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7KLV UHSRUW ZDV GHYHORSHG E\ ([SHUWV DQG 6SHFLDOLVWV LQYROYHG LQ WKH *OREDO 3DUWQHUVKLS RQ
$UWLILFLDO ,QWHOOLJHQFH
V SURMHFW RQ µ$,�3RZHUHG ,PPHGLDWH 5HVSRQVH WR 3DQGHPLFV¶� 7KH
UHSRUW UHIOHFWV WKH SHUVRQDO RSLQLRQV RI WKH *3$, ([SHUWV DQG 6SHFLDOLVWV LQYROYHG DQG GRHV
QRW QHFHVVDULO\ UHIOHFW WKH YLHZV RI WKH ([SHUWV¶ RUJDQLVDWLRQV� *3$,� RU *3$, 0HPEHUV�
*3$, LV D VHSDUDWH HQWLW\ IURP WKH 2(&' DQG DFFRUGLQJO\� WKH RSLQLRQV H[SUHVVHG DQG
DUJXPHQWV�HPSOR\HG�WKHUHLQ�GR�QRW�UHIOHFW�WKH�YLHZV�RI�WKH�2(&'�RU�LWV�0HPEHUV�

$FNQRZOHGJHPHQWV

7KLV UHSRUW ZDV GHYHORSHG LQ WKH FRQWH[W RI WKH µ$,�3RZHUHG ,PPHGLDWH 5HVSRQVH WR
3DQGHPLFV¶ 3URMHFW� ZLWK WKH VWHHULQJ RI WKH 3URMHFW &R�/HDGV DQG WKH JXLGDQFH RI WKH
3URMHFW $GYLVRU\ *URXS� VXSSRUWHG E\ WKH *3$, 5HVSRQVLEOH $, �5$,� :RUNLQJ *URXS� 7KH
*3$,�5$,�:RUNLQJ�*URXS�DJUHHG�WR�GHFODVVLI\�WKLV�UHSRUW�DQG�PDNH�LW�SXEOLFO\�DYDLODEOH�

&R�/HDGV�
3DXO�6XHWHQV
��3URMHFW�&R�/HDG��.8�/HXYHQ
0LFKDHO�2¶6XOOLYDQ
��3URMHFW�&R�/HDG��8QLYHUVLW\�RI $XFNODQG
0DUJDULWD�6RUGR�6DQFKH]
��%ULJKDP�DQG�:RPHQ
V�+RVSLWDO� +DUYDUG�0HGLFDO�6FKRRO

3URMHFW�$GYLVRU\�*URXS�
&\UXV�+RGHV

��%ORFNFKDLQ�:HE�6HUYLFHV
$ODQ�3DLF���2(&'

7KH UHSRUW ZDV ZULWWHQ E\� 6DPXHO &XUWLVÁ� 7KH )XWXUH 6RFLHW\� $GULDQD %RUDÁ� 7KH )XWXUH
6RFLHW\� 5XL :DQJÁ� 7KH )XWXUH 6RFLHW\� 1LFRODV 0LDLOKH
� 7KH )XWXUH 6RFLHW\� 6DFKD
$ODQRFDÁ� 7KH )XWXUH 6RFLHW\� -RKDQQD +HGOXQGÁ� (7+ =XULFK� )ORULDQ 6FKHLGOÁ� (7+
=XULFK� 'LQLWKL %RZDWWHÁ� 0DVVH\ 8QLYHUVLW\ � 7H .XQHQJD .L 3ǌUHKXURD� 6WHSKDQLH /RQJÁ�
0F*LOO 8QLYHUVLW\� 0DKWD 5DPH]DQLDQ 3DQDKLÁ� 0LOD DQG 8QLYHUVLW\ RI 0RQWUHDO� ,UHQH
7HQLVRQÁ� 0LOD DQG 8QLYHUVLW\ RI 0RQWUHDO� 5LVKDY 5DM $JDUZDOÁ� 8QLYHUVLW\ RI :DWHUORR DQG
$NDVKD ,PDJLQJ� DQG -RVHSK -� 5XVVHOOÁ� &+� *OREDO� ZLWK WKH FRQWULEXWLRQ RI WKH IROORZLQJ
*3$, ([SHUWV� 0LFKDHO 2¶6XOOLYDQ
� 3URMHFW &R�/HDG� 8QLYHUVLW\ RI $XFNODQG� DQG 0DUJDULWD
6RUGR�6DQFKH]
��%ULJKDP�DQG�:RPHQ
V�+RVSLWDO��+DUYDUG 0HGLFDO�6FKRRO�

*3$, ZRXOG OLNH WR WKDQN WKH IROORZLQJ LQGLYLGXDOV IRU WKHLU VXSSRUW LQ SUHSDULQJ WKH UHSRUW�
/HZLV +DPPRQG�� %UXQR .XQ]OHU�� .ULVW\ /RNH�� DQG $EGLMDEDU 0RKDPHG�� HDFK RI 7KH
)XWXUH 6RFLHW\� DQG .DULQH 3HUVHW

 DQG )UDQFHVFD 6KHHND� RI WKH 2(&' $, 3ROLF\
2EVHUYDWRU\� )LQDOO\� *3$, ZRXOG OLNH WR DFNQRZOHGJH WKH WLUHOHVV HIIRUWV RI FROOHDJXHV DW WKH
,QWHUQDWLRQDO &HQWUH RI ([SHUWLVH LQ 0RQWUpDO RQ $UWLILFLDO ,QWHOOLJHQFH �&(,0,$� DQG *3$,¶V
5HVSRQVLEOH $, :RUNLQJ *URXS� :H DUH SDUWLFXODUO\ JUDWHIXO IRU WKH VXSSRUW RI (G 7HDWKHU�
/DPD 6DRXPD� 6WHSKDQLH .LQJ� DQG $UQDXG 4XHQQHYLOOH�/DQJLV IURP &(,0,$� DQG IRU
WKH�GHGLFDWLRQ�RI�WKH�:RUNLQJ�*URXS�&R�&KDLUV� &DWKHULQH 5pJLV DQG 5DMD�&KDWLOD�


�([SHUW�RI�*3$,¶V�5HVSRQVLEOH�$,�:RUNLQJ�*URXS


�2EVHUYHU�DW�*3$,¶V�5HVSRQVLEOH�$,�:RUNLQJ�*URXS
��,QYLWHG�VSHFLDOLVW
Á�&RQWUDFWHG�SDUWLHV�E\�WKH�&RI(V�WR�FRQWULEXWH�WR�SURMHFWV

&LWDWLRQ

*3$, ����� $,�3RZHUHG ,PPHGLDWH 5HVSRQVH WR 3DQGHPLFV� 6XPPDULHV RI 7RS ,QLWLDWLYHV�
5HSRUW��0DUFK�������*OREDO�3DUWQHUVKLS�RQ�$,�



&217(17
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6XPPDULHV �

$�VWDWLVWLFDO�PRGHO�WR�SUHGLFW�WKH�ULVN�RI�&29,'����LQIHFWLRQ�IURP�LQWHUQDWLRQDO�DUULYDOV
WR�1HZ�=HDODQG �
$OSKD)ROG
 �
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0RGHOV��(PSLULFDO�9DOLGDWLRQ��3ROLF\�5HFRPPHQGDWLRQV
 ��

5HIHUHQFHV ��


7KHVH VXPPDULHV KDYH EHHQ UHYLHZHG DQG DSSURYHG E\ WKH GHYHORSHUV RI WKH UHVSHFWLYH
LQLWLDWLYHV�



,QWURGXFWLRQ
,Q ����� WKH ,PPHGLDWH 5HVSRQVH 3URMHFW 6WHHULQJ *URXS RI WKH $, 	 3DQGHPLF 5HVSRQVH
6XEJURXS FRPPLVVLRQHG 7KH )XWXUH 6RFLHW\ �7)6� WR GHYHORS DQ XSGDWHG DQG XSJUDGHG
FDWDORJ RI $, LQLWLDWLYHV ZLWK WKH SRWHQWLDO WR FRPEDW &29,'��� DQG RWKHU IXWXUH SDQGHPLFV�
7KH�UHVHDUFK�EXLOGV�XSRQ�ODVW�\HDU¶V�UHSRUW� 5HVSRQVLEOH $,�LQ�3DQGHPLF�5HVSRQVH�

$Q LPSDFW DVVHVVPHQW KDV EHHQ FRQGXFWHG \LHOGLQJ D VXEVHW RI LQLWLDWLYHV WKDW VKRZ
SURPLVH LQ WHUPV RI WKHLU SRWHQWLDO WR VFDOH� WR LGHQWLI\ WKRVH WKDW FRXOG EHQHILW PRVW IURP
SDUWQHUVKLS�WR�GHOLYHU�RQ�WKHLU�SURPLVH�

7KH UHVHDUFK EHJDQ LQ FROODERUDWLRQ EHWZHHQ 7KH )XWXUH 6RFLHW\� WKH 2(&'� DQG *3$, E\
DSSO\LQJ WKH 2(&' )UDPHZRUN IRU WKH &ODVVLILFDWLRQ RI $, 6\VWHPV WR FODVVLI\ $, LQLWLDWLYHV
EDVHG RQ WKHLU WHFKQLFDO FKDUDFWHULVWLFV� 7KRVH DVVRFLDWHG ZLWK WKH GHYHORSPHQW RI $,
V\VWHPV FUHDWHG RU UHSXUSRVHG WR DLG LQ &29,'��� UHVSRQVH ZHUH LQYLWHG WR FRPSOHWH D
VXUYH\ VKDUHG LQ D SXEOLF DQQRXQFHPHQW� $ WRWDO RI �� LQLWLDWLYHV ZHUH LGHQWLILHG YLD 7)6
GHVNWRS�UHVHDUFK�DQG�VXUYH\�UHVSRQVHV�

7KH ,PPHGLDWH 5HVSRQVH 3URMHFW 6WHHULQJ *URXS WKHQ ZRUNHG ZLWK 7)6 WR EXLOG XSRQ WKH
2(&'�)UDPHZRUN�WR�GHYHORS�D�PRUH�LPSDFW�IRFXVHG�VHW�RI�FULWHULD��LQFOXGLQJ�

Ɣ %DFNJURXQG�RI�WKH�LQLWLDWLYH��QDPH��VRXUFHV��REMHFWLYH�SXUSRVH�
Ɣ 2ULJLQ��LQFOXGLQJ�RUJDQL]DWLRQ�V���ORFDOLW\�
Ɣ &DWHJRUL]DWLRQ��W\SH�RI�DSSURDFK���$,�PHWKRG�
Ɣ 6FRSH��GRPDLQ��WDUJHW�XVHUV�RSHUDWRUV�DQG�EHQHILFLDULHV��JHRJUDSKLF�FRYHUDJH�
Ɣ 'DWD��GHVFULSWLRQ�RI�WKH�GDWDVHW�LQ�XVH�LQFOXGLQJ�GHPRJUDSKLFV��WDUJHW�SRSXODWLRQ�

VL]H��FROOHFWLRQ�WLPHIUDPH��DQ\�SXEOLF�DFFHVV�OLQNV�

7KH �� $, V\VWHPV KDYH EHHQ FODVVLILHG XVLQJ WKLV IUDPHZRUN WR FUHDWH WKH /LYLQJ
5HSRVLWRU\� 7KLV LV EHLQJ VKDUHG LQ DQ RSHQ µZRUN�LQ�SURJUHVV¶ IRUPDW LQ UHIOHFWLRQ RI WKH
LPPHGLDWH�QHHGV�RI�WKH�SDQGHPLF�IRU�WKRVH�WKDW�PD\�ILQG�LW�XVHIXO�DV�D�UHVRXUFH�

8VLQJ WKHVH FODVVLILFDWLRQV� WKH ,PPHGLDWH 5HVSRQVH 3URMHFW 6WHHULQJ *URXS FRQGXFWHG
DVVHVVPHQWV RI LQLWLDWLYHV¶ LQWULQVLF VFDODELOLW\ DQG WKHLU SRWHQWLDO WR PLWLJDWH WKH FXUUHQW DQG
IXWXUH SDQGHPLFV� WR QDUURZ WKH �� LGHQWLILHG LQLWLDWLYHV LQWR D VKRUWOLVW RI ��� D VXEVHW RI
ZKLFK KDYH EHHQ VHOHFWHG DV FDQGLGDWHV IRU SRWHQWLDO SDUWQHUVKLSV ZLWK WKH $, 	 3DQGHPLF
5HVSRQVH�6XEJURXS�DQG�*3$,�PRUH�ZLGHO\�

,Q WKLV GRFXPHQW� ZH DUH SOHDVHG WR VKDUH VXPPDULHV RI WKH �� LQLWLDWLYHV� 7KH\ LQFOXGH $,
DQG�GDWD�V\VWHPV�WKDW�KDYH�EHHQ�GHYHORSHG�WR�

Ɣ FRPSDUH�KRZ�GLIIHUHQW�FRPELQDWLRQV�RI�ERUGHU�FRQWURO�VWUDWHJLHV��KRPH�LVRODWLRQ�
DQG�WHVWLQJ�DW�YDU\LQJ�OHYHOV�RI�YDFFLQH�FRYHUDJH�DIIHFW�WKH�ULVN�RI�DQ�LQIHFWHG
WUDYHOHU�FDXVLQJ�D�FRPPXQLW\�RXWEUHDN�RI�&29,'����

Ɣ SUHGLFW�WKH�GLVWDQFHV�DQG�DQJOHV�EHWZHHQ�SDLUV�RI�SURWHLQV¶�DPLQR�DFLG�UHVLGXHV�
Ɣ VXSSRUW�WKH�VFUHHQLQJ�SKDVH�RI�OLWHUDWXUH�UHYLHZV�DQG�WRSLF�PHWD�DQDO\VHV�
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https://thefuturesociety.org/wp-content/uploads/2020/12/Responsible-AI-in-Pandemic-Response.pdf
https://oecd.ai/wonk/a-first-look-at-the-oecds-framework-for-the-classification-of-ai-systems-for-policymakers
https://survey.oecd.org/index.php?r=survey/index&sid=145657&lang=en
https://oecd.ai/en/wonk/pandemic
https://docs.google.com/spreadsheets/d/1fxPgHFnuKEcs-XnQgwejixnjsMIjggD6JERgoxR1Jtk/
https://docs.google.com/spreadsheets/d/1fxPgHFnuKEcs-XnQgwejixnjsMIjggD6JERgoxR1Jtk/


Ɣ GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�QRQ�SKDUPDFHXWLFDO�LQWHUYHQWLRQV��13,V��RQ
&29,'���

Ɣ IDFLOLWDWH�GHFLVLRQ�PDNLQJ�SURFHVVHV�E\�GHULYLQJ�LQVLJKWV�IURP�D�ODUJH�DUUD\�RI�QHDU
UHDO�WLPH�GDWD�IURP�YDULRXV�RIILFLDO�DQG�XQRIILFLDO�VRXUFHV�

Ɣ DLG�SROLF\PDNHUV¶�DQG�KHDOWK�RIILFLDOV¶�GHFLVLRQ�PDNLQJ�DFURVV�YDULRXV�WRSLFV
UHODWHG�WR�WKH�&29,'����SDQGHPLF�

Ɣ LGHQWLI\�LQGLYLGXDOV�ZKR�DUH�DW�WKH�JUHDWHVW�ULVN�RI�KHLJKWHQHG�YXOQHUDELOLW\�WR
&29,'�����EDVHG�RQ�LQGLYLGXDOV¶�SUH�H[LVWLQJ�PHGLFDO�FRQGLWLRQV�

Ɣ KHOS�SROLF\PDNHUV�VLPXODWH�SDQGHPLF�VSUHDG�G\QDPLFV�IRU�GLIIHUHQW�JRYHUQPHQW
FRQWURO�PHDVXUHV�

Ɣ DOORZ�XVHUV�WR�QDYLJDWH�D�ODUJH�FRUSXV�RI�FRURQDYLUXV�UHODWHG�OLWHUDWXUH�
Ɣ DXWRPDWLFDOO\�FKHFN�VWDWLVWLFDO�IDFWV�DERXW�WKH�FRURQDYLUXV�
Ɣ SURYLGH�XVHUV�ZLWK�SHUVRQDOL]HG�GDLO\�&29,'����³ULVN�VFRUHV´�DVVRFLDWHG�ZLWK

UHJXODU�DFWLYLWLHV�
Ɣ DJJUHJDWH�IRUHFDVW�GDWD�RQ�NH\�&29,'����RXWFRPHV��VXFK�DV�FDVHV��GHDWKV��DQG

KRVSLWDO�DGPLVVLRQV�
Ɣ RUJDQL]H�ERWK�VWUXFWXUHG�DQG�XQVWUXFWXUHG�&29,'����GDWD�LQWR�D�NQRZOHGJH�JUDSK

WKDW�FDQ�EH�QDYLJDWHG�DQG�TXHULHG�WR�UHWULHYH�LQIRUPDWLRQ�
Ɣ LOOXVWUDWH�KRZ�WKH�&29,'����SDQGHPLF�FRXOG�GHYHORS�XQGHU�GLIIHUHQW�QDWLRQDO

JXLGHOLQHV�WKURXJKRXW�WKH�SDQGHPLF�
Ɣ SURYLGH�D�FRXQWU\�OHYHO�ULVN�PRGHOLQJ�IUDPHZRUN�LQWHQGHG�WR�DVVLVW�WKH�JRYHUQPHQW

DQG�LQGLYLGXDOV�LQ�PDNLQJ�LQIRUPHG�GHFLVLRQV�
Ɣ FRQGXFW�DQ�DXWRPDWLF��HIILFLHQW��DQG�GHWDLOHG�HYDOXDWLRQ�RI�WKH�VHYHULW\�RI

&29,'����LQ�FKHVW�&7�VFDQV�
Ɣ DXWRPDWLFDOO\�GHWHUPLQH�WKH�PRVW�HIIHFWLYH�QRQ�SKDUPDFHXWLFDO�LQWHUYHQWLRQ��13,�

VWUDWHJLHV�WR�FRQWDLQ�WKH�VSUHDG�RI�&29,'����
Ɣ TXLFNO\�DQG�DFFXUDWHO\�GHWHFW�WKH�SUHVHQFH�RI�&29,'����LQ�WKRUDFLF�&7�VFDQV�
Ɣ PRGHO�WKH�VSUHDG�RI�&29,'����EDVHG�RQ�WKH�SUHYDOHQFH�RI�PDVN�ZHDULQJ�LQ�D

SRSXODWLRQ�
Ɣ DQDO\]H�QRQ�FRQWUDVW�WKRUD[�&7�VFDQV�IRU�&29,'����SDWKRORJLHV�
Ɣ LGHQWLI\��WUDFN��DQG�DQDO\]H�HYHQWV�DVVRFLDWHG�ZLWK�&29,'����YLD�PHQWLRQV�RQ

RQOLQH�QHZV�DUWLFOHV�DQG�VRFLDO�PHGLD�SRVWV�
Ɣ IDFLOLWDWH�GHVNWRS�UHVHDUFK�RQ�WRSLFV�UHODWHG�WR�&29,'����
Ɣ TXHU\�UHODWLRQVKLSV�EHWZHHQ�ELRPHGLFDO�FRQFHSWV��EDVHG�RQ�DVVRFLDWLRQV�GHULYHG

EHWZHHQ�WHUPV�LQ�XQVWUXFWXUHG�ELRPHGLFDO�OLWHUDWXUH�DQG�H[SHULPHQWDO�GDWD�
Ɣ DJJUHJDWH�DQG�FOHDQ�YDULRXV�VRXUFHV�RI�86�SDQGHPLF�UHODWHG�UDZ�GDWD�WR�SURGXFH

&29,'����³LQGLFDWRUV´�IRU�³QRZFDVWLQJ´��VLWXDWLRQDO�DZDUHQHVV��DQG�VKRUW�WHUP
IRUHFDVWLQJ�

Ɣ DOORZ�XVHUV�WR�YLHZ�FXUUHQW�RFFXSDQF\�UDWHV�RI�KRVSLWDOV�DFURVV�WKH�86�DQG
UHFRPPHQGDWLRQV�IRU�LQWUD�VWDWH�SDWLHQW�WUDQVIHUV�EDVHG�RQ�FXUUHQW�RFFXSDQF\
UDWHV�

:H LQWHQG WKDW WKH DQDO\VLV ZLOO EH XVHG WR KHOS LQIRUP WKH ,PPHGLDWH 5HVSRQVH 3URMHFW
6WHHULQJ *URXS¶V SDUWQHUVKLSV DSSURDFK LQ ����� EXW VKRXOG DOVR SURYLGH D XVHIXO WRRO DQG
PRGHO�IRU�WKH�FULWLFDO�HYDOXDWLRQ�RI�$,�LQLWLDWLYHV�ZLWKLQ�WKH�RQJRLQJ�DQG�LQ�IXWXUH�SDQGHPLFV�
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5HVHDUFKHUV WULHG WR PDNH WKHVH VXPPDULHV FRPSUHKHQVLYH DQG DFFXUDWH ZLWK SXEOLFO\
DYDLODEOH LQIRUPDWLRQ� EXW ZH DFNQRZOHGJH WKDW WKH\ PD\ FRQWDLQ HUURUV RU GHWDLOV WKDW DUH
RXWGDWHG� 'UDIWV RI HDFK VXPPDU\ ZHUH VHQW YLD HPDLO WR WKH GHYHORSHUV RI HDFK LQLWLDWLYH
IRU WKHLU UHYLHZ DQG DSSURYDO� WKH VXPPDULHV WKDW KDYH EHHQ UHYLHZHG DQG DSSURYHG DUH
PDUNHG ZLWK DQ DVWHULVN �
� LQ WKH 7DEOH RI &RQWHQWV� ,I \RX DUH D GHYHORSHU RI RQH RI WKHVH
LQLWLDWLYHV DQG ZRXOG OLNH WR FRUUHFW� XSGDWH� RU DGG LQIRUPDWLRQ� SOHDVH FRQWDFW WKH
,QWHUQDWLRQDO &HQWUH RI ([SHUWLVH LQ 0RQWUHDO RQ $UWLILFLDO ,QWHOOLJHQFH �³&HQWUH G¶H[SHUWLVH
LQWHUQDWLRQDO�GH�0RQWUpDO�HQ�LQWHOOLJHQFH�DUWLILFLHOOH

��&(,0,$��DW LQIR#FHLPLD�RUJ�

$,�32:(5('�,00(',$7(�5(63216(�72�3$1'(0,&6� 6800$5,(6 2)�723�,1,7,$7,9(6 �



6XPPDULHV

$�VWDWLVWLFDO�PRGHO�WR�SUHGLFW�WKH�ULVN�RI�&29,'����LQIHFWLRQ�IURP�LQWHUQDWLRQDO
DUULYDOV�WR�1HZ�=HDODQG

,Q HDUO\ 1RYHPEHU ����� UHVHDUFKHUV IURP WKH 'HSDUWPHQW RI 3K\VLFV DW WKH 8QLYHUVLW\ RI
$XFNODQG� WKH 6FKRRO RI 0DWKHPDWLFV DQG 6WDWLVWLFV DW WKH 8QLYHUVLW\ RI &DQWHUEXU\� 7H
3ǌQDKD 0DWDWLQL� DQG 0DQDDNL :KHQXD /DQGFDUH 5HVHDUFK²DOO EDVHG LQ 1HZ
=HDODQG²UHOHDVHG D QRQ�SHHU�UHYLHZHG SXEOLFDWLRQ� (IIHFW RI YDFFLQDWLRQ� ERUGHU WHVWLQJ�
DQG TXDUDQWLQH UHTXLUHPHQWV RQ WKH ULVN RI &29,'��� LQ 1HZ =HDODQG� D PRGHOLQJ VWXG\
>�@� ,Q WKLV VWXG\� IXQGHG E\ WKH 1HZ =HDODQG 0LQLVWU\ RI %XVLQHVV� ,QQRYDWLRQ DQG
(PSOR\PHQW &29,'��� 3URJUDPPH� WKH 'HSDUWPHQW RI WKH 3ULPH 0LQLVWHU DQG &DELQHW�
DQG 7H 3ǌQDKD 0DWDWLQL� WKH UHVHDUFKHUV HPSOR\ D VWRFKDVWLF EUDQFKLQJ SURFHVV PRGHO WR
FRPSDUH KRZ GLIIHUHQW FRPELQDWLRQV RI ERUGHU FRQWURO VWUDWHJLHV� KRPH LVRODWLRQ� DQG
WHVWLQJ DW YDU\LQJ OHYHOV RI YDFFLQH FRYHUDJH DIIHFW WKH ULVN RI DQ LQIHFWHG WUDYHOHU FDXVLQJ D
FRPPXQLW\ RXWEUHDN RI &29,'��� LQ 1HZ =HDODQG� 7KH UHVHDUFKHUV DLP WR SURYLGH DQ
HYLGHQWLDU\ EDVLV IRU SROLF\ VWUDWHJLHV WKDW DOORZ IRU WKH VDIH DGMXVWPHQW RI WUDYHO UHVWULFWLRQV
E\ FRPSDULQJ ULVN UHGXFWLRQ IURP DYDLODEOH SROLF\ RSWLRQV� 5HVHDUFKHUV LQYROYHG LQ WKH
GHYHORSPHQW RI WKH PRGHO ZHUH UHSRUWHG WR KDYH DGYLVHG 3ULPH 0LQLVWHU -DFLQGD $UGHUQ
WKURXJKRXW WKH &29,'��� SDQGHPLF >�@� VR ZKLOH LW LV QRW H[SOLFLWO\ VWDWHG LQ WKHLU SDSHU� WKH
PRGHO�PD\�KDYH�EHHQ�XVHG�WR�DGYLVH�JRYHUQPHQW�GHFLVLRQV�LQ�1HZ�=HDODQG�

7KH PRGHO LQFRUSRUDWHV D VHW RI DVVXPSWLRQV DERXW 1HZ =HDODQG¶V YDFFLQDWLRQ SURJUDP�
WKH H[WHQW WR ZKLFK YDFFLQDWLRQ SUHYHQWV LQIHFWLRQ� WKH WUDQVPLVVLRQ G\QDPLFV RI
6$56�&R9��� DV ZHOO DV WKH DFFXUDF\ RI WHVWLQJ DQG FRQWDFW WUDFLQJ VWDWLVWLFV� 7KH YDOXHV
IRU WKHVH SDUDPHWHUV DUH REWDLQHG IURP ODUJH VSDQ RI VFLHQWLILF SDSHUV ZKRVH ILQGLQJV
FRUUHVSRQG WR WKH FRQWH[W RI WKLV VWXG\ >�@� )RU H[DPSOH� WKH UHSURGXFWLRQ QXPEHU �5�� XVHG
LQ WKLV PRGHO UHSUHVHQWHG WKH YDOXHV DVVRFLDWHG ZLWK WKH 6$56�&R9�� 'HOWD YDULDQW²WKH
PRVW FRPPRQ YDULDQW FLUFXODWLQJ DW WKH WLPH RI SXEOLFDWLRQ� )RU WKH PHDQ JHQHUDWLRQ WLPH
DQG LQFXEDWLRQ SHULRG RI WKH 6$56�&R9�� 'HOWD YDULDQW� WKH UHVHDUFKHUV DFNQRZOHGJH
XQFHUWDLQWLHV LQ WKH DYDLODEOH OLWHUDWXUH DQG DGGUHVVHG WKLV E\ SHUIRUPLQJ WKHLU RZQ
VHQVLWLYLW\ DQDO\VLV ZLWK D VKRUWHU JHQHUDWLRQ WLPH DQG LQFXEDWLRQ SHULRG� 7KH PRGHO ZDV UXQ
RQ VWUXFWXUHG GDWD SHUWDLQLQJ WR WKH QXPEHU RI FDVHV GHWHFWHG LQ SDVW DUULYDOV WR 1HZ
=HDODQG� WKH UHSRUWHG LQFLGHQFH RI &29,'��� LQ WKH FRXQWU\ RI RULJLQ IURP WKHVH WUDYHOHUV�
DQG WKH SUHYLRXV DQG HVWLPDWHG IXWXUH QXPEHUV RI WUDYHOHUV� 6RXUFHV IRU WKHVH VWDWLVWLFV
LQFOXGH WKH 1HZ =HDODQG 0LQLVWU\ RI +HDOWK WKURXJK (QYLURQPHQWDO 6FLHQFH 5HVHDUFK 1HZ
=HDODQG¶V (SL6XUY GDWDEDVH >�@� WKH 1HZ =HDODQG 0LQLVWU\ RI +HDOWK¶V &29,'��� ����
9DFFLQH GDWDVHW >�@� DQG 1HZ =HDODQG )OX7UDFNLQJ GDWD >�@� 7KHVH GDWD DUH DOO RSHQO\
DFFHVVLEOH��EXW�WKH�DJJUHJDWHG�GDWDVHW�XVHG�LQ�WKLV�VWXG\�LV�QRW�SXEOLFO\�DYDLODEOH�

7KH PRGHO LWVHOI LV D PL[HG�HIIHFWV WLPH VHULHV PRGHO WKDW FRXSOHV D VWRFKDVWLF
DJH�VWUXFWXUHG PRGHO IRU WKH WUDQVPLVVLRQ RI 6$56�&R9�� YLUXV WKURXJK D
SDUWLDOO\�YDFFLQDWHG SRSXODWLRQ ZLWK D VLPSOH VWDWLVWLFDO PRGHO IRU WHVWLQJ LQWHUQDWLRQDO
WUDYHOHUV �WKH SUREDELOLW\ RI WHVWLQJ SRVLWLYH DV D IXQFWLRQ RI WLPH VLQFH H[SRVXUH�� WR
JHQHUDWH VLPXODWLRQV ZKHUH LQWHUQDWLRQDO WUDYHOHUV VHHG SXWDWLYH FRPPXQLW\ WUDQVPLVVLRQ
HYHQWV XQGHU JLYHQ VHWV RI LQWHUYHQWLRQV >�@� 7KLV ZDV EDVHG RQ D PRGHO GHYHORSHG E\
6WH\Q HW DO� >�@ EXW ZLWK D SROLF\�RULHQWHG DSSOLFDWLRQ LQWHQGHG WR DVVLVW 1HZ =HDODQG¶V
JRYHUQPHQW LQ JUDGXDOO\ UHOD[LQJ ERUGHU FRQWUROV DV GLIIHUHQW VWDJHV LQ WKH QDWLRQ¶V
YDFFLQDWLRQ SURJUDP DUH UHDFKHG� ,QWHUYHQWLRQV LQYHVWLJDWHG LQFOXGH YDFFLQDWLRQ
UHTXLUHPHQWV� FRPELQDWLRQV RI SUH�GHSDUWXUH WHVWLQJ DQG SRVW�DUULYDO V\PSWRP
VFUHHQLQJ�WHVWLQJ XVLQJ HLWKHU UDSLG DQWLJHQ RU 3&5 WHVWV� SRVW�DUULYDO VHOI�LVRODWLRQ� DQG
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GLIIHUHQW YDFFLQDWLRQ UDWHV LQ WKH SRSXODWLRQ� ,Q WKHLU SDSHU� WKH UHVHDUFKHUV XVH WKH PRGHO WR
UXQ ������� VLPXODWLRQV IRU HDFK FRPELQDWLRQ RI LQWHUYHQWLRQV� ZKHUH HDFK LV LQLWLDOL]HG ZLWK
RQH LQIHFWHG WUDYHOHU WR GHWHUPLQH WKH WUDQVPLVVLRQ SRWHQWLDO RI WKH LQIHFWHG WUDYHOHU DQG D
OLVW RI UHVXOWLQJ LQIHFWLRQV LQ WKH FRPPXQLW\ >�@� 7KH VWXG\ KLJKOLJKWV WKUHH SULPDU\ RXWSXWV
IURP WKH PRGHO WKDW DUH UHOHYDQW WR GHFLVLRQ�PDNHUV� �� WKH WUDQVPLVVLRQ SRWHQWLDO RI
LQIHFWHG WUDYHOHUV XQGHU WKH LQWHUYHQWLRQV SURYLGHG UHODWLYH WR WKH DEVHQFH RI LQWHUYHQWLRQV�
�� WKH SURSRUWLRQ RI VLPXODWLRQV LQ ZKLFK DQ LQIHFWHG WUDYHOHU FDXVHV WUDQVPLVVLRQ LQ WKH
FRPPXQLW\� FDXVHV FRPPXQLW\ WUDQVPLVVLRQ WKDW LV QHYHU GHWHFWHG� FDXVHV WUDQVPLVVLRQ
WKDW UHDFKHV ILYH LQIHFWLRQV DQG FDXVHV DQ RXWEUHDN �GHILQHG LQ WKH SDSHU DV ILIW\ RU PRUH
LQIHFWLRQV�� DQG �� WKH QXPEHU RI WUDYHOHUV ZKR ZRXOG EH H[SHFWHG WR FDXVH DQ RXWEUHDN �DV
GHILQHG�DERYH��

$V RI -DQXDU\ �WK� ����� WKLV UHVHDUFK UHPDLQV FRQILQHG WR DQ DUWLFOH SUHSULQW �QRW \HW
IRUPDOO\ SHHU UHYLHZHG�� DQG WKH PRGHO LWVHOI LV QRW SXEOLFO\ DFFHVVLEOH� %HFDXVH WKH XVH RI
WKLV PRGHO LV FXUUHQWO\ FRQVWUDLQHG WR WKLV VWXG\ DERXW &29,'��� WUDQVPLVVLRQ LQ 1HZ
=HDODQG� GDWD XVHG WR UXQ WKH PRGHO KDV SULPDULO\ FRPH IURP SXEOLF GDWD DERXW &29,'���
FDVHV LQ DQG FRPLQJ WR 1HZ =HDODQG� )XUWKHUPRUH� WKH UHVHDUFKHUV QRWH WKDW SDUDPHWHUV
LQFRUSRUDWHG LQWR WKH PRGHO DUH WKHPVHOYHV VSHFLILF WR WKH FRQWH[W RI 1HZ =HDODQG� )RU
H[DPSOH� VRPH DVVXPSWLRQV DERXW WUDQVPLVVLRQ G\QDPLFV KDYH EHHQ FDWHUHG WR
SRSXODWLRQV ³WKDW KDYH QRW \HW H[SHULHQFHG ODUJH�VFDOH HSLGHPLFV´ >�@� OLNH 1HZ =HDODQG DQG
$XVWUDOLD� 7KXV� WR DGDSW WKLV PRGHO IRU RWKHU ORFDOLWLHV� VRPH RI WKHVH YDOXHV ZRXOG QHHG WR
EH WXQHG WR UHIOHFW DQ\ JLYHQ DUHD¶V FKDUDFWHULVWLFV� ,Q JHQHUDO� IRU WKH PRGHO WR EH XVHG LQ
WKH IXWXUH� VRPH SDUDPHWHUV ZRXOG QHHG FRQWLQXRXV XSGDWLQJ WR PDWFK GHYHORSLQJ OLWHUDWXUH
DERXW &29,'���� HVSHFLDOO\ DV QHZ YDULDQWV HPHUJH� DIIHFWLQJ QRW RQO\ LQSXWV IRU WKH
WUDQVPLVVLRQ G\QDPLFV RI WKH YLUXV EXW DOVR LQIHFWLRQ UDWHV LQ GLIIHUHQW JHRJUDSKLFDO
FRQWH[WV� ,I DSSURSULDWHO\ DGDSWHG WR WKH VSHFLILFLWLHV RI GLIIHUHQW ORFDOLWLHV DQG WKHLU
FRQGLWLRQV DW D JLYHQ WLPH� WKH PRGHO FRXOG EH XVHIXO IRU SROLF\PDNHUV ZHLJKLQJ GHFLVLRQV
DERXW WUDYHO SROLFLHV� DV LW DOORZV WKHP WR FRPSDUH UHODWLYH ULVN UHGXFWLRQV SURYLGHG E\
GLIIHUHQW�FRPELQDWLRQV�RI�PLWLJDWLRQ�VWUDWHJLHV�DW�GLIIHUHQW�OHYHOV�RI�YDFFLQH�FRYHUDJH�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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$OSKD)ROG


$OSKD)ROG LV D GHHS OHDUQLQJ PRGHO WUDLQHG WR PDNH DFFXUDWH SUHGLFWLRQV RI WKH VKDSHV RI
SURWHLQV >�@� $OSKD)ROG LV D SURGXFW RI 'HHS0LQG� DQ DUWLILFLDO LQWHOOLJHQFH UHVHDUFK
ODERUDWRU\ EDVHG LQ WKH 8QLWHG .LQJGRP� ,Q 0DUFK ����� $OSKD)ROG¶V GHYHORSHUV VKDUHG WKH
SUHGLFWHG VWUXFWXUHV RI VL[ XQGHU�VWXGLHG SURWHLQV DVVRFLDWHG ZLWK 6$56�&R9��²FUHDWHG
ZLWK�$OSKD)ROG²ZLWK�WKH�VFLHQWLILF�FRPPXQLW\�

,Q WKHLU EORJ SRVW DQQRXQFLQJ WKH UHOHDVH RI &29,'����UHODWHG SURWHLQ VWUXFWXUH SUHGLFWLRQV�
'HHS0LQG UHVHDUFKHUV VKDUHG WKHLU GHVLUH WR FRQWULEXWH WR WKH VFLHQWLILF FRPPXQLW\¶V
LQWHUURJDWLRQ RI WKH IXQFWLRQV RI YLUXVHV DQG IRU WKHLU PRGHO WR VHUYH DV D K\SRWKHVLV
JHQHUDWLRQ�SODWIRUP�IRU�IXWXUH�H[SHULPHQWDO�ZRUN�LQ�GHYHORSLQJ�WKHUDSHXWLFV�>�@�

6LQFH LWV ILUVW DQQRXQFHPHQW LQ ����� WKH $OSKD)ROG PRGHO KDV JRQH WKURXJK QXPHURXV
VWDJHV RI GHYHORSPHQW� :KHQ DQQRXQFLQJ WKH UHOHDVH RI WKH VL[ 6$56�&R9���DVVRFLDWHG
SURWHLQ VWUXFWXUH SUHGLFWLRQV� 'HHS0LQG UHIHUUHG WR WKHLU PRGHO HQWHUHG LQ WKH ��WK ELHQQLDO
&ULWLFDO $VVHVVPHQW RI 3URWHLQ 6WUXFWXUH 3UHGLFWLRQ �&$63���� GXEEHG ³$OSKD)ROG Y���´ >�@�
7KLV YHUVLRQ RI $OSKD)ROG ZDV WUDLQHG RQ SXEOLFO\�DYDLODEOH GDWD FRQVLVWLQJ RI DSSUR[LPDWHO\
������� SURWHLQ VWUXFWXUHV IURP WKH SURIHVVLRQDOO\�FXUDWHG 5HVHDUFK &ROODERUDWRU\ IRU
6WUXFWXUDO %LRLQIRUPDWLFV 3URWHLQ 'DWD %DQN �5&6% 3'%� >�@ DQG ODUJH� RSHQ�DFFHVV
GDWDEDVHV RI SURWHLQ VHTXHQFHV GHULYHG IURP JHQRPH VHTXHQFLQJ SURMHFWV� VXFK DV
8QL3URW >��@ 7KH VHTXHQFHV RI SURWHLQV DVVRFLDWHG ZLWK 6$56�&R9�� ZHUH DOVR REWDLQHG
IURP�8QL3URW�

$OSKD)ROG Y���¶V PRGHO FRQVLVWV RI WZR VWDJHV� ��� D WZR�GLPHQVLRQDO GLODWHG FRQYROXWLRQDO
UHVLGXDO QHWZRUN WKDW WDNHV DQ DPLQR DFLG VHTXHQFH DQG� XVLQJ WUDLQLQJ GDWD� RXWSXWV WKH
SUHGLFWLRQ RI GLVWDQFH DQG WRUVLRQ EHWZHHQ DPLQR DFLG UHVLGXHV� DQG ��� D GLIIHUHQWLDEOH
PRGHO WKDW SHUIRUPV JUDGLHQW GHVFHQW XVLQJ WKH RXWSXW RI WKH ILUVW VWDJH WR RSWLPL]H WKH
��GLPHQVLRQDO VKDSH RI D SURWHLQ WRZDUGV LWV ORZHVW HQHUJ\ SRWHQWLDO �LQ RWKHU ZRUGV�
FORVHVW�WR�HTXLOLEULXP��>�@�

)ROORZLQJ WKH UHOHDVH RI WKH VWUXFWXUH SUHGLFWLRQV DVVRFLDWHG ZLWK 6$56�&R9�� LQ 0DUFK
����� 'HHS0LQG VXEPLWWHG D YDOLGDWHG� UHGHVLJQHG YHUVLRQ RI $OSKD)ROG �³$OSKD)ROG Y���´�
WR EH DVVHVVHG DW &$63��� 7KLV LWHUDWLRQ UHSODFHG WKH FRQYROXWLRQDO QHXUDO QHWZRUN LQ WKH
SULRU PRGHO ZLWK D WUDQVIRUPHU�EDVHG DUFKLWHFWXUH²WKH ³(YRIRUPHU´²ZKLFK WUHDWV WKH
SUHGLFWLRQ RI SURWHLQ VWUXFWXUHV DV D JUDSK LQIHUHQFH SUREOHP LQ �' VSDFH� SURFHVVLQJ
LQSXWV WKURXJK UHSHDWHG OD\HUV RI D QHXUDO QHWZRUN EORFN WR SURGXFH DQ DUUD\ WKDW
UHSUHVHQWV WKH LQSXWV LQ D ORZHU GLPHQVLRQ� 7KLV QHZ PRGHO KDG WKH EHVW SHUIRUPDQFH E\ D
VLJQLILFDQW PDUJLQ DW &$63�� KHOG LQ ���� >��@� $OSKD)ROG Y��� ZDV GHVFULEHG E\ LWV
GHYHORSHUV�LQ�WKH�&$63�FRQIHUHQFH�LQ�1RYHPEHU������DQG�SXEOLVKHG�LQ�-XO\������>��@�

8SRQ WKH SXEOLFDWLRQ RI WKH SDSHU GHVFULELQJ $OSKD)ROG Y���¶V DUFKLWHFWXUH� 'HHSPLQG DOVR
RSHQO\ UHOHDVHG LWV VRXUFH FRGH� WUDLQHG ZHLJKWV� DQG DQ LQIHUHQFH VFULSW WR WKH UHVHDUFK
FRPPXQLW\ >��@� ,W DOVR SDUWQHUHG ZLWK (XURSHDQ 0ROHFXODU %LRORJ\ /DERUDWRU\¶V (XURSHDQ
%LRLQIRUPDWLFV ,QVWLWXWH WR UHOHDVH WKH $OSKD)ROG 3URWHLQ 6WUXFWXUH 'DWDEDVH� ZKLFK LQFOXGHV
VWUXFWXUDO SUHGLFWLRQV RI DOO RI WKH ������ SURWHLQV LQ WKH KXPDQ SURWHRPH� DV ZHOO DV WKRVH
IURP�RWKHU�ELRORJLFDOO\�VLJQLILFDQW�RUJDQLVPV��VXFK�DV�(��FROL��\HDVW��GURVRSKLOD��DQG�PLFH�

7KH GHYHORSHUV LGHQWLILHG OLPLWDWLRQV LQ SUHGLFWLQJ SDUWV RI WKH KXPDQ SURWHRPH� VXFK DV
SURWHLQV WKDW DUH XQDEOH WR EH DFFXUDWHO\ PRGHOHG ZLWK VLQJOH�FKDLQ VWUXFWXUH SUHGLFWLRQ�
DQG PXVW EH PRGHOHG LQ FRPSOH[ RU LQ WKH FHOOXODU PLOLHX� 7KH\ DOVR QRWH D ELDV WRZDUGV WKH
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KXPDQ SURWHRPH IRU KHDOWK DQG PHGLFLQDO UHVHDUFK� ZKLOH RWKHU ELRORJLFDOO\� PHGLFDOO\� RU
HFRQRPLFDOO\�LPSRUWDQW�RUJDQLVPV�DUH�XQGHUUHSUHVHQWHG�

7KH RSHQ�VRXUFH QDWXUH RI WKLV LQLWLDWLYH¶V VRXUFH FRGH DQG WKH PRGHO¶V QRWHZRUWK\
DFFXUDF\ LQ SUHGLFWLQJ SURWHLQ VWUXFWXUHV VXJJHVWV D KLJK SRWHQWLDO IRU LPSDFW LQ SDQGHPLF
UHVSRQVH� DV SURWHLQ VWUXFWXUH SUHGLFWLRQ LV FULWLFDO IRU XQGHUVWDQGLQJ YLUDO ELRORJ\ DQG
SKDUPDFHXWLFDO�GHVLJQ�


7KLV�VXPPDU\�KDV�EHHQ�UHYLHZHG�DQG�DSSURYHG�E\�WKH�LQLWLDWLYH¶V�GHYHORSHUV� 0RUH
LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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$65HYLHZ�DJDLQVW�&29,'���


$65HYLHZ LV D YHUVDWLOH PDFKLQH OHDUQLQJ WRRO GHVLJQHG WR VXSSRUW WKH VFUHHQLQJ SKDVH RI
OLWHUDWXUH UHYLHZV DQG WRSLF PHWD�DQDO\VHV� *LYHQ D GDWDEDVH ZLWK UHFRUGV WR EH VFUHHQHG
DQG D PLQLPDO VHW RI ODEHOV� WKH V\VWHP RUGHUV WKH RWKHU UHFRUGV EDVHG RQ LWV DVVHVVPHQW RI
WKHLU UHOHYDQFH >��@� 7KHQ� WKH DFWLYH OHDUQLQJ F\FOH VWDUWV� WKH PRVW UHOHYDQW UHFRUG LV
VKRZQ WR WKH XVHU� ZKR SURYLGHV D ODEHO WKDW LV WKHQ XVHG WR WUDLQ D QHZ PRGHO� DQG WKH QH[W
PRVW OLNHO\ UHOHYDQW UHFRUG LV VKRZQ WR WKH XVHU� 7KH $65HYLHZ IUDPHZRUN HPSOR\V DFWLYH
OHDUQLQJ� VXSSRUWLQJ PXOWLSOH FODVVLILHUV� IHDWXUH H[WUDFWLRQ WHFKQLTXHV� DQG TXHU\ DQG
EDODQFH �WR FRPSHQVDWH IRU XQGHUUHSUHVHQWHG GDWD >��@� VWUDWHJLHV� 7KH LQLWLDWLYH ZDV
GHYHORSHG DW WKH 8QLYHUVLW\ RI 8WUHFKW� 1HWKHUODQGV� DQG ZDV RULJLQDOO\ IXQGHG E\ WKH
,QQRYDWLRQ�)XQG�IRU�,7�LQ�5HVHDUFK�3URMHFWV�DW�8WUHFKW�8QLYHUVLW\�

,Q UHVSRQVH WR WKH &29,'��� SDQGHPLF� LQ -XQH ����� DQ H[WHQVLRQ IRU $65HYLHZ ZDV
GHYHORSHG IRU VFUHHQLQJ &29,'����UHODWHG OLWHUDWXUH >��@� 7KH &29,'��� H[WHQVLRQ EULGJHV
DFFHVV WR WZR VHWV RI GDWD� �� WKH &25'��� GDWDEDVH >��@ PDLQWDLQHG E\ WKH $OOHQ ,QVWLWXWH
IRU $,� DQG� �� D FROOHFWLRQ RI SUHSULQWV UHODWHG WR &29,'��� VRXUFHG IURP PXOWLSOH SUHSULQW
VHUYHUV� PDLQWDLQHG E\ UHVHDUFKHUV DW /HLEQL] ,QIRUPDWLRQ &HQWUH IRU (FRQRPLFV DQG
8WUHFKW 8QLYHUVLW\ >��@� 7KH &25'��� GDWDEDVH� ZKLFK LV RSHQO\ DFFHVVLEOH� FRQWDLQV IXOO
WH[WV DQG PHWDGDWD RI RYHU ������� FRURQDYLUXV�UHODWHG UHVHDUFK SDSHUV SXEOLVKHG
EHWZHHQ ���� DQG WRGD\ >��@� ,W LV XSGDWHG RQ D ZHHNO\ EDVLV DQG LV RSHQO\ DFFHVVLEOH� 7KH
VHFRQG GDWDEDVH� ZKLFK LV DOVR RSHQO\ DFFHVVLEOH� FRQWDLQV RYHU ������ &29,'����UHODWHG
SUHSULQWV�SXEOLVKHG�VLQFH�-DQXDU\������DQG�LV�XSGDWHG�RQ�D�PRQWKO\�EDVLV�

7R XVH WKH WRRO� WKH XVHU LQLWLDOO\ FKRRVHV WKH GDWDEDVH WR XVH²H�J�� PHWD�GDWD FRQWDLQLQJ
WLWOHV DQG DEVWUDFWV RI VFLHQWLILF SDSHUV²DQG VSHFLILHV WKH DFWLYH OHDUQLQJ PRGHO FRQWDLQLQJ
D FODVVLILHU� D IHDWXUH H[WUDFWLRQ PHWKRG� D TXHU\ VWUDWHJ\� DQG D EDODQFH VWUDWHJ\ >��@� 7KH
WRROER[ LQFOXGHV PXOWLSOH EXLOW�LQ RSWLRQV IRU HDFK RI WKH DERYH�PHQWLRQHG HOHPHQWV� RU
XVHUV FDQ DGG WKHLU RZQ PRGHOV� 7R VWDUW WKH DFWLYH OHDUQLQJ F\FOH� WKH XVHU FKRRVHV D VHW
RI SXEOLFDWLRQV WKDW DUH UHOHYDQW DQG LUUHOHYDQW WR WKHLU UHVHDUFK TXHVWLRQ �WKH PRGHO DOUHDG\
ZRUNV ZLWK RQH UHOHYDQW DQG RQH LUUHOHYDQW UHFRUG�� 1H[W� WKH V\VWHP VHOHFWV WKH PRVW OLNHO\
UHOHYDQW UHFRUG� ZKLFK WKH XVHU LV DVNHG WR ODEHO DV UHOHYDQW RU LUUHOHYDQW� 8VLQJ WKLV ODEHO�
WKH PRGHO UH�WUDLQV DQG FRQWLQXHV WKH F\FOH E\ VHOHFWLQJ WKH QH[W UHFRUG IRU WKH XVHU WR
ODEHO� 7KLV LV UHSHDWHG XQWLO D XVHU�VSHFLILHG FULWHULRQ LV VDWLVILHG� )LQDOO\� WKH PRGHO UHWXUQV D
OLVW FRQWDLQLQJ ODEHOHG DQG XQODEHOHG HQWULHV� WKH XQODEHOHG RQHV VRUWHG DFFRUGLQJ WR WKH
PRGHO¶V DVVHVVPHQW RI WKHLU UHOHYDQFH� $ WHFKQLFDO ORJ ILOH LV DYDLODEOH� LQ ZKLFK HYHU\
GHFLVLRQ RI WKH PRGHO LV ORJJHG� LQFOXGLQJ DOO SUREDELOLWLHV SOXV ODEHOLQJ GHFLVLRQV IRU HYHU\
UHFRUG LQ WKH GDWD DQG IRU HDFK LWHUDWLRQ RI WKH PRGHO²PDNLQJ WKH SURFHGXUH ERWK
WUDQVSDUHQW�DQG�UHSURGXFLEOH�

7KH WRRO FDQ DOVR EH XVHG IRU OLWHUDWXUH UHYLHZV RQ RWKHU WRSLFV� ,Q WKLV FDVH� WKH XVHU
FUHDWHV WKH GDWDEDVH DQG LPSRUWV LW LQWR WKH VRIWZDUH� 7KH UHPDLQGHU RI WKH DFWLYH OHDUQLQJ
F\FOH�ZRUNV�DV�SUHYLRXVO\�GHVFULEHG�

,Q D ���� 1DWXUH 0DFKLQH ,QWHOOLJHQFH SXEOLFDWLRQ� WKH GHYHORSHUV RI $65HYLHZ SHUIRUPHG
IRXU VLPXODWLRQ VWXGLHV WR WHVW WKH PRGHO¶V SHUIRUPDQFH RQ V\VWHPDWLF UHYLHZV FRQGXFWHG
EHWZHHQ ���� DQG ���� >��@� 7KHVH HDFK FRQWDLQHG EHWZHHQ ����� DQG ����� SXEOLFDWLRQV
DQG LQFOXVLRQ UDWHV EHWZHHQ ����������� 7KH DFWLYH OHDUQLQJ F\FOH LQYROYHG SUHVHQWLQJ RQH
UDQGRP UHOHYDQW DQG RQH LUUHOHYDQW UHFRUG WR WKH XVHU� $IWHU VRUWLQJ WKH UHPDLQLQJ UHFRUGV
DFFRUGLQJ WR UHOHYDQFH� WKH V\VWHP LV HYDOXDWHG EDVHG RQ WKH IROORZLQJ VHW RI SHUIRUPDQFH
PHWULFV� WKH ZRUN VDYHG RYHUVDPSOLQJ DW D JLYHQ OHYHO ; �³:66#;´�� ZKLFK PHDVXUHV WKH
UHGXFWLRQ RI VFUHHQLQJ HIIRUW DW WKH FRVW RI PLVVLQJ ���;�� RI UHOHYDQW LWHPV� DQG WKH IUDFWLRQ
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RI UHOHYDQW UHFRUGV �³55)��´� DIWHU VFUHHQLQJ WKH WRS ��� RI WKH VRUWHG UHFRUGV� $
UDQGRPO\ VRUWHG OLVW RI SXEOLFDWLRQV VHUYHV DV D FRQWURO� 7KHLU UHVXOWV GHPRQVWUDWHG WKH
XWLOLW\ RI WKH WRRO� ZKHQ VFUHHQLQJ VWXGLHV DFFRUGLQJ WR WKH VRUWHG OLVW� RQ DYHUDJH ��� RI
UHOHYDQW VWXGLHV ZHUH IRXQG DIWHU VFUHHQLQJ ����� RI WKH VWXGLHV� 0RUHRYHU� WKH 55)��
UDQJHG�EHWZHHQ����DQG������

7KH $65HYLHZ VRIWZDUH DQG WKH &29,'��� H[WHQVLRQ DUH ERWK IUHHO\ DFFHVVLEOH ZLWK DQ
$SDFKH ��� OLFHQVH >��@� >��@� 7KH VRIWZDUH DSSHDUV WR EH XSGDWHG DW OHDVW TXDUWHUO\� DQG
WKH XQGHUO\LQJ GDWD DUH XSGDWHG RQ D ZHHNO\�WR�PRQWKO\ EDVLV� $V $65HYLHZ UHWXUQV D OLVW
RI SXEOLFDWLRQV RUGHUHG DFFRUGLQJ WR WKHLU UHOHYDQFH DFFRUGLQJ WR WKH PRGHO� LW LV PRUH
LQWHUSUHWDEOH WKDQ FRPSDUDEOH V\VWHPV WKDW VLPSO\ DVVLJQ WKH ODEHOV ³UHOHYDQW´ DQG
³LUUHOHYDQW�´ KRZHYHU� WKH FKRLFHV PDGH E\ WKH XQGHUO\LQJ FODVVLILHUV PD\ EH GLIILFXOW WR
LQWHUSUHW �DIWHU SDUWLFLSDWLQJ LQ WKH DFWLYH OHDUQLQJ� WKH XVHU RQO\ VHHV DQ RUGHUHG OLVW DV DQ
RXWSXW� DFFRUGLQJ WR WKH SUHGLFWLRQV E\ WKH PRGHO EDVHG RQ WKH ODEHOLQJ GHFLVLRQV RI WKH
VFUHHQHU�� 7KLV OLPLWDWLRQ QRWZLWKVWDQGLQJ� WKH WRRO FRQVWLWXWHV D SRWHQWLDOO\ LPSDFWIXO
DSSURDFK�WR�DFFHOHUDWLQJ�VFLHQWLILF�UHVHDUFK��SDUWLFXODUO\�LQ�&29,'����UHODWHG�UHVHDUFK�
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%D\HVLDQ�KLHUDUFKLFDO�VHPLPHFKDQLVWLF�PRGHO


7KLV LQLWLDWLYH GHYHORSHG D %D\HVLDQ KLHUDUFKLFDO VHPLPHFKDQLVWLF PRGHO WR GHWHUPLQH WKH
HIIHFWLYHQHVV RI QRQ�SKDUPDFHXWLFDO LQWHUYHQWLRQV �13,V� RQ &29,'��� WUDQVPLVVLRQ >��@�
7KH LQLWLDWLYH ZDV GHYHORSHG E\ UHVHDUFKHUV DW WKH 8QLYHUVLW\ RI 2[IRUG� $XVWUDOLDQ 1DWLRQDO
8QLYHUVLW\� WKH 4XDQWLILHG 8QFHUWDLQW\ 5HVHDUFK ,QVWLWXWH� +DUYDUG 8QLYHUVLW\� WKH 8QLYHUVLW\
RI %ULVWRO� WKH 8QLYHUVLW\ RI 0DQFKHVWHU� WKH /RQGRQ 6FKRRO RI +\JLHQH DQG 7URSLFDO
0HGLFLQH� WKH /RQGRQ 6FKRRO RI (FRQRPLFV DQG 3ROLWLFDO 6FLHQFH� WKH 8QLYHUVLW\ RI
&DPEULGJH� 7XIWV 8QLYHUVLW\� DQG ,PSHULDO &ROOHJH /RQGRQ� 7KH LQLWLDWLYH LV SUHVHQWHG LQ DQ
DFDGHPLF�SDSHU�SXEOLVKHG�LQ 6FLHQFH LQ�)HEUXDU\����� >��@�

7KH UDWLRQDOH EHKLQG WKLV LQLWLDWLYH ZDV WR SURYLGH DQ DOWHUQDWLYH WR VLPXODWLRQ VWXGLHV� ZKLFK
WHQG WR PDNH VWURQJ DVVXPSWLRQV WKDW DUH UHODWLYHO\ GLIILFXOW WR YDOLGDWH� E\ GHYHORSLQJ D
GDWD�GULYHQ� FURVV�FRXQWU\ PRGHO WKDW FRPSDUHV QDWLRQDO LQWHUYHQWLRQV WR WKH VXEVHTXHQW
QXPEHUV�RI�FDVHV�RU�GHDWKV�ZLWKLQ�WKRVH�UHVSHFWLYH�UHJLRQV�

13, GDWD ZHUH FROOHFWHG DFURVV �� FRXQWULHV IURP -DQXDU\ ��QG WR 0D\ ��WK� ����� 7R
PLWLJDWH HUURUV� DOO 13, GDWD ZHUH HQWHUHG LQGHSHQGHQWO\ E\ WZR RI WKH DXWKRUV� XVLQJ
SULPDU\ VRXUFHV� DQG WKHQ PDQXDOO\ FRPSDUHG ZLWK WZR SXEOLF GDWDVHWV� WKH (SLGHPLF
)RUHFDVWLQJ *OREDO 13, >��@ DQG WKH 2[IRUG &29,'��� *RYHUQPHQW 5HVSRQVH 7UDFNHU >��@�
'DWD RQ FRQILUPHG &29,'��� FDVHV DQG GHDWKV ZHUH REWDLQHG IURP WKH &29,'��� 'DWD
5HSRVLWRU\ E\ WKH &HQWHU IRU 6\VWHPV 6FLHQFH DQG (QJLQHHULQJ �&66(� DW -RKQV +RSNLQV
8QLYHUVLW\ >��@� 7R SUHYHQW ELDV� GDWD ZHUH SUH�SURFHVVHG E\ QHJOHFWLQJ &29,'��� FDVH
QXPEHUV EHIRUH D FRXQWU\ KDG UHDFKHG ��� FDVHV� DQG IDWDOLW\ QXPEHUV EHIRUH �� GHDWKV
>��@�

7KH PRGHO SUHVHQWHG LQ WKLV SDSHU ZDV EXLOW XSRQ WKH VHPLPHFKDQLVWLF %D\HVLDQ
KLHUDUFKLFDO PRGHO GHYHORSHG E\ )OD[PDQ HW DO >��@� ZKLFK HVWLPDWHG WKH HIIHFWV RI 13,V RQ
&29,'��� WUDQVPLVVLRQ LQ (XURSH� 6LPLODU WR )OD[PDQ¶V DSSURDFK� WKLV PRGHO XVHG
&29,'��� FDVH DQG GHDWK GDWD WR PDNH D µEDFNZDUG¶ LQIHUHQFH RI WKH QXPEHU RI QHZ FDVHV
IRU HDFK FRXQWU\� ZKLFK ZDV WKHQ XVHG WR LQIHU GDLO\ UHSURGXFWLRQ QXPEHUV >��@� 7KH
UHSURGXFWLRQ QXPEHU DQG WKH RFFXUUHQFH RI 13,V ZHUH WKHQ XVHG WR HVWLPDWH 13, HIIHFWV�
7R DFFRXQW IRU FURVV�FRXQWU\ YDULDWLRQV LQ HIIHFWLYHQHVV� UHSRUWLQJ� DQG IDWDOLW\ UDWHV� DV ZHOO
DV XQFHUWDLQW\ LQ WKH JHQHUDWLRQ LQWHUYDO DQG GHOD\ GLVWULEXWLRQV� UHVHDUFKHUV XWLOL]HG D
0DUNRY FKDLQ 0RQWH &DUOR �0&0&� VDPSOLQJ DOJRULWKP >��@ WR LQIHU SRVWHULRU GLVWULEXWLRQV RI
HDFK�13,¶V�HIIHFWLYHQHVV�

7KH UHVHDUFKHUV IRXQG WKDW 13,V GHPRQVWUDWHG KLJKO\ FRQVLVWHQW WUHQGV DFURVV FRXQWULHV
>��@� )RU LQVWDQFH� FORVLQJ ERWK VFKRROV DQG XQLYHUVLWLHV ZDV FRQVLVWHQWO\ KLJKO\ HIIHFWLYH DW
UHGXFLQJ &29,'��� WUDQVPLVVLRQ� DV ZDV EDQQLQJ JDWKHULQJV RI �� SHRSOH RU IHZHU�
ZKHUHDV WDUJHWHG FORVXUHV RI IDFH�WR�IDFH EXVLQHVVHV ZLWK D KLJK ULVN RI LQIHFWLRQ� VXFK DV
UHVWDXUDQWV� EDUV� DQG QLJKWFOXEV� KDG D VPDOO�WR�PRGHUDWH HIIHFW� 7KH\ IXUWKHUPRUH IRXQG
WKDW ZKHQ PRVW 13,V ZHUH DOUHDG\ LQ SODFH� VWD\�DW�KRPH RUGHUV KDG RQO\ D VPDOO DGGLWLRQDO
HIIHFW� WKXV� E\ XVLQJ HIIHFWLYH LQWHUYHQWLRQV� VRPH FRXQWULHV FRXOG HIIHFWLYHO\ FRQWURO
&29,'����VSUHDG�ZKLOH�DYRLGLQJ�VWD\�DW�KRPH�RUGHUV�

7KH UHVHDUFKHUV SRLQW RXW QXPHURXV OLPLWDWLRQV RI WKHLU DSSURDFK� VXFK DV DQ LQDELOLW\ WR
IDFWRU LQ FRXQWU\ GHPRJUDSKLFV� UHJLRQDO GLIIHUHQFHV LQ LQWHUSUHWDWLRQV RU LPSOHPHQWDWLRQV RI
13,V� DQG D ODFN RI GDWD RQ VRPH 13,V QRW FDSWXUHG LQ WKLV VWXG\� ZKLFK PD\ UHVWULFW WKH
IHDVLELOLW\ RI VFDOLQJ XS WKH WRRO >��@� 6RPH RI WKHVH OLPLWDWLRQV PD\ UHVROYH ZLWK WLPH�
KRZHYHU� LI 13,V ZHUH WR EHFRPH PRUH VWDQGDUGL]HG DFURVV ODUJHU JHRJUDSKLHV� DQG DV
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PRUH &29,'��� FDVH DQG GHDWK GDWD EHFRPHV DYDLODEOH EHIRUH DQG DIWHU WKH
LPSOHPHQWDWLRQ�RI�YDULRXV�13,V�

$�PRUH�UHFHQW�VWXG\�E\�WKH�VDPH�WHDP�IRFXVHG�RQ�(XURSH
V�VHFRQG�ZDYH�VKRZV�WKDW
EXVLQHVV�FORVXUHV��HGXFDWLRQDO�LQVWLWXWLRQ�FORVXUHV��DQG�JDWKHULQJ�EDQV�KDG�VPDOOHU�HIIHFWV
RQ�UHGXFLQJ�WUDQVPLVVLRQ�FRPSDUHG�ZLWK�WKH�ILUVW�ZDYH��OLNHO\�GXH�WR�RUJDQL]DWLRQDO�VDIHW\
PHDVXUHV�DQG�LQGLYLGXDO�SURWHFWLYH�EHKDYLRUV�ZKLFK�PDGH�YDULRXV�DUHDV�RI�SXEOLF�OLIH�VDIHU
>��@�
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%OXH'RW

%OXH'RW LV D VRIWZDUH DV D VHUYLFH �6DD6� GHVLJQHG WR IDFLOLWDWH GHFLVLRQ�PDNLQJ SURFHVVHV
E\ GHULYLQJ LQVLJKWV IURP D ODUJH DUUD\ RI QHDU UHDO�WLPH GDWD VRXUFHG IURP YDULRXV RIILFLDO
DQG XQRIILFLDO VRXUFHV >��@� 7KH %OXH'RW SODWIRUP¶V DOJRULWKP DJJUHJDWHV KXQGUHGV RI
GDWDVHWV DQG GHSOR\V VWDWLVWLFDO PRGHOV WR GHWHFW DQRPDOLHV� VXFK DV SRWHQWLDO GLVHDVH
RXWEUHDNV� DQG SUHGLFW KRZ DQG ZKHUH GLVHDVHV PLJKW VSUHDG� %OXH'RW LV D VXFFHVVRU WR
%LR'LDVSRUD� D VFLHQWLILF UHVHDUFK SURJUDP VWXG\LQJ KRZ WKH ZRUOG¶V SRSXODWLRQ LV
FRQQHFWHG WKURXJK FRPPHUFLDO DLU WUDYHO� ODXQFKHG LQ ���� E\ 'U� .DPUDQ .KDQ� D
SK\VLFLDQ DQG LQIHFWLRXV GLVHDVHV VSHFLDOLVW >��@� %LR'LDVSRUD UHFHLYHG LWV ILUVW VLJQLILFDQW
FDSLWDO ILQDQFLQJ IURP +RUL]RQ 9HQWXUHV LQ ���� DQG ZDV UHQDPHG %OXH'RW� ,Q �����
%OXH'RW ODXQFKHG LWV HDUO\ ZDUQLQJ V\VWHP� ,QVLJKWV� 7RGD\� %OXH'RW LV PDLQWDLQHG E\ D
WHDP�RI�PRUH�WKDQ����HPSOR\HHV�ZLWK�H[SHUWLVH�LQ�KHDOWK�VFLHQFH�DQG�GDWD�DQDO\WLFV�>��@�

7KH %OXH'RW SODWIRUP RIIHUV WZR FRUH FRPSRQHQWV� ,QVLJKWV� ZKLFK VHQGV FOLHQWV
QHDU�UHDO�WLPH LQIHFWLRXV GLVHDVH DOHUWV >��@� DQG ([SORUHU� D FORXG�EDVHG *,6 SODWIRUP WKDW
LQWHJUDWHV GLYHUVH GDWDVHWV� LQFOXGLQJ DLU WUDYHO DQG GLVHDVH VXUYHLOODQFH GDWD >��@� 'XULQJ
WKH &29,'��� SDQGHPLF� ZLWKLQ ,QVLJKWV� %OXH'RW KDV RIIHUHG WZR SURGXFWV FDOOHG ³&29,'
'DWD 6XLWH�´ IRU WKH ³ODWHVW LQWHOOLJHQFH DERXW &29,'���� LQFOXGLQJ VXE�QDWLRQDO GDWD DQG
HSLGHPLF FXUYHV�´ DQG ³&29,' )RFXV 5HSRUWV�´ ZKLFK ³GHOLYHU FXUDWHG UHVHDUFK RQ
&29,'����WKDW�H[DPLQHV�ZKHUH�WKH�SDQGHPLF�LV�KHDGLQJ´�>��@�

(YHU\ ILIWHHQ PLQXWHV� DQ DOJRULWKP SXOOV VWUXFWXUHG KHDOWK GDWD� VXFK DV RIILFLDO GDWD IURP
WKH &HQWHU IRU 'LVHDVH &RQWURO RU WKH :RUOG +HDOWK 2UJDQL]DWLRQ� DV ZHOO DV XQVWUXFWXUHG
GDWD� LQFOXGLQJ ZRUOGZLGH PRYHPHQWV RI FRPPHUFLDO IOLJKW WUDYHOHUV� KXPDQ� DQLPDO DQG
LQVHFW SRSXODWLRQ GDWD� DQG FOLPDWH GDWD IURP VDWHOOLWHV� DQG ORFDO LQIRUPDWLRQ IURP
MRXUQDOLVWV DQG KHDOWKFDUH ZRUNHUV >��@� ,Q WRWDO� DSSUR[LPDWHO\ ������� RQOLQH DUWLFOHV DUH
LGHQWLILHG HDFK GD\� VSDQQLQJ DSSUR[LPDWHO\ �� ODQJXDJHV DQG RYHU ��� GLVHDVHV DQG
V\QGURPHV�DURXQG�WKH�ZRUOG��7KH�GDWDVHWV�SURGXFHG�DUH�QRW�SXEOLFO\�DFFHVVLEOH�

%OXH'RW¶V VSHFLDOLVWV KDYH UHSRUWHGO\ GHYHORSHG D WD[RQRP\ VR WKDW UHOHYDQW NH\ZRUGV
FRXOG EH VFDQQHG HIILFLHQWO\� DQG WKHQ PDFKLQH OHDUQLQJ DQG QDWXUDO ODQJXDJH SURFHVVLQJ
FDQ EH DSSOLHG WR WUDLQ WKH V\VWHP DQG DXWRPDWLFDOO\ FODVVLI\� VR WKDW RQO\ D KDQGIXO RI FDVHV
KDYH WR EH IODJJHG IRU KXPDQ H[SHUWV WR DQDO\]H >��@� 8SRQ GHWHFWLQJ DQRPDOLHV LQ GDWD�
VXFK DV DQ DFFXPXODWLYH RFFXUUHQFH RI XQH[SODLQHG V\PSWRPV� XVHUV DUH SURYLGHG DQ DOHUW
RI WKHVH ZDUQLQJ VLJQV YLD WKH ,QVLJKWV IHDWXUH >��@� 8VHUV DUH DEOH WR WUDFN LQ QHDU UHDO�WLPH
GLVHDVH VSUHDG� KRVSLWDOL]DWLRQ DV ZHOO SUHGLFWLRQV RQ WKH LQWHUDFWLYH GDVKERDUG SURYLGHG E\
WKH ([SORUHU IHDWXUH� 1R IXUWKHU LQIRUPDWLRQ SHUWDLQLQJ WR WKH GDWD� PRGHO� WUDLQLQJ� QRU
WHVWLQJ�KDV�EHHQ�GLVFORVHG�

7KH HDUO\�ZDUQLQJ V\VWHP KDV SURYHQ HIIHFWLYH LQ YDULRXV GLVHDVH RXWEUHDNV� LQFOXGLQJ WKH
RQJRLQJ &29,'��� SDQGHPLF� 2Q 'HFHPEHU ��VW� ����� DQRPDORXV UHSRUWV RI XQGLDJQRVHG
SQHXPRQLD LQ :XKDQ� &KLQD ZHUH GHWHFWHG RQ WKH ,QVLJKWV IHDWXUH� 7ZR KRXUV DIWHU WKH ULVN
GHWHFWLRQ� DQ DOHUW ZDV VHQW WR %OXH'RW FXVWRPHUV >�@� %DVHG RQ DLU WUDYHO GDWD VXFK DV IURP
JOREDO DLUOLQH WLFNHWLQJ� WKH ,QVLJKWV IHDWXUH LGHQWLILHG �� FLWLHV WKDW PLJKW EH WKH ILUVW WR EH
DIIHFWHG E\ WKH RXWEUHDN� 2I WKHVH� �� ZHUH ODWHU IRXQG WR EH DPRQJ WKH ILUVW FLWLHV WKDW
UHSRUWHG HDUO\ FDVHV >�@� 7KHVH DOHUWV SUHFHGHG ERWK D ZDUQLQJ VHQW E\ WKH 86 &HQWHUV IRU
'LVHDVH &RQWURO RQ -DQXDU\ �WK� ����� DQG WKH :RUOG +HDOWK 2UJDQL]DWLRQ RQ -DQXDU\ �WK�
���� >��@� %\ WKH HQG RI -DQXDU\ ����� %OXH'RW GHYHORSHUV KDG SXEOLVKHG WZR VHSDUDWH
DUWLFOHV LQ WKH -RXUQDO RI 7UDYHO 0HGLFLQH²RQH RQ -DQXDU\ ��WK� ���� >��@ DQG RQH RQ
-DQXDU\ ��WK� ���� >��@²ZDUQLQJ RI WKH JOREDO VSUHDG RI WKLV ³SQHXPRQLD RI XQNQRZQ
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DHWLRORJ\´ EDVHG RQ FRPPHUFLDO IOLJKW GDWD� 7KH %OXH'RW V\VWHP KDV GHPRQVWUDWHG VLPLODUO\
SUHVFLHQW�IRUHFDVWV�RI�HDUOLHU�YLUXVHV��LQFOXGLQJ�(EROD�LQ������>��@�DQG�=LND�LQ������>��@�

%OXH'RW RIIHUV DOO RI WKH DIRUHPHQWLRQHG VHUYLFHV WR OLFHQVHG FOLHQWV� ZHEVLWH DGYHUWLVLQJ LV
WDLORUHG WR WKRVH LQ WKH EXVLQHVV� JRYHUQPHQW� DQG KHDOWKFDUH VHFWRUV >��@� ,Q DGGLWLRQ WR WKH
DGYDQWDJHV WKDW %OXH'RW KDV FRQIHUUHG LQ WHUPV RI &29,'��� VSUHDG IRUHFDVWLQJ� WKH
IRXQGHU HPSKDVL]HV WKH V\VWHP
V SRWHQWLDO WR WUDFN IXWXUH DQRPDOLHV WKDW FRXOG EH D VLJQ RI
WKH QH[W KLJK�ULVN GLVHDVH±SRWHQWLDOO\ EUHDNLQJ RXW EHIRUH WKH &29,'��� SDQGHPLF KDV
VXEVLGHG >��@� +RZHYHU� ODFN RI SXEOLF DFFHVV WR WKH SODWIRUP� GDWD� DQG PRGHOV QRW RQO\
PDNH LW GLIILFXOW WR DVVHVV %OXH'RW¶V SRWHQWLDO VFDODELOLW\ DQG LPSDFW� EXW LV LWVHOI D EDUULHU WR
WKH�SODWIRUP¶V�VFDODELOLW\�DQG�LPSDFW�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&����,QGH[


7KH &��� ,QGH[ LV DQ RSHQ�VRXUFH� $,�EDVHG SUHGLFWLYH PRGHO GHVLJQHG WR LGHQWLI\
LQGLYLGXDOV ZKR DUH DW WKH JUHDWHVW ULVN RI KHLJKWHQHG YXOQHUDELOLW\ WR &29,'���� EDVHG RQ
LQGLYLGXDOV¶ SUH�H[LVWLQJ PHGLFDO FRQGLWLRQV >��@� 7KH &��� ,QGH[ ZDV GHYHORSHG E\
UHVHDUFKHUV DW &ORVHG/RRS�DL� D SULYDWH KHDOWKFDUH VRIWZDUH FRPSDQ\� DQG RQH UHVHDUFKHU
DIILOLDWHG DW +HDOWKILUVW� D 1HZ <RUN�EDVHG KHDOWK LQVXUDQFH FRPSDQ\� $ UHVHDUFK DUWLFOH
GHVFULELQJ WKHLU PRGHOV ZDV XSORDGHG WR PHG5[LY LQ 0DUFK ���� >��@ DQG ZDV SXEOLVKHG LQ
WKH�-RXUQDO�RI�0HGLFDO�$UWLILFLDO�,QWHOOLJHQFH�LQ�'HFHPEHU�RI������>��@�

,Q WKHLU UHVHDUFK DUWLFOH� WKH UHVHDUFKHUV QRWH WKDW LGHQWLI\LQJ ZKR LV PRVW YXOQHUDEOH WR
&29,'��� FRPSOLFDWLRQV RU GHDWK LV QRW VWUDLJKWIRUZDUG� KRZHYHU� SDWWHUQV WKDW ZHUH
HPHUJLQJ LQ GDWD IURP :XKDQ DQG WKH 86 �LQ HDUO\ ����� VXJJHVWHG WKDW WKH ULVN RI GHDWK
LQFUHDVHG ZLWK DJH� IRU WKRVH ZKR KDYH GLDEHWHV� KHDUW GLVHDVH� EORRG FORWWLQJ SUREOHPV� RU
KDYH VKRZQ VLJQV RI VHSVLV� 5HVHDUFKHUV EHOLHYHG WKDW EXLOGLQJ SUHGLFWLYH PRGHOV EDVHG RQ
WKHVH NQRZQ ULVNV FRXOG EH XVHIXO IRU RXWUHDFK FDPSDLJQV WDUJHWHG WR WKRVH PRVW DW ULVN RI
VHYHUH�&29,'����FRPSOLFDWLRQV�>��@�

5HVHDUFKHUV XVHG GDWD IURP WZR GLIIHUHQW GDWDVHWV WR WUDLQ WKHLU PRGHOV� WKH &HQWHU IRU
0HGLFDUH 	 0HGLFDLG 6HUYLFHV /LPLWHG 'DWD 6HW IRU ���� DQG ���� >��@� DQG D PHGLFDO
FODLPV GDWDVHW FRQWDLQLQJ ��� PLOOLRQ +HDOWKILUVW LQVXUDQFH EHQHILFLDULHV� (DFK GDWDVHW
UHSUHVHQWHG GLIIHUHQW 86 GHPRJUDSKLFV� WKH IRUPHU FRQWDLQHG GDWD IRU WKRVH RYHU WKH DJH RI
�� RU GLVDEOHG ZKR UHFHLYH 0HGLFDUH� ZKLOH WKH ODWWHU FRQWDLQHG GDWD IURP RYHUDOO KHDOWKLHU
DGXOWV HQUROOHG LQ 0HGLFDLG� &RKRUWV ZHUH FUHDWHG IURP HDFK GDWD VHW� DQG WKHQ WKH
UHVXOWLQJ FRKRUWV ZHUH FRPELQHG� VXFK WKDW WKH FRPELQHG FRKRUW KDG DQ DJH SURILOH
FRQVLVWHQW�ZLWK�WKH�RYHUDOO�86�SRSXODWLRQ�>��@�

7KUHH GLIIHUHQW PRGHOV� ZKLFK RXWSXW D SHUVRQ¶V ³&��� ,QGH[´ VFRUH²WKH SHUFHQWLOH ULVN RI
QHDU�WHUP VHYHUH FRPSOLFDWLRQV IURP DQ XSSHU UHVSLUDWRU\ LQIHFWLRQ� ZHUH WKHQ WUDLQHG RQ
WKH FRPELQHG FRKRUW¶V GDWD� ��� D ³VXUYH\ ULVN IDFWRUV´ ORJLVWLF UHJUHVVLRQ PRGHO WKDW RXWSXWV
D SHUVRQ¶V SHUFHQWLOH ULVN VFRUH EDVHG RQ UHVSRQVHV WR D ZHE�EDVHG VXUYH\� ��� D
³GLDJQRVLV KLVWRU\ PRGHO�´ ZKLFK WUDLQ JUDGLHQW�ERRVWHG WUHHV LQ D WLPH�GHOD\HG IDVKLRQ�
DOORZLQJ WKH PRGHO WR XVH FXUUHQW FODLPV GDWD E\ VLPXODWLQJ WKH ��PRQWK GHOD\ LQ FODLPV
SURFHVVLQJ WKDW XVXDOO\ RFFXUV LQ SUDFWLFDO VHWWLQJV� DQG ��� DQ ³H[SDQGHG IHDWXUH PRGHO�´ D
PRGHO EXLOW ZLWKLQ &ORVHG/RRS²D VRIWZDUH V\VWHP IRU FUHDWLQJ PDFKLQH OHDUQLQJ
PRGHOV²WKDW XVHV DGGLWLRQDO HQJLQHHUHG IHDWXUHV IURP SHHU�UHYLHZHG VWXGLHV �QRW
GLVFORVHG LQ WKHLU SXEOLFDWLRQ�� 7KH NH\ GLIIHUHQFHV EHWZHHQ HDFK PRGHO DUH WKH QXPEHU RI
IHDWXUHV�HDFK�HPSOR\V��DQG�WKXV��WKHLU�HDVH�RI�LPSOHPHQWDWLRQ�

7KH ��YDOLGDWLRQ GDWDVHW FRQWDLQHG ������ &29,'��� FDVHV LQ 1HZ <RUN &LW\ IURP )HEUXDU\
���� XQWLO PLG�0D\ ����� 7KH ORJLVWLF UHJUHVVLRQ XVHG WKH IHZHVW IHDWXUHV DQG GHOLYHUHG
WKH ORZHVW SHUIRUPDQFH� ZLWK DQ $852& �$UHD 8QGHU WKH 5HFHLYHU 2SHUDWLQJ
&KDUDFWHULVWLFV²D PHDVXUHPHQW RI D PRGHO¶V DELOLW\ WR GLVWLQJXLVK EHWZHHQ FODVVHV� RI
����� ,Q FRPSDULVRQ� ERWK WKH GLDJQRVLV KLVWRU\ PRGHO DQG WKH H[SDQGHG IHDWXUHV PRGHOV
REWDLQHG�$852&V�RI������

7KH &��� ,QGH[ KDV DOUHDG\ EHHQ XWLOL]HG E\ DW OHDVW WZR KHDOWKFDUH RUJDQL]DWLRQV� 0HGLFDO
+RPH 1HWZRUN� DQ ,OOLQRLV�EDVHG DFFRXQWDEOH FDUH RUJDQL]DWLRQ >��@� DQG +HDOWKILUVW� WKH
DIRUHPHQWLRQHG 1HZ <RUN�EDVHG KHDOWK LQVXUDQFH FRPSDQ\� +RZHYHU� WKH DXWKRUV QRWH
VHYHUDO OLPLWDWLRQV RI WKHLU VWXG\ ZKLFK LPSDFW WKH IHDVLELOLW\ RI XVLQJ WKLV DSSURDFK RQ D
ODUJHU VFDOH� QR UHDO &29,'��� FDVHV ZHUH XVHG LQ WKH PRGHO¶V WUDLQLQJ� WKH DSSURDFK UHOLHG
RQ FODLPV GDWD LQVWHDG RI FOLQLFDO GDWD� DQG GDWD H[FOXGHG WKRVH XQGHU �� \HDUV RI DJH�
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7KHUHIRUH� PRYLQJ IRUZDUG� SRVVLEOH WHFKQLFDO HQKDQFHPHQWV FRXOG EH WR YDOLGDWH WKH SUR[\
RXWFRPH DQG GHWHUPLQH WKHLU YDOLGLW\ EDVHG RQ &29,'��� GDWD� WR EXLOG PRGHOV RQ
&29,'��� YXOQHUDELOLW\ RQ &29,'��� GDWD �ZLWKRXW KDYLQJ WR XVH RWKHU XSSHU UHVSLUDWRU\
GLVHDVHV�DV�SUR[LHV���DQG�WR�WHVW�RQ�GDWD�RI�WKRVH�XQGHU����\HDUV�RI�DJH�


7KLV VXPPDU\ KDV EHHQ UHYLHZHG DQG DSSURYHG E\ WKH LQLWLDWLYH¶V GHYHORSHUV� 0RUH
LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&$,$&


&$,$& �&ROOHFWLYH DQG $XJPHQWHG ,QWHOOLJHQFH $JDLQVW &29,'���� LV D SURWRW\SH RI D
NQRZOHGJH PDQDJHPHQW SODWIRUP GHYHORSHG WR DLG SROLF\PDNHUV¶ DQG KHDOWK RIILFLDOV¶
GHFLVLRQ�PDNLQJ DFURVV YDULRXV WRSLFV UHODWHG WR WKH &29,'��� SDQGHPLF >��@� 7KH SURMHFW
ZDV ODXQFKHG LQ -XO\ ���� DV D FROODERUDWLRQ EHWZHHQ 6WDELOLW\�DL� 7KH )XWXUH 6RFLHW\� DQG
WKH 6WDQIRUG ,QVWLWXWH IRU +XPDQ�&HQWHUHG $, �+$,�� ZLWK VXSSRUW IURP 3DWULFN -� 0F*RYHUQ
)RXQGDWLRQ�>��@�

7KH REMHFWLYH RI &$,$& LV WR DVVLVW XVHUV ZLWK GHFLVLRQ�PDNLQJ E\ SURYLGLQJ WKHP ZLWK WKH
PHDQV WR QDYLJDWH DXWKRULWDWLYH DQG XS�WR�GDWH LQIRUPDWLRQ ZLWK D FRPELQDWLRQ RI
LQIRUPDWLRQ UHSUHVHQWDWLRQ DQG TXHU\ WRROV >��@� 7KH SURWRW\SH ZDV GHYHORSHG ZLWK WKUHH
LQLWLDO &29,'����UHODWHG XVH FDVHV LQ PLQG� FRQWDFW WUDFLQJ� WDUJHWLQJ DLG WRZDUGV
PDUJLQDOL]HG JURXSV� DQG DGGUHVVLQJ WKH ³LQIRGHPLF�´ 7KH SODWIRUP SURWRW\SH LQWHJUDWHV D
QXPEHU RI $, V\VWHPV LQWR WKUHH IXQFWLRQDOLWLHV� �� NQRZOHGJH JUDSKV� LQ ZKLFK DFWRUV DQG
LQLWLDWLYHV �IRU HDFK XVH FDVH� DUH UHSUHVHQWHG E\ QRGHV� �� LQIRUPDWLYH EULHIV SHUWDLQLQJ WR
WKH NH\ TXHVWLRQV LGHQWLILHG ZLWKLQ HDFK XVH FDVH� DQG �� D TXHU\ LQWHUIDFH WKDW DOORZV XVHUV
WR�VHDUFK�IRU�LQIRUPDWLRQ�ZLWKLQ�WKH�&$,$&�GDWDVHW�

&$,$& UHOLHV RQ D FRPELQDWLRQ RI VWUXFWXUHG DQG XQVWUXFWXUHG GDWD� 6HYHUDO KXQGUHG
GRFXPHQWV²DFDGHPLF DUWLFOHV� SUHSULQWV� SXEOLFDWLRQV E\ SXEOLF KHDOWK DXWKRULWLHV� DQG
QHZV PHGLD²IURP HDFK XVH FDVH ZHUH DQQRWDWHG E\ KXPDQV ZLWK UHODWHG H[SHUWLVH �DW
OHDVW DQ XQGHUJUDGXDWH GHJUHH LQ D UHODWHG ILHOG� >��@� +XPDQ DQQRWDWRUV XVHG VRIWZDUH
FDOOHG +\SRWKHVLV >��@ WR SDUVH &29,'����UHODWHG OLWHUDWXUH DQG H[WUDFW NH\ HQWLWLHV� WRSLFV�
VWDWLVWLFV� DQG TXRWDWLRQV� 8VLQJ D EHVSRNH 1DPHG (QWLW\ 5HFRJQLWLRQ �1(5� PRGHO ZLWK
VRIWZDUH FDOOHG +LYHPLQG >��@� WKHVH WKRXVDQGV RI H[WUDFWHG VWULQJV ZHUH GHOHJDWHG WR
KXPDQV WR DVVLJQ ODEHOV �VXFK DV ³LQGLYLGXDO�´ ³RUJDQL]DWLRQ�´ ³TXRWDWLRQ�´ HWF��� 'DWD ZHUH
DOVR FROOHFWHG YLD H[SHUW LQWHUYLHZV� ZLWKLQ HDFK XVH FDVH� LQWHUYLHZV ZHUH FRQGXFWHG� ZLWK
SHUPLVVLRQ� ZLWK �� GRPDLQ H[SHUWV²WKRVH KLJKO\ FLWHG RU LQ SRVLWLRQV RI DXWKRULW\ LQ
DXWKRULWDWLYH PHGLFDO DQG�RU VFLHQWLILF LQVWLWXWLRQV� 7KHVH LQWHUYLHZV ZHUH WUDQVFULEHG ZLWK
2WWHU�$,�>��@�DQG�WKHQ�ODEHOHG�LQ�D�VLPLODU�PDQQHU�WR�WKH�GRFXPHQWV�DERYH�

7KHVH VWUXFWXUHG GDWD DUH YLVXDOL]HG RQ WKUHH NQRZOHGJH JUDSKV²RQH IRU HDFK XVH
FDVH²XVLQJ .XPX VRIWZDUH >��@� ,QIRUPDWLYH EULHIV SURYLGH XVHUV ZLWK D ZDONWKURXJK RI
HDFK JUDSK DQG NH\ TXHVWLRQV �WKRVH ZKLFK KDG EHHQ LGHQWLILHG DV VLJQLILFDQW LQ OLWHUDWXUH RU
LQ H[SHUW LQWHUYLHZV� SHUWDLQLQJ WR HDFK XVH FDVH� 8VHUV DUH DOVR DEOH WR H[HFXWH VHDUFK
TXHULHV ZLWK D FKDWERW LQWHUIDFH� HQDEOHG E\ ,%0 :DWVRQ 'LVFRYHU\ >��@� ZKLFK SURYLGHV
XVHUV ZLWK H[FHUSWV IURP WKH GDWD PRVW OLNHO\ UHODWHG WR WKHLU TXHU\� 7KH GHWDLOV SHUWDLQLQJ WR
WKH 1DWXUDO /DQJXDJH 3URFHVVLQJ �1/3� PRGHO�V� HPSOR\HG E\ ,%0 :DWVRQ 'LVFRYHU\ DUH
QRW SXEOLFO\ DYDLODEOH� :RUN KDV EHHQ RQJRLQJ WR UHSODFH WKH ,%0 :DWVRQ
'LVFRYHU\�SRZHUHG FKDWERW ZLWK D ODQJXDJH PRGHO FDSDEOH RI UHOLDEO\ DFFXUDWH 1DWXUDO
/DQJXDJH *HQHUDWLRQ �1/*� RXWSXW LQ UHVSRQVH WR &29,'��� UHODWHG TXHULHV� ,Q WKLV
UHJDUG� D � ELOOLRQ SDUDPHWHU *37�- �DQ RSHQ�VRXUFH DOWHUQDWLYH WR *37��� ODQJXDJH PRGHO�
ZDV ILQH�WXQHG ZLWK WKH &29,'��� 2SHQ 5HVHDUFK 'DWDVHW �&25'���� DQG WKH
DIRUHPHQWLRQHG GDWD VHWV >��@� $V RI -DQXDU\ �WK� ����� WKH WH[W JHQHUDWHG E\ WKLV PRGHO
KDV QRW EHHQ GHPRQVWUDWHG WR EH UHOLDEO\ DFFXUDWH DQG� DQG DV VXFK� DQ LQWHUDFWLYH YHUVLRQ
LV QRW SXEOLFO\ DFFHVVLEOH� EXW LQWHUHVWHG SDUWLHV FDQ DFFHVV DQ $3, ZLWK D NH\ DYDLODEOH
XSRQ�UHTXHVW�E\�GHYHORSHUV�>��@�
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7KH SURWRW\SH RI &$,$& LV SXEOLFO\ DFFHVVLEOH >��@� $ JRDO RI &$,$& ZDV WR H[SORUH
PHWKRGV WR V\VWHPDWLFDOO\ FROOHFW� VWUXFWXUH� DQG PDNH QDYLJDEOH GDWD LQ GRPDLQV ZKHUH
OLWHUDWXUH LV TXLFNO\ HPHUJLQJ >��@� 7KH GDWD FROOHFWLRQ DQG ODEHOLQJ SURFHVVHV� DV GHVFULEHG�
DUH ODERU�LQWHQVLYH� LQ RUGHU WR EH VFDOHG DFURVV RWKHU GRPDLQV� WKHVH WDVNV FRXOG EH
UHSODFHG E\ DXWRPDWHG QDPHG HQWLW\ UHFRJQLWLRQ �1(5� PHWKRGV� )XUWKHUPRUH� WKH
GHYHORSPHQW RI &$,$& GHPRQVWUDWHG WKDW HYHQ VRPH RI WKH PRVW SRZHUIXO ODQJXDJH
PRGHOV� VXFK DV *37�- ILQH�WXQHG ZLWK &29,'����UHODWHG UHVHDUFK� DUH QRW \HW FDSDEOH RI
SURYLGLQJ UHOLDEO\ DFFXUDWH VXPPDULHV IURP WKH ODUJH ERG\ RI GLVSDUDWH GDWD VRXUFHV�
,QGHHG� ODQJXDJH PRGHOV �VXFK DV 2SHQ$,¶V *37��� DUH RQO\ MXVW EHJLQQLQJ WR GHPRQVWUDWH
WKH FRPSHWHQF\ WR VXPPDUL]H ERGLHV RI WH[W IURP D VLQJOH VRXUFH� VXFK DV D ERRN >��@�
7KXV� LPSURYHPHQWV LQ LQIRUPDWLRQ PDQDJHPHQW DQG 1/* PHWKRGV ZRXOG OLNHO\ EH
QHFHVVDU\�EHIRUH�&$,$&�FRXOG�IHDVLEO\�EH�VFDOHG�XS�IRU�RWKHU�XVH�FDVHV�


7KLV VXPPDU\ KDV EHHQ UHYLHZHG DQG DSSURYHG E\ WKH LQLWLDWLYH¶V GHYHORSHUV� 0RUH
LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&RPSRVLWLRQDO�&\EHU�3K\VLFDO�(SLGHPLRORJ\�RI�&29,'���

³&RPSRVLWLRQDO &\EHU�3K\VLFDO (SLGHPLRORJ\ RI &29,'���´ LV D IUDPHZRUN IRU VLPXODWLQJ
WKH SURJUHVVLRQ RI WKH &29,'��� SDQGHPLF EDVHG RQ WKH HQIRUFHPHQW RI QDWLRQDO
QRQ�SKDUPDFHXWLFDO LQWHUYHQWLRQV �13,V� >��@� 8VLQJ HVWLPDWHV IRU WKH HIIHFW RI 13,V RQ WKH
UHSURGXFWLRQ QXPEHU �5�� >��@� WKH DSSURDFK DOORZV SROLF\PDNHUV WR VLPXODWH SDQGHPLF
VSUHDG G\QDPLFV IRU GLIIHUHQW JRYHUQPHQW FRQWURO PHDVXUHV� $ SDSHU GHVFULELQJ WKH
IUDPHZRUN� E\ UHVHDUFKHUV DW WKH 'HSDUWPHQW RI (OHFWULFDO DQG 6RIWZDUH (QJLQHHULQJ DQG
WKH )DFXOW\ RI 0HGLFDO DQG +HDOWK 6FLHQFHV DW WKH 8QLYHUVLW\ RI $XFNODQG� ZDV XSORDGHG WR
PHG5[LY LQ 0D\ ���� >��@ DQG ZDV SXEOLVKHG LQ 1DWXUH 6FLHQWLILF 5HSRUWV LQ 1RYHPEHU
�����>��@�

)RU WKHLU PRGHO� WKH DXWKRUV ILWWHG SDUDPHWHUV EDVHG RQ &29,'��� FDVH GDWD SURYLGHG E\
WKH &29,'��� 'DWD 5HSRVLWRU\ >��@ �PDLQWDLQHG E\ WKH &HQWHU IRU 6\VWHPV 6FLHQFH DQG
(QJLQHHULQJ DW -RKQV +RSNLQV 8QLYHUVLW\� IRU 1HZ =HDODQG EHWZHHQ 0DUFK DQG 6HSWHPEHU
����� DQG IRU ,WDO\ EHWZHHQ )HEUXDU\ DQG $XJXVW ����� 7KH GDWDVHW LV RSHQO\ DYDLODEOH�
DQG�WKH�DXWKRUV�KDYH�VKDUHG�WKH�VXEVHW�RI�GDWD�WKH\�ZRUNHG�ZLWK�RQ�*LW+XE >��@�

,Q WKLV IUDPHZRUN� GLVHDVH VSUHDG G\QDPLFV DUH PRGHOHG DV D F\EHU�SK\VLFDO V\VWHP�
FRPSRVHG RI SDUDPHWHUL]HG RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV �2'(V�� UHSUHVHQWLQJ WKH
GLVHDVH VSUHDG� DQG D GLVFUHWH FRQWUROOHU WKDW FKDQJHV WKH SDUDPHWHUV RI WKH V\VWHP�
UHSUHVHQWLQJ JRYHUQPHQW LQWHUYHQWLRQV >��@� 7KH PDLQ SDUDPHWHUV RI WKH PRGHO DUH WKH
UHSURGXFWLRQ QXPEHU �5�� DQG WUDQVLWLRQ SUREDELOLWLHV EHWZHHQ HSLGHPLRORJLFDO VWDWHV� DV
GHILQHG LQ WKH 6XVFHSWLEOH� ([SRVHG� ,QIHFWLRXV� RU 5HFRYHUHG �6(,5� PRGHO� 7KH WRRO GRHV
QRW UHO\ RQ WUDLQLQJ� LQVWHDG� LWV SDUDPHWHUV DUH LQIHUUHG IURP GDWD� )RU 1HZ =HDODQG� 5�ZDV
GHULYHG IURP D IRUPXOD WKDW WDNHV LQWR DFFRXQW LQWHUYHQWLRQV²HDFK ZLWK WKHLU RZQ
ZHLJKW²WKDW DUH HPSOR\HG DW HYHU\ SKDVH RI ORFNGRZQ ������ )RU ,WDO\� ZKLFK ODFNV VXFK D
V\VWHPDWLF LQWHUYHQWLRQ VWUDWHJ\� WKH DXWKRUV GLYLGHG WKH WUDQVPLVVLRQ WUDMHFWRU\ �WLPH� LQWR
IRXU SKDVHV UHIOHFWLQJ WKH VWULQJHQF\ RI PHDVXUHV WDNHQ E\ WKH ,WDOLDQ JRYHUQPHQW LQ WKRVH
SHULRGV� DQG ILWWHG WKH UHSURGXFWLRQ YDOXH IRU HDFK RI WKHVH SKDVHV XVLQJ /HDVW 6TXDUHV
FXUYH�ILWWLQJ ZLWK WKH 6(,5 PRGHO� )URP KHUH� WKH WRRO DOORZV WKH XVHU WR VSHFLI\ D VHW RI
FRQWURO PHDVXUHV WKDW FKDQJH SDQGHPLF G\QDPLFV DQG DUH VZLWFKHG EDVHG RQ WKH VWDWH RI
WKH V\VWHP� )RU H[DPSOH� ZKHQ D FULWLFDO WKUHVKROG RI QHZ FDVHV SHU GD\ RU SHUFHQWDJH RI
RFFXSLHG LQWHQVLYH FDUH XQLWV �,&8V� LV UHDFKHG� PRUH VWULQJHQW SROLF\ PHDVXUHV ZLOO EH
LPSOHPHQWHG� ZKLFK LV HQFRGHG LQ WKH PRGHO E\ D ORZHU UHSURGXFWLRQ QXPEHU� 7KXV� WKH WRRO
LPSOHPHQWV D VWDWH PDFKLQH WKDW DXWRPDWLFDOO\ VZLWFKHV WKH SDUDPHWHUV RI WKH 2'( PRGHO
EDVHG�RQ�WKH�YDOXHV�RI�WKH�V\VWHP�

7KH PRGHO¶V SHUIRUPDQFH ZDV PHDVXUHG ZLWK UHVSHFW WR &29,'��� 'DWD 5HSRVLWRU\ IRU
,WDO\ EHWZHHQ )HEUXDU\ DQG $XJXVW ���� DQG IRU 1HZ =HDODQG EHWZHHQ )HEUXDU\ DQG
6HSWHPEHU ����� 7R WHVW WKH PRGHO¶V SHUIRUPDQFH� WKH DXWKRUV LPSOHPHQWHG FRQWURO
PHDVXUHV WKDW PLPLF WKH LQWHUYHQWLRQV WDNHQ E\ JRYHUQPHQWV RI ,WDO\ DQG 1HZ =HDODQG� LQ
DGGLWLRQ WR K\SRWKHWLFDO LQWHUYHQWLRQV� LQ RUGHU WR DVVHVV WKH GLIIHUHQFHV EHWZHHQ GLIIHUHQW
UHVWULFWLRQ VWUDWHJLHV� ,W ZDV REVHUYHG WKDW WKLV PRGHO DFFXUDWHO\ FDSWXUHG WKH FRXUVH RI WKH
SDQGHPLF LQ 1HZ =HDODQG DQG ,WDO\ RYHU WKH DPRXQW RI WLPH IRU ZKLFK GDWD H[LVWHG
�DSSUR[LPDWHO\ ��� GD\V�� $IWHU WKDW SRLQW LQ WLPH� DXWKRUV H[DPLQHG KRZ GLIIHUHQW OHYHOV RI
VWULQJHQF\²UHIOHFWHG LQ WKH FRQWUROOHU²ZRXOG LPSDFW IXWXUH RXWFRPHV� 7KHVH WHVWV
GHPRQVWUDWHG WKDW D FRQWUROOHU WKDW UHIOHFWV 1HZ =HDODQG¶V WLHUHG ORFNGRZQ VWUDWHJ\ UHVXOWV
LQ EHWWHU HFRQRPLF RXWFRPHV WKDQ D ³VLPSOH´ FRQWUROOHU �H�J� ORFNLQJ GRZQ HQWLUHO\ XQWLO
LQIHFWLRQV UHDFK ]HUR RU YDFFLQHV DUH DYDLODEOH�� ,W DOVR GHPRQVWUDWHG WKDW D WLHUHG VWUDWHJ\
SHUIRUPV EHWWHU WKDQ DQ RVFLOODWLQJ VWUDWHJ\²DOWHUQDWLQJ EHWZHHQ QR ORFNGRZQ DQG
FRPSOHWH�ORFNGRZQ�EDVHG�RQ�DFWLYH�LQIHFWLRQV�
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7KLV IUDPHZRUN LV RSHQO\ DFFHVVLEOH RQ WKH GHYHORSHUV¶ *LW+XE SDJH DQG ZDV ODVW XSGDWHG
LQ 6HSWHPEHU ���� >��@� 7KH IUDPHZRUN DV SUHVHQWHG UHOLHV KHDYLO\ RQ DFFXUDWH SDUDPHWHU
HVWLPDWHV� VXFK DV WKH UHSURGXFWLRQ QXPEHU LQ WKH 6(,5 PRGHO� 7KH DXWKRUV QRWH WKDW GXH
WR UHJLRQDO GLIIHUHQFHV LQ LPSOHPHQWDWLRQ� SRSXODWLRQ GHQVLW\� PRELOLW\� VSDWLDO KHWHURJHQHLW\�
HFRQRPLF IDFWRUV� DQG FXOWXUDO FKDUDFWHULVWLFV� LW FDQ EH GLIILFXOW WR UHOLDEO\ HVWLPDWH WKH
HIIHFWV RI JRYHUQPHQW LQWHUYHQWLRQV RQ WKLV ILJXUH >��@� >��@� +RZHYHU� WKH\ DOVR SRLQW RXW
WKDW WKH IUDPHZRUN QHHG QRW EH OLPLWHG WR WKH 6(,5 PRGHO²LW FRXOG EH H[WHQGHG WR RWKHU
FRQWLQXRXV PRGHOV WKDW FDQ EH FDSWXUHG WKURXJK D VHULHV RI 2'(V� VXFK DV WKRVH
GHPRQVWUDWHG E\ &RYLG6,0 >��@� 6,'$57+( >��@� RU PLFURVFDOH PRGHOLQJ� 7KXV� IRU DQ\
SDUWLFXODU JHRJUDSK\� UHVHDUFK ZRXOG EH UHTXLUHG WR GHWHUPLQH KRZ WKLV DSSURDFK FRXOG EH
EHVW�XWLOL]HG�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&RURQD&HQWUDO

&RURQD&HQWUDO LV D GDVKERDUG WKDW DOORZV XVHUV WR QDYLJDWH D ODUJH FRUSXV RI
FRURQDYLUXV�UHODWHG OLWHUDWXUH IRU 6$56�&R9��� 0(56�&R9� DQG 6$56�&R9� ZKHUH DUWLFOHV
FDQ EH DFFHVVHG DQG VHDUFKHG XVLQJ SUHGHILQHG FDWHJRULHV DQG WHUPV� 7KH SRUWDO ZDV
GHYHORSHG E\ -DNH /HYHU DQG 5XVV %� $OWPDQ� EDVHG DW WKH 'HSDUWPHQW RI %LRHQJLQHHULQJ
DW 6WDQIRUG 8QLYHUVLW\� DQG VXSSRUWHG E\ WKH &KDQ =XFNHUEHUJ %LRKXE DQG D 1DWLRQDO
/LEUDU\ RI 0HGLFLQH *UDQW >��@� 7KH HDUOLHVW FRPPLW WR WKH GDVKERDUG¶V *LW+XE UHSRVLWRU\ LV
-XQH ���� >��@� DQG WKH ZRUN ZDV SXEOLVKHG DV DQ DUWLFOH LQ 3URFHHGLQJV RI WKH 1DWLRQDO
$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD��31$6��LQ�$SULO������>��@�

$UWLFOHV IURP WKH &29,'��� 2SHQ 5HVHDUFK 'DWDVHW �&25'���� >��@ DQG D VHOHFWHG VHW RI
DUWLFOHV FRQWDLQLQJ UHOHYDQW FRURQDYLUXV NH\ZRUGV 3XE0HG DUH SURFHVVHG RQ D GDLO\ EDVLV
>��@� 85/V RI WKH ODWHVW &25'��� GDWDVHW LV IHWFKHG IURP WKH GHGLFDWHG &25'��� UHOHDVHV
SDJH >��@ DQG PHWDGDWD &69 ILOHV DUH H[WUDFWHG� 3XE0HG ILOH 85/V DUH IHWFKHG IURP WKH
)73 OLVWLQJ >��@ DQG WKH ;0/ ILOHV DUH GRZQORDGHG WKHQ ILOWHUHG IRU GRFXPHQWV WKDW DSSHDU
WR EH FRURQDYLUXV�UHODWHG� %RWK 3XE0HG DQG &25'��� ILOHV DUH FRPELQHG LQWR D -621
IRUPDW� 7KH GDWD DUH IHG WKURXJK D SLSHOLQH WKDW FOHDQV WKH GDWD� UHPRYHV GXSOLFDWHV�
PHUJHV WKH GDWD� SHUIRUPV FDWHJRUL]DWLRQ� DQG WKHQ XSORDGV GDWD WR D 0\64/ GDWDEDVH
>��@� )XOO GHWDLOV DUH SXEOLVKHG RQ WKH DXWKRU¶V *LW+XE >��@� DQG DV RI -DQXDU\ �WK� �����
&RURQD&HQWUDO�KDV�SURFHVVHG���������DUWLFOHV�>��@�

7R PLQH WKH GRZQORDGHG GDWD IRU WRSLF� DUWLFOH W\SH� DQG W\SLFDO LGHQWLILHU �H�J� DXWKRU�V��
WLWOH� MRXUQDO� \HDU�� D %LGLUHFWLRQDO (QFRGHU 5HSUHVHQWDWLRQV IURP 7UDQVIRUPHUV �%(57�
QDWXUDO ODQJXDJH SURFHVVRU ZDV HPSOR\HG DV D PDFKLQH OHDUQLQJ PRGHO� WUDLQHG E\ D
VXSHUYLVHG OHDUQLQJ DSSURDFK� $Q LQLWLDO ���� UDQGRPO\ VHOHFWHG DUWLFOHV ZHUH PDQXDOO\
HYDOXDWHG WR SURGXFH D GUDIW OLVW RI WRSLFV DQG DUWLFOH W\SHV� 7KLV ZDV WKHQ DGMXVWHG WR
SURYLGH EHWWHU FRYHUDJH� ZKHUH IXUWKHU WRSLFV ZHUH DGGHG �H�J� ORQJ KDXO� FRQWDFW WUDFLQJ�
ODWHU LQ WKH SDQGHPLF� &URVV�YDOLGDWLRQ XVLQJ D ������� WUDLQLQJ�YDOLGDWLRQ VSOLW ZDV XVHG
WR HYDOXDWH %(57�EDVHG GRFXPHQW FODVVLILHUV >��@� 7RSLFV DQG DUWLFOH W\SHV ZHUH SUHGLFWHG
WRJHWKHU XVLQJ WKH WLWOH DQG DEVWUDFW DV LQSXW� PXOWL�ODEHO FODVVLILHUV ZHUH LPSOHPHQWHG XVLQJ
NWUDLQ DQG +XJJLQJ)DFH PRGHOV >��@� 7KH EHVW %(57 PRGHO ZDV HYDOXDWHG RQ D KHOG�RXW
WHVW VHW RI ��� DUWLFOHV >��@� 2SWLPDO SDUDPHWHUV ZHUH �� HSRFKV� D OHDUQLQJ UDWH RI ���� DQG
D EDWFK VL]H RI �� 7KLV KDG D PDFUR SUHFLVLRQ RI ����� DQG D PDFUR UHFDOO RI ���� >��@� 7KH
PDFUR )� VFRUH� ZKLFK LV EDVHG RQ D EDODQFH RI SUHFLVLRQ DQG UHFDOO ZLWK � EHLQJ WKH EHVW
YDOXH��ZDV�������>��@�

7KH GDWD DUH SUHVHQWHG WKURXJK DQ RQOLQH GDVKERDUG ZKHUH XVHUV DUH SUHVHQWHG ZLWK
LQWHUDFWLYH JUDSKV GHSLFWLQJ WUHQGV LQ SXEOLFDWLRQV E\ FRURQDYLUXV VSHFLHV �6$56�&R9���
0(56�&R9� DQG 6$56�&R9� DQG UHFHQW DUWLFOHV WKDW DUH WUHQGLQJ EDVHG RQ DOWPHWULF
VFRUHV� 2WKHU LQWHUDFWLYH JUDSKV SUHVHQW SXEOLFDWLRQV E\ WRSLF� ORFDWLRQ� DUWLFOH W\SH� VRXUFH
�SHHU�UHYLHZHG YHUVXV SUHSULQW VHUYHUV�� GUXJ �QRQ�YDFFLQH�� YDFFLQH� ULVN IDFWRUV�
V\PSWRPV� JHQHWLF YDULDWLRQ� DQG YLUDO OLQHDJH >��@� 8VHUV FDQ H[HFXWH D TXHU\ IRU DUWLFOHV
RU EURZVH E\ FDWHJRU\ �H�J� HSLGHPLRORJ\� WUHDWPHQW� DQG VXEFDWHJRU\ �H�J� FRQWDFW WUDFLQJ�
YDFFLQHV�� 7KH SURMHFW DXWKRUV QRWH WKDW WRSLFV UDQNLQJ KLJKHVW LQ WHUPV RI IUHTXHQF\ RI
SXEOLFDWLRQ �H�J� &OLQLFDO 5HSRUWV UDQNLQJ KLJKHVW DW RYHU ������ DUWLFOHV� DUH RYHUWDNHQ LQ
WKH UDQNLQJV E\ DOWPHWULF VFRUH �H�J� 7UDQVPLVVLRQ UDQNLQJ KLJKHVW ZLWK RYHU �� DUWLFOHV LQ
WRS ��� DOWPHWULF VFRUH�� 7KLV VXJJHVWV WKDW LQ WKH FRQWH[W RI D G\QDPLF UHVHDUFK
HQYLURQPHQW� VXFK DV D SDQGHPLF� XVHUV PD\ ZLVK WR UHO\ RQ DQ DOWHUQDWLYH PHDQV E\ ZKLFK
WR SULRULWL]H UHVHDUFK� UDWKHU WKDQ PRUH FDQRQLFDO FLWDWLRQ LQGLFHV >��@� 8VHU IHHGEDFN LV
SRVVLEOH YLD D IRUP RQ WKH ZHEVLWH� WR IODJ LVVXHV DQG FRQWDFW WKH DXWKRUV� IRU LQVWDQFH� LQ
WKH�HYHQW�RI�PLVWDNHQ�FDWHJRUL]DWLRQ�DQG�PLVVLQJ�ILOHV�
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%HFDXVH D ODUJH QXPEHU RI DUWLFOHV DUH DGGHG HYHU\ PRQWK �DSSUR[LPDWHO\ �������� LW LV
UHDVRQDEO\ IRUHVHHDEOH WKDW QHZ WRSLFV ZLOO HPHUJH� 7KH SURMHFW¶V DXWKRUV QRWH WKDW DV WKH
EUHDGWK RI FRURQDYLUXV OLWHUDWXUH JURZV� WKH\ PD\ QHHG WR DGG QHZ WRSLFV DV UHVHDUFK
IRFXVHV VKLIW >��@� 0RQLWRULQJ RI WUHQGLQJ DUWLFOHV ZLOO KHOS LGHQWLI\ DQG YHULI\ WKDW WRSLF GULIW
GRHV QRW QRWLFHDEO\ UHGXFH PDFKLQH OHDUQLQJ TXDOLW\� 3UHVXPDEO\� WKH PRGHO ZLOO QHHG
UHWUDLQLQJ DV WKH SDQGHPLF HYROYHV� 7KH SURMHFW¶V *LW+XE SDJH OLVWV UHJXODU XSGDWHV XS XQWLO
DW OHDVW 2FWREHU ����� IRUPDO UH�UHOHDVHV RI QHZ YHUVLRQV PD\ EH QHFHVVDU\ DV DQ
DVVXUDQFH�RI�RQJRLQJ�LQWHJULW\�RI�WKH�SRUWDO�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&RURQD&KHFN

&RURQD&KHFN LV DQ RQOLQH WRRO IRU DXWRPDWLFDOO\ FKHFNLQJ VWDWLVWLFDO IDFWV DERXW WKH
FRURQDYLUXV EDVHG RQ GDWD LQ WKH &29,'��� 'DWD 5HSRVLWRU\ >��@ PDLQWDLQHG E\ WKH &HQWHU
IRU 6\VWHPV 6FLHQFH DQG (QJLQHHULQJ DW -RKQV +RSNLQV 8QLYHUVLW\ >��@� *LYHQ D FODLP
SURYLGHG E\ WKH XVHU� WKH V\VWHP DVVHVVHV WKH FODLP¶V YDOLGLW\ DQG SURYLGHV XVHUV ZLWK DQ
H[SODQDWLRQ IRU KRZ WKHLU VWDWHPHQW ZDV DVVHVVHG >��@� 7KLV WRRO LV WKH UHVXOW RI D
FROODERUDWLRQ EHWZHHQ 3URIHVVRU 3DROR 3DSRWWL¶V ODE >��@ DW (85(&20 DQG 3URIHVVRU
,PPDQXHO�7UXPPHU¶V�ODE >��@ DW�&RUQHOO�8QLYHUVLW\ LQ�0DUFK����� >��@�

&RURQD&KHFN LV D &29,'����RULHQWHG� SURRI�RI�FRQFHSW LQVWDQWLDWLRQ RI D JHQHUDOL]HG
V\VWHP FDOOHG µ6FUXWLQL]HU�¶ GHVFULEHG LQ D SDSHU SXEOLVKHG LQ 3URFHHGLQJV RI WKH 9/'%
(QGRZPHQW LQ 6HSWHPEHU ���� E\ WKH VDPH UHVHDUFKHUV >��@� 7KH &RURQD&KHFN
LQVWDQWLDWLRQ LQYROYHV DQ DOJRULWKP WKDW XVHV SUH�WUDLQHG ODQJXDJH PRGHOV� LQ SDUWLFXODU�
)DFHERRN¶V FURVV�OLQJXDO ODQJXDJH PRGHO �;/0� >��� S�@� ZLWK WDVN�VSHFLILF ILQH�WXQLQJ WR
YHULI\ VLQJOH VWDWLVWLFDO FODLPV VXEPLWWHG E\ XVHUV DJDLQVW DXWKRULWDWLYH ³JURXQG WUXWK´
GDWDVHWV�

&RURQD&KHFN UHOLHV XSRQ WKUHH FDWHJRULHV RI GDWD� WKRVH XVHG WR ILQH�WXQH D ODQJXDJH
PRGHO� WKRVH SURYLGHG E\ XVHUV �FODLPV WR EH HYDOXDWHG�� DQG WKRVH WKDW VHUYH DV WKH
VRXUFH RI JURXQG WUXWK� )LQH�WXQLQJ GDWD FRQVLVWHG RI � PLOOLRQ WUXH FODLPV EDVHG RQ WKH
JURXQG WUXWK GDWDVHW� JHQHUDWHG EDVHG RQ D VHW RI WHPSODWH VHQWHQFHV� ZKLFK ZHUH
V\QWDFWLFDOO\ YDULHG WR SURGXFH UREXVW FODVVLILHUV LQ D SURFHVV GHVFULEHG RQ WKHLU *LWKXE >��@�
8VDJH GDWD� FRQVLVWLQJ RI WH[W LQSXWV SURYLGHG E\ WKH XVHU� DUH FROOHFWHG WR LPSURYH
FODVVLILFDWLRQ LQ D SURFHVV GHVFULEHG EHORZ� 8VDJH GDWD LV VXSSOHPHQWHG E\ SHUVRQDO GDWD�
ZKLFK LV SURYLGHG WR *RRJOH $QDO\WLFV LQ DFFRUGDQFH ZLWK &RURQD&KHFN¶V SULYDF\ SROLF\
>��@� *URXQG WUXWK GDWD DUH REWDLQHG IURP WKH &HQWHU IRU 6\VWHPV 6FLHQFH DQG (QJLQHHULQJ
DW -RKQV +RSNLQV 8QLYHUVLW\¶V &29,'��� 'DWD 5HSRVLWRU\� ZKLFK DJJUHJDWHV VWDWLVWLFV RQ
&29,'��� FDVHV� GHDWKV� DQG UHFRYHU\� DV ZHOO DV QDWLRQDO� UHJLRQDO� DQG VWDWH�OHYHO
SRSXODWLRQ >��@� 7KHVH GDWD DUH VRXUFHG IURP WKH :RUOG +HDOWK 2UJDQL]DWLRQ DQG QXPHURXV
&HQWHUV RI 'LVHDVH &RQWURO DPRQJ RWKHU LQVWLWXWLRQV DQG KDYH EHHQ XSGDWHG GDLO\ VLQFH
-DQXDU\��������� >��@�

&RURQD&KHFN SURFHVVHV D XVHU
V LQSXW FODLP LQ IRXU VWHSV� )LUVW� WKH LQSXW²D XVHU¶V
VWDWLVWLFDO FODLP²LV PDSSHG WR UHDO�YDOXHG YHFWRUV XVLQJ SUH�WUDLQHG HPEHGGLQJ IXQFWLRQV
>��@� 1H[W� WKH HPEHGGLQJV DUH SDVVHG WR FODVVLILHUV� ZKLFK PDWFK WKHP WR D VHW RI GDWDVHW
TXHULHV� 7KH TXHU\ UHVXOWV DUH SURFHVVHG DQG WKH UHVXOWV DUH GLVSOD\HG WR WKH XVHU�
FRQWDLQLQJ DQ DVVHVVPHQW RI WKH FODLP DQG H[SODQDWLRQV RI WKH UHVXOWV� ,I WKH FODVVLILHUV
KDYH ORZ FRQILGHQFH �ZLWK UHVSHFW WR D SUHGHILQHG WKUHVKROG�� WKH V\VWHP LQYRNHV KXPDQ
IDFW�FKHFNHUV E\ JHQHUDWLQJ TXHVWLRQV EDVHG RQ WKH VXEPLWWHG FODLPV� XVLQJ WKH FODVVLILHUV
DQG ODQJXDJH PRGHOV� %DVHG RQ WKH FODVVLILHUV¶ UDQNLQJV� WKH DOJRULWKP SURYLGHV PXOWLSOH
DQVZHU RSWLRQV WR WKH KXPDQ IDFW�FKHFNHUV� ZKR DQVZHU WKH TXHVWLRQ� WKHUHE\ XSGDWLQJ WKH
FODVVLILFDWLRQ UHVXOW� 7KLV ZD\� QHZ WUDLQLQJ VDPSOHV DUH FUHDWHG� ZKLFK FDQ LPSURYH
FODVVLILHUV¶�SHUIRUPDQFH�

7KH DFFXUDF\ DQG HIILFLHQF\ RI &RURQD&KHFN ZHUH WHVWHG LQ FRPSDULVRQ WR WKUHH RWKHU
VWDWH�RI�WKH�DUW TXHU\ JHQHUDWRU VROXWLRQV²7DSDV >��@� 7DE)DFW >��@ $JJ&KHFNHU
>��@²XVHG WR WUDQVODWH WH[W FODLPV WR GDWDEDVH TXHULHV� &RURQD&KHFN RXWSHUIRUPHG DOO
WKUHH LQ LWV DELOLW\ WR VXSSRUW LWV FODLPV DQG LWV DFFXUDF\ RI FODLP YHULILFDWLRQ� )XUWKHUPRUH� LW
WRRN OHVV WLPH WR WUDLQ DQG WR FRPSXWH YHULILFDWLRQV >��@� 7HVWV ZHUH DOVR SHUIRUPHG WR
DVVHVV WKH DPRXQW RI WLPH UHTXLUHG IRU GRPDLQ H[SHUWV WR YHULI\ FODLPV ZLWK &RURQD&KHFNHU
YHUVXV PDQXDO PHWKRGV �XVLQJ D VHDUFK HQJLQH�� DQG LW ZDV GHPRQVWUDWHG WKDW� RYHUDOO� LW
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WRRN H[SHUWV OHVV WKDQ KDOI RI WKH WLPH WR YHULI\ D FODLP ZLWK WKH DVVLVWDQFH RI &RURQD&KHFN
WKDQ�ZLWKRXW�LW >��@�

&RURQD&KHFN LV IUHHO\ DFFHVVLEOH RQ LWV GHGLFDWHG SDJH RQ WKH (852&20 VLWH >��@� ZKHUH
D WHUPV RI XVH VWDWHPHQW QRWHV WKDW WKH WRRO VKRXOG RQO\ EH XVHG IRU HGXFDWLRQDO DQG
DFDGHPLF UHVHDUFK SXUSRVHV� QRW IRU PHGLFDO JXLGDQFH� ,W IXUWKHUPRUH QRWHV WKDW LW UHOLHV
XSRQ SXEOLFO\�DYDLODEOH GDWD IURP PXOWLSOH VRXUFHV WKDW GR QRW DOZD\V DJUHH� ,Q DGGLWLRQ WR
(QJOLVK� &RURQD&KHFN FDQ DOVR EH XVHG LQ ,WDOLDQ� )UHQFK� *HUPDQ� 6SDQLVK� $UDELF� DQG
7UDGLWLRQDO &KLQHVH� KRZHYHU� WKH SHUIRUPDQFH RI WKH WRRO LQ WKHVH ODQJXDJHV KDV QRW EHHQ
SUHVHQWHG� 'HYHORSHUV DOVR QRWH WKDW DQ $3, LV DYDLODEOH XSRQ UHTXHVW� 7KH FRGH IRU
6FUXWLQL]HU LV DFFHVVLEOH RQ WKH GHYHORSHUV¶ *LW+XE SDJH >��@� DQG LWV WHFKQLFDO
GRFXPHQWDWLRQ >��@ LV OLFHQVHG XQGHU D &UHDWLYH &RPPRQV
$WWULEXWLRQ�1RQ&RPPHUFLDO�1R'HULYDWLYHV�����,QWHUQDWLRQDO��&&�%<�1&�1'������OLFHQVH�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&29,


&29, LV D UHVHDUFK SURMHFW WKDW FXOPLQDWHG LQ WKH GHYHORSPHQW RI DQ $,�HQDEOHG
FRQWDFW�WUDFLQJ PRELOH DSSOLFDWLRQ� 7KLV DSSOLFDWLRQ DLPHG WR SURYLGH XVHUV ZLWK
SHUVRQDOL]HG GDLO\ &29,'��� ³ULVN VFRUHV´ DVVRFLDWHG ZLWK UHJXODU DFWLYLWLHV �VXFK DV WDNLQJ
SXEOLF WUDQVSRUWDWLRQ DQG VRFLDOL]LQJ ZLWK IULHQGV�� XVLQJ VPDUWSKRQHV WR PRQLWRU SUR[LPLW\
DQG DFFXPXODWH UHOHYDQW VWDWLVWLFV� 7KHVH VFRUHV ZHUH EDVHG RQ XVHUV¶ GHPRJUDSKLF DQG
KHDOWK SURILOHV >��@� 7KH SURMHFW FRPPHQFHG LQ 0D\ ����� OHG E\ UHVHDUFKHUV DW 0LOD �D
UHVHDUFK LQVWLWXWH VSHFLDOL]LQJ LQ DUWLILFLDO LQWHOOLJHQFH�� &DQDGD� ZLWK DIILOLDWLRQV LQFOXGLQJ WKH
8QLYHUVLW\ RI 2WWDZD� 8QLYHUVLWH GH 0RQWUHDO� 7KH $ODQ 7XULQJ ,QVWLWXWH� 8QLYHUVLW\ RI 2[IRUG�
8QLYHUVLW\ RI 3HQQV\OYDQLD� 0F*LOO 8QLYHUVLW\� %RUGHQ /DGQHU *HUYDLV //3� 7KH 'HFLVLRQ
/DE��+(&�0RQWUHDO��0D[�3ODQFN�,QVWLWXWH��/LEHR��DQG�WKH�8QLYHUVLW\�RI�7RURQWR�

7KH SULPDU\ REMHFWLYH RI WKH PRELOH DSSOLFDWLRQ ZDV WR KHOS PHPEHUV RI WKH JHQHUDO SXEOLF
PDNH LQIRUPHG� ULVN�UHGXFLQJ GHFLVLRQV LQ D PDQQHU WKDW SUHVHUYHG LQGLYLGXDO SULYDF\ >��@�
&29, H[WHQGV EH\RQG D FRQWDFW�WUDFLQJ PRELOH DSS E\ FRPELQLQJ FRQWDFW�WUDFLQJ
LQIRUPDWLRQ ZLWK RWKHU XVHU GDWD �H�J�� XVHU GHPRJUDSKLFV� KHDOWK LQIRUPDWLRQ� V\PSWRPV� WR
SUHGLFW GDLO\ SHUVRQDO ULVN IDFWRUV IRU HDFK XVHU� ,Q DGGLWLRQ� &29, WUDQVODWHV WKHVH SHUVRQDO
ULVN VFRUHV LQWR UHFRPPHQGDWLRQV EDVHG RQ SXEOLF KHDOWK JXLGHOLQHV� )LQDOO\� FROOHFWHG GDWD
LV XVHG WR GHILQH HSLGHPLRORJLFDO PRGHOV DQG LQWHUYHQWLRQ VLPXODWLRQV� ZKLFK FRXOG WKHQ EH
VKDUHG ZLWK SXEOLF KHDOWK RIILFLDOV WR KHOS WKHP SUHHPSW WKH UHVXUJHQFH RI WKH YLUXV DQG
LQIRUP�UHRSHQLQJ�VWUDWHJLHV�>��@�

&29, ZDV GHYHORSHG WR XWLOL]H D YDULHW\ RI GDWD IURP XVHUV� DOO RI ZKLFK ZRXOG EH REWDLQHG
E\ FRQVHQW� 8SRQ RSHQLQJ WKH DSS IRU WKH ILUVW WLPH� XVHUV ZRXOG EH SURYLGHG ZLWK DQ
RYHUYLHZ RI KRZ WKH DSS ZRUNV DQG WKH SULYDF\ LPSOLFDWLRQV RI VKDULQJ GDWD ZLWK &29,� ,W
WKHQ ZRXOG DVN IRU FRQVHQW IRU WKH FROOHFWLRQ� XVH� DQG GLVFORVXUH RI ,3�EDVHG JHRORFDWLRQ
KLVWRU\� ��UDQGRP ³FRQWDFW´ ,'V �JHQHUDWHG ZKHQ D SKRQH LV ZLWKLQ � PHWHUV RI DQRWKHU SKRQH
ZLWK &29, LQVWDOOHG�� DQG XVHUV¶ FXUUHQW ULVN OHYHOV ² DOO QHFHVVDU\ IRU WKH DSS WR IXQFWLRQ
RSWLPDOO\ >��@� ,I D XVHU ZHUH WR VWDUW SUHVHQWLQJ V\PSWRPV RU EH GLDJQRVHG ZLWK &29,'����
WKH\ FRXOG UHSRUW DFFRUGLQJO\� 7KHQ� FRQWDFWV PDGH ZLWK WKDW XVHU ZLWKLQ WKH SDVW �� GD\V
ZRXOG EH QRWLILHG� DQG WKH V\PSWRPV�GLDJQRVLV ZRXOG EH IDFWRUHG LQWR WKH FRPSXWDWLRQ RI
WKH�FRQWDFWV¶�ULVN�VFRUHV�>��@�

&29, DOVR DVNV IRU FRQVHQW IRU WKH FROOHFWLRQ DQG XVH RI GDWD SHUWDLQLQJ WR D XVHU¶V DJH�
VH[� KHDOWK FRQGLWLRQV� DFWLYH V\PSWRPV� RQJRLQJ UHOHYDQW EHKDYLRU� FRDUVH JHRJUDSKLFDO
ORFDWLRQ� DQG DSS DQDO\WLFV LQIRUPDWLRQ� DOO RI WKHVH GDWD �H[FHSW DQDO\WLFV LQIRUPDWLRQ�
ZRXOG EH IHG LQWR WKH DSSOLFDWLRQ¶V ULVN DVVHVVPHQW IXQFWLRQ� ZKLFK ZRXOG FRPSXWH ORFDOO\
RQ WKH XVHU¶V GHYLFH >��@� 'DWD UHPDLQV RQ D XVHU¶V GHYLFH XQOHVV WKH XVHU RSWHG WR DOORZ
&29, &DQDGD WR UHFHLYH HQFU\SWHG� SVHXGRQ\PL]HG GDWD SDFNHWV DQG KHDW�PDS
LQIRUPDWLRQ �LQ DJJUHJDWHG IRUP�� ZKLFK ZRXOG EH XVHG E\ &29,¶V XQGHUO\LQJ 0/ PRGHO DQG
DVVLVW LQ HSLGHPLRORJLFDO UHVHDUFK E\ JRYHUQPHQW�UHODWHG RU UHVHDUFK�UHODWHG WKLUG SDUWLHV
>��@�

2QFH FROOHFWHG� GDWD FDQ EH XVHG WR WUDLQ GHHS OHDUQLQJ 0/ PRGHOV WR SUHGLFW
FRQWDJLRXVQHVV ULVNV� DQG WR ILW DQ HSLGHPLRORJLFDO PRGHO >��@� &29, GHSOR\V DUFKLWHFWXUDO
VFDIIROGLQJ IRU GHHS OHDUQLQJ DURXQG D 7UDQVIRUPHU DUFKLWHFWXUH� ZKLFK GUDZV XSRQ
LQIRUPDWLRQ SHUWDLQLQJ WR GHPRJUDSKLFV� EHKDYLRUV� KHDOWK FRQGLWLRQV� V\PSWRPV� DQG
FRQWDFW ZLWK RWKHU XVHUV >��@ WR G\QDPLFDOO\ UHILQH WKH 0/ PRGHO� ,Q DGGLWLRQ� WKH GDWD
VKDUHG E\ WKH DSS XVHUV DOVR HQDEOHV $JHQW6LP� DQ DJHQW�EDVHG VLPXODWRU WKDW RIIHUV
IOH[LELOLW\ LQ GHVLJQLQJ FRQWDFW�WUDFLQJ DQG HSLGHPLRORJLFDO VLPXODWLRQV� WR LGHQWLI\ QHZ
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SDWWHUQV DQG VSHFLILF SDUDPHWHUV �VXFK DV GLVWDQFH� VH[� DQG DJH� WR PRGHO KRZ WKH YLUXV
VSUHDGV�>��@�

0LOD ZDV DLPLQJ IRU &29, WR EH HQGRUVHG IRU XVH E\ WKH &DQDGLDQ JRYHUQPHQW� LQ HDUO\
-XQH RI ����� 'HVSLWH SXWWLQJ IRUZDUG D GHPRQVWUDWHG HIIRUW WRZDUGV EXLOGLQJ D
³SULYDF\�FRQVFLRXV DSS´ >��@ DQG IRVWHULQJ SXEOLF WUXVW E\ H[SODLQLQJ WKH UDWLRQDOH EHKLQG
WKHLU DSS GHVLJQ GHFLVLRQV LQ WKHLU ZKLWH SDSHU DQG LQ QXPHURXV SXEOLF DSSHDUDQFHV
�QHZVSDSHUV� WHOHYLVLRQ DQG UDGLR�� WKH &DQDGLDQ JRYHUQPHQW GHFLGHG WR HQGRUVH D
GLIIHUHQW DSSOLFDWLRQ WKDW FROOHFWHG OHVV SHUVRQDO GDWD� FLWLQJ SULYDF\ FRQFHUQV E\ SURYLQFLDO
DQG�WHUULWRULDO�OHDGHUV�>��@�

&29,¶V FRGH DQG GRFXPHQWDWLRQ UHPDLQ DFFHVVLEOH RQ 0LOD¶V ZHEVLWH �KRVWHG RQ *LW+XE
>��@ DQG DU;LY >��@� DV RSHQ�VRXUFH� ZLWK D QRQ�H[FOXVLYH DQG UR\DOW\�IUHH OLFHQVH� ³��VKRXOG
>RWKHUV@ ZLVK WR GHSOR\ DQ $,�HQDEOHG KHDOWK DSS LQVSLUHG E\ RXU DSSURDFK´ >��@� 7KH
RSHQ�DFFHVV QDWXUH� KXPDQ�FHQWULF SULYDF\ SURWRFROV� DQG FRQVHQVXDO XVH RI HQFU\SWHG�
SVHXGRQ\PL]HG XVHU GDWD VXJJHVW WKDW WKLV WRRO KDV D KLJK SRWHQWLDO WR VFDOH WR RWKHU
JHRJUDSKLHV�


7KLV VXPPDU\ KDV EHHQ UHYLHZHG DQG DSSURYHG E\ WKH LQLWLDWLYH¶V GHYHORSHUV� 0RUH
LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&29,'����)RUHFDVW�+XE

7KH &29,'��� )RUHFDVW +XE LV D FHQWUDO UHSRVLWRU\ IRU IRUHFDVW GDWD RQ NH\ &29,'���
RXWFRPHV� VXFK DV FDVHV� GHDWKV� DQG KRVSLWDO DGPLVVLRQV DFURVV WKH 8QLWHG 6WDWHV� ,W DOVR
DJJUHJDWHV IRUHFDVW GDWD IURP D ODUJH FRPPXQLW\ RI DFDGHPLF DQG FRUSRUDWH SUHGLFWLRQ
PRGHOLQJ WHDPV WR EXLOG VKRUW�WHUP �L�H�� RQH� WR IRXU�ZHHN� HQVHPEOH IRUHFDVWV� ZKLFK KDYH
EHHQ GHPRQVWUDWHG WR RXWSHUIRUP LQGLYLGXDO IRUHFDVWV >��@� >��@� DQG FDQ EH H[SORUHG RQ DQ
LQWHUDFWLYH YLVXDOL]DWLRQ KRVWHG RQ LWV VLWH >��@� 7KH &29,'��� )RUHFDVW +XE ZDV FUHDWHG E\
WKH 5HLFK /DE RI WKH 8QLYHUVLW\ RI 0DVVDFKXVHWWV $PKHUVW LQ 0DUFK ���� DQG KDV EHHQ
PDLQWDLQHG VLQFH WKHQ E\ UHVHDUFKHUV DW WKH 8QLYHUVLW\ RI 0DVVDFKXVHWWV $PKHUVW� ,RZD
6WDWH 8QLYHUVLW\� &DUQHJLH 0HOORQ 8QLYHUVLW\� DV ZHOO DV VHYHUDO LQWHUQDWLRQDO UHVHDUFK
JURXSV >��@� 5HVHDUFK KDV EHHQ IXQGHG E\ WKH 8�6� &HQWHUV IRU 'LVHDVH &RQWURO DQG
3UHYHQWLRQ DQG WKH 86 1DWLRQDO ,QVWLWXWHV RI +HDOWK >��@� ZLWK VRPH FRQWULEXWRUV UHFHLYLQJ
DGGLWLRQDO IXQGLQJ IURP SXEOLF KHDOWK� DFDGHPLF� RU SKLODQWKURSLF LQVWLWXWLRQV >��@� 1RWDEO\�
WKH 8�6� &HQWHUV IRU 'LVHDVH &RQWURO DQG 3UHYHQWLRQ UHO\ RQ IRUHFDVWV IURP WKH &29,'���
)RUHFDVW +XE IRU WKHLU RIILFLDO FRPPXQLFDWLRQV RQ WKH &29,'��� RXWEUHDN¶V WUDMHFWRU\ >��@�
>��@�

7KH IRUHFDVW GDWD FROOHFWHG E\ WKH &29,'��� )RUHFDVW +XE LQFOXGHV GDLO\ DQG ZHHNO\
GHDWKV� KRVSLWDOL]DWLRQV� DQG LQFLGHQW FDVHV IURP DOO �� 86 6WDWHV� :DVKLQJWRQ '&� DQG WKH
� WHUULWRULHV� DV ZHOO DV DJJUHJDWHG YDOXHV DW WKH QDWLRQDO OHYHO� VXEPLWWHG E\ ��
LQGHSHQGHQW PRGHOLQJ WHDPV �DV RI -DQXDU\ �WK� ����� >��@� ,Q GHYHORSLQJ IRUHFDVWV� WKH
5HLFK /DE XWLOL]HV 8�6� &29,'��� GHDWK� KRVSLWDOL]DWLRQ� DQG LQFLGHQW FDVH GDWD UHSRUWHG E\
WKH ��&HQWHU IRU 6\VWHPV 6FLHQFH DQG (QJLQHHULQJ DW -RKQV +RSNLQV >��@ WR GHYHORS WKHLU
IRUHFDVWV >��@� EXW RWKHU PRGHOLQJ WHDPV PD\ UHO\ RQ RWKHU VRXUFHV IRU VWDWLVWLFV� )RUHFDVW
GDWD DUH RUJDQL]HG E\ GDWH� WDUJHW KRUL]RQ�HQG GDWH� ORFDWLRQ� DQG W\SH RI SUHGLFWLRQ �SRLQW
YV� TXDQWLOH IRUHFDVW� >��@� 7KH 5HLFK /DE KDV PDGH WKHVH IRUHFDVW GDWD IUHHO\ DYDLODEOH RQ
*LWKXE >��@ DQG D =ROWDU $3, >��@� $GGLWLRQDOO\� WKH UHVHDUFKHUV GHYHORSHG QXPHURXV 5
SDFNDJHV�>��@��>��@�WR�IDFLOLWDWH�WKH�UHWULHYDO�RI�IRUHFDVWV�IRU�DQDO\VLV�

7KH &29,'��� )RUHFDVW +XE XVHV DQ HQVHPEOH PRGHO LQFRUSRUDWLQJ IRUHFDVWV RI NH\
&29,'��� RXWFRPHV IURP PXOWLSOH GLIIHUHQW PRGHOV LQWR D VLQJOH� FRPELQHG HQVHPEOH
IRUHFDVW >��@� 0RGHOV HOLJLEOH IRU LQFOXVLRQ LQWR WKH HQVHPEOH PRGHO ZHUH EXLOW XVLQJ D ZLGH
UDQJH RI DSSURDFKHV �VWDWLVWLFDO� PDFKLQH OHDUQLQJ�� DQG ZHUH VXEPLWWHG DV SRLQW SUHGLFWLRQV
DQG�RU TXDQWLOH SUHGLFWLRQV RYHU IRXU�ZHHN KRUL]RQV >��@� >��@� 3RLQW SUHGLFWLRQV UHIHU WR WKH
VLQJOH EHVW ³SUHGLFWLRQ´ ZLWK QR XQFHUWDLQW\ >��@� ZKHUHDV TXDQWLOH SUHGLFWLRQV VWRUH
SUHGLFWLYH GLVWULEXWLRQV� L�H�� SUHGLFWLYH PHGLDQV DQG TXDQWLOHV >��@� 7KH HQVHPEOH LV D
³PHGLDQ´ IRUHFDVW� PHDQLQJ WKDW LW WDNHV LQWR DFFRXQW DOO FRPSRQHQW IRUHFDVWV HTXDOO\� DV
RSSRVHG WR PRUH ³VRSKLVWLFDWHG´ HQVHPEOH PHWKRGV� VXFK DV XVLQJ WUDLQHG HQVHPEOH
GDWDVHWV RSWLPL]HG ZLWK ZHLJKWHG LQWHUYDO VFRUHV� 7KH HQVHPEOH IRUHFDVWV� DV ZHOO DV DOO RI
WKH IRUHFDVWV WKDW FRPSULVH LW� FDQ EH H[SORUHG RQ DQ LQWHUDFWLYH YLVXDOL]DWLRQ KRVWHG RQ WKH
&29,'����)RUHFDVW�+XE�ZHEVLWH�>��@�

7R HYDOXDWH WKH SHUIRUPDQFH RI WKHLU HQVHPEOH PRGHO� UHVHDUFKHUV FRPSDUHG WKH
SUHGLFWLRQV RI WKHLU HQVHPEOH PRGHO WR �� LQGLYLGXDO PRGHOV WKDW FRPSULVHG WKH HQVHPEOH
�ZLWKLQ WKH WHVWLQJ WLPH IUDPH� WR ³JURXQG WUXWK´ VWDWLVWLFV SURYLGHG E\ WKH &HQWHU IRU
6\VWHPV 6FLHQFH DQG (QJLQHHULQJ DW -RKQV +RSNLQV >��@� >��@� 7KLV WHVWLQJ UHYHDOHG WKDW
WKH HQVHPEOH PRGHO FRQVLVWHQWO\ RXWSHUIRUPHG WKH LQGLYLGXDO PRGHOV WKDW FRPSULVHG LW >��@�
)XUWKHU WHVWLQJ DOVR UHYHDOHG WKH PHGLDQ HQVHPEOH PHWKRG ZDV PRUH FRQVLVWHQWO\ DFFXUDWH
WKDQ�ZHLJKWHG�HQVHPEOH�PHWKRGV��OHDGLQJ�WKH�WHDP�WR�UHO\�RQ�WKH�IRUPHU�>��@�
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$V RI -DQXDU\ �WK� ����� WKH &29,'��� )RUHFDVW +XE KDV FROOHFWHG RYHU ��� PLOOLRQ URZV RI
IRUHFDVW GDWD DQG FRQWLQXHV WR FROOHFW PRUH >�@� $Q DGYDQWDJH RI WKH &29,'��� )RUHFDVW
+XE¶V HQVHPEOH IRUHFDVW DSSURDFK LV WKH UHODWLYH HDVH RI WUDQVIHUULQJ VXFK DQ DSSURDFK WR
QHZ JHRJUDSKLFDO FRQWH[WV� LQ DUHDV ZKHUH DFFXUDWH &29,'��� RXWFRPH GDWD H[LVW DQG
PRUH WKDQ RQH HQVHPEOLQJ WHDP LV SURGXFLQJ &29,'��� IRUHFDVWV� HQVHPEOH PRGHOV PD\
EH FRQVWUXFWHG� ,Q IDFW� WKLV HQVHPEOH PHWKRG FDQ� DQG KDV� EHHQ DGDSWHG LQ RWKHU
FRQWH[WV� IRU H[DPSOH� WKH (XURSHDQ &RYLG��� )RUHFDVW +XE >��@ DQG WKH *HUPDQ DQG
3ROLVK�&29,'����)RUHFDVW+XE�>��@�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&29,'����+RVSLWDO�&DSDFLW\�0DQDJHPHQW

&29,'��� +RVSLWDO &DSDFLW\ 0DQDJHPHQW LV D SXEOLFO\�DFFHVVLEOH RQOLQH GDVKERDUG WKDW
DOORZV XVHUV WR YLHZ FXUUHQW RFFXSDQF\ UDWHV RI KRVSLWDOV DFURVV WKH 86 DQG
UHFRPPHQGDWLRQV IRU LQWUD�VWDWH SDWLHQW WUDQVIHUV EDVHG RQ FXUUHQW RFFXSDQF\ UDWHV� ,W DOVR
SURYLGHV DQ LQWHUDFWLYH WRRO WR PRGLI\ PRGHO SDUDPHWHUV �HJ� SDWLHQW W\SH� WUDQVIHU EXGJHW�
WUDQVIHU GLVWDQFH WKUHVKROG� WR REWDLQ PRUH FXVWRPL]HG UHFRPPHQGDWLRQV ZLWKLQ DQ\ VWDWH
RU KRVSLWDO V\VWHP ZLWKLQ WKH 86 >���@� 7KH WRRO ZDV GHYHORSHG E\ D WHDP IURP -RKQV
+RSNLQV &HQWHU IRU 6\VWHPV 6FLHQFH DQG (QJLQHHULQJ DQG 0DORQH &HQWHU IRU (QJLQHHULQJ
LQ +HDOWKFDUH DQG LV DIILOLDWHG ZLWK WKH &HQWHU IRU 'DWD 6FLHQFH LQ (PHUJHQF\ 0HGLFLQH DQG
WKH 'HSDUWPHQW RI &LYLO DQG 6\VWHPV (QJLQHHULQJ DW -RKQV +RSNLQV 8QLYHUVLW\ >���@� 7KH
LQLWLDWLYH ZDV ILUVW SXEOLFO\ DQQRXQFHG RQ 2FWREHU ��� ���� >���@� DQG WKH WHDP¶V ILUVW
UHODWHG�DFDGHPLF�SUHSULQW�ZDV�XSORDGHG�WR�DU;LY�RQ�1RYHPEHU���������>���@�

,Q WKHLU SUHSULQW� WKH GHYHORSHUV VWDWH WKDW WKH PRWLYDWLRQ EHKLQG WKHLU HIIRUW ZDV WR PLQLPL]H
UHVRXUFH VKRUWDJHV� ZKLFK ZRXOG� LQ WXUQ� LPSURYH WKH RYHUDOO TXDOLW\ RI SDWLHQW FDUH DQG
SUHYHQW HDUO\ GLVFKDUJHV DQG FDQFHOODWLRQV RI HOHFWLYH VXUJHULHV >���@� 7KH\ QRWH D IHZ
LQVWDQFHV RI SDWLHQW WUDQVIHUV RFFXUULQJ DG�KRF LQ WKH &29,'��� SDQGHPLF� EXW UHPDUN WKDW
WUHDWLQJ WKLV LVVXH DW D PRUH SURWUDFWHG� V\VWHP�OHYHO²DFURVV KRVSLWDOV� FRXQWLHV� DQG
VWDWHV²ZLOO VSXU PRUH HIILFLHQW UHVRXUFH XVH� 7KH\ DOVR UHFRJQL]H WKH DOWHUQDWLYH DSSURDFK
RI KRVSLWDOV LQGLYLGXDOO\ DQG UHDFWLYHO\ UHVSRQGLQJ E\ FUHDWLQJ VXUJH FDSDFLW\� EXW SRLQW WR
VWXGLHV VXJJHVWLQJ WKDW VXFK DQ DSSURDFK FDQ OHDG WR D UHGXFHG TXDOLW\ RI FDUH FRPSDUHG
WR�KRVSLWDOV�ZRUNLQJ�LQ�FRRUGLQDWLRQ�WR�PDNH�XVH�RI�H[LVWLQJ�UHVRXUFHV�

)RU GDWD RQ SDVW KRVSLWDO RFFXSDQF\ DQG &29,'��� KRVSLWDOL]DWLRQV� WKH GDVKERDUG UHOLHV
RQ VWDWLVWLFV SURYLGHG E\ WKH 86 'HSDUWPHQW RI +HDOWK DQG +XPDQ 6HUYLFHV >���@� 7R PDNH
IXWXUH SURMHFWLRQV� WKH WHDP XVHV WKH 86 &HQWHU IRU 'LVHDVH &RQWURO¶V FRXQW\�OHYHO
IRUHFDVWV RI &29,'��� FDVHV >��@²DQ HQVHPEOH RI PRGHOV IURP PDQ\ IRUHFDVWLQJ WHDPV�
ZKLFK WKH UHVHDUFKHUV EHKLQG &29,'��� +RVSLWDO &DSDFLW\ 0DQDJHPHQW WKHQ GLVDJJUHJDWH
WR�WKH�KRVSLWDO�OHYHO�

7R PDNH UHFRPPHQGDWLRQV IRU SDWLHQW UHGLVWULEXWLRQ� WKH UHVHDUFKHUV FRQVWUXFWHG D VHULHV RI
OLQHDU RSWLPL]DWLRQ �OLQHDU SURJUDP DQG PL[HG�LQWHJHU OLQHDU SURJUDP� PRGHOV WR VROYH D
PXOWL�SHULRG GHPDQG SUREOHP� ³JLYHQ D VHW RI QRGHV DQG WLPH SHULRGV� ZLWK QRPLQDO GHPDQG
�LH� &29,'��� SDWLHQWV� DW HDFK QRGH GXULQJ HDFK SHULRG DQG IL[HG FDSDFLW\ DW HDFK QRGH�
GHWHUPLQH WKH RSWLPDO TXDQWLW\ RI GHPDQG WR WUDQVIHU EHWZHHQ HDFK SDLU RI QRGHV GXULQJ
HDFK WLPH SHULRG´ >���@� 7R EHWWHU UHIOHFW UHDO FRQVWUDLQWV� WKH\ H[WHQGHG WKH PRGHO E\
DGGLQJ VHYHUDO SDUDPHWHUV WR HDFK QRGH� LQFOXGLQJ WKH W\SH RI SDWLHQW �,&8 YV DFXWH FDUH��
WKH SHU�WUDQVIHU KRVSLWDO EXGJHW� WKH WRWDO WUDQVIHU EXGJHW� SHUFHQWDJH RI FDSDFLW\ UHVHUYHG
IRU &29,'���� WUDQVIHU GLVWDQFH OLPLWV� DQG OHQJWKV RI VWD\� DPRQJ RWKHUV� 2Q WKH &29,'���
+RVSLWDO &DSDFLW\ 0DQDJHPHQW VLWH� WKH RXWSXW RI WKH PRGHOV²UHFRPPHQGHG LQWUD�VWDWH
SDWLHQW WUDQVIHUV²DUH SUHVHQWHG RQ G\QDPLF JUDSKLFV IRU HDFK 86 VWDWH� ,Q WKHLU SDSHU� WKH
UHVHDUFKHUV DOVR SUHVHQWHG DQ DQDORJRXV PXOWL�SHULRG PHWKRG WR PRGHO FULWLFDO
UHGLVWULEXWLRQ �UDWKHU WKDQ SDWLHQW WUDQVIHUV�� KRZHYHU� WKLV ZDV QRW SUHVHQWHG RQ WKHLU
GDVKERDUG�

7KH RQOLQH GDVKERDUG UHPDLQV DFFHVVLEOH DQG XS�WR�GDWH ZLWK GDWD XSGDWHG ZHHNO\� DQG WKH
VRXUFH FRGH SXEOLFO\ DFFHVVLEOH RQ WKHLU *LW+XE UHSRVLWRU\ >���@� /LPLWDWLRQV WR VFDOLQJ XS
WKLV DSSURDFK LQFOXGH WKH DFFHVVLELOLW\ DQG TXDOLW\ RI GDWD SHUWDLQLQJ WR SUHVHQW KRVSLWDO
FDSDFLW\� WKH DIRUHPHQWLRQHG UHODWHG SDUDPHWHUV� DQG WKH DFFXUDF\ RI IRUHFDVWV RI
&29,'����KRVSLWDOL]DWLRQV�ZLWKLQ�D�JLYHQ�JHRJUDSKLFDO�UHJLRQ�

$,�32:(5('�,00(',$7(�5(63216(�72�3$1'(0,&6� 6800$5,(6 2)�723�,1,7,$7,9(6 ��



0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&29,'����7DNH�&RQWURO�6LPXODWRU

&29,'��� 7DNH &RQWURO 6LPXODWRU LV DQ LQWHUDFWLYH HSLGHPLF VLPXODWLRQ ZHE DSSOLFDWLRQ
GHYHORSHG E\ UHVHDUFKHUV DW 7H 3ǌQDKD 0DWDWLQL� OHG E\ 3URIHVVRUV $OH[ -DPHV� 0LFKDHO
3ODQN� DQG $XGUH\ /XVWLJ� DQG KRVWHG E\ WKH &HQWUH IRU H5HVHDUFK DW WKH 8QLYHUVLW\ RI
$XFNODQG LQ 1HZ =HDODQG� )XQGHG DQG VXSSRUWHG E\ 7H 3ǌQDKD 0DWDWLQL DQG 0DQDDNL
:KHQXD /DQGFDUH 5HVHDUFK� WKH DSSOLFDWLRQ ZDV ILUVW UHOHDVHG DQG DQQRXQFHG RQ 7H
3ǌQDKD�0DWDWLQL¶V�ZHEVLWH�RQ�$SULO���WK�������>���@�

&UHDWHG DV DQ HGXFDWLRQDO WRRO IRU SXEOLF XVH� WKH &29,'��� 7DNH &RQWURO 6LPXODWRU ZDV
GHVLJQHG WR LOOXVWUDWH KRZ WKH &29,'��� SDQGHPLF FRXOG GHYHORS XQGHU GLIIHUHQW QDWLRQDO
JXLGHOLQHV WKURXJKRXW WKH SDQGHPLF >���@� 7KHVH JXLGHOLQHV UDQJHG IURP WKH PRVW OHQLHQW
SUHFDXWLRQV WDNHQ DW $OHUW /HYHO � WR WKH PRVW VWULQJHQW VRFLDO GLVWDQFLQJ PHDVXUHV
HQIRUFHG DW $OHUW /HYHO � >���@� 'HYHORSHUV LQWHQGHG WKDW XVHUV ZRXOG XQGHUVWDQG WKDW ³WKH
SRZHU�WR�FRQWURO�&29,'����LV�LQ�HDFK�RI�RXU�KDQGV´�>���@�LQWHUDFWLQJ�ZLWK�WKH�DSS�

7KH ZHE DSSOLFDWLRQ KDV WZR LQWHUDFWLYH SDJHV� WKH µ5 FDOFXODWRU¶ SDJH� LQ ZKLFK XVHUV FDQ
FDOFXODWH WKHLU UHSURGXFWLRQ QXPEHU �5�I� EDVHG RQ WKH GHJUHH WR ZKLFK WKH\ REVHUYH
SK\VLFDO GLVWDQFLQJ� PDLQWDLQ SHUVRQDO K\JLHQH� SUDFWLFH FRQWDFW WUDFLQJ� VHOI�LVRODWH� DV ZHOO
DV WKH RXWVLGH ZHDWKHU� DQG D µ6LPXODWRU¶ SDJH� LQ ZKLFK XVHUV FDQ FRPSXWH VLPXODWLRQV RI
UHSRUWHG FDVHV DQG &29,'����LQIHFWHG LQGLYLGXDOV EDVHG RQ 5 YDOXHV LQ GLIIHUHQW $OHUW
/HYHOV DQG WKH GXUDWLRQ WKDW UHVWULFWLRQV DUH PDLQWDLQHG DW HYHU\ $OHUW /HYHO >���@� 7KHVH
SDJHV UXQ RQ GDWD GHVFULELQJ ����� SUREDEOH RU FRQILUPHG FDVHV RI &29,'��� LQ $RWHDURD
XS�WR�WKH��WK RI�$SULO��������SXEOLFO\�DYDLODEOH�YLD WKH�0LQLVWU\�RI�+HDOWK�1HZ�=HDODQG�>���@�

7KH PRGHO IRU WKH µ5 FDOFXODWRU¶ LV GHVFULEHG LQ D SDSHU E\ WKH GHYHORSHUV >���@� LQ ZKLFK 5�
LV D IXQFWLRQ RI WKH YDULDEOHV GHVFULEHG DERYH� 7KH µ6LPXODWRU¶ SDJH XWLOL]HV D VWRFKDVWLF�
FRQWLQXRXV�WLPH EUDQFKLQJ SURFHVV PRGHO VLPLODU WR 'DYLHV HW DO� >���@ WR VLPXODWH UHSRUWHG
DQG LQIHFWHG FDVHV >���@� $ VHW RI NH\ DVVXPSWLRQV DUH EXLOW LQWR WKLV PRGHO� LQFOXGLQJ
YDOXHV IRU WKH UHSURGXFWLRQ QXPEHU �5��� WKH YLUDO LQFXEDWLRQ SHULRG� SUHYDOHQFH RI
XQGHWHFWHG FDVHV� DQG KRVSLWDOL]DWLRQ UDWH� DPRQJ RWKHUV >���@� 2Q WKH 6LPXODWRU¶V ³$ERXW´
WDE� GHYHORSHUV FLWH D QXPEHU RI WKHLU SDSHUV GHPRQVWUDWLQJ &29,'��� PRGHOLQJ� EXW LW LV
QRW FOHDU ZKLFK RI WKHVH� LI DQ\� GHVFULEH WKH YDOXHV IRU WKH SDUDPHWHUV DQG GLVWULEXWLRQV IRU
WKH�PRGHO�RQ�WKH�6LPXODWRU�>���@�

7KH &29,'��� 7DNH &RQWURO 6LPXODWRU IUHH SXEOLF XVH XQGHU D *18 *HQHUDO 3XEOLF /LFHQVH
Y��� �*18 *3/Y�� >���@� 7KH FUHDWRUV QRWH WKDW WKH 6LPXODWRU LV LQWHQGHG IRU UHVHDUFK DQG
HGXFDWLRQDO SXUSRVHV RQO\ DQG WKDW LW VKRXOG QRW EH XVHG IRU GHFLVLRQ�PDNLQJ� ,W LV IHDVLEOH
WKDW D VLPXODWRU RI WKLV VRUW FRXOG EH GHYHORSHG IRU RWKHU ORFDOLWLHV� WKLV ZRXOG UHTXLUH
DGDSWLQJ WKH PRGHO ZLWK DFFXUDWH GDWD� SDUDPHWHUV� DQG GLVWULEXWLRQV WR VXLW WKH ORFDOLW\ LQ
TXHVWLRQ� ,W VKRXOG DOVR EH QRWHG WKDW &29,'��� 7DNH &RQWURO 6LPXODWRU GRHV QRW DSSHDU WR
KDYH EHHQ XSGDWHG VLQFH ����� .H\ GHYHORSPHQWV LQ WKH &29,'��� SDQGHPLF KDYH
RFFXUUHG VLQFH WKHQ� VXFK DV WKH HPHUJHQFH RI WKH 6$56�&R9�� 'HOWD DQG 2PLFURQ
YDULDQWV� DV ZHOO DV YDFFLQH DFFHVVLELOLW\� 7KHVH GHYHORSPHQWV ZRXOG LQIOXHQFH WKH
SDUDPHWHUV XVHG E\ WKLV PRGHO� DQG VXFK D WRRO ZRXOG QHHG WR EH FRQVLVWHQWO\ XSGDWHG WR
UHIOHFW�WKH�FKDUDFWHULVWLFV�RI�WKH�SDQGHPLF�DV�LW�FKDQJHV�RYHU�WLPH�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&29,'FDVW


&29,'FDVW LV D VLWH WKDW DFTXLUHV RU LGHQWLILHV UDZ GDWD VRXUFHV DQG H[WUDFWV IURP WKHP 86
&29,'����UHODWHG VLJQDOV �³LQGLFDWRUV´�� ZKLFK DUH LQWHQGHG WR LQIRUP GHFLVLRQ PDNLQJ E\ D
EURDG UDQJH RI XVHUV²SXEOLF KHDOWK DXWKRULWLHV� WKH KHDOWKFDUH LQGXVWU\� WKH SXEOLF DQG
SULYDWH VHFWRUV� HSLGHPLRORJLVWV� GDWD MRXUQDOLVWV� DQG WKH JHQHUDO SXEOLF >���@� &29,'FDVW
ZDV FUHDWHG E\ WKH 'HOSKL 5HVHDUFK *URXS DW &DUQHJLH 0HOORQ 8QLYHUVLW\²RQH RI WKH WZR
86 &HQWHUV IRU 'LVHDVH &RQWURO DQG 3UHYHQWLRQ¶V �&'&� ,QIOXHQ]D )RUHFDVWLQJ &HQWHUV RI
([FHOOHQFH >���@²ZLWK VXSSRUW IURP $PD]RQ� WKH 86 &'&� &KDQJH +HDOWKFDUH� WKH 86
'HIHQVH 7KUHDW 5HGXFWLRQ $JHQF\� )DFHERRN� 8SWDNH� 2SWXP� DQG *RRJOH�RUJ >���@� ,Q
DGGLWLRQ WR GDWD IURP WKH DIRUHPHQWLRQHG VRXUFHV� WKH JURXS DOVR XVHV LWV RZQ LQGLFDWRUV WR
FUHDWH IRUHFDVWLQJ PRGHOV DW WKH VWDWH DQG FRXQW\ OHYHOV� &29,'FDVW ZDV ODXQFKHG LQ $SULO
RI������DQG�LWV�ILUVW�DFDGHPLF�SDSHU�ZDV�SXEOLVKHG�RQ�-XQH���WK�������>���@�

7KH 'HOSKL 5HVHDUFK *URXS¶V PRWLYDWLRQ LV WR GHYHORS WKH WKHRU\ DQG SUDFWLFH RI HSLGHPLF
WUDFNLQJ DQG IRUHFDVWLQJ� ,Q GRLQJ VR� WKH\ SURFXUH GDWD VWUHDPV WKDW UHIOHFW HSLGHPLF �RU
SDQGHPLF� DFWLYLW\� GHILQH UHOHYDQW LQGLFDWRUV� DQG PDNH WKHP DYDLODEOH IRU SXEOLF
FRQVXPSWLRQ� 7KH\ WKHQ XVH WKHVH LQGLFDWRUV IRU ³QRZFDVWLQJ´ �VLWXDWLRQDO DZDUHQHVV� DQG
VKRUW�WHUP�IRUHFDVWLQJ�>���@�

&29,'FDVW H[WUDFWV DQG VKDUHV RYHU RQH KXQGUHG &29,'�UHODWHG LQGLFDWRUV� FDWHJRUL]HG
LQWR ³SXEOLF EHKDYLRU�´ ³HDUO\ LQGLFDWRUV�´ DQG ³ODWH LQGLFDWRUV�´ 3XEOLF EHKDYLRUV LQFOXGH WKH
IUHTXHQF\ RI EDU DQG UHVWDXUDQW YLVLWV� H[WUDFWHG IURP 6DIH*UDSK GDWD� SHRSOH¶V
SDQGHPLF�UHODWHG DWWLWXGHV DQG EHKDYLRUV �H�J� PDVN�ZHDULQJ DQG YDFFLQDWLRQ�� REWDLQHG
YLD D &29,'FDVW�DGPLQLVWHUHG VXUYH\ SURPRWHG RQ )DFHERRN� DQG IUHTXHQF\ RI RQOLQH
VHDUFKHV SHUWDLQLQJ WR &29,'��� V\PSWRPV� H[WUDFWHG IURP *RRJOH GDWD� (DUO\ LQGLFDWRUV
LQFOXGH &29,'����UHODWHG GRFWRU YLVLWV SURYLGHG E\ SDUWQHULQJ KHDOWK V\VWHP RUJDQL]DWLRQV�
VXFK DV &KDQJH +HDOWKFDUH� DQG &29,'��� V\PSWRPV SUHVHQW LQ LQGLYLGXDOV RU
FRPPXQLWLHV� REWDLQHG YLD WKH 86 &29,'��� 7UHQGV DQG ,PSDFW 6XUYH\ �86 &7,6� >���@�
/DWH LQGLFDWRUV LQFOXGH &29,'��� DQWLJHQ WHVW SRVLWLYLW\ UDWHV� H[WUDFWHG IURP UDZ GDWD
SURYLGHG E\ 4XLGHO� KRVSLWDO DGPLVVLRQV GDWD� H[WUDFWHG IURP GDWD SURYLGHG E\ SDUWQHULQJ
KHDOWK V\VWHP RUJDQL]DWLRQV� DQG &29,'��� FDVHV DQG GHDWKV� SURYLGHG E\ -RKQV +RSNLQV
8QLYHUVLW\ DQG 86$)DFWV� (YHQ WKRXJK &29,'FDVW GLG QRW ODXQFK XQWLO $SULO RI ����� WKH\
ZHUH DEOH WR FROOHFW GDWD UHWURVSHFWLYHO\ EHJLQQLQJ LQ )HEUXDU\ RI WKDW \HDU� DQG WKH\
FRQWLQXH�WR�FROOHFW�DQG�XSGDWH�GDWD�RQ�D�GDLO\�EDVLV�

7KH 'HOSKL 5HVHDUFK *URXS DJJUHJDWHV DQG FOHDQV WKH GDWD� XVHV WKHP WR H[WUDFW
LQIRUPDWLYH VLJQDOV� GLVSOD\V VRPH RI WKHP RQ WKH &29,'FDVW VLWH WKURXJK DQ LQWHUDFWLYH
GDVKERDUG� DQG PDNHV DOO RI WKHP DYDLODEOH YLD D ZHE�EDVHG $3,� 2Q WKH GDVKERDUG� XVHUV
PD\ EURZVH LQGLFDWRUV¶ GDLO\ WUHQGV RU H[SORUH FRUUHODWLRQV EHWZHHQ LQGLFDWRUV DW WKH 8�6�
VWDWH� RU FRXQW\�OHYHO� 8VLQJ WKHLU LQGLFDWRUV� WKH 'HOSKL 5HVHDUFK *URXS LPSOHPHQWHG
TXDQWLOH DXWR�UHJUHVVLRQ�EDVHG IRUHFDVWLQJ WLPH VHULHV PRGHOV IRU GHDWKV DW WKH VWDWH DQG
FDVHV DW WKH FRXQW\ OHYHO� DQG VXEPLWWHG IRUHFDVWV WR WKH SXEOLFO\�DFFHVVLEOH &29,'���
)RUHFDVW +XE >���@� 7KH PRUWDOLW\ PRGHOV ZHUH EXLOW XVLQJ SRSXODWLRQ GDWD DQG &29,'���
FDVH DQG GHDWK FRXQWV� 7KH FDVH PRGHOV VXEPLWWHG ZHUH EXLOW XVLQJ SRSXODWLRQ GDWD� FDVH
FRXQW\� DQG WZR HDUO\ LQGLFDWRUV �GRFWRU¶V YLVLW UDWHV DQG VHOI�UHSRUWHG V\PSWRP UDWHV� >���@�
7KHVH PRGHOV DUH LQFOXGHG LQ DQ HQVHPEOH PRGHO GHYHORSHG LQ FROODERUDWLRQ ZLWK WKH 5HLFK
/DE DW WKH 8QLYHUVLW\ RI 0DVVDFKXVHWWV� DQG DFFHVVLEOH DW WKH &29,'��� )RUHFDVW +XE
>���@� 6LPLODU PRGHOV GHPRQVWUDWH WKH XVHIXOQHVV RI RWKHU &29,'FDVW LQGLFDWRUV IRU FDVH
IRUHFDVWLQJ�>���@�
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7KH &29,'FDVW GDVKERDUG LV XSGDWHG ZLWK QHZ GDWD QHDUO\ GDLO\� DQG LQGLFDWRUV DUH
SXEOLFO\ DFFHVVLEOH YLD DQ $3, >���@� 7KH 'HOSKL 5HVHDUFK *URXS DOVR WUDFNV� VWRUHV� DQG
PDNHV DYDLODEOH �YLD WKHLU $3,� DOO UHYLVLRQV PDGH WR HDFK GDWD VRXUFH >���@� 0DQ\ RI ZKLFK
DUH UHYLVHG GDLO\� 7KLV LV HVVHQWLDO IRU EXLOGLQJ VWDWLVWLFDO IRUHFDVWLQJ PRGHOV� DV WKHVH PXVW
EH�WUDLQHG�RQ�YHUVLRQV�RI�WKH�GDWD�DYDLODEOH�LQ�UHDO�WLPH�

$V RI -XO\ ����� WKH $3, ZDV UHSRUWHG WR KDYH EHHQ DFFHVVHG E\ ³WKRXVDQGV RI XVHUV HYHU\
GD\� UHTXHVWLQJ KXQGUHGV RI WKRXVDQGV RI SLHFHV RI LQIRUPDWLRQ´ >���@� &29,'FDVW¶V
LQGLFDWRUV KDYH UHSRUWHGO\ EHHQ XVHG E\ QXPHURXV RUJDQL]DWLRQV UHVSRQGLQJ WR WKH
SDQGHPLF� LQFOXGLQJ &29,' $FW 1RZ� &29,' ([LW 6WUDWHJ\� 'HHS&29,'� DQG WKH ,QVWLWXWH
IRU +HDOWK 0HWULFV DQG (YDOXDWLRQ �,+0(�� )XUWKHUPRUH� WKH &29,'��� )RUHFDVW +XE¶V
PXOWL�JURXS HQVHPEOH PRGHOV� ZKLFK LQWHJUDWH 'HOSKL 5HVHDUFK *URXS¶V IRUHFDVW PRGHOV�
VHUYH�DV�WKH�EDVLV�RI�WKH�86�&'&¶V�&29,'����IRUHFDVWLQJ�FRPPXQLFDWLRQV�>���@�

,Q WHUPV RI WHFKQLFDO VFDODELOLW\� VRPH &29,'FDVW GDWD VRXUFHV PD\ EH GLIILFXOW WR DFTXLUH
IRU VRPH QRQ�8�6� ORFDWLRQV� )RU LQVWDQFH� LQGLFDWRUV WKDW UHO\ RQ SUR[\ PHDVXUHPHQWV IRU
EHKDYLRUV LQ WKH 8�6�²PRELOLW\ GDWD FROOHFWHG YLD VPDUWSKRQH DFWLYLW\� VXUYH\ GDWD REWDLQHG
YLD VXUYH\V RQ VRFLDO PHGLD VLWHV� DQG KHDOWK FDUH GDWD REWDLQHG IURP KHDOWK V\VWHP
RUJDQL]DWLRQV²PD\ EH XQVXLWDEOH LQ DUHDV ZKHUH VPDUWSKRQHV DUH QRW DV ZLGHO\ XVHG�
VRFLDO PHGLD XVH RU OLWHUDF\ DUH OHVV SHUYDVLYH� DQG KHDOWK FDUH LQIUDVWUXFWXUH LV UHODWLYHO\
ZHDN� 2Q WKH RWKHU KDQG� WKH VWDWLVWLFDO PHWKRGRORJ\ IRU H[WUDFWLQJ LQIRUPDWLYH LQGLFDWRUV IRU
UDZ GDWD VRXUFHV LV SRUWDEOH� DQG 'HOSKL PDNHV DOO RI LWV DOJRULWKPV DQG FRGH
SXEOLFO\�DYDLODEOH >���@� 6LPLODUO\� 'HOSKL¶V IRUHFDVWLQJ PRGHOV GR QRW UHO\ RQ DOO RI
&29,'FDVW¶V LQGLFDWRUV� WKH VWDWH�OHYHO DXWRUHJUHVVLYH PRUWDOLW\ PRGHOV� IRU LQVWDQFH� XVH
RQO\ &29,'��� FDVH FRXQWV DQG GHDWK FRXQWV DV SUHGLFWRUV� 6XFK GDWD DUH UHDGLO\ DYDLODEOH
IRU PDQ\ ORFDWLRQV RXWVLGH WKH 8�6� IURP -RKQV +RSNLQV 8QLYHUVLW\ DQG :+2 �DV WKLV
UHSRUWLQJ LV PDQGDWHG IRU WKH ��� :+2 PHPEHU VWDWHV E\ WKH ,QWHUQDWLRQDO +HDOWK
5HJXODWLRQV RI ����� >���@� 7KXV� DQ DXWRUHJUHVVLYH WLPH VHULHV PRGHO RI WKLV W\SH PD\ EH
PRUH�HDVLO\�UHSXUSRVHG�DQG�WHVWHG�IRU�RWKHU�JHRJUDSKLHV�


7KLV VXPPDU\ KDV EHHQ UHYLHZHG DQG DSSURYHG E\ WKH LQLWLDWLYH¶V GHYHORSHUV� 0RUH
LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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&7�3QHXPRQLD�$QDO\VLV

³$XWRPDWHG 4XDQWLILFDWLRQ RI &7 3DWWHUQV $VVRFLDWHG ZLWK &29,'��� IURP &KHVW &7´ LV D
UHVHDUFK SDSHU WKDW SURSRVHV D GHHS OHDUQLQJ�EDVHG WRRO IRU FRQGXFWLQJ DQ DXWRPDWLF�
HIILFLHQW� DQG GHWDLOHG HYDOXDWLRQ RI WKH VHYHULW\ RI &29,'��� LQ FKHVW &7 VFDQV >���@� 7KH
UHVHDUFK SDSHU ZDV ILUVW XSORDGHG DV D SUHSULQW WR DU;LY RQ $SULO �QG� ���� >���@� EHIRUH
EHLQJ SXEOLVKHG LQ WKH MRXUQDO 5DGLRORJ\� $UWLILFLDO ,QWHOOLJHQFH RQ -XO\ ��WK� ���� >���@� DQG
LV SUHVHQWHG DV D SURGXFW RQ WKH 6LHPHQV +HDOWKLQHHUV ZHEVLWH DV &7 3QHXPRQLD $QDO\VLV
>���@� 5HVHDUFKHUV LQYROYHG LQ WKLV SDSHU DUH DIILOLDWHG ZLWK +{SLWDO )RFK LQ )UDQFH�
)HLQVWHLQ ,QVWLWXWHV IRU 0HGLFDO 5HVHDUFK LQ WKH 8QLWHG 6WDWHV� 6LHPHQV +HDOWKLQHHUV LQ
*HUPDQ\ DQG )UDQFH� 8QLYHUVLW\ +RVSLWDO %DVHO LQ 6ZLW]HUODQG� DQG 9DQFRXYHU *HQHUDO
+RVSLWDO LQ &DQDGD >���@� $OO RI WKH DXWKRUV HLWKHU KDYH EHHQ HPSOR\HG RU ZHUH SDUWLDOO\
VXSSRUWHG�E\�6LHPHQV�+HDOWKLQHHUV�DW�WKH�WLPH�RI�SXEOLFDWLRQ�>���@�

7KH WRRO XVHV GHHS OHDUQLQJ PHWKRGV WR DVVHVV UHJLRQV RQ &7 VFDQV ZLWK JURXQG�JODVV
RSDFLWLHV �WLVVXHV SUHVHQWLQJ LQFUHDVHG DWWHQXDWLRQ� DQG FRQVROLGDWLRQ �LQFUHDVHG GHQVLWLHV�
DQG RXWSXWV VFRUHV TXDQWLI\LQJ WKH VHYHULW\ RI LQIHFWLRQ >���@� 0RGHOV ZHUH WUDLQHG RQ D WRWDO
RI ����� FKHVW &7V FROOHFWHG IURP PXOWLSOH LQVWLWXWLRQV LQ WKH 8�6� (XURSH� DQG &DQDGD
EHWZHHQ ���� DQG $SULO ����� ZKLFK ZHUH GH�LGHQWLILHG DQG DSSURYHG E\ WKHLU UHVSHFWLYH
HWKLFV FRPPLWWHHV ZLWK ZDLYHG FRQVHQW >���@� ��� FKHVW &7 YROXPHV ZHUH XVHG IRU
WHVWLQJ²��� RI ZKLFK ZHUH FRQWURO YROXPHV DQG ��� ZKLFK ZHUH &29,'����SRVLWLYH >���@�
7KH GDWD DUH QRW SXEOLFO\ DFFHVVLEOH� EXW LQIRUPDWLRQ DERXW GHPRJUDSKLF GLVWULEXWLRQ LV
SUHVHQWHG�LQ�WKH�DVVRFLDWHG�SXEOLFDWLRQ�>���@�

7KH SURSRVHG WRRO HPSOR\V WZR PRGHOV²D OREH VHJPHQWDWLRQ PRGHO DQG DQ DEQRUPDOLW\
VHJPHQWDWLRQ PRGHO²IROORZHG E\ VHYHUDO PDWKHPDWLFDO FRPSXWDWLRQV WR TXDQWLI\ WKH
VHYHULW\ RI DEQRUPDOLWLHV >���@� 7KH OXQJ DQG OREH VHJPHQWDWLRQ PRGHO LV D UHLQIRUFHPHQW
OHDUQLQJ PRGHO� µ'HHS ,PDJH�WR�,PDJH 1HWZRUN¶ �',�,1� >���@� WKDW WDNHV DV DQ LQSXW FKHVW
&7 VFDQV DQG JHQHUDWHV PDVNV WKDW VHJPHQW WKH OXQJV DQG OREHV LQ �'� 7KH ',�,1 PRGHO
ZDV WUDLQHG RQ ����� &7 VFDQV IURP SDWLHQWV ZLWK YDULRXV GLVHDVHV� DQG WKHQ ILQH�WXQHG RQ
����� &7 VFDQV IURP WKUHH JURXSV RI SDWLHQWV GHHPHG XVHIXO IRU WKH DEQRUPDOLW\
PRGHO²WKRVH SUHVHQWLQJ LQWHUVWLWLDO OXQJ GLVHDVH� SQHXPRQLD� DQG &29,'���²WR LPSURYH
OXQJ VHJPHQWDWLRQ UREXVWQHVV RYHU WKH LQIHFWHG DUHDV >���@� 7KH DEQRUPDOLW\ VHJPHQWDWLRQ
PRGHO FRQVLVWV RI D 'HQVH 8�1HW� EDVHG RQ 5RQQHEHUJHU HW DO� >���@� ZKLFK WUDQVIHUV �'
FKHVW &7 YROXPHV WR D VHJPHQWDWLRQ PDVN RI WKH VDPH VL]H� 7KLV PRGHO ZDV WUDLQHG RQ
��� FKHVW &7V DQG WHVWHG RQ WKH DIRUHPHQWLRQHG ��� FKHVW &7V >���@� 7KH TXDQWLILFDWLRQ RI
VHYHULW\ LV SHUIRUPHG E\ FDOFXODWLQJ WKH SHUFHQWDJH RI RSDFLW\ �32�� SHUFHQWDJH RI KLJK
RSDFLW\ �3+2�� OXQJ VHYHULW\ VFRUH �/66�� DQG OXQJ KLJK RSDFLW\ VFRUH �/+26� IURP WKH
DEQRUPDOLW\ VHJPHQWDWLRQ PDVNV� 32 DQG 3+2 UHSUHVHQW WKH SHUFHQWDJH RI WKH YROXPH RI
OXQJ DIIHFWHG E\ WKH GLVHDVH DQG E\ VHYHUH GLVHDVH� UHVSHFWLYHO\� DQG /66 DQG /+26
UHSUHVHQW WKH SHUFHQWDJH RI DIIHFWHG OREH DQG SHUFHQWDJH RI KLJK RSDFLW\ LQ WKH OREH�
UHVSHFWLYHO\� /66 LV FRPSXWHG WR PHDVXUH WKH H[WHQW RI OXQJ LQYROYHPHQW DFURVV HDFK OREH
DQG /+26 LV FRPSXWHG WR PHDVXUH WKH H[WHQW RI DEQRUPDOLWLHV ZLWK VHYHUH GLVHDVH� 7KHVH
VFRUHV FDQ EH XVHG E\ PHGLFDO SUDFWLWLRQHUV WR DVVHVV WKH VHYHULW\ DQG SURJUHVVLRQ RI WKH
LQIHFWLRQ�DQG�IRU�HDUO\�GHWHFWLRQ�

1XPHURXV FRUUHODWLRQ DQG UHJUHVVLRQ DQDO\VHV RI WKH SUHGLFWLRQV ZLWK WKH ³JURXQG WUXWK´
�PDQXDO DQQRWDWLRQV RI OHVLRQV� OXQJV� DQG OREHV� GHPRQVWUDWHG WKH DEQRUPDOLWLHV RI
JURXQG�JODVV RSDFLW\ DQG FRQVROLGDWLRQV VHJPHQWHG DQG TXDQWLILHG KDG D KLJK FRUUHODWLRQ WR
WKH JURXQG WUXWK DQQRWDWLRQV >���@� ,W ZDV IXUWKHUPRUH REVHUYHG WKDW WKHUH ZHUH YHU\ IHZ
IDOVH SRVLWLYHV VHJPHQWHG LQ VXEMHFWV ZLWK QR SDWKRORJLF ILQGLQJV >���@� $ &RQWLQJHQF\Նə

WHVW GHPRQVWUDWHG WKDW WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ JURXQG WUXWK DQG
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SUHGLFWHG PHWULFV �S�YDOXH RI ������ >���@� )XUWKHUPRUH� 3HDUVRQ FRUUHODWLRQ FRHIILFLHQWV�
PHDVXULQJ WKH OLQHDU FRUUHODWLRQ EHWZHHQ SUHGLFWLRQV DQG JURXQG WUXWK� ZHUH ���� IRU 32�
�����IRU�3+2�������IRU�/66��DQG������IRU�/+26�>���@�

$FFRUGLQJ WR WKH DXWKRUV RI WKH SDSHU GHVFULELQJ WKLV WRRO� WKHLU ZRUN ZDV WKH ILUVW V\VWHP WR
HYDOXDWH FKHVW &7 SDWWHUQV DVVRFLDWHG ZLWK &29,'��� LQIHFWLRQV� 7KH WRRO ZDV DZDLWLQJ D
SDWHQW IRU FRPPHUFLDO XVH DW WKH WLPH RI SXEOLFDWLRQ >���@� EXW LV QRZ RIIHUHG DV D IUHH
DGG�RQ WR SDLG VXEVFULEHUV RI 6LHPHQV +HDOWKLQHHUV¶ ³V\QJR�YLD )URQWLHU´ SRVW�SURFHVVLQJ
UHVHDUFK SODWIRUP >���@� >���@� 6XFK D WRRO FRXOG EH XVHIXO IRU DVVHVVLQJ WKH VHYHULW\ RI
DEQRUPDOLWLHV LQ GLVHDVHV WKDW SUHVHQW &29,'����OLNH JURXQG�JODVV RSDFLW\ DQG
FRQVROLGDWLRQ� 7KH DXWKRUV QRWHG� KRZHYHU� WKDW WKH SUHVHQFH RI RWKHU DEQRUPDOLWLHV LQ RU
DURXQG WKH OXQJ� OLNH SOHXUDO HIIXVLRQ� PD\ SRVH D FKDOOHQJH WR WKH DOJRULWKP >���@� 7KH\
DOVR QRWHG WKH QHHG IRU IXUWKHU FDOLEUDWLRQ RI WKH V\VWHP� ZKLOH WKHLU VWXG\ HYDOXDWHG
TXDQWLILFDWLRQ LQ &29,'��� DQG KHDOWK\ FDVHV� LW GLG QRW HYDOXDWH WKH V\VWHP¶V FDSDELOLW\ WR
GLIIHUHQWLDWH EHWZHHQ &29,'��� DQG RWKHU YLUDO SQHXPRQLD RU LQWHUVWLWLDO OXQJ GLVHDVHV
>���@��6XFK�D�WHVW�ZRXOG�EH�QHFHVVDU\�IRU�WKH�WRRO�WR�EH�GHSOR\HG�IRU�GLDJQRVWLF�SXUSRVHV�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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(YROXWLRQDU\�6XUURJDWH�$VVLVWHG�3UHVFULSWLRQ��(63�


(YROXWLRQDU\ 6XUURJDWH�$VVLVWHG 3UHVFULSWLRQ �(63� LV D PDFKLQH OHDUQLQJ WHFKQRORJ\
GHVLJQHG WR DXWRPDWLFDOO\ GHWHUPLQH WKH PRVW HIIHFWLYH QRQ�SKDUPDFHXWLFDO LQWHUYHQWLRQ
�13,� VWUDWHJLHV WR FRQWDLQ WKH VSUHDG RI &29,'���� (63 ZDV GHYHORSHG E\ UHVHDUFKHUV DW
&RJQL]DQW� D IRU�SURILW FRPSDQ\ LQ WKH 8QLWHG 6WDWHV� DQG WKH 8QLYHUVLW\ RI 7H[DV DW $XVWLQ�
7KH SURRI�RI�FRQFHSW IRU (63 ZDV GHVFULEHG LQ DQ DUWLFOH XSORDGHG WR DU;LY LQ 0D\ ����
>���@ DQG SXEOLVKHG LQ ,((( 7UDQVDFWLRQV RQ (YROXWLRQDU\ &RPSXWDWLRQ LQ $SULO ���� >���@�
$Q LQWHUDFWLYH GDVKERDUG GHPRQVWUDWLQJ WKH WHFKQLTXH LV DYDLODEOH RQOLQH >���@� KRVWHG E\
&RJQL]DQW¶V�(YROXWLRQDU\�$,�WHDP�

3DQGHPLF PRGHOLQJ HIIRUWV IUHTXHQWO\ HPSOR\ WUDGLWLRQDO HSLGHPLRORJLFDO DSSURDFKHV� VXFK
DV FRPSDUWPHQW PRGHOV� WR SUHGLFW WKH VSUHDG RI WKH GLVHDVH XVLQJ D IHZ DSSUR[LPDWHG
SDUDPHWHUV� 7KHVH PHWKRGV DUH LPSHUIHFW� KRZHYHU� GXH WR WKH XQFHUWDLQW\ XQGHUSLQQLQJ
WKHLU SDUDPHWHUV DQG WKH XQSUHGLFWDELOLW\ RI VRPH IDFWRUV� VXFK DV 13,V� DFURVV FXOWXUDO DQG
HFRQRPLF HQYLURQPHQWV� ,Q FRQWUDVW� (63 XVHV QHDU UHDO�WLPH GDWD FROOHFWHG RQ SDQGHPLF
LQWHUYHQWLRQV� WKHLU HFRQRPLF LPSDFW� DQG GLVHDVH WUDQVPLVVLRQ WR WUDLQ D ORQJ VKRUW�WHUP
PHPRU\ �/670� QHXUDO QHWZRUN FDSDEOH RI SUHGLFWLQJ KRZ 13,V DIIHFW WKH FRXUVH RI WKH
SDQGHPLF�ZLWKRXW�QHHGLQJ�WR�HVWLPDWH�SDUDPHWHUV�>���@�

(63 XWLOL]HV WKH &29,'��� *RYHUQPHQW 5HVSRQVH 7UDFNHU GDWDVHW >��@� PDLQWDLQHG E\
2[IRUG 8QLYHUVLW\ %ODYDWQLN 6FKRRO RI *RYHUQPHQW� ZKLFK FRQWDLQV �� GLIIHUHQW LQGLFDWRUV�
LQFOXGLQJ FRQWDLQPHQW PHDVXUHV� HFRQRPLF IDFWRUV� KHDOWK V\VWHP GHVFULSWRUV� DQG YDFFLQH
SROLFLHV� DPRQJ RWKHUV� ,W DOVR LQFOXGHV GDWD UHSUHVHQWLQJ GLIIHUHQW 13,V FKDUDFWHUL]HG E\
PHDVXUHV RI VWULQJHQF\� LQ ZKLFK KLVWRULFDO GDWD KDV EHHQ HQFRGHG IRU RYHU ��� FRXQWULHV�
7KHVH GDWD KDYH EHHQ FROOHFWHG VLQFH 0DUFK ����� DQG KDYH EHHQ XSGDWHG UHJXODUO\�
WKRXJK VRPH HFRQRPLF DQG KHDOWK V\VWHP SROLFLHV KDYH QRW EHHQ XSGDWHG VLQFH $XJXVW
����� (63 GHYHORSHUV DFNQRZOHGJH WKDW WKH GDWDVHW LV QRLV\� JLYHQ GLVFUHSDQFLHV LQ KRZ
GLIIHUHQW FRXQWULHV GHWHFWHG DQG UHSRUWHG FDVH GDWD� KRZ WKHLU YDU\LQJ WHVWLQJ SROLFLHV
DIIHFWHG FDVH GHWHFWLRQ� DQG KRZ WKH\ LPSOHPHQWHG 13,V LQ GLIIHUHQW ZD\V >���@� 7KH\ DOVR
QRWH WKDW WKH GDWDVHW FRQWDLQV VRPH DFFLGHQWDO UHSHWLWLRQV� PLVVLQJ GD\V� DQG RWKHU
PLVWDNHV� 'HVSLWH WKHVH FKDOOHQJHV� WKH GHYHORSHUV KLJKOLJKW WKDW WKHUH DUH VWLOO HQRXJK GDWD
WR�HIIHFWLYHO\�WUDLQ�WKHLU�PRGHO�WR�PDNH�XVHIXO�SUHGLFWLRQV�

,Q WKLV GDWD�GULYHQ PRGHOLQJ DSSURDFK� (63 DSSOLHV D /670 QHXUDO QHWZRUN PRGHO WUDLQHG
RQ WKH FRXQWULHV¶ FDVH QXPEHUV DQG 13, GDWD �VXFK DV ERUGHU FORVLQJ DQG FRQWDLQPHQW� WR
SUHGLFW KRZ WKH SDQGHPLF ZLOO XQIROG XQGHU YDULRXV 13,V� $ 3UHGLFWRU PRGHO �3G� WDNHV D
GHFLVLRQ DV LWV LQSXW DQG SUHGLFWV RXWFRPHV IRU WKDW GHFLVLRQ >���@� $ VHFRQG PRGHO� D
3UHVFULSWRU �3V�� LV WKHQ FUHDWHG� ZKLFK WDNHV FDVH LQIRUPDWLRQ IRU WKH SUHYLRXV �� GD\V DV
LWV LQSXW DQG RXWSXWV DFWLRQV WKDW FDQ RSWLPL]H RXWFRPHV ZLWKLQ WKDW FRQWH[W� 7KH 3UHVFULSWRU
PRGHO LV EXLOW XVLQJ QHXURHYROXWLRQ >���@±>���@� HYROYHG XVLQJ WKH 3UHGLFWRU PRGHO� 7KH
3UHGLFWRU LV WKHUHE\ WKH VXUURJDWH IRU WKH GHYHORSPHQW RI WKH 3UHVFULSWRU� L�H� WKH GHFLVLRQ
SROLF\ RXWSXW� DQG WKDW WKH 3UHVFULSWRU LV QRW UHVWULFWHG E\ D ILQLWH WUDLQLQJ GDWDVHW RU LWV
FDSDFLW\ WR HYDOXDWH UHDO�ZRUOG FKDUDFWHULVWLFV� 7KH 3UHGLFWRU LQVWHDG VHUYHV DV D ILWQHVV
IXQFWLRQ WKDW FDQ EH TXHULHG UHJXODUO\ DQG HIILFLHQWO\ >���@� ,I DFWLRQV SUHVFULEHG E\ WKH
3UHVFULSWRU DUH HQIRUFHG LQ WKH UHDO ZRUOG� GDWD DERXW WKHLU UHDO�ZRUOG RXWFRPHV FDQ EH IHG
EDFN LQWR WKH PRGHO� (63 LV WKHUHIRUH D FRQWLQXRXV EODFN�ER[ RSWLPL]DWLRQ SURFHVV IRU
DGDSWLYH GHFLVLRQ�PDNLQJ ZKRVH DOJRULWKP RSHUDWHV DV DQ RXWHU ORRS LQYROYHG LQ
FRQVWUXFWLQJ LWV RZQ 3UHGLFWRU DQG 3UHVFULSWRU PRGHOV� 2Q WKH RQOLQH GHPRQVWUDWLRQ RI WKLV
WRRO� XVHUV DUH DOORZHG WR YLHZ FDVH SUHGLFWLRQV DFURVV FRXQWULHV DQG UHJLRQV EDVHG RQ
UHDO�WLPH GDWD �RU YLHZ KLVWRULFDO GDWD ³FRXQWHUIDFWXDOV´� DQG 3UHVFULSWRU VHWWLQJV �13,V OLIWHG
YHUVXV�PD[HG�RXW��>���@�
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7R HYDOXDWH WKH SHUIRUPDQFH RI WKHLU /670 PRGHO� LW ZDV FRPSDUHG WR D VXLWH RI EDVHOLQH
PDFKLQH OHDUQLQJ UHJUHVVLRQ PRGHOV� LQFOXGLQJ OLQHDU UHJUHVVLRQ� UDQGRP IRUHVW UHJUHVVLRQ�
VXSSRUW YHFWRU UHJUHVVLRQ� DQG IHHG�IRUZDUG QHXUDO QHWZRUN UHJUHVVLRQ >���@� (DFK PHWKRG
ZDV WUDLQHG LQGHSHQGHQWO\ �� WLPHV RQ D WUDLQLQJ GDWDVHW FRQWDLQLQJ ���GD\V RI ��
FRXQWULHV¶ FDVH GDWD OHDGLQJ XS WR 0D\ �� ����� DQG WHVW GDWD FRQVLVWHG RI GDWD IURP 0D\ �
WKURXJK 0D\ ��� ����� 7KH /760 PRGHO RXWSHUIRUPHG DOO RI WKH EDVHOLQH PRGHOV DFURVV DOO
IRXU PHWULFV� QRUPDOL]HG FDVH PHDQ DEVROXWH HUURU �0$(�� UDZ FDVH 0$(� PHDQ UDQN
�UDQNV WKH PHWKRGV LQ WHUPV RI FDVH HUURU IRU HDFK FRXQWU\� DQG WKHQ DYHUDJHV RYHU
FRXQWULHV���DQG���VWHS Q 0$(��WKH�ORVV�WKH�PRGHOV ZHUH�H[SOLFLWO\�WUDLQHG�WR�PLQLPL]H��Հ

ȳ

7KH WUHPHQGRXV DPRXQW RI GDWD WKDW KDYH EHFRPH DYDLODEOH KDV� DFFRUGLQJ WR DXWKRUV�
HQDEOHG WKH (63 DSSURDFK WR EH IHDVLEOH IRU WKH ILUVW WLPH >���@� $V D SKHQRPHQRORJLFDO
GDWD�GULYHQ PRGHO� (63 GRHV QRW H[SODLQ KRZ JLYHQ RXWFRPHV DUH SURGXFHG� EXW EHFDXVH LW
FDQ EH IHG VLJQLILFDQW DPRXQWV RI UHOHYDQW GDWD� LW FDQ SURYLGH DFFXUDWH SUHGLFWLRQV RI WKHP�
,W LV WKHUHIRUH D WRRO WKDW KDV SULPDULO\ EHHQ GHVLJQHG ZLWK GHFLVLRQ�PDNHUV LQ PLQG� WR
SURYLGH WKHP ZLWK D JUHDWHU FDSDFLW\ WR HYDOXDWH FDQGLGDWH QRQ�SKDUPDFHXWLFDO
LQWHUYHQWLRQV XVLQJ SUHGLFWLYH PRGHOV� 7KH DXWKRUV VWDWH WKDW WKLV $, V\VWHP KDV QRW EHHQ
GHVLJQHG WR UHSODFH KXPDQ GHFLVLRQ�PDNHUV� RQO\ WR DXJPHQW WKHP� $GGLWLRQDOO\� EHFDXVH
WKH GDWDVHW LV QRW VSHFLILF WR RQH ORFDOLW\� LW FDQ EH XVHG E\ GHFLVLRQ�PDNHUV DFURVV GLIIHUHQW
JHRJUDSKLFDO FRQWH[WV WR LQIRUP SROLFLHV VSHFLILF WR WKHLU JHRJUDSKLFDO FRQWH[WV DQG JRDOV�
,QGHHG� WKH GHYHORSHUV KLJKOLJKW KRZ (63 FDQ PDNH FUHDWLYH VXJJHVWLRQV� VXFK DV
DOWHUQDWLQJ EHWZHHQ 13,V� WKDW DFKLHYH ³PD[LPDO HIIHFW DQG PLQLPDO FRVW�´ $XWKRUV VWUHVV
WKDW WKH PRGHO GRHV UHO\ KHDYLO\ RQ DFFHVVLEOH� DFFXUDWH� XS�WR�GDWH GDWD EHLQJ DYDLODEOH�
HVSHFLDOO\ DV GDWD FRPHV WR UHIOHFW FKDQJHV LQ WKH FRXUVH RI WKH SDQGHPLF �L�H� DV QHZ
YDULDQWV�HPHUJH��DQG�DV�GLIIHUHQW�QDWLRQV�HQIRUFH�GLIIHUHQW�13,V��


7KLV VXPPDU\ KDV EHHQ UHYLHZHG DQG DSSURYHG E\ WKH LQLWLDWLYH¶V GHYHORSHUV� 0RUH
LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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*HR6SDUN�$QDO\WLFV�+\SHULRQ�&29,'����/LYH�'DVKERDUG

'LVFODLPHU� 'HWDLOV SHUWDLQLQJ WR WKH WHFKQLFDO VSHFLILFDWLRQV RI WKLV WRRO ZHUH QRW SXEOLFO\ DYDLODEOH� WKH
LQIRUPDWLRQ EHORZ ZDV REWDLQHG IURP EORJ SRVWV RQ WKH *HR6SDUN $QDO\WLFV VLWH� )XUWKHUPRUH� ZKHUHDV WKH
WRRO ZDV DFFHVVLEOH WR WKH JHQHUDO SXEOLF LQ 1RYHPEHU ����� DW VRPH SRLQW EHIRUH 2FWREHU ����� DFFHVV ZDV
UHVWULFWHG�WR�WKRVH�ZLWK�DQ�$UF*,6�DFFRXQW�DVVRFLDWHG�ZLWK�WKH�*HRVSDUN�$QDO\WLFV�WHDP�

7KH +\SHULRQ &29,'��� /LYH 'DVKERDUG LV D GDVKERDUG WKDW XVHV PDFKLQH OHDUQLQJ WR
LGHQWLI\� WUDFN� DQG DQDO\]H HYHQWV DVVRFLDWHG ZLWK &29,'��� YLD PHQWLRQV RQ RQOLQH QHZV
DUWLFOHV DQG VRFLDO PHGLD SRVWV >���@� 7KLV WRRO ZDV GHYHORSHG E\ *HR6SDUN $QDO\WLFV� D
SULYDWH FRPSXWHU VRIWZDUH FRPSDQ\� LQ SDUWQHUVKLS ZLWK (VUL� D SULYDWH JHRJUDSKLF
LQIRUPDWLRQ V\VWHPV VRIWZDUH VXSSOLHU �PRVW IDPRXV IRU WKHLU SURGXFW� $UF*,6�� 7KH
GDVKERDUG ZDV SXEOLFO\ DQQRXQFHG RQ D EORJ SRVW LQ $SULO ���� EXW ZDV EXLOW XSRQ WKH
*HR6SDUN $QDO\WLFV +\SHULRQ SODWIRUP� ZKLFK ZDV GHYHORSHG EHIRUH WKH &29,'���
SDQGHPLF�>���@�

6SHFLILF LQIRUPDWLRQ SHUWDLQLQJ WR WKH GDWD RU PRGHOV XVHG E\ WKH +\SHULRQ &29,'��� /LYH
'DVKERDUG LV QRW SXEOLFO\ DYDLODEOH� $ EORJ SRVW GHVFULELQJ WKH +\SHULRQ SODWIRUP� XSRQ
ZKLFK WKH GDVKERDUG ZDV EXLOW� GHVFULEHV WKUHH IXQFWLRQDOLWLHV� ��� FDWHJRUL]LQJ GLVSDUDWH
IRUPV RI LQIRUPDWLRQ LQWR FODVVHV RI DFWLYLWLHV XVLQJ D PDFKLQH OHDUQLQJ PRGHO WKDW OHDUQV
SDWWHUQV LQ XQVWUXFWXUHG GDWD WR DXWRPDWLFDOO\ UHFRJQL]H DQG FDWHJRUL]H GDWD IURP VRFLDO
PHGLD� QHZV PHGLD DQG RWKHU VRXUFHV LQWR WKHPHV VXFK DV VRFLDO XQUHVW� FRQIOLFW DQG
WHUURULVP� ��� PRGHOLQJ SDWWHUQV RI KXPDQ DFWLYLW\ E\ HYDOXDWLQJ QHZV� VRFLDO PHGLD� DQG
RWKHU LQIRUPDWLRQ LQ WKH ORFDWLRQ RI WKH DQRPDO\� DQG ��� FRQWLQXRXVO\ DVVHVVLQJ OHYHOV RI
³VWDELOLW\�´ E\ FRPSDULQJ FXUUHQW DFWLYLW\ DJDLQVW ORQJ�WHUP WUHQGV �ZKLFK DUH XVHG WR GHILQH
³QRUPDOF\´� ZLWKLQ JHRJUDSKLF UHJLRQV >���@� ,Q D VHSDUDWH EORJ SRVW� WKH\ LOOXVWUDWH KRZ
WKHLU GDVKERDUG KDV EHHQ EXLOW ZLWK WKHVH IXQFWLRQDOLWLHV >���@� +RZHYHU� WKH\ GR QRW
GHVFULEH H[DFWO\ ZKDW GDWD DUH XWLOL]HG WR SHUIRUP WKHVH WDVNV� GHWDLOV SHUWDLQLQJ WR WKH
PDFKLQH�OHDUQLQJ�PRGHOV�HPSOR\HG�DUH�DOVR�QRW�DYDLODEOH�

*HRVSDUN $QDO\WLFV FODLPV WKDW WKHLU WHFKQRORJ\ GHWHFWHG DQRPDORXV DFWLYLW\ OHYHOV LQ
:XKDQ� &KLQD� DQG FDWHJRUL]HG WKHP DV D GLVHDVH RXWEUHDN RQ 'HFHPEHU ��VW� ����� HLJKW
GD\V EHIRUH WKH :+2 DQQRXQFHG FRQFHUQ RYHU WKH SQHXPRQLD RXWEUHDN >���@� ,Q $SULO
����� WKH\ FODLPHG WKDW WKHLU GDVKERDUG KDG EHHQ YLHZHG PRUH WKDQ ������ WLPHV LQ WKH
SUHYLRXV PRQWK DQG WKDW LW KDG EHHQ LQWHJUDWHG LQWR RWKHU DSSOLFDWLRQV >���@� EXW GLG QRW
GHVFULEH�LQ�GHWDLO�ZKDW�WKHVH�DSSOLFDWLRQV�ZHUH�

$V UHFHQWO\ DV 1RYHPEHU ����� WKH GDVKERDUG ZDV DFFHVVLEOH WR WKH JHQHUDO SXEOLF RQ WKHLU
ZHEVLWH� $V RI 2FWREHU ����� KRZHYHU� LW DSSHDUV WKDW XVHUV QHHG WR KDYH DQ $UF*,6
DFFRXQW�DVVRFLDWHG�ZLWK�WKH�*HR6SDUN�$QDO\WLFV�RUJDQL]DWLRQ�WR�DFFHVV�WKH�GDVKERDUG�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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,%0�&29,'����'HHS�6HDUFK

7KH ,%0 &29,'��� 'HHS 6HDUFK SODWIRUP RUJDQL]HV ERWK VWUXFWXUHG DQG XQVWUXFWXUHG
&29,'��� GDWD LQWR D NQRZOHGJH JUDSK WKDW FDQ EH QDYLJDWHG DQG TXHULHG WR UHWULHYH
LQIRUPDWLRQ� 7KH 'HHS 6HDUFK SODWIRUP ZDV GHYHORSHG E\ ,%0 5HVHDUFK (XURSH� EDVHG LQ
=�ULFK� 6ZLW]HUODQG� LQ WKH ILUVW KDOI RI ����� E\ PHPEHUV RI WKH 6FDODEOH .QRZOHGJH
,QJHVWLRQ�JURXS�>���@�

,%0¶V 'HHS 6HDUFK DFFHVV SDJH VWDWHV WKDW WKH SXUSRVH RI WKH SODWIRUP LV WR DOORZ
VFLHQWLVWV DQG DFDGHPLFV WR ³XQORFN WKH NQRZOHGJH´ RI SXEOLVKHG XQVWUXFWXUHG DQG
VWUXFWXUHG GDWD SHUWDLQLQJ WR &29,'��� >���@� 8VHUV FDQ GR VR E\ HLWKHU QDYLJDWLQJ WKH
NQRZOHGJH JUDSK PDQXDOO\ RU EXLOGLQJ TXHU\ ZRUNIORZV WR H[WUDFW VSHFLILF DQVZHUV IURP WKH
GDWD�

'HHS 6HDUFK LQFRUSRUDWHV GDWD IURP YDULRXV XQVWUXFWXUHG DQG VWUXFWXUHG GDWD VRXUFHV�
8QVWUXFWXUHG GDWD LV REWDLQHG YLD WKH &29,'��� 2SHQ 5HVHDUFK 'DWDVHW �&25'���� >���@�
D ODUJH UHVRXUFH RI VFLHQWLILF SDSHUV RQ &29,'��� DQG UHODWHG KLVWRULFDO FRURQDYLUXV
UHVHDUFK VRXUFHG IURP 3XE0HG &HQWUDO �30&� >���@� WKH :RUOG +HDOWK 2UJDQL]DWLRQ �:+2�
&29,'��� 'DWDEDVH >���@� DV ZHOO SUHSULQWV IURP ELR5[LY� PHG5[LY� DQG DU;LY >��� S� ��@�
6WUXFWXUHG GDWD LQFOXGHG SKDUPDFHXWLFDO DQG JHQHWLF GDWDEDVHV IURP 'UXJ%DQN >���@ DQG
*HQEDQN >���@� DV ZHOO DV FOLQLFDO WULDOV IURP &OLQLFDOWULDOV�JRY >���@ DQG WKH :RUOG +HDOWK
2UJDQL]DWLRQ ,QWHUQDWLRQDO &OLQLFDO 7ULDOV 5HJLVWU\ 3ODWIRUP >���@� ,Q WRWDO� WKH SODWIRUP LV
FODLPHG WR KDYH LQJHVWHG ������� &29,'����UHODWHG SDSHUV IURP WKH DIRUHPHQWLRQHG
VRXUFHV �DV RI 2FWREHU �WK� ����� >���@� DQG WKH UHVXOWLQJ NQRZOHGJH JUDSK FRQWDLQV
DSSUR[LPDWHO\���PLOOLRQ�QRGHV�DQG����PLOOLRQ�HGJHV�>���@�

'HHS 6HDUFK LV DQ LQWHJUDWLRQ RI WZR ,%0 WHFKQRORJLHV� &RUSXV &RQYHUVLRQ 6HUYLFH �&&6�
DQG &RUSXV 3URFHVVLQJ 6HUYLFH �&36�� 7KH GHYHORSPHQW RI ERWK WRROV SUHFHGHG WKH
&29,'��� SDQGHPLF �,%0 QRWHV WKHLU ³H[WHQVLYH XVH´ LQ WKH PDWHULDOV VFLHQFH� DXWRPRWLYH�
DQG HQHUJ\ LQGXVWULHV� EXW ZDV FRPELQHG DQG PDGH DFFHVVLEOH WR VXSSRUW SDQGHPLF
UHVSRQVH� &&6 LV D FORXG�EDVHG SODWIRUP WKDW DOORZV XVHUV WR FRQYHUW 3')V RU ELWPDS
GRFXPHQWV LQWR D VWUXFWXUHG UHSUHVHQWDWLRQ RI WKH RULJLQDO GDWD� &&6 SDUVHV GRFXPHQWV
�XVLQJ RSWLFDO FKDUDFWHU UHFRJQLWLRQ WR SDUVH LPDJHV�� DSSOLHV 0/ PRGHOV RQ SDUVHG
GRFXPHQWV WR DVVLJQ VHPDQWLF ODEHOV WR FRQWHQW� DQG UHDVVHPEOHV GRFXPHQWV LQWR D
PDFKLQH�UHDGDEOH GDWD IRUPDW� VXFK DV -621 >���@� &36 WKHQ LQWHJUDWHV WKLV GDWD LQWR D
NQRZOHGJH JUDSK� DOORZLQJ XVHUV WR QDYLJDWH VWUXFWXUHG GDWD PDQXDOO\ RQ WKH NQRZOHGJH
JUDSK LQWHUIDFH� H[HFXWH TXHULHV IRU VSHFLILF LQIRUPDWLRQ� DQG GHOYH PRUH GHHSO\ LQWR
VSHFLILF�WRSLFV�E\�DFFHVVLQJ�VRXUFH�GRFXPHQWV�>���@�

$FFHVV WR 'HHS 6HDUFK LV JUDQWHG WR VFLHQWLVWV DQG DFDGHPLFV� 7KRVH LQWHUHVWHG LQ XVLQJ
WKH WRRO PD\ DSSO\ IRU DFFHVV RQ WKH ,%0 VLWH >���@� DQG DFFRUGLQJ WR ,%0� WKHUH DUH ���
UHJLVWHUHG�XVHUV��DV�RI�2FWREHU����������

$FFRUGLQJ WR ,%0� &&6 LV FDSDEOH RI LQJHVWLQJ ������� 3') SDJHV SHU GD\ RQ D VLQJOH
VHUYHU ZLWK DQ DFFXUDF\ DERYH ���� 7KLV FDSDELOLW\ WR VWUXFWXUH� SDUVH� DQG QDYLJDWH ODUJH
DPRXQWV RI VFLHQWLILF GDWD VXJJHVWV D KLJK SRWHQWLDO IRU 'HHS 6HDUFK WR VFDOH LQWR DUHDV RI
UHVHDUFK�ZLWK�ODUJH�DPRXQWV�RI�SXEOLVKHG��RU�SUHSULQWHG��UHVHDUFK�DQG�DFFHVVLEOH�GDWD�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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LFROXQJ


LFROXQJ LV D FORXG�EDVHG VRIWZDUH WKDW XVHV $, WR DQDO\]H QRQ�FRQWUDVW WKRUD[ &7 VFDQV IRU
&29,'��� SDWKRORJLHV >���@� ,W JHQHUDWHV UHSRUWV KLJKOLJKWLQJ OXQJ OHVLRQV FDXVHG E\
&29,'��� DQG TXDQWLILHV YROXPHWULF OXQJ LQYROYHPHQW DQG OHVLRQ VHYHULW\ >���@� DOORZLQJ
LQWHQVLYH FDUH SK\VLFLDQV WR PDNH PRUH LQIRUPHG GLDJQRVHV DQG WUHDWPHQW GHFLVLRQV�
LFROXQJ ZDV GHYHORSHG E\ LFRPHWUL[� D FRPSDQ\ VSHFLDOL]LQJ LQ PHGLFDO LPDJLQJ VROXWLRQV�
ZLWK VXSSRUW IURP WKH UDGLRORJ\ ODEV DW 8QLYHUVLWDLU =LHNHQKXLV %UXVVHO� .DWKROLHNH
8QLYHUVLWHLW /HXYHQ� 9ULMH 8QLYHUVLWHLW %UXVVHO� DQG ,QWHUXQLYHUVLW\ 0LFURHOHFWURQLFV &HQWUH
�LPHF� >���@� 7KH WRRO ZDV LQLWLDOO\ FUHDWHG DV D SDUW RI WKH %HOJLDQ SUR ERQR LFRYLG LQLWLDWLYH
XQWLO LW UHFHLYHG IXQGLQJ E\ (XURSHDQ 8QLRQ¶V +RUL]RQ ���� UHVHDUFK DQG LQQRYDWLRQ
SURJUDP� WKH )OHPLVK *RYHUQPHQW¶V ³2QGHU]RHNVSURJUDPPD $UWLILFLsOH ,QWHOOLJHQWLH
9ODDQGHUHQ´ �$, 5HVHDUFK SURJUDP�� DQG 5HVHDUFK )RXQGDWLRQ )ODQGHUV �):2� ODWHU DW
VRPH SRLQW LQ ���� >���@� LFROXQJ VRIWZDUH KDV EHHQ LQ GHYHORSPHQW VLQFH 0DUFK �����
ZDV &( FHUWLILHG LQ $SULO ���� >���@� DQG )'$ FHUWLILHG LQ 0D\ ���� >���@� $V RI 6HSWHPEHU
����� HIIRUWV WRZDUGV LWV GHYHORSPHQW DUH FRQWLQXHG E\ WKH LQWHUGLVFLSOLQDU\ LFRYLG
FRQVRUWLXP� ZKLFK UHFHLYHG IXQGLQJ IURP WKH (8¶V +RUL]RQ ���� SURJUDPPH >���@� %H\RQG
WKH FRQWLQXRXV WHFKQLFDO LPSURYHPHQW DQG DGGLWLRQ RI QHZ IHDWXUHV WR WKH VRIWZDUH� WKH
LFRYLG SURMHFW¶V H[SOLFLW JRDO LV WR GHPRQVWUDWH WKH FOLQLFDO YDOXH RI LFROXQJ� E\ PHDVXULQJ WKH
LPSDFW�RQ�FOLQLFDO�GHFLVLRQ�PDNLQJ��DQG�WR�GHSOR\�LW�RQ�D�ODUJHU�VFDOH�

LFROXQJ FRPSULVHV GHHS OHDUQLQJ PRGXOHV IRU YR[HO�OHYHO OHVLRQ VHJPHQWDWLRQ DQG DOVR IRU
SUREDELOLVWLF GLDJQRVLV RI &29,'���� 7KH ODWWHU PRGXOH ZDV WUDLQHG� YDOLGDWHG� DQG WHVWHG
XVLQJ D FROOHFWLRQ RI ����� VFDQV ���� &29,'����SRVLWLYH� ��� &29,'����QHJDWLYH� IURP D
³SRRO´ RI FHQWHUV²�� (XURSHDQ DQG /DWLQ $PHULFDQ FOLQLFV EHIRUH 6HSWHPEHU ���� �H[DFW
GDWHV QRW GLVFORVHG� >���@²FRPSOHPHQWHG E\ ��� 16&/&�SRVLWLYH �QRQ�VPDOO FHOO OXQJ
FDQFHU� &7 VFDQV DFTXLUHG IURP WKH /XQJ ,PDJH 'DWDEDVH &RQVRUWLXP �/,'&� DQG WKH
,PDJH 'DWD 5HVRXUFH ,QLWLDWLYH �,'5,� >���@ EHIRUH 1RYHPEHU ����� 2XW RI WKHVH� ���
VFDQV ZHUH XVHG IRU WUDLQLQJ� �� IRU YDOLGDWLRQ� DQG �� IRU WHVWLQJ >���@� 'DWD IURP DQ
LQGHSHQGHQW FHQWHU FRQWDLQLQJ ��� &29,'����SRVLWLYH DQG ��� &29,'����QHJDWLYH
VDPSOHV ZHUH NHSW VHSDUDWH DV DQ LQGHSHQGHQW WHVW VHW� 7KH OXQJ OHVLRQV VHJPHQWDWLRQ
PRGXOH ZDV WUDLQHG DQG YDOLGDWHG RQ �� PDQXDOO\ DQQRWDWHG VFDQV IURP WKH SRROHG
FHQWHUV� DQG HYDOXDWHG RQ �� KHOG�RXW WHVW VFDQV� 7KH GDWDVHWV IURP FOLQLFV KDYH QRW EHHQ
PDGH�RSHQO\�DFFHVVLEOH >���@�

7KH GHHS OHDUQLQJ DUFKLWHFWXUH XQGHUO\LQJ LFROXQJ FRQVLVWV RI WZR PDLQ VWDJHV� OHVLRQ
GHWHFWLRQ IROORZHG E\ SUREDELOLVWLF &29,'��� FODVVLILFDWLRQ� )LUVW� LPDJHV DUH SUHSURFHVVHG
XVLQJ D SUH�WUDLQHG LPDJH VHJPHQWDWLRQ PRGXOH� EDVHG RQ WKH �' 8�QHW DUFKLWHFWXUH
DUFKLWHFWXUH >���@� ZKLFK DXWRPDWLFDOO\ ODEHOV DUHDV RI &7 VFDQV DV UHJLRQV RI LQWHUHVW�
IROORZHG E\ D PXOWL�FODVV OHVLRQ VHJPHQWDWLRQ DSSURDFK� ZKLFK XVHV D 'HHS0HGLF�OLNH >���@
WR LGHQWLI\ SDWWHUQV VXJJHVWLYH RI &29,'���� ,QVLGH WKH GLDJQRVWLF PRGXOH� D FRQGLWLRQDO
YDULDWLRQDO DXWRHQFRGHU �&9$(� PRGXOH LV HPSOR\HG WR OHDUQ &29,'��� UHODWHG SDWWHUQV
IURP WKH VHJPHQWDWLRQV� FODVVLI\ HDFK VHJPHQWDWLRQ� DQG WR DVVLJQ D OLNHOLKRRG WKDW WKH
VFDQ VWHPV IURP D &29,'��� SDWLHQW >���@� :KHQ LQWHJUDWHG LQWR D KRVSLWDO SLFWXUH
DUFKLYLQJ DQG FRPPXQLFDWLRQ V\VWHP �3$&6�� DQ DQDO\VLV FDQ EH SHUIRUPHG RQ &7 VFDQV
ZLWKLQ �� PLQXWHV >���@� /HVLRQV RQ WKH &7 VFDQ DUH FRORU�FRGHG DQG WKHLU YROXPH LV
PDSSHG WR D VHYHULW\ VFRUH� HQDEOLQJ WKH SUDFWLWLRQHU WR DQDO\]H WKH OHVLRQV YLVXDOO\ DQG
PDNH�DQ�LQIRUPHG�GLDJQRVLV�

:KHQ HYDOXDWHG RQ D WHVW VHW WKDW LQFRUSRUDWHG GDWD IURP WKH DIRUHPHQWLRQHG SRROHG
FHQWHUV� WKH GLDJQRVWLF PRGHO DFKLHYHG D VHQVLWLYLW\ �WKDW LV� WKH SURSRUWLRQ RI
&29,'����SRVLWLYH LQGLYLGXDOV LW DFFXUDWHO\ GLDJQRVHG� RI ��� DQG D VSHFLILFLW\ �WKH
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SURSRUWLRQ RI &29,'����QHJDWLYH LQGLYLGXDOV WKDW ZHUH FRUUHFWO\ GLDJQRVHG� RI ��� >���@�
:KHQ WHVWHG XVLQJ GDWD IURP DQ LQGHSHQGHQW PHGLFDO FHQWHU� WKH PRGHO DFKLHYHG D VOLJKWO\
KLJKHU�VHQVLWLYLW\�������EXW�VLJQLILFDQWO\�ORZHU�VSHFLILFLW\����� >���@�

LFROXQJ LV FXUUHQWO\ &(�FHUWLILHG� )'$�SHUPLWWHG� *'35�FRPSOLDQW� DQG RIIHUHG SUR ERQR
ZRUOGZLGH >���@� ,W KDV EHHQ DGRSWHG E\ RYHU ��� FOLQLFV� DQG WKH LFRYLG FROODERUDWLYH LV
VWULYLQJ WR GLVWULEXWH WKH VRIWZDUH WR ��� PHGLFDO FOLQLFV ZRUOGZLGH >���@� $ IDYRUDEOH DVSHFW
RI WKH V\VWHP LV WKDW LW DOORZV IRU LQWHUSUHWDELOLW\ YLD YLVXDOL]DWLRQV� DV H[SODLQHG DERYH� DQG
WKDW LW RIIHUV FRQGHQVHG UHSUHVHQWDWLRQV RI WKH GHWHFWHG DEQRUPDOLWLHV� LQ WKH IRUP RI
VHYHULW\ VFRUHV� DOORZLQJ IRU UDSLG LQWHUSUHWDWLRQ� 7KH FRGH IRU WUDLQLQJ WKH GHHS OHDUQLQJ
PRGHOV LV K\SHUOLQNHG LQ WKH SDSHU >���@� KRZHYHU� DV RI 'HFHPEHU ��� ����� WKLV OLQN LV
LQDFFHVVLEOH� 7KH WRRO¶V UREXVWQHVV DFURVV SDWLHQW GHPRJUDSKLFV DQG &29,'��� YDULDQWV
KDYH \HW WR EH HPSLULFDOO\ YDOLGDWHG� WR H[SDQG WKLV WRRO¶V XSWDNH DFURVV GHPRJUDSKLF
JURXSV DQG WKH &29,'��� SDQGHPLF OLIH F\FOH� LW ZLOO EH QHFHVVDU\ WR GHPRQVWUDWH
UREXVWQHVV LQ WKHVH PHWULFV� ,Q IDFW� WKH LFRYLG FRQVRUWLXP LV SUHVHQWO\ UXQQLQJ D UHDGHU
VWXG\� ZKLFK ZLOO� WKURXJK WKH IRUPDW RI D FRQWUROOHG WULDO ZLWK VHYHUDO UDGLRORJLFDO H[SHUW
XVHUV� TXDQWLI\ XQHTXLYRFDOO\ WKH EHQHILW RI LFROXQJ WRZDUGV FOLQLFDO LPDJH LQWHUSUHWDWLRQ DQG
GHFLVLRQ�PDNLQJ�


7KLV VXPPDU\ KDV EHHQ UHYLHZHG DQG DSSURYHG E\ WKH LQLWLDWLYH¶V GHYHORSHUV� 0RUH
LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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-RKQV�+RSNLQV�86�5LVN�0RGHO

7KH -RKQV +RSNLQV 86 5LVN 0RGHO LV D FRXQW\�OHYHO &29,'��� ULVN PRGHOLQJ IUDPHZRUN
LQWHQGHG WR DVVLVW WKH 86 JRYHUQPHQW DQG LQGLYLGXDOV LQ PDNLQJ LQIRUPHG GHFLVLRQV� 7KH
SURMHFW ZDV DQQRXQFHG LQ 6HSWHPEHU ���� E\ UHVHDUFKHUV DW -RKQV +RSNLQV &HQWHU IRU
6\VWHPV 6FLHQFH DQG (QJLQHHULQJ� ZLWK IXQGLQJ IURP WKH 86 1DWLRQDO 6FLHQFH )RXQGDWLRQ�
1DWLRQDO�,QVWLWXWH�RI�$OOHUJ\�DQG�,QIHFWLRXV�'LVHDVHV��DQG�1$6$�>���@�

,Q D EORJ SRVW DQQRXQFLQJ WKLV LQLWLDWLYH� UHVHDUFKHUV VKDUHG WKDW WKH JRDO RI WKHLU PRGHOLQJ
LV WR LGHQWLI\ DW�ULVN SRSXODWLRQV DQG WR OHDUQ WKH ORFDWLRQV DQG DWWULEXWHV RI WKRVH WKDW DUH
PRVW H[SRVHG WR WKH ULVN RI LQIHFWLRQ DQG GHDWK IURP &29,'��� >���@� 7R WKLV HQG�
UHVHDUFKHUV FODLP WR KDYH FRQVWUXFWHG WKHLU ULVN�PRGHOLQJ IUDPHZRUN XVLQJ D ³IOH[LEOH
DSSURDFK´ WKDW ZRXOG DOORZ WKHP WR PRGHO GLIIHUHQW ULVN LQGLFDWRUV IRU GLIIHUHQW XVH FDVHV
>���@��KRZHYHU��D�PRUH�LQ�GHSWK�H[SODQDWLRQ�RI�KRZ�WKLV�ZDV�DFKLHYHG�LV�QRW�SURYLGHG�

,Q EXLOGLQJ WKH ULVN PRGHOLQJ IUDPHZRUN� WKH LQLWLDWLYH UHOLHG RQ 86 HSLGHPLRORJLFDO� PRELOLW\�
DQG GHPRJUDSKLF GDWD IURP QXPHURXV VRXUFHV >���@� (SLGHPLRORJLFDO GDWD DUH GUDZQ IURP
WKH -RKQV +RSNLQV &29,'��� 'DWD 5HSRVLWRU\� ZKLFK DJJUHJDWHV DXWKRULWDWLYH�
SXEOLFO\�DYDLODEOH &29,'��� FDVH� GHDWK� DQG UHFRYHU\ UDWHV IURP DFURVV WKH JOREH DW
YDULRXV OHYHOV RI JUDQXODULW\²IURP FRXQWU\�ZLGH WR FLW\�ZLGH� GHSHQGLQJ RQ DYDLODELOLW\ RI
GDWD >��@� 0RELOLW\ GDWD ZHUH VRXUFHG IURP PRELOH SKRQH XVDJH GDWD DQG SURYLGHG E\
6DIH*UDSK� ,W DSSHDUV� KRZHYHU� WKDW ZKLOH 6DIH*UDSK SURYLGHG VRFLDO�GLVWDQFLQJ PHWULFV
IRU IUHH DW WKH SHDN RI WKH SDQGHPLF� VXFK GDWD KDYH QRZ EHHQ ZUDSSHG LQWR WKHLU :HHNO\
3DWWHUQV SURGXFW� IRU SXUFKDVH >���@� %RWK SRSXODWLRQ DQG KHDOWK LQGLFDWRUV ZHUH JDWKHUHG
IURP WKH 86 FHQVXV �SRSXODWLRQ WRWDOV� GHPRJUDSKLF SHUFHQWDJHV� DQG DJH EUHDNGRZQV��
&RXQW\ +HDOWK 5DQNLQJV �VPRNLQJ SHUFHQWDJHV� SRYHUW\� DQG FKURQLF GLVHDVH�� DQG WKH
'HILQLWLYH +HDOWKFDUH 'DWDVHW SXEOLVKHG E\ (65, �6WDWLVWLFV RQ KRVSLWDO EHGV DQG
DYDLODELOLW\��>���@�

0RGHOV GHYHORSHG IRU IRUHFDVWLQJ &29,'��� ULVNV DW WKH ORFDO� VWDWH� DQG QDWLRQDO OHYHOV XVH
GLIIHUHQW VWDWLVWLFDO PHWKRGRORJLHV� VXFK DV PXOWLSOH OLQHDU UHJUHVVLRQ� ORJLVWLF UHJUHVVLRQ�
UDQGRP IRUHVW UHJUHVVLRQ�FODVVLILFDWLRQ� DQG FXUYH ILWWLQJ >���@� 5HVHDUFKHUV H[SORUHG
WHFKQLTXHV WKDW FRXOG IXUWKHU LPSURYH SUHGLFWLYH FDSDELOLWLHV� VXFK DV HQVHPEOH
DSSURDFKHV� LQSXW FOXVWHULQJ� DQG GHHS OHDUQLQJ >���@� 7KH\ FODLPHG WR KDYH PRGHOHG
VHYHUDO GLIIHUHQW DVSHFWV RI WKH RXWEUHDN� LQFOXGLQJ FDVHV DQG GHDWKV RYHU GLIIHUHQW WLPH
KRUL]RQV� FDVH DQG GHDWK FXUYHV¶ GHYLDWLRQV IURP FXUUHQW WUHQGV� FDVH DQG GHDWK UDWHV SHU
SHUVRQ� ULVN FDWHJRULHV EDVHG RQ WLPH�GHSHQGHQW UDWHV RI FKDQJH� DQG FDWHJRULFDO
HSLGHPLRORJLFDO FODVVLILFDWLRQV >���@� 'HWDLOV GHVFULELQJ ZKLFK VHWV RI GDWD ZHUH XVHG IRU
DQ\�SDUWLFXODU�PRGHO�ZHUH�QRW�GLVFORVHG�

7KLV LQLWLDWLYH¶V VLWH GLVSOD\V D PDS WKDW YLVXDOO\ FRPSDUHV SURMHFWHG TXDQWLOHV RI QHZ FDVHV
LQ HDFK FRXQW\ GXULQJ WKH ILUVW WZR ZHHNV RI $XJXVW ���� �RXWSXW IURP WKH PRGHO� WR
REVHUYHG FDVHV UHSRUWHG� ZLWK VWULNLQJ VLPLODULWLHV >���@� +RZHYHU� LW LV XQFOHDU ZKHWKHU WKLV
LQLWLDWLYH LV VWLOO XQGHU GHYHORSPHQW� ZKHWKHU LW LV RU ZDV XVHG DQG E\ ZKRP� DQG ZKDW WKH
SURFHVV LV IRU REWDLQLQJ DFFHVV WR WKH PRGHO RU LWV SUHGLFWLRQV� ,W LV GLIILFXOW WR DVVHVV WKH
WHFKQLFDO VFDODELOLW\ RI WKLV WRRO IRU QXPHURXV UHDVRQV� LQFOXGLQJ WKH DPELJXLW\ FRQFHUQLQJ
WKH OLFHQVLQJ RI WKLV WRRO� WKH PLQLPXP DPRXQW RI GDWD UHTXLUHG IRU DQ\ SDUWLFXODU PRGHO� WKH
DFFHVVLELOLW\ RI LWV GDWD �QDPHO\� PRELOLW\ GDWD ZKLFK LV QR ORQJHU DYDLODEOH IRU IUHH�� DQG WKH
TXDOLW\�RI�WKH�UHTXLUHG�GDWDVHWV�DW�GLIIHUHQW�JHRJUDSKLF�VFDOHV�IURP�DFURVV�WKH�JOREH�

0RUH�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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/LW&RYLG

/LW&RYLG LV DQ RSHQ�VRXUFH� FXUDWHG GDWDEDVH HTXLSSHG ZLWK DGYDQFHG VHDUFK DQG ILOWHULQJ
IHDWXUHV GHVLJQHG WR IDFLOLWDWH GHVNWRS UHVHDUFK RQ WRSLFV UHODWHG WR &29,'���� 7KLV WRRO
ZDV GHYHORSHG E\ UHVHDUFKHUV IURP WKH 7H[W 0LQLQJ�1DWXUDO /DQJXDJH 3URFHVVLQJ �1/3�
5HVHDUFK SURJUDP RI WKH 8�6� 1DWLRQDO /LEUDU\ RI 0HGLFLQH�1DWLRQDO ,QVWLWXWHV RI +HDOWK¶V
�1/0�1,+� 1DWLRQDO &HQWHU IRU %LRWHFKQRORJ\ ,QIRUPDWLRQ� DQG IXQGHG E\ WKH 1/0�1,+
,QWUDPXUDO 5HVHDUFK 3URJUDP� $IWHU LW ZDV DQQRXQFHG LQ 1DWXUH LQ 0DUFK ���� >���@� WKH
ILUVW IXOO�OHQJWK SDSHU FRYHULQJ LWV IHDWXUHV DQG PHWKRGV ZDV SXEOLVKHG LQ 1XFOHLF $FLGV
5HVHDUFK LQ�1RYHPEHU������>���@�

/LW&RYLG¶V FXUDWLRQ ZRUNIORZ FRQVLVWV RI IRXU VWHSV UHSHDWHG RQ D GDLO\ EDVLV� QHZ SDSHUV
DUH UHWULHYHG� FXUDWHG� DQQRWDWHG� DQG LQGH[HG� ,Q WKH ILUVW VWHS� DOVR UHIHUUHG WR DV
'RFXPHQW 7ULDJH� FDQGLGDWH DUWLFOHV DUH UHWULHYHG IURP 3XE0HG >���@ XVLQJ D EURDG VHW RI
TXHU\ NH\ZRUGV VHW RI NH\ZRUGV �VXFK DV ³FRURQDYLUXV�´ ³QFRY�´ RU ³6$56�&R9��´� WR
UHWULHYH DOO SRVVLEOH UHOHYDQW DUWLFOHV� +XPDQ FXUDWRUV WKHQ FODVVLI\ DUWLFOHV ZLWK WKH
DVVLVWDQFH RI PDFKLQH OHDUQLQJ� DQ HQVHPEOH RI PDFKLQH OHDUQLQJ PRGHOV� LQFOXGLQJ
VXSSRUW YHFWRU PDFKLQHV �690V�� XVLQJ EDJ�RI�ZRUGV IHDWXUHV� DQG FRQYROXWLRQDO GHHS
QHXUDO QHWZRUNV �&11V�� XVLQJ ZRUG HPEHGGLQJV� SURYLGH KXPDQ FXUDWRUV ZLWK D VFRUH
LQGLFDWLQJ WKH OLNHOLKRRG RI DQ DUWLFOH¶V UHOHYDQFH WR &29,'���� :LWK WKHVH VFRUHV� KXPDQ
FXUDWRUV �ZLWK WUDLQLQJ LQ ELRPHGLFDO GDWD VFLHQFHV� PDNH ILQDO GHWHUPLQDWLRQV� WKRVH
GHHPHG UHOHYDQW SRSXODWH WKH /LW&RYLG GDWDEDVH >���@� 7KLV FXUDWLRQ SURFHVV KDV EHHQ
VWUHDPOLQHG�LQ�D�QHZO\�GHYHORSHG�RQOLQH�V\VWHP��/LW6XJJHVW�>���@�

)ROORZLQJ FXUDWLRQ� DUWLFOHV DUH DQQRWDWHG ZLWK WKH DVVLVWDQFH RI D GHHS OHDUQLQJ PRGHO WKDW
LQWHJUDWHV WKH HPEHGGLQJV SURGXFHG E\ %LR%(57 >���@� D ODQJXDJH PRGHO SUH�WUDLQHG
ELRORJLFDO ZLWK ELRPHGLFDO FRUSRUD� ZLWK PDQXDOO\ FUDIWHG IHDWXUHV �VXFK DV SXEOLFDWLRQ
W\SHV�� 7KLV PRGHO RXWSXWV SUREDELOLW\ VFRUHV UHSUHVHQWLQJ WKH OLNHOLKRRG WKDW WKDW DUWLFOH
SHUWDLQV WR HDFK RI HLJKW FDWHJRU\ ODEHOV� JHQHUDO LQIRUPDWLRQ� PHFKDQLVP� WUDQVPLVVLRQ�
GLDJQRVLV� WUHDWPHQW� SUHYHQWLRQ� FDVH UHSRUW� RU HSLGHPLF IRUHFDVWLQJ� +XPDQ FXUDWRUV
UHYLHZ WKH SUREDELOLW\ VFRUHV DQG DUWLFOH FRQWHQW EHIRUH DSSURYLQJ RU GHQ\LQJ ODEHOV�
*HRWDJJLQJ LV SHUIRUPHG XVLQJ D WRRO IURP VSD&\ >���@� DQ RSHQ�VRXUFH VRIWZDUH OLEUDU\ IRU
QDWXUDO ODQJXDJH SURFHVVLQJ� 7KH WRRO UHFRJQL]HV QDPHG HQWLWLHV� ZKLFK LQ WKLV FDVH DUH
JHRJUDSKLFDO VWDWHPHQWV� 7KH RULJLQ WDJ LV WKHQ REWDLQHG E\ DVVLJQLQJ WKH JHRJUDSKLFDO
VWDWHPHQW WR LWV UHVSHFWLYH FRXQWU\ XVLQJ GLFWLRQDULHV� ,Q DGGLWLRQ WR JHRJUDSKLFDO WDJV� DQ
RSHQ�DFFHVV� ZHE�EDVHG WH[W PLQLQJ VHUYLFH 3XE7DWRU >���@ SURYLGHV DQQRWDWLRQ RI GUXJV
DQG FKHPLFDO PHQWLRQV XVLQJ GHHS OHDUQLQJ WHFKQLTXHV� 7R PDNH WKH GDWDEDVH VHDUFKDEOH�
WKH GRFXPHQWV DUH LQGH[HG ZLWK WKH KHOS RI D ZHE�EDVHG� RSHQ�VRXUFH IUDPHZRUN E\ 6ROU
>���@� ZKLFK DVVLJQV DQ LQGH[ DQG DWWULEXWHV WR HDFK GRFXPHQW DQG SURFHVVHV VHDUFK
TXHULHV�

(DFK RI WKH WKUHH PHWKRGV LQ WKH FXUDWLRQ ZRUNIORZ KDV EHHQ WHVWHG �UHOHYDQFH
FODVVLILFDWLRQ� WRSLF DVVLJQPHQW� DQG JHRWDJJLQJ� E\ FRPSDULQJ WKH SHUIRUPDQFH RI WKH 0/
DOJRULWKPV WR KXPDQ�DQQRWDWHG ³JURXQG WUXWK´ GDWD� )RU HDFK WDVN� SHUIRUPDQFH ZDV
UHSRUWHG ZLWK SUHFLVLRQ� UHFDOO� DQG PLFUR�)��VFRUHV� 7KH GRFXPHQW FODVVLILFDWLRQ PRGHO
ZDV WUDLQHG RQ a������ GRFXPHQWV DQG WHVWHG RQ ������ GRFXPHQWV� DFKLHYLQJ D PLFUR�)�
VFRUH RI ���� >���@� 7KH WRSLF DVVLJQPHQW PRGHO ZDV WUDLQHG RQ a������ GRFXPHQWV WDNHQ
IURP WKH /LW&RYLG GDWDEDVH²DQG WKHUHIRUH FRQVLGHUHG &29,'����UHOHYDQW²DV RI $XJXVW
��WK� ����� $ PLFUR�)��VFRUH RI ���� ZDV DFKLHYHG RQ DQ LQGHSHQGHQW WHVW VHW RI a�����
GRFXPHQWV� *HRWDJJLQJ GLG QRW UHTXLUH DGGLWLRQDO WUDLQLQJ� DQG RQ D WHVW VHW RI ��� DUWLFOHV�
D PLFUR�)� VFRUH RI ���� ZDV DFKLHYHG� :KLOH DOO DUWLFOHV XVHG DUH IUHHO\ DFFHVVLEOH� WKH
WUDLQLQJ DQG WHVW VHWV XVHG DUH QRW SXEOLFO\ DYDLODEOH� 7KH DXWKRUV VWDWH WKDW WKH ORZ
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SHUIRUPDQFH RI WKH WRSLF DVVLJQPHQW WDVN PLJKW EH FDXVHG E\ SDSHUV WKDW ODFN DEVWUDFWV
DQG IXOO WH[WV� ZKHUH RQO\ D WLWOH KDV EHHQ SURYLGHG� 7KLV KROGV IRU a��� RI WKH SDSHUV ZLWKLQ
WKH�/LW&RYLG�GDWDEDVH >���@�

)XUWKHUPRUH� WKH DXWKRUV FRPSDUHG WKH VHW RI SDSHUV IRXQG RQ /LW&RYLG WR WKRVH IRXQG
GLUHFWO\ ZLWK 3XE0HG
V QDWLYH VHDUFK IXQFWLRQ �VHDUFKHG LQ 0DUFK ������ 7KH /LW&RYLG
VHDUFK IRXQG ��� SDSHUV²��� PRUH WKDQ 3XE0HG¶V QDWLYH VHDUFK IXQFWLRQ²DQG ���
SDSHUV ZHUH IRXQG E\ ERWK VHDUFK PHWKRGV >���@� 7KH SDSHUV WKDW ZHUH RQO\ IRXQG E\ RQH
VHDUFK HQJLQH ZHUH PDQXDOO\ FKHFNHG IRU &29,'����UHOHYDQFH� $OO ��� SDSHUV WKDW ZHUH
RQO\ IRXQG E\ /LW&RYLG ZHUH SURYHQ WR EH &29,'����UHOHYDQW� ZKHUHDV DOO �� SDSHUV WKDW
ZHUH RQO\ IRXQG E\ WKH 3XE0HG VHDUFK IXQFWLRQ ZHUH QRW &29,'�UHOHYDQW� 7KLV VXJJHVWV
WKDW�/LW&RYLG�FDQ�ILQG�OLWHUDWXUH�ZLWK�ERWK�KLJKHU�SUHFLVLRQ�DQG�EHWWHU�FRYHUDJH >���@�

7KH LQLWLDWLYH GHPRQVWUDWHV KRZ PDFKLQH OHDUQLQJ FDQ LQFUHDVH VFDODELOLW\ DQG HIILFLHQF\ LQ
OLWHUDWXUH FXUDWLRQ SURFHVVHV� $ FXUDWHG GDWDEDVH LV RI KLJK YDOXH IRU GDWD�GULYHQ GLVFRYHU\
DQG HYLGHQFH�EDVHG PHGLFLQH� LQ SDUWLFXODU DW WKH WLPH RI D SDQGHPLF� ZKHQ WKHUH LV DQ
DFXWH QHHG WR FROOHFW DQG GLVVHPLQDWH DFFXUDWH DQG UHOHYDQW VFLHQWLILF ILQGLQJV� %\ -XO\
����� WKH GDWDEDVH KDG EHHQ DFFHVVHG PRUH WKDQ WHQ PLOOLRQ WLPHV >���@� $V RI -DQXDU\ �WK�
����� /LW&RYLG LV RSHQ�VRXUFH� XSGDWHG GDLO\� DQG DOO SDSHUV ZLWKLQ WKH GDWDEDVH DUH IUHHO\
DYDLODEOH >���@� ,W VKRXOG EH QRWHG� KRZHYHU� WKDW WKH WRRO LV RQO\ DYDLODEOH LQ (QJOLVK� DQG
WKH�GDWDEDVH�RQO\�FRQWDLQV�SXEOLFDWLRQV�LQ�WKH�(QJOLVK�ODQJXDJH�
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QIHU;

QIHU; LV D FORXG�EDVHG SODWIRUP WKDW DOORZV XVHUV WR TXHU\ UHODWLRQVKLSV EHWZHHQ ELRPHGLFDO
FRQFHSWV� EDVHG RQ DVVRFLDWLRQV GHULYHG EHWZHHQ WHUPV LQ XQVWUXFWXUHG ELRPHGLFDO
OLWHUDWXUH DQG H[SHULPHQWDO²SULPDULO\ 6LQJOH &HOO 51$�VHTXHQFLQJ �VF51$VHT�²GDWD
>���@� 7KLV WRRO ZDV GHYHORSHG E\ QIHUHQFH DQG -DQVVHQ� E\ UHVHDUFKHUV IXQGHG E\ WKHVH
WZR FRPSDQLHV� ,W ZDV ILUVW DQQRXQFHG LQ 0DUFK ���� IROORZLQJ QIHUHQFH MRLQLQJ WKH
&29,'��� +HDOWKFDUH &RDOLWLRQ LQ WKH 86$� D SULYDWH VHFWRU FROODERUDWLRQ ZLWK 0D\R &OLQLF�
0,7�)DFXOW\��FRRUGLQDWHG�E\�WKH�QRW�IRU�SURILW�RUJDQL]DWLRQ�0,75(�>���@�

'DWD XQGHUO\LQJ WKH QIHU[ SODWIRUP FDPH IURP WZR W\SHV RI VRXUFHV� )LUVW� D FRUSXV RI RYHU
��� PLOOLRQ ELRPHGLFDO GRFXPHQWV²LQFOXGLQJ 3XE0HG SXEOLFDWLRQV� JUDQWV� SUHSULQWV�
SDWHQWV� DQG FOLQLFDO WULDOV²ZDV GHYHORSHG IRU GHULYLQJ DVVRFLDWLRQV IURP SKUDVHV LQ
XQVWUXFWXUHG OLWHUDWXUH� 6HFRQG� D FRUSXV RI H[SHULPHQWDO GDWD ZDV FRPSLOHG� LQFOXGLQJ
SXEOLFO\�DYDLODEOH EXON 51$VHT KXPDQ DQG PRXVH VLQJOH�FHOO 51$�VHT GDWD �VRXUFH
XQGLVFORVHG�� EXON 51$�VHT GDWD REWDLQHG IURP *HQH ([SUHVVLRQ 2PQLEXV �*(2� >���@
DQG WKH *HQRW\SH 7LVVXH ([SUHVVLRQ �*7([� SRUWDO >���@� LPPXQRKLVWRFKHPLVWU\ �,+&� GDWD
IURP WKH +XPDQ 3URWHLQ $WODV >���@� DV ZHOO DV WLVVXH SURWHRPLFV GDWDVHWV IURP WKH +XPDQ
3URWHRPH 0DS >���@� 0XFK RI WKHVH GDWD FRPH IURP RSHQ�DFFHVV GDWDEDVHV� KRZHYHU� WKH
FRPSLOHG�FRUSXVHV�LQJHVWHG�E\�QIHU[�DUH�QRW�SXEOLFO\ DYDLODEOH�

8VLQJ DOO RI WKHVH GDWD� ORFDO DQG JOREDO DVVRFLDWLRQ VFRUHV IRU WHUPV DUH REWDLQHG ZLWK
QDWXUDO ODQJXDJH SURFHVVLQJ �1/3� PHWKRGV >���@� 7KH ORFDO VFRUH LV FDOFXODWHG LQ DQ
XQVXSHUYLVHG OHDUQLQJ IDVKLRQ �H[DFW PHWKRG XQGLVFORVHG�� ZKLFK FDSWXUHV WKH VWUHQJWK RI
DVVRFLDWLRQ EHWZHHQ WZR FRQFHSWV EDVHG RQ WKH IUHTXHQF\ RI WKHLU FR�RFFXUUHQFH
QRUPDOL]HG E\ WKH IUHTXHQF\ RI HDFK FRQFHSW WKURXJKRXW WKH FRUSXV >���@� >���@� 7R
FRPSXWH JOREDO VFRUHV� D ZRUG�YHF PRGHO LV HPSOR\HG� LQ ZKLFK DOO ZRUGV DQG SKUDVHV DUH
SURMHFWHG LQ D KLJK�GLPHQVLRQDO YHFWRU VSDFH RI ZRUG HPEHGGLQJV� WR FRQVWUXFW
µQHLJKERUKRRGV¶ RI FRQFHSWV >���@� ,Q WKLV HPEHGGLQJ� WKH FRQFHSWV¶ SUR[LPLW\ �RU FRVLQH
VLPLODULW\��FDSWXUHV�WKHLU�DVVRFLDWLRQ�LQ�WKH�OLWHUDWXUH�

,Q WKHLU UHFHQW SXEOLFDWLRQ LQ H/LIH� WKH GHYHORSHUV RI QIHU[ SUHVHQW KRZ WKHLU WRRO ZDV XVHG
WR SHUIRUP D K\SRWKHVLV�IUHH H[SUHVVLRQ SURILOLQJ RI WKH $&(� UHFHSWRU� DQ HQ]\PH WR ZKLFK
WKH YLUDO VSLNH SURWHLQ RI 6$56�&R9�� �DQG D QXPEHU RI FRURQDYLUXVHV� ELQGV >���@� 7KLV
SURILOLQJ LQGLFDWHG WKDW $&(� PD\ EH KHDYLO\ H[SUHVVHG LQ WRQJXH NHUDWLQRF\WHV� ROIDFWRU\
HSLWKHOLDO FHOOV� DLUZD\ FOXE FHOOV� DQG UHVSLUDWRU\ FLOLDWHG FHOOV >���@� 7KLV ZRUN DOVR
LGHQWLILHG WKH JXW DV D SRWHQWLDO KRWVSRW RI &29,'���� DV VPDOO LQWHVWLQH HQWHURF\WHV VKDUH D
PDWXUDWLRQ�FRUUHODWHG�WUDQVFULSWLRQDO�VLJQDWXUH�>���@�

2YHUDOO� QIHU; SURYLGHV DQ LQQRYDWLYH DSSURDFK IRU GHULYLQJ DVVRFLDWLRQV EHWZHHQ
ELRPHGLFDO FRQFHSWV� 7KLV LQFOXGHV 6$56�&R9�� WDUJHWV� EXW DOVR H[WHQGV EH\RQG
&29,'���� FRURQDYLUXVHV LQ JHQHUDO� DQG WKHLU WDUJHW WLVVXHV� 6\VWHPDWLF NQRZOHGJH
PDQDJHPHQW WRROV RI WKLV VRUW DUH RI LQFUHDVLQJ LPSRUWDQFH DV ELRPHGLFDO OLWHUDWXUH JURZV
LQWUDFWDEO\� $XWKRUV QRWH WKDW QRYHO WUDQVIRUPHU PRGHOV� VXFK DV %(57 >���@� FRXOG VHUYH D
FRPSOHPHQWDU\ IXQFWLRQ WR ZRUG�YHF PRGHOV� E\ HQDEOLQJ JUHDWHU FRQWH[WXDO VHQVLWLYLW\
>���@� 7KH\ DOVR QRWH WKDW DV SURWHLQ H[SUHVVLRQ FDQ YDU\ ZLGHO\ EDVHG RQ GHPRJUDSKLF
IDFWRUV DQG SDWLHQW SDWKRORJLHV� PRUH FRPSUHKHQVLYH VF51$VHT IURP DFURVV GLIIHUHQW
GHPRJUDSKLFV DQG SDWKRORJLHV SHUWLQHQW WR &29,'��� ZLOO EH UHTXLUHG WR UHYHDO
³XQGHU�DSSUHFLDWHG ILQJHUSULQWV RI FRURQDYLUXV WUDQVPLVVLRQ SDWWHUQV� WLVVXH WURSLVP� DQG
PRUWDOLW\´�>���@�
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5$'/RJLFV�'HHS�/HDUQLQJ�&7�,PDJH�$QDO\VLV

5$'/RJLFV 'HHS /HDUQLQJ &7 ,PDJH $QDO\VLV LV DQ $,�DVVLVWHG WRRO GHVLJQHG WR TXLFNO\
DQG DFFXUDWHO\ GHWHFW WKH SUHVHQFH RI &29,'��� LQ WKRUDFLF &7 VFDQV >���@� 7KH WRRO ZDV
GHYHORSHG E\ 5$'/RJLFV� D KHDOWKFDUH VRIWZDUH FRPSDQ\ EDVHG LQ 1HZ <RUN� 86$ DQG 7HO
$YLY� ,VUDHO >���@ ZLWK VXSSRUW IURP 7HO�$YLY 8QLYHUVLW\� $IILOLDWHG 7DL]KRX +RVSLWDO RI
:HQ]KRX 0HGLFDO 8QLYHUVLW\� 0RXQW 6LQDL +RVSLWDO� DQG 7KH 8QLYHUVLW\ RI 0DU\ODQG 6FKRRO
RI 0HGLFLQH >���@� 7KH ILUVW DFDGHPLF DUWLFOH DVVRFLDWHG ZLWK WKLV WRRO ZDV XSORDGHG WR DU;LY
RQ�0DUFK����������>���@�

5$'/RJLFV 'HHS /HDUQLQJ &7 ,PDJH $QDO\VLV ZDV GHYHORSHG HDUO\ LQ WKH &29,'���
SDQGHPLF WR UHVSRQG WR WKH JURZLQJ QHHG WR TXLFNO\ HYDOXDWH ODUJH QXPEHUV RI WKRUDFLF &7
VFDQV�IRU�&29,'����GHWHFWLRQ��PHDVXUHPHQWV��DQG�WKH�WUDFNLQJ�RI�GLVHDVH�SURJUHVVLRQ�

7KH PRGHO ZDV WUDLQHG RQ �� WKRUDFLF &7 VFDQV RI SDWLHQWV LQ &KLQD� FROOHFWHG EHWZHHQ
-DQXDU\ DQG )HEUXDU\ ����� ZKLFK ZHUH GLDJQRVHG E\ D UDGLRORJLVW DV VXVSLFLRXV IRU
&29,'��� >���@� 7KH FDVHV ZHUH H[WUDFWHG E\ TXHU\LQJ D FORXG SLFWXUH DUFKLYLQJ DQG
FRPPXQLFDWLRQ �3$&6� V\VWHP IRU FDVHV WKDW ZHUH UHIHUUHG IRU ODERUDWRU\ WHVWLQJ� (DFK �'
VOLFH�ZDV�DQQRWDWHG�DV�QRUPDO��Q ������YHUVXV�DEQRUPDO��Q �����

7KH 'HHS /HDUQLQJ &7 ,PDJH $QDO\VLV WRRO FRQVLVWV RI WZR VXEV\VWHPV WKDW DQDO\]H
WKRUDFLF LPDJHV DW D �� DQG ��GLPHQVLRQDO OHYHO >���@� 6XEV\VWHP $ LV D �' DQDO\]HU IRU
QRGXOHV DQG IRFDO RSDFLWLHV� LPSOHPHQWHG ZLWK RII�WKH�VKHOI VRIWZDUH� 6XEV\VWHP % GHWHFWV
FRURQDYLUXV DEQRUPDOLWLHV XVLQJ D �' GHHS�OHDUQLQJ PRGHO EXLOW RQ D GHHS FRQYROXWLRQDO
QHXUDO QHWZRUN DUFKLWHFWXUH ZLWK 5HV1HW��� �SUH�WUDLQHG XVLQJ WKH ,PDJH1HW GDWDVHW >���@��
(DFK VXEV\VWHP PDNHV SUHGLFWLRQV LQGHSHQGHQWO\ DQG WKH RYHUDOO FODVVLILFDWLRQ �WKH
³FRURQD VFRUH´� LV FRPSXWHG EDVHG RQ WKH UDWLR RI VOLFHV GHWHUPLQHG WR EH
&29,'����SRVLWLYH RXW RI WKH WRWDO VOLFHV RI OXQJ LPDJHV IURP WKH RXWSXWV IURP HDFK
VXEV\VWHP�

7KH 'HHS /HDUQLQJ &7 ,PDJH $QDO\VLV WRRO¶V FODVVLILFDWLRQ DFFXUDF\ ZDV WHVWHG RQ ���
WKRUDFLF &7 VFDQV²�� &29,'����SRVLWLYH SDWLHQWV FRQILUPHG E\ 57�3&5� DQG �� SDWLHQWV
ZLWKRXW DQ\ DEQRUPDO ILQGLQJV LQ D UDGLRORJLVW¶V UHSRUW²DQG DFKLHYHG DQ $8& RI �����
����&,� ����������� >���@� 6LQFH WKLV DUWLFOH ZDV XSORDGHG WR DU;LY LQ 0DUFK RI ����� LW LV
QRW HQWLUHO\ FOHDU ZKHWKHU RU KRZ RIWHQ WKH WRRO KDV EHHQ XSGDWHG� RU WR KRZ PDQ\ KRVSLWDOV
WKH�WRRO�KDV�EHHQ�GHSOR\HG�

0RUH�WUDLQLQJ�DQG�YDOLGDWLRQ�ZRXOG�VHHP�EHQHILFLDO�IRU�DVVHVVLQJ�WKH�WUDQVIHUDELOLW\�RI�WKLV
WRRO��7KH�WUDLQLQJ�GDWDVHW�FRXOG�XVH�D�ZLGHU�YDULHW\�RI�FOLQLFDO�GDWD��D�ODUJHU�VFDOH�YDOLGDWLRQ
FRXOG�EH�FRQGXFWHG�DQG�SHHU�UHYLHZHG��DQG�WKH�WRRO¶V�FDSDELOLW\�WR�GLVWLQJXLVK�EHWZHHQ
&29,'����SQHXPRQLD�DQG�QRQ�&29,'����SQHXPRQLD�FRXOG�EH�HYDOXDWHG��DV�LW�LV�QRW
FRYHUHG�E\�WKH�DYDLODEOH�DUWLFOH���)XUWKHUPRUH��LQVWUXFWLRQV�IRU�DFFHVVLQJ�WKH�'HHS�/HDUQLQJ
&7�,PDJH�$QDO\VLV�WRRO�DUH�QRW�SXEOLF�IDFLQJ��LW�DSSHDUV�DV�WKRXJK�LQWHUHVWHG�XVHUV�QHHG�WR
FRQWDFW�5$'/RJLFV�GLUHFWO\�IRU�DFFHVV��$FFHVV�WR�RWKHU�5$'/RJLFV�PHGLFDO�LPDJLQJ�WRROV
UHTXLUHV�SXUFKDVLQJ�FUHGHQWLDOV�WR�LQVWDOO�RU�DFFHVV��YLD�WKH�FORXG��5$'/RJLFV¶V�SDWHQWHG
ZRUNIORZ�VRIWZDUH��ZH�DVVXPH�WKLV�WR�EH�WKH�FDVH�IRU�WKLV�WRRO�DV�ZHOO�
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7URYH

7URYH LV DQ RSHQ�VRXUFH IUDPHZRUN WKDW DOORZV IRU D ORZ�FRVW DQG SULYDF\�SUHVHUYLQJ
PHWKRG RI WUDLQLQJ RI 1DPHG (QWLW\ 5HFRJQLWLRQ �1(5� PRGHOV IRU SDWLHQW UHFRUGV�
GHYHORSHG E\ WKH UHVHDUFKHUV DW WKH &HQWHU RI %LRPHGLFDO 5HVHDUFK DW 6WDQIRUG 8QLYHUVLW\
&DOLIRUQLD� 7KH LQLWLDWLYH ZDV ILUVW SXEOLVKHG LQ 1DWXUH &RPPXQLFDWLRQV LQ $SULO ���� >���@
DQG�ZDV�IXQGHG�E\�WKH�1DWLRQDO�/LEUDU\�RI�0HGLFLQH��1/0��

1(5 PRGHOV HQDEOH DXWRPDWHG H[WUDFWLRQ RI UHOHYDQW LQIRUPDWLRQ DQG WHUPV RXW RI D WH[W
GRFXPHQW� 7URYH¶V DSSURDFK LV WR FRXSOH SUH�WUDLQHG ODQJXDJH PRGHOV VXFK DV %LR%(57
>���@ ZLWK RQWRORJ\�EDVHG ZHDN VXSHUYLVLRQ� UDWKHU WKDQ OHDUQLQJ ZLWK KDQG�ODEHOOHG GDWD� WR
SHUIRUP 1(5 WDVNV� 5HVHDUFKHUV GHPRQVWUDWHG WKLV DSSURDFK WR EH WLPH�VDYLQJ� OHVV
H[SHQVLYH �E\ QRW UHTXLULQJ GRPDLQ H[SHUWV WR DQQRWDWH RU XSGDWH FRUSRUD�� DQG DFKLHYHV
WDVN SHUIRUPDQFH FORVH WR²DOEHLW VOLJKWO\ ORZHU²WKDQ IXOO\�VXSHUYLVHG OHDUQLQJ IUDPHZRUNV
XVLQJ KDQG�ODEHOOHG GDWD >���@� $QRWKHU SURPLQHQW EHQHILW RI WKLV DSSURDFK� SHUWLQHQW WR
SDQGHPLF UHVSRQVH� LV WKDW E\ XVLQJ PHGLFDO RQWRORJLHV UDWKHU WKDQ SDWLHQW QRWHV IRU
WUDLQLQJ� LVVXHV UHODWHG WR WKH VWRUDJH DQG XVH RI LQGLYLGXDOV¶ KHDOWK UHFRUGV DUH DYRLGHG�
DQG�WKXV�ODEHOOLQJ�UXOHV�FDQ�EH�VKDUHG�RU�PDGH�SXEOLFO\�DYDLODEOH�

/DEHOV ZHUH DUH VRXUFHG IURP RSHQ�VRXUFH PHGLFDO RQWRORJLHV >�@� SULPDULO\ WKH ����$$
UHOHDVH RI WKH 8QLILHG 0HGLFDO /DQJXDJH 6\VWHP �80/6� 0HWDWKHVDXUXV >���@²FOHDQHG WR
UHPRYH QRQ�(QJOLVK DQG ]RRQRWLF VRXUFH WHUPLQRORJLHV²DV ZHOO DV ���� 63(&,$/,67
DEEUHYLDWLRQV >���@� 'LVHDVH 2QWRORJ\ >���@� &KHPLFDO (QWLWLHV RI %LRORJLFDO ,QWHUHVW
�&K(%,� >���@� &RPSDUDWLYH 7R[LFRJHQRPLFV 'DWDEDVH �&7'� >���@� WKH VHHG YRFDEXODU\
IURP $XWR1(5 >���@� $'$0 >���@� DQG ZRUG�VHQVH DEEUHYLDWLRQ GLFWLRQDULHV XVHG E\ WKH
FOLQLFDO�DEEUHYLDWLRQ�V\VWHP�&$5'�>���@�

0RGHOV ZHUH WUDLQHG� YDOLGDWHG� DQG WHVWHG XVLQJ VL[ GDWDVHWV� FRPSULVLQJ ����� GRFXPHQWV
LQ WRWDO� WKDW DUH HLWKHU SXEOLFO\ DYDLODEOH DV EHQFKPDUN GDWDVHWV RU ZHUH PDGH DYDLODEOH WR
WKH DXWKRUV XSRQ GDWD XVH DJUHHPHQWV ZLWK WKH GDWD RZQHUV >���@� 7UDLQLQJ GDWD ZHUH
DXWRPDWLFDOO\ �ZHDNO\� ODEHOOHG DQG FRQWDLQHG ����� GRFXPHQWV� 7KH WHVW DQG YDOLGDWLRQ
GDWDVHWV ZHUH ODEHOOHG E\ KDQG DQG FRQWDLQHG ����� DQG ����� GRFXPHQWV� UHVSHFWLYHO\� ,Q
DGGLWLRQ� WKH DXWKRUV SHUIRUPHG D &29,'��� FDVH VWXG\� DSSURYHG E\ WKH 6WDQIRUG
8QLYHUVLW\ $GPLQLVWUDWLYH 3DQHO RQ +XPDQ 6XEMHFWV 5HVHDUFK� XVLQJ D GDWD VHW RI ���
HPHUJHQF\ GHSDUWPHQW QRWHV IURP SDWLHQWV XQGHUJRLQJ &29,'��� WHVWLQJ DW 6WDQIRUG
+HDOWK &DUH EHJLQQLQJ LQ 0DUFK ����� 7KHVH FOLQLFDO GDWD DUH QRW SXEOLFO\ DYDLODEOH DV WKH\
FRQWDLQ LQIRUPDWLRQ WKDW FRXOG FRPSURPLVH SDWLHQW SULYDF\ EXW FDQ EH REWDLQHG XSRQ
UHTXHVW�IURP�WKH�SDSHU¶V�FRUUHVSRQGLQJ�DXWKRU�>���@�

0RGHOV¶ SHUIRUPDQFH LQ WZR FDWHJRULHV RI PHGLFDO WDVNV ZHUH DQDO\]HG� ��� 1(5� DQG ���
VSDQ FODVVLILFDWLRQ� ³ZKHUH HQWLWLHV DUH LGHQWLILHG D SULRUL DQG FODVVLILHG IRU FXH�GULYHQ
DWWULEXWHV� VXFK DV QHJDWLRQ RU GRFXPHQW UHODWLYH WLPH� L�H�� WKH RUGHU RI DQ HYHQW HQWLW\
UHODWLYH WR WKH SDUHQW GRFXPHQW¶V WLPHVWDPS´ >���@� ,Q 1(5 WDVNV� ZHDNO\ VXSHUYLVHG
PRGHOV WUDLQHG VROHO\ XVLQJ ODEHOV VRXUFHG IURP RQWRORJLHV VFRUHG ������ )� SRLQWV ORZHU
WKDQ IXOO\�VXSHUYLVHG PRGHOV� EXW DGGLQJ WDVN�VSHFLILF UXOHV EURXJKW WKH ZHDNO\�VXSHUYLVHG
ZLWKLQ ���±��� )� SRLQWV ������ RI PRGHOV WUDLQHG RQ KDQG�ODEHOHG GDWD� ,Q VSDQ WDVNV� WKH
ZHDNO\ VXSHUYLVHG PRGHO WDVN�VSHFLILF UXOHV VFRUHG ���±���� )� SRLQWV ORZHU WKDQ
IXOO\�VXSHUYLVHG PRGHOV� 7KH SHUIRUPDQFH RI 7URYH ZDV DOVR PHDVXUHG LQ FRPSDULVRQ ZLWK
H[LVWLQJ ZHDNO\ VXSHUYLVHG 1(5 PHWKRGV RQ D GLVHDVH� DQG FKHPLFDO�UHFRJQLWLRQ
EHQFKPDUN WDVN >���@� 6WDUWLQJ IURP D SUH�WUDLQHG ODQJXDJH PRGHO WKDW LV ILQH�WXQHG RQ
ELRORJLFDO WH[W �%LR%(57�� 7URYH SHUIRUPHG EHVW DPRQJVW WKH PRGHOV WKDW ZHUH WUDLQHG
XVLQJ ZHDN VXSHUYLVLRQ VROHO\ RQ RQWRORJLHV DQG GLFWLRQDULHV �E\ ��� )� SRLQWV�� :KHQ
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LQWURGXFLQJ WDVN�VSHFLILF ODEHOOLQJ UXOHV� 7URYH RXWSHUIRUPHG HYHU\ RWKHU ZHDNO\�VXSHUYLVHG
PRGHO �E\ DW OHDVW ��� )� SRLQWV� DQG DFKLHYHG SHUIRUPDQFH FORVH WR V\VWHPV EDVHG RQ
IXOO\�VXSHUYLVHG WUDLQLQJ ZLWK KDQG�ODEHOOHG GDWD� ,Q WKH &29,'��� FDVH VWXG\� D PRGHO
WUDLQHG ZLWK ZHDN VXSHUYLVLRQ RXWSHUIRUPHG D VXSHUYLVHG EDVHOLQH PRGHO ZLWK KDQG�ODEHOOHG
WUDLQLQJ�GDWD�E\�����)��SRLQWV�

3\WKRQ FRGH IRU 7URYH LV DYDLODEOH RQ *LWKXE >���@� 7KH DXWKRUV QRWH WKDW WKHLU WDVN�VSHFLILF
ODEHOLQJ IXQFWLRQV ZHUH QRW H[KDXVWLYH²WKH\ RQO\ UHIOHFW ORZ�FRVW UXOHV HDVLO\ JHQHUDWHG E\
GRPDLQ H[SHUWV²DQG WKDW LQFUHDVLQJ WKH QXPEHU RI WDVN�VSHFLILF ODEHOOLQJ UXOHV PLJKW
IXUWKHU LPSURYH WKH PRGHO¶V SHUIRUPDQFH� 7KH\ DOVR VXJJHVW WKDW LQFRUSRUDWLQJ GDWD
DXJPHQWDWLRQ RU PXOWLWDVN OHDUQLQJ FRXOG PLWLJDWH WKH QHHG WR HQJLQHHU WDVN�VSHFLILF UXOHV� ,W
VKRXOG EH QRWHG WKDW WKLV IUDPHZRUN LV (QJOLVK�ODQJXDJH VSHFLILF DQG LWV SHUIRUPDQFH LQ
QRQ�(QJOLVK�VHWWLQJV�KDYH�\HW�WR�EH�HYDOXDWHG�
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8QLYHUVDO�0DVNLQJ�LV�8UJHQW�LQ�WKH�&29,'����3DQGHPLF��6(,5�DQG�$JHQW
%DVHG�0RGHOV��(PSLULFDO�9DOLGDWLRQ��3ROLF\�5HFRPPHQGDWLRQV


8QLYHUVDO 0DVNLQJ LV 8UJHQW LQ WKH &29,'��� 3DQGHPLF� 6(,5 DQG $JHQW %DVHG 0RGHOV�
(PSLULFDO 9DOLGDWLRQ� 3ROLF\ 5HFRPPHQGDWLRQV LV D SUHSULQWHG UHVHDUFK DUWLFOH >���@ DQG DQ
DVVRFLDWHG RQOLQH� LQWHUDFWLYH� DJHQW�EDVHG VLPXODWLRQ >���@ WKDW PRGHOV WKH VSUHDG RI
&29,'��� EDVHG RQ WKH SUHYDOHQFH RI PDVN�ZHDULQJ LQ D SRSXODWLRQ� 7KH UHVHDUFKHUV
LQYROYHG DUH DIILOLDWHG ZLWK WKH +RQJ .RQJ 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\� WKH
,QWHUQDWLRQDO &RPSXWHU 6FLHQFH ,QVWLWXWH� (FROH GH *XHUUH (FRQRPLTXH� WKH 8QLYHUVLW\ RI
&DPEULGJH� 0DQLIROG UHVHDUFK� 8QLYHUVLW\ &ROOHJH /RQGRQ� (/8 $, /WG� WKH 5R\DO )UHH
+RVSLWDO� /RQGRQ� DQG WKH 3RSXODWLRQ 5HVHDUFK ,QVWLWXWH DW 7KH )DPLO\ )HGHUDWLRQ RI
)LQODQG� %RWK WKH UHVHDUFK DUWLFOH DQG RQOLQH PDVNLQJ VLPXODWRU EHFDPH DFFHVVLEOH LQ $SULO
�����

7KH REMHFWLYH RI WKLV VWXG\ ZDV WR HYDOXDWH WKH HIIHFWLYHQHVV RI PDVN�ZHDULQJ LQ SUHYHQWLQJ
WKH VSUHDG RI &29,'��� ZLWK QHZ WKHRUHWLFDO PRGHOV DQG HPSLULFDO GDWD�DQDO\VLV
WHFKQLTXHV� 5HVHDUFKHUV DLPHG WR EXLOG D EDVH RI HYLGHQFH WR VXSSRUW WKH XUJHQW
LPSOHPHQWDWLRQ RI XQLYHUVDO PDVNLQJ LQ UHJLRQV WKDW KDG QRW \HW DGRSWHG LW DV SROLF\ RU DV D
EURDG�FXOWXUDO�QRUP�

7KH UHVHDUFK DUWLFOH SUHVHQWV WZR PRGHOV IRU SUHGLFWLQJ WKH LPSDFW RI XQLYHUVDO IDFH
PDVN�ZHDULQJ XSRQ WKH VSUHDG RI WKH 6$56�&R9�� YLUXV GXULQJ WKH SDQGHPLF� D VWRFKDVWLF�
G\QDPLF� QHWZRUN�EDVHG� FRPSDUWPHQWDO� VXVFHSWLEOH�H[SRVHG�LQIHFWLRXV�UHFRYHUHG �6(,5�
DSSURDFK� DQG DQ LQGLYLGXDO DJHQW�EDVHG PRGHOLQJ �$%0� 0RQWH &DUOR VLPXODWLRQ >���@� )RU
WKH IRUPHU DSSURDFK� UHVHDUFKHUV XVHG D 6(,5 PRGHO LPSOHPHQWHG RQ D VWRFKDVWLF
G\QDPLF QHWZRUN� UDWKHU WKDQ D GHWHUPLQLVWLF 6(,5 PRGHO� DV LW PRUH FORVHO\ UHSUHVHQWHG
LQWHUDFWLRQV EHWZHHQ LQGLYLGXDOV LQ D ODUJH SRSXODWLRQ� 3DUDPHWHUV ZHUH WXQHG WR PRGHO
GLIIHUHQW GHJUHHV RI VRFLDO GLVWDQFLQJ� ORFNGRZQ VWULQJHQF\� DQG PDVN�ZHDULQJ� DQG WKH
HPSLULFDO FKDUDFWHULVWLFV RI &29,'��� VSUHDG DV GRFXPHQWHG LQ WKH ³6(,56�´ &29,'���
QRWHERRNV >���@� )RU WKH ODWWHU DSSURDFK� UHVHDUFKHUV FUHDWHG D VTXDUH ZUDSDURXQG
WZR�GLPHQVLRQDO HQYLURQPHQW� ZLWKLQ ZKLFK D SRSXODWLRQ RI LQGLYLGXDOV FRXOG H[LVW LQ RQH RI
IRXU 6(,5 VWDWHV� 7KH ZUDSDURXQG IHDWXUH DOORZHG WKH HQYLURQPHQW WR UHSUHVHQW DQ
DUELWUDULO\ ODUJH VSDFH� JLYLQJ PRUH DFFXUDWH G\QDPLFV ZLWKRXW ERXQGDU\ HIIHFWV IURP VPDOO
VSDFHV� 3DUDPHWHUV ZHUH WXQHG WR EHVW DSSUR[LPDWH NQRZQ &29,'��� G\QDPLFV� DQG WKH
LPSDFW RI PDVNLQJ ZDV PRGHOHG E\ DOORZLQJ IRU YDULDWLRQ LQ PDVN�ZHDULQJ DQG PDVN
FKDUDFWHULVWLFV� ZLWK PDVN WUDQVPLVVLRQ UDWH �7� DQG PDVN DEVRUSWLRQ UDWH �$� GHQRWLQJ WKH
SURSRUWLRQ RI YLUXVHV WKDW DUH VWRSSHG E\ PDVNV GXULQJ H[KDOLQJ �WUDQVPLVVLRQ� YHUVXV
LQKDOLQJ��DEVRUSWLRQ���UHVSHFWLYHO\�>���@�

7KH 6(,5 DQG $%0 SUHGLFWLYH PRGHOV GHPRQVWUDWHG WKDW� ��� QHDU�HOLPLQDWLRQ RI &29,'���
WUDQVPLVVLRQ ZKHQ OHDVW ��� RI D SRSXODWLRQ LV ZHDULQJ PDVNV� YHUVXV PLQLPDO HIIHFW RQ
WUDQVPLVVLRQ ZKHQ RQO\ ��� RU OHVV RI WKH SRSXODWLRQ LV ZHDULQJ PDVNV� DQG ��� D
VLJQLILFDQW LPSDFW ZKHQ XQLYHUVDO PDVNLQJ LV DGRSWHG HDUO\ �E\ GD\ �� RI D UHJLRQDO
RXWEUHDN�� YHUVXV PLQLPDO LPSDFW ZKHQ XQLYHUVDO PDVNLQJ LV DGRSWHG ODWH �DIWHU GD\ ���
>���@�

7R YDOLGDWH WKHLU PRGHOV� WKH UHVHDUFKHUV FRPSDUHG WKHLU UHVXOWV ZLWK ZKDW OLWWOH �DW WKH WLPH�
KLVWRULFDO PDFUR�VFDOH HPSLULFDO GDWD ZHUH DYDLODEOH� 7KH\ FROOHFWHG D GDWD VHW GHVFULELQJ
WKH ³GHJUHH RI VXFFHVV´ LQ PDQDJLQJ &29,'��� E\ FRXQWULHV RU UHJLRQV DQG E\ WKH
SUHYDOHQFH RU HQIRUFHPHQW RI XQLYHUVDO PDVNLQJ� 7KH GDWDVHW FRQWDLQHG WKH QXPEHU RI
GHWHFWHG &29,'��� FDVHV IURP -DQ �� WR $SULO ��� ����� DQG WKH FKDUDFWHULVWLFV RI
XQLYHUVDO PDVNLQJ FXOWXUH DQG�RU XQLYHUVDO PDVNLQJ PDQGDWHV RU JRYHUQPHQW
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UHFRPPHQGDWLRQV ZLWKLQ �� FRXQWULHV�SURYLQFHV LQ $VLD� (XURSH� DQG 1RUWK $PHULFD ZLWK
VLPLODUO\ KLJK OHYHOV RI HFRQRPLF GHYHORSPHQW� 7KLV HPSLULFDO GDWD YDOLGDWHG WKH SUHGLFWLYH
PRGHOV¶ ILQGLQJV IRU WKH QHHG IRU XQLYHUVDO DQG HDUO\ PDVNLQJ� ,W LV DOVR QRWHZRUWK\ WKDW D
VWXG\ SXEOLVKHG LQ 1RYHPEHU ���� E\ 7DOLF HW DO� >���@ IXUWKHUPRUH YDOLGDWHG WKHVH
SUHGLFWLRQV��LGHQWLI\LQJ�D�����UHGXFWLRQ�LQ�LQFLGHQFH�GXH�WR�PDVN�ZHDULQJ�

6LQFH WKLV UHVHDUFK LQYROYHG SUHGLFWLYH� VLPXODWHG PRGHOV� LW ZRXOG EH UHODWLYHO\ HDV\ WR
UHSURGXFH� PRGHOV FRXOG EH WXQHG WR PRUH DFFXUDWHO\ VLPXODWH &29,'��� VSUHDG�
FRQVLGHULQJ WKH IDU JUHDWHU DPRXQW RI HPSLULFDO GDWD RQ &29,'��� YDULDQW FKDUDFWHULVWLFV
DQG RQ JHRJUDSKLFDO PDVNLQJ FXOWXUH�PDQGDWHV�UHFRPPHQGDWLRQV WKDQ ZKHQ WKH VWXG\ ZDV
LQLWLDOO\ FRQGXFWHG LQ $SULO ����� 7KHUH DOVR H[LVWV D PXFK JUHDWHU DPRXQW RI &29,'���
WUDQVPLVVLRQ GDWD DJDLQVW ZKLFK WKHVH PRGHOV PD\ EH YDOLGDWHG� ,W VKRXOG EH QRWHG�
KRZHYHU� WKH GHJUHH RI XQFHUWDLQW\ ZLWK UHJDUGV WR WKH LQIOXHQFH WKDW D ODUJHU EDVH RI
HYLGHQFH�ZRXOG�KDYH�LQ�FKDQJLQJ�QRUPV�RU�SROLFLHV�FRQFHUQLQJ�PDVN�ZHDULQJ�


7KLV VXPPDU\ KDV EHHQ UHYLHZHG DQG DSSURYHG E\ WKH LQLWLDWLYH¶V GHYHORSHUV� 0RUH
LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�WKH /LYLQJ�5HSRVLWRU\�
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>��@ ³2WWHU�9RLFH�0HHWLQJ�1RWHV�´�KWWSV���RWWHU�DL�
>��@ ³.XPX�´�KWWSV���NXPX�LR��
>��@ ³,%0�:DWVRQ�'LVFRYHU\�_�,%0�´�KWWSV���ZZZ�LEP�FRP�FORXG�ZDWVRQ�GLVFRYHU\�
>��@ ³KWWSV���WHVW�VWDELOLW\�IRUHIURQW�OLQN�´�KWWSV���WHVW�VWDELOLW\�IRUHIURQW�OLQN��
>��@ ³6XPPDUL]LQJ�%RRNV�ZLWK�+XPDQ�)HHGEDFN�´

KWWSV���RSHQDL�FRP�EORJ�VXPPDUL]LQJ�ERRNV��
>��@ ³&RPSRVLWLRQDO�F\EHU�SK\VLFDO�HSLGHPLRORJ\�RI�&29,'����_�6FLHQWLILF�5HSRUWV�´

KWWSV���ZZZ�QDWXUH�FRP�DUWLFOHV�V������������������
>��@ 3��/��'HODPDWHU��(��-��6WUHHW��7��)��/HVOLH��<��7��<DQJ��DQG�.��+��-DFREVHQ��³&RPSOH[LW\

RI�WKH�%DVLF�5HSURGXFWLRQ�1XPEHU��5�����9ROXPH�����1XPEHU��²-DQXDU\�������
(PHUJLQJ�,QIHFWLRXV�'LVHDVHV�MRXUQDO���&'&´��GRL����������HLG������������

>��@ -��:��5R��1��$OOHQ��:��$L��'��3UDVDG��DQG�3��6��5RRS��³&RPSRVLWLRQDO�&\EHU�3K\VLFDO
(SLGHPLRORJ\�RI�&29,'����´�0D\�������GRL������������������������������

>��@ &RPSRVLWLRQDO�(SLGHPLRORJ\�RI�&29,'�����35(7]HO� �����
KWWSV���JLWKXE�FRP�35(7JURXS�FFSH�FRYLG���

>��@ *��9LFHFRQWH�DQG�1��3HWURVLOOR��³&29,'����5���0DJLF�QXPEHU�RU�FRQXQGUXP"�´
,QIHFWLRXV�'LVHDVH�5HSRUWV��YRO������QR�����$UW��QR� ���)HE��������GRL�
��������LGU�����������

>��@ 1��:LOVRQ��/��7��%DUQDUG��$��.YDOVYLJ��$��9HUUDOO��0��%DNHU��DQG�0��6FKZHKP�
³0RGHOOLQJ�WKH�3RWHQWLDO�+HDOWK�,PSDFW�RI�WKH�&29,'����3DQGHPLF�RQ�D�+\SRWKHWLFDO
(XURSHDQ�&RXQWU\�´�0DU��������GRL������������������������������

>��@ *��*LRUGDQR HW�DO���³0RGHOOLQJ�WKH�&29,'����HSLGHPLF DQG�LPSOHPHQWDWLRQ�RI
SRSXODWLRQ�ZLGH�LQWHUYHQWLRQV�LQ�,WDO\�´ 1DW�0HG� YRO������QR�����SS�����±�����-XQ�
������GRL����������V�����������������

>��@ -��/HYHU�DQG�5��%��$OWPDQ��³$QDO\]LQJ�WKH�YDVW�FRURQDYLUXV�OLWHUDWXUH�ZLWK
&RURQD&HQWUDO�´ 3URF�1DWO�$FDG�6FL�8�6�$��YRO������ QR������S��H������������-XQ�
������GRL����������SQDV������������

>��@ -��/HYHU� &RURQD&HQWUDO�0DFKLQH�/HDUQLQJ�������
KWWSV���JLWKXE�FRP�MDNHOHYHU�FRURQD�PO�

>��@ ³,QGH[�RI��SXEPHG�XSGDWHILOHV�´�KWWSV���IWS�QFEL�QOP�QLK�JRY�SXEPHG�XSGDWHILOHV��
>��@ ³&RURQD&HQWUDO�´�KWWSV���FRURQDFHQWUDO�DL��
>��@ -��/HYHU� &RURQD&HQWUDO�0DFKLQH�/HDUQLQJ���VWHS%\6WHS� �����

KWWSV���JLWKXE�FRP�MDNHOHYHU�FRURQD�PO�EORE��FHE��DI��G����HEI��I�IG��EEEI��F���
HG���VWHS%\6WHS�PG�

>��@ -��/HYHU� &RURQD&HQWUDO�0DFKLQH�/HDUQLQJ���0DFKLQH /HDUQLQJ�'HWDLOV�������
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KWWSV���JLWKXE�FRP�MDNHOHYHU�FRURQD�PO�EORE��FHE��DI��G����HEI��I�IG��EEEI��F���
HG���PDFKLQH/HDUQLQJ'HWDLOV�PG�

>��@ 3��3DSRWWL��³&RURQD&KHFN��&RPSXWDWLRQDO�)DFW�&KHFNLQJ�IRU�6WDWLVWLFDO�&RURQDYLUXV
&ODLPV���KWWSV���FRURQDFKHFN�HXUHFRP�IU�´�0DU�������

>��@ ³&RURQD&KHFN��&RPSXWDWLRQDO�)DFW�&KHFNLQJ�IRU�6WDWLVWLFDO�&RURQDYLUXV�&ODLPV�´
KWWSV���FRURQDFKHFN�HXUHFRP�IU�HQ�

>��@ ³3DROR�3DSRWWL��KRPH�SDJH�´�KWWSV���ZZZ�HXUHFRP�IU�aSDSRWWL��
>��@ ³3URMHFWV�´ LWUXPPHU�JLWKXE�LR��KWWSV���LWUXPPHU�JLWKXE�LR��
>��@ *��.DUDJLDQQLV��0��6DHHG��3��3DSRWWL��DQG�,��7UXPPHU��³6FUXWLQL]HU��D�PL[HG�LQLWLDWLYH

DSSURDFK�WR�ODUJH�VFDOH��GDWD�GULYHQ�FODLP�YHULILFDWLRQ�´ 3URF��9/'%�(QGRZ���YRO�����
QR������SS������±������$XJ��������GRL���������������������������

>��@ *��/DPSOH�DQG�$��&RQQHDX��³&URVV�OLQJXDO�/DQJXDJH�0RGHO�3UHWUDLQLQJ�´
DU;LY������������>FV@��-DQ��������KWWS���DU[LY�RUJ�DEV������������

>��@ *��.DUDJLDQQLV� 6WDW�FODLPV�IDFWFKHFNLQJ�SURMHFW� �����
KWWSV���JLWKXE�FRP�JHRNDUDJLDQQLV�VWDWFKHFNHU�

>��@ ³3ULYDF\�3ROLF\�RI�&RURQD&KHFN�´ LXEHQGD�
KWWSV���ZZZ�LXEHQGD�FRP�SULYDF\�SROLF\����������OHJDO�

>��@ -��+HU]LJ��3��.��1RZDN��7��0�OOHU��)��3LFFLQQR��DQG�-��(LVHQVFKORV��³7D3DV��:HDNO\
6XSHUYLVHG�7DEOH�3DUVLQJ�YLD�3UH�WUDLQLQJ�´�LQ 3URFHHGLQJV RI�WKH���WK�$QQXDO
0HHWLQJ�RI�WKH�$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO�/LQJXLVWLFV� 2QOLQH��-XO��������SS�
����±������GRL�����������Y�������DFO�PDLQ�����

>��@ :��&KHQ HW�DO���³7DE)DFW��$�/DUJH�VFDOH�'DWDVHW IRU�7DEOH�EDVHG�)DFW�9HULILFDWLRQ�´
DU;LY������������>FV@��-XQ��������KWWS���DU[LY�RUJ�DEV������������

>��@ 6��-R HW�DO���³9HULI\LQJ�7H[W�6XPPDULHV�RI�5HODWLRQDO 'DWD�6HWV�´ DU;LY�����������
>FV@��$XJ��������KWWS���DU[LY�RUJ�DEV������������

>��@ %��3UXG¶KRPPH HW�DO���³&29,�´ 0LOD��KWWSV���PLOD�TXHEHF�HQ�SURMHFW�FRYL��
>��@ +��$OVGXUI HW�DO���³&29,�:KLWH�3DSHU�´ DU;LY����������� >FV@��-XO�������

KWWS���DU[LY�RUJ�DEV������������
>��@ ³&29,�0/�´�0LOD��KWWSV���JLWKXE�FRP�PLOD�LTLD�&29,�0/�
>��@ 3��*XSWD HW�DO���³&29,�$JHQW6LP��DQ�$JHQW�EDVHG 0RGHO�IRU�(YDOXDWLQJ�0HWKRGV�RI

'LJLWDO�&RQWDFW�7UDFLQJ�´ DU;LY������������>FV@��2FW� �����
KWWS���DU[LY�RUJ�DEV������������

>��@ ³)HGHUDO�JRYHUQPHQW�UXOHV�RXW�DGRSWLRQ�RI�0LOD�,QVWLWXWH¶V�&29,'����FRQWDFW�WUDFLQJ
DSS�´ 7KH�/RJLF��-XQ�����������
KWWSV���WKHORJLF�FR�QHZV�IHGHUDO�JRYHUQPHQW�UXOHV�RXW�DGRSWLRQ�RI�PLOD�LQVWLWXWHV�FRYL
G����FRQWDFW�WUDFLQJ�DSS��

>��@ ³&RPPXQLW\���&29,'����IRUHFDVW�KXE�´�KWWSV���FRYLG��IRUHFDVWKXE�RUJ�FRPPXQLW\��
>��@ (��/��5D\ HW�DO���³(QVHPEOH�)RUHFDVWV�RI�&RURQDYLUXV 'LVHDVH�������&29,'�����LQ

WKH�8�6��´�$XJ��������GRL������������������������������
>��@ ³9LVXDOL]DWLRQ���&29,'����)RUHFDVW�+XE�´�KWWSV���YL]�FRYLG��IRUHFDVWKXE�RUJ��
>��@ ³$ERXW�WKH�+XE�´ &29,'����)RUHFDVW�+XE��KWWSV���FRYLG��IRUHFDVWKXE�RUJ�GRF�
>��@ (��<��&UDPHU HW�DO���³7KH�8QLWHG�6WDWHV�&29,'��� )RUHFDVW�+XE�GDWDVHW�´�1RY�������

GRL������������������������������
>��@ &'&��³&RURQDYLUXV�'LVHDVH�������&29,'�����´ &HQWHUV IRU�'LVHDVH�&RQWURO�DQG

3UHYHQWLRQ��)HE�����������
KWWSV���ZZZ�FGF�JRY�FRURQDYLUXV������QFRY�VFLHQFH�IRUHFDVWLQJ�IRUHFDVWV�FDVHV�KWPO�

>��@ (��'RQJ��+��'X��DQG�/��*DUGQHU��³$Q�LQWHUDFWLYH�ZHE�EDVHG�GDVKERDUG�WR�WUDFN
&29,'����LQ�UHDO�WLPH�´ 7KH�/DQFHW�,QIHFWLRXV�'LVHDVHV� YRO������QR�����SS�����±����
0D\�������GRL����������6���������������������

>��@ UHLFKODE�FRYLG���IRUHFDVW�KXE��7KH�5HLFK�/DE DW�80DVV�$PKHUVW�������
KWWSV���JLWKXE�FRP�UHLFKODE�FRYLG���IRUHFDVW�KXE�EORE�����E�HH��FD���G�ID������F
��HE�IEE�FI����5($'0(�PG�
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>��@ ³3URMHFW��&29,'����)RUHFDVWV���=ROWDU�´�KWWSV���]ROWDUGDWD�FRP�SURMHFW����
>��@ FRYLG+XE8WLOV��7KH�5HLFK�/DE�DW�80DVV�$PKHUVW� �����

KWWSV���JLWKXE�FRP�UHLFKODE�FRYLG+XE8WLOV�
>��@ FRYLG'DWD��7KH�5HLFK�/DE�DW�80DVV�$PKHUVW�������

KWWSV���JLWKXE�FRP�UHLFKODE�FRYLG'DWD�
>��@ =��+��=KRX��³(QVHPEOH�/HDUQLQJ�´�LQ (QF\FORSHGLD RI�%LRPHWULFV��6��=��/L�DQG�$��-DLQ�

(GV��%RVWRQ��0$��6SULQJHU�86��������SS�����±�����GRL�
�������������������������B����

>��@ -��%UDFKHU��(��/��5D\��7��*QHLWLQJ��DQG�1��*��5HLFK��³(YDOXDWLQJ�HSLGHPLF�IRUHFDVWV�LQ
DQ�LQWHUYDO�IRUPDW�´ 3/26�&RPSXWDWLRQDO�%LRORJ\��YRO� ����QR�����S��H���������)HE�
������GRL����������MRXUQDO�SFEL���������

>��@ ³&KDOOHQJHV�LQ�WUDLQLQJ�HQVHPEOHV�WR�IRUHFDVW�&29,'����FDVHV�DQG�GHDWKV�LQ�WKH
8QLWHG�6WDWHV���,QWHUQDWLRQDO�,QVWLWXWH�RI�)RUHFDVWHUV�´
KWWSV���IRUHFDVWHUV�RUJ�EORJ������������FKDOOHQJHV�LQ�WUDLQLQJ�HQVHPEOHV�WR�IRUHFDVW�F
RYLG����FDVHV�DQG�GHDWKV�LQ�WKH�XQLWHG�VWDWHV��

>��@ ³(XURSHDQ�&RYLG����)RUHFDVW�+XE�´�KWWSV���FRYLG��IRUHFDVWKXE�HX��
>��@ ³)RUHFDVW+XE�´�KWWSV���NLWPHWULFVODE�JLWKXE�LR�IRUHFDVWKXE�DERXW�
>���@ ³&29,'����3DWLHQW�5HGLVWULEXWLRQ�´�KWWSV���FRYLG�KRVSLWDO�RSHUDWLRQV�FRP�KRPH�
>���@ &��*����3��2FW����DQG�������³1HZ�PRGHOV�FDQ�KHOS�KRVSLWDOV�VWD\�DKHDG�RI�&29,'���

VXUJHV�´ 7KH�+XE��2FW�����������
KWWSV���KXE�MKX�HGX������������PRGHOV�KHOS�KRVSLWDO�V\VWHPV�DOORFDWH�UHVRXUFHV�GXUL
QJ�FRYLG����VXUJH��

>���@ )��3DUNHU��+��6DZF]XN��)��*DQMNKDQORR��)��$KPDGL��DQG�.��*KREDGL��³2SWLPDO
5HVRXUFH�DQG�'HPDQG�5HGLVWULEXWLRQ�IRU�+HDOWKFDUH�6\VWHPV�8QGHU�6WUHVV�IURP
&29,'����´ DU;LY������������>FV��PDWK@��1RY������� KWWS���DU[LY�RUJ�DEV������������

>���@ ³&29,'����5HSRUWHG�3DWLHQW�,PSDFW�DQG�+RVSLWDO�&DSDFLW\�E\�)DFLOLW\�_
+HDOWK'DWD�JRY�´
KWWSV���KHDOWKGDWD�JRY�+RVSLWDO�&29,'����5HSRUWHG�3DWLHQW�,PSDFW�DQG�+RVSLWDO�&DS
D�DQDJ�FZ�X�

>���@ )��3DUNHU� &29,'����3DWLHQW�5HGLVWULEXWLRQ�6LWH� �����
KWWSV���JLWKXE�FRP�IOL[SDU�FRYLG�SDWLHQW�UHGLVWULEXWLRQ�VLWH�

>���@ ³1HZ�LQWHUDFWLYH�DSS�VLPXODWHV�&29,'����VSUHDG�LQ�1=�´
KWWSV���ZZZ�WHSXQDKDPDWDWLQL�DF�Q]������������QHZ�LQWHUDFWLYH�DSS�VLPXODWHV�FRYLG�
���VSUHDG�LQ�Q]��

>���@ $��-DPHV��0��3ODQN��DQG�$��/XVWLJ��³&29,'����7DNH�&RQWURO�6LPXODWRU�´
KWWS���FRYLG��WDNHFRQWURO�QHFWDU�DXFNODQG�DF�Q]�FRYLG��BWDNH&RQWURO�

>���@ ³+LVWRU\�RI�WKH�&29,'����$OHUW�6\VWHP�´ 8QLWH DJDLQVW�&29,'����
KWWSV���FRYLG���JRYW�Q]�DERXW�RXU�FRYLG����UHVSRQVH�KLVWRU\�RI�WKH�FRYLG����DOHUW�V\VW
HP���

>���@ ³&29,'�����'DWD�UHVRXUFHV�´ 0LQLVWU\�RI�+HDOWK 1=�
KWWSV���ZZZ�KHDOWK�JRYW�Q]�RXU�ZRUN�GLVHDVHV�DQG�FRQGLWLRQV�FRYLG����QRYHO�FRURQDYL
UXV�FRYLG����GDWD�DQG�VWDWLVWLFV�FRYLG����GDWD�UHVRXUFHV�

>���@ 6��+HQG\ HW�DO���³0DWKHPDWLFDO�PRGHOOLQJ�WR LQIRUP�1HZ�=HDODQG¶V�&29,'���
UHVSRQVH�´ -RXUQDO�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG� YRO������QR��VXS���SS�
6��±6�����0D\�������GRL��������������������������������

>���@ 1��*��'DYLHV HW�DO���³(IIHFWV�RI�QRQ�SKDUPDFHXWLFDO LQWHUYHQWLRQV�RQ�&29,'����FDVHV�
GHDWKV��DQG�GHPDQG�IRU�KRVSLWDO�VHUYLFHV�LQ�WKH�8.��D�PRGHOOLQJ�VWXG\�´ 7KH�/DQFHW
3XEOLF�+HDOWK��YRO�����QR�����SS��H���±H�����-XO� ������GRL�
��������6�������������������;�

>���@ '��*URXS��³'HOSKL�5HVHDUFK�*URXS�´�KWWSV���GHOSKL�FPX�HGX�DERXW��
>���@ '��*URXS��³'HOSKL�1DWLRQDO�&HQWHU�RI�([FHOOHQFH�IRU�(SLGHPLF�)RUHFDVWLQJ�´

KWWSV���GHOSKL�FPX�HGX�DERXW�FHQWHU�RI�H[FHOOHQFH��
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>���@ '��0F'RQDOG HW�DO�� &DQ�$X[LOLDU\�,QGLFDWRUV�,PSURYH�&29,'����)RUHFDVWLQJ�DQG
+RWVSRW�3UHGLFWLRQ" ������GRL������������������������������

>���@ '��*URXS��³'HOSKL¶V�&29,'����7UHQGV�DQG�,PSDFW�6XUYH\V��&7,6��´
KWWSV���GHOSKL�FPX�HGX�FRYLG���FWLV��

>���@ ³0RGHO��&08�7LPH6HULHV���=ROWDU�´�KWWSV���]ROWDUGDWD�FRP�PRGHO�����
>���@ ³+RPH���&29,'����IRUHFDVW�KXE�´�KWWSV���FRYLG��IRUHFDVWKXE�RUJ��
>���@ ³&29,'FDVW�(SLGDWD�$3,�´ 'HOSKL�(SLGDWD�$3,�

KWWSV���FPX�GHOSKL�JLWKXE�LR�GHOSKL�HSLGDWD�DSL�FRYLGFDVW�KWPO�
>���@ '��*URXS��³$FFHVVLQJ�2SHQ�&29,'����'DWD�YLD�WKH�&29,'FDVW�(SLGDWD�$3,�´�2FW�����

�����
KWWSV���GHOSKL�FPX�HGX�EORJ������������DFFHVVLQJ�RSHQ�FRYLG����GDWD�YLD�WKH�FRYLGFD
VW�HSLGDWD�DSL��

>���@ ³&29,'FDVW�$3,��$Q�RSHQ�UHSRVLWRU\�RI�UHDO�WLPH�&29,'����LQGLFDWRUV�´
1HZV�0HGLFDO�QHW��-XO�����������
KWWSV���ZZZ�QHZV�PHGLFDO�QHW�QHZV����������&29,'FDVW�$3,�$Q�RSHQ�UHSRVLWRU\�RI
�UHDO�WLPH�&29,'����LQGLFDWRUV�DVS[�

>���@ 'HOSKL�&29,'����0RQLWRULQJ�'DVKERDUG��'HOSKL� �����
KWWSV���JLWKXE�FRP�FPX�GHOSKL�ZZZ�FRYLGFDVW�

>���@ ³,QWHUQDWLRQDO�+HDOWK�5HJXODWLRQV��������´
KWWSV���ZZZ�ZKR�LQW�SXEOLFDWLRQV�GHWDLO�UHGLUHFW���������������

>���@ 6��&KDJDQWL HW�DO���³$XWRPDWHG�4XDQWLILFDWLRQ RI�&7�3DWWHUQV�$VVRFLDWHG�ZLWK
&29,'����IURP�&KHVW�&7�´ 5DGLRORJ\��$UWLILFLDO�,QWHOOLJHQFH� YRO�����QR�����S��H�������
-XO��������GRL����������U\DL������������

>���@ 6��&KDJDQWL HW�DO���³$XWRPDWHG�4XDQWLILFDWLRQ RI�&7�3DWWHUQV�$VVRFLDWHG�ZLWK
&29,'����IURP�&KHVW�&7�´ DU;LY������������>FV��HHVV@� 1RY��������GRL�
��������U\DL�������������

>���@ ³$,�&29,'����´
KWWSV���ZZZ�VLHPHQV�KHDOWKLQHHUV�FRP�HQ�XV�PHGLFDO�LPDJLQJ�GLDJQRVWLF�LPDJLQJ�DL�F
RYLG����DOJRULWKP�

>���@ '��<DQJ HW�DO���³$XWRPDWLF�/LYHU�6HJPHQWDWLRQ 8VLQJ�DQ�$GYHUVDULDO�,PDJH�WR�,PDJH
1HWZRUN�´�LQ 0HGLFDO�,PDJH�&RPSXWLQJ�DQG�&RPSXWHU $VVLVWHG�,QWHUYHQWLRQ�í
0,&&$,�������&KDP��������SS�����±�����GRL���������������������������B���

>���@ 2��5RQQHEHUJHU��3��)LVFKHU��DQG�7��%UR[��³8�1HW��&RQYROXWLRQDO�1HWZRUNV�IRU
%LRPHGLFDO�,PDJH�6HJPHQWDWLRQ�´�LQ 0HGLFDO�,PDJH�&RPSXWLQJ DQG
&RPSXWHU�$VVLVWHG�,QWHUYHQWLRQ�±�0,&&$,�������&KDP� ������SS�����±�����GRL�
�������������������������B���

>���@ ³V\QJR�YLD�)URQWLHU�´
KWWSV���ZZZ�VLHPHQV�KHDOWKLQHHUV�FRP�HQ�XV�PHGLFDO�LPDJLQJ�LW�DGYDQFHG�YLVXDOL]DWL
RQ�VROXWLRQV�V\QJR�YLD�IURQWLHU��

>���@ 5��0LLNNXODLQHQ��2��)UDQFRQ��(��0H\HUVRQ��;��4LX��(��&DQ]DQL��DQG�%��+RGMDW��³)URP
3UHGLFWLRQ�WR�3UHVFULSWLRQ��(YROXWLRQDU\�2SWLPL]DWLRQ�RI�1RQ�3KDUPDFHXWLFDO
,QWHUYHQWLRQV�LQ�WKH�&29,'����3DQGHPLF�´ DU;LY����������� >FV@��$XJ�������
KWWS���DU[LY�RUJ�DEV������������

>���@ 5��0LLNNXODLQHQ HW�DO���³)URP�3UHGLFWLRQ�WR 3UHVFULSWLRQ��(YROXWLRQDU\�2SWLPL]DWLRQ�RI
1RQSKDUPDFHXWLFDO�,QWHUYHQWLRQV�LQ�WKH�&29,'����3DQGHPLF�´ ,(((�7UDQVDFWLRQV�RQ
(YROXWLRQDU\�&RPSXWDWLRQ��YRO������QR�����SS�����±���� $SU��������GRL�
��������7(9&��������������

>���@ ³(YROXWLRQDU\�$,�´�KWWSV���HYROXWLRQ�PO�GHPRV�QSLGDVKERDUG��
>���@ .��2��6WDQOH\��-��&OXQH��-��/HKPDQ��DQG�5��0LLNNXODLQHQ��³'HVLJQLQJ�QHXUDO�QHWZRUNV

WKURXJK�QHXURHYROXWLRQ�´ 1DW�0DFK�,QWHOO��YRO���� QR�����SS����±����-DQ��������GRL�
��������V���������������]�

>���@ &��$��&RHOOR�&RHOOR��³$�&RPSUHKHQVLYH�6XUYH\�RI�(YROXWLRQDU\�%DVHG�0XOWLREMHFWLYH
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2SWLPL]DWLRQ�7HFKQLTXHV�´ .QRZOHGJH�DQG�,QIRUPDWLRQ�6\VWHPV��YRO�����QR�����SS�
���±�����$XJ��������GRL����������%)���������

>���@ 0��7��0��(PPHULFK�DQG�$��+��'HXW]��³$�WXWRULDO�RQ�PXOWLREMHFWLYH�RSWLPL]DWLRQ�
IXQGDPHQWDOV�DQG�HYROXWLRQDU\�PHWKRGV�´ 1DW�&RPSXW� YRO������QR�����SS�����±����
6HS��������GRL����������V���������������\�

>���@ *��$QDO\WLFV��³&RURQDYLUXV�'DVKERDUG�´
KWWSV���NQRZOHGJH�JHRVSDUN�LR�FRURQDYLUXV�GDVKERDUG�

>���@ $��%URZQILHOG��³1RW�-XVW�$QRWKHU�&RURQDYLUXV�0DS�´ 0HGLXP��$SU�����������
KWWSV���EORJ�JHRVSDUN�LR�QRW�MXVW�DQRWKHU�FRURQDYLUXV�PDS�F�D��H�EG�G��

>���@ 0��)UDQNOLQ��³)URP�/RFDOL]HG�,QFLGHQW�5HSRUWLQJ�WR�*OREDO�0RQLWRULQJ�²�+RZ
+\SHULRQ�KDV�3URFHVVHG�DQG�$QDO\]HG«�´ 0HGLXP��-DQ� ���������
KWWSV���EORJ�JHRVSDUN�LR�IURP�ORFDOL]HG�LQFLGHQW�UHSRUWLQJ�WR�JOREDO�PRQLWRULQJ�KRZ�K\
SHULRQ�KDV�SURFHVVHG�DQG�DQDO\]HG����G�H��IGE��

>���@ ³,%0¶V�1HZ�$,�7RRO�3DUVHV�$�7LGDO�:DYH�RI�&RURQDYLUXV�5HVHDUFK�´ ,(((�6SHFWUXP�
-XO�����������
KWWSV���VSHFWUXP�LHHH�RUJ�LEPV�QHZ�DL�WRRO�SDUVHV�D�WLGDO�ZDYH�RI�FRURQDYLUXV�UHVHDU
FK�

>���@ ³8VH�GHHS�VHDUFK�WR�H[SORUH�WKH�&29,'����FRUSXV�´ ,%0�5HVHDUFK��-XQ�����������
KWWSV���UHVHDUFK�LEP�FRP�FRYLG���GHHS�VHDUFK��

>���@ ³&25'����_�6HPDQWLF�6FKRODU�´�KWWSV���ZZZ�VHPDQWLFVFKRODU�RUJ�FRUG���
>���@ ³+RPH���30&���1&%,�´�KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF��
>���@ ³*OREDO�UHVHDUFK�RQ�FRURQDYLUXV�GLVHDVH��&29,'�����´

KWWSV���ZZZ�ZKR�LQW�HPHUJHQFLHV�GLVHDVHV�QRYHO�FRURQDYLUXV������JOREDO�UHVHDUFK�R
Q�QRYHO�FRURQDYLUXV������QFRY�

>���@ '��6��:LVKDUW HW�DO���³'UXJ%DQN������D�PDMRU XSGDWH�WR�WKH�'UXJ%DQN�GDWDEDVH�IRU
�����´ 1XFOHLF�$FLGV�5HVHDUFK��YRO������QR��'���SS� '����±'������-DQ��������GRL�
��������QDU�JN[�����

>���@ ³*HQ%DQN�2YHUYLHZ�´�KWWSV���ZZZ�QFEL�QOP�QLK�JRY�JHQEDQN��
>���@ ³+RPH���&OLQLFDO7ULDOV�JRY�´�KWWSV���FOLQLFDOWULDOV�JRY��
>���@ ³,QWHUQDWLRQDO�&OLQLFDO�7ULDOV�5HJLVWU\�3ODWIRUP��,&753��´

KWWSV���ZZZ�ZKR�LQW�FOLQLFDO�WULDOV�UHJLVWU\�SODWIRUP�
>���@ ³,%0�&29,'����.QRZOHGJH�*UDSK�´�KWWSV���GV�FRYLG���UHV�LEP�FRP�GDWDVRXUFHV�
>���@ 3��:��-��6WDDU��0��'ROIL��&��$XHU��DQG�&��%HNDV��³&RUSXV�&RQYHUVLRQ�6HUYLFH��$

0DFKLQH�/HDUQLQJ�3ODWIRUP�WR�,QJHVW�'RFXPHQWV�DW�6FDOH�´�LQ 3URFHHGLQJV�RI�WKH���WK
$&0�6,*.''�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�.QRZOHGJH�'LVFRYHU\�	�'DWD�0LQLQJ�
/RQGRQ�8QLWHG�.LQJGRP��-XO��������SS�����±�����GRL��������������������������

>���@ ³'HHS�6HDUFK���&29,'�����,%0�5HVHDUFK�´
KWWSV���UHVHDUFK�LEP�FRP�LQWHUDFWLYH�FRYLG���GHHS�VHDUFK��

>���@ ³LFROXQJ���TXDQWLWDWLYH�&29,'����DQDO\VLV�RI�QRQ�FRQWUDVW�WKRUD[�&7�VFDQV�_
LFRPHWUL[�´�KWWSV���LFRPHWUL[�FRP�VHUYLFHV�LFROXQJ�

>���@ '��6PHHWV��³7KH�UROH�RI�LPDJLQJ�$,�DQG�&7�LQ�&29,'����´ LFRPHWUL[�
KWWSV���LFRPHWUL[�FRP�UHVRXUFHV�WKH�UROH�RI�LPDJLQJ�DL��DQG��FW�LQ�FRYLG��

>���@ ³%HOJLDQ�LQLWLDWLYH�IRU�$,�OXQJ�VFDQ�DQDO\VLV�LQ�ILJKW�DJDLQVW�&29,'����JRHV�(XURSHDQ�_
LPHF�´
KWWSV���ZZZ�LPHF�LQW�FRP�HQ�SUHVV�EHOJLDQ�LQLWLDWLYH�DL�OXQJ�VFDQ�DQDO\VLV�ILJKW�DJDLQV
W�FRYLG����JRHV�HXURSHDQ�

>���@ LFRPHWUL[��³)'$�SHUPLWV�XVH�RI�LFRPHWUL[¶V�$,�EDVHG�TXDQWLILFDWLRQ�IRU�FKHVW�&7�LQ
&29,'����´
KWWSV���ZZZ�SUQHZVZLUH�FRP�QHZV�UHOHDVHV�IGD�SHUPLWV�XVH�RI�LFRPHWUL[V�DL�EDVHG�T
XDQWLILFDWLRQ�IRU�FKHVW�FW�LQ�FRYLG��������������KWPO�

>���@ ³$,�EDVHG�FKHVW�&7�DQDO\VLV�HQDEOLQJ�UDSLG�&29,'�GLDJQRVLV�DQG�SURJQRVLV�_�LFRYLG
3URMHFW�_�)DFW�6KHHW�_�+�����_�&25',6�_�(XURSHDQ�&RPPLVVLRQ�´
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KWWSV���FRUGLV�HXURSD�HX�SURMHFW�LG�����������
>���@ $��'��%HUHQJXHU HW�DO���³([SODLQDEOH�E\�GHVLJQ 6HPL�6XSHUYLVHG�5HSUHVHQWDWLRQ

/HDUQLQJ�IRU�&29,'����'LDJQRVLV�IURP�&7�,PDJLQJ�´ DU;LY������������>FV��HHVV@�
6HS��������KWWS���DU[LY�RUJ�DEV������������

>���@ 6��*��$UPDWR HW�DO���³7KH�/XQJ�,PDJH�'DWDEDVH &RQVRUWLXP��/,'&��DQG�,PDJH
'DWDEDVH�5HVRXUFH�,QLWLDWLYH��,'5,���D�FRPSOHWHG�UHIHUHQFH�GDWDEDVH�RI�OXQJ�QRGXOHV
RQ�&7�VFDQV�´ 0HG�3K\V��YRO������QR�����SS�����±���� )HE��������GRL�
������������������

>���@ g��dLoHN��$��$EGXONDGLU��6��6��/LHQNDPS��7��%UR[��DQG�2��5RQQHEHUJHU��³�'�8�1HW�
/HDUQLQJ�'HQVH�9ROXPHWULF�6HJPHQWDWLRQ�IURP�6SDUVH�$QQRWDWLRQ�´�LQ 0HGLFDO�,PDJH
&RPSXWLQJ�DQG�&RPSXWHU�$VVLVWHG�,QWHUYHQWLRQ�±�0,&&$,�������&KDP��������SS�
���±�����GRL���������������������������B���

>���@ .��.DPQLWVDV HW�DO���³(IILFLHQW�PXOWL�VFDOH �'�&11�ZLWK�IXOO\�FRQQHFWHG�&5)�IRU
DFFXUDWH�EUDLQ�OHVLRQ�VHJPHQWDWLRQ�´ 0HGLFDO�,PDJH $QDO\VLV��YRO������SS����±����)HE�
������GRL����������M�PHGLD�������������

>���@ 0��0DUVKDOO�DQG�/��*DUGQHU��³3UHGLFWLQJ�&29,'����5LVN�LQ�WKH�8�6��´�6HS�����������
KWWSV���V\VWHPV�MKX�HGX�UHVHDUFK�SXEOLF�KHDOWK�SUHGLFWLQJ�FRYLG����ULVN�

>���@ ³6RFLDO�'LVWDQFLQJ�0HWULFV�_�6DIH*UDSK�'RFV�´ 6DIH*UDSK�
KWWSV���GRFV�VDIHJUDSK�FRP�GRFV�VRFLDO�GLVWDQFLQJ�PHWULFV�

>���@ 4��&KHQ��$��$OORW��DQG�=��/X��³.HHS�XS�ZLWK�WKH�ODWHVW�FRURQDYLUXV�UHVHDUFK�´ 1DWXUH�
YRO�������QR��������SS�����±�����0DU��������GRL����������G������������������

>���@ 4��&KHQ��$��$OORW��DQG�=��/X��³/LW&RYLG��DQ�RSHQ�GDWDEDVH�RI�&29,'����OLWHUDWXUH�´
1XFOHLF�$FLGV�5HVHDUFK��YRO������QR��'���SS��'����±'����� -DQ��������GRL�
��������QDU�JNDD����

>���@ ³3XE0HG�´ 3XE0HG��KWWSV���SXEPHG�QFEL�QOP�QLK�JRY��
>���@ ³/LW&RYLG�´�KWWSV���ZZZ�QFEL�QOP�QLK�JRY�UHVHDUFK�FRURQDYLUXV��
>���@ ³/LW6XJJHVW�´ /LW6XJJHVW��KWWSV���ZZZ�QFEL�QOP�QLK�JRY�UHVHDUFK�OLWVXJJHVW��
>���@ ³%LR%(57��D�SUH�WUDLQHG�ELRPHGLFDO�ODQJXDJH�UHSUHVHQWDWLRQ�PRGHO�IRU�ELRPHGLFDO

WH[W�PLQLQJ�_�%LRLQIRUPDWLFV�_�2[IRUG�$FDGHPLF�´
KWWSV���DFDGHPLF�RXS�FRP�ELRLQIRUPDWLFV�DUWLFOH�������������������

>���@ ³VSD&\�ā�,QGXVWULDO�VWUHQJWK�1DWXUDO�/DQJXDJH�3URFHVVLQJ�LQ�3\WKRQ�´
KWWSV���VSDF\�LR��

>���@ &��+��:HL��+��<��.DR��DQG�=��/X��³3XE7DWRU��D�ZHE�EDVHG�WH[W�PLQLQJ�WRRO�IRU�DVVLVWLQJ
ELRFXUDWLRQ�´ 1XFOHLF�$FLGV�5HV��YRO������QR��:HE 6HUYHU�LVVXH��SS��:���±:�����-XO�
������GRL����������QDU�JNW����

>���@ ³:HOFRPH�WR�$SDFKH�6ROU�´�KWWSV���VROU�DSDFKH�RUJ�LQGH[�KWPO�
>���@ $��9HQNDWDNULVKQDQ HW�DO���³.QRZOHGJH�V\QWKHVLV RI�����PLOOLRQ�ELRPHGLFDO�GRFXPHQWV

DXJPHQWV�WKH�GHHS�H[SUHVVLRQ�SURILOLQJ�RI�FRURQDYLUXV�UHFHSWRUV�´ H/LIH��YRO�����S�
H�������0D\�������GRL����������H/LIH�������

>���@ ³QIHUHQFH��/DXQFKHV�)LUVW�,Q�&ODVV�6LQJOH�&HOO�51$�6HTXHQFLQJ�5HVRXUFH�WR�$UP
5HVHDUFKHUV�)LJKWLQJ�&29,'����3DQGHPLF�´�0DU�����������
KWWSV���ZZZ�EXVLQHVVZLUH�FRP�QHZV�KRPH����������������HQ�QIHUHQFH�&��$(�/
DXQFKHV�)LUVW�,Q�&ODVV�6LQJOH�&HOO�51$�6HTXHQFLQJ�5HVRXUFH�WR�$UP�5HVHDUFKHUV�
)LJKWLQJ�&29,'����3DQGHPLF�

>���@ ³+RPH���*(2���1&%,�´�KWWSV���ZZZ�QFEL�QOP�QLK�JRY�JHR��
>���@ ³*7([�3RUWDO�´�KWWSV���JWH[SRUWDO�RUJ�KRPH��
>���@ ³7KH�+XPDQ�3URWHLQ�$WODV�´�KWWSV���ZZZ�SURWHLQDWODV�RUJ��
>���@ ³+XPDQ�3URWHRPH�0DS�´�KWWSV���ZZZ�KXPDQSURWHRPHPDS�RUJ��
>���@ -��3DUN��$��/��0DUTXH]��$��3XUDQLN��$��5DMDVHNKDUDQ��0��$UDYDPXGDQ��DQG�(�

*DUFLD�5LYHUD��³5HFDSLWXODWLRQ�DQG�5HWURVSHFWLYH�3UHGLFWLRQ�RI�%LRPHGLFDO
$VVRFLDWLRQV�8VLQJ�7HPSRUDOO\�HQDEOHG�:RUG�(PEHGGLQJV�´�0D\�������GRL�
���������������
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>���@ -��'HYOLQ��0��:��&KDQJ��.��/HH��DQG�.��7RXWDQRYD��³%(57��3UH�WUDLQLQJ�RI�'HHS
%LGLUHFWLRQDO�7UDQVIRUPHUV�IRU�/DQJXDJH�8QGHUVWDQGLQJ�´�LQ 3URFHHGLQJV�RI�WKH�����
&RQIHUHQFH�RI�WKH�1RUWK�$PHULFDQ�&KDSWHU�RI�WKH�$VVRFLDWLRQ�IRU�&RPSXWDWLRQDO
/LQJXLVWLFV��+XPDQ�/DQJXDJH�7HFKQRORJLHV��9ROXPH����/RQJ�DQG�6KRUW�3DSHUV��
0LQQHDSROLV��0LQQHVRWD��-XQ��������SS������±������GRL�����������Y��1��������

>���@ 2��*R]HV HW�DO���³5DSLG�$,�'HYHORSPHQW�&\FOH IRU�WKH�&RURQDYLUXV��&29,'����
3DQGHPLF��,QLWLDO�5HVXOWV�IRU�$XWRPDWHG�'HWHFWLRQ�	�3DWLHQW�0RQLWRULQJ�XVLQJ�'HHS
/HDUQLQJ�&7�,PDJH�$QDO\VLV�´ DU;LY������������>FV� HHVV@��0DU�������
KWWS���DU[LY�RUJ�DEV������������

>���@ ³$ERXW�8V�´ 5$'/RJLFV��KWWSV���ZZZ�UDGORJLFV�FRP�DERXW�XV��
>���@ -��'HQJ��:��'RQJ��5��6RFKHU��/��-��/L��.��/L��DQG�/��)HL�)HL��³,PDJH1HW��$�ODUJH�VFDOH

KLHUDUFKLFDO�LPDJH�GDWDEDVH�´�LQ �����,(((�&RQIHUHQFH RQ�&RPSXWHU�9LVLRQ�DQG
3DWWHUQ�5HFRJQLWLRQ��-XQ��������SS�����±�����GRL� ��������&935��������������

>���@ -��$��)ULHV HW�DO���³2QWRORJ\�GULYHQ�ZHDN�VXSHUYLVLRQ IRU�FOLQLFDO�HQWLW\�FODVVLILFDWLRQ�LQ
HOHFWURQLF�KHDOWK�UHFRUGV�´ 1DW�&RPPXQ��YRO������QR� ���S��������$SU��������GRL�
��������V������������������

>���@ ³80/6�����$$�5HOHDVH�$YDLODEOH�´�KWWSV���ZZZ�QOP�QLK�JRY�SXEV�WHFKEXOO�WE�KWPO�
>���@ 1��&��IRU�%��,QIRUPDWLRQ��8��6��1��/��RI�0�������5��3LNH��%��0'��DQG�������8VD�

63(&,$/,67�/H[LFRQ�DQG�/H[LFDO�7RROV��1DWLRQDO�/LEUDU\ RI�0HGLFLQH��86��������
KWWSV���ZZZ�QFEL�QOP�QLK�JRY�ERRNV�1%.������

>���@ ³'LVHDVH�2QWRORJ\��D�EDFNERQH�IRU�GLVHDVH�VHPDQWLF�LQWHJUDWLRQ�_�1XFOHLF�$FLGV
5HVHDUFK�_�2[IRUG�$FDGHPLF�´
KWWSV���DFDGHPLF�RXS�FRP�QDU�DUWLFOH����'��'������������

>���@ .��'HJW\DUHQNR HW�DO���³&K(%,��D�GDWDEDVH�DQG RQWRORJ\�IRU�FKHPLFDO�HQWLWLHV�RI
ELRORJLFDO�LQWHUHVW�´ 1XFOHLF�$FLGV�5HVHDUFK��YRO� ����QR��VXSSOB���SS��'���±'����
-DQ��������GRL����������QDU�JNP����

>���@ $��3��'DYLV HW�DO���³7KH�&RPSDUDWLYH�7R[LFRJHQRPLFV 'DWDEDVH¶V���WK�\HDU
DQQLYHUVDU\��XSGDWH������´ 1XFOHLF�$FLGV�5HVHDUFK� YRO������QR��'���SS��'���±'����
-DQ��������GRL����������QDU�JNX����

>���@ -��6KDQJ��/��/LX��;��5HQ��;��*X��7��5HQ��DQG�-��+DQ��³/HDUQLQJ�1DPHG�(QWLW\�7DJJHU
XVLQJ�'RPDLQ�6SHFLILF�'LFWLRQDU\�´ DU;LY����������� >FV@��6HS�������
KWWS���DU[LY�RUJ�DEV������������

>���@ :��=KRX��9��,��7RUYLN��DQG�1��5��6PDOKHLVHU��³$'$0��DQRWKHU�GDWDEDVH�RI
DEEUHYLDWLRQV�LQ�0('/,1(�´ %LRLQIRUPDWLFV��YRO����� QR������SS������±������1RY�
������GRL����������ELRLQIRUPDWLFV�EWO����

>���@ <��:X HW�DO���³$�ORQJ�MRXUQH\�WR�VKRUW�DEEUHYLDWLRQV� GHYHORSLQJ�DQ�RSHQ�VRXUFH
IUDPHZRUN�IRU�FOLQLFDO�DEEUHYLDWLRQ�UHFRJQLWLRQ�DQG�GLVDPELJXDWLRQ��&$5'��´ -RXUQDO
RI�WKH�$PHULFDQ�0HGLFDO�,QIRUPDWLFV�$VVRFLDWLRQ��YRO� ����QR��H���SS��H��±H����$SU�
������GRL����������MDPLD�RFZ����

>���@ 7URYH��VRP�VKDKODE��������KWWSV���JLWKXE�FRP�VRP�VKDKODE�WURYH�
>���@ '��.DL��*��3��*ROGVWHLQ��$��0RUJXQRY��9��1DQJDOLD��DQG�$��5RWNLUFK��³8QLYHUVDO

0DVNLQJ�LV�8UJHQW�LQ�WKH�&29,'����3DQGHPLF��6(,5�DQG�$JHQW�%DVHG�0RGHOV�
(PSLULFDO�9DOLGDWLRQ��3ROLF\�5HFRPPHQGDWLRQV�´ DU;LY����������� >SK\VLFV��T�ELR@�
$SU��������KWWS���DU[LY�RUJ�DEV������������

>���@ ³$JHQW�%DVHG�0RGHO�IRU�&29,'����0DVNLQJ�´�KWWS���GHN�DL�PDVNVLP��
>���@ 5��6��0F*HH� 6(,56��0RGHO�)UDPHZRUN�������

KWWSV���JLWKXE�FRP�U\DQVPFJHH�VHLUVSOXV�
>���@ 6��7DOLF HW�DO���³(IIHFWLYHQHVV�RI�SXEOLF�KHDOWK PHDVXUHV�LQ�UHGXFLQJ�WKH�LQFLGHQFH�RI

FRYLG�����6$56�&R9���WUDQVPLVVLRQ��DQG�FRYLG����PRUWDOLW\��V\VWHPDWLF�UHYLHZ�DQG
PHWD�DQDO\VLV�´ %0-��YRO�������S��H��������1RY������� GRL�
��������EPM�������������
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