
$SSHDUHG�LQ��3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�-RLQW�&RQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH��1DJR\D��-DSDQ������

)XQGDPHQWDOV�RI�0RGHO�%DVHG�'LDJQRVLV�RI�'\QDPLF�6\VWHPV

3HWHU�6WUXVV

78�0XQLFK��2UOHDQVVWU�����'�������0XQLFK��*HUPDQ\
2&&
0�6RIWZDUH�*PE+��*OHLVVHQWDOVWU������'�������'HLVHQKRIHQ��*HUPDQ\

VWUXVV#LQIRUPDWLN�WX�PXHQFKHQ�GH

$EVWUDFW
7KH� SDSHU� GLVFXVVHV� WKHRUHWLFDO� IRXQGDWLRQV� DQG
SUDFWLFDO� DVSHFWV� RI� DSSO\LQJ�PRGHO�EDVHG� GLDJQRVLV
�SDUWLFXODUO\�FRQVLVWHQF\�EDVHG�GLDJQRVLV��WR�G\QDPLF
V\VWHPV�� 0DQ\� DSSURDFKHV� WR� WKLV� WDVN� WDNH� LW� IRU
JUDQWHG�WKDW�LW�UHTXLUHV�VLPXODWLRQ�RI�WKH�V\VWHP�EHLQJ
GLDJQRVHG�� :H� SUHVHQW� FRQGLWLRQV� IRU� DYRLGLQJ� WKH
RIWHQ� SURKLELWLYHO\� H[SHQVLYH� VWHS� RI� VLPXODWLRQ�
ZKLFK� DUH� VWDWHG� DV� SURSHUWLHV� RI� WKH�PRGHO� DQG� WKH
SUHGLFWLYH� DOJRULWKP� DQG� WKH� REVHUYDELOLW\� RI� WKH
V\VWHP��7KH�UHVXOWV�SURYLGH�GHVLJQ�FULWHULD�IRU�PRGHOV
DQG�GLDJQRVWLF�V\VWHPV�DQG�D�IRXQGDWLRQ�IRU�WDFNOLQJ
QHZ� VLJQLILFDQW� W\SHV� RI� DSSOLFDWLRQV�� 7KLV� IDFW� LV
LOOXVWUDWHG� E\� D� FDVH� VWXG\� RQ� GLDJQRVLV� RI� WKH
K\GUDXOLF�FLUFXLW�RI�DQ�DQWL�ORFN�EUDNLQJ�V\VWHP�

�� ,QWURGXFWLRQ
0RGHO�EDVHG� GLDJQRVWLF� V\VWHPV� DUH� EHFRPLQJ� IDLUO\
VXFFHVVIXO� DQG� VWDUWLQJ� WR� DGGUHVV� LQGXVWULDO� DSSOLFDWLRQV�
0DQ\��LI�QRW�PRVW��V\VWHPV�FDQ�EH�UHJDUGHG�DV�VRPH�YDULDQW
RI� WKH� *HQHUDO� 'LDJQRVLV� (QJLQH� �*'(��� IROORZLQJ� WKH
SULQFLSOH� RI� FRQVLVWHQF\�EDVHG� GLDJQRVLV� �>'UHVVOHU�6WUXVV
��@��
• ,Q�RUGHU�WR�SHUIRUP�IDXOW�GHWHFWLRQ�DQG�IDXOW�ORFDOL]DWLRQ�

FKHFN�ZKHWKHU� WKH� REVHUYDWLRQV� DERXW� WKH� DFWXDO� GHYLFH
EHKDYLRU�DUH�FRQVLVWHQW�ZLWK�WKH�EHKDYLRU�SUHGLFWHG�E\�D
PRGHO�RI�WKH�FRUUHFW�GHYLFH��RU�VRPH�SDUW�RI�LW��

• )RU� IDXOW� LGHQWLILFDWLRQ�� FKHFN� FRQVLVWHQF\� RI
REVHUYDWLRQV�ZLWK�PRGHOV�RI�IDXOW\�EHKDYLRU�

)RU�VWDWLF�V\VWHPV��RU��UDWKHU��V\VWHPV�UHSUHVHQWHG�E\�D�VWDWLF
PRGHO��� VXFK� DV� FRPELQDWRULDO� FLUFXLWV�� WKLV� DPRXQWV� WR
FKHFNLQJ� VDWLVILDELOLW\� RI� D� VHW� RI� FRQVWUDLQWV�� UHSUHVHQWLQJ
WKH�REVHUYHG�VWDWH�V��DQG� WKH�VWDWH�FRQVWUDLQWV�RI� WKH�GHYLFH
FRPSRQHQWV�
,Q�SULQFLSOH��RI� �FRXUVH��FRQVLVWHQF\�EDVHG�GLDJQRVLV�DOVR

DSSOLHV� WR� G\QDPLF� V\VWHPV�� EXW� LW� UHTXLUHV� FKHFNLQJ� WKH
FRQVLVWHQF\� RI� GHYLFH�EHKDYLRUV� RYHU� WLPH�ZLWK� EHKDYLRUV
DOORZHG�E\�D�G\QDPLF�PRGHO�RI�WKH�GHYLFH��$W�D�ILUVW�JODQFH�
WKLV�LQHYLWDEO\�GHPDQGV
• WUDFNLQJ�RI�WKH�DFWXDO�EHKDYLRU�RYHU�WLPH�DQG
• VLPXODWLRQ�RI�WKH�PRGHOOHG�EHKDYLRU
LQ� � RUGHU� WR� FKHFN� FRQVLVWHQF\� RI� WKH� UHVXOWV�� 7KLV� LGHD
XQGHUOLHV� VHYHUDO� DSSURDFKHV� �H�J�� 0,0,&�� >'YRUDN��
.XLSHUV���@��DQG�KDV��RQ�WKH�RWKHU�KDQG��SUREDEO\�SUHYHQWHG
SUDFWLFDO� VROXWLRQV� WR� FKDOOHQJLQJ�SUREOHPV��7KH� UHDVRQ� IRU
WKH� ODWWHU� LV� WKDW� WKH� VLPXODWLRQ� WDVN� DQG� WKH� FRPSDULVRQ� RI

EHKDYLRU� VHWV� FDQ� RIWHQ� EH� SURKLELWLYHO\� H[SHQVLYH�� 7KLV
KROGV�� LQ� SDUWLFXODU�� ZKHQ� TXDOLWDWLYH� VLPXODWLRQ� \LHOGV
DPELJXRXV� UHVXOWV� DQG� ZKHQ� IDXOW� LGHQWLILFDWLRQ� UHTXLUHV
VLPXODWLRQ�RI�PDQ\�IDXOW�VFHQDULRV�
2WKHU�DSSURDFKHV��VXFK�DV�>'UHVVOHU���@��DYRLG�VLPXODWLRQ

DQG� JHQHUDWH� GLDJQRVWLF� FDQGLGDWHV� EDVHG� RQ� FKHFNLQJ
FRQVLVWHQF\� RI� WKH� PRGHO� ZLWK� REVHUYHG� VWDWHV� RQO\�� �DV
RSSRVHG� WR� REVHUYHG� EHKDYLRUV�� L�H�� VHTXHQFHV� RI� VWDWHV��
EXW� VR� IDU� D� IRUPDO� DQDO\VLV� RI� WKHLU� SUHFRQGLWLRQV� DQG
FRQVHTXHQFHV�LV�ODFNLQJ�
&RQVLVWHQF\� RI� REVHUYHG� VWDWHV� ZLWK� WKH� PRGHO� LV� D

QHFHVVDU\� FRQGLWLRQ� IRU� WKH� REVHUYHG� EHKDYLRU� WR� EH
FRQVLVWHQW�ZLWK�WKH�PRGHO��$UH�WKHUH�FRQGLWLRQV�XQGHU�ZKLFK
WKLV� LV� VXIILFLHQW"� >0DOLN�6WUXVV� ��@� VWDWHV� D� FRQGLWLRQ� IRU
WKH� HTXLYDOHQFH� RI� VWDWH�EDVHG� DQG� VLPXODWLRQ�EDVHG
GLDJQRVLV�ZLWKRXW�JLYLQJ�D�SURRI�
7KLV� SDSHU� GLVFXVVHV� WKHRUHWLFDO� IRXQGDWLRQV� RI� PRGHO�

EDVHG�SUHGLFWRUV�DQG�FRQVLVWHQF\�EDVHG�GLDJQRVLV��VHFWLRQ���
LQ�RUGHU� WR�GHULYH�FULWHULD� IRU� WKH�XWLOLW\�DQG�HTXLYDOHQFH�RI
WKH� DSSURDFKHV�� 7KLV� LV� GRQH� WDNLQJ� SUDFWLFDO� DVSHFWV� RI
GLDJQRVLV� LQWR� DFFRXQW�� LQ� SDUWLFXODU� PHDVXUDELOLW\
�VHFWLRQ����� DQG� ZLWK� WKH� JRDO� RI� GHVLJQLQJ� GLDJQRVWLF
DOJRULWKPV�DSSURSULDWHO\��VHFWLRQ�����7KLV�LV�LOOXVWUDWHG�E\�D
FDVH� VWXG\� RQ� GLDJQRVLV� RI� WKH� K\GUDXOLF� VXEV\VWHP� RI� DQ
DQWL�ORFN�EUDNLQJ�V\VWHP��VHFWLRQ����
0DQ\� RI� WKH� UHVXOWV� DUH� IDLUO\� IXQGDPHQWDO�� ,Q� IDFW�� VR

IXQGDPHQWDO� WKDW� LW� LV� VXUSULVLQJ� WKH\� KDYH� QHYHU� EHHQ
VSHOOHG� RXW� LQ� WKH� OLWHUDWXUH�� HYHQ� PRUH� VLQFH� WKH\� KDYH� D
FRQVLGHUDEOH�SUDFWLFDO�LPSDFW�RQ�GLDJQRVWLF�V\VWHPV�

�� 7KHRUHWLFDO�)RXQGDWLRQV
���� &RQVLVWHQF\�EDVHG�GLDJQRVLV
$V�SRLQWHG�RXW� LQ� WKH� LQWURGXFWLRQ�� WKH�NH\� OLHV� LQ�FKHFNLQJ
ZKHWKHU� RU� QRW� D� VHW� RI� REVHUYDWLRQV��2%6�� FRQWUDGLFWV� WKH
PRGHOV�RI�FHUWDLQ�EHKDYLRU�PRGHV�RI�WKH�GHYLFH��WKH�FRUUHFW
EHKDYLRU��WR�SHUIRUP�IDXOW�GHWHFWLRQ��RU�IDXOW\�EHKDYLRUV��IRU
IDXOW� LGHQWLILFDWLRQ�� ZKLFK� UHVXOW� IURP� FHUWDLQ� FRPSRQHQW
IDXOWV� DQG�RU� VWUXFWXUDO� IDXOWV� LQ� WKH� GHYLFH�� ,I� VXFK� D
EHKDYLRU�PRGHO� RI� D�PRGH��PRGHO�PRGH��� DQG� WKH� VHW�2%6
DUH�FRQVLGHUHG�DV�ORJLFDO�WKHRULHV�� WKH�WDVN� LV� WR�FKHFN� WKHLU
MRLQW�FRQVLVWHQF\�

PRGHO�PRGH���∪��2%6�� " ��⊥��
,I�WKH�EHKDYLRU�PRGHO�GRHV�QRW�FDSWXUH�WHPSRUDO�DVSHFWV��LW�LV
D�VHW�RI�FRQVWUDLQWV��VWDWH�FRQVWUDLQWV��WKDW�UHVWULFWV�WKH�VHW�RI
VWDWHV�SRVVLEOH�XQGHU�WKH�UHVSHFWLYH�PRGH��$OWHUQDWLYHO\��ZH
FDQ� WKLQN� RI� LW� DV� EHLQJ� UHSUHVHQWHG� E\� WKLV� VHW�
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67$7(6�PRGH��� )RU� RXU� SXUSRVHV�� ZH� KDYH� WR� H[WHQG� WKH
FRQFHSWV�

���� 0RGHO�EDVHG�SUHGLFWLRQ�RI�EHKDYLRUV
7R� FKDUDFWHUL]H� WKH� HYROXWLRQ� RI� D� EHKDYLRU� RYHU� WLPH�� WKH
EHKDYLRU�PRGHO� GRHV� QRW� RQO\� KDYH� WR� FRQVWUDLQ� WKH� VWDWHV�
EXW�DOVR�UHODWLRQV�EHWZHHQ�VWDWHV�DFURVV�WLPH �

PRGHO�PRGH��� �VWDWH�FRQVWUDLQWV�PRGH���∪
WHPS�FRQVWUDLQWV�PRGH��

7KH� GRPDLQ�� '20�Y��� RI� WKH� YHFWRU� Y� RI� DOO� YDULDEOHV
GHVFULEHV� WKH� VHW� RI� DOO� �WKHRUHWLFDOO\�� SRVVLEOH� VWDWHV�� :H
FDOO�WKH�WULSOH

�Y��'20�Y���7���
ZKHUH�7�LV�D�XQLYHUVH�RI�WLPH�LQVWDQFHV��D�UHSUHVHQWDWLRQ�DO
VSDFH�� IRU�PRGHOLQJ�� $� EHKDYLRU� LV� VHHQ� DV� VSHFLI\LQJ� WKH
VWDWH�DW�HDFK�WLPH�LQVWDQFH�DQG��KHQFH��FDQ�EH�GHILQHG�LQ�WKLV
UHSUHVHQWDWLRQ�DV�D�PDSSLQJ

EHKYU���7��→��67$7(6��⊆��'20�Y��
RU��DOWHUQDWLYHO\��DV�WKH�JUDSK�RI�WKLV�PDSSLQJ

^�W��Y�W����W�∈�7`�
7KHQ� VWDWH�FRQVWUDLQWV� UHVWULFWV� 67$7(6�� ZKLOVW� WHPS�
FRQVWUDLQWV� UHVWULFWV� WKH� SRVVLEOH� PDSSLQJV�� EHKYU�� RU� WKHLU
JUDSKV�
:H�QHHG�D�FOHDU�XQGHUVWDQGLQJ�RI�ZKDW�NLQGV�RI�FRQVWUDLQWV
JR�LQWR�WKH�GLIIHUHQW�SDUWV�RI� WKH�PRGHO��)RU� LQVWDQFH�� LI�ZH
FKRRVH� D� VHW� RI� RUGLQDU\� GLIIHUHQWLDO� HTXDWLRQV� �2'(V�� WR
PRGHO� D� EHKDYLRU� PRGH�� WKHQ� WKLV� FRQVWLWXWHV� WKH� VWDWH�
FRQVWUDLQWV��7KLV�PD\�VHHP�VXUSULVLQJ��VLQFH��DIWHU�DOO��2'(V
DUH� VXSSRVHG� WR� H[SUHVV� WHPSRUDO� EHKDYLRU�� +RZHYHU�� WKH
HTXDWLRQV�WKHPVHOYHV�RQO\�UHVWULFW�WKH�YDOXHV�RI�WKH�LQYROYHG
YDULDEOHV� DQG� WKHLU� GHULYDWLYHV� DW� HDFK� WLPH� SRLQW�
5HVWULFWLRQV� RQ� WKH� WHPSRUDO� HYROXWLRQ� RI� WKH� GHVFULEHG
V\VWHP� DUH� EDVHG� RQ� UXOHV� WKDW� FDSWXUH� SURSHUWLHV� RI
FRQWLQXLW\�� LQWHJUDWLRQ�� DQG� GHULYDWLYHV� �&,'��� 8VXDOO\�
WKHVH� UHVWULFWLRQV� DUH� RQO\� LPSOLFLWO\� UHSUHVHQWHG� LQ
SURFHGXUHV��H�J��IRU�QXPHULFDO� LQWHJUDWLRQ��)RU�RXU�DQDO\VLV�
ZH�KDYH� WR�PDNH� WKHP� H[SOLFLW� LQ� D� VHW�ZKLFK�ZH�ZLOO� FDOO
&,'�FRQVWUDLQWV�� ,Q� TXDOLWDWLYH� VLPXODWLRQ�� H�J�� WKH� V\VWHP
46,0� XVHG� LQ� 0,0,&�� WKH� TXDOLWDWLYH� YHUVLRQV� RI� WKHVH
UHVWULFWLRQV� DUH� RIWHQ� FDSWXUHG� E\� VR�FDOOHG� WUDQVLWLRQ� UXOHV
ZKLFK�OLVW�WKH�DGPLVVLEOH�SDLUV�RI�QHLJKERULQJ�VWDWHV�
,W� LV� LPSRUWDQW� WR� FKDUDFWHUL]H� WKH� GLIIHUHQW� IRUP� DQG

FRQWHQWV�RI�WKH�GLIIHUHQW�SDUWV�RI�WKH�PRGHO��VWDWH�FRQVWUDLQWV
FDSWXUHV�WKH�VSHFLILFV�RI�WKH�GHYLFH�XQGHU�D�FHUWDLQ�EHKDYLRU
PRGH�� ,Q� FRQWUDVW�� &,'�FRQVWUDLQWV� FRPSULVHV� JHQHUDO
FRQVWUDLQWV� WKDW� DUH� LQGHSHQGHQW�QRW�RQO\�RI� WKH�PRGH��EXW
HYHQ�RI� WKH�GHYLFH� �DQG� RI� WLPH��� 5HJDUGLQJ� WKH� IRUP�� WKH
IRUPHU� FRQVWUDLQWV� UHODWH� GLIIHUHQW� YDULDEOHV� �LQFOXGLQJ
GHULYDWLYHV��DW�RQH�WLPH�LQVWDQFH��ZKHUHDV�WKH�ODWWHU��DW�OHDVW
LQ�WKHLU�SXUH�IRUP��FRQVWUDLQ�YDOXHV�DQG�GHULYDWLYHV�RI�RQO\
RQH�YDULDEOH�DFURVV�WLPH �
7KLV�VSOLWWLQJ�RI�G\QDPLF�PRGHOV�LQWR�WZR�RUWKRJRQDO�VHWV�RI
FRQVWUDLQWV� WKDW� OLPLW� WKH� SRVVLEOH� VWDWHV� DQG� WKH� SRVVLEOH
HYROXWLRQ�RI�VWDWHV��UHVSHFWLYHO\��VXJJHVWV�WKDW�FRQVLVWHQF\�RI
D�EHKDYLRU�ZLWK� D�PRGHO� FDQ�EH� FKHFNHG� E\� FKHFNLQJ� ERWK
DVSHFWV� LQGHSHQGHQWO\� �DV� LQGHHG� GRQH� LQ� 46,0�� DQG
PRWLYDWHV�WKH�IROORZLQJ�GHILQLWLRQ�

'HILQLWLRQ��6HSDUDEOH�0RGHO�
$�G\QDPLF�PRGHO�PRGHO�PRGH��LV�FDOOHG�VHSDUDEOH��LI�WKH
IROORZLQJ�KROGV�
$� EHKDYLRU�� EHKYU�� LV� DQ� DGPLVVLEOH� EHKDYLRU� XQGHU� WKH
PRGHO
LI�DQG�RQO\�LI
LWV�VWDWHV�DUH�DGPLVVLEOH�XQGHU�VWDWH�FRQVWUDLQWV���DQG
LW�VDWLVILHV�LWV�WHPS�FRQVWUDLQWV�
)RUPDOO\�
^EHKYU`�∪�PRGHO�PRGH��� ��⊥��������LII
^EHKYU`�∪�VWDWH�FRQVWUDLQWV�PRGH��� �⊥����DQG
^EHKYU`�∪�WHPS�FRQVWUDLQWV�PRGH��� �⊥�

$�EHKDYLRU�PRGHO
V�WHPS�FRQVWUDLQWV�FDQ�FRQWDLQ�PRUH�WKDQ
WKH� &,'�FRQVWUDLQWV�� 7KLV� LV� WKH� FDVH� ZKHQ� LW� VSHFLILHV
FKDQJHV�RI�D�YDULDEOH�RYHU�WLPH�ZKLFK�DUH�LQGHSHQGHQW�RI�WKH
&,'�FRQVWUDLQWV�RU�HYHQ�FRQWUDGLFW�WKHP��7KH�IRUPHU�FDVH�LV
LOOXVWUDWHG� E\� D� YDOYH
V� VWDWH� VZLWFKLQJ� EHWZHHQ�23(1� DQG
&/26('�� WKH� ODWWHU� KDSSHQV� ZKHQ� WKH� VDPH� VLWXDWLRQ� LV
PRGHOHG� E\� WKH� YDOYH
V� RSHQLQJ� DUHD� GLVFRQWLQXRXVO\
FKDQJLQJ� IURP� �� WR� D� SRVLWLYH� YDOXH� DQG� YLFH� YHUVD�� 7KH
&,'�FRQVWUDLQWV� IRU� WKH� GLUHFWO\� RU� LQGLUHFWO\� DIIHFWHG
YDULDEOHV�KDYH�WR�EH�VXVSHQGHG�ZKLOH�VXFK�D�FKDQJH�RFFXUV�
6XFK� FRQVWUDLQWV� RQ� WUDQVLWLRQV� ZKLFK� DUH� VSHFLILF� IRU� WKH
GHYLFH�DQG��XVXDOO\�DOVR�YDU\�ZLWK�WKH�EHKDYLRU�PRGH�ZLOO�EH
GHQRWHG
WUDQV�FRQVWUDLQWV�PRGH��

DQG�ZH�REWDLQ�D�SDUWLRQLQJ�RI�WKH�G\QDPLF�SDUW�RI�D�PRGHO�
WHPS�FRQVWUDLQWV�PRGH�� �WUDQV�FRQVWUDLQWV�PRGH�

∪��&,'�FRQVWUDLQWV�
ZKHUH� WKH� ODWWHU� SRVVLEO\� KROG� � RQO\� ZLWK� H[FHSWLRQV
LQWURGXFHG�E\�WKH�WUDQV�FRQVWUDLQWV�
2IWHQ���WUDQV�FRQVWUDLQWV�ZLOO�YLRODWH�WKH�FRQGLWLRQV�RI�WKH

DERYH� GHILQLWLRQ� RI� D� VHSDUDEOH� PRGHO�� EHFDXVH� WKH\� PD\
PL[�VWDWH�UHVWULFWLRQV�DQG�WHPSRUDO�UHVWULFWLRQV��)RU�LQVWDQFH�
GLIIHUHQFH� HTXDWLRQV�� ZKLFK� EHORQJ� WR� WUDQV�FRQVWUDLQWV�
XVXDOO\�GR�VR��:H�ZLOO�GHILQH�D�FRQWLQXRXV�EHKDYLRU�PRGHO
WKURXJK�WKH�DEVHQFH�RI�VXFK�FRQVWUDLQWV�

'HILQLWLRQ� �&RQWLQXRXV� %HKDYLRU� 0RGHO�6\VWHP
'HVFULSWLRQ�
$� EHKDYLRU� PRGHO� PRGHO�PRGH�� LV� FDOOHG� VWULFWO\
FRQWLQXRXV��LI
LW�LV�VHSDUDEOH�DQG
WUDQV�FRQVWUDLQWV�PRGH��� ��∅����L�H�
PRGHO�PRGH� 
VWDWH�FRQVWUDLQWV�PRGH��∪�&,'�FRQVWUDLQWV�
$� V\VWHP� GHVFULSWLRQ� ^PRGHO�PRGH�`� LV� FDOOHG� VWULFWO\
FRQWLQXRXV��LI�DOO�LWV�PRGHOV�DUH�

)URP� WKH� DERYH�GLVFXVVLRQ�� LW� IROORZV� WKDW�ZH� FRQVLGHU� WKH
FRQGLWLRQ�RI�D�VHSDUDEOH�PRGHO�LQ�WKLV�GHILQLWLRQ�DV�QDWXUDOO\
VDWLVILHG� LI� WKH� G\QDPLF� SDUW� LV� FRQILQHG� WR� WKH� &,'�
FRQVWUDLQWV��6WULFWO\�FRQWLQXRXV�V\VWHP�GHVFULSWLRQV�KDYH�DQ
LQWHUHVWLQJ� SURSHUW\�� VLQFH� WKH� &,'�FRQVWUDLQWV� GR� QRW
GHSHQG� RQ� WKH� PRGH�� DOO� PRGHOV� VKDUH� WKH� VDPH� WHPS�
FRQVWUDLQWV��:H�FDOO�WKLV�SURSHUW\�KRPRJHQHLW\�
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'HILQLWLRQ� �+RPRJHQHRXV� '\QDPLF� 0RGHOV�6\VWHP
'HVFULSWLRQ�
7ZR�PRGHOV
PRGHO�PRGHL� 
VWDWH�FRQVWUDLQWV�PRGHL�∪�WHPS�FRQVWUDLQWV�PRGHL���L ����
DUH�FDOOHG�KRPRJHQRXV��LI
WHPS�FRQVWUDLQWV�PRGH��� �WHPS�FRQVWUDLQWV�PRGH���
$� V\VWHP� GHVFULSWLRQ� ^PRGHO�PRGH�`� LV� FDOOHG
KRPRJHQHRXV��LI�DQ\�WZR�PRGHOV�DUH�KRPRJHQHRXV�

7KLV� SURSHUW\� WXUQV� RXW� WR� KDYH� DQ� LPSRUWDQW� LPSDFW� RQ
GLVFULPLQDWLRQ� DPRQJ� PRGHV� DQG�� KHQFH�� GLDJQRVWLF
DOJRULWKPV��7KLV�LV�LQGLFDWHG�E\�WKH�IROORZLQJ�SURSRVLWLRQ�

3URSRVLWLRQ��6WDWH�DQG�%HKDYLRU�(TXLYDOHQFH�
7ZR� KRPRJHQHRXV� PRGHOV�� DQG�� KHQFH� DOVR� WZR� VWULFWO\
FRQWLQXRXV� PRGHOV� LQ� WKH� VDPH� UHSUHVHQWDWLRQ�
PRGHO�PRGH�����PRGHO�PRGH���
VKDUH�DOO�VWDWHV�LI�DQG�RQO\�LI�WKH\�VKDUH�DOO�EHKDYLRUV�
67$7(6�PRGHO�PRGH���� �67$7(6�PRGHO�PRGH���
LII
%(+$9,256�PRGHO�PRGH���� �%(+$9,256�PRGHO�PRGH����

7KH�SURRI� LV� WULYLDO�� LI� WKH�67$7(6�� L�H�� WKH� ORJLFDO�PRGHOV
RI�VWDWH�FRQVWUDLQWV�PRGHL���DUH�HTXDO��WKHQ
VWDWH�FRQVWUDLQWV�PRGH���⇔�VWDWH�FRQVWUDLQWV�PRGH���

DQG��GXH�WR�KRPRJHQHLW\�
PRGHO�PRGH���⇔�PRGHO�PRGH����

ZKLFK�LPSOLHV�HTXDO�VHWV�RI�EHKDYLRUV��7KH�RWKHU�GLUHFWLRQ�LV
REYLRXV�

���� &RQVLVWHQF\�EDVHG� 'LDJQRVLV� RI� '\QDPLF
6\VWHPV

7KH� SURSRVLWLRQ� VWDWHV� D� IXQGDPHQWDO� SURSHUW\� RI� PDQ\
PRGHO�EDVHG� SUHGLFWRUV� DQG�� LQ� SDUWLFXODU�� TXDOLWDWLYH
VLPXODWLRQ�V\VWHPV�ZKLFK��WR�WKH�EHVW�RI�P\�NQRZOHGJH��KDV
QRW� \HW� EHHQ� SRLQWHG� RXW� LQ� WKH� OLWHUDWXUH�� 7KLV� LV� ZRUWK
ZKLOH�� EHFDXVH� WKH� SURSRVLWLRQ� LQGLFDWHV� WKH� SRVVLELOLW\� ZH
DUH� LQWHUHVWHG� LQ�� LQ�RUGHU� WR�GLVFULPLQDWH�EHWZHHQ�GLIIHUHQW
PRGHV��WKDW� LV�ZKDW�GLDJQRVLV� LV�DERXW���ZH�QHHG�QRW�FKHFN
IRU�GLIIHUHQW�EHKDYLRUV��LW�VXIILFHV�WR�FKHFN�IRU�WKH�H[LVWHQFH
RI�GLIIHUHQW�VWDWHV�
+RZHYHU��ZH�GR�QRW�ZDQW�WR�FRPSDUH�HQWLUH�VHWV�RI�VWDWHV

DQG�EHKDYLRUV��8VLQJ�D�IHZ�EHKDYLRUV��RU�HYHQ�RQO\�RQH��WKH
REVHUYHG� RQH��� VKRXOG� GR�� 7KH� IRXQGDWLRQ� IRU� WKLV� LV
SURYLGHG�E\�WKH�IROORZLQJ�SURSRVLWLRQ�DQG�WKHRUHP�

3URSRVLWLRQ��0RGHO�'LVFULPLQDWLRQ�E\�6WDWH�&KHFNLQJ�
/HW�PRGHO�PRGH���� � PRGHO�PRGH��� EH� WZR� VWULFWO\� FRQWL�
QXRXV� PRGHOV� LQ� WKH� VDPH� UHSUHVHQWDWLRQ� � �RU�� PRUH
JHQHUDOO\��VHSDUDEOH�DQG�KRPRJHQHRXV�PRGHOV��
,I�D�EHKDYLRU��EHKYU��LV�DGPLVVLEOH�XQGHU�PRGHO�PRGH���
WKHQ
LW� LV� DGPLVVLEOH� XQGHU�PRGHO�PRGH��� LII� LW� FRQWDLQV� RQO\
VWDWHV�DGPLVVLEOH�XQGHU�VWDWH�FRQVWUDLQWV�PRGH���
LI�^EHKYU`�∪�PRGHO�PRGH��� �⊥
WKHQ
�^EHKYU`�∪�PRGHO�PRGH��� �⊥
LII�^EHKYU`�∪�VWDWH�FRQVWUDLQWV�PRGH��� �⊥�

7KLV�IROORZV�GLUHFWO\�IURP�WKH�GHILQLWLRQV�

^EHKYU`�∪�PRGHO�PRGH��� �⊥
LPSOLHV
^EHKYU`�∪�WHPS�FRQVWUDLQWV�PRGH��� �⊥�

%HFDXVH�WKH�PRGHOV�DUH��KRPRJHQHRXV�
WHPS�FRQVWUDLQWV�PRGH��� �WHPS�FRQVWUDLQWV�PRGH����

DQG�PRGHO�PRGH���LV�VHSDUDEOH��WKH�FRQFOXVLRQ�LV�REWDLQHG�
:H� DUH� VWLOO� FRPSDULQJ� EHKDYLRUV� XQGHU� GLIIHUHQW�PRGHOV�
+RZHYHU�� LQ� D� GLDJQRVWLF� VHWWLQJ�� ZH� KDYH� WR� FKHFN
EHKDYLRUV� RI� WKH� UHDO� GHYLFH� IRU� FRQVLVWHQF\� ZLWK� RQH� RU
PRUH�PRGHOV��(VSHFLDOO\�IRU�IDXOW�GHWHFWLRQ��WKH�RQO\�PRGHO
ZH� ZDQW� WR� XVH� LV� WKH� PRGHO� RI� FRUUHFW� EHKDYLRU�� %XW� WKH
PRGHOV� RI� IDXOW\�EHKDYLRU� GR� QRW� UHDOO\� KDYH� WR� EH� SUHVHQW
DQG�XVHG�LQ�WKH�GLDJQRVWLF�V\VWHP��,I�EHKYU�LV�WKH�GHVFULSWLRQ
RI� D� UHDO� EHKDYLRU� XQGHU� D� SDUWLFXODU� EHKDYLRU� PRGH� LQ� D
UHSUHVHQWDWLRQ� �Y�� '20�Y��� 7�� DQG� VDWLVILHV� WKH� &,'�
FRQVWUDLQWV� IRU� WKLV� UHSUHVHQWDWLRQ�� WKLV� VXIILFHV� WR�H[SORLW� D
VHSDUDEOH�PRGHO�ZH�FRPSDUH�EHKYU�ZLWK��:LWK�WKLV�VWHS��WKH
DERYH�SURSRVLWLRQ�\LHOGV�WKH�IROORZLQJ�WKHRUHP�

7KHRUHP��0RGH�'LVFULPLQDWLRQ�E\�6WDWH�&KHFNLQJ�
/HW� PRGHO�PRGH�� EH� D� VWULFWO\� FRQWLQXRXV� PRGHO� DQG
EHKYU� WKH� GHVFULSWLRQ� RI� D� UHDO� EHKDYLRU� LQ� WKH� VDPH
UHSUHVHQWDWLRQ��VDWLVI\LQJ�WKH�&,'�FRQVWUDLQWV�
7KHQ�EHKYU�LV�DGPLVVLEOH�XQGHU�PRGHO�PRGH�
LII
LW� FRQWDLQV� RQO\� VWDWHV� DGPLVVLEOH� XQGHU� VWDWH�
FRQVWUDLQWV�PRGH��

7KLV�PHDQV��DOO�WKH�GLDJQRVWLF�V\VWHP�KDV�WR�GR�LV�WR�SHUIRUP
D�FRQVLVWHQF\�FKHFN�RI�DOO�VWDWHV�RI�WKH�UHDO�EHKDYLRU�ZLWK�WKH
VWDWH�FRQVWUDLQWV�RI�WKH�PRGHO��7KH�WHPSRUDO�FRQVWUDLQWV�FDQ
EH� LJQRUHG�� DQG�� LQ� SDUWLFXODU�� QR� VLPXODWLRQ� RI� WKH
PRGHOHG�EHKDYLRU�LV�UHTXLUHG��,W�VLPSO\�FRXOG�QRW�UHYHDO
DGGLWLRQDO� FRQWUDGLFWLRQV�� $OVR�� LW� VXIILFHV� WR� GHWHFW� D
VLQJOH�VWDWH�WR�EH�LQFRQVLVWHQW�ZLWK�WKH�PRGHO��ZKLFK�PHDQV
ZH�GR�QRW�KDYH�WR�UHO\�RQ�D�WHPSRUDOO\�GHQVH�GHVFULSWLRQ�RI
WKH�EHKDYLRU��$OO�WKLV�VRXQGV�WRR�ZRQGHUIXO�WR�EH�WUXH�DQG�WR
FRQWUDGLFW� PDQ\� SUDFWLFDO� H[SHULHQFHV�� ,QGHHG�� ZH� KDYH� WR
FRQVLGHU� D� SUDJPDWLF� SUHFRQGLWLRQ� IRU� GLDJQRVLV� WKDW� KDV
EHHQ�LJQRUHG�LQ�RXU�WKHRUHWLFDO�FRQVLGHUDWLRQV��VR�IDU�

�� 7HPSRUDO�&RQVWUDLQWV�DQG�0HDVXUDELOLW\
2XU�GHILQLWLRQ�RI�VWDWHV�DQG�EHKDYLRUV�RU��PRUH�SUHFLVHO\��RI
WKHLU� GHVFULSWLRQ� LQ� D� SDUWLFXODU� UHSUHVHQWDWLRQ� UHTXLUHV
FRPSOHWHQHVV�� D� VWDWH� DVVLJQV� D� YDOXH� WR� HDFK�YDULDEOH� �DQG
GHULYDWLYH�� WKDW� RFFXUV� LQ� WKH� UHSUHVHQWDWLRQ�� ,Q� PDQ\
DSSOLFDWLRQV�� OLPLWHG�PHDVXUDELOLW\�RI� WKH�GHYLFH�RU� SURFHVV
WR�EH�GLDJQRVHG�SURYLGHV�XV�RQO\�ZLWK� D�SDUWLDO� GHVFULSWLRQ
RI�VWDWHV��$�G\QDPLF�V\VWHP��E\�GHILQLWLRQ��KDV�LQWHUQDO�VWDWHV
WKDW� GHSHQG� RQ� SUHYLRXV� LQSXW� DQG� VWDWHV� ZH� PD\� KDYH� QR
LQIRUPDWLRQ�DERXW��DQG�LW�LV�OLNHO\�WKDW�WKH�VWDWH�GHVFULSWLRQV
DUH�IDLUO\�LQFRPSOHWH�
7KHUH�DUH�WKUHH�UHOHYDQW�OLPLWDWLRQV�WR�PHDVXUDELOLW\�

• 7KH�PHDVXUHPHQWV�RI�YDULDEOHV�KDYH�OLPLWHG�SUHFLVLRQ�
• 2QO\� D� VXEVHW� RI� WKH� YDULDEOHV� LQ� WKH� UHVSHFWLYH

UHSUHVHQWDWLRQ� FDQ� EH� PHDVXUHG�� L�H�� RQO\� D� VXE� YHFWRU
YREV� SREV�Y���ZKHUH�SREV�LV�D�SURMHFWLRQ�

• :H�FDQ�REWDLQ�PHDVXUHPHQWV�RQO\�IRU�D�VXEVHW�7REV�⊂�7
RI�WKH�WHPSRUDO�XQLYHUVH�

:KLOH�WKH�ILUVW� OLPLWDWLRQ�LQGHHG�DIIHFWV�ERWK�VWDWH�FKHFNLQJ
DQG� EHKDYLRU� FKHFNLQJ�� WKHUH� LV� D� FKDQFH� WKDW� XVLQJ� &,'�
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FRQVWUDLQWV� PD\� KHOS� WR� GHWHFW� PRUH� LQFRQVLVWHQFLHV�� /HW
EHKYUREV�EH�WKH�SDUWLDO�GHVFULSWLRQ�RI�DQ�DFWXDO�EHKDYLRU�
EHKYUREV� �SREV�°�EHKYU��7REV����7REV��→�'20�YREV���

ZKHUH� Ä°³� GHQRWHV� FRPSRVLWLRQ� RI� PDSSLQJV� DQG� Ä³
UHVWULFWLRQ� RI� WKH� PDSSLQJ�� %XW� KRZ� VKRXOG� VLPXODWLRQ� EH
DEOH�WR�RYHUFRPH�OLPLWDWLRQV�LPSRVHG�E\�PHDVXUDELOLW\"�,I
^EHKYUREV`�∪�VWDWH�FRQVWUDLQWV�PRGH�� �⊥�

KRZ�FDQ�MRLQLQJ�&,'�FRQVWUDLQWV�FKDQJH�WKH�VLWXDWLRQ�WR
^EHKYUREV`�∪��VWDWH�FRQVWUDLQWV�PRGH��∪�&,'�FRQVWUDLQWV

�⊥��"
%DVLFDOO\�� WKH�&,'�FRQVWUDLQWV� FDQ� GR� VR� E\� LPSURYLQJ� WKH
EHKDYLRU�GHVFULSWLRQ�LQ�WZR�UHVSHFWV�
• 6LQFH�WKH\�FRQVWUDLQ�YDULDEOH�YDOXHV�DQG�GHULYDWLYH�RYHU

WLPH�� WKH\� FRXOG� FRPSOHPHQW� WKH� H[LVWLQJ�SDUWLDO� VWDWH
GHVFULSWLRQV�� 7KLV� LV� SDUWLFXODUO\� WUXH� IRU� GHULYDWLYHV
ZKLFK�DUH�GLIILFXOW� WR�PHDVXUH��EXW�PLJKW�EH�GHWHUPLQHG
�RU� HVWLPDWHG�� EDVHG� RQ� YDULDEOH� YDOXHV� RI� DGMDFHQW
VWDWHV�

� 7KH\�PD\�FRPSOHPHQW�WKH�SDUWLDO�EHKDYLRU�GHVFULSWLRQ
E\�LQIHUULQJ��SDUWLDO��GHVFULSWLRQV�RI�VWDWHV�WKDW�ZHUH�QRW
GLUHFWO\�REVHUYHG��L�H��E\�H[WHQGLQJ�7REV��7KH�PHDQ�YDOXH
WKHRUHP� FDQ� GHULYH� LQIRUPDWLRQ� DERXW� LQWHUPHGLDWH�
XQREVHUYHG� VWDWHV� IURP� YDOXHV� PHDVXUHG� DW� WLPH
LQVWDQFHV�RI�7REV�

,Q� WKLV� VHQVH�� H[SORLWLQJ� WKH� WHPSRUDO� FRQVWUDLQWV� FDQ
FRPSHQVDWH� IRU� OLPLWHG�PHDVXUDELOLW\� RI� D� GHYLFH� DQG�EH
VXSHULRU�WR�VLPSOH�FRQVLVWHQF\�FKHFNLQJ�RI�VWDWHV��+RZHYHU�
LW� LV� QHFHVVDU\� WR� HQVXUH� IRU� DQ\� FODVV� RI� GHYLFHV� DQG
PHDVXUHPHQW�FRQGLWLRQV�ZKHWKHU�RU�QRW�WKLV�LV�DFWXDOO\�WUXH�
,Q�>0DOLN�6WUXVV���@��ZH�VWDWH�D�VXIILFLHQW�FRQGLWLRQ�IRU� WKH
FDVH�ZKHUH�&,'�FRQVWUDLQWV�ZLOO� QRW� LPSURYH� WKH�GLDJQRVLV
UHVXOW�
7KH�ILUVW�SDUW�RI�WKLV�FRQGLWLRQ�VWDWHV�WKDW�WKH�VDPSOLQJ�UDWH

VXIILFHV� WR� JXDUDQWHH� WKDW� QR� VWDWH� LQ� WKH� HYROXWLRQ� RI� D
EHKDYLRU� LV� PLVVHG� E\� WKH� REVHUYDWLRQ� ��REVHUYDWLRQV
ZLWKRXW� JDSV���� 7KLV� PD\� EH� IXOILOOHG� IRU� TXDOLWDWLYH
EHKDYLRU� GHVFULSWLRQV�� 2EYLRXVO\�� WKLV� SUHFRQGLWLRQ� GHQLHV
WKDW� WKH� &,'�FRQVWUDLQWV� FDQ� UHYHDO� LQFRQVLVWHQFLHV� E\
SURYLGLQJ�LQIRUPDWLRQ�DERXW�XQREVHUYHG�VWDWHV�
�7KH� VHFRQG�SDUW� IRUPXODWHV� WKDW�PHDVXUHPHQWV�QHHG� QRW

SURYLGH� D� FRPSOHWH� VWDWH� GHVFULSWLRQ�� EXW� RQO\� KDYH� WR� EH
�FRPSOHWH� HQRXJK�� WR� PDNH� WKH� LPSRUWDQW� GLVWLQFWLRQV
EHWZHHQ�GLIIHUHQW�PRGHV�YLVLEOH��:H�UHVWDWH�DQG�UHIRUPXODWH
WKH�GHILQLWLRQ�

'HILQLWLRQ��0HDVXUDELOLW\�IRU�)DXOW�'HWHFWLRQ�
/HW� ^PRGHO�PRGH�`� EH� D� VWULFWO\� FRQWLQXRXV� V\VWHP
GHVFULSWLRQ�� /HW� WKH� PHDVXUDELOLW\� RI� D� GHYLFH� EH
FKDUDFWHUL]HG�E\

SREV��'20�Y���→�'20�YREV���
7KH� FRQGLWLRQ� RI� PHDVXUDELOLW\� IRU� IDXOW� GHWHFWLRQ� LV
VDWLVILHG�LI�DW�OHDVW�RQH�GLVWLQFWLYH�VWDWH�FDQ�EH��PHDVXUHG�
)RU��DQ\�EHKDYLRU�EHKYU�XQGHU�D�IDXOW�PRGH�WKH�IROORZLQJ
VWDWHPHQW�KROGV
,I�^EHKYU`�∪��VWDWH�FRQVWUDLQWV�PRGHFRUUHFW��� �⊥
WKHQ�^EHKYUREV`�∪��VWDWH�FRQVWUDLQWV�PRGHFRUUHFW��� �⊥��

�$�VLPLODU�FRQGLWLRQ�FDQ�EH�VWDWHG�IRU�IDXOW�LGHQWLILFDWLRQ���,I
WKLV�SUHFRQGLWLRQ�LV�VDWLVILHG��DSSOLFDWLRQ�RI�&,'�FRQVWUDLQWV
ZRXOG� EH� SUHYHQWHG� IURP� GHWHFWLQJ� DGGLWLRQDO

LQFRQVLVWHQFLHV� EDVHG� RQ� FRPSOHWLRQ� RI� SDUWLDO� VWDWH
GHVFULSWLRQV�� 7KXV�� ZH� REWDLQ� WKH� IROORZLQJ� SURSRVLWLRQ
VWDWHG�LQ�>0DOLN�6WUXVV���@�

3URSRVLWLRQ� �)DXOW� � 'HWHFWLRQ� E\� &KHFNLQJ� 0HDVXUHG
6WDWHV�
/HW�PRGHO�PRGHFRUUHFW��EH�D�VWULFWO\�FRQWLQXRXV�PRGHO�DQG
EHKYU� WKH� GHVFULSWLRQ� RI� D� UHDO� EHKDYLRU� LQ� WKH� VDPH
UHSUHVHQWDWLRQ�� VDWLVI\LQJ� WKH� &,'�FRQVWUDLQWV�� ,I� � WKH
REVHUYDWLRQV� DUH� ZLWKRXW� JDSV� DQG� WKH� FRQGLWLRQ� RI
PHDVXUDELOLW\�IRU�IDXOW�GHWHFWLRQ�LV�VDWLVILHG�WKHQ
EHKYU�LV�DGPLVVLEOH�XQGHU�PRGHO�PRGHFRUUHFW�
LII
EHKYUREV� FRQWDLQV� RQO\� VWDWHV� DGPLVVLEOH� XQGHU� VWDWH�
FRQVWUDLQWV�PRGHFRUUHFW��

�$JDLQ�� D� UHVSHFWLYH� SURSRVLWLRQ� FDQ� EH� VWDWHG� IRU� WKH
SUREOHP� RI� IDXOW� LGHQWLILFDWLRQ��� ,Q� RWKHU� ZRUGV�� XQGHU� WKH
FRQGLWLRQV� RI� WKLV� WKHRUHP�� GLDJQRVLV� EDVHG� RQ� FKHFNLQJ
VWDWH� FRQVLVWHQF\� \LHOGV� UHVXOWV� HTXLYDOHQW� WR� GLDJQRVLV
EDVHG�RQ�FKHFNLQJ�VWDWH�DQG�WHPSRUDO�FRQVWUDLQWV��ZKLFK
PHDQV�VLPXODWLRQ�LV�QHHGOHVV�
$Q� LPSRUWDQW� TXHVWLRQ� LV� ZKHWKHU� ZH� KDYH� D� FKDQFH� WR

GHWHUPLQH� LI� WKH� FRQGLWLRQ� RI� PHDVXUDELOLW\� IRU� IDXOW
GHWHFWLRQ� KROGV��:H� DUH� DEOH� WR� IRUPXODWH� YDOLG�PRGHOV� RI
WKH� UHOHYDQW� IDXOW� EHKDYLRUV� LQ� WKH� UHSUHVHQWDWLRQ� XVHG� E\
PRGHO�PRGHFRUUHFW��� ZH� FDQ� HVWDEOLVK� D� QHFHVVDU\� FRQGLWLRQ�
QDPHO\�ZKHWKHU� RU� QRW� SREV� SUHVHUYHV� WKH�GLVWLQFWLYH� VWDWHV
EHWZHHQ�WKH�PRGHOV�
0HDVXUDELOLW\� IRU� IDXOW� GHWHFWLRQ� LV� QRW� VDWLVILHG�� LI� WKHUH

H[LVWV� D�PRGH� VXFK� WKDW� WKH�PHDVXUHPHQWV�RI� DOO� VWDWHV� WKDW
DUH� DGPLVVLEOH� XQGHU� PRGHO�PRGH�� EXW� QRW� XQGHU
PRGHO�PRGHFRUUHFW��DUH�FRQVLVWHQW�ZLWK�PRGHO�PRGHFRUUHFW����L�H�
��∀V∈67$7(6�PRGHO�PRGH��?67$7(6�PRGHO�PRGHFRUUHFW��
SREV�V��∈��SREV�67$7(6�PRGHO�PRGHFRUUHFW����

7KLV�SURYLGHV� D� FULWHULRQ� WKDW� FDQ�EH� FKHFNHG�E\� DQDO\]LQJ
VHWV�RI�VWDWHV�DQG�DSSO\LQJ�D�SURMHFWLRQ��1RWH�WKDW�WKH�PRGHOV
RI� IDXOW�PRGHV�DUH�RQO\�XVHG� IRU� WKLV�DQDO\VLV�DQG�QHHG�QRW
EH� UHSUHVHQWHG� LQ� WKH� GLDJQRVWLF� V\VWHP��%HFDXVH� LW� FDQQRW
EH�H[FOXGHG�WKDW�D�IDXOW�PRGHO�FRQWDLQV�ZKRVH�SURMHFWLRQ�WR
REVHUYDEOHV� LV� LQFRQVLVWHQW� ZLWK� WKH� PRGHO� RI� FRUUHFW
EHKDYLRU�EXW�ZKLFK�GRHV�QRW�RFFXU�LQ�DQ\�UHDO�EHKDYLRU��WKH
SURSRVLWLRQ�\LHOGV�RQO\�D�QHFHVVDU\�FRQGLWLRQ�
<HW�� WKHUH� DUH� IDVW� SURFHVVHV� WKDW� PD\� QRW� DOORZ

