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GLIIXVLRQ SUHVVXUHGLIIXVLRQ WKHUPR�GLIIXVLRQ VHGLPHQWDWLRQ
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WKHUPDOFRQGXFWLRQ
$V� LQ� HTXDWLRQV� �������� HDFK� WHUP� LQ� HTXDWLRQV� ���������� GHILQHV� WKH� FRUUHVSRQGLQJ�HPSLULFDO�WUDQVSRUW�FRHIILFLHQW��ZKLFK�IRU�PHPEUDQHV�LV�GLVWLQJXLVKHG�ZLWK�D�SULPH������,Q�HTXDWLRQV� ���������� WKH� WHUPV�FRUUHVSRQGLQJ� WR�VHGLPHQWDWLRQ�DUH�GLUHFWO\� LQFOXGHG�DV�D�VWUDLJKWIRUZDUG� FRQVHTXHQFH� RI� HTXDWLRQ� ������ WHUPV�ZKLFK�ZHUH� QRW� FRQVLGHUHG� LQ� WKH�WKHRU\�GHYHORSHG�E\�+DDVH�>�@��)URP�WKH�SKHQRPHQRORJLFDO�SRLQW�RI�YLHZ�WKH�GLVVLSDWLRQ�IXQFWLRQ�\ LV�VWLOO�JLYHQ�E\� HTXDWLRQ� ����� EXW� LQ� DGGLWLRQ� WR� WKH� UHODWLRQ� DPRQJ�PDVV� IORZV� �HT����ZH�KDYH� QRZ�DOVR� D� UHODWLRQ� DPRQJ� IRUFHV� JLYHQ� E\� HTXDWLRQ� ������ ,Q� PHFKDQLFDO� HTXLOLEULXP� \EHFRPHV� LQGHSHQGHQW� RI� WKH� UHIHUHQFH� V\VWHPV� XVHG� IRU� WKH� PDVV� IOX[HV� �3ULJRJLQH¶V�WKHRUHP�>�@��DQG�LW�LV�FRQYHQLHQW�WR�H[SUHVV�WKH�LQGHSHQGHQW�PDVV�IORZ�RI�FRPSRQHQW���GLUHFWO\�UHVSHFW�WR�WKH�PHPEUDQH��LQGH[�����7KXV�ZLWK������HTXDWLRQ�����EHFRPHV�
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�� TT �� TT �T T�/ �� / �� / �/ / �/ �! ! ! ����%\� VXEVWLWXWLRQ� RI� ���� DQG� ����� LQ� HTXDWLRQV� ���������� WKHVH� HTXDWLRQV� PD\� EH�FRPSDUHG�ZLWK� WKH� HPSLULFDO� HTXDWLRQV� ����������� 7KH� UHODWLRQV� DPRQJ� FRHIILFLHQWV� DUH�DOVR� JLYHQ� LQ� 7DEOH� ��� $JDLQ�� DV� LQ� WKH� FDVH� RI� IOXLG� V\VWHPV�� WKUHH LQGHSHQGHQW�SKHQRPHQRORJLFDO� FRHIILFLHQWV� GHVFULEH� DOO� WKH� WUDQVSRUW� SURFHVVHV� ZLWKLQ� ELQDU\�PHPEUDQH� V\VWHPV� RI� XQFKDUJHG� FRPSRQHQWV�� SURFHVVHV� WKDW� DUH� DOVR� UHSUHVHQWHG� E\�HLJKW HPSLULFDO�FRHIILFLHQWV��7KXV�KHUH�DOVR� ILYH LQGHSHQGHQW�UHODWLRQV�PXVW�H[LVW�DPRQJ�
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WKHVH�FRHIILFLHQWV� UHODWLRQV�WKDW�DUH�RXWOLQHG�LQ�WKH�QH[W�VHFWLRQ�,W�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�DOWKRXJK�WKH�IRUFH�)� LV�RI�SULPDU\�VLJQLILFDQFH�IRU�WKH� IRUPXODWLRQ�RI� WKH�GHVFULSWLRQ�RI� WKH� WUDQVSRUW�SURFHVVHV� LQ�PHPEUDQH� V\VWHPV� WKLV�IRUFH� GRHV� QRW� DSSHDU� H[SOLFLWO\ QHLWKHU� LQ� WKH� HPSLULFDO� IORZ� HTXDWLRQV� QRU� LQ� WKH�SKHQRPHQRORJLFDO�RQHV�DQG�WKHUHIRUH�WKHUH�GRHV�QRW�H[LVW�DQ\�H[LJHQF\�WR�FKDUDFWHULVH�)�ZLWK� PRUH� SK\VLFDO� GHWDLOV�� ,Q� RWKHU� ZRUGV�� RQO\� WKH� DFFHSWDQFH� RI� LWV� H[LVWHQFH� LV�HVVHQWLDO��)XUWKHU�FRQVHTXHQFHV RI�WKLV�ZLOO�EH�FRQVLGHUHG�ODWHU�RQ�
5HODWLRQVKLSV�DPRQJ�WKH�WUDQVSRUW�FRHIILFLHQWV,Q� 7DEOH� �� WKH� UHODWLRQV� EHWZHHQ� HPSLULFDO� WUDQVSRUW� FRHIILFLHQWV� DQG� WKH�FRUUHVSRQGLQJ� SKHQRPHQRORJLFDO� FRHIILFLHQWV� LQ� ERWK� W\SHV� RI� V\VWHPV� DUH� JLYHQ�� 7KH�IRUPXODV�FRQWDLQHG�LQ�ERWK�VHFWLRQV�RI�WKLV�WDEOH�PD\�EH�GLUHFWO\�FRPSDUHG�LI�WKH�UHODWLRQV�EHWZHHQ�WKH�SKHQRPHQRORJLFDO�FRHIILFLHQWV�LQ�WKH�EDU\FHQWULF�IUDPH�DQG�LQ�WKH�PHPEUDQH�IL[HG� IUDPH�DUH� WDNHQ� LQWR� DFFRXQW��7KHVH� UHODWLRQV� DUH� UHDGLO\� REWDLQHG�E\� FRQVLGHULQJ�HTXDWLRQV� ����� DQG� ���� DQG� WKH� IORZ� HTXDWLRQV� ���������� DQG� ���������� DQG� DUH� WKH�IROORZLQJ� � �� � � ���� � �� TT TT
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7DNLQJ� HTXDWLRQV� ����� LQWR� DFFRXQW� LW� LV� DW� RQFH� FRQFOXGHG� IURP�7DEOH��� WKDW� WKH�HPSLULFDO� FRHIILFLHQWV� FRUUHVSRQGLQJ� WR� SURFHVVHV� GULYHQ� E\� IRUFHV� VXFK� DV� JUDG� 7� DQG�JUDG�[���ZKLFK�DUH�QRW� LQYROYHG� LQ� WKH�PHFKDQLFDO� IRUFH�EDODQFH�� DUH� LGHQWLFDO� IRU�ERWK�W\SH�RI�V\VWHPV��7KHVH�SURFHVVHV�DUH�GLIIXVLRQ�� WKHUPR�GLIIXVLRQ� WKH�'XIRXU�HIIHFW�DQG�WKHUPDO� FRQGXFWLRQ�� 2Q� WKH� RWKHU� KDQG�� WKH� FRHIILFLHQWV� RI� SURFHVVHV� VXFK� DV� SUHVVXUH�GLIIXVLRQ��VHGLPHQWDWLRQ�DQG�WKH�SUHVVXUH�DQG�VHGLPHQWDWLRQ�WKHUPDO�HIIHFWV��GXH�WR�IRUFHV�LQFOXGHG�LQ�WKH�PHFKDQLFDO�HTXLOLEULXP��JUDG�3���J�:��U����DUH�GLIIHUHQW�LQ�ERWK�W\SHV�RI�V\VWHP��7KXV� '� �'��������'7  �'7������OF  �OF�������OR  �OR������������ ����'3 z '3��������V� z V���������O3 z O3����� OV z OV����������������������������������������������,Q�FRQVHTXHQFH�WKH�SULPH�RI�WKH�FRHIILFLHQWV�RI�HTV������FDQ�EH�GURSSHG�IURP�QRZ�RQ�2Q�WKH�RWKHU�KDQG��WKH�LQHTXDOLWLHV�RI������FRUUHVSRQG�WR�WKH�IROORZLQJ�UHODWLRQV�� �3 3 3 3 � � �' ' 9 9 0c c O O  � U ����� �� � V V � � �V V 0 0 9c c O O  �U ����:KLOH� LQ� WKH� ILUVW� UHODWLRQ� �HTXDWLRQ� ��� DQG� HTXDWLRQV� ,�E¶�� E�� I��� I�� WKH� IDFWRU� 0��U�GLVSODFHG�YROXPH�� LV� ODFNLQJ� LQ� WKH� H[SUHVVLRQV�RI� WKH�PHPEUDQH� FRHIILFLHQWV�'S�� DQG�OS��� LQ� WKH� VHFRQG� UHODWLRQ� �HTXDWLRQ� ��� DQG� HTXDWLRQV� ,�F¶�� F�� J¶�� J�� WKH� IDFWRU� U�9��GLVSODFHG�PDVV�� LV� DEVHQW� LQ� WKH� H[SUHVVLRQV�RI� WKH�PHPEUDQH� FRHIILFLHQWV� V��� DQG�OV���7KHVH� IDFWRUV� UHSUHVHQW� EXR\DQF\� FRUUHFWLRQV�� 7KH� EXR\DQF\� HIIHFW GRHV� QRW H[LVW� LQ�PHPEUDQH�V\VWHPV��DV�RQH�FRPSRQHQW��WKH�PHPEUDQH�VXEVWDQFH��LV�LPPRELOH�EHFDXVH�RI�WKH� PHFKDQLFDO� FRQVWUDLQW� RI� WKH� VXSSRUWLQJ� IUDPH�� 7KLV� FRQFOXVLRQ� KDV� LQWHUHVWLQJ�FRQVHTXHQFHV�)URP� HTXDWLRQV� ����� DQG� �����ZH� NQRZ� WKDW� WKH� GLDJRQDO� FRHIILFLHQWV� DUH� DOZD\V�SRVLWLYH��ZKLOH� WKH�RII�GLDJRQDO� FRHIILFLHQWV�PD\�EH�SRVLWLYH�RU�QHJDWLYH�ZLWK� DQ�XSSHU�
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ZKHUH�WKH�ILUVW�H[SUHVVLRQ�KDV�EHHQ�REWDLQHG�LQ�5HI�>�@�DQG�WKH�VHFRQG�RQH�LV�GHULYHG�E\�LQVHUWLRQ�RI�HTXDWLRQ��,,�H¶��LQ�WKH�IRUPHU��9�x LV�WKH�PRODU�YROXPH�RI�WKH�SHUPHDQW���LQ�WKH�SXUH�SKDVHV�RXWVLGH�WKH�PHPEUDQH�>�@��7KH�ILUVW�UHODWLRQ��ZKLFK�LV�WKH�JHQHUDO�IRUPXOD�FRQQHFWLQJ� SHUPHDELOLW\� DQG� GLIIXVLRQ�� KDV� EHHQ� GLVFXVVHG� DOUHDG\� HOVHZKHUH� >��@� DQG�VDWLVIDFWRULO\� WHVWHG�E\�FRPSDULQJ�GLUHFW�PHDVXUHG�YDOXHV�RI�SHUPHDEL�LWLHV�RI�DUWLILFLDO�PHPEUDQHV� ZLWK� YDOXHV� FDOFXODWHG� XVLQJ� GLIIXVLRQ� DQG� VHGLPHQWDWLRQ� GDWD� RI�FRQFHQWUDWHG�SRO\PHU�VROXWLRQV�>������@��2Q�WKH�RWKHU�KDQG��QR�H[SHULPHQWDO�GDWD�RI�V���DUH� DYDLODEOH�� VR� IDU� WKH� DXWKRU� LV� DZDUH�� WR� WHVW� WKH� VHFRQG� H[SUHVVLRQ��$V� DQ� H[WUHPH�H[DPSOH�� WKLV� H[SUHVVLRQ� GHVFULEHV� WKH� DFWLRQ� RI� IRUFLQJ� RXW� WKH� ZDWHU� FRQWDLQHG� LQ� D�SRURXV�SOXJ�RU�D�VZROOHQ�VSRQJH�E\�D�VXGGHQ�TXLFN�VKDNLQJ�� ,Q�JHQHUDO� WKLV�ZDWHU� IOX[�FDQ�EH�GHVFULEHG�E\�WKH�IROORZLQJ�IRUPXOD��F�� � � � F- T� - T�$ �;  ����
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ZKHUH�-� UHSUHVHQWV� WKH� WRWDO� IORZ� WKURXJK� WKH�FURVV� VHFWLRQ�T�RI� WKH�PHPEUDQH��$��F� D�FHQWULIXJDO�SHUPHDELOLW\�DQG�;F D�JHQHUDO�FHQWULIXJDO�IRUFH��ZKLFK�LV�HTXDO�WR��J���:��U��LQ�WKH�VHGLPHQWDWLRQ�H[SHULPHQWV�ZLWK�U�!!�G��ZKHUH�G LV�WKH�WKLFNQHVV�RI�WKH�PHPEUDQH��%\�FRPSDULQJ������ZLWK�WKH�ODVW�WHUP�RI�HTXDWLRQ������ZH�REWDLQ��F�� � � � �$ F V � F 9c ����)URP������DQG������WKH�UHODWLRQ�EHWZHHQ�$��DQW�$��F�� IROORZV�LPPHGLDWHO\��F�� � � �$ � 9 $ �0x  ����7KXV��H[SHULPHQWDO�PHDVXUHPHQWV�RI�V�� LQ�FRPELQDWLRQ�ZLWK�HTXDWLRQV�����������SURYLGH�DQ�LQWHUHVWLQJ�DOWHUQDWLYH�IRU�WKH�GHWHUPLQDWLRQ�RI�PHPEUDQH�SHUPHDELOLW\�&RQFOXVLRQV7KH�IRUHJRLQJ�DQDO\VLV�KDV�VKRZQ�WKH�GLIIHUHQFHV�EHWZHHQ�WUDQVSRUW�TXDQWLWLHV�LQ�PHPEUDQH� DQG� IOXLG� V\VWHPV�� 7KHVH� FRQVLVW� LQ� WKH� DEVHQFH� RI� WKH� EXR\DQF\� HIIHFW� LQ�PHPEUDQH� V\VWHPV�� 7KHVH� V\VWHPV� DUH� DOZD\V� LQ� PHFKDQLFDO� HTXLOLEULXP� DQG� LW� LV� D�FKDUDFWHULVWLF�WKDW�DQ�DGGLWLRQDO�IRUFH��WKH�PHFKDQLFDO�UHDFWLRQ�RI�WKH�VXSSRUWLQJ�IUDPH��LV�WR�EH�WDNHQ�LQWR�DFFRXQW�WR�JXDUDQWHH�WKLV�HTXLOLEULXP��1RZ��DV�DOUHDG\�VWDWHG�DW�WKH�HQGRI�6HFWLRQ���� LW�LV�QRW�QHFHVVDU\� WR�GHVFULEH� WKLV�IRUFH�ZLWK�IXUWKHU�GHWDLOV�DV� LW�GRHV�QRW�DSSHDU� H[SOLFLWO\� LQ� WKH� IORZ� HTXDWLRQV�� 7KLV� IDFW� UDLVHV� WKH� TXHVWLRQ� RI� ZKHWKHU� WKH�IRUPXODV� REWDLQHG� IRU� PHPEUDQH� V\VWHPV� DUH� UHVWULFWHG� RQO\� WR� SODQH� PHPEUDQHV�VXSSRUWHG�E\�HQ�H[WHUQDO�IUDPH�RU�LI�WKH\�DUH�FRPSOHWHO\�JHQHUDO�DQG�YDOLG�IRU�DQ\�W\SH�RI�PHPEUDQH�V\VWHPV��LQFOXGLQJ�V\VWHPV�VXFK�DV�YHVLFOHV�RU�UHG�EORRG�FHOOV��SDU�H[DPSOH��,Q�WKHVH� FDVHV� QR� ULJLG� VXSSRUW� H[LVWV� ZKLFK� FRPSHQVDWHV� WKH� XQEDODQFHG� VWUHVVHV� RI� WKH�PHPEUDQH�VXEVWDQFH�DQG�D�ILQDO�³JOREXODU´�FRQILJXUDWLRQ�LV�IRXQG��ZKLFK�DOVR�UHSUHVHQWV�D�PHFKDQLFDO� HTXLOLEULXP� VLWXDWLRQ�� 7KH� WHQVLRQV� H[LVWLQJ� LQ� GLIIHUHQW� GLUHFWLRQV� LQ� WKH�QRZ� FXUYHG�PHPEUDQH� QHWZRUN� DUH� UHGXFHG� LQ VXFK� D� VLWXDWLRQ� WR� D�PLQLPXP�ZLWK� D�ILQLWH� UHVXOWDQW� SHUSHQGLFXODU� WR� WKH� VXUIDFHV� ZKLFK� FRPSHQVDWHV� WKH� H[WHUQDO� IRUFH�GLIIHUHQFH�EHWZHHQ�ERWK�VLGHV�RI�WKH�PHPEUDQH�DQG�PDLQWDLQV�PHFKDQLFDO�EDODQFH�ZLWKLQ�WKH� PHPEUDQH�� 7KLV� ILQDO� WHQVLRQ� LQ� WKH� QHWZRUN� VWUDQGV�� WKH� QDWXUH� RI� ZKLFK� LV�YLVFRHODVWLF��LV�QRZ�UHSUHVHQWDWLYH�RI�)� LQ�HTXDWLRQ������DQG�LW�PXVW�DOVR�QRW�EH�GHVFULEHG�ZLWK�IXUWKHU�GHWDLOV�>��@��7KXV��RXU�WUDQVSRUW�GHVFULSWLRQ�DOVR�DSSOLHV�WR�WKHVH�PHPEUDQHV�DQG�WKH�DQVZHU�WR�WKH�TXHVWLRQ�UDLVHG�DERYH�LV�DIILUPDWLYH�LQ�WKH�VHQVH�WKDW�RXU�PHPEUDQH�IRUPXODV�DUH�FRPSOHWHO\�JHQHUDO�DQG�YDOLG�IRU�DQ\�W\SH�RI�PHPEUDQH�V\VWHPV�,Q� IROORZLQJ� SDSHUV� ZH� ZLOO� FRQVLGHU�� �D�� 7KH� H[WHQVLRQ� RI� WKH� IRUHJRLQJ�GHVFULSWLRQ� WR� WHUQDU\� V\VWHPV��ZKLFK� IRU� PHPEUDQH� V\VWHPV� FRUUHVSRQGV� WR� WKH� XVXDOFDVH�RI�WZR�SHUPHDQWV��WKH�VROYHQW�DQG�D�VROXWH��7KLV�FDVH��QRUPDOO\�GHVFULEHG�LQ�WHUPV�RI�IULFWLRQ�FRHIILFLHQWV��ZLOO�QRZ�EH� WUHDWHG� LQ� WHUPV�RI�PRELOLW\� FRHIILFLHQWV� DV�ZHOO�DV� LQ�WHUPV�RI� LQWHUQDO�HPSLULFDO� WUDQVSRUW�FRHIILFLHQWV�� �E��$�GHWDLOHG�DQDO\VLV�RI� WKH�JHQHUDO�SHUPHDELOLW\�IRUPXOD�>�����@��ILUVW�H[SUHVVLRQ�RI�HTXDWLRQ��������ZKHUH�WKH�HIIHFW�RI�P���[��LV�YHU\�LPSRUWDQW��7KLV�SHUPHDELOLW\�IRUPXOD�LV�RQO\�ZHOO�NQRZQ�DW�WKH�OLPLW�F� o ���LGHDO�GLOXWH� VROXWLRQ�� +HQU\� UHJLRQ��� 8QGHU� WKHVH� FRQGLWLRQV�� [�P���[� o 57� DQG� WDNLQJ� LQWR�DFFRXQW� WKDW� F�  � [��9� HTXDWLRQ� ����� WDNHV� WKH� IROORZLQJ�� DOUHDG\� FODVVLFDO�� OLPLWLQJ�IRUPV�
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