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&RQVLGHUDEOH�SURJUHVV�KDV�EHHQ�DFKLHYHG�LQ� WKH� ODVW� IHZ�\HDUV� LQ
FODULI\LQJ� WKH� FRQFHSW�RI� IRUP� IHDWXUHV� >�@� >�@� >�@�� DV�ZHOO� DV� LQ
GHYHORSLQJ� VHYHUDO� UHSUHVHQWDWLRQ� VFKHPHV� IRU� WKHP�� H�J�� >�@� >�@
>�@�� +RZHYHU�� WKHUH� KDYH� QRW� EHHQ� PDQ\� SUDFWLFDO� UHVXOWV� LQ
LQYHVWLJDWLQJ� WKH� QDWXUH� RI� IRUP� IHDWXUH� LQWHUDFWLRQV� DQG� WKHLU
FRQVHTXHQFHV�RQ�WKH�YDOLGLW\�RI�IHDWXUHV��VLQFH�WKH�HDUO\�LQIRUPDO
LGHQWLILFDWLRQ�RI� WKH�SUREOHP��ZLWK�3UDWW� >�@��)HDWXUH� LQWHUDFWLRQV
FDQ� WDNH� SODFH� ERWK� DW� IHDWXUH� LQVHUWLRQ� VWDJH�� GXH� WR� VRPH
FRPPRQ� JHRPHWU\� RU� ORFDWLRQ�� RU� LQ� SRVW�LQVHUWLRQ� VWDJHV�� E\
PRGLILFDWLRQ�RI�DQ\�RI� WKHVH�SDUDPHWHUV��7KH�GHJUHHV�RI�IUHHGRP
DYDLODEOH� LQ� RYHUODSSLQJ� VHYHUDO� YROXPHWULF� IHDWXUHV� RI� GLIIHUHQW
FODVVHV�VXEVWDQWLDOO\�UDLVH� WKH�FRPSOH[LW\�RI�PRGHOV��DQG�RI� WKHLU
PDQLSXODWLRQ�� PDNLQJ� LW� TXLWH� KDUG� WR� V\VWHPDWLFDOO\� DSSURDFK
LQWHUDFWLRQ�SKHQRPHQD��$� VHPDQWLF� IUDPHZRUN� LV�KHUH�SURSRVHG�
WKDW�VXSSRUWV�WKH�RSHUDWLRQ�RI�UHDVRQLQJ�PHFKDQLVPV�WR�FRSH�ZLWK
IHDWXUH�LQWHUDFWLRQV�

���)($785(�,17(5$&7,216

&UHDWLQJ�VROLG�PRGHOV�XVLQJ�IHDWXUH
V�YRFDEXODU\�RIIHUV�QR�VSHFLDO
GLIILFXOWLHV�ZKHQ�WKH\�DUH�LQVHUWHG�LQ�WKH�PRGHO�GLVMRLQW�IURP�HDFK
RWKHU�� SURYLGHG� WKDW� YDOLGLW\� LV� HQIRUFHG� E\� LQVHUWLRQ� PHWKRGV�
VXFK� D� PRGHO� LV� VKRZQ� LQ� )LJXUH� ���D��� +RZHYHU�� LI� ZH� DUH� WR
PRGHO� SDUWV� RI� UHDO� ZRUOG� VROLGV�� ZH� QHHG� WR� FRSH� ZLWK� IHDWXUH
LQWHUDFWLRQV�� LQ�RUGHU� WR�PRGHO�PRUH�FRPSOH[�VKDSHG�REMHFWV�� DV
WKH� RQH� GHSLFWHG� LQ� )LJXUH� ���E��� WKLV� PRGHO� LOOXVWUDWHV� WKDW
LQWHUDFWLRQ� EHWZHHQ� IHDWXUHV� FDQ� RFFXU� LQ� WZR� ZD\V�� YROXPH
LQWHUDFWLRQ� DQG� ERXQGDU\� LQWHUDFWLRQ�� ,Q� ERWK� FDVHV�� WKHUH� LV
DOZD\V�D�UHJLRQ�RI�WKH�VSDFH�ZKHUH�WKH�DVVRFLDWHG�FORVHG�YROXPHV
RI� HDFK� IHDWXUH� LQWHUVHFW�� WKLV� RYHUODSSLQJ� UHJLRQ� �ZKDWHYHU� LWV
GLPHQVLRQDOLW\��LV�KHUH�FDOOHG�LQWHUDFWLRQ�H[WHQW��DQG�LWV�H[LVWHQFH
LV�D�QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQ�IRU�WKH�RFFXUUHQFH�RI�IRUP
IHDWXUH� LQWHUDFWLRQV�� � ,Q� WKLV�ZD\�� DGMDFHQW� IHDWXUHV� DUH� QDWXUDOO\
FRQVLGHUHG�WR�EH�LQ�LQWHUDFWLRQ�
(DFK� YROXPHWULF� IRUP� IHDWXUH� UHIOHFWV� D� ORFDO� VKDSH� RI� WKH� SDUW

ZLWK� VSHFLILHG� DQG� SUHGLFWDEOH� SURSHUWLHV��ZKLFK� LV� DVVRFLDWHG� WR
VRPH�GHILQLWH�HQJLQHHULQJ�VHPDQWLFV��6RPH�RI�WKHVH�SURSHUWLHV�DUH
JHRPHWULF� DQG� FDQ� EH� H[SUHVVHG� E\� PHDQV� RI� GLPHQVLRQ
SDUDPHWHUV�� IRU� WKH� JOREDO� TXDQWLWDWLYH� JHRPHWU\� RI� WKH� IHDWXUH
DVVRFLDWHG�YROXPH��RU�ORFDWLRQ�DQG�RULHQWDWLRQ�SDUDPHWHUV��IRU�WKH
GHVFULSWLRQ�RI� WKH� DFWXDO� SRVLWLRQLQJ� RI� WKH� IHDWXUH��7KHLU� YDOXHV
PD\� EH� HLWKHU� GLUHFWO\� REWDLQHG� IURP� WKH� GHVLJQHU� RU� LQKHULWHG
IURP� WKRVH� RI� RWKHU� IHDWXUHV
� SDUDPHWHUV�� HYHQWXDOO\� UHODWHG
WKURXJK�VRPH�VSHFLILHG�IXQFWLRQ�

7KH�ORFDO�PRUSKRORJ\�RI�D�PRGHO�LV�GHILQHG�E\�WKH�DGGLWLYH�RU
VXEWUDFWLYH�QDWXUH�RI�HDFK�YROXPHWULF�IHDWXUH�WKDW�FRPSRVH�LW��7KH
VHPDQWLF� FRQWHQW�RI� D� IHDWXUH� EULQJV� WRJHWKHU� WKLV�PRUSKRORJLFDO
H[SUHVVLRQ� DQG� WKH� VSHFLILFDWLRQ�RI� LWV�EHKDYLRXU� LQ� WHUPV� RI� WKH
FKDUDFWHULVWLFV� RI� WKH� IHDWXUH� DVVRFLDWHG� ERXQGDU\�� QDPHO\� WKH
VSHFLILF�VXEVHWV�RI�WKH�ERXQGDU\�WKDW�GR�RU�GR�QRW�DFWXDOO\�EHORQJ
WR� WKH� PRGHO
V� ERXQGDU\�� WKH� IRUPHU� DUH� VDLG� WR� KDYH� SRVLWLYH
VWDWXV��ZKLOH�WKH�ODWHU�SRVHVV�QHJDWLYH�VWDWXV��)LUVW��ZH�SURSRVH�WR
LGHQWLI\� IRU� HDFK� IHDWXUH� FODVV� WKH� HVVHQWLDO� VXEVHWV� RI� LWV
ERXQGDU\�� EDVHG� RQ� WKHLU� VHPDQWLF� EHKDYLRXU�� HDFK� RI� WKHVH
FRQVLVWV�RI�D�FROOHFWLRQ�RI�IHDWXUH�ERXQGDU\�IDFHV��DQG�LV�FDOOHG�D
GHILQLWLRQDO� HQWLW\�� $V� VKRZQ� LQ� WKH� H[DPSOH� RI� )LJXUH� ��� 6/27
IHDWXUHV� VKRXOG� DOZD\V� KDYH� WKH� GHILQLWLRQDO� HQWLWLHV� URRI� DQG
IORRU�

���6(0$17,&�&21675$,176�$1'�9$/,',7<�&21',7,216

$OO� YDOLG� IHDWXUH� LQVWDQFHV� SUHVHQW� LQ� WKH�PRGHO� DUH� H[SHFWHG� WR
H[KLELW� D� VSHFLILF� EHKDYLRXU�� WKDW� RI� WKH� UHVSHFWLYH� IHDWXUH� FODVV�
7KLV� FDQ� EH� H[SUHVVHG� LQ� WHUPV� RI� WKH� HOHPHQWV� RI� VHOHFWHG
GHILQLWLRQDO� HQWLWLHV�� E\� PHDQV� RI� ZKDW� ZH� FDOO� VHPDQWLF
FRQVWUDLQWV��WKDW�UHVWULFW�WKH�QXPEHU��WKH�DGMDFHQF\�RU�WKH�VWDWXV�RI
WKRVH�HOHPHQWV��$Q�H[DPSOH�RI�VHPDQWLF�FRQVWUDLQW�LV�WKH�UHTXLVLWH
IRU�D�6/27�IORRU�WR�FRQWDLQ��DW�OHDVW��RQH�SRVLWLYH�HOHPHQW�

�9DOLGLW\�FRQGLWLRQV�DUH��WKXV��GHILQHG�IRU�HDFK�IHDWXUH�FODVV��E\
ORJLFDO� FRPSRVLWLRQ� RI� VHYHUDO� VHPDQWLF� FRQVWUDLQWV�� :KHQ� DOO
FRQVWUDLQWV�DUH�VDWLVILHG�E\�D�SDUWLFXODU�IHDWXUH�LQVWDQFH��ZH�VD\�LW
SUHVHQWV�VHPDQWLF�FRPSOHWHQHVV�DQG�WKH�IHDWXUH�LV��WKHUHIRUH��YDOLG�
,QYDOLG�IHDWXUHV�GLYHUJH��LQ�VRPH�ZD\��IURP�WKH�RULJLQDO�EHKDYLRXU
GHVLUHG�ZLWK�WKHLU�LQVHUWLRQ�LQ�WKH�PRGHO��$V�D�JHQHUDO�UXOH��ZKHQ
D� VHPDQWLF� FRQVWUDLQW� RI� D� IRUP� IHDWXUH� LV� LQIULQJHG�� WKH� IHDWXUH
EHFRPHV� LQYDOLG�� 6XFK� VLWXDWLRQV� FDQ� RFFXU� GXH� WR� VRPH� IHDWXUH
LQVHUWLRQV� RU� PDQLSXODWLRQV�� DQG� VKRXOG� EH� DOZD\V� VLJQDOHG�
SURYLGLQJ�DQ�H[SODQDWLRQ�RQ�WKH�UHDVRQV�WKDW�DUH�PDNLQJ�LW�LQYDOLG�
,QYDOLG�IHDWXUHV�FDQ�EH�PDLQWDLQHG�LQ�WKH�PRGHO�� LI�QRW�RWKHUZLVH
VWDWHG�� DOWKRXJK� WKH� UHVSHFWLYH� GHVLUHG� PRUSKRORJ\� LV�� SHUKDSV

�D� �E�

�)LJXUH�����D��GLVMRLQW�IHDWXUHV���E��RYHUODSSLQJ�IHDWXUHV

6/27��URRI

6/27��IORRU

6/27��IORRU

)LJXUH����([DPSOH�RI�GHILQLWLRQDO�HQWLWLHV�RI�VORWV�LQ�D�PRGHO



WHPSRUDULO\�� RYHUULGHQ�� LQ� VXFK� VLWXDWLRQV� WKH\� DUH� FRQVLGHUHG� DV
LQWHQWLRQDO�IHDWXUHV��MXVW�UHIOHFWLQJ�VRPH�LQWHQWLRQ�RI�WKH�GHVLJQHU
RQ�WKH�FRUUHVSRQGLQJ�IXQFWLRQDOLW\�>�@�

���)250�)($785(�5(35(6(17$7,21

7R�UHSUHVHQW�IRUP�IHDWXUHV��ZH�DUH�XVLQJ�D�FHOOXODU�UHSUHVHQWDWLRQ
VFKHPH�FDOOHG�$�&UHS��$GDSWLYH�&HOOXODU�5HSUHVHQWDWLRQ���WKDW�LV
EDVHG�RQ�WKH�WKHRU\�RI�DGDSWLYH�FHOO�FRPSOH[HV��$Q�DGDSWLYH�FHOO
FRPSOH[�LV�D�FROOHFWLRQ�RI�JHQHUDOL]HG�FHOO�VXEFRPSOH[HV��HDFK�RI
ZKLFK� LV� ODEHOOHG�ZLWK� 3� �SRVLWLYH�� RU� 1� �QHJDWLYH��� 7KLV�PRGHO
DOORZV� WKH� VHFRQGDU\� UHSUHVHQWDWLRQ� RI� IRUP� IHDWXUHV� E\
DVVRFLDWLQJ�HDFK�IRUP�IHDWXUH�WR�D�ODEHOOHG�FHOO�VXEFRPSOH[�

:KHQHYHU� WZR� IHDWXUHV� LQWHUDFW�� WKH� UHVSHFWLYH� VXEFRPSOH[HV
DUH� IXUWKHU� GHFRPSRVHG�� 7KLV� FHOOXODU� GHFRPSRVLWLRQ� LV
LQWHUDFWLRQ�GULYHQ�� L�H��� SDUW� RI� WKH� UHVXOWLQJ� FHOOV� UHSUHVHQW� WKH
LQWHUDFWLRQ� H[WHQW� DQG�� WKXV�� EHORQJ� WR� ERWK� VXEFRPSOH[HV
�LQWHUDFWLRQ� FHOOV��� ZKLOH� WKH� UHPDLQLQJ� FHOOV� EHORQJ� WR� WKH
VXEFRPSOH[�RI�HLWKHU�IHDWXUH��QRQ�LQWHUDFWLRQ�FHOOV��

���6(0$17,&�%(+$9,285�2)�,17(5$&7,1*�)($785(6

:LWK�WKH�VHPDQWLF�IUDPHZRUN�SUHYLRXVO\�GHILQHG��ZH�FDQ�WXUQ�LQWR
WKH� SUREOHP� RI� IHDWXUH� EHKDYLRXU� WKURXJKRXW� YDULRXV� W\SHV� RI
LQWHUDFWLRQV�� )RU� HDFK� LQWHUDFWLRQ� FODVV��ZH� H[SORUH� LWV� SDUWLFXODU
FRQVHTXHQFHV�RQ�WKH�YDOLGLW\�RI�WKH�LQYROYHG�LQWHUDFWLQJ�IHDWXUHV�
7KH� RFFXUUHQFH� RI� LQYDOLG� IHDWXUHV� LQ� D� PRGHO� LV� PRVW� RIWHQ� DQ
LQGLUHFW� VLGH� HIIHFW� WKDW� WDNHV� SODFH� DV� DQ� XQGHVLUHG� RU�� DW� OHDVW�
XQDQWLFLSDWHG� UHVXOW�RI� IHDWXUH� LQWHUDFWLRQV��2XU� DSSURDFK�FDQ�EH
YLHZHG� DV� DQ� LQWHQW� WR� HQFDSVXODWH� LQWHUDFWLRQ� GHWHFWLRQ� DQG
UHDFWLRQ�PHWKRGV� LQ� HDFK� IHDWXUH� FODVV�GHILQLWLRQ�� WKXV� SURYLGLQJ
DQ� DXWRPDWHG� PHFKDQLVP� IRU� IHDWXUH� YDOLGLW\� PDLQWHQDQFH
WKURXJKRXW� LQWHUDFWLRQ� SKHQRPHQD�� :KHQ� FRQYHQLHQW�� ZH
LOOXVWUDWH� WKH� UHVSRQVH� RI� WKH� FHOOXODU� UHSUHVHQWDWLRQ� OHYHO� WR
IHDWXUH�PDQLSXODWLRQV� DQG� LQWHUDFWLRQ�PDQDJHPHQW�� LQ� WKLV� FDVH�
ILJXUHV� VKRZLQJ� FHOOXODU� GHFRPSRVLWLRQV� ZLOO� EH� SUHVHQWHG� LQ
ZKLWH��UDWKHU�WKDQ�VKDGHG�

D��7RSRORJLFDO�,QWHUDFWLRQ
$� ODUJH� YDULHW\� RI� LQWHUDFWLRQV� FDQ� EH� GHYLVHG� WKDW� SUHVHUYH� WKH
GHVLJQHU� LQWHQW� IRU� VRPH� VSHFLILHG� ORFDO�PRUSKRORJ\��GHVSLWH� WKH
RYHUODSSLQJ� RI� WKH� LQYROYHG� IHDWXUHV�� 7KHVH� VLWXDWLRQV� KDYH� WKH
JHQHULF� QDPH� RI� WRSRORJLFDO� LQWHUDFWLRQ�� DQ� LQWHUDFWLRQ� EHWZHHQ
IRUP�IHDWXUHV�WKDW�RYHUODS��ZLWK�ERXQGDU\�RU�YROXPH�LQWHUVHFWLRQ��
ZKLOH�PDLQWDLQLQJ�HDFK�RQH�LWV�RZQ�SDUDPHWHUV�DQG�D�VHPDQWLFDOO\
FRPSOHWH�GHILQLWLRQDO�HQWLW\�VHW�
$Q� H[DPSOH� RI� WRSRORJLFDO� LQWHUDFWLRQ� LV� JLYHQ� LQ� )LJXUH� ���D��
%RWK� VORWV� LQ� WKLV� PRGHO� DUH� YDOLG�� DOWKRXJK� WKH\� H[KLELW� QRQ�
VWDQGDUG� RU� GLVFRQQHFWHG� WRSRORJ\�� L�H��� WZR� WRSRORJLFDO
FRPSRQHQWV��VSOLW�DSDUW�E\�HDFK�RWKHU��$W�WKH�UHSUHVHQWDWLRQ�OHYHO�
WKH\� KDYH� XQGHUJRQH� D� FHOOXODU� GHFRPSRVLWLRQ� WKDW� FDSWXUHV� WKH
LQWHUDFWLRQ�H[WHQW�RI�ERWK��E\�PHDQV�RI�D�VKDUHG�FHOO��DV�GHSLFWHG
LQ�)LJXUH����E��

E��7UDQVPXWDWLRQ�,QWHUDFWLRQ
,Q� FHUWDLQ� FRQGLWLRQV�� RSHUDWLRQV� WKDW� FUHDWH� RU� PRGLI\� IHDWXUHV
PD\�SURGXFH�GHVWUXFWLYH�FRQVHTXHQFHV�RQ�WKHLU�LQWHQGHG�VHPDQWLF
EHKDYLRXU� LQ� WKH� PRGHO�� 2QH� RI� WKHVH� HIIHFWV� LV� FDOOHG� IHDWXUH

WUDQVPXWDWLRQ��ZKLFK�LV�DQ�HVVHQWLDO�WRSRORJLFDO�PRGLILFDWLRQ�WKDW
FDXVHV�D�JLYHQ�IHDWXUH� WR�H[KLELW�D�GHILQLWLRQDO�HQWLW\� VHW� VSHFLILF
RI�DQRWKHU�IHDWXUH�FODVV�

7UDQVPXWDWLRQV� PD\� EH� H[SUHVVHG� LQ� WHUPV� RI� GHILQLWLRQDO
HQWLWLHV�� REVHUYLQJ� WKDW� WKH\� DOZD\V� FDXVH� D� FRQVWUDLQHG
GHILQLWLRQDO� HQWLW\� RI� D� IHDWXUH� WR� EHFRPH� HPSW\�� $� IHDWXUH� WKDW
VXIIHUV�D�WUDQVPXWDWLRQ�LV�VDLG�WR�EH�LQ�WUDQVPXWDWLRQ�LQWHUDFWLRQ�
$Q� H[DPSOH� RI� WUDQVPXWDWLRQ� LQWHUDFWLRQ� LV� VKRZQ� LQ� )LJXUH� ��
HQODUJHPHQW�RI�WKH�VORW�WUDQVPXWDWHV�WKH�SRFNHW��ZKRVH�EHKDYLRXU
EHFRPHV�WKDW�RI�D�VORW�

7UDQVPXWDWLRQ� LQWHUDFWLRQV� DUH� HDVLO\� GHWHFWHG�� SURYLGHG� WKDW� DOO
IHDWXUH� FODVVHV� LQKHULW� D� PHWKRG� IRU� VLJQDOLQJ� WKDW� VRPH
GHILQLWLRQDO�HQWLW\�KDV�EHHQ�PRGLILHG��(DFK�IHDWXUH�FODVV�VSHFLILHV
D�VHW�RI�WUDQVPXWDWLRQ�UXOHV��WKDW�FKHFN�ZKHWKHU�VRPH�RWKHU�UHODWHG
IHDWXUH� EHKDYLRXU� LV� DYDLODEOH�� GHSHQGLQJ� RQ� WKH� SDUWLFXODU
GHILQLWLRQDO�HQWLW\�PRGLILHG�

1RUPDOO\��DVVXPLQJ�WKDW�WKH�GHVLJQHU
V�GHJUHH�RI�DGYHUWHQFH�LV
XQSUHGLFWDEOH�� WUDQVPXWDWLRQV� DUH� DOZD\V� GHWHFWHG� DQG� VLJQDOHG�
UHTXLULQJ�KLV�KHU�FRQILUPDWLRQ�EHIRUH�WKH� WUDQVPXWDWLRQ�LV�FDUULHG
RQ�

F��*HRPHWULF�,QWHUDFWLRQ
6RPH� LQWHUDFWLRQV� GR� QRW� DIIHFW� WKH� VHPDQWLF� EHKDYLRXU� RI� D
SDUWLFXODU� IHDWXUH�� EXW� LQVWHDG� FDXVH� D� WUDQVIRUPDWLRQ� RQ� WKH
JHRPHWU\�RI�LWV�GHILQLWLRQDO�HQWLWLHV��DQG�ZH�VD\�LW�LV�LQ�JHRPHWULF
LQWHUDFWLRQ��7KLV� LV�GHILQHG�DV�DQ� LQWHUDFWLRQ�EHWZHHQ� IHDWXUHV� LQ
ZKLFK� WKH� SDUWLFXODU� LQWHUDFWLRQ� H[WHQW� SURGXFHG� FDXVHV� VRPH
GLPHQVLRQ� SDUDPHWHUV�� HVWDEOLVKHG� DW� IHDWXUH� LQVHUWLRQ� VWDJH�� WR
ORRVH�WKHLU�FRUUHVSRQGHQFH�WR�WKH�DFWXDO�IHDWXUH�JHRPHWU\�

*HRPHWULF� LQWHUDFWLRQV� FDQ� RFFXU� WR� VXEWUDFWLYH� IHDWXUHV� ZKRVH
JHRPHWU\� LV� PRGLILHG� E\� WKH� HGLWLRQ� RU� LQVHUWLRQ� RI� DQRWKHU
LQWHUDFWLQJ�IHDWXUH��ZKLOH�NHHSLQJ�WKH�FRPSOHWH�VHW�RI�GHILQLWLRQDO
HQWLWLHV�� $Q� H[DPSOH� RI� JHRPHWULF� LQWHUDFWLRQ� LV� SUHVHQWHG� LQ
)LJXUH� ��� ZKHUH� WKH� LQWHUQDO� FHOOXODU� GHFRPSRVLWLRQ� RI� HDFK
IHDWXUH� LV�DOVR�VKRZQ��ZKLWH�SLFWXUHV���7KH�SRFNHW� LQ� �D�� VHHV� LWV
DFWXDO�OHQJWK�UHGXFHG��ILUVW�GXH�WR�WKH�LQVHUWLRQ�RI�D�VORW���E���DQG
VHFRQG�EHFDXVH�RI�WKH�VORW�HQODUJHPHQW���F��

7KH�SUREOHP�ZLWK�JHRPHWULF�LQWHUDFWLRQ�LV�WKH�LQGLUHFW�FKDQJH
LQ�GLPHQVLRQ�SDUDPHWHUV�WKDW�ZHUH�LQWHQWLRQDOO\�LQWURGXFHG�E\�WKH
GHVLJQHU�IRU�VRPH�IHDWXUH��2QH�VROXWLRQ�FRQVLVWV�LQ�GLVWLQJXLVKLQJ
EHWZHHQ� YLUWXDO� �RU� LQVHUWLRQ�� SDUDPHWHUV� DQG� UHDO� �RU� DFWXDO�
SDUDPHWHUV��DQG�HVWDEOLVKLQJ�IRU� WKH�UHDO�SDUDPHWHU�DQ�H[SUHVVLRQ
LQYROYLQJ� WKH� IRUPHU� YLUWXDO� YDOXH� DQG� WKH� DSSURSULDWH
SDUDPHWHU�V��RI�WKH�RWKHU�LQWHUDFWLQJ�IHDWXUH�V��

7KH� LQWHUDFWLRQ�GULYHQ� FHOOXODU� UHSUHVHQWDWLRQ� XVHG� DOVR
FDSWXUHV�QDWXUDOO\�WKLV�FODVV�RI�LQWHUDFWLRQ��WKH�ILQDO�GHFRPSRVLWLRQ
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)LJXUH����([DPSOH�RI�IHDWXUHV�LQ�WRSRORJLFDO�LQWHUDFWLRQ

)LJXUH����([DPSOH�RI�IHDWXUHV�LQ�WUDQVPXWDWLRQ�LQWHUDFWLRQ

�D� �E� �F�

)LJXUH����([DPSOH�RI�IHDWXUHV�LQ�JHRPHWULF�LQWHUDFWLRQ



SURGXFHG�VSOLWV�WKH�DIIHFWHG�IHDWXUH
V�VXEFRPSOH[�LQ�WZR��VXFK�WKDW
RQH�RI�WKH�SDUWV��UHSUHVHQWLQJ�WKH�LQWHUDFWLRQ�H[WHQW�� LV�HPEHGGHG
LQ� WKH� VXEFRPSOH[� RI� WKH� QHZ� LQWHUDFWLQJ� IHDWXUH�� DQG� WKH� RWKHU
SDUW�VWLOO�H[KLELWV�WKH�GHVLUHG�EHKDYLRXU��DV�H[SUHVVHG�WKURXJK�WKH
IHDWXUH
V� RULJLQDO� VHPDQWLF� FRQVWUDLQWV�� 7KLV� VLWXDWLRQ� LV� FOHDUO\
GHSLFWHG� LQ� )LJXUH� ���E�� DQG� �F��� ZKHUH� WKH� FHOO� GHFRPSRVLWLRQ
H[KLELWV�ERWK�VSOLW�SDUWV�RI�WKH�LQWHUDFWLQJ�SRFNHW�

G��&ORVXUH�DQG�$EVRUSWLRQ�,QWHUDFWLRQV
6XEWUDFWLYH� IHDWXUHV� DUH� VXSSRVHG� WR� EH� DOZD\V� DFFHVVLEOH� IURP
RXWVLGH�RI�WKH�PRGHO��DV�ZH�FDQQRW�GHYLVH�UHDO�REMHFWV�ZLWK�YRLGV
LQVLGH��:KHQ� WKH� DVVRFLDWHG� YROXPH� RI� VXFK� IHDWXUHV� EHFRPHV� D
YRLG� FRPSOHWHO\� FORVHG� LQVLGH� RI� WKH�PRGHO� �)LJXUH� ���� WKH\� DUH
VDLG� WR� EH� LQ� FORVXUH� LQWHUDFWLRQ�� GHILQHG� DV� WKH� LQWHUDFWLRQ� LQ
ZKLFK� DOO� GHILQLWLRQDO� HQWLWLHV� RI� D� VXEWUDFWLYH� IHDWXUH� EHFRPH
FRPSRVHG�RI�RQO\�SRVLWLYH�HOHPHQWV��L�H���LWV�ERXQGDU\�WRWDOO\�OLHV
RQ�WKH�PRGHO
V�ERXQGDU\�

:KHQ� WKH� DVVRFLDWHG� YROXPH� RI� D� VXEWUDFWLYH� IHDWXUH� EHFRPHV
FRPSOHWHO\�LQFRUSRUDWHG�LQ�VRPH�VXEWUDFWLYH�IHDWXUH��)LJXUH����ZH
VD\� LW� LV� LQ� DEVRUSWLRQ� LQWHUDFWLRQ�� GHILQHG� DV� WKH� LQWHUDFWLRQ� LQ
ZKLFK�DOO�GHILQLWLRQDO�HQWLWLHV�RI�D�JLYHQ�IHDWXUH�EHFRPH�FRPSRVHG
RI�RQO\�QHJDWLYH�HOHPHQWV�� L�H���QR�VXEVHW�RI� LWV�ERXQGDU\� OLHV�RQ
WKH�PRGHO
V�ERXQGDU\�

$V�GHILQHG�DERYH��FORVXUH�DQG�DEVRUWLRQ� LQWHUDFWLRQV�DUH�GXDO�� LQ
WHUPV�RI�GHILQLWLRQDO�HQWLWLHV�PRGLILFDWLRQV��7KH\�DUH�GHWHFWHG�LQ�D
VWUDLJKWIRUZDUG�ZD\��MXVW�OLNH�WKH�RWKHU�FODVVHV�RI�LQWHUDFWLRQV��GXH
WR� WKH� VHPDQWLF� H[SUHVVLYHQHVV� RI� GHILQLWLRQDO� HQWLWLHV�� 7KHLU
GHWHFWLRQ�UHOLHV�RQ�WKH�IHDWXUH
V�FDSDELOLW\�RI�VLJQDOOLQJ�FKDQJHV�LQ
HDFK� GHILQLWLRQDO� HQWLW\��ZKLFK� LV� HDVLO\� DFKLHYHG�� LQ� RXU� REMHFW�
RULHQWHG�DSSURDFK��E\�PHDQV�RI�D�JHQHUDO�PHWKRG�GHILQHG� IRU�DOO
IHDWXUH�FODVVHV�ZLWK�WKDW�SXUSRVH�
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7KH� QHFHVVLW\� IRU� PRGHOLQJ� VROLG� REMHFWV� ZLWK� FRPSOH[� VKDSHV
GHPDQGV�IURP�IHDWXUH�EDVHG�VROLG�PRGHOHUV�WKH�DELOLW\�WR�SURSHUO\
PDQDJH�IRUP�IHDWXUH�LQWHUDFWLRQV�

$�VHPDQWLF�IUDPHZRUN�WKDW�VXSSRUWV�UHDVRQLQJ�PHFKDQLVPV�IRU
KDQGOLQJ� LQWHUDFWLRQ� VLWXDWLRQV� ZDV� GHYHORSHG�� EDVHG� RQ� WKH
PRUSKRORJLFDO� H[SUHVVLYH� SRZHU� RI� IRUP� IHDWXUHV� DQG� RQ� WKHLU
VHPDQWLF� FRPSRVLWLRQ�� )RU� WKLV� SXUSRVH�� ZH� LQWURGXFHG� WKH
FRQFHSWV� RI� GHILQLWLRQDO� HQWLWLHV� DQG� VHPDQWLF� FRQVWUDLQWV��ZKLFK
SURYHG� WR� EH� RI� JUHDW� XWLOLW\� IRU� ERWK� WKH� FODVVLILFDWLRQ� RI� WKH
YDULRXV�W\SHV�RI�LQWHUDFWLRQV�DQG�WKHLU�DXWRPDWLF�GHWHFWLRQ�

)HDWXUH� YDOLGLW\� PDLQWHQDQFH� WKURXJKRXW� LQWHUDFWLRQ
SKHQRPHQD� LV�D�NH\�SRLQW� LQ� IHDWXUH�EDVHG�PRGHOLQJ��DQG�KLJKHU
OHYHO�PHFKDQLVPV�IRU�DVVLVWLQJ�HGLWLRQ�DQG�LQWHUURJDWLRQ�RI�IHDWXUH
PRGHOV� QHHG� WR� EH� IXUWKHU� LQYHVWLJDWHG�� &XUUHQW� WUHQGV� LQ� RXU
UHVHDUFK� ZRUN� LQFOXGH� GHYHORSLQJ� VRPH� RI� WKHVH� PHFKDQLVPV�

YDOLGDWLQJ� WKHP� LQ� DQ� REMHFW�RULHQWHG� YHUVLRQ� RI� $�&UHS�� WKDW� LV
FXUUHQWO\� XQGHU� LPSOHPHQWDWLRQ�� DQG� H[WHQGLQJ� WKH� DERYH
FRQFHSWV�WR�FRPSRXQG�DQG�XVHU�GHILQHG�IRUP�IHDWXUHV�
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>�@�3UDWW�0��� 5HFHQW� 5HVHDUFK� LQ� )RUP� )HDWXUHV�� ,Q� $GYDQFHG
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>�@�3UDWW��0���6\QWKHVLV�RI�$Q�2SWLPDO�$SSURDFK�WR�)RUP�IHDWXUH
0RGHOLQJ�� ,Q� 3URFHHGLQJV� RI� WKH� ����� $60(� ,QWHUQDWLRQDO
&RPSXWHUV� LQ�(QJLQHHULQJ�&RQIHUHQFH� DQG�([KLELWLRQ�� YRO���
7KH� $PHULFDQ� 6RFLHW\� RI�0HFKDQLFDO� (QJLQHHUV�� 1HZ� <RUN�
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>�@�5RVVLJQDF�� -��� ,VVXHV� 2Q� )HDWXUH�%DVHG� (GLWLQJ� DQG
,QWHUURJDWLRQ�RI�6ROLG�0RGHOV��&RPSXWHUV�	�*UDSKLFV��YRO����
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&RQQRU�� 0��� 6*&�� $� 'LPHQVLRQ�
,QGHSHQGHQW�0RGHO� IRU�3RLQWVHWV�ZLWK� ,QWHUQDO�6WUXFWXUHV�DQG
,QFRPSOHWH� %RXQGDULHV�� ,Q�*HRPHWULF� 0RGHOLQJ� IRU� 3URGXFW
(QJLQHHULQJ��3URFHHGLQJV�RI�WKH������,),3�16)�:RUNVKRS�RQ
*HRPHWULF�0RGHOLQJ�� 5HQVVHOHDUYLOOH�� 1<�� 6HSWHPEHU� ������
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>�@�6KDK�� -��� &RQFHSWXDO� 'HYHORSPHQW� RI� )RUP� )HDWXUHV� DQG
)HDWXUH� 0RGHOHUV�� 5HVHDUFK� LQ� (QJLQHHULQJ� 'HVLJQ�� YRO���
SS��������������

)LJXUH����([DPSOH�RI�D�IHDWXUH�LQ�FORVXUH�LQWHUDFWLRQ

)LJXUH����([DPSOH�RI�D�IHDWXUH�LQ�DEVRUWLRQ�LQWHUDFWLRQ


