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7KLV�FRQFOXGLQJ�VHFWLRQ�DSSOLHV� WKH� UHVXOWV�RI� WKH�SUHYLRXV�SDUW� WR� VRPH� LPSRUWDQW
WKHUPRG\QDPLFDO�V\VWHPV��(YHQ�LI�WLPH�UHYHUVLELOLW\�LV�DOORZHG��LW�LV�VKRZQ�WKDW�WKH
IORZ�YHFWRUV�XVHG�WR�GHULYH�2QVDJHU�UHFLSURFLW\�IURP�WLPH�WUDQVODWLRQDO�LQYDULDQFH�LV
RI�TXHVWLRQDEOH�YDOLGLW\��7KH�IXQGDPHQWDO�IOXFWXDWLRQ�GLVVLSDWLRQ�WKHRUHP�RI�&DOOHQ�
:HOWRQ��*UHHQ�DQG�.XER�ZKLFK�XQGHUSLQ�GHVFULSWLRQV�RI� LUUHYHUVLELOLW\�� LQVRIDU� DV
WKH\�DUH�GHULYHG�IURP�WLPH�WUDQVODWLRQDO�LQYDULDQFH��LV�DOVR�TXHVWLRQHG��IURP�3DUW�,�
WKH\�FDQQRW�EH�GHULYHG�SURSHUO\�IURP�WLPH�UHYHUVDO�V\PPHWU\��7KH�FRPPRQ�YLHZ�RI
HQWURS\�DV�VRPH�W\SH�RI�FDORULF�IOXLG�IORZ�LV�FULWLTXHG�DV�QRW�FRQIRUPLQJ�WR�WKH�.HO�
YLQ�&ODXVLXV�3ODQFN� GHILQLWLRQ�� $Q� H[DPSOH� RI� GHYHORSLQJ� UHFLSURFDO� UHODWLRQV� WR
DQ\�RUGHU�LQ�WKH�FRXSOLQJ�LQGLFHV�EDVHG�RQ�WKH�SHFXOLDU�SK\VLFDO�DQG�GHILQLQJ�FKDU�
DFWHULVWLFV�RI�FRQGXFWLYH�KHDW� LV� JLYHQ� IRU� WKH� VWHDG\� VWDWH�ZKHQHYHU� D� WHPSHUDWXUH
JUDGLHQW� LV�SUHVHQW�� IUHH�IURP�WLPH�UHYHUVLEOH�DQG� WUDQVODWLRQ�DVVXPSWLRQV��$�PDMRU
FKDOOHQJH�LQ�WKH�WKHRU\�LV�WR�H[WHQG�LW�WR�LVRWKHUPDO�VWDWHV��,W�LV�FRQFOXGHG�WKDW�RWKHU
PRUH�GHWHUPLQLVWLF�YLHZV�PHGLDWHG�E\�DXWKHQWLF�ZRUN�DQDPQHVLV�PD\�EH�QHHGHG�IRU
ORQJ�WHUP�FRKHUHQFH�

.H\ZRUGV�� WLPH� UHYHUVDO�� WLPH� WUDQVODWLRQ�� HQWURS\� SURGXFWLRQ�� LUUHYHUVLELOLW\�� 2Q�
VDJHU� UHFLSURFLW\�� IOXFWXDWLRQ�GLVVLSDWLRQ� WKHRUHPV�� LVRWKHUPDO� DQG� QRQ�LVRWKHUPDO
V\VWHPV�

���,QWURGXFWLRQ

7KLV�FRQFOXGLQJ�SDUW�H[DPLQHV�WKH�UHVWULFWHG�FDVH�RI�VRPH�WKHUPRG\QDPLFDO�V\VWHPV�RI�VLJQLIL�
FDQFH��,W�LV�GHPRQVWUDWHG�WKDW�PRVW�RI�WKH�WKHRULHV��VXFK�DV�WKH�IOXFWXDWLRQ�GLVVLSDWLRQ�WKHRUHPV�RI
LUUHYHUVLEOH� SURFHVVHV�� FDQQRW� EH� GHULYHG� IURP� HOHPHQWDU\� QRQ�FRQWUDGLFWRU\� D[LRPV�� 7KH� EDVLF
SUHVXSSRVLWLRQV�DQG�FRPPRQO\�DFFHSWHG�VWUXFWXUHV�DUH�ILUVW�SUHVHQWHG� LQ�6HF����EHIRUH�DOWHUQDWLYH
VXJJHVWLRQV� DUH� SURYLGHG� LQ� WKH� ODWWHU� SRUWLRQ� RI� WKH�ZRUN��:KHUH� UHFLSURFLW\� LV� FRQFHUQHG�� LW� LV
VKRZQ�WKDW�³FRQGXFWLYH�KHDW´�LV�D�SLYRWDO�SK\VLFDO�FRQFHSW��ZLWKRXW�ZKLFK�WKHVH�UHODWLRQV�FDQQRW�EH
GHYHORSHG�ZLWKLQ�WKH�SUHVHQW�IUDPHZRUN��WKXV�XQGHUVFRULQJ�WKH�H[SHULPHQWDO�DQG�SKHQRPHQRORJLFDO
DVSHFW�RI�WKH�QDWXUDO�VFLHQFHV��$OO�WRR�RIWHQ��DV�VKRZQ�LQ�WKH�WH[W��WKH�DEVWUDFW�IRUPXODWLRQ�GRHV�QRW
FRQVLGHU�RU�WDNH�LQWR�DFFRXQW�WKH�UXGLPHQWDU\�SK\VLFV�DW�DOO�VWDJHV�RI�D�SURFHVV��VR�RQH�FDQ�OHJLWL�
PDWHO\�TXHVWLRQ��IROORZLQJ�(LQVWHLQ¶V�FULWHULRQ�RI�D�JRRG�WKHRU\�LQ�WKH�FHOHEUDWHG�(35�SDSHU��(LQ�
VWHLQ�HW�DO��������S������RQ�ZKHWKHU�RU�QRW�WKHVH�WKHRULHV�DUH�UHDVRQDEOH�LQ�³H[SODLQLQJ´�SKHQRPHQD�
&OHDUO\�� DEVWUDFW� DQG� RIWHQ� DOJHEUDLF� VXEVXPLQJ� JHQHUDOL]DWLRQV�� VRPHWLPHV�ZULWWHQ� LQ� KDVWH�� DQG
ZKLFK�GR�QRW�GHILQH�WKH�SK\VLFDO�YDULDEOHV�LQYROYHG�ZRXOG�DOO�FRQVWLWXWH�LQFRPSOHWH�WKHRULHV�LI�WKH
(LQVWHLQ�FULWHULRQ�DUH�DGPLWWHG��VLQFH�KH�VWDWHV�LQ�WKH�FULWHULRQ��³,I��ZLWKRXW�LQ�DQ\�ZD\�GLVWXUELQJ�D
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V\VWHP��ZH�FDQ�SUHGLFW�ZLWK�FHUWDLQW\��L�H���ZLWK�SUREDELOLW\�HTXDO�WR�XQLW\��WKH�YDOXH�RI�D�SK\VLFDO
TXDQWLW\��WKHQ�WKHUH�H[LVWV�DQ�HOHPHQW�RI�SK\VLFDO�UHDOLW\�FRUUHVSRQGLQJ�WR�WKLV�SK\VLFDO�TXDQWLW\´
ZKHUH�HDUOLHU�LQ�WKH�SDSHU��WKH�QHFHVVDU\�UHTXLUHPHQW�RI�D�FRPSOHWH�WKHRU\�LV��³HYHU\�HOHPHQW�RI�WKH
SK\VLFDO�UHDOLW\�PXVW�KDYH�D�FRXQWHUSDUW�LQ�WKH�SK\VLFDO�WKHRU\�´

�� &RPPHQW�RQ�2QVDJHU�7KHUPRG\QDPLFV��(QWURS\�DQG�)OXFWXD�
WLRQ�'LVVLSDWLRQ�7KHRUHPV

,Q�KLV�WKHRU\��2QVDJHU��2QVDJHU�����D�E��RQO\�DVVXPHG�WKH�YDOLGLW\�RI�PLFURVFRSLF��WLPH��UH�
YHUVLELOLW\�DQG�GHWDLOHG�EDODQFH��ZLWKRXW�DOWHULQJ�WKH�JHQHUDO�VWUXFWXUH�DQG�PHDQLQJ�RI�WKH�WKHUPRG\�
QDPLFDO�SRWHQWLDOV�DQG�SK\VLFDO�FRQVWDQWV��7KXV��ZLWKLQ� WKH�VWUXFWXUH�RI� WKH�SRWHQWLDOV�XVHG�ZKLFK
FRUUHVSRQGV�WR�SK\VLFDO�REVHUYDEOHV��RWKHU�WKHRULHV�ZKLFK�FDQ�DFFRXQW�IRU�WKH�UHFLSURFLW\�EHKDYLRXU
PD\�EH�FRQVLGHUHG�DV�VXLWDEOH�DOWHUQDWLYHV�WR�WKH�2QVDJHU�GHVFULSWLRQ�LI�GHWDLOHG�EDODQFH�RU�PLFUR�
VFRSLF�UHYHUVLELOLW\�LV�QRW�WR�EH�DVVXPHG��DQ�RXWOLQH�RI�KRZ�WKLV�PLJKW�EH�SDUWLDOO\�DFKLHYHG�DW�WKH
OLPLW�RI�VWHDG\�VWDWHV��LQ�WKH�VDPH�VHQVH�LQ�ZKLFK�WKH�2QVDJHU�WKHRU\�ZDV�LQLWLDOO\�GHYHORSHG��DQG
QRQ�LVRWKHUPDO�V\VWHPV�IROORZV�LQ�6HF������EHORZ��ZKLFK�KDV�D�PRGLILHG�HQWURS\�IRUP�FRPSDUHG�WR
D�SUHYLRXV�GHYHORSPHQW��-HVXGDVRQ�����D���3UREDEO\��VRPH�VWDWLVWLFDO�D[LRPV�DUH�UHTXLUHG�WR�H[WHQG
WKH�WKHRU\�WR�LVRWKHUPDO�V\VWHPV��DQG�DSSHDUV�DV�D�VLJQLILFDQW�FKDOOHQJH��,W�ZLOO�EH�SURYHQ�WKDW�HYHQ�LI
WKH�DVVXPSWLRQV�RI�PLFURVFRSLF�UHYHUVLELOLW\�DQG�GHWDLO�EDODQFH�ZHUH�DVVXPHG��WKH�UHVXOWV�WKDW�2Q�
VDJHU�SUHVHQWHG� VWLOO� DSSHDU� WR� VXIIHU� IURP� DPELJXLW\� VWHPPLQJ� IURP� WKH�DL� VWRFKDVWLF� WKHUPRG\�
QDPLFDO�GLVSODFHPHQW�YDULDEOHV�

,Q�WKH�2QVDJHU�WKHRU\�RI�/LQHDU�,UUHYHUVLEOH�7KHUPRG\QDPLFV��/,7���WKH�HQWURS\�GHYLDWLRQ�IURP
HTXLOLEULXP�D6�DV�D�UHVXOW�RI�D�GLVSODFHPHQW�RI�WKHUPRG\QDPLFDO�YDULDEOHV�DL��ZKHUH�VSRQWDQHRXV
IOXFWXDWLRQV�RU�GLUHFW�SHUWXUEDWLRQV�FDQQRW�EH�GLVWLQJXLVKHG�IURP�WKH�UHJUHVVLRQ�K\SRWKHVLV��PD\�EH
UHSUHVHQWHG�DV��2QVDJHU�����D�E��5HLI�������SS��������
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DQG�dLM�LV�WKH�.URQHFNHU�GHOWD��7KH�OLQHDU�DSSUR[LPDWLRQ�JLYHV
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ZKHUH�� LD& �LV�DFWXDOO\�D�³IOXFWXDWLRQDO´�GHULYDWLYH�JLYHQ�E\
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DQG�ZKHUH�t�LV�ODUJHU�WKDQ�WKH�UHOD[DWLRQ�WLPH�IRU�PROHFXODU�LQWHUDFWLRQV�tR��EXW�VPDOOHU�WKDQ�WKH�WLPH
RI�UHJUHVVLRQ�RI�D�IOXFWXDWLRQ�tU��WKDW�LV
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7KH�HQWURS\�SURGXFWLRQ�LV�JLYHQ�E\
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2IWHQ� 6& � LV�HTXDWHG�ZLWK�WKH�LQWHUQDO�HQWURS\�SURGXFWLRQ��SHU�XQLW�YROXPH�� s& �ZKHUH�³E\� WKH
6HFRQG�ODZ´�� 6& ����DQG�WKH�WRWDO�HQWURS\�GLIIHUHQWLDO�G6¶�LV�DOOHJHGO\�JLYHQ�E\
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G6¶� �GH6���GL6 ���
ZKHUH�GH6�LV�WKH�VXSSRVHG�HQWURS\�EURXJKW�LQ�IURP�WKH�HQYLURQPHQW�DQG�GL6�LV�WKH�GLIIHUHQWLDO�HQ�
WURS\�SURGXFWLRQ�LQVLGH�D�YROXPH�HOHPHQW��3ULJRJLQH������S����2QVDJHU�����E��HTQV��������������$
GHWDLOHG�DQDO\VLV�RI�WKH�GLIILFXOWLHV�RI�WKLV�PHWKRG�RI�SDUWLWLRQLQJ�WKH�HQWURS\�LQWR�³H[WHULRU�DQG�LQWHU�
QDO´� WHUPV�ZLWK� UHVSHFW� WR� WKHUPRVWDWLF� SRWHQWLDOV� KDV� EHHQ� GLVFXVVHG� WRJHWKHU�ZLWK� WKDW� RI� XVLQJ
*LEEVLDQ�W\SH�SRWHQWLDOV� IRU� QRQ�HTXLOLEULXP�SURFHVVHV� �-HVXGDVRQ� ����D�E��� ,I� IORZV� D& � DUH� H[�

SUHVVHG�LQ�WHUPV�RI������ WKHQ�WKH�2QVDJHU�FRRUGLQDWHV�DUH�GHILQHG�WR�EH�SURSHUO\�FKRVHQ�DQG�UHFL�
SURFLW\�LV�DVVXUHG�ZKHUH
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DQG� s& LV� XVXDOO\� GHWHUPLQHG� IURP� *LEEVLDQ� WKHUPRVWDWLF� HTXDWLRQV� DQG� D� EDODQFH� RU� FRQWLQXLW\
HTXDWLRQ�IRU�HQWURS\��,W�LV�HVVHQWLDOO\�WKURXJK�VXFK�SURFHGXUHV��WRJHWKHU�ZLWK�WKH�SRVWXODWH�WKDW�s& ���
WKDW�PLQLPXP�HQWURS\�SURGXFWLRQ�WKHRUHPV�DUH�GHULYHG��3ULJRJLQH�������S����<RXUJUDX�HW�DO������
S������$�UDWLRQDOL]DWLRQ�WKDW�PLJKW�GHVFULEH�DW�OHDVW�VWHDG\�VWDWH�SURFHVVHV�LV�IRXQG�LQ�HTQV������DQG
�����+HUH�� WKH� FRRUGLQDWHV� DUH�SHUSHWXDOO\�KHOG� DW� D� GLVWDQFH� IURP� WKH� HTXLOLEULXP�YDOXH�� DQG� WKH
LQVWDQWDQHRXV�UHOD[DWLRQ�YDOXHV�RI�WKH�IRUFHV�DQG�IOX[HV��)L�DQG� D& �UHVSHFWLYHO\��DW� WKLV�FRRUGLQDWH
SRLQW�LV�WDNHQ�WR�UHSUHVHQW�WKH�YDOXHV�RI�WKH�³HQWURS\�SURGXFWLRQ´�IRU�WKH�HQWLUH�VWHDG\�VWDWH�DV�ORQJ�DV
WKH�FRRUGLQDWHV��WKH� D ¶V��DUH�GLVSODFHG�D�FRQVWDQW�GLVWDQFH�DZD\�IURP�HTXLOLEULXP��+RZHYHU��VXFK�D
³FRQVWDQW´�GLVSODFHPHQW�ZRXOG�OHDYH�WKH�HQWURS\�XQGHILQHG�EHFDXVH�LW�LV�DVVXPHG�WKDW�WKHUH�LV�³HQ�
WURS\�SURGXFWLRQ´�ZLWKLQ�D�XQLW�YROXPH�RI�WKH�V\VWHP�ZKRVH�WHPSHUDWXUH�LV�IL[HG��ZKHUHDV�WKH�WKHU�
PDO�HQHUJ\�RI�D�VWHDG\�VWDWH�V\VWHP�LQ�DQ\�UHJLRQ�LV�D�FRQVWDQW��VR�WKDW�LI�WKH�.HOYLQ�&ODXVLXV�3ODQFN
�.&3��GHILQLWLRQ�RI� WKH�HQWURS\� LQFUHPHQW�d�6� LV� FRQVLGHUHG��ZKHUH�d�6� �d�4�7�� �d�4� LV� WKH�KHDW
HQHUJ\� LQFUHPHQW� DQG�7� WKH�.HOYLQ� WHPSHUDWXUH�� WKHQ� WKHUH� LV� LQ� DFWXDOLW\�QR� HQWURS\�SURGXFWLRQ
LQVLGH�WKH�YROXPH�VXE�HOHPHQWV�IRU�IL[HG�WKHUPDO�HQHUJ\�VLQFH�d�4�YDQLVKHV�RQ�DYHUDJH��DV�ZLOO�EH
HODERUDWHG���'HVSLWH�WKLV��WKH�DG�KRF�XVH�RI�WKHUPRVWDWLF�SRWHQWLDOV�DOORZV�IRU�WKH�SUHVHQFH�RI�LQWHUQDO
HQWURS\� SURGXFWLRQ� YLD� WKH� EDODQFH� HTXDWLRQ� �/DYHQGD� ������ &KDS������� 7KH� DQDO\VLV� RI� QRQ�
HTXLOLEULXP�SURFHVVHV�KDV�LPDJLQHG�WKDW�HQWURS\�PD\�EH�GHILQHG�PDWKHPDWLFDOO\�DV�D�YHFWRU�IORZ�RI
WKHUPDO�HQHUJ\�DFURVV�D�K\SRWKHWLFDO�ERXQGDU\�ZLWK�D�GHILQHG� WHPSHUDWXUH��+RQLJ������SS������
�����/DYHQGD������&KDS�������ZKHUH�WKHUH�PLJKW�EH�ORFDO�YDULDWLRQ�RI�WHPSHUDWXUH�ZLWKLQ�WKH�ERG\�
7KH�.&3�GHYHORSPHQW�RI�WKH�6HFRQG�/DZ�SUHFOXGHV�VXFK�FRQVLGHUDWLRQV��ZKHUH�ERGLHV�DUH�PDLQ�
WDLQHG� DW� D� IL[HG� WHPSHUDWXUH�� DQG� WKHUPDO� HQHUJ\� LV� LQWURGXFHG� FRQGXFWLYHO\� DQG� UHYHUVLEO\� WR� D
ERG\�YLD�LWV�GLDWKHUPDO�ERXQGDU\��,W�LV�FODLPHG�WKDW�WKHVH�ODZV�PD\�EH�ORFDOL]HG�WR�H[FOXGH�JOREDO
V\VWHP�FRQVLGHUDWLRQV��,W�KDV�EHHQ�VKRZQ�WKDW�GLIILFXOWLHV�DULVH�IURP�VXFK�DVVXPSWLRQV��-HVXGDVRQ
����D������E��

7KH�PDLQ�DUJXPHQW�RI�2QVDJHU�LQ�GHULYLQJ�UHFLSURFLW\�FRQGLWLRQV�LV�WKDW�WKH�G\QDPLFDO�ODZV�RI
DQ�LVRODWHG�V\VWHP�DUH�UHYHUVLEOH��2QVDJHU�����D��S������LQ�WKH�VHQVH�GLVFXVVHG�LQ�WKH�SUHYLRXV�SDUW
�-HVXGDVRQ��������0RGHUQ�JHQHUDOL]DWLRQV�RI�2QVDJHU¶V�DVVXPSWLRQ�UHIHU�GLUHFWO\�WR�PHFKDQLFV�DQG
LWV�UHYHUVLELOLW\�DV�ZHOO��+XUOH\�HW�DO��������

+RZHYHU��SUREOHPV�DULVH�HYHQ�LI�ZH�VKRXOG�VXSSRVH�WKH�DERYH�WR�EH�VWULFWO\�DOORZHG��:KHUH�QR
³&RULROLV´�IRUFHV�DFW�RQ�WKH�SDUWLFOH��UHYHUVLQJ�WKH�YHORFLWLHV�LQVWDQWDQHRXVO\�ZRXOG�QRW�FDXVH�D�QHW
FKDQJH�RI�WKH�IRUFH�YHFWRU�RQ�WKH�SDUWLFOH��7KH�WKHUPRG\QDPLFDO�YDULDEOHV�DL�ZLOO�WKHQ�EH�HYHQ�IXQF�
WLRQV�RI�WKH�PLFURVFRSLF�SDUWLFOH�PRWLRQV�IRU�HDFK�WLPH�SDUDPHWHU�W�IRU�D�SDUWLFXODU�GHILQHG�HTXLOLE�
ULXP�VWDWH�XQGHUJRLQJ�VSRQWDQHRXV�IOXFWXDWLRQV��ZH�PD\�WKHQ�WDNH�HQVHPEOH�DYHUDJHV�IRU�HDFK�RI�WKH
FRRUGLQDWHV�D,�� L�H�� �DL�W�!� IRU� GHILQHG�YDOXHV�RI� WKH�RWKHU� FRRUGLQDWHV�� WKH� VWDQGDUG�YDQ�.DPSHQ
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�������GHVFULSWLRQ�RI�WLPH�UHYHUVDO�FHQWHUHG�DW�WLPH�W��RYHU�WKH�IOXFWXDWLRQDO�GLIIHUHQWLDO�t�PXVW�GH�
PDQG��<RXUJUDX�HW�DO��������S����

( ) ( )M MD W D Wt t+ = - ���

L�H���WKHUH�LV�DQ�HTXLYDOHQW�UHYHUVH�PRWLRQ�IRU�HDFK�IRUZDUG�PRWLRQ��1RZ��VLQFH��D L�W�!�LV�H[SHUL�
PHQWDOO\�GHWHUPLQDEOH�� LW� LPSOLHV� WKDW� WKLV�TXDQWLW\� LV�D�VWRFKDVWLF� IXQFWLRQ�RI� WLPH� W� IRU�D�GHILQHG
VWDWH�DQG�LV�D�FRQWLQXRXV�IXQFWLRQ�DV�WKH�QXPEHU�RI�HQVHPEOHV�WHQG�WR�LQILQLW\��L�H�

� D L�W�!� �$L�W� ����
$V�VXFK��LW�GRHV�QRW�QHFHVVDULO\�IROORZ�WKDW�IRU�DQ\�UHDO d�WKHUH�LV�D�WLPH�WUDQVODWLRQDO�LQYDULDQFH�LQ
WKH�VHQVH

$L�W���d�� �$L�W�� ����
)URP������LW�LV�FRQFHLYDEOH��HVSHFLDOO\�LI�WKH�FRRUGLQDWHV�DUH�QRW�VWURQJO\�FRXSOHG��VR�DV�WR�EH�LQGH�
SHQGHQW�YDULDEOHV��WKDW

� D L�W� D M�W���t�!� �� D L�W� D M�W�±�t�! ����
7KH�LPSRUWDQW�DVSHFW�RI������LV�WKDW�WKH�FRXSOLQJ�RI�WKH�ULJKW�DQG�OHIW�KDQG�H[SUHVVLRQV�YLD�WKH

VSHFLILFDWLRQ�RI�WKH�DSSURSULDWH�WLPH�YDULDEOH�W��ZKLFK�LV�RI�WKH�VDPH�YDOXH�RQ�ERWK�VLGHV�RI�WKH�HTXD�
WLRQ��)URP�����DQG������ZH�PD\�GHULYH

� D M�W� D L�W���t�!�±�� D M�W� D L�W�!� �±tN/

LM ���D�

DQG
� D L�W� D M�W���t�!�±�� D L�W� D M�W�!� �±tN/


ML� ���E�
,Q�RUGHU�WR�GHULYH�WKH�UHFLSURFLW\�FRQGLWLRQ�/


LM� �/


ML�LW�LV�QHFHVVDU\�WR�IRUFH�WKH�LGHQWLW\

� D M�W� D L�W���t�!� �� D L�W� D M�W���t�! ����
LQ�������7KLV�LV�DFKLHYHG�E\�VXSSRVLQJ�WKDW�LW�LV�SHUPLVVLEOH�IURP�³WKH�SRVWXODWHV�RI�VWDWLVWLFDO�PH�
FKDQLFV´�WR�VXEVWLWXWH�W���t IRU�W�RQ�WKH�ULJKW�KDQG�PHPEHU�RI������ZKLOVW�VXSSRVLQJ�WKDW�WKH�OHIW�KDQG
PHPEHU�QHHG�QRW�EH�VLPLODUO\�VXEVWLWXWHG��<RXUJUDX�HW�DO��������S�����7KLV�DUJXPHQW�UDLVHV�VHYHUDO
GLIILFXOWLHV��7KH�� D L�W�!�DUH�VWRFKDVWLF�YDULDEOHV�LQ�WLPH�DQG�PD\�GLIIHU�IRU�HDFK�SRLQW�LQ�WLPH�VLQFH
WKH\�PHDVXUH�WKH�FKDQJH�RI�WKH�YDULDEOH�GXULQJ�WKH�UHJUHVVLRQ�RI�D�IOXFWXDWLRQ�WRZDUGV�HTXLOLEULXP
DQG�DUH� WKHUHIRUH�QRW� WLPH�GHSHQGHQW� IRU� VWRFKDVWLF�YDULDEOHV� LQ�³DJHG´�V\VWHPV��7KXV� WKH� UHDVRQ
ZK\�WKH�/


LM��ZKHQ�XWLOL]HG�LQ�QRQ�HTXLOLEULXP�VWXGLHV�LV�DSSDUHQWO\�³WLPH�LQGHSHQGHQW´�DSSHDUV�OLWWOH
FRQQHFWHG�ZLWK�WKH�DUJXPHQWV�RI�WKH�HTXLYDOHQFH�RI�WLPH�RU�FURZG�DYHUDJHV��3ULJRJLQH�������S���
HTQ�������ZKLFK�PDNHV�WKHVH�FRHIILFLHQWV�³WLPH�LQGHSHQGHQW´�LQ�WKH�OLPLW�RI�LQILQLWH�WLPH��DQG�ZKLFK
LV�H[SHULPHQWDOO\�FRUURERUDWHG��EXW�LV�GXH�WR�WKH�IDFW�WKDW�LQ�WKH�VWHDG\�VWDWH��FRQVWUDLQWV��IURP�WKH
WKHUPRG\QDPLF�IRUFHV�)L��SUHYHQW�WKH�UHWXUQ�RI�WKH�V\VWHP�WR�HTXLOLEULXP��DQG�VR�³IUHH]HV´�WKH�FRRU�
GLQDWHV�DW�D�SDUWLFXODU�SRLQW�LQ�WLPH��ZKHUH�WKH�UDWH�RI�³HQWURS\�SURGXFWLRQ´�LV�WKDW�UDWH�FRUUHVSRQGLQJ
WR�WKH�WLPH�W¶�ZKHQ�WKH�V\VWHP�ZDV�UHJUHVVLQJ�LQWR�HTXLOLEULXP��7KH�WLPH�FRRUGLQDWH�W¶�LV�FRUUHODWHG
WR�WKH�PDJQLWXGH�RI�WKH�IRUFHV��DQG�FRQVHTXHQWO\��³GLVWDQFH´�RI�WKH�WKHUPRG\QDPLF�FRRUGLQDWHV�IURP
WKHLU�HTXLOLEULXP�YDOXHV���7KXV��VKLIWLQJ�WLPHV�RQ�RQH�PHPEHU�RI�HTQ�������LPSOLHV�D�WUDQVODWLRQ�RI
WKH�GLVWDQFH�RI�WKH�FRRUGLQDWH�IURP�HTXLOLEULXP�FRUUHVSRQGLQJ�WR�D�GLIIHUHQW�YDOXH�UDQJH�RI�WKH�WKHU�
PRG\QDPLFDO�IRUFHV��ZKLFK�FRQWUDGLFWV�WKH�LQLWLDO�DVVXPSWLRQ��)URP�ZKDW�KDV�EHHQ�PHQWLRQHG��LW�LV
WKHUHIRUH�SRVVLEOH�WR�PDS�D�FRRUGLQDWH��VFDODU��SRLQW�W��ZLWK�UHVSHFW�WR�D�UHJUHVVLRQ�IURP�HTXLOLEULXP�
VXFK�WKDW��LQ�WKH�VWHDG\�VWDWH�

Ö7 �)�� �W ����
LV�D�VFDODU�SURGXFW�DQG�)�WKH�WKHUPRG\QDPLF�IRUFH�YHFWRU�DQG� Ö7 �DQ�RSHUDWRU��D�FKDQJH�RI�WHPSHUD�
WXUH�DOWHUV�WKH�FRQILJXUDWLRQ�RI�WKH�V\VWHP�DQG�WKH�G\QDPLFV�RI�IOXFWXDWLRQV�DQG�KHQFH�WKH�/


LM�FRHIIL�
FLHQWV��:H�KDYH�PDGH�XVH�RI�FURZG�RU�HQVHPEOH�DYHUDJHV��QRW�WLPH�DYHUDJHV��ZKHUH�IRU�DQ\�WLPH
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DERXW�W������KROGV��,I�WLPH�DYHUDJHV�DUH�XVHG��WKH\�FDQQRW�EH�H[WHQGHG�RYHU�SHULRGV�_ D _�����t�RU�HOVH
WKH�QRWLRQ�RI�D�³IRUFH´��GHILQHG�LQ������DORQJ�D�SDUWLFXODU�FRRUGLQDWH� D M� LV� UHQGHUHG�PHDQLQJOHVV�
WRJHWKHU�ZLWK�WKH�YHORFLW\� D& L�RI�IOX[�TXDQWLW\�M��VLQFH�WKH�GHULYDWLYH�RI�WKH�GLVWDQFH�FRRUGLQDWH�DM�ZLWK
UHVSHFW�WR�t �\LHOGV�WKH�YHORFLW\�ZLWKLQ�WKH�UHJLPH�RI�IOXFWXDWLRQ��7KH�VWXG\�RI�WKH�G\QDPLFV�RI�WKH
V\VWHP�LV�UHODWHG�WR�WKH�UHJLPH�ZKHUH�IOXFWXDWLRQV�RFFXU��WKXV�LW�LV�LQDSSURSULDWH�WR�XVH�WLPH�DYHUDJHV
RI�D�SDUWLFXODU�PHPEHU�RI�DQ�HQVHPEOH�WR�GHULYH�IOXFWXDWLRQDO��G\QDPLFDO��DYHUDJHV��WKH�WLPH�DYHU�
DJHV�RYHU�LQILQLW\�ZRXOG�\LHOG�YDOXHV�SHUWLQHQW�WR�WKH�HTXLOLEULXP�SURSHUWLHV�RI�WKH�V\VWHP��QRW�LWV
³LQVWDQWDQHRXV´�DYHUDJH�YDOXH��7KXV�WKH�MXVWLILFDWLRQ�JLYHQ�IRU�VXSSRVLQJ�WKDW�QR�WLPH�GHSHQGHQFH�LV
LPSOLHG�LQ�WKH�2QVDJHU�WKHRU\�LV�RSHQ�WR�TXHVWLRQ��ZKHUH�WLPH�DYHUDJHV�RYHU�D�ORQJ�WLPH�SHULRG�LV
GHHPHG�YDOLG�WR�\LHOG�IOXFWXDWLRQDO�DYHUDJH�YDOXHV��3ULJRJLQH�������S�����

7KH�LPPHGLDWH�GLVFXVVLRQ�DERYH�WKHUHIRUH�DSSHDUV�WR�FDVW�VRPH�GRXEW�RQ�WKH�DVVXPSWLRQV�XVHG
WR�GHULYH�WKH�IOXFWXDWLRQ�GLVVLSDWLRQ�WKHRUHP�RI�&DOOHQ�DQG�:HOWRQ��DOVR�DVVRFLDWHG�ZLWK�*UHHQ�DQG
.XER���DFFRUGLQJ�WR�WKH�LQWHUSUHWDWLRQ�DIIRUGHG�E\�%UHQLJ��������IRU�WKH�&DOOHQ�:HOWRQ�IRUPXOD

6NO�±w�� �6ON�w��H±bhw ����

ZKHUH�WKH�6NO�µV�DUH�GHILQHG�DFFRUGLQJ�WR�D�)RXULHU�WUDQVIRUP�RI�WKH�VLPSOH�SURGXFW�FRUUHODWLRQ�JLYHQ
E\

6NO�W�� �
�
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< D D >= ×
ZKHUH�DTO�LV�D�FRRUGLQDWH�RI�DQ�REVHUYDEOH�RI�WKH�V\VWHP��DQG�LI�HTXDWHG�ZLWK�WKH�VDPH�WKHUPRG\�
QDPLFDO�FRRUGLQDWHV�VXFK�DV�GHILQHG�LQ���������H�J��DTO�a� D O��� DERYH�\LHOGV�WKH�WLPH�WUDQVODWLRQDO
LQYDULDQFH�LGHQWLW\

6NO�±W�� �6ON���±Lhb� ����

2Q�WKH�RWKHU�KDQG��&DOOHQ��������KDV�FRPPHQWHG�RQ�WKH�LPSRUWDQFH�RI�WLPH�UHYHUVDO�LQYDULDQFH
LQ�WKH�GHULYDWLRQ�RI�KLV�UHODWLRQV��ZKLFK�%UHQLJ��������GRHV�QRW�PHQWLRQ��LQ�ERWK�FDVHV��KRZHYHU��WKH
SUHVHQW�WZR�SDUW�ZRUN�UDLVHV�IXQGDPHQWDO�REMHFWLRQV�

:KHUH�WKH�³EUHDNGRZQ´�RI�PLFURVFRSLF�UHYHUVLELOLW\�LV�FRQFHUQHG��LW�KDV�KLWKHUWR�QRW�EHHQ�DWWULE�
XWHG�WR�WKH�LUUHYHUVLELOLW\�RI�SDUWLFOH�G\QDPLFV�EXW�WR�³KLGGHQ´�YDULDEOHV��VXFK�WKDW�ZKHQ�RWKHU�LQYHU�
VLRQV��VSDFH��SDULW\�HWF���DUH�FRQVLGHUHG��WKH�RYHUDOO�V\VWHP�VWLOO�H[KLELWV�DQ�LQYDULDQFH��/HH��������$
GLUHFW�DSSOLFDWLRQ�RI�WKLV�³&37´�LQYDULDQFH�WKHRU\�WR�FKHPLVWU\�ZKHUH�³PLFURVFRSLF�UHYHUVLELOLW\´�LV
GHHPHG� WR�KDYH�EURNHQ�GRZQ� LV� LQ� WKH� WUHDWPHQW�RI� HQDQWLRPHULF�PL[WXUHV� VXEMHFWHG� WR� SK\VLFDO
DJHQWV�VXFK�DV�HOHFWULF�DQG�PDJQHWLF�ILHOGV��%DUURQ��������+RZHYHU��WKH�WUDLQ�RI�WKRXJKW�KHUH�LV�QRW
HVVHQWLDOO\� GLVVLPLODU� WR� 2QVDJHU¶V� UDWLRQDOL]DWLRQ� WKDW� ZKHQ� SDUWLFOHV� DUH� VXEMHFWHG� WR� ³/RUHQW]
IRUFHV´�GXH�WR��PDJQHWLF��ILHOG�LQWHQVLW\�+��WKHQ�WKH�/�FRXSOLQJ�FRHIILFLHQWV�DUH�HYHQ�IXQFWLRQV�RI�WKH
G\QDPLFDO�YDULDEOHV� D ��WKH�PRGLILFDWLRQ�IRU�WKH�FRXSOLQJ�FRHIILFLHQW��2QVDJHU�����E��S�������LV

/

LM�+�� �/



ML�±+�� ����

&DVLPHU��&DVLPHU�������PHUHO\�JHQHUDOL]HG�WKLV�UHVXOW�WR�LQFOXGH�ERWK�&RULROLV�IRUFHV��RI�LQWHQVLW\�w
DQG�WKH�HYHQ�RU�RGG�IXQFWLRQ�QDWXUH�RI�WKH�/¶V�XQGHU�YHORFLW\�UHYHUVDO��2QH�PLJKW�VD\�WKDW�WKLV�LV�DQ
HDUO\�H[DPSOH�RI�³&37´�V\PPHWU\�FRQVLGHUDWLRQV��/HH�������SS����������WKH�UHVXOW�EHLQJ

/

LM�+�w�� �eL�eM�/


ML�±+��±�w� ����
ZKHUH�eL�LV����IRU� D L�HYHQ�LQ�YHORFLW\�UHYHUVDO�DQG�±��IRU� D L�RGG�

����6RPH�&RQVHTXHQFHV�RI�WKH�$ERYH

7KH�REMHFW�RI� WKH�DERYH�H[DPSOHV� LV� WR� VXJJHVW� WKDW� WKH�DPELJXLW\�RI� WKH�DVVXPSWLRQ�RI�QRQ�
XQLTXHQHVV�RI�WKH�PRWLRQ�UHODWLYH�WR�WKH�WLPH�FRRUGLQDWH�KDV�OHDG�WR�WKH�WUHDWPHQW�RI�ERWK�G\QDPLFDO
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DQG�VWDWLF� �HTXLOLEULXP��SKHQRPHQD� LQ� WHUPV�RI�QRQ�GHWHUPLQLVWLF� WKHRULHV� �*RX\HW�������SS�����
������ L�H�� WKDW�ZKLFK�LV�QRW�FRQFHUQHG�ZLWK�VWULFW�FDXVDOLW\��$QRWKHU�SRVVLEOH�VXSSRUWLQJ�IHDWXUH�RI
WKLV�GHYHORSPHQW�LV�WKH�LQIOXHQFH�RI�+HLVHQEHUJ�TXDQWXP�WKHRU\��ZKHUH�QRQ�FRPPXWLQJ�RSHUDWRUV
DUH�LQWHUSUHWHG�WR�LPSO\�XQFHUWDLQW\�LQ�VLPXOWDQHRXV�PHDVXUHPHQW�RI�WKH�TXDQWLWLHV�VLJQLILHG�E\�WKH
RSHUDWRUV�� UHFHQWO\�� LW� KDV�EHHQ�SRLQWHG�RXW� WKDW� WKLV� QHHG�QRW� QHFHVVDULO\�EH� WKH� FDVH� �-HVXGDVRQ
����D��

,�DOVR�VXJJHVW�WKDW�WKH�DVVXPHG�DSSDUHQW�UHYHUVLELOLW\�RI�+DPLOWRQLDQ�G\QDPLFV�KDV�VSXUUHG�GH�
YHORSPHQWV�LQ�WKH�WUHDWPHQW�RI�LUUHYHUVLEOH�SURFHVVHV��+ROLDQ�HW�DO��������IURP�D�IXQGDPHQWDO�VWDWLV�
WLFDO�DQG�PHFKDQLFDO�SRLQW�RI� YLHZ��ZKHUH�QHZ�HTXDWLRQV� DUH� FUHDWHG� WR� FLUFXPYHQW� WKH� DVVXPHG
UHYHUVLELOLW\�RI�1HZWRQLDQ�PHFKDQLFV��7LPH�UHYHUVDO�LQYDULDQFH�RI�WKH�/LRXYLOOH�HTXDWLRQ�KDV�EHHQ
LQYRNHG� WR� H[WHQG� WKH�%ROW]PDQQ� HTXDWLRQ� DQG� HQWURS\� IRUPXODWLRQ� �.URQHU� ������� ,W� LV� VDIH� WR
FRQMHFWXUH�WKDW�WKHVH�QHZ�HTXDWLRQV�ZRXOG�QRW�KDYH�EHHQ�GHYHORSHG�LI�LW�ZHUH�QRW�IRU�WKH�UHYHUVLELO�
LW\�DVVXPSWLRQV��7KH�EHOLHI� WKDW� WKHUPRG\QDPLFV� �H�J�� ³HQWURS\�SURGXFWLRQ´²LQFOXGLQJ� µLQWHUQDO¶
HQWURS\�SURGXFWLRQ��WKH�PHDQLQJ�RI�ZKLFK�KDV�EHHQ�VKRZQ�WR�EH�TXLWH�XQFOHDU��SURYLGHV�D�µFOXH¶�WR
WKH�DUURZ�RI�WLPH�ZKLFK�G\QDPLFV�FDQQRW�SURYLGH�KDV�EHHQ�D�EDVLV�DERXW�ZKLFK�WKHUPRG\QDPLFDO
WKHRUHPV�KDYH�EHHQ�FUHDWHG�E\�/DYHQGD�DQG�RWKHUV��/DYHQGD������SS������������������FXULRXVO\�
RQ�WKH�RWKHU�KDQG��DVSHFWV�RI�PLFURVFRSLF�UHYHUVLELOLW\�KDYH�EHHQ�HPSOR\HG�LQ�FUHDWLQJ�WKHRUHPV�RQ
HQWURS\��DQG�SRZHU��SURGXFWLRQ��/DYHQGD�������H�J��&KDS����SS�����DQG�SS����������DQG�HTXLOLE�
ULXP�GHWDLO�EDODQFH��7KH�FRVPRORJLFDO�FRQVHTXHQFHV�RI�VXFK�UHYHUVLELOLW\�DVVXPSWLRQV�LQ�ERWK�WKH
WKHUPRG\QDPLF�DQG�G\QDPLFDO�VHQVH�LV�DOVR�HYLGHQW�LQ�WKH�ZRUNV�RI�DVWURSK\VLFLVWV��+DZNLQJ�������

)URP�WKH�DERYH��LW�LV�FOHDU�WKDW�D�FRQFHSW�RI�WKHUPRG\QDPLFDO�DQG�VWDWLVWLFDO�LUUHYHUVLELOLW\�EDVHG
RQ�VRPH�RWKHU�FULWHULD�WKDQ�PHFKDQLFDO� UHYHUVLELOLW\�FDQ�EH�FRQVWUXFWHG�EDVHG�RQ�DQDO\WLFDO�GHWHU�
PLQLVP��7KH�FXUUHQW�WUHQG�VHHPV�WR�FRQFHQWUDWH�RQ�DFDXVDO��RIWHQ�8QLYHUVDO�FODVV�SUHVFULSWLRQV��DV�LQ
IUDFWDO�WKHRU\���ZKLFK�,�EHOLHYH�LV�QRW�ZLWKRXW�FRQVHTXHQFHV�LQ�WKH�VRFLRORJ\�RI�VFLHQFH��VXFK�DV�WKH
GHSHUVRQDOL]DWLRQ�RI�VFLHQWLILF�ZRUN�

:LWK�UHJDUG� WR�HOHPHQWDU\��QXFOHDU��SDUWLFOHV��RQH�PLJKW�VXSSRVH� WKDW� WKH� WLPH� UHYHUVDO� LQWUR�
GXFHG�E\�VXFK�SHUVRQV�DV�(�3�:LJQHU��LQVSLUHG�E\�WKH�GHYHORSPHQWV�RI�FODVVLFDO�WKHRULHV�HSLWRPL]HG
E\�WKH�%ROW]PDQQ�HTXDWLRQ�PHWKRG�ZKLFK�LQFOXGHG�PLFURVFRSLF�UHYHUVLELOLW\��'HOJDGR�'RPLQJRV�HW
DO���HGV��������S������DV�DQ�HOHPHQWDU\�IDFW�LQ�LWV�LQLWLDO�GHYHORSPHQW�FDQ�RQO\�LQVSLUH�WKH�PDWKHPDWL�
FDO�PDFKLQHU\�RI� V\PPHWU\�YLD�JURXS� WKHRU\� DV� D�PHDQV�RI� SDUDPHWUL]LQJ� WKH�YDULRXV� VSHFLHV�RI
QXFOHDU�SDUWLFOHV�DQG�QXFOHDU�UHDFWLRQ�SURFHVVHV�DV�ZHOO�DV�WKH�JHRPHWU\�RI�DOO�DVSHFWV�RI�TXDQWL]D�
WLRQ��6XFK�FRQFHSWLRQV�RI�V\PPHWU\�KDYH�EHHQ�WKRXJKW�WR�ULJRURXVO\�KROG�IRU�WKH�TXDQWXP�WKHUPR�
G\QDPLFDO�DQG�PLFURVFRSLF�DVSHFWV�RI�HQWURS\��'HOJDGR�'RPLQJRV�HW�DO���HGV��������S�����DV�ZHOO�
&RQVLGHUDWLRQV�RI�V\PPHWU\�DQG�VXSHUV\PPHWU\�KDV�QRW�DV�\HW�OHDG�WR�IXUWKHU�XQDPELJXRXV�LQWHJUD�
WLRQV�RI�ODZV�FRQFHUQHG�ZLWK�SK\VLFDO�IRUFHV�

����([DPSOH�RI�'HYHORSPHQW�RI�5HFLSURFDO�5HODWLRQV

7KH�SDUWLDO�H[DPSOH�SURYLGHG�KHUH�RI�DQ�DOWHUQDWLYH�GHYHORSPHQW�RI�UHFLSURFLW\�ZLWKRXW�UHFRXUVH
WR�WLPH�UHYHUVDO�LQYDULDQFH�FRQVLGHUV�DQ�HQWURS\�IRUP�ZKLFK�LV�IUHH�IURP�WKH�DPELJXLW\�RI�D�SUHYLRXV
GHILQLWLRQ��ZKHUH�UHFLSURFLW\�ZDV�DOVR�GHYHORSHG��-HVXGDVRQ�����D���,Q�SDUWLFXODU��WKLV�ZRUN�UHVXOWV
IURP�ERWK�DQ�DSSUHFLDWLRQ�DQG�FULWLTXH�RI� WKH� WKHUPRG\QDPLF� WKHRULHV�RI�%HQRI\�DQG�4XD\��%4�
�%HQRI\�HW�DO��������-HVXGDVRQ��������HVSHFLDOO\�LQ�WKHLU�FRQMHFWXUH�RI�WKH�QDWXUH�RI�³FRQGXFWLYH´
KHDW�DQG�WKH�)RXULHU�ODZ��7KH�%4�GHYHORSPHQW�RI�WKH�)LUVW�3ULQFLSOH��DQ�H[WHQVLRQ�RI�WKH�)LUVW�ODZ�RI
WKHUPRVWDWLFV��KDV�EHHQ�H[SHULPHQWDOO\�YHULILHG��E\�=DPRUD�DQG�5H\�GH�/XQD��EXW�XQIRUWXQDWHO\�WKH
DQDO\VLV� RI� WKHLU�6HFRQG�SULQFLSOH� UHYHDOHG� LQFRQVLVWHQFLHV�� DQG� D�PRGLILHG� IRUP� �LQ� WKH� VSLULW� RI
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DQDPQHVLV��KDV�EHHQ�SURSRVHG�DQG�DSSOLHG��-HVXGDVRQ�����D�E��WR�SK\VLFDO�V\VWHPV��7KH�DQDO\VLV�RI
UHFLSURFLW\�LV�GHSHQGHQW�RQ�WKLV�PRGLILHG�IRUP�RI�WKH�6HFRQG�SULQFLSOH�DQG�WKH�FRQVLGHUDWLRQ�RI�WKH
WKHUPRG\QDPLFDOO\� LUUHYHUVLEOH�)RXULHU�KHDW�FRQGXFWLRQ� ODZ��DQG� WKH�GHYHORSPHQW�RI� HQWURS\� DF�
FRUGLQJ�WR�WKH�FODVVLFDO�VHQVH�RI�.HOYLQ��&ODXVLXV�DQG�3ODQFN��.&3���=HPDQVN\�������ZKHUH�WKH�XVH
RI�WKHUPRVWDWLF�SRWHQWLDOV�WR�GHULYH�IOX[�TXDQWLWLHV��VXFK�DV�WKH�³HQWURS\�SURGXFWLRQ´�SHU�XQLW�YROXPH
RI�D�VWHDG\�VWDWH�V\VWHP�GLVSOD\V� LQFRQVLVWHQFLHV��-HVXGDVRQ�����E���3UHYLRXV�ZRUN�DWWHPSWLQJ� WR
GHULYH� UHFLSURFLW\� RXWVLGH� RI� WKH� DERYH� FRQVLGHUDWLRQV� KDV� EHHQ� IRXQG� WR� EH� DPELJXRXV� �(GHOHQ
������S�����-HVXGDVRQ�����D��DQG�LOOXVWUDWHV�WKH�VXEWOH�QDWXUH�RI�QRQ�HTXLOLEULXP�WKHRU\��LQFOXGLQJ
WKH�LPSRUWDQFH�RI�FRQGXFWLYH�KHDW��-HVXGDVRQ�������LQ�LUUHYHUVLELOLW\�DQG�KHDW�IORZ�GLUHFWLRQ��3XWD�
WLYH�GHULYDWLRQV��ZKLFK�DOO�WRR�RIWHQ�SRVVHVV�D�VSLULW�RI�KDVWH�DQG�DPELJXRXV��VXEVXPLQJ�JHQHUDOLW\�
KDYH�DWWHPSWHG�WR�GHULYH�UHFLSURFLW\�ZLWKRXW�D�SK\VLFDO�EDVLV��VXFK�DV�WKH�XQLTXH�GLUHFWLRQ�RI�KHDW
IORZ��E\�PHUHO\�VSHFLI\LQJ�D�SRWHQWLDO�IRUP��ZKHUH�UHFLSURFLW\�FRQGLWLRQV�REYLRXVO\�PXVW�EH�VDWLV�
ILHG�LQ�0D[ZHOOLDQ�SRWHQWLDO�WKHRU\�LUUHVSHFWLYH�RI�ZKDW�WKH�SK\VLFDO�SURFHVVHV�E\�YLUWXH�RI�WKH�SURS�
HUWLHV�RI�DQ�H[DFW�GLIIHUHQWLDO�DQG�WKH�FRPPXWDWLYH�QDWXUH�RI�SDUWLDO�GHULYDWLYHV��7KH�SUHVHQW�WKHRU\
DVVXPHV�WKH�H[LVWHQFH�RI�RQO\�RQH�NQRZQ�WHPSHUDWXUH�DQG�KHDW�H[FKDQJH�ORFDOO\�DQG�D�IXQGDPHQWDO
SURSHUW\�RI�FRQGXFWLYH�KHDW��)XUWKHUPRUH��LW�LV�VXSSRVHG�WKDW�FODVVLFDO�SK\VLFDO��&3��IRUPV�RI�HQHUJ\
DOVR�LQFOXGH�KHDW�H[FKDQJH�SKHQRPHQD��5HFHQWO\��D�WKHRU\�EDVHG�RQ�H[SHULPHQWDO�REVHUYDWLRQ�KDV
EHHQ� GHYHORSHG� WR� DFFRPPRGDWH� �VPDOO�� HTXLOLEULXP� WHPSHUDWXUH� JUDGLHQWV� ZKHQ� WKH� ERGLHV� DW
WKHUPDO�HTXLOLEULXP�H[FKDQJH�HQHUJ\�QRW�E\�1HZWRQLDQ�PRPHQWXP�FRQVHUYLQJ�SDUWLFOHV�RU�TXDVL�
SDUWLFOHV��DV�3ODQFN�SRLQWHG�RXW�ZKHUH�HOHFWURPDJQHWLF�UDGLDWLRQ�LV�FRQFHUQHG��3ODQFN��������S����
6HF�����������DV�LQ�WKH�FDVH�RI�RUGLQDU\�PDWWHU�H[FKDQJLQJ�HQHUJ\�ZLWK�SKRWRQV��-HVXGDVRQ�����E��
,Q�VXFK�FDVHV��WKH�HQWURS\�LQFUHPHQW�G6�PXVW�EH�PRGLILHG�WR�G6� �G4�N��7��ZKHUH�N��LV�D�QRQ�FRQVWDQW
FRXSOLQJ�IXQFWLRQ��,Q�VLWXDWLRQV�ZKHUH�WKH�=HURWK�ODZ�LV�YDOLG��N��LV�D�FRQVWDQW��DQG�PD\�EH�LJQRUHG�
VR�WKDW�WKH�HQWURS\�LQFUHPHQW�PD\�EH�GHILQHG�DV�G6� �G4�7��7KH�H[DPSOH�ZKLFK�IROORZV�DVVXPHV�WKH
YDOLGLW\�RI�WKH�=HURWK�ODZ��DQG�LV�WKHUHIRUH�RI�UHVWULFWHG�DSSOLFDWLRQ��1R�DVVXPSWLRQV�KDYH�EHHQ�PDGH
ZLWK�UHJDUG�WR�QRQHTXLOLEULXP�HQWURS\�EHLQJ�QHFHVVDULO\�DGGLWLYH��7KH�SURSHU�GHYHORSPHQW�RI�D�ILHOG
UHTXLUHV� D� FRPELQDWLRQ� RI� H[SHULPHQWDO� LQYHVWLJDWLRQV� DQG� WKHRUHWLFDO� UDWLRQDOL]DWLRQ� �PHGLDWHG
VWULFWO\�WKURXJK�D�VRFLHW\�ZKLFK�SRVVHVVHV�DEVROXWH�DQDPQHVLV�RI�KXPDQ�HIIRUW���7KHUHIRUH��ZRUN�WKDW
FODLP� WR�H[WHQG� WKHUPRG\QDPLFV� WR� WKH�QRQHTXLOLEULXP� UHJLPH�ZLWKRXW� VWHS�E\�VWHS� H[SHULPHQWDO
FRUURERUDWLRQ�RQ�PHUH�DQDORJ\��GHULYLQJ�VWDELOLW\�FULWHULD��SDUWLDO�WHPSHUDWXUHV�DQG�KHDW�LQFUHPHQWV�
LQFOXGLQJ�WKH�DGGLWLYLW\�RI�HQWURS\�DQG�WKH�XVH�RI�WKHUPRVWDWLF�*LEEVLDQ�SRWHQWLDOV�DQG�RWKHU�TXDQWL�
WLHV�FDQQRW�EH�WRR�KHOSIXO�EHFDXVH�WKH�DERYH�PHQWLRQHG�VWUXFWXUH�RI�H[SHULPHQWDO�FRUURERUDWLRQ�DQG
WKHRUHWLFDO�GHYHORSPHQW�WKURXJK�DXWKHQWLF�KXPDQ�FRPPXQLRQ�LV�SUDFWLFDOO\�QRQ�SUHYDOHQW��'HOJDGR
'RPLQJRV�HW�DO���HGV��������S�����OHDGLQJ�WR�SRVVLEOH�GLIILFXOWLHV�UHJDUGLQJ�GHILQLWLRQV��WHUPLQRORJ\
DQG�LQWHUSUHWDWLRQ��QRW�WR�PHQWLRQ�WKH�SRVVLEOH�EUHDNGRZQ�LQ�WKH�FRQWLQXLW\�RI�WKRXJKW�ZKLFK�LV�UH�
TXLUHG�WR�DGGUHVV�SUREOHPV�WR�IXWXUH�JHQHUDWLRQV�LQ�D�UHVSRQVLEOH�PDQQHU��$OVR��VRPH�RI�WKHVH�VDPH
GHYHORSPHQWV�SUHVXSSRVH�DGLDEDWLF�SURFHVVHV�ZLWK�DWWHQGDQW�HQWURS\�LQFUHDVHV��'HOJDGR�'RPLQJRV
HW�DO���HGV��������S����ZKHUHDV�SURFHVVHV�KDYH�EHHQ�PRGHOHG�RQ�WKH�EDVLV�RI�D�³UHFRYHUDEOH�WUDMHF�
WRU\´�ZLWK�]HUR�HQWURS\�LQFUHDVHV��-HVXGDVRQ�����E��UHODWLYH�WR�WKH�FHQWHU�RI�PDVV�RI�WKH�VDLG�WUD�
MHFWRU\�DQG�ZKHUH�WKHUH�H[LVWV�SURFHVVHV�ZKLFK�DUH�DGLDEDWLF�DQG�ZKLFK�FRQVHUYHV�HQWURS\�IRU�ZKLFK
*LEEVLDQ�W\SH�SRWHQWLDOV�DUH�LQDGHTXDWH�WR�IXOO\�GHVFULEH�QRQ�HTXLOLEULXP�VWDWHV��-HVXGDVRQ�����E��

7HPSHUDWXUH�LV�LQ�RQH�VHQVH�D�JOREDO��-HVXGDVRQ�����E��SDUDPHWHU�RI�D�V\VWHP�VLQFH�D�ILQLWH�YRO�
XPH�HOHPHQW�LV�UHTXLUHG�IRU�WKHUH�WR�H[LVW�HQHUJ\�LQWHUFKDQJHV�EHWZHHQ�RVFLOODWRUV�DQG�IUHH�SDUWLFOHV
VR�WKDW�LQ�D�VWHDG\�VWDWH�VLWXDWLRQ�D� WHPSHUDWXUH�PD\�EH�GHILQHG�DW�DQ\� LQVWDQW�RI� WLPH��&OHDUO\�� LI
DYHUDJHV�DUH�WDNHQ�RYHU�WLPH��WKHQ�VSDWLDO�H[WHQVLRQ�LV�QRW�D�UHTXLUHPHQW��EXW�WKH�WHPSHUDWXUH�FDQQRW
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EH�VSHFLILHG�DFFXUDWHO\�LQ�D�VKRUW�VSDQ�RU�LQVWDQFH�RI�WLPH��,I�D�FRQGXFWLYH�ILEHU�ZHUH�SODFHG�DW�D
SRLQW�ZLWKLQ�WKLV�V\VWHP��ZKHUH�HYHQ�LI�WKH�LQGLYLGXDO�VSHFLHV�FRQFHQWUDWLRQV�ZLWKLQ�D�UHJLRQ�RI�WKH
V\VWHP�GRHV�QRW�KDYH�HTXLOLEULXP�GLVWULEXWLRQV�ZLWK�UHVSHFW�WR�WKHLU�VWDWLVWLFDO�GLVWULEXWLRQ��)HUPL�
'LUDF��%RVH�(LQVWHLQ�RU�PL[HG���WKH�WRWDO�HQHUJ\�LQWHUDFWLRQ�ZLWK�WKH�ILEHU�ZLOO�EH�GLVWULEXWHG�ZLWK�DQ
HTXLOLEULXP�GLVWULEXWLRQ�LI�DQG�RQO\�LI�WKHUH�LV�QR�QHW�IORZ�RI�WKHUPDO�HQHUJ\�DFURVV�WKH�ILEHU�ZKLFK�LV
FRQQHFWHG�DW�WKH�RWKHU�HQG�WR�D�WKHUPDO�UHVHUYRLU�DW�WHPSHUDWXUH�7��DQG�ZKHUH�LQ�WKLV�VLWXDWLRQ�WKH
QRQ�HTXLOLEULXP�WHPSHUDWXUH�RI�WKH�UHJLRQ�PD\�EH�GHILQHG�WR�EH�7�DOVR��-HVXGDVRQ�����D���7KH�.&3
VWDWHPHQWV�RI� WKH�6HFRQG� ODZ��=HPDQVN\������SS���������DOO� UHIHU� WR� WKH�JOREDO� VLWXDWLRQ�RI� WKH
WUDQVIHU�RI�YDULRXV�DPRXQWV�RI�HQHUJ\�FDOOHG�³KHDW´�EHWZHHQ� WKH� UHVHUYRLUV�DQG�D� WKHUPRG\QDPLF
V\VWHP��7KHUH�LV�D�IL[HG�WHPSHUDWXUH�SDUDPHWHU�ZLWKLQ�WKH�HQWLUH�YROXPH�ZKLFK�FRPSULVHV�WKH�WKHU�
PDO�UHVHUYRLU�E\�GHILQLWLRQ��DQG�WKH�HQWURS\�LQFUHPHQW�d�6�LV�GHILQHG�DV
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ZKHUH�GW�LV�WKH�LQFUHPHQW�RI�WLPH��7�WKH�WHPSHUDWXUH��-T�WKH�FRQGXFWLYH�KHDW�YHFWRU�DQG�G6�WKH�VXU�
IDFH�DUHD�LQFUHPHQW�RI�WKH�UHVHUYRLU��&RQYHUVHO\��WKH�LPSXWDWLRQ�RI�WHPSHUDWXUH�DW�DQ�LQVWDQW�RI�WLPH
UHTXLUHV�VSDWLDO�H[WHQVLRQ�WR�DFFRPPRGDWH�V\VWHP�HQVHPEOHV�ZKLFK�LQWHUDFW�ZLWK�HDFK�RWKHU�

&KDQJHV�LQ�GHILQLWLRQ�DQG�PHDQLQJ�RFFXU�ZKHQ�RWKHU�HQWURS\�IRUPV��LQ�DQ�DG�KRF�ZD\�DUH�LQWUR�
GXFHG��%\�DQDORJ\�ZLWK�IOXLG�G\QDPLFV�HWF���³HQWURS\´�ZDV�HQYLVDJHG�DV�D�IOXLG�OLNH�YHFWRU�TXDQWLW\
�&DOOHQ�������(X������S������HTQ������2QVDJHU�����D��S������HTQ������3ULJRJLQH�������SS�������
5HLFKO������&KDS����6RUHQVHQ�������HTQ�����JLYHQ�DV

-V� �-T�7
ZKHUH�-T�LV�D�KHDW�IORZ�WHUP��7KHQ�RQH�FDQ�FRQVWUXFW�WKH�TXDQWLW\s& �WKH�UDWH�RI��LQWHUQDO��HQWURS\
SURGXFWLRQ�ZKHUH�WKH�IROORZLQJ�EDODQFH�HTXDWLRQ�LV�YDOLG�IRU�DOO�WLPHV��&DOOHQ�������(X������

��r��V����W� �±¶�-V���s& ����
ZKHUH r�LV�WKH�GHQVLW\�DQG�V�WKH�VSHFLILF�HQWURS\��>&RQFHUQLQJ�WKH�(X�GHYHORSPHQW��RS��FLW����LW�KDV
EHHQ�VKRZQ�IURP�HOHPHQWDU\�FDOFXOXV�DQG� WKH�)LUVW�/DZ�WKDW� WKH�&ODXVLXV� LQHTXDOLW\�FDQQRW�H[LVW
�-HVXGDVRQ�������IRU�WKH�WULYLDO�FDVH�RI�LVRWKHUPDO�V\VWHPV��LQYDOLGDWLQJ�IRU�WKLV�LQVWDQFH�DW�OHDVW�WKH
³FRPSHQVDWHG�KHDW´�GHULYHG�IURP�WKH�VXSSRVHG�LQHTXDOLW\�XVHG�WR�FRQVWUXFW�D�QHZ�HQWURS\�SHUIHFW
GLIIHUHQWLDO�IRU�QRQ�HTXLOLEULXP�V\VWHPV�@�$�FDUHIXO�UHDGLQJ�RI�&DOOHQ��������VKRZV�WKDW�KH�DFWXDOO\

