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$Q�DSSURDFK�LV�SUHVHQWHG�WR�GHILQH�D�IDPLO\�RI�REMHFWV�LQ
SDUDPHWULF� PRGHOOLQJ�� ,W� DYRLGV� DQ� LQKHUHQW� SUREOHP� RI
ERXQGDU\� UH�HYDOXDWLRQ� LQ� FXUUHQW� SDUDPHWULF� PRGHOOLQJ
V\VWHPV��(YHQ�PRUH�LPSRUWDQW��LW�RIIHUV�DQ�HIIHFWLYH�ZD\�WR
GHILQH�WKH�SURSHUWLHV��RU�VHPDQWLFV��RI�D�IDPLO\�RI�REMHFWV�
$� IDPLO\� RI� REMHFWV� LV� GHILQHG� E\� D� SURWRW\SH� IHDWXUH
PRGHO�� LQFOXGLQJ�VHYHUDO� W\SHV�RI�FRQVWUDLQWV� WR�SUHFLVHO\
VSHFLI\�LWV�VHPDQWLFV��$�IDPLO\�PHPEHUVKLS�WHVW�LV�XVHG�WR
FKHFN�ZKHWKHU�DQ� LQVWDQFH�FRUUHVSRQGLQJ� WR�D�SDUWLFXODU
VHW�RI�SDUDPHWHU�YDOXHV�EHORQJV�WR�D�IDPLO\��7KH�XQGHUO\�
LQJ� JHRPHWULF� UHSUHVHQWDWLRQ� LV� D� QRQ�PDQLIROG� FHOOXODU
PRGHO�

.H\ZRUGV�� SDUDPHWULF� PRGHOOLQJ�� IDPLOLHV� RI� REMHFWV�
VHPDQWLFV��IHDWXUH�PRGHOOLQJ��FHOOXODU�PRGHO

���,QWURGXFWLRQ

,Q� D� SDUDPHWULF�PRGHOOLQJ� V\VWHP�� RQFH� DQ� REMHFW� KDV
EHHQ� PRGHOOHG�� D� XVHU� FDQ� HDVLO\� FUHDWH� YDULDQWV� RI� WKDW
REMHFW� E\� FKDQJLQJ� LWV� SDUDPHWHUV�� 7KLV� DSSURDFK� KDV� D
QXPEHU� RI� REYLRXV� DGYDQWDJHV�� LW� FDQ� EH� KHOSIXO� LQ� ILQH
WXQLQJ� WKH� VKDSH� RI� DQ� REMHFW�� VHYHUDO� REMHFWV� WKDW� GLIIHU
RQO\�LQ�VRPH�GHWDLOV�FDQ�EH�PRGHOOHG�ZLWK�PXFK�OHVV�HIIRUW
WKDQ� ZLWK� WUDGLWLRQDO� VROLG� PRGHOOLQJ� WHFKQLTXHV�� DQG� OL�
EUDULHV� RI� VWDQGDUG� SDUWV� FDQ� EH� EXLOW� �$QGHUO� DQG
0HQGJHQ�������

7KH� VHW� RI� SRVVLEOH� YDULDQWV� RI� DQ� REMHFW� LV� FDOOHG� D
FODVV�RU�D� IDPLO\�RI�REMHFWV��6R�D�IDPLO\�RI�REMHFWV�UHSUH�
VHQWV� D� VHW� RI� REMHFWV�ZLWK� �VLPLODU�� VKDSH��7KH� XVHU� FDQ
FUHDWH�DQ�LQVWDQFH�IURP�VXFK�D�IDPLO\�E\�VSHFLI\LQJ�YDOXHV
IRU�WKH�SDUDPHWHUV�WKDW�FKDUDFWHULVH�WKH�IDPLO\��&RQVWUDLQWV
SOD\�DQ�LPSRUWDQW�UROH� LQ� WKH�GHILQLWLRQ�RI�SDUDPHWULF�RE�
MHFWV�� WKHVH� VSHFLI\� FHUWDLQ� SURSHUWLHV� IRU� WKH� REMHFWV�� IRU
H[DPSOH�WKDW�VRPH�SDUDPHWHU�YDOXH�KDV�WR�EH�ZLWKLQ�VRPH

SUHVFULEHG� UDQJH�� (DFK� LQVWDQFH� KDV� WR� VDWLVI\� DOO� FRQ�
VWUDLQWV�VSHFLILHG�IRU�WKH�IDPLO\�

0RVW�FXUUHQW�SDUDPHWULF�PRGHOOLQJ�V\VWHPV�XVH�D�GXDO
UHSUHVHQWDWLRQ� IRU� DQ� LQVWDQFH� RI� D� IDPLO\� RI� REMHFWV�� RQ
WKH�RQH�KDQG�D�PRGHO�KLVWRU\�DQG�WKH�VHW�RI�YDOXHV�IRU�WKH
SDUDPHWHUV�� RQ� WKH� RWKHU� KDQG� D� ERXQGDU\� UHSUHVHQWDWLRQ
RI�WKH�UHVXOWLQJ�VKDSH�

6KDSLUR�DQG�9RVVOHU� �������SRVHG�DQ� LQWHUHVWLQJ�TXHV�
WLRQ�DERXW�SDUDPHWULF�PRGHOOLQJ��ZKDW�LV�D�JRRG�GHILQLWLRQ
IRU�D�SDUDPHWULF�IDPLO\�RI�VROLGV"�6XFK�D�GHILQLWLRQ�VKRXOG
GHWHUPLQH� ZKLFK� REMHFWV� DUH� D� PHPEHU� RI� D� IDPLO\�� DQG
ZKLFK�REMHFWV� DUH�QRW�� ,W� KDV�EHHQ� VKRZQ� WKDW�� LQ� FXUUHQW
SDUDPHWULF� PRGHOOLQJ� V\VWHPV�� VXFK� D� GHILQLWLRQ� LV� KDP�
SHUHG�E\�FHUWDLQ�SHFXOLDULWLHV�RI�ERXQGDU\�UHSUHVHQWDWLRQV
�5DJKRWKDPD� DQG� 6KDSLUR� ������� (YHQ� PRUH� LPSRUWDQW�
VSHFLILFDWLRQ�PHFKDQLVPV�FXUUHQWO\�DYDLODEOH�IRU�SDUDPHW�
ULF�REMHFWV��LQ�SDUWLFXODU�WKH�DYDLODEOH�FRQVWUDLQW�W\SHV��DUH
LQVXIILFLHQW� WR� DGHTXDWHO\�PDLQWDLQ� WKH� GHVLJQ� LQWHQW� RI� D
IDPLO\�LQ�DOO�LWV�LQVWDQFHV�

7KHUHIRUH�� LQ� WKLV� SDSHU� LW� LV� DUJXHG� WKDW� LW� ZRXOG� EH
EHWWHU� WR� XVH� DQ� DOWHUQDWLYH� GHILQLWLRQ� DQG� UHSUHVHQWDWLRQ
IRU�D�SDUDPHWULF�IDPLO\�RI�REMHFWV�� LQ�ZKLFK� WKH�GHVLUDEOH
SURSHUWLHV� IRU� LWV� LQVWDQFHV� DUH� PRUH� SUHFLVHO\� VSHFLILHG�
DQG�ZKLFK�DYRLGV� WKH�SLWIDOOV�RI� WKH�ERXQGDU\�UHSUHVHQWD�
WLRQ�� $� IDPLO\� RI� REMHFWV� KHUH� LV� GHILQHG� E\� D� VHPDQWLF
IHDWXUH� PRGHO� �%LGDUUD� DQG� %URQVYRRUW� ������� 6XFK� D
PRGHO� FRQWDLQV� IHDWXUHV� DQG� FRQVWUDLQWV� WKDW� H[SOLFLWO\
GHILQH� WKH� VHPDQWLFV� RI� WKH� IDPLO\� RI� REMHFWV�� $� IDPLO\
PHPEHUVKLS�WHVW�FDQ�EH�XVHG�WR�GHWHUPLQH�ZKHWKHU�D�JLYHQ
VHW� RI� SDUDPHWHU� YDOXHV� VSHFLILHV� D� YDOLG� LQVWDQFH� RI� WKH
IDPLO\��7KLV�WHVW�JUHDWO\�EHQHILWV�IURP�WKH�XQGHUO\LQJ�QRQ�
PDQLIROG�JHRPHWULF�UHSUHVHQWDWLRQ��D�FHOOXODU�PRGHO�

,Q�6HFWLRQ���� WKH�SUREOHPV�ZLWK� IDPLOLHV� RI� REMHFWV� LQ
FXUUHQW� SDUDPHWULF� PRGHOOLQJ� V\VWHPV� ZLOO� EH� LOOXVWUDWHG�
,Q�6HFWLRQ���� WKH�QHZ�PHFKDQLVP�IRU�GHILQLQJ�IDPLOLHV�RI
REMHFWV�ZLOO�EH�LQWURGXFHG��,Q�6HFWLRQ���� WKH�IDPLO\�PHP�
EHUVKLS� WHVW�ZLOO�EH�GHVFULEHG�� ,Q�6HFWLRQ���� VRPH� UHVXOWV
DQG�FRQFOXVLRQV�ZLOO�EH�JLYHQ�



���)DPLOLHV�RI�REMHFWV�LQ�FXUUHQW�SDUDPHWULF
PRGHOOLQJ�V\VWHPV

,Q�PRVW� FXUUHQW� SDUDPHWULF�PRGHOOLQJ� V\VWHPV�� D� XVHU
FDQ�FUHDWH�D�PRGHO�RI�DQ�REMHFW��VRPHWLPHV�FDOOHG�D�SUR�
WRW\SH��DQG�WKHQ�FUHDWH�YDULDQWV�RI� WKDW�REMHFW�E\�VSHFLI\�
LQJ� GLIIHUHQW� SDUDPHWHU� YDOXHV�� 7KH� SDUDPHWHUV� PD\� EH
GLPHQVLRQV� RI� EDVLF� VKDSHV� WKDW� FRQVWLWXWH� WKH� REMHFW�� RU
XVHU�GHILQHG� SDUDPHWHUV� WKDW� VSHFLI\� RWKHU� GLPHQVLRQV� RI
WKH�FRPELQHG�VKDSH��,I�WKH�PRGHOOLQJ�V\VWHP�LV�D�SDUDPHW�
ULF�IHDWXUH�PRGHOOLQJ�V\VWHP��WKH�EDVLF�VKDSHV�DUH�IHDWXUH
VKDSHV��7KH�VHW�RI�SRVVLEOH�YDULDQWV�LV�GHVLJQDWHG�D�IDPLO\
RI�REMHFWV�

,Q�WKH�SURWRW\SH��VHYHUDO�FRQVWUDLQWV�FDQ�RFFXU�� IRU�H[�
DPSOH�WR�DOLJQ�WZR�IDFHV�RI�WZR�EDVLF�VKDSHV�RI�WKH�REMHFW�
RU� WR� UHVWULFW� WKH� UDQJH�RI� VRPH�SDUDPHWHU��7KH� VHTXHQFH
RI�PRGHOOLQJ�RSHUDWLRQV�XVHG� WR� FUHDWH� WKH� SURWRW\SH�� LQ�
FOXGLQJ� DOO� LWV� EDVLF� VKDSHV� DQG� FRQVWUDLQWV�� LV� FDOOHG� WKH
PRGHO� KLVWRU\�RI� WKH� REMHFW�� 7KLV� LV� LQ� IDFW� D� SURFHGXUDO
UHSUHVHQWDWLRQ�� XVHG� WR� UH�FRPSXWH� WKH� ERXQGDU\� UHSUH�
VHQWDWLRQ� RI� WKH� REMHFW� ZKHQHYHU� SDUDPHWHU� YDOXHV� DUH
PRGLILHG�� %DVLFDOO\�� WKLV� FRPHV� GRZQ� WR� D� VWHSZLVH
ERXQGDU\� UH�HYDOXDWLRQ� RI� DOO� EDVLF� VKDSHV� LQ� WKH� PRGHO
ZLWK�WKHLU�QHZ�SDUDPHWHU�YDOXHV�

6HYHUDO� UHVHDUFKHUV�� IRU� H[DPSOH�&KHQ� DQG�+RIIPDQQ
�������� /HTXHWWH� ������� DQG� 5DJKRWKDPD� DQG� 6KDSLUR
�������� KDYH� REVHUYHG� WKDW� XQH[SHFWHG�� DQG� HYHQ� LP�
SURSHU�� PRGHOV� FDQ� UHVXOW� IURP� VXFK� D� ERXQGDU\� UH�
HYDOXDWLRQ� SURFHVV� LQ� FRPPHUFLDO� PRGHOOLQJ� V\VWHPV�
6KDSLUR� DQG� 9RVVOHU� ������� UHODWHG� WKLV� SUREOHP� WR� WKH
TXHVWLRQ�RQ�KRZ�WR�GHILQH�IDPLOLHV�RI�REMHFWV�LQ�SDUDPHW�
ULF�PRGHOOLQJ��7KH�PDLQ�LVVXH�LQ�WKH�ODWWHU�LV�WR�GHWHUPLQH
ZKLFK�REMHFWV�EHORQJ�WR�D�IDPLO\�DQG�ZKLFK�GR�QRW��,W�PD\
KDSSHQ�WKDW��HYHQ� LI�DOO� FRQVWUDLQWV�GHILQHG� IRU� WKH�SURWR�
W\SH� DUH� VDWLVILHG� IRU� VRPH� VHW� RI� SDUDPHWHU� YDOXHV�� WKH
FRUUHVSRQGLQJ� LQVWDQFH� RI� WKH� REMHFW� GRHV� QRW� EHORQJ� WR
WKH�IDPLO\�RI�REMHFWV�DV�LQWHQGHG�E\�WKH�XVHU�

$Q�H[DPSOH�RI�JHWWLQJ�DQ�XQH[SHFWHG�PRGHO�LV�JLYHQ�LQ
)LJXUH� ��� LQVSLUHG� E\� H[DPSOHV� LQ� WKH� UHIHUHQFHV� JLYHQ
DERYH��7KH�PRGHO�FRQVLVWV�RI�D�EORFN��D�SURWUXVLRQ�DQG�D
VORW��7KH�SURWUXVLRQ�KDV�EHHQ�DWWDFKHG�WR�WKH�EORFN�VR�WKDW
WKHLU�FRSODQDU� WRS� IDFHV�DUH�PHUJHG� LQWR�RQH� IDFH�� I��� VHH
)LJXUH� ��D�� 7KH� WKURXJK� VORW�� ZKLFK� LQWHUVHFWV� ERWK� WKH
EORFN� DQG� WKH� SURWUXVLRQ�� KDV� EHHQ� DWWDFKHG� WR� IDFH� I��
FDXVLQJ�LW�WR�EH�VSOLW�LQWR�WZR�IDFHV��I�D�DQG�I�E��VHH�)LJXUH
��E��%\�PRGLI\LQJ�D�SRVLWLRQLQJ�SDUDPHWHU��WKH�SURWUXVLRQ
LV� GLVSODFHG� GRZQZDUGV�� :KHQ� WKH� PRGHO� KLVWRU\� LV� UH�
H[HFXWHG�� DIWHU� WKLV� SDUDPHWHU�PRGLILFDWLRQ�� WKH� XVHU�ZLOO
SUREDEO\� H[SHFW� WKH�PRGHO� RI� )LJXUH� ��F�� EXW�� LQ� DW� OHDVW
RQH� FXUUHQW� FRPPHUFLDO� V\VWHP�� KH� REWDLQV� WKH�PRGHO� RI
)LJXUH���G�LQVWHDG��$OWKRXJK�WKLV�PRGHO�LV�D�YDOLG�PRGHO�
LW�LV�DSSDUHQWO\�QRW�DFFRUGLQJ�WR�WKH�XVHU�LQWHQW��,W�LV�WKHUH�
IRUH� TXHVWLRQDEOH� ZKHWKHU� LW� VKRXOG� EH� D� PHPEHU� RI� WKH

IDPLO\� RI� REMHFWV� UHSUHVHQWHG� E\� WKH� SURWRW\SH� PRGHO� LQ
)LJXUH���E�

+RZHYHU�� ERXQGDU\� UH�HYDOXDWLRQ� FDQ� HYHQ� EHKDYH
ZRUVH��DV� WKH�UHVXOWLQJ�ERXQGDU\�PRGHO�PD\�EHFRPH�GLV�
FRQQHFWHG��$Q�H[DPSOH�RI�WKLV��LQVSLUHG�E\�DQ�H[DPSOH�LQ
5DJKRWKDPD�DQG�6KDSLUR���������LV�JLYHQ�LQ�)LJXUH����7KH
PRGHO� LQ� )LJXUH� ��D� KDV� D� F\OLQGULFDO� WKURXJK� VORW�� SRVL�
WLRQHG�DW�D�GLVWDQFH�D�IURP�WKH�LQGLFDWHG�HGJH��FDXVLQJ�WKH
WRS�IDFH�RI�WKH�EORFN�WR�EH�VSOLW�LQWR�IDFHV�I��DQG�I���$�ULE�LV
WKHQ� DWWDFKHG� WR� IDFH� I��� DW� D� GLVWDQFH�E�RI� WKH� VORW� HGJH
LQGLFDWHG�LQ�)LJXUH���E��7KH�VORW�SRVLWLRQ�LV�QRZ�PRGLILHG�
PDNLQJ� WKH� SDUDPHWHU� YDOXH�D� HTXDO� WR� WKH� UDGLXV� RI� WKH
VORW��E\�ZKLFK�IDFH�I��LQ�)LJXUH���D�FROODSVHV�LQWR�DQ�HGJH�
$FFRUGLQJ� WR� WKH� SRVLWLRQLQJ� FRQVWUDLQWV� VSHFLILHG�� WKH
XVHU�ZRXOG�PRVW�OLNHO\�H[SHFW� WKH�PRGHO� LQ�)LJXUH���F�DV
WKH�UHVXOW�RI� WKLV�SDUDPHWHU�PRGLILFDWLRQ��+RZHYHU�� VRPH
FXUUHQW�SDUDPHWULF�PRGHOOLQJ� V\VWHPV� SURGXFH� WKH�PRGHO
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LQ�)LJXUH���G��DQG�RWKHU�V\VWHPV�WKH�PRGHO� LQ�)LJXUH���H�
ZKHUH� WKH� ULE� LV� IOLSSHG�DFURVV� WKH� VORW� DQG�EHFRPHV�GLV�
FRQQHFWHG� IURP� WKH�REMHFW�� ,Q� WKLV� ODVW�FDVH��DOWKRXJK� WKH
QHZ�VHW�RI�SDUDPHWHUV�VHHPV�WR�GHILQH�D��UHDVRQDEOH��YDUL�

DQW�RI� WKH�RULJLQDO�REMHFW�� WKH�PRGHOOLQJ�V\VWHP�SURGXFHV
DQ�LPSURSHU�VROLG��6R�WKH�RQO\�SRVVLEOH�FRQFOXVLRQ�LV�WKDW
WKH�YDULDQW�VKRXOG�QRW�EH�LQ�WKH�IDPLO\�RI�REMHFWV�GHILQHG
E\� WKH�SURWRW\SH��EHFDXVH� LW� LV� GHILQLWHO\�QRW� LQ� OLQH�ZLWK
WKH�XVHU�LQWHQW�

7KH� XQGHUO\LQJ� SUREOHP� LQ� ERWK� H[DPSOHV� LV� WKH� VR�
FDOOHG�SHUVLVWHQW�QDPLQJ�SUREOHP��$W�HDFK�PRGHOOLQJ�VWHS
LQ�WKH�PRGHO�KLVWRU\��UHIHUHQFHV�FDQ�EH�PDGH�WR�WRSRORJLF
HQWLWLHV�LQ�WKH�LQWHUPHGLDWH�ERXQGDU\�UHSUHVHQWDWLRQ��ZKLFK
LV� WKH� UHVXOW� RI� DOO� SUHYLRXV� PRGHOOLQJ� VWHSV�� +RZHYHU�
WKHVH�HQWLWLHV�PD\�KDYH�EHHQ�VSOLW��PHUJHG�RU�GHOHWHG�DV�D
UHVXOW�RI�SUHYLRXV�PRGHOOLQJ�RSHUDWLRQV��GHSHQGLQJ�RQ�WKH
SDUDPHWHU�YDOXHV��$V�D� UHVXOW�� UHIHUHQFHV� FDQ�EH�PDGH� WR
HQWLWLHV�RI� LQWHUPHGLDWH�ERXQGDU\� UHSUHVHQWDWLRQV� WKDW� DUH
QR� ORQJHU� WKHUH�� ,Q� WKH� H[DPSOH� RI� )LJXUH� ��� IDFH� I�� UH�
VXOWHG�IURP�PHUJLQJ�WKH�FRSODQDU�EORFN�DQG�SURWUXVLRQ�WRS
IDFHV��:KHQ�WKHVH�DUH�QR�ORQJHU�FRSODQDU��RQH�RI� WKHP�LV
VHOHFWHG� E\� WKH� V\VWHP� DV� WKH� UHIHUHQFH� IRU� DWWDFKLQJ� WKH
WKURXJK� VORW�� ,Q� WKH� H[DPSOH� RI� )LJXUH� ��� WKH� VORW� HGJH
XVHG� WR� SRVLWLRQ� WKH� ULE� �)LJXUH� ��E�� LV� PHUJHG� ZLWK� DQ�
RWKHU� HGJH�� DQG� WKH� V\VWHP� VHOHFWV� WKH� PHUJHG� HGJH
�)LJXUH� ��F��� DQRWKHU� HGJH� �)LJXUH� ��G��� RU� WKH� PHUJHG
HGJH�EXW� WKH�RWKHU� VLGH�RI� LW� �)LJXUH���H��� WR�SRVLWLRQ� WKH
ULE�

6HYHUDO�VFKHPHV�KDYH�EHHQ�SURSRVHG�WR�VROYH� WKH�SHU�
VLVWHQW� QDPLQJ� SUREOHP� �.ULSDF� ������ &DSR\OHDV� HW� DO
������/HTXHWWH��������VR� WKDW� WKH�ERXQGDU\� UH�HYDOXDWLRQ
FDQ�DW�OHDVW�EH�FRQVLVWHQWO\�H[HFXWHG��DQG�LQ�D�GHWHUPLQLV�
WLF�ZD\��+RZHYHU�� WKH� IXQGDPHQWDO� SUREOHP� UHPDLQV� WKDW
WKH�UHVXOWLQJ�PRGHO�LV�QRW�DOZD\V�DV�H[SHFWHG�E\�WKH�XVHU�
PRVW� XVHUV� SUREDEO\� H[SHFW� WKH�PRGHO� RI� )LJXUH� ��F�� EXW
VRPH�XVHUV�PD\�QHYHUWKHOHVV� H[SHFW� WKH�PRGHO�RI� )LJXUH
��G�� 'HSHQGLQJ� RQ� KRZ� WKH� SHUVLVWHQW� QDPLQJ� VFKHPH
ZRUNV��WKH�XVHU�ZLOO�JHW�RQH�RI�WKHP��EXW�WKLV�RQH�PD\�QRW
EH� DFFRUGLQJ� WR� KLV� LQWHQW�� 2QH� PLJKW� DOVR� VD\� WKDW� WKH
VHPDQWLFV�RI�WKH�IDPLO\�RI�REMHFWV�LV�QRW�ZHOO�GHILQHG�

5DJKRWKDPD� DQG� 6KDSLUR� ������� KDYH� LQWURGXFHG
ERXQGDU\� UHSUHVHQWDWLRQ� GHIRUPDWLRQV� DV� D� ILUVW� VWHS� WR
FRPH� WR� D� VRXQGHU� GHILQLWLRQ� RI� D� SDUDPHWULF� IDPLO\� RI
REMHFWV�� %DVLFDOO\� LW� LV� DUJXHG� WKDW� DV� ORQJ� DV� WKHUH� LV� D
FRQWLQXRXV� ERXQGDU\� GHIRUPDWLRQ� IURP� WKH� SURWRW\SH
PRGHO� WR� WKH� QHZ� LQVWDQFH� SRVVLEOH�� WKH� QHZ� LQVWDQFH� LV
FRQVLGHUHG� WR� EH� D� PHPEHU� RI� WKH� IDPLO\�� +RZHYHU�� DV
5DJKRWKDPD�DQG�6KDSLUR�DOVR�DGPLW��FRQWLQXRXV�GHIRUPD�
WLRQV�VHHP�WR�EH�WRR�UHVWULFWLYH��DQG�RSHUDWLRQV� OLNH�VSOLW�
WLQJ�DQG�PHUJLQJ�RI�PRGHO�HQWLWLHV�KDYH� WR�EH�GHDOW�ZLWK�
LQ�RUGHU�WR�DOORZ�WRSRORJLFDO�FKDQJHV�VXFK�DV�WKH�HOLPLQD�
WLRQ� RI� KROHV�� EXW� WKLV� KDV� QRW� EHHQ� HODERUDWHG�� $�PDMRU
SUREOHP�KHUH�VHHPV�WR�EH�WKDW�VXFK�RSHUDWLRQV�FDQ�RQO\�EH
JHQHULFDOO\�DOORZHG�RU�GLVDOORZHG��H�J��IRU�DOO�KROHV� LQ�DQ
REMHFW� RU� IRU� QR� KROHV� DW� DOO�� $QG�� DJDLQ�� ZKLFK� REMHFWV
EHORQJ� WR� D� IDPLO\� LV� GHWHUPLQHG�� DW� OHDVW� SDUWO\�� E\� KRZ
WKH� PRGHOOLQJ� V\VWHP� ZRUNV�� LQ� SDUWLFXODU� ZKLFK� RSHUD�
WLRQV�DUH�DYDLODEOH�WR�DOORZ�GLVFRQWLQXRXV�GHIRUPDWLRQV�
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$Q�HYHQ�PRUH�LPSRUWDQW�VKRUWFRPLQJ�LQ�FXUUHQW�SDUDPHW�
ULF�PRGHOOLQJ�V\VWHPV��ZKLFK�PDNHV�LW�GLIILFXOW�WR�FRPH�WR
D�VRXQG�GHILQLWLRQ�RI�D�IDPLO\�RI�REMHFWV��LV�WKDW�FXUUHQWO\
DYDLODEOH� FRQVWUDLQW� W\SHV� DUH� QRW� DOZD\V� H[SUHVVLYH
HQRXJK�WR�DGHTXDWHO\�VSHFLI\�WKH�GHVLJQ�LQWHQW�RI�D�SURWR�
W\SH� REMHFW�� DQG� WKXV� RI� WKH� FRUUHVSRQGLQJ� IDPLO\� RI� RE�
MHFWV�

$V� DQ� H[DPSOH�� )LJXUH� ��D� VKRZV� D� SURWRW\SH� PRGHO
FRQVLVWLQJ�RI�D�EORFN�DQG��RQ�LWV�WRS�IDFH��D�SURWUXVLRQ�DQG
D�EOLQG�SRFNHW��%\�PRGLI\LQJ�D�SRVLWLRQLQJ�SDUDPHWHU�IRU
WKH�SURWUXVLRQ��WKH�YDULDQW�JLYHQ�LQ�)LJXUH���E�FDQ�EH�FUH�
DWHG�� ,Q� WKLV�PRGHO�� WKH� SRFNHW� LV� SDUWLDOO\� FORVHG� E\� WKH
SURWUXVLRQ��ZKLFK�PLJKW�ZHOO�EH�DJDLQVW� WKH�GHVLJQ� LQWHQW
RI�WKH�SURWRW\SH��LQ�ZKLFK�FDVH�WKH�YDULDQW�VKRXOG�QRW�EH�LQ
WKH�FRUUHVSRQGLQJ�IDPLO\�RI�REMHFWV�

:LWK�FXUUHQWO\�DYDLODEOH�FRQVWUDLQW�W\SHV��WKH�YDULDQW�RI
)LJXUH���E�FDQ�RQO\�EH�H[FOXGHG�E\�VHWWLQJ�GLVWDQFH�FRQ�
VWUDLQWV��IRU�H[DPSOH��EHWZHHQ�WKH�VLGH�IDFHV�RI�WKH�SRFNHW
DQG� RI� WKH� SURWUXVLRQ�� +RZHYHU�� LI� WKHUH� ZRXOG� EH� PRUH
WKDQ�RQH�SURWUXVLRQ�RQ�WRS�RI�WKH�EORFN��VHSDUDWH�GLVWDQFH
FRQVWUDLQWV�ZRXOG�KDYH�WR�EH�VSHFLILHG�IRU�HDFK�SURWUXVLRQ
DQG�WKH�SRFNHW�WR�JXDUDQWHH�WKDW�WKH�ODWWHU�ZRXOG�QHYHU�EH
FORVHG�IRU�DQ\�YDULDQW�

)RU�D�VRPHZKDW�FRPSOLFDWHG�PRGHO��LW�LV�REYLRXVO\�XQ�
IHDVLEOH� WR� VSHFLI\� WKH� IXOO� GHVLJQ� LQWHQW� E\� VXFK� PXWXDO
FRQVWUDLQWV� EHWZHHQ� SDLUV� RI� IDFHV�� $QRWKHU� VROXWLRQ� WR
DFFHSW�RU�UHMHFW�D�YDULDQW�ZRXOG�EH�WR�KDYH�WKH�XVHU�LQVSHFW
WKH� UHVXOWLQJ� VKDSH� DQG� GHFLGH�� %XW� WKDW� FDQ� EH� UDWKHU
DZNZDUG��DQG�PLJKW� HYHQ�EH�XQGHVLUDEOH�� LQ�SDUWLFXODU� LI
WKH�IDPLO\�RI�REMHFWV�KDV�EHHQ�GHILQHG�DV�D�VWDQGDUG�

:KDW�LV�QHHGHG�LQ�WKH�H[DPSOH�RI�)LJXUH���LV�D�W\SH�RI
FRQVWUDLQW� WKDW� VSHFLILHV� WKDW� WKH� SRFNHW� VKRXOG� UHPDLQ
RSHQ�LQ�DOO�FDVHV��L�H��WKDW�WKH�WRS�IDFH�RI�LWV�VKDSH�VKRXOG
QHYHU�EH�RQ�WKH�ERXQGDU\�RI�D�YDULDQW��0RUH�LQ�JHQHUDO��D
VHW� RI� FRQVWUDLQW� W\SHV� LV� QHHGHG� WR� H[SOLFLWO\� VSHFLI\
ZKLFK� WRSRORJLFDO� YDULDWLRQV� DUH� DOORZHG�� 6XFK� D� VHW� RI
FRQVWUDLQWV��LQ�FRPELQDWLRQ�ZLWK�WKH�PRUH�WUDGLWLRQDO�JHR�
PHWULF� DQG� DOJHEUDLF� FRQVWUDLQWV�� FDQ� HIIHFWLYHO\� VSHFLI\
WKH�GHVLJQ�LQWHQW��RU�VHPDQWLFV��RI�D�SURWRW\SH�REMHFW��DQG
WKHUHIRUH� DOVR� RI� WKH� FRUUHVSRQGLQJ� IDPLO\� RI� REMHFWV�� ,Q
DGGLWLRQ�� DQ� DXWRPDWLF� IDPLO\�PHPEHUVKLS� WHVW� LV� QHHGHG

WKDW�DFFHSWV�D�YDULDQW�DV�D�PHPEHU�RI�D�IDPLO\�LI�DQG�RQO\
LI�DOO�LWV�VSHFLILHG�FRQVWUDLQWV�DUH�VDWLVILHG�

,Q�WKLV�SDSHU��WKH�XVH�RI�VXFK�D�VHW�RI�FRQVWUDLQWV�LV�SUR�
SRVHG�WR�HQKDQFH�WKH�VSHFLILFDWLRQ�RI�D�IDPLO\�RI�REMHFWV�
$OO� YDULDQWV� WKDW� VDWLVI\� WKH� FRQVWUDLQWV� VSHFLILHG� IRU� WKH
SURWRW\SH� DUH� VDLG� WR�EHORQJ� WR� WKH� FRUUHVSRQGLQJ� IDPLO\
RI�REMHFWV��0RUH�VSHFLILFDOO\��D�SURWRW\SH�REMHFW�LV�GHILQHG
E\� D� VHPDQWLF� IHDWXUH� PRGHO�� ZKLFK� FRQVLVWV� RI� D� VHW� RI
IHDWXUHV�DQG�D�VHW�RI�FRQVWUDLQWV��WKLV�LV�HODERUDWHG�LQ�6HF�
WLRQ����$OO�REMHFWV�DUH�UHSUHVHQWHG�E\�D�IHDWXUH�JUDSK�DQG�D
QRQ�PDQLIROG�FHOOXODU�PRGHO��QRW�RQO\�DYRLGLQJ� WKH�SURE�
OHPV� RI� HYDOXDWLRQ� ZLWK� D� ERXQGDU\� UHSUHVHQWDWLRQ�� EXW
DOVR�HQDEOLQJ�D�IDPLO\�PHPEHUVKLS�WHVW��WKLV�LV�HODERUDWHG
LQ�6HFWLRQ���

���'HILQLQJ�VHPDQWLFV�IRU�D�IDPLO\�RI�REMHFWV

7KLV� VHFWLRQ� SUHVHQWV� WKH� IUDPHZRUN�ZLWKLQ�ZKLFK� VH�
PDQWLFV� LV� HIIHFWLYHO\� LQFRUSRUDWHG� LQ� WKH� GHILQLWLRQ� RI� D
IDPLO\� RI� REMHFWV�� )LUVW�� D� YDULHW\� RI� FRQVWUDLQW� W\SHV� LV
GHILQHG�� HDFK� RI� ZKLFK� FDQ� FDSWXUH� VSHFLILF� DVSHFWV� RI
GHVLJQ� LQWHQW��1H[W�� WKHVH� DUH� LQWHJUDWHG� LQ� WKH� GHILQLWLRQ
RI�D�IHDWXUH�FODVV��)LQDOO\��D�IRUPDO�GHILQLWLRQ�IRU�D�VHPDQ�
WLF� IHDWXUH�PRGHO� LV� SUHVHQWHG�� SURYLGLQJ� WKH� EDVLV� IRU� D
FRPSUHKHQVLYH�GHILQLWLRQ�RI�D�IDPLO\�RI�REMHFWV�

�����&RQVWUDLQWV

&RQVWUDLQWV�RIIHU� D� FRQYHQLHQW�PHDQV� WR� VSHFLI\� SURS�
HUWLHV�ZKLFK� WKH�XVHU� UHTXLUHV� LQ� D� IHDWXUH�PRGHO��*HQHU�
DOO\� VSHDNLQJ�� WKHVH� SURSHUWLHV�PD\� EH� FODVVLILHG� DV�JHR�
PHWULF�RU�WRSRORJLF�

*HRPHWULF�SURSHUWLHV
7ZR�W\SHV�RI�FRQVWUDLQWV�FDQ�EH�XVHG�WR�VSHFLI\�JHRPHWULF
SURSHUWLHV� LQ� DQG� DPRQJ� IHDWXUHV� RI� D� PRGHO�� JHRPHWULF
FRQVWUDLQWV�DQG�DOJHEUDLF�FRQVWUDLQWV�

*HRPHWULF� FRQVWUDLQWV�� VSHFLI\� JHRPHWULF� UHODWLRQV
�H�J�� SDUDOOHOLVP�� SHUSHQGLFXODULW\� RU� GLVWDQFH�
EHWZHHQ�IHDWXUH�HQWLWLHV�

$OJHEUDLF� FRQVWUDLQWV�� VSHFLI\� H[SUHVVLRQV� �HTXDOL�
WLHV�RU�LQHTXDOLWLHV��DPRQJ�IHDWXUH�SDUDPHWHUV�

*HRPHWULF� FRQVWUDLQWV� FDQ� EH� XVHG� WR� VSHFLI\� JHRPHWULF
SURSHUWLHV�ERWK�ZLWKLQ�D�IHDWXUH�LQVWDQFH�RU�EHWZHHQ�HQWL�
WLHV�RI�GLIIHUHQW�IHDWXUH�LQVWDQFHV��$Q�H[DPSOH�RI� WKH�IRU�
PHU�LV�WKH�UHTXLUHPHQW�WKDW�WKH�VLGHV�IDFHV�RI�D�VORW�VKRXOG
EH�SDUDOOHO��DQG�DQ�H[DPSOH�RI�WKH�ODWWHU�LV�WKDW�WKH�D[HV�RI
WZR�KROHV�VKRXOG�EH�DW�D�VSHFLILHG�GLVWDQFH�

$Q� HVVHQWLDO� SURSHUW\� RI� JHRPHWULF� FRQVWUDLQWV� LV� WKDW
WKH\�RSHUDWH�RQ�HQWLWLHV�RI�IHDWXUHV�LQ�WKH�PRGHO��H�J��WKHLU
IDFHV�RU�D[HV��UDWKHU�WKDQ�RQ�WRSRORJLF�HQWLWLHV�RI�LWV�JHR�
PHWULF�UHSUHVHQWDWLRQ��7KLV�LV�FUXFLDO�EHFDXVH��DV�GHVFULEHG
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�)LJXUH�����&KDQJLQJ�VHPDQWLFV�ZLWK�D�SDUDPHWHU
PRGLILFDWLRQ



LQ� WKH� SUHYLRXV� VHFWLRQ�� WRSRORJLF� HQWLWLHV� FDQ� KDYH� DQ
HSKHPHUDO� H[LVWHQFH� LQ� WKH� JHRPHWULF� PRGHO�� DQG� DUH
WKHUHIRUH� XQVXLWDEOH� IRU� EHLQJ� UHIHUHQFHG� LQ� D� SHUVLVWHQW
PDQQHU�� 5HIHUHQFHV� WR� IHDWXUH� HQWLWLHV�� LQVWHDG�� UHPDLQ
YDOLG�DV�ORQJ�DV�WKH�UHVSHFWLYH�IHDWXUH�LQVWDQFHV�UHPDLQ�LQ
WKH�PRGHO��%\�XVLQJ�WKHP��WKH�SHUVLVWHQW�QDPLQJ�SUREOHP
RXWOLQHG�LQ�WKH�SUHYLRXV�VHFWLRQ�LV�DYRLGHG�

$OJHEUDLF�FRQVWUDLQWV�FDQ�EH�XVHG�WR�VSHFLI\�SDUDPHWHU
UHODWLRQV� ZLWKLQ� D� IHDWXUH� LQVWDQFH�� H�J�� DQ� HTXDOLW\� EH�
WZHHQ�WKH�ZLGWK�DQG�WKH�OHQJWK�RI�D�VTXDUH�VHFWLRQ�SDVVDJH
IHDWXUH�� RU� DPRQJ� SDUDPHWHUV� RI� GLIIHUHQW� IHDWXUHV�� H�J�
UHTXLULQJ�WKH�GHSWK�RI�D�SRFNHW�WR�EH�WZLFH�WKH�GLDPHWHU�RI
D� KROH�� $QRWKHU� XVH� RI� DOJHEUDLF� FRQVWUDLQWV� LV� IRU� WKH
VSHFLILFDWLRQ�RI�WKH�DOORZDEOH�UDQJH�RI�YDOXHV�IRU�D�IHDWXUH
SDUDPHWHU��E\�PHDQV�RI�LQHTXDOLW\�UHODWLRQV�

7RSRORJLF�SURSHUWLHV
7RSRORJLF� SURSHUWLHV� FDQ� EH� VSHFLILHG� RQ� IHDWXUHV� LQ� D
PRGHO� E\� XVLQJ� WZR� W\SHV� RI� FRQVWUDLQWV�� ERXQGDU\� FRQ�
VWUDLQWV� DQG� LQWHUDFWLRQ� FRQVWUDLQWV�� %RWK� W\SHV� RI� FRQ�
VWUDLQWV�� JHQHUDOO\� GHVLJQDWHG� DV� WRSRORJLF� FRQVWUDLQWV�
VSHFLI\�ZKLFK�WRSRORJLF�YDULDQWV�RI�D�IHDWXUH� LQVWDQFH�DUH
DOORZHG�

%RXQGDU\� FRQVWUDLQWV�� VSHFLI\� WKH� H[WHQW� WR� ZKLFK
LWV� IHDWXUH� IDFHV� VKRXOG�EH�RQ� WKH�PRGHO�ERXQG�
DU\�

,QWHUDFWLRQ� FRQVWUDLQWV�� VSHFLI\� WKDW� D� SDUWLFXODU
IHDWXUH� LQWHUDFWLRQ� W\SH� LV� QRW� DOORZHG� IRU� WKH
IHDWXUH�LQVWDQFH�

%RXQGDU\� FRQVWUDLQWV� DUH� RI� WZR� W\SHV�� RQ%RXQGDU\�
ZKLFK� PHDQV� WKH� IHDWXUH� IDFH� VKRXOG� EH� SUHVHQW� RQ� WKH
PRGHO� ERXQGDU\�� DQG� QRW2Q%RXQGDU\�� ZKLFK� PHDQV� WKH
IHDWXUH�IDFH�VKRXOG�QRW�EH�SUHVHQW�RQ�WKH�PRGHO�ERXQGDU\�
)XUWKHUPRUH�� ERWK� W\SHV� RI� ERXQGDU\� FRQVWUDLQWV� DUH� SD�

UDPHWHULVHG�� VWDWLQJ� ZKHWKHU� WKH� SUHVHQFH� RU� DEVHQFH� RQ
WKH�PRGHO�ERXQGDU\�LV�FRPSOHWHO\�RU�RQO\�SDUWO\�UHTXLUHG�
$Q�H[DPSOH�RI�WKLV�LV�D�EOLQG�KROH�FODVV�IRU�ZKLFK�WKH�WRS
IDFH�KDV�D�QRW2Q%RXQGDU\�FRPSOHWHO\��FRQVWUDLQW��WKH�VLGH
IDFH�KDV�DQ�RQ%RXQGDU\�SDUWO\��FRQVWUDLQW��DQG�WKH�ERWWRP
IDFH�KDV�DQ�RQ%RXQGDU\�FRPSOHWHO\��FRQVWUDLQW�

6HYHUDO� IXQFWLRQDO� DVSHFWV� RI� IHDWXUH� VHPDQWLFV�� KRZ�
HYHU�� FDQQRW� EH� IXOO\� VSHFLILHG� E\� ERXQGDU\� FRQVWUDLQWV
DORQH��7KRVH�DUH�EHWWHU�GHVFULEHG�LQ�WHUPV�RI�WKH�WRSRORJ\
RI�WKH�IHDWXUH�YROXPH�DQG�RU�RI�WKH�IHDWXUH�ERXQGDU\�DV�D
ZKROH�� DQG� WKHUHIRUH� UHTXLUH� D� KLJKHU�OHYHO� VSHFLILFDWLRQ�
QRW�GLUHFWO\�EDVHG�RQ� IHDWXUH�HQWLWLHV��6XFK� IXQFWLRQDO� UH�
TXLUHPHQWV�FDQ�EH�YLRODWHG�E\�IHDWXUH�LQWHUDFWLRQV��ZKLFK
DUH� PRGLILFDWLRQV� RI� WKH� VKDSH� DVSHFWV� UHSUHVHQWHG� E\� D
IHDWXUH�WKDW�DIIHFW�LWV�IXQFWLRQDO�PHDQLQJ��([DPSOHV�RI�WKLV
DUH� D� WUDQVPXWDWLRQ� LQWHUDFWLRQ� RI� D� EOLQG� KROH� LQWR� D
WKURXJK� KROH�� RU� DQ� DEVRUSWLRQ� LQWHUDFWLRQ� WKDW� FDXVHV� D
IHDWXUH� WR� FHDVH� FRPSOHWHO\� LWV� FRQWULEXWLRQ� WR� WKH�PRGHO
VKDSH��$� QRQ�H[KDXVWLYH� FODVVLILFDWLRQ� RI� IHDWXUH� LQWHUDF�
WLRQV�FDQ�EH�IRXQG�LQ��%LGDUUD��������)RU�FRPSOHWHQHVV��LW
LV� EULHIO\� VXPPDULVHG� LQ� 7DEOH� ��� 7RSRORJLF� LQWHUDFWLRQ�
FRUUHVSRQGLQJ�WR�WKH�YLRODWLRQ�RI�D�ERXQGDU\�FRQVWUDLQW��LV
E\�GHILQLWLRQ�DOZD\V�GLVDOORZHG�

�����'HILQLWLRQ�RI�D�IHDWXUH�FODVV

)HDWXUHV� FDQ� EH� GHILQHG� DV� ³UHSUHVHQWDWLRQV� RI� VKDSH
DVSHFWV�RI�D�SURGXFW�WKDW�DUH�PDSSDEOH�WR�D�JHQHULF�VKDSH
DQG�DUH�IXQFWLRQDOO\�VLJQLILFDQW�IRU�VRPH�SURGXFW�OLIH�F\FOH
SKDVH´�� ,Q� RWKHU� ZRUGV�� HDFK� IHDWXUH� KDV� D� ZHOO�GHILQHG
PHDQLQJ�� H[SUHVVHG� WKURXJK� LWV� JHRPHWULF� DQG� WRSRORJLF
SURSHUWLHV��$�IHDWXUH�FODVV�LV�D�VWUXFWXUHG�GHVFULSWLRQ�RI�DOO
VXFK�SURSHUWLHV��GHILQLQJ�D� WHPSODWH�IRU�DOO� LQVWDQFHV�RI�D
JLYHQ� IHDWXUH� W\SH�� 7KHVH� SURSHUWLHV� LQFOXGH� WKH� YDOLGLW\
FRQGLWLRQV� WKDW� DOO� IHDWXUH� LQVWDQFHV� RI� WKDW� W\SH� VKRXOG

�7DEOH���±�&ODVVLILFDWLRQ�RI�LQWHUDFWLRQV

,QWHUDFWLRQ�W\SH 'HVFULSWLRQ

6SOLWWLQJ 6SOLWV�WKH�ERXQGDU\�RI�D�IHDWXUH�LQWR�WZR��RU�PRUH��GLVFRQQHFWHG�VXEVHWV�

'LVFRQQHFWLRQ &DXVHV�WKH�YROXPH�RI�DQ�DGGLWLYH�IHDWXUH��RU�SDUW�RI�LW��WR�EHFRPH�GLVFRQQHFWHG�IURP�WKH�PRGHO�

%RXQGDU\�FOHDUDQFH &DXVHV��SDUWLDO��REVWUXFWLRQ�RI�D�FORVXUH�IDFH�RI�D�VXEWUDFWLYH�IHDWXUH�

9ROXPH�FOHDUDQFH &DXVHV�SDUWLDO�REVWUXFWLRQ�RI�WKH�YROXPH�RI�D�VXEWUDFWLYH�IHDWXUH�

&ORVXUH &DXVHV�VRPH�VXEWUDFWLYH�IHDWXUH�YROXPH�V��WR�EHFRPH�D�FORVHG�YRLG�LQVLGH�WKH�PRGHO�

$EVRUSWLRQ &DXVHV�D�IHDWXUH�WR�FHDVH�FRPSOHWHO\�LWV�FRQWULEXWLRQ�WR�WKH�PRGHO�VKDSH�

*HRPHWULF &DXVHV�D�PLVPDWFK�EHWZHHQ�D�QRPLQDO�SDUDPHWHU�YDOXH�DQG�WKH�DFWXDO�IHDWXUH�JHRPHWU\�

7UDQVPXWDWLRQ &DXVHV�D�IHDWXUH�LQVWDQFH�WR�H[KLELW�WKH�VKDSH�LPSULQW�FKDUDFWHULVWLF�RI�DQRWKHU�IHDWXUH�FODVV�

7RSRORJLF &RUUHVSRQGV�WR�WKH�YLRODWLRQ�RI�D�ERXQGDU\�FRQVWUDLQW�LQ�D�JLYHQ�IHDWXUH�



VDWLVI\��7KHVH�FRQGLWLRQV��DV�ZHOO�DV�WKH�IHDWXUH�VKDSH�DQG
LWV� SDUDPHWHUV�� DUH� VSHFLILHG� XVLQJ� WKH� FRQVWUDLQW� W\SHV
SUHVHQWHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ�

7KH� EDVLV� RI� D� IHDWXUH� FODVV� LV� D� SDUDPHWHULVHG� VKDSH�
)RU�D�VLPSOH�IHDWXUH��WKLV�LV�D�EDVLF�VKDSH��H�J��D�F\OLQGHU
IRU�D�KROH��$�EDVLF�VKDSH�HQFDSVXODWHV�D�VHW�RI�JHRPHWULF
FRQVWUDLQWV�WKDW�UHODWH�LWV�SDUDPHWHUV� WR� WKH�FRUUHVSRQGLQJ
VKDSH� HQWLWLHV�� )RU� D� FRPSRXQG� IHDWXUH�� WKH� VKDSH� LV� D
FRPELQDWLRQ� RI� VHYHUDO�� SRVVLEO\� RYHUODSSLQJ�� EDVLF
VKDSHV��H�J��WZR�F\OLQGHUV�IRU�D�VWHSSHG�KROH�

7KH� JHRPHWU\� RI� D� IHDWXUH�� GHVLJQDWHG� WKH� IHDWXUH¶V
VKDSH� H[WHQW�� DFFRXQWV� IRU� WKH� ERXQGHG� UHJLRQ� RI� VSDFH
FRPSULVHG�E\� LWV� YROXPHWULF� VKDSH��0RUHRYHU�� LWV� ERXQG�
DU\� LV� GHFRPSRVHG� LQWR� IXQFWLRQDOO\� PHDQLQJIXO� VXEVHWV�
WKH� VKDSH� IDFHV�� HDFK� RQH� ODEHOOHG� ZLWK� LWV� RZQ� JHQHULF
QDPH��WR�EH�XVHG�LQ�PRGHOOLQJ�RSHUDWLRQV��)RU�H[DPSOH��D
F\OLQGHU�VKDSH�KDV�D�WRS��D�ERWWRP�DQG�D�VLGH�IDFH�

$� IHDWXUH� FODVV� FRPSULVHV� DOVR� WKH� QRWLRQ� RI� IHDWXUH
QDWXUH�� LQGLFDWLQJ�ZKHWKHU� LWV� IHDWXUH� LQVWDQFHV� UHSUHVHQW
PDWHULDO� DGGHG� WR� RU� UHPRYHG� IURP� WKH� PRGHO� �UHVSHF�
WLYHO\�DGGLWLYH�DQG�VXEWUDFWLYH�QDWXUHV��

&UHDWLRQ� RI� DQ� LQVWDQFH� RI� D� JLYHQ� IHDWXUH� FODVV� W\SL�
FDOO\� UHTXLUHV�DVVLJQLQJ�QXPHULF�YDOXHV� WR� D� VHW� RI� VFDODU
SDUDPHWHUV� 3)�  � ^S��� S��� «�� SI`� ±VR�FDOOHG� IHDWXUH� SD�
UDPHWHUV±�IRU�GHWHUPLQLQJ�LWV�VKDSH��DQG�VSHFLI\LQJ�VRPH
UHIHUHQFHV�WR�HQWLWLHV�RI�RWKHU�IHDWXUHV�IRU�SRVLWLRQLQJ�LW�

�����'HILQLWLRQ�RI�D�VHPDQWLF�IHDWXUH�PRGHO

7KH� WZR�SUHYLRXV� VXEVHFWLRQV�GHVFULEHG� WKH� VSHFLILFD�
WLRQ�RI�IHDWXUH�VHPDQWLFV�E\�PHDQV�RI�FRQVWUDLQWV��7KH�XVH
RI� VXFK� FRQVWUDLQWV� VKRXOG�QRZ�EH� GLVWLQJXLVKHG�� DFFRUG�
LQJ� WR� ZKHWKHU� WKH\� DUH� VSHFLILHG�ZLWKLQ� D� IHDWXUH� FODVV�
WKXV�KROGLQJ�IRU�DOO�LWV�IHDWXUH�LQVWDQFHV��RU�WKH\�DUH�VSHFL�
ILHG�E\� WKH�GHVLJQHU�DPRQJ� �RU�RQ� D�� IHDWXUH� LQVWDQFH�V��
7KH� IRUPHU� DUH� FDOOHG� IHDWXUH� FRQVWUDLQWV�� DV� WKH\� DUH
PHPEHUV� RI� D� IHDWXUH� FODVV��ZKHUHDV� WKH� ODWWHU� DUH� FDOOHG
PRGHO�FRQVWUDLQWV��$�PRGHO�FRQVWUDLQW�LQVWDQFH��MXVW�OLNH�D
IHDWXUH�LQVWDQFH��PD\�UHTXLUH�DVVLJQLQJ�QXPHULF�YDOXHV� WR
LWV� VFDODU�FRQVWUDLQW�SDUDPHWHUV�3&� �^S��� S���«�� SF`�� DV
ZHOO� DV� VSHFLILFDWLRQ� RI� DQ\� IHDWXUH� HQWLWLHV�SDUDPHWHUV
ZKLFK�LW�UHIHUV�WR�

&RQVLGHULQJ�Q� IHDWXUHV� LQ� D�PRGHO�� WRJHWKHU�ZLWK� LWV�N
PRGHO� FRQVWUDLQWV�� ZH� FDQ� GHILQH� WKH� VHW� RI� PRGHO� SD�
UDPHWHUV��30��DV
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(DFK� VHTXHQFH�� S�� RI�P� QXPHULF� YDOXHV� DVVLJQHG� WR� WKH
PRGHO�SDUDPHWHUV�SM�� M ��«�P��GHILQHV�D�SRLQW� LQ� WKH�SD�
UDPHWHU� VSDFH�3P�� 6XFK� D� VHTXHQFH� IXOO\� GHWHUPLQHV� WKH
VKDSH�DQG�SRVLWLRQ�RI�DOO�IHDWXUHV��DQG�WKXV�DOVR�WKH�VHW�RI
SRLQWV�RI�(��WKDW�LV�UHSUHVHQWHG�E\�WKH�VROLG�PRGHO�

$�VHPDQWLF�IHDWXUH�PRGHO�FDQ� WKHQ�EH�GHILQHG�DFFRUG�
LQJ�WR�WKH�IROORZLQJ�

'HILQLWLRQ��D�VHPDQWLF�IHDWXUH�PRGHO�LV�D�WULSOH

� ��)��&��S!

ZKHUH

)�LV�D�VHW�RI� LQWHUUHODWHG� IHDWXUH� LQVWDQFHV��HDFK�RQH
ZLWK�LWV�RZQ�VHW�RI�IHDWXUH�FRQVWUDLQWV�

&�LV�D�VHW�RI�PRGHO�FRQVWUDLQWV�DSSOLHG�RQ�IHDWXUHV�RI
)��DQG

S� LV�D�VHTXHQFH�RI�QXPHULF�YDOXHV� IRU� WKH�PRGHO�SD�
UDPHWHUV� WKDW� IXOO\� GHWHUPLQHV� WKH� JHRPHWU\� RI� DOO
IHDWXUH�LQVWDQFHV�RI�)�

7\SLFDOO\��QRW�DOO�SRLQWV�LQ�3P�FRUUHVSRQG�WR�D�PHDQLQJIXO
REMHFW� UHSUHVHQWDWLRQ�� IRU� H[DPSOH�� VRPH� SDUDPHWHUV� LQ
30�� LQ�SDUWLFXODU� IHDWXUH�GLPHQVLRQV��ZLOO� EH� OLPLWHG� WR� D
QRQ�QHJDWLYH� UDQJH� RI� YDOXHV�� ,Q� JHQHUDO�� WKH� VHPDQWLF
IHDWXUH�PRGHO�LV�VDLG�WR�EH�YDOLG�LI�DQG�RQO\�LI�WKH�YDOLGLW\
FRQGLWLRQV�RI�DOO�IHDWXUHV�LQ�WKH�PRGHO�DQG�DOO�PRGHO�FRQ�
VWUDLQWV�DUH�VDWLVILHG��RWKHUZLVH�� LW� LV�DQ� LQYDOLG�PRGHO�� ,Q
RWKHU�ZRUGV��D�YDOLG�VHPDQWLF�IHDWXUH�PRGHO�VDWLVILHV�DOO�LWV
FRQVWUDLQWV�RU��IRUPDOO\��LWV�VHTXHQFH�S�RI�SDUDPHWHU�YDOXHV
LV�VXFK�WKDW�WKH�IHDWXUH�FRQVWUDLQWV�RI�DOO�IHDWXUHV�IM³)��DQG
DOO�PRGHO�FRQVWUDLQWV�LQ�&��DUH�VDWLVILHG�

�����'HILQLWLRQ�RI�D�IDPLO\�RI�REMHFWV

&RQVLGHULQJ�D�VHPDQWLF�IHDWXUH�PRGHO� �DV�WKH�SURWR�
W\SH� PRGHO� IRU� D� IDPLO\� RI� REMHFWV�� �� ZH� SURSRVH� WKH
IROORZLQJ�GHILQLWLRQ�

'HILQLWLRQ�� WKH� IDPLO\�RI� REMHFWV� GHILQHG� E\� WKH� VHPDQWLF
IHDWXUH�PRGHO� � ��)��&��S!�LV�WKH�VHW�RI�PRGHOV

� �^� 
��� 
� ��)��&��S
!�LV�D�YDOLG�PRGHO��S
³�3P�`

$OO�LQVWDQFHV�RI�D�IDPLO\�RI�REMHFWV�KDYH�WKH�VDPH�IHDWXUHV
DQG�WKH�VDPH�PRGHO�FRQVWUDLQWV�DV�WKH�SURWRW\SH��(VVHQWLDO
LQ�WKH�GHILQLWLRQ�LV�WKDW�DOO�FRQVWUDLQWV�PXVW�EH�VDWLVILHG�IRU
HYHU\�PHPEHU�RI�WKH�IDPLO\�

7KH� GLPHQVLRQ� RI� WKH� SDUDPHWHU� VSDFH� RI� D� IDPLO\� RI
REMHFWV�GRHV�QRW�QHFHVVDULO\�KDYH�WR�EH�WKH�VDPH�DV�WKDW�RI
WKH� SURWRW\SH�� )RU� H[DPSOH�� D� IDPLO\� SDUDPHWHU�� VD\
WKURXJK+ROH'LDPHWHU��PLJKW� EH�PDSSHG� WR� WKH�GLDPHWHU
SDUDPHWHUV� RI� WZR� WKURXJK� KROHV� LQ� WKH� SURWRW\SH��0RUH
JHQHUDOO\�� WKH� VSHFLILFDWLRQ� RI� WKH� IDPLO\� RI� REMHFWV� PD\
LQFOXGH�D�V\VWHP�RI�HTXDWLRQV�WR�PDS�Q�IDPLO\�SDUDPHWHUV
WR�WKH�P�PRGHO�SDUDPHWHUV�QHFHVVDU\�WR�IXOO\�GHWHUPLQH�DOO
IHDWXUHV�LQ�DQ�LQVWDQFH�RI�WKH�IDPLO\��6XFK�D�V\VWHP�FDQ�EH
UHSUHVHQWHG� LQ� WKH� IDPLO\� VSHFLILFDWLRQ�E\�PHDQV�RI�DOJH�



EUDLF�FRQVWUDLQWV�
)DPLO\� SDUDPHWHUV� SURYLGH� D� FRQYHQLHQW� LQWHUIDFH

WKURXJK�ZKLFK�YDULDQWV�PD\�HDVLO\�EH� LQVWDQWLDWHG�� ,Q� WKH
UHPDLQGHU� RI� WKH� SDSHU�� IDPLO\� SDUDPHWHUV�ZLOO� EH� GHVLJ�
QDWHG� VLPSO\� DV� SDUDPHWHUV�� ZLWKRXW� IXUWKHU� UHIHUHQFH� WR
DQ\�SRVVLEOH�PDSSLQJ�EHWZHHQ�SDUDPHWHU�VSDFHV�

���)DPLO\�PHPEHUVKLS�WHVW

$V�PHQWLRQHG�LQ�6HFWLRQ����D�IDPLO\�PHPEHUVKLS�WHVW�LV
UHTXLUHG� WR� GHWHUPLQH� ZKHWKHU� D� JLYHQ� VHTXHQFH� RI� SD�
UDPHWHU�YDOXHV�S
� VSHFLILHV�D�YDOLG� LQVWDQFH�RI� WKH�IDPLO\�
$FFRUGLQJ� WR� WKH� GHILQLWLRQV� LQ� WKH� SUHYLRXV� VHFWLRQ�
FKHFNLQJ�PHPEHUVKLS�FRPHV�GRZQ�WR�DVVHVVLQJ�WKH�YDOLG�
LW\�RI�WKH�UHVXOWLQJ�IHDWXUH�PRGHO�

$�PRGHO�YDOLGLW\�PDLQWHQDQFH�SURFHVV�ZLWKLQ� WKH� FRQ�
WH[W�RI�EXLOGLQJ�D�VHPDQWLF�IHDWXUH�PRGHO�ZDV�GHVFULEHG�LQ
GHWDLO�E\�%LGDUUD�DQG�%URQVYRRUW������D���,W�KDV�EHHQ�LP�
SOHPHQWHG�LQ� WKH�63,))� V\VWHP��D�SURWRW\SH�PXOWLSOH�YLHZ
IHDWXUH�PRGHOOLQJ�V\VWHP��GHYHORSHG�DW�'HOIW�8QLYHUVLW\�RI
7HFKQRORJ\� �%URQVYRRUW� HW� DO�� ������� ,Q� WKLV� V\VWHP�� D
VHPDQWLF� IHDWXUH� PRGHO� KDV� D� WZR�OHYHO� VWUXFWXUH� WKDW
FOHDUO\�GLVWLQJXLVKHV�PRGHOOLQJ�HQWLWLHV��L�H��WKH�HQWLWLHV�RQ
ZKLFK�DOO�PRGHOOLQJ�RSHUDWLRQV�DUH�SHUIRUPHG�� IURP�HQWL�
WLHV� LQ� WKH� HYDOXDWHG� JHRPHWULF� PRGHO�� 7KH� IRUPHU� DUH
NHSW�LQ�WKH�ILUVW�OHYHO�RI�WKH�PRGHO�±WKH�VR�FDOOHG�)HDWXUH
'HSHQGHQF\� *UDSK±�� ZKLFK� FRQWDLQV� DOO� IHDWXUH� DQG
�PRGHO�� FRQVWUDLQW� LQVWDQFHV�� LQWHUUHODWHG� E\� GHSHQGHQF\
UHODWLRQV��7KH�VHFRQG�OHYHO�FRQWDLQV�WKH�HYDOXDWHG�JHRPHW�
ULF�UHSUHVHQWDWLRQ�RI�WKH�SURGXFW�LQ�WKH�VR�FDOOHG�&HOOXODU
0RGHO��,WV�HQWLWLHV�DUH�NHSW�LQWHUQDO��EHLQJ�RQO\�UHTXLUHG�WR
³UHIOHFW´�WKH�JHRPHWU\�WKDW�UHVXOWV�IURP�WKH�PRGHOOLQJ�RS�
HUDWLRQV�SHUIRUPHG�RQ�WKH�ILUVW�OHYHO�

:H�QRZ�FRQFHQWUDWH�RQ�YDOLGLW\�FKHFNLQJ�LQ�WKH�IDPLO\
PHPEHUVKLS� WHVW��7KLV� FDQ�EH� VSOLW� LQWR� WKUHH�SKDVHV�� VHH
)LJXUH� ��� �L�� FRQVWUDLQW� VROYLQJ�� �LL�� ERXQGDU\� UH�
HYDOXDWLRQ� DQG� �LLL�� WRSRORJLF� YDOLGDWLRQ�� ZKLFK� ZLOO� EH

VXEVHTXHQWO\�GHVFULEHG��,Q�WKH�HQG��ZH�EULHIO\�H[SODLQ�KRZ
WKH� XVHU� LV� DVVLVWHG� LQ� UH�SDUDPHWHULVDWLRQ� RI� DQ� LQYDOLG
LQVWDQFH�WR�PDNH�LW�D�PHPEHU�RI�WKH�IDPLO\�

�����&RQVWUDLQW�VROYLQJ

7KH� ILUVW� SKDVH� RI� WKH�PHPEHUVKLS� WHVW� LV� WKH� LQWHUQDO
JHRPHWULF� DQG� DOJHEUDLF� FRQVWUDLQW� VROYLQJ� SURFHVV�� ,WV
JRDO� LV� WR� XSGDWH� WKH�PRGHO� SDUDPHWHUV�� L�H�� GLPHQVLRQV�
SRVLWLRQ� DQG� RULHQWDWLRQ� RI� DOO� IHDWXUHV� LQ� WKH�PRGHO�� DF�
FRUGLQJ�WR�WKH�QHZ�SDUDPHWHU�YDOXHV�S
�VSHFLILHG�

7KLV�WDVN�LV�SHUIRUPHG�E\�D�&RQVWUDLQW�0DQDJHU��ZKLFK
LQYRNHV�WZR�GHGLFDWHG�FRQVWUDLQW�VROYHUV��D�JHRPHWULF�FRQ�
VWUDLQW� VROYHU� EDVHG� RQ� H[WHQGHG� �'� GHJUHHV� RI� IUHHGRP
DQDO\VLV� �.UDPHU� ������� DQG� D� 6N\%OXH� DOJHEUDLF� FRQ�
VWUDLQW�VROYHU��6DQHOOD��������7KH�LWHUDWLYH�FR�RSHUDWLRQ�RI
WKHVH�VROYHUV��XQGHU�WKH�FRQWURO�RI�WKH�&RQVWUDLQW�0DQDJHU�
LV�GHVFULEHG�E\�'RKPHQ��������

,Q� WKLV� SKDVH�� WKH� IDPLO\�PHPEHUVKLS� WHVW� IDLOV� ZKHQ�
HYHU� VRPH�PRGHO� SDUDPHWHU� JHWV� DVVLJQHG� D� YDOXH� RXW� RI
LWV� UDQJH� RI� DOORZDEOH� YDOXHV� �VSHFLILHG� ZLWK� DOJHEUDLF
FRQVWUDLQWV��VHH�6XEVHFWLRQ�������6XFK�DOJHEUDLF�FRQVWUDLQW
YLRODWLRQV� DUH� SDVVHG� WR� WKH� UH�SDUDPHWHULVDWLRQ� PHFKD�
QLVP�IRU�IXUWKHU�SURFHVVLQJ��DV�GHSLFWHG�LQ�)LJXUH���

�����%RXQGDU\�UH�HYDOXDWLRQ

:KHQ�WKLV�VHFRQG�SKDVH�LV�UHDFKHG��HDFK�IHDWXUH�LQ�WKH
PRGHO�KDV�DOO�LWV�SDUDPHWHUV�VXFFHVVIXOO\�XSGDWHG��,Q�SDU�
WLFXODU�� DOO� IHDWXUH� VKDSH� H[WHQWV� KDYH� WKHLU� GLPHQVLRQV�
SRVLWLRQ� DQG� RULHQWDWLRQ� IXOO\� GHWHUPLQHG�� 7KH� &HOOXODU
0RGHO�PD\�WKXV�EH�XSGDWHG��VR�WKDW�WKH�HIIHFWV�RI�WKH�RS�
HUDWLRQ� DUH� DOVR� UHIOHFWHG� LQ� WKH� HYDOXDWHG� JHRPHWULF
PRGHO�

,Q� WKLV� VXEVHFWLRQ�� WKH�PDLQ�FKDUDFWHULVWLFV�RI� WKH�&HO�
OXODU�0RGHO�DUH�ILUVW�VXPPDULVHG��DQG�WKHQ�WKH�WZR�VWDJHV
RI� WKH� ERXQGDU\� UH�HYDOXDWLRQ� SURFHVV� DUH� VKRUWO\� GH�
VFULEHG�� UH�HYDOXDWLRQ� RI� WKH�&HOOXODU�0RGHO� DQG� LWV�KLV�
WRU\�LQGHSHQGHQW�LQWHUSUHWDWLRQ�

7KH�&HOOXODU�0RGHO
7KH� &HOOXODU� 0RGHO� LV� D� QRQ�PDQLIROG� JHRPHWULF� UHSUH�
VHQWDWLRQ� RI� WKH� VHPDQWLF� IHDWXUH� PRGHO�� LQWHJUDWLQJ� WKH
FRQWULEXWLRQV�IURP�DOO�LWV�IHDWXUHV��,W�KDV�EHHQ�GHVFULEHG�LQ
GHWDLO�LQ��%LGDUUD�HW�DO��������

7KH�&HOOXODU�0RGHO�UHSUHVHQWV�DQ�REMHFW¶V�JHRPHWU\�DV
D�FRQQHFWHG�VHW�RI�YROXPHWULF�TXDVL�GLVMRLQW�FHOOV�RI�DUEL�
WUDU\�VKDSH��LQ�VXFK�D�ZD\�WKDW�HDFK�FHOO�OLHV�HLWKHU�HQWLUHO\
LQVLGH�D�VKDSH�H[WHQW�RU�HQWLUHO\�RXWVLGH� LW��7KH�FHOOV�UHS�
UHVHQW�WKH�SRLQW�VHWV�RI�WKH�VKDSH�H[WHQWV�RI�DOO�IHDWXUHV�LQ
WKH�PRGHO��(DFK� VKDSH� H[WHQW� LV�� WKXV�� UHSUHVHQWHG� LQ� WKH
&HOOXODU�0RGHO�E\�D�FRQQHFWHG�VXEVHW�RI�FHOOV�

)XUWKHUPRUH��WKH�FHOOXODU�GHFRPSRVLWLRQ�LV�LQWHUDFWLRQ�
GULYHQ��L�H��IRU�DQ\�WZR�RYHUODSSLQJ�VKDSH�H[WHQWV��VRPH�RI

�
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WRSRORJLF�FRQVWUDLQW�YLRODWLRQ
7RSRORJLF

YDOLGDWLRQ

%RXQGDU\
UH�HYDOXDWLRQ

SDUDPHWHU�YDOXH�RXW�RI�UDQJH
&RQVWUDLQW

VROYLQJ

)LJXUH�����3KDVHV�RI�WKH�PHPEHUVKLS�WHVW



WKHLU�FHOOV� OLH� LQ�ERWK�VKDSH�H[WHQWV� �DQG�DUH�FDOOHG� LQWHU�
DFWLRQ� FHOOV���ZKHUHDV� WKH� UHPDLQLQJ� FHOOV� OLH� LQ� HLWKHU� RI
WKHP��$V�D�FRQVHTXHQFH�RI�WKLV��WZR�FHOOV�FDQ�QHYHU�YROX�
PHWULFDOO\� RYHUODS�� 7KH\� PD\�� KRZHYHU�� EH� DGMDFHQW�� LQ
ZKLFK�FDVH�WKHUH�LV�DQ�LQWHULRU�FHOO�IDFH�VHSDUDWLQJ�WKHP�

$V�GHVFULEHG�LQ�6XEVHFWLRQ������WKH�ERXQGDU\�RI�D�IHD�
WXUH¶V� VKDSH� H[WHQW� LV� GHFRPSRVHG� LQWR� IXQFWLRQDOO\
PHDQLQJIXO� VXEVHWV�� WKH� VKDSH� IDFHV�� HDFK� RQH� ODEHOOHG
ZLWK�LWV�RZQ�JHQHULF�QDPH��(DFK�VKDSH�IDFH�LV�UHSUHVHQWHG
E\� D� FRQQHFWHG� VHW� RI� FHOO� IDFHV�� ,Q� RUGHU� WR� EH� DEOH� WR
VHDUFK�DQG�DQDO\VH�IHDWXUHV�DQG�WKHLU�IDFHV�LQ�WKH�&HOOXODU
0RGHO��HDFK�FHOO�KDV�DQ�DWWULEXWH�±FDOOHG�RZQHU�OLVW±�LQGL�
FDWLQJ� ZKLFK� VKDSH� H[WHQWV� LW� EHORQJV� WR�� VHH� )LJXUH� ��
6LPLODUO\��HDFK�FHOO�IDFH�KDV�DOVR�DQ�RZQHU�OLVW��LQGLFDWLQJ
ZKLFK�VKDSH�IDFHV�LW�EHORQJV�WR�

-XVW� OLNH� IRU� IHDWXUHV�� WKH� QDWXUH� RI� D� FHOO� H[SUHVVHV
ZKHWKHU� LWV�YROXPH�UHSUHVHQWV�³PDWHULDO´�RI� WKH�REMHFW�RU
QRW��6LPLODUO\��WKH�QDWXUH�RI�D�FHOO�IDFH�H[SUHVVHV�ZKHWKHU
LW� OLHV�RQ�WKH�ERXQGDU\�RI� WKH�REMHFW�RU�QRW��&HOO�DQG�FHOO
IDFH� QDWXUHV� DUH� GHWHUPLQHG� DIWHU� &HOOXODU� 0RGHO� UH�
HYDOXDWLRQ��LQ�WKH�LQWHUSUHWDWLRQ�VWDJH�

7KH�&HOOXODU�0RGHO�� LQFOXGLQJ� LWV�DWWULEXWH�PHFKDQLVP
WR�PDLQWDLQ�DQG�SURSDJDWH�WKH�RZQHU�OLVWV�RI�FHOOV�DQG�FHOO

IDFHV��ZDV�LPSOHPHQWHG�XVLQJ�WKH�&HOOXODU�7RSRORJ\�KXVN
RI�WKH�$FLV�*HRPHWULF�0RGHOOHU��6SDWLDO�������

5H�HYDOXDWLRQ�RI�WKH�&HOOXODU�0RGHO
,Q�FRQWUDVW�ZLWK�PRVW�SDUDPHWULF� V\VWHPV��ZKLFK�XVH� WZR
QRQ�DVVRFLDWLYH� VHW� RSHUDWLRQV� �XQLRQ� DQG� GLIIHUHQFH�� WR
HYDOXDWH� WKH� JHRPHWULF�PRGHO�� LQ� RXU� DSSURDFK� RQO\� RQH
VHW�RSHUDWLRQ�LV�XVHG�WR�HYDOXDWH�WKH�&HOOXODU�0RGHO��LW� LV
FRPSXWHG�E\�SHUIRUPLQJ�WKH�QRQ�UHJXODU�FHOOXODU�XQLRQ�RI
WKH�VKDSH�H[WHQWV�RI�DOO�IHDWXUHV��%HFDXVH�LW�LV�D�XQLRQ�RS�
HUDWLRQ��WKH�RUGHU�LQ�ZKLFK�WKH�VKDSH�H[WHQWV�DUH�SURFHVVHG
LV�QRZ�LUUHOHYDQW�IRU�WKH�ILQDO�&HOOXODU�0RGHO�REWDLQHG��%\
WKHVH�QRQ�UHJXODU�FHOOXODU�RSHUDWLRQV�� WKH�FHOOXODU�GHFRP�
SRVLWLRQ� GHVFULEHG� DERYH� LV� FRPSXWHG�� (VVHQWLDO� LQ� WKLV
SURFHVV� LV� WKH� FRUUHFW� SURSDJDWLRQ� RI� WKH� RZQHU� OLVWV� RI
HDFK�FHOO�DQG�FHOO�IDFH�ZKHQ�WKHVH�DUH�IXUWKHU�GHFRPSRVHG�

7\SLFDOO\��ZKHQ�VRPH�PRGHO�SDUDPHWHUV�DUH�PRGLILHG�
RQO\� D� IHZ� IHDWXUH� VKDSHV� DUH� DFWXDOO\� JHRPHWULFDOO\� DI�
IHFWHG� �L�H��� LQ� WKHLU� GLPHQVLRQV�� SRVLWLRQ� DQG�RU� RULHQWD�
WLRQ���&RQVHTXHQWO\��RQO\� WKH� VKDSH� LPSULQW� RI� WKRVH� IHD�
WXUHV� QHHGV� WR� EH� XSGDWHG�� )RU� WKLV�� WKHLU� VKDSHV� DUH� UH�
PRYHG� IURP� WKH� &HOOXODU�0RGHO� DQG� WKHQ� UH�DGGHG�ZLWK
WKHLU�QHZ�SDUDPHWHU�YDOXHV�

�

�)LJXUH���±�&HOO�RZQHU�OLVWV�LQ�WKH�&HOOXODU�0RGHO



+LVWRU\�LQGHSHQGHQW�LQWHUSUHWDWLRQ
,QWHUSUHWDWLRQ�RI�WKH�UH�HYDOXDWHG�&HOOXODU�0RGHO�FRQVLVWV
RI�GHWHUPLQLQJ�ZKHWKHU� WKH�SRLQW� VHW� UHSUHVHQWHG�E\�HDFK
FHOO�GRHV�EHORQJ�WR��RU�UHSUHVHQW�³PDWHULDO´�RI��WKH�REMHFW�
L�H�� GHWHUPLQLQJ� WKH� QDWXUH� RI� WKDW� FHOO�� ,QWHUSUHWDWLRQ� RI
WKH�&HOOXODU�0RGHO�UHTXLUHV�GHFLGLQJ�ZKLFK�RI�WKH�IHDWXUHV
LQ� LWV� RZQHU� OLVW� ³SUHYDLOV´�� HLWKHU� DV� DGGLWLYH� RU� DV� VXE�
WUDFWLYH�

)RU� WKLV�� SUHFHGHQFH� UHODWLRQV� DPRQJ� IHDWXUHV� DUH� GH�
WHUPLQHG��EDVHG�RQ�GHSHQGHQFLHV�EHWZHHQ�IHDWXUHV�DQG�RQ
SRVVLEOH� RYHUODS� EHWZHHQ� LQGHSHQGHQW� IHDWXUHV�� 2QFH� DOO
SUHFHGHQFH� UHODWLRQV� KDYH� EHHQ� HVWDEOLVKHG�� D�JOREDO� RU�
GHULQJ�RI�WKH�VHW�)�RI�DOO�IHDWXUHV�LQ�WKH�PRGHO�FDQ�EH�HDV�
LO\�SHUIRUPHG�E\�D�FODVVLFDO�WRSRORJLFDO�VRUWLQJ�DOJRULWKP�
7KH�IHDWXUHV�LQ�WKH�UHVXOWLQJ�VRUWHG�VHTXHQFH�DUH� WKHQ�DV�
VLJQHG� XQLTXH�� LQFUHDVLQJ� SUHFHGHQFH� QXPEHUV�� (YHQWX�
DOO\��HYHU\�FHOO�RZQHU�OLVW��D�VXEVHW�RI�)��LV�VRUWHG�DFFRUG�
LQJ� WR� WKHVH� SUHFHGHQFH� QXPEHUV�� DQG� HDFK� FHOO¶V� QDWXUH
EHFRPHV� WKHUHIRUH�DXWRPDWLFDOO\�GHWHUPLQHG�� LW� LV� WKH�QD�
WXUH�RI�WKH�ODVW�IHDWXUH�LQ�LWV�RZQHU�OLVW��L�H��WKH�IHDWXUH�ZLWK
WKH�KLJKHVW�SUHFHGHQFH�QXPEHU��7KLV�VFKHPH�DOZD\V�\LHOGV
DQ� LQWHUSUHWDWLRQ�RI� WKH�&HOOXODU�0RGHO� WKDW� LV�XQDPELJX�
RXVO\� GHWHUPLQHG�� LQGHSHQGHQW� RI� WKH�PRGHO� KLVWRU\�� )RU
GHWDLOV� RQ� WKH� SUHFHGHQFH� FULWHULD� DQG� VRUWLQJ� DOJRULWKPV
LQYROYHG�LQ�&HOOXODU�0RGHO�LQWHUSUHWDWLRQ��DV�ZHOO�DV�IRU�D
GLVFXVVLRQ� RQ� WKH� DGYDQWDJHV� RI� KLVWRU\�LQGHSHQGHQW
ERXQGDU\�HYDOXDWLRQ��WKH�UHDGHU�LV�UHIHUUHG�WR��%LGDUUD�DQG
%URQVYRRUW�����E��%LGDUUD�DQG�%URQVYRRUW�������

�����7RSRORJLF�YDOLGDWLRQ

2QFH� WKH� PRGHO� ERXQGDU\� KDV� EHHQ� UH�HYDOXDWHG�� WKH
VKDSH� LPSULQW� RI� DOO� PRGLILHG� IHDWXUHV� H[KLELWV� WKHLU� XS�
GDWHG�JHRPHWU\�DQG� WRSRORJ\��DQG�GHWHFWLRQ�RI�YLRODWLRQV

LQ�WRSRORJLF�FRQVWUDLQWV�FDQ�WDNH�SODFH��,Q�WKLV�WKLUG�SKDVH�
WKH�PRGHO�LV�FRQVLGHUHG�LQYDOLG��DQG�WKXV�WKH�IDPLO\�PHP�
EHUVKLS�WHVW�IDLOV��LI�DQ\�ERXQGDU\�RU�LQWHUDFWLRQ�FRQVWUDLQW
LV�YLRODWHG�IRU�VRPH�IHDWXUH�

)RU�FKHFNLQJ�HDFK�ERXQGDU\�FRQVWUDLQW�DQG�HDFK�LQWHU�
DFWLRQ� FRQVWUDLQW�� VHH� 7DEOH� ��� WRSRORJLF� HQWLWLHV� RI� WKH
&HOOXODU�0RGHO�DUH�TXHULHG�DQG�DQDO\VHG��XVLQJ�WKH�IHDWXUH
LQIRUPDWLRQ�PDLQWDLQHG�LQ�WKHLU�RZQHU�OLVWV��'HWDLOV�RQ�WKH
LQWHUDFWLRQ�GHWHFWLRQ�DOJRULWKPV�FDQ�EH� IRXQG� LQ� �%LGDUUD
�������(YHQWXDOO\�� WKH� VHW�RI�FRQVWUDLQW�YLRODWLRQV�� LI� DQ\�
LV�DQDO\VHG��DQG�WKHLU�FDXVHV�DUH�LGHQWLILHG�DQG�SDVVHG�IRU
IXUWKHU� SURFHVVLQJ� WR� WKH� UH�SDUDPHWHULVDWLRQ�PHFKDQLVP�
VHH�)LJXUH���
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FUHDWLQJ�D�SURWRW\SH�VHPDQWLF�IHDWXUH�PRGHO��%LGDUUD�DQG
%URQVYRRUW� ������� LQ� ZKLFK� WKH� VHPDQWLFV� RI� WKH� IDPLO\
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WRSRORJLF�FRQVWUDLQWV�UHOHYDQW�IRU�WKH�H[DPSOH��,Q�)LJXUH��
WKUHH� LQVWDQFHV� DUH� VKRZQ� WKDW� GR� EHORQJ� WR� WKH� IDPLO\
GHILQHG�E\� WKH�SURWRW\SH��DQG� LQ�)LJXUH��� WKUHH� LQVWDQFHV
WKDW�GR�QRW�EHORQJ�WR�WKH�IDPLO\�

7KH�ILUVW�DGYDQWDJH�RI�WKH�DSSURDFK�LV�WKDW�WKH�LQVWDQFH
FRUUHVSRQGLQJ� WR� D� VHW� RI� SDUDPHWHU� YDOXHV� DOZD\V� KDV� D
VKDSH�WKDW�PD\�EH�H[SHFWHG�RQ� WKH�EDVLV�RI� WKH�SURWRW\SH
DQG� WKH� SDUDPHWHU� YDOXHV�� 8QH[SHFWHG� UHVXOWV�� ZKLFK
UHJXODUO\� RFFXU� LQ� FXUUHQW� SDUDPHWULF�PRGHOOLQJ� V\VWHPV�
LQ�SDUWLFXODU�EHFDXVH�RI� WKH�SHUVLVWHQW�QDPLQJ�SUREOHP�LQ
ERXQGDU\�UH�HYDOXDWLRQ��GR�QRW�RFFXU��7KH�UHDVRQ�IRU� WKLV
LV�WKDW�DOO�UHIHUHQFHV�GXULQJ�PRGHOOLQJ�DUH�PDGH�WR�SHUVLV�
WHQW� IHDWXUH�HQWLWLHV� LQVWHDG�RI�QRQ�SHUVLVWHQW� HQWLWLHV� LQ� D
ERXQGDU\�UHSUHVHQWDWLRQ�

7KH�VHFRQG�DGYDQWDJH�RI�WKH�DSSURDFK�LV�LOOXVWUDWHG�E\
WKH�H[DPSOH�JLYHQ�DERYH��,I�RQH�FRQVLGHUV�WKH�VKDSH�RI�WKH
SURWRW\SH�LQ�)LJXUH���DQG�RI�WKH�LQVWDQFHV�LQ�)LJXUHV���DQG
�� RQO\�� LW� LV� QRW� REYLRXV� WKDW� WKH� LQVWDQFHV� LQ� )LJXUH� �
VKRXOG� LQGHHG�EHORQJ� WR� WKH� IDPLO\�GHILQHG�E\� WKH�SURWR�
W\SH��DQG� WKH� LQVWDQFHV� LQ�)LJXUH���QRW�� ,Q�RXU� DSSURDFK�
WKH� PHPEHUVKLS� RI� WKHVH� LQVWDQFHV� LV� GHWHUPLQHG� E\� WKH
FRQVWUDLQWV�LQ�WKH�GHILQLWLRQ�RI�WKH�SURWRW\SH�RI�WKH�IDPLO\�
0RUH�JHQHUDOO\��WKH�GHVLJQ�LQWHQW��RU�VHPDQWLFV��RI�D�IDP�
LO\�RI�REMHFWV�FDQ�EH�VSHFLILHG�PXFK�PRUH�SUHFLVHO\� WKDQ
LQ�FXUUHQW�SDUDPHWULF�PRGHOOLQJ�V\VWHPV��LQ�SDUWLFXODU�ZLWK
WKH�WRSRORJLF�FRQVWUDLQWV�

5HJDUGLQJ�WKH�LPSOHPHQWDWLRQ��LW�KDV�EHHQ�VKRZQ�WKDW�D
FHOOXODU�PRGHO�FDQ�EH�YHU\�YDOXDEOH�WR�UHSUHVHQW�REMHFWV�LQ
WKH� FRQWH[W� RI� GHILQLQJ� IDPLOLHV� RI� REMHFWV�� DV� KDV� DOVR
EHHQ� VXJJHVWHG� E\�6KDSLUR� DQG�9RVVOHU� ������� DQG�5DJ�
KRWKDPD� DQG� 6KDSLUR� �������� 7KH� FHOOXODU� PRGHO� LV� LQ
SDUWLFXODU� H[SORLWHG� E\� WKH� IDPLO\� PHPEHUVKLS� WHVW�� IRU
H[DPSOH��WKH�PRGHO�RIIHUV�HYHQ� WKH�SRVVLELOLW\� WR�JLYH�� LQ
FDVH�DQ�LQVWDQFH�LV�QRW�D�PHPEHU�RI�WKH�IDPLO\��KLQWV�WR�WKH
XVHU�WR�UH�SDUDPHWHULVH�WKH�LQVWDQFH�LQ�D�ZD\�WR�PDNH�LW�D
PHPEHU� RI� WKH� IDPLO\�� %LGDUUD� HW� DO�� ������� DOUHDG\
VKRZHG�WKDW�D�FHOOXODU�PRGHO�FDQ�EH�YHU\�XVHIXO�LQ�VHYHUDO
RWKHU� FRQWH[WV� WRR�� H�J�� PXOWLSOH�YLHZ� IHDWXUH� PRGHOOLQJ�
6R�DOWKRXJK�FHOOXODU�PRGHOV�DUH�QRW�XVHG�LQ�FXUUHQW�PRG�
HOOLQJ� V\VWHPV�� WKH\�PLJKW�ZHOO� EHFRPH�PRUH� SRSXODU� LQ
WKH�IXWXUH�

5HIHUHQFHV
$QGHUO�� 5�� DQG�0HQGJHQ�� 5�� ������� 3DUDPHWULF� GHVLJQ� DQG� LWV
LPSDFW� RQ� VROLG� PRGHOLQJ� DSSOLFDWLRQV�� ,Q�� 3URFHHGLQJV� 6ROLG
0RGHOLQJ�µ���±�7KLUG�6\PSRVLXP�RQ�6ROLG�0RGHOLQJ�DQG�$SSOL�
FDWLRQV����±���0D\��6DOW�/DNH�&LW\��87��86$��+RIIPDQQ��&�0�
DQG�5RVVLJQDF��-�5���(GV����$&0�3UHVV��1HZ�<RUN��SS���±��

%LGDUUD�� 5�� ������� 9DOLGLW\� PDLQWHQDQFH� LQ� VHPDQWLF� IHDWXUH
PRGHOLQJ�� 3K'� 7KHVLV�� 'HOIW� 8QLYHUVLW\� RI� 7HFKQRORJ\�� 7KH
1HWKHUODQGV

�

��D��KHLJKW�RI�EDVH%ORFN�LQFUHDVHG

�

��E��GHSWK�RI�EOLQG6ORW��LQFUHDVHG�
ZLGWK�RI�EOLQG6ORW��GHFUHDVHG

�

��F��ZLGWK�RI�SRFNHW�LQFUHDVHG

�)LJXUH���±�([DPSOHV�RI�PHPEHUV

KHLJKW�RI
EDVH%ORFN

GHSWK�RI
EOLQG6ORW�

ZLGWK�RI
EOLQG6ORW�

ZLGWK�RI�SRFNHW



%LGDUUD��5��DQG�%URQVYRRUW��:�)�������D��9DOLGLW\�PDLQWHQDQFH
RI� VHPDQWLF� IHDWXUH�PRGHOV�� ,Q��3URFHHGLQJV�RI�6ROLG�0RGHOLQJ
µ���±�)LIWK�6\PSRVLXP�RQ�6ROLG�0RGHOLQJ�DQG�$SSOLFDWLRQV���±
���-XQH��$QQ�$UERU��0,��86$��%URQVYRRUW��:�)��DQG�$QGHUVRQ�
'�&���(GV����$&0�3UHVV��1HZ�<RUN��SS����±��

%LGDUUD��5�� DQG�%URQVYRRUW��:�)�� �����E��+LVWRU\�LQGHSHQGHQW
ERXQGDU\� HYDOXDWLRQ� IRU� IHDWXUH� PRGHOLQJ�� ,Q�� &'�520� 3UR�
FHHGLQJV� RI� WKH� ����� $60(� 'HVLJQ� (QJLQHHULQJ� 7HFKQLFDO
&RQIHUHQFHV�� ��±��� 6HSWHPEHU�� /DV� 9HJDV�� 19�� 86$�� $60(�
1HZ�<RUN

%LGDUUD��5��DQG�%URQVYRRUW��:�)���������6HPDQWLF�IHDWXUH�PRG�
HOOLQJ��7R�EH�SXEOLVKHG�LQ��&RPSXWHU�$LGHG�'HVLJQ������

%LGDUUD��5���GH�.UDNHU��.�-��DQG�%URQVYRRUW��:�)���������5HSUH�
VHQWDWLRQ� DQG�PDQDJHPHQW� RI� IHDWXUH� LQIRUPDWLRQ� LQ� D� FHOOXODU
PRGHO��&RPSXWHU�$LGHG�'HVLJQ�����������±���

%URQVYRRUW�� :�)��� %LGDUUD�� 5��� 'RKPHQ�� 0��� YDQ� +ROODQG�� :�
DQG�GH�.UDNHU��.�-���������0XOWLSOH�YLHZ�IHDWXUH�PRGHOOLQJ�DQG
FRQYHUVLRQ��,Q��*HRPHWULF�0RGHOLQJ��7KHRU\�DQG�3UDFWLFH�±�7KH
6WDWH� RI� WKH� $UW�� 6WUDVVHU�� :��� .OHLQ�� 5�� DQG� 5DX�� 5�� �(GV���
6SULQJHU��%HUOLQ��SS�����±���

&DSR\OHDV�� 9��� &KHQ�� ;�� DQG� +RIIPDQQ�� &�0�� ������� *HQHULF
QDPLQJ�LQ�JHQHUDWLYH��FRQVWUDLQW�EDVHG�GHVLJQ��&RPSXWHU�$LGHG
'HVLJQ����������±��

&KHQ��;��DQG�+RIIPDQQ��&�0�� �������2Q�HGLWDELOLW\�RI� IHDWXUH
EDVHG�GHVLJQ��&RPSXWHU�$LGHG�'HVLJQ������������±���

'RKPHQ�� 0�� ������� &RQVWUDLQW�EDVHG� IHDWXUH� YDOLGDWLRQ�� 3K'
7KHVLV��'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��7KH�1HWKHUODQGV

.UDPHU�� *�$�� ������� 6ROYLQJ� JHRPHWULF� FRQVWUDLQW� V\VWHPV�� D
FDVH�VWXG\�LQ�NLQHPDWLFV��7KH�0,7�3UHVV��&DPEULGJH��0$

.ULSDF�� -�� ������� $� PHFKDQLVP� IRU� SHUVLVWHQWO\� QDPLQJ� WRSR�
ORJLFDO� HQWLWLHV� LQ� KLVWRU\�EDVHG� SDUDPHWULF� VROLG� PRGHOV�� ,Q�
3URFHHGLQJV� 6ROLG�0RGHOLQJ� µ��� ±� 7KLUG� 6\PSRVLXP� RQ� 6ROLG
0RGHOLQJ� DQG� $SSOLFDWLRQV�� ��±��� 0D\�� 6DOW� /DNH� &LW\�� 87�
86$��+RIIPDQQ��&�0��DQG�5RVVLJQDF�� -�5�� �(GV����$&0�3UHVV�
1HZ�<RUN�� SS�� ��±����$OVR� LQ��&RPSXWHU�$LGHG�'HVLJQ������
����������±���

/HTXHWWH��5�� �������&RQVLGHUDWLRQV� RQ� WRSRORJLFDO� QDPLQJ�� ,Q�
3URGXFW�0RGHOLQJ� IRU�&RPSXWHU� ,QWHJUDWHG�'HVLJQ�DQG�0DQX�
IDFWXULQJ�±�3URFHHGLQJV�7&��:*����,QWHUQDWLRQDO�:RUNVKRS�RQ
*HRPHWULF� 0RGHOLQJ� LQ� &RPSXWHU� $LGHG� 'HVLJQ�� ��±��� 0D\
������$LUOLH��9$��86$��3UDWW��0���6ULUDP��5�'��DQG�:R]Q\��0�-�
�(GV����&KDSPDQ�	�+DOO��/RQGRQ��SS�����±���

5DJKRWKDPD��6��DQG�6KDSLUR��9���������%RXQGDU\�UHSUHVHQWDWLRQ
GHIRUPDWLRQ�LQ�SDUDPHWULF�VROLG�PRGHOLQJ��$&0�7UDQVDFWLRQV�RQ
*UDSKLFV�����������±���

6DQHOOD�� 0�� ������� 7KH� 6N\%OXH� FRQVWUDLQW� VROYHU�� 7HFKQLFDO
5HSRUW�����������8QLYHUVLW\�RI�:DVKLQJWRQ��:$��86$

6KDSLUR��9��DQG�9RVVOHU��'�/���������:KDW�LV�D�SDUDPHWULF�IDPLO\
RI�VROLGV"�,Q��3URFHHGLQJV�RI�6ROLG�0RGHOLQJ� µ���±�7KLUG�6\P�
SRVLXP� RQ� 6ROLG�0RGHOLQJ� DQG�$SSOLFDWLRQV����±���0D\�� 6DOW
/DNH� &LW\�� 87�� 86$�� +RIIPDQQ�� &�0�� DQG� 5RVVLJQDF�� -�5�
�(GV����$&0�3UHVV��1HZ�<RUN��SS����±��

6SDWLDO� �������$FLV� �'�0RGHOLQJ�.HUQHO�� 9HUVLRQ� ����� 6SDWLDO
7HFKQRORJ\�,QF���%RXOGHU��&2��86$

�

��D��SRVLWLRQ�RI�EOLQG6ORW��PRGLILHG�
FRQVWUDLQW���YLRODWHG

�

��E��ZLGWK�RI�WKURXJK6ORW�LQFUHDVHG�
FRQVWUDLQW�ó�YLRODWHG

�

��F��GLDPHWHU�RI�EOLQG+ROH3DWWHUQ�LQFUHDVHG�
FRQVWUDLQW�ì�YLRODWHG

�)LJXUH���±�([DPSOHV�RI�QRQ�PHPEHUV

SRVLWLRQ�RI
EOLQG6ORW�

ZLGWK�RI�WKURXJK6ORW

«�RI�EOLQG+ROH3DWWHUQ


