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*DV� WXUELQH� HQJLQHV� DUH� YHU\� FRPSOH[� ����������� SDUWV�� DQG� KDYH� H[WUHPH� RSHUDWLQJ�

FRQGLWLRQV� ����������� 530�� ���������� °)�� SUHVVXUHV� RI� ������ DWPRVSKHUHV�� DQG� ����J�
ORDGV���7KH�LPSRUWDQW�SK\VLFDO�SKHQRPHQD�WDNH�SODFH�RQ�VFDOHV�IURP�PLFURQV�WR�PHWHUV��$�
FRPSOHWH�DQG�DFFXUDWH�G\QDPLF�VLPXODWLRQ�RI�DQ�HQWLUH�HQJLQH�LV�HQRUPRXVO\�GHPDQGLQJ��LW�LV�
XQOLNHO\�WKDW�WKH�UHTXLUHG�FRPSXWLQJ�SRZHU��VLPXODWLRQ�WHFKQRORJ\�RU�VRIWZDUH�V\VWHPV�ZLOO�
EH� DYDLODEOH� LQ� WKH� QH[W� GHFDGH�� 'HVLJQLQJ� VXFK� FRPSOH[� V\VWHPV� ZLOO� XVH� IDVW�� DFFXUDWH�
VLPXODWLRQV� RI� FRPSXWDWLRQDO� PRGHOV� IURP� PXOWLSOH� HQJLQHHULQJ� GLVFLSOLQHV�� DORQJ� ZLWK�
VRSKLVWLFDWHG� RSWLPL]DWLRQ� WHFKQLTXHV� WR� KHOS� JXLGH� WKH� GHVLJQ� SURFHVV�� ,Q� WKLV� SDSHU� ZH�
SUHVHQW� D�JHQHUDO� IUDPHZRUN� IRU�EXLOGLQJ�D�PXOWLGLVFLSOLQDU\�SUREOHP�VROYLQJ�HQYLURQPHQW�
�036(�� ZKLFK� RSHUDWHV� RQ� D� QHWZRUN� RI� QRQ�KRPRJHQHRXV� FRPSXWHU� UHVRXUFHV�� :H�
GHVFULEH� WKH� LPSOHPHQWDWLRQ� RI� *DV7XUEQ/DE� XVLQJ� WKLV� IUDPHZRUN�� DQG� VKRZ� KRZ� WKH�
*DV7XUEQ/DE�036(�FDQ�EH�XVHG�IRU�WKH�GHVLJQ�RI�HIILFLHQW�JDV�WXUELQH�HQJLQHV��
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,W� LV�SUHGLFWHG�WKDW� LQ�WKH�QH[W�FHQWXU\��WKH�DYDLODEOH�FRPSXWDWLRQDO�SRZHU�ZLOO�HQDEOH�DQ\�RQH�ZLWK�
DFFHVV�WR�D�FRPSXWHU�WR�ILQG�DQ�DQVZHU�WR�DQ\�TXHVWLRQ�WKDW�KDV�D�NQRZQ�RU�HIIHFWLYHO\�FRPSXWDEOH�
DQVZHU�� 7KH� FRQFHSW� RI� SUREOHP� VROYLQJ� HQYLURQPHQWV� �36(V�� >��@>��@� SURPLVHV� WR� FRQWULEXWH�
WRZDUG�WKH�UHDOL]DWLRQ�RI�WKLV�SUHGLFWLRQ�IRU�SK\VLFDO�PRGHOLQJ�DQG�WR�SURYLGH�VWXGHQWV��VFLHQWLVWV��DQG�
HQJLQHHUV� ZLWK� HQYLURQPHQWV� WKDW� DOORZ� WKHP� WR� VSHQG� PRUH� WLPH� GRLQJ� VFLHQFH� DQG� HQJLQHHULQJ�
UDWKHU�WKDQ�FRPSXWLQJ���
�
7KH�SUHGLFWHG�JURZWK�RI�FRPSXWDWLRQDO�SRZHU�DQG�QHWZRUN�EDQGZLGWK�VXJJHVWV�WKDW�FRPSXWDWLRQDO�
PRGHOLQJ�DQG�H[SHULPHQWDWLRQ�ZLOO�EH�RQH�RI�WKH�PDLQ�WRROV�LQ�ELJ�DQG�VPDOO�VFLHQFH��,Q�WKLV�VFHQDULR��
FRPSXWDWLRQDO�PRGHOLQJ�ZLOO�VKLIW�IURP�WKH�FXUUHQW�VLQJOH�SK\VLFDO�FRPSRQHQW�GHVLJQ�WR�WKH�GHVLJQ�RI�
D� ZKROH� SK\VLFDO� V\VWHP� ZLWK� D� ODUJH� QXPEHU� RI� FRPSRQHQWV� WKDW� KDYH� GLIIHUHQW� VKDSHV�� REH\�
GLIIHUHQW� SK\VLFDO� ODZV� DQG� PDQXIDFWXULQJ� FRQVWUDLQWV�� DQG� LQWHUDFW� ZLWK� HDFK� RWKHU� WKURXJK�
JHRPHWULF� DQG�SK\VLFDO� LQWHUIDFHV��)RU� H[DPSOH�� WKH� DQDO\VLV�RI� DQ�HQJLQH� LQYROYHV� WKH�GRPDLQV�RI�
WKHUPRG\QDPLFV� � �EHKDYLRU� RI� WKH� JDVHV� LQ� WKH� SLVWRQ�F\OLQGHU� DVVHPEOLHV��� PHFKDQLFV� �NLQHPDWLFV�
DQG�G\QDPLF�EHKDYLRUV�RI�SLVWRQV��OLQNV��FUDQNV��HWF����VWUXFWXUHV���VWUHVVHV�DQG�VWUDLQV�RQ�WKH�SDUWV��
DQG�JHRPHWU\� �VKDSH�RI� WKH� FRPSRQHQWV� DQG� WKH� VWUXFWXUDO� FRQVWUDLQWV���7KH�GHVLJQ�RI� WKH�HQJLQH�
UHTXLUHV�WKDW�WKHVH�GLIIHUHQW�GRPDLQ�VSHFLILF�DQDO\VHV�LQWHUDFW�LQ�RUGHU�WR�ILQG�WKH�ILQDO�VROXWLRQ��7KH�
GLIIHUHQW� GRPDLQV� VKDUH� FRPPRQ� SDUDPHWHUV� DQG� LQWHUIDFHV� EXW� HDFK� KDV� LWV� RZQ� SDUDPHWHUV� DQG�
FRQVWUDLQWV��:H�UHIHU�WR�WKHVH�PXOWL�FRPSRQHQW�EDVHG�SK\VLFDO�V\VWHPV�DV�PXOWL�SK\VLFV�DSSOLFDWLRQV��
7KH� UHDOL]DWLRQ� RI� WKH� DERYH� VFHQDULR�� ZKLFK� LV� H[SHFWHG� WR� KDYH� VLJQLILFDQW� LPSDFW� LQ� LQGXVWU\��
HGXFDWLRQ��DQG�WUDLQLQJ��ZLOO�UHTXLUH�WKH�GHYHORSPHQW�RI�QHZ�DOJRULWKPLF�VWUDWHJLHV�DQG�VRIWZDUH�IRU�
PDQDJLQJ�WKH�FRPSOH[LW\�DQG�KDUYHVWLQJ�WKH�SRZHU�RI�WKH�H[SHFWHG�+3&&�UHVRXUFHV��LW�ZLOO�UHTXLUH�
36(�WHFKQRORJ\�WR�VXSSRUW�SURJUDPPLQJ�LQ�WKH�ODUJH�DQG�UHGXFH�WKH�RYHUKHDG�RI�+3&&�FRPSXWLQJ��
7KH� PDLQ� UHVHDUFK� WKUXVW� LQ� WKLV� DUHD� VKRXOG� EH� WR� LGHQWLI\� WKH� IUDPHZRUN� IRU� WKH� QXPHULFDO�
VLPXODWLRQ� RI� PXOWL�SK\VLFV� DSSOLFDWLRQV� DQG� WR� GHYHORS� WKH� HQDEOLQJ� WKHRULHV� DQG� WHFKQRORJLHV�
QHHGHG�WR�VXSSRUW�DQG�LPSOHPHQW�WKLV�IUDPHZRUN�LQ�VSHFLILF�DSSOLFDWLRQV��7KH�036(�LV�WKH�VRIWZDUH�
LPSOHPHQWDWLRQ� RI� WKLV� IUDPHZRUN�� ,W� LV� DVVXPHG� WKDW� LWV� HOHPHQWV� DUH� GLVFLSOLQH�VSHFLILF� SUREOHP�
VROYLQJ� HQYLURQPHQWV�� 7KH� 036(� GHVLJQ� REMHFWLYH� LV� WR� DOORZ� WKH� QDWXUDO� VSHFLILFDWLRQ� RI� PXOWL�
SK\VLFV�DSSOLFDWLRQV�DQG�WKHLU�VLPXODWLRQ�ZLWK� LQWHUDFWLQJ�36(V�WKURXJK�PDWKHPDWLFDO�DQG�VRIWZDUH�
LQWHUIDFHV� DFURVV� QHWZRUNV� RI� FRPSXWDWLRQDO� UHVRXUFHV�� ,Q� WKLV� GRFXPHQW�� ZH� GHVFULEH� D� VRIWZDUH�
DUFKLWHFWXUH� IRU� 036(V� DQG� LWV� LPSOHPHQWDWLRQ� IRU� D� PXOWL�SK\VLFV� DSSOLFDWLRQ� UHODWHG� WR� WKH�
VLPXODWLRQ�RI�JDV�WXUELQH�HQJLQHV���
�
7KLV�GRFXPHQW�LV�RUJDQL]HG�DV�IROORZV�6HFWLRQ���GHILQHV�WKH�FRQFHSW�RI�WKH�PXOWLGLVFLSOLQDU\�SUREOHP�
VROYLQJ�HQYLURQPHQW�DQG�UHYLHZV�WKH�DVVRFLDWHG�UHVHDUFK�LVVXHV��6HFWLRQ���GHVFULEHV�WKH�JDV�WXUELQH�
HQJLQH�DV�D�PXOWL�SK\VLFV�DSSOLFDWLRQ��6HFWLRQ���SUHVHQWV�WKH�GHVLJQ�DQG�DSSOLFDWLRQ�LQIUDVWUXFWXUH�RI�
WKH� DJHQW�EDVHG� 036(� IUDPHZRUN�� 6HFWLRQ� �� GHVFULEHV� WKH� LPSOHPHQWDWLRQ� RI� WKH� *DV7XUEQ/DE�
036(� XVLQJ� WKLV� IUDPHZRUN�� ,Q� 6HFWLRQ� ��� ZH� GLVFXVV� UHVXOWV� RI� SURWRW\SH� *DV7XUEQ/DE� HQJLQH�
VLPXODWLRQV��DQG�IXUWKHU�VLPXODWLRQ�VWXGLHV�DUH�RXWOLQHG�LQ�6HFWLRQ����:H�FRQFOXGH�RXU�GLVFXVVLRQ�LQ�
6HFWLRQ���ZLWK�DQ�DQDO\VLV�RI�WKH�RYHUDOO�036(�IUDPHZRUN�DUFKLWHFWXUH�DQG�WKH�PDMRU�FKDOOHQJHV�LQ�
YDOLGDWLQJ�WKLV�DUFKLWHFWXUH�DQG�LWV�SULQFLSOH�REMHFWLYHV�WKURXJK�WKH�LPSOHPHQWDWLRQ�RI�*DV7XUEQ/DE��
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,Q�WKH�IROORZLQJ�ZH�GHILQH�WKH�36(�DQG�036(�FRQFHSWV�DQG�UHYLHZ�WKH�DVVRFLDWHG�UHVHDUFK�LVVXHV���
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'20$,1�63(&,),&�36(6��(YHQ�LQ�WKH�HDUO\�����V��VFLHQWLVWV�KDG�EHJXQ�WR�HQYLVLRQ�SUREOHP�VROYLQJ�
FRPSXWLQJ� HQYLURQPHQWV� QRW� RQO\� SRZHUIXO� HQRXJK� WR� VROYH� FRPSOH[� SUREOHPV�� EXW� DOVR� DEOH� WR�
LQWHUDFW�ZLWK�XVHUV�RQ�KXPDQ�WHUPV��7KH�UDWLRQDOH�RI�RXU�UHVHDUFK�LV�WKDW�WKH�GUHDP�RI�WKH�����V�ZLOO�
EH�WKH�UHDOLW\�RI�WKH���VW��+LJK�SHUIRUPDQFH�FRPSXWHUV�FRPELQHG�ZLWK�EHWWHU�DOJRULWKPV�DQG�EHWWHU�
XQGHUVWDQGLQJ�RI�FRPSXWDWLRQDO�VFLHQFH�KDYH�SXW�36(V�ZHOO�ZLWKLQ�RXU�UHDFK���
�
:KDW�DUH�36(V�"�$�36(�LV�D�FRPSXWHU�V\VWHP�WKDW�SURYLGHV�DOO�WKH�FRPSXWDWLRQDO�IDFLOLWLHV�QHHGHG�WR�
VROYH� D� WDUJHW� FODVV� RI� SUREOHPV�� 7KHVH� IDFLOLWLHV� LQFOXGH� DGYDQFHG� VROXWLRQ� PHWKRGV�� DXWRPDWLF�
VHOHFWLRQ�RI�DSSURSULDWH�PHWKRGV��XVH�RI�WKH�DSSOLFDWLRQ�GRPDLQ
V�ODQJXDJH��XVH�RI�SRZHUIXO�JUDSKLFV��
V\PEROLF�DQG�JHRPHWU\�EDVHG�FRGH�JHQHUDWLRQ�IRU�SDUDOOHO�PDFKLQHV��DQG�SURJUDPPLQJ�LQ�WKH�ODUJH��
7KH�VFRSH�RI�D�36(� LV� WKH�H[WHQW�RI� WKH�SUREOHP�VHW� LW�DGGUHVVHV��7KLV�VFRSH�FDQ�EH�YHU\�QDUURZ��
PDNLQJ�WKH�36(�FRQVWUXFWLRQ�YHU\�VLPSOH��1HYHUWKHOHVV��HYHQ�ZKDW�DSSHDUV�WR�EH�D�PRGHVW�VFRSH�FDQ�
EH� D� VHULRXV� VFLHQWLILF� FKDOOHQJH�� )RU� H[DPSOH�� ZH� KDYH� FUHDWHG� D� 36(� IRU� ELRVHSDUDWLRQ� DQDO\VLV�
>��@>��@�� 7KLV� KDV� D� QDUURZ� VFRSH�� EXW� LV� VWLOO� D� FRPSOH[� FKDOOHQJH� DV� ZH� LQFRUSRUDWH� ERWK� D�
FRPSXWDWLRQDO�PRGHO�DQG�DQ�H[SHULPHQWDO�SURFHVV�VXSSRUWHG�E\�SK\VLFDO�ODERUDWRU\�LQVWUXPHQWV��:H�
DUH� DOVR�FUHDWLQJ�D�36(�FDOOHG�3'(/DE� IRU�SDUWLDO�GLIIHUHQWLDO� HTXDWLRQV� �3'(V�� >��@��7KLV� LV� D� IDU�
PRUH�GLIILFXOW�DUHD�WKDQ�ELRVHSDUDWLRQ�DQG�WKH�UHVXOWLQJ�36(�ZLOO�EH�OHVV�SRZHUIXO��OHVV�DEOH�WR�VROYH�
DOO�WKH�SUREOHPV�SRVHG�WR�LW���OHVV�UHOLDEOH��OHVV�DEOH�WR�JXDUDQWHH�WKH�FRUUHFWQHVV�RI�UHVXOWV���EXW�PRUH�
JHQHULF� �PRUH� DEOH� WR� SDUVH� WKH� VSHFLILFDWLRQV� RI� PDQ\� 3'(� PRGHOV��� 1HYHUWKHOHVV�� 3'(/DE� ZLOO�
SURYLGH�D�TXDQWXP�MXPS�LQ�WKH�3'(�VROYLQJ�SRZHU�GHOLYHUHG�LQWR�WKH�KDQGV�RI�WKH�ZRUNLQJ�VFLHQWLVW�
DQG�HQJLQHHU���
�
:KDW�DUH�WKH�36(�UHODWHG�UHVHDUFK�LVVXHV�WR�EH�DGGUHVVHG"�$�VXEVWDQWLYH�UHVHDUFK�HIIRUW�LV�QHHGHG�WR�OD\�WKH�
IRXQGDWLRQV�IRU�EXLOGLQJ�36(V��7KLV�HIIRUW�VKRXOG�EH�GLUHFWHG�WRZDUGV�����D�36(�NHUQHO�IRU�EXLOGLQJ�
VFLHQWLILF�36(V� >��@�� ����D�NQRZOHGJH�EDVHG�IUDPHZRUN�WR�DGGUHVV�FRPSXWDWLRQDO� LQWHOOLJHQFH� LVVXHV�
IRU� 3'(� EDVHG� 36(V� >��@>��@�� ���� LQIUDVWUXFWXUH� IRU� VROYLQJ� 3'(V� >��@>��@>��@>��@>��@�� ����SDUDOOHO�
3'(�PHWKRGRORJLHV�>��@>��@>��@>��@>��@>��@�DQG�����YLUWXDO�FRPSXWDWLRQDO�HQYLURQPHQWV�>��@>��@>��@���
�
036(6�)25�352727<3,1*�2)�3+<6,&$/�6<67(06��,I�36(V�DUH�VR�SRZHUIXO��ZKDW�WKHQ�LV�DQ�036("�
,Q� VLPSOH� WHUPV�� DQ� 036(� LV� D� IUDPHZRUN� DQG� VRIWZDUH� NHUQHO� IRU� FRPELQLQJ� 36(V� IRU� WDLORUHG��
IOH[LEOH�PXOWLGLVFLSOLQDU\�DSSOLFDWLRQV��$�SK\VLFDO�V\VWHP�LQ�WKH�UHDO�ZRUOG�QRUPDOO\�FRQVLVWV�RI�D�ODUJH�
QXPEHU� RI� FRPSRQHQWV� WKDW� KDYH� GLIIHUHQW� VKDSHV�� REH\� GLIIHUHQW� SK\VLFDO� ODZV� DQG�
PDQXIDFWXULQJ�GHVLJQ� FRQVWUDLQWV�� DQG� LQWHUDFW� WKURXJK� JHRPHWULF� DQG� SK\VLFDO� LQWHUIDFHV��
0DWKHPDWLFDOO\��WKH�SK\VLFDO�EHKDYLRU�RI�HDFK�FRPSRQHQW�LV�PRGHOHG�E\�D�3'(�RU�2'(�V\VWHP�ZLWK�
YDULRXV� IRUPXODWLRQV� IRU� WKH� JHRPHWU\�� 3'(�� 2'(�� LQWHUIDFH�ERXQGDU\�OLQNDJH� DQG� FRQVWUDLQW�
FRQGLWLRQV� LQ� PDQ\� GLIIHUHQW� JHRPHWULF� UHJLRQV�� ,W� LV� GLIILFXOW� WR� LPDJLQH� FUHDWLQJ� D� PRQROLWKLF�
VRIWZDUH�V\VWHP�WR�DFFXUDWHO\�PRGHO�VXFK�D�UHDO�SUREOHP�ZLWK�FRPSOLFDWHG�DUWLIDFWV�VXFK�DV�WKH�WXUER�
HQJLQH�� ZKLFK� KDV� OLWHUDOO\� KXQGUHGV� RI� RGG� VKDSHG� SDUWV� DQG� D� GR]HQ� SK\VLFDO� SKHQRPHQD��
7KHUHIRUH�� RQH� QHHGV� DQ� 036(� PDWKHPDWLFDO�VRIWZDUH� IUDPHZRUN� ZKLFK� LV� DSSOLFDEOH� WR� D� ZLGH�
YDULHW\� RI� SUDFWLFDO� SUREOHPV�� DOORZV� IRU� VRIWZDUH� UHXVH� LQ� RUGHU� WR� DFKLHYH� ORZHU� FRVWV� DQG� KLJK�
TXDOLW\�� DQG� LV� VXLWDEOH� IRU� VRPH� UHDVRQDEO\� IDVW� QXPHULFDO� PHWKRGV�� 0RVW� SK\VLFDO� V\VWHPV� DQG�
PDQXIDFWXUHG� DUWLIDFWV� FDQ� EH� PRGHOHG� DV� D� PDWKHPDWLFDO� QHWZRUN� ZKRVH� QRGHV� UHSUHVHQW� WKH�
SK\VLFDO�FRPSRQHQWV�LQ�D�V\VWHP�RU�DUWLIDFW��(DFK�QRGH�KDV�D�PDWKHPDWLFDO�PRGHO�RI�WKH�SK\VLFV�RI�
WKH�FRPSRQHQW�LW�UHSUHVHQWV�DQG�D�VROYHU�DJHQW�IRU�LWV�DQDO\VLV��,QGLYLGXDO�FRPSRQHQWV�DUH�FKRVHQ�VR�
WKDW�HDFK�QRGH�FRUUHVSRQGV�WR�D�VLPSOH�3'(�RU�2'(�SUREOHP�GHILQHG�RQ�D�UHJXODU�JHRPHWU\���
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:KDW� DUH� WKH� PDWKHPDWLFDO� QHWZRUN� PHWKRGRORJLHV� UHTXLUHG"� :KDW� DUH� WKH� UHVHDUFK� LVVXHV"� 7KHUH� H[LVW� PDQ\�
VWDQGDUG��UHOLDEOH�3'(�2'(�VROYHUV�WKDW�FDQ�EH�DSSOLHG�WR�WKHVH�ORFDO�QRGH�SUREOHPV��,Q�DGGLWLRQ��
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WKHUH� DUH� QRGHV� WKDW� FRUUHVSRQG� WR� LQWHUIDFHV� �H�J�� 2'(V�� REMHFWLYH� IXQFWLRQV�� UHODWLRQV�� FRPPRQ�
SDUDPHWHUV�DQG�WKHLU�FRQVWUDLQWV��WKDW�PRGHO�WKH�FROODERUDWLQJ�SDUWV�LQ�WKH�JOREDO�PRGHO��0RUHRYHU��
WKH�DQDO\VLV�RI� DQ�DUWLIDFW� FKDQJHV� WKURXJK� WLPH�� WKXV�VRPH�RI� WKH� LQWHUIDFHV�DSSHDU�DQG�GLVDSSHDU�
GXULQJ�WKH�DQDO\VLV�VHVVLRQ��7R�VROYH�WKH�JOREDO�SUREOHP��ZH�OHW�WKHVH�ORFDO�VROYHUV�FROODERUDWH�ZLWK�
HDFK�RWKHU�WR�UHOD[��L�H���UHVROYH��WKH�LQWHUIDFH�FRQGLWLRQV��$Q�LQWHUIDFH�FRQWUROOHU�RU�PHGLDWRU�DJHQW�
FROOHFWV�ERXQGDU\�YDOXHV��G\QDPLF�VKDSH�FRRUGLQDWHV��DQG�SDUDPHWHUV�FRQVWUDLQWV�IURP�QHLJKERULQJ�
VXEGRPDLQV� DQG� DGMXVWV� ERXQGDU\� YDOXHV� DQG� G\QDPLF�VKDSH� FRRUGLQDWHV� WR� EHWWHU� VDWLVI\� WKH�
LQWHUIDFH�FRQGLWLRQV��7KHUHIRUH��WKH�QHWZRUN�DEVWUDFWLRQ�RI�D�SK\VLFDO�V\VWHP�RU�DUWLIDFW�DOORZV�XV�WR�
EXLOG�D�VRIWZDUH�V\VWHP�WKDW�LV�D�QHWZRUN�RI�FROODERUDWLQJ�ZHOO�GHILQHG�QXPHULFDO�REMHFWV�WKURXJK�D�
VHW�RI�LQWHUIDFHV��6RPH�RI�WKH�WKHRUHWLFDO�LVVXHV�RI�WKLV�PHWKRGRORJ\�KDYH�EHHQ�DGGUHVVHG�LQ�>��@��>��@�
DQG�>��@�IRU�WKH�FDVH�RI�FROODERUDWLQJ�3'(�PRGHOV��7KH�UHVXOWV�REWDLQHG�VR�IDU�YHULI\�WKH�IHDVLELOLW\�
DQG�SRWHQWLDO�RI�QHWZRUN�EDVHG�SURWRW\SLQJ���
�
:KDW�DUH� WKH� VRIWZDUH�PHWKRGRORJLHV� IRU� LPSOHPHQWLQJ� WKH�PDWKHPDWLFDO�QHWZRUN"�:KDW�DUH� WKH�UHVHDUFK� LVVXHV"�$�
VXFFHVVIXO�DUFKLWHFWXUH� IRU�36(V�UHTXLUHV�KHDY\�UHXVH�RI�H[LVWLQJ�VRIWZDUH�ZLWKLQ�D�PRGXODU��REMHFW�
RULHQWHG� IUDPHZRUN� FRQVLVWLQJ� RI� OD\HUV� RI� REMHFWV�� 7KH� NHUQHO� OD\HU� LQWHJUDWHV� WKRVH� FRPSRQHQWV�
FRPPRQ� WR� PRVW� 36(V� RU� 036(V� IRU�SK\VLFDO� V\VWHPV��:H�REVHUYH� WKDW� WKLV� DUFKLWHFWXUH� FDQ�EH�
FRPELQHG�ZLWK�DQ�DJHQW�RULHQWHG�SDUDGLJP�DQG�FROODERUDWLQJ�VROYHUV� >��@� WR�FUHDWH� WKH�036(�DV�D�
SRZHUIXO�SURWRW\SLQJ�WRRO��036(V�PXVW�H[SORLW�DQG�EXLOG�RQ�WKH�QHZ�WHFKQRORJLHV�RI�FRPSXWLQJ��%\�
WKH� WLPH� 036(V� DUH� RSHUDWLRQDO�� WKH� DGYDQFHV� LQ� FRPSXWLQJ� SRZHU� DQG� WKH� FRPPXQLFDWLRQ�
LQIUDVWUXFWXUH�ZLOO�DOORZ�XELTXLWRXV�KLJK�SHUIRUPDQFH�FRPSXWLQJ��L�H���HYHU\ZKHUH�E\�HYHU\RQH��7KH�
GHVLJQV�IRU�036(�PXVW�EH�DSSOLFDWLRQ�DQG�XVHU�GULYHQ��$Q�036(�PXVW�VLPXOWDQHRXVO\�PLQLPL]H�WKH�
HIIRUW�DQG�PD[LPL]H�WKH�VROXWLRQ�SRZHU�GHOLYHUHG�WR�UHVHDUFKHUV��HQJLQHHUV�DQG�VFLHQWLVWV��VWXGHQWV��
DQG� WUDLQHHV�� :H� VKRXOG� QRW� UHVWULFW� RXU� GHVLJQ� MXVW� WR� XVH� WKH� FXUUHQW� WHFKQRORJ\� RI� KLJK�
SHUIRUPDQFH�FRPSXWHUV��SRZHUIXO�JUDSKLFV��PRGXODU�VRIWZDUH�HQJLQHHULQJ��DQG�DGYDQFHG�DOJRULWKPV��
:H�VHH�036(�DV�GHOLYHULQJ�SUREOHP�VROYLQJ�VHUYLFHV�RYHU�WKH�1HW��7KLV�YLHZSRLQW�OHDGV�QDWXUDOO\�WR�
FROODERUDWLQJ�DJHQW�EDVHG�PHWKRGRORJLHV��7KLV�� LQ�WXUQ��OHDGV�WR�YHU\�VXEVWDQWLDO�DGYDQWDJHV�LQ�ERWK�
VRIWZDUH�GHYHORSPHQW� DQG�TXDOLW\�RI� VHUYLFH� DV� IROORZV��:H� HQYLVLRQ� WKDW� D�XVHU�RI� DQ�036(�ZLOO�
UHFHLYH� RQO\� WKH� XVHU� LQWHUIDFH� DW�KLV� ORFDWLRQ��7KXV�� WKH�036(� VHUYHU�ZLOO� H[SRUW� DQ� DJHQW� WR� WKH�
XVHU
V�PDFKLQH�WKDW�SURYLGHV�DQ�LQWHUDFWLYH�XVHU�LQWHUIDFH�EXLOW�RQ�WRS�RI�WKH�VWDQGDUG�VHUYLFHV�RI�WKH�
1HW��7KH�EXON�RI�WKH�VRIWZDUH�DQG�FRPSXWLQJ�LV�GRQH�DW�WKH�VHUYHU�VLWH��XVLQJ�VRIWZDUH�WDLORUHG�WR�D�
NQRZQ�DQG� FRQWUROOHG� HQYLURQPHQW��7KH� VHUYHU� VLWH� FDQ�� LQ� WXUQ�� UHTXHVW� VHUYLFHV� IURP�VSHFLDOL]HG�
UHVRXUFHV�LW�NQRZV��H�J���D�FRPPHUFLDO�3'(�VROYHU��D�SURSULHWDU\�RSWLPL]DWLRQ�SDFNDJH��D������QRGH�
VXSHUFRPSXWHU�� DQ� DG� KRF� FROOHFWLRQ� RI� ���� ZRUNVWDWLRQV�� D� GDWDEDVH� RI� SK\VLFDO� SURSHUWLHV� RI�
PDWHULDOV��(DFK�RI�WKHVH�UHVRXUFHV�LV�FRQWDFWHG�E\�DQ�DJHQW�IURP�WKH�036(��ZLWK�D�VSHFLILF�UHTXHVW�
IRU�SUREOHP�VROYLQJ�RU�LQIRUPDWLRQ�VHUYLFH��$JDLQ��DOO�WKH�FROODERUDWLRQ�LV�EXLOW�RQ�VWDQGDUG�QHWZRUN�
VHUYLFHV�� DQG�DOO� FDQ�EH�PDQDJHG�ZLWKRXW� LQYROYLQJ� WKH�XVHU��ZLWKRXW�PRYLQJ� VRIWZDUH� WR�DUELWUDU\�
SODWIRUPV��DQG�ZLWKRXW�UHYHDOLQJ�VRXUFH�FRGHV���
�
:KDW� DUH� WKH� GHVLJQ� REMHFWLYHV� RI� DQ� 036(� IRU� SK\VLFDO� V\VWHP� GHVLJQ"� :KDW� DUH� WKH� UHVHDUFK� LVVXHV"� 7KHVH�
PDWKHPDWLFDO� QHWZRUNV� FDQ�EH�YHU\� ODUJH� IRU�PDMRU� DSSOLFDWLRQV��)RU�D� UHDOLVWLF� WXUELQH� VLPXODWLRQ��
WKHUH� DUH� SHUKDSV� ���� PLOOLRQ� YDULDEOHV� DQG� PDQ\� GLIIHUHQW� WLPH� VFDOHV�� 7KLV� SUREOHP� KDV� YHU\�
FRPSOH[�JHRPHWU\� DQG� LV�QRQ�KRPRJHQHRXV��7KH�DQVZHU� �D�GDWD� VHW� WKDW� DOORZV�RQH� WR�GLVSOD\� DQ�
DFFXUDWH�DSSUR[LPDWH�VROXWLRQ�DW�DQ\�SRLQW��LV����JLJDE\WHV�LQ�VL]H�DQG�UHTXLUHV�DERXW����WHUDIORSV�WR�
FRPSXWH��7KLV�GDWD�VHW�LV�PXFK�VPDOOHU�WKDQ�WKH�FRPSXWHG�QXPHULFDO�VROXWLRQ��7KH�QHWZRUN�RI�3'(�
VROYHUV�PLJKW�KDYH��������VXEGRPDLQV�DQG�������� LQWHUIDFHV��$�VRIWZDUH�QHWZRUN�RI� WKLV� W\SH� LV�D�
QDWXUDO�PDSSLQJ�RI�D�SK\VLFDO�V\VWHP�DQG�VLPXODWHV�KRZ�WKH�UHDO�ZRUOG�HYROYHV��7KLV�DOORZV�WKH�XVH�
RI� VRIWZDUH� SDUWV� WHFKQRORJ\� �REMHFW�RULHQWHG� SURJUDPPLQJ�� WKDW� LV� WKH� QDWXUDO� HYROXWLRQ� RI� WKH�
VRIWZDUH�OLEUDU\�LGHD��,W�DOORZV�VRIWZDUH�UHXVH�IRU�HDV\�VRIWZDUH�XSGDWH�DQG�HYROXWLRQ��WKLQJV�WKDW�DUH�
H[WUHPHO\� LPSRUWDQW� LQ�SUDFWLFH��7KH� UHDO�ZRUOG� LV� VR�FRPSOLFDWHG�DQG�GLYHUVH� WKDW�ZH�EHOLHYH� LW� LV�
LPSUDFWLFDO� WR� EXLOG� PRQROLWKLF�� XQLYHUVDO� VROYHUV� IRU� VXFK�SUREOHPV��:LWKRXW� VRIWZDUH� UHXVH�� LW� LV�
LPSUDFWLFDO� IRU� D� VLQJOH� VFLHQWLVW� WR� FUHDWH� D� ODUJH� VRIWZDUH� V\VWHP� IRU� D� UHDVRQDEO\� FRPSOLFDWHG�



�

���

DSSOLFDWLRQ�� (DFK� QHZ� DXWRPRELOH� QRUPDOO\� UHVXOWV� LQ� D� QHZ� VRIWZDUH� V\VWHP�� 5HFUHDWLQJ� VXFK� D�
V\VWHP� FRXOG� HDVLO\� WDNH� VHYHUDO� PRQWKV� RU� \HDUV�� ,Q� FRQWUDVW�� WKH� H[HFXWLRQ� WLPH� WR� SHUIRUP� WKH�
UHTXLUHG� FRPSXWDWLRQ� PLJKW� RQO\� EH� D� IHZ� GD\V�� 1RWLFH� WKDW� VXFK� D� SK\VLFDO� FKDQJH� XVXDOO\�
FRUUHVSRQGV� WR� UHSODFLQJ�� DGGLQJ�� RU� GHOHWLQJ� D� IHZ� QRGHV� LQ� WKH� QHWZRUN� ZLWK� D� FRUUHVSRQGLQJ�
FKDQJH�LQ�LQWHUIDFH�FRQGLWLRQV��7KHVH�DUH�VLPSOH�PDQLSXODWLRQV�RQ�D�QHWZRUN��ZKLFK�GR�QRW�DIIHFW�WKH�
UHVW�RI�WKH�V\VWHP�DQG�FDQ�WKXV�EH�HDVLO\�GRQH��,Q�WKLV�DSSOLFDWLRQ��HDFK�SK\VLFDO�FRPSRQHQW�FDQ�EH�
YLHZHG�ERWK� DV� D�SK\VLFDO� REMHFW� DQG� DV� D� VRIWZDUH�REMHFW�� ,Q� DGGLWLRQ�� WKLV�PDWKHPDWLFDO�QHWZRUN�
DSSURDFK�LV�QDWXUDOO\�VXLWDEOH�IRU�SDUDOOHO�FRPSXWLQJ�DV�LW�H[SORLWV�WKH�SDUDOOHOLVP�LQ�SK\VLFDO�V\VWHPV���
�
2QH� FDQ� KDQGOH� LVVXHV� OLNH� GDWD� SDUWLWLRQLQJ�� DVVLJQPHQW�� DQG� ORDG� EDODQFLQJ� RQ� WKH� SK\VLFV� OHYHO�
XVLQJ�WKH�VWUXFWXUH�RI�D�JLYHQ�SK\VLFDO�V\VWHP��6\QFKURQL]DWLRQ�DQG�FRPPXQLFDWLRQ�DUH�FRQWUROOHG�E\�
WKH�PDWKHPDWLFDO�QHWZRUN�VSHFLILFDWLRQV�DQG�DUH�UHVWULFWHG�WR�LQWHUIDFHV�RI�VXEGRPDLQV��ZKLFK�UHVXOWV�
LQ� D� FRDUVH�JUDLQHG� FRPSXWDWLRQDO� SUREOHP�� 7KLV� LV� HVSHFLDOO\� VXLWDEOH� IRU� WRGD\
V� PRVW� DGYDQFHG�
SDUDOOHO� VXSHUFRPSXWHU� DUFKLWHFWXUHV�� 7KH� QHWZRUN� DSSURDFK� DOVR� DOORZV� KLJK� VFDODELOLW\�� 5HDOL]LQJ�
WKLV�036(�WHFKQRORJ\�UHTXLUHV�UHVHDUFK�DGYDQFHV�ERWK�LQ�WKH�JHQHUDO�VWUXFWXUH�DQG�LPSOHPHQWDWLRQ�
DUHD�DQG�LQ�PRUH�VSHFLILF�DUHDV�IURP�WKH�WDUJHW�DSSOLFDWLRQV��)RU�H[DPSOH��ZH�PXVW�GHVLJQ�DQG�FUHDWH�
WKH� WRROV� WKDW� DOORZ� WKH� 036(� DJHQWV� WR� FROODERUDWH� RYHU� WKH� 1HW�� :H� PXVW� FUHDWH� D� IOH[LEOH� DQG�
JHQHUDO� PHWKRGRORJ\� IRU� LQWHUIDFLQJ� ODUJH� DQG� KHWHURJHQHRXV� VRIWZDUH� V\VWHPV�� ,Q� WKH� IROORZLQJ�
VHFWLRQ�� ZH� SURSRVH� D� VRIWZDUH� IUDPHZRUN� IRU� 036(V� VXSSRUWLQJ� 3'(� EDVHG� DSSOLFDWLRQV� DQG�
GHVFULEH� LWV� LPSOHPHQWDWLRQ�IRU�D�PXOWL�SK\VLFV�DSSOLFDWLRQ�UHODWHG� WR� WKH�VLPXODWLRQ�RI�JDV� WXUELQH�
HQJLQHV��
�

6(&7,21��� �7+(�*$6�785%,1(�(1*,1(�08/7,',6&,3/,1$5<�$33/,&$7,21�

7KH�JDV�WXUELQH�HQJLQH�LV�DQ�HQJLQHHULQJ�WULXPSK��,W�KDV�PRUH�WKDQ�������SDUWV�ZLWK�URWDWLRQDO�VSHHGV�
WR� ������� USP� IRU� D[LDO� DQG� ������� USP� IRU� UDGLDO� IORZ� FRPSRQHQWV�� )RU� DLUFUDIW� DSSOLFDWLRQV�� LW�
RSHUDWHV� ZLWK� PDQHXYHU� ORDGV� RI� XS� WR� ��J�� ZLWK� IORZ� SDWK� SUHVVXUHV� DQG� WHPSHUDWXUHV� WR� ���
DWPRVSKHUHV� DQG� �����)��7KH� H[WUHPH� FRPSOH[LW\� DQG�KLJK²SHUIRUPDQFH� UHTXLUHPHQWV�RI� DLUFUDIW�
JDV�WXUELQHV�DUH�LOOXVWUDWHG�LQ�)LJXUH����7KH�LPSRUWDQW�SK\VLFDO�SKHQRPHQD�WDNH�SODFH�RQ�VFDOHV�IURP�
��������PLFURQV� WR�PHWHUV��$�FRPSOHWH�DQG�DFFXUDWH�VLPXODWLRQ�RI�DQ�HQWLUH�HQJLQH� LV�HQRUPRXVO\�
GHPDQGLQJ�� LW� LV� XQOLNHO\� WKDW� WKH� UHTXLUHG� FRPSXWLQJ� SRZHU�� VLPXODWLRQ� WHFKQRORJ\� RU� VRIWZDUH�
V\VWHPV�ZLOO�EH�DYDLODEOH�LQ�WKH�QH[W�GHFDGH��7KH�SULPDU\�JRDO�RI�WKH�*DV7XUEQ/DE�UHVHDUFK�SURMHFW�LV�
WR� DGYDQFH� WKH� VWDWH�RI²WKH�DUW� LQ� YHU\� FRPSOH[� VFLHQWLILF� VLPXODWLRQV� DQG� YDOLGDWH� WKH� UHVXOWV��
6SHFLILFDOO\�� ZH� FRQVLGHU� VLPXODWLQJ� WKH� FRPSUHVVRU�FRPEXVWRU�WXUELQH� FRXSOLQJ� LQ� D� JDV� WXUELQH�
HQJLQH�>��@��)RU�WKLV�ZH�SODQ�WR�GHVLJQ�DQG�LPSOHPHQW�D�036(��UHIHUUHG�WR�DV�*DV7XUEQ/DE��WR�VWXG\�
FRPSOH[� SK\VLFDO� SKHQRPHQD� VXFK� DV� VWDOO�� VXUJH� DQG� WXUELQH� EODGH� IDWLJXH�� )LJXUH� �� SUHVHQWV� DQ�
DEVWUDFWLRQ� RI� D� PXOWL�SK\VLFV� DSSOLFDWLRQ� DQG� WKH� FRUUHVSRQGLQJ� IXQFWLRQDO� UHTXLUHPHQWV�� 7KH�
KDUGZDUH� LQIUDVWUXFWXUH� IRU� WKHVH� VLPXODWLRQV� DQG� WKH� LPSOHPHQWDWLRQ� RI� 036(� FRQVLVWV� RI� D�
FRPSXWDWLRQDO� JULG� LQYROYLQJ� WKUHH� ��� L��� ,QWHO� 3&� FOXVWHUV� UXQQLQJ� 6RODULV�� DQ� 63���� DQG� DQ� 6*,�
2ULJLQ������ZLWK����&38V��,Q�WKLV�VWXG\�ZH�XWLOL]H�WKH�*UDVVKRSSHU�$JHQW�3ODWIRUP�>��@�ZKLFK�LV�0$6,)�
�0RELOH�$JHQW�6\VWHP�,QWHURSHUDELOLW\�)DFLOLWLHV�6SHFLILFDWLRQ��VWDQGDUG��

6(&7,21��� �)5$0(:25.�)25�$1�$*(17�%$6('�036(�

,Q� WKLV�VHFWLRQ�ZH�GHVFULEH� WKH�GHVLJQ�RI�D�JHQHUDO�036(�IUDPHZRUN� WKDW�FDQ�EH�XVHG� WR�VLPXODWH�
FRPSOH[�PXOWL�SK\VLFV�SKHQRPHQD�JRYHUQHG�E\�3'(�PRGHOV��$�QHWZRUN�RI�GLVWULEXWHG�PDFKLQHV�LV�
WKH�KDUGZDUH�LQIUDVWUXFWXUH��6LQFH�3'(�VLPXODWLRQV�DUH�RIWHQ�GHILQHG�RQ�JHRPHWULF�GRPDLQV��QDWXUDO�
RU�DUWLILFLDO�JHRPHWULF�ERXQGDULHV�FDQ�EH�XVHG�WR�VSOLW�WKH�SUREOHP�DQG�WKH�XQGHUO\LQJ�VLPXODWLRQ�LQWR�
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PDQ\� VPDOOHU� VXE�SUREOHPV�� (DFK� VXE�SUREOHP� FDQ� WKHQ� EH� VROYHG� LQGHSHQGHQWO\�� ZLWK� PHGLDWRU�
LQWHUDFWLRQV�DORQJ�WKH�ERXQGDULHV�IRU�LQWHUIDFH�UHOD[DWLRQ��7KXV��WKH�036(�IUDPHZRUN�IRU�FRPSRVLWH�
3'(� VLPXODWLRQV� LV� EDVHG� RQ� GRPDLQ� GHFRPSRVLWLRQ� ZLWK� JHRPHWULF� REMHFWV�� XVLQJ� D� QHWZRUN� RI�
3'(�VROYHUV�DQG�LQWHUIDFH�PHGLDWRUV�H[HFXWLQJ�RQ�D�QHWZRUN�RI�GLVWULEXWHG�PDFKLQHV��
�

�

)LJXUH�����9LHZ�RI�D�JDV�WXUELQH�VKRZLQJ�VRPH�RI��LWV�GHWDLO��VRPH�RI�LWV�RSHUDWLRQDO�FKDUDFWHULVWLFV�DQG�WKH�HQJLQHHULQJ�

PHWKRGRORJLHV�LQYROYHG�LQ�LWV�GHVLJQ��VLPXODWLRQ�DQG�FRQVWUXFWLRQ��

)81&7,21$/�63(&,),&$7,216�2)�7+(�036(�

7KH� GHVLJQ� RI� WKH� 036(� IUDPHZRUN� LV� GULYHQ� E\� WKH� XQGHUO\LQJ� JHRPHWULF� PRGXODULW\� RI� WKH�
SUREOHP��7KH�JHRPHWU\�LV�DVVXPHG�WR�KDYH�D�URRW�QRGH�IRU�WKH�WDUJHW�SK\VLFDO�REMHFW��GRPDLQ���DQG�
WKH� XVHU� LV� DOORZHG� WR� VXEGLYLGH� LW� LQ� PXOWLSOH� ZD\V�� 7KH� UHVXOWLQJ� QHWZRUN� RI� JHRPHWULF� REMHFWV�
GHILQHV� D� QHWZRUN� RI� 3'(� PRGHOV�� ZKHUH� HDFK� REMHFW� �VXEGRPDLQ�� LV� PRGHOHG� E\� D� 3'(�� (DFK�
VXEGRPDLQ�KDV�VRPH�QHLJKERUV�DQG�SRVVLEO\�VRPH�IL[HG�ERXQGDULHV��,I�HDFK�QHLJKERULQJ�FRQQHFWLRQ�
LV�UHSUHVHQWHG�E\�DQ�DUURZ��ZH�JHW�DQ�DEVWUDFWLRQ�RI�D�QHWZRUN�RI�3'(�PRGHOV��6LQFH�WKH�3'(V�RQ�
HDFK� VXEGRPDLQ� DUH� XVXDOO\� QRW� WKH� VDPH�� WKLV� UHSUHVHQWV� D� FRPSRVLWH�3'(�SUREOHP��7KH�036(�
IUDPHZRUN�PDSV�WKH�QHWZRUN�RI�3'(�PRGHOV�UHVXOWLQJ�IURP�D�XVHU�VSHFLILHG�SDUWLWLRQLQJ�RQWR�D�VHW�
RI�FRPSXWDWLRQDO�VROYHUV�UXQQLQJ�RQ�D�QHWZRUN�RI�PDFKLQHV��7KLV�UHVRXUFH�DOORFDWLRQ�ZLOO�EH�GRQH�LQ�
DQ� RSWLPDO� PDQQHU� WR� PLQLPL]H� WKH� FRPPXQLFDWLRQ� RYHUKHDUG� EHWZHHQ� FRPSXWDWLRQDO� DJHQWV� RI�
QHLJKERULQJ�VXEGRPDLQV��
�
8QGHU�WKH�DVVXPSWLRQ�WKDW�DQ\�VLQJOH�3'(�SUREOHP�RI�WKH�FRPSRVLWH�SUREOHP�FDQ�EH�VROYHG�H[DFWO\��
WKH� LQWHUIDFH�UHOD[DWLRQ�WHFKQLTXH�ZLOO�EH�XVHG�WR�VROYH�WKH�FRPSRVLWH�3'(�SUREOHP��7KH�LQWHUIDFH�
UHOD[DWLRQ� DOJRULWKP� LV� EDVHG� RQ� WKH� LWHUDWLRQ� VKRZQ� LQ� )LJXUH� ��� 7KLV� 036(� VXSSRUWV� XVHU�
VSHFLILFDWLRQ� RI� D� VHW� RI� JHRPHWULF� REMHFWV� WKDW� SDUWLWLRQ� D� FRPSRVLWH� SK\VLFDO� GRPDLQ�� ZLWK� D�
FRUUHVSRQGLQJ� QHWZRUN� RI� 3'(� VROYHUV� WKDW� FROODERUDWH� YLD� PHGLDWLRQ� WR� ILQG� D� VROXWLRQ� IRU� WKH�
FRPSRVLWH�SUREOHP���
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)LJXUH�����)XQFWLRQDO�YLHZ�RI�D�PXOWLGLVFLSOLQDU\�36(��7KH�FRPSXWDWLRQV�DQG�PDMRU�GDWD�H[FKDQJHV�DUH�FRQFHQWUDWHG�LQ�
WKH�QHWZRUN�RI�VROYHU�DQG�PHGLDWRU�DJHQWV��8VHUV��LQWHUDFW�ZLWK�WKH�V\VWHP�WKURXJK�WKH�JOREDO�DQG�ORFDO�*8,V��ZKLFK�VHQG�

TXHULHV�DQG�UHFHLYH�UHSOLHV�IURP�WKH�YDULRXV�DJHQWV��

7KH�036(�IUDPHZRUN�UHOLHV�RQ�DQ�DJHQW�EDVHG�LQIUDVWUXFWXUH��$OO�V\VWHP�FRPSRQHQWV��LQFOXGLQJ�WKH�
XVHU�LQWHUIDFH��WKH�´OHJDF\µ�FRPSXWDWLRQDO�3'(�VROYHUV�DQG�WKH�PHGLDWRUV��RSHUDWH�DV�DJHQWV��7KHVH�
DJHQWV� DUH� LPSOHPHQWHG� XVLQJ� WKH� *UDVVKRSSHU� $JHQW� 3ODWIRUP� >��@�� � $� EULHI� GLVFXVVLRQ� RI�
*UDVVKRSSHU�LV�JLYHQ�ILUVW��VLQFH�D�GHVFULSWLRQ�RI�LWV�IXQFWLRQDOLW\�LV�HVVHQWLDO�IRU�GHVFULELQJ�WKH�036(�
DJHQW�EDVHG�IUDPHZRUN��

7+(�*5$66+233(5�$*(17�6<67(0�

*UDVVKRSSHU� LV� DQ� DJHQW�GHYHORSPHQW�SODWIRUP� WKDW� VXSSRUWV�GLVWULEXWHG�DJHQW�EDVHG�DSSOLFDWLRQV��
7KH�SODWIRUP�SURYLGHV� D�EDVH� IRU� FRPPXQLFDWLRQ� VHUYLFHV��PRELOH� FRPSXWLQJ�SRZHU�DQG�G\QDPLF�
LQIRUPDWLRQ� UHWULHYDO�� ,W� LV� HVVHQWLDOO\� D�PRELOH� DJHQW�SODWIRUP� WKDW� LV� EXLOW� RQ� WRS�RI� D�GLVWULEXWHG�
SURFHVVLQJ� HQYLURQPHQW�� LQWHJUDWLQJ� WKH� WUDGLWLRQDO� FOLHQW�VHUYHU� SDUDGLJP� DQG� PRELOH� DJHQW�
WHFKQRORJ\��7KH�SULPDU\�IHDWXUH�RI�WKH�*UDVVKRSSHU�SODWIRUP�LV�LWV�ORFDWLRQ�LQGHSHQGHQW�FRPSXWLQJ��
GULYHQ�E\� WKH� DELOLW\� WR�PRYH� DJHQWV�EHWZHHQ�GLIIHUHQW� V\VWHPV�� ,W� LV� D�SRZHUIXO� HQYLURQPHQW� WKDW�
IDFLOLWLHV� WKH� FUHDWLRQ�RI� DJHQWV�� WUDQVSDUHQWO\� ORFDWLQJ� WKHP�DQG� FRQWUROOLQJ� WKHLU� H[HFXWLRQ��7KHVH�
DJHQW�EDVHG�DSSOLFDWLRQV�DUH�LQWHURSHUDEOH�ZLWK�RWKHU�DJHQW�V\VWHPV�WKDW�DUH�0$6,)��0RELOH�$JHQW�
6\VWHP� ,QWHURSHUDELOLW\� )DFLOLWLHV�� FRPSOLDQW�� 7KH� *UDVVKRSSHU� GLVWULEXWHG� DJHQW� HQYLURQPHQW� LV�
FRPSRVHG�RI�UHJLRQ��DJHQFLHV�DQG�DJHQWV��$W�WKH�WRS�RI�WKH�KLHUDUFK\�LV�WKH�UHJLRQ�WKDW�PDQDJHV�WKH�
GLVWULEXWHG�FRPSRQHQWV�LQ�WKH�*UDVVKRSSHU�HQYLURQPHQW��$JHQFLHV�DQG�DJHQWV�DUH�DVVRFLDWHG�ZLWK�D�
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SDUWLFXODU� UHJLRQ�� (DFK� UHJLRQ� KDV� D� UHJLVWU\� WKDW� PDLQWDLQV� LQIRUPDWLRQ� DERXW� DOO� FRPSRQHQWV�
DVVRFLDWHG�ZLWK�LW��$Q�DJHQF\�LV�WKH�UXQWLPH�HQYLURQPHQW�IRU�PRELOH�DQG�VWDWLRQDU\�DJHQWV��SURYLGLQJ�
WKH� IXQFWLRQDOLW\� WR� VXSSRUW� DJHQW� H[HFXWLRQ�� 7KH� DJHQF\� LV� UHVSRQVLEOH� IRU� D� QXPEHU� RI� VHUYLFHV��
LQFOXGLQJ� ���� FRPPXQLFDWLRQ� VHUYLFHV� IRU� DOO� UHPRWH� LQWHUDFWLRQV� WKDW� WDNH� SODFH� EHWZHHQ�
*UDVVKRSSHU� FRPSRQHQWV�� WKHLU� PRYHPHQWV� DQG� WUDQVSRUW�� ���� UHJLVWUDWLRQ� VHUYLFH� WR� WUDFN� DOO�
FXUUHQWO\� KRVWHG� DJHQWV�� ���� PDQDJHPHQW� VHUYLFHV� WKDW� PRQLWRU� H[WHUQDO� FRQWURO� RI� DJHQWV�� ����
WUDQVSRUW� VHUYLFHV� IRU� PLJUDWLRQ� RI� DJHQWV� IURP� RQH� DJHQF\� WR� DQRWKHU�� ���� VHFXULW\� VHUYLFHV� IRU�
SURWHFWLQJ� UHPRWH� LQWHUDFWLRQV� DQG� DJHQF\� UHVRXUFHV�� DQG� ���� SHUVLVWHQFH� VHUYLFHV� IRU� HQDEOLQJ� WKH�
VWRUDJH� RI� DJHQWV� IRU� SRVVLEOH� UHFRYHU\�� $JHQWV� DUH� FRPSXWHU� SURJUDPV� FKDUDFWHUL]HG� E\� D� VHW� RI�
DWWULEXWHV�� 7KH\� FDQ� EH� PRELOH� RU� VWDWLRQDU\�� 0RELOH� DJHQWV� PRYH� IURP� RQH� ORFDWLRQ� WR� DQRWKHU�
ZLWKLQ�D�UHJLRQ�WR�WDNH�DGYDQWDJH�RI�ORFDO�LQWHUDFWLRQV��DQG�WKXV�DUH�FDSDEOH�RI�UHGXFLQJ�QHWZRUN�ORDG�
E\� PLJUDWLQJ�� 6WDWLRQDU\� DJHQWV� DUH� DVVRFLDWHG�ZLWK� D�SDUWLFXODU� ORFDWLRQ�RQO\�� DQG� DUH� LQFDSDEOH�RI�
PLJUDWLRQ��
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)LJXUH����7KH�LQWHUIDFH�UHOD[DWLRQ�LWHUDWLRQ�

7+(�036(�$*(17�%$6('�'(6,*1�

7KH� *UDVVKRSSHU� HQYLURQPHQW� VXSSRUWV� WKH� WUDGLWLRQDO� FOLHQW�VHUYHU� VWUXFWXUH�� 036(� FOLHQWV� DQG�
VHUYHUV�DUH�*UDVVKRSSHU�DJHQWV�ZKLFK�SURYLGH�PRGHOLQJ� �VSHFLILFDWLRQ�RI� WKH�SK\VLFDO�REMHFW� WR�EH�
VLPXODWHG���VLPXODWLRQ�FRQWURO�DQG�FRPSXWDWLRQDO�VHUYLFH��7KH�036(�IUDPHZRUN�FRQVLVWV�RI���FODVVHV�
RI� DJHQWV� �)LJXUH� ���� WKH� 0RGHOLQJ$JHQW�� WKH� 6LPXODWLRQ&RQWURO$JHQW� �6&$��� WKH� 9LVXDOL]HU$JHQW�
�9$��� WKH� /HJDF\&RGH$JHQWV� �/&$��� WKH� 0HGLDWRU$JHQWV� �0$��� DQG� WKH� 6HUYLFH$JHQWV�� 7KH�
0RGHOLQJ$JHQW� DQG� 6&$� DUH� FOLHQW� DJHQWV�� WKH� UHPDLQLQJ� FODVVHV� RI� DJHQWV� DUH� VHUYHUV�� 7KH�
0RGHOLQJ$JHQW�� 6&$� DQG� 9$� KDYH� JUDSKLFDO� XVHU� LQWHUIDFHV� ZKLFK� VXSSRUW� XVHU� LQWHUDFWLRQ�� 7KH�
6HUYLFH$JHQWV�SURYLGH�VHUYLFHV�H[FOXVLYHO\�IRU�WKH�6&$��VXFK�DV�UHVRXUFH�LGHQWLILFDWLRQ�DQG�GDWDEDVH�
DFFHVV�IRU�DJHQW�LQIRUPDWLRQ�UHWULHYDO��

*XHVV�WKH�VROXWLRQ�YDOXHV��GHULYDWLYHV��HWF���RQ�DOO�WKH�LQWHUIDFHV� �

6ROYH�HDFK�3'(�H[DFWO\�ZLWK�ERXQGDU\�FRQGLWLRQV�VHOHFWHG�IURP�WKH�JXHVVHV�

&RPSDUH�WKH�VROXWLRQ�YDOXHV�DFURVV�HDFK�LQWHUIDFH�DQG�LPSURYH�WKHP�XVLQJ�

D�UHOD[DWLRQ�IRUPXOD�WR�EHWWHU�VDWLVI\�DOO�WKH�LQWHUIDFH�FRQGLWLRQV��

&RQYHUJHG"�1R�

<HV�



�

���

�

)LJXUH����7KH�DJHQW�EDVHG�GHVLJQ�RI�WKH�036(��7KH�6LPXODWLRQ&RQWURO$JHQW�LV�WKH�FOLHQW�ZKLFK�FRQWUROV�WKH�HQWLUH�
VLPXODWLRQ�SURFHVV���/HJDF\�DQG�PHGLDWRU�FRGHV��JHQHUDOO\�)RUWUDQ�RU�&�SURJUDPV��DUH�WUDQVIRUPHG�LQWR�VHUYHU��DJHQWV��

7KH\��FRPPXQLFDWH�ERXQGDU\�LQWHUIDFH�LQIRUPDWLRQ�XVLQJ�WKH�6&$�DV�DQ�LQWHUPHGLDU\��8VHUV�LQWHUDFW�SULPDULO\�ZLWK�WKH�
0RGHOLQJ�DQG�9LVXDOL]HU�$JHQWV��$OO�DJHQWV�DUH�EXLOW�DQG�H[HFXWHG�ZLWKLQ�WKH�*UDVVKRSSHU�HQYLURQPHQW��

7KH� 0RGHOLQJ$JHQW� LV� WKH� WRS� OHYHO� XVHU� LQWHUIDFH�� ,W� DOORZV� XVHUV� WR� GHILQH� WKH� WDUJHW� VLPXODWLRQ�
REMHFW� �GRPDLQ�� DQG� LWV� JHRPHWULF� GHFRPSRVLWLRQ� LQWR� VXEGRPDLQV�� 8VHUV� FDQ� WKHQ� VHOHFW� WKH�
FRQILJXUDWLRQ�RI�VXEGRPDLQV�WR�EH�VLPXODWHG��7KHVH�VXEGRPDLQV�DUH�SDVVHG�WR�JULG�RU�PHVKLQJ�WRROV�
�VXFK�DV�7UXH*ULG�>��@���ZKLFK�DUH�LQFRUSRUDWHG�LQWR�WKH�0RGHOLQJ$JHQW�DV�VHOI�FRQWDLQHG�V\VWHPV��
7KH�PHVKLQJ� WRROV� DUH�XVHG� WR�JHQHUDWH� WKH�JULG�DQG�GHILQH� WKH�ERXQGDU\�FRQGLWLRQV�IRU� WKH�XVHU�
VHOHFWHG� VXEGRPDLQV�� 7KH� 0RGHOLQJ$JHQW� DVVLVWV� XVHUV� WR� LGHQWLI\� WKH� LQWHUIDFHV� EHWZHHQ� WKH�
GRPDLQV�� WR� GHILQH� GDWD� H[FKDQJH� LQIRUPDWLRQ� IRU� HDFK� LQWHUIDFH�� DQG� WR� VHOHFW� VROYHUV� IRU� HDFK�
VXEGRPDLQ���7KLV�LQIRUPDWLRQ�EHFRPHV�WKH�VWDUWXS�GDWD�IRU�WKH�6&$��

7KH� 6&$� UHTXHVWV� DQG� PDQDJHV� WKH� VHUYLFHV� RI� DOO� VHUYHU� DJHQWV�� ,W� FRQWUROV� WKH� HQWLUH� VLPXODWLRQ�
SURFHVV�� ODXQFKLQJ�WHUPLQDWLQJ� WKH� FRPSXWDWLRQDO� VHUYHUV�� PDQDJLQJ� WKHLU� LQWHUDFWLRQV�� DQG�
IDFLOLWDWLQJ�WKH�FURVV�QHWZRUN�DV\QFKURQRXV�FRPPXQLFDWLRQ�RI�FRPSXWDWLRQDO�DQG�FRQWURO�GDWD��7KH�
9$� LV� D� VHUYHU� DJHQW� WKDW� UHFHLYHV�VROXWLRQ�GDWD�DQG�UHQGHUV� LW�JUDSKLFDOO\�XVLQJ� WKH�,5,6�([SORUHU�
GDWD�YLVXDOL]DWLRQ�V\VWHP�>��@��7KH�/&$V�DUH�WKH�FRPSXWDWLRQDO�DJHQWV�WKDW�VLPXODWH�WKH�VXEGRPDLQV�
RI�WKH�GHFRPSRVHG�SK\VLFDO�REMHFW��HDFK�/&$�HQFDSVXODWHV�DQ�HVWDEOLVKHG�OHJDF\�FRGH�WDUJHWHG�IRU�D�
VSHFLILF� SK\VLFDO� VXE�REMHFW�� 7KH� 036(� LWHUDWLRQ� DOJRULWKP� UHTXLUHV� DQ� /&$� WR� FRPPXQLFDWH� LWV�
ERXQGDU\�GDWD��YLD�WKH�6&$��WR�RQH�RU�PRUH�0$V��7KH�0$V�HQFDSVXODWH�WKH�PHGLDWLRQ�FRGHV�WKDW�DUH�
UHVSRQVLEOH� IRU� DGMXVWLQJ� DQG� UHVROYLQJ� WKH� LQWHUIDFHV� �UHSUHVHQWHG�E\� WKH�ERXQGDU\�GDWD��EHWZHHQ�
QHLJKERULQJ�VXEGRPDLQV��HDFK�RI�ZKLFK�LV�VLPXODWHG�E\�RQH�/&$��7KH�6&$�FDQ�KDQGOH�DQ\�QXPEHU�
RI�VXEGRPDLQV��L�H���LW�FDQ�FRQWURO�DQ\�QXPEHU�DQG�W\SH�RI�FRPPXQLFDWLQJ�OHJDF\�FRGH�DQG�PHGLDWRU�
DJHQWV��

,Q� WKH� IROORZLQJ� VHFWLRQV�� ZH� GHVFULEH� D� WHPSODWH� SURFHGXUH� IRU� FUHDWLQJ� DJHQWV� IURP� OHJDF\� DQG�
PHGLDWRU�FRGHV��DQG�WKHQ�GLVFXVV�WKH�JHQHULF�RSHUDWLRQ�RI�WKH�6&$��



�

�

��

,03/(0(17$7,21�2)�$�/(*$&<�&2'(�$*(17�

7KH�LQLWLDO�FKDOOHQJH�ZDV�WR�FUHDWH�D�WHPSODWH�SURFHGXUH�IRU�HPEHGGLQJ�OHJDF\�)RUWUDQ�FRGH�LQWR�WKH�
VHUYHU� DJHQW� VWUXFWXUH�� 7KH� UHVXOWLQJ� /&$� FRXOG� WKHQ� H[HUFLVH� FRQWURO� RYHU� WKH� )RUWUDQ� FRGH� DQG�
HQDEOH� WKH�GDWD� IORZ�E\� ���� VWDUWLQJ�XS� WKH� OHJDF\�FRGH�� ����SDXVLQJ�DIWHU� HDFK�)RUWUDQ� LWHUDWLRQ� WR�
FRPPXQLFDWH�WKH�UHTXLUHG�ERXQGDU\�GDWD�WR�WKH�6&$�������UHFHLYLQJ�WKH�PHGLDWHG�ERXQGDU\�GDWD�LQ�
UHWXUQ�������FRQWLQXLQJ�ZLWK�WKH�QH[W�LWHUDWLRQ��DQG�����VLJQDOLQJ�WR�WKH�)RUWUDQ�FRGH�WKDW�WKH�SURFHVV�
VKRXOG�WHUPLQDWH�VR�WKDW�WKH�ILQDO�VROXWLRQ�RXWSXW�ILOHV�FDQ�EH�JHQHUDWHG��

�

)LJXUH����*HQHULF�WHPSODWH�SURFHGXUH�IRU�HPEHGGLQJ�OHJDF\�)RUWUDQ�FRGH�LQWR�D�-DYD�*UDVVKRSSHU�DJHQW��7KLV�SURFHGXUH�
WUDQVIRUPV�D�)RUWUDQ�H[HFXWDEOH�LQWR�DQ�/&$�OHJDF\�OLEUDU\��ZKLFK�FDQ�EH�LQYRNHG�DQG�FRQWUROOHG�E\�WKH�/&$��

7KH�IROORZLQJ�WHPSODWH�SURFHGXUH�ZDV�GHYHORSHG�WR�WUDQVIRUP�OHJDF\�FRGH��ZKLFK�JHQHUDOO\�VWDUWV�RXW�
DV�D�)RUWUDQ�H[HFXWDEOH��LQWR�D�&�ZUDSSHG�OHJDF\�FRGH�OLEUDU\�DV�IROORZV��)LJXUH�����

•  &KDQJH�WKH�)RUWUDQ�´PDLQµ�WR�D�VXEURXWLQH��&RPPDQG�OLQH�DUJXPHQWV�DUH�SDVVHG�DV�
SDUDPHWHUV�IURP�WKH�&�ZUDSSHU��

•  6WDUW�WKH�)RUWUDQ�VXEURXWLQH�DV�D�WKUHDG�IURP�WKH�&�ZUDSSHU�URXWLQH��

•  'HILQH�&�VWUXFWXUHV�WR�KROG�WKH�GDWD�UHSUHVHQWLQJ�ERXQGDU\�LQIRUPDWLRQ��

•  :ULWH�D�&�GDWD�WUDQVIHU�URXWLQH�WR�FRS\�ERXQGDU\�GDWD�EDFN�DQG�IRUWK�EHWZHHQ�WKH�&�
DQG�)RUWUDQ�GDWD�VWUXFWXUHV��

•  ,QVHUW�D�FDOO�WR�WKH�&�GDWD�WUDQVIHU�URXWLQH�LQ�WKH�)RUWUDQ�LWHUDWLRQ�ORRS��DQG�

•  ,QVHUW�FRQWURO�FRGH�LQ�WKH�&�ZUDSSHU�WR�VOHHS�ZDNH�WKH�&�GDWD�WUDQVIHU�URXWLQH��WKXV�
HIIHFWLYHO\�FRQWUROOLQJ�WKH�SDXVH�DQG�UHVWDUW�RI�WKH�)RUWUDQ�LWHUDWLRQV��

7KH�&�FRGH�IRU�FRS\LQJ�WKH�GDWD���ERWK�LQ�WKH�ZUDSSHU�IRU�WKH�FRQYHUVLRQ�IURP�-DYD�REMHFW�WR�&��DQG�
LQ�WKH�GDWD�WUDQVIHU�URXWLQH�IRU�FRQYHUVLRQ�IURP�&�WR�)RUWUDQ��UHTXLUHV�D�QXPEHU�RI�VRXUFH�FRGH�OLQHV�
FRUUHVSRQGLQJ�WR�WKH�DPRXQW�RI�GDWD�WR�FRS\��/HVV�WKDQ����OLQHV�RI�&�FRGH�DUH�UHTXLUHG�IRU�VWDUWLQJ�
WKH�WKUHDG�DQG�FRQWUROOLQJ�WKH�VWDUW�VWRS�RI�WKH�)RUWUDQ�LWHUDWLRQV��7KH�FKDQJHV�WR�WKH�)RUWUDQ�FRGH�
DUH�PLQLPDO��7KH�&�ZUDSSHU�LV�GHILQHG�ZLWK�D�-1,��-DYD�1DWLYH�,QWHUIDFH��LQWHUIDFH�WR�WKH�-DYD�DJHQW�



�

���

FRGH��DQG�WKH�&�ERXQGDU\�GDWD�LV�SDVVHG�XS�WKURXJK�WKH�-1,�LQWHUIDFH�DV�IXQFWLRQ�SDUDPHWHUV�WR�WKH�
-DYD�DJHQW��7KH�PRGLILHG�)RUWUDQ�VRXUFH�FRGH�DQG�WKH�WZR�QHZ�&�URXWLQHV��WKH�ZUDSSHU�DQG�WKH�GDWD�
WUDQVIHU� URXWLQH�� DUH�FRPSLOHG� WRJHWKHU� DV�D� OHJDF\� OLEUDU\��ZKLFK� LV� ORDGHG� LQWR� WKH�-DYD�/&$�VHUYHU�
ZKHQ� LW� LV� LQVWDQWLDWHG�� 7KH� -DYD� OHJDF\� DJHQW� VWDUWV� WKH� &�ZUDSSHU� DQG� ZDLWV� IRU� WKH� -1,� REMHFW�
FRQWDLQLQJ� WKH� ERXQGDU\� GDWD�� :KHQ� WKH� GDWD� REMHFW� LV� UHFHLYHG�� WKH� DJHQW� VHULDOL]HV� LW� DQG�
FRPPXQLFDWHV�LW�WR�WKH�6&$��7KH�6&$�SDVVHV�WKH�REMHFW�WR�WKH�PHGLDWRU��DQG�UHWXUQV�WKH�PHGLDWHG�
GDWD�REMHFW�WR�WKH�DJHQW��ZKLFK�FRSLHV�LW�LQWR�D�-1,�REMHFW�DQG�SDVVHV�LW�GRZQ�WR�WKH�&�ZUDSSHU��7KH�
6&$�LV�DOVR�UHVSRQVLEOH�IRU�SDVVLQJ�WKH�/&$�WKH�QXPEHU�RI�LWHUDWLRQV�ZKHQ�LW�LV�LQVWDQWLDWHG��DQG�WKH�
/&$�SDVVHV�WKLV�LQIRUPDWLRQ�WR�WKH�OHJDF\�FRGH�VR�WKDW�WKH�LWHUDWLRQ�SURFHVV�FDQ�WHUPLQDWH�SURSHUO\��

,03/(0(17$7,21�2)�$�0(',$725�$*(17�

0HGLDWRUV� DUH� FXVWRPL]HG� -DYD� RU� &� SURJUDPV� WKDW� DUH� HDVLO\� HQFDSVXODWHG� DV� -DYD� DJHQWV�� 7KH�
PHGLDWLRQ�FRGH� LV�ZUDSSHG�E\�DJHQW�FRGH� WKDW�KDQGOHV� WKH�ERXQGDU\�GDWD�FRPPXQLFDWLRQ�EHWZHHQ�
WKH�0HGLDWRU$JHQW� �0$�� DQG� WKH�6&$�� ,Q�JHQHUDO�� WKH�PHGLDWRU�FRGH� LV�KHDYLO\�GHSHQGHQW�RQ� WKH�
OHJDF\� FRGHV� DQG� WKH� GDWD� W\SHV� WKDW� DUH� H[FKDQJHG� EHWZHHQ� WKH� WZR� OHJDF\� FRGHV�� (DFK� VKDUHG�
ERXQGDU\� �LQWHUIDFH��EHWZHHQ�WZR�VXEGRPDLQV�UHTXLUHV�DQ�0$�WR�PHGLDWH�WKH�ERXQGDU\�GDWD��7KLV�
PHGLDWLRQ�FRGH�PXVW�WDNH�LQWR�DFFRXQW�WKH�FRPSXWDWLRQDO�UHTXLUHPHQWV�RI�ERWK�VROYHUV�DV�ZHOO�DV�WKH�
JHRPHWU\� �JULG��RI� WKH�GRPDLQV�RQ�ERWK�VLGHV�RI�WKH�ERXQGDU\��7KH�PHGLDWRU�PXVW� LQWHUSRODWH�WKH�
JULG� SRLQWV� IRU� WKH� GDWD� H[FKDQJH�� VLQFH� WKH� JULG� SRLQWV� RQ� WKH� LQWHUIDFH� ERXQGDU\� IRU� WKH� WZR�
GRPDLQV�DUH�QRW�WKH�VDPH��

7+(�6&$�$1'�6,08/$7,21�&21752/�

7KH� 6&$� LV� UHVSRQVLEOH� IRU� PDQDJLQJ� WKH� HQWLUH� VLPXODWLRQ� LQ� DFFRUGDQFH� ZLWK� WKH� VSHFLILFDWLRQV�
SURYLGHG�E\�WKH�XVHU�WKURXJK�WKH�0RGHOLQJ$JHQW��8VHUV�VHOHFW�WKH�VXEGRPDLQ��SK\VLFDO�SDUWV��WR�EH�
VLPXODWHG��JHQHUDWH�JHRPHWU\�DQG�SDUDPHWHU�ILOHV�IRU�WKHVH�SDUWV��LGHQWLI\�WKH�OHQJWK�RI�WKH�VLPXODWLRQ�
SURFHVV��LQ�WLPH�XQLWV���DQG�VSHFLI\�WKH�RXWSXW�UHTXLUHPHQWV��7KH�6&$�GHWHUPLQHV�WKH�VRIWZDUH�DQG�
KDUGZDUH�FRPSRQHQWV�WR�EH�XVHG� LQ�VLPXODWLQJ�WKH�VSHFLILHG�FRQILJXUDWLRQ��WKDW� LV��WKH�6&$�VHOHFWV�
WKH�/&$V�DQG�0$V�WR�EH�LQVWDQWLDWHG�DQG�FKRRVHV�WKH�PDFKLQH�UHVRXUFHV�RQ�ZKLFK�WKH\�ZLOO�UXQ��7KH�
6&$� DOVR� WUDQVODWHV� WKH� VLPXODWLRQ� WLPH� VSHFLILFDWLRQ� LQWR� LWHUDWLRQ� VSHFLILFDWLRQV� IRU� HDFK� /&$��
FRPSXWLQJ� DQ� LWHUDWLRQ� FRUUHVSRQGHQFH� IDFWRU� WR� HQVXUH� WKDW� WKH� VLPXODWLRQ� WLPH� ZKHQ� ERXQGDU\�
LQIRUPDWLRQ�LV�H[FKDQJHG�ZLOO�PDWFK�IRU�VROYHUV�RQ�ERWK�VLGHV�RI�WKH�LQWHUIDFH��

6LQFH�WKH�6&$�LV�WKH�LQWHUPHGLDU\�IRU�GDWD�H[FKDQJH��LW�PXVW�FRQWDLQ�FRGH�WKDW�LV�FXVWRPL]HG�IRU�WKH�
GDWD�VWUXFWXUHV� LQYROYHG�IRU�D�SDUWLFXODU�036(��7KH�GDWD�H[FKDQJH�URXWLQHV��KRZHYHU��DUH�WKH�RQO\�
SDUW�RI� WKH�6&$�ZKLFK� LV�036(�VSHFLILF��7KH� UHPDLQLQJ�FRGH� LV� WKH� VWDQGDUG�DV\QFKURQRXV�FOLHQW�
DJHQW�VDPSOH�FRGH�SURYLGHG�ZLWK�WKH�*UDVVKRSSHU�V\VWHP��7KH�6&$�FOLHQW�DJHQW�LQYRNHV�WKH�/&$V�
DQG� 0$V�� UHFHLYHV� GDWD� IURP� WKH� /&$V�� FRRUGLQDWHV� H[FKDQJHV� IRU� HDFK� LQWHUIDFH� � �EHWZHHQ� WZR�
/&$V� DQG� WKHLU� FRUUHVSRQGLQJ� 0$��� UHWXUQV� PHGLDWHG� GDWD� WR� WKH� /&$V�� DQG� VHQGV� GDWD� WR� WKH�
9LVXDOL]HU$JHQW�ZKHQ�UHTXHVWHG�WR�GR�VR�� �7KH�HQWLUH�VLPXODWLRQ�SURFHVV�EHJLQV�DQG�HQGV�ZLWK�WKH�
6&$���

6(&7,21��� �*$6785%1/$%��$1�$*(17�%$6('�036(�

:H�QRZ�SUHVHQW�WKH�LPSOHPHQWDWLRQ�RI�*DV7XUEQ/DE�XVLQJ�WKH�IUDPHZRUN�GHVFULEHG�LQ�WKH�SUHYLRXV�
VHFWLRQ���:H�LGHQWLI\�WZR�H[LVWLQJ�OHJDF\�FRGH�3'(�VROYHUV�WR�EH�HQFDSVXODWHG�DV�/HJDF\&RGH$JHQWV��
DQG� ZH� ZULWH� WKH� FXVWRPL]HG� LQWHUIDFH� PHGLDWLRQ� FRGH� IRU� WZR� 0HGLDWRU$JHQWV� WR� VXSSRUW� WKH�
H[FKDQJH�RI�LQWHUIDFH�ERXQGDU\�GDWD�EHWZHHQ�WKH�/&$V��



�
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7+(�*$67851/$%�/(*$&<�&2'(�$*(176�

7ZR�OHJDF\�FRGHV�KDYH�EHHQ�HQFDSVXODWHG�DV�/&$V��$/(�'��DQ�DGYDQFHG�&)'�FRGH�IRU�VLPXODWLQJ�
WXUELQHV�� DQG� .,9$�� DQ� DGYDQFHG� FRPEXVWLRQ� VLPXODWLRQ� FRGH�� � 7KH� $/(�'� VROYHU� PRGHOV� WKH�
VWDWRU� DQG� URWRU� SDUWV� RI� WKH� HQJLQH� FRPSUHVVRU�� DQG� WKH� .,9$� VROYHU� PRGXOHV� WKH� HQJLQH�
FRPEXVWRU��7KH�WZR�DJHQWV�FUHDWHG�E\�HQFDSVXODWLQJ�WKHVH�VROYHUV��WKH�$OH$JHQW�DQG�WKH�.LYD$JHQW��
KDYH�EHHQ�XVHG�VXFFHVVIXOO\�WR�VLPXODWH�VHYHUDO�HQJLQH�FRQILJXUDWLRQV�IRU�VWDWRU�URZV��URWRU�URZV�DQG�
FRPEXVWRUV�� 7KH� VROXWLRQV� JHQHUDWHG� E\� WKH� VLPXODWLRQV� KDYH� EHHQ� YDOLGDWHG�� DQG� WKH� UHVXOWV� DUH�
GHVFULEHG�LQ�VHFWLRQ����6LPXODWLRQV�IRU�PRUH�FRPSOLFDWHG�FRQILJXUDWLRQV�WKDW�DQVZHU�TXHVWLRQV�DERXW�
VWDOO��VXUJH�DQG�IDWLJXH�DUH�DOVR�GHVFULEHG��WKHVH�VLPXODWLRQV�DUH�FXUUHQWO\�XQGHUZD\��

�

)LJXUH����6DPSOH�VLPXODWLRQ�VFHQDULR�IURP�WKH�*DV7XUEQ/DE�036(��7KH�VFHQDULR�VKRZV�D�VWDWRU�FRPEXVWRU�WZR�
GRPDLQ�VLPXODWLRQ��PHGLDWHG�DW�WKH�RXWIORZ�ERXQGDU\�RI�WKH�VWDWRU�DQG�WKH�LQIORZ�ERXQGDU\�RI�WKH�FRPEXVWRU�E\�WKH�

%DVLF0$�PHGLDWRU�DJHQW��

7+(�*$6785%1/$%�0(',$725�$*(176�

0HGLDWLRQ�FRGH�LV�036(�VSHFLILF�FRGH�WKDW�KDQGOHV�WKH�H[FKDQJH�RI�ERXQGDU\�GDWD�RQ�WKH�LQWHUIDFH�
EHWZHHQ� WZR� GRPDLQV�� 7ZR� 0$V�� D� EDVLF� PHGLDWRU� DQG� DQ� DGYDQFHG� PHGLDWRU�� ZHUH� GHYHORSHG� IRU�
PHGLDWLQJ� WKH� ERXQGDU\� GDWD� IRU� WKH� *DV7XUEQ/DE� GRPDLQ� LQWHUIDFHV�� %RWK� 0$V� DUH� FDSDEOH� RI�
PHGLDWLQJ� LQIORZ� RU� RXWIORZ� LQWHUIDFHV� IRU� DQ\� FRPELQDWLRQ� RI� $/(�'� � DQG� .,9$� HQJLQH� SDUWV�
�GRPDLQV��� (LWKHU� PHGLDWRU� FDQ� EH� XVHG� WR� REWDLQ� DFFXUDWH� VROXWLRQ� UHVXOWV� IRU� SUREOHPV� ZLWK� QR�
XQVWHDGLQHVV� �L�H��� VWHDG\� VWDWH� SUREOHPV��� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� PHGLDWRU� FRGHV� LV� LQ� WKH�
VHOHFWLRQ� RI� ERXQGDU\� GDWD� XVHG� WR� PHGLDWH� WKH� LQWHUIDFHV�� IRU� XQVWHDG\� SUREOHPV�� WKH� DGYDQFHG�
PHGLDWRU� �$GY0$�� SURYLGHV� D� PRUH� DFFXUDWH� VROXWLRQ� WKDQ� WKH� EDVLF� PHGLDWRU� �%DVLF0$��� 7KH�
%DVLF0$� ZDV� FUHDWHG� DV� D� VLPSOH� VROXWLRQ� WR� WKH� ERXQGDU\� LQWHUIDFH� SUREOHP�� %DVHG� RQ� WKLV�
H[SHULHQFH��WKH�$GY0$�ZDV�FUHDWHG�WR�SURYLGH�D�PRUH�DFFXUDWH�WUDQVIHU�RI�XQVWHDG\�IOXLG�PHFKDQLF�
SKHQRPHQD�DFURVV�WKH�LQWHUIDFH��

7KH�%DVLF0$�WUHDWV�WKH�ERXQGDU\�EHWZHHQ�GRPDLQV�LQ�WKH�VDPH�ZD\�LQIORZ�RXWIORZ�ERXQGDULHV�DUH�
WUHDWHG� ZKHQ� RSHQ� WR� WKH� DWPRVSKHUH�� L�H��� ZKHQ� DQG� LQIORZ� RU� RXWIORZ� ERXQGDU\� LV� RSHQ� WR� WKH�
DWPRVSKHUH��DWPRVSKHULF�FRQGLWLRQV�DUH�VSHFLILHG�DW�WKH�EHJLQQLQJ�RI�WKH�VLPXODWLRQ��7KH�%DVLF0$�



�

���

VLPSO\� XSGDWHV� WKHVH� FRQGLWLRQV� DIWHU� HDFK� WLPH� VWHS� EDVHG� RQ� WKH� DHURG\QDPLF� GDWD� IURP� WKH�
DGMDFHQW� GRPDLQ�� ([FHSW� IRU� WKH� GDWD� EHLQJ� SDVVHG� WR� WKHP� IURP� WKH� DGMDFHQW� GRPDLQ�� WKH�
LQIORZ�RXWIORZ�ERXQGDU\�DOJRULWKPV�DUH� WKH�VDPH�ZKHWKHU� WKH�ERXQGDU\� LV�FRQQHFWHG�WR�WKH�RSHQ�
DWPRVSKHUH� RU� WR� DQRWKHU� $/(�'� RU� .,9$� GRPDLQ�� 7KH� GUDZEDFN� RI� WKLV� WHFKQLTXH� LV� WKDW� WKH�
LQIORZ�RXWIORZ� ERXQGDU\� FRQGLWLRQ� DOJRULWKPV� DUH� LQKHUHQWO\� OHVV� DFFXUDWH� WKDQ� WKH� LQWHULRU�
DOJRULWKPV�� 7KLV� PHGLDWRU�� KRZHYHU�� KDV� EHHQ� VKRZQ� WR� SURGXFH� DFFHSWDEOH� UHVXOWV� RQ� $/(�'�
.,9$�LQWHUIDFHV��

7KH�$GY0$�FDOFXODWHV�HOHPHQWDO�DQG�QRGDO�TXDQWLWLHV�DW�WKH�LQWHUIDFH�EHWZHHQ�GRPDLQV�LQ�QHDUO\�WKH�
VDPH�ZD\�DV�WKH�LQWHULRU�HOHPHQWDO�DQG�QRGDO�TXDQWLWLHV�DUH�FDOFXODWHG��:KHQ�WKH�$GY0$�LV�XVHG��WKH�
LQIORZ�RXWIORZ� DOJRULWKPV� DUH� E\SDVVHG� DQG� PRUH� DFFXUDWH� DOJRULWKPV� DUH� HPSOR\HG�� 7KHVH�
DOJRULWKPV�DUH�QHDUO\�LGHQWLFDO�WR�WKH�LQWHULRU�DOJRULWKPV��6SHFLILFDOO\��WKHUH�DUH�WZR�DUHDV�LQ�ZKLFK�WKH�
$GY0$�SURYLGHV�PRUH�DFFXUDWH�YDOXHV�DW�WKH�LQWHUIDFH�EHWZHHQ�WKH�WZR�GRPDLQV��)LUVW��$/(�'�DQG�
.,9$�FRGHV�ERWK�XVH�D�VHFRQG�RUGHU�XSZLQGLQJ�VFKHPH�IRU� WKH�FDOFXODWLRQ�RI�GHQVLW\�DQG�HQHUJ\�
IOX[HV�RI�LQWHULRU�IDFHV�GXULQJ�WKHLU�DGYHFWLRQ�VWHSV��7KH�$GY0$�PDLQWDLQV�VHFRQG�RUGHU�XSZLQGLQJ�
DW� WKH� LQWHUIDFH�EHWZHHQ� WKH� OHJDF\�FRGHV�ZKLOH� WKH�%DVLF0$�GRHV�QRW��6HFRQG�� WKH�$GY0$�PRUH�
DFFXUDWHO\� KDQGOHV� WKH� H[LW� ERXQGDU\� RI� D� GRPDLQ� GXULQJ� WKH� /DJUDQJH� FDOFXODWLRQ� ZKHQ� LW� LV�
FRQQHFWHG�WR�DQRWKHU�GRPDLQ��8QOLNH�WKH�%DVLF0$��WKH�$GY0$�SURYLGHV�IRUFHV�DW�WKH�H[LW�VR�WKDW�
WKH�DFFHOHUDWLRQ�RI�H[LW�QRGHV�DUH�FRPSXWHG�WKH�VDPH�ZD\�DV�LQWHULRU�QRGH�DFFHOHUDWLRQV��

7+(�*$6785%1/$%�6&$�

:KHQ�D�XVHU�LQYRNHV�WKH�*DV7XUEQ/DE�6&$�IURP�WKH�*UDVVKRSSHU�JUDSKLFDO�LQWHUIDFH��WKH�PRGHOLQJ�
VSHFLILFDWLRQV� IURP� WKH� 0RGHOLQJ$JHQW� DUH� SDVVHG� DV� LQSXW�� 7KH� VSHFLILFDWLRQV� GHVFULEH� WKH�
FRQILJXUDWLRQ�RI�FRPEXVWRUV��VWDWRU�URZV�DQG�URWRU�URZV��OLVWLQJ�WKH�LQWHUIDFHV�EHWZHHQ�WKHVH�HQJLQH�
SDUWV�ZKLFK�DUH�WR�EH�PHGLDWHG��,Q�DGGLWLRQ��WKH�JHRPHWU\�DQG�VROYHU�SDUDPHWHUV�IRU�HDFK�HQJLQH�SDUW��
DV�ZHOO� DV� WKH� WRWDO� VLPXODWLRQ� WLPH�DUH� LGHQWLILHG��(DFK�HQJLQH�SDUW� LV� VLPXODWHG�E\�RQH�/&$��DQG�
HDFK� LQWHUIDFH�EHWZHHQ� WZR�HQJLQH�SDUWV� LV�PHGLDWHG�E\�RQH�0$��$IWHU�YHULI\LQJ� WKDW� WKH� UHTXLUHG�
QXPEHU�RI�/&$�DQG�0$�VHUYHUV�DUH�DYDLODEOH��WKH�6&$�GHWHUPLQHV�ZKLFK�VHUYHUV��L�H���ZKLFK�DJHQWV�
RQ�ZKLFK�PDFKLQHV��DUH�WR�EH�LQVWDQWLDWHG���

7KH�6&$�FUHDWHV�D�.LYD$JHQW�SUR[\�IRU�HDFK�FRPEXVWRU��DQ�$OH$JHQW�SUR[\�IRU�HDFK�VWDWRU�DQG�DQ�
$OH$JHQW�SUR[\�IRU�HDFK�URWRU��7KH�6&$�WKHQ�GHWHUPLQHV�ZKLFK�0$V�DUH�UHTXLUHG� WR�PHGLDWH� WKH�
LQWHUIDFH� ERXQGDULHV� LGHQWLILHG� E\� WKH� XVHU�� 7KH� %DVLF0$� PHGLDWHV� DQ\� LQWHUIDFH� LQYROYLQJ� D�
.LYD$JHQW�� WKH� $GY0$� PHGLDWHV� LQWHUIDFHV� ZKHUH� WZR� � $OH$JHQWV� H[FKDQJH� ERXQGDU\� GDWD�� 7KH�
UHTXLUHG�QXPEHU�RI�$GY0$V� DQG�%DVLF0$V�SUR[LHV� DUH� FUHDWHG��RQH�SHU� LGHQWLILHG� LQWHUIDFH��7KH�
JHRPHWU\�DQG�SDUDPHWHU�ILOHV�IRU�WKH�VROYHU�VWDUWXSV�DUH�SDVVHG�WR�WKH�/&$V�YLD�PRELOH�)LOH$JHQWV��
7KH� 6&$� XVHV� WKH� VSHFLILHG� VLPXODWLRQ� WLPH� LQ� PV� DQG� WKH� WLPH� VWHS� LQIRUPDWLRQ� IURP� DOO� VROYHU�
SDUDPHWHU� ILOHV� WR� FRPSXWH� WKH�QXPEHU�RI� LWHUDWLRQV� UHTXLUHG� IRU� HDFK�/&$��6LQFH� WKH�.LYD$JHQW�
WLPH� VWHSV� DUH� JHQHUDOO\� PXFK� ODUJHU� WKDQ� WKH� $OH$JHQW� WLPH� VWHSV�� WKH� 6&$� GHWHUPLQHV� D�
FRRUGLQDWLQJ� IDFWRU� WKDW� DOORZV� WKH� $/(�'� LWHUDWLRQV� DQG� WKH� .,9$� LWHUDWLRQV� WR� H[FKDQJH� GDWD�
ZKHQ� WKH� VLPXODWLRQ� WLPH� YDOXHV� PDWFK�� )RU� D� JLYHQ� $/(�'�.,9$� LQWHUIDFH�� WKH� $OH$JHQW� PD\�
GLUHFW�WKH�$/(�'�OHJDF\�FRGH�WR�LWHUDWH��������RU�HYHQ����WLPHV�EHIRUH�VHQGLQJ�LQWHUIDFH�GDWD��ZKLOH�
WKH�.LYD$JHQW�GLUHFWV�WKH�.,9$�FRGH�WR� LWHUDWH�RQFH��7KH�VLPXODWLRQ�WLPH�DW�WKH�H[FKDQJH�LV�WKHQ�
HTXDO�IRU�HDFK�FRGH��7KH�6&$�LV�UHVSRQVLEOH�IRU�FRPSXWLQJ�DQG�FRPPXQLFDWLQJ�WKHVH�IDFWRUV�WR�DOO�
/&$V�VR�WKDW�WKH�H[FKDQJHV�RFFXU�SURSHUO\�DV�WKH�VLPXODWLRQ�WLPH�DGYDQFHV��

7KH�6&$�FRQWLQXHV�WR�IDFLOLWDWH�WKH�GDWD�H[FKDQJH�GXULQJ�WKH�HQWLUH�VLPXODWLRQ�SURFHVV��UHFHLYLQJ�GDWD�
IURP�WKH�/&$V�DQG�0$V��DQG�VHQGLQJ�WKHP�WR�WKHLU�SURSHU�GHVWLQDWLRQV��:KHQ�WKH�ILQDO�VLPXODWLRQ�
WLPH�VWHS�LV�ILQLVKHG��HDFK�/&$�WHUPLQDWHV�LWV�OHJDF\�FRGH��HQVXULQJ�WKDW�WKH�SURSHU�H[LW�SURFHVVLQJ�
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�

��

RFFXUV��DQG�VHQGV�D�WHUPLQDWLRQ�VLJQDO�WR�WKH�6&$��7KH�6&$�VKXWV�GRZQ�WKH�HQWLUH�VLPXODWLRQ�ZKHQ�
DOO��/&$V�KDYH�WHUPLQDWHG��,W�WKHQ�DOORZV�WKH�XVHU�WR�DFFHVV�WKH�9$�IRU�GDWD�YLVXDOL]DWLRQ��

�

6(&7,21��� �*$6785%1/$%��6,08/$7,21�5(68/76�

)LYH�FRQILJXUDWLRQV�RI�HQJLQH�SDUWV�FRQVLVWLQJ�RI�VWDWRUV��URWRUV�DQG�FRPEXVWRUV�KDYH�EHHQ�VLPXODWHG��
(DFK�H[SORUHV�WKH�UHVXOW�RI�FRQQHFWLQJ�WKH�LQIORZ�RU�RXWIORZ�GRPDLQ�ERXQGDU\�RI�RQH�HQJLQH�SDUW�WR�
WKH�ERXQGDU\�RI�DQRWKHU�HQJLQH�SDUW�IRU�GDWD�H[FKDQJH�YLD�PHGLDWLRQ��7KH�ILUVW� WZR�FRQILJXUDWLRQV�
ZHUH�VLPSOH� WZR�GRPDLQ�VLPXODWLRQV�� ,Q� WKH�UHPDLQLQJ� WKUHH�FRQILJXUDWLRQV�� WKH�QXPEHU�RI�HQJLQH�
SDUWV�DQG�WKH�FRPSOH[LW\�RI�WKH�ERXQGDU\�FRQQHFWLRQV�ZHUH�LQFUHPHQWDOO\�LQFUHDVHG��
�

�
)LJXUH����%ORFN�GLDJUDP�RI�WKH�VWDWRU�URWRU�VLPXODWLRQ�XVLQJ�WZR�$OH$JHQWV��OHIW��DQG�WKH�VWDWRU�FRPEXVWRU�VLPXODWLRQ�

XVLQJ�RQH�$OH$JHQW�DQG�RQH�.LYD$JHQW��ULJKW���

7KH� ILUVW� FRQILJXUDWLRQ� FRQQHFWHG� DQ� XSVWUHDP� VWDWRU� �$OH$JHQW�� WR� D� GRZQVWUHDP� FRPEXVWRU�
�.LYD$JHQW��� XVLQJ� WKH� %DVLF0$� WR� PHGLDWH� WKH� GDWD� DORQJ� WKH� LQWHUIDFH� IRU� VWDWRU� RXWIORZ� DQG�
FRPEXVWRU� LQIORZ�� 7KLV� VLPXODWLRQ� ZDV� UXQ� IRU� VHYHUDO� YDULDWLRQV� RI� JHRPHWU\�� LQLWLDO� SUHVVXUH�
FRQGLWLRQV�DQG�QXPEHU�RI�LWHUDWLRQV��7KH�DJHQW�GLDJUDP�IRU�WKLV�VLPXODWLRQ�LV�VKRZQ�LQ�)LJXUH����$�
EORFN�GLDJUDP�VKRZLQJ�RQO\�WKH�HQJLQH�SDUWV�DQG�WKHLU�ERXQGDU\�FRQQHFWLRQV�LV�VKRZQ�RQ�WKH�ULJKW�
LQ�)LJXUH�����5HVXOWV�RI�WKH�VWDWRU�FRPEXVWRU�VLPXODWLRQV�DUH�VKRZQ�LQ�)LJXUHV�������
�

�
)LJXUH����7KH�PDVV�IORZ�UDWH�PRYHV�WRZDUGV�D�VWHDG\�VWDWH�YDOXH�DIWHU�����.,9$�WLPH�VWHSV�������FRUUHVSRQGLQJ�

$/(�'�WLPH�VWHSV��LQ�WKH�VWDWRU�FRPEXVWRU�VLPXODWLRQ��

�
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���
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�

)LJXUH����3ORW�IRU�VSHHG��WRS��DQG�]�YHORFLW\��ERWWRP���ZLWK�WKH�VWDWRU�XSVWUHDP�DQG�WKH�FRPEXVWRU�GRZQVWUHDP��7KH�
VLPXODWLRQ�LQYROYHV�DQ�$OH$JHQW��D�.LYD$JHQW�DQG�WKH�%DVLF0$�EDVLF�PHGLDWRU��

�

�

)LJXUH�����&RPEXVWRU�SORWV�ZKLFK�VKRZ�WKH�WHPSHUDWXUH�FRQWRXU�LQGLFDWLQJ�DQ�LJQLWLRQ�SURFHVV�LQ�WKH�EHJLQQLQJ�RI�
FRPEXVWLRQ��WRS��DQG�WKH�YHORFLW\�YHFWRU�ILHOG��ERWWRP���7KH�UHVXOWV�DUH�IURP�D�VWDWRU�FRPEXVWRU�VLPXODWLRQ��

�
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�

��

7KH�VHFRQG�FRQILJXUDWLRQ�FRQQHFWHG�DQ�XSVWUHDP�VWDWRU� WR�D�GRZQVWUHDP�URWRU�DQG�ZDV�VLPXODWHG�
XVLQJ� WZR� $OH$JHQWV�� 7KH� LQWHUIDFH� ERXQGDU\� ZDV� PHGLDWHG� E\� WKH� $GY0$�� DQG� LQYROYHG� WKH�
H[FKDQJH� RI� IRUFH�� IOX[� DQG� YHORFLW\� GDWD�� ZLWK� WKUHH� PHGLDWRU� H[FKDQJHV� SHU� WLPH� VWHS�� 7KLV�
VLPXODWLRQ�UDQ�IRU�PRUH�WKDQ��������LWHUDWLRQV��7KH�ILQDO�PDVV�IORZ�ZDV�����H���JUDPV�PLFURVHFRQG�
DW� VWDWRU� LQIORZ� DQG� ����H��� JUDPV�PLFURVHFRQG� IRU� URWRU� RXWIORZ�� � 7KH� WRWDO� SUHVVXUH� UDWLR� ZDV�
������� $� EORFN� GLDJUDP� RI� WKH� FRQILJXUDWLRQ�RI� WKHVH� HQJLQH�SDUWV� DQG� WKHLU� LQWHUIDFH�ERXQGDU\� LV�
VKRZQ�RQ�WKH�OHIW�LQ�)LJXUH����SORWV�RI�WKH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUHV����DQG�����)LJXUH����VKRZV�
WKH�*DV7XUEQ/DE�9LVXDOL]HU$JHQW�ZLWK�WKH�LQWHJUDWHG�,5,6�([SORUHU�HQYLURQPHQW��

�

)LJXUH�����8VHU�LQWHUDFWLRQ�ZLWK�WKH�9LVXDOL]HU$JHQW��7KH�SORW�VKRZV�WKH�UHVXOWV�RI�D�VWDWRU�URWRU�VLPXODWLRQ�IRU�WZR�
$OH$JHQWV�DQG�RQH�$GY0$�PHGLDWRU�DJHQW��

7KH�EORFN�GLDJUDPV�LQ�)LJXUH����VKRZ�WKUHH�HQJLQH�FRQILJXUDWLRQV�FRQVLVWLQJ�RI�PRUH�HQJLQH�SDUWV�
ZLWK�DGGLWLRQDO�FRPSOH[LW\�RQ�WKH� LQWHUIDFH�ERXQGDULHV�� �6RPH�HQJLQH�SDUWV� LQ�WKHVH�FRQILJXUDWLRQV�
LQYROYH� WZR� PHGLDWLRQV�� RQH� IRU� WKH� LQIORZ� ERXQGDU\� DQG� RQH� IRU� WKH� RXWIORZ� ERXQGDU\�� 7KLV�
DGGLWLRQDO�FRPSOH[LW\� LV�FRPSOHWHO\�VFDODEOH� IRU� WKH�6&$��DQG�DGGV�QR�FRPSOH[LW\� WR� LWV�RSHUDWLRQ��
(DFK�/HJDF\&RGH$JHQW�NQRZV�ZKHQ�LWV�FXUUHQW�VLPXODWLRQ�WLPH�UHTXLUHV�LW�WR�H[FKDQJH�GDWD��DQG�LW�
KDQGOHV� WKH�SUHSDUDWLRQ�RI� WKH�GDWD�REMHFW�DQG� LWV�FRPPXQLFDWLRQ�WR�WKH�6&$��7KH�6&$�IXQFWLRQV�
RQO\�DV�URXWHU��NQRZLQJ�WKH�VRXUFH�DQG�GHVWLQDWLRQ�IRU�HDFK�GDWD�REMHFW�LW�UHFHLYHV���



�

���

�
)LJXUH������3ORW�RI�D�URZ�RI�VWDWRUV�XSVWUHDP�DQG�D�URZ�RI�URWRUV�GRZQVWUHDP�DIWHU�������LWHUDWLRQV��7KH�PHGLDWLRQ�
DORQJ�WKH�LQWHUIDFH�ERXQGDU\�LQYROYHV�IRUFH��IOX[�DQG�YHORFLW\�GDWD��ZLWK�WKUHH�PHGLDWRU�H[FKDQJHV�SHU�WLPH�VWHS��

7KH�VLPXODWLRQ�RI�WKH�FRQILJXUDWLRQ�LQ�WKH�GLDJUDP�DW�WKH�ERWWRP�RI�)LJXUH�����VKRZQ�LQ�VLPSOLILHG�
IRUP�ZLWKRXW�LQIORZ�RXWIORZ�PDUNLQJV�DQG�PHGLDWRU�EORFNV��LV�FXUUHQWO\�XQGHUZD\��5HVXOWV�IURP�WKLV�
VLPXODWLRQ�DUH�H[SHFWHG�WR�DQVZHU�TXHVWLRQV�DERXW�HQJLQH�VWDOO��

�

�

�

)LJXUH�����7KUHH�EORFN�GLDJUDPV�RI��HQJLQH�FRQILJXUDWLRQV��ZLWK�DGGHG�FRPSOH[LW\�LQ�ERXQGDU\�FRQQHFWLRQV�DQG�QXPEHU�RI�
HQJLQH�SDUWV��

7KH�PDMRU�JRDO�RI�WKH�VLPXODWLRQV�GLVFXVVHG� LQ�WKLV�VHFWLRQ�ZDV�WR�YHULI\�WKH�UHVXOWV�RI�WKH�YDULRXV�
FRQILJXUDWLRQV�RI�HQJLQH�SDUWV��WKXV�YDOLGDWLQJ�WKH�PXOWL�SK\VLFV�LQWHUIDFH�UHOD[DWLRQ�PHWKRG�DQG�WKH�
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��

DJHQW�EDVHG�GHVLJQ�� � ,Q�DGGLWLRQ��VRPH�LQIRUPDO�WLPLQJ�GDWD�ZDV�JDWKHUHG�IRU�WKHVH�ILYH�VLPXODWLRQ�
FDVHV��,Q�JHQHUDO��WKH�V\VWHP�RSHUDWHV�DW�DERXW�����.,9$�LWHUDWLRQV�SHU�KRXU��FRUUHVSRQGLQJ�WR�DERXW�
����� $/(�'� LWHUDWLRQV�� ZKHQ� HDFK� DJHQW� LV� SODFHG� RQ� LWV� RZQ� PDFKLQH�� ,W� LV� LQWHUHVWLQJ� WKDW� WKH�
.,9$�FRGH�UXQQLQJ� LQ� LWV�RULJLQDO�IRUP�DV�D�VWDQG�DORQH�)RUWUDQ�H[HFXWDEOH�DOVR�H[HFXWHV�DW�DERXW�
����LWHUDWLRQV�SHU�KRXU��7KXV��LW�DSSHDUV�WKDW�WKH�RYHUKHDG�RI�RXW�036(�DJHQW�EDVHG��LQIUDVWUXFWXUH�
GRHV�QRW�GHJUDGH�WKH�SHUIRUPDQFH�RI�WKH�3'(�VROYHUV��
�

6(&7,21��� �*$6785%1/$%��352326('�6,08/$7,21�6&(1$5,2�

7R� VWXG\� FRPSOH[� SK\VLFDO� SKHQRPHQD� VXFK� DV� VWDOO�� VXUJH� DQG� WXUELQH� EODGH� IDWLJXH�� WKH�
*DV7XUEQ/DE� FRQILJXUDWLRQV� PXVW� FRQVLVW� RI� PRUH� HQJLQH� SDUWV� DQG� PRUH� FRPSOLFDWHG� ERXQGDU\�
FRQQHFWLRQV� WKDQ� WKRVH� GHVFULEHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� &XUUHQW� VLPXODWLRQ� FRQILJXUDWLRQV� KDYH�
LQYROYHG�QR�PRUH�WKDQ�VHYHQ�HQJLQH�SDUWV��DQG�DOO�ERXQGDULHV�ZHUH�FRQQHFWHG�DW�WKH�LQIORZ�RXWIORZ�
LQWHUIDFH� ZLWK� WKH� WZR� QHLJKERULQJ� GRPDLQ� JHRPHWULHV� FRUUHVSRQGLQJ� H[DFWO\� DW� WKH� LQWHUIDFH�
ERXQGDU\��

�

)LJXUH�����&RQILJXUDWLRQ�RI�WKH�ILQDO�VLPXODWLRQ�IRU�WKH�JDV�WXUELQH�HQJLQH�FRPSUHVVRU���FRPEXVWRU��

,Q� )LJXUH� ���� WKH� FRQILJXUDWLRQ� FRQVLVWV� RI� GR]HQV� RI� HQJLQH� SDUWV�� 7KH� ERXQGDU\� JHRPHWU\� RI� D�
VLQJOH� HQJLQH� SDUW� PD\� RYHUODS� WZR� RU� PRUH� LQWHUIDFH� ERXQGDULHV� LQ� WKH� DGMDFHQW� GRPDLQV�� � 7KH�
UHVWULFWLRQ�RI� LQIORZ�RXWIORZ� LQWHUIDFH�FRQQHFWLRQV�KDV�EHHQ�UHPRYHG��DQG�GRPDLQ� LQWHUIDFHV�QRZ�
LQYROYH�VLGH�WR�VLGH�ERXQGDULHV�ZKHUH�SHULRGLF�ERXQGDU\�FRQGLWLRQV�ZHUH�SUHYLRXVO\�DSSOLHG��1RQH�
RI� WKH�DGGLWLRQDO�FRPSOH[LW\�DIIHFWV� WKH�GHVLJQ�RI�WKH�IUDPHZRUN��WKH�RSHUDWLRQ�RI�WKH�6&$�RU�WKH�
IXQFWLRQDOLW\�RI�WKH�DJHQWV��VLQFH�WKH�GHVLJQ�RI�WKH�IUDPHZRUN�DQG�WKH�036(�DJHQWV�DUH�VFDODEOH�WR�
DQ\�QXPEHU�RI�GRPDLQV��0RVW�RI�WKH�FKDQJHV�ZLOO�EH�LQ�WKH�PHGLDWRU�FRGH��ZKLFK�PXVW�QRZ�KDQGOH�
WKH�DGGHG�FRPSOH[LW\�RI�WKH�LQWHUIDFH�JHRPHWULHV��7KH�OHJDF\�FRGH�LWVHOI�ZLOO�QHHG�WR�FKDQJH�LQ�RUGHU�
WR�UHSODFH�FRGH�LQYROYLQJ�WKH�SHULRGLF�ERXQGDU\�FRQGLWLRQV�ZLWK�LWHUDWHG�GDWD�IURP�DGMDFHQW�GRPDLQV��
7KH�FKDQJHV�ZLOO�EH�PDGH�LQFUHPHQWDOO\��DV�GHPRQVWUDWHG�LQ�WKH�LQFUHPHQWDO�FRQILJXUDWLRQ�FKDQJHV�
VKRZQ�LQ�6HFWLRQ����VLQFH�WKH�SK\VLFDO�UHVXOWV�IRU�HDFK�QHZ�FRQILJXUDWLRQ�PXVW�EH�FDUHIXOO\�YDOLGDWHG�
EHIRUH�PRYLQJ�WR�WKH�QH[W�OHYHO�RI�FRPSOH[LW\��



�

���

6(&7,21��� �&21&/86,21�

,Q� VXPPDU\�� ZH� KDYH� GHVFULEHG� DQ� DJHQW�EDVHG� IUDPHZRUN� IRU� EXLOGLQJ� PXOWLGLVFLSOLQDU\� SUREOHP�
VROYLQJ� HQYLURQPHQWV� IRU� FRPSOH[�� ODUJH�VFDOH� VLPXODWLRQV�� 7KH� GHVLJQ� LV� EDVHG� RQ� WKH� JHRPHWULF�
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