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$EVWUDFW $�ILQJHU�RU�KDQG�EUDFH�PD\�EH� UHTXLUHG� WR�EH�ZRUQ�
IRU�SHRSOH�ZKR�UHTXLUH�SK\VLFDO�VXSSRUW�RU�µFRQWUROOHG�PRWLRQ¶�
VXSSRUW�� (KOHUV� 'DQORV� 6\QGURPH� �('6�� SDWLHQWV� KDYH�
FRQQHFWLYH� WLVVXH� GLVRUGHUV�� DQG� ZHDU� EUDFHV� WR� VXSSRUW� DQG�
OLPLW� PRWLRQ�� 0DQXDO� DVVHPEO\� RSHUDWRUV�� FDUSDO� WXQQHO�
VXIIHUHUV��DQG�WKH�HOGHUO\�PD\�DOVR�EHQHILW�IURP�ZHDULQJ�ILQJHU�
RU� KDQG� EUDFHV�� $GGLWLYH� PDQXIDFWXULQJ �$0� VROXWLRQV�
SURYLGH�IOH[LEOH�PDQXIDFWXULQJ�RSWLRQV IRU�FXVWRPL]HG�EUDFHV��
KRZHYHU�� D� &$'� PRGHO� PXVW� EH� GHYHORSHG� WR� IDFLOLWDWH� D�
PDQXIDFWXULQJ�VROXWLRQ��7KH�JRDO�RI�WKLV�UHVHDUFK�LV�WR�GHYHORS�
D�UHDGLO\�DGDSWDEOH�&$'�PRGHO IRU�D�KDQG��ZKLFK�ZRXOG�OLQN�
WR� D� IOH[LEOH� EUDFH� PRGHO� 5KLQRFHURV�� DQG� *UDVVKRSSHU��
PRGHOOLQJ�WRROV�DUH�HPSOR\HG�WR�GHYHORS�D�VROXWLRQ�WKDW�FDQ�EH�
G\QDPLFDOO\� PDQLSXODWHG� WR� DGMXVW� WR� D� VSHFLILF� KDQG� VL]H��
DQG�RU� ORFDOL]HG� ILQJHU�KDQG� FRQILJXUDWLRQV�� 7KH� ILQDO� &$'�
PRGHO��KDQG�RU�EUDFH��FDQ�WKHQ�EH�EXLOW�XVLQJ DQ�$0�SURFHVV�

.H\ZRUGV�KXPDQ� VNHOHWDO� PRGHOLQJ�� G\QDPLF� &$'� PRGHO��
ILQJHU��KDQG��DGGLWLYH�PDQXIDFWXULQJ

,� ,1752'8&7,21

7KH�KXPDQ�KDQG�LV�DQ�LQFUHGLEOH�WRRO��,W�LV�FDSDEOH�RI�XS�WR�
���NJ�JULS�VWUHQJWK� �ZLWK�D�����± ����NJ�VWDQGDUG�GHYLDWLRQ�IRU�
PHQ� DJHG� ��� ± ���� >�@ DV� ZHOO� DV� FRQWUROOLQJ H[WUHPHO\ ILQH�
PRWRU� PRYHPHQWV�� +RZHYHU�� µWRROV¶� FDQ� ZHDU�� &RPSOH[�
PRWLRQV�� VXFK� DV� VHFXULQJ� D� EXWWRQ�� UHTXLUH� GH[WHULW\� DQG�
SUHFLVH� PRWRU� FRQWURO�� 6WUHQJWK� DQG ILQH PRWRU� FRQWURO� PD\�
SURYH WR�EH GLIILFXOW�IRU�SHRSOH�ZLWK�(KOHUV�'RZOHU�6\QGURPH�
�('6���D�FRQQHFWLYH�WLVVXH�GLVRUGHU��IRU�SHRSOH�ZKR�HQFRXQWHU�
UHSHWLWLYH�VWUDLQ�LQMXU\�ZKHQ�SHUIRUPLQJ�WDVNV�WKDW�DUH�SURQH�WR
GHYHORSLQJ�FDUSDO�WXQQHO�V\QGURPH �&76���DQG�WKH�HOGHUO\��

)RU� WKH� SHRSOH� ZKR� VXIIHU� IURP� ('6�� HYHU\GD\� DFWLYLWLHV
DUH�SUREOHPDWLF >�@��7KH�EUDFHV�IRU�WKH�ILQJHUV�DQG�RU�KDQG�DUH�
UHTXLUHG�WR�SURYLGH�VXSSRUW�� WKH QHHGHG� OLPLWV� IRU PRWLRQ��DQG�
WR�DOORZ�IRU�VRPH�SUHFLVH PRWLRQ�FRQWURO >�@��&76�LV�FRQGLWLRQ
WKDW� FDXVHV� SUHVVXUH� RQ� WKH�PHGLDQ QHUYH� LQ� WKH� KDQG�� ZKLFK
UHVXOWV� LQ�QXPEQHVV LQ�WKH�KDQG��WLQJOLQJ��RU�LWFKLQJ��,Q�VHYHUH�
FDVHV�� WKHUH� LV� SDLQ�� &76 FDQ� RFFXU� DV� D UHVXOW� RI� UHSHWLWLYH
PRWLRQ DFWLYLWLHV� ZKHUH� WKH� ZULVW� LV� RYHUH[WHQGHG� UHSHDWHGO\��
2WKHU� FRQGLWLRQV� OLQNHG� ZLWK� &76� DUH� GLDEHWHV�� KLJK� EORRG�

SUHVVXUH��RU� IUDFWXUH�RU� WUDXPD� WR� WKH�ZULVW�� � &76� LV� WKH�PRVW
FRPPRQ� QHUYH� FRPSUHVVLRQ� V\QGURPH�� DIIHFWLQJ� �� WR� ��� RI�
WKH�$PHULFDQ�SXEOLF >�@��$V�VKRZQ�LQ�)LJ� ���WKH�PDQXIDFWXULQJ�
VHFWRU� W\SLFDOO\� KDV� �� ± �� WLPHV� PRUH� LQMXU\� RFFXUUHQFHV�
FRPSDUHG� WR�PRVW� RWKHU� LQGXVWULHV� >�@��:HOO�GHVLJQHG� FXVWRP�
EUDFHV� ZRXOG� DOORZ� ZRUNHUV� WR� SHUIRUP� WKHLU� WDVNV� ZLWK� WKH�
QHHGHG� GH[WHULW\� DQG� WKH� UHTXLUHG� FRQWURO� ZKLOH� NHHSLQJ� WKH
ZULVWV� LQ� D� QHXWUDO� SRVLWLRQ� DQG UHGXFLQJ WKH� SUHVVXUH� RQ� WKH�
QHUYHV� 3HRSOH� LQ� WKH ROGHU�GHPRJUDSKLF�PD\�DOVR�KDYH� ORZHU�
GH[WHULW\ >�@�DQG�KDYH�WURXEOH�ZLWK�GDLO\�WDVNV�VXFK�DV KROGLQJ�
FXWOHU\�DQG�RSHQLQJ�FRQWDLQHUV��3URSHU�EUDFH GHVLJQV FDQ�DVVLVW�
ZLWK� VXSSRUW� DQG� PRWLRQ� FRQWURO�� VLPLODU� WR� ('6� SDWLHQWV��
DOWKRXJK�WKH�SK\VLFDO�FRQGLWLRQV�DUH�GLIIHUHQW��

$OWKRXJK� KDQG� EUDFHV�PD\� EH� XVHIXO� IRU�PDQ\� VLWXDWLRQV��
µJHQHUDO¶� VL]HG� KDQG� EUDFHV� PD\� QRW� DOORZ� IRU� WKH� QHHGHG�
IOH[LELOLW\� RU� FRPIRUW�� DQG� FXVWRPL]HG� EUDFHV� DUH� FRVWO\��
/RFDOL]HG FXVWRPL]DWLRQ�PD\� EH� UHTXLUHG� LI� D� SHUVRQ� KDV�KDG�
EURNHQ� ERQHV� RU� DUWKULWLV�� 7KH� LQWURGXFWLRQ� RI� DGGLWLYH�
PDQXIDFWXULQJ �$0��� RU� �'�SULQWLQJ� SURFHVVHV� FDQ OHDG� WR� D�
EHWWHU� µTXDOLW\� RI� OLIH¶� VROXWLRQ IRU� WKH� YDULRXV� VFHQDULRV�
GHVFULEHG� KHUH� DV� FRPSOH[� SDWLHQW�VSHFLILF� GHVLJQV� FDQ� EH�
UHDGLO\� IDEULFDWHG��+RZHYHU�� SULRU� WR� IDEULFDWLQJ� D� VROXWLRQ�� D�
PDQLIROG� RU� µZDWHUWLJKW¶� &$'� PRGHO� PXVW� EH� FUHDWHG�� 7KH�
EUDFH� PRGHO� VKRXOG� EH� OLQNHG� WR� D� SHUVRQDOL]HG� KDQG�PRGHO��
ZKLFK�LV�FKDOOHQJLQJ�WR�FUHDWH��5HYHUVH�HQJLQHHULQJ�WHFKQLTXHV�
PD\�EH�HPSOR\HG� WR�FROOHFW�SRLQW�FORXG�GDWD��EXW�PDQ\�VFDQV�
ZRXOG�KDYH� WR�EH�SHUIRUPHG� WR�FROOHFW�DOO� WKH� VKDSH�GDWD�� DQG�
WKHQ� SRLQW� FORXG� UHJLVWUDWLRQ�� ILOWHULQJ�� PHVK� GHYHORSPHQW�
UHILQHPHQW��DQG�WKH�ILQDO�VXUIDFH�PRGHOLQJ�PXVW�EH�SHUIRUPHG�

%OHQGLQJ� VXUIDFH� SDWFKHV� LV� WLPH� FRQVXPLQJ� DQG� PD\�
UHTXLUH�VHYHUDO�LWHUDWLRQV�IRU�UHSUHVHQWLQJ�WKH�EDVH�JHRPHWU\�>��
�@� $OWHUQDWLYHO\��D�SDUDPHWULF�RU�UHFRQILJXUDEOH�PRGHO�FDQ�EH�
FUHDWHG�� DQG� WKHQ� DGDSWHG� WR� VXLW� EDVHG� RQ� VHOHFWHG�
PHDVXUHPHQWV��ZKLFK�LV�WKH�JRDO�RI�WKLV�UHVHDUFK�� &UHDWLQJ�DQ�
DGDSWDEOH�MRLQW�± ILQJHU�± KDQG�PRGHO��ZKLFK�DOORZV�IRU�HLWKHU�
JOREDO� RU� ORFDO� PRGLILFDWLRQV� ZLWKRXW� H[HFXWLQJ� DGYDQFHG�
VXUIDFH�RU�VROLG�PRGHOOLQJ�FRPPDQGV PDQXDOO\��ZLOO� IDFLOLWDWH�
WKH� GHYHORSPHQW� RI� D� EXLOGDEOH� PRGHO�� DQG� DQ\� QHFHVVDU\�
GHVLJQ� PRGLILFDWLRQV� GHWHUPLQHG� IURP� ILHOG� WHVWLQJ� RU� XVDJH��
&RXSOLQJ�WKH�UHFRQILJXUDEOH�KDQG�PRGHO�WR D�EUDFH�PRGHO��DQG�
OHYHUDJLQJ� $0 SURFHVVHV�� ZLOO� SURYLGH� D� SODWIRUP� IRU�
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FXVWRPL]DEOH� \HW� DIIRUGDEOH� KDQG� EUDFHV� IRU� WKH� JHQHUDO
SXEOLF�

)LJXUH���� &DUSDO�WXQQHO�FDVHV�E\�1RUWK�$PHULFDQ�,QGXVWU\�&ODVVLILFDWLRQ�
6\VWHP��1$,&6� >�@
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9DULDWLRQV�LQ�WKH�KXPDQ KDQG�ILQJHUV VL]H�DQG�VKDSH�DUH�GXH�
WR� JHQGHU�� DJH�� ERG\� PDVV� LQGH[� �%0,��� DFWLYLW\� OHYHOV�� DQG�
GLIIHUHQFHV� LQ�ERG\�V\PPHWU\��L�H�� WKH� OHIW�DQG�ULJKW�KDQG�DQG�
ILQJHUV� ZLOO� KDYH� GLIIHUHQFHV�� $V� LOOXVWUDWHG� E\� WKH�
DQWKURSRORJLFDO�GDWD�IRU�WKH�WKXPE�DQG�LQGH[�ILQJHU��7DEOH�����
WKHUH� DUH� VLJQLILFDQW� YDULDWLRQV� IURP� SHUVRQ� WR� SHUVRQ �XS� WR�
���� IRU� WKH� WKXPE� EUHDGWK��� DQG� WKHVH� YDULDWLRQV� QHHG� WR� EH�
FRQVLGHUHG�ZKHQ�GHYHORSLQJ�D�FXVWRPL]DEOH�EUDFH�VROXWLRQ�

7$%/(�,�� $9(5$*(�9$/8(6�)25�6(/(&7('�3(5&(17,/(�
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3UHVHQWO\��WKH�VWDQGDUGL]HG�PRGHOV�WKDW�KDYH�EHHQ�FUHDWHG�WR�
GDWH DUH�FRQVWUXFWHG�IRU�RQH�KDQG >��@��DQG�IRU�WKH�PDMRULW\�RI�

WKH�SRSXODWLRQ � LUUHJXODU�RU�GDPDJHG�KDQG�W\SHV�DUH�QRW�WDNHQ�
LQWR� FRQVLGHUDWLRQ�� +RZHYHU�� XVLQJ� DGYDQFHG� UHYHUVH�
HQJLQHHULQJ� WHFKQLTXHV�� VSHFLDOL]HG� PRGHOV FDQ� EH� YHU\�
DFFXUDWH�ZKHQ�PRGHOHG�WR�ILW�D�FXVWRP�KDQG�W\SH�>��@�

,GHDOO\��D�FRPSOH[�DQG�GHWDLOHG�PRGHO��ZKLFK�FDQ�EH�HDVLO\�
PRGLILHG��VKRXOG�EH�FRQVWUXFWHG�� 7KHUH�DUH�JHQHUDO�µVWUXFWXUDO¶�
UHODWLRQVKLSV� WKDW� FDQ� EH� H[SORLWHG� OLQNLQJ� ILQJHU JHRPHWU\� WR�
KDQG� OHQJWK�DQG�ZLGWK� UHODWLRQVKLSV� �)LJ�����7DEOH� ,,�DQG�,,,���
DQG� HVWDEOLVKLQJ� D� UREXVW� JHQHUDO� PRGHO� WKDW� DOORZV� IRU� ORFDO�
PRGLILFDWLRQV� WKDW� FRXOG� DOORZ� IRU� UDSLG� FKDQJHV�� ZRXOG�
PLQLPL]H�WKH�UHYHUVH�HQJLQHHULQJ�GDWD�FROOHFWLRQ�

7KH� JRDO� RI� WKLV� UHVHDUFK� LV� WR� OHYHUDJH� DGYDQFHG &$'�
PRGHOLQJ� WHFKQLTXHV� WR� FUHDWH� D� G\QDPLFDOO\� UHFRQILJXUDEOH�
KDQG�PRGHO�WKDW�FDQ�EH�DQLPDWHG�WR�WHVW ILQJHU�PRYHPHQW� DQG�
KRZ�D�EUDFH�ZRXOG�EHKDYH�IRU GLIIHUHQW�SRVLWLRQV��H[��$�ILVW�RU�
JULSSLQJ�SRVLWLRQ��

)LJXUH���� 7KH�µL¶�UHSUHVHQWV�HDFK�ILQJHU��WKH�WKXPE�EHLQJ�,�DQG�SLQN\�9�
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,QLWLDO�UHVHDUFK�KDV�EHHQ�SHUIRUPHG�WR�GHVLJQ��IDEULFDWH��DQG�
WHVW� VSHFLDOL]HG� GHVLJQV� IRU� ILQJHU� DQG� KDQG� EUDFHV >��@��
'LIIHUHQW�SDUDPHWULF�PRGHOOLQJ�DSSURDFKHV�DUH�EHLQJ�H[SORUHG�
IRU� UHDGLO\� DFFRPPRGDWLQJ� VSHFLDO� FRQGLWLRQV��7KH�PRGHOOLQJ�
DSSURDFK� VKRXOG� EH� IOH[LEOH�� DGDSWDEOH�� HDV\� WR� XVH E\� QRQ�
GHVLJQHUV��DQG�UHTXLUH�D�PLQLPDO�DPRXQW�RI�UHQGHULQJ�WLPH��)RU�
WKLV� UHVHDUFK�� WKH� ���ELW� YHUVLRQ� RI�5KLQRFHURV�� LV� HPSOR\HG�
ZLWK� WKH� *UDVVKRSSHU�� JUDSKLFDO� SURJUDPPLQJ� DQG� %RQJR��
DQLPDWLRQ�DGG�RQV� 7KH�*UDVVKRSSHU��JUDSKLFDO�SURJUDPPLQJ�
WRRO� FDQ� OHYHUDJH� NQRZQ� VWUXFWXUDO� UHODWLRQVKLSV� DQG FDQ�

�+DQG�VWUHQJWK�LV�PHDVXUHG�E\�WKH�TXDQWLW\�RI�VWDWLF�IRUFH�D�KDQG�FDQ�VTXHH]H�DURXQG�D�G\QDPRPHWHU��DQG�LV�PHDVXUHG�LQ�NJ�RU�OE���
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SURSDJDWH� FKDQJHV� WKURXJKRXW� WKH� ZKROH� GHVLJQ�
VLPXOWDQHRXVO\�� /RFDO� PRGLILFDWLRQV� FDQ� EH� SHUIRUPHG� XVLQJ�
WKH�5KLQRFHURV��&$'� WRROV�� DQG� MRLQW� ��PRWLRQ� UHODWLRQVKLSV�
IRU�DQ\�GHVLJQ�FDQ�EH�UHDGLO\�PRGHOHG� IRU�YLUWXDO� WHVWLQJ��7KH�
JHQHUDO� SURFHVV� IORZ� LV� VKRZQ� LQ� )LJ�� �� 7KH� PHWKRGRORJ\�
SUHVHQWHG� LV� DQ�RYHUYLHZ��7KH GHWDLOV� DUH� QRW� LQFOXGHG�GXH� WR�
VSDFH�FRQVWUDLQWV�

7KH� EDVLF� ILQJHU� ERQH� PRGHOOLQJ� LV� HVWDEOLVKHG� IRU� WKH�
WKXPE� DV� LW� KDV� WKH� VLPSOHVW� VWUXFWXUH �7DEOH� ,,,�� $ VLPSOH�
PRGHO RI�WKH�SUR[LPDO�WKXPE�ERQH ZLWK�IODW�HQGV�DQG�D�WDSHUHG�
LQWHUPHGLDWH� VHFWLRQ� ZDV� GHYHORSHG� XVLQJ� PXOWLSOH ORIWHG�
FLUFOHV��6LQFH� HYHU\�KDQG� LV� XQLTXH� WKH� OHQJWKV�RI� WKH� ILQJHUV�
QHHG�WR�EH�FDOFXODWHG�XVLQJ�WKH�SDUDPHWULF�UHODWLRQVKLSV�VKRZQ�
LQ�7DEOH�,�DQG�,, �L�H���XVLQJ�WKH�KDQG�OHQJWK�DV�WKH�NH\�LQSXW��
7KLV�VWDWLF�PRGHO�ZDV�XSGDWHG�WR�LQFOXGH�WKH�GLVWDO�ERQH�

)LJXUH���� 6WHSV�LQ�FUHDWLQJ�WKH�ILQDO�DGDSWDEOH�PRGHO

2QFH� EDVLF� JHRPHWULF� UHODWLRQVKLSV� ZHUH� HVWDEOLVKHG��
HOOLSWLFDO� FURVV�VHFWLRQV�� ZLWK� VSHFLDOW\� *UDVVKRSSHU��
SURJUDPPLQJ� FRPPDQGV� �9�3LSH� RU� YDULDEOH� SLSH�� DUH�
HPSOR\HG� WR�PDNH� WKLV�PRGHO�PRUH� UHDOLVWLF� 6HWV�RI� HOOLSVHV��
DQG� WKHLU� FRQWURO� SODQHV�� DUH HVWDEOLVKHG� 7KH�PRGHO� ZLWK� WKH�
HOOLSWLFDO� FURVV� VHFWLRQV LV� PRUH� FXVWRPL]DEOH� DV� WKHUH� DUH�
YDULDEOH� UDGLL� LQ� WZR� GLUHFWLRQV�� DQG� WKH� HOOLSVH�SRVLWLRQV�PD\�
EH�DOWHUHG XVLQJ�WKH�LQSXW�WR�WKH�SDUDPHWULF�UHODWLRQVKLSV�LQ�WKH�
PRGHO��)LJ������5DGLL�DUH�FRQWUROOHG�E\�D µVOLGHU EDU¶� LQSXW��DV�
VKRZQ LQ� )LJ���� 7KLV� PRGHOLQJ� DSSURDFK� OHYHUDJHV� NQRZQ�
UHODWLRQVKLSV�\HW FDQ�DFFRPPRGDWH RI�D�ZLGHU�YDULHW\�RI�KDQGV
RU�ORFDOL]HG�YDULDWLRQV��L�H�� DQ�DUWKULWLF�KDQG��DV�VKRZQ�)LJ����

)LJXUH���� (OOLSWLFDO� FURVV� VHFWLRQV� DQG� FRQWURO� SODQHV� LOOXVWUDWLQJ� WKH� ORFDO�
FRQWURO�RI�WKH�ILQJHU�VKDSHV��7KH���FURVV�VHFWLRQV�DUH�ODEHOOHG�

)LJXUH���� $QRWKHU�DQJOH�RI�WKH�ERQH�FURVV�VHFWLRQ�DQG�LWV�IOH[DELOLW\

8VLQJ�WKH�HOOLSWLFDO�PRGHO�DV�D�EDVH�OLQH� WKH�URXQGHG�HQGV�
WR�WKH�SUR[LPDO�ERQH DUH�DGGHG�YLD�HOOLSVRLGV��ZKHUH�WKH�FRQWURO�
JHRPHWU\� LV� OLQNHG� WR� WKH�ERQH�JHRPHWU\��7KH� HQGFDSV PRGHO�
FDQ�DOVR�EH�SHUVRQDOL]HG��DV�QHFHVVDU\��7KH�SURJUHVVLRQ�IURP�D�
ERQH� WR�D� ILQJHU LV�VKRZQ�IURP�ULJKW�WRS�FRXQWHU�FORFNZLVH� WR�
ULJKW�ERWWRP��ODEHOOHG���± ���LQ�)LJ���� 7KH VHPL�FLUFXODU�ULQJ�DW�
WKH�HQG�RI�WKH�ILQJHU�LV�RSWLRQDO�IRU�QRZ�

)LJXUH���� 7KH�EXLOG�RI�WKH�ILQJHU�ERQHV�RUGHUHG�IURP�VLPSOH�WR�FRPSOH[��DQG�
RUGHU�RI�FUHDWLRQ�

8VLQJ� WKH� UHODWLRQVKLSV DQG� GHVLJQ� DSSURDFK�� WKH� ERQH�
ILQJHU� PRGHO� LV XSGDWHG� WR� EHFRPH� DXWRPDWLFDOO\� DGDSWDEOH��
,QVWHDG� RI� XVLQJ� WKH� IL[HG� QXPEHUV� ZLWK� WKH IRUPXODV� DQG�
SDUDPHWULF�UHODWLRQVKLSV��µVOLGHU�EDU¶�LQSXWV�RU YDULDEOHV� ZKLFK�
DUH�FRQWUROOHG�E\�WKH�XVHU��DUH�XWLOL]HG� 7KH�IOH[LELOLW\�SURYLGHG�
E\�WKH�VOLGHU�EDUV�LV�VKRZQ�LQ�)LJ�������DQG���

)LJXUH���� 7KH�DGDSWDELOLW\�RI�WKH�HQG�FDSV�GHPRQVWUDWHG
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)LJXUH���� 7KH�VLPSOLFW\�RI�FKDQJLQJ�WKH�ILQJHU�UDGLL�LV�VKRZQ�ZLWK�WKH�UDGLL�LI�
WKH�ILQJHU�ERQH

)LJXUH���� 7KH�ZLGH� UDQJH� RI� WKH� UDGLL� LV� GHPRQVWUDWHG� WKURXJK� WKH� H[WUHPH�
VL]HV�RI�WKH�HQG�FDSV�VKRZQ�

7KH� LQWHUIDFH�RI� WKH�*UDVVKRSSHU��DOJRULWKP LV�VKRZQ�LQ�)LJ��
����7KH�SDUWV�DUH�FRQQHFWHG� WR�HDFK�RWKHU�XVLQJ�µZLUHV¶� LQ� WKH�
SURJUDP�� 7KLV�IHDWXUH�DOORZV WKH�LQSXW�GDWD�WR�EH WUDQVIRUPHG�
XVLQJ� PDWKHPDWLFDO� IXQFWLRQV� DQG� WKH� SURJUDPPDEOH� FRQWURO�
VKDSHV�WR�FUHDWH�VXUIDFH��PHVK��RU�VROLG�PRGHO�JHRPHWU\�LQ�WKH�
5KLQRFHURV��HQYLURQPHQW�

)LJXUH�����/DEHOOHG�*UDVVKRSSHU� LQWHUIDFH�VKRZQ��WKH�EHKLQG�WKH�VFHQHV�RI�
WKH�ILQJHU�PRGHO��

7KHVH� ILQJHU� PRGHOV� FDQ� HDVLO\� EH� DVVHPEOHG� LQWR� WKH�
LQGLYLGXDOV KDQG PRGHO� �LQ� WKH� 5KLQR�� HQYLURQPHQW�� XVLQJ�
DQWKURSRPHWULF UHODWLRQVKLSV DQG� FRQVWUDLQWV� WR� OLQN� WKH�
LQGLYLGXDO� FRPSRQHQWV� LQWR� D� ILQDO� NLQHPDWLF� DVVHPEO\� 7KLV�
ERQH�ILQJHU�KDQG� PRGHO� FDQ� WKHQ� EH� DQLPDWHG� IRU� GLIIHUHQW�
VLWXDWLRQV� VXFK� DV KDQG� JULSSLQJ XVLQJ� WKH� %RQJR�� DGG�RQ��
2QFH�WKH�DSSURSULDWH�UHODWLRQVKLSV�DUH�ILQDOL]HG��FXVWRP�ILQJHU�
EUDFHV�RU�KDQG�EUDFH�PRGHOV FDQ�EH�EXLOW�RQ�WRS�RI�WKLV�
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7KH� UHVXOW� RI� WKLV� SURFHVV� LV� D� FXVWRPL]DEOH� ERQH�ILQJHU�
KDQG� PRGHO� WKDW� FDQ� EH� DGDSWDEOH� IRU D� YDULHW\� RI� VKDSHV�

LQVWDQWDQHRXVO\�� 7KH� SURJUDPPLQJ� HOHPHQWV� RI� WKLV� PRGHO
DOORZV� D KDQG FRQILJXUDWLRQ WR� EH� SURJUDPPHG� XVLQJ�
SDUDPHWULF� UHODWLRQVKLSV� HVWDEOLVKHG� E\� RWKHU� UHVHDUFKHUV�� 7KH�
KDQG�OHQJWK DQG�EUHDGWK DUH PHDVXUHG��7KH\�DUH�WKHQ�XVHG�DV�DQ�
LQSXW� WR� HVWDEOLVK� WKH� ERQH� OHQJWKV� IRU� WKH� PHWDFDUSDO� DQG�
SKDODQJHDO�ERQHV�HDFK�ILQJHU� ([DPSOH�VROXWLRQV�DUH VKRZQ�LQ�
)LJXUH��� DQG�����7KH\�DUH�KDQG�RI�D�\RXQJ�IHPDOH�DQG�\RXQJ�
PDOH��2Q�WKH�OHIW�LV�WKH�ZLUHIUDPHV�SULQWRXW�RI�WKH�PRGHO��FHQWHU�
WKH� KDQG�� DQG� RQ� WKH� ULJKW� WKH� �'� VKDGHG PRGHO� RI� WKH� KDQG�
IURP� 5KLQRFHURV��� 7KH� UHFRQILJXUDEOH� UHYHUVH� HQJLQHHUHG�
KDQG�PRGHOV DUH FUHDWHG��

%RWK� KDQGV� VKRZQ� KDYH� GLIIHUHQW� KDQG� OHQJWKV�� EUHDGWKV�
DQG� ILQJHU� UDGLL�� DQG� WKLV� PRGHO� ZDV� DEOH� WR� FRQIRUP� WR� WKH�
PHDVXUHPHQWV�DQG�FUHDWH�D�FXVWRPL]HG�PRGHO�RI�WKH�KDQG��

$� SUHOLPLQDU\ µSURRI� RI� FRQFHSW¶� DQLPDWLRQ� RI� WKHVH�
UHFRQILJXUDEOH� PRGHOV� KDV� EHHQ� FRPSOHWHG�� ([DPSOHV� RI� WZR�
DQLPDWLRQV�ZLWK�GHYHORSHG�ZLWK�WKH�%RQJR��DGG�RQ�DUH�VKRZQ�
LQ�WKH�OLQNV EHORZ �DQG�)LJ�����DQG�����

KWWSV���ZZZ�VFUHHQFDVW�FRP�W�P�)HF�G*�P(

KWWSV���ZZZ�VFUHHQFDVW�FRP�W�T2QI�6HWT$

)LJXUH����� )HPDOH�KDQG�PRGHO�

)LJXUH�����0DOH�KDQG�PRGHO�

)LJXUH�����7KH�KDQG�PRGHO�ZLWK�PRGHUDWHO\ VSUHDG�DSDUW�ILQJHUV
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)LJXUH����� 6WLOO�IURP�D�KDQG�PRGHO�DQLPDWLRQ�RI�ILQJHU�PRYHPHQW
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5HYHUVH�HQJLQHHULQJ�D�KDQG�WR�FUHDWH�DQ�HGLWDEOH�VXUIDFH�RU�
VROLG�PRGHO�LV�D�WLPH�LQWHQVLYH�WDVN�DQG UHTXLUHV�KLJKO\�VNLOOHG�
GHVLJQHUV�IDPLOLDU�ZLWK�VXUIDFH�PRGHOLQJ�VWUDWHJLHV��7KH�JRDO�WR�
GHYHORS�D�G\QDPLFDOO\�UHFRQILJXUDEOH�ERQH�ILQJHU�KDQG�PRGHO�
ZDV� UHDOL]HG� XVLQJ� D� VHW� RI� PRGHOLQJ� WRROV� W\SLFDOO\� XVHG� LQ�
DQLPDWLRQ� HQYLURQPHQWV�� 'HYHORSLQJ� RUJDQLF� SDUDPHWULF�
PRGHOV�LQ�&$7,$�LV�SUREOHPDWLF�GXH�WR�OLQNLQJ�WKH�PDQ\�ERQH�
ILQJHU�KDQG�FRQVWUDLQWV >��@��

$V� KXPDQ� DQDWRP\� KDV� JHQHUDO� NQRZQ� UHODWLRQVKLSV�
�DQWKURSRPHWULF� GDWD��� EXW� LQGLYLGXDO� YDULDQWV�� WKH�
*UDVVKRSSHU�� YLVXDO� SURJUDPPLQJ� ODQJXDJH� LV� XVHG� WR�
OHYHUDJH� WKH� UHODWLRQVKLSV� WR� FUHDWH� HGLWDEOH� PRGHOV� LQ� WKH�
5KLQRFHURV�HQYLURQPHQW��7KLV�IRXQGDWLRQDO�UHVHDUFK�DOORZV�IRU�
WKH� FUHDWLRQ� D� FXVWRPL]HG� KDQG� EUDFH� ZLWKRXW� D� VLJQLILFDQW�
DPRXQW�RI�PHDVXUHPHQWV�RU�GDWD�PDQLSXODWLRQ�IRU�GHYHORSLQJ�D�
SHUVRQDOL]LQJ�&$'�PRGHO��7KLV�&$'�PRGHO�FDQ�WKHQ�EH�XVHG�
DV�DQ�LQSXW�IRU�DQ�$0�SURFHVV�

7KURXJKRXW�WKLV�SURFHVV��WKH�PDLQ�JRDO�ZDV�WR�DGG�HQRXJK�
GHWDLO� WR� UHSUHVHQW� WKH�XQLTXHQHVV�RI� WKH�LQGLYLGXDO¶V�KDQG�EXW�
QRW� WR� EH� RYHUO\� FRPSOH[� RU� KDYH� WKH� GDWD� HQWU\� EH� D� WLPH�
FRQVXPLQJ�WDVN��'XH�WR�WKH�PRGHO¶V�DELOLW\�WR�KDYH�IXOO�FRQWURO�
RYHU�WKH�VKDSH RI�WKH�ILQJHU���HVVHQWLDOO\�WKH�WKLFNQHVV���PXVFOHV�
DQG� VNLQ�ZLOO� EH� DGGHG� LQ� WKH� IXWXUH�� 7KH� RYHUDOO� SURFHVV� IRU�
FUHDWLQJ�VSHFLDOW\�EUDFHV�VKRZQ�LQ�)LJ�������

)LJXUH����� 6WHSV IRU FUHDWLQJ� ILQDO� DGDSWDEOH� KDQG� DQG� EUDFHV� PRGHOV ��� ±
SUHVHQW�UHVHDUFK����± RQ�JRLQJ UHVHDUFK����± IXWXUH�ZRUN�
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/RFDOL]HG� µQRQ�HOOLSWLFDO¶� JHRPHWU\� VROXWLRQV� ZLOO� EH�
H[SORUHG�� 7KH� DQLPDWLRQ�PRGHOV� ZLOO� EH� LPSURYHG� WR� LQFOXGH�
DQWKURSRPHWULF� UHODWLRQVKLSV�� DV� WKHUH� DUH� XQLTXH� PRWLRQ�
FRQGLWLRQV� IRU� RXU� KDQGV�� )RU� H[DPSOH�� DOO MRLQWV� LQ� WKH� ULQJ�
ILQJHU�FDQQRW�EH�IXOO\�URWDWHG�LQZDUGV�ZLWKRXW�FUHDWLQJ�PRWLRQ�
LQ� WKH�PLGGOH�RU�SLQN\� ILQJHUV��7KH�*UDVVKRSSHU��PRGHO�ZLOO�
EH�VWUHDPOLQHG�WR�DGG�D�XVHU�LQWHUIDFH��GDWD�FROOHFWLRQ�VWUDWHJLHV�
GHWHUPLQHG�� DQG� EUDFH� GHVLJQ� VROXWLRQV� ZLOO� EH GHVLJQHG��
IDEULFDWHG��XVLQJ�DQ�$0�SURFHVV��DQG�WHVWHG��

$&.12:/('*0(176

7KLV�UHVHDUFK�LV�SDUWLDOO\�IXQGHG�E\�WKH�16(5&�'LVFRYHU\�
*UDQW� DQG� WKH� 8QLYHUVLW\� RI� :LQGVRU� 2XWVWDQGLQJ� 6FKRODUV�
SURJUDPV��6SHFLDO�WKDQNV�WR�KDQG�PRGHO�6ZDSQLO 3DWNL�

5()(5(1&(6

>�@ 1��0�0DVV\�:HVWURSS��7��.��*LOO��$��:��7D\ORU��5��:�%RKDQQRQ��DQG�
&��/��+LOO��³+DQG�JULS�VWUHQJWK��DJH�DQG�JHQGHU�VWUDWLILHG�QRUPDWLYH�GDWD�
LQ�D�SRSXODWLRQ�EDVHG�VWXG\�´�%LR0HG�&HQWUDO��YRO�����SS�����±�����$SU��
������

>�@ ³(KOHUV�'DQORV� V\QGURPH�´� 0D\R� &OLQLF�� ���2FW������� >2QOLQH@��
$YDLODEOH�� KWWSV���ZZZ�PD\RFOLQLF�RUJ�GLVHDVHV�FRQGLWLRQV�HKOHUV�
GDQORV�V\QGURPH�GRFWRUV�GHSDUWPHQWV�GGF�����������

>�@ -�� 5�� *UDYOHH� DQG� '�� -�� 9DQ� 'XUPH�� ³%UDFHV� DQG� VSOLQWV� IRU�
PXVFXORVNHOHWDO�FRQGLWLRQV��´�$PHULFDQ�)DPLO\�3K\VLFLDQ��YRO������QR�����
SS�����±�����)HE��������

>�@ .�� (�� /H%ODQF� DQG� :�� &HVWLD�� ³&DUSDO� 7XQQHO� 6\QGURPH�´� $PHULFDQ�
)DPLO\�3K\VLFLDQ��YRO������QR�����SS�����±�����$SU��������

>�@ 6�� (�� /XFNKDXSW� HW�DO� �� ³3UHYDOHQFH� DQG� ZRUN�UHODWHGQHVV� RI� &DUSDO�
7XQQHO� 6\QGURPH� LQ� WKH� ZRUNLQJ� SRSXODWLRQ�� 8QLWHG� 6WDWHV�� �����
QDWLRQDO� KHDOWK� LQWHUYLHZ� VXUYH\�´� $PHULFDQ� -RXUQDO� RI� ,QGXVWULDO�
0HGLFLQH��YRO������QR�����SS�����±�����$SU��������

>�@ (��&DUPHOL��+��3DWLVK��DQG�5��&ROHPDQ��³7KH�DJLQJ�KDQG�´�7KH�-RXUQDOV�
RI�*HURQWRORJ\��6HULHV�$��YRO������QR�����SS�����±�����)HE��������

>�@ 0�� $WWHQH� 0� 6SDJQXROR� ³$XWRPDWLF� 6XUIDFH� 5HFRQVWUXFWLRQ� IURP�
3RLQW�6HWV�LQ�6SDFH´��&RPSXWHU�*UDSKLFV�)RUXP��YRO������SS������± �����
�����

>�@ /�0�*DODQWXFFL��*��3HUFRFR���6SLQD��5���������³$Q�DUWLILFLDO�LQWHOOLJHQFH�
DSSURDFK�WR�UHJLVWUDWLRQ�RI IUHH�IRUP�VKDSHV´��&,53�$QQDOV��YRO������QR��
���SS������± ����

>�@ ³+DQG� DQWKURSRPHWU\�´� (DVH� RI� 8VH� $VVLVWDQW�� >2QOLQH@�� $YDLODEOH��
KWWS���XVDELOLW\�JWUL�JDWHFK�HGX�HRXBLQIR�KDQGBDQWKUR�SKS��

>��@ 0�,��6DOXGDUHV�DQG�5��$WLHQ]D�³3DUDPHWULF��'�KDQG�PRGHO´�SUHVHQWHG�DW�
WKH��WK ,QWHUQDWLRQDO�&RQIHUHQFH�RQ� ,QWHOOLJHQW 6\VWHPV��0RGHOOLQJ�DQG�
6LPXODWLRQ��%DQJNRN��7KDLODQG�����

>��@ 7�� 5KHH�� 8�� 1HXPDQQ�� DQG� -�3�� /HZLV� ³+XPDQ� KDQG� PRGHOOLQJ� IURP�
VXUIDFH�DQDWRP\´�3URFHHGLQJV�IRU������$&0�6,**5$3+�6\PSRVLXP�
RQ�,QWHUDFWLYH��'�*UDSKLFV�DQG�*DPHV�

>��@ (�� 3�� &�� &�� 3LWDUFK�� ³9LUWXDO� KXPDQ� KDQG�� JUDVSLQJ� VWUDWHJ\� DQG�
VLPXODWLRQ�´� GLVVHUWDWLRQ��8QLYHUVLWDW� 3ROLWCHFQLFD� GH� &DWDOXQ\D� �83&���
������

>��@ +��.DOHPL��$��.KD\DW��5�-��8UEDQLF ³,QYHVWLJDWLQJ�H[R�VNHOHWRQ�GHVLJQ�
DQG� IDEULFDWLRQ FKDOOHQJHV� IRU� WKH� KDQG� UHJLRQ� XVLQJ� PDWHULDO�
H[WUXVLRQ SURFHVVHV´��LQ�,QWHUQDWLRQDO�)HGHUDWLRQ�RI�$XWRPDWLF�&RQWURO�
,QWHOOLJHQW 0DQXIDFWXULQJ�6\VWHPV� ������YRO�����SS ������

>��@ 5�-��8UEDQLF� /��'L&HFFR�� ³'HYHORSPHQW� RI� DGDSWDEOH� OLJKW�ZHLJKWLQJ�
PHWKRGV� IRU� PDWHULDO� H[WUXVLRQ� SURFHVVHV´� $PHULFDQ� 6RFLHW\� RI�
0HFKDQLFDO�(QJLQHHUV� ,QWHUQDWLRQDO�0HFKDQLFDO�(QJLQHHULQJ�&RQJUHVV�
	� ([SRVLWLRQ�� ����� YRO�� �$�� SS�� ���


