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$%675$&7
)HDWXUH�EDVHG� PRGHOLQJ� LV� EHLQJ� JLYHQ� DQ� LQFUHDVLQJ

VLJQLILFDQFH� LQ� WKH� GHYHORSPHQW� RI� FRPSXWHU�DLGHG� GHVLJQ
HQYLURQPHQWV�� GXH� WR� LWV� H[SUHVVLYH� SRZHU� LQ� FDSWXULQJ� YDULRXV
DVSHFWV� RI� GHVLJQHU� LQWHQW�� ,QWHJULW\� SUREOHPV� DULVH�� KRZHYHU�
ZKHQ�WKH�VSHFLILFDWLRQ�RI�FRPSOH[�VKDSHV�UHTXLUHV�VHYHUDO�IHDWXUHV
WR� RYHUODS� RU� LQWHUDFW�� ,Q� WKLV� SDSHU� ZH� DGGUHVV� WKH� SUREOHP� RI
IRUP� IHDWXUH� EHKDYLRU� UHSUHVHQWDWLRQ� IRU� VXFK� VLWXDWLRQV�
GHYHORSLQJ�D�VHPDQWLF�PRGHO�WKDW�FDSWXUHV�WKH�DFWXDO�FRQWULEXWLRQ
RI�HDFK� IHDWXUH� LQ� WKH�RYHUDOO�PRGHO� VKDSH��:LWKLQ� WKLV� VHPDQWLF
IUDPHZRUN�LW�EHFRPHV�SRVVLEOH�WR�HVWDEOLVK�QDWXUDOO\�DQG�IOH[LEO\
WKH�GHVLUHG�YDOLGLW\�FRQGLWLRQV�IRU�HDFK�IHDWXUH�FODVV��HQKDQFLQJ�D
PRGHOLQJ�V\VWHP�ZLWK�WKH�DELOLW\�IRU�SHUPDQHQWO\�PRQLWRULQJ�HDFK
IHDWXUH
V�FRQIRUPLW\�ZLWK�WKDW�RULJLQDO�VSHFLILFDWLRQ�

���,1752'8&7,21
)HDWXUH�EDVHG� PRGHOLQJ� SURPLVHV� DQ� HQRUPRXV� SRWHQWLDO

LPSURYHPHQW�IRU�WKH�QH[W�JHQHUDWLRQ�RI�&$'�V\VWHPV��SURYLGLQJ�D
KLJK�OHYHO�EXLOGLQJ�EORFN�VXLWDEOH�IRU�UDLVLQJ�WKH�VR�FDOOHG�OHYHO�RI
LQWHOOLJHQW� DVVLVWDQFH� WKH\� DUH� H[SHFWHG� WR� LQWHJUDWH�� 7KHVH� DUH
UHTXLUHG� WR� LQFRUSRUDWH� SRZHUIXO� UHDVRQLQJ� PHFKDQLVPV� WKDW
IXUWKHU� DXWRPDWH� WKH� WDVN� RI� FUHDWLQJ� DQG� DQDO\]LQJ� SURGXFW
GHVLJQV��)RUP�IHDWXUH�WHFKQRORJ\�SURYLGHV�WKH�DELOLW\�WR�DVVRFLDWH
HQJLQHHULQJ� VLJQLILFDQFH� WR� FHUWDLQ� JHQHULF� VKDSHV� LQWHQWLRQDOO\
LQWURGXFHG�LQ�WKH�SURGXFW�PRGHO�E\�WKH�GHVLJQHU��6KDK������D��
$OWKRXJK�FRQVLGHUDEOH�SURJUHVV� LV�EHLQJ�DFKLHYHG� LQ�VHWWLQJ�XS

WKH� IXQGDPHQWDOV� RI� IRUP� IHDWXUH� FRQFHSW� DQG� UROH� �3UDWW�� �����
�6KDK�� ����E��� DV� ZHOO� DV� LQ� GHYHORSLQJ� IRU� WKHP� VXLWDEOH
UHSUHVHQWDWLRQ�VFKHPHV�DQG�VSHFLILF�DSSOLFDWLRQ�SURWRW\SHV��/XE\
HW� DO��� ������� �YDQ� (PPHULN� DQG� -DQVHQ�� ������� �6KDK� HW� DO��
�������WKHUH�LV�VWLOO�D�JUHDW�GHDO�WR�EH�GRQH�EHIRUH�UHDO�ZRUOG��RIWHQ
FRPSOH[� VKDSHG��SURGXFWV� FDQ�EH� IXOO\�PRGHOHG� LQ� DQ� LQWHJUDWHG
IHDWXUH�EDVHG� PRGHOLQJ� HQYLURQPHQW� �%URQVYRRUW� DQG� -DQVHQ�
������
2QH� RI� WKH� PRVW� GLIILFXOW� LVVXHV� IDFHG� E\� FXUUHQW� GHVLJQ� E\

IHDWXUHV�UHVHDUFK��DV�QRWHG�E\�'L[RQ�HW�DO����������LV�WKH�DELOLW\�WR

FRSH� ZLWK� FRPSOH[� DQG� FRPELQHG� VKDSHV�� WKDW� GLUHFWO\� H[SUHVV
VRPH� PRUH� HODERUDWHG� IXQFWLRQDOLW\� LQWHQGHG� E\� WKH� GHVLJQHU�
7KHVH�DUH�RIWHQ�PRGHOHG�E\�PHDQV�RI�RYHUODSSLQJ�IRUP�IHDWXUHV�
WKDW� DUH� LQWHQWLRQDOO\� LQVHUWHG� WR� SURGXFH� IHDWXUH� LQWHUDFWLRQ
SKHQRPHQD� �3UDWW�� ������� 6HULRXV� SUREOHPV� ZLWK� H[SORVLYH
FRPELQDWRULDO� SRVVLELOLWLHV� GLVDOORZ� DQ\� H[WHQVLYH� H[SDQVLRQ� RI
WKH� PRGHOLQJ� V\VWHP
V� IHDWXUH� OLEUDULHV�� WKHUHIRUH�� SURYLVLRQ
VKRXOG� EH� PDGH� LQ� WKHVH� V\VWHPV� WR� LQFRUSRUDWH� UHDVRQLQJ
PHFKDQLVPV�WKDW�SURPSWO\�UHFRJQL]H�VXFK�VLWXDWLRQV�DQG�YDOLGDWH
IHDWXUHV�LQYROYHG�LQ�WKHP��%LGDUUD�DQG�7HL[HLUD������D��
,Q� WKLV� SDSHU� ZH� DUH� PDLQO\� FRQFHUQHG� ZLWK� SUHVHQWLQJ� D

VHPDQWLF� IUDPHZRUN� WKDW� FDSWXUHV� WKH� DFWXDO� EHKDYLRU� RI� IRUP
IHDWXUHV� LQYROYHG� LQ� DUELWUDU\� LQWHUDFWLRQV�� :H� ILUVW� H[WHQG� WKH
GHILQLWLRQ� RI� LQWHUDFWLRQ� DPRQJ� IRUP� IHDWXUHV�� LQWURGXFLQJ� VRPH
EDVLF� FRQFHSWV� XVHIXO� LQ� WKLV� JHQHUDOL]DWLRQ� �6HFWLRQ� ���� $
FRQFHSWXDO� VFKHPH� IRU� WKH� UHSUHVHQWDWLRQ� RI� IHDWXUH� EHKDYLRU� LV
WKHQ� SUHVHQWHG�� EDVHG� RQ� WKH� QRWLRQ� RI� VHPDQWLF� HQWLWLHV�� ZKLFK
SURYLGHV� D� WZR�OHYHO� VWUXFWXUH� IRU� DQ� REMHFW
V� IRUP� IHDWXUH
VHPDQWLF� PRGHO� �6HFWLRQ� ���� :H� WKHQ� HODERUDWH� RQ� WKH
VSHFLILFDWLRQ� RI� IHDWXUH� YDOLGLW\� FRQGLWLRQV�� EDVHG� RQ� WKH� ORJLFDO
FRPSRVLWLRQ� RI� D� SDUWLFXODU� NLQG� RI� FRQVWUDLQWV� VHW� RQ� VHPDQWLF
HQWLWLHV�� DQG� VXJJHVW� KRZ� WKH\� FDQ� EH� DXWRPDWLFDOO\� PRQLWRUHG
GXULQJ�WKH�LQFUHPHQWDO�PRGHOLQJ�SURFHVV��LQ�RUGHU�WR�SHUPDQHQWO\
DVVHVV� WKHLU�FRQIRUPLW\�ZLWK� WKH�RULJLQDO�GHVLJQHU� LQWHQW� �6HFWLRQ
���

