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� 3DSHU��� ��
�

��

$1,0$7,21�2)�7$/.,1*�$*(176�
-RQDV�%HVNRZ�
�
&HQWUH�IRU�6SHHFK�7HFKQRORJ\�
.7+��6WRFNKROP��6ZHGHQ�

�
$%675$&7�
,W� LV� HQYLVLRQHG� WKDW�DXWRQRPRXV�VRIWZDUH�DJHQWV� WKDW�FDQ�FRPPXQLFDWH�XVLQJ�VSHHFK�DQG�
JHVWXUH�ZLOO�VRRQ�EH�RQ�HYHU\ERG\·V�FRPSXWHU�VFUHHQ��7KLV�SDSHU�GHVFULEHV�DQ�DUFKLWHFWXUH�
WKDW� FDQ� EH� XVHG� WR� GHVLJQ� DQG� DQLPDWH� FKDUDFWHUV� FDSDEOH� RI� OLS�V\QFKURQLVHG� V\QWKHWLF�
VSHHFK�DV�ZHOO�DV�ERG\�JHVWXUHV��IRU�XVH�LQ�IRU�H[DPSOH�VSRNHQ�GLDORJXH�V\VWHPV��$�JHQHUDO�
VFKHPH�IRU�FRPSXWDWLRQDOO\�HIILFLHQW�SDUDPHWULF�GHIRUPDWLRQ�RI�IDFLDO�VXUIDFHV�LV�SUHVHQWHG��
DV�ZHOO�DV�WHFKQLTXHV�IRU�JHQHUDWLRQ�RI�ELPRGDO�VSHHFK��IDFLDO�H[SUHVVLRQV�DQG�ERG\�JHVWXUHV�
LQ�D�VSRNHQ�GLDORJXH�V\VWHP��5HVXOWV�LQGLFDWLQJ�WKDW�DQ�DQLPDWHG�FDUWRRQ�OLNH�FKDUDFWHU�FDQ�
EH�D�VLJQLILFDQW�FRQWULEXWLRQ�WR�VSHHFK�LQWHOOLJLELOLW\��DUH�DOVR�UHSRUWHG��

,1752'8&7,21��
+XPDQ�FRPPXQLFDWLRQ�LV�LQKHUHQWO\�PXOWLPRGDO��7KH�LQIRUPDWLRQ�FRQYH\HG�WKURXJK�ERG\�
ODQJXDJH�� IDFLDO� H[SUHVVLRQ�� JD]H�� LQWRQDWLRQ�� VSHDNLQJ�VW\OH� HWF�� DUH� DOO� LPSRUWDQW� FRPSR�
QHQWV� RI� HYHU\GD\� FRPPXQLFDWLRQ�� ,I� D�PDFKLQH� FDQ� JDLQ� DFFHVV� WR� VXFK� FRPPXQLFDWLRQ�
FKDQQHOV�DQG�EH�WDXJKW�WR�JHQHUDWH�DV�ZHOO�DV�LQWHUSUHW�VRFLDO�QRQYHUEDO�VLJQDOV�LQ�DQ�HIILFLHQW�
DQG�PHDQLQJIXO�ZD\��D�FRPSOHWHO\�QHZ�PRGHO�RI�LQWHUDFWLQJ�ZLWK�FRPSXWHUV�ZRXOG�EH�SRV�
VLEOH��0DQ\�SHRSOH�SUHGLFW�WKDW�WKH�QH[W�ELJ�VWHS�LQ�XVHU�LQWHUIDFH�WHFKQRORJ\�ZLOO�EH�D�VKLIW�
WRZDUGV�PXOWLPRGDO�DJHQW�EDVHG�V\VWHPV��ZKHUH�WKH�XVHU�LQWHUDFWV�ZLWK�WKH�V\VWHP�WKURXJK�
VHYHUDO�FKDQQHOV��LQFOXGLQJ�VSRNHQ�QDWXUDO�ODQJXDJH��6XFK�LQWHUIDFHV�ZLOO�SRVVHVV�VRFLDO�FDSD�
ELOLWLHV�DV�ZHOO�DV�D�KLJK�GHJUHH�RI�DXWRQRP\�DQG�ZLOO�EH�DEOH�WR�FDUU\�RXW�FRPSOH[�UHTXHVWV�
RQ�WKHLU�RZQ��7KH�LQWHUDFWLRQ�EHWZHHQ�WKH�XVHU�DQG�WKH�V\VWHP�ZLOO�SULPDULO\�EH�FRQFHUQHG�
ZLWK�GHOHJDWLRQ�UDWKHU�WKDQ�GLUHFW�PDQLSXODWLRQ�DV�LV�WKH�FDVH�LQ�PRVW�LQWHUIDFHV�WRGD\��

9,6,%/(�$*(176�
6HYHUDO� DVSHFWV�RI� WKH� WHFKQRORJ\� UHTXLUHG� IRU�FUHDWLRQ�RI�PXOWLPRGDO�DJHQW� LQWHUIDFHV�DUH�
UHVHDUFK�DUHDV�LQ�WKHLU�RZQ�ULJKW��)RU�H[DPSOH��VSRNHQ�GLDORJXH�V\VWHPV�UHVHDUFK�KDV�ODWHO\�
EHHQ�D�YHU\�DFWLYH�DUHD��DQG�WR�GDWH��WKHUH�DUH�DOVR�VHYHUDO�H[DPSOHV�RI�DQLPDWHG�FKDUDFWHUV�
LQ�VSRNHQ�GLDORJXH�LQWHUIDFHV���
)DFHV�LQ�GLDORJXH�
.DWDVKL� 	� $NLND]X� ������� HPSOR\HG� DQLPDWHG� IDFLDO� H[SUHVVLRQV� DV� D� EDFNFKDQQHOLQJ�
PHFKDQLVP�DV�ZHOO�DV�DQ�LQGLFDWRU�RI�WKH�LQWHUQDO�VWDWH��OLVWHQLQJ��WKLQNLQJ�HWF���LQ�D�VSHHFK�
EDVHG�GLDORJXH�V\VWHP��7KyULVVRQ��������XVHG�D��'�DQLPDWHG�FKDUDFWHU�WRJHWKHU�ZLWK�LQSXW�
IURP�VHYHUDO� VRXUFHV�� LQFOXGLQJ�VSHHFK�DQG�JD]H��WR�VLPXODWH�PDQ\�VRFLDO�DVSHFWV�RI�PXOWL�
PRGDO�GLDORJXH�LQWHUDFWLRQ�VXFK�DV�WXUQ�WDNLQJ�DQG�EDFNFKDQQHOLQJ��&DVVHO�HW�DO��������PRG�
HOOHG�WKH�LQWHUDFWLRQ�EHWZHHQ�LQWRQDWLRQ�DQG�JHVWXUH�LQ�GLDORJXH�FRQWH[W�XVLQJ�WZR�DQLPDWHG�
DJHQWV�LQWHUDFWLQJ�ZLWK�HDFK�RWKHU��,Q�WKH�:D[KROP�SURMHFW�DW�.7+��%HUWHQVWDP�HW�DO���������
JD]H� DQG� KHDG�PRYHPHQWV� RI� DQ� DQLPDWHG� WDONLQJ� IDFH� ZDV� XVHG� WR� YLVXDOO\� UHIHU� WR� RQ�
VFUHHQ�JUDSKLFV��VXFK�DV�PDSV�DQG�WLPHWDEOHV�LQ�D�JUDSKLFDO�GLVSOD\��
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� %HVLGHV�WKH�EHQHILWV�RI�DGGHG�RXWSXW�PRGDOLWLHV�IRU�QRQYHUEDO�FRPPXQLFDWLRQ��WKHUH�DUH�
RWKHU�DGYDQWDJHV�RI�XVLQJ�DQ�DQLPDWHG�FKDUDFWHU�LQ�D�VSHHFK�EDVHG�V\VWHP��$�YLVXDOO\�ZHOO�
DUWLFXODWHG�LQWHUIDFH�DJHQW��XVLQJ�ELPRGDO�VSHHFK�V\QWKHVLV��ZLOO�PDNH�WKH�V\VWHP�PRUH�LQWHO�
OLJLEOH��FRPSDUHG�WR�DQ�LQWHUIDFH�ZLWK�DXGLWRU\�RQO\�VSHHFK�V\QWKHVLV�DV�RXWSXW��7KH�DGGLWLRQ�
RI�YLVXDO�VSHHFK�IDFLOLWDWHV�XVDJH�LQ�QRLV\�HQYLURQPHQWV�RU�E\�KHDULQJ�LPSDLUHG�SHRSOH��)XU�
WKHUPRUH��D�YLVXDO�DJHQW�JLYHV�WKH�V\VWHP�D�PRUH�DSSDUHQW�SHUVRQDOLW\�DQG�PDNHV�LW�DQWKUR�
SRPRUSKLF�� ZKLFK�PLJKW� FRQWULEXWH� WR�PDNLQJ� WKH� GLDORJXH� H[SHULHQFH�PRUH� OLNH� KXPDQ�
IDFH�WR�IDFH�FRPPXQLFDWLRQ��
$QLPDWLRQ�LVVXHV�
$QLPDWLRQ�RI�KXPDQ��RU�KXPDQRLG�� IDFHV� LV� D� NH\� WHFKQRORJ\� LQ� WKLV� FRQWH[W��7KHUH� H[LVW�
VHYHUDO�DSSURDFKHV�WR�IDFLDO�DQLPDWLRQ��UDQJLQJ�IURP�GLVSOD\�RI�SUH�VWRUHG�LPDJHV�WR�DFWXDO�
SK\VLFDO� VLPXODWLRQ�� 3ODWW� 	� %DGOHU� �������� :DWHUV� ������� DQG� 7HU]RSRXORV� DQG� :DWHUV�
�������KDYH�DOO�GHYHORSHG�PRGHOV�WKDW�VLPXODWH�WKH�PXVFOHV�DQG�WHQVLRQV�LQ�WKH�IDFLDO�WLVVXH��
6XFK�PRGHOV� FDQ�SURYLGH� UHDOLVWLF� UHVXOWV�� EXW�GHWHUPLQLQJ�SURSHU�PXVFOH� DFWLYDWLRQ� OHYHOV�
UHTXLUHG� WR� FUHDWH� D� VSHFLILF� IDFLDO� H[SUHVVLRQ� FDQ�EH� D�GLIILFXOW�PDWWHU�� VLQFH� UHDO�PXVFOHV�
GRQ·W�OHQG�WKHPVHOYHV�WR�HDV\�PHDVXUHPHQW��)XUWKHUPRUH��PXVFOH�EDVHG�PRGHOV�WHQG�WR�EH�
FRPSXWDWLRQDOO\� H[SHQVLYH�� ZKLFK� LV� D� VHULRXV� GUDZEDFN� LI� WKH� LQWHQGHG� DSSOLFDWLRQ� LV� DQ�
LQWHUDFWLYH� LQWHUIDFH� DJHQW��0RUH� VXLWDEOH� LQ� WKLV� UHVSHFW� LV� WKH� GLUHFW� SDUDPHWHULVDWLRQ� DS�
SURDFK�WDNHQ�E\�3DUNH��������+HUH��DWWHQWLRQ�LV�WXUQHG�VROHO\�WR�WKH�RXWVLGH�VXUIDFH�RI�WKH�
IDFH��DQG�LQVWHDG�RI�PXVFOHV��D�VHW�RI�REVHUYDWLRQ�EDVHG�SDUDPHWHUV�DUH�XVHG�WR�GHIRUP�WKH�
VXUIDFH�WR�FUHDWH�IDFLDO�H[SUHVVLRQV��6XFK�VXUIDFH�GHIRUPDWLRQV�FDQ�RIWHQ�EH�RI�ORZ�FRPSX�
WDWLRQDO�FRPSOH[LW\��6LQFH�WKH�SDUDPHWHUV�DUH�QRW�UHTXLUHG�WR�PRGHO�DQ\�UHDO�DQDWRPLFDO�IHD�
WXUHV��WKH\�FDQ�EH�WDLORUHG�WR�PLPLF�SDUWLFXODU�DFWLRQV��VXFK�DV�VSHHFK�PRYHPHQWV��%HVNRZ��
������� )XUWKHUPRUH�� SDUDPHWHUV� FDQ� UHODWLYHO\� HDVLO\� EH� PHDVXUHG� IURP� UHDO� IDFHV�� HLWKHU�
PDQXDOO\�RU�XVLQJ�LPDJH�SURFHVVLQJ�WHFKQLTXHV��
� $�FRPPRQ�GUDZEDFN�RI�GLUHFW�SDUDPHWHULVDWLRQ�PHWKRGV�DV�ZHOO�DV�VRPH�PXVFOH�EDVHG�
VFKHPHV�� KRZHYHU�� LV� WKDW� DFWLYDLRQ�RI� VHYHUDO� SDUDPHWHUV� VLPXOWDQHRXVO\� FDQ� \LHOG�XQSUH�
GLFWDEOH� UHVXOWV�� &RQVLGHU� D� VFKHPH� ZLWK� LQGHSHQGHQW� FRQWURO� SDUDPHWHUV� IRU� XSSHU� DQG�
ORZHU� OLS�� DV�ZHOO� DV� RQH� SDUDPHWHU� IRU� MDZ� RSHQLQJ�� ,Q� RUGHU� WR� FORVH� WKH� OLSV� WLJKWO\� WR�
JHWKHU�� ZH� QHHG� WR� VSHFLI\� DQ� H[DFW� FRPELQDWLRQ� RI� DOO� WKUHH� SDUDPHWHUV�� ,W·V� SRVVLEOH� WR�
VROYH�WKLV�NLQG�RI�SUREOHP�XVLQJ�FROOLVLRQ�GHWHFWLRQ�DQG�LWHUDWLYH�SDUDPHWHU�DGMXVWPHQW��EXW�
WKLV�GUDPDWLFDOO\�LQFUHDVHV�WKH�FRPSXWDWLRQDO�GHPDQG��

$�722/.,7�)25�$1,0$7,21�2)�,17(5$&7,9(�&+$5$7(56�
7R�EH�DEOH�WR�H[SHULPHQW�ZLWK�GLIIHUHQW�DQLPDWHG�FKDUDFWHUV�IRU�GLDORJXH�V\VWHPV�DQG�RWKHU�
SXUSRVHV� LQ�D�IOH[LEOH�ZD\��ZH�KDYH�GHYHORSHG�D�WRRONLW�IRU�FKDUDFWHU�DQLPDWLRQ�DQG�YLVXDO�
VSHHFK�V\QWKHVLV���
� 7KH�WRRONLW�LV�XVHIXO�IRU�UHQGHULQJ�DQG�DQLPDWLRQ�RI�DUELWUDU\�WKUHH�GLPHQVLRQDO�SRO\JRQ�
REMHFWV��7KH�PDLQ�SXUSRVH��KRZHYHU��LV�PRGHOOLQJ��DQLPDWLRQ�DQG�UHDO�WLPH�FRQWURO�RI�SDUD�
PHWULFDOO\�FRQWUROOHG�KXPDQRLG�FKDUDFWHUV��
$�JHQHUDO�VXUIDFH�GHIRUPDWLRQ�VFKHPH�
:H� KDYH� GHYHORSHG� D� SDUDPHWHULVDWLRQ� VFKHPH� IRU� QRQULJLG� GHIRUPDWLRQ� RI� SRO\JRQ� VXU�
IDFHV�� VXLWDEOH� IRU� UHDO�WLPH� DQLPDWLRQ� RI� D� �'�FKDUDFWHU�� 7KLV� VFKHPH� ERUURZV� IHDWXUHV�
IURP�3DUNHV� DSSURDFK�� EXW� WULHV� WR�RYHUFRPH� VRPH� LI� LW·V� VKRUWFRPLQJV��3DUWLFXODUO\� WKUHH�
PDLQ�FRQVLGHUDWLRQV�JXLGHG�WKH�GHVLJQ���
• 3UHGLFWDEOH�UHVXOWV�RI�SDUDPHWHU�FRPELQDWLRQ�
• 5DSLG�SDUDPHWHULVDWLRQ�RI�QHZ�PRGHOV�
• &RPSXWDWLRQDO�HIILFLHQF\�
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7KH�ILUVW�UHTXLUHPHQW�LV�KDQGOHG�E\�GHILQLQJ�DOO�PRWLRQV�LQ�WHUPV�RI�WDUJHW�SRLQWV�DQG�SURWRW\SH�
SRLQWV�� )RU� H[DPSOH�� UDWKHU� WKDQ� GHILQLQJ� WRQJXH� WLS� HOHYDWLRQ� XVLQJ� WKH� DQJOH� RI� URWDWLRQ��
ZKLFK�ZRXOG�PDNH�WKH�ILQDO�SRVLWLRQ�RI�WKH�WRQJXH�WLS�GHSHQG�RQ�MDZ�RSHQLQJ�DV�ZHOO��WKH�
PRWLRQ�LV�QRUPDOLVHG�ZLWK�UHVSHFW�WR�D�WDUJHW�SRLQW�RQ�WKH�KDUG�SDODWH��WKDW�WKH�WRQJXH�WLS��WKH�
SURWRW\SH�SRLQW��LV�UHTXLUHG�WR�UHDFK�ZKHQ�WKH�SDUDPHWHU�LV�IXOO\�DFWLYDWHG��7KLV�PDNHV�WKH�ILQDO�
SRVLWLRQ� RI� WKH� DUWLFXODWRU� SUHGLFWDEOH�� DQG� LQGHSHQGHQW� RI� RWKHU� SDUDPHWHUV� VXFK� DV� MDZ�
URWDWLRQ��
� 5DSLG�FUHDWLRQ�RI�QHZ�SDUDPHWHU�VHWV�LV�IDFLOLWDWHG�E\�D�JUDSKLFDO�GHIRUPDWLRQ�HGLWRU��ZKHUH�
SURSHUWLHV� RI� HDFK�GHIRUPDWLRQ�SDUDPHWHU�FDQ�EH� WDLORUHG� LQWHUDFWLYHO\�� DQG� WKH�HIIHFWV�RQ�
WKH� PRGHO� FDQ� EH� YLHZHG� LQVWDQWDQHRXVO\�� 7KLV� LV� SRVVLEOH� VLQFH� SDUDPHWHULVDWLRQ� GDWD� LV�
VHSDUDWHG�IURP�DSSOLFDWLRQ�FRGH��VR� WKDW�FKDQJHV� LQ�SDUDPHWHULVDWLRQ�FDQ�EH�GRQH�ZLWKRXW�
WKH� QHHG� IRU� UH�FRPSLODWLRQ�� ,Q� IDFW�� DOO� GDWD� GHVFULELQJ� D� FKDUDFWHU·V� JHRPHWU\� DV�ZHOO� DV�
GHIRUPDWLRQ�SDUDPHWHULVDWLRQ�FDQ�EH�VWRUHG�WRJHWKHU�LQ�RQH�ILOH��
� &RPSXWDWLRQDO�HIILFHQF\�LV�DFKLHYHG�E\�RQO\�OHWWLQJ�HDFK�GHIRUPDWLRQ�SDUDPHWHU�RSHUDWH�
RQ�D�VXEVHW�RI�WKH�YHUWLFHV��DV�RSSRVHG�WR�VFKHPHV�ZKHUH�DOO�SDUDPHWHUV�PRGLI\�DOO�YHUWLFHV�
LQ�WKH�PRGHO��
7KH�GHIRUPDWRU�
7KH� FHQWUDO� HQWLW\� LQ� WKH� GHIRUPDWLRQ� VFKHPH� LV� FDOOHG� WKH� GHIRUPDWRU�� $� GHIRUPDWRU� LV� DQ�
REMHFW�WKDW�WUDQVIRUPV�D�VHW�RI�YHUWLFHV�DFFRUGLQJ�WR�VRPH�UXOH��6HYHUDO�GHIRUPDWRUV�PD\�EH�
FRQWUROOHG�E\�RQH�SDUDPHWHU��7KH�H[DFW�HIIHFW�RI�D�GHIRUPDWRU�LV�VSHFLILHG�E\�D�VHW�RI�SURSHU�
WLHV���
• 7UDQVIRUPDWLRQ�W\SH�ZKLFK�LV�HLWKHU�URWDWLRQ��QRQ�XQLIRUP�VFDOLQJ��WUDQVODWLRQ�RU�SXOO�
• ,QIOXHQFH�GHILQLWLRQ��D�OLVW�RI�YHUWH[�ZHLJKW�SDLUV�WKDW�GHILQHV�ZKLFK�SRO\JRQ�YHUWLFHV�VKRXOG�

EH�DIIHFWHG�E\�WKH�WUDQVIRUPDWLRQ�DQG�WR�ZKDW�H[WHQW��
• $�SLYRW�SRLQW�WKDW�GHILQHV�WKH�SRLQW�RI�QR�PRYHPHQW�IRU�URWDWLRQ�DQG�VFDOLQJ�RSHUDWLRQV�
• $�SURWRW\SH�SRLQW�ZKLFK�W\SLFDOO\� LV�D�FHQWUDO�YHUWH[�LQ�WKH�LQIOXHQFH�DUHD�RI�WKH�GHIRUPD�

WLRQ��WKDW�DFWV�DV�D�´UROH�PRGHOµ�IRU�DOO�RWKHU�YHUWLFHV�
• $�WDUJHW�SRLQW�ZKLFK�W\SLFDOO\�LV�D�YHUWH[�RXWVLGH�RI�WKH�LQIOXHQFH�DUHD�WKRZDUGV�ZKLFK�WKH�

SURWRW\SH�ZLOO�PRYH�
• 7KH�DFWLYDWLRQ� IDFWRU��D�FRQWURO�SDUDPHWHU�ZLWK�D�YDOXH�EHWZHHQ�]HUR�DQG�RQH��WKDW�GHWHU�

PLQHV�WKH�FXUUHQW�DSSOLFDWLRQ�RI�WKH�GHIRUPDWRU��
:KHQ� D� GHIRUPDWRU� LV� DSSOLHG� ZLWK� DQ� DFWLYDWLRQ� IDFWRU�$�� WKH� ILUVW� VWHS� LV� WR� FDOFXODWH�
DPRXQW�RI� WUDQVIRUPDWLRQ��;p�� UHTXLUHG� WR� WUDQVIRUP� WKH�SURWRW\SH� SRLQW� WR� VXFK�DQ�H[WHQW�
WKDW�LW�FRPHV�DV�FORVH�WR�WKH�WDUJHW�DV�SRVVLEOH��'HSHQGLQJ�RQ�WKH�VHOHFWHG�WUDQVIRUPDWLRQ�W\SH��
;p� LV� HLWKHU� D� VFDODU�� H�J�� DQJOH�RI� URWDWLRQ��RU�D�YHFWRU�� VXFK�DV�D� WUDQVODWLRQ�YHFWRU��1H[W��
HDFK�YHUWH[�L�LQ�WKH�LQIOXHQFH�GHILQLWLRQ�LV�WUDQVIRUPHG�E\�; � ��ZKLFK�LV�JLYHQ�E\��
�
; � � �;� ⋅$⋅Z �

�
ZKHUH�$�LV�WKH�FXUUHQW�DFWLYDWLRQ�IDFWRU�DQG�Z � �LV�WKH�ZHLJKW�RI�YHUWH[�L���
� &RQWURO�SRLQWV�DQG�LQIOXHQFH�GHILQLWLRQV�RI�D�GHIRUPDWRU�FDQ�EH�VSHFLILHG�LQWHUDFWLYHO\�LQ�
D�JUDSKLFDO�HGLWRU��
,PSOHPHQWDWLRQ�DVSHFWV�
7KH�FRUH�RI�WKH�V\VWHP�LV�ZULWWHQ�LQ�&���DQG�LW�XVHV�VWDQGDUG��'�JUDSKLFV�OLEUDULHV�WR�SHU�
IRUP� WKH� UHQGHULQJ��$OO� FRQWURO� DQG� LQWHUDFWLRQ� LV�GRQH� WKURXJK�D�VFULSWLQJ� ODQJXDJH�IURQW�
HQG�EDVHG�RQ�7FO�7N��2XVWHUKRXW��������WKDW�DFWV�ERWK�DV�D�FRPPDQG�OLQH�LQWHUSUHWHU�DQG�
DV�D�JHQHUDO�H[WHQVLRQ� ODQJXDJH��7KH�H[WHQVLRQ� ODQJXDJH� LV�XVHIXO� IRU�KLJK� OHYHO�FRQWURO�RI�
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WKH�FKDUDFWHU·V�VSHHFK��IDFLDO�H[SUHVVLRQV�DQG�JHVWXUHV��)XUWKHUPRUH�LW�IDFLOLWDWHV�FXVWRPLVD�
WLRQ�RI�WKH�HQYLURQPHQW�DV�ZHOO�DV�HDV\�LQWHJUDWLRQ�ZLWK�RWKHU�FRPSRQHQWV�DQG�DSSOLFDWLRQV�
ZLWKRXW�WKH�QHHG�IRU�UH�FRPSLODWLRQ�RI�WKH�FRUH�V\VWHP��7KH�7FO�7N�IURQW�HQG�DOVR�PDNHV�LW�
HDV\�WR�FUHDWH�VSHFLDOLVHG�JUDSKLFDO�LQWHUIDFHV�IRU�VSHFLILF�WDVNV���

7+(�%,57+�2)�$1�$*(17�
7KLV�VFKHPH�PDNHV�LW�SRVVLEOH�WR�VWDUW�ZLWK�DQ\�VWDWLF��'�JHRPHWU\��VXFK�DV�D�SRO\JRQDO�IDFH�
PRGHO�FUHDWHG�LQ�DQ�H[WHUQDO��'�PRGHOOLQJ�SURJUDP��LPSRUW�LW�LQWR�WKH�WRRONLW��DQG�LQWHUDF�
WLYHO\�GHILQH�D�VHW�RI�DUWLFXODWRU\�SDUDPHWHUV��VXFK�DV�MDZ�RSHQLQJ�DQG�OLS�URXQGLQJ�DV�ZHOO�DV�
H\HOLG�� DQG� H\HEURZ� SDUDPHWHUV�� 7R� GDWH�� WKLV� SURFHVV� KDV� RQO\� EHHQ� FRPSOHWHG� IRU� RQH�
FKDUDFWHU��2OJD��EXW�IXWXUH�DGGLWLRQV�WR�RXU�DJHQW�LQYHQWRU\�LV�SODQQHG��
$�FDUWRRQ�OLNH�URERW�ODG\�
7KH�2OJD�SURMHFW�LV�D�UHVHDUFK�SURMHFW�DLPLQJ�WR�GHYHORS�D�PXOWLPRGDO�VSRNHQ�GLDORJXH�LQ�
WHUIDFH� IRU� LQIRUPDWLRQ� DFFHVV� �%HVNRZ��0F*ODVKDQ�	�(OHQLXV�� ������� 7KH� GRPDLQ� GHDOV�
ZLWK�FRQVXPHU� LQIRUPDWLRQ�DERXW�PLFURZDYH�RYHQV��DQG�WKH�V\VWHP�FRPELQHV�VSRNHQ�ODQ�
JXDJH� LQSXW� DQG� RXWSXW� ZLWK� FKDUDFWHU� DQLPDWLRQ�� �'�JUDSKLFV� DQG� GLUHFW� PDQLSXODWLRQ��
:LWKLQ�WKLV�SURMHFW��WKH�FKDUDFWHU�FDOOHG�2OJD�ZDV�FUHDWHG��VHH�)LJ���E���2OJD�LV�DQ�HPERGLHG�
FDUWRRQ�OLNH� IHPDOH�DJHQW��FDSDEOH�RI�QRW�RQO\�ELPRGDO�VSHHFK�V\QWKHVLV�DQG�IDFLDO�H[SUHV�
VLRQV��EXW�DOVR�PDQXDO�JHVWXUHV���
� 5DWKHU�WKDQ�WU\LQJ�WR�FUHDWH�D�UHDOLVWLF�UHSOLFDWLRQ�RI�D�KXPDQ�EHLQJ��2OJD�ZDV�LQWHQWLRQ�
DOO\�PRGHOOHG�DV� D� FDUWRRQ��ZLWK�H[DJJHUDWHG�SURSRUWLRQV�DV�ZHOO� DV� VRPH�H[WUDYDJDQW� IHD�
WXUHV� VXFK� DV� DQWHQQDV��7KH�PDLQ� UHDVRQ� IRU� WKLV� KDV� WR�GR�ZLWK�XVHU� H[SHFWDWLRQV�� LI� WKH�
DJHQW�YHU\�UHDOLVWLFDOO\� UHSOLFDWHV�D�KXPDQ�� WKH�XVHU�PLJKW�JHW� WRR�KLJK�H[SHFWDWLRQV�RI� WKH�
V\VWHP·V� VRFLDO�� OLQJXLVWLF� DQG� LQWHOOHFWXDO� VNLOOV��$�FDUWRRQ�RQ�WKH�RWKHU�KDQG��GRHV�QRW� LQ�
GXFH� DQ\� VXFK� H[SHFWDWLRQV�� VLQFH� WKH� RQO\� H[SHULHQFH� PRVW� SHRSOH� KDYH� IURP� FDUWRRQV�
FRPHV�IURP�ZDWFKLQJ�WKHP��QRW�LQWHUDFWLQJ�ZLWK�WKHP��
7KH�SDUDPHWHU�VHW�
:KDW�FRQWURO�SDUDPHWHUV�QHHG�WR�EH�GHILQHG�IRU�D�QHZ�FKDUDFWHU"�)RU�WKH�SXUSRVHV�RI�DJHQW�
DQLPDWLRQ��SDUDPHWHUV�FDQ�EH�GLYLGHG�LQ�WZR�GLVWLQFW�FDWHJRULHV��WKRVH�FRQWUROOLQJ�WKH�YLVXDO�
DUWLFXODWLRQ�UHTXLUHG�IRU�VSHHFK�V\QWKHVLV��DQG�WKRVH�QHHGHG�IRU�QRQ�YHUEDO�FRPPXQLFDWLRQ���
7KH�ILUVW�FDWHJRU\�UHTXLUHV�D�SDUDPHWHU�VHW�WKDW�DOORZV�IRU�JHQHUDWLRQ�RI�FRQYLQFLQJ�PRXWK�
VKDSHV�IRU�VSHHFK��)RU�WKH�2OJD�FKDUDFWHU��ZH�KDYH�FKRVHQ�WR�FRQIRUP�WR�D�VHW�RI�DUWLFXOD�
WLRQ� SDUDPHWHUV� WKDW�ZDV�GHYHORSHG� IRU� D� YLVXDO� VSHHFK� V\QWKHVLVHU� EDVHG�RQ� DQ� H[WHQGHG�
YHUVLRQ�RI�3DUNH·V�PRGHO��%HVNRZ�������DQG�)LJ���D���7KLV�VHW�FRQVLVWV�RI�VHYHQ�SDUDPHWHUV��
MDZ�URWDWLRQ��PRXWK�ZLGWK��OLS�URXQGLQJ��OLS�SURWUXVLRQ��ODELRGHQWDO�RFFOXVLRQ��ELODELDO�RFFOXVLRQ�DQG�WRQJXH�
WLS�HOHYDWLRQ��$OO�SDUDPHWHUV�DUH�JLYHQ�LQ�SHUFHQW��UHODWLYH�WR�D�ZHOO�GHILQHG�WDUJHW�SRVLWLRQ�IRU�
WKH�DUWLFXODWRU��H[FHSW�MDZ�URWDWLRQ�ZKLFK�LV�JLYHQ�LQ�GHJUHHV��
� 1RQ�YHUEDO�FRQWUROV�FDQ�IXUWKHU�EH�VXE�GLYLGHG�LQWR�SDUDPHWHUV�IRU�JHQHUDWLRQ�RI�QRQ�
VSHHFK�IDFLDO�H[SUHVLRQV�DQG�SDUDPHWHUV�IRU�ERG\�JHVWXUH�FRQWURO��,Q�2OJD��WKH�IDFLDO�SDUDPH�
WHUV�LQFOXGH�H\HOLG�FORVXUH��VPLOLQJ�DQG�H\HEURZ�SRVLWLRQ�DQG��VKDSH��7KHVH�DUH�DOO�GHILQHG�XVLQJ�WKH�
JHQHUDO�GHIRUPDWLRQ�VFKHPH�GHVFULEHG�DERYH��%RG\�FRQWURO�SDUDPHWHUV�DUH�LPSOHPHQWHG�E\�
LQWURGXFLQJ�URWDWLRQDO�MRLQWV�DW�WKH�QHFN��VKRXOGHUV��HOERZV��ZULVWV�DQG�ILQJHUV��
5XOH�GULYHQ�DUWLFXODWLRQ�
7HPSRUDO�WUDMHFWRULHV�IRU�WKH�DUWLFXODWRU\�SDUDPHWHUV�DUH�JHQHUDWHG�E\�D�UXOH�V\VWHP�IRU�WH[W�
WR�VSHHFK�V\QWKHVLV��5XOHV�IRU�V\QWKHVLV�RI�WKH�YLVXDO�PRGDOLW\�KDYH�EHHQ�GHYHORSHG�IRU�WKH�
H[WHQGHG�3DUNH�PRGHO� �%HVNRZ���������+RZHYHU��DQ\�PRGHO� WKDW�DGKHUH� WR� WKH�SDUDPHWHU�
VHW�GHVFULEHG�DERYH��FDQ�EH�FRQWUROOHG�XVLQJ� WKLV� UXOH�V\VWHP��D� IDFW� WKDW�VDYHG�XV�D� ORW�RI�
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ZRUN�LQ�LPSOHPHQWLQJ�YLVXDO�VSHHFK�V\QWKHVLV�IRU�WKH�WKH�2OJD�FKDUDFWHU��,Q�JHQHUDO��VWLFNLQJ�
WR�D�ZHOO�GHILQHG�SDUDPHWHU� VHW�� DOORZV� IRU�FRQWRO�VWDUWHJLHV� �VXFK�DV� WKH�UXOH�V\VWHP�PHQ�
WLRQHG�DERYH��DQG�IDFH�PRGHOV�WR�EH�GHYHORSHG�LQGHSHQGHQWO\�RI�HDFK�RWKHU��
7KH�UXOHV�LPSOHPHQW�D�YLVXDO�FR�DUWLFXODWLRQ�VWUDWHJ\�WKDW�LV�EDVHG�RQ�XQGHU�VSHFLILFDWLRQ�RI�
WDUJHW�YDOXHV��7\SLFDOO\��SDUDPHWHUV�WKDW�DUH�HVVHQWLDO�IRU�SHUFHLYHG�YLVXDO�YRZHO�TXDOLW\��VXFK�
DV�OLS�URXQGLQJ�DQG�PRXWK�ZLGWK��DUH�OHIW�XQVSHFLILHG�IRU�PRVW�FRQVRQDQWV��DQG�ZLOO�EH�GHWHUPLQHG�
E\�WKH�YRZHO�FRQWH[W��&DOFXODWLRQ�RI�D�SDUDPHWHU�WUDMHFWRU\�LV�SHUIRUPHG�LQ�WKUHH�VWHSV��)LUVW��
HDFK�VHJPHQW�LV�HLWKHU�DVVLJQHG�D�WDUJHW�YDOXH�EDVHG�RQ�LW·V�SKRQHPH�FODVVLILFDWLRQ�RU�LV�OHIW�
XQGHILQHG��1H[W��XQGHILQHG�WDUJHW�YDOXHV�DUH�GHWHUPLQHG�E\�OLQHDU�LQWHUSRODWLRQ�EHWZHHQ�WKH�
QHDUHVW�GHILQHG�VHJPHQWV��)LQDOO\��WKH�UHVXOWDQW�WUDMHFWRU\�LV�FRPSXWHG�E\�VPRRWKLQJ�WKH�VWHS�
IXQFWLRQ�GHILQHG�E\�WKH�WDUJHW�YDOXHV�RI�DOO�VHJPHQWV���
� 2QFH�WKH�SDUDPHWHU�WUDMHFWRULHV�DUH�FDOFXODWHG��WKH�DQLPDWLRQ�LV�FDUULHG�RXW�LQ�V\QFKURQ\�
ZLWK�SOD\�EDFN�RI�WKH�VSHHFK�ZDYHIRUP��ZKLFK�LQ�WXUQ�LV�JHQHUDWHG�E\�D�IRUPDQW�V\QWKHVL]HU�
FRQWUROOHG�IURP�WKH�VDPH�UXOH�V\QWKHVLV�IUDPHZRUN��
7HPSODWH�EDVHG�H[SUHVVLRQV�DQG�JHVWXUHV�
:KLOH�VSHHFK�V\QWKHVLV�LV�JHQHUDWHG�RQ�DQ�XWWHUDQFH�E\�XWWHUDQFH�EDVLV��G\QDPLF�JHQHUDWLRQ�
RI� ERG\� PRYHPHQWV� DQG� QRQ�VSHHFK� IDFLDO� H[SUHVVLRQV�� SODFH� RWKHU� UHTXLUHPHQWV� RQ� WKH�
DQLPDWLRQ�V\VWHP��VLQFH�WKH�WLPH�IUDPH�IRU�SODQQLQJ�RI�VXFK�DFWLRQV�RIWHQ�LV�VKRUWHU��6D\�IRU�
H[DPSOH� WKDW�ZH�ZDQW� WKH�DJHQW� WR�G\QDPLFDOO\�FKDQJH� LW·V�H[SUHVVLRQ�GXULQJ�D�XVHU�XWWHU�
DQFH�WR�UHIOHFW�WKH�SURJUHVV�RI�WKH�VSHHFK�XQGHUVWDQGLQJ�SURJUHVV��7R�DOORZ�IRU�WKLV�NLQG�RI�
FRQWURO��WKH�FKDUDFWHU�DQLPDWLRQ�WRRONLW�PDNHV�LW�SRVVLEOH�WR�VSHFLI\�D�SDUDPHWHU�WUDMHFWRU\�DV�
D� OLVW� RI� WLPH�YDOXH� SDLUV�� WR� EH� HYDOXDWHG� LPPHGLDWHO\�� 6XFK� WUDMHFWRU\� FRPPDQGV� FDQ� EH�
LVVXHG�DW�DQ\�WLPH�IURP�WKH�7FO�7N�OHYHO��$UELWUDULO\�FRPSOH[�JHVWXUHV�FDQ�WKHQ�EH�GHILQHG�
E\�JURXSLQJ�VHYHUDO�FRPPDQGV�WRJHWKHU�LQ�SURFHGXUHV��6LQFH�D�JHQHUDO�VFULSWLQJ�ODQJXDJH�LV�
XVHG��JHVWXUH�WHPSODWHV�FDQ�DOVR�EH�SDUDPHWHULVHG�E\�VXSSO\LQJ�DUJXPHQWV�WR�WKH�SURFHGXUH��
)RU�H[DPSOH��D�SRLQWLQJ�JHVWXUH�PLJKW�WDNH�RSWLRQDO�DUJXPHQWV�GHILQLQJ�GLUHFWLRQ�RI�SRLQW�
LQJ��GXUDWLRQ�RI�WKH�PRYHPHQW��GHJUHH�RI�HIIRUW�HWF��7KH�VFULSWLQJ�DSSURDFK�PDNHV�LW�HDV\�WR�
H[SHULPHQW� ZLWK� QHZ� JHVWXUHV� DQG� FRQWURO� VFKHPHV�� ,Q� WKH� 2OJD� V\VWHP�� WHPSODWH� EDVHG�
KDQGOLQJ�RI� IDFLDO� H[SUHVVLRQV� DQG� JHVWXUHV�KDV�SURYHQ� WR�EH� D� VLPSOH�� \HW� TXLWH�SRZHUIXO�
ZD\�RI�PDQDJLQJ�QRQ�VSHHFK�PRYHPHQWV��

(9$/8$7,21�
([SHULHQFH�IURP�FDUWRRQV�LQ�DQLPDWHG�ILOPV��WHOOV�XV�WKDW�LW·V�FOHDU�WKDW�ZH�FDQ�PDS�RXU�SHU�
FHSWLRQ� RI� QRQ�YHUEDO� FXHV�� VXFK� DV� HPRWLRQV�� WR� FDUWRRQ� OLNH� FKDUDFWHUV��%XW�ZKDW� DERXW�

�� ����� � )LJ�����������D��7KH�H[WHQGHG�3DUNH�IDFH� � � � � �E��7KH�2OJD�FKDUDFWHU�
�
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YLVXDO� VSHHFK��GRHV�RXU�SHUFHSWLRQ�RI�WKLV�PRGDOLW\�WUDQVIHU�HTXDOO\�ZHOO"�7\SLFDOO\��PRXWK�
PRYHPHQWV�RI�FDUWRRQ�FKDUDFWHUV�LQ�PRYLHV�DUH�QRW�WRR�FRQYLQFLQJ��,V�WKLV�D�SUREOHP�LQKHU�
HQW� WR�FDUWRRQV��RU� LV� LW� MXVW�D�FDVH�RI�EDG�PRGHOOLQJ�RI�VSHHFK�PRYHPHQWV��DQG�RI�FRXUVH�
GXEELQJ�LQ�PDQ\�FDVHV�"�
,QWHOOLJLELOLW\�WHVW�
,Q� DQ�RQJRLQJ� VWXG\� �%HVNRZ��'DKOTXLVW��*UDQVWU|P��/XQGHEHUJ��6SHQV�	�gKPDQ��������
ZH�KDYH�EHHQ�PHDVXULQJ�DXGLR�YLVXDO�LQWHOOLJLELOLW\�RI�V\QWKHWLF�DQG�QDWXUDO�VSHHFK��:H�KDYH�
EHHQ�XVLQJ�WZR�V\QWKHWLF�IDFHV���WKH�H[WHQGHG�3DUNH�PRGHO�DQG�WKH�2OJD�FKDUDFWHU���DV�ZHOO�
DV�YLGHR�UHFRUGLQJV�RI�D�QDWXUDO�PDOH�IDFH��7KH�YLVXDO�FKDQQHOV�KDYH�EHHQ�FURVV�FRPELQHG�
DQG�V\QFKURQLVHG�ZLWK�WZR�GLIIHUHQW�V\QWKHWLF�YRLFHV��PDOH�DQG�IHPDOH���DV�ZHOO�DV�RQH�QDWX�
UDO�PDOH�YRLFH��,Q�WKH�ILUVW�WHVW�VHULHV�ZH�KDYH�WHVWHG����QRUPDO�KHDULQJ�VXEMHFWV�RQ�D�VHW�RI�
9&9�XWWHUDQFHV�FRQVLVWLQJ�RI����GLIIHUHQW�FRQVRQDQWV�LQ�V\PPHWULF�FRQWH[W�ZLWK�WKH�YRZHOV�
�D�� DQG� � ��� 7KH� WHVW� ZDV� SHUIRUPHG� IRU� HLJKW� GLIIHUHQW� DXGLR�YLVXDO� FRPELQDWLRQV�� 7R�
DYRLG�FHLOLQJ�HIIHFWV�� WKH�DXGLR�ZDV�GHJUDGHG�E\�ZKLWH�QRLVH� WR�D�VLJQDO�WR�QRLVH�UDWLR�RI���
G%��
5HVXOWV�
:LWK�WKH�V\QWKHWLF�PDOH�YRLFH��LQWHOOLJLELOLW\�VFRUH�ZHQW�IURP�����LQ�WKH�DXGLR�RQO\�FDVH��WR�����
LQ� WKH� DXGLR�YLVXDO� FDVH� ZKHQ� WKH� 3DUNH�PRGHO� ZDV� XVHG�� 7KH� FRUUHVSRQGLQJ� DXGLR�YLVXDO�
VFRUH�IRU�2OJD�ZDV������
� :LWK� WKH�QDWXUDO� YRLFH�� LQWHOOLJLELOLW\�ZHQW� IURP������DXGLR�RQO\�� WR�����IRU� WKH�3DUNH�
PRGHO�� &RUUHVSRQGLQJ� DXGLR�YLVXDO� VFRUH� IRU� WKH� QDWXUDO� IDFH�ZDV� �����2OJD�ZDV�QRW� WHVWHG�
ZLWK�WKH�QDWXUDO�YRLFH��

&21&/86,216�
7KH� WHFKQLTXH� IRU� VXUIDFH�GHIRUPDWLRQ�SDUDPHWULVDWLRQ�SUHVHQWHG� LQ� WKLV�SDSHU�SURYLGHV�D�
UHDVRQDEO\�VLPSOH�DQG�HIILFLHQW�DSSURDFK� WR�IDFLDO�DQLPDWLRQ� WKDW�KDV�SURYHQ�WR�ZRUN�ZHOO�
IRU� WKH�2OJD� FKDUDFWHU�� 7KH� ORZ� FRPSXWDWLRQDO� FRPSOH[LW\�PDNHV� LW� XVHIXO� IRU� LQWHUDFWLYH�
FKDUDFWHUV�LQ�VSHHFK�EDVHG�DJHQW�LQWHUIDFHV��
� 7KH�LQWHOOLJLELOLW\�VWXG\�VKRZV�WKDW�ERWK�V\QWKHWLF�IDFHV�JLYH�D�VXEVWDQWLDO�FRQWULEXWLRQ�WR�
WKH� LQWHOOLJLELOLW\�� FRPSDUHG� ZLWK� WKH� DXGLR�RQO\� FDVH�� 7KH� LQWHOOLJLELOLW\� JDLQ� JLYHQ� E\� WKH�
3DUNH�IDFH�LV�VOLJKWO\�PRUH�WKDQ�KDOI�RI�WKH�JDLQ�JLYHQ�E\�WKH�QDWXUDO�IDFH��
� )XUWKHUPRUH�� LW� FDQ� EH� QRWLFHG� WKDW� WKH� H[DJJHUDWHG� DQG� FDUWRRQ�OLNH� IHDWXUHV� RI� WKH�
2OJD�FKDUDFWHU�GRHV�QRW�VHHP�WR�GHJUDGH�LW·V�VSHHFKUHDGDELOLW\�LQ�FRPSDULVRQ�ZLWK�WKH�PRUH�
KXPDQ�OLNH�3DUNH�IDFH�� ,Q�IDFW�� VHYHUDO�VXEMHFWV�UHSRUWHG�WKDW�WKH\�VXEMHFWLYHO\�IRXQG�2OJD�
WKH�HDVLHU�RI�WKH�WZR�WR�VSHHFKUHDG��

$&.12:/('*(0(176�
7KLV�ZRUN�KDV�FDUULHG�RXW�DW�WKH�&HQWUH�IRU�6SHHFK�7HFKQRORJ\�ZLWK�IXQGLQJ�IURP�187(.�
DQG�.)%��

5()(5(1&(6�
%HUWHQVWDP��-���%HVNRZ��-���%ORPEHUJ��0���&DUOVRQ��5���(OHQLXV��.��*UDQVWU|P��%���*XVWDIVRQ��-���+XQ�

QLFXWW��6���+|JEHUJ��-���/LQGHOO��5���1HRYLXV��/���GH�6HUSD�/HLWDR��$���1RUG��/��DQG�6WU|P��1����������
´7KH�:D[KROP� V\VWHP��� D�SURJUHVV� UHSRUWµ� ,Q�3URFHHGLQJV� RI�6SRNHQ�'LDORJXH�6\VWHPV��9LJV¡��'HQ�
PDUN��

%HVNRZ��-���������´5XOH�EDVHG�9LVXDO�6SHHFK�6\QWKHVLVµ�,Q�3URFHHGLQJV�RI�(XURVSHHFK�
����0DGULG��6SDLQ��
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%HVNRZ��-��'DKOTXLVW��0���*UDQVWU|P��%���/XQGHEHUJ��0���6SHQV��.�(��	�gKPDQ��7����������´0XOWL�
PRGDO� VSHHFK� FRPPXQLFDWLRQ� IRU� WKH�KHDULQJ� LPSDLUHGµ�� ,Q�3URFHHGLQJV� RI�(XURVSHHFK� 
����5KRGHV��
*UHHFH��

%HVNRZ��-���(OHQLXV��.��DQG�0F*ODVKDQ��6����������´2OJD���$�'LDORJXH�6\VWHP�ZLWK�DQ�$QLPDWHG�7DON�
LQJ�$JHQWµ��,Q�3URFHHGLQJV�RI�(XURVSHHFK�
����5KRGHV��*UHHFH��

&DVVHO��-���6WHHGPDQ��0���%DGOHU��1���3HODFKDXG��&���6WRQH��0���'RXYLOOH��%���3UHYRVW��6��DQG�$FKRUQ�%��
��������´0RGHOLQJ�WKH�,QWHUDFWLRQ�EHWZHHQ�6SHHFK�DQG�*HVWXUHµ��,Q�3URFHHGLQJV�RI���WK�$QQXDO�&RQ�
IHUHQFH�RI�WKH�&RJQLWLYH�6FLHQFH�6RFLHW\��*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\��$WODQWD��86$��

.DWDVKL�� 1�� DQG� $NLND]X�� 7� ������� ´6SHHFK� 'LDORJXH� ZLWK� )DFLDO� 'LVSOD\V�� 0XOWLPRGDO� +XPDQ�
&RPSXWHU� &RQYHUVDWLRQµ��3URFHHGLQJV� RI� WKH� ��QG�$QQXDO�0HHWLQJ� RI� WKH�$VVRFLDWLRQ� IRU�&RPSXWDWLRQDO�
/LQJXLVWLFV��$&/������SS������������

2XVWHUKRXW��-��.����������¶7FO�DQG�WKH�7N�WRRONLW�·�$GGLVRQ�:HVOH\��
3ODWW��6��0��DQG�%DGOHU��1��,����������´$QLPDWLQJ�)DFLDO�([SUHVVLRQVµ�&RPSXWHU�*UDSKLFV��9RO������1R�����

SS�����������
7HU]RSRXORV��'���:DWHUV��.���������´3K\VLFDOO\�EDVHG�IDFLDO�PRGHOOLQJ��DQDO\VLV�DQG�DQLPDWLRQµ�9LVXDOL�

VDWLRQ�DQG�&RPSXWHU�$QLPDWLRQ�����������
7KyULVVRQ��.��5����������´*DQGDOI��$Q�(PERGLHG�+XPDQRLG�&DSDEOH�RI�5HDO�7LPH�0XOWLPRGDO�'LD�

ORJXH�ZLWK�3HRSOHµ�,Q�3URFHHGLQJV�RI�)LUVW�$&0�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$XWRQRPRXV�$JHQWV��0DULRWW�
+RWHO��0DULQD�GHO�5H\��&DOLIRUQLD��86$��SS����������

:DWHUV�� .�� �������� ´$� PXVFOH� PRGHO� IRU� DQLPDWLQJ� WKUHH�GLPHQVLRQDO� IDFLDO� H[SUHVVLRQVµ�� &RPSXWHU�
*UDSKLFV������������


