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6DNVKL�3DWLO

7(��&���6HPHVWHU�,��$<�����±��
'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�	�'DWD�6FLHQFH�(QJLQHHULQJ

$MHHQN\D '<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD
3URI��9DUVKD�.ROKDWNDU

*XLGH

$EVWUDFW

0DQXDO�FRPPXQLFDWLRQ�LV�RIWHQ�XVHG�GXULQJ�HPHUJHQF\�PHGLFDO�VLWXDWLRQV��FDXVLQJ�D�GHOD\�LQ�UHFHLYLQJ�
WKH�FRUUHFW� KHOS��'XULQJ� DQ� HPHUJHQF\�� WKH� LQGLYLGXDO�QHHGV� WR� UHFRJQLVH� WKH� VLWXDWLRQ�� WHOO� VRPHRQH�
ZKHUH�WKH\�DUH��GHWHUPLQH�ZKLFK�KRVSLWDO�ZRXOG�EH�EHVW��RUJDQLVH�DQ�DPEXODQFH��DQG�GHFLGH�ZKDW�ILUVW�
DLG� WR�JLYH��(DFK�RI� WKHVH�FDQ�FDXVH�GHOD\V��5HFHQW� VWXGLHV�KDYH� ORRNHG� LQWR� LPSOHPHQWLQJ�PDFKLQH�
OHDUQLQJ��ODUJH�ODQJXDJH�PRGHOV��//0V���DQG�PXOWL�DJHQW�V\VWHPV�LQWR�HPHUJHQF\�VLWXDWLRQV�LQ�RUGHU�WR�
LPSURYH�YDULRXV�SDUWV�RI�WKH�HPHUJHQF\�VLWXDWLRQ��+RZHYHU��PRVW�PRGHOV�RQO\�IRFXV�RQ�FHUWDLQ�WDVNV��
6L[WHHQ�VWXGLHV�ZHUH�UHYLHZHG�EHWZHHQ������DQG������FRYHULQJ�HPHUJHQF\�WULDJH�SUHGLFWLRQ��XVLQJ�ODUJH�
ODQJXDJH�PRGHOV� LQ�PXOWL�DJHQW� GHFLVLRQ� VXSSRUW�� DPEXODQFH� GLVSDWFK�� DPEXODQFH� ERRNLQJ�� ILUVW�DLG�
FKDWERWV��DQG�PHGLFDO�UHVRXUFH�UHFRPPHQGDWLRQ��1LQH�NH\�VWXGLHV�ZHUH�FRPSDUHG�XVLQJ�D�\HDU�EDVHG�
VXUYH\�PDWUL[�� )LYH�PDLQ� LVVXHV�ZHUH� IRXQG� WR� EH� LVVXHV�ZLWKLQ� WKH� FXUUHQW� V\VWHPV��7KHVH� LQFOXGH��
OLPLWHG�VFRSH��ODFN�RI�FDSDELOLW\�LQ�DXWRQRPRXV�DJHQWV��ODFN�RI�UHDO�WLPH�LQWHJUDWLRQ�EHWZHHQ�ORFDWLRQ�
VHUYLFHV��KRVSLWDOV��DPEXODQFH�DQG�HPHUJHQF\�FRQWDFWV��PLVVLQJ�SULYDF\��VHFXULW\�DQG�WUXVW�LVVXHV��DQG�
ODFN� RI� YDOLGDWLRQ� LQ� UHDO�OLIH� VFHQDULRV�� ,Q� RUGHU� WR� RYHUFRPH� WKHVH� LVVXHV� WKLV� SDSHU� SURSRVHV� DQ�
HPHUJHQF\� WD[RQRP\� OLQNLQJ� GLIIHUHQW� W\SHV� RI� HPHUJHQFLHV� WR� WKH� ULJKW� SULRULW\� LQ� ILUVW� DLG� DQG�
FDSDELOLWLHV�LQ�KRVSLWDOV��,W�DOVR�SURSRVHV�D�ZD\�RI�SULRULWLVLQJ�UHVRXUFHV�XVLQJ�D�VFRULQJ�V\VWHP�EDVHG�
DURXQG�KRZ�XUJHQW� WKH�HPHUJHQF\� LV��$�FRQFHSWXDO�PRGHO�RI�D� ILYH�PRGXOH�$,�(PHUJHQF\�5HVSRQVH�
$JHQW�ZDV�DOVR�SURSRVHG�ZKLFK�KDV�QRW�\HW�EHHQ�LPSOHPHQWHG��$Q�DSSURSULDWH�HYDOXDWLRQ�SURWRFRO�ZLOO�
EH�GLVFXVVHG�LQ�IXWXUH�ZRUN�

.H\ZRUGV� � $,� HPHUJHQF\� UHVSRQVH�DJHQW�� DXWRQRPRXV�DJHQWV�� HPHUJHQF\� WULDJH�� ILUVW�DLG�JXLGDQFH��
KRVSLWDO�UHFRPPHQGDWLRQ��ODUJH�ODQJXDJH�PRGHOV��PXOWL�DJHQW�V\VWHPV��*36�WUDFNLQJ��OLWHUDWXUH�VXUYH\�

,� ,1752'8&7,21

,I�VRPHRQH�FROODSVHV��KDV�EHHQ�LQYROYHG�LQ�D�URDG�WUDIILF�DFFLGHQW�RU�KDV�EHHQ�SRLVRQHG�LW�FDQ�PDNH�D�
VLJQLILFDQW�GLIIHUHQFH� LI� WKH\�UHFHLYH�DLG�ZLWKLQ� WKH�ILUVW� IHZ�PLQXWHV�� ,I�SDWLHQWV�FDQ�EH� LGHQWLILHG�DV�
EHLQJ�LQ�DQ�HPHUJHQF\�DQG�JLYHQ�EDVLF�OLIH�VXSSRUW�TXLFNO\��WKHQ�WKH�SDWLHQW�ZLOO�KDYH�EHWWHU�RXWFRPHV�
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>�@�� 8QIRUWXQDWHO\�� HPHUJHQFLHV� FDQ� EH� FRPSOH[� SURFHVVHV�� UHTXLULQJ� SDWLHQWV� WR� LGHQWLI\� WKH� LVVXH��
SURYLGH�DFFXUDWH�LQIRUPDWLRQ�DERXW�ZKHUH�WKH\�DUH��ILQG�D�VXLWDEOH�KRVSLWDO��FDOO�IRU�DQ�DPEXODQFH�DQG�
NQRZ�ZKDW�WR�GR�ZLWK�ILUVW�DLG�XQWLO�SURIHVVLRQDOV�DUULYH��7KLV�FDQ�FDXVH�GHOD\V�LQ�UHFHLYLQJ�DLG�IURP�
SURIHVVLRQDOV��HVSHFLDOO\�ZKHQ�WKH�YLFWLP�FDQQRW�FRPPXQLFDWH�RU�RWKHUV�DUH�FRQIXVHG�DERXW�ZKDW�WR�GR�

$UWLILFLDO�LQWHOOLJHQFH��$,��FDQ�KHOS�DLG�WKLV�SURFHVV��7KHUH�KDYH�EHHQ�VWXGLHV�WKDW�H[SORUH�XVLQJ�PDFKLQH�
OHDUQLQJ�PRGHOV�WR�SUHGLFW�SDWLHQW�RXWFRPHV�ZLWKLQ�WKH�HPHUJHQF\�GHSDUWPHQW�WULDJH�>����@��GHYHORSLQJ�
PXOWL�DJHQW�V\VWHPV�EDVHG�RQ�ODUJH�ODQJXDJH�PRGHOV��//0V��WR�DLG�ZLWK�WULDJH�DQG�WUHDWPHQW�SODQQLQJ�
>�@��XVLQJ�//0V�WR�DLG�ZLWK�HPHUJHQF\�FDOO�RXWV�DQG�SXEOLF�FRPPXQLFDWLRQ�>�@��GHYHORSLQJ�ZHDUDEOH�
WHFKQRORJLHV� WR� DLG� (06� UHVSRQGHUV� >�@� DQG� GHYHORSLQJ�PRELOH� DSSOLFDWLRQV� WR� FRQQHFW� XVHUV� ZLWK�
DPEXODQFH� VHUYLFHV� >�@�� $OWKRXJK� WKHVH� DUH� XVHIXO� VROXWLRQV� PRVW� RQO\� IRFXV� RQ� RQH� SDUW� RI� WKH�
HPHUJHQF\�

7KLV�SDSHU�WKHUHIRUH�DVNV�D�IRFXVHG�TXHVWLRQ��ZKDW�ZRXOG�DQ�$,�V\VWHP�KDYH�WR�ORRN�OLNH�WR�GHWHFW�DQ�
HPHUJHQF\��ORFDWH�WKH�XVHU��UHFRPPHQG�D�VXLWDEOH�KRVSLWDO�DQG�DPEXODQFH��JXLGH�ILUVW�DLG�DQG�QRWLI\�WKH�
ULJKW�SHRSOH�LQ�RQH�DXWRQRPRXV��DXGLWDEOH�FKDLQ"�2XU�FRQWULEXWLRQV�DUH�

� $� VWUXFWXUHG� UHYLHZ� RI� VL[WHHQ� ZRUNV� �����±������ DQG� D� \HDU�ZLVH� OLWHUDWXUH� VXUYH\� PDWUL[�
FRPSDULQJ�PHWKRGRORJ\��NH\�ILQGLQJV�DQG�OLPLWDWLRQV��6HFWLRQ�,,,��

� $Q�HPHUJHQF\� WD[RQRP\� OLQNLQJ� HPHUJHQF\� W\SHV� WR ILUVW�DLG� SULRULWLHV� DQG� KRVSLWDO� FDSDELOLWLHV�
�6HFWLRQ�,,��

� $�JDS�DQDO\VLV�WKDW�LGHQWLILHV�ILYH�XQPHW�UHTXLUHPHQWV��6HFWLRQ�,9��

� $Q�XUJHQF\�VFRULQJ�DQG�UHVRXUFH�UDQNLQJ�IRUPXODWLRQ�DQG�D�ILYH�PRGXOH�FRQFHSWXDO�IUDPHZRUN�WKDW�
DGGUHVV�WKRVH�JDSV��WRJHWKHU�ZLWK�D�SURSRVHG�HYDOXDWLRQ�SURWRFRO��6HFWLRQV�9�DQG�9,��

7KH�ZRUN�LV�GHOLEHUDWHO\�OLPLWHG�WR�OLWHUDWXUH�VXUYH\�DQG�JDS�DQDO\VLV��1R�PRGHO�LV�WUDLQHG��QR�SDWLHQW�
GDWD�DUH�XVHG�DQG�QR�ILHOG�WULDO�LV�FRQGXFWHG��6HFWLRQ�9,,�VWDWHV�WKH�FRQVHTXHQFHV�RI�WKLV�VFRSH�

,,� (0(5*(1&<�5(63216(�/$1'6&$3(�$1'�7$;2120<

$��7KH�HPHUJHQF\�UHVSRQVH�FKDLQ

$Q�HPHUJHQF\�UHVSRQVH�FDQ�EH�YLHZHG�DV�VL[� OLQNHG�VWDJHV�� ����GHWHFWLRQ�DQG�UHSRUWLQJ�� ���� ORFDWLRQ�
VKDULQJ������GLVSDWFK�DQG�KRVSLWDO�VHOHFWLRQ������E\VWDQGHU�ILUVW�DLG������QRWLILFDWLRQ�RI�UHODWLYHV�DQG�WKH�
UHFHLYLQJ�KRVSLWDO��DQG�����KRVSLWDO�KDQGRYHU�DQG�WULDJH��'HOD\�FDQ�DFFXPXODWH�DW�HYHU\�VWDJH��DQG�WKH�
VWDJHV�DUH�QRUPDOO\�FRRUGLQDWHG�E\�SHRSOH�RYHU�D�YRLFH�FDOO��+RVSLWDO�VLGH�WULDJH�XVHV�ILYH�OHYHO�DFXLW\�
VFDOHV��5DLWD�HW�DO� FRPSDUH�OHDUQHG�PRGHOV�ZLWK�WKH�(PHUJHQF\�6HYHULW\�,QGH[��(6,��>�@��DQG�+DQ�DQG�
&KRL�EXLOG�RQ�WKH�.RUHDQ�7ULDJH�DQG�$FXLW\�6FDOH��.7$6��>�@��7KHVH�VFDOHV�EHJLQ�DW�WKH�KRVSLWDO�GRRU��
WKH�HDUOLHU�VWDJHV����±����DUH�OHVV�ZHOO�VHUYHG�E\�$,��ZKLFK�PRWLYDWHV�WKH�IUDPHZRUN�LQ�6HFWLRQ�9�

%��(PHUJHQF\�WD[RQRP\

7DEOH�,� OLVWV� WKH�HLJKW�HPHUJHQF\�FODVVHV�FRQVLGHUHG�LQ� WKLV�ZRUN�� WKH�LQGLFDWRUV�D�XVHU�RU�GHYLFH�FDQ�
UHSRUW��WKH�ILUVW�DLG�SULRULW\��DQG�WKH�KRVSLWDO�FDSDELOLW\�WKH�UHFHLYLQJ�IDFLOLW\�VKRXOG�KDYH��7KH�PDSSLQJ�
LV�SURSRVHG�KHUH�IURP�JHQHUDO�ILUVW�DLG�SUDFWLFH�DQG�VKRXOG�EH�YDOLGDWHG E\�PHGLFDO�SURIHVVLRQDOV�DJDLQVW�
FXUUHQW�JXLGHOLQHV�EHIRUH�DQ\�XVH�
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7DEOH�,��(PHUJHQF\�7D[RQRP\�/LQNLQJ�5HSRUWHG�,QGLFDWRUV��)LUVW�$LG�3ULRULW\�DQG�5HTXLUHG�+RVSLWDO�
&DSDELOLW\

(PHUJHQF\�
FODVV

7\SLFDO�UHSRUWHG�
LQGLFDWRUV

)LUVW�DLG�SULRULW\��VXPPDU\� +RVSLWDO�FDSDELOLW\

&DUGLDF�
HPHUJHQF\

&KHVW�SDLQ��SDLQ�
VSUHDGLQJ�WR�DUP��
FROODSVH��QR�SXOVH

&DOO�HPHUJHQF\�VHUYLFHV��VWDUW�
FKHVW�FRPSUHVVLRQV�LI�
XQUHVSRQVLYH�DQG�QRW�EUHDWKLQJ�
QRUPDOO\��XVH�DQ�$('�LI�DYDLODEOH

&DUGLRORJ\���FDUGLDF�
FDUH

6WURNH

)DFH�GURRSLQJ��
VOXUUHG�VSHHFK��DUP�
ZHDNQHVV��VXGGHQ�
VHYHUH�KHDGDFKH

&DOO�HPHUJHQF\�VHUYLFHV��QRWH�WKH�
WLPH�V\PSWRPV�EHJDQ��NHHS�WKH�
SHUVRQ�VWLOO��JLYH�QRWKLQJ�E\�
PRXWK

1HXURORJ\��EUDLQ�
LPDJLQJ

5RDG�
DFFLGHQW� ��
WUDXPD

&ROOLVLRQ��IDOO�IURP�
YHKLFOH��KHDG�LQMXU\��
OLPE�GHIRUPLW\

&DOO�HPHUJHQF\�VHUYLFHV��GR�QRW�
PRYH�WKH�SHUVRQ�XQOHVV�LQ�GDQJHU��
FRQWURO�YLVLEOH�EOHHGLQJ

7UDXPD�FHQWUH

6HYHUH�
EOHHGLQJ

%ORRG�ORVV�WKDW�ZLOO�
QRW�VWRS��GHHS�ZRXQG

$SSO\�ILUP�GLUHFW�SUHVVXUH�ZLWK�D�
FOHDQ�FORWK��NHHS�LW�LQ�SODFH

7UDXPD���VXUJHU\

%XUQV
)LUH��VFDOG��HOHFWULF�
VKRFN��EOLVWHULQJ�VNLQ

&RRO�ZLWK�FOHDQ�UXQQLQJ�ZDWHU��
FRYHU�ORRVHO\��DYRLG�LFH�DQG�
RLQWPHQWV

%XUQV�XQLW

&KRNLQJ
&DQQRW�FRXJK�RU�
VSHDN��JUDVSLQJ�
WKURDW��WXUQLQJ�EOXH

%DFN�EORZV�DQG�DEGRPLQDO�WKUXVWV�
DV�DSSURSULDWH�IRU�DJH��FDOO�
HPHUJHQF\�VHUYLFHV

(PHUJHQF\�GHSDUWPHQW

6HL]XUH
8QFRQWUROOHG�VKDNLQJ��
ORVV�RI�DZDUHQHVV

3URWHFW�IURP�LQMXU\��GR�QRW�
UHVWUDLQ�RU�SODFH�DQ\WKLQJ�LQ�WKH�
PRXWK��WLPH�WKH�VHL]XUH

1HXURORJ\���HPHUJHQF\�
GHSW�

3RLVRQLQJ
6ZDOORZHG�FKHPLFDOV�
RU�WDEOHWV��JDV�
H[SRVXUH

&DOO�HPHUJHQF\�VHUYLFHV�RU�D�
SRLVRQ�FHQWUH��NHHS�WKH�FRQWDLQHU��
GR�QRW�LQGXFH�YRPLWLQJ�XQOHVV�
DGYLVHG

7R[LFRORJ\���,QWHQVLYH�
&DUH

7KH�ILUVW�DLG�UHFRPPHQGDWLRQV�SURYLGHG�LQ�WKLV�WDEOH�DUH�LQWHQGHG�DV�D�JHQHUDO�JXLGH��2IILFLDO�ILUVW�DLG�
JXLGHOLQHV�VKRXOG�DOZD\V�EH�FRQVXOWHG�WR�HQVXUH�WKDW�WKH�DGYLFH�LV�DFFXUDWH�DQG�XS�WR�GDWH��SDUWLFXODUO\�
ZKHQ�WUHDWLQJ�FKLOGUHQ�

,,,� /,7(5$785(�5(9,(:

$��0HWKRG

7KH�UHWDLQHG�ZRUNV�ZHUH�SXEOLVKHG�LQ�,(((�FRQIHUHQFHV��6SULQJHU�DQG�1DWXUH�3RUWIROLR�MRXUQDOV��3/26�
21(�DQG�RQ�DU;LY��DQG�ZHUH�LGHQWLILHG�IRU�WKH�WRSLFV�RI�$,�EDVHG�HPHUJHQF\�WULDJH��//0�DQG�PXOWL�
DJHQW� GHFLVLRQ� VXSSRUW�� ILUVW�DLG� JXLGDQFH�� DPEXODQFH� DQG�KRVSLWDO� UHFRPPHQGDWLRQ�� DQG� HPHUJHQF\�
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GLVSDWFK�DVVLVWDQFH��6L[WHHQ�ZRUNV�SXEOLVKHG�EHWZHHQ������DQG������ZHUH�UHWDLQHG��QLQH�SULPDU\�VWXGLHV�
WKDW�SURSRVH�RU�HYDOXDWH�D�PHWKRG�RU�V\VWHP�>�±�@��WZR�UHYLHZV�>������@��DQG�ILYH�IXUWKHU�ZRUNV�>��±��@�
WKDW� DUH� GHVFULEHG� RQO\� DW� WKH� OHYHO� RI� WKHLU� VWDWHG� VFRSH�� )RU� HDFK� SULPDU\� VWXG\�ZH� H[WUDFWHG� WKH�
PHWKRGRORJ\��WKH�NH\�ILQGLQJ�DQG�WKH�VWDWHG�RU�HYLGHQW�OLPLWDWLRQ��DQG�FRPSDUHG�WKHP�LQ�7DEOH�,,��6WXGLHV�
DUH�RUGHUHG�E\�\HDU�

%��6XUYH\�PDWUL[

7DEOH�,,�FRPSDUHV�WKH�QLQH�SULPDU\�VWXGLHV�E\�PHWKRGRORJ\��NH\�ILQGLQJV�DQG�OLPLWDWLRQV�

&��6\QWKHVLV

+RVSLWDO�VLGH� WULDJH�SUHGLFWLRQ� +RQJ�HW� DO� DQG�5DLWD� HW� DO� VKRZ� WKDW� OHDUQHG�PRGHOV� FDQ� SUHGLFW�
DGPLVVLRQ�DQG�FULWLFDO�FDUH�QHHGV�DW�WULDJH��DQG�WKDW�WKH\�FDQ�RXWSHUIRUP�WKH�FRQYHQWLRQDO�(6,�>����@��
%RWK�VWDUW�ZKHQ�WKH�SDWLHQW�LV�DOUHDG\�DW�WKH�KRVSLWDO��DQG�ERWK�DUH�OLPLWHG�WR�WKH�GDWDVHWV�RQ�ZKLFK�WKH\�
ZHUH�EXLOW�

//0� DQG� PXOWL�DJHQW� GHFLVLRQ� VXSSRUW� +DQ� DQG� &KRL� GHPRQVWUDWH� WKDW� VSOLWWLQJ� HPHUJHQF\�
GHSDUWPHQW�ZRUN�DPRQJ�UROH�VSHFLILF�//0�DJHQWV�LPSURYHV�WULDJH�DFFXUDF\�RYHU�D�VLQJOH�DJHQW�>�@��2WDO�
HW� DO� PRYH� HDUOLHU� LQ� WKH� FKDLQ�� FODVVLI\LQJ� LQFRPLQJ� HPHUJHQF\�PHVVDJHV�� JLYLQJ� LQVWUXFWLRQV� DQG�
QRWLI\LQJ�DJHQFLHV�ZLWK� ORFDWLRQ� >�@��(6$56�XVHV�D�PXOWL�DJHQW�GHVLJQ� IRU� VLWXDWLRQ�DZDUHQHVV� IURP�
VRFLDO�PHGLD�GDWD�>�@��7KHVH�DUH�WKH�FORVHVW�SUHFHGHQWV�IRU DQ�DJHQWLF�HPHUJHQF\�V\VWHP��EXW�HDFK�FRYHUV�
D�GLIIHUHQW�VOLFH�

5HVSRQGHU�VLGH�DVVLVWDQWV� &RJQLWLYH(06�>�@�DQG�,5,6�$,�>�@�VKRZ�WKDW�UHDO�WLPH�UHFRPPHQGDWLRQ�LV�
IHDVLEOH��EXW�WKHLU�XVHUV�DUH�WUDLQHG�(06�UHVSRQGHUV�DQG�ILUH�FRPPDQGHUV�UDWKHU�WKDQ�WKH�SHUVRQ�LQ�WKH�
HPHUJHQF\�

&LWL]HQ�IDFLQJ�WRROV� 7KH�DPEXODQFH�DSSOLFDWLRQ�RI�6DPXHO�HW�DO� FRPELQHV�ORFDWLRQ�ZLWK�DPEXODQFH�
DYDLODELOLW\�DQG�DUULYDO�WLPH�>�@��ZKLFK�LV�WKH�ORJLVWLFV�SDUW�RI�WKH�SUREOHP��EXW�LW�GRHV�QRW�XQGHUVWDQG�
ZKDW�WKH�HPHUJHQF\�LV��)LUVW�DLG�JXLGDQFH�LV�VWXGLHG�VHSDUDWHO\��FKDWERWV�FDQ�KHOS�EXW�WKHLU�FRUUHFWQHVV�
YDULHV�>�@��DQG�D�IXUWKHU�ZRUN�SURSRVHV�D�FRQWH[W�DZDUH�FKDWERW�IRU�SHUVRQDOLVHG�ILUVW�DLG�JXLGDQFH�>��@�
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)LJXUH����1XPEHU�RI�WKH�QLQH�SULPDU\�VWXGLHV�WKDW�DGGUHVV�HDFK�FDSDELOLW\� GHULYHG�IURP�7DEOH�,,,�

5HYLHZV�DQG�UHODWHG�ZRUNV� &RUUHLD�HW�DO� UHYLHZ�$,�LQ�HPHUJHQF\�PHGLFLQH�ZLWK�D�IRFXV�RQ�HPHUJHQF\�
LPDJLQJ��DQG�VWUHVV�SULYDF\��ELDV�DQG�WKH�QHHG�IRU�YDOLGDWLRQ�DFURVV�VHWWLQJV�>��@��$�VFRSLQJ�UHYLHZ�RI�$,�
DJHQWV� LQ�KHDOWKFDUH�LGHQWLILHV����VWXGLHV��PRVW�RI�WKHP�SXEOLVKHG�LQ�������ZKLFK�LQGLFDWHV�KRZ�QHZ�
DJHQWLF� DSSURDFKHV� DUH� >��@�� $V� WKHLU� WLWOHV� LQGLFDWH�� IXUWKHU� ZRUNV� DGGUHVV� WUDQVSDUHQF\� DQG�
DFFRXQWDELOLW\� LQ� $,� IRU� HPHUJHQF\� PDQDJHPHQW� >��@�� DQ� $,� HPHUJHQF\�UHVSRQVH� DQG� GLVDVWHU�
PDQDJHPHQW�V\VWHP�>��@��WKH�VDIHW\�RI�JHQHUDWLYH�$,�DJHQWV�>��@��DQG�WKH�FRPELQDWLRQ�RI�//0V��PXOWL�
REMHFWLYH�RSWLPLVDWLRQ�DQG�UHLQIRUFHPHQW�OHDUQLQJ�IRU�XUEDQ�HPHUJHQF\�UHVSRQVH�>��@�

7DEOH�,,,�FRQGHQVHV�WKH�PDWUL[�LQWR�D�FDSDELOLW\�FRPSDULVRQ��,WV�HQWULHV�DUH�GHULYHG�IURP�7DEOH�,,�DQG�
IURP�WKH�VWXG\�GHVFULSWLRQV��³<HV´�PHDQV�WKH�FDSDELOLW\�LV�DGGUHVVHG��³3DUW´�WKDW�LW�LV�DGGUHVVHG�LQ�SDUW��
DQG�³1R´�WKDW�LW�LV�QRW�DGGUHVVHG�

,9� 5(6($5&+�*$36�$1'�&+$//(1*(6

5HDGLQJ�7DEOHV�,,�DQG�,,,�WRJHWKHU��WULDJH�RU HPHUJHQF\�FODVVLILFDWLRQ�LV�WKH�EHVW�FRYHUHG�FDSDELOLW\��ILYH�
RI� QLQH� VWXGLHV� IXOO\�� RQH� LQ� SDUW��� ZKHUHDV� QR� VWXG\� IXOO\� DGGUHVVHV� KRVSLWDO� RU� DPEXODQFH�
UHFRPPHQGDWLRQ�RU�H[SODLQDELOLW\�DQG�WUXVW��)LJ������7KH�EURDGHVW�VWXG\��2WDO�HW�DO� >�@��IXOO\�FRYHUV�WKUHH�
RI�WKH�VHYHQ�FDSDELOLWLHV�DQG�WRXFKHV�ILYH��DQG�QRQH�FRPELQHV�WKH�IXOO�VHW��)LYH�JDSV�IROORZ�

*DS����VLQJOH�IXQFWLRQ�V\VWHPV�0RVW�H[LVWLQJ�VROXWLRQV�IRFXV�RQ�RQH�WDVN��VXFK�DV�WULDJH�SUHGLFWLRQ�>���
�@�� DPEXODQFH�ERRNLQJ� >�@�� VLWXDWLRQ�DZDUHQHVV� >�@�RU� ILUVW�DLG�JXLGDQFH� >�@��(DFK� LV�XVHIXO�� EXW� WKH�
SHUVRQ�LQ�WKH�HPHUJHQF\�PXVW�VWLOO�EULGJH�WKH�JDSV�EHWZHHQ�WKHP�

*DS����OLPLWHG�DXWRQRPRXV�DJHQW�EHKDYLRXU� 0DQ\�V\VWHPV�GHSHQG�RQ�PDQXDO�GHFLVLRQV�DQG�GR�QRW�
XVH�DJHQWV�WKDW�FDQ�SODQ��UHDVRQ�DQG�H[HFXWH VHYHUDO�WDVNV�RQ�WKHLU�RZQ��$OWKRXJK�PXOWL�DJHQW�V\VWHPV�
KDYH�EHHQ�SURSRVHG�LQ�SUHYLRXV�VWXGLHV�>����@��WKH\�PDLQO\�VXSSRUW�KRVSLWDO�VWDII�DQG�GHFLVLRQ�PDNHUV�
UDWKHU�WKDQ�GLUHFWO\�DVVLVWLQJ�YLFWLPV�GXULQJ�DQ�HPHUJHQF\�
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*DS����OLPLWHG�UHDO�WLPH�LQWHJUDWLRQ� *36��KRVSLWDOV��DPEXODQFHV��HPHUJHQF\�FRQWDFWV�DQG�ILUVW�DLG�
JXLGDQFH�DUH�UDUHO\�EURXJKW�WRJHWKHU�RQ�RQH�SODWIRUP��/RFDWLRQ�EDVHG�WRROV�>�@�FDQ�KHOS�XVHUV�ILQG�RU�
DFFHVV�HPHUJHQF\�VHUYLFHV��EXW�WKH\�JHQHUDOO\�GR�QRW�DVVHVV�WKH�QDWXUH�RI�WKH�HPHUJHQF\��6LPLODUO\��WRROV�
GHVLJQHG�WR�XQGHUVWDQG�HPHUJHQFLHV�>�@�GR�QRW�QHFHVVDULO\�FRPSDUH�KRVSLWDOV�RU�UHFRPPHQG�WKH�PRVW�
VXLWDEOH�IDFLOLW\�

*DS����3ULYDF\��6HFXULW\�DQG�7UXVW� (QVXULQJ�WKH�SURWHFWLRQ�RI�SDWLHQW�SULYDF\��VHFXULW\��DQG�WUXVW�LQ�
WKH�$,�VROXWLRQ�DUH�LPSRUWDQW�LVVXHV�>������@��,I�DQ�$,�DJHQW�UHTXLUHV�DFFHVV�WR�XVHU�ORFDWLRQ�DQG�KHDOWK�
LQIRUPDWLRQ�WKHQ�WKLV�PXVW�EH�GRQH�ZLWK�DSSURSULDWH�FRQVHQW��RQO\�FROOHFW�DQG�VKDUH�WKH�QHFHVVDU\�GDWD��
DQG�NHHS�FOHDU�ORJV�

*DS� ��� /DFN� RI� UHDO� ZRUOG� YDOLGDWLRQ� 0DQ\� SURSRVHG�$,� VROXWLRQV� KDYH� RQO\� EHHQ� YDOLGDWHG� LQ�
VLPXODWHG�HQYLURQPHQWV��WKHUHIRUH�WKHUH�LV�D�QHHG�WR�EH�DEOH�WR�YDOLGDWH�DW�VFDOH�>�����@�

$�FRPPRQ�UHTXLUHPHQW�DFURVV�DOO�WKH�DUHDV�LV�WR�HQVXUH�VDIHW\��//0�JHQHUDWHG�ILUVW�DLG�JXLGDQFH�PD\�
EH�LQFRUUHFW�RU�LQFRPSOHWH�>�@��WKHUHIRUH�WKH�$,�DJHQW�PXVW�NQRZ�ZKHQ�LW�GRHV�QRW�KDYH�FRQILGHQFH�DQG�
SDVV�LW�WR�D�KXPDQ�

7DEOH�,,��<HDU�:LVH�/LWHUDWXUH�6XUYH\�0DWUL[

$XWKRU��\HDU 0HWKRGRORJ\�DQG�NH\�ILQGLQJV /LPLWDWLRQV

+RQJ�HW�DO���
�����>�@

0DFKLQH�OHDUQLQJ��;*%RRVW��RQ�WULDJH�
LQIRUPDWLRQ�DQG�SDWLHQW�KLVWRU\�WR�SUHGLFW�
KRVSLWDO�DGPLVVLRQ�DW�HPHUJHQF\�GHSDUWPHQW�
WULDJH��SUHGLFWLRQ�LV�PRUH�DFFXUDWH�ZKHQ�
SDWLHQW�KLVWRU\�LV�LQFOXGHG�

/LPLWHG�WR�VSHFLILF�KRVSLWDO�
GDWDVHWV��2SHUDWHV�DW�WKH�KRVSLWDO�
GRRU��QR�ORFDWLRQ��GLVSDWFK�RU�ILUVW�
DLG�UROH�

5DLWD�HW�DO���
�����>�@

0DFKLQH�OHDUQLQJ�PRGHOV�IRU�HPHUJHQF\�
GHSDUWPHQW�WULDJH��WKH\�RXWSHUIRUP�WKH�
WUDGLWLRQDO�(PHUJHQF\�6HYHULW\�,QGH[��(6,��LQ�
SUHGLFWLQJ�FULWLFDO�FDUH�QHHGV�

5HTXLUHV�YDOLGDWLRQ�LQ�YDULRXV�
KRVSLWDOV��+RVSLWDO�RQO\�

+DQ�	�&KRL��
�����>�@

0XOWL�DJHQW�FOLQLFDO�GHFLVLRQ�VXSSRUW�EXLOW�RQ�
DQ�//0��/ODPD����E��ZLWK�&UHZ$,�DQG�
/DQJ&KDLQ��IRXU�DJHQWV��WULDJH�QXUVH��
HPHUJHQF\�SK\VLFLDQ��SKDUPDFLVW��('�
FRRUGLQDWRU��VXSSRUW�.7$6�EDVHG�WULDJH�DQG�
WUHDWPHQW�SODQQLQJ��DQG�VKRZ�KLJKHU�DFFXUDF\�
WKDQ�D�VLQJOH�DJHQW�EDVHOLQH�LQ�VSHFLDOLVW�
DVVHVVPHQW�

5HTXLUHV�LQWHJUDWLRQ�DQG�IXOO�
WHVWLQJ�LQ�KRVSLWDOV��(PHUJHQF\�
GHSDUWPHQW�VHWWLQJ��QR�SUH�KRVSLWDO�
ORFDWLRQ�RU�GLVSDWFK�
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$XWKRU��\HDU 0HWKRGRORJ\�DQG�NH\�ILQGLQJV /LPLWDWLRQV

2WDO�HW�DO���
�����>�@

//D0$��LGHQWLILHV�DQG FODVVLILHV�HPHUJHQF\�
VLWXDWLRQV�IURP�VRFLDO�PHGLD�SRVWV�DQG�GLUHFW�
HPHUJHQF\�PHVVDJHV��RIIHUV�LQVWUXFWLRQV�WR�
WHOHFRPPXQLFDWRUV�DQG�WR�WKH�SXEOLF��DQG�
WULJJHUV�ZRUNIORZV�WKDW�QRWLI\�DJHQFLHV�ZLWK�
FDOOHU�ORFDWLRQ�DQG�HPHUJHQF\�LQIRUPDWLRQ�

1R�KRVSLWDO�RU�DPEXODQFH�
UHFRPPHQGDWLRQ��WKH�V\VWHP�LV�
GHVLJQHG�IRU�86�����GLVSDWFK��
7HVWLQJ�RI�WKH�//0�UHOLDELOLW\�
GXULQJ�GHSOR\PHQW�LV�\HW�WR�EH�
FRPSOHWHG�

:HHUDVLQJKH�
HW�DO��������
>�@

&RJQLWLYH(06��ZHDUDEOH�DVVLVWDQW�RQ�$5�
VPDUW�JODVVHV�ZLWK�HGJH�FRPSXWLQJ��VSHHFK�
UHFRJQLWLRQ�WXQHG�IRU�HPHUJHQF\�FRQYHUVDWLRQV�
�:(5�������YV��������IRU�D�VWDWH�RI�WKH�DUW�
EDVHOLQH���(06�SURWRFRO�SUHGLFWLRQ�DQG�DFWLRQ�
UHFRJQLWLRQ�

'HVLJQHG�IRU�SURIHVVLRQDO�(06�
UHVSRQGHUV�ZLWK�VSHFLDOLVHG�
HTXLSPHQW��QR�SDWLHQWV�DQG�
E\VWDQGHUV��1R�KRVSLWDO�UDQNLQJ�RU�
QRWLI\LQJ�FRQWDFWV�

6DNR�HW�DO���
�����>�@

(6$56��VLWXDWLRQ�DZDUH�PXOWL�DJHQW�V\VWHP�
WKDW�XVHV�JHRORFDWLRQ�HQDEOHG�VRFLDO�PHGLD�
VWUHDPV�WR�JLYH�GHFLVLRQ�PDNHUV�UHDO�WLPH�
HPHUJHQF\�DOHUWV�DQG�UHSRUWV�WKURXJK�D�ZHE�
LQWHUIDFH�

$QVZHUV�QHHGV�RI�GHFLVLRQ�PDNHUV��
QRW�VSHFLILF�YLFWLPV��5HOLHV�RQ�
VRFLDO�PHGLD�GDWD��1R�ILUVW�DLG�
UHFRPPHQGDWLRQ�RU�KRVSLWDO�
UDQNLQJV�

6DPXHO�HW�
DO��������>�@

$QGURLG�DSSOLFDWLRQ�WKDW�XVHV�ORFDWLRQ�EDVHG�
VHUYLFHV�WR�ILQG�DYDLODEOH�DPEXODQFHV��VKRZ�
HVWLPDWHG�DUULYDO�WLPHV� ERRN�DQ�DPEXODQFH�
DQG�WUDFN�LW�LQ�UHDO�WLPH�

$OORZV�IRU�ERRNLQJ�DPEXODQFHV�
RQO\��QR�HPHUJHQF\�YHULILFDWLRQ��
ILUVW�DLG�KHOS�RU�KRVSLWDO�
UHFRPPHQGDWLRQV��XVHU�PXVW�VWDUW�
HYHU\WKLQJ�

$TDYLO�
-DKURPL�HW�
DO��������>�@

(YDOXDWHV�*37��%DUG�DQG�%LQJ�FKDWERWV�LQ�
EDVLF�OLIH�VXSSRUW�VFHQDULRV��FKDWERWV�JLYH�
XVHIXO�ILUVW�DLG�JXLGDQFH�EXW�VKRXOG�VXSSRUW��
QRW�UHSODFH��PHGLFDO�SURIHVVLRQDOV�

7KH�DFFXUDF\�RI�WKH�SURJUDP�FDQ�
YDU\��KDOOXFLQDWLRQ�LV�VWLOO�D�
SUREOHP��1R�FRQQHFWLRQ�ZLWK�
ORFDWLRQ��GLVSDWFK�RU�QRWLILFDWLRQV�

0HUFDGp�HW�
DO��������>�@

,5,6�$,��$,�UHFRPPHQGHU�RI�UHVRXUFHV�IRU�
HPHUJHQF\�GHFLVLRQ�VXSSRUW�LQ�ILUH�
GHSDUWPHQWV�

)LUH�VHUYLFH�GRPDLQ�IRU�FRPPDQG¶V�
VWDII�RQO\��QRW�IRU�PHGLFDO�
HPHUJHQFLHV�RU�XQWUDLQHG�XVHUV�

(QWULHV�DUH�WDNHQ�IURP�WKH�DEVWUDFWV�DQG�H[SODQDWLRQV�RI�WKH�ZRUNV�DV�SXEOLVKHG��VXPPDULHV�RI�HQWULHV�
>�@��DQG�WKH�H[SHUW�FRPPHQWDU\�>�@�DUH�SURYLGHG�DV�VWDWHG�
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9� 352326('�&21&(378$/�)5$0(:25.

$��8UJHQF\�VFRULQJ�DQG�UHVRXUFH�SULRULWL]DWLRQ

/HW�[ GHQRWH�WKH�XVHU¶V�UHSRUW��WH[WXDO��YRLFH�DQG�VHQVRU�GDWD�LI�DYDLODEOH���$Q�HPHUJHQF\�FODVV�F FDQ�EH�
GUDZQ�IURP�7DEOH�,��$�FODVVLILHU�SURYLGHV�SRVWHULRU�SUREDELOLWLHV�3�F _�[���:H�GHILQH�WKH�FRQILGHQFH�DQG�
PDUJLQ

ț  �PD[F 3�F _�[�����P  �3�F��� _�[��í�3�F��� _�[����

ZKHUH�F�����F����DUH�WKH�WZR�PRVW�SUREDEOH�FODVVHV��8UJHQF\�LV�VFRUHG�IURP�WKUHH�PHDVXUHPHQWV��WKH�EDVH�
VHYHULW\�6F�RI�WKH�SUHGLFWHG�FODVV��WKH�DEQRUPDOLW\�9 RI�DQ\�YLWDO�VLJQ�RU�VHQVRU�UHDGLQJ��VHW�WR�]HUR��ZLWK�
WKH�UHPDLQLQJ�ZHLJKWV�UHQRUPDOLVHG��LI�QRQH�LV�DYDLODEOH���DQG�WKH�HODSVHG�WLPH�7 VLQFH�RQVHW�

8  �Z6ĳ6�6F����Z9ĳ9�9����Z7ĳ7�7� ���

ZKHUH�WKH�ZHLJKWV�DUH�QRQ�QHJDWLYH�DQG�VXP�WR�RQH��DQG�HDFK�ĳ PDSV�LWV�LQSXW�WR�>����@��VR�8 א >����@��
7KH�VFRUH�LV�GLVFUHWLVHG�LQWR�DQ�XUJHQF\�EDQG�E\�RUGHUHG�WKUHVKROGV�

E  �N LI�ĲN ��8 ��ĲN������N  ����«��� ���

ZLWK�EDQG���WKH�PRVW�XUJHQW��7DEOH�,9���)RU�HDFK�FDQGLGDWH�KRVSLWDO�MZLWKLQ�D�VHDUFK�UDGLXV��WKH�UHVRXUFH�
DJHQW�FRPSXWHV�D�FRVW�IURP�WKH�WUDYHO�WLPH�(7$M �IURP�OLYH�*36�DQG�D�URXWLQJ�VHUYLFH���WKH�UHSRUWHG�
DYDLODELOLW\�$Mא� >����@��DQG�WKH�FDSDELOLW\�PDWFK�0M�Fא� ^����`�IURP�7DEOH�,�

&M  �Į (7$M ��ȕ���í�$M����Ȗ���í�0M�F� ���

M
� �DUJPLQM &M

$PEXODQFHV�DUH�UDQNHG�E\�(7$�DORQH��)LUVW�DLG�JXLGDQFH�LV�UHOHDVHG�RQO\�ZKHQ

ț ��ț� DQG���P ��P� ���

RWKHUZLVH�WKH�DJHQW�JLYHV�JHQHULF�VDIH�LQVWUXFWLRQV��DVNV�D�FODULI\LQJ�TXHVWLRQ�DQG�HVFDODWHV�WR�D�KXPDQ�
GLVSDWFKHU��7KH�ZHLJKWV�Z��FRHIILFLHQWV�Į��ȕ��Ȗ DQG�WKUHVKROGV�Ĳ��ț���P��DUH�SDUDPHWHUV�WR�EH�FDOLEUDWHG�
ZLWK�FOLQLFLDQV�DQG�UHDO�GDWD��WKLV�SDSHU�GRHV�QRW�VHW�WKHP�

%��$UFKLWHFWXUH

7KH�IUDPHZRUN�KDV�ILYH�PRGXOHV�DQG�D�VXSHUYLVLQJ�RUFKHVWUDWRU��)LJ������HDFK�DLPHG�DW�RQH�RU�PRUH�RI�
WKH�JDSV�LQ�6HFWLRQ�,9�
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)LJXUH����&RQFHSWXDO�IUDPHZRUN��0RGXOHV�0�±0���EOXH��VHQVH�DQG�XQGHUVWDQG�WKH�HPHUJHQF\��0�±
0���JUHHQ��JXLGH�DQG�QRWLI\��DQG�WKH�RUFKHVWUDWRU�ZLWK�LWV�SULYDF\�DQG�VDIHW\�OD\HU��RUDQJH��FRRUGLQDWHV�
DQG�VXSHUYLVHV�WKHP�

0���HPHUJHQF\�GHWHFWLRQ�DQG�PXOWLPRGDO�LQSXW��*DS���� $Q�626�WDS��D�YRLFH�RU�WH[W�UHSRUW��DQG��
ZKHUH�DYDLODEOH��SKRQH�RU�ZHDUDEOH�VHQVRU�VLJQDOV�VWDUW�DQ�LQFLGHQW��$FFHSWLQJ�VHYHUDO�LQSXW�W\SHV�OHWV�
WKH�DJHQW�ZRUN�IRU�XVHUV�ZKR�FDQQRW�W\SH��DQG�WKH�PRGXOH�PXVW WROHUDWH�D�PLVVLQJ�FKDQQHO�

0���7ULDJH�&ODVVLI\� $Q�0/�EDVHG�RU�//0�EDVHG�FODVVLILHU�DVVLJQV�D�FODVV�IURP�7DEOH�,�WR�WKH�UHSRUW�
XVLQJ�SRVWHULRU�SUREDELOLWLHV��(TXDWLRQ�����8UJHQF\�EDQGV�DUH�GHWHUPLQHG�XVLQJ�(TXDWLRQV���DQG����//0�
JHQHUDWHG� RXWSXWV� FDQQRW� DOZD\V� EH� WUXVWHG� >�@� VR� DQ�0/�EDVHG� FODVVLILHU� LV� XVHG� DV� D� FKHFN�� ,I� WKH�
FRQILGHQFH�RI�WKH�FODVVLILFDWLRQ�LV�ORZ�WKHQ�WKLV�LV�KLJKOLJKWHG�

0���/RFDWLQJ�5HVRXUFHV� 7KH�DJHQW�WUDFNV�*36�ORFDWLRQ�DQG�ORFDWHV�QHDUE\�KRVSLWDOV�DQG�DPEXODQFHV��
8VLQJ�(TXDWLRQ���WKH�KRVSLWDOV�DUH�UDQNHG�VR�WKH\�FDQ�VHQG�WKH�SDWLHQW�WR�D�VXLWDEOH�QHDUE\�KRVSLWDO�

0���)LUVW�$LG�$GYLFH� $GYLFH� LV� WDNHQ�IURP�D�FDUHIXOO\�FXUDWHG�GDWDEDVH� WKDW�KDV�EHHQ�UHYLHZHG�E\�
FOLQLFLDQV��7KLV�DGYLFH�PD\�EH�UHZULWWHQ�E\�DQ�//0�IRU�FODULW\��(TXDWLRQ���DFWV�DV�D�ILOWHU��,I�WKH�V\VWHP�
LV�XQVXUH�ZKLFK�FODVV�WKH�HPHUJHQF\�EHORQJV�WR�WKHQ�DGYLFH�ZLOO�QRW�EH�JLYHQ��$OO�DGYLFH�JLYHQ�FDQ�EH�
WUDFHG�EDFN�WR�WKH�SURWRFRO�

0���1RWLI\�$XGLW� 7KH�DJHQW�QRWLILHV�WKH�HPHUJHQF\�FRQWDFWV��DPEXODQFH�VHUYLFH�DQG�UHFHLYLQJ�KRVSLWDO�
ZLWK�WKH�OLYH�ORFDWLRQ�DQG�GHWDLOV�RI WKH�HPHUJHQF\��(DFK�LQFLGHQW�LV�UHFRUGHG�ZLWK�WKH�LQSXWV��YHUVLRQV�
RI�PRGXOHV�XVHG�DQG�GHFLVLRQV�PDGH�
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2UFKHVWUDWRU�	�3ULYDF\� 7KH�RUFKHVWUDWRU�XVHV�D�SODQ�GR�PRQLWRU�DSSURDFK��,W�GHFLGHV�ZKLFK�PRGXOHV�
DUH�UHTXLUHG��:KHUH�SRVVLEOH�PRGXOHV�DUH�UXQ�LQ�SDUDOOHO��7KH�RUFKHVWUDWRU�PRQLWRUV�IRU�DQ\�LVVXHV�VXFK�
DV�QR�LQWHUQHW�FRQQHFWLRQ�RU�DPEXODQFH�QRW�WDNLQJ�WKH�UHTXHVW��,I�WKHUH�LV�D�SUREOHP�ZLWK�WKH�V\VWHP�WKHQ�
LW�ZLOO�UH�SODQ��$�SULYDF\�DQG�VDIHW\�OD\HU�ZLOO�EH�LQFOXGHG�ZKHUH�H[SOLFLW�FRQVHQW�LV�JLYHQ��/HVV�GDWD�ZLOO�
EH�UHFRUGHG��HQFU\SWHG��ZLWK�WLPH�OLPLWV��7KHUH�ZLOO�DOVR�EH�D�KXPDQ�LQ�WKH�ORRS��7KLV�FRPSOLHV�ZLWK�GDWD�
SURWHFWLRQ�ODZV�VXFK�DV�WKH�'LJLWDO�3HUVRQDO�'DWD�3URWHFWLRQ�$FW�������LQ�,QGLD�>��@�

7DEOH�,,,��&DSDELOLW\�&RPSDULVRQ�RI�3ULPDU\�6WXGLHV

6WXG\ 7ULDJH 5HFRPPHQGDWLRQ /RFDOL]DWLRQ
)LUVW�
DLG

1RWLILFDWLRQ $JHQWV
([SODLQDELOLW\�
��7UXVW

+RQJ������>�@ <HV 1R 1R 1R 1R 1R 1R

5DLWD������>�@ <HV 1R 1R 1R 1R 1R 1R

+DQ� 	� &KRL�
�����>�@

<HV 1R 1R 1R 1R <HV 1R

2WDO������>�@ <HV 1R 3DUW <HV <HV 3DUW 1R

:HHUDVLQJKH�
�����>�@

<HV 1R 1R 3DUW 1R 3DUW 1R

6DNR������>�@ 3DUW 1R 3DUW 1R 3DUW <HV 1R

6DPXHO� �����
>�@

1R 3DUW <HV 1R 1R 1R 1R

$TDYLO�-�� �����
>�@

1R 1R 1R <HV 1R 1R 3DUW

0HUFDGp� �����
>�@

1R 3DUW 1R 1R 1R 1R 1R

3URSRVHG�
V\VWHP�GHVLJQ

<HV <HV <HV <HV <HV <HV <HV

7ULDJH�� HPHUJHQF\� WULDJH�FODVVLILFDWLRQ��5HFRPPHQGDWLRQ��KRVSLWDO�RU�DPEXODQFH� UHFRPPHQGDWLRQV��
/RFDOL]DWLRQ�� UHDO�WLPH� ORFDOL]DWLRQ�� )LUVW� DLG�� ILUVW�DLG� RU� SURWRFROV�� 1RWLILFDWLRQ�� DXWRPDWHG�
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QRWLILFDWLRQV�� $JHQWV�� //0� RU� PXOWL�DJHQWV�� ([SODLQDELOLW\�7UXVW�� H[SODLQDELOLW\�WUXVW� KDQGOLQJ�� 7KH�
ERWWRP�URZ�LV�D�GHVLJQ�JRDO��QRW�DQ�DFKLHYHPHQW�

7DEOH�,9��3URSRVHG�8UJHQF\�%DQGV�DQG�$JHQW�$FWLRQV

%DQG ([DPSOH�VLWXDWLRQ $JHQW¶V�VXJJHVWHG�DFWLRQ

�
8QUHVSRQVLYH��QRW�EUHDWKLQJ�
QRUPDOO\

$XWRPDWLFDOO\�FDOO�HPHUJHQF\�QXPEHU��DPEXODQFH��
SURYLGH�OLYH�ORFDWLRQ��SUH�DOHUW�KRVSLWDO��DOHUW�FRQWDFWV��
LQLWLDWH�JXLGDQFH

� 6WURNH��KHDY\�EOHHGLQJ
6HQG�DPEXODQFH��SULRULWL]H�VXLWDEOH�KRVSLWDOV��JXLGDQFH��
FRQWDFWV

� %RQH�IUDFWXUH��PRGHUDWH�EXUQ
5HFRPPHQG�VXLWDEOH�KRVSLWDO�DQG�GLUHFWLRQV��JXLGDQFH��
FRQWDFWV�LI�QHHGHG

� 6PDOO�LQMXU\��PLOG�V\PSWRPV 1HDUE\�IDFLOLW\�WHOH�FRQVXOWDWLRQ��PRQLWRU

� 1RQ�XUJHQW�TXHVWLRQ 6HOI�FDUH�JXLGDQFH��QR�DOHUW

7KHVH�EDQGV�DUH� LOOXVWUDWLYH�DQG�URXJKO\�EDVHG�RQ� WKH� ILYH�WLHUHG� WULDJH�V\VWHP��VXFK�DV�(6,�>�@�DQG�
.7$6�>�@��&OLQLFLDQV�ZLOO�KDYH�WR�GHWHUPLQH�WKH�DFWXDO�PDS�

9,� 352326('�(9$/8$7,21�35272&2/

7KH�IUDPHZRUN�KDV�QRW�EHHQ�EXLOW��VR�QR�UHVXOWV�DUH�UHSRUWHG��7R�NHHS�WKH�FODLPV�WHVWDEOH��ZH�SURSRVH�
WKH�IROORZLQJ�SURWRFRO�IRU�WKH�LPSOHPHQWDWLRQ�VWDJH�

� &ODVVLILFDWLRQ� TXDOLW\� DFFXUDF\��PDFUR�)�� DQG� SHU�FODVV� UHFDOO� IRU� WKH� FODVVHV� LQ� 7DEOH� ,�� ZLWK�
SDUWLFXODU�DWWHQWLRQ�WR�WKH�XQGHU�WULDJH�UDWH�IRU�OLIH�WKUHDWHQLQJ�FODVVHV�

� *XLGDQFH� VDIHW\� FOLQLFLDQ� UHYLHZ� RI� JXLGDQFH� IRU� FRUUHFWQHVV�� D� FRXQW� RI� XQVDIH� RU� LQFRUUHFW�
LQVWUXFWLRQV��DQG�WKH�UDWH�DW�ZKLFK�WKH�DJHQW�FRUUHFWO\�ZLWKKROGV�JXLGDQFH�ZKHQ�XQFHUWDLQ�

� 5HVRXUFH�UHFRPPHQGDWLRQ� (7$�HUURU�DQG�WKH�VKDUH�RI�FDVHV�URXWHG�WR�D�FDSDEOH��DYDLODEOH�IDFLOLW\��
FRPSDUHG� ZLWK� D� QHDUHVW�KRVSLWDO� EDVHOLQH� LQ� VLPXODWLRQ� RQ� D� SXEOLF� URDG� QHWZRUN� DQG� KRVSLWDO�
GLUHFWRU\�

� (QG�WR�HQG� ODWHQF\� DQG� UHOLDELOLW\� WLPH� IURP� WULJJHU� WR� GHOLYHUHG� QRWLILFDWLRQV�� DQG� EHKDYLRXU�
XQGHU�SRRU�FRQQHFWLYLW\�

� $GYDQWDJH�RI�UHVSRQVH�WLPH� VLPXODWLRQV�IRU�GLVSDWFK�IROORZHG�E\�GULOOV�XQGHU�HWKLFDO�DSSURYDO�LQ�
FRPSDULVRQ�ZLWK�WKH�PDQXDO�V\VWHP�ZLWK�UHVSHFW�WR�DPEXODQFH�GLVSDWFK�WLPH�DQG�KRVSLWDO�SUH�DOHUW�
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� 3ULYDF\�DQG�VHFXULW\� WKUHDW�PRGHOOLQJ��GDWD�PLQLPLVDWLRQ�DXGLW�DQG�FRQVHQW�IORZ�UHYLHZ�

� 8VDELOLW\�DQG�IDOVH�DODUPV� XVDELOLW\�WHVWLQJ�ZLWK�OD\�XVHUV��LQFOXGLQJ�ROGHU�DGXOWV�DQG�VSHDNHUV�RI�
ORFDO�ODQJXDJHV��DQG�WKH�UDWH�RI�IDOVH�HPHUJHQF\�WULJJHUV�

%HFDXVH�UHDO�SDWLHQW�GDWD�ZLOO�QRW�EH�DYDLODEOH�DW�WKH�VWDUW��LQLWLDO�H[SHULPHQWV�ZRXOG�XVH�SXEOLF�WULDJH�
GDWDVHWV�DQG�VFULSWHG�VFHQDULRV��ZLWK�DQ\�UHDO�ZRUOG�SLORW�UHTXLULQJ�HWKLFV�DQG�UHJXODWRU\�DSSURYDO�

9,,� /,0,7$7,216�$1'�6&23(

7KH�SDSHU�UHYLHZV�VL[WHHQ�ZRUNV��ZKLFK�LV�HQRXJK�WR�H[SRVH�UHFXUULQJ�JDSV�EXW� LV�QRW�DQ�H[KDXVWLYH�
V\VWHPDWLF�UHYLHZ��H[WHQGLQJ�WKH�FRUSXV�LV�D�QDWXUDO�QH[W�VWHS��7KH�FDSDELOLW\�FRPSDULVRQ�LQ�7DEOH�,,,�LV�
EDVHG�RQ�SXEOLVKHG�DEVWUDFWV�DQG�GHVFULSWLRQV�DQG�PD\�PLVV�IHDWXUHV�WKDW�D�SDSHU�LPSOHPHQWV�EXW�GRHV�
QRW�HPSKDVLVH��DQG�WKH�ILYH�IXUWKHU�ZRUNV�>��±��@�DUH�FKDUDFWHULVHG�RQO\�E\�WKHLU�VWDWHG�VFRSH�DQG�VKRXOG�
EH�UH�UHDG�LQ�IXOO��6RPH�RI�WKH�SULPDU\�VRXUFHV�DUH�IURP�KRVSLWDO��86�DQG�.RUHDQ�FRQWH[WV��WKXV�WKHLU�
FRQFOXVLRQV�PLJKW�QRW�DSSO\�GLUHFWO\�WR�,QGLDQ�SUH�KRVSLWDO�HPHUJHQF\�UHVSRQVH�V\VWHPV��7KH�IUDPHZRUN�
LV�FRQFHSWXDO��WKH�ZHLJKWV�DQG�WKUHVKROGV�LQ�(TV�����±����DUH�XQFDOLEUDWHG��WKH�WD[RQRP\�LQ�7DEOH�,�LV�D�
SURSRVHG�LQWHUSUHWDWLRQ�WKDW�VKRXOG�EH�YDOLGDWHG�E\�PHGLFDO�SURIHVVLRQDOV��DQG�QR�H[SHULPHQW�VXSSRUWV�
DQ\� SHUIRUPDQFH� FODLP�� 6RIWZDUH� LPSOHPHQWDWLRQ�� PRGHO� WUDLQLQJ�� FOLQLFDO� YDOLGDWLRQ� DQG� ILHOG�
GHSOR\PHQW�DUH�RXWVLGH�WKH�VFRSH�RI�WKLV�VWDJH�

9,,,� &21&/86,21�$1'�)8785(�:25.

(PHUJHQF\�UHVSRQVH�VWLOO�UHOLHV�RQ�PDQXDO�FRPPXQLFDWLRQ�WKDW�DGGV�GHOD\�ZKHQ�WLPH�PDWWHUV�PRVW��ZKLOH�
WKH�$,�OLWHUDWXUH�UHYLHZHG�KHUH�ODUJHO\�DXWRPDWHV�RQH�VWDJH�DW�D�WLPH��&RPSDULQJ�VL[WHHQ�ZRUNV�VKRZHG�
WKDW� QRQH� RI� WKH� QLQH� SULPDU\� VWXGLHV� IXOO\� FRPELQHV� HPHUJHQF\� XQGHUVWDQGLQJ�� ORFDWLRQ� WUDFNLQJ��
UHVRXUFH�UHFRPPHQGDWLRQ��ILUVW�DLG�JXLGDQFH�DQG�QRWLILFDWLRQ��DQG�WKDW�QR�VWXG\�IXOO\�DGGUHVVHV�KRVSLWDO�
RU�DPEXODQFH�UHFRPPHQGDWLRQ��:H�DGGUHVVHG� WKLV�ZLWK�DQ�HPHUJHQF\� WD[RQRP\��DQ�XUJHQF\�VFRULQJ�
DQG�UHVRXUFH�UDQNLQJ�IRUPXODWLRQ��DQG�D�ILYH�PRGXOH�IUDPHZRUN�ZLWK�DQ�RUFKHVWUDWRU�DQG�D�SULYDF\�DQG�
VDIHW\�OD\HU�

7KH� QH[W� VWDJH� LV� LPSOHPHQWDWLRQ�� EHJLQQLQJ� ZLWK� WKH� WULDJH� DQG� FODVVLILFDWLRQ�PRGXOH� �0��� DQG� D�
ORFDWLRQ�DQG�UHVRXUFH�SURWRW\SH��0����IROORZHG�E\�D�FOLQLFLDQ�UHYLHZHG�JXLGDQFH�EDVH��0����FDOLEUDWLRQ�
RI�WKH�ZHLJKWV�DQG�WKUHVKROGV��DQG�HYDOXDWLRQ�XQGHU�WKH�SURWRFRO�LQ�6HFWLRQ�9,�

5()(5(1&(6

>�@ :�� 6�� +RQJ��$�� '�� +DLPRYLFK�� DQG� 5��$�� 7D\ORU�� ³3UHGLFWLQJ� KRVSLWDO� DGPLVVLRQ� DW� HPHUJHQF\�
GHSDUWPHQW�WULDJH�XVLQJ�PDFKLQH�OHDUQLQJ�´�3/R6�21(��YRO������QR�����S��H��������������

>�@ <��5DLWD��7��*RWR��0��.��)DULGL��'��)��0��%URZQ��&��$��&DPDUJR�-U���DQG�.��+DVHJDZD��³(PHUJHQF\�
GHSDUWPHQW� WULDJH�SUHGLFWLRQ�RI�FOLQLFDO�RXWFRPHV�XVLQJ�PDFKLQH� OHDUQLQJ�PRGHOV�´�&ULWLFDO�&DUH��
YRO������DUW�����������

>�@ 6��+DQ�DQG�:��&KRL��³'HYHORSPHQW�RI�D�ODUJH�ODQJXDJH�PRGHO�EDVHG�PXOWL�DJHQW�FOLQLFDO�GHFLVLRQ�
VXSSRUW�V\VWHP�IRU�.RUHDQ�7ULDJH�DQG�$FXLW\�6FDOH��.7$6��EDVHG�WULDJH�DQG�WUHDWPHQW�SODQQLQJ�LQ�
HPHUJHQF\�GHSDUWPHQWV�´�DU;LY������������������

>�@ +��7� 2WDO��(��6WHUQ��DQG�0��$��&DQED]��³//0�DVVLVWHG�FULVLV�PDQDJHPHQW��%XLOGLQJ�DGYDQFHG�//0�
SODWIRUPV�IRU�HIIHFWLYH�HPHUJHQF\�UHVSRQVH�DQG�SXEOLF�FROODERUDWLRQ�´�LQ�3URF��,(((�&RQI��$UWLILFLDO�
,QWHOOLJHQFH��&$,��������
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>�@ .��:HHUDVLQJKH�� 6�� -DQDSDWL�� ;�� *H� 6�� .LP�� 6�� ,\HU�� DQG� -�� 6WDQNRYLF�� ³5HDO�WLPH� PXOWLPRGDO�
FRJQLWLYH� DVVLVWDQW� IRU� HPHUJHQF\�PHGLFDO� VHUYLFHV�´� LQ� 3URF�� ,(((�$&0� ,QW��&RQI�� ,QWHUQHW�RI�
7KLQJV�'HVLJQ�DQG�,PSOHPHQWDWLRQ��,R7',���������GRL����������,R7',�����������������

>�@ '��-��6��6DNR�HW DO���³(6$56��$�VLWXDWLRQ�DZDUH�PXOWL�DJHQW�V\VWHP�IRU�UHDO�WLPH�HPHUJHQF\�UHVSRQVH�
PDQDJHPHQW�´�(XU��-��,QI��7HFKQRO��&RPSXW��6FL��������

>�@ 3��6DPXHO��5HVKP\��$��.��5DPDPRRUWK\��1LOD\��DQG�.��.HVKUL��³2Q�GHPDQG�HPHUJHQF\�PHGLFDO�
UHVSRQVH��$�VHDPOHVV�$QGURLG�DSSOLFDWLRQ�IRU�DXWR�DPEXODQFH�V\VWHP�´�LQ�3URF��,QW��&RQI��(OHFWURQLF�
6\VWHPV�DQG�,QWHOOLJHQW�&RPSXWLQJ��,&(6,&���&KHQQDL��,QGLD��1RY��������SS����±���

>�@ 6��$TDYLO�-DKURPL��0��(IWHNKDUL��+��$NEDUL��DQG�0��$OLJKROL�=DKUDLH��³(YDOXDWLRQ�RI�FRUUHFWQHVV�DQG�
UHOLDELOLW\�RI�*37��%DUG��DQG�%LQJ�FKDWERWV¶�UHVSRQVHV�LQ�EDVLF�OLIH�VXSSRUW�VFHQDULRV�´�6FL��5HS���
������GRL����������V����������������Z�

>�@ 6��0HUFDGp�HW�DO���³,5,6�$,��$Q�$,�EDVHG�UHVRXUFH�UHFRPPHQGHU�IRU�HPHUJHQF\�GHFLVLRQ�VXSSRUW�
V\VWHPV�RI�ILUH�GHSDUWPHQWV�´�,QW��-��&RPSXW��,QWHOO��6\VW��������

>��@ *�� &RUUHLD�� 9�� $OYHV�� DQG� 3�� 1RYDLV�� ³7KH� LPSDFW� RI� DUWLILFLDO� LQWHOOLJHQFH� RQ� HPHUJHQF\�
PHGLFLQH��$�UHYLHZ�RI�UHFHQW�DGYDQFHV�´�DU;LY������������������

>��@ ³$UWLILFLDO�LQWHOOLJHQFH�DJHQWV�LQ�KHDOWKFDUH�UHVHDUFK��$�VFRSLQJ�UHYLHZ�´�3/26�21(��������GRL��
��������MRXUQDO�SRQH���������

>��@ -��9LVDYH��³7UDQVSDUHQF\�LQ�$,�IRU�HPHUJHQF\�PDQDJHPHQW��%XLOGLQJ�WUXVW�DQG�DFFRXQWDELOLW\�´�
$,�DQG�(WKLFV��6SULQJHU�������

>��@ ³5HVFXH�0H��$,�HPHUJHQF\�UHVSRQVH�DQG�GLVDVWHU�PDQDJHPHQW�V\VWHP�´�LQ�,(((�&RQI��3URF���
�����

>��@ ³$� FRQWH[W�DZDUH� HPHUJHQF\� DVVLVWDQFH� FKDWERW� HPSOR\LQJ� UHFXUUHQW� QHXUDO� QHWZRUNV� IRU�
SHUVRQDOL]HG�ILUVW�DLG�JXLGDQFH�´�,(((�&RQI��������

>��@ -�� -DEERXU� DQG� 9�� -�� 5HGGL�� ³*HQHUDWLYH� $,� DJHQWV� LQ� DXWRQRPRXV� PDFKLQHV�� $� VDIHW\�
SHUVSHFWLYH�´�LQ�3URF��,(((�$&0�,QW��&RQI��&RPSXWHU�$LGHG�'HVLJQ��,&&$'��������

>��@ 6��&KHQ��*��/XR��DQG�/��&KHQ��³,QWHOOLJHQW�XUEDQ�HPHUJHQF\�UHVSRQVH��,QWHJUDWLQJ�ODUJH�ODQJXDJH�
PRGHOV�� PXOWL�REMHFWLYH� RSWLPL]DWLRQ�� DQG� UHLQIRUFHPHQW� OHDUQLQJ�´� LQ� 3URF�� ,(((� 6PDUW�:RUOG�
&RQJUHVV�������

>��@ *RYHUQPHQW�RI�,QGLD��³7KH�'LJLWDO�3HUVRQDO�'DWD�3URWHFWLRQ�$FW�������´


