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$ERXW�WKH�JXLGH

/RJLF�LQ�WKH�IRUP�LW�DFTXLUHG�DW�WKH�EHJLQQLQJ�RI�WKH�WZHQW\�FHQWXU\�LV�VFLHQFH�RQ

WKH�IRUPDO�VWUXFWXUH�RI�GHGXFWLYH�WKHRULHV��QRWDEO\�PDWKHPDWLFDO�WKHRULHV�SUHVHQWHG

LQ�WKH�IRUP�RI�D[LRP�V\VWHPV��7KH�NH\�FRQFHSW�LQ�WHUPV�RI�ZKLFK�VXFK�D�VWUXFWXUH�LV

GHILQHG�LV�WKDW�RI�ORJLFDO�FRQVHTXHQFH��,Q�WKH�PRVW�FRQFLVH�ZD\��ORJLF�PLJKW�EH�WKHQ

GHILQHG�DV�WKH�WKHRU\�RI�FRQVHTXHQFH�UHODWLRQ�

$�ZLGHO\�VSUHDG�FOLFKp�WKDW�ORJLF�VHWV�FULWHULD�RI��³ORJLFDO�WKLQNLQJ´�UHIOHFWV�UDWKHU

QDwYH�LGHD�WKDW�ULJRURXV�DQG�SUHFLVH�WKLQNLQJ�LV�PDWWHU�RI�NQRZLQJ�IRUPDO�SULQFLSOHV

RI�UHDVRQLQJ�UDWKHU�WKDQ�KDYLQJ�D�GHHS�HQRXJK�JUDVS�RI�LWV�VXEMHFW��%XW�WKLV�LV�QRW

VR��:H�SUL]H�RQH�IRU�³ORJLFDO�WKLQNLQJ´�LI���LQ�RXU�RSLQLRQ��RQH�FRQWUROV�DOO�VXEWOH�

WLHV�RI�WKH�GLVFRXUVH��RQH�LV�DZDUH�RI�YDULRXV�VLJQLILFDQW�EXW�HDV\�WR�EH�RYHUORRNHG

DVSHFWV�RI�WKH�GLVFXVVHG�WRSLF��RQH�HYDOXDWHV�FRUUHFWO\�WKH�KLHUDUFK\�DQG�UHOHYDQFH

RI�LVVXHV�EHLQJ�H[DPLQHG��HWF���HWF��$OO�WKHVH�FULWHULD�RI�³ORJLFDO�WKLQNLQJ´�FRQFHUQ

WKH�PDWWHU�RI�UHDVRQLQJ�UDWKHU�WKDQ�LWV�IRUP�

$QG�\HW��LQ�D�ZD\��ORJLF�FRQFHUQV�³ORJLFDO�WKLQNLQJ´�LQ�WKH�QDwYH�VHQVH�RI�WKH�ZRUG

IRU�LW�SURYLGHV�JXLGDQFH�DQG�WRROV�QHHGHG�IRU�JUDVSLQJ�WKH�IRUPDO�VWUXFWXUH�RI�DQ\

UDWLRQDO�GLVFRXUVH�ZKDWVRHYHU��1HHGOHVV�WR�VD\�WKXV��DV�ORQJ�DV�WKH�IRUPDO�VWUXFWXUH

RI� D� GLVFRXUVH� UHPDLQV� XQFOHDU�� WKH� TXHVWLRQ� RI�ZKLFK� RI� WKH� SURSRVLWLRQV� RI� WKH

DQDO\]HG�GLVFRXUVH�IROORZ�IURP�ZKLFK�PD\�QRW�KDYH�D�FRQFOXVLYH�DQVZHU��2QH�RI

WKH�NH\�LVVXHV�ZH�DUH�JRLQJ�WR�GLVFXVV�LQ�WKLV�WH[W�LV�KRZ�DQG�XQGHU�ZKLFK�FRQGL�

WLRQV�WKH�SULQFLSOHV�DQG�WHFKQLTXHV�RI� IRUPDOL]HG��PDWKHPDWLFDO��GLVFRXUVH�FDQ�EH

DSSOLHG�LQ�LQIRUPDO�UHDVRQLQJ��7KXV�ZH�DUH�JRLQJ�WR�GHSDUW�IURP�WKH�LGHD�WKDW� WKH

FKLHI�GRPDLQ�RI�DSSOLFDWLRQ�RI�ORJLF�LV�PDWKHPDWLFV�DQG�H[DPLQH�UHOHYDQFH�RI�ORJL�

FDO�FRQFHSWV�DQG�WHFKQLTXHV�IRU�DQDO\VLV�RI�D�GLVFRXUVH�RI�DQ\�NLQG�ZKDWVRHYHU�

7KH�LGHDV�SUHVHQWHG�DQG�GLVFXVVHG�LQ�WKLV�JXLGH�ZHUH�SUHVHQWHG�LQ�DQ�H[WHQGHG�IRUP

LQ� WKH� WH[WERRN� /HFWXUHV� RQ� ORJLF� ZLWK� HOHPHQWV� RI� WKH� WKHRU\� RI� NQRZOHGJH

�6FKRODU��:DUVDZ�� ������ DW� SUHVHQW� DYDLODEOH� RQO\� LQ� 3ROLVK� �LWV� RULJLQDO� WLWOH� LV

:\NáDG\�]�ORJLNL�]�HOHPHQWDPL�WHRULL�ZLHG]\���,WV�(QJOLVK�YHUVLRQ�LV�EHLQJ�SUHSDUHG� ��
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���7KH�FRQFHSW�RI�VHW

�����7KH�&RPPRQ�6HQVH�YV��)RUPDO�,GHD�RI�D�6HW

7KH�FRPPRQ�VHQVH�LGHD�RI�VHW�PLJKW�VHHP�WR�EH�VLPSOH�DQG�XQSUREOHPDWLF��,Q�IDFW�

LW�LV�QRW��$W�WKH�VDPH�WLPH��XQOHVV�ZH�GR�QRW�PLQG�FRPPLWWLQJ�WKH�IDOODF\�NQRZQ�DV

LJQRWXP�SHU�LJQRWXP� �GHILQLQJ�³XQNQRZQ�E\�XQNQRZQ´���QR�GHILQLWLRQ�RI�D�VHW� LV

DYDLODEOH��)RU�LQVWDQFH��WR�H[SODLQ�WKDW�³D�VHW�LV�D�FROOHFWLRQ�RI�REMHFWV´�LV�WR�H[SODLQ

QRWKLQJ��7KH�LGHD�RI�D�FROOHFWLRQ�LV�QRW�D�ELW�FOHDUHU�WKDQ�WKDW�RI�D�VHW�

7KH� ULJKW�ZD\� WR�KDQGOH� WKH�SUREOHP� LV� WR� H[SOLFDWH�ZKDW� LV� D� VHW� E\� VXLWDEO\� VH�

OHFWHG�PHDQLQJ�SRVWXODWHV� �D[LRPV���:H�DUH�QRW�JRLQJ� WR�SUHVHQW� VHW� WKHRU\� DV�DQ

D[LRP�V\VWHP��KRZHYHU��,QVWHDG��ZH�VKDOO�DGRSW�WKH�IROORZLQJ�DSSURDFK��:H�VKDOO

FODULI\�WKH�LQWXLWLYH�PHDQLQJ�RI�WKH�WHUP�³VHW´�ZLWK�WKH�KHOS�RI�VHOHFWHG�³SULQFLSOHV´

PHDQW� WR�GHVFULEH� WKH�PRVW� FKDUDFWHULVWLF�SURSHUWLHV�RI� VHWV��:H�SUHIHU� WR�XVH� WKH

WHUP�³SULQFLSOH´�UDWKHU�WKDQ�³D[LRP´�IRU�LQ�D�VSHFLILF�D[LRP�V\VWHP�WKH\�PLJKW�EH

WKHRUHPV��L�H��ORJLFDO�FRQVHTXHQFHV�RI�D[LRP��UDWKHU�WKDQ�D[LRPV�

�����7KH�([WHQVLRQDOLW\�3ULQFLSOH

&RQVLGHU�WKH�IROORZLQJ�TXHVWLRQ��/HW�6�EH�WKH�VHW�RI�DOO�:DUVDZ�VWUHHWV�DQG�OHW�'�EH

WKH�VHW�RI�DOO�:DUVDZ�GLVWULFWV�� ,V�6� �'"�:DUVDZ�FDQ�EH�YLHZHG�ERWK�DV�D�³XQLW´

FRPELQHG�RI�GLIIHUHQW�VWUHHWV�D�³XQLW´�FRPELQHG�RI�GLIIHUHQW�GLVWULFWV��7KLV�VXJJHVWV

WKDW�6� �'��$QG�\HW�6�¹�'��LQ�YLUWXH�RI�WKH�IROORZLQJ�FRPPRQO\�DFFHSWHG�SULQFLSOH

�LII�DEEUHYLDWHV�LI�DQG�RQO\�LI��

�������(;7(16,21$/,7<�35,1&,3/(��,1)250$/�9(56,21���6HWV�$��%

DUH�WKH�VDPH�LII�WKH\�FRQVLVW�RI�WKH�VDPH�HOHPHQWV�

,QGHHG��WKH�HOHPHQWV�RI�6�DUH�VWUHHWV��DQG�WKRVH�RI�'�DUH�GLVWULFWV��1R�VWUHHW�LV�D�GLV�

WULFW�DQG�QR�GLVWULFW� LV�D�VWUHHW��6R�6�DQG�'�FRQVLVW�RI�GLIIHUHQW� HOHPHQWV�DQG� WKXV

WKH\�DUH�GLIIHUHQW�

2I� FRXUVH��:DUVDZ� LV� D� ³XQLW´� IRUPHG� E\� LWV� YDULRXV� SDUWV�� 7KH� WHUP� ³XQLW´� WKDW

DSSHDUV� LQ� WKLV� VWDWHPHQW� VKRXOG� QRW� EH� LQWHUSUHWHG� DV� ³VHW�´� KRZHYHU�� 5DWKHU� LW

VKRXOG�EH�LQWHUSUHWHG�DV�D�V\VWHP��PHDQW�WR�EH�D�VHW�ZKRVH�HOHPHQWV�VDWLVI\�FHUWDLQ

HLWKHU�LPSOLFLWO\�DFFHSWHG�RU�H[SOLFLWO\�VWDWHG�FRQGLWLRQV�
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�����7KH�)RUPDOL]HG�9HUVLRQ�RI�([WHQVLRQDOLW\�3ULQFLSOH

:H�KDYH�VWDWHG�([WHQVLRQDOLW\�3ULQFLSOH�LQ�D�UDWKHU�ORRVH�ODQJXDJH��0DWKHPDWLFLDQV

DSSO\� LQIRUPDO� ODQJXDJH� IDLUO\� RIWHQ� EXW� DOZD\V� ZLWK� FRQVLGHUDEOH� FDXWLRXV�� 7KH

PRUH� VRSKLVWLFDWHG� LV� D�PDWKHPDWLFDO� SURSRVLWLRQ� WKH�PRUH� OLNHO\� LV� WKDW� LWV� ORRVH

YHUVLRQ�PLJKW�QRW�EH�FOHDU�HQRXJK�

$�ULJRURXV�YHUVLRQ�RI�([WHQVLRQDOLW\�3ULQFLSOH�LV�WKH�IROORZLQJ��[���$� LV�WKH�FRP�

PRQO\�DFFHSWHG�QRWDWLRQ�IRU�[�LV�DQ�HOHPHQW�RI�$��

�������(;7(16,21$/,7<�35,1&,3/(��5,*25286�9(56,21���/HW�$�DQG

%�EH�VHWV��7KHQ�$� �%�LII�IRU�HYHU\�REMHFW�[��[���$�LII�[���%�

5HSODFH�LII�E\�Ù�DQG�UHSODFH�IRU�HYHU\�E\�"��$VVXPH�WKDW�YDULDEOHV�$��%��&�«�UHSUH�

VHQW�VHWV�ZKLOH�YDULDEOHV�[��\��]��«�UHSUHVHQW�DQ\�REMHFWV�ZKDWVRHYHU��1RZ��WKH�([�

WHQVLRQDOLW\�3ULQFLSOH�PLJKW�EH�VWDWHG�DV�IROORZV�

�������(;7(16,21$/,7<�35,1&,3/(��)250$/,=('�9(56,21��

$� �%�Ù�"[��[���$�Ù�[���%�

6RPH�PRUH�QRWDWLRQV�ZLOO�EH�XVHIXO��,Q�RUGHU�WR�VWDWH�WKDW�[�LV�D�VHW��ZH�VKDOO�ZULWH

VHW�[���,QFLGHQWDOO\��WKLV�QRWDWLRQ�VHWV�D�JHQHUDO�SDWWHUQ�ZH�VKDOO�DSSO\�RQ�QXPHU�

RXV�RFFDVLRQV��7KXV�H�J��PDWKHPDWLFLDQ�[��ZLOO�VHUYH�DV�IRUPDOL]HG�FRXQWHUSDUW

RI�[�LV�D�PDWKHPDWLFLDQ���EUDYH�VROGLHU�[���ZLOO�VHUYH�DV�IRUPDOL]HG�QRWDWLRQ

IRU�[�LV�D�EUDYH�VROGLHU��HWF�

�����/RJLFDO�1RWDWLRQ

5DWKHU� WKDQ� LQWURGXFLQJ�PRUH� ORJLFDO� QRWDWLRQ�ZKHQ� WKLV� LV� QHHGHG�� OHW� XV� OLVW� DOO

ORJLFDO�V\PEROV�ZH�DUH�JRLQJ�WR�XVH��7KH\�DUH�WKH�IROORZLQJ��H[SUHVVLRQV�LQ�SDUHQ�

WKHVHV�LQGLFDWH�WKH�LQWHQGHG�PHDQLQJ�RI�WKH�V\PEROV��

�������/,67�2)�/2*,&$/�7(506�$1'�7+(,5�6<0%2/6�

&RQQHFWLYHV�� QHJDWLRQ�Ô� �QRW��� LPSOLFDWLRQ��� �LI���WKHQ��� FRQMXQFWLRQ� à

�DQG���GLVMXQFWLRQ�£��RU���HTXLYDOHQFH�Ù��LI�DQG�RQO\�LI����

4XDQWLILHUV��[�VWDQGV�IRU�DQ�DUELWUDU\�YDULDEOH���XQLYHUVDO�"[��IRU�DOO�[��

H[LVWHQWLDO�$[��WKHUH�LV�[�VXFK�WKDW�

,GHQWLW\�SUHGLFDWH� ��LV�WKH�VDPH�DV�

/RJLFDO�WHUPV��ERWK�LQ�WKHLU�V\PEROLF�DQG�YHUEDO�IRUP��DUH�RIWHQ�UHIHUUHG�WR�DV�ORJL�

FDO�³FRQVWDQWV�´�7KH� WHUPV� OLVWHG�DERYH�DUH�NQRZQ�DV�FODVVLFDO� ORJLFDO� FRQVWDQWV�
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.HHS�LQ�PLQG�WKDW�WKH�WHUP�³FODVVLFDO�ORJLFDO�FRQVWDQW´�DSSOLHV�WR�WKH�WHUPV�OLVWHG�LQ

������RQO\�LI�WKH�WHUPV�DUH�XQGHUVWRRG�LQ�WKH�ZD\�DFFHSWHG�LQ�³FODVVLFDO�ORJLF´��VHH

;;;�������

�����7ZR�PHWKRGV�RI�GHILQLQJ�VHWV�DQG�VRPH�QRWDWLRQ

/LVWLQJ�PHWKRG��2QH�ZD\� WR�GHILQH�D�VHW� LV� WR� OLVW� WKH�REMHFWV�RI�ZKLFK� WKH�VHW� LV

FRPSRVHG��%\�^D � �D � �����D � `�ZH�VKDOO�GHQRWH�WKH�VHW�ZKRVH�HOHPHQWV�DUH�D � �D � �����D � �

5XOH�PHWKRG��9DULRXV�VHWV�FDQ�EH�GHILQHG�WR�EH�WKH�VHW�RI�WKRVH�REMHFWV�WKDW�VDWLVI\

D� VSHFLILF� FRQGLWLRQ� F�[�� �H�J�� DUH� PDWKHPDWLFLDQV� LI� F�[�� LV� PDWKHPDWL�

FLDQ�[����7KH�VHW� WKXV�GHILQHG�ZLOO�EH�GHQRWHG�E\�^[_F�[�`��6XUSULVLQJO\�HQRXJK

�VHH�WKH�QH[W�6HFWLRQ���IRU�VRPH�FRQGLWLRQV�RI�WKH�IRUP�F�[��WKH�REMHFWV�WKDW�VDWLVI\

WKDW�FRQGLWLRQV�GR�QRW�IRUP�D�VHW��DQ�DVVXPSWLRQ�WKDW�WKH\�GR�\LHOGV�FRQWUDGLFWLRQ��

7KH�VHW�^D � �D � �����D � `�LV�WKH�VHW�ZKRVH�HOHPHQWV�DUH�D � �D � �����D � DQG�^[_F�[�`�LV�WKH�VHW

RI�DOO�REMHFWV�[�WKDW�VDWLVI\�FRQGLWLRQ�F�[���7KXV�DV�ORQJ�DV�ZH�GR�QRW�PLQG�XVLQJ

LQIRUPDO�ODQJXDJH��WKH�QRWDWLRQ�ZH�KDYH�LQWURGXFHG�LV�UHGXQGDQW�

$ORQJ�ZLWK�QRWDWLRQ�^D � �D � �����D � `�RQ�YDULRXV� RFFDVLRQV�ZH� VKDOO� XVH� DQRWKHU� RQH�

QDPHO\��D � �D � �����D � ���7KH�ODWWHU�VWDQGV�IRU�WKH�³VHTXHQFH´�IRUPHG�E\�DUUDQJLQJ�RE�

MHFWV�D � ��D � �����D� � LQ�WKH�LQGLFDWHG�RUGHU��WKH�ILUVW�HOHPHQW�RI�WKH�VHTXHQFH�LV�D � �� WKH

VHFRQG�LV�D � ��HWF���WKH�ODVW�D � ��7ZR�HOHPHQWV�RI�WKH�VHTXHQFH�QHHG�QRW�WR�EH�GLIIHU�

HQW�� WKXV� H�J�� D � � PLJKW� EH� WKH� VDPH� DV� D � �� 7ZR� VHTXHQFHV� �D � �D � �����D � �� DQG

�E � �E � �����E � ��DUH�LGHQWLFDO�LII�Q� �P��L�H��WKH\�DUH�RI�WKH�VDPH�OHQJWK��DQG�IRUH�HYHU\

L��D � � �E � ��7KH�WHUP�³VHTXHQFH´�ZLOO�EH�DSSOLHG�LQWHUFKDQJHDEO\�ZLWK�Q�WXSOH��Q�EH�

LQJ�WKH�OHQJWK�RI�WKH�VHTXHQFH��

&OHDUO\� Q�WXSOH� �D � �D � �����D � �� LV� QRW� WKH� VDPH� DV� WKH� VHW� ^D � �D � �����D � `��:H� WUXVW� WKH

UHDGHU�WR�H[SODLQ�ZK\�

�����8QLW�6HWV�DQG�1RQ�5HIOH[LYLW\�3ULQFLSOH

$�XQLW�VHW�LV�D�VHW�RI�WKH�IRUP�^D`��,V�D�XQLW�VHW�^D`�WKH�VDPH�REMHFW�DV�LWV�HOHPHQW

D"�7KH�FRPPRQ�VHQVH�LGHD�RI�D�VHW�SURYLGHV�QR�JXLGDQFH�IRU�GHDOLQJ�ZLWK�WKLV�LV�

VXH��1RWH�WKDW�WKH�TXHVWLRQ�RI�ZKHWKHU�^D`� �D�PD\�EH�WUHDWHG�DV�D�VSHFLDO�FDVH�RI�D

PRUH�JHQHUDO�RQH��LV�LW�SRVVLEOH�WKDW�D�VHW�LV�DQ�HOHPHQW�RI� LWVHOI"�0RVW�RI� WKH�VHW�

WKHRULVW�VXEVFULEH�WR�WKH�IROORZLQJ

�������121�5()/(;,9,7<�35,1&,3/(��1R�VHW�LV�DQ�HOHPHQW�RI�LWVHOI�
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7KHQ�WKH�V\PEROLF�YHUVLRQ�RI�������LV��"[�VHW�[����Ô�[�[��� ,QFLGHQWDOO\�LQVWHDG

RI�Ô�[�\��RQH�RIWHQ�ZULWHV�[¾\��7KXV�"[�VHW�[����[¾[� LV�DQ�DOWHUQDWLYH�ZD\�RI

IRUPDOL]LQJ�������

2QH�RI�LPPHGLDWH�FRQVHTXHQFHV�RI�1RQ�5HIOH[LYLW\�3ULQFLSOH�LV�WKDW�IRU�QR�[��[� 

^[`��WKXV��IRU�LQVWDQFH������^�`��^�`���^^�``�«�1HZ�<RUN���^1HZ�<RUN`��^1HZ

<RUN`���^^1HZ�<RUN``��HWF�� � ,QGHHG�� LI�[� �^[`� WKHQ�[��� ^[`�� FRQWUDU\� WR�1RQ�

5HIOH[LYLW\�3ULQFLSOH�

$QRWKHU�FRQVHTXHQFH�RI�1RQ�5HIOH[LYLW\�LV�WKDW�WKHUH�LV�QR�VHW�RI�DOO�VHWV�� ,QGHHG�

6XSSRVH� WKDW� WKHUH� LV� VXFK� D� VHW�� 7KHQ� LW� LV� RQH� RI� LWV� HOHPHQWV�� ZKLFK� E\�1RQ�

UHIOH[LYLW\�3ULQFLSOH� LV� LPSRVVLEOH��1RWH� WKDW� VLQFH� WKHUH� LV� QR� VHW� RI� DOO� VHWV� WKHQ

FRQGLWLRQ�VHW�[��GRHV�QRW�GHILQH�DQ\�VHW�DQG�KHQFH�WKH�QRWDWLRQ�^[_VHW�[�`�VWDQGV

IRU�QR�REMHFW�

,I�DOO�REMHFWV�RI�D�VSHFLILF�NLQG�GR�QRW�IRUP�D�VHW��ZH�VKDOO�RFFDVLRQDOO\�VD\�WKDW�WKH\

IRU�D�³WRWDOLW\�´��7KXV�ZH�PD\�VSHDN�DERXW�WKH�WRWDOLW\�RI�VHWV��WRWDOLW\�RI�DOO�REMHFWV�

WRWDOLW\�RI�DOO�Q�WXSOHV��HWF�WUHDWLQJ�WKH�WHUP�³WRWDOLW\´�DV�DQ�LQIRUPDO�WHUP��7KHUH�DUH

D[LRPDWLF�V\VWHPV�RI�VHW�WKHRU\�LQ�ZKLFK�WKH�FRQFHSW�RI�WRWDOLW\�LV�RSSRVHG�WR�WKDW

RI� VHW�� ,Q� VXFK� V\VWHPV� WRWDOLWLHV� DUH� XVXDOO\� UHIHUUHG� WR� DV� ³FODVVHV´� UDWKHU� WKDQ

³WRWDOLWLHV´��XVLQJ�RQH�WHUP�RU�DQRWKHU�LV�D�PDWWHU�RI�OLQJXLVWLF�SUHIHUHQFHV��

�����5XVVHOO¶V�3DUDGR[

7KH�TXHVWLRQ�RI�ZKLFK�FRQGLWLRQV�RI�WKH�IRUP�F�[��FDQ�EH�XVHG�WR�GHILQH�D�VHW�ZDV

RQH�RI�WKH�PRVW�GLIILFXOW�TXHVWLRQV�H[DPLQHG�E\�VHW�WKHRULVWV��,W�ZDV�XQGHUWDNHQ�DQG

ZLGHO\�GLVFXVVHG�DW� WKH�EHJLQQLQJ�RI� WZHQW\� FHQWXU\� LQ� UHVSRQVH� WR�SDUDGR[HV� LQ�

YHQWHG�E\�%HUWUDQG�5XVVHOO��2QH�RI�WKHP�LV�WKH�IROORZLQJ��'HILQH�1� �^[_�VHW�[�

DQG�[�¾�[`��2I�FRXUVH�� WKHUH�DUH�VHWV�ZKLFK�DUH�QRW� WKHLU�RZQ�HOHPHQWV��RQH�PD\

FDOO�WKHP�QRUPDO��,I�WKHUH�DUH�QRUPDO�VHWV��VR�WKHUH�PXVW�EH�WKH�VHW�1�RI�DOO�QRUPDO

VHWV��PXVWQ¶W�LW"�1R��1R�VHW�PHHWV�WKH�FRQGLWLRQ�LPSRVHG�RQ�HOHPHQWV�RI�1��,QGHHG�

LI�1�ZHUH�D�VHW� WKHQ� HLWKHU�1���1� �LJQRUH�1RQ�5HIOH[LYLW\�3ULQFLSOH� IRU� WKH� WLPH

EHLQJ��RU�1�¾�1��%XW�1���1�LPSOLHV�WKDW�1�¾�1�DQG�1�¾�1�LPSOLHV�WKDW�1���1��6R

ZKLFKHYHU�DVVXPSWLRQ�RQH�VHOHFWV��RQH�DUULYHV�DW�FRQWUDGLFWLRQ�

�����,V�WKHUH�D�VHW�WKDW�KDV�QR�HOHPHQWV"
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�$�VHW� WKDW� KDV� QR� HOHPHQWV� LV� FDOOHG�HPSW\��&DQ�ZH� VDIHO\� �ZLWKRXW� UXQQLQJ� LQWR

LQFRQVLVWHQFLHV��DVVXPH�WKDW�WKHUH�LV�DQ�HPSW\�VHW"�4XLWH�D�GLIIHUHQW�TXHVWLRQ�LV�RI

ZKHWKHU�WKH�LGHD�RI�WKH�HPSW\�VHW�LV�FRQVLVWHQW�ZLWK�WKH�FRPPRQ�VHQVH�LGHD�RI�D�VHW�

7KH�SUHVHQW� VWDWXV�RI�PDWKHPDWLFDO� NQRZOHGJH�GR�QRW� JLYHV� DQ\� UHDVRQ� IRU� TXHV�

WLRQLQJ�WKH�IROORZLQJ

�������7+(�(07<�6(7�35,1&,3/(��7KHUH� LV�D� VHW� VXFK� WKDW� QR� REMHFW� LV� LWV

HOHPHQW�

��8VH�$�DV�WKH�V\PEROLF�QRWDWLRQ�IRU�WKHUH�LV�DQG�à�DV� WKDW�IRU�DQG��7KHQ�WKH�V\P�

EROLF�YDULDQW�RI�������LV�$[�VHW�[��à"\�\�¾�[��

�

�7KH�SRVLWLYH�DQVZHU�WR�WKH�TXHVWLRQ�RI�ZKHWKHU�WKHUH�LV�DQ�HPSW\�VHW�KDV�QRW�EHHQ

GHULYHG�IURP�DQ�DQDO\VLV�RI� WKH�FRPPRQ�VHQVH� LGHD�RI� WKH�FRQFHSW��5DWKHU� LW�ZDV

PRWLYDWHG�E\�SUDFWLFDO� FRQVLGHUDWLRQV� VLPLODU� WR� WKRVH� WKDW� UHVXOWHG� LQ� LQWURGXFLQJ

WKH�FRQFHSW�RI�]HUR��:LWKRXW� WKH�FRQFHSW�RI�]HUR� WKH� ODQJXDJH�RI� DULWKPHWLF� LV� WR

SRRU�WR�KDQGOH�VRPH�TXHVWLRQV��)RU�LQVWDQFH��LW�GRHV�QRW�DOORZ�RQH�WR�DQVZHU�WR�WKH

TXHVWLRQ�³KRZ�PDQ\�SHRSOH�DUH�LQ�WKH�URRP"´�LI�QRERG\�RFFXSLHV�WKDW�URRP��$V�ZH

VKDOO�VHH�WKLV�LQ�WKH�QH[W�&KDSWHU��PXFK�WKH�VDPH�FDQ�EH�VDLG�DERXW�WKH�ODQJXDJH�RI

VHW�WKHRU\�ZLWKRXW�WKH�FRQFHSW�RI�WKH�HPSW\�VHW��7KLV�RQH�ZH�DUH�JRLQJ�WR�FORVH�E\

LQWURGXFLQJ�WKH�V\PERO�RI�WKH�HPSW\�VHW�

�

�%HIRUH�ZH�GR�WKLV�OHW�XV�REVHUYH�WKH�IROORZLQJ��$V�ORQJ�DV�ZH�GR�QRW�TXHVWLRQ�������

ZH�FDQ�EHG�VXUH�WKDW�WKHUH�LV�DQ�HPSW\�VHW��&DQ�ZH�EH�VXUH�WKDW�WKHUH�LV�RQO\�RQH"

<HV��IRU�LI�ERWK�$�DQG�%�LV�HPSW\��WKHQ�WKH�REMHFWV�EHLQJ�HOHPHQWV�RI�HLWKHU�VHW�DUH

H[DFWO\�WKH�VDPH��QRQH�

�

�5HPRYH�RQH�E\�RQH�DOO�HOHPHQWV�IURP�^D � �D � �����D � `��7KH�RXWFRPH�ZLOO�EH�WKH�HPSW\

VHW� ^`�� 7KLV� V\PERO� LV� DSSOLHG� E\� FRPSXWHU� VFLHQWLVWV�� 0DWKHPDWLFLDQV� SUHIHU� WR

GHQRWH�WKH�HPSW\�VHW�E\�º��:H�VKDOO�XVH�WKH�ODWWHU�

�

�



�

�

���$�)RUPDO�$QDO\VLV�RI�D�'LVFRXUVH

�����7KUHH�&RPSRQHQWV�RI�D�'LVFRXUVH

2XU�LQWHUHVW�LQ�ORJLF�FRQFHUQV�WKH�UROH�LW�SOD\V�LQ�DQ\�UDWLRQDO��DW�OHDVW�LQ�WKH�VHQVH

WKDW� LWV� SDUWLFLSDQWV� GR� QRW� FKDQJH� WKH� UXOHV� RI� WKH� GLVFRXUVH� DW� ZLOO�� GLVFRXUVH

ZKDWVRHYHU��PHDQW�WR�EH�DQ�H[FKDQJH�RI�LGHDV�RQ�D�IDLUO\�ZHOO�GHILQHG�VXEMHFW�PD�

WHU��3URSRVLWLRQV�WKDW�DUH�SURGXFHG�DV�RXWFRPHV�RI�WKH�GLVFRXUVH�PLJKW�IRUP�YDULRXV

EHOLHI�V\VWHPV� UHSUHVHQWLQJ�DOWHUQDWLYH�VROXWLRQV� WR� WKH�GLVFXVVHG� LVVXHV��7KXV�H�J�

VHW�WKHRU\�LV�D�GLVFRXUVH�ZKRVH�VXEMHFW�PDWWHU�LV�WKH�PHDQLQJ�RI�WKH�WHUP�VHW��9DUL�

RXV� D[LRPDWLF� V\VWHPV� RI� VHW� WKHRU\� DUH� EHOLHI� V\VWHPV� UHSUHVHQWLQJ� DOWHUQDWLYH

VWDQGSRLQWV�WDNHQ�E\�SDUWLFLSDQWV�RI�WKH�GLVFRXUVH��2I�FRXUVH��YDULRXV�LQIRUPDO�GLV�

FRXUVH�LQ�ZKLFK�ZH�HQJDJH�RQ�YDULRXV�RFFDVLRQ�DUH�QRW�DV�ZHOO�GHILQHG��DQG� WKXV

QRW�DV�ULJRURXV��DV�PDWKHPDWLFDO�WKHRULHV�

(YHU\�GLVFRXUVH�DW�HYHU\�LWV�VWDJH�LV�GHWHUPLQHG�E\������WKH�REMHFWV�WKDW�DUH�H[DP�

LQHG������ WKH�VXEMHFW�PDWWHU�RI� WKH�GLVFRXUVH�PHDQW� WR�EH� WKH�VHW�RI�TXHVWLRQV� WKDW

DUH� WR�EH� DQVZHUHG�� ����7KH�DVVXPSWLRQV� RI� WKH�GLVFRXUVH�PHDQW� WR�EH� WKH� VHW� RI

SURSRVLWLRQV�WKDW� WKH�SDUWLFLSDQWV�RI� WKH�GLVFRXUVH�WUHDW�DV�XQTXHVWLRQDEOH��2EMHFWV

GHDOW�ZLWK�ZLWKLQ� D� GLVFRXUVH�PLJKW� EH� RI� DQ\� NLQG�ZKDWVRHYHU�� QRWDEO\� SK\VLFDO

REMHFWV��PHQWDO�REMHFWV��HPRWLRQV��IHHOLQJV��EHOLHIV��DQG�LQWHQFLRQDO�REMHFWV��YDOXHV�

QRUPV��DEVWUDFW�FRQFHSWV���7KH�REMHFWV�H[DPLQHG�LQ�VHW�WKHRU\�DUH�YDULRXV�VHW�FRQ�

FHSWV� UDWKHU� WKDQ� MXVW� VHWV�� $FWXDOO\� WKH\� RIWHQ� GLYLGH� LQWR� GLIIHUHQW� ³VRUWV´� RU

³XQLYHUVHV´�RI�ZKLFK�XVXDOO\�RQH�LV�³PDLQ´�ZKLOH�WKH�RWKHU�³VXSSOHPHQWDU\´����FI�

;;;��

$V�D�GLVFRXUVH�GHYHORSV�HYHU\�RI�WKUHH�SDUDPHWHUV�WKDW�GHWHUPLQH�WKH�GLVFRXUVH�PD\

FKDQJH��+RZHYHU��DV�D�UXOH��D�IRUPDO�DQDO\VLV�RI�D�GLVFRXUVH��PHDQW�WR�EH�DQ�DQDO\�

VLV�WKDW�FDQ�EH�FDUULHG�RXW�ZLWK�WKH�KHOS�RI�FRQFHSWV�DQG�WHFKQLTXHV�RIIHUHG�ERWK�E\

ORJLF� DQG�PDWKHPDWLFV� �QRWDEO\� VHW� WKHRU\�� FRQFHUQV� WKH� GLVFRXUVH� DW� LWV� VSHFLILF

VWDJH��/RJLFDO�LQYHVWLJDWLRQV�LQWR�G\QDPLFV�RI�EHOLHI�V\VWHPV�LV�D�UHODWLYHO\�DUHD�RI

LQTXLU\��DQG�FRYHUV�RQO\�VRPH�DVSHFWV�RI�GLVFRXUVH�G\QDPLFV�

�����7KH�8QLYHUVDO�6HW

2QH�RI�WKH�NH\�FRQFHSWV�ZH�DUH�JRLQJ�WR�XVH�LQ�WKH�GLVFXVVLRQ�WKDW�IROORZV�LV�WKDW�RI

D�³VXEVHW´�RI�D�VHW�

�������� '(),1,7,21� 2)� $� 68%6(7��$� VHW�$� LV� D� VXEVHW�RI� D� VHW�%� �LV� LQ�

FOXGHG�LQ�%���LQ�V\PEROV�$���%���LII HYHU\�HOHPHQW�RI�$�LV�DQ�HOHPHQW�RI�%�



�

�

�2QH�PD\�IRUPDOL]H�WKLV�GHILQLWLRQ�DV�IROORZV��$���%�Ù � � "[��[���$���[���%���7KH

VXEVFULSW� GI� DGGHG� WR� WKH� HTXLYDOHQFH� FRQQHFWLYH�Ù� LQGLFDWHV� WKDW� WKH� HTXLYDOHQFH

KROGV�WUXH�³E\�GHILQLWLRQ´��E\�GHILQLWLRQ�WKH�OHIW�SDUW�RI�WKH�HTXLYDOHQFH�LV�DQRWKHU

ZD\�RI�VD\LQJ�WKDW�ZKDW�WKH�ULJKW�SDUW�VD\V��VHH�DOVR�;;;��

�

�,I�$���%�DQG�$�¹�%�ZH�ZULWH�$�Ä�%�DQG�VD\�WKDW�$�LV�D�SURSHU�VXEVHW�RI���LV�SURSHUO\

LQFOXGHG�LQ��%�

�

6XSSRVH�8� LV� WKH� VHW� RI� DOO� H[DPLQHG� REMHFWV�ZLWKLQ� D� GLVFRXUVH�� 6XFK� D� VHW� �ZH

VKDOO�DOZD\V�WDNH�IRU�JUDQWHG�WKDW�LW�LV�QRW�HPSW\��LV�FDOOHG�WKH�XQLYHUVH�RI�WKH�GLV�

FRXUVH��D�QRQ�ORJLFDO�WHUP�IRU�VXFK�D�VHW�LV�³SRSXODWLRQ´���9HU\�RIWHQ�WKH�VXEVWDQWLDO

SDUW�RI�DQDO\VHV�FDUULHG�RXW�ZLWKLQ�D�GLVFRXUVH�FRQFHUQV�YDULRXV�UHODWLRQV�WKDW�FRQ�

QHFW�YDULRXV�VXEVHWV�RI�WKH�XQLYHUVH��1HHGOHVV�WR�VD\�WKDW�RI�VSHFLDO�LQWHUHVW�LV�WKRVH

VXEVHWV� WKDW�FDQ�EH�GHILQHG�DV� VHWV�RI�DOO�REMHFWV� LQ�8� WKDW�PHHW� D� FRQGLWLRQ�F�[�

VWDWHG� LQ� WKH� ODQJXDJH� RI� WKH� GLVFRXUVH�� 7KH� QRWDWLRQ� IRU� VXFK� D� VHW� LV� ^[���8� _

F�[�`���6RPH�RI�VXFK�VXEVHWV�PLJKW�KDSSHQ�WR�EH�HPSW\�DQG�WKXV��LI�WKH�FRQFHSW�RI

DQ�HPSW\�VHW�ZHUH�QRW� LQFOXGHG�LQWR�WKH�ODQJXDJH�RI�VHW� WKHRU\��SULRU� WR�XVLQJ�WKH

QRWDWLRQ�ZH�KDYH� LQWURGXFHG� LW�ZRXOG�EH�QHFHVVDU\� WR�H[DPLQH�ZKHWKHU� WKHUH� LV�D

VHW�WR�ZKLFK�WKH�QRWDWLRQ�VXSSRVHGO\�DSSOLHV��7KLV�DSSDUHQWO\�LQHVVHQWLDO�UHVWULFWLRQ

ZRXOG�ERWK�FRPSOLFDWH�DQG�LPSRYHULVK�WKH�ODQJXDJH�RI�VHW�WKHRU\�FRQVLGHUDEO\�

�����$OJHEUDV�RI�6HWV
�

�7KRXJK�WKH�FRQFHSWV�ZH�DUH�LQWURGXFLQJ�LQ�WKLV�VHFWLRQ�DUH�UDWKHU�³WHFKQLFDO�´��2Q

WKH�RWKHU�KDQG� WKH� UDQJH�RI� WKHLU�DSSOLFDELOLW\�� LQ�SDUWLFXODU� LQ� IRUPDO� DQDO\VHV�RI

GLVFRXUVHV��LV�UDWKHU�ODUJH�

�

�������6(/(&7('�(;,67(17,$/�35,1&,3/(6��)RU�HYHU\�VHWV�$�DQG�%�WKHUH

DUH�WKH�IROORZLQJ�VHWV�

�� 7KH�UHOHYDQW�FRPSOHPHQW�RI�%�ZLWK�UHVSHFW�WR�$��LQ�V\PEROV�$�-�%��L�H�

WKH�VHW�RI�WKRVH�HOHPHQWV�LQ�$�ZKLFK�DUH�QRW�LQ�%�

�� 7KH� LQWHUVHFWLRQ�RI�$�DQG�%�� LQ� V\PEROV�$���%�� L�H�� WKH� VHW� RI� REMHFWV

ZKLFK�DUH�ERWK�LQ�$�DQG�%���,I��$���%� �º��WKH�VHWV�$��%�DUH�VDLG�WR�EH

GLVMRLQW��

�� 7KH�XQLRQ�RI�$�DQG�%�� LQ�V\PEROV�$�¼�%�� L�H�� WKH�VHW�RI�REMHFWV�ZKLFK

DUH�LQ�HLWKHU�$�RU�LQ�%��DW�OHDVW�LQ�RQH�RI�WKHVH�VHWV��

�� 7KH�SRZHU�VHW�RI�$��LQ�V\PEROV��
�
���L�H��WKH�VHW�RI�DOO�VXEVHWV�RI�$�

:H�WUXVW�WKH�UHDGHU�WR�VWDWH�WKH�FODXVHV�RI�������LQ�WKH�IRUPDOL]HG�PDQQHU�
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��

,I�$� LV�D�VXEVHW�RI�D�XQLYHUVH�8�� WKHQ�LQVWHDG�8�-�$�RQH�ZULWHV�-$��7KH�VHW�-$� LV

FDOOHG�WKH�FRPSOHPHQW�RI�$��ZLWK�UHVSHFW�WR�8���1RWH�WKDW�JLYHQ�DQ\�SRZHU�VHW��
�

WKH�RXWFRPH�RI�DSSO\LQJ�RSHUDWLRQV����¼��-�WR�HOHPHQWV�RI���
�

�LV�DJDLQ�DQ�HOHPHQW

RI��
�

��7KH�V\VWHP���
�

�����¼��-��ZKLFK�WKH�SRZHU�VHW��
�

�IRUPV�DORQJ�ZLWK�WKH�RS�

HUDWLRQV����¼��-�LV�DQ�H[DPSOH�RI��³DOJHEUD�RI�VHWV´��D�VXEVHW�RI�D�SRZHU�VHW�GHILQHV

DQ��DOJHEUD�RI�VHWV� LI� WKH�RXWFRPHV�RI�RSHUDWLRQV� ����¼��-�DSSOLHG� WR�HOHPHQWV�RI

WKDW�VXEVHW�DUH�LWV�HOHPHQWV�DJDLQ���1RWH�WKDW�IRU�HYHU\�XQLYHUVH�8��WKH�V\VWHP��^8�

º`�����¼��-��LV�DQ�DOJHEUD�RI�VHWV��NQRZQ�DV�WZR�HOHPHQW�%RROHDQ�DOJHEUD�

�

�����9HQQ�GLDJUDPV
�

�7KH�LQWHULRUV�RI�WKH�FLUFOHV�$��%�EHORZ�PD\�VHUYH�DV�D�JUDSKLF�UHSUHVHQWDWLRQ�RI�VHWV

$��%�

�

�$ %

�

�7KHQ������7KH�OHIW�³KDOI�PRRQ´�LV�$�-�%�� ���� WKH�PLGGOH�VHJPHQW� �WKH� OHQV�� LV� WKH

LQWHUVHFWLRQ�$���%������7KH�ULJKW�³KDOI�PRRQ´�LV�%�-�$������$OO�WKH�WKUHH�VHJPHQWV

MRLQWO\�UHSUHVHQW�WKH�XQLRQ�$�¼�%�

�,Q�RUGHU�WR�LQGLFDWH�WKDW�D�VHJPHQW�LV�HPSW\��ZH�VKDOO�VKDGH�LW��,Q�RUGHU�WR�LQGLFDWH

WKDW�LW�LV�QRW�ZH�VKDOO�PDUN�LW�ZLWK����7KXV��LI�D�VHJPHQW�LV�QHLWKHU�VKDGHG�QRU�FRQ�

WDLQV����WKH�TXHVWLRQ�RI�ZKHWKHU�LW�LV�HPSW\�RU�QRW�LV�OHIW�RSHQ�

�

�����,QIRUPDO�YV��)RUPDOL]HG�'LVFRXUVHV
�

:H�VKDOO�GLVWLQJXLVK�EHWZHHQ� IRUPDOL]HG�DQG� LQIRUPDO�GLVFRXUVH� �WKXV� IRUPDOL]HG

DQG�LQIRUPDO�EHOLHI�V\VWHPV��LQ�SDUWLFXODU���7R�IRUPDOL]H�D�GLVFRXUVH�LV�WR�IRUPDOL]H

ERWK�LWV�JUDPPDU��WKH�UXOHV�WKDW�JRYHUQ�WKH�ZD\�LQ�ZKLFK�WKH�VHQWHQFHV�UHOHYDQW�IRU

WKH�GLVFRXUVH� DUH� IRUPHG�� DQG� LWV� VHPDQWLFV� �WKH� UXOHV� WKDW� WKH� SDUWLFLSDQWV� RI� WKH

GLVFRXUVH�REVHUYH�ZKHQ�WKH\�LQWHUSUHW�WKH�VHQWHQFHV�RI�ZKLFK�WKH�GLVFRXUVH�LV�FRP�

SRVHG��

7R�IRUPDOL]H�WKH�JUDPPDU��V\QWD[��RI�D�GLVFRXUVH�LV� WR�VHW�UXOHV�WKDW�GHILQH�ULJRU�

RXVO\�KRZ�WKH�VHQWHQFHV�WKDW�PLJKW�DSSHDU�DV�HOHPHQWV�RI�WKH�GLVFRXUVH�VKRXOG�EH

IRUPHG��)RU�LQVWDQFH��DPRQJ�RWKHUV�WKH�IROORZLQJ�VHQWHQFHV������[�LV�DQ�HOHPHQW�RI

$������[�LV�LQ�$������[�LV�RQH�RI�WKH�REMHFWV�RI�ZKLFK�$�LV�FRPSRVHG�PLJKW�VHUYH�DV



��

��

LQIRUPDO� VWDWHPHQWV� WR� WKH� HIIHFW� WKDW� [� LV� DQ� HOHPHQW� RI� $�� 7\SLFDOO\� HQRXJK

�WKRXJK�QRW�QHFHVVDULO\��IRUPDOL]HG�ODQJXDJHV�WDNH�V\PEROLF�IRUP�DQG�WKXV��LQ�SDU�

WLFXODU�� [��� $� LV� FXVWRPDULO\� DSSOLHG� DV� WKH� IRUPDOL]HG� FRXQWHUSDUW� RI� WKH� DERYH

VHQWHQFHV�

7R�IRUPDOL]H�WKH�VHPDQWLFV�RI�D�GLVFRXUVH�LV�WR�VHW�WKH�UXOHV�WKDW�SUHYHQW�RQH�IURP

DVVLJQLQJ�D�ZURQJ�LQWHUSUHWDWLRQ��PHDQLQJ��WR�H[SUHVVLRQV�DSSOLHG�LQ�WKH�GLVFRXUVH�

$Q� LQWHUSUHWDWLRQ�ZKLFK� WKH� SDUWLFLSDQWV� RI� WKH� GLVFRXUVH� GR� QRW� FRQVLGHU� ZURQJ

ZLOO�EH�FDOOHG�DFFHSWDEOH��7KH�QRWLRQ�RI�DQ�DFFHSWDEOH�LQWHUSUHWDWLRQ�LV�JRLQJ�WR�EH

GLVFXVVHG� RQ� VHYHUDO� RFFDVLRQV� �VHH� HVSHFLDOO\� ;;;��� � ,WV� SUHVHQW� H[SOLFDWLRQ� LV

WHQWDWLYH�

�����3ULPLWLYH�YV��$X[LOLDU\�7HUPV

7KH�WHUPV�ZKRVH�PHDQLQJV�DUH�VXSSRVHG�WR�EH�GHWHUPLQHG��WKRXJK�QRW�QHFHVVDULO\

LQ�D�FRPSOHWH�ZD\��E\�SRVWXODWHV�DQG�GHILQLWLRQV�RI�D�EHOLHI�V\VWHP�DUH�UHIHUUHG�WR

DV�SULPLWLYH� WHUPV�RI� WKDW�V\VWHP��$OO� WKH� UHPDLQLQJ� WHUPV� WKDW�DSSHDU� LQ� WKH� ODQ�

JXDJH�RI�VXFK�D�V\VWHP�ZLOO�EH�FDOOHG�DX[LOLDU\�

8QGHU� WKLV� VWLSXODWLRQ�� WKH� H[SUHVVLRQV� VXFK� DV� H�J��QRW��RU�� LI���WKHQ�� IRU� DOO�� WKXV

H[SUHVVLRQV� IURP� WKH� OLVW� RI� ORJLFDO� WHUPV� �FI�� �������� DUH� W\SLFDO� DX[LOLDU\� WHUPV�

7KH\�QHHG�QRW�EH�WKH�RQO\�WHUPV�RI�WKLV�NLQG��7KXV�H�J���YDULRXV�PDWKHPDWLFDO�WKHR�

ULHV�DUH�EDVHG�RQ�RWKHU�PDWKHPDWLFDO�WKHRULHV�LQ�WKH�VHQVH�WKDW�WKH�PHDQLQJ�RI�WKHLU

SULPLWLYH� WHUPV� LV� H[SOLFDWHG� ZLWK� WKH� KHOS� RI� WHUPV� NQRZQ� IURP� PDWKHPDWLFDO

WKHRULHV�HVWDEOLVKHG�HDUOLHU��,Q�RWKHU�ZRUGV��WKH�SULPLWLYH�WHUPV�RI�WKH�ODWWHU�VHUYH�DV

DX[LOLDU\�WHUPV�RI�WKH�IRUPHU��)RU�LQVWDQFH�WKH�SULPLWLYH�WHUPV�RI�WKH�WKHRU\�RI�UHDO

QXPEHUV�VHUYH�DV�DX[LOLDU\�WHUPV�RI�SUREDELOLW\�WKHRU\��RQ�WKH�RWKHU�KDQG�SULPLWLYH

WHUPV�RI�SUREDELOLW\�WKHRU\�VHUYH�DV�DX[LOLDU\�WHUPV�RI�GHFLVLRQ�WKHRU\��2I�FRXUVH�

WKHUH� DUH� WKHRULHV� �VHW� WKHRU\� LV�RQH�RI� WKHP��ZKRVH�RQO\� DX[LOLDU\� WHUPV� �H[FHSW

WKRVH� WKDW�FDQ�EH� LQWURGXFHG�E\�GHILQLWLRQV�� FI�� WKH�QH[W�6HFWLRQ�� DUH� ORJLFDO� FRQ�

VWDQWV�

�����1RPLQDO�GHILQLWLRQV��SRVWXODWHV�DQG�PHDQLQJ�VWLSXODWLRQV
�

$�VSHFLDO�FDWHJRU\�RI� DX[LOLDU\� WHUPV�DUH�GHILQHG� WHUPV��$�SURSHUO\�GHILQHG� WHUP

VKRXOG�EH�HOLPLQDEOH�LQ�WKH�VHQVH�WKDW�HYHU\�SURSRVLWLRQ�LQ�ZKLFK�LW�DSSHDUV�FDQ�EH

SURYHQ�WR�EH�HTXLYDOHQW�WR�D�SURSRVLWLRQ�LQ�ZKLFK�LW�GRHV�QRW��$�GHILQLWLRQ�WKDW�LQ�

WURGXFHV�D�QHZ�WHUP�DV�D�UHSODFHPHQW�RI�HLWKHU�DQ�H[SUHVVLRQ�RU�D�JUDPPDWLFDO�FRQ�

VWUXFWLRQ� WKDW� WKH� ODQJXDJH� RI� WKH� GLVFRXUVH� DOUHDG\� FRQWDLQV� �DQG� WKXV�PHHWV� WKH

HOLPLQDELOLW\�FRQGLWLRQ�LQ�D�GLUHFW�ZD\��LV�FDOOHG�QRPLQDO�
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,W�LV�FXVWRPDU\�WR�DQQRXQFH�WKDW�D�VWDWHPHQW�LV�D�QRPLQDO�GHILQLWLRQ�E\�IXUQLVKLQJ

HLWKHU�LGHQWLW\�V\PERO� �RU�HTXLYDOHQFH�V\PERO�Ù��GHSHQGLQJ�RQ�ZKLFK�RI�WKHP�ZDV

DSSOLHG�DV� WKH�NH\�V\PERO�RI� WKH�GHILQLWLRQ��ZLWK� VXEVFULSW�GI� �H�J��º� � � � WKH� VHW

WKDW�KDV�QR�HOHPHQWV�RU�[�¾�\�Ù � � �Ô�[���\��

,Q� VRPH� FRQWH[WV�� ³WR� GHILQH´�PHDQV� WR� SURGXFH� D� VWDWHPHQW� WKDW� GHWHUPLQHV� WKH

PHDQLQJ�RI� WKH�GHILQHG�ZRUG�LQ�WKH�XQLTXH�ZD\��SURYLGHG� WKDW� WKH�PHDQLQJ�RI�DOO

WKH�UHPDLQLQJ�WHUPV�DSSHDULQJ�LQ�WKH�GHILQLWLRQ�DUH�IL[HG��$�GHILQLWLRQ�WKDW�LV�PHDQW

WR�EH�D�XQLTXH�FKDUDFWHULVWLF�RI�WKH�PHDQLQJ�RI�D�ZRUG�LV�FDOOHG�UHDO��,Q�IDFW��HYHU\

QRPLQDO�DOVR�LV�DOVR�UHDO��LW�GHILQHV�WKH�PHDQLQJ�RI�WKH�QHZ�WHUP�DV�WKH�VDPH�DV�WKDW

RI�WKH�H[SUHVVLRQ�WKH�QHZ�WHUP�UHSODFHV��7KH�FRQYHUVH�PD\�KDSSHQ�QRW�WR�EH�WUXH�

,Q� WKH� RULJLQDO� ODQJXDJH� WKHUH� PLJKW� QRW� EH� DQ\� H[SUHVVLRQ� WKDW� KDV� WKH� VDPH

PHDQLQJ�DV�WKDW�DVVLJQHG�WR�WKH�WHUP�LQWURGXFHG�E\�D� UHDO�GHILQLWLRQ��)RU�WKH�WLPH

EHLQJ��ZH�PD\�UHVWULFW�RXU�FRPPHQWV�RQ�WKH�FRQFHSW�RI�D�GHILQLWLRQ�WR�WKRVH�JLYHQ

DERYH��IRU�PRUH�RQ�WKDW�FRQFHSW�VHH�;;;��



��

��

���/RJLF�RI�FDWHJRULFDO�VHQWHQFHV

�����&DWHJRULFDO�6HQWHQFHV ����

/HW�D�XQLYHUVH�8�EH�JLYHQ���7KHQ��WKH�HOHPHQWV�RI�8�DUH�FDOOHG� LQGLYLGXDO�REMHFWV

�LQGLYLGXDO��IRU�VKRUW��DQG�QDPHV�IRU�WKHP�DUH�FDOOHG�LQGLYLGXDO�QDPHV��(YHU\�LQ�

GLYLGXDO�QDPH�LV�HLWKHU�D�GHVFULSWLRQ��H�J��WKH�FDSLWDO�RI�WKH�86��WKH�VPDOOHVW�QDWX�

UDO�QXPEHU��RU�D�SURSHU�QDPH��H�J��%LOO�&OLQWRQ������7KH�IRUPHU�³GHVFULEH´�WKH�RE�

MHFW� WR�ZKLFK� WKH\�UHIHU�� WKH� ODWWHU�RQO\�³QDPH´� LW��7KH� DERYH�GLVWLQFWLRQ�EHWZHHQ

GHVFULSWLRQV�DQG�SURSHU�QDPHV�LV�LQIRUPDO�DQG�DSSOLHV�WR�LQIRUPDO�ODQJXDJHV�� ,Q�D

IRUPDOL]HG� ODQJXDJH� LW� VKRXOG� EH� GHILQHG� LQ� WHUPV� RI� VHPDQWLF� FDWHJRULHV� �VHH

;;;��

$�JHQHUDO�QDPH��H�J��WRZQ��SUHVLGHQW�RI�WKH�86��RGG�QXPEHU�� LV�D�QDPH�LQWHQGHG

IRU�VLQJXODU�REMHFWV�RI�D�VSHFLILF�NLQG��RU�³FDWHJRU\´���VR�QRWKLQJ�LQ�WKH�³FRQWHQW´

RI�WKH�QDPH�LQGLFDWHV�WR�KRZ�PDQ\�REMHFWV�LW�UHIHUV��WKH�FRQWHQW�RI�D�QDPH�LV�WKH�VHW

RI�FULWHULD�RQH�XVHV�LQ�RUGHU�WR�MXGJH�ZKHWKHU�WKH�QDPH�DSSOLHV�WR�D�JLYHQ�REMHFW�RU

QRW���,W�PD\�KDSSHQ�WKXV�WKDW�D�JHQHUDO�QDPH��H�J��WKH�FLW\�LQ�3RODQG�ZLWK�PRUH�WKDQ

PLOOLRQV�LQKDELWDQWV��UHIHUV�WR�H[DFWO\�RQH�REMHFW��7KLV�GRHV�QRW�PDNH�LW�DQ�LQGLYLG�

XDO�QDPH��KRZHYHU�

$� FDWHJRULFDO� VHQWHQFH� LV� D� VHQWHQFH� WKDW� FDQ� EH� SDUDSKUDVHG� WR� WDNH� RQH� RI� WKH

IROORZLQJ�IRUPV��6�DQG�3�VWDQG�IRU�JHQHUDO�QDPHV��� ����(YHU\�6� LV�3�� ����6RPH�6

DUH�3������1R�6�LV�3�RU�����6RPH�6�DUH�QRW�3��LQ�V\PEROV���6�D�3��6�L�3��6�H�3�DQG�6

R�3��UHVS���7KH�V\PEROV�D��H��L��DQG�R�ZLOO�EH�FDOOHG�FDWHJRULFDO�TXDQWLILHUV�

([DPSOHV��$OO�FDWV�DUH�VPDUW��(YHU\�FDW�LV�VPDUW���6RPH�GRJV�KDWH�FDWV��6RPH�GRJV

DUH�FDW�KDWHUV���7KH�ORJLF�RI�FDWHJRULFDO�VHQWHQFHV�ZDV�VWXGLHG�E\�$ULVWRWOH�

�����)RUPDOL]HG�&DWHJRULFDO�/DQJXDJH ����

%\�D�IRUPDOL]HG�FDWHJRULFDO�ODQJXDJH�ZH�VKDOO�PHDQ�D�ODQJXDJH�WKDW�PHHWV�WKH�IRO�

ORZLQJ�WKUHH�UHTXLUHPHQWV���L��,W�GRHV�QRW�FRQWDLQV�RWKHU�FDWHJRULFDO�VHQWHQFHV�RWKHU

WKDQ�WKDW�RI�WKH�IRUP�6�D�3��6�L�3��6�H�3�RU�6�R�3�DQG�WKHLU�QHJDWLRQV��7KH�ODWWHU�DUH

IRUPHG�ZLWK�WKH�KHOS�RI�WKH�V\PERO�Ô���LL��$OO�JHQHUDO�QDPHV�WKDW�DSSHDU�LQ�WKH�YR�

FDEXODU\�RI� WKH� ODQJXDJH� UHIHU� WR� HOHPHQWV� RI� WKH� VDPH� IL[HG� XQLYHUVH�� XQGHU� WKH

FRQYHQWLRQ�ZH�DUH�DGRSWLQJ�WKH\�ZLOO�EH�ZULWWHQ�LQ�EROG�FRXULHU�DQG�K\SKHQDWHG��LI

WKH\�LQFOXGH�PRUH�WKDQ�RQH�ZRUG��H�J��EODFN�FDW��SUHVLGHQW�RI�WKH�86�



��

��

�LLL�� %HVLGHV� WKH� ORJLFDO� FRQVWDQWV� DQG� JHQHUDO� QDPHV�PHQWLRQHG� DERYH�� QR� RWKHU

WHUPV��LQGLYLGXDO�QDPHV�LQFOXGLQJ��DUH�LQ�WKH�YRFDEXODU\�RI�WKH�ODQJXDJH�

([DPSOH��7KH�VHQWHQFH�FDW�D�VPDUW� LV�IRUPDOL]HG��RQH�FDQ�HDVLO\�GHILQH�D�IRU�

PDOL]HG�ODQJXDJH�LQ�ZKLFK�LW�FDQ�EH�IRUPHG���7KH�VHQWHQFHV�HYHU\�FDW�LV�VPDUW��DOO

FDW�DUH�VPDUW�DQG�PDQ\�RWKHUV�DUH�LWV�LQIRUPDO�FRXQWHUSDUWV�

�����'HGXFWLRQ�6WDWHPHQWV ���

*LYHQ�DQ\�VHW�RI�VHQWHQFHV�;�DQG�DQ\�VHQWHQFH�a�ZULWH�;�_ �a�LQ�RUGHU�WR�VWDWH�WKDW

a�LV�D�ORJLFDO�FRQVHTXHQFH�RI��VHQWHQFHV�LQ��;��$OWHUQDWLYHO\�;� _ �a�UHDGV�³a�IRO�

ORZV�ORJLFDOO\�IURP�;�´�2QH�DOVR�PD\�VD\�WKDW�³;�ORJLFDOO\�HQWDLOV�a´�

:KHQHYHU�IRU�D�VSHFLILF�;�DQG�D�VSHFLILF�a�RQH�VWDWHV�WKDW�;�_ �a��WKH�VHQWHQFHV�LQ�;

ZLOO�EH�FDOOHG�WKH�SUHPLVHV�RI�WKH�H[SUHVVHG�SURSRVLWLRQ�DQG�a�LWV�FRQFOXVLRQ�

6RPH� QRWDWLRQ��5DWKHU� WKDQ�ZULWLQJ� ^a � �a � �«��a � `_ �a�� ZH� VKDOO� SUHIHU� WR�ZULWH

a � �a � �«�a � �_ �a��0RUHRYHU�WKH�IROORZLQJ�WZR�FRQYHQWLRQV�ZLOO�EH�DGRSWHG������_ �a

DEEUHYLDWHV�º�_ �a�DQG�����;��a � �a � �«�a � �_ �a�DEEUHYLDWHV�;�¼�^a � �a � �«��a � `�_ �a�

([DPSOH�

>'@� FDW�D�VPDUW����FDW�L��EODFN�FDW�_ �VPDUW�L��EODFN�FDW

'RHV�GHGXFWLRQ�VWDWHPHQW�>'@�KROGV�WUXH"�,Q�RWKHU�ZRUGV��GRHV�WKH�VHQWHQFH�VPDUW

L��EODFN�FDW�IROORZV�IURP�WKH�VHQWHQFHV�FDW�D�VPDUW�DQG�FDW�L��EODFN�FDW�

,Q�RUGHU�WR�KDQGOH�TXHVWLRQV�RI�WKLV�NLQG�WKH�QRWLRQ�RI�ORJLFDO�FRQVHTXHQFH�KDV�WR�EH

GHILQHG��7KH�IROORZLQJ�DSSURDFK�WR�WKLV�LVVXH�LV�EDVHG�RQ�LGHDV�V�HW�E\�$ULVWRWOH�

�����/RJLFDO�(QWDLOPHQW ����

/HW�a � ��a � �«��a � �_ �a�EH�D�GHGXFWLRQ�VWDWHPHQW���5HSODFH�JHQHUDO�QDPHV�WKDW�DSSHDU

LQ�a � ��a � �«��a � ��a�E\�YDULDEOHV�6��3��0��«�UHSUHVHQWLQJ�DUELWUDU\�JHQHUDO�QDPHV

�VXFK�YDULDEOHV� DUH�RIWHQ� FDOOHG�PHWD�YDULDEOHV�� FI�;;;���7DNH� FDUH�RI� UHSODFLQJ

WKH�VDPH�QDPHV�E\�WKH�VDPH�YDULDEOHV�DQG�GLIIHUHQW�QDPHV�E\�GLIIHUHQW�YDULDEOHV�

7KHQ�WKH�RXWFRPH�RI�WKH�UHSODFHPHQW�LV�D�GHGXFWLRQ�VFKHPD��7KH�GHGXFWLRQ�VWDWH�

PHQW�a � ��a � �«��a � �_ �a�LV�VDLG�WR�EH�LWV�LQVWDQFH��RU�WR�³IDOO�XQGHU´�LW��*LYHQ�D�VHQ�

WHQFH�b��WKH�RXWFRPH�RI�VXFK�UHSODFHPHQW�LV�FDOOHG�D�ORJLFDO�VFKHPD�RI�b�



��

��

([DPSOH��,I�LQ�>'@�FDW�LV�UHSODFHG�E\�0��VPDUW�E\�6��DQG�EODFN�FDW�E\�3�WKH

UHVXOWLQJ�GHGXFWLRQ�VFKHPD�RI�>'@�ZLOO�EH

>'DULL@ � �����0�D�6��0�L�3�_ �6�L�3

������� /2*,&$/� 9$/,',7<� 2)� $� '('8&7,21� 6&+(0$� �$

7(17$7,9(�'(),1,7,21���$�GHGXFWLRQ�VFKHPD�LV� ORJLFDOO\�YDOLG� LII� IRU

QR�LWV�LQVWDQFH�WKH�SUHPLVHV�DUH�WUXH�DQG�WKH�FRQFOXVLRQ�LV�IDOVH�

7KH�EDVLF�LGHD�RI�ORJLFDO�DQDO\VHV�FDUULHG�RXW�E\�$ULVWRWOH�ZDV�WKDW�a � ��a � �«��a � �_ 

a�KROGV� WUXH� LII� WKH� ORJLFDO� WHUPV� WKDW� DSSHDU� LQ� VHQWHQFHV�a � �a � �«��a � �a� UXOH�RXW

WKDW�a � ��a � �«��a � �PLJKW�EH�WUXH�DQG�\HW�a� IDOVH��2QH�ZD\� WR�PDNH� WKLV�GHILQLWLRQ

SUHFLVH�LV�WKH�IROORZLQJ�

�������/2*,&$/�&216(48(1&(��/HW�a � ��a � �«��a � ��a�EH�IRUPDOL]HG�FDWH�

JRULFDO�VHQWHQFHV��7KHQ�a � ��a � �«��a � � _ �a�� � LII�a � ��a � �«��a � � _ �a� LV�DQ�LQ�

VWDQFH�RI�D�ORJLFDOO\�YDOLG�GHGXFWLRQ�VFKHPD�

,Q�YLUWXH�RI���������LQ�RUGHU�WR�VKRZ�WKDW�a�LV�QRW�D�ORJLFDO�FRQVHTXHQFH�RI�a � ��a � �«�

a � �� �LQ� V\PEROV�a � ��a � �«��a � � _¹�a�� LW� VXIILFH� WR� LQYDOLGDWH� WKH� UHOHYDQW�GHGXFWLRQ

VFKHPD��L�H���WR�ILQG�RXW�DQ�LQVWDQFH�RI�WKH�VFKHPD�ZKRVH�SUHPLVHV�DUH�WUXH�DQG�WKH

FRQFOXVLRQ�LV�IDOVH���7KXV�H�J���DV�KDV�DOUHDG\�EHHQ�DUJXHG�E\�$ULVWRWOH��WKH�VFKHPD

�����0�D�6��3�H�0�_ ��6�D�3

LV� LQYDOLGDWHG� E\��FUHDWXUH� �6���PDQ� �0���KRUVH� �3��� 2Q� WKH� RWKHU� KDQG�� QR

VXEVWLWXWLRQ�LQYDOLGDWHV�>'DULL@�DQG�KHQFH�WKH�VHQWHQFH�VPDUW� L� �EODFN�FDW� IRO�

ORZV�IURP�WKH�VHQWHQFHV�FDW�D�VPDUW�DQG�FDW�L��EODFN�FDW��7KH�TXHVWLRQ�LV�KRZ

RQH�FDQ�NQRZ�WKDW�QR�VXEVWLWXWLRQ�LQYDOLGDWHV�>'DULL@�

�����7KH�/DZV�RI�/RJLF ����

7KH�FKLHI�WDVN�RI�ORJLFDO�LQYHVWLJDWLRQV�LV�WR�ILQG�RXW�ZKLFK�VHQWHQFHV�IROORZ�IURP

ZKLFK��7KXV��LQ�WKH�EDVLF�VHQVH�RI�WKH�ZRUG��D�ODZ�RI�ORJLF�LV�D�VWDWHPHQW�WR�WKH�HI�

IHFW� WKDW� JLYHQ� D� VHW� RI� VHQWHQFHV� DORQJ�ZLWK� D� VHQWHQFH�� ERWK� EHLQJ� RI� D� VSHFLILF

NLQG��H�J��EHLQJ�LQVWDQFHV�RI�VSHFLILF�VFKHPDWD���WKH�ODWWHU�LV�D�ORJLFDO�FRQVHTXHQFH

RI�WKH�IRUPHU��,Q�RWKHU�ZRUG�D�ODZ�RI�ORJLF�LV�D�VWDWHPHQW�WR�WKH�HIIHFW�WKDW�IRU�VRPH

VSHFLILF�;�DQG�VRPH�VSHFLILF�a��;�_ �a�REWDLQV��)RU�LQVWDQFH��DV�RQH�HDVLO\�DJUHHV�

IURP�DQ\�SUHPLVHV�RI�WKH�IRUP�6D0��0D3� LW�IROORZV�FRQFOXVLRQ�RI�WKH�IRUP�6D3�

WKXV�WKH�VWDWHPHQW�ZH�KDYH�MXVW�PDGH�LV�D�ODZ�RI�ORJLF��1RWH�WKDW�WR�VWDWH�WKDW�WKXV
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GHVFULEHG�UHODWLRQ�EHWZHHQ�SUHPLVHV�DQG�FRQFOXVLRQ�KROGV� WUXH� LV� WR� VWDWH� WKDW� WKH

GHGXFWLRQ�VFKHPD

>%DUEDUD@� 6D0��0D3�_ �6D3

LV�ORJLFDOO\�YDOLG�

�����$EVWUDFW�&DWHJRULFDO�/DQJXDJHV �����

7KH�$ULVWRWHOLDQ�ORJLF�LV�KDQG�LQ�JORYH�ZLWK� WKH� IROORZLQJ�ZRUOG�YLHZ��RQH�PLJKW

FDOO�LW�$ULVWRWHOLDQ��7KH�ZRUOG�LV�D�XQLYHUVH�RI�LQGLYLGXDO�REMHFWV�WKDW�LQ�VRPH�QDWX�

UDO�ZD\�GLYLGH�LQWR�GLIIHUHQW�³FDWHJRULHV´��7KXV�WR�NQRZ�WKH�VWUXFWXUH�RI�WKH�ZRUOG

RQH�PXVW� NQRZ� KRZ� GLIIHUHQW� FDWHJRULHV� RI� LQGLYLGXDO� REMHFWV� DUH� UHODWHG� WR� RQH

DQRWKHU��7KH�FDWHJRULFDO�TXDQWLILHUV�SURYLGH�WKH�EDVLF�WRROV�IRU�VXFK�DQDO\VHV�

7KH�$ULVWRWHOLDQ�ZRUOG�YLHZ�GRHV�QRW�SURYLGH�D�JRRG�IUDPHZRUN�IRU�IRUPLQJ�ULFK

DQG�VXEWOH�HQRXJK�NQRZOHGJH�DERXW�WKH�ZRUOG��2QH�RI�WKH�UHDVRQV�LV�WKDW�WKH�ZRUOG

VXFK�DV�ZH�DEOH� WR� VHH� LW�GLYLGHV� LQWR�YDULRXV�RYHUODSSLQJ�XQLYHUVHV� UDWKHU� WKDQ�D

VLQJOH� RQH�� 7KLV� H[SODLQV� ZK\� VRPH� JUDPPDWLFDOO\� FRUUHFW� FDWHJRULFDO� VHQWHQFHV

�H�J��(YHU\� VWRQH� LV� KXQJU\� RU�6RPH�KXQJU\� REMHFWV� DUH� FLUFOHV�� DUH� VHPDQWLFDOO\

PHDQLQJOHVV��$QRWKHU�LV�WKDW�WKH�$ULVWRWHOLDQ�LGHD�RI�D�FDWHJRU\�LV�UDWKHU�HQLJPDWLF�

,V�FDWHJRU\�WKH�VDPH�DV�D�VHW�RI�LQGLYLGXDO�REMHFWV"�$QG�LI� LW� LV�QRW��ZKLFK�VHWV�RI

LQGLYLGXDO�REMHFWV�IRUP�D�FDWHJRU\�DQG�ZKLFK�GR�QRW"�7KHVH�WZR�SRLQWV�VHHPLQJO\

RI�PLQRU�VLJQLILFDQFH�DUH�ERWK�UHOHYDQW�WR�RXU�SUHVHQW�FRQVLGHUDWLRQV�

7KH�$ULVWRWHOLDQ�LGHD�RI�YDOLGLW\�RI�D�GHGXFWLRQ�VFKHPD�LV�WKDW�D�GHGXFWLYH�VFKHPD

LV�YDOLG�LI�DQG�RQO\�LI�LW�FDQQRW�EH�LQYDOLGDWHG�E\�VXEVWLWXWLRQV�RQH�PLJKW�IRUP�XVLQJ

JHQHUDO�QDPHV�DYDLODEOH�LQ�WKH�FRPPRQO\�XVHG�ODQJXDJH��7KH�IROORZLQJ�DOWHUQDWLYH

DSSURDFK�LV�VXJJHVWHG�E\�7DUVNL¶V�DQDO\VLV�RI�FRQVHTXHQFH�RSHUDWLRQ��;;;��

6HOHFW�DQ�XQLYHUVH�8��&DOO�D�FDWHJRULFDO� ODQJXDJH�DQ�8�ODQJXDJH� LI�DOO� LWV�JHQHUDO

QDPHV�DUH�QDPHV�RI�REMHFWV�LQ�8��:H�DUH�QRZ�LQ�D�SRVLWLRQ�WR�LPSURYH�GHILQLWLRQ

������

������� /2*,&$/� 9$/,',7<� 2)� $� '('8&7,21� 6&+(0$� �$1

,03529('� '(),1,7,21���$�GHGXFWLRQ� VFKHPD� LV� ORJLFDOO\� YDOLG� LII� IRU

QR�XQLYHUVH�8�DQG�QR�8�ODQJXDJH��WKHUH�LV�DQ�LQVWDQFH�RI�WKDW�VFKHPD�VXFK

WKDW�LWV�SUHPLVHV�DUH�WUXH�DQG�LWV�FRQFOXVLRQ�LV�IDOVH�
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7KH�EDVLF�DGYDQWDJH�RI�GHILQLWLRQ�������LV�WKDW�LQVWHDG�RI�H[DPLQLQJ�YDOLGLW\�RI�GH�

GXFWLYH�VFKHPD�E\�DSSHDOLQJ�WR�RXU�LQWXLWLYH�NQRZOHGJH�HQFRGHG�LQ�HYHU\GD\�ODQ�

JXDJH�ZH�PLJKW�QRZ�XVH�WKH�FRQFHSWV�DQG�WHFKQLTXHV�RI�VHW�WKHRU\�



��

��

���6HW�WKHRUHWLF�$QDO\VLV�RI�$ULVWRWHOLDQ�/RJLF

�����0HWD�ODQJXDJH ���

/HW�XV�EHJLQ�ZLWK� VRPH� UDWKHU�REYLRXV� H[SODQDWLRQV�� ,Q�ERWK� WKLV� FKDSWHU� DQG� WKH

SUHYLRXV� RQH�ZH� KDYH� EHHQ� GLVFXVVLQJ� YDULRXV� IRUPDOL]HG� FDWHJRULFDO� ODQJXDJHV�

7KH� ODQJXDJH� LQ�ZKLFK� VXFK� D� GLVFXVVLRQ� LV� FDUULHG� RXW� LV� FDOOHG�PHWD�ODQJXDJH�

DQG� WKH� ODQJXDJH�GLVFXVVHG� LV� FDOOHG�REMHFW� ODQJXDJH��([SUHVVLRQV� WKDW� DSSHDU� LQ

PHWD�ODQJXDJH� DUH� RIWHQ� FDOOHG� PHWD�H[SUHVVLRQV� �H�J�� PHWD�YDULDEOHV� RU� PHWD�

VHQWHQFHV��� 7KRVH� ZKLFK� EHORQJ� WR� REMHFW� ODQJXDJH� PLJKW� EH� FDOOHG� REMHFW�

H[SUHVVLRQV�

7KH�EDVLF�FULWHULRQ�IRU�GLVWLQJXLVKLQJ�H[SUHVVLRQV�RI�WKH�REMHFW�ODQJXDJH�IURP�WKRVH

RI�PHWD�ODQJXDJH�LV�WKDW�ZH�XVH�WKH�IRUPHU�WR�VD\�VRPHWKLQJ�DERXW�VRPH�³QRQ�OLQ�

JXLVWLF´�VWDWHV�RI�DIIDLUV��ZKLOH�WKH�ODWWHU�DUH�DSSOLHG�WR�UHIHU�WR��WR�VWDWH�VRPHWKLQJ

DERXW�� WKH� IRUPHU��7KXV� H�J��ZH� UHIHU� WR� WKH� VHQWHQFH� ³FDW�D�VPDUW´� DQG� LQGL�

UHFWO\� ZH� UHIHU� WR� LWV� LQIRUPDO� FRXQWHUSDUW� ³(YHU\� FDWV� DUH� VPDUW´� ZKHQHYHU� ZH

VWDWH�DQ\WKLQJ� DERXW� WKDW� VHQWHQFH�� H�J�� WKDW� LW� LV� WUXH��2Q� WKH�RWKHU�KDQG�ZH�PD\

HLWKHU� LQ� REMHFW� ODQJXDJH� RU� LQ�PHWD�ODQJXDJH� XVH� DQ\� RI� WKHVH� WZR� VHQWHQFH� VD\

³(YHU\�FDWV�DUH�VPDUW´� WR� VWDWH� WKDW� FDWV�DUH� VPDUW��6LQFH�ERWK� UHIHUULQJ� WR�D� VHQ�

WHQFH� DQG� XVLQJ� LW� PLJKW� EH� FRQIXVLQJ�� ZH� ZLOO� QRW� XVH� IRUPDOL]HG� VHQWHQFHV� LQ

PHWD�ODQJXDJH�EXW� RQO\� UHIHU� WR� WKHP��7KLV� FDQQRW� EH� WKH� FDVH� RI� LQIRUPDO� VWDWH�

PHQWV� KRZHYHU�� ,Q� PHWD�OLQJXLVWLF� FRQVLGHUDWLRQV� WKH\� ZLOO� EH� ERWK� UHIHUUHG� DQG

XVHG�

$QRWKHU� VRXUFH�RI� FRQIXVLRQ�PLJKW�EH� WKH�SUDFWLFH�RI�XVLQJ� WKH� VDPH� V\PEROV� DV

REMHFW� YDULDEOHV� DQG�PHWD�YDULDEOHV��:H� VKDOO� WXUQ� EDFN� WR� WKLV� SRLQW� DW� WKH� ULJKW

WLPH�

�����6HW�WKHRUHWLF�$QDO\VLV�RI�&DWHJRULFDO�6WDWHPHQWV ���

*LYHQ�D�JHQHUDO�QDPH�6��GHQRWH�E\�>6@�WKH�VHW�RI�DOO�REMHFWV�WR�ZKLFK�WKH�QDPH�UH�

IHUV��,W�ZLOO�EH�UHIHUUHG�WR�DV�WKH�H[WHQVLRQ�RI�6��7KXV�LQ�SDUWLFXODU�LI��6� �LV�D�JHQHUDO

QDPH�RI�D�8�ODQJXDJH�WKHQ�>6� @� �;�

2QH�ZD\�WR�XQGHUVWDQG�WKH�FDWHJRULFDO�VHQWHQFHV�LV�WKH�IROORZLQJ�

>D � @ 6�D � 3�Ù � � �>6@���>3@���Ù� � �"[�6�[����3�[���
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>L � @ 6�L � 3�Ù � � �>6@���>3@�¹�º���Ù � � �$[�6�[��à�3�[���

�

>H � @� 6�H � 3�Ù � � �>6@���>3@� �º���Ù � � �Ô$[�6�[��à�3�[���

�

>R � @ 6�R � 3�Ù � � �>6@�-�>3@�¹��º���Ù � � �Ô"[�6�[����3�[���

:LWK�WKHVH�GHILQLWLRQV�EHLQJ�DFFHSWHG��WKH�TXHVWLRQ�RI�YDOLGLW\�RI�GHGXFWLRQ�VFKHPD

EHFRPHV�D�TXHVWLRQ�RI�YDOLGLW\�RI�D�VWDWHPHQW�WKDW�FRQFHUQV�UHODWLRQV�EHWZHHQ�VHWV�

,QGHHG��FRQVLGHU�IRU�LQVWDQFH�WKH�VFKHPD�>'DULL@��,Q�RUGHU�WR�LQYDOLGDWH�>'DULL@�RQH

PXVW�ILQG�D�XQLYHUVH�8�DQG�WKUHH�LWV�VXEVHWV�;��<�DQG�=�VXFK�WKDW�>0@� �;��>6@� �<

DQG�>3@� �=�DQG�PRUHRYHU�;���<��;���=�¹�º�DQG�QHYHUWKHOHVV�<���=� �º��<HW���DV

RQH�PLJKW�IDLUO\�HDVLO\�SURYH��WKH�IROORZLQJ�LV�D�WKHRUHP�RI�VHW�WKHRU\��,I�;���<�DQG

;���=�¹�º�WKDQ�<���=�¹�º��,I�VR��>'DULL@�FDQQRW�EH�LQYDOLGDWHG�E\�DQ\�VXEVWLWXWLRQ

LQ�DQ\�8�ODQJXDJH�ZKDWVRHYHU�

�����/RJLFDO�)RXQGDWLRQV�RI�/RJLF ���

7KH�DERYH�SUHVHQWHG�SURRI�RI�YDOLGLW\�RI�>'DULL@�SURYRNHV�WKH� IROORZLQJ�TXHVWLRQ�

7KH�SURRI�WKDW�LQYROYHV�VHW�WKHRUHWLF�FRQVLGHUDWLRQV�LQYROYHV�DOVR�ORJLF�XQGHUO\LQJ

VHW�WKHRU\��'RHV�VXFK�DQ�DUJXPHQW�SURYH�DQ\WKLQJ�RU�UDWKHU�LV�D�W\SLFDO�H[DPSOH�RI

YLFLRXV�FLUFOH"

7KH�TXHVWLRQ�GHVHUYHV�RXU�DWWHQWLRQ��:H�VXUHO\� FDQQRW�SURYH� ORJLFDO�YDOLGLW\�RI� D

GHGXFWLRQ�VFKHPD�ZLWKRXW�XVLQJ�DQ\�³ORJLF´��7KH�ULJKW�SROLF\�LV�WKH�IROORZLQJ��&DOO

D�PRGH� RI� UHDVRQLQJ� WKDW� QHYHU� UHVXOWV� LQ� DUULYLQJ� WR� IDOVH� FRQFOXVLRQ� IURP� WUXH

SUHPLVHV�UHOLDEOH�

$W� HDFK� VWDJH� RI� GHYHORSPHQW� RI� RXU� NQRZOHGJH�ZH� KDYH� VRPH� LGHDV� RI� UHOLDEOH

PRGHV�RI�UHDVRQLQJ��$�QDWXUDO�ODERUDWRU\�IRU�GLVFRYHULQJ�WKHP�LV�PDWKHPDWLFV��$O�

WKRXJK� WKH� $ULVWRWHOLDQ� ORJLF� ZDV� LQ� QR� GLUHFW� ZD\� PRWLYDWHG� E\� PDWKHPDWLFDO

DQDO\VLV��*UHHN� SKLORVRSKHUV� IXOO\� DSSUHFLDWHG� WKH� UROH� RI�PDWKHPDWLFV� LQ� VHWWLQJ

VWDQGDUGV�RI�FRUUHFW�DQG�SUHFLVH�UHDVRQLQJ��2Q�WKH�RWKHU�KDQG��*UHHNV�ZHUH�DEOH�WR

LGHQWLI\�RQO\� VRPH�RI�PRGHV�RI� UHDVRQLQJ� DSSOLHG� LQ�PDWKHPDWLFV�DQG� VWDWH� WKHP

RQO\�LQ�YHU\�JHQHUDO�WHUPV��'LVFRYHULQJ�KRZ�WKH�PDWKHPDWLFLDQV�UHDVRQ�WRRN�YHU\

ORQJ�WLPH��LW�ZDV�FRPSOHWHG�RQO\�DW�WKH�EHJLQQLQJ�RI�WZHQWLHV�FHQWXU\�

2QFH�ZH�HVWDEOLVK�UHOLDELOLW\�RI�D�PRGH�RI�UHDVRQLQJ�ZH�DUH�HQWLWOHG�WR�XVH�WKHP�LQ

DOO�DUJXPHQWV��WKH�SURRIV�RI�ORJLFDO�YDOLGLW\�RI�GHGXFWLRQ�VFKHPDWD�LQFOXGHG��7KXV

³WKHRUHWLFDO´� ORJLF� �ORJLF�PHDQW� WR�EH�D� V\VWHP�RI� ORJLFDOO\�YDOLG�GHGXFWLRQ� VFKH�

PDWD�� LV�EDVHG�RQ�³SUDFWLFDO´�ORJLF�±� WKH� ORJLF�RI� UHOLDEOH�PRGHV�RI� UHDVRQLQJ�DS�

SOLHG� E\� FRPSHWHQW� PDWKHPDWLFLDQV�� DOVR� WKRVH� ZKR� QHYHU� OHDUQHG� ³WKHRUHWLFDO´
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ORJLF��,I�ZH�ORRN�DW�WKH�WKLQJ�LQ�WKLV�ZD\��WKHUH�LV�QRWKLQJ�LQDSSURSULDWH�LQ�XVLQJ�VHW�

WKHRUHWLF�DUJXPHQWV�IRU�SURYLQJ�ORJLFDO�RI�YDOLGLW\�RI�ORJLFDO�VFKHPDWD�

,W�PLJKW�KDSSHQ��WKH�5XVVHOO�SDUDGR[�LV�DQ�H[DPSOH��WKDW�DSSDUHQWO\�UHOLDEOH�PRGH

RI�UHDVRQLQJ�UHVXOWV�\LHOGV�FRQWUDGLFWLRQ��,Q�HDFK�VXFK�FDVH�WKH�ORJLFDO�IRXQGDWLRQV

RI�PDWKHPDWLFV��DQG�FRQVHTXHQWO\�DOO�VFLHQFHV�EDVHG�RQ�LW��VKRXOG�EH�UHH[DPLQHG�

,Q�IDFW��QR�PDWWHU�KRZ�UHOLDEOH�VHHPV�WR�EH�D�ZD\�RI�UHDVRQLQJ�ZH�QHYHU�FDQ�EH�VXUH

LW�FDQQRW�EH�D�VRXUFH�RI�DQWLQRPLHV��1R�VNHSWLFDO�FRQFOXVLRQ��DQ\�WKHVLV�RI�LPSRV�

VLELOLW\�RI�DUULYLQJ�DW�UHOLDEOH�NQRZOHGJH��FDQ�EH�GHULYHG�IURP�WKLV�REVHUYDWLRQ��7KH

RSHQ� TXHVWLRQ� LV�� KRZHYHU�� RI� ZKHWKHU� WKH� FRQWLQXRXV� SURFHVV� RI� LPSURYLQJ� WKH

VWDQGDUGV�RI� UHOLDELOLW\�PLJKW� HYHQWXDOO\�EH�KDOWHG� E\� FRQFHSWXDO� SUREOHP�ZH� DUH

QRW�DEOH�WR�RYHUFRPH�� ,I� WKLV�KDSSHQV� �ZH�FDQQRW�NQRZ�LI� LW�GRHV��� WKH�SURFHVV�RI

NQRZOHGJH�IRUPDWLRQ�ZLOO�VWRS�DQG�RXU�SDVW�DFKLHYHPHQWV�ZLOO�EH�SXW�LQ�TXHVWLRQ�

�����$UH�/DZV�RI�$ULVWRWHOLDQ�/RJLF�9DOLG" ���

%\�D� �GHGXFWLRQ�� ODZ�RI� ORJLF�ZH�VKDOO�PHDQ�D� WUXH� VWDWHPHQW� WR� WKH� HIIHFW� WKDW�D

GHGXFWLRQ�VFKHPD�LV�YDOLG��&XULRXVO\�HQRXJK��XQGHU�WKH�VHW�WKHRUHWLF�DSSURDFK�SUH�

VHQWHG� LQ����� VRPH�RI� WKH�GHGXFWLRQ� VFKHPDWD� LGHQWLILHG� E\�$ULVWRWOH� DV� ORJLFDOO\

YDOLG�FDQ�EH�LQYDOLGDWHG��)RU�LQVWDQFH�WKH�IROORZLQJ�WZR��NQRZQ�DV�VXERUGLQDWLRQ

ODZV��

�$��� 6�D�3�_ �6�L�3�

�$���� 6�H�3�_ �6�R�3

&RQVLGHU��$����,I�6�LV�DQ�HPSW\�QDPH��L�H��LWV�H[WHQVLRQ�LV�HPSW\��WKHQ�>6@���>3@��WR

VD\�WKDW�LI�[���>6@�WKHQ�[���>3@�LV�WDQWDPRXQW�WR�VD\LQJ�WKDW�WKHUH�LV�QR�[�VXFK�WKDW�[

��>6@�DQG�[�¾�>3@���7KXV�6�D � 3��$QG�\HW�>6@���>3@� �º���ZKLFK�PHDQV�WKDW��6�L � �3

LV�IDOVH��&RQVHTXHQWO\��WKH�GHGXFWLRQ�VFKHPD��$���DSSOLHG�WR�D� WUXH�VHQWHQFH��H�J�

PHUPDLG�D�EORQG��PD\�\LHOG�D�IDOVH�RQH��(�J��LQ�YLUWXH�RI�WKDW�VFKHPD�IURP�WUXH

VHQWHQFH�PHUPDLG�D�EORQG� RQH�PLJKW�GHULYH� DV� LWV� ORJLFDO� FRQVHTXHQFH�PHU�

PDLG�D�EORQG��ZKLFK�LV�IDOVH����:H�WUXVW�WKH�UHDGHU�WR�FKHFN�WKDW�WKH�FDVH�RI��$��

LV�IXOO\�WKH�VDPH��(YHU\�HPSW\�QDPH�6�LQYDOLGDWHV�WKH�VFKHPD�

�����3DUDGR[HV�RI�HPSW\�QDPHV ����

7R�EHJLQ�ZLWK�QRWH�WKDW�LQ�RUGHU�IRU�D�FDWHJRULFDO�ODQJXDJH�WR�HQDEOH�RQH�WR�LQYDOL�

GDWH� �$��� DQG� �$��� WKH� ODQJXDJH�PXVW� FRQWDLQ� DW� OHDVW� RQH� HPSW\� QDPH�� &RQVH�

TXHQWO\��WKH�$ULVWRWHOLDQ�ORJLF�UHPDLQV�VRXQG�LI�WKH�VFRSH�RI�LWV�DSSOLFDELOLW\�LV�UH�
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VWULFWHG� WR� ODQJXDJHV�ZLWK� QR� HPSW\� QDPHV�� 7KH� TXHVWLRQ� LV�� DUH� WKHUH� DQ\� JRRG

UHDVRQV�WR�SRVWXODWH�VXFK�D�UHVWULFWLRQ"

2QH�RI�VXFK� UHDVRQV� LV� WKDW� IURP�WKH� LQWXLWLYH�VWDQGSRLQW�ERWK� WKH�VHQWHQFH�PHU�

PDLG�D�EORQG�DQG�WKH�VHQWHQFH�PHUPDLG�H�EORQG��LQ�IDFW�DQ\�WZR�VHQWHQFHV

LQVWDQWLDWLQJ� VFKHPDWD�6�D�3�� �6� H�3�� FDQQRW� EH� VLPXOWDQHRXVO\� WUXH�� LW� GRHV� QRW

PDNH�VHQVH�WR�PDLQWDLQ�DW�WKH�VDPH�WLPH�WKDW�DOO�PHUPDLGV�DUH�EORQG�DQG�QR�PHU�

PDLG� LV�EORQG��$V�D�PDWWHU�RI� IDFW�� WKH�VWDWHPHQW� WR� WKH�HIIHFW� WKDW� WKHVH� WZR�VHQ�

WHQFHV�FDQQRW�EH�VLPXOWDQHRXVO\�WUXH�LV�RQH�RI�WKH�ODZV�RI�WKH�$ULVWRWHOLDQ�ORJLF��,W

LV�QRW�FOHDU�ZKHWKHU�$ULVWRWOH�ZDV�DZDUH�RI�SUREOHPV�WKDW�ZRXOG�DULVH� LI�KLV� ORJLF

ZHUH�DSSOLHG�WR�HPSW\�QDPHV�

�����:DV�$ULVWRWOH�ULJKW" ����

6RPH�DQLPDOV�DUH�SUHGDWRUV�DQG�VRPH�DUH�QRW��%XW�RI� WKHVH� WZR�IDFWV� WKH� ODWWHU� LV

QRW�D� ORJLFDO�FRQVHTXHQFH�RI� WKH�IRUPHU��2QH�PLJKW� LPDJLQH�D�ZRUOG�LQ�ZKLFK�DOO

DQLPDOV� DUH� SUHGDWRUV�� ,I� VRPH� DQLPDOV� DUH� WHUUHVWULDO� DQG� VRPH� DUH� UHSWLOHV�� WKHQ

RQH�PLJKW�ZRQGHU� LI� WKHUH� DUH�ERWK� WHUUHVWULDO� UHSWLOHV� DQG� QRQ�WHUUHVWULDO� UHSWDLOV�

&RQVLGHU�D�GLVFRXUVH�IRU�ZKLFK�WKHVH�TXHVWLRQV�DUH�UHOHYDQW��,V�WKHLU�ORJLFDO�DQDO\VLV

SRVVLEOH�ZLWK�WKH�KHOS�RI�$ULVWRWHOLDQ�ORJLF"�1RW�TXLWH�VR��7KH�LGHD�RI�QRQ�SUHGDWRU

LQYROYHV� FRPSOHPHQW� RSHUDWRU� QRQ� DQG� WKH� LGHD� RI� WHUUHVWULDO� UHSWLOH� LQYROYHV

�WKRXJK� LQ� WKH� KLGGHQ� IRUP�� WKH� LQWHUVHFWLRQ� RSHUDWRU� DQG�� 7KH� LGHD� RI� QRQ�

WHUUHVWULDO� UHSWLOHV� LQYROYHV�ERWK��5HFDOO� WKDW� WKHVH� WZR�RSHUDWRUV� DUH� NQRZQ� IURP

WKH�VHW�WKHRUHWLF�DQDO\VHV�LQ�ZKLFK�WKH\�DUH�UHVSHFWLYHO\�GHQRWHG�E\�-�DQG���

7KRXJK��DV�D�PDWWHU�RI�IDFW�IRU�QR�VXEVWDQWLDO�UHDVRQV��VHW�WKHRU\�LV�QRW�WUHDWHG�DV�D

SDUW�RI�ORJLF��WKH�UROH�ZKLFK�VHW�FRQFHSWV�SOD\�LQ�D�GLVFRXUVH�LV�PXFK�WKH�VDPH�DV

WKDW�RI�ORJLFDO�FRQFHSWV��WKH\�VHUYH�DV�EDVLF�WRROV�IRU�DQDO\VLV�RI�KRZ�WKH�H[WHQVLRQV

RI�WKH�SULPLWLYH�WHUPV�RI�WKH�GLVFRXUVH�DUH�UHODWHG�WR�RQH�DQRWKHU��,Q�RUGHU�IRU�VXFK

DQDO\VLV� WR� EH� SRVVLEOH� WKH� GLVFRXUVH� VKRXOG� EH� IRUPDOL]HG� LQ� D� ODQJXDJH� ZKLFK

FRQWDLQV� WKH� WZR� FRQVWDQWV��2I� FRXUVH�� WKDW� FDQ� EH� HDVLO\� GRQH� DQG� RI� FRXUVH� WKH

UHVXOWLQJ� ODQJXDJH� ZLOO� EH� HVVHQWLDOO\� ULFKHU� WKDW� WKH� FDWHJRULFDO� ODQJXDJH� LQ� LWV

RULJLQDO�IRUP��6LQFH�WKH�FRQVWDQWV��-�DQG���DSSO\�WR�QDPHV��WKH�$ULVWRWHOLDQ�ORJLF

H[SDQGHG�E\�WKHP�LV�RFFDVLRQDOO\�FDOOHG�ORJLF�RI�QDPHV�

/HW� XV� QRZ� WXUQ� EDFN� WR� WKH� TXHVWLRQ� WKDW� HQGV� WKH� SUHYLRXV� FKDSWHU�� 6KRXOG� WKH

HPSW\�QDPHV�EH�UXOHG�RXW�IURP�IRUPDOL]HG�ODQJXDJHV"�7KH�FDVH�ZKHQ�RQH�FODLPV

ERWK� WKDW�DOO�PHUPDLGV�DUH�QRW�EORQG�DQG�QRQH� LV�EORQG��PLJKW�EH� LJQRUHG� DV�RQH

WKDW�FRQFHUQV�XQUHDO�ZRUOG��%XW�ZKDW�DERXW�VRPHRQH�FODLP�WKDW�DOO�SROLFHPHQ�WKDW

HQWHU�WKH�URRP�ZHUH�GUXQN�LQ�WKH�VLWXDWLRQ�ZKHQ�QR�SROLFHPHQ�HQWHU�WKH�URRP��'R
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ZH�UHDOO\�PLJKW�DJUHH�WR�WUHDW�WKH�VHQWHQFH�$OO�SROLFHPHQ�WKDW�HQWHU�WKH�URRP�ZHUH

GUXQN�DV�WUXH�MXVW�EHFDXVH�WKH�VHQWHQFH�LV�DERXW�QRQ�H[LVWLQJ�SROLFHPHQ"

<HV��WKH�VHPDQWLFV�RI�VWDWHPHQWV�WKDW�LQYROYH�HPSW\�QDPHV�DOORZV�RQH�WR�SURGXFH

WUXH�DQG�FRXQWHULQWXLWLYH�VWDWHPHQWV��6R�SHUKDSV�RQH�VKRXOG�EDQ�XVLQJ�HPSW\�QDPHV

LQ�D�ULJRURXV�GLVFRXUVH��2Q�WKH�RWKHU�KDQG�WKHUH�LV�VRPHWKLQJ�DQQR\LQJ�LQ�WKH�IDFW

WKDW�JLYHQ�QDPHV�6�DQG�3��RQH�QHLWKHU�FDQ�IRUP�WKH�QDPH�-6�QRU�6�3��XQOHVV�RQH

YHULILHV�LQ�DGYDQFH�WKDW�WKH�QDPH�LQ�TXHVWLRQ�LV�QRW�HPSW\��6R�WKH�FKRLFH�LV�EHWZHHQ

FRXQWHULQWXLWLYH�VHPDQWLFV�DQG�XQGXO\�UHVWULFWLYH�JUDPPDU��7KLV�SUREOHP� LV�PXFK

WKH� VDPH� DV� WKDW� FRQFHUQLQJ� WKH� HPSW\� VHW� �FI�� ;;;��� ,I� WKH� VXEMHFW� RI� ORJLFDO

DQDO\VLV�LV�DQ�HYHU\GD\�GLVFRXUVH�ZH�PLJKW�SUHIHU�WR�EDQ�XVLQJ�HPSW\�QDPHV��,I�WKH

GLVFRXUVH�FRQFHUQV�VRPH�VRSKLVWLFDWHG�IRUPDO�LVVXHV��ZH�PD\�SUHIHU�DYRLG�XQGXO\

UHVWULFWLYH� JUDPPDWLFDO� UHVWUDLQV�� 7KXV�� H�J��� WKH� IRUPDOL]HG� ODQJXDJHV� RI� PDWKH�

PDWLFDO� FRQVLGHUDWLRQV� DOORZ� RQH� IRU� SURGXFLQJ� VWDWHPHQWV� WKDW� ERWK� DSSDUHQWO\

GHQ\� RQH� DQRWKHU� �H�J��$OO� SULPH� QXPEHU� GLIIHUHQW� IURP� �� GLYLGH� E\� �� DQG�1RQH

SULPH�QXPEHU�GLIIHUHQW�IURP���GLYLGH�E\����DQG�DUH�VLPXOWDQHRXVO\�WUXH�IRU�RWKHU�

ZLVH�LW�ZRXOG�EH�QHFHVVDU\�WR�EDQ�XVLQJ�HPSW\�QDPHV��H�J��D�SULPH�QXPEHU�GLIIHU�

HQW�IURP���WKDW�GLYLGHV�E\����

�����6RPH�ORJLFDO�UHODWLRQV�GHILQDEOH�LQ�WHUPV�RI�HQWDLOPHQW ���

7ZR�VHQWHQFHV�a�DQG�b�DUH�VDLG�WR�

�� ([FOXGH�RQH�WKH�RWKHU��LII�a�_ �Ôb

�� &RPSOHPHQW�RQH�WKH�RWKHU�LII�Ôa�_ �b

�� &RQWUDGLFW�RQH�WKH�RWKHU�LII�WKH\�DUH�ERWK�H[FOXVLYH�DQG�FRPSOHPHQWDU\�

�1RWH�WKDW������a�_ �Ôb�LII�b�_ �Ôa��DQG�����Ôa�_ �b�LII�Ôb�_ �a�
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���3UHGLFDWHV

�����6RPH�([DPSOHV

7KH�IROORZLQJ�LV�DQ�H[DPSOH�RI�D�SURSRVLWLRQ�WKDW�FDQQRW�EH�H[SUHVVHG�LQ�WKH�IRUP

RI� D� FDWHJRULFDO� VHQWHQFH��)RU� HYHU\� SULPH� QXPEHU� [� WKHUH� LV� D� SULPH� QXPEHU� \

JUHDWHU�WKDW�[��$FWXDOO\��WKH�SURSRVLWLRQ�FDQ�EH�H[SUHVVHG�LQ�FDWHJRULFDO�ODQJXDJH�

EXW� WR� GR� WKLV� RQH� KDV� XVH� LQILQLWHO\� PDQ\� FDWHJRULFDO� VHQWHQFHV� RI� WKH� IRUP

SULPH�QXPEHU� R� SULPH�QXPEHU�WKDW�LV�QRW�JUHDWHU�WKDQ�[�

ZKHUH�[�VKRXOG�EH�UHSODFHG�E\�WKH�LQGLYLGXDO�QDPH�RI�D�SULPH�QXPEHU�

$� UDWKHU� LQIRUPDO� VWDWHPHQW�5HJDUGOHVV� RI� KRZ� ULFK� LV� VRPHRQH�� VRRQHU� RU� ODWHU

VRPHERG\�ZLOO�EH�ULFKHU�WKDQ�KHU�KLP�KDV�D�VLPLODU�IRUPDO��WKRXJK�QRW�H[DFWO\�WKH

VDPH��IRUPDO�VWUXFWXUH�WKDQ�WKH�SUHYLRXV�RQH��,W�FDQQRW�EH�IRUPDOL]HG�ZLWK�WKH�KHOS

RI�D�ILQLWH�QXPEHU�RI�FDWHJRULFDO�VHQWHQFHV�HLWKHU�

��

,Q�VSLWH�RI�ZKDW�ZDV�EHOLHYHG�E\�PDQ\�HPLQHQW�SKLORVRSKHUV�VWLOO�DW�WKH�EHJLQQLQJ

RI� WZHQWLHV� FHQWXU\�� KDUGO\� DQ\�GLVFRXUVH� FDQ�EH� DGHTXDWHO\� SUHVHQWHG� DV� D� ILQLWH

VHTXHQFH� RI� FDWHJRULFDO� VWDWHPHQWV��$V� D� UXOH�� ORJLFDO� DQDO\VLV� RI� D� GLVFRXUVH� UH�

TXLUHV�ERWK�ULFKHU�GHVFULSWLYH�PHDQV�DQG�VWURQJHU�ORJLFDO�WRROV�WKDQ�WKRVH�SURYLGHG

E\�WKH�LGHD�RI�FDWHJRULFDO�ODQJXDJH�FRPELQHG�ZLWK�WKDW�RI�$ULVWRWHOLDQ�ORJLF�

7KH�ODQJXDJHV�ZH�DUH�JRLQJ�WR�H[DPLQH�EHJLQQLQJ�IURP�WKLV�&KDSWHU�DUH�NQRZQ�DV

³ILUVW�RUGHU�SUHGLFDWH�ODQJXDJHV�ZLWK�LGHQWLW\�´�7KHLU�GHVFULSWLYH�PHDQV�GR�QRW�UH�

GXFH� WR� JHQHUDO� QDPHV� DQG� WKHLU� ORJLFDO�PHDQV� DUH� WKH� VDPH� DV� WKRVH� DSSOLHG� LQ

PDWKHPDWLFDO� UHDVRQLQJ��(YHQ� WKRXJK�RQH� VKRXOG�QRW� H[SHFW� WKDW� HYHU\� GLVFRXUVH

FDQ�EH�IRUPDOL]HG�ZLWKLQ�ILUVW�RUGHU�SUHGLFDWH�ODQJXDJH��FI��;;;��ERWK�WKHRUHWLFDO

DQG�SUDFWLFDO�VLJQLILFDQFH�RI�WKHVH�ODQJXDJHV�LV�HQRUPRXV�

�����2QH�6RUWHG�5HODWLRQV�YV��2QH�6RUWHG�3UHGLFDWHV

5DWKHU� WKDQ�FDUU\LQJ�RXU�GLVFXVVLRQ� LQ�D� IXOO\�JHQHUDO�ZD\�� OHW�XV�DVVXPH�WKDW�ZH

ZDQW�WR�DQDO\]H�WKH�IRUPDO�VWUXFWXUH�RI�D�GLVFRXUVH�ZKRVH�VXEMHFW�PDWWHU�FRQFHUQV�D

SRSXODWLRQ��XQLYHUVH��+�RI�SHRSOH��7KH�H[DPLQHG�LVVXHV�GHWHUPLQH�WKH�ODQJXDJH�RI

WKH�GLVFRXUVH�±�ERWK�LWV�GHVFULSWLYH��L�H��GLUHFWO\�UHODWHG�WR�WKH�VXEMHFW�PDWWHU�RI�WKH

GLVFRXUVH��DQG�LWV�DX[LOLDU\�SDUW��%HVLGHV�JHQHUDO�QDPHV��WKH�GHVFULSWLYH�YRFDEXODU\

RI�WKH�GLVFRXUVH�PLJKW�LQFOXGH�VRPH�SUHGLFDWHV�L�H��WHUPV�WKDW�GHQRWH�UHODWLRQV��7KH

SUHGLFDWH� ULFKHU�WKDQ� LV� DQ� H[DPSOH� RI� D� ELQDU\� SUHGLFDWH�� L�H�� D� RQH� WKDW

VWDQGV�IRU�D�ELQDU\��KROGLQJ�EHWZHHQ�D�FRXSOH�RI� LQGLYLGXDOV�� UHODWLRQ��7KH�SUHGL�
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FDWH�VRQ�RI�DQG LV�DQ�H[DPSOH�RI�D� WHUQDU\�SUHGLFDWH�±�D�SUHGLFDWH�WKDW�VWDQGV

IRU�D�UHODWLRQ�WKDW�LV�GHILQHG�IRU�WULSOHV�RI�REMHFWV��HWF��,W�ZLOO�EH�FRQYHQLHQW�WR�WUHDW

JHQHUDO�QDPHV�DV�XQDU\�SUHGLFDWHV�DQG�WR�WUHDW�WKH�VHWV�RI�LQGLYLGXDOV�WKH\�GHQRWH

�WKHLU�H[WHQVLRQV��DV�XQDU\�UHODWLRQV�

6ZLWFKLQJ� IURP�RUGLQDU\� QRWDWLRQ� WR� IRUPDOL]HG� RQH� �ZULWLQJ�ULFKHU�WKDQ� LQ�

VWHDG�RI�LV�ULFKHU�WKDQ��VRQ�RI�DQG� LQVWHDG�RI�LV�D�VRQ�RI�«�DQG«��VKRXOG�QRW

UHGXFH�WR�W\SRJUDSK\��,W�VKRXOG�EH�DFFRPSDQLHG�E\�VHPDQWLF�DQDO\VHV�WKDW�H[SOLFDWH

WKH�PHDQLQJ�LQ�ZKLFK�WKH�IRUPDOL]HG�H[SUHVVLRQV�DUH�DSSOLHG�LQ�WKH�GLVFRXUVH��7KXV

H�J��RI�WZR�HFR�V\VWHPV�RQH�PLJKW�EH�ULFKHU�WKDQ�WKH�RWKHU��EXW�RI�FRXUVH��WKH�WHUP

ULFKHU�� LQ�D�GLVFRXUVH�WKDW�FRQFHUQV�SHRSOH� �PRUH�VSHFLILFDOO\� WKRVH�ZKR� IRUP�WKH

SRSXODWLRQ�+��GRHV�QRW�PHDQ�WKH�VDPH�DV�LW�PHDQV�LQ�D�GLVFRXUVH�WKDW�FRQFHUQV�HFR�

V\VWHPV��KLVWRULHV�� WR�H[KLELWLRQV�� HWF����$FWXDOO\� LW�PD\�FKDQJH� IURP�RQH�SRSXOD�

WLRQ�WR�DQRWKHU�

7KH�SUHGLFDWHV�DQG�UHODWLRQV�ZH�KDYH�GLVFXVVHG�DERYH�DUH�³RQH�VRUWHG´�LQ�WKH�VHQVH

ZH�DUH�JRLQJ�WR�H[SODLQ�LQ�WKH�QH[W�6HFWLRQ�

�����0DQ\�6RUWHG�5HODWLRQV�DQG�0DQ\�6RUWHG�3UHGLFDWHV

$� GLVFRXUVH�PLJKW� UHTXLUH� H[DPLQLQJ� UHODWLRQV� WKDW� KROG� EHWZHHQ� REMHFWV� RI� WZR

GLIIHUHQW� ³VRUWV´� �WZR�VRUWHG� UHODWLRQV��� VD\� EHWZHHQ� WKH� H[DPLQHG� REMHFWV� WKDW

IRUP�WKH�IDPLOLDU�XQLYHUVH�+�DQG�REMHFWV� WKDW�IRUP�D�³VXSSOHPHQWDU\´�XQLYHUVH�7

RI��VD\��WLPH�LQVWDQFHV��$OVR��LW�PLJKW�UHTXLUH�H[DPLQLQJ�UHODWLRQV�WKDW�FRQQHFW�RE�

MHFWV�EHORQJLQJ�WR�WKUHH�GLIIHUHQW�³VRUWV´��WKUHH�VRUWHG�UHODWLRQV���VD\�+��7��DQG�D

³VXSSOHPHQWDU\´�XQLYHUVH�/�RI�VHOHFWHG�³ORFDWLRQV�´�HWF�

$Q�H[DPSOH�RI�D�ELQDU\�WZR�VRUWHG�SUHGLFDWH��WKXV�D�SUHGLFDWH�WKDW�GHQRWHV�D�ELQDU\

WZR�VRUWHG�UHODWLRQ�EHWZHHQ�SHUVRQV�DQG� WLPH� LQVWDQFHV�� LV�ERUQ�RQ��7KH�SUHGL�

FDWH�
�

PHW
�

�DW��WKH�VXSHUVFULSWV���DQG���LQGLFDWH�WKDW�WKH�SUHGLFDWH�DSSOLHV�WR�WZR

SHUVRQV�� LV� DQ� H[DPSOH� RI� WZR�VRUWHG� WHUQDU\� SUHGLFDWH�� $Q� H[DPSOH� RI� D� WKUHH

VRUWHG�³��DU\´�SUHGLFDWH�LV�PRYHG�IURP�WR�DW�

�����$WRPLF�:IIV

,Q�RUGHU�WR�IRUP�D�VHQWHQFH�ZLWK�WKH�KHOS�RI�D�Q�DU\�SUHGLFDWH��RQH�VKRXOG�VXSSOH�

PHQW� WKH� SUHGLFDWH�ZLWK�Q�WXSOH� �Q� HOHPHQW� VHTXHQFH�� RI� LQGLYLGXDO� QDPHV� RI� WKH

ULJKW�NLQG��7KXV�D�VHQWHQFH�IRUPHG�E\�Q�DU\�SUHGLFDWH�3�LV�RI�WKH�IRUP�3�[ � ��[ � �«�

[ � ���1RWH�WKDW�ZH�GHVFULEH�KHUH�WKH�VHQWHQFHV�IRUPHG�E\�WKH�SUHGLFDWH��WKXV�WKH�YDUL�
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DEOHV�[ � ��[ � �«��[ � �DUH�QRW�REMHFW�YDULDEOHV��FI��;;;��EXW�PHWD�YDULDEOHV�UHSUHVHQW�

LQJ�LQGLYLGXDO�QDPHV�

([DPSOH�� 7KH� ILUVW� WHUP� WKDW� IROORZV� DIWHU� WKH� SUHGLFDWH�PRYHG�IURP�WR�DW

VKRXOG�EH� DQ� LQGLYLGXDO�QDPH�RI� D�SHUVRQ� �H�J��7KRPDV�0DQQ��� WKH� VHFRQG�DQG

WKH�WKLUG�VKRXOG�EH�ERWK�LQGLYLGXDO�QDPHV�RI�VRPH�³ORFDWLRQV´��H�J��*HUPDQ\�DQG

86$���WKH�ODVW�RQH�VKRXOG�EH�WKH�GDWH��H�J���������������7KH�VHQWHQFH�IRUPHG�LQ

WKH�ZD\�LQGLFDWHG�E\�WKH�H[DPSOHV�DQG�SUHVHQWHG�LQ�DQ�DEEUHYLDWHG�YHUVLRQ�LV

PRYHG�«�0DQQ��*HUPDQ\��86$��������������

$�WHUP�WKDW�FRPSOHPHQWV�DQ�H[SUHVVLRQ�LV�FDOOHG�LWV�DUJXPHQW��$�VHQWHQFH�IRUPHG

E\�SUHGLFDWH�FRPSOHWHG�E\�DUJXPHQWV�HDFK�EHLQJ�DQ�DSSURSULDWHO\�VHOHFWHG�LQGLYLG�

XDO�QDPH� LV�FDOOHG�DWRPLF�� ,I� DQ\� LQGLYLGXDO�QDPHV�DUH� UHSODFHG�E\�YDULDEOHV�� WKH

IRUPXOD� UHVXOWLQJ� IURP� DQ� DWRPLF� VHQWHQFH� LV� DQ� DWRPLF� VHQWHQWLDO� IXQFWLRQ�

$WRPLF�VHQWHQFHV�DORQJ�ZLWK�DWRPLF�VHQWHQWLDO�IRUPXODV�IRUP�WKH�VHW�RI�DOO�DWRPLF

ZHOO�IRUPHG�IRUPXODV��ZII¶V�IRU�VKRUW�

�����([WHQVLRQV�RI�3UHGLFDWHV

5HFDOO� WKDW� LI�3� LV�D�JHQHUDO�QDPH� WKHQ�>3@�VWDQGV�IRU� LWV�H[WHQVLRQ�� L�H�� WKH� VHW�RI

LQGLYLGXDO�REMHFWV��HOHPHQWV�RI�WKH�GHILQHG�LQ�DGYDQFH�XQLYHUVH�8��WR�ZKLFK�3� UH�

IHUV��7KH�DERYH�ZLOO�EH�JHQHUDOL]HG�DV�IROORZV��*LYHQ�D�Q�DU\�SUHGLFDWH�3�ZH�VKDOO

E\�WKH�H[WHQVLRQ�>3@�RI�3�ZH�VKDOO�PHDQW�WKH�VHW�RI�DOO�Q�WXSOHV�RI�LQGLYLGXDO�REMHFWV

RI�ZKLFK�WKH�SUHGLFDWH�LV�WUXH��RQH�PD\�WUXO\�DVVHUW�WKH�SUHGLFDWH�RI�HDFK�RI�WKHP��

$VVXPH�WKDW�WKH�XQLYHUVHV�RI�WKH�DQDO\]HG�GLVFRXUVH�DUH�WKH�IDPLOLDU�+��(�DQG�/�

([DPSOHV������>\RXQJHU�WKDQ@�LV�WKH�VHW�RI�DOO�SDLUV��[��\��RI�SHUVRQV�LQ�+�VXFK

WKDW�[�LV�\RXQJHU�WKDQ�\������>ERUQ�RQ@�LV�WKH�VHW�RI�DOO�FRXSOHV��[��\��VXFK�WKDW�[�LV

LQ� +�� \� LV� LQ� (� DQG� [� ZDV� ERUQ� DW� WKH� WLPH� RI� \�� ���� >
�

PRYHG�IURP
�

�WR
�
�

EHIRUH
�
�PRYHG�IURP

�
�WR

�
@� �WKH� VXSHUVFULSWV� LQGLFDWH� WKH� SODFHV� ZKHUH� WKH

DUJXPHQWV�RI�WKH�SUHGLFDWH�VKRXOG�EH�SODFHG��LV�WKH�VHW�RI���WXSOHV��[ � ��[ � ��«��[ � �

VXFK�WKDW�[ � �DQG�[ � DUH�LQ�+�ZKLOH�[ � ��[ � ��[ � ��DQG�[ � �DUH�LQ�/�DQG�[ � �PRYHG�IURP�[ �

WR�[ � �EHIRUH�[ � �PRYHG�IURP�[ � WR�[ � �

,V�WKH�H[WHQVLRQ�>3@�RI�3�WKH�VDPH�DV�WKH�UHODWLRQ�WKH�SUHGLFDWH�GHQRWHV"�7KH�FRP�

PRQ�VHQVH�RI�WKH�WHUP�³UHODWLRQ´�GRHV�QRW�DOORZ�RQH�WR�DQVZHU�WR�WKLV�TXHVWLRQ�FRQ�

FOXVLYHO\��VR�LQ�RUGHU�WR�DQVZHU�WR�LW�RQH�KDV�WR�H[SOLFDWH�WKH�PHDQLQJ�RI�WKDW�WHUP

RQH�ZD\�RU� DQRWKHU�� )URP�QRZ�RQ� E\� D�Q�DU\� UHODWLRQ�ZH� VKDOO�PHDQ� D� VHW� RI� Q�

WXSOHV�RI� WKH�GHILQHG� LQ�DGYDQFH�NLQG� �VHH� WKH�QHVW�6HFWLRQ�� LQ�SDUWLFXODU�Q�WXSOHV
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WKDW�IRUP�WKH�H[WHQVLRQ�RI�D�SUHGLFDWH��7KXV�ZH�KDYH�VHWWOHG�WKH�TXHVWLRQ�WKDW�RSHQV

WKLV�SDUDJUDSK�LQ�SRVLWLYH�

�����([WHQVLRQV�RI�3UHGLFDWHV

&DQ� WKH� WHUP� H[WHQVLRQ� DQG� WKH� FRUUHVSRQGLQJ� QRWDWLRQ� EH� DSSOLHG� WR� LQGLYLGXDO

QDPHV"��7KLV�LV�D�YHUEDO�TXHVWLRQ��L�H��RQH�WKDW�RQH�PLJKW�GHFLGH�DV�RQH�ZLVK��WKHUH

QR�FOHDU�FULWHULD�RI�JRRG�VROXWLRQ�WR�LW��:H�GHFLGH�LW�LQ�SRVLWLYH��7KXV�JLYHQ�D�QDPH

S� ZH� VKDOO� GHQRWH� E\� >S@� WKH� XQLW� VHW� ZKRVH� RQO\� HOHPHQW� LV� WKH� UHIHUHQW� RI� WKH

QDPH�

,QFLGHQWDOO\��LI�D�QDPH�LV�FRQVLGHUHG�WR�EH�D�WHUP�RI�D�IRUPDOL]HG�ODQJXDJH�ZH�VKDOO

LQGLFDWH�WKLV�IDFW�E\�XVLQJ�FRXULHU�QRQ�EROG�FKDUDFWHUV�

�����6HW�7KHRUHWLF�&RQFHSW�RI�D�5HODWLRQ

/HW��8 � ��8 � ��«��8 � ��EH�D�VHTXHQFH�RI�QRQ�HPSW\�VHWV��UHFDOO�WKDW��WKH�HOHPHQWV�RI

WKLV�VHTXHQFH�QHHG�QRW�WR�GLIIHU�RQH�IURP�DQRWKHU��� ,Q�VHW� WKHRU\�WKH�V\PERO�8 � ��

8 � ���«���8 � �VWDQGV�IRU�WKH�VHW�RI�DOO�Q�HOHPHQW�VHTXHQFHV���[ � ��[ � ��«��[ � ��VXFK�WKDW

[ � ��8 � ��[ � ��8 � ��«��[ � ��8 � ��7H�VHW�WKXV�GHILQHG�LV�UHIHUUHG�WR�DV�WKH�&DUWHVLDQ

SURGXFW�RI�8 � ��8 � ��«��8 � �

$�Q�DU\�UHODWLRQ�LQ�DQ�DEVWUDFW�VHW�WKHRUHWLF�VHQVH�RI�WKH�ZRUG�LV�D�VHW�5�VXFK�WKDW�5

��8 � ���8� ���«���8 � ��IRU�VRPH�QRQ�HPSW\�VHWV�8 � ��8 � ��«��8 � �

�����:IIV�IRUPHG�E\�PHDQV�RI�SUHGLFDWHV

6XSSRVH�>3@���8 � ���8 � ���«���8 � ��ZKHUH�8 � ��8 � ��«��8 � �DUH�XQLYHUVHV�RI�WKH�GLV�

FRXUVH�ZKRVH�OLVWV�RI�SUHGLFDWHV�LQFOXGHV�3��7KHQ

�����D�� :(//� )250('� $720,&� )2508/$6�� $� IRUPXOD� RI� WKH� IRUP

3�[ � �� [ � �«�� [ � �� LV� DQ� DWRPLF�ZII� �D�ZHOO�IRUPHG� DWRPLF� IRUPXOD�� LII� WKH

V\PEROV�WKDW�RFFXS\�WKH�SODFHV�LQGLFWHG�E\�WKH�PHWD�YDULDEOHV�[ � ��[ � ��«��[ �

DUH�H[SUHVVLRQV�WKDW�DSSO\�WR��L�H��QDPH�RU�UHSUHVHQW�LQGLYLGXDO�REMHFWV�LQ�WKH

FRUUHVSRQGLQJ�XQLYHUVHV�8 � ��8 � ��«��8 � �

E��$720,&�6(17(1&(6��$�ZII�RI�WKH�IRUP�3�[ � ��[ � �«��[ � ��LV�DQ�DWRPLF

VHQWHQFH�LII�QR�LWV�DUJXPHQW�LV�D�YDULDEOH�
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1RWH�WKH�IROORZLQJ��%HIRUH�RQH�VWDUWV�IRUPLQJ�DWRPLF�ZIIV��RQH�KDV�WR�GHFLGH�ZKLFK

YDULDEOHV�ZLOO�UHSUHVHQW�ZKLFK�LQGLYLGXDO�REMHFWV��$V�LV�FXVWRPDU\�WKH�WRWDOLW\��WKH

VHW� LI� LW� LV� D� VHW�� RI� DOO� REMHFWV� UHSUHVHQWHG� E\� D� YDULDEOH�ZLOO� EH� FDOOHG� LWV� VFRSH�

7KXV� H�J�� IRUPXOD�ERUQ�RQ�[�� [�� FDQQRW� EH� D� ZHOO�IRUPHG� IRUPXOD� EHFDXVH� QR

SHUVRQ�LV�D�GDWH�RQ�ZKLFK�KH�RU�VKH�ZDV�ERUQ��7KH�UXOH�RI�XVLQJ�WKH�GLIIHUHQW�YDUL�

DEOHV� WR� UHSUHVHQW� REMHFWV� RI� GLIIHUHQW� NLQG� �EHORQJLQJ� WR� GLIIHUHQW� XQLYHUVHV�� KDV

EHHQ�YLRODWHG�

7KH� DERYH� GHILQLWLRQV� DUH� RIWHQ� VWDWHG� LQ� WHUPV� RI� ³VHPDQWLF� FDWHJRULHV´� RI� WKH

WHUPV�RI�ZKLFK�WKH�IRUPXOD�3�[ � ��[ � �«��[ � ��LV�FRPSRVHG�

�����6HPDQWLF�&DWHJRULHV�RI�3UHGLFDWHV�DQG�,QGLYLGXDO�1DPHV

7KH�FRQFHSW�RI�D�VHPDQWLF�FDWHJRU\�FDQQRW�EH�GHILQH�XQOHVV�WKH�ODQJXDJH��RU�D�VSH�

FLILF�FODVV�ODQJXDJHV��WR�ZKLFK�WKLV�DSSOLHV�LV�GHILQHG��2XU�XOWLPDWH�WDVN�LV�WR�GHILQH

D� FODVV� RI� ODQJXDJHV� NQRZ� DV� ³ILUVW� RUGHU� SUHGLFDWH� ODQJXDJHV�´� 7HQWDWLYHO\� ZH

PLJKW� GHILQH� WKHVH� ODQJXDJHV� DV� ODQJXDJHV� ZKRVH� VLPSOHVW� �DWRPLF�� ZIIV� DUH

IRUPHG�E\�SUHGLFDWHV�LQ�WKH�ZD\�ZH�KDYH�GHVFULEHG�DQG�DOO�WKH�UHPDLQLQJ�ZIIV�DUH

IRUPHG� E\�PHDQV� RI� WKH� ORJLFDO� FRQVWDQWV� OLVWHG� LQ� ����� $V�ZH� DUH� JRLQJ� WR� VHH�

DWRPLF�ZIIV�FDQ�DOVR�EH�IRUPHG�E\�³RSHUDWRUV´�PHDQW� WR�EH�GHVFULSWLYH�WHUPV�WKDW

GHQRWH�IXQFWLRQV��VHH�;;;��DQG�LGHQWLW\�SUHGLFDWH�

/HW�XV�DJUHH�WR�XVH�WKH�WHUP�SUHGLFDWH�ODQJXDJH�DV�D�JHQHUDO�QDPH�IRU�DOO�ODQJXDJHV

ZKRVH�DWRPLF�VHQWHQFHV�DUH�IRUPHG�HLWKHU�E\�SUHGLFDWHV�RU�E\�RSHUDWRUV�DORQJ�ZLWK

LGHQWLW\� V\PERO� DQG� ZKRVH� FRPSRXQG� VHQWHQFHV� DUH� IRUPHG� E\� VSHFLILHG� LQ� DG�

YDQFH� FRQQHFWLYHV� DQG�TXDQWLILHUV��1HLWKHU� FRQQHFWLYHV�QRU�TXDQWLILHUV�QHHG� WR�EH

FODVVLFDO��FI��������7KRXJK�WKH�GHILQLWLRQ�RI�D�SUHGLFDWH�ODQJXDJH�ZH�KDYH�RIIHUHG�LV

UDWKHU�ORRVH��WKH�FRQFHSW�ZLOO�EH�XVHIXO�

5DWKHU�WKDQ�WR�LQWURGXFH�WKH�FRQFHSW�RI�D�VHPDQWLF�FDWHJRU\�LQ�DQ�H[SOLFLW�PDQQHU

ZH�VKDOO�UHVWULFW�RXUVHOYHV�WR�DGRSWLQJ�WKH�IROORZLQJ

������� 7+(� 35,1&,3/(� 2)� ,'(17,7<� 2)� 6(0$17,&� &$7(*25,(6�

7ZR�GHVFULSWLYH�H[SUHVVLRQV�x�DQG�z�RI�D�SUHGLFDWH�ODQJXDJH�DUH�RI�WKH�VDPH

VHPDQWLF�FDWHJRU\�LII� WKH�UHVXOW�RI� UHSODFLQJ� LQ�DQ�DWRPLF�ZII�RQH�RI� WKHVH

H[SUHVVLRQV�DW�DQ\�RI�LWV�RFFXUUHQFHV�E\�WKH�RWKHU�LV�DJDLQ�DQ�DWRPLF��ZII�

1RWH�WKDW�XQGHU�WKH�DERYH�SULQFLSOH�WKH�IROORZLQJ�REWDLQV������WZR�SUHGLFDWHV�3�DQG

4� DUH� RI� WKH� VDPH� VHPDQWLF� FDWHJRU\� LII� WKHLU� H[WHQVLRQV� DUH� VXEVHWV� RI� WKH� VDPH

&DUWHVLDQ�SURGXFW�RI�XQLYHUVHV�RI� WKH�GLVFRXUVH� LQ�ZKLFK� WKHVH� WZR�SUHGLFDWHV�DS�

SHDU������WZR�³QRPLQDO�H[SUHVVLRQV´��LQ�WKH�GLVFXVVHG�FDVH��FI��DOVR�;;;���LQGLYLG�
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XDO� QDPHV� RU� YDULDEOHV� UHSUHVHQWLQJ� LQGLYLGXDO� REMHFWV�� DUH� RI� WKH� VDPH� VHPDQWLF

FDWHJRU\�LII�WKH�REMHFWV�WR�ZKLFK�WKH\�DSSO\��UHIHU�LQ�WKH�FDVH�RI�DQ�LQGLYLGXDO�QDPH

RU�UHSUHVHQW�LQ�WKH�FDVH�RI�D�YDULDEOH��DUH�LQ�WKH�VDPH�XQLYHUVH�
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���&RPSRXQG�:HOO�)RUPHG�)RUPXODV

�����:IIV�)RUPHG�E\�0HDQV�RI�&RQQHFWLYHV

$OO�ZIIV�RI�D�SUHGLFDWH�ODQJXDJH�GLYLGH�LQWR�DWRPLF�DQG�FRPSRXQG��$VVXPH�WKDW�WKH

IRUPHU�KDYH�EHHQ�GHILQHG��$FWXDOO\�WKH�GHILQLWLRQ�ZH�KDYH�SURYLGHG�GRHV�QRW�FRYHU

WKH�FDVH�ZKHQ�WKH�SUHGLFDWH�ODQJXDJH�FRQWDLQV� WKH� LGHQWLW\�V\PERO��FI��;;;��7KH

ZD\�LQ�ZKLFK�FRPSRXQG�IRUPXODV�DUH�IRUPHG�E\�PHDQV�RI�FRQQHFWLYHV�LV�GHILQHG

DV�IROORZV

�������&203281'�)2508/$6�)250('�%<�&211(&7,9(6��/HW�a�DQG

b� EH�ZIIV� RI� D� SUHGLFDWH� ODQJXDJH�ZLWK� FODVVLFDO� FRQQHFWLYHV�� 7KH� VR� DUH�

Ôa���a�b����aàb����a£b��DQG��aÙb��

$� PRUH� LQYROYHG� LV� WKH� UXOH� WKDW� JRYHUQV� IRUPDWLRQ� RI� FRPSRXQG� VHQWHQFHV� E\

TXDQWLILHUV�

�����:IIV�)RUPHG�E\�0HDQV�RI�4XDQWLILHUV

7R� EHJLQ� ZLWK�� JLYHQ� DQ\� IRUPXOD� RI� HLWKHU� WKH� IRUP� "[�F�[��� RU� WKH� IRUP� $[

�F�[����ZH�VKDOO�VD\�WKDW�WKH�YDULDEOH�[�DSSHDULQJ�LQ�WKH�WKH�IRUPXOD�F�[��LV�ERXQG

1RWH�WKDW�WKH�VFRSH�RI�D�TXDQWLILHU��L�H��WKH�IRUPXOD�WR�ZKLFK�WKH�TXDQWLILHU�DSSOLHV�

LV�GHWHUPLQHG�E\�SDUHQWKHVHV��DQG�WKXV��IRU�LQVWDQFH���WKH�VFRSH�RI�$[�LQ�WKH�IRUPXOD

$[�F�[���£�Y�[��LV�F�[��RQO\��7KXV�[�LV�ERXQG�LQ�F�[��DQG�IUHH�LQ�Y�[���XQOHVV�Y�[�

FRQWDLQV� D� TXDQWLILHU� WKDW� ERXQGV� [� LQ� WKDW� IRUPXOD� DOVR��� � $� YDULDEOH� WKDW� LV� QRW

ERXQG�E\�DQ\�TXDQWLILHU�LV�FDOOHG�IUHH�

������� &203281'� :))6� )250('� %<� 48$17,),(56��/HW�a� EH� D� ZII

DQG�OHW�[�RI�D�YDULDEOH�RI� WKH�VDPH�GLVFRXUVH��7KHQ�ERWK�"[�a�� DQG��$[�a�

DUH�ZIIV��SURYLGHG�WKDW�WKH�YDULDEOH�[�LV�IUHH�LQ�a�

7KH� UXOHV�RI�XVLQJ�SDUHQWKHVHV�QHHG�QRW�EH� H[DFWO\� WKH� VDPH�DV� WKRVH�GHILQHG�E\

������DQG��������,Q�DQ\�FDVH��KRZHYHU��WKH\�VKRXOG�JXDUDQWHH�WKDW�WKHUH�LV�RQO\�RQH

ULJKW�ZD\�RI�LQWHUSUHWLQJ�FRPSRXQG�VHQWHQFHV�
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�����6HQWHQFHV�YV��3URSRVLWLRQDO�)XQFWLRQV

$�ZII�ZKLFK�FRQWDLQV�D�IUHH�YDULDEOH�PD\�KDYH�QR�GHILQLWH�WUXWK�YDOXH��IRU�LWV�WUXWK�YDOXH

PD\�FKDQJH�GHSHQGLQJ�RQ�ZKLFK�REMHFW�LV�VHOHFWHG�WR�EH�WKH�RQH�WR�ZKLFK�WKH�YDULDEOH�DS�

SOLHV��$�YDULDEOH�WKDW�DSSHDUV�LQ�DQ�DWRPLF�ZII�LV�DOZD\V�IUHH��7KXV�WKH�GHILQLWLRQ������E�RI

DQ�DWRPLF�VHQWHQFH�LV�FRQVLVWHQW�ZLWK�WKH�IROORZLQJ�PRUH�JHQHUDO�

�������6(17(1&(6��/HW�a�EH�D�ZII� WKHQ�a� LV�D�VHQWHQFH� LII� LW� FRQWDLQV�QR

IUHH�YDULDEOH�RU�HOVH�LW�LV�D�SURSRVLWLRQDO�IXQFWLRQ�

�����,GHQWLW\�3UHGLFDWH

1RWH�WKDW�IURP�WKH�JUDPPDWLFDO�VWDQGSRLQW�LGHQWLW\�V\PERO� �LV�D�ELQDU\�SUHGLFDWH

�WKH� IDFW� WKDW�ZH�ZULWH�[� �[� UDWKHU� WKDQ�LV�WKH�VDPH�DV�[�� [�� LV� D�PDWWHU�RI

FRQYHQWLRQ��� ,W�LV�QRW�D�GHVFULSWLYH�WHUP�KRZHYHU��LWV�PHDQLQJ�FDQ�EH�GHILQHG�LQ�D

IXOO\�JHQHUDO�ZD\�LQGHSHQGHQW�RI�DQ\�VHPDQWLF�FRQVLGHUDWLRQV�WKDW�DUH�UHODWHG�WR�D

VSHFLILF�GLVFRXUVH�DQG�LWV�ODQJXDJH�

)RU� WKH� WLPH� EHLQJ�ZH� VKDOO� XVH� LGHQWLW\� V\PERO� LQ� LWV� LQWXLWLYH� VHQVH�� $� ORJLFDO

DQDO\VLV�RI�LWV�PHDQLQJ�ZLOO�EH�SURYLGHG�LQ�;;;�

�����)XQFWLRQV�DQG�2SHUDWRUV

$�QDWXUDO�ZD\�RI�XVLQJ�WKH�LGHQWLW\�V\PERO�IRU�IRUPLQJ�IRUPXODV�RI�D�SUHGLFDWH�ODQ�

JXDJH�LV�WKH�IROORZLQJ��6XSSRVH�WKH�UHODWLRQ�>3@�GHQRWHG�E\�D�QRQ�XQDU\�SUHGLFDWH

3� LV�D� IXQFWLRQ�IURP�LWV� LQLWLDO�GRPDLQV� LQWR� WKH� ODVW�RQH��WKH� ODWWHU� LV�RIWHQ�FDOOHG

FRXQWHUGRPDLQ���L�H��LW�VDWLVILHV�WKH�IROORZLQJ

�������81,4(1(66�&21',7,21��/HW�>3@���8 � ���8 � ���«���8 � ���8 ��� � ��7KH

UHODWLRQ�>3@� LV�VDLG� WR�VDWLVI\� WKH�XQLTXHQHVV� �FRQGLWLRQ� LII� IRU�HYHU\�Q�WXSOH

�[ � ��[ � �«��[ � �� LQ�8 � ���8� ���«���8 � 8� WKHUH� LV�H[DFWO\�RQH�REMHFW� �[ ��� � � LQ

8 ��� � �VXFK�WKDW��[ � ��[ � �«��[ � ��[ ��� � ���>3@�

([DPSOHV��/HW�+�GHQRWHV�WKH�SRSXODWLRQ�RI�DOO�SHRSOH��7KHQ�WKH�SUHGLFDWH�PRWKHU

GHQRWHV�D�IXQFWLRQ�IURP�+�LQWR�+��IRU�HYHU\ERG\�KDV�H[DFWO\�RQH�PRWKHU��6XSSRVH

WKH�VHW�/�RI�ORFDWLRQV�LV�GHILQHG�WR�LQFOXGH�DOO�SODFHV�LQ�ZKLFK�VRPHERG\�ZDV�ERUQ

DQG�PRUH�RYHU�LW�LV�FRQVWUXFWHG�LQ�VXFK�D�ZD\�IRU�HYHU\�[�LQ�+�WKHUH�LV�H[DFWO\�RQH�\

LQ�/�VXFK�WKDW�[�ZDV�ERUQ�LQ�\��7KHQ�SUHGLFDWH�ERUQ�LQ�GHQRWHV��D�IXQFWLRQ�IURP

+�WR�/�
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�����7ZR�3DWWHUQV�RI�)RUPLQJ�$WRPLF�:IIV

/HW�WKH�H[WHQVLRQ�>3@�RI�SUHGLFDWH�3�EH�D�IXQFWLRQ��7KHQ�LQVWHDG�IRUPLQJ�WKH�FRUUH�

VSRQGLQJ�DWRPLF�IRUPXODV�DFFRUGLQJ�WR�WKH�³UHODWLRQDO�SDWWHUQ´�3�[ � ��[ � �«��[ � ��[ ��� � �

ZH�PD\�IRUP�WKLV� IRUPXOD�XVLQJ�³IXQFWLRQDO�SDWWHUQ´�3!�[ � ��[ � �«��[ � �� � �[ ��� � ��RU

UDWKHU�3!�[ � ��[ � �«��[ � �� ��[ ��� � ��ZKHUH�3!�LV�D�QHZ�WHUP�GHILQHG�ZLWK�WKH�KHOS�RI�DQ

ROG�RQH�DV�IROORZV�

����������3!�[ � ��[ � �«��[ � �� ��[ ��� � �LII�3�[ � ��[ � �«��[ � ��[ ��� � �

7KXV� H�J�� UDWKHU� WR� ZULWH� ERUQ�LQ�+DVHN�� 3UDJXH�� ZH� PD\� ZULWH� ERUQ�

LQ!�+DVHN�� �3UDJXH��$�WHUP�WKDW�GHQRWHV�D�IXQFWLRQ�� WKXV�LQ�SDUWLFXODU�HYHU\

WHUP�3!�RI�WKH�NLQG�GHVFULEHG�DERYH�ZLOO�EH�FDOOHG�DQ�RSHUDWRU�

1HHGOHVV�WR�VD\�WKDW�DQ�RSHUDWRU�PD\�DSSHDU�LQ�D�GLVFRXUVH�DV�LWV�SULPLWLYH�WHUP��LW

QHHG�QRW� WR�EH�LQWURGXFHG�E\�D�GHILQLWLRQ�RI� WKH�IRUP��������1RWH�WKDW� LQ�YLUWXH�RI

SULQFLSOH�������WKH�VHPDQWLF�FDWHJRU\�RI�DQ�RSHUDWRU�LV�DOZD\V�GLIIHUHQW�IURP�WKDW�RI

D�SUHGLFDWH��UHSODFLQJ�RQH�E\�DQRWKHU�LQ�DQ�DWRPLF�ZII�UHVXOWV�LQ�IRUPLQJ�D�IRUPXOD

ZKLFK� LV� ³JUDPPDWLFDOO\� FRKHUHQW´� ±� LWV� JUDPPDWLFDO� VWUXFWXUH� LV� FRQVLVWHQW�ZLWK

WKH�DFFHSWHG�JUDPPDWLFDO�UXOHV��� ,Q�WKH�PRVW�JHQHUDO� WHUPV�VHPDQWLF�FDWHJRULHV�RI

SUHGLFDWHV� V\PEROV� RI� UHODWLRQV� RI� D� VSHFLILF� NLQG�� ZKLOH� WKRVH� RI� RSHUDWRUV� DUH

V\PEROV�RI�IXQFWLRQV��8VLQJ�V\PEROLF�QRWDWLRQ�ZH�VKDOO�UHIHU�WR�RSHUDWRUV�E\�PHDQV

RI�OHWWHU�)�UDWKHU�WKDQ�3�

$V�RQH�PD\�H[SHFW��JLYHQ�D�RSHUDWRU�)��WKH�QRWDWLRQ�>)@�ZLOO�VWDQG�IRU�WKH�IXQFWLRQ

)�GHQRWHV��1RWH��KRZHYHU�� WKDW�XQGHU� WKH�DFFHSWHG�GHILQLWLRQ�RI�D� IXQFWLRQ��HYHU\

IXQFWLRQ�LV�D�UHODWLRQ��7KXV�LQ�SDUWLFXODU��IRU�HYHU\�SUHGLFDWH�3�WKDW�GHQRWHV�D�IXQF�

WLRQ�>3@� �>3!@�

�����$WRPLF�)RUPXODV�RI�)LUVW�2UGHU�/DQJXDJHV�ZLWK�2SHUDWRUV

7KH� WZR�VFKHPDWD�)�[ � ��[ � �«��[ � �� �[ � �
� �DQG�3�\ � ��\ � �«��\ � ��GHILQH� WKH�FODVV�RI

DWRPLF� IRUPXODV� LQ� D� FRPSOHWH� ZD\� RQO\� LI� WKH� VFRSHV� RI� WKH� PHWD�YDULDEOHV� [ � �

[ � �«��[ � ��[ � �
� �DQG�\ � ��\ � �«��\ � �DSSHDULQJ�LQ�WKHP�DUH�GHILQHG�LQ�WKH�ULJKW�ZD\��2I

FRXUVH�WKH\�PD\�UHSUHVHQW�HLWKHU� LQGLYLGXDO�QDPHV�RU�REMHFW�YDULDEOHV�RI� WKH� ULJKW

VHPDQWLF�FDWHJRU\���1RWH��KRZHYHU��WKDW�LI�)�[ � ��[ � �«��[ � �� �[ � �
� �LV�D�ZII�WKHQ�)�[ � �

[ � �«��[ � ��LV�DQ�H[SUHVVLRQ�WKDW�UHSUHVHQWV�WKH�VDPH�REMHFWV�DV�WKRVH�UHSUHVHQWHG�E\

[ � �
� ��7KXV�EHVLGHV�LQGLYLGXDO�QDPHV�DQG�REMHFW�YDULDEOHV�WKHVH�H[SUHVVLRQV�VKRXOG

EH�FODVVLILHG�DV�QRPLQDO�IRUPXODV��PRUH�SUHFLVHO\�FRPSRXQG�RQHV��0RUHRYHU��ZH

PD\�DFFHSW�WKH�IROORZLQJ�FRQYHQWLRQ�
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�������6(0$17,&�&$7(*25,(6�2)�120,1$/�(;35(66,216��6XSSRVH

)�[ � ��[ � �«��[ � �� �[ � �
� �LV�D�ZII��7KHQ�)�[ � ��[ � �«��[ � ��LV�RI�WKH�VDPH�VHPDQ�

WLF�FDWHJRU\�DV�WKDW�RI�[ � �
�

,Q� YLUWXH� RI� WKH� SULQFLSOH� ������ DQG� FRQYHQWLRQ� ������ WKH� FODVV� RI� DWRPLF� ZIIV� LV

ODUJHU�WKDQ�WKDW�GHWHUPLQHG�E\�VFKHPDWD�)�[ � ��[ � �«��[ � �� �[ � �
� �DQG�3�\ � ��\ � �«��\ � �

XQGHU�WKH�LQWHUSUHWDWLRQ�WKDW�UHVWULFW�WKH�VFRSHV�RI�PHWD�YDULDEOHV�[ � ��[ � �«��[ � ��[ � �
�

DQG�\ � ��\ � �«��\ � �WR�QRQ�FRPSRXQG�RQHV��7KH�IROORZLQJ�GHILQLWLRQ�VXPPDUL]HV�WKH

DERYH�GLVFXVVLRQ�

�������6&+(0$7$�2)�$720,&�:))6��6XSSRVH�)�GHQRWHV�D�P�DU\�IXQF�

WLRQ�3�GHQRWHV�D�Q�DU\� UHODWLRQ��7KHQ� WKH� WZR�VFKHPDWD�)�[ � ��[ � �«��[ � �� 

[ � �
� �DQG�3�\ � ��\ � �«��\ � �� UHSUHVHQW�DOO� DWRPLF�ZII¶V� WKDW�FDQ�EH� IRUPHG�E\

PHDQV�RI�WKHVH�WZR�WHUPV��SURYLGHG�WKDW�HYHU\�PHWD�YDULDEOHV�DSSHDULQJ�LQ

WKRVH�VFKHPDWD�UHSUHVHQWV�DOO�QRPLQDO�H[SUHVVLRQV�RI�WKH�VHPDQWLF�FDWHJRU\

FKDUDFWHULVWLF�RI�WKH�DUJXPHQW�WKDW�WKH�PHWD�YDULDEOH�UHSUHVHQWV�

�����)LUVW�2UGHU�/DQJXDJHV

$� ILUVW� RUGHU� ODQJXDJH� ZDV� �FI�� ;;;�� WHQWDWLYHO\� GHILQHG� DV� D� ODQJXDJH� ZKRVH

DWRPLF� VHQWHQFHV� DUH� IRUPHG� E\� SUHGLFDWHV� DQG� RSHUDWRUV� DQG� ZKRVH� FRPSRXQG

VHQWHQFHV� DUH� IRUPHG�E\�FODVVLFDO� ORJLFDO�FRQVWDQWV��7KH�GHILQLWLRQV�ZH�KDYH�SUR�

YLGHG�LQ�WKLV�DQG�WKH�SUHYLRXV�VHFWLRQ�H[SOLFDWH�ERWK�WKH�FRQFHSW�RI�DQ�DWRPLF�IRU�

PXOD��ZII��DQG�WKDW�RI�D�FRPSRXQG�IRUPXOD�RI�WKH�PHQWLRQHG�NLQGV��7KXV�WKH�FRQ�

FHSW�RI�D�ILUVW�RUGHU�ODQJXDJH�KDV�EHHQ�ULJRURXVO\�GHILQHG�

7KHUH� LV� RQH�PRUH� FRQFHSW� WKDW�ZDV� LQWURGXFHG� LQ� D� SUHOLPLQDU\�ZD\� DQG� FDQ� EH

ULJRURXVO\�GHILQHG�QRZ��5HFDOO�WKDW�D�VSHFLDO�FDWHJRU\�RI�FRPSRXQG�H[SUHVVLRQV�RI

ILUVW� RUGHU� ODQJXDJHV� DUH� QRPLQDO� IRUPXODV�� 5HFDOO� DOVR� �FI�� ;;;�� WKDW� ZH� KDYH

GLYLGHG�LQGLYLGXDO�QDPHV�LQWR�WZR�NLQGV��SURSHU�QDPHV�DQG�GHVFULSWLRQV��7KH�ODWWHU

DOO�QRPLQDO�IRUPXOD�WKDW�GR�QRW�YDULDEOHV�

([DPSOHV�� ERUQ�LQ!�+DãHN�� �WKH� SODFH� ZKHUH� +DãHN� ZDV� ERUQ�� RU� ID�

WKHU!�-RKQ���WKH�IDWKHU�RI�-RKQ��
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���,QWHUSUHWDWLRQV

�����6\QWD[�YV��6HPDQWLFV

7KH�WZR�SUHYLRXV�FKDSWHUV�ZHUH�QRW�H[FOXVLYHO\�GHYRWHG�WR�V\QWDFWLFDO�PDWWHUV�IRU

ZH�ZHUH�GLVFXVVLQJ� WKH� VHPDQWLF� UROH�RI�GHVFULSWLYH� WHUPV�� ,Q� SDUWLFXODU�ZH�ZHUH

SUHWHQGLQJ� WKDW� WKH� WHUPV� WKDW�ZH�DUH�GHDOLQJ�ZLWK�DSSO\� WR�REMHFWV� IRUPLQJ� WKUHH

XQLYHUVHV�+��7�DQG�/�� ,Q� IDFW��KRZHYHU�� WKH�TXHVWLRQ�RI�ZKDW�DUH� WKRVH�XQLYHUVHV

ZDV�RI�OLWWOH�UHOHYDQFH��LI�DQ\��IRU�WKH�JUDPPDWLFDO�LVVXHV�ZH�ZHUH�GLVFXVVLQJ��:H

PLJKW�DV�ZHOO�WUHDW�WKHP�DV�WUHH�DEVWUDFW�VHWV�FRPSRVHG�RI�DUELWUDU\�REMHFWV�� �6\Q�

WDFWLFDO� DQDO\VHV� RI� SUHGLFDWH� ODQJXDJHV� �QRWDEO\� ILUVW� RUGHU� SUHGLFDWH� ODQJXDJHV�

FDQ�EH�FDUULHG�RXW�ZLWKRXW�XQGHUWDNLQJ�DQ\�VHPDQWLF�LVVXH�

7KHUH� DUH� WZR� UDWKHU� UDGLFDOO\�GLIIHUHQW�ZD\V� LQ�ZKLFK�VHPDQWLF�SUREOHPV�FDQ�EH

DSSURDFKHG��2QH� LQYROYHV� WKH� LGHD�RI� ³LQWHQGHG� LQWHUSUHWDWLRQ�´�$V� D� UXOH�� LQ� RXU

VHPDQWLF�FRPPHQWV�RIIHUHG�RQ�YDULRXV�RFFDVLRQV�ZH�WDFLWO\�DSSOLHG�WKDW�DSSURDFK�

,W�FRQVLVWV�LQ�SUHWHQGLQJ�WKDW�JLYHQ�D�GLVFRXUVH��WKH�PHDQLQJ�RI�LWV�GHVFULSWLYH�WHUPV

LV�IL[HG��7KXV�LI�D�GLVFRXUVH�FRQFHUQV�WKH�REMHFWV� LQ�WKH�XQLYHUVHV�+��7�DQG�/�ZH

NQRZ�H[DFWO\�ZKDW� WKHVH� REMHFWV� DUH��:KHQ�RQH� RI� SUHGLFDWHV� RI� WKH� GLVFRXUVH� LV

PRWKHU�ZH�NQRZ�ZKDW� LV� WKH�H[WHQVLRQ�>PRWKHU@�RI� WKDW�SUHGLFDWH� �ZH�NQRZ�D

SURFHGXUH� WKDW� DOORZV� XV� WR� WHOO� FRXSOHV� �[�\�� WR�ZKLFK� WKLV� SUHGLFDWH� UHIHUV� IURP

WKRVH�WR�ZKLFK�LW�GRHV�QRW���HWF�

7KH�SUREOHP�ZLWK�WKH�LGHD�RI�LQWHQGHG�LQWHUSUHWDWLRQ�LV�WKDW�LW�LV�QRW�D�ORJLFDO�FRQ�

FHSW�� 7KH� ORJLFLDQ� LV� QRW� WKH� ULJKW� SHUVRQ� WR� GHFLGH� ZKHWKHU� �[�\����+���+� DQG

ZKHWKHU��[�\����>PRWKHU@��7KH�VXEVWDQWLDO�SDUW�RI�ORJLFDO�DQDO\VHV�VKRXOG�EH�WKXV

FDUULHG�RXW��WKH�VHFRQG�DSSURDFK��ZLWKRXW�DSSHDOLQJ�WR�WKH� LGHD�RI� LQWHQGHG� LQWHU�

SUHWDWLRQ�DQG�XVLQJ�WKH�FRQFHSW�RI�DQ��DUELWUDU\��LQWHUSUHWDWLRQ�LQVWHDG�

�����,QWHUSUHWDWLRQV

,Q�WKH�PRVW�JHQHUDO�VHQVH�RI�WKH�ZRUG�DQ�LQWHUSUHWDWLRQ�LV�DQ�DVVLJQPHQW�RI�PHDQ�

LQJV�WR�ZRUGV��,Q�WKH�FDVH�RI�ILUVW�RUGHU�SUHGLFDWH�ODQJXDJH�E\�DQ�LQWHUSUHWDWLRQ�ZH

VKDOO�PHDQ�DQ�DUELWUDU\�DVVLJQPHQW�RI�³H[WHQVLRQV´�WR�GHVFULSWLYH�WHUPV��1RWH�WKDW

LQ� WKLV� GHILQLWLRQ� WKH� WHUP� ³H[WHQVLRQ´� JDLQV� D� QHZ�PHDQLQJ��8VLQJ� LW�ZH� GR� QRW

PHDQ�DQ\�ORQJHU�E\�WKH�H[WHQVLRQ�RI�D�WHUP�WKH�H[WHQVLRQ�WKDW� WKH�WHUP�KDV�XQGHU

WKH�LQWHQGHG�PHDQLQJ��LQWHUSUHWDWLRQ��
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7KH� IROORZLQJ�QRWDWLRQ�VKRXOG�KHOS� FODULI\LQJ� WKH�PDWWHU��6XSSRVH��� LV� WKH� LQWHU�

SUHWDWLRQ�ZH�DUH�XVLQJ�LQ�RXU�VHPDQWLF�FRQVLGHUDWLRQ�RI�WKH�VDPH�SUHGLFDWH�ODQJXDJH

ZH�KDYH�EHHQ�GLVFXVVLQJ�RQ�YDULRXV�RFFDVLRQV�LQ�WZR�SUHYLRXV�FKDSWHUV��7KHQ�WKH

VHW�RI�REMHFWV��WKH\�QHHG�QRW�EH�SHUVRQV�DQ\�ORQJHU��WKDW�XQGHU�WKH�DVVLJQPHQW���DUH

PHDQW� WR�EH�LQ�+��FDOO� WKHP��³��SHRSOH´�� �ZLOO�EH�GHQRWHG� �E\�+� �� WKH�VHW�RI�³��

HYHQWV´�ZLOO�EH�GHQRWHG�E\�( � �DQG�ILQDOO\�WKH�VHW�RI�³��ORFDWLRQV´�ZLOO�EH�GHQRWHG

E\�/� ��

2QFH�³��XQLYHUVHV´�DUH�GHILQHG��RQH�PD\�H[WHQG�WKH�LQWHUSUHWDWLRQ�RQ�WKH�GHVFULS�

WLYH�WHUPV�LQ�VXFK�D�ZD\�WKDW�WKH�VHPDQWLF�FDWHJRULHV�RI�LQWHUSUHWHG�H[SUHVVLRQV�DUH

UHVSHFWHG��7KXV

������� 7+(� 35,1&,3/(� 2)� 6(0$17,&� &2+(5(1&(� 2)� $1

,17(535(7$7,21�� ,I� WKH� VHPDQWLF� FDWHJRU\� RI� DQ� LQGLYLGXDO� QDPH� S LV

WKDW�RI�D�QDPH�RI�DQ�REMHFW�LQ�D�XQLYHUVH�8��WKH�H[WHQVLRQ�>S@ � �RI�S�XQGHU��

VKRXOG�EH�DQ�HOHPHQW�RI�8 � ��,I�WKH�VHPDQWLF�FDWHJRU\�RI�D�SUHGLFDWH�3�LV�WKDW

RI�V\PERO�RI�D�UHODWLRQ�ZKRVH�HOHPHQWV�DUH�LQ�8 � ���8 � ���«���8 � ��WKHQ�WKH

H[WHQVLRQ� >3@� � RI� WKDW� SUHGLFDWH� XQGHU��� VKRXOG� EH� D� UHODWLRQ�ZKRVH� HOH�

PHQWV�DUH�LQ��8 � �� ���8 � �� ���«����8 � �� ��)LQDOO\��LI�WKH�VHPDQWLF�FDWHJRU\�RI

DQ�RSHUDWRU�)�LV�WKDW�RI�V\PERO�RI�D�IXQFWLRQ�IURP��8 � ���8 � ���«���8 � ��LQWR

8 ��� � WKHQ�WKH�H[WHQVLRQ�>)@ � �RI�WKDW�RSHUDWRU�XQGHU���VKRXOG�EH�D� IXQFWLRQ

IURP��8 � �� ���8 � �� ���«����8 � �� �LQWR��8 ��� � �� �

�����7KH�ORJLFDO�FRQFHSWLRQ�RI�WUXWK �����

&DOO� D� ILUVW� RUGHU� ODQJXDJH�/� FRPELQHG�ZLWK� DQ� DUELWUDU\� LQWHUSUHWDWLRQ��� D� ILUVW

RUGHU� LQWHUSUHWHG� ODQJXDJH��*LYHQ�D� VHQWHQFH�a� RI�/� DQG� DQ� LQWHUSUHWDWLRQ��� IRU

WKDW�ODQJXDJH��ZH�ZLOO�ZULWH�>a@ � � ���LI�a�LV�WUXH�XQGHU�WKH�LQWHUSUHWDWLRQ���DQG�ZH

ZLOO�ZULWH�>a@ � � ���LI�LW�LV�IDOVH�

�������7587+�&21',7,216�)25�$720,&�6(17(1&(6�

�L� >3�S � �����S � �@�  ���LII��>S � @ � �����>S � @ � ����>3@ � �

�LL� >S� �T@�  ���LII��>S@�  �>T@ �

�����,QWHQGHG�YV��$GPLVVLEOH�,QWHUSUHWDWLRQV �����

7R�VD\�WKDW�D�VHQWHQFH�a�RI�D�ILUVW�RUGHU�ODQJXDJH�LV�WUXH�ZLWKRXW�LQGLFDWLQJ�H[SOLF�

LWO\�WKH�UHOHYDQW�LQWHUSUHWDWLRQ�LV�WR�VD\�WKDW�a�LW�LV�WUXH�UHODWLYH�WR�WKH�³LQWHQGHG�LQ�

WHUSUHWDWLRQ´��FI�������7KHUH�DUH�WZR�WKLQJV�WKDW�VKRXOG�EH�QRWLFHG�RQ�WKLV�RFFDVLRQ�
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)LUVWO\��DV�ZH�KDYH�QRWLFHG�DOUHDG\��FI��;;;��WKH�PHDQLQJ�RI�DQ�LQIRUPDO�H[SUHV�

VLRQ� PD\� FKDQJH� IURP� RQH� GLVFRXUVH� WR� DQRWKHU��� 6HFRQGO\�� KDUGO\� HYHU� WKH� LQ�

WHQGHG� LQWHUSUHWDWLRQ� FKDUDFWHULVWLF� RI� D� VSHFLILF� GLVFRXUVH� LV� GHILQHG� LQ� D� XQLTXH

ZD\��5DWKHU� LW� LV� GHILQHG� ³SDUWLDOO\´�� L�H�� E\�PHDQV�RI� D� VHW� RI�YDULRXV� FRQGLWLRQV

WKDW�UXOH�RXW�VRPH� LQWHUSUHWDWLRQV�DV�³LQFRUUHFW´�RU�³XQDFFHSWDEOH´��$QG� LI�VR�� WKH

LQIRUPDO�PHDQLQJ�RI�GHVFULSWLYH�WHUPV�LV�GHWHUPLQHG�E\�WKH�VHW�RI�DFFHSWDEOH�LQWHU�

SUHWDWLRQV��FI��;;;��WKDQ�D�VLQJOH�LQWHQGHG�LQWHUSUHWDWLRQ�

�����1RQ�([WHQVLRQDO�3UHGLFDWHV �����

7KH� IROORZLQJ� LV� D� SDUDGLJPDWLF� H[DPSOH� WKDW� GHPRQVWUDWHV� WKDW� WUXWK� FRQGLWLRQV

������DUH�QRW�EH�DV�REYLRXV�DV�RQH�PLJKW�EHOLHYH�WKHP�WR�EH��)RUPDOL]H�-RKQ�NQRZV

WKDW�WKH�FDSLWDO�RI�/LWKXDQLD�LV�9LOQXV�DV

�

NQRZV�WKDW
�

�LV
�
�-RKQ��FDSLWDO�RI�/LWKXDQLD���9LOQXV�

6XSSRVH�-RKQ¶V�JHRJUDSKLFDO�NQRZOHGJH�LV�SRRU�DQG�WKH�DQDO\]HG�VHQWHQFH�LV��XQ�

GHU� WKH� LQWHQGHG� LQWHUSUHWDWLRQ�� IDOVH��2Q� WKH� RWKHU� KDQG�� -RKQ� VXUHO\� NQRZV� WKDW

9LOQLXV�LV�9LOQLXV�DQG�KHQFH

�

NQRZV�WKDW
�

�LV
�
�-RKQ��9LOQLXV��9LOQLXV�

LV�WUXH��,I�������DSSOLHG�WR�WKH�GLVFXVVHG�VHQWHQFHV�WKDW�FRXOG�QRW�KDSSHQHG��,QGHHG�

XQGHU�WKH�LQWHQGHG�LQWHUSUHWDWLRQ�>FDSLWDO�RI�/LWKXDQLD�@� �>9LOQXV@�DQG

KHQFH�WKH�WZR�VHQWHQFHV�FDQQRW�KDYH�GLIIHUHQW�WUXWK�YDOXHV�

7KH�FRQFOXVLRQ�WKDW�IROORZV�IURP�WKH�DERYH�GLVFXVVLRQ�LV�WKDW�FRQGLWLRQV�������DUH

QRW�JHQHUDOO\�YDOLG��:H�GHILQH�D�FODVV�RI� ODQJXDJHV�LQ�ZKLFK�WKH\�DUH�YDOLG�LQ�WKH

QH[W�6HFWLRQ�

�����([WHQVLRQDO�/DQJXDJHV �����

6XSSRVH� IRU� VRPH�QRPLQDO� H[SUHVVLRQV�S�DQG�T�� DQG� DQ� LQWHUSUHWDWLRQ���� >S� 

T@� � ����1RZ�FRQVLGHU�DQ\� WZR�ZII¶V�a��b� VXFK� WKDW� WKH\�EHFRPH� LGHQWLFDO� LI� DOO

WKHLU�SDUWV� WKDW�DUH�HLWKHU�RI� WKH�IRUP�S�RU�RI� WKH�IRUP�T�DUH� UHSODFHG�E\�RQH�RI

WKHVH�WZR�H[SUHVVLRQV��VD\�S��:ULWH�a�� ��� ��� �b�LQ�RUGHU�WR�VWDWH�WKDW��a�DQG�b�DUH�UH�

ODWHG�LQ�WKH�ZD\�GHVFULEHG�

�������(;7(16,21$/�35(',&$7(�/$1*8$*(6��$�SUHGLFDWH�ODQJXDJH�/

LV�H[WHQVLRQDO� �LQ� WKH�ZHDN�VHQVH�RI� WKH�ZRUG��FI��;;;�� LII� WKH� IROORZLQJ
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FRQGLWLRQ�LV�VDWLVILHG���6XSSRVH�>S� �T@ � � ����7KHQ�IRU�DQ\�WZR�ZII¶V�a��b

VXFK�WKDW�a�� ��� � � �b��>a@ � � �>b@ � �
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���6HPDQWLFV�RI�WUXWK�IXQFWLRQDO�FRQQHFWLYHV

�����7UXWK�SRVWXODWHV�IRU�VHPDQWLF�FRQQHFWLYHV

7KH� IROORZLQJ� SRVWXODWHV� �VWDWHG�ZLWK� WKH� KHOS� RI� WKH� FRQFHSW� RI� WUXWK� DQG� KHQFH

FDOOHG�WUXWK�SRVWXODWHV��GHILQH�WKH�PHDQLQJV�RI�FODVVLFDO�FRQQHFWLYHV�

�������7587+�32678/$7(6�)25�7+(�&/$66,&$/�&211(&7,9(6�

� >Ô@� >Ôa@ � � ���LII��>a@ � � ��

�>à@ >a�à�b@� � ���LII�>a@ � � �>b@ �  ��

�>£@�� >a�£�b@� � ���LII�>a@ � � �>b@ �  ��

�>�@ >a���b@� � ���LII�>a@ � �Ê��>b@ �

�>Ù@ >a�Ù�b@� � ���LII�>a@ � � ��>b@ �

7KH� IROORZLQJ� ³WUXWK�WDEOH´� SURYLGHV� DQG� DOWHUQDWLYH� ZD\� IRU� FKDUDFWHUL]LQJ� WKH

PHDQLQJV�RI�WKH�DERYH�FRQQHFWLYHV�

�

�a �b �Ôa �a�à�b �a�£�b �a���b �a�Ù�b

�� �� �� �� �� �� ��

�� �� �� �� �� �� ��

�� �� �� �� �� �� ��

�� �� �� �� �� �� ��

�

2QH� PLJKW� ZRQGHU� LI� WKH� DFFHSWHG� WUXWK�SRVWXODWHV� IRU� FODVVLFDO� FRQQHFWLYHV� DUH

FRQVLVWHQW� ZLWK� WKH� FRPPRQ�VHQVH� PHDQLQJ� RI� WKHLU� LQIRUPDO� FRXQWHUSDUWV�� 7KH

DQVZHU�LV��QRW�LQ�HYHU\�FDVH��:H�DUH�JRLQJ�WR�GLVFXVV�WKLV�SRLQW�LQ�WKH�QH[W�FKDSWHU�

�����0XWXDO�'HILQDELOLW\�RI�&ODVVLFDO�&RQQHFWLYHV

$Q� LQVSHFWLRQ� RI� SRVWXODWHV� ������ �RU� WKH� FRUUHVSRQGLQJ� WUXWK� WDEOH�� VKRZV� WKDW

VRPH�RI�FODVVLFDO�FRQQHFWLYHV�DUH�GHILQDEOH�LQ�WHUPV�RI�RWKHUV��7KXV�H�J��HYHU\�WZR

FRQQHFWLYHV�RI�ZKLFK�RQH�LV�QHJDWLRQ�VXIILFH�IRU�GHILQLQJ�DOO�WKH�UHPDLQLQJ�RQHV�

([DPSOH���)RU�DOO��a�DQG�b�DQG�DOO�LQWHUSUHWDWLRQV���WKH�WUXWK�YDOHV�RI�FRQGLWLRQDOV

a���b� � LV�H[DFWO\�WKH�VDPH�DV�WKDW�RI� IRUPXODV�RI� WKH� IRUP�Ô�a�à�Ôb���7KXV�ZH

PD\�DFFHSW�à�DQG�Ô�DV�SULPLWLYH�WHUPV�DQG�LQWURGXFH�LPSOLFDWLRQ�FRQQHFWLYH���E\

SRVWXODWLQJ��a���b�� � � �Ô�a�à�Ôb��
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�����7DXWRORJLHV

$�VHQWHQFH�WKDW�LV�WUXH�XQGHU�HYHU\�LQWHUSUHWDWLRQ�LV�FDOOHG�ORJLFDOO\�WUXH�RU�DOWHUQD�

WLYHO\�LW�LV�FDOOHG�D�WDXWRORJ\��:H�VKDOO�VWDWH�WKDW�a�LV�D�WDXWRORJ\�E\�ZULWLQJ�_ �a�

7KH�IROORZLQJ�DUH�VHOHFWHG�RI�VFKHPDWD�RI�WDXWRORJLHV�

�/DZ�RI�WKH�([FOXGHG�0LGGOH� _ �a�£�Ôa

�/DZ�RI�&RQWUDGLFWLRQ� _ �Ô�a�à�Ôa�

�/DZ�RI�'RXEOH�1HJDWLRQ�� _ ��a�Ù�ÔÔa

�,Q�RUGHU�WR�SURYH�WKDW�H�J��a�£�Ôa�LV�D�VFKHPD�RI�WDXWRORJLHV�ZH�DUJXH�DV�IROORZV�

:KLFKHYHU�PLJKW�EH�WKH�VHQWHQFH�a��DQG�ZKLFKHYHU�PLJKW�EH�WKH�LQWHUSUHWDWLRQ���

WKHUH�DUH�DW�PRVW�WZR�SRVVLELOLWLHV��HLWKHU�>a@ � � ���RU�>a@ � � ����$FFRUGLQJO\�>Ôa@ � � 

��RU�>Ôa@ � � ����%XW�LQ�ERWK�FDVHV�>a�£�Ôa@ � � ���

7KH�SURRI�WKDW�D�VFKHPD�RI�VHQWHQFHV�WKDW�LQYROYHV�WZR�PHWD�YDULDEOHV�UHSUHVHQWLQJ

VHQWHQFHV�� VD\�a� DQG�b� LV� D� VFKHPD�RI� WDXWRORJLHV� UHTXLUHV�GLVFXVVLQJ� IRXU�SRVVL�

ELOLWLHV��$Q�H[DPSOH�

�

�'XQV�6FRWXV¶�/DZ ���_ �a����Ôa���b�

�

�7KH�SURRI�RI�YDOLGLW\�RI�'XQV�6FRWXV¶� ODZ�PLJKW�EH�SUHVHQWHG� LQ� WKH� IRUP�RI� WKH

IROORZLQJ�WUXWK�WDEOH�

�

�a �b �Ôa �Ôa���b �a����Ôa���b�

�� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

�� �� �� �� ��

�����7ZR�&RQFHSWV�RI�/RJLFDO�&RQVHTXHQFH�IRU�)LUVW�2UGHU�/DQ�

JXDJHV

7KLV�LV�QRW�WKH�QRWLRQ�RI�ORJLFDO�WDXWRORJ\�EXW�WKDW�RI�ORJLFDO�FRQVHTXHQFH�WKDW�LV�RI

FKLHI�LQWHUHVW�RI�ORJLF��+RZHYHU��RQH�ZD\�WR�GHILQH�WKH�ODWWHU�LV�WKH�IROORZLQJ�

�������7+(�,03/,&$7,21$/�&21&(37�2)�/2*,&$/�&216(48(1&(�

$�VHQWHQFH�a�LV�D�ORJLFDOO\�FRQVHTXHQFH�IURP�VHQWHQFHV��b � ��b � ������b � �LII�� _ 

�b � àb� à���àb� ����a�
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$Q�DOWHUQDWLYH�ZD\�LV�WKH�IROORZLQJ�

������� 7+(� 6(0$17,&� &21&(37� 2)� /2*,&$/� &216(48(1&(�� $

VHQWHQFH�a�LV�D�ORJLFDOO\�FRQVHTXHQFH�IURP�VHQWHQFHV�LQ�;��LQ�V\PEROV�;�_ 

a�LII�WKHUH�LV�QR�LQWHUSUHWDWLRQ���VXFK�WKDW�IRU�DOO�b���;��>b@ � � ���DQG�>a@ � � 

��

7KH�WZR�FRQFHSWV�RI�HQWDLOPHQW�DUH�UHODWHG�RQH�WR�DQRWKHU�E\�WKH�IROORZLQJ

�������� '('8&7,21� 7+(25(0��)RU� DOO� VHQWHQFHV� � b � �b � �����b � �a� WKH� IRO�

ORZLQJ�WZR�FRQGLWLRQV�DUH�HTXLYDOHQW�

�

��L�� ��_ ��b � àb� à���àb� ����a�

� �LL� ��b � ��b� ������b� �_ �a

�����/DZV�RI�/RJLFDO�7UXWK�YV��'HGXFWLRQ�/DZV

�,I�VHQWHQFHV�RI�D�NLQG��W\SLFDOO\��VHQWHQFHV�GHILQHG�E\�D�VFKHPD��DUH�ORJLFDOO\�WUXH�

WKHQ� D� VWDWHPHQW� WR� WKH� HIIHFW� WKDW� LW� LV� VR�ZLOO� EH� UHIHUUHG� WR� DV� D� ODZ� RI� ORJLFDO

WUXWK��7KXV�H�J��_ �a�£�Ôa��L�H��/DZ�RI�([FOXGHG�0LGGOH��FI�������LV�D�ODZ�RI�ORJLFDO

WUXWK��1RZ��LI�D�VHQWHQFH�ORJLFDOO\�IROORZV�IURP�VHQWHQFHV�WR�ZKLFK�LW�LV�UHODWHG�LQ�D

VSHFLILF�ZD\��W\SLFDOO\��WKH�VHQWHQFHV�LQ�TXHVWLRQ�IROORZ�XQGHU�VSHFLILF�VFKHPDWD��

WKHQ�D�VWDWHPHQW�WR�WKH�HIIHFW�WKDW�LW�LV�VR�ZLOO�EH�FDOOHG�D�GHGXFWLRQ�ODZ�

�

�$Q�H[DPSOH��D�UDWKHU�VSHFLDO�RQH��RI�D�GHGXFWLRQ�ODZ�LV�a�_ �a��L�H��WKH�VWDWHPHQW�WR

WKH�HIIHFW�WKDW�HYHU\�VHQWHQFH�a�LV�D�ORJLFDO�FRQVHTXHQFH�RI�LWVHOI��)RU�PRUH�H[DP�

SOHV�RI�GHGXFWLRQ�ODZV�WKDW�GR�QRW�LQYROYH�DQ\�ORJLFDO�FRQVWDQWV��ZH�VKDOO�FDOO�WKHP

XQLYHUVDO��VHH�;;;��$PRQJVW�WKH�GHGXFWLRQ�ODZV�WKDW�LQYROYH�ORJLFDO�FRQVWDQWV��RI

VSHFLDO�VLJQLILFDQFH�LV�0RGXV�3RQHQV��6XSSRVH�a��b�DUH�VHQWHQFHV��WKHQ

�

�a��a���b�_ �b�

%HVLGHV�GHGXFWLRQ�ODZV�RI�WKH�NLQG�H[HPSOLILHG�E\�0RGXV�3RQHQV�WKHUH�DUH�FRQGL�

WLRQDO� GHGXFWLRQ� ODZV�� 7KH\� ZLOO� EH� SUHVHQWHG� DV� ³IUDFWLRQV´� WR� EH� UHDG�� LI� WKH

³QXPHUDWRU�VFKHPDWD´�DUH�YDOLG�VR�LV�WKH�³GRPLQDWRU�VFKHPD´��7KH�IROORZLQJ�LV�WKH

FRQGLWLRQDO�YDULDQW�RI�0RGXV�3RQHQV�

�����;�_ �a��<�_ �a���b

�ÉÉÉÉÉÉÉÉ

����;�¼�<�_ �b



��

��

�,Q�RUGHU�WR�GHULYH�XQFRQGLWLRQDO�0RGXV�3RQHQV�IURP�LWV�FRQGLWLRQDO�YDULDQW��SXW�LQ

WKH�ODWWHU�;� �^a`��<� �^a���b`��7KHQ�LQ�YLUWXH�RI�,GHQWLW\�/DZ��a�_ �a��WKH�FRQGL�

WLRQV�;�_ �a��<�_ �a���b�DUH�VDWLVILHG�DQG�KHQFH�DOVR�;�¼�<�_ �b��L�H��a��a���b�_ �b

PXVW�EH�WUXH��

�����8QLYHUVDO�'HGXFWLRQ�/DZV

7KH�XQLYHUVDO�GHGXFWLRQ�ODZV�ZH�DUH�JRLQJ�WR�VWDWH�WDNH�HDVLHU�WR�JUDVS�IRUP�LI�WKH

QRWDWLRQ�;�_ �a�LV�UHSODFHG�E\�a���&Q�;��

�������6XSSRVH�;�DQG�<�DUH�VHWV�RI�VHQWHQFHV��7KHQ�WKH�IROORZLQJ�REWDLQV�

7ULYLDOLW\�/DZ���;���&Q�;�

0RQWRQLFLW\�/DZ��,I�;���<��WKHQ�&Q�;����&Q�<�

&ORVXUH�/DZ��&Q�&Q�;��� �&Q�<�
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���/RJLF�RI�.QRZOHGJH�YV��/RJLF�RI�&RQYHUVDWLRQ

�����'LVFRXUVHV�DQG�%HOLHI�6\VWHPV

6HPDQWLF�DQDO\VLV�EDVHG�RI� WKH�WUXWK�SRVWXODWHV�IRU� ORJLFDO�FRQVWDQWV� LJQRUHV�SUDJ�

PDWLF�DVSHFWV�RI�FRPPXQLFDWLRQ��,Q�RUGHU�WR�LQWHUSUHW�FRUUHFWO\�ZKDW�RQH�LV�VD\LQJ

�RQH¶V�XWWHUDQFH��WKH�RWKHU�SDUWLFLSDQWV�RI�WKH�GLVFRXUVH��FRQYHUVDWLRQ��PXVW�KDYH�D

JRRG�LGHD�RI�ERWK�RQH¶V�EDFNJURXQG�NQRZOHGJH� �WKH�EHOLHIV� WKDW�RQH�FRQVLGHUV� WR

EH� FRQFOXVLYHO\� MXVWLILHG�� DQG� WKH� JRDO� RQH� VHHNV� WR� DFKLHYH� HQJDJLQJ� LQ� WKH� GLV�

FRXUVH��$�FRRSHUDWLYH�GLVFRXUVH� LV�D�GLVFRXUVH�ZKRVH�SDUWLFLSDQWV�VHHN�WR�DFKLHYH

WKH� VDPH� JRDO� DQG� GR� QRW� EHKDYH� FRXQWHUSURGXFWLYHO\�� )RU� LQVWDQFH�� WKH\� GR� QRW

KLGH�LQIRUPDWLRQ�UHOHYDQW�WR�WKH�JRDO�RI�WKH�GLVFRXUVH��7KXV�H�J���LI�EHLQJ�D�SDUW\�RI

VXFK�D�GLVFRXUVH��VRPHERG\�LV�VD\LQJ�-RKQ�KDV�WZR�FKLOGUHQ��WKH�RWKHU�SDUWLFLSDQWV

DUH�HQWLWOHG�WR�FRQFOXGH�WKDW�-RKQ�KDV�H[DFWO\�WZR�FKLOGUHQ��QR�LQIRUPDWLRQ�PXVW�EH

KLGGHQ��� 6XFK� D� FRQFOXVLRQ� WKDW� JRHV� EH\RQG�ZKDW� LV� DYDLODEOH� E\� SXUHO\� ORJLFDO

DQDO\VLV�RI�WKH�XWWHUDQFH��DV�ZHOO�DV�WKH�UHDVRQLQJ�E\�PHDQV�RI�ZKLFK�RQH�DUULYHV�DW

LW��LV�FDOOHG�LPSOLFDWXUH��7KH�UXOHV�RI�DUULYLQJ�DW�LPSOLFDWXUHV�ZHUH�VWDWHG�E\�*ULFH�

�����5XOHV�RI�³&RQYHUVDWLRQ´

&KDQJLQJ�WKH�WHUP�µFRQYHUVDWLRQ¶�WR�GLVFRXUVH�DQG�DVVXPLQJ�WKH�FRRSHUDWLYH�QDWXUH

RI�WKH�GLVFRXUVH�ZH�FDQ�SUHVHQW�*ULFH¶V�UXOHV�DV�IROORZV�

3ULQFLSOH�RI�&RRSHUDWLRQ��(YHU\�SDUWLFLSDQW� VKRXOG�PDNH� VXFK� LQSXW� LQWR

WKH�H[FKDQJH�RI�YLHZV�DV�LV�H[SHFWHG�DW�WKH�JLYHQ�VWDJH�LQ�WKH�GLVFRXUVH�IURP

WKH�SRLQW�RI�YLHZ�RI�WKH�DLPV�RI�WKH�GLVFRXUVH�

4XDOLW\� PD[LP��'LVFRXUVH� SDUWLFLSDQWV� VKRXOG� QRW� SXW� IRUZDUG� YLHZV� RI

ZKRVH� IDOVHKRRG� WKH\� DUH� VXUH� RI� RU� HYHQ� YLHZV� ZKLFK� DUHQ¶W� DGHTXDWHO\

MXVWLILHG�

4XDQWLW\�PD[LP��1R�PRUH�RU�OHVV�LQIRUPDWLRQ�VKRXOG�EH�JLYHQ�WKDQ�LV�QHF�

HVVDU\�DW�WKH�JLYHQ�VWDJH�RI�WKH�H[FKDQJH�RI�YLHZV�

5HOHYDQFH�PD[LP��3URSRVLWLRQV�ZKLFK�DUH�QRW�VLJQLILFDQW�WR�WKH�GLVFRXUVH

VKRXOG�QRW�EH�VWDWHG�

0HWKRG� PD[LP�� 7KH� PHWKRG� LQ� ZKLFK� WKH� SDUWLFLSDQWV� IRUPXODWH� WKHLU

VWDWHPHQWV� VKRXOG� EH� DV� FRPPXQLFDWLYH�� DV� FRQFLVH�� DV� IUHH� RI� YDJXHQHVV

DQG�DPELJXLW\�DV�SRVVLEOH�
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�����3DUDGR[HV�RI�PDWHULDO�LPSOLFDWLRQ

&RQVLGHU�WKH�IROORZLQJ�WZR�VHQWHQFHV�

����,I�:DUVDZ�LV�LQ�3RODQG��WKHQ�ZKDOHV�DUH�PDPPDOV�

����,I�:DUVDZ�KDV�DERXW�WKUHH�PLOOLRQV�LQKDELWDQWV��WKHQ�LW�KDV�DERXW�RQH�PLOOLRQ�

%RWK�VHQWHQFHV�DUH� WUXH� LI� LI«WKHQ� LV� LQWHUSUHWHG� DV� WZR�YDOXH� LPSOLFDWLRQ����2Q

WKH�RWKHU�KDQG�ZKHWKHU�ZKDOHV�DUH�PDPPDOV�KDV�QRWKLQJ�WR�GR�ZLWK�ZKHUH�:DUVDZ

LV�� DQG� WKXV� ���� VWDWHV�� WKRXJK� LPSOLFLWO\�� VRPHWKLQJ� WKDW� LV� QRW� WUXH��7R�PDLQWDLQ

WKDW�����LV�WUXH�VHHPV�WR�EH�MXVW�DQ�DIIURQW�WR�VRXQG�UHDVRQ��,W�FDQQRW�EH�WKDW�LI�:DU�

VDZ� KDV� WKUHH� PLOOLRQ� SDUWLFLSDQWV� LW� KDV� RQH� PLOOLRQ�� ([DPSOHV� RI� OHVV� RU� PRUH

VWULNLQJ� GLYHUJHQFH� EHWZHHQ� WKH� WZR�YDOXHG� DQG� FRPPRQ�VHQVH� PHDQLQJ� RI

LI«WKHQ�DUH�FDOOHG�SDUDGR[HV�RI�PDWHULDO�LPSOLFDWLRQ��KHUH�³PDWHULDO´�PHDQV�³WZR�

YDOXHG´�

&RXQWHU� WR� WKH� RQFH�GRPLQDQW� YLHZ�� SDUDGR[HV� RI� LPSOLFDWLRQ� DUH� QRW� D� VHPDQWLF

SKHQRPHQRQ�EXW�� UDWKHU�� D�SUDJPDWLF�SKHQRPHQRQ��7KH� IHHOLQJ�RI� WKH�XQVXLWDEOH�

QHVV�RI�VWDWHPHQWV�OLNH�����DQG�����LV�QRW�FDXVHG�E\�YLRODWLRQ�RI�WKH�SULQFLSOHV�ZKLFK

GHWHUPLQH� WKH� WUXWK�YDOXH� RI� D� SURSRVLWLRQ�� 5DWKHU�� LW� DULVHV� GXH� WR� LJQRULQJ� WKH

SULQFLSOHV�RI�OLQJXLVWLF�FRPPXQLFDWLRQ�VXFK�DV�WKH�*ULFHDQ�PD[LPV��7KH�NH\�FRP�

PDQGPHQW�RI�SUDJPDWLFV� LV�QRW� µEH� WUXWKIXO¶�EXW� µEH� WUXVWIXO¶��6XSSRVH� LQ� UHSO\� WR

WKH� TXHVWLRQ� DVNHG� DW� ��� D�P�� ³ZKDW� WKH� QH[W� WUDLQ� WR� /HLS]LJ� LV"´� 3DXO� KHDUV´

³7KHUH�LV�D�WUDLQ�JRLQJ�WR�/HLS]LJ�DW���S�P�´� ,I�WKHUH�LV�VXFK�D�WUDLQ��WKH�DQVZHU�LV

WUXH��+RZHYHU��3DXO�KDV�HYHU\�ULJKW�WR�FODLP�WKDW�KH�ZDV�GHFHLYHG�E\�WKH�LQIRUPHU�

LI�WKHUH�LV�DQ�HDUOLHU�WUDLQ�

�����3URRIV�E\�5HGXFWLRQ�DG�$EVXUGXP

/HW� XV� UHWXUQ� WR� ���� DQG� WKH� SUREOHP�RI� LWV� DSSDUHQW� VHOI�FRQWUDGLFWLRQ�� ,W�ZLOO� EH

PRUH�FRQYHQLHQW�LI��LQVWHDG�RI�����ZH�GLVFXVV�D�PDWKHPDWLFDO�HTXLYDOHQW�

���� ,I�WKH�VHW�^º`�KDV����HOHPHQWV��WKHQ�LW�KDV�SUHFLVHO\�RQH�

&RQGLWLRQDOV�ZLWK� D� IDOVH� DQWHFHGHQW� DUH� WUHDWHG� LQ�PDWKHPDWLFV� DV� FRXQWHUIDFWXDO

DQG�FRXQWHG�DV� WUXH��7KHUH� LV� VRPHWKLQJ� WKDW�YHU\�SRZHUIXOO\�PRWLYDWHV� WKLV� FRQ�

YHQWLRQ��$VVXPH� WKDW�ZH�ZDQW� WR� VKRZ� WKDW� D� FHUWDLQ�SURSRVLWLRQ�a� LV� WUXH� LQ� WKH

VHQVH�WKDW�LW�IROORZV�IURP�SRVWXODWHV�FRQVLGHUHG�WR�EH�WUXH��$�W\SLFDO�ZD\�WR�PHHW



��

��

WKLV� WDVN�LV� WKH�IROORZLQJ��$GG�Ôa� WR� WKH�SRVWXODWHV�DQG� WU\� WR�VKRZ�WKDW� WKXV�HQ�

ULFKHG� VHW� RI� SUHPLVHV� �SRVWXODWHV� DORQJ�ZLWK�Ôa�� ORJLFDOO\� HQWDLOV�a�� ,I� VR�� SUR�

YLGHG� WKDW� WKH�SRVWXODWHV�DUH� WUXH�� WKH� VHQWHQFH�Ôa� FDQQRW�EH� WUXH��)RU� LI� LW�ZHUH�

RQH� FRXOG�QRW�EH� DEOH� WR�GHPRQVWUDWH� WKDW�a� LV� D� ORJLFDO� FRQVHTXHQFH� RI� WKXV� VH�

OHFWHG� SUHPLVHV�� D� ORJLFDO� FRQVHTXHQFH� RI� WUXH� SUHPLVHV�PXVW� EH� WUXH�� XQGHU� WKH

VWDQGDUG�PHDQLQJ�RI�QHJDWLRQ�ERWK�Ôa�DQG�a�FDQQRW�EH�WUXH��7KLV�ZD\�RI�UHDVRQLQJ

LV�FDOOHG�UHGXFWLR�WR�DEVXUGXP�

,I� XQGHU� WKH� DGRSWHG� FRQYHQWLRQ�� DOO� FRQGLWLRQDOV�ZKRVH� DQWHFHGHQW� GHQLHV� SUHFH�

GHQW�ZHUH�IDOVH��SURYLQJ�WKDW�Ôa���a�ZRXOG�EH�LPSRVVLEOH��D�VRXQG�SURRI�FDQQRW

UHVXOW�LQ�SURYLQJ�D�IDOVH�VWDWHPHQW��$QG�LI�VR��LW�ZRXOG�EH�LPSRVVLEOH�WR�XVH�UHGXF�

WLRQ�DG�DEVXUGXP�DV�D�PHWKRG�RI�SURYLQJ�PDWKHPDWLFDO�WKHRUHPV�

$Q� DQDO\VLV� RI� PDWKHPDWLFDO� DUJXPHQWV� VKRZV� WKDW� WKH� PHDQLQJ� RI� LI� WKHQ� LQ

PDWKHPDWLFDO�DUJXPHQWV�FRQIRUP�WR� WKH�PHDQLQJ�RI� WZR�YDOXHG����%XW� WKLV�GRHV

QRW�LPSO\�WKDW�WKH�WZR�FRLQFLGH�RQ�HYHU�RFFDVLRQ��8VLQJ�D�FRQGLWLRQDO�LI�a�WKHQ�b��LQ

D�GLVFRXUVH�PD\�\LHOG�D�IDOVH�LPSOLFWXUH�� ,I�WKLV�LV�D�FDVH�WKH�VWDWHPHQW�LI�a�WKHQ�b

RQH�PLJKW�EH�UHOXFWDQW�WR�WUHDW�WKH�FRQGLWLRQDO��LI�a�WKHQ�b�DV�WUXH�

�����1RQ�&ODVVLFDO�,PSOLFDWLRQV

%HIRUH�*ULFH�IRUPXODWHG�KLV�PD[LPV�WUHDWLQJ�SDUDGR[HV�RI�PDWHULDO�LPSOLFDWLRQ�DV�D

SUDJPDWLF� SKHQRPHQRQ� �WUXH� LPSOLFDWLRQ� PLJKW� \LHOG� IDOVH� LPSOLFDWXUH�� ZDV� QRW

SRVVLEOH��7KH�W\SLFDO�ZD\�RI�DSSURDFKLQJ�WKLV�SUREOHP�FRQVLVWHG�LQ�FULWLFL]LQJ� WKH

DGHTXDF\�RI�WKH�WUXWK�IXQFWLRQDO�DQDO\VLV�RI�LPSOLFDWLRQ��7KXV�H�J��&��,��/HZLV�DG�

YRFDWHG�WKH�YLHZ�WKDW�WKH�FRPPRQ�VHQVH�PHDQLQJ�RI�LI�a�WKHQ�b�LV�EHWWHU�UHQGHUHG

E\�WKH�a�Ü�b�FDOOHG�VWURQJ�LPSOLFDWLRQ�UDWKHU� WKDQ�E\�a���b��8QGHU�KLV�DQDO\VLV

VWURQJ�LPSOLFDWLRQ�LV�WR�EH�XQGHUVWRRG�DV�IROORZV�

a�Ü�b�Ù� � LW�LV�LPSRVVLEOH�WKDW�b�LV�IDOVH�DQG��a�LV�WUXH�

2QH�PLJKW�UHZULWH�WKLV�DV�IROORZV�a�Ü�b�Ù � � Ô¸�a�àÔb���ZLWK�¸�VWDQGLQJ�IRU�LW�SRV�

VLEOH�WKDW�DQG�DOO�WKH�UHPDLQLQJ�FRQQHFWLYHV�EHLQJ�WZR�YDOXH��8VH�Á�WR�VWDQG�IRU�LW

QHFHVVDU\� WKDW�PHDQW� WR�EH� WKH�VDPH�DV�Ô¸Ô��7KHQ�Ô¸�a�àÔb��PLJKW�EH� VXFFHV�

VLYHO\�UHZULWWHQ�DV�����Ô¸ÔÔ�a�àÔb���������ÁÔ�a�àÔb�������Á�a���b���7KXV�VWURQJ

LPSOLFDWLRQ�LV�GHILQDEOH�LQ�WHUPV�RI�WZR�YDOXH�LPSOLFDWLRQ�DQG�QHFHVVLW\�FRQQHFWLYH�

0RGDO�ORJLF�±�VXFK�LV�WKH�QDPH�RI�WKH�ORJLF�ZKLFK�VWXGLHV�WKH�IRUPDO�SURSHUWLHV�RI

WKH�FRQQHFWLYHV�LW�LV�SRVVLEOH�WKDW�DQG�LW�LV�QHFHVVDU\�WKDW�±�LV�EDVHG�XSRQ�WKH�LGHD

RI�SRVVLEOH�ZRUGV��7KH�VHQWHQFH�Áa�LV�GHILQHG�DV�WUXH�LV�LW�LV�WUXH�LQ�DOO�WKH�SRVVLEOH
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ZRUOGV� RU�� VRPHWLPHV�� LQ� DOO� WKH� ³DFFHVVLEOH´� SRVVLEOH�ZRUOGV��7KH� FRQFHSW� RI� DQ

³DFFHVVLEOH�ZRUOG´�UHTXLUHV�D�VHSDUDWH�GHILQLWLRQ��RI�FRXUVH�

2QH�RI�WKH�GHYHORSPHQWV�ZKLFK�ZHUH�WR�UHVXOW�LQ�WKH�UHSODFHPHQW�RI�³IDXOW\´�FODVVL�

FDO�ORJLF�ZDV�EDVHG�XSRQ�WKH�SURSRVDO�WKDW�WKH�WUXWK�YDOXH�RI�LI�a�WKHQ�b�VWDWHPHQWV

FDQ�QRW�EH�GHFLGHG�MXVW�E\�WKH�WUXWK�YDOXHV�RI�WKH�DQWHFHGHQW�DQG�WKH�FRQVHTXHQW��,W

ZDV�DUJXHG�WKDW�WKH�H[LVWHQFH�RI�D�FRQQHFWLRQ�EHWZHHQ�WKH�FRQWHQW�RI�a�DQG�b�ZDV�D

QHFHVVDU\�FRQGLWLRQ�IRU�WKH�WUXWK�RI� WKH�FRQGLWLRQDO��7KH�SDUDGR[LFDO�QDWXUH�RI� WKH

ZKDOHV�VWDWHPHQW��VHH�����LQ������ZDV�GXH�WR�WKH�ODFN�RI�MXVW�VXFK�D�FRQQHFWLRQ��7KLV

GLUHFWLRQ�RI�LQYHVWLJDWLRQ�ZDV�EHJXQ�E\�WKH�ZRUN�RI�$��5��$QGHUVRQ�DQG�1��'��%HO�

QDS�-U��DQG�OHG�WR�WKH�FUHDWLRQ�RI�D�ZKROH�FODVV�RI�UHOHYDQFH�ORJLFV�

�����7KH�&RPPRQ�6HQVH�YV��7KH�)RUPDOL]HG�0HDQLQJ�RI�&RQQHF�

WLYHV

,PSOLFDWLRQ�LV�QRW� WKH�RQO\�FRQQHFWLYH�ZKRVH�LQIRUPDO�PHDQLQJ�GRHV�QRW�FRLQFLGH

ZLWK� WKH� ³WUXWK�WDEOH´�PHDQLQJ�RI� LWV� IRUPDOL]HG� FRXQWHUSDUW�� )RU� LQVWDQFH�� WR� VD\

3HWHU�YLVLWHG�$QQ�DQG�FKDQJHG�KLV�SODQV� DQG� WR� VD\�3HWHU�FKDQJHG�KLV�SODQV�DQG

YLVLWHG�$QQ�LV�WZR�VD\�WZR�GLIIHUHQW�WKLQJV�



��

��

����3UHGLFDWH�&DOFXOXV

������7KH�&RPPRQ�6HQVH�0HDQLQJ�RI�*HQHUDOL]DWLRQV ����

,W�LV�IDLUO\�FOHDU�KRZ�VHQWHQFHV�RI�WKH�IRUP�"[�f�[���RU�$[�f�[����ERWK�ZLOO�EH�FDOOHG

JHQHUDOL]DWLRQV�� VKRXOG�EH�XQGHUVWRRG��%\�VD\LQJ� WKDW�"[�f�[��� RQH� VD\V� WKDW� WKH

FRQGLWLRQ�f�[��LV�WUXH�RI�DOO�REMHFWV�UHSUHVHQWHG�E\�WKH�YDULDEOH�[��H�J�RI�DOO�SHRSOH�LI

[�UHSUHVHQWV�SHRSOH���%\�VD\LQJ�WKDW�$[�f�[���RQH��VD\V�WKDW�f�[�� LV� WUXH�RI�DW� OHDVW

RQH�VXFK�REMHFW��7KH�SUREOHP�ZH�DUH�JRLQJ�WR�GLVFXVV�ZLOO�QRW�EH�KRZ�WKH�TXDQWL�

ILHG�VHQWHQFHV�VKRXOG�EH�XQGHUVWRRG�EXW�UDWKHU�KRZ�WKH�FRPPRQVHQVH�LGHD�RI�WKHLU

WUXWK�VKRXOG�EH�H[SUHVVHG�LQ�SUHFLVH�WHUPV�

7R�EHJLQ�ZLWK�QRWH�WKH�IROORZLQJ��7R�VD\�WKDW�WKH�FRQGLWLRQ�f�[��LV�WUXH�RI�DQ�REMHFW

D�VHOHFWHG�IURP�DOO�WKH�REMHFWV�UHSUHVHQWHG�E\�WKH�YDULDEOH�[� LV�WR�VD\�WKDW�LI�D� LV�D

SURSHU�QDPH� IRU�D� WKHQ� WKH� VHQWHQFH�f�D�� LV� WUXH��8QIRUWXQDWHO\� WKH�REMHFW�D�PD\

KDYH� QR� SURSHU� QDPH� LQ� WKH� DQDO\]HG� ODQJXDJH�� )RU� LQVWDQFH�� LQ� QR� ODQJXDJH�ZH

XVH��ZH�GR�QRW�KDYH�QDPHV�IRU�HYHU\ERG\�

$�VHQWHQFH�WKDW�UHVXOWV�IURP�f�[��E\�UHSODFLQJ�[�E\�D�SURSHU�QDPH�RI�WKH�VDPH�VH�

PDQWLF�FDWHJRU\�DV�WKDW�RI�[�LV�FDOOHG�DQ�LQVWDQFH�RI�f�[���$OWKRXJK�ZH�FDQQRW�H[�

SUHVV� WKH�FRPPRQ�VHQVH� LGHD�RI� WUXWK�RI�"[�f�[��� �RI�$[�f�[���� E\� VD\LQJ� WKDW� DOO

�VRPH�� LQVWDQFHV� RI� f�[�� DUH� WUXH��ZH� FHUWDLQO\�PD\� H[SUHVV� LW� E\� VD\LQJ� WKDW� DOO

�VRPH�� ³SRVVLEOH� LQVWDQFHV´� �DYDLODEOH� E\� DGGLQJ� QHZ� SURSHU� QDPHV�� RI� f�[�� DUH

WUXH�� 7KH� SRVWXODWH� RI� WUXWK�IXQFWLRQDOLW\� RI� TXDQWLILHG� VHQWHQFHV� VKRXOG� WKXV� EH

VSHOOHG�RXW�DV�RQH�WKDW�UHTXLUHV�WKH�WUXWK�YDOXHV�RI�"[�f�[���DQG�$[�f�[���WR�EH�GH�

WHUPLQHG�E\�WKH�WUXWK�YDOXHV�RI�³SRVVLEOH�LQVWDQFHV´�RI�f�[��

������9DOXDWLRQV ����

6XSSRVH�D�LV�DQ�REMHFW�UHSUHVHQWHG�E\�WKH�YDULDEOH�[�XQGHU�DQ�LQWHUSUHWDWLRQ����7KHQ

�XQOHVV�WKLV�YLRODWHV�RWKHU�VWLSXODWLRQV�RQH�KDV�DOUHDG\�DFFHSWHG���RQH�PD\�XVH�[�DV

D�SURSHU�QDPH�IRU�D���7KH�IDFW�WKDW��RQ�D�JLYHQ�RFFDVLRQ��D�YDULDEOH�[�DSSHDULQJ�LQ�D

ZII�f�[��DV�D�IUHH�YDULDEOH�VKRXOG�EH�WUHDWHG�DV�D�SURSHU�QDPH�IRU�D�PXVW�EH�VRPH�

KRZ�VWDWHG�H[SOLFLWO\��7KH�SUDFWLFDO�DVSHFWV�RI�WKH�UHOHYDQW�SURFHGXUH�ZLOO�QRW�EH�RI

LQWHUHVW� IRU� XV�� ,W� VXIILFH� WKDW� ZH� DJUHH� WKDW� ZKHQHYHU� IUHH� YDULDEOHV� [ � �«�[ � � DS�

SHDULQJ�LQ�D�ZII�y�[ � �«�[ � ��DUH�WUHDWHG�DV�SURSHU�QDPHV�IRU�D � �«��D � � UHVSHFWLYHO\�

ZH�VKDOO�QRWLI\�WKLV�IDFW�E\�ZULWLQJ

y�[ � �«�[ � �>[ � �D � �«�[� �D � @
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7KH�SURFHGXUH�RI�DVVLJQLQJ�LQGLYLGXDO�REMHFWV�WR�IUHH�YDULDEOHV�LV�FDOOHG�YDOXDWLRQ�

������7UXWK�SRVWXODWHV�IRU�TXDQWLILHG�VHQWHQFHV ����

7KH�PHDQLQJ�RI�FODVVLFDO�TXDQWLILHUV�LV�GHILQHG�E\�WKH�IROORZLQJ

��������7587+�32678/$7(6�)25�48(17,),(56�

�"� >"[�f�[��@� � ����L�H��WKH�VHQWHQFH�"[�f�[���LV�WUXH�XQGHU�LQWHUSUHWDWLRQ

����LI�DQG�RQO\�LI�>f�[�>[�D@@ � � ����IRU�HYHU\�REMHFW�D�UHSUHVHQWHG�E\

YDULDEOH�[�XQGHU�LQWHUSUHWDWLRQ���

�$� >$[�f�[��@� � ����L�H��WKH�VHQWHQFH�$[�f�[���LV�WUXH�XQGHU�LQWHUSUHWDWLRQ

��� � LI� DQG� RQO\� LI� � >f�[�>[�D@@ � � � ��� IRU� DQ� REMHFW�D� UHSUHVHQWHG� E\

YDULDEOH�[�XQGHU�LQWHUSUHWDWLRQ�

������$Q�H[DPSOH ����
�

�/HW�XV�H[DPLQH�WKH�WUXWK�YDOXH�RI�WKH�VHQWHQFH

�

���� "D�SHUVRQ�D����$E�SHUVRQ�E��à�PRWKHU�D�E��

�

�E\�DSSHDOLQJ�WR�SRVWXODWHV��"��DQG��$���6HOHFW�DQ�LQWHUSUHWDWLRQ����%\��"���LQ�RUGHU

IRU�����WR�EH�WUXH�XQGHU���ZH�PXVW�KDYH

�

���� ��>�SHUVRQ�D����$E�SHUVRQ�E��à�PRWKHU�D�E��>D�S@@ � � ��

�

�IRU�DOO�S�LQ�WKH�VFRSH�WKDW���DVVLJQV�WR�D��,Q�YLUWXH�RI�WKH�WUXWK�SRVWXODWH�IRU����LI

RQH�GHFLGHG�WR�DUJXH�RQ�WKH�EDVH�RI�WKH�FRPPRQVHQVH�PHDQLQJ�RI�LI«WKHQ�WKH�FRQ�

FOXVLRQ�ZRXOG�EH�WKH�VDPH������LV�IDOVH�LI

�

���� �>SHUVRQ�D�>D�S@@� � ����L�H��S���>SHUVRQ@ �

���� �>�$E�SHUVRQ�E��à�PRWKHU�D�E��>D�S@@ � � ��

�

�8QGHU�SRVWXODWH��$��LQ�RUGHU�IRU�����WR�EH�IDOVH��WKHUH�PXVW�QRW�H[LVW�DQ\�HOHPHQW�T�

LQ�WKH�VFRSH�RI�WKDW�E�KDV�XQGHU�LQWHUSUHWDWLRQ����VXFK�WKDW

�

����� �>�SHUVRQ�E��à�PRWKHU�E��D��>D�S��E�T@@ � � ��

�
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�%\� DSSHDOLQJ� WR� HLWKHU� WKH� WUXWK�SRVWXODWH� IRU�à� RU� WKH� FRPPRQVHQVH�PHDQLQJ� RI

DQG�ZH�FRQFOXGH�WKDW�����REWDLQV�LII�ERWK

�

����� �>SHUVRQ�E�>E�T@@� � �����L�H��T���>SHUVRQ@ �

�DQG

����� �>PRWKHU�E��D�>D�S��E�T@@ � � ����L�H���S��T���>PRWKHU@ �

�

�7KLV�HQGV�WKH�ORJLFDO�SDUW�RI�DQDO\VLV��,Q�RUGHU�WR�OHDUQ�ZKHWKHU�IRU�JLYHQ�S�DQG�T��S

��>SHUVRQ@ � ��T���>SHUVRQ@ � ��DQG��S��T����>PRWKHU@ � �DQG�WKXV�HYHQWXDOO\�ILQG�RXW

ZKHWKHU� ���� LV� WUXH�RU�QRW�RQH�KDV� WR� UHVRUW� WR� WKH�GHILQLWLRQ�RI����2I�FRXUVH��RQH

VKRXOG�UHVRUW�WR�WKH�LQWXLWLYH�PHDQLQJV�RI�WKH�UHOHYDQW�H[SUHVVLRQV�LI���LV�PHDQW�WR

EH�WKH�LQWHQGHG�LQWHUSUHWDWLRQ�

������7UXWK�IXQFWLRQDOLW\

6XSSRVH�WKDW�IRU�DQ�LQWHUSUHWDWLRQ���WZR�VHQWHQFHV�a�DQG�b�DUH�HTXLYDOHQW��L�H��>a�Ù

b@� � ����'RHV�WKLV�LPSO\�WKDW�WKHVH�WZR�VHQWHQFHV�DUH�³H[FKDQJHDEOH�VDOYD�YHULDWH´

LQ�DQ\�VHQWHQWLDO�FRQWH[W�LQ�ZKLFK�WKH\�DSSHDU"�,Q�RWKHU�ZRUG�GRHV�WKLV�LPSO\�WKDW

JLYHQ�DQ\�FRXSOH�RI�VHQWHQFHV�j�DQG�jë�VXFK�WKDW�j�� � � � � �jë��>j�Ù�jë@ � � ��"�7KH�DQ�

VZHU�WR�WKLV�TXHVWLRQ�GHSHQGV�RQ�WKH�YRFDEXODU\�RI�WKH�ODQJXDJH�H[DPLQHG�

6XSSRVH�WKDW�RQH�RI�WKH�FRQQHFWLYHV�ZLWK�WKH�KHOS�RI�ZKLFK�FRPSRVHG�IRUPXODV�DUH

IRUPHG�LV�EHFDXVH��6XSSRVH�WKHUH�ZDV�D�SRZHU�EUDNH�WKDW�VWRSSHG�D�WUDLQ��6XSSRVH

PRUHRYHU� WKDW� WKHUH�ZHUH�PRUH� WKDQ�����SDVVHQJHUV� LQ� WKDW� WUDLQ�� ,Q� WKH� WUXH� VHQ�

WHQFH�WKDW�VWDWHV�WKDW�SRZHU�EUDNH�ZDV�FDXVH�RI�WKH�GHOD\�UHSODFH�WKHUH�ZDV�D�SRZHU

EUDNH�E\�WKHUH�ZHUH�PRUH�WKDQ�����SDVVHQJHUV�LQ�WKDW�WUDLQ��7KH�UHSODFHPHQW�GRHV

QRW�SUHVHUYH� WKH� WUXWK�YDOXH��7KH�GLDJQRVLV� LV� WKH� FRQQHFWLYH�EHFDXVH� LV� QRW� WUXWK

IXQFWLRQDO�FRQQHFWLYH�±�LWV�PHDQLQJ�FDQQRW�EH�DGHTXDWHO\�GHILQHG�LQ�WHUPV�RI�WUXWK

YDOXHV�RI�WKH�VHQWHQFHV�WR�ZKLFK�LW�LV�DSSOLHG�

7KH�LGHD�RI�WUXWK�IXQFWLRQDOLW\�H[WHQGV�RQ�ODQJXDJH�DV�D�ZKROH�DV�IROORZV

�������� 7587+�)81&7,21$/� 35(',&$7(� /$1*8$*(6�� $� SUHGLFDWH

ODQJXDJH�/�LV�WUXWK�IXFWLRQDO� LII�WKH�IROORZLQJ�FRQGLWLRQ�LV�VDWLVILHG���6XS�

SRVH�>a�Ù�b@� � ����7KHQ�IRU�DQ\�WZR�VHQWHQFHV�j�DQG�jë�VXFK�WKDW�j�� � � � � �jë

>>j�Ù�jë@� � ���

$�SUHGLFDWH�ODQJXDJH�LV�VDLG�WR�EH�H[WHQVLRQDO��LQ�WKH�VWURQJ�VHQVH�RI�WKH�ZRUG��LI�LW

LV�ERWK�ZHDNO\�H[WHQVLRQDO��FI��;;;��DQG�WUXWK�IXQFWLRQDO�
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������/RJLFDO�&RQVHTXHQFHV�RI�ZIIV

7KH� WZR� FKLHI� WDVNV� RI� ORJLF� DUH� WKH� IROORZLQJ�� )LUVWO\�� ORJLF� VKRXOG� DQVZHU� WKH

TXHVWLRQ�ZKDW�LW�PHDQV�IRU�D�VHQWHQFH�a�WR�EH�ORJLFDOO\�HQWDLOHG�E\��WR�EH�ORJLFDOO\

LPSOLHG�E\��WR�ORJLFDOO\�IROORZ�IURP��WR�EH�D�ORJLFDO�FRQVHTXHQFH�RI��D�VHW�RI�VHQ�

WHQFHV�;��LQ�V\PEROV�;� _ �a���6HFRQGO\��ORJLF�VKRXOG�RIIHU�WRROV�IRU�SURYLQJ�WKDW�;

_ �a�ZKHQHYHU�WKH�HQWDLOPHQW�WDNH�SODFH��6HHPLQJO\�WKH�UXOHV�IRU�IRUPLQJ�WKH�SURRI

VKRXOG�EH�LPSOLFLW�LQ�WKH�FODXVHV�RI�WKH�GHILQLWLRQ�RI�ORJLFDO�FRQVHTXHQFH��7KH\�DUH�

EXW� WKH� UHODWLRQVKLS�EHWZHHQ� HQWDLOPHQW� DQG� SURYDELOLW\� LV� IDLUO\� FRPSOH[�� ,Q� WKLV

FKDSWHU�ZH�DUH�JRLQJ�WR�WDNH�D�FORVHU�ORRN�DW�WKH�PDWWHU�

7KRXJK� WKH� REMHFW� RI� RXU� SULPH� FRQFHUQ� UHPDLQV� VHQWHQFHV��ZH� VKDOO� H[SDQG� WKH

GHILQLWLRQ�������RI�ORJLFDO�FRQVHTXHQFH�RQ�ZIIV�

5HFDOO� WKDW�DQ�LQWHUSUHWDWLRQ��� IRU� WKH�H[DPLQHG�ODQJXDJH�/�GHILQHV�WKH�VFRSHV�RI

WKH�YDULDEOHV�RI�WKDW�ODQJXDJH��/HW�Y�DVVLJQV�WR�HYHU\�YDULDEOH�[�RI�/�DQ�REMHFW�Y�[�

ZLWKLQ�WKH�VFRSH�RI�WKH�YDULDEOH�[�GHILQHG�E\���

1RZ��OHW�a�EH�D�ZII�ZLWK�[ � �����[ � �EHLQJ�LWV�RQO\�IUHH�YDULDEOHV��/HW�Y�EH�D�UHIHUHQW

DVVLJQPHQW��7KHQ�ZH�GHILQH�

a>Y@� �a>[ � �Y�[ � ������[ � �Y�[ � �@

0RUHRYHU��JLYHQ�D�VHW�RI�ZIIV�;��ZH�GHILQH�;>Y@�WR�EH�WKH�VHW�RI�DOO�IRUPXODV�RI�WKH

IRUP�a>Y@�VXFK�WKDW�a�LV�LQ�;�

�������� /2*,&$/� &216(48(1&(� '(),1('�)25� :))6��a� LV� D� ORJLFDO

FRQVHTXHQFH�RI�ZIIV�LQ�;��LQ�V\PEROV�;�_ �a��LII�IRU�HYHU\�LQWHUSUHWDWLRQ���

DQG�HYHU\�YDOXDWLRQ�Y�WR�YDULDEOHV�HOHPHQWV�RI�WKHLU�VFRSHV�GHILQHG�E\����LI

��;>Y@�� ���WKHQ���a>Y@�� ���
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����/DZV�RI�1DWXUDO�'HGXFWLRQ

������7KH�/DZV�RI�1DWXUDO�'HGXFWLRQ�IRU�,GHQWLW\

7KH�WHUP�³QDWXUDO�GHGXFWLRQ´�LV�UHODWHG�WR�*HQW]HQ¶V�GLVFRYHU\� �LQ� IDFW�*HQW]HQ¶V

DQG� �-DVNRZVNL¶V��GLVFRYHU\� WKDW� IRUPDO�SURRIV�FDQ�EH�SUHVHQWHG� LQ� WKH� IRUP�RI�D

VHTXHQFH�RI�³VWHSV´��HDFK�VWHS�H[HFXWHG�LQ�DFFRUGDQFH�ZLWK�D�³QDWXUDO´��FRQIRUPLQJ

WR�WKH�ZD\�LQ�ZKLFK�WKH�PDWKHPDWLFLDQV�DUJXH��ZD\�RI�FDUU\LQJ�RXW�SURRIV�

7R�EHJLQ�ZLWK�OHW�XV�VWDWH�ODZV�RI�QDWXUDO�GHGXFWLRQ�IRU�LGHQWLW\�DQG�HTXLYDOHQFH��,Q

VSLWH�RI�WKH�IDFW�WKDW�WKHVH�WZR�ORJLFDO�FRQVWDQWV�DUH�RI�HQWLUHO\�GLIIHUHQW�³V\QWDFWLF

FDWHJRU\´��WKHLU�UROH�LQ�IRUPLQJ�VHQWHQFHV�LV�GLIIHUHQW��WKHUH�LV�D�FRQVLGHUDEOH�VLPL�

ODULW\�EHWZHHQ�WKH�ODZV�WKDW�FKDUDFWHUL]H�WKHP�

��������1$785$/�'('8&7,21�6&+(0$7$�)25�,'(17,7<��/HW�S�DQG

T�EH�QRPLQDO�H[SUHVVLRQV�DQG�OHW�a�DQG��b�EH�ZIIV��7KHQ

,GHQWLW\�/DZ

�������_ �S S

5HSODFHPHQW�/DZ���/HW�a�� ��� ��� �b��WKHQ

����������;�_ �S T��<�_ �a

������ÉÉÉÉÉÉÉÉÉ

�������;�¼�<�_ �b

������/DZV�RI�1DWXUDO�'HGXFWLRQ�IRU�(TXLYDOHQFH

���� ���� 1$785$/� '('8&7,21� 6&+(0$7$� )25� (48,9$/(1&(�� /HW

a�DQG��b�EH�ZIIV��7KHQ

,GHQWLW\�/DZ

��

�������_ �a�Ù�a
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5HSODFHPHQW�/DZ���/HW�j�� � � � � �jë��WKHQ

����������;�_ �a�Ù�b���<�_ �j

������ÉÉÉÉÉÉÉÉÉ

�������;�¼�<�_ �jë

������/DZV�RI�1DWXUDO�'HGXFWLRQ�IRU�&RQQHFWLYHV

0RGXV�3RQHQV�

a��a���b�_ �b

;�_ �a��<�_ �a���b

����� �ÉÉÉÉÉÉÉÉÉ

;�¼�<�_ �b

����,QWURGXFWLRQ�

;��a�_ �b

ÉÉÉÉÉÉ

;�_ �a���b

5HGXFWLRQ�DG�DEVXUGXP�

�����;��Ôa�_ �a

������������ ����ÉÉÉÉÉ

�������;�_ �a

/DZV�RI�RYHUFRPSOHWLRQ

a���Ôa�_ �b

;�_ �a���<�_ �Ôa

���������ÉÉÉÉÉÉÉÉ

;�¼�<�_ �b

�à�,QWURGXFWLRQ�

a��b��_ �a�à�b

;�_ �a���<�_ �b

ÉÉÉÉÉÉÉ

;�¼�<�_ �a�à�b
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à�5HGXFWLRQ�

a�à�b�_ �a

;�_ �a�à�b

�ÉÉÉÉÉÉ

;�_ �a

$OWHUQDWLYH�GHGXFWLRQ�

;��a�_ �g��<��b�_ �g

�ÉÉÉÉÉÉÉÉ

;�¼�<��a�£�b�_ �g

£�,QWURGXFWLRQ�

;�_ �a

�ÉÉÉÉÉÉ

;�_ ��a�£�b

������6FKHPDWD�RI�QDWXUDO�GHGXFWLRQ�IRU�TXDQWLILHUV

,QVWDQWLDWLRQ�

;�_ �"[f�[�

ÉÉÉÉÉ

;�_ �f�[�

�

�8QLYHUVDO�JHQHUDOL]DWLRQ�

�

;�_ �f�[�

�ÉÉÉÉÉÉ�

�

;�_ �"[�f�[��

�

�
��3URYLVR��7KH�YDULDEOH�[�PD\�RFFXU�IUHH�LQ�QR��IRUPXOD�LQ�WKH�VHW�;�

�

�'HVLJQDWLRQ�

�

;�_ �$[�f�[��

ÉÉÉÉÉÉÉ

�

;�_ �f�S�

�
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�
��3URYLVR��S�VKRXOG�EH�D�QDPH�IRU�WKH�REMHFW�ZKRVH�H[LVWHQFH�LV�VWDWHG�E\

WKH�IRUPXOD�$[�f�[����,I�QR�VXFK�QDPH�LV�LQ�WKH�ODQJXDJH�H[DPLQHG��D�QDPH

RI�WKLV�NLQG�PD\�EH�DGGHG�WR�WKH�YRFDEXODU\�RI�WKH�ODQJXDJH�

�

�([LVWHQWLDO�JHQHUDOL]DWLRQ�

;�_ �f�[�

ÉÉÉÉÉÉ

;�_ �$[�f�[��

������$Q�([DPSOH�RI�D�3URRI�RI�D�/DZ�RI�/RJLF

&RQVLGHU�WKH�VFKHPD�"[�f�[��� _ ��f�[���2QH�PD\�VKRZ�WKDW�DOO�LWV�LQVWDQFHV�REWDLQ

DQG�KHQFH�LW�UHSUHVHQWV�D�GHGXFWLRQ�ODZ�

,QGHHG�� VXSSRVH���"[�f�[��>Y@�� ��� IRU�DQ� LQWHUSUHWDWLRQ��� DQG� D� UHIHUHQW� DVVLJQ�

PHQW�Y�FRQVLVWHQW�ZLWK����1RWH�WKDW�IRU�D�JLYHQ�Y��"[�f�[��>Y@� LV�D�VHQWHQFH�� ,I�DOO

IUHH� YDULDEOHV� LQ� WKH� ZII� "[�f�[��� DUH� [ � �����[ � �� WKHQ� "[�f�[��>Y@�  

"[�f�[��>[ � �Y�[ � ������[ � �Y�[ � �@�� %\� WKH� SRVWXODWH� �"�� IRU� "�

��"[�f�[��>[ � �Y�[ � ������[ � �Y�[ � �@��  � �� LII� ����f�[��>[ � �Y�[ � ������[ � �Y�[ � �@>[�D@��  � ��� IRU

HYHU\� REMHFW� D� UHSUHVHQWHG� E\� [� XQGHU� LQWHUSUHWDWLRQ� ��� 7KXV� LQ� SDUWLFXODU

���f�[��>[ � �Y�[ � ������[ � �Y�[ � �@>[�Y�[�@�� ����%XW�LI�VR�ZH�KDYH����f�[�>Y@�� ����H[DFWO\

DV�UHTXLUHG�E\��'�_ ��LQ�RUGHU�IRU�"(�WR�KROG�WUXH��ZKLFK�FRQFOXGHV�WKH�DUJXPHQW�
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����.QRZOHGJH�6\VWHPV

������7ZR�FRQFHSWV�RI�NQRZOHGJH ����
�

7KH�WHUP�³NQRZOHGJH´�KDV�WZR�PHDQLQJV��,Q�LWV�HSLVWHPRORJLFDO�VHQVH��NQRZOHGJH

LV� WKH�VHW�RI�EHOLHIV�ZKLFK�KDYH�EHHQ�SURSHUO\� MXVWLILHG�DQG�ZKLFK�DUH� WUXH�� ,Q� WKH

PHWKRGRORJLFDO� VHQVH��NQRZOHGJH� LV� WKH�VHW�RI�FULWLFDOO\�GHYHORSHG�EHOLHI� V\VWHPV

L�H��VHWV�RI�SURSRVLWLRQV��SXW�IRUZDUG�LQ�RUGHU�WR�DFFRXQW�IRU�FHUWDLQ�VWDWHV�RI�DIIDLUV

DQG�RU� HYHQWV��6RPH�RI�EHOLHIV� WKDW� IRUP� D� EHOLHI� V\VWHP�PLJKW� KDSSHQ� QRW� WR� EH

SURSHUO\� MXVWLILHG� DQG�� FHUWDLQO\�� QRW� DOO� RI� WKHP� QHHG� WR� EH� WUXH�� %HOLHI� V\VWHPV

ZKLFK�PDNH�XS�D�V\VWHP�RI�NQRZOHGJH�PD\�FRPSOHPHQW�DQG�LQIRUP�HDFK�RWKHU�DV

ZHOO� DV�SURYLGH�PXWXDOO\� FRQWUDGLFWRU\� DQVZHUV� WR� WKH� VDPH�TXHVWLRQV�±� DV� LV� WKH

FDVH�ZLWK�FRPSHWLQJ�WKHRULHV�LQ�VFLHQFH�

7KH�FRQFHSW�RI�D�EHOLHI�V\VWHP�LV�PHWKRGRORJLFDO�UDWKHU�WKDQ�ORJLFDO��2Q�WKH�RWKHU

KDQG�DQ\�PHWKRGRORJLFDO�DQDO\VLV�RI�D�EHOLHI�V\VWHP�UHTXLUHV�ORJLFDO�WRROV��6XFK�DQ

DQDO\VLV�LV�W\SLFDOO\�FDUULHG�RXW�ZLWK�WZR�JRDOV�LQ�PLQG��2QH�LV�WR�ILQG�RXW�ZKHWKHU

WKH�V\VWHP�LV�ERWK�³LQWHUQDOO\´�FRQVLVWHQW���L�H��QR�SURSRVLWLRQ�DORQJ�ZLWK�LWV�QHJD�

WLRQ� IROORZV� IURP� SURSRVLWLRQV� RI�ZKLFK� WKH� V\VWHP� LV� FRPSRVHG�� DQG� FRQVLVWHQW

ZLWK�ZHOO�HVWDEOLVKHG�IDFWV�DQG�UHOLDEOH�K\SRWKHVHV�QRW�EHLQJ�SDUW�RI�WKH�V\VWHP�LQ�D

GLUHFW� ZD\�� 7KXV�� IRU� LQVWDQFH�� DQ� DFFRXQW� IRU� VSHFLILF� SK\VLRORJLFDO� SKHQRPHQD

VKRXOG� QRW� YLRODWH� WKH� DYDLODEOH� DQG� ZHOO�HVWDEOLVKHG� FKHPLFDO� NQRZOHGJH�� 7KH

RWKHU�FKLHI�JRDO�RI�PHWKRGRORJLFDO�DQDO\VLV�LV�WR�ILQG�RXW�ZKHWKHU�WKH�SURSRVLWLRQV

RI� ZKLFK� WKH� V\VWHP� LV� FRPSRVHG� DUH� RI� DQ\� HSLVWHPRORJLFDO� VLJQLILFDQFH�� 7KH

VWDQGDUG�FULWHULRQ�RI�HSLVWHPRORJLFDO�VLJQLILFDQFH�LV�IDOVLILELOLW\�

%RWK� FRQVLVWHQF\� DQG� HSLVWHPRORJLFDO� VLJQLILFDQFH� DUH� FRQFHSWV� UHODWHG� WR� WKDW� RI

FRQVHTXHQFH�RSHUDWLRQ��7KH�TXHVWLRQ�ZH�DUH�JRLQJ�WR�GLVFXVV�LV�RI�ZKHWKHU�WKH�FRQ�

VHTXHQFH� UHODWLRQ�PHQWLRQHG�FDQ�EH�GHILQHG� LQ� WHUPV�RI� ORJLFDO�FRQFHSWV� �QRWDEO\

WKDW�RI�ORJLFDO�FRQVHTXHQFH��H[DPLQHG�LQ�WKH�SUHYLRXV�FKDSWHUV�RI�WKLV�JXLGH�

������&RQVHTXHQFH�2SHUDWLRQ�YV��/RJLFDO�&RQVHTXHQFH�2SHUDWLRQ
�

$V�DQ� H[DPSOH� WKDW� LOOXVWUDWHV� WKH� GLIIHUHQFH� EHWZHHQ� FRQVHTXHQFH� RSHUDWLRQ� DQG

ORJLFDO� FRQVHTXHQFH� RSHUDWLRQ� FRQVLGHU� WKH� IROORZLQJ� FRXSOH� RI� VHQWHQFHV�� ID�

WKHU�3DXO�� �-RKQ�DQG�ROGHU�-RKQ��3DXO���2I�FRXUVH�QHLWKHU�IROORZV�ORJL�

FDOO\� IURP� WKH�RWKHU��2Q� WKH�RWKHU�KDQG� WKH� ODWWHU� IROORZV� IURP� WKH� IRUPHU� IRU� DQ

REYLRXV� UHDVRQ��7KH�PHDQLQJ� RI� WKH� RSHUDWRU�IDWKHU� DQG� WKH� SUHGLFDWH�ROGHU
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UXOH� RXW� WKDW�ROGHU�-RKQ��3DXO�� PLJKW� KDSSHQ� WR� EH� IDOVH� HYHQ� WKRXJK�ID�

WKHU�3DXO�� �-RKQ�ZHUH�WUXH�

/HW�XV� DJUHH� WR�XVH� �_ � DV� V\PERO�RI�FRQVHTXHQFH� UHODWLRQ��7KLV� LV�QRW�D� VWDQGDUG

V\VWHP�� RQH� FDQQRW� ILQG� LW� LQ� ORJLFDO�ZULWLQJV��7KH� WHQWDWLYH� LGHD� RI� FRQVHTXHQFH

RSHUDWLRQ�LV�WKH�IROORZLQJ�

��������7+(�,178,7,9(�&21&(37,21�2)�&216(48(1&(�5(/$7,21�

$�VHQWHQFH�a�IROORZV�IURP�SUHPLVHV��DVVXPSWLRQV��;��LQ�RWKHU�ZRUGV�a�LV�D

FRQVHTXHQFH�RI�;��LQ�V\PEROV�;��_ �a��LII�LQ�YLUWXH�RI�WKH�PHDQLQJV�RI�WHUPV

WKDW�DSSHDU�LQ�DOO�VHQWHQFHV�LQ�TXHVWLRQ�LW�LPSRVVLEOH�WKDW�WKH�SUHPLVHV��WKH

VHQWHQFHV�WKDW�IRUP�WKH�VHW�;��DUH�WUXH�DQG�QHYHUWKHOHVV�a�LV�IDOVH�

������7KH�$QDO\WLFDO�&RQFHSWLRQ�RI�&RQVHTXHQFH�2SHUDWLRQ
�

$W� WKH� ILUVW� JODQFH� WKH� UHODWLRQ� EHWZHHQ� FRQVHTXHQFH� DQG� ORJLFDO� FRQVHTXHQFH� LV

HDV\� WR� GHILQH�� $OWKRXJK��ROGHU�-RKQ��3DXO�� GRHV� QRW� IROORZ� ORJLFDOO\� IURP

IDWKHU�3DXO�� �-RKQ��LW�IROORZV�ORJLFDOO\�IURP�IDWKHU�3DXO�� �-RKQ�VXS�

SOHPHQWHG� E\� WZR� DGGLWLRQDO� SUHPLVHV�� ����IDWKHU�3DXO��  �-RKQ���SDU�

HQW�3DXO�� -RKQ�� DQG� ����"["\�SDUHQW�[�� \���� ROGHU�[�� \���� 7KLV� UHPDUN

VXJJHVW�WKDW��WR�VD\�WKDW��a�LV�D�FRQVHTXHQFH�RI�;�LV�WR�VD\�WKDW�a�LV�D�ORJLFDO�FRQVH�

TXHQFH�RI�;�¼�¶��ZKHUH�¶�LV�WKH�VHW�RI�GHILQLWLRQV�DQG�SRVWXODWHV�WKDW�GHILQH�WKH

PHDQLQJV�RI�WHUPV�WKDW�DSSHDU�LQ�WKH�UHOHYDQW�IRUPXODV�

%RWK�WKH�FRQFHSW�RI�D�GHILQLWLRQ�DQG�WKDW�RI�D�SRVWXODWH�LV�UHOHYDQW�FRQFHSW��$�VHQ�

WHQFH�ZKLFK� LV� D� GHILQLWLRQ� �SRVWXODWH��ZLWKLQ� D� EHOLHI� V\VWHP�PD\� QRW� EH�ZLWKLQ

DQRWKHU��*LYHQ�D�EHOLHI�V\VWHP�%�GHQRWH�E\�¶ � WKH�VHW�RI�DOO�GHILQLWLRQV�DQG�SRVWX�

ODWHV�FKDUDFWHULVWLF�RI�WKDW�V\VWHP��)RU�PDQ\�EHOLHI�V\VWHPV��VD\�PDWKHPDWLFDO�WKHR�

ULHV�JLYHQ�LQ�WKH�IRUP�RI�DQ�D[LRP�V\VWHP��WKH�VHW�¶ � LV�ZHOO�GHILQHG��7�WKH�VDPH

WLPH� IRU�PRVW� RI� LQIRUPDO� EHOLHI� V\VWHPV� LW� LV� QRW�� /HW� XV� IRFXV� RXU� DWWHQWLRQ� RQ

WKRVH�IRU�ZKLFK�LW�LV��,Q�YLHZ�RI�WKH�DERYH�DQDO\VHV�ZH�VKRXOG�H[DPLQH�WKH�FRQFHSW

RI�FRQVHTXHQFH�DV�D�UHODWLYH�FRQFHSW��2XU�QRWDWLRQ�VKRXOG�EH�WKHQ�FKDQJHG�DFFRUG�

LQJO\��*LYHQ�D�EHOLHI�V\VWHP�%�ZH�VKDOO�WKH�FRQVHTXHQFH�UHODWLRQ�FKDUDFWHULVWLF�RI�LW

E\��%_ �

�������� 7+(� $1$/,7&,&$/� &21&(37,21� 2)� &216(48(1&(

5(/$7,21�� /HW� ERWK�;� DQG�a� EH� GHILQHG� IRU� D� VSHFLILF� EHOLHI� V\VWHP�%�

7KHQ�;��%_ �a��LII�;�¼�¶ � �_ �a

�

7KH� FRQFHSWLRQ� ZH� KDYH� GHILQHG� LV� FDOOHG� DQDO\WLFDO� EHFDXVH� VHQWHQFHV� WKDW� DUH
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GHILQLWLRQV�RU�SRVWXODWHV� DV�ZHOO� DV� DOO� WKHLU� ORJLFDO� FRQVHTXHQFHV� DUH� FXVWRPDULO\

FDOOHG�DQDO\WLFDO��$OO�WKH�UHPDLQLQJ�RQHV�DUH�WKHQ�FDOOHG�V\QWKHWLFDO�

������7KH�3VHXGR�$QDO\WLFDO�&RQFHSWLRQ�RI�&RQVHTXHQFH�2SHUDWLRQ

$V�KDV�EHHQ� DUJXHG�E\�4XLQH��H[FHSW�EHOLHI� V\VWHPV� WKDW�KDYH�EHHQ� D[LRPDWL]HG�

WKHUH�LV�QR�JRRG�FULWHULRQ�IRU�GLVWLQJXLVKLQJ�DPRQJVW�DOO�SURSRVLWLRQV�RI�ZKLFK�WKH

V\VWHP�LV�FRPSRVHG�WKRVH�ZKLFK�DUH�GHILQLWLRQV�RU�SRVWXODWHV�IURP�WKRVH�ZKLFK�DUH

QRW��1RQHWKHOHVV� SHRSOH�ZKR� DUH� XVLQJ� VXFK� V\VWHP�PD\� KDYH� D� IDLUO\� FOHDU� GDD

ZKDW�ZLWKLQ�VXFK�D�V\VWHP�IROORZV�IURP�ZKDW��'RHV�RQH�ZKR�ZLVKHV�WR�IRUPDOL]H

VXFK�D�V\VWHP�QHHG�WR�VWDUW�ZLWK�LQGLFDWLQJ�WKRVH�ZKLFK�DUH�WR�EH�WUHDWHG�DV�GHILQL�

WLRQV�RU�SRVWXODWHV�DQG�WKRVH�ZKLFK�GR�QRW"�,Q�YLHZ�RI�4XLQH¶V�FULWLFLVP�RQH�PLJKW

GRXEW� LI� DGRSWLQJ� WKLV�PHWKRGRORJ\� LV� MXVWLILHG�� ,W�PD\� VXIILFH� WR� GLYLGH� SURSRVL�

WLRQV� LQWR� WZR�FDWHJRULHV�� WKRVH�ZKLFK�DUH�FRQVLGHUHG� WR�EH� ILUPO\� FRQILUPHG� DQG

WKXV�XQTXHVWLRQDEOH�DQG�WKH�UHPDLQLQJ�RQHV��2I�FRXUVH�WKH�UROH�RI�WKH�IRUPHU�LQ�WKH

V\VWHP�LV�WKH�VDPH�DV�SRVWXODWHV��VR�ZH�PLJKW�FDOO�WKHP�SVHXGR�SRVWXODWHV�

6XSSRVH� JLYHQ� D� EHOLHI� V\VWHP�%� WKH� VHW� RI� SVHXGR�SRVWXODWHV� RI� WKDW� V\VWHP� KDV

EHHQ�VRPHKRZ��DOZD\V� LQ�D� OHVV�RU�PRUH� DUELWUDU\�PDQQHU��GHILQHG��'HQRWH� LW�E\

� � ��DQ�DOWHUQDWLYH�ZD\�RI�GHILQLQJ�WKH�FRQFHSW�RI�FRQVHTXHQFH�FKDUDFWHULVWLF�IRU�D

V\VWHP�%�LV�WKH�IROORZLQJ
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������,QFRPSOHWHQHVV�RI�9HUEDOL]HG�.QRZOHGJH

/RJLF�LQ�LWV�SUHVHQW�IRUP�FRQFHUQV�YHUEDOL]HG�NQRZOHGJH��%XW�ZH�NQRZ�WKLQJV�ZH

DUH�QRW�DEOH� WR�H[SUHVV� LQ� WKH� IRUP�RI� VHQWHQFHV��:H�NQRZ��DQ�REYLRXV�H[DPSOH�

KRZ�RXU�UHODWLYHV�DQG�IULHQGV�ORRN�OLNH�EXW�ZH�DUH�QRW�DEOH� WR� IXOO\�YHUEDOL]H� WKDW

NQRZOHGJH�

2QH�PLJKW�ZRQGHU�LI�WKH�FRQFHSW�D�EHOLHI�V\VWHP�PHDQW�WR�EH�D�VHW�RI�SURSRVLWLRQV

SURYLGHV�WKH�ULJKW�WRRO�IRU�GHILQLQJ�ZKDW�ZH�NQRZ��0RVW�OLNHO\�LW�LV�QRW��,V�WKHUH�DQ\

ORJLF�RI�QRQ�YHUEDOL]HG�NQRZOHGJH"�:KDW�PLJKW�EH�WKH�NH\�DVVXPSWLRQV�RQ�ZKLFK

LW�VKRXOG�EH�EDVHG"�:KDW�FRXOG�EH�LWV�EDVLF�FRQFHSWV"�$V�WKLQJV�DUH�QRZ��ZH�NQRZ

QR�JRRG�DQVZHUV�WR�WKHVH�TXHVWLRQV�


