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7UDFHDELOLW\�'DWD�7\SHV ([DPSOHV�IRU�3RVVLEOH�%HQHILWV
EL�GLUHFWLRQDO�OLQNV�>����@�
H�J��EHWZHHQ�FXVWRPHU
UHTXLUHPHQWV��GHULYHG
UHTXLUHPHQWV�DQG�VRIWZDUH
FRPSRQHQWV

7KH�LQWHUUHODWLRQV�VXSSRUW�WKH��DXWRPDWHG�
���YDOLGDWLRQ�WKDW�WKH�V\VWHP�IXQFWLRQDOLW\�PHHWV�WKH�FXVWRPHU�UHTXLUHPHQWV�DQG�WKDW�QR

VXSHUIOXRXV�IXQFWLRQDOLW\�KDV�EHHQ�LPSOHPHQWHG��7KH�OLQNV�HQDEOH�WR�FKHFN�LI�D�FXV�
WRPHU�UHTXLUHPHQW�LV�DVVRFLDWHG�ZLWK�D�V\VWHP�FRPSRQHQW�DQG�YLFH�YHUVD�

���LPSDFW�DQDO\VLV�XSRQ�FKDQJLQJ�FXVWRPHU�UHTXLUHPHQWV��7KH�OLQNV�DOORZ�WR�GHWHUPLQH
ZKLFK�GHULYHG�UHTXLUHPHQWV��GHVLJQ�DQG�LPSOHPHQWDWLRQ�SDUWV�PLJKW�EH�DIIHFWHG�

FRQWULEXWLRQ�VWUXFWXUHV�>�@�
H�J��VWDNHKROGHUV��UROHV�
SROLFLHV

([SORLWLQJ�HVWDEOLVKHG�FRQWULEXWLRQ�VWUXFWXUHV
���LPSURYH�FRPPXQLFDWLRQ�DQG�FRRSHUDWLRQ�DPRQJ�WHDPV��,Q�WKH�FDVH�RI�D�FKDQJH�UH�

TXHVW��WKH�VWDNHKROGHUV�WR�EH�LQYROYHG�DQG�RU�LQIRUPHG�FDQ�EH�GHWHUPLQHG�
���DVVXUH�WKDW�WKH�FRQWULEXWLRQV�RI��OHDYLQJ��LQGLYLGXDOV�DUH�SDVVHG�RQ�DQG�WKXV�DUH�QRW

ORVW�
GHVLJQ�UDWLRQDOH�>���@�
H�J��GHVLJQ�GHFLVLRQV�
DOWHUQDWLYHV��XQGHUO\LQJ
DVVXPSWLRQV

&DSWXULQJ�GHVLJQ�UDWLRQDOH�LPSURYHV
���FKDQJH�PDQDJHPHQW�E\�UHGXFLQJ�WKH�FKDQFHV�RI�QHJOHFWLQJ�LPSRUWDQW�FRQVLGHUDWLRQV

GXULQJ� FKDQJH� LQWHJUDWLRQ�� VLQFH� SUHYLRXVO\� UHMHFWHG� VROXWLRQV� DQG� WKH� UHDVRQV� IRU
WKHLU�UHMHFWLRQ�DUH�DFFHVVLEOH�

���WKH�XQGHUVWDQGLQJ�RI� WKH� V\VWHP�E\� WKH� FXVWRPHU�DQG� WKXV� WKH� V\VWHP�DFFHSWDQFH�
7KH�V\VWHP�EHKDYLRU�FDQ�EH�MXVWLILHG�XVLQJ�WKH�UHFRUGHG�GHVLJQ�GHFLVLRQV�DQG�WKH�UH�
FRUGHG�DVVXPSWLRQV�DERXW�H[SHFWHG�RSHUDWLQJ�FRQGLWLRQV�IRU�WKH�V\VWHP�

SURFHVV�GDWD�>����@�
H�J��WDVNV�SHUIRUPHG�
FRQVXPHG�UHVRXUFHV�
TXDOLW\�PHDVXUHV

3URFHVV�GDWD�HPSRZHUV�WKH�SURMHFW�PDQDJHU�WR�LPSURYH
���VRIWZDUH�SURMHFW�SODQQLQJ�� H�J��SODQQLQJ� FDQ� EH� EDVHG� RQ� SDVW� KLVWRULHV� RI� VLPLODU

SURMHFWV�DQG�WKXV�UHVXOWV�LQ�PRUH�UHDOLVWLF�FRVW�DQG�VFKHGXOH�HVWLPDWHV�
���VRIWZDUH�SURMHFW� FRQWURO�� H�J�� SURMHFW� SURJUHVV� FDQ� EH�PHDVXUHG� EDVHG� RQ� WKH� GDWD

FROOHFWHG WKURXJK ELQDU\ UHSRUWLQJ DQG�RU WUDFNLQJ WHFKQLTXHV

$GDSWLQJ�7UDFHDELOLW\�(QYLURQPHQWV�WR
3URMHFW�6SHFLILF�1HHGV

5DOI�'|PJHV�DQG�.ODXV�3RKO

5HTXLUHPHQWV�WUDFHDELOLW\�LV�GHILQHG�DV�WKH�DELOLW\�WR�GHVFULEH�DQG�IROORZ�WKH�OLIH�RI�D�UHTXLUHPHQW��LQ
ERWK�D� IRUZDUG�DQG�EDFNZDUG�GLUHFWLRQ�� ,W� LPSOLHV� WKDW� WKH� OLIH�RI� HDFK� UHTXLUHPHQW� FDQ�EH�XQGHU�
VWRRG�IURP�LWV�RULJLQ��WKURXJK�LWV�GHYHORSPHQW�DQG�VSHFLILFDWLRQ��WR�LWV�VXEVHTXHQW�GHSOR\PHQW�DQG
XVH��DQG�WKURXJK�SHULRGV�RI�RQJRLQJ�UHILQHPHQW�DQG�LWHUDWLRQ�>�@��5HTXLUHPHQWV�WUDFHDELOLW\�LV�D�SUH�
UHTXLVLWH�IRU�HIIHFWLYH�V\VWHP�PDLQWHQDQFH�DQG�FRQVLVWHQW�FKDQJH�LQWHJUDWLRQ�>�@�

1HJOHFWLQJ�WUDFHDELOLW\�RU�FDSWXULQJ�LQVXIILFLHQW�DQG�RU�XQVWUXFWXUHG�WUDFHV�OHDGV�WR�D�GHFUHDVH�RI�WKH
V\VWHP�TXDOLW\��FDXVHV�UHZRUN�DQG�WKXV�LQFUHDVHV�GHYHORSPHQW�FRVWV�DQG�WLPH��,W�UHVXOWV�LQ�D�ORVV�RI
NQRZOHGJH� LI� LQGLYLGXDO� OHDYH� WKH� SURMHFW�� OHDGV� WR�ZURQJ� GHFLVLRQV��PLVXQGHUVWDQGLQJ� DQG�ZURQJ
FRPPXQLFDWLRQV�>����@�

5HFHQW�HPSLULFDO�UHVHDUFK��VXFK�DV�GHVFULEHG�LQ�WKH�FRPSDQLRQ�SDSHU�E\�%��5DPHVK�DV�ZHOO�DV�LQ�>��
���������@��VKRZV�WKDW�V\VWHPV�PDQDJHPHQW�SUDFWLFH� LV�SURJUHVVLQJ� IURP�WKH� LQLWLDO� VLPSOH� FRPSOL�
DQFH� YHULILFDWLRQ� VFKHPDWD� WR� YHU\� VRSKLVWLFDWHG�PRGHOV� DQG� SROLFLHV� IRU� UHTXLUHPHQWV� WUDFHDELOLW\
�VHH�WDEOH���IRU�H[DPSOHV��

7DEOH����([DPSOH�RI�WUDFHDELOLW\�GDWD�DQG�WKHLU�H[SHFWHG�EHQHILWV�

�����������������������������������������������
�7KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�E\�WKH�')*�3URMHFW�³3UR]H�LQWHJUDWLRQ�YRQ�0RGHOOLHUXQJVDUEHLWVSOlW]HQ´��WKH�')*�&ROODERUD�
WLYH�5HVHDUFK�&HQWHU������,03529(���WKH�&RPPLVVLRQ�RI�WKH�(XURSHDQ�&RPPXQLWLHV�XQGHU�(635,7�3URMHFW���������&5(:6��
DQG�E\�D�FRRSHUDWLRQ�JUDQW�IURP�WKH�*HUPDQ�'$$'�DQG�WKH�86�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�
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+RZHYHU�� WKH� VDPH� VWXGLHV� DOVR� SRLQW� RXW� WKDW� IXOO� FDSWXUH� RI� DOO� FRQFHLYDEOH� WUDFHV� DFFRUGLQJ� WR
WKHVH�DGYDQFHG�PRGHOV�LV�QHLWKHU�GHVLUDEOH�QRU�IHDVLEOH�XQGHU�FRQVLGHUDWLRQV�RI�SURMHFW�FRVW�DQG�WLPH�
,I�UHTXLUHPHQWV�WUDFHDELOLW\�LV�QRW�³FXVWRPL]HG´�LW�FDQ�OHDG�WR�DQ�XQZLHOG\�PDVV�RI�XQVWUXFWXUHG�DQG
XQXVDEOH�GDWD�ZKLFK�ZLOO�KDUGO\�HYHU�EH�XVHG�>����@��7KH�DGDSWDWLRQ�RI� WUDFH�FDSWXUH�DQG�XVDJH� WR
SURMHFW�VSHFLILF�QHHGV�LV�WKXV�D�SUHUHTXLVLWH�IRU�VXFFHVVIXOO\�HVWDEOLVKLQJ�WUDFHDELOLW\�ZLWKLQ�D�SURMHFW
DQG�IRU�DFKLHYLQJ�D�SRVLWLYH�FRVW�EHQHILW�UDWLR�

7KH�WUDFHV�WR�EH�FDSWXUHG�DUH�LQIOXHQFHG�E\�IDFWRUV�OLNH�SURMHFW�VFKHGXOH�DQG�SURMHFW�EXGJHW�>��@��E\
WKH�FRQWUDFW��WKH�GHYHORSPHQW�VWDQGDUGV�DSSOLHG��H[LVWLQJ�ODZV��RU�WKH�H[SHFWHG�WUDFH�XVDJH��$�QXP�
EHU�RI� H[DPSOHV�� GUDZQ� IURP� IRFXV�JURXS�GDWD�RI� WKH� VWXG\� UHSRUWHG� LQ� WKH� FRPSDQLRQ� DUWLFOH� E\
5DPHVK��DUH�VNHWFKHG�LQ�WKH�VLGH�EDU�Ä([DPSOHV�RI�SURMHFW�VSHFLILF�WUDFH�FDSWXUH�DQG�XVDJH³�

7KH�LQFUHDVLQJ�XVH�RI�FRPPHUFLDO�UHTXLUHPHQWV�WUDFHDELOLW\�HQYLURQPHQWV�E\�LQGXVWU\�UHIOHFWV�WKDW�UH�
TXLUHPHQWV�WUDFHDELOLW\�LV�UHFRJQL]HG�DV�LPSRUWDQW�VXFFHVV�IDFWRU��$�YHQGRU�TXHVWLRQQDLUH�VXUYH\�RI
FRPPHUFLDO� UHTXLUHPHQWV� WUDFHDELOLW\� HQYLURQPHQWV�SHUIRUPHG�E\� ,1&26(� �,1WHUQDWLRQDO�&2XQFLO
RQ�6\VWHPV�(QJLQHHULQJ��VWXGLHG�WKH�WHFKQLFDO�IDFLOLWLHV�RI�WUDFHDELOLW\�HQYLURQPHQWV��VXFK�DV�V\VWHP
HQYLURQPHQW��XVHU�LQWHUIDFHV��VXSSRUW�DQG�PDLQWHQDQFH��DQG�WKHLU�FDSDELOLWLHV�IRU�PDQDJLQJ�UHTXLUH�
PHQWV�� H�J�� FRQILJXUDWLRQ� PDQDJHPHQW� DQG� WUDFH� DQDO\VLV� �VHH� KWWS���ZZZ�LQFRVH�RUJ�
ZRUNJUSV�WRROV�WRROWD[�KWPO��� 7KH� VXUYH\� LQFOXGHG�� DPRQJ� RWKHUV�� WKH� IROORZLQJ� PDUNHW�OHDGLQJ
SURGXFWV��&25(·� �9LWHFK�&RUSRUDWLRQ���'2256��4XDOLW\�6\VWHPV�	�6RIWZDUH�/LPLWHG��� LF&21�
&(37� 570� �,QWHJUDWHG� &KLSZDUH�� ,QF���� 5''����·� �$VFHQW� /RJLF� &RUSRUDWLRQ��� 5HTXLVLWH3UR

([DPSOHV�IRU�SURMHFW�VSHFLILF�WUDFH�FDSWXUH�DQG�WUDFH�XVDJH

7KH�WUDFH�GDWD�WR�EH�UHFRUGHG�PD\�GHSHQG�RQ�SURMHFW�VSHFLILF�IDFWRUV��H�J��FRQWUDFW�REOLJDWLRQV��ODZV��DFWXDO�SURMHFW
SKDVH��SURGXFW�SDUW�PRGLILHG��LQGLYLGXDOV�LQYROYHG��7R�FKDUDFWHUL]H�WKH�ODUJH�YDULHW\�ZH�SURYLGH�VRPH�EULHI�H[DP�
SOHV�

&RQWUDFW�DQG�SURMHFW�SKDVHV��$VVXPH�WKDW�WKH�FRQWUDFW�VSHFLILHV�SHULRGLFDO�SURGXFW�UHYLHZV�DV�ZHOO�DV�WKH�UHYLHZ
SURFHGXUH��7R�SURYH�WKDW�WKH�UHYLHZV�ZHUH�SHUIRUPHG�DV�GHILQHG�� WKH�SURGXFWV�XQGHUJRLQJ�WKH�UHYLHZ�� WKH�UHYLHZ
UHVXOWV�DQG�WKH�SDUWLFLSDQWV�PXVW�EH�LQWHUUHODWHG�ZLWK�WKH�FRQWUDFW��7KH�NLQG�RI�LQWHUUHODWLRQV��KRZHYHU��GHSHQGV�RQ
WKH�SURMHFW�SKDVH��'XULQJ�WKH�SUHOLPLQDU\�VWXGLHV�QR�LQWHUUHODWLRQV�DUH�UHTXLUHG�E\�WKH�FRQWUDFW��'XULQJ�WKH�VSHFLIL�
FDWLRQ�SKDVH�GHWDLOHG�LQWHUUHODWLRQV�KDYH�WR�EH�HVWDEOLVKHG��LQFOXGLQJ�WKH�UHFRUGLQJ�RI�GHVLJQ�UDWLRQDOH��'XULQJ�WKH
GHVLJQ�DQG�LPSOHPHQWDWLRQ�SKDVH��WKH�SURGXFWV�SURGXFHG�PXVW�EH�UHODWHG�WR�WKH�VSHFLILFDWLRQ��DQG�WKHUHE\�D�LQGL�
UHFW� OLQN� WR� WKH� FRQWUDFW� LV� HVWDEOLVKHG��'XULQJ�PDLQWHQDQFH� DQG� RSHUDWLRQ� SKDVH� RQO\� LQWHUQDO� UHYLHZV� DUH� SHU�
IRUPHG��$Q�UHODWLRQ�WR�WKH�FRQWUDFW�LV�QRW�UHTXLUHG�DQ\PRUH��7KLV�VSHFLILFDWLRQ�E\�WKH�FRQWUDFW�FOHDUO\� LQIOXHQFHV
WKH�W\SH�RI�WUDFH�GDWD�WR�EH�UHFRUGHG�GXULQJ�WKH�GLIIHUHQW�SURMHFW�SKDVHV��,Q�DGGLWLRQ�WR�WKH�FRQWUDFW�SURMHFW�VSHFLILF
JXLGHOLQHV�GHILQH� WR� FRQVLGHU� UHYLHZ� UHVXOWV� EHIRUH� VSHFLILFDWLRQ� �SDUWV��ZKLFK�ZHUH� DSSURYHG� E\� WKH� UHYLHZ� DUH
PRGLILHG�
2ZQHUVKLS�DQG�SULYDF\��7UDFHV�FDQ�EH�D�YDOXDEOH�GHSRVLW�RI�SHUVRQDO�RU�RUJDQL]DWLRQDO�NQRZOHGJH�WKDW�QHHGV�WR�EH
SURWHFWHG��7KH\�XQFRYHU�SURFHVV�NQRZ�KRZ�ZKLFK�PD\�EH�WKH�UHVXOW�RI�PDQ\�\HDUV�RI�H[SHULHQFH��,Q�PDQ\�FRXQ�
WULHV��ODERU�ODZV�RU�QHJRWLDWHG�FRQWUDFWV�SRVH�OLPLWDWLRQV�RQ�ZKDW�PD\�EH�WUDFHG��0RUHRYHU��PDQ\�GHYHORSHU�FRP�
SDQLHV�ZDQW�WR�PDNH�D�FDUHIXO�GLVWLQFWLRQ�EHWZHHQ�ZKDW�SDUW�RI�WKHLU�WUDFHV�FRQVWLWXWHV�GRFXPHQWDWLRQ�WR�EH�GHOLY�
HUHG�WR�WKH�FXVWRPHU��VHH�DERYH��DQG�ZKDW�FRQVWLWXWHV�NQRZOHGJH�FDSWXUH�IRU�LQWHUQDO�VKRUW�WHUP�RU�ORQJ�WHUP�SXU�
SRVHV�

3URFHVV� LPSURYHPHQW��$VVXPH� WKDW� D� FHUWDLQ�SURMHFW�SKDVH�KDV�SURGXFHG�D� ORW� RI�GHIHFWV�� ,Q� IXWXUH�SURMHFWV� WKH
VWHSV�SHUIRUPHG�LQ�WKLV�SKDVH�PD\�EH�FDSWXUHG�LQ�PRUH�GHWDLOHG�WR�SURYLGH�WKH�EDVLV�IRU�WKHLU�LPSURYHPHQW�

3HRSOH�LQYROYHG��$Q�LQH[SHULHQFHG�SURMHFW�PHPEHU�PLJKW�EH�DVNHG�WR�FDSWXUH�PRUH�GHWDLOHG�WUDFHV�ZKLFK�SURYLGH
WKH�EDVLV� IRU� DSSURYLQJ�KHU�KLV�GHFLVLRQV�E\�DQ� H[SHUW��0RUHRYHU�� LQH[SHULHQFHG�SURMHFW�PHPEHUV�PLJKW�EH�SUR�
YLGHG�ZLWK�PXFK�EDFNJURXQG�LQIRUPDWLRQ�GXULQJ�SURFHVV�H[HFXWLRQ�WKDQ�WKH�H[SHUWV�

6WDQGDUGV�DQG� JXLGHOLQHV�� )RU� H[DPSOH�� WKH�%ULWLVK� 6WDQGDUG�%6� ����� FRQFHQWUDWHV� RQ� GHWHUPLQLQJ� DQG� GRFX�
PHQWLQJ�WKH�UHTXLUHPHQWV�RI��SRWHQWLDO��XVHUV�RI�RII�WKH�VKHOI�SDFNDJHV��EHVSRNH�V\VWHPV�DQG�EXUHDX�VHUYLFHV��%6
�����GHPDQGV�UHFRUGLQJ�GDWD�DERXW� WKH�UHTXLUHG�V\VWHP�DQG�LWV�HQYLURQPHQW��H�J�� WKH�PLQLPXP�H[SHFWHG�OLIH�RI
WKH�UHTXLUHG�V\VWHP�RU�WKH�DELOLW\�WR�UHFRYHU�IURP�V\VWHP�IDLOXUH���7KH�$PHULFDQ�'R'�6WDQGDUG�����$�IRFXVHV�RQ
WKH�SURFHVV�RI�GHYHORSLQJ�� WHVWLQJ�DQG�HYDOXDWLQJ�HPEHGGHG�UHDO� WLPH�V\VWHPV��&RQVHTXHQWO\�� LW� GHPDQGV� WKH� UH�
FRUGLQJ RI UHTXLUHPHQWV KDUGZDUH DQG VRIWZDUH LWHPV ULVN DVVHVVPHQW UHSRUWV WHVW DQG HYDOXDWLRQ SURFHGXUHV 7R
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�5DWLRQDO�6RIWZDUH�&RUSRUDWLRQ���6/$7(¹��7'�7HFKQRORJLHV��,QF�¹���;7LH�57·��7HOHG\QH�%URZQ
(QJLQHHULQJ��

,Q�WKLV�VXUYH\��YHQGRUV�FODLP�WKH�IROORZLQJ�NH\�FDSDELOLWLHV�RI�WKHLU�HQYLURQPHQWV�
�� SUH�GHILQHG�DQG�FXVWRPL]DEOH�GDWD�W\SHV�ZKLFK�FDQ�EH�FDSWXUHG�PDQXDOO\�RU�DXWRPDWLFDOO\�E\�XV�

LQJ�GDWD�LPSRUW�IDFLOLWLHV��SDUVLQJ�PHFKDQLVPV�DQG�RU�VFULSWV�
�� SUH�GHILQHG� DQG� XVHU�GHILQDEOH� TXHULHV� IRU� DG�KRF� DQG� FXVWRPL]DEOH� UHWULHYDO� RU� JURXSLQJ� �H�J�

ILOWHULQJ�DQG�VRUWLQJ��RI�WKH�GDWD�
�� FRPSUHKHQVLYH�FRQILJXUDWLRQ�PDQDJHPHQW�DQG�FKDQJH�WUDFNLQJ�IDFLOLWLHV�
�� WUDFH�DQDO\VLV�FDSDELOLWLHV�IRU�LGHQWLI\LQJ�LQFRQVLVWHQFLHV��SHUIRUPLQJ�LPSDFW�DQDO\VLV��YHULILFDWLRQ�

DQG��SURMHFW��VWDWXV�DFFRXQWLQJ�
�� YDULRXV�SUHVHQWDWLRQ�IRUPDWV��H�J��PDWULFHV��JUDSKV��UHSRUWV��WR�GLVSOD\�WKH�GDWD�ZKRVH�RXWSXW�FDQ

HLWKHU�EH�GLUHFWHG�WR�WKH�VFUHHQ��WR�SULQWLQJ�IDFLOLWLHV��RU�GLIIHUHQW�ILOHV�IRUPDWV�ZKLFK�FDQ�EH�LP�
SRUWHG�E\�SXEOLVKLQJ�WRROV�

�� WHDPZRUN�VXSSRUW�E\�SURYLGLQJ�IDFLOLWLHV�WR�PXWXDOO\�QRWLI\�VWDNHKROGHUV�DQG�IRU�DFFHVV�FRQWURO�
�� LQWHUIDFHV�WR�RWKHU�H[LVWLQJ�V\VWHP�DQG�VRIWZDUH�HQJLQHHULQJ�HQYLURQPHQW�DQG�WRROV�DV�ZHOO�DV�WR

SXEOLVKLQJ�WRROV��IXUWKHU�LQWHJUDWLRQ�FDQ�EH�DFKLHYHG�E\�H[SORLWLQJ�DQ�DSSOLFDWLRQV�SURJUDP�LQWHU�
IDFH�

&OHDUO\��VRPH�RI�WKHVH�FDSDELOLWLHV�KDYH�EHHQ�SURYLGHG�ZLWK�WKH�QHHG�IRU�DGDSWDELOLW\�LQ�PLQG��+RZ�
HYHU��QHLWKHU�WKHVH�HQYLURQPHQWV�QRU�WKH�UHVHDUFK�OLWHUDWXUH�RIIHU�D�FRPSUHKHQVLYH�FRQFHSW�RI�ZKDW
SURMHFW�VSHFLILF�DGDSWDELOLW\�UHTXLUHPHQWV�DUH��DQG�KRZ�WKH\�FDQ�EH�SURYLGHG�LQ�D�FRKHUHQW�HQYLURQ�
PHQW�

,Q�WKH�UHPDLQGHU�RI�WKLV�DUWLFOH��ZH�ILUVW�HODERUDWH�RQ�WKUHH�NH\�FDSDELOLWLHV�WUDFHDELOLW\�HQYLURQPHQWV
QHHG�WR�RIIHU�WR�HQDEOH�SURMHFW�VSHFLILF�UHTXLUHPHQWV�WUDFHDELOLW\��DQG�GLVFXVV�WR�ZKDW�GHJUHH�WKH\�DUH
VXSSRUWHG�E\�SUHVHQW�HQYLURQPHQWV�

�� GHILQLWLRQ�RI�SURMHFW�VSHFLILF�WUDFH�GDWD�DQG�WUDFLQJ�VWUDWHJLHV�

�� JXLGLQJ�VWDNHKROGHUV�LQ�SURMHFW�VSHFLILF�WUDFH�FDSWXUH�DQG�XVDJH�

�� HPSRZHU�RUJDQL]DWLRQDO�OHDUQLQJ�IURP�FDSWXUHG�WUDFHV�

7KHQ��ZH�SUHVHQW�WKH�GHVLJQ�RI�D�IUDPHZRUN��FDOOHG�35,0(�57��ZKLFK�RIIHUV�D�FRPSUHKHQVLYH�VROX�
WLRQ�WR�WKH�LGHQWLILHG�VKRUWFRPLQJV��VNHWFK�WKH�LPSOHPHQWDWLRQ�RI�WZR�35,0(�57�EDVHG��SURWRW\SL�
FDO�WUDFHDELOLW\�HQYLURQPHQWV�DQG�UHSRUW�RQ�ILUVW�H[SHULHQFHV�JDLQHG�LQ�WUDFHDELOLW\�WDVNV�LQ�VRIWZDUH
HQJLQHHULQJ�DQG�FKHPLFDO�HQJLQHHULQJ�

'HILQLWLRQ�RI�SURMHFW�VSHFLILF�WUDFH�GDWD�DQG�WUDFH�VWUDWHJLHV

7KH�ILUVW�REYLRXV�DGDSWDELOLW\�UHTXLUHPHQW�FDOOV�IRU�WKH�DELOLW\�RI�WUDFH�HQYLURQPHQWV�WR�GHILQH�ZKDW
WUDFHV�DUH�WR�EH�FDSWXUHG�LQ�ZKDW�SURMHFW�VLWXDWLRQ��:KLOH�SUHVHQW�WUDFHDELOLW\�HQYLURQPHQWV�GR�RIIHU
VRPH�IOH[LELOLW\�LQ�WKH�GHILQLWLRQ�RI�WUDFH�GDWD�W\SHV��WKH\�GR�QRW�OHQG�WKHPVHOYHV�HDVLO\�WR�D�VLWXDWHG
DSSURDFK�WR�GHILQLQJ�WUDFH�FDSWXUH�DQG�XVDJH�VWUDWHJLHV�

'HILQLWLRQ�RI�WUDFH�GDWD�W\SHV��7R�UHGXFH�WKH�DPRXQW�RI�UHFRUGHG�WUDFHV��WKH�SURMHFW�PDQDJHU�KDV�WR
VSHFLI\�WKH�GDWD�W\SHV�WR�EH�UHFRUGHG�ZLWKLQ�WKH�SURMHFW��7KHUHIRUH�V�KH�KDV�WR�FRQVLGHU�WKH�H[SHFWHG
WUDFH�XVDJH��FRQWUDFWXDO�REOLJDWLRQV��ODZV�DQG�H[SHULHQFHV�RI�VLPLODU�SURMHFWV��7KLV�LV�DQ�HVVHQWLDO�DF�
WLYLW\�ZKLFK�KDV�WR�HQVXUH�WKDW�WKH�GHILQHG�GDWD�W\SHV�DOORZ�WKH�UHFRUGLQJ�RI�DOO�UHTXLUHG�WUDFHDELOLW\
LQIRUPDWLRQ�

7R�HPSRZHU� WKH�SURMHFW�VSHFLILF�GHILQLWLRQ�RI�GDWD� W\SHV�� D� WUDFHDELOLW\� HQYLURQPHQW�PXVW� SURYLGH
FDSDELOLWLHV� WR� GHILQH� QHZ� GDWD� W\SHV� DQG� WR� DGMXVW� SUHGHILQHG� W\SHV� DFFRUGLQJ� WR� SURMHFW�VSHFLILF
QHHGV��0RUHRYHU��LW�VKRXOG�V\VWHPDWLFDOO\�VXSSRUW�WKH�SURMHFW�PDQDJHU�LQ�FRQVLGHULQJ�UHFRUGHG�H[SH�
ULHQFHV�DQG�WKH�DFWXDO�QHHGV��7KH�WUDFHDELOLW\�GDWD�FDQ�EH�FODVVLILHG�LQWR�IRXU�PDLQ�FDWHJRULHV�>�@�
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�� SURGXFW�GDWD�VXEVXPHV�WKH�GDWD�W\SHV�UHTXLUHG�WR�GRFXPHQW�WKH�UHTXLUHPHQWV�RI�WKH�V\VWHP��H�J�
WKH�GDWD�W\SHV�UHTXLUHG�WR�UHFRUG�80/�PRGHOV�RU�WH[WXDO�UHTXLUHPHQWV�VSHFLILFDWLRQV�

�� VXSSOHPHQWDU\�SURGXFW�GDWD�VXEVXPHV�DGGLWLRQDO�DUWLIDFWV�ZKLFK�SURYLGH�H[SODQDWLRQV�RU�MXVWLILFD�
WLRQV�IRU�WKH�GRFXPHQWHG�UHTXLUHPHQWV��H�J��GHFLVLRQV��UDWLRQDOH��EXVLQHVV�JRDOV�

�� SURFHVV�REVHUYDWLRQ�GDWD� VXEVXPHV�GDWD� DERXW� WKH�SURFHVV� H[HFXWLRQ�� H�J�� DFWLYLWLHV�SHUIRUPHG�
UHVRXUFHV�XVHG��VWDNHKROGHUV�LQYROYHG�

�� GHSHQGHQF\�GDWD�UHSUHVHQWV�W\SHG�UHODWLRQV�EHWZHHQ�WKH�WKUHH�GDWD�FDWHJRULHV�GHILQHG�DERYH��H�J�
D�YHUVLRQLQJ�UHODWLRQVKLSV�RU�D�MXVWLILFDWLRQ�UHODWLRQVKLS�

&XUUHQW� WUDFHDELOLW\� HQYLURQPHQWV� DOORZ� WKH� GHILQLWLRQ� RI� SURMHFW�VSHFLILF� WUDFHDELOLW\� GDWD� W\SHV�
0RVW�HQYLURQPHQWV�SURYLGH�D�VHW�RI�SUHGHILQHG�GDWD�W\SHV�IURP�ZKLFK�WKH�SURMHFW�PDQDJHU�FDQ�VHOHFW
WKH�RQHV�WR�EH�FDSWXUHG�GXULQJ�WKH�SURMHFW��,Q�DGGLWLRQ��V�KH�FDQ�GHILQH�QHZ�GDWD�W\SHV�E\�HLWKHU
�� FRS\LQJ�D�SUHGHILQHG�GDWD�W\SH��H�J��&25(��LF&21&(37�570���RU
�� VXEW\SLQJ�D�SUHGHILQHG�GDWD�W\SH��H�J��6/$7(���RU
�� FUHDWLQJ�DQ�LQVWDQFH�RI�D�JHQHULF�PHWD�GDWD�W\SH��H�J���5''������

'HILQLWLRQ� RI� WUDFH� VWUDWHJLHV�� ,Q� DGGLWLRQ� WR� WKH� GDWD� W\SHV�� WKH� SURMHFW�PDQDJHU�PXVW� VSHFLI\� LQ
ZKLFK� VLWXDWLRQ�ZKLFK�GDWD�KDV� WR�EH� FDSWXUHG�� KRZ� WKH� UHTXLUHG�GDWD� VKRXOG�EH� UHFRUGHG�DQG� E\
ZKRP��:H�FDOO�VXFK�GHILQLWLRQV�WUDFH�FDSWXUH�VWUDWHJLHV��0RUHRYHU��WKH�SURMHFW�PDQDJHU�PD\�GHILQH
SRVVLEOH� VRXUFHV� IRU� WKH� WUDFHDELOLW\� GDWD� DQG�RU� VXSSRUW� IRU� DVVHVVLQJ� WKH� UHTXLUHG� LQIRUPDWLRQ�
(TXDOO\� LPSRUWDQW� LV� WKH�GHILQLWLRQ�RI� SURMHFW�VSHFLILF� WUDFH� XVDJH� VWUDWHJLHV�� 7KH� SURMHFW�PDQDJHU
PXVW�GHILQH�LQ�ZKLFK�VLWXDWLRQV��ZKLFK�UHFRUGHG� WUDFHDELOLW\� LQIRUPDWLRQ�KDV� WR�EH�FRQVLGHUHG��7KH
SURMHFW�PDQDJHU�PD\�DOVR�GHILQH� WKH�XVH�RI�DJJUHJDWHG��VLPSOLILHG�RU�JHQHUDOL]HG� LQIRUPDWLRQ��7KH
FRQVLGHUDWLRQ�RI� WUDFH�XVDJH�DQG�FDSWXUH�VWUDWHJLHV�GXULQJ�SURFHVV�H[HFXWLRQ�HQVXUHV� FRUUHFW� WUDFH
UHFRUGLQJ�DQG�XVDJH�

6RPH� FRPPHUFLDO� HQYLURQPHQWV� SURYLGH� VFULSW� ODQJXDJHV� IRU� VWUDWHJ\� GHILQLWLRQ�� )RU� H[DPSOH�
'2256�SURYLGHV�D�F�OLNH�ODQJXDJH�';/��LF&21&(37�FRPPDQG�OLQH�PDFURV��DQG�6/$7(�H[SORLWV
7FO�7N��7KHVH�ODQJXDJHV�FDQ�EH�XVHG�WR�DXWRPDWH�URXWLQH�WDVNV��H�J��WR�FDOFXODWH�FRPSXWHG�DWWULEXWH
YDOXHV��:LWKLQ�D�VFULSW��WKH�UHFRUGHG�WUDFHV�DQG�PRVW�RI�WKH�WRRO�IXQFWLRQDOLW\�FDQ�EH�DFFHVVHG��2IWHQ�
WKH� VFULSWV� FDQ�EH� DFWLYDWHG� YLD�PHQX� RSWLRQV�� 6RPH� HQYLURQPHQWV� DOVR� DOORZ� WR� DVVRFLDWH� VFULSWV
ZLWK� GDWD� W\SHV�� WKHVH� VFULSWV� DUH� H[HFXWHG�ZKHQHYHU� DQ� LQVWDQFH� RI� WKH� DVVRFLDWHG� GDWD� W\SHV� LV
DGGHG�RU�FKDQJHG�

6WLOO��WKH�GHILQLWLRQDO�FDSDELOLWLHV�RI�SUHVHQW�HQYLURQPHQWV�OHDYH�D�ORW�WR�EH�GHVLUHG�
�� SURMHFW�VSHFLILF�WUDFH�VWUDWHJLHV�DUH�PDLQO\�GHILQHG�WKH�SURJUDPPLQJ�OHYHO��7KHUH�LV�QR�VSHFLIL�

FDWLRQ�QRU�D�GHVLJQ�RI�SURMHFW�VSHFLILF�WUDFH�VWUDWHJLHV��,Q�VRPH�HQYLURQPHQWV��H�J��$576��&25(�
6/$7(��;7LH�57��HYHQ�WKH�SURMHFW�VSHFLILF�GDWD�W\SHV�DUH�SURJUDPPHG��7KLV�PDNHV�D�FRQVLVWHQW
GHILQLWLRQ��WKH�DGDSWDWLRQ�DQG�UHXVH�YHU\�WLPH�FRQVXPLQJ�DQG�H[WUHPHO\�H[SHQVLYH��LI�QRW�LPSRVVL�
EOH��DV�H[SHULHQFHV�LQ�VRIWZDUH�HQJLQHHULQJ�LQGLFDWHV�

�� WKH�GHILQLWLRQ�RI�SURMHFW�VSHFLILF�WUDFH�VWUDWHJLHV�DQG�GDWD�LV�QRW�JXLGHG��5DWKHU��WKH�GHILQLWLRQV
UHO\�RQ�WKH�H[SHULHQFH�RI�WKH�SURMHFW�PDQDJHU�

*XLGLQJ�WKH�VWDNHKROGHU�LQ�WUDFH�FDSWXUH�DQG�XVDJH

'HILQLQJ� SURMHFW�VSHFLILF� WUDFHDELOLW\� GHILQLWLRQV� GRHV� QRW� JXDUDQWHH� WKDW� WKH� WUDFHV� DUH� FRUUHFWO\
FDSWXUHG�DQG�XVHG��7R�HQVXUH�GHILQLWLRQ�FRQIRUP�WUDFH�UHFRUGLQJ�DQG�XVDJH��WKH�GHILQLWLRQV�PXVW�EH
FRPPXQLFDWHG�WR�WKH�VWDNHKROGHUV�SHUIRUPLQJ�WKH�SURFHVV�DQG�PXVW�EH�DSSOLHG�LQ�WKH�FRUUHVSRQGLQJ
VLWXDWLRQV�WKURXJKRXW�WKH�SURMHFW��2WKHUZLVH�LW�LV�TXLWH�OLNHO\�WKDW�WKH�SURMHFW�VSHFLILF�GHILQLWLRQV�DUH
QRW�DGHTXDWHO\�FRQVLGHUHG��7KXV��GHILQHG�GDWD�PD\�QRW�EH�UHFRUGHG�>�@�DQG�WKH�UHFRUGHG�GDWD�PD\
QRW�EH�FRQVLGHUHG�>�@��7KHUH�DUH�WZR�SULQFLSDO�VROXWLRQV�WR�DFKLHYH�WKLV��KDQGERRNV�DQG�LQWHJUDWHG
PHWKRG�JXLGDQFH��VHH�>�@�IRU�GHWDLOV��
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+DQGERRNV��7KH� GDWD� W\SHV� DQG� VWUDWHJLHV� DUH� GHILQHG� LQ� D� SURMHFW�VSHFLILF� WUDFHDELOLW\� KDQGERRN�
7KH� XVXDO� ZD\� RI� RUFKHVWUDWLQJ� GHILQLWLRQ� FRQIRUP� WUDFHDELOLW\� LV�� GXULQJ� D� OHDUQLQJ� SKDVH� HDFK
VWDNHKROGHU�OHDUQV�WKH�GHILQLWLRQV��,I�WKH�VWDNHKROGHUV�GR�QRW�UHPHPEHU�WKH�GHILQLWLRQV�LQ�WKH�FRUUH�
VSRQGLQJ� SURFHVV� VLWXDWLRQV�� WUDFH� FDSWXUH� DQG� XVDJH�ZLOO� QRW� FRUUHVSRQG�ZLWK� WKH� GHILQLWLRQV�� ,Q
RWKHU�ZRUGV�� WKH� DFWRUV�PXVW� NQRZ�ZKDW� DUH� ³OHJDO´� RU� ³JRRG´� �PHWKRG�� VWHSV� DFFRUGLQJ� WR� WKH
KDQGERRN�DQG�XQGHU�ZKLFK�FLUFXPVWDQFHV�WKHVH�VWHSV�FDQ�EH�DSSOLHG��2I�FRXUVH�WKH�VWDNHKROGHUV�FDQ
XVH�WKH�KDQGERRN�DV�UHIHUHQFH�PDQXDO��HVSHFLDOO\�LI�LW�LV�ZHE�EDVHG��EXW�WKH\�KDYH�WR�NQRZ�DQG�UH�
PHPEHU�ZKHQ�WR�ORRN�IRU�ZKDW�

,QWHJUDWHG�PHWKRG�JXLGDQFH�� ,GHDOO\�� WKH� WUDFHDELOLW\� HQYLURQPHQW�JXLGHV� �UHPLQGV�� HQIRUFHV�� FRQ�
WUROV��WKH�VWDNHKROGHUV�LQ�UHFRUGLQJ�DQG�XVLQJ�WKH�WUDFHV�DFFRUGLQJ�WR�WKH�DFWXDO�SURMHFW�VSHFLILF�GHIL�
QLWLRQV��$VVXPH�WKDW�D�SURMHFW�VSHFLILF�GHILQLWLRQ�VSHFLILHV�WKDW�IRU�PLVVLRQ�FULWLFDO�SURGXFW�SDUWV�WKH
GHVLJQ�UDWLRQDOH�PXVW�EH�FDSWXUHG�LQ�DQ�,%,6�OLNH�VWUXFWXUH��IRU�OHVV�PLVVLRQ�FULWLFDO�SDUWV�WKH�UDWLRQ�
DOH�VKRXOG�EH�UHFRUGHG�DV�D�WH[WXDO�VWDWHPHQW�DQG�WKDW�IRU�DOO�RWKHU�SDUWV�UHFRUGLQJ�RI�GHVLJQ�UDWLRQ�
DOH�LV�QRW� UHTXLUHG��'HSHQGLQJ�RQ� WKH�SURGXFW�EHLQJ�PRGLILHG�� WKH�HQYLURQPHQW�VKRXOG�UHTXHVW� WKH
UHFRUGLQJ�RI�WKH�GHILQHG�UDWLRQDOH�

6LPLODU��WKH�LQWHUDFWLYH�WRROV�RI�WKH�HQYLURQPHQW�VKRXOG�UHPLQG�WKH�VWDNHKROGHUV�WR�FRQVLGHU�WKH�UH�
FRUGHG� WUDFHV� DFFRUGLQJ� WR� WKH� GHILQLWLRQV�� $VVXPH� WKDW� ZKHQHYHU� D� VWDNHKROGHU� PRGLILHV� DQ� DS�
SURYHG�FRPSRQHQW��V�KH�KDV�WR�FRQVLGHU�WKH�UHYLHZ�FRPPHQWV�DQG�WKH�DSSURYDO�FRQGLWLRQV��&RQVH�
TXHQWO\��WKH�HQYLURQPHQW�VKRXOG�QRWLI\�WKH�HQJLQHHU�DERXW�WKH�FKDQJH�FRQGLWLRQV��UHWULHYH�WKH�FRUUH�
VSRQGLQJ�WUDFHDELOLW\�GDWD�DQG�GLVSOD\�WKLV�GDWD�WR�WKH�HQJLQHHU�

$�SUHUHTXLVLWH�IRU�SURYLGLQJ�VXFK�GHILQLWLRQ�FRQIRUP�LQWHJUDWHG�JXLGDQFH�LV�WKDW�WKH�LQWHUDFWLYH�WRROV
RI� WKH�HQYLURQPHQW�DUH�DEOH� WR� LQWHUSUHW� WKH�SURMHFW�VSHFLILF�GHILQLWLRQV� DQG�DUH� DEOH� WR� DGDSW� WKHLU
EHKDYLRU�DFFRUGLQJO\��7KDW�PHDQV�WKDW�WKH�LQWHUDFWLYH�WRROV�PXVW�EH�SURFHVV�LQWHJUDWHG�>��@��2IIHULQJ
LQWHJUDWHG�JXLGDQFH�WR�WKH�HQJLQHHU�FRQIRUPDQW�ZLWK�WKH�SURMHFW�VSHFLILF�GHILQLWLRQV�SURYLGHV�PDMRU
DGYDQWDJHV�
�� 7KH�HQJLQHHUV�PXVW�QRW�QHFHVVDULO\�EH�DZDUH�RI�WKH�SURMHFW�VSHFLILF�GHILQLWLRQ��7KH\�PXVW�WKXV�QRW

ZRUU\�DERXW�WKH�XVH�RU�FDSWXUH�RI�WKH�ULJKW�WUDFHV�LQ�WKH�DFWXDO�VLWXDWLRQ�
�� 7KH�WUDLQLQJ�HIIRUW�UHTXLUHG�LV�UHGXFHG�
�� ,W� HQVXUHV� WUDFH� UHFRUGLQJ� GXULQJ� SURFHVV� H[HFXWLRQ�� 7KHUHE\� WUDFH� UH�FRQVWUXFWLRQ� LV� DYRLGHG�

5HFRQVWUXFWHG�WUDFHV�DUH�W\SLFDOO\�LQFRPSOHWH�DQG�LGHDOL]HG�LQ�RUGHU�WR�PHW�FHUWDLQ�H[SHFWDWLRQV�
�� ,W�HQVXUHV� WKDW� WKH�UHFRUGHG� WUDFH�GDWD� LV�XVHG��7KXV��VSHFLILFDWLRQV�RI�KLJKHU�TXDOLW\�DUH�GHYHO�

RSHG�
�� 7KH� ZRUNORDG� RI� WKH� VWDNHKROGHUV� LV� UHGXFHG�� VLQFH� WKH� WUDFHV� FDQ� EH� UHFRUGHG� DXWRPDWLFDOO\

ZKHQHYHU�SRVVLEOH�

7KH�JXLGDQFH�SURYLGHG�E\�H[LVWLQJ�HQYLURQPHQWV�LV�PDLQO\�WZRIROG�

)LUVW��PRVW�HQYLURQPHQWV�UHVWULFW�WKH�GDWD�WR�EH�FDSWXUHG�WR�GDWD�W\SHV�VSHFLILHG�IRU�WKH�SURMHFW�DQG
VXSSRUW�WKH�FRUUHFW�LQVWDQWLDWLRQ�RI�WKRVH�GDWD�W\SHV�

6HFRQG��E\�GHILQLQJ�DQG�FKHFNLQJ�VFULSWV�FRQVLVWHQW�LQVWDQWLDWLRQ�RI�GLIIHUHQW�GDWD� W\SHV�FDQ�EH�HQ�
VXUHG��H�J��'2256��6/$7(���,Q�RWKHU�ZRUGV��VLPLODU�WR�WULJJHUV�LQ�DFWLYH�GDWD�EDVHV��UXOHV�FDQ�EH
GHILQHG�ZKLFK�UHMHFW�LQFRQVLVWHQW�LQVWDQWLDWLRQV�DQG�QRWLI\�WKH�XVHU�DERXW�FRQIOLFWV��6FULSWV�FDQ�DOVR
EH�XVHG�WR�GHILQH�WKH�DOORZHG�PRGLILFDWLRQ�RI�GDWD��)RU�H[DPSOH��WKH�GHOHWLRQ�RI�GDWD�RQ�ZKLFK�RWKHU
GDWD�GHSHQGV�FDQ�EH�GHQLHG��,Q�SUDFWLFH��VFULSWV�DUH�PDLQO\�XVHG� WR�HQVXUH�GDWD�FRQVLVWHQF\��+RZ�
HYHU��WKH�VFULSW�ODQJXDJHV�FDQ�EH�XVHG�WR�LPSOHPHQW�WUDFH�FDSWXUH�DQG�WUDFH�XVDJH�VWUDWHJLHV��)RU�H[�
DPSOH��HQYLURQPHQWV�ZKLFK�SURYLGH�D�FRPSUHKHQVLYH�ODQJXDJH�OLNH�7FO�7N��HQDEOH�WKH�GHILQLWLRQ�RI
DGGLWLRQDO�LQWHUDFWLRQ�ZLQGRZV��WKH�LQYRFDWLRQ�RI�WRRO�IXQFWLRQV��WKH�SURJUDPPLQJ�RI�FRPSOH[�GLD�
ORJV�HWF��7KHRUHWLFDOO\��WKH�VFULSW�ODQJXDJH�FDQ�EH�XVHG�WR�LPSOHPHQW�D�´QHZ´�WRRO�
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&RQFHUQLQJ�WKH�LQWHJUDWLRQ�ZLWK�RWKHU�WRROV��WKH�HQYLURQPHQWV�VXSSRUW�GDWD�LQWHJUDWLRQ�E\�SURYLGLQJ
�VWDQGDUGL]HG��LPSRUW�H[SRUW�IRUPDWV��H�J��&',)��,Q�FRQWUDVW��FRQWURO�DQG�SURFHVV�LQWHJUDWLRQ�LV�DO�
PRVW�QRW�VXSSRUWHG�

6WLOO��SUHVHQW�WUDFHDELOLW\�HQYLURQPHQWV�UHPDLQ�WRR�FXPEHUVRPH�EHFDXVH�WKH\�VXIIHU�LQVXIILFLHQW�WRRO
LQWHJUDWLRQ�DQG�GR�QRW�RIIHU�LQWHJUDWHG�XVHU�JXLGDQFH�
�� :HDN�LQWHJUDWLRQ�ZLWK�RWKHU�HQJLQHHULQJ�WRROV��&XUUHQW�WUDFHDELOLW\�HQYLURQPHQWV�DUH�PRUH�RU�OHVV

VHHQ�DV� �GDWD�LQWHJUDWHG��´VWDQG�DORQH´� WRROV��'DWD� LQWHJUDWLRQ�GRHV�QRW�JXDUDQWHH� WKDW� FKDQJHV
PDGH�WR�DUWLIDFWV�QRW�NQRZQ�E\�WKH�WUDFHDELOLW\�HQYLURQPHQW�DUH�FRUUHFWO\�UHIOHFWHG� LQ� WKH� WUDFH�
DELOLW\�GDWD��7KXV�XQLQWHQGHG�LQFRQVLVWHQFLHV�FDQ�RFFXU�

�� ,QVXIILFLHQW�DFWLYDWLRQ�RI�WUDFH�VWUDWHJLHV��VFULSWV���6FULSWV�DUH�HLWKHU�LQYRNHG�E\�WKH�XVHU�RU�LQYR�
FDWLRQ�LV�EDVHG�RQ�HYHQWV�FDXVHG�IURP�GDWD�FKDQJHV��7KH�DXWRPDWHG�DFWLYDWLRQ�RI�VFULSWV�EDVHG�RQ
GDWD�FKDQJHV�LV�QRW�VXIILFLHQW��5DWKHU�� WKH�DFWLYDWLRQ�QHHGV� WR�GULYHQ�E\� WKH�RYHUDOO�SURFHVV�DQG
KDV� WR�EH�EDVHG�RQ� WKH�SURFHVV�GHILQLWLRQ�� WKH� DFWXDO� SURFHVV� VWDWH�� WKH�SURFHVV�KLVWRU\� DQG� WKH
JRDO�D�VWDNHKROGHU�WULHV�WR�DFKLHYH��VHH�>�@�IRU�GHWDLOV��

�� 6FULSW�H[HFXWLRQ�KDUGO\�LQIOXHQFHV�WKH�JXLGDQFH�SURYLGHG��7KH�LQWHJUDWLRQ�RI�XVHU�GHILQHG�VFULSWV
ZLWK�WKH�VXSSRUW�RIIHUHG�E\�WKH�WUDFHDELOLW\�HQYLURQPHQW�LV��LI�DW�DOO��RQO\�FRDUVH�JUDLQHG��&RQVH�
TXHQWO\�� WKH� VFULSW� GHILQLWLRQV� FDQ� EH� LQ� FRQIOLFW� ZLWK� WKH� WUDFHDELOLW\� GHILQLWLRQV�� DQG� WKH
VWDNHKROGHUV�FDQ�YLRODWH�WKH�VFULSW�GHILQLWLRQV�XVLQJ�WKH�IXQFWLRQDOLW\�SURYLGHG�E\�WKH�HQYLURQPHQW�

(PSRZHU�RUJDQL]DWLRQDO�OHDUQLQJ

,Q�PRVW�RUJDQL]DWLRQV�RQO\�OLPLWHG�NQRZOHGJH�DERXW�SURMHFW�VSHFLILF�UHTXLUHPHQWV�WUDFHDELOLW\�H[LVWV
>�@��,I�DYDLODEOH�DW�DOO�� WKH�NQRZOHGJH� LV�QRW�H[SOLFLWO\�GHILQHG��7KHUH� LV� WKXV�QR�H[SOLFLW�SURFHVV�RI
GHILQLQJ�KLJK�TXDOLW\��SURMHFW�VSHFLILF�WUDFH�GHILQLWLRQV��7KH�TXDOLW\�RI�WKH�GHILQLWLRQV�DOPRVW�HQWLUHO\
GHSHQGV�RQ�WKH�H[SHULHQFHV�RI�WKH�VWDNHKROGHUV��$V�H[SHULHQFHV� LQ�HQJLQHHULQJ�>�@�DQG�RWKHU�DUHDV
LQGLFDWH�RQO\�FRQWLQXRXV�SURFHVV�LPSURYHPHQW�OHDGV�WR�WKH�SURGXFWLRQ�RI�KLJKHU�TXDOLW\�SURGXFWV�

,W�LV�WKHUHIRUH�HVVHQWLDO�WR�HVWDEOLVK�DQG�FRQWLQXRXVO\�LPSURYH�RUJDQL]DWLRQDO�NQRZOHGJH�DERXW�SURM�
HFW�VSHFLILF�WUDFH�GHILQLWLRQV��0RUH�SUHFLVHO\��WKH�RUJDQL]DWLRQ�VKRXOG�OHDUQ�ZKHQ��IRU�ZKDW�SXUSRVH
DQG�KRZ��XVLQJ�ZKLFK�VWUDWHJ\��D�SDUWLFXODU�W\SH�RI�GDWD�VKRXOG�EH�FDSWXUHG�DQG�RU�XVHG��7KH�DFFX�
PXODWHG�H[SHULHQFHV�FDQ�WKDQ�EH�XVHG�WR�JXLGH�D�SURMHFW�PDQDJHU� LQ�GHILQLQJ�SURMHFW�VSHFLILF� WUDFH
GHILQLWLRQV�

7R� HPSRZHU� VXFK� RUJDQL]DWLRQDO� OHDUQLQJ�� WKH� H[SOLFLW� GHILQLWLRQ� RI� SURMHFW�VSHFLILF� WUDFHDELOLW\
VWUDWHJLHV�DQG�D�UHIOHFWLRQ�RI�WKH�H[SHULHQFHV�JDLQHG�RQ�WKH�GHILQLWLRQ�LV�UHTXLUHG��7R�VXSSRUW�WKH�LP�
SURYHPHQW��WKH�WUDFHDELOLW\�HQYLURQPHQW�PXVW�IDFLOLWDWH�WKH�LGHQWLILFDWLRQ�RI�VWUDWHJ\�GHILQLWLRQ�ZKLFK
KDYH�FDXVHG�WUDFHV�RI�SRRU�TXDOLW\�RU�ZKLFK�OHG�WR�LQVXIILFLHQW�WUDFH�FRQVLGHUDWLRQ�

([LVWLQJ�HQYLURQPHQWV�UHFRUG�DQG�PDLQWDLQ�SURMHFW�WUDFHV�LQ�UHODWLRQDO��H�J��$576��5HTXLVLWH3UR��LF�
&21&(37�570�� RU� REMHFW�RULHQWHG� GDWDEDVH� V\VWHPV� �H�J�� '2256�� 5''������ 6/$7(���0RVW
HQYLURQPHQWV� RIIHU� VWDWLF� DQG� G\QDPLF� DQDO\VLV� PHFKDQLVPV� WR� FKHFN� SURGXFW� LQFRQVLVWHQFLHV� DQG
FRPSOHWHQHVV��)RU� H[DPSOH�� LW� FDQ�EH� FKHFNHG� LI� DOO� XVHU� UHTXLUHPHQWV� DUH� VDWLVILHG�E\� WKH�GHILQHG
V\VWHP�UHTXLUHPHQWV�DQG�F\FOLF�FKDQJHV�FDQ�EH�GHWHFWHG��([LVWLQJ�HQYLURQPHQWV�SURYLGH�WKXV�VRPH
PHDQV�IRU�DQDO\]LQJ�WKH�UHFRUGHG�WUDFHV��'HIHFWV�GHWHFWHG�FDQ�LQGLFDWH�D�QHHG�IRU�DQ�LPSURYHPHQW�RI
WKH�SURMHFW�VSHFLILF�GHILQLWLRQV��+RZHYHU��WKHUH�UHPDLQ�D�QXPEHU�RI�GHILFLHQFLHV�ZKLFK�RIWHQ�SUHYHQW
WKH�SURDFWLYH�XVH�RI�WUDFHDELOLW\�GDWD�
�� /DFN�RI�SURFHVV�RULHQWDWLRQ�PDNHV�SURFHVV�LPSURYHPHQW�DOPRVW�LPSRVVLEOH��&XUUHQW�WUDFHDELOLW\

HQYLURQPHQWV�DOPRVW�WRWDOO\�QHJOHFW�WKH�SURFHVV�UHVSRQVLEOH�IRU�WKH�FDSWXUHG�WUDFHV��7KH� ODFN�RI
DSSURSULDWH� LQWHUUHODWLRQV�EHWZHHQ� WKH� WUDFHV�DQG� WKH�VWHSV�SHUIRUPHG�PDNHV�D� UHIOHFWLRQ�RI� WKH
H[SHULHQFHV� RQ� WKH� PHWKRG� GHILQLWLRQV� DOPRVW� LPSRVVLEOH�� &RQVHTXHQWO\�� LQVXIILFLHQW� SURGXFW
TXDOLW\�FDQ�RQO\�EH�GHWHFWHG��EXW�QRW�V\VWHPDWLFDOO\�DYRLGHG�LQ�IXWXUH�
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�� 2UJDQL]DWLRQDO�OHDUQLQJ�LV�QRW�V\VWHPDWLFDOO\�VXSSRUWHG��2UJDQL]DWLRQDO�NQRZOHGJH�LV�RQO\�FDS�
WXUHG�DW�WKH�SURMHFW�KLVWRU\�OHYHO��1R�V\VWHPDWLF�SURFHGXUH�LV�HVWDEOLVKHG�IRU�JXLGLQJ�DQG�FRQWURO�
OLQJ�WKH�OHDUQLQJ�IURP�H[SHULHQFHV��7KLV�VKRUWFRPLQJ�DQG��HTXDOO\�LPSRUWDQW��WKH�ODFN�RI�DSSURSUL�
DWH�DEVWUDFWLRQV�OHDG�WR�D�PDLQO\�SHUVRQDOL]HG�OHDUQLQJ��L�H��OHDUQLQJ�LV�UHVWULFWHG�WR�WKH�H[SHULHQFHV
DFFXPXODWHG�E\�WKH�VWDNHKROGHUV�

35,0(�57��$�)UDPHZRUN�IRU�3URMHFW�6SHFLILF�7UDFHDELOLW\

:H�KDYH�GHYHORSHG�DQ�DUFKLWHFWXUDO� IUDPHZRUN�IRU�DGDSWDEOH��SURMHFW�VSHFLILF� WUDFHDELOLW\�HQYLURQ�
PHQWV�ZKLFK�RIIHUV�VROXWLRQV�WR�WKH�VKRUWFRPLQJV�LGHQWLILHG�LQ�WKH�ODVW�VHFWLRQ��)LJXUH���SUHVHQWV�DQ
RYHUYLHZ�RI�RXU�DUFKLWHFWXUH�ZKLFK�FRQVLVWV�RI�WKUHH�PDLQ�FRPSRQHQWV��D�PHWKRG�GHILQLWLRQ��D�SURF�
HVV�H[HFXWLRQ��DQG�D�PHWKRG�LPSURYHPHQW�HQYLURQPHQW�
1RWH�WKDW�HDFK�SDUW�RI�RXU�DUFKLWHFWXUH�DGDSWV�ZHOO�NQRZQ�UHFHQW�WHFKQLTXHV�IURP�OLWHUDWXUH�RU�DG�
YDQFHG�SUDFWLFH��7KLV�GRHV�QRW�MXVW�JLYH�RXU�DSSURDFK�VRPH�HPSLULFDO�IDFH�YDOLGLW\�EXW�DOVR�HQDEOHV
SDUWLDO�XSWDNH�RI�WKH�PRVW�LPSRUWDQW�LPSURYHPHQWV�E\�YHQGRU�DQG�XVHU�RUJDQL]DWLRQV�

)LJXUH����$Q�DUFKLWHFWXUH�IRU�DGDSWDEOH�WUDFHDELOLW\�HQYLURQPHQWV

7KH�0HWKRG�'HILQLWLRQ�(QYLURQPHQW��'HILQLQJ�3URMHFW�6SHFLILF�7UDFHDELOLW\

7R�RIIHU�JXLGDQFH�IRU�D�SURMHFW�PDQDJHU��WUDFHDELOLW\�HQYLURQPHQWV�VKRXOG�DGDSW�WKH�XQGHUO\LQJ�LGHDV
RI�PHWKRG�GHILQLWLRQ�HQYLURQPHQWV�ZKLFK�VXSSRUW�WKH�LQFUHPHQWDO��PRGHO�EDVHG�GHILQLWLRQ�RI�SURMHFW�
VSHFLILF�PHWKRGV�>�@�

*XLGLQJ�WKH�GHILQLWLRQ�RI�PHWKRGV��0HWKRG�HQJLQHHULQJ�DSSURDFKHV�HPSRZHU�WKH�FRQVWUXFWLRQ�RI�D
PHWKRG�E\�VHOHFWLQJ��FRPELQLQJ�DQG�DGDSWLQJ�D�VHW�RI� UHXVDEOH��PRGHO�EDVHG�PHWKRG�IUDJPHQWV��$
PHWKRG�IUDJPHQW�GHILQHV�ERWK��WKH�PHWKRGLFDO�DGYLFH�DQG�WKH�GDWD�WR�EH�SURGXFHG�DQG�FRQVLGHUHG�
7KH� GHILQLWLRQ� DQG� VHOHFWLRQ� RI� DSSURSULDWH� IUDJPHQWV� DFFRUGLQJ� WR� SURMHFW�VSHFLILF� QHHGV� LV� VXS�
SRUWHG�� H�J�� E\� FRQWLQJHQF\� IDFWRUV� ZKLFK� FKDUDFWHUL]H� WKH� VXSSRUW� RIIHUHG� E\� HDFK� IUDJPHQW� DF�
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FRUGLQJ�WR�D�JLYHQ�QHHG��5HFRUGLQJ�WKH�IUDJPHQWV�LQ�D�UHSRVLWRU\�SURYLGHV�WKH�IRXQGDWLRQ�IRU�VHOHF�
WLYH�UHWULHYDO�DQG�WKXV�IDFLOLWDWHV�WKHLU�UHXVH�

0RGHO�EDVHG� PHWKRG� GHILQLWLRQ�� %ULHIO\�� PHWKRG� HQJLQHHULQJ� DSSURDFKHV� SURYLGH� PRGHOLQJ� ODQ�
JXDJHV�WR�GHILQH�PHWKRG�IUDJPHQWV�RQ�D�PRUH�DEVWUDFW�UHTXLUHPHQWV�GHVLJQ�OHYHO��7KLV�LV�D�SUHUHTXL�
VLWH� WR� V\VWHPDWLFDOO\� VXSSRUW� WKH�SURMHFW�PDQDJHU� LQ� UHXVLQJ� DQG� DGDSWLQJ� H[LVWLQJ� GHILQLWLRQV� DF�
FRUGLQJ� WR�SURMHFW�VSHFLILF� QHHGV��&RPSDUHG�ZLWK� D� GLUHFW� LPSOHPHQWDWLRQ� RI�PHWKRG� IUDJPHQWV� D
PRGHO�EDVHG�GHILQLWLRQ� OHDGV� WR� LQFUHDVLQJO\� FRQVLVWHQW�GHILQLWLRQV�� DQG� IDFLOLWDWHV� WKH� FRUUHFWLRQ�RI
HUURUV��DV�ZHOO�DV�WKH�PDLQWHQDQFH�RI�SURMHFW�VSHFLILF�GHILQLWLRQV�

:H�KDYH�DGDSWHG�WKHVH�FDSDELOLWLHV�IRU�RXU�PHWKRG�GHILQLWLRQ�HQYLURQPHQW��7KHUHE\�WKH�GHILQLWLRQ�RI
SURMHFW�VSHFLILF�WUDFHDELOLW\�GDWD�DQG�WUDFH�VWUDWHJLHV�DQG�WKHLU�LQWHJUDWLRQ�LQWR�WKH�RYHUDOO�5(�SURFHVV
ZDV�LPSURYHG�

7KH�3URFHVV�([HFXWLRQ�(QYLURQPHQW��3URFHVV�,QWHJUDWHG�7UDFH�*XLGDQFH

7R�DFKLHYH�WKH�GHPDQGHG�GHILQLWLRQ�FRQIRUP�WUDFH�FDSWXUH�DQG�XVDJH�ZLWKLQ�WKH�SURFHVV�H[HFXWLRQ
HQYLURQPHQW�ZH�KDYH�DGDSWHG�WKH�PDLQ�LGHDV�XQGHUO\LQJ�SURFHVV�FHQWHUHG�HQYLURQPHQWV��3&(V��>�@�
DQG�SURFHVV�LQWHJUDWHG�HQYLURQPHQWV��3,(V��>��@���7KH�LPSURYHPHQWV�DFKLHYHG�DUH�

'HILQLWLRQ�FRQIRUP�SURFHVV�H[HFXWLRQ��$�3&(�VXSSRUWV� WKH�SURFHVV� H[HFXWLRQ�EDVHG�RQ� WKH� LQWHU�
SUHWDWLRQ�RI�H[SOLFLW�PHWKRG�GHILQLWLRQV��,W�FRQVLVW�RI�D�VHW�RI� LQWHUDFWLYH� WRROV�XVHG� WR�SHUIRUP�WKH
SURFHVV��7KH� WRROV� FDQ� H[FKDQJH�GDWD�� H�J�� YLD� D� WUDFH� UHSRVLWRU\��0RUHRYHU�� WKH\� FDQ� VKDUH� WKHLU
VHUYLFHV��7KH�SURFHVV�HQJLQH��D�VSHFLDOL]HG�WRRO��FRRUGLQDWHV�WKH�LQWHURSHUDWLRQ�RI�WKH�WRROV�DFFRUG�
LQJ�WR�DQ�H[SOLFLW�PHWKRG�GHILQLWLRQ�DQG�WKH�DFWXDO�SURFHVV�VWDWH��7KHUHE\�D�GHILQLWLRQ�FRQIRUP�SURF�
HVV�H[HFXWLRQ�LV�JXDUDQWHHG��$FKLHYLQJ�SURMHFW�VSHFLILF�WUDFH�JXLGDQFH�UHTXLUHV�KRZHYHU�DQ�LQWHJUD�
WLRQ�RI�WKH�WUDFH�VWUDWHJLHV�ZLWK�WKH�PHWKRG�GHILQLWLRQV�

,QWHJUDWHG�PHWKRG�JXLGDQFH��3URFHVV�LQWHJUDWHG�HQYLURQPHQWV�JR�RQH�VWHS�IXUWKHU�DQG�SURYLGH�SUR�
FHVV�LQWHJUDWHG�WRROV�ZKLFK�RIIHU�LQWHJUDWHG�PHWKRG�JXLGDQFH�WR�WKH�VWDNHKROGHUV��,Q�D�3,(�WKH�LQWHU�
DFWLYH� WRROV�DUH�DEOH� WR� LQWHUSUHW� WKH�PHWKRG�GHILQLWLRQ�� ,Q� DGGLWLRQ�� WKH�SURFHVV� HQJLQH�SDVVHV� WKH
DFWXDO�SURFHVV�VWDWH�WR�WKH�WRROV�ZKLFK��LQ�WXUQ��DGDSW�WKHLU�XVHU�LQWHUIDFHV�DFFRUGLQJO\��%ULHIO\��EDVHG
RQ�WKH�LQWHUSUHWDWLRQ�RI�WKH�PHWKRG�GHILQLWLRQV�DQG�XQGHU�FRQVLGHUDWLRQ�RI�WKH�DFWXDO�SURFHVV�VWDWH�
WKH�WRROV�DGDSW�WKH�JXLGDQFH�RIIHUHG�E\�UHVWULFWLQJ�WKH�SURGXFWV�DQG�WKH�PHQX�RSWLRQV�GLVSOD\HG��7KH
LQWHJUDWHG�DQG�DGDSWDEOH�JXLGDQFH�JXDUDQWHHV�WKH�FRQVLGHUDWLRQ�RI�WKH�DFWXDO�WUDFHDELOLW\�GHILQLWLRQV
GXULQJ�SURFHVV�H[HFXWLRQ��VHH�>��@�IRU�GHWDLOV��

3URFHVV�GULYHQ� VWUDWHJ\�DFWLYDWLRQ�� ,Q� FRQWUDVW� WR� H[LVWLQJ� WUDFHDELOLW\� HQYLURQPHQWV��RXU� DUFKLWHF�
WXUH�HQDEOHV�GDWD�GULYHQ��XVHU�GULYHQ�DQG�SURFHVV�GULYHQ�DFWLYDWLRQ�RI�WKH�GHILQHG�VWUDWHJLHV��$�VWUDW�
HJ\�FDQ�EH�DFWLYDWHG�YLD�XVHU�LQWHUDFWLRQV��E\� WKH� WUDFH�UHSRVLWRU\��H�J�� LI�DQ� LQWHJULW\� FRQVWUDLQW� LV
YLRODWHG��DQG�E\�WKH�SURFHVV�HQJLQH��H�J��GXULQJ�WKH�H[HFXWLRQ�RI�D�VWUDWHJ\���,W�LV�WKH�LQWHJUDWLRQ�RI
WUDFH� VWUDWHJLHV� DQG� PHWKRG� GHILQLWLRQ� ZKLFK� HVWDEOLVKHV� D� SURFHVV�GULYHQ� DFWLYDWLRQ� RI� WKH� WUDFH
VWUDWHJLHV�� 7KLV� NLQG� RI� DFWLYDWLRQ� FRQVLGHUV�� LQ� DGGLWLRQ� WR� WKH� UHFRUGHG� GDWD�� WKH� DFWXDO� SURFHVV
VLWXDWLRQ�DQG�WKH�PHWKRG�GHILQLWLRQV�

,QWHUUHODWLQJ�FDSWXUHG� WUDFHV�ZLWK�VWUDWHJ\�GHILQLWLRQV��6LPLODU� WR� FRPPHUFLDO� WUDFHDELOLW\� HQYLURQ�
PHQWV��WKH�WRROV�DQG�WKH�SURFHVV�HQJLQH�RI�D�3,(�UHFRUG�WKH�WUDFHV�LQ�D�WUDFH�UHSRVLWRU\��,Q�DGGLWLRQ�
WKH\�UHODWH�WKH�WUDFHDELOLW\�GDWD�ZLWK�WKH�SURMHFW�VSHFLILF�VWUDWHJ\�GHILQLWLRQV�ZKLFK�KDYH�FDXVHG�WKHLU
FUHDWLRQ�RU�XVDJH��7KH\�WKHUHE\�HVWDEOLVK�DQ�LPSRUWDQW�SUHUHTXLVLWH�IRU�H[SHULHQFH�EDVHG�SURFHVV�LP�
SURYHPHQW�

7KH�0HWKRG�,PSURYHPHQW�(QYLURQPHQW��6XSSRUWLQJ�2UJDQL]DWLRQDO�/HDUQLQJ

7R� HPSRZHU� RUJDQL]DWLRQDO� OHDUQLQJ� DQ� LQFRUSRUDWLRQ� RI� SURFHVV� LPSURYHPHQW� DSSURDFKHV� LV� UH�
TXLUHG��,PSURYHPHQW�DSSURDFKHV�OLNH�&00�RU�740�KDYH�SURYHQ�VXFFHVVIXO�LQ�PDQ\�DSSOLFDWLRQ�DU�
HDV��7KRVH�DSSURDFKHV�GLIIHU��VOLJKWO\��LQ�WKH�ZD\�WKH\�LQFRUSRUDWH�SHRSOH��EXW�WKH\�DUH�EDVHG�RQ�WKH
VDPH�SULQFLSOH��6WULYLQJ�IRU�FRQWLQXRXV�SURFHVV�LPSURYHPHQW�UHTXLUHV� IRXU�PDMRU�SUHUHTXLVLWHV�� ���



��

H[SOLFLW�GHILQLWLRQ�RI�WKH�PHWKRG������JXLGH�SURFHVV�SHUIRUPDQFH�EDVHG�RQ�WKH�PHWKRG�GHILQLWLRQV�����
UHFRUG�H[SHULHQFHV�DERXW�SURFHVV�H[HFXWLRQ��L�H��SURFHVV�H[HFXWLRQ�PXVW�EH�WUDFHDEOH������UHODWH�WKH
FDSWXUHG�WUDFHV�WR�WKH�PHWKRG�GHILQLWLRQV�
7KH�WHFKQLFDO�LPSOLFDWLRQV�RI�WKRVH�UHTXLUHPHQWV�DUH�TXLWH�VWUDLJKW�IRUZDUG��)LUVW��WKH�WUDFH�VWUDWHJLHV
PXVW� EH� H[SOLFLWO\� GHILQHG� DQG� SHUVLVWHQWO\� UHFRUGHG�� 6HFRQG�� WKH� SURFHVV� H[HFXWLRQ� HQYLURQPHQW
PXVW�JXLGH� WKH�VWDNHKROGHUV�EDVHG�RQ� WKH�DFWXDO�GHILQLWLRQV��7KLUG�� WKH�SURFHVV�H[HFXWLRQ� HQYLURQ�
PHQW�PXVW�UHFRUG�WKH�WUDFHV�DQG�UHODWH�WKHP�ZLWK�WKH�VWUDWHJ\�GHILQLWLRQV��)RXUWK��WKH�PHWKRG�GHILQL�
WLRQ�HQYLURQPHQW�PXVW�VXSSRUW�WKH�DQDO\VLV�DQG�JHQHUDOL]DWLRQ�RI� WKH�FDSWXUHG�H[SHULHQFHV��$V�GH�
VFULEHG�DERYH�RXU�DUFKLWHFWXUH� IXOILOOV� WKHVH� IRXU�UHTXLUHPHQWV�DQG� WKHUHE\�HVWDEOLVKHV� WKH�EDVLV� IRU
RUJDQL]DWLRQDO�OHDUQLQJ�

([SHULHQFHV

%DVHG�RQ�WKH�35,0(�57�IUDPHZRUN�ZH�KDYH�LPSOHPHQWHG�WZR�SURWRW\SLFDO�DGDSWDEOH�WUDFHDELOLW\
HQYLURQPHQWV�>����@��352�$57�VXSSRUWLQJ�SURMHFW�VSHFLILF�WUDFHDELOLW\�LQ�UHTXLUHPHQWV�HQJLQHHULQJ
SURFHVVHV�DQG�7(&+02'�VXSSRUWLQJ�SURMHFW�VSHFLILF�WUDFHDELOLW\�GXULQJ� WKH�PRGHOLQJ�RI�FRPSOH[
FKHPLFDO�SURFHVVHV��%RWK�HQYLURQPHQWV�SURYLGH�D�SURFHVV�H[HFXWLRQ�DQG�D�PHWKRG�GHILQLWLRQ�HQYL�
URQPHQW��7KH�PHWKRG�LPSURYHPHQW�HQYLURQPHQWV�DUH�FXUUHQWO\�XQGHU�LQYHVWLJDWLRQV�

7KH�SURFHVV� H[HFXWLRQ� HQYLURQPHQWV� FRQVLVW� RI� D� SURFHVV� HQJLQH�� DQG� YDULRXV�� SURFHVV�LQWHJUDWHG
HGLWLQJ�DQG�EURZVLQJ�WRROV��H�J��DQ�207�HGLWRU�WR�GHILQH�UHTXLUHPHQWV��D�IORZVKHHW�HGLWRU�WR�GHILQH
FKHPLFDO�SURFHVV�PRGHOV��D�GHFLVLRQ�HGLWRU�WR�FDSWXUH�GHVLJQ�UDWLRQDOH���7KH�SURFHVV�HQJLQH�FRQWUROV
DQG�PRQLWRUV�WKH�WRROV�DFFRUGLQJ�WR�WKH�SURMHFW�VSHFLILF�GHILQLWLRQV��2XU�PHWKRG�GHILQLWLRQ�HQYLURQ�
PHQW� HQDEOHV� WKH�PRGHO�EDVHG� GHILQLWLRQ�� VHOHFWLYH�UHWULHYDO� DQG� WKH� DGDSWDWLRQ� RI� SURMHFW�VSHFLILF
GHILQLWLRQV��7KH�WUDFHV�DQG�WKH�WUDFH�GHILQLWLRQV�DUH�SHUVLVWHQWO\�VWRUHG�DQG�LQWHUUHODWHG�LQ�D�5'%06�
EDVHG�WUDFH�UHSRVLWRU\�

:H� DSSOLHG� ERWK� SURWRW\SHV� LQ� H[SHULPHQWV� DQG� VPDOO� FDVH� VWXGLHV�� %ULHIO\�� WKH� H[SHULHQFHV� FRQ�
ILUPHG�WKDW�WKH�SURMHFW�VSHFLILF�WUDFH�JXLGDQFH�OHDGV�WR�EHWWHU�WUDFH�FDSWXUH�DQG�WUDFH�FRQVLGHUDWLRQ
DQG�WKXV�WR�KLJKHU�SURGXFW�TXDOLW\��:LWKRXW�WKH�LQWHJUDWHG�PHWKRG�DGYLFH��LPSRUWDQW�WUDFHDELOLW\�GDWD
ZRXOG�KDYH�RIWHQ�QRW�EH�DGHTXDWHO\�UHFRUGHG��,W�WXUQHG�RXW��WKDW�WKH�PHWKRG�GHILQLWLRQ�HQYLURQPHQW
VXSSRUWHG�WKH�SURMHFW�PDQDJHU�LQ�UHXVLQJ�SURMHFW�VSHFLILF�WUDFH�GHILQLWLRQV�IRU�GLIIHUHQW�H[SHULPHQWV
HYHQ�ZLWKLQ�GLIIHUHQW�DSSOLFDWLRQ�GRPDLQV��0RUHRYHU��LQ�WKH�FDVH�RI�PHWKRG�GHILFLHQFLHV� WKH�GHILQL�
WLRQV�ZHUH�HDV\�WR�DGDSW��%RWK�EHQHILWV�IDFLOLWDWHG�DQG�DFFHOHUDWHG�WKH�PHWKRG�GHILQLWLRQ��7KH�H[SHUL�
HQFHV�IXUWKHU�LQGLFDWH�WKDW�LQ�PRVW�FDVHV��WKH�UHFRUGHG�WUDFHV�DQG��PD\EH�PRUH�LPSRUWDQW��WKH�FRQ�
VLGHUDWLRQ�RI�WKH�UHFRUGHG�WUDFHV�ZDV�FRQIRUP�ZLWK�WKH�SURMHFW�VSHFLILF�GHILQLWLRQV�

%HVLGHV�WKLV�SRVLWLYH�IHHGEDFN��DOVR�VRPH�VKRUWFRPLQJV�KDYH�EHHQ�LGHQWLILHG��7KH�DGDSWDWLRQ�RI�WUDFH
VWUDWHJLHV�DFFRUGLQJ� WR�SURMHFW�VSHFLILF�QHHGV�FRXOG�EH� LPSURYHG�E\�SURYLGLQJ� D� IUDPHZRUN�ZKLFK
FODVVLILHV� WKH� VWUDWHJLHV� DFFRUGLQJ� WR� H[SHFWHG� WUDFH� XVDJH� DQG� WUDFH� REOLJDWLRQV� DQG� E\� SURYLGLQJ
WUDFH�ILOWHUV�ZKLFK�HDVH�WKH�SURMHFW�VSHFLILF�DGDSWDWLRQV��7UDFH�XVDJH�UHTXLUHV�DSSURSULDWH�SUHVHQWD�
WLRQ�DQG�DJJUHJDWLRQ�IRUPDWV��7KH�TXHVWLRQ�ZKLFK�IRUPDW�VKRXOG�EH�XVHG�LQ�ZKLFK�VLWXDWLRQ�WR�SUHV�
HQW�D�FHUWDLQ�W\SH�RI�GDWD�LV�DQ�RSHQ�UHVHDUFK�LVVXH�
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'HYHORSPHQW�6HULHV��-�:LOH\�	�6RQV�/WG���7DXQWRQ��(QJODQG�������
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FHSWV��7HFKQLTXHV��DQG�8VH��������SS����������
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