFKDQLVPV� DQG
VWUXFWXUH�ZLOO�EH�VHHQ�WR�FRQWULEXWH�LQ�VRPH�ZD\�RU�DQRWKHU�WR�WKH�EUHDNLQJ�GRZQ
SURFHVV� RI� WKH� LQFRPLQJ� PDWWHU�� ZKHUHE\� JDV�IXHO�PDVV� LV� EURNHQ� GRZQ� LQWR
VXEDWRPLF� SDUWLFOHV�� WKURXJK� D� ZKROH� UDQJH� RI� ROLJR�G\QDPLF� GLVVRFLDWLRQ
PHFKDQLVPV��MXVW�OLNH�LQ�WKH�DD8)2��>QRWH���@�
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)LJXUH�����9HU\�FOHYHUO\�WKH�H[WUDWHUUHVWULDOV�KDYH�GHVLJQHG�WKHLU�8)2�VWUXFWXUHV
WR�WUDQVPLW�ERWK�HOHFWULFDO�IRUFH�DQG�JUDYLWDWLRQDO�SHUWXUEDWLRQV
7KLV� LV�EHFDXVH�\RX�FDQ� UHDOO\�RQO\�JHW�RXW�RI� WKHVH�HQJLQH�VWUXFWXUHV�ZKDW�\RX
SXW�LQWR�WKHP��6R��WKH�OHVV�HQHUJ\�WKHVH�EODFN�YRUWH[HV�H[SHQG�EUHDNLQJ�GRZQ�WKH
JDV�IXHO�PDVV�SDUWLFOHV�LQWR�UDZ�HQHUJ\�WKH�PRUH�SRZHUIXO�DQ�LQIOXHQFH�WKH\�ZLOO
UDGLDWH� DZD\� IURP� WKHP�� DQG� GHOLYHU� LQWR� WKH� 8)2
V� RWKHU� HOHFWUR�G\QDPLF
PHFKDQLVPV�ZKLFK� SURGXFH� SRZHU� DQG� SURSXOVLRQ��:KDW� DOVR� QHHGV� WR� EH� VHW
VWUDLJKW�KHUH�LV�WKDW�FRQWUDU\�WR�FRPPRQ�VSHFXODWLRQ��DQG�WKLV�LV�D�PDMRU�SRLQW�WR
UHPHPEHU�� WKH� RQO\� VRUWV� RI� PDVV�PDWWHU�HQHUJLHV� FRQVXPDEOH� E\� EODFN� KROHV
ZKHWKHU� RXW� LQ� VSDFH� RU� LQVLGH� D� 8)2� DUH� VXEDWRPLF� SDUWLFOHV�� JUDYLWDWLRQDO
ELQGLQJ�HQHUJ\��HOHFWURPDJQHWLF�HQHUJ\�DQG�NLQHWLF�HQHUJ\��$�KXJH�FKXQN�RI�PDVV
IORDWLQJ� WKURXJK� WKH� FRVPRV� FDQQRW� HQWHU� LQWR� D� EODFN� KROH� RXW� LQ� VSDFH�� ,W
GRHVQ
W��PDVV�ZLOO� DOZD\V�EH�EURNHQ�GRZQ� ILUVW� LQWR� VPDOOHU� DQG� VPDOOHU�SLHFHV�
DQG�RXW� LQ�VSDFH� WKLV� LV�GRQH� WKURXJK� WKH� VKHDULQJ� IRUFHV�RI� WKH�DFFUHWLRQ�GLVN
ZKLFK� VXUURXQGV� WKH� EODFN� KROH�� DQG� WKHQ� DW� WKH� FHQWHU� RI� WKDW� DFFUHWLRQ� GLVN
WKHUH�ZLOO�EH�ZKDW�LV�NQRZQ�DV�DQ�HUJRVSKHUH�ZKHUH�SDUWLFOHV�DUH�VSXQ�URXQG�DW
KLJKHU�DQG�KLJKHU�YHORFLWLHV��VR�WKDW�WKH\�FROOLGH�ZLWK�RWKHU�SDUWLFOHV�WR�SURGXFH
HYHQ�VPDOOHU�� VXEDWRPLF�SDUWLFOHV��DQG�7+(1�WKRVH�VXEDWRPLF�SDUWLFOHV�DUH� IHG
LQWR� WKH� VKHDULQJ� IRUFHV� DQG� JUDYLWDWLRQDO� IRUFHV� RI� WKH� EODFN� KROH� DQG� EURNHQ
GRZQ�\HW�IXUWKHU� LQWR�SXUH�HQHUJ\��DV�SHU�H� �PF��� >QRWH���@��6RPHWKLQJ�ZKLFK
DOVR�JRHV�DJDLQVW�WDEORLG�ZLVGRP��LV�WKH�IDFW�WKDW�EODFN�KROHV�DUH�QRW�XQFRQWUROOHG
IUHQ]LHG�JX]]OHUV�ZKLFK�WDNH�PDVV�HQHUJ\�RXW�RI�H[LVWHQFH�ZLWKRXW�UHWXUQ��2Q�WKH
FRQWUDU\�� WKHUH� LV� DQ� HQRUPRXV� DEXQGDQFH� RI� HQHUJ\� DQG� KLJK�HQHUJ\� SDUWLFOHV
EHLQJ�SURGXFHG�DURXQG�D�EODFN�KROH�WKURXJK�WKH�URWDWLQJ�IRUFHV�ZKLFK�VXUURXQG
LW�� DQG� WKLV� DEXQGDQFH� RI� HQHUJ\�ZLOO� JDWKHU� DURXQG� WKH� SHULSKHU\� RI� WKH� EODFN
KROH��IURP�WKH�IDFW�WKDW�WKHUH� LV� MXVW�VR�PXFK�RI� LW���DQG�LQ�PDQ\�FDVHV�EHFDXVH
WKHUH� LV�VR�PXFK�RI� LW�SURGXFHG�WKDW�EXLOG�XS�RI�HQHUJ\�KDV�WR�WKHQ�EH�IRUFLEO\
HMHFWHG�DZD\�IURP�WKDW�EODFN�KROH�RXW�LQWR�VSDFH��DQG�WKLV�LV�ZKHUH�WKH�SXOVDU�MHWV
DQG� TXDVDU� MHWV� WKDW� DFFRPSDQ\� EODFN� KROHV� JHW� WKHLU� DEXQGDQW� HQHUJLHV� IURP�
$VWURSK\VLFDO� MHWV� OLNH� WKH� 0��� RU� 1*&� ����� KDYH� HDFK� EHHQ� SURMHFWLQJ
UHODWLYLVWLF� FKDUJHG� SDUWLFOHV� PLOOLRQV� RI�PLOHV� LQWR� VSDFH� �� DOO� IURP� WKH� HQHUJ\
RYHUORDGV�RI�D�VLQJOH�EODFN�KROH��DV�PHQWLRQHG�LQ�VHFWLRQ�������+RZHYHU��LQVLGH�D
8)2� WKH� HIILFLHQF\� RI� LWV� HQJLQH�VWUXFWXUH� ZLOO� GHSHQG� RQ� WKLV� EUHDNLQJ�GRZQ
SURFHVV�EHLQJ�PRVWO\� UHSODFHG��E\�PHFKDQLVPV�ZKLFK�DOUHDG\�SURGXFH�WKH�VPDOOHVW
SRVVLEOH�TXDQWDV�RI�HQHUJ\��DQG�WKLV��OLNH�,�VD\��ZLOO�EH�VROHO\�GRZQ�WR�WKH�SURZHVV
RI�WKH�8)2�GHVLJQHU�WR�FRPH�XS�ZLWK�WKH�PRVW�HIILFLHQW�ZD\V�RI�GRLQJ�WKLV��6R�
WKH�8)2�ZLOO�KDYH�PHFKDQLVPV�LQVLGH� LW�ZKLFK�JHQHUDWH� VXEDWRPLF�SDUWLFOHV�VXFK
DV� HOHFWURQV��SRVLWURQV� DQG�SKRWRQV� �DV� LQ� WKH�$QGUHDVVRQ�8)2���RU�� DV� LQ� WKH
FDVH� RI� /D]DU
V� VIRXU8)2�� WKHUH� ZLOO� EH� D� FRQVWDQW� SURGXFWLRQ� RI� PDWWHU�
DQWLPDWWHU�SDLU�DQQLKLODWLRQV�ZKLFK�DV�D�IXHO�LV�SUREDEO\�WKH�PRVW�LGHDO�EHFDXVH�LW
ZLOO� SUREDEO\� JLYH� RQH� RI� WKH� KLJKHVW� PDVV�HQHUJ\�WR�UDZ�HQHUJ\� FRQYHUVLRQ
UDWLRV�IURP�URWDWLQJ�VKHDULQJ�ILHOGV�>QRWH���@�
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$V�PHQWLRQHG�DERYH��RQFH� WKH�HQHUJ\� LV�H[WUDFWHG� LW� LPPHGLDWHO\�JHWV� VWRUHG� LQ
WKH�URWDWLQJ�ERG\�RI�WKRVH�EODFN�YRUWH[HV��DQG�VR�HDFK�EODFN�YRUWH[�LV�FRQWLQXDOO\
IHG�ZLWK�HQHUJ\�DQG�FRQWLQXDOO\�DFFHOHUDWHG��DQG�VR�HDFK�RI�WKHVH�URWDWLQJ�IRUFHV
DFWV� OLNH� D� G\QDPR� ZLWK� D� JLJDQWLF� WRUTXH�IO\ZKHHO� �WKH� LGHDO� HQHUJ\� VWRUDJH
PHFKDQLVP���DQG�WKHQ�VRPH�RI�WKDW�IRUFH�FDQ�EH�WDSSHG�RII��OLNH�IURP�D�G\QDPR�
DW� WKHLU� FRUHV� WR� SURGXFH� HOHFWULFDO� HQHUJ\� RI� ERWK� SRODULWLHV�� ,Q� DVWURSK\VLFDO
VWXGLHV�WKLV�HOHFWULFDO�HQHUJ\�WDSSLQJ�LV�D�NQRZQ�SKHQRPHQRQ�DWWULEXWDEOH�WR�WKH

PHPEUDQH�SDUDGLJP
��LW�KDV�EHHQ�FDOFXODWHG��IRU� LQVWDQFH��WKDW�WKHUH�ZLOO�DOZD\V
EH�D�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WKH�PRXWK�RI�D�EODFN�YRUWH[�DQG�LWV�FRUH�>3ULFH�
7KRUQH@���DQG�E\�XVLQJ�HOHFWURPDJQHWLF�FRLOV�WKDW�VXUURXQG�WKH�YRUWH[�ILODPHQWV
�VHH�ILJXUH�����WKHVH�FDQ�LQVWDQWO\�FRQYHUW�WKH�URWDWLQJ�SDUWLFOH�PRWLRQ�LQWR�KLJK�
IUHTXHQF\�HOHFWULFDO�SRZHU�
,WV�FHUWDLQO\�REYLRXV� WKDW�DQJXODU�PRPHQWXP�FDQ�EH�GUDZQ�RII� WKHVH�XQLWV� WRR�
DQG�WKLV�FDQ�EH�LQGXFHG�LQWR�DGMRLQLQJ�IOXLG�PHFKDQLVPV�WKURXJK�WKH�DJHQW�RI�WKH
FR�PXWXDO� PDJQHWLF� ILHOG�� VR� WKDW� NLQHWLF� HQHUJ\� FDQ� EH� WUDQVIHUUHG� LQWR� WKRVH
DGMRLQLQJ� IOXLGV� �EHVLGH� WKH� YRUWH[HV��� RU� WKDW� DQJXODU� PRPHQWXP� FDQ� EH
FKDQQHOHG� GLUHFWO\� GRZQZDUG� WR� EH� GHYHORSHG� WKURXJK� WKH� FUDIW
V� JUDYLW\
DPSOLILHUV�LQWR�WKH�FUDIW
V�SURSXOVLRQ�IRUFHV��ZKLFK�ZLOO�EH�JRQH�LQWR�LQ�D�VHSDUDWH
SUHVHQWDWLRQ��
%\� XVLQJ� LWV� URWDWLRQDO� SRZHU�� VXFK� D� EODFN� YRUWH[� FDQ� UDGLDWH� D� JUDYLWDWLRQDO
LQIOXHQFH�ZKLFK�FDQ�EH� WUDQVPLWWHG� WKURXJK� WKH�JUDYLWDWLRQDO�SRODUL]DWLRQ�HIIHFW
XSRQ� DOO� WKH� DWRPV� LQ� WKH� PDWHULDOV� LPPHGLDWHO\� VXUURXQGLQJ� WKDW� TXDVL�EODFN
KROH��DQG�WKLV�ZLOO�EH�RQH�RI�WKH�VIRXU8)2
V�WZR�JUDYLWDWLRQDO�IRUFHV�WKDW�FDQ�EH
KDUYHVWHG� DQG� WKHQ� DPSOLILHG�� 7KLV� ILUVW� RQH� ZLOO� EH� D� FROOHFWLYH� DQG� G\QDPLF
JUDYLWDWLRQDO� IRUFH� WKRXJK�� QRW� WKH� LQGLYLGXDO� JUDYLW\�FXP�VWURQJ� QXFOHDU� IRUFH
WKDW� /D]DU� VDLG� KH� VDZ� SRNLQJ� RXW� RI� KLV� XQXQSHQWLXP� ZHGJH�� $QG� WKLV
JUDYLWDWLRQDO� LQIOXHQFH�� LQ� WKH� VIRXU8)2
V� FDVH�� ZLOO� EH� WKH� H[SDQVLYH� W\SH� RI
JUDYLWDWLRQDO�LQIOXHQFH�ZKLFK�ZLOO�EH�KDUYHVWHG�IURP�ZKHUH�LW�LV�UDGLDWHG�RXWZDUG
IURP�WKH�DQWL�YRUWH[�EHORZ�WKH�FRUHV�RI�HDFK�RI�WKHVH�WKUHH�EODFN�YRUWH[HV��$QG�LW
ZLOO�EH�PRYHG� WKURXJK� WKH�FUDIW
V�PLGGOH�GHFN�PDWHULDO�� WKURXJK� WKH�KLJK�PDVV
DWRPLF�FHOOV�IURP�ZKLFK�WKH�GHFN�LV�FRPSRVHG��VHH�PRUH�RQ�WKLV�LQ�VHFWLRQ������
EHORZ��
7KLV�ZLOO�EH�WKH�IRUFH�WUDQVPLWWHG�E\�WKH�WKUHH�DPSOLILHU�KHDGV�D[LDOO\�WRZDUG�WKH
FHQWHU� RI� WKH� FUDIW� WR� ZKHUH� WKH� FHQWUDO� UHDFWRU� LV� ORFDWHG�� DQG� IURP� D
FRQVWUXFWLRQ�SRLQW�RI�YLHZ�,�ZRXOG�VXJJHVW�WKDW�WKH�EHVW�ZD\�WR�GR�WKLV�ZRXOG�EH
WR�LQFRUSRUDWH�LQWR�WKH�GHFN�WKUHH�VHSDUDWH�WUDFNV�RI�KLJK�PDVV�PDWHULDO�EHWZHHQ
WKH� DPSOLILHU� KHDGV� DQG� WKH� UHDFWRU� ²� DQG� KDYH� WKH� UHPDLQGHU� RI� WKDW� GHFN
IDEULFDWHG� DV� D� ORZ�PDVV� VDQGZLFK� RI� UHWLFXODWHG� PHWDO� IRDP� �DV� LQGLFDWHG� LQ
ILJXUH����EHORZ���7KH�UHVXOW�ZRXOG�EH�WKDW�DURXQG�WKH�FHQWUDO�UHDFWRU�WKHUH�ZLOO�EH



378

D� PHHWLQJ� RI� WKRVH� WKUHH� SRZHUIXO� IRUFHV� RI� H[SDQVLYH� JUDYLW\�� VR� WKDW� WKHUH
VKRXOG�H[LVW�D�VKLHOG�RI�UHSXOVLYH�JUDYLW\�DURXQG�WKH�FHQWUDO�UHDFWRU��%HFDXVH�WKHQ�
ZKHUH� WKHVH� WKUHH� SURMHFWLRQV� RI� H[SDQVLYH� JUDYLW\�� IURP� WKH� JUDYLW\� DPSOLILHU
KHDGV��DOO�FRQYHUJH�XSRQ�HDFKRWKHU�DW�WKH�FHQWUDO�UHDFWRU�WKHUH�ZLOO�EH�FUHDWHG�D�WUXO\
XQLTXH�HQHUJ\�ILHOG�DURXQG�WKDW�UHDFWRU�²�D�ZKLWH�ZDOO�ILHOG�²�WKH�DQWLWKHVLV�RI�D
EODFN�KROH��7KLV� LV�ZK\�,�VD\�WKH�FHQWUDO�UHDFWRU� LQ�/D]DU
V�8)2�ZLOO�QRW�EH�WKH
6285&(�RI�WKDW�ZKLWH�ZDOO�RI�UHSXOVLYH�JUDYLWDWLRQDO�IRUFH�ZLWK�LWV�LPSHQHWUDEOH
VKLHOG�� LWV�RQO\�ZKHUH� WKRVH�IRUFHV�PHHW�� ,Q�IDFW��ZKDW� WKDW�ZKLWH�ZDOO�SDVV�QRW�
VKLHOG�LV�GRLQJ�WKHUH�LV�SUHYHQWLQJ�WKH�FRQVHTXHQFH�RI�WKRVH�WKUHH�H[WUHPH�IRUFHV
RI�H[SDQVLYH�JUDYLW\�FRPSUHVVLQJ�WKHPVHOYHV�LQWR�KLJKHU�DQG�KLJKHU�GHQVLW\��7KH
UHSXOVLYH� VKLHOG� LV�ZKDW� \RX�PLJKW� FDOO� DQ�HYHQW�KRUL]RQ�� DQG� LW�ZLOO� EH� IRUPHG
VSHFLILFDOO\�EHFDXVH� WKHUH�DUH� WKUHH�JUDYLW\�DPSOLILHU�KHDGV�� DOO�SXVKLQJ�DQ�HTXDO
IRUFH�RI�JUDYLW\�DJDLQVW�HDFKRWKHU�
,QFLGHQWDOO\��E\�JHQHUDWLQJ� MXVW�RXWVLGH� WKH�UHDFWRU�VXFK�D�KXJH�SUHVVXUH�GHQVLW\
JUDGLHQW��DQG�WKHQ�KDYLQJ�WKUHH�FKDQQHOV�ZKLFK�UXQ�IURP�WKH�UHDFWRU
V� WRZHU� WR
WKH� PRVW� YDFXRXV� SDUW� RI� HDFK� RI� WKH� JUDYLW\� DPSOLILHU� KHDGV�� D� YHU\� SRZHUIXO
SUHVVXUH�YDFXXP�GLIIHUHQWLDO�ZLOO�EH�HVWDEOLVKHG�LQ�WKRVH�FKDQQHOV��WKURXJK�ZKLFK
WKH�UHDFWRU
V�DQWLPDWWHU�DQWLSURWRQV�ZRXOG�EH�VHQW�DW�JUHDW�VSHHG�
�����%RE�/D]DU
V�(OHPHQW�����LV�+HUH�WR�6WD\����LWV�2IILFLDO��
6R� ZKDW� LV� WKH� IXHO� VXSSO\� IRU� /D]DU
V� WKUHH� JUDYLW\� DPSOLILHU� KHDGV�� EHFDXVH
REYLRXVO\��ZKDW� WKHVH�TXDVL�EODFN�KROH� URWDWLQJ�VKHDULQJ� ILHOGV�QHHG� LQ�RUGHU� WR
NHHS�JRLQJ�� LV�D�FRQVWDQW�VXSSO\�RI�HQHUJ\� ��DQG� WKH�/D]DU�8)2�RQO\�XVHV�RQH
HQHUJ\�EUHDNGRZQ�PHFKDQLVP���<HV���RQH�HQHUJ\�EUHDNGRZQ�PHFKDQLVP���WKDW�LV
GHVLJQ�VNLOO� SHUVRQLILHG� LVQ
W� LW�� %XW�� DVWRQLVKLQJO\�� ZLWK� HDFK� RI� LWV� WKUHH� EODFN
YRUWH[HV� HQFDVHG� LQVLGH� LWV� RZQ� JUDYLW\� DPSOLILHU� KHDG� ZRUNLQJ� ZHOO� ZLWKLQ� LWV
VDIHW\�SDUDPHWHUV� WKHVH�ZRXOG�EH�YHU\� DGHTXDWHO\�SURYLGHG� IRU�E\� WKH� FRQVWDQW
GHOLYHU\�RI�DQWLPDWWHU�SDUWLFOHV�FRPLQJ�DZD\�IURP�WKH�XQXQSHQWLXP�UHDFWRU�DW�WKH
FHQWHU� RI� WKH� FUDIW�� DQG� WKLV� WUDQVPXWDWLRQ� SURFHVV�ZRUNV�PRUH�RU�OHVV� WKH�ZD\
/D]DU�VD\V�LW�GRHV��/D]DU�KDV�FODLPHG��RU�DW�OHDVW�LW�KDV�EHHQ�FODLPHG�IRU�KLP�RQ
/D]DU�EDVHG�ZHEVLWHV��WKDW�WKH�VIRXU8)2
V�DQWLPDWWHU�WRWDO�DQQLKLODWLRQ�UHDFWLRQV
ZLOO� HDFK� SURGXFH� ����� 0H9� RI� HQHUJ\�� 7KLV� ILJXUH� FRPSDUHV� IDYRUDEO\� ZLWK
1$6$
V�HVWLPDWH�RI������0H9�IRU�WKH�DQWLSURWRQ�SURWRQ�DQQLKLODWLRQ�SURFHVV�LW
ZDQWV�WR�GHYHORS�LQ�WKH�IXWXUH��:KHQ�RQH�FRQVLGHUV�WKDW�WKH�EDVLF�QXFOHDU�ILVVLRQ
RI� XUDQLXP����� JLYHV� ���� 0H9� RI� HQHUJ\�� WKHQ� E\� DQ\RQH
V� VWDQGDUG�� WKHVH
ILJXUHV�IRU�XQXQSHQWLXP�����GHQRWH�WUHPHQGRXVO\�KLJK�SRZHU�UDWLQJV�>VHH�QRWH�
�@�
7ZHQW\�ILUVW� FHQWXU\� VFLHQFH� LV� ZHOO� WXQHG� LQWR� WKH� V\QWKHVLV� RI� VXSHUKHDY\
HOHPHQWV�QRZ�ZLWK�UHVHDUFKHUV�GHYHORSLQJ�QHZ�ZD\V�WR�SURGXFH�HOHPHQWV�DV�KLJK
DV������DQG�HYHQ�EDFN�WRZDUG�WKH�HQG�RI�WKH�WZHQWLHWK�FHQWXU\�LW�KDG�EHHQ�IRXQG
WKDW�D�����HOHPHQW� FRXOG�EH�FUHDWHG� WKURXJK�KLJK�SRZHUHG�F\FORWURQ�FROOLVLRQV
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�HYHQ�WKRXJK�WKDW�����KDG�D�YHU\�VKRUW�KDOI�OLIH�GXUDWLRQ���:KDW�ERGHV�ZHOO� IRU
WKH� %RE� /D]DU� K\SRWKHVLV� LV� WKDW� ZKHQHYHU� HOHPHQW� ���� ZDV� FUHDWHG�� DIWHU� LW
GHFD\HG� GRZQ� WR� HOHPHQW� ���� WKDW� HOHPHQW� ���� ZRXOG� WKHQ� GHFD\� GRZQ� WR
HOHPHQW������ZKLFK�LV�RQH�RI�WKH�WKLQJV�/D]DU�DOOXGHG�WR�LQ�KLV�K\SRWKHVLV���:KDW
VFLHQWLVWV� KDYH� DOVR� IRXQG� LV� WKDW� WKHUH� LV� DQ� LVODQG� RI� VWDELOLW\� KHUH� �WKLV� DJDLQ
YDOLGDWHV� ZKDW� /D]DU� VDLG��� DOWKRXJK�PRVWO\� LW� LV� FHQWHUHG� DURXQG� ���� SURWRQV
ZLWK� ���� QHXWURQV� �/D]DU
V� H[WUDWHUUHVWULDO� XQXQSHQWLXP� ���� LV� UDWHG� DV� ���
SURWRQV�ZLWK�����QHXWURQV��>QRWH���@�
+RZHYHU�� ULJKW� QRZ�� WKH� HDUWK� SK\VLFLVWV� PXVW� DGPLW� WKDW� WKH\� GRQ
W� IXOO\
XQGHUVWDQG� ZKDW� VRUW� RI� SURFHVV� KDV� EHHQ� IROORZHG�� LQ� RUGHU� IRU� WKH
H[WUDWHUUHVWULDOV�WR�SURGXFH�WKHLU�SDUWLFXODU� IRUP�RI�HOHPHQW������ IRU�� WKH\�GRQ
W
NQRZ�KRZ�LW�ZDV�V\QWKHVL]HG� LQWR� VXFK�D� VWDEOH� HOHPHQW��3UHVHQWO\� �FLUFD������
WKH�UHVHDUFK�WKDW�KDV�EHHQ�GRQH�RQ�HOHPHQW�����V\QWKHVLV�FDQ�VWLOO�RQO\�DWWULEXWH
WR�WKDW�SURFHGXUH�DQ�HOHPHQW�ZKLFK�HQGV�XS�ZLWK�����SURWRQV�EXW�ZLWK�RQO\����
QHXWURQV��VR�WKDW�LW�DPRXQWV�WR�D�ORZ�JUDGH�XQXQSHQWLXP�ZLWK�D�KDOI�OLIH�RI�MXVW
���PLOOLVHFRQGV��ZKLFK�REYLRXVO\�LV�DQ�LQIHULRU�SURGXFW�WR�WKDW�RI�WKH�(7
V�
6R�ZKDW� ,�ZDQW� WR�GR�KHUH�� LV� RIIHU� D� IHZ�REVHUYDWLRQV� WKDW�KDYHQ
W� EHHQ� DLUHG
EHIRUH� DERXW� WKLV� VXSHUKHDY\� HOHPHQW
V� VWUXFWXUH�� DQG� DERXW� WKH� DOLHQ� ZD\� WKH
(7
V�����PD\�KDYH�EHHQ�V\QWKHVL]HG��,Q�WKH�UHFHQW�UHVHDUFKHV�LQWR�WKH�V\QWKHVLV
RI�VXSHUKHDY\�HOHPHQWV��RI��VD\��HOHPHQWV�����WR������LW�KDV�EHHQ�IRXQG�WKDW�WKH
DFWXDO� VWUXFWXUH� RI� WKH� VXSHUKHDY\� HOHPHQW� LVQ
W� QHFHVVDULO\� WKDW� RI� WKH� XVXDO
VSKHULFDO�VKDSH��LWV�D�VRPHZKDW�GHIRUPHG�VKDSH��7KLV�GHIRUPDWLRQ��HLWKHU�LQWR�DQ
REODWH� �VTXDVKHG��RU� D�SURODWH� �VWUHWFKHG�� VKDSH�� RI� WKH� DWRP
V� VWUXFWXUH� UHVXOWV
IURP� DQ� LQWHUSOD\� RI� WKH� VWURQJ� QXFOHDU� IRUFH�� WKH� HOHFWURPDJQHWLF� IRUFH�� WKH
JUDYLWDWLRQDO�IRUFH��DQG�WKH�DWRP
V�&RXORPE�IRUFH��,W�KDV�IXUWKHU�EHHQ�UHSRUWHG
WKDW�WKH�LQWHQVH�UHSXOVLRQ�RI�WKH�&RXORPE�IRUFH��DQG�WKH�VWURQJ�QXFOHDU��QXFOHRQ�
QXFOHRQ�� UHSXOVLRQ� IRUFH�� IURP� WKHUH� EHLQJ� VR� PDQ\� QXFOHRQV� MDP�SDFNHG
WRJHWKHU� ZLWKLQ� WKHVH� VXSHUKHDYLHV�� LV� D� PDMRU� FRQWULEXWRU\� IDFWRU� WR� WKH
GHIRUPDWLRQ� RI� WKHVH� VXSHUKHDY\� DWRPLF� VKHOOV� >QRWH�� �@�� $W� WKH� VDPH� WLPH
WKRXJK�� LW� KDV� EHHQ� IRXQG� WKDW� WKLV� GHIRUPDWLRQ� LV� QR� EDG� WKLQJ�� EHFDXVH
GHIRUPHG�VXSHUKHDYLHV�DUH�WKH�PRVW�VWDEOH�VXSHUKHDYLHV�WKHUH�DUH�DW�WKH�PRPHQW�
DQG��WKH�GHIRUPDWLRQ�FDQ�HTXDWH�WR�KLJKHU�H[FLWDWLRQ�VWDWHV�IRU�WKHVH�DWRPV�
7KLV�EHLQJ�WKH�FDVH��LW�PD\�EH�ZRUWK�PHQWLRQLQJ�KHUH�WKDW�,�KDYH�VHHQ�HOVHZKHUH�
LQ�RWKHU�8)2V��WKDW�WKH�H[WUDWHUUHVWULDOV�XVH�JUDYLWDWLRQDO�IRUFHV�WR�SRODUL]HG�WKH
DWRPV�LQ�WKH�PDWHULDOV�WKH\�XVH��2QH�LQVWDQFH�WKDW�FRPHV�WR�PLQG�LV�WKHLU�XVH�RI
PXOWL�OD\HUHG� ELVPXWK�PDJQHVLXP�]LQF� �LQ� WKH� $QGUHDVVRQ� DQG� WKH� 5RVZHOO
8)2V���EHFDXVH�ZKDW� WKH�(7V� WHQG� WR�GR� LV� XWLOL]H� D�KLJK�PDVV� VXEVWDQFH�� OLNH
OHDG�RU�ELVPXWK��DQG�XVH� LW� WR� WUDQVPLW�JUDYLWDWLRQDO� LQIOXHQFH� IURP� WKHLU�TXDVL�
EODFN�KROH�PRUH�GLUHFWO\�WKURXJK�WKRVH�VXEVWDQFHV�WR�RWKHU�SDUWV�RI�WKRVH�FUDIW��PRUH
GLUHFWO\�WKDQ�LW�ZRXOG�RWKHUZLVH�EH�UDGLDWHG���:KHUHE\��LQ�VXFK�FDVHV��D�KLJK�PDVV
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PDWHULDO� LV� XVHG� DURXQG� D� JUDYLWDWLRQDO� VRXUFH� VSHFLILFDOO\� EHFDXVH� WKH� PRUH�
PDVVLYH�QXFOHRQ� FOXVWHUV� LQ� WKDW�PDWHULDO
V� DWRPV�ZLOO� EH� DIIHFWHG�PRUH� E\� WKDW
ORFDOL]HG� JUDYLWDWLRQDO� VRXUFH� WKDQ� WKH� DWRP
V� OHVV�PDVVLYH� HOHFWURQV�� VR� WKDW� DV
WKH� DWRPV� EHFRPH� HOHFWULFDOO\� XQEDODQFHG�� RU� LQ� RWKHU� ZRUGV�� HOHFWULFDOO\
SRODUL]HG�� WKDW� HOHFWULFDO� LQIOXHQFH�FDQ�EH� WUDQVPLWWHG� WKURXJK� WR�RWKHU� DUHDV�RI
WKH�FUDIW��PXFK�LQ�WKH�VDPH�ZD\�ZH�WUDQVPLW�HOHFWULFDO�FKDUJHV�WKURXJK�SODVPRQLF
RVFLOODWLRQ��DV�,�H[SODLQ� LQ�PRUH�GHWDLO� WKURXJKRXW�FKDSWHUV���DQG�����:KDW�DOVR
KDSSHQV� ZLWK� JUDYLWDWLRQDO� SRODUL]DWLRQ� LV� WKDW� WKH� DWRP
V� VWUXFWXUH� EHFRPHV
SK\VLFDOO\�GHIRUPHG�EHFDXVH�WKH�HOHFWURQ�VKHOOV�EHFRPH�ELDVHG�RYHU�WR�RQH�VLGH
RI�WKH�DWRP��LH�WKH�DWRP�WDNHV�RQ�D�SHDU�VKDSH��>QRWH����@�
:RXOG�WKH�H[WUDWHUUHVWULDO
V�VSHFLDO�FRPSRXQG�RI�XQXQSHQWLXP�����KDYH�KDG�LWV
DWRPLF� VWUXFWXUHV� GHIRUPHG� E\� D� VWURQJ� JUDYLWDWLRQDO� IRUFH� ZKLOH� LW� ZDV� EHLQJ
PDQXIDFWXUHG� "� )XUWKHUPRUH�� ZRXOG� WKLV� GHIRUPDWLRQ� PDNH� WKRVH� VXSHUKHDY\
DWRPV�PRUH� VWDEOH�� DQG� DW� WKH� VDPH� WLPH� FDXVH� WKHP� WR� GHYHORS� DURXQG� WKHLU
RXWHU� VKHOOV� D� QXFOHRQ� VNLQ� �� FRPSULVHG� RI� QXFOHRQV� ZKLFK� ZHUH� H[WHQGLQJ
EH\RQG�WKH�DWRP
V�QRUPDO�UDGLXV�"�6FLHQWLVWV�RI�WKLV�ZRUOG�PLJKW�EXON�DW�VXFK�DQ
LGHD�� SRVVLEO\� IURP� LW� VRXQGLQJ� WRR� H[RWLF�� RU� SRVVLEO\� IURP� WKH� IDFW� WKDW� WKH
VFLHQWLVWV� RI� WKLV� ZRUOG� NQRZ� VR� OLWWOH� DERXW� KRZ� JUDYLWDWLRQDO� IRUFHV� FDQ� EH
JHQHUDWHG�DV�D�ORFDOL]HG�DQG�SHUIHFWO\�FRQWUROODEOH�ILHOG�
%XW�WKHQ��ZK\�VKRXOGQ
W� LW�EH�H[SHFWHG�WKDW�WKH�DOLHQ
V�VXSHUKHDY\�HOHPHQWV�FDQ
KDYH�D�GLIIHUHQW�DWRPLF�VWUXFWXULQJ�WKDQ�WKDW�IRXQG�RQ�HDUWK�"�,W�ZRXOG�VXUHO\�VHW
D�VWUDQJH�SUHFHGHQW�LI�,�VXJJHVWHG�KHUH�WKDW�WKH�IXHO�IRU�/D]DU
V�8)2�VKRXOG�EH
H[SHFWHG� WR� FRPH� IURP� WKLV� SODQHW�� DQG� VR� LW� ZRXOG� EH� PRUH� FRQGXFLYH� WR
H[WUDWHUUHVWULDO� VFLHQFH� DQG� HQJLQHHULQJ� H[SHULHQFH�� DQG� WR�8)2�PDQXIDFWXULQJ
SURFHGXUHV��WR�WDNH�LW�IRU�JUDQWHG�WKDW�/D]DU
V�HOHPHQW�����PXVW�VXUHO\�KDYH�FRPH
RQO\�IURP�DQRWKHU�SODQHW��$QG�E\� WDNLQJ� WKLV�SUHPLVH�VOLJKWO\� IXUWKHU��VKRXOGQ
W
WKDW�RWKHU�SODQHW�EH�H[SHFWHG�DOVR�WR�KDYH�D�GLIIHUHQW�JUDYLWDWLRQDO�ILHOG�WR�WKDW�RI
RXU�SODQHW�"�$�SRVVLEOH�FRUUHODWLRQ�WRZDUG�WKLV�IDFWRU�PLJKW�EH�IRXQG�WKURXJK�WKH
%HWW\�$QGUHDVVRQ
V�UHFROOHFWLRQV�RI�ZKHQ�WKH�*UH\V�DEGXFWHG�KHU�LQ�WKHLU�8)2
FUDIW��EHFDXVH� WKH�*UH\V�RQFH�H[SODLQHG� WR�KHU� WKDW� WKH\�QRUPDOO\�H[LVWHG� LQ�DQ
HQYLURQPHQW�ZKLFK� KDG� D� JUHDWHU� GHQVLW\� WKDQ� WKH� RQH�ZH� DUH� H[SHULHQFLQJ� RQ
HDUWK�DW�WKH�PRPHQW��,I�VR��DQG�/D]DU
V�HOHPHQW�����FDPH�IURP�D�SODQHW�ZLWK�D
JUHDWHU� PDVV�GHQVLW\� WKDQ� RXUV� WKHQ� LW� ZRXOG� DOVR� KDYH� EHHQ� LQIOXHQFHG� E\� D
JUHDWHU�JUDYLWDWLRQDO�IRUFH�WKDQ�ZH�KDYH�KHUH��2U��IRU�WKH�DVWXWH�8)2�UHVHDUFKHU�
WKH� H[WUDWHUUHVWULDO
V� XQXQSHQWLXP� PLJKW� VLPSO\� KDYH� EHHQ� IDEULFDWHG� LQVLGH� D
PDQXIDFWXUHG� HQYLURQPHQW� RI� KLJKHU�GHQVLW\� DQG� KLJKHU� JUDYLWDWLRQDO� LQIOXHQFH
LQVLGH�D�VHDOHG�PHWDO�VKHOO�LQ�FORVH�SUR[LPLW\�WR�D�TXDVL�EODFN�KROH���
(LWKHU�ZD\��,�EHOLHYH�WKH�FOXHV�SRLQWLQJ�WR�WKLV�JUDYLWDWLRQDO�IRUP�RI�SRODUL]DWLRQ
FDQ� EH� IRXQG� LQ� %RE� /D]DU
V� DFFRXQW� RI� KRZ� WKH� H[WUDWHUUHVWULDOV� JDYH� WR� WKH
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$PHULFDQ��DQG�,�SUHVXPH�WKH\�DUH�$PHULFDQ�����VFLHQWLVWV�UHVHDUFKLQJ�DW�$UHD����D
ODUJH�DPRXQW�RI�WKHLU�XQXQSHQWLXP�����WR�H[SHULPHQW�ZLWK�
�����&RQVWDQW�(QHUJ\�%HLQJ�'HOLYHUHG�IURP�3RODUL]HG�8QXQSHQWLXP����
%HFDXVH�� LQ� WKLV� ORQJ� FRQYROXWHG� LQVSHFWLRQ� RI� WKLV� DOLHQ� SRZHU� VRXUFH�� ,
P
EHJLQQLQJ� WR� VHH� WKDW� WKH� ZHGJH� RI� XQXQSHQWLXP� ZKLOH� LW� LV� YHU\� LPSRUWDQW
EHFDXVH�RI�LWV�VXSHU�KHDYLQHVV��ZKDW�LW�PLJKW�KDYH�DERXW�LW�WKDW�ZLOO�EH�IRXQG�WR
EH� MXVW� DV� LPSRUWDQW�� IRU� XQUDYHOLQJ� H[DFWO\� KRZ� WKH� H[WUDWHUUHVWULDOV� KDYH
V\QWKHVL]HG�WKLV�SDUWLFXODU�IRUP�RI������ZLOO�EH�WKH�XQLTXH�VKDSH�LW�KDG�WR�EH�JLYHQ
DQG�DOVR�WKH�XQLTXH�IXVLQJ�DQG�PLOOLQJ�SURFHVVHV�LW�KDG�WR�JR�WKURXJK��LQ�RUGHU�WR
JHW�LW�LQWR�LWV�ZHGJH�VKDSH�EHIRUH�LW�FRXOG�EH�XVHG�LQ�WKLV�8)2
V�FHQWUDO�UHDFWRU�
7KH�����ZDV�VXSSOLHG�E\�WKH�(7V�WR�WKH�VFLHQWLVWV�DW�WKH�$PHULFDQ�6���IDFLOLW\�DV
URXQG�IODW�GLVFV��1R�OHVV�WKDQ�WZHOYH�RI�WKRVH�GLVFV�QHHGHG�WR�EH�IXVHG�WRJHWKHU
E\� WKH� VFLHQWLVWV� DW� 6��� DFFRUGLQJ� WR� %RE� /D]DU
V� QRWHV�� DQG� DIWHU� IXVLQJ� WKHP
WRJHWKHU�WKH�UHVXOWLQJ�FRPSRVLWH�F\OLQGHU�ZDV�WKHQ�PLOOHG�LQWR�D�FRQH�VKDSH��DQG
DIWHU�WKDW�WKH�FRQH�KDG�WR�KDYH�WZR�HGJHV�PLOOHG�RII�LW�VR�WKDW�LW�FRXOG�EH�JLYHQ
SDUDOOHO� VLGHV�� DQG� VR� ZKDW� ZDV� OHIW� ZDV� D� YHU\� QDUURZ� WULDQJXODU� ZHGJH� ZLWK
FXUYHG� HGJHV� WKDW� FDPH� WR� D� VKDUS� SRLQW�� /D]DU� DOVR� QRWHG� WKDW� WKH� PLOOLQJ
SURFHVV�� FDUULHG� RXW� DW� /RV� $ODPRV� ZKHUH� /D]DU� XVHG� WR� ZRUN�� FUHDWHG� D
WUHPHQGRXV�DPRXQW�RI�ZDVWDJH�RI�WKH�RULJLQDO�����PDWHULDO��,QGHHG��/D]DU�JUHDWO\
HPSKDVL]HG�WKH�IDFW�WKDW�HYHQ�WKRXJK�WKH�PLOOLQJ�LQVWUXFWLRQV�DFFRPSDQ\LQJ�WKH
RULJLQDO�WZHOYH�GLVFV�LPSOLFLWO\�DVNHG�IRU�DOO�WKH�ZDVWH�PDWHULDO�WR�EH�UHWXUQHG�ZLWK
WKH�ILQLVKHG�ZHGJH�WR�6����QRW�DOO�RI�LW�ZDV�UHWXUQHG�FRPSODLQHG�/D]DU��DQG�\RX
JRW�WKH�IHHOLQJ�WKDW�WKLV�ZDV�YHU\�PXFK�WR�WKH�FKDJULQ�RI� WKH�6���VFLHQWLVWV��%XW
WKHQ�� ZKHQ� DOO� WKLQJV� DUH� FRQVLGHUHG�� ,� VXSSRVH� WKH\� KDG� HYHU\� UHDVRQ� WR� IHHO
SLVVHG�RII�DERXW�WKLV�DSSDUHQW�WKHIW��%DFN�LQ�WKH�����V�D�VXSHUKHDY\�HOHPHQW�VXFK
DV� ���� ZDV� D� XQLTXHO\� UDUH� DQG� SULFHOHVV� FRPPRGLW\�� WKH� IDFW� WKDW� WKH� PLOOLQJ
SURFHGXUH�LW�UHTXLUHG�WXUQHG�PRVW�RI�LW�RQWR�WKH�PDFKLQH�VKRS�IORRU�ZDV�GLIILFXOW
HQRXJK� WR� VWRPDFK�� EXW� WKHQ�� WR� QRW� EH� JLYHQ� EDFN� DOO� WKH� UHPQDQWV� RI� WKLV
SUHFLRXV�FRPPRGLW\��ZHOO�� WKLV�ZRXOG�KDYH� EHHQ�KLJKO\� XQDFFHSWDEOH��$IWHU� DOO�
/D]DU�DQG�WKH�RWKHU�JX\V�DW�6���ZRXOG�KDYH�SUHVXPHG�WKDW�WKH�RQO\�VXSSOLHUV�RI
WKDW�VWXII�ZHUH�EHLQJV�WKDW���ZHUHQ
W�H[DFWO\�ORFDOV�
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)LJXUH�����7KH�DOLHQ
V�XQXQSHQWLXP�����IXHO�GLVFV�KDG�WR�EH�VWDFNHG�LQ�D�VSHFLDO
ZD\�EHIRUH�WKH\�ZHUH�IXVHG�WRJHWKHU�DQG�PLOOHG�LQWR�D�ZHGJH
%XW� WKHQ�� WKLV� ZKROH� SURFHGXUH� ZLWK� WKHVH� WZHOYH� GLVFV� LV� VWUDQJH�� LI� WKLV
VXSHUKHDY\�PDWHULDO�ZDV�VR�UDUH�D�FRPPRGLW\�ZK\�DOORZ�LW�WR�JR�WKURXJK�VXFK�D
ZDVWHIXO�PLOOLQJ� SURFHGXUH� "�%HFDXVH�� WKH� VDPH�ZHGJH�VKDSH� FRXOG� KDYH� FRPH
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IURP�XVLQJ� MXVW� WZR�RI� WKH�(7
V� GLVFV�� VXUHO\�� ,I� MXVW� 7:2�RI� WKRVH� ���� GLVFV
ZHUH� VWUDLJKW�HGJHG� VR� WKH\� FRXOG� EH� EXWWHG� WRJHWKHU� VLGH�ZD\V� �HQG� WR� HQG� �
LQVWHDG� RI� IODW� WR� IODW��� WKH\� FRXOG� TXLWH� HDVLO\� KDYH� EHHQ� IXVHG� WRJHWKHU� DQG
VKDSHG�LQWR�WKH�VDPH�ZHGJH�DV�UHTXLUHG��IURP�VLPSO\�PLOOLQJ�WKDW�FRPELQHG�SDLU
RI�GLVFV�VLGH�ZD\V��DQG�FXWWLQJ�RII�WKH�HGJHV�DW�DQ�DQJOH�WR�IRUP�D� WULDQJOH��DQG
WKHQ�FXUYLQJ� URXQG� WKRVH� HGJHV� DQG� ILQDOO\� VKDUSHQLQJ� XS� WKH� SRLQWHG� HQG�� 6R
VLPSOH� �� WKDW� ZD\� WKHUH� ZRXOG� EH� D� VXEVWDQWLDO� VDYLQJ� RI� WKDW� SUHFLRXV
XQXQSHQWLXP� ����� DQG� LQVWHDG� RI� JHWWLQJ� MXVW�21(�ZHGJH� RXW� RI� WKRVH� GLVFV�
FULNH\�� DV� PDQ\� DV� 6,;� ZHGJHV� FRXOG� KDYH� EHHQ� SURGXFHG� IURP� WKRVH� WZHOYH
VXSSOLHG�GLVFV���0DNHV�SHUIHFW�VHQVH��PXFK�OHVV�ZDVWDJH�DQG�VL[�WLPHV�WKH�YDOXDEOH
ILQDO�SURGXFW��:HOO��LW�ZRXOG�PDNH�SHUIHFW�VHQVH��XQOHVV�WKHUH�ZDV�PRUH�WR�WKRVH
WZHOYH�GLVFV�WKDQ�PHHWV�WKH�H\H���
6R�KHUHLQ�UHVLGHV�WKH�FOXH�DV�WR�KRZ�WKH�DOLHQV�V\QWKHVL]HG�WKDW�HOHPHQW������7KH
IDFW�WKDW�WKH\�KDG�WR�EH�VWDFNHG�RQH�XSRQ�WKH�RWKHU��IODW�VLGH�XSRQ�IODW�VLGH��VD\V
YROXPHV�DERXW�KRZ�WKH�DOLHQ
V�PDWHULDO�ZRUNHG��REYLRXVO\��WKHUH�PXVW�KDYH�EHHQ
VRPHWKLQJ�63(&,$/� LQ� WKH�ZD\� WKRVH�RULJLQDO�GLVFV�ZHUH�PDQXIDFWXUHG�E\� WKH
H[WUDWHUUHVWULDOV��DQG�WKH\�PXVW�KDYH�EHHQ�SRODUL]HG�LQ�VRPH�ZD\�
,�EHOLHYH�HDFK�RI�WKHVH�WZHOYH�GLVFV�VXSSOLHG�E\�WKH�(7V�ZDV�JUDYLWDWLRQDOO\�SRODUL]HG
MXVW�DV�,�KDYH�DOOXGHG�WR�DERYH�DQG�DOVR�ZKHUH�,
YH�QRWLFHG�D�VLPLODU�SKHQRPHQRQ
LQ�RWKHU�8)2V��DV�KDV�EHHQ�H[SODLQHG�LQ�FKDSWHU���DERYH���%HFDXVH��ZKHUH�LW�KDV
EHHQ�VXJJHVWHG��LQ�WKH�SUHYLRXV�VHFWLRQ��WKDW�DQ�DWRP
V�VWUXFWXUH�FDQ�EH�GHIRUPHG
WKURXJK�WKH�IRXU�SUHVHQWO\�FRQVLGHUHG�DWRPLF�IRUFHV�RSHUDWLQJ�LQVLGH�VXSHUKHDY\
HOHPHQWV��VR�D�JUDYLWDWLRQDO�WUDQVSRVLWLRQ�FRXOG�EH�LQLWLDWHG�XSRQ�WKRVH�DWRPV�WR
UH�DUUDQJH�WKRVH�IRXU�LQWHU�DWRPLF�IRUFHV�DQG�WR�UH�VWUXFWXUH�WKRVH�DWRP
V�VKHOOV�
2EYLRXVO\��WKH�JUDYLWDWLRQDO�IRUFHV�WR�GR�WKLV�ZRXOG�KDYH�WR�EH�H[WUHPH��ZKLFK�RI
FRXUVH� WKH\�ZRXOG� EH� LQ� WKH� LPPHGLDWH� YLFLQLW\� RI� D� TXDVL�EODFN� KROH� FRUH�� IRU
LQVWDQFH�� ,Q� FORVH� SUR[LPLW\� WR� VXFK� D� JUDYLWDWLRQDO� SRODUL]LQJ� IRUFH� LW� ZRXOG
VLPSO\� EH� D�PDWWHU� RI� UHQGHULQJ� WKH�PDWHULDO� WR� EH� SRODUL]HG� LQWR� D� VHPL�VROLG
VWDWH��DQG� WKHQ�SRVLWLRQLQJ� WKDW�PDWHULDO�QHDU� WKH�JUDYLWDWLRQDO�VRXUFH� WR�H[SORLW
WKH� HQRUPRXV� PDVV�GLIIHUHQWLDO� EHWZHHQ� HDFK� DWRP
V� QXFOHRQ�FOXVWHU� DQG� LWV
HOHFWURQ� FORXG� �ZKLFK� IRU� D� KHDY\� HOHPHQW� VXFK� DV� XQXQSHQWLXP� ���� ZRXOG
DPRXQW� WR� DQ� LPEDODQFH� UDWLR� RI� ��������� 7KLV� ZRXOG� VKLIW� WKH� QXFOHRQV� DZD\
IURP�WKH�FHQWHU�RI� WKH�HOHFWURQ�FORXG� LQ�HDFK�RI� WKDW�PDWHULDO
V� DWRPV��DQG� WKLV
FRXOG�EH�GRQH�HLWKHU�DV�D� VHPL�SHUPDQHQW�VKLIW��RU�DV�DQ�RVFLOODWLQJ�VWUHVV��$QG
ZLWK�D�VKLIW�DOO�WKDW�ZRXOG�UHPDLQ�WR�EH�GRQH�WKHQ�ZRXOG�EH�WR�IL[�WKLV�VKLIW�LQ�D
SHUPDQHQW� IDVKLRQ� �DQDORJRXV�� SHUKDSV�� WR� KRZ� DQ� HOHFWUHW� LV� JLYHQ� SHUPDQHQFH
WKURXJK�LWV�VROLGLILFDWLRQ�SURFHVV��
,Q�WKH�DOLHQ�GLVFV�WKH�SRODUL]DWLRQ�HIIHFW�PXVW�KDYH�UXQ�EHWZHHQ�WKH�SODQDU�IDFHV
RI�WKRVH�GLVFV��PHDQLQJ�WKDW�HDFK�GLVF
V�SRODUL]DWLRQ�KDG�WR�EH�RULHQWDWHG�LQ�WKH
VDPH�GLUHFWLRQ�ZKHQ�WKH\�ZHUH�VWDFNHG�DQG�IXVHG�WRJHWKHU�SULRU�WR�PLOOLQJ��7KLV
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ZRXOG� KDYH� EHHQ� LQ� WKH� LQVWUXFWLRQV� JLYHQ� E\� WKH� H[WUDWHUUHVWULDOV� WR� WKH� 6��
VFLHQWLVWV��DQG�WKLV�VDPH�LQVWUXFWLRQ�PXVW�SUHVXPDEO\�KDYH�EHHQ�SDVVHG�RQ�WR�WKH
HQJLQHHUV� DW� /RV� $ODPRV� WRR�� LI� WKH\� GLG� WKH� IXVLQJ�WRJHWKHU� RI� WKRVH� WZHOYH
GLVFV���$QG�VR�DIWHU�WKLV�VWDFN�JHWV�KRQHG�GRZQ�WR�LWV�UHTXLUHG�ZHGJH�VKDSH��WKDW
ZRXOG�EH�ZKHQ�WKH�SRODUL]DWLRQ�HIIHFW�ZRXOG�WKHQ�EHFRPH�PRVW�DSSDUHQW��IRU�WKH
ZHGJH�VKDSLQJ� ZRXOG� EH� GRQH� HVSHFLDOO\� WR� H[HPSOLI\� WKLV� DWRPLF� FHOOXODU
LPEDODQFH��7KDW�WKLV�VKDSLQJ�SURFHGXUH�ZDV�VR�LPSRUWDQW�ZRXOG�DFFRXQW�IRU�ZK\
WKH�KXJH�DPRXQW�RI�ZDVWDJH�LQ�WKH�PLOOLQJ�SURFHVVHV�FRXOG�QRW�EH�DYRLGHG�
)RU�WKH�VFLHQWLVWV�RI�HDUWK�WKLV�LV�YHU\�PXFK�XQ�FKDUWHUHG�WHUULWRU\�RI�FRXUVH��DQG
DV�\HW�WKHUH�LV�QR�SUHFHGHQW�VHW�IRU�WKLV�VRUW�RI�PDQLSXODWLRQ�RI�DWRPLF�VWUXFWXUH�
QR�UHVHDUFK�LQ�PDLQVWUHDP�VFLHQFH�KDV�EHHQ�GRQH�RQ�LW�EHIRUH��HYHQ�WKRXJK�WKH
SURFHVV� RI� JUDYLWDWLRQDO� SRODUL]DWLRQ� KDV� EHHQ� REVHUYHG� DURXQG� EODFN� KROHV� E\
DVWURSK\VLFLVWV� �VHH�QRWH� ��� DERYH��� %XW� ,� ZRXOG� SUHVXPH�� ZLWK� UHJDUG� WR� WKH
VIRXU8)2
V� HOHPHQW� ���� WKDW� WKH� UHTXLUHG� HIIHFW�ZRXOG� FRPH� IURP�RULHQWDWLQJ
WKH� SRLQW� RI� WKH� ZHGJH� WRZDUG� WKH� IXUWKHVW� HQG� RI� WKH� VWDFN� ZLWK� WKH� PRVW
PDVVLYH�GLVSODFHPHQW��DQG�KDYLQJ�WKH�ZHGJH
