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$EVWUDFW

&XUUHQW� IHDWXUH�EDVHG� PRGHOOLQJ� V\VWHPV� IDLO� WR� DGHTXDWHO\� PDLQWDLQ� IHDWXUH� VHPDQWLFV�� PDLQO\� GXH� WR� DQ
LQFRPSOHWH� SHUFHSWLRQ� RI� IHDWXUH� LQWHUDFWLRQ� SKHQRPHQD�� ,Q� WKLV� SDSHU� D� IRUPDO� GHILQLWLRQ� RI� IHDWXUH
LQWHUDFWLRQV�LV�GHULYHG��LQ�RUGHU�WR�LGHQWLI\�WKH�VFRSH�RI�VLWXDWLRQV�WR�PDQDJH��$�WD[RQRP\�IRU�LQWHUDFWLRQV�LV
SURSRVHG� WKDW�HQFRPSDVVHV�D�ZLGH�UDQJH�RI�VLWXDWLRQV��ZLWK�HLWKHU�GHVLJQ�RU� WHFKQRORJLFDO� UHOHYDQFH��7KLV� LV
UHJDUGHG� DV� D� ILUVW� VWHS� LQ� WKH� GHYHORSPHQW� RI� IOH[LEOH� DQG� SRZHUIXO� LQWHUDFWLRQ� GHWHFWLRQ� DQG� UHDFWLRQ
PHFKDQLVPV��DLPHG�DW�LPSURYLQJ�WKH�OHYHO�RI�DVVLVWDQFH�SURYLGHG�WR�WKH�XVHU�RI�D�IHDWXUH�PRGHOOLQJ�V\VWHP�

���,QWURGXFWLRQ

)HDWXUH�PRGHOOLQJ� V\VWHPV� RIIHU� WKH� SRVVLELOLW\� WR� EXLOG� D� SURGXFW�PRGHO�ZLWK� IHDWXUHV�� ,W� LV� QRZ� JHQHUDOO\
DJUHHG�XSRQ� WKDW� IHDWXUHV� VKRXOG�QRW�RQO\� FRQWDLQ� VKDSH� LQIRUPDWLRQ�� DV� WKH�PRGHOOLQJ� HQWLWLHV� LQ� JHRPHWULF
PRGHOOLQJ�V\VWHPV��EXW�DOVR�IXQFWLRQDO�LQIRUPDWLRQ��6WDWHG�GLIIHUHQWO\��D�IHDWXUH�VKRXOG�KDYH�D�FHUWDLQ�PHDQLQJ�
$Q� H[DPSOH� LV� WKDW� D� F\OLQGULFDO� EOLQG� KROH� VKRXOG� KDYH� D� FLUFXODU� WRS� IDFH�� D� F\OLQGULFDO� VLGH� IDFH�� DQG� D
FLUFXODU�ERWWRP�IDFH��DQG��LQ�DGGLWLRQ��WKDW�WKH�ILUVW�IDFH�VKRXOG�QRW�EH�RQ�WKH�ERXQGDU\�RI�WKH�PRGHOOHG�REMHFW�
ZKHUHDV�WKH�WZR�RWKHU�IDFHV�VKRXOG�EH�

+RZHYHU�� LQ�PDQ\�RI� WKH�FXUUHQW� V\VWHPV� WKDW�DUH�FDOOHG� IHDWXUH�PRGHOOLQJ�V\VWHPV��YHU\� OLWWOH� LV�GRQH� WR
PDLQWDLQ� WKH�PHDQLQJ��RU�YDOLGLW\��RI� IHDWXUHV�� ,I�� IRU�H[DPSOH��D� VORW� IHDWXUH� LV� LQVHUWHG� LQWR� D�PRGHO�ZLWK� D
F\OLQGULFDO�EOLQG�KROH�IHDWXUH�LQ�VXFK�D�ZD\�WKDW�WKH�ERWWRP�IDFH�RI�WKH�KROH�LV�QR�ORQJHU�RQ�WKH�ERXQGDU\�RI�WKH
REMHFW��WKH�IHDWXUH�LV�QR�ORQJHU�D�F\OLQGULFDO�EOLQG�KROH��EXW�KDV�EHFRPH�D�F\OLQGULFDO�WKURXJK�KROH�LQVWHDG��DQG
LWV� IXQFWLRQDO� PHDQLQJ� KDV� WKXV� FKDQJHG�� 0RGHOOLQJ� V\VWHPV� WKDW� IDLO� WR� QRWLI\� WKLV�� DUH� LQ� HVVHQFH� RQO\
JHRPHWULF�PRGHOOLQJ�V\VWHPV��EXW�QR�UHDO�IHDWXUH�PRGHOOLQJ�V\VWHPV��EHFDXVH�WKH\�GR�QRW�PDLQWDLQ�WKH�PHDQLQJ
RI�IHDWXUHV�

2QH�DSSURDFK�WR�PDLQWDLQ�WKH�PHDQLQJ�RI�D�IHDWXUH�LV�E\�XVLQJ�YDOLGDWLRQ�FRQVWUDLQWV��7KHVH�DUH�SDUW�RI�WKH
GHILQLWLRQ�RI�D�IHDWXUH�DQG�VSHFLI\��IRU�H[DPSOH��WKH�NLQG�RI�SURSHUWLHV�PHQWLRQHG�IRU�WKH�F\OLQGULFDO�EOLQG�KROH�
$W�WKH�FUHDWLRQ�RI�D�IHDWXUH��DQG�DW�VXEVHTXHQW�PRGHOOLQJ�VWHSV��WKHVH�FRQVWUDLQWV�FDQ�EH�FKHFNHG�WR�VHH�ZKHWKHU
WKH�IHDWXUH�LV�VWLOO�YDOLG��'RKPHQ�HW�DO���������,I�LW�LV�GHWHFWHG�WKDW�D�IHDWXUH�LV�QR�ORQJHU�YDOLG��WKH�PRGHOOLQJ
RSHUDWLRQ�WKDW�FDXVHV�WKLV�LQYDOLGLW\�FDQ�VLPSO\�EH�UHMHFWHG�DQG�IRUELGGHQ�WR�WKH�XVHU��DQG�KH�FDQ�WKHQ�WDNH�DQ
DSSURSULDWH�DFWLRQ��IRU�H[DPSOH��FKDQJLQJ�WKH�SDUDPHWHUV�RI�D�IHDWXUH��RU�HYHQ� WDNLQJ�D�IHDWXUH�RI�D�GLIIHUHQW
W\SH�

+RZHYHU��WKLV�VFKHPH�VHHPV�WRR�ULJLG��7KH�OHDVW�WKDW�LV�GHVLUDEOH�LV�WKDW�WKH�XVHU�JHWV�D�JRRG�H[SODQDWLRQ�RQ
ZKDW�KDV�FDXVHG� WKH� LQYDOLGDWLRQ�RI�D� IHDWXUH��$�IXUWKHU� LPSURYHPHQW�ZRXOG�EH� WKDW�KH�JHWV�KLQWV�RQ�KRZ�WR
DYRLG�RU�RYHUFRPH�WKH�SUREOHP��,GHDOO\��WKH�V\VWHP�DXWRPDWLFDOO\�DGDSWV�WKH�PRGHO�WR�JHW�D�YDOLG�PRGHO�DJDLQ
LQ�FDVHV�WKLV�LV�SRVVLEOH�DQG�GHVLUDEOH��DOWKRXJK�WKLV�VKRXOG�SUREDEO\�QRW�EH�GRQH�ZLWKRXW�FRQVXOWLQJ�WKH�XVHU�
,Q� WKH� SUHYLRXV� H[DPSOH�� WKH� EOLQG� KROH� PLJKW� EH� DXWRPDWLFDOO\� FRQYHUWHG� LQWR� D� WKURXJK� KROH�� LI� WKH� XVHU
SHUPLWV�WKLV�

0RVW�YDOLGLW\�YLRODWLRQV�DUH�FDXVHG�E\�IHDWXUH�LQWHUDFWLRQV��ZKLFK�DULVH�IURP�PRGHOOLQJ�RSHUDWLRQV�VXFK�DV
WKH�FUHDWLRQ�RI�D�QHZ�IHDWXUH�RU�WKH�PRGLILFDWLRQ�RI�DQ�H[LVWLQJ�IHDWXUH��,W�LV�WKHUHIRUH�LPSRUWDQW�WR�JHW�LQVLJKW
LQ� IHDWXUH� LQWHUDFWLRQ� SKHQRPHQD�� VR� WKDW� DOO� UHOHYDQW� LQWHUDFWLRQ� VLWXDWLRQV� FDQ� EH� GHWHFWHG�� FODVVLILHG� DQG
KDQGOHG�LQ�DQ�DSSURSULDWH�ZD\��7KLV�SDSHU�LV�D�ILUVW�VWHS�LQ�WKLV�GLUHFWLRQ�

)LUVW�� LQ� VHFWLRQ� �� D� VXUYH\� LV� JLYHQ� RI� SUHYLRXV� UHVHDUFK� FRQWULEXWLRQV� GHDOLQJ�ZLWK� IHDWXUH� LQWHUDFWLRQV�
1H[W��LQ�VHFWLRQ���D�IRUPDO�GHILQLWLRQ�IRU�IHDWXUH�LQWHUDFWLRQ�LV�GHULYHG��%DVHG�RQ�WKLV�GHILQLWLRQ��LQ�VHFWLRQ���D
WD[RQRP\� RI� IHDWXUH� LQWHUDFWLRQV� LV� SUHVHQWHG� DQG� LOOXVWUDWHG�� WKH� WD[RQRP\� LV� EDVHG� RQ� ERWK� GHVLJQ� DQG



���

WHFKQRORJLFDO� FULWHULD�� )LQDOO\�� LQ� VHFWLRQ� �� VRPH� FRQFOXVLRQV� DERXW� WKH� XWLOLW\� DQG� DSSOLFDWLRQ� RI� WKH� DERYH
FRQFHSWV�DUH�GUDZQ�

���3UHYLRXV�UHVHDUFK�RQ�IHDWXUH�LQWHUDFWLRQV

5HVHDUFKHUV�LQ�WKH�IHDWXUH�PRGHOOLQJ�ILHOG��WDNLQJ�HLWKHU�D�GHVLJQ�E\�IHDWXUHV�RU�D�IHDWXUH�UHFRJQLWLRQ�DSSURDFK�
KDYH�RIWHQ�SRLQWHG�RXW�WKH�FRQYHQLHQFH�RI�NHHSLQJ�WUDFN�RI�WKH�PRGHO�VWUXFWXUH�LQ�WHUPV�RI�WKH�UHODWLRQV�DPRQJ
LWV�IHDWXUHV��LQ�DGGLWLRQ�WR�WKDW�SURYLGHG�E\�WKH�ORZ�OHYHO��HYDOXDWHG�WRSRORJLF�JHRPHWULF�HQWLWLHV��$�YDULHW\�RI
VWUXFWXUHV�KDV�EHHQ�SURSRVHG��H[SUHVVLQJ�LQVHUWLRQ��DGMDFHQF\��FRQQHFWLYLW\�RU�VLPLODU�UHODWLRQVKLSV�DPRQJ�WKH
IHDWXUHV�RI�D�PRGHO��6RPH�RI�WKHP�ZHUH�EDVHG�RQ�D�ULJLG��&6*�OLNH��SDUHQW�FKLOG�UHODWLRQVKLS��\LHOGLQJ�D�WUHH�
VWUXFWXUHG�PRGHO��PDQ\�RWKHUV�DGRSWHG�D�JHQHUDO�JUDSK�VWUXFWXUH��LQ�RUGHU�WR�EHWWHU�FDSWXUH�IHDWXUH�UHODWLRQV�LQ
PRUH�FRPSOH[�PRGHOV��.\SULDQRX��������+HQGHUVRQ��������/XE\�HW�DO���������6KDK�DQG�5RJHUV�������

0RUH�DWWHQWLRQ�KDV�EHHQ�SDLG�WR�WKH�QRGHV�LQ�WKH�JUDSKV��WKH�IHDWXUHV��UDWKHU�WKDQ�WR�WKH�HGJHV��WKH�UHODWLRQV
EHWZHHQ�WKHP���,Q�WKLV�ZD\��TXHVWLRQV�OLNH�³ZKLFK�IHDWXUHV�DUH�LQ�WKH�PRGHO"´�RU�³KRZ�VKRXOG�WKH\�EH�UHSUH�
VHQWHG"´�KDYH�UHFHLYHG�PRUH�UHVHDUFK�HIIRUWV� WKDQ�RWKHUV��VXFK�DV�³ZKLFK�UHODWLRQVKLS� LV� WKHUH�DPRQJ� WKRVH
IHDWXUHV"´�RU�³KRZ�FDQ�WKLV�UHODWLRQVKLS�EH�SUHFLVHO\�GHILQHG��GHWHFWHG�DQG�UHSUHVHQWHG"´��$�SRVLWLYH�FRQWUL�
EXWLRQ�LQ�WKLV�UHVSHFW�ZDV�JLYHQ�E\�3UDWW��������ZLWK�WKH�ILUVW�GHILQLWLRQ�RI�DQ�LQWHUDFWLRQ�UHODWLRQVKLS�EHWZHHQ
WZR�IHDWXUHV��7KLV�ZDV�EDVHG�RQ�WKH�QRWLRQV�RI�HIIHFWLYH�YROXPH�RI�LQWHUDFWLRQ��(9,��DQG�DFWXDO�YROXPH�RI�LQWHU�
DFWLRQ��$9,���DQG�D�IHDWXUH�JUDSK�ZDV�SURSRVHG�WR�UHSUHVHQW�VXFK�UHODWLRQV�RQ�D�IRUP�IHDWXUH�PRGHO��$OWKRXJK
OLPLWHG�LQ�VFRSH��LQ�SDUW�GXH�WR�WKH�ODFN�RI�D�FRQYHQLHQW�FRXQWHUSDUW�DW�WKH�JHRPHWULF�UHSUHVHQWDWLRQ�OHYHO��WKLV
VFKHPH�ZDV�LQGHHG�DEOH�WR�FDSWXUH�DQG�UHSUHVHQW�VLPSOH�LQWHUDFWLRQV�EHWZHHQ�IHDWXUHV�

$Q�LQIRUPDO�GHILQLWLRQ�IRU�IHDWXUH�LQWHUDFWLRQV�ZDV�SUHVHQWHG�E\�6KDK���������UHODWLQJ�WKHP�WR�LQWHUVHFWLRQV
EHWZHHQ�HQWLWLHV�RI�WZR�RU�PRUH�IHDWXUHV�VXFK�WKDW�HLWKHU�WKH�VKDSH�RU�VHPDQWLFV�RI�D�IHDWXUH�DUH�DOWHUHG�IURP
WKH� JHQHULF� GHILQLWLRQ��$�QXPEHU� RI� W\SLFDO� IHDWXUH� LQWHUDFWLRQV�ZDV� DOVR� LOOXVWUDWHG�� IURP� WKHLU� DQDO\VLV�� KH
FRQFOXGHV�WKDW�XQFRQGLWLRQDOO\�SUHYHQWLQJ�VXFK�RFFXUUHQFHV�ZRXOG�H[FHVVLYHO\�FRQVWUDLQ�WKH�GHVLJQHU�DFWLYLW\�
DQG�VXJJHVWV�WKDW�WKH�PRGHOOLQJ�V\VWHP�VKRXOG�GHWHFW�DQG�UHDFW�WR�WKHP�DFFRUGLQJ�WR�SUH�GHILQHG�SURFHGXUHV�

GD�6LOYD�HW�DO���������SURSRVHG�D�VWUDWHJ\�IRU�H[SOLFLW�UHSUHVHQWDWLRQ�RI�UHODWLRQV�EHWZHHQ�FDYLW\�IHDWXUHV��LQ
RUGHU�WR�SHUIRUP�PDQXIDFWXUDELOLW\�UHDVRQLQJ��7KH\�GLVWLQJXLVK�EHWZHHQ�LQWHUDFWLQJ�DQG� LQWHUIHDWXUH�UHODWLRQ�
VKLSV��7KH� ODWWHU�DUH�HTXLYDOHQW� WR�JHRPHWULF� FRQVWUDLQWV�QRZ�FRPPRQO\� DYDLODEOH� LQ�PRGHOOLQJ� V\VWHPV�� WKH
IRUPHU�DUH�DFWXDOO\�QR�PRUH� WKDQ�VLPSOH�DWWDFK�UHODWLRQV�EHWZHHQ�IHDWXUH�FRQVWLWXHQWV��$�PDMRU� OLPLWDWLRQ�RI
WKHLU�DSSURDFK�OLHV�LQ�WKDW�ERWK�WKH�UHODWLRQVKLSV�DQG�WKH�IHDWXUH�FRQVWLWXHQWV�WKHPVHOYHV�KDYH�WR�EH�H[WUDFWHG
IURP�RU�GHWHFWHG�LQ�WKH�JHRPHWULF�PRGHO��ZKLFK�LV�YLUWXDOO\�LPSRVVLEOH�IRU�LQWHUVHFWLQJ�IHDWXUHV�LQ�JHQHUDO�

.DULQWKL� DQG� 1DX� ������� DGGUHVVHG� VRPH� LQWHUDFWLRQ� SUREOHPV� ZLWK� D� IRUPDO� SHUVSHFWLYH�� GHILQLQJ� DQ
DOJHEUD�RI�IHDWXUHV��,WV�SXUSRVH�LV�WR�JHQHUDWH�DOO�SRVVLEOH�DOWHUQDWLYH�FRQILJXUDWLRQV�RI�D�IHDWXUH�PRGHO�LQ�WHUPV
RI�PDQXIDFWXULQJ� IHDWXUHV�� LQ�RUGHU� WR�SURYLGH�EHWWHU� LQSXW� IRU� D�SURFHVV�SODQQLQJ� V\VWHP��7KH\�DVVXPH� WKDW
PRVW� RI� WKRVH� DOWHUQDWLYHV� DUH� GXH� WR� IHDWXUH� LQWHUDFWLRQV�� DOWKRXJK�� LQ� SUDFWLFH�� WKH� UHVWULFWHG� DOJHEUD
LPSOHPHQWHG� HLWKHU� GRHV� QRW� \LHOG� DOO� SRVVLEOH� LQWHUSUHWDWLRQV�� RU� JHQHUDWHV� VRPH� WKDW� DUH� QRW� VXLWDEOH� IRU
PDQXIDFWXULQJ�SXUSRVHV�

$�PHWKRGRORJ\� IRU� WKH� DQDO\WLFDO� GHWHFWLRQ� RI� JHRPHWULF� LQWHUDFWLRQV� EHWZHHQ� IHDWXUHV�ZDV� SURSRVHG� E\
7DOZDU�DQG�0DQRRFKHKUL���������7KH�DOJRULWKPV�SUHVHQWHG�WDNH�DOO�WKH�QHFHVVDU\�LQSXW�IURP�WKH�GDWD�VWRUHG�LQ
D�PDQLIROG�ERXQGDU\�UHSUHVHQWDWLRQ�PRGHO�DQG�UHTXLUH�DQ�LQWHQVLYH��ORZ�OHYHO�TXHU\�DQG�WUDYHUVDO��7KHVH�DOJR�
ULWKPV�SURYLGH�D�SULPDU\�FODVVLILFDWLRQ�RI�IHDWXUH�LQWHUDFWLRQV��H�J���FRQWDLQHG��WRXFKLQJ��LQWHUVHFWLQJ��HWF���DQG
DUH�PDLQO\�LQWHQGHG�IRU�XVH�LQ�GRZQVWUHDP��UXOH�EDVHG�PDQXIDFWXUDELOLW\�DQDO\VLV�V\VWHPV�

6XK�DQG�$KOXZDOLD��������DSSURDFKHG�IHDWXUH�LQWHUDFWLRQ�SUREOHPV�IURP�WKH�SHUVSHFWLYH�RI�LQFUHPHQWDO�IHD�
WXUH�JHQHUDWLRQ��7KH\�SURSRVH�WR�DQDO\]H�HDFK�QHZ�VKDSH��FUHDWHG�LQ�WKH�PRGHO�ZLWK�D�VHW�RSHUDWLRQ��LGHQWLI\LQJ
WKH�VFRSH�RI�LWV�LQWHUDFWLRQ�DQG�WKH�DFWXDO�IHDWXUH�JHQHUDWHG��,Q�DGGLWLRQ��FKDQJHV�FDXVHG�E\�WKH�LQVHUWLRQ�LQWR
SUHYLRXVO\�H[LVWLQJ�IHDWXUHV�DUH�GHWHFWHG��DQG�WKHVH�DUH�UHGHILQHG�DFFRUGLQJO\��7KLV�PHWKRG�LV�VXLWDEOH�IRU�WKH
GHWHFWLRQ�RI�D�OLPLWHG�VHW�RI�LQWHUDFWLRQ�FODVVHV�RQO\��PDLQO\�EHFDXVH�LGHQWLILHG�IHDWXUHV�DUH�UHJDUGHG�DV�RSHQ
IDFH�VHWV� LQ� WKH�HYDOXDWHG�JHRPHWULF�PRGHO��)XUWKHUPRUH�� LQWHUDFWLRQ�FDVHV�KDYLQJ�PRUH� WKDQ� WZR� LQWHUDFWLQJ
IHDWXUHV�DUH�QRW�GHDOW�ZLWK�

5RVVLJQDF��������DOHUWHG�IRU�WKH�GLIILFXOWLHV�DQG�LQFRQVLVWHQFLHV�WKDW�FRXOG�DULVH�IURP�D�QDLYH�LQWHUSUHWDWLRQ
RI� XVXDO� HGLWLQJ� FRPPDQGV� RQ� IHDWXUH� PRGHOV�� PDLQO\� GXH� WR� WKH� RFFXUUHQFH� RI� IHDWXUH� LQWHUDFWLRQV�� +LV
DQDO\VLV� SURYLGHV� D� JRRG� LQVLJKW� LQWR� VRPH� KLJK�OHYHO�� GHVLJQ�RULHQWHG� YDOLGLW\� LVVXHV� RI� IHDWXUH� PRGHOV�
DOWKRXJK�VRPH�RI�WKH�SUREOHPV�SRLQWHG�RXW�RQO\�RFFXU�ZLWK�D�&6*�EDVHG�UHSUHVHQWDWLRQ�RI� IHDWXUHV��+H�DOVR
SURSRVHV�WKH�XVH�RI�6*&V��VHOHFWLYH�JHRPHWULF�FRPSOH[HV��DV�D�UHSUHVHQWDWLRQ�VFKHPH�WKDW�ZRXOG�IDFLOLWDWH�WKH
YDOLGDWLRQ�RI� VLPSOH� LQWHUDFWLRQV�� EXW� VR� IDU� WKHUH� DUH�QR�NQRZQ� UHVXOWV� LQ� WKH� OLWHUDWXUH� WKDW� GHPRQVWUDWH� LWV
HIIHFWLYH�XVH�



���

%LGDUUD�DQG�7HL[HLUD� �������SURSRVHG�D� IXQFWLRQDO�FODVVLILFDWLRQ�RI� IHDWXUH� LQWHUDFWLRQV� DQG�SURSRVHG� WKH
XVH� RI� LQWHUDFWLRQ� FRQVWUDLQWV� LQ� RUGHU� WR� SUHYHQW� IHDWXUHV� IURP� EHLQJ� FRUUXSWHG� E\� D� QXPEHU� RI� LQWHUDFWLRQ
FODVVHV�� 7KHVH� FRQVWUDLQWV�� WRJHWKHU� ZLWK� D� VHW� RI� YDOLGLW\� FRQGLWLRQV�� ZRXOG� WKHQ� EH� LQWHJUDWHG� LQ� WKH
VSHFLILFDWLRQ�RI�HDFK� IHDWXUH�FODVV��DV�D�PHDQV�RI�HQKDQFLQJ� LWV� IHDWXUH� LQVWDQFHV�ZLWK� WKH�KLJKHU�OHYHO�� QRQ�
JHRPHWULF�LQIRUPDWLRQ�UHTXLUHG�IRU�IHDWXUH�YDOLGDWLRQ�PHFKDQLVPV�

,W�FDQ�EH�FRQFOXGHG�WKDW�WKH�SHUFHSWLRQ�RI�IHDWXUH�LQWHUDFWLRQV�WKDW�KDV�EHHQ�XVHG�XQWLO�QRZ�LV�HLWKHU�WRR�DEVWUDFW
RU�WRR�GHWDLOHG��WKH�IRUPHU�LV�KDUG�WR�LPSOHPHQW�DQG�SXW�LQWR�HIIHFW��ZKHUHDV�WKH�ODWWHU�IDLOV�WR�FDSWXUH�LPSRUWDQW
DVSHFWV�RI�IHDWXUH�VHPDQWLFV��0RVW�RIWHQ��GLIILFXOWLHV�IRXQG�ZLWK�IHDWXUH�LQWHUDFWLRQ�SKHQRPHQD�DULVH�IURP�DS�
SURDFKLQJ� WKHP�PDLQO\� DW� WKH� JHRPHWULF� OHYHO� RI� WKH� IHDWXUH�PRGHO�� 7KHUHIRUH�� LW� VHHPV� FOHDU� WKDW� DGHTXDWH
IHDWXUH� LQWHUDFWLRQ� PDQDJHPHQW� UHTXLUHV� KLJKHU�OHYHO�� IXQFWLRQDO� LQIRUPDWLRQ� LQ� WKH� SURGXFW� PRGHO� WR� EH
FRQVLGHUHG�DV�ZHOO��7KLV�� LQ�WXUQ��FDQ�RQO\�EH�DFKLHYHG�EDVHG�RQ�D�SUHFLVH�GHILQLWLRQ�IRU� IHDWXUH� LQWHUDFWLRQV�
DEOH�WR�FDSWXUH�DOO�UHOHYDQW�VLWXDWLRQV�

���)HDWXUH�LQWHUDFWLRQV��IURP�DQ�LQWXLWLYH�QRWLRQ�WR�D�SUHFLVH�GHILQLWLRQ

7KLV� VHFWLRQ� SUHVHQWV� D� IRUPDO� GHILQLWLRQ� IRU� WKH� LQWHUDFWLRQ� UHODWLRQVKLS� EHWZHHQ� IHDWXUHV�� ,WV� GHULYDWLRQ� LV
FDUULHG� RXW� E\� LQWHJUDWLQJ� VHYHUDO� FRQWULEXWLRQV� IURP� SUHYLRXV� UHVHDUFK� UHVXOWV�� ZLWK� WKH� JRDO� RI� SUHFLVHO\
LGHQWLI\LQJ�D�ZLGH�UDQJH�RI�IHDWXUH�LQWHUDFWLRQV�ZLWK�ERWK�PRGHOOLQJ�DQG�WHFKQRORJLFDO�UHOHYDQFH�

6R� IDU�� WKH� VFKHPH� SUHVHQWHG� E\� GH� .UDNHU� HW� DO�� ������� LV� WKH� PRVW� SURPLVLQJ� DQG� SRZHUIXO�� \HW
FRQFHSWXDOO\�VLPSOH��SURSRVDO�RQ�ZKLFK�WR�JURXQG�D�VRXQG�GHILQLWLRQ�IRU�IHDWXUH�LQWHUDFWLRQV��,Q�WKH�SURWRW\SH
V\VWHP�63,))��D�IHDWXUH�FODVV�FDQ�EH�VSHFLILHG�LQ�D�JHQHULF�IHDWXUH�GHILQLWLRQ��ZKLFK�LQFOXGHV�WKH�QDWXUH�RI�LWV
IHDWXUH�YROXPH��)9���GHQRWHG�DV�HLWKHU�3�RU�1�DFFRUGLQJ�WR�LWV�DGGLWLYH�RU�VXEWUDFWLYH�FKDUDFWHU��D�GHVFULSWLRQ
RI�LWV�IHDWXUH�ERXQGDU\��)%��LQ�WHUPV�RI�IHDWXUH�HOHPHQWV��DQG�D�VHW�RI�FRQVWUDLQWV�GHVFULELQJ�IHDWXUH�YDOLGLW\
FRQGLWLRQV��$PRQJ�WKHVH��DWWDFK�FRQVWUDLQWV�H[SUHVV�D�VSHFLILF�SURSHUW\�RI�VRPH�IHDWXUH�HOHPHQWV��GHVFULELQJ
ZKHUH�DQG�KRZ�D�IHDWXUH�LQVWDQFH�VKRXOG�EH�DWWDFKHG�WR�WKH�RWKHU�RQHV�LQ�WKH�PRGHO��:LWK�WKH�LQVWDQFLDWLRQ�RI�D
IHDWXUH�� HDFK� RI� LWV� DWWDFK� FRQVWUDLQWV� LV� ERXQG� WR� D� IHDWXUH� HOHPHQW� RI� VRPH� IHDWXUH� DOUHDG\� SUHVHQW� LQ� WKH
PRGHO�� DQG� PDSSHG� WR� D� SULPLWLYH� FRSODQDULW\� JHRPHWULF� FRQVWUDLQW�� 7KHVH� FRQVWUDLQWV� DUH� WKHQ� VROYHG� DQG
PDLQWDLQHG�E\�WKH�V\VWHP��XVLQJ�GHJUHHV�RI�IUHHGRP�DQDO\VLV��.UDPHU�������

$QRWKHU� LPSRUWDQW� DVSHFW� RI� IHDWXUH� YDOLGLW\� LV� VSHFLILHG� LQ� D� JHQHULF� IHDWXUH� GHILQLWLRQ� E\�PHDQV� RI� VR�
FDOOHG� VHPDQWLF� FRQVWUDLQWV� �%LGDUUD� DQG� 7HL[HLUD� ������� 6HPDQWLF� FRQVWUDLQWV� GHVFULEH� WKH� EHKDYLRXU� RI� D
FDQRQLFDO�IHDWXUH�DQG�VSHFLI\�KRZ�HDFK�IHDWXUH�LQVWDQFH�LV�DOORZHG�WR�GHYLDWH�IURP�WKDW�FDQRQLFDO�EHKDYLRXU�
VWDWLQJ�WKH�H[WHQW�WR�ZKLFK�LWV�IHDWXUH�HOHPHQWV�VKRXOG��RU�VKRXOG�QRW��EHORQJ�WR�WKH�PRGHO�ERXQGDU\�

�����7KH�RYHUODS�UHODWLRQVKLS
$V�DOUHDG\�PHQWLRQHG��FDUHIXO�DWWHQWLRQ�KDV�WR�EH�SDLG�WR�WKH�DFWXDO�ZD\�D�IHDWXUH�LV�EHLQJ�DWWDFKHG�RU�� LQ

JHQHUDO��HGLWHG�LQ�D�IHDWXUH�PRGHO�LQ�RUGHU�WR�SUHVHUYH�QRW�RQO\�LWV�YDOLGLW\��EXW�DOVR�WKDW�RI�WKH�RWKHU�IHDWXUHV
DOUHDG\�WKHUH��7KHUHIRUH��DV�D�ILUVW�VWHS�LQ�WKLV�JRDO��ZH�VKRXOG�REVHUYH�WKDW�WKH�DFWXDO�RYHUODSSLQJ�DPRQJ�WKRVH
IHDWXUHV�KDV�DQ�HVVHQWLDO�UROH�LQ�WKH�RFFXUUHQFH�RI�LQWHUDFWLRQV��DFWXDOO\��QR�LQWHUDFWLRQ�WDNHV�SODFH�EHWZHHQ�WZR
IHDWXUHV�LI�WKH\�GR�QRW�VKDUH�VRPHKRZ�D�FRPPRQ�UHJLRQ�RI�VSDFH�

)RU�WKLV�SXUSRVH��WKH�QRWLRQ�RI�WKH�LQWHUDFWLRQ�H[WHQW��,(��EHWZHHQ�WZR�IHDWXUHV�)
�
�DQG�)

�
�KDV�EHHQ�SURSRVHG

DQG�GHILQHG�LQ��%LGDUUD�DQG�7HL[HLUD�������DV

,(�)
�
�)

�
�� �)9�)

�
��¬�)9�)

�
�

ZKHUH�)9�)
L
��GHQRWHV�WKH�IHDWXUH�YROXPH�RI�)

L
�

%DVHG�RQ�WKLV��WKH�RYHUODS�UHODWLRQVKLS�EHWZHHQ�WZR�IHDWXUHV�)
�
�DQG�)

�
�ZDV�GHILQHG�E\�%LGDUUD��������DV�IRO�

ORZV�

)
�
���)

�
���À���,(�)

�
�)

�
����«

7KH�GLPHQVLRQDOLW\�RI�D�QRQ�HPSW\�LQWHUDFWLRQ�H[WHQW�ZDV�WKHQ�XVHG�WR�GHILQH�WKH�LQWHUDFWLRQ�PRGH��ZKHQHYHU
WKH� ,(� LV� ��GLPHQVLRQDO�� ZH� KDYH� D� YROXPHWULF� LQWHUDFWLRQ� PRGH� �9,��� RWKHUZLVH�� WKH� WZR� IHDWXUHV� H[KLELW
ERXQGDU\�LQWHUDFWLRQ�PRGH��%,��

�����7KH�GHSHQGHQF\�UHODWLRQVKLS
2QH�PDLQ�DGYDQWDJH�RI�DWWDFK�FRQVWUDLQWV� LV� WKDW��DV�D� UHVXOW�RI� WKH�JHQHUDOL]DWLRQ�RI�FRQYHQWLRQDO�SDUHQW�

FKLOG�UHODWLRQV�EHWZHHQ�IHDWXUHV��D�IHDWXUH�LQVWDQFH�PD\�KDYH�DWWDFKHV�WR�IHDWXUH�HOHPHQWV�RI�VHYHUDO� IHDWXUHV
DOUHDG\�SUHVHQW�LQ�WKH�PRGHO��'RKPHQ�HW�DO���������,Q�DGGLWLRQ��WKH�KLHUDUFKLFDO�UHODWLRQ�WKH\�HVWDEOLVK�EHWZHHQ



���

IHDWXUH� HOHPHQWV�PD\� EH� WUDQVSRVHG� WR� D� KLHUDUFKLFDO� UHODWLRQ� EHWZHHQ� WKH� UHVSHFWLYH� IHDWXUHV�� GHILQLQJ� WKH
RULHQWDWLRQ�RI�HDFK�HGJH�LQ�WKH�)HDWXUH�$WWDFKPHQW�*UDSK��)$*���)$*�HGJHV�DUH�RULHQWHG�IURP�WKH�IHDWXUH�WKDW
LV�DWWDFKHG�WR�WKH�RQH�WR�ZKLFK�WKH�DWWDFKPHQW�LV�PDGH��DV�GHSLFWHG�LQ�)LJXUH���IRU�DQ�H[DPSOH�PRGHO�

%DVHG� RQ� WKH� DWWDFK� LQIRUPDWLRQ� UHSUHVHQWHG� LQ� WKH� )$*�� ZH� FDQ� GHILQH� WKH� GHSHQGHQF\� UHODWLRQVKLS� DV
IROORZV�

'HILQLWLRQ� 7KHUH� LV� D� GHSHQGHQF\� UHODWLRQVKLS� EHWZHHQ� IHDWXUHV� )�� �FDOOHG� DFWLYH� IHDWXUH�� DQG� )�� �FDOOHG
SDVVLYH�IHDWXUH��LI�WKHUH�LV�D�SDWK�LQ�WKH�)$*�IURP�)��WR�)��

:KHQHYHU�WKLV�SDWK�KDV�RQO\�RQH�HGJH��L�H���)��LV�DWWDFKHG�WR�)���ZH�VD\�WKDW�)��KDV�DQ�LPPHGLDWH�GHSHQGHQF\
RQ� )��� LI� WKH� RQO\� SDWK� EHWZHHQ� )�� DQG� )�� KDV� PRUH� WKDQ� RQH� HGJH�� ZH� VD\� WKDW� WKHUH� LV� D� QRQ�LPPHGLDWH
GHSHQGHQF\�EHWZHHQ�WKHP��,Q�HLWKHU�FDVH��ZH�FODVVLI\�WKH�GHSHQGHQF\�W\SH�E\�UHIHUULQJ�WR�WKH�QDWXUHV�RI�ERWK
IHDWXUHV��SXWWLQJ�ILUVW� WKH�DFWLYH�IHDWXUH¶V�QDWXUH��13��11��31�RU�33��IRU�H[DPSOH�� WKHUH� LV�DQ�13�LPPHGLDWH
GHSHQGHQF\�EHWZHHQ�WKH�WKUX�KROH�DQG�WKH�EORFN�LQ�)LJXUH���

7KH�RFFXUUHQFH�RI�RYHUODSSLQJ�IHDWXUHV�PD\�EH�GXH�WR�DQ�DWWDFK�UHODWLRQVKLS�EHWZHHQ�WKHP��L�H��DQ�LPPHGLDWH
GHSHQGHQF\��)RU�PHDQLQJIXO� DWWDFKPHQWV�� WKH� LQWHUDFWLRQ�PRGH� EHWZHHQ� DWWDFKHG� IHDWXUHV� LV� DOZD\V� D� GLUHFW
FRQVHTXHQFH�RI�WKHLU�QDWXUHV�

�� 9,��ZKHQHYHU�WKH\�KDYH�GLIIHUHQW�QDWXUHV��31�RU�13�LPPHGLDWH�GHSHQGHQFLHV��
�� %,��ZKHQHYHU�WKH\�KDYH�WKH�VDPH�QDWXUH��33�RU�11�LPPHGLDWH�GHSHQGHQFLHV��

7KLV�UHJXODU�EHKDYLRXU�LV�GHSLFWHG�LQ�7DEOH����VKRZLQJ�D�VLPSOH�H[DPSOH�PRGHO�IRU�HDFK�GHSHQGHQF\�W\SH�

9ROXPHWULF�,QWHUDFWLRQ %RXQGDU\�,QWHUDFWLRQ

13
GHSHQGHQF\

33
GHSHQGHQF\

31
GHSHQGHQF\

11
GHSHQGHQF\

%XW�RYHUODSSLQJ�PD\��RI�FRXUVH��DOVR�RFFXU�EHWZHHQ�IHDWXUHV�WKDW��DOWKRXJK�KDYLQJ�QR�DWWDFKPHQWV�OLQNLQJ�DQ\
RI� WKHLU� IHDWXUH�HOHPHQWV� WR�HDFK�RWKHU��KDYH�D�QRQ�LPPHGLDWH�GHSHQGHQF\��7KLV� UHVXOWV� LQ�D� ODUJH�YDULHW\�RI
SRVVLELOLWLHV�ZLWK�DOO�IRXU�GHSHQGHQF\�W\SHV��7DEOH���SUHVHQWV�VRPH�W\SLFDO�H[DPSOHV�IRU�ERWK�9,�DQG�%,�PRGHV�

�����7KH�LQWHUDFWLRQ�UHODWLRQVKLS

$V�FDQ�EH�FRQFOXGHG�IURP�WKH�H[DPSOHV�LQ�7DEOHV���DQG����WKH�RYHUODS�UHODWLRQVKLS�SURYLGHV�D�QHFHVVDU\�FRQGL�
WLRQ�IRU�WKH�RFFXUUHQFH�RI�IHDWXUH�LQWHUDFWLRQV��+RZHYHU��7DEOH���DOVR�VXJJHVWV�WKDW�VRPH�RYHUODSSLQJ�VLWXDWLRQV
PD\� RFFXU� WKDW� \LHOG� QR� LQWHUDFWLRQV�� L�H��� RYHUODS� LV� QRW� D� VXIILFLHQW� FRQGLWLRQ� IRU� LQWHUDFWLRQ�� 6XFK
RYHUODSSLQJV��RI�ZKLFK�DQ�H[DPSOH� LV�VKRZQ�LQ�)LJXUH����KDYH�QR�SUDFWLFDO� UHOHYDQFH�DQG�XWLOLW\� IURP�HLWKHU
PRGHO�PDQLSXODWLRQ� RU� IHDWXUH� VHPDQWLFV� YLHZSRLQWV�� LQ� )LJXUH� ���D�� WKHUH� LV� D� 33� RYHUODSSLQJ� EHWZHHQ� WKH
SURWUXVLRQ�DQG�WKH�EORFN��LQ�)LJXUH����E��WKHUH�LV�DQ�11�RYHUODSSLQJ�EHWZHHQ�WKH�VORW�DQG�WKH�SRFNHW�

�D� �E�� 3527586,21

%/2&.

7+58�+2/(

)LJXUH�����0RGHO�ZLWK�WKUHH�IHDWXUHV��D��DQG�WKH�FRUUHVSRQGLQJ�)HDWXUH�$WWDFKPHQW�*UDSK��E�

7DEOH�����7\SLFDO�RYHUODSSLQJ�VLWXDWLRQV�EHWZHHQ�IHDWXUHV�ZLWK�LPPHGLDWH�GHSHQGHQF\



���

7KHVH� VLWXDWLRQV� RFFXU� RQO\�ZLWK� VSHFLDO� FDVHV� RI� RYHUODSSLQJV� EHWZHHQ� IHDWXUHV� WKDW� KDYH� D� QRQ�LPPHGLDWH
)$*�GHSHQGHQF\�DQG�VKRXOG��WKHUHIRUH��QRW�EH�FRQVLGHUHG�LQ�WKH�GHILQLWLRQ�RI�LQWHUDFWLRQV��7R�GHVFULEH�VXFK
FDVHV��ZH�ILUVW�GHILQH��IRU�HDFK�IHDWXUH�LQ�WKH�PRGHO��D�SDUWLWLRQ�RQ�LWV�IHDWXUH�ERXQGDU\��DFFRUGLQJ�WR

)%� �)%��­�)%�

ZKHUH

)%��UHSUHVHQWV�WKH�VHW�RI�SRLQWV�RI�WKH�)%�WKDW�DUH�RQ�RU�LQVLGH�WKH�PRGHO�ERXQGDU\��DQG
)%��UHSUHVHQWV�WKH�VHW�RI�SRLQWV�RI�WKH�)%�WKDW�DUH�RXWVLGH�WKH�PRGHO�ERXQGDU\�

,W�FDQ�EH�HDVLO\�REVHUYHG�WKDW�WKH�RYHUODSSLQJV�LQ�)LJXUH���DUH�VXFK�WKDW�WKH�)%��RI�WKH�UHVSHFWLYH�IHDWXUHV�DUH
GLVMRLQW�

7KH� GHSHQGHQF\� UHODWLRQVKLS� DFFRXQWV� IRU� D� YDULHW\� RI� VLWXDWLRQV� WKDW� \LHOG� LQWHUDFWLRQV�� <HW�� WKHUH� LV� VWLOO
DQRWKHU�SRVVLELOLW\� IRU� LQWHUDFWLRQV� WR� WDNH�SODFH��RYHUODSSLQJ�PD\�DOVR�RFFXU�EHWZHHQ� IHDWXUHV� WKDW�KDYH�QR
GHSHQGHQF\�LQ�WKH�)$*��L�H���EHWZHHQ�LQGHSHQGHQW�IHDWXUHV��([DPSOHV�RI�VXFK�VLWXDWLRQV�DUH�GHSLFWHG�LQ�7DEOH
���DJDLQ�IRU�DOO�FRPELQDWLRQV�RI�IHDWXUH�QDWXUHV�

2EYLRXVO\��LQ�WKHVH�FDVHV��WKH�LQIRUPDWLRQ�LQ�WKH�)$*�FDQQRW�EULQJ�DQ\�LQVLJKW�LQWR�ZKLFK�LV�WKH�DFWLYH�RU
WKH�SDVVLYH�IHDWXUH�LQ�WKH�LQWHUDFWLRQ��0RUHRYHU��LQ�JHQHUDO��WKLV�FDQQRW�HYHQ�EH�GHULYHG�IURP�D�VWDWLF�DQDO\VLV
RI�WKH�PRGHO��HLWKHU�RI�WKH�LQWHUDFWLQJ�IHDWXUHV�FRXOG�EH�UHVSRQVLEOH�IRU�WKH�LQWHUDFWLRQ��DV�VKRZQ�E\�WKH�13�31
%,�H[DPSOH�RI�7DEOH����7KHUHIRUH��ZH�QHHG�WR�H[WHQG�WKHVH�QRWLRQV�WR�DOVR�FRYHU�VXFK�VLWXDWLRQV��7KLV�FDQ�EH
DFFRPSOLVKHG�WDNLQJ�LQWR�DFFRXQW�WKDW�LQWHUDFWLRQ�VLWXDWLRQV�DUH�DOZD\V�D�GLUHFW�FRQVHTXHQFH�RI�VRPH�PRGHOOLQJ
RSHUDWLRQ�RQ�D�SDUWLFXODU�IHDWXUH��H�J��� LQVHUWLRQ�RI�D�QHZ�IHDWXUH�RU�PRGLILFDWLRQ�RI�DQ�H[LVWLQJ�RQH���7KXV�
DFWLYH�IHDWXUH�DQG�SDVVLYH�IHDWXUH�PD\�EH�H[WHQGHG�WR�GHVLJQDWH�WKH�IHDWXUH�WKDW�FDXVHV�WKH�LQWHUDFWLRQ�DQG�WKH
RQH�ZKLFK�UHFHLYHV�LW��UHVSHFWLYHO\��,Q�WKH�UHPDLQLQJ�RI�WKLV�SDSHU�WKH�QRWLRQ�RI�LQWHUDFWLRQ�W\SH�ZLOO�EH�XVHG�WR
FKDUDFWHUL]H� DQ� LQWHUDFWLRQ� UHODWLRQVKLS�� ZLWK� WKH� VDPH� QRWDWLRQ� DV� EHIRUH� IRU� WKH� GHSHQGHQF\� W\SH�� DFWLYH
IHDWXUH¶V�QDWXUH�EHIRUH�WKH�SDVVLYH�IHDWXUH¶V�QDWXUH�

:H�FDQ�QRZ�HVWDEOLVK�RXU�IRUPDO�GHILQLWLRQ�RI�WKH�LQWHUDFWLRQ�UHODWLRQVKLS�

7DEOH�����7\SLFDO�RYHUODSSLQJ�VLWXDWLRQV�EHWZHHQ�IHDWXUHV�ZLWK�QRQ�LPPHGLDWH�GHSHQGHQF\

9ROXPHWULF�,QWHUDFWLRQ %RXQGDU\�,QWHUDFWLRQ

33
GHSHQGHQF\

11
GHSHQGHQF\

13
GHSHQGHQF\

31
GHSHQGHQF\

�D� �E�

)LJXUH�����2YHUODSSLQJ�33��D��DQG�11��E��IHDWXUHV�ZLWKRXW�LQWHUDFWLRQ
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'HILQLWLRQ�$�PRGHOOLQJ�RSHUDWLRQ�RQ�D� IHDWXUH�)�� �DFWLYH� IHDWXUH��FUHDWHV�DQ� LQWHUDFWLRQ�UHODWLRQVKLS�ZLWK
IHDWXUH�)���SDVVLYH� IHDWXUH���GHQRWHG�)����)�� ��ZKHQHYHU� LW� UHVXOWV� LQ�D� VLWXDWLRQ� IRU�ZKLFK� WKH
IROORZLQJ�FRQGLWLRQV�KROG�

�D��,(�)
�
�)

�
����«

��E��LI�)��DQG�)��KDYH�D�QRQ�LPPHGLDWH�)$*�GHSHQGHQF\��WKHQ�WKHLU�)%
��LQWHUVHFW

)URP�WKLV�GHILQLWLRQ��ZH�FDQ�FRQFOXGH�WKDW�DOO�RYHUODSSLQJ�VLWXDWLRQV�EHWZHHQ�IHDWXUHV�ZLWK�HLWKHU�DQ�LPPHGLDWH
)$*�GHSHQGHQF\��FI��7DEOH����RU�QR�GHSHQGHQF\�DW�DOO��FI��7DEOH����DUH�DOZD\V�FRQVLGHUHG�DV�LQWHUDFWLRQ��2YHU�
ODSSLQJV� EHWZHHQ� IHDWXUHV� ZLWK� QRQ�LPPHGLDWH� )$*� GHSHQGHQFLHV� DUH� VXEMHFW� WR� WKH� UHVWULFWLRQ� �E��� ZKLFK
OHDYHV�RXW�FDVHV�DV�WKRVH�LQ�)LJXUH����ZKLOH�VWLOO�FDSWXULQJ�WKH�DFWXDO�LQWHUDFWLRQV�VKRZQ�LQ�7DEOH���

���$�7D[RQRP\�IRU�)HDWXUH�,QWHUDFWLRQV

$V�LW�EHFDPH�FOHDU�IURP�WKH�SUHYLRXV�VHFWLRQ��IHDWXUH�LQWHUDFWLRQV�PD\�KDYH�D�YHU\�ZLGH�UDQJH�RI�FRQVHTXHQFHV
DQG�HIIHFWV�RQ�D�IHDWXUH�PRGHO��$OWKRXJK�WKHVH�PD\�RIWHQ�EH�LQWHQGHG��LQ�PDQ\�VLWXDWLRQV�WKH\�PD\�DIIHFW�WKH
VHPDQWLFV�RI�D�IHDWXUH��UDQJLQJ�IURP�VOLJKW�FKDQJHV�LQ�DFWXDO�SDUDPHWHU�YDOXHV�WR�WKH�FRPSOHWH�VXSSUHVVLRQ�RI
LWV�FRQWULEXWLRQ�WR�WKH�PRGHO�VKDSH�

,Q�WKLV�VHFWLRQ��ZH�SURSRVH�D�WD[RQRP\�IRU�IHDWXUH�LQWHUDFWLRQV��LQ�FRQIRUPLW\�ZLWK�WKH�GHILQLWLRQ�GHULYHG�LQ
VHFWLRQ� ��� $PRQJ� WKH� LQWHUDFWLRQ� FODVVHV� SUHVHQWHG�� VRPH� KDYH� D� FOHDU� WHFKQRORJLFDO� FRQQRWDWLRQ�� ZKHUHDV
RWKHUV� DUH�PRUH� ELDVHG� WRZDUGV� GLUHFW� FDSWXUH� RI� PRGHOOLQJ� RU� IXQFWLRQDO� SKHQRPHQD�� )RU� HDFK� LQWHUDFWLRQ
FODVV�� ZH� JLYH� D� IXOO� GHILQLWLRQ� WRJHWKHU� ZLWK� VRPH� H[DPSOHV�� LQ� RUGHU� WR� LOOXVWUDWH� LWV� UHOHYDQFH� DQG� VKRZ
W\SLFDO�VLWXDWLRQV�

7KH� XOWLPDWH� JRDO� RI� WKH� SURSRVHG� WD[RQRP\� LV� WKUHHIROG�� �D�� WR� PDNH� SRVVLEOH� WKH� GHYHORSPHQW� RI
DSSURSULDWH�GHWHFWLRQ�PHFKDQLVPV���E��WR�DOORZ�VSHFLILF�SRWHQWLDO�UHDFWLRQV�RI�WKH�PRGHOOHU�WR�HDFK�LQWHUDFWLRQ
FODVV��DQG� �F�� WR�SURYLGH� WKH�GHVLJQHU�ZLWK� WKH� FDSDELOLW\� WR� VHOHFWLYHO\� DOORZ�GLVDOORZ� LQGLYLGXDO� LQWHUDFWLRQ
FODVVHV��WKURXJK�WKH�XVH�RI�LQWHUDFWLRQ�FRQVWUDLQWV�LQ�IHDWXUH�JHQHULF�GHILQLWLRQV�

�����6SOLWWLQJ�LQWHUDFWLRQ

'HILQLWLRQ� YROXPHWULF�LQWHUDFWLRQ�WKDW�VSOLWV�WKH�)%��RI�D�IHDWXUH�LQWR�WZR��RU�PRUH��GLVFRQQHFWHG�VXEVHWV�

7KLV�NLQG�RI�LQWHUDFWLRQ�PD\�KDYH�ERWK�IXQFWLRQDO�DQG�WHFKQRORJLFDO�FRQVHTXHQFHV��KHQFH�WKH�QHHG�WR�GHWHFW�LW�
2Q�WKH�RQH�KDQG��WKH�NQRZOHGJH�WKDW�D�SDUWLFXODU�IHDWXUH�EHFDPH�VSOLW�LQ�WKH�PRGHO�JLYHV�XVHIXO�KLQWV�RQ�IHDWXUH
SUHFHGHQFH�LQ�D�SURFHVV�SODQQLQJ�YLHZ�RI�WKH�PRGHO��2Q�WKH�RWKHU�KDQG��WKH�IXQFWLRQDO�SXUSRVH�RI�VRPH�IHDWXUH

7DEOH�����7\SLFDO�RYHUODSSLQJ�VLWXDWLRQV�EHWZHHQ�LQGHSHQGHQW�IHDWXUHV

9ROXPHWULF�,QWHUDFWLRQ %RXQGDU\�,QWHUDFWLRQ

33
LQWHUDFWLRQ

11
LQWHUDFWLRQ

13
LQWHUDFWLRQ

31
LQWHUDFWLRQ
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FODVVHV�PD\�DOVR�EH�DIIHFWHG�E\�D� VSOLWWLQJ� LQWHUDFWLRQ��H�J�� WKH� VWLIIHQLQJ� IXQFWLRQ�RI�D� ULE�SURWUXVLRQ��RU� WKH
VOLGLQJ�IXQFWLRQDOLW\�DVVLJQHG�WR�D�FHUWDLQ�VORW�LQ�DQ�DVVHPEO\�YLHZ�

6SOLWWLQJ�LQWHUDFWLRQV�DOZD\V�KDYH�WKHLU�RULJLQ�LQ�VRPH�1�IHDWXUH�DQG�PD\��WKXV��RFFXU�GXH�WR�HLWKHU�11�RU
13� LQWHUDFWLRQV��11�VSOLWWLQJ� LQWHUDFWLRQ� LV� FHUWDLQO\� WKH�PRVW� UHOHYDQW� VLWXDWLRQ�RI� VSOLWWLQJ� LQWHUDFWLRQ��7KH
DFWLYH�IHDWXUH�VXSSUHVVHV�D�VXEVHW�IURP�WKH�)%��RI� WKH�SDVVLYH�IHDWXUH�� LQ�VXFK�D�ZD\� WKDW� WKLV�EHFRPHV�VSOLW
LQWR� WZR�GLVFRQQHFWHG�FRPSRQHQWV��VHH�)LJXUH����D����6SOLWWLQJ� LQWHUDFWLRQV��KRZHYHU��PD\�DOVR�RFFXU�ZLWK�3
SDVVLYH�IHDWXUHV��SURYLGHG�WKH\�DUH�QRW�D�SULPDU\�EORFN��L�H���WKH\�KDYH�VRPH�)$*�GHSHQGHQF\�RQ�VRPH�RWKHU
IHDWXUH���DV�LOOXVWUDWHG�LQ�)LJXUH����E��

�����'LVFRQQHFWLRQ�LQWHUDFWLRQ

'HILQLWLRQ� LQWHUDFWLRQ� WKDW� FDXVHV� WKH� )9� RI� D� 3� IHDWXUH� �RU� SDUW� RI� LW�� WR� EHFRPH� GLVFRQQHFWHG� IURP� WKH
UHPDLQLQJ�PRGHO�

'LVFRQQHFWLRQ�LQWHUDFWLRQV�DUH�LPSRUWDQW�WR�GHDO�ZLWK��EHFDXVH�WKH\�DOZD\V�UHVXOW�LQ�WRSRORJLFDOO\�GLVFRQQHFWHG
FRPSRQHQWV�LQ�WKH�SDUW�EHLQJ�GHVLJQHG��ZKLFK�PDNHV�LW�DOVR�XQIHDVLEOH�IURP�WKH�PDQXIDFWXULQJ�SRLQW�RI�YLHZ�

$�GLVFRQQHFWLRQ�LQWHUDFWLRQ�PD\�RFFXU�DV�D�UHVXOW�RI�HLWKHU�WKH�LQVHUWLRQ��D��RU�WKH�PRGLILFDWLRQ��F��RI�DQ�1
IHDWXUH��DV�GHSLFWHG�LQ�)LJXUH����LQ�DQ\�FDVH��WKH�UHVXOW��E��LV�DOZD\V�D�QRQVHQVH��LUUHDOL]DEOH�PRGHO��EHFDXVH�RI
WKH�3�IHDWXUH¶V�DWWDFK�ORVV�

'LVFRQQHFWLRQ� LQWHUDFWLRQV�PD\�DOVR� WDNH�SODFH�ZKHQ� WKH�DFWXDO�GLPHQVLRQ�SDUDPHWHU�YDOXHV�RI� WKH�1�DFWLYH
IHDWXUH�DUH�WRR�ODUJH��FDXVLQJ�D�3�SDVVLYH�IHDWXUH�WR�EHFRPH�WRSRORJLFDOO\�GLVFRQQHFWHG��DV�VKRZQ�LQ�)LJXUH���

�����&OHDUDQFH�LQWHUDFWLRQ

'HILQLWLRQ� LQWHUDFWLRQ�FDXVLQJ��SDUWLDO�RU�WRWDO��REVWUXFWLRQ�RI�1�IHDWXUHV�

&OHDUDQFH� LQWHUDFWLRQV�KDYH� D� FOHDU� WHFKQRORJLFDO� FRQQRWDWLRQ�� WKH\� XVXDOO\� FRQVWUDLQ� WKH�PDFKLQLQJ� SURFHVV
SRVVLEOH� IRU�D�FHUWDLQ�1� IHDWXUH� LQ� VHYHUDO�ZD\V��H�J��DSSURDFK� WRRO�GLUHFWLRQ��PDFKLQH�DFFHVVLELOLW\�DQG� WRRO
SDWK� FOHDUDQFH�� 6RPH� VXEWUDFWLYH� IHDWXUH� FODVVHV� �H�J�� VORW� RU� VWHS� FODVVHV�� SRVH� VWURQJ� PDQXIDFWXUDELOLW\
UHTXLUHPHQWV�LQ�WHUPV�RI�UHVWULFWLQJ�SRVLWLYH�YROXPH�LQWUXVLRQ�RU�LQWHUIHUHQFH�LQWR�WKHLU�RZQ�)9�

&OHDUDQFH�LQWHUDFWLRQV�PD\�WDNH�SODFH�LQ�HLWKHU�9,�RU�%,�PRGHV��DV�GHSLFWHG�LQ�)LJXUH���

�D�

�E�

)LJXUH�����([DPSOHV�RI�11��D��DQG�13��E���VSOLWWLQJ�LQWHUDFWLRQV

��D� �E� �F�

)LJXUH�����([DPSOHV�RI�GLVFRQQHFWLRQ�LQWHUDFWLRQ

)LJXUH�����([DPSOH�RI�GLVFRQQHFWLRQ�LQWHUDFWLRQ�RQ�D�SULPDU\�EORFN�GXH�WR�VORW�GHSWK�HQODUJHPHQW



���

�����&ORVXUH�LQWHUDFWLRQ

'HILQLWLRQ� LQWHUDFWLRQ�WKDW�FDXVHV�VRPH�1�IHDWXUH�YROXPH�V��WR�EHFRPH�D�FORVHG�YRLG�LQVLGH�WKH�PRGHO�

,Q� D� VHQVH�� FORVXUH� LQWHUDFWLRQV� DUH� DQ� H[WUHPH� FDVH� RI� FOHDUDQFH� LQWHUDFWLRQV�� LQ� WKDW� WKH\� FDXVH� D� WRWDO
LQDFFHVVLELOLW\�RI�DQ�1�IHDWXUH��7KHUHIRUH��WKHLU�GHWHFWLRQ�LV�HYHQ�PRUH�LPSRUWDQW��IURP�ERWK�WKH�IXQFWLRQDO�DQG
WKH�PDQXIDFWXULQJ�YLHZSRLQW�

6LQJOH�FORVXUH�LQWHUDFWLRQV�FDXVH�WKH�ZKROH�)%�RI�WKH�1�IHDWXUH�WR�EHFRPH�SDUW�RI�WKH�PRGHO�ERXQGDU\��L�H�
)%�� �«���0XOWLSOH�FORVXUH�LQWHUDFWLRQV��KRZHYHU��PD\�RFFXU�ZLWKRXW�FDXVLQJ�)%�� �«�IRU�DQ\�1�IHDWXUH��WKLV�LV
WKH� FDVH� LQ� WKH�PRGHO� VKRZQ� LQ�)LJXUH� ���ZKHUH� WKH� FORVXUH� HYHQW� LV� VKDUHG� E\� WKH� �� SUHYLRXVO\� LQWHUDFWLQJ
IHDWXUHV�

�����$EVRUSWLRQ�LQWHUDFWLRQ

'HILQLWLRQ� YROXPHWULF� LQWHUDFWLRQ� WKDW� FDXVHV� D� IHDWXUH� WR� FHDVH� FRPSOHWHO\� LWV� FRQWULEXWLRQ� WR� WKH� PRGHO
VKDSH��L�H���QR�SDUW�RI�LWV�)%��UHPDLQV�DFWXDOO\�RQ�WKH�PRGHO�ERXQGDU\��

$EVRUSWLRQ� LQWHUDFWLRQV� DSSHDU� WR� EH� FOHDUO\� XQGHVLUDEOH�� EHFDXVH� WKH\� WXUQ� XVHOHVV� D� IHDWXUH� WKDW� ZDV
SUHYLRXVO\�FUHDWHG�DQG�LQVHUWHG�LQWR�WKH�PRGHO�

7KH� VLPSOHVW� FDVH� RI� DEVRUSWLRQ� LQWHUDFWLRQ� RFFXUV� ZKHQHYHU� WKH� )%�� RI� D� IHDWXUH� EHFRPHV� FRPSOHWHO\
HQFORVHG�ZLWKLQ�WKH�)9�RI�DQ�1�IHDWXUH��DV�GHSLFWHG�LQ�)LJXUH���

$EVRUSWLRQ�LQWHUDFWLRQV��KRZHYHU��PD\�DOVR�RFFXU�LQ�D�PXOWLSOH�RU�GLVWULEXWHG�IDVKLRQ��L�H��ZKHQ�VRPH�VXEVHW�RI
WKH�SDVVLYH�)%��KDV�DOUHDG\�EHHQ�VXSSUHVVHG�IURP�WKH�PRGHO�LQ�D�SUHYLRXV�PRGHOOLQJ�VWHS��LQ�VXFK�FDVHV��WKH
DEVRUSWLRQ�LV�FDUULHG�RXW�E\�MXVW�VXSSUHVVLQJ�IURP�WKH�PRGHO�WKH�UHPDLQLQJ�SDUW�RI�WKH�SDVVLYH�)%���7KLV�PHDQV
WKHVH�DEVRUSWLRQV�PD\�WDNH�SODFH�ZLWKRXW�WKH�SDVVLYH�)%��EHLQJ�WRWDOO\�FRQWDLQHG�LQ�HLWKHU�RI�WKH�H[LVWLQJ�)9V�

�����*HRPHWULF�LQWHUDFWLRQ

'HILQLWLRQ� YROXPHWULF�LQWHUDFWLRQ�WKDW�FDXVHV�VRPH�GLPHQVLRQ�SDUDPHWHU�WR�ORRVH�LWV�FRUUHVSRQGHQFH�WR�WKH
DFWXDO�IHDWXUH�JHRPHWU\�

*HRPHWULF�LQWHUDFWLRQV�PD\�PRGLI\�WKH�IXQFWLRQDOLW\�LQWHQGHG�IRU�D�SDUWLFXODU�IHDWXUH�� LQ�WKH�VHQVH�WKDW�VRPH
DFWXDO�SDUDPHWHU�YDOXHV�LW�H[KLELWV�DUH�GLIIHUHQW�IURP�WKRVH�LQLWLDOO\�VSHFLILHG�E\�WKH�GHVLJQHU��7KLV�PLVPDWFK
EHWZHHQ�DFWXDO�DQG�QRPLQDO��RU�LQWHQWLRQDO��SDUDPHWHU�YDOXHV�PD\�DOVR�EH�UHOHYDQW�IRU�D�SURFHVV�SODQQLQJ�YLHZ
�H�J���DYDLODELOLW\�RI�UHTXLUHG�WRROV�RU�FRQYHQLHQW�SUHFHGHQFH�IRU�PDFKLQLQJ�IHDWXUHV���$Q�H[DPSOH�RI�WKHVH�LV�D
GHFUHDVH�LQ�EOLQG�VORW�OHQJWK�GXH�WR�D�VWHS�LQVHUWLRQ��DV�GHSLFWHG�LQ�)LJXUH���

�D� �E�

)LJXUH����([DPSOHV�RI�YROXPHWULF��D��DQG�ERXQGDU\��E��FOHDUDQFH�LQWHUDFWLRQ

)LJXUH�����([DPSOH�RI�PXOWLSOH�FORVXUH�LQWHUDFWLRQ

)LJXUH�����([DPSOH�RI�VLQJOH�DEVRUSWLRQ�LQWHUDFWLRQ



���

�����7UDQVPXWDWLRQ�LQWHUDFWLRQ

'HILQLWLRQ� LQWHUDFWLRQ�WKDW�FDXVHV�D�IHDWXUH�LQVWDQFH�WR�H[KLELW�WKH�EHKDYLRXU�RI�DQRWKHU�IHDWXUH�FODVV�

7KH� GHWHFWLRQ� DQG� FRQWURO� RI� WUDQVPXWDWLRQ� LQWHUDFWLRQV� PD\� EH� RI� SDUWLFXODU� LPSRUWDQFH� IURP� D� SURFHVV
SODQQLQJ�SRLQW�RI�YLHZ��SURYLGHG�WKDW�WKH�SDVVLYH�IHDWXUH�PD\�DOORZ��RU�UHTXLUH��D�PDFKLQLQJ�SURFHVV�GLIIHUHQW
IURP�ZKDW�ZRXOG�EH�H[SHFWHG��ZHUH�LW�LQ�WKH�FDQRQLFDO�IRUP��6LPLODUO\�WR�ZKDW�JHRPHWULF�LQWHUDFWLRQV�GR�DW�WKH
SDUDPHWHU� OHYHO�� WUDQVPXWDWLRQ� LQWHUDFWLRQV� FDSWXUH� WKH� DFWXDO� EHKDYLRXU� RI� IHDWXUH� LQVWDQFHV� DW� WKH� IHDWXUH
ERXQGDU\�OHYHO��LQ�RUGHU�WR�DOORZ�D�FORVHU�DVVLVWDQFH�WR�WKH�GHVLJQHU�ZKHQHYHU�KLV�SUHYLRXV�LQWHQWLRQ�LV�LQ�ULVN
RI�EHLQJ�RYHUUXOHG��$Q�H[DPSOH�RI�WKLV�LV�JLYHQ�LQ�)LJXUH�����D�EOLQG�VORW�LV�WXUQHG�LQWR�D�WKUX�VORW�GXH�WR�D�VWHS
LQVHUWLRQ�

�����*HQHUDO�LQWHUDFWLRQ

'HILQLWLRQ� LQWHUDFWLRQ�VKRZQ�E\�D�IHDWXUH� LQVWDQFH� LQ�DOO� LQWHUDFWLRQ�VLWXDWLRQV�QRW�FRYHUHG� LQ� WKH�SUHYLRXV
LQWHUDFWLRQ�FODVVHV�

*HQHUDO�LQWHUDFWLRQV�PDNH�XS�WKH�FDWFK�DOO�FODVV�IRU�LQWHUDFWLRQV�WKDW�PD\�VRPHKRZ�DIIHFW�D�IHDWXUH� LQVWDQFH�
7KH�IXQFWLRQDOLW\�RI�D�IHDWXUH�PD\�EH�PRGLILHG�LQ�D�YDULHW\�RI�ZD\V�GXH�WR�JHQHUDO�LQWHUDFWLRQV��DV�D�UHVXOW�RI
WKH�FKDQJHV�LQ�WKH�FRPSRVLWLRQ�RI�LWV�ERXQGDU\�FDXVHG�E\�RYHUODSSLQJ��6LPLODUO\�WR�RWKHU�LQWHUDFWLRQ�FODVVHV�
WKH�RFFXUUHQFH�RI�JHQHUDO�LQWHUDFWLRQV�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW�VRPH�IHDWXUH�KDV�EHFRPH�LQYDOLG��KHQFH
WKH� QHFHVVLW\� IRU� WKHLU� GHWHFWLRQ�� DFWXDOO\�� WKHVH�PD\� FRYHU� D�ZLGH� UDQJH� RI� VLWXDWLRQV� WKDW� DUH� LQWHQWLRQDOO\
GHVLUHG�LQ�WKH�PRGHO��)LJXUH����SUHVHQWV�WZR�H[DPSOHV�RI�PRGHOV�ZLWK�VHYHUDO�IHDWXUHV�LQ�JHQHUDO�LQWHUDFWLRQ�

���&RQFOXVLRQV�DQG�IXWXUH�ZRUN

7KH�RFFXUUHQFH�RI�IHDWXUH�LQWHUDFWLRQV�DV�D�UHVXOW�RI�WKH�LQFUHPHQWDO�PDQLSXODWLRQ�RI�IHDWXUH�PRGHOV�KDV�EHHQ
DGGUHVVHG�LQ�WKLV�SDSHU��$�IRUPDO�GHILQLWLRQ�RI�IHDWXUH�LQWHUDFWLRQV�ZDV�SURSRVHG��DV�DQ�LQGLVSHQVDEOH�FRQGLWLRQ
IRU� GHOLPLWLQJ� D� FRPSUHKHQVLYH� GRPDLQ� RQ� ZKLFK� WR� IRFXV� WKH� GHYHORSPHQW� RI� DQ� LQWHUDFWLRQ� PDQDJHPHQW
PHFKDQLVP��7KLV�GHILQLWLRQ�FRYHUV�DOO�PHDQLQJIXO�LQWHUDFWLRQ�VLWXDWLRQV��DQG�LV�GLUHFWO\�PDSSDEOH�WR�D�GHWHFWLRQ
DOJRULWKP��%DVHG�RQ�WKLV��D�WD[RQRP\�IRU�IHDWXUH�LQWHUDFWLRQV�ZDV�SUHVHQWHG�DQG�LOOXVWUDWHG��WDNLQJ�LQWR�DFFRXQW
UHOHYDQW�PRGHOOLQJ�DQG�WHFKQRORJLFDO�FULWHULD�

$Q�LPPHGLDWH�JRDO�LQ�WKLV�UHVHDUFK�LV�WKH�GHWHFWLRQ�RI�HDFK�LQWHUDFWLRQ�FODVV��DV�D�UHVXOW�RI�PRQLWRULQJ�HDFK
PRGHOOLQJ�RSHUDWLRQ�SHUIRUPHG�LQ�WKH�IHDWXUH�PRGHOOHU��7KLV�FODVVLILFDWLRQ��XQGHU�LPSOHPHQWDWLRQ�LQ�WKH�63,))
PRGHOOLQJ�V\VWHP��D�SURWRW\SH�PXOWLSOH�YLHZ�IHDWXUH�PRGHOOHU�GHYHORSHG�DW�'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��LV
EDVHG�RQ�WKH�DQDO\VLV�RI�WKH�LQWHUDFWLRQ�H[WHQW�DQG�IHDWXUH�QDWXUHV��WKH�HYDOXDWLRQ�RI�VHPDQWLF�FRQVWUDLQWV��DQG�D
YDULHW\�RI�WRSRORJLF�DQG�JHRPHWULF�TXHULHV�WR�WKH�XQGHUO\LQJ�FHOOXODU�PRGHO�

2XU� QH[W� UHVHDUFK� JRDOV� LQFOXGH� SURYLGLQJ� WKH� XVHU� RI� 63,))� ZLWK� D� FKRLFH� RI� UHDFWLRQV� DQG� VXJJHVWLRQV�
ZKHQHYHU� HDFK� RI� WKH� DERYH� LQWHUDFWLRQ� VLWXDWLRQV� LV� GHWHFWHG� �H�J��� UHDGMXVW� VRPH� IHDWXUH� SDUDPHWHUV�

)LJXUH����([DPSOHV�RI�JHRPHWULF�LQWHUDFWLRQV

)LJXUH������7UDQVPXWDWLRQ�RI�D�EOLQG�VORW�LQWR�D�WKUX�VORW

)LJXUH������([DPSOHV�RI�JHQHUDO�LQWHUDFWLRQV



���

UHFRQVLGHU� LWV� ORFDWLRQ�� UHMHFW� WKH� IHDWXUH�RSHUDWLRQ�� VXJJHVW�D�FKDQJH� LQ�DWWDFKPHQWV�RU�SHUIRUP�D� FKDQJH� LQ
IHDWXUH�FODVV��� ,Q�DGGLWLRQ��D�QHZ� W\SH�RI� LQWHUDFWLRQ� FRQVWUDLQWV�PD\�EH�SURYLGHG� IRU�XVH� LQ� IHDWXUH�JHQHULF
GHILQLWLRQV�� HQKDQFLQJ� IHDWXUH� FODVVHV� LQ� D� OLEUDU\� WR� VHOHFWLYHO\� DOORZ�GLVDOORZ� SDUWLFXODU� FODVVHV� RI
LQWHUDFWLRQV�

$FNQRZOHGJHPHQWV

5DIDHO�%LGDUUD¶V�ZRUN�LV�VXSSRUWHG�E\�WKH�3UD[LV�;;,�3URJUDP�RI�-1,&7��XQGHU�JUDQW�%'��������
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'RKPHQ��0���GH�.UDNHU��.�-��DQG�%URQVYRRUW��:�)���������³)HDWXUH�9DOLGDWLRQ�LQ�D�0XOWLSOH�9LHZ�0RGHOLQJ
6\VWHP´��VXEPLWWHG�IRU�SXEOLFDWLRQ

+HQGHUVRQ�� 0�5�� ������� ³([WUDFWLRQ� RI� )HDWXUH� ,QIRUPDWLRQ� IURP� 7KUHH� 'LPHQVLRQDO� &$'� 'DWD´�� 3K'
'LVVHUWDWLRQ��3XUGXH�8QLYHUVLW\��:HVW�/DID\HWWH��,1
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