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�0DQVL�6DFKLQ�'XVXQJH���'U��9LVKDO�3XUDQLN

�'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�	�'DWD�6FLHQFH���'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�	�'DWD�
6FLHQFH�(QJLQHHULQJ

���$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD
�PDQVLGXVXQJH�#JPDLO�FRP���YLVKDOSXUD#JPDLO�FRP

$EVWUDFW

2UJDQL]DWLRQV� VWRUH� GHFLVLRQ�UHOHYDQW� LQIRUPDWLRQ� DFURVV� ILQDQFLDO� UHSRUWV�� VDOHV� UHFRUGV�� FXVWRPHU�
IHHGEDFN��SROLF\�GRFXPHQWV�DQG�PDUNHW�UHVHDUFK��\HW�GHFLVLRQ�PDNHUV�RIWHQ�FDQQRW�UHWULHYH�WKH�ULJKW�IDFWV�
TXLFNO\��DQG�JHQHUDO�SXUSRVH�$,�FKDWERWV�DQVZHU�IURP�SUH�WUDLQHG�NQRZOHGJH�WKDW� LV�QHLWKHU�FXUUHQW�QRU�
RUJDQL]DWLRQ�VSHFLILF�� 5HWULHYDO�$XJPHQWHG� *HQHUDWLRQ� �5$*�� DGGUHVVHV� WKLV� E\� UHWULHYLQJ� UHOHYDQW�
SDVVDJHV� IURP� D� NQRZOHGJH� VRXUFH� EHIRUH� D� ODUJH� ODQJXDJH�PRGHO� �//0�� JHQHUDWHV� LWV� DQVZHU�� ZKLFK�
LPSURYHV� IDFWXDO� JURXQGLQJ� DQG� UHGXFHV� KDOOXFLQDWLRQ��7KLV� SDSHU� UHYLHZV� WZHOYH� VWXGLHV� VSDQQLQJ� WKH�
UHWULHYDO�DXJPHQWHG�JHQHUDWLRQ�OLQHDJH��5$*��5($/0��5(752��'35��)L'��&RO%(57���D�UHFHQW�VXUYH\�
RI�5$*�WHFKQLTXHV��D�VXUYH\�RI�//0�KDOOXFLQDWLRQ��DQG�EXVLQHVV�GHFLVLRQ�VXSSRUW�OLWHUDWXUH��,W�FRPSDUHV�
WKHLU� PHWKRGV� DQG� OLPLWDWLRQV�� LGHQWLILHV� JDSV� VSHFLILF� WR� HQWHUSULVH� GHSOR\PHQW�� FRPSULVLQJ� OLPLWHG�
HQWHUSULVH� IRFXV�� PXOWL�VRXUFH� GDWD� LQWHJUDWLRQ� GLIILFXOW\�� UHVLGXDO� KDOOXFLQDWLRQ� VFDODELOLW\� DQG� ZHDN�
EXVLQHVV�FRQWH[W� DZDUHQHVV�� DQG� SURSRVHV� D� FRQFHSWXDO� 5$*�EDVHG� %XVLQHVV� 'HFLVLRQ� $VVLVWDQW�
DUFKLWHFWXUH�� D� TXHU\�SURFHVVLQJ� OD\HU�� D� GHQVH� UHWULHYHU� RYHU� DQ� HQWHUSULVH� GRFXPHQW� LQGH[�� DQ�
DXJPHQWDWLRQ� OD\HU� WKDW� IXVHV� UHWULHYHG� HYLGHQFH� LQWR� WKH� SURPSW�� DQG� D� JHQHUDWRU� WKDW� UHWXUQV� FLWHG��
FRQILGHQFH�IODJJHG�DQVZHUV��7KH�SDSHU�GHVFULEHV�WKH�DUFKLWHFWXUH��WKH�GDWD�IORZ��DSSOLFDEOH�JRYHUQDQFH�DQG�
HYDOXDWLRQ�FRQVLGHUDWLRQV��DQG�D�UHVHDUFK�DJHQGD��7KH�FRQWULEXWLRQ�LV�D�OLWHUDWXUH�JURXQGHG�GHVLJQ��LW�KDV�
QRW�EHHQ�LPSOHPHQWHG�RU�EHQFKPDUNHG�

.H\ZRUGV��5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ�� ODUJH� ODQJXDJH�PRGHOV�� EXVLQHVV� GHFLVLRQ� VXSSRUW�� GHQVH�
UHWULHYDO��HQWHUSULVH�NQRZOHGJH�PDQDJHPHQW��KDOOXFLQDWLRQ�PLWLJDWLRQ��YHFWRU�VHDUFK

,��,QWURGXFWLRQ

$�ILQDQFH�PDQDJHU�ZKR�ZDQWV� ODVW�TXDUWHU¶V� UHJLRQDO�FKXUQ� ILJXUHV�� D�SROLF\�FODXVH��DQG�D�FRPSHWLWRU¶V�
SULFLQJ�PRYH�LQ�RQH�DQVZHU�FDQQRW�JHW�DOO�WKUHH�IURP�D�VSUHDGVKHHW��D�3')�DQG�D�JHQHUDO�FKDWERW�VHSDUDWHO\�
ZLWKRXW�ORVLQJ�WLPH��/DUJH�ODQJXDJH�PRGHOV��//0V��FDQ ZULWH�IOXHQW��VWUXFWXUHG�DQVZHUV��EXW�RQ�WKHLU�RZQ�
WKH\�DQVZHU�IURP�SDUDPHWHUV�IL[HG�DW�WUDLQLQJ�WLPH��VR�WKH\�FDQQRW�VHH�DQ�RUJDQL]DWLRQ¶V�FXUUHQW�ILQDQFLDO�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

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

UHSRUWV��VDOHV�GDWD��FXVWRPHU�IHHGEDFN�RU�SROLFLHV��DQG�WKH\�DUH�SURQH�WR�KDOOXFLQDWLRQ��SURGXFLQJ�IOXHQW�EXW�
LQFRUUHFW�FRQWHQW�>�@�

5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ��5$*��DGGUHVVHV�WKLV�E\�UHWULHYLQJ�UHOHYDQW�SDVVDJHV�IURP�DQ�H[WHUQDO�
NQRZOHGJH�VRXUFH�DQG�FRQGLWLRQLQJ�WKH�//0¶V�JHQHUDWLRQ�RQ�WKDW�UHWULHYHG�HYLGHQFH�>�@��7KLV�LGHD�KDV�D�
VXEVWDQWLDO�OLQHDJH��ODWHQW�UHWULHYHU�SUHWUDLQLQJ�>�@��UHWULHYDO�RYHU�WULOOLRQ�WRNHQ�FRUSRUD�>�@��GHQVH�SDVVDJH�
UHWULHYDO�>�@��GHFRGHU�VLGH�SDVVDJH�IXVLRQ�>�@��DQG�ODWH�LQWHUDFWLRQ�UHWULHYDO�>�@��DQG�KDV�VLQFH�EHHQ�RUJDQL]HG�
LQWR�D�EURDGHU�5$*�SDUDGLJP�ZLWK�QDLYH�� DGYDQFHG�DQG�PRGXODU�YDULDQWV� >�@��$SSO\LQJ� WKLV� OLQHDJH� WR�
HQWHUSULVH�GHFLVLRQ�VXSSRUW��UDWKHU�WKDQ�RSHQ�GRPDLQ�TXHVWLRQ�DQVZHULQJ��LV�FRPSDUDWLYHO\�UHFHQW�DQG�OHVV�
WKRURXJKO\�HYDOXDWHG�>�@��>��@�

7KLV� SDSHU� PDNHV� WKUHH� FRQWULEXWLRQV�� )LUVW�� LW� UHYLHZV� WZHOYH� VWXGLHV� �����±������ VSDQQLQJ� WKH�
5$*�UHWULHYDO� OLQHDJH�� 5$*� VXUYH\V�� //0� KDOOXFLQDWLRQ�� DQG� EXVLQHVV�GHFLVLRQ�VXSSRUW� OLWHUDWXUH��
FRPSDULQJ�WKHLU�PHWKRGV�DQG�OLPLWDWLRQV��6HFWLRQ�,,,���6HFRQG��LW�GHULYHV�UHVHDUFK�JDSV�VSHFLILF�WR�HQWHUSULVH�
5$*�GHSOR\PHQW��6HFWLRQ�,9���7KLUG��LW�SURSRVHV�D�FRQFHSWXDO�DUFKLWHFWXUH�IRU�DQ�$,�3RZHUHG�%XVLQHVV�
'HFLVLRQ�$VVLVWDQW��FRPSULVLQJ�TXHU\�SURFHVVLQJ��UHWULHYDO��DXJPHQWDWLRQ�DQG�JHQHUDWLRQ�OD\HUV��WRJHWKHU�
ZLWK� JRYHUQDQFH� DQG� HYDOXDWLRQ� FRQVLGHUDWLRQV� �6HFWLRQV�9±9,,���7KH UHYLHZ� LV� SXUSRVLYH� UDWKHU� WKDQ�
H[KDXVWLYH��WKH�SURSRVHG�DUFKLWHFWXUH�LV�D�GHVLJQ�FRQWULEXWLRQ��QRW�DQ�LPSOHPHQWHG�RU�EHQFKPDUNHG�V\VWHP�

,,��3UREOHP�6WDWHPHQW�DQG�2EMHFWLYHV

$��3UREOHP�6WDWHPHQW

7R�VWXG\�DQ�$,�SRZHUHG�EXVLQHVV�GHFLVLRQ�DVVLVWDQW�XVLQJ�5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ�WKDW�LQWHJUDWHV�
ODUJH�ODQJXDJH�PRGHOV�ZLWK�HQWHUSULVH�NQRZOHGJH�VRXUFHV�WR�GHOLYHU�DFFXUDWH��UHDO�WLPH��DQG�FRQWH[W�DZDUH�
EXVLQHVV�LQVLJKWV�ZKLOH�PLQLPL]LQJ�$,�KDOOXFLQDWLRQ�DQG�HQVXULQJ�VHFXUH�LQIRUPDWLRQ�DFFHVV�

%��2EMHFWLYHV

�� 6WXG\�WKH�FRQFHSW�RI�5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ�DQG�ODUJH�ODQJXDJH�PRGHOV�

�� 8QGHUVWDQG�WKH�UROH�RI�$,�SRZHUHG�GHFLVLRQ�DVVLVWDQWV�LQ�EXVLQHVV�RUJDQL]DWLRQV�

�� 5HYLHZ�WKH�XVH�RI�5$*�IRU�UHWULHYLQJ UHOHYDQW�RUJDQL]DWLRQDO�LQIRUPDWLRQ�

�� ,GHQWLI\�EHQHILWV��FKDOOHQJHV�DQG�OLPLWDWLRQV�RI�5$*�EDVHG�EXVLQHVV�GHFLVLRQ�VXSSRUW�

�� 'LVFXVV�WKH�IXWXUH�VFRSH�DQG�DSSOLFDWLRQV�RI�$,�SRZHUHG�EXVLQHVV�GHFLVLRQ�VXSSRUW�V\VWHPV�

,,,��5HODWHG�:RUN

7ZHOYH�VWXGLHV�SXEOLVKHG�EHWZHHQ������DQG������ZHUH�VHOHFWHG�IURP�DU;LY��$&/�(01/3�6,*,5�,&0/�
SURFHHGLQJV��(OVHYLHU�DQG�,(((�YHQXHV�WR�FRYHU�IRXU�VWUDQGV��WKH�UHWULHYDO�DXJPHQWHG�JHQHUDWLRQ�OLQHDJH��
VXUYH\V� RI� 5$*� WHFKQLTXH� DQG� //0� KDOOXFLQDWLRQ�� DQG� EXVLQHVV�GHFLVLRQ�VXSSRUW� OLWHUDWXUH�� )LQGLQJV�
EHORZ�DUH� UHSRUWHG� DV� VWDWHG�E\�HDFK� VRXUFH¶V� DXWKRUV�� JURXSLQJV� DQG�GUDZEDFNV� DUH� WKLV� UHYLHZ¶V�RZQ�
UHDGLQJ�

$��7KH�5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ�/LQHDJH

/HZLV�HW�DO�� >�@� LQWURGXFH�5$*�LWVHOI��D�SUH�WUDLQHG�VHTXHQFH�WR�VHTXHQFH�JHQHUDWRU� LV�FRPELQHG�ZLWK�D�
GHQVH�YHFWRU�LQGH[�RI�:LNLSHGLD�DFFHVVHG�WKURXJK�D�OHDUQHG�QHXUDO�UHWULHYHU��DQG�WKH�PRGHO�LV�ILQH�WXQHG�
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HQG�WR�HQG��5$*�VHWV�D�QHZ�VWDWH�RI� WKH�DUW�RQ� WKUHH�RSHQ�GRPDLQ�4$�EHQFKPDUNV�DQG�SURGXFHV�PRUH�
VSHFLILF�DQG�IDFWXDO�ODQJXDJH�WKDQ�D�SDUDPHWULF�RQO\�EDVHOLQH��7KH�UHWULHYDO�FRUSXV�LQ�WKH�RULJLQDO�ZRUN�LV�
D�IL[HG�:LNLSHGLD�GXPS��DQG�WKH�PHWKRG�LV�HYDOXDWHG�RQ�RSHQ�GRPDLQ�4$�UDWKHU�WKDQ�HQWHUSULVH�GDWD�

*XX�HW�DO��>�@�SURSRVH�5($/0��ZKLFK�SUH�WUDLQV�D�ODQJXDJH�PRGHO�MRLQWO\�ZLWK�D�ODWHQW�NQRZOHGJH�UHWULHYHU��
EDFNSURSDJDWLQJ�WKURXJK�D�UHWULHYDO�VWHS�RYHU�PLOOLRQV�RI�GRFXPHQWV�XVLQJ�PDVNHG�ODQJXDJH�PRGHOOLQJ�DV�
WKH�VROH�WUDLQLQJ�VLJQDO��5($/0�RXWSHUIRUPV�SULRU�H[SOLFLW� DQG�LPSOLFLW�NQRZOHGJH�EDVHOLQHV�E\��±����
DEVROXWH� DFFXUDF\� RQ� RSHQ�GRPDLQ� 4$� DQG� DGGV� LQWHUSUHWDELOLW\�� VLQFH� UHWULHYHG� GRFXPHQWV� FDQ� EH�
LQVSHFWHG��7KH�UHWULHYHU�LV�WUDLQHG�XQVXSHUYLVHG�DQG�LV�QRW�HYDOXDWHG�RQ�EXVLQHVV�RU�HQWHUSULVH�FRUSRUD�

%RUJHDXG� HW� DO�� >�@� SUHVHQW� 5(752�� ZKLFK� FRQGLWLRQV� DQ� DXWRUHJUHVVLYH� //0� RQ� GRFXPHQW� FKXQNV�
UHWULHYHG�� E\� ORFDO� VLPLODULW\�� IURP� D� WZR�WULOOLRQ�WRNHQ� GDWDEDVH�� XVLQJ� D� IUR]HQ�%(57� UHWULHYHU� DQG� D�
FKXQNHG�FURVV�DWWHQWLRQ�PHFKDQLVP��5(752�PDWFKHV�*37���DQG�-XUDVVLF���TXDOLW\�RQ�WKH�3LOH�ZKLOH�XVLQJ�
��[�IHZHU�SDUDPHWHUV��DQG�SUH�WUDLQHG WUDQVIRUPHUV�FDQ�EH�UHWURILWWHG�ZLWK�UHWULHYDO�UDWKHU�WKDQ�UHWUDLQHG�
IURP�VFUDWFK��7KH�UHWULHYDO�GDWDEDVH�LV�JHQHUDO�ZHE�ERRN�FRGH�WH[W��QRW�RUJDQL]DWLRQDO�GRFXPHQWV�

.DUSXNKLQ�HW�DO��>�@�LQWURGXFH�'HQVH�3DVVDJH�5HWULHYDO��'35���UHSODFLQJ�VSDUVH�7)�,')�%0���UHWULHYDO�
ZLWK�GHQVH�HPEHGGLQJV�OHDUQHG�E\�D�GXDO�HQFRGHU�WUDLQHG�RQ�D�PRGHVW�QXPEHU�RI�TXHVWLRQ�SDVVDJH�SDLUV��
'35�RXWSHUIRUPV�/XFHQH�%0���E\��±����DEVROXWH�LQ�WRS����UHWULHYDO�DFFXUDF\�DQG�HVWDEOLVKHV�QHZ�VWDWH�
RI�WKH�DUW� UHVXOWV� RQ� VHYHUDO� RSHQ�GRPDLQ� 4$� EHQFKPDUNV�� '35� UHWULHYHV� SDVVDJHV� RQO\�� LW� GRHV� QRW�
JHQHUDWH�DQ�DQVZHU�RU�SURYLGH�HQG�WR�HQG�GHFLVLRQ�VXSSRUW�RQ�LWV�RZQ�

,]DFDUG� DQG� *UDYH� >�@� SURSRVH� )XVLRQ�LQ�'HFRGHU� �)L'��� ZKLFK� HQFRGHV� HDFK� UHWULHYHG� SDVVDJH�
LQGHSHQGHQWO\�DQG�IXVHV�WKHP�RQO\�LQ WKH�GHFRGHU¶V�FURVV�DWWHQWLRQ��OHWWLQJ�D�JHQHUDWLYH�PRGHO�VFDOH�WR�PDQ\�
PRUH� VXSSRUWLQJ� SDVVDJHV� WKDQ� VLQJOH�SDVVDJH� 5$*� IRUPXODWLRQV� ZKLOH� UHPDLQLQJ� FRPSXWDWLRQDOO\�
WUDFWDEOH��)L'�LPSURYHV�DQVZHU�DFFXUDF\�RQ�RSHQ�GRPDLQ�4$�EHQFKPDUNV�RYHU�SULRU�UHWULHYDO�JHQHUDWLRQ�
FRPELQDWLRQV�� 7KH� HYDOXDWLRQ�� OLNH� 5$*¶V�� LV� FRQILQHG� WR� TXHVWLRQ� DQVZHULQJ� UDWKHU� WKDQ� HQWHUSULVH�
DSSOLFDWLRQV�

.KDWWDE�DQG�=DKDULD�>�@�SUHVHQW�&RO%(57��D�ODWH�LQWHUDFWLRQ�UHWULHYDO�DUFKLWHFWXUH�WKDW�HQFRGHV�TXHULHV�DQG�
GRFXPHQWV�LQGHSHQGHQWO\ ZLWK�%(57�DQG�WKHQ�DSSOLHV�D�OLJKWZHLJKW�WRNHQ�OHYHO�LQWHUDFWLRQ�VWHS��DOORZLQJ�
GRFXPHQW�UHSUHVHQWDWLRQV�WR�EH�SUH�FRPSXWHG�RIIOLQH��&RO%(57�UHWDLQV�PXFK�RI�WKH�HIIHFWLYHQHVV�RI�IXOO�
FURVV�DWWHQWLRQ�UHUDQNHUV�DW�D�IUDFWLRQ�RI�WKH�TXHU\�WLPH�FRVW�DQG�FDQ�UHWULHYH�GLUHFWO\�IURP�D�IXOO�FROOHFWLRQ�
XVLQJ�YHFWRU�VLPLODULW\�LQGH[HV��7KH�PHWKRG�LV�HYDOXDWHG�RQ�06�0$5&2�DQG�75(&�&$5�SDVVDJH�VHDUFK��
QRW�RQ�RUJDQL]DWLRQDO�NQRZOHGJH�EDVHV�

%��6XUYH\V�RI�5$*�7HFKQLTXH�DQG�//0�+DOOXFLQDWLRQ

*DR�HW�DO��>�@�V\VWHPDWLFDOO\ VXUYH\�WKH�5$*�OLWHUDWXUH�DQG�RUJDQL]H�LW�LQWR�1DLYH��$GYDQFHG�DQG�0RGXODU�
5$*� SDUDGLJPV�� FRYHULQJ� UHWULHYDO�� JHQHUDWLRQ� DQG� DXJPHQWDWLRQ� WHFKQLTXHV� DORQJ� ZLWK� HYDOXDWLRQ�
IUDPHZRUNV�DQG�RSHQ�UHVRXUFHV��7KH\�LGHQWLI\�PXOWL�PRGDOLW\�H[SDQVLRQ�DQG�5$*�LQIUDVWUXFWXUH�PDWXULW\�
DV�RSHQ�UHVHDUFK�GLUHFWLRQV��7KH�VXUYH\�LV�WHFKQLTXH�FHQWUHG�DQG�GRHV�QRW�IRFXV�RQ�DQ\�VLQJOH�DSSOLFDWLRQ�
GRPDLQ�VXFK�DV�HQWHUSULVH�GHFLVLRQ�VXSSRUW�

+XDQJ�HW�DO�� >�@�VXUYH\�KDOOXFLQDWLRQ� LQ�//0V��SURSRVLQJ�D� WD[RQRP\�RI�KDOOXFLQDWLRQ� W\SHV��DQDO\VLQJ�
FRQWULEXWLQJ�IDFWRUV�DFURVV�WKH�PRGHO�OLIHF\FOH��DQG�UHYLHZLQJ�GHWHFWLRQ�PHWKRGV�DQG�EHQFKPDUNV��7KH\�
QRWH�WKDW�UHWULHYDO�DXJPHQWHG�DSSURDFKHV�DUH�DPRQJ�WKH�PRVW�HIIHFWLYH�PLWLJDWLRQV�EHFDXVH�WKH\�JURXQG�
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JHQHUDWLRQ�LQ�H[WHUQDO��YHULILDEOH�HYLGHQFH��ZKLFK�LV�WKH�PHFKDQLVP�WKLV�SDSHU¶V�SURSRVHG�DVVLVWDQW�UHOLHV�
RQ��7KH�VXUYH\�FRYHUV�JHQHUDO�SXUSRVH�//0�XVH�DQG�GRHV�QRW�DQDO\VH�EXVLQHVV�VSHFLILF�KDOOXFLQDWLRQ�ULVN�

&��%XVLQHVV�'HFLVLRQ�6XSSRUW�ZLWK�//0V

+DQGOHU�HW�DO��>�@��ZULWLQJ�LQ�WKH�,QWHUQDWLRQDO�-RXUQDO�RI�,QIRUPDWLRQ�0DQDJHPHQW��DUJXH�WKDW�//0V�DUH�D�
JHQHUDO�SXUSRVH�GHFLVLRQ�VXSSRUW� WHFKQRORJ\� UDWKHU� WKDQ� WKH�QDUURZ��EHVSRNH� WRROV� WUDGLWLRQDO�GHFLVLRQ�
VXSSRUW� UHVHDUFK� KDV� VWXGLHG�� DQG� XVH�+HUEHUW� 6LPRQ¶V� FODVVLF� WKUHH�VWDJH�PRGHO� �LQWHOOLJHQFH�� GHVLJQ��
FKRLFH��WR�RUJDQL]H�QHZ�UHVHDUFK�TXHVWLRQV�//0V�UDLVH�DW�HDFK�VWDJH�RI�RUJDQL]DWLRQDO�GHFLVLRQ�PDNLQJ��
7KH�SDSHU�LV�FRQFHSWXDO�DQG�SURSRVHV�D�UHVHDUFK�DJHQGD�UDWKHU�WKDQ�D�V\VWHP�

6HDEUD�HW�DO��>��@�GHVFULEH�³3HUJXQWH�DR�%,´��³$VN�WKH�%,´���D�FRQYHUVDWLRQDO�LQWHUIDFH�WKDW�XVHV�//0V�WR�
VXSSRUW� EXVLQHVV�LQWHOOLJHQFH� GHFLVLRQ�PDNLQJ�� GHPRQVWUDWHG� DW� WKH�%UD]LOLDQ�6\PSRVLXP�RQ�'DWDEDVHV�
�6%%'��������7KH�V\VWHP�OHWV�QRQ�WHFKQLFDO�XVHUV�TXHU\�%,�GDVKERDUGV�DQG�GDWD�ZDUHKRXVHV�LQ�QDWXUDO�
ODQJXDJH� UDWKHU� WKDQ�ZULWLQJ�64/�RU�QDYLJDWLQJ�GDVKERDUG�PHQXV��$V�D�GHPRQVWUDWLRQ�SDSHU�� LW� UHSRUWV�
V\VWHP�GHVLJQ�UDWKHU�WKDQ�D�FRQWUROOHG�HYDOXDWLRQ�

5DLDDQ�HW�DO��>��@�UHYLHZ�//0�DUFKLWHFWXUHV��DSSOLFDWLRQV��WD[RQRPLHV�DQG�RSHQ�FKDOOHQJHV�LQ�,(((�$FFHVV��
FRYHULQJ� HQWHUSULVH� DQG� EXVLQHVV� XVH� FDVHV� DORQJVLGH� KHDOWKFDUH�� HGXFDWLRQ� DQG� RWKHU� GRPDLQV�� DQG�
FDWDORJXH�RSHQ� LVVXHV� LQFOXGLQJ�KDOOXFLQDWLRQ��ELDV��FRPSXWDWLRQDO�FRVW� DQG�GDWD�SULYDF\��7KH� UHYLHZ� LV�
EURDG�UDWKHU�WKDQ�EXVLQHVV�GHFLVLRQ�VSHFLILF�

&KHXQJ�>��@�UXQV�UHDO�ZRUOG�H[SHULPHQWV�ZLWK�IRXU�//0V��*37����*RRJOH�%DUG��1HHYD$,��&ODXGH�,QVWDQW��
RQ�FRUH�EXVLQHVV�WDVNV�VXFK�DV�SURMHFW�SODQQLQJ�UHIHUHQFH�VXJJHVWLRQV��UHSRUWLQJ�D�TXDQWLILHG�DQDO\VLV�RI�
WKHLU�XVHIXOQHVV�DQG�OLPLWDWLRQV�DQG�KLJKOLJKWLQJ�WKH�QHHG�IRU�SURPSW�HQJLQHHULQJ�LQ�SUDFWLFDO�GHSOR\PHQW��
7KH� HYDOXDWLRQ� LV� OLPLWHG� WR� ILYH� UHIHUHQFH� EXVLQHVV� WDVNV� DQG� GRHV� QRW� WHVW� D� UHWULHYDO�DXJPHQWHG�
FRQILJXUDWLRQ�

7DEOH�,� &RPSDUDWLYH�6XPPDU\�RI�5HYLHZHG�/LWHUDWXUH

5HI� 6WUDQG $SSURDFK .H\�ILQGLQJ /LPLWDWLRQ

>�@ 5$*�OLQHDJH
6HT�VHT�JHQHUDWRU���
GHQVH�:LNLSHGLD�LQGH[

627$�RQ���RSHQ�GRPDLQ�
4$�EHQFKPDUNV

)L[HG�:LNLSHGLD�
FRUSXV��QRW�HQWHUSULVH

>�@ 5$*�OLQHDJH
5($/0��ODWHQW�
UHWULHYHU�SUH�WUDLQHG�
ZLWK�/0

��±����DFFXUDF\��DGGV�
LQWHUSUHWDELOLW\

8QVXSHUYLVHG�
UHWULHYHU��QR�EXVLQHVV�
GDWD

>�@ 5$*�OLQHDJH
5(752��UHWULHYDO�RYHU�
�7�WRNHQ�GDWDEDVH

0DWFKHV�*37���ZLWK���[�
IHZHU�SDUDPV

*HQHUDO�WH[W�FRUSXV��
QRW�RUJ�GRFXPHQWV

>�@ 5$*�OLQHDJH
'35��GXDO�HQFRGHU�
GHQVH�UHWULHYDO

��±����RYHU�%0���
UHWULHYDO

5HWULHYDO�RQO\��QR�
JHQHUDWLRQ
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5HI� 6WUDQG $SSURDFK .H\�ILQGLQJ /LPLWDWLRQ

>�@ 5$*�OLQHDJH
)L'��GHFRGHU�VLGH�
SDVVDJH�IXVLRQ

+LJKHU�4$�DFFXUDF\��
VFDOHV�WR�PRUH�SDVVDJHV

4$�IRFXVHG��QRW�
HQWHUSULVH

>�@ 5$*�OLQHDJH
&RO%(57��ODWH�
LQWHUDFWLRQ�UHWULHYDO

1HDU�FURVV�DWWHQWLRQ�
DFFXUDF\��ORZ�FRVW

(YDOXDWHG�RQ�06�
0$5&2�75(&�&$5

>�@ 5$*�VXUYH\
1DLYH�$GYDQFHG�0RGXO
DU�5$*�WD[RQRP\

6\VWHPDWLVHV�UHWULHYDO��
JHQHUDWLRQ��DXJPHQWDWLRQ

7HFKQLTXH�VXUYH\��QR�
GRPDLQ�IRFXV

>�@
+DOOXFLQDWLR
Q�VXUYH\

7D[RQRP\�RI�FDXVHV��
GHWHFWLRQ��PLWLJDWLRQ

5HWULHYDO�JURXQGLQJ�LV�D�
NH\�PLWLJDWLRQ

*HQHUDO�SXUSRVH��QRW�
EXVLQHVV�VSHFLILF

>�@
%XVLQHVV�
GHFLVLRQ�
VXSSRUW

6LPRQ¶V���VWDJH�PRGHO�
DSSOLHG�WR�//0V

//0V�DUH�JHQHUDO�SXUSRVH�
GHFLVLRQ�VXSSRUW�WHFK

&RQFHSWXDO��QR�V\VWHP

>��@
%XVLQHVV�
GHFLVLRQ�
VXSSRUW

&RQYHUVDWLRQDO�%,�
LQWHUIDFH��//0�

1DWXUDO�ODQJXDJH�DFFHVV�
WR�%,�GDVKERDUGV

'HPR�SDSHU��QR�
FRQWUROOHG�VWXG\

>��@ //0�UHYLHZ
$UFKLWHFWXUHV��
WD[RQRPLHV��RSHQ�LVVXHV�
�,(((�$FFHVV�

&DWDORJXHV�KDOOXFLQDWLRQ��
ELDV��FRVW��SULYDF\�LVVXHV

%URDG��QRW�GHFLVLRQ�
VXSSRUW�VSHFLILF

>��@
%XVLQHVV�
//0�
HYDOXDWLRQ

��//0V�WHVWHG�RQ�
EXVLQHVV�WDVNV

4XDQWLILHG�XVHIXOQHVV�DQG�
OLPLWDWLRQV

��UHIHUHQFH�WDVNV��QR�
5$*�WHVWHG

$V� )LJ�� �� VKRZV�� WKH� UHWULHYDO�5$*� OLQHDJH� DFFRXQWV� IRU� H[DFWO\� KDOI� RI� WKH� UHYLHZHG� EDVH�� ZKLFK� LV�
FRQVLVWHQW� ZLWK� 6HFWLRQ� ,,,¶V� IUDPLQJ� WKDW� FRUH� UHWULHYDO�JHQHUDWLRQ� WHFKQLTXH� LV� PRUH� PDWXUH� WKDQ� LWV�
EXVLQHVV�GHFLVLRQ�DSSOLFDWLRQ��)LJ����VKRZV�WKH�UHYLHZ�LV�ZHLJKWHG�WRZDUG�������WKH�\HDU�5$*��5($/0�
DQG�'35�ZHUH�DOO�SXEOLVKHG��DQG�����±������WKH�\HDU�WKH�EXVLQHVV�GHFLVLRQ�VXSSRUW�OLWHUDWXUH�HPHUJHG���
ZLWK�FRPSDUDWLYHO\�IHZHU�LQWHUYHQLQJ�VRXUFHV�± LWVHOI�D�UHIOHFWLRQ�RI�WKH�JDS�WKLV�SDSHU�LGHQWLILHV�LQ�6HFWLRQ�
,9�
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)LJ���� 'LVWULEXWLRQ�RI�WKH�WZHOYH�UHYLHZHG�SDSHUV�DFURVV�WKH�WKUHH�OLWHUDWXUH�VWUDQGV�WDOOLHG�IURP�7DEOH�,�

)LJ���� 3XEOLFDWLRQ�\HDU�VSUHDG�RI�WKH�UHYLHZHG�OLWHUDWXUH��FRQILUPLQJ�WKH�����±�����UHFHQF\�ZLQGRZ�
FODLPHG�LQ�6HFWLRQ�,,,�

,9��5HVHDUFK�*DS

5HDGLQJ�WKH�WZHOYH�VRXUFHV�WRJHWKHU�VXUIDFHV�ILYH�JDSV�WKDW�PRWLYDWH�WKH�DUFKLWHFWXUH�LQ�6HFWLRQ�9�

*���/LPLWHG�HQWHUSULVH�IRFXV��0RVW�5$*�V\VWHPV�LQ�WKH�FRUH�OLQHDJH�DUH�EXLOW�DQG�HYDOXDWHG�IRU�JHQHUDO�
RSHQ�GRPDLQ�TXHVWLRQ�DQVZHULQJ�>�@��>�@��>�@��>�@��>�@��QRW�EXVLQHVV�VSHFLILF�GHFLVLRQ�PDNLQJ�

*���'DWD�LQWHJUDWLRQ� GLIILFXOW\��(QWHUSULVH� LQIRUPDWLRQ� LV� VSUHDG� DFURVV� 3')V�� GDWDEDVHV�� UHSRUWV� DQG�
VSUHDGVKHHWV�LQ�KHWHURJHQHRXV�IRUPDWV��DQG�WKH�UHYLHZHG�UHWULHYDO�PHWKRGV�DVVXPH�D�VLQJOH��SUH�SURFHVVHG�
WH[W�FRUSXV�>�@��>�@��>�@�
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*���5HVLGXDO�KDOOXFLQDWLRQ��5$*�UHGXFHV�EXW�GRHV�QRW�HOLPLQDWH�KDOOXFLQDWLRQ��ZKHQ�UHOHYDQW�LQIRUPDWLRQ�
LV�PLVVLQJ�RU�LQFRPSOHWH��JHQHUDWLRQ�FDQ�VWLOO�EH�LQDFFXUDWH�RU�PLVOHDGLQJ�>�@�

*��� 6FDODELOLW\�� 5HWULHYDO� PHWKRGV� YDOLGDWHG� RQ� EHQFKPDUN� FRUSRUD� >�@�� >�@�� >�@� DUH� QRW� QHFHVVDULO\�
RSWLPL]HG�IRU�ODUJH�VFDOH��FRQVWDQWO\�XSGDWHG�RUJDQL]DWLRQDO�NQRZOHGJH�EDVHV�

*���:HDN�EXVLQHVV�FRQWH[W�DZDUHQHVV��*HQHUDO�SXUSRVH�//0�GHFLVLRQ�VXSSRUW�VWXGLHV�>�@��>��@��>��@�DQG�
%,�VSHFLILF� GHPRQVWUDWLRQV� >��@� HDFK� DGGUHVV� SDUW� RI� WKH� SUREOHP�� EXW� QR� UHYLHZHG� VRXUFH� FRPELQHV�
UHWULHYDO� JURXQGLQJ� ZLWK� DQ� DUFKLWHFWXUH� SXUSRVH�EXLOW� IRU� RUJDQL]DWLRQ�VSHFLILF�� VHFXUH�� FRQWH[W�DZDUH�
EXVLQHVV�GHFLVLRQV�

0DLQ� JDS�� FXUUHQW� VROXWLRQV� DUH� QRW� IXOO\� FDSDEOH� RI� SURYLGLQJ� IDVW�� DFFXUDWH�� UHDO�WLPH�� RUJDQL]DWLRQ�
JURXQGHG� LQVLJKW� IRU� EXVLQHVV� GHFLVLRQ�PDNLQJ� LQ� G\QDPLF� HQYLURQPHQWV�� WKH� UHWULHYDO�� JHQHUDWLRQ� DQG�
KDOOXFLQDWLRQ�PLWLJDWLRQ� SLHFHV� H[LVW� VHSDUDWHO\� LQ� WKH� OLWHUDWXUH� EXW� KDYH� QRW� EHHQ� FRPELQHG� LQWR� RQH�
DUFKLWHFWXUH�SXUSRVH�EXLOW�IRU�HQWHUSULVH�GHFLVLRQ�VXSSRUW�

9��3URSRVHG�6\VWHP�$UFKLWHFWXUH

$��'HVLJQ�3ULQFLSOHV

7KH�DUFKLWHFWXUH�UHVSRQGV�GLUHFWO\�WR�WKH�JDSV�LQ�6HFWLRQ�,9��LW�WDUJHWV�EXVLQHVV�TXHULHV�UDWKHU�WKDQ�RSHQ�
GRPDLQ�4$��*����LQJHVWV�KHWHURJHQHRXV�HQWHUSULVH�IRUPDWV��*����JURXQGV�HYHU\�DQVZHU�LQ�FLWHG�HYLGHQFH�
ZLWK�D�FRQILGHQFH�IODJ��*����VHSDUDWHV�UHWULHYDO�IURP�JHQHUDWLRQ�VR�WKH�LQGH[�FDQ�VFDOH�LQGHSHQGHQWO\��*����
DQG�NHHSV�D�EXVLQHVV�FRQWH[W�OD\HU�EHWZHHQ�WKH�UDZ�UHWULHYHU�DQG�WKH�//0��*���

� *URXQGLQJ�EHIRUH�JHQHUDWLRQ��QR�DQVZHU� LV�SURGXFHG�ZLWKRXW� ILUVW� UHWULHYLQJ�VXSSRUWLQJ�SDVVDJHV��
IROORZLQJ�WKH�5$*�SDWWHUQ�LQ�>�@�DQG�WKH�IXVLRQ�DSSURDFK�LQ�>�@�

� 'HQVH��VHPDQWLF�UHWULHYDO��TXHULHV�DQG�GRFXPHQWV�DUH�HPEHGGHG�DQG�PDWFKHG�E\�VLPLODULW\��DV�LQ�'35�
>�@�DQG�&RO%(57�>�@��UDWKHU�WKDQ�UHO\LQJ�RQ�NH\ZRUG�VHDUFK�DORQH�

� $FFHVV�FRQWUROOHG�UHWULHYDO��WKH�UHWULHYHU�RQO\�VHDUFKHV�GRFXPHQWV�WKH�TXHU\LQJ�XVHU�LV�DXWKRULVHG�WR�
VHH��DGGUHVVLQJ�WKH�VHFXUH�DFFHVV�UHTXLUHPHQW�LQ�WKH�SUREOHP�VWDWHPHQW�

� &LWHG��FRQILGHQFH�IODJJHG�RXWSXW��HYHU\�JHQHUDWHG�DQVZHU�FDUULHV�LWV�VRXUFH�SDVVDJHV�DQG�D�FRQILGHQFH�
LQGLFDWRU��GLUHFWO\�WDUJHWLQJ�WKH�KDOOXFLQDWLRQ�ULVN�GRFXPHQWHG�LQ�>�@�

%��$UFKLWHFWXUH�2YHUYLHZ

)LJ����VKRZV�IRXU�OD\HUV��7KH�4XHU\�3URFHVVLQJ�OD\HU�SDUVHV�XVHU�LQWHQW�DQG�UHZULWHV�WKH�TXHU\�IRU�UHWULHYDO��
DQG� DSSOLHV� DQ� DFFHVV�FRQWURO� FKHFN� EHIRUH� DQ\WKLQJ� LV� UHWULHYHG�� 7KH� 5HWULHYHU�� IROORZLQJ� WKH� GHQVH�
HPEHGGLQJ�DSSURDFK�RI�'35�>�@�DQG�WKH�ODWH�LQWHUDFWLRQ�HIILFLHQF\�RI�&RO%(57�>�@��VHDUFKHV�D�YHFWRU�LQGH[�
EXLOW�RYHU�HQWHUSULVH�NQRZOHGJH�VRXUFHV��ILQDQFLDO�UHSRUWV��VDOHV�GDWD��&50�UHFRUGV��SROLF\�GRFXPHQWV�DQG�
PDUNHW�UHVHDUFK��7KH�$XJPHQWDWLRQ�OD\HU�IXVHV�WKH�WRS�N�UHWULHYHG�SDVVDJHV�ZLWK�WKH�RULJLQDO�TXHU\�LQWR�WKH�
//0¶V� FRQWH[W�� IROORZLQJ� WKH� GHFRGHU�VLGH� IXVLRQ� VWUDWHJ\� RI� )L'� >�@� UDWKHU� WKDQ� VLQJOH�SDVVDJH�
FRQGLWLRQLQJ��7KH�*HQHUDWRU��DQ�//0��SURGXFHV�D�JURXQGHG�DQVZHU��DQG�WKH�ILQDO�UHVSRQVH�LV�UHWXUQHG�ZLWK�
VRXUFH�FLWDWLRQV�DQG�D�KDOOXFLQDWLRQ�FRQILGHQFH�FKHFN��DGGUHVVLQJ�*��
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)LJ����$UFKLWHFWXUH�RI�WKH�$,�3RZHUHG�%XVLQHVV�'HFLVLRQ�$VVLVWDQW�

7DEOH�,,�$UFKLWHFWXUH�&RPSRQHQWV

&RPSRQHQW 5ROH %DVLV�LQ�UHYLHZHG�ZRUN

4XHU\�3URFHVVLQJ ,QWHQW�SDUVLQJ��DFFHVV�FRQWURO 1HZ�OD\HU��QRW�SUHVHQW�LQ�>�@± >�@

5HWULHYHU 'HQVH�SDVVDJH�VHDUFK '35�>�@��&RO%(57�>�@

$XJPHQWDWLRQ )XVH�SDVVDJHV�LQWR�//0�FRQWH[W )L'�>�@��5$*�>�@

*HQHUDWRU 3URGXFH�JURXQGHG��FLWHG�DQVZHU 5$*�>�@��KDOOXFLQDWLRQ�PLWLJDWLRQ�>�@

&��'DWD�)ORZ

$�VLQJOH�TXHU\�SURFHHGV�DV�IROORZV��)LJ����������WKH�XVHU�VXEPLWV�D�EXVLQHVV�TXHVWLRQ�LQ�QDWXUDO�ODQJXDJH��
����WKH�TXHU\�LV�HPEHGGHG�LQWR�WKH�VDPH�YHFWRU�VSDFH�DV�WKH�LQGH[HG�GRFXPHQWV������WKH�UHWULHYHU�IHWFKHV�
WKH�WRS�N�UHOHYDQW�FKXQNV������WKRVH�FKXQNV�DUH�IXVHG�ZLWK�WKH�TXHU\�LQWR�WKH�//0¶V�FRQWH[W������WKH�//0�
JHQHUDWHV�DQ�DQVZHU�JURXQGHG�LQ�WKH�UHWULHYHG�HYLGHQFH������WKH�DQVZHU�LV�UHWXUQHG�ZLWK�FLWDWLRQV��DQG�ORZ�
FRQILGHQFH�DQVZHUV��IRU�H[DPSOH�ZKHUH�UHWULHYDO�VLPLODULW\�LV�ZHDN��DUH�IODJJHG�IRU�KXPDQ�UHYLHZ�UDWKHU�
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WKDQ�SUHVHQWHG�DV�IDFW��ZKLFK�LV�WKH�PHFKDQLVP�WKH�IUDPHZRUN�XVHV�WR�DGGUHVV�WKH�KDOOXFLQDWLRQ�ULVN�LQ�>�@�
VSHFLILFDOO\�IRU�EXVLQHVV�XVH�

)LJ���� (QG�WR�HQG�5$*�SLSHOLQH�IRU�D�EXVLQHVV�TXHU\�

9,��&RPSDUDWLYH�$QDO\VLV

7DEOH�,,,�FRPSDUHV�WKH�SURSRVHG�DVVLVWDQW�ZLWK�WKH�UHYLHZHG�UHWULHYDO�JHQHUDWLRQ�PHWKRGV�DQG�EXVLQHVV�
GHFLVLRQ�VXSSRUW�VWXGLHV�RQ�WKH�GLPHQVLRQV�WKDW�GHILQH�WKH�JDSV�LQ�6HFWLRQ�,9��(QWULHV�IRU�H[LVWLQJ�ZRUN�
UHIOHFW�ZKDW�WKH�FLWHG�SDSHUV�UHSRUW��WKH�SURSRVHG�DVVLVWDQW�FROXPQ�LV�GHVLJQ�LQWHQW��QRW�D�PHDVXUHG�UHVXOW�
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7DEOH�,,,� &RPSDULVRQ�$FURVV�'LPHQVLRQV

'LPHQVLRQ 5$*�OLQHDJH�>�@± >�@
%XVLQHVV�GHFLVLRQ�VWXGLHV�
>�@��>��@��>��@

3URSRVHG�DVVLVWDQW

(QWHUSULVH�GRFXPHQW�
UHWULHYDO

1R��RSHQ�GRPDLQ�
FRUSRUD�

3DUWLDO��%,�GDVKERDUGV�
RQO\�>��@�

<HV��LQWHQGHG�

0XOWL�IRUPDW�GDWD�
LQWHJUDWLRQ

1R 1RW�DGGUHVVHG <HV��LQWHQGHG�

+DOOXFLQDWLRQ�
PLWLJDWLRQ

3DUWLDO��UHWULHYDO�
JURXQGLQJ�

1RW�DGGUHVVHG
<HV��ZLWK�FRQILGHQFH�
IODJ

$FFHVV�FRQWUROOHG�
UHWULHYDO

1R 1RW�DGGUHVVHG <HV��LQWHQGHG�

(PSLULFDO�EXVLQHVV�
YDOLGDWLRQ

1R /LPLWHG�>��@��>��@ 1RQH�\HW

7KH�ODVW�URZ�LV�WKH�LPSRUWDQW�FDYHDW��OLNH�WKH�IUDPHZRUNV�LW�EXLOGV�RQ��WKH�SURSRVHG�DVVLVWDQW¶V�DGYDQWDJHV�
DUH�DUFKLWHFWXUDO�FODLPV�XQWLO�LW�LV�LPSOHPHQWHG�DQG�WHVWHG�RQ�UHDO�RUJDQL]DWLRQDO�GDWD��)LJ����PDNHV�WKH�VDPH�
SRLQW�YLVXDOO\�± WKH�ERWWRP�ULJKW�FHOO�LV�UHG��QRW�JUHHQ��E\�GHVLJQ��QR�HPSLULFDO�YDOLGDWLRQ�H[LVWV�\HW�IRU�WKH�
SURSRVHG�DVVLVWDQW��DQG�WKH�ILJXUH�GRHV�QRW�RYHUVWDWH�WKLV�
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)LJ���� 9LVXDO�UHQGHULQJ�RI�7DEOH�,,,��JUHHQ�PDUNV�IXOO�LQWHQGHG�FDSDELOLW\��\HOORZ�SDUWLDO�RU�OLPLWHG�
FRYHUDJH��UHG�WKH�DEVHQFH�RI�WKH�FDSDELOLW\�LQ�WKDW�ERG\�RI�ZRUN�

9,,��(WKLFDO�DQG�3UDFWLFDO�&RQVLGHUDWLRQV

%XVLQHVV�GRFXPHQWV�LQGH[HG�IRU�UHWULHYDO��ILQDQFLDO�UHSRUWV��FXVWRPHU�IHHGEDFN��+5�SROLFLHV��FDQ�FRQWDLQ�
FRPPHUFLDOO\�VHQVLWLYH�RU�SHUVRQDO�GDWD��VR� WKH�DFFHVV�FRQWURO�FKHFN� LQ� WKH�4XHU\�3URFHVVLQJ� OD\HU� LV�D�
GHVLJQ�UHTXLUHPHQW��QRW�DQ�RSWLRQDO� IHDWXUH�� UHWULHYDO�PXVW� UHVSHFW� WKH�VDPH�SHUPLVVLRQV� WKH�XQGHUO\LQJ�
GRFXPHQWV�DOUHDG\�FDUU\��+DOOXFLQDWLRQ�UHPDLQV�D�ULVN�HYHQ�ZLWK�UHWULHYDO�JURXQGLQJ�>�@��VR�DQVZHUV�XVHG�
IRU�FRQVHTXHQWLDO�GHFLVLRQV�VKRXOG�EH�WUHDWHG�DV�GHFLVLRQ�VXSSRUW�UDWKHU� WKDQ�DQ�DXWRPDWLF� ILQDO�DQVZHU��
FRQVLVWHQW� ZLWK� WKH� IUDPLQJ� LQ� >�@� WKDW� //0V� DVVLVW� VWDJHV� RI� GHFLVLRQ�PDNLQJ� UDWKHU� WKDQ� UHSODFH� WKH�
GHFLVLRQ�PDNHU¶V�MXGJHPHQW��$Q\�RUJDQL]DWLRQ�GHSOR\LQJ�VXFK�D�V\VWHP�VKRXOG�DXGLW�UHWULHYDO�ORJV��VLQFH�
TXHULHV�DQG�UHWULHYHG�SDVVDJHV�WKHPVHOYHV�FDQ�UHYHDO�ZKDW�DQ�HPSOR\HH�ZDV�LQYHVWLJDWLQJ�

9,,,��(YDOXDWLRQ�3ODQ

%HFDXVH�WKH�DUFKLWHFWXUH�KDV�QRW�EHHQ�LPSOHPHQWHG��7DEOH�,9�VHWV�RXW�WKH�TXHVWLRQV�DQG�PHDVXUHV�D�IXWXUH�
VWXG\�ZRXOG�QHHG�
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7DEOH�,9� 3URSRVHG�(YDOXDWLRQ�3ODQ

4XHVWLRQ 0HDVXUH %DVLV

,V�UHWULHYDO�DFFXUDWH" 7RS�N�UHWULHYDO�DFFXUDF\ '35�&RO%(57�PHWKRG�>�@��>�@

$UH�DQVZHUV�JURXQGHG"
&LWDWLRQ�FRYHUDJH��IDFWXDO�FRQVLVWHQF\�
FKHFN

+DOOXFLQDWLRQ�EHQFKPDUNV�>�@

,V�LW�XVHIXO�IRU�EXVLQHVV�
WDVNV"

7DVN�EDVHG�HYDOXDWLRQ�RQ�UHDO�EXVLQHVV�
TXHULHV

$SSURDFK�XVHG�LQ�>��@

,V�DFFHVV�FRQWUROOHG"
$XGLW�RI�UHWULHYDO�ORJV�DJDLQVW�
SHUPLVVLRQV

'HVLJQ�UHTXLUHPHQW��6HF��9,,�

,;��&RQFOXVLRQ�DQG�)XWXUH�:RUN

7KLV�UHYLHZ�H[DPLQHG�WZHOYH�VWXGLHV�VSDQQLQJ�WKH�UHWULHYDO�DXJPHQWHG�JHQHUDWLRQ�OLQHDJH�>�@± >�@��VXUYH\V�
RI�5$*�WHFKQLTXH�DQG�//0�KDOOXFLQDWLRQ�>�@��>�@��DQG�EXVLQHVV�GHFLVLRQ�VXSSRUW�OLWHUDWXUH�>�@± >��@��DQG�
IRXQG�WKDW�HDFK�VWUDQG�DGGUHVVHV�SDUW�RI�WKH�HQWHUSULVH�GHFLVLRQ�VXSSRUW�SUREOHP�ZLWKRXW�DGGUHVVLQJ�DOO�RI�
LW�� VWURQJ� UHWULHYDO� DQG� JHQHUDWLRQ� PHWKRGV� H[LVW� IRU� RSHQ�GRPDLQ� 4$�� DQG� GHFLVLRQ�VXSSRUW� DQG� %,�
OLWHUDWXUH�LGHQWLILHV�WKH�EXVLQHVV�QHHG��EXW�QR�UHYLHZHG�VRXUFH�FRPELQHV�ERWK�LQWR�RQH�DUFKLWHFWXUH�DLPHG�
DW� RUJDQL]DWLRQ�VSHFLILF�� VHFXUH�� UHDO�WLPH� EXVLQHVV� GHFLVLRQV�� %XLOGLQJ� RQ� WKLV� JDS�� ZH� SURSRVHG� D�
FRQFHSWXDO�5$*�EDVHG�%XVLQHVV�'HFLVLRQ�$VVLVWDQW�ZLWK� TXHU\�SURFHVVLQJ�� UHWULHYDO�� DXJPHQWDWLRQ� DQG�
JHQHUDWLRQ� OD\HUV��7KH�FRQWULEXWLRQ� LV�D� OLWHUDWXUH�JURXQGHG�GHVLJQ�DQG�UHVHDUFK�DJHQGD�� LW�KDV�QRW�EHHQ�
LPSOHPHQWHG�RU�EHQFKPDUNHG�

)XWXUH� ZRUN� VKRXOG� SULRULWLVH� D� SURWRW\SH� FRQQHFWHG� WR� UHDO� �RU� UHDOLVWLFDOO\� VLPXODWHG�� HQWHUSULVH�
GRFXPHQWV��HYDOXDWLRQ�RI�UHWULHYDO�DFFXUDF\�DQG�KDOOXFLQDWLRQ�UDWH�RQ EXVLQHVV�VSHFLILF�TXHULHV�IROORZLQJ�
WKH�PHWULFV�LQ�7DEOH�,9��DQG�D�XVDELOLW\�VWXG\�ZLWK�DFWXDO�EXVLQHVV�GHFLVLRQ�PDNHUV�

$FNQRZOHGJPHQW

7KH�DXWKRU�WKDQNV�'U��9LVKDO�3XUDQLN�IRU�JXLGDQFH�GXULQJ�WKH�OLWHUDWXUH�VXUYH\�DQG�GHVLJQ�VWDJHV�RI�WKLV�
WHFKQLFDO�VHPLQDU�

5HIHUHQFHV

>�@ 3��/HZLV��(��3HUH]��$��3LNWXV��)��3HWURQL��9��.DUSXNKLQ��1��*R\DO��+��.XWWOHU��0��/HZLV��:��<LK��7��
5RFNWDVFKHO��6��5LHGHO��DQG�'��.LHOD��³5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ�IRU�.QRZOHGJH�,QWHQVLYH�
1/3�7DVNV�´�LQ�3URF��1HXU,36��������DU;LY������������

>�@ 6�� %RUJHDXG��$�� 0HQVFK�� -�� +RIIPDQQ�� 7�� &DL�� (�� 5XWKHUIRUG�� .�� 0LOOLFDQ�� HW� DO��� ³,PSURYLQJ�
/DQJXDJH�0RGHOV� E\�5HWULHYLQJ� IURP�7ULOOLRQV� RI�7RNHQV�´� LQ�3URF�� ,&0/��30/5�YRO�� ����� SS��
����±������������DU;LY������������



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

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

>�@ .��*XX��.��/HH��=��7XQJ��3��3DVXSDW��DQG�0��:��&KDQJ��³5($/0��5HWULHYDO�$XJPHQWHG�/DQJXDJH�
0RGHO�3UH�7UDLQLQJ�´�LQ�3URF��,&0/��30/5�YRO�������SS������±������������DU;LY������������

>�@ 9��.DUSXNKLQ��%��2JX]��6��0LQ��3��/HZLV��/��:X��6��(GXQRY��'��&KHQ��DQG�:��<LK��³'HQVH�3DVVDJH�
5HWULHYDO� IRU� 2SHQ�'RPDLQ� 4XHVWLRQ� $QVZHULQJ�´� LQ� 3URF�� (01/3�� SS�� ����±������ ������
DU;LY������������

>�@ *��,]DFDUG�DQG�(��*UDYH��³/HYHUDJLQJ�3DVVDJH�5HWULHYDO�ZLWK�*HQHUDWLYH�0RGHOV�IRU�2SHQ�'RPDLQ�
4XHVWLRQ�$QVZHULQJ�´�LQ�3URF��($&/��������DU;LY������������

>�@ 2��.KDWWDE DQG�0��=DKDULD��³&RO%(57��(IILFLHQW�DQG�(IIHFWLYH�3DVVDJH�6HDUFK�YLD�&RQWH[WXDOL]HG�
/DWH�,QWHUDFWLRQ�RYHU�%(57�´�LQ�3URF��$&0�6,*,5��SS����±����������GRL��������������������������

>�@ <��*DR��<��;LRQJ��;��*DR��.��-LD��-��3DQ��<��%L��<��'DL�� -��6XQ��4��*XR��0� :DQJ��DQG�+��:DQJ��
³5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ�IRU�/DUJH�/DQJXDJH�0RGHOV��$�6XUYH\�´�DU;LY������������������

>�@ /��+XDQJ��:��<X��:��0D��:��=KRQJ��=��)HQJ��+��:DQJ��4��&KHQ��:��3HQJ��;��)HQJ��%��4LQ��DQG�7��
/LX��³$�6XUYH\�RQ�+DOOXFLQDWLRQ�LQ�/DUJH�/DQJXDJH�0RGHOV��3ULQFLSOHV��7D[RQRP\��&KDOOHQJHV��DQG�
2SHQ�4XHVWLRQV�´�DU;LY������������������

>�@ $��+DQGOHU��.��5��/DUVHQ��DQG�5��+DFNDWKRUQ��³/DUJH�/DQJXDJH�0RGHOV�3UHVHQW�1HZ�4XHVWLRQV�IRU�
'HFLVLRQ�6XSSRUW�´�,QW��-��,QI��0DQDJH���YRO������������GRL����������M�LMLQIRPJW�������������

>��@ $��6HDEUD��&��&DYDOFDQWH��*��0HGHLURV��-��1HSRPXFHQR��9��6DOOHQDYH��1��5XEHUJ��DQG�6��/LIVFKLW]��
³3HUJXQWH�DR�%,��8PD�,QWHUIDFH�&RQYHUVDFLRQDO�SDUD�$SRLR�D�7RPDGD�GH�'HFLVDR�XVDQGR�0RGHORV�
GH�/LQJXDJHP�´�LQ�$QDLV�6%%'�������'HPRQVWUDFRHV�H�$SOLFDFRHV���3RUWR�$OHJUH��%UD]LO��������SS��
���±�����GRL����������VEEGBHVWHQGLGR�������������

>��@ 0��$��.��5DLDDQ��0��6��+��0XNWD��.��)DWHPD��1��0��)DKDG��6��6DNLE��0��0��-��0LP��-��$KPDG��0��
(�� $OL�� DQG� 6�� $]DP�� ³$� 5HYLHZ� RQ� /DUJH� /DQJXDJH� 0RGHOV�� $UFKLWHFWXUHV�� $SSOLFDWLRQV��
7D[RQRPLHV�� 2SHQ� ,VVXHV� DQG� &KDOOHQJHV�´� ,(((�$FFHVV�� YRO�� ���� SS�� �����±������� ������ GRL��
��������$&&(66��������������

>��@ 0��&KHXQJ��³$�5HDOLW\�&KHFN�RI�WKH�%HQHILWV�RI�//0�LQ�%XVLQHVV�´�DU;LY������������������


