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%\�DSSHDOLQJ�WR� WKHRUHPV�RI�³UDQGRP�JUDSK� WKHRU\´�ZH�GHPRQVWUDWH� WKDW�TXDQWXP
FRUUHODWLRQV�DQG�WKH�LQKHUHQW�QRQ�ORFDO�VWUXFWXUH�RI�TXDQWXP�WKHRU\�DV�HYLGHQFHG�LQ
YLRODWLRQV� RI� %HOO¶V� WKHRUHP� DUH� D� PDQLIHVWDWLRQ� RI� WKH� FRQQHFWLYLW\� RI� TXDQWXP
PDWWHU�WKURXJK�UDQGRP�JUDSKV�LQGHSHQGHQW�RI�WKH�VSHFLILF�GHWDLOV�RI�SDUWLFOH�LQWHUDF�
WLRQV�
3�$�&�6����������4XDQWXP�7KHRU\��)RXQGDWLRQV��0LVFHOODQHRXV�7KHRULHV

,QWURGXFWLRQ

$IWHU�WKH�LQLWLDO�VXFFHVV�RI�TXDQWXP�WKHRU\�>�@��LW�VRRQ�EHFDPH�DSSDUHQW�WKDW�JHQHUDO�IHDWXUHV�RI
WKH�WKHRU\�ZHUH�DW�YDULDQFH�ZLWK�GHWHUPLQLVP��ORFDOLW\��VHSDUDELOLW\�DQG�WKH�JHQHUDO�QRWLRQV�RI�UHDO�
LVP�DQG�FRPSOHWHQHVV��7KH�IDPRXV�SDSHU�RI�(LQVWHLQ��3RGROVN\�DQG�5RVHQ�>�@�GHPRQVWUDWHG� WKDW
TXDQWXP�WKHRU\�LV�LQFRPSOHWH�DQG�LQ�D�VHQVH�KDV�WR�EH�WUHDWHG�DV�D�WKHRU\�VXJJHVWHG�WR�XV�E\�H[SHUL�
PHQW��%RKU¶V�UHVSRQVH�>�@� WR� WKH�SDSHU�E\�(LQVWHLQ��3RGROVN\�DQG�5RVHQ� >�@�FHQWHUHG�DURXQG� WKH
SULQFLSOH�RI�FRPSOHPHQWDULW\�ZKLFK�HVVHQWLDOO\�GHVFULEHV�WKH�LQFRPSOHWH�QDWXUH�RI�TXDQWXP�WKHRU\�DV
WKH�UHVXOW�RI�WKH�VLPXOWDQHRXV�GHVFULSWLRQ�RI�QDWXUH�E\�SDUWLFOHV�DQG�ZDYHV��7R�EH�VSHFLILF��(LQVWHLQ
ZDV�XQVDWLVILHG�ZLWK�VWRFKDVWLF�WKHRULHV�WKDW�YLRODWHG�FHUWDLQ�³UHDOLVWLF�SULQFLSOHV�´�DQG�YLHZHG�WKHP
DV�SUHGLFWLYH�LQVWUXPHQWV�WR�XOWLPDWHO\�EH�UHSODFHG�E\�D�FRPSOHWH�WKHRU\��%RKU�EHOLHYHG�WKDW�FRP�
SOHPHQWDULW\�ZDV� DQ� LQHYLWDEOH� FRQVHTXHQFH� RI� WKH�ZDYH� SDUWLFOH� GXDOLW\� DQG� GLG� QRW� EHOLHYH� DQ
XOWLPDWH�WKHRU\�ZRXOG�UHSODFH�WKH�QRWLRQ�RI�FRPSOHPHQWDULW\��,Q�WKH�\HDUV�IROORZLQJ�WKHVH�SDSHUV�D
UDWKHU�SUDJPDWLF�DWWLWXGH�WRZDUG�TXDQWXP�WKHRU\�SHUYDGHG�WKH�WKHRUHWLFDO�FRPPXQLW\�WKDW�ZDV�SUL�
PDULO\� SUHRFFXSLHG� ZLWK� FKRRVLQJ� EHWZHHQ� WKH� (LQVWHLQ� 'H%URJOLH� ³HQVHPEOH� LQWHUSUHWDWLRQ´� RI
TXDQWXP�WKHRU\�DQG�WKH�&RSHQKDJHQ�LQWHUSUHWDWLRQ�VXJJHVWHG�E\�%RKU��>�@�)ROORZLQJ�WKLV�HUD�FDPH
WKH�PRQXPHQWDO�SDSHU�RI�%HOO� >�@�GHPRQVWUDWLQJ� WKDW�TXDQWXP�PHFKDQLFV�ZDV�FOHDUO\�DW�YDULDQFH
ZLWK�WKH�IRXQGDWLRQV�RI�D�GHWHUPLQLVWLF�FDXVDO�³KLGGHQ�YDULDEOH´�WKHRU\��>�@�>�@�,Q�VKRUW�WKH�\HDUV�RI
UHVHDUFK�LQ�WKLV�GLUHFWLRQ�KDYH�GHPRQVWUDWHG�WKDW�TXDQWXP�V\VWHPV�KDYH�DQ�LQKHUHQW�LQLWLDO�FRUUHOD�
WLRQ�WKDW�GHILHV�DQ\�GHWHUPLQLVWLF�FDXVDO�PHFKDQLVP�WR�H[SODLQ�LW��>�@�>�@�7KLV�IDFW�FRXSOHG�ZLWK�WKH
XQGHUVWDQGLQJ�WKDW�4�0��LV�D�WKHRU\�RI�³VXEMHFWLYH�SUREDELOLW\´�DV�RSSRVHG�WR�FODVVLFDO�SK\VLFV�WKDW
DGPLWV� WR� ³REMHFWLYH� GHWHUPLQLVP´� KDV� OHIW� WKH� WKHRULVW�ZLWK� QR� ³EDVLF� SULQFLSOHV´�ZLWK�ZKLFK� WR
FRQVWUXFW�D� VXE�PLFURVFRSLF�XQGHUVWDQGLQJ�RI�TXDQWXP� WKHRU\��2Q� IRUPDO�JURXQGV� WKH�9RQ�1HX�
PDQQ�³QR�JR´�WKHRUHP�FRQFHUQLQJ�KLGGHQ�YDULDEOHV�KDV�GLVFRXUDJHG�XV�WR�PRGLI\�WKH�IRUPDO�VWUXF�
WXUH�RI�TXDQWXP�WKHRU\�LQ�RUGHU�WR�DFFRPPRGDWH�KLGGHQ�YDULDEOHV��>��@�,I�ZH�KRZHYHU�JR�EDFN�WR
WKH�SURSKHWLF�LGHDV�VXJJHVWHG�E\�3DXOL��>��@�+HLVHQEHUJ�>��@�DQG�:KHHOHU�>��@�>��@�ZH�ILQG�WKDW�LW
FRXOG�YHU\�ZHOO�EH�WKDW�LW�LV�WKH�DUHQD�RI�³VSDFH�WLPH´�WKDW�KDV�SURYLGHG�XV�ZLWK�DQ�LQFRPSOHWH�EDFN�
JURXQG�WR�GHVFULEH�TXDQWXP�WKHRU\��'ULYHQ�E\�WKLV�UHFRJQLWLRQ�QXPHURXV�DXWKRUV�>��@��>��@��>��@�
>��@�� >��@�KDYH�VRXJKW� WR� UHSODFH� WKH�FRQWLQXXP�ZLWK�D� VHW�RI�³SRLQWV´� �RU�YHUWLFHV��DQG�SRVVLEOH
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FRQQHFWLRQV�EHWZHHQ�WKHP��OLQNV�RU�HGJHV��WR�UHSUHVHQW�WKH�SUHJHRPHWULF�RULJLQ�RI�VSDFH�WLPH��,Q�IDFW
1DJHOV�>��@�KDV�VKRZQ�KRZ�VXFK�D�FRQVWUXFWLRQ�FRXSOHG�ZLWK�LGHDV�IURP�JUDSK�WKHRU\� OHDGV� WR��
VSDFH�ZLWK�SRVLWLYH�FXUYDWXUH��6RPHZKDW�UHODWHG�WR�WKHVH�GHYHORSPHQWV�3HQURVH�>��@�ZLWK�KLV�FHOH�
EUDWHG�³3HQURVH�VSLQ�QHWZRUN´�DQG�:RRWWHUV�>��@�KDYH�VRXJKW�WR�FRQVWUXFW�D�FRPELQDWRULF�GLVFUHWH
WKHRU\�RI� VSDFH� WLPH�XVLQJ�VSLQ�DV� WKH� IXQGDPHQWDO�³EXLOGLQJ�EORFN´�RU� ³OLQN´�EHWZHHQ�SRLQWV� LQ
VSDFH�WLPH�

7KH�SXUSRVH�RI�WKLV�QRWH�LV�WR�SRLQW�RXW�WKDW�EDVHG�RQ�JHQHUDO�SULQFLSOHV�RI�³UDQGRP�JUDSK�WKH�
RU\´�DQG� WKH�DVVXPSWLRQ�RI� FRXQWDELOLW\�� DOO� TXDQWXP�SURSHUWLHV�RI�SDUWLFOHV� VKRXOG�EH� FRUUHODWHG
ZLWK�QR�GHWHUPLQLVWLF�PHFKDQLVP�QHFHVVDU\� WR� H[SODLQ� WKLV� UHVXOW��6XFK�D� UHVXOW� VXJJHVWV� WKDW� WKH
TXHVWLRQ�RI�³KRZ�DQG�ZK\´�4�0���PLJKW�EH�UHSODFHG�E\�WKH�SUHJHRPHWULF�K\SRWKHVLV�WKDW�WKH�FRQ�
FHSW�RI�VSDFH�DQG�WLPH�DQG�TXDQWXP�WKHRU\�FDQ�EH�H[SUHVVHG�DV�D�UDQGRP�JUDSK�ZLWK�WKH�OLQNV�UHSUH�
VHQWLQJ�FRUUHODWLRQV�EHWZHHQ�WKH�YHUWLFHV�RI�WKH�JUDSK��KHUH�WKH�YHUWLFHV�FRXOG�UHSUHVHQW�SDUWLFOHV�RU
SDUWLFOH�SURSHUWLHV��

4XDQWXP�&RUUHODWLRQV�DQG�WKH�&RQQHFWLYLW\�RI�5DQGRP�*UDSKV

$V�PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ��5HI����� D
r
%HOO�GHPRQVWUDWHG�WKDW�QR�GHWHUPLQLVWLF�KLGGHQ�YDUL�

DEOH�WKHRU\�>��@�FRXOG�H[SODLQ�WKH�UHVXOWV�RI�VLPXOWDQHRXVO\�PHDVXULQJ�WKH�VSLQV�RI�WKH�WZR�IHUPLRQV
LQ�DQ�DQWL�V\PPHWULF�VWDWH�JLYHQ�E\
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GHPRQVWUDWLQJ� WKDW� WKH� H[SHFWDWLRQ� YDOXH� LV� �� IRU� GHWHFWLQJ� SDUWLFOH� VSLQV� LQ� RSSRVLWH� GLUHFWLRQV�
%HOO¶V�WKHRUHP�HVVHQWLDOO\�LQYROYHV�VKRZLQJ�WKDW�D�GHWHUPLQLVWLF�HYDOXDWLRQ�RI�(�D�E��OHDGV�WR�UHVXOWV
DW�YDULDQFH�ZLWK�(T���������(T��������FDQ�DOVR�EH�WKRXJKW�RI�DV�WKH�LQHYLWDEOH�UHVXOW�RI�WKH�FRUUHODWLRQ
RI�VSLQ���ZLWK�VSLQ���WKURXJK�WKH�DQWL�V\PPHWULF�ZDYH�IXQFWLRQ�(T��������ZKLFK�HPHUJHV�IURP�WKH
3DXOL�SULQFLSOH�IRU�IHUPLRQV��,W�PLJKW�EHWWHU�KDYH�EHHQ�VWDWHG�WKDW�WKH�IDLOXUH�RI�WU\LQJ�WR�LQYHQW�GH�
WHUPLQLVWLF�PHFKDQLVPV�WR�H[SODLQ�TXDQWXP�PHDVXUHPHQWV�LV�D�UHVXOW�RI�DFFHSWLQJ�WKH�3DXOL�SULQFLSOH
IRU�FRUUHODWHG�V\PPHWULFDO�DQG�DQWL�V\PPHWULF�ZDYH� IXQFWLRQV� �IRU�%RVRQV� DQG�)HUPLRQV� UHVSHF�
WLYHO\���9DULRXV�DXWKRUV�KDYH�SRLQWHG�RXW� WKDW� WKH�3DXOL�SULQFLSOH� LV� WKH�PRVW�DG�KRF�DQG�³EOLQG´
WHQHW�RI�TXDQWXP�WKHRU\�>��@��>��@�DQG�FRXOG�EH�UHODWHG�WR�PLVXQGHUVWRRG�WRSRORJLFDO�SURSHUWLHV�LQ
VSLQ�VSDFH��>���@�$QRWKHU�WDNHQ�IRU�JUDQWHG�IHDWXUH�RI�PDQ\�SDUWLFOH�V\VWHPV�LV�WKDW�WKH�H[FOXVLRQ
SULQFLSOH� LQIOXHQFHV� WKH�ELQGLQJ�HQHUJ\�RI� D� V\VWHP�RI�SDUWLFOHV�QRW� DORQH� WKURXJK� WKH�G\QDPLFDO
KDPLOWRQLDQ�� EXW� WKURXJK� WKH� DVVXPSWLRQ� RI� D� FRUUHODWHG� V\PPHWULF� RU� DQWL�V\PPHWULF� VWDWH�� 7KLV
VXJJHVWV� WKDW� WKH� SDUWLFOHV� ³IHHO´� D� FRQQHFWLYLW\� HYHQ� SULRU� WR� DQ\� G\QDPLFDO� LQWHUDFWLRQV�� ZKLFK
FRXOG�VXJJHVW� WKHLU� UHODWLRQVKLS� WR� VRPH�SUH�JHRPHWULF�RUGHULQJ�RU�QRWLRQ�RI�FRQQHFWLYLW\�� ,Q� WKLV
VSLULW�ZH�ERUURZ�IURP�LGHDV�FRQWDLQHG�LQ�HDUOLHU�ZRUNV�>��@��>��@��>��@�ZKHUH�SULRU�WR�WKH�JHRPHWULF
VWDWH�RI�0LQNRZVNL�VSDFH�WLPH�HDFK�SDUWLFOH�LV�D�³PLFURXQLYHUVH�RI�LWV�RZQ´�>��@�DQG�RQO\�DIWHU�VRPH
DV�\HW�QRW�XQGHUVWRRG�HYROXWLRQDU\�SURFHVV�VSDFH�WLPH�HYROYHG�WR�WKH�FRQWLQXXP�ZH�QRZ�SHUFHLYH�
,Q�WKH�HYROXWLRQDU\�SURFHVV��SDUWLFOHV�DOVR�EHFDPH�FRUUHODWHG�DQG�DW�WKLV�OHYHO�FRUUHODWLRQV�RI�V\P�
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PHWULF�DQG�DQWL�V\PPHWULF�VWDWHV�DUH�D�PDQLIHVWDWLRQ�RI�WKH�SURSHUWLHV�RI�HDFK�YHUWH[��SDUWLFOHV��DQG
WKH�FRQQHFWLRQ�LW�KDV�ZLWK�RWKHU�YHUWLFHV�

7R�SURYH�WKH�FRQQHFWLYLW\�RI�DOO�SDUWLFOH�VWDWHV��YHUWLFHV��ZH�FRQVLGHU�Q�YHUWLFHV�ZLWK�DW�OHDVW��Q�±
����HGJHV��+HUH�IRU�Q�YHUWLFHV�ZH�QHHG�DW�OHDVW��Q�±����HGJHV�IRU�D�JUDSK�WR�EH�FRQQHFWHG��:H�DOVR
DOORZ�RQO\�RQH�HGJH�EHWZHHQ�WZR�YHUWLFHV�� IRU� WKH�SUREDELOLW\�RI�FRQQHFWLRQ�RI�Q�YHUWLFHV�ZLWK�T
HGJHV�ZH�KDYH��S� �SUREDELOLW\�RI���HGJH��S������
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7KXV�IRU�D�ODUJH�QXPEHU�RI�YHUWLFHV�WKH�SUREDELOLW\�RI�FRQQHFWLYLW\�DSSURDFKHV����)URP�D�SK\VL�
FDO�SRLQW�RI�YLHZ�LW�VXJJHVWV�WKDW�LI�HYHQ�SULRU�WR�WKH�VWDWH�RI�VSDFH�DQG�WLPH�DV�ZH�QRZ�SHUFHLYH�WKHP
WKHUH�H[LVWHG�³SDUWLFOHV´�RU�³SDUWLFOH�SURSHUWLHV´��LI�WKHUH�ZHUH�D�ODUJH�HQRXJK�QXPEHU�RI�WKHP�WKH\
ZRXOG�RI�QHFHVVLW\�EH�FRQQHFWHG�RU�FRUUHODWHG�DFFRUGLQJ�WR�(T��������E\�MXVW�GUDZLQJ�OLQNV�EHWZHHQ
SDLUV�RI�YHUWLFHV�DQG�VWXG\LQJ�WKH�SUREDELOLW\�RI�FRQQHFWLRQ��:H�QRWH�WKH�PD[LPXP�QXPEHU�RI�OLQNV

IRU�Q�SDUWLFOHV�LV�
�
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��ZKLFK�LV�D�³FRPSOHWH�JUDSK´�LQ�WKH�ODQJXDJH�RI�JUDSK�WKHRU\��,W�DOVR

VXJJHVWV�WKDW�³IHUPLRQV´�DQG�³ERVRQV´�DWWDLQ�WKHLU�DQWL�V\PPHWULF�RU�V\PPHWULF�SURSHUWLHV�WKURXJK
WKLV�PHFKDQLVP�VXJJHVWHG�E\�³UDQGRP�JUDSK�WKHRU\´�

7KHUH�LV�DOVR�DQ�DOWHUQDWH�SURRI�RI�³FRQQHFWLYLW\´�WKDW�VWHPV�IURP�FRQVWUXFWLQJ�WKH�TXDQWLW\�>��@
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WKDW�JLYHQ�HQRXJK�OLQNV��HGJHV��D�JUDSK�ZLOO�³DOZD\V�EH�FRQQHFWHG´�DV�Q�JURZV�ODUJH��,W�LV�DOVR�QRWH�
ZRUWK\�WR�SRLQW�RXW�KHUH�WKDW�DV�PHQWLRQHG�HDUOLHU�WKH�³3DXOL�3ULQFLSOH´�GHWHUPLQHV�WKH�FRUUHODWLRQ
EHWZHHQ�IHUPLRQV�DQG�ERVRQV�ZKLFK�LQ�WXUQ�GHWHUPLQHV�WKH�RXWFRPH�RI�WZR�RU�PRUH�SDUWLFOH�FRUUHOD�
WLRQ�H[SHULPHQWV��)RU�1�IHUPLRQV�WKH�6ODWHU�GHWHUPLQDQW
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LQYROYHV�H[DFWO\�1��VHSDUDWH�SURGXFWV��LW�LV�DQ�DPD]LQJ�FRLQFLGHQFH�WKDW�IRU�1�YHUWLFHV�RI�FRPSOHWH

JUDSK�WKHUH�DUH�H[DFWO\�
�
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�HGJHV�RU�³OLQNV´�ZKHUHLQ�HDFK�YHUWH[�LV�FRQQHFWHG

WR�HYHU\�RWKHU�YHUWH[�RQFH��7KLV�PLJKW�VXJJHVW�WKDW�³SDUWLFOH�VWDWLVWLFV´�DUH�D�UHVXOW�RI�PD[LPL]LQJ�WKH
QXPEHU�RI�OLQNV��FRPSOHWH�JUDSK��EHWZHHQ�SDUWLFOHV�RU�YHUWLFHV�ZKHUH�WKHUH�FDQ�EH�RQO\���OLQN�EH�
WZHHQ�HDFK�SDLU�RI�YHUWLFHV�

&RQFOXVLRQ

,Q�WKH�DERYH�DQDO\VLV�ZH�KDYH�VKRZQ�KRZ�UDQGRP�JUDSK�WKHRU\�FDQ�EH�XVHG�WR�GHPRQVWUDWH�ZK\
40�LV�QRQ�ORFDO�QRW�RQ�WKH�EDVLV�RI�D�FDXVXDO�PHFKDQLVP�EXW�UDWKHU�RQ�WKH�EDVLV�RI�SUH�JHRPHWULF
FRQQHFWLYLW\�QRW�LQYROYLQJ�FRQWLQXRXV�VSDFH�WLPH�EXW�UDWKHU�OLQNV�ZLWK�QR�JHRPHWULF�SURSHUWLHV��:LWK
UHJDUG� WR� WKH�HPHUJHQFH�RI� WKH� FRQWLQXXP�³DVWURSK\VLFDO� VWXGLHV´�KDYH� LQGLFDWHG� WKDW� VSDFH� WLPH
PLJKW�KDYH�D�³VHOI�VLPLODU´�IUDFWDO�VWUXFWXUH�>��@�ZKLFK�PLJKW�VXJJHVW�HYROXWLRQ�IURP�D�VHOI�VLPLODU
JUDSK�DV�WKH�IRXQGDWLRQ�RI�5LHPDQQLDQ�JHRPHWU\��7KHUH�KDV�DOVR�UHFHQWO\�EHHQ�HYLGHQFH�VXJJHVWHG
E\�&ROHPDQ�DQG�*ODVKRZ�>��@�WKDW�D�YLRODWLRQ�RI�³VSHFLDO�UHODWLYLW\´�IRU�QHXWULQR�SURSDJDWLRQ�PLJKW
VXJJHVW�DQ�DEVROXWH�³SUHIHUUHG�IUDPH´�RU�³HWKHU´�IUDPHZRUN�RI�VSDFH�WLPH�KDYLQJ�D�ODWWLFH�VWUXFWXUH�
/DVWO\�VWXGLHV�RQ�WKH�YDULDWLRQ�RI�WKH�HOHFWURQ�J�IDFWRU�>��@�KDYH�LQGLFDWHG�WKDW�WKHUH�PLJKW�EH�D�³SUH�
IHUUHG�IUDPH´�LQ�WKH�XQLYHUVH�WKDW�DGPLWV�D�³)LQVOHU�JHRPHWU\´�ZKLFK�LV�DFWXDOO\�D�JHQHUDOL]DWLRQ�RI
5LHPDQQLDQ�JHRPHWU\��2WKHU�LQYHVWLJDWRUV�>��@�KDYH�VKRZQ�WKDW�)LQVOHU�JHRPHWU\�FDQ�OHDG�WR�PRGL�
ILFDWLRQV�RI�WKH�JHRGHVLF�PRWLRQ�WKDW�FDQ�EH�WHVWHG�ZLWKLQ�WKH�VRODU�V\VWHP��,W� LV�LPSRUWDQW�KHUH�WR
QRWH�WKDW�ODWWLFH�VWXGLHV�KDYH�LQGLFDWHG�WKDW�/RUHQW]�LQYDULDQFH�FDQ�QHYHU�EH�UHVWRUHG�RQ�D�ODWWLFH�DQG
DQ\�YLRODWLRQ�RI�VSHFLDO�UHODWLYLW\�>��@�PLJKW�HFKR�D�IDLQW�UHPLQGHU�WKDW�VSDFH�WLPH�HPHUJHG�IURP�D
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