LGHQWLILHV� 6& � �WKH� UDWH� RI� HQWURS\� SURGXFWLRQ��ZLWK� s& � DW� WKH� VWHDG\� VWDWH��ZKLFK� LV� SUHFLVHO\� WKH
<RXUJUDX�SRVLWLRQ�DOVR��<RXUJUDX�HW�DO���������)URP�WKH�DERYH�GLVFXVVLRQ��RQ�WKH�RWKHU�KDQG��WKH
UHTXLUHPHQW�RI�VSDWLDO�H[WHQVLRQ�GHPDQGV�WKDW�DW�WKH�VWHDG\�VWDWH��WKH�WHPSHUDWXUH�GLVWULEXWLRQ�DORQJ
DQ\�V\VWHP�PXVW�EH�UHSUHVHQWHG�E\�D�WKUHH�GLPHQVLRQDO��+HDY\VLGH��VWHS�IXQFWLRQ��VR�WKDW�IRU�D�V\V�
WHP�ZLWK�1�YROXPH�HOHPHQWV�HDFK�GHVLJQDWHG�L��WKH�HQWURS\�LQFUHDVH�LQ�WKH�VWHDG\�VWDWH�FDQ�RQO\�EH
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ZKHUH�4L�DUH�WKH�LQFUHPHQWV�RI�KHDW�DEVRUEHG�IURP�HDFK�RI�WKH�HOHPHQWV�L��)RXULHU�KHDW�FRQGXFWLRQ�LQ
PHWDOV�ZKHUH�RWKHU�FURVV�HIIHFWV�DUH�SUHVHQW�VXFK�DV�WKH�IORZ�RI�HOHFWURQV�VXEMHFWHG�WR�HOHFWULF�DQG
PDJQHWLF� ILHOGV� KDYH� EHHQ� WUHDWHG� E\� VHSDUDWLQJ� WKH� GLIIHUHQW� IRUPV� RI� KHDW� IORZ� �&DOOHQ� ������
ZKHUH�FRQYHFWLYH�KHDW�IORZ�WHUPV�PD\�EH�VHSDUDEOH�IURP�WKH�³ODWWLFH�WKHUPDO�FRQGXFWLRQ´��DOWKRXJK
IURP� WKH� HOHPHQWDU\� WKHRU\� RI� /LQHDU� ,UUHYHUVLEOH� 7KHUPRG\QDPLFV� �/,7�� WKH� PDWHULDO� SURSHUW\
FRHIILFLHQW�LV�DOWHUHG�E\�FURVV�HIIHFWV��&DOOHQ��������0RUH�FRPSOH[�/,7�V\VWHPV�VLPSO\�H[WHQG�WKLV
VHSDUDELOLW\�RI�WKHUPDO�HQHUJ\�IORZ�WR�DOO�WKH�SDUWLFOH�TXDQWLWLHV�FRQFHUQHG��VR�WKDW�KHDW�FRQGXFWLYLW\
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KDV�EHHQ�GHILQHG�E\�&DOOHQ��������DV�³WKH�KHDW�FXUUHQW�GHQVLW\�SHU�XQLW�WHPSHUDWXUH�JUDGLHQW�IRU�]HUR
SDUWLFOH�FXUUHQW´��7KLV�WKHPH�RI�QHW�]HUR�SDUWLFOH�FXUUHQW�LV�DOVR�GHYHORSHG�LQ�WUHDWPHQWV�RI�NLQHWLF
WKHRU\�GHDOLQJ�ZLWK�VD\�)RXULHU�KHDW�FRQGXFWLRQ�ZKHUH�WKH�FRQYHFWLYH�KHDW�RI�WUDQVSRUW�LV�FRQVLGHUHG
WR�EH�RI�D�GLIIHUHQW�HIIHFW�IURP�WKH�FRQGXFWLYH�KHDW��&DOOHQ�������&KDSPDQ�HW�DO�������SS��������
DQG������HYHQ�LQ�WKH�VWHDG\�VWDWH�

,Q�ZKDW�IROORZV��WKLV�GHILQLWLRQ��ZKLFK�WUDFHV�LWV�RULJLQV�LQ�SDUW�WR�WKH�XVH�RI�WKHUPRVWDWLF�SRWHQ�
WLDOV�IRU�QRQHTXLOLEULXP�VLWXDWLRQV��ZLOO�EH�H[FKDQJHG�IRU�DQRWKHU�FRQVRQDQW�ZLWK�WKH�HQWURS\�GHILQL�
WLRQ�JLYHQ�LQ�������,W�KDV�EHHQ�VKRZQ��-HVXGDVRQ�������WKDW�WKH�%4�HIIRUW�WR�EDVH�D�ULJRURXV�WKHRU\
RI�LUUHYHUVLEOH��WKHUPRPDJQHWLF��SKHQRPHQD�YLD�WKH�)RXULHU�,QHTXDOLW\�LV�QRW�TXLWH�FRUUHFW�EHFDXVH
WKH�KHDW�WHUPV�ZHUH�PLVFRQVWUXHG��+RZHYHU��LW�ZDV�SRLQWHG�RXW�WKDW�LI�WKH�³FRQGXFWLYH´�SDUW�RI�WKH
KHDW�WUDQVIHU�LV�FRQVLGHUHG��LQ�WKH�&DOOHQ�VHQVH���WKHQ�WKH�)RXULHU�3ULQFLSOH�LQ�UHODWLRQ�WR�FRQGXFWLYH
KHDW�IORZ�LV��XQOHVV�SURYHQ�RWKHUZLVH��D�JHQHUDO�VWDWHPHQW�QRW�LPPHGLDWHO\�GHULYDEOH�IURP�WKH�6HF�
RQG�ODZ��WKRXJK�QRW�YLRODWLQJ�LW���,Q�ZKDW�IROORZV���-HVXGDVRQ�����E��ZH�FRQILQH�RXUVHOYHV�WR�V\V�
WHPV�ZKLFK�DUH�FRPSULVHG�RI�SDUWLFOHV�RU�TXDVL�SDUWLFOHV�ZKLFK�H[FKDQJH�PRPHQWXP�DFFRUGLQJ�WR
1HZWRQ¶V�FRQVHUYDWLRQ�ODZ��RU�HOVH�D�PRGLILFDWLRQ�RI�WKH�PHDQLQJ�RI�WHPSHUDWXUH�DQG�WKH�%ROW]PDQQ
FRXSOLQJ�FRQVWDQW�LV�UHTXLUHG��$�VWHDG\�VWDWH�VLWXDWLRQ�LV�DOVR�DVVXPHG�LQ�WKH�GLVFXVVLRQ�

:H�UHGHILQH�WKH�)RXULHU�3ULQFLSOH�DV�GHILQLQJ�D�SURFHVV�ZKHUHE\
-F�¶7���� ����

LV�DOZD\V�WUXH�LQ�DQ\�UHJLRQ�RI�D�V\VWHP��ZKHUH�-F�LV�WKH�FRQGXFWLYH�KHDW�YHFWRU�RQO\��DQG�LQ�WKH�DE�
VHQFH�RI�D�WHPSHUDWXUH�JUDGLHQW��-F�LV�QHFHVVDULO\�]HUR��-HVXGDVRQ�������

&RQVLGHU�D�YROXPH�HOHPHQW�ZKHUH�d�Q�SDUWLFOHV�RI�VSHFLHV�Q�SDVVHV�WKURXJK�LQ�XQLW�WLPH�ZLWK�D
FKDUDFWHULVWLF�WKHUPDO�WUDQVSRUW�HQHUJ\�4+�IRU�WKH�dQ�SDUWLFOHV�ZKLFK�RFFXS\�WKH�YROXPH�HOHPHQW�
KDYLQJ�D�QRQ�HTXLOLEULXP�WHPSHUDWXUH�7�ZLWK�UHVSHFW�WR�WKDW�ZKROH�YROXPH�HOHPHQW��:H�VKDOO�FRQ�
VLGHU�D�QHZ�VFKHPH�IRU�FRQVHUYHG�IOX[�TXDQWLWLHV�IURP�WKH�DERYH�PRGLILHG�)RXULHU�3ULQFLSOH�LQ�WKH
VWHDG\�VWDWH�RQO\��,PDJLQH�WKDW�WKH�VSHFLHV�Q�PRYHV�WKURXJK�WKH�ODWWLFH�LQ�WKH�YROXPH�HOHPHQW�LQ�WKH
VWHDG\�VWDWH��7KH�WHPSHUDWXUH�PD\�EH�GHWHUPLQHG�E\�D�GLDWKHUPDO�ILEHU�DV�RXWOLQHG�SUHYLRXVO\��7KLV
³VWDWLRQDU\´�ODWWLFH�ZLOO�EH�UHVSRQVLEOH�IRU�WKH�FRQGXFWLYH�KHDW�WUDQVIHU�ZLWK�UHVSHFW�WR�WKDW�PRYLQJ
VXEV\VWHP��LPPHGLDWHO\�LPSO\LQJ�WKDW�WKH�³ODWWLFH´�FDQ�WKHUHIRUH�EH�RWKHU�VXEV\VWHPV�DOVR�LQ�UHODWLYH
PRWLRQ�ZLWK� WKH� VXEV\VWHP�RI� LQWHUHVW��6LQFH� WKH� WHPSHUDWXUH� SURILOH� RI� WKH� YROXPH� HOHPHQWV� DUH
DSSUR[LPDWHG�E\�+HDY\VLGH�VWHS�IXQFWLRQV��HDFK�RI�WKH�VXEV\VWHPV�PXVW�JLYH�XS�LWV�WKHUPDO�WUDQV�
SRUW�HQHUJ\�DW�WKH�ERXQGDU\�RI�WKH�ODWWLFH��DQG�WKLV�EHFRPHV�SDUW�RI�WKH�FRQGXFWLYH�KHDW�WHUP��7KHUH
LV�DOVR�GLVVLSDWLYH�SURFHVVHV�ZKLFK�FRQYHUW�ZRUN�HQHUJ\�LQWR�WKHUPDO�HQHUJ\�DW�WKH�ERXQGDULHV�ZKHQ
WKH�FRQFHUQHG�VXEV\VWHP�RI�SDUWLFOHV�LV�DFWHG�RQ�E\�D�ILHOG�ZKLFK�GRHV�ZRUN�RQ�WKH�VXEV\VWHP��,Q
XQLW�WLPH��WKH�DPRXQW�RI�KHDW�GLVVLSDWHG�WR�WKH�ERXQGDU\�RI�WKH�VXEV\VWHP�LV�ZULWWHQ�DV

a�df.dQ�ZKHUH��� ��a ��� ����
DQG�ZKHUH�df� LV� WKH�FKDQJH�RI�SRWHQWLDO�HQHUJ\�RI�WKH�ILHOG�SHU�XQLW�QXPEHU�RU�PDVV�RI�VSHFLHV�Q
�GHSHQGLQJ�RQ� FRQWH[W�� DQG�ZKHUH� WKH� RWKHU� DVVRFLDWHG� XQLWV� DUH� FKDQJHG� DFFRUGLQJO\��� 7KH� ���±
a�df.dQ�UHPDLQLQJ�XQLWV�RI�HQHUJ\�LV�QRW�GLVVLSDWHG�DV�KHDW�DQG�PD\�EH�XWLOL]HG�YLD�D�PRWRU�GHYLFH�WR
GR�ZRUN�RQ�WKH�H[WHUQDO�HQYLURQPHQW��VXFK�DV�LQ�D�VWDQGDUG�WKHUPRFRXSOH�FLUFXLW���7KH�H[WHUQDO�KHDW
IOX[� IRU� WKH�QH[W� DGMDFHQW� YROXPH�HOHPHQW�PXVW� FRPH� IURP� WKH� ODWWLFH� FRQGXFWLYH� KHDW�� JLYHQ� DV

4
�

H[W�[���DQG�VR��ZH�FRQVLGHU�RQO\�D�RQH�GLPHQVLRQDO�VLWXDWLRQ�ZKLFK�ZLOO�EH�JHQHUDOL]HG��ZH�ZULWH

-F�[�� �4
�

H[W�[� ����
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2XU�PRGLILHG�)RXULHU�SULQFLSOH�GHPDQGV�WKDW�WKH�FRQGXFWLYH�KHDW�DW�WKH�RWKHU�ERXQGDU\�HQG�ZLWK

FRRUGLQDWHV�[���d[�DQG�ZKLFK�LV�DW�D�ORZHU�WHPSHUDWXUH�WKDQ�DW�SRLQW�[�PXVW�EH�WKH�H[LVWLQJ�4
�

H[W�[�

SOXV�WKH�GLVVLSDWLRQ�GXH�WR�IRUFH�ILHOG��ZRUN��GLVVLSDWLRQ�DQG�WKH�FKDQJH�LQ�WKHUPDO�HQHUJ\�

-F�[���G[�� �4
�

H[W��[����ad�fdQ����G4+QdQ
� �-F�[�����adf�dQ���G4+QdQ ����

VLQFH�d�d�Q��LV�]HUR�IRU�FRQVHUYHG�TXDQWLWLHV��DQG�ZKHUH�d[�LV�D�XQLW�GLVWDQFH�DQG�df�LV�WKH�FKDQJH�LQ
SRWHQWLDO�RYHU�WKLV�GLVWDQFH��G4+Q�LV�WKH�WKHUPDO�WUDQVSRUW�HQHUJ\�IRU�VSHFLHV�Q�

,Q�RUGHU�WR�UHODWH�WKH�SUHVHQW�IRUPXODWLRQ�ZLWK�WKH�H[SHULPHQWDO�VHW�XSV�ZKLFK�KDV�EHHQ�FRQILJ�
XUHG�WR�WKH�2QVDJHU�WKHRU\��LW�LV�LPSRUWDQW�WR�UHODWH�WKH�VR�FDOOHG�HQWURS\�SURGXFWLRQ�LQ�WKH�YROXPH
HOHPHQW��DV�RSSRVHG�WR�WKDW�EURXJKW�IURP�WKH�³RXWVLGH´���3ULJRJLQH�������GHQRWHG�E\�s&   LV�JLYHQ�E\
HTQ������DQG
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7KH�.&3�YLHZSRLQW�DV�GHILQHG�LQ�WKLV�ZRUN�FDQQRW�VXSSRVH�WKDW�WKHUH�LV�DQ\�VXFK�³LQWHUQDO´�HQ�
WURS\�SURGXFWLRQ��VLQFH� WKHUH� LV�QR�QHW�HQHUJ\� WUDQVIHU� WR�D�V\VWHP�LQ�D�YROXPH�HOHPHQW�� DQG� WKDW
YROXPH�HOHPHQW�LV�DW�D�IL[HG�WHPSHUDWXUH��:H�WKXV�IRUP�WKH�HQWURS\�LQFUHDVH�LQ�WHUPV�RI�WKH�LQFUHDVH
GXH�WR�WKH�WKHUPDO�LQWHUFKDQJH�DFURVV�WKH�ERXQGDULHV�RI�WKH�VXE�HOHPHQWV��VR�WKDW
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)URP������DQG�������DQG�JHQHUDOL]LQJ�WR�WKUHH�GLPHQVLRQV�DQG�1�SDUWLFOH�TXDQWLWLHV�GXH�WR�WKH�SUHV�
HQFH�RI�VSHFLHV�QL��L� ��������1��ZH�GHULYH
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ZKHUH�d�[�LV�WKH�XQLW�SRVLWLYH�GLVWDQFH��G4+L�WKH�WKHUPDO�HQHUJ\�FKDQJH�IRU�VSHFLHV�L��fL WKH�FKDQJH�LQ
IRUFH�ILHOG�SRWHQWLDO�SHU�XQLW�FRQFHQWUDWLRQ�

)URP�WKH�SRVWXODWHG�LQHTXDOLW\�-F�¶7������LW�IROORZV�WKDW
±�-F�¶7�7

����� ����
7KXV��IURP������DQG������
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,Q�PDQ\�ILUVW�RUGHU�H[SUHVVLRQV��VXFK�DV�2KP¶V�ODZ��Q�LV�SRVLWLYHO\�SURSRUWLRQDO�WR�f , VR�WKDW�JHQHU�
DOO\

a.dQ�df/7���� ����
,W�FDQ�EH�VKRZQ�WKDW�H[SUHVVLRQV������DQG������FRUUHVSRQGV�WR�WKH�OHDGLQJ�GLDJRQDO�WHUPV�LQ�WKH

/,7�H[SDQVLRQV�RI�WKH�³HQWURS\�SURGXFWLRQ´�SHU�XQLW�YROXPH�L�H��/

MM)MM��$�PDMRU�GLIIHUHQFH�EHWZHHQ

WKH�SUHVHQW�ZRUN�DQG�/,7�RU�RWKHU�H[WHQVLRQV�WKHUHRI�LV�WKDW�-F�LV�D�FRPSRVLWH�WHUP�ZKLFK�LV�D�IXQF�
WLRQ�RI�WKH�HQWLUH�VSHFLHV�IORZV�DQG�WKHLU�HQHUJ\�LQWHUDFWLRQ�ZKHUH�D�WHPSHUDWXUH�LV�GHILQHG�DQG�WKXV
DSSOLHV�GLUHFWO\�WR�IOXLG�WKHUPRG\QDPLFV�DOVR�ZKHUH�D�FRQYHQWLRQDO�³ODWWLFH´�LV�GHHPHG�QRW�WR�H[LVW
RYHU�D�SDUWLFXODU�YROXPH�HOHPHQW��DQG�LV�GHILQHG�HYHQ�ZKHQ�WKHUH�LV�D�QHW�SDUWLFOH�IOX[�LQ�D�SDUWLFXODU
GLUHFWLRQ��WKH�IRUP�-F�UHGXFHV�WR�WKDW�RI�RUGLQDU\�KHDW�FRQGXFWLRQ��LQ�VROLGV��ZKHUH�WKHUH�LV�QR�QHW
SDUWLFOH�IORZ�
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1R�SULQFLSOH�RI�³ORFDO�HTXLOLEULXP´�LQ�WKH�VHQVH�WKDW�WKH�*LEEVLDQ�HTXDWLRQV�RI�WKHUPRVWDWLFV�LV
YDOLG�LQ�QRQ�HTXLOLEULXP�VWHDG\�VWDWHV�LV�DVVXPHG�LQ�WKLV�VFKHPH��RQO\�WKH�=HURWK�ODZ�DV�DVVXPHG�IRU
HDFK�SDUWLFOH�IOX[�LQ�D�XQLW�YROXPH�VR�WKDW�D�VLQJOH�XQLTXH�WHPSHUDWXUH�FKDUDFWHUL]HV�HDFK�LQGLYLGXDO
VSHFLHV�GLVWULEXWLRQ�ZLWK�UHVSHFW�WR�DOO�RWKHU�VSHFLHV�LQ�WKH�YROXPH�HOHPHQW��7KLV�LV�D�JHQHUDOL]DWLRQ
RI�WKH�DVVXPSWLRQ�LQ�WKH�RULJLQDO�GHYHORSPHQW�RI�WKH�%URZQLDQ�PRWLRQ�WKHRU\�ZKLFK�FRQVLGHUHG�WKH
LQGHSHQGHQW�FROOHFWLYH�EHKDYLRU�RI�VROXWH�PROHFXOHV� LQ�D� VROYHQW�PDWUL[�ZKLFK�ZDV�PDLQWDLQHG�DW
FRQVWDQW�WHPSHUDWXUH��(LQVWHLQ�������S�����������

7KH�FRPSOHWH�VHW�RI�LQGHSHQGHQW�YDULDEOHV�IRU�4+L�LV�GHQRWHG�E\�WKH�YHFWRU�IXQFWLRQ�Y��DQG�LW
PD\�RI�FRXUVH�LQFOXGH�VXFK�YDULDEOHV�DV�WKH�SRWHQWLDOV�fL�

:H�GHILQH�WKH�WKHUPRG\QDPLFDO�IRUFH�)L�DV
)L� ����7��4+L��Y.dY ����

,Q��XQLW��WLPH�dW��ZH�PD\�H[SUHVV������E\�H[SDQGLQJ�G4+L�DV�LQ������WR�\LHOG
�� � � � �

F
6 7 7 W Q 7 Q )L L L LL L Ld d a df d d= - ¶ + +Ê Ê- � ����

,Q� /,7�� D� IXQGDPHQWDO� DVVXPSWLRQ� LV� WKDW� WKH� IOX[HV� d�QL� DUH� D� OLQHDU� IXQFWLRQ� �2QVDJHU� ����E�
HTQ�������RI�WKH�IRUFHV�)L��ZKHUH�LQ�IDFW�ZH�PDNH�D�PRUH�JHQHUDO�DVVXPSWLRQ�E\�ZULWLQJ

dQL� �dQL�)��)�����)1��ZKHUH�Q,����� ��� ����
VR�WKDW�WR�ILUVW�RUGHU��ZH�PD\�ZULWH�LQ�XQLW�WLPH
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,W�KDV�EHHQ�GHPRQVWUDWHG� WKDW�d�Q,� G4+,��7� LV�D�SHUIHFW�GLIIHUHQWLDO� �-HVXGDVRQ�����D���ZKHUH� WKH
IDFWRU�d�QL�LV�GHULYHG�IURP�WKH�IDFW�WKDW�WKH�SUHVHQW�VXEV\VWHP�LV�QRW�D�IL[HG�QXPEHU�RI�SDUWLFOHV�WKDW
WUDYHUVHV�D�FLUFXLW��EXW�D�SRUWLRQ�RI�LW�ZKLFK�LV�FRQWDLQHG�LQ�D�IL[HG�YROXPH�UHJLRQ�FRPPRQ�WR�DOO
RWKHU�IORZ�TXDQWLWLHV�LQ�WKDW�UHJLRQ�

6LQFH�d�QLG4+L�7�LV�D�SHUIHFW�GLIIHUHQWLDO��WKHQ�VR�PXVW�d�6¶��JLYHQ�E\
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ZKHUH�ZLWKLQ�WKH�/,7�IUDPHZRUN������JLYHV
/L]� �/]L� ����

7KLV�FRQGLWLRQ�LV�RQO\�DSSUR[LPDWH��(TQ�������VWDWHV�WKDW�WKH�IRUFHV�)M�DUH�WR�EH�FRQVLGHUHG�³LQGH�
SHQGHQW´�DQG�VR�ZH�PLJKW�H[SDQG�WR�VHFRQG�RUGHU�IRU�JUHDWHU�DFFXUDF\�WR�\LHOG
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DQG�DVVXPLQJ�FRQYHUJHQFH�RI�WKH�H[SDQVLRQ�DQG�IURP�WKH�FRPPXWDWLYH�SURSHUW\�RI�SDUWLDO�GLIIHUHQ�
WLDOV

.LMN� �.LNM�
7KH�UHFLSURFLW\�FRQGLWLRQV������\LHOGV
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6LQFH�)
]
�LV�³LQGHSHQGHQW´�DQG�DUELWUDU\�IURP�WKH�/,7�DSSUR[LPDWLRQ�������JLYHV

.LS]� �.SL]�

,I�/SL�LV�V\PPHWULF��WKHQ�VR�LV�.LS]
� LQ�LWV� LQGLFHV��8VLQJ�D�SURRI�E\�LQGXFWLRQ��LW�IROORZV�WKDW�WKH�.

FRHIILFLHQW�LV�V\PPHWULF�LQ�LWV�LQGLFHV�WR�DOO�RUGHUV��RU�WR�DOO�UDQNV���2WKHU�SURSHUWLHV�PD\�EH�GHGXFHG
IURP�WRSRORJLFDO�DQG�GLIIHUHQWLDO�IRUP�FRQVLGHUDWLRQV�

)RU�V\VWHPV�VXEMHFWHG�WR�IRU�LQVWDQFH�D�PDJQHWLF�ILHOG�ZKLFK�PLJKW�LQGXFH�FKDQJHV�LQ�WKH�YHORFL�
WLHV�RI�WKH�IORZ�GXH�WR�WKH�RSSRVLQJ�IRUFHV�LI�UHYHUVHG��DSSUR[LPDWLRQV�PXVW�EH�PDGH�ZLWK�UHJDUG�WR
WKH�QDWXUH�RI�WKH�LQWHUDFWLRQV�EHIRUH�RQH�FDQ�PDNH�ILUVW�RUGHU�&DVLPHU�GHGXFWLRQV�DV�WR�WKH�IRUP�WKH
UHFLSURFDO�UHODWLRQV�PLJKW�WDNH�

,W�LV�QRW�SRVVLEOH�WR�GHULYH�WKHVH�UHODWLRQV�IURP�SXUHO\�PDWKHPDWLFDO�PDQLSXODWLRQV��LQWHUSRODWLRQV
DQG�VXEVXPLQJ��DQG�ZLWKRXW�PDNLQJ�FOHDU�DVVXPSWLRQV�UHJDUGLQJ� WKH�SK\VLFDO�EDVLV�RI� WKH�V\VWHP
EHKDYLRU��7KH�PDWKHPDWLFV�ZLOO�DOZD\V�KDYH�DQ�DVSHFW�RI�SRWHQWLDO�WKHRU\��EXW�FDQQRW�LQ�LWVHOI�H[�
SUHVV�WKH�H[SHULPHQWDO�DVSHFWV�RI�UHFLSURFLW\��(GHOHQ��������:H�KDYH�UHVRUWHG�WR�D�PRGLILHG�FRQ�
MHFWXUH�UHJDUGLQJ�FRQGXFWLYH�KHDW�WR�GHULYH�WKH�DERYH��SUHVHUYLQJ�WKH�SDUWLFXODU�DQDPQHVLV�RI�%HQRI\
DQG�4XD\��2QH�XQUHVROYHG�TXHVWLRQ�KHUH�LV�WR�GHULYH�WKH�UHFLSURFLW\�FRQGLWLRQ�IRU�LVRWKHUPDO�V\VWHPV
�ZKHUH�WKH�WHPSHUDWXUH�JUDGLHQW�LV�DEVHQW�DQG�ZKHUH�WKH�PRGLILHG�%HQRI\�DQG�4XD\�FRQMHFWXUH�GRHV
QRW�REWDLQ���7KLV�DSSHDUV�WR�EH�D�PDMRU�FKDOOHQJH�

���&RQFOXVLRQ

)URP�SUREDELOLW\� WKHRU\�DQG�PHFKDQLFV� LQ� WKH�SUHYLRXV�SDUW��DQG�IURP�WKH�YDULRXV�FRUUHODWLRQ
IXQFWLRQ�DQDO\VLV�RI�WKLV�VHTXHO�� LW�KDV�EHHQ�VKRZQ�WKDW�GHWDLOHG�EDODQFH�KDV�EHHQ�XQGHUVWRRG�DQG
DSSOLHG�PRUH�LQ�DQ�DVVXPHG�VHQVH���VLQFH�LW�GRHV�QRW�GHULYH�GLUHFWO\�IURP�PHFKDQLFV��WR�IXQGDPHQWDO
SURFHVVHV� VXFK� DV� WKRVH� GHVFULEHG� LQ� WKH� IOXFWXDWLRQ�GLVVLSDWLRQ� WKHRUHP� �$JDUZDO� ������ &DOOHQ
�����S������&DVH�������HTQ�����&DVVXWR�HW�DO��������HTQV����������	�����'DYLHV�������SS����������
������������*UHHQ�HW�DO��������+XUOH\�HW�DO��������SDUDJUDSK�DERYH�HTQ����.HL]HU�����D��S������
HTQ���������E��S������6HF��,,,$��S������HTQ������������S������6HF�,��.LQJ�������6HF�9�&���.XER
������0DMHZVNL�������6DFKV�������HVS��&KDSV������LQFOXGLQJ�HDUO\�XVH�RI�&37�WKHRULHV�WR�FKDUDF�
WHUL]H�QXFOHDU�SURFHVVHV��/HH�������

3UHOLPLQDU\�DQG�UXGLPHQWDU\�DWWHPSWV�KDYH�EHHQ�PDGH� WR�GHULYH�NLQHWLF�HTXDWLRQV�ZLWKRXW� UH�
FRXUVH�WR�UHYHUVLELOLW\�FRQFHSWV��-HVXGDVRQ�����E���ZKHUH�D�JHQHUDO�FKDUDFWHULVWLF�WLPH�SDUDPHWHU�t
ZKLFK�GHVFULEHV�D�FODVV�RI�SURFHVVHV�� VXFK�DV�)RXULHU�+HDW�&RQGXFWLRQ� WKDW�DUH�HQWURS\� LQYDULDQW
ZLWK�UHVSHFW�WR�D�FHQWHU�RI�PDVV��HQHUJ\��IUDPH�HPHUJHV��EXW�DV�\HW��D�GHWDLOHG��SXUHO\�PHFKDQLFDO
GHULYDWLRQ�RI�HQWURS\�ZKLFK�LV�DEOH�WR�DOVR�SUHGLFW�WKH�GLUHFWLRQ�RI�HYROXWLRQ�RI�WKH�V\VWHP�KDV�QRW
\HW²DV�IDU�DV�,�DP�DZDUH²EHHQ�GHYHORSHG��6XFK�D�GHYHORSPHQW�DORQJ�GHWHUPLQLVWLF�OLQHV�ZRXOG
HPSOR\�D�JHQHUDWLRQ�RI�ZRUNHUV�HDFK�HQGRZHG�ZLWK�XQLTXH�DQG�FRPSOLPHQWDU\�JLIWV�WRJHWKHU�ZLWK
DQ�RSHQ�PHGLD� WKDW� LV� FDSDEOH�RI�PDLQWDLQLQJ� H[WHQVLYH� FLWDWLRQ� DQG�ZRUN� DQDPQHVLV� RI� SHUVRQV�
+RSHIXOO\��WKH�FRPSOHPHQWDU\�QDWXUH�RI�WKHUPRG\QDPLFV�DV�D�VWXG\�RI�WKH�FRQWLQXRXV�DQG�GLVFUHWH
�DQG� FXUUHQWO\� VWDWLVWLFDO��� ZLWKRXW� WKH� RQH� EHLQJ� FRQVLGHUHG� µPRUH� IXQGDPHQWDO¶� WKDQ� WKH� RWKHU
ZRXOG�EH�DSSUHFLDWHG��EHFDXVH�WKH�PDFURVFRSLF�DVSHFWV�GHWHUPLQH�WKH�ERXQGDU\�FRQGLWLRQV�IRU�WKH
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VROXWLRQ�RI�WKH�VWDWLVWLFDO�PRGHO��&HUWDLQO\�LW�PLJKW�EH�ZRUWK�ZKLOH�H[DPLQLQJ�WKH�FODVVLFDO�RULJLQV�RI
WKLV�FRQFHSW��VXFK�DV�LV�IRXQG�IRU�LQVWDQFH�LQ�WKH�&ODXVLXV�%ROW]PDQQ��5ROGXJKLQ�������6WRVV]DKODQ�
VDW]�EHIRUH�FRQVLGHULQJ�TXDQWXP�DQDORJXHV�

)URP�WKH�DERYH��LW�LV�FOHDU�WKDW�D�FRQFHSW�RI�WKHUPRG\QDPLFDO�DQG�VWDWLVWLFDO�LUUHYHUVLELOLW\�EDVHG
RQ�VRPH�RWKHU�FULWHULD�WKDQ�PHFKDQLFDO� UHYHUVLELOLW\�FDQ�EH�FRQVWUXFWHG�EDVHG�RQ�DQDO\WLFDO�GHWHU�
PLQLVP�

$FNQRZOHGJPHQWV

,�ZLVK� WR� WKDQN�3URI��$�'��%XFNLQJKDP��7KHRUHWLFDO�&KHPLVWU\�'LYLVLRQ��&DPEULGJH�8QLYHU�
VLW\���IRU�KLV�HQFRXUDJHPHQW��DGYLFH�DQG�UHYLHZ�RI�D�PXFK�HDUOLHU�GUDIW�RI�WKLV�PDQXVFULSW�VHYHUDO
\HDUV�DJR�

5HIHUHQFHV

$JDUZDO��*�=���������2SHQ�4XDQWXP�0DUNRYLDQ�6\VWHPV�DQG�WKH�0LFURUHYHUVLELOLW\��=��3K\VLN������������
%DUURQ��/�'���������5HDFWLRQV�RI�&KLUDO�0ROHFXOHV�LQ�WKH�3UHVHQFH�RI�D�7LPH�1RQ�,QYDULDQW�(QDQWLRPRUSKRXV

,QIOXHQFH��$�1HZ�.LQHWLF�3ULQFLSOH�%DVHG�RQ�WKH�%UHDNGRZQ�2I�0LFURVFRSLF�5HYHUVLELOLW\��&KHP�
3K\V��/HWWV��������������

%HQRI\��6�-��	�4XD\��3�0���6RF�-HVXLWV���������7KH�)RXULHU�,QHTXDOLW\��LQ�3K\VLFV�DV�1DWXUDO�3KLORVRSK\�S���
����0�,�7��3UHVV��0DVVDFKXVHWWV

%UHQLJ��:���������7KHRU\�RI�+HDW��1RQHTXLOLEULXP�3KHQRPHQD��6SULQJHU�9HUODJ�%HUOLQ��*HUPDQ\
&DOOHQ��+�%���������7KHUPRG\QDPLFV��:LOH\�&RPSDQ\�86$�
&DOOHQ��+�%���������7KH�$SSOLFDWLRQ�RI�2QVDJHU¶V�5HFLSURFDO�5HODWLRQV�WR�7KHUPRHOHFWULF��7KHUPRPDJQHWLF

DQG�*DOYDQRPDJQHWLF�(IIHFWV��3K\V��5HY������������������
&DVH��.�0���������2Q�)OXFWXDWLRQ�'LVVLSDWLRQ�7KHRUHPV��7UDQVSRUW�7KHRU\�DQG�6WDW��3K\V�������������
&DVLPHU��+�%�*���������2Q�2QVDJHU¶V�3ULQFLSOH�RI�0LFURVFRSLF�5HYHUVLELOLW\��5HY��0RG��3K\V�������DQG

����������
&DVVXWR��$��	�.LQJ��'�$���������5DWH�([SUHVVLRQV�IRU�$GVRUSWLRQ�DQG�'HVRUSWLRQ�NLQHWLFV�ZLWK�3UHFXUVRU

6WDWHV�DQG�ODWHUDO�LQWHUDFWLRQ��6XUI��6FL������������
&KDSPDQ��6��	�&RZOLQJ��7�*���������7KH�0DWKHPDWLFDO�7KHRU\�RI�1RQ�8QLIRUP�*DVHV��7KLUG�HGLWLRQ��&DP�

EULGJH�8QLYHUVLW\�3UHVV
'DYLHV��3�&�:���������6SDFH�DQG�7LPH�LQ�WKH�0RGHUQ�8QLYHUVH��&DPEULGJH�8QLYHUVLW\�3UHVV�(QJODQG
'HOJDGR�'RPLQJRV��-�-��1LQD��0�1�5��	�-�+��:KLWHODZ��HGV����������)RXQGDWLRQV�RI�&RQWLQXXP�7KHUPRG\�

QDPLFV��0F0LOODQ�3UHVV��(QJODQG�
(GHOHQ��'�*�%���������$SSOLHG�([WHULRU�&DOFXOXV��:LOH\�,QWHUVFLHQFH��1HZ�<RUN
(LQVWHLQ��$���������,QYHVWLJDWLRQV�RQ�WKH�7KHRU\�RI�WKH�%URZQLDQ�0RYHPHQW��'RYHU�%RRN��WUDQVODWHG�E\�$�'�

&RZSHU�
(LQVWHLQ��$���3RGROVN\��3��	�5RVHQ��1���������&DQ�4XDQWXP�0HFKDQLFDO�'HVFULSWLRQ�RI�3K\VLFDO�5HDOLW\�EH

&RQVLGHUHG�&RPSOHWH"�3K\V��5HY������������
(X��%�&���������(QWURS\�IRU�,UUYHUVLEOH�3URFHVVHV��&KHP��3K\V��/HWW���������������
*RX\HW��-��)���������3K\VLFV�DQG�)UDFWDO�6WUXFWXUHV��0DVVRQ�6SULQJHU�3XEOLFDWLRQ�)UDQFH
*UHHQ��5�)��	�&DOOHQ��+�%���������2Q�WKH�)RUPDOLVP�RI�7KHUPRG\QDPLF�)OXFWXDWLRQ�7KHRU\��3K\V��5HY�

���������������
+DZNLQJ��6���������7KH�'LUHFWLRQ�RI�7LPH��1HZ�6FLHQWLVW�����������������
+ROLDQ��%�/��+RRYHU�:�*��	�3RVFK�+�$���������5HVROXWLRQ�RI�/RVFKPLGW¶V�3DUDGR[�7KH�2ULJLQ�RI�,UUHYHUVLEOH

%HKDYLRU�LQ�5HYHUVLEOH�$WRPLVWLF�'\QDPLFV�3K\V�5HY�/HWW�������������
+RQLJ��-�0���������7KHUPRG\QDPLFV��(OVHYLHU�6FLHQWLILF
+XUOH\��-��	�*DUURG��&���������*HQHUDOL]DWLRQ�RI�WKH�2QVDJHU�5HFLSURFLW\�7KHRUHP��3K\V��5HY��/HWW�

����������������
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-HVXGDVRQ��&�*���������7LPH¶V�$UURZ��'HWDLO�%DODQFH��2QVDJHU�5HFLSURFLW\�DQG�0HFKDQLFDO�5HYHUVLELOLW\��,�
%DVLF�&RQVLGHUDWLRQV��$SHLURQ��������������

-HVXGDVRQ��&�*�������D��2Q�6RPH�'LIILFXOWLHV�&RQFHUQLQJ�+HLVHQEHUJ�8QFHUWDLQW\�DQG�4XDQWXP�0HFKDQLFDO
5HODWLRQV��3K\VLFV�(VVD\V�������������

-HVXGDVRQ��&�*�������E��,,��7KHUPRG\QDPLFV�RI�)RXULHU�OLNH�UDGLDWLYH�FRQGXFWLRQ�KHDW�FXUUHQWV��DQG�HTXLOLE�
ULXP�WHPSHUDWXUH�JUDGLHQWV��,QGLDQ�-��3K\V����%��������

-HVXGDVRQ��&�*���������7KHUPRG\QDPLFDO�5HFRYHUDELOLW\�7KHRU\�DQG�$SSOLFDWLRQV�WR�6XUIDFH�'HVRUSWLRQ�RI
$WRPV�DQG�0ROHFXOHV��LQ��6XUIDFH�6FLHQFH�DQG�+HWHURJHQHRXV�&DWDO\VLV��S�����������(GV��1RUGLQ�
0�5���/LHZ��.�<��DQG�=DLQDO��$�$����6FLHQFH�8QLYHUVLW\�3UHVV��3HQDQJ��0DOD\VLD

-HVXGDVRQ��&�*�������D��)XQGDPHQWDOV�RI�QRQ�HTXLOLEULXP�WKHUPRG\QDPLFV�,,,�$SSOLFDWLRQV�WR�V\VWHPV�ZLWK
QHZ�UHVXOWV��,QG��-��3XUH�$SSO��3K\V�����������

-HVXGDVRQ��&�*�������E��5HFRYHUDEOH�V\VWHPV��$�TXDQWXP�VWDWLVWLFDO�WKHUPRG\QDPLF�VWXG\��,QG��-��3XUH�$SSO�
3K\V������������

-HVXGDVRQ��&�*���������&RPPHQW�RQ�WKH�%HQRI\�DQG�4XD\�7KHRU\�RI�7KHUPRPDJQHWLF�(IIHFWV��&XUUHQW�6FL�
����������������

.HL]HU��-�������D��'LVVLSDWLRQ�DQG�IOXFWXDWLRQV�LQ�QRQ�HTXLOLEULXP�WKHUPRG\QDPLFV��-�&KHP��3K\V������������
����

.HL]HU��-�������E��2Q�WKH�NLQHWLF�PHDQLQJ�RI�WKH�6HFRQG�ODZ�RI�WKHUPRG\QDPLFV��-��&KHP��3K\V��������������
����

.HL]HU��-���������+HDW�ZRUN�DQG�WKH�WKHUPRG\QDPLF�WHPSHUDWXUH�DW�QRQ�HTXLOLEULXP�VWHDG\�VWDWHV��-��&KHP�
3K\V�����������������

.LQJ��'�$���������.LQHWLFV�RI�$GVRUSWLRQ�'HVRUSWLRQ��DQG�0LJUDWLRQ�DW�6LQJOH�&U\VWDO�0HWDO�6XUIDFHV��&�5�&�
&UL��5HYV��LQ�6ROLG�6WDWH�DQG�0DW��6FL��������������
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