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7LWOH�

&RQVWLWXWLYH�HOHPHQWV�LQ�VFLHQFH EH\RQG�SK\VLFV��7KH�FDVH�RI�WKH�+DUG\�:HLQEHUJ�SULQFLSOH

$XWKRU·V�QDPH DQG�DIILOLDWLRQ

0LFKHOH�/XFKHWWL

&HQWUDO�(XURSHDQ�8QLYHUVLW\

1DGRU�XWFD���

������%XGDSHVW

$EVWUDFW

,Q�WKLV�SDSHU��,�SUHVHQW D�QHZ�IUDPHZRUN�VXSSRUWLQJ WKH�FODLP�WKDW�VRPH�HOHPHQWV�LQ�VFLHQFH SOD\
D�FRQVWLWXWLYH IXQFWLRQ��ZLWK�WKH�DLP�RI�RYHUFRPLQJ�VRPH�OLPLWDWLRQV�RI�)ULHGPDQ·V��������DFFRXQW��
0RUH� SUHFLVHO\�� ,� IRFXV� RQ� ZKDW� ,� FRQVLGHU� WR� EH� WKH� JUDGXDOLVP� LPSOLFLW� LQ� )ULHGPDQ·V�
LQWHUSUHWDWLRQ RI� WKH� FRQVWLWXWLYH� D� SULRUL�� WKDW� LV�� WKH� IDFW� WKDW� LW� VHHPV� WR� DOORZ� IRU� GHJUHHV� RI�
¶FRQVWLWXWLYLW\·��,�WHDVH�RXW�VXFK�JUDGXDOLVP E\�VKRZLQJ�WKDW�WKH�FRQVWLWXWLYH�FKDUDFWHU�)ULHGPDQ�
DLPV� WR� WUDFN� FDQ� EH� FDSWXUHG� E\� WKUHH� IHDWXUHV� ² QDPHO\�� TXDVL�D[LRPDWLFLW\� �4$��� JHQHUDWLYH�
SRWHQWLDO� �*3��� DQG�HPSLULFDO� VKLHOGLQJ� �(6��² ZKLFK�DUH�H[KLELWHG� WR�D�PD[LPDO�GHJUHH�E\� WKH�
H[DPSOHV�)ULHGPDQ�GHSOR\V��SDUWLFXODUO\�LQ�KLV�DQDO\VLV�RI�1HZWRQLDQ�PHFKDQLFV�

,�DUJXH WKDW�QRW�DOO�YDULHWLHV�RI�¶FRQVWLWXWLYLW\·�FDQ�EH�FDSWXUHG�E\�WKH�NLQG�RI�JUDGXDOLVP�LPSOLFLW�LQ�
)ULHGPDQ·V�YLHZ��DOWKRXJK�GHYHORSLQJ�WKH�JUDGXDOLVP�LWVHOI�PLJKW�SURYLGH�XVHIXO�LQVLJKWV��7R�VKRZ�
WKLV��,�DQDO\VH WKH�IXQFWLRQ�RI�WKH�+DUG\�:HLQEHUJ�SULQFLSOH��+:3��LQ�SRSXODWLRQ�JHQHWLFV�LQ�WHUPV�
RI�LWV�4$��*3��DQG�(6��:KHUHDV�WKH�+:3�GRHV�QRW�FRXQW�DV�FRQVWLWXWLYH�LQ�FODVVLFDO�SKLORVRSKLFDO�
LQWHUSUHWDWLRQV��6REHU��������QRU�GRHV�LWZLWKLQ�)ULHGPDQ·V�IUDPHZRUN��LW�GRHV�QRQHWKHOHVV�SHUIRUP�
D�PLQLPDOO\ FRQVWLWXWLYH�IXQFWLRQ��%\�PHDQV�RI�KLVWRULFDO�GHWDLOV�DQG�FRQVLGHUDWLRQV�RQ�WKH�SURVSHFWV�
RI�UHSODFLQJ�WKH�+:3��,�VKRZ WKDW�WKH�+:3�LV�PLQLPDOO\�FRQVWLWXWLYH�E\�EHLQJ�D�FRXQWHUIDFWXDO�
LQVWDQWLDWLRQ�RI�D�SDUDGLJPDWLFDOO\�FRQVWLWXWLYH�VWDELOLW\�SULQFLSOH��ZKHUH�WKH�ODWWHU�PLJKW�LWVHOI EH
UHJDUGHG�DV�DQ�HQDEOLQJ�FRQGLWLRQ�IRU�D�YDULHW\�RI�PRGHOOLQJ�SUDFWLFHV�DFURVV�WKH�VFLHQFHV��

.H\ZRUGV

&RQVWLWXWLYH� SULQFLSOHV LQ� VFLHQFH�� +DUG\�:HLQEHUJ� SULQFLSOH�� SRSXODWLRQ� JHQHWLFV�� HTXLOLEULXP�
VWDWH��VFLHQWLILF�WKHRULVLQJ� 0LFKDHO )ULHGPDQ
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����,QWURGXFWLRQ

5HFHQW� OLWHUDWXUH�KDV�EHHQ�IORXULVKLQJ�DURXQG�WKH� LGHD�WKDW�VRPH�HOHPHQWV� LQ VFLHQFH�SHUIRUP�D�

VSHFLDO�� QDPHO\� ¶FRQVWLWXWLYH·� IXQFWLRQ�� 2QH� RYHUDUFKLQJ� DFFRXQW� EDVHG� RQ� WKLV� LGHD� KDV� EHHQ�

GHYHORSHG E\�0LFKDHO�)ULHGPDQ�� ,Q�KLV� �������� LQ�IDFW��KH DUJXHV�WKDW�SK\VLFDO�WKHRULHV�FRQWDLQ�

SULQFLSOHV�WKDW�SOD\�D�SHFXOLDU�UROH��LQ�WKDW�WKH\�SURYLGH�IXQGDPHQWDO�FRQFHSWXDO�HOHPHQWV�UHTXLUHG�

WR�IRUPXODWH�DQG�HPSLULFDOO\�WHVW�WKH�WKHRU\�LWVHOI��,Q�RWKHU�WHUPV� DV�KH�H[SODLQV� WKH\�HVWDEOLVK�D�

FRRUGLQDWLRQ� EHWZHHQ� RXU� PDWKHPDWLFDO� UHSUHVHQWDWLRQV� DQG� WKH� FRQFUHWH� SKHQRPHQD� WR� EH�

UHSUHVHQWHG��$W�WKH�VDPH�WLPH��WKHVH�SULQFLSOHV�FDQQRW�EH�WKHPVHOYHV�WHVWHG�IURP�ZLWKLQ�WKHLU�RZQ�

WKHRU\��7KXV�� WKH\� FRXQW� DV� D� SULRUL� HYHQ� WKRXJK� WKH\� FDQ�EH� HQGRZHG�ZLWK� HPSLULFDO� FRQWHQW

�)ULHGPDQ�������SS���������

)ULHGPDQ·V�DSSURDFK FHUWDLQO\�DOORZV�IRU PRUH�ILQH�JUDLQHG�HSLVWHPRORJLFDO�DQDO\VHV�WKDQ�4XLQH·V�

������� KROLVP�� HVSHFLDOO\� DV� IDU� DV XQGHUVWDQGLQJ� VFLHQWLILF� FKDQJH� LV� FRQFHUQHG� �6WXPS� �������

EHFDXVH� LW� DFFRXQWV� IRU� IXQGDPHQWDO� HSLVWHPLF� DV\PPHWULHV� LQWHUQDO� WR� SK\VLFDO� WKHRULHV�ZKLFK�

FDQQRW�EH�FDSWXUHG�E\�4XLQH·V�QRWLRQ�RI�HQWUHQFKPHQW��+RZHYHU��)ULHGPDQ·V�SRVLWLRQ�VHHPV�WR�

DGDSW�ZHOO�RQO\�WR�VRPH�HSLVRGHV�RI�UDGLFDO FRQFHSWXDO�FKDQJH�LQ�WKH�KLVWRU\�RI�SK\VLFDO�WKHRULHV��

DQG�KLV�LQWHUSUHWDWLRQ�RI�WKH�FRQVWLWXWLYH�IXQFWLRQ�VHHPV�KDUGO\�DSSOLFDEOH�WR�PDQ\ RWKHU�VFLHQWLILF�

GRPDLQV��VXFK�DV��IRU�LQVWDQFH� WKDW�RI WKH�OLIH�VFLHQFHV��7KLV�FDQ�EH�H[SODLQHG��LQ�P\�YLHZ��E\�WKH�

IDFW�WKDW�KH VHHPV�WR�UHJDUG�WKH�SHUIRUPLQJ�RI�D�FRQVWLWXWLYH�IXQFWLRQ�DV�DQ�DOO�RU�QRWKLQJ IHDWXUH�

ZKLOH�� LQ�IDFW��KLV�DFFRXQW�DOUHDG\�SUHVHQWV�DQ�LPSOLFLW�JUDGXDOLVP��DOEHLW� LQ�D�OLPLWHG�VHQVH��7KLV�

OLPLWDWLRQ� LV�PDLQO\� GXH� WR� KLV� LQWHUSUHWDWLRQ RI� WKH� FRQVWLWXWLYH� D� SULRUL��ZKLFK� LV EDVHG� RQ�KLV�

DQDO\VLV�RI�WKH�VWUXFWXUH�RI�VSDFH�WLPH�WKHRULHV��

7KLV�SDSHU DLPV�DW GHYHORSLQJ�D�IUDPHZRUN�LQ�ZKLFK�WKLV FRQVWLWXWLYH�IXQFWLRQ�LV�FRQVWUXHG�DV�D�

PDWWHU�RI�GHJUHH��VR�WKDW�LW FDQ�EH�H[WHQGHG�WR�GRPDLQV�EH\RQG�PDWKHPDWLFDO�SK\VLFV��DQG�WKHUHIRUH�

DFFRPPRGDWH�SHUVSHFWLYHV�RQ�WKH�FRQVWLWXWLYH�IXQFWLRQ�RI�QRQ�WKHRUHWLFDO�FRPSRQHQWV�WKDW�KDYH�

HPHUJHG�LQ�WKH�OLWHUDWXUH�DIWHU�)ULHGPDQ��,�ZLOO�VKRZ WKH�IUXLWIXOQHVV�RI�P\�IUDPHZRUN�E\�IRFXVLQJ�

RQ�D�FDVH�VWXG\��WKDW�LV��WKH�HSLVWHPLF�UROH�RI�WKH�+DUG\�:HLQEHUJ�SULQFLSOH��+:3��LQ�SRSXODWLRQ�

JHQHWLFV�

� ,Q�WKLV�SDSHU��,�FRQVLGHU�)ULHGPDQ·V�YLHZ�DV�WKH�¶GHIDXOW·�SRVLWLRQ�LQ�WKH�GHEDWH��IRU�WZR�PDLQ�UHDVRQV��
)LUVWO\�� )ULHGPDQ·V� YLHZ� HVWDEOLVKHG� LWVHOI� DV� D� PDMRU� UHIHUHQFH� SRLQW� LQ� WKH� OLWHUDWXUH� RQ� FRQVWLWXWLYH�
SULQFLSOHV� LQ� VFLHQFH�� 6HFRQGO\�� LW� GHYHORSV� D� JHQHUDO QRWLRQ�RI� FRQVWLWXWLYH�SULQFLSOHV��ZKLFK� LPSDFWV RQ�
YDULRXV�SKLORVRSKLFDO�DQG�VFLHQWLILF�LVVXHV��VXFK�DV�WKH�UROH�RI�SKLORVRSK\�ZLWK�UHVSHFW�WR�WKH�VFLHQFHV��RU�
WKH�LVVXH�RI�FRQFHSWXDO�FKDQJH�DFURVV�VFLHQWLILF�UHYROXWLRQV��1RQHWKHOHVV��PXFK�ZRUN�KDV�EHHQ�GRQH��DQG�
LV�VWLOO�EHLQJ�GRQH��RQ�PRUH�FRQWH[W�VHQVLWLYH DQDO\VHV�RI�WKH�FRQVWLWXWLYH�UROH�RI�VRPH�SULQFLSOHV��SDUWLFXODUO\�
LQ�PRGHUQ�SK\VLFV��ZKLFK�GR�QRW�DSSHDO�WR�)ULHGPDQ·V�DQDO\VLV��FI��%LWERO�HW�DO��������&DVWHOODQL�������
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����7KH�+DUG\�:HLQEHUJ�SULQFLSOH

7KH�+:3�LV�D�WKHRUHWLFDO�WRRO�GHSOR\HG�LQ�D�ZLGH�UDQJH�RI�PRGHOOLQJ�SUDFWLFHV�LPSOHPHQWHG�E\�

SRSXODWLRQ�JHQHWLFLVWV��*LOOHVSLH�������+DUWO�DQG�&ODUN�������5XVVHOO��������,WV�VLPSOHVW�IRUPXODWLRQ�

DVVXPHV�WKH�SUHVHQFH�RI�RQO\�WZR�YDULDQWV�RI�WKH�VDPH�DOOHOH��GRPLQDQW�DQG�UHFHVVLYH� ,W�VWDWHV�WKDW��

LQ� WKH� DEVHQFH� RI� HYROXWLRQDU\� IRUFHV� �QDWXUDO� VHOHFWLRQ�� PXWDWLRQ�� PLJUDWLRQ��� LQ� DQ� LQILQLWH�

SRSXODWLRQ� RI� VH[XDOO\� UHSURGXFLQJ� GLSORLG� RUJDQLVPV� ZKLFK� PDWH� UDQGRPO\�� WKH� JHQRW\SLF�

IUHTXHQFLHV�RI�WKH�RIIVSULQJ�JHQHUDWLRQ�ZLOO�EH�GLVWULEXWHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�IUHTXHQFLHV�

$$��S� $D���ST DD��T�

ZKHUH�$ DQG�D DUH�WKH�WZR�DOOHOLF�YDULDQWV�ZKLFK�GHWHUPLQH�WKH�WKUHH�SRVVLEOH�JHQRW\SHV��$$��$D��

DQG�DD���ZKHUHDV�S DQG�T DUH�WKH�DOOHOH�IUHTXHQFLHV�LQ�WKH�SDUHQW�JHQHUDWLRQ�

:LWK� WKH� HVWDEOLVKPHQW� RI� WKH�'DUZLQLDQ� V\QWKHVLV� LQ� WKH� ����V�� WKH� XVH� RI� WKH�+:3�EHFDPH�

FXVWRPDU\��LQ�WKDW�LW�GHVFULEHG�WKH�HTXLOLEULXP�VWDWH RI��DW�OHDVW�D�FODVV�RI��JHQHWLF�SRSXODWLRQV��ZKLFK�

LV�RIWHQ�LQWHUSUHWHG�DV�WKH�FRQGLWLRQV�XQGHU�ZKLFK�QR�H[WHUQDO�IRUFH DFWV�RQ�D�V\VWHP��6WHSKHQV�������

+DUWO�DQG�&ODUN��������*LYHQ�WKLV�UROH��JHQHWLFV�WH[WERRNV�DQG�SDSHUV�JHQHUDOO\�FKDUDFWHULVH� WKH�

+:3�DV�D�]HUR�IRUFH�PRGHO��DQG�DQDORJLHV�EHWZHHQ�VXFK�UROH�DQG�WKDW�RI�WKH�ILUVW�ODZ�RI�PRWLRQ�LQ�

1HZWRQLDQ�PHFKDQLFV DUH�IUHTXHQW��0D\R�������5XVH�������6REHU��������1RQHWKHOHVV��VFHSWLFDO�

DWWLWXGHV�WRZDUGV�WKH�+:3�DV�D�]HUR�IRUFH�VWDWH��DQG�WRZDUGV�WKH�XQGHUVWDQGLQJ�RI�HYROXWLRQ�DV�D�

WKHRU\�RI IRUFHV LQ�JHQHUDO��KDYH�HPHUJHG��(DUQVKDZ�������0DWWKHQ�DQG�$ULHZ�������������:DOVK�

�������,Q�DGGLWLRQ��VRPH�UHVHDUFKHUV�KDYH�HPSKDVLVHG�KRZ�FHUWDLQ�DVVXPSWLRQV�RI�WKH�+:3�DUH�

SUREOHPDWLF�IRU�LWV�UROH�RI�]HUR�IRUFH�VWDWH��/L�������6WDUN�����D������E������� 6WDUN�DQG�6HQHWD�

�������&RQVHTXHQWO\��DOWHUQDWLYH�GLUHFWLRQV�KDYH�EHHQ�H[SORUHG��ZLWK�WKH�DLP�RI�RYHUFRPLQJ�WKH�

OLPLWDWLRQV�RI�WKH�+:3��E\�HLWKHU�UHFRQFHSWXDOLVLQJ�WKH�QRWLRQ�RI�HTXLOLEULXP�VWDWH�LQ�D�G\QDPLFDO��

UDWKHU�WKDQ�D�PHFKDQLFDO��VHQVH��%RVFR�HW�DO���������RU�SURYLGLQJ�D�FKDUDFWHULVDWLRQ�RI�WKH�]HUR�

IRUFH�FRQGLWLRQ�IRU�DOO�HYROXWLRQDU\�V\VWHPV��0F6KHD�DQG�%UDQGRQ�������

$� SURPLQHQW� XQGHUVWDQGLQJ� RI� WKH� +:3� FKDUDFWHULVHV� LW� DV� DQ� D� SULRUL HOHPHQW� RI� SRSXODWLRQ�

JHQHWLFV��ZKHQ�VXLWDEO\�IRUPXODWHG��6REHU��������0\�DUJXPHQW�WKDW�WKH�+:3�SHUIRUPV�D�PLQLPDOO\�

FRQVWLWXWLYH�IXQFWLRQ�LV�PDLQO\�DLPHG�DW�VKRZLQJ�WKH�H[SODQDWRU\�SRWHQWLDO�RI�P\�IUDPHZRUN�IRU�

FRQVWLWXWLYH�HOHPHQWV LQ�FRQWUDVW�ZLWK )ULHGPDQ·V ��������7KH�+:3�PDNHV�IRU�D�JRRG�FDVH�VWXG\�

EHFDXVH SRSXODWLRQ� JHQHWLFV� LV� D� KLJKO\� PDWKHPDWLVHG� VFLHQFH�� WKXV� DOORZLQJ� IRU� D� FRQYHQLHQW�

FRPSDULVRQ�ZLWK�WKH�FDVH�RI�1HZWRQLDQ�PHFKDQLFV�DQDO\VHG�E\�)ULHGPDQ��$W�WKH�VDPH�WLPH��WKH�

+:3�GHPRQVWUDWHV WKH�DGYDQWDJHV RI�D�JUDGXDO�XQGHUVWDQGLQJ�RI�WKH�FRQVWLWXWLYH�IXQFWLRQ�RXWVLGH�

WKH�GRPDLQ�RI�PDWKHPDWLFDO�SK\VLFV��1RQHWKHOHVV��JLYHQ�WKDW�6REHU·V DQG�)ULHGPDQ·V DQDO\VHV�GR�

QRW�RYHUODS� VLQFH WKH\ DUH�EDVHG�RQ�GLIIHUHQW�DVVXPSWLRQV�FRQFHUQLQJ�WKH�D�SULRUL��WKLV�SDSHU�PD\�
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EH�UHJDUGHG�DV�DQ�DWWHPSW�WR�EULGJH�WKH�GLVFXVVLRQ�DERXW�WKH�FRQVWLWXWLYH�IXQFWLRQ�RI�VRPH�HOHPHQWV�

DQG�WKH�RQH DERXW WKH�UROH�DQG�VWDWXV�RI�WKH�+:3�LQ�SRSXODWLRQ�JHQHWLFV��7KHUHIRUH��,�ZLOO�SURYLGH�

JURXQGV�WR�FODLP�WKDW�P\�LQWHUSUHWDWLRQ�RI�WKH�+:3�DV�PLQLPDOO\�FRQVWLWXWLYH�LV�QRW�LQ�SULQFLSOH�

LQFRPSDWLEOH�ZLWK�6REHU·V YLHZ�RQ�WKH�+:3�

����2XWOLQH�RI�WKH�SDSHU

,Q�VHFWLRQ����,�RXWOLQH�WKH�FRUH�RI�)ULHGPDQ·V�SHUVSHFWLYH��DQG�IRFXV�RQ�WKH�PDLQ�FULWLFLVPV�UDLVHG�

DJDLQVW�KLV�YLHZ� ,�DOVR�FODULI\�LQ�ZKLFK�UHVSHFWV�,�GHSDUW�IURP�KLV�YLHZ�DQG�GUDZ�HOHPHQWV�IURP�

RWKHUV��PRUH�VSHFLILFDOO\�IURP�:LOOLDP�:LPVDWW��,Q�VHFWLRQ����,�LQWURGXFH WKH�WKUHH�SDUDPHWHUV�²

WKDW�LV��TXDVL�D[LRPDWLFLW\��4$���JHQHUDWLYH�SRWHQWLDO��*3���DQG�HPSLULFDO�VKLHOGLQJ��(6��² WKURXJK�

ZKLFK�,�VKRZ�WKH�JUDGXDOLVP�LPSOLFLW�LQ�)ULHGPDQ·V�YLHZ��7KHVH�IHDWXUHV�DOVR�DOORZ�PH�WR�GHYHORS�

D�IUDPHZRUN�WR�XQGHUVWDQG�WKH�FRQVWLWXWLYH�IXQFWLRQ�DV�D�PDWWHU�RI�GHJUHH�DQG�FRQWH[W��*LYHQ�VXFK�

IUDPHZRUN��LQ�VHFWLRQ���,�H[DPLQH�WKH�HSLVWHPLF�IXQFWLRQ�RI�WKH�+:3�DV�PLQLPDOO\�FRQVWLWXWLYH��

LQ� FRPSDULVRQ�ZLWK� WKH� SDUDGLJPDWLF� FDVH� RI� WKH� ODZV� RI�PRWLRQ� LQ�1HZWRQLDQ�PHFKDQLFV�� DV�

DQDO\VHG E\�)ULHGPDQ���������,Q�WKH�OLJKW�RI�VXFK�DQDO\VLV��,�DUJXH�WKDW�WKH�+:3�SOD\V�D�FRQVWLWXWLYH�

IXQFWLRQ�LQ�WKDW�LW�ZRUNV�DV�HTXLOLEULXP�SULQFLSOH�IRU�D�FODVV�RI�JHQHWLF�SRSXODWLRQV��WKXV�SHUIRUPLQJ�

D�GLIIHUHQW� IXQFWLRQ� WKDQ�ZKDW�)ULHGPDQ� IRFXVHV�RQ��EXW�QRQHWKHOHVV� FRQVWLWXWLYH� WR�D�PLQLPDO�

H[WHQW��$V�SDUW�RI�VKRZLQJ�WKDW�WKH�+:3�UHSUHVHQWV�D�PLQLPDO�FDVH��,�DOVR�SRLQW�WR�ZKDW�PD\ FRXQW�

DV�D�SDUDGLJPDWLFDOO\�FRQVWLWXWLYH�FRPSRQHQW�LQ�LWV�EDFNJURXQG��,Q�IDFW��WKH�+:3·V�IXQFWLRQ�PLJKW�

EH�FRQVLGHUHG�DV�RQH�RI�WKH�SRVVLEOH�FRQFUHWH�LQVWDQWLDWLRQV�RI�D�PRUH�JHQHUDO�DQG�IRUPDO�¶VWDELOLW\·�

SULQFLSOH�� ZKLFK� PLJKW� EH� XQGHUVWRRG� DV� DQ� HQDEOLQJ� FRQGLWLRQ� WR� LPSOHPHQW� RXU� PRGHOOLQJ�

SUDFWLFHV� DFURVV� WKH� VFLHQFHV��'XH� WR� WKH� OLPLWHG� VFRSH�RI� WKLV�SDSHU�� WKH�SRLQW�FRQFHUQLQJ� WKH�

VWDELOLW\�SULQFLSOH�ZLOO�RQO\�EH�SUHVHQWHG�DV�D WHQWDWLYH�VXJJHVWLRQ��LQ�QHHG�RI�IXUWKHU�VFUXWLQ\��,Q�

VHFWLRQ����,�VXPPDULVH�P\�FRQFOXVLRQV�

���

����:KLWKHU�FRQVWLWXWLYH SULQFLSOHV"

5HFHQWO\��WKHUH�KDYH�EHHQ�VHYHUDO�UHDSSUDLVDOV�RI�WKH�UROH�RI�WKH�D SULRUL LQ�SKLORVRSKLFDO�DQDO\VHV�RI�

VFLHQFH�� 7KHVH� UHDSSUDLVDOV� PRYH� DZD\� IURP� WKH� HSLVWHPRORJLFDO� KROLVP WKDW� HPHUJHG� IURP

4XLQH·V��������IDPRXV�UHMHFWLRQ RI WKH�ORJLFDO�HPSLULFLVWV·�DQDO\WLF�V\QWKHWLF�GLYLGH��ZKLFK�OHDYHV

QR�URRP�IRU�DQ\�D�SULRUL� 6WLOO��WKH\�GR�QRW�KDYH�WKH�VSHFLILF�DLP�RI GHIHQGLQJ�WKH�H[LVWHQFH�RI�D�

SULRUL�WUXWKV LQGHSHQGHQW�RI�H[SHULHQFH��5DWKHU��WKH\�XVXDOO\�IRFXV�RQ�WKH�LQWHUSUHWDWLRQ�RI�WKH�D�SULRUL

� &I���IRU�LQVWDQFH��&KDQJ���������)ULHGPDQ���������3KLOVWU|P DQG�6LLWRQHQ ��������6WXPS���������DQG�6XiUH]�
�������
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IURP�D WUDQVFHQGHQWDO VWDQGSRLQW��FRQFHLYHG�LQ�WHUPV�RI WKH�HSLVWHPLF�IXQFWLRQ RI�FHUWDLQ�HOHPHQWV�DV

HQDEOLQJ�FRQGLWLRQV IRU�VFLHQFH�

%\�D�WUDQVFHQGHQWDO�VWDQFH��LW�LV�XVXDOO\�PHDQW WKH�VXVSHQVLRQ�RI�WKH�EHOLHI�WKDW�WKH�ZRUOG�GLVFORVHV�

LWVHOI�WR�XV�LQGHSHQGHQWO\�RI�WKH�ZD\V�ZH�HQJDJH�ZLWK�LW��WR�IRFXV�RQ�WKH�FRQGLWLRQV�RI�SRVVLELOLW\ IRU�XV�

WR�LQYHVWLJDWH�DQG�UHSUHVHQW�WKH�ZRUOG�VFLHQWLILFDOO\��7KLV�GRHV�QRW�QHFHVVDULO\�HQWDLO�D�VKDUS�FRQWUDVW�

ZLWK� HSLVWHPRORJLFDO� QDWXUDOLVP�� L�H�� WKH� YLHZ� WKDW� ´WKH� VWXG\� RI� VFLHQFH� LV� LWVHOI� D� VFLHQWLILF�

HQWHUSULVHµ��*LHUH������ S������� $�WUDQVFHQGHQWDO�VWDQFH�VKRXOG�EH�FRQFHLYHG�DV�WKH�WHPSRUDU\�

EUDFNHWLQJ�RI�H[LVWHQFH�FODLPV�DERXW�ZKDW�ZH�QRUPDOO\� FRQVLGHU� DV� VFLHQWLILFDOO\�H[SODLQDEOH�� WR�

IRFXV�RQ�KRZ�LW�LV�SRVVLEOH WKDW�LW�FDQ�EH�H[SODLQHG�VFLHQWLILFDOO\��7R�DQVZHU�WKH�TXHVWLRQV��´+RZ�LV�LW�

SRVVLEOH�WKDW�[ FDQ�EH�DFFRXQWHG�IRU�VFLHQWLILFDOO\"µ�DQG�´:KDW�LV�UHTXLUHG�IRU�[ WR�EH�H[SODLQHG�

VFLHQWLILFDOO\"µ�� LQGHHG�UHFRXUVH�FDQ�DQG�VKRXOG�EH�PDGH�WR�HPSLULFDO�GDWD� �FRJQLWLYH��KLVWRULFDO��

VRFLRORJLFDO��HWF����+RZHYHU��WKH�PRGH�RI�RUJDQLVDWLRQ�DQG�MXVWLILFDWLRQ�RI�VXFK�HPSLULFDO�LQSXW��WKH�

HPSKDVLV�RQ�IUDPLQJ�WKH�H[SODQDQV DV�D� FRQGLWLRQ�RI�SRVVLELOLW\��DQG�WKH�DFW�RI� ¶EUDFNHWLQJ·� LWVHOI�DUH�

FHUWDLQO\�SKLORVRSKLFDO�LQ�QDWXUH��7KH\�DUH�DVSHFWV�RI�WKH�LQYHVWLJDWLRQ�DQG�UHIOHFWLRQ�RQ�VFLHQFH�DV

REMHFW�RI� LQTXLU\�� WKDW� DOORZ� VXFK� UHIOHFWLRQ� WR�HOHYDWH� LWVHOI� DW� D�PHWD�OHYHO�ZLWK� UHVSHFW� WR� WKH�

VFLHQFH�WKH\�ZDQW�WR�DFFRXQW�IRU�

*LYHQ�WKHVH�SUHPLVHV��VRPH UHFHQW�YLHZV KDYH�IRFXVHG�RQ�WKH�D�SULRUL ZLWK�UHVSHFW�WR�LWV�FRQVWLWXWLYH

IXQFWLRQ��)ULHGPDQ�������6WXPS��������%\�¶FRQVWLWXWLYH·��LW�LV�PHDQW�WKDW�VRPH�FRPSRQHQWV�RI�D

FHUWDLQ VFLHQWLILF�IUDPHZRUN�FDQ�FRXQW�DV�D�SULRUL LQ�YLUWXH�RI�WKH�IDFW�WKDW�WKH\�FRQVWLWXWH�WKH�REMHFW�

RI� NQRZOHGJH�� 7KDW� LV�� WKHVH� FRPSRQHQWV SURYLGH IXQGDPHQWDO FRQFHSWXDO VWUXFWXUHV� WKDW DUH�

UHTXLUHG�E\ D�FHUWDLQ�VFLHQWLILF�IUDPHZRUN�WR�IUDPH�WKH�HPSLULFDO�SKHQRPHQD�RI�LQWHUHVW DQG��WKXV��

HQDEOH�WKH�SUREOHP�VROYLQJ�DFWLYLWLHV�WDNLQJ�SODFH�ZLWKLQ�WKH�IUDPHZRUN� +RZHYHU� WKRVH SHFXOLDU�

FRQFHSWXDO�VWUXFWXUHV�DUH�QRW�WKHPVHOYHV PHUHO\ GHULYHG IURP�H[SHULHQFH��HYHQ�WKRXJK�WKH\�DUH�QRW�

QHFHVVDULO\ GHYRLG�RI�HPSLULFDO�FRQWHQW� $FFRUGLQJ�WR�WKHVH�DXWKRUV��WKH�FRQVWLWXWLYH IXQFWLRQ�LV�

SHUIRUPHG�E\ FHUWDLQ�SULQFLSOHV LQWHUQDO�WR WKH�VWUXFWXUH�RI�DW�OHDVW�VRPH �SK\VLFDO��WKHRULHV� 7KHVH�

SULQFLSOHV�KDYH�D�VSHFLDO�VWDWXV�LQ�YLUWXH�RI�WKHLU�GLVWLQFWLYH�HSLVWHPLF�IXQFWLRQ ZLWKLQ�WKRVH�WKHRULHV��

EXW�WKH\�DUH�QRW�D�SULRUL LQ�DQ�DEVROXWH�DQG�IL[HG�VHQVH�VLQFH�WKH\�FDQ�EH�VXEMHFW�WR�UHSODFHPHQW��,Q�

WKH�QH[W�VXEVHFWLRQ��,�ZLOO�RXWOLQH�WKH�NH\�IHDWXUHV RI 0LFKDHO�)ULHGPDQ·V�YLHZ��ZKLFK�ZLOO�EH�P\�

PDLQ�FULWLFDO�WDUJHW�IRU�WKH�UHPDLQLQJ�SDUW�RI�VHFWLRQ���

����0LFKDHO�)ULHGPDQ·V�¶UHODWLYLVHG�D�SULRUL·�DQG�LWV�FULWLFV

� &I��&DOOHEDXW������� SS�������RQ�WKH�YDULHWLHV�RI�QDWXUDOLVP�DQG�WKHLU�UHODWLRQVKLS�ZLWK�WKH�WUDQVFHQGHQWDO�
VWDQGSRLQW�
� &I��WKH�FODVVLF�SDVVDJH�IURP�5HLFKHQEDFK������������ SS���������
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$FFRUGLQJ�WR�)ULHGPDQ��WKH�SUREOHP�VROYLQJ�DFWLYLWLHV�RI�VFLHQFH�PDNLQJ�WDNH�SODFH�ZLWKLQ�.XKQ�

OLNH�VFLHQWLILF�SDUDGLJPV�RU�IUDPHZRUNV��%\�IRFXVLQJ�FKLHIO\�RQ�WKH�KLVWRU\�DQG�VWUXFWXUH�RI�VSDFH�

WLPH�WKHRULHV��)ULHGPDQ�DUJXHV�WKDW�SK\VLFDO�WKHRUHWLFDO�IUDPHZRUNV�DUH�FRPSULVHG�RI�WKUHH�¶OHYHOV·��

D� PDWKHPDWLFDO�� D� PHFKDQLFDO�� DQG� DQ� HPSLULFDO� RQH�� ZKHUH� WKH� PHFKDQLFDO� SDUW� HVWDEOLVKHV� D�

FRRUGLQDWLRQ� EHWZHHQ� WKH� PDWKHPDWLFDO� DQG� WKH� HPSLULFDO� SDUWV�� )RU� LQVWDQFH�� LQ� 1HZWRQLDQ�

PHFKDQLFV��WKH�WKUHH�ODZV�RI�PRWLRQ�DUH�WKH�PHFKDQLFDO�SDUW��LQ�WKDW�WKH\�HVWDEOLVK�WKH�FRQQHFWLRQ�

EHWZHHQ�WKH�PDWKHPDWLFDO�SDUW��VXSSOLHG�E\�WKH�PDWKHPDWLFV�RI�WKH�LQILQLWHVLPDO�FDOFXOXV��DQG�WKH�

HPSLULFDO�SDUW��ZKLFK�LV�WKH�GRPDLQ�RI�SKHQRPHQD�GHVFULEHG�E\�WKH�ODZ�RI�XQLYHUVDO�JUDYLWDWLRQ��

:LWKLQ� WKH� FRQWH[W� RI� D� WKHRU\�� WKH� PDWKHPDWLFDO� SDUW� DQG� WKH� PHFKDQLFDO� SDUW� DUH� WRJHWKHU�

FRQVWLWXWLYH RI�WKH�HPSLULFDO�SDUW��7KH�PDWKHPDWLFDO�DQG�WKH�PHFKDQLFDO�SDUWV�DUH�WKHUHIRUH�D�SULRUL��

EXW�RQO\�LQ�WKH�VHQVH�WKDW�WKH\�DUH�FRQVWLWXWLYH�RI�WKH�IXQGDPHQWDO�WKHRUHWLFDO�FRQFHSWV�RI�D�WKHRU\��

VLQFH�WKH\�SURYLGH�EDVLF�HOHPHQWV�RI�WKH�FRQFHSWXDO�PDFKLQHU\�WKDW�LV�UHTXLUHG�WR�IRUPXODWH�DQG�

WHVW� WKH� ODZ� RI� XQLYHUVDO� JUDYLWDWLRQ�� 1RQHWKHOHVV�� WKHVH� FRQVWLWXWLYH� SULQFLSOHV� FKDQJH� GXULQJ�

SURIRXQG� FRQFHSWXDO� UHYROXWLRQV�� ZKLFK� EULQJ� DERXW� D� QRYHO� SDUDGLJP�� 7KH� WUDQVLWLRQ� IURP�

1HZWRQLDQ� PHFKDQLFV� WR� UHODWLYLVWLF� SK\VLFV� LV� PDUNHG� E\� D� PDMRU� FRQFHSWXDO� VKLIW�� ZKLFK� LV�

GHWHUPLQHG�E\�D�FKDQJH�LQ�WKH�SDUDGLJP·V�FRQVWLWXWLYH��RU�UHODWLYLVHG�D�SULRUL��SULQFLSOHV��7KH�SDUDGLJP�

RI�FODVVLFDO�PHFKDQLFV��IUDPHG�E\�WKUHH�GLPHQVLRQDO�(XFOLGHDQ�VSDFH�DQG�WKH�1HZWRQLDQ�ODZV�RI�

PRWLRQ��LV�VXEVWLWXWHG�E\�VSHFLDO�UHODWLYLW\��ZKHUH�WKH�FRQVWLWXWLYH�HOHPHQWV�DUH�WKH�IRXU�GLPHQVLRQDO�

JHRPHWU\�RI�0LQNRZVNL� VSDFH�WLPH� DQG� WKH� OLJKW�SULQFLSOH�� DQG�E\� JHQHUDO� UHODWLYLW\��ZKHUH� WKH�

FRQVWLWXWLYH�IXQFWLRQ� LV�SHUIRUPHG�E\�WKH�JHRPHWU\�RI��VHPL��5LHPDQQLDQ�VSDFH�WLPH�PDQLIROGV�

DQG�E\�WKH�SULQFLSOH�RI�HTXLYDOHQFH��

)ULHGPDQ·V�YLHZ�KDV�UHFHLYHG�VHYHUDO�FULWLFLVPV��ZKLFK�PD\�EH�JURXSHG�DFFRUGLQJ�WR�WKH�FDWHJRULHV�

RI�LQWHUQDO�DQG�H[WHUQDO�FULWLTXHV��:KLOH WKH�IRUPHU�HQJDJHV�ZLWK�WKH�SLWIDOOV�DQG�IODZV�RI�)ULHGPDQ·V�

YLHZ�EDVHG�RQ�KLV�RZQ�H[DPSOHV��WKH�ODWWHU�FULWLFLVHV KLV�IUDPHZRUN�IRU�LWV�OLPLWHG�DSSOLFDELOLW\�RU�

ODFN� RI� FRQVLVWHQF\� ZLWK� IXUWKHU� EURDGO\� VKDUHG� FRQVLGHUDWLRQV� DERXW� VFLHQFH�� ,� IRFXV� RQ� WKH�

H[WHUQDO�FULWLTXH��JLYHQ� WKDW� WKH�DLP RI WKLV�SDSHU� LV� WKDW�RI�GHYHORSLQJ�D�QRWLRQ�RI�FRQVWLWXWLYH�

SULQFLSOHV�ZKLFK�PD\�EH�D�XVHIXO�HSLVWHPLF�WRRO DFURVV VFLHQWLILF�ILHOGV��,W�VKRXOG EH�HYLGHQW� HYHQ�

IURP�WKH VXFFLQFW�VNHWFK SUHVHQWHG�DERYH� WKDW )ULHGPDQ·V�LQWHUSUHWDWLRQ RI�WKH�FRQVWLWXWLYH�D�SULRUL

UHOLHV RQ� KLV� DQDO\VLV� RI� WKH� VWUXFWXUH� RI� SK\VLFDO� WKHRULHV� FRXSOHG� ZLWK� D�.XKQLDQ� SLFWXUH� RI�

VFLHQWLILF�GHYHORSPHQW��$V�LW�LV�ZLGHO\�NQRZQ��IRU .XKQ ����������� VFLHQWLILF�UHYROXWLRQV�SURGXFH�

IXQGDPHQWDO FKDQJHV ZLWK�UHVSHFW�WR WKH�SUREOHP�VROYLQJ�DFWLYLWLHV�DQG�FRQFHSWXDO�XQGHUSLQQLQJV�

RI�D�VFLHQWLILF�ILHOG�RI LQTXLU\��LQ�WKDW�WKH\�EULQJ DERXW�QHZ�SDUDGLJPV��WKDW�LV��QHZ�DJUHHG�XSRQ�

VWDQGDUGV�RI�LQYHVWLJDWLRQ�WKDW�FRPH�WR�FKDUDFWHULVH�WKH�VWDWH�RI�¶QRUPDO·�VFLHQFH�ZLWKLQ�WKDW�ILHOG�

,Q�)ULHGPDQ·V�YLHZ� WKH�SDVVDJH�IURP�RQH�VFLHQWLILF�SDUDGLJP WR�WKH�IROORZLQJ ² L�H���IURP�RQH VHW�
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RI�FRQVWLWXWLYH�HOHPHQWV�WR�WKH�IROORZLQJ�² KDSSHQV�WKURXJK�D�VHULHV RI�¶QDWXUDO�WUDQVIRUPDWLRQV·��

7KDW�LV��ZKHQ D�QHZ�IUDPHZRUN�VXSHUVHGHV�WKH�SUHYLRXV�RQH��WKH�ODWWHU PDLQWDLQV�LWV�YDOLGLW\�RQO\�

DV�OLPLWLQJ�FDVH �)ULHGPDQ ����� S������ ,QGHHG��WKLV�DQDO\VLV GRHV�QRW�VHHP�WR�GR MXVWLFH�WR�WKH�

DFWXDO�VWDWH�RI�PRVW�VFLHQFH��JLYHQ�WKDW�VXFK�QDWXUDO�WUDQVIRUPDWLRQV�VHHP�TXLWH�UDUH�LQ�WKH�KLVWRU\�

RI�WKH�VFLHQFHV��DQG�DUH�RIWHQ�PRUH�FKDRWLF�WKDQ�DOORZHG�E\�)ULHGPDQ·V�IUDPHZRUN��:KDW�LV�PRUH��

WKH�FRH[LVWHQFH�DQG�VRPHWLPHV� WKH�FRPSHWLWLRQ�RI�D�SOXUDOLW\�RI� IUDPHZRUNV� LQ�D� ILHOG�VHHPV�D�

UDWKHU FRPPRQ�IHDWXUH DFURVV�VFLHQWLILF�ILHOGV�� ,Q�DGGLWLRQ��)ULHGPDQ·V�¶SXULILHG·�XQGHUVWDQGLQJ�RI�

.XKQLDQ�SDUDGLJPV DV�XQLTXHO\�FRPSRVHG�RI� UHODWLYLVHG�D�SULRUL HOHPHQWV�� WKDW� LV�� DV�EHLQJ�SXUHO\�

FRQFHSWXDO�LQ�QDWXUH� UHVWV�RQ�D�VWURQJ�LGHDOLVDWLRQ�RI�.XKQ·V�YLHZ��OHDYLQJ�RXW�FUXFLDO�DVSHFWV�RI�

VFLHQWLILF� SUDFWLFH� LQ� FRQVWLWXWLQJ� D� SDUDGLJP�� WR� WKH� DGYDQWDJH� RI� DQ� RYHUO\� WKHRU\�FHQWULF�

SHUVSHFWLYH �0RUPDQQ� ������ )LQDOO\�� FULWLFV KDYH� IRFXVHG� RQ� DQRWKHU DVVXPSWLRQ PDGH� E\�

)ULHGPDQ�� +LV� LQWHUSUHWDWLRQ� RI� FHUWDLQ� SULQFLSOHV� DV� FRQVWLWXWLQJ� HPSLULFDO� ODZV� LQ� VSDFH�WLPH�

WKHRULHV VHHPV� WR HQWDLO WKDW� WKHVH� SULQFLSOHV� VKRXOG� FRXQW� DV IXQGDPHQWDO� DVVXPSWLRQV� IRU� DOO

HPSLULFDO� LQTXLULHV DFURVV DOO� VFLHQFHV� �&KDQJ� ����� S�� ������ ZKLOH WKLV� LV� IDU� IURP� EHLQJ�

XQFRQWURYHUVLDO��

����%H\RQG�)ULHGPDQ·V�LQWHUSUHWDWLRQ�RI�WKH�FRQVWLWXWLYH�D�SULRUL

7KH�FULWLFLVPV� ,�EULHIO\� UHKHDUVHG� LQ� WKH�SUHYLRXV� VXEVHFWLRQ�SUHVV�)ULHGPDQ·V�SHUVSHFWLYH�ZLWK�

UHVSHFW�WR�LWV�ELDV�WRZDUGV�PDWKHPDWLFDO�SK\VLFV DQG�WR�LWV�WKHRU\�FHQWULVP��JLYHQ�WKDW�LW�DVVXPHV�

WKDW VFLHQFH� LV D� FROOHFWLRQ� RI� WKHRULHV VXSHUVHGLQJ� RQH� DQRWKHU�� WKXV� GRZQSOD\LQJ� WKH� UROH� RI�

VFLHQWLILF�SUDFWLFH��7KHVH�OLPLWDWLRQV�FDQ�EH�EHWWHU�XQGHUVWRRG�² ,�EHOLHYH�² E\�WDNLQJ�D�FORVHU�ORRN�

DW�)ULHGPDQ·V LQWHUSUHWDWLRQ�RI�WKH�FRQVWLWXWLYH�D�SULRUL��DQG�DW�LWV�RZQ�OLPLWV�

)ULHGPDQ�HPEUDFHV�D�PDWHULDO LQWHUSUHWDWLRQ�RI�WKH�D�SULRUL��DFFRUGLQJ�WR�ZKLFK�WKRVH�HOHPHQWV�WKDW�

SHUIRUP�D�FRQVWLWXWLYH�IXQFWLRQ��DQG�WKXV�FRXQW�DV�D�SULRUL��FDQ�EH�HQGRZHG�ZLWK�HPSLULFDO�FRQWHQW�

�VXFK� DV� LQ� WKH� H[DPSOH� RI� WKH� 1HZWRQLDQ� ODZV� RI� PRWLRQ��� 7KHVH� SULQFLSOHV�� DFFRUGLQJ� WR�

)ULHGPDQ��DUH�FRPSRQHQWV�WKDW�FRQWULEXWH�LQ�PDNLQJ�XS�WKH�VWUXFWXUH�RI�WKH�SK\VLFDO�WKHRU\�XQGHU�

VFUXWLQ\��7KH\�DUH�FRQVWLWXWLYH�LQ�WKDW�WKH\�SURYLGH�IXQGDPHQWDO�FRQFHSWV�DQG�WKH�FRQGLWLRQV�RI�

� 7KLV�LV�FHUWDLQO\�WKH�FDVH�IRU�WKH�OLIH�VFLHQFHV��ZKHUH�V\QFKURQLF�HSLVWHPLF�SOXUDOLVP�LV�WKH�QRUP��/HRQHOOL�
�������EXW� DOVR� LQ�HOHFWURFKHPLVWU\� DQG�DWRPLF�FKHPLVWU\� �&KDQJ��������(YHQ� LQ� WKH�FDVH�RI�VSDFH�WLPH�
WKHRULHV��LW�LV�RIWHQ�QRWHG�WKDW�1HZWRQLDQ�PHFKDQLFV�LV�VWLOO�FRPPRQO\�WDXJKW�DQG�XVHG�IRU�D�ZLGH�YDULHW\�RI�
SXUSRVHV��DQG�WKDW�VFLHQWLVWV�RIWHQ�ZRUN�DFURVV�IUDPHZRUNV��$�FRPPRQ�H[DPSOH�LV�WKDW�RI�*,6�V\VWHPV��
ZKLFK�FRPELQH�HOHPHQWV�IURP�1HZWRQLDQ�PHFKDQLFV��UHODWLYLVWLF�SK\VLFV��DQG�TXDQWXP�SK\VLFV��FI��&KDQJ�
�������DQG�:LQWKHU���������
� &I��� IRU� LQVWDQFH� 6WXPS·V� �������FULWLFLVP�RI�)ULHGPDQ�RQ� WKLV�SRLQW��EDVHG�RQ�1RUWRQ·V� �������������
DFFRXQW�RI�LQGXFWLRQ� 5DWKHU�WKDQ�LQ�YHU\�EURDG DVVXPSWLRQV�RQ�QDWXUH�LQ�JHQHUDO��VFLHQWLILF�LQTXLULHV DUH�
XVXDOO\�JURXQGHG�LQ VSHFLILF�SUHVXSSRVLWLRQV��FI��DOVR�3DGRYDQL��������,Q�WKH�ZRUGV�RI�/RYH������� S��������
�&KDQJHV�LQ�FRQFHSWV�GXH�WR�HPSLULFDO�DGYDQFHV�DUH�ORFDOL]HG�DQG�WKHUHIRUH�WHQG�WR�H[KLELW�GLVWLQFWO\�UHJLRQDO�
DIIHFWV�LQ�VFLHQWLILF�WKHRUL]LQJ��DQG�HPSLULFDO�WHVWLQJ��EHFDXVH�WHVWV�DUH�ORFDOL]HG�WR�D�SDUWLFXODU�0,6�>PDWHULDO�
LQIHUHQWLDO�VWUXFWXUH@�VXFK�WKDW�SRVLWLYH�RU�QHJDWLYH�UHVXOWV�GR�QRW�HFKR�LQWR�HYHU\�RWKHU�WKHRU\�VWUXFWXUH��
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WHVWDELOLW\�RI�RWKHU�HPSLULFDO�VWDWHPHQWV��ZKLOH�WKH\�FDQQRW�EH�WKHPVHOYHV�HPSLULFDOO\�WHVWHG�IURP�

ZLWKLQ WKHLU�RZQ�IUDPHZRUN��7KHUHIRUH��WKHVH SULQFLSOHV�FRQVWLWXWH��WKDW�LV��FRQFHSWXDOO\�GHWHUPLQH��

WKH�ILUVW�RUGHU�HPSLULFDO�ODZV��VXFK�DV�WKH�ODZ�RI�XQLYHUVDO�JUDYLWDWLRQ��ZKHUH�¶ILUVW�RUGHU·�UHIHUV�WR�

WKRVH�ODZIXO�HPSLULFDO�JHQHUDOLVDWLRQV�ZKLFK�GLUHFWO\�VWUXFWXUH�WKH�FRQFUHWH�HPSLULFDO�SKHQRPHQD�

,W�LV�ZRUWK�KLJKOLJKWLQJ�WKDW )ULHGPDQ·V�PDWHULDO�LQWHUSUHWDWLRQ RI�WKH�FRQVWLWXWLYH D�SULRUL LV�QRW�WKH�

RQO\�RQH�DYDLODEOH� 7KH FRQVWLWXWLYH D�SULRUL FDQ�DOVR�EH VXEMHFW WR�D IRUPDO LQWHUSUHWDWLRQ��DFFRUGLQJ�

WR�ZKLFK WKH�D�SULRUL LV�FRPSOHWHO\�GHYRLG�RI�FRQWHQW��EXW�VWLOO�SHUIRUPV�D�FRQVWLWXWLYH�IXQFWLRQ�� DQG

LW�FDQ�EH�XQGHUVWRRG�LQ�SUDJPDWLF WHUPV��WKXV�QRW�FKDQJLQJ�LQ�IXQFWLRQ�RI�WKH�JURZWK�RI�VFLHQWLILF�

NQRZOHGJH��EXW�RI�SUDJPDWLF�FKRLFHV�� ,Q�DGGLWLRQ��)ULHGPDQ·V PDWHULDO�LQWHUSUHWDWLRQ LQ�WHUPV�RI�

WKHRU\�UHODWLYH�SULQFLSOHV� ZKLFK�GHWHUPLQH�FRQFHSWXDOO\�FHUWDLQ� ODZIXO�HPSLULFDO�JHQHUDOLVDWLRQV��

FDQ�RQO\�DFFRXQW�IRU RQH�DPRQJ�WKH�PDQ\�¶SKHQRPHQD·�LQ�VFLHQFH�ZKHUH�D�FRQVWLWXWLYH�IXQFWLRQ�

PD\�EH�DW�SOD\��L�H��KRZ�ODZIXO�HPSLULFDO�JHQHUDOLVDWLRQV�H[SUHVVHG�LQ�PDWKHPDWLFDO�WHUPV�FDQ�VD\�

VRPHWKLQJ�DERXW�WKH�ZRUOG RI FRQFUHWH�SKHQRPHQD��

$V� HPSKDVLVHG� E\� WKH� ODEHO� ¶ILUVW�RUGHU·� DSSOLHG� WR� HPSLULFDO� ODZV�� )ULHGPDQ·V� PDWHULDO�

LQWHUSUHWDWLRQ�RI�WKH�D�SULRUL LV�VXSSRUWHG�E\�KLV�DQDO\VLV�RI�WKH�VWUXFWXUH�RI�SK\VLFDO�WKHRULHV�LQ�WKUHH�

OHYHOV��PDWKHPDWLFDO��PHFKDQLFDO��HPSLULFDO���7KLV�DQDO\VLV�DOORZV�KLP�WR�DFFRPPRGDWH�WKH�PDWHULDO�

LQWHUSUHWDWLRQ� RI� FRQVWLWXWLYH� D� SULRUL HOHPHQWV� DV� ZRUNLQJ� EHWZHHQ� WKH� OHYHO� RI PDWKHPDWLFDO�

VWUXFWXUHV�DQG�WKDW�RI�FRQFUHWH�SKHQRPHQD��$W�WKH�VDPH�WLPH��LW�VROYHV�WKH�SUREOHP�RI�FRRUGLQDWLRQ�

L�H�� KRZ� WR� FRRUGLQDWH� DEVWUDFW� PDWKHPDWLFDO� VWUXFWXUHV� HPSW\� RI� FRQWHQW� ZLWK� HPSLULFDO�

SKHQRPHQD�� VR� WKDW� WKH� IRUPHU� FDQ� GHVFULEH� WKH� ODWWHU�� 7KH� FRRUGLQDWLRQ� LV� HVWDEOLVKHG�E\� WKH�

FRQVWLWXWLYH�HOHPHQWV�DW�WKH�PHFKDQLFDO�OHYHO��

$V�SRLQWHG�RXW�E\�-RQDWKDQ�7VRX��������IRRWQRWH����)ULHGPDQ·V�GLVWLQFWLRQ�RI�WKUHH�OHYHOV�LQWHUQDO�

WR� SK\VLFDO� WKHRULHV� VHHPV� WR� DOORZ� IRU� D� GLVWLQFWLRQ� EHWZHHQ� GLIIHUHQW� GHJUHHV� RI� DSULRULW\� RU�

FRQVWLWXWLYLW\��7KH�PDWKHPDWLFDO�SULQFLSOHV�DUH��LQ�IDFW��D�SULRUL WRXW�FRXUW��LQ�WKDW�WKH\�FDQQRW�EH GLUHFWO\

WHVWHG�RU�GLVFRQILUPHG�LQ�WKH�OLJKW�RI�H[SHULHQFH��7KH�PHFKDQLFDO��FRRUGLQDWLQJ��SULQFLSOHV�DUH��LQ�

D�VHQVH��OHVV D�SULRUL WKDQ�WKH�PDWKHPDWLFDO�RQHV��LQ�WKDW�WKH\�SDUWDNH�RI�HPSLULFDO�FRQWHQW��)ROORZLQJ�

WKH�VDPH�GLUHFWLRQ��WKH�LQILQLWHVLPDO�FDOFXOXV�VHHPV�¶PRUH�FRQVWLWXWLYH·�WKDQ�WKH�ODZV�RI�PRWLRQ��

VLQFH�LW�SURYLGHV�WKH�FRQFHSWV�WR�H[SUHVV�WKH�ODZV�RI�PRWLRQV�WKHPVHOYHV��ZKLOH�ERWK�WKH�FDOFXOXV�

DQG�WKH�ODZV�RI�PRWLRQ�DUH�UHTXLUHG�WR�IRUPXODWH�DQG�WHVW�WKH�ODZ�RI�XQLYHUVDO�JUDYLWDWLRQ��

� ([DPSOHV FDQ�EH�IRXQG�LQ�%X]]RQL������� DQG�6WXDUW��������
� &KDQJ��������������DQG�6WXPS��������JR�LQ�WKLV�GLUHFWLRQ�
� 7KLV�LV�WKH�VR�FDOOHG�¶SUREOHP�RI�FRRUGLQDWLRQ·��&I��9DQ�)UDDVVHQ��������FKDS�����



ϵ

7KLV JUDGXDOLVP�� KRZHYHU�� LV� QRW� VSHOOHG� RXW� H[SOLFLWO\� E\� )ULHGPDQ�� ,QGHHG�� WKH� JUDGXDOLVP�

UHVXOWLQJ� IURP� W\LQJ� WKH� LQWHUSUHWDWLRQ� RI� WKH� FRQVWLWXWLYH� D� SULRUL WR� D� VSHFLILF� DQDO\VLV� RI� WKH�

VWUXFWXUH�RI�SK\VLFDO�WKHRULHV�PLJKW�EH�KDUG�WR�GHIHQG�LQ�RWKHU�FRQWH[WV��,Q�IDFW��WKLV�JUDGXDOLVP�

PLJKW�DW�OHDVW�WDNH�GLIIHUHQW�IRUPV�LQ�GLIIHUHQW�VFLHQWLILF�IUDPHZRUNV��ZKLFK�DUH�QRW�ZHOO�GHVFULEHG�

E\�WKH�WKUHH�OHYHO�VWUXFWXUH�)ULHGPDQ�LGHQWLILHV�LQ�VSDFH�WLPH�WKHRULHV��

)XUWKHUPRUH�� LW� KDV� EHHQ� DUJXHG� WKDW� WKHUH� DUH� FRPSRQHQWV� RI� VFLHQFH�PDNLQJ� WKDW� SOD\� D�

FRQVWLWXWLYH� IXQFWLRQ� EXW� DUH� QRW� WR� EH� VHDUFKHG� DW� WKH� OHYHO� RI� WKHRULHV�� DV� LQ� WKH� FDVH� RI�

PHDVXUHPHQW�SURFHGXUHV��9DQ�)UDDVVHQ��������&RQVHTXHQWO\��HYHQ�WKH�LVVXH�RI�FRRUGLQDWLQJ�RXU�

PDWKHPDWLFV�ZLWK� HPSLULFDO� SKHQRPHQD�PLJKW� QRW� EH� VROYHG�RQO\� E\�PHDQV� RI� WKH� WKHRUHWLFDO�

SULQFLSOHV�)ULHGPDQ�DOORZV�IRU��3DGRYDQL��������������HYHQ�LI�ZH�HPEUDFH�WKH�WKUHH�OHYHO�DQDO\VLV��

2YHUDOO��)ULHGPDQ·V�PDWHULDO�LQWHUSUHWDWLRQ�ZLWKLQ�WKH�FRQWH[W�RI�VSDFH�WLPH�WKHRULHV�DOORZV�IRU�D�

JUDGXDOLVP�WKDW��SODXVLEO\��PD\�EH�SHFXOLDU�RQO\�WR�KLJKO\�PDWKHPDWLVHG�SK\VLFDO�VFLHQFHV��ZKLOH�LWV�

FDSDFLW\�RI�VROYLQJ�WKH�LVVXH�RI�FRRUGLQDWLRQ�LV�TXHVWLRQDEOH��,QGHHG��KLV�YLHZ�RQ WKH�FRQVWLWXWLYH�D�

SULRUL KDV�EHHQ�FULWLFLVHG�HYHQ�ZLWK�UHVSHFW�WR�VRPH RI�KLV�RZQ H[DPSOHV�LQ�VSDFH�WLPH�SK\VLFV���

6WLOO��P\�DLP�KHUH�LV�QRW�WKDW�RI�GHIHQGLQJ�)ULHGPDQ·V�YLHZ��EXW�UDWKHU�XVLQJ�LW�DV�D�VSULQJERDUG IRU�

IXUWKHU�UHIOHFWLRQ�RQ�WKH�YHU\�QRWLRQ�RI�FRQVWLWXWLYH�SULQFLSOHV��7KH�SRVVLELOLW\�RI�DQ�DQDO\VLV�RI�WKH�

FRQVWLWXWLYH�IXQFWLRQ�ZLWK�UHVSHFW�WR�VFLHQWLILF�SUDFWLFH�RU�ILHOGV�RWKHU�WKDQ�PDWKHPDWLFDO�SK\VLFV�

ILQGV�IURP�WKH�YHU\�VWDUW�D�OLPLWHG�WRRO�LQ�)ULHGPDQ·V�LQWHUSUHWDWLRQ�DQG�LQ�KLV�XQGHUVWDQGLQJ�RI�

¶FRQVWLWXWLYH·�PHUHO\�DV�¶FRQVWLWXWLYH�RI�ILUVW�RUGHU�HPSLULFDO��SK\VLFDO��ODZV·�

*LYHQ� WKHVH� FRQVLGHUDWLRQV�� ,� EHOLHYH� WKDW� UHVRXUFHV� FDQ� EH� IRXQG� WR� HODERUDWH� DQ� DFFRXQW� RI�

FRQVWLWXWLYH� HOHPHQWV� WKDW�� LQ� WKH� ILUVW� SODFH�� DFNQRZOHGJHV� DQG� SXVKHV� WKH� ERXQGDULHV� RI� WKH�

JUDGXDOLVP�LPSOLFLW�LQ�)ULHGPDQ��,Q�WKH�QH[W�VHFWLRQ��,�ZLOO�SURYLGH�D�IUDPHZRUN�WKDW��RQ�WKH�RQH�

KDQG��PDNHV�HYLGHQW�DQG�GHYHORSV�WKH�JUDGXDOLVP�RI�)ULHGPDQ·V�YLHZ�ZKLOH��RQ�WKH�RWKHU�KDQG��LW�

DOORZV� IRU� DFFRPPRGDWLQJ�FRQVWLWXWLYH�HOHPHQWV�GLIIHUHQW� IURP� WKRVH�)ULHGPDQ� IRFXVHV�RQ��E\�

GHFRXSOLQJ�WKH�JUDGXDOLVP�IURP�KLV�DQDO\VLV�RI�WKH�VWUXFWXUH�RI�SK\VLFDO�WKHRULHV��7R�GR�WKLV��,�ZLOO�

ILUVW�LQWURGXFH�WZR�QRWLRQV�,�ERUURZ�IURP�:LOOLDP :LPVDWW·V�DFFRXQW�RI�VFLHQWLILF�FKDQJH��ZKLFK�

ZLOO�SURYLGH�VRPH�FUXFLDO�XQGHUSLQQLQJV�RI�P\�IUDPHZRUN��

:LPVDWW� �������������������GHYHORSHG�D�PRGHO� RI VFLHQWLILF� FKDQJH� WKDW� FRXOG DOVR� UHSODFH� WKH�

DQDO\WLF�V\QWKHWLF�GLVWLQFWLRQ��+H�HVWDEOLVKHG�DQ�DQDORJ\�EHWZHHQ�HYROYLQJ�V\VWHPV�LQ�WKH�UHDOP�RI�

ELRORJ\ DQG�VFLHQFH�DV�FKDUDFWHULVHG�E\�DQ�RUJDQLF�GHYHORSPHQW��:LWKLQ�WKLV GHYHORSPHQW��FHUWDLQ�

�� 7KHVH� FULWLFLVPV� DUH�ZKDW� ,� ODEHOOHG� ¶LQWHUQDO·� FULWLTXH� LQ� VHFWLRQ������+RZDUG� ������� DQG�3LWWV� �������
FRQYLQFLQJO\�DUJXH�DJDLQVW�)ULHGPDQ·V�FKDUDFWHULVDWLRQ�RI�WKH�HTXLYDOHQFH�SULQFLSOH�DV�FRQVWLWXWLYHO\�D�SULRUL
ZLWKLQ�WKH�JHQHUDO�WKHRU\�RI�UHODWLYLW\��,�WKDQN�DQ�DQRQ\PRXV�UHIHUHH�IRU�GLUHFWLQJ�PH�WR�WKHLU�FULWLFLVPV��6HH�
DOVR�(YHUHWW��������



ϭϬ

JHQHUDWLYH�V\VWHPV�KDYH�D�UROH�LQ�SURYLGLQJ�GHYHORSPHQWDO�FRQVWUDLQWV�DORQJ�WKH�SDWK�RI�VFLHQWLILF�

SURJUHVV�� 6RPH� HOHPHQWV� DUH� FKDUDFWHULVHG� E\� D� KLJK� GHJUHH� RI� JHQHUDWLYH� HQWUHQFKPHQW�� ZKLFK� LV�

SURSRUWLRQDO� WR�WKH�QXPEHU�RI�GRZQVWUHDP�IHDWXUHV�ZKLFK�GHSHQG�XSRQ�WKHP��:LPVDWW��������

:KHQ�DSSOLHG�WR�WKH�DQDO\VLV�RI�VFLHQWLILF�NQRZOHGJH��WKLV�QRWLRQ�RI�HQWUHQFKPHQW�LV�QRW�LGHQWLFDO�

WR� WKDW� SUHVXSSRVHG� E\� 4XLQH·V� KROLVWLF� ZHE�� EHFDXVH� LQ�:LPVDWW·V� HQWUHQFKPHQW� SLFWXUH� WKH�

RUJDQLVDWLRQ� DQG� LQWHUDFWLRQV� EHWZHHQ� VFLHQWLILF� WKHRULHV� DQG� GLVFLSOLQHV� DUH� FKDUDFWHULVHG�

QRQHWKHOHVV�E\�TXDVL�LQGHSHQGHQFH��ZKLFK�LV�HVVHQWLDO�IRU�HYROXWLRQ�WR�SURFHHG�DW�D�UHDVRQDEOH�UDWH��

7KLV� PHDQV�� HDFK� VFLHQWLILF� ¶QLFKH·� SUHVHUYHV� D� VLJQLILFDQW� GHJUHH� RI� DXWRQRP\� IURP� WKH�

GHYHORSPHQW� RI� RWKHU� GLVFLSOLQHV�� ILHOGV�� DQG� WKHRULHV�� :LWKRXW� WKLV LQGHSHQGHQFH�� VFLHQWLILF�

WKHRULHV��VXE�GLVFLSOLQHV��HWF��ZRXOG�KDYH�WR�EHDU�WRR�PDQ\�FRQVWUDLQWV�WR�HYROYH�DV�IDVW�DV�WKH\�GR��

7KH�QRWLRQ�RI�¶JHQHUDWLYLW\·��DOEHLW�GHFRXSOHG�E\�WKH�IHDWXUH�RI�HQWUHQFKPHQW��DQG�WKDW�RI�¶TXDVL�

LQGHSHQGHQFH·�ZLOO�EH�NH\�IHDWXUHV�RI�WKH�IUDPHZRUN�,�GHYHORS�LQ�WKH�QH[W�VHFWLRQ��

��

����7RZDUGV�D�QHZ�IUDPHZRUN�IRU�XQGHUVWDQGLQJ�WKH�FRQVWLWXWLYH�IXQFWLRQ

7KH� DLP� RI� WKLV� VHFWLRQ� LV� WKDW� RI� GHYHORSLQJ� D� IUDPHZRUN� WKDW� DFFRXQWV� IRU� WKH� IDFW� WKDW� D�

FRQVWLWXWLYH�IXQFWLRQ�PD\�EH�SHUIRUPHG�E\�GLIIHUHQW�HSLVWHPLF�HOHPHQWV�LQ�QXPHURXV�ZD\V��$V�D�

ILUVW�VWHS�WRZDUGV�P\�RZQ�IUDPHZRUN��,�GHYHORS�WKH�JUDGXDOLVP�DOUHDG\�LPSOLFLW�LQ�)ULHGPDQ·V�YLHZ�

E\�VWDUWLQJ�ZLWK�D�UDWKHU�EURDG�XQGHUVWDQGLQJ�RI�WKH�FRQVWLWXWLYH�IXQFWLRQ�DQG�GHVFULELQJ�LWV�PRVW�

VDOLHQW�IHDWXUHV� 7KHQ��LQ�VHFWLRQ����,�WXUQ�WR�D�FDVH�VWXG\��WR�VKRZ�KRZ�WKH�JUDGXDOLVP�FDQ�KHOS�

PDNLQJ�VHQVH�RI�WKH�FRQVWLWXWLYH�IXQFWLRQ�EH\RQG�WKH�OLPLWV�VHW�E\�)ULHGPDQ·V�LQWHUSUHWDWLRQ�

+HUH� LV� P\� JHQHUDO� XQGHUVWDQGLQJ� RI� WKH� FRQVWLWXWLYH� IXQFWLRQ�� 'HSHQGLQJ� RQ� WKH� VFLHQWLILF�

IUDPHZRUN� RI� LQTXLU\� XQGHU� VFUXWLQ\�� VRPH� HOHPHQWV� RI� LW� DUH� FRQVWLWXWLYH� LQ� WKDW� WKH\� DUH�

SUHFRQGLWLRQV� WKDW� HQDEOH� WKH� HSLVWHPLF� DFWLYLWLHV� UHTXLUHG� E\� WKH� IUDPHZRUN� WR� RSHUDWH�� ZLWK�

UHVSHFW�WR�WKHLU�FDSDFLW\�WR�GHWHUPLQH�FRQFHSWXDO�FDWHJRULHV�WKDW�DOORZ�XV�WR�GLVWLQJXLVK�EHWZHHQ�

UHOHYDQW�DQG�LUUHOHYDQW�SDWWHUQV�RI�UHJXODULWLHV�RI�SKHQRPHQD��,Q�RWKHU�ZRUGV��WKHVH�HOHPHQWV�SOD\�

D�FUXFLDO� UROH� LQ� WKH�GHYHORSPHQW�RI� IXQGDPHQWDO�FRQFHSWXDO� WRROV�E\�ZKLFK�D�FHUWDLQ�VFLHQWLILF�

IUDPHZRUN� ZRUNV�� DQG� ZKLFK�� DW� WKH� VDPH� WLPH�� FRQVWUDLQ� WKH� ZD\V� LQ� ZKLFK� WKDW� VFLHQWLILF�

IUDPHZRUN� FKDUDFWHULVHV� FRQFHSWXDOO\� LWV� REMHFW� RI� LQTXLU\�� 5DWKHU� WKDQ� EHLQJ� IHDWXUHV� PHUHO\�

LQIHUUHG�IURP�HPSLULFDO�UHDOLW\��VXFK�HOHPHQWV�DUH�EHWWHU�FKDUDFWHULVHG�DV�IHDWXUHV�RI�RXU�HSLVWHPLF�

IUDPHZRUNV� WKDW� HQDEOH� RXU� VFLHQWLILF� UHSUHVHQWDWLRQ� RI� ² DQG� HQJDJHPHQW�ZLWK�² UHDOLW\�� 7KLV�

FKDUDFWHULVDWLRQ�PLJKW� LQFOXGH� LQVWDQFHV� RI� VHYHUDO� W\SHV� RI� HSLVWHPLF� FRPSRQHQWV�� DW� GLIIHUHQW�

OHYHOV� RI� JHQHUDOLW\� �H�J�� WKHRUHWLFDO� SULQFLSOHV��PHDVXUHPHQW� SURFHGXUHV�� VFLHQWLILF� LQVWUXPHQWV��



ϭϭ

HWF���� ,Q� IDFW�� WKHVH� HOHPHQWV�PD\� SHUIRUP� GLVWLQFW� VSHFLILF IXQFWLRQV�� DQG� HYHQ� EH� KLHUDUFKLFDOO\�

RUJDQLVHG��$�SRZHUIXO� IUDPHZRUN� VKRXOG�EH� DEOH� WR� DOORZ� IRU� WKH� VSHFLILF�GLIIHUHQFHV�EHWZHHQ�

WKHP��EXW�LW�LV�E\�DGGLQJ�FRQWH[WXDOLVHG�DQG�KLVWRULFDOO\�VLWXDWHG�DQDO\VHV�RI�VSHFLILF�FDVHV�WKDW�VXFK�

GLIIHUHQFHV�VKRXOG�EH�DFFRXQWHG�IRU�

����&HQWUDO�IHDWXUHV�RI�WKH�IUDPHZRUN

7KH� W\SLFDO� IHDWXUHV� WKDW� ,� WDNH� FRQVWLWXWLYH� HOHPHQWV� WR� VKDUH�� DOVR� RQ� WKH� JURXQGV� RI� ERWK�

)ULHGPDQ·V DQG�:LPVDWW·V�DFFRXQWV��DUH�WKH�IROORZLQJ�

4XDVL�D[LRPDWLFLW\��4$���FHUWDLQ�FRPSRQHQWV�RI�VFLHQWLILF�IUDPHZRUNV VKRZ�D�IHDWXUH�ZKLFK�LV�

DNLQ WR� WKDW� H[KLELWHG� E\� FRQYHQWLRQV� RU� DQDO\WLF� WUXWKV�� LQ� WKDW� WKH\� LQWURGXFH� VWDQGDUGV� DQG�

FRQVWUDLQWV� IRU� GHVFULELQJ� DQG� LQYHVWLJDWLQJ� D� GRPDLQ� E\� PHDQV� RI� VSHFLILF� FRQFHSWV �RU�

SURFHGXUHV��� 7KH\� DUH� KHOG� FRQVWDQW�� ZKLOH� DOORZLQJ� WKH� RWKHU� YDULDEOHV� WKDW� FRPSULVH� WKH�

IUDPHZRUN� �RIWHQ�� EXW� QRW� DOZD\V�� D� WKHRU\�� WR� EH� WHVWHG� RU� FKDQJHG� 7KHLU� TXDVL�D[LRPDWLFLW\�

GHSHQGV�RQ�WKH�H[WHQW�WR�ZKLFK�WKH\�DUH�IL[HG HOHPHQWV�ZLWKLQ�D�IUDPHZRUN�RI�LQTXLU\� WKH�SUHIL[�

¶TXDVL·�GHQRWLQJ� WKH�DEVHQFH�RI�D� VWULFW� D[LRPDWLFLW\ UHTXLUHPHQW�� L�H�� WKH� UHTXLUHPHQW� WKDW� VXFK�

HOHPHQWV�VKRXOG�EH�ULJRURXVO\�DQG�H[SOLFLWO\�GHILQHG�RU�VWDQGDUGLVHG���

*HQHUDWLYH�SRWHQWLDO��*3���*HQHUDWLYH�SRWHQWLDO�FDSWXUHV WKH�DPRXQW�RI�GHSHQGHQFH�UHODWLRQV�

WKDW�FHUWDLQ HOHPHQWV�FDQ�VXSSRUW�ZLWK�UHVSHFW�WR�RWKHU�FRPSRQHQWV�RI�WKHLU�VFLHQWLILF IUDPHZRUN�

6LQFH� FRQVWLWXWLYH� HOHPHQWV� DOORZ� WKH� HPHUJHQFH� RI� IXQGDPHQWDO� FRQFHSWXDO UHVRXUFHV� IRU�

LQYHVWLJDWLQJ� DQG� UHSUHVHQWLQJ� DQ� HPSLULFDO� GRPDLQ�� PRUH� GRPDLQ�VSHFLILF� FRPSRQHQWV� �H�J��

HPSLULFDO�ODZV��HPSLULFDO�PRGHOV��PRGHOV�RI�GDWD��H[SODQDWLRQV��FRPSOH[�REVHUYDWLRQDO�SURWRFROV�

HWF���ZLOO�WKHPVHOYHV�SDUWLDOO\�GHSHQG�RQ�VXFK�HOHPHQWV��7KLV�PHDQV��WKH�PRVW�SDUDGLJPDWLF�FDVHV�

RI�FRQVWLWXWLYH�HOHPHQWV�ZLOO�SUHVHQW�D�KLJK�GHJUHH�RI�*3��LQ�WKDW�WKH\�VXSSRUW�D�ODUJH�DPRXQW�RI�

GHSHQGHQFLHV�ZKLFK�JURXQG�RWKHU�FRQFHSWXDO�UHVRXUFHV HPSOR\HG�LQ�D�IUDPHZRUN�RI�LQTXLU\�DQG�

DOORZ� WKH� HPHUJHQFH� RI D� ODUJH� HQRXJK� FRQFHSWXDO� VSDFH� WR� JHQHUDWH� IXUWKHU� HPSLULFDO�

GHYHORSPHQWV��KHQFH�WKH�WHUP�¶SRWHQWLDO·����

(PSLULFDO�VKLHOGLQJ��(6���2Q�WKH�RQH�KDQG��WKH�H[WHQW�WR�ZKLFK�VRPH HOHPHQW�FDQ�EH�GLVFDUGHG�

DQG�UHSODFHG��JLYHQ�WKH�HPSLULFDO�HYLGHQFH�ZKLFK�FDQ�EH�REWDLQHG�IURP�ZLWKLQ�LWV IUDPHZRUN� LV�LQ�

�� 'HVSLWH�WKH�ODFN�RI�WKH�UHTXLUHPHQW�RI�VWULFW�D[LRPDWLFLW\��RQH�RI�WKH�SULPDU\ WRROV�WKDW�DOORZV IL[LQJ�VRPH�
HOHPHQW FHUWDLQO\ LV�IRUPDOLVDWLRQ��)RUPDOLVHG�ODQJXDJHV��HVSHFLDOO\��EXW�QRW�H[FOXVLYHO\��PDWKHPDWLFV��DQG�
SURFHGXUHV��ZKLFK�H[WHQG�EH\RQG�WKH�PHUH�XVH�RI�V\PEROV�WR��H�J���JUDSKLF�UHSUHVHQWDWLRQ��RU�VWDQGDUGLVDWLRQ�
RI�PHDVXUHPHQW�SURFHGXUHV�DQG�WRROV��DOORZ�WKH�IL[DWLRQ�RI�VXFK�HOHPHQWV�

�� ,Q�WKH�FDVH�RI�FRQVWLWXWLYH�HOHPHQWV�RI�SURSRVLWLRQDO�QDWXUH��WKHVH�GHSHQGHQFH�UHODWLRQV�GR�QRW�KROG�LQ�
YLUWXH� RI� WKH� WUXWK RI� WKHVH� HOHPHQWV� VLQFH� WKLV�ZRXOG� DOUHDG\� SUHVXSSRVH� D� RQH�WR�RQH� FRUUHVSRQGHQFH�
EHWZHHQ�VXFK�FRQFHSWXDO�HOHPHQWV�DQG�WKH�UHVSHFWLYH��FODVVHV�RI��REMHFWV�RI�HPSLULFDO�LQTXLU\��



ϭϮ

SDUW�GHSHQGHQW��DW�OHDVW�LQ�WKH�FDVH�RI�SURSRVLWLRQDO�HOHPHQWV� RQ�WKH�DPRXQW�RI�HPSLULFDO�GHWDLO�

FKDUDFWHULVLQJ� WKHP DQG�� WKHUHIRUH� WR� WKHLU GHJUHH�RI�DEVWUDFWLRQ�� ,Q� WKH�FDVH�RI� WKHRULHV��RQFH�

VRPH� HPSLULFDO� JHQHUDOLVDWLRQ�� RU� UHSUHVHQWDWLRQ� RI� SKHQRPHQD�� KDV� EHHQ� SURYLGHG� D� JHQHUDO�

IRUPXODWLRQ��SDUWLFXODUO\�LQ�WKH�FDVH�RI�KLJKO\�V\PEROLF�RQHV��VXFK�IRUPXODWLRQ��UDWKHU�WKDQ�EHLQJ�

VXEMHFW�WR�HPSLULFDO�GLVFRQILUPDWLRQ��PLJKW EH�EHWWHU�XQGHUVWRRG�DV�LQDSSOLFDEOH�WR�FHUWDLQ�W\SHV�RI�

SKHQRPHQD��ZKLOH�DSSOLFDEOH� WR�RWKHUV��2Q�WKH�RWKHU�KDQG�� WKH�JHQHUDOLW\�RI� WKH� IUDPHZRUN�RI�

LQTXLU\�LQ�ZKLFK�WKH\�DUH�HPEHGGHG��EH�LW�D�SDUDGLJP��D�WKHRU\��DQ�H[SHULPHQWDO�V\VWHP��HWF�� KDV�

DQ� LPSDFW� RQ� WKH� SRVVLELOLW\� WR� HPSLULFDOO\� WHVW� WKHP��� 7KH� EURDGHU� WKH� IUDPHZRUN�� WKH�PRUH�

GLIILFXOW�ZLOO� LW�EH�WR�HPSLULFDOO\�WHVW�LWV�FRQVWLWXWLYH�SULQFLSOHV��7HVWDELOLW\� LV� WKHUHIRUH� LQYHUVHO\�

SURSRUWLRQDO WR WKH� GHJUHH� RI� JHQHUDOLW\� RI� WKH� IUDPHZRUN� RI� LQTXLU\� DQG� WR WKH� GHJUHH� RI�

DEVWUDFWLRQ�WKDW�¶VKLHOGV·�WKH�HOHPHQW�IURP�EHLQJ�HPSLULFDOO\�WHVWHG��,�FDOO�WKH�FRPELQDWLRQ�RI�VXFK�

IDFWRUV WKH�GHJUHH�RI�HPSLULFDO�VKLHOGLQJ RI�DQ�HOHPHQW��WKDW�LV� WKH�H[WHQW�WR�ZKLFK�VRPH�WKHRUHWLFDO�

HOHPHQW�FDQQRW EH�HPSLULFDOO\�WHVWHG IURP�ZLWKLQ�WKH�IUDPHZRUN�RI�LQTXLU\�LQ�ZKLFK�LW�LV�HPEHGGHG���

����5HDVVHVVLQJ�)ULHGPDQ·V�YLHZ�DQG�LWV�OLPLWDWLRQV��WKH�H[DPSOH�RI�1HZWRQLDQ�PHFKDQLFV

1RZ�WKDW�P\�PDLQ�DQDO\WLF�WRROV�KDYH�EHHQ�LQWURGXFHG��,�FDQ�VKRZ�KRZ�)ULHGPDQ·V�LQWHUSUHWDWLRQ�

RI� WKH� FRQVWLWXWLYH� D� SULRUL FDQ� EH� GHFRQVWUXFWHG�� WR� KLJKOLJKW� WKH� JUDGXDOLVP� XQGHUO\LQJ� KLV�

IUDPHZRUN�� )LJ�� �� SURYLGHV� DQ� DWWHPSW� WR� UHSUHVHQW� JUDSKLFDOO\� WKH� SDUDGLJPDWLF� H[DPSOH� RI�

1HZWRQLDQ�PHFKDQLFV��TXLFNO\�LQWURGXFHG�LQ�VHFWLRQ����LQ�WHUPV�RI�P\�RZQ�SDUDPHWHUV��

�� &HUWDLQO\��RWKHU�FRQWH[WXDO�DQG�FRQWLQJHQW�IDFWRUV�PD\�OLPLW�WKH�SRVVLELOLW\ RI�WHVWLQJ�FHUWDLQ�FRPSRQHQWV�
RI�D�IUDPHZRUN��H�J��OLPLWHG�WHFKQRORJLFDO�DGYDQFHPHQWV�DQG�IXUWKHU�SUDFWLFDO�FRQVWUDLQWV��
�� 0DWKHPDWLFDO� DQG� ORJLFDO�SULQFLSOHV�² RQH�FRXOG�VD\ � DUH�GHYRLG�RI�HPSLULFDO� FRQWHQW� DQG�� WKHUHIRUH��
VKRXOG�EH�DSSOLFDEOH�LQ�HYHU\�GRPDLQ�RU�IUDPHZRUN��+RZHYHU��DV�:LPVDWW������� S������SRLQWV�RXW��HYHQ�LQ�
WKH�FDVH�RI�PDWKHPDWLFDO�DQG�ORJLFDO�WKHRUHPV�´WKHUH�VHHP�WR�EH�DQWHFHGHQW�FRQGLWLRQV�ZKLFK�PXVW�EH�PHW�
IRU�WKH�UHOHYDQW�WKHRUHPV�WR�DSSO\��:KHUH�WKHVH�DQWHFHGHQW�FRQGLWLRQV�DUH�H[SOLFLWO\�VSHFLILHG��WKH\�DUH�RIWHQ�
UHJDUGHG�DV�D�SDUW�RI�WKH�DSSDUDWXV��>���@�ZKLFK�GRHV�QRW�DSSO\�HYHU\ZKHUHµ��,Q�P\�RZQ�WHUPLQRORJ\��DOEHLW
WKH\�KDYH�KLJK�GHJUHHV�RI�(6��PDQ\�PDWKHPDWLFDO�DQG�ORJLFDO�SULQFLSOHV�PD\�KDYH�OLPLWHG�GHJUHHV�RI�*3��
WKXV�ODFNLQJ�D�FUXFLDO�IHDWXUH�FKDUDFWHULVLQJ�WKH�FRQVWLWXWLYH�IXQFWLRQ�
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ILJ�����*UDSKLF�UHSUHVHQWDWLRQ�RI�WKH�FRPSRQHQWV�RI�)ULHGPDQ·V��������DQDO\VLV�RI�1HZWRQLDQ�PHFKDQLFV�LQ�WHUPV�RI�TXDVL�
D[LRPDWLFLW\��4$���JHQHUDWLYH�SRWHQWLDO��*3���DQG�HPSLULFDO�VKLHOGLQJ��(6���,Q�D�FLUFOH��WKH�GRPDLQ�RI�SKHQRPHQD�UHSUHVHQWHG�
E\�WKH�ODZ RI�XQLYHUVDO�JUDYLWDWLRQ�

2QFH�ZH�IUDPH�WKH�GRPDLQ�RI�SKHQRPHQD�UHSUHVHQWHG�E\�WKH�ODZ�RI�XQLYHUVDO�JUDYLWDWLRQ DV�RXU�

H[SODQDQGXP� E\�DWWULEXWLQJ�WR�LW�YDOXH���IRU�DOO�RXU�SDUDPHWHUV��ZH�KDYH�WKDW�WKH�YDOXHV�RI�4$��*3��

DQG�(6�IRU�WKRVH�HOHPHQWV�WKDW�DUH�FRQVLGHUHG�¶FRQVWLWXWLYH·�RI�WKH�ODZ�RI�XQLYHUVDO�JUDYLWDWLRQ�LQ�

)ULHGPDQ·V�DQDO\VLV�LQFUHDVH��� ,W�PXVW�EH�KLJKOLJKWHG�WKDW�WKH�ODZV�RI�PRWLRQ�DUH�OHVV�VKLHOGHG�WKDQ�

WKH�FDOFXOXV��VLQFH�D�PDWKHPDWLFDO� ODQJXDJH FDQQRW�EH�GLVFRQILUPHG�LQ�WKH�VDPH�ZD\�DV�HPSLULFDO�

ODZV��VXFK�DV�E\�PHDQV�RI�H[SHULPHQWDO�SURFHGXUHV�GLUHFWO\�DSSHDOLQJ�WR�HPSLULFDO�IDFWV��� 7KH\�DOVR

KDYH� OHVV�*3� EHFDXVH�WKH\�DUH�WKHPVHOYHV�IRUPXODWHG�E\�PHDQV�RI�FRQFHSWXDO�VWUXFWXUHV�PDGH�

DYDLODEOH�E\�WKH�FDOFXOXV��DV , SRLQWHG�RXW LQ�VHFWLRQ �����$V�D�UHVXOW��WKH�FDOFXOXV�PLJKW�EH�VDLG�WR�

EH�¶PRUH�FRQVWLWXWLYH·�WKDQ�WKH�ODZV�RI�PRWLRQ�ZLWKLQ�WKH�FRQWH[W�RI�1HZWRQLDQ�PHFKDQLFV�

6RPH�FODULILFDWLRQV�DERXW�WKH�UROH�RI�P\�WKUHH�SDUDPHWHUV�DQG�WKH�UHODWLRQVKLSV�EHWZHHQ�WKHP�DUH�

GXH��*3�LV�FHUWDLQO\ WKH�PRVW�VDOLHQW�IHDWXUH��VLQFH�LW�FDSWXUHV�WKH�FRUH�RI�WKH�FRQVWLWXWLYH�IXQFWLRQ�

LQ�WKH�JHQHUDO�VHQVH�,�RXWOLQHG��WKDW�LV��WKH�FDSDFLW\�RI�VRPH�HOHPHQWV�WR�JHQHUDWH�IXUWKHU��PRUH�

VSHFLILF�FRQFHSWXDO�WRROV�IRU�HPSLULFDO�LQTXLU\�DQG�WKXV��DW�WKH�VDPH�WLPH� WR�FRQVWUDLQ�WKH�ZRUNLQJV�

RI�D�VFLHQWLILF�IUDPHZRUN��$FFRUGLQJ�WR�)ULHGPDQ��DV�LQ�PRVW�RI�ERWK�WUDGLWLRQDO�DQG�FRQWHPSRUDU\�

LQWHUSUHWDWLRQV��WKHVH�HOHPHQWV�DUH�WKHPVHOYHV FRQFHSWXDO�VWUXFWXUHV��DQG�WKH\�DUH�RIWHQ�UHODWHG�WR�

WKH�ZRUNLQJV�RI�RXU�VFLHQWLILF� WKHRULHV��EXW�WKLV�QHHG�QRW�EH�WKH�RQO\�FDVH��DV�,�PHQWLRQHG�HDUOLHU��

:KDW�LV�LPSRUWDQW�KHUH�LV�WKDW��E\�IROORZLQJ�)ULHGPDQ·V�LQWHUSUHWDWLRQ��RQO\�WKRVH�HOHPHQWV�FRXQW�

DV�FRQVWLWXWLYH��ZKLFK�DSSUR[LPDWH�D�PD[LPDO�GHJUHH�RI�*3�ZLWKLQ�D�IUDPHZRUN��7KLV�UHTXLUHPHQW�

LV� PRWLYDWHG� E\� )ULHGPDQ·V� DWWHPSW WR� HVWDEOLVK� D XQLYHUVDO� DQG VKDUS� GLFKRWRP\ EHWZHHQ�

FRQVWLWXWLYH� DQG� QRQ�FRQVWLWXWLYH� FRPSRQHQWV�� EXW�� LQ�P\� YLHZ�� LW LV� QHLWKHU� D� QHFHVVDU\� QRU� D�

GHVLUDEOH IHDWXUH� RI� D� JHQHUDO� DFFRXQW� RI� WKH� FRQVWLWXWLYH� IXQFWLRQ��:KDW� LV� PRUH�� )ULHGPDQ·V�

UHODWLYLVHG�D�SULRUL VKRZ�GHJUHHV�RI�4$�DQG�(6�ZKLFK�DOVR�WHQG�WR�WKH�PD[LPXP��4$�JXDUDQWHHV�

WKH�IL[LW\�RI�WKH�SULQFLSOHV��WKDW�LV�WKH�FRQVWDQF\�RI�WKHLU�UROH�ZLWK�UHVSHFW�WR�WKH�FRQVWLWXWHG HOHPHQW��

�� 7KH�H[SUHVVLRQ�¶GRPDLQ�RI�SKHQRPHQD·�DOUHDG\�UHIHUV�WR�D�UHSUHVHQWDWLRQ RI�WKHVH�SKHQRPHQD��LQ�WKLV�FDVH�
E\� PHDQV� RI� WKH� ODZ� RI� XQLYHUVDO� JUDYLWDWLRQ� ,� PXVW� VWUHVV� WKDW� WKH� UHODWLRQVKLS� EHWZHHQ� WKH ODZ� RI�
JUDYLWDWLRQ��WKH� ODZV�RI�PRWLRQ�DQG�WKH�FDOFXOXV LV�SDUWLDOO\�GHWHUPLQHG�E\�WKH�IUDPLQJ�RI�WKH�GRPDLQ�RI�
SKHQRPHQD�FDSWXUHG�E\�WKH�ODZ�RI�JUDYLWDWLRQ�DV�RXU�H[SODQDQGXP��7KXV��WKH�¶GLVWDQFH·�EHWZHHQ�WKH�ODZ�RI�
JUDYLWDWLRQ��SKHQRPHQD��DQG�WKH�ODZV�RI�PRWLRQ�DSSHDUV�DV�ODUJHU WKDQ�ZKDW�LW�PLJKW�ORRN�OLNH�LQ�)ULHGPDQ·V�
WKUHH�OHYHO�DFFRXQW�RI�WKHRULHV��EHFDXVH�ZH�KDYH�IUDPHG�WKH IRUPHU�DV�H[SODQDQGXP�E\�DWWULEXWLQJ�WR� LW��
VRPHKRZ�DUWLILFLDOO\��WKH�YDOXHV����������WKDW�LV��E\�DVVXPLQJ�WKDW�WKH\�DUH�QRW�FRQVWLWXWLYH�ZLWK�UHVSHFW�WR�
DQ\WKLQJ�HOVH��ZKLFK�LV��RI�FRXUVH��DQ�LGHDOLVDWLRQ��7KH�ODWWHU�PRYH��ZKLFK�LV�HVVHQWLDO�WR�GHYHORS�WKH�JUDGXDO�
DFFRXQW��LPSOLHV�WKDW�ZH�FRXOG�IUDPH�D�GLIIHUHQW�HSLVWHPLF�FRPSRQHQW�DV�RXU�H[SODQDQGXP��HYHQ�ZLWKLQ�WKH�
VDPH�WKHRU\��,�WKDQN�DQ�DQRQ\PRXV�UHIHUHH�IRU�DVNLQJ�PH�WR�FODULI\�WKLV�SRLQW�

�� 7KLV�GRHV�QRW�PHDQ�WKDW�D�PDWKHPDWLFDO�ODQJXDJH�FDQQRW�EH�HPSLULFDOO\�WHVWHG�DW�DOO��$V ULJKWO\ HPSKDVLVHG�
E\�DQ�DQRQ\PRXV�UHYLHZHU��WKH�H[SUHVVLYH�DGHTXDF\�RI�D�PDWKHPDWLFDO�ODQJXDJH�FDQ�EH�HYDOXDWHG�EDVHG�RQ�
LWV�FDSDFLW\�WR�H[SUHVV�DQ�HPSLULFDOO\�DGHTXDWH�WKHRU\�
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,Q�WKH�H[DPSOH�RI�1HZWRQLDQ�PHFKDQLFV��IRU�LQVWDQFH��ZH�KDYH�WKDW�WKH�ODZV�RI�PRWLRQ�DUH�DOZD\V

SUHVXSSRVHG�ZKHQ� WKH� ODZ�RI�XQLYHUVDO�JUDYLWDWLRQ� LV�GHSOR\HG� �H�J�� IRU�SURYLGLQJ�H[SODQDWLRQV��

PDNLQJ�SUHGLFWLRQV��HWF���RU�WHVWHG��)LQDOO\��(6�LV�WKH�PHDVXUH�WKDW�FDSWXUHV�WKH�GHJUHH�RI�VKLHOGLQJ�

RI�VRPH�HOHPHQWV�IURP�HPSLULFDO�WHVWLQJ�DQG�GLVFRQILUPDWLRQ��$V�,�DOUHDG\�SRLQWHG�RXW��WKH�FDOFXOXV�

DSSUR[LPDWHV�D PD[LPDO�(6��LQ�WKDW�LW�LV�D�PDWKHPDWLFDO�ODQJXDJH��ZKLOH�WKH�ODZV�RI�PRWLRQ�KDYH�

KLJK�(6��VLQFH�WKH\�FDQQRW�EH�WHVWHG�IURP ZLWKLQ�WKH�IUDPHZRUN�RI�FODVVLFDO�PHFKDQLFV��EXW�WKH\�

DUH��LQ�D�VHQVH� FORVHU�WR�HPSLULFDO�SKHQRPHQD�WKDQ�WKH�FDOFXOXV��$V�LW�DSSHDUV��)ULHGPDQ·V�PDWHULDO�

LQWHUSUHWDWLRQ�RI�WKH�FRQVWLWXWLYH�D�SULRUL��PRGHOOHG�RQ�KLV�DQDO\VLV�RI�WKH�VWUXFWXUH�RI�VSDFH�WLPH

WKHRULHV�RQ�WKH�RQH�KDQG��UHTXLUHV�PD[LPDO�RU�FORVH�WR�PD[LPDO�GHJUHHV�RI�4$��*3��DQG�(6��2Q�

WKH�RWKHU��LW�UHTXLUHV�D�JUDGXDOLVP��ZKLFK�LV�QRQHWKHOHVV�FRQVWUDLQHG�E\�KLV�WKUHH�OHYHO�LQWHUSUHWDWLRQ�

RI�WKH�VWUXFWXUH�RI�SK\VLFDO�WKHRULHV��

,� EHOLHYH WKDW�)ULHGPDQ·V� YLHZ�GRHV�QRW�KDYH� WKH� UHVRXUFHV� WR� DFFRPPRGDWH RWKHU YDULHWLHV�RI�

FRQVWLWXWLYH�HOHPHQWV��EXW WKDW�GHFRXSOLQJ WKH�JUDGXDOLVP�IURP�KLV VSHFLILF�DQDO\VLV�RI�WKH�VWUXFWXUH�

RI� VFLHQWLILF� WKHRULHV�PLJKW� SURYLGH� XVHIXO LQVLJKWV� ,QGHHG�� FHUWDLQ� HOHPHQWV� ZKLFK� SHUIRUP� D�

FRQVWLWXWLYH�IXQFWLRQ�PLJKW�VKRZ�QRQ�PD[LPDO�GHJUHHV�RI�VRPH SDUDPHWHUV��)RU�LQVWDQFH��ZKLOH�

)ULHGPDQ·V�YLHZ�DSSHDUV�WR�UHTXLUH�FRQVWLWXWLYH�HOHPHQWV�WR�DSSURDFK�D�PD[LPDO�GHJUHH�RI�4$��

WKLV�GRHV�QRW�VHHP�WR�EH�UHTXLUHG�LQ�WKH�KLVWRULFDO SURFHVV�E\�ZKLFK�PHDVXUHPHQW�SURFHGXUHV�FRPH�

WR� FRQVWLWXWH� WKH� TXDQWLILDEOH� WKHRUHWLFDO� WHUPV� XVHG� LQ PRVW� SK\VLFDO� WKHRULHV��� $OORZLQJ� IRU�

GHJUHHV�DOVR�LQ�WKH�FDVH�RI WKH�RWKHU�IHDWXUHV��(6�DQG�*3��FRXOG�PDNH�LW�SRVVLEOH�WR�DQDO\VH�XQGHU�

WKH�VDPH�IUDPHZRUN�HOHPHQWV�WKDW�H[KLELW�D�FRQVWLWXWLYH�IXQFWLRQ��DOEHLW�QRW�WR�WKH�VDPH�H[WHQW��

DQG�RI�WKH�VDPH�NLQG��RI�WKRVH�)ULHGPDQ�IRFXVHV�RQ� 1RQHWKHOHVV��D UHODWLYHO\�KLJK*3�ZLOO�SODXVLEO\�

EH�D�FHQWUDO�IHDWXUH�RI�DOO�HOHPHQWV�H[KLELWLQJ�D�VLJQLILFDQW�FRQVWLWXWLYH�FKDUDFWHU� ZKLOH D YHU\ ORZ

(6�ZRXOG�KDUGO\�EH D�IHDWXUH RI�KLJKO\�FRQVWLWXWLYH�HOHPHQWV��,Q�IDFW��WKH�SRVVLELOLW\ RI�D�FHUWDLQ�

HOHPHQW�WR�EH�WHVWHG HPSLULFDOO\�LQ�D�YDULHW\�RI�ZD\V�ZRXOG�EH�LQ�FRQWUDVW�ZLWK�LW�EHLQJ D�IHDWXUH

WKDW�GHSHQGV�VLJQLILFDQWO\�RQ�WKH�VFLHQWLILF�IUDPHZRUN�XQGHU�DQDO\VLV��UDWKHU�WKDQ LW�VLPSO\�EHLQJ�D�

IHDWXUH�GHSHQGHQW�RQ�D UHDO�V\VWHP��

,Q� JHQHUDO�� WKH� JUDGXDO� IUDPHZRUN� LV� PHDQW� WR� SURYLGH� D� WRRO� IRU� FRPSDULQJ� WKH� FRQVWLWXWLYH�

IXQFWLRQ�RI�GLIIHUHQW�HOHPHQWV�ZLWKLQ VFLHQWLILF�IUDPHZRUNV��� 7KH�GLIILFXOWLHV�RI�EHLQJ�SUHFLVH�DERXW�

WKH�PHDVXUH�RI�WKH�SDUDPHWHUV��DOVR�JLYHQ�WKH�GLIIHUHQW�VRUWV�RI�FRQVWLWXWLYH�IXQFWLRQ�WKH\�SHUIRUP��

�� 3DGRYDQL��SHUVRQDO�FRPPXQLFDWLRQ�
�� 7KH� SRVVLELOLW\� RI� PDNLQJ� PHDQLQJIXO� FRPSDULVRQV� DFURVV VFLHQWLILF� IUDPHZRUNV� LQWURGXFHV� PDQ\�
FRPSOLFDWLRQV��)RU�RQH�� LW�ZRXOG�UHTXLUH�D�VXIILFLHQW�GHJUHH�RI�VLPLODULW\�EHWZHHQ�WKH�H[SODQDQGD�RI�WKH�
GLIIHUHQW�IUDPHZRUNV� H�J��LQ�WKH�FDVH�RI�WKHRULHV�GHDOLQJ�ZLWK��URXJKO\��WKH�VDPH�GRPDLQ��RU�ZKHQ ERWK�
H[SODQDQGD� KDYH D� VLPLODU� IRUP� �H�J��ZKHQ� ERWK� DUH� ODZV H[SUHVVHG� LQ�PDWKHPDWLFDO� IRUP��� ,� WKDQN� DQ�
DQRQ\PRXV�UHYLHZHU�IRU�KHOSLQJ�PH�VHH�WKLV�SRLQW�
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LQFUHDVH�WKH�LPSRUWDQFH�RI�FDVH�VWXGLHV�WR�GHPRQVWUDWH�WKH�IUXLWIXOQHVV�RI�D�JUDGXDO�XQGHUVWDQGLQJ�

RI�WKH�FRQVWLWXWLYH�IXQFWLRQ�EDVHG�RQ�4$��*3��DQG�(6��DV�FKDUDFWHULVWLFV�ZKLFK�FRPH�LQ�GHJUHHV�

DQG�DUH�FRQWH[W�VHQVLWLYH��0\�JUDGXDO�IUDPHZRUN�LV�QRW�VXSSRVHG�WR�DFFRXQW�MXVW IRU�ZKDW�PLJKW�

EH�WDNHQ�DV�SDUDGLJPDWLF�FDVHV��OLNH�WKDW�RI�1HZWRQLDQ�PHFKDQLFV�DV�DQDO\VHG�E\�)ULHGPDQ��*LYHQ�

D�FHUWDLQ�VFLHQWLILF�IUDPHZRUN��WKHUH�ZLOO�EH�VRPH�HOHPHQWV�ZKLFK��IRU�DQ\�VXFK�IUDPHZRUN��H[KLELW�

GLIIHUHQW�GHJUHHV�RI�(6��4$��DQG�*3��DQG�� WKHUHIRUH�� WKHLU�FKDUDFWHULVDWLRQ�DV� ¶FRQVWLWXWLYH·�ZLOO�

DSSO\�WR�D�FHUWDLQ�H[WHQW��

,QGHHG��WKH�JUDGXDOLVP�RI�WKH JHQHUDO IUDPHZRUN ,�VXJJHVW�GRHV�DOORZ IRU D�GLIIHUHQWLDWLRQ�IURP

4XLQH·V�HQWUHQFKPHQW SLFWXUH��&DVHV�RI��IRU�LQVWDQFH��ZHOO�HVWDEOLVKHG�HPSLULFDO�FRQVWDQWV��VXFK�DV�

$YRJDGUR·V�QXPEHU ² ZKLFK�ZRXOG KDYH�WR�FRXQW�DV KLJKO\�HQWUHQFKHG�IURP�WKH�SRLQW�RI�YLHZ�RI�

4XLQH·V�ZHE�RI�EHOLHI� VLQFH�WKHLU�UREXVWQHVV�KDV�EHHQ�WHVWHG�LQ�PDQ\�GLIIHUHQW�ZD\V�² ZRXOG�KDUGO\�

FRXQW�DV�FRQVWLWXWLYH��JLYHQ�WKHLU�YHU\� ORZ�(6��� )LQDOO\�� WKH�IUDPHZRUN�,�VXJJHVW�GLYHUJHV�IURP�

:LPVDWW·V�YLHZ� EHFDXVH�LW�GRHV�QRW�UHTXLUH�WKH�FKDUDFWHU�RI�JHQHUDWLYLW\�WR�VWULFWO\�FRUUHODWH�ZLWK�

WKH�SHUVLVWHQFH��DORQJ�WKH�KLVWRULFDO�GHYHORSPHQW�RI�VFLHQFH��RI�WKH�HOHPHQWV�SOD\LQJ�D�FRQVWLWXWLYH�

IXQFWLRQ� 7KXV��LW�FDQ�DFFRXQW�DOVR�IRU�FDVHV�RI�UDWKHU�UDGLFDO�VFLHQWLILF�FKDQJH��ZKLFK�DUH�LQVWHDG�

ZHOO�DFFRXQWHG�E\�)ULHGPDQ·V YLHZ�

��

����7KH�+:3�DV�D�FDVH�VWXG\

$V� ,� KLJKOLJKWHG� LQ� WKH� LQWURGXFWLRQ�� WKH� +:3� LV� XVXDOO\� XQGHUVWRRG� DV� D� ]HUR�IRUFH� PRGHO�

FDSWXULQJ�WKH�HTXLOLEULXP�VWDWH�RI�JHQHWLF�SRSXODWLRQV��,Q�DFWXDO�SUDFWLFH��WKH�+:3�² DQG�LWV�PRUH�

VSHFLILF� YDULDQWV� ² SURYLGHV� WKH� SURSRUWLRQV� WR� ZKLFK� DOOHOH� IUHTXHQFLHV� LQ� UHDO� SRSXODWLRQV�

�REWDLQHG��IRU�LQVWDQFH��YLD�¶JHQH�FRXQWLQJ·��DUH�WHVWHG�DJDLQVW�E\�PHDQV�RI�VWDWLVWLFDO�PHWKRGV��WKHQ�

DOORZLQJ�WR�IRUPXODWH�K\SRWKHVHV�WR�H[SODLQ�WKH�H[WHQW�DQG�UHDVRQ�RI�DQ\�GHSDUWXUH�IURP�+DUG\�

:HLQEHUJ�SURSRUWLRQV��,W�LV�IRU�WKLV UHDVRQ�WKDW�WKH�+:3�LV�RIWHQ�DGGUHVVHG�DV�D�]HUR�IRUFH�PRGHO��

ZKLFK� GHWHUPLQHV� WKH� HTXLOLEULXP� VWDWH� RI� D� JHQHWLF� SRRO� KROGLQJ� XQGHU� FHUWDLQ� FRQGLWLRQV��%\�

DGGLQJ�IXUWKHU�FRQGLWLRQV�WR�WKH�JHQHUDO�IRUPXODWLRQ�RI�WKH�+:3��L�H��E\�LQWURGXFLQJ�SDUDPHWHUV�

WKURXJK�ZKLFK��IRU�H[DPSOH��UDWH�DQG�IUHTXHQF\�RI�PXWDWLRQ�LQ�D�UHDO�SRSXODWLRQ�FDQ�EH�PRGHOOHG��

PRUH�UHDOLVWLF�PRGHOV�FDQ�EH�GHYHORSHG�WR�DOORZ�PRUH�SUHFLVH�LQYHVWLJDWLRQV�

$�FODVVLF�SKLORVRSKLFDO� LQWHUSUHWDWLRQ�FODLPV�WKDW�WKH�+:3��ZKHQ�VXLWDEO\�IRUPXODWHG�� LV�D�SULRUL

�6REHU��������$FFRUGLQJ�WR�WKLV�YLHZ��WKH�QDWXUH�RI�]HUR�IRUFH�PRGHO�RI�WKH�+:3�HQWDLOV�WKDW�LW�LV�

�� 7VRX� ������� PDNHV� WKH� FDVH� IRU� $YRJDGUR·V� ODZ� EHLQJ� HQWUHQFKHG� LQ� WKH� 4XLQHDQ� VHQVH�� EXW� QRW�
FRQVWLWXWLYH�
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GHYRLG�RI�HPSLULFDO�FRQWHQW�DQG�� WKXV�� WKDW� LW�FDQQRW�EH�HPSLULFDOO\� UHIXWHG��7KLV� LQWHUSUHWDWLRQ�

VXSSRUWV�WKH�YLHZ�WKDW�WKHUH�DUH�ODZV�LQ�ELRORJ\��HYHQ�LI�WKH\�DUH�QRW�HPSLULFDO�ODZV��(OJLQ��������

,Q�WKLV�VHFWLRQ��,�DP�QRW�FRQWULEXWLQJ�WR�WKH�GHEDWH�RQ�WKH�QDWXUH�RI�ELRORJLFDO�ODZV��QRU�WR�WKH�RQH�

RQ�WKH�OHJLWLPDF\�RI�DQ�HPSLULFDO�UHTXLUHPHQW�IRU�VFLHQWLILF�ODZV��5DWKHU��P\�DLP�LV�WKDW�RI�DVVHVVLQJ�

WKH� HSLVWHPLF� VWDWXV� DQG� IXQFWLRQ� RI� WKH� +:3� LQ� WKH� KLVWRULFDOO\�VLWXDWHG� GHYHORSPHQW� RI�

SRSXODWLRQ�JHQHWLFV��DQG�DFFRUGLQJ�WR�WKH�IDFW�WKDW�LW�SURYLGHV�IXQGDPHQWDO�FRQFHSWXDO�UHVRXUFHV�

IRU� WKH� FXUUHQW� ZRUNLQJV� RI� SRSXODWLRQ� JHQHWLFV�� &RQVLGHULQJ� P\� FKDUDFWHULVDWLRQ� RI� WKH�

FRQVWLWXWLYH�IXQFWLRQ�LQ�VHFWLRQ������WKHUH�LV�QR�ULVN�RI�LW�FROODSVLQJ�RQ�WKH�QRWLRQ�RI�D�SULRUL LQ�WKH�

SXUHO\�GHILQLWLRQDO�VHQVH�HQGRUVHG�E\�6REHU��,Q�WKH�ODVW�VXEVHFWLRQ�,�ZLOO�WHDVH�RXW�ZK\�P\�DQDO\VLV�

LV�FRPSDWLEOH�ZLWK�6REHU·V�

$QRWKHU� FODULILFDWLRQ� LV� UHTXLUHG�� FRQFHUQLQJ� P\� FRPSDULVRQ� EHWZHHQ� WKH� FDVH� RI� 1HZWRQLDQ�

PHFKDQLFV��DV�DQDO\VHG�E\�)ULHGPDQ�DQG�UHLQWHUSUHWHG�ZLWKLQ�P\�IUDPHZRUN��DQG�P\�DQDO\VLV�RI�

WKH�+:3�LQ�SRSXODWLRQ�JHQHWLFV��7KLV�FRPSDULVRQ�LV�RQO\�D�WRRO�WR�HPSKDVLVH�WKH�VLPLODULWLHV�DQG�

GLIIHUHQFHV� LQ� WKH�HSLVWHPLF�UROH�RI�FHUWDLQ�FRPSRQHQWV�ZLWKLQ� WKHVH� WZR� IUDPHZRUNV�� ,W� LV�QRW�

PHDQW� WR� VXSSRUW�RU� UHIXWH� WKH�FODLP� WKDW� FHUWDLQ� ODZV� TXD ODZV�DUH�HPSLULFDO��RQ� WKH�EDVLV�� IRU�

LQVWDQFH��RI�WKH�DQDORJ\�EHWZHHQ�WKH� ODZ�RI� LQHUWLD�DQG�WKH�+:3�DV�]HUR�IRUFH�PRGHOV��:KDW�,�

ZRXOG� OLNH� WR� VKRZ� LV��RQ� WKH�RQH�KDQG�� WKDW� LI ZH� WDNH� WKH�FDVH�RI�1HZWRQLDQ�PHFKDQLFV� DV�D�

SDUDGLJPDWLF�WHUP�RI�FRPSDULVRQ��WKH�+:3�ZLOO�FRXQW�DV�D�PLQLPDO�FDVH�RI�FRQVWLWXWLYH�HOHPHQW��

2Q�WKH�RWKHU� ,�ZLOO�FODLP�WKDW�WKH�FRQVWLWXWLYH�IXQFWLRQ�SHUIRUPHG�E\�WKH�+:3�LV�RI�D�GLIIHUHQW�

VRUW�FRPSDUHG�WR�WKH�RQH�)ULHGPDQ�IRFXVHV�RQ��,�ZLOO�GHIHQG�WKHVH�WZR�FODLPV�DJDLQVW�WKH�IDFW�WKDW�

WKH�+:3�FRXOG�QRW�FRXQW�DV�FRQVWLWXWLYH�LQ�)ULHGPDQ·V�YLHZ��LQ�WKDW�LW�GRHV�QRW�FRQVWLWXWH�DQ\�

¶ILUVW�RUGHU·� HPSLULFDO� ODZ�E\� FRRUGLQDWLQJ� DEVWUDFW�PDWKHPDWLFDO� UHSUHVHQWDWLRQV�ZLWK� HPSLULFDO�

SKHQRPHQD��1RU�ZRXOG�LW�FRXQW�DV�FRQVWLWXWLYH�VLPSO\�E\�HPEUDFLQJ�LWV�D�SULRUL VWDWXV��JLYHQ�WKDW��

DOWKRXJK� LW� LV� IRXQGDWLRQDO� IRU�SRSXODWLRQ�JHQHWLFV�� VHYHUDO�SDUWV�RI�SRSXODWLRQ�JHQHWLFV�GR�QRW�

UHTXLUH�WKH�+:3�IRU�WKHLU�IRUPXODWLRQ�DQG�WHVWLQJ��$V�,�ZLOO�DUJXH��LW�LV�LQ�YLUWXH�RI�WKH�JUDGXDO�DQG�

FRQWH[WXDO� LQWHUSUHWDWLRQ� RI� WKH� FRQVWLWXWLYH� IXQFWLRQ� ,� GHIHQG�� WKDW� WKH� +:3� FDQ� EH� VDLG� WR�

SHUIRUP�VXFK�D�IXQFWLRQ�WR�D�PLQLPDO�H[WHQW��

����$�FRJQLWLYH�KLVWRULFDO�DQDO\VLV�RI�WKH�HSLVWHPLF�IXQFWLRQ�RI�WKH�+:3

$V�KLVWRULFDO�DFFRXQWV�RI�WKH�+:3�XVXDOO\�JR� LWV�H[SOLFLW IRUPXODWLRQ�FDPH�DERXW�DV�D�UDWKHU�VLPSOH�

PDWKHPDWLFDO�GHULYDWLRQ�IURP�WKH�0HQGHOLDQ�VFKHPH��'LDFRQLV�������(GZDUGV��������� 'XULQJ�D�

OHFWXUH�GHOLYHUHG�E\�5��&��3XQQHWW�RQ�´0HQGHOLVP�LQ�UHODWLRQ�WR�GLVHDVHµ�WR�WKH�5R\DO�6RFLHW\�RI�

0HGLFLQH�LQ������LQ�/RQGRQ��*��8��<XOH�SRLQWHG�RXW�WKDW��LI�EUDFK\GDFW\O\�LV�D�GRPLQDQW�FKDUDFWHU�

�� 6HH�DOVR�3URYLQH������� SS�����������
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LQ�PDQ��E\�DVVXPLQJ�UDQGRP�PDWLQJ�ZH�VKRXOG�H[SHFW�D�SURSRUWLRQ�RI�����EUDFK\GDFW\O\�QRUPDO��

ZKLFK�ZDV�QRW�ZKDW� WKH�HYLGHQFH�VKRZHG��<XOH�VHHPHG�WR�DVVXPH��DV�KH�GLG�DOUHDG\� LQ�D�����

SDSHU��WKDW�WKH�IUHTXHQF\�RI�WKH�WZR�FKDUDFWHUV�$ DQG�D LQ�D�SRSXODWLRQ�ZDV�RI�RQH�KDOI��LQHYLWDEO\�

OHDGLQJ�WR�WKH�����SURSRUWLRQ�LQ�WKH�RIIVSULQJ�JHQHUDWLRQ��� ,Q�WKH�OLJKW�RI�VXFK�UHPDUN��3XQQHWW�

DVNHG�KLV�&DPEULGJH�FROOHDJXH��WKH�PDWKHPDWLFLDQ�*��+��+DUG\��ZKHWKHU�WKHUH�ZDV�DQ\�LQWULQVLF�

UHDVRQ� WR� H[SHFW� D� GRPLQDQW� FKDUDFWHU� WR� FRQWLQXDOO\� LQFUHDVH� LQ� IUHTXHQF\� RYHU� WLPH�� WR� WKH�

GHWULPHQW� RI� WKH� UHFHVVLYH�� +DUG\� ������� GHPRQVWUDWHG� WKDW�� DVVXPLQJ� D� ODUJH� SRSXODWLRQ� RI�

UDQGRPO\�PDWLQJ�LQGLYLGXDOV��LI�WKH�SDUHQWDO�JHQRW\SLF�SURSRUWLRQV�IRU�WKH�WKUHH�JHQRW\SHV�$$��

$D��DD ZHUH�S��T�U�UHVSHFWLYHO\��WKHQ�WKH\�ZRXOG�EH��S���T������S���T��T���U����T���U���DPRQJ�WKH�

RIIVSULQJ��� +H�KLJKOLJKWHG�WKDW�WKH�FRQGLWLRQ�IRU�WKH�GLVWULEXWLRQ�WR�UHPDLQ�WKH�VDPH�IURP�SDUHQW�

WR�RIIVSULQJ�JHQHUDWLRQ�ZDV�WKDW�T� SU��DQG�WKDW��VLQFH�VXFK�UHODWLRQ�EHWZHHQ�T��S��DQG�U�UHPDLQV�

VWDEOH�LQGHSHQGHQWO\�RI�WKH�YDOXHV�DVVXPHG�E\�S��T�DQG�U��WKH�GLVWULEXWLRQ�ZLOO�EH�VWDEOH�DIWHU�WKH�

VHFRQG�JHQHUDWLRQ��SURYLGHG�QR�FKDQJHV�LQ�WKH�FRQGLWLRQV�RFFXU��7KH�*HUPDQ�SK\VLFLDQ�:LOKHOP�

:HLQEHUJ�LQGHSHQGHQWO\�REWDLQHG�WKH�VDPH�UHVXOW��DOWKRXJK�KLV�ZRUN�ZHQW�ODUJHO\�XQQRWLFHG�XQWLO�

�������

������4XDVL�D[LRPDWLFLW\

(YHQ�WKRXJK�QHLWKHU�+DUG\�QRU�:HLQEHUJ�UHJDUGHG�WKH�IRUPXODWLRQ�RI�WKH�SULQFLSOH�DV�D�VLJQLILFDQW�

FRQWULEXWLRQ��&URZ��������DQG�DW�ILUVW�LWV�LPSRUWDQFH�ZDV�QRW�XQLYRFDOO\�DFNQRZOHGJHG��� WKH�+:3�

TXLFNO\�JDLQHG�D�FUXFLDO�UROH�IRU�WKH�ZRUN�RI�WKH�IRXQGLQJ�IDWKHUV�RI�SRSXODWLRQ�JHQHWLFV�DQG�WKH�

PRGHUQ�V\QWKHVLV��7KH�XVH�RI�+DUG\�:HLQEHUJ�SURSRUWLRQV�DV�HTXLOLEULXP�SULQFLSOH�ZDV�FOHDUO\�D�

FHQWUDO�IHDWXUH�RI�WKH�HDUO\�ZRUN�RI�WKRVH�VFLHQWLVWV�ZKR�FRQMXJDWHG�0HQGHOLVP�ZLWK�'DUZLQLVP�

�� ,URQLFDOO\��E\�GHPRQVWUDWLQJ� WKDW�XQGHU� WKH�FRQGLWLRQ�RI� UDQGRP�PDWLQJ�DQG�ZLWK� WKH�DVVXPSWLRQ�RI�
FRPSOHWH�GRPLQDQFH�� WKH�RIIVSULQJ�JHQHUDWLRQ�RI�K\EULG�SDUHQWV�ZRXOG�SUHVHUYH� WKH�SURSRUWLRQV�RI�����
GRPLQDQWV�UHFHVVLYHV�� <XOH� KDG� KLPVHOI� UHDFKHG� WKH� ILUVW�� DOEHLW� UHVWULFWHG�� IRUPXODWLRQ� RI� WKH� +DUG\�
:HLQEHUJ�SULQFLSOH��(GZDUGV��������1RQHWKHOHVV��KH�GLG�QRW�H[DPLQH�DQ\�IXUWKHU�VXFK�UHVXOW�LQ�WKDW������
SDSHU��QRU�WKH�DVVXPSWLRQ�RI�UDQGRP�PDWLQJ�ZKLFK�KH�KLPVHOI�LQWURGXFHG�
�� +DUG\�DVVXPHG�D DQG�$ DV�WKH�RQO\�DOOHOLF�YDULDQWV�LQ�WKH LGHDOLVHG�SDUHQW SRSXODWLRQ� 7KLV�DVVXPSWLRQ��,�
EHOLHYH��PLJKW�PRWLYDWH�WKH�ODFN�RI�DQ�H[SOLFLW�VWDWHPHQW�RI�WKH�QRUPDOLVDWLRQ�FRQVWUDLQW�S��T�U ���ZKLFK�
LPSRVHV� WKDW� WKH� UDWLRV� RI� WKH� JHQRW\SHV� SUHVHQW� LQ� WKH� SRSXODWLRQ� DGG� XS� WR RQH� �L�H�� WKH� WRWDOLW\� RI�
LQGLYLGXDOV� LQ�WKH�SRSXODWLRQ���7KLV�FRQVLGHUDWLRQ� LV�FHUWDLQO\�ZRUWK�IXUWKHU�VFUXWLQ\��ZLWK�UHVSHFW�WR� WKH�
HSLVWHPLF�IXQFWLRQ�DQG�VWDWXV�RI�WKLV�QRUPDOLVDWLRQ�FRQVWUDLQW��,�WKDQN�DQ�DQRQ\PRXV�UHIHUHH�IRU�GLUHFWLQJ�
P\�DWWHQWLRQ�WR�WKLV�SRLQW�
�� )RU�DQ�DSSUHFLDWLRQ�RI�WKH�YDOXH�RI�:HLQEHUJ·V�FRQWULEXWLRQV�EH\RQG�KLV�GHULYDWLRQ�RI�WKH�+:3��VHH�&URZ�
��������(GZDUGV� �������KLJKOLJKWV� WKDW�3HDUVRQ� ������� LV�VRPHWLPHV�PHQWLRQHG�DV�WKH�ILUVW�SDSHU�ZKLFK�
VKRZHG� WKH�+DUG\�:HLQEHUJ� SURSRUWLRQV� IRU� WKH� VSHFLDO� FDVH� RI� JHQH� IUHTXHQF\� RI� RQH� KDOI�� ,Q� ������
HYHQWXDOO\�3HDUVRQ�H[SOLFLWO\�GHULYHG�WKH�+:3�DQG�UHIHUUHG�LW�WR�WKH�ZRUN�RI�+DUG\��&DVWOH��������LV�DOVR�
RIWHQ�LQGLFDWHG�DV�D�SUHFXUVRU�RI�WKH�+DUG\�:HLQEHUJ�SULQFLSOH�EHFDXVH��DV�3URYLQH��������S�������SRLQWV�
RXW��KH�H[SUHVVHG�LQ�QRQ�PDWKHPDWLFDO�WHUPV�WKH�HTXLYDOHQW�RI�WKH�HTXLOLEULXP�SULQFLSOH�IRU�D�VLQJOH�ORFXV�
ZLWK�WZR�DOOHOHV��VHH�(GZDUGV������ S�������IRU�DQ�DOWHUQDWLYH�YLHZ�RQ�&DVWOH·V�FRQWULEXWLRQ��
�� )RU� LQVWDQFH�� LQ� %DWHVRQ·V� ������� DFFRXQW� RI�0HQGHOLVP� WKHUH� LV� QR� UHFRJQLWLRQ� RI�+DUG\·V� ODZ� �VHH�
(GZDUGV�������S��������
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DQG�ZLWK�WKH�VWDWLVWLFDO�¶VW\OH·�LQWURGXFHG�E\�WKH�ELRPHWULFLDQV��,Q�ZKDW�IROORZV��,�ZLOO�EULHIO\�UHKHDUVH�

VRPH�ZHOO�NQRZQ�SLHFHV�RI�KLVWRULFDO�HYLGHQFH�� LQ�VXSSRUW�RI� WKH�FODLP�WKDW� WKH�+:3�SOD\HG�D�

FUXFLDO�HSLVWHPLF�UROH�GXULQJ�WKH�SKDVH�LQ�ZKLFK�SRSXODWLRQ�JHQHWLFV�ZDV�EURXJKW�WR�IXOO�OLIH��

,Q�WKH�ILUVW�SODFH��)LVKHU��������GHYLVHG�D�VWDWLVWLFDO�PHWKRG�WR�DFFRXQW�IRU�WKRVH�FKDUDFWHULVWLFV�LQ�

ZKLFK� PDQ\� 0HQGHOLDQ� IDFWRUV� FRQWULEXWH� WR� WKH� SKHQRW\SLF� RXWFRPH�� 'HVSLWH� KLV� XVH� RI�

ELRPHWULFDO� UHVXOWV�� KH� UHMHFWHG� VRPH� IXQGDPHQWDO DVVXPSWLRQV� PDGH� E\� 3HDUVRQ� �������� +H�

LJQRUHG�3HDUVRQ·V�UHMHFWLRQ�RI�0HQGHOLDQ�GRPLQDQFH��DQG�DVVXPHG�WKDW��LQ�WKH�FRPELQDWLRQ�RI�D�

ODUJH�QXPEHU�RI�IDFWRUV��WKH�KHWHUR]\JRWH�FRXOG�DVVXPH�DQ\�YDOXH�EHWZHHQ�WKH�UHFHVVLYH�DQG�WKH�

GRPLQDQW� �WKXV� UHMHFWLQJ�FRPSOHWH�GRPLQDQFH���$V�0D\R� ������ S�������KLJKOLJKWV�� LQ� WKH������

SDSHU��WKH�+:3�´ZDV�WKH�EDVLV�IRU�)LVKHU·V�GHULYDWLRQ�RI�FRUUHODWLRQV�EHWZHHQ�UHODWHG�LQGLYLGXDOV�

XQGHU�0HQGHOLDQ�LQKHULWDQFHµ��(YHQ�WKRXJK�KH�GLG�QRW�UHIHUHQFH�+DUG\��DOVR�LQ�KLV������SDSHU��2Q�

WKH� GRPLQDQFH� UDWLR� )LVKHU� DVVXPHG� WKDW� WKH� GLVWULEXWLRQ� RI� WKH� IUHTXHQF\� UDWLR� IRU� GLIIHUHQW�

0HQGHOLDQ� IDFWRUV� FRXOG�EH�GHWHUPLQHG� IURP� WKH� VWDELOLW\� RI� WKH�GLVWULEXWLRQ� LQ� WKH� DEVHQFH�RI�

VHOHFWLRQ�� UDQGRP� VXUYLYDO� HIIHFWV�� HWF���� 7KH� GHYHORSPHQW� RI� )LVKHU·V FRQFHSW� RI� ¶EDODQFHG�

SRO\PRUSKLVP·�DOVR�UHTXLUHG�WKH�DVVXPSWLRQ�RI�WKH�HTXLOLEULXP�SURSRUWLRQV��0D\R��������,Q�WKH�

VHFRQG�SODFH��DOUHDG\� LQ�KLV�HDUO\�VWXGLHV�RQ�WKH� LQKHULWDQFH�RI�FRDW�FRORXU� LQ�PDPPDOV��:ULJKW�

�������������DVVXPHG�WKH�+:3�DV�HTXLOLEULXP�SULQFLSOH�² HYHQ�WKRXJK�KH�ZDV�QRW�DZDUH��DW�WKDW�

WLPH��RI�WKH�ZRUN�RI�+DUG\�DQG�:HLQEHUJ�² EHFDXVH�VXFK�WKHRUHWLFDO�WRRO�DOORZHG�KLP�WR�IRUPXODWH�

WKH�DSSURSULDWH�JHQHWLFDO�K\SRWKHVHV�DERXW�WKH�JHQRW\SLF�GLVWULEXWLRQV�LQ�SRSXODWLRQV��$V�QRWLFHG�

E\�3URYLQH� VXFK�DVVXPSWLRQ�VKRXOG�KDYH�VHHPHG�UDWKHU�VHOI�HYLGHQW�WR�:ULJKW��VLQFH�KH�UHIHUUHG�

WR�LW�DV�WR�´WKH�ZHOO�NQRZQ�IRUPXOD�IRU�D�0HQGHOLDQ�SRSXODWLRQ�LQ�HTXLOLEULXPµ��:ULJKW������ S��

�����DV FLWHG�LQ�3URYLQH������ S��������7KLUGO\��+DOGDQH��������XVHG�WKH�+:3�DV�WKH�EDVLV�IRU�DOO�

KLV�LPSRUWDQW�HDUO\�ZRUN�RQ�VHOHFWLRQ�LQ�SRSXODWLRQV��+H�GHULYHG�WKH�UHFXUUHQFH�UHODWLRQVKLS�IRU�

WKH�DSSURDFK�WR�HTXLOLEULXP�RI�JHQH�DQG�JHQRW\SLF�IUHTXHQFLHV�RI�DQ�;�OLQNHG�GLDOOHOLF�JHQH��)LQDOO\��

'RE]KDQVN\��������SRLQWV�RXW�WKDW�+DUG\·V�GHULYDWLRQ�SOD\HG�D�IXQGDPHQWDO�IXQFWLRQ�QRW�RQO\�LQ�

WKH�$QJOR�$PHULFDQ�FRQWH[W��EXW�DOVR�LQ�WKH�SRSXODWLRQ�JHQHWLFV�RI�WKH�IRUPHU�6RYLHW�8QLRQ��ZLWK�

VSHFLILF�UHIHUHQFH�WR�WKH�ZRUN�RI�&KHWYHULNRY�

,Q� WKH� OLJKW� RI� WKHVH� FRQVLGHUDWLRQV�� LW� VHHPV� IDLU WR� VD\� WKDW� WKH�+:3�ZDV� KHOG� ¶IL[HG·� DFURVV�

GLIIHUHQW� HPSLULFDO� LQTXLULHV� DQG� WKHRUHWLFDO� GHYHORSPHQWV� GXULQJ� WKH� HDUO\� GD\V� RI� SRSXODWLRQ�

JHQHWLFV��DV�WKH�HTXLOLEULXP�VWDWH�IRU�JHQHWLF�SRSXODWLRQV� 6XFK�IL[LW\�DOORZHG�WKH�IUDPLQJ�RI�WKH�

UHOHYDQW�TXHVWLRQV�WR�EH�DVNHG�DQG�WKH�WHVWLQJ�RI�RWKHU�WKHRUHWLFDO�FRPSRQHQWV�XQGHU�GHYHORSPHQW��

HVSHFLDOO\� LQ�WKH�DEVHQFH�RI�D�FRPPRQ�IUDPHZRUN�RI� LQTXLU\�VKDUHG�E\�WKH�VFLHQWLVWV��$OO� WKHVH�

�� 6HH�0RUULVRQ������� SS�����������IRU�D�V\QWKHWLF�EXW�FRPSUHKHQVLYH�DFFRXQW�RI�WKH�WUDMHFWRU\�WKDW�)LVKHU�
IROORZHG�IURP�WKH������SDSHU�WR�WKH������SDSHU��
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HOHPHQWV� LQGLFDWH� D� KLJK GHJUHH� RI� TXDVL�D[LRPDWLFLW\� RI� WKH�+:3� DOUHDG\� LQ� WKH� HDUO\� GD\V� RI�

SRSXODWLRQ�JHQHWLFV��ZKLFK�IXUWKHU�FRQVROLGDWHG�ZLWK�LWV�HVWDEOLVKPHQW DV�D�GLVFLSOLQH�

������*HQHUDWLYH�SRWHQWLDO

$W�D�ILUVW�JODQFH��WKH�+:3�PD\�DSSHDU�DV�D�VKHHU�FRQVHTXHQFH�RI�0HQGHO·V�ODZV�RI�LQKHULWDQFH��

3XQQHWW·V�TXHVWLRQ�WR�+DUG\�DOUHDG\�HQFDSVXODWHV�WKH�FRQQHFWLRQ�RI�WKH�+:3�WR�0HQGHO·V�ODZV��

ZK\�LV�LW�WKH�FDVH�WKDW�WKH�GRPLQDQWV�GR�QRW�HOLPLQDWH�WKH�UHFHVVLYHV�LQ�WKH�ORQJ�UXQ"�$FFRUGLQJ�WR�

(GZDUGV������� S��������

7KH� DQVZHU� LV� LPPHGLDWH� IURP�0HQGHO·V� ILUVW� ODZ�� 6HJUHJDWLRQ� LV� LQGHSHQGHQW� RI� WKH� VHJUHJDQWV��

'RPLQDQFH� KDV� QRWKLQJ� WR� GR� ZLWK� LW� >«@� LW� LV� DQ� LPPHGLDWH� FRQVHTXHQFH� RI�0HQGHO·V� ODZ� RI�

VHJUHJDWLRQ�WKDW�WKH�H[SHFWHG�IUHTXHQFLHV�RI�WKH�JHQHV�DPRQJ�WKH�RIIVSULQJ�RI�WZR�SDUHQWV�DUH�HTXDO�

WR�WKH�IUHTXHQFLHV�RI�WKRVH�JHQHV�LQ�WKH�SDUHQWV�WKHPVHOYHV�

1RQHWKHOHVV�� WKH� +:3� KDG� D� VLJQLILFDQW� LPSDFW�� VXFK� WKDW� WKH� RFFXUUHQFH� RI� LWV� ILUVW� H[SOLFLW�

IRUPXODWLRQ�LV�RIWHQ�PDGH�WR�FRLQFLGH�ZLWK�WKH�RULJLQV�RI�SRSXODWLRQ�JHQHWLFV��&URZ��������7KH�

+:3�FODULILHG�WKDW�VHJUHJDWLRQ�LV�LQGHSHQGHQW�RI�GRPLQDQFH�DQG��WKXV��WKDW�LW�KDV�QRWKLQJ�WR�GR�

ZLWK�WKH�SKHQRW\SLF�H[SUHVVLRQ�RI�WKH�JHQRW\SH��,Q�DGGLWLRQ��WKH�LQQRYDWLRQ�EURXJKW�DERXW�E\�WKH�

+:3�FRQVLVWHG�DOVR� LQ�JHQHUDOLVLQJ�0HQGHO·V� H[SHULPHQWDO� UHVXOWV�� VKRZLQJ� WKHLU� LQGHSHQGHQFH�

IURP�DQ\�DVVXPSWLRQ�RI�D�VSHFLILF� LQLWLDO�GLVWULEXWLRQ�RI�JDPHWHV��´:KLOH�0HQGHO�FRQFHLYHG�WKH�

LQGHSHQGHQW�ELQRPLDO�VDPSOLQJ�RI�JDPHWHV�IURP�SDUHQWV�DQG�KHQFH�FRXOG�EH�UHJDUGHG�DV�WKH�ILUVW�

WR� KDYH� FRQVLGHUHG� D� SRSXODWLRQ²JHQHWLFDO� H[DPSOH� >«@� WKH� JHQHUDOL]DWLRQ� WR� DUELWUDU\� JHQH�

IUHTXHQFLHV�WR�JLYH�+:(�ZDV�WKH�WUXH�IRXQGDWLRQ�RI�SRSXODWLRQ�JHQHWLFVµ��0D\R������ S��������

5DWKHU�WKDQ�EHLQJ� MXVW�DQ� ¶HPSW\� ODZ·�RU�D�PDWKHPDWLFDO�GHULYDWLRQ�ZKLFK�JUHDWO\�VLPSOLILHG�WKH�

PDWKHPDWLFDO�WUHDWPHQW�RI�WKH�GLVWULEXWLRQ�RI�JHQHWLF�YDULDELOLW\��WKH�KLVWRU\�RI�WKH�+:3�VKRZV�

WKDW�LW�SHUIRUPHG�D�GLVWLQFWLYH�HSLVWHPLF�UROH��,W�GHPRQVWUDWHG�VRPHWKLQJ�DERXW�WKH�SUHVHUYDWLRQ�RI�

JHQHWLF�YDULDELOLW\� LQ�D�SRSXODWLRQ��WKDW�LV��WKH�IDFW�WKDW�WKHUH�LV�QR�LQWULQVLF�WHQGHQF\�IRU�JHQHWLF�

YDULDWLRQ� �LQ� LWV� VLPSOHVW� IRUP�� RI� WKH� WKUHH� GLIIHUHQW� JHQRW\SHV�� RQH� KHWHUR]\JRWH� DQG� WZR�

KRPR]\JRWHV��WR�GLVDSSHDU�LQ�WKH�ORQJ�UXQ��0RUULVRQ��������

6WLOO��LW�PLJKW�EH�DUJXHG�WKDW�LWV�HSLVWHPLF�UROH�PLJKW�EH�HDVLO\ FKDUDFWHULVHG�DV�WKDW�RI�D�GHILQLWLRQ�

UHVXOWLQJ� IURP� D�PDWKHPDWLFDO� GHPRQVWUDWLRQ� DQG�� DV� VXFK�� D� SULRUL�� UDWKHU� WKDQ� DWWULEXWLQJ� DQ\�

FRQFHSWXDO�JHQHUDWLYLW\�WR�WKH�+:3��,Q�DGGLWLRQ��WKH�+:3�H[SOLFDWHG�FHUWDLQ�UHODWLRQVKLSV�EHWZHHQ�

DVVXPSWLRQV�RI�WKH�0HQGHOLDQ�H[SODQDWRU\�VFKHPH��H[SOLFDWLRQ�ZKLFK�ZDV�KLVWRULFDOO\ IXQFWLRQDO�WR�

HQKDQFH� WKH� GHYHORSPHQW� RI� SRSXODWLRQ� JHQHWLFV�� ZKLOH� WKH� FRQFHSWXDO� EXUGHQ� UHPDLQHG RQ�

0HQGHO·V�ODZV��)XUWKHUPRUH��LW�PLJKW�EH�DGGHG�WKDW�WKH�+:3�GRHV�QRW�KDYH�WKH�UROH�RI�SURYLGLQJ�



ϮϬ

D�FRQFHSWXDO�GHWHUPLQDWLRQ�RI�DQ�HPSLULFDO� ODZ��DV�LQ�WKH�FDVH�RI�WKH�WKUHH�ODZV�RI�PRWLRQ�ZLWK�

UHVSHFW�WR�WKH�ODZ�RI�JUDYLWDWLRQ��

&HUWDLQO\�� WKH� +:3� LV� QRW DQ� HPSLULFDO� ODZ� RU� JHQHUDOLVDWLRQ�� +RZHYHU�� LW� PLJKW� EH� VHHQ� DV�

IXQFWLRQLQJ�OLNH�D�´FRQWUDIDFWXDO�LGHDO�VLWXDWLRQµ �5KHLQEHUJHU������ S��������ZKHUH�DQ\�GHYLDWLRQ�

IURP�WKH�UDWLRV�LW�H[SUHVVHV�SRLQWV�WR�KLGGHQ�LQWHUDFWLRQV�LQ�QHHG�RI�H[SODQDWLRQ��,Q�RWKHU ZRUGV��

EHLQJ�DQ�LQVWDQFH�RI�FRXQWHUIDFWXDO�UHDVRQLQJ��WKH�+:3�SRVLWV�DQ�¶LPSRVVLEOH·�ZRUOG�RU�VFHQDULR�

WR�ZKLFK� UHDO� VLWXDWLRQV� FDQ� EH� WHVWHG� DJDLQVW��$W� WKH� VDPH� WLPH�� VXFK� FRXQWHUIDFWXDO� VLWXDWLRQ�

UHSUHVHQWV� D� �UH�FRQFHSWXDOLVDWLRQ RI� FHUWDLQ� UHODWLRQVKLSV� EHWZHHQ� 0HQGHOLDQ� DVVXPSWLRQV� XQGHU�

FHUWDLQ� FRQGLWLRQV� DV� FDSWXULQJ� WKH� HTXLOLEULXP� VWDWH� RI� �GLSORLG� DQG� VH[XDOO\� PDWLQJ�� JHQHWLF�

SRSXODWLRQV�LQ�JHQHUDO��,Q�WKLV�VHQVH��WKH�+:3�FDPH�WR�UHSUHVHQW�WKH�HQDEOLQJ�FRQGLWLRQ WR�HVWDEOLVK�

ZKLFK�UHDO�VLWXDWLRQV�QHHG�DQ�H[SODQDWLRQ��LQ�WKDW�WKH\�GHYLDWH�IURP�WKDW�LGHDO�VLWXDWLRQ�FRQFHSWXDOO\�

GHWHUPLQHG�DV�HTXLOLEULXP�VWDWH��$V�DQ�XSVKRW��LW�PLJKW�EH�VDLG�WKDW�WKH�+:3�KDV�D�IDLUO\�KLJK�*3��

EXW� LW� GRHV� QRW� DSSURDFK� D� PD[LPDO� GHJUHH�� JLYHQ WKDW LWV� JHQHUDWLYLW\� ZLWKLQ� WKH� GRPDLQ� RI�

SRSXODWLRQ�JHQHWLFV�LV�UHVWULFWHG�RQO\�WR�LWV�FKDUDFWHU�RI�HTXLOLEULXP�SULQFLSOH��ZKLFK GRHV�QRW�DSSO\�

WR�DOO�JHQHWLF�SRSXODWLRQV�

������(PSLULFDO�VKLHOGLQJ

,�KLJKOLJKWHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ�WKDW�WKH�+:3�LV�QRW�DQ�HPSLULFDO�ODZ�RU�JHQHUDOLVDWLRQ��$V�

LW� LV� HYLGHQW� IURP� WKH� IRUPXODWLRQ� RI� WKH� +:3� SURYLGHG� LQ� WKH� LQWURGXFWLRQ�� FHUWDLQ H[SOLFLW�

DVVXPSWLRQV�HQWHU�WKH�GHILQLWLRQ�RI WKH�+:3��DQG�GHWHUPLQH�LWV�GRPDLQ�RI�DSSOLFDWLRQ��,QGHHG��WKH�

FRQGLWLRQV�XQGHU�ZKLFK� D�+DUG\�:HLQEHUJ�GLVWULEXWLRQ�KROGV� DUH� H[WUHPHO\� UDUH LQ�QDWXUH� DQG�

+DUG\�:HLQEHUJ�SURSRUWLRQV�FDQ�LQGHHG�KROG�HYHQ�XQGHU�WKH�LQIOXHQFH�RI�HYROXWLRQDU\�FDXVHV��H�J��

ZKHQ�PXWDWLRQ�DQG�VHOHFWLRQ�FRPSHQVDWH�RQH�DQRWKHU�� WKXV�WKH�ELQRPLDO�GLVWULEXWLRQ�LW�HVWDEOLVKHV�

XQGHU�LWV�H[SOLFLW�FRQGLWLRQV�FDQQRW�EH�WHVWHG�GLUHFWO\��7KLV�LV�DW�OHDVW�LQ�SDUW�D�FRQVHTXHQFH�RI�WKH�

LGHDOLVHG�QDWXUH�RI� WKH�+:3��)RU� LQVWDQFH�� WKH� UHTXLUHPHQW� WKDW� WKH�SRSXODWLRQ�EH� LQILQLWH� IRU�

+DUG\�:HLQEHUJ�SURSRUWLRQV� WR�KROG LV�PRWLYDWHG�E\� WKH�QHFHVVLW\� WR� UXOH� RXW� VWDWLVWLFDO� HUURU��

ZKLFK�DSSUR[LPDWHV�]HUR�WKH�PRUH�D�SRSXODWLRQ�WHQGV�WR�LQILQLW\��� &OHDUO\��VLPSOLI\LQJ�DVVXPSWLRQV�

VXFK�DV�WKDW�RI�DQ�LQILQLWH�SRSXODWLRQ�DUH�XQUHDOLVWLF��LQ�WKDW�WKH\�SRVLW�¶LPSRVVLEOH·�ZRUOGV�LQ�ZKLFK�

FHUWDLQ�FRQGLWLRQV�PLJKW�KROG��6WLOO��WKH�JDLQ�LQ�VLPSOLFLW\�EURXJKW�E\�WKH�+:3�DV�D�WKHRUHWLFDO�WRRO�

LV�JUHDWO\�DGYDQWDJHRXV�IURP�D�SUDJPDWLF�SRLQW�RI�YLHZ��´>«@�VXFK�PRGHOV�DUH�XVHIXO�EHFDXVH�WKH\�

VWULS�D�SURFHVV�WR�LWV�HVVHQFH�DQG�DOORZ�VFLHQWLVWV�WR�WHVW�SDUWLFXODU�DWWULEXWHV�RI�D�V\VWHP�LQ�LVRODWLRQµ�

�5XVVHOO� ����� S�� ������ )RUPXODWLQJ� K\SRWKHVHV� DERXW� WKH� HYROXWLRQDU\� FDXVHV� GHWHUPLQLQJ� WKH�

�� ,Q�DFWXDO�VFLHQWLILF�SUDFWLFH��WKLV�UHTXLUHPHQW�KROGV�ORRVHU�EHFDXVH�VWDWLVWLFDO�HUURU�LV�FRQVLGHUHG�LUUHOHYDQW�
IRU�YHU\�ODUJH�SRSXODWLRQV��XVXDOO\ Q !������
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GLIIHUHQW� SDWFKHV� RI� JHQHWLF� YDULDWLRQ� ZLWKLQ� DQG� EHWZHHQ� SRSXODWLRQV� VHHPV� WR� UHTXLUH WKH�

DVVXPSWLRQ�RI�D� VWDWH�XQGHU�ZKLFK�QR�VXFK� IRUFHV�DUH�DFWLYH��+RZHYHU��DGGLWLRQDO�DVVXPSWLRQV�

EH\RQG�WKH�DEVHQFH�RI�IRUFHV�DUH�DOVR�UHTXLUHG��RQ�WKH�RQH�KDQG��WR�PRGHO�VXFK�HTXLOLEULXP�VWDWH�

DFFRUGLQJ� WR� WKH� VSHFLILF� GRPDLQ� XQGHU� LQYHVWLJDWLRQ� �IRU� LQVWDQFH�� DVVXPLQJ� LQILQLWHO\� ODUJH�

SRSXODWLRQV�UHGXFHV�WKH�ULVN�RI�VDPSOLQJ�HUURU���RQ�WKH�RWKHU�KDQG�� WR�WHVW�IRU�GHSDUWXUHV� IURP�

HTXLOLEULXP�SURSRUWLRQV��IRU�LQVWDQFH�� LW� LV�DVVXPHG�WKDW�VPDOO�GHSDUWXUHV�IURP�WKH�DVVXPSWLRQV�

OHDG�WR�VPDOO�GHSDUWXUHV�IURP�+DUG\�:HLQEHUJ�HTXLOLEULXP��ZKLFK�LV�QRW�WULYLDO���� ,Q�VXP��WKHVH�

FRQVLGHUDWLRQV LQGLFDWH WKDW�WKH�+:3�KDV D�KLJK GHJUHH�RI�HPSLULFDO�VKLHOGLQJ�

����'LVFXVVLRQ��7KH�+:3�DV�D�PLQLPDO�FDVH"

,Q� WKH� OLJKW�RI� WKH�DQDO\VLV� ,�SURYLGHG� LQ� WKH� ODVW� WKUHH� VHFWLRQV�� WKH�+:3·V�HSLVWHPLF� IXQFWLRQ�

ZLWKLQ�SRSXODWLRQ�JHQHWLFV�FRXOG�EH�LQGLFDWLYHO\�UHSUHVHQWHG�LQ�WHUPV�RI�LWV�(6��4$��DQG�*3��DV�

GHSLFWHG�LQ�ILJ����

ILJ�����*UDSKLF�UHSUHVHQWDWLRQ�RI�WKH�DSSUR[LPDWH�SRVLWLRQ�RI�WKH�+:3�ZLWKLQ�SRSXODWLRQ�JHQHWLFV�ZLWK�UHVSHFW�WR�LWV�HSLVWHPLF
IXQFWLRQ�GHVFULEHG�LQ�WHUPV�RI�HPSLULFDO�VKLHOGLQJ��(6���TXDVL�D[LRPDWLFLW\��4$���DQG�JHQHUDWLYH�SRWHQWLDO��*3��

7KH�JUDSKLF�UHSUHVHQWDWLRQ�LQ�ILJ����FHUWDLQO\�GRHV�QRW�DLP�DW�FDSWXULQJ�WKH�VWUXFWXUH�RI�SRSXODWLRQ�

JHQHWLFV��,QGHHG��LW�OHDYHV�RXW�PDQ\�WKHRUHWLFDO�DQG�FRQFHSWXDO�FRPSRQHQWV�UHOHYDQW�WR�SRSXODWLRQ�

JHQHWLFV��IRU�LQVWDQFH�0HQGHO·V�ODZV�DQG�WKH�VWDWLVWLFDO�WRROV�GHSOR\HG�E\ SRSXODWLRQ�JHQHWLFLVWV��0\�

DLP� LV�PHUHO\� WR�GLVSOD\�ZKDW� ,� WDNH� WR�EH� WKH� FRQVWLWXWHG� HOHPHQW�� L�H�� WKRVH� UHDO� GLVWULEXWLRQV�

FRQVLGHUHG�WR�GHYLDWH�IURP�HTXLOLEULXP�FRQGLWLRQV��WRJHWKHU�ZLWK�ZKDW�,�FODLP�WR�EH�DQ�HOHPHQW�

ZKLFK� KDV� D� UROH� LQ� FRQVWLWXWLQJ� WKHP�� WKDW� LV�� WKH�+:3� 2I� FRXUVH�� D� UHDO� GLVWULEXWLRQ� LV� QRW

FRQVWLWXWHG� LQ� DQG� RI� LWVHOI�� DV� LW� LV� REWDLQHG�� IRU� LQVWDQFH�� WKURXJK� JHQH� FRXQWLQJ�� %XW� LWV�

�� 7KH� ODWWHU� DVVXPSWLRQ� LV� DQ� LQVWDQFH� RI� ZKDW� 9DQ� )UDDVVHQ� ������� S�� ���� ODEHOV� ¶WKH� 3ULQFLSOH� RI�
$SSUR[LPDWLRQ·�DQG�GHILQHV�DV�IROORZV��́ ,I�FHUWDLQ�FRQGLWLRQV�IROORZ�IURP�WKH�LGHDO�FDVH��WKHQ�DSSUR[LPDWHO\�
WKRVH�FRQGLWLRQV�ZLOO�IROORZ�IURP�DQ�DSSUR[LPDWLRQ�WR�WKH�LGHDO�FDVH�µ�
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FKDUDFWHULVDWLRQ�DV�D�GHYLDWLRQ�IURP�HTXLOLEULXP��DQG�WKH�RXWFRPHV�RI�WKH�H[SODQDWRU\�SUDFWLFHV�

LPSOHPHQWHG�WR�DFFRXQW�IRU�VXFK�D�GHYLDWLRQ��DUH�GHWHUPLQHG�E\�ZKDW�ZH�WDNH�WR�EH�WKH�HTXLOLEULXP�

FRQGLWLRQ�

7KH�SDUDPHWHUV�FKDUDFWHULVLQJ�WKH�+:3�PLJKW�VHHP�WR�VKRZ�FHUWDLQ GLIIHUHQFHV�DQG�VLPLODULWLHV�

ZLWK�ZKDW�,�WRRN�DV�WKH SDUDGLJPDWLF�FDVH LQ�VHFWLRQ����WKDW�LV�WKH�ODZV�RI�PRWLRQ�LQ�1HZWRQLDQ�

PHFKDQLFV� 2I�FRXUVH�� WKLV�FRPSDULVRQ�FDQ�RQO\�EH�JHVWXUHG�DW��JLYHQ�WKH�SUREOHPV� LQWULQVLF�WR

LQWHU�IUDPHZRUN�FRPSDULVRQV��DQG�PXVW�EH�WDNHQ RQO\ DV D WRRO WR�H[KLELW�KRZ�FHUWDLQ�GLIIHUHQFHV�

LQ�LQWUD�IUDPHZRUN�HSLVWHPLF�IXQFWLRQ�DQG�KLVWRU\�RI�FHUWDLQ�SULQFLSOHV�UHVXOW�LQ�FHUWDLQ�GHJUHHV�RI�

4$��*3��DQG�(6��DQG�LQ�D�FHUWDLQ�SRVLWLRQ�LQ�WKHLU�UHVSHFWLYH�FXEHV��� 7KHLU�SRVLWLRQ�ZLWK�UHVSHFW�

WR� WKHLU�4$� LV� VLPLODU�� VLQFH�ERWK�DUH�KHOG� IL[HG�ZLWKLQ� WKHLU� IUDPHZRUN�� WR� IXOILO� WKH�HSLVWHPLF�

IXQFWLRQV�XQGHU�DQDO\VLV��L�H��WKDW�RI�SURYLGLQJ�FRQFHSWXDO�WRROV�DQG�WHVWDELOLW\�FRQGLWLRQV�IRU�WKH�

ODZ�RI�XQLYHUVDO�JUDYLWDWLRQ�LQ�WKH�FDVH�RI�WKH�ODZV�RI�PRWLRQ��WKDW�RI�SURYLGLQJ� WKH�HTXLOLEULXP�

VWDWH�DJDLQVW�ZKLFK�UHDO�JHQHWLF�GLVWULEXWLRQV�DUH�FRPSDUHG��LQ�WKH�FDVH�RI�WKH�+:3��,Q�WHUPV�RI�

WKHLU�SRVLWLRQ� LQ� WKH�FXEH�ZLWK� UHVSHFW� WR� WKHLU�*3� WKH +:3 VHHPV� WR�KDYH� D� ORZHU�SRVLWLRQ��

FRPSDUHG�WR�WKH�ODZV�RI�PRWLRQ��$V�KLJKOLJKWHG�DERYH��WKH�*3�RI�WKH�+:3�LV�WLHG�WR�LWV�UROH�RI�

SURYLGLQJ�HTXLOLEULXP�FRQGLWLRQV�IRU�D�FHUWDLQ�FODVV�RI�SKHQRPHQD��,W�GRHV�VR�E\�EHLQJ�DQ�LQVWDQFH�

RI�FRXQWHUIDFWXDO�UHDVRQLQJ��LQ�WKDW�LW�SURYLGHV�D�FRXQWHUIDFWXDO�LGHDO�VLWXDWLRQ�DJDLQVW�ZKLFK�UHDO�

GLVWULEXWLRQV�DUH�WHVWHG��)LQDOO\��DQRWKHU�VLPLODULW\�LV�WKDW�WKH\�ERWK�VHHP�WR�KDYH�KLJK�(6��EXW�QRW�

DSSUR[LPDWLQJ�WKH�PD[LPDO�GHJUHH��:K\��LQ�WKH�+:3�FDVH��WKLV�FDQQRW�VLPSO\�EH�H[SODLQHG�DZD\�

E\�LWV� LQWHUSUHWDWLRQ�DV�D�SULRUL�� LQ�6REHU·V�VHQVH"�(YHQ�WKRXJK�WKH�+:3�PD\�EH�GHILQLWLRQDOO\�D�

SULRUL��WKLV�GRHV�QRW�PDNH�LW�HPSLULFDOO\�VKLHOGHG�DW�WKH�VDPH�OHYHO�RI��VD\��D�PDWKHPDWLFDO�ODQJXDJH�

RU� D� JHQHUDWLYH� JUDPPDU�� LQ� WKDW� LW� VWLOO� KDV� WKH� SXUSRVH� RI�PDLQWDLQLQJ� VRPH� FRQQHFWLRQ�ZLWK�

HPSLULFDO�SKHQRPHQD��HYHQ�LI�LW�LV�KLJKO\�VKLHOGHG�LWVHOI��

7KHVH FRQVLGHUDWLRQV�DERXW�WKH�*3�DQG�(6�RI�WKH�+:3�FDQ��,�EHOLHYH��UHFHLYH�VXSSRUW�E\�VRPH�

UHFHQW� OLWHUDWXUH�� 6RPH GHYHORSPHQWV� DPRQJ�ERWK�ELRORJLVWV� DQG�SKLORVRSKHUV�KDYH� VKRZQ� WKH�

SUHVHQFH�RI�SODXVLEOH� DOWHUQDWLYHV WR� WKH�+:3 �%RVFR�HW� DO�� ������0F6KHD� DQG�%UDQGRQ�������

&HUWDLQO\�� WKH� SUHVHQFH� RI� HPSLULFDO� LUUHJXODULWLHV� FDQ� FRQVWLWXWH� D� UHDVRQ� WR� SURPRWH VXFK�

DOWHUQDWLYHV��� 6WLOO��WKHLU�HPHUJHQFH�ZRXOG QRW�OHDG�WR�DQ�RXWULJKW�GLVFRQILUPDWLRQ RI�WKH�+:3��ZKLFK�

HYHQ�LQ�FDVH�RI�UHSODFHPHQW�ZRXOG�VWLOO�ZRUN�LQ�UHOHYDQW�GRPDLQV�DQG�IRU�D�ZLGH�YDULHW\�RI�SXUSRVHV��

�� &I��IRRWQRWH����
�� )ROORZLQJ�XS�RQ�WKH�ZRUN�RI�/L���������6WDUN������D������E��������VKRZHG�WKDW�WKH�DVVXPSWLRQ�RI�UDQGRP�
PDWLQJ�LV�VXIILFLHQW�EXW�QRW�QHFHVVDU\�IRU�+DUG\�:HLQEHUJ�SURSRUWLRQV�WR�KROG�LQ�D�SRSXODWLRQ��EXW�WKH\�FDQ�
EH�UHDFKHG�DOVR�ZLWK�QRQ�UDQGRP�PDWLQJ��7KXV� HYHQ�WKRXJK�H[SHULHQFH�KDV�VKRZQ�WKH�IUXLWIXOQHVV�RI�WKH�
+:3�DV�D�EDVLV�IRU�K\SRWKHVLV�IRUPXODWLRQ�DQG�WHVWLQJ��WKLV�GRHV�QRW�FRQVWLWXWH�D�JRRG�UHDVRQ�IRU�UHWDLQLQJ�
WKH�DVVXPSWLRQ�RI�UDQGRP�PDWLQJ��6WDUN�DQG�6HQHWD�������
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7KH�SRVVLELOLW\�RI�UHSODFLQJ�WKH�+:3��LQ�IDFW��GRHV�QRW�GHSHQG�RQ�DQ\�HPSLULFDO�WHVW�RI�WKH�+:3�

LWVHOI�� DV� LWV� KLJK�(6� H[KLELWV�� ,W� UDWKHU� GHSHQGV� RQ� WKH� SUHVHQFH� RI� FRPSHWLWLYH� FRXQWHUIDFWXDO�

DOWHUQDWLYHV�ZKLFK�FDQ�IXOILO�WKH�VDPH�HSLVWHPLF�IXQFWLRQ��EXW�FRQFHSWXDOO\�GHWHUPLQH�WKH�GRPDLQ�

RI�LQWHUHVW �RU�D�ODUJHU�RQH� LQ�D�GLIIHUHQW�ZD\��)RU�LQVWDQFH��%RVFR�HW�DO�������� DUJXH�WKDW WKH�YHU\�

QRWLRQ� RI� ¶HTXLOLEULXP·� VWDWH� �LQ� D�PHFKDQLFDO� VHQVH�� DV� LGHQWLILHG� E\� WKH�+:3�ZRXOG� RQO\� EH�

DWWDLQDEOH� LQ�WKH� LQILQLWH� WLPH�KRUL]RQ��DQG�QRW�E\� ORRNLQJ�DW� LVRODWHG�REVHUYDWLRQV�RQ�D�JHQHWLF�

SRSXODWLRQ�� ZKLFK� FDQ�� DW� PRVW�� FDSWXUH� ¶VWDEOH·� VWDWHV�� &RQVHTXHQWO\�� WKH\� FDOO� IRU� D�

UHFRQFHSWXDOLVDWLRQ� RI� WKH� QRWLRQ� RI� HTXLOLEULXP� LQ� SRSXODWLRQ� JHQHWLFV DQG� DUJXH� WKDW� WKH

HTXLOLEULXP�VWDWH�RI�JHQHWLF�V\VWHPV�VKRXOG�EH�GHILQHG�LQ�WHUPV�RI�G\QDPLFDO�V\VWHPV� E\ LQWHJUDWLQJ�

D� WLPH� YDULDEOH� WR� DFFRXQW� IRU� WKH� HYROXWLRQ�RI� WKH� DOOHOH� IUHTXHQFLHV RI� WKH� V\VWHP�RYHU� WLPH��

$QRWKHU�SURSRVDO� LV�WKDW�RI�0F6KHD�DQG�%UDQGRQ·V �������=)(/��]HUR�IRUFH�HYROXWLRQDU\�ODZ���

ZKLFK�LGHQWLILHV�WKH�HTXLOLEULXP�VWDWH�RI�HYROXWLRQDU\�V\VWHPV�ZLWK�WKHLU�LQFUHDVLQJ�VWDWH�RI�GLYHUVLW\�

DQG� FRPSOH[LW\�� UDWKHU� WKDQ� ZLWK� D� QR�FKDQJH� VWDWH� DV� WKH� RQH� FDSWXUHG� E\� WKH� +:3�� 7KHVH�

DOWHUQDWLYHV�WR�WKH�+:3�IXOILO� LWV�VDPH�HSLVWHPLF�IXQFWLRQ�� L�H��WKDW�RI�SURYLGLQJ�WKH�HTXLOLEULXP�

VWDWH IRU�D�FODVV�RI�V\VWHPV��+RZHYHU��E\�SURYLGLQJ�D�GLIIHUHQW VRUW�RI HTXLOLEULXP�VWDWH��WKH\�FRQVWLWXWH�

DOWHUQDWLYH�UHSUHVHQWDWLRQV�RI�WKH�V\VWHPV�WKHPVHOYHV��VLQFH�ZKLFK�SDUDPHWHUV�² DQG�UHODWLRQVKLSV�

EHWZHHQ� WKHP� ² ZLWKLQ� WKH� V\VWHP� RI� LQWHUHVW� DUH� FRQVLGHUHG� VDOLHQW� LQ� WKH� DOWHUQDWLYH�

UHSUHVHQWDWLRQV LV� DW� OHDVW SDUWLDOO\� GHSHQGHQW RQ� KRZ� WKH� HTXLOLEULXP� VWDWH� LV� FKDUDFWHULVHG�

&RQVHTXHQWO\��VXFK�DVSHFW�EHDUV�RQ�ZKDW�W\SH�RI�HQWLWLHV�VFLHQWLVWV� ORRN�IRU�ZKHQ� WKH\�GHYHORS

WKHLU�H[SODQDWLRQV��ZKDW�IXUWKHU�SDUDPHWHUV�WKH\�LQWURGXFH�IRU�WKHLU�PRGHOOLQJ�SUDFWLFHV��HWF��)RU�

LQVWDQFH��DQ�HTXLOLEULXP�VWDWH�FKDUDFWHULVHG�LQ�WHUPV�RI�G\QDPLFDO�V\VWHPV��DV�HQYLVLRQHG�E\�%RVFR�

HW� DO�� �������� FRQILJXUHV� WKH� V\VWHP� RI� LQWHUHVW� �D� FHUWDLQ JHQRW\SLF� GLVWULEXWLRQ�� DV� DQ� HQWLW\�

GHYHORSLQJ�RYHU�WLPH� VXEMHFW�WR�PDQ\�SHUWXUEDWLRQV��DQG�ZKRVH�HTXLOLEULXP�FRQGLWLRQ�FDQ�RQO\�EH�

GHWHUPLQHG��DV\PSWRWLFDOO\��LQ�WKH�ORQJ�UXQ��2Q�WKH�RWKHU�KDQG��0F6KHD DQG�%UDQGRQ·V�DWWHPSW�WR�

LGHQWLI\� DQ� HTXLOLEULXP� VWDWH� WKDW� FRXOG� DSSO\� WR� DOO� HYROXWLRQDU\� V\VWHPV�� LQ� FRQWUDVW� ZLWK� WKH�

+:3·V�UHVWULFWLYH�FRQGLWLRQV��DOVR�KDV�VXEVWDQWLDO�FRQVHTXHQFHV�RQ�WKH�ZD\�WKH�V\VWHP�RI�LQWHUHVW�

LV�PRGHOOHG� DQG�H[SODQDWLRQV�DUH�GHYHORSHG��,Q�IDFW� ´>D@�ELRORJLVW�DUPHG�ZLWK�WKH�=)(/�ORRNV�WR�

VWDVLV��UDWKHU�WKDQ�FKDQJH��DV�WKH�VXUH�LQGLFDWRU�WKDW�DQ�HYROXWLRQDU\�IRUFH�LV�DW�ZRUNµ��*RXYHD������

S��������

7R�VXP�XS��,�EHOLHYH�WKHVH�FRQVLGHUDWLRQV�KLJKOLJKW�VRPH�DVSHFWV�ZKLFK�FDQQRW�EH�IXOO\�FDSWXUHG�

E\�XQGHUVWDQGLQJ�WKH�+:3�VLPSO\�DV�D�SULRUL LQ�6REHU·V�VHQVH��HYHQ�WKRXJK�LW�FDQ�EH�FRPSDWLEOH

ZLWK�LW��&HUWDLQO\��WKH�+:3�GHILQHV WKH�HTXLOLEULXP�FRQGLWLRQV�RI�JHQHWLF�SRSXODWLRQV��%XW�LW�GRHV�VR�

E\� SUHVHQWLQJ� D� FRXQWHUIDFWXDO� LGHDO� VLWXDWLRQ�� ZKLFK� H[KLELWV� D� FRQVWLWXWLYH� IXQFWLRQ� LQ� WKDW� LW�

UHSUHVHQWV�DQ� LQVWDQFH�RI�FRXQWHUIDFWXDO�UHDVRQLQJ��UDWKHU�WKDQ�FRQFHSWXDOO\�FRQVWLWXWLQJ�D�ILUVW�
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RUGHU�HPSLULFDO�ODZ��DV�LQ�)ULHGPDQ·V�FDVH��,QGHHG��WKH�+:3�SURYLGHV�H[SHFWHG�IUHTXHQFLHV��DJDLQVW�

ZKLFK� UHDO� JHQH� GLVWULEXWLRQV� DUH� WHVWHG�� WKXV� LW� GRHV� QRW� FRQVWLWXWH� WKH� UHDO� JHQH� GLVWULEXWLRQV�

WKHPVHOYHV��RI�FRXUVH��1RQHWKHOHVV��DV�,�KLJKOLJKWHG�DERYH��WKHLU�FKDUDFWHULVDWLRQ�DV�GHYLDWLRQV�IURP�

HTXLOLEULXP��DQG� WKH�RXWFRPHV�RI� WKH�H[SODQDWRU\�SUDFWLFHV� LPSOHPHQWHG� WR�DFFRXQW� IRU�VXFK�D�

GHYLDWLRQ��DUH�GHWHUPLQHG�E\�ZKDW�ZH�WDNH�WR�EH�WKH�HTXLOLEULXP�FRQGLWLRQ�

2QFH�ZH�DEVWUDFW�DZD\�IURP�WKH�W\SH�RI�JHQHUDWLYLW\�WKDW�FKDUDFWHULVHV�WKH�+:3��LW�VHHPV�FOHDU�

WKDW�LW�LV�QRW�PD[LPDO�ZLWKLQ�SRSXODWLRQ�JHQHWLFV��JLYHQ�WKH�UHVWULFWHG�GRPDLQ�WR�ZKLFK�LW�DSSOLHV�

�GLSORLG�RUJDQLVPV��VH[XDOO\�PDWLQJ���WKXV��LI ZH�WDNH�WKH�ODZV�RI�PRWLRQ�LQ�1HZWRQLDQ�PHFKDQLFV�

DV�SDUDGLJPDWLF�VWDQGDUG��LW�FDQ�FRXQW�RQO\�DV�D�PLQLPDO�FDVH��6WLOO��JLYHQ�LWV�HSLVWHPLF�IXQFWLRQ�RI�

SURYLGLQJ�HTXLOLEULXP�RU�VWDELOLW\�FRQGLWLRQV�IRU��DW�OHDVW�D�FODVV�RI��JHQHWLF�SRSXODWLRQV��LW�PD\�EH�

LQWHUSUHWHG�DV�DQ�LQVWDQFH�RI�D�PRUH�JHQHUDO�¶VWDELOLW\�SULQFLSOH·��ZKLFK�PLJKW�LWVHOI�EH�D�SDUDGLJPDWLF�

FRQVWLWXWLYH� UHTXLUHPHQW� IRU�PRGHOOLQJ�SUDFWLFHV� DFURVV� WKH� VFLHQFHV��7KHVH� ODVW�SRLQWV� FHUWDLQO\�

GHVHUYH�IXUWKHU�VFUXWLQ\�

&RQFOXVLRQ

,�KDYH�DUJXHG�WKDW�WKH�+:3�SHUIRUPV�D�FRQVWLWXWLYH�HSLVWHPLF�IXQFWLRQ�WR�D�PLQLPDO�H[WHQW��ZKHQ�

FRPSDUHG�WR�D�SDUDGLJPDWLF�FDVH�VXFK�DV�WKDW�RI�WKH� ODZV�RI�PRWLRQ�ZLWK�UHVSHFW�WR�WKH� ODZ�RI�

JUDYLWDWLRQ�LQ�1HZWRQLDQ�PHFKDQLFV��6XFK�FRQFOXVLRQ�LV�QRW�VLPSO\�D�FRQVHTXHQFH�RI�WKH�IDFW�WKDW�

WKH�ODZV�RI�PRWLRQ�DUH�FRQVWLWXWLYH�LQ�WKH�VHQVH�WKDW�WKH\�DUH�UHTXLUHG�IRU�IRUPXODWLQJ�D�ILUVW�RUGHU�

HPSLULFDO�ODZ��ZKHUHDV�WKH�+:3�GRHV�QRW�FRQVWLWXWH�DQRWKHU�HPSLULFDO�ODZ�EXW�LV�GLUHFWO\�GHSOR\HG�

LQ�PRGHOOLQJ�SUDFWLFHV��,Q�IDFW��XQGHU�WKH�DVVXPSWLRQ�RI�EOXUULQJ�WKH�GLVWLQFWLRQ�EHWZHHQ�WKHRU\�

DQG� SUDFWLFH�� DOVR� WKH� +:3� FDQ� EH� XQGHUVWRRG� DV� SURYLGLQJ� IXQGDPHQWDO� FRQFHSWXDO�

GHWHUPLQDWLRQV� WR� WKH�HPSLULFDO�PDWHULDO�RI� WKH�GRPDLQ�RI� LQWHUHVW��ZLWKRXW�EHLQJ� LWVHOI�GLUHFWO\�

WHVWDEOH�ZLWKLQ�LWV�RZQ�IUDPHZRUN�RI�LQTXLU\��7KH�+:3�SHUIRUPV�D�FRQVWLWXWLYH�IXQFWLRQ�LQ�WKDW�LW�

FRQFHSWXDOO\�GHWHUPLQHV�WKH�HTXLOLEULXP�VWDWH�IRU�JHQHWLF�SRSXODWLRQV�XQGHU�FHUWDLQ�FRQGLWLRQV��E\�

SURYLGLQJ� D� FRXQWHUIDFWXDO� LGHDOLVHG� VFHQDULR� WR� ZKLFK� UHDO� VLWXDWLRQV� FDQ� EH� FRPSDUHG�� %\�

LQVWDQWLDWLQJ�D��VSHFLILF��FRXQWHUIDFWXDO�LGHDO�VLWXDWLRQ��LW�RSHQV�D�UHVWULFWHG�VHW�RI�SRVVLELOLWLHV�ZLWKLQ�

ZKLFK�HPSLULFDO�LQTXLU\�RQ��DW�OHDVW�D�FODVV�RI��JHQHWLF�SRSXODWLRQV�LQ�JHQHUDO�FDQ�WDNH�SODFH��WKXV�

GHWHUPLQLQJ�� IRU� LQVWDQFH�� FHUWDLQ UHODWLRQVKLSV� EHWZHHQ� WKH� SDUDPHWHUV� RI� LQWHUHVW�� DQG� ZKLFK�

HQWLWLHV�DUH�VDOLHQW�ZKHQ�GHYHORSLQJ�H[SODQDWLRQV��+RZHYHU��RQFH�WKH�+:3�KDV�EHHQ�VXEMHFW�WR�

DQDO\VLV�LQ�WHUPV�RI�WKH�IUDPHZRUN�,�SURYLGHG��LW�VKRZV�WKH�W\SLFDO�FKDUDFWHULVWLFV�RI�FRQVWLWXWLYH�

HOHPHQWV�WR�D�OHVVHU�H[WHQW�WKDQ�SDUDGLJPDWLF�FDVHV��)LQDOO\��WKH�HPHUJHQFH�RI�DOWHUQDWLYH�WKHRUHWLFDO�

HOHPHQWV�ZKLFK�FDQ�SHUIRUP�WKH�VDPH�IXQFWLRQ�RI�HTXLOLEULXP�FRQGLWLRQ�DV�WKDW�RI�WKH�+:3��DOEHLW�

ZLWK�GLIIHUHQW�HSLVWHPLF�SXUSRVHV�DQG�RXWFRPHV��LQGLFDWHV�WKDW�WKH�+:3�PLJKW�EH�XQGHUVWRRG�DV�
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RQH�RI� WKH�FRQFUHWH� LQVWDQWLDWLRQV�RI�D�JHQHUDO� DQG� IRUPDO� �L�H�� HPSLULFDOO\� FRQWHQWOHVV�� VWDELOLW\�

SULQFLSOH�� WKDW�PLJKW� LWVHOI� EH� FRQVLGHUHG� DV� D� �SDUDGLJPDWLF�� FRQVWLWXWLYH� SUHFRQGLWLRQ� IRU� RXU�

PRGHOOLQJ�SUDFWLFHV�LQ�JHQHUDO�

$FNQRZOHGJPHQWV

,�ZRXOG�OLNH�WR�WKDQN�0DWWKHZ�%D[HQGDOH��$QQD�.RFVLV��0DULD�.URQIHOGQHU��DQG�)ODYLD�3DGRYDQL�

IRU�WKHLU�VXSSRUW�DQG�FULWLFLVP��DQG�IRU�WKHLU�FRPPHQWV�WR�HDUOLHU�GUDIWV�RI�WKLV�SDSHU��,�DOVR�WKDQN�

WZR�DQRQ\PRXV�UHYLHZHUV�IRU�WKHLU�FRQVWUXFWLYH�DQG�YDOXDEOH�FRPPHQWV�

5HIHUHQFHV

%DWHVRQ��:���������0HQGHO
V�3ULQFLSOHV�RI�+HUHGLW\��&DPEULGJH��/RQGRQ��1HZ�<RUN��&DPEULGJH�8QLYHUVLW\�3UHVV�

%LWERO��0���.HUV]EHUJ��3���	�3HWLWRW��-���(GV������������&RQVWLWXWLQJ�2EMHFWLYLW\��7UDQVFHQGHQWDO�3HUVSHFWLYHV�RQ�0RGHUQ�3K\VLFV��
6SULQJHU�6FLHQFH�	�%XVLQHVV�0HGLD�

%RVFR��)���&DVWUR��'���DQG�%ULRQHV��0��5��������� 1HXWUDO�DQG�VWDEOH�HTXLOLEULD�RI�JHQHWLF�V\VWHPV�DQG�WKH�+DUG\²
:HLQEHUJ�SULQFLSOH��OLPLWDWLRQV�RI�WKH�FKL�VTXDUH�WHVW�DQG�DGYDQWDJHV�RI�DXWR�FRUUHODWLRQ�IXQFWLRQV�RI�DOOHOH�
IUHTXHQFLHV��)URQWLHUV�LQ�*HQHWLFV������²���

%X]]RQL��0��������� 2Q�WKRXJKW�H[SHULPHQWV�DQG�WKH�.DQWLDQ�D�SULRUL�LQ�WKH�QDWXUDO�VFLHQFHV��$�UHSO\�WR�<LIWDFK�-��
+��)HKLJH��(SLVWHPRORJLD� �������²����

&DOOHEDXW��:��������� 7XUQLQJ�QDWXUDOLVWLF��DQ�LQWURGXFWLRQ��,Q�:��&DOOHEDXW���(G����7DNLQJ�WKH�1DWXUDOLVWLF�WXUQ��RU�+RZ�
5HDO�3KLORVRSK\�RI�6FLHQFH�LV�'RQH �SS���²���� &KLFDJR�DQG�/RQGRQ��7KH�8QLYHUVLW\�RI�&KLFDJR�3UHVV�

&DVWHOODQL��(���(G������������,QWHUSUHWLQJ�%RGLHV��&ODVVLFDO�DQG�4XDQWXP�2EMHFWV�LQ�0RGHUQ�3K\VLFV��3ULQFHWRQ�8QLYHUVLW\�3UHVV�

&DVWOH��:��(��������� 7KH�ODZV�RI�KHUHGLW\�RI�*DOWRQ�DQG�0HQGHO��DQG�VRPH�ODZV�JRYHUQLQJ�UDFH�LPSURYHPHQW�E\�
VHOHFWLRQ��3URFHHGLQJV�RI�WKH�$PHULFDQ�$FDGHP\�RI�$UWV�DQG�6FLHQFHV���������²�����

&KDQJ�� +�� ������� &RQWLQJHQW� WUDQVFHQGHQWDO� DUJXPHQWV� IRU� PHWDSK\VLFDO� SULQFLSOHV�� 5R\DO� ,QVWLWXWH� RI� 3KLORVRSK\�
6XSSOHPHQW� �������²��������

²²² ������� 2QWRORJLFDO�SULQFLSOHV�DQG�WKH�LQWHOOLJLELOLW\�RI�HSLVWHPLF�DFWLYLWLHV��,Q +��:��'H�5HJW� 6��/HRQHOOL��	 .��
(LJQHU�� �(GV���� 6FLHQWLILF� 8QGHUVWDQGLQJ�� 3KLORVRSKLFDO� 3HUVSHFWLYHV �SS�� ��²����� 3LWWVEXUJK�� 3$�� 8QLYHUVLW\� RI�
3LWWVEXUJK���

²²² ������� ,V�:DWHU�+�2"�(YLGHQFH��5HDOLVP��DQG�3OXUDOLVP��1HWKHUODQGV��6SULQJHU�����

&URZ��-��)��������� (LJKW\�\HDUV�DJR��WKH�EHJLQQLQJV�RI�SRSXODWLRQ�JHQHWLFV��*HQHWLFV�������������²����

²²² ������� +DUG\��:HLQEHUJ�DQG�ODQJXDJH�LPSHGLPHQWV��*HQHWLFV�������������²����

'LDFRQLV��3��������� *��+��+DUG\�DQG�SUREDELOLW\"""�%XOOHWLQ�RI�WKH�/RQGRQ�0DWKHPDWLFDO�6RFLHW\������������²����

'RE]KDQVN\��7��������� 7KH�ELUWK�RI�WKH�JHQHWLF�WKHRU\�RI�HYROXWLRQ�LQ�WKH 6RYLHW�8QLRQ�LQ�WKH�����·V��,Q�(��0D\U��
	�:�� %� 3URYLQH� �(GV��� 7KH� (YROXWLRQDU\� 6\QWKHVLV�� 3HUVSHFWLYHV� RQ� WKH� 8QLILFDWLRQ� RI� %LRORJ\ �SS�� ���²�����
&DPEULGJH��0$ DQG�/RQGRQ��+DUYDUG�8QLYHUVLW\�3UHVV�

(DUQVKDZ��(��������� (YROXWLRQDU\�IRUFHV�DQG�WKH�+DUG\�:HLQEHUJ�HTXLOLEULXP��%LRORJ\�DQG�3KLORVRSK\���������²����

(GZDUGV��$��:��)��������� *��+��+DUG\��������DQG�+DUG\²:HLQEHUJ�(TXLOLEULXP��*HQHWLFV��������������²�����
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(OJLQ��0��������� %LRORJ\�DQG�D�SULRUL�ODZV��3KLORVRSK\�RI�6FLHQFH�������������²�����

(YHUHWW��-����������7KH�FRQVWLWXWLYH�D�SULRUL�DQG�WKH�GLVWLQFWLRQ�EHWZHHQ�PDWKHPDWLFDO�DQG�SK\VLFDO�SRVVLELOLW\��6WXGLHV�
LQ�+LVWRU\�DQG�3KLORVRSK\�RI�6FLHQFH�3DUW�%��6WXGLHV�LQ�+LVWRU\�DQG�3KLORVRSK\�RI�0RGHUQ�3K\VLFV��������������

)LVKHU��5��$��������� 7KH�FRUUHODWLRQ�EHWZHHQ�UHODWLYHV�RQ�WKH�VXSSRVLWLRQ�RI�0HQGHOLDQ�LQKHULWDQFH��7UDQVDFWLRQV�RI�
WKH�5R\DO�6RFLHW\�RI�(GLQEXUJK���������²����

²²² ������� 2Q�WKH�GRPLQDQFH�UDWLR��3URFHHGLQJV�RI�WKH�5R\DO�6RFLHW\�RI�(GLQEXUJK���������²����

)ULHGPDQ�� 0�� ������� 7UDQVFHQGHQWDO� SKLORVRSK\� DQG� D� SULRUL� NQRZOHGJH� $� QHR�.DQWLDQ� SHUVSHFWLYH�� ,Q� 3��
%RJKRVVLDQ��	�&��3HDFRFNH �(GV����1HZ�(VVD\V�RQ�WKH�$�3ULRUL �SS�����²������2[IRUG��&ODUHQGRQ�3UHVV�

²²² ������� '\QDPLFV�RI�5HDVRQ��6WDQIRUG��&$��&VOL�3XEOLFDWLRQV�

*LHUH��5��1��������� ([SODLQLQJ�6FLHQFH��$�&RJQLWLYH�$SSURDFK��&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV�

*LOOHVSLH��-��+��������� 3RSXODWLRQ�*HQHWLFV��$�&RQFLVH�*XLGH��%DOWLPRUH�DQG�/RQGRQ��7KH�-RKQV�+RSNLQV�8QLYHUVLW\�
3UHVV�

*RXYHD��'��-��������� ([SODQDWLRQ�DQG�WKH�HYROXWLRQDU\�ILUVW�ODZ�V���3KLORVRSK\�RI�6FLHQFH���������²����

+DOGDQH��-��%��6��������� 3DUW�,��$�PDWKHPDWLFDO�WKHRU\�RI�QDWXUDO�DQG�DUWLILFLDO�VHOHFWLRQ��7UDQVDFWLRQV�RI�WKH�&DPEULGJH�
3KLORVRSKLFDO�6RFLHW\����� ��²�����

+DUG\��*��+��������� 0HQGHOLDQ�SURSRUWLRQV�LQ�D�PL[HG�SRSXODWLRQ��6FLHQFH��������²���

+DUWO��'��/���	 &ODUN��$��*� ������� 3ULQFLSOHV�RI�3RSXODWLRQ�*HQHWLFV ��WK HG����6XQGHUODQG��0$��6LQDXHU�$VVRFLDWHV�
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WKH�0DUULDJH�RI�+LVWRU\�DQG�3KLORVRSK\�RI�6FLHQFH �SS����������� &KLFDJR�DQG�/D�6DOOH��2SHQ�&RXUW�

.XKQ��7��6���������������7KH�VWUXFWXUH�RI�VFLHQWLILF�UHYROXWLRQV��,QWHUQDWLRQDO�(QF\FORSHGLD�RI�8QLILHG�6FLHQFH��YRO�����QR��
��
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ODZ��*HQHWLFV�������������²����

/RYH��$��&��������� 7KHRU\�LV�DV�WKHRU\�GRHV��VFLHQWLILF�SUDFWLFH�DQG�WKHRU\�VWUXFWXUH�LQ�ELRORJ\��%LRORJLFDO�7KHRU\��������
���²����

0D\R��2��������� $�FHQWXU\�RI�+DUG\²:HLQEHUJ�HTXLOLEULXP��7ZLQ�5HVHDUFK�DQG�+XPDQ�*HQHWLFV������������²����

0DWWKHQ��0���	�$ULHZ��$��������� 7ZR�ZD\V�RI�WKLQNLQJ�DERXW�ILWQHVV�DQG�QDWXUDO�VHOHFWLRQ��-RXUQDO�RI�3KLORVRSK\������
��²���

²²² ������� 6HOHFWLRQ�DQG�FDXVDWLRQ��3KLORVRSK\�RI�6FLHQFH���������²����

0F6KHD��'��:���	 %UDQGRQ��5��1��������� %LRORJ\·V�)LUVW�/DZ��7KH�7HQGHQF\� IRU�'LYHUVLW\�DQG�&RPSOH[LW\� WR� ,QFUHDVH� LQ�
(YROXWLRQDU\�6\VWHPV��&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV�



Ϯϳ
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