V�EOXQW�HGJH�DW�WKH�IURQW�HQG�RI�WKH
VWDFN�ZKHUH�WKH�OHDVW�PDVVLYH�GLVSODFHPHQW�RFFXUUHG�
7KLV�RULHQWDWLRQ�HIIHFW�WR�WKH�DWRP
V�VWUXFWXUH�ZRXOG�VWUHWFK�WKH�DWRP�VOLJKWO\�DQG
SXVK�WKH�HOHFWURQ�FORXG�WR�RQH�VLGH�RI�WKH�QXFOHRQV��VR�RQ�RQH�VLGH�RI�WKH�KLJK�
PDVV� SURWRQ�QHXWURQ� FOXVWHU� WKHUH� ZRXOG� EH� D� SUHGRPLQDQFH� RI� HOHFWURQV
EX]]LQJ�DURXQG�WKH�QXFOHRQV�EXW�RQ�WKH�RWKHU�VLGH�MXVW�D�VPDWWHULQJ�RI�HOHFWURQV
ZLOO� RUELW� RXWVLGH� WKRVH� QXFOHRQV�� :LWK� DOO� WKH� DWRPV� RI� WKH� ���� VLPLODUO\
GLVILJXUHG� WKH� UHVXOW� ZLOO� EH� D� ODUJH� DFFXPXODWLRQ� RI� HDFK� DWRP
V� HOHFWULF
GLVSODFHPHQW� ILHOG�� DQG� D� ODUJH� DFFXPXODWLRQ� RI� WKH� &RXORPE� UHSXOVLYH� IRUFH
IURP� WKH� IDFW� WKDW� WKH� QXFOHRQ
V� FKDUJHV� DUHQ
W� EHLQJ� QHXWUDOL]HG� DOO� WKH� ZD\
DURXQG�WKH�FOXVWHU��LH�WKH�SRVLWLYH�SURWRQ�FKDUJHV�ZRQ
W�EH�IXOO\�VFUHHQHG�E\�WKH
HOHFWURQV���*LYHQ� WKH� DERYH�RULHQWDWLRQ� �ZLWK� WKH�PRVW� UHSXOVLYH� IRUFH�GLUHFWHG
WRZDUGV�WKH�ZHGJH
V�SRLQW��LW�ZRXOG�REYLRXVO\�JLYH�WKH�ZHGJH�D�SRVLWLYH�HOHFWULFDO
FKDUJH�DW�WKH�SRLQWHG�HQG��DQG�D�QHJDWLYH�FKDUJH�DW�WKH�ZLGH��IODW�HQG��%XW�PRUH
LPSRUWDQWO\�� WKLV� ZRXOG� DOLJQ� WKH� DWRPLF� &RXORPE� DQG� WKH� LQWHU�QXFOHRQ
UHSXOVLRQ� IRUFHV� WKH� VDPH�ZD\� GRZQ� WKH� OHQJWK� RI� WKH�ZHGJH� DQG� FDXVH� WKHVH
UHSXOVLYH�IRUFHV�WR�SXVK�RXW�IURP�WKH�ZHGJH
V�SRLQWHG�HQG�
%\�KDYLQJ�DQ�DFFXPXODWLRQ�RI�WKLV�RXW�SXVKLQJ�ILHOG�DW�WKH�SRLQW�LWV�TXLWH�HDV\�WR
VHH�KRZ�D�KDOR�HIIHFW�ZRXOG�WKHQ�EH�SURGXFHG�DURXQG�WKH�SRLQW�RI�WKDW�ZHGJH�RI
XQXQSHQWLXP� ����� DQG� WKLV� KDOR� HIIHFW�� RU� PLVW� RI� SURWRQV� RU� QHXWURQV
VXUURXQGLQJ�WKH����
V�SRLQW��ZRXOG�SUHVXPDEO\�EH�WKH�PRVW�SURGXFWLYH�WDUJHW�IRU
WKH�DFFHOHUDWHG�EHDP�RI�EXOOHW�SDUWLFOHV�FRPLQJ�XS� IURP� WKH� UHDFWRU
V� F\FORWURQ
DFFHOHUDWRU� WR� VWULNH� DJDLQVW� �UDWKHU� WKDQ� WKH� QXFOHRQV� ZLWKLQ� WKH� DFWXDO� DWRPV
LQVLGH�WKH�����HOHPHQW��VR�DV�WR�WULJJHU�WKH�IXVLRQ�ILVVLRQ�FKDLQ�UHDFWLRQV�ZKLFK
/D]DU�VD\V�ZLOO�SURGXFH�WKH�VIRXU8)2
V�DQWLSURWRQV�>QRWH����@�
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)LJXUH�����:LWK�WKH�DLG�RI�WKH�PDJQHWLF�ILHOGV�ZKHQ�WKH�SURWRQV�DUH�ILUHG�DW�WKH
DQWLSURWRQV�FUHDWHG�ZLOO�VKRRW�GRZQZDUGV�ZKLOH�WKH�SURWRQV�ZLOO�VKRRW�XSZDUGV
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7KH� UHDGHU� VKRXOG� QRWH� WKLV� IROORZV� RQ� IURP� ZKDW� ZDV� DOOXGHG� WR� DW� WKH
EHJLQQLQJ�RI�WKLV�FKDSWHU��ZKHUH�PHQWLRQ�ZDV�PDGH�RI�WKH�DWRPLF�QXFOHRQ�VNLQ
ZKLFK� GHYHORSV� DURXQG� VRPH� K\SHU�KHDY\� HOHPHQWV�� EHFDXVH� LQ� KHDY\� DWRP
UHDFWLRQV�ZKHUHDV� H[WUD� SURWRQV� DQG�QHXWURQV� FDQ� EH� DGGHG� WR� WKH� DWRP� WKHVH
DGGLWLRQDO� QXFOHRQV� GRQ
W� QHFHVVDULO\� DFTXLUH� DGGLWLRQDO� ELQGLQJ� HQHUJ\�� VR� WKH\
HQG�XS�VKDULQJ� WKH�UHVW�RI� WKH�DWRP
V�ELQGLQJ�HQHUJ\�DQG�FRQVHTXHQWO\�EHFRPH
RQO\� ZHDNO\� ERXQG� LQWR� WKH� DWRP
V� RXWHU� VKHOO� �UHVHDUFKHUV� KDYH� IRXQG� WKHVH
QXFOHRQV�PD\�KDYH�D�ELQGLQJ�IRUFH�RI�MXVW�����0H9��IRU�H[DPSOH�� LQVWHDG�RI�WKH
PRUH�QRUPDO���0H9��>VHH�QRWH����@��7KLV�OHDYHV�VRPH�QXFOHRQV�LQ�DQ�DOPRVW�IUHH�
IORDWLQJ�DUUDQJHPHQW�DQG�QRW�ULJLGO\�FRQILQHG�WR�WKRVH�RXWHU�VKHOOV�RI�WKH�DWRP�
DQG�WKLV�LV�SRVVLEO\�ZKDW�/D]DU�ZDV�UHIHUULQJ�WR��DQG�ZKDW�KH�ZDV�DWWULEXWLQJ�WR�DV
KLV�
JUDYLW\�$
�ILHOG��ZKHQ�KH�REVHUYHG�WKDW�LW�ZDV�EHQGLQJ�OLJKW�
2QH�PRUH�WKLQJ��GLG�,�LQIHU�WKDW�RXU�VFLHQWLVWV�KDYH�PDVWHUHG�WKH�GXSOLFDWLRQ�RI
HOHPHQW� ���� "�:HOO�� LI� VR� WKHQ� WKDW
V� QRW� TXLWH� DV� WUXH� DV� LW� QHHGV� WR� EH�� WKH
HOHPHQW�����WKDW�/D]DU�VSRNH�RI�ZDV�VWDEOH���ZKHUHDV�WKH�����WKDW�KDV�VR�IDU�EHHQ
V\QWKHVL]HG�E\�HDUWK
V�VFLHQWLVWV�KDV�D�KDOI�OLIH�RI�MXVW����PV��DV�DOUHDG\�PHQWLRQHG
LQ�VHFWLRQ������DERYH���6R�REYLRXVO\� WKHUH� LV�D�PLVVLQJ� LQJUHGLHQW� WKDW�ZH�GRQ
W
KDYH� ZKLFK� JLYHV� WKH� XQXQSHQWLXP� LWV� ORQJ�WHUP� VWDELOLW\�� *LYHQ� WKDW� ,� KDYH
VXJJHVWHG� WKDW� WKLV� XQXQSHQWLXP� RI� WKH� (7V� PLJKW� DOVR� EH� JUDYLWDWLRQDOO\
SRODUL]HG��ZKLFK�ZRXOG�SXW�HYHQ�PRUH�GHIRUPDWLRQ�LQWR�WKRVH�DWRPV��WKHQ�WKHUH
LV�YHU\�REYLRXVO\�D�V\QWKHVLV�SURFHGXUH�WKDW�RXU�HDUWK�VFLHQWLVWV�ZLOO�QRW�EH�DZDUH�RI�
RU�RXU�VFLHQWLVWV�ZLOO�QRW�KDYH�WKH�QHFHVVDU\�ODERUDWRU\�IDFLOLWLHV�ZLWK�ZKLFK�WKH\
FDQ�FDUU\�RXW�WKH�VDPH�PDQXIDFWXULQJ�SURFHGXUH�DV�WKH�(7V��ZKR�FDQ�V\QWKHVL]H
D�VWDEOH�YHUVLRQ�RI�WKLV�XQXQSHQWLXP�
7KH�PLVVLQJ� LQJUHGLHQW�PD\�EH� WKH� ODERUDWRU\� HQYLURQPHQW�� ,W�PD\�EH� WKDW� WKH
ODERUDWRU\� WKDW� WKH� H[WUDWHUUHVWULDOV� KDYH� DW� WKHLU� GLVSRVDO� RSHUDWHV� DW� D� JUHDWHU
PDVV�GHQVLW\� WKDQ� RXUV� �� WKLV� ZRXOG� DIIHFW� KRZ� VXSHUKHDY\� QXFOHL� FDQ� EH
FOXVWHUHG�WRJHWKHU��DQG�WKLV�ZRXOG�DIIHFW�KRZ�WKH�IRXU�QXFOHDU�IRUFHV�DOO�EDODQFH
WRJHWKHU�LQVLGH�WKRVH�DWRPV��7KLV�ZDV�D�SRLQW�,�WRXFKHG�RQ�LQ�VHFWLRQ�������DQG�LQ
VHFWLRQ������DERYH��LQ�WKDW�WKH�H[WUDWHUUHVWULDOV�ZRXOG�EH�SULY\�WR�DQ�HQYLURQPHQW
WKDW�KDV�D�JUHDWHU�GHQVLW\�WKDQ�RXUV��WKHUHIRUH�WKH\�ZLOO�H[SHULHQFH�D�GLIIHUHQW�VHW
RI�SDUDPHWHUV�IRU�WKHLU�GLPHQVLRQDO�FRQVWDQW��ILQH�VWUXFWXUH�FRQVWDQW�α���DQG�WKH\
ZLOO�KDYH�D�GLIIHUHQW�3ODQFN�FRQVWDQW�ZKLFK�GHWHUPLQHV�KRZ�DWRPV�DUH�VWUXFWXUHG�
PHDQLQJ� WKDW� LQWHU�DWRPLF� IRUFHV� �VXFK� DV� WKH� TXDUN�JOXRQ� IRUFHV�� IRU� LQVWDQFH�
FRXOG�EH�PDQLSXODWHG�E\� WKHP�LQ�ZD\V�SUHVHQWO\�XQNQRZQ�WR�RXU�SK\VLFLVWV�� VR
WKDW�GXULQJ�WKH�PDQXIDFWXULQJ�SURFHVV�WKH�DWRPLF�VWUXFWXULQJ�IRUFHV�ZLWKLQ�WKRVH
VXSHUKHDY\�DWRPV�ZRXOG�ZRUN�WRJHWKHU�PXFK�PRUH�DGYDQWDJHRXVO\�ZLWKLQ�WKHLU
HQYLURQPHQWDO� GHQVLW\� �WKH� UHVXOW� EHLQJ� WKDW� ZKHQ� WKRVH� HOHPHQWV� DUH� EURXJKW
KHUH��LQWR�HDUWK·V�HQYLURQPHQWDO�GHQVLW\��WKH\�DUH�VWDEOH�DQG�UHPDLQ�VR��>QRWH����@�
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�����3URWRQ�&\FORWURQ�%HQHDWK�WKH�'RPH
7KHUHIRUH�� MXVW� WR� FODULI\� ZKDW� ,� EHOLHYH� LV� JRLQJ� RQ� DURXQG� WKH� UHDFWRU� LQ� WKH
VIRXU8)2�� ,� ZRXOG� VHH� WKH� YHU\� H[DFWLQJ� SURFHVV� RI� WKH� VKDSLQJ� RI� WKH
XQXQSHQWLXP�����DV�DQ�LQGLFDWLRQ�WKDW�WKH�ZHGJH�LWVHOI�LV�SXVKLQJ�QXFOHRQV�WR�WKH
YHU\� HGJHV� RI� WKH� DWRPV� DURXQG� WKH� ZHGJH
V� SRLQW�� $QG� ZLWK� WKLV� VRPHZKDW

ORRVH
� VNLQ� RI� QXFOHRQV� VZLUOLQJ� DURXQG� WKH� SRLQWHG� HQG� RI� WKH� XQXQSHQWLXP
ZHGJH�LW�ZRXOG�EH�HDVLHU�IRU�WKH�VWUHDP�RI�EXOOHW�SURWRQV��FRPLQJ�XS�WKURXJK�WKH
SDUWLFOH�DFFHOHUDWRU��WR�FROOLGH�ZLWK�WKHP�DQG�LQLWLDWH�WKH�QHFHVVDU\�UHDFWLRQV��XS
WR�����DQG�WKHQ�GRZQ�WR�����DQG�EDFN�WR�����DQG�VR�IRUWK��ZKLFK�ZLOO��DV�/D]DU
VD\V��SURGXFH�DQ�DEXQGDQFH�RI�DQWLSURWRQV�
7KH� SDUWLFOH� DFFHOHUDWRU�� EHORZ� WKH� UHDFWRU�� LV� VXSSRVHG� WR� EH� 
KLJKO\
VRSKLVWLFDWHG�
�EXW�,�ZRXOG�SUHVXPH�LW�LV�D�SURWRQ�F\FORWURQ��UDWKHU�WKDQ�D�SURWRQ
V\QFKURWURQ�� DQG� VR� LW� ZRXOG� KDYH� D� IDLUO\� VWDWLRQDU\� PDJQHWLF� ILHOG� UXQQLQJ
WKURXJK� LW�� EXW� LW� VKRXOG� DOVR� KDYH� DQ� DOWHUQDWLQJ� HOHFWULF� ILHOG� DSSOLHG� WR� LWV
DFFHOHUDWLRQ�VHFWRUV�ZKLFK�ZRXOG�SUREDEO\�EH�FHQWHUHG�DURXQG� WKH�0+]� UDQJH�
$OWKRXJK�� WR� PDNH� WKLQJV� PXFK� OHVV� FRPSOLFDWHG� RYHUDOO�� LI� WKLV� F\FORWURQ
V
VHFWRUV�FRXOG�EH�GHVLJQHG�WR�RVFLOODWH�LQ�WKH�*+]�UDQJH�WKHQ�WKLV�VDPH�IUHTXHQF\
ZRXOG� WKHQ�EH�XVHIXO� WR� OLQN� WRJHWKHU�D�ZKROH�EXQFK�RI�PHFKDQLVPV�RSHUDWLQJ
ZLWKLQ�WKLV�8)2��WR�
VZLWFK�WKHP�RQ
�DW�WKH�VDPH�WLPH��LI�\RX�OLNH��)RU�LQVWDQFH��LI
WKH�F\FORWURQ
V�DOWHUQDWLQJ�ILHOG�FRXOG�EH�OLQNHG�LQWR�WKH�FUDIW
V�FHQWUDO�XQORDGLQJ
WXEH�DW�WKDW�WXEH
V�UHVRQDQW�IUHTXHQF\�WKHQ�ERWK�FRXOG�RSHUDWH�DW�WKH�H[DFW�VDPH
IUHTXHQF\�DQG�RQH�FRXOG�WULJJHU�WKH�RWKHU��DQG�WKLV�ZLOO�PDNH�PRUH�VHQVH�ZKHQ�LW
LV�IXUWKHU�H[SODLQHG�EHORZ��
7KH�F\FORWURQ�ZRXOG�EH�HQFDVHG�LQVLGH�WKH�VTXDUH�ER[�EHQHDWK�WKH�UHDFWRU�GRPH�
ZLWK� WKH� GLDJRQDO� FURVV�PHPEHUV� VKRZQ� LQ� /D]DU
V� LPDJH� GHQRWLQJ� WKDW� WKH
F\FORWURQ� KDV� D� IRXU�VHFWRU� EHQGLQJ�PDJQHW� FRQILJXUDWLRQ�� ,W� PLJKW� EH� EDOO�
SDUNHG�WR�GHOLYHU�SURWRQV�DW�DURXQG�����0H9��EXW�,
P�UHDOO\�RQO\�JXHVVLQJ�KHUH
XVLQJ�FRQYHQWLRQDO�F\FORWURQ�ILJXUHV��
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)LJXUH�����7KH�ER[�EHORZ�WKH�UHDFWRU�ZLOO�KRXVH�D�VLPSOH�F\FORWURQ�DFFHOHUDWRU
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0\�VXJJHVWLRQ�KHUH�ZLOO�EH�WKDW�WKH�LQWHU�FRQQHFWLQJ�
OLQNDJH
�IRU�WKLV�FHQWUDO�SDUW
RI�WKH�VIRXU8)2�ZLOO�EH�LWV�FHQWUDO��ORQJLWXGLQDO��PDJQHWLF�ILHOG��7KHUH�ZLOO�EH�D
YHUWLFDO�PDJQHWLF�IOX[�ILHOG�RSHUDWLQJ�ZLWKLQ�WKH�F\FORWURQ��RU�V\QFKURWURQ��FDVLQJ
WR� SRZHU� XS� WKH� SURWRQV� VR� WKDW� WKH\� J\UDWH� DURXQG� WKH� RXWVLGH� RI� WKH� UHDFWRU
V
WRZHU�WXEH�DQG�EHFRPH�DFFHOHUDWHG�WR�D�KLJK�NLQHWLF�HQHUJ\�DV� WKH\�GULIW�RXW� WR
WKH�SHULPHWHU�RI�WKDW�F\FORWURQ�ER[��VHH�ILJXUH����DERYH���$QG�,�ZRXOG�VXJJHVW
WKDW�WKH�H[WUDWHUUHVWULDOV�DUH�LQWHUODFLQJ�ZLWK�WKHVH�F\FORWURQ�IOX[�OLQHV�WKH�DPELHQW
PDJQHWLF� IOX[� OLQHV�FRPLQJ�XS� WKURXJK� WKH�FHQWHU�RI� WKH�VIRXU8)2��ZKLFK��RQ
WKHLU�ZD\�XS�WKURXJK�WKH�FUDIW�ZLOO�EXQFK�DURXQG�WKH�FUDIW
V�FHQWUDO�WXEH��ZKLFK�,
VKDOO�KHUHDIWHU� UHIHU� WR� DV� WKH� FHQWUDO�XQORDGHU� WXEH���+DYLQJ� VDLG� WKDW� WKHVH� IOX[
OLQHV�ZLOO�KDYH�WR�EH�GLUHFWHG�LQWR�D�KHOLFDO�SDWK�DV�WKH\�IORZ�XS�IURP�WKH�F\FORWURQ
DQG�SDVV�WKURXJK�WKH�UHDFWRU�WRZHU��RQ�WKHLU�ZD\�WR�WKDW�XQORDGHU�WXEH�
,�NQRZ�IURP�P\�UHVHDUFKHV� LQWR�RWKHU�8)2V� WKDW� WKH�H[WUDWHUUHVWULDOV� DUH�KXJH
DGYRFDWHV� RI� SRO\�IXQFWLRQLQJ�� ZKHUHE\� GLIIHUHQW� PHFKDQLVPV� DUH� DOO� WDJJHG
WRJHWKHU�VR�WKDW�WKH\�DOO�RSHUDWH�LQ�FRQFHUW�ZLWK�HDFKRWKHU��DQG�ZLWKRXW�VHSDUDWH
VZLWFKLQJ�FLUFXLWV���$QG�LQ�WKLV�UHJDUG�LW�PD\�DFWXDOO\�VHHP�TXLWH�VWUDLJKWIRUZDUG
WR�XQGHUVWDQG�KRZ�WKLV�8)2�ZRUNV��DQG�KRZ�LWV� UHDFWRU�ZRUNV��EXW� WR�DFWXDOO\
FRQVWUXFW� WKHVH� FUDIW� WKH� WULFN� ZLOO� EH� ZRUNLQJ� RXW� KRZ� DOO� WKHVH� GLVSDUDWH
PHFKDQLVPV� FDQ� OLQN� KDUPRQLRXVO\� WRJHWKHU� �ZLWKRXW� KDOI�D�WRQ� RI� LQVXODWHG
FRSSHU� ZLULQJ� ORRPV� WKDW� PRVW� DOO� RI� HDUWK
V� HOHFWUR�PHFKDQLFDO� V\VWHPV� DUH
SUHVXPHG� WR� UHTXLUH��� 2Q� WKLV� VXEMHFW� ,� ZRXOG� OLNH� WR� VD\� KHUH� DOVR�� WKDW� WKH
UHDVRQ� ZK\� ,� NQRZ� /D]DU
V� K\SRWKHVLV� LV� EDVHG� RQ� JHQXLQH� H[WUDWHUUHVWULDO
HQJLQHHULQJ�LV�EHFDXVH�WKHUH�DUH�VR�PDQ\�VHSDUDWH�IXQFWLRQV�RI�WKLV�8)2�ZKLFK�GR�DOO�PHOG
WRJHWKHU� LQWR� VXFK� D� EHDXWLIXO� DQG� XQLILHG� ZRUNDEOH� V\VWHP�� 7KLV� PDUNV� WKH
VIRXU8)2� FUDIW� DV� D� SKHQRPHQRQ� WKDW� FRXOG� QRW� KDYH� EHHQ� GHVLJQHG� DQG
FRQVWUXFWHG� E\� KXPDQV�� )RU� ZH� KXPDQV� GHVLJQ� RXU� PDFKLQHU\� DOZD\V� DV� DQ
HQVHPEOH�RI�VHSDUDWH�PHFKDQLVPV��DQG�ZKHUH�RXU�VFLHQWLVWV�XVH�PHFKDQLFDO�SDUWV
�ZLWK� ZLUHV�� ZKLFK� DUH� PHFKDQLFDOO\� URWDWHG� WR� SURGXFH� HQHUJ\�� WKH
H[WUDWHUUHVWULDOV� XVH� FRQILQHPHQW� DQG� FRQVWULFWLRQ� RI� PDJQHWLF� ILHOGV� WR� URWDWH
FKDUJHG�SDUWLFOHV�WR�SURGXFH�WKHLU�HQHUJLHV��$QG�VR�DOO�RI�P\�GLVFRYHULHV�KHUH�IRU
WKLV� VIRXU8)2� FRQILUP� WKDW� D� YHU\� ODUJH� SURSRUWLRQ� RI� %RE� /D]DU
V� LQLWLDO
GHVFULSWLRQ�DERXW�WKLV�8)2�LV�VRXQG��DQG�WKDW�WKLV�8)2�GRHV�H[LVW�DQG�ZDV�EHLQJ
EDFN�HQJLQHHUHG�
7KH�KHOLFDO�IDFWRU�RI�WKH�PDJQHWLF�IOX[�OLQHV�ZLOO�EH�LPSRUWDQW�EHFDXVH�ZKHQ�WKH
SURWRQ�SURWRQ�FROOLVLRQV�RFFXU� LQVLGH� WKH�UHDFWRU� �DW� WKH�ZHGJH
V�SRLQW��DQG� WKH
DQWLSURWRQV�DUH�JHQHUDWHG��EHFDXVH�WKH�DQWLSURWRQV�ZLOO�EH�QHJDWLYHO\�FKDUJHG�DQG
WKH� SURWRQV� SRVLWLYHO\� FKDUJHG�� WKLV� KHOLFDO� PDJQHWLF� ILHOG� ZLOO� VHQG� WKH
DQWLSURWRQV�'2:1:$5'�DQG�WKH�SURWRQV��DQG�DQ\�RWKHU��LQFLGHQWDO��SDUWLFOHV
IO\LQJ� DURXQG��83:$5'�� WKHUHE\� VHSDUDWLQJ� WKHP� DSDUW��2EYLRXVO\�� WKH�PRUH
FRQFHQWUDWHG� WKLV� KHOLFDO� PDJQHWLF� ILHOG� LV� WKH� PRUH� LQWHQVHO\� WKLV� WDVN� RI
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VHSDUDWLRQ� ZLOO� EH� SHUIRUPHG�� DQG� VR�� DV� LV� LQGLFDWHG� LQ� WKH� DFFRPSDQ\LQJ
GLDJUDPV��WKLV�ZLOO�EH�ZK\�WKH�UHDFWRU
V�FDS�ZLOO�EH�VR�LPSRUWDQW�WRR��IRU�LW�ZLOO�EH
XVHG� WR� FRQVWULFW� WKRVH�PDJQHWLF� ILHOG� OLQHV� �VR� WKDW� WKH\� ZLOO�PRVWO\� FRQYHUJH
WKURXJK�LW��DQG�LQ�VR�GRLQJ�ZLOO�SURYLGH�WKH�GHJUHH�RI�PDJQHWLF� �/RUHQW]�� IRUFH
QHFHVVDU\� WR� VHSDUDWH� WKH� SURWRQV� IURP� WKH� DQWLSURWRQV�� 6R�� LQ� RWKHU� ZRUGV�
ZLWKRXW� WKH� FRQVWULFWLQJ� FDS� WKH� SURWRQV� DQG� DQWLSURWRQV� ZRXOG� VLPSO\� QRW
VHSDUDWH�IDU�HQRXJK�DSDUW�DQG�ZRXOG�FDQFHO�HDFKRWKHU�RXW�DOPRVW�DV�VRRQ�DV�WKH\
ZHUH�FUHDWHG�
$FWXDOO\��P\�LGHD�IRU�WKH�UHDFWRU
V�FDS�ZLOO�EH�WKDW�LW�FDQ�DOVR�EH�PDQXIDFWXUHG�WR
EH� DQ� DFFXPXODWRU� RI� SRVLWLYH� HOHFWULFDO� FKDUJHV� �LH� IURP� WKH� XQXQSHQWLXP
V
SURWRQV�JRLQJ�XSZDUG�DQG�VWULNLQJ� LQWR� LW���7KLV� FDS� LV�YHU\�PXFK� WKLFNHU� WKDQ
ZRXOG� EH� H[SHFWHG�� ZKLFK� FHUWDLQO\� VHHPV� WR� LQGLFDWH� WKDW� LW� KDV� RQH� RU� WZR
VSHFLILF� WDVNV� WR�SHUIRUP�ZKHUH� LW� LV� VLWXDWHG� DERYH� WKH� UHDFWRU�� HYHQ� WKRXJK� LW
ORRNV� IDLUO\� QRQGHVFULSW� �LH� LI� LW� ZDV� MXVW� D� SODWH� WKDW� FDSSHG� RII� WKH� UHDFWRU
V
WRZHU�WXEH� LW� ZRXOG� RQO\� QHHG� WR� EH� D� IHZ� PLOOLPHWHUV� WKLFN��� 6R� WKH� PDMRU
UHTXLUHPHQW� ZLOO� EH� WKDW� LW� QHHGV� WR� EH� FRQVWUXFWHG� DV� D� SRVLWLYH� 
VLQN
� ZKLFK
DFFHSWV�SRVLWLYH�HOHFWULFDO�FKDUJHV�MXVW�DV�PXFK�DV�LW�QHHGV�WR�EH�PDGH�ZLWK�D�KLJK
PDJQHWLF�SHUPHDELOLW\��VR�WKDW�LW�GUDZV�WKURXJK�LW�WKH�EXON�RI�WKH�PDJQHWLF�IOX[
OLQHV� WKDW� UXQ�EHWZHHQ� WKH� F\FORWURQ� DFFHOHUDWRU� DQG� WKH� XQORDGHU� WXEH��� 7KHQ�
DQG�WKLV�LV�WKH�SLHFH�GH�UHVLVWDQFH��E\�LQVHUWLQJ�D�WKLQ�LQVXODWLQJ�PDWHULDO�EHWZHHQ
WKDW�FRQVWULFWRU�FDS�DQG�WKH�XSSHU�PRVW�HQG�RI�WKH�XQXQSHQWLXP�ZHGJH��VR�WKDW
ZKHQ�WKDW�FDS� LV�FODPSHG�GRZQ�RQWR�WKH�UHDFWRU
V� WRZHU�DQG� LW�EXWWV�XS� WR� WKH
ZHGJH�WKH�FDS�DQG�WKH�ZHGJH�ZLOO�EH�VHSDUDWHG�E\�WKH�LQVXODWRU��� WKHQ�ZKDWHYHU
SRVLWLYH� HOHFWULFDO� FKDUJHV� DFFXPXODWH�ZLWKLQ� WKH� FDS
V�PDWHULDO� D� FRUUHVSRQGLQJ
DFFXPXODWLRQ� RI� QHJDWLYH� FKDUJH� ZLOO� DFW� XSRQ� WKH� XQXQSHQWLXP� �DQG� FDXVH� D
QHJDWLYH�UHSXOVLRQ�DW�WKH�WRS�RI�WKH�ZHGJH���2U��WR�SXW� LW�DQRWKHU�ZD\�ZKDWHYHU
QHJDWLYH�FKDUJH�LV�DFFXPXODWHG�ZLWKLQ�WKH�WRS�HQG�RI�WKH�XQXQSHQWLXP�ZHGJH�LW
ZRXOG�IROORZ�WKDW�WKHUH�ZRXOG�EH�LQGXFHG�DQ�HTXDO�DPRXQW�RI�SRVLWLYH�FKDUJH�LQ
WKH�FDS�DERYH�LW�
������3LWFKLQJ�LQ�)URP�7KUHH�$QJOHV�WR�/RDG�WKH�'RPH
2QFH� FUHDWHG� WKH� DQWLSURWRQV� ZRXOG� EH� VSHG� GRZQ� WKH� UHDFWRU� WRZHU�� EHLQJ
WXUQHG� E\� WKH� FHQWUDO�PDJQHWLF� ILHOG� DQG� FRXUVHG� WKURXJK� WKH� LQWHU�FRQQHFWLQJ
FXUYHG�FKDQQHOV��WR�HDFK�RI�WKH�WKUHH�JUDYLW\�DPSOLILHU�KHDGV��,GHDOO\��WKH\�ZRXOG
EH�IHG�LQWR�HDFK�DPSOLILHU�KHDG�DW�WKH�WRS�RI�LWV�EODFN�YRUWH[��DJDLQVW�WKH�IORZ�RI
WKDW�URWDWLQJ�YRUWH[��$QG�DV�VRRQ�DV�WKH�KLJKO\�DFFHOHUDWHG�DQWLSURWRQV�DUULYH�DQG
VPDVK�LQWR�WKH�PDWWHU�SDUWLFOHV��WKH�JDVHRXV�PDWWHU��DV�/D]DU�ZRUGHG�LW��URWDWLQJ
LQ�WKRVH�YRUWH[HV��WKH�DQQLKLODWLRQ�HYHQWV�ZRXOG�EH�LQLWLDWHG�LQVWDQWDQHRXVO\�DQG
WKH�IXOO�UHDFWLRQ�SURFHVV��WKURXJK�WKH�LQWHUPHGLDWH�SURGXFWLRQ�DQG�GHVWUXFWLRQ�RI
SLRQV��PXRQV�DQG�JDPPD�UD\V��ZRXOG�HQVXH�DQG� OHDG� WR� WKH� IXOO� FRQYHUVLRQ�RI
WKRVH�PDWWHU�DQWLPDWWHU�SDUWLFOHV�LQWR�SXUH�HQHUJ\�
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:LWK� HDFK� HYHQW� SURGXFLQJ� ����� 0H9� LQ� UHJXODU� VXFFHVVLRQ� D� WUHPHQGRXV
DPRXQW�RI�HQHUJ\�ZRXOG�EH�VWRUHG�LQWR�WKHVH�WKUHH�EODFN�YRUWH[HV��DQG�7+,6�ZLOO
EH�ZKHUH�WKH������WKHUPLRQLF�WUDQVPXWDWLRQ�RI�DQWLSURWRQ�DQWLPDWWHU�LQWR�KHDW
DQG� HQHUJ\�� WKDW� /D]DU� VSRNH� RI�� ZLOO� RFFXU� LQVLGH� WKLV� VIRXU8)2� �DOWKRXJK�
ZKHUH� KHDW� LV� PRVWO\� D� QRQ�FRRUGLQDWHG� UDGLDWLRQ�� ZKLOH� WKH� RYHUDOO� LQIOXHQFH
ZLWKLQ�WKHVH�EODFN�YRUWH[HV�ZLOO�EH�WR�TXLFNO\�DOLJQ�WKDW�UDGLDWLRQ�LQWR�LWV�URWDWLRQ�
WKDW�HQHUJ\�ZRQ
W�EH�JLYHQ�DQ\�FKDQFH�WR�JLYH�RXW�DQ\�KHDWLQJ�HIIHFW��DQG�LW�ZLOO
FRQYHUW� VWUDLJKW� LQWR� UDZ� HQHUJ\��� 7KH� YRUWH[HV� ZLOO� DOVR� EH� ZKHUH� UHVLGXDO
DPRXQWV� RI� DWRPLF� JUDYLWDWLRQDO� ELQGLQJ� IRUFH� DQG� HOHFWURPDJQHWLF� HQHUJ\� ZLOO
VWRUH� �IURP� WKH�ZKROH� UDQJH�RI�SDUWLFOH� WUDQVIRUPDWLRQV��� DQG�ZKHUH� WKH�KLJKO\
DFFHOHUDWHG�IRUFHV�RI�WKH�YRUWH[HV�ZLOO�DPSOLI\�DQG� LPEXH�JUDYLWDWLRQDO�SRWHQWLDO
LQWR�WKHLU�URWDWLQJ�SDUWLFOHV�
$V� ZLOO� EH� VHHQ� LQ� WKH� DFFRPSDQ\LQJ� GUDZLQJV�� WKH� PDLQ� SURGXFWV� RI� DOO� WKLV
WUDQVPXWDWLRQ� RI� PDVV� WR� HQHUJ\� ZLOO� EH� DQJXODU� PRPHQWXP� DQG� JUDYLWDWLRQDO
IRUFHV��DQG�WKH�KDUYHVWLQJ�RI� WKH�H[SDQVLYH�JUDYLWDWLRQDO� IRUFH�ZLOO� WDNH�SODFH�DW
WKH�ERWWRP�RI�HDFK�RI�WKH�TXDVL�EODFN�KROHV��EHORZ�WKH�KLJK�SRZHUHG�FRUHV�ZKLFK
DUH� WKH� GHPDUFDWLRQ� SRLQWV� WKDW� GHWHUPLQH� ZKHWKHU� WKH� JUDYLW\� IRUFH� ZLOO� EH
DWWUDFWLYH�RU�UHSXOVLYH��%HORZ�WKH�FRUH�WKH�URWDWLQJ�ILHOGV�ZLOO�EH�DQWL�YRUWH[HV�DQG
WKH� IRUFHV� WKH\� FDUU\�ZLOO� EH� H[SDQVLYH� QRW� DWWUDFWLYH� �DQG� LW� ZLOO� EH� WKLV� IRUFH
ZKLFK� ZLOO� EH� WUDQVIHUUHG� LQWR� DQG� DPSOLILHG� WKURXJK� WKH� F\OLQGULFDO� JUDYLW\
DPSOLILHUV� LQ� WKH� GHFN� EHORZ� WKHP�� DV� ZLOO� EH� H[SODLQHG� LQ� WKH� IROORZLQJ
SUHVHQWDWLRQ��� DQG� ZKDWHYHU� SRZHU� LV� UDGLDWHG� DW� WKHVH� DQWL�YRUWH[HV�� ZKHWKHU
GRZQZDUG� RU� KRUL]RQWDOO\� WKURXJK� WKH� VWUXFWXUH�� ZLOO� EH� SURSRUWLRQDO� WR� WKH
HQHUJ\�VWRUHG�LQWR�WKH�EODFN�YRUWH[HV�DERYH�WKHP�
7KLV�H[SDQVLYH�JUDYLWDWLRQDO�IRUFH�ZLOO�EH�ZKDW�ZLOO�EH�WUDQVPLWWHG��DV�PHQWLRQHG
DERYH��WKURXJK�WKH�VIRXU8)2
V�VWUXFWXUDO�PDWHULDO��WKURXJK�WKDW�PDWHULDO
V�DWRPLF
FHOOV�� IURP� WKH� JUDYLWDWLRQDO� SRODUL]DWLRQ� HIIHFW� XSRQ� WKRVH� DWRP
V� PDVVLYH
QXFOHRQV��7KLV�LV�VHHQ�E\�WKH�H[WUDWHUUHVWULDOV�DV�D�PRUH�GLUHFW�ZD\�RI�WUDQVPLWWLQJ
JUDYLW\�� DQG� LW� LV� HOVHZKHUH�XVHG�DURXQG� WKH�FHQWHUV�RI� WKH�$QGUHDVVRQ�DQG� WKH
5RVZHOO�8)2V��$OWKRXJK��ZKDW�WKH�H[WUDWHUUHVWULDOV�DUH�XVLQJ�LQ�WKRVH�RWKHU�WZR
8)2V� LV� D� KRUL]RQWDO� OD\HU� RI� ELVPXWK� �LQ� WKH� IRUP� RI� PLFUR�XQGXODWLRQV� RI
ELVPXWK���ZKLFK�LV�D�KLJK�PDVV�PDWHULDO�DQG�WKH\
UH�XVLQJ�WKH�PLFUR�XQGXODWLRQV
WR� JHQHUDWH� D� SDUWLFXODU� IUHTXHQF\� RI� RVFLOODWLRQ� LQWR� WKHVH� VWUXFWXUDO� PDWHULDOV
�ZKLFK� WUDQVSRUWV� WKH� JUDYLWDWLRQDO� LQIOXHQFH��� 7KLV� KRZHYHU�� LV� QRW� KRZ� WKH
VIRXU8)2� WUDQVPLWV� LWV� JUDYLWDWLRQDO� IRUFHV� WKURXJK� LWV� VWUXFWXUH� �DOWKRXJK� WKH
SULQFLSOH�LV�VLPLODU��DV�ZLOO�EH�H[SODLQHG�EHORZ���0RUHRYHU��WKLV�WUDQVPLVVLRQ�IURP
HDFK� RI� WKH� JUDYLW\� DPSOLILHU� KHDGV� RI� H[SDQVLYH� JUDYLWDWLRQDO� IRUFH� ZLOO� PRYH
XSRQ� WKH� FHQWUDO� UHDFWRU�� DV� KDV� EHHQ� GHVFULEHG� DERYH� �LQ� VHFWLRQ� ������� DV� D
FRQYHUJHQFH�RI� WKUHH�VHSDUDWH� IRUFH� ILHOGV�DOO�SXVKLQJ�DJDLQVW�HDFKRWKHU��:KHUH
WKHVH�WKUHH�ZDYH�ILHOGV�PHHW�DQG�UHSXOVH�HDFKRWKHU�ZLOO�EH�ZKHUH�WKH�ZKLWH�KROH
HYHQW�KRUL]RQ�ZLOO�EH�
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)LJXUH� ���� 7R� NHHS� WKH� DQWLSURWRQV� DZD\� IURP� WKHLU� FKDQQHO� ZDOOV� WKH
JUDYLWDWLRQDO�SRODUL]DWLRQ�WUDFNV�VKRXOG�IROORZ� WKH�VDPH�SDWK�DV� WKRVH�FKDQQHOV�
VR�DV�WR�JLYH�HDFK�FKDQQHO�ZDOO�D�PLFUR�PDJQHWLF�EODQNHW
+RZHYHU��IRU�ZKDWHYHU�H[SDQVLYH�IRUFHV�WKHUH�DUH�FRQYHUJLQJ�DURXQG�WKH�RXWVLGH
RI� WKH� UHDFWRU�GRPH�� WKHUH�ZLOO�EH� WR�RSSRVH� WKHP�D�SURSRUWLRQDO� DPRXQW�RI� D
TXLWH�GLIIHUHQW� UHSXOVLYH� IRUFH� IORZLQJ�RXW� IURP�WKH�VXUIDFH�RI� WKDW�GRPH��7KLV
ZLOO�EH�WKH�&RXORPE�UHSXOVLRQ�IRUFHV�DFFXPXODWLQJ�MXVW�RXWVLGH�WKDW�GRPH�IURP
DOO� WKH� LQFLGHQWDO� SRVLWLYHO\�FKDUJHG� PDVV� SDUWLFOHV� RVFLOODWLQJ� DURXQG� LW�� DQG
FRPSRXQGLQJ�DJDLQVW�WKHP�ZLOO�EH�HYHQ�PRUH�SRVLWLYH�FKDUJHV�DFFXPXODWLQJ�RQ
WKH� RXWVLGH� VXUIDFH� RI� WKDW� GRPH�� LQ� UHVSRQVH� WR� WKH� SRVLWLYH� FKDUJHV� DW� WKH
FRQVWULFWRU� FDS� �UHFDOO� IURP� VFLHQFH� FODVVHV�� WKDW� LQ� WKH� )DUDGD\� LFH�SDLO
H[SHULPHQW�� D� SRVLWLYH� FKDUJH� DFFXPXODWLQJ� LQVLGH� WKLV� GRPH�� ZKLFK� ZLOO� RFFXU
DURXQG�WKH�UHDFWRU
V�FRQVWULFWRU�FDS��ZLOO�LQGXFH�D�SRVLWLYH�FKDUJH�RQ�WKH�RXWVLGH
VXUIDFH�RI�WKDW�GRPH���6R�WKH�WKUHH�H[SDQVLYH�IRUFHV�IURP�WKH�EODFN�YRUWH[HV�ZLOO
EH�UHSXOVLQJ�HDFKRWKHU��IRUPLQJ�D�VKLHOG��DQG�MXVW�LQVLGH�WKDW�KHPLVSKHULFDO�VKLHOG
�WKH�RQH�WKDW�/D]DU�FRXOGQ
W�SXVK�KLV�KDQG�EH\RQG��WKHUH�ZLOO�EH�DQ�HOHFWULFDOO\�
SRVLWLYHO\�FKDUJHG� IRUFH�SXVKLQJ�RXW� WR� WKDW� VKLHOG� IURP� WKH� LQVLGH��$QG�DV� WKH
WKUHH�SURQJV�RI�H[SDQVLYH�JUDYLW\�ZLOO�HIIHFWLYHO\�EH�SXVKLQJ�DQ\�DQG�DOO�PDJQHWLF
IOX[� OLQHV� WRZDUG� WKH� ORQJLWXGLQDO� D[LV� RI� WKDW� VIRXU8)2�� WKHQ� WKH� HOHFWULFDOO\�
SRVLWLYHO\�FKDUJHG�SDUWLFOHV� MXVW� RXWVLGH� WKH� GRPH�ZLOO� EHFRPH� LPEXHG�ZLWK� VR
PXFK� /RUHQW]� IRUFH� WKDW� WKH\� ZLOO� EH� VSLQQLQJ� YHU\� HQHUJHWLFDOO\� DURXQG� WKDW
GRPH�� $QG� WKLV� IROORZV� RQ� IURP�ZKDW� D� EODFN� KROH� GRHV� ZLWK� LWV� LQWHUSOD\� RI
JUDYLWDWLRQDO�DQG�PDJQHWLF�IRUFHV��DQG�LWV�ZK\�D�EODFN�KROH�LV�VXUURXQGHG�E\�ILHOGV
RI�URWDWLQJ�SDUWLFOHV��EHFDXVH�WKH�RQO\�ZD\�H[WUD�HQHUJ\�FDQ�NHHS�FRPLQJ�LQWR�WKDW
V\VWHP�LV�E\�WKDW�V\VWHP�URWDWLQJ�IDVWHU�DQG�IDVWHU��6R�D�EODFN�KROH�LV�QRW�WKH�RQO\
V\VWHP� ZKLFK� XVHV� JUDYLWDWLRQDO� IRUFH� WR� WXUQ� HOHFWULFDO� HQHUJ\� LQWR� URWDWLRQDO
IRUFH�� WKLV� 8)2
V� ZKLWH� KROH� ZLOO� EH� GRLQJ� LW� WRR�� DOEHLW� LQ� D� VOLJKWO\� GLIIHUHQW
PDQQHU�
7KH� IDFW� WKDW� WKHUH� ZLOO� EH� D� FRQWLQXDO� LQIOX[� RI� HQHUJ\� WR� WKH� RXWVLGH� RI� WKH
GRPH�� DQG� WR� WKH� FRQVWULFWRU� FDS� LQVLGH� WKH� GRPH� �IURP� WKH� XQXQSHQWLXP
UHDFWLRQV���VR�WKDW�DOO�WKDW�LQFRPLQJ�ZLOO�JHW�FRQYHUWHG�LQWR�URWDWLRQDO�HQHUJ\�ERWK
LQVLGH�DQG�RXWVLGH�WKH�WRS�RI�WKH�UHDFWRU
V�GRPH��LW�PHDQV�WKDW�WKH�SRVLWLYH�LRQV
ZLOO� EH� VWRUHG� LQ� H[DFWO\� WKH� ULJKW� SODFH� WR� EH� LPEXHG�ZLWK� JUDYLWDWLRQDO� IRUFHV
ZKHQ�WKH\�SURSDJDWH�XS�DQG�RXW�WKH�FHQWUDO�WXEH��SRVLWLYH�LRQV�DUH�PRUH�HIILFLHQW
FDUULHUV�RI� JUDYLWDWLRQDO� IRUFH� WKDQ�HOHFWURQV�� E\� WKH�ZD\�� D� IDFW�ZHOO� NQRZQ�E\
DVWURSK\VLFLVWV���7KLV�ZLOO�DQVZHU�WKH�TXHVWLRQ�DVNHG��LQ�VHFWLRQ������DERYH��DERXW
KRZ�WKH�FHQWUDO�XQORDGHU� WXEH�FRXOG�EH� ORZHUHG� WKURXJK� WKH�ZKLWH�KROH
V�SDVV�
QRW� VKLHOG�� UHPHPEHU� WKH�PDJQHWLF� ILHOG�� ZKLFK� DFFHOHUDWHV� WKH� SURWRQV� LQ� WKH
F\FORWURQ� "� :HOO�� WKRVH� PDJQHWLF� IOX[� OLQHV� ZLOO� EH� RVFLOODWLQJ� WKHLU� FKDUJHG
SDUWLFOHV� DW� D� IUHTXHQF\� RI� �� *+]�� DQG� LW� ZLOO� EH� EHFDXVH� RI� WKH� IUHTXHQF\
LQIOXHQFH�FDUULHG�E\�WKHVH�PDJQHWLF�IOX[�OLQHV��ZKLFK�ZLOO�EH�IORZLQJ�XS�WKURXJK
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WKH� WRS�RI� WKH� UHDFWRU� DQG� XS� WKURXJK� WKH� WRS�RI� WKH�GRPH�� WKDW� WKHUH�ZLOO� EH
LPEXHG�LQWR�WKHVH�SRVLWLYH�LRQV�URWDWLRQDO�IRUFHV�ZKLFK�ZLOO�VSLQ�WKHP�DURXQG�WKH
WRS� RI� WKH� GRPH�� 7KHVH� RVFLOODWLRQV� RI� H[SDQVLYH� JUDYLW\� IRUFH� DQG� &RXORPE
UHSXOVLRQ� DQG� VSLQQLQJ� SDUWLFOHV� WKRXJK� ZLOO� VWLOO� EH� IDLUO\� XQFRRUGLQDWHG
PRYHPHQWV� DQG� ZLOO� KDYH� QR� SUHGRPLQDQW� IUHTXHQF\� MXVW� \HW�� EHFDXVH� WKHLU
FROOHFWLYH� HQHUJLHV� ZLOO� EH� ERXQFLQJ� RII� HDFKRWKHU� DQG� ZLOO� VSUHDG� DURXQG� WKH
VKLHOG� DV� UDQGRP� IUHTXHQFLHV� DQG� HYHQ� FROOLGLQJ� ZLWK� YDULHG� DPRXQWV� RI
URWDWLRQDO� IRUFH�� %XW� DV� WKH� FHQWUDO� XQORDGHU� WXEH� LV� ORZHUHG� GRZQ� DQG
DSSURDFKHV�FORVHU�DQG�FORVHU� WRZDUG� WKH� UHDFWRU�GRPH�� WKHUH�ZLOO� FRPH�D�SRLQW
ZKHUH�WKLV�WXEH
V�KRUQ�HQG��$1'�WKH�ZKLWH�ZDOO�VKLHOG
V�RVFLOODWLQJ�HQHUJ\��$1'
WKH�KHOLFDO�PDJQHWLF�IOX[�OLQHV�ZLOO�DOO�VXGGHQO\�ORFN�RQ�WR�HDFKRWKHU�DQG�UHVRQDWH
WR�WKH�GLPHQVLRQV�RI�WKDW�FHQWUDO�XQORDGHU�WXEH��ZKLFK�,�KDYH�JLYHQ�DQ�DUELWUDU\��
*+]���7KH�YHU\�PRPHQW�WKLV�KDSSHQV�DQG�DOO�WKHVH�HQHUJLHV�KDUPRQL]H�WRJHWKHU
ZLWK� FRKHUHQFH� LW� ZLOO� EH� OLNH� UHPRYLQJ� WKH� SOXJ� RI� D� GUDLQ�� DQG� DOO� WKHVH
FRQYHUJHQFHV� RI� IRUFH� DQG� URWDWLQJ� SRVLWLYH� LRQV� ZLOO�� TXLWH� LQVWDQWDQHRXVO\�
81/2$'�WKHPVHOYHV�XS�WKH�FHQWUDO�WXEH�
6R��WKLV�ZLOO�EH�WKH�SUHFLVH�PRPHQW�ZKHQ�WKH�ZKLWH�ZDOO�VKLHOG�DURXQG�WKH�GRPH
ZLOO� LQVWDQWO\�GLVDSSHDU��DQG�DV� ORQJ�DV� WKH�XQORDGHU� WXEH� LV�QHDU�HQRXJK� WR� WKH
UHDFWRU
V�GRPH��RU�WRXFKLQJ�LW��WKLV�VKLHOG�ZLOO�QRW�DFFXPXODWH�LWV�IRUFHV�DQ\�PRUH
DURXQG�WKDW�GRPH��EHFDXVH�WKH�LQQDWH�IUHTXHQF\�RI�WKDW�FRKHUHQW�RVFLOODWLRQ�ZLOO
WDNH�LW�WKURXJK�WKH�SDWK�RI�OHDVW�UHVLVWDQFH��ZKLFK�ZLOO�EH�WKURXJK�WKDW�WXEH�RI�WKH
VDPH� IUHTXHQF\�� DQG� DIWHU� WKDW� WKH� H[SDQVLYH� IRUFH� �EXW� QRW� ZLWK� LWV� HYHQW
KRUL]RQ��ZLOO�DFFXPXODWH�RQ�WKH�2876,'(�RI�WKDW�FUDIW�
)URP� WKH� WRS� RI� WKH� WXEH�� DERYH� WKH� 8)2�� WKH� H[SDQVLYH� JUDYLW\� ZLOO� H[SDQG
RXWZDUG� WR� VXUURXQG� WKH� WRS� RI� WKH� FUDIW�� DQG� WKH� SRVLWLYHO\� FKDUJHG� SDUWLFOHV
�WKHPVHOYHV� LPEXHG� ZLWK� H[SDQVLYH� JUDYLWDWLRQDO� IRUFH� DQG� VXEVWDQWLDO� DQJXODU
PRPHQWXP��ZLOO� VSLQ� RXW� WKH� WXEH� DQG� FXUO� DURXQG� WKH� H[SDQVLYH� KHPLVSKHUH
VXUURXQGLQJ�WKH�WRS�RI�WKH�FUDIW��DQG�ZLWK�WKHLU�LQWULQVLF�FXUO�ZLOO�VSLQ�URXQG�WKH
VIRXU8)2
V�ULP�DQG�EDFN�LQWR�WKH�EHOO\�RI�WKH�FUDIW��WR�IRUP�D�TXDGUXSRODU�ILHOG�
RU�UDWKHU��D�SRORLGDO�ILHOG�DV�/D]DU�KDV�LW�LQ�KLV�LPDJHV��WKH�DSSOH�FRUH�ILHOG���:KDW
KDV�WR�EH�HPSKDVL]HG�WKRXJK�LV�WKDW�LQ�RUGHU�WR�GR�WKLV��WR�FXUO�GRZQ�DURXQG�WKH
FUDIW�� WKRVH� DFFHOHUDWHG� SDUWLFOHV�ZLOO� KDYH� WR� EH� LPEXHG�ZLWK� VRPHWKLQJ� FDOOHG
QHJDWLYH� UDGLDO� PRPHQWXP� >QRWH�� ��@�� 2EYLRXVO\�� D� KLJKO\� DFFHOHUDWHG� IRUFH� RI
SDUWLFOH�HQHUJ\�GLUHFWHG�XS�D�QDUURZ�WXEH�LV�JRLQJ�WR�ILUH�RXW�WKH�HQG�RI�WKDW�WXEH
OLNH�D�EXOOHW���VWUDLJKW�XS���DQG�WKDW
V�QRW�JRLQJ�WR�EH�RI�DQ\�XVH�WR�WKLV�8)2��6R
ZKDW�ZLOO� EH� QHHGHG� IRU� DOO� WKDW� JUDYLWDWLRQDO� HQHUJ\�� JUDYLWDWLRQDO�ZDYHV� LI� \RX
OLNH��LPEXHG�LQWR�WKH�SRVLWLYH�LRQV�VKRRWLQJ�XS�WKH�XQORDGHU�WXEH��ZLOO�ILUVWO\�EH�WR
URWDWH� DV� LW� DFFHOHUDWHV� XS� WKDW� WXEH�� DQG� WKLV� ZLOO� EH� ZKHUH� WKH� FHQWUDO� KHOLFDO
PDJQHWLF�IOX[�ILHOG�ZLOO�FRPH�LQWR�SOD\��IRU�LWV�/RUHQW]�IRUFH�ZLOO�KHOS�FRQWURO�WKH
ZD\�WKHVH�HQHUJLHV�URWDWH�
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7KHQ��VHFRQGO\��EHFDXVH�LW�ZLOO�EH�VR�LPSRUWDQW�KRZ�WKH�FKDUJHG�SDUWLFOHV�H[LW�WKH
WXEH� WKURXJK� D� SDUWLFXODU� KHOLFDO� WUDMHFWRU\� �KHOLFDO� SLWFK� DQJOH�� LW� ZLOO� EH
LPSRUWDQW�H[DFWO\�KRZ�WKDW�WXEH�LV�WHUPLQDWHG��DQG�KRZ�LW�LV�VKDSHG�LQWHUQDOO\���$V
,�KDYH�DOOXGHG�WR�HOVHZKHUH��LQ�FKDSWHUV���DQG����RI�WKLV�VWXG\��UHJDUGLQJ�KRZ�D
URWDWLQJ�KHOLFDO�ILHOG�FDQ�EH�FRQWUROOHG�DQG�PDGH�WR�GR�ZKDW�LWV�VXSSRVHG�WR�GR�LV
D� VFLHQFH� LQ� LWVHOI� �VR� ,�ZRQ
W� EH� GHOYLQJ� LQWR� WKDW� KHUH�� DQG� WKH� UHDGHU� VKRXOG
UHIHU�WR�P\�SUHYLRXV�FKDSWHUV�WR�GLVFRYHU�PRUH�DERXW�WKH�DVWURSK\VLFV�RI�WKLV��
,W�ZLOO�RQO\�EH�LI�WKHVH�SDUWLFOHV�DQG�IRUFHV�FDQ�EH�JLYHQ�VXIILFLHQW�FXUO�WKDW�WKH\
FDQ�EH�H[SHFWHG� WR�SURGXFH� WKH�QHFHVVDU\�SRORLGDO� ILHOG� DURXQG� WKDW�8)2��EXW
ZKHQ�LW�GRHV�EHFRPH�HVWDEOLVKHG�WKLV�VXUURXQGLQJ�ILHOG�RI�H[SDQVLYH�JUDYLWDWLRQDO
IRUFH� ZLOO� JLYH� WKH� VIRXU8)2� JUDYLWDWLRQDO� EXR\DQF\� DJDLQVW� WKH� HDUWK
V
JUDYLWDWLRQDO� ILHOG�� DOWKRXJK� KDYLQJ� VDLG� WKDW� LW� ZRQ
W� JLYH� DQ\� SURSXOVLYH
PRYHPHQW� WR� WKDW� FUDIW�� 7KDW� SURSXOVLRQ� ZLOO� FRPH� VROHO\� IURP� WKH� JUDYLW\
DPSOLILHUV�LQ�WKH�FUDIW
V�ORZHU�GHFN�
6R�� LQVLGH� WKH�FUDIW� WKH�ZKROH� FHQWUDO� GHFN�DUHD�ZLOO� DFW� OLNH� D� WXQHG�ZDYHJXLGH
RQFH� WKH� XQORDGHU� WXEH� LV� ORZHUHG�� ZLWK� DOO� WKH� FRPSRQHQWV� DQG� FRQYHUJLQJ
IRUFHV�UHVRQDWLQJ�LQ�FRKHUHQFH�WR�WKH�VDPH�IUHTXHQF\�DV�WKDW�XQORDGHU�WXEH�
2QH�IXUWKHU�QRWH�RQ�WKH�FHQWUDO�UHDFWRU��ZKHQ�WKH�WXEH�IXOO\�WRXFKHV�GRZQ�RQ�WKH
UHDFWRU� GRPH� DQG� DOO� WKH� FRQYHUJHQFHV� RI� IRUFH� DXWRPDWLFDOO\� UH�URXWHV� XS� WKH
WXEH�DQG�WKH�ZKLWH�KROH�VKLHOG�GLVVLSDWHV��DJDLQ��MXVW�DV�/D]DU�VDLG�LW�ZRXOG���RQFH
WKDW�VKLHOG�DURXQG�WKH�FHQWUDO�GRPH�GRHV�FROODSVH��EHFDXVH�LW�ZLOO�HIIHFWLYHO\�OHDYH
WKH� GRPH� DV� D� KLJKO\�SRVLWLYHO\�FKDUJHG� WHUPLQDO� RVFLOODWLQJ� DW� �� *+]� �RU
WKHUHDERXWV��� LW� ZLOO� WKHQ�DIWHU� HVWDEOLVK� EHWZHHQ� LWVHOI� DQG� WKH� UHVW� RI� WKDW
VIRXU8)2
V�ZKROH�GHFN�DUHD�DQ�HOHFWURQ�FDVFDGH�HIIHFW��EHFDXVH�DQ�HOHFWULF�ILHOG
ZLOO�EH�HVWDEOLVKHG�EHWZHHQ�WKH�GRPH�DQG�WKH�DLU� LQVLGH� WKDW�GHFN�DUHD��DQG�WKH
UHVXOW�ZLOO� EH� WR� GUDZ� HOHFWURQV� WRZDUG� WKDW� GRPH� IURP� WKH� VXUURXQGLQJ� DLU� DW
KLJK�VSHHG��DQG�WKLV�ZLOO�LRQL]H�WKH�DLU���6R�KHUH��WKH�FUHZ�ZRXOG�QHHG�WR�JHW�XVHG
WR� WKH� XELTXLWRXV� VPHOO� DQG� WDVWH� RI� HOHFWULFLW\� LQVLGH� WKDW� FUDIW�ZKHQ� LW�ZDV� LQ
IOLJKW�
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)LJXUH� ���� 6WUHVVLQJ� WKH� PDJQHWLF� ILHOG� OLQHV� DURXQG� WKLV� 8)2� ZLOO� SURGXFH
HOHFWURQ�SRVLWURQ�SDLUV�ZKLFK�ZLOO�WKHQ�EH�LQGXFHG�LQWR�WKH�J\UDWLQJ�EHDPV�EHORZ
WKH�FUDIW��WKH�EHDPV�GR�QRW�SDVV�GLUHFWO\�WKURXJK�WKH�KXOO�
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������+RO\�*UH\O�)RXQG�+LGGHQ�,QVLGH�/D]DU
V�)UHTXHQF\�3DUDPHWHUV
2Q� WKH�*UDYLW\�3URSXOVLRQ�SDJH�RI�KLV�ZHEVLWH�SUHVHQWDWLRQ�/D]DU� JLYHV� D� YHU\
VWUDQJH� IUHTXHQF\� UDWLQJ� IRU� WKH� VIRXU8)2� UHDFWRU
V� HOHPHQW��+H� VD\V� LW� KDG� D
FDUULHU� ZDYH� IUHTXHQF\� RI� ����� +]� ZLWK� D� RQH� PLFURQ� EDQGZLGWK���� ZKLFK�� DV
HYHU\�JRRG�8)2�UHVHDUFKHU�NQRZV��RU�VKRXOG�NQRZ��WKLV�GRHVQ
W�PDNH�DQ\�VHQVH�
$IWHU�DOO�� D� �����+]� IUHTXHQF\� KDV� D�ZDYHOHQJWK� RI� ��� WKRXVDQG� NLORPHWHUV�� VR
FDUU\LQJ� LW� LQVLGH� D� EDQGZLGWK� RI�RQH�PLFURQ�ZRXOG�EH� DQDORJRXV� WR� SXWWLQJ� D
ULYHU� LQWR� D� VWUDZ� �� 7KLQNLQJ� LW� PLJKW� EH� VRPH� VWUDQJH� DQG� VHFUHW� QXPEHU� LQ
GLVJXLVH�� ,� GLG�ZRQGHU� LI� WKLV� UDWLQJ�PLJKW� EH� WR� GR�ZLWK� WKH� F\FORWURQ�� ZKLFK
ZRXOG� QHHG� WR� EH� UHJXODUO\� SXOVHG� DQG� LW� ZRXOG� DOVR� LQYROYH� D� RQH� PLFURQ
WKLFNQHVV�� EHFDXVH� WKH� H[LW� ZLQGRZ� RI� D� F\FORWURQ� �IRU� ZKHUH� WKH� DFFHOHUDWHG
SDUWLFOHV�DUH�ILUHG�RXW�RI�LW��XVXDOO\�KDV�D�RQH�PLFURQ�WKLFNQHVV��DQG�E\�ILULQJ�WKH
F\FORWURQ
V� H[LW� ILHOG� HYHU\� ����� +]� ������ SXOVHV� SHU� VHFRQG�� WKHQ� WKLV
FRQILJXUDWLRQ�ZRXOG�SURYLGH�D�VWHDG\�IORZ�RI�EXOOHW�SURWRQV�LQWR�WKH�UHDFWRU��VR
WKDW�WKH�UHDFWRU�ZRXOG�WKHQ�SURYLGH�D�VWHDG\�IORZ�RI�DQWLSURWRQV�WR�WKH�DPSOLILHU
KHDGV�
%XW� WKHQ��RQ�%RE
V�2PLFURQ�&RQILJXUDWLRQ�SDJH� D� VOLJKWO\�GLIIHUHQW� DWWULEXWH� LV
JLYHQ�WR� WKHVH�SXOVLQJV� �IRU� WKH�JUDYLW\�ZDYH�DPSOLILHUV� WKLV� WLPH���ZKHUH� LW�VD\V
WKDW�WKH�WKUHH�DPSOLILHUV�DUH�LQGLYLGXDOO\�SXOVHG�DW������+]��DQG�FRUUHODWLQJ�WKLV�WR
ZKHUH� LW� VD\V�� RQ� WKH� 0LFURZDYH� $QDORJ\� SDJH�� WKDW� WKLV� VHYHQ�SRLQW�IRXU�VL[
WLPHV�D�VHFRQG�SXOVLQJ�UHODWHV�WR�XQLYHUVDO�YHFWRU�ILHOGV��WKHQ�WKLV�ILJXUH�EHJLQV�WR
PDNH� PRUH� VHQVH�� $QG� QRZ� ,� DOVR� VHH� ZK\� /D]DU� JDYH� WKLV� RVFLOODWLRQ� DV� D
ZDYHOHQJWK�QRW�DV�D�IUHTXHQF\�
:KDW� WKHVH� GHQRPLQDWLRQV� DUH� VD\LQJ� LV� WKDW� DQ� RVFLOODWLRQ� ZLWK� D� RQH�PLFURQ
ZDYHOHQJWK��ZKLFK�UHODWHV�WR�DQ�RSHQ�DLU�IUHTXHQF\�RI�����7+]��LV�EHLQJ�SXOVHG�DW
����� +]�� ,I� VR� WKHQ� WKLV� LV� ZRUWK\� RI� D� ORW� PRUH� UHVHDUFK�� IRU� D� ���� 7+]
IUHTXHQF\� FDQ� EH� IRXQG� LQ� WKH� LQIUD�UHG� EDQG� RI� WKH� VSHFWUXP�� ZKLFK� LV� YHU\
LQWHUHVWLQJ�ZKHQ�RQH�FRQVLGHUV�WKDW�8)2V�KDYH�EHHQ�REVHUYHG�DQG�ILOPHG�RYHU
0H[LFR�VKURXGHG�LQVLGH�LQIUD�UHG�HQHUJ\�ILHOGV�>QRWH����@��%XW�WKHQ��ZKDW�ZRXOG
EH�D�PRUH�LQWULJXLQJ�SDWK�WR�IROORZ�KHUH�ZRXOG�EH�LI�WKDW�RQH�PLFURQ�ZDYHOHQJWK
ZDV�D�UHIHUHQFH�WR�WKH�SURSDJDWLRQ�ZDYHOHQJWK�RI�WKH�JUDYLWDWLRQDO�IRUFH�LWVHOI��DV
LW�LV�PRYHG�7+528*+�WKDW�8)2
V�PDWHULDO�VWUXFWXUH��,Q�RWKHU�ZRUGV��LW�PLJKW
EH� PRUH� SURGXFWLYH� ORRNLQJ� DW� WKH� JUDYLWDWLRQDO� SRODUL]DWLRQ� PHFKDQLVP�� WKH
WUDQVPLVVLRQ�RI�JUDYLWDWLRQDO�LQIOXHQFH�WKURXJK�WKH�8)2
V�DWRPLF�VWUXFWXULQJ��LQ
WKH� VDPH�ZD\� WKDW�SKRQRQV�DUH�SDVVHG� WKURXJK�D�PDWHULDO
V� DWRPLF� VWUXFWXUH� DW
LQIUD�UHG�IUHTXHQFLHV�EXW�DW�D�PXFK�UHGXFHG�YHORFLW\��$QG�WKHQ�FRQVLGHULQJ��WKDW�WKLV
PLJKW�DOVR�EH�WKH�ZD\�WKH�IRUFH�RI�JUDYLW\�SURSDJDWHV�IURP�WKH�8)2
V�TXDVL�EODFN
KROHV�� WKURXJK� LWV� VWUXFWXUH�� DW� VSHHGV� ZKLFK� PLJKW� EH� IRXQG� WR� EH� FORVHU� WR
VRXQG�VSHHG�WKDQ�WR�OLJKW�VSHHG��
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$QG�WKLV�IDFWRU��,
P�VXUH��ZLOO�KDYH�UDPLILFDWLRQV�DOO�WKURXJK�WKH�LQGXVWU\�RI�8)2
EDFN�HQJLQHHULQJ� �� EHFDXVH� 7+,6� FRXOG� VKRZ� D� SDWK� ZKLFK� OHDGV� WR� WKH�+RO\
*UH\O�RI�JUDYLWDWLRQDO�IRUFH�JHQHUDWLRQ�DQG�GHWHFWLRQ�>QRWH����@�
3UHVHQWO\�� WKH� FRQVHQVXV� RSLQLRQ� DPRQJ� SK\VLFLVWV� LV� WKDW� JUDYLWDWLRQDO� ZDYHV
WUDYHO�DW�WKH�VDPH�YHORFLW\�DV�OLJKW�ZDYHV�EXW�WKHQ�WKLV�LV�SXUH�JXHVVZRUN�E\�WKRVH
SK\VLFLVWV�>QRWH����@��%XW�WKLV�UDGLFDO�DQG�QHZ�DVVXPSWLRQ�DERXW�JUDYLW\�PDNHV�D
JUHDW�GHDO�RI�VHQVH�EHFDXVH�REYLRXVO\��LI�D�IRUFH�LV�WUDQVPLWWHG�OLNH�D�SODVPRQ�RU�D
SKRQRQ�IURP�DWRPLF�FHOO�WR�DWRPLF�FHOO��WKHQ�LW�ZRQ
W�EH�WUDQVPLWWHG�DW�WKH�VSHHG
RI�OLJKW��*UDYLWDWLRQDO�LQIOXHQFH�KDV�WR�WUDYHO�WKH�SDWK�RI�PRVW�UHVLVWDQFH��LW�KDV�WR
PRYH�DW�WKH�VSHHG�ZKLFK�LV�JRYHUQHG�E\�WKH�FHOOXODU�VWUXFWXUH�RI�WKDW�PDWHULDO�
/RRNLQJ�DW�WKLV�JUDYLWDWLRQDO� LQIOXHQFH� LQ�WKH�VDPH�ZD\�WKDW�HOHFWULF�FKDUJHV�FDQ
EH� WUDQVIHUUHG� WKURXJK� �DQG�� LQ� VRPH� FDVHV�� RYHU� D� PDWHULDO� E\� XVLQJ� VXUIDFH
SKRQRQV� WR� SDVV� WKHP� RYHU� WKH� RXWVLGH� RI�� WKDW� PDWHULDO�� PLJKW� EH� YHU\
UHZDUGLQJ��3DUWLFXODUO\��DV�LQ�WKH�ODWWHU�FDVH��ZKHUH�WKH�VXUIDFH�SKRQRQ�PLJKW�EH
FRQVLGHUHG�DV�D�FRXSOHU�RI�JUDYLWDWLRQDO�IRUFH��DQG�WKLV�LV�SRVVLEO\�RQH�RI�WKH�ZD\V
WKDW� WKLV� JUDYLWDWLRQDO� LQIOXHQFH� PLJKW� EH� IRXQG� WR� SURSDJDWH� LQVLGH� D� 8)2�
EHFDXVH� RI� WKH� IDFW� WKDW� WKH� H[WUDWHUUHVWULDOV� DUH� XVLQJ� WKH� 8)2
V� VWUXFWXUH� WR
WUDQVPLW�WKHLU�JUDYLW\�VRPHKRZ��7KLV��LQ�D�ZD\��ZRXOG�EH�VLPLODU�WR�KRZ�VXUIDFH
DFRXVWLF�ZDYHV�PRYH�RYHU�D�PDWHULDO��DQG�WKH\�PLJKW�EH�XVLQJ�D�VLPLODU�SULQFLSOH
WR� KRZ� VXUIDFH� DFRXVWLF� ZDYHV� �6$:V��PRYH� H[FLWRQV� DQG� HOHFWURQV� RYHU� WKDW
PDWHULDO���7KLV�EHLQJ�WKH�FDVH�WKHVH�ZDYH�WUDLQV�RI�JUDYLW\�IRUFH�PRYLQJ�WKURXJK
RU� RYHU� WKH� PDWHULDO� VWUXFWXUH� FRXOG� WKHQ� EH� FKLUS�DPSOLILHG� �ZKLFK� ZRXOG
FRPSUHVV�WKRVH�ZDYHV� WR� LQFUHDVH� WKHLU�DPSOLWXGH���7KH\�FRXOG�EH�FKLUSHG�ZLWK
WKH�UHSHWLWLRQ�UDWH�ZKLFK�/D]DU�JLYHV��RI������+]��DQG�WKLV�ZRXOG�JUHDWO\�DPSOLI\
WKH� JUDYLWDWLRQDO� IRUFH� DV� LW�PRYHV�RQWR� WKH� FHQWUDO� UHDFWRU� WKURXJK� WKH�8)2
V
VWUXFWXUH�� DQG� WKH� ZKROH� FKLUSLQJ� SURFHVV� FRXOG� EH� DFKLHYHG� DXWRPDWLFDOO\
�ZLWKRXW�DQRWKHU� VHSDUDWH�DPSOLILHU�� VLPSO\�E\�FRQVWUXFWLQJ� WKH�8)2
V�PDWHULDO
VWUXFWXUH� LQ� D� ZD\� WKDW� LW� ZRXOG� DFW� MXVW� OLNH� D� FKLUSLQJ� ZDYHJXLGH� GRHV� WR� DQ
HOHFWULFDO� ILHOG�� 7KLV� ZRXOG� PHDQ� WDNLQJ� WKH� EDVLF� SULQFLSOH� RI� DFRXVWLF� ZDYH
FKLUSLQJ�D� VWHS� IXUWKHU�DQG�HVWDEOLVKLQJ�ZDYH�EXQFKLQJ� VWUXFWXUHV� �RU�PDWHULDOV�
ZLWKLQ�WKDW�8)2
V�VWUXFWXUH��VSHFLILFDOO\�DURXQG�WKH�UHDFWRU��7KHQ��DQG�WKLV�LV�WKH
EHDXW\� RI� WKH� UHDFWRU� EHLQJ� LQ� WKH� FHQWHU� RI� WKH� FUDIW�� DQ\� FRQFHQWULF� ILHOGV� RI
IRUFH� �FRPLQJ� IURP� WKH� WKUHH� JUDYLW\� DPSOLILHU� KHDGV�� ZLOO� DXWRPDWLFDOO\� EH
DPSOLILHG�MXVW�E\�PRYLQJ�WKURXJK�D�VPDOOHU�DQG�VPDOOHU�UDGLXV�WRZDUG�WKH�FHQWHU�
+RZHYHU�� LW� ZRXOG� EH� EHWWHU� LI� WKHUH� ZDV� D� SDUWLFXODU� W\SH� RI� FRQFHQWULFDOO\
PRYLQJ�ILHOG�ZKLFK�DLGHG�WKLV� WUDQVSRUWDWLRQ�RI�JUDYLWDWLRQDO� IRUFH��DQG�DV�,�VD\
DERYH�� WKLV� WUDQVSRUWLQJ� SHUWXUEDWLRQ� PD\� EH� HQJLQHHUDEOH� DFWXDOO\� LQVLGH� WKH
DWRPV�RI� WKH�8)2
V� VWUXFWXUH�� ,QVLGH� D� VROLG�PDWHULDO� WKH� DWRPLF� QXFOHRQV� DQG
HOHFWURQV� ZKLOH� WKH\� DUH� ERQGHG� WR� DWRPV� WKHUH� ZLOO� EH� VXIILFLHQW� PRYHPHQW
ZLWKLQ� WKRVH� DWRPV� WR� DOORZ� WKRVH� FKDUJHG�SDUWLFOHV� WR� FRQWULEXWH� WR� FROOHFWLYH
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RVFLOODWLRQV�ZLWKLQ� WKDW�PDWHULDO�� DQG� EDVLFDOO\� WKLV� LV� KRZ� WKH� SKRQRQ� DQG� WKH
SODVPRQ� WUDQVPLWV� HOHFWULFDO� FKDUJHV� �UDWKHU� WKDQ� HOHFWURQV� WKHPVHOYHV�� IURP�RQH
HQG� RI� D� PDWHULDO� WR� WKH� RWKHU�� DQG� VR� MXVW� DV� ZLWK� DQ� HOHFWULFDO� ILHOG� PRYLQJ
WKURXJK�WKDW�PDWHULDO�VR�WKRVH�SHUWXUEDWLRQV�FRXOG�DOVR�FDUU\�JUDYLWDWLRQDO�IRUFH�
,QVWHDG� RI� HOHFWULFDO� FKDUJH� ZDYHV�� JUDYLWDWLRQDO� 
ZDYHV
� RI� LQIOXHQFH� FRXOG� EH
PRYHG� IURP�RQH�SDUW� RI� WKH� FUDIW� WR� WKH�RWKHU��7KLV� LV� WR� VD\� WKRXJK� WKDW� WKH
JUDYLW\� IRUFHV� LQVLGH� WKH� 8)2� ZLOO� QRW� SURSDJDWH� RI� WKHLU� RZQ� DFFRUG� OLNH� DQ
HOHFWURPDJQHWLF�ZDYH�RU�HYHQ�OLNH�D�ORQJLWXGLQDO�ZDYH��WKH�JUDYLWDWLRQDO�LQIOXHQFH
ZLOO�EH�FDUULHG�E\�D�PRYLQJ�SHUWXUEDWLRQ�ILHOG� �EH� LW�HOHFWULFDO�RU�PDJQHWLF��DV� LW
PRYHV�WKURXJK�WKDW�PDWHULDO��7KLV�WKHQ�ZRXOG�EH�YHU\�VLPLODU�WR�KRZ�WKH�5RVZHOO
8)2�GLUHFWV� VRPH�RI� LWV�JUDYLWDWLRQDO� IRUFH� WKURXJK� LWV� VWUXFWXUH� DW� D�SDUWLFXODU
IUHTXHQF\�>QRWH����@�
7KH� JUHDWHVW� GLIIHUHQFH� ZRXOG� EH� WR� WKH� ZDYHV
� SURSDJDWLRQ� YHORFLW\�� DV
PHQWLRQHG� DERYH�� LW� ZRXOGQ
W� EH� DW� �F�� WKH� VDPH� VSHHG� WKDW� OLJKW� WUDYHOV� DW
WKURXJK� WKH� DLU� �ZKLFK� ZRXOG� EH� WKH� QRUPDO� SURSDJDWLRQ� YHORFLW\� RI
HOHFWURPDJQHWLF�ZDYHV���DQG�VWULFWO\�VSHDNLQJ��LW�ZRQ
W�EH�TXLWH�WKH�VDPH�VSHHG�DV
WKH� DFRXVWLF� SKRQRQ� RU� SODVPRQV� HLWKHU�� EHFDXVH� WKHVH� DUH� FDUULHUV� RI� HOHFWURQ
FKDUJHV�� $� JUDYLWDWLRQDO� IRUFH� LV�PRUH� OLNHO\� WR� EH�PRYHG� WKURXJK� D�PDWHULDO
V
FHOOV�YLD�WKH�GLVSODFHPHQW�RI�WKDW�PDWHULDO
V�KHDYLHU�QXFOHRQV��ZKLFK�DUH�PXFK�OHVV
PRELOH�WKDQ�HOHFWURQ�FKDUJHV���DQG�VR�WKH�PRYHPHQW�LV�SRVVLEO\�PRUH�OLNH�WKDW�RI
D� VWUDLQ�ZDYH��(LWKHU�ZD\�� LQ� WKLV� FDVH� WKH� JUDYLWDWLRQDO�ZDYH�LQIOXHQFH�YHORFLW\
ZRXOG� GHSHQG� RQ� H[DFWO\� ZKDW� PHWDO�� RU� ZKDW� GLHOHFWULF�� WKH� WUDQVPLWWLQJ
VWUXFWXUH�EHLQJ�XVHG�ZDV�PDGH�RI��RU��DOWHUQDWLYHO\��E\�GHWHUPLQLQJ�H[DFWO\�ZKDW
WUDQVPLVVLRQ� YHORFLW\� LV� UHTXLUHG� WKLV� ZLOO� GLFWDWH� H[DFWO\� ZKDW� PDWHULDO� WKDW
WUDQVPLWWLQJ�VWUXFWXUH�ZLOO�QHHG�WR�EH�PDGH�RI��
2EYLRXVO\�� WKLV� LV� D� ZKROH� QHZ� DQG� XQLTXH� IRUP� RI� PHFKDQLFV� ZKHUH
WUDQVPLVVLRQ� WLPHV� WKURXJK� D� PDWHULDO� ZLOO� GHSHQG� RQ� WKH� HODVWLFLW\� RI� WKDW
PDWHULDO��DQG�IRU�QXFOHRQV�QRW�IRU�HOHFWURQ�FKDUJHV���7KLV�LV�ZK\��UHWXUQLQJ�WR�WKH
SRLQW�PDGH� DERXW� WKH� RQH�PLFURQ�ZDYHOHQJWK� DERYH�� DQ� RVFLOODWLRQ� FDQ� KDYH� D
KLJK� IUHTXHQF\� LQ� DLU� EXW� LW� ZLOO� KDYH� D�PXFK� ORZHU� IUHTXHQF\� LQ� D� VROLG�� $QG
EHFDXVH� DOO� PDWHULDOV� KDYH� GLIIHUHQW� FRPSRVLWLRQV� ZLWK� GLIIHUHQW� HODVWLFLW\� WKHQ
WKH\� ZLOO� KDYH� GLIIHUHQW� DFRXVWLF�� DQG� GLIIHUHQW� FHOOXODU�SHUWXUEDWLRQ� YHORFLWLHV
HYHQ�WKRXJK�WKH�VDPH�RVFLOODWLRQ�LV�SDVVLQJ�WKURXJK�WKHP��)RU�LQVWDQFH��ELVPXWK
ZLOO�KDYH�D�SKRQRQ�HOHFWURQ�DFRXVWLF�YHORFLW\�RI������P�V�ZKLOH�PDJQHVLXP�ZLOO
KDYH�D������P�V�YHORFLW\��DQG�VR�RQ��'LIIHUHQW�PDWHULDOV��GLIIHUHQW�YHORFLWLHV�RI
SHUWXUEDWLRQ�� HTXDWLQJ� WR� GLIIHUHQW� UHVXOWLQJ�IUHTXHQFLHV� EHLQJ� WUDQVPLWWHG
WKURXJK�WKHP�
:LWK�6$:V��WKHLU�ZDYH�YHORFLW\�FDQ�EH�DURXQG������PHWHUV�SHU�VHFRQG��DQG�VR
E\�KDYLQJ� D�ZDYH�SHULRG�RI� RQH�PLFURQ� WKLV�ZRXOG�PHDQ� WKDW� WKH� JUDYLWDWLRQDO
LQIOXHQFH�WKH\�FDUULHG�ZRXOG�DUULYH�DW� WKH�FHQWUDO� UHDFWRU�DV�D���*+]�RVFLOODWLQJ
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ZDYH�>QRWH����@��$QG�DV�LW�ZRXOG�EH�TXLWH�IHDVLEOH�WR�SUHVXPH�WKDW�WKHUH�ZRXOG�EH
D�SDUWLFXODU�PDWHULDO� WKDW� FRXOG�EH� XVHG� LQ� WKLV� VIRXU8)2
V� FRQVWUXFWLRQ�ZKLFK
ZRXOG�WUDQVPLW�WKLV�JUDYLWDWLRQDO�LQIOXHQFH�IURP�LWV�TXDVL�EODFN�KROHV�WKURXJK�LWV
VWUXFWXUH
V�DWRPLF�FHOO�QXFOHRQV��DOVR�DW�D�YHORFLW\�ZKLFK�ZRXOG�UHVXOW�LQ�D�FDUULHG
IUHTXHQF\�RI� ��*+]�� WKHQ� GRHVQ
W� WKLV� UHVRQDWH�ZHOO�ZLWK� WKH� FHQWUDO�PDJQHWLF
ILHOG
V�RSHUDWLRQDO�IUHTXHQF\�DQG�WR�WKH�IUHTXHQF\�DWWULEXWHG�WR�WKLV�8)2
V�FHQWUDO
XQORDGHU�WXEH���
6R��WKHUHIRUH��,�DP�QRZ�ZRQGHULQJ�LI�WKH�WDUJHW�SDUDPHWHU�IRU�WKH�WUDQVPLVVLRQ�RI
JUDYLWDWLRQDO� IRUFH� IRU� WKLV�8)2� VKRXOG� EH� DURXQG� ��*+]�� EXW� DW� D� YHORFLW\� �
RUGHUV�RI�PDJQLWXGH� VORZHU� WKDQ� �F��� DQG� WKDW� WKH� RWKHU� UHTXLUHPHQW�ZRXOG� EH
WKDW�WKHVH�RVFLOODWLRQV�VKRXOG�EH�SXOVHG��RU�FKLUSHG��DW������+]��,I�WKLV�LV�WKH�FDVH
WKHQ�LW�ZRXOG��MXVW�DV�LPSRUWDQWO\��PHDQ�WKDW�WKH�PDWHULDO�WKH�VIRXU8)2�ZRXOG�QHHG
WR� EH� FRQVWUXFWHG� IURP� ZRXOG� KDYH� WR� JLYH� D� FHOOXODU� SRODUL]DWLRQ�SHUWXUEDWLRQ
YHORFLW\�WKURXJK�LW�RI�DURXQG������PHWHUV�SHU�VHFRQG��7KHVH�ILJXUHV��JRLQJ�EDFN
D� IHZ� FKDSWHUV�� ZRXOG� DOVR� ERGH� H[WUHPHO\� ZHOO� IRU� WKH� $QGUHDVVRQ� 8)2�
EHFDXVH�LW�KDV�DOUHDG\�EHHQ�HVWDEOLVKHG�IRU�WKDW�DD8)2�FUDIW�WKDW�LW�RSHUDWHV�DW�D
IUHTXHQF\�RI�EHWZHHQ���WR���*+]�ZLWK�ZDYH�SDFNHWV�WKDW�KDYH�D�QRPLQDO�SXOVLQJ
UDWH�RI�����+]��DV�,�KDYH�DOOXGHG�WR�LQ�PRUH�GHWDLO�LQ�FKDSWHUV������DQG����DERYH��
:LWK� WKHVH� WHFKQR�QXDQFHV� ZRUNLQJ� WRJHWKHU� VR� ZHOO� PD\EH� QRZ� 8)2
WHFKQRORJ\�ZLOO�EH�DIIRUGHG�D�OLWWOH�PRUH�GHFHQF\�E\�VFLHQWLVWV�ZKR��DIWHU�DOO��KDYH
DOO�EXW�GURZQHG�LQ�WKH�PLUH�RI�H[LVWLQJ�JUDYLWDWLRQDO�WKHRU\���
%XW�ZDLW��KROG�WKH�SDJH��LV�WKHUH�VRPHWKLQJ�PRUH�JRLQJ�RQ�KHUH��"�5HIHUULQJ�EDFN
WR� WKLV� 
RQH�PLFURQ
�GHQRPLQDWLRQ� WKDW�%RE�/D]DU�XVHG�� WKLV�KDV�EHHQ�SX]]OLQJ
PH�IRU�DJHV�DQG�,�MXVW�FRXOGQ
W�VHH�ZK\�LW�ORRNHG�VR�RGG��%XW�QRZ�,�VHH�ZKDW�LV
JRLQJ� RQ�� KHUH� LV� WKH� VROXWLRQ�� WKLV� ZDV� QR� LGOH� PLVWDNH� PDGH� E\� DQ� DEVHQW�
PLQGHG� SK\VLFLVW�� 1R�RQH�� EXW� QR�RQH�� JLYHV� DQ� RVFLOODWLRQ� DQG� EDQGZLGWK
FRQILJXUDWLRQ�DV�D�IUHTXHQF\�DQG�D�ZDYHOHQJWK���:HOO��WKH�UHDGHU�PLJKW�DOVR�VD\�
QR�RQH� JHWV� WKHP� PL[HG� XS� DQG� SODFHG� LQ� WKH� ZURQJ� RUGHU� HLWKHU�� EXW� WKDW
V
EHVLGH� WKH�SRLQW��$OZD\V� WKHVH� WZR�DUH� JLYHQ� WRJHWKHU� DV� D� SDLU� RI� IUHTXHQFLHV�
%XW��LQ�WKLV�SDUWLFXODU�FDVH�JLYLQJ�WKH�RQH�PLFURQ�DV�D�IUHTXHQF\�ZRXOG�KDYH�EHHQ
LQFRUUHFW��LW�ZRXOGQ
W�RI�H[SODLQHG�WR�WKH�UHVHDUFKHU�ZKDW�/D]DU�KDG�VHHQ�DQG�ZDV
WU\LQJ�WR�WHOO�RWKHUV�
6R�� LW�PHDQV� WKDW�/D]DU�NQHZ�SUHFLVHO\�ZKDW�,�KDYH� MXVW�H[SODLQHG�DERYH��DERXW
WKDW�RVFLOODWLRQ�GRZQJUDGLQJ�WR�DFRXVWLF�ZDYH�YHORFLW\�ZKLOH�LW�SDVVHV�WKURXJK�WKH
8)2
V�PDWHULDO�VWUXFWXUH��DQG�KH�NQHZ�WKDW�WKH�QRUPDO�DVVRFLDWLRQ�RI�����7+]�WR
RQH�PLFURQ�ZDV�QRW�ZKDW�KH�ZDV�WU\LQJ�WR�FRQYH\��2QO\�LI�KH�NQHZ�WR�JLYH�WKLV
GLVWLQFWLRQ�ZRXOG�KH�KDYH�FRQVLGHUHG�LW�PRUH�DSSURSULDWH�WR�JLYH�WKDW�RVFLOODWLRQ
DV�D�RQH�PLFURQ�ZDYHOHQJWK���
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,�UHVW�P\�FDVH��EXW�ZLWK�RQH�ODVW�TXHVWLRQ��EHFDXVH�\HW�DJDLQ�,�DP�SX]]OHG�DV�WR
ZK\� /D]DU� DSSHDUHG� WR� NQRZ� VR� OLWWOH� ZKHQ� KH� ZDV� LQWHUYLHZHG� E\� *HRUJH
.QDSS��,I�IRU�WKH�VDNH�RI�DUJXPHQW��%RE�/D]DU�UHDOO\�','1
7�.12:�ZK\�KH
VKRXOG�SURYLGH�WKLV�LQIRUPDWLRQ�LQ�WKLV�SUHFLVH�PDQQHU����GLG�VRPHRQH�DW�$UHD���
LQGRFWULQDWH�WKLV�LQIRUPDWLRQ�DERXW�WKH�VIRXU8)2�LQWR�KLP�LQ�WKLV�YHU\�VSHFLILF
ZD\�"�,Q�RWKHU�ZRUGV��ZDV�%RE�/D]DU�
WHOOLQJ�KLV�VWRU\
�DERXW�WKLV�VIRXU8)2�DV�KH
VDZ� LW�� RU� ZHUH� WKHVH� WKH� GH�FODVVLILHG� GHWDLOV� DERXW� WKLV� 8)2� WKDW� ZHUH
VSHFLILFDOO\�ZULWWHQ�E\�WKH�86�PLOLWDU\��DQG�JLYHQ�WR�KLP�WR�GLVVHPLQDWH�DV�LI�WR�WHOO�WKH
UHVW�RI�WKH�ZRUOG��KH\���ORRN�ZKDW�ZH�JX\V�DUH�ZRUNLQJ�RQ���


