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$�VWUXFWXUH�RI�G\QDPLFDO�WKHRULHV�LV�SURSRVHG�WKDW�LPSOHPHQWV�0DFK
V�
LGHDV�E\�EHLQJ�UHODWLRQDO�LQ�LWV�WUHDWPHQW�RI�ERWK�PRWLRQ�DQG�WLPH��7KH�
UHVXOWLQJ�JHQHUDO�G\QDPLFV��ZKLFK�LV�FDOOHG�LQWULQVLF�G\QDPLFV�DQG�E\�
FRQVWUXFWLRQ�WUHDWV�WKH�HYROXWLRQ�RI�WKH�HQWLUH�8QLYHUVH��LV�VKRZQ�WR�
DGPLW�DV�VSHFLDO�FDVHV�1HZWRQLDQ�G\QDPLFV�DQG�/RUHQW]�LQYDULDQW�ILHOG�
WKHRU\�SURYLGHG�WKH�DQJXODU�PRPHQWXP�RI�WKH�8QLYHUVH�LV�]HUR�LQ�WKH�IUDPH�
LQ�ZKLFK�LWV�PRPHQWXP�LV�]HUR��7KH�IRUPDO�VWUXFWXUH�RI�(LQVWHLQ
V�JHQHUDO�
WKHRU\�RI�UHODWLYLW\�DOVR�ILWV�WKH�SDWWHUQ�RI�LQWULQVLF�G\QDPLFV�DQG�LV�
0DFKLDQ�DFFRUGLQJ�WR�WKH�FULWHULD�RI�WKLV�SDSHU�SURYLGHG�WKH�VR�FDOOHG�
WKLQ�VDQGZLFK�FRQMHFWXUH�LV�JHQHULFDOO\�FRUUHFW��

��� $� )5$0(:25.� )25� ,03/(0(17,1*� 0$&+
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'\QDPLFV�LV�JHQHUDOO\�SUHVHQWHG�DV�WKH�WKHRU\�RI�WKH�PRWLRQ�RI�DUELWUDU\�G\QDPLFDO�
V\VWHPV�LQ�VSDFH�DQG�WLPH��+RZHYHU��DV�ZH�SRLQWHG�RXW�LQ�RXU�HDUOLHU�SDSHUV��%DUERXU�
������ ,����� %DUERXU�	�%HUWRWWL�������� D�IXOO\�UHODWLRQDO��DQG�KHQFH�0DFKLDQ��WKHRU\�
VKRXOG�VWDUW�E\�FRQVLGHULQJ�WKH�UHODWLYH�PRWLRQ�RI�WKH�8QLYHUVH�WUHDWHG�DV�D�VLQJOH�
HQWLW\�DQG�WKHQ�UHFRYHU�WKH�PRWLRQ�RI�VXEV\VWHPV�ZLWKLQ�WKH�EDFNJURXQG�SURYLGHG�
E\�WKH�8QLYHUVH�DW�ODUJH��7KLV�OHDGV�WR�H[SOLFLW�GHWHUPLQDWLRQ�RI�WKH�LQHUWLDO�IUDPHV�
RI�UHIHUHQFH�LQ�WHUPV�RI�ZKLFK�G\QDPLFV�LV�XVXDOO\�IRUPXODWHG��
/HW�XV�FRQVLGHU�KRZ�D�0DFKLDQ�VFKHPH�ZLOO�GLIIHU�IURP�WKH�IUDPHZRUN�RI�FODVVLFDO�

G\QDPLFDO�WKHRU\��VHH��IRU�H[DPSOH��/DQF]RV�
����� 6\QJH�L��R��� LQ�ZKLFK�WKH�EDVLF�
FRQFHSW�LV�WKH�FRQILJXUDWLRQ�VSDFH�4�RI�WKH�V\VWHP�XQGHU�FRQVLGHUDWLRQ��,WV�SRLQWV�DUH�
GHILQHG�E\�D�VHW�RI�YDULDEOHV�T� � �TO��T����������,W�LV�VRPHWLPHV�FRQYHQLHQW�WR�UHJDUG�WKH�
WLPH�W�DV�DQ�H[WUD�G\QDPLFDO�YDULDEOH�T�� �W��DQG�DGMRLQ�LW�WR�T��REWDLQLQJ�WKHUHE\�
WKH�VSDFH�RI�HYHQWV�47��$�KLVWRU\�RI�WKH�V\VWHP�LV�UHSUHVHQWHG�E\�D�FXUYH�LQ�47��WKH�
SRLQWV�RI�ZKLFK�DUH�ODEHOOHG�E\�DQ�DUELWUDU\�DQG�PRQRWRQLF�SDUDPHWHU�$��WKH�ODEHO�
WLPH��7KLV�KLVWRU\�LV�JRYHUQHG�E\�DQ�DFWLRQ�6� � IG$�<�T��TN��DQG�WKH�FRUUHVSRQGLQJ�
YDULDWLRQDO�SULQFLSOH��7KH�/DJUDQJH�IXQFWLRQ�<� LV�KRPRJHQHRXV�RI�GHJUHH�RQH�LQ�
T$� �GT�G$��VR�WKDW�WKH�DFWLRQ�6�LV�LQYDULDQW�XQGHU�DQ�DUELWUDU\�WUDQVIRUPDWLRQ�RI�
WKH�SDUDPHWHU�$��7KHUHIRUH�<�GHILQHV�D�)LQVOHU�PHWULF�GV� �G$�<�LQ�47�DQG��LI�LW�LV�
QRW�GHJHQHUDWH��GHWHUPLQHV�D�XQLTXH�KLVWRU\�JLYHQ�LWV�LQLWLDO�FRQILJXUDWLRQ�T�DQG�LWV�

W� 3HUUQDQHQW� DGGUHVV�� &ROOHJH� )DUP�� 6RXWK� 1HZLQJWRQ�� %DQEXU\�� 2[RQ� 2;��� �-*��
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LQLWLDO�GLUHFWLRQ�GT��:H�SURSRVH�WR�FRQVWUXFW�0DFKLDQ�WKHRULHV�LQ�DFFRUGDQFH�ZLWK�
WKH�VDPH�EDVLF�VFKHPH�EXW�ZLWK�WZR�PRGLILFDWLRQV��
)LUVW��WKH�FRQILJXUDWLRQ�T�LV�JHQHUDOO\�GHILQHG�LQ�D�IUDPH�RI�UHIHUHQFH��7\SLFDOO\��

D�VHW�RI�1�SRLQW�SDUWLFOHV�LV�GHWHUPLQHG�E\�WKHLU��1�&DUWHVLDQ�FRRUGLQDWHV�U��L� � ���
��������1��� KHUH�T� � �UL���+RZHYHU��D� FODVVLFDO��L�H��QRQ�UHODWLYLVWLF��V\VWHP�RI�1�
SDUWLFOHV�LV�UHDOO\�GHILQHG�RQO\�E\�WKHLU�UHODWLYH�GLVWDQFHV�ULM��%HFDXVH�RI�WKH�XQGHU��
O\LQJ�(XFOLGHDQ�JHRPHWU\��RQO\��1����RI�WKHVH�GLVWDQFHV�DUH�LQGHSHQGHQW��7KHUH�LV�
D�VL[�SDUDPHWHU�VHW�RI�T� ��U���WKDW�FRUUHVSRQGV�WR�D�JLYHQ�VHW�RI�U�M��WKH�VHWV�DUH�
UHODWHG�WR�HDFK�RWKHU�E\�D�WUDQVIRUPDWLRQ�RI�WKH�(XFOLGHDQ�V\PPHWU\�JURXS�(2��

(R� U�� U
� �$�U�K�� ������

ZKHUH�$�LV�DQ�RUWKRJRQDO�WKUHH�GLPHQVLRQDO�PDWUL[�DQG�K�LV�D�YHFWRU��7KH�FRQ��
ILJXUDWLRQ�VSDFH�4�LV�GHFRPSRVHG�E\�(R�LQWR�RUELWV��GHQRWHG�E\�̂T`��GHILQHG�DV�WKH�VHW�
RI�TV�REWDLQHG�E\�WKH�DSSOLFDWLRQ�RI�DOO�WKH�HOHPHQWV�RI�(R��,W�LV�QDWXUDO�WR�UHJDUG�WKH�
ULM�DV�SULPDU\��WR�FRQVLGHU�WKH�GLIIHUHQW�UHSUHVHQWDWLRQV�T�RI�D�JLYHQ�̂T`�DV�UHSUHVHQWLQJ�
WKH�VDPH�VWDWH�RI�WKH�V\VWHP��WR�FDOO�WKH�VHW�RI�DOO�RUELWV�^T`�WKH�LQWULQVLF��RU�UHODWLYH��
FRQILJXUDWLRQ�VSDFH��L�F�V���RI�WKH�V\VWHP�DQG�WR�GHQRWH�LW�E\�42��,Q�PRUH�FRPSOLFDWHG�
FDVHV��IRU�H[DPSOH�LQ�ILHOG�WKHRU\��WKH�LQWURGXFWLRQ�RI�H[SOLFLW�UHODWLYH�FRQILJXUDWLRQ�
YDULDEOHV�OLNH�ULM�LV�QRW�SRVVLEOH��WKH�L�F�V��FDQ�EH�FRQVWUXFWHG�RQO\�WKURXJK�WKH�XQGHU��
O\LQJ�JURXS�WKHRUHWLFDO�VWUXFWXUH��DV�ZLOO�EH�H[SODLQHG�ODWHU��
7KH�1HZWRQLDQ�RU�/RUHQW]LDQ�IRUPV�RI�G\QDPLFV�IRU�JHQHUDO�SK\VLFDO�V\VWHPV�DUH�

IRUPXODWHG�LQ�4��,Q�FRQWUDVW��ZH�VKDOO�VKRZ�KHUH�KRZ��LI�WKH�8QLYHUVH�VDWLVILHV�FHUWDLQ�
FRQGLWLRQV�DW�LQILQLW\��LQ�SDUWLFXODU��LI�LW�LV�ILQLWH���LWV�G\QDPLFV�FDQ�EH�IRUPXODWHG�LQ�
4��DQG�1HZWRQLDQ�RU�/RUHQW]LDQ�G\QDPLFV�UHFRYHUHG�LQ�WKHLU�FRQYHQWLRQDO�IRUPV�
IRU�LVRODWHG�VXEV\VWHPV��7KH�FRQIOLFW�EHWZHHQ�DEVROXWH�DQG�UHODWLYH�PRWLRQ�LV�WKHQ�
UHVROYHG��:H�VKDOO�VD\�WKDW�D�G\QDPLFDO�WKHRU\�IRUPXODWHG�LQ�4��LPSOHPHQWV�WKH�
ILUVW�0DFK�SULQFLSOH��

2XU�VHFRQG�PRGLILFDWLRQ�FRQFHUQV�WKH�WUHDWPHQW�RI�WLPH��)RU�D�V\VWHP�LQ�47��WKH�
WLPH�W�LV�DOZD\V�SURYLGHG�E\�D�FORFN�H[WHULRU�WR�WKH�V\VWHP��)RU�VXFK�D�W��WKH�
VSHHG
�
DW�ZKLFK�WKH�V\VWHP�PRYHV�WKURXJK�4�LV�ZHOO�GHILQHG�DQG�PRWLRQV�DORQJ�WKH�VDPH�
FXUYH�LQ�4�FRUUHVSRQG�WR�GLIIHUHQW�FXUYHV�LQ�47��%XW�LI�WKH�SRLQWV�T�RI�4�UHSUHVHQW�
WKH�HQWLUH�8QLYHUVH��LW�LV�KDUG�WR�VHH�ZKDW�PHDQLQJ�FRXOG�EH�DWWDFKHG�WR�VD\LQJ�WKDW�
DEVROXWHO\�HYHU\WKLQJ�LV�VSHHGHG�XS�E\�WKH�VDPH�DPRXQW��DOO�WKH�REVHUYDEOH�
UHODWLRQV�DUH�VWLOO�UXQ�WKURXJK�LQ�WKH�LGHQWLFDO�VHTXHQFH��$V�ZDV�SRLQWHG�RXW�E\�
%DUERXU��,������ WKH�HDVLHVW�ZD\�RXW�RI�WKH�GLOHPPD�LV�WR�DVVXPH�WKDW�WKH�8QLYHUVH�
DV�D�ZKROH�GRHV�QRW�HYROYH�LQ�VRPH�4��7�REWDLQHG�E\�DGMRLQLQJ�DQ�LQGHSHQGHQW�WLPH�
WR�4���EXW�VLPSO\�LQ�4���,Q�WKLV�YLHZ��WKH�SDVVDJH�RI�WLPH�PHUHO\�UHIOHFWV�WKH�8QLYHUVH
V�
PRYLQJ�IURP�RQH�SRLQW�RI�42�WR�DQRWKHU��7KLV�LV�/HLEQL]
V�FRQFHSW�RI�WLPH�DV�PHUHO\�
WKH�VXFFHVVLYH�RUGHU�RI�WKLQJV��LQVWDQWV�DUH�GHILQHG�E\�WKH�VXFFHVVLYH�UHODWLYH�FRQ��
ILJXUDWLRQV�RI�WKH�8QLYHUVH��VHH�/HLEQL]�,�,���� 7KHVH�GHILQH�D�FXUYH�LQ�4��ZKRVH�
SRLQWV�FDQ�EH�ODEHOOHG�E\�D�PRQRWRQLF�DQG�FRQWLQXRXV�SDUDPHWHU�$��D�SXUHO\�
WRSRORJLFDO�ODEHO�ZLWK�QR�PHWULFDO�SURSHUWLHV�DVVRFLDWHG�ZLWK�LW��:H�VKDOO�VD\�WKDW�
D�WKHRU\�WKDW�GLVSHQVHV�ZLWK�DQ�LQGHSHQGHQW�WLPH�DQG�WUHDWV�PRWLRQ�LQ�42�DORQH�
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LPSOHPHQWV�WKH�VHFRQG�0DFK�SULQFLSOH��WKLV�H[SUHVVLRQ�ZDV�FRLQHG�E\�0LWWHOVWDHGW�
�,������ 0LOQH�������� DOVR�DGYRFDWHG�WKH�FRQVWUXFWLRQ�RI�G\QDPLFDO�WKHRU\�ZLWKRXW�
UHFRXUVH�WR�WLPH�DV�DQ�LQGHSHQGHQW�HOHPHQW���
$V�ZH�SRLQWHG�RXW�LQ�%DUERXU�	�%HUWRWWL��� ������ D�0DFKLDQ�WKHRU\�ZLOO�EH�LQYDULDQW�

XQGHU�WKH�/HLEQL]�JURXS��
(��U� U
� � $�$���U���K�$��� ����D��

$� $
 I�$��� GI�G$� ��2�� ����E��

ZKHUH�WKH�VFDODUI��WKH�RUWKRJRQDO�PDWUL[�$�DQG�WKH�YHFWRU�K�DUH�DUELWUDU\�IXQFWLRQV�
RI�WKH�ODEHO�$��
,Q�WKH�ILUVW�SDUW�RI�WKH�SDSHU�ZH�VKDOO�VKRZ�KRZ�WKHRULHV�RI�WKH�8QLYHUVH�DV�D�ZKROH�

LQYDULDQW�XQGHU��������ZKLFK�LQYROYHV�VHYHQ�DUELWUDU\�IXQFWLRQV��FDQ�OHDG�WR�WKHRULHV�
RI�VXEV\VWHPV�WKDW�DUH�LQYDULDQW�RQO\�ZLWK�UHVSHFW�WR�WKH�PXFK�PRUH�UHVWULFWHG�
�ILQLWH�SDUDPHWHU��*DOLOHR�RU�/RUHQW]�JURXSV��7KLV�LV�DFKLHYHG�E\�D�QHZ���DQG�
0DFKLDQ��IRUP�RI�G\QDPLFV��FDOOHG�LQWULQVLF�G\QDPLFV��,Q�WKH�ILQDO�SDUW�ZH�VKDOO�
VKRZ�WKDW�LQWULQVLF�G\QDPLFV�KDV�HVVHQWLDOO\�WKH�VDPH�VWUXFWXUH�DV�JDXJH�WKHRU\�DQG�
(LQVWHLQ
V�JHQHUDO�WKHRU\�RI�UHODWLYLW\��

���,175,16,&� '<1$0,&6�

7KH�SUHYLRXV�FRQVLGHUDWLRQV�VWURQJO\�VXJJHVW�WKDW�D�0DFKLDQ�WKHRU\�ZLOO�EH�
UHDOL]HG�E\�D�YDULDWLRQDO�SULQFLSOH�LQ�WKH�VSDFH�RI�RUELWV�42��LQ�DQDORJ\�ZLWK�WKH�
YDULDWLRQDO�SULQFLSOHV�RI�FODVVLFDO�PHFKDQLFV�LQ�47��6XFK�D�SULQFLSOH�LV�JLYHQ�E\�D�
)LQVOHU�PHWULF�LQ�42��,Q�%DUERXU�	�%HUWRWWL��,�������ZH�DFKLHYHG�WKLV�DLP�E\�ZULWLQJ�
GRZQ�D�/DJUDQJH�IXQFWLRQ�GLUHFWO\�LQ�WHUPV�RI�WKH�UHODWLYH�GLVWDQFHV�U�M�EHWZHHQ�
SRLQW�SDUWLFOHV�RI�PDVVHV�PL��:KLOH�WKLV�ZDV�VDWLVIDFWRU\�LQ�VKRZLQJ�KRZ�D�1HZWRQLDQ��
W\SH�G\QDPLFV�LQYDULDQW�XQGHU�RQO\�WKH�*DOLOHR�JURXS�FRXOG�DULVH�ORFDOO\�DV�D�JRRG�
DSSUR[LPDWLRQ�IURP�D�0DFKLDQ�G\QDPLFV�LQYDULDQW�JOREDOO\�XQGHU�WKH�/HLEQL]�
JURXS��������DQ�XQVDWLVIDFWRU\�IHDWXUH�ZDV�WKH�SUHGLFWLRQ�RI�DQLVRWURSLF�HIIHFWLYH�
PDVVHV��LQ�FRQWUDGLFWLRQ�ZLWK�H[SHULPHQW��7KHUH�DOVR�DSSHDUHG�WR�EH�QR�VLPSOH�
H[WHQVLRQ�RI�VXFK�DQ�DSSURDFK�WR�HQFRPSDVV�ILHOG�WKHRU\��%RWK�WKH�SUREOHPV�FDQ�
EH�UHVROYHG�LQ�ZKDW�ZH�VKDOO�FDOO�LQWULQVLF�G\QDPLFV��
7R�GHILQH�D�GLVWDQFH�LQ�42�D�QHZ�PDWKHPDWLFDO�WRRO�KDV�WR�EH�LQWURGXFHG��FDOOHG�

WKH�LQWULQVLF�GLIIHUHQWLDO��:H�VKDOO�VHH�ODWHU�WKDW�LW�LV�FORVHO\�UHODWHG�WR�JDXJH�WKHRU\��
7R�JUDVS�WKH�LGHD��FRQVLGHU�WKH�H[DPSOH�RI�D�UHDO�VFDODU�ILHOG���GHILQHG�RQ�WZR��
GLPHQVLRQDO�(XFOLGHDQ�VSDFH��T6� �2��[��\���6XSSRVH�WZR�VXFFHVVLYH�
SKRWRJUDSKV
��
FDOOHG�	��DQG�2�� DUH�WDNHQ�RI�VXFK�D�ILHOG�DV�LW�HYROYHV��(DFK�VKRZV�D�SDWWHUQ�RI�
LQWHQVLWLHV��WKH�ILHOG�VWUHQJWK���DW�HDFK�SRLQW��7KH�UHODWLYH�GLVSRVLWLRQ�RI�WKH�LQWHQ��
VLWLHV�LQ�T���GHILQHV�WKH�SRVLWLRQ�RI����LQ�42��7KH�GHVFULSWLRQV�LQ�4�DUH�REWDLQHG�E\�
OD\LQJ�D�&DUWHVLDQ�JULG�LQ�VRPH�DUELWUDU\�PDQQHU�RQ�WKH��[��\��SODQH�DQG�GHWHUPDLQLQJ�
WKH�VHW�RI�YDOXHV�����[��\���ZKLFK�IL[HV�D�T��LQ�4��7KH�RUELW�̂T��`�LV�REWDLQHG�E\�SODFLQJ�
WKH�&DUWHVLDQ�JULG�LQ�DOO�SRVVLEOH�ZD\V��DQG�VLPLODUO\�IRU�̂T�`��,I����DQG�E��GLIIHU�
LQWULQVLFDOO\��^TM`�DQG�̂T�`�DUH�GLVWLQFW��

This content downloaded from 131.104.62.10 on Mon, 1 Jul 2013 18:59:00 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


���� -��%��%DUERXU�DQG�%��%HUWRWWL�

,I�ZH�QRZ�DVN�DIWHU�WKH�YDULDWLRQ�LQ���EHWZHHQ�WKH�WZR�SKRWRJUDSKV��ZH�FRPH�XS�
DJDLQVW�WKH�SUREOHP�WKDW�OHG�1HZWRQ�WR�LQWURGXFH�KLV�FRQFHSW�RI�DEVROXWH�VSDFH��
1DPHO\��ZH�QHHG�WR�KDYH�VRPH�UXOH�WKDW�HQDEOHV�XV�WR�IL[�WKH�JULG�RQ�T���UHODWLYH�WR�
WKH�JULG�RQ�����ZKLFK�FDQ�DOZD\V�EH�FKRVHQ�DUELWUDULO\���,QWULQVLF�G\QDPLFV�LV�EDVHG�
RQ�D�VLPSOH�SULQFLSOH�ZKLFK�GLVSHQVHV�ZLWK�D�QHHG�IRU�DEVROXWH�VSDFH��QDPHO\��
FDOFXODWH�ILUVW�WKH�GLIIHUHQFH�GR� � ���OZLWK� DUELWUDU\�&DUWHVLDQ�JULGV�DQG�WKHQ�
HYDOXDWH�WKH�/��GLVWDQFH�

GV� � -G[� G\��GT��� ������

�RI�FRXUVH��ZH�DVVXPH�WKH�UHTXLUHG�FRQYHUJHQFH�SURSHUWLHV���WKHQ�E\�WKH�DFWLRQ�RI�
(R�VKLIW�RQH�JULG�ZLWK�UHVSHFW�WR�WKH�RWKHU�XQWLO�GV�LV�PLQLPL]HG��7KLV�SURFHGXUH�
VWDFNV�"���UHODWLYH�WR����DQG�LWV�VLJQLILFDQFH�LV�FOHDU��LW�UHGXFHV�WKH�GLIIHUHQFH�EHWZHHQ�
�E�DQG�2E��WR�WKH�VPDOOHVW�DPRXQW�SRVVLEOH��DV�PHDVXUHG�E\����������WKH�FRUUHVSRQGLQJ�
PLQLPDO�GV�FDQ�EH�FDOOHG�WKH�GLVWDQFH�EHWZHHQ����DQG�T���,W�LV�FRRUGLQDWH�LQGHSHQGHQW�
DQG�GHWHUPLQHG�JOREDOO\��
,Q�JHQHUDO��DVVXPH�WKDW�D�SRVLWLYH�GHILQLWH�PHWULF�

GV�� ��GTMGT!��T��T�� �GT�
LV�GHILQHG�LQ�4��8QGHU�WKH�DFWLRQ�RI�WKH�/LH�DOJHEUD�RI�(R��

T� !�T � T�� H�4T�� ������

ZKHUH�"D� DUH�WKH�RSHUDWRUV�RI�LQILQLWHVLPDO�WUDQVODWLRQV�DQG�URWDWLRQV��6LQFH�GT�LV�
LQILQLWHVLPDO��LW�LV�VXIILFLHQW�WR�DFW�XSRQ�T��RU�T��ZLWK�WKH�DOJHEUD��������ZH�PXVW�WKHQ�
PLQLPL]H�WKH�IRUP� �GT��� 2T�H� O�TMGT��� L�H��4T!��

D� D�

ZLWK�UHVSHFW�WR���D��7KLV�GHILQHV�FR��DQG�D�PHWULF�LQ�42��

GV��  � �GT�(H�RD2DTMGT�(H2D2DT!�  ��G�TOGOT!��
D� D�

7KH�H[SUHVVLRQ� G�T� �GT�!H� 2�2T� ������
D�

LV�WKH�LQWULQVLF�GLIIHUHQWLDO�DQG��RI�FRXUVH��LV�QRWKLQJ�EXW�WKH�SDUW�RI�GT�WKDW�LV�
RUWKRJRQDO�WR�WKH�RUELW�RI�WKH�JURXS�DW�T��

2� ��G�TM2IOT!� ��GT�(H�RD2DTM2IT!�� ������
D�

,I�ZH�QRZ�FRQVLGHU�D�JHRGHVLF�SULQFLSOH�LQ�4�GHWHUPLQHG�E\�D�4�PHWULF��GTOGT!��

D64� �2�� 64� � IG$�T$,T$!�!� ������

ZH�FDQ�FRQVWUXFW�WKH�UHODWHG�DFWLRQ�

6� �IG$�T$�� DD�$�2D2OT$���,� DD�$�2DT!L�� ������
D� D�

7KH�PLQLPL]DWLRQ�RI�6�ZLWK�UHVSHFW�WR�DD�OHDGV�WR�WKH�IXQFWLRQV�DRD�$���IRU�DQ\�JLYHQ�
KLVWRU\�T�$���FRUUHVSRQGLQJ�WR�WKH�LQWULQVLF�GLIIHUHQWLDO�

G�T� � �T$���(�DR��$��2DT��G$��
D�
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0DFK
V�SULQFLSOH� ����

DQG�WR�DQ�DFWLRQ�DQG�FRUUHVSRQGLQJ�YDULDWLRQDO�SULQFLSOH�

D6� � 2�� 6� �M�GLT,GMT!L�� ������

7KH�DFWLRQ�������FRQWDLQV�WKH�WUXH�G\QDPLFDO�YDULDEOHV�T�DQG�WKH�D���ZKLFK�FDQ�EH�
UHJDUGHG�DV�DX[LOLDU\�YDULDEOHV�RU��EHWWHU��VLQFH�WKH�$�GHULYDWLYHV�RI�WKH�D��$��GR�QRW�
RFFXU�LQ��������DV�FRQVWUDLQW�YDULDEOHV��7KH�FRQVWUDLQWV�FRUUHVSRQGLQJ�WR�WKH�D��GR�
QRW�UHIOHFW�WKH�DSSOLFDWLRQ�RI�UHDO�IRUFHV�WR�WKH�V\VWHP��EXW�UDWKHU�DUH�LQWURGXFHG�WR�
REWDLQ�D�YDULDWLRQDO�SULQFLSOH�WKDW�KROGV�LQ�DQ�DUELWUDU\�IUDPH�RI�UHIHUHQFH��WKH\�DUH�
WKHUHIRUH�ZKDW�'LUDF��,����� FDOOV�SULPDU\�ILUVW�FODVV�FRQVWUDLQWV��:KHQHYHU�RQH�KDV�
VXFK�D�YDULDWLRQDO�SULQFLSOH��QHLWKHU�WKH�WUXH�G\QDPLFDO�YDULDEOHV��WKH�TV��QRU�WKH�
FRQVWUDLQW�YDULDEOHV��WKH�D-��DUH�XQLTXHO\�GHWHUPLQHG�E\�WKH�HTXDWLRQV�RI�PRWLRQ�
WKDW�IROORZ�IURP�WKH�YDULDWLRQDO�SULQFLSOH��7KH�DUELWUDULQHVV�LQ�WKH�VROXWLRQ��IRU�
JLYHQ�LQLWLDO�FRQGLWLRQV��FRUUHVSRQGV�WR�WKH�SRVVLELOLW\�RI�UHSUHVHQWLQJ�WKH�VDPH�
SK\VLFDO�VROXWLRQ�LQ�DOO�SRVVLEOH�IUDPHV�RI�UHIHUHQFH��7KXV��WKH�SK\VLFDO�VROXWLRQ�LV�
XQLTXH�EXW�WKH�GHVFULSWLRQ�RI�LW�LV�QRW��
6XSSRVH�DQ�DUELWUDU\�SDWK�LV�GHILQHG�LQ�42��,W�FDQ�EH�UHSUHVHQWHG�LQ�4�E\�PDQ\�

GLIIHUHQW�SDWKV��KRZHYHU��IRU�DQ\�JLYHQ�LQLWLDO�T�LQ�4�WKHUH�LV�D�XQLTXH�UHSUHVHQWDWLYH�
SDWK�LQ�4�GLVWLQJXLVKHG�E\�WKH�IDFW�WKDW�LW�FXWV�DOO�WKH�RUELWV�LQ�4�RUWKRJRQDOO\��7KLV�
LV�WKH�SDWK�IRXQG�E\�WKH�VWDFNLQJ�SURFHGXUH�RXWOLQHG�DW�WKH�VWDUW�RI�WKLV�VHFWLRQ��ZH�
VKDOO�FDOO�LW�WKH�VWDFNHG�SDWK��1RWH�WKDW�DORQJ�WKH�VWDFNHG�SDWK�WKH�D��LQ�������YDQLVK��
7KH�JURXS�(R�JHQHUDWHV�LQ�WKH�FRQILJXUDWLRQ�VSDFH�4�D�JURXS�RI�PRWLRQV�WKDW�OHDYH�

WKH�PHWULF��GTOGT!�LQYDULDQW��7KH�WUDMHFWRULHV�GHWHUPLQHG�E\�WKH�DFWLRQ�64�LQ�������
DUH�WKH�JHRGHVLFV�RI�WKLV�PHWULF��

7+(25(0�� 7KH�SK\VLFDOO\�GLVWLQFW�VROXWLRQV�WR�WKH�4R�SUREOHP�������DUH�WKH�JHRGHVLFV�
RI�WKH�SUREOHP�������WKDW�FXW�WKH�RUELWV�RUWKRJRQDOO\��
7KLV�WKHRUHP�LV�ZHOO�NQRZQ�IURP�WKH�WKHRU\�RI�PRWLRQV�LQ�5LHPDQQLDQ�VSDFHV��VHH��

IRU�H[DPSOH��(LVHQKDUW�,������ EXW�LW�LV�ZRUWK�JLYLQJ�D�VHSDUDWH�SURRI��
3URRI��7KH�DFWLRQ�IRU�������DORQJ�DQ\�YLUWXDO�SDWK�LQ�42�LV�LQGHSHQGHQW�RI�WKH�SDWK�

E\�ZKLFK�LW�LV�UHSUHVHQWHG�LQ�4��7KHUHIRUH��FDOFXODWH�LW�RQ�WKH�VWDFNHG�UHSUHVHQWDWLYH�
SDWK�LQ�4��%XW�RQ�WKLV�SDWK�6� �64��VLQFH�WKHQ�WKH�D�� � ���,I�D�VWDFNHG�SDWK�VDWLVILHV�
WKH�SULQFLSOH��������LW�LV�H[WUHPDO�LQ�WKH�VHW�RI�DOO�YLUWXDO�SDWKV�LQ�4��LQFOXGLQJ�WKH�
VWDFNHG�YLUWXDO�SDWKV��%XW�LW�WKHQ�VDWLVILHV�WKH�SULQFLSOH�������DV�ZHOO��EHFDXVH�IRU�
������LW�LV�VXIILFLHQW�WR�FRPSDUH�D�UHDOL]HG�SDWK�ZLWK�VWDFNHG�YLUWXDO�SDWKV��RQ�ZKLFK�
WKH�WZR�DFWLRQV�DUH�HTXDO��+HQFH�DQ\�VWDFNHG�JHRGHVLF�RI�WKH�SULQFLSOH�������LV�D�
VROXWLRQ�RI��������0RUHRYHU��WKLV�H[KDXVWV�DOO�WKH�SK\VLFDOO\�GLVWLQFW�VROXWLRQV�WR�
�������)RU�VXSSRVH�DQ\�LQLWLDO�FRQGLWLRQ�IRU�������LV�VSHFLILHG�E\�VRPH�T�DQG�GT��%\�DQ�
DOORZHG�WUDQVIRUPDWLRQ��ZH�FDQ�DOVR�PDNH�GT�SHUSHQGLFXODU�WR�WKH�RUELW�̂T`�RI�T�
�VWDFNLQJ�RI�WKH�LQLWLDO�FRQGLWLRQ���6LQFH�ZH�DVVXPH��GT�,GT!�QRQ�GHJHQHUDWH��WKHUH�LV�
D�XQLTXH�VROXWLRQ�WR�WKH�SUREOHP�������ZLWK�WKLV�LQLWLDO�FRQGLWLRQ��1RZ�������LV�VWLOO�
LQYDULDQW�XQGHU�WKH�VL[�SDUDPHWHU�(XFOLGHDQ�JURXS�(R��VR�WKDW�E\�1RHWKHU
V�WKHRUHP��
SDUW�,��DQ\�VROXWLRQ�WR�WKH�SUREOHP�������FRQVHUYHV�WKH�TXDQWLWLHV�

3�� ��T$,T$!L���T,"T!�� ������
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���� -��%��%DUERXU�DQG�%��%HUWRWWL�

%XW�WKH�YDQLVKLQJ�RI�WKH�3D�LV�SUHFLVHO\�WKH�FRQGLWLRQ�������ZKLFK�HQVXUHV�WKDW�D�
SDUWLFXODU�SDWK�LQ�4�LV�VWDFNHG��7KXV��DQ�LQLWLDO�FRQGLWLRQ�IRU�������WKDW�LV�VWDFNHG�
JHQHUDWHV�D�VROXWLRQ�WKDW�LV�VWDFNHG�DW�DOO�WLPHV��,Q�JHRPHWULFDO�ODQJXDJH��LI�D�
JHRGHVLF�FXWV�DQ�RUELW�RI�4�RUWKRJRQDOO\�DW�WKH�LQLWLDO�LQVWDQW��LW�ZLOO�FXW�DOO�VXE��
VHTXHQW�RUELWV�RUWKRJRQDOO\�DV�ZHOO��
7KH�3,��LQ�������DUH�WKH�WRWDO�PRPHQWXP�DQG�DQJXODU�PRPHQWXP�RI�WKH�8QLYHUVH�

DVVRFLDWHG�ZLWK�WKH�DFWLRQ��������7KXV��WKH�HQG�HIIHFW�RI�RXU�LQWULQVLF�SULQFLSOH�LV�WR�
VHOHFW�WKH�VROXWLRQV�RI�������WKDW�KDYH�YDQLVKLQJ�PRPHQWXP�DQG�DQJXODU�PRPHQWXP��
7KLV�UHVXOW�LV�GXH�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�ILUVW�0DFK�SULQFLSOH�E\�WKH�DFWLRQ�
�������:H�PHQWLRQ�LQ�WKLV�FRQQHFWLRQ�WKH�VWULNLQJ�IDFW�WKDW�WKH�8QLYHUVH�GRHV�QRW�
DSSHDU�WR�KDYH�DQ\�DSSUHFLDEOH�DQJXODU�PRPHQWXP��LQ�DJUHHPHQW�ZLWK�WKH�SUH��
GLFWLRQ�RI�LQWULQVLF�G\QDPLFV��

���5(&29(5<� 2)�1(:721,$1� 0(&+$1,&6� ,1�$�0$&+,$1�6&+(0(�

:H�VKDOO�QRZ�VKRZ�KRZ�D�SDUWLFXODUO\�VLPSOH�IRUP�RI�LQWULQVLF�G\QDPLFV�OHDGV�WR�
WKH�1HZWRQLDQ�PHFKDQLFV�RI�D�8QLYHUVH�RI�1�JUDYLWDWLQJ�SRLQW�SDUWLFOHV�LQ�(XFOLGHDQ�
VSDFH��/HW�WKH�SDUWLFOHV�KDYH�PDVVHV�PL��L� � ��������1��DQG�OHW�T� � �U����7KHQ�D�PHWULF�
LQ4LVJLYHQE\� �GTOGT!�  PLGU� �GUL�� ������

7KLV�PHWULF��ZKLFK�LV�IODW��LV�WRR�VLPSOH�WR�\LHOG�QRQ�WULYLDO�G\QDPLFV��ZKLFK�FDQ�EH�
REWDLQHG�E\�PXOWLSO\LQJ�������E\�WKH�
FRQIRUPDO�IDFWRU
�9�T�� �(L��M�0L�PM�ULM��/HW�
XV�WKHUHIRUH�FRQVLGHU�WKH�42�YDULDWLRQDO�SULQFLSOH�

�,4� ��2� ,42� G$�>�T$���D�$�� 2TOT$��=!D�$�� 2T!�9�T�@,�� ������4R� 4�
%\�RXU�WKHRUHP��ZH�NQRZ�WKDW�WKH�SK\VLFDOO\�GLVWLQFW�VROXWLRQV�WR�WKLV�42�YDULDWLRQDO�
SULQFLSOH�DUH�WKH�VROXWLRQV�WR�WKH�UHODWHG�4�SUREOHP��

�,� � 2�� ,�  �IG$�>�T$OT$!�9�T�@�	��

IRU�ZKLFK�WKH�PRPHQWXP�DQG�DQJXODU�PRPHQWXP�YDQLVK�VLPXOWDQHRXVO\��'HILQLQJ�

7� �(�P�/U�� W � �T$OT$!��G$�G$�
ZH�REWDLQ�WKH�(XOHU�/DJUDQJH�HTXDWLRQV�

G��9� GUL�  �L7LD9� ������
G$�a7LG$� �9,�DUL� ����

7KHUH�LV�D�XQLTXH�FKRLFH�RI�WKH�DUELWUDU\�ODEHO�$�WKDW�FDVWV�������LQ�DQ�HVSHFLDOO\�
VLPSOH�IRUP��QDPHO\�ZKHQ�$�LV�FKRVHQ�VXFK�WKDW�

7L � 9L�� ������
7KHQ��LI�ZH�GHQRWH�WKH�GHULYDWLYH�ZLWK�UHVSHFW�WR�WKH�GLVWLQJXLVKHG�WLPH�ODEHO�E\�D�
GRW��������EHFRPHV� PU�� � �� 9,UL�
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V�SULQFLSOH� ����

ZKLFK�LV�LGHQWLFDO�WR�1HZWRQ
V�VHFRQG�ODZ�IRU�JUDYLWDWLQJ�SRLQW�SDUWLFOHV�ZLWK�
JUDYLWDWLRQDO�FRQVWDQW���� 6LQFH�ZH�DUH�QRW�FRQVLGHULQJ�DQ\�RWKHU�IRUFHV��WKLV�SDU��
WLFXODU�QXPHULFDO�YDOXH�KDV�QR�VLJQLILFDQFH��7KH�SK\VLFDOO\�VLJQLILFDQW�UHVXOW�LV�
WKH�FRQGLWLRQ��������ZKLFK�WHOOV�XV�WKDW�WKH�WRWDO�HQHUJ\�RI�WKH�V\VWHP�LV�H[DFWO\�]HUR��
7KH�UHVXOWV�RI�WKLV�DQG�WKH�SUHYLRXV�VHFWLRQ�VKRZ�WKDW�WKHUH�LV�QR�FRQIOLFW�EHWZHHQ�

D�IXOO\�UHODWLRQDO�IRUPXODWLRQ�RI�WKH�G\QDPLFDO�ODZ�RI�WKH�8QLYHUVH�DQG�WKH�H[LVWHQFH�
RI�VSHFLDO�IUDPHV�RI�UHIHUHQFH�DQG�D�VSHFLDO�WLPH�YDULDEOH�WKDW�FDVW�WKH�ODZV�RI�PRWLRQ�
RI�VXEV\VWHPV�RI�WKH�8QLYHUVH�LQWR�SDUWLFXODUO\�VLPSOH�IRUPV��7KH�LQHUWLDO�IUDPHV�RI�
1HZWRQLDQ�WKHRU\�DULVH�IURP�WKH�IXOO\�0DFKLDQ�WKHRU\�������ZKHQ�ZH�SHUIRUP�WKH�
SXUHO\�NLQHPDWLF�RSHUDWLRQ�RI�VWDFNLQJ��7KH�SDUWLFOHV�WKHQ�REH\�1HZWRQ
V�ODZV�DV�
H[SUHVVHG�LQ�LQHUWLDO�IUDPHV��WKRXJK�WKH�LQHUWLDO�IUDPHV�KDYH�QR�DEVROXWH�VLJQLILFDQFH�
DQG�DUH�GHWHUPLQHG�WKURXJK�WKH�VWDFNLQJ�SURFHGXUH�E\�WKH�GLVWULEXWLRQ�DQG�UHODWLYH�
PRWLRQ�RI�WKH�PDWWHU�LQ�WKH�8QLYHUVH��6LPLODUO\��DEVROXWH�WLPH�GRHV�QRW�H[LVW�LQ�WKH�
VFKHPH�EXW�UDWKHU�LV�FRQVWUXFWHG�IURP�WKH�0DFKLDQ�G\QDPLFV�DQG�WKH�DUELWUDU\�
/HLEQL]LDQ�WLPH�ODEHO�$�E\�FKRRVLQJ�LW�WR�HQIRUFH�D�VSHFLILF��DQG�UDWKHU�REYLRXV��
VLPSOLFLW\�UHTXLUHPHQW��
,W�LV�WR�EH�QRWHG�WKDW�WKH�SUHGLFWLRQ�RI�YDQLVKLQJ�WRWDO�HQHUJ\�RI�WKH�8QLYHUVH�LV�

D�FRQVHTXHQFH�RI�WKH�SDUWLFXODU�DQG�VLPSOH�IRUP�RI�WKH�/DJUDQJH�IXQFWLRQ�DQG�QRW�RI�
LQWULQVLF�G\QDPLFV��RU�/HLEQL]�LQYDULDQFH��SHU�VH��DV�ZDV�SRLQWHG�RXW�WR�XV�E\�
.XFKD�U��&RQVLGHU�WKH�FODVVLFDO�V\VWHP�ZLWK�DGGLWLYH�/DJUDQJH�IXQFWLRQ�

<&�� �7�� 9� �����!��9�T��� ������

ZKHUH��GT,GT!�LV�D�PHWULF�LQ�4�DQG��� 9�T��LV�WKH�SRWHQWLDO�HQHUJ\��,I�:� �7��� 9�LV�WKH�
�FRQVHUYHG��WRWDO�HQHUJ\��WKH�FRUUHVSRQGLQJ�YDULDWLRQDO�SULQFLSOH�FDQ�EH�IRUPXODWHG�
LQ�D�ZD\�LQ�ZKLFK�WKH�WLPH�YDULDEOH�GRHV�QRW�DSSHDU�E\�XVLQJ�-DFREL
V�YDULDWLRQDO�
SULQFLSOH�IRU�WKH�SDWK�RI�WKH�V\VWHP�LQ�4��

�� ��-G$^�:��9�T���GT,GT!`L� ������

�VHH��IRU�H[DPSOH��/DQF]RV�,������ %\�UHSODFLQJ�GT�ZLWK�WKH�LQWULQVLF�GLIIHUHQWLDO�
G�T�DV�LQ��������RQH�FDQ�WKHQ�IRUPXODWH�WKH�G\QDPLFV�LQ�D�0DFKLDQ�IRUP��1RWH�WKDW�
:�LV�WR�EH�UHJDUGHG�DV�D�IL[HG�FRQVWDQW��,I��DV�LQ�WKH�H[DPSOH�DERYH��WKH�SRWHQWLDO�
HQHUJ\�LV�QHJDWLYH��:�FDQ�WDNH�WKH�YDOXH�]HUR��DQG�ZH�UHFRYHU�RXU�SULQFLSOH��������
7KH�SRVVLEOH�DSSHDUDQFH�RI�WKH�DUELWUDU\�FRQVWDQW�:�LV�D�ZHDNQHVV�RI�WKH�WKHRU\�
DQG�VXJJHVWV�ZH�QHHG�D�SULQFLSOH�VWURQJHU�WKDQ�WKH�LQYDULDQFH�XQGHU�����E���VHH�
ODWHU���
,W�KDV�DOVR�EHHQ�SRLQWHG�RXW�WR�XV�E\�.XFKD
U�WKDW��LI�WKH�FRQFHSW�RI�WKH�LQWULQVLF�

GHULYDWLYH�LV�DEDQGRQHG��LW�PD\�EH�SRVVLEOH�WR�IRUPXODWH�FODVVLFDO�G\QDPLFV�LQ�4��
ZLWKRXW�WKH�UHTXLUHPHQW�WKDW�WKH�RWKHU�FRQVWDQWV�RI�WKH�PRWLRQ�YDQLVK��7KLV�LV�WKH�
FDVH�ZKHQ�RQH�FDQ�H[SUHVV�WKH�/DJUDQJH�IXQFWLRQ�LQ�D�IRUP�LQGHSHQGHQW�RI�WKH�
FRRUGLQDWHV�RQ�HDFK�RUELW��7KH\�DUH�WKHQ�LJQRUDEOH��DQG�WKH�FODVVLFDO�SURFHGXUH�IRU�
WKHLU�HOLPLQDWLRQ�FDQ�EH�IROORZHG��VHH��IRU�H[DPSOH��:KLWWDNHU�,������ $�ZHOO�NQRZQ�
H[DPSOH�LV�SURYLGHG�E\�WKH�WZR�ERG\�FHQWUDO�IRUFH�SUREOHP��ZKLFK�FDQ�EH�GHVFULEHG�
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�LQ�4R�7��E\�DQ�DFWLRQ�SULQFLSOH�ZLWK�WKH�/DJUDQJH�IXQFWLRQ�6�  � 0K��� 0���P5��
�� 9�5���ZKHUH�P�LV�WKH�UHGXFHG�PDVV��0LV�WKH�DQJXODU�PRPHQWXP��9�5��LV�WKH�SRWHQ��
WLDO�HQHUJ\��DQG�5�LV�WKH�UHODWLYH�GLVWDQFH�EHWZHHQ�WKH�WZR�ERGLHV��7KLV�JLYHV�XV�D�UH��
ODWLRQDO�G\QDPLFV��EXW�DW�WKH�SULFH�RI�WKH�LQWURGXFWLRQ�RI�WKH�DUELWUDU\�FRQVWDQW�0��
$�YHU\�LQWHUHVWLQJ�GLVFXVVLRQ�RI�WKH�VWDWXV�RI�VXFK�FRQVWDQWV�ZKHQ�WKH�FRPSOHWH�

8QLYHUVH��DVVXPHG�ILQLWH��LV�XQGHU�FRQVLGHUDWLRQ�ZDV�JLYHQ�E\�3RLQFDUH��,�����
SS��������DQG�FK��9,,,�� �VHH�DOVR�=DQVWUD�,������ $UH�WKH\�WR�EH�UHJDUGHG�DV�

DFFLGHQWDO
��UHIOHFWLQJ�LQLWLDO�FRQGLWLRQV�IRU�*DOLOHR�LQYDULDQW�PHFKDQLFV��RU�

IXQGDPHQWDO
��EHLQJ�LQWHJUDO�SDUWV�RI�D�UHODWLRQDO�G\QDPLFV�RI�WKH�8QLYHUVH�DV�D�
ZKROH�"�,I�WKH�ODWWHU�LQWHUSUHWDWLRQ�FDQ�EH�DGRSWHG��WKHQ��DV�3RLQFDUH�SRLQWV�RXW��
WKHUH�LV�QR�SUREOHP�RI�DEVROXWH�PRWLRQ�DW�DOO��3RLQFDU��DGGXFHV�VRPH�DUJXPHQWV�
DJDLQVW�WKH�ODWWHU�LQWHUSUHWDWLRQ��EDVHG�PDLQO\�RQ�WKH�FXULRXV�DQG�DUELWUDU\�VWUXFWXUH�
RI�WKH�G\QDPLFDO�WKHRULHV�FRQWDLQLQJ�VXFK�FRQVWDQWV��
,Q�SDUWLFXODU��KH�ILQGV�LW�FXULRXV�WKDW�WKH�HYROXWLRQ�RI�WKH�8QLYHUVH�LV�QHDUO\�EXW�

QRW�TXLWH�GHWHUPLQHG�E\�VSHFLILFDWLRQ�RI�WKH�REVHUYDEOH�LQLWLDO�FRQGLWLRQV��QDPHO\�
WKH�LQLWLDO�UHODWLYH�SRVLWLRQV�DQG�WKH�LQLWLDO�UHODWLYH�YHORFLWLHV��EXW�UHTXLUHV�LQ�
DGGLWLRQ�VSHFLILFDWLRQ�RI�WKH�DERYH�DUELWUDU\�FRQVWDQWV��$V�LGHDO��3RLQFDUH�SXWV�
IRUZDUG�WKH�IROORZLQJ�VWDWHPHQW��ZKLFK�ZH�VKDOO�FDOO�3RLQFDUH
V�SULQFLSOH��IRU�WKH�
VWUHQJWKHQLQJ�RI�WKLV�SULQFLSOH�WR�WDNH�LQWR�DFFRXQW�WKH�XQREVHUYDELOLW\�RI�DEVROXWH�
WLPH��VHH�%DUERXU��,�������

)RU�WKH�PLQG�WR�EH�IXOO\�VDWLVILHG��WKH�ODZ�RI�UHODWLYLW\�ZRXOG�KDYH�WR�EH�HQXQ��
FLDWHG�DV�IROORZV��7KH�VWDWH�RI�ERGLHV�DQG�WKHLU�PXWXDO�GLVWDQFHV�DW�DQ\�JLYHQ�
PRPHQW��DV�ZHOO�DV�WKH�YHORFLWLHV�ZLWK�ZKLFK�WKHVH�GLVWDQFHV�DUH�FKDQJLQJ�DW�WKH�
PRPHQW��ZLOO�GHSHQG�RQO\�RQ�WKH�VWDWH�RI�WKRVH�ERGLHV��RQ�WKHLU�PXWXDO�GLVWDQFHV�
DW�WKH�LQLWLDO�WLPH��DQG�RQ�WKH�YHORFLWLHV�ZLWK�ZKLFK�WKHVH�GLVWDQFHV�ZHUH�FKDQJLQJ�
DW�WKH�LQLWLDO�WLPH�
�
7KHUH�DUH�WZR�SRLQWV�ZH�VKRXOG�OLNH�WR�PDNH�LQ�WKLV�FRQQHFWLRQ���L��7KH�GLIILFXOW\�

ZLWK�WKH�DUELWUDU\�VWUXFWXUH�GLVDSSHDUV�LI�WKH�FRQVWDQWV�KDYH�YDQLVKLQJ�YDOXHV��,Q�
VXFK�D�FDVH��RQH�REWDLQV�/HLEQL]�LQYDULDQW�ODZV�RI�PRWLRQ�WKDW�KDYH�D�VLPSOH�DQG�
QDWXUDO�VWUXFWXUH�IURP�WKH�SRLQW�RI�YLHZ�RI�42��DQG�DOO�FRQIOLFW�EHWZHHQ�DEVROXWH�DQG�
UHODWLYH�PRWLRQ�GLVDSSHDUV��,Q�SDUWLFXODU��WKH�DQJXODU�PRPHQWXP�PXVW�EH�]HUR�LQ�D�
WKHRU\�EDVHG�RQ�WKH�LQWULQVLF�GLIIHUHQWLDO���LL��:H�VKDOO�VHH�LQ�WKH�QH[W�VHFWLRQ�WKDW�
JHQHUDO�UHODWLYLW\�FDQ�EH�FDVW�LQ�WKH�IRUP�RI�D�4R�WKHRU\�ZLWK�D�VWUXFWXUH�WKDW�LV�D�
YHU\�QDWXUDO�JHQHUDOL]DWLRQ�RI��������
%HIRUH�WXUQLQJ�WR�JHQHUDO�UHODWLYLW\��ZH�QRWH�WKDW�WKH�VDPH�VFKHPH�RI�������DQG�

������FDQ�EH�XVHG�LQ�ILHOG�WKHRU\�DQG�OHDGV�WR�/RUHQW]�LQYDULDQFH��)RU�H[DPSOH��IRU�
D�UHDO�VFDODU�ILHOG���U��ZH�FDQ��IURP�WKH�FODVVLFDO�NLQHWLF�HQHUJ\�7� �IG�U����DQG�
SRWHQWLDO�HQHUJ\��� 9� �IG�U��9E����FRQVWUXFW�WKH�/HLEQL]�LQYDULDQW�DFWLRQ�SULQFLSOH�

 ���� 6� � G$� :�� G�U��
9��� G�U���$���(�D�2�� ��

7KLV�OHDGV�WKHQ�WR�WKH�VROXWLRQV�RI�WKH�ZDYH�HTXDWLRQ�ZLWK�YDQLVKLQJ�WRWDO�DQJXODU�
PRPHQWXP�LQ�WKH�IUDPH�LQ�ZKLFK�WKH�PRPHQWXP�3�YDQLVKHV��7KH�HQHUJ\�:�PXVW�
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EH�JUHDWHU�WKDQ�]HUR�EHFDXVH�WKH�ZDYH�HTXDWLRQ��EHLQJ�HTXLYDOHQW�WR�D�VHW�RI�
KDUPRQLF�RVFLOODWRUV��KDV�SRVLWLYH�GHILQLWH�HQHUJ\��1RWH��KRZHYHU��WKDW�WKH�FRQGLWLRQ�
3� ����:��	���IRU�WKH�ZKROH�8QLYHUVH�LV�QRW�/RUHQW]�LQYDULDQW��
7KH�H[DPSOHV�FRQVLGHUHG�VR�IDU�VDWLVI\�WKH�UHVWULFWHG�SULQFLSOH�RI�UHODWLYLW\�

�*DOLOHDQ�LQYDULDQFH�LQ�1HZWRQLDQ�PHFKDQLFV��/RUHQW]�LQYDULDQFH�LQ�ILHOG�WKHRU\���
,W�LV�HDV\�WR�VKRZ�E\�FRXQWHU�H[DPSOHV�WKDW�WKLV�LV�QRW�D�FRQVHTXHQFH�RI�RXU�0DFKLDQ�
UHTXLUHPHQWV�EXW�RI�WKH�SDUWLFXODU�VWUXFWXUH�RI�WKH�PHWULF�GHILQHG�RQ�4��

��� ,175,16,&� '<1$0,&6�� 7+(� *$8*(� 35,1&,3/(��

$1'� *(20(752'<1$0,&6�

,Q�WKLV�ILQDO�VHFWLRQ��ZH�ZDQW�WR�VKRZ�WKDW�JDXJH�WKHRULHV�DQG�(LQVWHLQ
V�JHQHUDO�
WKHRU\�RI�UHODWLYLW\�DUH�H[DPSOHV�RI�LQWULQVLF�G\QDPLFV��:H�EHJLQ�ZLWK�WKH�HOHFWUR��
PDJQHWLF�ILHOG��
6XSSRVH�WKDW�4�LV�GHILQHG�E\�WKH�FRQILJXUDWLRQV�RI�D�WKUHH�GLPHQVLRQDO�YHFWRU�$�

RQ�(XFOLGHDQ�VSDFH��WR�WKH�(XFOLGHDQ�V\PPHWU\�JURXS�(R�ZH�DGMRLQ�WKH�WKUHH��
GLPHQVLRQDO�JDXJH�JURXS� ;2��$��� $
� � $�9$�� ������

ZKHUH�$�U��LV�DQ�DUELWUDU\�VFDODU�IXQFWLRQ��:H�QRZ�LQWURGXFH�WKH�LQWULQVLF�FRQ��
ILJXUDWLRQ�VSDFH�42��ZKRVH�SRLQWV�DUH�WKH�RUELWV�RI�4�ZLWK�UHVSHFW�WR�WKH�LQILQLWH��
GLPHQVLRQDO�JURXS�PDGH�XS�RI�(��DQG�;"��7KH�DSSURSULDWH��IODW��PHWULF�LV�

�G$-G$!)� �-G�U�,G$���� ������

,Q�FRPSOHWH�DQDORJ\�ZLWK�RXU�EDVLF�VFKHPH��D�42�YDULDWLRQDO�SULQFLSOH�LV�GHILQHG�E\�
WKH�DFWLRQ� L�

6� � G�U�$$�9$�(D�2$��� ��:� �U_9;$_�� ������

LQ�ZKLFK�$�DQG�D��DUH�WKH�DX[LOLDU\�FRQVWUDLQW�YDULDEOHV�DQG�:�LV�WKH�WRWDO�HQHUJ\��
7KH�SK\VLFDOO\�GLVWLQFW�VROXWLRQV�RI�������LQ�WKH�SULYLOHJHG�WLPH��GHILQHG�E\�WKH�
FRQGLWLRQ�DQDORJRXV�WR��������DUH�WKH�VROXWLRQV�ZLWK�YDQLVKLQJ�PRPHQWXP�DQG�
DQJXODU�PRPHQWXP�RI�WKH�YDULDWLRQDO�SULQFLSOH�ZLWK�WKH�/DJUDQJH�IXQFWLRQ�

/ � -G�U>�$W�9$��$W�9$��^9[$,�@�� ������

%XW�VHWWLQJ�$� ��$R� DQG�LGHQWLI\LQJ�$R�ZLWK�WKH�VFDODU�SRWHQWLDO�LQ�0D[ZHOO
V�
HOHFWURG\QDPLFV��ZH�VHH�WKDW�������LV�WKH�/DJUDQJH�IXQFWLRQ�IRU�WKH�IUHH�HOHFWUR��
PDJQHWLF�ILHOG��7KXV��RXU�LQWULQVLF�YDULDWLRQ�ZLWK�UHVSHFW�WR�$�LV�LGHQWLFDO�WR�WKH�
YDULDWLRQ�ZLWK�UHVSHFW�WR�WKH�VFDODU�SRWHQWLDO�LQ�0D[ZHOO
V�WKHRU\���1RWH�WKDW�WKH�
VWDFNLQJ�FRQGLWLRQ�ZLWK�UHVSHFW�WR�WKH�JDXJH�JURXS�LV�GLY�$W � ���%\�PDNLQJ�D�
WUDQVIRUPDWLRQ�EHORQJLQJ�WR�;���RQH�FDQ�DOZD\V�DFKLHYH�GLY�$� � ��IRU�DOO�WLPHV��LQ�
DJUHHPHQW�ZLWK�WKH�IDFW�WKDW�LQ�WKH�VWDFNHG�IRUP�$� � $2� �����2I�FRXUVH��LW�KDV�ORQJ�
EHHQ�NQRZQ�WKDW�$R�SOD\V�WKH�SDUW�RI�DQ�DX[LOLDU\�FRQVWUDLQW�YDULDEOH�DQG�QRW�WKDW�
RI�D�JHQXLQH�G\QDPLFDO�YDULDEOH��VHH��IRU�H[DPSOH��:KHHOHU�,������:KDW�ZH�ZDQW�WR�
SRLQW�RXW�LV�WKDW�1HZWRQLDQ�RU�/RUHQW]LDQ�G\QDPLFV�FDQ�EH�PDGH�WR�VDWLVI\�3RLQFDUH
V�
SULQFLSOH�LQ�H[DFWO\�WKH�VDPH�ZD\�WKDW�HOHFWURG\QDPLFV�LV�JDXJH�LQYDULDQW��
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7KH�FORVH�SDUDOOHO�QRWHG�DERYH�EHWZHHQ�WKH�JDXJH�SULQFLSOH�DQG�LQWULQVLF�G\QDPLFV�
LV�UHSHDWHG�LQ�JHQHUDO�UHODWLYLW\��IRU�VLPSOLFLW\��ZH�FRQVLGHU�WKH�PDWWHU�IUHH�FDVH��
L�H��SXUH�JHRPHWURG\QDPLFV���QDPHO\�RQH�FDQ�WDNH�DV�EDVLF�G\QDPLFDO�YDULDEOH�WKH�
PHWULF�WHQVRU�JLM��L�M� ���������RI�D�WKUHH�GLPHQVLRQDO�5LHPDQQLDQ�VSDFH�DQG�FRQ��
VLGHU�G\QDPLFDO�WKHRULHV�RI�WKH�HYROXWLRQ�RI�JLM��7KH�FRQILJXUDWLRQ�VSDFH�4�IRU�VXFK�
WKHRULHV�LV�REWDLQHG�E\�UHJDUGLQJ�WKH�WHQ�IXQFWLRQV�JLM�RI�[N�DV�GHILQLQJ�WKH�SRLQWV�
RI�4��+RZHYHU��VLQFH�D�JLYHQ�JLM�FDQ�EH�UHIHUUHG�WR�HQWLUHO\�DUELWUDU\�FRRUGLQDWH�
V\VWHPV��DOO�JLM�WKDW�FDQ�EH�REWDLQHG�IURP�RQH�DQRWKHU�E\�PHUH�FRRUGLQDWH�WUDQV��
IRUPDWLRQ�PXVW�EH�UHJDUGHG�DV�LGHQWLFDO�DQG�IRUPLQJ�WKH�RUELW�̂J�M`�RI�JLM��(DFK�VXFK�
RUELW�FRQVWLWXWHV�D�SRLQW�RI�42��)RU�J�M�GHILQHG�RQ�D�FRPSDFW�WKUHH�GLPHQVLRQDO�
PDQLIROG��WKH�FRUUHVSRQGLQJ�42�LV�NQRZQ�DV�VXSHUVSDFH��VHH�'H:LWW�,������ 7KH�
LQILQLWHVLPDO�WUDQVIRUPDWLRQV�JHQHUDWHG�E\�DQ�DUELWUDU\�LQILQLWHVLPDO�FRRUGLQDWH�
WUDQVIRUPDWLRQ�DUH�

WR��J[\�JM6L� LL� ML� ������
ZKHUH��L�LV�DQ�DUELWUDU\�WKUHH�YHFWRU�ILHOG�DQG�WKH�VHPLFRORQ�GHQRWHV�WKH�FRYDULDQW�
GHULYDWLYH�ZLWK�UHVSHFW�WR�JLM�LWVHOI��7KH�WUDQVIRUPDWLRQV�������DUH�D�JHQHUDOL]DWLRQ�
RI�WKH�JDXJH�JURXS��������WKRXJK�DQ�LPSRUWDQW�GLIIHUHQFH�KHUH�LV�WKDW�������UHSUHVHQWV�
WKH�JHQHUDOL]DWLRQV�RI�ERWK�(R�DQG�;"2��0RUHRYHU��WKH�LQILQLWHVLPDO�WUDQVIRUPDWLRQV�
������DUH�QRW�OLQHDU�LQ�JLM��
7KH�DFWLRQ�SULQFLSOH�IRU�JHQHUDO�UHODWLYLW\�LV�XVXDOO\�H[SUHVVHG�GLUHFWO\�LQ�WHUPV�RI�

WKH�IRXU�GLPHQVLRQDO�PHWULF�J�0�FRUUHVSRQGLQJ�WR�(LQVWHLQ
V�RULJLQDO�GLVFRYHU\�RI�WKH�
WKHRU\�DV�D�WKHRU\�RI�VSDFH�WLPH��,W�FDQ��KRZHYHU��EH�UHFDVW�DV�D�WKHRU\�RI�WKH�
G\QDPLFDO�HYROXWLRQ�RI�5LHPDQQLDQ�WKUHH�JHRPHWULHV�JLM��)RU�WKLV�LW�LV�QHFHVVDU\�WR�
VOLFH�WKH�IRXU�GLPHQVLRQDO�VSDFH�WLPH�E\�DUELWUDU\�WKUHH�GLPHQVLRQDO�K\SHUVXUIDFHV�
DQG�LQWURGXFH�WKH�ODSVH�1�DQG�VKLIW�1L��%RWK�DUH�IXQFWLRQV�RI�SRVLWLRQ�RQ�WKH�
FRQVLGHUHG�K\SHUVXUIDFH��DQG�WKH�ODSVH�WHOOV�RQH�WKH�RUWKRJRQDO�GLVWDQFH�RQ�WKH�
FRQVLGHUHG�K\SHUVXUIDFH�LQ�VSDFH�WLPH�WR�WKH�QH[W�K\SHUVXUIDFH�RI�WKH�VOLFLQJ��ZKLOH�
WKH�VKLIW�WHOOV�RQH�WKH�FRQQHFWLRQ�EHWZHHQ�WKH�FRRUGLQDWH�V\VWHPV�XVHG�RQ�WKH�
VXFFHVVLYH�WKUHH�VXUIDFHV��L�H��1L�LV�WKH�VSDWLDO�GLVSODFHPHQW�RI�WKH�SRLQW�RQ�WKH�QH[W�
K\SHUVXUIDFH�ZLWK�WKH�VDPH�QXPHULFDO�YDOXHV�RI�WKH�FRRUGLQDWHV��
7KHQ�WKH�+LOEHUW�DFWLRQ�IRU�PDWWHU�IUHH�JHQHUDO�UHODWLYLW\�EHFRPHV�

6>JLM��1��1L@� � MG$�G�[�1JL^�NLM�NLL��� NLLNMM���1����5`�� ������

ZKHUH�NLM� �GJLM�G$��� �1�M��M���1�L�M�� � �1L��M���1M�L���5�LV�WKH�5LHPDQQLDQ�FXUYDWXUH�RI�
WKH�K\SHUVXUIDFH��J� � GHW�--JLL--��DQG�WKH�LQGLFHV�DUH�UDLVHG�DQG�ORZHUHG�ZLWK�JLM�LWVHOI��
9DU\LQJ�ZLWK�UHVSHFW�WR�1��ZH�REWDLQ�

1 � 8����NLM�NLL��N��M�� ������
3URYLGHG�1�LV�UHDO�DQG�DOVR�1�"����RR�LW�LV�SHUPLVVLEOH�WR�HOLPLQDWH�1�IURP�������
E\�VXEVWLWXWLQJ��������,QWURGXFLQJ�DW�WKH�VDPH�WLPH�'H:LWW
V�PHWULF��*LMNO �
,J^JLOJNL� ��JLN\OL��� �JLMJNO`� ZH�FDVW�������LQ�WKH�IRUP�

6>JLM��1N@� � MGW�MG�[�̂5>J@�LLNO�>J@��JM� �1���M����
NO��� �1�N�����`L� ������
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7KLV�IRUP�RI�WKH�DFWLRQ�IRU�JHRPHWURG\QDPLFV�ZDV�ILUVW�JLYHQ�E\�%DLHUOHLQ�HW�DO��
�,������ ,W�VDWLVILHV�RXU�0DFKLDQ�SULQFLSOHV��VLQFH�1L�LV�D�GLUHFW�JHQHUDOL]DWLRQ�RI�WKH�
FRQVWUDLQW�YDULDEOHV�LQWURGXFHG�LQ�WKH�JHQHUDO�WKHRU\�WR�LPSOHPHQW�WKH�ILUVW�0DFK�
SULQFLSOH�DQG��PRUHRYHU��������LV�KRPRJHQHRXV�RI�GHJUHH�RQH�LQ�WKH�WLPH�GHULYDWLYHV�
�DQG�KHQFH�LPSOHPHQWV�WKH�VHFRQG�0DFK�SULQFLSOH���
1RWH��KRZHYHU��WKDW�������LV�PXFK�PRUH�FRPSOLFDWHG�WKDQ�WKH�SULQFLSOHV�FRQ��

VLGHUHG�HDUOLHU��ZKLFK�ZHUH�DOO�EDVHG�RQ�D�5LHPDQQLDQ�PHWULF�LQ�4���VTXDUH�URRW�RI�D�
VXP�RI�VTXDUHV���DQG��LQ�IDFW��D�FRQIRUPDOO\�IODW�5LHPDQQLDQ�PHWULF��,Q�FRQWUDVW��LQ�
������WKH�PHWULF�LV�D�VXP��LQWHJUDO��RI�VTXDUH�URRWV��VR�WKDW��DV�.XFKDU
�KDV�SRLQWHG�
RXW�WR�XV��LW�LV�D�)LQVOHU�PHWULF��,Q�WKLV�FDVH��WKHUH�LV�QR�VFDODU�SURGXFW�DQG�WKH�
RUGLQDU\�GHILQLWLRQ�RI�RUWKRJRQDOLW\�GRHV�QRW�DSSO\��+RZHYHU��ZH�FDQ�VD\�WKDW�D�
JLYHQ�GJLM�G$�LV�RUWKRJRQDO�WR�WKH�RUELWV�RI�6R�LI�6�LQ�������LV�VWDWLRQDU\�ZLWK�UHVSHFW�
WR�1L��
,W�VKRXOG�DOVR�EH�HPSKDVL]HG�WKDW�JHQHUDO�UHODWLYLW\�LV�D�YHU\�VSHFLDO�WKHRU\�

DPRQJ�DOO�SRVVLEOH�WKHRULHV�RI�WKH�G\QDPLFDO�HYROXWLRQ�RI�5LHPDQQLDQ�WKUHH��
JHRPHWULHV�LQ�DFFRUGDQFH�ZLWK�3RLQFDUH
V�SULQFLSOH��$V�ZDV�VKRZQ�E\�+RMPDQ�HW�DO��
�,������ WKH�DFWLRQ�������LV�DOPRVW�XQLTXHO\�GHWHUPLQHG�E\�WKH�UHTXLUHPHQW�WKDW�WKH�
HYROYLQJ�WKUHH�JHRPHWULHV�FDQ�EH�VWDFNHG�WR�PDNH�D�IRXU�GLPHQVLRQDO�5LHPDQQLDQ�
VSDFH��L�H��VSDFH�WLPH���2XU�VFKHPH�EDVHG�RQ�WKH�PRUH�UHVWULFWHG�JURXS����LV�PRUH�
JHQHUDO�DQG�FRXOG�WKHUHIRUH�SURYLGH�D�IUDPHZRUN�WR�VWXG\�WKHRUHWLFDOO\�YLRODWLRQV�
RI�JHQHUDO�FRYDULDQFH��LQ�SDUWLFXODU�/RUHQW]�LQYDULDQFH���
,Q�WKH�OLJKW�RI�RXU�JHQHUDO�DSSURDFK�WR�WKH�SUREOHP�RI�PRWLRQ��WKH�LPSRUWDQW�

WKLQJ�DERXW�������LV�WKDW��IRUPDOO\�DW�OHDVW��LW�JLYHV�FRPSOHWH�H[SUHVVLRQ�WR�3RLQFDUH
V�
SULQFLSOH��WKDW�LV�WKH�IXWXUH�HYROXWLRQ�RI�WKH�V\VWHP�LV�GHWHUPLQHG�LQ�DFFRUGDQFH�
ZLWK�WKH�EDVLF�ODZ�E\�VSHFLILFDWLRQ�RI�WKH�LQLWLDO�SRVLWLRQ�LQ�4���JLM��DQG�WKH�LQLWLDO�

GLUHFWLRQ
���JLM��$��DW�WKDW�SRLQW��7KH�GLIIHUHQFH�EHWZHHQ�WKH�IRUPDO�VWUXFWXUH�RI�
JHQHUDO�UHODWLYLW\�DQG�1HZWRQLDQ�PHFKDQLFV�LV�UHIOHFWHG�LQ�WKH�IDFW�WKDW�WKH�ODWWHU�
FDQ�EH�UHSUHVHQWHG�LQ�D�IRUP�DQDORJRXV�WR�������RQO\�IRU�WKH�VROXWLRQV�ZLWK�YDQLVKLQJ�
HQHUJ\�DQG�DQJXODU���PRPHQWXP��ZKHUHDV�QR�VXFK�UHVWULFWLRQ�PXVW�EH�PDGH�IRU�
JHQHUDO�UHODWLYLW\��LW�LV�DOUHDG\�LQ�LQWULQVLF�IRUP��

+RZHYHU��WZR�UHVHUYDWLRQV�PXVW�EH�PDGH��)LUVW��IRU�DQ�LQILQLWH�8QLYHUVH��WKH�
SULQFLSOH�������PXVW�EH�DXJPHQWHG�E\�ERXQGDU\�FRQGLWLRQV�DW�VSDWLDO�LQILQLW\��ZKLFK�
DUH�TXLWH�DOLHQ�WR�RXU�JHQHUDO�VFKHPH��,Q�IDFW��4��FDQQRW�EH�PHDQLQJIXOO\�GHILQHG�
XQOHVV�WKH�8QLYHUVH�LV�ILQLWH�LQ�DQ�DSSURSULDWH�VHQVH�DQG�SUHIHUDEO\�FORVHG��6XFK�DQ�
DVVXPSWLRQ�KDV�EHHQ�LPSOLFLW�LQ�RXU�HQWLUH�ZRUN�DQG�ZH�UHJDUG�LW�DV�D�QHFHVVDU\�
FRQGLWLRQ�IRU�VDWLVIDFWRU\�LPSOHPHQWDWLRQ�RI�WKH�LGHD� WKDW�LQHUWLDO�PRWLRQ�LV�
JRYHUQHG�E\�WKH�8QLYHUVH�DV�D�ZKROH��7KH�VHFRQG�UHVHUYDWLRQ�UHODWHV�WR�WKH�IDFW�WKDW�
HYHQ�IRU�D�FORVHG�8QLYHUVH�LW�LV�QRW�NQRZQ�ZKHWKHU�WKH�&DXFK\�SUREOHP�FRUUH��
VSRQGLQJ�WR� ������ LV�JHQHULFDOO\�XQLTXHO\�VROYDEOH��7KLV�LV�HVVHQWLDOO\�WKH�WKLQ��
VDQGZLFK�SUREOHP��ILUVW�IRUPXODWHG�E\�%DLHUOHLQ�HW�DO���,������ ZKLFK�LV�QRW�\HW�
VROYHG�WKRXJK�D� XQLTXHQHVV�SURRI�XQGHU�FHUWDLQ�FRQGLWLRQV�KDV�EHHQ�JLYHQ�E\�
%HODVFR�	�2KDQLDQ��,������

5HYLVLQJ�WKH�RSLQLRQ�ZH�H[SUHVVHG�DW�WKH�HQG�RI�%DUERXU�	�%HUWRWWL��,������ ZH�
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ZRXOG�VD\�WKHUHIRUH�WKDW�LQ�LWV�EDVLF�VWUXFWXUH�JHQHUDO�UHODWLYLW\�LV�0DFKLDQ�DQG�
JLYHV�H[SUHVVLRQ�WR�3RLQFDUH
V�SULQFLSOH�DV�D�WKHRU\�GHVFULELQJ�WKH�HYROXWLRQ�RI�
FORVHG�WKUHH�JHRPHWULHV�IURP�LQWULQVLFDOO\�VSHFLILHG�LQLWLDO�GDWD��7KRXJK�UHDFKHG�
IURP�D�UDWKHU�GLIIHUHQW�DQG�PRUH�JHQHUDO�SRLQW�RI�YLHZ��WKLV�LV�HVVHQWLDOO\�WKH�
SRVLWLRQ�RI�:KHHOHU��,����� �IRU�PDWWHU�IUHH�JHQHUDO�UHODWLYLW\��L�H��SXUH�JHRPHWUR��
G\QDPLFV��ZKHQ�PDWWHU�LV�SUHVHQW��WKH�VLWXDWLRQ�LV�PRUH�FRPSOLFDWHG�DQG�PXVW�EH�
FRQVLGHUHG�VHSDUDWHO\���

:H�DUH�ERWK�JUDWHIXO�WR�.DUHO�.XFKDU�IRU�VHYHUDO�YHU\�KHOSIXO�FRPPHQWV�DQG�
QXPHURXV�GLVFXVVLRQV�ZKLFK�FRQVLGHUDEO\�FODULILHG�RXU�ZRUN��:H�VKRXOG�DOVR�OLNH�
WR�WKDQN�WKH�UHIHUHH�IRU�GUDZLQJ�RXU�DWWHQWLRQ�WR�8WL\DPD
V��,����� SDSHU��ZKLFK�LV�
VLPLODU�WR�RXUV�LQ�VKRZLQJ�KRZ�D�WKHRU\�ZLWK�D�SDUWLFXODU�LQYDULDQFH�FDQ�EH�WUDQV��
IRUPHG�LQWR�DQRWKHU�WKHRU\�ZLWK�D�ODUJHU�LQYDULDQFH�JURXS��0DQ\�PDWKHPDWLFDO�
UHODWLRQV�DUH�FRPPRQ�WR�8WL\DPD
V�SDSHU�DQG�RXUV�WKRXJK�WKHUH�DUH�GLIIHUHQFHV�LQ�
WKH�EDVLF�DLPV�DQG�WKH�PHWKRGV�XVHG�WR�DFKLHYH�WKHP��)LQDOO\��-��%��%��LV�DJDLQ�
LQGHEWHG�WR�3URIHVVRU�0��)UDFFDUR��5HWWRUH�RI�&ROOHJLR�&DLUROL��IRU�KRVSLWDOLW\�DW�
&ROOHJLR�&DLUROL�GXULQJ�VHYHUDO�YLVLWV�WR�3DYLD�EHWZHHQ�'HFHPEHU������DQG�-XQH�
������%�%��ZDV�VXSSRUWHG�E\�WKH�&RQVLJOLR�1D]LRQDOH�GHOOH�5LFHUFKH��

5()(5(1&(6�

%DLHUOHLQ��5��)���6KDUS��'��+��	�:9KHHOHU��-��$�� ,���� 3K\V��5HY������������������
%DUERXU��-��%�� ,���� 1DWXUH��/RQG����������������
%DUERXU��-��%�� ,���� 5HODWLRQDO�FRQFHSWV�RI�VSDFH�DQG�WLPH��%U��-��3KLO��6FL���7R�EH�SXEOLVKHG���
%DUERXU��-��%��	�%HUWRWWL��%�� ,���� 1XRYR�&LP��%�����������
%HODVFR��(��3��	�2KDQLDQ��+��&�� ,���� -��PDWK��3K\V�����������������
'H:LWW��%�� ,���� ,Q�5HODWLYLW\��HGV��0��&DUPHOL��6��,��)LFNOHU�	� /��:LWWHQ���1HZ�<RUN��

3OHQXP�3UHVV��
'LUDF��3��$��0�� ,���� /HFWXUHV�RQ�TXDQWXP�PHFKDQLFV��1HZ�<RUN��%HOIHU�*UDGXDWH�6FKRRO�RI�
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