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6WXGHQW��'HSDUWPHQW RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

3URI��6XSUL\D�6XUYDVH

*XLGH��'HSDUWPHQW RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW�

*HQHUDWLYH�$,�DVVLVWDQWV�DUH�QRZ�EHLQJ�XVHG�IRU�ZRUN�SXUSRVHV��RIWHQ�EH\RQG�WKH�YLHZ�RI�HQWHUSULVH�,7��
VHFXULW\��DQG�FRPSOLDQFH�IXQFWLRQV��FUHDWLQJ�D�VKDGRZ\���DUHD�ZKHUH�GDWD�XVDJH�LV�GLIILFXOW�WR�WUDFN�DQG�
UHVSRQVLELOLW\� KDUG� WR� HVWDEOLVK�� %\� DQDO\]LQJ� VL[� GLIIHUHQW� SDSHUV�PHQWLRQHG� LQ� WKH� VHPLQDU� V\QRSVLV�
WRJHWKHU� ZLWK� UHODWHG� VWDQGDUGV� DQG� H[SODLQDELOLW\� OLWHUDWXUH�� WKLV� VWXG\� LGHQWLILHV� JDSV� LQ� UHVHDUFK� RQ�
GHWHFWLRQ��FODVVLILFDWLRQ�RI�ULVN��DQG�JRYHUQDQFH�UHVSRQVH��,W�SURSRVHV�D�FRQFHSWXDO�VL[�VWHS�IUDPHZRUN�
�0RQLWRULQJ�DQG�'LVFRYHU\��&RQWH[W�&ROOHFWLRQ��5LVN�$VVHVVPHQW��([SODLQDELOLW\��*RYHUQDQFH�'HFLVLRQ��
DQG� &RQWLQXRXV�0RQLWRULQJ�� ZKLFK� DLPV� WR� WXUQ� DXWKRUL]HG� PRQLWRULQJ� VLJQDOV� LQWR� FRQWH[W�HQULFKHG�
HYHQWV�VFRUHG�XVLQJ�D�WUDQVSDUHQW�LI�IRUPXOD�ZLWK�KDUG�UXOH�IORRUV�DQG�DQ�XQFHUWDLQW\�EDQG��IXOO\�WUDFHDEOH�
UHDVRQ�FRGHV��DQG�SURSRUWLRQDWH�UHVSRQVH�RSWLRQV�LQFOXGLQJ�D�VSHFLILF�³LQGHWHUPLQDWH´�FDWHJRU\��7KH�VWXG\�
LV�EDVHG�RQ�FRQFHSWXDO�GHVLJQ�LQIRUPHG�E\�D�UHIHUHQFH�GULYHQ�OLWHUDWXUH�UHYLHZ��QR�DOJRULWKPV��GDWDVHWV��RU�
H[SHULPHQWV�KDYH�EHHQ�LPSOHPHQWHG��DQG�DOO�ZHLJKWV��WKUHVKROGV��DQG�VFHQDULRV�DUH�SXUHO\�LOOXVWUDWLYH��$Q�
HYDOXDWLRQ� SODQ� LV� VXJJHVWHG�� FRYHULQJ� WKHPDWLF� DUHDV� RI� GHWHFWLRQ� DGHTXDF\�� FODVVLILFDWLRQ� FRKHUHQFH��
H[SODQDWLRQ�YDOXH��ODWHQF\��SULYDF\��DQG�DEODWLRQ�DQDO\VLV��7KH�IUDPHZRUN�LV�LQWHQGHG�WR�SURYLGH�GHFLVLRQ�
PDNHUV�ZLWK�WKH�QHHGHG�FRQWH[W�IRU�UHVSRQVLEOH�6KDGRZ�$,�JRYHUQDQFH��LWV�HIIHFWLYHQHVV�VWLOO�QHHGV�WR�EH�
SURYHQ�LQ�SUDFWLFH�

.H\ZRUGV� � 6KDGRZ�$,��(QWHUSULVH�&\EHUVHFXULW\��$,�*RYHUQDQFH��([SODLQDEOH�$UWLILFLDO� ,QWHOOLJHQFH��
5LVN�$VVHVVPHQW��6HFXULW\�0RQLWRULQJ��3ROLF\ (QIRUFHPHQW�

,� ,QWURGXFWLRQ

$��%DFNJURXQG�DQG�0RWLYDWLRQ

*HQHUDWLYH�$,� DVVLVWDQWV� VXFK� DV� FKDWJSW�� *HPLQL�� &ODXGH�� *LWKXE� &RSLORW� KDYH� UDSLGO\� IORRGHG� WKH�
HQWHUSULVH�ZLWK�OHVV�FRQWURO�WKDQ�PDQ\�RUJDQL]DWLRQV�KDYH�WLPH�WR�VDQFWLRQ��FRQILJXUH��DQG�JRYHUQ��,Q�WKLV�
SDSHU�� 6KDGRZ�$,� LV� WKH� XVH� RI�$,� WRROV� RU� VHUYLFHV� QRW� FRYHUHG� E\� DQ� RUJDQL]DWLRQ¶V� SURFHVVHV� RU�
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VXIILFLHQWO\�JRYHUQHG��([WHQGLQJ�WKH�6KDGRZ�,7�SKHQRPHQRQ��� LQ�ZKLFK�HPSOR\HHV�DGRSW�WHFKQRORJ\�QRW�
VDQFWLRQHG�E\�,7�>�@��>�@���LQWR�D�GRPDLQ�ZKHUH�WKH�WRRO�UHFHLYHV�IUHH�IRUP�WH[W��FRGH��RU�GRFXPHQWV�DQG�
UHVSRQGV�ZLWK�JHQHUDWHG�RXWSXW�>�@��>�@��UHYLHZHG�VRXUFHV�GHVFULEH�6KDGRZ�$,�DV�D�JRYHUQDQFH�LVVXH�WKDW�
LQFRUSRUDWHV�XQPDQDJHG�GDWD�IORZV��YLVLELOLW\��$FFRXQWDELOLW\�>�@±>�@�

(QWHUSULVH�VHFXULW\��SULYDF\��DQG�FRPSOLDQFH�WHDPV�WKHUHIRUH�IDFH�D�SUDFWLFDO�TXHVWLRQ��KRZ�FDQ�$,�WRRO�
XVH�EH�PRQLWRUHG��HYDOXDWHG��*RYHUQHG�LQ�D�PDQQHU�WKDW� LV�SURSRUWLRQDWH��XQGHUVWDQGDEOH�WR� WKH�SHRSOH�
ZKR�PXVW� DFW� RQ� LW�� DQG� FRPSDWLEOH� ZLWK� EXVLQHVV� FRQWLQXLW\"� 3URKLELWLRQ� LV EOXQW�� DQG� WKH� UHYLHZHG�
OLWHUDWXUH�IDYRUV�FRQWUROOHG�HQDEOHPHQW�ZLWK�UHJLVWULHV��UROH�DZDUH�SROLF\��DXGLWV��DQG�HVFDODWLRQ�>�@��>�@�

%��3UREOHP�6WDWHPHQW

6WDUWLQJ� IURP� WKH� SUREOHP� IUDPLQJ� LQ� WKH� XQGHUO\LQJ� VHPLQDU� V\QRSVLV�� ZH� VWDWH� WKH� SUREOHP� DV� WKH�
FRQMXQFWLRQ�RI�WKH�IROORZLQJ�FRQFHUQV���L��OLPLWHG�RUJDQL]DWLRQDO�YLVLELOLW\�LQWR�ZKLFK�$,�WRROV�DUH�XVHG��
�LL��DFFLGHQWDO�H[SRVXUH�RI�VHQVLWLYH�RU�FRQILGHQWLDO�LQIRUPDWLRQ���LLL��F\EHUVHFXULW\�DQG��LY��SULYDF\�ULVNV��
�Y��UHJXODWRU\�DQG�RUJDQL]DWLRQDO�FRPSOLDQFH�REOLJDWLRQV���YL��LQDGHTXDWH�DFFRXQWDELOLW\���YLL��GLIILFXOW\�
GHWHFWLQJ�DQG�FODVVLI\LQJ�ULVN\�DFWLYLW\���YLLL��WKH�DEVHQFH�RI�WUDQVSDUHQW�H[SODQDWLRQV�IRU�ULVN�GHFLVLRQV��
DQG��L[��IUDJPHQWHG�PRQLWRULQJ��ULVN�DVVHVVPHQW��*RYHUQDQFH�PHFKDQLVPV��,WHPV��L�±�YL��DUH�VXSSRUWHG�
E\�WKH�UHYLHZHG�VRXUFHV�>�@±>�@��LWHPV��YLL�±�L[��DUH�WKH�V\QRSVLV¶�DQDO\WLFDO�REVHUYDWLRQ�DERXW�WKH�FXUUHQW�
VWDWH�RI�WKH�ILHOG�DQG�DUH�H[DPLQHG�FULWLFDOO\�LQ�6HFWLRQ�,,,�

&��5HVHDUFK�2EMHFWLYHV�DQG�4XHVWLRQV

7KH�ZRUN�SXUVXHV� IRXU�REMHFWLYHV��2��� WR� LQYHVWLJDWH�6KDGRZ�$,�GHWHFWLRQ�DSSURDFKHV��2��� WR�DQDO\]H�
6KDGRZ�$,�VHFXULW\��SULYDF\��&RPSOLDQFH�ULVNV��2���WR�H[DPLQH�([SODLQDEOH�$,��;$,��IRU�ULVN�DVVHVVPHQW��
DQG�2���WR�SURSRVH�DQ�H[SODLQDEOH��ULVN�DZDUH�JRYHUQDQFH�IUDPHZRUN��7KH\�DUH�RSHUDWLRQDOL]HG�DV�IRXU�
UHVHDUFK�TXHVWLRQV�

��54���2����:KLFK�DXWKRUL]HG�VLJQDOV�FDQ�VXSSRUW�GLVFRYHU\�RI�$,�WRRO�XVDJH��DQG�ZKDW�YLVLELOLW\�OLPLWV�
FRQVWUDLQ�WKHP"

��54���2����:KLFK�ULVN�GLPHQVLRQV�DUH�QHHGHG�WR�H[SUHVV�VHFXULW\��SULYDF\��DQG�FRPSOLDQFH�H[SRVXUH�RI�
DQ�LQGLYLGXDO�$,�XVDJH�HYHQW"

��54���2����+RZ�FDQ�D�ULVN�GHFLVLRQ�EH�PDGH�WUDFHDEOH�DQG�XQGHUVWDQGDEOH�WR�VHFXULW\��,7��DQG�FRPSOLDQFH�
UHYLHZHUV�ZLWKRXW�UHO\LQJ�RQ�RSDTXH�PRGHOV"

��54���2����+RZ�FDQ�ULVN�RXWFRPHV��LQFOXGLQJ�XQFHUWDLQ�RQHV��EH�PDSSHG�WR�SURSRUWLRQDWH�JRYHUQDQFH�
DFWLRQV�DQG�IHG�EDFN�LQWR�SROLF\�UHILQHPHQW"

'��&RQWULEXWLRQV

7KLV�SDSHU�PDNHV�ILYH�FRQWULEXWLRQV��DOO�FRQFHSWXDO���&���D�FULWLFDO��VRXUFH�TXDOLILHG�FRPSDULVRQ�RI�VL[�
VRXUFHV�QDPHG�LQ�WKH�V\QRSVLV��ZLWK�H[SOLFLW�GLVFORVXUH�RI�ZKDW�FRXOG�DQG�FRXOG�QRW�EH�YHULILHG���&���D�
UHILQHPHQW�RI�WKH�ILYH�UHVHDUFK�JDSV�VWDWHG�LQ�WKH�V\QRSVLV��HDFK�WLHG�WR�HYLGHQFH�DQG�WR�D�GHVLJQ�UHVSRQVH�
�7DEOH�,,����&���D�VL[�PRGXOH�DUFKLWHFWXUH�ZLWK�GHILQHG�LQSXWV��SURFHVVLQJ��RXWSXWV��'DWD IORZ��6HFWLRQ�9���
�&��� DQ� H[SODLQDEOH� ULVN�PRGHO� WKDW� FRPELQHV� D� QRUPDOL]HG�ZHLJKWHG� VFRUH�� KDUG�UXOH� IORRUV�� DQG� DQ�
XQFHUWDLQW\� LQWHUYDO� WKDW� \LHOGV� DQ� H[SOLFLW� ³LQGHWHUPLQDWH´� RXWFRPH� �6HFWLRQ� 9,��� DQG� �&��� D� WKUHDW�
DQDO\VLV�� LOOXVWUDWLYH� VFHQDULRV�� DQG D�YDOLGDWLRQ�SODQ� WKDW� VHSDUDWH�SURSRVHG�GHVLJQ� IURP�GHPRQVWUDWHG�
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UHVXOWV��6HFWLRQV�9,,±,;���7KH�SDSHU�GRHV�QRW�FODLP�LPSOHPHQWDWLRQ��HPSLULFDO�UHVXOWV��RU�SULRULW\�RYHU�
H[LVWLQJ�ZRUN�

7KH�UHPDLQGHU�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ�,,�UHYLHZV UHODWHG�ZRUN��6HFWLRQ�,,,�GHILQHV�
WKH�SUREOHP�DQG�JDSV��6HFWLRQ�,9�GHVFULEHV�WKH�PHWKRGRORJ\��6HFWLRQ�9�SUHVHQWV�WKH�DUFKLWHFWXUH��6HFWLRQ�
9,�GHWDLOV�WKH�ULVN�DQG�H[SODQDWLRQ�PRGHO��6HFWLRQV�9,,±,;�FRYHU�WKUHDWV��VFHQDULRV��(YDOXDWLRQ��6HFWLRQV�
;±;,,�GLVFXVV��OLVW�OLPLWDWLRQV��DQG�FRQFOXGH�,,��

,,��%DFNJURXQG�DQG�5HODWHG�:RUN

$�6KDGRZ�$,�DQG�FRUSRUDWH�VHFXULW\

3XWKDO DQG�FROOHDJXHV�SURYLGH�D�VXUYH\�OHYHO�DQDO\VLV�LQ�ZKLFK�6KDGRZ�$,�LV�SUHVHQWHG�DV�DQ�H[WHQVLRQ�RI�
WKH�FXUUHQW�F\EHU�WKUHDW�HQYLURQPHQW��ZLWK�D�IRFXV�RQ�WKH�XQDXWKRUL]HG�KDQGOLQJ�RI�VHQVLWLYH�GDWD��GDWD�
OHDNDJH��DQG�WKUHDWV�UHODWHG�WR�PRGHOV��DQG�WKH\�DOVR GLVFXVV�SRVVLEOH�ZD\V�WR�DGGUHVV�WKHVH�LVVXHV�>�@��7KH�
H[DPSOHV�WKH\�JLYH�DUH�PDLQO\�FRQFHSWXDO�DQG�QRW�EDVHG�RQ�GDWD�IURP�DFWXDO�RUJDQL]DWLRQV��6LOLF�DQG�FR�
DXWKRUV�DSSO\�WKH�6KDGRZ�,7�FRQFHSW�WR�WKH�ILHOG�RI�DUWLILFLDO�LQWHOOLJHQFH��WKH�SXEOLVKHU
V�DEVWUDFW�UHIHUV�WR�
D�PL[HG�PHWKRGV�VWXG\�WKDW�FRPELQHV�D�VXUYH\�RI�SUDFWLWLRQHUV�ZLWK�LQWHUYLHZV�RI�H[HFXWLYHV�DQG�VXJJHVWV�
WKH�HVWDEOLVKPHQW�RI�UHJLVWULHV��WUDLQLQJ�SURJUDPPHV��DXGLWV��DQG�HVFDODWLRQ�SURFHGXUHV�>�@��)RU�WKLV�VRXUFH��
RQO\�LQIRUPDWLRQ�DW�WKH�DEVWUDFW�OHYHO�ZDV�DYDLODEOH��$�VHFRQG�FRQIHUHQFH�SDSHU�OHG�E\�3XWKDO�DQG�D�SDSHU�
RQ�JRYHUQDQFH�DQG�UHVLOLHQFH�E\�5RVV�DQG�RWKHUV�DUH�OLVWHG�XQGHU�VLPLODU�WLWOHV�LQ�WKH�V\QRSVLV�>�@��>�@��WKHLU�
ELEOLRJUDSKLF�GHWDLOV�FRXOG�EH�YHULILHG�RQO\�YLD�VHFRQGDU\�FLWDWLRQV��DQG�VR�QR�VSHFLILF�ILQGLQJV�DUH�DVVLJQHG�
WR�WKHP�KHUH�RWKHU�WKDQ�WKRVH�UHODWLQJ�WR�WKH�WRSLFV�WKH\�FRYHU�

%��7KH�GHWHFWLRQ�DQG�PRQLWRULQJ�RI�6KDGRZ�$,

7ZR�FRQWULEXWLRQV�SURYLGH�VSHFLILF�GHVLJQV�IRU�GHWHFWLRQ�RU�FODVVLILFDWLRQ��$QXJXWKDOD�VXJJHVWV�D WKUHH�
OD\HU�PHWKRG�PDGH�XS�RI�D�XVH�FDVH�UHJLVWU\��HQIRUFHPHQW�RI�&,�&'�SUDFWLFHV��DQG�D�JHQDL�JDWHZD\��ZLWK�
WKH� DLP� RI� DGGUHVVLQJ�$,�ZRUNORDGV� LQYROYHG� LQ� VRIWZDUH� GHYHORSPHQW� DQG� SURYLGLQJ� DFFHVV� WR� JHQDL�
VHUYLFHV�>�@��+RZHYHU��WKH�HYDOXDWLRQ�GHVFULEHG�LV�VPDOO�DQG�SDUWO\�EDVHG�RQ�V\QWKHWLF�GDWD��DQG�FHUWDLQ�
EDVHOLQH�GHWHFWLRQ�UHVXOWV�DUH�WDNHQ�IURP�SUHYLRXV�OLWHUDWXUH�UDWKHU�WKDQ�EHLQJ�REWDLQHG�ZLWKLQ�WKH�VDPH�
H[SHULPHQW��ZKLFK�KDPSHUV�WKH�DELOLW\�WR�PDNH�FRPSDUDWLYH�FODLPV��IXUWKHUPRUH��WKH�VWXG\�LV�DXWKRUHG�E\�
D�VLQJOH�SHUVRQ�DQG�IRFXVHV�RQ�HQJLQHHULQJ�ZRUNORDGV�UDWKHU�WKDQ�RQ�LQWHUDFWLYH�FKDW�XVH�>�@��2MRZD�HW�DO��
3URSRVH�D�GHWHFW±FODVVLI\±JRYHUQ�SLSHOLQH�LQFRUSRUDWLQJ�PXOWL�VLJQDO�GHWHFWLRQ��D�PXOWL�GLPHQVLRQDO�ULVN�
WD[RQRP\�� D� VWDJHG� JRYHUQDQFH� OLIHF\FOH�� DQG� UHPHGLDWLRQ� FDWHJRULHV� �EORFN�� UHSODFH�� UHJXODUL]H��� EXW�
SUHVHQW�LW�DV�D�IUDPHZRUN�WKDW�KDV�QRW�\HW�EHHQ�YDOLGDWHG�DQG�KDYH�SODQQHG�YDOLGDWLRQ�>�@��7DNHQ�WRJHWKHU��
WKH\�LQGLFDWH�WKDW�UHJLVWU\�EDVHG�LGHQWLILFDWLRQ�DQG�WKH�XVH�RI�OD\HUHG�VLJQDOV�FRXOG�IRUP�D�UHDVRQDEOH�EDVLV��
ZKLOH�OHDYLQJ�XQGHFLGHG�WKH�TXHVWLRQ�RI�KRZ�LQWHUDFWLYH�XVDJH�HYHQWV�VKRXOG�EH�VFRUHG�DQG�H[SODLQHG�

&��(QWHUSULVH�$,�*RYHUQDQFH

7KH�JRYHUQDQFH�DSSURDFK�LQ�WKH�VHW�RI�FDVHV�KLJKOLJKWHG�HPSKDVL]HV�DFFRXQWDELOLW\��WKH�FDUHIXO�SURYLVLRQ�
RI�HQDEOHPHQW� UDWKHU� WKDQ�SURKLELWLRQ��DQG� WKH�H[LVWHQFH�RI�HVFDODWLRQ�URXWHV�>�@�� >�@��7KH� OLWHUDWXUH�RQ�
6KDGRZ�,7�DOVR�FRQILUPV�WKLV�SRLQW��XQPDQDJHG�DGRSWLRQ�RI�WHFKQRORJ\�LV�JHQHUDOO\�D�VLJQ�WKDW�FHUWDLQ�
EXVLQHVV� QHHGV� KDYH� QRW� EHHQ� VDWLVILHG�� DQG� WKHUHIRUH� VWULFW� SXQLWLYH� SROLFLHV� ZLOO� KDYH� WKH� HIIHFW� RI�
GLVSODFLQJ�UDWKHU�WKDQ�HOLPLQDWLQJ�LW�>�@��>�@��,W�LV�IRU�WKHVH�UHDVRQV�WKDW�WKH�SURSRVHG�GHVLJQ�FDOOV�IRU�WKH�
VWDQGDUG�UHDFWLRQ�WR�XQDXWKRULVHG�XVH�WR�EH�RQH�RI�UHGLUHFWLRQ�DQG�UHYLHZ��QRW�DXWRPDWLF�GHQLDO�
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'��([SODLQDEOH�5LVN�$VVHVVPHQW

7KH�OLWHUDWXUH�RQ�;$,�VHSDUDWHV�LQKHUHQWO\�LQWHUSUHWDEOH�PRGHOV�IURP�WKH�XVH�RI�SRVW�KRF�H[SODQDWLRQV�IRU�
RSDTXH�PRGHOV�>�@��>��@��5XGLQ�VWDWHV�WKDW�ZKHQ�LW�FRPHV�WR�LPSRUWDQW�GHFLVLRQV�DQ�LQWHUSUHWDEOH�PRGHO�
VKRXOG�EH�FKRVHQ�RYHU�H[SODLQLQJ�D�EODFN�ER[�>��@��7HFKQLTXHV�WKDW�DUH�SRVW�KRF��VXFK�DV�/,0(�DQG�6+$3��
SURYLGH�DSSUR[LPDWLRQV�RI�ORFDO�IHDWXUH�DWWULEXWLRQV�IRU�FRPSOH[�PRGHOV�>��@��>��@��$FFRUGLQJ�WR�0LOOHU
V�
UHYLHZ�RI�WKH�VRFLDO�VFLHQFHV��XVHIXO�H[SODQDWLRQV�QHHG�WR�EH�FRQWUDVWLYH��VHOHFWLYH��DQG�VRFLDOO\�VLWXDWHG�
>��@��DQG�UHVHDUFK�LQWR�H[SODQDWLRQ�PHWULFV�VWUHVVHV�WKDW�WKH�TXDOLW\�RI�DQ�H[SODQDWLRQ�PXVW�EH�DVVHVVHG�E\�
XVHUV�DQG�QRW�DVVXPHG�>��@��1RWKLQJ�DPRQJ�WKH�VL[�V\QRSVLV�VRXUFHV��DV�IDU�DV�FRXOG EH�YHULILHG��DVVHVVHV�
WKH�TXDOLW\�RI�H[SODQDWLRQV�IRU�GHFLVLRQV�LQYROYLQJ�6KDGRZ�$,�ULVN�

(��&RQVLGHUDWLRQV�UHJDUGLQJ�VWDQGDUGV�DQG�UHJXODWLRQ

7KH� 1,67� $,� 5LVN� 0DQDJHPHQW� )UDPHZRUN� FDWHJRULVHV� $,� ULVN� PDQDJHPHQW� DFWLYLWLHV� XQGHU� ILYH�
IXQFWLRQV��*RYHUQ��0DS��0HDVXUH��DQG�0DQDJH� >��@��ZKHUHDV� WKH�1,67�&\EHUVHFXULW\�)UDPHZRUN�����
GLYLGHV�F\EHUVHFXULW\�RXWFRPHV�LQWR�VL[�SDUWV��*RYHUQ��,GHQWLI\��3URWHFW��'HWHFW��5HVSRQG��DQG�5HFRYHU�
>��@��,62�,(&�������SURYLGHV�D�IUDPHZRUN�IRU�DQ�$,�PDQDJHPHQW�V\VWHP�>��@��1,67�63��������GHVFULEHV�
D�ULVN�DVVHVVPHQW�SURFHGXUH�ZKLFK�LQFOXGHV�MXGJPHQWV�DERXW�WKUHDW��YXOQHUDELOLW\��OLNHOLKRRG��DQG�LPSDFW�
>��@��DQG�=HUR�7UXVW�$UFKLWHFWXUH�SURYLGHV�IRU�WKH�VHSDUDWLRQ�RI�SROLF\�GHFLVLRQ�DQG�HQIRUFHPHQW�>��@��,Q�
WKH�(XURSHDQ�8QLRQ��WKH�$,�$FW�>��@�DQG�WKH�*'35�>��@�OD\�GRZQ�WKH�REOLJDWLRQV�WKDW�DSSO\�WR�$,�V\VWHPV�
DQG� SHUVRQDO� GDWD�� 7KH� FXUUHQW� SDSHU� XVHV� WKHVH� GRFXPHQWV� DV� GHVLJQ� UHIHUHQFHV� DQG� GRHV� QRW� FODLP�
FRQIRUPLW\�ZLWK�WKHP�QRU�JLYH�DQ\�OHJDO�DGYLFH�

7KH�FRPSDULVRQ�RI�WKH�VRXUFHV�LV�JLYHQ�LQ�7DEOH�,��DQG�LQ�WKH�
HYLGHQFH�VWDWXV
�FROXPQ�WKH�DXWKRUV�RI�WKH�
SDSHU�LQGLFDWH�WKRVH�LWHPV�ZKLFK�WKH\�KDYH�IRXQG�WR�EH�YHULILDEOH��ZLWKRXW�PDNLQJ�DQ\�NLQG�RI�TXDOLW\�
DVVHVVPHQW�

7DEOH�,�&RPSDULVRQ RI�WKH�VL[�V\QRSVLV�VRXUFHV��YHULILHG�VWDWXV�UHIOHFWV�DFFHVV�DFKLHYHG�

6RXUFH 7\SH���PHWKRG��DV�
YHULILHG�

&RQWULEXWLRQ�UHOHYDQW�
KHUH

(YLGHQFH�
VWDWXV

/LPLWDWLRQ�IRU�WKLV�
ZRUN

$QXJXWKDOD�
>�@

,QGXVWU\�DIILOLDWHG�
H[SHULPHQWDO�VWXG\��
UHJLVWU\��&,�&'�
JDWH��JHQDL�
JDWHZD\��IXOO�WH[W�
UHDG

5HJLVWU\�DZDUH�
SUHYHQWLRQ�RI�$,�
ZRUNORDGV��SROLF\�
HQIRUFHPHQW�DW�EXLOG�DQG�
DFFHVV�WLPH

6PDOO�
HYDOXDWLRQ��
SDUWO\�
V\QWKHWLF��VRPH�
FRPSDUDWRUV�
WDNHQ�IURP�
OLWHUDWXUH

(QJLQHHULQJ�
ZRUNORDGV��QRW�
LQWHUDFWLYH�FKDW�
XVH��ODUJH�
HQWHUSULVH�VHWWLQJ

2MRZD�HW�DO�
>�@

3UHSULQW��QRW�SHHU�
UHYLHZHG���
OLWHUDWXUH�LQIRUPHG�
IUDPHZRUN��IXOO�
WH[W�UHDG

'HWHFW±FODVVLI\±JRYHUQ�
SLSHOLQH��ULVN�WD[RQRP\��
JRYHUQDQFH�OLIHF\FOH��
EORFN�UHSODFH�UHJXODUL]H

9DOLGDWLRQ�
SODQQHG��QRW�
H[HFXWHG

1R�HPSLULFDO�
UHVXOWV��VFRULQJ�DQG�
H[SODQDWLRQ�QRW�
VSHFLILHG�LQ�GHSWK
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3XWKDO�HW�DO�
>�@

3HHU�UHYLHZHG�
VXUYH\�VW\OH�DUWLFOH��
IXOO�WH[W�UHDG

7KUHDW�ODQGVFDSH��GDWD�
OHDNDJH�DQG�VHFXULW\�
LPSOLFDWLRQV��PLWLJDWLRQ�
GLUHFWLRQV

&RQFHSWXDO��
K\SRWKHWLFDO�
LOOXVWUDWLRQV

1R�RUJDQL]DWLRQDO�
PHDVXUHPHQW��QR�
LQWHJUDWHG�SLSHOLQH

6LOLF� HW� DO�
>�@

3HHU�UHYLHZHG��
PL[HG�PHWKRGV�SHU�
SXEOLVKHU�DEVWUDFW��
DEVWUDFW�RQO\

6KDGRZ�,7�WR�6KDGRZ�$,�
H[WHQVLRQ��UHJLVWULHV��
WUDLQLQJ��DXGLWV��
HVFDODWLRQ

6XUYH\�SOXV�
LQWHUYLHZV��SHU�
DEVWUDFW�

6WUDWHJLHV�QRW�
YDOLGDWHG�IRU�
HIIHFWLYHQHVV��SHU�
DEVWUDFW���GHWDLO�
XQYHULILHG

3XWKDO�HW�DO�
�2&,7��>�@

&RQIHUHQFH�SDSHU��
UHFRUG�YLD�
VHFRQGDU\�FLWDWLRQ��
QRW�DFFHVVHG

7RSLF��DWWDFN�VXUIDFH��
ULVNV��FRXQWHUPHDVXUHV

8QYHULILHG )LQGLQJV�FDQQRW�EH�
DVVHVVHG

5RVV� HW� DO�
>�@

&RQIHUHQFH�SDSHU��
UHFRUG�YLD�
VHFRQGDU\�FLWDWLRQ��
QRW�DFFHVVHG

7RSLF��JRYHUQDQFH��ULVN��
RUJDQL]DWLRQDO�UHVLOLHQFH

8QYHULILHG )LQGLQJV�FDQQRW�EH�
DVVHVVHG

,,,��3UREOHP�'HILQLWLRQ�DQG�5HVHDUFK�*DSV

/HW� DQ�$,�XVDJH�HYHQW� H� GHQRWH� D� VLQJOH�REVHUYHG� LQWHUDFWLRQ�EHWZHHQ�DQ�HQWHUSULVH� VXEMHFW� DQG�DQ�$,�
VHUYLFH��7KH� JRYHUQDQFH� SUREOHP� FRQVLVWV� LQ� DVVLJQLQJ� WR� HYHU\� H� D� UHYLHZDEOH� ULVN� DVVHVVPHQW� DQG� D�
SURSRUWLRQDWH�DFWLRQ��UHO\LQJ�VROHO\�RQ�DXWKRUL]HG�VLJQDOV��XQGHU�LQFRPSOHWH�FRQWH[W��ZLWK�DQ�H[SODQDWLRQ�
DGHTXDWH�IRU�DQ�DFFRXQWDEOH�KXPDQ�WR�DFFHSW��FRQWHVW��RU�RYHUULGH�WKH�RXWFRPH�

7KH�V\QRSVLV�LGHQWLILHV�ILYH�JDSV��:H�UHJDUG�WKHVH�DV�K\SRWKHVHV�FRQFHUQLQJ�WKH�OLWHUDWXUH�UDWKHU�WKDQ�DV�
HVWDEOLVKHG�XQLYHUVDO�IDFWV��DQG�ZH�TXDOLI\�WKHP�DJDLQVW�WKH�YHULILHG�HYLGHQFH��7DEOH�,,���7ZR�TXDOLILFDWLRQV�
DUH� VLJQLILFDQW�� )LUVW�� WKH� UHJLVWU\�DZDUH� GHVLJQ� LQ� >�@� GRHV� LQGHHG� DGGUHVV� EXLOG�WLPH� DQG� UXQWLPH�
SUHYHQWLRQ� IRU�$,� ZRUNORDGV�� FRQVHTXHQWO\�� *DS� �� LV� EHVW� XQGHUVWRRG� DV� LQFRPSOHWHO\� DGGUHVVHG� IRU�
LQWHUDFWLYH�HQG�XVHU�XVDJH�DQG�IRU�H[SODLQHG�ULVN�GHFLVLRQV��UDWKHU�WKDQ�DV�XQH[SORUHG��6HFRQG��>�@�SUHVHQWV�
HPSLULFDO�ZRUN��WKHUHIRUH��*DS���SHUWDLQV�WR�LQWHJUDWHG�JRYHUQDQFH�IUDPHZRUNV�UDWKHU�WKDQ�WR�DOO�6KDGRZ�
$,�UHVHDUFK��6LQFH�WZR�VRXUFHV�FRXOG�QRW�EH�DVVHVVHG��DEVHQFH�FODLPV�DUH�FRQILQHG�WR�WKH�YHULILHG�VXEVHW�
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7DEOH�,,�� 5HVHDUFK�JDSV��HYLGHQFH��SURSRVHG�GHVLJQ�UHVSRQVH��DQG�UHPDLQLQJ�YDOLGDWLRQ�QHHG

*DS�
�V\QRSVLV�

6XSSRUWLQJ�
OLWHUDWXUH

/LPLWDWLRQ�RI�
H[LVWLQJ�
DSSURDFKHV

3URSRVHG�UHVSRQVH 5HPDLQLQJ�
TXHVWLRQ

*���
)UDPHZRUNV�
FRQFHSWXDO�RU�
ZLWKRXW�
FRPSOHWHG�
YDOLGDWLRQ

>�@��YDOLGDWLRQ�
SODQQHG��>�@��
VXUYH\�OHYHO

&DQQRW�VKRZ�WKDW�
GHWHFWLRQ��VFRULQJ��
RU�DFWLRQV�ZRUN

6SHFLILHG�PRGHO�DQG�
WHVWDEOH�PHWULFV�
�6HFWLRQ�,;�

'RHV�DQ�
LPSOHPHQWDWLRQ�
PHHW�WDUJHWV�RQ�
UHDOLVWLF�GDWD"

*���6PDOO�
VDPSOHV��
VPDOOHU�
RUJDQL]DWLRQV�
XQGHU�FRYHUHG

>�@��WKUHH�
SUDFWLWLRQHU�
SDUWLFLSDQWV��
ODUJH�
HQWHUSULVHV��
>�@��VDPSOH�
FRYHUDJH�
XQYHULILHG

/LPLWHG�
JHQHUDOL]DELOLW\�WR�
VPHV

0RGXODU��WLHUHG�
GHSOR\PHQW��
PLQLPDO�VLJQDO�
SURILOH�IRU�VPDOO�
RUJDQL]DWLRQV

:KLFK�PRGXOHV�DUH�
YLDEOH�ZLWK�OLPLWHG�
WHOHPHWU\"

*���'HWHFWLRQ��
FODVVLILFDWLRQ��
HQIRUFHPHQW�
QRW�LQWHJUDWHG�
DQG�YDOLGDWHG

>�@��LQWHJUDWHG�
EXW�
XQYDOLGDWHG��
>�@��LQWHJUDWHG�
IRU�ZRUNORDGV

1R�YHULILHG�HQG�WR�
HQG�DSSURDFK�
FRYHULQJ�LQWHUDFWLYH�
XVH�ZLWK�H[SODQDWLRQ

6L[�PRGXOH�SLSHOLQH�
ZLWK�H[SOLFLW�GDWD�
FRQWUDFWV��6HFWLRQ�
9�

'RHV�LQWHJUDWLRQ�
RXWSHUIRUP�
FRPSRQHQW�
EDVHOLQHV"

*���5HDFWLYH�
GHWHFWLRQ�
GRPLQDWHV��
SUHYHQWLRQ�
SDUWLDO

>�@��EXLOG�WLPH�
DQG�JDWHZD\�
FRQWUROV��RWKHUV�
UHDFWLYH�RU�
FRQFHSWXDO

3UHYHQWLRQ�HYLGHQFH�
OLPLWHG�WR�ZRUNORDGV

5LVN�WLHUV�GULYH�SUH�
HPSWLYH�UHGLUHFWLRQ�
DQG�FRQGLWLRQDO�
UHVWULFWLRQ

&DQ�SUHYHQWLRQ�IRU�
LQWHUDFWLYH�XVH�DYRLG�
H[FHVV�IULFWLRQ"

*���/LWWOH�
EHQFKPDUNLQJ�
DJDLQVW�HDFK�
RWKHU�RU�
UHJXODWLRQ

>�@��FRQFHSWXDO�
PDSSLQJ��>��@��
>��@

:HDN�FURVV�VWXG\�
FRPSDUDELOLW\

,QGLFDWLYH�DOLJQPHQW�
WR�1,67�IXQFWLRQV��
VKDUHG�PHWULFV�DQG�
EDVHOLQHV

+RZ�GRHV�WKH�
GHVLJQ�FRPSDUH�
TXDQWLWDWLYHO\�DQG�LQ�
DXGLW�WHUPV"
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,9��5HVHDUFK�0HWKRGRORJ\�DQG )UDPHZRUN�'HVLJQ�$SSURDFK

7KH�VWXG\�FRQVWLWXWHV�FRQFHSWXDO�IUDPHZRUN�GHYHORSPHQW�LQIRUPHG�E\�D�UHIHUHQFH�GULYHQ�OLWHUDWXUH�UHYLHZ�
DQG� GHVLJQ� DQDO\VLV�� ORRVHO\� IROORZLQJ� WKH� SUREOHP�LGHQWLILFDWLRQ�� REMHFWLYHV�� GHVLJQ�� GHPRQVWUDWLRQ��
(YDOXDWLRQ�SODQQLQJ� VWDJHV� RI� GHVLJQ� VFLHQFH� UHVHDUFK� >��@��7KH� VWDJHV� DFWXDOO\� FDUULHG� RXW� ZHUH�� ����
SUREOHP� DQG� REMHFWLYH� H[WUDFWLRQ� IURP� WKH� VHPLQDU� V\QRSVLV�� ���� ORFDWLRQ� RI� HDFK� RI� WKH� VL[� V\QRSVLV�
UHIHUHQFHV� E\� WLWOH� VHDUFK�� IROORZHG�E\� UHDGLQJ� RI� WKH� DFFHVVLEOH� UHFRUG�� ���� DGGLWLRQ� RI� VWDQGDUGV� DQG�
H[SODLQDELOLW\�VRXUFHV�VHOHFWHG�IRU�UHOHYDQFH������UHILQHPHQW�RI�WKH�JDSV������GHVLJQ�RI�WKH�VL[�PRGXOHV�DQG�
ULVN�PRGHO������FRQVWUXFWLRQ�RI�LOOXVWUDWLYH��6FHQDULRV�DV�DQ�DQDO\WLFDO�ZDONWKURXJK��DQG�����GUDIWLQJ�RI�DQ�
HYDOXDWLRQ�SODQ�

7KLV� ZDV� QRW� D� V\VWHPDWLF� UHYLHZ�� 1R� GDWDEDVH� SURWRFRO�� VFUHHQLQJ� FRXQWV�� RU� 35,60$� IORZ� ZHUH�
JHQHUDWHG��DQG�WKH�VHOHFWLRQ�RI�DGGLWLRQDO�VRXUFHV�LV�SXUSRVLYH�DQG�PD\�EH�VXEMHFW�WR�ELDV��)XOO�WH[W�ZDV�
UHDG�IRU�>�@��>�@��>�@��RQO\�WKH�SXEOLVKHU�UHFRUG�RU�DEVWUDFW�ZDV�DYDLODEOH�IRU�>�@��DQG�>�@�DQG�>�@�FRXOG�EH�
FRQILUPHG�VROHO\�WKURXJK�VHFRQGDU\�FLWDWLRQV��6HYHUDO�ELEOLRJUDSKLF�GHWDLOV�LQ�WKH�V\QRSVLV��WLWOHV��DXWKRU�
LQLWLDOV��YHQXH�QDPHV��GLIIHUHG�IURP�WKH�UHFRUGV�ORFDWHG�DQG�ZHUH�FRUUHFWHG�LQ�WKLV�SDSHU��WKH�FRUUHFWLRQV�
DUH�GRFXPHQWHG� LQ� WKH�DFFRPSDQ\LQJ�YHULILFDWLRQ�UHSRUW��7KH�GHVLJQ�VWDJH�UHSUHVHQWV� WKH�DXWKRUV¶�RZQ�
DQDO\VLV��(DFK�GHVLJQ�GHFLVLRQ�LV�OLQNHG�WR�D�JDS��DQG�HYHU\�QXPHULFDO�SDUDPHWHU�LV�IODJJHG�DV�LOOXVWUDWLYH

9��3URSRVHG�)UDPHZRUN�$UFKLWHFWXUH

$��2YHUYLHZ�DQG�'DWD�)ORZ

)LJXUH���VKRZV�WKH�IUDPHZRUN�DV�D�SLSHOLQH�IURP�HQWHUSULVH�$,�XVDJH�VRXUFHV�GRZQ�WR�HQWHUSULVH�FRQWUROV��
DQG�EDFN�XS�WKURXJK�D�&RQWLQXRXV�0RQLWRULQJ�FRPSRQHQW�WKDW�FORVHV�WKH�ORRS�E\�UHWXUQLQJ�WKH�UHYLHZHG�
RXWFRPH� DV� JRYHUQHG�� YHUVLRQHG� FKDQJHV��7KLV� SLSHOLQH�PDLQWDLQV� D� VLQJOH� HYROYLQJ� HYHQW� UHFRUG�� WKH�
0RQLWRULQJ�DQG�'LVFRYHU\�OD\HU�JHQHUDWHV�LW��&RQWH[W�&ROOHFWLRQ�DSSHQGV�DWWULEXWHV�DQG�SURYHQDQFH��5LVN�
$VVHVVPHQW�DSSHQGV�VFRUHV�DQG�D�WLHU��([SODLQDELOLW\�DSSHQGV�UDWLRQDOHV��*RYHUQDQFH�'HFLVLRQ�DSSHQGV�
DQ� DFWLRQ� DQG� DFFRXQWDELOLW\�� 7DEOH� ,,,� VXPPDUL]HV� WKH� FRQWUDFWV� IRU� HDFK�PRGXOH�� (DFK�PRGXOH� LV� D�
SURSRVHG�GHVLJQ�HOHPHQW��QRQH�KDV�EHHQ�LPSOHPHQWHG�
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)LJ�� ��� 2YHUDOO� SURSRVHG� IUDPHZRUN�� 6ROLG� DUURZV� VKRZ� HYHQW� IORZ�� GDVKHG� DUURZV� VKRZ� JRYHUQHG��
YHUVLRQHG�IHHGEDFN�IURP�&RQWLQXRXV�0RQLWRULQJ�

7DEOH�,,,��0RGXOH�LQSXWV��SURFHVVLQJ��DQG�RXWSXWV

0RGXOH ,QSXWV 3URFHVVLQJ 2XWSXWV &RQVXPHG�
E\

��
0RQLWRULQJ�
DQG�
'LVFRYHU\

3UR[\�'16�JDWHZ
D\�ORJV��HQGSRLQW�
DQG�,$0�HYHQWV��
VDDV�DXGLW�ORJV��
DSSURYHG�$,�
UHJLVWU\

1RUPDOL]DWLRQ��VHUYLFH�LGHQWLW\�
UHVROXWLRQ��DOLDVHV��GRPDLQV��DSLV���
FRQILGHQFH�WDJJLQJ

&DQGLGDWH�
HYHQW�ZLWK�
VHUYLFH�,'�
DQG�
GLVFRYHU\�
FRQILGHQFH

&RQWH[W�
&ROOHFWLRQ
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��&RQWH[W�
&ROOHFWLRQ

&DQGLGDWH�HYHQW��
GLUHFWRU\��DVVHW�
DQG�GDWD�
FODVVLILFDWLRQ�
VWRUHV��SROLF\�
UHSRVLWRU\

$WWULEXWH�ORRNXS��VWDWH�ODEHOLQJ�
�NQRZQ�LQIHUUHG�XQNQRZQ�FRQIOLFWL
QJ���SURYHQDQFH��PLQLPL]DWLRQ

&RQWH[W�
HQULFKHG�
HYHQW

5LVN�
$VVHVVPHQW

��5LVN�
$VVHVVPHQW

(QULFKHG�HYHQW��
VFRULQJ�
FRQILJXUDWLRQ��UXOH�
IORRUV

&RPSRQHQW�VFRUHV�'��3��&��$��
LQWHUYDO�ERXQGV��IORRUV��WLHULQJ

6FRUH��
LQWHUYDO��WLHU�
RU�
LQGHWHUPLQDW
H

([SODLQDELOLW
\

��
([SODLQDELOLW
\

6FRUHG�HYHQW��UXOH�
WUDFH��HYLGHQFH�
UHIHUHQFHV

5HDVRQ�FRGHV��FRQWULEXWLRQ
VXPPDU\��FRQWUDVWLYH�KLQW��
DXGLHQFH�YLHZV

([SODQDWLRQ�
UHFRUG

*RYHUQDQFH�
'HFLVLRQ��
UHYLHZHUV

��
*RYHUQDQFH�
'HFLVLRQ

([SODQDWLRQ�
UHFRUG��DFWLRQ�
SROLF\��FRQWURO�
LQYHQWRU\��
PRGLILHUV

7LHU�WR�DFWLRQ�PDSSLQJ��PRGLILHUV��
KXPDQ�UHYLHZ�URXWLQJ

$FWLRQ��
UDWLRQDOH��
RZQHU��
UHYLHZ�IODJ

(QWHUSULVH�
FRQWUROV��
&RQWLQXRXV�
0RQLWRULQJ

��
&RQWLQXRXV�
0RQLWRULQJ

'HFLVLRQV��
UHYLHZHU�
RXWFRPHV��SROLF\�
FKDQJHV��LQYHQWRU\�
GULIW

$JJUHJDWLRQ��RYHUULGH�DQDO\VLV��
FKDQJH�SURSRVDOV

9HUVLRQHG�
SROLF\�RU�
WKUHVKROG�
FKDQJH�
SURSRVDOV

0RGXOHV����
��������YLD�
FKDQJH�
FRQWURO

%��0RQLWRULQJ�DQG�'LVFRYHU\�0RGXOH

7KLV� OD\HU� GHWHFWV� XVH� RI� $,� WRROV� RULJLQDWLQJ� IURP� DXWKRUL]HG� VRXUFHV�� &DQGLGDWH� VRXUFHV� XQGHU�
FRQVLGHUDWLRQ� DV� LQSXWV� WR� WKLV� OD\HU� LQFOXGH� VHFXUH�ZHE� JDWHZD\� DQG SUR[\� ORJV��'16� ORJV�� QHWZRUN�
WHOHPHWU\��HQGSRLQW�VHFXULW\�HYHQWV��LGHQWLW\�DQG�DFFHVV�PDQDJHPHQW�HYHQWV��H�J���RDXWK�FRQVHQW�JUDQWV���
VDDV�DXGLW�ORJV��HQWHUSULVH�$,�DSSOLFDWLRQ�FDWDORJV�DQG�DSSURYHG�$,�UHJLVWU\��7KHVH�DUH�FDQGLGDWH�GHVLJQ�
LQSXWV��WKLV�OD\HU�GRHV�QRW�\HW�DVVHUW�WKHVH�DV�LWV�FDSDELOLWLHV��/D\HUHG�GHWHFWLRQ�FRQIRUPV�ZLWK�WKH�PXOWL�
VLJQDO�DSSURDFK�RI�>�@��DQG�GLVFRYHU\�WKURXJK�UHJLVWU\�ORRNXS�LV�WKH�EDVLV�IRU�WKH�JDWHZD\�GHVLJQ�RI�>�@��
0DWFKLQJ�DJDLQVW�GRPDLQV��HQGSRLQWV�DQG�NQRZQ�DOLDVHV�LQ�D�FDWDORJ�RI�NQRZQ�VHUYLFH�LGHQWLILHUV�UHVROYHV�
HDFK�FDQGLGDWH�HYHQW�WR�D�VHUYLFH�LGHQWLW\��JHQHUDWLQJ�D�GHJUHH�RI�FRQILGHQFH�DORQJVLGH�WKH�HYHQW�

,W�LV�QHFHVVDU\�WR�H[SOLFLWO\�WUHDW�WKH�OLPLWDWLRQV�RI�YLVLELOLW\�DV�FRQVWUDLQWV��6LQFH�HQFU\SWHG�WUDIILF�FDQ�RQO\�
EH�VXEMHFW�WR�PHWDGDWD�DQDO\VLV�XQOHVV�LQVSHFWLRQ�LV�VSHFLILFDOO\�DXWKRUL]HG��WKH�HQG�SRLQWV�PLJKW�QRW�EH�
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SURWHFWHG�RU�FRXOG�EH�SHUVRQDO�RQHV��VHUYLFHV�PLJKW�KLGH�WKHPVHOYHV�RU�PLJKW�LQFOXGH�$,�ZLWKLQ�DQRWKHU�
DSSOLFDWLRQ��DQG�WKH�WUDIILF�FRXOG JR�WKURXJK�SULYDWH�FHOOXODU�RU�RWKHU�QHWZRUNV�ZKLFK�UHPDLQ�LQYLVLEOH�WR�
WKH�HQWHUSULVH��)RU�WKLV�UHDVRQ��WKH�PRGXOH�KDV�WR�UHSRUW�WKH�H[WHQW�RI�LWV�GLVFRYHU\�E\�W\SH�RI�VLJQDO�LQ�
RUGHU�WR�VKRZ�ZKHQ�WKHUH�LV�D�FRPSOHWH�ODFN�RI�HYLGHQFH��7KLV�LQ�WXUQ�HQDEOHV�IXUWKHU�UHDVRQLQJ�DERXW�WKH�
SRVVLELOLW\�RI�IDOVH�QHJDWLYHV�

&��&RQWH[W�&ROOHFWLRQ�0RGXOH

&RQWH[W�LV�LPSRUWDQW�LQ�GHWHUPLQLQJ�ZKHWKHU�D�SDUWLFXODU�XVH�LV�LQQRFHQW�RU�KDUPIXO��)RU�HDFK�HYHQW��WKH�
&RQWH[W�&ROOHFWLRQ�PRGXOH�FDSWXUHV�DW�OHDVW�WKH�IROORZLQJ��WKH�XVHU¶V�UROH�DQG�SHUPLVVLRQV��WKH�LGHQWLW\�DQG�
DSSURYDO�VWDWXV�RI� WKH�$,�DSSOLFDWLRQ�� WKH VHQVLWLYLW\�RI� WKH�GDWD�� WKH�UHOHYDQW�RUJDQL]DWLRQDO�SROLF\�� WKH�
LQWHQGHG�EXVLQHVV�SXUSRVH��LI�WKLV�KDV�EHHQ�VSHFLILHG���WKH�DSSOLFDEOH�REOLJDWLRQV��DQG�WKH�SURSHUWLHV�RI�WKH�
GHVWLQDWLRQ�� )RU� HDFK� DWWULEXWH�� WKH� FROOHFWLRQ� GHVFULEHV� LWV� VWDWXV� �NQRZQ�� LQIHUUHG�� XQNQRZQ� RU�
FRQIOLFWLQJ���RULJLQ�DQG� WLPHVWDPSV��&RQIOLFWV� �H�J��$� UHJLVWU\� LQGLFDWLQJ�D� VHUYLFH�DV�DSSURYHG�ZKLOH�D�
SROLF\�UHSRVLWRU\�GHQLHV�LW�IRU�D�VSHFLILF�GDWD�FDWHJRU\��DUH�H[SOLFLWO\�LGHQWLILHG�DQG�UHVROYHG�DVVXPLQJ�D�
GHFODUHG�SULRULW\�RI�VRXUFH��,I�DQ\�UHOHYDQW�DWWULEXWHV�DUH�DEVHQW�RU�JLYHQ�LQFRUUHFWO\��WKH�HYHQW�WDNHV�WKH�
XQFHUWDLQW\�EUDQFK�GHILQHG�LQ�6HFWLRQ�9,�

6LQFH�WKLV�OD\HU�KDQGOHV�HPSOR\HH�GDWD��PLQLPL]DWLRQ�LV�D�GHVLJQ�REMHFWLYH��SURFHVVLQJ�FRQWHQW�LV�SUHIHUDEOH�
WR� LQVSHFWLQJ� SD\ORDG�� XVLQJ� SVHXGRQ\PRXV� LGHQWLILHUV� �UH�LGHQWLILFDWLRQ� SHUPLWWHG� RQO\� IRU� DXWKRUL]HG�
UHVHDUFK��� UHVWULFWLQJ� DFFHVV� E\� UROH�� HQIRUFLQJ� UHWHQWLRQ� VFKHGXOHV�� $SSO\LQJ� SXUSRVH� OLPLWDWLRQV��
LQFOXGLQJ�D�GDWD�SURWHFWLRQ�LPSDFW�DVVHVVPHQW�ZKHUH�ZDUUDQWHG�>��@��:KHWKHU�FRQWHQW�LQVSHFWLRQ�VKRXOG�
EH�FRQGXFWHG�LV�DQ�RSHUDWLRQDO�DQG�OHJDO�TXHVWLRQ��EH\RQG�WKH�VFRSH�RI�WKLV�ZRUN�

'��5LVN�$VVHVVPHQW�0RGXOH

:LWKLQ�WKLV�PRGXOH��WKH�FDOFXODWLRQ�RI�WKH�FRPSRQHQW�VFRUHV�DQG�WLHU�RI�)LJ����LV�KRXVHG��DQG�KHQFH�UHTXLUHV�
RQO\�WKH�FRQWH[W�UHFRUG�SOXV�D�YHUVLRQHG�FRQILJXUDWLRQ�LQ�RUGHU�WR�SHUIRUP�LWV�RSHUDWLRQV��$V�DOO�UHVXOWV�DUH�
GHULYHG�IURP�WKH�FRQWH[W�UHFRUG��WKH\�DUH�DXGLWDEOH�DQG�FDQ�EH�UHFRQVWUXFWHG�IURP�WKH�UHFRUGV�KHOG�LQ�WKH�
GDWDEDVH�

(��([SODLQDELOLW\�0RGXOH

7KLV�PRGXOH�WDNHV�WKH�RXWSXW�DQG�UXOH�WUDFH�RI�5LVN�$VVHVVPHQW�DQG�WUDQVIRUPV�WKHP�LQWR�DQ�H[SODQDWLRQ�
UHFRUG�DV�SHU�6HFWLRQ�9,�'��EXW�DGDSWHG�WR�WKH�DXGLHQFH��D�RQH�VHQWHQFH�MXVWLILFDWLRQ�IRU�WKH�DIIHFWHG�XVHU��
IDFWRU�DQG�UXOH�YLHZ�IRU�WKH�,7�VHFXULW\�DQDO\VW��$Q�REOLJDWLRQ�DQG�HYLGHQFH�YLHZ�IRU�WKH�OHJDO�FRPSOLDQFH�
UHYLHZHU�

)��*RYHUQDQFH�'HFLVLRQ�0RGXOH

7KLV�PRGXOH�WUDQVIRUPV�WKH�WLHU�LQWR�GHFLVLRQV�UHJDUGLQJ�UHVSRQVH��WDNLQJ�LQWR�DFFRXQW�EXVLQHVV�FULWLFDOLW\��
UROH��UHFLGLYLVP��SUHVHQFH�RI�DQ�DSSURYHG��DQG�DYDLODELOLW\�RI�DQ�LPPHGLDWH�UHPHG\��(VFDODWHV�PDWWHUV�WR�
KXPDQ�UHYLHZHUV��DV�SHU�6HFWLRQ�9,�(��DQG�NHHSV�D�UHFRUG�RI�WKH�GHFLVLRQ��LQFOXGLQJ�DQ�DFFRXQWDEOH�RZQHU�
DQG�UDWLRQDOH�

*��&RQWLQXRXV�0RQLWRULQJ�0RGXOH

7KLV�PRGXOH�VWRUHV�GHFLVLRQV��UHYLHZV��SROLF\�FKDQJHV��DQG�LQYHQWRU\�FKDQJHV��LQFOXGLQJ�WKH�WKUHH�GLVWLQFW�
IODYRUV� RI� FKDQJH�� PRGLILFDWLRQV� WR� SROLFLHV� �H�J��� DGGLWLRQ� RI� DQ� DSSURYHG� VHUYLFH��� UHFDOLEUDWLRQ� RI�
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WKUHVKROGV�ZHLJKWV��8SGDWHV�WR�0/�PRGHOV��QRW�SDUW�RI�WKH�EDVHOLQH�GHVLJQ��EXW�SUHVXPDEO\�DGGUHVVHG�LQ�
D�VHSDUDWH�0/�OLIHF\FOH���1RWKLQJ�LQ� WKH�EDVHOLQH�GHVLJQ�XSGDWHV�LWVHOI�RU�UHTXLUHV�UHWUDLQLQJ��0RQLWRUV�
XVHIXO�PHWULFV�DV�GHVFULEHG�LQ�6HFWLRQ�9,�*��LQFOXGLQJ�RYHUULGHV�E\�UHYLHZHUV��SUHFLVLRQ�DIWHU�UHYLHZ��WLPH�
WR� WULDJH�� QHZO\� GLVFRYHUHG� VHUYLFHV�� DQG XVDJH� SDWWHUQV� E\� UROH�� 7KH� FRUUHVSRQGHQFH� WR� HVWDEOLVKHG�
IUDPHZRUNV� OLNH�1,67�&6)��$,�50)�>��@�� >��@��HWF�� ,V� LOOXVWUDWLYH�� WKH�GLVFRYHU\�DQG�FRQWH[W�PRGXOHV�
FRUUHVSRQG�WR�1,67�&6)�,GHQWLI\��'HWHFW��7KH�$,�50)�0DS��VFRULQJ�FRUUHVSRQGV�WR�$,�50)�0HDVXUH��
GHFLVLRQ�PDNLQJ� FRUUHVSRQGV� WR� $,� 50)� 0DQDJH� DQG� &6)� 5HVSRQG�� DQG� &RQWLQXRXV� 0RQLWRULQJ�
FRUUHVSRQGV�WR�WKH�*RYHUQ�IXQFWLRQ�

9,��5LVN�$VVHVVPHQW�DQG�([SODLQDEOH�*RYHUQDQFH�0RGHO

$��5LVN�'LPHQVLRQV

)RU�DQ�REVHUYHG�HYHQW�H��IRXU�FRPSRQHQW�VFRUHV�DUH�GHILQHG��ZKLFK�WDNH�YDOXHV�LQ�>���@��7DEOH�,9���(DFK�
LV�EDVHG�RQ�RUGLQDO�MXGJPHQWV�WKDW�DUH�PDSSHG�WR�WKH�LQWHUYDO��VR�WKDW�DQ\�ILQDO�VFRUH�LV�D�SULRULWL]DWLRQ�
UDWKHU� WKDQ�D�SUREDELOLW\�RI�KDUP��7KH�XVH�RI� IRUPXODLF��GRFXPHQWHG�VFRULQJ� LV�QRW�QRYHO�� LW�KDV�EHHQ�
DGYDQFHG�HOVHZKHUH�LQ�WKH�OLWHUDWXUH��IRU�LQVWDQFH��E\�&966�>��@��7KH�QHHG�WR�FRPELQH�MXGJPHQWV�DERXW�
LPSDFW�DQG� OLNHOLKRRG� LV�QRWHG� LQ� >��@��7KH�FXUUHQW�FDQGLGDWH�PRGHO� IDOOV�ZLWKLQ� WKHVH�SUHFHGHQWV�DV�D�
FDOLEUDWLRQ�WDUJHW�

7DEOH�,9�� ULVN�GLPHQVLRQV�DQG�LOOXVWUDWLYH�VFRULQJ�DQFKRUV�

'LPHQVLRQ 0HDQLQJ ([DPSOH�LQGLFDWRUV ,OOXVWUDWLYH�DQFKRUV

'�H���GDWD�
VHQVLWLYLW\

6HQVLWLYLW\�RI�GDWD�OLNHO\�RU�
NQRZQ�WR�EH�LQYROYHG

'DWD�FODVV�RI�VRXUFH�
V\VWHP��ODEHOV��SDWWHUQ�
PDWFKHV��UHSRVLWRU\�FODVV

3XEOLF����LQWHUQDO�������
FRQILGHQWLDO�������
UHJXODWHG�RU�UHVWULFWHG����

3�H���SROLF\�
YLRODWLRQ

'HJUHH�WR�ZKLFK�WKH�HYHQW�
GHSDUWV�IURP�DSSOLFDEOH�
SROLF\

6HUYLFH�VWDWXV�LQ�UHJLVWU\��
SHUPLWWHG�GDWD�FODVVHV��UROH�
HQWLWOHPHQWV

$SSURYHG�DQG�SHUPLWWHG����
DSSURYHG�EXW�RXW�RI�VFRSH�
���±�����XQDSSURYHG����

&�H���
FRPSOLDQFH�
H[SRVXUH

$GGLWLRQDO�REOLJDWLRQV�
WULJJHUHG�EH\RQG�GDWD�FODVV�
LWVHOI

3HUVRQDO�GDWD�WUDQVIHU��
DEVHQW�SURFHVVLQJ�
DJUHHPHQW��VHFWRU�RU�
FRQWUDFWXDO�UXOHV

1RQH����SRVVLEOH������
SUREDEOH �����GHILQLWH����±
���

$�H���
VHUYLFH�WUXVW

$VVXUDQFH�OHYHO�RI�WKH�
GHVWLQDWLRQ�VHUYLFH

&RQWUDFW�VWDWXV��UHWHQWLRQ�
DQG�WUDLQLQJ�WHUPV��VHFXULW\�
DWWHVWDWLRQV��SURYHQDQFH

(QWHUSULVH�FRQWUDFWHG������
UHYLHZHG�FRQVXPHU������
XQNQRZQ�FRQVXPHU����

'�H��FDSWXUHV�WKH�LQIRUPDWLRQ�VHQVLWLYLW\��DQG�&�H��LV�DERXW�WKH�LQFUHPHQWDO�REOLJDWLRQV��H�J���D�FURVV�ERUGHU�
WUDQVIHU�� PLVVLQJ� DJUHHPHQW�� QRW� WKH� LQIRUPDWLRQ� FODVV��7R� DYRLG� GRXEOH� FRXQWLQJ�+RZHYHU�� WKHUH� DUH�
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LQWULQVLF�FRUUHODWLRQV��LQ�SDUWLFXODU�EHWZHHQ�'�DQG�&�DQG�EHWZHHQ�3�DQG�$���7KLV�LV�DGGUHVVHG�LQ�WKH�DEODWLRQ�
DQG�ZHLJKW�VHQVLWLYLW\�H[SHULPHQWV�LQ�6HFWLRQ�,;��

%��6FRULQJ�0RGHO�

7KH�FDQGLGDWH�VFRUH�LV�D�ZHLJKWHG�VXP�IRUP��VFDOHG�WR�>�����@�

5�H�� ������ZB'
'�H��ZB3
3�H��ZB&
&�H��ZB$
$�H������

7KH�IRXU�ZHLJKWV�DUH�QRQ�QHJDWLYH�DQG�VXP�WR����)RU�H[DPSOH��WKH�ZHLJKWV�DUH�VHOHFWHG�DV�ZG� �������ZS�
 �������ZF� �������DQG�ZD� �������7KHVH�ZHLJKWV�DUH�QRW�RSWLPL]HG�RU�YDOLGDWHG�DQG�VKRXOG�EH�HOLFLWHG�DQG�
YDOLGDWHG�E\�VWDNHKROGHUV�LQ�SUDFWLFH��7KHQ��IRU�LOOXVWUDWLRQ�SXUSRVHV��WLHUV�DUH�/RZ���������0RGHUDWH�����
�����+LJK����������DQG�&ULWLFDO����������± DOVR�XQYDOLGDWHG�

&��8QFHUWDLQW\�DQG�+DUG�)ORRUV

5OR�H� ���
VXPBN�LQ�.��ZBN
6BN��5KL�H� ���
VXPBN�LQ�.��ZBN
6BN�H���VXPBN�LQ�8��ZBN�����

,I� 5BOR� DQG�5BKL� DUH� LQ� WKH� VDPH� WLHU� WKH� HYHQW� LV� DVVLJQHG� WKDW� WLHU�ZLWK� FRQILGHQFH�� RWKHUZLVH� LW� LV�
XQGHWHUPLQHG��6LPLODUO\�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV�IRU�WKH�GLIIHUHQW�RSWLRQV�DUH�WUDFNHG�IRU�HDFK�
FRQIOLFWLQJ�DWWULEXWH��7KH�UDQJHV�LQGLFDWH�WKDW�WKH�XWLOLW\�IXQFWLRQ�LV�FRPSHQVDWRU\��L�H���ORZ�YDOXHV�RI�RQH�
FRPSRQHQW�FDQ�FRPSHQVDWH�IRU�KLJK�YDOXHV�RI�DQRWKHU��%XW�WKH�PRGHO�DOVR�HQFRGHV�KDUG�UXOH�IORRUV��D�UXOH�
VXFK�DV�³UHJXODWHG�GDWD�WR�DQ�XQDSSURYHG�VHUYLFH�LPSOLHV�DW�OHDVW�+LJK�

$OJRULWKP�� ��(YHQW�DVVHVVPHQW�ZLWK�XQFHUWDLQW\�KDQGOLQJ��SVHXGRFRGH�

,QSXW��HYHQW�H�ZLWK�FRQWH[W��ZHLJKWV�Z��WLHU�ERXQGV��IORRU�UXOHV��)

��IRU�HDFK�FRPSRQHQW�6�LQ�^'�3�&�$`��UHDG�VWDWH���YDOXH

��5BOR� �����VXP�RYHU�N�ZBN�6BN��NQRZQ���5BKL� �5BOR ������VXP�RYHU�N�ZBN��XQNQRZQ�

��WLHUBOR� �WLHU�RI�5BOR��WLHUBKL� �WLHU�RI�5BKL

��IORRU� �PD[�WLHU�DPRQJ�DSSOLFDEOH�UXOHV�LQ�)��UHFRUG�UXOH�LGV�

��LI�WLHUBOR�  �WLHUBKL��XVH�WLHU� �PD[�WLHUBOR��IORRU�

(OVH�LI�IORRU�! �WLHUBKL��XVH�WLHU� �IORRU

��HOVH��WLHU� �,1'(7(50,1$7(

��EXLOG�MXVWLILFDWLRQ��6HFWLRQ�9,�'���URXWH�DFFRUGLQJ�WR�6HFWLRQ�9,�(

��ORJ�LQSXWV��YHUVLRQV��UXOH�LGV��WLHU��DFWLRQ
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'��([SODQDWLRQ�*HQHUDWLRQ

6LQFH� WKH� EDVH�PRGHO� KDV� DQ� H[SOLFLW� UXOH�DQG�ZHLJKW� IRUP�� H[SODQDWLRQV� FDQ� EH� JHQHUDWHG� DV� SUHFLVH�
VWDWHPHQWV��6SHFLILFDOO\��IRU�HDFK�HYHQW�H��WKH�([SODLQDELOLW\�PRGXOH�SURYLGHV��D��UXOH�EDVHG�UHDVRQ�FRGHV�
�VXFK�DV�'$7$B5(*8/$7('��6(59,&(B81$33529('����E� D�FRQWULEXWLRQ�EUHDNGRZQ�FN� �����Z�N�
6�N���IRU�WUDQVSDUHQF\��7KDW�D�UHYLHZHU�FDQ�HYDOXDWH�ZKDW�UDLVHG�WKH�VFRUH���F��D�KXPDQ�UHDGDEOH�VHQWHQFH��
�G��WUDFHDELOLW\�WR�SROLFLHV�DQG�IORRU�UXOHV��E\�LGHQWLILHUV���H��UHIHUHQFHV�WR�DWWULEXWHV�DQG�WKHLU�VRXUFHV��DQG�
�I��D�FRQWUDVWLYH�XWWHUDQFH�RI�WKH�W\SH�³WKH�WLHU�ZRXOG�EH�0RGHUDWH�LI���´��LQ�FRQFRUGDQFH�ZLWK�ILQGLQJV�WKDW�
H[SODQDWLRQV�EHQHILW�IURP�EHLQJ�FRQWUDVWLYH�DQG�VHOHFWLYH�>��@��$SSUR[LPDWH�H[SODQDWLRQV�VXFK�DV�WKRVH�
JHQHUDWHG�E\�6+$3�>��@�DQG�/,0(�>��@�DUH�QRW�XVHIXO�IRU�WKLV�XVH�FDVH��VLQFH�WKH\�DWWHPSW�WR�DSSUR[LPDWH�
RSDTXH�PRGHOV��$Q�LQWHUSUHWDEOH�PRGHO�LV�SUHIHUDEOH��LI�QRW�PDQGDWRU\��ZKHQHYHU�RQH�LV�DYDLODEOH�>��@��,I�
0/�FRPSRQHQWV�VXFK�DV�FRQWHQW�FODVVLILHUV�DUH�DGGHG��SRVW�KRF�H[SODLQHUV�ZRXOG�WKHQ�EHFRPH�UHOHYDQW�
DQG�VXEMHFW�WR�WKH�VDPH�HYDOXDWLRQ�>�@��>��@��)LJ����GHWDLOV�WKH�SURFHVV��LQFOXGLQJ�WKH�LQGHWHUPLQDWH�FDVH�
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)LJ�����5LVN�DVVHVVPHQW�DQG�JRYHUQDQFH�ZRUNIORZ��,QVXIILFLHQW�HYLGHQFH�OHDGV�WR�DQ�LQGHWHUPLQDWH�RXWFRPH�
WKDW�LV�DOZD\V�UHYLHZHG�E\�D�KXPDQ�

2QO\� LI� D� FRQWURO� LV� DYDLODEOH�� WKH� SROLF\� DOORZV� LW�� DQG�� IRU� +LJK� DQG� XQGHWHUPLQHG� HYHQWV�� KXPDQ�
FRQILUPDWLRQ�LV�DWWDLQHG��0RGLILHUV�SURYLGH�IOH[LELOLW\�ZLWKRXW�XQGHUPLQLQJ�WKH�WLHU�V\VWHP��IRU�LQVWDQFH��D�
EXVLQHVV�FULWLFDO�SURFHVV�PD\�UHTXLUH�KXPDQ�DSSURYDO�EHIRUH�DQ\�EORFNLQJ�RFFXUV��+RZHYHU��WKH\�GR�QRW�
SHUPLW�GRZQJUDGLQJ�WKH�WLHU��)DOVH�SRVLWLYHV�DUH�DGGUHVVHG�WKURXJK�WKH�SURFHVV�PRGLILHU��DQG�WKH�PDSSLQJ�
IURP�HYHQWV�WR�DFWLRQV�DOVR�LQFOXGHV�D�FKDQQHO�IRU�WKH�DIIHFWHG�HPSOR\HH�WR�GLVSXWH�WKH�RXWFRPH��/RJJLQJ�
RI�WKH�RZQHU�DQG�WKH�UHDVRQLQJ�LV�DQRWKHU�SUHUHTXLVLWH�IRU�DFFRXQWDELOLW\��LQ�FRQFRUGDQFH�ZLWK�KXPDQ�LQ�
WKH�ORRS�JRYHUQDQFH�LQ�$,�>��@��>��@��:KLOH�WKH PRGHO�LWVHOI�GRHV�QRW�PDNH�GHFLVLRQV��LW�VXSSRUWV�VHYHUDO�
OHYHOV� RI� KXPDQ� MXGJPHQW�� 7KH� DGHTXDF\� RI� WKLV� FKDLQ� IRU� WKH� JLYHQ� XVH� FDVH�� DQG� WKH� DOORFDWLRQ� RI�
UHVSRQVLELOLW\�IRU�IDOVH�SRVLWLYHV�DQG�QHJDWLYHV��PXVW�EH�GHWHUPLQHG�IRU�WKH�WDUJHW�GHSOR\PHQW�
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(��*RYHUQDQFH�0DSSLQJ�DQG�+XPDQ�2YHUVLJKW

7KH�PDSSLQJ�IURP�WLHUV�WR�DFWLRQV�LV GHWDLOHG�LQ�)LJ�����7KH�RSWLRQV�LQFOXGH�DOORZLQJ�DQ�DSSURYHG�DFWLYLW\�
XQGHU�SROLF\��FRQWLQXLQJ�PRQLWRULQJ��UHTXHVWLQJ�FODULILFDWLRQV��UHFRPPHQGLQJ�DQ�DSSURYHG�HQWHUSULVH�$,�
VHUYLFH�� HVFDODWLQJ� IRU� D� KXPDQ�LQ�WKH�ORRS� VHFXULW\�RU� FRPSOLDQFH� UHYLHZ�� DQG� UHVWULFWLQJ�RU�EORFNLQJ�
ZKHQ�MXVWLILHG�E\�SROLFLHV�DQG�DYDLODEOH�FRQWUROV���$Q�XQDSSURYHG�VHUYLFH�LV�QRW�DVVXPHG�WR�EH�PDOLFLRXV��
D�0RGHUDWH� WLHU� W\SLFDOO\�PDSV� WR�D�QRWLILFDWLRQ�DQG�D� UHFRPPHQGHG�DOWHUQDWLYH�� UDWKHU� WKDQ�VDQFWLRQV��
6LPLODUO\��+LJK�DQG�&ULWLFDO�HYHQWV�DUH�UHVWULFWHG�RU�EORFNHG�

)LJ�����5LVN�FODVVLILFDWLRQ�DQG�JRYHUQDQFH�PDSSLQJ��7KUHVKROGV�DQG�DFWLRQV�DUH�LOOXVWUDWLYH�DQG�
XQYDOLGDWHG�

9,,��6HFXULW\��3ULYDF\��DQG�7KUHDW�$QDO\VLV

7KH�WKUHDWV�DQG�WKHLU�LPSDFW�DUH�VXPPDUL]HG�LQ�7DEOH�9��1RWDEO\��WKH�GHVLJQ�GRHV�QRW�FODLP�WR�SUHYHQW�DOO�
KDUPV��WKH�PRGHO�FDQ�RQO\�PLWLJDWH�WKRVH�IRU�ZKLFK�WKH�IHDWXUHV�DUH�DYDLODEOH��,WV�SUHYHQWDEOH�KDUPV�DUH�D�
VXEVHW� RI� DOO� SRVVLEOH� RQHV��7KH� DQDO\VLV� LV� TXDOLWDWLYH� DQG� GHVLJQ�VWDJH�� QR� WKUHDW� KDV� EHHQ� IRUPDOO\�
YDOLGDWHG�

7DEOH�9�� 7KUHDW�DQDO\VLV��GHVLJQ�OHYHO��XQWHVWHG�

7KUHDW (IIHFW 'HVLJQ�UHVSRQVH�DQG�UHPDLQLQJ�FRQFHUQ

&RQILGHQWLDO�GDWD�
H[SRVXUH�WR�$,�
VHUYLFHV

0LWLJDWH���
LGHQWLI\

'DWD�FODVV�FRQWH[W�DQG�IORRUV�GULYH�UHGLUHFWLRQ�RU�UHVWULFWLRQ��
H[SRVXUH�WKDW�RFFXUV�RXWVLGH�YLVLEOH�FKDQQHOV�LV�QRW�DGGUHVVHG
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8QDXWKRUL]HG�$,�
VHUYLFHV

0LWLJDWH���
LGHQWLI\

5HJLVWU\�FRPSDULVRQ�DQG�DSSURYDO�VWDWXV��QHZ�VHUYLFHV�VXUIDFH�
WKURXJK�GLVFRYHU\�DQG�DUH�UHYLHZHG

,QFRPSOHWH�
DSSOLFDWLRQ�
LGHQWLILFDWLRQ

,GHQWLI\ 'LVFRYHU\�FRQILGHQFH�DQG�DOLDV�FDWDORJXH��XQUHVROYHG�VHUYLFHV�
IROORZ�WKH�LQGHWHUPLQDWH�SDWK

/LPLWHG�
PRQLWRULQJ�
YLVLELOLW\

,GHQWLI\ 3HU�VRXUFH�FRYHUDJH�UHSRUWLQJ��XQPRQLWRUHG�GHYLFHV�DQG�QHWZRUNV�
UHPDLQ�RXW�RI�UHDFK

$WWHPSWV�WR�
E\SDVV�FRQWUROV

,GHQWLI\ $QRPDO\�UHYLHZ�RI�XQXVXDO�URXWHV�DQG�VKDGRZ�WXQQHOV��GHWHUPLQHG�
HYDVLRQ�QRW�SUHYHQWHG

,QFRUUHFW�ULVN�
FODVVLILFDWLRQ

0LWLJDWH 5HDVRQ�FRGHV��UXOH�WUDFH��UHYLHZ��DQG�RYHUULGH�UDWH�PRQLWRULQJ�
HQDEOH�GHWHFWLRQ�DQG�FRUUHFWLRQ�RI�HUURUV

)DOVH�SRVLWLYHV�
DQG�IDOVH�
QHJDWLYHV

0LWLJDWH���
LGHQWLI\

7LHUHG�DFWLRQV�OLPLW�KDUP�RI�IDOVH�SRVLWLYHV��IDOVH�QHJDWLYHV�IURP�
LQYLVLEOH�XVDJH�SHUVLVW�DQG�UHTXLUH�PHDVXUHPHQW

2YHU�FROOHFWLRQ�RI�
HPSOR\HH�
LQIRUPDWLRQ

0LWLJDWH 0LQLPL]DWLRQ��SVHXGRQ\PL]DWLRQ��UHWHQWLRQ�OLPLWV��DQG�DFFHVV�
FRQWURO��DGKHUHQFH�GHSHQGV�RQ�LPSOHPHQWDWLRQ�DQG�JRYHUQDQFH

0LVXVH�RI�
PRQLWRULQJ�ORJV

0LWLJDWH 5ROH�EDVHG�DFFHVV��DXGLW�RI�ORJ�DFFHVV��SXUSRVH�OLPLWDWLRQ��LQVLGHU�
DEXVH�E\�DGPLQLVWUDWRUV�UHPDLQV�D�UHVLGXDO�ULVN

([FHVVLYH�
UHVWULFWLRQ�
KDUPLQJ�ZRUN

0LWLJDWH 3URSRUWLRQDWH�PDSSLQJ��DSSURYHG�DOWHUQDWLYH�UHFRPPHQGDWLRQ��
KXPDQ�FRQILUPDWLRQ�EHIRUH�UHVWULFWLRQ

7KLUG�SDUW\�$,�
VHUYLFH�ULVNV

,GHQWLI\ 7UXVW�GLPHQVLRQ�$�H��HQFRGHV�NQRZQ�FRQWUDFW�WHUPV��YHQGRU�VLGH�
EUHDFKHV DQG�WUDLQLQJ�XVH�SUDFWLFHV�DUH�RXWVLGH�HQWHUSULVH�FRQWURO

7ZR�DVSHFWV�DUH�RI�SDUWLFXODU�LPSRUWDQFH��)LUVW��WKH�IUDPHZRUN�LWVHOI�LV�D�KLJK�YDOXH�WDUJHW��LW�VWRUHV�VHQVLWLYH�
HYLGHQFH�� DQG� LWV� LQWHJULW\�PXVW�EH�SURWHFWHG� DV� VHFXULW\� LQIUDVWUXFWXUH��'HIHQVH�LQ�GHSWK� DQG�]HUR�WUXVW�
GHVLJQ�SULQFLSOHV�DSSO\�WR�WKH�IUDPHZRUN�LWVHOI�DQG�LWV�IHDWXUHV�>��@��6HFRQG��WKH�IUDPHZRUN�FDQQRW�PDNH�
DEVROXWH�VDIHW\�JXDUDQWHHV��LWV�SUHYHQWLRQ�FODLPV�DUH�OLPLWHG�E\�WKH�DYDLODEOH�VLJQDOV��DQG�H[SOLFLW�VWDWHPHQWV�
RI�SUHYHQWLRQ�ZLWKRXW�HYLGHQFH�DUH�PLVOHDGLQJ�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͐͒ иϙ�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͕͐͘

9,,,��,OOXVWUDWLYH�(QWHUSULVH�6FHQDULRV

,Q�WKH�ILUVW�VFHQDULR��UHJDUGLQJ�UHJXODWHG�FXVWRPHU�GDWD�EHLQJ�XVHG�E\�DQ�XQDXWKRULVHG�SXEOLF�DVVLVWDQW��LW�
ZDV�QRWHG�WKDW�D�SUR[\�ORJ�LQGLFDWHG�D�ODUJH�XSORDG�RI�D�SDVWH�W\SH�IURP�D�ILQDQFH�HPSOR\HH
V�PDQDJHG�
ODSWRS�WR�D�FRQVXPHU�FKDW�VHUYLFH�WKDW�LV�QRW�LQFOXGHG�LQ�WKH�UHJLVWU\��WKH�UHFRUG�V\VWHP�GDWD�FODVVLILFDWLRQ�
LV�UHJXODWHG�SHUVRQDO�GDWD�

7DEOH�9,�� ,OOXVWUDWLYH�VFHQDULR�VFRUHV��K\SRWKHWLFDO��LOOXVWUDWLYH�ZHLJKWV�

6FHQDULR ' 3 & $ 5� RU�
LQWHUYDO

7LHU�DQG�DFWLRQ

��&XVWRPHU�GDWD�WR�
XQDSSURYHG�SXEOLF�DVVLVWDQW

��� ��� ��� ��� ���� &ULWLFDO��UHVWULFW�LI�FRQWURO�
H[LVWV��PDQGDWRU\�UHYLHZ

��$SSURYHG�HQWHUSULVH�$,��
SHUPLWWHG�WDVN

���� ��� ��� ��� ���� /RZ��DOORZ��NHHS�PRQLWRULQJ

��$,�FRGLQJ�DVVLVWDQW�ZLWK�
UHVWULFWHG�VRXUFH

���� ��� ��� ��� ���� +LJK��HVFDODWH��FRQGLWLRQDO�
UHVWULFWLRQ

��8QIDPLOLDU�VHUYLFH��OLWWOH�
HYLGHQFH

" ��� " " >�������@ ,QGHWHUPLQDWH��FODULI\��
HQULFK��PRQLWRU

6FHQDULR���7KH�HPSOR\HH�PD\�DFFHVV�WKH�GDWD�EXW�LV�QRW�SHUPLWWHG�WR�WUDQVIHU�LW�RXWVLGH�WKH�RUJDQLVDWLRQ��
WKHUH�LV�QR�SURFHVVLQJ�DJUHHPHQW�DQG�WKH�UHWHQWLRQ�SHULRGV�DUH�XQNQRZQ��7KH�YDOXHV�RI�WKH�IDFWRUV�DUH�'� �
�����3� ������&� �����DQG�$� ������VR�WKDW�5� �����î����������������������������� �������DQG�WKLV�LV�FDWHJRULVHG�
DV�&ULWLFDO��D�FODVVLILFDWLRQ�ZKLFK�LV�FRQILUPHG�E\�WKH�IORRU�UXOH��([SODQDWLRQ��H[DPSOH����&ULWLFDO�EHFDXVH�
UHJXODWHG� SHUVRQDO� GDWD� �'$7$B5(*8/$7('�� ZDV� VHQW� WR� DQ� XQDSSURYHG� VHUYLFH�
�6(59,&(B81$33529('��� UXOH� )/225���� DSSOLHV�� WKH� WLHU� ZRXOG� KDYH� EHHQ� DW� PRVW� +LJK� LI� WKH�
GHVWLQDWLRQ�KDG�EHHQ�DQ�DSSURYHG�VHUYLFH���7KH�DFWLRQ�WKDW�LV�UHTXLUHG�LV�WR�UHVWULFW�WKH�DFWLYLW\�LI�D�FRQWURO�
LV� DYDLODEOH� DQG� WKH� SROLF\� DOORZV� WKLV�� WKH� XVHU� VKRXOG� EH� QRWLILHG�� WKH� DSSURYHG� DVVLVWDQW� VKRXOG� EH�
UHFRPPHQGHG�DQG�D�PDQGDWRU\�LQFLGHQW�UHYLHZ�VKRXOG�EH�RSHQHG��6LQFH�LW�LV�QRW�SRVVLEOH�WR�GHWHUPLQH�WKH�
DFWXDO�FRQWHQW�RI� WKH�XSORDG�EHFDXVH�RI� WKH�HQFU\SWLRQ�RI� WKH� WUDIILF�� WKH�GDWD�FODVV� LV� LQIHUUHG�IURP�WKH�
VRXUFH�V\VWHP�UDWKHU�WKDQ�EHLQJ�REVHUYHG�

6FHQDULR� �� $Q� HQWHUSULVH�$,�ZKLFK� KDV� DOUHDG\� UHFHLYHG� DSSURYDO� LV� EHLQJ� XVHG� IRU� D� SXUSRVH� WKDW� LV�
DOORZHG��6LWXDWLRQ�² DQ�HPSOR\HH�DVNV� WKH� HQWHUSULVH�FRQWUDFWHG�DVVLVWDQW� DERXW� LQWHUQDO�� QRQ�VHQVLWLYH�
LQIRUPDWLRQ��7KH�YDOXHV�DUH�'� �������3� ����&� ������$� ������VR�WKH�ULVN�UDWLQJ�LV�����î���������������������
�������� ��������RU�DSSUR[LPDWHO\�������ZKLFK�LV�FODVVLILHG�DV�/RZ��:KDW�WR�GR��SHUPLW�WKH�UHTXHVW�DQG�NHHS�
WKH�PLQLPDO�PHWDGDWD��$GYDQWDJH��WKLV�VKRZV�WKDW�WKH�IUDPHZRUN�VKRXOG�QRW�SURGXFH�DOHUWV�ZKHQ�WKH�$,�LV�
EHLQJ�XVHG�LQ�D�SHUPLWWHG�ZD\��1RWH��WKH�FRQWHQW�FODVV�LV�LQIHUUHG�DQG��LQ�DFFRUGDQFH�ZLWK�WKH�JRYHUQDQFH�
UXOHV��VRPH�VDPSOLQJ�PD\�EH�UHTXLUHG�IRU�FRQWURO�YDOLGDWLRQ�
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�6FHQDULR���$�GHYHORSHU�LV�XVLQJ�DQ�$,�FRGLQJ�DVVLVWDQW�WKDW�KDV�UHVWULFWHG�VRXUFH�FRGH�DFFHVV��7KH�DVVLVWDQW�
LQ�TXHVWLRQ�LV�RQH�WKDW�KDV�EHHQ�DSSURYHG�DQG�LV�OLFHQVHG�RQO\�IRU�XVH�LQ�QRQ�UHVWULFWHG�UHSRVLWRULHV��\HW�LW�LV�
EHLQJ�XVHG�LQ�D�UHSRVLWRU\�WKDW�KDV�EHHQ�PDUNHG�DV�FRQILGHQWLDO��7KH�UHOHYDQW�YDOXHV�DUH�'�DW�������3�DW�����
�VLQFH�WKH�DSSURYHG�VHUYLFH�LV�RXWVLGH�WKH�VFRSH���&�DW������EHFDXVH�RI�SRVVLEOH�FRQWUDFWXDO�UHVWULFWLRQV���$�
DW������DQG�5�DW�����WLPHV���������SOXV������SOXV�������SOXV��������ZKLFK�LV�������RU�DERXW�������D�KLJK�
YDOXH��7KH�DSSURSULDWH�FRXUVH�RI�DFWLRQ�LV�WR�UDLVH�WKH�LVVXH�ZLWK�ERWK�WKH�UHSRVLWRU\�RZQHU�DQG�WKH�VHFXULW\�
UHYLHZHU�� WR� FRQVLGHU� LPSRVLQJ� D� FRQGLWLRQDO� UHVWULFWLRQ� XQWLO� WKH� LVVXH� KDV� EHHQ� UHYLHZHG�� DQG� WR�
UHFRPPHQG� D� SHUPLWWHG� FRQILJXUDWLRQ�� 7KH� XQFHUWDLQW\� LQYROYHG� LV� ZKHWKHU� WKH� FRGH� ZDV� DFWXDOO\�
WUDQVPLWWHG� DQG�ZKHWKHU� WKH� YHQGRU
V� UHWHQWLRQ� SROLF\� DSSOLHV�� WKLV� VFHQDULR� LOOXVWUDWHV� WKH�&,�&'�VWDJH�
JRYHUQDQFH�IRFXV�UHIHUUHG�WR�LQ�>�@�

6FHQDULR���$Q�$,�VHUYLFH�WKDW�LV�XQIDPLOLDU�DQG�IRU�ZKLFK�WKHUH�LV�QRW�VXIILFLHQW�HYLGHQFH��(YHQW��7KH�'16�
DQG�SUR[\�ORJV�VKRZ�UHSHDWHG�DFFHVV�WR�DQ�XQNQRZQ�GRPDLQ�OLQNHG�WR�$,��WKH�UHTXHVW�VL]HV�EHLQJ�VPDOO��
&RQWH[W��3�HTXDOV������LW�LV�QRW�LQ�WKH�UHJLVWU\���'��&��DQG�$�DUH�XQNQRZQ��7KH�LQWHUYDO�LV�5OR� �����î������
 ����DQG�5KL� �����î����� ������VR�DOO�WKH�WLHUV�ZLWKLQ�WKH�UDQJH�DUH�LQFOXGHG��&ODVVLILFDWLRQ��LQGHWHUPLQDWH��
([SODQDWLRQ���7KH�ULVN�FDQQRW�EH�GHWHUPLQHG��WKH�VHUYLFH�LV�QRW�UHJLVWHUHG��EXW�WKH�GDWD�FODVV��WKH�REOLJDWLRQV��
DQG�WKH�VHUYLFH�WUXVW�DUH�XQNQRZQ���$FWLRQ��&DUU\�RXW�RQH�HQULFKPHQW�DWWHPSW��E\�FKHFNLQJ�WKH�UHJLVWU\��
H[DPLQLQJ� WKH� UHSXWDWLRQ�� DQG� UHYLHZLQJ� WKH� WHUPV��� DVN� WKH� XVHU� IRU� FODULILFDWLRQ� XVLQJ� QRQ�SXQLWLYH�
ODQJXDJH��FRQWLQXH�ZLWK�SDVVLYH�PRQLWRULQJ��DQG�KDYH�D�KXPDQ SHUIRUP�WULDJH��QR�EORFNLQJ�LV�FDUULHG�RXW��
8QFHUWDLQW\��VWD\V�LQ�SODFH�XQWLO�IXUWKHU�HYLGHQFH�LV�REWDLQHG��WKLV�VFHQDULR�GHPRQVWUDWHV�WKH�DGYDQWDJH�RI�
KDYLQJ�DQ�H[SOLFLW�XQNQRZQ�VWDWH�UDWKHU�WKDQ�IRUFLQJ�D�VFRUH�

,;��0HWKRG�RI�(YDOXDWLRQ�DQG�3ODQ RI�9DOLGDWLRQ

1R�LPSOHPHQWDWLRQ�KDV�EHHQ�FDUULHG�RXW�DQG�QR�H[SHULPHQWV�KDYH�EHHQ�FRQGXFWHG��7KH�DFFRXQW�JLYHQ�EHORZ�
UHODWHV�WR�D�FRQWUROOHG�HYDOXDWLRQ�ZKLFK�KDV�VWLOO�WR�EH�FDUULHG�RXW�DQG�FRQWDLQV�QR�QXPHULFDO�UHVXOWV��ZKHWKHU�
UHSRUWHG�RU�LPSOLHG�

$��(QYLURQPHQW��'DWD��DQG�%DVHOLQHV

$�SURWRW\SH�ZRXOG�EH�XVHG�LQ�D�ODERUDWRU\�HQYLURQPHQW�WKDW�LV�VLPLODU�WR�DQ�DFWXDO�HQWHUSULVH�RQH��LW�LQFOXGHV�
PDQDJHG� HQGSRLQWV�� ORJJLQJ� WKURXJK� D� SUR[\� DQG�'16�� D�PRFN� DSSURYHG�$,� UHJLVWU\�� D� ODEHOOHG� GDWD�
FODVVLILFDWLRQ�VWRUH� DQG�D�SROLF\�UHSRVLWRU\���7KH�WHVW�HYHQWV�ZRXOG�EH�V\QWKHWLF�RU�JHQHUDWHG�XVLQJ�VFHQDULR�
WHPSODWHV��WKH�WUXH�ODEHOV�EHLQJ�GHFLGHG�E\�DQ�H[SHUW�SDQHO�RQ�WKH�EDVLV�RI�ZULWWHQ�FULWHULD��DQG�WKH\�ZRXOG�
LQFOXGH�EHQLJQ��ERUGHUOLQH��ULVN\��DQG�DPELJXRXV�FDVHV�DV ZHOO�DV�HYHQW�VWUHDPV�ZLWK�LQMHFWHG�PLVVLQJ�DQG�
FRQIOLFWLQJ� DWWULEXWHV��$FWXDO� HPSOR\HH� GDWD� ZRXOG� QRW� EH� HPSOR\HG�� DQ\� SLORW� FDUULHG� RXW� ZLWKLQ� DQ�
RUJDQLVDWLRQ�ZRXOG�QHHG�WR�JR�WKURXJK�DQ�HWKLFV�DQG�OHJDO�UHYLHZ��7KH�EDVHOLQH�DSSURDFKHV�DUH��%���WKH�
DOORZ�GHQ\� OLVWV� LQ� WKH� UHJLVWU\��%���NH\ZRUG�RU�SDWWHUQ�EDVHG�'/3�VW\OH� UXOHV��%���ELQDU\�SROLF\� UXOHV�
ZLWKRXW�VFRULQJ��DQG�%���WKH�SURSRVHG�VFRULQJ�ZLWKRXW�H[SODQDWLRQV�RU�WKH�XQFHUWDLQW\�LQWHUYDO�

%��0HWULFV

7KH�PHWULFV� DUH� SUHVHQWHG� LQ�7DEOH�9,,� DORQJ�ZLWK� WKHLU� UHODWLRQVKLS� WR� WKH� REMHFWLYHV� DQG� WKH� UHVHDUFK�
TXHVWLRQV�DQG�WKH�NLQG�RI�DQDO\VLV�SODQQHG��IRU�WKH�PDLQ�FRPSDULVRQV��FRQILGHQFH�LQWHUYDOV�GHULYHG�IURP�
ERRWVWUDS�UHVDPSOLQJ�DQG�SDLUHG�WHVWV�EHWZHHQ�WKH�EDVHOLQHV�ZLOO�EH�XVHG�DQG�HIIHFW�VL]HV��QRW�VLJQLILFDQFH�
DORQH��ZLOO�EH�UHSRUWHG��7KH�VHQVLWLYLW\�RI�WKH�ZHLJKW�DQG�WKUHVKROG�ZLOO�EH�LQYHVWLJDWHG�E\�PRGLI\LQJ�WKH�
SDUDPHWHUV�DQG�WKHQ�QRWLQJ�WKH�UHVXOWLQJ�FKDQJHV�LQ�WKH�WLHU�DVVLJQPHQWV�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͐͒ иϙ�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͖͐͐

7DEOH�9,, ��SURSRVHG�HYDOXDWLRQ�PHWULFV��SODQQHG��QR�UHVXOWV�H[LVW�

0HWULF +RZ�PHDVXUHG 2EMHFWLYH�
��54

&RPSDULVRQ�RU�DQDO\VLV

'HWHFWLRQ� SUHFLVLRQ��
UHFDOO��)3�DQG�)1�UDWHV

$JDLQVW� ODEHOHG� HYHQW� VWUHDPV�� SHU�
VHUYLFH�DQG�SHU�WLHU

2����54� %��� %��� %��� SHU�VRXUFH�
DEODWLRQ

5LVN�FODVVLILFDWLRQ�
FRQVLVWHQF\

$JUHHPHQW� �H�J��� &RKHQ¶V� NDSSD��
ZLWK� H[SHUW� SDQHO�� UHSHDWDELOLW\� RQ�
LGHQWLFDO�LQSXWV

2����54� %���%���ZHLJKW�SHUWXUEDWLRQ

([SODQDWLRQ�
FRPSOHWHQHVV� DQG�
XVHIXOQHVV

&KHFNOLVW�FRYHUDJH�RI�UHDVRQ�FRGHV�
DQG� HYLGHQFH�� UHYLHZHU� VWXG\�
PHDVXULQJ�GHFLVLRQ�DFFXUDF\��WLPH��
DQG�UDWLQJV

2����54� %��YV�IXOO��JXLGHG�E\�>��@

3ROLF\�WR�DFWLRQ�
FRUUHFWQHVV

)UDFWLRQ� RI� HYHQWV� PDSSHG� WR� WKH�
DFWLRQ� SUHVFULEHG� E\� SROLF\�� WUDFH�
DXGLW

2����54� 0DQXDO�SROLF\�ZDON�WKURXJK

/DWHQF\� DQG� UHVRXUFH�
RYHUKHDG

3HU�HYHQW�SURFHVVLQJ�WLPH��&38�DQG�
PHPRU\�XQGHU�ORDG

2� (YHQW�UDWH�VFDOLQJ

6FDODELOLW\ 7KURXJKSXW� DV� HYHQWV� SHU� VHFRQG�
DQG�QXPEHU�RI�VXEMHFWV�LQFUHDVH

2� 6WUHVV�WHVW

5REXVWQHVV�WR�PLVVLQJ�
FRQWH[W

3HUIRUPDQFH� ZKHQ� DWWULEXWHV� DUH�
UHPRYHG�DW���±����UDWHV

2��� 2�� ��
54�

,QWHUYDO�YV�LPSXWDWLRQ

3ULYDF\� DQG�
PLQLPL]DWLRQ

)LHOG�OHYHO�DXGLW�RI�VWRUHG�GDWD��UH�
LGHQWLILFDWLRQ� DWWHPSW� RQ� ORJV��
UHWHQWLRQ�FKHFNV

2� 0LQLPDO�YV�IXOO�FROOHFWLRQ

+XPDQ�UHYLHZ�HIIRUW $OHUWV� SHU� UHYLHZHU�KRXU�� VKDUH� RI�
HYHQWV�URXWHG�WR�UHYLHZ

2����54� %�±%�

$EODWLRQ 5HPRYH� HDFK� RI�� FRQWH[W� PRGXOH��
IORRUV��LQWHUYDO��H[SODQDWLRQV

2���2� &RQWULEXWLRQ�RI�HDFK�HOHPHQW



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͐͐͒ иϙ�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͖͐͑

)DFWRUV� ZKLFK� PLJKW� DIIHFW� WKH� YDOLGLW\� RI� WKH� VWXG\� LQFOXGH� WKH� UHDOLVP� RI� WKH� V\QWKHWLF GDWD�� WKH�
VXEMHFWLYLW\�RI�WKH�H[SHUWV
�ODEHOV��DQG�WKH�VPDOO�QXPEHU�RI�UHYLHZHUV��WKHVH�SRLQWV�ZLOO�EH�SURYLGHG�WRJHWKHU�
ZLWK�WKH�UHVXOWV�

;��'LVFXVVLRQ

7KH�VXJJHVWLRQ�LV�WR�LQWHJUDWH�WKH�V\VWHP�ZLWK�D�FOHDU�DSSURDFK�WR�GHDOLQJ�ZLWK�XQFHUWDLQW\��7KH�PHWKRGV�
PHQWLRQHG�LQ�>�@�DQG�>�@�VKRZ�WKDW�GHWHFWLRQ�DQG�JRYHUQDQFH�FDQ�EH�OLQNHG��WKH�SUHVHQW�GHVLJQ�IHDWXUHV�D�
WUDQVSDUHQW�HYHQW�OHYHO�ULVN�PRGHO�ZKRVH�UHVXOWV�DUH�E\�QDWXUH�H[SODLQDEOH��DV�ZHOO�DV�D�GHILQLWH�SURFHGXUH�
IRU� KDQGOLQJ� LQVXIILFLHQW� HYLGHQFH�� :KLOH� D� WLHUHG� PDSSLQJ� PD\� UHGXFH� XQQHFHVVDU\� EORFNLQJ� ZKHQ�
FRPSDUHG�WR�D�VLPSOH�DOORZ�GHQ\�UHJLVWU\��WKLV�LV�VWLOO�RQO\�D�K\SRWKHVLV�WKDW�QHHGV�WR�EH�WHVWHG�DQG�QRW�D�
FRQFOXVLRQ�

7KH�GLIIHUHQW�GHVLJQ�WUDGH�RIIV�DUH�HYLGHQW��$OWKRXJK�WUDQVSDUHQW�OLQHDU�VFRULQJ�LV�HDV\�WR�DXGLW�LW�LV�OHVV�
H[SUHVVLYH�WKDQ�PDFKLQH�OHDUQLQJ�FODVVLILHUV��KDUG�UXOH�IORRUV�KHOS�WR�DGGUHVV�FRPSHQVDWLRQ�SUREOHPV�EXW�
GR� VR� DW� WKH� FRVW� RI� JUHDWHU�PDLQWHQDQFH� UHTXLUHPHQWV� IRU� WKH� UXOHV�� WKH� LQWHUYDO�PHWKRG� UHPRYHV� IDOVH�
SUHFLVLRQ�EXW�PLJKW�LQFUHDVH�WKH�ZRUNORDG�RQ�KXPDQV��,Q�DQ�RSHUDWLRQDO�VHWWLQJ�WKH�IUDPHZRUN�QHHGV�FXUUHQW�
UHJLVWULHV�DQG�GDWD�FODVVLILFDWLRQ��D� UHTXLUHPHQW�ZKLFK�VPDOOHU�RUJDQLVDWLRQV�PD\�QRW�EH�DEOH� WR�PHHW��D�
EDVLF�SURILOH�WKDW�PDNHV�XVH�RQO\�RI�UHJLVWU\��SUR[\��DQG�UROH�LQIRUPDWLRQ�FRXOG�VHUYH�DV�D�SUDFWLFDO�VWDUWLQJ�
SRLQW��DQG�LW�LV�VWLOO�DQ�RSHQ�TXHVWLRQ�DV�WR�ZKHWKHU�WKLV�LV�VXIILFLHQW��*DS�*����$GRSWLRQ�DOVR�GHSHQGV�RQ�
WUXVW�� LI� WKH�PRQLWRULQJ� LV�VHHQ�E\�HPSOR\HHV�DV� LQWUXVLYH� LW�FDQ�KDUP�FRRSHUDWLRQ��VR� LW� LV�QHFHVVDU\� WR�
LQFOXGH�LQ�WKH�JRYHUQDQFH�GHVLJQ�GHWDLOV�DERXW�ZKDW�LV�FROOHFWHG�DQG�ZK\��

;,��/LPLWDWLRQ�$QG�)XWXUH�:RUN

7KH� ZRUN� LV� JURXQGHG� LQ� FRQFHSWXDO� LGHDV� EHFDXVH� LW� LQFOXGHV� QR� DFWXDO� LPSOHPHQWDWLRQ�� GDWDVHW�� RU�
H[SHULPHQW��WKH�SDUDPHWHUV�SURYLGHG�EHLQJ�RQO\�LOOXVWUDWLYH��7KH�GHJUHH�WR�ZKLFK�WKLQJV�FDQ�EH�REVHUYHG�LV�
UHVWULFWHG� E\� IDFWRUV� VXFK� DV� HQFU\SWLRQ� DQG� XQPDQDJHG� GHYLFHV�� 2I� WKH� VL[� VRXUFHV�PHQWLRQHG� LQ� WKH�
V\QRSVLV��RQO\�WZR�FRXOG�EH�YHULILHG�E\�UHIHUHQFH�WR�RWKHU�VRXUFHV�DQG�RI�WKHVH�RQO\�RQH�FRXOG�EH�FRQILUPHG�
DW�WKH�DEVWUDFW�OHYHO��DV�D�UHVXOW�WKH�V\QWKHVLV�RI�WKH�OLWHUDWXUH�LV�WR�VRPH�H[WHQW�OLPLWHG�DQG�WKH�DGGLWLRQDO�
VRXUFHV�ZHUH�GHOLEHUDWHO\�FKRVHQ�UDWKHU� WKDQ�VHOHFWHG�LQ�D�V\VWHPDWLF�ZD\��7KH�ULVN�PRGHO�KDV�QRW�EHHQ�
FDOLEUDWHG�� WKH� H[SODQDWLRQV� KDYH� QRW� EHHQ� WHVWHG� ZLWK� XVHUV�� DQG� DGKHUHQFH� WR� OHJDO� DQG� SULYDF\�
UHTXLUHPHQWV�ZLOO�GHSHQG�RQ�D�VSHFLILF�DVVHVVPHQW�E\�WKH�RUJDQLVDWLRQ�

7KH�LPPHGLDWH�QH[W�DFWLRQV�VKRXOG�EH�WR�EXLOG�D�SURWRW\SH�RI�PRGXOHV���WKURXJK���XVLQJ�V\QWKHWLF�WHOHPHWU\��
JHW�WKH�ZHLJKWV�DQG�IORRU�YDOXHV�IURP�WKH�UHOHYDQW�VWDNHKROGHUV�LQ�VHFXULW\��,7��DQG�FRPSOLDQFH��FDUU\�RXW�
WKH�HYDOXDWLRQ�PHQWLRQHG�LQ�6HFWLRQ�,;��LQFOXGLQJ�WKH�DEODWLRQ�VWXGLHV��SHUIRUP�D�UHYLHZHU�VWXG\�WR�H[DPLQH�
WKH�XVHIXOQHVV�RI�WKH�H[SODQDWLRQV��WHVW�D�PLQLPDO�SURILOH�LQ�D�VPDOO�RUJDQLVDWLRQ��FRPSDUH�WKH�WLHU�UHVXOWV�
ZLWK�WKRVH�RI�D�VWUXFWXUHG�DVVHVVPHQW�EDVHG�RQ�WKH�1,67�$,�50)�DQG�WKH�DSSOLFDEOH�UHJXODWLRQV��DQG��ZLWK�
D�VHSDUDWH�HYDOXDWLRQ��FDUHIXOO\�FRQVLGHU�ZKHWKHU�0/�EDVHG�FRQWHQW�FODVVLILFDWLRQ�VKRXOG�EH�LQFRUSRUDWHG�
LQWR�WKH�GHVLJQ�

;,,��&RQFOXVLRQ

7KH�H[LVWHQFH�RI�6KDGRZ�$,�JLYHV�ULVH�WR�SUREOHPV�UHODWLQJ�WR�HQWHUSULVH�JRYHUQDQFH��VSHFLILFDOO\�LQ�WKH�
DUHDV�RI�YLVLELOLW\��GDWD�SURWHFWLRQ��FRPSOLDQFH��DQG�DFFRXQWDELOLW\��8SRQ�H[DPLQLQJ�WKH�VL[�V\QRSVLV�VRXUFHV�
ZKLOH� FRQVLGHULQJ� WKH� YHULILFDWLRQ� OLPLWDWLRQV� WKH\� VWDWH�� LW� LV� GLVFRYHUHG� WKDW� WKHUH� LV� RQO\� SDUWLDO� QRW�
FRPSOHWH� DQG� QRW� IXOO\� LQWHJUDWHG� RU� YDOLGDWHG�� FRYHUDJH� RI� WKH� HOHPHQWV� FRQFHUQLQJ� GHWHFWLRQ�� ULVN�
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FODVVLILFDWLRQ��H[SODQDWLRQ��DQG�SURSRUWLRQDWH�JRYHUQDQFH��7KH�SDSHU�SURSRVHV�D�VL[�PRGXOH��H[SODLQDEOH�
DQG� ULVN�DZDUH� IUDPHZRUN� WKDW� FRPSULVHV� D� WUDQVSDUHQW� VFRULQJ�PRGHO�� DQ� XQFHUWDLQW\� LQWHUYDO�ZLWK� DQ�
H[SOLFLW� LQGHWHUPLQDWH� UHVXOW�� WUDFHDEOH� H[SODQDWLRQV�� WLHUHG�JRYHUQDQFH�DFWLRQV��DQG�JRYHUQHG� IHHGEDFN��
WRJHWKHU�ZLWK�D�WKUHDW�DQDO\VLV��LOOXVWUDWLYH�VFHQDULRV��DQG�D�YDOLGDWLRQ�SODQ��1HYHUWKHOHVV��LWV XVHIXOQHVV�KDV�
QRW�\HW�EHHQ�GHPRQVWUDWHG��WKH�QH[W�VWHSV�WKDW�DUH�QHHGHG�DUH�LPSOHPHQWDWLRQ��FDOLEUDWLRQ��DQG�HPSLULFDO�
HYDOXDWLRQ�

5HIHUHQFHV

���6��+DDJ�DQG�$��(FNKDUGW��³6KDGRZ�,7�´�%XV��,QI��6\VW��(QJ���YRO������1R�����3S����������������'2,��
��������V���������������[�

���0��6LOLF�DQG�$��%DFN��³6KDGRZ�,7²$�YLHZ�IURP�EHKLQG�WKH�FXUWDLQ�´�&RPSXW��6HFXU���YRO������3S������
����������'2,����������M�FRVH������������

��� '�� 3XWKDO��$�� .�� 0LVKUD�� 6�� 3�� 0RKDQW\��$�� /RQJR�� DQG� &��<��<HXQ�� ³6KDGRZ�$,�� &\EHU� VHFXULW\�
LPSOLFDWLRQV��RSSRUWXQLWLHV�DQG�FKDOOHQJHV�LQ�WKH�XQVHHQ�IURQWLHU�´�61�&RPSXW��6FL���YRO�����$UW��1R��
�����������'2,����������V����������������[

���0��6LOLF��'��6LOLF��DQG�.��.LQG�7U�OOHU��³)URP�VKDGRZ�,7�WR�VKDGRZ�$,²7KUHDWV��ULVNV�DQG�RSSRUWXQLWLHV�
IRU�RUJDQL]DWLRQV�´�6WUDWHJLF�&KDQJH��������'2,����������MVF������

���$��2MRZD��0��0RQWHLUR�0DUTXHV��DQG�$��*RQFDOYHV��³6KDGRZ�$,�LQ�RUJDQLVDWLRQV��$�SUDFWLFDO�IUDPHZRUN�
IRU� GHWHFWLRQ�� ULVN� FODVVLILFDWLRQ�� DQG� JRYHUQDQFH�´� 3UHSULQWV�RUJ�� )HE�� ������ '2,��
���������SUHSULQWV������������Y���>1RW�SHHU�UHYLHZHG@�

��� 6�� .��$QXJXWKDOD�� ³3UHYHQWLQJ� VKDGRZ�$,� ZRUNORDGV� DW� HQWHUSULVH� OHYHO��$� QRYHO� LQWHJUDWLRQ� RI�$,�
JRYHUQDQFH� LQWR� VRIWZDUH� GHYHORSPHQW� OLIHF\FOH� �6'/&��´� $PHU�� ,QW�� -�� &RPSXW�� 6FL�� 7HFKQRO��
�$,-&67��� :)&0/6������ VSHFLDO� LVVXH�� SS�� ������� 0DU�� ������ '2,�� ��������������
�����:)&0/6������

���'��3XWKDO��1��.��5D\��DQG�6��3��0RKDQW\��³6KDGRZ�$,�DQG�WKH�H[SDQGLQJ�DWWDFN�VXUIDFH��5LVNV��WKUHDWV�
DQG� FRXQWHUPHDVXUHV�´� LQ� 3URF�� �����2,76� ,QW�� &RQI�� ,QI��7HFKQRO�� �2&,7��� ,(((�� ������ SS�� �����
>'HWDLOV�WDNHQ�IURP�D�VHFRQGDU\�FLWDWLRQ��,(((�;SORUH�UHFRUG�QRW�DFFHVVHG@�

���-��$��-��5RVV��/��+LEEHUW��DQG�(��-��0RVV��³6KDGRZ�$,��*RYHUQDQFH��ULVN��DQG�RUJDQLVDWLRQDO�UHVLOLHQFH�´�
LQ� 3URF�� ����� ,QW�� &RQI�� $UWLI�� ,QWHOO��� &RPSXW��� 'DWD� 6FL�� $SSO�� �$&'6$��� ,(((�� ������ '2,��
��������$&'6$��������������������� >'HWDLOV� WDNHQ� IURP� D� VHFRQGDU\� FLWDWLRQ�� IXOO� WH[W� QRW�
DFFHVVHG@�

���$��%��$UULHWD�HW�DO���³([SODLQDEOH�DUWLILFLDO�LQWHOOLJHQFH��;$,���&RQFHSWV��WD[RQRPLHV��RSSRUWXQLWLHV�DQG�
FKDOOHQJHV� WRZDUG� UHVSRQVLEOH� $,�´� ,QI�� )XVLRQ�� YRO�� ���� 3S�� �������� ������ '2,��
��������M�LQIIXV�������������

���� &�� 5XGLQ�� ³6WRS� H[SODLQLQJ� EODFN� ER[�PDFKLQH� OHDUQLQJ�PRGHOV� IRU� KLJK� VWDNHV� GHFLVLRQV� DQG� XVH�
LQWHUSUHWDEOH� PRGHOV� LQVWHDG�´� 1DWXUH� 0DFK�� ,QWHOO��� YRO�� ��� 1R�� ��� 3S�� �������� ������ '2,��
��������V���������������[�

����0��7��5LEHLUR��6��6LQJK��DQG�&��*XHVWULQ��³:K\�VKRXOG�,�WUXVW�\RX"´��([SODLQLQJ�WKH�SUHGLFWLRQV�RI�DQ\�
FODVVLILHU�´�LQ�3URF����1G�$&0�6,*.''�,QW��&RQI��.QRZO��'LVFRYHU\�'DWD�0LQLQJ� ������SS�������
����'2,��������������������������

����6��0��/XQGEHUJ�DQG�6��,��/HH��³$�XQLILHG�DSSURDFK�WR�LQWHUSUHWLQJ�PRGHO�SUHGLFWLRQV�´�LQ�$GY��1HXUDO�
,QI��3URFHVV��6\VW���QHXULSV���YRO������������3S����������

����7��0LOOHU��³([SODQDWLRQ�LQ�DUWLILFLDO�LQWHOOLJHQFH��,QVLJKWV�IURP�WKH�VRFLDO�VFLHQFHV�´�$UWLI��,QWHOO���YRO��
�����3S��������������'2,����������M�DUWLQW�������������
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����5��5��+RIIPDQ��6��7��0XHOOHU��*��.OHLQ��DQG�-��/LWPDQ��³0HWULFV�IRU�H[SODLQDEOH�$,��&KDOOHQJHV�DQG�
SURVSHFWV�´�DU[LY������������������

����1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV�DQG�7HFKQRORJ\��³1,67�)UDPHZRUN�IRU�,PSURYLQJ�&ULWLFDO�,QIUDVWUXFWXUH�
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