REVHUYDWLRQV� ZLWKRXW� JDSV�� DQG� PHDVXUDELOLW\� PD\� EH� EDG
HQRXJK�WR�YLRODWH�WKH�VHFRQG�FULWHULRQ��,Q�VXFK�FDVHV�LW�LV�VWLOO
ZRUWK�ZKLOH�WR�FKHFN�ZKHWKHU�H[SORLWLQJ�WKH�&,'�FRQVWUDLQWV
DFWXDOO\�LPSURYHV�UHVXOWV�RI�FRQVLVWHQF\�FKHFNLQJ��%XW�HYHQ
LI� WKHUH� LV� HYLGHQFH� RI� WKLV� SRVVLELOLW\�� WKHUH� DUH� GLIIHUHQW
ZD\V� WR� DFKLHYH� LW�� 3HUIRUPLQJ� VLPXODWLRQ� LV� QRW� WKH� RQO\
RQH�

�� 6WDWH�EDVHG�YV��6LPXODWLRQ�EDVHG�'LDJQRVLV
6R� IDU�� ZH� DQDO\]HG� ZKHQ� DQG� ZK\� EHKDYLRU� PRGHOV� FDQ
RPLW� WHPSRUDO� FRQVWUDLQWV� ZLWKRXW� LPSDLULQJ� WKH� UHVXOWV� RI
WKH� GLDJQRVLV�� 1RZ�� OHW� XV� DVVXPH� ZH� DUH� FHUWDLQ� WKDW� ZH
KDYH� WR� GHDO� ZLWK� D� VLWXDWLRQ� WKDW� IRUFHV� XV� WR� H[SORLW� WKH
WHPSRUDO� FRQVWUDLQWV��+HUH��ZH� FRQVLGHU� VWULFWO\� FRQWLQXRXV
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V\VWHPV� DJDLQ�� 7KH� WDVN� RI� WKH� GLDJQRVWLF� DOJRULWKP� WR� EH
GHYLVHG� LV� WR� FKHFN� FRQVLVWHQF\� RI� REVHUYDWLRQV� ZLWK� ERWK
VWDWH�FRQVWUDLQWV�DQG�&,'�FRQVWUDLQWV��
VWDWH�FRQVWUDLQWV�PRGH���∪�&,'�FRQVWUDLQWV�∪�2%6� " �⊥��

SRVVLEO\� IRU� GLIIHUHQW� PRGHV� LI� ZH� DUH� LQWHUHVWHG� LQ� IDXOW
LGHQWLILFDWLRQ�� 7KHUH� DUH� WZR� H[WUHPH�ZD\V� IRU� SHUIRUPLQJ
WKLV� WDVN�� DQG�� FHUWDLQO\�� D� QXPEHU� RI� PL[HG� IRUPV�� %RWK
ZD\V�FRXOG�VWDUW�E\�SUXQLQJ�WKH�PRGHV�WKURXJK

VWDWH�FRQVWUDLQWV�PRGH���∪��2%6� " �⊥��
7KHQ��ZH�FDQ�ILUVW�FRPSXWH�WKH�UHVXOWV�RI
VWDWH�FRQVWUDLQWV�PRGH���∪�&,'�FRQVWUDLQWV��

ZKLFK� EDVLFDOO\� PHDQV� VLPXODWLRQ� �WKURXJK� LQWHJUDWLRQ�� RU
FRQVWUXFWLQJ� DQ� HQYLVLRQPHQW� IRU� RQH� RU�PRUH�PRGHV�� 7KLV
FRUUHVSRQGV� WR� H[WHQGLQJ� LQIRUPDWLRQ� DERXW� WKH�SRVVLEOH
EHKDYLRUV�ZKLFK�FDQ� WKHQ�EH�FKHFNHG� IRU� FRQVLVWHQF\�ZLWK
WKH�REVHUYHG�EHKDYLRUV� LQ�2%6��7KLV� FDQ� EH� H[SHQVLYH� IRU
VHYHUDO� UHDVRQV�� IRU� LQVWDQFH�� LI� ZH� KDYH� WR� FRQVLGHU�PDQ\
PRGHV��RU�LI�WKHUH�LV�QR�PHWULF�LQIRUPDWLRQ�DERXW�WLPH�DQG�LW
LV�QRW�REYLRXV�KRZ�PDQ\�VLPXODWLRQ�VWHSV�KDYH�WR�EH�FDUULHG
RXW�� $OVR�� FRPSDULQJ� EHKDYLRUV� LQYROYHV� ERWK� FKHFNLQJ
VWDWHV�DQG�VWDWH�WUDQVLWLRQV�
$OWHUQDWLYHO\�� ZH� FDQ� XVH� &,'�FRQVWUDLQWV� WR� H[WHQG

LQIRUPDWLRQ� DERXW� WKH� DFWXDO� EHKDYLRU� E\� FRPSXWLQJ
GHGXFWLRQV�IURP
&,'�FRQVWUDLQWV��∪��2%6

PDLQO\�E\�HVWLPDWLQJ�GHULYDWLYHV�DQG�DSSO\LQJ�UXOHV�OLNH�WKH
PHDQ�YDOXH�WKHRUHP�DQG�WKHQ�FKHFN�ZLWK�WKH�QHZO\�GHULYHG
LQIRUPDWLRQ� IRU� VWDWHV� LQFRQVLVWHQW� ZLWK� VWDWH�
FRQVWUDLQWV�PRGH�� IRU� WKH� UHVSHFWLYH� PRGHV�� 7KH� DGYDQWDJH
OLHV� LQ� DSSO\LQJ� &,'�FRQVWUDLQWV� RQO\� RQFH� DQG� LQ� WKH
UHVWULFWHG�FRQWH[W�RI�2%6��DV�RSSRVHG� WR�PDQ\�PRGHV��$OVR�
QR�WUDQVLWLRQ�FKHFNLQJ�LV�UHTXLUHG��7KLV�KDV�DQ�LQWXLWLYH�DSSHDO�
EHFDXVH��DIWHU�DOO�� LW� LV� WKH� OLPLWDWLRQV� LQ�2%6� WKDW� OHDG�XV� WR
VHHNLQJ�WKH�KHOS�RI�WKH�&,'�FRQVWUDLQWV��+HQFH��XVLQJ�WKHP�WR
HQKDQFH� 2%6� VHHPV� DSSURSULDWH�� $� SRWHQWLDO� VRXUFH� RI
SUREOHPV� LV� D� VLWXDWLRQ� ZKHUH� YDOXHV� RI� D� YDULDEOH� YDU\
VWURQJO\� DFURVV� QHLJKERULQJ� VDPSOHV� DQG� FRPELQDWLRQ� RI
UHVXOWV� RI� WKH� PHDQ� YDOXH� WKHRUHP� IRU� GLIIHUHQW� YDULDEOHV
FUHDWHV�PDQ\� LQWHUPHGLDWH� VWDWHV��$OVR�� WHPSRUDO� LQIRUPDWLRQ
DERXW� GHULYHG� LQWHUPHGLDWH� VWDWHV� ZLOO� WHQG� WR� EH� ZHDN�� $V
VWDWHG�DERYH��WKHUH�DUH�PL[HG�YHUVLRQV��IRU�LQVWDQFH��LQ�JXLGLQJ
WKH�VLPXODWLRQ�WDVN�WLJKWO\�E\�WKH�LQFRPLQJ�REVHUYDWLRQV�HWF�
$OWKRXJK�WKHUH�LV�VRPH�HYLGHQFH�WKDW�WKH�VHFRQG�VFKHPH�LV

DGYDQWDJHRXV�IRU�PDQ\�VLWXDWLRQV��ZH�DUH�IDU�IURP�VXJJHVWLQJ
RQH� VLQJOH� EHVW� DSSURDFK� WR� WKLV� WDVN�� :H� SUHVHQW� WKH
GLVFXVVLRQ�WR�VKRZ�WKDW�WKH�RIWHQ�DGYRFDWHG�VLPXODWLRQ�EDVHG
DSSURDFK� LV� E\� QR� PHDQV� FRPSHOOLQJ�� EXW�� RQ� WKH� FRQWUDU\�
KLJKO\� TXHVWLRQDEOH��0XFK�PRUH� ZRUN� LV� QHHGHG� WR� GHYHORS
JRRG�GHVLJQV�DQG�FULWHULD� IRU� WKHLU�XWLOLW\��7KLV�ZLOO� UHTXLUH�D
PRUH�GHWDLOHG�DQDO\VLV� RI� WKH� IRUP�DQG� FRQWHQWV� RI� WKH�&,'�
FRQVWUDLQWV� DQG� WKHLU� SRVVLEOH� DSSOLFDWLRQV� DQG� UHODWLQJ� WKHLU
UHVXOWV�WR�YDULRXV�OLPLWDWLRQV�LQ�PHDVXUDELOLW\�

�� &DVH�6WXGLHV
7KH� PRWLYDWLRQ� IRU� WKLV� ZRUN� DQG� WKH� H[SHFWDWLRQV� DUH
JHQHUDWHG� E\� WKH� DWWHPSW� WR� EXLOG� V\VWHPV� WKDW� WDFNOH
LQGXVWULDO�DSSOLFDWLRQV�EH\RQG�WKH�VFRSH�RI�SUHYLRXV�PRGHO�
EDVHG�V\VWHPV��2QH�H[DPSOH� LV� �RII�ERDUG��GLDJQRVLV�RI� WKH
K\GUDXOLF�FLUFXLW�RI�DQ�DQWL�ORFN�EUDNLQJ�V\VWHP��$%6��XVHG