���,17(5$&7,216�$021*�)250�)($785(6
$V�DQWLFLSDWHG�LQ�WKH�LQWURGXFWLRQ��WKH�IXQFWLRQDOLW\�LQWHQGHG�E\

WKH� GHVLJQHU� IRU� VRPH� SDUW� RI� WKH�PRGHO� RIWHQ� UHTXLUHV� FRPSOH[
VKDSHV� WR� EH� JHQHUDWHG� E\� RYHUODSSLQJ� VHYHUDO� VLPSOHU� IRUP
IHDWXUHV��7KHVH�UHTXLUH�WKH�XVH�RI�PRGHOLQJ�RSHUDWLRQV�WKDW�FUHDWH�
LQVHUW�RU�PRGLI\�IRUP�IHDWXUHV�WR�\LHOG�IHDWXUH�LQWHUDFWLRQV��2Q�WKH
RWKHU� KDQG�� LI� DQ� LQWHUDFWLRQ� EHWZHHQ� WZR� IHDWXUHV� PD\� EH
LQWHQWLRQDOO\� LQWURGXFHG� E\� WKH� GHVLJQHU�� LW� KDSSHQV� VRPHWLPHV
WKDW�� DV� DQ� LQGLUHFW�� HYHQWXDOO\� XQDQWLFLSDWHG�� VLGH�HIIHFW
LQWHUDFWLRQ� SKHQRPHQD� FDXVH� D� SDUWLFXODU� IHDWXUH� WR� FHDVH� RU



PRGLI\� LWV� RULJLQDO� FRQWULEXWLRQ� WR� WKH� VKDSH� RI� WKH� PRGHO�
RYHUULGLQJ� VRPH� LQWHQGHG�EHKDYLRU� SUHYLRXVO\� VSHFLILHG� �%LGDUUD
DQG�7HL[HLUD������E���,Q�RUGHU�WR�IXUWKHU�XQGHUVWDQG�WKH�QDWXUH�RI
LQWHUDFWLRQ� SKHQRPHQD��ZH� LQWURGXFH� LQ� WKLV� 6HFWLRQ� VRPH� EDVLF
FRQFHSWV� WKDW�ZLOO� VKRZ�RI� FUXFLDO� LPSRUWDQFH� LQ� WKH� VXEVHTXHQW
GHYHORSPHQW�

�����)HDWXUH�$VVRFLDWHG�9ROXPH��)$9��DQG�%RXQGDU\
�)$%�
3URYLGHG�WKDW�ZH�DUH�GHDOLQJ�ZLWK�YROXPHWULF�IRUP�IHDWXUHV��ZH

RIWHQ� QHHG� WR� UHIHU� WR� WKH� UHJLRQ� RI� WKH� VSDFH� FRPSULVHG� ZLWKLQ
HDFK� IHDWXUH� LQVWDQFH�� KHUHDIWHU�� ZH� ZLOO� GHVLJQDWH� LW� DV� WKH
)HDWXUH�$VVRFLDWHG�9ROXPH��)$9��,QWXLWLYHO\��WKH�)$9�H[SUHVVHV
WKH�YROXPH�RI�PDWHULDO�WR�EH�UHPRYHG�IURP�RU�DGGHG�WR�WKH�PRGHO
ZLWK� WKH� LQVHUWLRQ� RI� WKDW� IHDWXUH� �ZLWK� VXEWUDFWLYH� RU� DGGLWLYH
VLJQDO�� UHVSHFWLYHO\��� $QDORJRXVO\�� ZH� GHILQH� WKH� )HDWXUH
$VVRFLDWHG�%RXQGDU\��GHQRWHG�)$%��DV�WKH�VHW�RI�ERXQGDU\�SRLQWV
RI� WKH� )$9��&OHDUO\�� QRW� DOO� WKH� SRLQWV� LQ� D� )$%� EHORQJ� WR� WKH
PRGHO�ERXQGDU\��IRU�H[DPSOH��WKH�WZR�RSHQ�HQGV�RI�D�F\OLQGULFDO
WKURXJK�KROH�DUH�QRW�SDUW�RI�WKH�PRGHO�ERXQGDU\��$�SDUWLWLRQ�FDQ
EH�HVWDEOLVKHG�RQ�WKH�)$%�WKDW�FODVVLILHV�SRLQWV�DFFRUGLQJ�WR�WKLV
SURSHUW\�

)$%�� �)$%���)$%�

ZKHUH� )$%�� GHQRWHV� WKH� SRLQW� VXEVHW� WKDW� FRQWULEXWHV� WR� WKH
PRGHO�ERXQGDU\�

�����)HDWXUH�&DQRQLFDO�)RUP
(YHU\� IHDWXUH� FODVV� VKRXOG� DOZD\V� SURYLGH� D� VWDQGDUG

VSHFLILFDWLRQ� IRU� WKH�GHIDXOW� EHKDYLRU�RI� HDFK� LQVWDQFH� IHDWXUH� LQ
WKH�PRGHO��7KLV�SULPDU\�FRQILJXUDWLRQ�LV�WHUPHG�IHDWXUH�FDQRQLFDO
IRUP�DQG�LW�FDQ�EH�LOOXVWUDWHG�E\�WKH�IHDWXUHV�LQ�WKH�PRGHO�GHSLFWHG
LQ�)LJXUH���
7KLV� VLWXDWLRQ� FDQ� EH� FKDUDFWHUL]HG� E\� REVHUYLQJ� WKDW� WKHUH� DUH

QR� WZR� IHDWXUHV�RI� WKH� VDPH� VLJQDO�ZKRVH�)$9�RYHUODS�� ,QGHHG�
WKLV� LV� D�QHFHVVDU\� FRQGLWLRQ� IRU� WKH�RFFXUUHQFH� RI� WKH� FDQRQLFDO
IRUP�

�����7\SHV�RI�,QWHUDFWLRQ
$� IHDWXUH� FDQRQLFDO� IRUP� RFFXUV�� PRVW� RIWHQ�� ZKHQ� LWV� )$9

LQWHUVHFWV�RQO\�WKDW�RI�RQH�RWKHU�IHDWXUH��DV�LV�WKH�FDVH�RI�WKH�6/27�

WKH�32&.(7�DQG�WKH�5,%�IHDWXUHV�LQ�)LJXUH����WKLV�LV�GHVLJQDWHG�DV
VLQJOH� LQWHUDFWLRQ�� ,Q� VRPH� VLWXDWLRQV�� KRZHYHU�� D� IHDWXUH� PD\
H[KLELW�D�)$9�WKDW� LQWHUVHFWV�D� IHZ�RWKHUV�ZKLOH� VWLOO�NHHSLQJ� LWV
FDQRQLFDO�IRUP��DV�H[HPSOLILHG�E\�WKH�7+528*+�+2/(�LQ�)LJXUH���
VXFK�VLWXDWLRQV�DUH�KHUH�WHUPHG�PXOWLSOH�LQWHUDFWLRQV�

�����,QWHUDFWLRQ�([WHQW��,(�
7KH� LQWHUDFWLRQ� H[WHQW� RI� DQ\� WZR� IHDWXUHV� )

�
� DQG� )

�
� LV� WKH

UHJLRQ�RI� WKH� VSDFH� �ZKDWHYHU� LWV� GLPHQVLRQDOLW\�� GHILQHG� E\� WKH
LQWHUVHFWLRQ� RI� WKH� UHVSHFWLYH� )$9V�� ZH� VKDOO� GHQRWH� LW� E\
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7KH�QRWLRQ�RI� LQWHUDFWLRQ� H[WHQW� LV� VR� IXQGDPHQWDO� WKDW�ZH�FDQ
JURXQG�RQ�LW�RXU�GHILQLWLRQ�RI�LQWHUDFWLRQ�EHWZHHQ�WZR�IHDWXUHV�

'HILQLWLRQ��JLYHQ�DQ\�WZR�IHDWXUHV�)
�
�DQG�)

�
��ZH�VD\�WKH\�DUH
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�����,QWHUDFWLRQ�0RGH
$QRWKHU� XVHIXO� GLVWLQFWLRQ� FDQ� EH� HVWDEOLVKHG� DFFRUGLQJ� WR� WKH

GLPHQVLRQDOLW\� RI� WKH� LQWHUDFWLRQ� H[WHQW� EHWZHHQ� DQ\� WZR
LQWHUDFWLQJ� IHDWXUHV��)

�
� DQG�)

�
��:H�KDYH� D�ERXQGDU\� LQWHUDFWLRQ

ZKHQHYHU
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DQG�D�YROXPH�LQWHUDFWLRQ�RWKHUZLVH�

�����)HDWXUH�,QWHUDFWLRQ�*UDSK��),*�
7KH� DERYH� GHILQLWLRQ� RI� LQWHUDFWLRQ� JHQHUDOL]HV� DQG� XQLILHV� WKH

QRWLRQV� RI� DGMDFHQF\� DQG� LQWHUDFWLRQ� LGHQWLILHG� E\� 3UDWW� ������
DQG� 6KDK� DQG� 5RJHUV� �������� UHVSHFWLYHO\�� 7KHUHIRUH�� WKH
LQWHUDFWLRQ�UHODWLRQVKLS�SURYLGHV�D�SRZHUIXO�EDVLV�IRU�D�KLJK�OHYHO
JUDSK� UHSUHVHQWDWLRQ� RI� D� IHDWXUH� PRGHO�� ZH� FDOO� LW� WKH� )HDWXUH
,QWHUDFWLRQ�*DSK��),*��DQG�LW�LV�GHILQHG�DV

),*� ���)��,�!
ZKHUH

)�LV�WKH�VHW�RI�IHDWXUHV�LQ�WKH�PRGHO��DQG
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,�LV�WKH�VXEVHW�RI�)��WKDW�FRQWDLQV�DOO�WKH�SDLUV�RI�IHDWXUHV
RI�)�WKDW�DFWXDOO\�LQWHUDFW�LQ�WKH�PRGHO�

7KH�HGJHV�LQ�WKH�),*�FDQ�EH�RULHQWHG�VR�WKDW�IRU�HDFK�LQWHUDFWLRQ
WKH� DFWLYH� IHDWXUH�SRLQWV� WR� WKH� SDVVLYH� RQH�� L�H��� WKH� IHDWXUH� WKDW
VXIIHUV� WKH� LQWHUDFWLRQ��$V� DQ� H[DPSOH�� WKH� ),*� RI� WKH�PRGHO� LQ
)LJXUH���LV�VKRZQ�LQ�)LJXUH���

���7+(�5(35(6(17$7,21�2)�)($785(�%(+$9,25
7KH� IXQFWLRQDO� DQG� WHFKQRORJLFDO� FRQRWDWLRQ� RI� HYHU\� IRUP

IHDWXUH� FODVV� LV� RQH� RI� WKH� PRVW� SURPLVLQJ� VNLOOV� IRU� WKH
GHYHORSPHQW� RI� SURGXFW� PRGHOLQJ� V\VWHPV� �6KDK�� ����D��� ,WV
VRXQG� FDSWXUH� LQ� WKH� SURGXFW� PRGHO�� KRZHYHU�� LV� FUXFLDO� LI� WKH
GHVLJQHU� LQWHQW� LV� WR� EH� NHSW� FRQVLVWHQW� WKURXJKRXW� WKH� GHVLJQ
SURFHVV��7KLV�SRVHV�FRQVLGHUDEOH�GHPDQGV�RQ�WKH�V\VWHP
V�DELOLW\
WR� H[SUHVV� DQG� UHSUHVHQW� WKH� DFWXDO� EHKDYLRU� RI� HDFK� IHDWXUH
SUHVHQW�LQ�WKH�PRGHO�

�����6HPDQWLF�(QWLWLHV
7KH� XVXDO� SULPDU\� FODVVLILFDWLRQ� RI� IHDWXUHV� DFFRUGLQJ� WR� LWV

DGGLWLYH�RU�VXEWUDFWLYH�QDWXUH�SURYHV�LQVXIILFLHQW�WR�GLVWLQJXLVK�WKH
VSHFLILF� EHKDYLRU� RI� GLIIHUHQW� IHDWXUH� FODVVHV�� HYHQ� DPRQJ� WKHLU
FDQRQLFDO� LQVWDQFH� IHDWXUHV�� 7KLV� LV� FOHDUO\� VKRZQ� E\� WKH� WKUHH
VXEWUDFWLYH� IHDWXUHV� LQ� WKH� PRGHO� RI� )LJXUH� ���D��� ZKLFK� DOVR
SUHVHQW�FRQJUXHQW�)$9V�
7KLV�GLVWLQFWLRQ��KRZHYHU��FDQ�EH� DFFRPSOLVKHG� LI�ZH�FDUHIXOO\

DQDO\VH� WKH� )$%� RI� HDFK� IHDWXUH�� LGHQWLI\LQJ� RQ� LW� WKH� YDULRXV
VXEVHWV�ZLWK� VSHFLILF� UROHV� RU� FRQWULEXWLRQV� WR� WKH� IHDWXUH� JOREDO
EHKDYLRU�� )LJXUH� ���E��� ,Q� SDUWLFXODU�� ZH� VKRXOG� QRWLFH� WKH

SUHVHQFH� LQ� WKH� PRGHO� ERXQGDU\� RI� RQO\� VRPH� RI� WKHP�� VDLG� WR
H[KLELW�D�SRVLWLYH�VWDWXV��ZKLOH�WKH�RWKHUV��ZLWK�D�FORVXUH�FKDUDFWHU�
DUH�VDLG�WR�KDYH�D�QHJDWLYH�VWDWXV�
:H�GHVLJQDWH�HDFK�RI�WKHVH�VXEVHWV�D�VHPDQWLF�HQWLW\��DFFRUGLQJ

WR�WKH�IROORZLQJ

'HILQLWLRQ�� D� VHPDQWLF� HQWLW\� RI� D� IHDWXUH� LV� D� FROOHFWLRQ� RI
VHFWRUV� RI� LWV� ERXQGDU\� WKDW� SOD\V� D� VSHFLILF� DQG
LQGLYLGXDOL]HG� UROH� LQ� WKH� EHKDYLRU� GHVLUHG� IRU� WKH
UHVSHFWLYH�IHDWXUH�FODVV��DV�H[SUHVVHG�E\�LWV�FDQRQLFDO
IRUP�

$Q\� IHDWXUH� FODVV� FDQ�� WKXV�� GHVFULEH� LWV� VSHFLILF� EHKDYLRU
WKURXJK� D� VHW� RI� VHPDQWLF� HQWLWLHV�� ,Q� )LJXUH� �� ZH� VKRZ� DQ
H[DPSOH�RI�WKHVH�VHWV�IRU�WKH�UHFWDQJXODU�6/27��D��DQG�UHFWDQJXODU
%/2&.��E��IHDWXUHV�
)URP�WKLV�H[DPSOH��WZR�REVHUYDWLRQV�FDQ�EH�PDGH�

L��WKH�JHQHUDWLRQ�RI�IHDWXUH�LQWHUDFWLRQV�DOZD\V�SURGXFHV�D
QHZ� IXUWKHU� GHFRPSRVLWLRQ� RI� WKH� LQYROYHG� )$%V�
HYHQWXDOO\�FKDQJLQJ�WKH�VWDWXV�RI�VRPH�UHVXOWLQJ�HOHPHQWV
�RU�VHFWRUV���DV�D�FRQVHTXHQFH�RI� WKLV�SURFHVV��D�VHPDQWLF
HQWLW\�PD\�EHFRPH�FRPSRVHG�RI�VHFWRUV�RI�ERWK�VWDWXV��DV
VKRZQ� LQ� �E��� IRU� LQVWDQFH��E\� WKH�WRS�%/2&.�� VHPDQWLF
HQWLW\�� ZKLFK� H[KLELWV� WZR� SRVLWLYH� VWDWXV� HOHPHQWV
�IRUPLQJ� WKH� VR�FDOOHG� SRVLWLYH� VXEHQWLW\�WRS��%/2&.��
DQG� RQH� QHJDWLYH� HOHPHQW� �WKDW� LQWHJUDWHV� WKH� QHJDWLYH
VXEHQWLW\�WRS��%/2&.���

LL�� GXH� WR� WKH� SDUWLFXODU� FRQILJXUDWLRQ� RI� WKH� LQWHUDFWLRQ
H[WHQW��LW�PD\�RFFXU�WKDW�VRPH�VHFWRUV�RI�D�)$%�DUH�VKDUHG
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E\� �RU� EHORQJ� WR�� VHPDQWLF� HQWLWLHV� RI� GLVWLQFW� IHDWXUHV
�H�J���WKH�WRS��%/2&.�DQG�WKH�URRI��6/27�LQ�)LJXUH��
VKDUH�WKH�VDPH�ERXQGDU\�HOHPHQW��

7KH� LQWHUQDO� GHFRPSRVLWLRQ� RI� HDFK� VHPDQWLF� HQWLW\� DQG� WKH
FODVVLILFDWLRQ� RI� LWV� VHFWRUV� DV� SRVLWLYH� DQG� QHJDWLYH� HOHPHQWV
SURYLGH�XV�ZLWK�WKH�DSSURSULDWH�GHVFULSWLYH�WRROV�WR�RYHUFRPH�WKH
GLIILFXOWLHV� UHVXOWLQJ� IURP� WKH� YLUWXDOO\� XQOLPLWHG� QXPEHU� RI
FRQILJXUDWLRQV� WKDW� DULVH� IURP� JHQHUDOL]HG� IHDWXUH� LQWHUDFWLRQV�
7KHVH� VNLOOV� FDQ� EH� VWUHVVHG� ZLWK� WKH� H[DPSOH� PRGHO� RI� )LJXUH
���D��� REWDLQHG� IURP� WKH� SUHYLRXV� RQH� LQVHUWLQJ� D� QHZ� IHDWXUH�
6/27���LQ�GRXEOH�LQWHUDFWLRQ�
$V�VKRZQ�LQ��E��DQG��F���WKH�QRQ�VWDQGDUG�WRSRORJ\�RI�ERWK�VORWV

�RQH� RI�ZKLFK� LV� HYHQ� GLVFRQQHFWHG��� LV� FDSWXUHG� DQG� VWUXFWXUHG
ZLWKLQ� WKH� UHVSHFWLYH� VHPDQWLF� HQWLWLHV� �ZKRVH� SRVLWLYH� HOHPHQWV
DUH� VKRZQ�GDVKHG���7KHVH�ZLOO�� WKHUHIRUH�� IRUP� WKH� EDVLV� IRU� WKH
GHYHORSPHQW� RI� YDOLGLW\� FRQGLWLRQ� IRU� HYHU\� IHDWXUH� FODVV�� LQ
6HFWLRQ���

�����)RUP�)HDWXUH�6HPDQWLF�0RGHO
$V� PHQWLRQHG� LQ� 6XEVHFWLRQ� ����� ZH� FDQ� GHVFULEH� D� IHDWXUH

PRGHO�� IURP� D� KLJK� OHYHO� RI� DEVWUDFWLRQ�� DV� D� JUDSK� �WKH� ),*��
H[SUHVVLQJ� WKH� LQWHUDFWLRQ� UHODWLRQVKLS� DPRQJ� WKH� IRUP� IHDWXUHV
WKDW� LQWHJUDWH� WKH� PRGHO�� $OWKRXJK� VXUSULVLQJO\� VLPSOH�� WKH� ),*
SURYLGHV�DOUHDG\�D�JOREDO�SHUFHSWLRQ�RI�WKH�RYHUDOO�VWUXFWXUH�RI�WKH
IHDWXUH�PRGHO��DV�GHSLFWHG�LQ�)LJXUH���
2Q� WKH� RWKHU� KDQG�� ZH� VWUHVVHG� WKH� FUXFLDO� UROH� SOD\HG� E\� WKH

QRWLRQV� RI� IHDWXUH� DVVRFLDWHG� YROXPH� DQG� ERXQGDU\�� LQWHUDFWLRQ

H[WHQW� DQG� VHPDQWLF� HQWLW\�� ZKLFK� DUH� VR� FORVHO\� UHODWHG�� 7KHVH
FRQFHSWV�FDQ�EH�FRQYHQLHQWO\�GHVFULEHG�LQ�D�VHFRQG�ORZHU�OHYHO�RI
DEVWUDFWLRQ�� E\� PHDQV� RI� D� VWUXFWXUHG� OD\HU� RI� FHOOXODU� HQWLWLHV�
7KLV� OHYHO� HPHUJHV� DV� D� FRPPRQ�EDVLV� IRU� WKH�XQLILFDWLRQ� RI� WKH
)$9� ���FHOOV��� WKH� VHPDQWLF� HQWLWLHV� ���FHOOV�� DQG� WKH� LQWHUDFWLRQ
H[WHQW� �SRWHQWLDOO\�� FHOOV� RI� DOO� GLPHQVLRQDOLWLHV��� 7KHUHIRUH�� LW
VKRXOG� QRW� EH� FRQIXVHG�ZLWK� DQ\� W\SH� RI� FHOOXODU� UHSUHVHQWDWLRQ
VFKHPH� XVHG� LQ� VROLG� PRGHOLQJ�� DOWKRXJK� VRPH� DQDORJ\� FDQ� EH
IRXQG� WKURXJK� WKH� ERXQGDU\� RI� UHODWLRQVKLS� EHWZHHQ� FHOOV� RI
GLPHQVLRQ�Q�DQG�Q����ZLWK�Q ���������
7KH� JOREDO� )RUP� )HDWXUH� 6HPDQWLF� 0RGHO� LQWHJUDWHV� ERWK� WKH

),*� �DW� WKH� VHPDQWLF� OHYHO�� DQG� WKH� VWUXFWXUHG� FHOOXODU� OHYHO�� DV
GHSLFWHG�LQ�WKH�GLDJUDP�RI�)LJXUH���
)RU�HDFK�LQWHUDFWLRQ�UHODWLRQVKLS�UHFRUGHG�DW� WKH�VHPDQWLF� OHYHO

WKHUH� LV� RQH� LQWHUDFWLRQ� H[WHQW��ZKRVH� FRXQWHUSDUW� DW� WKH� FHOOXODU
OHYHO�FRQVLVWV�RI�D�FROOHFWLRQ�RI�Q�FHOOV� �ZLWK�Q �� IRU�YROXPHWULF
LQWHUDFWLRQ�DQG�Q���IRU�ERXQGDU\�LQWHUDFWLRQ���2Q�WKH�RWKHU�KDQG�
WKH� VHPDQWLF� HQWLWLHV� DQG� WKH� )$9� RI� HDFK� IHDWXUH� KDYH� WKHLU
FRUUHVSRQGLQJ�H[SUHVVLRQ�LQ�WKH�FHOOXODU�OHYHO�DV�FROOHFWLRQV�RI���
DQG� ��FHOOV�� UHVSHFWLYHO\�� 7KH� KLHUDFKLFDO� VWUXFWXUH� RI� WKLV� OHYHO
SURYLGHV�D�XQLILHG�EDVLV�IRU�WKH�FRQVLVWHQW�DFFHVV�DQG�UHIHUHQFH�WR
WKH� DFWXDO� VLWXDWLRQ� RI� ERWK� LQWHUDFWLRQ� H[WHQWV� DQG� VHPDQWLF
HQWLWHV�� HVVHQWLDO� IRU� WKH� RQ�OLQH� PRQLWRULQJ� RI� IHDWXUH
PDQLSXODWLRQ� RSHUDWLRQV� DQG� WKH� HIIHFWLYH� GHWHFWLRQ� RI� FULWLFDO
LQWHUDFWLRQV��7KXV��IRU�H[DPSOH��ZKHQ�D���FHOO�RI�D�)$9�KDV�WR�EH
GHFRPSRVHG� WR�\LHOG�RQH�RU�PRUH���FHOOV� IRU� LQWHUDFWLRQ� H[WHQWV�
LWV� ERXQGDU\� �PDGH� XS� RI� ��FHOOV�� LV� FRQVLVWHQWO\� GHFRPSRVHG�
DXWRPDWLFDOO\� XSGDWLQJ� WKH� FRQWHQWV� RI� WKH� UHVSHFWLYH� VHPDQWLF
HQWLWLHV�
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,Q�)LJXUH���ZH�H[HPSOLI\� WKH� VHPDQWLF�PRGHO� VWUXFWXUH� IRU� WKH
REMHFW�RI�)LJXUH���
7KH�LQWHUDFWLRQ�H[WHQW�IRU�WKH�ERXQGDU\�LQWHUDFWLRQ�EHWZHHQ�WKH

%/2&.�DQG�WKH�3527�LV�KLJKOLJKWHG��DW�WKH�FHOOXODU�OHYHO��E\�GDVKHG
��FHOOV�� 7KH� FRUUHVSRQGHQFH� RI� VHPDQWLF� HQWLWLHV� LQ� WKH� FHOOXODU
OHYHO��LQWHQWLRQDOO\�RPLWWHG�LQ�)LJXUH���IRU�FODULW\��LV�SUHVHQWHG�LQ

),*85(����*/2%$/�)250�)($785(�6(0$17,&�02'(/
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)LJXUH� ��� ZKHUH� ZH� FDQ� GLVWLQJXLVK� WKHLU� LQWHUQDO� SDUWLWLRQ� LQ
VXEHQWLWLHV��WKH�QHJDWLYH�RQHV�EHLQJ�GDVKHG��
$OWKRXJK�� IRU� WKH� VDNH� RI� FODULW\�� FHOOV� DSSHDU� LQ� WKH� SUHYLRXV

WZR�)LJXUHV�DV�FRPSOHWHO\�GLVMRLQW��RQH�VKRXOG�NHHS�LQ�PLQG�WKDW
WKH\� DUH� DFWXDOO\� DOO� JOXHG� WRJHWKHU�� VRPH� RI� WKHP� �WKRVH� WKDW
LQWHJUDWH� DQ� LQWHUDFWLRQ� H[WHQW�� EHLQJ� VKDUHG� E\� PRUH� WKDQ� RQH
)$9��&RUUHVSRQGLQJO\��VRPH���FHOOV�DUH�VKDUHG�E\�PRUH�WKDQ�RQH
VHPDQWLF� HQWLW\�� DV�� IRU� H[DPSOH� WKH� RQH� VKDGHG� LQ� )LJXUH� ���
ZKLFK�LV�VKDUHG�E\�ERWK�WKH�URRI�6/27��DQG�RQH�VLGH�%/2&.��

���7+(�63(&,),&$7,21�2)�)($785(�9$/,',7<
)RUP� IHDWXUH� YDOLGLW\� FKHFNLQJ� LV� D� NH\� LVVXH� LQ� DQ\� IHDWXUH�

EDVHG� PRGHOLQJ� HQYLURQPHQW�� 7KLV� SUREOHP� LV� SDUWLFXODUO\
LPSRUWDQW�ZKHQ�ZH�ZDQW� WKH� V\VWHP� WR� DXWRPDWLFDOO\� GHWHFW� DQG
VLJQDO� VLWXDWLRQV� WKDW� YLRODWH� WKH� LQWHJULW\� RI� WKH� SUHYLRXV
VSHFLILFDWLRQ� RI� WKH� GHVLJQHU� LQWHQW�� :LWK� WKLV� REMHFWLYH�� ZH
SURSRVH�WKH�V\VWHP�WR�PRQLWRU�HYHU\�IHDWXUH�RSHUDWLRQ��LQVHUWLRQ�
UHPRYDO��PRGLILFDWLRQ��HWF���WR�DVVHVV�WKH�FRQIRUPLW\�RI�WKH�UHVXOW
ZLWK�WKH�RULJLQDO�VHPDQWLF�VSHFLILFDWLRQ�SURYLGHG�LQ�WKH�UHVSHFWLYH
IHDWXUH�FODVV�
$OO� LQVWDQFH� IHDWXUHV� RI� D� SDUWLFXODU� IHDWXUH� FODVV�� DOWKRXJK

VLJQLILFDQWO\� GLVWLQFW� LQ� WKHLU� )$%� FRQILJXUDWLRQV� GXH� WR
LQWHUDFWLRQV�� DUH� H[SHFWHG� WR� SUHVHUYH� DOZD\V� VRPH� HVVHQWLDO
EHKDYLRU� RI� WKDW� FODVV�� 7KLV� VHPDQWLF� GHVFULSWLRQ� FDQ� EH
HVWDEOLVKHG� DV� D� VHW� RI� YDOLGLW\� FRQGLWLRQV�� WR� EH� YHULI\HG� DQG
REH\HG�SHUPDQHQWO\�E\�HDFK�LQVWDQFH�IHDWXUH�SUHVHQW�LQ�WKH�PRGHO�

�����6HPDQWLF�&RQVWUDLQWV
7KH�NH\�IRU�VSHFLI\LQJ�IHDWXUH�YDOLGLW\�FRQGLWLRQV�OD\V�LQ�VHWWOLQJ

D� VHW� RI� FRQVWUDLQWV� �� KHUH� FDOOHG� VHPDQWLF� FRQVWUDLQWV� ��� HDFK� RI
ZKLFK�UHTXLUHV�D�VHPDQWLF�HQWLW\� WR�H[KLELW�D�SDUWLFXODU�EHKDYLRU�
DV�D�FRQVHTXHQFH�RI�WKH�W\SH�RI�LQWHUQDO�GHFRPSRVLWLRQ�LW�DOORZV�
7KH� ILUVW� VWHS� LQ� WKLV� JRDO� FRQVLVWV� RI� VSHFLI\LQJ� D� GHIDXOW� RU

FDQRQLFDO� VWDWXV� IRU� HDFK� VHPDQWLF� HQWLW\� LQ� D� IHDWXUH� FODVV
GHVFULSWLRQ�� LQ� WKLV� ZD\�� IRU� LQVWDQFH�� D� UHFWDQJXODU� VORW� FODVV
VKRXOG� DVVLJQ� D� SRVLWLYH� FDQRQLFDO� VWDWXV� IRU� WKH� VLGHV� DQG
IORRU�VHPDQWLF�HQWLWLHV��DV�ZHOO�DV�D�QHJDWLYH�RQH�IRU�WKH�HQGV
DQG�URRI� VHPDQWLF� HQWLWLHV� �VHH� )LJXUH� ���D���� 7KH� UROH� RI� WKLV
VSHFLILFDWLRQ�� KRZHYHU�� LV� HVVHQWLDOO\� LQGLFDWLYH�� LQ� WKDW� LW�PDNHV
QR� DVVXPSWLRQ� RQ� WKH� DFWXDO� SDUWLWLRQ� RI� WKH� VHPDQWLF� HQWLW\�� ,Q
WXUQ�� WKLV� FDQ� DFWXDOO\� EH� FRQVWUDLQHG� E\� WKH� LQWURGXFWLRQ� RI� D
SUHGLFDWH� WKDW� VSHFLILHV�KRZ� WKH� VHPDQWLF� HQWLW\� LV� DOORZHG� WR� EH
GHFRPSRVHG�
/HW�XV�ILUVW�LQWURGXFH�WKH�JHQHULF�3URORJ�OLNH�SUHGLFDWH

VBHQWLW\�(OHPHQWV�(QWLW\�6WDWXV�)HDWXUH�

WKDW� SURYLGHV� WKH� DFFHVV� WR� WKH�(OHPHQWV� RI�6WDWXV� LQ� WKH
VHPDQWLF� (QWLW\� RI� DQ� LQVWDQFH� )HDWXUH�� 7KH� 6WDWXV
VSHFLILHG� LQ� D� TXHU\�� LI� FRQVWUDLQHG�� FDQ� EH� HLWKHU� DEVROXWH
�SRVLWLYH�����RU�QHJDWLYH�����RU�UHODWLYH�WR�WKH�)HDWXUH�VHPDQWLFV
�L�H���FDQRQLFDO��F��RU�LPSURSHU��L��
7KH�IOH[LELOLW\�RI�WKLV�SUHGLFDWH�EHFRPHV�FOHDUO\�LOOXVWUDWHG�ZLWK

D�IHZ�H[DPSOHV�

VBHQWLW\�(OHPHQWV�IORRU���6/27�

� REWDLQV�WKH�(OHPHQWV�RI�IORRU��6/27��

VBHQWLW\�(OHPHQWV�B���32&.(7�

� REWDLQV� DOO� QHJDWLYH� (OHPHQWV� RI� DOO
VHPDQWLF� HQWLWLHV� RI� 32&.(7�� L�H��� WKH� )$%�

�32&.(7��

%/2&.�6HPDQWLF�(QWLWLHV

WRS

VLGH��VLGH��

ERWWRP

VLGH��VLGH��

URRI

VLGH��VLGH��

IORRU

HQG��HQG��

WRS

VLGH��VLGH��

ERWWRP

VLGH��VLGH��
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VBHQWLW\�>@�HQG��L�7+2/(�

� YHULILHV�LI�WKH�VHPDQWLF�HQWLW\�HQG��RI�7+2/(
KDV� QR� LPSURSHU� HOHPHQWV�� L�H��� LI� LW� LV� RQO\
FRPSRVHG�RI�FDQRQLFDO�HOHPHQWV�

7KLV� ODVW� H[DPSOH� VHUYHV� WR� VKRZ� D� ILUVW� NLQG� RI� VHPDQWLF
FRQVWUDLQW��QDPHO\�WKDW�RI�UHTXLULQJ�D�VHPDQWLF�HQWLW\�WR�EH�LQWDFW
RU�FRPSOHWH��L�H���LQWHJUDWLQJ�RQO\�HOHPHQWV�LQ�FDQRQLFDO�VWDWXV�
7KLV�PHDQV�WKDW�LI�WKH�IHDWXUH�XQGHUJRHV�VRPH�GHFRPSRVLWLRQ�GXH
WR� DQ� LQWHUDFWLRQ�� WKDW� VHPDQWLF� HQWLW\� LV� UHTXLUHG� WR� NHHS� DFWLYH
DQG�FRPSOHWHO\� FRQWULEXWLQJ� WR� WKH� JOREDO� IHDWXUH� EHKDYLRU��ZLWK
QR� PLVVLQJ� �RU� LPSURSHU�� IUDJPHQWV�� 7KH� GHILQLWLRQ� RI� WKH
FRPSOHWH�VHPDQWLF�FRQVWUDLQW�LV��WKXV�

FRPSOHWH�(QWLW\�)HDWXUH����
VBHQWLW\�>@�(QWLW\�L�)HDWXUH��

$QRWKHU��PRUH� ORRVH�� FRQVWUDLQW� UHTXLUHV� WKH� VHPDQWLF� HQWLW\� WR
EH�RQO\�SUHVHQW� LQ� WKH�PRGHO�ERXQGDU\�� L�H��� LQWHJUDWLQJ� VRPH
FDQRQLF�HOHPHQWV��DFFRUGLQJ�WR�WKH�GHILQLWLRQ

SUHVHQW�(QWLW\�)HDWXUH����
VBHQWLW\�>B_B@�(QWLW\�F�)HDWXUH��

7KLV� DOORZV� IRU� DUELWUDU\� LQWHUDFWLRQV� WR� SDUWLDOO\� FRUUXSW� D
VHPDQWLF� HQWLW\�� SURYLGHG� WKDW� LW� VWLOO� NHHSV� VRPH� RULJLQDO
FDQRQLFDO� VXEVHW� FRQWULEXWLQJ� WR� WKH� RYHUDOO� IHDWXUH� EHKDYLRU�
1DWXUDOO\�� WKLV� VHPDQWLF� FRQVWUDLQWV� FRXOG� EH� HVWDEOLVKHG� LQ
FRQMXQFWLRQ� ZLWK� VRPH� NLQG� RI� TXDQWLILFDWLRQ� IRU� WKH� DFWXDO
FDQRQLFDO�VXEVHW��H�J���EDVHG�RQ�JHRPHWULF�FULWHULD�
6RPH�RWKHU� FRQVWUDLQW� SUHGLFDWHV� FDQ� EH� GHILQHG�� EDVHG� RQ� WKH

WRSRORJLFDO�QRWLRQV�RI�DGMDFHQF\�DQG�DFFHVVLELOLW\��$PRQJ� WKHVH�
WKH� UHTXLUHPHQW� IRU� WKH�FRQQHFWLYLW\�RI�D� VHPDQWLF�HQWLW\�PD\�EH
XVHG� WR� SUHYHQW� D� IRUP� IHDWXUH� IURP� EHLQJ� VSOLW� LQWR� VHYHUDO
FDQRQLFDO�FRPSRQHQWV�GXH�WR�DQ�LQWHUDFWLRQ�ZLWK�VRPH�VXEWUDFWLYH
IHDWXUH��DV�VKRZQ�E\�WKH�WKURXJK�KROH�RI�WKH�PRGHO�LQ�)LJXUH����

7KH�GHILQLWLRQ�RI�VXFK�D�FRQVWUDLQW�FDQ�EH�VWDWHG�DV�IROORZV�

FRQQHFWHG�(QWLW\�)HDWXUH����
VBHQWLW\�(OHPHQWV�(QWLW\�F�)HDWXUH��

IRUDOO�
�HOHPHQW�;�(OHPHQWV��
�HOHPHQW�<�(OHPHQWV���
DFFHVVLEOH�;�<�
��

�����9DOLGLW\�&RQGLWLRQV
,I� HDFK� VHPDQWLF� FRQVWUDLQW� HVWDEOLVKHV� VRPH� ORFDO� SDUWLDO

EHKDYLRU� IRU� D� IHDWXUH�� LW� VHHPV� ERWK� QDWXUDO� DQG� SRZHUIXO� WR
DVVRFLDWH� WR� HDFK� IHDWXUH� FODVV� D� VHW� RI� VHPDQWLF� FRQVWUDLQWV�
FRPELQHG� WR� IRUP�D� ORJLFDO� H[SUHVVLRQ� WKDW�GHVFULEHV� WKH�RYHUDOO
EHKDYLRU�IRU�DOO�LWV�LQVWDQFH�IHDWXUHV��7KLV�H[SUHVVLRQ�LV�FDOOHG�WKH
IHDWXUH� FODVV� YDOLGLW\� FRQGLWLRQV�� :KHQHYHU� DQ� LQVWDQFH� IHDWXUH
VDWLVILHV�WKHVH�FRQGLWLRQV�LQ�WKH�PRGHO��ZH�VD\�LW�SUHVHQWV�VHPDQWLF
FRPSOHWHQHVV�� RWKHUZLVH�� LW� GLYHUJHV� LQ� VRPH� IDVKLRQ� IURP� WKH
RULJLQDO�FODVV� VSHFLILFDWLRQ�DQG�PXVW�� WKHUHIRUH��EH�FRQVLGHUHG� DV
DQ�LQYDOLG�IHDWXUH�
'XH� WR� WKH� LQFUHPHQWDO� QDWXUH� RI� WKH� GHVLJQ� SURFHVV�

VHPDQWLFDOO\�LQYDOLG�IHDWXUHV�FDQ�HPHUJH�DV�DQ�LQGLUHFW��HYHQWXDOO\
XQDQWLFLSDWHG�� UHVXOW� RI� IHDWXUH� LQWHUDFWLRQV�� 6XFK� VLWXDWLRQV
VKRXOG�DOZD\V�EH�GHWHFWHG�DQG�VLJQDOHG�E\�WKH�V\VWHP��DOWKRXJK�LW
LV� WKH� GHVLJQHU� UHVSRQVLELOLW\� WR� DOORZ� WKHLU� PDLQWHQDQFH� LQ� WKH
PRGHO�� ,Q� WKLV� FDVH�� WKH\� VKRXOG� EH� FRQVLGHUHG� DV� LQWHQWLRQDO
IHDWXUHV��MXVW�UHIOHFWLQJ�VRPH�GHVLJQHU�LQWHQWLRQ�RQ�WKH�UHVSHFWLYH
IXQFWLRQDOLW\�� WHPSRUDULO\� RYHUULGHQ�� ZKLFK� KH� VKRXOG� UHVWRUH
ODWWHU�RQ��5RVVLJQDF��������
,W� VKRXOG� EH� UHPDUNHG� WKDW� WKH� QRWLRQ� RI� IRUP� IHDWXUH� YDOLGLW\

KHUH� GHYHORSHG� LV� FORVHO\� WLHG� ZLWK� WKH� H[DFW� H[SUHVVLRQ� RI� WKH
LQWHQWLRQDO�EHKDYLRU�WKDW�IRUP�IHDWXUHV�DFWXDOO\�H[KLELW�LQ�D�PRGHO�
1DWXUDOO\��WKH�FKRLFH�IRU�VRPH�SDUWLFXODU�VHPDQWLF�VSHFLILFDWLRQ�LV�
PRVW�RIWHQ��GRPDLQ�GHSHQGHQW�DQG�LW�LV�QRW��WKHUHIRUH��RXU�SXUSRVH
WR� HODERUDWH� KHUH� RQ� D� WD[RQRP\� IRU� VXFK� D� VFKHPH�� LI� LW� HYHU
H[LVWV��,QVWHDG��ZH�SURSRVH�D�IOH[LEOH�IUDPHZRUN�IRU�WKH�VHPDQWLF
H[SUHVVLRQ� RI� DQ\� YDOLGLW\� FRQGLWLRQV�� VXLWDEOH� IRU� WKH� HIIHFWLYH
FRQILJXUDWLRQ�RI�WKH�V\VWHP
V�IHDWXUH�OLEUDU\�DFFRUGLQJ�WR�GHVLJQHU
VSHFLILF�UHTXLUHPHQWV�
:H�QRZ�LOOXVWUDWH�ZLWK�D� VLPSOH�H[DPSOH� WKH�VSHFLILFDWLRQ�RI�D

VHW�RI�YDOLGLW\�FRQGLWLRQV�IRU�D�SDUWLFXODU�6/27�VXEFODVV��7KH�VHW�RI
FRQGLWLRQV

FRPSOHWH�IORRU�6/27��¾

SUHVHQW�VLGH��6/27�¿SUHVHQW�VLGH��6/27��¾

FRPSOHWH�HQG��6/27��¾

FRPSOHWH�HQG��6/27��¾

FRPSOHWH�URRI�6/27�

ZRXOG�DFFHSW�DV�YDOLG�LQVWDQFHV�WKH�6/27�IHDWXUHV�LQ�WKH�PRGHOV
RI�)LJXUH�����D���ZKHUHDV�WKRVH�RI��E��H[KLELW�VRPH�LQWHUDFWLRQ�WKDW
PDNHV�LQFRPSOHWH�HLWKHU�WKH�IORRU�RU�WKH�HQG�VHPDQWLF�HQWLWLHV�
\LHOGLQJ�LQYDOLG�VLWXDWLRQV�
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���&21&/86,216
&RPSOH[�VKDSHG� VROLG� REMHFWV� SUHVHQW� VWURQJ� GHPDQGV� RQ� D

IHDWXUH�EDVHG� PRGHOHU
V� DELOLW\� WR� FRSH� ZLWK� IRUP� IHDWXUH
LQWHUDFWLRQ� SKHQRPHQD�� 7KH� QDWXUH� RI� IHDWXUH� LQWHUDFWLRQV�� WKH
VHPDQWLF� LQWHUSUHWDWLRQ� RI� LQWHUDFWLQJ� IHDWXUHV�� DQG� WKH
VSHFLILFDWLRQ� RI� QRQ�FDQRQLF� IHDWXUH� YDOLGLW\� DUH� VRPH� RI� � WKH
FXUUHQW�RSHQ�LVVXHV�DGGUHVVHG�LQ�WKLV�SDSHU�
$� VHPDQWLF� IUDPHZRUN� IRU� WKH� G\QDPLF� LQWHUSUHWDWLRQ� RI� IRUP

IHDWXUH�EHKDYLRU�ZDV�GHYHORSHG��EDVHG�RQ�WKH�QRWLRQ�RI�VHPDQWLF
HQWLW\��7KLV�KDV�VKRZQ� WR�EULQJ� WRJHWKHU� WKH� VHPDQWLF� H[SUHVVLYH
SRZHU� RI� IRUP� IHDWXUHV� DQG� WKH� IOH[LELOLW\� RI� WKHLU� EHKDYLRU
WKURXJKRXW�LQWHUDFWLRQ�SKHQRPHQD�
$� PHFKDQLVP� IRU� IHDWXUH� YDOLGLW\� PDLQWHQDQFH� ZDV� SURSRVHG�

WKDW� UHOLHV�RQ� WKH� ORJLF�FRPSRVLWLRQ�RI� VHPDQWLF� FRQVWUDLQWV��7KH
QHHG� IRU� HQKDQFLQJ� WKH� FRQYHQWLRQDO�PDQLSXODWLRQ� RSHUDWLRQV� LQ
DQ\� IHDWXUH�EDVHG�PRGHOLQJ� V\VWHP�ZLWK�YDOLGLW\�PRQLWRULQJ� DQG
DVVHVVPHQW�LV�FUXFLDO�LI�RQH�ZLVKHV�WR�DFKLHYH�D�ILQHU�WXQLQJ�ZLWK
WKH�GHVLJQHU�WKURXJKRXW�WKH�GHVLJQ�SURFHVV�
2XU�FXUUHQW�UHVHDUFK�JRDOV�LQFOXGH�WKH�GHYHORSPHQW�RI�UHDVRQLQJ

PHFKDQLVPV�WR�FRSH�ZLWK�VXFK�UHTXLUHPHQWV�IRU�IHDWXUH�LQVHUWLRQ�
UHPRYDO�DQG�JHRPHWULF�PRGLILFDWLRQ�RSHUDWLRQV�
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%LGDUUD��5��� 7HL[HLUD�� -�&��� ����D�� �0HFDQLVPRV� GH�5DFLRFtQLR

QD� 0DQLSXODomR� GH� 0RGHORV� %DVHDGRV� HP� &DUDFWHUtVWLFDV� GH
)RUPD���3URFHHGLQJV� RI� 9� (QFRQWUR� 3RUWXJXrV� GH� &RPSXWDomR
*UiILFD��$YHLUR��3RUWXJDO�
%LGDUUD�� 5��� 7HL[HLUD�� -�&��� ����E�� �,QWHOOLJHQW� )RUP� )HDWXUH

,QWHUDFWLRQ� 0DQDJHPHQW� LQ� D� &HOOXODU� 0RGHOLQJ� 6FKHPH��
3URFHHGLQJV�RI� WKH� ,,�$&0�,(((�6\PSRVLXP�RQ�6ROLG�0RGHOLQJ
DQG�$SSOLFDWLRQV��0RQWUHDO��&DQDGD�
%URQVYRRUW��:�)���-DQVHQ��)�:��������� �)HDWXUH�0RGHOOLQJ�DQG

&RQYHUVLRQ� �� .H\� &RQFHSWV� WR� &RQFXUUHQW� (QJLQHHULQJ��
&RPSXWHUV�LQ�,QGXVWU\��QR������SS��������
'L[RQ�� -�5��� /LEDUGL�� (�&��� 1LHOVHQ�� (�+��� ������ ³8QUHVROYHG

5HVHDUFK� ,VVXHV� LQ� 'HYHORSPHQW� RI� 'HVLJQ�ZLWK�)HDWXUHV
6\VWHPV´��*HRPHWULF�0RGHOLQJ�IRU�3URGXFW�(QJLQHHULQJ��:R]Q\�

0��� 7XUQHU�� -��� DQG� 3UHLVV�� .�� �(GV���� 1RUWK�+ROODQG�� 7KH
1HWKHUODQGV�
�YDQ� (PPHULN��0�-�*�0��� -DQVHQ�� )�:��� ������ �8VHU� ,QWHUIDFH

IRU� )HDWXUH� 0RGHOOLQJ��� &RPSXWHU� $SSOLFDWLRQV� LQ� 3URGXFWLRQ
DQG� (QJLQHHULQJ�� .LPXUD�� )�� DQG� 5ROVWDGDV�� $�� �(GV���� (OVHYLHU
6FLHQFH�3XEOLVKHUV��%�9���1RUWK�+ROODQG���,),3��SS����������
/XE\��6�&���'L[RQ��-�5���6LPPRQV��0�.����������'HVLJQLQJ�ZLWK

)HDWXUHV��&UHDWLQJ�DQG�8VLQJ�D�)HDWXUHV�'DWD�%DVH�IRU�(YDOXDWLRQ
RI� 0DQXIDFWXUDELOLW\� LQ� &DVWLQJV��� 3URFHHGLQJV� RI� WKH� $60(
,QWHUQDWLRQDO� &RPSXWHUV� LQ� (QJLQHHULQJ� &RQIHUHQFH� DQG
([KLELWLRQ��&KLFDJR��,/�
�3UDWW�� 0�-��� ������ �5HFHQW� 5HVHDUFK� LQ� )RUP� )HDWXUHV��

6LJJUDSK� &RXUVH� 1RWHV�� $GYDQFHG� 7RSLFV� LQ� 6ROLG� 0RGHOLQJ�
&RXUVH������6LJJUDSK
���&RQIHUHQFH���$QDKHLP��&$�
3UDWW��0�-��� ������ �6\QWKHVLV�RI� DQ�2SWLPDO�$SSURDFK� WR�)RUP

)HDWXUH� 0RGHOOLQJ��� 3URFHHGLQJV� RI� WKH� $60(� ,QWHUQDWLRQDO
&RPSXWHUV� LQ� (QJLQHHULQJ� &RQIHUHQFH� DQG� ([KLELWLRQ�� 6DQ
)UDQFLVFR��&$��9RO�����SS����������
�5RVVLJQDF�� -�5��� ������ �,VVXHV� RQ� )HDWXUH�%DVHG� (GLWLQJ� DQG

,QWHUURJDWLRQ�RI�6ROLG�0RGHOV���&RPSXWHUV�	�*UDSKLFV��9RO�����
QR�����SS����������
�6KDK�� -�-��� HW� DO��� ������ �7KH� $68� )HDWXUHV� 7HVWEHG�� $Q

2YHUYLHZ���3URFHHGLQJV�RI�WKH�$60(�,QWHUQDWLRQDO�&RPSXWHUV�LQ
(QJLQHHULQJ�&RQIHUHQFH�DQG�([KLELWLRQ��%RVWRQ��0$��9RO�����SS�
��������
6KDK�� -�-��� ������ �$VVHVVPHQW� RI� IHDWXUHV� WHFKQRORJ\��

&RPSXWHU�$LGHG�'HVLJQ��9RO������QR�����SS����������
6KDK�� -�-��� ������ �&RQFHSWXDO� 'HYHORSPHQW� RI� )RUP� )HDWXUHV

DQG�)HDWXUH�0RGHOHUV���5HVHDUFK�LQ�(QJLQHHULQJ�'HVLJQ��9RO����
SS���������
�6KDK�� -�-��� 5RJHUV�� 0�7��� ������ �([SHUW� )RUP� )HDWXUH

0RGHOOLQJ� 6KHOO���&RPSXWHU�$LGHG� 'HVLJQ�� 9RO�� ���� QR�� ��� SS�
��������
�6KDK��-�-���:LOVRQ��3�5����������$QDO\VLV�RI�'HVLJQ�$EVWUDFWLRQ�

5HSUHVHQWDWLRQ� DQG� ,QIHUHQFLQJ� 5HTXLUHPHQWV� IRU� &RPSXWHU�
$LGHG� 'HVLJQ��� -RXUQDO� RI� 'HVLJQ� 6WXGLHV�� 9RO�� ���� QR�� ��� SS�
��������
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