LQ�FDUV��,Q�WKLV�VHFWLRQ��ZH�ILUVW�WU\�WR�VXPPDUL]H�NH\�IHDWXUHV
RI� WKLV� SUREOHP�� FRQYH\� WKH� EDVLF� LGHDV� XQGHUO\LQJ� RXU
VROXWLRQ�� UHODWH� WKHP� WR� WKH� LVVXHV� UDLVHG� LQ� WKLV� SDSHU�� DQG
UHSRUW� VRPH� H[SHULPHQWDO� UHVXOWV� REWDLQHG�� 'HWDLOV� DUH
SUHVHQWHG�LQ�>6WUXVV�HW��DO����@�
7KH� SXUSRVH� RI� DQ� $%6� LV� WR� SUHYHQW� WKH� ZKHHOV� RI� WKH

YHKLFOH�IURP�ORFNLQJ�XS�LQ�RUGHU�WR�HQDEOH�WKH�GULYHU�WR�EH�DEOH
WR� VWHHU� WKH� FDU�ZKLOH� XVLQJ� WKH� EUDNHV�� 7KLV� LV� DFKLHYHG� E\
FRQWUROOLQJ� WKH�SUHVVXUH�ZKLFK� LV�H[HUWHG�RQ� WKH�ZKHHO�EUDNH
F\OLQGHUV�E\�SXVKLQJ� WKH�SHGDO�YLD� WKH�K\GUDXOLF� FLUFXLW��7KH
VSHHG�RI�HDFK�ZKHHO�LV�PHDVXUHG��DQG�ZKHQ�WKH�PHDVXUHPHQWV
LQGLFDWH� D� WHQGHQF\� RI� D� ZKHHO� WR� ORFN� XS�� EHFDXVH� WKH
�QHJDWLYH�� DFFHOHUDWLRQ� LV� WRR� VWURQJ�� WKH� (OHFWURQLF� &RQWURO
8QLW� UHGXFHV� WKH�SUHVVXUH�IRU�VRPH�WLPH��EHIRUH� LQFUHDVLQJ� LW
DJDLQ� IRU� WKH� QH[W� GH�DFFHOHUDWLRQ� SKDVH�� )LJ�� �� VKRZV� RQH
VXEV\VWHP�RI��WKH�K\GUDXOLF�FLUFXLW�ZKLFK�W\SLFDOO\�DIIHFWV�WZR
GLDJRQDOO\� RSSRVLWH� ZKHHOV�� )RU� HDFK� ZKHHO�� DQ� LQFUHDVH� LQ
SUHVVXUH�LV�DFKLHYHG�E\�DQ�RSHQ�LQOHW�YDOYH�DQG�D�FORVHG�RXWOHW
YDOYH��)RU�PDLQWDLQLQJ�SUHVVXUH�OHYHO��WKH�LQOHW�YDOYH�LV�FORVHG�
DQG�IRU�UHGXFWLRQ�RI�WKH�SUHVVXUH�WKH�RXWOHW�YDOYH�RSHQHG��7KH
ODWWHU� VWHS� LV� VXSSRUWHG� E\� D� UHVHUYRLU� FKDPEHU� WKDW� ILOOV
TXLFNO\� LQ� WKLV� SKDVH�� $OVR� WKH� SXPS� VWDUWV� LPPHGLDWHO\� WR
WUDQVSRUW� WKH� OLTXLG� EDFN� WRZDUGV� WKH�PDLQ� F\OLQGHU�� DQG� WKH
QH[W�F\FOH�PD\�VWDUW��LI�QHFHVVDU\�

WR�RWKHU

GLDJRQDO

LQOHW�YDOYHLQOHW�YDOYH

PDLQ�F\OLQGHU

RXWOHW

YDOYH

K\GUDXOLF�XQLW

RXWOHW

YDOYH

EUDNH�SHGDO

UHDU�ULJKW

ZKHHO

IURQW�OHIW

ZKHHO

SXPS

HOHPHQW

GDPSHU

FKDPEHU

UHVHUYRLU

FKDPEHU

)LJXUH����+\GUDXOLF�&LUFXLW�RI�$%6

'LDJQRVLQJ� WKLV� VXEV\VWHP� UHTXLUHV� VROYLQJ� D� QXPEHU� RI
FKDOOHQJLQJ�SUREOHPV�
• 2EYLRXVO\��WKLV�LV�D�V\VWHP�ZLWK�FRPSOH[�G\QDPLFV�
• 2EVHUYDWLRQV�DUH�VSDUVH�� WKHUH� LV�QRW�D�VLQJOH� VHQVRU� LQ

WKH� K\GUDXOLF� FLUFXLW� �WKH� OHYHO� VHQVRU� IRU� WKH� EUDNLQJ
OLTXLG� LV� RI� QR� KHOS��� ,QIRUPDWLRQ� DERXW� SUHVVXUHV� FDQ
RQO\�EH�REWDLQHG�LQGLUHFWO\�IURP�WKH��GH��DFFHOHUDWLRQ�RI
WKH�ZKHHOV��+RZHYHU�

• )RU� RII�ERDUG� GLDJQRVLV�� DYDLODEOH� REVHUYDWLRQV� DUH
LQKHUHQWO\� TXDOLWDWLYH� LQ� QDWXUH� DQG� QRW� WHPSRUDOO\
VSHFLILHG�� 7\SLFDO� REVHUYDWLRQV� ZRXOG� EH� �RQH� ZKHHO
WHQGV� WR� ORFN� XS�� �LQGLFDWLQJ� WRR� KLJK� SUHVVXUH� LQ� WKH
UHVSHFWLYH�EUDNH�F\OLQGHU��RU��WKH�EUDNH�SHGDO�LV�WRR�VRIW�
�DV� D� UHVXOW� RI� DQ� XQXVXDOO\� ORZ� SUHVVXUH� LQ� WKH� PDLQ
F\OLQGHU��� (YHQ� PRUH� SUHFLVH� YDOXHV� RI� VSHHG� DQG



�

DFFHOHUDWLRQ� SUHVHQW� RQ�ERDUG� GR� QRW� KHOS� WRR� PXFK�
VLQFH�

• 0HDVXUHPHQW� RI� VWURQJO\� LQIOXHQWLDO� H[RJHQRXV
IDFWRUV��H�J��WKH�VWDWH�RI��WKH�URDG�VXUIDFH��LV�LPSRVVLEOH�

,Q� UHVSRQVH� WR� WKHVH� FRQGLWLRQV�� ZH� DGRSWHG� DQ� DSSURDFK
GHVFULEHG� LQ�>0DOLN�6WUXVV���@�XVLQJ�PRGHOV� WKDW� DUH� VWDWHG
LQ� WHUPV� RI� TXDOLWDWLYH� GHYLDWLRQV� RI� YDULDEOHV� DQG
SDUDPHWHUV�IURP�VRPH�XQVSHFLILHG�DQG�SRWHQWLDOO\�FKDQJLQJ
QRPLQDO�YDOXH�
,W�WXUQV�RXW�WKDW�WKH��PHDVXUHPHQWV��FKDUDFWHUL]HG�DERYH�

HQDEOH� WKH� PRGHOV� WR� LQIHU� GHYLDWLRQV� LQ� WKH� SUHVVXUH� LQ
GLIIHUHQW� SDUWV� RI� WKH� FLUFXLW�� 7KLV� WULYLDOO\� VXIILFHV� WR
HVWDEOLVK�PHDVXUDELOLW\�IRU�IDXOW�GHWHFWLRQ��EXW�QRW�PHDVXUD�
ELOLW\�IRU�IDXOW�LGHQWLILFDWLRQ�DQG�ORFDOL]DWLRQ��7KH�UHDVRQ�OLHV
LQ�WKH�ODFN�RI�LQIRUPDWLRQ�DERXW�WKH�GHULYDWLYHV�RI�SUHVVXUHV
ZKLFK�FDQQRW�EH�SURYLGHG�E\�WKH�REVHUYDWLRQV�DQG�WKH�VWDWH�
FRQVWUDLQWV��%DVLFDOO\��WKLV�LQIRUPDWLRQ�ZRXOG�KHOS�WR�GHWHFW
VLJQLILFDQW� LQFRQVLVWHQFLHV� EHFDXVH� UHVLVWLYH� HOHPHQWV� OLNH
YDOYHV�UHODWH��GHYLDWLRQV�RI��IORZ�WR��GHYLDWLRQV�RI��SUHVVXUH�
ZKHUHDV�SLSHV�DQG�RWKHU�FRQWDLQHUV�OLQN��GHYLDWLRQV�RI��IORZ
DQG��GHYLDWLRQV�RI��GHULYDWLYHV��RI�SUHVVXUH�
7KH� VROXWLRQ� ZDV� LQGHHG� SURYLGHG� E\� H[SORLWLQJ� &,'�

FRQVWUDLQWV��+RZHYHU��WKH\�ZHUH�QRW�XVHG�IRU��VLPXODWLRQ�RI
FRUUHFW� RU� IDXOW\� EHKDYLRU� � PRGHV�� EXW� WR� FRPSOHPHQW� WKH
REVHUYDWLRQV�LQ�WKH�IROORZLQJ�PDQQHU�
)RU� HDFK� SKDVH� LQ� WKH� F\FOH� �GHWHUPLQHG� E\� YDOYH

SRVLWLRQV���VWULFW�FRQWLQXLW\�FDQ�EH�DVVXPHG��)XUWKHUPRUH��ZH
DVVXPH� WKDW� WKHUH� ZHUH� QR� GHYLDWLRQV� ZKHQ� WKH� SKDVH� ZDV
HQWHUHG� �WKLV� OLPLWV� WKH� DSSOLFDELOLW\� RI� WKH� VROXWLRQ��� ,I� D
GHYLDWLRQ� RI� D� YDULDEOH� Y� ZDV� ]HUR� LQLWLDOO\� DQG� GLIIHUHQW
IURP�]HUR�DIWHU�D�ZKLOH��WKHQ�WKH�&,'�FRQVWUDLQWV�WHOO�XV�WKDW
WKHUH� PXVW� H[LVW� D� WLPH� LQWHUYDO� GXULQJ� ZKLFK� ERWK� WKH
GHYLDWLRQ� RI� Y� RFFXUUHG� DQG� WKH� GHULYDWLYH� RI� Y� KDV� D
GHYLDWLRQ� ZLWK� WKH� VDPH� VLJQ�� ,Q� RWKHU� ZRUGV�� &,'�
FRQVWUDLQWV�ZHUH�FRPELQHG�ZLWK�2%6�WR�GHOLYHU�LQIRUPDWLRQ
DERXW�GHULYDWLYHV�
7KLV� WXUQHG� RXW� WR� EH� IDLUO\� VXFFHVVIXO�� IRU� D� VDPSOH� RI

FRPSRQHQW� IDXOWV�� VXFK� DV� FORJJHG� RU� SXQFWXUHG� YDOYHV�
GHIHFW� SXPS�� DQG� DLU� LQFOXGHG�� IDXOW� ORFDOL]DWLRQ� ZDV
VXFFHVVIXO�� WKH� UHVSHFWLYH� IDXOWV�ZHUH� LQFOXGHG� LQ� WKH� VHW�RI
VLQJOH�IDXOW�GLDJQRVHV��VRPHWLPHV�DV�RQO\�SRVVLEOH�RQHV�
2WKHU� FDVH� VWXGLHV� WKDW� XVH� UHODWHG� DSSURDFKHV� DQG� VKHG� D

OLJKW�RQ�LWV�XWLOLW\��DUH�UHSRUWHG�LQ�WKH�OLWHUDWXUH��>'UHVVOHU���@
HPSLULFDOO\� GLVFRYHUHG� WKH� SRVVLELOLW\� RI� IDXOW� GHWHFWLRQ� YLD
VWDWH�FKHFNLQJ�LQ�D�SURWRW\SH�IRU�GLDJQRVLQJ�EDOODVW�ZDWHU�WDQN
V\VWHPV� LQ� RII�VKRUH� SODWIRUPV� �D� IDLUO\� VHQVRU�ULFK� V\VWHP��
>&KDQWOHU� HW� DO�� ��@� UHSRUWV� UHVXOWV� RQ� HTXLYDOHQFH� RI
LQWHJUDWLRQ�EDVHG�DQG�GLIIHUHQWLDWLRQ�EDVHG�DOJRULWKPV�IRU� WKH
VSHFLDO� FDVH� RI� QXPHULFDO� PRGHOV�� >:LOOLDPV�1D\DN� ��@
SXUVXHV� D� WUDQVLWLRQ�RULHQWHG�� DV� RSSRVHG� WR� VLPXODWLRQ�
RULHQWHG��DSSURDFK�WR�GLDJQRVLV�DQG�UHFRQILJXUDWLRQ�DSSOLHG�WR
WKH� SURSXOVLRQ� V\VWHP� RI� D� VSDFH� FUDIW�� >0DOLN�6WUXVV� ��@
FRYHUV�IDXOW�GHWHFWLRQ�DQG�LGHQWLILFDWLRQ�LQ�D�VLPSOLILHG�V\VWHP
�D� FRQWUROOHG� HOHFWULF� PRWRU�� ZLWK� OLPLWHG� REVHUYDELOLW\�� EXW
PHDVXUDEOH�GHULYDWLYHV�EDVHG�RQO\�RQ�VWDWH�FKHFNLQJ�

�� 6XPPDU\
$V�>0DOLN�6WUXVV���@�VWDWHV���'LDJQRVLV�RI�G\QDPLF�V\VWHPV
GRHV� QRW� QHFHVVDULO\� UHTXLUH� VLPXODWLRQ��� 7KLV� SDSHU
SUHVHQWHG� WKHRUHWLFDO� IRXQGDWLRQV� DQG� SUDFWLFDO

FRQVLGHUDWLRQV� VXSSRUWLQJ� PRGHO�EDVHG� GLDJQRVWLF� V\VWHPV
WKDW� DUH� FRQILQHG� WR� XVLQJ� VWDWH� FRQVWUDLQWV� IRU� FRQVLVWHQF\
FKHFNLQJ� �DQG�GR�ZLWKRXW� WHPSRUDO�EHKDYLRU�FRQVWUDLQWV��RU
XVH� WKHP� IRU� SXUSRVHV� RWKHU� WKDQ� VLPXODWLRQ�� 7KHUH� DUH
HPSLULFDO�UHVXOWV�WKDW�SURYLGH�HYLGHQFH�RI�WKH�XWLOLW\�RI�VXFK
DSSURDFKHV��EXW�DOVR�DWWHPSW�VWHSV� WRZDUGV� LGHQWLI\LQJ� WKHLU
OLPLWDWLRQV�� SDUWLFXODUO\� OLPLWDWLRQV� WKDW� UHVXOW� IURP� OLPLWHG
REVHUYDELOLW\�RI�WKH�V\VWHP��:H�KRSH�WKDW�RXU�DQDO\VLV
• GLVFRXUDJHV� RYHUO\� �VWUDLJKWIRUZDUG�� DSSURDFKHV� WR

PRGHO�EDVHG�GLDJQRVLV�
• HQFRXUDJHV� PRUH� VWHSV� WRZDUGV� D� V\VWHPDWLF� DQG

WKRURXJK�LQYHVWLJDWLRQ�OHDGLQJ�WR�WKH�GHVLJQ�RI�GLDJQRVLV
V\VWHPV�WKDW�DUH�ERWK�ZHOO�IRXQGHG�DQG�HIILFLHQW�

• VKRZV� WKDW� VXFK� VWHSV� UHTXLUH� D� VSHFLILF� DQG� GHWDLOHG
DQDO\VLV� RI� SURSHUWLHV� RI�PRGHOV� DQG� SUHGLFWLYH� HQJLQHV
RQ� WKH� RQH� KDQG� DQG� WKHLU� LQWHUUHODWLRQVKLS� ZLWK
REVHUYDELOLW\�RQ�WKH�RWKHU�KDQG�
7KH� EHQHILW� RI� WKHVH� HIIRUWV� ZLOO� EH� EH\RQG� WKHRUHWLFDO

LQVLJKW�DQG�UHVXOW�LQ�ZLGHQLQJ�WKH�VFRSH�RI�IHDVLEOH�LQGXVWULDO
DSSOLFDWLRQV�ZKLFK�RIWHQ�LQYROYH�G\QDPLF�V\VWHPV�

5HIHUHQFHV
>&KDQWOHU�HW�DO����@�0��-��&KDQWOHU��6��'DXV��7��9LNDWRV�DQG

*��0��&RJKLOO��7KH�8VH�RI�4XDQWLWDWLYH�'\QDPLF�0RGHOV
DQG�'HSHQGHQF\�5HFRUGLQJ�IRU�'LDJQRVLV��LQ��:RUNVKRS
1RWHV� RI� WKH� 6HYHQWK� ,QWHUQDWLRQDO� :RUNVKRS� RQ
3ULQFLSOHV�RI�'LDJQRVLV��';������0RQWUHDO�������

>'UHVVOHU� ��@� 2VNDU� 'UHVVOHU�� 2Q�OLQH� 'LDJQRVLV� DQG
0RQLWRULQJ� RI� '\QDPLF� 6\VWHPV� EDVHG� RQ� 4XDOLWDWLYH
0RGHOV�DQG�'HSHQGHQF\�EDVHG�'LDJQRVWLF�(QJLQHV�� LQ�
3URFHHGLQJV� RI� WKH� (XURSHDQ� &RQIHUHQFH� RQ� $UWLILFLDO
,QWHOOLJHQFH��(&$,������-RKQ�:LOH\�	�6RQV�������

>'UHVVOHU�6WUXVV� ��@� 2VNDU� 'UHVVOHU� DQG� 3HWHU� 6WUXVV�� 7KH
&RQVLVWHQF\�EDVHG�$SSURDFK�WR�$XWRPDWHG�'LDJQRVLV�RI
'HYLFHV�� LQ�� %UHZND� �HG���� 3ULQFLSOHV� RI� .QRZOHGJH
5HSUHVHQWDWLRQ��&6/,�������

>'YRUDN�.XLSHUV���@�'DQLHO�'YRUDN�DQG�%HQMDPLQ�.XLSHUV�
0RGHO�EDVHG� 0RQLWRULQJ� RI� '\QDPLF� 6\VWHPV�� LQ�
:��+DPVFKHU� HW� DO�� �HGV���� 5HDGLQJV� LQ� 0RGHO�EDVHG
'LDJQRVLV��0RUJDQ�.DXIPDQQ�3XEOLVKHUV�������

>0DOLN�6WUXVV� ��@� $QGUHDV� 0DOLN� DQG� 3HWHU� 6WUXVV�
'LDJQRVLV� RI� '\QDPLF� 6\VWHPV� 'RHV� 1RW� 1HFHVVDULO\
5HTXLUH�6LPXODWLRQ��LQ��:RUNVKRS�1RWHV�RI�WKH�6HYHQWK
,QWHUQDWLRQDO� :RUNVKRS� RQ� 3ULQFLSOHV� RI� 'LDJQRVLV
�';������0RQWUHDO�������

>6WUXVV� HW� DO�� ��@� 3HWHU� 6WUXVV�� $QGUHDV�0DOLN� DQG� )ORULDQ
'XPPHUW��'LDJQRVLQJ�D�'\QDPLF�6\VWHP�ZLWK� �DOPRVW�
QR� 2EVHUYDWLRQV�� LQ�� :RUNVKRS� 1RWHV� RI� WKH� (OHYHQWK
,QWHUQDWLRQDO� :RUNVKRS� RQ� 4XDOLWDWLYH� UHDVRQLQJ
�45������&RUWRQD�������

>:LOOLDPV�1D\DN���@�%ULDQ�:LOOLDPV�DQG�3DQGXUDQJ�1D\DN�
$�0RGHO�EDVHG� $SSURDFK� WR� 5HDFWLYH� 6HOI�&RQILJXULQJ
6\VWHPV�� LQ�� :RUNVKRS� 1RWHV� RI� WKH� 6HYHQWK
,QWHUQDWLRQDO� :RUNVKRS� RQ� 3ULQFLSOHV� RI� 'LDJQRVLV
�';������0RQWUHDO�������


