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���� 36�3DUDOOHO�6HVVLRQV

*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

0HWD�DQDO\VLV�WKURXJK�/RZ�5DQN�%DVLV�+XQWLQJ�:HQTL�6KL
�:HQTL�6KL��.RVXNH�,PDL��<L�=KDQJ�

$�FHQWUDO�FKDOOHQJH�RI�PHWD�DQDO\VLV�LV�WKDW�WKH�SRSXODWLRQV�XQGHUO\LQJ�H[LVWLQJ�VWXGLHV�RIWHQ�GLIIHU
IURP�WKH�WDUJHW�SRSXODWLRQ�LQ�XQNQRZQ�ZD\V��:H�VWXG\�WKH�SUREOHP�RI�SUHGLFWLQJ�IXQFWLRQ�YDOXHG
TXDQWLWLHV��VXFK�DV�UHJUHVVLRQ�IXQFWLRQV�DQG�FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFW�IXQFWLRQV��IRU�D
QHZ�WDUJHW�SRSXODWLRQ�XVLQJ�RQO\�VWXG\�OHYHO�FRYDULDWHV�DQG�HVWLPDWHV��2XU�DSSURDFK�DVVXPHV�D
VKDUHG�ORZ�UDQN�VWUXFWXUH��LQ�ZKLFK�WKH�WUXH�IXQFWLRQ�IURP�HDFK�VWXG\�OLHV�ZLWKLQ�WKH�FRQYH[�KXOO�RI�D
VPDOO�VHW�RI�ODWHQW�EDVLV�IXQFWLRQV��7R�UHFRYHU�WKHVH�EDVLV�IXQFWLRQV��ZH�H[WHQG�WKH�6XFFHVVLYH
3URMHFWLRQ�$OJRULWKP�WR�WKH�IXQFWLRQDO�VHWWLQJ��LQFRUSRUDWLQJ�D�GHQRLVHG�EDVLV�KXQWLQJ�VWHS��:H�WKHQ
PRGHO�WKH�UHODWLRQVKLS�EHWZHHQ�VWXG\�OHYHO�FRYDULDWHV�DQG�WKH�FRUUHVSRQGLQJ�PL[LQJ�ZHLJKWV�XVLQJ
IOH[LEOH�VHPL�SDUDPHWULF�RU�QRQ�SDUDPHWULF�PHWKRGV��7KLV�IUDPHZRUN�HQDEOHV�PHWD�DQDO\WLF
SUHGLFWLRQ�HYHQ�ZKHQ�LQGLYLGXDO�OHYHO�GDWD�DUH�XQDYDLODEOH�WR�DQDO\VWV��)RU�XQFHUWDLQW\
TXDQWLILFDWLRQ��ZH�FRQVWUXFW�SUHGLFWLRQ�LQWHUYDOV�YLD�FRQIRUPDO�SUHGLFWLRQ�DQG�VKRZ�WKDW��XQGHU
H[FKDQJHDELOLW\�DQG�PLOG�HVWLPDWLRQ�HUURU�FRQGLWLRQV��WKHVH�LQWHUYDOV�DFKLHYH�DV\PSWRWLFDOO\�YDOLG
PDUJLQDO�FRYHUDJH��:H�GHPRQVWUDWH�WKH�HIIHFWLYHQHVV�RI�WKH�SURSRVHG�PHWKRGRORJ\�WKURXJK�ERWK
VLPXODWLRQ�VWXGLHV�DQG�HPSLULFDO�DSSOLFDWLRQV�
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���� 36�3DUDOOHO�6HVVLRQV

*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

7UDQVSRUWLQJ�WUHDWPHQW�HIIHFWV�E\�FDOLEUDWLQJ�ODUJH�VFDOH�REVHUYDWLRQDO�RXWFRPHV�+DUULVRQ
/L
�+DUULVRQ�/L�

$�KLJK�TXDOLW\�H[SHULPHQWDO�GDWDVHW�LV�W\SLFDOO\�PXFK�VPDOOHU�WKDQ�D�FRUUHVSRQGLQJ�REVHUYDWLRQDO
GDWDVHW��:H�SURSRVH�DQ�HVWLPDWLRQ�DQG�LQIHUHQFH�PHWKRG�IRU�D�WUDQVSRUWHG�DYHUDJH�WUHDWPHQW�HIIHFW
LQ�WKLV�VHWWLQJ�ZKHQ�WKHUH�DUH�LPSHUIHFW�DQG�SRVVLEO\�FRQIRXQGHG�PHDVXUHPHQWV�RI�WKH�RXWFRPH�RI
LQWHUHVW�LQ�WKH�REVHUYDWLRQDO�GDWDVHW��2XU�SRLQW�HVWLPDWH�LQYROYHV�D�ORZ�GLPHQVLRQDO�FDOLEUDWLRQ�RI�D
WUHDWPHQW�FRQWURO�FRQWUDVW�LQ�WKH�REVHUYDWLRQDO�RXWFRPH�WR�WKH�H[SHULPHQWDO�GDWD�WR�HVWLPDWH�WKH
FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFW��&$7(���IROORZHG�E\�D�VDPSOH�DYHUDJH�RI�WKLV�HVWLPDWHG�&$7(
RYHU�WKH�REVHUYDWLRQDO�GDWD��8QOLNH�H[LVWLQJ�PHWKRGV��RXU�DSSURDFK�GRHV�QRW�UHTXLUH�SRVLWLYLW\
�RYHUODS���:H�SUHFLVHO\�VWXG\�WKH�DV\PSWRWLF�EHKDYLRU�RI�RXU�SURFHGXUH�HYHQ�ZKHQ�WKH�ORZ�
GLPHQVLRQDO�FDOLEUDWLRQ�LV�PLVVSHFLILHG��$V�ORQJ�DV�WKH�REVHUYDWLRQDO�GDWDVHW�VL]H�JURZV�VXIILFLHQWO\
TXLFNO\�UHODWLYH�WR�WKH�H[SHULPHQWDO�GDWDVHW�VL]H��RXU�HVWLPDWRU�DFKLHYHV�D�QRWLRQ�RI�VHPLSDUDPHWULF
HIILFLHQF\�VWXGLHG�LQ�UHFHQW�ZRUN�RQ�VHPL�VXSHUYLVHG�OHDUQLQJ�IRU�RXU�OLPLWLQJ�HVWLPDQG��ZKLFK�KDV
FORVH�FRQQHFWLRQV�WR�ZHOO�VWXGLHG�SURMHFWLRQ�HVWLPDQGV��:H�LOOXVWUDWH�WKH�VWDELOLW\�RI�RXU�PHWKRGRORJ\
FRPSDUHG�WR�H[LVWLQJ�SURSRVDOV�IRU�WUDQVSRUWLQJ�DYHUDJH�WUHDWPHQW�HIIHFWV�XQGHU�UHDOLVWLF�SRVLWLYLW\
YLRODWLRQV�XVLQJ�VLPXODWLRQV�DQG�D�GDWD�H[DPSOH�LQYROYLQJ�ILHOG�H[SHULPHQWV�DQG�VDWHOOLWH�LPDJHU\�WR
HVWLPDWH�WKH�DYHUDJH�HIIHFW�RI�FURS�URWDWLRQ�RQ�PDL]H��FRUQ��\LHOGV�RYHU�D�ODUJH�DUHD�RI�WKH
0LGZHVWHUQ�8QLWHG�6WDWHV�
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���� 36�3DUDOOHO�6HVVLRQV

*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

(PSLULFDO�%D\HV�'RXEOH�6KULQNDJH�IRU�&RPELQLQJ�%LDVHG�DQG�8QELDVHG�&DXVDO�(VWLPDWHV
(YDQ�5RVHQPDQ
�(YDQ�5RVHQPDQ��/XNH�0LUDWUL[��)UDQFHVFD�'RPLQLFL�

0RWLYDWHG�E\�WKH�SUROLIHUDWLRQ�RI�REVHUYDWLRQDO�GDWDVHWV�DQG�WKH�QHHG�WR�LQWHJUDWH�QRQ�UDQGRPL]HG
HYLGHQFH�ZLWK�UDQGRPL]HG�FRQWUROOHG�WULDOV��FDXVDO�LQIHUHQFH�UHVHDUFKHUV�KDYH�UHFHQWO\�SURSRVHG
VHYHUDO�QHZ�PHWKRGRORJLHV�IRU�FRPELQLQJ�ELDVHG�DQG�XQELDVHG�HVWLPDWRUV��:H�FRQWULEXWH�WR�WKLV
JURZLQJ�OLWHUDWXUH�E\�GHYHORSLQJ�D�QHZ�FODVV�RI�HVWLPDWRUV�IRU�WKH�GDWD�FRPELQDWLRQ�SUREOHP�
GRXEOH�VKULQNDJH�HVWLPDWRUV��'RXEOH�VKULQNHUV�ILUVW�FRPSXWH�D�GDWD�GULYHQ�FRQYH[�FRPELQDWLRQ�RI
WKH�WKH�ELDVHG�DQG�XQELDVHG�HVWLPDWRUV��DQG�WKHQ�DSSO\�D�ILQDO��6WHLQ�OLNH�VKULQNDJH�WRZDUG�]HUR�
6XFK�HVWLPDWRUV�GR�QRW�UHTXLUH�K\SHUSDUDPHWHU�WXQLQJ��DQG�DUH�WDUJHWHG�DW�PXOWLGLPHQVLRQDO�FDXVDO
HVWLPDQGV��VXFK�DV�YHFWRUV�RI�FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFWV��&$7(V���:H�GHULYH�VHYHUDO
ZRUNDEOH�YHUVLRQV�RI�GRXEOH�VKULQNDJH�HVWLPDWRUV�DQG�SURSRVH�D�PHWKRG�IRU�FRQVWUXFWLQJ�YDOLG
(PSLULFDO�%D\HV�FRQILGHQFH�LQWHUYDOV��:H�DOVR�GHPRQVWUDWH�WKH�XWLOLW\�RI�RXU�HVWLPDWRUV�XVLQJ
VLPXODWLRQV�RQ�GDWD�IURP�WKH�:RPHQyV�+HDOWK�,QLWLDWLYH�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

'DWD�)XVLRQ�IRU�+LJK�5HVROXWLRQ�(VWLPDWLRQ�5RVKQL�6DKRR
�5RVKQL�6DKRR��$P\�*XDQ��0DULVVD
5HLWVPD��-RVKXD�6DORPRQ��6WHIDQ�:DJHU�

+LJK�UHVROXWLRQ�HVWLPDWHV�RI�SRSXODWLRQ�KHDOWK�LQGLFDWRUV�DUH�FULWLFDO�IRU�SUHFLVLRQ�SXEOLF�KHDOWK��:H
SURSRVH�D�PHWKRG�IRU�KLJK�UHVROXWLRQ�HVWLPDWLRQ�WKDW�IXVHV�GLVWLQFW�GDWD�VRXUFHV��DQ�XQELDVHG��ORZ�
UHVROXWLRQ�GDWD�VRXUFH��H�J��DJJUHJDWHG�DGPLQLVWUDWLYH�GDWD��DQG�D�SRWHQWLDOO\�ELDVHG��KLJK�UHVROXWLRQ
GDWD�VRXUFH��H�J��LQGLYLGXDO�OHYHO�RQOLQH�VXUYH\�UHVSRQVHV���:H�DVVXPH�WKDW�WKH�SRWHQWLDOO\�ELDVHG�
KLJK�UHVROXWLRQ�GDWD�VRXUFH�LV�JHQHUDWHG�IURP�WKH�SRSXODWLRQ�XQGHU�D�PRGHO�RI�VDPSOLQJ�ELDV�ZKHUH
REVHUYDEOHV�FDQ�KDYH�DUELWUDU\�LPSDFW�RQ�WKH�SUREDELOLW\�RI�UHVSRQVH�EXW�WKH�GLIIHUHQFH�LQ�WKH�ORJ
SUREDELOLWLHV�RI�UHVSRQVH�EHWZHHQ�XQLWV�ZLWK�WKH�VDPH�REVHUYDEOHV�LV�OLQHDU�LQ�WKH�GLIIHUHQFH
EHWZHHQ�VXIILFLHQW�VWDWLVWLFV�RI�WKHLU�REVHUYDEOHV�DQG�RXWFRPHV��2XU�GDWD�IXVLRQ�PHWKRG�OHDUQV�D
GLVWULEXWLRQ�WKDW�LV�FORVHVW��LQ�WKH�VHQVH�RI�./�GLYHUJHQFH��WR�WKH�RQOLQH�VXUYH\�GLVWULEXWLRQ�DQG
FRQVLVWHQW�ZLWK�WKH�DJJUHJDWHG�DGPLQLVWUDWLYH�GDWD�DQG�RXU�PRGHO�RI�VDPSOLQJ�ELDV��7KLV�PHWKRG
RXWSHUIRUPV�EDVHOLQHV�WKDW�UHO\�RQ�HLWKHU�GDWD�VRXUFH�DORQH�RQ�D�WHVWEHG�WKDW�LQFOXGHV�UHSHDWHG
PHDVXUHPHQWV�RI�WKUHH�LQGLFDWRUV�PHDVXUHG�E\�ERWK�WKH��RQOLQH��+RXVHKROG�3XOVH�6XUYH\�DQG
JURXQG�WUXWK�GDWD�VRXUFHV�DW�WZR�JHRJUDSKLF�UHVROXWLRQV�RYHU�WKH�VDPH�WLPH�SHULRG�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

0RUH�HIILFLHQW�WUDQVSRUWDWLRQ�RI�FDXVDO�HIIHFWV�XVLQJ�PHGLDWRUV�;LQ\L�=KDQJ
�;LQ\L�=KDQJ�
.DUD�5XGROSK��5LFKDUG�/LX��0LFKHOH�6DQWDFDWWHULQD��,YdQ�'jD]�

:H�GHYHORS�IOH[LEOH�VHPLSDUDPHWULF�HVWLPDWRUV�RI�WKH�DYHUDJH�WUHDWPHQW�HIIHFW�WUDQVSRUWHG�WR�D
WDUJHW�SRSXODWLRQ�WKDW�OHYHUDJH�PHGLDWRUV�WR�DFKLHYH�LGHQWLILFDWLRQ��DQG�NQRZOHGJH�RI�SULRU
SRSXODWLRQ�KHWHURJHQHLW\�WR�DFKLHYH�LPSURYHG�HIILFLHQF\��:H�ILUVW�SURSRVH�D�RQH�VWHS�VHPLSDUDPHWULF
HVWLPDWRU�WKDW�DVVXPHV�NQRZOHGJH�RI�WKH�YDULDEOHV�GULYLQJ�WKH�KHWHURJHQHLW\�DFURVV�SRSXODWLRQV�
7KLV�DSSURDFK�HQDEOHV�WUDQVSRUW�HYHQ�ZKHQ�QRW�DOO�FRYDULDWHV�DUH�REVHUYHG�LQ�WKH�WDUJHW�SRSXODWLRQ�
DQG�LPSURYHV�HIILFLHQF\�E\�DGMXVWLQJ�RQO\�IRU�WKRVH�FRYDULDWHV��:H�WKHQ�LQWURGXFH�D�FROODERUDWLYH
RQH�VWHS�VHPLSDUDPHWULF�HVWLPDWRU�WKDW�IXUWKHU�LPSURYHV�HIILFLHQF\�ZLWKRXW�UHTXLULQJ�NQRZOHGJH�RI
ZKLFK�FRYDULDWHV�GULYH�VWXG\�KHWHURJHQHLW\��&ROOHFWLYHO\��WKHVH�HVWLPDWRUV�DGYDQFH�RXU�DELOLW\�WR
WUDQVSRUW�FDXVDO�HIIHFWV�E\�LPSURYLQJ�HIILFLHQF\�LQ�WKH�SUHVHQFH�RI�PHGLDWLRQ�DQG�LQWHUPHGLDWH
FRQIRXQGLQJ�WKURXJK�WDUJHWHG�GLPHQVLRQ�UHGXFWLRQ�VWUDWHJLHV��:H�XVH�VLPXODWLRQ�WR�H[DPLQH�ILQLWH�
VDPSOH�SHUIRUPDQFH�DQG�DSSO\�RXU�HVWLPDWRUV�WR�D�ODUJH�VFDOH�KRXVLQJ�PRELOLW\�WULDO�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

(IILFLHQW�'LIIHUHQFH�LQ�'LIIHUHQFHV�(VWLPDWLRQ�ZKHQ�2XWFRPHV�DUH�0LVVLQJ�DW�5DQGRP
/RUHQ]R�7HVWD
�/RUHQ]R�7HVWD��(GZDUG�.HQQHG\��0DWWKHZ�5HLPKHUU�

7KH�'LIIHUHQFH�LQ�'LIIHUHQFHV��'L'��PHWKRG�LV�D�IXQGDPHQWDO�WRRO�IRU�FDXVDO�LQIHUHQFH��\HW�LWV
DSSOLFDWLRQ�LV�RIWHQ�FRPSOLFDWHG�E\�PLVVLQJ�GDWD��$OWKRXJK�UHFHQW�ZRUN�KDV�GHYHORSHG�UREXVW�'L'
HVWLPDWRUV�IRU�FRPSOH[�VHWWLQJV�OLNH�VWDJJHUHG�WUHDWPHQW�DGRSWLRQ��WKHVH�PHWKRGV�W\SLFDOO\�DVVXPH
FRPSOHWH�GDWD�DQG�IDLO�WR�DGGUHVV�WKH�FULWLFDO�FKDOOHQJH�RI�RXWFRPHV�WKDW�DUH�PLVVLQJ�DW�UDQGRP
�0$5��w�D�FRPPRQ�SUREOHP�WKDW�LQYDOLGDWHV�VWDQGDUG�HVWLPDWRUV��:H�GHYHORS�D�ULJRURXV
IUDPHZRUN��URRWHG�LQ�VHPLSDUDPHWULF�WKHRU\��IRU�LGHQWLI\LQJ�DQG�HIILFLHQWO\�HVWLPDWLQJ�WKH�$YHUDJH
7UHDWPHQW�(IIHFW�RQ�WKH�7UHDWHG��$77��ZKHQ�HLWKHU�SUH��RU�SRVW�WUHDWPHQW��RU�ERWK��RXWFRPHV�DUH
PLVVLQJ�DW�UDQGRP��:H�ILUVW�HVWDEOLVK�QRQSDUDPHWULF�LGHQWLILFDWLRQ�RI�WKH�$77�XQGHU�WZR�PLQLPDO
VHWV�RI�VXIILFLHQW�FRQGLWLRQV��)RU�HDFK��ZH�GHULYH�WKH�VHPLSDUDPHWULF�HIILFLHQF\�ERXQG��ZKLFK
SURYLGHV�D�IRUPDO�EHQFKPDUN�IRU�DV\PSWRWLF�RSWLPDOLW\��:H�WKHQ�SURSRVH�QRYHO�HVWLPDWRUV�WKDW�DUH
DV\PSWRWLFDOO\�HIILFLHQW��DFKLHYLQJ�WKLV�WKHRUHWLFDO�ERXQG��$�NH\�IHDWXUH�RI�RXU�HVWLPDWRUV�LV�WKHLU
PXOWLSOH�UREXVWQHVV��ZKLFK�HQVXUHV�FRQVLVWHQF\�HYHQ�LI�VRPH�QXLVDQFH�IXQFWLRQ�PRGHOV�DUH
PLVVSHFLILHG��:H�YDOLGDWH�WKH�SURSHUWLHV�RI�RXU�HVWLPDWRUV�DQG�VKRZFDVH�WKHLU�EURDG�DSSOLFDELOLW\
WKURXJK�DQ�H[WHQVLYH�VLPXODWLRQ�VWXG\�DQG�D�UHDO�ZRUOG�H[DPSOH�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

'LIIHUHQFH�LQ�GLIIHUHQFHV�ZLWK�VWRFKDVWLF�SROLF\�VKLIWV�RI�FRQWLQXRXV�WUHDWPHQWV�0LFKDHO
-HWVXSSKDVXN
�0LFKDHO�-HWVXSSKDVXN��&KHQZHL�)DQJ��'LGRQJ�/L��0LFKDHO�+XGJHQV�

7UHDWPHQW�HIIHFWV�XQGHU�VWRFKDVWLF�SROLF\�VKLIWV�TXDQWLI\�GLIIHUHQFHV�LQ�RXWFRPHV�DFURVV
FRXQWHUIDFWXDO�VFHQDULRV�ZLWK�YDU\LQJ�WUHDWPHQW�GLVWULEXWLRQV��6WRFKDVWLF�SROLF\�VKLIWV�JHQHUDOL]H
FRPPRQ�QRWLRQV�RI�WUHDWPHQW�HIIHFWV�VLQFH�WKH\�LQFOXGH�GHWHUPLQLVWLF�LQWHUYHQWLRQV��H�J���DOO
LQGLYLGXDOV�WUHDWHG�YHUVXV�QRQH�WUHDWHG��DV�D�VSHFLDO�FDVH��:KLOH�VWRFKDVWLF�SROLF\�HIIHFWV�KDYH�EHHQ
H[DPLQHG�XQGHU�FDXVDO�H[FKDQJHDELOLW\��WKH\�KDYH�QRW�EHHQ�LQWHJUDWHG�LQWR�WKH�GLIIHUHQFH�LQ�
GLIIHUHQFHV��'L'��IUDPHZRUN��ZKLFK�UHOLHV�RQ�SDUDOOHO�WUHQGV�UDWKHU�WKDQ�H[FKDQJHDELOLW\��,Q�WKLV
SDSHU��QRQSDUDPHWULF�HIILFLHQW�HVWLPDWRUV�RI�VWRFKDVWLF�LQWHUYHQWLRQ�HIIHFWV�DUH�GHYHORSHG�XQGHU�D
'L'�VHWXS�ZLWK�FRQWLQXRXV�WUHDWPHQWV��7KH�SURSRVHG�FDXVDO�HVWLPDQG�LV�WKH�DYHUDJH�VWRFKDVWLF�GRVH
HIIHFW�DPRQJ�WKH�WUHDWHG��ZKHUH�WKH�VWRFKDVWLF�GRVH�HIIHFW�LV�WKH�FRQWUDVW�EHWZHHQ�SRWHQWLDO
RXWFRPHV�XQGHU�D�FRXQWHUIDFWXDO�GRVH�GLVWULEXWLRQ�DQG�QR�WUHDWPHQW��$�VSHFLILF�FRXQWHUIDFWXDO�GRVH
GLVWULEXWLRQ��WKH�H[SRQHQWLDO�WLOW��LV�FRQVLGHUHG��ZKLFK�LQFUHPHQWV�WKH�FRQGLWLRQDO�GHQVLW\�IXQFWLRQ�RI
WKH�FRQWLQXRXV�GRVH��$�QRQSDUDPHWULF�HVWLPDWRU�LV�SURSRVHG�WKDW�DOORZV�IRU�GDWD�DGDSWLYH��PDFKLQH
OHDUQLQJ�QXLVDQFH�IXQFWLRQ�HVWLPDWLRQ��8QGHU�PLOG�FRQYHUJHQFH�UDWH�FRQGLWLRQV��WKH�HVWLPDWRU�LV
VKRZQ�WR�EH�URRW�Q�FRQVLVWHQW�DQG�DV\PSWRWLFDOO\�QRUPDO�ZLWK�YDULDQFH�DWWDLQLQJ�WKH�QRQSDUDPHWULF
HIILFLHQF\�ERXQG��7KH�SURSRVHG�PHWKRG�LV�XVHG�WR�VWXG\�WKH�HIIHFW�RI�K\GUDXOLF�IUDFWXULQJ�DFWLYLW\�RQ
HPSOR\PHQW�DQG�LQFRPH�
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���� 36�3DUDOOHO�6HVVLRQV

'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

%DODQFLQJ�6SDWLDO�&RQIRXQGLQJ�DQG�6SLOORYHUV�LQ�6\QWKHWLF�&RQWURO�'HVLJQV�*LXOLR�*URVVL

*LXOLR�*URVVL�

,Q�SROLF\�HYDOXDWLRQ�VWXGLHV�ZLWK�DGPLQLVWUDWLYH�XQLWV�VXFK�DV�FLWLHV��UHJLRQV��RU�FRXQWULHV��SROLF\
LQWHUYHQWLRQV�RIWHQ�JHQHUDWH�VSLOORYHU�HIIHFWV�WR�QHDUE\�RU�FRQQHFWHG�XQLWV��YLRODWLQJ�WKH�QR�
LQWHUIHUHQFH�DVVXPSWLRQ��$W�WKH�VDPH�WLPH��VSDWLDOO\�FRUUHODWHG�XQREVHUYHG�FRQIRXQGHUV�IUHTXHQWO\
DIIHFW�ERWK�WUHDWPHQW�DVVLJQPHQW�DQG�RXWFRPHV��,Q�WKLV�VHWWLQJ��V\QWKHWLF�FRQWURO�PHWKRGV�IDFH�D
IXQGDPHQWDO�WUDGH�RII��XVLQJ�GLVWDQW�GRQRUV�PD\�LQGXFH�VSDWLDO�FRQIRXQGLQJ�ELDV��ZKLOH�UHO\LQJ�RQ
QHDUE\�GRQRUV�PD\�UHGXFH�FRQIRXQGLQJ�DW�WKH�FRVW�RI�VSLOORYHU�FRQWDPLQDWLRQ�
:H�SURSRVH�D�GHVLJQ�EDVHG�IUDPHZRUN�WKDW�PDNHV�WKLV�WUDGH�RII�H[SOLFLW�LQ�WKH�FRQWH[W�RI�V\QWKHWLF
FRQWURO�DQG�SURYLGHV�DQ�RSHUDWLRQDO�SLSHOLQH�WR�GLDJQRVH�DQG�TXDQWLI\�VSDWLDO�FRQWDPLQDWLRQ��2XU
DSSURDFK�LV�LQFOXVLYH�E\�GHIDXOW��UDWKHU�WKDQ�DVVXPLQJ�WKH�H[LVWHQFH�RI�SXUH�FRQWURO�XQLWV��ZH�UHWDLQ
DOO�SRWHQWLDO�GRQRUV�DQG�LQWURGXFH�FRQWDPLQDWLRQ�LQGLFHV�WKDW�PHDVXUH�WKH�H[SRVXUH�RI�V\QWKHWLF
FRXQWHUIDFWXDOV�WR�VSLOORYHUV�
7KH�IUDPHZRUN�DFFRPPRGDWHV�DOWHUQDWLYH�H[SRVXUH�PDSSLQJV��EDVHG�RQ�JHRJUDSKLF�SUR[LPLW\�RU
QHWZRUN�VWUXFWXUHV��WUHDWHG�DV�REMHFWV�RI�ZHDN�LGHQWLILFDWLRQ�DQG�DVVHVVHG�WKURXJK�SUH�WUHDWPHQW
GLDJQRVWLFV�DQG�VSDWLDO�SODFHER�WHVWV��8VLQJ�D�UHDOLVWLF�VLPXODWLRQ�VWXG\��ZH�FKDUDFWHUL]H�UHJLPHV�LQ
ZKLFK�VSDWLDO�FRQIRXQGLQJ�RU�VSLOORYHU�ELDV�GRPLQDWHV�DQG�VKRZ�KRZ�GHVLJQ�FKRLFHV�LQ�V\QWKHWLF
FRQWURO�FULWLFDOO\�VKDSH�FDXVDO�FRQFOXVLRQV�
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���� 36�3DUDOOHO�6HVVLRQV

'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

&DXVDO�,QIHUHQFH�LQ�6WDJJHUHG�$GRSWLRQ�3DQHOV��7KH�&RUUHFW�&RPSDULVRQ�6HW�'HSHQGV�RQ
<RXU�,QWHUYHQWLRQ�,DQ�/XQGEHUJ
�,DQ�/XQGEHUJ��<DOLQJ�;X�

$�SRZHUIXO�GDWD�VWUXFWXUH�IRU�FDXVDO�LQIHUHQFH�LV�VWDJJHUHG�DGRSWLRQ��PDQ\�XQLWV�DUH�REVHUYHG�RYHU
PDQ\�WLPH�SHULRGV��GXULQJ�ZKLFK�VRPH�XQLWV�DGRSW�DQ�LUUHYHUVLEOH�WUHDWPHQW�DW�YDULRXV�WLPH�SRLQWV
ZKLOH�RWKHUV�UHPDLQ�XQWUHDWHG��3RSXODU�PHWKRGV�WKDW�DSSO\�LQ�WKLV�VHWWLQJ�LQFOXGH�GLIIHUHQFH�LQ
GLIIHUHQFH��IL[HG�HIIHFWV��PDWFKLQJ��DQG�V\QWKHWLF�FRQWURO��$OO�RI�WKHVH�PHWKRGV�FRPSDUH�WKH�IXWXUH
RXWFRPHV�RI�WUHDWPHQW�DGRSWHUV�DQG�QRQ�DGRSWHUV�WR�DQVZHU�WKH�TXHVWLRQ��IRU�XQLWV�ZKR�DGRSW
WUHDWPHQW��ZKDW�RXWFRPHV�ZRXOG�KDYH�EHHQ�UHDOL]HG�LI�WKH\�KDG�UHPDLQHG�XQWUHDWHG"�:H�VKRZ�WKDW
WKLV�TXHVWLRQ�DFWXDOO\�KLGHV�WZR�YHU\�GLIIHUHQW�FDXVDO�TXHVWLRQV�RI�LQWHUHVW��7KH�ILUVW�TXHVWLRQ�LV�ZKDW
ZRXOG�KDYH�KDSSHQHG�LI�D�WUHDWHG�XQLW�KDG�UHPDLQHG�XQWUHDWHG�RYHU�DOO�SHULRGV�XQWLO�RXWFRPH
PHDVXUHPHQW��7KH�VHFRQG�TXHVWLRQ�LV�ZKDW�ZRXOG�KDYH�KDSSHQHG�LI�D�WUHDWHG�XQLW�KDG�UHPDLQHG
XQWUHDWHG�DW�WKH�SDUWLFXODU�SHULRG�ZKHQ�WKH\�LQ�IDFW�EHFDPH�WUHDWHG��3RSXODU�PHWKRGV�VXFK�DV
V\QWKHWLF�FRQWURO�DUH�RIWHQ�LQWHUSUHWHG�ZLWK�UHVSHFW�WR�WKH�IRUPHU�TXHVWLRQ��DERXW�D�ORQJLWXGLQDO
WUHDWPHQW���:H�VKRZ�WKDW�WKH\�DFWXDOO\�DQVZHU�WKH�ODWWHU�TXHVWLRQ��DERXW�D�SRLQW�LQ�WLPH�WUHDWPHQW��
7KH�GLVWLQFWLRQ�LV�HVSHFLDOO\�UHOHYDQW�LI�PDQ\�XQLWV�EHFRPH�WUHDWHG�DW�PDQ\�WLPH�SRLQWV��:H�LOOXVWUDWH
E\�D�VRFLRORJLFDO�DSSOLFDWLRQ�LQ�WKH�1DWLRQDO�/RQJLWXGLQDO�6XUYH\�RI�<RXWK�ZKHUH�WKH�XQLW�LV�D�SHUVRQ�
WLPH�LV�DJH��WUHDWPHQW�LV�EHFRPLQJ�D�SDUHQW��DQG�WKH�RXWFRPH�LV�HPSOR\PHQW�
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���� 36�3DUDOOHO�6HVVLRQV

0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

'HP\VWLI\LQJ�3UR[LPDO�&DXVDO�,QIHUHQFH�*UDFH�5LQJOHLQ
�*UDFH�5LQJOHLQ��7UDQJ�1JX\HQ��3HWHU
=DQGL��(OL]DEHWK�6WXDUW��+DUVK�3DULNK�

3UR[LPDO�FDXVDO�LQIHUHQFH��3&,��KDV�HPHUJHG�DV�D�SURPLVLQJ�IUDPHZRUN�IRU�LGHQWLI\LQJ�DQG
HVWLPDWLQJ�FDXVDO�HIIHFWV�LQ�WKH�SUHVHQFH�RI�XQREVHUYHG�FRQIRXQGHUV��:KLOH�PDQ\�WUDGLWLRQDO�FDXVDO
LQIHUHQFH�PHWKRGV�UHO\�RQ�WKH�DVVXPSWLRQ�RI�QR�XQREVHUYHG�FRQIRXQGLQJ��WKLV�DVVXPSWLRQ�LV�OLNHO\
RIWHQ�YLRODWHG��3&,�PLWLJDWHV�WKLV�FKDOOHQJH�E\�UHO\LQJ�RQ�DQ�DOWHUQDWLYH�VHW�RI�DVVXPSWLRQV�UHJDUGLQJ
WKH�UHODWLRQVKLSV�EHWZHHQ�WUHDWPHQW��RXWFRPH��DQG�DX[LOLDU\�YDULDEOHV�WKDW�VHUYH�DV�SUR[LHV�IRU
XQPHDVXUHG�FRQIRXQGHUV��:H�UHYLHZ�H[LVWLQJ�LGHQWLILFDWLRQ�UHVXOWV��GLVFXVV�WKH�DVVXPSWLRQV
QHFHVVDU\�IRU�YDOLG�FDXVDO�HIIHFW�HVWLPDWLRQ�YLD�3&,��DQG�FRPSDUH�GLIIHUHQW�3&,�HVWLPDWLRQ�PHWKRGV�
:H�RIIHU�SUDFWLFDO�JXLGDQFH�RQ�RSHUDWLRQDOL]LQJ�3&,��ZLWK�D�IRFXV�RQ�VHOHFWLQJ�DQG�HYDOXDWLQJ�SUR[\
YDULDEOHV�XVLQJ�GRPDLQ�NQRZOHGJH��PHDVXUHPHQW�HUURU�SHUVSHFWLYHV��DQG�QHJDWLYH�FRQWURO�DQDORJLHV�
7KURXJK�FRQFHSWXDO�H[DPSOHV��ZH�GHPRQVWUDWH�WHQVLRQV�LQ�SUR[\�VHOHFWLRQ�DQG�GLVFXVV�WKH
LPSRUWDQFH�RI�FOHDUO\�GHILQLQJ�WKH�XQREVHUYHG�FRQIRXQGLQJ�PHFKDQLVP��%\�EULGJLQJ�IRUPDO�UHVXOWV
ZLWK�DSSOLHG�FRQVLGHUDWLRQV��WKLV�ZRUN�DLPV�WR�GHP\VWLI\�3&,��HQFRXUDJH�WKRXJKWIXO�XVH�LQ�SUDFWLFH�
DQG�LGHQWLI\�RSHQ�GLUHFWLRQV�IRU�PHWKRGRORJLFDO�GHYHORSPHQW�DQG�HPSLULFDO�UHVHDUFK�
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���� 36�3DUDOOHO�6HVVLRQV

0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

3HUWXUEHG�'RXEOH�0DFKLQH�/HDUQLQJ��1RQVWDQGDUG�,QIHUHQFH�%H\RQG�WKH�3DUDPHWULF
/HQJWK�0HQJFKX�=KHQJ
�0HQJFKX�=KHQJ��0DWWHR�%RQYLQL��=LMLDQ�*XR�

:H�VWXG\�LQIHUHQFH�RQ�D�ORZ�GLPHQVLRQDO�IXQFWLRQDO��EHWD��LQ�WKH�SUHVHQFH�RI�SRVVLEO\�LQILQLWH
GLPHQVLRQDO�QXLVDQFHV��&ODVVLFDO�LQIHUHQFH�W\SLFDOO\�UHOLHV�RQ�QXLVDQFH�HUURU�EHLQJ�DV\PSWRWLFDOO\
QHJOLJLEOH��IRU�H[DPSOH��HVWLPDWRUV�EDVHG�RQ�WKH�LQIOXHQFH�FXUYH�RI�WKH�SDUDPHWHU��'RXEOH�'HELDVHG
0DFKLQH�/HDUQLQJ�HVWLPDWRUV��DUH�DV\PSWRWLFDOO\�*DXVVLDQ�ZKHQ�WKH�QXLVDQFH�HVWLPDWRUV�FRQYHUJH
DW�UDWHV�IDVWHU�WKDQ��QA^����`���$OWKRXJK�VXFK�QHJOLJLELOLW\�FDQ�KROG�HYHQ�LQ�QRQSDUDPHWULF�FODVVHV�
LW�FDQ�EH�UHVWULFWLYH��7R�UHOD[�WKLV�UHTXLUHPHQW��ZH�SURSRVH�3HUWXUEHG�'RXEOH�0DFKLQH�/HDUQLQJ
�3HUWXUEHG�'0/��WR�HQVXUH�YDOLG�LQIHUHQFH�HYHQ�ZKHQ�QXLVDQFHV�FRQYHUJH�DW�UDWHV�VORZHU�WKDQ
�QA^����`���2XU�SURSRVDO����LQMHFWV�UDQGRPQHVV�LQWR�WKH�QXLVDQFH�HVWLPDWLRQ�WR�JHQHUDWH�PXOWLSOH
SHUWXUEHG�QXLVDQFH�PRGHOV��HDFK�\LHOGLQJ�D��EHWD��HVWLPDWH�DQG�D�:DOG�LQWHUYDO��DQG����ILOWHUV�RXW
SHUWXUEDWLRQV�ZKRVH�GHYLDWLRQV�IURP�WKH�RULJLQDO�'0/�HVWLPDWH�H[FHHG�D�WKUHVKROG��)RU�/DVVR
QXLVDQFH�OHDUQHUV��ZH�VKRZ�WKDW��ZLWK�KLJK�SUREDELOLW\��DW�OHDVW�RQH�SHUWXUEDWLRQ�SURGXFHV�QXLVDQFH
HVWLPDWHV�FORVH�HQRXJK�WR�WKH�WUXWK�WKDW�WKH�DVVRFLDWHG��EHWD��HVWLPDWRU�LV�QHDU�DQ�RUDFOH�HVWLPDWRU
ZLWK�NQRZOHGJH�RI�WKH�WUXH�QXLVDQFHV��7DNLQJ�WKH�XQLRQ�RI�UHWDLQHG�LQWHUYDOV�GHOLYHUV�YDOLG�FRYHUDJH
HYHQ�ZKHQ�WKH�'0/�HVWLPDWRU�FRQYHUJHV�PRUH�VORZO\�WKDQ��QA^����`���7KH�IUDPHZRUN�H[WHQGV�WR
JHQHUDO�PDFKLQH�OHDUQLQJ�QXLVDQFH�OHDUQHUV��DQG�VLPXODWLRQV�VKRZ�WKDW�3HUWXUEHG�'0/�FDQ�KDYH
FRYHUDJH�ZKHQ�VWDWH�RI�DUW�PHWKRGV�IDLO�
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���� 36�3DUDOOHO�6HVVLRQV

0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

.HUQHO�'HELDVHG�3OXJ�LQ�(VWLPDWLRQ�EDVHG�RQ�WKH�8QLYHUVDO�/HDVW�)DYRUDEOH�6XEPRGHO
,YDQD�0DOHQLFD
�,YDQD�0DOHQLFD��+DL\L�&KHQ�

7KH�RQH�VWHS�XQLYHUVDO�OHDVW�IDYRUDEOH�SDWK�NHUQHO�GHELDVHG�SOXJ�LQ�HVWLPDWRU��8/)3�.'3(�
FRQVWUXFWV�DV\PSWRWLFDOO\�HIILFLHQW�HVWLPDWRUV�RI�SDWKZLVH�GLIIHUHQWLDEOH�WDUJHW�SDUDPHWHUV�E\
GHELDVLQJ�DQ�LQLWLDO�HVWLPDWRU�XVLQJ�UHSURGXFLQJ�NHUQHO�+LOEHUW�VSDFH��5.+6��JHRPHWU\�DQG
XQLYHUVDO�OHDVW�IDYRUDEOH�SDWKV��,Q�WKLV�ZRUN��ZH�SODFH�8/)3�.'3(�RQ�D�SUHFLVH�IXQFWLRQDO�DQDO\WLF
IRXQGDWLRQ�DQG�HVWDEOLVK�UHVXOWV�UHOHYDQW�WR�KLJKHU�RUGHU�HIILFLHQF\��:H�IRUPXODWH�WKH�8/)3�XSGDWH
DV�D�QRQOLQHDU�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQ�RQ�GHQVLWLHV�DQG�HVWDEOLVK�ORFDO�DQG�JOREDO�H[LVWHQFH
DQG�XQLTXHQHVV�RI�VROXWLRQV��8QGHU�VWDQGDUG�UHJXODULW\�FRQGLWLRQV��WKH�UHVXOWLQJ�HVWLPDWRU�LV
XQELDVHG�DQG�DFKLHYHV�WKH�VHPLSDUDPHWULF�HIILFLHQF\�ERXQG��:H�VKRZ�WKDW�8/)3�.'3(��L�
VLPXOWDQHRXVO\�GHELDVHV�DOO�SDWKZLVH�GLIIHUHQWLDEOH�WDUJHW�SDUDPHWHUV�VDWLVI\LQJ�RXU�UHJXODULW\
FRQGLWLRQV��LQFOXGLQJ�PXOWLGLPHQVLRQDO�WDUJHWV���LL��GRHV�QRW�UHTXLUH�H[SOLFLW�NQRZOHGJH�RI�WKH
LQIOXHQFH�IXQFWLRQ�IRU�LPSOHPHQWDWLRQ��DQG��LLL��LV�FRPSXWDWLRQDOO\�WUDFWDEOH��,Q�ILQLWH�VDPSOHV��WKH
VROYHG�VFRUH�HTXDWLRQV�PD\�EH�VXIILFLHQWO\�ULFK�WR�DSSUR[LPDWH�KLJKHU�RUGHU�HIILFLHQW�LQIOXHQFH
IXQFWLRQV��\LHOGLQJ�LPSURYHG�VPDOO�VDPSOH�SHUIRUPDQFH��%HFDXVH�WKH�SURSRVHG�PHWKRG�LV�HIILFLHQW
LQIOXHQFH�IXQFWLRQ��(,)��IUHH��LW�DOVR�RIIHUV�SUDFWLFDO�DGYDQWDJHV�LQ�VHWWLQJV�ZLWK�OLPLWHG�RYHUODS�RU
SRVLWLYLW\�FKDOOHQJHV��RU�ZKHQ�WKH�(,)�LV�QRW�FRPSXWDWLRQDOO\�IHDVLEOH�RU�H[SOLFLWO\�NQRZQ��:H
QXPHULFDOO\�LOOXVWUDWH�WKH�SURSRVHG�PHWKRG�DQG�YDOLGDWH�WKH�WKH
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���� 36�3DUDOOHO�6HVVLRQV

0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

6KDUS�6WUXFWXUH�$JQRVWLF�/RZHU�%RXQGV�IRU�*HQHUDO�/LQHDU�)XQFWLRQDO�(VWLPDWLRQ�-LNDL�-LQ

-LNDL�-LQ��9DVLOLV�6\UJNDQLV�

:H�HVWDEOLVK�D�JHQHUDO�VWDWLVWLFDO�RSWLPDOLW\�WKHRU\�IRU�HVWLPDWLRQ�SUREOHPV�ZKHUH�WKH�WDUJHW
SDUDPHWHU�LV�D�OLQHDU�IXQFWLRQDO�RI�DQ�XQNQRZQ�QXLVDQFH�FRPSRQHQW�WKDW�PXVW�EH�HVWLPDWHG�IURP
GDWD��7KLV�IRUPXODWLRQ�FRYHUV�PDQ\�FDXVDO�DQG�SUHGLFWLYH�SDUDPHWHUV�DQG�KDV�DSSOLFDWLRQV�WR
QXPHURXV�GLVFLSOLQHV��:H�DGRSW�WKH�VWUXFWXUH�DJQRVWLF�IUDPHZRUN�LQWURGXFHG�E\�%DODNULVKQDQ�HW�DO�
>����@��ZKLFK�SRVHV�QR�VWUXFWXUDO�SURSHUWLHV�RQ�WKH�QXLVDQFH�IXQFWLRQV�RWKHU�WKDQ�DFFHVV�WR�EODFN�
ER[�HVWLPDWRUV�WKDW�DFKLHYH�VRPH�VWDWLVWLFDO�HVWLPDWLRQ�UDWH��7KLV�IUDPHZRUN�LV�SDUWLFXODUO\
DSSHDOLQJ�ZKHQ�RQH�LV�RQO\�ZLOOLQJ�WR�FRQVLGHU�HVWLPDWLRQ�VWUDWHJLHV�WKDW�XVH�QRQ�SDUDPHWULF
UHJUHVVLRQ�DQG�FODVVLILFDWLRQ�RUDFOHV�DV�EODFN�ER[�VXE�SURFHVVHV��:LWKLQ�WKLV�IUDPHZRUN��ZH�SRYH
JHQHUDO�UHVXOWV�IRU�WKH�EHVW�DWWDLQDEOH�HUURU�UDWHV��1RWDEO\��ZH�GLIIHUHQWLDWH�EHWZHHQ�WZR�UHJLPHV�LQ
ZKLFK�GRXEOH�UREXVWQHVV�FDQ�DQG�FDQQRW�EH�DFKLHYHG�DQG�LQ�ZKLFK�ILUVW�RUGHU�GHELDVLQJ�\LHOGV
GLIIHUHQW�HUURU�UDWHV��:H�VKRZ�WKDW�ILUVW�RUGHU�GHELDVLQJ�LV�VLPXOWDQHRXVO\�RSWLPDO�LQ�ERWK�UHJLPHV�
:H�LQVWDQWLDWH�RXU�WKHRU\�E\�GHULYLQJ�RSWLPDO�HUURU�UDWHV�WKDW�UHFRYHU�H[LVWLQJ�UHVXOWV�DQG�H[WHQG�WR
YDULRXV�VHWWLQJV�RI�LQWHUHVW��LQFOXGLQJ�WKH�FDVH�ZKHQ�WKH�QXLVDQFH�LV�GHILQHG�E\�JHQHUDOL]HG
UHJUHVVLRQV�DQG�ZKHQ�FRYDULDWH�VKLIW�LV�SUHVHQW�
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���� 36�3DUDOOHO�6HVVLRQV

0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

3ULQFLSDO�&RPSRQHQW�+$/�IRU�6FDODEOH�1RQSDUDPHWULF�5HJUHVVLRQ�0LQJ[XQ�:DQJ
�0LQJ[XQ
:DQJ��&DUORV�0HL[LGH��$OHMDQGUR�6FKXOHU��0DUN�YDQ�GHU�/DDQ�

7KH�+LJKO\�$GDSWLYH�/DVVR��+$/��LV�D�QRQSDUDPHWULF�PLQLPXP�ORVV�HVWLPDWRU�IRU�PDQ\�WDUJHWV�
LQFOXGLQJ�FRQGLWLRQDO�PHDQV��UHJUHVVLRQ��DQG�GHQVLWLHV��WKDW�DWWDLQV�PLQLPD[�RSWLPDO�FRQYHUJHQFH
UDWHV�XQGHU�PLQLPDO�VPRRWKQHVV�DVVXPSWLRQV��YLD�VHFWLRQDO�YDULDWLRQ�QRUP�FRQWURO���,Q�SUDFWLFH�
VWDQGDUG�+$/�FDQ�EH�FRPSXWDWLRQDOO\�SURKLELWLYH�EHFDXVH�LWV�LQGLFDWRU�EDVLV�H[SDQVLRQ�FDQ�EH
H[WUHPHO\�ODUJH�LQ�PRGHUDWH�WR�KLJK�GLPHQVLRQV��:H�LQWURGXFH�3ULQFLSDO�&RPSRQHQWvEDVHG�+$/
�3&+$/���3ULQFLSDO�&RPSRQHQWvEDVHG�+LJKO\�$GDSWLYH�5LGJH��3&+$5���DQG�3ULQFLSDO
&RPSRQHQWvEDVHG�JHQHUDOL]HG�+$/��3&+$J/���ZKLFK�SHUIRUP�RXWFRPH�EOLQG�GLPHQVLRQ�UHGXFWLRQ�E\
SURMHFWLQJ�WKH�+$/�IHDWXUH�VSDFH�RQWR�WKH�OHDGLQJ�SULQFLSDO�FRPSRQHQWV�RI�LWV�*UDP�NHUQHO
VWUXFWXUH��7KLV�VWHS�UHGXFHV�WKH�HIIHFWLYH�EDVLV�GLPHQVLRQ�WR�DW�PRVW�Q�FRPSRQHQWV��VR�ILWWLQJ
EHFRPHV�D��SHQDOL]HG��OLQHDU�UHJUHVVLRQ�ZLWK�DW�PRVW�Q�SUHGLFWRUV��WKH�VDPSOH�VL]H�wRIWHQ�IDU
VPDOOHU�WKDQ�WKH�RULJLQDO�+$/�EDVLV��:H�VKRZ�WKDW�3&+$/�3&+$5�3&+$J/�DFKLHYH�UDWHV�HTXLYDOHQW
WR�WKHLU�RULJLQDO�FRXQWHUSDUWV�XQGHU�FRPSDUDEOH�FRPSOH[LW\�FRQWURO��ZKLOH�GHOLYHULQJ�VXEVWDQWLDO
FRPSXWDWLRQDO�JDLQV�DQG�FRPSHWLWLYH�ILQLWH�VDPSOH�SHUIRUPDQFH��7KHVH�UHVXOWV�SURYLGH�D�VFDODEOH
IRXQGDWLRQ�IRU�+$/�EDVHG�QXLVDQFH�HVWLPDWLRQ�LQ�+$/�70/(�ZRUNIORZV�IRU�FDXVDO�LQIHUHQFH�
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���� 36�3DUDOOHO�6HVVLRQV

&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

&DXVDO�,QIHUHQFH�ZLWK�1RLV\�1HWZRUN�5HSUHVHQWDWLRQV�RI�/DWHQW�,QWHUIHUHQFH�6WUXFWXUH
+HHMRQJ�%RQJ
�+HHMRQJ�%RQJ��(OL]DYHWD�/HYLQD��-L�=KX�

:H�VWXG\�FDXVDO�LQIHUHQFH�XQGHU�LQWHUIHUHQFH�ZKHQ�WKH�REVHUYHG�QHWZRUN�LV�RQO\�D�QRLV\
PHDVXUHPHQW�RI�WKH�XQGHUO\LQJ�LQWHUDFWLRQV�WKDW�JHQHUDWH�VSLOORYHU�HIIHFWV��:KLOH�VWDQGDUG�QHWZRUN
LQWHUIHUHQFH�DVVXPSWLRQV�UHVWULFW�LQWHUIHUHQFH�WR�REVHUYHG�QHLJKERUV��PDQ\�UHDO�ZRUOG�V\VWHPV
LQYROYH�ODWHQW�LQWHUDFWLRQV�WKDW�FUHDWH�LQIOXHQFH�HYHQ�WKURXJK�ZHDN�RU�XQREVHUYHG�WLHV��0RGHOLQJ
LQWHUIHUHQFH�WKURXJK�D�ODWHQW�LQWHUDFWLRQ�VWUXFWXUH�FDSWXUHV�WKHVH�EURDGHU�GHSHQGHQFLHV�EXW�EUHDNV
NH\�SRVLWLYLW\�FRQGLWLRQV�UHTXLUHG�IRU�H[LVWLQJ�SURSHQVLW\�EDVHG�HVWLPDWRUV��7R�DGGUHVV�WKLV
FKDOOHQJH��ZH�GHYHORS�D�NHUQHO�EDVHG�HVWLPDWRU�RI�QRGH�ZLVH�FRXQWHUIDFWXDO�PHDQV�WKDW�VPRRWKV
RYHU�HJRFHQWULF�IHDWXUHV�RI�WKH�LQIHUUHG�ODWHQW�LQWHUDFWLRQV�UDWKHU�WKDQ�UHO\LQJ�RQ�KLJK�GLPHQVLRQDO
MRLQW�SURSHQVLW\�VFRUHV��7KH�PHWKRG�JHQHUDOL]HV�UHFHQW�GRXEO\�UREXVW�HVWLPDWRUV�IRU�QHWZRUN
LQWHUIHUHQFH��UHPDLQV�YDOLG�XQGHU�GLIIXVH�RU�JOREDO�LQWHUIHUHQFH��DQG�DFFRPPRGDWHV�VHWWLQJV�ZKHUH
WKH�REVHUYHG�QHWZRUN�SURYLGHV�RQO\�SDUWLDO�LQIRUPDWLRQ�DERXW�XQGHUO\LQJ�LQWHUDFWLRQV��6LPXODWLRQV
ZLWK�QRLV\�QHWZRUN�PHDVXUHPHQWV�VKRZ�WKDW�WKH�SURSRVHG�DSSURDFK�VXEVWDQWLDOO\�LPSURYHV�DFFXUDF\
LQ�HVWLPDWLQJ�QRGH�ZLVH�FRXQWHUIDFWXDO�PHDQV��7KLV�IUDPHZRUN�RIIHUV�D�SUDFWLFDO�SDWK�WR�FDXVDO
LQIHUHQFH�ZKHQ�LQWHUIHUHQFH�H[WHQGV�EH\RQG�WKH�REVHUYHG�JUDSK�
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���� 36�3DUDOOHO�6HVVLRQV

&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

&DXVDO�,QIHUHQFH�XQGHU�,QWHUIHUHQFH�ZLWKRXW�1HWZRUN�,QIRUPDWLRQ��$�3DUWLDO�,GHQWLILFDWLRQ
$SSURDFK�-XQJ+R�/HH
�-XQJ+R�/HH��(GZDUG�.HQQHG\��'DYLG�&KRL�

,Q�PDQ\�DSSOLFDWLRQV��HVSHFLDOO\�WKH�LQ�VRFLDO�DQG�HSLGHPLRORJLFDO�VFLHQFHV��LQWHUIHUHQFH�LV�OLNHO\
SUHVHQW�EXW�WKH�XQGHUO\LQJ�QHWZRUN�LV�XQREVHUYHG��:KLOH�FDXVDO�HIIHFWV�FDQ�VRPHWLPHV�EH�HVWLPDWHG
LQ�UDQGRPL]HG�H[SHULPHQWV�ZLWKRXW�QHWZRUN�LQIRUPDWLRQ��REVHUYDWLRQDO�VWXGLHV�DUH�PRUH�FKDOOHQJLQJ
EHFDXVH�WUHDWPHQW�DVVLJQPHQW�PD\�GHSHQG�RQ�ODWHQW�QHLJKERUKRRG�FRQWH[W��:H�SURSRVH�D�SDUWLDO
LGHQWLILFDWLRQ�DSSURDFK�IRU�GLUHFW�HIIHFWV�LQ�REVHUYDWLRQDO�VWXGLHV�XQGHU�QHWZRUN�LQWHUIHUHQFH��2XU
PHWKRG�DVVXPHV�WKDW�XQREVHUYHG�QHWZRUN�FRQWH[W�FDQ�FKDQJH�WKH�RGGV�RI�WUHDWPHQW�DVVLJQPHQW�E\
DW�PRVW��*DPPD���\LHOGLQJ�HVWLPDEOH�ERXQGV�WKDW�GHSHQG�RQO\�RQ�REVHUYDEOH�FRQGLWLRQDO�PHDQV�DQG
YDULDQFHV��:H�DOVR�GHVFULEH�HIILFLHQW�HVWLPDWLRQ�RI�WKHVH�ERXQGV�XVLQJ�PRGHUQ�QRQSDUDPHWULF
UHJUHVVLRQ�WRROV�
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���� 36�3DUDOOHO�6HVVLRQV

&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

+\SRWKHVLV�7HVWLQJ�IRU�'HWHFWLQJ�1HWZRUN�,QWHUIHUHQFH�LQ�5DQGRPL]HG�([SHULPHQWV
&KULVWRSKHU�+DUVKDZ
�&KULVWRSKHU�+DUVKDZ��)UHGULN�6eYMH��&KDR�*DR��<LWDQ�:DQJ�

7KH�UDQGRPL]HG�H[SHULPHQW�LV�D�ZLGHO\�XVHG�PHWKRGRORJLFDO�WRRO�IRU�HVWLPDWLQJ�FDXVDO�HIIHFWV��,Q
RUGHU�WR�PHDQLQJIXOO\�HVWLPDWH�FDXVDO�HIIHFWV��H[SHULPHQWHUV�KDYH�WR�DVVXPH�VWUXFWXUH�RQ�WKH
SRWHQWLDO�RXWFRPH�IXQFWLRQV��7KH�VLPSOHVW�DVVXPSWLRQ�LV�WKDW�RI�QR�LQWHUIHUHQFH��DOWKRXJK�D�JURZLQJ
ERG\�RI�ZRUN�KDV�SURYLGHG�YDULRXV�QHWZRUN�LQWHUIHUHQFH�PRGHOV�XQGHU�ZKLFK�FDXVDO�HIIHFWV�FDQ�EH
HVWLPDWHG��6WLOO��WKLV�UDLVHV�WKH�TXHVWLRQ��WR�ZKDW�H[WHQW�FDQ�ZH�WHVW�WKHVH�DVVXPSWLRQV"�)RU�H[DPSOH�
FDQ�ZH�GHWHFW�LQWHUIHUHQFH�ZKHQ�LW�LV�SUHVHQW�LQ�WKH�H[SHULPHQW"�&DQ�ZH�WHVW�EHWZHHQ�VWURQJHU�DQG
ZHDNHU�PRGHOV�RI�QHWZRUN�LQWHUIHUHQFH"�7R�WKLV�HQG��D�OLQH�RI�SUHYLRXV�ZRUN�KDV�IRFXVHG�RQ
FRQWUROOLQJ�7\SH�,�HUURU��EXW�7\SH�,,�HUURU�RI�WKHVH�SURSRVHG�PHWKRGV�UHPDLQV�OHVV�ZHOO�XQGHUVWRRG�

,Q�WKLV�ZRUN��ZH�IXUWKHU�LQYHVWLJDWH�K\SRWKHVLV�WHVWLQJ�IUDPHZRUNV�IRU�GHWHFWLQJ�LQWHUIHUHQFH��2XU
PDLQ�FRQWULEXWLRQ�LV�D�VHULHV�RI�QHJDWLYH�UHVXOWV��5RXJKO\�VSHDNLQJ��ZH�VKRZ�WKDW�WKHUH�LV�QR�WHVW�IRU
GHWHFWLQJ�LQWHUIHUHQFH�ZKLFK�KDV�VPDOO�7\SH�,�DQG�7\SH�,,�HUURU��HYHQ�DV�WKH�VDPSOH�VL]H�LQFUHDVHV�
7KLV�ILQGLQJ�KDV�VHULRXV�FRQVHTXHQFHV�IRU�WKH�HSLVWHPRORJLFDO�QDWXUH�RI�WKH�QR�LQWHUIHUHQFH�DQG
YDULRXV�QHWZRUN�LQWHUIHUHQFH�DVVXPSWLRQV��QDPHO\��WKDW�WKH\�DUH��LQ�D�ULJRURXV�VHQVH��XQWHVWDEOH��2Q
WKH�SRVLWLYH�VLGH��ZH�VKRZ�WKDW�WKHUH�H[LVWV�D�XQLIRUPO\�FRQVLVWHQW�WHVW�RI�QR�LQWHUIHUHQFH�ZKHQ�WKH
DOWHUQDWLYH�K\SRWKHVHV�DUH�UHVWULFWHG�WR�D�OLQHDU�LQ�PHDQV�W\SH�PRGHO�DQG�WKH�JUDSK�LV�VXIILFLHQWO\
VSDUVH�
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���� 36�3DUDOOHO�6HVVLRQV

&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

$�*HQHUDO�([SRVXUH�0DSSLQJ�$JQRVWLF�)UDPHZRUN�IRU�&DXVDO�,QIHUHQFH�XQGHU�7ZR�6WDJH
5DQGRPL]DWLRQ�<LKXL�+H
�<LKXL�+H��(ULF�7FKHWJHQ�7FKHWJHQ�

:H�GHYHORS�D�JHQHUDO�IUDPHZRUN�IRU�FDXVDO�LQIHUHQFH�XQGHU�LQWHUIHUHQFH�LQ�FOXVWHU�H[SHULPHQWV
FRQGXFWHG�YLD�WZR�VWDJH�UDQGRPL]DWLRQ�RQ�D�QHWZRUN�RI�LQWHUFRQQHFWHG�XQLWV��ZLWKRXW�UHO\LQJ�RQ
H[SRVXUH�PDSSLQJ�DVVXPSWLRQV��UHVWULFWLYH�PRGHOLQJ�RI�FURVV�FOXVWHU�LQWHUIHUHQFH��RU�%HUQRXOOL
WUHDWPHQW�DVVLJQPHQWV��:LWKLQ�WKLV�IUDPHZRUN��ZH�HVWDEOLVK�D�FRPSOHWH�FKDUDFWHUL]DWLRQ�RI
HPSK^OLQHDU�ZHLJKWHG�HVWLPDWRUV`��/:��DV�GHILQHG�E\�*RGDPEH��������-566�%��WKDW�DFKLHYH
LGHQWLILFDWLRQ�RI�YDULRXV�QHWZRUN�FDXVDO�HIIHFWV�XQGHU�LQWHUIHUHQFH��7KLV�JHQHUDO�FODVV�LQFOXGHV
VHYHUDO�QHZ�HVWLPDWRUV�ZLWK�LPSURYHG�WKHRUHWLFDO�JXDUDQWHHV�DQG�VXSHULRU�ILQLWH�VDPSOH
SHUIRUPDQFH�UHODWLYH�WR�H[LVWLQJ�DSSURDFKHV�VXFK�DV�VWDQGDUG�LQYHUVH�SUREDELOLW\�RI�WUHDWPHQW
ZHLJKWLQJ��)RU�DOO�HVWLPDWRUV�LQ�WKLV�FODVV��ZH�HVWDEOLVK�FHQWUDO�OLPLW�WKHRUHPV�DQG�FRQVHUYDWLYH
YDULDQFH�HVWLPDWRUV��ZKLFK�DOORZV�XV�WR�GHVFULEH�WKH�GLVWLQFW�DV\PSWRWLF�EHKDYLRU�H[KLELWHG�E\
GLIIHUHQW�ZHLJKWLQJ�VFKHPHV�SRWHQWLDOO\�RI�LQWHUHVW��,Q�SDUWLFXODU��ZH�VWXG\�KRZ�FOXVWHU�OHYHO
DVVLJQPHQW�PHFKDQLVPV�DIIHFW�HVWLPDWRU�DV\PSWRWLFV�DQG�LGHQWLI\�D�VXEFODVV�RI�FOXVWHU�DJQRVWLF�/:
HVWLPDWRUV�ZKRVH�FRQYHUJHQFH�UDWHV�DUH�LQGHSHQGHQW�RI�WKH�QXPEHU�RI�FOXVWHUV�DQG�DWWDLQ�WKH
RSWLPDO�URRW�1�UDWH��ZKHUH�1�GHQRWHV�WKH�WRWDO�QXPEHU�RI�XQLWV��:H�FRPSOHPHQW�RXU�WKHRUHWLFDO
UHVXOWV�ZLWK�H[WHQVLYH�VLPXODWLRQ�VWXGLHV�WKDW�RIIHU�SUDFWLFDO�JXLGDQFH�RQ�WKH�FKRLFH�RI�ZHLJKWLQJ
PHWKRG�DQG�FOXVWHU�VL]H�XQGHU�D�ZLGH�UDQJH�RI�LQWHUIHUHQFH�VWUXFWXUHV�
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���� 36�3DUDOOHO�6HVVLRQV

&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

6FRUH�0DWFKLQJ�DQG�'LIIXVLRQ�(QDEOH�6FDODEOH�/HDUQLQJ�RI�&DXVDO�)HHGEDFN�'\QDPLFV
8QGHU�)XOO�,QWHUIHUHQFH�<XIHQJ�:X
�<XIHQJ�:X��$EKLQDY�.XPDU��-RVHSKLQH�<DWHV��&DUROLQH�8KOHU�

)HHGEDFN�G\QDPLFV�DUH�FHQWUDO�WR�QHWZRUN�V\VWHPV��LQFOXGLQJ�EHOLHI�SURSDJDWLRQ�DPRQJ�IULHQGV�DQG
FHOO�FHOO�LQWHUDFWLRQ�LQ�WLVVXHV��0RGHOLQJ�WKHP�FDXVDOO\�UHTXLUHV�UHSUHVHQWDWLRQV�WKDW�DFFRPPRGDWH
ERWK�GLUHFWHG�FDXVDO�HIIHFWV�DQG�V\PPHWULF�GHSHQGHQFLHV�LQGXFHG�E\�IHHGEDFN��5HFHQW�ZRUNV�DGRSW
&KDLQ�*UDSKV��DQ�H[WHQVLRQ�RI�'$*V�WKDW�FRQWDLQ�ERWK�GLUHFWHG�DQG�XQGLUHFWHG�HGJHV��DV�D�SULQFLSOHG
IUDPHZRUN�IRU�WKLV�SXUSRVH��,Q�RXU�ZRUN��ZH�IRFXV�RQ�WKH�IXOO�LQWHUIHUHQFH�VHWWLQJ��ZKHUH�ZH�REVHUYH
D�VLQJOH�QHWZRUN�UHDOL]DWLRQ�DQG�ZLVK�WR�OHDUQ�SDUDPHWHUV�RI�WKH�FDXVDO�V\VWHP��([LVWLQJ�DSSURDFKHV
IRU�OHDUQLQJ�FKDLQ�JUDSKV�XQGHU�IXOO�LQWHUIHUHQFH�W\SLFDOO\�UHO\�RQ�VWURQJ�SDUDPHWULF�DVVXPSWLRQV�
PRVW�QRWDEO\�WKDW�HDFK�QRGHyV�FRQGLWLRQDO�GLVWULEXWLRQ�JLYHQ�LWV�QHLJKERUV�EHORQJV�WR�D�VSHFLILHG
H[SRQHQWLDO�IDPLO\��7FKHWJHQ�7FKHWJHQ���������6XFK�DVVXPSWLRQV�DUH�YXOQHUDEOH�WR�PLVVSHFLILFDWLRQ�
ZKLFK�FDQ�OHDG�WR�ELDVHG�FDXVDO�HIIHFW�HVWLPDWHV�DQG�LV�GLIILFXOW�WR�GLDJQRVH��:H�SURSRVH�D�IOH[LEOH�
QRQ�SDUDPHWULF�DOWHUQDWLYH�WKDW�UHSODFHV�WKHVH�DVVXPSWLRQV�ZLWK�QHXUDO�EDVHG�VFRUH�PRGHOV��2XU
DSSURDFK�FRPELQHV�GHQRLVLQJ�VFRUH�PDWFKLQJ�DQG�/DQJHYLQ�GLIIXVLRQ��HQDEOLQJ�VFDODEOH�WUDLQLQJ�DQG
PRUH�IOH[LEOH�GLVWULEXWLRQDO�PRGHOLQJ��ZKLOH�EHLQJ�OHVV�VHQVLWLYH�WR�PLVVSHFLILFDWLRQ��:H�SURYH�WKDW
RXU�DOJRULWKP�FRQVLVWHQWO\�OHDUQV�WKH�FKDLQ�JUDSK�DV�WKH�QHWZRUN�VL]H�JURZV��(PSLULFDOO\��ZH
YDOLGDWH�RXU�PHWKRG�RQ�VLPXODWHG�QHWZRUNV�DQG�GHPRQVWUDWH�LWV�DSSOLFDELOLW\�RQ�D�ELRORJLFDO�VSDWLDO
SHUWXUEDWLRQ�GDWDVHW�
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���� 36�3DUDOOHO�6HVVLRQV

'HVLJQ�RI�([SHULPHQWV

(YDOXDWLQJ�$OJRULWKP�DVVLVWHG�+XPDQ�'HFLVLRQ�PDNLQJ�2YHU�5HSHDWHG�$OJRULWKP
([SRVXUH��5HFRPPHQGDWLRQV�IRU�(IIHFW�(VWLPDQGV�DQG�([SHULPHQWDO�'HVLJQ�0DJJLH�:DQJ

0DJJLH�:DQJ��0LFKDHO�%DLRFFKL�

,Q�DOJRULWKP�DVVLVWHG�GHFLVLRQ�PDNLQJ��DQ�DOJRULWKPLF�GHFLVLRQ�VXSSRUW�WRRO�SURYLGHV�D
UHFRPPHQGDWLRQ��EXW�WKH�KXPDQ�XOWLPDWHO\�PDNHV�WKH�GHFLVLRQ��'HWHUPLQLQJ�ZKHWKHU�DOJRULWKP
DVVLVWDQFH�DFWXDOO\�LPSURYHV�WKH�TXDOLW\�RI�KXPDQ�GHFLVLRQ�PDNLQJ�LV�FULWLFDO��DQG�UDQGRPL]HG
H[SHULPHQWV�DUH�RQH�ZD\�WR�FROOHFW�UREXVW�HYLGHQFH��+LVWRULFDOO\��KRZHYHU��H[SHULPHQWDO�GHVLJQV�DQG
DQDO\VHV�LJQRUH�KRZ�GHFLVLRQ�PDNLQJ�EHKDYLRU�DGDSWV�ZLWK�UHSHDWHG�DOJRULWKP�H[SRVXUH��,Q�WKLV
ZRUN��ZH�ILUVW�GHPRQVWUDWH�KRZ�XVLQJ�D�SHU�GHFLVLRQ�UDQGRPL]HG�GHVLJQ�DQG�HVWLPDWLQJ�DQ�DYHUDJH
HIIHFW�DFURVV�DOO�GHFLVLRQV�UHVXOWV�LQ�PLVOHDGLQJ�HIIHFW�HVWLPDWHV�XQGHU�WKUHH�FDQRQLFDO�IRUPV�RI
DGDSWDWLRQ��JUDGXDO�RYHUUHOLDQFH�RQ�WKH�DOJRULWKP��JUDGXDO�LJQRULQJ�RI�WKH�DOJRULWKP��DQG�JUDGXDO
OHDUQLQJ�RI�ZKHUH�WKH�DOJRULWKP�LV�ULJKW�ZURQJ��,QVWHDG��ZH�SURSRVH�XVLQJ�D�VWDJJHUHG�UROORXW�GHVLJQ
WR�WDUJHW�WKUHH�DOWHUQDWLYH�HVWLPDQGV��WKH�JOREDO�HIIHFW��ZKLFK�FRPSDUHV�RXWFRPHV�ZKHQ�GHFLVLRQ�
PDNHUV�KDYH�VXVWDLQHG�DOJRULWKP�DVVLVWDQFH�YHUVXV�QHYHU�EHLQJ�DVVLVWHG��WKH�KDELWXDWLRQ�HIIHFW�
ZKLFK�FRPSDUHV�RXWFRPHV�XQGHU�VXVWDLQHG�DVVLVWDQFH�YHUVXV�ILUVW�WLPH�DVVLVWDQFH��DQG�WKH
LPPHGLDWH�HIIHFW��ZKLFK�FRPSDUHV�RXWFRPHV�XQGHU�ILUVW�WLPH�DVVLVWDQFH�YHUVXV�QHYHU�DVVLVWHG�
)LQDOO\��GUDZLQJ�RQ�WKH�FRQFHSW�RI�ORFDO�DYHUDJH�WUHDWPHQW�HIIHFWV��ZH�VKRZ�WKDW�ZH�FDQ�LGHQWLI\
KDELWXDWHG�DQG�LPPHGLDWH�HIIHFWV�VSHFLILFDOO\�IRU�GHFLVLRQV�ZKHUH�WKH�GHFLVLRQ�PDNHU�LV�SHUVXDGHG
E\�WKH�DOJRULWKP�WR�FKDQJH�WKHLU�GHFLVLRQ�
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���� 36�3DUDOOHO�6HVVLRQV

'HVLJQ�RI�([SHULPHQWV

/RQJLWXGLQDO�$GDSWLYH�'HVLJQ�IRU�(IILFLHQW�/HDUQLQJ�RI�&DXVDO�(VWLPDQGV��$SSOLFDWLRQ�WR
0XOWLSOH�7LPH�WR�7UHDWPHQW�,QLWLDWLRQ�(IIHFWV�:HQ[LQ�=KDQJ
�:HQ[LQ�=KDQJ��:HQ[LQ�=KDQJ�

$GDSWLYH�GHVLJQV�DUH�LQFUHDVLQJO\�XVHG�LQ�FOLQLFDO�WULDOV�DQG�GLJLWDO�H[SHULPHQWV�WR�LPSURYH
HVWLPDWLRQ�HIILFLHQF\�E\�XSGDWLQJ�UDQGRPL]DWLRQ�SUREDELOLWLHV�DV�GDWD�DFFXPXODWH��:KLOH�PRVW�ZRUN
IRFXVHV�RQ�VLQJOH�VWDJH�VHWWLQJV��DGDSWLYH�GHVLJQV�IRU�ORQJLWXGLQDO�VHWWLQJV�ZLWK�PXOWL�VWDJH��WLPH�
YDU\LQJ�WUHDWPHQWV�UHPDLQ�XQGHU�H[SORUHG��:H�GHYHORS�D�JHQHUDO�VHPLSDUDPHWULF�HIILFLHQF\
IUDPHZRUN�IRU�ORQJLWXGLQDO�DGDSWLYH�H[SHULPHQWV�WR�RSWLPL]H�HVWLPDWLRQ�HIILFLHQF\�RI�FDXVDO
HVWLPDQGV��$Q�HIILFLHQF\�RULHQWHG�GHVLJQ�FULWHULRQ�LV�LQWURGXFHG�WR�DFFRPPRGDWH�ERWK�VLQJOH�
HVWLPDQG�WDUJHWV�DQG�MRLQW�RSWLPL]DWLRQ�DFURVV�PXOWLSOH�HVWLPDQGV��:H�VKRZ�WKDW�RSWLPDO
UDQGRPL]DWLRQ�DW�HDUOLHU�VWDJHV�GHSHQGV�RQ�ODWHU�VWDJH�DOORFDWLRQV��\LHOGLQJ�D�EDFNZDUG�UHFXUVLYH
VWUDWHJ\�WR�REWDLQ�WKH�RUDFOH�GHVLJQ��$�VHTXHQWLDO�DGDSWLYH�GHVLJQ�LV�SURSRVHG�WR�OHDUQ�DQG�WDUJHW�WKH
RUDFOH�XVLQJ�DFFXPXODWLQJ�GDWD��:H�DSSO\�WKH�IUDPHZRUN�WR�WLPH�WR�WUHDWPHQW�LQLWLDWLRQ�HIIHFWV�WKDW
FRPSDUH�LQLWLDWLQJ�WUHDWPHQW�DW�GLIIHUHQW�VWDJHV�YHUVXV�GHOD\LQJ�WR�VXEVHTXHQW�VWDJHV��:H�VKRZ�WKDW
GHVLJQV�RSWLPL]HG�IRU�D�VLQJOH�VWDJH�VSHFLILF�HIIHFW�FDQ�FRPSURPLVH�HIILFLHQF\�RI�RWKHU�HIIHFWV�
UHYHDOLQJ�LQWULQVLF�WUDGH�RIIV�LQ�ORQJLWXGLQDO�UDQGRPL]DWLRQ��7KHVH�FKDOOHQJHV�DUH�DGGUHVVHG�E\�WKH
SURSRVHG�DGDSWLYH�GHVLJQ��:H�DOVR�SURYLGH�D�VHPLSDUDPHWULF�HIILFLHQW�HVWLPDWLRQ�IUDPHZRUN�IRU
SRVW�DGDSWLYH�H[SHULPHQW�LQIHUHQFH��6LPXODWLRQV�VKRZ�VXEVWDQWLDO�YDULDQFH�UHGXFWLRQ�UHODWLYH�WR�QRQ�
DGDSWLYH�GHVLJQV��ZLWK�SHUIRUPDQFH�FORVH�WR�WKH�RUDFOH�
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���� 36�3DUDOOHO�6HVVLRQV

'HVLJQ�RI�([SHULPHQWV

5HUDQGRPL]HG�6DWXUDWLRQ�'HVLJQV�$OHVVLR�)URVLQL
�$OHVVLR�)URVLQL��7L]LDQR�$UGXLQL��3HQJ�'LQJ�
/DXUD�)RUDVWLHUH�

,QWHUIHUHQFH�DULVHV�ZKHQ�D�XQLWyV�RXWFRPH�GHSHQGV�RQ�RWKHU�XQLWVy�WUHDWPHQWV��5DQGRPL]HG
VDWXUDWLRQ�GHVLJQV��ZKLFK�UDQGRPO\�DVVLJQ�FOXVWHUV�WR�VDWXUDWLRQV�DQG�LQGLYLGXDO�WUHDWPHQWV�ZLWKLQ
FOXVWHUV�DFFRUGLQJ�WR�WKH�DVVLJQHG�VDWXUDWLRQ��DUH�XVHG�WR�HVWLPDWH�GLUHFW��LQGLUHFW��WRWDO�DQG�RYHUDOO
HIIHFWV�XQGHU�SDUWLDO�LQWHUIHUHQFH��7R�LPSURYH�FRYDULDWH�EDODQFH��ZH�SURSRVH�UHUDQGRPL]HG
VDWXUDWLRQ�GHVLJQV�WKDW�UHUDQGRPL]H�VDWXUDWLRQV�DQG�LQGLYLGXDO�DVVLJQPHQWV�XQWLO�SUHVSHFLILHG
EDODQFH�FULWHULD�DUH�PHW��8QGHU�UDQGRPL]DWLRQ�LQIHUHQFH�ZLWK�VWUDWLILHG�LQWHUIHUHQFH�DQG�ZLWKRXW
GLVWULEXWLRQDO�RU�PRGHOLQJ�DVVXPSWLRQV�RQ�FRYDULDWHV�RU�RXWFRPHV��ZH�GHULYH�WKH�HIILFLHQF\�JDLQV�DV
ZHOO�DV�WKH�MRLQW�DV\PSWRWLF�VDPSOLQJ�GLVWULEXWLRQ�RI�VWDQGDUG�ZHLJKWLQJ�HVWLPDWRUV�
5HUDQGRPL]DWLRQ�\LHOGV�D�V\PPHWULF��XQLPRGDO�OLPLWLQJ�GLVWULEXWLRQ�WKDW�LV�PRUH�FRQFHQWUDWHG
DURXQG�WKH�WUXH�HIIHFWV�DQG�VXSSRUWV�FRQVHUYDWLYH�LQIHUHQFH��:H�IXUWKHU�DQDO\]H�D�VWHSZLVH�SURWRFRO
WKDW�UHUDQGRPL]HV�VDWXUDWLRQV�WR�EDODQFH�FOXVWHU�FRYDULDWHV�DQG��FRQGLWLRQDO�RQ�DFFHSWDQFH�
UHUDQGRPL]HV�LQGLYLGXDO�WUHDWPHQWV�WR�EDODQFH�LQGLYLGXDO�FRYDULDWHV��:H�FRPSDUH�WKH�MRLQW�DQG�WKH
VWHSZLVH�VWUDWHJLHV�DQG�SURYLGH�D�GHFLVLRQ�WKHRUHWLF�IUDPHZRUN�IRU�FKRRVLQJ�VWDJH�VSHFLILF
DFFHSWDQFH�WKUHVKROGV�XQGHU�D�IL[HG�RYHUDOO�DFFHSWDQFH�SUREDELOLW\�
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���� 36�3DUDOOHO�6HVVLRQV

'HVLJQ�RI�([SHULPHQWV

%HQHILWV�DQG�&RVWV�RI�$GDSWLYH�6DPSOLQJ�<X�6KLRX�:LOO\�/LQ
�<X�6KLRX�:LOO\�/LQ��'DH�:RRQJ
+DP��,DYRU�%RMLQRY�

0XOWL�DUPHG�EDQGLWV�DUH�ZLGHO\�XVHG�IRU�VHTXHQWLDO�H[SHULPHQWDWLRQ�LQ�FOLQLFDO�WULDOV��RQOLQH
SODWIRUPV��HWF��:KLOH�UHJUHW�PLQLPL]DWLRQ�DQG�YDOLG�LQIHUHQFH�IURP�DGDSWLYHO\�FROOHFWHG�GDWD�DUH�ZHOO
VWXGLHG�LQ�LVRODWLRQ��D�EDVLF�TXHVWLRQ�UHPDLQV��ZKHQ�GRHV�DGDSWLYLW\�LPSURYH�HVWLPDWLRQ�SUHFLVLRQ
UHODWLYH�WR�XQLIRUP�GHVLJQV��DQG�KRZ�VKRXOG�LQIHUHQFH�EH�WUDGHG�DJDLQVW�WKH�VKRUW�UXQ�FRVW�RI
H[SHULPHQWDWLRQ"

:H�ILUVW�VWXG\�DUP�OHYHO�PHDQ�HVWLPDWLRQ�XQGHU�PHDQ�VTXDUHG�HUURU��06(��REMHFWLYHV��:H
FKDUDFWHUL]H�ZKHQ�DGDSWLYH�1H\PDQ�DOORFDWLRQ�\LHOGV�VWULFW�06(�LPSURYHPHQWV�RYHU�XQLIRUP
VDPSOLQJ��DQG�SURYLGH�ILQLWH�VDPSOH�JXDUDQWHHV�IRU�WKH�RXWSHUIRUPDQFH��,Q�KHWHURJHQHRXV�YDULDQFH
VHWWLQJV��WKH�LPSURYHPHQW�KROGV�DW�PRGHVW�VDPSOH�VL]HV��FODULI\LQJ�ZKHQ�DGDSWLYLW\�LV�QRW�RQO\
DV\PSWRWLFDOO\�EHQHILFLDO�EXW�SUDFWLFDOO\�UHOHYDQW�

7R�UHIOHFW�RSHUDWLRQDO�FRQVWUDLQWV��ZH�LQWURGXFH�D�VHFRQG�REMHFWLYHwULVN�PLQLPL]DWLRQwFDSWXULQJ
VKRUW�WHUP�SHUIRUPDQFH�ORVV�GXULQJ�H[SHULPHQWDWLRQ��:H�SURSRVH�SL�UKR�DOORFDWLRQ�WKDW�LQWHUSRODWHV
EHWZHHQ�LQIHUHQFH�DQG�ULVN�RSWLPDO�SROLFLHV��HQDEOLQJ�DQ�H[SOLFLW�GHVLJQ�NQRE�IRU�WKH�LQIHUHQFHvULVN
WUDGH�RII��:H�HVWDEOLVK�KLJK�SUREDELOLW\�ILQLWH�VDPSOH�JXDUDQWHHV�WKDW�TXDQWLI\�LWV�ORVV�EHKDYLRU�DQG
VKRZ�WKDW�SL�UKR�FRQYHUJHV�WR�WKH�FRPSOHWH�LQIRUPDWLRQ�EHQFKPDUN�DW�WKH�RSWLPDO�UDWH�DV�WKH
VDPSOLQJ�EXGJHW�JURZV��6LPXODWLRQV�VXSSRUW�WKH�WKHRU\�E\�GHPRQVWUDWLQJ�LPSURYHG�SUHFLVLRQ�RYHU
XQLIRUP�DOORFDWLRQ�ZKLOH�FRQWUROOLQJ�SHUIRUPDQFH�ORVV�
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���� 36�3DUDOOHO�6HVVLRQV

'HVLJQ�RI�([SHULPHQWV

:KHUH�WR�([SHULPHQW"�6LWH�6HOHFWLRQ�8QGHU�'LVWULEXWLRQ�6KLIW�YLD�2SWLPDO�7UDQVSRUW�DQG
:DVVHUVWHLQ�'52�$GDP�%RX\DPRXUQ
�$GDP�%RX\DPRXUQ�

+RZ�VKRXOG�UHVHDUFKHUV�VHOHFW�H[SHULPHQWDO�VLWHV�ZKHQ�WKH�GHSOR\PHQW�SRSXODWLRQ�PD\�GLIIHU�IURP
REVHUYHG�GDWD"�,�IRUPXODWH�WKH�SUREOHP�RI�H[SHULPHQWDO�VLWH�VHOHFWLRQ�DV�DQ�WH[WLW^RSWLPDO�WUDQVSRUW
SUREOHP`��GHYHORSLQJ�PHWKRGV�WR�PLQLPL]H�GRZQVWUHDP�HVWLPDWLRQ�HUURU�E\�FKRRVLQJ�VLWHV�WKDW
PLQLPL]H�WKH�:DVVHUVWHLQ�GLVWDQFH�EHWZHHQ�SRSXODWLRQ�DQG�VDPSOH�FRYDULDWH�GLVWULEXWLRQV��,�GHYHORS
QHZ�WKHRUHWLFDO�XSSHU�ERXQGV�RQ�3$7(�DQG�&$7(�HVWLPDWLRQ�HUURUV��DQG�VKRZ�WKDW�WKHVH�GLIIHUHQW
REMHFWLYHV�OHDG�WR�GLIIHUHQW�VLWH�VHOHFWLRQ�VWUDWHJLHV��,�H[WHQG�WKLV�DSSURDFK�E\�XVLQJ�:DVVHUVWHLQ
'LVWULEXWLRQDOO\�5REXVW�2SWLPL]DWLRQ�WR�GHYHORS�D�VLWH�VHOHFWLRQ�SURFHGXUH�UREXVW�WR�DGYHUVDULDO
SHUWXUEDWLRQV�RI�FRYDULDWH�LQIRUPDWLRQ��D�VSHFLILF�PRGHO�RI�GLVWULEXWLRQ�VKLIW��,�DOVR�SURSRVH�D�QRYHO
GDWD�GULYHQ�SURFHGXUH�IRU�VHOHFWLQJ�WKH�XQFHUWDLQW\�UDGLXV�WKH�:DVVHUVWHLQ�'52�SUREOHP��ZKLFK
DOORZV�WKH�XVHU�WR�EHQFKPDUN�UREXVWQHVV�OHYHOV�DJDLQVW�REVHUYHG�YDULDWLRQ�LQ�WKHLU�GDWD�
6LPXODWLRQ�HYLGHQFH��DQG�D�UHDQDO\VLV�RI�D�UDQGRPL]HG�PLFURFUHGLW�H[SHULPHQW�LQ�0RURFFR��&UyHSRQ
HW�DO����VKRZ�WKDW�WKHVH�PHWKRGV�RXWSHUIRUP�UDQGRP�DQG�VWUDWLILHG�VDPSOLQJ�RI�VLWHV�ZKHQ�FRYDULDWHV
KDYH�SURJQRVWLF��5A��!������DQG�DOWHUQDWLYH�RSWLPL]DWLRQ�PHWKRGV�L��IRU�PRGHUDWH�WR�ODUJH�VL]H
SUREOHP�LQVWDQFHV�LL��ZKHQ�FRYDULDWHV�DUH�PRGHUDWHO\�LQIRUPDWLYH�DERXW�WUHDWPHQW�HIIHFWV��DQG�LLL�
XQGHU�LQGXFHG�GLVWULEXWLRQ�VKLIW�
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���� 36�3DUDOOHO�6HVVLRQV

6HQVLWLYLW\�$QDO\VLV

3DUWLDO�,GHQWLILFDWLRQ�RI�&DXVDO�(IIHFWV�IRU�(QGRJHQRXV�&RQWLQXRXV�7UHDWPHQWV�$EKLQDQGDQ
'DODO
�$EKLQDQGDQ�'DODO��(ULF�7FKHWJHQ�7FKHWJHQ�

6HQVLWLYLW\�DQDO\VLV�LV�RIWHQ�HPSOR\HG�WR�DVVHVV�WKH�UREXVWQHVV�RI�FDXVDO�FRQFOXVLRQV�WR�XQPHDVXUHG
FRQIRXQGLQJ��EXW�H[LVWLQJ�PHWKRGV�DUH�SUHGRPLQDQWO\�GHVLJQHG�IRU�ELQDU\�WUHDWPHQWV��,Q�WKLV�SDSHU�
ZH�SURYLGH�QDWXUDO�H[WHQVLRQV�RI�WZR�H[WHQVLYHO\�XVHG�VHQVLWLYLW\�IUDPHZRUNV�v�WKH�5RVHQEDXP�DQG
0DUJLQDO�VHQVLWLYLW\�PRGHOV�v�WR�WKH�VHWWLQJ�RI�FRQWLQXRXV�H[SRVXUHV��2XU�JHQHUDOL]DWLRQ�UHSODFHV
VFDODU�VHQVLWLYLW\�SDUDPHWHUV�ZLWK�VHQVLWLYLW\�IXQFWLRQV�WKDW�YDU\�ZLWK�H[SRVXUH�OHYHO��HQDEOLQJ�ULFKHU
PRGHOLQJ�DQG�VKDUSHU�LGHQWLILFDWLRQ�ERXQGV��:H�GHYHORS�D�XQLILHG�SVHXGR�RXWFRPH�UHJUHVVLRQ
IRUPXODWLRQ�IRU�ERXQGLQJ�WKH�FRXQWHUIDFWXDO�GRVHvUHVSRQVH�FXUYH�XQGHU�ERWK�PRGHOV��DQG�SURSRVH
FRUUHVSRQGLQJ�QRQSDUDPHWULF�HVWLPDWRUV�ZKLFK�KDYH�VHFRQG�RUGHU�ELDV��DFFRPPRGDWH�PRGHUQ
PDFKLQH�OHDUQLQJ�PHWKRGV�IRU�QXLVDQFH�HVWLPDWLRQ��DQG�DUH�VKRZQ�WR�DFKLHYH�/��FRQVLVWHQF\�
DV\PSWRWLF�QRUPDOLW\�DQG�PLQLPD[�UDWHV�RI�FRQYHUJHQFH�XQGHU�VXLWDEOH�FRQGLWLRQV��:H�DOVR�RIIHU�D
JHRPHWULF�LQWHUSUHWDWLRQ�WKDW�UHODWHV�WKH�5RVHQEDXP�DQG�0DUJLQDO�VHQVLWLYLW\�PRGHO�DQG�JXLGHV
WKHLU�SUDFWLFDO�XVDJH�LQ�JOREDO�YHUVXV�WDUJHWHG�VHQVLWLYLW\�DQDO\VLV��7KH�PHWKRGV�DUH�YDOLGDWHG
WKURXJK�VLPXODWLRQV�DQG�D�UHDO�GDWD�DSSOLFDWLRQ�RQ�WKH�HIIHFW�RI�VHFRQG�KDQG�VPRNH�H[SRVXUH�RQ
EORRG�OHDG�OHYHOV�LQ�FKLOGUHQ�
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���� 36�3DUDOOHO�6HVVLRQV

6HQVLWLYLW\�$QDO\VLV

2PLWWHG�9DULDEOH�%LDV�LQ�'LIIHUHQFH�LQ�'LIIHUHQFHV�'HVLJQV�-XHMXH�:DQJ
�-XHMXH�:DQJ��&DUORV
&LQHOOL��3HGUR�+��&��6DQWy$QQD��9LFWRU�&KHUQR]KXNRY�

:H�VWXG\�WKH�RPLWWHG�YDULDEOH�ELDV��29%��SUREOHP�LQ�FDQRQLFDO�GLIIHUHQFH�LQ�GLIIHUHQFHV��'L'�
GHVLJQV�ZKHQ�XQREVHUYHG�FRQIRXQGLQJ�LQGXFHV�GHSDUWXUHV�IURP�WKH�SDUDOOHO�WUHQGV�DVVXPSWLRQ��2XU
UHVXOWV�SURYLGH�D�QRYHO�FKDUDFWHUL]DWLRQ�RI�WKH�29%�IRUPXOD�IRU�WKH�DYHUDJH�WUHDWPHQW�HIIHFW�RQ�WKH
WUHDWHG��$77���ZKLFK�PD\�EH�RI�LQGHSHQGHQW�LQWHUHVW��:H�VKRZ�KRZ�WKH�$77�ELDV�LV�JRYHUQHG�E\�WKH
VWUHQJWK�RI�FRQIRXQGLQJ�LQ�WKH�WUHDWPHQW�VHOHFWLRQ�PHFKDQLVP�DQG�SURYLGH�DOWHUQDWLYH�ZD\V�RI
TXDQWLI\LQJ�WKLV�VWUHQJWK��VXFK�DV��L��FKDQJHV�LQ�WKH�DYHUDJH�RGGV�RI�WUHDWPHQW�DPRQJ�WKH�WUHDWHG�
�LL��FRQIRXQGLQJ�LPEDODQFH�EHWZHHQ�WUHDWHG�DQG�FRQWURO�XQLWV��RU��LLL��YDULDWLRQ�H[SODLQHG�LQ
WUHDWPHQW�RGGV�DPRQJ�WKH�XQWUHDWHG��:H�DGGLWLRQDOO\�FRQVLGHU�'L'�GHVLJQV�XVLQJ�OLQHDU�UHJUHVVLRQV
ZLWK�WZR�ZD\�IL[HG�HIIHFWV�DQG�VKRZ�KRZ�WKH�29%�VLPSOLILHV�LQ�VXFK�VHWWLQJV��%XLOGLQJ�RQ�WKHVH
UHVXOWV��ZH�RIIHU�VHQVLWLYLW\�VWDWLVWLFV�IRU�URXWLQH�UHSRUWLQJ�GHVFULELQJ�WKH�PLQLPXP�VWUHQJWK�RI
FRQIRXQGLQJ�UHTXLUHG�WR�RYHUWXUQ�WKH�FRQFOXVLRQV�RI�D�'L'�VWXG\��DV�ZHOO�DV�IRUPDO�ERXQGV�RQ�WKH
VWUHQJWK�RI�FRQIRXQGHUV�EDVHG�RQ�FRPSDULVRQV�WR�REVHUYHG�FRYDULDWHV��:H�GHPRQVWUDWH�WKH�XWLOLW\�RI
RXU�DSSURDFK�LQ�WZR�HPSLULFDO�H[DPSOHV�
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���� 36�3DUDOOHO�6HVVLRQV

3DUWLDO�,GHQWLILFDWLRQ���8QPHDVXUHG�&RQIRXQGLQJ

6KDUS�SDUWLDO�SUR[LPDO�LQIHUHQFH��DQ�DVVXPSWLRQ�OHDQ�DSSURDFK�IRU�OHYHUDJLQJ�QHJDWLYH
FRQWUROV�$OH[DQGHU�/HYLV
�$OH[DQGHU�/HYLV�

1HJDWLYH�FRQWUROVvRU�SUR[LHVvDUH�YDULDEOHV�DVVXPHG�RU�NQRZQ�QRW�WR�EH�LQYROYHG�LQ�FHUWDLQ�FDXVDO
SDWKZD\V��LQ�WKH�FRQWH[W�RI�DQ�H[SRVXUH�RXWFRPH�SDLU�RI�LQWHUHVW��3UR[LHV�KDYH�KLVWRULFDOO\�EHHQ�XVHG
WR�DV�ELDV�GHWHFWLRQ�DJHQWV��ZKHUHE\�D�QRQ�QXOO�UHVXOW�ZKHQ�UHSODFLQJ�WKH�H[SRVXUH�RU�RXWFRPH�ZLWK
D�FRUUHVSRQGLQJ�SUR[\�PD\�LQGLFDWH�WKH�SUHVHQFH�RI�XQPHDVXUHG�FRQIRXQGLQJ��5HFHQWO\��SUR[LPDO
FDXVDO�LQIHUHQFH�KDV�HPHUJHG�DV�D�SURPLVLQJ�IUDPHZRUN�IRU�XVLQJ�WKHVH�YDULDEOHV�WR�GLUHFWO\�LGHQWLI\
D�FDXVDO�UHODWLRQVKLS�RI�LQWHUHVW��HYHQ�LQ�WKH�IDFH�RI�VWURQJ�XQPHDVXUHG�FRQIRXQGLQJ��3UR[LPDO
PHWKRGV��KRZHYHU��UHO\�RQ�XQWHVWDEOH��RIWHQ�RXWULJKW�RSDTXH�LGHQWLI\LQJ�DVVXPSWLRQV�LQYROYLQJ�VR�
FDOOHG�zEULGJH�IXQFWLRQ{�RU�zFRPSOHWHQHVV{�FRQGLWLRQV��,Q�WKLV�ZRUN��ZH�UHOD[�WKHVH�DVVXPSWLRQV�LQ�D
FRPPRQO\�DGRSWHG�VLQJOH�RXWFRPH�SUR[\�VHWWLQJ��:H�VKRZ�WKDW�WKH�GHILQLQJ�FDXVDO�DVVXPSWLRQV
VDWLVILHG�E\�WKH�QHJDWLYH�FRQWURO�QRQ�WULYLDOO\�UHVWULFW�WKH�FRXQWHUIDFWXDO�RXWFRPH�GLVWULEXWLRQ�
0RUHRYHU��ZH�GHULYH�QRQSDUDPHWULF��UREXVW��HIILFLHQW�HVWLPDWRUV�RI�VKDUS�ERXQGV�IRU�PHDQ
FRXQWHUIDFWXDOV��7KHVH�ERXQGV�DUH�KLJKO\�QRQ�VPRRWK��QRQ�FORVHG�IRUP�VROXWLRQV�WR�OLQHDU�SURJUDPV
LQYROYLQJ�YDULRXV�SRWHQWLDOO\�KLJK�GLPHQVLRQDO�QXLVDQFH�IXQFWLRQV��RXU�VWDWLVWLFDO�DSSURDFK�KDV
LPSOLFDWLRQV�IRU�D�ZLGH�FODVV�RI�VXFK�FKDOOHQJLQJ�IXQFWLRQDOV��3UDFWLFDOO\��WKH�SURSRVHG�PHWKRGRORJ\
FDQ�EH�XVHG�WR�OHYHUDJH�SUR[LHV�IRU�FDXVDO�DQG�PLVVLQJ�GDWD�SUREOHPV��DFKLHYLQJ�VKDUS��YDOLG
LQIHUHQFH�XQGHU�WUDQVSDUHQW�DVVXPSWLRQV�
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���� 36�3DUDOOHO�6HVVLRQV

6HQVLWLYLW\�$QDO\VLV

([SORLWLQJ�LQGHSHQGHQFH�FRQVWUDLQWV�IRU�HIILFLHQW�HVWLPDWLRQ�RI�ERXQGV�RQ�FDXVDO�HIIHFWV�LQ
WKH�SUHVHQFH�RI�XQPHDVXUHG�FRQIRXQGLQJ�7LQJ�+VXDQ�&KDQJ
�7LQJ�+VXDQ�&KDQJ��(ULF�7FKHWJHQ
7FKHWJHQ��,O\D�6KSLWVHU��'DQLHO�0DOLQVN\�

&DXVDO�JUDSKV��VXFK�DV�GLUHFWHG�DF\FOLF�JUDSKV��'$*V��DQG�SDUWLDO�DQFHVWUDO�JUDSKV��3$*V���FDQ
LQIRUP�FRYDULDWH�DGMXVWPHQW�IRU�HVWLPDWLQJ�FDXVDO�HIIHFWV�DQG�LPSURYH�HVWLPDWLRQ�HIILFLHQF\�E\
H[SORLWLQJ�WKH�JUDSKLFDO�VWUXFWXUH��,Q�PDQ\�DSSOLFDWLRQV��KRZHYHU��WKH�WDUJHW�FDXVDO�SDUDPHWHU�PD\
QRW�EH�SRLQW�LGHQWLILHG�GXH�WR�WKH�SUHVHQFH�RI�XQPHDVXUHG�FRIRXQGLQJ��6HQVLWLYLW\�DQDO\VLV�PHWKRGV
DGGUHVV�WKLV�FKDOOHQJH�E\�FKDUDFWHUL]LQJ�ERXQGV�RQ�WKH�FDXVDO�SDUDPHWHU�XQGHU�YDU\LQJ�DVVXPSWLRQV
DERXW�WKH�PDJQLWXGH�RU�IRUP�RI�XQPHDVXUHG�FRQIRXQGLQJ��:H�IRFXV�RQ�VHPLSDUDPHWULF�HIILFLHQW
HVWLPDWLRQ�RI�FDXVDO�HIIHFWV�LQ�QRQ�LGHQWLILDEOH�VHWWLQJV��DVVXPLQJ�D�NQRZQ��RU�K\SRWKHVL]HG��FDXVDO
JUDSK��:H�SURSRVH�DQ�LQIOXHQFH�IXQFWLRQ�SURMHFWLRQ�DSSURDFK�WKDW�H[SORLWV�WKH��FRQGLWLRQDO�
LQGHSHQGHQFH�FRQVWUDLQWV�LPSOLHG�E\�WKH�FDXVDO�JUDSK�WR�LPSURYH�WKH�HIILFLHQF\�RI�VHPLSDUDPHWULF
HVWLPDWRUV�RI�XSSHU�DQG�ORZHU�ERXQGV�RQ�WKH�DYHUDJH�FDXVDO�HIIHFW�ZLWKLQ�D�JLYHQ�VHQVLWLYLW\�DQDO\VLV
IUDPHZRUN��:H�VKRZ�WKDW�RXU�DSSURDFK�DSSOLHV�DFURVV�VHQVLWLYLW\�DQDO\VLV�IUDPHZRUNV�DQG�FDXVDO
HVWLPDQGV�LQ�JHQHUDO��WKHUHE\�FRQQHFWLQJ�NQRZOHGJH�RI�JUDSKLFDO�VWUXFWXUH�ZLWK�WKH�VHQVLWLYLW\
DQDO\VLV�OLWHUDWXUH��:H�LOOXVWUDWH�RXU�DSSURDFK�WKURXJK�H[DPSOHV�WKRXJKW�WR�EH�DIIHFWHG�E\
XQPHDVXUHG�FRQIRXQGLQJ��LQFOXGLQJ�WKH�HIIHFW�RI�ODERU�WUDLQLQJ�SURJUDP�RQ�SRVW�LQWHUYHQWLRQ
HDUQLQJV��DQG�WKH�HIIHFW�RI�ORZ�HMHFWLRQ�IUDFWLRQ�RQ�KHDUW�IDLOXUH�GHDWK�
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���� 36�3DUDOOHO�6HVVLRQV

&DXVDO�)DLUQHVV��DQG�%LDV�'LVFULPLQDWLRQ

0RQLWRULQJ�5DFLDO�%LDV�LQ�3ROLFH�7UDIILF�(QIRUFHPHQW�ZLWK�,PSHUIHFW�3UR[LHV�RI�'ULYHU
%HKDYLRU�'HDQ�.QR[
�'HDQ�.QR[��.DL�&RRSHU��*UHJRU\�/DQ]DORWWR��-DFRE�.DSODQ��+DRVHQ�*H�
-RQDWKDQ�0XPPROR�

'HFDGHV�RI�ZRUN�KDV�VRXJKW�WR�DVVHVV�ZKHWKHU�SROLFH�WUDIILF�HQIRUFHPHQW�LV�GLVFULPLQDWRU\�E\
FRPSDULQJ�WKH�UDFLDO�FRPSRVLWLRQ�RI�WKRVH�ZKR�DUH�VWRSSHG�WR�VRPH�H[WHUQDO�EHQFKPDUN��VXFK�DV�WKH
FRPSRVLWLRQ�RI�ORFDO�UHVLGHQWV�LQ�D�SROLFH�MXULVGLFWLRQ��6XFK�zEHQFKPDUN�DQDO\VHV{�KDYH�EHHQ
FULWLFL]HG�E\�VWDWLVWLFLDQV�DQG�ODZ�HQIRUFHPHQW�RIILFLDOV�DOLNH�IRU�\LHOGLQJ�PLVOHDGLQJ�UHVXOWV�WKDW�IDLO
WR�DFFXUDWHO\�UHSUHVHQW�WKH�SRSXODWLRQ�DW�ULVN�RI�SROLFH�WUDIILF�VWRSVwQDPHO\��LQGLYLGXDOV�DFWXDOO\
HQJDJHG�LQ�GDQJHURXV�GULYLQJ�EHKDYLRU��,Q�WKLV�ZRUN��ZH�SUHVHQW�D�FDXVDO�IUDPHZRUN�IRU�EHQFKPDUN
DQDO\VLV�WKDW�FODULILHV�WKH�GLVWLQFWLRQ�EHWZHHQ�YDOLG�DQG�LQYDOLG�EHQFKPDUNV��:H�XVH�WKLV�IUDPHZRUN
WR�IRUPDOL]H�LPSOLFLW�DVVXPSWLRQV�LQ�SULRU�ZRUN�DQG�GHPRQVWUDWH�KRZ�WKHVH�DVVXPSWLRQV�FDQ�EH
HPSLULFDOO\�IDOVLILHG��%\�GUDZLQJ�FRQQHFWLRQV�EHWZHHQ�EHQFKPDUN�DQDO\VLV�DQG�D�UHFHQW�OLWHUDWXUH�RQ
QHJDWLYH�FRQWURO�RXWFRPHV��ZH�GHULYH�QHZ�HVWLPDWRUV�DQG�SDUWLDO�LGHQWLILFDWLRQ�UHVXOWV��ZLWK
H[WHQVLRQV�WR�DGGUHVV�D�KRVW�RI�FRPPRQ�VWDWLVWLFDO�FKDOOHQJHV�WKDW�DULVH�LQ�EHQFKPDUN�DQDO\VHV�
$PRQJ�RWKHU�FKDOOHQJHV��ZH�FRQVLGHU�VFHQDULRV�ZKHUH�����IDOVH�SRVLWLYHV�LQGXFH�GLVWRUWLRQV�LQ
EHQFKPDUN�FRPSRVLWLRQ������FLYLOLDQ�UDFH�FDQQRW�EH�GLUHFWO\�REVHUYHG�DQG�PXVW�EH�LQIHUUHG�IURP
VXUQDPHV�RQ�FLWDWLRQV��DQG�����RIILFHU�GHFLVLRQV�OHDG�GULYHUV�WR�PRGLI\�WKH�EHKDYLRU�WKDW�LV�FDSWXUHG
E\�EHQFKPDUNV��:H�GHPRQVWUDWH�WKH�JHQHUDOLW\�RI�WKH�DSSURDFK�ZLWK�DSSOLFDWLRQV�DFURVV�PXOWLSOH
MXULVGLFWLRQV�DQG�EHQFKPDUN�GDWD�VRXUFHV�
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���� 36�3DUDOOHO�6HVVLRQV

'\QDPLF�7UHDWPHQW�5HJLPHV

$�&RYDULDWH�%DODQFLQJ�$SSURDFK�IRU�'\QDPLF�7UHDWPHQW�5HJLPHV�<LJH�/L
�<LJH�/L��%HQMDPLQ
%X]]HH��0DUFHOD�+RUYLW]�/HQQRQ��6KDURQ�/LVH�1RUPDQG�

7\SLFDO�PHWKRGV�IRU�LGHQWLI\LQJ�RSWLPDO�G\QDPLF�WUHDWPHQW�UHJLPHV��'75V���VXFK�DV�4�OHDUQLQJ�DQG
RXWFRPH�ZHLJKWHG�OHDUQLQJ��RIWHQ�SHUIRUP�VXERSWLPDOO\�LQ�FKURQLF�GLVHDVH�VHWWLQJV�ZLWK�ORQJ
REVHUYDWLRQ�SHULRGV�DQG�VSDUVH�GDWD��6PDOO�VDPSOH�VL]HV�DQG�XQFHUWDLQW\�PDNH�LW�FKDOOHQJLQJ�WR
GHWHUPLQH�RSWLPDO�WUHDWPHQW�VWUDWHJLHV�DQG�HVWLPDWH�LQGLYLGXDO�HIIHFWV��:H�ILQG�WKDW�OLPLWHG
FRYDULDWH�RYHUODS�DQG�DFFXPXODWLQJ�LPEDODQFHV�LQ�WUHDWPHQW�DVVLJQPHQW�RYHU�WLPH�IUHTXHQWO\�FDXVH
LQVWDELOLW\��SUHYHQWLQJ�FRQYHUJHQFH�WR�WKH�RSWLPDO�SROLF\��7R�DGGUHVV�WKLV��ZH�SURSRVH�D�FRYDULDWH
EDODQFLQJ�DSSURDFK�WKDW�FRQVWUXFWV�D�VHW�RI�V\QWKHWLF�FRQWUROV�IRU�LGHQWLI\LQJ�RSWLPDO�WUHDWPHQW�UXOHV
DQG�SUHGLFWLQJ�RSWLPDO�'75V�LQ�WKH�WHVWLQJ�VHW��ZLWKRXW�H[SOLFLWO\�PRGHOLQJ�WKH�RXWFRPH�RU�WUHDWPHQW
PHFKDQLVP��8VLQJ�WKH�SHVVLPLVP�SULQFLSOH�LQ�WUHDWPHQW�VHOHFWLRQ��RXU�PHWKRG�UHGXFHV�GHFLVLRQ�
PDNLQJ�GULYHQ�E\�XQFHUWDLQW\��OHDGLQJ�WR�LPSURYHG�VWDELOLW\�DQG�HIILFLHQF\�FRPSDUHG�WR�VWDQGDUG
DSSURDFKHV��1XPHULFDO�VWXGLHV�VKRZ�WKDW�EDODQFLQJ�OHDUQLQJ�RXWSHUIRUPV�VWDQGDUG�PHWKRGV�XQGHU
FRQGLWLRQV�RI�WLPH�YDU\LQJ�LPEDODQFH�RU�GDWD�VSDUVLW\��:H�LOOXVWUDWH�RXU�DSSURDFK�XVLQJ�D�FRKRUW�RI
0HGLFDUH�EHQHILFLDULHV�ZLWK�VFKL]RSKUHQLD�ZKR�LQLWLDWHG�&OR]DSLQH�DQG�ZHUH�IROORZHG�IRU�XS�WR���
PRQWKV��GHPRQVWUDWLQJ�RSWLPDO�SUHVFULSWLRQ�FKDQJLQJ�VWUDWHJLHV�IRU�WZR�RXWFRPHV��DFXWH�SV\FKLDWULF
HYHQWV�DQG�PHGLFDWLRQ�DGKHUHQFH��7KLV�ZRUN�LV�IXQGHG�E\�*UDQW�5���0+�������IURP�WKH�1DWLRQDO
,QVWLWXWH�RI�0HQWDO�+HDOWK�
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���� 36�3DUDOOHO�6HVVLRQV

0DWFKLQJ��:HLJKWLQJ

)RUHVW�.HUQHO�%DODQFLQJ�:HLJKWV��2XWFRPH�*XLGHG�)HDWXUHV�IRU�&DXVDO�,QIHUHQFH�$QG\
6KHQ
�$QG\�6KHQ��(OL�%HQ�0LFKDHO��$YL�)HOOHU��/XNH�.HHOH��-DUHG�0XUUD\�

:KLOH�EDODQFLQJ�FRYDULDWHV�EHWZHHQ�JURXSV�LV�FHQWUDO�IRU�REVHUYDWLRQDO�FDXVDO�LQIHUHQFH��VHOHFWLQJ
ZKLFK�IHDWXUHV�WR�EDODQFH�UHPDLQV�D�FKDOOHQJLQJ�SUREOHP��.HUQHO�EDODQFLQJ�LV�D�SURPLVLQJ�DSSURDFK
WKDW�ILUVW�HVWLPDWHV�D�NHUQHO�WKDW�FDSWXUHV�VLPLODULW\�DFURVV�XQLWV�DQG�WKHQ�EDODQFHV�D��SRVVLEO\�ORZ�
GLPHQVLRQDO��VXPPDU\�RI�WKDW�NHUQHO��LQGLUHFWO\�OHDUQLQJ�LPSRUWDQW�IHDWXUHV�WR�EDODQFH��,Q�WKLV
SDSHU��ZH�SURSRVH�IRUHVW�NHUQHO�EDODQFLQJ��ZKLFK�OHYHUDJHV�WKH�XQGHUDSSUHFLDWHG�IDFW�WKDW�WUHH�
EDVHG�PDFKLQH�OHDUQLQJ�PRGHOV��QDPHO\�UDQGRP�IRUHVWV�DQG�%D\HVLDQ�DGGLWLYH�UHJUHVVLRQ�WUHHV
�%$57���LPSOLFLWO\�HVWLPDWH�D�NHUQHO�EDVHG�RQ�WKH�FR�RFFXUUHQFH�RI�REVHUYDWLRQV�LQ�WKH�VDPH�WHUPLQDO
OHDI�QRGH��7KXV��HYHQ�WKRXJK�WKH�UHVXOWLQJ�NHUQHO�LV�VROHO\�D�IXQFWLRQ�RI�EDVHOLQH�IHDWXUHV��WKH
VHOHFWHG�QRQOLQHDULWLHV�DQG�RWKHU�LQWHUDFWLRQV�DUH�LPSRUWDQW�IRU�SUHGLFWLQJ�WKH�RXWFRPHwDQG
WKHUHIRUH�DUH�LPSRUWDQW�IRU�DGGUHVVLQJ�FRQIRXQGLQJ��7KURXJK�VLPXODWLRQV�DQG�DSSOLHG�LOOXVWUDWLRQV�
ZH�VKRZ�WKDW�IRUHVW�NHUQHO�EDODQFLQJ�OHDGV�WR�PHDQLQJIXO�FRPSXWDWLRQDO�DQG�VWDWLVWLFDO�LPSURYHPHQW
UHODWLYH�WR�VWDQGDUG�NHUQHO�PHWKRGV��ZKLFK�GR�QRW�LQFRUSRUDWH�RXWFRPH�LQIRUPDWLRQ�ZKHQ�OHDUQLQJ
IHDWXUHV�
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���� 36�3DUDOOHO�6HVVLRQV

'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

3URJQRVWLF�VFRUH�PDWFKLQJ�LQ�GLIIHUHQFH�LQ�GLIIHUHQFHV�VWXGLHV�<XQVKX�=KDQJ
�<XQVKX�=KDQJ�
'\ODQ�6PDOO��7LQJ�<H��/DXUD�+DWILHOG�

7KH�SDUDOOHO�WUHQGV�DVVXPSWLRQ��37$��SOD\V�D�FHQWUDO�UROH�LQ�GLIIHUHQFH�LQ�GLIIHUHQFHV��','��VWXGLHV�
\HW�LW�LV�RIWHQ�YLRODWHG�ZKHQ�DQ�DUELWUDU\�FRQWURO�JURXS�LV�XVHG��$�FRPPRQ�UHPHG\�LV�WR�DSSO\
PDWFKLQJ�WR�VHOHFW�D�VXEVHW�RI�XQLWV�IRU�ZKLFK�WKH�37$�LV�PRUH�SODXVLEOH��W\SLFDOO\�E\�PDWFKLQJ�RQ
FRYDULDWHV�RU�WKH�SURSHQVLW\�VFRUH��+RZHYHU��SUDFWLFDO�JXLGDQFH�RQ�KRZ�WR�LPSOHPHQW�PDWFKLQJ�LQ
','�VHWWLQJV�UHPDLQV�OLPLWHG�

,Q�WKLV�SDSHU��ZH�ILUVW�FKDUDFWHUL]H�WKH�VHW�RI�YDULDEOHV�WKDW�PXVW�EH�EDODQFHG�IRU�WKH�37$�WR�KROG��:H
GHILQH�WKHVH�YDULDEOHV�DV�','�FRQIRXQGHUV��QDPHO\�FRYDULDWHV�WKDW�MRLQWO\�DIIHFW�WUHDWPHQW
DVVLJQPHQW�DQG�WKH�WUHQG�RI�WKH�SRWHQWLDO�RXWFRPH�XQGHU�FRQWURO��7KHVH�FRQIRXQGHUV�PD\�GLIIHU�IURP
WKRVH�GHILQHG�LQ�FURVV�VHFWLRQDO�VWXGLHV��DOWKRXJK�VLPXODWLRQ�UHVXOWV�VXJJHVW�WKDW�EDODQFLQJ�ERWK
W\SHV�RI�FRQIRXQGHUV�FDQ�IXUWKHU�UHGXFH�ELDV��7R�DGGUHVV�WKH�FXUVH�RI�GLPHQVLRQDOLW\��ZH�SURSRVH�D
QRYHO�SURJQRVWLF�VFRUH�PDWFKLQJ�DSSURDFK�IRU�','��7KH�SURJQRVWLF�VFRUH�LV�GHILQHG�DV�D�VXIILFLHQW
VWDWLVWLF�IRU�WKH�WUHQG�RI�WKH�SRWHQWLDO�RXWFRPH�XQGHU�FRQWURO��0DWFKLQJ�RQ�WKLV�SURJQRVWLF�VFRUH
PDNHV�WKH�37$�PRUH�SODXVLEOH��6LPXODWLRQ�VWXGLHV�GHPRQVWUDWH�WKDW�SURJQRVWLF�VFRUH�PDWFKLQJ
\LHOGV�VPDOOHU�ELDV�DQG�YDULDQFH�LQ�HVWLPDWLQJ�FDXVDO�HIIHFWV�FRPSDUHG�ZLWK�H[LVWLQJ�PDWFKLQJ
DSSURDFKHV�
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���� 36�3DUDOOHO�6HVVLRQV

0DWFKLQJ��:HLJKWLQJ

%LDV�0LWLJDWLRQ�LQ�0DWFKHG�2EVHUYDWLRQDO�6WXGLHV�ZLWK�&RQWLQXRXV�7UHDWPHQWV��&DOLSHUHG
1RQ�%LSDUWLWH�0DWFKLQJ�DQG�%LDV�&RUUHFWHG�(VWLPDWLRQ�DQG�,QIHUHQFH�$QWKRQ\�)UD]LHU

$QWKRQ\�)UD]LHU��6L\X�+HQJ��:HQ�=KRX�

,Q�PDWFKHG�REVHUYDWLRQDO�VWXGLHV�ZLWK�FRQWLQXRXV�WUHDWPHQWV��LQGLYLGXDOV�ZLWK�GLIIHUHQW�WUHDWPHQW
GRVHV�EXW�WKH�VDPH�RU�VLPLODU�FRYDULDWH�YDOXHV�DUH�SDLUHG�IRU�FDXVDO�LQIHUHQFH��:KLOH�LQH[DFW
FRYDULDWH�PDWFKLQJ��L�H���FRYDULDWH�LPEDODQFH�DIWHU�PDWFKLQJ��LV�FRPPRQ�LQ�SUDFWLFH��SUHYLRXV
PDWFKHG�VWXGLHV�ZLWK�FRQWLQXRXV�WUHDWPHQWV�KDYH�RIWHQ�RYHUORRNHG�WKLV�LVVXH�DV�ORQJ�DV�SRVW�
PDWFKLQJ�FRYDULDWH�EDODQFH�PHHWV�FHUWDLQ�FULWHULD��7KURXJK�UH�DQDO\]LQJ�D�PDWFKHG�REVHUYDWLRQDO
VWXG\�RQ�WKH�VRFLDO�GLVWDQFLQJ�HIIHFW�RQ�&29,'����FDVH�FRXQWV��ZH�VKRZ�WKDW�WKLV�URXWLQH�SUDFWLFH
FDQ�LQWURGXFH�VHYHUH�ELDV�IRU�FDXVDO�LQIHUHQFH��0RWLYDWHG�E\�WKLV�ILQGLQJ��ZH�SURSRVH�D�JHQHUDO
IUDPHZRUN�IRU�PLWLJDWLQJ�ELDV�GXH�WR�LQH[DFW�PDWFKLQJ�LQ�PDWFKHG�REVHUYDWLRQDO�VWXGLHV�ZLWK
FRQWLQXRXV�WUHDWPHQWV��FRYHULQJ�WKH�PDWFKLQJ��HVWLPDWLRQ��DQG�LQIHUHQFH�VWDJHV��,Q�WKH�PDWFKLQJ
VWDJH��ZH�SURSRVH�D�FDUHIXOO\�GHVLJQHG�FDOLSHU�WKDW�LQFRUSRUDWHV�ERWK�FRYDULDWH�DQG�WUHDWPHQW�GRVH
LQIRUPDWLRQ�WR�LPSURYH�PDWFKLQJ�IRU�GRZQVWUHDP�WUHDWPHQW�HIIHFW�HVWLPDWLRQ�DQG�LQIHUHQFH��)RU�WKH
HVWLPDWLRQ�DQG�LQIHUHQFH��ZH�LQWURGXFH�D�ELDV�FRUUHFWHG�1H\PDQ�HVWLPDWRU�SDLUHG�ZLWK�D
FRUUHVSRQGLQJ�ELDV�FRUUHFWHG�YDULDQFH�HVWLPDWRU��7KH�HIIHFWLYHQHVV�RI�RXU�SURSRVHG�IUDPHZRUN�LV
GHPRQVWUDWHG�WKURXJK�D�UH�DQDO\VLV�RI�WKH�DIRUHPHQWLRQHG�REVHUYDWLRQDO�VWXG\�RQ�WKH�HIIHFW�RI�VRFLDO
GLVWDQFLQJ�RQ�&29,'����FDVH�FRXQWV�
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���� 36�3DUDOOHO�6HVVLRQV

0DWFKLQJ��:HLJKWLQJ

'LVWULEXWLRQDO�%DODQFLQJ�IRU�&DXVDO�,QIHUHQFH��$�8QLILHG�)UDPHZRUN�YLD�&KDUDFWHULVWLF
)XQFWLRQ�'LVWDQFH�'LSWDQLO�6DQWUD
�'LSWDQLO�6DQWUD��&KDQ�3DUN��*XDQKXD�&KHQ�

:HLJKWLQJ�PHWKRGV�DUH�HVVHQWLDO�WRROV�IRU�HVWLPDWLQJ�FDXVDO�HIIHFWV�LQ�REVHUYDWLRQDO�VWXGLHV��ZLWK�WKH
JRDO�RI�EDODQFLQJ�SUH�WUHDWPHQW�FRYDULDWHV�DFURVV�WUHDWPHQW�JURXSV��7UDGLWLRQDO�DSSURDFKHV�UHO\�RQ
SURSHQVLW\�VFRUH�PRGHOLQJ�RU�PDWFKLQJ�D�ILQLWH�QXPEHU�RI�FRYDULDWH�PRPHQWV��DQG�WKHUHIRUH�GR�QRW
JXDUDQWHH�EDODQFH�RI�WKH�IXOO�FRYDULDWH�GLVWULEXWLRQV��5HFHQWO\�GHYHORSHG�GLVWULEXWLRQDO�EDODQFLQJ
PHWKRGV�RYHUFRPH�WKLV�OLPLWDWLRQ�E\�GLUHFWO\�DOLJQLQJ�HQWLUH�FRYDULDWH�GLVWULEXWLRQV��EXW�H[LVWLQJ
DSSURDFKHV�ODFN�D�XQLILHG�IUDPHZRUN��IRUPDO�WKHRUHWLFDO�JXDUDQWHHV��DQG�YDOLG�LQIHUHQWLDO
SURFHGXUHV��,Q�WKLV�SDSHU��ZH�LQWURGXFH�D�QRYHO��XQLILHG�IUDPHZRUN�IRU�QRQSDUDPHWULF�GLVWULEXWLRQDO
EDODQFLQJ�EDVHG�RQ�WKH�&KDUDFWHULVWLF�)XQFWLRQ�'LVWDQFH��&)'���:H�VKRZ�WKDW�VHYHUDO�FRPPRQO\
XVHG�GLVFUHSDQF\�PHDVXUHV��LQFOXGLQJ�PD[LPXP�PHDQ�GLVFUHSDQF\�DQG�HQHUJ\�GLVWDQFH��DUH�VSHFLDO
FDVHV�RI�WKH�&)'��2XU�WKHRUHWLFDO�DQDO\VLV�HVWDEOLVKHV�FRQGLWLRQV�XQGHU�ZKLFK�WKH�UHVXOWLQJ
ZHLJKWLQJ�HVWLPDWRU�DFKLHYHV�URRW�Q�FRQVLVWHQF\��6LQFH�WKH�VWDQGDUG�ERRWVWUDS�PD\�IDLO�IRU�WKLV
HVWLPDWRU��ZH�SURSRVH�VXEVDPSOLQJ�DV�D�YDOLG�DOWHUQDWLYH�IRU�LQIHUHQFH��:H�IXUWKHU�H[WHQG�RXU
DSSURDFK�WR�DQ�LQVWUXPHQWDO�YDULDEOH�VHWWLQJ�WR�DGGUHVV�SRWHQWLDO�XQPHDVXUHG�FRQIRXQGLQJ��)LQDOO\�
ZH�LOOXVWUDWH�WKH�SHUIRUPDQFH�RI�RXU�PHWKRG�WKURXJK�VLPXODWLRQ�VWXGLHV�DQG�D�UHDO�ZRUOG�DSSOLFDWLRQ�
ZKHUH�WKH�&)'�EDVHG�ZHLJKWLQJ�HVWLPDWRU�H[KLELWV�UHVXOWV�FRQVLVWHQW�ZLWK�RXU�WKHRUHWLFDO
SUHGLFWLRQV�
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���� 36�3DUDOOHO�6HVVLRQV

'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

7RZDUGV�WKH�PRVW�SRZHUIXO�UDQGRPL]DWLRQ�WHVWV�=LMXQ�*DR
�=LMXQ�*DR�

7KH�YDOLGLW\�RI�UDQGRPL]DWLRQ�WHVWV�IRU�VKDUS�QXOO�K\SRWKHVHV�LV�ZHOO�XQGHUVWRRG��ZKHUHDV�WKHLU
SRZHU�SURSHUWLHV�UHPDLQ�OHVV�H[SORUHG��,Q�WKLV�SDSHU��ZH�VWXG\�WKUHH�QRWLRQV�RI�PRVW�SRZHUIXO
UDQGRPL]DWLRQ�WHVWV������IRU�DOWHUQDWLYHV�WKDW�VSHFLI\�WKH�IXOO�SRWHQWLDO�RXWFRPH�VFKHGXOH��ZH
FRQVWUXFW�WKH�PRVW�SRZHUIXO�WHVW�VWDWLVWLF�WKDW�W\SLFDOO\�DFKLHYHV�IXOO�SRZHU������IRU�DOWHUQDWLYHV�LQ
ZKLFK�XQLWV�IROORZ�D�VXSHU�SRSXODWLRQ�PRGHO��WKH�PRVW�SRZHUIXO�WHVW�VWDWLVWLF�FRUUHVSRQGV�WR�WKH�ORJ�
OLNHOLKRRG�RI�WKH�REVHUYHG�RXWFRPH�FRQGLWLRQDO�RQ�WKH�DVVLJQHG�WUHDWPHQW�DQG�FRYDULDWHV������IRU�WKH
VXSHU�SRSXODWLRQ�DOWHUQDWLYHV�LQ������D�VWXGHQWL]HG�$,3:�W\SH�VWDWLVWLF�\LHOGV�WKH�PRVW�SRZHUIXO
UDQGRPL]DWLRQ�WHVW�DPRQJ�WKRVH�WKDW�DUH�DOVR�DV\PSWRWLFDOO\�YDOLG�IRU�WKH�]HUR�DYHUDJH�WUHDWPHQW
HIIHFW�QXOO�

*XLGHG�E\�WKH�SRZHU�SURSHUWLHV��ZH�SURSRVH�HVWLPDWLQJ�D�VXSHU�SRSXODWLRQ�PRGHO�DQG�DGRSWLQJ�WKH
DVVRFLDWHG�PRVW�SRZHUIXO�WHVW�VWDWLVWLF�LQ�����RU������/HDUQLQJ�VXSHU�SRSXODWLRQ�PRGHOV�W\SLFDOO\
LQYROYHV�UHDOL]HG�WUHDWPHQW�DVVLJQPHQWV��DQG�VDPSOH�VSOLWWLQJ�LV�UHTXLUHG�WR�SUHVHUYH�WKH�YDOLGLW\�RI
WKH�VXEVHTXHQW�UDQGRPL]DWLRQ�WHVW��,Q�FRQWUDVW��ZH�FRQVWUXFW�DQ�HVWLPDWRU�WKDW�GRHV�QRW�XVH�UHDOL]HG
DVVLJQPHQWV�E\�WUHDWLQJ�WKH�WUHDWPHQW�DV�D�ODWHQW�YDULDEOH�DQG�UHFRYHULQJ�WKH�PRGHO�XVLQJ�WKH�(0
DOJRULWKP��:KHQ�DSSOLHG�WR�VLPXODWHG�DQG�UHDO�GDWD��RXU�SURFHGXUH�LV�RIWHQ�PRUH�SRZHUIXO�WKDQ�ERWK
WKH�QRQ�DGDSWLYH�DQG�WKH�VDPSOH�VSOLWWLQJvEDVHG�DGDSWLYH�FRXQWHUSDUWV�
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���� 36�3DUDOOHO�6HVVLRQV

'\QDPLF�7UHDWPHQW�5HJLPHV

6LJPRLG�)75/��'HVLJQ�%DVHG�$GDSWLYH�1H\PDQ�$OORFDWLRQ�IRU�$,3:�(VWLPDWRUV�)DQJ\L
&KHQ
�)DQJ\L�&KHQ��6KX�*H��-LDQ�4LDQ��&KULVWRSKHU�+DUVKDZ�

:H�FRQVLGHU�WKH�SUREOHP�RI�$GDSWLYH�1H\PDQ�$OORFDWLRQ�IRU�WKH�FODVV�RI�$,3:�HVWLPDWRUV�LQ�D
GHVLJQ�EDVHG�VHWWLQJ��ZKHUH�SRWHQWLDO�RXWFRPHV�DQG�FRYDULDWHV�DUH�GHWHUPLQLVWLF��$V�HDFK�VXEMHFW
DUULYHV��DQ�DGDSWLYH�SURFHGXUH�PXVW�VHOHFW�ERWK�D�WUHDWPHQW�DVVLJQPHQW�SUREDELOLW\�DQG�D�OLQHDU
SUHGLFWRU�WR�EH�XVHG�LQ�WKH�$,3:�HVWLPDWRU��2XU�JRDO�LV�WR�FRQVWUXFW�DQ�DGDSWLYH�SURFHGXUH�WKDW
PLQLPL]HV�WKH�1H\PDQ�5HJUHW��ZKLFK�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�YDULDQFH�RI�WKH�DGDSWLYH
SURFHGXUH�DQG�DQ�RUDFOH�YDULDQFH�ZKLFK�XVHV�WKH�RSWLPDO�QRQ�DGDSWLYH�FKRLFH�RI�DVVLJQPHQW
SUREDELOLW\�DQG�OLQHDU�SUHGLFWRUV��:KLOH�SUHYLRXV�ZRUN�KDV�GUDZQ�LQVLJKWIXO�FRQQHFWLRQV�EHWZHHQ
1H\PDQ�5HJUHW�DQG�RQOLQH�FRQYH[�RSWLPL]DWLRQ�IRU�WKH�+RUYLW]�7KRPSVRQ�HVWLPDWRU��RQH�RI�WKH
FHQWUDO�FKDOOHQJHV�IRU�$,3:�HVWLPDWRU�LV�WKDW�WKH�XQGHUO\LQJ�RSWLPL]DWLRQ�LV�QRQ�FRQYH[��,Q�WKLV
SDSHU��ZH�SURSRVH�6LJPRLG�)75/��DQ�DGDSWLYH�H[SHULPHQWDO�GHVLJQ�ZKLFK�DGGUHVVHV�WKH�QRQ�
FRQYH[LW\�YLD�VLPXOWDQHRXV�PLQLPL]DWLRQ�RI�WZR�FRQYH[�UHJUHWV��:H�SURYH�WKDW�XQGHU�VWDQGDUG
UHJXODULW\�FRQGLWLRQV��WKH�1H\PDQ�5HJUHW�RI�6LJPRLG�)75/�FRQYHUJHV�DW�D��7A^����`5��UDWH��ZKHUH
�7��LV�WKH�QXPEHU�RI�VXEMHFWV�LQ�WKH�H[SHULPHQW�DQG��5��LV�WKH�PD[LPXP�QRUP�RI�FRYDULDWH�YHFWRUV�
:H�IXUWKHU�SURYH�WKDW�WKLV�UDWH�LV�PLQLPD[�RSWLPDO��)LQDOO\��ZH�HVWDEOLVK�D�FHQWUDO�OLPLW�WKHRUHP�DQG
D�FRQVLVWHQWO\�FRQVHUYDWLYH�YDULDQFH�HVWLPDWRU�ZKLFK�IDFLOLWDWH�WKH�FRQVWUXFWLRQ�RI�DV\PSWRWLFDOO\
YDOLG�:DOG�W\SH�FRQILGHQFH�LQWHUYDOV�
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���� 36�3DUDOOHO�6HVVLRQV

5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

5DQGRPL]DWLRQ�LQIHUHQFH�IRU�VWHSSHG�ZHGJH�GHVLJQV�ZLWK�QRQFRPSOLDQFH�ZLWK�DSSOLFDWLRQ
WR�D�SDOOLDWLYH�FDUH�SUDJPDWLF�WULDO�-HIIUH\�=KDQJ
�-HIIUH\�=KDQJ��=KH�&KHQ��.DWKHULQH�&RXUWULJKW�
6FRWW�+DOSHUQ��0LFKDHO�+DUKD\��'\ODQ�6PDOO��)DQ�/L�

:KLOH�SDOOLDWLYH�FDUH�LV�LQFUHDVLQJO\�FRPPRQO\�GHOLYHUHG�WR�KRVSLWDOL]HG�SDWLHQWV�ZLWK�VHULRXV
LOOQHVVHV��IHZ�VWXGLHV�KDYH�HVWLPDWHG�LWV�FDXVDO�HIIHFWV��&RXUWULJKW�HW�DO���������DGRSWHG�D�FOXVWHU�
UDQGRPL]HG�VWHSSHG�ZHGJH�GHVLJQ�WR�DVVHVV�WKH�HIIHFW�RI�SDOOLDWLYH�FDUH�RQ�D�SDWLHQW�FHQWHUHG
RXWFRPH��7KH�UDQGRPL]HG�LQWHUYHQWLRQ�ZDV�D�QXGJH�WR�DGPLQLVWHU�SDOOLDWLYH�FDUH�EXWGLG�QRW
JXDUDQWHH�UHFHLSW�RI�SDOOLDWLYH�FDUH��UHVXOWLQJ�LQ�QRQFRPSOLDQFH��FRPSOLDQFH�UDWH�~�������$
VXEVHTXHQW�DQDO\VLV�XVLQJ�PHWKRGV�VXLWHG�IRU�VWDQGDUG�WULDO�GHVLJQV�SURGXFHG�VWDWLVWLFDOO\
DQRPDORXV�UHVXOWV��DV�DQ�LQWHQWLRQ�WR�WUHDW�DQDO\VLV�IRXQG�QR�HIIHFW�ZKLOH�DQ�LQVWUXPHQWDO�YDULDEOH
DQDO\VLV�GLG��&RXUWULJKW�HW�DO����������7KLV�KLJKOLJKWV�WKH�QHHG�IRU�D�PRUH�SULQFLSOHG�DSSURDFK�WR
DGGUHVV�QRQFRPSOLDQFH�LQ�VWHSSHG�ZHGJH�GHVLJQV��:H�SURYLGH�D�IRUPDO�FDXVDO�LQIHUHQFH�IUDPHZRUN
IRU�WKH�VWHSSHG�ZHGJH�GHVLJQ�ZLWK�QRQFRPSOLDQFH�E\�LQWURGXFLQJ�D�UHOHYDQW�FDXVDO�HVWLPDQG�DQG
FRUUHVSRQGLQJ�HVWLPDWRUV�DQG�LQIHUHQWLDO�SURFHGXUHV��7KURXJK�VLPXODWLRQ��ZH�FRPSDUH�DQ�DUUD\�RI
HVWLPDWRUV�DFURVV�D�UDQJH�RI�VWHSSHG�ZHGJH�GHVLJQV�DQG�SURYLGH�SUDFWLFDO�JXLGDQFH�LQ�FKRRVLQJ�DQ
DQDO\VLV�PHWKRG��)LQDOO\��ZH�DSSO\�RXU�UHFRPPHQGHG�PHWKRGV�WR�UHDQDO\]H�WKH�WULDO�RI�&RXUWULJKW�HW
DO����������SURGXFLQJ�SRLQW�HVWLPDWHV�VXJJHVWLQJ�D�ODUJHU�HIIHFW�WKDQ�WKH�RULJLQDO�DQDO\VLV�RI
�&RXUWULJKW�HW�DO����������EXW
LQWHUYDOV�WKDW�GLG�QRW�UHDFK�VWDWLVWLFDO�VLJQLILFDQFH�
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���� 36�3DUDOOHO�6HVVLRQV

'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

'HVLJQ�%DVHG�,QIHUHQFH�IRU�$WWULEXWLRQ�WR�&DXVDO�,QWHUDFWLRQ�=LRQ�/HH
�=LRQ�/HH��.ZRQVDQJ
/HH�

8QGHUVWDQGLQJ�FDXVDO�LQWHUDFWLRQ�EHWZHHQ�PXOWLSOH�WUHDWPHQWV�LV�FHQWUDO�WR�PDQ\�VFLHQWLILF
TXHVWLRQV��\HW�VWDQGDUG�SUDFWLFH�W\SLFDOO\�UHOLHV�RQ�UHJUHVVLRQ�EDVHG�LQWHUDFWLRQ�WHUPV�ZKRVH
LQWHUSUHWDWLRQ�GHSHQGV�RQ�PRGHOLQJ�DVVXPSWLRQV��:H�SURSRVH�D�GHVLJQ�EDVHG�IUDPHZRUN�IRU
DWWULEXWLQJ�RXWFRPHV�VSHFLILFDOO\�WR�FDXVDO�LQWHUDFWLRQ��ZLWKRXW�LPSRVLQJ�VKDUS�QXOO�K\SRWKHVHV�RU
RXWFRPH�UHJUHVVLRQ�PRGHOV�
2XU�HVWLPDQG��WKH�LQWHUDFWLRQ�DWWULEXWDEOH�HIIHFW��FRXQWV�WKH�QXPEHU�RI�MRLQWO\�WUHDWHG�XQLWV�ZKRVH
REVHUYHG�RXWFRPHV�DUH�DWWULEXWDEOH�WR�WKH�LQWHUDFWLRQ�EHWZHHQ�WUHDWPHQWV��H[WHQGLQJ�5RVHQEDXPyV
DWWULEXWDEOH�HIIHFW�SHUVSHFWLYH��:H�GHYHORS�QRYHO�UDQGRPL]DWLRQ�EDVHG�WHVWV�WKDW�DFFRXQW�IRU
XQFHUWDLQW\�DULVLQJ�IURP�XQREVHUYHG�SRWHQWLDO�RXWFRPHV�
7KH�SURSRVHG�WHVWV�FRPELQH�PXOWLSOH�FRQWLQJHQF\�WDEOHvEDVHG�VWDWLVWLFV�XVLQJ�:DOG�W\SH�SURFHGXUHV
ZLWK�DQDO\WLFDOO\�GHULYHG�FRYDULDQFH�VWUXFWXUHV��\LHOGLQJ�YDOLG�LQIHUHQFH�XQGHU�FRPSOHWH
UDQGRPL]DWLRQ�DQG�PDWFKHG�GHVLJQV��6LPXODWLRQ�VWXGLHV�GHPRQVWUDWH�WKDW�RXU�DSSURDFK�DFKLHYHV
KLJKHU�SRZHU�WKDQ�FRQYHQWLRQDO�UHJUHVVLRQ�EDVHG�LQWHUDFWLRQ�WHVWV��2XU�IUDPHZRUN�SURYLGHV�D
SULQFLSOHG�GHVLJQ�EDVHG�DOWHUQDWLYH�IRU�FDXVDO�LQWHUDFWLRQ�DQDO\VLV�LQ�VWXGLHV�ZLWK�ELQDU\�RXWFRPHV�
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���� 36�3DUDOOHO�6HVVLRQV

&DXVDO�,QIHUHQFH�DQG�6879$�&RQVLVWHQFLHV�9LRODWLRQV

8QFRQGLWLRQDO�5DQGRPL]DWLRQ�7HVWV�IRU�,QWHUIHUHQFH�/LDQJ�=KRQJ
�/LDQJ�=KRQJ�

5HVHDUFKHUV�DUH�RIWHQ�LQWHUHVWHG�LQ�WKH�H[LVWHQFH�DQG�H[WHQW�RI�LQWHUIHUHQFH�EHWZHHQ�XQLWV�ZKHQ
FRQGXFWLQJ�FDXVDO�LQIHUHQFH�RU�GHVLJQLQJ�SROLF\��+RZHYHU��WHVWLQJ�IRU�LQWHUIHUHQFH�SUHVHQWV
VLJQLILFDQW�HFRQRPHWULF�FKDOOHQJHV��SDUWLFXODUO\�GXH�WR�FRPSOH[�FOXVWHULQJ�SDWWHUQV�DQG
GHSHQGHQFLHV�WKDW�FDQ�LQYDOLGDWH�VWDQGDUG�PHWKRGV��7KLV�SDSHU�LQWURGXFHV�WKH�SDLUZLVH�LPSXWDWLRQ�
EDVHG�UDQGRPL]DWLRQ�WHVW��3,57���D�JHQHUDO�DQG�UREXVW�IUDPHZRUN�IRU�DVVHVVLQJ�WKH�H[LVWHQFH�DQG
H[WHQW�RI�LQWHUIHUHQFH�LQ�H[SHULPHQWDO�VHWWLQJV��3,57�HPSOR\V�XQFRQGLWLRQDO�UDQGRPL]DWLRQ�WHVWLQJ
DQG�SDLUZLVH�FRPSDULVRQV��HQDEOLQJ�VWUDLJKWIRUZDUG�LPSOHPHQWDWLRQ�DQG�HQVXULQJ�ILQLWH�VDPSOH
YDOLGLW\�XQGHU�PLQLPDO�DVVXPSWLRQV�DERXW�QHWZRUN�VWUXFWXUH��7KH�PHWKRGyV�SUDFWLFDO�YDOXH�LV
GHPRQVWUDWHG�WKURXJK�DQ�DSSOLFDWLRQ�WR�D�ODUJH�VFDOH�SROLFLQJ�H[SHULPHQW�LQ�%RJRWD��&RORPELD
�%ODWWPDQ�HW�DO����������ZKLFK�HYDOXDWHV�WKH�HIIHFWV�RI�KRWVSRW�SROLFLQJ�RQ�FULPH�DW�WKH�VWUHHW
VHJPHQW�OHYHO��7KH�DQDO\VLV�UHYHDOV�WKDW�LQFUHDVHG�SROLFH�SDWUROOLQJ�LQ�KRWVSRWV�VLJQLILFDQWO\
GLVSODFHV�YLROHQW�FULPH��EXW�QRW�SURSHUW\�FULPH��6LPXODWLRQV�FDOLEUDWHG�WR�WKLV�FRQWH[W�IXUWKHU
XQGHUVFRUH�WKH�SRZHU�DQG�UREXVWQHVV�RI�3,57�
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���� 36�3DUDOOHO�6HVVLRQV

+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

'HELDVHG�)URQW�'RRU�/HDUQHUV�IRU�+HWHURJHQHRXV�(IIHFWV�<RQJKDQ�-XQJ
�<RQJKDQ�-XQJ�

,Q�REVHUYDWLRQDO�VHWWLQJV�ZKHUH�WUHDWPHQW�DQG�RXWFRPH�VKDUH�XQPHDVXUHG�FRQIRXQGHUV�EXW�DQ
REVHUYHG�PHGLDWRU�UHPDLQV�XQFRQIRXQGHG��WKH�IURQW�GRRU��)'��DGMXVWPHQW�LGHQWLILHV�FDXVDO�HIIHFWV
WKURXJK�WKH�PHGLDWRU��:H�VWXG\�WKH�WH[WLW^KHWHURJHQHRXV�WUHDWPHQW�HIIHFW`��+7(��XQGHU�)'
LGHQWLILFDWLRQ�DQG�LQWURGXFH�WZR�GHELDVHG�OHDUQHUV��)'u'5u/HDUQHU�DQG�)'u5u/HDUQHU��%RWK�DWWDLQ
IDVW��TXDVL�RUDFOH�UDWHV��L�H���SHUIRUPDQFH�FRPSDUDEOH�WR�DQ�RUDFOH�WKDW�NQRZV�WKH�QXLVDQFHV��HYHQ
ZKHQ�QXLVDQFH�IXQFWLRQV�FRQYHUJH�DV�VORZO\�DV�QA^����`��:H�SURYLGH�HUURU�DQDO\VHV�HVWDEOLVKLQJ
GHELDVHGQHVV�DQG�GHPRQVWUDWH�UREXVW�HPSLULFDO�SHUIRUPDQFH�LQ�V\QWKHWLF�VWXGLHV�DQG�D�UHDO�ZRUOG
FDVH�VWXG\�RI�SULPDU\�VHDW�EHOW�ODZV�XVLQJ�)DWDOLW\�$QDO\VLV�5HSRUWLQJ�6\VWHP��)$56��GDWDVHW�
7RJHWKHU��WKHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�SURSRVHG�OHDUQHUV�GHOLYHU�UHOLDEOH�DQG�VDPSOH�HIILFLHQW�+7(
HVWLPDWHV�LQ�)'�VFHQDULRV��7KH�LPSOHPHQWDWLRQ�LV�DYDLODEOH�DW
KWWSV���JLWKXE�FRP�\RQJKDQMXQJ�)'�&$7(�
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���� 36�3DUDOOHO�6HVVLRQV

+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV�ZLWK�+HWHURJHQHRXV�7UHDWPHQW�([SRVXUH�+XL�/DQ
�+XL
/DQ��9DVLOLV�6\UJNDQLV�

:H�VWXG\�KHWHURJHQHRXV�WUHDWPHQW�HIIHFW�HVWLPDWLRQ�LQ�VHWWLQJV�ZKHUH�WUHDWPHQW�DVVLJQPHQW�LV
ELQDU\�EXW�WKH�UHDOL]HG�WUHDWPHQW�DPRQJ�WUHDWHG�XQLWV�LV�KHWHURJHQHRXV��VXFK�DV�GLIIHUHQFHV�LQ
LQWHQVLW\��FRPSRVLWLRQ��RU�HYHQ�KLJK�GLPHQVLRQ�UHSUHVHQWDWLRQV��,Q�WKHVH�HQYLURQPHQWV��WKH
XQWUHDWHG�VWDWH�GRHV�QRW�JHQHUDOO\�FRUUHVSRQG�WR�DQ\�SDUWLFXODU�YDOXH�RI�WKH�WUHDWPHQW�YDULDEOH�
PDNLQJ�VWDQGDUG�VFDODU�RU�GRVHvUHVSRQVH�IRUPXODWLRQV�LOO�VXLWHG��:H�PRWLYDWH�D�FDXVDO�HVWLPDQG�WKDW
FDSWXUHV�KRZ�WUHDWPHQW�HIIHFWV�YDU\�ERWK�DFURVV�FRYDULDWHV�DQG�DORQJ�GLPHQVLRQV�RI�WUHDWPHQW
KHWHURJHQHLW\�E\�GHILQLQJ�HIIHFWV�DV�WKH�GLIIHUHQFH�EHWZHHQ�SRWHQWLDO�RXWFRPHV�XQGHU�FRXQWHUIDFWXDO
WUHDWPHQW�UHDOL]DWLRQV�DQG�WKH�XQWUHDWHG�SRWHQWLDO�RXWFRPH��:H�SURSRVH�D�GRXEO\�UREXVW�HVWLPDWRU
IRU�WKLV�HVWLPDQG�WKDW�DFFRPPRGDWHV�IOH[LEOH�PRGHOLQJ�RI�RXWFRPH�DQG�WUHDWPHQW�SURSHQVLW\��DQG
VKRZ�WKDW�WKH�SURSRVHG�HVWLPDWRU�LV�LQVHQVLWLYH�WR�QXLVDQFH�HVWLPDWLRQ�HUURUV�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF ������

���� 36�3DUDOOHO�6HVVLRQV

+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

$VVXPSWLRQ�/HDQ�'LIIHUHQWLDO�9DULDQFH�,QIHUHQFH�IRU�+HWHURJHQHRXV�7UHDWPHQW�(IIHFW
'HWHFWLRQ�3KLOLSSH�%RLOHDX
�3KLOLSSH�%RLOHDX��3KLOLSSH�%RLOHDX��+DQL�=DNL��*DEULHOH�/LOHLN\WH��1LNODV
1LHOVHQ��3DWULFN�/DZOHU��0LUHLOOH�6FKQLW]HU�

7KH�FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFW��&$7(��LV�IUHTXHQWO\�HVWLPDWHG�WR�UHIXWH�WKH�KRPRJHQHRXV
WUHDWPHQW�HIIHFW�DVVXPSWLRQ��8QGHU�WKLV�DVVXPSWLRQ��DOO�XQLWV�PDNLQJ�XS�WKH�SRSXODWLRQ�XQGHU�VWXG\
H[SHULHQFH�LGHQWLFDO�EHQHILW�IURP�D�JLYHQ�WUHDWPHQW��8QFRYHULQJ�KHWHURJHQHRXV�WUHDWPHQW�HIIHFWV
WKURXJK�LQIHUHQFH�DERXW�WKH�&$7(��KRZHYHU��UHTXLUHV�WKDW�FRYDULDWHV�WUXO\�PRGLI\LQJ�WKH�WUHDWPHQW
HIIHFW�EH�UHOLDEO\�FROOHFWHG�DW�EDVHOLQH��&$7(�EDVHG�WHFKQLTXHV�ZLOO�QHFHVVDULO\�IDLO�WR�GHWHFW
YLRODWLRQV�ZKHQ�HIIHFW�PRGLILHUV�DUH�RPLWWHG�IURP�WKH�GDWD�GXH�WR��IRU�H[DPSOH��UHVRXUFH�FRQVWUDLQWV�
6HYHUH�PHDVXUHPHQW�HUURU�KDV�D�VLPLODU�LPSDFW��7R�DGGUHVV�WKHVH�OLPLWDWLRQV��ZH�SURYH�WKDW�WKH
KRPRJHQHRXV�WUHDWPHQW�HIIHFW�DVVXPSWLRQ�FDQ�EH�JDXJHG�WKURXJK�LQIHUHQFH�DERXW�FRQWUDVWV�RI�WKH
SRWHQWLDO�RXWFRPHVy�YDULDQFHV��:H�GHULYH�FDXVDO�PDFKLQH�OHDUQLQJ�HVWLPDWRUV�RI�WKHVH�FRQWUDVWV�DQG
VWXG\�WKHLU�DV\PSWRWLF�SURSHUWLHV��:H�HVWDEOLVK�WKDW�WKHVH�HVWLPDWRUV�DUH�GRXEO\�UREXVW�DQG
DV\PSWRWLFDOO\�OLQHDU�XQGHU�PLOG�FRQGLWLRQV��SHUPLWWLQJ�IRUPDO�K\SRWKHVLV�WHVWLQJ�DERXW�WKH
KRPRJHQHRXV�WUHDWPHQW�HIIHFW�DVVXPSWLRQ�HYHQ�ZKHQ�HIIHFW�PRGLILHUV�DUH�PLVVLQJ�RU�PLVPHDVXUHG�
1XPHULFDO�H[SHULPHQWV�GHPRQVWUDWH�WKDW�WKHVH�HVWLPDWRUVy�DV\PSWRWLF�JXDUDQWHHV�DUH�DSSUR[LPDWHO\
DFKLHYHG�LQ�H[SHULPHQWDO�DQG�REVHUYDWLRQDO�GDWD�DOLNH��7KHVH�LQIHUHQFH�SURFHGXUHV�DUH�WKHQ�XVHG�WR
GHWHFW�KHWHURJHQHRXV�WUHDWPHQW�HIIHFWV�LQ�WKH�UH�DQDO\VLV�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV
LQYHVWLJDWLQJ�WDUJHWHG�WHPSHUDWXUH�PDQDJHPHQW�LQ�FDUGLDF



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF ������

���� 36�3DUDOOHO�6HVVLRQV

+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

2Q�1RQ�3DUDPHWULF�5HJUHVVLRQ�ZLWK�(VWLPDWHG�&RYDULDWHV�-LDTL�:X
�-LDTL�:X��0DWWHR�%RQYLQL�
(GZDUG�.HQQHG\��-HQQLH�%UDQG��<X�;LH�

0RWLYDWHG�E\�WKH�VWXG\�RI�KHWHURJHQHRXV�UHWXUQV�WR�HGXFDWLRQ�LQ�%UDQG�DQG�;LH���������ZKLFK
FRQVLGHUV�KRZ�WKH�HIIHFW�RI�FRPSOHWLQJ�FROOHJH�RQ�XQHPSOR\PHQW�YDULHV�ZLWK�WKH��XQNQRZQ�
SUREDELOLW\�RI�FRPSOHWLQJ�FROOHJH��ZH�DQDO\]H�WKH�SUREOHP�RI�HVWLPDWLQJ�D�QRQSDUDPHWULF�UHJUHVVLRQ
IXQFWLRQ�ZKHQ�FHUWDLQ�FRYDULDWHV�DUH�HVWLPDWHG�LQ�D�ILUVW�VWHS��1DLYH�SOXJ�LQ�HVWLPDWRUV�WKDW�WUHDW�WKH
HVWLPDWHG�FRYDULDWHV�DV�NQRZQ�JHQHUDOO\�VXIIHU�IURP�ILUVW�VWDJH�HVWLPDWLRQ�HUURU��7R�PLWLJDWH�WKLV
LVVXH��ZH�DQDO\]H�WZR�GHELDVLQJ�DSSURDFKHV�ZLWKLQ�D�IUDPHZRUN�WKDW�LV�DJQRVWLF�WR�WKH�FKRLFH�RI
ILUVW�VWDJH�HVWLPDWLRQ�PHWKRG�DQG�FRQVLGHU�ERWK�ORFDO��DQG�VLHYHV�EDVHG�PHWKRGV�IRU�WKH�VHFRQG�
VWDJH�UHJUHVVLRQ��7KH�PHWKRGV�FRQVLGHUHG�DUH���L��LQIOXHQFH�IXQFWLRQ�EDVHG�HVWLPDWRUV�RI�SDWKZLVH
GLIIHUHQWLDEOH�SDUDPHWHUV�WKDW�DSSUR[LPDWH�WKH�WDUJHW�HVWLPDQG���LL��D�YDULDQW�RI�SOXJ�LQ�HVWLPDWRUV
WKDW�GLUHFW�DLP�WR�FRUUHFW�WKH�ELDV��)RU�HDFK�PHWKRG��ZH�XSSHU�ERXQG�WKH�HVWLPDWLRQ�ULVN�DQG
FKDUDFWHUL]H�FRQGLWLRQV�XQGHU�ZKLFK�RUDFOH�UDWHV�FDQ�EH�DSSURDFKHG��KLJKOLJKWLQJ�WKH�SRVVLEOH�JDLQV
LQ�WHUPV�RI�FRQYHUJHQFH�UDWHV�UHODWLYH�WR�WKH�SOXJ�LQ��6LPXODWLRQ�UHVXOWV�FRQILUP�WKH�WKHRUHWLFDO
ILQGLQJV��:H�DSSO\�RXU�PHWKRGRORJ\�WR�GDWD�IURP�WKH�1DWLRQDO�/RQJLWXGLQDO�6XUYH\�RI�<RXWK�����
DQG�ILQG�HYLGHQFH�WKDW�FRPSOHWLQJ�FROOHJH�\LHOGV�WKH�ODUJHVW�EHQHILWV�IRU�LQGLYLGXDOV�OHDVW�OLNHO\�WR
FRPSOHWH�FROOHJH��FRQVLVWHQW�ZLWK�HDUOLHU�ILQGLQJV�LQ�WKH�OLWHUDWXUH��%UDQG�DQG�;LH��������%UDQG�
������
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���� 3�

$SSOLFDQWV�LQ�6RFLDO�6FLHQFHV

$�:LQ�5DWLR�$SSURDFK�WR�1RQSDUDPHWULF��6FDOH�)UHH�0HDVXUH�RI�&DXVDO�(IIHFWV�RQ
9DOLGDWHG�/DWHQW�7UDLWV�%HRP�.ZRQ
�%HRP�.ZRQ��+\XQVHXQJ�.DQJ�

0DQ\�VWXGLHV�LQ�HGXFDWLRQ��SROLWLFDO�VFLHQFH��DQG�SV\FKRORJ\�DLP�WR�HVWLPDWH�WUHDWPHQW�HIIHFWV�RQ
YDOLGDWHG�ODWHQW�WUDLWV��VXFK�DV�DELOLW\��DWWLWXGHV��DQG�GLVHDVH�VHYHULW\��PHDVXUHG�WKURXJK�PXOWLSOH
LWHP�UHVSRQVHV��0RVW�H[LVWLQJ�DSSURDFKHV�DUH�IXOO\�SDUDPHWULF��UHTXLULQJ�FRUUHFW�VSHFLILFDWLRQ�RI
ERWK�WKH�ODWHQW�WUDLW�PHDVXUHPHQW�PRGHO�DQG�WKH�VWUXFWXUDO�PRGHO�IRU�FDXVDO�HIIHFWV��7KHVH
DSSURDFKHV�FDQ�OHDG�WR�ELDVHG�HVWLPDWHV�ZKHQ�HLWKHU�PRGHO�LV�PLV�VSHFLILHG��:RUVH��WKH�FDXVDO
HVWLPDQG�PD\�GHSHQG�RQ�WKH�VFDOH�RI�WKH�ODWHQW�WUDLW��ZKLFK�RIWHQ�ODFNV�DQ�LQWULQVLF�VFDOH��,Q�WKLV
ZRUN��ZH�SURSRVH�D�ZLQ�UDWLR�DSSURDFK�IRU�PHDVXULQJ�WUHDWPHQW�HIIHFWV�RQ�YDOLGDWHG�ODWHQW�WUDLWV��:H
VKRZ�WKDW�WKH�ZLQ�UDWLR�LV�QRQSDUDPHWULF��DJQRVWLF�WR�WKH�XQGHUO\LQJ�PHDVXUHPHQW�PRGHO��DQG�VFDOH�
IUHH��:H�DOVR�HVWDEOLVK�QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQV�XQGHU�ZKLFK�LW�FDQ�EH�UHODWHG�WR�H[LVWLQJ
FDXVDO�HIIHFW�PHDVXUHV��)RU�HVWLPDWLRQ��ZH�DSSO\�DQ�LQIOXHQFH�IXQFWLRQ�EDVHG�HVWLPDWRU�WKDW
DFFRPPRGDWHV�IOH[LEOH�PDFKLQH�OHDUQLQJ�PHWKRGV�IRU�QXLVDQFH�IXQFWLRQV�ZLWKRXW�UHTXLULQJ�D
FRUUHFWO\�VSHFLILHG�LWHP�UHVSRQVH�PRGHO��8QGHU�PLOG�DVVXPSWLRQV��WKH�HVWLPDWRU�LV�GRXEO\�UREXVW�
DV\PSWRWLFDOO\�QRUPDO��DQG�VHPLSDUDPHWULFDOO\�HIILFLHQW��([WHQVLYH�VLPXODWLRQ�VWXGLHV�XQGHU�YDULRXV
PHDVXUHPHQW�PRGHOV��LQFOXGLQJ�5DVFK���3/���3/��DQG�JUDGHG�UHVSRQVH�PRGHOV��DORQJ�ZLWK�D�UHDO
GDWD�DQDO\VLV�RI�WKH�HIIHFW�RI�JDPH�EDVHG�OHDUQLQJ�RQ�PDWK�DELOLW\��GHPRQVWUDWH�WKDW�RXU�DSSURDFK�LV
PRUH�UREXVW�DQG�VWDEOH�WKDQ�H[LVWLQJ�PHWKRG�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF ������

���� 3�

$SSOLFDQWV�LQ�6RFLDO�6FLHQFHV

&DXVDO�$SSURDFK�IRU�&DUHOHVV�5HVSRQGLQJ�-LZRR�.LP
�-LZRR�.LP��)HOL[�7KRHPPHV�

&DUHOHVV�UHVSRQGLQJ�KDV�ORQJ�EHHQ�UHFRJQL]HG�DV�D�WKUHDW�WR�GDWD�TXDOLW\��DQG�PHWKRGV�KDYH�EHHQ
GHYHORSHG�WR�GHWHFW�DQG�UHPRYH�SRWHQWLDOO\�FDUHOHVV�UHVSRQVHV��+RZHYHU��H[LVWLQJ�DSSURDFKHV�UDUHO\
LQFRUSRUDWH�D�IRUPDO�FDXVDO�SHUVSHFWLYH��OLPLWLQJ�WKHLU�DELOLW\�WR�DFFRXQW�IRU�WKH�GDWD�JHQHUDWLQJ
PHFKDQLVPV�XQGHUO\LQJ�FDUHOHVV�UHVSRQVHV��:KHQ�FDXVDO�DVVXPSWLRQV�DUH�PDGH��WKH\�DUH�RIWHQ
DGRSWHG�XQLQWHQWLRQDOO\�DQG�PD\�EH�XQUHDOLVWLFDOO\�VWURQJ��PDNLQJ�LW�LPSODXVLEOH�WR�LGHQWLI\�WUXH
FDUHOHVV�UHVSRQVHV�LQ�SUDFWLFH��,Q�DGGLWLRQ��FXUUHQW�GHILQLWLRQV�RI�FDUHOHVV�UHVSRQGLQJ�GR�QRW�DOLJQ
ZHOO�ZLWK�WKH�PHWKRGV�XVHG�WR�GHWHFW�LW��DV�GHWHFWLRQ�DSSURDFKHV�FODVVLI\�UHVSRQVHV�EDVHG�RQ
REVHUYDEOH�SDWWHUQV�ZLWKRXW�OLQNDJH�WR�WKH�XQGHUO\LQJ�FDXVDO�SURFHVV��FUHDWLQJ�FRQFHSWXDO
LQFRQVLVWHQFLHV��,Q�WKLV�VWXG\��ZH�UHGHILQH�FDUHOHVV�UHVSRQGLQJ�XVLQJ�D�FDXVDO�IUDPHZRUN�DQG
UHHYDOXDWH�SULRU�GHILQLWLRQV�LQ�OLJKW�RI�WKLV�GHILQLWLRQ��:H�H[DPLQH�KRZ�GLIIHUHQW�FDXVDO�PHFKDQLVPV
RI�FDUHOHVV�UHVSRQGLQJ�LQIOXHQFH�ELDV�DQG�LGHQWLILDELOLW\��XVLQJ�VLPXODWLRQV�WKDW�UHIOHFW�GLVWLQFW�FDXVDO
VWUXFWXUHV�JHQHUDWLQJ�FDUHOHVV�UHVSRQVHV��:H�DOVR�SURSRVH�FULWHULD�IRU�GHWHUPLQLQJ�ZKHQ�H[LVWLQJ
FDUHOHVV�UHVSRQGLQJ�PHWKRGV�VKRXOGwRU�VKRXOG�QRWwEH�DSSOLHG��%\�LQWURGXFLQJ�D�FDXVDO�GHILQLWLRQ
RI�FDUHOHVV�UHVSRQGLQJ�DQG�GHPRQVWUDWLQJ�LWV�LPSOLFDWLRQV��WKLV�VWXG\�RIIHUV�D�QHZ�SHUVSHFWLYH�RQ�WKH
SUREOHP�DQG�SURYLGHV�D�IRXQGDWLRQ�IRU�GHYHORSLQJ�PRUH�SULQFLSOHG�DSSURDFKHV�WR�KDQGOLQJ�FDUHOHVV
UHVSRQGLQJ�LQ�HPSLULFDO�UHVHDUFK�
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6FDODEOH�&DXVDO�,QIHUHQFH�LQ�0DUNHWLQJ�0L[�0RGHOLQJ��$Q�$XWRPDWHG�'RXEOH�0DFKLQH
/HDUQLQJ�3LSHOLQH�ZLWK�&RQWLQXRXV�7UHDWPHQWV�DQG�'RPDLQ�,QIRUPHG�&RQVWUDLQWV�+LURWRVKL
1DNDKDUD
�+LURWRVKL�1DNDKDUD��0DUWLQ�6SLQGOHU�

,Q�PDUNHWLQJ��0DUNHWLQJ�0L[�0RGHOLQJ��000��LV�HVVHQWLDO�IRU�SULYDF\�FRPSOLDQW�PHGLD
PHDVXUHPHQW��+RZHYHU��WUDGLWLRQDO�DSSURDFKHV�RIWHQ�VXIIHU�IURP�IXQFWLRQDO�PLVVSHFLILFDWLRQ�DQG
VXEMHFWLYH�WXQLQJ��7KLV�VWXG\�SUHVHQWV�DQ�DXWRPDWHG�FDXVDO�LQIHUHQFH�SLSHOLQH�IRU�000��OHYHUDJLQJ
'RXEOH�0DFKLQH�/HDUQLQJ��'0/��WR�HVWLPDWH�WKH�LPSDFW�RI�FRQWLQXRXV�PHGLD�WUHDWPHQWV�ZLWK
1H\PDQ�RUWKRJRQDOLW\�WR�PLWLJDWH�UHJXODUL]DWLRQ�ELDV�

2XU�IUDPHZRUN�LQWURGXFHV�DQ�$XWR0/�EDVHG�VHOHFWLRQ�SURFHVV�IRU�QXLVDQFH�SDUDPHWHUV��RXWFRPH
DQG�WUHDWPHQW�PRGHOV���H[SORULQJ�YDULRXV�DOJRULWKPV�VXFK�DV�;*%RRVW��/LJKW*%0��DQG�5DQGRP
)RUHVW��7R�LGHQWLI\�WKH�RSWLPDO�'0/�DUFKLWHFWXUH��ZH�XWLOL]H�D�zFRPELQHG�ORVV{�PHWULF��GHILQHG�DV�WKH
SURGXFW�RI�WKH�WUHDWPHQW�PRGHO�506(�DQG�WKH�VXP�RI�WKH�WUHDWPHQW�DQG�RXWFRPH�PRGHO�506(V�
7KLV�FULWHULRQ�SULRULWL]HV�PRGHOV�WKDW�DFKLHYH�KLJK�TXDOLW\�LGHQWLILFDWLRQ�RI�WKH�WUHDWPHQW�DVVLJQPHQW
PHFKDQLVP�DORQJVLGH�SUHGLFWLYH�DFFXUDF\�

)XUWKHUPRUH��ZH�LQFRUSRUDWH�GRPDLQ�LQIRUPHG�FRQVWUDLQWV������D�QRQ�QHJDWLYLW\�ILOWHU�RQ�HVWLPDWHG
FDXVDO�HIIHFWV�WR�DOLJQ�ZLWK�PDUNHWLQJ�SULRUV��DQG�����D�VWDELOLW\�EDVHG�VHOHFWLRQ�WKDW�PLQLPL]HV�WKH
WRWDO�YDULDQFH�RI�&RQGLWLRQDO�$YHUDJH�7UHDWPHQW�(IIHFW��&$7(��HVWLPDWHV�DFURVV�LWHUDWLRQV��9DOLGDWHG
RQ�VHPL�V\QWKHWLF�GDWD�ZLWK�FRPSOH[�PXOWL�FROOLQHDULW\�DQG�D�UHDO�ZRUOG�UHWDLO�FDVH�VWXG\��RXU
SLSHOLQH�GHPRQVWUDWHV�VXSHULRU�DFFXUDF\�DQG�VWDELOLW\�RYHU�FRQYHQWLRQDO�000V�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF ������

���� 3�

$SSOLFDQWV�LQ�6RFLDO�6FLHQFHV

8QFRYHULQJ�7UHDWPHQW�(IIHFW�+HWHURJHQHLW\�LQ�1HZ�<RUN�&LW\cV�*LIWHG�DQG�7DOHQWHG
3URJUDP�XVLQJ�%$57�.DWKHULQH�6WULFNODQG
�.DWKHULQH�6WULFNODQG��:HL�/L��-HQQLIHU�+LOO�

7KLV�VWXG\�H[DPLQHV�WKH�KHWHURJHQHRXV�HIIHFWV�RI�1HZ�<RUN�&LW\yV�*LIWHG�DQG�7DOHQWHG��*	7�
SURJUDP�RQ�VWXGHQW�DFKLHYHPHQW��8VLQJ�DGPLQLVWUDWLYH�GDWD�IURP�WKH�����������VFKRRO�\HDUV��ZH
XVH�%D\HVLDQ�$GGLWLYH�5HJUHVVLRQ�7UHHV��%$57��WR�HVWLPDWH�WUHDWPHQW�HIIHFWV�DW�WKH�LQGLYLGXDO�OHYHO�
WKHQ�DJJUHJDWH�WKHVH�WR�H[DPLQH�KHWHURJHQHLW\�DFURVV�HWKQLF�DQG�VRFLRHFRQRPLF�JURXSV��2XU
ILQGLQJV�UHYHDO�VPDOO�EXW�FRQVLVWHQW�LPSDFWV�RI�*	7�SDUWLFLSDWLRQ�RQ�*UDGH�����0DWKHPDWLFV�DQG
(QJOLVK�/DQJXDJH�$UWV��(/$��SHUIRUPDQFH�DFURVV�DOO�VWXGHQW�JURXSV��:H�H[SORUH�WUHDWPHQW
KHWHURJHQHLW\�E\�VWXGHQW�GHPRJUDSKLFV��SURJUDP�W\SH��HQWU\�WLPLQJ��SURJUDP�GXUDWLRQ��FRKRUW��DQG
VFKRRO�GLVWULFW��ILQGLQJ�HIIHFW�VL]HV�UDQJLQJ�IURP������WR������VWDQGDUG�GHYLDWLRQV��7KHVH�UHVXOWV
VXJJHVW�WDUJHWHG�H[SDQVLRQ�RI�*	7�SURJUDPV�FRXOG�SRWHQWLDOO\�UHGXFH�DFKLHYHPHQW�JDSV�ZKLOH
VXSSRUWLQJ�KLJK�DFKLHYLQJ�VWXGHQWV�IURP�XQGHUUHSUHVHQWHG�JURXSV�
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$SSOLFDQWV�LQ�6RFLDO�6FLHQFHV

'R�7HVW�6FRUHV�+HOS�7HDFKHUV�*LYH�%HWWHU�7UDFN�$GYLFH�WR�6WXGHQWV"�$�3ULQFLSDO
6WUDWLILFDWLRQ�$QDO\VLV�)DEUL]LD�0HDOOL
�)DEUL]LD�0HDOOL��-DYLHU�9LYLHQV��$QGUHD�,FKLQR�

:H�VWXG\�ZKHWKHU�DFFHVV�WR�VWDQGDUGL]HG�WHVW�VFRUHV�LPSURYHV�WKH�TXDOLW\�RI�WHDFKHUVy�VHFRQGDU\
VFKRRO�WUDFN�UHFRPPHQGDWLRQV��:H�IUDPH�WHDFKHUVy�DGYLFH�DV�D�GHFLVLRQ�SUREOHP�DQG�HYDOXDWH
HIILFLHQF\�DQG�IDLUQHVV�E\�EXLOGLQJ�RQ�OLWHUDWXUH�RQ�DOJRULWKP�DVVLVWHG�KXPDQ�GHFLVLRQV�DQG�XVLQJ�D
SULQFLSDO�VWUDWLILFDWLRQ�IUDPHZRUN��:H�WDUJHW�$YHUDJH�3ULQFLSDO�&DXVDO�(IIHFWV��$3&(V���ZKLFK
PHDVXUH�KRZ�DFFHVV�WR�WHVW�VFRUHV�DIIHFWV�VWXGHQW�JUDGXDWLRQ�RXWFRPHV�ZLWKLQ�ODWHQW�VWUDWD�GHILQHG
E\�VWXGHQWVy�SRWHQWLDO�JUDGXDWLRQ�XQGHU�HDFK�WHDFKHUyV�GHFLVLRQ��$3&(V�TXDQWLI\�WKH�JDLQV�IURP
LPSURYHG�WDUJHWLQJ�DQG�WKH�ORVVHV�DULVLQJ�IURP�PLVDOORFDWLRQ��$SSURDFKHV�LQ�WKH�OLWHUDWXUH�LGHQWLI\
$3&(V�XQGHU�VWURQJ�DVVXPSWLRQV��H�J���XQFRQIRXQGHGQHVV��H[FOXVLRQ�UHVWULFWLRQ���:H�H[WHQG�WKLV
OLWHUDWXUH�E\�LGHQWLI\LQJ�WKH�$3&(V�ZLWKRXW�WKHVH�DVVXPSWLRQV��:H�DOVR�SURYLGH�D�FRPSUHKHQVLYH
ZHOIDUH�HYDOXDWLRQ�WKDW�DOORZV�IRU�GLIIHUHQWLDO�ZHLJKWLQJ�RI�VKRUW�WHUP�DQG�ORQJ�WHUP�JDLQV�DQG
ORVVHV��)LQDOO\��ZH�VWXG\�SULQFLSDO�IDLUQHVV��DVVHVVLQJ�ZKHWKHU�DFFHVV�WR�WHVW�VFRUHV�LPSURYHV�RU
ZRUVHQV�HTXLW\�ZLWK�UHVSHFW�WR�FHUWDLQ�SURWHFWHG�DWWULEXWHV��:H�ILQG�WKDW�SURYLGLQJ�WHVW�UHVXOWV�WR
WHDFKHUV�LQGXFHV�IDLUHU�UHFRPPHQGDWLRQV�IRU�LPPLJUDQW�DQG�ORZ�6(6�VWXGHQWV��LW�DOVR�LQFUHDVHV�WKH
VKDUH�RI�VWXGHQWV�VXFFHVVIXOO\�SODFHG�LQ�PRUH�GHPDQGLQJ�WUDFNV��EXW�PLVSODFHV�VRPH�RI�WKH�ZHDNHU
VWXGHQWV��+RZHYHU��RQO\�LPSODXVLEO\�KLJK�ZHLJKWV�RQ�WKH�VKRUW�WHUP�ORVVHV�RI�ZHDNHU�VWXGHQWV�ZRXOG
MXVWLI\�SURKLELWLQJ�WHVW�VFRUH�EDVHG�XSJUDGHV�
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0LFURELRPH�GDWD�LQWHJUDWLRQ�YLD�VKDUHG�GLFWLRQDU\�OHDUQLQJ�6KXOHL�:DQJ
�6KXOHL�:DQJ��%R
<XDQ�

'DWD�LQWHJUDWLRQ�LV�D�SRZHUIXO�WRRO�IRU�IDFLOLWDWLQJ�D�FRPSUHKHQVLYH�DQG�JHQHUDOL]DEOH�XQGHUVWDQGLQJ
RI�PLFURELDO�FRPPXQLWLHV�DQG�WKHLU�DVVRFLDWLRQ�ZLWK�RXWFRPHV�RI�LQWHUHVW��+RZHYHU��LQWHJUDWLQJ�GDWD
VHWV�IURP�GLIIHUHQW�VWXGLHV�UHPDLQV�D�FKDOOHQJLQJ�SUREOHP�EHFDXVH�RI�VHYHUH�EDWFK�HIIHFWV�
XQREVHUYHG�FRQIRXQGLQJ�YDULDEOHV��DQG�KLJK�KHWHURJHQHLW\�DFURVV�GDWD�VHWV��:H�SURSRVH�D�QHZ�GDWD
LQWHJUDWLRQ�PHWKRG�FDOOHG�0HWD',&7��ZKLFK�LQLWLDOO\�HVWLPDWHV�WKH�EDWFK�HIIHFWV�E\�ZHLJKWLQJ
PHWKRGV�LQ�FDXVDO�LQIHUHQFH�OLWHUDWXUH�DQG�WKHQ�UHILQHV�WKH�HVWLPDWLRQ�YLD�QRYHO�VKDUHG�GLFWLRQDU\
OHDUQLQJ��&RPSDUHG�ZLWK�H[LVWLQJ�PHWKRGV��0HWD',&7�FDQ�EHWWHU�DYRLG�WKH�RYHUFRUUHFWLRQ�RI�EDWFK
HIIHFWV�DQG�SUHVHUYH�ELRORJLFDO�YDULDWLRQ�ZKHQ�WKHUH�H[LVW�XQREVHUYHG�FRQIRXQGLQJ�YDULDEOHV��GDWD
VHWV�DUH�KLJKO\�KHWHURJHQHRXV�DFURVV�VWXGLHV��RU�WKH�EDWFK�LV�FRPSOHWHO\�FRQIRXQGHG�ZLWK�VRPH
FRYDULDWHV��)XUWKHUPRUH��0HWD',&7�FDQ�JHQHUDWH�FRPSDUDEOH�HPEHGGLQJ�DW�ERWK�WD[D�DQG�VDPSOH
OHYHOV�WKDW�FDQ�EH�XVHG�WR�XQUDYHO�WKH�KLGGHQ�VWUXFWXUH�RI�WKH�LQWHJUDWHG�GDWD�DQG�LPSURYH�WKH
LQWHJUDWLYH�DQDO\VLV��$SSOLFDWLRQV�WR�V\QWKHWLF�DQG�UHDO�PLFURELRPH�GDWD�VHWV�GHPRQVWUDWH�WKH
UREXVWQHVV�DQG�HIIHFWLYHQHVV�RI�0HWD',&7�LQ�LQWHJUDWLYH�DQDO\VLV��8VLQJ�0HWD',&7��ZH�FKDUDFWHUL]H
PLFURELDO�LQWHUDFWLRQ��LGHQWLI\�JHQHUDOL]DEOH�PLFURELDO�VLJQDWXUHV��DQG�HQKDQFH�WKH�DFFXUDF\�RI
RXWFRPH�SUHGLFWLRQ�LQ�WZR�UHDO�LQWHJUDWLYH�VWXGLHV��LQFOXGLQJ�DQ�LQWHJUDWLYH�DQDO\VLV�RI�FRORUHFWDO
FDQFHU�PHWDJHQRPLFV�VWXGLHV�DQG�D�PHWD�DQDO\VLV�RI�LPPXQ
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

(QYLURQPHQWDO�1RLVH�([SRVXUH�DQG�$QQXDO�+HDOWKFDUH�&RVW�DQG�8WLOL]DWLRQ�LQ�0HGLFDUH
3DWLHQWV�ZLWK�$O]KHLPHUcV�'LVHDVH�DQG�5HODWHG�'HPHQWLDV��$�5HWURVSHFWLYH�&RKRUW�6WXG\
7LHQ�7UDQ
�7LHQ�7UDQ��6KLUOH\�+XDQJ��(GPXQG�6HWR��=DIDU�=DIDUL�

(QYLURQPHQWDO�QRLVH�PD\�DFFHOHUDWH�FRJQLWLYH�GHFOLQH�DQG�LQFUHDVH�KHDOWKFDUH�FRVWV�DQG�XWLOL]DWLRQ
LQ�LQGLYLGXDOV�ZLWK�$O]KHLPHUyV�GLVHDVH�DQG�UHODWHG�GHPHQWLDV��$'�$'5'���+RZHYHU��LWV�LPSDFW�RQ
0HGLFDUH�EHQHILFLDULHV�ZLWK�$'�$'5'�UHPDLQV�XQFOHDU��7KLV�VWXG\�HYDOXDWHV�WKH�DVVRFLDWLRQ
EHWZHHQ�FKURQLF�HQYLURQPHQWDO�QRLVH�H[SRVXUH�DQG�KHDOWKFDUH�FRVWV�DQG�XWLOL]DWLRQ��LQSDWLHQW
DGPLVVLRQV�DQG�HPHUJHQF\�GHSDUWPHQW�YLVLWV��LQ�0HGLFDUH�EHQHILFLDULHV�ZLWK�$'�$'5'��:H
FRQGXFWHG�D�UHWURVSHFWLYH�FRKRUW�VWXG\�XVLQJ�D�����UDQGRP�VDPSOH�RI�0HGLFDUH�IHH�IRU�VHUYLFH
EHQHILFLDULHV������v�������7KH�VDPSOH�LQFOXGHG�����������LQGLYLGXDOV�ZLWK�$'�$'5'�DQG�FRQWLQXRXV
HQUROOPHQW�LQ�0HGLFDUH�3DUWV�$�DQG�%��&KURQLF�QRLVH�H[SRVXUH�ZDV�HVWLPDWHG�DW�WKH�=,3�FRGH�OHYHO�
+HDOWKFDUH�FRVWV�DQG�XWLOL]DWLRQ�ZHUH�PHDVXUHG�DQQXDOO\��:H�XVHG�GRXEOH�QHJDWLYH�FRQWUROV�PHWKRG
WR�DGGUHVV�FRQIRXQGLQJ��D�QHJDWLYH�FRQWURO�RXWFRPH��SUHFHGLQJ�\HDU�XWLOL]DWLRQ�DQG�FRVWV��DQG�D
QHJDWLYH�FRQWURO�H[SRVXUH��VXEVHTXHQW�\HDU�QRLVH�H[SRVXUH���0RGHOV�ZHUH�IXUWKHU�DGMXVWHG�IRU
LQGLYLGXDO�GHPRJUDSKLFV��FRPRUELGLWLHV��PHGLFDWLRQ�XVH��0HGLFDUH�SODQ�W\SH��DQG�FRXQW\�OHYHO
VRFLRHFRQRPLF�IDFWRUV�XVLQJ�WKH�&'&�6RFLDO�9XOQHUDELOLW\�,QGH[�
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%H\RQG�3URSRUWLRQDO�+D]DUGV��'RXEOH�0DFKLQH�/HDUQLQJ�RI�WKH�&DXVDO�$YHUDJH�+D]DUG
;LDQJ�0HQJ
�;LDQJ�0HQJ��+DMLPH�8QR��.HQQHWK�.HKO��/X�7LDQ�

7KH�&R[�PRGHO�DQG�LWV�KD]DUG�UDWLR��+5��DUH�VWDQGDUG�IRU�WUHDWPHQW�HIIHFWV��\HW�IDFH�OLPLWDWLRQV�OLNH
QRQ�FROODSVLELOLW\�DQG�VHQVLWLYLW\�WR�FHQVRULQJ��7KLV�SDSHU�GHYHORSV�D�VHPLSDUDPHWULF�IUDPHZRUN�IRU
WKH�DYHUDJH�KD]DUG�ZLWK�VXUYLYDO�ZHLJKW��$+���D�PRGHO�IUHH��SRSXODWLRQ�OHYHO�SHUVRQ�WLPH�HYHQW�UDWH�
:H�FRQWUDVW�WKH�$+�ZLWK�SDLUZLVH�ZLQ�UDWLRV��DVVXPSWLRQ�OHDQ�UHJUHVVLRQ�SURMHFWLRQV��DQG�IL[HG�
KRUL]RQ�ULVNV��KLJKOLJKWLQJ�LWV�XWLOLW\�DV�D�PDUJLQDO��UDWH�EDVHG�HVWLPDQG�UREXVW�WR�QRQ�SURSRUWLRQDO
KD]DUGV�DQG�LQYDULDQW�WR�LQGHSHQGHQW�FHQVRULQJ�

:H�FRQWULEXWH�WR�FDXVDO�LQIHUHQFH�LQ�WKUHH�ZD\V��)LUVW��ZH�IRUPDOL]H�WKH�$+�DV�D�FDXVDO�HVWLPDQG
XVLQJ�SRWHQWLDO�RXWFRPHV��LGHQWLI\LQJ�LW�XQGHU�VWDQGDUG�DVVXPSWLRQV�ZKLOH�FODULI\LQJ�LWV�GLVWLQFWLRQ
IURP�PDUJLQDOL]HG�FRQGLWLRQDO�UDWHV��6HFRQG��ZH�HVWDEOLVK�WKH�SDWKZLVH�GLIIHUHQWLDELOLW\�RI�WKH�$+
DQG�GHULYH�LWV�HIILFLHQW�LQIOXHQFH�IXQFWLRQ��(,)���7KLUG��ZH�SURSRVH�D�FURVV�ILWWHG��GRXEO\�UREXVW
HVWLPDWRU�OHYHUDJLQJ�PDFKLQH�OHDUQLQJ�IRU�QXLVDQFH�HVWLPDWLRQ�ZKLOH�PDLQWDLQLQJ�VTUW^Q`�
FRQVLVWHQF\�DQG�DV\PSWRWLF�QRUPDOLW\��6LPXODWLRQV�VKRZ�RXU�HVWLPDWRU�PDLQWDLQV�QHDU�QRPLQDO
FRYHUDJH�DQG�PLQLPDO�ELDV��HYHQ�ZLWK�FURVVLQJ�KD]DUGV��)LQDOO\��ZH�DSSO\�RXU�PHWKRG�WR�WKH�6((5�
0HGLFDUH�GDWDEDVH��D�PDVVLYH�KHDOWK�UHFRUG�V\VWHP�WKDW�OLQNV�RIILFLDO�FDQFHU�UHJLVWULHV�ZLWK�ORQJ�
WHUP�LQVXUDQFH�GDWD�WR�VKRZ�KRZ�ZHOO�GLIIHUHQW�WUHDWPHQWV�ZRUN�IRU�WKRXVDQGV�RI�SDWLHQWV�LQ�UHDO�
ZRUOG�VHWWLQJV�
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7KH�&ORQH�&HQVRU�:HLJKW�0HWKRG�$SSOLHG�WR�&RQWLQXHG�&RORUHFWDO�&DQFHU�6FUHHQLQJ
3DUWLFLSDWLRQ��$�7DUJHW�7ULDO�(PXODWLRQ�%XNHW�b]WoUN�(VHQ
�%XNHW�b]WoUN�(VHQ��/DUV�3HGHUVHQ�

%DFNJURXQG��7KH�HIIHFWLYHQHVV�RI�WKH�IHFDO�LPPXQRFKHPLFDO�WHVW��),7��LQ�UHGXFLQJ�FRORUHFWDO�FDQFHU
�&5&��PRUWDOLW\�LV�ZHOO�NQRZQ��+RZHYHU��VWXGLHV�HYDOXDWLQJ�WKH�HIIHFW�RI�DWWHQGLQJ�D�VHFRQG�),7
VFUHHQLQJ�UHPDLQ�OLPLWHG�

2EMHFWLYH��%\�XWLOL]LQJ�WKH�WDUJHW�WULDO�IUDPHZRUN�DQG�WKH�FORQH�FHQVRU�ZHLJKW��&&:��PHWKRG��ZH
DLP�WR�HYDOXDWH�WKH�HIIHFW�RI�DWWHQGLQJ�D�VHFRQG�),7�VFUHHQLQJ�ZKLOH�PLWLJDWLQJ�LPPRUWDO�WLPH�ELDV
DQG�VHOHFWLRQ�ELDV�

0HWKRG��:H�DSSOLHG�WKH�&&:�PHWKRG�LQ�WKUHH�VWHSV�����&ORQLQJ��:H�FUHDWHG�WZR�FRSLHV�RI�HDFK
HOLJLEOH�LQGLYLGXDO��1 ���������DQG�DVVLJQHG�HDFK�FRS\�WR�RQH�RI�WZR�VFUHHQLQJ�VWUDWHJLHV�
SDUWLFLSDWLQJ�ZLWKLQ�WKUHH�\HDUV�RI�DQ�LQLWLDO�QHJDWLYH�UHVXOW�YV��QRW�SDUWLFLSDWLQJ�����&HQVRULQJ��$W
PRQWKO\�LQWHUYDOV��ZH�DVVHVVHG�DGKHUHQFH��,I�D�FRS\�GHYLDWHG�IURP�WKH�DVVLJQHG�VWUDWHJ\��LW�ZDV
FHQVRUHG�����:HLJKWLQJ��7R�DGMXVW�IRU�VHOHFWLRQ�ELDV�LQWURGXFHG�E\�FHQVRULQJ��ZH�HVWLPDWHG�VWDELOL]HG
LQYHUVH�SUREDELOLW\�ZHLJKWV��7KLV�FUHDWHG�D�SVHXGR�SRSXODWLRQ�LQ�ZKLFK�FHQVRULQJ�ZDV�LQGHSHQGHQW
RI�EDVHOLQH�IDFWRUV�

5HVXOW��$W���\HDUV��WKH�ULVN�RI�&5&�PRUWDOLW\�ZDV�����������&,����������������IRU�FRQWLQXHG
SDUWLFLSDWLRQ�YV������������&,����������������IRU�QRQ�SDUWLFLSDWLRQ��UHVXOWLQJ�LQ�D�UHODWLYH�ULVN�RI
���������&,��������������DQG�D�ULVN�GLIIHUHQFH�RI������������&,������������������

&RQFOXVLRQ��&&:�LV�D�XVHIXO�PHWKRG�IRU�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�DWWHQGLQJ�D�VHFRQG�),7
VFUHHQLQJ��KRZHYHU��VHOHFWLRQ�ELDV�GXH�WR�XQPHDVXUHG�IDFWRUV�FDQQRW�EH�UXOHG�RXW�
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'LVHQWDQJOLQJ�0LVUHSRUWLQJ�IURP�*HQXLQH�$GDSWDWLRQ�LQ�6WUDWHJLF�6HWWLQJV��$�&DXVDO
$SSURDFK�'\ODQ�=DS]DOND
�'\ODQ�=DS]DOND��7UHQWRQ�&KDQJ��/LQGVD\�:DUUHQEXUJ��6DH�+ZDQ�3DUN�
'DQLHO�6KHQIHOG��5DYL�3DULNK��-HQQD�:LHQV��0DJJLH�0DNDU�

,Q�VHWWLQJV�ZKHUH�0/�PRGHOV�DUH�XVHG�WR�LQIRUP�WKH�DOORFDWLRQ�RI�UHVRXUFHV��DJHQWV�DIIHFWHG�E\�WKH
DOORFDWLRQ�GHFLVLRQV�PLJKW�KDYH�DQ�LQFHQWLYH�WR�VWUDWHJLFDOO\�FKDQJH�WKHLU�IHDWXUHV�WR�VHFXUH�EHWWHU
RXWFRPHV��:KLOH�SULRU�ZRUN�KDV�VWXGLHG�VWUDWHJLF�UHVSRQVHV�EURDGO\��GLVHQWDQJOLQJ�PLVUHSRUWLQJ
IURP�JHQXLQH�DGDSWDWLRQ�UHPDLQV�D�IXQGDPHQWDO�FKDOOHQJH��,Q�WKLV�ZRUN��ZH�SURSRVH�D�FDXVDOO\�
PRWLYDWHG�DSSURDFK�WR�LGHQWLI\�DQG�TXDQWLI\�KRZ�PXFK�DQ�DJHQW�PLVUHSRUWV�RQ�DYHUDJH�E\
GLVWLQJXLVKLQJ�GHFHSWLYH�FKDQJHV�LQ�WKHLU�IHDWXUHV�IURP�JHQXLQH�DGDSWDWLRQ��2XU�NH\�LQVLJKW�LV�WKDW�
XQOLNH�JHQXLQH�DGDSWDWLRQ��PLVUHSRUWHG�IHDWXUHV�GR�QRW�FDXVDOO\�DIIHFW�GRZQVWUHDP�YDULDEOHV��L�H��
FDXVDO�GHVFHQGDQWV���:H�H[SORLW�WKLV�DV\PPHWU\�E\�FRPSDULQJ�WKH�FDXVDO�HIIHFW�RI�PLVUHSRUWHG
IHDWXUHV�RQ�WKHLU�FDXVDO�GHVFHQGDQWV�DV�GHULYHG�IURP�PDQLSXODWHG�GDWDVHWV�DJDLQVW�WKRVH�IURP
XQPDQLSXODWHG�GDWDVHWV��:H�IRUPDOO\�SURYH�LGHQWLILDELOLW\�RI�WKH�PLVUHSRUWLQJ�UDWH�DQG�FKDUDFWHUL]H
WKH�YDULDQFH�RI�RXU�HVWLPDWRU��:H�HPSLULFDOO\�YDOLGDWH�RXU�WKHRUHWLFDO�UHVXOWV�XVLQJ�D�VHPL�V\QWKHWLF
DQG�UHDO�0HGLFDUH�GDWDVHW�ZLWK�PLVUHSRUWHG�GDWD��GHPRQVWUDWLQJ�WKDW�RXU�DSSURDFK�FDQ�EH�HPSOR\HG
WR�LGHQWLI\�PLVUHSRUWLQJ�LQ�UHDO�ZRUOG�VFHQDULRV�
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&DXVDO�(YDOXDWLRQ�RI�/DUYLFLGH�,QWHUYHQWLRQ�RQ�:HVW�1LOH�9LUXV�9HFWRUV�-LDQ�<DQJ
�-LDQ�<DQJ�
7UHYRU�+DUULV��&KDQ�3DUN��.ULVWLQD�/RSH]��5HEHFFD�6PLWK�

(IIHFWLYH�ODUYDO�FRQWURO�LV�D�FRUQHUVWRQH�RI�,QWHJUDWHG�9HFWRU�0DQDJHPHQW�IRU�:HVW�1LOH�YLUXV
PLWLJDWLRQ��,Q�������WKH�1RUWK�6KRUH�0RVTXLWR�$EDWHPHQW�'LVWULFW�LQ�WKH�&KLFDJR�DUHD�LPSOHPHQWHG
D�VWUDWHJLF�VZLWFK�LQ�ODUYLFLGH�SURGXFWV��(YDOXDWLQJ�WKH�FDXVDO�LPSDFW�RI�VXFK�RSHUDWLRQDO
LQWHUYHQWLRQV�LV�FKDOOHQJLQJ�GXH�WR�VWURQJ�VHDVRQDOLW\�DQG�PHWHRURORJLFDO�FRQIRXQGHUV��H�J��
WHPSHUDWXUH��SUHFLSLWDWLRQ���7KLV�VWXG\�DSSOLHV�TXDVL�H[SHULPHQWDO�IUDPHZRUNVwVSHFLILFDOO\
'LIIHUHQFH�LQ�'LIIHUHQFHV�DQG�6\QWKHWLF�&RQWUROwWR�HVWLPDWH�WKH�LQWHUYHQWLRQyV�FDXVDO�HIIHFW�RQ
&XOH[�PRVTXLWR�DEXQGDQFH�DQG�WKH�:HVW�1LOH�9LUXV�9HFWRU�,QGH[�XVLQJ�ZHHNO\�VXUYHLOODQFH�GDWD
�����v�������:KLOH�SUHOLPLQDU\�,QWHUUXSWHG�7LPH�6HULHV�PRGHOV�VXJJHVWHG�DQ�������UHGXFWLRQ�LQ
DEXQGDQFH��WKH\�UHO\�VROHO\�RQ�WHPSRUDO�FRQWUROV��7R�LPSURYH�LGHQWLILFDWLRQ��ZH�OHYHUDJH�GDWD�IURP
QHLJKERULQJ�GLVWULFWV�DV�FRQWURO�XQLWV��:H�LPSOHPHQW�'LIIHUHQFH�LQ�'LIIHUHQFH�DQG�6\QWKHWLF�&RQWURO
PHWKRGV�WR�FRQVWUXFW�D�GDWD�GULYHQ�FRXQWHUIDFWXDO�WKDW�PLQLPL]HV�SUH�LQWHUYHQWLRQ�WUHQG�GLYHUJHQFH�
7KLV�UHVHDUFK�GHPRQVWUDWHV�WKH�XWLOLW\�RI�FDXVDO�LQIHUHQFH�PHWKRGV�LQ�YDOLGDWLQJ�SXEOLF�KHDOWK
LQWHUYHQWLRQV�ZKHUH�UDQGRPL]HG�FRQWURO�WULDOV�DUH�LQIHDVLEOH��RIIHULQJ�UREXVW�HYLGHQFH�RI�ODUYLFLGH
HIILFDF\�ZKLOH�DGGUHVVLQJ�FRPSOH[�HQYLURQPHQWDO�QRLVH�
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4XDQWLI\LQJ�WKH�&DXVDO�,PSDFW�RI�3ROLWLFDO�3RODUL]DWLRQ�RQ�&29,'����'\QDPLFV��$
/RQJLWXGLQDO�3UR[LPDO�&DXVDO�,QIHUHQFH�$SSURDFK�-LDQ�<DQJ
�-LDQ�<DQJ��5HEHFFD�6PLWK�

7KH�SROLWLFL]DWLRQ�RI�SXEOLF�KHDOWK�KDV�EHHQ�D�GHILQLQJ�IHDWXUH�RI�WKH�&29,'����SDQGHPLF��+RZHYHU�
HVWLPDWLQJ�WKH�FDXVDO�HIIHFW�RI�SROLWLFDO�DIILOLDWLRQ�RQ�LQIHFWLRQ�UDWHV�LV�FKDOOHQJHG�E\�XQPHDVXUHG�
WLPH�YDU\LQJ�FRQIRXQGHUV��VSHFLILFDOO\�FRPPXQLW\�OHYHO�EHKDYLRUDO�FRPSOLDQFH�DQG�ULVN�DWWLWXGHV�
6WDQGDUG�UHJUHVVLRQ�PRGHOV�RIWHQ�IDLO�WR�DFFRXQW�IRU�WKHVH�G\QDPLF�ODWHQW�IDFWRUV��OHDGLQJ�WR�ELDVHG
HVWLPDWHV��7KLV�VWXG\�SURSRVHV�D�ORQJLWXGLQDO�3UR[LPDO�&DXVDO�,QIHUHQFH�IUDPHZRUN�WR�LGHQWLI\�WKH
FDXVDO�HIIHFW�RI�FRXQW\�OHYHO�SROLWLFDO�OHDQLQJ�RQ�ZHHNO\�&29,'����FDVH�JURZWK�UDWHV�IURP������WR
������:H�DGGUHVV�WKH�FKDOOHQJH�RI�XQREVHUYHG�FRQIRXQGLQJ�E\�HPSOR\LQJ�D�7ZR�6WDJH�/HDVW
6TXDUHV�VWUDWHJ\�ZLWK�GLVWLQFW�SUR[\�YDULDEOHV��&UXFLDOO\��WR�RYHUFRPH�WKH������GLVFRQWLQXLW\�RI
FRPPHUFLDO�PRELOLW\�GDWDVHWV��ZH�OHYHUDJH�WKH�%XUHDX�RI�7UDQVSRUWDWLRQ�6WDWLVWLFVx�GDWD�DV�D
FRQWLQXRXV��RXWFRPH�LQGXFLQJ�SUR[\��&RQYHUVHO\��ZH�XWLOL]H�WKH�KLVWRULFDO�SUHVLGHQWLDO�HOHFWLRQ
UHVXOWV�DV�D�VWDWLF��WUHDWPHQW�LQGXFLQJ�SUR[\��2XU�PRGHO�LQFRUSRUDWHV�D�VSHFLILF�ODJ�VWUXFWXUH�DQG
WLPH�IL[HG�HIIHFWV�WR�FRQWURO�IRU�LQFXEDWLRQ�SHULRGV�DQG�WHPSRUDO�GHSHQGHQFLHV��%\�IRUPDOO\
VHSDUDWLQJ�VWDWLF�SROLWLFDO�WUHDWPHQWV�IURP�G\QDPLF�EHKDYLRUDO�PHFKDQLVPV��WKLV�UHVHDUFK�SURYLGHV�D
UREXVW�LGHQWLILFDWLRQ�VWUDWHJ\�IRU�HYDOXDWLQJ�KRZ�SRODUL]DWLRQ�VWUXFWXUDOO\�LPSDFWHG�SDQGHPLF
WUDMHFWRULHV�RYHU�DQ�H[WHQGHG�SHULRG�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF ������

���� 3�
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&DXVDO�0RGHOLQJ�DQG�'LVFRYHU\�RI�%UDLQ�1HWZRUN�,QWHUDFWLRQV�$QJ�/L
�$QJ�/L�

8QGHUVWDQGLQJ�WKH�FDXVDO�RUJDQL]DWLRQ�RI�EUDLQ�QHWZRUNV�LV�D�FHQWUDO�SUREOHP�LQ�FRJQLWLYH
QHXURVFLHQFH��DV�GLVUXSWLRQV�LQ�WKHVH�QHWZRUNV�DUH�OLQNHG�WR�GLVRUGHUV�VXFK�DV�3DUNLQVRQyV�GLVHDVH�
$O]KHLPHUyV�GLVHDVH��DQG�HSLOHSV\��'HVFULELQJ�KRZ�FRPPXQLFDWLRQ�EHWZHHQ�EUDLQ�UHJLRQV�EUHDNV
GRZQ�FDQ�KHOS�H[SODLQ�GLVHDVH�UHODWHG�V\PSWRPV�DQG�LQIRUP�PDUNHUV�RI�SURJUHVVLRQ�DQG�SRWHQWLDO
LQWHUYHQWLRQ�VWUDWHJLHV��0RUH�EURDGO\��LGHQWLI\LQJ�FDXVDO�UHODWLRQVKLSV�DPRQJ�EUDLQ�UHJLRQV�LV
HVVHQWLDO�IRU�XQGHUVWDQGLQJ�EUDLQ�IXQFWLRQ�DQG�FRJQLWLRQ�
0RVW�DQDO\VHV�RI�IXQFWLRQDO�EUDLQ�LPDJLQJ�GDWD�UHO\�RQ�FRUUHODWLRQ�EDVHG�PHDVXUHV��ZKLFK�FDQQRW
GLVWLQJXLVK�WUXH�FDXVDO�LQIOXHQFH�IURP�VSXULRXV�DVVRFLDWLRQV��:H�DGGUHVV�WKLV�OLPLWDWLRQ�E\�DSSO\LQJ
WKH�6WUXFWXUDO�&DXVDO�0RGHO�IUDPHZRUN�DQG�3UREDELOLWLHV�RI�&DXVDWLRQ�WR�ODUJH�VFDOH�I05,�GDWD
FROOHFWHG�ZLWKRXW�DQ�H[SOLFLW�WDVN��7KLV�DOORZV�LQWHUYHQWLRQDO�DQG�FRXQWHUIDFWXDO�UHDVRQLQJ�DERXW
EUDLQ�QHWZRUN�LQWHUDFWLRQV��LQFOXGLQJ�FRXQWHUIDFWXDO�TXHVWLRQV�UHODWHG�WR�GLVHDVH�DVVRFLDWHG
FKDQJHV�
:H�DOVR�LQWURGXFH�DQ�H[SHUW�JXLGHG�FDXVDO�GLVFRYHU\�VWUDWHJ\�WKDW�LQFRUSRUDWHV�H[SHUW�NQRZOHGJH
LQWR�GLVFRYHU\�EDVHG�RQ�FRQGLWLRQDO�LQGHSHQGHQFH�WHVWV��:KHQ�VWDWLVWLFDO�WHVWV�OHDYH�HGJH�GLUHFWLRQV
XQUHVROYHG��SODXVLEOH�RULHQWDWLRQV�DUH�SURSDJDWHG�WKURXJK�WKH�JUDSK�DQG�HYDOXDWHG�IRU
FRQWUDGLFWLRQV�ZLWK�H[SHUW�NQRZOHGJH��DOORZLQJ�LPSODXVLEOH�FDXVDO�VWUXFWXUHV�WR�EH�UXOHG�RXW�
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3URYLGHU�/HYHO�+HWHURJHQHLW\�LQ�,QSDWLHQW�(IILFLHQF\�8QGHU�5HVRXUFH�6WUDLQ��$�0XOWLOHYHO
4XDVL�([SHULPHQWDO�$QDO\VLV�(OLRW�:HLQVWHLQ
�(OLRW�:HLQVWHLQ��0DWWKHZ�&HUDVDOH�

/HQJWK�RI�VWD\��/26��LV�D�FHQWUDO�PHDVXUH�RI�LQSDWLHQW�HIILFLHQF\��\HW�LVRODWLQJ�SURYLGHUuOHYHO
FRQWULEXWLRQV�LV�FKDOOHQJLQJ�EHFDXVH�HQFRXQWHUV�DUH�QHVWHG�ZLWKLQ�FRPSOH[�KRVSLWDO�V\VWHPV�DQG
FRQIRXQGHG�E\�IOXFWXDWLRQV�LQ�SDWLHQW�PL[�DQG�UHVRXUFH�DYDLODELOLW\��8VLQJ�HQFRXQWHUuOHYHO�GDWD�IURP
DGXOW�LQSDWLHQW�DGPLVVLRQV�DW�DQ�XUEDQ�WHUWLDU\�PHGLFDO�FHQWHU��ZH�OHYHUDJH�D�KRVSLWDOuGHILQHG
z-HRSDUG\{�VWDWXV��SHULRGV�RI�KHLJKWHQHG�UHVRXUFH�VWUDLQ�UHTXLULQJ�DGGLWLRQDO�SURYLGHU�FRYHUDJH��DV�D
TXDVLuH[SHULPHQWDO�VKRFN�WR�H[DPLQH�KRZ�/26�UHVSRQGV�WR�V\VWHP�VWUHVV�DQG��QRYHOO\��KRZ�WKLV
UHVSRQVH�YDULHV�DFURVV�SK\VLFLDQV�ZLWKLQ�D�KRVSLWDO��:H�HVWLPDWH�PXOWLOHYHO�JHQHUDOL]HG�OLQHDU�PL[HG
PRGHOV�WR�FKDUDFWHUL]H�SRSXODWLRQuOHYHO�DQG�SK\VLFLDQuVSHFLILF�HIIHFWV�RI�-HRSDUG\�RQ�/26��7KHVH
PRGHOV�OHW�XV�TXDQWLI\�KHWHURJHQHLW\�LQ�SURYLGHU�HIILFLHQF\�XQGHU�VWUDLQ��LGHQWLI\LQJ�FOLQLFLDQV�ZKRVH
/26�SDWWHUQV�GLYHUJH�IURP�SHHUV��0RWLYDWHG�E\�FRQVLVWHQW�DVVRFLDWLRQV�EHWZHHQ�,&8�XVH�DQG�/26�
ZH�DOVR�RXWOLQH�D�PXOWLOHYHO�WZRuVWDJH�UHVLGXDO�LQFOXVLRQ���65,��VWUDWHJ\�WKDW�WUHDWV�-HRSDUG\�DV�DQ
LQVWUXPHQW�IRU�HQFRXQWHUuOHYHO�,&8�DGPLVVLRQ�WR�HVWLPDWH�WKH�FDXVDO�HIIHFW�RI�,&8�XVH�RQ�/26�DPRQJ
HQFRXQWHUV�ZKRVH�,&8�VWDWXV�LV�VKLIWHG�E\�UHVRXUFH�VWUDLQ��7RJHWKHU��WKHVH�DSSURDFKHV�DOORZ�XV�WR
FKDUDFWHUL]H�V\VWHPuOHYHO�LPSDFWV�RI�UHVRXUFH�VWUDLQ�DQG�SK\VLFLDQuOHYHO�YDULDWLRQ�LQ�UHVSRQVLYHQHVV
WR�WKDW�VWUDLQ��RIIHULQJ�D�ULJRURXV�IRXQGDWLRQ�IRU�VWXG\LQJ�SURYLGHU�HIILFLHQF\�XQGHU�KLJK�GHPDQG
FRQGLWLRQV�
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&DXVDO�GLPHQVLRQ�UHGXFWLRQ�IRU�PXOWLSOH�FRQWLQXRXV�H[SRVXUHV�ZLWK�DQ�DSSOLFDWLRQ�WR
HQYLURQPHQWDO�PL[WXUHV�DQDO\VLV�7KRPDV�+VLDR
�7KRPDV�+VLDR��+RZDUG�&KDQJ��5D]LHK�1DEL�

(YDOXDWLQJ�WKH�KHDOWK�FRQVHTXHQFHV�RI�HQYLURQPHQWDO�DQG�FKHPLFDO�PL[WXUHV�KDV�EHFRPH�D�FHQWUDO
IRFXV�LQ�HQYLURQPHQWDO�HSLGHPLRORJ\��$OWKRXJK�VXEVWDQWLDO�SURJUHVV�KDV�EHHQ�PDGH�LQ�PHWKRGV
GHYHORSPHQW��EDODQFLQJ�IOH[LEOH�HVWLPDWLRQ�ZLWK�LQWHUSUHWDEOH�PL[WXUH�HIIHFWV�UHPDLQV�FKDOOHQJLQJ�
DQG�H[LVWLQJ�WRROV�IRU�GUDZLQJ�FDXVDO�FRQFOXVLRQV�DUH�OLPLWHG��0DQ\�RI�WKHVH�FKDOOHQJHV�VWHP�IURP
WKH�GLIILFXOW\�RI�GHILQLQJ�SUDFWLFDO�FDXVDO�HVWLPDQGV�IRU�PXOWLGLPHQVLRQDO��FRQWLQXRXV�H[SRVXUHV��:H
SURSRVH�D�VXIILFLHQW�GLPHQVLRQ�UHGXFWLRQ�DSSURDFK�WKDW�LGHQWLILHV�ORZ�GLPHQVLRQDO�UHSUHVHQWDWLRQV
SUHVHUYLQJ�WKH�FDXVDO�H[SRVXUHvUHVSRQVH�VXUIDFH�RI�WKH�RULJLQDO�PL[WXUH��:H�GHILQH�WKH�VWDWLVWLFDO
REMHFWLYHV��HVWDEOLVK�WKHRUHWLFDO�SURSHUWLHV�RI�WKH�UHVXOWLQJ�HVWLPDWRU��DQG�HYDOXDWH�LWV�ILQLWH�VDPSOH
SHUIRUPDQFH�WKURXJK�VLPXODWLRQ��:H�DOVR�GLVFXVV�YLVXDO�DQG�DQDO\WLFDO�VWUDWHJLHV�IRU�LQWHUSUHWLQJ�WKH
UHGXFHG�GLPHQVLRQV��7KH�SURSRVHG�PHWKRGV�DUH�FRPSDUHG�ZLWK�DVVRFLDWLRQ�EDVHG�GLPHQVLRQ
UHGXFWLRQ�WHFKQLTXHV�LQ�VLPXODWLRQV�DQG�LOOXVWUDWHG�WKURXJK�DQ�DQDO\VLV�RI�PDWHUQDO�SUR�
LQIODPPDWRU\�F\WRNLQH�H[SRVXUHV�DQG�IHWDO�LQIODPPDWLRQ�GXULQJ�SUHJQDQF\�
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(1'6�DQG�&LJDUHWWH�5HGXFWLRQ��$�&DXVDO�%D\HVLDQ�$GGLWLYH�5HJUHVVLRQ�7UHH�$QDO\VLV�6KX
;X
�6KX�;X��-HQQLIHU�+LOO��/XFKDQJ�&XL��<DQJ�)HQJ��5D\PRQG�1LDXUD�

7KHUH�LV�RQJRLQJ�GHEDWH�DERXW�ZKHWKHU�(1'6�FDQ�KHOS�DGXOW�FLJDUHWWH�VPRNHUV�TXLW�VPRNLQJ��2QH
ZD\�WR�DGGUHVV�WKLV�TXHVWLRQ�LV�WR�H[DPLQH�WKH�XQELDVHG�DVVRFLDWLRQ�EHWZHHQ�(1'6�XVH�DQG�WKH
IUHTXHQF\�RI�FLJDUHWWH�VPRNLQJ��+RZHYHU��WKLV�DQDO\VLV�IDFHV�FKDOOHQJHV��LQFOXGLQJ�SRWHQWLDO
FRQIRXQGLQJ�LQ�REVHUYDWLRQDO�GDWD��QRQOLQHDU�DQG�LQWHUDFWLYH�UHODWLRQVKLSV�DPRQJ�VWXG\�YDULDEOHV�
DQG�WKH�GLIILFXOW\�RI�PRGHOLQJ�WKH�VNHZHG�GLVWULEXWLRQ�RI�FLJDUHWWH�IUHTXHQF\�RXWFRPH�
:H�DQDO\]HG�ORQJLWXGLQDO�GDWD�IURP�:DYHV���WKURXJK���RI�WKH�3RSXODWLRQ�$VVHVVPHQW�RI�7REDFFR�DQG
+HDOWK��3$7+��6WXG\��7KH�DQDO\WLF�VDPSOH�LQFOXGHG������DGXOWV�ZKR�ZHUH�FXUUHQW�HVWDEOLVKHG
FLJDUHWWH�VPRNHUV�LGHQWLILHG�DW�:DYH����:H�DVVHVVHG�WKH�DVVRFLDWLRQ�EHWZHHQ�FXUUHQW�(1'6�XVH�DW
:DYH���DQG�WKH�QXPEHU�RI�GD\V�RI�FLJDUHWWH�VPRNLQJ�LQ�WKH�SDVW����GD\V�DW�:DYH���XVLQJ�%D\HVLDQ
$GGLWLYH�5HJUHVVLRQ�7UHH�DQDO\VHV�IRU�FDXVDO�LQIHUHQFH��0RGHOV�DGMXVWHG�IRU�D�UDQJH�RI�:DYH��
FRYDULDWHV��H�J���VRFLRGHPRJUDSKLF��QLFRWLQH�GHSHQGHQFH��DQG�RWKHU�UHOHYDQW�IDFWRUV��
$VVXPLQJ�ZH�KDYH�DGMXVWHG�IRU�DOO�FRQIRXQGHUV��UHVXOWV�LQGLFDWH�WKDW�'DLO\�XVH�RI�(1'6�DPRQJ
HVWDEOLVKHG�FLJDUHWWH�VPRNHUV�LV�DVVRFLDWHG�ZLWK�D�VXEVHTXHQW�GHFOLQH�LQ�GD\V�RI�FLJDUHWWH�VPRNLQJ�
FRPSDUHG�WR�RFFDVLRQDO�RU�QR�XVH��7KHVH�ILQGLQJV�KLJKOLJKW�WKH�SRWHQWLDO�RI�(1'6�DV�D�KDUP
UHGXFWLRQ�WRRO�IRU�DGXOW�VPRNHUV�
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

$�&9�70/(�JOREDO�WHVW�$SSURDFK�WR�0XOWLSOH�&RPSRQHQW�(QGSRLQWV�LQ�5DUH�'LVHDVH
&OLQLFDO�7ULDOV�7LDQ\XH�=KRX
�7LDQ\XH�=KRX��6XVDQ�*UXEHU��0DUN�YDQ�GHU�/DDQ��+DQD�/HH��:RQ\XO
/HH��/HL�1LH�

5DUH�GLVHDVH�WULDOV�IDFH�XQLTXH�VWDWLVWLFDO�FKDOOHQJHV�GXH�WR�OLPLWHG�SDWLHQW�SRSXODWLRQV�DQG
KHWHURJHQHRXV�FOLQLFDO�PDQLIHVWDWLRQV�DPRQJ�SDWLHQWV��0XOWLSOH�HQGSRLQWV�DUH�RIWHQ�QHFHVVDU\�WR
FRPSUHKHQVLYHO\�FDSWXUH�WUHDWPHQW�EHQHILWV��$�JOREDO�WHVW�LV�DQ�DSSURDFK�IRU�HYDOXDWLQJ�ZKHWKHU�D
WUHDWPHQW�KDV�DQ\�EHQHILFLDO�HIIHFW�DFURVV�PXOWLSOH�HQGSRLQWV��:H�SURSRVH�D�QHZ�JOREDO�WHVW�EDVHG
RQ�D�ZHLJKWHG�FRPSRVLWH�HQGSRLQW��7KH�SURSRVHG�JOREDO�WHVW�HPSOR\V�VKULQNDJH�EDVHG�FURVV�
YDOLGDWHG�WDUJHWHG�PD[LPXP�OLNHOLKRRG�HVWLPDWLRQ��&9�70/(��WR�OHDUQ�GDWD�DGDSWLYH�ZHLJKWV�WKDW
PD[LPL]H�SRZHU�ZKLOH�PDLQWDLQLQJ�7\SH�,�HUURU�FRQWURO��6KULQNDJH�FDQ�EH�WDLORUHG�WR�LQFRUSRUDWH
H[LVWLQJ�GRPDLQ�NQRZOHGJH��VXFK�DV�DQWLFLSDWHG�UHODWLYH�HIIHFW�VL]HV��,Q�VLPXODWLRQ�VWXGLHV�GHVLJQHG
WR�UHIOHFW�UHDO�UDUH�GLVHDVH�WULDO�VHWWLQJV��WKH�SURSRVHG�SURFHGXUH�GHPRQVWUDWHG�LPSURYHG�SRZHU
RYHU�VWDQGDUG�PXOWLSOLFLW\�DGMXVWPHQWV�DQG�FODVVLFDO�JOREDO�WHVWV��H�J���2y%ULHQ�WHVW���ZKLOH
PDLQWDLQLQJ�QRPLQDO�W\SH�,�HUURU��ZKHQ�HIIHFWV�DUH�KHWHURJHQHRXV�DFURVV�HQGSRLQWV��7KH�SURSRVHG
PHWKRG�VLPXOWDQHRXVO\�OHDUQV�DQ�RSWLPDO�ZHLJKWHG�FRPSRVLWH�RXWFRPH�DQG�SURYLGHV�DQ�HIILFLHQW�DQG
XQELDVHG�70/(�IRU�WKH�DYHUDJH�WUHDWPHQW�HIIHFW��$7(��RQ�WKDW�ZHLJKWHG�RXWFRPH��ZLWK�YDOLG
LQIHUHQFH�WDNLQJ�LQWR�DFFRXQW�WKDW�WKH�$7(�LV�GDWD�GHSHQGHQW�
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

7KUHH�VLGHG�7HVWLQJ�ZLWK�7ZR�&RQWURO�*URXSV�ZLWK�DQ�$SSOLFDWLRQ�WR�DQ�2EVHUYDWLRQDO
6WXG\�RI�WKH�,PSDFW�RI�+LJK�6FKRRO�)RRWEDOO�3DUWLFLSDWLRQ�RQ�6XEVHTXHQW�&RJQLWLYH
)XQFWLRQLQJ�,ULV�+RUQJ
�,ULV�+RUQJ��'D�:X��6DPHHU�'HVKSDQGH��'\ODQ�6PDOO�

$PHULFDQ�IRRWEDOO��WKH�PRVW�SRSXODU�KLJK�VFKRRO�VSRUW�IRU�$PHULFDQ�ER\V��KDV�VSDUNHG�FRQFHUQ�DERXW
LWV�ORQJ�WHUP�FRJQLWLYH�HIIHFWV��8VLQJ�WKH�:LVFRQVLQ�/RQJLWXGLQDO�6WXG\�GDWDVHW��ZKLFK�WUDFNV
LQGLYLGXDOV�ZKR�JUDGXDWHG�IURP�:LVFRQVLQ�KLJK�VFKRROV�LQ�������ZH�IRFXV�RQ�WKHLU�RXWFRPHV�RI�OHWWHU
IOXHQF\�DQG�GHOD\HG�ZRUG�UHFDOO�DW�DJHV����DQG�����:KLOH�SULRU�VWXGLHV�KDYH�XVHG�ELQDU\�K\SRWKHVLV
WHVWV�IRU�FRJQLWLYH�GHFOLQH��VXFK�DSSURDFKHV�FDQQRW�GHWHUPLQH�ZKHWKHU�DQ�HIIHFW�LV�VPDOO�HQRXJK�WR
EH�FRQVLGHUHG�QHJOLJLEOH��7R�DGGUHVV�WKLV��ZH�XVH�D�WKUHH�VLGHG�WHVWLQJ�IUDPHZRUN�WKDW
VLPXOWDQHRXVO\�DVVHVVHV�VXSHULRULW\��LQIHULRULW\��DQG�HTXLYDOHQFH��:H�IXUWKHU�H[WHQG�WKLV�IUDPHZRUN
WR�LQFRUSRUDWH�WZR�GLVWLQFW�FRQWURO�JURXSV�v�QRQ�FRQWDFW�VSRUW�SDUWLFLSDQWV�DQG�QRQ�DWKOHWHV�w�WR
LPSURYH�UREXVWQHVV�WR�KLGGHQ�ELDV��2XU�PDLQ�FRQWULEXWLRQ�LV�D�ULJRURXV�PHWKRGRORJ\�IRU�LQWHJUDWLQJ
WZR�FRQWURO�JURXSV�ZLWKLQ�WKUHH�VLGHG�WHVWLQJ��ZKLOH�HQVXULQJ�SURSHU�FRQWURO�RI�IDPLO\ZLVH�HUURU�
$VVXPLQJ�OLPLWHG�XQPHDVXUHG�FRQIRXQGLQJ��ZH�ILQG�QR�PHDQLQJIXO�LPSDFW�RI�SOD\LQJ�KLJK�VFKRRO
IRRWEDOO�RQ�ODWHU�OLIH�FRJQLWLYH�IXQFWLRQLQJ��$Q�5�SDFNDJH��VHQ�FRQWUROJURXSV��LPSOHPHQWV�WKH
PHWKRG�
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

(QVHPEOH�&DXVDO�6WUXFWXUH�/HDUQLQJ�IRU�$FWLRQDEOH�,QVLJKWV�LQWR�5HSHDWHG�+HDOWKFDUH
8WLOL]DWLRQ�6KLVKLU�$GKLNDUL
�6KLVKLU�$GKLNDUL��*XLGR�0XVFLRQL��0DUN�6KDSLUR��3ODPHQ�3HWURY��(OHQD
=KHOHYD�

8QGHUVWDQGLQJ�WKH�IDFWRUV�WKDW�WULJJHU�RU�SUHYHQW�UHSHDWHG�XQGHVLUDEOH�KHDOWK�RXWFRPHV��VXFK�DV
HPHUJHQF\�GHSDUWPHQW��('��YLVLWV�DQG�KRVSLWDO�UHDGPLVVLRQV��LV�FULWLFDO�IRU�LPSURYLQJ�TXDOLW\�RI�FDUH
DQG�UHGXFLQJ�FRVWV��:KHQ�UDQGRPL]HG�FRQWUROOHG�WULDOV�DUH�LQIHDVLEOH��FDXVDO�VWUXFWXUH�OHDUQLQJ
�&6/��SURYLGHV�DQ�DOWHUQDWLYH�IRU�JHQHUDWLQJ�FDXVDO�K\SRWKHVHV�IURP�REVHUYDWLRQDO�GDWD��EXW�LWV
UHOLDELOLW\�LV�OLPLWHG�E\�VWURQJ�DVVXPSWLRQV�DQG�PRGHO�XQFHUWDLQW\��:H�K\SRWKHVL]H�WKDW�DQ�HQVHPEOH
RI�&6/�DOJRULWKPV�LPSURYHV�UREXVWQHVV�E\�LGHQWLI\LQJ�FDXVHV�WKDW�SHUVLVW�DFURVV�GLIIHUHQW
DVVXPSWLRQV��:H�SURSRVH�DQ�HQG�WR�HQG�IUDPHZRUN�WKDW�LQWHJUDWHV�DQ�HQVHPEOH�RI�&6/�DOJRULWKPV
ZLWK�FDXVDO�HIIHFW�HVWLPDWLRQ�WR�LGHQWLI\�DQG�UDQN�FDXVDO�ULVN�DQG�SUHYHQWLYH�IDFWRUV��DQG�WR�TXDQWLI\
KHWHURJHQHRXV�HIIHFWV�DFURVV�VXESRSXODWLRQV��7KH�IUDPHZRUN�RXWSXWV�FDQGLGDWH�FDXVHV�DQG�HIIHFW
PRGLILHUV�ZLWK�FRQILGHQFH�VFRUHV�EDVHG�RQ�DJUHHPHQW�DFURVV�PHWKRGV��([SHULPHQWV�RQ�V\QWKHWLF�DQG
VHPL�V\QWKHWLF�GDWD�VKRZ�WKDW�D�PDMRULW\�YRWLQJ�HQVHPEOH�LPSURYHV�UHFDOO�RI�FDXVDO�IDFWRUV�ZKLOH
PDLQWDLQLQJ�SUHFLVLRQ��$SSOLFDWLRQ�WR�UHDO�ZRUOG�KHDOWKFDUH�GDWD�\LHOGV�FOLQLFDOO\�SODXVLEOH
K\SRWKHVHV�DOLJQHG�ZLWK�H[LVWLQJ�NQRZOHGJH�DQG�LGHQWLILHV�VXESRSXODWLRQV�ZLWK�GLIIHUHQWLDO
VXVFHSWLELOLW\��7KLV�DSSURDFK�HQDEOHV�GDWD�GULYHQ�LGHQWLILFDWLRQ�RI�DFWLRQDEOH�LQWHUYHQWLRQV�
VXSSRUWLQJ�WDUJHWHG�VWUDWHJLHV�WR�LPSURYH�SDWLHQW�RXWFRPHV�ZKLOH�UHGXFLQJ�DYRLGDEOH�KHDOWKFDUH
XWLOL]DWLRQ�DQG�DVVRFLDWHG�FRVWV�
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

&DXVDO5$*��$Q�2YHUYLHZ�$QG�,WV�$SSOLFDWLRQ�WR�3UHFLVLRQ�2QFRORJ\�%UHQQDQ�.HOOH\
�%UHQQDQ
.HOOH\�

//0V��ZKHQ�GHSOR\HG�LQ�FOLQLFDO�VXSSRUW�UROHV��KDYH�URXWLQHO\�KDOOXFLQDWHG�UHFRPPHQGDWLRQV�WKDW
DUH�XQYDOLGDWHG��7R�FRPEDW�WKLV��5$*��RU�5HWULHYDO�$XJPHQWHG�*HQHUDWLRQ��ZDV�LQWHJUDWHG��ZKLFK
KDV�SDUWLDOO\�DGGUHVVHG�WKH�KDOOXFLQDWLRQ�LVVXH�E\�JURXQGLQJ�WKH�//0�RXWSXWV�LQ�UHWULHYHG�OLWHUDWXUH�
+RZHYHU��WKLV�DSSURDFK�FDQ�VWLOO�EH�FRQWH[WXDOO\�LQDSSURSULDWH��DQG�WUHDWPHQWV�WKDW�GR�QRW�KDYH
HQRXJK�GDWD�WR�HYDOXDWH�WKHLU�HIILFDF\�FDQ�VOLS�WKURXJK��&DXVDO5$*�DGGV�DQ�DGGLWLRQDO�OD\HU�RI
YDOLGDWLRQ��ZKHUH�WKH�UHFRPPHQGDWLRQV�IRU�WUHDWPHQW�JR�WKURXJK�D�FDXVDO�LQIHUHQFH�SLSHOLQH�
KHOSLQJ�WR�HQVXUH�WKDW�WKH�WUHDWPHQWV�UHFRPPHQGHG�E\�WKH�//0�SURGXFH�WKH�LQWHQGHG�RXWFRPHV�
7KH�SLSHOLQH�LQYROYHV�DQ�(PSLULFDO�%RXQGLQJ�%R[��$EVWUDFW�H[WUDFWLRQ��DQG�WKH�'R:K\�DQG�(FRQ0/
SDFNDJHV��7KH�SRVWHU�SUHVHQWDWLRQ�LQWURGXFHV�&DXVDO5$*�DQG�GLVSOD\�WKH�UHVXOWV�RI�VRPH�WULDOV�RI
&DXVDO5$*�LQ�WKH�FRQWH[W�RI�WKH�7&*$�%5&$�EUHDVW�FDQFHU�GDWDVHW�FRQWDLQLQJ�UHFRUGV�IRU������
SDWLHQWV��$ORQJ�ZLWK�D�EUHDNGRZQ�RI�WKH�&DXVDO�3LSHOLQH�
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$SSOLFDWLRQV�LQ�3K\VLFDO�6FLHQFHV��(QJLQHHULQJ��(QYLURQPHQW�DQG�0LVFHOODQHRXV
$SSOLFDWLRQV

,V�&URVV�&RXQWU\�D�7HDP�6SRUW"�$�%D\HVLDQ�+LHUDUFKLFDO�$QDO\VLV�RI�$WWDFKHG�YV�
8QDWWDFKHG�5XQQHUV�-DUHG�)LVKHU
�-DUHG�)LVKHU��1DWKDQ�6DQGKROW]��6DP�/HH��%U\OHH�:LOFR[�
*DUULWW�3DJH�

&URVV�FRXQWU\�UDFHV�DUH�VFRUHG�DV�WHDP�FRPSHWLWLRQV�\HW�H[SHULHQFHG�SULPDULO\�DV�LQGLYLGXDO�HIIRUWV�
UDLVLQJ�WKH�TXHVWLRQ�RI�ZKHWKHU�WHDP�DIILOLDWLRQ�PHDVXUDEO\�DIIHFWV�LQGLYLGXDO�SHUIRUPDQFH��:H
LQYHVWLJDWH�WKLV�TXHVWLRQ�E\�FRPSDULQJ�FROOHJLDWH�UXQQHUVy�UDFH�WLPHV�ZKHQ�WKH\�FRPSHWH�zDWWDFKHG{
WR�D�WHDP�YHUVXV�zXQDWWDFKHG�{�8VLQJ�PRUH�WKDQ�D�GHFDGH�RI�UHVXOWV�IURP�WKH�7UDFN�DQG�)LHOG�5HVXOWV
5HSRUWLQJ�6\VWHP��7)556���ZH�GHYHORS�D�GLUHFWHG�DF\FOLF�JUDSK��'$*��WR�IRUPDOL]H�WKH�FDXVDO
VWUXFWXUH�JRYHUQLQJ�SHUIRUPDQFH�DQG�WR�LGHQWLI\�FRYDULDWHV�UHTXLUHG�WR�EORFN�UHOHYDQW�EDFNGRRU
SDWKV��*XLGHG�E\�WKLV�'$*��ZH�ILW�%D\HVLDQ�KLHUDUFKLFDO�PRGHOV�WKDW�DGMXVW�IRU�UXQQHU�DELOLW\��UDFH
GLVWDQFH��FRXUVH��\HDU�LQ�VFKRRO��DQG�WLPH�LQ�VHDVRQ��L�H��IDFWRUV�WKDW�MRLQWO\�FRQIRXQG�WHDP�VWDWXV�DQG
LQGLYLGXDO�SHUIRUPDQFH��$FURVV�VSHFLILFDWLRQV��ZH�ILQG�FRQVLVWHQW�HYLGHQFH�WKDW�UXQQHUV�SHUIRUP
EHWWHU�ZKHQ�UDFLQJ�DV�SDUW�RI�D�WHDP��LPSURYLQJ�E\�URXJKO\�VHYHQ�WR�WKLUWHHQ�VHFRQGV�GHSHQGLQJ�RQ
UDFH�GLVWDQFH��7KHVH�ILQGLQJV�SURYLGH�TXDQWLWDWLYH��FDXVDOO\�LQWHUSUHWDEOH�HYLGHQFH�WKDW�WHDP
DIILOLDWLRQ�HQKDQFHV�LQGLYLGXDO�SHUIRUPDQFH��VXJJHVWLQJ�WKDW�SV\FKRORJLFDO�RU�PRWLYDWLRQDO
PHFKDQLVPV�DVVRFLDWHG�ZLWK�VKDUHG�LGHQWLW\�SOD\�D�PHDQLQJIXO�UROH�HYHQ�LQ�D�PLQLPDOO\�LQWHUDFWLYH
VSRUW�
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$SSOLFDWLRQV�LQ�3K\VLFDO�6FLHQFHV��(QJLQHHULQJ��(QYLURQPHQW�DQG�0LVFHOODQHRXV
$SSOLFDWLRQV

&KDOOHQJHV�DQG�2SSRUWXQLWLHV�LQ�&DXVDO�,QIHUHQFH�ZLWK�&RPSOH[�7UHDWPHQWV�0LFKDHO
9DODQFLXV
�0LFKDHO�9DODQFLXV�

0RVW�FDXVDO�LQIHUHQFH�UHVHDUFK�KDV�FHQWHUHG�RQ�HVWLPDWLQJ�DYHUDJH�HIIHFWV�RI�VLPSOH��ZHOO�GHILQHG
LQWHUYHQWLRQV��:KLOH�WKHVH�PHWKRGV�KDYH�EHHQ�KLJKO\�VXFFHVVIXO��IXUWKHU�LQQRYDWLRQ�LV�QHHGHG�WR
WDFNOH�WKH�FKDOOHQJHV�SRVHG�ZKHQ�WUHDWPHQWV�DUH�FRPSOH[��KLJK�GLPHQVLRQDO�REMHFWV�VXFK�DV�LPDJHV�
DXGLR��RU�WH[W��7KH�UDSLG�SUROLIHUDWLRQ�RI�$,�V\VWHPV�KDV�RQO\�DPSOLILHG�WKLV�FKDOOHQJH��WKHLU�RXWSXWV
DUH�UDUHO\�GLUHFWO\�PDQLSXODEOH��GHI\�VWUDLJKWIRUZDUG�FKDUDFWHUL]DWLRQ��DQG�SRVH�VLJQLILFDQW�REVWDFOHV
IRU�FDXVDO�GLVFRYHU\�DQG�LQWHUYHQWLRQ�
:H�DUJXH�WKDW�WKH�QH[W�IURQWLHU�IRU�FDXVDO�LQIHUHQFH�OLHV�LQ�GHYHORSLQJ�PHWKRGV�WKDW�FDQ�UHDVRQ
DERXW�QXDQFHG��LQGLYLGXDOL]HG��DQG�FRXQWHUIDFWXDO�TXHVWLRQV�LQ�WKHVH�FRPSOH[�VHWWLQJV��)RU�H[DPSOH�
:RXOG�D�GLIIHUHQW�GXE�RI�D�VSHFLILF�PRYLH�KDYH�LPSURYHG�PHPEHU�VDWLVIDFWLRQ"�2U��KRZ�FDQ�ZH
GHILQH�WKH�UHOHYDQW�TXDOLW\�FRPSRQHQWV�RI�D�YLGHR�WR�XQGHUVWDQG�WKHLU�FDXVDO�LPSDFW"�,Q�PDQ\�UHDO�
ZRUOG�DSSOLFDWLRQV��SDUWLFXODUO\�LQ�5	'�DQG�FUHDWLYH�VXSSRUW��DFWLRQDEOH�IHHGEDFN�DQG�VWUXFWXUHG
GLVFRYHU\�DUH�DV�LPSRUWDQW�DV�WUDGLWLRQDO�HIIHFW�HVWLPDWLRQ��DQG�RIWHQ�UHTXLUH�zUHYHUVH{�FDXVDO
UHDVRQLQJ�
:H�LOOXVWUDWH�WKHVH�FKDOOHQJHV�DQG�RSSRUWXQLWLHV�ZLWK�H[DPSOHV�IURP�1HWIOL[��ZKHUH�WUHDWPHQWV�OLNH
GXEV�DQG�DUWZRUN�DUH�LQKHUHQWO\�FRPSOH[��DQG�XQGHUVWDQGLQJ�WKHLU�FDXVDO�LPSDFW�LV�HVVHQWLDO�IRU
VXSSRUWLQJ�FUHDWLYH�LQQRYDWLRQ��:H�GLVFXVV�OLPLWDWLRQV�RI�FXUUHQW�PHWKRGRORJLHV��KLJKOLJKW�RSHQ
TXHVWLRQV��DQG�VKDUH�HDUO\�PRGHOLQJ�GLUHFWLRQV�
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$SSOLFDWLRQV�LQ�3K\VLFDO�6FLHQFHV��(QJLQHHULQJ��(QYLURQPHQW�DQG�0LVFHOODQHRXV
$SSOLFDWLRQV

&DXVDO�,QIHUHQFH�IRU�$,2SV��5RRW�&DXVH�$QDO\VLV�LQ�0LFURVHUYLFHV�,QFLGHQWV�/HDQGUR
6LTXHLUD
�/HDQGUR�6LTXHLUD��9LFWRU�0HGHLURV��:LOOLDQ�+RQRUDWR��.DXi�)UDQfD��$OYLQR�-nQLRU�

0LFURVHUYLFH�DUFKLWHFWXUHV�SURSDJDWH�ODWHQF\�LQ�FRPSOH[��QRQuOLQHDU�ZD\V��PDNLQJ�URRW�FDXVH
DQDO\VLV�RI�WDLO�ODWHQF\�GHJUDGDWLRQ�GLIILFXOW�ZKHQ�UHO\LQJ�VROHO\�RQ�FRUUHODWLRQV��,Q�EDQNLQJ
SURGXFWLRQ�HQYLURQPHQWV��3���ODWHQF\�LV�D�NH\�LQGLFDWRU�RI�XVHUuSHUFHLYHG�LPSDFW�GXULQJ�LQFLGHQWV�
7KLV�ZRUN�SUHVHQWV�D�FDXVDO�$,�DSSURDFK�EDVHG�RQ�JUDSKLFDO�FDXVDO�PRGHOV��*&0�'$*V��DSSOLHG�WR
UHDO�GLVWULEXWHG�WUDFH�GDWD�WR�H[SODLQ�LQFUHDVHV�LQ�3����p3����LQ�DQ�LQWHUSUHWDEOH�DQG�RSHUDWLRQDOO\
DFWLRQDEOH�PDQQHU��7KH�PHWKRG�LV�H[SOLFLWO\�URXWH�DZDUH��LQVWHDG�RI�UHO\LQJ�RQ�DQ�DJJUHJDWHG�VHUYLFH
WRSRORJ\��LW�FRQVWUXFWV�MXVWuLQuWLPH�FDXVDO�'$*V�FRQGLWLRQHG�RQ�WKH�H[DFW�FXVWRPHU�MRXUQH\V�DFWXDOO\
WUDYHUVHG�
)URP����REVHUYHG�URXWHV�LQ�SURGXFWLRQ��RQO\�IRXU�H[KLELWHG�VLJQLILFDQW�GHJUDGDWLRQ�DQG�ZHUH
VHOHFWHG�IRU�GHWDLOHG�FDXVDO�DQDO\VLV��HQVXULQJ�WKH�PRGHO�IRFXVHV�RQ�UHDO��LPSDFWIXO�XVHU�EHKDYLRU�
)RU�HDFK�LPSDFWHG�URXWH��WKH�RSHUDWLRQDO�FDOO�JUDSK�LV�LQYHUWHG�WR�PRGHO�XSVWUHDP�VHUYLFHV�DV
FDQGLGDWH�FDXVHV�RI�HQGuWRuHQG�ODWHQF\�DW�WKH�%))��([FOXVLYH�VHUYLFH�ODWHQF\�GHILQHV�HDFK�QRGHyV
FDXVDO�PHFKDQLVP��OHDUQHG�IURP�EDVHOLQH�WUDFHV�DQG�FRQWUDVWHG�DJDLQVW�DQRPDORXV�WUDFHV�LVRODWHG
YLD�,VRODWLRQ�)RUHVW��p3���LV�DWWULEXWHG�WR�VHUYLFHV�XVLQJ�6KDSOH\�YDOXHV�RYHU�PHFKDQLVP�FKDQJHV�
SURGXFLQJ�UHVSRQVLELOLW\�VFRUHV�WKDW�GLVHQWDQJOH�WUXH�GULYHUV�IURP�SURSDJDWHG�HIIHFWV�
$FURVV�WKH�IRXU�LPSDFWHG�URXWHV�LQ�D���uVHUYLFH�V\VWHP��p3���FRQVLVWHQWO\�FRQFHQWUDWHV�LQ�D�VPDOO
VXEVHW�RI�VHUYLFHV��SUHGRPLQDQWO\�&RUH�DQG
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%D\HVLDQ�&DXVDO�,QIHUHQFH

%D\�3,(��&RUUHFWLQJ�$WWHQXDWLRQ�%LDV�LQ�3UHGLFWLYH�,QFUHPHQWDOLW\�E\�([SHULPHQWDWLRQ�5DQ
:DQJ
�5DQ�:DQJ�

3UHGLFWLYH�,QFUHPHQWDOLW\�E\�([SHULPHQWDWLRQ��3,(��*RUGRQ�HW�DO���������FDOLEUDWHV�DWWULEXWLRQ�E\
UHODWLQJ�WRWDO�OLIW�WR�DWWULEXWHG�OLIW�DFURVV�PDQ\�UDQGRPL]HG�H[SHULPHQWV��,Q�SUDFWLFH��ERWK�OLIWV�DUH
RIWHQ�QRLV\�ILQLWH�VDPSOH�HVWLPDWHV�ZLWK�KHWHURJHQHRXV�VWDQGDUG�HUURUV��DQG�WKH\�PD\�VKDUH
VDPSOLQJ�QRLVH�ZLWKLQ�DQ�H[SHULPHQW��&RQYHQWLRQDO�2/6�:/6�3,(�FDQ�WKHUHIRUH�H[KLELW�DWWHQXDWLRQ
ELDV��LQHIILFLHQW�ZHLJKWLQJ��DQG�SRRUO\�FDOLEUDWHG�LQWHUYDOV�

:H�SURSRVH�%D\HVLDQ�3,(��%D\�3,(���D�+LHUDUFKLFDO�%D\HVLDQ�0RGHO�IRU�WKH�ODWHQW�3,(�UHODWLRQVKLS�
%RWK�REVHUYHG�OLIWV�DUH�WUHDWHG�DV�HUURU�FRQWDPLQDWHG�PHDVXUHPHQWV��H�J��
KDW^WDX`BLA^WRWDO` WDXBLA^WRWDO`�YBLA^WRWDO`��KDW^WDX`BLA^DWWU` WDXBLA^DWWU`�YBLA^DWWU`���%D\�
3,(�HIIHFWLYHO\�GHFRQYROYHV�PHDVXUHPHQW�QRLVH�WR�UHFRYHU�ODWHQW�OLIWV��ZLWK�ZLWKLQ�H[SHULPHQW
GHSHQGHQFH�UHGXFHG�YLD�VDPSOH�VSOLWWLQJ��,Q�VLPXODWLRQV��%D\�3,(�UHGXFHV�ELDV�DQG�LPSURYHV�LQWHUYDO
FRYHUDJH�YHUVXV�:/6�3,(��ZLWK�ODUJHU�JDLQV�ZKHQ�DWWULEXWLRQ�LV�QRLVLHU��8VLQJ�WKH�SXEOLF�&ULWHR
$WWULEXWLRQ�0RGHOLQJ�IRU�%LGGLQJ�GDWDVHW��%D\�3,(�FRUUHFWV�VORSH�VKULQNDJH�DQG�KHOSV�VHSDUDWH�ORZ�
VLJQDO�IURP�ORZ�SUHFLVLRQ�UHJLPHV��7KH�NH\�DGYDQWDJH�LV�PRGXODULW\�IRU�SUHGLFWLYH�LQFUHPHQWDOLW\
FDOLEUDWLRQ��%D\�3,(�FDVWV�3,(�DV�D�VLQJOH�SUREDELOLVWLF�PHDVXUHPHQW�HUURU�PRGHO�ZKHUH�ZHLJKWLQJ
DQG�H[WHQVLRQV�DUH�EXLOW�LQWR�WKH�%D\HVLDQ�IUDPHZRUN�DQG�HVWLPDWHG�YLD�XQLILHG�0&0&�SRVWHULRU
LQIHUHQFH��UDWKHU�WKDQ�XVLQJ�DG�KRF�ZHLJKWLQJ�UXOHV�RU�UH�GHULYHG�2/6�0/(�HVWLPDWRUV�
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%D\HVLDQ�&DXVDO�,QIHUHQFH

,PSURYLQJ�*HQHUDWLYH�0HWKRGV�IRU�&DXVDO�(YDOXDWLRQ�YLD�6LPXODWLRQ�%DVHG�,QIHUHQFH
3UDFKHWD�$PDUDQDWK
�3UDFKHWD�$PDUDQDWK��9LQLWUD�0XUDOLNULVKQDQ��$PLW�6KDUPD��'DYLG�-HQVHQ�

*HQHUDWLQJ�V\QWKHWLF�GDWDVHWV�WKDW�DFFXUDWHO\�UHIOHFW�UHDO�ZRUOG�REVHUYDWLRQDO�GDWD�LV�FULWLFDO�IRU
HYDOXDWLQJ�FDXVDO�HVWLPDWRUV��EXW�UHPDLQV�D�FKDOOHQJLQJ�WDVN��([LVWLQJ�JHQHUDWLYH�PHWKRGV�RIIHU�D
VROXWLRQ�E\�SURGXFLQJ�V\QWKHWLF�GDWDVHWV�DQFKRUHG�LQ�WKH�REVHUYHG�GDWD��VRXUFH�GDWD��ZKLOH�DOORZLQJ
YDULDWLRQ�LQ�NH\�SDUDPHWHUV�VXFK�DV�WKH�WUHDWPHQW�HIIHFW�DQG�DPRXQW�RI�FRQIRXQGLQJ�ELDV��+RZHYHU�
LW�LV�RIWHQ�XQFOHDU�ZKLFK�JHQHUDWLYH�PHWKRGV�WR�XVH�DQG�ZKLFK�YDOXHV�RI�SDUDPHWHUV�WR�FKRRVH�ZKHQ
JHQHUDWLQJ�V\QWKHWLF�GDWDVHWV��0RUHRYHU��H[LVWLQJ�PHWKRGV�W\SLFDOO\�UHTXLUH�XVHUV�WR�SURYLGH�SRLQW
HVWLPDWHV�RI�VXFK�SDUDPHWHUV��UDWKHU�WKDQ�GLVWULEXWLRQV��DQG�IL[HG�HVWLPDWHV��UDWKHU�WKDQ�HVWLPDWHV
WKDW�FDQ�EH�LPSURYHG�ZLWK�UHIHUHQFH�WR�WKH�VRXUFH�GDWD���7KLV�GHQLHV�XVHUV�WKH�DELOLW\�WR�H[SUHVV
XQFHUWDLQW\�RYHU�ERWK�JHQHUDWLYH�PHWKRGV�DQG�SDUDPHWHU�YDOXHV�DQG�UHPRYHV�WKH�SRWHQWLDO�IRU
SRVWHULRU�LQIHUHQFH��SRWHQWLDOO\�OHDGLQJ�WR�XQUHOLDEOH�HVWLPDWRU�FRPSDULVRQV��:H�LQWURGXFH
VLPXODWLRQ�EDVHG�LQIHUHQFH�IRU�FDXVDO�HYDOXDWLRQ��6%,&(���D�IUDPHZRUN�WKDW�PRGHOV�WKH�JHQHUDWLYH
PHWKRG�DQG�LWV�FRUUHVSRQGLQJ�JHQHUDWLYH�SDUDPHWHUV�DV�XQFHUWDLQ�DQG�LQIHUV�WKHLU�SRVWHULRU
GLVWULEXWLRQ�JLYHQ�D�VRXUFH�GDWDVHW��/HYHUDJLQJ�WHFKQLTXHV�LQ�VLPXODWLRQ�EDVHG�LQIHUHQFH��6%,&(
LGHQWLILHV�VXLWDEOH�JHQHUDWLYH�PHWKRGV�DQG�LQIHUV�GLVWULEXWLRQV�RYHU�LWV�SDUDPHWHU�FRQILJXUDWLRQV�WR
SURGXFH�V\QWKHWLF�GDWDVHWV�FORVHO\�DOLJQHG�ZLWK�WKH�VRXUFH�GDWD�GLVWULEXWLRQ��LPSURYLQJ�WKH�UHOLDELOLW\
RI�HVWLPDWRU�HYDOXDWLRQV�
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&DXVDO�%RXQGV��3DUWLDO�,GHQWLILFDWLRQ

,QIRUPDWLRQ�7KHRUHWLF�&DXVDO�%RXQGV�<RQJKDQ�-XQJ
�<RQJKDQ�-XQJ�

:H�GHYHORS�DQ�LQIRUPDWLRQ�WKHRUHWLF�IUDPHZRUN�IRU�SDUWLDO�LGHQWLILFDWLRQ�RI�FDXVDO�HIIHFWV�XQGHU
XQPHDVXUHG�FRQIRXQGLQJ��([LVWLQJ�SDUWLDO�LGHQWLILFDWLRQ�DSSURDFKHV�VXIIHU�IURP�RQH�RU�PRUH�RI�WKH
IROORZLQJ�OLPLWDWLRQV��UHVWULFWLQJ�RXWFRPHV�WR�EH�ERXQGHG�RU�GLVFUHWH��UHTXLULQJ�DX[LOLDU\�LQSXWV
�LQVWUXPHQWV��SUR[LHV��RU�XVHU�VSHFLILHG�VHQVLWLYLW\�SDUDPHWHUV���QHFHVVLWDWLQJ�IXOO�VWUXFWXUDO
PRGHOLQJ��RU�QHJOHFWLQJ�HIIHFW�KHWHURJHQHLW\��:H�XQLYHUVDOO\�DGGUHVV�WKHVH�OLPLWDWLRQV�WKURXJK�D
QRYHO�LQIRUPDWLRQ�WKHRUHWLF�GLYHUJHQFH�ERXQG��2XU�NH\�LQVLJKW�LV�WKDW�WKH�I�GLYHUJHQFHV�RI�WKH
REVHUYDWLRQDO�GLVWULEXWLRQ�3�<�_�$ D��; [��DQG�WKH�LQWHUYHQWLRQDO�GLVWULEXWLRQ�3�<�_�GR�$ D���; [�
DUH�XSSHU�ERXQGHG�E\�D�IXQFWLRQ�RI�WKH�SURSHQVLW\�VFRUH�3U�$ D_; [���:H�WUDQVODWH�WKHVH�XSSHU
ERXQGV�RI�I�GLYHUJHQFHV�LQWR�VKDUS�ORZHU�DQG�XSSHU�ERXQGV�RI�FRQGLWLRQDO�FDXVDO�HIIHFWV�ZLWKRXW
UHTXLULQJ�ERXQGHGQHVV�DVVXPSWLRQV��DX[LOLDU\�YDULDEOHV��RU�IXOO�GDWD�JHQHUDWLQJ�SURFHVV
VSHFLILFDWLRQ��:H�GHYHORS�D�VHPLSDUDPHWULF�HVWLPDWRU�IRU�WKH�SURSRVHG�FDXVDO�ERXQGV�WKDW�DWWDLQV
IDVW�FRQYHUJHQFH�UDWHV�HYHQ�ZKHQ�QXLVDQFH�FRPSRQHQWV�FRQYHUJH�VORZO\��6LPXODWLRQ�VWXGLHV�DQG
UHDO�GDWD�DSSOLFDWLRQV�GHPRQVWUDWH�WKH�SUDFWLFDO�XWLOLW\�RI�RXU�ERXQGV�
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&DXVDO�'LVFRYHU\

&DXVDO�'LVFRYHU\�IRU�+LJK�'LPHQVLRQDO�)XQFWLRQDO�'DWD�ZLWK�/DWHQW�&RQIRXQGHUV�)LOLSSR
)LRFFKL
�)LOLSSR�)LRFFKL��6DPXHO�:DQJ�

&RQVWUDLQW�EDVHG�FDXVDO�GLVFRYHU\�PHWKRGV�VXFK�DV�WKH�3&�DOJRULWKP�DUH�ZLGHO\�XVHG�WR�LQIHU�FDXVDO
VWUXFWXUH�IURP�REVHUYDWLRQDO�GDWD��EXW�WKHLU�DSSOLFDWLRQ�WR�KLJK�GLPHQVLRQDO�IXQFWLRQDO�GDWD�KDV�RQO\
UHFHQWO\�EHHQ�H[SORUHG��0RUHRYHU��H[LVWLQJ�DSSURDFKHV�DVVXPH�WKDW�DOO�YDULDEOHV�RI�LQWHUHVW�DUH
REVHUYHG��H[FOXGLQJ�WKH�SUHVHQFH�RI�ODWHQW�FRQIRXQGHUV��,Q�WKLV�ZRUN��ZH�GHYHORS�D�IUDPHZRUN�IRU
FDXVDO�GLVFRYHU\�LQ�PXOWLYDULDWH�IXQFWLRQDO�GDWD�WKDW�H[WHQGV�WKH�3&�DOJRULWKP�WR�VHWWLQJV�ZLWK
XQREVHUYHG�FRQIRXQGLQJ��2XU�DSSURDFK�HVWLPDWHV�FRQGLWLRQDO�LQGHSHQGHQFH�UHODWLRQV�RI�WKH
XQGHUO\LQJ�XQFRQIRXQGHG�SURFHVVHV�YLD�ORZ�UDQNvSOXVvVLJQDO�GHFRPSRVLWLRQV�RI�FRYDULDQFH
RSHUDWRUV��HQDEOLQJ�VHSDUDWLRQ�RI�ODWHQW�FRQIRXQGLQJ�HIIHFWV�IURP�LQWULQVLF�GHSHQGHQFLHV��8QGHU
SDUWLDO�VHSDUDELOLW\�DQG�PRUH�JHQHUDO�FRYDULDQFH�VWUXFWXUHV��ZH�VKRZ�WKDW�FRQGLWLRQDO
LQGHSHQGHQFHV�EHWZHHQ�IXQFWLRQDO�YDULDEOHV�FDQ�EH�FKDUDFWHUL]HG�WKURXJK�SDUWLDO�FRUUHODWLRQV�RI
SURMHFWHG�VFRUHV��OHDGLQJ�WR�D�PRGLILHG�3&�SURFHGXUH�WKDW�UHPDLQV�YDOLG�LQ�KLJK�GLPHQVLRQDO
UHJLPHV��:H�HVWDEOLVK�FRQVLVWHQF\�JXDUDQWHHV�IRU�VNHOHWRQ�UHFRYHU\�DQG�&3'$*�HVWLPDWLRQ��DQG
GHPRQVWUDWH�WKURXJK�VLPXODWLRQV�WKDW�WKH�SURSRVHG�PHWKRG�UHOLDEO\�UHFRYHUV�FDXVDO�VWUXFWXUH�HYHQ
ZKHQ�FODVVLFDO�IXQFWLRQDO�3&�PHWKRGV�IDLO�LQ�WKH�SUHVHQFH�RI�KLGGHQ�FRQIRXQGHUV�
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&DXVDO�'LVFRYHU\

&RQYH[�0L[HG�,QWHJHU�3URJUDPPLQJ�IRU�&DXVDO�$GGLWLYH�0RGHOV�ZLWK�2SWLPL]DWLRQ�DQG
6WDWLVWLFDO�*XDUDQWHHV�;LDR]KX�=KDQJ
�;LDR]KX�=KDQJ��1LU�.HUHW��$OL�6KRMDLH��$UPHHQ�7DHE�

:H�VWXG\�WKH�SUREOHP�RI�OHDUQLQJ�D�GLUHFWHG�DF\FOLF�JUDSK�IURP�GDWD�JHQHUDWHG�DFFRUGLQJ�WR�DQ
DGGLWLYH��QRQ�OLQHDU�VWUXFWXUDO�HTXDWLRQ�PRGHO�ZLWK�*DXVVLDQ�QRLVH��:H�H[SUHVV�HDFK�QRQ�OLQHDU
IXQFWLRQ�WKURXJK�D�EDVLV�H[SDQVLRQ��DQG�GHULYH�D�PD[LPXP�OLNHOLKRRG�HVWLPDWRU�ZLWK�D�JURXS�O��
UHJXODUL]DWLRQ�WKDW�SHQDOL]HV�WKH�QXPEHU�RI�HGJHV�LQ�WKH�JUDSK��7KH�UHVXOWLQJ�HVWLPDWRU�LV
IRUPXODWHG�WKURXJK�D�FRQYH[�PL[HG�LQWHJHU�SURJUDP��HQDEOLQJ�WKH�XVH�RI�EUDQFK�DQG�ERXQG�PHWKRGV
WR�REWDLQ�D�VROXWLRQ�WKDW�LV�JXDUDQWHHG�WR�EH�DFFXUDWH�XS�WR�D�SUH�VSHFLILHG�RSWLPDOLW\�JDS��2XU
IRUPXODWLRQ�FDQ�QDWXUDOO\�HQFRGH�EDFNJURXQG�NQRZOHGJH��VXFK�DV�WKH�SUHVHQFH�RU�DEVHQFH�RI�HGJHV
DQG�SDUWLDO�RUGHULQJ�FRQVWUDLQWV�DPRQJ�WKH�YDULDEOHV��:H�HVWDEOLVK�FRQVLVWHQF\�JXDUDQWHHV�IRU�RXU
HVWLPDWRU�LQ�WHUPV�RI�JUDSK�UHFRYHU\��HYHQ�ZKHQ�WKH�QXPEHU�RI�YDULDEOHV�JURZV�ZLWK�WKH�VDPSOH
VL]H��$GGLWLRQDOO\��E\�FRQQHFWLQJ�WKH�RSWLPDOLW\�JXDUDQWHHV�ZLWK�RXU�VWDWLVWLFDO�HUURU�ERXQGV��ZH
GHULYH�DQ�HDUO\�VWRSSLQJ�FULWHULRQ�WKDW�DOORZV�WHUPLQDWLQJ�WKH�EUDQFK�DQG�ERXQG�SURFHGXUH�ZKLOH
SUHVHUYLQJ�FRQVLVWHQF\��&RPSDUHG�ZLWK�H[LVWLQJ�DSSURDFKHV�WKDW�HLWKHU�DVVXPH�HTXDO�HUURU
YDULDQFHV��UHVWULFW�WR�OLQHDU�VWUXFWXUDO�HTXDWLRQ�PRGHOV��RU�UHO\�RQ�KHXULVWLF�SURFHGXUHV��RXU�PHWKRG
HQMR\V�ERWK�RSWLPL]DWLRQ�DQG�VWDWLVWLFDO�JXDUDQWHHV��([WHQVLYH�VLPXODWLRQV�DQG�UHDO�GDWD�DQDO\VLV
VKRZ�WKDW�WKH�SURSRVHG�PHWKRG�DFKLHYHV�PDUNHGO\�EHWWHU�JUDSK�UHFRYHU\�SHUIRUPDQFH�
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&DXVDO�'LVFRYHU\

&DXVDO�'LVFRYHU\�LQ�*DPH�7HOHPHWU\�0LQK�1JX\HQ
�0LQK�1JX\HQ�

&DXVDO�GLVFRYHU\�LV�LQFUHDVLQJO\�DSSOLHG�WR�ODUJH�VFDOH�WHOHPHWU\�GDWD�WR�HVWLPDWH�WKH�HIIHFWV�RI�XVHU�
IDFLQJ�LQWHUYHQWLRQV��\HW�LWV�UHOLDELOLW\�IRU�GHFLVLRQ�PDNLQJ�LQ�IHHGEDFN�GULYHQ�V\VWHPV�ZLWK�VWURQJ
VHOI�VHOHFWLRQ�UHPDLQV�XQFOHDU��,Q�WKLV�SDSHU��ZH�SURSRVH�DQ�HIIHFW�FHQWULF��DGPLVVLELOLW\�ILUVW
IUDPHZRUN�WKDW�WUHDWV�GLVFRYHUHG�JUDSKV�DV�VWUXFWXUDO�K\SRWKHVHV�DQG�HYDOXDWHV�WKHP�E\
LGHQWLILDELOLW\��VWDELOLW\��DQG�IDOVLILFDWLRQ�UDWKHU�WKDQ�E\�JUDSK�UHFRYHU\�DFFXUDF\�DORQH��(PSLULFDOO\�
ZH�VWXG\�WKH�HIIHFW�RI�HDUO\�H[SRVXUH�WR�FRPSHWLWLYH�JDPHSOD\�RQ�VKRUW�WHUP�UHWHQWLRQ�XVLQJ�UHDO�
ZRUOG�JDPH�WHOHPHWU\�:H�ILQG�WKDW�PDQ\�VWDWLVWLFDOO\�SODXVLEOH�GLVFRYHU\�RXWSXWV�GR�QRW�DGPLW�SRLQW�
LGHQWLILHG�FDXVDO�TXHULHV�RQFH�PLQLPDO�WHPSRUDO�DQG�VHPDQWLF�FRQVWUDLQWV�DUH�HQIRUFHG��KLJKOLJKWLQJ
LGHQWLILDELOLW\�DV�D�FULWLFDO�ERWWOHQHFN�IRU�GHFLVLRQ�VXSSRUW��:KHQ�LGHQWLILFDWLRQ�LV�SRVVLEOH��VHYHUDO
DOJRULWKP�IDPLOLHV�FRQYHUJH�WR�VLPLODU��GHFLVLRQ�FRQVLVWHQW�HIIHFW�HVWLPDWHV�GHVSLWH�SURGXFLQJ
VXEVWDQWLDOO\�GLIIHUHQW�JUDSK�VWUXFWXUHV��LQFOXGLQJ�FDVHV�ZKHUH�WKH�GLUHFW�WUHDWPHQWvRXWFRPH�HGJH�LV
DEVHQW�DQG�WKH�HIIHFW�LV�SUHVHUYHG�WKURXJK�LQGLUHFW�FDXVDO�SDWKZD\V��7KHVH�FRQYHUJLQJ�HVWLPDWHV
VXUYLYH�SODFHER��VXEVDPSOLQJ��DQG�VHQVLWLYLW\�UHIXWDWLRQ��,Q�FRQWUDVW��RWKHU�PHWKRGV�H[KLELW�VSRUDGLF
DGPLVVLELOLW\�DQG�WKUHVKROG�VHQVLWLYH�RU�DWWHQXDWHG�HIIHFWV�GXH�WR�HQGSRLQW�DPELJXLW\��7KHVH�UHVXOWV
VXJJHVW�WKDW�JUDSK�OHYHO�PHWULFV�DORQH�DUH�LQDGHTXDWH�SUR[LHV�IRU�FDXVDO�UHOLDELOLW\�IRU�D�JLYHQ�WDUJHW
TXHU\�
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&DXVDO�)DLUQHVV��DQG�%LDV�'LVFULPLQDWLRQ

)DLUQHVV�&RQVWUDLQHG�,QGLYLGXDOL]HG�7UHDWPHQW�5XOHV�DQG�0HGLFDWLRQ�'HFLVLRQV�IRU�2SLRLG
8VH�'LVRUGHU�6DIL\D�6LURWD
�6DIL\D�6LURWD��5DFKDHO�5RVV��.DUD�5XGROSK��'DQLHO�0DOLQVN\�

7KHUH�DUH�PXOWLSOH�HYLGHQFH�EDVHG�PHGLFDWLRQV�WKDW�DUH�FRPPRQO\�XVHG�IRU�WKH�WUHDWPHQW�RI�RSLRLG
XVH�GLVRUGHU��28'���,W�LV�QRW�ZHOO�HVWDEOLVKHG�ZKLFK�GUXJ�PRVW�HIIHFWLYHO\�SUHYHQWV�QHJDWLYH�KHDOWK
RXWFRPHV��JLYHQ�D�SDWLHQWyV�LQGLYLGXDO�FKDUDFWHULVWLFV��2QH�PD\�HQGHDYRU�WR�HVWLPDWH�DQ
LQGLYLGXDOL]HG�WUHDWPHQW�UXOH��,75��IURP�REVHUYDWLRQDO�GDWD�WR�DGGUHVV�WKLV�TXHVWLRQ��+RZHYHU�
REVHUYDWLRQDO�GDWDVHWV�PD\�HQFRGH�VRFLDO�RU�VWUXFWXUDO�ELDVHV��H�J���SURYLGHU�ELDV��WKDW�UHIOHFW
GLVDGYDQWDJHV�IDFHG�E\�PDUJLQDOL]HG�JURXSV��,PSRVLQJ�IDLUQHVV�FRQVWUDLQWV�PD\�KHOS�PLWLJDWH�WKHVH
SUH�H[LVWLQJ�ELDVHV�LQ�WKH�WUDLQLQJ�GDWD��:H�RXWOLQH�D�IUDPHZRUN�IRU�HVWLPDWLQJ�DQ�RSWLPDO�IDLU�,75�
XVLQJ�D�FDXVDO�SDWK�VSHFLILF�DSSURDFK�WR�IDLUQHVV��2XU�SURFHGXUH�HQDEOHV�HVWLPDWLRQ�RI�WKH
FRQVWUDLQHG�,75yV�YDOXH�DQG�YDOLG�TXDQWLILFDWLRQ�RI�XQFHUWDLQW\�LQ�WKH�YDOXH��:H�GHPRQVWUDWH�WKH
PHWKRGRORJ\�ZLWK�VLPXODWHG�GDWD�DQG�DQ�DSSOLFDWLRQ�WR�0HGLFDLG�GDWD�RQ�PHGLFDWLRQ�GHFLVLRQV�IRU
SDWLHQWV�ZLWK�28'��7KH�HVWLPDWLRQ�RI�D�YDOLG�FRQILGHQFH�LQWHUYDO�DURXQG�WKH�IDLU�,75�YDOXH�SURYLGHV�D
PHDQV�RI�FRPSDULQJ�DOWHUQDWLYH�FDQGLGDWH�UXOHV��LQFOXGLQJ�WKH�RSWLPDO�XQFRQVWUDLQHG�,75��$VVHVVLQJ
GLIIHUHQFHV�LQ�H[SHFWHG�RXWFRPHV�XQGHU�FDQGLGDWH�,75V�LV�FUXFLDO�WR�NQRZOHGJHDEO\�EDODQFH�WKH�GXDO
REMHFWLYHV�RI�FXUELQJ�UHWURVSHFWLYH�ELDV�DQG�VXJJHVWLQJ�WUHDWPHQW�UHJLPHV�WKDW�SHUIRUP�ZHOO�
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&DXVDO�)DLUQHVV��DQG�%LDV�'LVFULPLQDWLRQ

$�)RUPDO�&DXVDO�3HUVSHFWLYH�RQ�2XWFRPH�7HVWV�IRU�'LVFULPLQDWLRQ�.DL�&RRSHU
�.DL�&RRSHU�
'HDQ�.QR[�

2XWFRPH�WHVWV�GHWHFW�GLVFULPLQDWLRQ�E\�FRPSDULQJ�VXFFHVV�UDWHV�DFURVV�JURXSV��GLIIHULQJ�VWDQGDUGV
VKRXOG�SURGXFH�GLIIHUHQW�VXFFHVV�UDWHV��%XW�LQIUDPDUJLQDOLW\�ELDV��LJQRUDQFH�RI�LQGLYLGXDO
KHWHURJHQHLW\��XQGHUPLQHV�WKLVwVXFFHVV�UDWHV�PL[�REYLRXV�DQG�ERUGHUOLQH�FDVHV��REVFXULQJ�WKH
GLIIHUHQWLDO�QDWXUH�RI�WKH�GHFLVLRQ�VWDQGDUG��5HFHQW�ZRUN�VKRZV�HYHQ�FRPSDULQJ�PDUJLQDO�FDVHV
UHTXLUHV�VWURQJ�VWUXFWXUDO�DVVXPSWLRQV��7KHLU�UHPHG\��YLD�DQ�HFRQRPHWULF�5R\�0RGHO��LPSURYHV�RQ
HDUOLHU�JDPH�WKHRUHWLF�DSSURDFKHV�EXW�QHHGV�UHVWULFWLYH�DVVXPSWLRQV�ZKLFK�DUH�GLIILFXOW�WR�MXVWLI\�LQ
SUDFWLFH��:H�SURSRVH�SUREDELOLVWLF�HSLVWHPLF�FDXVDO�PRGHOV��(&0V���H[WHQGLQJ�VWUXFWXUDO�FDXVDO
PRGHOV�E\�JLYLQJ�D�PDWKHPDWLFDO�UHSUHVHQWDWLRQ�RI�GHFLVLRQ�PDNHUVy�EHOLHIV�DERXW�FRXQWHUIDFWXDO
RXWFRPHV�DFURVV�SRVVLEOH�ZRUOGV�YLD�JUDSKLFDO�PRGHOV�GHILQHG�E\�6LQJOH�:RUOG�,QWHUYHQWLRQ�*UDSKV�
2XU�DSSURDFK�SHUPLWV�WKH�DQDO\VW�WR�WDUJHW�D�EURDGHU�UDQJH�RI�HVWLPDQGV�RI�LQWHUHVW�LQ�HPSLULFDO
VWXGLHV�RI�GLVFULPLQDWLRQ�ZLWKRXW�UHTXLULQJ�JDPH�WKHRUHWLF�QRWLRQV�RI�HTXLOLEULXP�RU�SDUDPHWULF
VSHFLILFDWLRQV�RI�GHFLVLRQ�UXOHV��$GGLWLRQDOO\��VLQFH�GHFLVLRQV�GHSHQG�RQ�ERWK�JURXS�PHPEHUVKLS�DQG
FDVH�FKDUDFWHULVWLFV��WKH�GHFLVLRQ�QRGH�DFWV�DV�D�FROOLGHU��,Q�WXUQ��ZH�RIIHU�DQ�DYHQXH�WR�XQGHUVWDQG
RXWFRPH�WHVWV�WKURXJK�FROOLGHU�ELDV�DQG�FDXVDO�LQWHUDFWLRQ��:H�GHPRQVWUDWH�RXU�ILQGLQJV�DFURVV�D
UDQJH�RI�GRPDLQV�LQFOXGLQJ��FROOHJH�DGPLVVLRQV��EDLO�GHFLVLRQV��DQG�WUDIILF�VWRSV�DQG�VHDUFKHV�
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&DXVDO�)DLUQHVV��DQG�%LDV�'LVFULPLQDWLRQ

7KH�,(((�3�����6WDQGDUG�IRU�)DLU�'HFLVLRQ�0DNLQJ�7KURXJK�&DXVDO�$QDO\VLV�&KULVWRSKHU
/DP
�&KULVWRSKHU�/DP�

&DXVDO�LQIHUHQFH�LV�LQFUHDVLQJO\�XVHG�WR�VWXG\�DOJRULWKPLF�ELDV��IDLUQHVV��DQG�GLVFULPLQDWLRQ�LQ�KLJK�
VWDNHV�GHFLVLRQ�V\VWHPV��\HW�WKH�ILHOG�ODFNV�D�VKDUHG��RSHUDWLRQDO�VWDQGDUG�IRU�UHSUHVHQWLQJ�WKHVH
FRQFHSWV�LQ�FDXVDO�WHUPV��7KLV�JDS�LV�RIWHQ�ILOOHG�E\�VWDWLVWLFDO�IDLUQHVV�PHWULFV�WKDW�DUH�LQFRPSDWLEOH
ZLWK�RQH�DQRWKHU�DQG�SRRUO\�DOLJQHG�ZLWK�OHJDO�DQG�UHJXODWRU\�UHTXLUHPHQWV�

,(((�3�����LV�DQ�HPHUJLQJ�LQWHUQDWLRQDO�VWDQGDUG�WKDW�GHILQHV�IDLU�GHFLVLRQ�PDNLQJ�DV�D�SURSHUW\�RI
FDXVDO�VWUXFWXUH�UDWKHU�WKDQ�VWDWLVWLFDO�RXWFRPHV��7KH�VWDQGDUG�LQWURGXFHV�D�FDXVDO�RQWRORJ\�IRU
SURWHFWHG�DWWULEXWHV��PHGLDWRUV��GHFLVLRQV��DQG�RXWFRPHV��DQG�VSHFLILHV�KRZ�SHUPLVVLEOH�DQG
LPSHUPLVVLEOH�FDXVDO�SDWKZD\V�FDQ�EH�LGHQWLILHG�DQG�GRFXPHQWHG��,(((�3�����LV�GHVLJQHG�WR�EULGJH
FDXVDO�LQIHUHQFH�UHVHDUFK�DQG�UHDO�ZRUOG�$,�GHSOR\PHQW�ZKLOH�SUHVHUYLQJ�PHWKRGRORJLFDO�IOH[LELOLW\�
SURYLGLQJ�D�FRPPRQ�FDXVDO�ODQJXDJH�IRU�SROLF\PDNHUV��ODZ\HUV��HFRQRPLVWV��DQG�GDWD�VFLHQWLVWV�
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&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

'HVLJQ�DQG�DQDO\VLV�IRU�YDOLG�FDXVDO�LQIHUHQFH�ZLWK�1HWZRUN�GHSHQGHQW�GDWD�=KHMLD�'RQJ

=KHMLD�'RQJ��<RXMLQ�/HH�

0DWFKLQJ�LV�ZLGHO\�XVHG�WR�PLPLF�UDQGRPL]HG�H[SHULPHQWV�E\�IRUPLQJ�PDWFKHG�VHWV�LQ�ZKLFK�WUHDWHG
DQG�FRQWURO�XQLWV�GLIIHU�RQO\�UDQGRPO\�ZLWK�UHVSHFW�WR�LPSRUWDQW�FRQIRXQGLQJ�YDULDEOHV��+RZHYHU�
ZKHQ�WKH�VWXG\�SRSXODWLRQ�FRQVLVWV�RI�LQWHUFRQQHFWHG�XQLWV�IURP�D�VLQJOH�QHWZRUN�RU�D�VPDOO�QXPEHU
RI�QHWZRUNV��PDWFKLQJ�VROHO\�RQ�FRQIRXQGLQJ�YDULDEOHV�PD\�SURGXFH�PDWFKHG�XQLWV�WKDW�DUH�QRW
UDQGRPO\�GLIIHUHQW�ZLWK�UHVSHFW�WR�WKHLU�QHWZRUN�GLVWDQFH��EXW�LQVWHDG�DUH�PRUH�OLNHO\�WR�EH�FORVHO\
FRQQHFWHG�DIWHU�PDWFKLQJ��6XFK�LQFUHDVHG�QHWZRUN�FORVHQHVV�ZLWKLQ�PDWFKHG�VHWV�PD\�LQGXFH
VSXULRXV�DVVRFLDWLRQV�EHWZHHQ�WUHDWPHQW�DQG�RXWFRPH��ZKHQ�ERWK�YDULDEOHV�H[KLELW�VKDUHG
DXWRFRUUHODWLRQ�SDWWHUQV�RQ�WKH�QHWZRUN��7R�UHGXFH�VSXULRXV�DVVRFLDWLRQV�ZLWKLQ�PDWFKHG�VHWV�ZKLOH
SUHVHUYLQJ�WKH�YDOLGLW\�RI�ZLWKLQ�PDWFKHG�VHW�FDXVDO�FRPSDULVRQV��ZH�SURSRVH�D�QHZ�PDWFKLQJ
PHWKRG�WKDW�PDWFKHV�XQLWV�ZLWK�VLPLODU�FRYDULDWHV�ZKLOH�UHGXFLQJ�ZLWKLQ�PDWFKHG�VHW�GHSHQGHQFH�E\
LPSRVLQJ�DGGLWLRQDO�FRQVWUDLQWV�RQ�QHWZRUN�SUR[LPLW\��)XUWKHUPRUH��DW�WKH�DQDO\VLV�VWDJH��WR�DFFRXQW
IRU�UHVLGXDO�GHSHQGHQFH�DFURVV�PDWFKHG�VHWV��ZH�SURSRVH�D�YDOLG�UDQGRPL]DWLRQ�LQIHUHQFH�SURFHGXUH
IRU�WHVWLQJ�WKH�VKDUS�QXOO�K\SRWKHVLV�RI�QR�FDXVDO�HIIHFW�WKDW�DFFRPPRGDWHV�DFURVV�PDWFKHG�VHW
GHSHQGHQFH�ZLWKRXW�H[SOLFLW�DVVXPSWLRQV�RQ�WKH�XQGHUO\LQJ�GHSHQGHQFH�VWUXFWXUH��:H�GHPRQVWUDWH
WKH�YDOLGLW\�DQG�XWLOLW\�RI�WKH�SURSRVHG�PHWKRGV�WKURXJK�VLPXODWLRQ�VWXGLHV�DQG�DQ�DSSOLFDWLRQ�WR
UHDO�ZRUOG�+,9�WUDQVPLVVLRQ�QHWZRUN�GDWD�
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&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

$,3:�(VWLPDWLRQ�LQ�1HWZRUN�([SHULPHQWV�*HUQRW�=mFNOHLQ
�&KULVWRSKHU�+DUVKDZ��*HUQRW
=mFNOHLQ�

,Q�FODVVLFDO�H[SHULPHQWV�ZLWKRXW�LQWHUIHUHQFH��$,3:�HVWLPDWRUV�XVH�FRYDULDWH�LQIRUPDWLRQ�WR�DFKLHYH
LPSURYHG�HIILFLHQF\�RYHU�XQDGMXVWHG�HVWLPDWRUV�VXFK�DV�+RUYLW]w7KRPSVRQ��&RQVLGHUDEO\�OHVV�LV
NQRZQ�DERXW�WKH�HIILFLHQF\�RI�VLPLODUO\�DGMXVWHG�HVWLPDWRUV�IRU�QHWZRUN�H[SHULPHQWV��ZKHUH
WUHDWPHQW�JLYHQ�WR�RQH�XQLW�FDQ�DIIHFW�WKH�RXWFRPHV�RI�QHLJKERULQJ�XQLWV��:KLOH�$,3:�VW\OH
HVWLPDWRUV�IRU�QHWZRUN�H[SHULPHQWV�KDYH�EHHQ�SURSRVHG�DQG�DQDO\]HG�WKURXJKRXW�WKH�OLWHUDWXUH�
WKH\�PD\�w�LQ�VRPH�FDVHV�w�LQFXU�D�ODUJHU�YDULDQFH�WKDQ�WKHLU�XQDGMXVWHG�FRXQWHUSDUWV��$�FHQWUDO
FKDOOHQJH�ZKLFK�SUHYHQWV�HIILFLHQF\�JDLQV�LV�WKH�LUUHJXODU�FRUUHODWLRQV�RI�H[SRVXUHV�ZKLFK�DUH
QHFHVVDULO\�LQGXFHG�E\�WKH�XQGHUO\LQJ�QHWZRUN�

,Q�WKLV�SDSHU��ZH�SURSRVH�DQ�$,3:�HVWLPDWRU�IRU�DUELWUDU\�FRQWUDVWLYH�HIIHFWV�LQ�QHWZRUN
H[SHULPHQWV��2XU�$,3:�HVWLPDWRU�LV�FRQVWUXFWHG�WR�SHUIRUP�ZHOO�XQGHU�WKH�UHFHQWO\�LQWURGXFHG
&RQIOLFW�*UDSK�'HVLJQ�RI�.DQGLURV�HW�DO���������ZKLFK�DFKLHYHV�WKH�FXUUHQWO\�EHVW�NQRZQ�UDWHV�RI
HVWLPDWLRQ��:H�VKRZ�WKDW�WKH�$,3:�HVWLPDWRU�DFKLHYHV�LPSURYHG�HIILFLHQF\�RYHU�WKH
+RUYLW]v7KRPSVRQ�HVWLPDWRU�ZKHQ�WKH�GLPHQVLRQ�RI�WKH�FRYDULDWHV�LV�DSSURSULDWHO\�DV\PSWRWLFDOO\
ERXQGHG��$Q�LPSRUWDQW�DVSHFW�RI�RXU�$,3:�HVWLPDWRU�LV�D�zSUXQLQJ�DZD\{�RI�KLJK�GHJUHH�QRGHV�DV�D
PHDQV�WR�UHVROYH�D�ELDV�YDULDQFH�WUDGH�RII��ZKLFK�PD\�EH�RI�LQGHSHQGHQW�LQWHUHVW��:H�SURYLGH
FRQVHUYDWLYH�YDULDQFH�HVWLPDWRUV�ZKLFK�IDFLOLWDWH�DV\PSWRWLFDOO\�YDOLG�LQIHUHQFH�
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&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

,PSURYLQJ�FDXVDO�LQIHUHQFH�FRQWUROV�XVLQJ�QHWZRUN�WKHRU\�LQ�GLVFUHWH�FKRLFH�GDWD�%HUQDUGR
0RGHQHVL
�%HUQDUGR�0RGHQHVL��6LPD�1DMDI]DGHKNKRHL�

0DQ\�GDWDVHWV�LQ�KHDOWK�DQG�VRFLDO�VFLHQFHV�UHVXOW�IURP�DJHQWV�PDNLQJ�UHSHDWHG�FKRLFHV�RYHU�WLPH�
HDFK�FKRLFH�OHDGLQJ�WR�DQ�REVHUYDEOH�RXWFRPH��5HVHDUFKHUV�RIWHQ�DLP�WR�PRGHO�WKH�FDXVDO�LPSDFW�RI
FRYDULDWHV�RQ�WKH�RXWFRPH�YDULDEOH�XVLQJ�YDULRXV�HVWLPDWLRQ�VWUDWHJLHV��H�J��IL[HG�HIIHFWV�UHJUHVVLRQ�
GLIIHUHQFH�LQ�GLIIHUHQFHV��LQVWUXPHQWDO�YDULDEOHV��HWF���:H�SURSRVH�D�QHZ�ZD\�WR�LQFUHDVH�FRQWURO�LQ
WKHVH�HVWLPDWLRQ�SURFHGXUHV�E\�DSSO\LQJ�QHWZRUN�WKHRU\�PRGHOV�PRWLYDWHG�E\�D�GLVFUHWH�FKRLFH
IUDPHZRUN��:H�VXJJHVW�UHSUHVHQWLQJ�WKHVH�GDWDVHWV�DV�D�ELSDUWLWH�QHWZRUN��ZKHUH�DJHQWV�DUH�QRGHV
RQ�RQH�VLGH�DQG�FKRLFHV�DUH�QRGHV�RQ�WKH�RWKHU��(GJHV�LQ�WKLV�QHWZRUN�UHSUHVHQW�D�FKRLFH�PDGH�E\
DQ�DJHQW�DW�D�FHUWDLQ�WLPH��VWHPPLQJ�IURP�D�GLVFUHWH�FKRLFH�SUREOHP��:H�DUJXH�WKDW�WKH�VWUXFWXUH�RI
FRQQHFWLRQV�LQ�WKLV�FKRLFH�QHWZRUN�DOORZV�WKH�UHVHDUFKHU�WR�IXUWKHU�LPSURYH�FRQWUROV�ZKHQ�PRGHOLQJ
WKH�RXWFRPH�YDULDEOH��)RU�LQVWDQFH��ZH�XVH�WKH�FKRLFH�QHWZRUN�WR�SURMHFW�DJHQWV�LQWR�D
PXOWLGLPHQVLRQDO�ODWHQW�VSDFH�WKDW�FDSWXUHV�HDFK�DJHQWyV�FKRLFH�SURILOH��'LVWDQFHV�EHWZHHQ�DJHQWV�LQ
WKLV�ODWHQW�VSDFH�UHSUHVHQW�D�PHWULF�RI�VLPLODULW\�EHWZHHQ�WKHP��%\�H[SORULQJ�WKH�KLJK�GLPHQVLRQDO
FKRLFH�SURILOH�RI�DJHQWV��ZH�SURSRVH�VHYHUDO�ZD\V�WR�HQKDQFH�FDXVDO�LQIHUHQFH�H[HUFLVHV��DV�ZHOO�DV
WR�FRPSXWH�KHWHURJHQHRXV�WUHDWPHQW�HIIHFWV�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF ������

���� 3�

&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

2SWLPDO�'HVLJQ�XQGHU�,QWHUIHUHQFH��+RPRSKLO\��DQG�5REXVWQHVV�7UDGH�RIIV�9\GKRXULH
7KL\DJHVZDUDQ
�9\GKRXULH�7KL\DJHVZDUDQ��$OH[�.RNRW��-HQQLIHU�%UHQQDQ��0DULQD�0HLOD��&KULVWLQD
<X��0DU\DP�)D]HO�

7R�PLQLPL]H�WKH�PHDQ�VTXDUHG�HUURU��06(��LQ�JOREDO�DYHUDJH�WUHDWPHQW�HIIHFW��*$7(��HVWLPDWLRQ
XQGHU�QHWZRUN�LQWHUIHUHQFH��D�SRSXODU�DSSURDFK�LV�WR�XVH�D�FOXVWHU�UDQGRPL]HG�GHVLJQ��+RZHYHU��LQ
WKH�SUHVHQFH�RI�KRPRSKLO\��ZKLFK�LV�FRPPRQ�LQ�VRFLDO�QHWZRUNV��FOXVWHU�UDQGRPL]DWLRQ�FDQ�LQVWHDG
LQFUHDVH�WKH�06(��:H�GHYHORS�D�QRYHO�SRWHQWLDO�RXWFRPHV�PRGHO�WKDW�DFFRXQWV�IRU�LQWHUIHUHQFH�
KRPRSKLO\��DQG�KHWHURJHQHRXV�YDULDWLRQ��,Q�WKLV�VHWWLQJ��ZH�HVWDEOLVK�D�IUDPHZRUN�IRU�RSWLPL]LQJ
GHVLJQV�IRU�ZRUVW�FDVH�06(�XQGHU�WKH�+RUYLW]�7KRPSVRQ�HVWLPDWRU��7KLV�OHDGV�WR�DQ�RSWLPL]DWLRQ
SUREOHP�RYHU�WKH�FRYDULDQFH�PDWULFHV�RI�WKH�WUHDWPHQW�DVVLJQPHQW��WUDGLQJ�RII�LQWHUIHUHQFH�
KRPRSKLO\��DQG�UREXVWQHVV��:H�IUDPH�DQG�VROYH�WKLV�SUREOHP�XVLQJ�WZR�FRPSOHPHQWDU\�DSSURDFKHV�
7KH�ILUVW�LQYROYHV�IRUPXODWLQJ�D�VHPLGHILQLWH�SURJUDP��6'3��DQG�HPSOR\LQJ�*DXVVLDQ�URXQGLQJ��LQ
WKH�VSLULW�RI�WKH�*RHPDQV�:LOOLDPVRQ�DSSUR[LPDWLRQ�DOJRULWKP�IRU�0$;&87��7KH�VHFRQG�LV�DQ
DGDSWDWLRQ�RI�WKH�*UDP�6FKPLGW�:DON��D�YHFWRU�EDODQFLQJ�DOJRULWKP�ZKLFK�KDV�UHFHQWO\�UHFHLYHG
PXFK�DWWHQWLRQ��)LQDOO\��ZH�HYDOXDWH�WKH�SHUIRUPDQFH�RI�RXU�GHVLJQV�WKURXJK�YDULRXV�H[SHULPHQWV�RQ
VLPXODWHG�QHWZRUN�GDWD�DQG�D�UHDO�YLOODJH�QHWZRUN�GDWDVHW�
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'HVLJQ�RI�([SHULPHQWV

'RHV�5HUDQGRPL]DWLRQ�+HOS�%H\RQG�&RYDULDWH�$GMXVWPHQW"�$�5HYLHZ�DQG�*XLGH�IRU�7KHRU\
DQG�3UDFWLFH�$QWlQLR�&DUORV�5LEHLUR�-XQLRU
�$QWlQLR�&DUORV�5LEHLUR�-XQLRU��=DFK�%UDQVRQ�

5HUDQGRPL]DWLRQ�LV�D�PRGHUQ�H[SHULPHQWDO�GHVLJQ�WHFKQLTXH�WKDW�UHSHDWHGO\�UDQGRPL]HV�WUHDWPHQW
DVVLJQPHQWV�XQWLO�FRYDULDWHV�DUH�GHHPHG�EDODQFHG�EHWZHHQ�WUHDWPHQW�JURXSV��7KLV�HQKDQFHV�WKH
SUHFLVLRQ�DQG�FRKHUHQFH�RI�FDXVDO�HIIHFW�HVWLPDWRUV��PLWLJDWHV�IDOVH�GLVFRYHULHV�IURP�S�KDFNLQJ��DQG
LQFUHDVHV�VWDWLVWLFDO�SRZHU��5HFHQW�ZRUN�VXJJHVWV�WKDW�EDODQFLQJ�FRYDULDWHV�YLD�UHUDQGRPL]DWLRQ
GRHV�QRW�DOWHU�WKH�DV\PSWRWLF�SUHFLVLRQ�RI�FRYDULDWH�DGMXVWHG�HVWLPDWRUV��WKHUHE\�PDNLQJ�LW�XQFOHDU
ZKHWKHU�UHUDQGRPL]DWLRQ�LV�ZRUWKZKLOH�LI�DGMXVWHG�HVWLPDWRUV�DUH�XVHG��+RZHYHU��WKHVH�UHVXOWV�KDYH
WZR�NH\�FDYHDWV��)LUVW��WKHVH�UHVXOWV�DUH�DV\PSWRWLF��OHDYLQJ�ILQLWH�VDPSOH�SHUIRUPDQFH�XQNQRZQ�
6HFRQG��WKHVH�UHVXOWV�IRFXV�RQ�SUHFLVLRQ��ZKLOH�RWKHU�SRWHQWLDO�EHQHILWV��VXFK�DV�LQFUHDVHG�FRKHUHQFH
DPRQJ�IOH[LEOH�HVWLPDWRUV��UHPDLQ�XQGHUVWXGLHG��+HQFH��LQ�WKLV�SDSHU�ZH�SURYLGH�WKUHH�PDLQ
FRQWULEXWLRQV���L��D�FRPSUHKHQVLYH�UHYLHZ�RI�WKH�UHUDQGRPL]DWLRQ�OLWHUDWXUH��FRYHULQJ�KLVWRULFDO
IRXQGDWLRQV��WKHRUHWLFDO�GHYHORSPHQWV��DQG�UHFHQW�PHWKRGRORJLFDO�DGYDQFHPHQWV���LL��DQ�H[WHQVLYH
VLPXODWLRQ�VWXG\�H[DPLQLQJ�ILQLWH�VDPSOH�SHUIRUPDQFH��DQG��LLL��D�SUDFWLFDO�JXLGH�IRU�SUDFWLWLRQHUV�
2XU�VWXG\�FRPSDUHV�SUHFLVLRQ��FRKHUHQFH��SRZHU��DQG�FRYHUDJH�RI�YDULRXV�HVWLPDWRUV�XQGHU
UHUDQGRPL]DWLRQ�YHUVXV�FRPSOHWH�UDQGRPL]DWLRQ��:H�ILQG�UHUDQGRPL]DWLRQ�WR�EH�D�FRPSOHPHQWDU\
GHVLJQ�VWUDWHJ\�WKDW�HQKDQFHV�WKH�SUHFLVLRQ��UREXVWQHVV��DQG�UHOLDELOLW\�RI�FDXVDO�HIIHFW�HVWLPDWRUV�
HVSHFLDOO\�IRU�VPDOOHU�VDPSOH�VL]HV�
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'HVLJQ�RI�([SHULPHQWV

/RJJLQJ�3ROLF\�'HVLJQ�IRU�(IILFLHQW�2II�3ROLF\�(YDOXDWLRQ�&RQQRU�'RXJODV
�&RQQRU�'RXJODV�
-RHO�3HUVVRQ��)RVWHU�3URYRVW�

2II�SROLF\�HYDOXDWLRQ��23(��HVWLPDWHV�WKH�YDOXH�RI�D�FDQGLGDWH�zWDUJHW{�SROLF\��VXFK�DV�D
UHFRPPHQGHU�V\VWHP��XVLQJ�GDWD�ORJJHG�E\�D�GLIIHUHQW�zORJJLQJ{�SROLF\��HQDEOLQJ�VDIH�DVVHVVPHQW
ZLWKRXW�GHSOR\LQJ�FKDQJHV�OLYH��:KLOH�SULRU�ZRUN�HPSKDVL]HV�HVWLPDWRU�JXDUDQWHHV�XQGHU�VWURQJ
DVVXPSWLRQV��LQ�SUDFWLFH��WKH�ORJJLQJ�SROLF\�LV�D�ILUVW�RUGHU�GULYHU�RI�23(�TXDOLW\��:H�GHPRQVWUDWH
WKLV�DQG�VWXG\�KRZ�WR�RSWLPDOO\�GHVLJQ�ORJJLQJ�SROLFLHV�WR�HIILFLHQWO\�HYDOXDWH�WDUJHW�SROLFLHV��:H
FKDUDFWHUL]H�D�UHZDUGvFRYHUDJH�WUDGHRII�LQ�FKRRVLQJ�ZKLFK�DFWLRQV�WR�ORJ�DQG�SURYLGH�D�VXIILFLHQW
FRQGLWLRQ�IRU�ZKHQ�DQ�LWHP�VKRXOG�HQWHU�WKH�ORJJLQJ�VXSSRUW��:H�LQWURGXFH�D�XQLI\LQJ�IUDPHZRUN
WKDW�FKDUDFWHUL]HV�ORJJLQJ�GHVLJQ�VHWWLQJV�E\��L��ZKDW�LV�NQRZQ�DERXW�WKH�WDUJHW�SROLF\�DQG��LL��ZKDW
LV�NQRZQ�DERXW�UHZDUG�GLVWULEXWLRQV��:LWKLQ�WKLV�VSDFH��ZH�GHULYH�RSWLPDO�ORJJLQJ�SROLFLHV�LQ
H[WUHPHV�ZKHUH�WDUJHW�SROLFLHV�DQG�UHZDUGV�DUH�IXOO\�NQRZQ�RU�IXOO\�XQNQRZQ��DQG�VKRZ�WKDW�23(
FDQ�DFWXDOO\�LPSURYH�SROLF\�YDOXH�HVWLPDWHV�FRPSDUHG�WR�RQ�SROLF\�HVWLPDWHV��:H�H[WHQG�WR
LQWHUPHGLDWH�FDVHV�ZLWK�SUREDELOLVWLF�NQRZOHGJH�RYHU�WDUJHW�SROLFLHV�DQG�QRLV\�UHZDUG�HVWLPDWHV�
\LHOGLQJ�RSWLPDO�GHVLJQV�XQGHU�HDFK�LQIRUPDWLRQ�UHJLPH��2XU�UHVXOWV�SURYLGH�DFWLRQDEOH�JXLGDQFH�IRU
ILUPV�WKDW�PXVW�FROOHFW�GDWD�WR�FRPSDUH�PXOWLSOH�FDQGLGDWH�UHFRPPHQGDWLRQ�SROLFLHV�ZKHQ�WKH
RSWLPDO�ORJJLQJ�SROLF\�PD\�EH�LQIHDVLEOH�
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'HVLJQ�RI�([SHULPHQWV

(PXODWLQJ�)DFWRULDO�'HVLJQV�IRU�0XOWLSOH�&RQFXUUHQW�%LQDU\�,QWHUYHQWLRQV�1LFKRODV
%DNHZHOO
�1LFKRODV�%DNHZHOO�

7KH�FDXVDO�LQIHUHQFH�OLWHUDWXUH�KDV�IRFXVHG�RQ�XQLYDULDWH�ELQDU\�LQWHUYHQWLRQV��+RZHYHU��PDQ\
LQWHUYHQWLRQV�DUH�LPSOHPHQWHG�FRQFXUUHQWO\��DQG�LJQRULQJ�EHWZHHQ�LQWHUYHQWLRQ�GHSHQGHQFH�RU
WUHDWLQJ�FRQFXUUHQW�LQWHUYHQWLRQV�DV�QXLVDQFH�SDUDPHWHUV�PD\�ELDV�HVWLPDWHV��5HFHQW�PXOWLSOH
FDXVHV�OLWHUDWXUH�XVHV�OLQHDU�IDFWRU�PRGHOV��FRSXODV��RU�RWKHU�DSSURDFKHV��H�J��%DKDGXU�H[SDQVLRQ�
VDWXUDWHG�PRGHOV��WR�FDSWXUH�GHSHQGHQFH�DPRQJ�LQWHUYHQWLRQV��KRZHYHU��WKHVH�PD\�LJQRUH�UHVLGXDO
GHSHQGHQFH��ODFN�XQLTXHQHVV��XVH�LQHIILFLHQW�SDUDPHWHUL]DWLRQV�RU�FDQQRW�GLVHQWDQJOH�PDLQ�DQG
LQWHUDFWLRQ�HIIHFWV��)RFXVLQJ�RQ�VHWWLQJV�ZKHUH�IHZ�ELQDU\�LQWHUYHQWLRQV�DUH�VHOHFWHG�EDVHG�RQ
VXEMHFW�PDWWHU�NQRZOHGJH��7DUJHW�7ULDO�(PXODWLRQ�DQG�SRWHQWLDO�RXWFRPHV�IUDPHZRUNV�DUH�XVHG�WR
FRQFHSWXDOL]H�WKLV�DV�D��AN�IDFWRULDO�GHVLJQ��$SSHDOLQJ�WR�VSDUVLW\�RI�HIIHFWV��PDLQ�HIIHFWV�DQG�WZR�
ZD\�LQWHUDFWLRQ�HVWLPDQGV�DUH�RI�LQWHUHVW��,QWHJUDWLQJ�(PSLULFDO�/LNHOLKRRG��(/���FDOLEUDWHG�FRYDULDWH
EDODQFLQJ�ZHLJKWV��DQG�MRLQW�PDUJLQDO�VWUXFWXUDO�PRGHOV��060V���HVWLPDWLRQ�DSSURDFKHV�DUH�RXWOLQHG
IRU�SRLQW�DQG�WLPH�YDU\LQJ�LQWHUYHQWLRQV��6LPXODWLRQV�FRPSDUH�WKH�SURSRVHG�DSSURDFK�WR�H[LVWLQJ
MRLQW�060V�HVWLPDWLRQ�DSSURDFKHV�YLD�ORJLVWLF�UHJUHVVLRQ�EDVHG�LQYHUVH�SUREDELOLW\�ZHLJKWLQJ�DQG
FRYDULDWH�EDODQFLQJ�SURSHQVLW\�VFRUH��([LVWLQJ�DSSURDFKHV�VFDOH�SRRUO\�ZLWK�WKH�QXPEHU�RI
LQWHUYHQWLRQV�WLPH�SHULRGV��DUH�PRUH�VHQVLWLYH�WR�PLVVSHFLILFDWLRQ�RI�WKH�MRLQW�GLVWULEXWLRQ�RI
LQWHUYHQWLRQV�DQG�GR�QRW�DFFRXQW�IRU�VLPXOWDQHRXV�LQIHUHQFH�
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'HVLJQ�RI�([SHULPHQWV

)OH[LEOH�LQIHUHQFH�ZLWK�VSOLW�VDPSOHV�YLD�GDWD�WXUQRYHU�:LOOLDP�%HNHUPDQ
�:LOOLDP�%HNHUPDQ�
'\ODQ�6PDOO�

:H�LQWURGXFH�GDWD�WXUQRYHU��D�JHQHUDO�IUDPHZRUN�HQDEOLQJ�D�VLQJOH�JURXS�RI�VWDWLVWLFLDQV�DQG
GRPDLQ�H[SHUWV�WR�DVVHVV�WKH�VWUHQJWK�RI�HYLGHQFH�JDWKHUHG�DFURVV�PXOWLSOH�GDWD�VSOLWV��HIIHFWLYHO\
LQWHJUDWLQJ�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�ILQGLQJV�IURP�GDWD�H[SORUDWLRQ��'DWD�WXUQRYHU�FDQ
DFFRPPRGDWH�D�ZLGH�UDQJH�RI�VWDWLVWLFDO�WDVNV��LQFOXGLQJ�LQIHUHQFH�DQG�HVWLPDWLRQ��ZKLOH�HQVXULQJ
WKH�YDOLGLW\�RI�FHUWDLQ�GDWD�GULYHQ�GHFLVLRQV�DQG�SURYLGLQJ�D�VWUDLJKWIRUZDUG�DSSURDFK�WR�HYDOXDWLQJ
UHSOLFDELOLW\��$V�D�PRWLYDWLQJ�H[DPSOH��ZH�VWXG\�WKH�HIIHFWV�RI�JURZLQJ�XS�ZLWK�D�IDWKHU�ZLWK�DQ
DOFRKRO�XVH�GLVRUGHU�RQ�ODWHU�OLIH�RXWFRPHV��'DWD�WXUQRYHU�DOORZV�XV�WR�DXJPHQW�RXU�DQDO\VLV�ZLWK
H[SORUDWRU\�LQVLJKWV�ZKLOH�OHYHUDJLQJ�WKH�IXOO�GDWDVHW�IRU�FRQILUPDWRU\�WHVWLQJ��DYRLGLQJ�VWULQJHQW
DGMXVWPHQWV�IRU�SRVW�VHOHFWLRQ�LQIHUHQFH�WKDW�FDQ�HURGH�SRZHU��:H�DOVR�DSSO\�RXU�QHZ�WHFKQLTXH�WR
HYDOXDWH�YDULDEOH�LPSRUWDQFH�LQ�D�FOLQLFDO�SUHGLFWLRQ�PRGHO�RI�PRUWDOLW\�LQ�SUHPDWXUH�EDELHV��:H
SURYH�WKH�WKHRUHWLFDO�YDOLGLW\�RI�RXU�SURFHGXUH�DQG�H[DPLQH�LWV�SRZHU�LQ�H[WHQVLYH�VLPXODWLRQ
VWXGLHV�
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'HVLJQ�RI�([SHULPHQWV

6HPLSDUDPHWULF�0DQVNL�6W\OH�,QIHUHQFH�DQG�2SWLPDO�([SHULPHQWDO�'HVLJQ�LQ�'HPDQG
0RGHOLQJ�-LD�:DQ
�-LD�:DQ��$QWRLQH�6FKHLG��*X\�$ULGRU��1DWKDQ�.DOOXV��$XUhOLHQ�%LEDXW�

$�NH\�FKDOOHQJH�IRU�RQOLQH�SODWIRUPV�LV�PHDVXULQJ�GHPDQG�LQ�HQYLURQPHQWV�ZLWK�OLPLWHG�SULFH
YDULDWLRQ��,Q�WKLV�SDSHU�ZH�VWXG\�ZKDW�SODWIRUPV�FDQ�OHDUQ�DERXW�GHPDQG�YLD�H[SHULPHQWV�WKDW�YDU\
WKH�VHW�RI�UHFRPPHQGDWLRQV�SUHVHQWHG�DQG�DSSO\�LW�WR�FRXQWHUIDFWXDOV�RI�LQWHUHVW��:H�FRQVLGHU�D
FDQRQLFDO�PRGHO�RI�FKRLFH�v�WKH�PL[HG�PXOWLQRPLDO�ORJLW�PRGHO�v�DQG�GHYHORS�D�VHPLSDUDPHWULF
IUDPHZRUN�IRU�VKDUS�0DQVNL�VW\OH�ERXQGV�RQ�OLQHDU�IXQFWLRQDOV�RI�FRXQWHUIDFWXDO�FKRLFH�SUREDELOLWLHV
ZLWK�QR�UHVWULFWLRQV�RQ�SUHIHUHQFH�KHWHURJHQHLW\��7KLV�SURYLGHV�LGHQWLILFDWLRQ�ERXQGV�RI
FRXQWHUIDFWXDO�VKDUHV�RI�SDUWLFXODU�JRRGV��RU�RYHUDOO�HQJDJHPHQW��XQGHU�D�UDQJH�RI�FRXQWHUIDFWXDOV�
LQFOXGLQJ�SURFXUHPHQW�RI�QHZ�JRRGV�DQG�DOWHUQDWLYH�UHFRPPHQGDWLRQ�DOJRULWKPV��2XU�PDLQ
FKDUDFWHUL]DWLRQ�VKRZV�WKDW�WKH�ILUVW�RUGHU�VHQVLWLYLW\�RI�WKHVH�ERXQGV�DGPLWV�D�5LHV]�UHSUHVHQWHU�RQ
WKH�FRQVWUDLQW�UDQJH�v�HTXLYDOHQWO\��WKH�GXDO�PXOWLSOLHUV�RI�DQ�LQILQLWH�GLPHQVLRQDO�OLQHDU�SURJUDP�v
ZKLFK�\LHOGV�DQ�HIILFLHQW�LQIOXHQFH�IXQFWLRQ��)RU�LQIHUHQFH��ZH�FRPSXWH�LGHQWLILFDWLRQ�ERXQG
HQGSRLQWV�E\�VFDQQLQJ�D�./�GLVWDQFH�WR�IHDVLELOLW\�IXQFWLRQDO��HYDOXDWHG�YLD�DQ�(0�W\SH�DOWHUQDWLQJ
./�SURMHFWLRQV�IRU�WKH�PL[WXUH�QXLVDQFH��DQG�WKHQ�DSSO\�D�FURVV�ILWWHG�RQH�VWHS�FRUUHFWLRQ�WR�REWDLQ
DV\PSWRWLFDOO\�QRUPDO�LQIHUHQFH��)LQDOO\��ZH�VWXG\�RSWLPDO�H[SHULPHQWDO�GHVLJQ�v�VHOHFWLQJ�D�VHW�RI
UHFRPPHQGDWLRQ�VODWHV�v�WR�PLQLPL]H�WKH�ZRUVW�FDVH�ERXQG�ZLGWK�IRU�D�WDUJHW�FRXQWHUIDFWXDO�DQG
VXSSRUW�RXU�ILQGLQJV�ZLWK�VLPXODWLRQ�UHVXOWV�
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'HVLJQ�RI�([SHULPHQWV

$,�DVVLVWHG�GHVLJQ�DQG�DQDO\VLV�RI�H[SHULPHQWV�ZLWK�XQVWUXFWXUHG�WUHDWPHQWV�(OL�%HQ�
0LFKDHO
�(OL�%HQ�0LFKDHO��=DFK�%UDQVRQ�

5DQGRPL]HG�H[SHULPHQWV�ZLWK�XQVWUXFWXUHG�WUHDWPHQWVwVXFK�DV�WH[W�RU�LPDJHVwDUH�FRPPRQ�LQ
VRFLDO�VFLHQFH�UHVHDUFK��+RZHYHU��LVRODWLQJ�WKH�FDXVDO�HIIHFW�RI�D�IRFDO�DWWULEXWH��H�J���WKH�VW\OH�RI�WH[W
RU�IDFLDO�IHDWXUHV�LQ�LPDJHV��LV�FKDOOHQJLQJ�EHFDXVH�WKH�DWWULEXWH�LV�W\SLFDOO\�FRUUHODWHG�ZLWK�RWKHU�
QRQ�IRFDO�DWWULEXWHV�RI�WKH�WUHDWPHQWV��:KLOH�$,�WHFKQRORJ\�FRXOG�EH�XVHG�LQ�DQ�DWWHPSW�WR�FKDQJH
IRFDO�DWWULEXWHV�RI�D�WUHDWPHQW�ZKLOH�NHHSLQJ�DOO�QRQ�IRFDO�DWWULEXWHV�LGHQWLFDO��LW�RIIHUV�QR�JXDUDQWHHV
WKDW�QRQ�IRFDO�DWWULEXWHV�DUH�QRW�LQDGYHUWHQWO\�FKDQJHG�LQ�WKH�SURFHVV��VXFK�WKDW�FRQIRXQGLQJ�FDQ
VWLOO�EH�DQ�LVVXH��:H�GHYHORS�D�IUDPHZRUN�IRU�GHVLJQLQJ�DQG�DQDO\]LQJ�H[SHULPHQWV�WKDW�WDUJHW�WKH
LVRODWHG�HIIHFW�RI�D�ELQDU\�DWWULEXWH�RI�XQVWUXFWXUHG�WUHDWPHQWV��:H�FRQVLGHU�GHVLJQV�ZKHUH
WUHDWPHQWV�DUH�GUDZQ�IURP�DUELWUDU\�GLVWULEXWLRQVwLQFOXGLQJ�KDQG�FUDIWHG�WUHDWPHQWV��H[LVWLQJ
GDWDEDVHV��RU�$,�V\VWHPVwDQG�ZH�PDS�WKH�ELDV�RI�WKH�GLIIHUHQFH�LQ�PHDQV�HVWLPDWRU�WR�WKH
GLVFUHSDQF\�LQ�QRQ�IRFDO�DWWULEXWHV�DFURVV�WUHDWPHQW�DUPV��:H�GHYHORS�D�SURFHGXUH�WKDW�PLQLPL]HV
WKLV�ELDV�YLD�D�VHFRQG�VWDJH�UHMHFWLRQ�VDPSOHU�WKDW�DGMXVWV�IRU�REVHUYDEOH�LPEDODQFHV�LQ�QRQ�IRFDO
DWWULEXWHV��ZLWKRXW�DVVXPLQJ�WKH�RULJLQDO�GLVWULEXWLRQV�FRUUHFWO\�LVRODWH�WKH�IRFDO�DWWULEXWH��)RU
DQDO\VLV��ZH�VKRZ�KRZ�WR�FRQGXFW�DV\PSWRWLF�LQIHUHQFH�IRU�WKH�GLIIHUHQFH�LQ�PHDQV�HVWLPDWRU�LQ�D
ILQLWH�SRSXODWLRQ�VHWWLQJ��ZKHUH�LQIHUHQFH�LV�MXVWLILHG�E\�WKH�UDQGRPL]DWLRQ�RI�WUHDWPHQW��:H�DOVR
GHYHORS�D�FDOLEUDWHG�PRGHO
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'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

(VWLPDWLQJ�ZLWKLQ�FOXVWHU�DQG�EHWZHHQ�FOXVWHU�VSLOORYHU�HIIHFWV�LQ�UDQGRPL]HG�VDWXUDWLRQ
GHVLJQV�6L]KX�/X
�6L]KX�/X��/HL�6KL��3HQJ�'LQJ�

5DQGRPL]HG�VDWXUDWLRQ�GHVLJQV�DUH�WZR�VWDJH�H[SHULPHQWV��WKH\�ILUVW�UDQGRPO\�DVVLJQ�WUHDWPHQW
SUREDELOLWLHV�RYHU�WKH�FOXVWHUV�DQG�WKHQ�UDQGRPO\�DVVLJQ�WKH�WUHDWPHQW�WR�WKH�XQLWV�ZLWKLQ�WKH
FOXVWHUV��7KH�H[LVWLQJ�OLWHUDWXUH�RQ�UDQGRPL]HG�VDWXUDWLRQ�GHVLJQV�IRFXVHV�RQ�HVWLPDWLQJ�ZLWKLQ�
FOXVWHU�VSLOORYHU�HIIHFWV�E\�DVVXPLQJ�DZD\�EHWZHHQ�FOXVWHU�VSLOORYHU�HIIHFWV��+RZHYHU��WKH�XQLWV�PD\
LQWHUDFW�DFURVV�FOXVWHUV�LQ�PDQ\�SUDFWLFDO�UDQGRPL]HG�VDWXUDWLRQ�GHVLJQV��$�OHDGLQJ�H[DPSOH�LV�WKDW
VRPH�XQLWV�DUH�JHRJUDSKLFDOO\�FORVH�WR�HDFK�RWKHU��VR�VSLOORYHU�HIIHFWV�DULVH�DFURVV�FOXVWHUV��%DVHG�RQ
WKH�SRWHQWLDO�RXWFRPHV�IUDPHZRUN��ZH�IRUPXODWH�WKH�FDXVDO�LQIHUHQFH�SUREOHP�RI�HVWLPDWLQJ�ZLWKLQ�
FOXVWHU�DQG�EHWZHHQ�FOXVWHU�VSLOORYHU�HIIHFWV�LQ�UDQGRPL]HG�VDWXUDWLRQ�GHVLJQV��:H�FODULI\�WKH�FDXVDO
HVWLPDQGV�DQG�HVWDEOLVK�WKH�VWDWLVWLFDO�WKHRU\�IRU�HVWLPDWLRQ�DQG�LQIHUHQFH��:H�DOVR�DSSO\�RXU
PHWKRG�WR�DQDO\]H�D�UHFHQW�UDQGRPL]HG�VDWXUDWLRQ�GHVLJQ�RI�FDVK�WUDQVIHU�RQ�KRXVHKROG�H[SHQGLWXUH
LQ�.HQ\D�
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'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

'DWD�GULYHQ�K\SRWKHVHV�DQG�GHVLJQV�IRU�WKHRU\�WHVWLQJ�DQG�WKHRU\�EXLOGLQJ�0ROO\�2IIHU�
:HVWRUW
�0ROO\�2IIHU�:HVWRUW�

7KLV�SURMHFW�GHYHORSV�D�GHVLJQ�EDVHG�IUDPHZRUN�IRU�WKHRU\�WHVWLQJ�ZKHQ�D�WKHRU\�DGPLWV�PXOWLSOH
HPSLULFDO�UHDOL]DWLRQV��DQG�WKHRU\�EXLOGLQJ�ZKHQ�PXOWLSOH�DOWHUQDWLYH�PHFKDQLVPV�DUH�XQGHU
FRQVLGHUDWLRQ��([SHULPHQWV�LQ�WKH�VRFLDO�VFLHQFHV�RIWHQ�WHVW�D�VLQJOH�WUHDWPHQW�DUP�DJDLQVW�D�FRQWURO�
RU�WHVW�WKH�HIIHFWV�RI�PXOWLSOH�WUHDWPHQWV�LQGHSHQGHQWO\��+RZHYHU��PDQ\�VRFLDO�VFLHQWLILF�PHFKDQLVPV
FDQ�EH�LPSOHPHQWHG�WKURXJK�D�IDPLO\�RI�UHODWHG�LQWHUYHQWLRQV��7KLV�LV�IRUPDOL]HG�E\�LQGH[LQJ�D
WUHDWPHQW�VSDFH�:�DQG�GHILQLQJ�GDWD�GULYHQ�K\SRWKHVHV�VXFK�DV�DQ�(;,67(1&(��PD[Z|:�s��Z���F�
RU�81,9(56$/��PLQZ|:�s��Z���F��K\SRWKHVLV��)RU�WKHVH�W\SHV�RI�K\SRWKHVHV��GDWD�GULYHQ�H[SORUH�
FRQILUP�GHVLJQV�WKDW�VHSDUDWH�OHDUQLQJ�IURP�LQIHUHQFH�FDQ�LPSURYH�SRZHU��$�VLPSOH�SRZHU
IDFWRUL]DWLRQ�LV�XVHG�WR�FRPSDUH�XQLIRUP��FURVV�ILW��DQG�GDWD�DGDSWLYH�GHVLJQV��6LPSOH�WZR�VWDJH
GDWD�DGDSWLYH�GHVLJQV�LPSURYH�SRZHU�E\�FRQFHQWUDWLQJ�FRQILUPDWRU\�DOORFDWLRQ�WR�WKH�WUHDWPHQW�V�
PRVW�OLNHO\�WR�\LHOG�UHMHFWLRQ�XQGHU�WKH�DOWHUQDWLYH��$GDSWLYH�ILUVW�VWDJH�H[SORUDWLRQ�LPSURYHV
VHOHFWLRQ�TXDOLW\��7KH�IUDPHZRUN�OLQNV�VHOHFWLYH�LQIHUHQFH��DGDSWLYH�H[SHULPHQWDWLRQ��DQG
PHFKDQLVP�WHVWLQJ��SURYLGLQJ�D�JHQHUDO�DSSURDFK�WR�GDWD�GULYHQ�GHVLJQ�
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'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

'HVLJQ�EDVHG�,QIHUHQFH�ZLWK�WKH�(VWLPDWHG�3URSHQVLW\�6FRUH�6KXQ]KXDQJ�+XDQJ

6KXQ]KXDQJ�+XDQJ��-LDQJFKXDQ�'X��$]HHP�6KDLNK��3DQRV�7RXOLV�

,Q�WKLV�SDSHU��ZH�VWXG\�WKH�SURSHUWLHV�RI�GHVLJQ�EDVHG��RU�UDQGRPL]DWLRQ��LQIHUHQFH�IRU�WUHDWPHQW
HIIHFWV�ZKHQ�DQDO\]LQJ�REVHUYDWLRQDO�GDWD�XQGHU�LJQRUDELOLW\��,Q�VXFK�VHWWLQJV��ZH�LQWHUSUHW�WKH
FRPPRQ�LJQRUDELOLW\�DVVXPSWLRQ�DV�GHILQLQJ�DQ�DUWLILFLDO�UDQGRPL]HG�H[SHULPHQW�DQG�VWXG\
DSSUR[LPDWH�UDQGRPL]DWLRQ�WHVWV�WKDW�XVH�WKH�HVWLPDWHG�SURSHQVLW\�VFRUH��L�H���WKH�GLVWULEXWLRQ�RI
WUHDWPHQW�VWDWXV�JLYHQ�WKH�FRYDULDWHV��DV�D�IRXQGDWLRQ�IRU�GHVLJQ�EDVHG�LQIHUHQFH��8QGHU�WKH�VKDUS
QXOO�K\SRWKHVLV�RI�QR�WUHDWPHQW�HIIHFW�LQ�GLVWULEXWLRQ��ZH�GHULYH�QRQ�DV\PSWRWLF�ERXQGV�RQ�WKH�VL]H
GLVWRUWLRQ�RI�VXFK�WHVWV�WKDW�GHSHQG�RQO\�RQ�WKH�HUURU�LQ�HVWLPDWLQJ�WKH�SURSHQVLW\�VFRUH��8QGHU�WKH
ZHDN�QXOO�K\SRWKHVLV�RI�QR�DYHUDJH�WUHDWPHQW�HIIHFW��ZH�VKRZ�WKDW�WKH�SURSRVHG�WHVWV�DUH
DV\PSWRWLFDOO\�YDOLG�IRU�FRPPRQ�HVWLPDWRUV��LQFOXGLQJ�LQYHUVH�SURSHQVLW\�ZHLJKWHG�DQG�GRXEO\�
UREXVW�HVWLPDWRUV��:H�IXUWKHU�FRPSDUH�RXU�WHVWV�ZLWK�FRQYHQWLRQDO�WHVWV�EDVHG�RQ�WKH�DV\PSWRWLF
QRUPDOLW\�IRU�WKH�ZHDN�QXOO�K\SRWKHVLV�DQG��VLQFH�WKHVH�WHVWV�DUH�VKRZQ�WR�EH�ILUVW�RUGHU�HTXLYDOHQW�
GHYHORS�KLJKHU�RUGHU�FRPSDULVRQV�XVLQJ�QRYHO�(GJHZRUWK�H[SDQVLRQV��2XU�DQDO\VLV�UHYHDOV�WKDW�
IURP�WKLV�SHUVSHFWLYH��QHLWKHU�DSSURDFK�XQLIRUPO\�GRPLQDWHV�WKH�RWKHU��+RZHYHU��WKH�UDQGRPL]DWLRQ
WHVW�IRU�WKH�ZHDN�QXOO�DFKLHYHV�KLJKHU�RUGHU�DFFXUDF\�ZKHQ�WKH�VKDUS�QXOO�zQHDUO\�KROGV{��IRU
H[DPSOH��ZKHQ�WUHDWPHQW�HIIHFWV�DUH�VPDOO�RU�UDUH�
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'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

&DXVDO�(IIHFWV�RI�+HDOWK�5HODWHG�6RFLDO�1HHGV�RQ�0DPPRJUDSK\�6FUHHQLQJ��3URSHQVLW\�
6FRUH�:HLJKWLQJ�LQ�&RPSOH[�6XUYH\�'DWD�)RGH�7RXQNDUD
�)RGH�7RXQNDUD�

6FUHHQLQJ�PDPPRJUDSK\�ORZHUV�EUHDVW�FDQFHU�PRUWDOLW\��\HW�PDQ\�ZRPHQ�LQ�WKH�8QLWHG�6WDWHV
UHPDLQ�RYHUGXH�IRU�UHFRPPHQGHG�VFUHHQLQJ��8SWDNH�LV�HVSHFLDOO\�ORZ�DPRQJ�ZRPHQ�IDFLQJ�VRFLDO
DQG�HFRQRPLF�KDUGVKLS��+HDOWK�UHODWHG�VRFLDO�QHHGV��+561V���VXFK�DV�KRXVLQJ�LQVWDELOLW\��IRRG
LQVHFXULW\��DQG�WUDQVSRUWDWLRQ�EDUULHUV��FDQ�LQWHUIHUH�ZLWK�SUHYHQWLYH�FDUH�E\�OLPLWLQJ�DFFHVV�
LQFUHDVLQJ�VWUHVV��DQG�FRPSHWLQJ�ZLWK�GDLO\�VXUYLYDO�QHHGV��$OWKRXJK�WKHVH�IDFWRUV�DUH�ZLGHO\
UHFRJQL]HG��WKHLU�FXPXODWLYH�LPSDFW�RQ�PDPPRJUDSK\�XVH�KDV�UDUHO\�EHHQ�HYDOXDWHG�XVLQJ�FDXVDO
PHWKRGV�LQ�QDWLRQDOO\�UHSUHVHQWDWLYH�GDWD�
:H�DQDO\]HG�GDWD�IURP�WKH������1DWLRQDO�+HDOWK�,QWHUYLHZ�6XUYH\�WR�H[DPLQH�ZKHWKHU�XQPHW
+561V�DUH�DVVRFLDWHG�ZLWK�EHLQJ�XS�WR�GDWH�RQ�VFUHHQLQJ�PDPPRJUDSK\�DPRQJ�ZRPHQ�DJHG����WR
���\HDUV��%RWK�LQGLYLGXDO�VRFLDO�QHHGV�DQG�D�FXPXODWLYH�EXUGHQ�LQGH[��������RU����XQPHW�QHHGV��ZHUH
DVVHVVHG��7R�DGGUHVV�FRQIRXQGLQJ�ZKLOH�DFFRXQWLQJ�IRU�WKH�FRPSOH[�VXUYH\�GHVLJQ��ZH�DSSOLHG
LQYHUVH�SUREDELOLW\�RI�WUHDWPHQW�ZHLJKWLQJ��,3:��LQWHJUDWHG�ZLWK�VXUYH\�ZHLJKWV��VWUDWLILFDWLRQ��DQG
FOXVWHULQJ��&RYDULDWH�EDODQFH�ZDV�HYDOXDWHG�XVLQJ�VWDQGDUGL]HG�PHDQ�GLIIHUHQFHV��:HLJKWHG�ORJLVWLF
UHJUHVVLRQ�PRGHOV�HVWLPDWHG�PDUJLQDO�DVVRFLDWLRQV�RYHUDOO�DQG�ZLWKLQ�DJH�JURXSV����v������v����DQG
��v���\HDUV��
$IWHU�ZHLJKWLQJ��FRYDULDWH�EDODQFH�LPSURYHG�VXEVWDQWLDOO\�DFURVV�H[SRVXUH�JURXSV��8QPHW�VRFLDO
QHHGV�ZHUH�DVVRFLDWHG�ZLWK�ORZHU�RGGV�RI�JXLGHOLQH�FRQFRUGDQW�PDPPRJUDSK\��ZLWK�VWURQJHU�HIIHFWV
REVHUYHG�DV�WKH�QXP
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'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

6WUDWLILHG�6DPSOLQJ�IRU�0RGHO�$VVLVWHG�(VWLPDWLRQ�ZLWK�6XUURJDWH�2XWFRPHV�5HDJDQ�0R]HU

5HDJDQ�0R]HU�

,Q�PDQ\�UDQGRPL]HG�WULDOV��RXWFRPHV�VXFK�DV�HVVD\V�RU�RSHQ�HQGHG�UHVSRQVHV�PXVW�EH�PDQXDOO\
VFRUHG�EHIRUH�LPSDFW�DQDO\VLV��D�SURFHVV�WKDW�LV�FRVWO\�DQG�OLPLWLQJ��0RGHO�DVVLVWHG�HVWLPDWLRQ
FRPELQHV�VXUURJDWH�RXWFRPHV�IURP�PDFKLQH�OHDUQLQJ�RU�ODUJH�ODQJXDJH�PRGHOV�ZLWK�D�KXPDQ�FRGHG
VXEVHW�WR�REWDLQ�XQELDVHG�HVWLPDWHV��EXW�H[LVWLQJ�DSSURDFKHV�UHO\�RQ�VLPSOH�UDQGRP�VDPSOLQJ�DQG
LJQRUH�V\VWHPDWLF�VWUXFWXUH�LQ�SUHGLFWLRQ�HUURUV��:H�H[WHQG�WKLV�IUDPHZRUN�E\�LQFRUSRUDWLQJ
VWUDWLILHG�VDPSOLQJ�WR�PRUH�HIILFLHQWO\�DOORFDWH�KXPDQ�FRGLQJ�HIIRUW��:H�GHULYH�WKH�H[DFW�YDULDQFH�RI
WKH�VWUDWLILHG�HVWLPDWRU��FKDUDFWHUL]H�FRQGLWLRQV�XQGHU�ZKLFK�VWUDWLILFDWLRQ�LPSURYHV�SUHFLVLRQ��DQG
LGHQWLI\�D�1H\PDQ�W\SH�RSWLPDO�DOORFDWLRQ�UXOH�WKDW�RYHUVDPSOHV�VWUDWD�ZLWK�ODUJHU�UHVLGXDO�YDULDQFH�
&RPSUHKHQVLYH�VLPXODWLRQ�VWXGLHV�FRQILUP�WKDW�VWUDWLILFDWLRQ�FRQVLVWHQWO\�LPSURYHV�HIILFLHQF\�ZKHQ
VXUURJDWH�SUHGLFWLRQ�HUURUV�H[KLELW�VWUXFWXUHG�ELDV�RU�KHWHURVNHGDVWLFLW\��:H�SUHVHQW�WZR�HPSLULFDO
DSSOLFDWLRQV��LQFOXGLQJ�DQ�HGXFDWLRQ�5&7�DQG�D�ODUJH�REVHUYDWLRQDO�FRUSXV��WR�LOOXVWUDWH�SUDFWLFDO
LPSOHPHQWDWLRQ�XVLQJ�&KDW*37�JHQHUDWHG�VXUURJDWH�RXWFRPHV��2YHUDOO��WKLV�IUDPHZRUN�SURYLGHV�D
SUDFWLFDO�GHVLJQ�EDVHG�DSSURDFK�IRU�OHYHUDJLQJ�VXUURJDWH�RXWFRPHV�DQG�VWUDWHJLFDOO\�DOORFDWLQJ
KXPDQ�FRGLQJ�HIIRUW�WR�REWDLQ�XQELDVHG�HVWLPDWHV�ZLWK�JUHDWHU�HIILFLHQF\�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

6PDOO�6DPSOH�3HUIRUPDQFH�RI�6\QWKHWLF�'LIIHUHQFH�LQ�'LIIHUHQFHV�/XNH�6WHZDUW
�/XNH
6WHZDUW��1DQGLWD�0LWUD��<RXMLQ�/HH��*DU\�+HWWLQJHU�

0HWKRGV�IRU�HVWLPDWLQJ�FDXVDO�HIIHFWV�LQ�ORQJLWXGLQDO��TXDVL�H[SHULPHQWDO�VHWWLQJV�DUH�ZLGHO\�XVHG�LQ
HFRQRPLFV��SXEOLF�KHDOWK��DQG�RWKHU�ILHOGV��7KH�UHFHQWO\�SURSRVHG�V\QWKHWLF�GLIIHUHQFH�LQ�GLIIHUHQFHV
�6'L'��PHWKRG�LPSURYHV�RQ�GLIIHUHQFH�LQ�GLIIHUHQFHV��'L'��DQG�V\QWKHWLF�FRQWUROV��6&��E\�ZHDNHQLQJ
WKH�FRQGLWLRQV�QHFHVVDU\�WR�LGHQWLI\�DQG�HVWLPDWH�D�FDXVDO�HIIHFW�LQ�VHWWLQJV�ZLWK�ORQJLWXGLQDO�SDQHO
GDWD�RU�UHSHDWHG�FURVV�VHFWLRQDO�GDWD��+RZHYHU��WKHVH�VWXGLHV�RIWHQ�KDYH�OLPLWHG�VDPSOH�VL]HV��ERWK
LQ�WHUPV�RI�XQLWV�DQG�SHULRGV�DQDO\]HG��$OWKRXJK�6'L'�JHQHUDOO\�UHOLHV�RQ�ZHDNHU�DVVXPSWLRQV�WKDQ
ERWK�'L'�DQG�6&��WKH�UHTXLUHG�DV\PSWRWLFV�PD\�UHVWULFW�WKH�XVH�RI�WKH�PHWKRG�

7R�HYDOXDWH�WKH�SHUIRUPDQFH�RI�6'L'�LQ�UHDOLVWLF��VPDOO�VDPSOH�VHWWLQJV��ZH�HPSOR\�WZR
FRPSOHPHQWDU\�VLPXODWLRQ�VWUDWHJLHV��)LUVW��ZH�UHDQDO\]H�H[LVWLQJ�SODFHER�FRQWURO�VLPXODWLRQ�VWXGLHV
ZKLOH�DUWLILFLDOO\�OLPLWLQJ�WKH�QXPEHU�RI�XQLWV�DQG�SHULRGV��6HFRQG��ZH�LQWURGXFH�D�QRYHO�VLPXODWLRQ
IUDPHZRUN�IRU�SDQHO�GDWD�WKDW�DOORZV�WKH�LQMHFWLRQ�RI�D�NQRZQ�WUHDWPHQW�HIIHFW�LQWR�H[LVWLQJ�GDWD�LQ�D
VHWWLQJ�RI�LQWHUHVW��:H�VLPXODWH�GDWD�XQGHU�VPDOO�VDPSOHV�DQG�DVVHVV�WKH�UREXVWQHVV�RI�6'L'�WR
YLRODWLRQV�RI�LWV�DVVXPSWLRQV�DERXW�WKH�HUURU�WHUP�LQ�WKH�ODWHQW�IDFWRU�PRGHO��'UDZLQJ�RQ�ILQGLQJV
IURP�WKHVH�LQYHVWLJDWLRQV��ZH�RIIHU�JXLGDQFH�IRU�UHVHDUFKHUV�RQ�ZKHQ�6'L'�LV�OLNHO\�WR�\LHOG�UHOLDEOH
HVWLPDWHV��)LQDOO\��ZH�DSSO\�6'L'�WR�DQ�LQYHVWLJDWLRQ�RI�WKH�HIIHFW�RI�WKH�3KLODGHOSKLD�%HYHUDJH�7D[
RQ�\RXWK�VRGD�FRQVXPSWLRQ�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

3UR[LPDO�/HDUQLQJ�IRU�7ULDOV�:LWK�([WHUQDO�&RQWUROV��$�&DVH�6WXG\�LQ�+,9�3UHYHQWLRQ�<LOLQ
6RQJ
�<LOLQ�6RQJ��<LQ[LDQJ�:X��7LQJ�<H�

:LWK�WKH�DGYHQW�RI�HIIHFWLYH�SUH�H[SRVXUH�SURSK\OD[LV�DJHQWV��DFWLYH�FRQWUROOHG�+,9�SUHYHQWLRQ�WULDOV
KDYH�EHFRPH�D�FRPPRQ�VWXG\�GHVLJQ��1HYHUWKHOHVV��HVWLPDWLQJ�DEVROXWH�HIILFDF\�UHODWLYH�WR�D
SODFHER�UHPDLQV�LPSRUWDQW��,Q�WKLV�SDSHU��ZH�LQWURGXFH�D�QRYHO�DSSOLFDWLRQ�RI�SUR[LPDO�FDXVDO
LQIHUHQFH�PHWKRGV�WR�HVWLPDWH�WKH�FRXQWHUIDFWXDO�FXPXODWLYH�+,9�LQFLGHQFH�XQGHU�SODFHER�IRU
SDUWLFLSDQWV�LQ�DQ�DFWLYH�FRQWUROOHG�WULDO�RI�FDERWHJUDYLU��XVLQJ�H[WHUQDO�FRQWURO�GDWD�IURP�D�SODFHER�
FRQWUROOHG�WULDO�ZLWK�VLPLODU�HOLJLELOLW\�FULWHULD��:H�OHYHUDJH�EDVHOLQH�VH[XDOO\�WUDQVPLWWHG�LQIHFWLRQ
VWDWXV�DQG�JHRJUDSKLF�UHJLRQ�DV�QHJDWLYH�FRQWURO�RXWFRPH�DQG�H[SRVXUH�YDULDEOHV��UHVSHFWLYHO\��:H
DGGUHVV�WZR�NH\�FKDOOHQJHV��XQPHDVXUHG�GLIIHUHQFHV�LQ�+,9�ULVN�EHWZHHQ�WULDOV�DQG�VWDWLVWLFDO
GLIILFXOWLHV�DULVLQJ�IURP�ORZ�+,9�LQFLGHQFH�UDWHV�LQ�ERWK�VWXGLHV��7R�RYHUFRPH�WKHVH�FKDOOHQJHV��ZH
GHYHORS�WZR�SUR[LPDO�LQIHUHQFH�DSSURDFKHV������D�VHPLSDUDPHWULF�LQYHUVH�SUREDELOLW\�RI�FHQVRULQJ
ZHLJKWLQJ�HVWLPDWRU�DQG�����D�WZR�VWDJH�UHJUHVVLRQ�EDVHG�VWUDWHJ\�WDLORUHG�WR�ORZ�HYHQW�UDWH
VHWWLQJV��2XU�WKHRUHWLFDO�DQG�QXPHULFDO�LQYHVWLJDWLRQV�GHPRQVWUDWH�WKDW�WKHVH�PHWKRGV�\LHOG�UHOLDEOH
HVWLPDWHV�RI�WKH�FRXQWHUIDFWXDO�RQH�\HDU�FXPXODWLYH�+,9�LQFLGHQFH�XQGHU�SODFHER��DQG�SURYLGH
UREXVW�HYLGHQFH�RI�WKH�VXSHULRU�HIILFDF\�RI�FDERWHJUDYLU�FRPSDUHG�ZLWK�SODFHER��7KHVH�ILQGLQJV
KLJKOLJKW�WKH�SRWHQWLDO�RI�SUR[LPDO�LQIHUHQFH�PHWKRGV�WR�HVWLPDWH�SODFHER�FRQWUROOHG�HIIHFWV�LQ�ERWK
VLQJOH�DUP�DQG�DFWLYH�FRQWUROOHG�WULDOV�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

(VWLPDWLQJ�HIIHFWV�RI�ORQJLWXGLQDO�PRGLILHG�WUHDWPHQW�SROLFLHV��/073V��DW�WDUJHW�WLPHV�LQ
VWXGLHV�ZLWK�LUUHJXODU�DVVHVVPHQW�WLPHV�$QMD�6KDKX
�$QMD�6KDKX��'DQLHO�0DOLQVN\�

/RQJLWXGLQDO�VWXGLHV�DUH�RIWHQ�GHVLJQHG�WR�DVVHVV�SDUWLFLSDQWV�DW�D�FRPPRQ�VHW�RI�SUH�VSHFLILHG�WLPHV
DIWHU�EDVHOLQH��H�J���DQQXDO�YLVLWV�RYHU�D�IL[HG�IROORZ�XS�SHULRG���,Q�SUDFWLFH��KRZHYHU��DVVHVVPHQW
WLPHV�FDQ�YDU\�FRQVLGHUDEO\�IURP�WKHVH�WDUJHWV�LQ�ERWK�WLPLQJ�DQG�IUHTXHQF\��6XFK�LUUHJXODU
DVVHVVPHQW�WLPHV�SRVH�FKDOOHQJHV�IRU�HVWLPDWLQJ�FDXVDO�HIIHFWV�DW�WDUJHW�WLPHV��DV�RXWFRPHV�DUH�QRW
REVHUYHG�DW�WKRVH�WLPHV�IRU�DOO�SDUWLFLSDQWV�DQG�WKH�VXEVHW�RI�SDUWLFLSDQWV�REVHUYHG�DW�RU�DURXQG
WKRVH�WLPHV�PD\�QRW�EH�UHSUHVHQWDWLYH�GXH�WR�LQIRUPDWLYH�DVVHVVPHQW�WLPLQJ��,Q�6KDKX�HW�DO���������
ZH�LQWURGXFHG�D�IUDPHZRUN�IRU�HVWLPDWLQJ�DQG�WHVWLQJ�K\SRWKHVHV�DERXW�HIIHFWV�RI�FRPSOH[
LQWHUYHQWLRQV�RQ�UDWHV�RI�FKDQJH�LQ�DQ�RXWFRPH�RYHU�WLPH�DQG�GHPRQVWUDWHG�LWV�XWLOLW\�IRU�H[DPLQLQJ
WKH�HIIHFW�RI�D�ORQJLWXGLQDO�VKLIW�LQWHUYHQWLRQ�RQ�WKH�WUDMHFWRU\�RI�DQ�RXWFRPH�RYHU�WLPH��7KH�RULJLQDO
IUDPHZRUN�ZDV�GHYHORSHG�IRU�EDODQFHG�GLVFUHWH�WLPH�ORQJLWXGLQDO�VWXGLHV�ZLWK�IL[HG�YLVLW�VFKHGXOHV�
:H�H[WHQG�WKLV�IUDPHZRUN�WR�DFFRPPRGDWH�D�VHWWLQJ�ZLWK�LUUHJXODU�DVVHVVPHQW�WLPHV�E\�LQWURGXFLQJ
D�QRYHO�HVWLPDWRU�IRU�WKH�SURMHFWLRQ�RI�WKH�FDXVDO�HIIHFW�DW�D�VSHFLILHG�WDUJHW�WLPH��7KH�SURSRVHG
DSSURDFK�HQDEOHV�DQDO\VLV�RI�ORQJLWXGLQDO�VWXGLHV��LQ�ZKLFK�SDUWLFLSDQWV�DUH�DVVHVVHG�LUUHJXODUO\
ZLWKLQ�SUH�GHILQHG�YLVLW�ZLQGRZV�DQG�UDQGRPL]HG�WR�EH�REVHUYHG�DW�RQO\�RQH�RI�WZR�FRQVHFXWLYH
YLVLWV��7KURXJK�D�VLPXODWLRQ�VWXG\��ZH�LOOXVWUDWH�WKH�SHUIRUPDQFH�RI�RXU�SURSRVHG�DSSURDFK�LQ�WKLV
VHWWLQJ�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

,QIHUHQFH�IRU�V\QWKHWLF�FRQWUROV�YLD�UHILQHG�SODFHER�WHVWV�/LKXD�/HL
�/LKXD�/HL��7LPRWK\
6XGLMRQR�

7KH�V\QWKHWLF�FRQWURO�PHWKRG�LV�RIWHQ�DSSOLHG�WR�SUREOHPV�ZLWK�RQH�WUHDWHG�XQLW�DQG�D�VPDOO�QXPEHU
RI�FRQWURO�XQLWV��$�FRPPRQ�LQIHUHQWLDO�WDVN�LQ�WKLV�VHWWLQJ�LV�WR�WHVW�QXOO�K\SRWKHVHV�UHJDUGLQJ�WKH
DYHUDJH�WUHDWPHQW�HIIHFW�RQ�WKH�WUHDWHG��,QIHUHQFH�SURFHGXUHV�WKDW�DUH�MXVWLILHG�DV\PSWRWLFDOO\�DUH
RIWHQ�XQVDWLVIDFWRU\�GXH�WR�����VPDOO�VDPSOH�VL]HV�WKDW�UHQGHU�ODUJH�VDPSOH�DSSUR[LPDWLRQ�IUDJLOH
DQG�����VLPSOLILFDWLRQ�RI�WKH�HVWLPDWLRQ�SURFHGXUH�WKDW�LV�LPSOHPHQWHG�LQ�SUDFWLFH��$Q�DOWHUQDWLYH�LV
SHUPXWDWLRQ�LQIHUHQFH��ZKLFK�LV�UHODWHG�WR�D�FRPPRQ�GLDJQRVWLF�FDOOHG�WKH�SODFHER�WHVW��,W�KDV
SURYDEOH�7\SH�,�HUURU�JXDUDQWHHV�LQ�ILQLWH�VDPSOHV�ZLWKRXW�VLPSOLILFDWLRQ�RI�WKH�PHWKRG��ZKHQ�WKH
WUHDWPHQW�LV�XQLIRUPO\�DVVLJQHG��+RZHYHU��LW�RIWHQ�KDV�ORZ�SRZHU�DW�D�FRPPRQ�OHYHO�OLNH�q ����
ZKHQ�1�LV�VPDOO��:H�SURSRVH�D�QRYHO�OHDYH�WZR�RXW�SURFHGXUH�WKDW�E\SDVVHV�WKLV�LVVXH��ZKLOH�VWLOO
PDLQWDLQLQJ�WKH�VDPH�ILQLWH�VDPSOH�7\SH�,�HUURU�JXDUDQWHH�XQGHU�XQLIRUP�DVVLJQPHQW�IRU�D�ZLGH
UDQJH�RI�1��8QOLNH�WKH�SODFHER�WHVW�ZKRVH�7\SH�,�HUURU�DOZD\V�HTXDOV�WKH�WKHRUHWLFDO�XSSHU�ERXQG�
RXU�SURFHGXUH�RIWHQ�DFKLHYHV�D�ORZHU�XQFRQGLWLRQDO�7\SH�,�HUURU�WKDQ�WKHRU\�VXJJHVWV��WKLV�HQDEOHV
XVHIXO�LQIHUHQFH�LQ�WKH�FKDOOHQJLQJ�UHJLPH�ZKHQ�q���1��(PSLULFDOO\��RXU�SURFHGXUH�DFKLHYHV�D
KLJKHU�SRZHU�ZKHQ�WKH�HIIHFW�VL]H�LV�UHDVRQDEO\�ODUJH�DQG�D�FRPSDUDEOH�SRZHU�RWKHUZLVH��:H
JHQHUDOL]H�RXU�SURFHGXUH�WR�QRQ�XQLIRUP�DVVLJQPHQWV�DQG�VKRZ�KRZ�WR�FRQGXFW�VHQVLWLYLW\�DQDO\VLV�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

3UR[LPDO�&DXVDO�,QIHUHQFH�IRU�&RQWHPSRUDQHRXV�7UHDWPHQW�(IIHFW�(VWLPDWLRQ�LQ�7LPH
6HULHV�'DWD�)DQ\X�&XL
�)DQ\X�&XL��&KDUORWWH�)RZOHU��;LDR[XDQ�&DL��-XNND�3HNND�2QQHOD��-XVWLQ�7
%DNHU��/LQGD�9DOHUL�

8QPHDVXUHG�FRQIRXQGLQJ�FKDOOHQJHV�FDXVDO�LQIHUHQFH�LQ�LQWHQVLYH�ORQJLWXGLQDO�VWXGLHV��SRWHQWLDOO\
ELDVLQJ�WUHDWPHQW�HIIHFW�HVWLPDWHV��7KH�SUR[LPDO�FDXVDO�LQIHUHQFH��3&,��IUDPHZRUN�RIIHUV�D
SURPLVLQJ�DSSURDFK�WR�QRQSDUDPHWULF�LGHQWLILFDWLRQ�XVLQJ�SUR[LHV�RU�QHJDWLYH�FRQWURO�YDULDEOHV�LQ
WKH�SUHVHQFH�RI�KLGGHQ�FRQIRXQGLQJ�ELDV��:KLOH�SULRU�OLWHUDWXUH�FRQVLGHUV�WKH�MRLQW�HIIHFW�RI�WLPH�
YDU\LQJ�WUHDWPHQWV��RXU�ZRUN�H[WHQGV�WKH�IUDPHZRUN�WR�D�WLPH�VHULHV�VHWWLQJ�WR�HVWLPDWH�WKH
FRQWHPSRUDQHRXV�RU�ODJJHG�HIIHFW�RI�WLPH�YDU\LQJ�WUHDWPHQWV��:H�GHPRQVWUDWH�WKDW�XQGHU
WUDGLWLRQDO�3&,�DVVXPSWLRQV��ZH�FDQ�UHFRYHU�XQELDVHG�HIIHFW�HVWLPDWLRQ�LQ�WKH�SUHVHQFH�RI
XQPHDVXUHG�FRQIRXQGLQJ�E\�OHYHUDJLQJ�WKH�LQWHQVLYH�ORQJLWXGLQDO�QDWXUH�RI�WLPH�VHULHV�GDWD�
6SHFLILFDOO\��ZH�GHYHORS�LGHQWLILDELOLW\�FRQGLWLRQV�DQG�VKRZ�WKDW�SDVW�DQG�IXWXUH�REVHUYDWLRQV�FDQ�EH
HPSOR\HG�DV�QDWXUDO�SUR[LHV�IRU�XQPHDVXUHG�FRQIRXQGHUV��:H�IXUWKHU�GHYHORS�WKH�EULGJH�IXQFWLRQ
UHTXLUHG�IRU�YDOLG�SUR[LPDO�FDXVDO�LQIHUHQFH�HVWLPDWLRQ�DORQJ�ZLWK�DV\PSWRWLF�YDULDQFH��6LPXODWLRQ
VWXGLHV�LOOXVWUDWH�RXU�PHWKRGyV�YDOLGLW\�DQG�UREXVWQHVV�WR�YLRODWLRQ�RI�FHUWDLQ�3&,�LGHQWLILFDWLRQ
DVVXPSWLRQV��:H�GHPRQVWUDWH�WKH�SRWHQWLDO�IRU�VWXG\LQJ�VRFLR�HQYLURQPHQWDO�H[SRVXUH�KHDOWK�HIIHFWV
DSSO\LQJ�RXU�PHWKRG�WR�D�VPDUWSKRQH�VWXG\�RI�ELSRODU�SDWLHQWV��2XU�ZRUN�FRQWULEXWHV�WR�WKH�JURZLQJ
OLWHUDWXUH�RQ�3&,�DQG�SURYLGHV�D�SRZHUIXO�WRRO�IRU�DQDO\]LQJ�ORQJLWXGLQDO�GDWD��LQFOXGLQJ�LQ
REVHUYDWLRQDO�PRELOH�KHDOWK�UHVHDUFK�SURQH�WR�FRQIRXQGLQJ�ELDV�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF ������

���� 3�

'\QDPLF�7UHDWPHQW�5HJLPHV

&DXVDOLW\�ZLWK�DJLQJ��(VWLPDWLRQ�DQG�LQIHUHQFH�LQ�D�G\QDPLF�GLUHFWHG�DF\FOLF�9$5�JUDSK
ZLWK�DJLQJ�DQG�VXEDJLQJ�$QGUHM�6UDNDU
�$QGUHM�6UDNDU�

'LUHFWHG�DF\FOLF�JUDSKV�KDYH�VHOGRP�EHHQ�VWXGLHG�LQ�D�G\QDPLF�FRQWH[W��:H�LQFOXGH�VWRFKDVWLF�DJLQJ
LQ�YHFWRU�DXWRUHJUHVVLRQ�IRUP�IRU�FDXVDO�WLPH�VHULHV��/HW
�*� ��PDWKFDO^9�(�`��EH�D�JUDSK��DQG�OHW��(� �^^�(B^L```B^L�LQ�PDWKFDO^9``��EH�FROOHFWLRQ�RI�L�L�G�
UDQGRP�YDULDEOHV�LQGH[HG�E\�YHUWLFHV�RI�JUDSK�ZLWK�H[SRQHQWLDO�GLVWULEXWLRQ�ZLWK�PHDQ������:H
FRQVLGHU�FRQWLQXRXV�WLPH�0DUNRY�FKDLQ��;�W���ZLWK�VWDWH�VSDFH��PDWKFDO^9`���7UDQVLWLRQ�UDWHV�DUH
�ZB^LM`� �QXH[SOHIW��v�EHWDOHIW�����v�D�(B^L`�v�D(B^M`�ULJKW��ULJKW����3URYLQJ�DQ�DJLQJ�UHVXOW�FRQVLVWV�LQ
ILQGLQJ�WZR�SRLQW�IXQFWLRQ
�)�WB^Z`�WB^Z`���W���VXFK�WKDW�QRQWULYLDO�OLPLW�OLPB^W�ULJKWDUURZ�LQIW\�IUDF^W`^WB^Z``� 
WKHWD`^)�WB^Z`�WB^Z`���W�`� �)�WKHWD���H[LVWV��:H�FRQVLGHU�9$5�EDVHG�G\QDPLF�'$*�FRPELQHG�ZLWK
WUDS�DJLQJ�PRGHO�DERYH�DQG�SURYH�UHVXOWV�RQ�DJLQJ�DQG�VXEDJLQJ��:H�SURSRVH�FDXVDO�HVWLPDWRUV�LQ
WKLV�FRQWH[W�DQG�VWXG\�WKHLU�LQIHUHQWLDO�SURSHUWLHV��,Q�DSSOLFDWLRQ�ZH�VWXG\�FDXVDO�HIIHFWV�RI�HDUO\�OLIH
HGXFDWLRQ�RQ�KHDOWK�RI�DQ�ROGHU�SHUVRQ��2XU�QRYHO�DSSURDFK�LV�WKH�ILUVW�WR�LQFOXGH�DJLQJ�SKHQRPHQD
LQ�FDXVDO�LQIHUHQFH�DQG�KDV�DSSOLFDWLRQV�DPRQJ�RWKHU�LQ�HFRQRPLFV�DQG�KHDOWK��:H�FRQVLGHU
H[WHQVLRQV�WR�PRUH�FRPSOH[�FDXVDO�WLPH�VHULHV�VWUXFWXUHV�DQG�WR�HOHSKDQW�UDQGRP�ZDON�SRVVLELOLWLHV�
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'\QDPLF�7UHDWPHQW�5HJLPHV

,QGLYLGXDO�7UHDWPHQW�(IIHFWV�LQ�%LSRODU�'LVRUGHU�ZLWK�/DWHQW�0RRG�'\QDPLFV�$QQD�3KDP

$QQD�3KDP��$P\�&RFKUDQ��0HOYLQ�0FLQQLV�

,QGLYLGXDO�OHYHO�H[SHULPHQWDWLRQ�LV�FHQWUDO�WR�SHUVRQDOL]HG�GHFLVLRQ�PDNLQJ��SDUWLFXODUO\�IRU�FKURQLF
FRQGLWLRQV�VXFK�DV�ELSRODU�GLVRUGHU��ZKHUH�WUHDWPHQW�UHVSRQVHV�YDU\�ZLGHO\�DFURVV�LQGLYLGXDOV��,Q�DQ
LGHDO�zQ�RI��{�VHWWLQJ��ZH�ZRXOG�OHDUQ�DQ�LQGLYLGXDOyV�WUHDWPHQW�HIIHFW�E\�UHSHDWHGO\�WXUQLQJ�DQ
LQWHUYHQWLRQ�RQ�DQG�RII�DQG�REVHUYLQJ�KRZ�RXWFRPHV�UHVSRQG��,Q�SUDFWLFH��WKLV�LV�FRPSOLFDWHG�E\�WKH
IDFW�WKDW�RXWFRPHV�HYROYH�G\QDPLFDOO\�DQG�GHSHQG�RQ�SULRU�RXWFRPHV��SDVW�LQWHUYHQWLRQV��DQG
XQREVHUYHG�SV\FKRORJLFDO�VWDWHV��FUHDWLQJ�FDUU\RYHU�DQG�WHPSRUDO�GHSHQGHQFH�WKDW�FRQIRXQG�VLPSOH
FRPSDULVRQV��:H�VWXG\�WKH�LGHQWLILFDWLRQ�DQG�HVWLPDWLRQ�RI�LQGLYLGXDO�WUHDWPHQW�HIIHFWV�RQ�PRRG�LQ
SHRSOH�ZLWK�ELSRODU�GLVRUGHU��XVLQJ�D�VLPXODWLRQ�HQYLURQPHQW�JURXQGHG�LQ�SDUDPHWHUV�HVWLPDWHG
IURP�UHDO�SDWLHQW�GDWD�YLD�D�.DOPDQ�ILOWHU��,QWHUYHQWLRQV�DUH�DSSOLHG�UHSHDWHGO\�RYHU�WLPH�DQG
LQIOXHQFH�RXWFRPHV�WKURXJK�ODWHQW�VWDWH�G\QDPLFV��:H�H[DPLQH�KRZ�ORQJLWXGLQDO�GHVLJQ�FKRLFHV
DIIHFW�WKH�DELOLW\�WR�UHFRYHU�DFFXUDWH�LQGLYLGXDO�WUHDWPHQW�HIIHFWV�DQG�FKDUDFWHUL]H�KRZ�DVVXPSWLRQV
DERXW�PRRG�G\QDPLFV�DQG�FDUU\RYHU�VKDSH�HVWLPDWLRQ�ELDV�DQG�YDULDQFH��2XU�UHVXOWV�SURYLGH
SUDFWLFDO�JXLGDQFH�IRU�LQGLYLGXDOL]HG�FDXVDO�DQDO\VLV�LQ�ELSRODU�GLVRUGHU�DQG�PRUH�EURDGO\�LQIRUP
PHWKRGV�IRU�SHUVRQDOL]HG�FDXVDO�LQIHUHQFH�LQ�G\QDPLF�VHWWLQJV�
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'\QDPLF�7UHDWPHQW�5HJLPHV

1RQ�SDUDPHWULF�&DXVDO�,QIHUHQFH�LQ�'\QDPLF�7KUHVKROGLQJ�'HVLJQV�$GLW\D�*KRVK
�$GLW\D
*KRVK��6WHIDQ�:DJHU�

&RQVLGHU�D�VHWWLQJ�ZKHUH�ZH�UHJXODUO\�PRQLWRU�SDWLHQWVy�IDVWLQJ�EORRG�VXJDU��DQG�GHFODUH�WKHP�WR
KDYH�SUHGLDEHWHV��DQG�HQFRXUDJH�SUHYHQWDWLYH�FDUH��LI�WKLV�QXPEHU�FURVVHV�D�SUH�VSHFLILHG�WKUHVKROG�
7KH�VKDUS��WKUHVKROG�EDVHG�WUHDWPHQW�SROLF\�VXJJHVWV�WKDW�ZH�VKRXOG�EH�DEOH�WR�HVWLPDWH�WKH�ORQJ�
WHUP�EHQHILW�RI�WKLV�SUHYHQWDWLYH�FDUH�E\�FRPSDULQJ�WKH�KHDOWK�WUDMHFWRULHV�RI�SDWLHQWV�ZLWK�EORRG
VXJDU�PHDVXUHPHQWV�ULJKW�DERYH�DQG�EHORZ�WKH�WKUHVKROG��$�QDLYH�UHJUHVVLRQ�GLVFRQWLQXLW\�DQDO\VLV�
KRZHYHU��LV�QRW�DSSOLFDEOH�KHUH��DV�LW�LJQRUHV�WKH�WHPSRUDO�G\QDPLFV�RI�WKH�SUREOHP�ZKHUH��H�J���D
SDWLHQW�MXVW�EHORZ�WKH�WKUHVKROG�RQ�RQH�YLVLW�PD\�EHFRPH�SUHGLDEHWLF��DQG�UHFHLYH�WUHDWPHQW�
IROORZLQJ�WKHLU�QH[W�YLVLW��+HUH��ZH�VWXG\�WKUHVKROGLQJ�GHVLJQV�LQ�JHQHUDO�G\QDPLF�V\VWHPV��DQG�VKRZ
WKDW�VLPSOH�UHGXFHG�IRUP�FKDUDFWHUL]DWLRQV�UHPDLQ�DYDLODEOH�IRU�D�UHOHYDQW�FDXVDO�WDUJHW��QDPHO\�D
G\QDPLF�PDUJLQDO�SROLF\�HIIHFW�DW�WKH�WUHDWPHQW�WKUHVKROG��:H�GHYHORS�D�ORFDO�OLQHDU�UHJUHVVLRQ
DSSURDFK�IRU�HVWLPDWLRQ�DQG�LQIHUHQFH�RI�WKLV�HVWLPDQG��DQG�GHPRQVWUDWH�WKH�SURPLVH�RI�RXU
DSSURDFK�LQ�QXPHULFDO�H[SHULPHQWV�
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'\QDPLF�7UHDWPHQW�5HJLPHV

+LJK�'LPHQVLRQDO�'RXEO\�5REXVW�,QYHUVH�3UREDELOLW\�:HLJKWLQJ�IRU�'\QDPLF�7UHDWPHQW
(IIHFWV�)HL\DQJ�<L
�)HL\DQJ�<L��-HOHQD�%UDGLF�

,QYHUVH�SUREDELOLW\�ZHLJKWLQJ�LV�D�FRPPRQ�DSSURDFK�IRU�HVWLPDWLQJ�WUHDWPHQW�HIIHFWV��+RZHYHU��WKLV
PHWKRG�FDQ�\LHOG�SRWHQWLDOO\�ELDVHG�HVWLPDWLRQ�ZKHQ�SURSHQVLW\�VFRUH�PRGHOV�DUH�LQFRUUHFWO\
VSHFLILHG��:KHQ�FRQIRXQGHUV�FKDQJH�RYHU�WLPH�DQG�WKHLU�GLPHQVLRQDOLW\�LV�PXFK�ODUJHU�WKDQ�WKH
VDPSOH�VL]H��FRUUHFWO\�VSHFLI\LQJ�WKH�SURSHQVLW\�VFRUH�PRGHOV�EHFRPHV�PRUH�FKDOOHQJLQJ��ZKLFK�FDQ
LQWURGXFH�VXEVWDQWLDO�ELDV��7KLV�SDSHU�SURSRVHV�D�UREXVW�LQYHUVH�SUREDELOLW\�ZHLJKWLQJ�HVWLPDWRU�IRU
G\QDPLF�WUHDWPHQW�HIIHFWV�WKDW�DOORZV�KLJK�GLPHQVLRQDO��WLPH�YDU\LQJ�FRQIRXQGLQJ��:H�SURYH�WKDW
WKH�SURSRVHG�HVWLPDWRU�DFKLHYHV�URRW�1�FRQVLVWHQF\�DQG�DV\PSWRWLF�QRUPDOLW\�XQGHU�D�VHTXHQWLDO
PRGHO�GRXEOH�UREXVWQHVV�FRQGLWLRQ��ZKHUH�DW�OHDVW�RQH�RI�WKH�QXLVDQFH�PRGHOV�LV�FRUUHFWO\�VSHFLILHG
DW�HDFK�WUHDWPHQW�VWDJH��6LPXODWLRQ�VWXGLHV�LOOXVWUDWH�WKH�DGYDQWDJH�RI�WKH�SURSRVHG�HVWLPDWRU
FRPSDUHG�ZLWK�RWKHU�LQYHUVH�SURSHQVLW\�PHWKRGV�
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)RXQGDWLRQV

&DXVDO�*HRGHV\�.\OH�6FKLQGO
�/DUU\�:DVVHUPDQ��.\OH�6FKLQGO�

:H�LQWURGXFH�FDXVDO�JHRGHV\��D�IUDPHZRUN�IRU�VWXG\LQJ�WKH�ODQGVFDSH�RI�VWRFKDVWLF�LQWHUYHQWLRQV
WKDW�OLH�EHWZHHQ�WKH�WZR�H[WUHPHV�RI�SHUIRUPLQJ�QR�LQWHUYHQWLRQ��DQG�SHUIRUPLQJ�D�VKDUS
LQWHUYHQWLRQ�WKDW�VHWV�DQ�H[SRVXUH�HTXDO�WR�D�VSHFLILF�YDOXH��:H�GHILQH�WKLV�IUDPHZRUN�E\
FRQVWUXFWLQJ�SDWKV�RI�GLVWULEXWLRQV�WKDW�VPRRWKO\�LQWHUSRODWH�EHWZHHQ�WKH�WUHDWPHQW�GHQVLW\�DQG�D
SRLQW�PDVV�DW�WKH�WDUJHW�LQWHUYHQWLRQ��7KXV��HDFK�SDWK�VWDUWV�DW�D�SXUHO\�REVHUYDWLRQDO��RU
FRUUHODWLRQDO��TXDQWLW\�DQG�PRYHV�LQWR�D�FRXQWHUIDFWXDO�ZRUOG��2I�SDUWLFXODU�LQWHUHVW�DUH�SDWKV�WKDW
FRUUHVSRQG�WR�JHRGHVLFV�LQ�VRPH�PHWULF��L�H��WKH�VKRUWHVW�SDWK��:H�WKHQ�FRQVLGHU�WKH�LQWHUSUHWDWLRQ
DQG�HVWLPDWLRQ�RI�WKH�FRUUHVSRQGLQJ�FDXVDO�HIIHFWV�DV�ZH�PRYH�DORQJ�WKH�SDWK�IURP�FRUUHODWLRQ
WRZDUG�FDXVDWLRQ�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

)HGHUDWHG�&DXVDO�6XUYLYDO�$QDO\VLV�8QGHU�'LVWULEXWLRQ�6KLIW�<L�/LX
�<L�/LX��$OH[VDQGHU�/HYLV�
.H�=KX��6KX�<DQJ��3HWHU�*LOEHUW��/DUU\�+DQ�

&DXVDO�LQIHUHQFH�DFURVV�PXOWLSOH�GDWD�VRXUFHV�FDQ�LPSURYH�WKH�JHQHUDOL]DELOLW\�DQG�UHSURGXFLELOLW\�RI
VFLHQWLILF�ILQGLQJV��+RZHYHU��IRU�WLPH�WR�HYHQW�RXWFRPHV��GDWD�LQWHJUDWLRQ�PHWKRGV�UHPDLQ
XQGHUGHYHORSHG��HVSHFLDOO\�ZKHQ�SRSXODWLRQV�DUH�KHWHURJHQHRXV�DQG�SULYDF\�FRQVWUDLQWV�SUHYHQW
GLUHFW�GDWD�SRROLQJ��:H�SURSRVH�D�IHGHUDWHG�OHDUQLQJ�PHWKRG�IRU�HVWLPDWLQJ�WDUJHW�VLWH�VSHFLILF
FDXVDO�HIIHFWV�LQ�PXOWL�VRXUFH�VXUYLYDO�VHWWLQJV��2XU�DSSURDFK�G\QDPLFDOO\�UH�ZHLJKWV�VRXUFH
FRQWULEXWLRQV�WR�FRUUHFW�IRU�GLVWULEXWLRQDO�VKLIWV��ZKLOH�SUHVHUYLQJ�SULYDF\��/HYHUDJLQJ
VHPLSDUDPHWULF�HIILFLHQF\�WKHRU\��GDWD�DGDSWLYH�ZHLJKWLQJ�DQG�IOH[LEOH�PDFKLQH�OHDUQLQJ��WKH�PHWKRG
DFKLHYHV�ERWK�GRXEOH�UREXVWQHVV�DQG�HIILFLHQF\�LPSURYHPHQW��7KURXJK�VLPXODWLRQV�DQG�WZR�UHDO�GDWD
DSSOLFDWLRQV���L��PXOWL�VLWH�UDQGRPL]HG�WULDOV�RI�PRQRFORQDO�DQWLERGLHV�IRU�+,9���SUHYHQWLRQ�DPRQJ
FLVJHQGHU�PHQ�DQG�WUDQVJHQGHU�SHUVRQV�LQ�WKH�8QLWHG�6WDWHV��%UD]LO��3HUX��DQG�6ZLW]HUODQG��DV�ZHOO
DV�ZRPHQ�LQ�VXE�6DKDUDQ�$IULFD��DQG��LL��DQ�DQDO\VLV�RI�VH[�GLVSDULWLHV�DFURVV�ELRPDUNHU�JURXSV�IRU
DOO�FDXVH�PRUWDOLW\�XVLQJ�WKH�zIOFKDLQ{�GDWDVHW��ZH�GHPRQVWUDWH�WKH�YDOLGLW\��HIILFLHQF\�JDLQV��DQG
SUDFWLFDO�XWLOLW\�RI�WKH�DSSURDFK��2XU�ILQGLQJV�KLJKOLJKW�WKH�SURPLVH�RI�IHGHUDWHG�PHWKRGV�IRU
HIILFLHQW��SULYDF\�SUHVHUYLQJ�FDXVDO�VXUYLYDO�DQDO\VLV�XQGHU�GLVWULEXWLRQ�VKLIW�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

7HVWLQJ�*HQHUDOL]DELOLW\�LQ�&DXVDO�,QIHUHQFH�'DQLHO�0DQHOD
�'DQLHO�0DQHOD��/LQ\LQJ�<DQJ��5RELQ
(YDQV�

(QVXULQJ�UREXVW�PRGHO�SHUIRUPDQFH�LQ�GLYHUVH�UHDO�ZRUOG�VFHQDULRV�UHTXLUHV�DGGUHVVLQJ
JHQHUDOL]DELOLW\�DFURVV�GRPDLQV�ZLWK�FRYDULDWH�VKLIWV��+RZHYHU��QR�IRUPDO�SURFHGXUH�H[LVWV�IRU
VWDWLVWLFDOO\�HYDOXDWLQJ�JHQHUDOL]DELOLW\�LQ�PDFKLQH�OHDUQLQJ�DOJRULWKPV�
([LVWLQJ�SUHGLFWLYH�PHWULFV�OLNH�PHDQ�VTXDUHG�HUURU��06(��KHOS�WR�TXDQWLI\�WKH�UHODWLYH�SHUIRUPDQFH
EHWZHHQ�PRGHOV��EXW�GR�QRW�GLUHFWO\�DQVZHU�ZKHWKHU�D�PRGHO�FDQ�RU�FDQQRW�JHQHUDOL]H�
7R�DGGUHVV�WKLV�JDS�LQ�WKH�GRPDLQ�RI�FDXVDO�LQIHUHQFH��ZH�SURSRVH�D�V\VWHPDWLF�IUDPHZRUN�IRU
VWDWLVWLFDOO\�HYDOXDWLQJ�WKH�JHQHUDOL]DELOLW\�RI�KLJK�GLPHQVLRQDO�FDXVDO�LQIHUHQFH�PRGHOV��2XU
DSSURDFK�XVHV�WKH�IUXJDO�SDUDPHWHUL]DWLRQ�WR�IOH[LEO\�VLPXODWH�IURP�IXOO\�DQG�VHPL�V\QWKHWLF�FDXVDO
EHQFKPDUNV��RIIHULQJ�D�FRPSUHKHQVLYH�HYDOXDWLRQ�IRU�ERWK�PHDQ�DQG�GLVWULEXWLRQDO�UHJUHVVLRQ
PHWKRGV�
*URXQGHG�LQ�UHDO�ZRUOG�GDWD��RXU�PHWKRG�HQVXUHV�PRUH�UHDOLVWLF�HYDOXDWLRQV��ZKLFK�LV�RIWHQ�PLVVLQJ
LQ�FXUUHQW�ZRUN�UHO\LQJ�RQ�VLPSOLILHG�GDWDVHWV�
)XUWKHUPRUH��XVLQJ�VLPXODWLRQV�DQG�VWDWLVWLFDO�WHVWLQJ��RXU�IUDPHZRUN�LV�UREXVW�DQG�DYRLGV�RYHU�
UHOLDQFH�RQ�FRQYHQWLRQDO�PHWULFV��SURYLGLQJ�VWDWLVWLFDO�VDIHJXDUGV�IRU�GHFLVLRQ�PDNLQJ�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

%H\RQG�&RYDULDWH�6KLIW��)XVLQJ�7ULDO�'DWD�IRU�7UHDWPHQW�&RPSDULVRQVe�WR��d7ULDO�'DWD
)XVLRQ��,QGLUHFW�&RPSDULVRQV�%H\RQG�&RYDULDWH�6KLIW�.XDQ�+XQJ�<HK
�.XDQ�+XQJ�<HK�
5RQJKXL�;X��6LGGKDUWK�6LQJK�

'DWD�IXVLRQ�PHWKRGV�HQDEOH�LQGLUHFW�WUHDWPHQW�FRPSDULVRQV�E\�FRPELQLQJ�HYLGHQFH�IURP�UDQGRPL]HG
WULDOV�ZLWKRXW�KHDG�WR�KHDG�FRPSDULVRQV��0RVW�H[LVWLQJ�DSSURDFKHV�DVVXPH�FRYDULDWH�VKLIW��PHDQLQJ
WKDW�FURVV�WULDO�GLIIHUHQFHV�DUH�IXOO\�H[SODLQHG�E\�REVHUYHG�FRYDULDWHV�DQG�WKDW�FRYDULDWHvRXWFRPH
UHODWLRQVKLSV�UHPDLQ�LQYDULDQW�DFURVV�SRSXODWLRQV��7KLV�DVVXPSWLRQ�PD\�EH�RYHUVLPSOLILHG��DV�LW
LJQRUHV�FRQGLWLRQDO�VKLIW��ZKHUH�WKHVH�UHODWLRQVKLSV�GLIIHU�EHWZHHQ�WULDOV��SRWHQWLDOO\�OHDGLQJ�WR
ELDVHG�WUHDWPHQW�HIIHFW�HVWLPDWHV�LQ�WDUJHW�SRSXODWLRQV�
:H�GHYHORS�D�XQLILHG�GDWD�IXVLRQ�IUDPHZRUN�WKDW�DFFRPPRGDWHV�ERWK�FRYDULDWH�DQG�FRQGLWLRQDO�VKLIW
ZKHQ�WZR�UDQGRPL]HG�WULDOV�VKDUH�D�FRPPRQ�DUP��,Q�WKLV�VHWWLQJ��ZH�HVWDEOLVK�LGHQWLILDELOLW\�RI
DYHUDJH�WUHDWPHQW�HIIHFWV�LQ�D�WDUJHW�WULDO�SRSXODWLRQ�XQGHU�D�UHOD[HG�VHW�RI�DVVXPSWLRQV�WKDW�DOORZ
IRU�FKDQJHV�LQ�ERWK�FRYDULDWH�DQG�FRQGLWLRQDO�RXWFRPH�GLVWULEXWLRQV��:H�LQWURGXFH�WZR�HVWLPDWRUV��D
ZHLJKWLQJ�EDVHG�DQG�D�UHVDPSOLQJ�EDVHG�HVWLPDWRU�UHFHQWO\�SURSRVHG�LQ�OLWHUDWXUH��WKDW�OHYHUDJH
GLVFULPLQDWLYH�OHDUQLQJ�WR�HVWLPDWH�MRLQW�GHQVLW\�UDWLRV�IRU�ERWK�VKLIWV��:H�HYDOXDWH�WKHLU�ILQLWH�
VDPSOH�SHUIRUPDQFH�WKURXJK�VLPXODWLRQ�VWXGLHV��5HVXOWV�VKRZ�WKDW�H[LVWLQJ�HVWLPDWRUV�FDQ�H[KLELW
VXEVWDQWLDO�ELDV�LQ�WKH�SUHVHQFH�RI�FRQGLWLRQDO�VKLIW��ZKHUHDV�SURSRVHG�PHWKRGV�UHPDLQ�UREXVW��$Q
DSSOLFDWLRQ�WR�LQIODPPDWRU\�ERZHO�GLVHDVH�WULDOV�LOOXVWUDWHV�WKH�SUDFWLFH�RI�WKLV�IUDPHZRUN�LQ
FRPSDUDWLYH�HIIHFWLYHQHVV�UHVHDUFK�ZKHQ�GLUHFW�FRPSDULVRQV�DUH�XQDYDLODEOH�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

3RSXODWLRQ�/HYHO�&DXVDO�(IIHFW�(VWLPDWLRQ�LQ�WKH�3UHVHQFH�RI�1RQFRPSOLDQFH��$�%D\HVLDQ
$SSURDFK�,QWHJUDWLQJ�5&7�ZLWK�2EVHUYDWLRQDO�6WXGLHV�<XH\LQJ�+X
�<XH\LQJ�+X��<DMXDQ�6L�
0LFKDHO�(OOLRWW�

5&7V�DUH�WKH�JROG�VWDQGDUG�IRU�FDXVDO�LQIHUHQFH�EXW�DUH�RIWHQ�FKDOOHQJHG�E\�WUHDWPHQW
QRQFRPSOLDQFH�DQG�OLPLWHG�JHQHUDOL]DELOLW\�ZKHQ�WULDO�SDUWLFLSDQWV�GR�QRW�UHSUHVHQW�WKH�WDUJHW
SRSXODWLRQ��7KLV�ZRUN�LV�PRWLYDWHG�E\�WKH�5()/8;�WULDO��ZKLFK�FRPSDUHG�ODSDURVFRSLF
IXQGRSOLFDWLRQ�ZLWK�PHGLFDO�PDQDJHPHQW�IRU�JDVWURHVRSKDJHDO�UHIOX[�GLVHDVH��*(5'���2I����
HQUROOHG�SDWLHQWV������H[SUHVVHG�VWURQJ�WUHDWPHQW�SUHIHUHQFHV�DQG�ZHUH�H[FOXGHG�IURP
UDQGRPL]DWLRQ�EXW�IROORZHG�LQ�D�SDUDOOHO�SUHIHUHQFH�DUP��%RWK�DUPV�FROOHFWHG�LGHQWLFDO�FRYDULDWHV
DQG�RXWFRPHV��ZKLOH�WUHDWPHQW�XSWDNH�IROORZHG�GLIIHUHQW�PHFKDQLVPV�
7R�MRLQWO\�DGGUHVV�QRQFRPSOLDQFH�DQG�JHQHUDOL]DELOLW\��ZH�FRPELQH�WKH�5&7�DQG�SUHIHUHQFH�DUP�DV�D
SUR[\�IRU�WKH�WDUJHW�SRSXODWLRQ�DQG�GHYHORS�DQ�LQWHJUDWLYH�%D\HVLDQ�IUDPHZRUN�IRU�SRSXODWLRQ�OHYHO
FRPSOLHU�DYHUDJH�FDXVDO�HIIHFW��&$&(��HVWLPDWLRQ��8VLQJ�WKH�5&7�GDWD��ZH�HVWLPDWH�D�FRYDULDWH�
GHSHQGHQW�ODWHQW�FRPSOLDQFH�FODVV�PRGHO�YLD�SULQFLSDO�VWUDWLILFDWLRQ��7KLV�PRGHO�LV�WKHQ�XVHG�WR�LQIHU
FRPSOLDQFH�FODVV�PHPEHUVKLS�IRU�SUHIHUHQFH�DUP�SDUWLFLSDQWV�IURP�EDVHOLQH�FRYDULDWHV��&RQGLWLRQDO
RQ�LQIHUUHG�FODVVHV�DQG�REVHUYHG�WUHDWPHQW�XSWDNH��RXWFRPHV�IURP�ERWK�DUPV�DUH�XVHG�WR�HVWLPDWH
SRSXODWLRQ�OHYHO�&$&(�E\�DYHUDJLQJ�FODVV�VSHFLILF�WUHDWPHQW�HIIHFWV�RYHU�WKH�WDUJHW�FRYDULDWH
GLVWULEXWLRQ��:H�HYDOXDWH�WKH�SURSRVHG�PHWKRGV�WKURXJK�VLPXODWLRQV�DQG�DQ�DSSOLFDWLRQ�WR�5()/8;�
DQG�FRPSDUH�WKHP�ZLWK�ZHLJKWLQJ�EDVHG�DOWHUQDWLYHV�LQ�VHWWLQJV�ZKHUH�RXWFRPHV�PD\�QRW�EH
DYDLODEOH�IRU�EHQFKPDUN�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

*HQHUDOL]HG�SURMHFWLRQ�WHVWV�IRU�IXQFWLRQ�YDOXHG�SDUDPHWHUV�ZLWK�DSSOLFDWLRQV�WR�WHVWLQJ
VWUXFWXUDO�FDXVDO�DVVXPSWLRQV�5XL�:DQJ
�5XL�:DQJ��$OEHUW�2VRP��%R�=KDQJ�

6WUXFWXUDO�DVVXPSWLRQV�DUH�FHQWUDO�WR�WKH�FDXVDO�LQIHUHQFH�OLWHUDWXUH��,Q�SUDFWLFH��LW�LV�RIWHQ�FUXFLDO�WR
DVVHVV�WKHLU�YDOLGLW\�RU�WR�WHVW�LPSOLFDWLRQV�WKDW�IROORZ�IURP�WKHP��,Q�PDQ\�VHWWLQJV��VXFK�WHVWV�FDQ�EH
IUDPHG�DV�HYDOXDWLQJ�ZKHWKHU�D�IXQFWLRQ�YDOXHG�SDUDPHWHU�HTXDOV�]HUR��,Q�WKLV�SDSHU��ZH�SURSRVH�D
FODVV�RI�JHQHUDOL]HG�SURMHFWLRQ�WHVWV�EDVHG�RQ�VHULHV�HVWLPDWRUV�IRU�WHVWLQJ�VXFK�IXQFWLRQ�YDOXHG
SDUDPHWHUV��:H�HVWDEOLVK�FRQGLWLRQV�XQGHU�ZKLFK�WKH�SURSRVHG�WHVWV�DUH�YDOLG�DQG�LOOXVWUDWH�WKHLU
DSSOLFDELOLW\�WKURXJK�H[DPSOHV�IURP�WKH�GDWD�IXVLRQ�DQG�LQVWUXPHQWDO�YDULDEOHV�OLWHUDWXUH��2XU
DSSURDFK�DFFRPPRGDWHV�IOH[LEOH�PDFKLQH�OHDUQLQJ�PHWKRGV�IRU�HVWLPDWLQJ�QXLVDQFH�SDUDPHWHUV��,Q
FRQWUDVW�WR�PDQ\�H[LVWLQJ�DSSURDFKHV��WKH�OLPLWLQJ�GLVWULEXWLRQ�RI�WKH�SURSRVHG�WHVW�VWDWLVWLFV�LV
VWUDLJKWIRUZDUG�WR�FRPSXWH�XQGHU�WKH�QXOO�K\SRWKHVLV��:H�DSSO\�RXU�PHWKRG�WR�WHVW�WKH�HTXDOLW\�RI
FRQGLWLRQDO�&29,'����ULVN�DFURVV�YDFFLQH�DUPV�LQ�WKH�&29,'����9DULDQW�,PPXQRORJLF�/DQGVFDSH
�&29$,/��WULDO�
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+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

7LOWHG�,QWHUYHQWLRQ�(IIHFW�DQG�LWV�/LPLWLQJ�&DXVDO�(VWLPDQG�IRU�&RQWLQXRXV�7UHDWPHQWV
<LNXQ�=KDQJ
�<LNXQ�=KDQJ��<HQ�&KL�&KHQ��$QGUHD�5RWQLW]N\�

7KHUH�LV�JURZLQJ�LQWHUHVW�LQ�WKH�FDXVDO�LQIHUHQFH�OLWHUDWXUH�LQ�GHILQLQJ�FDXVDO�HVWLPDQGV�WKURXJK
VWRFKDVWLF��UDWKHU�WKDQ�VWDWLF��LQWHUYHQWLRQV��PRWLYDWHG�E\�ERWK�LPSURYHG�LGHQWLILDELOLW\�ZLWKRXW
VWURQJ�SRVLWLYLW\�DVVXPSWLRQV�DQG�JUHDWHU�IOH[LELOLW\�LQ�WUHDWPHQW�DVVLJQPHQW��,Q�WKLV�SDSHU��ZH�VWXG\
D�FDXVDO�HVWLPDQG�IRU�FRQWLQXRXV�WUHDWPHQWV�LQGXFHG�E\�D�FODVV�RI�VWRFKDVWLF�LQWHUYHQWLRQV�NQRZQ�DV
WKH�WLOWHG�LQWHUYHQWLRQ��LQ�ZKLFK�WKH�HVWLPDQG�LV�LGHQWLILDEOH�ZLWKRXW�SRVLWLYLW\��6SHFLILFDOO\��RXU
JHQHUDO�WLOWHG�LQWHUYHQWLRQ�IUDPHZRUN�XQLILHV�VHYHUDO�FRQVWUXFWLRQV��LQFOXGLQJ�H[SRQHQWLDO��NHUQHO�
VPRRWKHG��%HWD��*DPPD��DQG�ZHLJKWHG�QHDUHVW�QHLJKERUV�WLOWLQJ��7KH�SURSRVHG�HVWLPDQG�GHSHQGV�RQ
D�VHQVLWLYLW\�SDUDPHWHU��KLQ�>��LQIW\����DOORZLQJ�LW�WR�LQWHUSRODWH�EHWZHHQ�WKH�FDXVDO�HVWLPDQG�XQGHU
D�VWDWLF�LQWHUYHQWLRQ�DQG�WKH�PHDQ�RXWFRPH�XQGHU�QR�LQWHUYHQWLRQV��:H�IXUWKHU�FKDUDFWHUL]H�WKH
OLPLWLQJ�EHKDYLRU�RI�WKH�HVWLPDQG�XQGHU�VWDWLF�LQWHUYHQWLRQV�ZKHQ�SRVLWLYLW\�IDLOV��\LHOGLQJ�D
JHQHUDOL]HG�YHUVLRQ�RI�WKH�*�FRPSXWDWLRQ�IRUPXOD�ZLWK�ERWK�FDXVDO�DQG�JHRPHWULF�LQWHUSUHWDWLRQV�
)LQDOO\��ZH�GHYHORS�HVWLPDWLRQ�SURFHGXUHV�IRU�WKH�WLOWHG�HVWLPDQG�DQG�LWV�OLPLWLQJ�IRUP��DQG�HVWDEOLVK
WKHLU�DV\PSWRWLF�SURSHUWLHV�
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+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

7KH�3DUDFKXWH�+\EULG�&$7(�(VWLPDWRU�DQG�%RRWVWUDS�0HWKRGV��7KHRU\�DQG�$SSOLFDWLRQV
;LDQOLQ�6XQ
�;LDQOLQ�6XQ��6WHSKHQ�0DQ�6LQJ�/HH�

:H�SURSRVH�D�SDUDFKXWH�K\EULG�HVWLPDWRU�RI�WKH�FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFW��&$7(��XQGHU
WKH�SRWHQWLDO�RXWFRPH�IUDPHZRUN��,WLV�D�IXOO\�UREXVW�DSSURDFK�FRPELQLQJ�SDUDPHWULF��0HQJ�DQG�4LDR
������DQG�QRQSDUDPHWULF��$EUHYD\D��+VX��DQG�/LHOL�������PHWKRGV�XVLQJ�WKH�K\EULG�PHFKDQLVP�RI
/HH�DQG�6ROH\PDQL��������WR�HVWLPDWH�&$7(��7KH�NH\�LQQRYDWLRQ�LV�zJUDFHIXO�GHJUDGDWLRQ{��ZKHQ�DW
OHDVW�RQH�RI�WKH�SURSHQVLW\�VFRUH�RU�RXWFRPH�PRGHOV�LV�FRUUHFWO\�VSHFLILHG��LW�DFKLHYHV�SDUDPHWULF
FRQYHUJHQFH�UDWHVwWKH�GHILQLQJ�SURSHUW\�RI�GRXEOH�UREXVWQHVV��:KHQ�ERWK�DUH�PLVVSHFLILHG��LW
UHPDLQV�FRQVLVWHQW��ZLWK�FRQYHUJHQFHGHJUDGHG�WR�QRQSDUDPHWULF�UDWHVwKHQFH�zSDUDFKXWH�{�,WV
DV\PSWRWLF�GLVWULEXWLRQ�LV�GHULYHG�E\�DGRSWLQJ�0�HVWLPDWLRQ��6WHIDQVNL�DQG�%RRV�������DQG
LQFRUSRUDWLQJ�/\DSXQRYyV�&HQWUDO�/LPLW�7KHRUHP�
%RRWVWUDS�EDVHG�PHWKRGV�IRU�VWDWLVWLFDO�LQIHUHQFH�RYHUFRPH�SOXJ�LQ�YDULDQFH�HVWLPDWLRQ�FKDOOHQJHV�
:H�SURYH�WKDW�WKH�JHQHUDOL]HG�ERRWVWUDS�PHWKRG�SURYLGHV�D�FRQVLVWHQW�HVWLPDWRU�IRU�WKH�GLVWULEXWLRQ
RI�WKH�SDUDFKXWH�K\EULG�HVWLPDWRU�XQGHU�JHQHUDO�DVVXPSWLRQV��JURXQGHG�LQ�&KDWWHUMHH�DQG�%RVH
�������
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+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

&((&OXVW��$�%D\HVLDQ�+HWHURJHQHRXV�7LPH�9DU\LQJ�&DXVDO�(IIHFW�0RGHO�IRU�0LFUR�
5DQGRPL]HG�7ULDOV�%URG\�(UODQGVRQ
�%URG\�(UODQGVRQ��7LDQFKHQ�4LDQ��0DWW�.RVORYVN\��$QGHU
:LOVRQ�

0LFUR�UDQGRPL]HG�WULDOV��057V��DUH�GHVLJQHG�IRU�GHYHORSLQJ�DQG�RSWLPL]LQJ�PRELOH�KHDOWK
LQWHUYHQWLRQV��$�SULPDU\�HVWLPDQG�LQ�057�UHVHDUFK�LV�WKH�FDXVDO�H[FXUVLRQ�HIIHFW��&((���ZKLFK
HVWLPDWHV�WKH�GLIIHUHQFH�LQ�RXWFRPHV�WKDW�ZRXOG�UHVXOW�IURP�IROORZLQJ�RQH�H[FXUVLRQ�SROLF\�YHUVXV
DQRWKHU�RYHU�D�JLYHQ�WLPH�SHULRG��([LVWLQJ�UHVHDUFK�KDV�ODUJHO\�IRFXVHG�RQ�SRSXODWLRQ�OHYHO�&((V�
+RZHYHU�LQGLYLGXDOV�RIWHQ�KDYH�GLIIHUHQW�UHVSRQVH�G\QDPLFV��LQFOXGLQJ�YDULDWLRQ�LQ�UHVSRQVH�WLPH�
HIIHFW�PDJQLWXGH��DQG�DGKHUHQFH�WR�WKH�LQWHUYHQWLRQ��&DSWXULQJ�WKLV�KHWHURJHQHLW\�LV�HVVHQWLDO�IRU
XQGHUVWDQGLQJ�XQGHUO\LQJ�EHKDYLRUDO�PHFKDQLVPV�DQG�WR�KHOS�LQIRUP�WKH�GHVLJQ�RI�PRUH�DGDSWLYH
DQG�SHUVRQDOL]HG�LQWHUYHQWLRQV��:H�SURSRVH�D�QHZ�&((�PRGHO�LQ�WKH�%D\HVLDQ�SDUDGLJP�WKDW
LQFRUSRUDWHV�QRQSDUDPHWULF�SULRUV�WR�OHDUQ�ODWHQW�VXEJURXSV�RI�LQGLYLGXDOV�ZLWK�VLPLODU�WLPH�YDU\LQJ
WUHDWPHQW�HIIHFWV��$GGLWLRQDOO\��WKH�SURSRVHG�PHWKRG�SURYLGHV�XQFHUWDLQW\�TXDQWLILFDWLRQ�IRU�WKH
SRSXODWLRQ�OHYHO�DQG�FOXVWHU�VSHFLILF�&((��$OWKRXJK�WKH�SULPDU\�PRWLYDWLRQ�DUH�PRELOH�KHDOWK
LQWHUYHQWLRQV��WKH�SURSRVHG�PHWKRG�FRXOG�EH�DSSOLHG�ZLWK�PLQLPDO�PRGLILFDWLRQ�WR�RWKHU�ODUJH
GHFLVLRQ�SRLQW�WLPH�YDU\LQJ�WUHDWPHQW�VHWWLQJV�LQ�ZKLFK�WKH�&((�LV�RI�LQWHUHVW��VXFK�DV��HVWLPDWLQJ
WKH�FDXVDO�HIIHFW�RI�KHDW�ZDUQLQJV�RQ�UHGXFLQJ�KHDW�UHODWHG�KRVSLWDO�YLVLWV��/DVWO\��ZH�FRQGXFW
VLPXODWLRQ�VWXGLHV�WR�HYDOXDWH�WKH�SURSRVHG�PHWKRGyV�DELOLW\�WR�UHFRYHU�KHWHURJHQHRXV�UHVSRQVH
SDWWHUQV�DQG�DSSO\�RXU�DSSURDFK�WR�GDWD�IURP�WKH�+HDUW6WHSV�057�
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+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

4XDQWLI\LQJ�7UHDWPHQW�(IIHFW�+HWHURJHQHLW\�YLD�WKH�&$7(�'LVWULEXWLRQ�)XQFWLRQ�1RODQ�&ROH

1RODQ�&ROH��0DUFR�&DURQH��/DUV�YDQ�GHU�/DDQ�

8QGHUVWDQGLQJ�KRZ�WUHDWPHQW�HIIHFWV�DUH�GLVWULEXWHG�DFURVV�D�SRSXODWLRQ�LV�HVVHQWLDO�IRU�PRYLQJ
EH\RQG�PHDQ�VXPPDULHV�WRZDUG�D�ULFKHU�FKDUDFWHUL]DWLRQ�RI�WUHDWPHQW�HIIHFW�KHWHURJHQHLW\��7KH
FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFW��&$7(��IXQFWLRQ�LV�D�IXQGDPHQWDO�REMHFW�IRU�VWXG\LQJ�VXFK
KHWHURJHQHLW\��9LVXDOL]LQJ�WKH�GLVWULEXWLRQ�RI�&$7(�YDOXHV�LQ�WKH�WDUJHW�SRSXODWLRQ��L�H���WKH�&$7(
GLVWULEXWLRQ��FDQ�UHYHDO�PHDQLQJIXO�SDWWHUQV�RI�KHWHURJHQHLW\�EH\RQG�WKH�VLQJOH�PHWULFV�FRPPRQO\
XVHG�IRU�WKLV�SXUSRVH��+RZHYHU��LQ�D�QRQSDUDPHWULF�PRGHO��WKH�FRUUHVSRQGLQJ�GLVWULEXWLRQ�IXQFWLRQ
LV�DQ�LUUHJXODU�SDUDPHWHU��SUHFOXGLQJ�VWDQGDUG�URRW�Q�LQIHUHQFH�

,Q�WKLV�ZRUN��ZH�OHYHUDJH�WKH�PRQRWRQLFLW\�RI�WKH�GLVWULEXWLRQ�IXQFWLRQ�WR�GHYHORS�SULQFLSOHG
HVWLPDWRUV�WKDW�HQDEOH�YDOLG�VWDWLVWLFDO�LQIHUHQFH��6SHFLILFDOO\��ZH�FRQVWUXFW�D�*UHQDQGHU�W\SH
HVWLPDWRU�RI�WKH�&$7(�GLVWULEXWLRQ�IXQFWLRQ�DQG�HVWDEOLVK�LWV�ODUJH�VDPSOH�SURSHUWLHV��LQFOXGLQJ
FRQVLVWHQF\��GRXEOH�UREXVWQHVV��DQG�FXEH�URRW�FRQYHUJHQFH�RI�LWV�HVWLPDWLRQ�HUURU�WR�D�&KHUQRII�OLPLW
GLVWULEXWLRQ��ZKLFK�HQDEOHV�WKH�FRQVWUXFWLRQ�RI�DV\PSWRWLFDOO\�YDOLG�FRQILGHQFH�LQWHUYDOV��6LPXODWLRQ
VWXGLHV�GHPRQVWUDWH�WKDW�WKH�SURSRVHG�SURFHGXUH�KDV�IDYRUDEOH�ILQLWH�VDPSOH�SHUIRUPDQFH�DQG�FDQ
EH�UHDGLO\�XVHG�WR�REWDLQ�YDOLG�LQIHUHQFH�IRU�TXDQWLOHV�RI�WKH�&$7(�GLVWULEXWLRQ�
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0DUJLQDO�&DXVDO�(IIHFW�(VWLPDWLRQ�ZLWK�&RQWLQXRXV�,QVWUXPHQWDO�9DULDEOHV�0HL�'RQJ
�0HL
'RQJ��/LQ�/LX��'LQJNH�7DQJ��*HRIIUH\�/LX��:HL�;X��/LQER�:DQJ�

,QVWUXPHQWDO�YDULDEOHV��,9V��DUH�RIWHQ�FRQWLQXRXV��DULVLQJ�LQ�GLYHUVH�ILHOGV�VXFK�DV�HFRQRPLFV�
HSLGHPLRORJ\��DQG�WKH�VRFLDO�VFLHQFHV��([LVWLQJ�DSSURDFKHV�IRU�FRQWLQXRXV�,9V�W\SLFDOO\�LPSRVH
VWURQJ�SDUDPHWULF�PRGHOV�RU�DVVXPH�KRPRJHQHRXV�WUHDWPHQW�HIIHFWV��ZKLOH�IXOO\�QRQSDUDPHWULF
PHWKRGV�PD\�SHUIRUP�SRRUO\�LQ�PRGHUDWH��WR�KLJK�GLPHQVLRQDO�FRYDULDWH�VHWWLQJV��:H�SURSRVH�D�QHZ
IUDPHZRUN�IRU�LGHQWLI\LQJ�WKH�DYHUDJH�WUHDWPHQW�HIIHFW�ZLWK�FRQWLQXRXV�,9V�YLD�FRQGLWLRQDO�ZHLJKWHG
DYHUDJH�GHULYDWLYH�HIIHFWV��8VLQJ�D�FRQGLWLRQDO�5LHV]�UHSUHVHQWHU��RXU�IUDPHZRUN�XQLILHV�FRQWLQXRXV
DQG�FDWHJRULFDO�,9V��,Q�WKLV�IUDPHZRUN��WKH�DYHUDJH�WUHDWPHQW�HIIHFW�LV�W\SLFDOO\�RYHULGHQWLILHG�
OHDGLQJ�WR�D�VHPLSDUDPHWULF�REVHUYHG�GDWD�PRGHO�ZLWK�D�QRQWULYLDO�WDQJHQW�VSDFH��&KDUDFWHUL]LQJ
WKLV�WDQJHQW�VSDFH�LQYROYHV�D�GHOLFDWH�FRQVWUXFWLRQ�RI�D�VHFRQG�RUGHU�SDUDPHWULF�VXEPRGHO��ZKLFK��WR
WKH�EHVW�RI�RXU�NQRZOHGJH��KDV�QRW�EHHQ�VWDQGDUG�SUDFWLFH�LQ�WKLV�OLWHUDWXUH��)RU�HVWLPDWLRQ��EXLOGLQJ
RQ�DQ�LQIOXHQFH�IXQFWLRQ�LQ�WKH�VHPLSDUDPHWULF�PRGHO�WKDW�LV�DOVR�ORFDOO\�HIILFLHQW�ZLWKLQ�D�VXEPRGHO�
ZH�GHYHORS�D�ORFDOO\�HIILFLHQW��WULSO\�UREXVW��ERXQGHG��DQG�HDV\�WR�LPSOHPHQW�HVWLPDWRU��:H�DSSO\�RXU
PHWKRGV�WR�DQ�REVHUYDWLRQDO�FOLQLFDO�VWXG\�IURP�WKH�3ULQFHVV�0DUJDUHW�&DQFHU�&HQWUH�WR�H[DPLQH�WKH
VR�FDOOHG�REHVLW\�SDUDGR[�LQ�RQFRORJ\��DVVHVVLQJ�WKH�FDXVDO�HIIHFW�RI�H[FHVV�ERG\�ZHLJKW�RQ�WZR�\HDU
PRUWDOLW\�DPRQJ�SDWLHQWV�ZLWK�QRQ�VPDOO�FHOO�OXQJ�FDQFHU�
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(VWLPDWLRQ�RI�D�&RPPRQ�/RFDO�$YHUDJH�7UHDWPHQW�(IIHFW�ZLWK�0XOWLSOH�,QVWUXPHQWV
$QLUXGGKDQ�*DQHVDUDPDQ
�$QLUXGGKDQ�*DQHVDUDPDQ��3DWULFN�/RSDWWR��3��0��$URQRZ�

5HFHQWO\��*KRVK�DQG�5RWKHQKeXVOHU��������KDYH�SURSRVHG�DQ�DVVXPSWLRQ�UREXVW�DSSURDFK�WR�FDXVDO
LQIHUHQFH�IRU�WKH�DYHUDJH�WUHDWPHQW�HIIHFW��$7(��LQ�WKH�SUHVHQFH�RI�PXOWLSOH�SODXVLEOH�DGMXVWPHQW
VHWV��:KHQ�LW�LV�XQFOHDU�ZKLFK�FDQGLGDWH�VHW�VDWLVILHV�LJQRUDELOLW\��WKH\�FRQVWUXFW�D�UHZHLJKWHG�WDUJHW
SRSXODWLRQ��DV�FORVH�DV�SRVVLEOH�WR�WKH�RULJLQDO�RQH�LQ�./�GLYHUJHQFH��VXFK�WKDW�WKH�HVWLPDQGV
REWDLQHG�IURP�WKH�GLIIHUHQW�DGMXVWPHQW�VHWV�DJUHH��,I�DW�OHDVW�RQH�DGMXVWPHQW�VHW�LV�YDOLG��WKLV
FRPPRQ�HVWLPDQG�HTXDOV�WKH�$7(�LQ�WKH�UHZHLJKWHG�SRSXODWLRQ��\LHOGLQJ�D�VLQJOH�DV\PSWRWLFDOO\
YDOLG�FRQILGHQFH�LQWHUYDO�IRU�WKH�UHZHLJKWHG�SRSXODWLRQ�$7(�

%XLOGLQJ�RQ�WKH�ZRUN�RI�*KRVK�DQG�5RWKHQKeXVOHU��ZH�SURSRVH�DQ�DVVXPSWLRQ�UREXVW�DSSURDFK�WR
LQIHUHQFH�ZLWK�PXOWLSOH�LQVWUXPHQWDO�YDULDEOHV��'LIIHUHQW�LQVWUXPHQWV�PD\�LGHQWLI\�ORFDO�DYHUDJH
WUHDWPHQW�HIIHFWV��/$7(V��IRU�GLVWLQFW�FRPSOLHU�VXESRSXODWLRQV��DQG�GLVDJUHHPHQW�DPRQJ
LQVWUXPHQW�VSHFLILF�:DOG�HVWLPDWHV�LV�JHQHULFDOO\�DWWULEXWDEOH�WR�WUHDWPHQW�HIIHFW�KHWHURJHQHLW\�
LQVWUXPHQW�LQYDOLGLW\��RU�ERWK��:H�SURSRVH�WR�HVWLPDWH�WKH�/$7(�LQ�D�UHZHLJKWHG�SRSXODWLRQ��ZKLFK�LV
FRQVWUXFWHG�WR�JXDUDQWHH�FDXVDO�LGHQWLILDELOLW\�ZKHQ�DW�OHDVW�RQH�RI�WKH�LQVWUXPHQWV�LV�YDOLG��7KH
FRUUHVSRQGLQJ�HVWLPDWRU�LV�GRXEO\�UREXVW���VTUW^Q`��FRQVLVWHQW��DQG�DV\PSWRWLFDOO\�QRUPDO��2XU
WKHRUHWLFDO�UHVXOWV�DUH�LOOXVWUDWHG�ZLWK�D�VLPXODWLRQ�VWXG\�
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&DWHJRULFDO�,QVWUXPHQWDO�9DULDEOH�0RGHOV��&KDUDFWHUL]DWLRQ��,QIHUHQFH�DQG�&RPSXWDWLRQ
5LFKDUG�*XR
�5LFKDUG�*XR��<LOLQ�6RQJ��.��&��*DU\�&KDQ��7KRPDV�5LFKDUGVRQ�

7KH�0LQQHDSROLV�'RPHVWLF�9LROHQFH�([SHULPHQW��ZKLFK�HYDOXDWHG�SROLFH�UHVSRQVHV�WR�GRPHVWLF�FDOOV�
LV�D�FODVVLF�H[DPSOH�RI�D�FDWHJRULFDO�LQVWUXPHQWDO�YDULDEOH��,9��PRGHO�GXH�WR�QRQ�FRPSOLDQFH�ZLWK
UDQGRP�DVVLJQPHQW��,Q�WKLV�VHWWLQJ��ZKHUH�WKH�LQVWUXPHQW��WUHDWPHQW��DQG�RXWFRPH�DOO�WDNH�ILQLWHO\
PDQ\�YDOXHV��D�JHQHUDO�PHWKRGRORJLFDO�IUDPHZRUN�IRU�ULJRURXV�DQDO\VLV�KDV�UHPDLQHG�HOXVLYH�
GHVSLWH�FHUWDLQ�HVWDEOLVKHG�UHVXOWV�IRU�ELQDU\�,9V�LQ�WKH�OLWHUDWXUH��)RU�DQ\�FDWHJRULFDO�,9�PRGHO��ZH
GHULYH�D�VLPSOH��FORVHG�IRUP�FKDUDFWHUL]DWLRQ�RI�WKH�VHW�RI�MRLQW�SRWHQWLDO�RXWFRPH�GLVWULEXWLRQV
FRPSDWLEOH�ZLWK�WKH�REVHUYHG�GDWD��:H�VKRZ�WKDW�WKLV�FKDUDFWHUL]DWLRQ�IRUPV�D�V\VWHP�RI�QRQ�
UHGXQGDQW�LQHTXDOLWLHV�WKDW�XQLILHV�VHYHUDO�,9�PRGHOV�XQGHU�YDU\LQJ�LQGHSHQGHQFH�DQG�H[FOXVLRQ
UHVWULFWLRQ�DVVXPSWLRQV��%XLOGLQJ�RQ�WKLV�SDUWLDO�LGHQWLILFDWLRQ�IUDPHZRUN��ZH�FRQVWUXFW�FRQILGHQFH
LQWHUYDOV�ZLWK�VLPXOWDQHRXV�ILQLWH�VDPSOH�FRYHUDJH�IRU�OLQHDU�IXQFWLRQDOV�RI�WKH�MRLQW�FRXQWHUIDFWXDO
GLVWULEXWLRQ��VXFK�DV�SDLUZLVH�DYHUDJH�WUHDWPHQW�HIIHFWV��XWLOL]LQJ�D�WDLO�ERXQG�RQ�WKH�.XOOEDFN�
/HLEOHU�GLYHUJHQFH��)LQDOO\��ZH�GHYHORS�VSHFLDOL]HG��KLJKO\�HIILFLHQW�RSWLPL]DWLRQ�DOJRULWKPV�WR
FRPSXWH�WKHVH�LQWHUYDOV�XQGHU�WKH�GHULYHG�FRQVWUDLQWV��:H�GHPRQVWUDWH�RXU�PHWKRG�ZLWK�D
UHDQDO\VLV�RI�WKH�0LQQHDSROLV�GDWD�
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,QWHUIHUHQFH�DQG�&RQVLVWHQF\�9LRODWLRQV

$�7ZR�6WDJH�([SHULPHQW�'HVLJQ�IRU�&DXVDO�,QIHUHQFH�XQGHU�,QWHUIHUHQFH�0D\OHHQ�&RUWH]�
5RGULJXH]
�0D\OHHQ�&RUWH]�5RGULJXH]��&KULVWLQD�<X��0DWWKHZ�(LFKKRUQ�

1HWZRUN�LQWHUIHUHQFH�LV�EHFRPLQJ�LQFUHDVLQJO\�UHOHYDQW�LQ�RXU�LQWHUFRQQHFWHG�ZRUOG��:KLOH�PRVW
DSSURDFKHV�WR�FDXVDO�LQIHUHQFH�XQGHU�LQWHUIHUHQFH�UHO\�RQ�NQRZOHGJH�RI�WKH�XQGHUO\LQJ�QHWZRUN�WR
PDNH�KHDGZD\��UHFHQW�ZRUN�XVHV�ORZ�RUGHU�SRWHQWLDO�RXWFRPHV�PRGHOV�DQG�D�VWDJJHUHG�UROORXW
H[SHULPHQWDO�GHVLJQ�WR�REWDLQ�XQELDVHG�FDXVDO�HIIHFW�HVWLPDWRUV�ZLWKRXW�UHTXLULQJ�QHWZRUN
LQIRUPDWLRQ��+RZHYHU��WKH�UHTXLUHG�SRO\QRPLDO�H[WUDSRODWLRQ�FDQ�OHDG�WR�SURKLELWLYHO\�KLJK�YDULDQFH�
7R�DGGUHVV�WKLV��ZH�SURSRVH�D�WZR�VWDJH�H[SHULPHQW�WKDW�VHOHFWV�D�VXE�SRSXODWLRQ�LQ�WKH�ILUVW�VWDJH
DQG�UHVWULFWV�WUHDWPHQW�UROORXW�WR�WKLV�VXE�SRSXODWLRQ�LQ�WKH�VHFRQG�VWDJH��:H�SURYH�WKHRUHWLFDO
JXDUDQWHHV�IRU�WKH�ELDV�DQG�YDULDQFH�RI�D�SRO\QRPLDO�LQWHUSRODWLRQ�VW\OH�HVWLPDWRU�XQGHU�WKLV�GHVLJQ�
VKRZLQJ�LPSURYHG�SHUIRUPDQFH�HYHQ�ZLWKRXW�QHWZRUN�NQRZOHGJH��)RU�VHWWLQJV�ZKHUH�WKH�UHVHDUFKHU
PD\�KDYH�DFFHVV�WR�VRPH�QHWZRUN�NQRZOHGJH��ZH�DOVR�H[SORUH�WKH�UROH�RI�FOXVWHULQJ�LQ�WKH�ILUVW
VWDJH��%LDV�LQFUHDVHV�ZLWK�WKH�QXPEHU�RI�HGJHV�FXW�LQ�WKH�FOXVWHULQJ�RI�WKH�LQWHUIHUHQFH�QHWZRUN��EXW
YDULDQFH�GHSHQGV�RQ�TXDOLWLHV�RI�WKH�FOXVWHULQJ�WKDW�UHODWH�WR�KRPRSKLO\�DQG�FRYDULDWH�EDODQFH��7KHUH
LV�D�WHQVLRQ�EHWZHHQ�FOXVWHULQJ�REMHFWLYHV�WKDW�PLQLPL]H�WKH�QXPEHU�RI�FXW�HGJHV�YHUVXV�WKRVH�WKDW
PD[LPL]H�FRYDULDWH�EDODQFH�DFURVV�FOXVWHUV��KLJKOLJKWLQJ�DQ�LQWHUHVWLQJ�GLUHFWLRQ�IRU�IXWXUH�ZRUN�
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,QWHUIHUHQFH�DQG�&RQVLVWHQF\�9LRODWLRQV

6WDWLVWLFDO�0HWKRGV�IRU�&DXVDO�(IIHFWV�RI�0XOWL�FRPSRQHQW�,QWHUYHQWLRQV�LQ�/RQJLWXGLQDO
2EVHUYDWLRQDO�6WXGLHV�ZLWK�,QWHUIHUHQFH�.H�=KDQJ
�.H�=KDQJ��$VKOH\�%XFKDQDQ��/DXUD
)RUDVWLHUH��1DWDOOLD�.DWHQND��'RQQD�6SLHJHOPDQ��&ROOLQV�OZXML�

6SLOORYHU�HIIHFWV�DULVH�ZKHQ�DQ�LQWHUYHQWLRQ�UHFHLYHG�E\�RQH�XQLW�DIIHFWV�WKH�RXWFRPHV�RI�XQLWV�ZLWKLQ
D�SUHGHILQHG�JURXS��UHIHUUHG�WR�DV�DQ�LQWHUIHUHQFH�VHW��6XFK�HIIHFWV�FRPPRQO\�RFFXU�LQ�VRFLRPHWULF
FOXVWHUV�QHWZRUNV��VXFK�DV�+,9�SUHYHQWLRQ�SURJUDPV��GXH�WR�LQWHUDFWLRQV�ZLWK�+,9�WUDQVPLVVLRQ�ULVN
DPRQJ�LQGLYLGXDOV��+,9�SUHYHQWLRQ�SURJUDPV�DUH�RIWHQ�GHOLYHUHG�DV�LQWHUYHQWLRQ�SDFNDJHV�WR�UHGXFH
+,9�LQFLGHQFH�LQ�WKH�FRPPXQLW\��ZKLFK�LV�D�FRPELQDWLRQ�RI�VLQJOH�FRPSRQHQWV�WR�SUHYHQW�RU�WUHDW
+,9�WKURXJK�PXOWLSOH�SDWKZD\V�VLPXOWDQHRXVO\��'LVHQWDQJOLQJ�FRPSRQHQW�VSHFLILF�HIIHFWV�RI
LQWHUYHQWLRQ�SDFNDJHV�DW�WKH�LQGLYLGXDO�DQG�FRPPXQLW\�OHYHO�LV�HVVHQWLDO�IRU�IXOO\�XQGHUVWDQGLQJ�WKH
HIIHFWLYHQHVV�RI�+,9�LQWHUYHQWLRQV�DQG�LPSURYLQJ�SDFNDJH�LQWHUYHQWLRQV��+RZHYHU��H[LVWLQJ�FDXVDO
PHWKRGV�IRU�HVWLPDWLQJ�VSLOORYHU�HIIHFWV�DUH�W\SLFDOO\�OLPLWHG�WR�VHWWLQJV�ZLWK�D�VLQJOH�LQWHUYHQWLRQ
�ZKHWKHU�VWDWLF�RU�WLPH�YDU\LQJ��RU�WR�PXOWLSOH�LQWHUYHQWLRQV�WKDW�DUH�DQDO\]HG�DV�D�ZKROH��WKHUHE\
XQDEOH�WR�SURYLGH�LQVLJKWV�LQWR�ZKLFK�FRPSRQHQWV�ZHUH�GULYLQJ��RU�KLQGHULQJ��WKH�HIIHFWLYHQHVV��,Q
WKLV�VWXG\��ZH�GHYHORS�QRYHO�FDXVDO�PHWKRGV�IRU�FOXVWHU�UDQGRPL]HG�WULDOV�ZLWK�WLPH�YDU\LQJ
H[SRVXUH�WR�LQWHUYHQWLRQ�SDFNDJH�FRPSRQHQWV�LQ�WKH�SUHVHQFH�RI�LQWHUIHUHQFH�DQG�QRQ�FRPSOLDQFH�
:H�H[SDQG�SDUWLDO�LQWHUIHUHQFH�DVVXPSWLRQ�WR�WHPSRUDO�SDUWLDO�LQWHUIHUHQFH�WR�DFFRXQW�IRU
LQWHUIHUHQFH�LQ�WLPH�YDU\LQJ�VHWWLQJV��XVH�PDUJLQDO�VWUXFWXUH�PRGHOV�WR�HVWLPDWH�WKH�PDUJLQDO
SRWHQWLDO�RXWFRPH�IRU�WKH�LQWHUYHQWLRQ�FRPSR
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,QWHUIHUHQFH�DQG�&RQVLVWHQF\�9LRODWLRQV

0XOWLSO\�5REXVW�(VWLPDWRUV�IRU�&RQWUROOHG�'LUHFW�(IIHFWV�LQ�WKH�3UHVHQFH�RI�,QWHUIHUHQFH
-LPP\�.HOOLKHU
�-LPP\�.HOOLKHU��1DQGLWD�0LWUD�

&RQWUROOHG�GLUHFW�HIIHFWV�DUH�LPSRUWDQW�FDXVDO�HVWLPDQGV�IRU�SXEOLF�KHDOWK�VFLHQWLVWV�DQG
SROLF\PDNHUV�LQWHUHVWHG�LQ�XQGHUVWDQGLQJ�WKH�PHFKDQLVPV�E\�ZKLFK�D�WUHDWPHQW�FDXVHV�DQ�RXWFRPH�
+RZHYHU��LQ�ERWK�FOLQLFDO�WULDOV�DQG�LQ�REVHUYDWLRQDO�VHWWLQJV��LQWHUIHUHQFH�FDQ�SRVH�D�WKUHDW�WR
LGHQWLILFDWLRQ�DQG�HVWLPDWLRQ��,Q�WKLV�ZRUN��ZH�H[WHQG�WKH�QRWLRQ�RI�DQ�H[SRVXUH�PDSSLQJ�WR�WKDW�RI�D
JHQHUDOL]HG�FRXQWHUIDFWXDO�PDSSLQJ��LQ�RUGHU�WR�DFFRPPRGDWH�LQWHUIHUHQFH�LQ�ERWK�H[SRVXUH�
RXWFRPH�DQG�PHGLDWRU�RXWFRPH�UHODWLRQVKLSV�XQGHU�D�GLIIHUHQFH�LQ�GLIIHUHQFHV�GHVLJQ��$IWHU
HVWDEOLVKLQJ�LGHQWLILFDWLRQ�UHVXOWV��ZH�IXUWKHU�GHYHORS�PXOWLSO\�UREXVW��VHPL�SDUDPHWULF�HIILFLHQW
HVWLPDWRUV�RI�WKH�FRQWUROOHG�GLUHFW�HIIHFW�ZKHQ�FRXQWHUIDFWXDO�PDSSLQJV�DUH�FRUUHFWO\�VSHFLILHG��:H
WKHQ�DVVHVV�WKH�VPDOO�VDPSOH�SHUIRUPDQFH�RI�WKHVH�HVWLPDWRUV�LQ�YDULRXV�VLPXODWLRQ�VHWWLQJV��)LQDOO\�
ZH�DSSO\�WKHVH�PHWKRGV�WR�HVWLPDWH�WKH�FRQWUROOHG�GLUHFW�HIIHFW�RI�WKH������3KLODGHOSKLD�EHYHUDJH
WD[�RQ�WKH�YROXPH�VDOHV�RI�VZHHWHQHG�EHYHUDJHV��ZKLFK�PD\�EH�PHGLDWHG�E\�QHLJKERUKRRG�OHYHO
SULFH�KHWHURJHQHLW\�
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,QWHUIHUHQFH�DQG�&RQVLVWHQF\�9LRODWLRQV

/HDUQLQJ�([SRVXUH�0DSSLQJ�)XQFWLRQV�IRU�,QIHUULQJ�+HWHURJHQHRXV�3HHU�(IIHFWV�6KLVKLU
$GKLNDUL
�6KLVKLU�$GKLNDUL��6RXUDY�0HG\D��(OHQD�=KHOHYD�

,Q�QHWZRUNHG�VHWWLQJV��LQGLYLGXDOV�DUH�LQIOXHQFHG�E\�WKH�DFWLRQV�RU�EHKDYLRUV�RI�SHHUV��VXFK�DV
VPRNLQJ�KDELWV�RU�YDFFLQDWLRQ�SUHIHUHQFHV��\HW�KRZ�WKLV�LQIOXHQFH�DJJUHJDWHV�LQWR�D�FRPSRVLWH
PHDVXUH�RI�SHHU�H[SRVXUH�LV�XQNQRZQ��([LVWLQJ�PHWKRGV�IRU�HVWLPDWLQJ�SHHU�HIIHFWV�UHO\�RQ�KDQG�
FUDIWHG�H[SRVXUH�PDSSLQJV��VXFK�DV�WKH�SURSRUWLRQ�RI�WUHDWHG�SHHUV��LPSOLFLWO\�DVVXPLQJ�VLPSOLVWLF
DQG�RIWHQ�XQUHDOLVWLF�LQIOXHQFH�PHFKDQLVPV��7KHVH�PDSSLQJV�FDQ�EH�PLVVSHFLILHG�DQG�OHDG�WR�ELDVHG
FDXVDO�HIIHFW�HVWLPDWHV��2XU�ZRUN�PRYHV�DZD\�IURP�H[SOLFLWO\�GHILQLQJ�DQ�H[SRVXUH�PDSSLQJ�IXQFWLRQ
DQG�LQVWHDG�LQWURGXFHV�D�IUDPHZRUN�WKDW�OHDUQV�WKLV�IXQFWLRQ�DXWRPDWLFDOO\��:H�SURSRVH
(JR1HW*11��D�JUDSK�QHXUDO�QHWZRUN�IRU�KHWHURJHQHRXV�SHHU�HIIHFW�HVWLPDWLRQ�WKDW�OHDUQV�WKH
H[SRVXUH�PDSSLQJ�GLUHFWO\�IURP�GDWD��7KH�PRGHO�FDSWXUHV�FRPSOH[�SHHU�LQIOXHQFH�PHFKDQLVPV
LQYROYLQJ�QRW�RQO\�SHHU�WUHDWPHQWV�EXW�DOVR�DWWULEXWHV�RI�WKH�ORFDO�QHLJKERUKRRG��LQFOXGLQJ�QRGH�
HGJH��DQG�VWUXFWXUDO�IHDWXUHV��:H�GHPRQVWUDWH�WKDW�PLVVSHFLILHG�PDSSLQJV�DQG�QDLYH�OHDUQLQJ
VWUDWHJLHV�OHDG�WR�VXEVWDQWLDO�ELDV��ZKLOH�(JR1HW*11�DGDSWV�WR�GLYHUVH�DQG�FRPSOH[�LQIOXHQFH
PHFKDQLVPV��$FURVV�D�ZLGH�UDQJH�RI�V\QWKHWLF�DQG�VHPL�V\QWKHWLF�H[SHULPHQWV��RXU�DSSURDFK
FRQVLVWHQWO\�DFKLHYHV�ORZHU�HVWLPDWLRQ�HUURU�WKDQ�VWDWH�RI�WKH�DUW�EDVHOLQHV��2XU�UHVXOWV�VXJJHVW�D
VKLIW�IURP�GHVLJQLQJ�H[SRVXUH�PDSSLQJV�WR�OHDUQLQJ�WKHP��WR�HQDEOH�PRUH�UREXVW�FDXVDO�LQIHUHQFH
XQGHU�LQWHUIHUHQFH�DFURVV�SXEOLF�KHDOWK��VRFLDO�VFLHQFH��DQG�HFRQRPLFV�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

)LQLWH�VDPSOH�QHDU�HTXLYDOHQFHV�EHWZHHQ�7DUJHWHG�0D[LPXP�/LNHOLKRRG�DQG�'RXEOH
0DFKLQH�/HDUQLQJ��$XJPHQWHG�,3:��$OHMDQGUR�6FKXOHU
�$OHMDQGUR�6FKXOHU��'DYLG�%UXQV�6PLWK�
$YL�)HOOHU�

'RXEOH�PDFKLQH�OHDUQLQJ��'0/��D�JHQHUDOL]DWLRQ�RI�DXJPHQWHG�LQYHUVH�SURSHQVLW\�VFRUH�ZHLJKWLQJ�
DQG�7DUJHWHG�0D[LPXP�/LNHOLKRRG�(VWLPDWLRQ��70/(��DUH�WZR�LQIOXHQFH�IXQFWLRQ�EDVHG�HVWLPDWRUV
SRSXODU�LQ�FDXVDO�LQIHUHQFH��ZLWK�H[WHQVLYH�GHEDWHV�RYHU�WKH�UHODWLYH�PHULWV�RI�HDFK�PHWKRG��,Q�WKLV
SDSHU��ZH�DQDO\]H�WKHLU�EHKDYLRU�LQ�D�ODUJH��ZHOO�VWXGLHG�FODVV�RI�HVWLPDQGV�UHOHYDQW�WR�FDXVDO
LQIHUHQFH��:H�ILUVW�UHYLHZ�WKH�NQRZQ�IDFW�WKDW�D�QDWXUDO�LPSOHPHQWDWLRQ�RI�70/(��70/(�ZLWK�D
zOLQHDU�XSGDWH{��IRU�VXFK�HVWLPDQGV�KDV�D�VLPSOH��FORVHG�IRUP�H[SUHVVLRQ�ZKLFK�LV�D�PLQRU�YDULDWLRQ
RI�WKH�'0/�HVWLPDWRU��:H�WKHQ�SUHVHQW�D�QHZ�UHVXOW�WKDW�WKH�'0/�HVWLPDWRU�FDQ�DOVR�EH�ZULWWHQ�DV�D
PLQRU�YDULDWLRQ�RI�WKH�70/(�HVWLPDWRU��7KLV�HVWDEOLVKHV�D�ILQLWH�VDPSOH�QHDU�HTXLYDOHQFH�EHWZHHQ
'0/�DQG�OLQHDU�XSGDWH�70/(�ZKHUH�WKH�WZR�DUH�UHODWHG�E\�D�VLQJOH�VFDOLQJ�IDFWRU��%\�DQDO\]LQJ�WKH
VFDOLQJ�IDFWRU�ZH�VKRZ�WKDW�70/(�JHQHUDOO\�GHELDVHV�WKH�QDLYH�SOXJLQ�HVWLPDWH�PRUH�DJJUHVVLYHO\
WKDQ�'0/�DW�WKH�FRVW�RI�LQIODWLQJ�WKH�GHELDVLQJ�ZHLJKWV�DQG�LQFXUULQJ�PRUH�YDULDQFH��2XU�UHVXOWV
VKRZ�WKDW��IRU�WKHVH�HVWLPDQGV��'0/�FDQ�EH�LQWHUSUHWHG�DV�D�zUHJXODUL]HG{�IRUP�RI�70/(�XVLQJ�WKH
OLQHDU�VXEPRGHO��DQG�FRQILUP�WKDW�WKH�FKRLFH�RI�VXEPRGHO�IRU�70/(�FDQ�VXEVWDQWLDOO\�LPSDFW�LWV
SHUIRUPDQFH�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

)UXJDO��)OH[LEOH��)DLWKIXO��&DXVDO�'DWD�6LPXODWLRQ�YLD�)UHQJUHVVLRQ�/LQ\LQJ�<DQJ
�/LQ\LQJ
<DQJ��5RELQ�(YDQV��;LQZHL�6KHQ�

0DFKLQH�OHDUQLQJ�KDV�UHYLWDOL]HG�FDXVDO�LQIHUHQFH�E\�FRPELQLQJ�IOH[LEOH�PRGHOV�DQG�SULQFLSOHG
HVWLPDWRUV��\HW�UREXVW�EHQFKPDUNLQJ�DQG�HYDOXDWLRQ�UHPDLQ�FKDOOHQJLQJ�ZLWK�UHDO�ZRUOG�GDWD��,Q�WKLV
ZRUN��ZH�LQWURGXFH�IUHQJUHVVLRQ��D�GHHS�JHQHUDWLYH�UHDOL]DWLRQ�RI�WKH�IUXJDO�SDUDPHWHUL]DWLRQ�WKDW
PRGHOV�WKH�MRLQW�GLVWULEXWLRQ�RI�FRYDULDWHV��WUHDWPHQWV�DQG�RXWFRPHV�DURXQG�WKH�FDXVDO�PDUJLQ�RI
LQWHUHVW��)UHQJUHVVLRQ�SURYLGHV�DFFXUDWH�HVWLPDWLRQ�DQG�IOH[LEOH��IDLWKIXO�VLPXODWLRQ�RI�PXOWLYDULDWH�
WLPH�YDU\LQJ�GDWD��LW�DOVR�HQDEOHV�GLUHFW�VDPSOLQJ�IURP�XVHU�VSHFLILHG�LQWHUYHQWLRQDO�GLVWULEXWLRQV�
0RGHO�FRQVLVWHQF\�DQG�H[WUDSRODWLRQ�JXDUDQWHHV�DUH�HVWDEOLVKHG��ZLWK�YDOLGDWLRQ�RQ�UHDO�ZRUOG
FOLQLFDO�WULDO�GDWD�GHPRQVWUDWLQJ�IUHQJUHVVLRQyV�SUDFWLFDO�XWLOLW\��:H�HQYLVLRQ�WKLV�IUDPHZRUN�VSDUNLQJ
QHZ�UHVHDUFK�LQWR�JHQHUDWLYH�DSSURDFKHV�IRU�FDXVDO�PDUJLQ�PRGHOOLQJ�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

6WDEOH�&DXVDO�(VWLPDWLRQ�ZLWK�7UDQVSRUW�0DSV�<LGDQ�;X
�<LGDQ�;X��<L[LQ�:DQJ��/RQJ�1JX\HQ�

7KLV�SDSHU�GHYHORSV�D�FDXVDO�HVWLPDWLRQ�IUDPHZRUN�ZLWK�2SWLPDO�7UDQVSRUW��27��PDS�IRU
REVHUYDWLRQDO�VWXGLHV��,PSRUWDQFH�ZHLJKWLQJ�EDVHG�DGMXVWPHQW�LV�NQRZQ�WR�KDYH�KLJK�VDPSOLQJ
YDULDQFH�XQGHU�ODFN�RI�VWURQJ�RYHUODS��ZKLFK�FRXOG�KDSSHQ�XQGHU�KLJK�GLPHQVLRQDO�FRYDULDWH�VSDFH
RU�VPDOO�VDPSOH�VL]H��2Q�WKH�RWKHU�KDQG��27�PDS�SURYHV�WR�EH�D�PRUH�VWDEOH�PHWKRG�IRU�WDFNOLQJ
GLVWULEXWLRQ�VKLIW��ZKLFK�FDQ�EH�DSSOLHG�WR�GLVFUHWH�GLVWULEXWLRQ�DQG�LV�DEOH�WR�DFFRPPRGDWH�YDULRXV
GDWD�W\SHV�
*LYHQ�WKHVH�DGYDQWDJHV��ZH�SURSRVH�D�IUDPHZRUN�IRU�FDXVDO�HVWLPDWLRQ�ZLWK�27�PDS�XQGHU
VXSHUSRSXODWLRQ�VHWWLQJ��:LWK�D�ELQDU\�WUHDWPHQW�UHJLPH��ZH�SURYLGH�LGHQWLILDELOLW\�FRQGLWLRQV�DQG
SURSRVH�HVWLPDWRUV�IRU�DYHUDJH�WUHDWPHQW�HIIHFWV��7R�DFFRPPRGDWH�ODFN�RI�RYHUODS�FRQGLWLRQV��ZH
H[WHQG�WKH�PHWKRGRORJ\�ZLWK�OLQHDU�LQWHUSRODWLRQ�PDSV�EHWZHHQ�WUHDWPHQW�DQG�FRQWURO�FRYDULDWH
GLVWULEXWLRQV��$FURVV�GLIIHUHQW�FKRLFHV�RI�GLVWULEXWLRQ�GLVFUHSDQF\�DQG�XVHU�VHOHFWHG�XSSHU�ERXQG��ZH
GHPRQVWUDWH�WKDW�WKH�ELDV�RZLQJ�WR�ODFN�RI�RYHUODS�FDQ�EH�UHGXFHG�XQGHU�RXWFRPH�UHJUHVVLRQ�PRGHO
PLVVSHFLILFDWLRQ�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

3UHGLFWLRQ�0DUNHWV�DV�0HFKDQLVPV�IRU�3ULFH�'LVFRYHU\�DQG�0DUNHW�(IILFLHQF\�.LHW�/H
�.LHW
/H��.KRD�/H��1JKL�/H�

3UHGLFWLRQ�PDUNHWV�KDYH�UHFHQWO\�H[SHULHQFHG�UDSLG�JURZWK��\HW�WKHLU�UROH�LQ�ILQDQFLDO�LQIRUPDWLRQ
SURGXFWLRQ�DQG�PDUNHW�HIILFLHQF\�UHPDLQV�XQGHUH[SORUHG�LQ�WKH�ILQDQFH�OLWHUDWXUH��7KLV�SDSHU�VWXGLHV
ZKHWKHU�SUHGLFWLRQ�PDUNHWV�LPSURYH�SULFH�GLVFRYHU\�IRU�SXEOLFO\�WUDGHG�ILUPV�DQG�KRZ�WKH\�LQWHUDFW
ZLWK�WUDGLWLRQDO�LQIRUPDWLRQ�LQWHUPHGLDULHV��:H�GHYHORS�D�IUDPHZRUN�LQ�ZKLFK�LQIRUPHG�DJHQWV�KDYH
LQFHQWLYHV�WR�WUDGH�RQ�SUHGLFWLRQ�PDUNHWV�WR�PRQHWL]H�SULYDWH�LQIRUPDWLRQ��SRWHQWLDOO\�UHDOORFDWLQJ
LQIRUPHG�WUDGLQJ�DZD\�IURP�HTXLW\�PDUNHWV��([SORLWLQJ�WKH�TXDVL�H[RJHQRXV�OLVWLQJ�RI�ILUP�VSHFLILF
FRUSRUDWH�HYHQWV�RQ�PDMRU�SUHGLFWLRQ�PDUNHW�SODWIRUPV�VXFK�DV�3RO\PDUNHW�DQG�.DOVKL��ZH
LPSOHPHQW�D�GLIIHUHQFH�LQ�GLIIHUHQFHV��HYHQW�VWXG\�GHVLJQ�DQG�$,3:�PHWKRG�WR�LGHQWLI\�FDXVDO
HIIHFWV��8VLQJ�GDWD�RQ�SUHGLFWLRQ�PDUNHW�HYHQWV�OLQNHG�WR�6	3�����ILUPV��FRPELQHG�ZLWK
&563�&RPSXVWDW�VWRFN�GDWD�DQG�,%(6�DQDO\VW�IRUHFDVWV��ZH�H[DPLQH�FKDQJHV�LQ�DQDO\VW�FRYHUDJH�
IRUHFDVW�GLVSHUVLRQ��DEQRUPDO�UHWXUQV�DURXQG�HDUQLQJV�DQQRXQFHPHQWV��DQG�SRVW�HYHQW�SULFH
G\QDPLFV��2XU�UHVXOWV�VKHG�OLJKW�RQ�ZKHWKHU�SUHGLFWLRQ�PDUNHWV�FURZG�RXW�RU�FURZG�LQ�DQDO\VW
DFWLYLW\��UHGXFH�LQVLGHU�WUDGLQJ�LQFHQWLYHV�LQ�HTXLW\�PDUNHWV��DQG�HQKDQFH�RYHUDOO�SULFH�HIILFLHQF\�
7KH�ILQGLQJV�FRQWULEXWH�WR�WKH�OLWHUDWXUH�RQ�LQIRUPDWLRQ�DJJUHJDWLRQ��PDUNHW�GHVLJQ��DQG�WKH
HYROYLQJ�UROH�RI�DOWHUQDWLYH�WUDGLQJ�YHQXHV�LQ�PRGHUQ�ILQDQFLDO�PDUNHWV�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

(VWLPDWLRQ�DQG�,QIHUHQFH�IRU�&DXVDO�([SODLQDELOLW\�:HLKDQ�=KDQJ
�:HLKDQ�=KDQJ��=LMXQ�*DR�

8QGHUVWDQGLQJ�KRZ�PXFK�HDFK�YDULDEOH�FRQWULEXWHV�WR�DQ�RXWFRPH�LV�D�FHQWUDO�TXHVWLRQ�DFURVV
GLVFLSOLQHV�
$�FDXVDO�YLHZ�RI�H[SODLQDELOLW\�LV�IDYRUDEOH�IRU�LWV�DELOLW\�LQ�XQFRYHULQJ�XQGHUO\LQJ�PHFKDQLVPV�DQG
JHQHUDOL]LQJ�WR�QHZ�FRQWH[WV�
%DVHG�RQ�D�IDPLO\�RI�FDXVDO�H[SODLQDELOLW\�TXDQWLWLHV��ZH�GHYHORS�PHWKRGV�IRU�WKHLU�HVWLPDWLRQ�DQG
LQIHUHQFH�
,Q�SDUWLFXODU��ZH�FRQVWUXFW�D�RQH�VWHS�FRUUHFWLRQ�HVWLPDWRU�XVLQJ�VHPL�SDUDPHWULF�HIILFLHQF\�WKHRU\�
ZKLFK�H[SOLFLWO\�OHYHUDJHV�WKH�LQGHSHQGHQFH�VWUXFWXUH�RI�YDULDEOHV�WR�UHGXFH�WKH�DV\PSWRWLF
YDULDQFH�
)RU�D�QXOO�K\SRWKHVLV�RQ�WKH�ERXQGDU\��L�H���]HUR�H[SODLQDELOLW\��ZH�VKRZ�LWV�HTXLYDOHQFH�WR�)LVKHUyV
VKDUS�QXOO��ZKLFK�PRWLYDWHV�D�UDQGRPL]DWLRQ�EDVHG�LQIHUHQFH�SURFHGXUH�
)LQDOO\��ZH�LOOXVWUDWH�WKH�HPSLULFDO�HIILFDF\�RI�RXU�DSSURDFK�WKURXJK�VLPXODWLRQV�DV�ZHOO�DV�DQ
LPPLJUDWLRQ�H[SHULPHQW�GDWDVHW��ZKHUH�ZH�LQYHVWLJDWH�KRZ�IHDWXUHV�DQG�WKHLU�LQWHUDFWLRQV�VKDSH
SXEOLF�RSLQLRQ�WRZDUG�DGPLWWLQJ�LPPLJUDQWV�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

&DXVDO�,QIHUHQFH�3RVW�,GHQWLILFDWLRQ�,V�-XVW�)XQFWLRQDO�(VWLPDWLRQ��$�&ULWLTXH�DQG
&RXQWHUH[DPSOHV�$EHO�0HVILQ
�$EHO�0HVILQ��(OLMDK�7DPDUFKHQNR��.DWKHULQH�.HLWK��5RKLW
%KDWWDFKDU\D�

7KH�FRPSXWDWLRQ�RI�FDXVDO�SDUDPHWHUV��RIWHQ�H[SUHVVHG�LQ�WHUPV�RI�SRWHQWLDO�RXWFRPHV��LV�D
IXQGDPHQWDO�WDVN�LQ�WKH�HPSLULFDO�DQG�VRFLDO�VFLHQFHV�
+HUH��ZH�SURYLGH�D�FULWLTXH�RI�WKH�FRPPRQ�DGDJH��2QFH�WKH�LGHQWLI\LQJ�IXQFWLRQDO�LV�REWDLQHG�IRU�D
WDUJHW�FDXVDO�SDUDPHWHU��FDXVDO�LQIHUHQFH�UHGXFHV�WR�D�SXUH�VWDWLVWLFDO�RU�IXQFWLRQDO�HVWLPDWLRQ
SUREOHP��:KLOH�WKLV�UHPDLQV�WUXH�LQ�LGHDOL]HG�VFHQDULRV��ZH�KLJKOLJKW�KRZ�FRPPRQ�VWDWLVWLFDO�DQG
PDFKLQH�OHDUQLQJ�SUDFWLFHV�IRU�GHDOLQJ�ZLWK�UHDO�ZRUOG�FKDOOHQJHV�LQ�IXQFWLRQDO�HVWLPDWLRQwYDULDEOH
VHOHFWLRQ�IRU�KLJK�GLPHQVLRQDO�VHWWLQJV�DQG�FODVV�ZHLJKWLQJ�IRU�KDQGOLQJ�FODVV�LPEDODQFHwFDQ��LQ
IDFW��EH�FRXQWHUSURGXFWLYH�IRU�WKH�SXUSRVHV�RI�FDXVDO�HIIHFW�HVWLPDWLRQ��,Q�SDUWLFXODU��ZH�VKRZ�WKDW
VWHSV�LQ�IXQFWLRQDO�HVWLPDWLRQ�FDQ�VRPHWLPHV�LQFUHDVH�YDULDQFH�RU�HYHQ�LQWURGXFH�ELDV�LQ�FDXVDO
HIIHFW�HVWLPDWHV�E\�HIIHFWLYHO\�zXQGRLQJ{�WKH�SULRU�VWHS�RI�FDXVDO�LGHQWLILFDWLRQ��:H�JURXQG�WKHVH
DUJXPHQWV�LQ�ZHOO�NQRZQ�UHVXOWV�IURP�WKH�OLWHUDWXUH�RQ�FDXVDO�JUDSKV�DQG�FDXVDO�GLVFRYHU\��SURYLGH
HPSLULFDO�HYLGHQFH�RI�RXU�FODLPV�WKURXJK�VLPXODWLRQV��DQG�XOWLPDWHO\��V\QWKHVL]H�WKHVH�UHVXOWV�LQWR
FRQFUHWH�UHFRPPHQGDWLRQV�IRU�KDQGOLQJ�WKH�ELDV�YDULDQFH�WUDGHRII�LQ�IXQFWLRQDO�HVWLPDWLRQ�ZKLOH
EHLQJ�PLQGIXO�RI�FDXVDO�LGHQWLILFDWLRQ�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

3DUWLDO�,GHQWLILFDWLRQ�ZLWK�8QREVHUYHG�&RQIRXQGLQJ�8VLQJ�WKH�5DVKRPRQ�(IIHFW�6ULNDU
.DWWD
�6ULNDU�.DWWD��-RQ�'RQQHOO\��(PDQXHOH�%RUJRQRYR��&\QWKLD�5XGLQ�

0DQ\�TXDQWLWLHV�RI�VFLHQWLILF�LQWHUHVW�RIWHQ�WDNH�WKH�IRUP�RI�QRQvSDWKZLVH�GLIIHUHQWLDEOH�RU�KLJKHU�
RUGHU�IXQFWLRQDOV�IRU�ZKLFK�VWDQGDUG�VHPLSDUDPHWULF�LQIHUHQFH�WRROV�IDLO��:H�LQWURGXFH�D�JHQHUDO
VWUDWHJ\�IRU�VWDWLVWLFDO�LQIHUHQFH�EDVHG�RQ�5DVKRPRQ�VHWVwWKH�VHW�RI�DOO�PDFKLQH�OHDUQLQJ�PRGHOV
FRPSDWLEOH�ZLWK�WKH�GDWD�GLVWULEXWLRQ��:H�SURYLGH�XQLIRUP�FRYHUDJH�JXDUDQWHHV�HYHQ�ZKHQ�WKH
HVWLPDQG�LV�QRQ�VPRRWK�DQG�ODFNV�DQ�LQIOXHQFH�IXQFWLRQ�UHSUHVHQWDWLRQ��RIWHQ�IRXQG�LQ�PDFKLQH
OHDUQLQJ�WDVNV�IRFXVHG�RQ�PRGHO�DXGLWLQJ��,PSRUWDQWO\��RXU�LQIHUHQWLDO�IUDPHZRUN�HDVLO\�KDQGOHV
VHWWLQJV�LQ�ZKLFK�LGHQWLI\LQJ�DVVXPSWLRQV�DUH�YLRODWHG��VXFK�DV�QR�XQREVHUYHG�FRQIRXQGLQJ��7KURXJK
VHPL�V\QWKHWLF�H[SHULPHQWV��ZH�GHPRQVWUDWH�WKDW�RXU�ERXQGV�DFKLHYH�QRPLQDO�FRYHUDJH�DQG�UHPDLQ
LQIRUPDWLYH�LQ�UHDOLVWLF�VHWWLQJV�ZLWK�XQPHDVXUHG�FRQIRXQGLQJ��:H�FRQFOXGH�ZLWK�DQ�DSSOLFDWLRQ�WR
FUHGLW�ULVN�DVVHVVPHQW��LOOXVWUDWLQJ�KRZ�RXU�IUDPHZRUN�HQDEOHV�SULQFLSOHG�LQIHUHQFH�RQ�IHDWXUH
UHOHYDQFH�GHVSLWH�ERWK�PRGHO�XQFHUWDLQW\�DQG�RPLWWHG�YDULDEOHV�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

(IILFLHQW�DQG�)OH[LEOH�+HWHURJHQHRXV�7UHDWPHQW�(IIHFW�(VWLPDWLRQ�ZLWK�5DQGRP�%$57
)HDWXUHV�&RU\�0F&DUWDQ
�&RU\�0F&DUWDQ��0HORG\�+XDQJ�

%D\HVLDQ�$GGLWLYH�5HJUHVVLRQ�7UHHV��%$57��PRGHOV�KDYH�VKRZQ�SURPLVH�IRU�IOH[LEO\�HVWLPDWLQJ
FDXVDO�UHVSRQVH�IXQFWLRQV�DQG�KHWHURJHQHRXV�WUHDWPHQW�HIIHFWV��+RZHYHU��WKH\�UHTXLUH�FXVWRP
0DUNRY�FKDLQ�0RQWH�&DUOR��0&0&��VDPSOLQJ�DOJRULWKPV�IRU�FRPSXWDWLRQ��ZKLFK�OLPLWV�WKHLU
VFDODELOLW\�DQG�DSSOLFDELOLW\�WR�RWKHU�PRGHO�FODVVHV�DQG�GDWD�VWUXFWXUHV��:H�VKRZ�KRZ�D�UHFHQW
UHIRUPXODWLRQ�RI�%$57�DV�DQ�UDQGRP�IHDWXUHV�DSSUR[LPDWLRQ�WR�D�FHUWDLQ�*DXVVLDQ�3URFHVV�FDQ�EH
DSSOLHG�WR�WKH�HVWLPDWLRQ�RI�KHWHURJHQHRXV�WUHDWPHQW�HIIHFWV�RQ�ODUJH�GDWD�LQ�D�YDULHW\�RI�FDXVDO
VHWWLQJV��LQFOXGLQJ�VXUYLYDO�RXWFRPHV��GLIIHUHQFHV�LQ�GLIIHUHQFHV��DQG�VSDWLDO�GDWD�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

3UHFLVH�(VWLPDWHV�IURP�6DIH�'DWD�,QWHJUDWLRQ�LQ�D�3DLUHG��&OXVWHU�5DQGRPL]HG�)LHOG�7ULDO
$GDP�6DOHV
�$GDP�6DOHV��-RKDQQ�*DJQRQ�%DUWVFK��0LQJ\X�)HQJ��.HYLQ�+XDQJ�

5DQGRPL]HG�FRQWUROOHG�WULDOV��5&7V��LQ�VRFLDO�RU�ELRPHGLFDO�VFLHQFH�RIWHQ�UHO\�RQ�FRYDULDWH�DQG
RXWFRPH�GDWD�GUDZQ�IURP�D�ODUJHU�DGPLQLVWUDWLYH�GDWDEDVH��)RU�LQVWDQFH��D�UHFHQW�SDLUHG��FOXVWHUHG
5&7�RI�DQ�RQOLQH�KRPHZRUN�SODWIRUP�XVHG�FRYDULDWHVwGHPRJUDSKLFV�DQG�SULRU�DFKLHYHPHQW
PHDVXUHVwDQG�RXWFRPHVwVWDQGDUGL]HG�WHVW�VFRUHVwIURP�WKH�VWDWHyV�HGXFDWLRQDO�GDWDEDVH��7R�DYRLG
FRQIRXQGLQJ��W\SLFDO�DQDO\VHV�XVH�RQO\�GDWD�IURP�UDQGRPL]HG�VXEMHFWV��GLVFDUGLQJ�WKH�UHPDLQGHU�RI
WKH�GDWDEDVH�
,Q�WKLV�VWXG\��ZH�VKRZ�KRZ�WR�VXEVWDQWLDOO\�LPSURYH�WKH�SUHFLVLRQ�RI�HIIHFW�HVWLPDWHV�E\�XVLQJ�WKH
HQWLUH�GDWDVHW��LQFOXGLQJ�ERWK�UDQGRPL]HG�DQG�QRQ�UDQGRPL]HG�VXEMHFWV��ZLWKRXW�LQWURGXFLQJ�DQ\
QHZ�FRQIRXQGLQJ�DQG�UHO\LQJ�ODUJHO\�RQ�VWDQGDUG�PRGHOLQJ�WHFKQLTXHV��DQG�GHPRQVWUDWH�WKH�PHWKRG
E\�UH�DQDO\]LQJ�GDWD�IURP�WKH�RQOLQH�KRPHZRUN�VWXG\��:H�XVHG�REVHUYDWLRQDO�GDWD�WR�WUDLQ�D�UDQGRP
IRUHVW�PRGHO�SUHGLFWLQJ�VWXGHQW�WHVW�VFRUHV�IURP�VWXGHQW��DQG�VFKRRO�OHYHO�FRYDULDWHV��DQG�XVHG�LW�WR
JHQHUDWH�SUHGLFWHG�RXWFRPHV�IRU�VWXGHQWV�LQ�WKH�UDQGRPL]HG�VFKRROV��7KHQ��ZH�PRGLILHG�WKH
KLHUDUFKLFDO�OLQHDU�PRGHO�IURP�WKH�RULJLQDO�DQDO\VLV�E\�DGGLQJ�WKH�SUHGLFWHG�RXWFRPHV�DV�DQ
DGGLWLRQDO�UHJUHVVRU��UHGXFLQJ�WKH�VWDQGDUG�HUURU�E\�����w�WKH�LPSURYHPHQW�H[SHFWHG�IURP
LQFUHDVLQJ�WKH�VDPSOH�VL]H�E\�RYHU�D�WKLUG��6LQFH�LW�UHTXLUHV�IHZ�DGGLWLRQDO�PRGHOLQJ�VNLOOV�DQG�QR
DGGLWLRQDO�DVVXPSWLRQV��WKLV�PHWKRG�FDQ�EH�HDVLO\�DGDSWHG�ZKHUHYHU�DX[LOLDU\�REVHUYDWLRQDO�GDWD�DUH
DYDLODEOH�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

$XWRPDWHG��(IILFLHQW��DQG�0RGHO�)UHH�&RYDULDWH�$GMXVWPHQW�XQGHU�6WUDWLILHG
5DQGRPL]DWLRQ�5DSKDHO�.LP
�5DSKDHO�.LP��0LFKHOH�6DQWDFDWWHULQD��5DPLQ�=DELK��,YDQ�'LD]�

&RYDULDWH�DGMXVWPHQW�DQG�VWUDWLILHG�UDQGRPL]DWLRQ�KDYH�VKRZQ�WR�LPSURYH�SUHFLVLRQ�DQG�SRZHU�LQ
FOLQLFDO�WULDOV��5HFHQWO\��PHWKRGV�KDYH�EHHQ
SURSRVHG�WR�SURYLGH�YDOLG�DV\PSWRWLFV�IRU�FRYDULDWH�DGMXVWPHQW�XVLQJ�0�HVWLPDWLRQ�XQGHU�VWUDWLILHG
UDQGRPL]DWLRQ��+RZHYHU��OHYHUDJLQJ�HIILFLHQF\�JDLQV�ZLWK�WKHVH�PHWKRGV�UHTXLUH�SUH�VSHFLILFDWLRQ�RI
D�VPDOO�VHW�RI�WKH�FRYDULDWHV�WKDW�DUH�PRVW�SUHGLFWLYH�RI�WKH�RXWFRPH��ZKLFK�LV�GLIILFXOW�LQ�SUDFWLFH
VLQFH�PRVW�WULDOV�PHDVXUH�GR]HQV�RI�EDVHOLQH�FRYDULDWHV�WKDW�DUH�SUHGLFWLYH�RI�WKH�RXWFRPH��,Q�WKLV
ZRUN��ZH�EXLOG�RQ�H[LVWLQJ�OLWHUDWXUH�WR�SURSRVH�DQ�DXWRPDWLF��HIILFLHQW��DQG�PRGHO�IUHH�FRYDULDWH
DGMXVWPHQW�PHWKRG�ZKLFK�SHUPLWV�GDWD�GULYHQ�FRYDULDWH�VHOHFWLRQ��7KURXJK�H[WHQVLYH�VLPXODWLRQV
DQG�DQDO\VLV��ZH�VKRZFDVH�WKH�VLPSOLFLW\�DQG�LPSURYHG�SUHFLVLRQ�RI�RXU�PHWKRG�ZKHQ�WKH�FRYDULDWH
VHW�LV�QRW�NQRZQ�D�SULRUL�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

/HYHUDJLQJ�/DUJH�/DQJXDJH�0RGHOV�WR�,PSURYH�3UHFLVLRQ�LQ�5DQGRPL]HG�&RQWUROOHG�7ULDOV
-D\OLQ�/RZH
�-D\OLQ�/RZH��$GDP�6DOHV��-RKDQQ�*DJQRQ�%DUWVFK�

/DUJH�ODQJXDJH�PRGHOV��//0V��DUH�LQFUHDVLQJO\�XVHG�LQ�VWDWLVWLFDO�UHVHDUFK�DQG�DSSOLFDWLRQV�
+RZHYHU��WKH\�DUH�DOVR�QRWRULRXV�IRU�XQUHOLDEOH�RU�ELDVHG�LQIRUPDWLRQ��+HUH��ZH�H[SORUH�ZKHWKHU
//0V�FDQ�EH�XVHG�WR�LPSURYH�WKH�SUHFLVLRQ�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV��5&7V��LQ�D�VDIH�DQG
ULJRURXV�ZD\��)ROORZLQJ�VLPLODU�ZRUN�RQ�OHYHUDJLQJ�REVHUYDWLRQDO�GDWD��ZH�LQFRUSRUDWH�//0
SUHGLFWLRQV�LQ�DQ�5&7�DQDO\VLV��:KLOH�WKLV�PHWKRG�RI�LPSURYLQJ�SUHFLVLRQ�LV�QRW�QHZ��WKH�YDOXH�RI
XVLQJ�//0�SUHGLFWLRQV�LQ�WKLV�PDQQHU�LV�DQ�RSHQ�TXHVWLRQ��:H�GLVFXVV�KRZ�XVHIXO�//0�SUHGLFWLRQV
DUH�DQG�KRZ�GLIIHUHQW�GDWDVHWV�DQG�SURPSWV�LPSDFW�WKHLU�XVHIXOQHVV�

//0�SUHGLFWLRQV�DGG�OLWWOH�YDOXH�ZKHQ�WKH�5&7�DOUHDG\�LQFOXGHV�KLJKO\�SUHGLFWLYH�FRYDULDWHV�
+RZHYHU��LI�IHZ�VXFK�FRYDULDWHV�H[LVW�RU�WKH�GDWD�LV�ZHOO�VXLWHG�IRU�//0VwOLNH�WH[Ww//0�SUHGLFWLRQV
EHFRPH�PRUH�EHQHILFLDO��)DPLOLDU��HDV\�WR�SUHGLFW�RXWFRPH�YDULDEOHV�DOVR�KHOS��2XU�EDVLF�DSSURDFK
DVNV�WKH�//0�WR�SUHGLFW�RXWFRPHV�IRU�HDFK�REVHUYDWLRQ��EXW�WKLV�RIWHQ�SURGXFHV�RYHUO\�VLPLODU
UHVXOWV��,QVWHDG��ZH�DVN�WKH�//0�WR�FRPSDUH�SDLUV�RI�REVHUYDWLRQV�DQG�SUHGLFW�ZKLFK�ZLOO�KDYH�D
KLJKHU�RXWFRPH��:H�XVH�WKH�VHOHFWLRQ�IUHTXHQF\�DV�D�FRYDULDWH��:H�FDQ�DOVR�H[WUDFW�DGGLWLRQDO
FRYDULDWHV�IURP�WKH�//0��VXFK�DV�ZULWLQJ�TXDOLW\�RU�FUHDWLYLW\�LQ�WH[W�EDVHG�5&7V��:H�FRPELQH�DOO
FRYDULDWHV�WR�JHQHUDWH�D�ILQDO�SUHGLFWLRQ�IRU�HDFK�REVHUYDWLRQ��DFKLHYLQJ�JUHDWHU�SUHFLVLRQ�WKDQ
HLWKHU�WKH�VLQJOH�SUHGLFWLRQ�RU�VWDQGDUG�FRYDULDWH�DGMXVWPHQW�ZLWKRXW�WKH�//0�SUHGLFWLRQV�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

'RXEO\�5REXVW�3ROLF\�/HDUQLQJ�IRU�0XOWL�GLPHQVLRQDO�6WRFKDVWLF�,QWHUYHQWLRQV�WKURXJK
$XWR�GHELDVHG�1HXUDO�1HWZRUNV�6\OYLD�&KHQJ
�6\OYLD�&KHQJ��$OHMDQGUR�6FKXOHU�

'HVLJQLQJ�D�SROLF\�IRU�DVVLJQPHQW�PHFKDQLVPV�RI�PXOWLSOH�FRQWLQXRXV�WUHDWPHQWV��H�J��YDU\LQJ
GRVDJHV�RI�GLIIHUHQW�GUXJV��FUHDWHV�KLJK�GLPHQVLRQDO�FRPSOH[LW\�DQG�UHPDLQV�FKDOOHQJLQJ��7ULDO�DQG
UHDO�ZRUOG�GDWD�RIWHQ�ODFN�HQRXJK�YDULDELOLW\�GXH�WR�WKH�H[SRQHQWLDO�JURZWK�RI�WKH�WUHDWPHQW�
FRYDULDWH�VSDFH��ZKLFK�OHDGV�WR�SRVLWLYLW\�YLRODWLRQV�GXH�WR�OLWWOH�VXSSRUW�LQ�UDUH�FRYDULDWH�SURILOHV��

$V�DQ�DOWHUQDWLYH��ZH�SURSRVH�D�PHWKRG�RI�OHDUQLQJ�DQ�RSWLPDO�PXOWL�GLPHQVLRQDO�VKLIW�LQWHUYHQWLRQ
SROLF\�E\�LQWHJUDWLQJ�7DUJHWHG�0D[LPXP�/LNHOLKRRG�(VWLPDWLRQ�ZLWK�QHXUDO�QHWV��,W�OHDUQV�D�VKLIW
XQGHU�WKH�VWRFKDVWLF�WUHDWPHQW�UHJLPH�WR�PRGLI\�WUHDWPHQW�YDOXHV�EDVHG�RQ�WKHLU�QDWXUDO�REVHUYHG
YDOXHV��2XU�IUDPHZRUN�LV�VWDWLVWLFDOO\�ULJRURXV�WR�OHDUQ�DQ�RSWLPDO�PXOWL�GLPHQVLRQDO�VKLIW�DQG
HYDOXDWH�LWV�GHELDVHG�HIIHFW�ZLWK�VHPLSDUDPHWULFDO�HIILFLHQF\�DQG�GRXEO\�UREXVWQHVV��8VLQJ�D�WZR�
VWHS�GDWD�VSOLWWLQJ�SURFHVV�DQG�RQH�FRPSDFW�QHXUDO�QHW��LW�DFKLHYHV�SURPLVLQJ�UXQ�VSHHG�
)XUWKHUPRUH��LW�KDQGOHV�PXOWL�GLPHQVLRQDO�VKLIW�OHDUQLQJ�YLD�DQ�LQIOXHQFH�FXUYH�EDVHG�ORVV�
RSWLPL]LQJ�WKH�H[SHFWHG�RXWFRPH�ZKLOH�SHQDOL]LQJ�YDULDQFH�ZKHQ�GHYLDWLQJ�IURP�WKH�QDWXUDO�SROLF\�
,W�RIIHUV�JUHDW�IOH[LELOLW\�IRU�WUHDWPHQW�GHVLJQV�DQG�PLWLJDWHV�SRVLWLYLW\�YLRODWLRQV�LQ�VWDWLF�UHJLPHV��DV
OHDUQHG�WUHDWPHQWvFRYDULDWH�FRPELQDWLRQV�DUH�VXSSRUWHG�DQG�OHVV�OLNHO\�WR�EH�VSDUVH��:H�HYDOXDWHG
WKH�PHWKRG�LQ�VLPXODWLRQV�DQG�VKRZHG�WKDW�WKH�OHDUQHG�VKLIW�SDUDPHWHUV�DQG�FDXVDO�HIIHFW�FRQYHUJH
WR�WKHLU�SRSXODWLRQ�WUXWK�
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(IILFLHQW�6XEJURXS�$QDO\VLV�YLD�2SWLPDO�7UHHV�ZLWK�*OREDO�3DUDPHWHU�)XVLRQ�=KRQJPLQJ�;LH

=KRQJPLQJ�;LH��-RVHSK�*LRUJLR��-LQJVKHQ�:DQJ�

,GHQWLI\LQJ�DQG�PDNLQJ�VWDWLVWLFDO�LQIHUHQFHV�RQ�GLIIHUHQWLDO�WUHDWPHQW�HIIHFWVwFRPPRQO\�NQRZQ�DV
VXEJURXS�DQDO\VLV�LQ�FOLQLFDO�UHVHDUFKwLV�FHQWUDO�WR�SUHFLVLRQ�KHDOWK��6XEJURXS�DQDO\VLV�DOORZV
SUDFWLWLRQHUV�WR�SLQSRLQW�SRSXODWLRQV�IRU�ZKRP�D�WUHDWPHQW�LV�HVSHFLDOO\�EHQHILFLDO�RU�SURWHFWLYH�
WKHUHE\�DGYDQFLQJ�WDUJHWHG�LQWHUYHQWLRQV��7UHH�EDVHG�UHFXUVLYH�SDUWLWLRQLQJ�PHWKRGV�DUH�ZLGHO\
XVHG�IRU�VXEJURXS�DQDO\VLV�GXH�WR�WKHLU�LQWHUSUHWDELOLW\��1HYHUWKHOHVV��WKHVH�DSSURDFKHV�HQFRXQWHU
VLJQLILFDQW�OLPLWDWLRQV��LQFOXGLQJ�VXERSWLPDO�SDUWLWLRQV�LQGXFHG�E\�JUHHG\�KHXULVWLFV�DQG�RYHUILWWLQJ
IURP�ORFDOO\�HVWLPDWHG�VSOLWV��HVSHFLDOO\�XQGHU�OLPLWHG�VDPSOH�VL]HV��7R�DGGUHVV�WKHVH�OLPLWDWLRQV��ZH
SURSRVH�D�IXVHG�RSWLPDO�FDXVDO�WUHH�PHWKRG�WKDW�OHYHUDJHV�PL[HG�LQWHJHU�RSWLPL]DWLRQ�WR�IDFLOLWDWH
SUHFLVH�VXEJURXS�LGHQWLILFDWLRQ��2XU�DSSURDFK�HQVXUHV�JOREDOO\�RSWLPDO�SDUWLWLRQV�DQG�LQWURGXFHV�D
SDUDPHWHU�IXVLRQ�FRQVWUDLQW�WR�IDFLOLWDWH�LQIRUPDWLRQ�VKDULQJ�DFURVV�UHODWHG�VXEJURXSV��7KLV�GHVLJQ
VXEVWDQWLDOO\�LPSURYHV�VXEJURXS�GLVFRYHU\�DFFXUDF\�DQG�HQKDQFHV�VWDWLVWLFDO�HIILFLHQF\��:H�SURYLGH
WKHRUHWLFDO�JXDUDQWHHV�E\�ULJRURXVO\�HVWDEOLVKLQJ�RXW�RI�VDPSOH�ULVN�ERXQGV�DQG�FRPSDULQJ�WKHP
ZLWK�WKRVH�RI�FODVVLFDO�WUHH�EDVHG�PHWKRGV��(PSLULFDOO\��RXU�PHWKRG�FRQVLVWHQWO\�RXWSHUIRUPV
SRSXODU�EDVHOLQHV�LQ�VLPXODWLRQV��)LQDOO\��ZH�GHPRQVWUDWH�LWV�SUDFWLFDO�XWLOLW\�WKURXJK�D�FDVH�VWXG\�RQ
WKH�+HDOWK�DQG�$JLQJ�%UDLQ�6WXG\v+HDOWK�'LVSDULWLHV�GDWDVHW��ZKHUH�RXU�DSSURDFK�\LHOGV�FOLQLFDOO\
PHDQLQJIXO�LQVLJKWV�
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&RQGLWLRQDO�'LVWULEXWLRQDO�7UHDWPHQW�(IIHFWV��'RXEO\�5REXVW�(VWLPDWLRQ�DQG�7HVWLQJ
6DNVKDP�-DLQ
�6DNVKDP�-DLQ��$OH[�/XHGWNH�

%H\RQG�FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFWV��WUHDWPHQWV�PD\�LPSDFW�WKH�HQWLUH�RXWFRPH
GLVWULEXWLRQ�LQ�FRYDULDWH�GHSHQGHQW�ZD\V��IRU�H[DPSOH��E\�DOWHULQJ�WKH�YDULDQFH�RU�WDLO�ULVNV�IRU
VSHFLILF�VXESRSXODWLRQV��:H�SURSRVH�D�QRYHO�HVWLPDQG�WR�FDSWXUH�VXFK�FRQGLWLRQDO�GLVWULEXWLRQDO
WUHDWPHQW�HIIHFWV��DQG�GHYHORS�D�GRXEO\�UREXVW�HVWLPDWRU�WKDW�LV�PLQLPD[�RSWLPDO�LQ�WKH�ORFDO
DV\PSWRWLF�VHQVH��8VLQJ�WKLV��ZH�GHYHORS�D�WHVW�IRU�WKH�JOREDO�KRPRJHQHLW\�RI�FRQGLWLRQDO�SRWHQWLDO
RXWFRPH�GLVWULEXWLRQV�WKDW�DFFRPPRGDWHV�GLVFUHSDQFLHV�EH\RQG�WKH�PD[LPXP�PHDQ�GLVFUHSDQF\
�00'���KDV�SURYDEO\�YDOLG�W\SH���HUURU��DQG�LV�FRQVLVWHQW�DJDLQVW�IL[HG�DOWHUQDWLYHVwWKH�ILUVW�WHVW��WR
RXU�NQRZOHGJH��ZLWK�VXFK�JXDUDQWHHV�LQ�WKLV�VHWWLQJ��)XUWKHUPRUH��ZH�GHULYH�H[DFW�FORVHG�IRUP
H[SUHVVLRQV�IRU�WZR�QDWXUDO�GLVFUHSDQFLHV��LQFOXGLQJ�WKH�00'���DQG�SURYLGH�D�FRPSXWDWLRQDOO\
HIILFLHQW��SHUPXWDWLRQ�IUHH�DOJRULWKP�IRU�RXU�WHVW�
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,GHQWLI\LQJ�5HFXUULQJ�3D\PHQWV�,Q�)LQDQFLDO�7UDQVDFWLRQ�'DWD�1DWH�%UDGVKDZ
�1DWH
%UDGVKDZ��'\ODQ�=ZLFN��-RVKXD�-HQVHQ��5REHUW�%DOO�

5HFXUULQJ�SD\PHQWV�IRU�JRRGV�DQG�VHUYLFHV�DUH�D�VLJQLILFDQW�DQG�JURZLQJ�VRXUFH�RI�H[SHQVHV�IRU
LQGLYLGXDOV�DQG�LQVWLWXWLRQV��:KLOH�VRPH�SD\PHQWV�DULVH�IURP�KDELWXDO�EHKDYLRU��H�J��GDLO\�FRIIHH
SXUFKDVHV���RWKHUV�DUH�WUXH�UHFXUULQJ�WUDQVDFWLRQV�VXFK�DV�VXEVFULSWLRQV��XWLOLWLHV��DQG�OHDVHV�
'LVWLQJXLVKLQJ�EHWZHHQ�WKHVH�SDWWHUQV�LV�HVVHQWLDO�IRU�ILQDQFLDO�WUDQVSDUHQF\�EXW�LV�FKDOOHQJLQJ�GXH
WR�LUUHJXODULWLHV�LQ�UHDO�ZRUOG�WUDQVDFWLRQ�GDWD�

7KLV�ZRUN�LQYHVWLJDWHV�PHWKRGV�IRU�LGHQWLI\LQJ�UHFXUULQJ�SD\PHQWV�DW�WKH�WUDQVDFWLRQ�OHYHO��:H
HYDOXDWH�SHULRGLFLW\�GHWHFWLRQ�WHFKQLTXHV��LQFOXGLQJ�)RXULHU�WUDQVIRUPV�DQG�FRQYROXWLRQ�EDVHG
DSSURDFKHV��DQG�HVWDEOLVK�D�=�VFRUH�EDVHOLQH�EDVHG�RQ�WKH�YDULDQFH�RI�WLPH�JDSV�EHWZHHQ
WUDQVDFWLRQV��:KLOH�WKLV�EDVHOLQH�DFKLHYHV�KLJK�UHFDOO����������RQ�UHDO�ZRUOG�GDWD�IURP�:HEHU�6WDWH
8QLYHUVLW\��LWV�SUHFLVLRQ����������LV�OLPLWHG�E\�LWV�LQDELOLW\�WR�VHSDUDWH�UHFXUULQJ�VLJQDOV�IURP
KDELWXDO�QRLVH�

7R�DGGUHVV�WKLV�OLPLWDWLRQ��ZH�HQJLQHHU����IHDWXUHV�FDSWXULQJ�WHPSRUDO�DQG�WUDQVDFWLRQDO�VWUXFWXUH
DQG�WUDLQ�PXOWLSOH�PDFKLQH�OHDUQLQJ�PRGHOV��LQFOXGLQJ�;*%RRVW�DQG�PXOWL�OD\HU�SHUFHSWURQV��XVLQJ
V\QWKHWLF��UHDO��DQG�K\EULG�GDWDVHWV��:H�VKRZ�WKDW�DXJPHQWLQJ�UHDO�GDWD�ZLWK�V\QWKHWLF�H[DPSOHV
WKDW�PRGHO�LUUHJXODU�KDELWXDO�EHKDYLRU�LPSURYHV�SUHFLVLRQ�ZKLOH�PDLQWDLQLQJ�VWURQJ�UHFDOO��2XU
UHVXOWV�LQGLFDWH�WKDW�DQ�;*%RRVW�PRGHO�WUDLQHG�RQ�FRPELQHG�GDWD�SURYLGHV�WKH�PRVW�HIIHFWLYH
EDODQFH��HQDEOLQJ�PRUH�DFFXUDWH�LGHQWLILFDWLRQ�RI�UHFXUULQJ�H[SHQVHV�
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.HUQHO�YRQ�0LVHV�)RUPXOD�RI�WKH�,QIOXHQFH�)XQFWLRQ�<DURVODY�0XNKLQ
�<DURVODY�0XNKLQ�

7KH�LQIOXHQFH�IXQFWLRQ��,)��RI�D�VWDWLVWLFDO�IXQFWLRQDO�LV�WKH�5LHV]�UHSUHVHQWHU�RI�LWV�GHULYDWLYH��DOVR
NQRZQ�DV�LWV�ILUVW�YDULDWLRQ�DQG�)LVKHU�5DR�JUDGLHQW��,W�LV�D�NH\�REMHFW�IRU�QXPHULFDO�RSWLPL]DWLRQ
RYHU�SUREDELOLW\�PHDVXUHV��VHPLSDUDPHWULF�HIILFLHQF\�WKHRU\��VWDQGDUG�FRQVWUXFWLRQV�RI�HIILFLHQW
HVWLPDWRUV��DQG�DQ�DUVHQDO�RI�LQIHUHQFH�PHWKRGV�IRU�WKHVH�HVWLPDWRUV��<HW��GHULYLQJ�WKH�,)
DQDO\WLFDOO\�LV�RIWHQ�DQ�REVWUXFWLRQ�IRU�SUDFWLWLRQHUV��7R�DXWRPDWH�WKLV�WDVN��ZH�GHYHORS�D�QRYHO
VSHFWUDO�UHSUHVHQWDWLRQ�RI�WKH�,)�WKDW�OHQGV�LWVHOI�WR�D�ORZ�UDQN�IXQFWLRQDO�HVWLPDWRU�LQ�D�UHSURGXFLQJ
NHUQHO�+LOEHUW�VSDFH��UN+V���2XU�HVWLPDWRU��L��GRHV�QRW�UHTXLUH�DQDO\WLF�GHULYDWLRQV�E\�WKH�XVHU���LL�
UHOLHV�RQ�NHUQHO�3ULQFLSDO�&RPSRQHQW�$QDO\VLV�DQG�QXPHULFDO�SDWKZLVH�GHULYDWLYHV�DORQJ�WKHVH
FRPSRQHQWV��:H�SUHVHQW�WKH�GHULYDWLRQ�RI�WKH�UHSUHVHQWDWLRQ�DQG�SURYH�FRQVLVWHQF\�RI�WKH�ORZ�UDQN
UN+V�HVWLPDWRU�
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0DUNRY�%ODQNHW�*XLGHG�WUDLQLQJ�IRU�7DEXODU�)RXQGDWLRQ�0RGHOV�6KX�:DQ
�6KX�:DQ��$EKLQDY
*RUDQWOD��.DVLP�6HOFXN�&DQGDQ��+XDQ�/LX�

7KH�0DUNRY�EODQNHW�RI�D�WDUJHW�YDULDEOH�FRQVWLWXWHV�WKH�PLQLPDO�DQG�LQIRUPDWLRQ�WKHRUHWLFDOO\
RSWLPDO�IHDWXUH�VHW�IRU�SUHGLFWLRQ�LQ�D�GLUHFWHG�DF\FOLF�JUDSK��'$*���'HVSLWH�LWV�FHQWUDO�UROH�LQ�FDXVDO
GLVFRYHU\�DQG�SUREDELOLVWLF�JUDSKLFDO�PRGHOV��PRGHUQ�SUHGLFWLYH�V\VWHPV�UDUHO\�OHYHUDJH�0DUNRY
EODQNHW�VWUXFWXUH�H[SOLFLWO\�GXULQJ�WUDLQLQJ��0HDQZKLOH��WDEXODU�IRXQGDWLRQ�PRGHOV�VXFK�DV�7DE3)1
LQWURGXFH�D�QHZ�SDUDGLJP�IRU�VXSHUYLVHG�OHDUQLQJ�E\�WUDLQLQJ�RQ�ODUJH�FRUSRUD�RI�V\QWKHWLFDOO\
JHQHUDWHG�GDWDVHWV�GHULYHG�IURP�UDQGRP�'$*V��7KLV�JHQHUDWLYH�SHUVSHFWLYH�FUHDWHV�DQ�RSSRUWXQLW\
WR�LQFRUSRUDWH�VWUXFWXUDO�VLJQDOV�GLUHFWO\�LQWR�WKH�OHDUQLQJ�SURFHVV�

,Q�WKLV�ZRUN��ZH�SURSRVH�0%�*XLGH��D�0DUNRY�%ODQNHW�*XLGHG�WUDLQLQJ�VWUDWHJ\�IRU�WDEXODU
IRXQGDWLRQ�PRGHOV��,QVWHDG�RI�WUHDWLQJ�DOO�IHDWXUHV�V\PPHWULFDOO\��0%�*XLGH�XVHV�WKH�0DUNRY
EODQNHW�RI�WKH�WDUJHW�YDULDEOH��DYDLODEOH�E\�FRQVWUXFWLRQ�LQ�V\QWKHWLF�'$*�EDVHG�GDWD�JHQHUDWLRQ��DV�D
VWUXFWXUDO�VXSHUYLVLRQ�VLJQDO�GXULQJ�WUDLQLQJ��7KH�PRGHO�LV�HQFRXUDJHG�WR�SULRULWL]H�EODQNHW�YDULDEOHV
ZKLOH�VXSSUHVVLQJ�LUUHOHYDQW�RQHV��DOLJQLQJ�UHSUHVHQWDWLRQ�OHDUQLQJ�ZLWK�WKH�WKHRUHWLFDOO\�RSWLPDO
SUHGLFWLYH�VHW�

(PSLULFDO�UHVXOWV�GHPRQVWUDWH�VHYHUDO�GHVLUDEOH�SURSHUWLHV��)LUVW��0%�JXLGHG�WUDLQLQJ�LPSURYHV
FRPSXWDWLRQDO�HIILFLHQF\�E\�UHGXFLQJ�HIIHFWLYH�IHDWXUH�UHGXQGDQF\�GXULQJ�OHDUQLQJ��6HFRQG��PRGHOV
WUDLQHG�ZLWK�0%�*XLGH�H[KLELW�D�VWURQJ�DELOLW\�WR�UHFRYHU�WKH�WDUJHWyV�0DUNRY�EODQNHW�DW�LQIHUHQFH
WLPH��HQKDQFLQJ�VWUXFWXUDO�LQWHUSUHWDELOLW\�
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%DODQFLQJ�$FW��&RPSDULQJ�&RDUVHQHG�([DFW�0DWFKLQJ�DQG�(QWURS\�%DODQFLQJ�LQ�&LJQDcV
�����9DOXH�RI�,QWHJUDWLRQ�6WXG\�$UDQ�&DQHV
�$UDQ�&DQHV��.DPDOD�6ZD\DPSDNDOD��/XNDV�+DOLP�
5REHUW�:RMHZRGD�

%DFNJURXQG��7KLV�VWXG\�UHSUHVHQWV�WKH������HGLWLRQ�RI�&LJQDyV�9DOXH�RI�,QWHJUDWLRQ��92,��VWXG\�
ZKLFK�HYDOXDWHV�WKH�LPSDFW�RI�LQWHJUDWHG�EHQHILWV�RQ�KHDOWKFDUH�FRVWV�
0HWKRGV��8VLQJ�D�ODUJH�REVHUYDWLRQDO�GDWDVHW�ZLWK�DSSUR[LPDWHO\�����PLOOLRQ�WUHDWHG�FXVWRPHUV�DQG
�������FRQWUROV��ZH�FRPSDUHG�3URSHQVLW\�6FRUH��36��VWUDWLILFDWLRQ��&RDUVHQHG�([DFW�0DWFKLQJ
�&(0��DQG�(QWURS\�%DODQFLQJ��(%��IRU�$77�HVWLPDWLRQ��36�VWUDWLILFDWLRQ�ZDV�H[SORUHG�XVLQJ������
DQG����VWUDWD�EXW�IDLOHG�WR�DFKLHYH�EDODQFH�RQ�NH\�FRQIRXQGHUV�DW�DQ\�VWUDWLILFDWLRQ�OHYHO�
5HVXOWV��3UH�DGMXVWPHQW�HVWLPDWHV�LQGLFDWHG�VXEVWDQWLDO�FRQIRXQGLQJ��&(0�UHWDLQHG�����RI�WUHDWHG
FXVWRPHUV�EXW�H[FOXGHG�D�VXEVHW�ZLWK�PDUNHGO\�KLJKHU�RXWFRPHV�OHDGLQJ�WR�DQ�$77�RI�������(%
UHWDLQHG�WKH�IXOO�WUHDWHG�SRSXODWLRQ�DW�WKH�FRVW�RI�UHGXFHG�(66�������IRU�WKH�FRQWUROV�DQG�SURGXFHG
DQ�$77�RI�������FORVHU�WR�WKH�QDLYH�GLIIHUHQFH��1R�HYLGHQFH�RI�GRPLQDQFH�E\�LQGLYLGXDO�FRQWUROV�ZDV
REVHUYHG�
&RQFOXVLRQV��'LYHUJHQW�$77�HVWLPDWHV�IURP�&(0�DQG�(%�UHIOHFWHG�GLIIHUHQFHV�LQ�RYHUODS�KDQGOLQJ
DQG�HVWLPDQG�GHILQLWLRQ�UDWKHU�WKDQ�HVWLPDWRU�LQVWDELOLW\��(%�SUHVHUYHG�WKH�IXOO�WUHDWHG�GLVWULEXWLRQ
DQG�HIILFLHQWO\�DEVRUEHG�RYHUODS�FRQVWUDLQWV��ZKLOH�&(0�SURGXFHG�D�PRUH�FRQVHUYDWLYH�HVWLPDWH
DSSOLFDEOH�WR�DQ�RYHUODS�UHVWULFWHG�WUHDWHG�VXESRSXODWLRQ��&LJQD�HOHFWHG�WR�SXEOLVK�WKH�&(0�HVWLPDWH
VLQFH�LW�UHIOHFWV�RXWFRPHV�ZLWK�VWURQJ�FRYDULDWH�RYHUODS��7KHVH�UHVXOWV�XQGHUVFRUH�WKH�LPSRUWDQFH�RI
DOLJQLQJ�HVWLPDWRU�FKRLFH�ZLWK�WKH�WDUJHW�HVWLPDQG�
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'RXEO\�5REXVW�(VWLPDWLRQ�RI�WKH�$YHUDJH�3UREDELOLVWLF�,QGH[�6DUDK�%RHVH
�6DUDK�%RHVH��5XL
:DQJ��7RP�&KHQ�

7KHUH�DUH�PDQ\�WULDO�VHWWLQJV�ZKHQ�UHVHDUFKHUV�ZDQW�WR�UHSRUW�D�PDUJLQDO�VXPPDU\�RI�WUHDWPHQW
HIIHFW�EXW�WDUJHWLQJ�WKH�$YHUDJH�7UHDWPHQW�(IIHFW��$7(��LV�LQDSSURSULDWH��:KHQ�RXWFRPHV�DUH�VHPL�
FRQWLQXRXV�RUGLQDO�RU�FRPSRVHG�RI�PXOWLSOH�HQGSRLQWV�ZLWK�RUGHUHG�OHYHOV�RI�VHYHULW\��OLNH
KLHUDUFKLFDO�FRPSRVLWH�HQGSRLQWV��WKHQ�UDQN�EDVHG�FRPSDULVRQV�DUH�RIWHQ�WUDFWDEOH�ZKHQ�WUHDWPHQW
HIIHFW�GLIIHUHQFHV�DUH�QRW��7DUJHWLQJ�WKH�DYHUDJH�SUREDELOLVWLF�LQGH[��$3,���RU�WKH�SUREDELOLW\�WKDW�D
WUHDWPHQW�XQLW�GRHV�EHWWHU�WKDQ�D�FRQWURO�XQLW��LV�WKH�PRVW�DSSURSULDWH�PHDVXUH�RI�WUHDWPHQW
HIIHFWLYHQHVV�LQ�WKHVH�VFHQDULRV��$�ORFDOO\�VHPL�SDUDPHWULF�HIILFLHQW�HVWLPDWRU�IRU�WKH�SUREDELOLVWLF
LQGH[�KDV�EHHQ�HVWDEOLVKHG�XQGHU�D�UHVWULFWHG�PRPHQW�PRGHO�IUDPHZRUN�ZKHQ�RXWFRPHV�IRU�DOO
WUHDWPHQW�XQLWV�DUH�REVHUYHG��,Q�SUDFWLFH��RXWFRPHV�DUH�UDUHO\�IXOO\�REVHUYHG��:H�GHYHORS�D�QRYHO
FODVV�RI�GRXEO\�UREXVW�HVWLPDWRUV�IRU�WKH�PDUJLQDO�SUREDELOLVWLF�LQGH[�XQGHU�WKH�PLVVLQJ�DW�UDQGRP
IUDPHZRUN�DQG�LGHQWLI\�WKH�VHPL�SDUDPHWULF�HIILFLHQW�HVWLPDWRU�IURP�WKDW�FODVV��:H�FRPSDUH�WKUHH
HVWLPDWRUV�IURP�RXU�FODVV��DQ�LQYHUVH�SUREDELOLW\�ZHLJKWHG�HVWLPDWRU��D�GRXEO\�UREXVW�HVWLPDWRU
ZKLFK�DVVXPHV�ZRUNLQJ�LQGHSHQGHQFH�DQG�D�ORFDOO\�VHPL�SDUDPHWULF�HIILFLHQW�HVWLPDWRU�XQGHU�WKH
VHPL�SDUDPHWULF�WUDQVIRUP�PRGHO��:H�XVH�PDFKLQH�OHDUQLQJ�WRROV�OLNH�6XSHU/HDUQHU�WR�HVWLPDWH
SURSHQVLW\�VFRUH�QXLVDQFH�IXQFWLRQDO�QHHGHG�WR�ILW�RXU�PRGHOV�
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0DWFKLQJ��:HLJKWLQJ

$FKLHYLQJ�&RYDULDWH�%DODQFH�LQ�,QIDQW�569�3UHYHQWLRQ�WKURXJK�&DUGLQDOLW\�0DWFKLQJ�ZLWK
0XOWLSOH�7UHDWPHQW�2SWLRQV�/DXUHQ�/LDR
�/DXUHQ�/LDR��.DUHQ�-DFREVRQ��$QGUHZ�:DWVRQ��6DOO\
6WHSKHQV��1LFROD�.OHLQ��6DPXHO�3LPHQWHO�

7UHDWPHQW�YDULDWLRQ��VXFK�DV�GLIIHUHQW�WUHDWPHQW�RSWLRQV��RIWHQ�RFFXUV�LQ�SUDFWLFH��$�VWXG\�WKDW
SULPDULO\�DLPV�WR�FRPSDUH�WUHDWPHQW�YHUVXV�FRQWURO�PD\�DOVR�H[DPLQH�WKH�HIIHFWLYHQHVV�RI�GLIIHUHQW
WUHDWPHQW�RSWLRQV��)RU�H[DPSOH��ZKHQ�FRPSDULQJ�LQGLYLGXDOV�UHFHLYLQJ�DQ\�WUHDWPHQW�YHUVXV�QRQH�
WKH�VWXG\�PD\�LQLWLDOO\�IRFXV�RQ�WKH�RYHUDOO�WUHDWPHQW�HIIHFW��LJQRULQJ�YDULDWLRQ�DPRQJ�WUHDWPHQW
RSWLRQV��ZKLOH�ODWHU�DQDO\VHV�H[DPLQH�WKH�HIIHFWV�RI�HDFK�RSWLRQ�VHSDUDWHO\��7UDGLWLRQDO�PDWFKHG
GHVLJQV�WDUJHWLQJ�WKH�RYHUDOO�FRPSDULVRQ��DQ\�WUHDWPHQW�YV��QRQH��PD\�IDLO�WR�JXDUDQWHH�EDODQFHG
FRPSDULVRQV�IRU�DGGLWLRQDO�DQDO\VHV�LQYROYLQJ�GLIIHUHQW�WUHDWPHQW�RSWLRQV��:H�SURSRVH�D�VLQJOH
PDWFKHG�VWXG\�GHVLJQ�WKDW�HQVXUHV�EDODQFHG�FRPSDULVRQV�IRU�WKH�RYHUDOO�FRPSDULVRQ�DQG�VHSDUDWH
WUHDWPHQW�RSWLRQV�EHWZHHQ�WKH�WUHDWHG�DQG�FRQWURO�VXEMHFWV��:H�OHYHUDJH�DQG�H[WHQG�WKH�FDUGLQDOLW\
PDWFKLQJ�DSSURDFK�WR�FUHDWH�FRYDULDWH�EDODQFH�FRQVWUDLQWV�IRU�RYHUDOO�DQG�VHSDUDWH�WUHDWPHQW�RSWLRQ
FRPSDULVRQV�DQG�LPSRVH�DGGLWLRQDO�FRQVWUDLQWV�WR�HQVXUH�HDFK�LQGLYLGXDO�FDQ�RQO\�UHFHLYH�RQH
WUHDWPHQW�RSWLRQ��:H�GHPRQVWUDWH�WKLV�PHWKRG�LQ�D�VWXG\�RI�QHZERUQ�LQIDQWV�DW�ULVN�IRU�UHVSLUDWRU\
V\QF\WLDO�YLUXV��569���HYDOXDWLQJ�ERWK�WKH�RYHUDOO�HIIHFW�RI�UHFHLYLQJ�DQ\�569�SURWHFWLRQ�DQG�WKH
HIIHFWV�RI�GLVWLQFW�WUHDWPHQW�RSWLRQV�IRU�SURWHFWLRQ��PDWHUQDO�YDFFLQDWLRQ�RU�LQIDQW�PRQRFORQDO
DQWLERG\�WUHDWPHQW��
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0DWFKLQJ��:HLJKWLQJ

$�:HLJKWLQJ�)UDPHZRUN�IRU�&OXVWHUV�DV�&RQIRXQGHUV�,Q�2EVHUYDWLRQDO�6WXGLHV�/XNH�.HHOH

/XNH�.HHOH�

8QLWV�LQ�REVHUYDWLRQDO�VWXGLHV�DUH�RIWHQ�FOXVWHUHG�LQ�JURXSV��VXFK�DV�VWXGHQWV�LQ�VFKRROV�DQG�SDWLHQWV
LQ�KRVSLWDOV��5HVHDUFKHUV�WKHQ�VHHN�WR�DGMXVW�IRU��SRVVLEO\�XQPHDVXUHG��FOXVWHU�OHYHO�FRYDULDWHV�DQG
FRQWH[WV�WKDW�PD\�LQIOXHQFH�ERWK�WUHDWPHQW�DVVLJQPHQW�DQG�RXWFRPHV��,Q�WKLV�SDSHU��ZH�LQWURGXFH�D
XQLILHG�IUDPHZRUN�WR�HYDOXDWH�WKH�FRQVWUDLQWV�DVVXPHG�E\�HVWLPDWLRQ�PHWKRGV�WKDW�DGMXVW�IRU�FOXVWHU
PHPEHUVKLS��:H�GHYHORS�D�ZHLJKWLQJ�IUDPHZRUN�WR�VKRZ�WKDW�GLIIHUHQW�DSSURDFKHV�GLIIHUHQWLDOO\
FRQWURO�JOREDO�EDODQFH��GLIIHUHQFHV�EHWZHHQ�WUHDWHG�DQG�FRQWURO�XQLWV�DFURVV�FOXVWHUV��DQG�ORFDO
EDODQFH��GLIIHUHQFHV�ZLWKLQ�FOXVWHUV���:H�ILUVW�UHYLHZ�WUDGLWLRQDO�PRGHO�EDVHG�LQYHUVH�SURSHQVLW\
VFRUH�ZHLJKWLQJ��,3:��IRFXVLQJ�RQ�,3:�ZLWK�D�KLHUDUFKLFDO�SURSHQVLW\�VFRUH�PRGHO��ZKLFK�LV�WKH
FXUUHQW�VWDQGDUG�LQ�WKH�OLWHUDWXUH��:H�VKRZ�WKDW�WKLV�DSSURDFK�GRHV�QRW�LPSRVH�DQ\�FRQVWUDLQWV�RQ
ORFDO�EDODQFH��:H�WKHQ�RXWOLQH�D�PRUH�JHQHUDO�EDODQFLQJ�ZHLJKW�HVWLPDWRU�WKDW�LQFOXGH�FRQVWUDLQWV
RQ�JOREDO�DQG�ORFDO�EDODQFH�EXW�XVHV�UHJXODUL]DWLRQ�ZLWKLQ�WKHVH�FRQVWUDLQWV��:H�QH[W�VKRZ�WKDW�D
IRUP�RI�WKH�QHZO\�SURSRVHG�*HQHUDOL]HG�0XQGODN�DSSURDFK�DOVR�ILWV�LQWR�WKLV�IUDPHZRUN��ZLWK�PRGHO�
EDVHG�,3�ZHLJKWV�WKDW�DGMXVW�IRU�FOXVWHU�OHYHO�DWWULEXWHV�UDWKHU�WKDQ�FOXVWHU�LQGLFDWRUV��:H�DOVR
SURSRVH�D�QRYHO�0XQGODN�EDODQFLQJ�ZHLJKWV�HVWLPDWRU��ZKLFK�LV�ZHOO�VXLWHG�WR�WKLV�FRQWH[W�DQG�FDQ
EH�DSSOLHG�HYHQ�LI�WKHUH�DUH�VPDOOHU�FOXVWHUV�ZKHUH�DOO�WKH�XQLWV�DUH�WUHDWHG�RU�XQWUHDWHG��:H�WKHQ
FRPSDUH�WKHVH�PHWKRGV�LQ
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0DWFKLQJ��:HLJKWLQJ

:KLFK�&RYDULDWHV�WR�$GMXVW�IRU"�6SHFLILFDWLRQ�UREXVW�&DXVDO�,QIHUHQFH�LQ�2EVHUYDWLRQDO
6WXGLHV�$GLW\D�*KRVK
�$GLW\D�*KRVK��'RPLQLN�5RWKHQKeXVOHU�

,Q�REVHUYDWLRQDO�FDXVDO�LQIHUHQFH��GRPDLQ�NQRZOHGJH�RIWHQ�OHDYHV�PXOWLSOH�FRYDULDWH�DGMXVWPHQWV
SODXVLEOH��\HW�ZKLFK�VHWV�VDWLVI\�LJQRUDELOLW\�LV�XQWHVWDEOH��'LIIHUHQW�DGMXVWPHQW�VHWV�FDQ�\LHOG
FRQIOLFWLQJ�HVWLPDWHV�RI�WKH�DYHUDJH�WUHDWPHQW�HIIHFW��DQG�VWDQGDUG�UHPHGLHV��DGMXVWLQJ�IRU�WKHLU
XQLRQ�RU�LQWHUVHFWLRQ��RU�UHSRUWLQJ�WKH�XQLRQ�RU�FRQYH[�KXOO�RI�FRQILGHQFH�LQWHUYDOV��FDQ�IDLO�RU
SURGXFH�LQWHUYDOV�ZKRVH�ZLGWK�GRHV�QRW�YDQLVK�ZLWK�VDPSOH�VL]H��:H�SURSRVH�D�VSHFLILFDWLRQ�UREXVW
SURFHGXUH�WKDW�UHWXUQV�D�VLQJOH�SRLQW�HVWLPDWH�DQG�D�FRQILGHQFH�LQWHUYDO�WKDW�LV�YDOLG�DV�ORQJ�DV�DW
OHDVW�RQH�FDQGLGDWH�DGMXVWPHQW�VHW�LV�YDOLG�DQG�KDV�ZLGWK�VKULQNLQJ�DW�WKH�IDVW��SDUDPHWULF�UDWH��2XU
DSSURDFK�PLUURUV�KRZ�WULPPLQJ�DQG�RYHUODS�ZHLJKWLQJ�KDQGOH�RYHUODS�YLRODWLRQV��:H�VKLIW�WKH�WDUJHW
WR�D�UHZHLJKWHG�SRSXODWLRQ��FORVHVW�LQ�./�GLYHUJHQFH�WR�WKH�RULJLQDO�SRSXODWLRQ��IRU�ZKLFK�FUHGLEOH�
VSHFLILFDWLRQ�UREXVW�LQIHUHQFH�LV�IHDVLEOH��:H�DOVR�SURYLGH�GLDJQRVWLF�SORWV�WR�DVVHVV�WKH�SRSXODWLRQ
VKLIW�DQG�DQ�H[WHQVLRQ�WR�SURWHFW�DQ\�IXQFWLRQ�RI�WKH�FRYDULDWHV�XVHG�IRU�UHZHLJKWLQJ��VLPLODU�WR
FDOLSHUV�LQ�PDWFKLQJ��6\QWKHWLF�DQG�UHDO�GDWD�H[DPSOHV�GHPRQVWUDWH�WKDW�RXU�SURFHGXUH�SURYLGHV
VXEVWDQWLDOO\�WLJKWHU�FRQILGHQFH�LQWHUYDOV�WKDQ�WKH�FRQYH[�KXOO�ZKLOH�PDLQWDLQLQJ�QRPLQDO�FRYHUDJH�
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0HGLDWLRQ�$QDO\VLV��0HFKDQLVPV

6HPLSDUDPHWULF�,QIHUHQFH�IRU�&DXVDO�3DWK�6SHFLILF�(IIHFWV�LQ�/RQJLWXGLQDO�6WXGLHV�;LD[LDQ
2X
�;LD[LDQ�2X��5D]LHK�1DEL��;LQZHL�+H�

:H�GHYHORS�D�VHPLSDUDPHWULF�IUDPHZRUN�IRU�HVWLPDWLQJ�DQG�FRQGXFWLQJ�LQIHUHQFH�RQ�FDXVDO�SDWK�
VSHFLILF�HIIHFWV�LQ�ORQJLWXGLQDO�VWXGLHV�LQYROYLQJ�PXOWLSOH�RU�UHSHDWHGO\�PHDVXUHG�WUHDWPHQWV�
PHGLDWRUV��DQG�FRQIRXQGHUV��7KH�IUDPHZRUN�DFFRPPRGDWHV�JHQHUDO�ORQJLWXGLQDO�VWUXFWXUHV�
LQFOXGLQJ�GLIIHULQJ�PHDVXUHPHQW�LQWHUYDOV�DQG�YDU\LQJ�QXPEHUV�RI�PHGLDWRUV�DFURVV�WLPH��2XU
IUDPHZRUN�IRFXVHV�RQ�HVWLPDWLRQ�DQG�LQIHUHQFH�IRU�LGHQWLILDEOH�HIIHFWV�XQGHU�WKH�HGJH�J�IRUPXOD�
DOORZLQJ�IRU�ELQDU\��FRQWLQXRXV��RU�PXOWLYDULDWH�PHGLDWRUV�DQG�FHUWDLQ�SDWWHUQV�RI�XQPHDVXUHG
FRQIRXQGLQJ�DPRQJ�WUHDWPHQWV��PHGLDWRUV��DQG�WKH�RXWFRPH��:H�SURSRVH�PXOWLSO\�UREXVW�HVWLPDWRUV
GHULYHG�IURP�LQIOXHQFH�IXQFWLRQ�WKHRU\�WKDW�LQWHJUDWH�GDWD�DGDSWLYH�PDFKLQH�OHDUQLQJ�WHFKQLTXHV�
DQG�ZH�HVWDEOLVK�UDWH�FRQGLWLRQV�IRU�WKHLU�DV\PSWRWLF�OLQHDULW\��HIILFLHQF\��DQG�UREXVWQHVV�WR�QXLVDQFH
PLVVSHFLILFDWLRQ��:H�IXUWKHU�H[WHQG�WKH�IUDPHZRUN�WR�LQFOXGH�D�VHQVLWLYLW\�DQDO\VLV�SURFHGXUH�WKDW
HYDOXDWHV�WKH�LPSDFW�RI�YLRODWLRQV�RI�FURVV�ZRUOG�LJQRUDELOLW\�DVVXPSWLRQV��6LPXODWLRQ�VWXGLHV�DQG�DQ
HPSLULFDO�DSSOLFDWLRQ�XVLQJ�WKH�)UDPLQJKDP�+HDUW�6WXG\�GHPRQVWUDWH�WKH�PHWKRGyV�SHUIRUPDQFH�
$Q�DFFRPSDQ\LQJ�5�SDFNDJH��IOH[3DWKV��ZDV�GHYHORSHG�WR�IDFLOLWDWH�LPSOHPHQWDWLRQ�RI�WKH�SURSRVHG
PHWKRGV�
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2PLWWHG�9DULDEOH�%LDV

0XOWLSOH�5HJUHVVLRQ�$QDO\VLV�RI�8QPHDVXUHG�&RQIRXQGLQJ��%RXQGLQJ�&DXVDO�(IIHFWV�E\
5HDVRQLQJ�DERXW�5DQGRPQHVV�5��0LWFKHOO�+XJKHV
�5��0LWFKHOO�+XJKHV��%ULDQ�.QDHEOH�

%\�UHDVRQLQJ�DERXW�UDQGRPQHVV��ZH�FDQ�ERXQG�WKH�XQFHUWDLQW\�RI�D�FDXVDO�HIIHFW�RI�LQWHUHVW�GXH�WR
RPLWWHG�YDULDEOH�ELDV�LQ�D�PXOWLSOH�UHJUHVVLRQ�VHWWLQJ��,Q�SUHYLRXV�ZRUN��ZH�LQWURGXFHG�D
PHWKRGRORJ\�IRU�FRPSXWLQJ�FRQIRXQGLQJ�LQWHUYDOV��HQDEOLQJ�DVVHVVPHQW�RI�XQFHUWDLQW\�GXH�WR
XQPHDVXUHG�DWWULEXWHV��:H�KDYH�VLQFH�JHQHUDOL]HG�WKDW�PHWKRGRORJ\�WR�PXOWLSOH�UHJUHVVLRQ�DQG
GHYHORSHG�DQ�DOJRULWKP�WR�SDUWLDOO\�LGHQWLI\�D�FDXVDO�HIIHFW�RI�LQWHUHVW�LQ�D�PXOWLSOH�UHJUHVVLRQ�PRGHO
ZKHQ�VXEMHFW�PDWWHU�NQRZOHGJH�LV�DYDLODEOH��$OWHUQDWLYHO\��WKH�DOJRULWKP�VXSSRUWV�VHQVLWLYLW\
DQDO\VLV�ZKHQ�VXFK�NQRZOHGJH�LV�DEVHQW��7KH�VWUHQJWK�RI�RXU�DSSURDFK�OLHV�LQ�LWV�XVH�RI�FRHIILFLHQWV
RI�GHWHUPLQDWLRQ�ZKLFK�DOORZ�XV�WR�FDOFXODWH�ERXQGV�E\�LQWXLWLYHO\�UHDVRQLQJ�DERXW�UDQGRPQHVV��:H
GHPRQVWUDWH�RXU�PHWKRGRORJ\�LQ�WZR�H[DPSOH�DSSOLFDWLRQV�ZKLFK�KLJKOLJKW�KRZ�WKH�DOJRULWKP
TXDQWLILHV�WKH�UREXVWQHVV�RI�WKH�FDXVDO�HIIHFW�DJDLQVW�RPLWWHG�YDULDEOH�ELDV�
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3ROLF\�/HDUQLQJ

&DXVDO�'LVFRYHU\�IRU�(IILFLHQW�2IIOLQH�5/�ZLWK�)DFWRUHG�$FWLRQ�6SDFHV�&HFLOLD�(KUOLFKPDQ

&HFLOLD�(KUOLFKPDQ��6KHQJSX�7DQJ��0LFKDHO�'\NVWUD��0DJJLH�0DNDU�

2IIOLQH�SROLF\�RSWLPL]DWLRQ�LV�RIWHQ�VDPSOH�LQHIILFLHQW��HVSHFLDOO\�ZKHQ�WKH�DFWLRQ�VSDFH�LV�ODUJH��D
SUREOHP�WKDW�FRPPRQO\�DULVHV�LQ�KHDOWKFDUH�DSSOLFDWLRQV�DQG�PXOWL�DJHQW�WDVNV��0DQ\�GRPDLQV�
KRZHYHU��DGPLW�D�FRPELQDWRULDO�DFWLRQ�VSDFH��ZKHUH�VXE�DFWLRQV�DIIHFW�IXWXUH�VWDWHV�DQG�UHZDUGV
LQGHSHQGHQWO\�RI�RQH�DQRWKHU��3DVW�ZRUN�HLWKHU�PDNHV�D�SULRUL�DVVXPSWLRQV�DERXW�VXE�DFWLRQ
LQGHSHQGHQFH�OHDGLQJ�WR�HIILFLHQW�EXW�SRWHQWLDOO\�ELDVHG�SROLF\�RSWLPL]DWLRQ��RU�IDLOV�WR�OHYHUDJH
SRWHQWLDO�LQGHSHQGHQFH��VDFULILFLQJ�VDPSOH�HIILFLHQF\��,Q�FRQWUDVW��ZH�SURSRVH�D�WZR�VWHS�IUDPHZRUN
WKDW�OHYHUDJHV�FDXVDO�GLVFRYHU\�IRU�HIILFLHQW�SROLF\�RSWLPL]DWLRQ�ZLWKRXW�LQWURGXFLQJ�ELDV��2XU
DSSURDFK��L��GLVFRYHUV�WKH�FDXVDO�VWUXFWXUH�XQGHUO\LQJ�WKH�HQYLURQPHQWyV�G\QDPLFV�IURP
REVHUYDWLRQDO�GDWD��DQG��LL��H[SORLWV�WKLV�VWUXFWXUH�WR�UHVWULFW�WKH�DGPLVVLEOH�SROLF\�FODVV�WR�D�VLPSOHU�
XQELDVHG�FODVV��:H�SURYLGH�WKHRUHWLFDO�JXDUDQWHHV�FKDUDFWHUL]LQJ�VHWWLQJV�XQGHU�ZKLFK�RXU�DSSURDFK
OHDGV�WR�HIILFLHQW�XQELDVHG�SROLF\�OHDUQLQJ��(PSLULFDOO\��ZH�GHPRQVWUDWH�WKDW�RXU�DSSURDFK�OHDGV�WR
PRUH�HIILFLHQW�SROLF\�RSWLPL]DWLRQ�LQ�VHWWLQJV�ZLWK�OLPLWHG�REVHUYDWLRQDO�GDWD��DFURVV�ERWK�VLQJOH�
DJHQW�KHDOWKFDUH�WDVNV�DQG�PXOWL�DJHQW�VHWWLQJV�
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3ROLF\�/HDUQLQJ

2SWLPDO�3ROLF\�/HDUQLQJ�IRU�5HFXUUHQW�2XWFRPHV�YLD�,QVWUXPHQWHG�'LIIHUHQFH�LQ�
'LIIHUHQFHV��$Q�$SSOLFDWLRQ�WR�7�'0�7UHDWPHQW�5LWREDQ�.XQGX
�5LWREDQ�.XQGX��$VKNDQ
(UWHIDLH��6HDQ�+HQQHVV\��-DPHV�)ORU\�

/HDUQLQJ�UHSURGXFLEOH��JHQHUDOL]DEOH�RSWLPDO�WUHDWPHQW�SROLFLHV�IRU�FKURQLF�GLVHDVHV�UHTXLUHV�ODUJH�
UHSUHVHQWDWLYH�SRSXODWLRQV�REVHUYHG�RYHU�H[WHQGHG�SHULRGV��:KLOH�DGPLQLVWUDWLYH�KHDOWK�GDWD�RIIHU
DQ�DWWUDFWLYH�IRXQGDWLRQ��WKHLU�XWLOLW\�LV�RIWHQ�FRPSURPLVHG�E\�XQPHDVXUHG�FRQIRXQGLQJ��:H�DGGUHVV
WKLV�E\�SURSRVLQJ�D�QRYHO�IUDPHZRUN�EDVHG�RQ�,QVWUXPHQWHG�'LIIHUHQFH�LQ�'LIIHUHQFHV��L','��WR
HVWLPDWH�RSWLPDO�SROLFLHV�IRU�UHFXUUHQW�HYHQW�RXWFRPHV�VXEMHFW�WR�D�WHUPLQDWLQJ�HYHQW��7KH�L','
GHVLJQ�LV�SDUWLFXODUO\�DGYDQWDJHRXV�DV�LW�UHOLHV�RQ�IHZHU�DQG�ZHDNHU�DVVXPSWLRQV�WKDQ�FRQYHQWLRQDO
LQVWUXPHQWDO�YDULDEOH�RU�GLIIHUHQFH�LQ�GLIIHUHQFHV�PHWKRGV��$�NH\�IHDWXUH�RI�RXU�DSSURDFK�LV�WKDW�LW
H[SOLFLWO\�DGGUHVVHV�WKH�IXQGDPHQWDO�FKDOOHQJH�RI�DYRLGLQJ�SROLFLHV�WKDW�WULYLDOO\�UHGXFH�UHFXUUHQW
DGYHUVH�HYHQWV�E\�LQFUHDVLQJ�PRUWDOLW\��D�FRPPRQ�SLWIDOO�LQ�SROLF\�OHDUQLQJ�IRU�FKURQLF�GLVHDVH
VHWWLQJV��:H�GHYHORS�D�PXOWLSO\�UREXVW�HVWLPDWRU�WKDW�UHPDLQV�FRQVLVWHQW�LI�DQ\�RQH�RI�VHYHUDO
VXEVHWV�RI�QXLVDQFH�PRGHOV�LV�FRUUHFWO\�VSHFLILHG��7KHRUHWLFDO�UHVXOWV�HVWDEOLVK�WKH�HVWLPDWRUyV
FRQVLVWHQF\�DQG�ODUJH�VDPSOH�EHKDYLRU��6LPXODWLRQV�GHPRQVWUDWH�WKDW�RXU�HVWLPDWRU�RXWSHUIRUPV
H[LVWLQJ�DSSURDFKHV�LQ�ILQLWH�VDPSOHV��:H�DSSO\�WKLV�PHWKRG�WR�D�QDWLRQDO�0HGLFDUH�GDWDVHW�WR
RSWLPL]H�ILUVW�OLQH�7\SH���'LDEHWHV�VWUDWHJLHV�IRU�PLQLPL]LQJ�GLVHDVH�UHODWHG�KRVSLWDOL]DWLRQV�
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3ROLF\�/HDUQLQJ

1RQSDUDPHWULF�(VWLPDWLRQ�RI�2SWLPDO�-XVW�,Q�7LPH�$GDSWLYH�,QWHUYHQWLRQV�IRU�'LVWDO
2XWFRPHV�-DFN�:ROI
�-DFN�:ROI��1DQGLWD�0LWUWD��$VKNDQ�(UWHIDLH�

0RELOH�DQG�ZHDUDEOH�WHFKQRORJLHV�HQDEOH�WKH�GHOLYHU\�RI�MXVW�LQ�WLPH�DGDSWLYH�LQWHUYHQWLRQV
�-,7$,V�wLQWHUYHQWLRQV�WKDW�DGDSW�WUHDWPHQW�GHOLYHU\�WR�DQ�LQGLYLGXDOyV�UDSLGO\�FKDQJLQJ�LQWHUQDO
VWDWH�DQG�FRQWH[W�LQ�UHDO�WLPH��UHDO�ZRUOG�VHWWLQJV��+RZHYHU��H[LVWLQJ�PHWKRGV�IRU�HVWLPDWLQJ�RSWLPDO
SROLFLHV�GR�QRW�VFDOH�WR�WKH�FRPSOH[LW\�RI�WKHVH�GHVLJQV�DQG�HVWLPDWLQJ�RSWLPDO�-,7$,V�UHPDLQV
FKDOOHQJLQJ��,Q�SDUWLFXODU��-,7$,�VHWWLQJV�W\SLFDOO\�LQYROYH�GR]HQV�RI�GHFLVLRQ�SRLQWV�SHU�LQGLYLGXDO�
ZKLFK�FDQQRW�EH�KDQGOHG�XVLQJ�VWDQGDUG�ORQJLWXGLQDO�FDXVDO�LQIHUHQFH�PHWKRGV��$GYDQFHG
UHLQIRUFHPHQW�OHDUQLQJ�DSSURDFKHV�RIWHQ�RSWLPL]H�GLVFRXQWHG�VXPV�RI�SUR[LPDO�RXWFRPHV�DQG
FDQQRW�VXSSRUW�FRPPRQ�TXHVWLRQV�LQ�EHKDYLRUDO�DQG�FOLQLFDO�VWXGLHV�UHJDUGLQJ�HQG�RI�VWXG\�GLVWDO
RXWFRPHV��ZKLFK�UHIOHFW�ORQJ�WHUP�VXFFHVV�UDWKHU�WKDQ�LPPHGLDWH�HIIHFWV��7R�DGGUHVV�WKHVH
FKDOOHQJHV�DQG�DOLJQ�ZLWK�VFLHQWLILF�REMHFWLYHV��ZH�PDNH�WZR�PHWKRGRORJLFDO�FRQWULEXWLRQV��)LUVW��ZH
GHYHORS�D�QRQSDUDPHWULFDOO\�HIILFLHQW�LQYHUVH�SUREDELOLW\�ZHLJKWLQJ�DSSURDFK�IRU�HVWLPDWLQJ�RSWLPDO
-,7$,V�IRU�GLVWDO�RXWFRPHV��6HFRQG��ZH�LQWURGXFH�D�GDWD�GULYHQ�SROLF\�WLOWLQJ�SURFHGXUH�WKDW�PLWLJDWHV
QXPHULFDO�SRVLWLYLW\�YLRODWLRQV�FRPPRQ�LQ�VHWWLQJV�ZLWK�D�ODUJH�QXPEHU�RI�GHFLVLRQ�SRLQWV�WR�LPSURYH
ILQLWH�VDPSOH�SHUIRUPDQFH��:H�DSSO\�WKH�SURSRVHG�IUDPHZRUN�WR�3URMHFW�0$56��D�PLFUR�UDQGRPL]HG
WULDO�IRU�VPRNLQJ�FHVVDWLRQ�WKDW�HYDOXDWHG�PRELOH�KHDOWK�SURPSWV�UHFRPPHQGLQJ�VHOI�UHJXODWRU\
VWUDWHJLHV�WR�VXSSRUW�TXLW�DWWHPSWV�
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3UR[LPDO�&DXVDO�/HDUQLQJ

$�JHQHUDOL]HG�IURQW�GRRU�PHWKRG�ZKHQ�WKH�PHGLDWRU�LV�FRQIRXQGHG�+HOHQ�*XR
�+HOHQ�*XR�
%HDWUL[�:HQ��,O\D�6KSLWVHU�

8QREVHUYHG�FRQIRXQGLQJ�LV�D�IXQGDPHQWDO�REVWDFOH�LQ�FDXVDO�LQIHUHQFH�SUREOHPV��,Q�WKH�JUDSKLFDO
PRGHOLQJ�OLWHUDWXUH��D�JHQHUDO�WKHRU\�KDV�EHHQ�GHYHORSHG�WKDW�DOORZV�LGHQWLILFDWLRQ�LQ�WKH�SUHVHQFH
RI�KLGGHQ�YDULDEOHV��ZLWK�VRPH�OLPLWDWLRQV��,Q�SDUWLFXODU��3HDUOyV�FHOHEUDWHG�IURQW�GRRU�FULWHULRQ�RQO\
DOORZV�LGHQWLILFDWLRQ�LQ�WKH�SUHVHQFH�RI�WUHDWPHQW�RXWFRPH�XQREVHUYHG�FRQIRXQGLQJ�ZKHQ�D�PHGLDWRU
YDULDEOH�H[LVWV�WKDW�FDSWXUHV�DOO�FDXVDO�LQIOXHQFH�IURP�WKH�WUHDWPHQW�DQG�RXWFRPH��DQG�GRHV�QRW�LWVHOI
VXIIHU�IURP�XQREVHUYHG�FRQIRXQGLQJ�

,Q�WKLV�SDSHU��ZH�SURSRVH�D�SUR[LPDO�JHQHUDOL]DWLRQ�RI�WKH�IURQW�GRRU�FULWHULRQ��DOORZLQJ�ERWK
DUELWUDU\�WUHDWPHQW�RXWFRPH�FRQIRXQGLQJ��DQG�XQREVHUYHG�FRQIRXQGHUV�RI�WKH�PHGLDWRU��SURYLGHG
LQIRUPDWLYH�SUR[LHV�IRU�WKH�ODWWHU�W\SH�RI�FRQIRXQGHUV�DUH�REVHUYHG��,Q�DGGLWLRQ�WR�GHULYLQJ�QHZ
LGHQWLILFDWLRQ�VWUDWHJLHV�LQ�WKLV�VHWWLQJ��ZH�SURYLGH�D�1H\PDQ�RUWKRJRQDO�HVWLPDWRU�IRU�WKH�UHVXOWLQJ
IXQFWLRQDO�XQGHU�RQH�RI�WKHVH�VWUDWHJLHV�ZLWK�GHVLUDEOH�HIILFLHQF\�SURSHUWLHV��DQG�HYDOXDWH�LWV
SHUIRUPDQFH�WKURXJK�VLPXODWLRQV�
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5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

5HJUHVVLRQ�$GMXVWPHQWV�IRU�'RXEOH�5DQGRPL]DWLRQ�LQ�7ZR�6LGHG�0DUNHWSODFHV�7LPRWK\
6XGLMRQR
�7LPRWK\�6XGLMRQR��/LKXD�/HL��/RUHQ]R�0DVRHUR��6XKDV�9LMD\NXPDU��*XLGR�,PEHQV��-DPHV
0F4XHHQ�

0XOWLSOH�UDQGRPL]DWLRQ�GHVLJQV��05'V��DUH�D�FODVV�RI�H[SHULPHQWDO�GHVLJQV�XVHG�WR�KDQGOH
LQWHUIHUHQFH�LQ�WZR�VLGHG�PDUNHWSODFHV��:H�LQYHVWLJDWH�UHJUHVVLRQ�DGMXVWPHQW�VWUDWHJLHV�IRU
HVWLPDWLQJ�WRWDO��VSLOORYHU��DQG�GLUHFW�HIIHFWV�LQ�05'V��:H�GHULYH�PLQLPXP�DV\PSWRWLF�YDULDQFH
HVWLPDWRUV�DPRQJ�D�EURDG�FODVV�RI�OLQHDUO\�DGMXVWHG�HVWLPDWRUV��6XUSULVLQJO\��WKH�RSWLPDO�UHJUHVVLRQ
DGMXVWPHQWV�DUH�HVWLPDEOH�IURP�GDWD�DQG�DUH�JHQHUDOO\�GLIIHUHQW�IURP�UHJUHVVLRQ�DGMXVWPHQWV�LQ
FODVVLFDO�UDQGRPL]HG�H[SHULPHQWV��)RU�H[DPSOH��RQH�VXFK�RSWLPDO�HVWLPDWRU�IRU�WKH�GLUHFW�HIIHFW
FRUUHVSRQGV�WR�D�ZHLJKWHG�UHJUHVVLRQ�ZLWK�LQWHUDFWHG�WZR�ZD\�IL[HG�HIIHFWV��:H�HVWDEOLVK�PRGHO�
UREXVWQHVV�SURSHUWLHV��FHQWUDO�OLPLW�WKHRUHPV��DQG�LQIHUHQWLDO�PHWKRGV�IRU�RXU�HVWLPDWRUV��UHO\LQJ�RQ
LPSURYHG�WKHRUHWLFDO�UHVXOWV�IRU�05'�H[SHULPHQWV��2XU�UHVXOWV�SURYLGH�WKH�DQDORJ�RI�WKH�&83('
UHJUHVVLRQ�DGMXVWPHQW�IRU�PDUNHWSODFH�H[SHULPHQWV��1XPHULFDO�VLPXODWLRQV�GHPRQVWUDWH�D
FRQVLGHUDEOH�LQFUHDVH�LQ�HIILFLHQF\�RYHU�VLPSOHU�DSSURDFKHV��HQDEOLQJ�EHWWHU�LQIHUHQFH�ZKHQ�UXQQLQJ
05'V�
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5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

2SWLPDO�UDQGRPL]DWLRQ�EDVHG�):(5�FRQWURO�$QG\�&KHQ
�$QG\�&KHQ�

5DQGRPL]DWLRQ�WHVWV�DUH�ILQLWH�VDPSOH�YDOLG��PRGHO�OHDQ��DQG�ZHOO�VXLWHG�WR�PRGHUDWH�VDPSOH
DQDO\VLV��,Q�UDQGRPL]HG�WULDOV��UHVHDUFKHUV�DUH�RIWHQ�SUHVHQWHG�ZLWK�VHYHUDO�SRWHQWLDOO\�UHODWHG
K\SRWKHVHV�DULVLQJ�IURP�PXOWLSOH�VXEJURXSV�RU�PXOWLSOH�WUHDWPHQW�OHYHOV��,Q�WKLV�SDSHU��ZH
LQYHVWLJDWH�IDPLO\�ZLVH�HUURU�UDWH��):(5��FRQWURO�XVLQJ�LQGLYLGXDO�UDQGRPL]DWLRQ�WHVW�S�YDOXHV�

1RWLQJ�WKDW�VKDUS�QXOOV�DUH�FORVHG�XQGHU�LQWHUVHFWLRQ��ZH�DSSO\�WKH�FORVXUH�SULQFLSOH�IRU�):(5
FRQWURO��FRQVWUXFWLQJ�UDQGRPL]DWLRQ�WHVWV�GLUHFWO\�IRU�WKH�LQGXFHG�LQWHUVHFWLRQ�QXOOV��WKHUHE\
DYRLGLQJ�WKH�LQHIILFLHQF\�RI�JHQHULF�S�YDOXH�DJJUHJDWLRQ��&RPELQHG�ZLWK�UHFHQW�RSWLPDOLW\�UHVXOWV�IRU
D�VLQJOH�UDQGRPL]DWLRQ�WHVW��ZH�VKRZ�WKDW�WKH�SURSRVHG�SURFHGXUH��ZKHQ�SDLUHG�ZLWK�PRVW�SRZHUIXO
VLQJOH�WHVW�VWDWLVWLFV��LV�RSWLPDO�ZLWKLQ�WKH�FODVV�RI�UDQGRPL]DWLRQ�EDVHG�):(5�FRQWURO�PHWKRGV�
&RPSXWDWLRQDOO\��ZH�GHYHORS�EUDQFK�DQG�ERXQGvW\SH�VKRUWFXWV�DQG�UHGXFH�WKH�QXPEHU�RI
UDQGRPL]DWLRQV�E\�VKDULQJ�WUHDWPHQW�UHDVVLJQPHQWV�DFURVV�K\SRWKHVHV�
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5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

(IILFLHQW�6WDWLVWLFDO�(VWLPDWLRQ�IRU�6HTXHQWLDO�$GDSWLYH�([SHULPHQWV�ZLWK�,PSOLFDWLRQV�IRU
$GDSWLYH�'HVLJQV�:HQ[LQ�=KDQJ
�:HQ[LQ�=KDQJ��0DUN�YDQ�GHU�/DDQ�

$GDSWLYH�H[SHULPHQWDO�GHVLJQV�DUH�LQFUHDVLQJO\�XVHG�LQ�FOLQLFDO�WULDOV�DQG�GLJLWDO�H[SHULPHQWV�
DOORZLQJ�WUHDWPHQW�UDQGRPL]DWLRQ�SUREDELOLWLHV�WR�EH�XSGDWHG�EDVHG�RQ�VHTXHQWLDOO\�DFFUXHG�GDWD�
ZLWK�REMHFWLYHV�UDQJLQJ�IURP�HQKDQFLQJ�HVWLPDWLRQ�HIILFLHQF\�WR�LPSURYLQJ�SDUWLFLSDQW�RXWFRPHV�
+RZHYHU��WKH�UHVXOWLQJ�GHSHQGHQFH�DPRQJ�REVHUYDWLRQV�LQGXFHG�E\�DGDSWLYH�GHVLJQV�SRVHV
VXEVWDQWLDO�FKDOOHQJHV�IRU�HIILFLHQW�HVWLPDWLRQ�DQG�LQIHUHQFH�RI�FDXVDO�HVWLPDQGV��%XLOGLQJ�RQ�WKH
7DUJHWHG�0D[LPXP�/LNHOLKRRG�(VWLPDWLRQ��70/(��IUDPHZRUN�WDLORUHG�IRU�DGDSWLYH�H[SHULPHQWV��ZH
LQWURGXFH�D�QHZ�DGDSWLYH�GHVLJQ�OLNHOLKRRG�EDVHG�70/(��$'/�70/(��IRU�HVWLPDWLQJ�D�EURDG�FODVV�RI
FDXVDO�HVWLPDQGV�IURP�DGDSWLYHO\�FROOHFWHG�GDWD��LQFOXGLQJ�WKH�DYHUDJH�WUHDWPHQW�HIIHFW��:H
HVWDEOLVK�DV\PSWRWLF�QRUPDOLW\�DQG�VHPLSDUDPHWULF�HIILFLHQF\�RI�$'/�70/(�XQGHU�UHOD[HG�SRVLWLYLW\
DQG�GHVLJQ�VWDELOL]DWLRQ�DVVXPSWLRQV�IRU�DGDSWLYH�H[SHULPHQWV��ZKLOH�DFKLHYLQJ�LPSURYHG�ILQLWH�
VDPSOH�HIILFLHQF\�UHODWLYH�WR�SULRU�70/(�DSSURDFK�WKDW�UHOLHV�RQ�LQYHUVH�SUREDELOLW\�ZHLJKWLQJ�RI
DGDSWLYH�UDQGRPL]DWLRQ�SUREDELOLWLHV��6LPXODWLRQ�VWXGLHV�VKRZ�WKDW�$'/�70/(�DFKLHYHV�VXEVWDQWLDO
YDULDQFH�UHGXFWLRQ�DFURVV�D�UDQJH�RI�DGDSWLYH�H[SHULPHQWV��0RWLYDWHG�E\�WKHVH�UHVXOWV��ZH�IXUWKHU
SURSRVH�D�QRYHO�DGDSWLYH�GHVLJQ�WKDW�WDUJHWV�HIILFLHQW�HVWLPDWLRQ�RI�FDXVDO�HVWLPDQGV�DQG
RXWSHUIRUPV�VWDQGDUG�HIILFLHQF\�RULHQWHG�DGDSWLYH�GHVLJQV��:H�IXUWKHU�H[WHQG�WKH�SURSRVHG
IUDPHZRUN�WR�EURDGHU�VHWWLQJV�LQFOXGLQJ�ORQJLWXGLQDO�VWUXFWXUHV�
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5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

&DXVDO�(IIHFWV�LQ�%OLQGHG�7ULDOV�-LSF\�$PDGRU
�-LSF\�$PDGRU��0LFKDHO�+XGJHQV��7RGG�6FKZDUW]�

,Q�UDQGRPL]HG�FOLQLFDO�WULDOV��5&7V���EOLQGLQJ��RU�PDVNLQJ��LV�FRPPRQO\�HPSOR\HG�WR�UHGXFH�ELDV�WKDW
PD\�EH�LQWURGXFHG�GXH�WR�NQRZOHGJH�RU�SUHVXPSWLRQV�WKDW�SDUWLFLSDQWV�RU�LQYHVWLJDWRUV�PD\�KDYH
DERXW�WKH�WUHDWPHQW�EHLQJ�HYDOXDWHG��+RZHYHU��LQ�PDQ\�VHWWLQJV�LW�PD\�DOVR�EH�RI�LQWHUHVW�WR
HYDOXDWH�WKH�WUHDWPHQW�HIIHFW�LQ�WKH�DEVHQFH�RI�EOLQGLQJ�WR�EHWWHU�SUHGLFW�WKH�HIIHFW�RI�WUHDWPHQW
ZKHQ�XVHG�LQ�WKH�UHDO�ZRUOG��,Q�VRPH�VHWWLQJV�XQGHUVWDQGLQJ�WKH�HIIHFW�RI�EOLQGLQJ�PD\�DOVR�EH�RI
LQWULQVLF�LQWHUHVW��7KLV�SDSHU�FRQVLGHUV�LGHQWLILFDWLRQ�RI�WUHDWPHQW�HIIHFWV��LQ�WKH�SUHVHQFH�RU�DEVHQFH
RI�EOLQGLQJ��DQG�EOLQGLQJ�HIIHFWV��LQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�WUHDWPHQW��LQ�EOLQGHG�5&7V��XQGHU
GLIIHUHQW�DVVXPSWLRQV�DERXW�WKH�WUHDWPHQW�DQG�EOLQGLQJ�HIIHFWV��,Q�LQVWDQFHV�ZKHUH�WKH�HIIHFW�RI
LQWHUHVW�LV�SDUWLDOO\�LGHQWLILHG��VKDUS�ERXQGV�DUH�SURYLGHG��%RWK�VLQJOH�EOLQG�DQG�GRXEOH�EOLQG�5&7V
DUH�FRQVLGHUHG��7KH�PHWKRGV�DUH�DSSOLHG�WR���L��D�VLQJOH�EOLQG�5&7�HYDOXDWLQJ�WKH�HIIHFW�RI�VLOYHU
GLDPLQH�IOXRULGH�RQ�FDULHV�DUUHVW�DQG�SUHYHQWLRQ�LQ�FKLOGUHQ��DQG��LL��D�GRXEOH�EOLQG�5&7�HYDOXDWLQJ
WKH�HIIHFW�RI�ULWX[LPDE�LQ�LQGLYLGXDOV�ZLWK�P\DVWKHQLD�JUDYLV�
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5HJUHVVLRQ�'LVFRQWLQXLW\�'HVLJQV

1RQSDUDPHWULF�5HJUHVVLRQ�'LVFRQWLQXLW\�'HVLJQV�ZLWK�6XUYLYDO�2XWFRPHV�0D[LPLOLDQ
6FKXHVVOHU
�0D[LPLOLDQ�6FKXHVVOHU��(ULN�6YHUGUXS��5REHUW�7LEVLUDQL��6WHIDQ�:DJHU�

4XDVL�H[SHULPHQWDO�HYDOXDWLRQV�DUH�FULWLFDO�IRU�JHQHUDWLQJ�UHDO�ZRUOG�FDXVDO�HYLGHQFH�DQG
FRPSOHPHQWLQJ�LQVLJKWV�IURP�UDQGRPL]HG�WULDOV��7KH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ��5''��LV�D
TXDVL�H[SHULPHQWDO�IUDPHZRUN�IRU�HVWLPDWLQJ�FDXVDO�HIIHFWV�ZKHQ�WUHDWPHQW�DVVLJQPHQW�GHSHQGV�RQ
D�UXQQLQJ�YDULDEOH�FURVVLQJ�D�WKUHVKROG��6XFK�WKUHVKROG�EDVHG�UXOHV�DUH�XELTXLWRXV�LQ�KHDOWKFDUH�
HGXFDWLRQ��SROLF\�DQG�EH\RQG��+RZHYHU��VWDQGDUG�5''�HVWLPDWRUV�UHO\�RQ�FRPSOHWH�RXWFRPH�GDWD��DQ
DVVXPSWLRQ�RIWHQ�YLRODWHG�LQ�WLPH�WR�HYHQW�DQDO\VHV�VXFK�DV�LQ�KHDOWKFDUH�ZKHUH�FHQVRULQJ�DULVHV
IURP�ORVV�WR�IROORZ�XS��7R�DGGUHVV�WKLV�LVVXH��ZH�SURSRVH�D�QRQSDUDPHWULF�DSSURDFK�WKDW�OHYHUDJHV
GRXEO\�UREXVW�FHQVRULQJ�FRUUHFWLRQV�DQG�FDQ�EH�SDLUHG�ZLWK�H[LVWLQJ�5''�HVWLPDWRUV��2XU�DSSURDFK
FDQ�KDQGOH�PXOWLSOH�VXUYLYDO�HQGSRLQWV��ORQJ�IROORZ�XS�WLPHV��DQG�FRYDULDWH�GHSHQGHQW�YDULDWLRQ�LQ
VXUYLYDO�DQG�FHQVRULQJ��:H�GLVFXVV�WKH�UHOHYDQFH�RI�RXU�DSSURDFK�DFURVV�ELRPHGLFDO�DSSOLFDWLRQV�DQG
GHPRQVWUDWH�LWV�XVHIXOQHVV�WKURXJK�VLPXODWLRQV�DQG�WKH�3/&2�&DQFHU�6FUHHQLQJ�7ULDO�IRU�SURVWDWH
FDQFHU��D�86�EDVHG�SKDVH�,,,�FOLQLFDO�WULDO�ZLWK�ULJKW�FHQVRUHG�VXUYLYDO�RXWFRPHV��2XU�UHVXOWV�VKRZ
WKDW�RXU�DSSURDFK�LV�PRUH�UREXVW�WR�PLVVSHFLILFDWLRQ�DQG�\LHOGV�KLJKHU�SUHFLVLRQ�WKDQ�FHQVRULQJ
FRUUHFWLRQV�EDVHG�RQ�LQYHUVH�SUREDELOLW\�RI�FHQVRULQJ�ZHLJKWLQJ��:H�KDYH�DOVR�GHYHORSHG�DQ�RSHQ�
VRXUFH�VRIWZDUH�SDFNDJH�UGVXUYLYDO�WKDW�HQDEOHV�HVWLPDWLRQ�ZLWK�H[LVWLQJ�5''�DSSURDFKHV�LQ�WKH�5
ODQJXDJH�
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6HPLSDUDPHWULF�,QIHUHQFH

$�&KDUDFWHUL]DWLRQ�RI�WKH�2UWKRFRPSOHPHQW�RI�WKH�7DQJHQW�6SDFH�RI�6HPLSDUDPHWULF
0DUNRY�0RGHOV�7UXQJ�3KXQJ
�7UXQJ�3KXQJ��,O\D�6KSLWVHU�

*UDSKLFDO�PRGHOV�DUH�XELTXLWRXV�LQ�VRFLDO�DQG�HPSLULFDO�VFLHQFH�DV�WKH\�DUH�LQWXLWLYH�DQG�HDV\�WR�XVH�
7KHVH�PRGHOV�EHORQJ�WR�WKH�EURDGHU�FODVV�RI�0DUNRY�PRGHOV��GHILQHG�XVLQJ�VROHO\�FRQGLWLRQDO
LQGHSHQGHQFH��&,��UHVWULFWLRQV�

,Q�RUGHU�WR�HVWLPDWH�D�ILQLWH�GLPHQVLRQDO�WDUJHW�SDUDPHWHU�LQ�VXFK�PRGHOV�HIILFLHQWO\��VHPL�
SDUDPHWULF�WKHRU\�SURYLGHV�D�SULQFLSOHG�IUDPHZRUN�IRU�FRQVWUXFWLQJ�UHJXODU�DQG�DV\PSWRWLFDOO\
OLQHDU�HVWLPDWRUV�YLD�LQIOXHQFH�IXQFWLRQV��,)V���7KHVH�HVWLPDWRUV�DUH�DV\PSWRWLFDOO\�QRUPDO�DQG�URRW�
�Q��FRQVLVWHQW��&KDUDFWHUL]LQJ�WKH�FODVV�RI�DOO�LQIOXHQFH�IXQFWLRQV�IRU�D�WDUJHW�SDUDPHWHU�LV�FUXFLDO
IRU�VWDWLVWLFDOO\�HIILFLHQW�LQIHUHQFH�LQ�WKHVH�PRGHOV�

)RU�PRGHOV�WKDW�DUH�0DUNRY�UHODWLYH�WR�GLUHFWHG�DF\FOLF�JUDSKV��'$*V���WKH�RUWKRJRQDO�FRPSOHPHQW
RI�WKH�WDQJHQW�VSDFH�LV�NQRZQ��LPSO\LQJ�WKDW�IRU�DQ\�WDUJHW�WKH�FODVV�RI�DOO�LQIOXHQFH�IXQFWLRQV�FDQ�EH
GHULYHG�RQFH�DQ�LQIOXHQFH�IXQFWLRQ�LV�REWDLQHG��2Q�WKH�RWKHU�KDQG��IRU�0DUNRY�PRGHOV�QRW�HTXLYDOHQW
WR�D�'$*�PRGHOwVXFK�DV�RUGLQDU\�0DUNRY�PRGHOV�DVVRFLDWHG�ZLWK�XQGLUHFWHG�JUDSKV��FKDLQ�JUDSKV�
RU�DF\FOLF�GLUHFWHG�PL[HG�JUDSKVwWKH�RUWKRJRQDO�FRPSOHPHQW�KDV�QRW�EHHQ�FKDUDFWHUL]HG��LPSHGLQJ
VHPL�SDUDPHWULF�LQIHUHQFH�LQ�WKHVH�PRGHOV�

:H�GHULYH�FORVHG�IRUP�H[SUHVVLRQV�IRU�WKH�RUWKRJRQDO�FRPSOHPHQW�RI�WKH�WDQJHQW�VSDFH�IRU�JHQHUDO
0DUNRY�PRGHOV�DQG�LOOXVWUDWH�RXU�UHVXOWV�E\�FKDUDFWHUL]LQJ�WKH�FODVV�RI�LQIOXHQFH�IXQFWLRQV�IRU�WKH
FRQGLWLRQDO�PHDQ�SDUDPHWHU�LQ�VHYHUDO�JUDSKLFDO�PRGHOV�
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6HQVLWLYLW\�$QDO\VLV

'LVWULEXWLRQDOO\�(TXLYDOHQW�8UQV�IRU�WKH�7UXQFDWLRQ�E\�'HDWK�3UREOHP�-DIIHU�=DLGL
�-DIIHU
=DLGL�

7KH�DQDO\VLV�RI�FDXVDO�HIIHFWV�ZKHQ�WKH�RXWFRPH�RI�LQWHUHVW�LV�SRVVLEO\�WUXQFDWHG�E\�GHDWK�KDV�D�ORQJ
KLVWRU\�LQ�VWDWLVWLFV�DQG�FDXVDO�LQIHUHQFH��7KH�VXUYLYRU�DYHUDJH�FDXVDO�HIIHFW�LV�FRPPRQO\�LGHQWLILHG
ZLWK�PRUH�DVVXPSWLRQV�WKDQ�WKRVH�JXDUDQWHHG�E\�WKH�GHVLJQ�RI�D�UDQGRPL]HG�FOLQLFDO�WULDO��7KLV
SDSHU�GHPRQVWUDWHV�WKDW�VWRFKDVWLF�LQGLYLGXDO�OHYHO�FDXVDO�HIIHFWV�LQ�WKH�xDOZD\V�VXUYLYRUy�SULQFLSDO
VWUDWXP�FDQ�EH�LGHQWLILHG�DQG�TXDQWLILHG�ZLWK�QR�VWURQJHU�LGHQWLILFDWLRQ�DVVXPSWLRQV�WKDQ
UDQGRPL]DWLRQ��'LVWULEXWLRQDOO\�HTXLYDOHQW�VXIILFLHQW�FDXVH�XUQV�DUH�GHILQHG�DQG�GHYHORSHG�WR
TXDQWLI\�LQGLYLGXDO�OHYHO�yDOZD\V�VXUYLYRUy�FDXVDO�HIIHFWV�XQGHU�WUXQFDWLRQ�E\�GHDWK�DQG�FHQVRULQJ�
6XFK�XUQ�PRGHOV�DOVR�HQDEOH�VHQVLWLYLW\�DQG�PXOWLYHUVH�DQDO\VLV�DW�WKH�LQGLYLGXDO�DQG�SRSXODWLRQ
OHYHO��7KH\�DOVR�HQDEOH�FRPSDULVRQ�RI�GLIIHUHQW�LGHQWLILFDWLRQ�VWUDWHJLHV��:H�LOOXVWUDWH�WKH�SUDFWLFDO
XWLOLW\�RI�RXU�PHWKRGV�XVLQJ�GDWD�IURP�D�UDQGRPL]HG�FOLQLFDO�WULDO�RQ�SDWLHQWV�ZLWK�SURVWDWH�FDQFHU�
2XU�FRPSUHKHQVLYH�PHWKRGRORJ\�LV�WKH�ILUVW�DQG��DV�RI�\HW��RQO\�SURSRVHG�SURFHGXUH�WKDW�HQDEOHV
TXDQWLI\LQJ�LQGLYLGXDO�OHYHO�FDXVDO�HIIHFWV�LQ�WKH�SUHVHQFH�RI�WUXQFDWLRQ�E\�GHDWK�DQG�FHQVRULQJ�XVLQJ
RQO\�WKH�DVVXPSWLRQV�WKDW�DUH�JXDUDQWHHG�E\�GHVLJQ�RI�WKH�FOLQLFDO�WULDO�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF �������

���� 3�

6HQVLWLYLW\�$QDO\VLV

6HQVLWLYLW\�WR�$WWULWLRQ�IRU�,QIHUHQFHV�IURP�DQ�5&7�%HQMDPLQ�&KHU
�.HQQHWK�)UDQN��.HQQHWK
)UDQN��4LQ\XQ�/LQ�

0RVW�UDQGRPL]HG�ILHOG�H[SHULPHQWV�H[SHULHQFH�VRPH�DWWULWLRQ��0RUHRYHU��WKH�H[WHQW�RI�DWWULWLRQ�PD\
GLIIHU�E\�WUHDWPHQW�FRQGLWLRQ�LQ�V\VWHPDWLF��QRQ�UDQGRP�ZD\V��ELDVLQJ�HVWLPDWHV�RI�WUHDWPHQW�HIIHFWV
DQG�FRQWULEXWLQJ�WR�LQYDOLG�LQIHUHQFHV��:H�DGGUHVV�FRQFHUQV�DERXW�QRQ�UDQGRP�DWWULWLRQ�E\
TXDQWLI\LQJ�WKH�FRQGLWLRQV�QHFHVVDU\�LQ�WKH�DWWULWWHG�GDWD�WR�QXOOLI\�DQ�LQIHUHQFH�EDVHG�RQ�REVHUYHG
GDWD��:H�GR�VR�QRQ�SDUDPHWULFDOO\�E\�TXDQWLI\LQJ�ZKDW�PXVW�EH�WKH�RYHUDOO�PHDQ�LQ�WKH�DWWULWWHG�GDWD
DQG�WKH�HVWLPDWHG�WUHDWPHQW�HIIHFW�LQ�WKH�DWWULWWHG�GDWD�WR�QXOOLI\�DQ�LQIHUHQFH��:H�DOVR�GHULYH�UHVXOWV
EDVHG�RQ�D�FRUUHODWLRQDO�IUDPHZRUN��GHULYLQJ�ZKDW�WKH�FRUUHODWLRQ�EHWZHHQ�DQ\�SUHGLFWRU�DQG
RXWFRPH�PXVW�EH�LQ�WKH�DWWULWWHG�GDWD�WR�QXOOLI\�DQ�LQIHUHQFH��,Q�WKH�HPSLULFDO�H[DPSOH��ZH�VKRZ�WKDW
WKH�DWWULWWHG�VWXGHQWV�LQ�WKH�7HQQHVVHH�&ODVV�6L]H�VWXG\�ZRXOG�KDYH�WR�KDYH�H[SHULHQFHG�D�QHJDWLYH
HIIHFW�RI�VPDOO�FODVVHV�WR�QXOOLI\�WKH�LQIHUHQFH�WKDW�VPDOO�FODVVHV�KDYH�SRVLWLYH�HIIHFWV�RQ
DFKLHYHPHQW��:KLOH�WKLV�SURYLGHV�QR�FHUWDLQW\�DERXW�WKH�LQIHUHQFH��LW�GRHV�TXDQWLI\�WKH�FRQGLWLRQV
QHFHVVDU\�WR�QXOOLI\�WKH�LQIHUHQFH��LQIRUPLQJ�VFLHQWLILF�LQWHUSUHWDWLRQV�DQG�FRUUHVSRQGLQJ�SROLF\
GHEDWH�
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6HQVLWLYLW\�$QDO\VLV

,QIHUULQJ�&RPSUHKHQVLYH�&RKRUW�&DXVDO�(IIHFWV�LQ�WKH�3UHVHQFH�RI�8QPHDVXUHG
&RQIRXQGHUV�DQG�0LVVLQJ�2XWFRPHV�6KL\DR�;X
�6KL\DR�;X��5D]LHK�1DEL��'DQLHO�6FKDUIVWHLQ�

5DQGRPL]HG�FRQWURO�WULDOV��5&7V��DUH�FRQVLGHUHG�WKH�JROG�VWDQGDUG�DSSURDFK�IRU�HVWLPDWLQJ�FDXVDO
HIIHFW��+RZHYHU��5&7V�RIWHQ�HQUROO�SDWLHQWV�ZKR�DUH�QRW�UHSUHVHQWDWLYH�RI�D�EURDGHU�SRSXODWLRQ��7R
DGGUHVV�WKHVH�OLPLWDWLRQV��ZH�FRQVLGHU�WKH�FRPSUHKHQVLYH�FRKRUW�VWXG\��&&6��GHVLJQ��ZKHUH
FOLQLFDOO\�HOLJLEOH�SDWLHQWV�DUH�ILUVW�DVNHG�WR�HQUROO�LQ�DQ�5&7��DQG�LI�WKH\�GHFOLQH��DUH�DVNHG�WR
SDUWLFLSDQW�LQ�D�SDUDOOHO�REVHUYDWLRQDO�VWXG\��'DWD�RQ�EDVHOLQH�FRYDULDWHV��WUHDWPHQWV�DQG�RXWFRPHV
DUH�FROOHFWHG�RQ�DOO�SDWLHQWV��,Q�WKLV�SDSHU��ZH�SUHVHQW�D�PHWKRGRORJLFDO�IUDPHZRUN�IRU�HVWLPDWLQJ
WKH�FRPSUHKHQVLYH�FRKRUW�FDXVDO�HIIHFW��&&&(��v�WKH�GLIIHUHQFH�LQ�PHDQ�SRWHQWLDO�RXWFRPHV�KDG�DOO
SDWLHQWV�LQ�WKH�&&6�UHFHLYHG�WUHDWPHQW�$�YV��WUHDWPHQW�%��LQ�WKH�SUHVHQFH�RI�XQPHDVXUHG
FRQIRXQGLQJ�LQ�WKH�REVHUYDWLRQDO�DUP��KDQGOHG�YLD�VHQVLWLYLW\�DQDO\VLV��DQG�RXWFRPH�PLVVLQJQHVV
�DVVXPHG�WR�EH�PLVVLQJ�DW�UDQGRP���:H�DSSO\�RXU�PHWKRGV�WR�WKH�72,%�VWXG\��D�&&6�WR�GHWHUPLQH
WKH�HIIHFW�RI�WRSLFDO�YHUVXV�RUDO�QRQ�VWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV��16$,'V��LQ�PDQDJLQJ�NQHH
SDLQ�DPRQJ�ROGHU�DGXOWV�ZLWK�FKURQLF�NQHH�SDLQ��:H�DOVR�FRQGXFW�D�VLPXODWLRQ�WR�HYDOXDWH�WKH
SHUIRUPDQFH�RI�RXU�DSSURDFK�
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6HQVLWLYLW\�$QDO\VLV

,GHQWLILFDWLRQ�/LPLWV�RI�3UR[LPDO�,QIHUHQFH��6KDUS�&ORVHG�)RUP�%RXQGV�*XLOKHUPH�'XDUWH

*XLOKHUPH�'XDUWH�

3UR[LPDO�FDXVDO�LQIHUHQFH�H[SORLWV�SUR[\�YDULDEOHV�WR�DGGUHVV�XQREVHUYHG�FRQIRXQGLQJ��EXW�H[LVWLQJ
UHVXOWV�ODUJHO\�IRFXV�RQ�SRLQW�LGHQWLILFDWLRQ�XQGHU�VWURQJ�FRPSOHWHQHVV�RU�IXQFWLRQDO�DVVXPSWLRQV�
7KLV�SDSHU�VWXGLHV�WKH�LGHQWLILFDWLRQ�OLPLWV�RI�SUR[LPDO�LQIHUHQFH�ZKHQ�RQO\�D�XQLTXH�SUR[\�LV
DYDLODEOH�DQG�VKRZV�WKDW��LQ�WKLV�VHWWLQJ��WKH�DYHUDJH�WUHDWPHQW�HIIHFW��$7(��LV�JHQHUDOO\�SDUWLDOO\
LGHQWLILHG��:H�GHULYH�WKH�ILUVW�VKDUS�ERXQGV�IRU�WKH�$7(�LQ�WKLV�FODVV�RI�SUR[LPDO�PRGHOV�DQG�VKRZ
WKDW�WKH�ERXQGV�DGPLW�FORVHG�IRUP�H[SUHVVLRQV��6KDUSQHVV�LV�HVWDEOLVKHG�E\�H[SOLFLWO\�FKDUDFWHUL]LQJ
DOO�REVHUYDWLRQDOO\�HTXLYDOHQW�GDWD�JHQHUDWLQJ�SURFHVVHV�FRQVLVWHQW�ZLWK�WKH�SUR[LPDO�DVVXPSWLRQV�
7KH�DQDO\VLV�UHYHDOV�WKDW�WKH�LGHQWLILHG�VHW�DULVHV�IURP�VODFNQHVV�LQ�DQ�DVVRFLDWHG�FXELF�SURJUDP�
SURYLGLQJ�D�WUDQVSDUHQW�JHRPHWULF�LQWHUSUHWDWLRQ�RI�WKH�IDLOXUH�RI�SRLQW�LGHQWLILFDWLRQ��:H�IXUWKHU
FKDUDFWHUL]H�WKH�PDJQLWXGH�RI�WKH�ELDV�LQGXFHG�E\�DGMXVWLQJ�IRU�SUR[LHV�UDWKHU�WKDQ�WKH�ODWHQW
FRQIRXQGHU�LWVHOI��WKHUHE\�TXDQWLI\LQJ�WKH�OLPLWV�RI�SUR[\�EDVHG�DGMXVWPHQW��7KHVH�UHVXOWV�FODULI\�WKH
LQIRUPDWLRQDO�FRQWHQW�RI�SUR[LPDO�DVVXPSWLRQV�DQG�SRVLWLRQ�SDUWLDO�LGHQWLILFDWLRQ�DV�DQ�LQKHUHQW
IHDWXUH�RI�SUR[LPDO�FDXVDO�LQIHUHQFH�ZLWK�OLPLWHG�SUR[\�LQIRUPDWLRQ�
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6HQVLWLYLW\�$QDO\VLV

8VLQJ�ODUJH�ODQJXDJH�PRGHOV�IRU�VHQVLWLYLW\�DQDO\VLV�LQ�FDXVDO�LQIHUHQFH��FDVHV�VWXGLHV�RQ
&RUQILHOG�LQHTXDOLWLHV�DQG�(�YDOXHV�4LQJ\DQ�;LDQJ
�4LQJ\DQ�;LDQJ��-LDKDR�=KDQJ��%RMLDQ�)HQJ�

8QPHDVXUHG�FRQIRXQGLQJ�LV�D�FHQWUDO�FKDOOHQJH�LQ�FDXVDO�LQIHUHQFH�IURP�REVHUYDWLRQDO�VWXGLHV�
6HQVLWLYLW\�DQDO\VLV�PHWKRGV�VXFK�DV�&RUQILHOG�LQHTXDOLWLHV�DQG�(�YDOXHV�DVVHVV�UREXVWQHVV�WR
XQPHDVXUHG�FRQIRXQGLQJ��EXW�DUH�RIWHQ�GLIILFXOW�IRU�LQWHUGLVFLSOLQDU\�UHVHDUFKHUV�WR�FRPSXWH�DQG
LQWHUSUHW��5HFHQW�DGYDQFHV�LQ�ODUJH�ODQJXDJH�PRGHOV��//0V��RIIHU�DFFHVVLEOH�WRROV�WR�VXSSRUW
VHQVLWLYLW\�DQDO\VHV��\HW�WKHLU�UHOLDELOLW\�KDV�QRW�EHHQ�HYDOXDWHG��:H�DVVHVV�IRXU�//0V��&KDW*37�
&ODXGH��'HHS6HHN��DQG�*HPLQL��XVLQJ�FDVH�VWXGLHV�IURP�VPRNLQJ��EDFN�SDLQ��$O]KHLPHUyV�GLVHDVH�
DQG�HQYLURQPHQWDO�KHDOWK�UHVHDUFK��3HUIRUPDQFH�LV�HYDOXDWHG�E\�����(�YDOXH�FDOFXODWLRQ�DFFXUDF\�
����TXDOLWDWLYH�LQWHUSUHWDWLRQ�RI�UREXVWQHVV�WR�XQPHDVXUHG�FRQIRXQGLQJ��DQG�����LGHQWLILFDWLRQ�RI
SODXVLEOH�XQPHDVXUHG�FRQIRXQGHUV��&KDW*37��&ODXGH��DQG�*HPLQL�DFFXUDWHO\�UHSURGXFH�UHSRUWHG�(�
YDOXHV��ZKHUHDV�'HHS6HHN�VKRZV�VPDOO�ELDVHV��$OO�PRGHOV�JHQHUDWH�FRQFOXVLRQV�FRQVLVWHQW�ZLWK
HIIHFW�VL]HV�DQG�LGHQWLI\�ELRORJLFDOO\�SODXVLEOH�XQPHDVXUHG�FRQIRXQGHUV��7R�RXU�NQRZOHGJH��WKLV�LV
WKH�ILUVW�ZRUN�XVLQJ�FDVHV�VWXGLHV�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�//0V�RQ�VHQVLWLYLW\�DQDO\VLV��7KH
UHVXOWV�VXJJHVW�WKDW�VWUXFWXUHG�SURPSWLQJ�HQDEOHV�//0V�WR�VXSSRUW�VHQVLWLYLW\�DQDO\VLV��ZKLFK�FDQ
IUXWKHU�LQIRUP�UHVHDUFKHUV�WR�LPSURYH�WKHLU�VWXG\�GHVLJQ�DQG�GHFLVLRQ�PDNLQJ�LQ�REVHUYDWLRQDO
VWXGLHV�
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6HQVLWLYLW\�$QDO\VLV

,QIHUHQWLDO�LPSDFWV�RI�VSDWLDO�FRQIRXQGLQJ�LQ�QDWLRQDO�VFDOH�DLU�SROOXWLRQ�KHDOWK�DQDO\VHV
-DPHV�&HOL�.LWFK
�-DPHV�&HOL�.LWFK��6RSKLH�:RRGZDUG��'DQLHOOH�%UDXQ��0LFKHOOH�%HOO��)UDQFHVFD
'RPLQLFL��'DQLHO�0RUN�

2EMHFWLYH��7KH�KHDOWK�EXUGHQ�DWWULEXWDEOH�WR�$O]KHLPHUyV�GLVHDVH�DQG�UHODWHG�GHPHQWLDV��$'5'��LV
H[SHFWHG�WR�LQFUHDVH�VXEVWDQWLDOO\�LQ�WKH�FRPLQJ�GHFDGHV��0LWLJDWLQJ�WKLV�LQFUHDVH�UHTXLUHV
XQGHUVWDQGLQJ�IDFWRUV�WKDW�LQIOXHQFH�$'5'�SURJUHVVLRQ��DQG�UHFHQW�QDWLRQDO�VFDOH�VWXGLHV�KDYH
EHJXQ�WR�DGGUHVV�WKLV��+RZHYHU��H[LVWLQJ�DSSURDFKHV�GR�QRW�VXIILFLHQWO\�LQFRUSRUDWH�VSDWLDO
LQIRUPDWLRQ�WR�DGGUHVV�XQREVHUYHG�VSDWLDO�FRQIRXQGLQJ��'LIILFXOWLHV�LQ�GHYHORSLQJ�UHDOLVWLF�VLPXODWLRQ
VWXGLHV�IXUWKHU�FRPSOLFDWH�HYDOXDWLRQ�RI�LQIHUHQWLDO�LPSDFWV�IURP�XQREVHUYHG�VSDWLDO�FRQIRXQGLQJ�

0HWKRGV��:H�OHYHUDJH�D�QRYHO�FDXVDO�LQIHUHQFH�EHQFKPDUNLQJ�WRRO�WR�JHQHUDWH�VHPL�V\QWKHWLF
GDWDVHWV�IURP�UHDO��QDWLRQZLGH�KHDOWK�GDWD��2Q�WKLV�GDWD��ZH�HYDOXDWH�VHYHQ�VWDWLVWLFDO�PRGHOV�LQ
WKHLU�DELOLW\�WR�HVWLPDWH�WKH�([SRVXUH�5HVSRQVH�&XUYH��(5&��EHWZHHQ�ILQH�SDUWLFXODWH�PDWWHU
�30�����H[SRVXUH�DQG�$'5'�UHODWHG�KRVSLWDOL]DWLRQV��PHDVXULQJ�PRGHO�ELDV�DQG�FRYHUDJH�RI�WKH�WUXH
(5&��:H�DVVHVV�WKH�LPSDFW�RI�VSDWLDO�IHDWXUHV�E\�PDVNLQJ�VSDWLDOO\�DXWRFRUUHODWHG�YDULDEOHV�
HPXODWLQJ�VHWWLQJV�RI�XQREVHUYHG�VSDWLDO�FRQIRXQGLQJ�

5HVXOWV��0RGHOV�WKDW�FRQVLGHU�VSDWLDO�SUR[LPLW\�DUH�PRUH�UREXVW�WR�XQREVHUYHG�VSDWLDO�FRQIRXQGLQJ�
VXSSRUWLQJ�LQFUHDVHG�XVH�LQ�QDWLRQDO�VFDOH�HSLGHPLRORJ\�VWXGLHV��:H�DOVR�ILQG�WKDW�FRPPRQO\�XVHG
LQIHUHQWLDO�SURFHGXUHV��VXFK�DV�DQ�P�RXW�RI�Q�EORFN�ERRWVWUDS��DUH�LQVXIILFLHQW�IRU�VSDWLDO
FRQIRXQGLQJ��)LQDOO\��ZH�DSSO\�WKHVH�PHWKRGV�WR�HVWLPDWH�WKH�30���v$'5'�UHODWLRQVKLS�LQ�0HGLFDUH
GDWD�
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6HQVLWLYLW\�$QDO\VLV

%RXQGLQJ�'LVSDULWLHV�XQGHU�6HOHFWLYH�5HSRUWLQJ�(OVD�3DOXPER
�(OVD�3DOXPER��(GZDUG�.HQQHG\�
/HDK�-DFREV�

8QGHUVWDQGLQJ�GLVSDULWLHV�LQ�RXWFRPHV�DFURVV�VXESRSXODWLRQV�LV�D�FHQWUDO�SUREOHP�LQ�WKH�VRFLDO
VFLHQFHV��+RZHYHU��DFFXUDWHO\�TXDQWLI\LQJ�WKH�PDJQLWXGH�RI�D�GLVSDULW\�LV�FKDOOHQJLQJ�ZKHQ�WKH
REVHUYHG�GDWD�DUH�XQUHSUHVHQWDWLYH��7KH�FDVH�RI�VHOHFWLYH�UHSRUWLQJ�LV�HVSHFLDOO\�GLIILFXOW��VLQFH
VWDQGDUG�ELDVHG�VDPSOLQJ�WRROV�GR�QRW�DSSO\��,Q�WKLV�SDSHU��ZH�GHYHORS�D�QRQSDUDPHWULF�VHQVLWLYLW\
PRGHO�WR�DGGUHVV�WKLV�FKDOOHQJH��:H�GHULYH�WLJKW�ERXQGV�RQ�WKH�FRQGLWLRQDO�PHDQ�RXWFRPH�IRU�HDFK
WUHDWPHQW�JURXS�DQG��IURP�WKRVH��ERXQGV�RQ�WKH�FRYDULDWH�DGMXVWHG�PHDQ�RXWFRPH�DV�ZHOO��8VLQJ
WKLV�UHVXOW��ZH�SURYLGH�GRXEO\�UREXVW�HVWLPDWRUV�IRU�WKH�FRYDULDWH�DGMXVWHG�ERXQGV��DVVXPLQJ�WKH
PDUJLQ�FRQGLWLRQ�LQ�RUGHU�WR�KDQGOH�WKH�QRQ�VPRRWKQHVV�RI�RXU�WDUJHW�SDUDPHWHUV��)LQDOO\��ZH
LPSOHPHQW�RXU�VHQVLWLYLW\�DQDO\VLV�IUDPHZRUN�RQ�WUDIILF�VWRS�GDWD�IURP�WKH�5DFLDO�DQG�,GHQWLW\
3URILOLQJ�$FW��5,3$���ERXQGLQJ�WKH�UHODWLYH�ULVN�RI�SROLFH�XVH�RI�IRUFH�DJDLQVW�FLYLOLDQV�ZLWK�DQG
ZLWKRXW�SHUFHLYHG�PHQWDO�LOOQHVV��$W����PLVVLQJ�UHFRUGV��ZH�SUHGLFW�D�WKUHH�WR�IRXU�WLPHV�KLJKHU�ULVN
IRU�WKRVH�ZLWK�SHUFHLYHG�PHQWDO�LOOQHVV��7KH�H[LVWHQFH�RI�D�GLVSDULW\�LV�UREXVW�WR�VXEVWDQWLDO
PLVVLQJQHVV��DOORZLQJ�XS�WR�����XQUHFRUGHG�WUDIILF�VWRSV�
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6HQVLWLYLW\�$QDO\VLV

&RYDULDWH�0HDVXUHPHQW�(UURUV�DV�$Q�2PLWWHG�9DULDEOH�%LDV�3UREOHP�0LQK�'X\�3KDP
�0LQK
'X\�3KDP��&KDG�+D]OHWW�

$�QHFHVVDU\�EXW�UDUHO\�VWDWHG�DVVXPSWLRQ�LQ�FDXVDO�LQIHUHQFH�LV�WKDW�DOO�YDULDEOHV��HVSHFLDOO\�WKH
FRYDULDWHV�ZH�FRQGLWLRQ�RQ�WR�LGHQWLI\�WKH�FDXVDO�HIIHFWV��DUH�PHDVXUHG�ZLWKRXW�HUURU��+RZHYHU��LQ
UHDOLW\��PHDVXUHPHQW�HUURUV�DUH�HQGHPLF��DQG�ZH�RIWHQ�DGMXVW�IRU�HUURU�SURQH�SUR[LHV�RU
PHDVXUHPHQWV�RI�WKH�WUXH�FRQIRXQGHUV�LQVWHDG��,Q�WKLV�ZRUN��ZH�DSSURDFK�WKH�SUREOHPV�RI�FRYDULDWH
PHDVXUHPHQW�HUURUV�DV�RQH�RI�UHVLGXDO�XQPHDVXUHG�FRQIRXQGLQJ��FRQGLWLRQLQJ�RQ�DQ�HUURU�SURQH
SUR[\�RI�D�FRQIRXQGHU�ZLOO�PRVW�OLNHO\�QRW�IXOO\�DGMXVW�IRU�LWV�FRQIRXQGLQJ�HIIHFWV�RQ�WKH�WUHDWPHQW
DQG�WKH�RXWFRPH��OHDYLQJ��D�SRUWLRQ�RI��LW�XQREVHUYHG��,I�VR��KRZ�XQUHOLDEOH�PXVW�RXU�PHDVXUHPHQWV
EH�IRU�WKH�UHVLGXDO�FRQIRXQGLQJ�WR�UXLQ�RXU�WUHDWPHQW�HIIHFW�HVWLPDWHV"�:H�H[WHQG�DQG
UHSDUDPHWHUL]H�WKH�RPLWWHG�YDULDEOH�ELDV�DSSURDFK�LQ�&LQHOOL�DQG�+D]OHWW��������WR�GHVFULEH�KRZ
PHDVXUHPHQW��XQ�UHOLDELOLW\�LQIOXHQFHV�WKH�ELDV�LQ�DQ�LQWXLWLYH�DQG�LQWHUSUHWDEOH�PDQQHU��,Q�GRLQJ�VR�
ZH�KLJKOLJKW�WKH�PHULWV�RI�DQG�UHFRPPHQG�D�QRYHO�DSSURDFK�RI�DSSO\LQJ�VHQVLWLYLW\�DQDO\VLV�WR
FRYDULDWH�PHDVXUHPHQW�HUURU�SUREOHPV�
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:HLJKWLQJ

*HQHUDOL]HG�(QWURS\�&DOLEUDWLRQ�IRU�,QIHUHQFH�ZLWK�3DUWLDOO\�2EVHUYHG�'DWD��$�8QLILHG
)UDPHZRUN�0VW�0RXVKXPL�3HUYLQ
�0VW�0RXVKXPL�3HUYLQ��+HQJIDQJ�:DQJ��-DH�.ZDQJ�.LP�

0LVVLQJ�GDWD�LV�DQ�XQLYHUVDO�SUREOHP�LQ�VWDWLVWLFV��:H�GHYHORS�D�XQLILHG�IUDPH�
ZRUN�IRU�HVWLPDWLQJ�SDUDPHWHUV�GHILQHG�E\�JHQHUDO�HVWLPDWLQJ�HTXDWLRQV�XQGHU�D
PLVVLQJ�DW�UDQGRP��0$5��PHFKDQLVP��EDVHG�RQ�JHQHUDOL]HG�HQWURS\�FDOLEUDWLRQ
ZHLJKWLQJ��:H�FRQVWUXFW�ZHLJKWV�E\�PLQLPL]LQJ�D�FRQYH[�HQWURS\�VXEMHFW�WR��L��EDO�
DQFLQJ�FRQVWUDLQWV�RQ�D�GDWD�DGDSWLYH�FDOLEUDWLRQ�IXQFWLRQ��HVWLPDWHG�XVLQJ�IOH[LEOH
PDFKLQH�OHDUQLQJ�SUHGLFWRUV�ZLWK�FURVV�ILWWLQJ��DQG��LL��D�GHELDVLQJ�FRQVWUDLQW�LQYROY�
LQJ�WKH�ILWWHG�SURSHQVLW\�VFRUH��36��PRGHO��7KH�UHVXOWLQJ�HVWLPDWRU�LV�GRXEO\�UREXVW�
UHPDLQLQJ�FRQVLVWHQW�LI�HLWKHU�WKH�RXWFRPH�UHJUHVVLRQ��25��RU�WKH�36�PRGHO�LV�FRU�
UHFWO\�VSHFLILHG��DQG�DWWDLQV�WKH�VHPLSDUDPHWULF�HIILFLHQF\�ERXQG�ZKHQ�ERWK�PRGHOV
DUH�FRUUHFWO\�VSHFLILHG��2XU�IRUPXODWLRQ�HQFRPSDVVHV�FODVVLFDO�LQYHUVH�SUREDELOLW\
ZHLJKWLQJ��,3:��DQG�DXJPHQWHG�,3:��$,3:��DV�VSHFLDO�FDVHV�DQG�DFFRPPRGDWHV
D�EURDG�FODVV�RI�HQWURS\�IXQFWLRQV��:H�LOOXVWUDWH�WKH�YHUVDWLOLW\�RI�WKH�DSSURDFK�LQ
WKUHH�LPSRUWDQW�VHWWLQJV��VHPL�VXSHUYLVHG�OHDUQLQJ�ZLWK�XQODEHOHG�RXWFRPHV��UHJUHV�
VLRQ�DQDO\VLV�ZLWK�PLVVLQJ�FRYDULDWHV��DQG�FDXVDO�HIIHFW�HVWLPDWLRQ�LQ�REVHUYDWLRQDO
VWXGLHV��([WHQVLYH�VLPXODWLRQ�VWXGLHV�DQG�UHDO�GDWD�DSSOLFDWLRQV�GHPRQVWUDWH�WKDW
WKH�SURSRVHG�HVWLPDWRUV�DFKLHYH�JUHDWHU�HIILFLHQF\�DQG�QXPHULFDO�VWDELOLW\�WKDQ�H[LVW�
LQJ�PHWKRGV��,Q�SDUWLFXODU��WKH�SURSRVHG�HVWLPDWRU�RXWSHUIRUPV�WKH�FODVVLFDO�$,3:
HVWLPDWRU�XQGHU�WKH�25�PRGHO�PLVVSHFLILFDWLRQ�
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$SSOLFDQWV�LQ�6RFLDO�6FLHQFHV

7KH�&DXVDO�(IIHFW�RI�9RODWLOLW\��(VWLPDWLRQ�E\�0DUJLQDO�6WUXFWXUDO�0RGHOV�,DQ�/XQGEHUJ
�,DQ
/XQGEHUJ��1DQXP�-HRQ��+DR�/LDQJ�

:H�DSSO\�PDUJLQDO�VWUXFWXUDO�PRGHOV�WR�D�VRFLDO�VFLHQFH�TXHVWLRQ�DERXW�WKH�FDXVDO�HIIHFW�RI�HFRQRPLF
YRODWLOLW\��2XU�TXHVWLRQ�LV�PRWLYDWHG�E\�VRFLDO�VFLHQFH�OLWHUDWXUH�VKRZLQJ�D�PDMRU�VKLIW�LQ�WKH�8�6�
ODERU�PDUNHW��:KLOH�LW�ZDV�KLVWRULFDOO\�FRPPRQ�IRU�D�8�6��ZRUNHU�WR�H[SHULHQFH�D�ORQJ�WHUP��VWDEOH
FDUHHUV�ZLWK�D�VLQJOH�HPSOR\HU��H�J��LQ�WKH�����V���WKH�ODERU�PDUNHW�H[SHULHQFHV�RI�SUHVHQW�GD\
ZRUNHUV�DUH�PRUH�RIWHQ�FKDUDFWHUL]HG�E\�IUHTXHQW�MRE�FKDQJHV��7KXV�WKH�OLIH�FRXUVH�WUDMHFWRU\�RI
HFRQRPLF�ZHOO�EHLQJ�RIWHQ�LQYROYHV�PRUH�ULVHV�DQG�IDOOV�WRGD\�WKDQ�LQ�WKH�SDVW��:H�ZRXOG�OLNH�WR
XQGHUVWDQG�KRZ�HFRQRPLF�YRODWLOLW\�DW�DJHV���v���DIIHFWV�WKH�SUREDELOLW\�RI�EHLQJ�PDUULHG�DW�DJH����
%HFDXVH�YRODWLOLW\�LV�D�WUHDWPHQW�WKDW�XQIROGV�DFURVV�WLPH�SHULRGV��ZH�XVH�PDUJLQDO�VWUXFWXUDO
PRGHOV��%XW�VWDQGDUG�060V�WKDW�IRFXV�RQ�WKH�FXPXODWLYH�WUHDWPHQW�FDQQRW�DQVZHU�RXU�DSSOLHG
TXHVWLRQ��D�WUDMHFWRU\�WKDW�ULVHV�DQG�IDOOV�UHSHDWHGO\�LV�PRUH�YRODWLOH�WKDQ�RQH�WKDW�LV�FRQVLVWHQWO\
DYHUDJH��HYHQ�WKRXJK�WKH�FXPXODWLYH�WUHDWPHQW�LV�WKH�VDPH��:H�WKHUHIRUH�JHQHUDOL]H�WKH�XVXDO
IXQFWLRQDO�IRUP�RI�060V�WR�GLUHFWO\�LQFRUSRUDWH�WKH�YRODWLOLW\�RI�WKH�WUHDWPHQW��PHDVXUHG�E\�D
VXPPDU\�RI�\HDU�WR�\HDU�FKDQJHV��:H�SURGXFH�HVWLPDWHV�XVLQJ�SDQHO�GDWD�RQ�D�SUREDELOLW\�VDPSOH�RI
8�6��DGXOWV��%URDGO\��RXU�VWXG\�LOOXVWUDWHV�RQH�H[DPSOH�ZKHUH�JHQHUDOL]DWLRQV�RI�FXPXODWLYH
WUHDWPHQW�060V�FDQ�EH�XVHIXO�LQ�D�QHZ�FODVV�RI�VRFLDO�VFLHQFH�DSSOLFDWLRQV�
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$SSOLFDQWV�LQ�6RFLDO�6FLHQFHV

$�%D\HVLDQ�6WDWH�6SDFH�$SSURDFK�ZLWK�'\QDPLF�&RYDULDWHV�IRU�'LVHQWDQJOLQJ�$QWLFLSDWRU\
DQG�,QWHUYHQWLRQ�(IIHFWV�'DPLDQR�%DOGDFFLQL
�'DPLDQR�%DOGDFFLQL��$OHVVDQGUD�0DWWHL��)LDPPHWWD
0HQFKHWWL�

(YDOXDWLQJ�SXEOLF�SROLFLHV�LV�SDUWLFXODUO\�FKDOOHQJLQJ�ZKHQ�WKHLU�QDWLRQZLGH�VFRSH�SUHFOXGHV�WKH
H[LVWHQFH�RI�D�VXLWDEOH�FRQWURO�JURXS�DQG�ZKHQ�DGYDQFH�DQQRXQFHPHQWV�JHQHUDWH�DQWLFLSDWRU\
HIIHFWV�WKDW�PXVW�EH�GLVHQWDQJOHG�IURP�WKH�HIIHFWV�RI�WKH�SROLF\�LWVHOI��:H�DGGUHVV�WKHVH�FKDOOHQJHV
ZLWKLQ�WKH�SRWHQWLDO�RXWFRPHV�IUDPHZRUN��:H�IRUPDOO\�GHILQH�WKH�FDXVDO�HVWLPDQGV�RI�LQWHUHVW�
H[SOLFLWO\�GLVWLQJXLVKLQJ�EHWZHHQ�WKH�HIIHFWV�RI�WKH�SROLF\�DQQRXQFHPHQW�DQG�WKRVH�RI�WKH�SROLF\
LPSOHPHQWDWLRQ��:H�WKHQ�LQWURGXFH�D�VHW�RI�LGHQWLI\LQJ�DVVXPSWLRQV�XQGHU�ZKLFK�WKHVH�FDXVDO�HIIHFWV
FDQ�EH�HVWLPDWHG�XVLQJ�D�%D\HVLDQ�VWDWH�VSDFH�PRGHO�WKDW�H[SORLWV�WKH�WLPH�VHULHV�VWUXFWXUH�RI�WKH
GDWD��7KH�SURSRVHG�PRGHO�LV�HVWLPDWHG�RYHU�WKH�IXOO�WLPH�KRUL]RQ�DQG�LQFRUSRUDWHV�D�G\QDPLF
WUHDWPHQW�YDULDEOH�WKDW�FDSWXUHV�WKH�H[RJHQRXV�VKRFNV�LQGXFHG�E\�ERWK�WKH�SROLF\�DQQRXQFHPHQW
DQG�WKH�VXEVHTXHQW�LQWHUYHQWLRQ��7KURXJK�D�VHULHV�RI�VLPXODWLRQ�VWXGLHV��ZH�DVVHVV�WKH�SHUIRUPDQFH
RI�RXU�DSSURDFK�DQG�FRPSDUH�LW�ZLWK�VWDQGDUG�FRXQWHUIDFWXDO�IRUHFDVWLQJ�PHWKRGV�IRU�FDXVDO
LQIHUHQFH�LQ�WKH�DEVHQFH�RI�D�FRQWURO�JURXS��)LQDOO\��ZH�DSSO\�WKH�SURSRVHG�PHWKRGRORJ\�WR�HYDOXDWH
DQ�,WDOLDQ�WUDQVSRUWDWLRQ�SROLF\�WKDW�LQFHQWLYHV�JUHHQ�YHKLFOHV�DQG�SHQDOL]HV�SROOXWLQJ�RQHV�
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$SSOLFDQWV�LQ�6RFLDO�6FLHQFHV

$�3ODWIRUP�IRU�3HUVRQDOL]HG�)LQDQFLDO�,QWHUYHQWLRQV�6LPRQ�6PLWK
�6LPRQ�6PLWK��%ULDQ�.QDHEOH�

&RQVXPHUV�VWUXJJOH�WR�PDNH�DQG�IROORZ�UHDOLVWLF�EXGJHWV��<HW�WUDGLWLRQDO�EXGJHWLQJ�SODWIRUPV��VXFK
DV�WKH�WRS����)RUEHVy�EXGJHWLQJ�DSSV�RI�������FDWHJRUL]H�H[SHQVHV�E\�YHQGRU��KLGLQJ�WKH�VSHFLILF
SURGXFWV�ZKLFK�PDNH�XS�WKH�WRWDO�FRVW��7KLV�SRVWHU�LQWURGXFHV�D�SODWIRUP�WR�WDFNOH�WKLV�RYHU�
JHQHUDOL]DWLRQ�E\�UHFRUGLQJ�H[SHQVHV�DW�WKH�SURGXFW�OHYHO��VFDQQLQJ�UHFHLSWV�DQG�VWRULQJ�LWHPL]HG
SURGXFW�DQG�SULFH�LQIRUPDWLRQ��7KH�SODWIRUPyV�SURGXFW�OHYHO�VFKHPD�KHOSV�FRQVXPHUV�PDNH�LQIRUPHG
ILQDQFLDO�GHFLVLRQV�DQG�SURYLGHV�GHWDLO�ULFK�LQSXW�IRU�WKH�GHYHORSPHQW�RI�FDXVDO�$,��9LVLWRUV�WR�WKLV
SRVWHU�FDQ�H[SHFW�WR�LQWHUDFW�ZLWK�WKH�WHFKQRORJ\�DQG�GLVFXVV�KRZ�LW�ILWV�LQWR�ODUJHU�PRGHOV�RI
FRQVXPHU�ILQDQFLDO�EHKDYLRU�
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$SSOLFDQWV�LQ�6RFLDO�6FLHQFHV

6XUURJDWH�5HSUHVHQWDWLRQ�,QIHUHQFH�IRU�7H[W�DQG�,PDJH�$QQRWDWLRQV�.HQWDUR�1DNDPXUD

.HQWDUR�1DNDPXUD�

$V�UHVHDUFKHUV�LQFUHDVLQJO\�UHO\�RQ�PDFKLQH�OHDUQLQJ�PRGHOV�DQG�//0V�WR�DQQRWDWH�XQVWUXFWXUHG
GDWD��VXFK�DV�WH[WV�RU�LPDJHV��YDULRXV�DSSURDFKHV�KDYH�EHHQ�SURSRVHG�WR�FRUUHFW�ELDV�LQ�GRZQVWUHDP
VWDWLVWLFDO�DQDO\VLV��+RZHYHU��H[LVWLQJ�PHWKRGV�WHQG�WR�\LHOG�ODUJH�VWDQGDUG�HUURUV�DQG�UHTXLUH�VRPH
HUURU�IUHH�KXPDQ�DQQRWDWLRQ��,Q�WKLV�SDSHU��,�LQWURGXFH�6XUURJDWH�5HSUHVHQWDWLRQ�,QIHUHQFH��65,��
ZKLFK�DVVXPHV�WKDW�XQVWUXFWXUHG�GDWD�IXOO\�PHGLDWH�WKH�UHODWLRQVKLS�EHWZHHQ�KXPDQ�DQQRWDWLRQV
DQG�VWUXFWXUHG�YDULDEOHV��7KH�DVVXPSWLRQ�LV�JXDUDQWHHG�E\�GHVLJQ�SURYLGHG�WKDW�KXPDQ�FRGHUV�UHO\
RQO\�RQ�XQVWUXFWXUHG�GDWD�IRU�DQQRWDWLRQ��8QGHU�WKLV�VHWWLQJ��,�SURSRVH�D�QHXUDO�QHWZRUN
DUFKLWHFWXUH�WKDW�OHDUQV�D�ORZ�GLPHQVLRQDO�UHSUHVHQWDWLRQ�RI�XQVWUXFWXUHG�GDWD�VXFK�WKDW�WKH
VXUURJDWH�DVVXPSWLRQ�UHPDLQV�WR�EH�VDWLVILHG��:KHQ�PXOWLSOH�KXPDQ�DQQRWDWLRQV�DUH�DYDLODEOH��65,
FDQ�EH�H[WHQGHG�WR�IXUWKHU�FRUUHFW�QRQ�GLIIHUHQWLDO�PHDVXUHPHQW�HUURUV�WKDW�PD\�H[LVW�LQ�KXPDQ
DQQRWDWLRQV��)RFXVLQJ�RQ�WH[W�DV�RXWFRPH�VHWWLQJV��,�IRUPDOO\�HVWDEOLVK�WKH�LGHQWLILFDWLRQ�FRQGLWLRQV
DQG�VHPLSDUDPHWULF�HIILFLHQW�HVWLPDWLRQ�VWUDWHJLHV�WKDW�HQDEOH�OHDUQLQJ�DQG�OHYHUDJLQJ�VXFK�D�ORZ�
GLPHQVLRQDO�UHSUHVHQWDWLRQ��6LPXODWLRQ�VWXGLHV�DQG�D�UHDO�ZRUOG�DSSOLFDWLRQ�GHPRQVWUDWH�WKDW�65,
UHGXFHV�VWDQGDUG�HUURUV�E\�RYHU�����ZKHQ�PDFKLQH�OHDUQLQJ�FODVVLILFDWLRQ�DFFXUDF\�LV�PRGHUDWH�DQG
SURYLGHV�YDOLG�LQIHUHQFH�HYHQ�ZKHQ�KXPDQ�DQQRWDWLRQV�FRQWDLQ�QRQ�GLIIHUHQWLDO�PHDVXUHPHQW�HUURUV�
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

7KH�6HOI�0DVNLQJ�0RGHO�IRU�,PSXWLQJ�0LVVLQJ�(OHFWURQLF�+HDOWK�5HFRUG�'DWD�<LGDQ�=KDQJ

<LGDQ�=KDQJ��(ULF�6OXG��5D]LHK�1DEL��'DQLHO�6FKDUIVWHLQ�

,Q�WKH�HDUO\�KRXUV�RI�DQ�HPHUJHQF\�GHSDUWPHQW�HQFRXQWHU��ODERUDWRU\�WHVWV�DUH�VHOHFWLYHO\�RUGHUHG
IRU�SDWLHQWV�ZKR�DUH�VXVSHFWHG�RI�KDYLQJ�DEQRUPDO�ILQGLQJV��$V�D�UHVXOW��ODERUDWRU\�PHDVXUHPHQWV
UHFRUGHG�LQ�WKH�HOHFWURQLF�KHDOWK�UHFRUG��(+5��DUH�RIWHQ�VXEMHFW�WR�LQIRUPDWLYH�PLVVLQJQHVV��VLQFH
WKH�DEVHQFH�RI�D�WHVW�PD\�LWVHOI�FRQYH\�FOLQLFDO�LQIRUPDWLRQ��7KLV�PLVVLQJ�QRW�DW�UDQGRP��01$5�
SURFHVV�SRVHV�VXEVWDQWLDO�FKDOOHQJHV�IRU�GRZQVWUHDP�DQDO\VHV�WKDW�UHTXLUH�FRPSOHWH�ODERUDWRU\
SURILOHV��7R�DGGUHVV�WKLV�SUREOHP��ZH�IRFXV�RQ�ELQDU\�ODERUDWRU\�YDULDEOHVFRGHG�DV�QRUPDO�DEQRUPDO
DQG�GHYHORS�D�PLVVLQJ�GDWD�LPSXWDWLRQ�VFKHPH�XQGHU�WKH�IROORZLQJDVVXPSWLRQV������WKH�SUREDELOLW\�D
ODERUDWRU\�YDOXH�LV�PLVVLQJ�GHSHQGV�RQO\�RQ�WKH�XQGHUO\LQJ�SRVVLEO\�XQREVHUYHG��YDOXH�RI�WKDW
YDULDEOH��DQG�����WKH�MRLQW�GLVWULEXWLRQ�RI�ODERUDWRU\�UHVXOWVDULVHV�IURP�D�ODWHQW�PXOWLYDULDWH�SURELW
PRGHO��ZKLFK�FDSWXUHV�GHSHQGHQFH�DFURVV�ODERUDWRULHVWKURXJK�FRUUHODWHG�ODWHQW�*DXVVLDQ�YDULDEOHV�
:H�HVWLPDWH�WKH�PRGHO�SDUDPHWHUV�XVLQJ�DQ�(0�DOJRULWKP�DSSOLHG�WR�D�SDLUZLVH�FRPSRVLWH�OLNHOLKRRG
DQG�WKHQ�LPSXWH�WKH�PLVVLQJ�ODERUDWRU\�YDOXHV�YLD�0&0&�VDPSOLQJ�ZLWK�DGDSWLYH�WXQLQJ��:H
LOOXVWUDWH�WKH�SURSRVHG�PHWKRG�XVLQJ�(+5�GDWD�IURP�D�FRKRUW�RI�SDWLHQWV�ZLWK�VXVSHFWHG�VHSVLV
SUHVHQWLQJ�WR�HPHUJHQF\�GHSDUWPHQWV�ZLWKLQ�WKH�,QWHUPRXQWDLQ�+HDOWKFDUH�V\VWHP�
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

$�3URWRFRO�IRU�&RPSDULQJ�WKH�&DXVDO�,PSDFW�RI�3UH��DQG�3HULQDWDO�)DFWRUV�RQ�$XWLVP�5DFKHO
+DQJHU
�5DFKHO�+DQJHU��$P\�&RFKUDQ��2OLYLD�3RNRVNL��6DUDK�)XUQLHU��0DXUHHQ�'XUNLQ��&DPDUD
*UHJRU\��'DGLW�+LGD\DW�

2YHU�WKH�SDVW�VHYHUDO�GHFDGHV��DXWLVP�KDV�EHHQ�SXVKHG�WR�WKH�IRUHIURQW�RI�WKH�PHGLFDO�]HLWJHLVW�
5HFHQW�JRYHUQPHQW�SROLF\�HPSKDVL]HV�LGHQWLILFDWLRQ�RI�FRQWULEXWLQJ�IDFWRUV�WR�DXWLVP�WKURXJK�HIIRUWV
VXFK�DV�WKH�$XWLVP�&$5(6�$FW�RI�������+RZHYHU��LW�LV�ERWK�KDUG�WR�LGHQWLI\�VXFK�IDFWRUV�DQG
PHDVXUH�WKHLU�LPSDFW�GXH�WR�OLPLWDWLRQV�RI�REVHUYDWLRQDO�VWXGLHV��$Q�DXWLVWLF�FKLOG�FDQQRW�KDYH�D
SHULQDWDO�IDFWRU�UHWURDFWLYHO\�FKDQJHG�DQG�WKHQ�EH�UHHYDOXDWHG�IRU�DXWLVP��,Q�WKLV�ZRUN��ZH�SUHVHQW�D
SURWRFRO�IRU�DQDO\]LQJ�FDVH�FRQWURO�GDWD�IURP�D�PXOWL�VLWH�VWXG\�RI�DXWLVP��:H�XVH�%D\HVLDQ�$GGLWLYH
5HJUHVVLRQ�7UHHV��%$57V��WR�FDOFXODWH�WZR�LPSRUWDQW�PHWULFV�IRU�FDQGLGDWH�SUH��DQG�SHULQDWDO
IDFWRUV��WKH�LQGLYLGXDO�FDXVDO�UHODWLYH�ULVN��WKH�UHODWLYH�FKDQJH�LQ�DQ�LQGLYLGXDOyV�FKDQFH�RI�KDYLQJ
DXWLVP�LI�RQH�IDFWRUyV�YDOXH�LV�FKDQJHG��DQG�WKH�SRSXODWLRQ�FDXVDO�UHODWLYH�ULVN��WKH�UHODWLYH�FKDQJH
LQ�WKH�SUHYDOHQFH�RI�DXWLVP�LQ�JHQHUDO�LI�WKH�HQWLUH�SRSXODWLRQ�KDG�WKH�VDPH�IDFWRU�YDOXH�FKDQJHG��
:H�FDUHIXOO\�MXVWLI\�WKH�DVVXPSWLRQV�UHTXLUHG�WR�LGHQWLI\�WKHVH�FDXVDO�HIIHFWV�IURP�FDVH�FRQWURO�GDWD�
,Q�DGGLWLRQ��ZH�GHVFULEH�KRZ�WR�EXLOG�RQ�WKHVH�DQDO\VHV�VR�WKDW�ZH�FDQ�DWWULEXWH�VSHFLILF�SHUFHQWDJHV
RI�WKH�OLNHOLKRRG�RI�KDYLQJ�DXWLVP�WR�HDFK�IDFWRU�LQ�ERWK�LQGLYLGXDOL]HG�DQG�JHQHUDOL]HG�SXEOLF�KHDOWK
FRQWH[WV��DQG�SUHVHQW�D�JXLGHOLQH�IRU�IXWXUH�DSSOLFDWLRQV�DQG�DQDO\VHV��PHGLFDO�RU�QRW�
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

,GHQWLI\LQJ�0LVUHSRUWLQJ�5DWHV�LQ�WKH�$EVHQFH�RI�*URXQG�7UXWK�'DWD�'\ODQ�=DS]DOND
�'\ODQ
=DS]DOND��0XVNDDQ�0LWWDO��-HQQD�:LHQV��0DJJLH�0DNDU�

6WUDWHJLF�DJHQWV�DUH�RIWHQ�LQFHQWLYL]HG�WR�PLVUHSRUW�WKHLU�IHDWXUHV�WR�REWDLQ�IDYRUDEOH�RXWFRPHV�IURP
PDFKLQH�OHDUQLQJ�PRGHOV��:KLOH�SULRU�UHVHDUFK�XWLOL]HV�FDXVDO�LQIHUHQFH�WR�HVWLPDWH�PLVUHSRUWLQJ
UDWHV�IRU�ELQDU\�IHDWXUHV��WKHVH�H[LVWLQJ�PHWKRGV�UHO\�RQ�WKH�UHVWULFWLYH�DVVXPSWLRQ�RI�KDYLQJ�DFFHVV
WR�D�JURXQG�WUXWK�GDWDVHW��,Q�WKLV�ZRUN��ZH�UHOD[�WKLV�UHTXLUHPHQW�E\�OHYHUDJLQJ�WZR�GDWDVHWV�ZLWK
GLUHFWLRQDO�PLVUHSRUWLQJ��RQH�ZKHUH�DJHQWV�PLVUHSRUW�IHDWXUHV�LQ�RQO\�RQH�GLUHFWLRQ��DQG�DQRWKHU
ZKHUH�WKH\�RQO\�PLVUHSRUW�LQ�WKH�RSSRVLWH�GLUHFWLRQ��:H�JLYH�WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH
PLVUHSRUWLQJ�UDWH�LV�LGHQWLILDEOH�XVLQJ�FDXVDO�HIIHFW�HVWLPDWLRQ�E\�LQWHJUDWLQJ�WKHVH�WZR
FRPSOHPHQWDU\�GDWD�VRXUFHV��)RU�VFHQDULRV�ZKHUH�H[DFW�LGHQWLILFDWLRQ�LV�QRW�SRVVLEOH��ZH�SURYLGH
VHQVLWLYLW\�DQDO\VLV�ERXQGV�IRU�WKH�PLVUHSRUWLQJ�UDWH��)LQDOO\��ZH�HPSLULFDOO\�YDOLGDWH�RXU�WKHRUHWLFDO
ILQGLQJV�XVLQJ�ERWK�VHPL�V\QWKHWLF�GDWD�DQG�D�UHDO�ZRUOG�0HGLFDUH�GDWDVHW��GHPRQVWUDWLQJ�WKH
SUDFWLFDO�XWLOLW\�RI�RXU�PHWKRG�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF �������

���� 3�

$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

+DQGOLQJ�,QIRUPDWLYH�0LVVLQJ�'DWD�LQ�(OHFWURQLF�+HDOWK�5HFRUGV��,PSXWDWLRQ�ZLWK�WKH
6HPLSDUDPHWULF�*DXVVLDQ�&RSXOD�0RGHO�<RQJMXQ�/HH
�<RQJMXQ�/HH��$QQD�*XR��'DQLHO
6FKDUIVWHLQ��5D]LHK�1DEL�

(PXODWLQJ�D�FOLQLFDO�WULDO�EDVHG�RQ�HOHFWURQLF�KHDOWK�UHFRUGV�UHTXLUHV�FDUHIXO�DGMXVWPHQW�IRU�SUH�
WUHDWPHQW�FRQIRXQGHUV��+RZHYHU��WKHVH�YDULDEOHV�DUH�RIWHQ�VXEMHFW�WR�LQIRUPDWLYH�PLVVLQJQHVV�
$VVXPSWLRQV�DERXW�PLVVLQJ�GDWD�DUH�XQWHVWDEOH�
0LVVLQJ�GDWD�GLUHFWHG�DF\FOLF�JUDSKV��P'$*V��SURYLGH�D�IUDPHZRUN�WR�UHSUHVHQW�WKHVH�DVVXPSWLRQV
DQG�FDQ�EH�XVHG�WR�HYDOXDWH�ZKHWKHU�WKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�WKH�PLVVLQJ�GDWD�JLYHQ�WKH
REVHUYHG�GDWD�LV�LGHQWLILHG��,I�LGHQWLILHG��WKLV�FRQGLWLRQDO�GLVWULEXWLRQ�FDQ�EH�XVHG�WR�LPSXWH�WKH
PLVVLQJ�GDWD�
,Q�WKLV�SDSHU��ZH�SURSRVH�D�QRYHO�LPSXWDWLRQ�IUDPHZRUN�EDVHG�RQ�WKH�6HPLSDUDPHWULF�*DXVVLDQ
&RSXOD�PRGHO��6*&0���EXLOW�RQ�D�ODWHQW�PXOWLYDULDWH�*DXVVLDQ�VWUXFWXUH�WKDW�LV�OLQNHG�WR�WKH
YDULDEOHV�RI�LQWHUHVW�WKURXJK�PRQRWRQLF�LQFUHDVLQJ�WUDQVIRUPDWLRQV�IRU�FRQWLQXRXV�YDULDEOHV�DQG�D
VHW�RI�FXW�SRLQWV�IRU�RUGHUHG�FDWHJRULFDO�YDULDEOHV�
:H�LOOXVWUDWH�RXU�DSSURDFK�WR�LPSXWH�PLVVLQJ�FRQIRXQGHUV�LQ�D�WDUJHW�WULDO�HPXODWLRQ�GHVLJQHG�WR
HYDOXDWH�WUHDWPHQWV�IRU�SDWLHQWV�ZLWK�QRQ�VPDOO�FHOO�OXQJ�FDQFHU�EDVHG�RQ�GDWD�IURP�WKH�)ODWLURQ
+HDOWK�HOHFWURQLF�KHDOWK�UHFRUGV�GDWDEDVH��:H�DOVR�FRQGXFW�D�VLPXODWLRQ�VWXG\�WR�LQYHVWLJDWH�WKH
SHUIRUPDQFH�RI�RXU�DSSURDFK�
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

&DXVDO�,QIHUHQFH�IRU�1RLV\�6HTXHQFH�&RXQW�'DWD�7LQJKXD�&KHQ
�7LQJKXD�&KHQ��-XVWLQ
6LOYHUPDQ�

0RGHUQ�VHTXHQFLQJ�WHFKQRORJLHV��LQFOXGLQJ�PLFURELRPH�SURILOLQJ��VLQJOH�FHOO�51$�VHTXHQFLQJ��DQG
EXON�JHQH�H[SUHVVLRQ�DVVD\V��JHQHUDWH�KLJK�GLPHQVLRQDO�FRXQW�GDWD�WKDW�VHUYH�DV�QRLV\��LQGLUHFW
PHDVXUHPHQWV�RI�ODWHQW�ELRORJLFDO�TXDQWLWLHV�VXFK�DV�PLFURELDO�DEXQGDQFH�RU�JHQH�H[SUHVVLRQ�
$QDO\VHV�RI�WKHVH�GDWD�DUH�FKDOOHQJHG�E\�FRPSRVLWLRQDO�FRQVWUDLQWV��VSDUVLW\��VDPSOLQJ�YDULDELOLW\�
DQG�SHUYDVLYH�FRQIRXQGLQJ��'HVSLWH�WKLV��H[LVWLQJ�FDXVDO�LQIHUHQFH�PHWKRGV�W\SLFDOO\�GHILQH�SRWHQWLDO
RXWFRPHV�RQ�WKH�REVHUYHG�FRXQW�VFDOH��HYHQ�WKRXJK�WUHDWPHQWV�DFW�RQ�ODWHQW�ELRORJLFDO�VWDWHV�UDWKHU
WKDQ�RQ�VWRFKDVWLF��WHFKQRORJ\�GHSHQGHQW�FRXQWV��UHVXOWLQJ�LQ�FDXVDO�HIIHFWV�WKDW�ODFN�FOHDU�ELRORJLFDO
LQWHUSUHWDWLRQ��:H�SURSRVH�D�FDXVDO�LQIHUHQFH�IUDPHZRUN�WKDW�H[SOLFLWO\�WDUJHWV�ODWHQW�SRWHQWLDO
RXWFRPHV�XQGHUO\LQJ�VHTXHQFLQJ�GDWD�E\�MRLQWO\�PRGHOLQJ�ODWHQW�ELRORJLFDO�TXDQWLWLHV�DQG�WKH
PHDVXUHPHQW�SURFHVVHV�WKDW�JHQHUDWH�REVHUYHG�FRXQWV��7KLV�DSSURDFK�HQDEOHV�FDXVDO�HVWLPDQGV�WR
EH�GHILQHG�RQ�WKH�ODWHQW�ELRORJLFDO�VFDOH��FKDUDFWHUL]HV�LGHQWLILDELOLW\�DQG�XQFHUWDLQW\�XQGHU�UHDOLVWLF
VHTXHQFLQJ�PRGHOV��DQG�VXSSRUWV�VFDODEOH�HVWLPDWLRQ�RI�ODWHQW�DYHUDJH�WUHDWPHQW�HIIHFWV�XVLQJ�D
FRPELQDWLRQ�RI�SDUDPHWULF�DQG�IOH[LEOH�QRQSDUDPHWULF�FRPSRQHQWV��7KH�SURSRVHG�PHWKRGV�DUH
HYDOXDWHG�WKURXJK�VLPXODWLRQV�DQG�DSSOLFDWLRQV�WR�PLFURELRPH��VLQJOH�FHOO��DQG�JHQH�H[SUHVVLRQ
GDWDVHWV��SURYLGLQJ�D�SULQFLSOHG�IRXQGDWLRQ�IRU�ELRORJLFDOO\�LQWHUSUHWDEOH�FDXVDO�LQIHUHQFH�IURP
VHTXHQFLQJ�GDWD�
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

:KHQ�'R�2EVHUYDWLRQDO�&DXVDO�&RQFOXVLRQV�6XUYLYH"�(YLGHQFH�IURP�3DWLHQW�$FFHVV�WR
0HGLFDO�5HFRUGV�0LQK�1JX\HQ
�0LQK�1JX\HQ�

&DXVDO�FODLPV�LQ�KHDOWKFDUH�RIWHQ�UHVW�RQ�REVHUYDWLRQDO�DVVRFLDWLRQV�ZKRVH�FUHGLELOLW\�GHSHQGV�PRUH
RQ�LGHQWLI\LQJ�DVVXPSWLRQV�WKDQ�RQ�VWDWLVWLFDO�SUHFLVLRQ��:H�VWXG\�ZKHWKHU�DFFHVV�WR�SHUVRQDO
PHGLFDO�UHFRUGV�LQFUHDVHV�WKH�SUREDELOLW\�WKDW�LQGLYLGXDOV�XVH�LQIRUPDWLRQ�LQ�KHDOWKFDUH�GHFLVLRQV�
WUHDWLQJ�WKH�DSSOLFDWLRQ�DV�D�ODERUDWRU\�IRU�V\VWHPDWLF�VWUHVV�WHVWLQJ�UDWKHU�WKDQ�VLQJOH�PRGHO
FRQILUPDWLRQ��$FURVV�RXWFRPH�UHJUHVVLRQ��ZHLJKWLQJ��DQG�GRXEO\�UREXVW�HVWLPDWRUV��DFFHVV�LV
DVVRFLDWHG�ZLWK�LQFUHDVHV�RI�URXJKO\���v���SHUFHQWDJH�SRLQWV��$OWHUQDWLYH�DGMXVWPHQW�VHWV��OHDUQHU
FKRLFHV��DQG�VXEVDPSOLQJ�SHUWXUE�PDJQLWXGHV�EXW�UDUHO\�GLUHFWLRQ��6WUHQJWKHQLQJ�RYHUODS�DWWHQXDWHV
HIIHFWV�ZLWKRXW�HOLPLQDWLQJ�WKHP��3ODFHER�DQG�QHJDWLYH�FRQWURO�H[HUFLVHV�\LHOG�HVWLPDWHV�QHDU�]HUR�
DQG�SHUFHLYHG�XVHIXOQHVV�UHPDLQV�DVVRFLDWHG�ZLWK�DFFHVV�HYHQ�DPRQJ�UHVSRQGHQWV�ZKR�KDYH�QRW
DFWHG��1R�GLDJQRVWLF�LV�GHFLVLYH�DORQH��EXW�WRJHWKHU�WKH\�VXEVWDQWLDOO\�QDUURZ�VLPSOH�QXOO
H[SODQDWLRQV��$W�WKH�VDPH�WLPH��DQ�DV\PPHWU\�HPHUJHV��ZKLOH�WKH�DYHUDJH�HIIHFW�LV�VWDEOH�
PHFKDQLVPV�DQG�LQGLYLGXDO�SULRULWL]DWLRQ�DUH�QRW��6SHFLILFDWLRQV�WKDW�OHDYH�WKH�PHDQ�ODUJHO\�LQWDFW
RIWHQ�UHRUJDQL]H�ZKR�DSSHDUV�WR�EHQHILW��7KH�UHVXOWV�VXJJHVW�WKDW�REVHUYDWLRQDO�HYLGHQFH�FDQ�EH
LQIRUPDWLYH�DERXW�ZKHWKHU�DFFHVV�PDWWHUV��\HW�UHPDLQ�XQGHUGHWHUPLQHG�DERXW�ZK\�RU�IRU�ZKRP��:H
RIIHU�ERWK�QHZ�HYLGHQFH�RQ�EHKDYLRUDO�UHVSRQVHV�WR�LQIRUPDWLRQ�DFFHVV�DQG�D�IUDPHZRUN�IRU
HYDOXDWLQJ�FUHGLELOLW\�DFURVV�PXOWLSOH�GLPHQVLRQV�RI�LQIHUHQWLDO�I
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$SSOLFDWLRQV�LQ�+HDOWK�DQG�%LRORJ\

6SDUVH�*URXS�/$662�IRU�&DXVDO�1HWZRUN�'LVFRYHU\�LQ�+LJK�'LPHQVLRQDO�0XOWLYDULDWH�7LPH
6HULHV��$Q�$SSOLFDWLRQ�WR�6ZLQH�'LVHDVH�6XUYHLOODQFH�=KHQJ\XDQ�=KX
�=KHQJ\XDQ�=KX��$ODQ
0RRUH��/\QQD�&KX�

/HDUQLQJ�FDXVDO�UHODWLRQVKLSV�LQ�KLJK�GLPHQVLRQDO�PXOWLYDULDWH�WLPH�VHULHV�LV�HVVHQWLDO�IRU
XQGHUVWDQGLQJ�FRPSOH[�G\QDPLFDO�V\VWHPV��,Q�PDQ\�DSSOLFDWLRQV��YDULDEOHV�QDWXUDOO\�IRUP
RYHUODSSLQJ�JURXSV�UHIOHFWLQJ�VKDUHG�VWUXFWXUH��VXFK�DV�VSDWLDO�UHJLRQV�RU�UHODWHG�SURFHVVHV�
6WDQGDUG�FDXVDO�GLVFRYHU\�PHWKRGV�RIWHQ�LJQRUH�WKLV�VWUXFWXUH��ZKLFK�FDQ�UHGXFH�VWDELOLW\�DQG
VWDWLVWLFDO�SRZHU�ZKHQ�WKH�QXPEHU�RI�SRVVLEOH�LQWHUDFWLRQV�LV�ODUJH�

:H�SURSRVH�D�FDXVDO�GLVFRYHU\�IUDPHZRUN�EDVHG�RQ�VSDUVH�JURXS�/$662�WKDW�LQFRUSRUDWHV
VWUXFWXUHG�VSDUVLW\�LQ�D�YHFWRU�DXWRUHJUHVVLYH�PRGHO�ZLWK�ODJJHG�FDXVDO�HIIHFWV��7KH�PHWKRG
HQFRXUDJHV�VLPLODU�VSDUVLW\�SDWWHUQV�DFURVV�UHODWHG�JURXSV�ZKLOH�PDLQWDLQLQJ�RYHUDOO�VSDUVLW\�RI
FDXVDO�OLQNV��$�WZR�VWDJH�SURFHGXUH�XVHV�VSDUVH�JURXS�/$662�WR�VFUHHQ�FDQGLGDWH�OLQNV�DQG�RUGLQDU\
OHDVW�VTXDUHV�WR�HVWLPDWH�FDXVDO�VWUHQJWKV�

:H�LOOXVWUDWH�WKH�PHWKRG�XVLQJ�VZLQH�GLVHDVH�VXUYHLOODQFH�GDWD�FRQVLVWLQJ�RI�ZHHNO\�FDVH�FRXQWV�IRU
PXOWLSOH�YLUXVHV�DFURVV�PXOWLSOH�8�6��VWDWHV��6RPH�YLUXVHV�PD\�SUHFHGH�RU�WULJJHU�RXWEUHDNV�RI
RWKHUV��DQG�RXWEUHDNV�LQ�RQH�VWDWH�PD\�OHDG�WR�RXWEUHDNV�LQ�RWKHU�VWDWHV��,GHQWLI\LQJ�VXFK�FURVV�YLUXV
DQG�FURVV�ORFDWLRQ�FDXVDO�UHODWLRQVKLSV�FDQ�KHOS�LPSURYH�RXWEUHDN�PRQLWRULQJ��7KH�OHDUQHG�FDXVDO
QHWZRUN�SURYLGHV�LQIRUPDWLRQ�WKDW�FDQ�VXSSRUW�HDUOLHU�GHWHFWLRQ�RI�HPHUJLQJ�RXWEUHDNV�DQG�UHGXFH
GHWHFWLRQ�GHOD\�
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$SSOLFDWLRQV�LQ�3K\VLFDO�6FLHQFHV��(QJLQHHULQJ��(QYLURQPHQW�DQG�0LVFHOODQHRXV
$SSOLFDWLRQV

6WRFKDVWLF�LQWHUYHQWLRQV�IRU�VWXG\LQJ�WKH�KHDOWK�HIIHFWV�RI�HQYLURQPHQWDO�PL[WXUHV
=KXRFKDR�+XDQJ
�=KXRFKDR�+XDQJ��$QWRQHOOL�-RVHSK�

(YDOXDWLQJ�WKH�FDXVDO�KHDOWK�HIIHFWV�RI�PXOWLYDULDWH�FRQWLQXRXV�H[SRVXUH
PL[WXUHV��VXFK�DV�DLU�SROOXWDQWV��LV�D�FULWLFDO�SXEOLF�KHDOWK�FKDOOHQJH��$�SULPDU\
REVWDFOH�LV�WKH�IUHTXHQW�YLRODWLRQ�RI�WKH�SRVLWLYLW\�DVVXPSWLRQ��ZKLFK�UHQGHUV�WKH
HIIHFWV�RI�VWDQGDUG�GHWHUPLQLVWLF�LQWHUYHQWLRQV�XQLGHQWLILHG�ZLWKRXW�XQUHOLDEOH
H[WUDSRODWLRQ��,Q�WKLV�SDSHU��ZH�GHYHORS�D�QRYHO�FDXVDO�LQIHUHQFH�IUDPHZRUN�WR
DGGUHVV�WKLV�FKDOOHQJH��:H�H[WHQG�H[SRQHQWLDO�WLOWLQJ�WR�PXOWLYDULDWH�H[SRVXUHV
DQG�DGGUHVV�WKH�FULWLFDO�TXHVWLRQ�RI�KRZ�WR�FRPSDUH�GLIIHUHQW�LQWHUYHQWLRQ
GLUHFWLRQV�IDLUO\��7KLV�HVWDEOLVKHV�D�V\VWHPDWLF�IUDPHZRUN�IRU�GHILQLQJ�DQG
HYDOXDWLQJ�YDULRXV�SROLF\�UHOHYDQW�FDXVDO�HVWLPDQGV��DOORZLQJ�UHVHDUFKHUV�WR
DGGUHVV�GLYHUVH�VFLHQWLILF�TXHVWLRQV��:H�GHYHORS�QXPHURXV�PHWKRGRORJLFDO
DGYDQFHPHQWV��LQFOXGLQJ�HIILFLHQW�RQH�VWHS�HVWLPDWLRQ�VWUDWHJLHV��D�5LHPDQQLDQ
%)*6�DOJRULWKP�WR�VROYH�D�FRQVWUDLQHG�PDQLIROG�RSWLPL]DWLRQ�SUREOHP�
VHPLSDUDPHWULF�HIILFLHQF\�ERXQGV�IRU�FDXVDO�HVWLPDQGV��PLQLPD[�UDWHV�IRU
HVWLPDWRUV��DQG�HVWDEOLVKLQJ�DV\PSWRWLF�QRUPDOLW\��:H�GHPRQVWUDWH�RXU
IUDPHZRUNyV�XWLOLW\�E\�DSSO\LQJ�LW�WR�D�ODUJH�VFDOH��UHDO�ZRUOG�HQYLURQPHQWDO
KHDOWK�GDWDVHW�WR�LGHQWLI\�WKH�RSWLPDO�VWUDWHJ\�IRU�UHGXFLQJ�DGYHUVH�KHDOWK
RXWFRPHV�DVVRFLDWHG�ZLWK�D�30����FKHPLFDO�PL[WXUH�
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%D\HVLDQ�&DXVDO�,QIHUHQFH

:KHQ�,57�3RLQW�6FRUHV�6WDQG�LQ�IRU�/DWHQW�&RQIRXQGHUV��+RZ�7HVW�,QIRUPDWLRQ�6KDSHV
%LDV�DQG�,QWHUYDO�9DOLGLW\�LQ�&DXVDO�$GMXVWPHQW�:HLUDQ�/L
�:HLUDQ�/L��%UXQR�=XPER��;LDQJ\L
/LDR�

$SSOLHG�HYDOXDWLRQV�RIWHQ�DGMXVW�IRU�EDVHOLQH�GLIIHUHQFHV�XVLQJ�WHVW�EDVHG�VFRUHV�HYHQ�ZKHQ
WUHDWPHQW�XSWDNH�LV�GULYHQ�E\�DQ�XQREVHUYHG�ODWHQW�YDULDEOH�WKDW�DOVR�SUHGLFWV�RXWFRPHV��/HW�WKHWD
GHQRWH�WKLV�EDVHOLQH�ODWHQW�FRQIRXQGHU��%HFDXVH�WKHWD�LV�XQREVHUYHG��DQDO\VWV�RIWHQ�SOXJ�LQ�DQ�,57
SRLQW�VFRUH��W\SLFDOO\�WKH�($3��DQG�WUHDW�LW�DV�HUURU�IUHH��)XOO\�MRLQW�,57�PHDVXUHPHQW��WUHDWPHQW��DQG
RXWFRPH�PRGHOV�FDQ�DGGUHVV�ODWHQW�FRQIRXQGLQJ��EXW�WKH\�DUH�RIWHQ�KDUG�WR�VSHFLI\��ILW��DQG
FRPPXQLFDWH�LQ�URXWLQH�HYDOXDWLRQV��FUHDWLQJ�D�JDS�EHWZHHQ�UHFRPPHQGHG�MRLQW�PRGHOLQJ�DQG
FRPPRQ�ZRUNIORZV��:H�OLQN�LQVWUXPHQW�LQIRUPDWLRQ�DQG�WDUJHWLQJ�WR�ERWK�ELDV�DQG�LQWHUYDO�YDOLGLW\
RI�FDXVDO�DGMXVWPHQW�ZLWK�,57�SRLQW�VFRUHV��:H�VLPXODWH�GDWD�IURP�D�FRKHUHQW�PRGHO�ZLWK��3/
PHDVXUHPHQW��ORJLVWLF�WUHDWPHQW�VHOHFWLRQ�GULYHQ�E\�WKHWD��DQG�D�OLQHDU�RXWFRPH�ZLWK�D�QRQ]HUR
WUHDWPHQW�HIIHFW��YDU\LQJ�WHVW�OHQJWK��GLVFULPLQDWLRQ��DQG�GLIILFXOW\�WDUJHWLQJ��8QDGMXVWHG�DQDO\VHV
VKRZ�ODUJH�ELDV��DERXW������WR�������DQG�QHDU�]HUR�QRPLQDO����SHUFHQW�FRYHUDJH��3OXJ�LQ�($3
DGMXVWPHQW�UHGXFHV�ELDV�XQGHU�KLJK�LQIRUPDWLRQ��EXW�LQWHUYDO�YDOLGLW\�GHSHQGV�VKDUSO\�RQ�ZKHUH�WKH
WHVW�LV�LQIRUPDWLYH��XQGHU�ORZ�LQIRUPDWLRQ��FRYHUDJH�FROODSVHV�WR�DERXW������WR�������DQG�HYHQ�XQGHU
KLJKHU�LQIRUPDWLRQ�FRYHUDJH�UHPDLQV�EHORZ�QRPLQDO�DW�DERXW������WR�������7KHVH�UHVXOWV�PRWLYDWH
XQFHUWDLQW\�SURSDJDWLRQ�YLD�SRVWHULRU�GUDZV�DQG�SULQFLSOHG�SRROLQJ�ZKLOH�UHWDLQLQJ�H[LVWLQJ�DQDO\WLF
ZRUNIORZV�
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%D\HVLDQ�&DXVDO�,QIHUHQFH

7UDQVSRUWLQJ�3ULQFLSDO�&DXVDO�(IIHFWV�$FURVV�6WUDWD�9HURQLFD�%DOOHULQL
�9HURQLFD�%DOOHULQL�
)UDQFHVFD�'RPLQLFL�

,Q�PHGLDWLRQ�DQDO\VLV��GHFRPSRVLQJ�WUHDWPHQW�HIIHFWV�LQWR�QDWXUDO�GLUHFW�DQG�LQGLUHFW�HIIHFWV�UHOLHV
RQ�FURVV�ZRUOG�LQGHSHQGHQFH�DVVXPSWLRQV�LQYROYLQJ�D�SULRUL�FRXQWHUIDFWXDOV��3ULQFLSDO�VWUDWLILFDWLRQ
LQVWHDG�GHILQHV�FDXVDO�HIIHFWV�ZLWKLQ�SULQFLSDO�VWUDWD��36��RI�MRLQW�SRWHQWLDO�PHGLDWRU�YDOXHV��DYRLGLQJ
VXFK�DVVXPSWLRQV��EXW�KRZ�WR�GHFRPSRVH�HIIHFWV�ZLWKLQ�36�LQWR�GLUHFW�DQG�PHGLDWHG�FRPSRQHQWV
UHPDLQV�XQFOHDU��'LUHFW�HIIHFWV�DUH�LGHQWLILDEOH�RQO\�LQ�36�ZKHUH��E\�GHILQLWLRQ��WKHUH�LV�QR�PHGLDWHG
HIIHFW��DQG�QR�JHQHUDO�IUDPHZRUN�H[LVWV�IRU�VHSDUDWLQJ�WKH�WZR�FRPSRQHQWV�HOVHZKHUH�ZLWKRXW
VWURQJ�DVVXPSWLRQV��%XLOGLQJ�RQ�UHFHQW�ZRUNV�RQ�WUDQVSRUWDELOLW\��ZH�LQWURGXFH�D�IRUPDO�DSSURDFK
IRU�WUDQVSRUWLQJ�GLUHFW�SULQFLSDO�HIIHFWV�DFURVV�36��:H�JLYH�LGHQWLI\LQJ�DVVXPSWLRQV�HQDEOLQJ�IXOO�RU
SDUWLDO�WUDQVSRUWDELOLW\�DQG�WHVWV�IRU�PHGLDWHG�HIIHFWV��7KH�SHFXOLDULW\�ZLWK�UHVSHFW�WR�WKH�OLWHUDWXUH
RQ�WUDQVSRUWDELOLW\�LV�WKDW�36�DUH�zODWHQW�{�WKH�HIIHFWV�DUH�RQO\�ZHDNO\�LGHQWLILDEOH��:H�DGGUHVV�WKLV
ZLWK�D�%D\HVLDQ�DSSURDFK�WKDW�GRHV�QRW�UHTXLUH�IXOO�LGHQWLILFDWLRQ�DQG�SURSDJDWHV�WKH�36
PHPEHUVKLSy�XQFHUWDLQW\��:H�LOOXVWUDWH�RXU�PHWKRG�XVLQJ�0HGLFDUH�GDWD�RQ�RYHU����PLOOLRQ
EHQHILFLDULHV��LQWHJUDWLQJ�FODLPV�DQG�KLJK�UHVROXWLRQ�30����H[SRVXUH�
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%D\HVLDQ�&DXVDO�,QIHUHQFH

:K\�(YHQ�%D\HVLDQV�1HHG�WR�:RUU\�DERXW�0XOWLSOH�&RPSDULVRQV�*HRUJH�3HUUHWW
�*HRUJH
3HUUHWW��-HQQLIHU�+LOO��0DUF�6FRWW��&KULVWRSKHU�%XJOLQR�

5HVHDUFKHUV�DVNLQJ�FDXVDO�TXHVWLRQV�DUH�RIWHQ�LQWHUHVWHG�QRW�RQO\�LQ�WKH�DYHUDJH�WUHDWPHQW�HIIHFW
EXW�DOVR�VXEJURXS�VSHFLILF�WUHDWPHQW�HIIHFWV�WKDW�DOORZ�IRU�PRUH�QXDQFHG�XQGHUVWDQGLQJ�RI�ZKR
EHQHILWV�IURP�DQ�LQWHUYHQWLRQ��+RZHYHU��WKLV�SXUVXLW�FDQ�OHDG�WR�LVVXHV�ZLWK�PXOWLSOH�FRPSDULVRQV�
:KLOH�SUHYLRXV�UHVHDUFK�KDV�GHPRQVWUDWHG�WKDW�%D\HVLDQ�PHWKRGV�ZLWK�UHJXODUL]LQJ�SULRU
GLVWULEXWLRQV�DUH�PRUH�FRQVHUYDWLYH�WKDQ�WKHLU�IUHTXHQWLVW�FRXQWHUSDUWV�DQG�FDQ�OHDG�WR�EHWWHU
RXWFRPHV�WKDQ�HLWKHU�LJQRULQJ�WKH�LVVXH�RU�XVLQJ�FRUUHFWLRQV��%RQIHUURQL��)'5���WKH�H[WHQW�WR�ZKLFK
%D\HVLDQ�PHWKRGV�HOLPLQDWH�WKH�SUREOHP�RI�PXOWLSOH�FRPSDULVRQV�KDV�EHHQ�RYHUVWDWHG��&ULWLFDOO\��ZH
GHPRQVWUDWH�D�VHWWLQJ�FRPPRQ�LQ�VRFLDO�VFLHQFHV�ZKHUH�%D\HVLDQ�UHJXODUL]LQJ�SULRUV�DUH�QRW
VXIILFLHQW�WR�FRQWURO�IDOVH�SRVLWLYH�FODLPV��0RUHRYHU��ZH�VKRZ�WKDW�WKLV�LV�QRW�RQO\�OLPLWHG�WR�IDOVH
SRVLWLYH�FODLPV�EXW�H[WHQGV�WR�VLJQ�HUURUV��:H�FKDUDFWHUL]H�WKLV�VHWWLQJ�DV�GRPLQDWHG�E\�zVKULQNDJH
WR�WKH�ZURQJ�SODFH{�DQG�SUHVHQW�D�GLDJQRVWLF�WR�JXLGH�UHVHDUFKHUV�WR�PRUH�DSSURSULDWH�PRGHOV�
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%D\HVLDQ�&DXVDO�,QIHUHQFH

(DUO\�6WRSSLQJ�IRU�7LPH�9DU\LQJ�7UHDWPHQW�(IIHFWV�6DP�YDQ�0HHU
�6DP�YDQ�0HHU��$OEHUWR
$EDGLH�

:KHQ�WUHDWPHQW�HIIHFWV�HYROYH�RYHU�WLPH��HDUO\�HVWLPDWHV�FDQ�EH�PLVOHDGLQJ�DERXW�ORQJ�UXQ�SURJUDP
HIIHFWLYHQHVV��:H�PRGHO�WKH�WUDMHFWRU\�RI�WUHDWPHQW�HIIHFWV�ZLWK�D�VHPL�ORFDO�OLQHDU�WUHQG�PRGHO�
ZKHUH�WUHDWPHQW�HVWLPDWHV�DUH�QRLV\�PHDVXUHPHQWV�RI�WKLV�ODWHQW�SURFHVV��8VLQJ�ILOWHULQJ�PHWKRGV�
ZH�FRQVWUXFW�VHTXHQWLDO�FRQILGHQFH�LQWHUYDOV�IRU�ORQJ�UXQ�VXPPDU\�VWDWLVWLFV�VXFK�DV�FXPXODWLYH�RU
GLVFRXQWHG�WUHDWPHQW�HIIHFWV�DW�HDFK�SRLQW�LQ�WLPH�DV�GDWD�DFFXPXODWHV��7KHVH�LQWHUYDOV�UHPDLQ�YDOLG
DW�DUELWUDU\�VWRSSLQJ�WLPHV��DOORZLQJ�UHVHDUFKHUV�WR�WHUPLQDWH�GDWD�FROOHFWLRQ�ZKHQHYHU�HYLGHQFH
EHFRPHV�VXIILFLHQWO\�VWURQJ��:H�DSSO\�WKH�IUDPHZRUN�WR�GDWD�IURP�$626��DQ�RQOLQH�UHWDLO�SODWIRUP�
DQG�GHPRQVWUDWH�WKDW�RXU�DSSURDFK�HQDEOHV�UHMHFWLRQ�RI�WKH�QXOO�K\SRWKHVLV�ZHOO�EHIRUH�WKH�LQWHQGHG
IRXU�ZHHN�H[SHULPHQWDO�KRUL]RQ�ZKLOH�PDLQWDLQLQJ�WKH�W\SH�,�HUURU�JXDUDQWHH�
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&DXVDO�'LVFRYHU\

//0�$XJPHQWHG�+XPDQ�LQ�WKH�/RRS�&DXVDO�'LVFRYHU\�&KL�=KDQJ
�&KL�=KDQJ��6FRWW�0XHOOHU�
5XPHQ�,OLHY��/DXUD�/LEE\��/DLWK�8ODE\��&DQGLFH�+RJDQ�

&DXVDO�VWUXFWXUH�GLVFRYHU\�LV�D�FKDOOHQJLQJ�SUREOHP��6RPH�FRUH�FKDOOHQJHV�LQFOXGH�WKH�OLPLWDWLRQ�RI
GDWD�DQG�VFDODELOLW\�WR�ODUJH�PRGHOV��'DWD�DORQH�DUH�DOPRVW�QHYHU�VXIILFLHQW�IRU�OHDUQLQJ�RQH�VLQJOH
FDXVDO�VWUXFWXUH��DQG�UHDO�ZRUOG�GDWD�FDQ�EH�QRLV\��([SHUW�NQRZOHGJH�LV�KHOSIXO�LQ�ILOOLQJ�LQ�WKH
EODQNV�DQG�FRUUHFWLQJ�WKH�HUURUV��EXW�LW�EHFRPHV�FRJQLWLYHO\�GLIILFXOW�IRU�KXPDQ�H[SHUWV�ZKHQ�WKH
JUDSKV�DUH�ODUJH��,Q�WKLV�ZRUN��ZH�DGGUHVV�WKRVH�FKDOOHQJHV�E\�GHYHORSLQJ�D�QRYHO�FDXVDO�GLVFRYHU\
DSSURDFK�WKDW�FRPELQHV�FRQVWUDLQWV�IURP�WKH�GDWD��NQRZOHGJH�IURP�ODUJH�ODQJXDJH�PRGHOV��//0V��
DQG�KXPDQ�H[SHUWLVH��7KLV�DSSURDFK�DLPV�WR�LPSURYH�WKH�DFFXUDF\�RI�WKH�GLVFRYHUHG�FDXVDO�VWUXFWXUH
E\�LWHUDWLYHO\�DSSO\LQJ�LQIRUPDWLRQ�IURP�WKH�WKUHH�VRXUFHV��,W�ORZHUV�WKH�EXUGHQ�RI�KXPDQ�H[SHUWV�E\
XVLQJ�//0V�WR�LQIHU�FDXVDO�UHODWLRQVKLSV�DW�WKH�VDPH�WLPH��:H�GHULYH�WKHRUHPV�RQ�WKH�DFFXUDF\�RI
WKH�SURSRVHG�DOJRULWKP��DQG�HPSLULFDOO\�HYDOXDWH�WKH�SHUIRUPDQFH�WKURXJK�FRPSDULVRQV�ZLWK
EDVHOLQH�DOJRULWKPV�RQ�V\QWKHWLF�GDWDVHWV�
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&DXVDO�'LVFRYHU\

([SHUW�$XJPHQWHG�&DXVDO�6+$3��5HFRYHULQJ�'$*�&RQVLVWHQW�)HDWXUH�,PSRUWDQFH�YLD
,WHUDWLYH�&DXVDO�'LVFRYHU\�DQG�'RPDLQ�.QRZOHGJH�$QGUHZ�:LOVRQ
�$QGUHZ�:LOVRQ��$OH[DQGUD
3DVL��$LPHH�+DUULVRQ��-XVWLQ�5RVV��-HQQ\�$OGHUGHQ�

)HDWXUH�LPSRUWDQFH�PHWKRGV�VXFK�DV�6+$3�DUH�ZLGHO\�XVHG�WR�KHOS�H[SODLQ�PDFKLQH�OHDUQLQJ�PRGHOV
LQ�KHDOWK�UHVHDUFK�DQG�RWKHU�DUHDV��<HW�WKHVH�PHWKRGV�FDQ�PLVDWWULEXWH�IHDWXUH�LPSRUWDQFH�ZKHQ
IHDWXUHV�KDYH�FDXVDO�VWUXFWXUH��6SHFLILFDOO\��PHGLDWRUV�FDQ�DEVRUE�FUHGLW�IURP�XSVWUHDP�FDXVHV��D
WRSRORJLFDO�DUWLIDFW�WKDW�LQIODWHV�WKHLU�DSSDUHQW�LPSRUWDQFH�DW�WKH�H[SHQVH�RI�XSVWUHDP�FDXVDO
GULYHUV�

:H�SURSRVH�DQ�H[SHUW�DXJPHQWHG�ZRUNIORZ�IRU�'$*�FRQVLVWHQW�IHDWXUH�DWWULEXWLRQ�WKDW�FRPELQHV
FRQVWUDLQHG�FDXVDO�GLVFRYHU\�ZLWK�DQ�LQWHUDFWLYH�'$*�LQWHUIDFH�WR�UHVROYH�DPELJXRXV�HGJHV�EHIRUH
FRPSXWLQJ�FDXVDO�6+$3��7KH�ZRUNIORZ�VXSSRUWV�LWHUDWLYH�UHILQHPHQW�WKURXJK�UHTXLUHG�DQG�IRUELGGHQ
HGJHV�DQG�FRPSDUHV�VWDQGDUG��'$*�FRQVWUDLQHG��DQG�DGMXVWPHQW�VHW�6+$3�

:H�HYDOXDWHG�WKH�DSSURDFK�LQ�V\QWKHWLF�GDWD�JHQHUDWHG�XQGHU�NQRZQ�'$*V�XVLQJ�WKH�5�SDFNDJH
VLPFDXVDO�DQG�LQ�UHDO�ZRUOG�0,0,&�,9�GDWD��,Q�VLPXODWLRQV��VWDQGDUG�6+$3�RYHU�DWWULEXWHG
LPSRUWDQFH�WR�PHGLDWRUV��ZKHUHDV�FDXVDO�6+$3�UH�UDQNHG�IHDWXUHV��.HQGDOOyV�t �����EHWZHHQ
PHWKRGV��DQG�UHGXFHG�PHGLDWRU�LQIODWLRQ��,Q�0,0,&�,9��WKH�H[SHUW�LQIRUPHG�'$*�KHOSHG�GLVWLQJXLVK
XSVWUHDP�VHYHULW\�GULYHUV�IURP�GRZQVWUHDP�LQWHUYHQWLRQV��7KHVH�UHVXOWV�VXSSRUW�H[SHUW�JXLGHG�'$*
UHILQHPHQW�DV�D�SUDFWLFDO�URXWH�WR�PRUH�FDXVDOO\�FRKHUHQW�H[SODQDWLRQV�LQ�VWUXFWXUHG�FOLQLFDO�PDFKLQH
OHDUQLQJ�
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&DXVDO�)DLUQHVV��DQG�%LDV�'LVFULPLQDWLRQ

'HELDVLQJ�$OWHUQDWLYH�'DWD�IRU�&UHGLW�8QGHUZULWLQJ�8VLQJ�&DXVDO�,QIHUHQFH�&KULV�/DP
�&KULV
/DP�

$OWHUQDWLYH�GDWD�SURYLGHV�YDOXDEOH�LQVLJKWV�IRU�OHQGHUV�WR�HYDOXDWH�D�ERUURZHUyV�FUHGLWZRUWKLQHVV�
ZKLFK�FRXOG�KHOS�H[SDQG�FUHGLW�DFFHVV�WR�XQGHUVHUYHG�JURXSV�DQG�ORZHU�FRVWV�IRU�ERUURZHUV��%XW
VRPH�IRUPV�RI�DOWHUQDWLYH�GDWD�KDYH�KLVWRULFDOO\�EHHQ�H[FOXGHG�IURP�FUHGLW�XQGHUZULWLQJ�EHFDXVH�LW
FRXOG�DFW�DV�DQ�LOOHJDO�SUR[\�IRU�D�SURWHFWHG�FODVV�OLNH�UDFH�RU�JHQGHU��FDXVLQJ�UHGOLQLQJ��:H�SURSRVH
D�PHWKRG�IRU�DSSO\LQJ�FDXVDO�LQIHUHQFH�WR�D�VXSHUYLVHG�PDFKLQH�OHDUQLQJ�PRGHO�WR�GHELDV�DOWHUQDWLYH
GDWD�VR�WKDW�LW�PLJKW�EH�XVHG�IRU�FUHGLW�XQGHUZULWLQJ��:H�GHPRQVWUDWH�KRZ�RXU�DOJRULWKP�FDQ�EH
XVHG�DJDLQVW�D�SXEOLF�FUHGLW�GDWDVHW�WR�LPSURYH�PRGHO�DFFXUDF\�DFURVV�GLIIHUHQW�UDFLDO�JURXSV��ZKLOH
SURYLGLQJ�WKHRUHWLFDOO\�UREXVW�QRQGLVFULPLQDWLRQ�JXDUDQWHHV�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF �������

���� 3�

&DXVDO�)DLUQHVV��DQG�%LDV�'LVFULPLQDWLRQ

,QGLYLGXDOL]HG�,QIHUHQFH�IRU�&DXVDO�)DLUQHVV�WKURXJK�&RQIRUPDO�0HGLDWLRQ�$QDO\VLV�&KHQJ
<X
�&KHQJ�<X��=KLPHL�5HQ�

(QVXULQJ�FDXVDO�IDLUQHVV�LV�D�FULWLFDO�FRQFHUQ�DFURVV�D�ZLGH�UDQJH�RI�DSSOLFDWLRQV��+RZHYHU�
DVVHVVLQJ�IDLUQHVV�DW�WKH�LQGLYLGXDO�OHYHO�DQG�LGHQWLI\LQJ�XQLWV�WKDW�KDYH�H[SHULHQFHG�XQIDLU�RXWFRPHV
UHPDLQ�FKDOOHQJLQJ�WDVNV��,Q�WKLV�SDSHU��ZH�IRFXV�RQ�WKH�GLUHFW�HIIHFW�RI�D�VHQVLWLYH�DWWULEXWH�RQ�DQ
RXWFRPH��SRWHQWLDOO\�PHGLDWHG�E\�RWKHU�YDULDEOHV��DQG�SURSRVH�D�QRYHO�IUDPHZRUN�IRU�LQGLYLGXDOL]HG
VWDWLVWLFDO�LQIHUHQFH��2XU�DSSURDFK�LQWHJUDWHV�FDXVDO�PHGLDWLRQ�DQDO\VLV�ZLWK�FRQIRUPDO�SUHGLFWLRQ�WR
HQDEOH�LQIHUHQFH�RQ�FDXVDO�IDLUQHVV�DW�WKH�LQGLYLGXDO�OHYHO��7R�FRQWURO�WKH�IDOVH�GLVFRYHU\�UDWH��)'5�
LQ�VHOHFWLQJ�LQGLYLGXDOV�VXEMHFWHG�WR�XQIDLU�WUHDWPHQW��ZH�IXUWKHU�GHYHORS�D�PXOWLSOH�WHVWLQJ
SURFHGXUH�EDVHG�RQ�WKH�FRQIRUPDOL]HG�H�YDOXHV�ZLWK�FRQGLWLRQDO�FDOLEUDWLRQ��:H�IRUPDOL]H�WKH�QRWLRQ
RI�LQGLYLGXDO�FDXVDO�IDLUQHVV�DQG�GHPRQVWUDWH�WKH�XWLOLW\�DQG�QRYHOW\�RI�RXU�PHWKRGRORJ\�WKURXJK
H[WHQVLYH�VLPXODWLRQV�DQG�WZR�UHDO�ZRUOG�DSSOLFDWLRQV�
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&DXVDO�,QIHUHQFH�DQG�6879$�&RQVLVWHQFLHV�9LRODWLRQV

&RDUVHQHG�EXW�&RQIXVHG��:K\�&RPSRVLWH�([SRVXUHV�2IWHQ�)DLO�LQ�&DXVDO�,QIHUHQFH�1LFKRODV
%DNHZHOO
�1LFKRODV�%DNHZHOO�

,Q�KHDOWK�UHVHDUFK��KLJK�GLPHQVLRQDO�ELQDU\�WUHDWPHQWV�DUH�RIWHQ�UHGXFHG�WR�FRPSRVLWH�H[SRVXUHV
�&(V��YLD�FRDUVHQLQJ�IXQFWLRQV��W\SLFDOO\�ZHLJKWHG�OLQHDU�FRPELQDWLRQV��H�J���PHGLFDWLRQ�LQGLFDWRUV
VXPPDUL]HG�DV�D�XQLW�ZHLJKWHG�OLQHDU�FRPELQDWLRQ�WR�IRUP�D�SRO\SKDUPDF\�&(���,Q�FDXVDO�LQIHUHQFH�
&(V�PD\�EH�WUHDWHG�DV�GHWHUPLQLVWLF�QRGHV��RIWHQ�DVVXPLQJ�QR�GLUHFW�HIIHFWV�IURP�XQGHUO\LQJ
LQGLFDWRUV�WR�GLVWDO�RXWFRPHV�DQG�LQIRUPDWLRQDO�HTXLYDOHQFH��7KLV�LPSOLHV�&(V�DUH�FDXVDOO\
HIILFDFLRXV�DQG�VXIILFLHQW�VXPPDULHV�FRQWDLQLQJ�QHFHVVDU\�LQIRUPDWLRQ�IURP�XQGHUO\LQJ�LQGLFDWRUV�
+RZHYHU��WKH�ODWWHU�PD\�QRW�KROG��DV�FRDUVHQLQJ�IXQFWLRQV�DUH�RIWHQ�QRQ�LQYHUWLEOH�DQG�RXWFRPH�
DJQRVWLF��:KLOH�GLVFXVVHG�XQGHU�PXOWLSOH�YHUVLRQV�RI�WUHDWPHQW�WKHRU\��WKLV�OLWHUDWXUH�LPSOLFLWO\
DVVXPHV�&(V�DUH�VXIILFLHQW��UHVXOWLQJ�LQ�WDXWRORJLFDO�LGHQWLILFDWLRQ�DUJXPHQWV��)XUWKHU��HVWLPDQGV�RI
&(V�UHSUHVHQW�ZHLJKWHG�DYHUDJHG�HIIHFWV�EDVHG�RQ�XQGHUO\LQJ�YHUVLRQ�GLVWULEXWLRQV��EXW�GR�QRW�DOORZ
PHDQLQJIXO�SHU�LQGLFDWRU�LQWHUSUHWDWLRQ�DV�GRQH�LQ�SUDFWLFH��DQG�LQIHUHQFH�LV�LQYDOLG�DV�LW�LJQRUHV
XQFHUWDLQW\�LQ�WKH�&(��$VVXPSWLRQV�XQGHU�ZKLFK�&(�HIIHFWV�PD\�EH�LQWHUSUHWHG�DV�VXFK�DUH
IRUPDOL]HG��HTXDO�FRQGLWLRQDO�HIIHFWV��QR�LQWHUDFWLRQV��PRQRWRQLFLW\��H[FKDQJHDELOLW\�XQGHU
SHUPXWDWLRQ��VXIILFLHQF\��DQG�KRPRJHQRXV�HIIHFW�PRGLILFDWLRQ�DFURVV�LQGLFDWRUV��6LPXODWLRQV
GHPRQVWUDWH�WKDW�HYHQ�ZKHQ�DVVXPSWLRQV�KROG��IXUWKHU�FDWHJRUL]DWLRQ�LQGXFHV�ELDV��7KHVH�UHVXOWV
KLJKOLJKW�IXQGDPHQWDO�SUREOHPV�ZLWK�&(V�IRU�FDXVDO�LQIHUHQFH�
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&DXVDO�,QIHUHQFH�DQG�6879$�&RQVLVWHQFLHV�9LRODWLRQV

/HDUQLQJ�DQG�7HVWLQJ�([SRVXUH�0DSSLQJV�RI�,QWHUIHUHQFH�XVLQJ�*UDSK�&RQYROXWLRQDO
$XWRHQFRGHUV�0DUD�0DWWHV
�0DUD�0DWWHV��0DUWLQ�+XEHU��-DQQLV�.XHFN�

,QWHUIHUHQFH�RU�VSLOORYHU�HIIHFWV�DULVH�ZKHQ�DQ�LQGLYLGXDOyV�RXWFRPH��H�J���KHDOWK��LV�LQIOXHQFHG�QRW
RQO\�E\�WKHLU�RZQ�WUHDWPHQW��H�J���YDFFLQDWLRQ��EXW�DOVR�E\�WKH�WUHDWPHQW�RI�RWKHUV��FUHDWLQJ
FKDOOHQJHV�IRU�HYDOXDWLQJ�WUHDWPHQW�HIIHFWV��([SRVXUH�PDSSLQJV�SURYLGH�D�IUDPHZRUN�WR�VWXG\�VXFK
LQWHUIHUHQFH�E\�H[SOLFLWO\�PRGHOLQJ�KRZ�WKH�WUHDWPHQW�VWDWXVHV�RI�FRQWDFWV�ZLWKLQ�DQ�LQGLYLGXDOyV
QHWZRUN�DIIHFW�WKHLU�RXWFRPH��0RVW�H[LVWLQJ�UHVHDUFK�UHOLHV�RQ�D�SULRUL�H[SRVXUH�PDSSLQJV�RI�OLPLWHG
FRPSOH[LW\��ZKLFK�PD\�IDLO�WR�FDSWXUH�WKH�IXOO�UDQJH�RI�LQWHUIHUHQFH�HIIHFWV��,Q�FRQWUDVW��WKLV�VWXG\
DSSOLHV�D�JUDSK�FRQYROXWLRQDO�DXWRHQFRGHU�WR�OHDUQ�H[SRVXUH�PDSSLQJV�LQ�D�GDWD�GULYHQ�ZD\��ZKLFK
H[SORLW�GHSHQGHQFLHV�DQG�UHODWLRQV�ZLWKLQ�D�QHWZRUN�WR�PRUH�DFFXUDWHO\�FDSWXUH�LQWHUIHUHQFH�HIIHFWV�
$V�RXU�PDLQ�FRQWULEXWLRQ��ZH�LQWURGXFH�D�PDFKLQH�OHDUQLQJ�EDVHG�WHVW�IRU�WKH�YDOLGLW\�RI�H[SRVXUH
PDSSLQJV�DQG�WKXV�WHVW�WKH�LGHQWLILFDWLRQ�RI�WKH�GLUHFW�HIIHFW��,Q�WKLV�WHVWLQJ�DSSURDFK��WKH�OHDUQHG
H[SRVXUH�PDSSLQJ�LV�XVHG�DV�DQ�LQVWUXPHQW�WR�WHVW�WKH�YDOLGLW\�RI�D�VLPSOH��XVHU�GHILQHG�H[SRVXUH
PDSSLQJ��7KH�WHVW�OHYHUDJHV�WKH�IDFW�WKDW��LI�WKH�XVHU�GHILQHG�H[SRVXUH�PDSSLQJ�LV�YDOLG��VR�WKDW�DOO
LQWHUIHUHQFH�RSHUDWHV�WKURXJK�LW���WKHQ�WKH�OHDUQHG�H[SRVXUH�PDSSLQJ�LV�VWDWLVWLFDOO\�LQGHSHQGHQW�RI
DQ\�LQGLYLGXDOyV�RXWFRPH��FRQGLWLRQDO�RQ�WKH�XVHU�GHILQHG�H[SRVXUH�PDSSLQJ��:H�DVVHVV�WKH�ILQLWH�
VDPSOH�SHUIRUPDQFH�RI�WKLV�SURSRVHG�YDOLGLW\�WHVW�WKURXJK�D�VLPXODWLRQ�VWXG\�
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&DXVDO�,QIHUHQFH�(GXFDWLRQ

)URP�,GHQWLILFDWLRQ�WR�,PSOHPHQWDWLRQ��3UDFWLFDO�6WUDWHJLHV�IRU�,QLWLDWLQJ�)LHOG
([SHULPHQWV�LQ�*RYHUQPHQW�	�1RQ�3URILW�5HVHDUFK�3DUWQHUVKLSV�-HVVLH�+DUQH\
�-HVVLH
+DUQH\�

,QLWLDWLQJ�5&7V�ZLWK�JRYHUQPHQW�DJHQFLHV�DQG�QRQ�SURILW�RUJDQL]DWLRQV�RIWHQ�KLQJHV�OHVV�RQ
PHWKRGRORJLFDO�VRSKLVWLFDWLRQ�DQG�PRUH�RQ�HIIHFWLYH�FRPPXQLFDWLRQ�DQG�UHODWLRQVKLS�EXLOGLQJ��0DQ\
SRWHQWLDO�SDUWQHUV�UXQQLQJ�LQQRYDWLYH�SURJUDPV�IDFH�VRPH�FRPELQDWLRQ�RI�OLPLWHG�VWDWLVWLFDO�WUDLQLQJ�
ZHDN�GDWD�LQIUDVWUXFWXUH��ELQGLQJ�UHVRXUFH�FRQVWUDLQWV��DQG�SULRU�QHJDWLYH�RU�H[WUDFWLYH�H[SHULHQFHV
ZLWK�DFDGHPLF�UHVHDUFK��VRPHWLPHV�VKDSHG�E\�JDWHNHHSLQJ�RU�RWKHU�IRUPV�RI�PDUJLQDOL]DWLRQ��$V�D
UHVXOW��IUXLWIXO�FROODERUDWLRQV�FDQ�EH�HDVLO\�VW\PLHG��7KLV�WDON�SURYLGHV�SUDFWLFDO�VWUDWHJLHV�IRU
GHYHORSLQJ�HIIHFWLYH��HWKLFDO��FROODERUDWLYHO\�GHVLJQHG�5&7V�ZLWK�JRYHUQPHQWV�DQG�QRQ�SURILWV�
'UDZLQJ�RQ�OHVVRQV�IURP��WUDQVSDUHQWO\��DQ�HDUO\�FDUHHU�DSSOLHG�UHVHDUFKHU���FRUH�FRPSRQHQWV�RI
LQLWLDWLQJ�5&7V�DUH�SURSRVHG��DFFHVVLEOH�FRPPXQLFDWLRQ�RI�UHVHDUFK�GHVLJQ�	�PHWKRGRORJ\��HDUO\�	
VXVWDLQHG�LQFRUSRUDWLRQ�RI�SDUWQHU�H[SHUWLVH��H[SOLFLW�DWWHQWLRQ�WR�SURYLGLQJ�YDOXH�WR�WKH�SDUWQHU�
IOH[LELOLW\�DQG�FUHDWLYLW\�LQ�UDQGRPL]DWLRQ�VWUDWHJLHV��DQG�DFNQRZOHGJPHQW�RI�WKH�ZD\V�H[SHULPHQWV
KDYH�EHHQ�XVHG�WR�FDXVH�KDUP��5DWKHU�WKDQ�WUHDWLQJ�WKHVH�FROODERUDWLRQ�VWUDWHJLHV�DV�H[WHUQDO�WR
PHWKRGRORJLFDO�ZRUN��,�DUJXH�WKDW�WKH\�VKDSH�SURVSHFWV�DQG�GHVLJQ�RI�H[SHULPHQWV�WKHPVHOYHV��7KH
VHVVLRQ�GLVFXVVHV�VKRUW�WHUP�VWUDWHJLHV��H�J���FRPPXQLFDWLRQ�WLSV��SURSRVHG�UHVHDUFKHU�WUDLQLQJ��	
HQJDJLQJ�GDWD�VDYY\�ERXQGDU\�VSDQQHUV��DQG�SURSRVHG�ORQJ�WHUP�VROXWLRQV�WR�UHGXFLQJ�VWUXFWXUDO
EDUULHUV�WR�ULJRURXV��HWKLFDO�5&7V�
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&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

5HJUHVVLRQ�$GMXVWPHQWV�IRU�'LVHQWDQJOLQJ�6SLOORYHU�(IIHFWV�'DYLG�5LW]ZROOHU
�'DYLG
5LW]ZROOHU�

(PSLULFDO�DQDO\VHV�WKDW�FKDUDFWHUL]H�WKH�PHFKDQLVPV�WKDW�PHGLDWH�VSLOORYHU�HIIHFWV�RIWHQ�GR�VR�E\
UHODWLQJ�UHVSRQVHV�WR�D�WUHDWPHQW��VKRFN��RU�SROLF\�FKDQJH�ZLWK�D�PHDVXUH�RI�HFRQRPLF�SUR[LPLW\�
VXFK�DV�JHRJUDSKLF�GLVWDQFH��WHFKQRORJLFDO�VLPLODULW\��WUDGH�FRVWV��RU�PLJUDWLRQ�IORZV��7\SLFDOO\��VXFK
HIIRUWV�DUH�EDVHG�RQ�UHJUHVVLRQV�WKDW�DVVRFLDWH�RXWFRPHV�ZLWK�SUR[LPLW\�ZHLJKWHG�DYHUDJHV�RI�WKH
WUHDWPHQWV�UHFHLYHG�E\�RWKHU�XQLWV��:H�VKRZ�WKDW�UHJUHVVLRQV�ZLWK�WKLV�VWUXFWXUH�PHDVXUH�KRZ�WKH
DVVRFLDWLRQ�EHWZHHQ�RQH�XQLWyV�RXWFRPH�DQG�DQRWKHU�XQLWyV�WUHDWPHQW�FRUUHODWHV�ZLWK�WKH�SUR[LPLW\
EHWZHHQ�WKH�WZR�XQLWV��:H�WKHQ�DUJXH�WKDW��LI�WKH�SUR[LPLW\�PHDVXUH�RI�LQWHUHVW�LV�DVVRFLDWHG�ZLWK
RWKHU�FKDQQHOV�WKDW�PHGLDWH�VSLOORYHU�HIIHFWV��FDXVDO�LQWHUSUHWDWLRQV�RI�VXFK�UHODWLRQVKLSV�DUH
VXVFHSWLEOH�WR�FRQIRXQGLQJ��)RU�LQVWDQFH��LI�WHFKQRORJLFDOO\�VLPLODU�ILUPV�WHQG�WR�EH�JHRJUDSKLFDOO\
SUR[LPDWH��WKHQ�D�SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�WHFKQRORJLFDO�VLPLODULW\�DQG�WKH�LQWHQVLW\�RI�WKH
SURGXFWLYLW\�VSLOORYHUV�EHWZHHQ�ILUPV�PLJKW�DULVH�VSXULRXVO\��:H�JLYH�FRQGLWLRQV�XQGHU�ZKLFK�WKH
HIIHFW�RI�D�SUR[LPLW\�PHDVXUH�RQ�VSLOORYHU�LQWHQVLW\�FDQ�LQVWHDG�EH�UHFRYHUHG�E\�UHJUHVVLQJ�RXWFRPHV
RQ�DYHUDJHV�RI�RWKHU�XQLWVy�WUHDWPHQWV��UHZHLJKWHG�E\�UHVLGXDOL]HG�YHUVLRQV�RI�WKH�SUR[LPLW\�PHDVXUH
XQGHU�FRQVLGHUDWLRQ��:H�VKRZ�WKDW�HVWLPDWHV�REWDLQHG�LQ�WKLV�PDQQHU�DFKLHYH�WKH�RSWLPDO�UDWH�RI
FRQYHUJHQFH�DQG�JLYH�D�UHVDPSOLQJ�SURFHGXUH�IRU�FRQVWUXFWLQJ�HVWLPDWHV�RI�WKH�DVVRFLDWHG
XQFHUWDLQW\�
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&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

0LQLPD[�5DWHV�IRU�(VWLPDWLQJ�&DXVDO�(IIHFWV�LQ�1HWZRUN�([SHULPHQWV�9DUGLV�.DQGLURV

&KULVWRSKHU�+DUVKDZ��9DUGLV�.DQGLURV��)UHGULN�6eYMH��-DPHV�5RELQV�

:KLOH�D�JURZLQJ�OLWHUDWXUH�KDV�LQYHVWLJDWHG�VWDWLVWLFDO�PHWKRGV�IRU�QHWZRUN�H[SHULPHQWV��RSWLPDO
UDWHV�RI�HVWLPDWLRQ�UHPDLQV�D�ODUJHO\�RSHQ�TXHVWLRQ��8QOLNH�WKH�PDWXUH�HIILFLHQF\�WKHRU\�GHYHORSHG
ZLWKLQ�WKH�LLG�VXSHU�SRSXODWLRQ�IUDPHZRUN��WKH�GHVLJQ�EDVHG�IUDPHZRUN��ZKHUH�WUHDWPHQW�LV�WKH�RQO\
VRXUFH�RI�UDQGRPQHVV��LV�JHQHUDOO\�ODFNLQJ�LQ�VWDWLVWLFDO�ORZHU�ERXQGV��)RU�H[DPSOH��ZH�DUH�QRW
DZDUH�RI�ZRUN�ZKLFK�GLUHFWO\�HVWDEOLVKHV�PLQLPD[�UDWHV�RI�$7(�HVWLPDWLRQ�HYHQ�LQ�WKH�QR�
LQWHUIHUHQFH�VHWWLQJ��$�FHQWUDO�FKDOOHQJH�LV�WKDW�D�VWDWLVWLFDO�ORZHU�ERXQG�IRU�UDQGRPL]HG
H[SHULPHQWV�VKRXOG�LQFRUSRUDWH�QRW�RQO\�WKH�RSWLPDO�FKRLFH�RI�HVWLPDWRU��EXW�DOVR�WKH�RSWLPDO�FKRLFH
RI�WKH�H[SHULPHQWDO�GHVLJQ�

,Q�WKLV�SDSHU��ZH�VWXG\�PLQLPD[�UDWHV�RI�HVWLPDWLRQ�LQ�QHWZRUN�H[SHULPHQWV��ZKHUH�RSWLPDOLW\�LV�ZLWK
UHVSHFW�WR�ERWK�WKH�FKRLFH�RI�HVWLPDWRU�DQG�GHVLJQ��:H�GHYHORS�LQIRUPDWLRQ�WKHRUHWLF�ORZHU�ERXQGV
ZKLFK�GHSHQG�RQ�ERWK�WKH�XQGHUO\LQJ�QHWZRUN�DQG�WKH�FDXVDO�HIIHFW��WKUX�WKH�FRQIOLFW�JUDSK
LQWURGXFHG�E\�.DQGLURV�HW�DO���������)RU�PDQ\�QHWZRUNV��WKHVH�ORZHU�ERXQGV�PDWFK�WKH�XSSHU
ERXQGV�REWDLQHG�E\�WKH�&RQIOLFW�*UDSK�'HVLJQ�RI�.DQGLURV�HW��DO���������HVWDEOLVKLQJ�WKH�PLQLPD[
UDWH�RI�HVWLPDWLRQ�IRU�WKHVH�QHWZRUNV��+RZHYHU��WKH�XSSHU�DQG�ORZHU�ERXQGV�GR�QRW�PDWFK�IRU�DOO
QHWZRUNV��:H�FRQMHFWXUH�WKDW�WKLV�JDS�UHIOHFWV�DQ�LVVXH�RI�FRPSXWDWLRQDO�FRPSOH[LW\�LQ�WKH�IROORZLQJ
VHQVH��WKH�H[DFW�PLQLPD[�UDWH�RI�HVWLPDWLRQ�PD\�EH�13�+DUG�WR�DSSUR[LPDWH�LQ�JHQHUDO�
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&DXVDO�,QIHUHQFH�LQ�1HWZRUNV

$GDSWLYH�([SHULPHQWDO�'HVLJQ�IRU�(IILFLHQW�&DXVDO�(VWLPDWRUV�XQGHU�1HLJKERUKRRG�DQG
7HPSRUDO�,QWHUIHUHQFH�)HL�)DQJ
�)HL�)DQJ��/DXUD�)RUDVWLHUH�

1HWZRUN�LQWHUIHUHQFH�SRVHV�IXQGDPHQWDO�FKDOOHQJHV�IRU�H[SHULPHQWDO�GHVLJQ��DV�LQFRPSDWLELOLWLHV
DPRQJ�QHDUE\�XQLWV�LQ�VLPXOWDQHRXVO\�DWWDLQLQJ�WKH�H[SRVXUH�FRQGLWLRQV�GHILQLQJ�WKH�WDUJHW�HVWLPDQG
FDQ�OHDG�WR�ORZ�HVWLPDWLRQ�HIILFLHQF\��:H�GHYHORS�DQ�DGDSWLYH�GHVLJQ�IRU�HVWLPDWLQJ�FDXVDO�HIIHFWV
XQGHU�QHLJKERUKRRG�LQWHUIHUHQFH�WR�LPSURYH�HIILFLHQF\��:H�ILUVW�FRQVLGHU�H[SHULPHQWV�FRQGXFWHG�RQ
PXOWLSOH�QHWZRUNV��ZKHUH�QHWZRUN�VWUXFWXUH��SRWHQWLDO�RXWFRPHV��DQG�FRYDULDWHV�DUH�VDPSOHG�IURP�D
FRPPRQ�GLVWULEXWLRQ�RYHU�WLPH��,Q�WKLV�UHJLPH��ZH�EXLOG�RQ�WKH�FRQIOLFW�JUDSK�GHVLJQ�RI�.DQGLURV�HW
DO����������ZKLFK�UHGXFHV�FRQIOLFWV�LQ�UHDOL]LQJ�WDUJHW�H[SRVXUH�FRQGLWLRQV�E\�DVVLJQLQJ�WUHDWPHQWV
DFFRUGLQJ�WR�DQ�LPSRUWDQFH�RUGHULQJ�RI�QHLJKERULQJ�XQLWV��,Q�WKH�SURSRVHG�DGDSWLYH�FRQIOLFW�JUDSK
GHVLJQ��H[SRVXUH�VDPSOLQJ�SUREDELOLWLHV�DQG�LPSRUWDQFH�RUGHULQJV�DUH�XSGDWHG�EDVHG�RQ�REVHUYHG
KLVWRU\�DQG�FKRVHQ�WR�PLQLPL]H�HVWLPDWRU�YDULDQFH��:H�WKHQ�VWXG\�DGDSWLYH�GHVLJQ�RQ�D�VLQJOH�IL[HG
QHWZRUN�REVHUYHG�UHSHDWHGO\�RYHU�WLPH��ZKHUH�WHPSRUDO�FDUU\RYHU�DQG�GHSHQGHQFH�DULVH��7R
DGGUHVV�WKLV�VHWWLQJ��ZH�SURSRVH�D�EORFN�DGDSWLYH�GHVLJQ�WKDW�DSSOLHV�WKH�DGDSWLYH�FRQIOLFW�JUDSK
GHVLJQ�DW�WKH�EHJLQQLQJ�RI�HDFK�EORFN��ZLWK�HVWLPDWLRQ�OHYHUDJLQJ�REVHUYDWLRQV�IURP�WKH�FDUU\RYHU
SHULRG��:H�MRLQWO\�PLQLPL]H�HVWLPDWRU�YDULDQFH�RYHU�EORFN�OHQJWK��H[SRVXUH�VDPSOLQJ�SUREDELOLWLHV�
DQG�LPSRUWDQFH�RUGHULQJV�LQ�DQ�DGDSWLYH�PDQQHU��6\QWKHWLF�GDWD�DSSOLFDWLRQV�VKRZ�HIILFLHQF\�JDLQV
RI�RXU�GHVLJQV�
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'HVLJQ�RI�([SHULPHQWV

*DXVVLDQL]HG�'HVLJQ�2SWLPL]DWLRQ�IRU�&RYDULDWH�%DODQFH�LQ�5DQGRPL]HG�([SHULPHQWV
:HQ[XDQ�*XR
�:HQ[XDQ�*XR��7HQJ\XDQ�/LDQJ��3DQRV�7RXOLV�

$FKLHYLQJ�FRYDULDWH�EDODQFH�LQ�UDQGRPL]HG�H[SHULPHQWV�HQKDQFHV�WKH�SUHFLVLRQ�RI�WUHDWPHQW�HIIHFW
HVWLPDWLRQ��+RZHYHU��H[LVWLQJ�PHWKRGV�RIWHQ�UHTXLUH�KHXULVWLF�DGMXVWPHQWV�EDVHG�RQ�GRPDLQ
NQRZOHGJH�DQG�DUH�SULPDULO\�GHYHORSHG�IRU�ELQDU\�WUHDWPHQWV��7KLV�SDSHU�SUHVHQWV�*DXVVLDQL]HG
'HVLJQ�2SWLPL]DWLRQ��D�QRYHO�IUDPHZRUN�IRU�RSWLPDOO\�EDODQFLQJ�FRYDULDWHV�LQ�H[SHULPHQWDO�GHVLJQ�
7KH�FRUH�LGHD�LV�WR�*DXVVLDQL]H�WKH�WUHDWPHQW�DVVLJQPHQWV��ZH�PRGHO�WUHDWPHQWV�DV�WUDQVIRUPDWLRQV
RI�UDQGRP�YDULDEOHV�GUDZQ�IURP�D�PXOWLYDULDWH�*DXVVLDQ�GLVWULEXWLRQ��FRQYHUWLQJ�WKH�GHVLJQ�SUREOHP
LQWR�D�QRQOLQHDU�FRQWLQXRXV�RSWLPL]DWLRQ�RYHU�*DXVVLDQ�FRYDULDQFH�PDWULFHV��&RPSDUHG�WR�H[LVWLQJ
PHWKRGV��RXU�DSSURDFK�RIIHUV�VLJQLILFDQW�IOH[LELOLW\�LQ�RSWLPL]LQJ�FRYDULDWH�EDODQFH�DFURVV�D�GLYHUVH
UDQJH�RI�GHVLJQV�DQG�FRYDULDWH�W\SHV��$GDSWLQJ�WKH�%XUHU�0RQWHLUR�DSSURDFK�IRU�VROYLQJ�VHPLGHILQLWH
SURJUDPV��ZH�LQWURGXFH�ILUVW�RUGHU�ORFDO�DOJRULWKPV�IRU�RSWLPL]LQJ�FRYDULDWH�EDODQFH��LPSURYLQJ
XSRQ�VHYHUDO�ZLGHO\�XVHG�GHVLJQV��)XUWKHUPRUH��ZH�GHYHORS�LQIHUHQWLDO�SURFHGXUHV�IRU�FRQVWUXFWLQJ
GHVLJQ�EDVHG�FRQILGHQFH�LQWHUYDOV�XQGHU�*DXVVLDQL]DWLRQ�DQG�H[WHQG�WKH�IUDPHZRUN�WR�DFFRPPRGDWH
FRQWLQXRXV�WUHDWPHQWV��6LPXODWLRQV�GHPRQVWUDWH�WKH�HIIHFWLYHQHVV�RI�*DXVVLDQL]DWLRQ�LQ�PXOWLSOH
SUDFWLFDO�VFHQDULRV�
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'HVLJQ�RI�([SHULPHQWV

$OORF27��&RQVWUDLQHG�7UHDWPHQW�$VVLJQPHQW�YLD�6HPL�'LVFUHWH�2SWLPDO�7UDQVSRUW�0LQJ[XQ
:DQJ
�4LXUDQ�/\X��0LQJ[XQ�:DQJ�

7UHDWPHQW�DVVLJQPHQW�LV�FHQWUDO�WR�FDXVDO�LQIHUHQFH�EXW�RIWHQ�PXVW�UHVSHFW�UHDO�ZRUOG�FRQVWUDLQWV�
LQFOXGLQJ�DGDSWLYH�XSGDWHV��IDLUQHVV�DFURVV�GHPRJUDSKLF�JURXSV��DQG�EXGJHW�RU�FDSDFLW\�OLPLWV�
0RUHRYHU��DV�WKH�QXPEHU�RI�WUHDWPHQW�DUPV�JURZV�DQG�FRQVWUDLQWV�EHFRPH�FRPSOH[��JHQHULF�VROYHUV
VXFK�DV�*XUREL�FDQ�EHFRPH�FRPSXWDWLRQDOO\�H[SHQVLYH�
:H�SURSRVH�&RQVWUDLQHG�$OORFDWLRQ�YLD�2SWLPDO�7UDQVSRUW��$OORF27���D�VHPL�GLVFUHWH�RSWLPDO
WUDQVSRUW�IUDPHZRUN�WKDW�FDVWV�FRQVWUDLQHG�DVVLJQPHQW�DV�WUDQVSRUWLQJ�WKH�FRYDULDWH�GLVWULEXWLRQ�WR
D�ILQLWH�VHW�RI�WUHDWPHQW�DUPV��$OORF27�JLYHV�DVVLJQPHQW�UXOHV�IRU�HDFK�XQLW�E\�PLQLPL]LQJ�DQ�RYHUDOO
FRVW��IRU�RXWFRPH�GULYHQ�DOORFDWLRQ��WKH�FRVW�LV�WKH�QHJDWLYH�SUHGLFWHG�RXWFRPH�XQGHU�HDFK�DUP��VR
PLQLPL]LQJ�FRVW�PD[LPL]HV�H[SHFWHG�EHQHILW��3UDFWLFDO�UHTXLUHPHQWV�DUH�LPSRVHG�DV�OLQHDU�TXRWD
FRQVWUDLQWV�RQ�DJJUHJDWH�DVVLJQPHQW�IUHTXHQFLHV��IRU�H[DPSOH��IL[HG�DUP�UDWLRV��VXEJURXS�VSHFLILF
H[SRVXUH�ERXQGV�IRU�IDLUQHVV�DQG�EDODQFH��DQG�FDSDFLW\�RU�EXGJHW�FDSV�IRU�VFDUFH�RU�FRVWO\
LQWHUYHQWLRQV�
:H�YDOLGDWH�$OORF27�SHUIRUPDQFH�DFURVV�VLPXODWLRQ�VWXGLHV�FRYHULQJ�YDU\LQJ�QXPEHUV�RI�DUPV�DQG
FRQVWUDLQW�UHJLPHV��7KH�UHVXOW�VKRZV�WKDW�$OORF27�GHOLYHUV�KLJK�TXDOLW\�DOORFDWLRQV�ZLWK�VXEVWDQWLDOO\
LPSURYHG�VFDODELOLW\�DQG�UXQWLPH�FRPSDUHG�ZLWK�JHQHULF�RSWLPL]DWLRQ�VROYHUV��PDNLQJ�LW�D�SUDFWLFDO
DSSURDFK�IRU�ODUJH�VFDOH�FRQVWUDLQHG�WUHDWPHQW�DVVLJQPHQW�LQ�FDXVDO�LQIHUHQFH�
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'HVLJQ�RI�([SHULPHQWV

'\QDPLF�$GDSWLYH�5HUDQGRPL]DWLRQ�IRU�(IILFLHQW�6HTXHQWLDO�7ULDOV�8QGHU�%XGJHW
&RQVWUDLQWV�.DWHU\QD�+XVDU
�.DWHU\QD�+XVDU�

:H�LQWURGXFH�WKH�'\QDPLF�$GDSWLYH�5HUDQGRPL]DWLRQ��'$5��IUDPHZRUN�WR�LPSURYH�WKH�VWDWLVWLFDO
HIILFLHQF\�RI�WKH�$YHUDJH�7UHDWPHQW�(IIHFW��$7(��HVWLPDWRU�LQ�UHVRXUFH�FRQVWUDLQHG�VHTXHQWLDO
UDQGRPL]HG�FRQWUROOHG�WULDOV��5&7V���'$5�FRPELQHV�WZR�OLQNHG�%D\HVLDQ�SURFHGXUHV�IRU�FRQFXUUHQW
DGDSWLYH�OHDUQLQJ�DQG�UREXVW�HVWLPDWLRQ��,Q�HDFK�EDWFK��D�7KRPSVRQ�6DPSOLQJ�EDVHG�0XOWL�$UPHG
%DQGLW��0$%��SROLF\�VHOHFWV�FRYDULDWHV�ZLWK�WKH�KLJKHVW�SRVWHULRU�SUHGLFWLYH�LPSRUWDQFH�ZKLOH
UHVSHFWLQJ�WKH�PHDVXUHPHQW�EXGJHW��0HDVXUHG�FRYDULDWHV�DUH�WKHQ�XVHG�LQ�UHUDQGRPL]DWLRQ�WR
PLQLPL]H�WKH�YDULDQFH�RI�WKH�EDWFK�VSHFLILF�$7(�HVWLPDWRU���KDWWDXBN����7KH�RYHUDOO�$YHUDJH
7UHDWPHQW�(IIHFW���WDX���LV�HVWLPDWHG�VHTXHQWLDOO\�XVLQJ�D�%D\HVLDQ�ZHLJKWHG�DYHUDJLQJ�DSSURDFK�
7KH��KDWWDXBN�yV�DUH�FRPELQHG�XVLQJ�LQYHUVH�YDULDQFH�ZHLJKWLQJ��ZKHUH�XQFHUWDLQW\�LQ�WKH�YDULDQFH
HVWLPDWHV���VLJPDBNA����LV�H[SOLFLWO\�PRGHOHG��7KLV�VWUXFWXUH�QDWXUDOO\�DVVLJQV�JUHDWHU�ZHLJKW�WR
EDWFKHV�UHUDQGRPL]HG�RQ�PRUH�SUHGLFWLYH�FRYDULDWHV��DV�WKHVH�HVWLPDWRUV�H[KLELW�VPDOOHU�VDPSOLQJ
YDULDQFHV��&RYDULDWH�SUHGLFWLYH�XWLOLW\�LV�VXEVHTXHQWO\�UHDVVHVVHG�WR�XSGDWH�WKH�LPSRUWDQFH�SULRU�
FORVLQJ�WKH�DGDSWLYH�ORRS��7KLV�GXDO�SDWK�PHFKDQLVP�DOORZV�IRU�LGHQWLILFDWLRQ�RI�LQIOXHQWLDO
FRYDULDWHV��RSWLPL]HV�UHVRXUFH�XVH��DQG�\LHOGV�D�SUHFLVH��IXOO\�TXDQWLILHG�SRVWHULRU�IRU�WKH�$7(�
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'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

8VLQJ�D�7ZR�3DUDPHWHU�6HQVLWLYLW\�$QDO\VLV�)UDPHZRUN�WR�(IILFLHQWO\�&RPELQH�5DQGRPL]HG
DQG�1RQ�UDQGRPL]HG�6WXGLHV�5XRTL�<X
�5XRTL�<X��%LNUDP�.DUPDNDU��-HVVLFD�9DQGHOHHVW��(OHDQRU
6FKZDU]�

&DXVDO�LQIHUHQFH�LV�YLWDO�IRU�LQIRUPHG�GHFLVLRQ�PDNLQJ�DFURVV�ILHOGV�VXFK�DV�ELRPHGLFDO�UHVHDUFK�DQG
VRFLDO�VFLHQFHV��5DQGRPL]HG�FRQWUROOHG�WULDOV��5&7V��DUH�FRQVLGHUHG�WKH�JROG�VWDQGDUG�IRU�LQWHUQDO
YDOLGLW\�RI�LQIHUHQFHV��ZKHUHDV�REVHUYDWLRQDO�VWXGLHV��26V��RIWHQ�SURYLGH�WKH�RSSRUWXQLW\�IRU�JUHDWHU
H[WHUQDO�YDOLGLW\��+RZHYHU��ERWK�GDWD�VRXUFHV�KDYH�LQKHUHQW�OLPLWDWLRQV�SUHYHQWLQJ�WKHLU�XVH�IRU
EURDGO\�YDOLG�VWDWLVWLFDO�LQIHUHQFHV��5&7V�PD\�ODFN�JHQHUDOL]DELOLW\�GXH�WR�WKHLU�VHOHFWLYH�HOLJLELOLW\
FULWHULRQ��DQG�26V�DUH�YXOQHUDEOH�WR�XQREVHUYHG�FRQIRXQGLQJ��7KLV�SDSHU�SURSRVHV�DQ�LQQRYDWLYH
DSSURDFK�WR�LQWHJUDWH�5&7�DQG�26�WKDW�ERUURZV�WKH�RWKHU�VWXG\yV�VWUHQJWKV�WR�UHPHG\�HDFK�VWXG\yV
OLPLWDWLRQV��7KH�PHWKRG�XVHV�D�QRYHO�WULSOHW�PDWFKLQJ�DOJRULWKP�WR�DOLJQ�5&7�DQG�26�VDPSOHV�DQG�D
QHZ�WZR�SDUDPHWHU�VHQVLWLYLW\�DQDO\VLV�IUDPHZRUN�WR�TXDQWLI\�LQWHUQDO�DQG�H[WHUQDO�YDOLGLW\�ELDVHV�
7KLV�FRPELQHG�DSSURDFK�\LHOGV�FDXVDO�HVWLPDWHV�WKDW�DUH�PRUH�UREXVW�WR�KLGGHQ�ELDVHV�WKDQ�26V
DORQH�DQG�SURYLGHV�UHOLDEOH�LQIHUHQFHV�DERXW�WKH�WUHDWPHQW�HIIHFW�LQ�WKH�JHQHUDO�SRSXODWLRQ��:H
DSSO\�WKLV�PHWKRG�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�ODFWDWLRQ�RQ�PDWHUQDO�KHDOWK�XVLQJ�D�VPDOO�5&7�DQG�D
ORQJ�WHUP�REVHUYDWLRQDO�KHDOWK�UHFRUGV�GDWDVHW�IURP�WKH�&DOLIRUQLD�1DWLRQDO�3ULPDWH�5HVHDUFK
&HQWHU��7KLV�DSSOLFDWLRQ�GHPRQVWUDWHV�WKH�SUDFWLFDO�XWLOLW\�RI�RXU�DSSURDFK�LQ�JHQHUDWLQJ
VFLHQWLILFDOO\�VRXQG�DQG�DFWLRQDEOH�FDXVDO�HVWLPDWHV�
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'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

7HVWLQJ�LQGLYLGXDO�OHYHO�QXOO�ZLWKRXW�LPSXWDWLRQ�=LMXQ�*DR
�=LMXQ�*DR�

$Q�LQGLYLGXDO�OHYHO�QXOO�VSHFLILHV�UHVWULFWLRQV�RQ�HDFK�XQLWyV�SRWHQWLDO�RXWFRPHV��)LVKHULDQ
UDQGRPL]DWLRQ�LQIHUHQFH�SURYLGHV�PRGHO�OHDQ��ILQLWH�VDPSOHvYDOLG�WHVWV�IRU�D�FODVV�RI�VXFK�QXOOV�YLD
LPSXWDWLRQ�RI�SRWHQWLDO�RXWFRPHV��+RZHYHU��IRU�JHQHUDO�LQGLYLGXDO�OHYHO�QXOOV��VXFK�DV�D�VLQJOH
FRQWUDVW�DFURVV�PXOWLSOH�WUHDWPHQW�OHYHOV��WKH�SRWHQWLDO�RXWFRPHV�PD\�QR�ORQJHU�EH�LPSXWDEOH�
)LVKHULDQ�UDQGRPL]DWLRQ�LQIHUHQFH�WKHUHIRUH�GRHV�QRW�GLUHFWO\�DSSO\��DQG�H[LVWLQJ�DSSURDFKHV
W\SLFDOO\�LQWURGXFH�DGGLWLRQDO�LQGLYLGXDO�OHYHO�UHVWULFWLRQV�DQG�HIIHFWLYHO\�WHVWV�D�VWURQJHU�QXOO�

:H�GHYHORS�DQ�H�YDOXHvEDVHG�WHVW�IRU�JHQHUDO�LQGLYLGXDO�OHYHO�QXOOV�WKDW�FLUFXPYHQWV�LPSXWDWLRQ��7KH
NH\�LGHD�LV�WR�FRQVWUXFW�H�YDOXHV�ZKRVH�YDOLGLW\�LV�GLUHFWO\�LPSOLHG�E\�WKH�UHVWULFWLRQV�LQ�WKH�QXOO��7KH
SURSRVHG�WHVW�LV�ILQLWH�VDPSOH�YDOLG��ZLWK�YDOLGLW\�GHWHUPLQHG�VROHO\�E\�WKH�WUHDWPHQW�DVVLJQPHQW��,W
DOVR�SHUPLWV�GDWD�GHSHQGHQW�H�YDOXHV�ZLWKRXW�VDPSOH�VSOLWWLQJ��\LHOGLQJ�DGDSWLYH�WHVWV�ZLWK�KLJK
SRZHU��:H�LOOXVWUDWH�WKH�HIILFDF\�RI�RXU�PHWKRG�E\�WHVWLQJ�]HUR�LQWHUDFWLRQ�HIIHFWV�LQ�IDFWRULDO
GHVLJQV�
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'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

([DFW�)LVKHULDQ�3�9DOXHV�IRU�0XOWL�$UPHG�%DQGLWV�$GDP�6DOHV
�$GDP�6DOHV��(WKDQ�3ULKDU�

5DQGRPL]HG�PXOWL�DUPHG�EDQGLWV�H[SHULPHQWDO�GHVLJQV�LQ�ZKLFK�VXFFHVVLYH�VXEMHFWV�DUH�DGDSWLYHO\
UDQGRPL]HG�VXEMHFWV�EHWZHHQ�FRQGLWLRQV��UDQGRPL]DWLRQ�SUREDELOLWLHV�DUH�EDVHG�RQ�SUHYLRXV�XVHUVy
RXWFRPHV��2QH�KHXULVWLF��7KRPSVRQ�VDPSOLQJ��HVVHQWLDOO\�UDQGRPL]HV�XVHUV�WR�FRQGLWLRQV�DFFRUGLQJ
WR�WKH�SRVWHULRU�SUREDELOLWLHV�WKDW�HDFK�FRQGLWLRQ�LV�RSWLPDO��FRQGLWLRQDO�RQ�SUHYLRXV�XVHUVy
UHVSRQVHV��+RZHYHU��IURP�D�VFLHQWLILF�SHUVSHFWLYH��50$%V�SUHVHQW�D�FKDOOHQJH��WKH�DGDSWLYLW\�RI
50$%V�LQGXFHV�D�FRPSOH[�GHSHQGHQFH�VWUXFWXUH�EHWZHHQ�WKH�REVHUYDWLRQV�ZKLFK�LQYDOLGDWHV�XVXDO
DSSURDFKHV�WR�VWDWLVWLFDO�LQIHUHQFH�IURP�UDQGRPL]HG�H[SHULPHQWV��ZKLFK�DVVXPH�VRPH�GHJUHH�RI
LQGHSHQGHQFH�EHWZHHQ�REVHUYDWLRQV�
7KLV�SDSHU�LOOXVWUDWHV�D�VLPSOH��EXW�RYHUORRNHG��VROXWLRQ��VLPXODWLRQ�EDVHG�H[DFW�S�YDOXHV�IRU�)LVKHUyV
VWULFW�QXOO�K\SRWKHVLV�RI�QR�HIIHFW��7KLV�DSSURDFK�UHTXLUHV�D�FRPSOHWH�UHFRUG�RI�UDQGRPL]DWLRQ
SUREDELOLWLHV��WUHDWPHQW�DVVLJQPHQWV��DQG�RXWFRPHVwDQG�VXIILFLHQW�FRPSXWDWLRQDO�SRZHUwEXW�OLWWOH
HOVH��:H�LOOXVWUDWH�WKLV�DSSURDFK�XVLQJ�D�QHZ�GDWDVHW�RI�RYHU�����50$%V�FRQGXFWHG�RQ�DQ�RQOLQH
KRPHZRUN�SODWIRUP��ZKHUH�WKH�RXWFRPH�RI�LQWHUHVW�ZDV�VWXGHQWVy�FRUUHFWQHVV�RQ�WKH�QH[W�SUREOHP�
DQG�FRPSDUH�UDQGRPL]DWLRQ�EDVHG�S�YDOXHV�XVLQJ�D�YDULHW\�RI�WHVW�VWDWLVWLFV�WR�QDkYH�FKL�VTXDUHG
WHVWV�
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'HVLJQ�%DVHG�&DXVDO�,QIHUHQFH

&ULPH��6DOLHQFH��DQG�WKH�+RXVLQJ�0DUNHW�1HQF\�'KDPHMD
�1HQF\�'KDPHMD�

+RZ�GR�KRXVLQJ�PDUNHWV�UHVSRQG�WR�QHDUE\�FULPH"�'R�EX\HUV�SULFH�FULPH�EDVHG�RQ�REMHFWLYH�ULVN��RU
GR�WKH\�UHDFW�PRUH�VWURQJO\�WR�KLJKO\�YLVLEOH�HYHQWV"�8VLQJ���������UHSHDW�KRPH�VDOHV�IURP��������
&KLFDJR�SURSHUWLHV�EHWZHHQ������DQG�������PDWFKHG�WR�����PLOOLRQ�JHRFRGHG�FULPH�LQFLGHQWV��WKLV
SDSHU�H[DPLQHV�KRZ�FULPH�LV�FDSLWDOL]HG�LQWR�KRXVLQJ�SULFHV�
3UHOLPLQDU\�DQDO\VLV�DFURVV�����GLVWDQFHvWLPH�VSHFLILFDWLRQV�VKRZV�WKDW�������������SURGXFH
QHJDWLYH�SRLQW�HVWLPDWHV��ZLWK�WKH�ODUJHVW�HIIHFWV�FRQFHQWUDWHG�DW�WKH�VKRUWHVW�GLVWDQFHV�DQG�PRVW
UHFHQW�WLPH�ZLQGRZV��$�QHDUvIDU�LGHQWLILFDWLRQ�VWUDWHJ\�VKDUSHQV�WKLV�GHVFULSWLYH�SDWWHUQ�LQWR�D
FDXVDO�WHVW�E\�FRPSDULQJ�FULPH�RFFXUULQJ�LPPHGLDWHO\�DURXQG�D�SURSHUW\���v�����PLOHV��ZLWK�FULPH
VOLJKWO\�IDUWKHU�DZD\�LQ�WKH�VXUURXQGLQJ�QHLJKERUKRRG������v�����PLOHV���XQGHU�SURSHUW\�DQG
&RPPXQLW\�$UHD�c�0RQWK�IL[HG�HIIHFWV��&ULPH�ZLWKLQ�WKH�LPPHGLDWH�EORFN�VLJQLILFDQWO\�UHGXFHV�VDOH
SULFHV�E\�}��������ZKLOH�FULPH�VOLJKWO\�IDUWKHU�DZD\�KDV�QR�GHWHFWDEOH�HIIHFW��LQGLFDWLQJ�KLJKO\
ORFDOL]HG�FDSLWDOL]DWLRQ��:LWKLQ�YLROHQW�FULPHV��GD\WLPH�LQFLGHQWV�DIIHFW�SULFHV��ZKHUHDV�QLJKWWLPH
LQFLGHQWV�RI�WKH�VDPH�FDWHJRULHV�GR�QRW��7DNHQ�WRJHWKHU��WKH�UHVXOWV�VXJJHVW�WKDW�KRXVLQJ�PDUNHWV
UHVSRQG�GLVSURSRUWLRQDWHO\�WR�YLVLEOH��XQH[SHFWHG�FULPH�HYHQWV��SURGXFLQJ�EORFN�OHYHO�SULFH
GLVWRUWLRQV�GULYHQ�E\�VDOLHQFH�UDWKHU�WKDQ�ORQJ�UXQ�ULVN�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

3KDUPDFRPHWULFV�PRGHOLQJ�LQ�FRPELQDWLRQ�ZLWK�*�IRUPXOD�WR�DGMXVW�IRU�WLPH�YDU\LQJ
FRQIRXQGHU�IRU�WLPH�WR�HYHQW�DQDO\VLV�6L\DQ�;X
�6L\DQ�;X��+DUULHW�/RQJOH\��7KRPDV�'XPRUWLHU�
<X�<XQ�+R�

7UHDWPHQW�FURVVRYHU��;2��IURP�FRQWURO�WR�H[SHULPHQWDO�LQ�RQFRORJ\�FRPSOLFDWHV�HVWLPDWLRQ�RI
WUHDWPHQW�HIIHFW�RI�RYHUDOO�VXUYLYDO��26���$�K\SRWKHWLFDO�HVWLPDQG�LV��WKH�SUREDELOLW\�RI�VXUYLYDO�LQ
FRQWURO�DUP�XQGHU�D�FRXQWHUIDFWXDO�VFHQDULR�ZKHUH�;2�LV�GLVDOORZHG��1DkYH�FHQVRULQJ�DW�;2�WLPH
\LHOGV�ELDVHG�HVWLPDWHV�ZKHQ�;2�LV�GULYHQ�E\�SRVW�UDQGRPL]DWLRQ�YDULDEOHV�WKDW�DOVR�DIIHFW�VXUYLYDO�
,Q�SURVWDWH�FDQFHU�WULDOV��SURVWDWH�VSHFLILF�DQWLJHQ��36$��LQIOXHQFHV�ERWK�;2�DQG�26��PDNLQJ�36$�D
WLPH�YDU\LQJ�FRQIRXQGHU�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WLPH�WR�;2�DQG�WLPH�WR�GHDWK��$VVXPLQJ�36$�LV
WKH�VROH�FRQIRXQGHU��FRQGLWLRQLQJ�RQ�36$�FDQ�UHQGHU�WLPH�WR�;2�LQGHSHQGHQW�RI�WLPH�WR�GHDWK�
HQDEOLQJ�XQELDVHG�HVWLPDWLRQ�RI�WKH�VXUYLYDO�HYHQ�ZKHQ�FHQVRULQJ�DW�;2�WLPH�
:H�HVWLPDWH�K\SRWKHWLFDO�HVWLPDQG�XVLQJ�J�IRUPXOD��ZLWK�D�SKDUPDFRPHWULFV�PRGHOOLQJ�IUDPHZRUN
DQG�SDUDPHWULF�WLPH�WR�HYHQW�DQDO\VLV��7ULDO�GDWD�LV�VLPXODWHG�IURP�DQ�zDVVXPHG�JURXQG�WUXWK{
NLQHWLF�SKDUPDFRG\QDPLF�PRGHO�ZKHUH�36$�LV�WKH�RQO\�WLPH�YDU\LQJ�FRQIRXQGHU�WKDW�LPSDFWV�ERWK
;2�DQG�GHDWK�KD]DUGV��*�IRUPXOD�EDVHG�VXUYLYDO�HVWLPDWHV�ZHUH�FRPSDUHG�WR�WKH�NQRZQ�zJURXQG
WUXWK{�VXUYLYDO�FXUYH�
6LPXODWLRQV�VKRZ�WKDW��XQGHU�FRUUHFW�PRGHO�DVVXPSWLRQV�DQG�QR�XQPHDVXUHG�FRQIRXQGHUV��WKH�J�
IRUPXOD�DSSURDFK�DFFXUDWHO\�HVWLPDWHV�WKH�K\SRWKHWLFDO�HVWLPDQG��7KLV�ILQGLQJ�KLJKOLJKWV�WKH�YDOXH
RI�LQWHJUDWLQJ�SKDUPDFRPHWULF�PRGHOLQJ�ZLWK�FDXVDO�LQIHUHQFH�WR�LPSURYH�WKH�HVWLPDWLRQ�RI
WUHDWPHQW�HIIHFW�ZKHQ�WLPH�YDU\LQJ�FRQIRXQGHUV�DUH�SUHVHQW�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

$�/DWHQW�)DFWRU�3DQHO�$SSURDFK�WR�6SDWLRWHPSRUDO�&DXVDO�,QIHUHQFH�-LD[L�:X
�-LD[L�:X�
$OH[DQGHU�)UDQNV�

8QPHDVXUHG�FRQIRXQGLQJ�FDQ�VHYHUHO\�ELDV�FDXVDO�HIIHFW�HVWLPDWHV�IURP�VSDWLRWHPSRUDO
REVHUYDWLRQDO�GDWD��HVSHFLDOO\�ZKHQ�WKH�FRQIRXQGHUV�GR�QRW�YDU\�VPRRWKO\�LQ�WLPH�DQG�VSDFH��,Q�WKLV
ZRUN��ZH�GHYHORS�D�PHWKRG�IRU�DGGUHVVLQJ�XQPHDVXUHG�FRQIRXQGLQJ�LQ�VSDWLRWHPSRUDO�FRQWH[WV�E\
EXLOGLQJ�RQ�PRGHOV�IURP�WKH�SDQHO�GDWD�OLWHUDWXUH�DQG�PHWKRGV�LQ�PXOWLYDULDWH�FDXVDO�LQIHUHQFH��2XU
PHWKRG�LV�EDVHG�RQ�D�IDFWRU�FRQIRXQGLQJ�DVVXPSWLRQ��ZKLFK�SRVLWV�WKDW�HIIHFWV�RI�XQPHDVXUHG
FRQIRXQGHUV�RQ�H[SRVXUHV�DQG�RXWFRPHV�FDQ�EH�FDSWXUHG�E\�D�VKDUHG�ODWHQW�IDFWRU�PRGHO��)DFWRU
FRQIRXQGLQJ�LV�VXIILFLHQW�WR�SDUWLDOO\�LGHQWLI\�FDXVDO�HIIHFWV��HYHQ�ZKHQ�WKHUH�LV�LQWHUIHUHQFH�EHWZHHQ
XQLWV��$GGLWLRQDO�DVVXPSWLRQV�WKDW�OLPLW�WKH�GHJUHH�RI�VSDWLRWHPSRUDO�LQWHUIHUHQFH��UHDVRQDEOH�LQ
PRVW�DSSOLFDWLRQV��DUH�VXIILFLHQW�WR�SRLQW�LGHQWLI\�WKH�HIIHFWV��6LPXODWLRQ�VWXGLHV�GHPRQVWUDWH�WKDW�WKH
SURSRVHG�DSSURDFK�FDQ�VXEVWDQWLDOO\�UHGXFH�RPLWWHG�YDULDEOH�ELDV�UHODWLYH�WR�RWKHU�VSDWLDO�VPRRWKLQJ
DQG�SDQHO�GDWD�EDVHOLQHV��:H�LOOXVWUDWH�RXU�PHWKRG�LQ�D�FDVH�VWXG\�RI�WKH�HIIHFW�RI�SUHQDWDO�30���
H[SRVXUH�RQ�ELUWK�ZHLJKW�LQ�&DOLIRUQLD�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

6\QWKHWLF�&RQWURO�ZLWK�'LVDJJUHJDWHG�'DWD�/HD�%RWWPHU
�/HD�%RWWPHU�

7KH�V\QWKHWLF�FRQWURO�HVWLPDWRU�LV�ZLGHO\�XVHG�WR�HYDOXDWH�DJJUHJDWH�OHYHO�SROLFLHV��EXW�UHVHDUFKHUV
LQFUHDVLQJO\�IDFH�VHWWLQJV�ZLWK�ULFK��GLVDJJUHJDWHG�GDWD��H�J���FRXQW\�OHYHO�RXWFRPHV�ZLWKLQ�VWDWHV�
WKDW�UDLVH�QHZ�TXHVWLRQV�DERXW�DJJUHJDWLRQ�FKRLFH��([LVWLQJ�DSSURDFKHV�LQFRUSRUDWH�VXFK�GDWD�E\
HVWLPDWLQJ�VHSDUDWH�V\QWKHWLF�FRQWUROV�IRU�HDFK�GLVDJJUHJDWHG�WUHDWHG�XQLW��HQODUJLQJ�WKH�GRQRU�SRRO
ZLWK�GLVDJJUHJDWHG�FRQWURO�XQLWV��RU�ERWK��7KHVH�VWUDWHJLHV�FDQ�LPSURYH�ILW�EXW�DOVR�DPSOLI\�QRLVH�
ZLWK�OLWWOH�JXLGDQFH�RQ�KRZ�WR�EDODQFH�WKHVH�WUDGH�RIIV��7KLV�SDSHU�GHYHORSV�D�JHQHUDO�IUDPHZRUN�IRU
V\QWKHWLF�FRQWURO�ZLWK�GLVDJJUHJDWHG�GDWD�WKDW�QHVWV�WKH�FODVVLFDO�V\QWKHWLF�FRQWURO�HVWLPDWRU�DQG
RWKHU�H[LVWLQJ�DSSURDFKHV��:LWKLQ�WKLV�IUDPHZRUN��,�SURSRVH�D�PXOWL�OHYHO�6&��PO6&��HVWLPDWRU�WKDW
IRUPDOL]HV�WKH�DJJUHJDWLRQ�FKRLFH�DV�D�GDWD�GULYHQ�UHJXODUL]DWLRQ�SUREOHP��7KH�HVWLPDWRU�IOH[LEO\
UHJXODUL]HV�WRZDUG�WKH�FODVVLFDO�V\QWKHWLF�FRQWURO�HVWLPDWRU�ZKLOH�H[SORLWLQJ�DGGLWLRQDO�YDULDWLRQ
IURP�WKH�GLVDJJUHJDWHG�GDWD��,Q�VLPXODWLRQV�FDOLEUDWHG�WR�IRXU�HPSLULFDO�VHWWLQJV��PO6&�PDWFKHV�RU
RXWSHUIRUPV�H[LVWLQJ�DSSURDFKHV��7ZR�DSSOLFDWLRQVw0LQQHVRWDyV�FLJDUHWWH�WD[�DQG�PLQLPXP�ZDJH
HIIHFWV�RQ�WHHQ�HPSOR\PHQWwLOOXVWUDWH�LWV�SUDFWLFDO�YDOXH�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

'LVWULEXWLRQDOO\�5REXVW�6\QWKHWLF�&RQWURO��(QVXULQJ�5REXVWQHVV�$JDLQVW�+LJKO\�&RUUHODWHG
&RQWUROV�DQG�:HLJKW�6KLIWV�7DHK\HRQ�.RR
�7DHK\HRQ�.RR��=LMLDQ�*XR�

KH�V\QWKHWLF�FRQWURO�PHWKRG�HVWLPDWHV�WKH�FDXVDO�HIIHFW�E\�FRPSDULQJ�WKH�WUHDWHG�XQLWyV�RXWFRPHV�WR
D�ZHLJKWHG�DYHUDJH�RI�FRQWURO�XQLWV�WKDW�FORVHO\�PDWFK�LWV�SUH�WUHDWPHQW�RXWFRPHV��DVVXPLQJ�WKH
UHODWLRQVKLS�EHWZHHQ�WUHDWHG�DQG�FRQWURO�SRWHQWLDO�RXWFRPHV�UHPDLQV�VWDEOH�EHIRUH�DQG�DIWHU
WUHDWPHQW��+RZHYHU��WKH�HVWLPDWRU�PD\�EHFRPH�XQUHOLDEOH�ZKHQ�WKHVH�UHODWLRQVKLSV�VKLIW�RU�ZKHQ
FRQWURO�XQLWV�DUH�KLJKO\�FRUUHODWHG��7R�DGGUHVV�WKHVH�FKDOOHQJHV��ZH�LQWURGXFH�WKH�'LVWULEXWLRQDOO\
5REXVW�6\QWKHWLF�&RQWURO��'5R6&��PHWKRG��ZKLFK�DFFRPPRGDWHV�SRWHQWLDO�VKLIWV�LQ�UHODWLRQVKLSV�DQG
DGGUHVVHV�KLJK�FRUUHODWLRQV�DPRQJ�FRQWURO�XQLWV��7KH�'5R6&�PHWKRG�WDUJHWV�D�QRYHO�FDXVDO
HVWLPDQG�GHILQHG�DV�WKH�RSWLPL]HU�RI�D�ZRUVW�FDVH�RSWLPL]DWLRQ�SUREOHP�FRQVLGHULQJ�DOO�SRVVLEOH
ZHLJKWV�FRPSDWLEOH�ZLWK�WKH�SUH�WUHDWPHQW�SHULRG��:KHQ�WKH�LGHQWLILFDWLRQ�FRQGLWLRQV�IRU�WKH
FODVVLFDO�V\QWKHWLF�FRQWURO�PHWKRG�KROG��WKH�'5R6&�PHWKRG�WDUJHWV�WKH�VDPH�FDXVDO�HIIHFW�DV�WKH
V\QWKHWLF�FRQWURO��ZKHQ�WKHVH�FRQGLWLRQV�DUH�YLRODWHG��ZH�GHPRQVWUDWH�WKDW�WKLV�QHZ�FDXVDO�HVWLPDQG
LV�D�FRQVHUYDWLYH�SUR[\�IRU�WKH�QRQ�LGHQWLILDEOH�FDXVDO�HIIHFW��:H�IXUWKHU�VKRZ�WKDW�WKH�'5R6&
HVWLPDWRUyV�OLPLWLQJ�GLVWULEXWLRQ�LV�QRQ�QRUPDO�DQG�SURSRVH�D�QRYHO�LQIHUHQWLDO�DSSURDFK��:H
GHPRQVWUDWH�LWV�SHUIRUPDQFH�WKURXJK�QXPHULFDO�VWXGLHV�DQG�DQ�DQDO\VLV�RI�WKH�HFRQRPLF�LPSDFW�RI
WHUURULVP�LQ�WKH�%DVTXH�&RXQWU\�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

,Q�'HIHQVH�RI�WKH�3UH�7HVW��9DOLG�,QIHUHQFH�ZKHQ�7HVWLQJ�9LRODWLRQV�RI�3DUDOOHO�7UHQGV�IRU
'LIIHUHQFH�LQ�'LIIHUHQFHV�-RQDV�0LNKDHLO
�-RQDV�0LNKDHLO��&KULVWRSKHU�+DUVKDZ�

7KH�GLIIHUHQFH�LQ�GLIIHUHQFHV��','��GHVLJQ�LV�D�NH\�LGHQWLILFDWLRQ�VWUDWHJ\�ZKLFK�DOORZV�WR�HVWLPDWH
FDXVDO�HIIHFWV�XQGHU�WKH�SDUDOOHO�WUHQGV�DVVXPSWLRQ��:KLOH�WKH�SDUDOOHO�WUHQGV�DVVXPSWLRQ�LV
FRXQWHUIDFWXDO�DQG�FDQQRW�EH�WHVWHG�GLUHFWO\��UHVHDUFKHUV�RIWHQ�H[DPLQH�SUH�WUHDWPHQW�SHULRGV�WR
FKHFN�ZKHWKHU�WKH�WLPH�WUHQGV�DUH�SDUDOOHO�EHIRUH�WUHDWPHQW�LV�DGPLQLVWHUHG��5HFHQWO\��UHVHDUFKHUV
KDYH�EHHQ�FDXWLRQHG�DJDLQVW�XVLQJ�SUHOLPLQDU\�WHVWV�ZKLFK�DLP�WR�GHWHFW�YLRODWLRQV�RI�SDUDOOHO�WUHQGV
LQ�WKH�SUH�WUHDWPHQW�SHULRG��:H�DUJXH�WKDW�SUHOLPLQDU\�WHVWLQJ�VKRXOG�SOD\�DQ�LPSRUWDQW�UROH�ZLWKLQ
WKH�','�UHVHDUFK�GHVLJQ��:H�SURSRVH�D�QHZ�DQG�PRUH�VXEVWDQWLYHO\�DSSURSULDWH�FRQGLWLRQDO
H[WUDSRODWLRQ�DVVXPSWLRQ��ZKLFK�UHTXLUHV�WR�FRQGXFW�D�SUHOLPLQDU\�WHVW�WR�GHWHUPLQH�ZKHWKHU�WKH
VHYHULW\�RI�SUH�WUHDWPHQW�SDUDOOHO�WUHQG�YLRODWLRQV�IDOOV�EHORZ�DQ�DFFHSWDEOH�OHYHO�EHIRUH
H[WUDSRODWLRQ�WR�WKH�SRVW�WUHDWPHQW�SHULRG�LV�MXVWLILHG��7KLV�VWDQGV�LQ�FRQWUDVW�WR�SULRU�ZRUN�ZKLFK
FDQ�EH�LQWHUSUHWHG�DV�HLWKHU�VHWWLQJ�WKH�DFFHSWDEOH�OHYHO�WR�EH�H[DFWO\�]HUR��LQ�ZKLFK�FDVH
SUHOLPLQDU\�WHVWV�ODFN�SRZHU��RU�DVVXPLQJ�WKDW�H[WUDSRODWLRQ�LV�DOZD\V�MXVWLILHG��LQ�ZKLFK�FDVH
SUHOLPLQDU\�WHVWV�DUH�QRW�UHTXLUHG���8QGHU�PLOG�DVVXPSWLRQV��ZH�SURYLGH�D�FRQVLVWHQW�SUHOLPLQDU\
WHVW�DV�ZHOO�FRQILGHQFH�LQWHUYDOV�ZKLFK�DUH�YDOLG�ZKHQ�FRQGLWLRQHG�RQ�WKH�UHVXOW�RI�WKH�WHVW��7KH
FRQGLWLRQDO�FRYHUDJH�RI�WKHVH�LQWHUYDOV�RYHUFRPHV�D�FRPPRQ�FULWLTXH�PDGH�DJDLQVW�WKH�XVH�RI
SUHOLPLQDU\�WHVWLQJ�ZLWKLQ�WKH�','�GHVLJQ�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

&DXVDO�6XSSO\b'HPDQG�'HFRPSRVLWLRQ�ZLWK�0RYHUV�=KX�6KHQ
�=KX�6KHQ��-RVH�=XEL]DUUHWD�

0RYHU�GHVLJQV�DUH�ZLGHO\�XVHG�WR�DQDO\]H�UHJLRQDO�GLIIHUHQFHV�E\�OHYHUDJLQJ�LQGLYLGXDO�UHORFDWLRQV�WR
VHSDUDWH�SODFH�VSHFLILF�HIIHFWV�IURP�SRSXODWLRQ�FRPSRVLWLRQ��$OWKRXJK�FRPPRQO\�XVHG�WR�DGGUHVV
FDXVDO�TXHVWLRQV��WKHVH�GHVLJQV�DUH�UDUHO\�IRUPXODWHG�ZLWKLQ�DQ�H[SOLFLW�FDXVDO�IUDPHZRUN��PDNLQJ
WKH�UHVXOWLQJ�HVWLPDWHV�GLIILFXOW�WR�LQWHUSUHW�IRU�SROLF\�UHOHYDQW�GHFRPSRVLWLRQ��:H�GHYHORS�D�FDXVDO
IUDPHZRUN�IRU�PRYHUV�WKDW�GHILQHV�RULJLQvGHVWLQDWLRQvWLPHvVSHFLILF�FDXVDO�HIIHFWV�DQG�PDNHV�WKH
DVVRFLDWHG�LGHQWLILFDWLRQ�DVVXPSWLRQV�H[SOLFLW��7KHVH�FRKRUW�VSHFLILF�PRYHU�HIIHFWV�VHUYH�DV�EXLOGLQJ
EORFNV�IRU�D�JHQHUDO�VXSSO\vGHPDQG�GHFRPSRVLWLRQ�RI�UHJLRQDO�GLIIHUHQFHV��:H�VKRZ�WKDW��LQ�PXOWL�
SHULRG�DQG�PXOWL�UHJLRQ�VHWWLQJV��REVHUYHG�FURVV�VHFWLRQDO�RXWFRPH�GLIIHUHQFHV�FDQ�EH�GHFRPSRVHG
LQWR�FDXVDO�VXSSO\�HIIHFWV��GHILQHG�E\�KROGLQJ�FRKRUW�FRPSRVLWLRQ�IL[HG��DQG�GHPDQG�HIIHFWV�DULVLQJ
IURP�SRSXODWLRQ�KHWHURJHQHLW\��7R�HVWLPDWH�WKHVH�HIIHFWV��ZH�SURSRVH�D�ZHLJKWLQJ�EDVHG�HVWLPDWRU
WKDW�UHFRYHUV�FRKRUW�VSHFLILF�PRYHU�HIIHFWV�E\�DSSUR[LPDWHO\�EDODQFLQJ�SUH�PRYH�FRYDULDWHV�EHWZHHQ
PRYHUV�DQG�DSSURSULDWH�VWD\HU�FRPSDULVRQ�JURXSV��$SSO\LQJ�WKH�IUDPHZRUN�WR�0HGLFDUH�GDWD�RQ
SDWLHQW�PRYHV�DFURVV�+RVSLWDO�5HIHUUDO�5HJLRQV��ZH�XQFRYHU�VXEVWDQWLDO�KHWHURJHQHLW\�LQ�PRYHU
HIIHFWV�E\�RULJLQ��GHVWLQDWLRQ��DQG�WLPLQJ��DQG�VKRZ�KRZ�SODFH�VSHFLILF�IDFWRUV�DQG�SRSXODWLRQ
FRPSRVLWLRQ�MRLQWO\�FRQWULEXWH�WR�JHRJUDSKLF�YDULDWLRQ�LQ�KHDOWK�FDUH�XWLOL]DWLRQ�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

'LIIHUHQFH�LQ�'LIIHUHQFHV�LQ�WKH�3UHVHQFH�RI�8QNQRZQ�,QWHUIHUHQFH�-DYLHU�9LYLHQV
�-DYLHU
9LYLHQV��)DEUL]LD�0HDOOL�

7KH�VWDEOH�XQLW�WUHDWPHQW�YDOXH��6879$��LV�D�FUXFLDO�DVVXPSWLRQ�LQ�WKH�'LIIHUHQFH�LQ�'LIIHUHQFHV
�'L'��UHVHDUFK�GHVLJQ��,W�UXOHV�RXW�KLGGHQ�YHUVLRQV�RI�WUHDWPHQW�DQG�DQ\�VRUW�RI�LQWHUIHUHQFH�DQG
VSLOORYHU�HIIHFWV�DFURVV�XQLWV��(YHQ�LI�WKLV�LV�D�VWURQJ�DVVXPSWLRQ��LW�KDV�QRW�UHFHLYHG�PXFK�DWWHQWLRQ
IURP�'L'�SUDFWLWLRQHUV�DQG��LQ�PDQ\�FDVHV��LW�LV�QRW�HYHQ�H[SOLFLWO\�VWDWHG�DV�DQ�DVVXPSWLRQ�
HVSHFLDOO\�WKH�QR�LQWHUIHUHQFH�DVVXPSWLRQ��,Q�WKLV�WHFKQLFDO�QRWH��ZH�LQYHVWLJDWH�ZKDW�WKH�'L'
HVWLPDQG�LGHQWLILHV�LQ�WKH�SUHVHQFH�RI�XQNQRZQ�LQWHUIHUHQFH��:H�VKRZ�WKDW�WKH�'L'�HVWLPDQG
LGHQWLILHV�D�FRQWUDVW�RI�FDXVDO�HIIHFWV��EXW�LW�LV�QRW�LQIRUPDWLYH�RQ�DQ\�RI�WKHVH�FDXVDO�HIIHFWV
VHSDUDWHO\��ZLWKRXW�LQYRNLQJ�IXUWKHU�DVVXPSWLRQV��7KHQ��ZH�H[SORUH�GLIIHUHQW�VHWV�RI�DVVXPSWLRQV
XQGHU�ZKLFK�WKH�'L'�HVWLPDQG�EHFRPHV�LQIRUPDWLYH�DERXW�VSHFLILF�FDXVDO�HIIHFWV��:H�LOOXVWUDWH�WKHVH
UHVXOWV�E\�UHYLVLWLQJ�WKH�VHPLQDO�SDSHU�RQ�PLQLPXP�ZDJHV�DQG�HPSOR\PHQW�E\�&DUG�DQG�.UXHJHU
�������
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

5HVRXUFH�2QVKRUH��5HVWULFWLRQ�2IIVKRUH��$�&DXVDO�'HFRPSRVLWLRQ�RI�WKH�$+�3UHPLXP�YLD
+HFNPDQ�+&:�<XMXH�:DQJ
�<XMXH�:DQJ�

'HVSLWH�WKH�GHHSHQLQJ�RI�ILQDQFLDO�LQWHJUDWLRQ�YLD�WKH�6WRFN�&RQQHFW�SURJUDP�LQ�&KLQDyV�VWRFN
PDUNHW��WKH�SHUVLVWHQW�$+�3UHPLXP�FRQWLQXHV�WR�FKDOOHQJH�WKH�/DZ�RI�2QH�3ULFH��7KLV�SDSHU
SURSRVHV�D�SROLWLFDO�ZHGJH�PHFKDQLVP��DUJXLQJ�WKDW�FRQIOLFWLQJ�LQVWLWXWLRQDO�EHOLHIV�SULFH�VWDWH
RZQHUVKLS�DV�D�zUHVRXUFH{��LPSOLFLW�JXDUDQWHH��RQVKRUH�EXW�D�zUHVWULFWLRQ{��DJHQF\�FRVW��RIIVKRUH�
,QWHJUDWLQJ�WKH�+HFNPDQ�FRUUHFWLRQ�ZLWK�WKH�+&:�SDQHO�PHWKRG��+VLDR��&KLQJ��	�:DQ��������,
FRQVWUXFW�D�FRXQWHUIDFWXDO�EHQFKPDUN�WR�LVRODWH�FDXVDO�HIIHFWV�IURP�ILUP�TXDOLW\�VHOHFWLRQ�ELDV�
(PSLULFDO�UHVXOWV�UHYHDO�D�GXDO�OD\HU�PHFKDQLVP��)LUVW��VWDWH�RZQHUVKLS�GULYHV�D�SROLF\�OHG�VHOHFWLRQ�
VLJQLILFDQWO\�LQFUHDVLQJ�WKH�SURSHQVLW\�WR�GXDO�OLVW���EHWD ���������6HFRQG��ZKLOH�QHJDWLYH�VHOHFWLRQ
RQ�XQREVHUYDEOHV���WH[W^,05`��EHWD ��������H[SODLQV�SDUW�RI�WKH�GLVFRXQW��WKH�DYHUDJH�WUHDWPHQW
HIIHFW�RQ�YDOXDWLRQ�UHPDLQV�UREXVWO\�SRVLWLYH��7KLV�SHUVLVWHQFH�XQGHUVFRUHV�WKH�VWXEERUQQHVV�RI
SROLWLFDO�EHOLHIV��HYHQ�DV�PDUNHW�EDUULHUV�GLPLQLVK��RIIVKRUH�LQYHVWRUV�VWUXFWXUDOO\�SULFH�D�zVRYHUHLJQ
GLVFRXQW{�WKDW�GHILHV�VLPSOH�DUELWUDJH��7KLV�LQJUDLQHG�EHOLHI�LV�RQO\�SDUWLDOO\�PLWLJDWHG�E\�KLJK�
WUDQVSDUHQF\�SUR[LHV��VSHFLILFDOO\�+.�0DFDX�7DLZDQ�EDFNJURXQGV���EHWD ��������DQG�ILUP�VL]H
��EHWD ���������8OWLPDWHO\��WKHVH�ILQGLQJV�GHPRQVWUDWH�WKDW�YDOXDWLRQ�GLYHUJHQFH�LV�QRW�PHUHO\�D
WUDQVLHQW�IULFWLRQ��EXW�D�UHVLOLHQW�UHIOHFWLRQ�RI�LQVWLWXWLRQDO�LQFRPSDWLELOLW\�WKDW�FDSLWDO�FKDQQHO
OLEHUDOL]DWLRQ�DORQH�FDQQRW�HOLPLQDWH�
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'LIIHUHQFH�LQ�'LIIHUHQFHV��6\QWKHWLF�&RQWURO��0HWKRGV�IRU�3DQHO�DQG�/RQJLWXGLQDO�'DWD

6HPL�SDUDPHWULF�(VWLPDWLRQ�8QGHU�D�6WDWLRQDULW\�$VVXPSWLRQ�:LWK�$SSOLFDWLRQV�WR�4XDVL�
([SHULPHQWDO�'HVLJQV�*DU\�+HWWLQJHU
�*DU\�+HWWLQJHU�

6HPL�SDUDPHWULF�FDXVDO�LQIHUHQFH�W\SLFDOO\�UHOLHV�RQ�DVVXPSWLRQV�WKDW�FRQQHFW�FDXVDO�HVWLPDQGV�WR
GLUHFWO\�REVHUYDEOH�GDWD��HQDEOLQJ�QRQ�SDUDPHWULF�HVWLPDWLRQ�RI�QXLVDQFH�IXQFWLRQV�DQG�WKH
FRQVWUXFWLRQ�RI�GRXEO\�UREXVW�HVWLPDWRUV��+RZHYHU��PDQ\�LPSRUWDQW�SUREOHPV�VXFK�DV�SRVLWLYLW\
YLRODWLRQV��WUDQVSRUWDELOLW\�DFURVV�SRSXODWLRQV��DQG�FRQWUROOHG�LQWHUUXSWHG�WLPH�VHULHV��UHTXLUH
H[WUDSRODWLRQ�EH\RQG�WKH�REVHUYHG�GDWD�VXSSRUW��PDNLQJ�IXOO\�QRQ�SDUDPHWULF�LGHQWLILFDWLRQ
LPSRVVLEOH��,Q�WKHVH�VHWWLQJV��SDUW�RI�WKH�GDWD�JHQHUDWLQJ�SURFHVV�PXVW�EH�VSHFLILHG�SDUDPHWULFDOO\�
RIWHQ�WKURXJK�DVVXPSWLRQV�VXFK�DV�VWDWLRQDULW\�RU�VWDEOH�WUHQGV��ZKLOH�RWKHU�FRPSRQHQWV�UHPDLQ
QRQ�SDUDPHWULFDOO\�HVWLPDEOH�

,Q�WKLV�ZRUN��ZH�IRUPXODWH�VXFK�SUREOHPV�DV�D�VHPL�SDUDPHWULF�HVWLPDWLRQ�SUREOHP�XQGHU�UHTXLUHG
H[WUDSRODWLRQ�DQG�SURYLGH�IRUPDO�WKHRU\�WR�ZKDW�LV�GRQH�RIWHQ�LPSOLFLWO\�LQ�SUDFWLFH��)XUWKHU��ZH
SURSRVH�D�XQLILHG�VHPL�SDUDPHWULF�IUDPHZRUN�WKDW�VHSDUDWHV�SDUDPHWULF�H[WUDSRODWLRQ�FRPSRQHQWV
IURP�QRQSDUDPHWULF�FRQIRXQGLQJ�PHFKDQLVPV�DQG�FKDUDFWHUL]H�WKH�UHVXOWLQJ�HIILFLHQF\�UREXVWQHVV
WUDGHRIIV��7KH�IUDPHZRUN�LV�LOOXVWUDWHG�YLD�D�FRQWUROOHG�LQWHUUXSWHG�WLPH�VHULHV�DQDO\VLV�HYDOXDWLQJ�D
QXWULWLRQDO�H[FLVH�WD[�SROLF\��2XU�UHVXOWV�FODULI\�DWWDLQDEOH�ERXQGV�RQ�UREXVWQHVV�DQG�HIILFLHQF\�XQGHU
H[WUDSRODWLRQ�DQG�SURYLGH�SUDFWLFDO�JXLGDQFH�IRU�FDXVDO�LQIHUHQFH�LQ�PRGHUQ�REVHUYDWLRQDO�VWXGLHV�
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'\QDPLF�7UHDWPHQW�5HJLPHV

(YDOXDWLQJ�'\QDPLF�6\VWHP�/HYHO�&RQJHVWLRQ�3ULFLQJ�5HJLPHV�ZLWK�(QGRJHQRXV
,QWHUIHUHQFH�$OHNVDQGHU�+ROOHUDQ
�$OHNVDQGHU�+ROOHUDQ�

9HKLFOH�WROOLQJ�RSHUDWHV�DV�D�G\QDPLF�WUHDWPHQW�UHJLPH�DSSOLHG�DW�WKH�V\VWHP�OHYHO��ZKHUH
LQWHUYHQWLRQV�DIIHFW�VKDUHG�FRQJHVWLRQ�VWDWHV�WKDW�IHHG�EDFN�LQWR�IXWXUH�EHKDYLRU��6XFK�VHWWLQJV
YLRODWH�VWDQGDUG�FDXVDO�DVVXPSWLRQV�WKURXJK�LQWHUIHUHQFH�DQG�VWDWH�GHSHQGHQFH�
:H�VWXG\�G\QDPLF�WUHDWPHQW�UHJLPHV�LQ�D�WUDQVSRUWDWLRQ�VHWWLQJ�XVLQJ�DQ�DJHQW�EDVHG�VLPXODWLRQ
ZLWK�HQGRJHQRXV�VWDWH�HYROXWLRQ��7KH�VLPXODWLRQ�LV�HPEHGGHG�LQ�WKH�SK\VLFDO�URDG�JHRPHWU\�DQG
UHVROYHV�YHKLFOH�PRYHPHQW�DW�RQH�VHFRQG�LQWHUYDOV��DOORZLQJ�FRQJHVWLRQ�WR�HPHUJH�IURP�VSDWLDOO\
FRQVWUDLQHG�GULYLQJ�EHKDYLRU�DQG�PRGH�FKRLFH��7LPH�YDU\LQJ�WROOV�DUH�GHWHUPLQHG�E\�UXOHV�WKDW�PDS
REVHUYHG�FRQGLWLRQV�WR�SULFHV��8QGHU�G\QDPLF�UHJLPHV��WROOV�DUH�XSGDWHG�FRQWLQXRXVO\��&RQJHVWLRQ
IXQFWLRQV�DV�D�VKDUHG��WLPH�YDU\LQJ�VWDWH�WKURXJK�ZKLFK�SROLF\�HIIHFWV�SURSDJDWH��JHQHUDWLQJ
LQWHUIHUHQFH�DFURVV�DJHQWV�DQG�RYHU�WLPH�
:H�FRPSDUH�SROLF\�UHJLPHV�DFURVV�V\QWKHWLF�VHDVRQV�RI�YDU\LQJ�GHPDQG��FUDVK��DQG�FORVXUH
FRQGLWLRQV��6HDVRQV�DOORZ�DJHQWV�WR�OHDUQ�H[SHFWHG�WUDYHO�WLPHV�IURP�H[SHULHQFH��JHQHUDWLQJ
EHKDYLRUDO�UHVSRQVHV�WR�SROLF\�GULYHQ�FRQJHVWLRQ�UHOLHI��5HJLPH�SHUIRUPDQFH�LV�DVVHVVHG�XVLQJ
DJJUHJDWH�ZHOIDUH�PHDVXUHV�WKDW�FRPELQH�WUDYHO�WLPH�DQG�WROO�SD\PHQWV��HYDOXDWHG�ZLWK�ERWK
LQGLYLGXDO�VSHFLILF�YDOXHV�RI�WLPH��927��DQG�PHGLDQ�927�WR�VXSSRUW�GLVWULEXWLRQDOO\�QHXWUDO
FRPSDULVRQV��7KLV�IUDPHZRUN�VXSSRUWV�UHJLPH�OHYHO�SROLF\�HYDOXDWLRQ�LQ�VHWWLQJV�ZKHUH�LQWHUIHUHQFH�
OHDUQLQJ��DQG�IHHGEDFN�DUH�LQWULQVLF�IHDWXUHV�
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'\QDPLF�7UHDWPHQW�5HJLPHV

5REXVW�(VWLPDWLRQ�RI�6WRFKDVWLF�,QWHUYHQWLRQ�(IIHFWV�XQGHU�0XOWLVWDJH�0LVVLQJQHVV
6KHQJIDQJ�6RQJ
�6KHQJIDQJ�6RQJ��+RQJ[LDQJ�4LX��+RQJOHL�&KHQ��&KULVWLQH�3DUNV��=KHKXL�/XR�

:H�GHYHORS�HVWLPDWLRQ�DQG�LQIHUHQFH�PHWKRGV�IRU�VWRFKDVWLF�LQWHUYHQWLRQ�HIIHFWV�LQ�ORQJLWXGLQDO
VWXGLHV�ZLWK�RXWFRPH�GHSHQGHQW�VDPSOLQJ�DQG�PXOWLVWDJH�PLVVLQJ�GDWD��:H�FRQVLGHU�HVWLPDWLRQ�RI
WKH�PHDQ�FRXQWHUIDFWXDO�RXWFRPH�XQGHU�D�SURSRUWLRQDO�PRGLILHG�WUHDWPHQW�SROLF\�IRU�D�VHPL�
FRQWLQXRXV�H[SRVXUH��ZLWK�RXWFRPHV�PHDVXUHG�GHFDGHV�DIWHU�H[SRVXUH�DQG�GDWD�FROOHFWHG�WKURXJK
WKUHH�VWDJHV�

8QGHU�D�QRQSDUDPHWULF�PRGHO��ZH�GHULYH�WKH�HIILFLHQW�LQIOXHQFH�IXQFWLRQ�DQG�SURSRVH�D�RQH�VWHS
HVWLPDWRU�WKDW�LQWHJUDWHV�VWRFKDVWLF�WUHDWPHQW�UHZHLJKWLQJ�ZLWK�VWDJH�VSHFLILF�PLVVLQJQHVV
PHFKDQLVPV��7KH�HVWLPDWRU�DFFRPPRGDWHV�VHPL�FRQWLQXRXV�H[SRVXUHV�DQG�PRQRWRQH�QRQUHVSRQVH�
H[WHQGLQJ�H[LVWLQJ�VWRFKDVWLF�LQWHUYHQWLRQ�PHWKRGV�WKDW�W\SLFDOO\�DVVXPH�IXOO\�REVHUYHG�GDWD�RU
VLPSOHU�PLVVLQJQHVV�VWUXFWXUHV��$VVXPLQJ�FRUUHFW�VSHFLILFDWLRQ�RI�WKH�WUHDWPHQW�PHFKDQLVP��WKH
HVWLPDWRU�LV�VHTXHQWLDOO\�PXOWLSO\�UREXVW��UHPDLQLQJ�FRQVLVWHQW�LI�DW�HDFK�VWDJH�HLWKHU�WKH�RXWFRPH
PRGHO�RU�WKH�PLVVLQJQHVV�PHFKDQLVP�LV�FRUUHFWO\�VSHFLILHG��:KHQ�DOO�QXLVDQFH�IXQFWLRQV�DUH
FRQVLVWHQWO\�HVWLPDWHG��WKH�HVWLPDWRU�LV�DV\PSWRWLFDOO\�OLQHDU�DQG�DFKLHYHV�WKH�VHPLSDUDPHWULF
HIILFLHQF\�ERXQG�

7KLV�ZRUN�ILOOV�D�NH\�JDS�E\�SURYLGLQJ�D�VLQJOH�HVWLPDWRU�WKDW�MRLQWO\�KDQGOHV�VWRFKDVWLF�LQWHUYHQWLRQV�
RXWFRPH�GHSHQGHQW�VDPSOLQJ��DQG�PXOWLVWDJH�PLVVLQJQHVV��6LPXODWLRQ�VWXGLHV�DUH�XQGHUZD\��DQG�DQ
DSSOLFDWLRQ�WR�GDWD�IURP�WKH�$JULFXOWXUDO�+HDOWK�6WXG\�DQG�LWV�3HVWLFLGH�DQG�WKH�6HQVH�RI�6PHOO�VXE�
VWXG\�LV�RQJRLQJ�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

'DWD�)XVLRQ�ZLWK�'LVWULEXWLRQDO�(TXLYDOHQFH�7HVW�WKHQ�SRRO�/LQ\LQJ�<DQJ
�/LQ\LQJ�<DQJ��;LQJ
/LX��5RELQ�(YDQV�

5DQGRPL]HG�FRQWUROOHG�WULDOV��5&7V��DUH�WKH�JROG�VWDQGDUG�IRU�FDXVDO�LQIHUHQFH��EXW�WKHLU�KLJK�FRVWV
DQG�UHFUXLWPHQW�FKDOOHQJHV�RIWHQ�OLPLW�WKH�IHDVLELOLW\�RI�IXOO\�SRZHUHG�VWXGLHV��$�FRPPRQ�UHPHG\�LV
WR�VXSSOHPHQW�WKH�FXUUHQW�FRQWURO�DUP�ZLWK�GDWD�IURP�KLVWRULFDO�WULDOV��+RZHYHU��QDLYHO\�SRROLQJ
H[WHUQDO�FRQWUROV�FDQ�LQWURGXFH�ELDV�ZKHQ�WKH�SRSXODWLRQV�GLIIHU��([LVWLQJ�WHVW�WKHQ�SRRO��773�
DSSURDFKHV�DWWHPSW�WR�JXDUG�DJDLQVW�WKLV�ULVN��EXW�VWDQGDUG�LPSOHPHQWDWLRQV�DUH�SURQH�WR�ERWK�ORVV
RI�SRZHU�DQG�XQFRQWUROOHG�ELDV�ZKHQ�GLVWULEXWLRQV�GLIIHU�
:H�SURSRVH�D�QHZ�773�IUDPHZRUN�WKDW�IXVHV�FRQWURO�DUPV�ZKLOH�ULJRURXVO\�FRQWUROOLQJ�WKH�7\SH�,
HUURU�UDWH�RI�WKH�ILQDO�WUHDWPHQW�HIIHFW�WHVW��2XU�PHWKRG�OHYHUDJHV�NHUQHO�WZR�VDPSOH�WHVWLQJ�YLD
PD[LPXP�PHDQ�GLVFUHSDQF\��00'��WR�FDSWXUH�GLVWULEXWLRQDO�GLIIHUHQFHV��DQG�HTXLYDOHQFH�WHVWLQJ�WR
DYRLG�LQWURGXFLQJ�ELDV�GXH�WR�XQGHU�SRZHUHG�IXVLRQ�WHVW��SURYLGLQJ�D�PRUH�IOH[LEOH�DQG�LQIRUPDWLYH
FULWHULRQ�IRU�SRROLQJ��7R�HQVXUH�YDOLG�LQIHUHQFH��ZH�LQWURGXFH�SDUWLDO�ERRWVWUDS�DQG�SDUWLDO
SHUPXWDWLRQ�SURFHGXUHV�IRU�DSSUR[LPDWLQJ�QXOO�GLVWULEXWLRQV�LQ�WKH�SUHVHQFH�RI�KHWHURJHQHRXV
FRQWUROV��:H�IXUWKHU�HVWDEOLVK�WKH�RYHUDOO�YDOLGLW\�RI�WKH�IXVHG�WUHDWPHQW�HIIHFW�WHVW�DQG�SURYLGH
JXLGDQFH�RQ�VHOHFWLQJ�HTXLYDOHQFH�PDUJLQV�WR�EDODQFH�SRZHU�DQG�UREXVWQHVV�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

*HQHUDOL]HG�SURMHFWLRQ�WHVWV�IRU�IXQFWLRQ�YDOXHG�SDUDPHWHUV�ZLWK�DSSOLFDWLRQV�WR�WHVWLQJ
VWUXFWXUDO�FDXVDO�DVVXPSWLRQV�5XL�:DQJ
�5XL�:DQJ��$OEHUW�2VRP��%R�=KDQJ�

6WUXFWXUDO�LGHQWLILFDWLRQ�DVVXPSWLRQV�DUH�FHQWUDO�WR�WKH�FDXVDO�LQIHUHQFH�OLWHUDWXUH��,Q�SUDFWLFH��LW�LV
RIWHQ�FUXFLDO�WR�DVVHVV�WKHLU�YDOLGLW\�RU�WR�WHVW�LPSOLFDWLRQV�WKDW�IROORZ�IURP�WKHP��,Q�PDQ\�VHWWLQJV�
VXFK�WHVWV�FDQ�EH�IUDPHG�DV�HYDOXDWLQJ�ZKHWKHU�D�IXQFWLRQ�YDOXHG�SDUDPHWHU�HTXDOV�]HUR��,Q�WKLV
SDSHU��ZH�SURSRVH�D�FODVV�RI�JHQHUDOL]HG�SURMHFWLRQ�WHVWV�EDVHG�RQ�VHULHV�HVWLPDWRUV�IRU�WHVWLQJ�VXFK
IXQFWLRQ�YDOXHG�SDUDPHWHUV��:H�HVWDEOLVK�FRQGLWLRQV�XQGHU�ZKLFK�WKH�SURSRVHG�WHVWV�DUH�YDOLG�DQG
LOOXVWUDWH�WKHLU�DSSOLFDELOLW\�WKURXJK�H[DPSOHV�IURP�WKH�GDWD�IXVLRQ�DQG�LQVWUXPHQWDO�YDULDEOHV
OLWHUDWXUHV��2XU�DSSURDFK�DFFRPPRGDWHV�IOH[LEOH�PDFKLQH�OHDUQLQJ�PHWKRGV�IRU�HVWLPDWLQJ�QXLVDQFH
SDUDPHWHUV��,Q�FRQWUDVW�WR�H[LVWLQJ�DSSURDFKHV��WKH�OLPLWLQJ�GLVWULEXWLRQ�RI�WKH�SURSRVHG�WHVW
VWDWLVWLFV�LV�VWUDLJKWIRUZDUG�WR�FRPSXWH�XQGHU�WKH�QXOO�K\SRWKHVLV��:H�DSSO\�RXU�PHWKRG�WR�WHVW�WKH
HTXDOLW\�RI�FRQGLWLRQDO�&29,'����LQFLGHQFH�UDWHV�DFURVV�YDFFLQH�DUPV�LQ�WKH�&29,'����9DULDQW
,PPXQRORJLF�/DQGVFDSH��&29$,/��WULDO�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF �������

���� 3�

*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

%H\RQG�WKH�([SHULPHQW�:LQGRZ��3URVSHFWLYH�,PSDFWV�8QGHU�/RQJ�7HUP�5DQNLQJ�'\QDPLFV
/R�KXD�<XDQ
�/HL�6KL��/R�KXD�<XDQ��3HQJ�'LQJ��1DYLQ�6LYDQDQGDP�

6KRUW�$�%�WHVWV�IRU�UDQNLQJ�V\VWHPV�FDQ�EH�P\RSLF�ZKHQ�VHDVRQDOLW\��XVHU�HYROXWLRQ��DQG�IHHGEDFN
ORRSV�GULYH�RXWFRPHV�EH\RQG�WKH�H[SHULPHQW�ZLQGRZ��:H�WDUJHW�WKH�SURVSHFWLYH�ORQJ�WHUP�DYHUDJH
WUHDWPHQW�HIIHFW��3/$7(���WKH�FXPXODWLYH�HIIHFW�RI�VXVWDLQLQJ�D�QHZ�UDQNHU�YHUVXV�WKH�LQFXPEHQW
RYHU�D�IXWXUH�KRUL]RQ�IRU�WKH�H[SHULPHQWDO�SRSXODWLRQ��(VWLPDWLQJ�3/$7(�IURP�VKRUW�H[SHULPHQWV
UHTXLUHV�DGMXVWLQJ�IRU�WLPH�YDU\LQJ�SRVW�WUHDWPHQW�FRYDULDWHV��LPSXWLQJ�ORQJ�UXQ�RXWFRPHV�ZKHQ�WKH
QHZ�UDQNHU�LV�QRW�IXOO\�UHSUHVHQWHG�LQ�KLVWRULFDO�ORJV��DQG�WUDQVSRUWLQJ�LQIRUPDWLRQ�DFURVV
H[SHULPHQWDO�DQG�REVHUYDWLRQDO�GDWD�XQGHU�FRYDULDWH�VKLIW��:H�SURSRVH�%67$5��%OLS�6XUURJDWH
7U$QVIH5���FRPELQLQJ�VWUXFWXUDO�QHVWHG�PHDQ�PRGHO�EOLSV��VXUURJDWH�LQGH[�LGHQWLILFDWLRQ�WKDW�WUHDWV
WKH�GLVSOD\HG�UHVXOW�VHW�DV�D�PHGLDWRU��DQG�FDXVDO�WUDQVIHU�OHDUQLQJ�IRU�JHQHUDOL]DWLRQ�DFURVV�GDWD
VRXUFHV��8QGHU�VHTXHQWLDO�UDQGRPL]DWLRQ��VXUURJDF\��DQG�WUDQVIHUDELOLW\�DVVXPSWLRQV��%67$5
LGHQWLILHV�3/$7(�DQG�\LHOGV�D�SUDFWLFDO�HVWLPDWLRQ�SLSHOLQH�ZLWK�ERRWVWUDS�LQIHUHQFH��6LPXODWLRQV
FDOLEUDWHG�WR�PDUNHWSODFH�UDQNLQJ�H[SHULPHQWV�VKRZ�UHGXFHG�ELDV�DQG�06(�YHUVXV�LQYHUVH�
SURSHQVLW\�ZHLJKWLQJ�D�QG�VXUURJDWH�LQGH[�EDVHOLQHV��HQDEOLQJ�HDUOLHU�DQG�PRUH�UHOLDEOH�ORQJ�WHUP
LPSDFW�HVWLPDWHV�
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*HQHUDOL]DELOLW\�7UDQVSRUWDELOLW\

5REXVW�WULDO�DXJPHQWDWLRQ�XVLQJ�H[WHUQDO�GDWD�*XDQER�:DQJ
�*XDQER�:DQJ��5LFNDUG�.DUOVVRQ�
3LHU�'H�%DUWRORPHLV��-DPHV�5RELQV��(ULF�7FKHWJHQ�7FKHWJHQ��,VVD�'DKDEUHK�

5DQGRPL]HG�WULDOV�RIWHQ�KDYH�VDPSOH�VL]HV�WKDW�DUH�WRR�VPDOO�WR�SURGXFH�SUHFLVH�HVWLPDWHV�RI
WUHDWPHQW�HIIHFWV��2QH�DSSURDFK�IRU�LPSURYLQJ�WULDO�HIILFLHQF\�LV�WR�LQFRUSRUDWH�H[WHUQDO�GDWD��IURP
SUHYLRXVO\�FRPSOHWHG�WULDOV�RU�REVHUYDWLRQDO�VWXGLHV��LQWR�WKH�HVWLPDWLRQ�SURFHVV��:KHQ�WKH�H[WHUQDO
GDWD�DUH�DOLJQHG�ZLWK�WKH�WULDO�GDWD�DQG�VWDWLVWLFDO�PRGHOV�IRU�QXLVDQFH�IXQFWLRQV�DUH�FRUUHFWO\
VSHFLILHG��XVLQJ�WKH�H[WHUQDO�GDWD�FDQ�\LHOG�FRQVLVWHQW�HVWLPDWHV�DQG�HQKDQFH�HIILFLHQF\��+RZHYHU�
VRPH�GHJUHH�RI�PLVDOLJQPHQW�RU�PLVVSHFLILFDWLRQ�LV�XVXDOO\�H[SHFWHG�DQG�FDQ�WKUHDWHQ�WKH�YDOLGLW\�RI
WULDO�DQDO\VHV�LQFRUSRUDWLQJ�H[WHUQDO�GDWD��+HUH��ZH�GHYHORS�D�FODVV�RI�HVWLPDWRUV�WKDW�H[SORLW
UDQGRPL]DWLRQ�WR�HQVXUH�FRQVLVWHQF\�DQG�DV\PSWRWLF�QRUPDOLW\��HYHQ�ZKHQ�WKH�H[WHUQDO�GDWD�DUH
PLVDOLJQHG�ZLWK�WKH�WULDO��:H�DOVR�SURSRVH�D�SURFHGXUH�WKDW�XVHV�PHPEHUV�RI�WKLV�FODVV�RI�HVWLPDWRUV
WR�FRQVWUXFW�D�FRPELQHG�HVWLPDWRU�WKDW�LV�FRQVLVWHQW�DQG�DV\PSWRWLFDOO\�QRUPDO��DQG�FDQ�OHYHUDJH
H[WHUQDO�GDWD�HYHQ�ZKHQ�WKDW�GDWD�DUH�PLVDOLJQHG�ZLWK�WKH�WULDO��RU�ZKHQ�PRGHOV�IRU�QXLVDQFH
IXQFWLRQV�DUH�PLVVSHFLILHG�RU�KDYH�VORZ�FRQYHUJHQFH�UDWHV��:H�VKRZ�WKDW�WKH�HIILFLHQF\�RI�WKH
FRPELQHG�HVWLPDWRU�LV�QR�ORZHU�WKDQ�WKDW�RI�HDFK�RI�LWV�FRPSRQHQW�HVWLPDWRUV��LQFOXGLQJ�WKH�HIILFLHQW
WULDO�RQO\�HVWLPDWRU��LI�LW�LV�XVHG�DV�D�FRPSRQHQW�IRU�WKH�FRPELQHG�HVWLPDWRU���2XU�PHWKRGV�DOORZ
LQYHVWLJDWRUV�WR�XVH�H[WHUQDO�GDWD�WR�LPSURYH�WKH�WULDOyV�HIILFLHQF\�ZLWKRXW�FRQFHUQ�IRU�PLVDOLJQPHQW
EHWZHHQ�WKH�H[WHUQDO�GDWD�DQG�W
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*UDSKLFDO�0RGHOV

5HFXUVLYH�SUR[LPDO�LGHQWLILFDWLRQ�ZKHQ�FRPPRQ�FDXVHV�RU�PHGLDWRUV�DUH�XQREVHUYHG
%HDWUL[�:HQ
�+HOHQ�*XR��,O\D�6KSLWVHU�

1RQSDUDPHWULF�LGHQWLILDELOLW\�RI�WKH�FDXVDO�HIIHFW�LQ�WKH�SUHVHQFH�RI�KLGGHQ�YDULDEOHV�LV�FKDUDFWHUL]HG
E\�WKH�,'�DOJRULWKP��,Q�FDVHV�ZKHUH�WKH�FDXVDO�HIIHFW�LV�QRW�LGHQWLILHG�QRQSDUDPHWULFDOO\��SULRU�ZRUN
KDV�DXJPHQWHG�WKH�,'�DOJRULWKP�YLD�SUR[LPDO�FDXVDO�OHDUQLQJ�PHWKRGV��DOORZLQJ�VRPH�XQREVHUYHG
FRQIRXQGHUV�WR�EH�KDQGOHG�YLD�SUR[LHV��DQG�RWKHUV�YLD�WKH�VWDQGDUG�PDFKLQHU\�RI�WKH�,'�DOJRULWKP
EDVHG�RQ�WKH�IL[LQJ�RSHUDWRU�

:H�SUHVHQW�D�QRYHO�JHQHUDOL]DWLRQ�RI�WKH�,'�DOJRULWKP�WKDW�DOORZV�LGHQWLILFDWLRQ�LI�HLWKHU�FRQIRXQGHUV
RU�PHGLDWRUV�DUH�XQREVHUYHG��SURYLGHG�LQIRUPDWLYH�SUR[LHV�IRU�WKHVH�XQREVHUYHG�YDULDEOHV�DUH
DYDLODEOH��2XU�JHQHUDOL]DWLRQ�LV�EDVHG�RQ�D�QRYHO�UHIRUPXODWLRQ�RI�WKH�,'�DOJRULWKP�YLD�D�IL[LQJ
RSHUDWRU�WKDW�UHVHPEOHV�VHTXHQWLDO�DSSOLFDWLRQV�RI�HLWKHU�WKH�EDFNGRRU�RU�WKH�IURQW�GRRU�FULWHULRQ�
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+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

(IILFLHQF\�*DLQ�RI�&RYDULDWH�$GMXVWHG�'LIIHUHQWLDO�9DULDQFH�(VWLPDWRUV�LQ�5DQGRPL]HG
&RQWUROOHG�7ULDOV�+DQL�=DNL
�+DQL�=DNL��7DQLD�-DQDXGLV�)HUHLUUD��3KLOLSSH�%RLOHDX��0LUHLOOH
6FKQLW]HU�

&RQWUDVWV�RI�SRWHQWLDO�RXWFRPHVy�YDULDQFHV�KDYH�UHFHQWO\�EHHQ�SURSRVHG�WR�GHWHFW�WUHDWPHQW�HIIHFW
KHWHURJHQHLW\��HYHQ�ZKHQ�WUHDWPHQW�HIIHFW�PRGLILHUV�DUH�PLVVLQJ�RU�PLVPHDVXUHG��$GMXVWHG�FDXVDO
PDFKLQH�OHDUQLQJ�HVWLPDWRUV�RI�WKHVH�FDXVDO�HVWLPDQGV�KDYH�EHHQ�GHULYHG�DQG�VKRZQ�WR�EH�GRXEO\
UREXVW�DQG�DV\PSWRWLFDOO\�OLQHDU�XQGHU�PLOG�FRQGLWLRQV��7KH\�ZHUH�VXFFHVVIXOO\�DSSOLHG�WR�GHWHFW
WUHDWPHQW�HIIHFW�KHWHURJHQHLW\�LQ�WKH�UH�DQDO\VLV�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV��5&7V���+RZHYHU��LW
ZDV�QRW�SUHYLRXVO\�GHPRQVWUDWHG�WKDW�WKH�FRYDULDWH�DGMXVWHG�HVWLPDWRUV�DUH�PRUH�HIILFLHQW�FRPSDUHG
WR�XQDGMXVWHG�HVWLPDWRUV�LQ�WKH�FRQWH[W�RI�5&7V��%HVW�SUDFWLFHV�IRU�LQIHUHQFH�RI�WKHVH�QHZ�FDXVDO
HVWLPDQGV�LQ�5&7V�DUH�WKHUHIRUH�XQFOHDU��SDUWLFXODUO\�LQ�VLWXDWLRQV�ZKHUH�WKH�DV\PSWRWLF�JXDUDQWHHV
RI�WKH�DGMXVWHG�HVWLPDWRUV�PD\�QRW�EH�DFKLHYHG�GXH�WR�VPDOO�VDPSOH�VL]HV��7R�DGGUHVV�WKLV�JDS��ZH
GHULYH�XQDGMXVWHG�HVWLPDWRUV�DQG�FRPSDUH�WKHLU�DV\PSWRWLF�DQG�ILQLWH�VDPSOH�EHKDYLRU�WR�WKDW�RI�WKH
DGMXVWHG�HVWLPDWRUV��:H�VKRZ�WKHRUHWLFDOO\�DQG�HPSLULFDOO\�WKDW�WKH�DGMXVWHG�HVWLPDWRU�LV
DV\PSWRWLFDOO\�PRUH�HIILFLHQW��EXW�WKDW�HPSLULFDOO\�WKH�XQDGMXVWHG�HVWLPDWRUV�FDQ�KDYH�VPDOOHU
YDULDQFH�LQ�VPDOO�VDPSOH�VHWWLQJV��:H�WKHQ�DSSO\�WKH�DGMXVWHG�DQG�XQDGMXVWHG�HVWLPDWRUV�WR�GDWD
IURP�DQ�5&7�DLPHG�DW�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�D�YLUWXDO�KRPH�EDVHG�SK\VLFDO�UHKDELOLWDWLRQ
SURJUDP�IRU�SDWLHQWV�OLYLQJ�ZLWK�ORQJ�&29,'�
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+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

*HQHUDOL]HG�&DXVDO�5XOH�(QVHPEOHV��,QWHUSUHWDEOH�+HWHURJHQHRXV�([SRVXUHb5HVSRQVH
)XQFWLRQV�IRU�&RQWLQXRXV�([SRVXUHV�6XKZDQ�%RQJ
�6XKZDQ�%RQJ��+HHMXQ�6KLQ��)UDQFHVFD
'RPLQLFL�

,Q�PDQ\�DUHDV�RI�VFLHQWLILF�UHVHDUFK��LW�LV�RIWHQ�RI�LQWHUHVW�WR�HVWLPDWH�DQ�H[SRVXUH�UHVSRQVH�IXQFWLRQ
WKDW�KDV�D�FDXVDO�LQWHUSUHWDWLRQ��DQG�PRVW�LPSRUWDQWO\�WR�DOVR�DVVHVV�ZKHWKHU�WKH�VKDSH�RI�WKDW�(5)
LV�KHWHURJHQHRXV�DFURVV�VXEJURXSV�RI�WKH�SRSXODWLRQ��+RZHYHU��PRVW�RI�WKH�UHFHQW�ZRUN�RQ
KHWHURJHQHRXV�FDXVDO�HIIHFWV�LV�OLPLWHG�WR�WKH�FDVH�ZKHUH�WKH�H[SRVXUH�LV�ELQDU\��,Q�WKLV�SDSHU��ZH
LQWURGXFH�WKH�*HQHUDOL]HG�&DXVDO�5XOH�(QVHPEOH��*&5(���D�GDWD�GULYHQ��UXOH�EDVHG�IUDPHZRUN�WKDW
XQFRYHUV�DQG�VXPPDUL]HV�KHWHURJHQHLW\�LQ�FRQWLQXRXV�H[SRVXUHV��7KH�*&5(�FDQ�EH�VXPPDUL]HG�LQ
WZR�VWHSV��)LUVW��LQ�D�VXEJURXS�GLVFRYHU\�VWHS��ZH�UHO\�RQ�WDUJHWHG�VPRRWKLQJ�%D\HVLDQ�$GGLWLYH
5HJUHVVLRQ�7UHHV��WV%$57��WR�LGHQWLI\�FRYDULDWH�EDVHG�GHFLVLRQ�UXOHV�ZKRVH�HIIHFWV�DUH�VPRRWK�LQ�WKH
H[SRVXUH��DQG�WKHQ�DSSOLHV�JURXS�/$662�RQ�VSOLQH�H[SDQVLRQV�RI�H[SRVXUH�WR�VHOHFW�D�VSDUVH��VWDEOH
VXEVHW�RI�VXEJURXSV��6HFRQG��LQ�D�LQIHUHQFH�VWHS��ZH�HVWLPDWH�VXEJURXS�VSHFLILF�GHYLDWLRQ�IXQFWLRQV
DQG�(5)V�IRU�WKH�VHOHFWHG�UXOHV�ZLWK�IDYRUDEOH�WKHRUHWLFDO�JXDUDQWLHV��,Q�VLPXODWLRQV��*&5(�UHFRYHUV
KHWHURJHQHRXV�(5)�WKDW�DUH�LQYLVLEOH�LQ�GLFKRWRPL]HG�DQDO\VHV�DQG�LPSURYHV�HVWLPDWLRQ�DFFXUDF\
UHODWLYH�WR�VWDQGDUG�(5)�HVWLPDWRUV��:H�LOOXVWUDWH�WKH�DSSURDFK�LQ�D�=&7$�OHYHO�VWXG\�RI�WKH�KHDOWK
HIIHFWV�RI�30�����DPRQJ�8�6��0HGLFDUH�EHQHILFLDULHV�LQ�������DQG�SURYLGH�VXPPDULHV�RI�KRZ�WKH
(5)�YDULHV�EHWZHHQ�VRFLRGHPRJUDSKLF�VXEJURXSV�
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+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

&RQVWUXFWLQJ�LQIOXHQFH�VHWV�IRU�KHWHURJHQHRXV�WUHDWPHQW�HIIHFW�PRGHOV�0HORG\�+XDQJ

0HORG\�+XDQJ��$QD�.HQQH\��7LIIDQ\�7DQJ�

(YDOXDWLQJ�WKH�SHUIRUPDQFH�RI�KHWHURJHQHRXV�WUHDWPHQW�HIIHFW��+7(��PRGHOV��L�H���PHWDOHDUQHUV��LV
LQKHUHQWO\�FKDOOHQJLQJ��8QOLNH�VWDQGDUG�VXSHUYLVHG�OHDUQLQJ�SUREOHPV��WKH�SUHGLFWLRQ�WDUJHWvWKH
FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFWvLV�XQREVHUYDEOH��$V�D�UHVXOW��H[LVWLQJ�PRGHO�HYDOXDWLRQ�WRROV
�L�H���RPQLEXV�JRRGQHVV�RI�ILW�WHVWV��RU�UHODWLYH�HUURU�PHDVXUHV��PXVW�UHO\�RQ�LQGLUHFW�GLDJQRVWLFV�
KRZHYHU��WKHVH�DSSURDFKHV�FDQ�KLJKO\�VHQVLWLYH�WR�FHUWDLQ�REVHUYDWLRQV�LQ�D�VWXG\��,Q�WKH�IROORZLQJ
SDSHU��ZH�SURSRVH�D�QRYHO�IUDPHZRUN�IRU�LGHQWLI\LQJ�LQIOXHQFH�VHWV��VXEVHWV�RI�REVHUYDWLRQV�ZKRVH
UHPRYDO�LQGXFHV�WKH�ODUJHVW�FKDQJH�LQ�DQ�+7(�PRGHOyV�SUHGLFWLYH�EHKDYLRU��2XU�DSSURDFK�H[WHQGV
FODVVLFDO�LQIOXHQFH�IXQFWLRQ�PHWKRGRORJ\�WR�DFFRXQW�IRU�GHSHQGHQFH�DFURVV�REVHUYDWLRQV��HQDEOLQJ
WKH�H[DFW�FKDUDFWHUL]DWLRQ�RI�WKH�LPSDFW�RI�UHPRYLQJ�PXOWLSOH�SRLQWV�VLPXOWDQHRXVO\��7KLV�H[WHQVLRQ
JHQHUDOL]HV�WR�FRPSOH[�PHWDOHDUQHUV�UHTXLULQJ�PXOWL�VWDJH�HVWLPDWLRQ��:H�VKRZ�WKDW�LGHQWLI\LQJ�WKH
PRVW�LQIOXHQWLDO�VXEVHW�FDQ�EH�IRUPXODWHG�DV�D�PL[HG�LQWHJHU�TXDGUDWLF�RSWLPL]DWLRQ�SUREOHP�
\LHOGLQJ�JOREDO�RSWLPDOLW\�JXDUDQWHHV�IRU�WKH�UHVXOWLQJ�LQIOXHQFH�VHW��0RUHRYHU��RXU�DSSURDFK�LV
JHQHUDO�DQG�FDQ�EH�DGDSWHG�WR�RWKHU�PHWULFV�RI�LQWHUHVW�EH\RQG�VKLIWV�LQ�SUHGLFWLYH�EHKDYLRU��:H
LOOXVWUDWH�WKH�XWLOLW\�DQG�IOH[LELOLW\�RI�RXU�DSSURDFK�LQ�D�FDVH�VWXG\�HYDOXDWLQJ�WKH�LPSDFW�RI�FDVK
WUDQVIHU�SURJUDP�
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+HWHURJHQHRXV�7UHDWPHQW�(IIHFWV

7KH�3DUDFKXWHG�+\EULG�&$7(�(VWLPDWRU�ZLWK�%RRWVWUDS�0HWKRGV�IRU�,QIHUHQFH�;LDQOLQ�6XQ

;LDQOLQ�6XQ��6WHSKHQ�0DQ�6LQJ�/HH�

7KLV�SDSHU�LQWURGXFHV�D�QRYHO�K\EULG�HVWLPDWRU�IRU�WKH�&RQGLWLRQDO�$YHUDJH�7UHDWPHQW�(IIHFW��&$7(�
WKDW�DFKLHYHV�RSWLPDO�FRQYHUJHQFH�UDWHV�DQG�UREXVWQHVV�DJDLQVW�PRGHO�PLV�VSHFLILFDWLRQ��2XU
SURSRVHG�zSDUDFKXWH{�HVWLPDWRU�H[KLELWV�WKH�RUDFOH�SURSHUW\��LW�DFKLHYHV�WKH�IDVW�SDUDPHWULF
FRQYHUJHQFH�UDWH�ZKHQ�HLWKHU�WKH�SURSHQVLW\�VFRUH�RU�RXWFRPH�PRGHO�LV�FRUUHFWO\�VSHFLILHG��DQG
JUDFHIXOO\�GHJUDGHV�WR�WKH�VORZHU�QRQ�SDUDPHWULF�UDWH�ZKHQ�ERWK�DUH�PLV�VSHFLILHG��:H�PDNH�WZR
SULPDU\�FRQWULEXWLRQV�
)LUVW��ZH�GHULYH�WKH�FRPSOHWH�DV\PSWRWLF�GLVWULEXWLRQ�RI�WKH�MRLQW�YHFWRU�RI�SDUDPHWULF�DQG�QRQ�
SDUDPHWULF�&$7(�HVWLPDWRUV��7KLV�WKHRUHWLFDO�QRYHOW\�FXOPLQDWHV�LQ�7KHRUHP����HVWDEOLVKLQJ�WKHLU
MRLQW�DV\PSWRWLF�QRUPDOLW\��&RUROODU\���FKDUDFWHUL]HV�WKH�DV\PSWRWLF�GLVWULEXWLRQ�RI�RXU�K\EULG
HVWLPDWRU��UHYHDOLQJ�LWV�DGDSWLYH�zSDUDFKXWH{�PHFKDQLVP��7KH�FRPSOH[LW\�RI�WKLV�GLVWULEXWLRQ
PRWLYDWHV�RXU�VHFRQG�FRQWULEXWLRQ�
6HFRQG��ZH�HVWDEOLVK�WKH�WKHRUHWLFDO�YDOLGLW\�RI�ERRWVWUDS�PHWKRGV�IRU�FRQVWUXFWLQJ�FRQILGHQFH
LQWHUYDOV��7KHRUHP���SURYHV�WKH�FRQVLVWHQF\�RI�WKH�ERRWVWUDS�IRU�HVWLPDWLQJ�WKH�K\EULG�HVWLPDWRUyV
GLVWULEXWLRQ��SURYLGLQJ�D�SUDFWLFDO�WRRO�IRU�VWDWLVWLFDO�LQIHUHQFH��7KLV�EXLOGV�XSRQ�&KDWWHUMHH�DQG
%RVHyV��������IUDPHZRUN�IRU�0�HVWLPDWLRQ��'HWDLOHG�SURRIV�DUH�LQ�WKH�$SSHQGL[��:H�FRQFOXGH�ZLWK�D
VLPXODWLRQ�VWXG\�GHPRQVWUDWLQJ�RXU�HVWLPDWRUyV�HPSLULFDO�SHUIRUPDQFH�DQG�ERRWVWUDS�FRYHUDJH
SURSHUWLHV�
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,QVWUXPHQWDO�9DULDEOHV

'HVLJQ�EDVHG�QHVWHG�LQVWUXPHQWDO�YDULDEOH�DQDO\VLV�=KH�&KHQ
�=KH�&KHQ��%R�=KDQJ��;LQUDQ�/L�

7ZR�ELQDU\�LQVWUXPHQWDO�YDULDEOHV��,9V��DUH�QHVWHG�LI�LQGLYLGXDOV�ZKR�FRPSO\�XQGHU�RQH�ELQDU\�,9
DOVR�FRPSO\�XQGHU�WKH�RWKHU��7KLV�VLWXDWLRQ�RIWHQ�DULVHV�ZKHQ�WKH�WZR�,9V�UHSUHVHQW�GLIIHUHQW
LQWHQVLWLHV�RI�HQFRXUDJHPHQW�RU�GLVFRXUDJHPHQW�WR�WDNH�WKH�WUHDWPHQW�RQH�VWURQJHU�WKDQ�WKH�RWKHU�
,Q�D�QHVWHG�,9�VWUXFWXUH��WUHDWPHQW�HIIHFWV�FDQ�EH�LGHQWLILHG�IRU�WZR�ODWHQW�VXEJURXSV��DOZD\V�
FRPSOLHUV�DQG�VZLWFKHUV��$OZD\V�FRPSOLHUV�DUH�LQGLYLGXDOV�ZKR�FRPSO\�HYHQ�XQGHU�WKH�ZHDNHU�,9�
ZKLOH�VZLWFKHUV�DUH�WKRVH�ZKR�GR�QRW�FRPSO\�XQGHU�WKH�ZHDNHU�,9�EXW�GR�XQGHU�WKH�VWURQJHU�RQH��,Q
WKLV�DUWLFOH��ZH�LQWURGXFH�D�QRYHO�SDLU�RI�SDLUV�QHVWHG�,9�GHVLJQ��ZKHUH�HDFK�PDWFKHG�VWUDWXP
FRQVLVWV�RI�IRXU�XQLWV�RUJDQL]HG�LQ�WZR�SDLUV��8QGHU�WKLV�SDLU�RI�SDLUV�GHVLJQ��ZH�GHYHORS�GHVLJQ�
EDVHG�LQIHUHQWLDO�PHWKRGV�IRU�HVWLPDWLQJ�WKH�DOZD\V�FRPSOLHU�VDPSOH�DYHUDJH�WUHDWPHQW�HIIHFW
�6$7(��DQG�VZLWFKHU�6$7(��,Q�D�QHVWHG�,9�DQDO\VLV��,9�DVVLJQPHQW�LV�UDQGRPL]HG�ZLWKLQ�HDFK�,9�SDLU�
KRZHYHU��ZKHWKHU�D�VWXG\�XQLW�UHFHLYHV�WKH�ZHDNHU�RU�VWURQJHU�,9�PD\�QRW�EH�UDQGRPL]HG��7R
DGGUHVV�WKLV�FRPSOLFDWLRQ��ZH�WKHQ�SURSRVH�D�QRYHO�SDUWO\�ELDVHG�UDQGRPL]DWLRQ�VFKHPH�DQG�VWXG\
GHVLJQ�EDVHG�LQIHUHQFH�XQGHU�WKLV�QHZ�VFKHPH��8VLQJ�H[WHQVLYH�VLPXODWLRQ�VWXGLHV��ZH�GHPRQVWUDWH
WKH�YDOLGLW\�RI�WKH�SURSRVHG�PHWKRG�DQG�DVVHVV�LWV�SRZHU�XQGHU�GLIIHUHQW�VFHQDULRV��$SSOLHG�WR�3/&2
WULDO�GDWD��ZH�LGHQWLILHG�������DOZD\V�FRPSOLHUV�DQG�������VZLWFKHUV��ZLWK�VLJPRLGRVFRS\�VKRZLQJ
SRWHQWLDO�EHQHILW�IRU�DOZD\V�FRPSOLHUV�EXW�QRW�VZLWFKHUV�
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,QVWUXPHQWDO�9DULDEOHV

$�0RGLILHG�,QVWUXPHQWDO�9DULDEOH�$SSURDFK�IRU�0RGHOLQJ�(QJDJHPHQW�LQ�0RELOH�+HDOWK
$OH[LV�)OHPLQJ
�$OH[LV�)OHPLQJ��$QGUHZ�6SLHNHU�

(QJDJHPHQW�ZLWK�PRELOH�KHDOWK�LQWHUYHQWLRQV�KDV�JDLQHG�LQFUHDVLQJ�DWWHQWLRQ�DV�PRELOH�GHYLFHV
EHFRPH�PRUH�ZLGHO\�DFFHVVLEOH��ZLWK�LGHQWLI\LQJ�WKUHVKROGV�IRU�HIIHFWLYH�HQJDJHPHQW�EHLQJ�D
SULPDU\�IRFXV��+RZHYHU��LQ�WKHVH�VHWWLQJV��WKH�H[FOXVLRQ�UHVWULFWLRQ�DVVXPSWLRQ�LV�XQUHDVRQDEOH�
3UHYLRXV�PHWKRGRORJLFDO�DGYDQFHV�KDYH�DGGUHVVHG�WKLV�FKDOOHQJH�E\�PRGLI\LQJ�LQVWUXPHQWDO�YDULDEOH
�,9��DSSURDFKHV�WKURXJK�VHQVLWLYLW\�DQDO\VHV�WR�XQGHUVWDQG�KRZ�HQJDJHPHQW�LQIOXHQFHV
LPSURYHPHQWV�LQ�RXWFRPHV�ZKHQ�WKH�H[FOXVLRQ�UHVWULFWLRQ�FDQQRW�EH�UHDVRQDEO\�DVVXPHG��7KHVH
PHWKRGV��KRZHYHU��KDYH�ODUJHO\�EHHQ�OLPLWHG�WR�VHWWLQJV�ZLWK�WZR�WUHDWPHQW�DUPV�DQG�D�FRQWLQXRXV
PHDVXUH�RI�HQJDJHPHQW�

:H�SURSRVH�D�PRGLILHG�LQVWUXPHQWDO�YDULDEOH��0,9��DSSURDFK�WKDW�EXLOGV�RQ�WKLV�SULRU�ZRUN�DQG
EURDGHQV�LWV�DSSOLFDWLRQ�WR�UHDO�ZRUOG�LQWHUYHQWLRQV��2XU�PHWKRG�DOORZV�IRU�PXOWLSOH�WUHDWPHQW
JURXSV�DQG�VXSSRUWV�DOWHUQDWLYH�GLVWULEXWLRQV�RI�WKH�HQJDJHPHQW�YDULDEOH��WKHUHE\�H[SDQGLQJ�WKH
UDQJH�RI�VHWWLQJV�LQ�ZKLFK�HQJDJHPHQW�HIIHFWV�FDQ�EH�DVVHVVHG��8QGHU�FRUUHFW�VSHFLILFDWLRQ�RI�D
VHQVLWLYLW\�SDUDPHWHU��WKH�FODVV�RI�ORFDO�DYHUDJH�WUHDWPHQW�HIIHFWV��/$7(V��RI�LQWHUHVW�EHFRPHV
LGHQWLILDEOH�

(VWLPDWLRQ�SURFHHGV�WKURXJK�WZR�VWDJH�OHDVW�VTXDUHV�WR�UHFRYHU�D�ZHLJKWHG�DYHUDJH�RI�WKH�/$7(V
RYHU�D�VSHFLILHG�UDQJH�RI�WKH�VHQVLWLYLW\�SDUDPHWHU��:H�HYDOXDWH�WKH�SURSRVHG�DSSURDFK�XVLQJ
VLPXODWLRQ�VWXGLHV�DQG�GHPRQVWUDWH�LWV�DELOLW\�WR�UHFRYHU�/$7(V�DFURVV�YDU\LQJ�FRPELQDWLRQV�RI
WUHDWPHQW�DQG�HQJDJHPHQW�YDULDEOH�W\SHV�
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,QVWUXPHQWDO�9DULDEOHV

7ZR�VWDJH�OHDVW�VTXDUHV�ZLWK�FOXVWHUHG�GDWD�$QTL�=KDR
�$QTL�=KDR��3HQJ�'LQJ��)DQ�/L�

&OXVWHUHG�GDWD�DUH�FRPPRQ�LQ�HPSLULFDO�UHVHDUFK��7R�HVWLPDWH�WKH�FDXVDO�HIIHFW�RI�D�SRVVLEO\
HQGRJHQRXV�WUHDWPHQW��D�FRPPRQ�DSSURDFKwZKLFK�ZH�FDOO�WKH�FDQRQLFDO�WZR�VWDJH�OHDVW�VTXDUHV
��VOV�wLV�WR�ILW�D��VOV�UHJUHVVLRQ�RI�WKH�RXWFRPH�RQ�WUHDWPHQW�VWDWXV�ZLWK�LQVWUXPHQWDO�YDULDEOHV��,9V�
IRU�SRLQW�HVWLPDWLRQ��DQG�DSSO\�FOXVWHU�UREXVW�VWDQGDUG�HUURUV�LQ�LQIHUHQFH��:KHQ�ERWK�WKH�WUHDWPHQW
DQG�,9V�KDYH�YDULDWLRQ�ZLWKLQ�FOXVWHUV��D�QDWXUDO�DOWHUQDWLYHwZKLFK�ZH�FDOO�WKH�WZR�VWDJH�IL[HG
HIIHFWV���VIH�wLV�WR�LQFOXGH�FOXVWHU�LQGLFDWRUV�LQ�WKH��VOV�VSHFLILFDWLRQ��WKHUHE\�LQFRUSRUDWLQJ�FOXVWHU
LQIRUPDWLRQ�LQ�SRLQW�HVWLPDWLRQ�DV�ZHOO��7KLV�SDSHU�FODULILHV�WKH�WUDGH�RII�EHWZHHQ�WKH�FDQRQLFDO��VOV
DQG��VIH�ZLWKLQ�WKH�ORFDO�DYHUDJH�WUHDWPHQW�HIIHFW��/$7(��IUDPHZRUN��DQG�PDNHV�WKH�IROORZLQJ
FRQWULEXWLRQV��)LUVW��ZH�HVWDEOLVK�WKH�YDOLGLW\�DQG�UHODWLYH�HIILFLHQF\�RI�WKH�FDQRQLFDO��VOV�DQG��VIH�IRU
ODUJH�VDPSOH�:DOG�W\SH�LQIHUHQFH�RI�WKH�/$7(�ZKHQ�FOXVWHUV�DUH�KRPRJHQHRXV��:H�VKRZ�WKDW��ZKHQ
WKH�WUXH�RXWFRPH�PRGHO�LQFOXGHV�D�FOXVWHU�IL[HG�HIIHFW���VIH�LV�PRUH�HIILFLHQW�WKDQ�WKH�FDQRQLFDO��VOV
ZKHQ�WKH�YDULDWLRQ�LQ�FOXVWHU�IL[HG�HIIHFWV�GRPLQDWHV�WKDW�LQ�XQLW�OHYHO�HUURUV��6HFRQG��ZH�VKRZ�WKDW
ZLWK�KHWHURJHQHRXV�FOXVWHUV���VIH�UHFRYHUV�D�ZHLJKWHG�DYHUDJH�RI�FOXVWHU�VSHFLILF�/$7(V��ZKHUHDV
WKH�FDQRQLFDO��VOV�GRHV�QRW��7KLUG��ZH�GHYHORS�D�MRLQW�DV\PSWRWLF�DQDO\VLV�RI�WKH�FDQRQLFDO��VOV�DQG
�VIH�XQGHU�KRPRJHQHRXV�FOXVWHUV�DQG�SURSRVH�D�:DOG�W\SH�WHVW�IRU�GHWHFWLQJ�FOXVWHU�KHWHURJHQHLW\�
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,QVWUXPHQWDO�9DULDEOHV

7KH�0XOWLSOLFDWLYH�4XDVL�,QVWUXPHQWDO�9DULDEOH�0RGHO�-LHZHQ�/LX
�-LHZHQ�/LX��(ULF�7FKHWJHQ
7FKHWJHQ��&KDQ�3DUN��'DYLG�5LFKDUGVRQ�

:H�LQWURGXFH�WKH�4XDVL�,QVWUXPHQWDO�9DULDEOH��4,9��PRGHO��D�IUDPHZRUN�IRU�FDXVDO�LQIHUHQFH�ZLWK
XQPHDVXUHG�FRQIRXQGLQJ�WKDW�OHYHUDJHV�DQ�LQVWUXPHQW�WKDW�PD\�EH�LPSHUIHFWO\�H[RJHQRXV��:H�DOORZ
WKH�FDQGLGDWH�LQVWUXPHQW�WR�KDYH�D�GLUHFW�HIIHFW�RQ�WKH�RXWFRPH�QRW�PHGLDWHG�E\�WKH�WUHDWPHQW��WKXV
YLRODWLQJ�WKH�VWDQGDUG�,9�H[FOXVLRQ�UHVWULFWLRQ��'HVSLWH�WKLV��ZH�HVWDEOLVK�QRQSDUDPHWULF
LGHQWLILFDWLRQ�RI�WKH�SRSXODWLRQ�DYHUDJH�WUHDWPHQW�HIIHFW�RQ�WKH�WUHDWHG��$77��XQGHU�D�PXOWLSOLFDWLYH
WUHDWPHQW�PRGHO��LQ�ZKLFK�WKH�4,9�DQG�WKH�KLGGHQ�FRQIRXQGHU�FRPELQH�PXOWLSOLFDWLYHO\�WR�JRYHUQ
WUHDWPHQW�XSWDNH��7KLV�PXOWLSOLFDWLYH�VWUXFWXUH�DULVHV�QDWXUDOO\��ZKHQ�WUHDWPHQW�RFFXUV�RQO\�LI�ERWK
WZR�LQGHSHQGHQW�LQVWUXPHQW�GULYHQ�DQG�FRQIRXQGHU�GULYHQ�FDXVDO�PHFKDQLVPV�DUH�SUHVHQW��RU�ZKHQ
XSWDNH�IROORZV�D�FODVV�RI�ODWHQW�LQGH[�PRGHO��,PSRUWDQWO\��WKH�4,9�PRGHO�LV�DJQRVWLF�WR�WUHDWPHQW�
HIIHFW�KHWHURJHQHLW\�ZLWK�UHVSHFW�WR�KLGGHQ�FRQIRXQGHUV��,GHQWLILFDWLRQ�LV�DFKLHYHG�YLD�D�PRGLILHG
:DOG�UDWLR�HVWLPDQG��ZKLFK�FRUUHFWV�WKH�ELDV�GXH�WR�WKH�H[FOXVLRQ�UHVWULFWLRQ�YLRODWLRQ��DQG�ZH
SURSRVH�D�QHZ�FODVV�RI�HVWLPDWRUV�WKDW�DUH�PXOWLSO\�UREXVW�DQG�VHPLSDUDPHWULF�HIILFLHQW��)LQDOO\�ZH
SURSRVH�D�VWUDLJKWIRUZDUG�IDOVLILFDWLRQ�WHVW�IRU�WKH�SURSRVHG�4,9�PRGHO��DQG�ZH�HYDOXDWH�WKH
DSSURDFK�LQ�H[WHQVLYH�VLPXODWLRQV�DQG�DQ�DSSOLFDWLRQ�WR�HYDOXDWH�WKH�FDXVDO�HIIHFW�RI�KDYLQJ�WKUHH�RU
PRUH�FKLOGUHQ�RQ�PRWKHUVy�ODERU�PDUNHW�HQJDJHPHQW�
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,QVWUXPHQWDO�9DULDEOHV

,GHQWLI\LQJ�WKH�&XPXODWLYH�$YHUDJH�(IIHFW�RI�D�0XOWL�3KDVH�7UHDWPHQW�ZLWK�1RQFRPSOLDQFH
E\�/HYHUDJLQJ�0XOWLVLWH�,QVWUXPHQWDO�9DULDEOHV�*XDQJOHL�+RQJ
�*XDQJOHL�+RQJ��)DQ�<DQJ�
=KHQJ\DQ�;X��;X�4LQ�

:KHQ�HYDOXDWLQJ�D�PXOWL�SKDVH�LQWHUYHQWLRQ��WKH�FXPXODWLYH�DYHUDJH�WUHDWPHQW�HIIHFW��$7(��LV�RIWHQ
D�FDXVDO�HVWLPDQG�RI�SULPDU\�LQWHUHVW��+RZHYHU��DPRQJ�LQGLYLGXDOV�ZKR�GR�QRW�UHVSRQG�ZHOO�WR�WKH
WUHDWPHQW�LQ�DQ�HDUOLHU�SKDVH��VRPH�PD\�VXEVHTXHQWO\�GLVSOD\�QRQFRPSOLDQW�EHKDYLRUV��$W�WKH�VDPH
WLPH��H[SRVXUH�WR�WKH�HDUOLHU�SKDVH�WUHDWPHQW�LV�H[SHFWHG�WR�ERWK�GLUHFWO\�DQG�LQGLUHFWO\�LQIOXHQFH�DQ
LQGLYLGXDOyV�SRWHQWLDO�RXWFRPHV��%XLOGLQJ�RQ�DQ�LQVWUXPHQWDO�YDULDEOH��,9��VWUDWHJ\�IRU�PXOWLVLWH
WULDOV��ZH�FODULI\�WKH�FRQGLWLRQV�XQGHU�ZKLFK�WKH�FXPXODWLYH�$7(�RI�D�PXOWL�SKDVH�WUHDWPHQW�FDQ�EH
LGHQWLILHG�E\�HPSOR\LQJ�WKH�UDQGRPL]DWLRQ�RI�WKH�LQLWLDO�WUHDWPHQW�DVVLJQPHQW�DV�WKH�LQVWUXPHQW��2XU
VWUDWHJ\�UHOD[HV�ERWK�WKH�FRQYHQWLRQDO�H[FOXVLRQ�UHVWULFWLRQ�DQG�VHTXHQWLDO�LJQRUDELOLW\�DVVXPSWLRQV�
:H�DVVHVV�WKH�SHUIRUPDQFH�RI�WKH�QHZ�VWUDWHJ\�WKURXJK�VLPXODWLRQ�VWXGLHV�DQG�FODULI\�GDWD
UHTXLUHPHQWV�IRU�HVWLPDWLRQ��$GGLWLRQDOO\��ZH�UHDQDO\]H�GDWD�IURP�WKH�7HQQHVVHH�FODVV�VL]H�VWXG\��LQ
ZKLFK�VWXGHQWV�DQG�WHDFKHUV�ZHUH�UDQGRPO\�DVVLJQHG�WR�HLWKHU�VPDOO�RU�UHJXODU�FODVV�W\SHV�LQ
NLQGHUJDUWHQ��3KDVH�,��ZLWK�QRQFRPSOLDQFH�HPHUJLQJ�LQ�*UDGH����3KDVH�,,��DQG�DJDLQ�LQ�*UDGH��
�3KDVH�,,,���$SSO\LQJ�RXU�QHZ�VWUDWHJ\��ZH�HVWLPDWH�WKH�FXPXODWLYH�$7(�RI�UHFHLYLQJ�WKUHH
FRQVHFXWLYH�\HDUV�RI�LQVWUXFWLRQ�LQ�D�VPDOO�YHUVXV�UHJXODU�FODVV�
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,QVWUXPHQWDO�9DULDEOHV

)HZ�&OXVWHUV��0DQ\�3UREOHPV��$�&OXVWHUHG�:LOG�%RRWVWUDS�IRU�,QVWUXPHQWDO�9DULDEOHV
(VWLPDWLRQ�ZLWK�(YLGHQFH�IURP�6FKRRO�%RDUG�*HQGHU�5HSUHVHQWDWLRQ�RQ�$FKLHYHPHQW�*DSV
6DP�/HH
�6DP�/HH�

(PSLULFDO�UHVHDUFKHUV�RIWHQ�HVWLPDWH�LQVWUXPHQWDO�YDULDEOHV��,9��PRGHOV�WR�DGGUHVV�HQGRJHQHLW\�LQ
NH\�UHJUHVVRUV��:KHQ�REVHUYDWLRQV�DUH�FRUUHODWHG�ZLWKLQ�FOXVWHUV��KRZHYHU��FRQYHQWLRQDO�LQIHUHQFH
FDQ�IDLO��SDUWLFXODUO\�ZKHQ�WKH�QXPEHU�RI�FOXVWHUV�LV�VPDOO��6WDQGDUG�FOXVWHU�UREXVW�YDULDQFH
HVWLPDWRUV�PD\�XQGHUVWDWH�XQFHUWDLQW\�LQ�WKHVH�VHWWLQJV��,�LQWURGXFH�D�ILQLWH�VDPSOH�ZLOG�FOXVWHU
ERRWVWUDS�SURFHGXUH�IRU�MXVW�LGHQWLILHG�,9�PRGHOV�XQGHU�DUELWUDU\�FOXVWHU�GHSHQGHQFH��7KH�PHWKRG
UHFRYHUV�WKH�FRQVLVWHQF\�SURSHUWLHV�RI�WKH�/LDQJv=HJHU�FOXVWHU�UREXVW�YDULDQFH�HVWLPDWRU�DQG�LV
VKRZQ�WR�FRLQFLGH�ZLWK�D�UHVWULFWHG�ZLOG�FOXVWHU�ERRWVWUDS�XQGHU�WKH�QXOO�K\SRWKHVLV��0RQWH�&DUOR
VLPXODWLRQV�GHPRQVWUDWH�WKDW�WKH�SURSRVHG�SURFHGXUH�DFKLHYHV�UHMHFWLRQ�UDWHV�FORVH�WR�QRPLQDO
OHYHOV�DQG�XQLIRUPO\�LPSURYHV�XSRQ�H[LVWLQJ�FOXVWHU�UREXVW�DSSURDFKHV��$Q�HPSLULFDO�DSSOLFDWLRQ
HVWLPDWHV�WKH�FDXVDO�HIIHFW�RI�IHPDOH�VFKRRO�ERDUG�UHSUHVHQWDWLRQ�RQ�JHQGHU�JDSV�LQ�VFKRODVWLF
DFKLHYHPHQW�LQ�&DOLIRUQLD�IURP�����v������:KLOH�WKH�HVWLPDWHV�VKRZ�QR�VLJQLILFDQW�UHGXFWLRQ�LQ
ZLWKLQ�GLVWULFW�JHQGHU�DFKLHYHPHQW�GLVSDULWLHV��WKH�UHVXOWV�SURYLGH�DSSOLHG�UHVHDUFKHUV�ZLWK�D
WUDQVSDUHQW�DQG�UHOLDEOH�IUDPHZRUN�IRU�LQIHUHQFH�LQ�FOXVWHUHG�,9�VHWWLQJV�
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,QWHUFXUUHQW�(YHQW

,PSOHPHQWLQJ�WKH�SULQFLSDO�VWUDWXP�VWUDWHJ\�IRU�LQWHUFXUUHQW�HYHQWV�ZLWK�VXUYLYDO
RXWFRPHV��D�WXWRULDO�;LDR[LDR�=KRX
�;LDR[LDR�=KRX��)DQ�/L�

7KH�,QWHUQDWLRQDO�&RXQFLO�IRU�+DUPRQL]DWLRQ��,&+��(���5���DGGHQGXP�LQWURGXFHV�WKH�HVWLPDQG
IUDPHZRUN�WR�VWDQGDUGL]H�KRZ�WUHDWPHQW�HIIHFWV�DUH�HYDOXDWHG��7KH�IUDPHZRUN�FRPSULVHV�ILYH
DWWULEXWHV��LQFOXGLQJ�LQWHUFXUUHQW�HYHQWV��,&(V��DQG�ILYH�VWUDWHJLHV�WR�DGGUHVV�WKHP��$PRQJ�WKHVH
VWUDWHJLHV��WKH�SULQFLSDO�VWUDWXP�VWUDWHJ\�LV�WKH�PRVW�FRQFHSWXDOO\�DQG�WHFKQLFDOO\�FKDOOHQJLQJ
EHFDXVH�LW�GHILQHV�WUHDWPHQW�HIIHFWV�RQ�XQREVHUYHG�VWUDWD��,WV�DSSOLFDWLRQ�WR�VXUYLYDO�RXWFRPHV�LV
SDUWLFXODUO\�LQDFFHVVLEOH�WR�SUDFWLWLRQHUV��7KLV�WXWRULDO�UHYLHZV�WKH�PHWKRGRORJ\�DQG�LPSOHPHQWDWLRQ
RI�WKH�HVWLPDQG�IUDPHZRUN�ZLWK�WKH�SULQFLSDO�VWUDWXP�VWUDWHJ\�WR�DGGUHVV�,&(V�ZLWK�VXUYLYDO
RXWFRPHV��:H�LOOXVWUDWH�XVLQJ�D�FOLQLFDO�WULDO�LQ�RQFRORJ\�DQG�IRFXV�RQ�D�VLPSOH�FDVH�ZLWK�ELQDU\
WUHDWPHQW�DQG�D�VLQJOH�ELQDU\�,&(�RI�GLVFRQWLQXDWLRQ�RI�WKH�DVVLJQHG�WUHDWPHQW��:H�GHILQH�WKH�FDXVDO
HIIHFWV�DQG�UHYLHZ�WZR�PDLQ�PHWKRGV�IRU�HVWLPDWLQJ
WKH�HIIHFWV��WKH�PL[WXUH�PRGHO�PHWKRG�DQG�WKH�ZHLJKWLQJ�PHWKRG��)RU�HDFK�PHWKRG��ZH�HODERUDWH
WKH�DVVRFLDWHG�DVVXPSWLRQV��PRGHOV��VHQVLWLYLW\�DQDO\VLV��VRIWZDUH�DQG�SURYLGH�H[DPSOH�5�FRGH��:H
FRQGXFW�VLPXODWLRQ�VWXGLHV�WKDW�PLPLF�WKH�UHDO�VWXG\�WR�VWXG\�WKH�RSHUDWLRQ�FKDUDFWHULVWLFV�RI�WKHVH
PHWKRGV�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF �������

���� 3�

,QWHUIHUHQFH�DQG�&RQVLVWHQF\�9LRODWLRQV

*HQHUDOL]LQJ�&DXVDO�(IIHFWV�XQGHU�3DUWLDO�,QWHUIHUHQFH�LQ�7ZR�6WDJH�6DPSOLQJ�'HVLJQV
<LKDQ�%DR
�<LKDQ�%DR��/DXUD�)RUDVWLHUH�

&DXVDO�LQIHUHQFH�XQGHU�LQWHUIHUHQFH�LV�LQFUHDVLQJO\�LPSRUWDQW�LQ�SXEOLF�KHDOWK�DQG�VRFLDO
VFLHQFH�DSSOLFDWLRQV��\HW�PRVW�H[LVWLQJ�PHWKRGV�DUH�HLWKHU�WDUJHWHG�WR�ILQLWH�VDPSOH
HVWLPDQGV�RU�WR�VXSHU�SRSXODWLRQ�HVWLPDQGV�LPSOLFLWO\�DVVXPLQJ�VLPSOH�UDQGRP
VDPSOLQJ��,Q�SUDFWLFH��PDQ\�VWXGLHV�UHO\�RQ�FRPSOH[�PXOWLVWDJH�VXUYH\�GHVLJQV��ZKHUH
FOXVWHUV�DUH�VDPSOHG�ZLWK�XQHTXDO�SUREDELOLWLHV�DQG�RQO\�D�VXEVHW�RI�LQGLYLGXDOV�ZLWKLQ
HDFK�FOXVWHU�DUH�REVHUYHG��:H�GHYHORS�D�JHQHUDO�IUDPHZRUN�XQGHU�FOXVWHUHG
LQWHUIHUHQFH�IRU�HVWLPDWLQJ�FDXVDO�HIIHFWV�DQG�JHQHUDOL]LQJ�WKHP�IURP�WKH�VDPSOH�WR�WKH
WDUJHW�SRSXODWLRQ�ZKHQ�GDWD�DULVH�IURP�VXFK�WZR�VWDJH�VDPSOLQJ�GHVLJQV��:H�GHILQH
FDXVDO�HVWLPDQGV�DV�FRQWUDVWV�RI�DYHUDJH�SRWHQWLDO�RXWFRPHV�XQGHU�K\SRWKHWLFDO
LQWHUYHQWLRQV�DQG�GHULYH�LQYHUVH�SUREDELOLW\�ZHLJKWHG�HVWLPDWRUV�WKDW�MRLQWO\�DFFRXQW�IRU
WUHDWPHQW�DVVLJQPHQW��FOXVWHU�OHYHO�VDPSOLQJ��DQG�LQGLYLGXDO�OHYHO�VDPSOLQJ��:H
HVWDEOLVK�LGHQWLILFDWLRQ�FRQGLWLRQV�XQGHU�YDU\LQJ�DVVXPSWLRQV�RQ�WKH�LQWHUIHUHQFH�VHW�
LQFOXGLQJ�VHWWLQJV�ZKHUH�SRWHQWLDO�RXWFRPHV�GHSHQG�RQO\�RQ�VDPSOHG�XQLWV�DV�ZHOO�DV
PRUH�JHQHUDO�LQWHUIHUHQFH�VWUXFWXUHV�LQYROYLQJ�QRQ�VDPSOHG�XQLWV��:KHQ�IXOO�WUHDWPHQW
LQIRUPDWLRQ�LV�XQDYDLODEOH��ZH�GHULYH�ELDV�H[SUHVVLRQV�DQG�FKDUDFWHUL]H�FRQGLWLRQV
XQGHU�ZKLFK�FRQVLVWHQF\�LV�REWDLQHG��6LPXODWLRQ�VWXGLHV�LOOXVWUDWH�WKH�ILQLWH�VDPSOH
EHKDYLRU�RI�WKH�SURSRVHG�HVWLPDWRUV��7KH�PHWKRGV�DUH�DSSOLHG�WR�HVWLPDWH�WKH�HIIHFWV�RI
EHG�QHW�XVH�RQ�PDODULD�SUHYDOHQFH�DPRQJ�FKLOGUHQ�LQ�8JDQGD�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

'RXEO\�5REXVW�(VWLPDWLRQ�RI�7UHDWPHQW�(IIHFWV�ZLWK�0LVVLQJ�2XWFRPHV�LQ�/RQJLWXGLQDO
6WXGLHV�$VWHULD�&KLODPER
�$VWHULD�&KLODPER��=DFK�%UDQVRQ�

/RQJLWXGLQDO�VWXGLHV�DUH�FHQWUDO�WR�XQGHUVWDQGLQJ�G\QDPLF�WUHDWPHQW�HIIHFWV��EXW�WKHLU�DQDO\VLV�LV
FRPSOLFDWHG�E\�ZLWKLQ�XQLW�WHPSRUDO�GHSHQGHQFH�DQG�VHTXHQWLDOO\�PLVVLQJ�RXWFRPHV��6WDQGDUG
PHWKRGV��VXFK�DV�RXWFRPH�UHJUHVVLRQ�RU�LQYHUVH�SUREDELOLW\�ZHLJKWLQJ�FDQ�DGGUHVV�PLVVLQJQHVV��EXW
PD\�EH�ELDVHG�XQGHU�PRGHO�PLVVSHFLILFDWLRQ�RU�ZKHQ�QRQSDUDPHWULF�PRGHOV�DUH�XVHG��$OWKRXJK
GRXEO\�UREXVW�HVWLPDWRUV�RIIHU�SURWHFWLRQ�DJDLQVW�VXFK�PLVVSHFLILFDWLRQ��H[LVWLQJ�WKHRU\�ODUJHO\
IRFXVHV�RQ�FURVV�VHFWLRQDO�GDWD�RU�VLQJOH�WLPH�SRLQW�PLVVLQJQHVV��:H�GHYHORS�D�GRXEO\�UREXVW
IUDPHZRUN�IRU�HVWLPDWLQJ�PHDQ�SRWHQWLDO�RXWFRPHV�XQGHU�D�VHTXHQWLDO�PLVVLQJ�DW�UDQGRP��60$5�
DVVXPSWLRQ��:H�GHULYH�WKH�HIILFLHQW�LQIOXHQFH�IXQFWLRQ�IRU�WKH�PHDQ�SRWHQWLDO�RXWFRPH�XQGHU�D�IL[HG
WUHDWPHQW�UHJLPH�DQG�FRQVWUXFW�D�GRXEO\�UREXVW�HVWLPDWRU�WKDW�LV�URRW�Q�FRQVLVWHQW�DQG
DV\PSWRWLFDOO\�QRUPDO��SURYLGHG�WKDW�FURVV�ILWWLQJ�LV�XVHG�DQG�WKH�QXLVDQFH�IXQFWLRQV�DUH�HVWLPDWHG
DW�QA�������UDWHV��7KH�HVWLPDWRU�DOORZV�IOH[LEOH��GDWD�DGDSWLYH�HVWLPDWLRQ�RI�QXLVDQFH�FRPSRQHQWV�
2XU�PHWKRG�LV�PRWLYDWHG�E\�DQG�DSSOLHG�WR�D�ORQJLWXGLQDO�UDQGRPL]HG�FOLQLFDO�WULDO�RI�PLQGIXOQHVV�
EDVHG�LQWHUYHQWLRQV�IRU�LUULWDEOH�ERZHO�V\QGURPH��LQ�ZKLFK�RXWFRPHV�DUH�FROOHFWHG�YLD�VPDUWSKRQH
VXUYH\V�DQG�RFFDVLRQDO�QRQUHVSRQVH�LQGXFHV�FRPSOH[�PLVVLQJQHVV�VWUXFWXUH��7KH�PHWKRG�UHOLHV�RQ�D
VWURQJ�60$5�DVVXPSWLRQ�XVLQJ�REVHUYHG�KLVWRU\��SULRU�QRQ�PLVVLQJ�RXWFRPHV���IXWXUH�ZRUN�ZLOO
UHOD[�WKH�DVVXPSWLRQ�WR�DFFRXQW�IRU�XQREVHUYHG�SDVW�RXWFRPHV�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

&DXVDO�,QIHUHQFH�ZLWK�+LJK�'LPHQVLRQDO�8QVWUXFWXUHG�7UHDWPHQWV�.HYLQ�&KULVWLDQ�:LELVRQR

.HYLQ�&KULVWLDQ�:LELVRQR��<L[LQ�:DQJ�

&DXVDO�LQIHUHQFH�ZLWK�KLJK�GLPHQVLRQDO�WUHDWPHQWV��VXFK�DV�WH[WV��LPDJHV��RU�PHGLFDO�WUHDWPHQW
VHTXHQFHV��SRVHV�XQLTXH�FKDOOHQJHV��VWDQGDUG�FDXVDO�HVWLPDQGV�OLNH�WKH�DYHUDJH�WUHDWPHQW�HIIHFW
�$7(��DUH�RIWHQ�LOO�GHILQHG�GXH�WR�RYHUODS�YLRODWLRQV��([LVWLQJ�DSSURDFKHV�W\SLFDOO\�DVVXPH�WKDW�WKH
WUHDWPHQW�RI�LQWHUHVW�LV�NQRZQ�D�SULRUL�WKURXJK�SUH�GHILQHG�DWWULEXWHV�VXFK�DV�WRSLF�RU�VHQWLPHQW��,Q
FRQWUDVW��ZH�SURSRVH�D�GDWD�GULYHQ�IUDPHZRUN�WKDW�OHDUQV�WKH�WUHDWPHQW�LWVHOI��6SHFLILFDOO\��ZH
LQWURGXFH�WKH�PD[LPDOO\�LQIOXHQWLDO�IHDWXUH��0,)���D�ODWHQW�ELQDU\�WUHDWPHQW�WKDW�PD[LPL]HV�WKH
FDXVDO�HIIHFW�RQ�WKH�RXWFRPH�ZKLOH�VDWLVI\LQJ�RYHUODS��7R�HQVXUH�LQWHUYHQWLRQV�DUH�PHDQLQJIXO��ZH
GHFRPSRVH�HDFK�WUHDWPHQW�LQWR�LPPXWDEOH�FRQWHQW�DQG�PXWDEOH�VW\OH�FRPSRQHQWV��LQWHUYHQLQJ�RQO\
RQ�WKH�ODWWHU��:H�HVWDEOLVK�WKHRUHWLFDO�LGHQWLILDELOLW\�RI�WKH�OHDUQHG�FDXVDO�HVWLPDQG��SURSRVH�D
IOH[LEOH�HVWLPDWRU��DQG�LQWURGXFH�D�WUHDWPHQW�EXGJHW�WKDW�HQDEOHV�WKH�GLVFRYHU\�RI�PXOWLSOH�FDXVDO
GLPHQVLRQV��2XU�DSSURDFK�IXUWKHU�DOORZV�XV�WR�QXGJH�RU�PRGLI\�WUHDWPHQWV�LQ�WKH�GLUHFWLRQ�RI
LQFUHDVHG�0,)��SURYLGLQJ�D�SULQFLSOHG�ZD\�WR�FDXVDOO\�LPSURYH�WKH�RXWFRPHV��)LQDOO\��ZH
GHPRQVWUDWH�WKH�HIIHFWLYHQHVV�RI�RXU�IUDPHZRUN�DFURVV�WH[W��LPDJH��DQG�WUHDWPHQW�VHTXHQFH
DSSOLFDWLRQV�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

,QFUHPHQWDO�&DXVDO�(IIHFWV�IRU�7LPH�WR�7UHDWPHQW�=KLFKHQ�=KDR
�=KLFKHQ�=KDR��=KLFKHQ�=KDR�
$QGUHZ�<LQJ��5RQJKXL��/LO\��;X�

:H�FRQVLGHU�WLPH�WR�WUHDWPHQW�LQLWLDWLRQ��ZKLFK�FRPPRQO\�DULVHV�LQ�SUHYHQWLYH�PHGLFLQH��VXFK�DV
GLVHDVH�VFUHHQLQJ�DQG�YDFFLQDWLRQ��DQG�LQ�QRQ�IDWDO�KHDOWK�FRQGLWLRQV��VXFK�DV�+,9�LQIHFWLRQ�SULRU�WR
$,'6�RQVHW��:KLOH�WUDGLWLRQDO�FDXVDO�LQIHUHQFH�KDV�IRFXVHG�RQ�GHWHUPLQLVWLF�LQWHUYHQWLRQV�WKDW�DVVLJQ
WUHDWPHQW�DFFRUGLQJ�WR�IL[HG�UXOHV��LQFOXGLQJ�ZKHWKHU�RU�ZKHQ�WUHDWPHQW�LV�DVVLJQHG�DQG�DOORZLQJ
GHSHQGHQFH�RQ�VXEMHFW�FKDUDFWHULVWLFV��ZH�VWXG\�WKH�LQFUHPHQWDO�FDXVDO�HIIHFW�RI�LQWHUYHQLQJ�RQ�WKH
LQWHQVLW\�RI�WUHDWPHQW�LQLWLDWLRQ�

:H�HVWDEOLVK�LGHQWLILFDWLRQ�DQG�GHULYH�WKH�HIILFLHQW�LQIOXHQFH�IXQFWLRQ�IRU�WKLV�HIIHFW�ZLWKRXW
UHTXLULQJ�WKH�FRPPRQO\�DVVXPHG�SRVLWLYLW\�FRQGLWLRQ��%XLOGLQJ�RQ�WKLV�FKDUDFWHUL]DWLRQ��ZH�SURSRVH
HIILFLHQW�QRQSDUDPHWULF�HVWLPDWRUV�EDVHG�RQ�DXJPHQWHG�LQYHUVH�SUREDELOLW\�ZHLJKWLQJ�WKDW�FDQ�DWWDLQ
IDVW�FRQYHUJHQFH�UDWHV�ZKLOH�DFFRPPRGDWLQJ�IOH[LEOH�PDFKLQH�OHDUQLQJ�HVWLPDWLRQ�RI�QXLVDQFH
IXQFWLRQV��:H�DOVR�GHYHORS�JHQHUDO�HIILFLHQF\�WKHRU\�IRU�WKH�SURSRVHG�HVWLPDWRUV�

:H�LOOXVWUDWH�WKH�ILQLWH�VDPSOH�SHUIRUPDQFH�RI�RXU�PHWKRGV�WKURXJK�VLPXODWLRQ�VWXGLHV�DQG�DSSO\
WKHP�WR�D�UKHXPDWRLG�DUWKULWLV�VWXG\�WR�HYDOXDWH�WKH�LQFUHPHQWDO�HIIHFW�RI�WLPH�WR�PHWKRWUH[DWH
LQLWLDWLRQ�RQ�MRLQW�SDLQ��DV�ZHOO�DV�WR�D�1RUZHJLDQ�ZRPHQyV�VWXG\�WR�HYDOXDWH�WKH�LQFUHPHQWDO�HIIHFW
RI�WLPH�WR�VXEVHTXHQW�+39�WHVWLQJ�RQ�GHWHFWLRQ�RI�FHUYLFDO�LQWUDHSLWKHOLDO�QHRSODVLD�JUDGH���RU��
�&,1����
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

&DXVDO�,QIHUHQFH�ZLWK�0XOWLSOH�/DWHQW�7H[WXDO�7UHDWPHQWV�$ULVD�6DGHJKSRXU
�$ULVD
6DGHJKSRXU�

5HVHDUFKHUV�DUH�LQFUHDVLQJO\�LQWHUHVWHG�LQ�XQGHUVWDQGLQJ�WKH�FDXVDO�HIIHFW�RI�WH[WV�RQ�KXPDQ
EHKDYLRU��H�J��WKH�HIIHFW�RI�VRFLDO�PHGLD�SRVWV�RQ�SHUVXDVLRQ��5HFHQW�ZRUN�LQWURGXFHV�D�IUDPHZRUN
IRU�HVWLPDWLQJ�WKH�LVRODWHG�FDXVDO�HIIHFW�RI�IRFDO�ODQJXDJH��DGMXVWLQJ�IRU�RWKHU��QRQ�IRFDO�DWWULEXWHV�RI
WKH�WH[W��/LQ�HW�DO����������:KLOH�WKLV�IUDPHZRUN�FRQVLGHUV�VHWWLQJV�ZLWK�RQO\�RQH�IRFDO�DWWULEXWH�
WKHUH�DUH�RIWHQ�VHYHUDO�IRFDO�WUHDWPHQWV�RI�LQWHUHVW�ZLWKLQ�WH[WV��$V�ZLWK�IDFWRULDO�VWXGLHV��LQWHUDFWLRQ
HIIHFWV�RI�WKHVH�IRFDO�WUHDWPHQWV�DUH�RIWHQ�RI�LQWHUHVW��:H�OHYHUDJH�UHFHQW�DGYDQFHV�LQ�REVHUYDWLRQDO
IDFWRULDO�VWXGLHV��<X�	�'LQJ��������WR�LGHQWLI\�DQG�HVWLPDWH�WKH�LVRODWHG�FDXVDO�HIIHFWV�RI�PXOWLSOH
IRFDO�WUHDWPHQWV�DQG�WKHLU�LQWHUDFWLRQV��:H�GHPRQVWUDWH�WKH�SURSRVHG�DSSURDFK�WKURXJK�VLPXODWLRQ
DQG�DSSOLFDWLRQV�DQG�RIIHU�SUDFWLFDO�JXLGDQFH�IRU�HVWLPDWLRQ�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

/DQGVFDSH�$QDO\VLV�RI�WKH�&DXVDO�,QIHUHQFH�/LWHUDWXUH��$�7RSLF�0RGHOLQJ�DQG�%LEOLRPHWULF
6WXG\�*DEULHOOH�*DXWKLHU�*DJQh
�*DEULHOOH�*DXWKLHU�*DJQh��7LERU�6FKXVWHU�

%DFNJURXQG��7KH�IDVW�JURZLQJ�FDXVDO�LQIHUHQFH�OLWHUDWXUH�PDNHV�UHYLHZV�RI�PHWKRGRORJLFDO
DSSURDFKHV�DQG�DSSOLFDWLRQV�FKDOOHQJLQJ�DQG�TXLFNO\�RXWGDWHG��7R�RYHUFRPH�WKLV�OLPLWDWLRQ��ZH�XVHG
WRSLF�PRGHOLQJ�DQG�ELEOLRPHWULF�DQDO\VLV�WR�V\QWKHVL]H�WKH�FDXVDO�LQIHUHQFH�OLWHUDWXUH�
0HWKRGV��:H�UHWULHYHG���������GHGXSOLFDWHG�UHFRUGV�IURP�2SHQ$OH[�XVLQJ�FDXVDO�LQIHUHQFH�UHODWHG
WHUPV��:H�DSSOLHG�%(57RSLF��ZKLFK�XVHV�GHHS�OHDUQLQJ�HPEHGGLQJV�WR�FOXVWHU�GRFXPHQWV�E\
VHPDQWLF�VLPLODULW\��WR�XQFRYHU�ODWHQW�WRSLFV�LQ�DUWLFOH�WLWOHV�DQG�DEVWUDFWV��:H�XVHG�FLWDWLRQ�QHWZRUN
FHQWUDOLW\�WR�HVWLPDWH�WRSLF�LQIOXHQFH�DQG�FDOFXODWHG�\HDUO\�WRSLF�WUHQGV�
5HVXOWV��7RSLF�PRGHOLQJ�XQFRYHUHG�����WRSLFV��7KH�PRVW�FHQWUDO�WRSLFV�ZHUH�PHWKRGRORJLFDO
LQFOXGLQJ�HFRQRPHWULF�FDXVDOLW\��VWUXFWXUDO�HTXDWLRQ�PRGHOLQJ��0HQGHOLDQ�UDQGRPL]DWLRQ��DQG
UHJUHVVLRQ�GLVFRQWLQXLW\��7UHQGV�HPHUJHG�LQ�DSSOLFDWLRQ�DUHDV��EORFNFKDLQ�WHFKQRORJ\��JXW
PLFURELRPH��DQG�HGXFDWLRQ�WHFKQRORJ\�DUH�JURZLQJ�ZKLOH�DJULFXOWXUH��EUDLQ�FRQQHFWLYLW\�DQG
WXEHUFXORVLV�VKRZ�GHFOLQLQJ�SUHYDOHQFH�
&RQFOXVLRQ��7RSLF�PRGHOLQJ�HQDEOHG�TXLFN��WUDQVSDUHQW��DQG�XSGDWHDEOH�V\QWKHVLV�RI�KXQGUHGV�RI
WKRXVDQGV�RI�FDXVDO�LQIHUHQFH�DUWLFOHV��UHYHDOLQJ�FRUH�PHWKRGRORJLFDO�WRSLFV�DQG�IOXFWXDWLQJ
DSSOLFDWLRQ�GRPDLQV�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

'\QDPLF�&RQIRUPDO�3UHGLFWLRQ�RI�6XUYLYDO�ZLWK�7LPH�YDU\LQJ�&RYDULDWHV�<X\DR�:DQJ
�<X\DR
:DQJ��/DUU\�+DQ�

7LPH�WR�HYHQW�SUHGLFWLRQ�SOD\V�D�FHQWUDO�UROH�LQ�PDQ\�FDXVDO�LQIHUHQFH�SUREOHPV��ZKHUH�VWDNHKROGHUV
FDUH�QRW�RQO\�ZKHWKHU�DQ�HYHQW�ZLOO�RFFXU�EXW�DOVR�KRZ�ORQJ�UHPDLQV�XQWLO�LW�GRHV��:KLOH�FRQIRUPDO
SUHGLFWLRQ�SURYLGHV�GLVWULEXWLRQ�IUHH�XQFHUWDLQW\�TXDQWLILFDWLRQ�IRU�WLPH�WR�HYHQW�RXWFRPHV��H[LVWLQJ
PHWKRGV�RIWHQ�\LHOG�RQO\�RQH�VLGHG�ORZHU�SUHGLFWLRQ�ERXQGV�DQG�GR�QRW�OHYHUDJH�WLPH�YDU\LQJ
FRYDULDWHV��OLPLWLQJ�WKHLU�XVHIXOQHVV�IRU�G\QDPLF�SODQQLQJ�DQG�GHFLVLRQ�PDNLQJ��,Q�WKLV�ZRUN��ZH
GHYHORS�WZR�VLGHG�G\QDPLF�FRQIRUPDO�SUHGLFWLRQ�LQWHUYDOV�IRU�LQGLYLGXDO�HYHQW�WLPHV�DPRQJ�VXUYLYRUV
WKDW�DGDSW�WR�HYROYLQJ�FRYDULDWH�KLVWRULHV�DV�QHZ�LQIRUPDWLRQ�EHFRPHV�DYDLODEOH��7KH�SURSRVHG
PHWKRG�DFKLHYHV�DV\PSWRWLFDOO\�YDOLG�PDUJLQDO�FRYHUDJH�DW�HDFK�GHFLVLRQ�WLPH�XQGHU�WKH�FRQGLWLRQDO
LQGHSHQGHQW�FHQVRULQJ�DVVXPSWLRQ�JLYHQ�FRYDULDWH�KLVWRU\��7KURXJK�VLPXODWLRQ�VWXGLHV��ZH�VKRZ
WKDW�WKH�UHVXOWLQJ�G\QDPLF�SUHGLFWLRQ�LQWHUYDOV�DUH�VXEVWDQWLDOO\�QDUURZHU�RQ�DYHUDJH�WKDQ�H[LVWLQJ
FRQIRUPDO�VXUYLYDO�DSSURDFKHV�ZKLOH�PDLQWDLQLQJ�QRPLQDO�FRYHUDJH��:H�IXUWKHU�LOOXVWUDWH�WKH
PHWKRG�XVLQJ�SXEOLFO\�DYDLODEOH�EHQFKPDUN�WLPH�WR�HYHQW�GDWD�VHWV�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF �������

���� 3�

0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

'HELDVHG�0DFKLQH�/HDUQLQJ�IRU�&RQIRUPDO�3UHGLFWLRQ�RI�&RXQWHUIDFWXDO�2XWFRPHV�8QGHU
5XQWLPH�&RQIRXQGLQJ�.HLWK�%DUQDWFKH]
�.HLWK�%DUQDWFKH]��.HYLQ�-RVH\��5DFKHO�1HWKHU\��*LRYDQQL
3DUPLJLDQL�

'DWD�GULYHQ�GHFLVLRQ�PDNLQJ�IUHTXHQWO\�UHOLHV�RQ�SUHGLFWLQJ�FRXQWHUIDFWXDO�RXWFRPHV��,Q�SUDFWLFH�
UHVHDUFKHUV�FRPPRQO\�WUDLQ�FRXQWHUIDFWXDO�SUHGLFWLRQ�PRGHOV�RQ�D�VRXUFH�GDWDVHW�WR�LQIRUP
GHFLVLRQV�RQ�D�SRVVLEO\�VHSDUDWH�WDUJHW�SRSXODWLRQ��&RQIRUPDO�SUHGLFWLRQ�KDV�DULVHQ�DV�D�SRSXODU
PHWKRG�IRU�SURGXFLQJ�DVVXPSWLRQ�OHDQ�SUHGLFWLRQ�LQWHUYDOV�IRU�FRXQWHUIDFWXDO�RXWFRPHV�WKDW�ZRXOG
DULVH�XQGHU�GLIIHUHQW�WUHDWPHQW�GHFLVLRQV�LQ�WKH�WDUJHW�SRSXODWLRQ�RI�LQWHUHVW��+RZHYHU��H[LVWLQJ
PHWKRGV�UHTXLUH�WKDW�HYHU\�FRQIRXQGLQJ�IDFWRU�RI�WKH�WUHDWPHQW�RXWFRPH�UHODWLRQVKLS�XVHG�IRU
WUDLQLQJ�RQ�WKH�VRXUFH�GDWD�LV�DGGLWLRQDOO\�PHDVXUHG�LQ�WKH�WDUJHW�SRSXODWLRQ��ULVNLQJ�PLVFRYHUDJH�LI
LPSRUWDQW�FRQIRXQGHUV�DUH�XQPHDVXUHG�LQ�WKH�WDUJHW�SRSXODWLRQ��,Q�WKLV�SDSHU��ZH�LQWURGXFH�D
FRPSXWDWLRQDOO\�HIILFLHQW�GHELDVHG�PDFKLQH�OHDUQLQJ�IUDPHZRUN�WKDW�DOORZV�IRU�YDOLG�SUHGLFWLRQ
LQWHUYDOV�ZKHQ�RQO\�D�VXEVHW�RI�FRQIRXQGHUV�LV�PHDVXUHG�LQ�WKH�WDUJHW�SRSXODWLRQ��D�FRPPRQ
FKDOOHQJH�UHIHUUHG�WR�DV�UXQWLPH�FRQIRXQGLQJ��*URXQGHG�LQ�VHPLSDUDPHWULF�HIILFLHQF\�WKHRU\��ZH
VKRZ�WKH�UHVXOWLQJ�SUHGLFWLRQ�LQWHUYDOV�DFKLHYH�GHVLUHG�FRYHUDJH�UDWHV�ZLWK�IDVWHU�FRQYHUJHQFH
FRPSDUHG�WR�VWDQGDUG�PHWKRGV��7KURXJK�QXPHURXV�V\QWKHWLF�DQG�VHPL�V\QWKHWLF�H[SHULPHQWV��ZH
GHPRQVWUDWH�WKH�XWLOLW\�RI�RXU�SURSRVHG�PHWKRG�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF �������

���� 3�
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7H[W�DV�7UHDWPHQW�&DXVDO�(VWLPDWLRQ�ZLWK�6SDUVH�$XWRHQFRGHUV�$PDU�9HQXJRSDO
�$PDU
9HQXJRSDO��$PLU�)HGHU��2PUL�)HOGPDQ��-DQQ�6SLHVV�

/DUJH�ODQJXDJH�PRGHOV��//0V��KDYH�ULFK�LQWHUQDO�UHSUHVHQWDWLRQV�RI�ODQJXDJH��WKH�VWXG\�RI�ZKLFK
FDQ�HQDEOH�WKH�GHVLJQ�RI�FRQWUROOHG�H[SHULPHQWV�ZLWK�ODWHQW�ODQJXDJH�WUHDWPHQWV��5HFHQW�ZRUN�LQ
VSDUVH�DXWRHQFRGHUV��6$(V��DOORZV�IRU�LQWHUYHQWLRQ�RQ�VSHFLILF�FRQFHSWV�HPEHGGHG�LQ�WH[W�
JHQHUDWLQJ�QHZ�WH[WV�WKDW�YDU\�LQ�WKH�LQWHQVLWLHV�RI�WKRVH�FRQFHSWV��+RZHYHU��WKHVH�PHWKRGV�DUH
KLJKO\�VHQVLWLYH�WR�WKH�FKRLFH�RI�FRQFHSWV�DQG�K\SHUSDUDPHWHUV��,Q�WKLV�SDSHU�ZH�SUHVHQW�D�QRYHO
K\SRWKHVLV�JHQHUDWLRQ�PHWKRGRORJ\�WKDW�GLVFRYHUV�FRQFHSWV�RI�LQWHUHVW�LQ�ODEHOHG�WH[WXDO�GDWD�DQG
LGHQWLILHV�WKH�RSWLPDO�6$(�IHDWXUHV�DQG�OD\HUV�IRU�VXFK�LQWHUYHQWLRQV��8VLQJ�VHPL�V\QWKHWLF�GDWDVHWV�
ZH�VKRZ�WKDW�WKH�GRZQVWUHDP�H[SHULPHQWV�XVHG�WR�YDOLGDWH�WKHVH�K\SRWKHVHV�SUHVHQW�D�XQLTXH
FKDOOHQJH�IRU�FDXVDO�LQIHUHQFH�ZLWK�ODWHQW�WUHDWPHQWV��6SHFLILFDOO\��ZH�GHPRQVWUDWH�WKDW�WKH
HVWLPDWLRQ�RI�WKH�FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFW��&$7(��VXIIHUV�IURP�VLJQLILFDQW�ELDV�GXH�WR
LQKHUHQW�SRVLWLYLW\�YLRODWLRQV�DQG�WUHDWPHQW�OHDNDJH��:H�FKDUDFWHUL]H�WKH�HVWLPDWLRQ�ELDV�LQGXFHG�LQ
WKLV�VHWWLQJ�DQG�SURSRVH�D�VROXWLRQ�EDVHG�RQ�FRYDULDWH�UHVLGXDOL]DWLRQ��2XU�UHVXOWV�VKRZ�WKDW�WKLV
DSSURDFK�HIIHFWLYHO\�PLWLJDWHV�HVWLPDWLRQ�HUURU��SURYLGLQJ�D�UREXVW�IRXQGDWLRQ�IRU�FDXVDO�HIIHFW
HVWLPDWLRQ�LQ�WH[W�DV�WUHDWPHQW�VHWWLQJV�
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)HZ�VKRW�FDXVDO�OHDUQLQJ�IRU�QHZ�WUHDWPHQWV�DQG�RXWFRPHV�XVLQJ�WDVN�HPEHGGLQJV�6RSKLH
:RRGZDUG
�6RSKLH�:RRGZDUG��-DPHV�.LWFK��&ODXGLR�%DWWLORUR��0DXULFLR�7HF��)UDQFHVFD�'RPLQLFL�

(VWLPDWLQJ�KHWHURJHQHRXV�WUHDWPHQW�HIIHFWV�LV�D�FHQWUDO�SUREOHP�LQ�FDXVDO�LQIHUHQFH��ZLWK
DSSOLFDWLRQV�LQ�SHUVRQDOL]HG�PHGLFLQH��SXEOLF�SROLF\��DQG�RQOLQH�PDUNHWLQJ��([LVWLQJ�PHWKRGV�IRFXV
RQ�SUHGLFWLQJ�WKH�HIIHFWV�RI�IL[HG�WUHDWPHQWV�RQ�IL[HG�RXWFRPHV�DQG�GR�QRW�DGGUHVV�VHWWLQJV�LQ�ZKLFK
QHZ�WUHDWPHQWV�RU�QHZ�RXWFRPHV�DUH�LQWURGXFHG��,Q�PDQ\�VXFK�VHWWLQJV��D�VPDOO�DPRXQW�RI�GDWD�IURP
WKH�QHZ�WUHDWPHQW�RXWFRPH�SDLU�PD\�EH�DYDLODEOH��IRU�H[DPSOH�IURP�DQ�HDUO\�SKDVH�FOLQLFDO�WULDO��:H
VWXG\�WKH�SUREOHP�RI�HVWLPDWLQJ�WKH�FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFW��&$7(��IRU�D�QHZ
WUHDWPHQW�RXWFRPH�SDLU��JLYHQ�OLPLWHG�GDWD�DQG�ERUURZLQJ�LQIRUPDWLRQ�IURP�SUHYLRXVO\�REVHUYHG
WUHDWPHQWV�DQG�RXWFRPHV��6SHFLILFDOO\��ZH�YLHZ�&$7(�HVWLPDWLRQ�IRU�HDFK�WUHDWPHQW�RXWFRPH�SDLU�DV
D�WDVN��DQG�SURSRVH�D�IUDPHZRUN�WKDW�XVHV�WDVN�HPEHGGLQJVwYHFWRU�UHSUHVHQWDWLRQV�WKDW�HQFRGH
VWUXFWXUDO�RU�VHPDQWLF�UHODWLRQVKLSV�DFURVV�WUHDWPHQWV�DQG�RXWFRPHVwWR�SUHGLFW�WKH�&$7(�IXQFWLRQ
DFURVV�WDVNV��:H�VXEVHTXHQWO\�HVWLPDWH�WKH�&$7(�IRU�WKH�QHZ�WDVN�E\�FRPELQLQJ�WKH�HPEHGGLQJ�
EDVHG�&$7(�SUHGLFWRU�OHDUQHG�DFURVV�WDVNV�ZLWK�D�&$7(�HVWLPDWRU�ILW�XVLQJ�GDWD�IURP�WKH�QHZ�WDVN
DORQH��7KLV�\LHOGV�D�GDWD�IXVLRQ�HVWLPDWRU�WKDW�FDQ�UHGXFH�YDULDQFH�UHODWLYH�WR�WDVN�RQO\�HVWLPDWLRQ
XQGHU�VRPH�UHJXODULW\�FRQGLWLRQV��([SHULPHQWV�RQ�VHPL�V\QWKHWLF�EHQFKPDUNV�DQG�ODUJH�VFDOH
PHGLFDO�FODLPV�GDWD�HYDOXDWH�SHUIRUPDQFH�DQG�LOOXVWUDWH�WKH�UROHV�RI�FRYDULDWH�VKLIW��QXPEHU�RI�WDVNV�
WDVN�VDPSOH�VL]H��DQG�HPEHGGLQJ�GLVWDQFH�
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)URP�,WHUDWLYH�7DUJHWLQJ�WR�2QH�6WHS�8SGDWHV��&RQYH[�'XDO�$IILQH�8QLYHUVDO�/HDVW
)DYRUDEOH�0RGHOV�IRU�+HWHURJHQHLW\��'LVWULEXWLRQDO��DQG�3ROLF\�5LVN�(VWLPDQGV�.DLZHQ
+28
�.DLZHQ�+28��0DUN�YDQ�GHU�/DDQ�

0RGHUQ�FDXVDO�LQIHUHQFH�LQFUHDVLQJO\�WDUJHWV�QRQOLQHDU�HVWLPDQGV��IRU�ZKLFK�YDOLG�LQIHUHQFH�ZLWK
IOH[LEOH�QXLVDQFH�OHDUQLQJ�UHOLHV�RQ�VHPLSDUDPHWULFDOO\�HIILFLHQW�SURFHGXUHV�EXLOW�DURXQG�WKH�HIILFLHQW
LQIOXHQFH�IXQFWLRQ��(,)���,Q�SUDFWLFH��HIILFLHQF\�LV�RIWHQ�SXUVXHG�YLD�LWHUDWLYH�ORFDO�WDUJHWLQJ�LQ�70/(
XSGDWHV��UHSHDWHGO\�FRPSXWLQJ�WKH�(,)�DQG�WDNLQJ�VPDOO�VWHSV��ZKLFK�FDQ�EH�FRPSXWDWLRQDOO\�FRVWO\
DQG�QXPHULFDOO\�XQVWDEOH�

:H�LGHQWLI\�D�EURDG�FODVV�RI�VHWWLQJV�ZKHUH�WKH�XQLYHUVDO�OHDVW�IDYRUDEOH�PRGHO��8/)0��DGPLWV�D
VHPL�H[SOLFLW�VROXWLRQ��7KH�NH\�VWUXFWXUH�LV�WKDW�WKH�8/)0�VFRUH�HTXDWLRQ�UHGXFHV�WR�DQ�HTXDWLRQ
SRLQWZLVH�LQ�WKH�QXLVDQFH�IXQFWLRQV�DQG�FRXSOHG�RQO\�WKURXJK�ILQLWHO\�PDQ\�VFDODU�PRPHQWV��H�J��
QRUPDOL]LQJ�FRQVWDQWV�RU�ORZ�RUGHU�PRPHQWV���:H�WHUP�WKHVH�PHDQ�ILHOG�8/)0V��7KLV�VWUXFWXUH
\LHOGV�RQH�VWHS�70/(�XSGDWHV�WKDW�HQIRUFH�WKH�(,)�VFRUH�FRQGLWLRQ�ZLWKRXW�LWHUDWLYH�UHFRPSXWDWLRQ�
RIWHQ�UHTXLULQJ�RQO\�WKH�VROXWLRQ�RI�D�ORZ�GLPHQVLRQDO�DX[LOLDU\�2'(�

:H�GHULYH�PHDQ�ILHOG�8/)0V�IRU��L��GHQVLW\�IXQFWLRQDOV��LQFOXGLQJ�GHQVLW\�SRZHU�LQWHJUDOV�DQG
GLVWULEXWLRQDO�WUHDWPHQW�HIIHFW��LL��KHWHURJHQHLW\�IXQFWLRQDOV��LQFOXGLQJ�FHQWHUHG�PRPHQWV�RI�&$7(�
LLL��SROLF\�ULVN�IXQFWLRQDOV��LQFOXGLQJ�WKH�YDULDQFH�RI�SROLF\�YDOXH��DQG�LY��SURSHQVLW\�DQG�RYHUODS
IXQFWLRQDOV��6LPXODWLRQV�VKRZ�WKDW�8/)0�EDVHG�RQH�VWHS�WDUJHWLQJ�FDQ�LPSURYH�QXPHULFDO�VWDELOLW\
DQG�UHGXFH�VHQVLWLYLW\�WR�VWHS�VL]H�WXQLQJ�UHODWLYH�WR�LWHUDWLYH�ORFDO�WDUJHWLQJ�ZKLOH�PDLQWDLQLQJ�ILQLWH�
VDPSOH�SHUIRUPDQFH�
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6FUHHQV�WR�6PDUWV��5HJXODUL]HG�$SSUHQWLFHVKLS�/HDUQLQJ�ZLWK�$WWHQWLRQ�IRU�,QIHUULQJ
%HKDYLRUDO�3DWKZD\V�/LQNHG�WR�+HDOWK�.QRZOHGJH�*DLQV�LQ�D�'LJLWDO�,QWHUYHQWLRQ�5DKXO
/DGKDQLD
�5DKXO�/DGKDQLD��5HPD�3DGPDQ��6KUH\DV�9DMMKDOD�

*DPLILHG�GLJLWDO�LQWHUYHQWLRQV�DUH�LQFUHDVLQJO\�XVHG�WR�SURPRWH�KHDOWK�NQRZOHGJH�DQG�EHKDYLRU��\HW
OLPLWHG�HYLGHQFH�H[LVWV�RQ�ZKLFK�LQ�LQWHUYHQWLRQ�EHKDYLRUDO�SDWKZD\V�DUH�OLQNHG�WR�GRZQVWUHDP
OHDUQLQJ�RXWFRPHV��:H�DQDO\]H�JDPHSOD\�WHOHPHWU\�IURP�DQ����ZHHN�VFKRRO�EDVHG�GLJLWDO�KHDOWK
LQWHUYHQWLRQ�LQ�,QGLD�WR�GLVFRYHU�LQWHUSUHWDEOH�JDPHSOD\�VWUDWHJLHV�DVVRFLDWHG�ZLWK�LPSURYHPHQWV�LQ
FKLOGUHQyV�KHDOWK�NQRZOHGJH��:H�PRGHO�JDPHSOD\�WUDMHFWRULHV�DV�EHKDYLRUDO�VHTXHQFHV��DQG�GHYHORS
D�QRYHO�LQYHUVH�UHLQIRUFHPHQW�OHDUQLQJ�IUDPHZRUN�WKDW�LQFRUSRUDWHV�/��UHJXODUL]DWLRQ�DQG�DQ
DWWHQWLRQ�PHFKDQLVP�WR�H[WUDFW�LQWHUSUHWDEOH�ODWHQW�EHKDYLRUDO�SDWWHUQV�IURP�KLJK�GLPHQVLRQDO�
VPDOO�VDPSOH�WHOHPHWU\�GDWD��6XUYH\�EDVHG�NQRZOHGJH�JDLQV�VHUYH�DV�D�GRZQVWUHDP�UHZDUG�VLJQDO�WR
UHFRYHU�ODWHQW�JDPHSOD\�VWUDWHJLHV�DVVRFLDWHG�ZLWK�LPSURYHG�OHDUQLQJ�RXWFRPHV��:H�ILQG�WKDW
VWXGHQWV�ZKR�PRUH�FRQVLVWHQWO\�HQJDJH�ZLWK�KHDOWK�DOLJQHG�PHFKDQLFV��H�J���H[HUFLVLQJ��XVLQJ
SRZHU�XSV�HIIHFWLYHO\��H[KLELW�ODUJHU�NQRZOHGJH�JDLQV��,QFRUSRUDWLQJ�UHJXODUL]DWLRQ�DQG�DWWHQWLRQ
VXEVWDQWLDOO\�LPSURYHV�DOLJQPHQW�EHWZHHQ�LQIHUUHG�EHKDYLRUDO�SDWWHUQV�DQG�REVHUYHG�RXWFRPHV�
\LHOGLQJ�WUDQVSDUHQW�UHSUHVHQWDWLRQV�WKDW�KLJKOLJKW�WKH�PRVW�EHKDYLRUDOO\�UHOHYDQW�JDPHSOD\
IHDWXUHV��2XU�ILQGLQJV�GHPRQVWUDWH�KRZ�WHOHPHWU\�GULYHQ�EHKDYLRUDO�PRGHOLQJ�FDQ�VXSSRUW
PHFKDQLVP�GLVFRYHU\�DQG�K\SRWKHVLV�JHQHUDWLRQ��LQIRUPLQJ�GHVLJQ�RI�IXWXUH�H[SHULPHQWV��DGDSWLYH
LQWHUYHQWLRQV��DQG�SHUVRQDOL]DWLRQ�VWUDWHJLHV�LQ�GLJLWDO�KHDOWK�DQG�HGXFDWLRQ�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

5DQGRP�)RUHVW�&RXQWHUIDFWXDO�6LPLODULW\�IRU�&DXVDO�,QIHUHQFH�%HUQDUGR�0RGHQHVL
�%HUQDUGR
0RGHQHVL��6LPD�1DMDI]DGHKNKRHL�

&DXVDO�LQIHUHQFH�IXQGDPHQWDOO\�UHOLHV�RQ�WKH�DELOLW\�WR�FRQVWUXFW�FUHGLEOH�FRXQWHUIDFWXDOV��L�H���WR
LGHQWLI\�ZKLFK�XQLWV�DUH�zVLPLODU�HQRXJK{�LQ�SUH�WUHDWPHQW�FRYDULDWHV�WR�VXSSRUW�FDXVDO�FRPSDULVRQV�
,Q�SUDFWLFH��VLPLODULW\�LV�RIWHQ�LPSRVHG�XVLQJ�(XFOLGHDQ�GLVWDQFHV�RQ�VWDQGDUGL]HG�FRYDULDWHV��OLQHDU
UHJUHVVLRQ�DGMXVWPHQW��RU�RQH�GLPHQVLRQDO�EDODQFLQJ�VXPPDULHV�VXFK�DV�WKH�SURSHQVLW\�VFRUH��7KHVH
FKRLFHV�FDQ�EH�EULWWOH�LQ�WDEXODU�GDWD�ZLWK�QRQOLQHDU�LQWHUDFWLRQV��KHWHURJHQHRXV�IHDWXUH�UHOHYDQFH�
PL[HG�YDULDEOH�W\SHV��DQG�PLVVLQJQHVV��ZKHUH�VPDOO�FKDQJHV�LQ�SUHSURFHVVLQJ�RU�IHDWXUH�VFDOLQJ�FDQ
VXEVWDQWLDOO\�DOWHU�ZKLFK�FRXQWHUIDFWXDOV�DUH�GHHPHG�FRPSDUDEOH��:H�SURSRVH�D�SUR[LPLW\�EDVHG
QRWLRQ�RI�FRXQWHUIDFWXDO�VLPLODULW\�OHDUQHG�IURP�UDQGRP�IRUHVWV��\LHOGLQJ�D�GDWD�DGDSWLYH�PHWULF�WKDW
HPSKDVL]HV�FRYDULDWH�GLPHQVLRQV�WKDW�PDWWHU�IRU�SDUWLWLRQLQJ�WKH�SRSXODWLRQ�ZKLOH�GRZQ�ZHLJKWLQJ
LUUHOHYDQW�YDULDWLRQ��:H�VKRZ�KRZ�WKLV�OHDUQHG�VLPLODULW\�FDQ�EH�XVHG�DV�D�XQLI\LQJ�SULPLWLYH�IRU
VHYHUDO�FDXVDO�ZRUNIORZV���L��SUR[LPLW\�EDVHG�PDWFKLQJ�DQG�VWUDWLILFDWLRQ���LL��SUR[LPLW\�ZHLJKWHG
HVWLPDWRUV�WKDW�ORFDOL]H�DGMXVWPHQW�WR�GDWD�VXSSRUWHG�QHLJKERUKRRGV��DQG��LLL��HVWLPDWLRQ�RI
KHWHURJHQHRXV�WUHDWPHQW�HIIHFWV�E\�FRPSDULQJ�SUR[LPLW\�GHILQHG�FRXQWHUIDFWXDO�RXWFRPH�PRGHOV
DFURVV�WUHDWPHQW�JURXSV��:H�IXUWKHU�LQWURGXFH�GLDJQRVWLFV�IRU�FRXQWHUIDFWXDO�TXDOLW\�EDVHG�RQ�ORFDO
RYHUODS�DQG�QHLJKERUKRRG�VWDELOLW\��HQDEOLQJ�WUDQVSDUHQW�DVVHVVPHQW�RI�ZKHUH�FDXVDO�FRQFOXVLRQV
DUH�ZHOO�VXSSRUWHG�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

5HSOD\�DQG�*URXQG��&DXVDO�2IIOLQH�(YDOXDWLRQ�RI�/DQJXDJH�0RGHOV�-LNDL�-LQ
�-LNDL�-LQ��9DVLOLV
6\UJNDQLV�

(YDOXDWLQJ�ODQJXDJH�PRGHOV�RIIOLQH�LV�FKDOOHQJLQJ�ZKHQ�GHSOR\PHQW�ORJV�DUH�FRQIRXQGHG��URXWLQJ
GHFLVLRQV�GHSHQG�RQ�ODWHQW�XVHU�RU�WDVN�IDFWRUV�WKDW�VLPXOWDQHRXVO\�LQIOXHQFH�TXDOLW\�RXWFRPHV�
PDNLQJ�QDLYH�REVHUYDWLRQDO�FRPSDULVRQV�XQUHOLDEOH��:H�DGGUHVV�WKLV�SUREOHP�LQ�D�VHWWLQJ�ZKHUH
WKUHH�GDWD�VRXUFHV�DUH�DYDLODEOH��D�ODUJH�FRQIRXQGHG�REVHUYDWLRQDO�ORJ��2%6���D�VPDOO�UDQGRPL]HG
H[SHULPHQW��(;3���DQG�DQ�RIIOLQH�UHSOD\�VLPXODWRU��DQG�WKH�HYDOXDWLRQ�WDUJHW�LV�HDFK�ODQJXDJH
PRGHOVyV�FDXVDO�YDOXH��WKH�H[SHFWHG�UHZDUG�XQGHU�D�SROLF\�WKDW�URXWHV�DOO�WUDIILF�WR�WKDW�DJHQW�
:H�PDNH�WZR�PDLQ�FRQWULEXWLRQV��)LUVW��ZH�VKRZ�WKDW�FDXVDO�YDOXH�LV�QRQSDUDPHWULFDOO\�LGHQWLILHG�E\
FRPELQLQJ�UHSOD\�JHQHUDWHG�PHGLDWRUV�ZLWK�D�UHZDUG�VXUIDFH�ILW�RQ�UDQGRPL]HG�(;3�GDWD��ZLWKRXW
UHTXLULQJ�WKH�REVHUYDWLRQDO�ORJ�WR�EH�XQFRQIRXQGHG��6HFRQG��EXLOGLQJ�RQ�WKLV�LGHQWLILFDWLRQ�UHVXOW��ZH
GHYHORS�K\EULG�UHZDUG�PRGHO�HVWLPDWRUV�WKDW�H[SORLW�2%6�DW�VFDOH�w�HLWKHU�E\�OHDUQLQJ�D
GHFRQIRXQGHG�UHSUHVHQWDWLRQ�IURP�2%6�DX[LOLDU\�ODEHOV��RU�E\�JURXQGLQJ�DQ�2%6�WUDLQHG�UHZDUG
PRGHO�ZLWK�D�VPDOO�(;3�HVWLPDWHG�ELDV�FRUUHFWLRQ�w�DQG�SDLU�WKHVH�ZLWK�ERWK�D�GLUHFW�SOXJ�LQ�DQG�D
GRXEO\�UREXVW�YDOXH�HVWLPDWRU��(PSLULFDOO\��QR�VLQJOH�HVWLPDWRU�XQLIRUPO\�GRPLQDWHV��K\EULG�PHWKRGV
H[KLELW�V\VWHPDWLF��SUHGLFWDEOH�FURVVRYHUV�DFURVV�UHZDUG�QRQOLQHDULW\��FRQIRXQGLQJ�VWUHQJWK��DQG
(;3�EXGJHW�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF �������

���� 3�

0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

6XUURJDWH�$XJPHQWDWLRQ�IRU�&DXVDO�,QIHUHQFH�RQ�&HQVRUHG�6XUYLYDO�2XWFRPHV�<DURVODY
0XNKLQ
�<DURVODY�0XNKLQ��7HUH]D�2SUHD��$ULHOOH�$QGHUHU��&KULVWLQD�<X��-HOHQD�%UDGLF�

0LVVLQJ�GDWD�RQ�D�ORQJ�KRUL]RQ�RXWFRPH�LV�D�FRPPRQ�FKDOOHQJH�IRU�HYDOXDWLQJ�WKH�LPSDFW�RI�DQ
LQWHUYHQWLRQ��([SHULPHQWV�DUH�FRQVWUDLQHG�E\�EXGJHWV�DQG�WLPHOLQHV��REVHUYDWLRQDO�VWXGLHV�IDFH
GURS�RXW��:H�VKRZ�KRZ�WR�OHYHUDJH�VXUURJDWH�RXWFRPHV�WR�LQFUHDVH�SRZHU�IRU�FDXVDO�HIIHFW
HVWLPDWLRQ�ZLWK�D�ULJKW�FHQVRUHG�VXUYLYDO�RXWFRPH��&HQVRULQJ�FUHDWHV�D�ORVV�RI�LQIRUPDWLRQ��EXW�WKHUH
LV�DOVR�DQ�RSSRUWXQLW\�WR�UHJDLQ�VWDWLVWLFDO�HIILFLHQF\�E\�HPSOR\LQJ�DX[LOLDU\�YDULDEOHV��(�J���LQ�D
FOLQLFDO�WULDO�HYDOXDWLRQ�RI�WKH�HIIHFW�RI�D�FDQFHU�WUHDWPHQW�RQ�VXUYLYDO��GLVHDVH�SURJUHVVLRQ��RU
DEVHQFH�WKHUHRI��LV�LQIRUPDWLYH�RI�D�FHQVRUHG�VXUYLYDO�WLPH��:LWK�PLVVLQJ�RXWFRPHV��FRYDULDWHV
EHFRPH�LQIRUPDWLYH�IRU�FDXVDO�SDUDPHWHUV�WKDW��DEVHQW�PLVVLQJ�GDWD��GR�QRW�GHSHQG�RQ�WKH�ODWWHU�
7KLV�UHVXOW�KROGV�ZLWKRXW�VWUXFWXUDO�RU�VHPLSDUDPHWULF�UHVWULFWLRQV��H�J���IXOO�PHGLDWLRQ�RU
SURSRUWLRQDO�KD]DUGV�DVVXPSWLRQV��EXW�WKH�VL]H�RI�WKH�JDLQ�GHSHQGV�RQ�WKH�SUHGLFWDELOLW\�RI�WKH
PLVVLQJ�RXWFRPH�E\�WKH�FRYDULDWH��6XUURJDWH�RXWFRPHV�DUH�LQIRUPHG�E\�WKH�HIIHFW�RI�WKH�WUHDWPHQW�
DQG�DOORZ�FRQGLWLRQLQJ�RQ�WKH�LQIRUPDWLRQ�VHW�DW�WKH�WLPH�RI�FHQVRULQJ��VWULFWO\�LPSURYLQJ�RQ�WKH
JDLQV�IURP�EDVHOLQH�FRYDULDWHV��:H�GHULYH�DQ�HIILFLHQF\�ERXQG�WKDW�UHYHDOV�WKH�LQWHUSOD\�EHWZHHQ��L�
VXUYLYDO�KD]DUG���LL��FHQVRULQJ�KD]DUG��DQG��LLL��WLPH�DGDSWHG�IRUHFDVWV�RI�WKH�SULPDU\�HYHQW�WLPH��:H
GHPRQVWUDWH�WKH�JDLQV�ZLWK�VHPL�V\QWKHWLF�GDWD�IURP����PHWDVWDWLF�EUHDVW�FDQFHU�FOLQLFDO�WULDOV�
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0DFKLQH�/HDUQLQJ�DQG�&DXVDO�,QIHUHQFH

&RPSDULQJ�&DXVDO�)RUHVW�DQG�%$57�IRU�(VWLPDWLQJ�7UHDWPHQW�(IIHFW�+HWHURJHQHLW\�ZLWK
&OXVWHU�'DWD��$Q�$SSOLFDWLRQ�WR�//0�(YDOXDWLRQ�-,$�48$1
�-,$�48$1��:DOWHU�/HLWH�

&DXVDO�)RUHVWV��:DJHU�	�$WKH\��������DQG�%D\HVLDQ�$GGLWLYH�5HJUHVVLRQ�7UHHV��%$57��+DKQ�
0XUUD\��	�&DUYDOKR��������EDVHG�FDXVDO�LQIHUHQFH�DUH�ZLGHO\�XVHG�WR�HVWLPDWH�FRQGLWLRQDO�DYHUDJH
WUHDWPHQW�HIIHFWV��&$7(V���\HW�WKH\�RSHUDWLRQDOL]H�KHWHURJHQHLW\�GLIIHUHQWO\��$V�ODUJH�ODQJXDJH
PRGHOV��//0V��DUH�LQFUHDVLQJO\�GHSOR\HG�LQ�KLJK�VWDNHV�GRPDLQV��ULJRURXV�FDXVDO�HYDOXDWLRQ�RI
PRGHO�FKRLFHV�EHFRPHV�HVVHQWLDO��:H�DSSO\�ERWK�PHWKRGV�WR�GDWD�IURP�DQ�HGXFDWLRQDO�DSSOLFDWLRQ
JHQHUDWLQJ�GHFRGDEOH�UHDGLQJ�SDVVDJHV�WR�HVWLPDWH�KHWHURJHQHRXV�HIIHFWV�RI�D�ILQH�WXQHG�YHUVXV�RII�
WKH�VKHOI�//0�RQ�VWRU\�TXDOLW\�DFURVV�SURPSW�W\SHV��JUDGH�OHYHOV��DQG�OLQJXLVWLF�EHQFKPDUNV��7KLV
DSSOLFDWLRQ�LQYROYHV�GDWD�FRQGLWLRQV�IUHTXHQWO\�HQFRXQWHUHG�LQ�$,�HYDOXDWLRQ�UHVHDUFK��FOXVWHUHG
REVHUYDWLRQV��KLJK�GLPHQVLRQDO�PRGHUDWRUV��VNHZHG�RXWFRPHV��DQG�FRPSOH[�LQWHUDFWLRQV��:H�LGHQWLI\
WKUHH�LPSOHPHQWDWLRQ�LVVXHV�WKDW�FULWLFDOO\�DIIHFW�%$57yV�SHUIRUPDQFH��RXWFRPH�VFDOH�VHQVLWLYLW\�
FOXVWHU�SDUDPHWHUL]DWLRQ��DQG�HVWLPDQG�VSHFLILFDWLRQ�LQ�ZKLFK�PDUJLQDOL]LQJ�RYHU�UDQGRP�HIIHFWV
DWWHQXDWHV�LQGLYLGXDO�&$7(V��$IWHU�UHVROYLQJ�WKHVH��ERWK�PHWKRGV�UHFRYHUHG�QHDUO\�LGHQWLFDO�$7(V
�&DXVDO�)RUHVW��J� ��������%$57��J� ���������ZLWK�VWURQJ�DJUHHPHQW�LQ�,7(�UDQNLQJ�DQG�PRGHUDWRU
LPSRUWDQFH�
2XU�ILQGLQJV�GHPRQVWUDWH�KRZ�PRGHUQ�FDXVDO�0/�PHWKRGV�FDQ�SURYLGH�SULQFLSOHG��KHWHURJHQHRXV
WUHDWPHQW�HIIHFW�HVWLPDWHV�IRU�JHQHUDWLYH�$,�V\VWHPV��RIIHULQJ�D�IUDPHZRUN�IRU�FURVV�GLVFLSOLQDU\
HYDOXDWLRQ�RI�PRGHO�GHSOR\PHQW�GHFLVLRQV�
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0DUJLQDO�6WUXFWXUDO�0RGHOV

(IILFLHQW�&RXQWHUIDFWXDO�0HDQ�(VWLPDWLRQ�,PSOLHV�(IILFLHQW�0DUJLQDO�6WUXFWXUDO�0RGHO
(VWLPDWLRQ�-DFRE�0�&KHQ
�-DFRE�0�&KHQ��,O\D�6KSLWVHU�

0DUJLQDO�VWUXFWXUDO�PRGHOV��060V��DUH�D�FODVV�RI�FDXVDO�PRGHOV�WKDW�DOORZ�IRU�WKH�HVWLPDWLRQ�RI
FDXVDO�HIIHFWV�IURP�REVHUYDWLRQDO�GDWD�WKDW�DUH�ZLGHO\�XVHG�GXH�WR�WKHLU�LQWHUSUHWDELOLW\�DV�ZHOO�DV
JHQHUDOL]DELOLW\�WR�FRQWLQXRXV�WUHDWPHQWV�DQG�PXOWLSOH�WUHDWPHQWV�LQ�ORQJLWXGLQDO�VHWWLQJV��$Q�060
SRVLWV�WKDW�WKH�H[SHFWDWLRQ�RI�WKH�FRXQWHUIDFWXDO�RXWFRPH�KDG�WUHDWPHQWV�EHHQ�LQWHUYHQHG�RQ�v
VRPHWLPHV�DOVR�FRQGLWLRQDO�RQ�D�VXEVHW�RI�REVHUYHG�SUHWUHDWPHQW�FRYDULDWHV�v�LV�D�IXQFWLRQ�LQGH[HG
E\�D�ILQLWH�VHW�RI�SDUDPHWHUV��:H�DLP�WR�HVWLPDWH�WKH�SDUDPHWHUV�RI�WKLV�IXQFWLRQ��ZKLFK�DOORZV�XV�WR
LQIHU�FDXVDO�TXDQWLWLHV�RI�LQWHUHVW��VXFK�DV�WKH�DYHUDJH�FDXVDO�HIIHFW��$&(��RU�FRQGLWLRQDO�$&(�
(VWLPDWLRQ�VWUDWHJLHV�IRU�SDUDPHWHUV�RI�DQ�060�DUH�ZHOO�VWXGLHG�XQGHU�WKH�FRDUVHQLQJ�DW�UDQGRP
�&$5��DVVXPSWLRQ��ZKLFK�VWDWHV�WKDW�DOO�YDULDEOHV�DIIHFWLQJ�WUHDWPHQW�DVVLJQPHQW�DUH�REVHUYHG�
+HUH��ZH�VKRZ�KRZ�WR�HVWLPDWH�WKH�SDUDPHWHUV�RI�DQ\�060�DV�ORQJ�DV�WKH�FRXQWHUIDFWXDO�PHDQ�LV
LGHQWLILHG�HYHQ�ZKHQ�&$5�GRHV�QRW�KROG��VXFK�DV�LQ�WKH�IURQWGRRU�DQG�SUR[LPDO�FDXVDO�OHDUQLQJ
VHWWLQJV��XVLQJ�D�ORVV�PLQLPL]DWLRQ�WHFKQLTXH��2XU�HVWLPDWRU�IRU�WKH�060�SDUDPHWHUV�LQKHULWV
GHVLUDEOH�SURSHUWLHV�IURP�WKH�PHDQ�HVWLPDWRU��LI�WKH�PHDQ�HVWLPDWRU�SRVVHVVHV�VXFK�TXDOLWLHV��VXFK
DV�UREXVWQHVV�WR�PLVVSHFLILFDWLRQ�RI�D�VXEVHW�RI�QXLVDQFH�PRGHOV�DQG�DV\PSWRWLF�QRUPDOLW\��2XU
UHVXOWV�ZLOO�DOORZ�SUDFWLWLRQHUV�WR�HPSOR\�060V�LQ�D�ZLGHU�UDQJH�RI�VHWWLQJV��HVSHFLDOO\�ZKHQ
XQPHDVXUHG�FRQIRXQGLQJ�LV�XQDYRLGDEOH�
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0DWFKLQJ��:HLJKWLQJ

:HLJKWLQJ�EDVHG�,GHQWLILFDWLRQ�DQG�(VWLPDWLRQ�7HFKQLTXHV�LQ�*UDSKLFDO�0RGHOV�RI�0LVVLQJ
'DWD�$QQD�*XR
�$QQD�*XR��5D]LHK�1DEL�

,Q�WKLV�SDSHU��ZH�SURSRVH�D�QRYHO�DOJRULWKP�WR�LGHQWLI\�FRPSOHWH�GDWD�GLVWULEXWLRQV�LQ�JUDSKLFDO
PRGHOV�RI�PLVVLQJ�GDWD��ZLWKRXW�LPSRVLQJ�DQ\�UHVWULFWLRQV�RQ�WKH�FRPSOHWH�GDWD�GLVWULEXWLRQ�DQG�RQO\
UHTXLULQJ�WKH�PLVVLQJQHVV�PHFKDQLVPV�WR�IDFWRUL]H�DFFRUGLQJ�WR�D�FRQGLWLRQDO�GLUHFWHG�DF\FOLF�JUDSK�
2XU�YLHZ�DOLJQV�ZLWK�SULRU�ZRUN�RQ�PLVVLQJ�GDWD�WKDW�IUDPHV�LGHQWLILFDWLRQ�XVLQJ�FDXVDO�JUDSKLFDO
PRGHOV�ZLWK�KLGGHQ�YDULDEOHV��ZKHUH�PLVVLQJQHVV�LQGLFDWRUV�DUH�YLHZHG�DV�zWUHDWPHQWV{�WKDW�FRXOG
SRWHQWLDOO\�EH�LQWHUYHQHG�RQ�
6HOHFWLRQ�ELDV�LV�WKH�SULPDU\�REVWDFOH�WR�LGHQWLILFDWLRQ�LQ�PLVVLQJ�GDWD�PRGHOV�XQGHU�WKH
LQWHUYHQWLRQLVW�SHUVSHFWLYH��7R�DGGUHVV�WKLV��RXU�LGHQWLILFDWLRQ�DOJRULWKP�JHQHUDWHV�D�WUHH�GDWD
VWUXFWXUH�WKDW�IDFLOLWDWHV�WUDFNLQJ�VHOHFWLRQ�ELDV�DQG�SURYLGHV�LQVLJKW�LQWR�KRZ�LW�FDQ�EH�DYRLGHG�
%XLOGLQJ�RQ�WKLV�IUDPHZRUN��ZH�GHYHORS�UHFXUVLYH�ZHLJKWLQJ�VWUDWHJLHV�IRU�HVWLPDWLQJ�PLVVLQJQHVV
PHFKDQLVPV�DQG�IRU�FRQGXFWLQJ�VWDWLVWLFDO�DQDO\VHV�RI�WKH�FRPSOHWH�GDWD�ODZ��H[WHQGLQJ�LQYHUVH
SUREDELOLW\�ZHLJKWLQJ�PHWKRGV�WR�PLVVLQJ�QRW�DW�UDQGRP�VHWWLQJV��:H�GHPRQVWUDWH�WKH�HIIHFWLYHQHVV
RI�RXU�DSSURDFK�WKURXJK�VLPXODWLRQ�VWXGLHV��FRPSDULQJ�LW�ZLWK�FODVVLFDO�PHWKRGV�VXFK�DV�PXOWLSOH
LPSXWDWLRQ�DQG�WKH�(0�DOJRULWKP�DFURVV�D�UDQJH�RI�DQDO\VLV�WDVNV��$Q�DFFRPSDQ\LQJ�5�SDFNDJH�
IOH[0LVVLQJ��LPSOHPHQWV�DOO�SURSRVHG�SURFHGXUHV�
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0DWFKLQJ��:HLJKWLQJ

/RZ�UDQN�&RYDULDWH�%DODQFLQJ�(VWLPDWRUV�XQGHU�,QWHUIHUHQFH�6RXKDUG\D�6HQJXSWD

6RXKDUG\D�6HQJXSWD��.RVXNH�,PDL��*HRUJLD�3DSDGRJHRUJRX�

$�NH\�PHWKRGRORJLFDO�FKDOOHQJH�LQ�REVHUYDWLRQDO�VWXGLHV�ZLWK�LQWHUIHUHQFH�EHWZHHQ�XQLWV�LV�WZRIROG�
����HDFK�XQLWyV�RXWFRPH�PD\�GHSHQG�RQ�PDQ\�RWKHUVy�WUHDWPHQWV��DQG�����WUHDWPHQW�DVVLJQPHQWV�PD\
H[KLELW�FRPSOH[�GHSHQGHQFLHV�DFURVV�XQLWV��:H�GHYHORS�D�JHQHUDO�IUDPHZRUN�IRU�FRQVWUXFWLQJ�UREXVW
FDXVDO�HIIHFW�HVWLPDWRUV�WR�DGGUHVV�WKHVH�FKDOOHQJHV��:H�ILUVW�VKRZ�WKDW��ZLWKRXW�UHVWULFWLQJ�WKH
SDWWHUQV�RI�LQWHUIHUHQFH��WKH�VWDQGDUG�LQYHUVH�SUREDELOLW\�ZHLJKWLQJ��,3:��HVWLPDWRU�LV�WKH�RQO\
XQLIRUPO\�XQELDVHG�HVWLPDWRU�ZKHQ�WKH�SURSHQVLW\�VFRUH�LV�NQRZQ��,Q�FRQWUDVW��QR�HVWLPDWRU�KDV
VXFK�D�SURSHUW\�LI�WKH�SURSHQVLW\�VFRUH�LV�XQNQRZQ��:H�WKHQ�LQWURGXFH�D�zORZ�UDQN�VWUXFWXUH{�RI
SRWHQWLDO�RXWFRPHV�DV�D�EURDG�FODVV�RI�VWUXFWXUDO�DVVXPSWLRQV�DERXW�LQWHUIHUHQFH��7KLV�IUDPHZRUN
HQFRPSDVVHV�FRPPRQ�DVVXPSWLRQV�VXFK�DV�DQRQ\PRXV��QHDUHVW�QHLJKERU��DQG�DGGLWLYH�LQWHUIHUHQFH�
ZKLOH�IOH[LEO\�DOORZLQJ�IRU�PRUH�FRPSOH[�VWXG\�VSHFLILF�LQWHUIHUHQFH�DVVXPSWLRQV��8QGHU�WKLV�ORZ�
UDQN�DVVXPSWLRQ��ZH�VKRZ�KRZ�WR�FRQVWUXFW�DQ�XQELDVHG�ZHLJKWLQJ�HVWLPDWRU�IRU�D�ODUJH�FODVV�RI
FDXVDO�HVWLPDQGV��HYHQ�ZKHQ�WKH�WUXH�SURSHQVLW\�VFRUH�LV�XQNQRZQ��,I�WKH�WUXH�SURSHQVLW\�VFRUH�LV
NQRZQ��ZH�FDQ�REWDLQ�DQ�XQELDVHG�HVWLPDWRU�WKDW�LV�PRUH�HIILFLHQW�WKDQ�WKH�,3:�HVWLPDWRU�E\
OHYHUDJLQJ�D�ORZ�UDQN�VWUXFWXUH��:H�HVWDEOLVK�ILQLWH�VDPSOH�DQG�DV\PSWRWLF�SURSHUWLHV�RI�WKH
SURSRVHG�HVWLPDWRUV��GHYHORS�D�GDWD�GULYHQ�SURFHGXUH�WR�VHOHFW�DPRQJ�FDQGLGDWH�ORZ�UDQN
VWUXFWXUHV��DQG�YDOLGDWH�RXU�DSSURDFK�WKURXJK�HPSLULFDO�VWXGLHV�



6�3�LQGLFDWHV�ZRUN�GRQH�ZKLOH�D�VWXGHQW�SRVWGRF �������

���� 3�

0DWFKLQJ��:HLJKWLQJ

4XDQWLI\LQJ�3UDFWLFDO�2YHUODS�LQ�&DXVDO�,QIHUHQFH�YLD�./�3URMHFWLRQV�*HRQGR�3DUN
�*HRQGR
3DUN��-X\HRQ�.LP��.ZRQVDQJ�/HH�

$VVHVVLQJ�RYHUODS�LV�DQ�HVVHQWLDO�WDVN�LQ�FDXVDO�LQIHUHQFH��DV�OLPLWHG�RYHUODS�XQGHUPLQHV
LGHQWLILDELOLW\�DQG�OHDGV�WR�XQVWDEOH�HVWLPDWRUV��,Q�SUDFWLFH��RYHUODS�LV�PRVW�RIWHQ�HYDOXDWHG�WKURXJK
YLVXDO�LQVSHFWLRQ�RI�SURSHQVLW\�VFRUH�GLVWULEXWLRQV��$OWKRXJK�RYHUODS�LV�IUHTXHQWO\�GLVFXVVHG�LQ
FRQQHFWLRQ�ZLWK�PHWKRGV�WKDW�LPSURYH�HVWLPDWLRQ��VXFK�DV�WULPPLQJ�RU�RYHUODS�ZHLJKWLQJ��WKHUH�LV
OLPLWHG�ZRUN�RQ�GLUHFWO\�PHDVXULQJ�KRZ�PXFK�RYHUODS�LV�SUHVHQW�
:H�SURSRVH�D�OLNHOLKRRG�EDVHG�IUDPHZRUN�IRU�TXDQWLI\LQJ�SUDFWLFDO�RYHUODS�XVLQJ�.XOOEDFN�/HLEOHU
SURMHFWLRQV��7KH�DSSURDFK�GHILQHV�D�FRPPRQ�FRPSRQHQW�DV�WKH�GLVWULEXWLRQ�WKDW�EHVW�DSSUR[LPDWHV
WKH�WUHDWHG�FRYDULDWH�GLVWULEXWLRQ�ZKLOH�UHPDLQLQJ�UHSUHVHQWDEOH�DV�D�PL[WXUH�FRPSRQHQW�RI�WKH
FRQWURO�SRSXODWLRQ��7KLV�FRQVWUXFWLRQ�\LHOGV�D�VPRRWK��GLVWULEXWLRQ�OHYHO�FKDUDFWHUL]DWLRQ�RI�RYHUODS
WKDW�DYRLGV�H[SOLFLW�GHQVLW\�HVWLPDWLRQ��$Q�RYHUODS�SDUDPHWHU�LV�GHILQHG�DV�WKH�ODUJHVW�IUDFWLRQ�RI�WKH
FRQWURO�SRSXODWLRQ�WKDW�FDQ�EH�UHWDLQHG�ZKLOH�PDLQWDLQLQJ�VXIILFLHQW�GLVWULEXWLRQDO�SUR[LPLW\�WR�WKH
WUHDWHG�JURXS��6LPXODWLRQV�DQG�HPSLULFDO�H[DPSOHV�ZLWK�NQRZQ�RYHUODS�FKDOOHQJHV�LOOXVWUDWH�KRZ�WKH
SURSRVHG�PHDVXUH�SURYLGHV�D�SULQFLSOHG�HDUO\�VWDJH�GLDJQRVWLF�SULRU�WR�FDXVDO�HIIHFW�HVWLPDWLRQ�
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0DWFKLQJ��:HLJKWLQJ

:HLJKWHG�DYHUDJH�WUHDWPHQW�HIIHFW�ZLWK�XQNQRZQ�ZHLJKWV�*HRUJ\�.DODVKQRY
�*HRUJ\
.DODVKQRY�

,�GHULYH�VHPL�SDUDPHWULFDOO\�HIILFLHQW�HVWLPDWH�RI�D�ZHLJKWHG�DYHUDJH�WUHDWPHQW�HIIHFW��ZKHUH
ZHLJKWV�GHSHQG�RQ�WKH�GDWD�JHQHUDWLQJ�SURFHVV�DQG�WKHUHIRUH�DUH�XQNQRZQ��([DPSOHV�RI�VXFK
HVWLPDWHV�LQFOXGH�DYHUDJH�WUHDWPHQW�RQ�WKH�WUHDWHG��RYHUODS�ZHLJKWV��7KH�QHHG�WR��ZKHWKHU
H[SOLFLWO\��RU�LPSOLFLWO\��HVWLPDWH�WKH�ZHLJKWV�UHVWULFWV�WKH�RXWFRPH�DGMXVWPHQW�IXQFWLRQ�ZH�FDQ�XVH
WR�NHHS�WKH�HIILFLHQF\��(�J��IRU�$7(�ZH�VKRXOG�XVH�WKH�SUHGLFWLRQ�RI�WKH�FRXQWUHUIDFWXDO�WKDW�LV�QRW
REVHUYHG�DV�DQ�DGMXVWPHQW�IXQFWLRQ��IRU�$77�w�WKH�SUHGLFWLRQ�RI�FRQWURO�RXWFRPH��IRU�RYHUODS
ZHLJKWV��WKH�SUHGLFWLRQ�RI�REVHUYHG�<��7KLV�UHVWULFWLRQ�FUHDWHV�WKUHH�LQWHUSUHWDEOH�WHUPV�LQ�WKH
DV\PSWRWLF�YDULDQFH�RI�WKH�HVWLPDWH��D�ZHLJKWHG�YDULDQFH�RI�WKH�LGLRV\QFUDWLF�HUURU��D��ZHLJKWHG�
YDULDQFH�RI�WKH�FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFW��DQG�PRVW�LPSRUWDQWO\��WKH�V\VWHPDWLF�HUURU
FUHDWHG�E\�WKH�IRUFHG�FKRLFH�RI�DGMXVWPHQW�IXQFWLRQ��7KLV�UHVXOWV�LV�XVHIXO�LQ�VHYHUDO�ZD\V�����LW�QHVWV
DQG�H[WHQGV�D�ODUJH�QXPEHU�RI�UHVXOWV��ZKLFK�HLWKHU�FRQFHQWUDWH�RQ�VRPH�VSHFLILF�ZHLJKWV��H�J��+DKQ
��������)UHHGPDQ���������/LQ���������RU�RQ�D�NQRZQ�ZHLJKWLQJ�IXQFWLRQ��H�J��/L��0RUJDQ��=DVODYVN\
��������&KHUQR]KXNRY��1HZH\��6LQJK�����������LW�DOORZV�WR�LQIRUP�ELDV�YDULDQFH�WUDGHRII�LQ�WKH�WDVN
RI�FKRRVLQJ�DQ�HVWLPDQG�WR�SXUVXH��H�J��VKRXOG�ZH�XVH�$7(�RU�$77��RU�RYHUODS�ZHLJKWV���XQGHU
GLIIHUHQW�DGGLWLRQDO�DVVXPSWLRQV�RQ�WKH�GDWD�JHQHUDWLQJ�SURFHVV�
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0DWFKLQJ��:HLJKWLQJ

'HYHORSPHQW�DQG�(YDOXDWLRQ�RI�(QVHPEOH�3URSHQVLW\�6FRUH�0DWFKLQJ��$�&RPSDULVRQ�ZLWK
WKH�&RYDULDWH�%DODQFLQJ�3URSHQVLW\�6FRUH�<DVXWDND�+DVHJDZD
�<DVXWDND�+DVHJDZD��7DNDQREX
2VDNL��+LGH\XNL�%DQ��7DND\XNL�$UDL��7VXWRPX�.LNXFKL�

&RYDULDWH�EDODQFH�LV�HVVHQWLDO�IRU�HVWLPDWLQJ�WKH�DYHUDJH�WUHDWPHQW�HIIHFW�RQ�WKH�WUHDWHG��$77��IURP
REVHUYDWLRQDO�GDWD��3URSHQVLW\�VFRUH�PDWFKLQJ��360��LV�ZLGHO\�XVHG��EXW�UHOLDQFH�RQ�D�VLQJOH
SURSHQVLW\�VFRUH��36��PRGHO�FDQ�EH�EULWWOH�XQGHU�PRGHO�PLVVSHFLILFDWLRQ��:H�SURSRVH�(QVHPEOH
3URSHQVLW\�6FRUH�0DWFKLQJ��(QVHPEOH�360���ZKLFK�ILWV�PXOWLSOH�36�HVWLPDWRUV�DQG�VHOHFWV�WKH
PDWFKHG�VDPSOH�WKDW�PLQLPL]HV�RYHUDOO�LPEDODQFH��:H�HVWLPDWH�36�XVLQJ�ORJLVWLF�UHJUHVVLRQ��/$662�
HODVWLF�QHW��JUDGLHQW�ERRVWHG�WUHHV��DQG�D�QHXUDO�QHWZRUN��IRU�HDFK�36�ZH�FUHDWH�����FDOLSHU�PDWFKHV
ZLWKRXW�UHSODFHPHQW��FRPSXWH�VWDQGDUGL]HG�PHDQ�GLIIHUHQFHV��60'V��DFURVV�DOO�FRYDULDWHV��DQG
VHOHFW�WKH�FDQGLGDWH�PDWFK�ZLWK�WKH�VPDOOHVW�PHDQ�60'��:H�HYDOXDWHG�WKH�PHWKRG�XVLQJ�D�UHDO�
ZRUOG�KHDOWK�JXLGDQFH�GDWDVHW��WUHDWHG�Q �������FRQWUROV�Q ����������FRYDULDWHV��DQG�EHQFKPDUNHG
LW�DJDLQVW�&%36�360��36�HVWLPDWHG�YLD�WKH�FRYDULDWH�EDODQFLQJ�SURSHQVLW\�VFRUH��WKHQ�PDWFKHG
XQGHU�WKH�VDPH�����FDOLSHU�ZLWKRXW�UHSODFHPHQW�GHVLJQ��WDUJHWLQJ�WKH�$77��(QVHPEOH�360�DFKLHYHG
D�PHDQ�60'�RI���������DQG�D�PD[LPXP�60'�RI���������YHUVXV���������DQG���������IRU�&%36�
360��FRUUHVSRQGLQJ�WR�������DQG�������UHGXFWLRQV��UHVSHFWLYHO\��(QVHPEOH�360�DOVR�RXWSHUIRUPHG
VLQJOH�PRGHO�360�EDVHOLQHV��H�J���ORJLVWLF�UHJUHVVLRQ�360��������������������7KHVH�ILQGLQJV�VXJJHVW
WKDW�EDODQFH�GULYHQ�HQVHPEOH�VHOHFWLRQ�FDQ�LPSURYH�WKH�UREXVWQHVV�RI�FRYDULDWH�DGMXVWPHQW�IRU
FDXVDO�HIIHFW�HVWLPDWLRQ�LQ�REVHUYDWLRQDO�KHDOWK�VHUYLFH�HYDOXDWLRQV�
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0DWFKLQJ��:HLJKWLQJ

5HVDPSOLQJ�ZLWK�&RQWURO�5HXVH��$�9DOLG�%RRWVWUDS�IRU�)L[HG�0�1HDUHVW�1HLJKERU�0DWFKLQJ
;LDQJ�0HQJ
�;LDQJ�0HQJ��$DURQ�6PLWK�

,QIHUHQFH�DIWHU�IL[HG�0�QHDUHVW�QHLJKERU�PDWFKLQJ�UHPDLQV�FKDOOHQJLQJ�EHFDXVH�PDWFKLQJ�LQGXFHV
QRQVWDQGDUG�GHSHQGHQFH�WKURXJK�FRQWURO�UHXVH��$EDGLH�DQG�,PEHQV��������VKRZHG�WKDW�WKH�QDLYH
ERRWVWUDS�IDLOV�ZKHQ�WKH�QXPEHU�RI�PDWFKHV�LV�IL[HG��SURPSWLQJ�D�VXEVWDQWLDO�OLWHUDWXUH�SURSRVLQJ
DOWHUQDWLYH�UHVDPSOLQJ�PHWKRGV��0RUH�UHFHQWO\��/LQ�DQG�+DQ��������HVWDEOLVK�WKDW�WKH�QDLYH
ERRWVWUDS�LV�FRQVLVWHQW�ZKHQ�WKH�QXPEHU�RI�PDWFKHV�GLYHUJHV��GHPRQVWUDWLQJ�WKDW�WKH�FODVVLFDO
LQFRQVLVWHQF\�LV�IXQGDPHQWDOO\�D�IL[HG�0�SKHQRPHQRQ��:KLOH�YDOLG�ERRWVWUDS�SURFHGXUHV�DUH�QRZ
DYDLODEOH�ZKHQ�0�JRHV�WR�LQILQLW\��D�JHQHUDO�DQG�SUDFWLFDOO\�LPSOHPHQWDEOH�VROXWLRQ�IRU�YDOLG
LQIHUHQFH�XQGHU�IL[HG�0wWKH�UHJLPH�PRVW�FRPPRQO\�XVHG�LQ�DSSOLFDWLRQVwUHPDLQV�ODFNLQJ�

:H�WKHUHIRUH�VWXG\�LQIHUHQFH�GLUHFWO\�LQ�WKH�IL[HG�0�VHWWLQJ�DQG�GHYHORS�D�ZHLJKWHG�XQLW�ERRWVWUDS
IRU�WKH�$YHUDJH�7UHDWPHQW�(IIHFW�RQ�WKH�7UHDWHG��$77��WKDW�UHPDLQV�YDOLG�XQGHU�IL[HG�0�PDWFKLQJ�
7KH�FHQWUDO�LQVLJKW�LV�WKDW�YDOLG�UHVDPSOLQJ�PXVW�UHSOLFDWH�WKH�XQLW�OHYHO�FRYDULDQFH�VWUXFWXUH
LQGXFHG�E\�VKDUHG�FRQWUROV��5DWKHU�WKDQ�UH�PDWFKLQJ�WKH�GDWD�RU�SHUWXUELQJ�RXWFRPHV
LQGHSHQGHQWO\��WKH�SURSRVHG�SURFHGXUH�UHVDPSOHV�HQWLUH�XQLWV�WRJHWKHU�ZLWK�WKHLU�LQGXFHG�PDWFKLQJ
ZHLJKWV��WKHUHE\�SUHVHUYLQJ�WKH�GHSHQGHQFH�FUHDWHG�E\�FRQWURO�UHXVH�

:H�VKRZ�WKHRUHWLFDOO\�WKDW�WKH�ZHLJKWHG�XQLW�ERRWVWUDS�FRQVLVWHQWO\�DSSUR[LPDWHV�WKH�DV\PSWRWLF
YDULDQFH�LQ�WKH�JHQHUDO�IL[HG�0�IUDPHZRUN��7KLV�SHUVSHFWLYH�DOVR�\LHOGV�D�XQLILHG�H[SODQDWLRQ�IRU�WKH
IDLOXUH�R
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0HGLDWLRQ�$QDO\VLV��0HFKDQLVPV

9DOLGDWLQJ�&DXVDO�0HFKDQLVPV�WKURXJK�5HSOLFDELOLW\��$�8QLILHG�%D\HVLDQ�)UDPHZRUN�IRU
0HGLDWLRQ�$QDO\VLV�(VWHU�$ORQJL
�(VWHU�$ORQJL��*LDQPDUFR�$OWRg��*LRYDQQL�3DUPLJLDQL�

+RZ�FDQ�ZH�HQVXUH�WKDW�DQ�HVWLPDWHG�PHGLDWLRQ�HIIHFW�KDV�D�FDXVDO�LQWHUSUHWDWLRQ"�&DXVDO�PHGLDWLRQ
DQDO\VLV�LV�D�SRZHUIXO�WRRO�IRU�XQGHUVWDQGLQJ�WKH�PHFKDQLVPV�WUDQVPLWWLQJ�DQ�HIIHFW�IURP�DQ
H[SRVXUH�WR�DQ�RXWFRPH��+RZHYHU��HVWLPDWLQJ�WKH�QDWXUDO�LQGLUHFW�HIIHFW�UHOLHV�RQ�WKH�QRQUHIXWDEOH
DVVXPSWLRQ�RI�VHTXHQWLDO�LJQRUDELOLW\��VSHFLILFDOO\�WKH�DEVHQFH�RI�XQPHDVXUHG�PHGLDWRU�RXWFRPH
FRQIRXQGLQJ��:KLOH�YDULRXV�VHQVLWLYLW\�DQDO\VHV�KDYH�EHHQ�SURSRVHG�WR�DVVHVV�WKH�UREXVWQHVV�RI
PHGLDWLRQ�HVWLPDWHV�DJDLQVW�K\SRWKHWLFDO�DVVXPSWLRQ�YLRODWLRQV��WKH\�GR�QRW�GLUHFWO\�DGGUHVV
ZKHWKHU�VXFK�FRQIRXQGLQJ�LV�SUHVHQW�
:H�SURSRVH�D�V\VWHPDWLF�UHSOLFDELOLW\�DSSURDFK�DV�DQ�HPSLULFDO�WRRO�WR�GHWHFW�ZKHWKHU�DQ�HVWLPDWHG
PHGLDWLRQ�HIIHFW�UHIOHFWV�VDPSOH�VSHFLILF�XQPHDVXUHG�PHGLDWRU�RXWFRPH�FRQIRXQGLQJ��:H�LQWURGXFH
D�XQLILHG�%D\HVLDQ�KLHUDUFKLFDO�IUDPHZRUN�HPEHGGLQJ�FDXVDO�PHGLDWLRQ�ZLWKLQ�D�PXOWLIDFHWHG
UHSOLFDELOLW\�VWUXFWXUH�HYDOXDWLQJ�IRXU�GLPHQVLRQV��QDWXUDO�LQGLUHFW�HIIHFW�FRQVLVWHQF\�DFURVV
LQGHSHQGHQW�VWXGLHV��PHWD�DQDO\WLF�LQIHUHQFH�LPSOLHG�E\�D�FRPPRQ�JHQHUDWLYH�PRGHO��FRQVLVWHQF\
EHWZHHQ�VWXGLHV�DQG�WKH�VKDUHG�PHWD�DQDO\WLF�VWUXFWXUH��FRQVLVWHQF\�EHWZHHQ�DQ�H[LVWLQJ�ERG\�RI
HYLGHQFH�DQG�D�QHZ�VWXG\�IURP�WKH�VDPH�JHQHUDWLYH�PRGHO�
:H�DSSO\�WKLV�IUDPHZRUN�WR�D�0HQGHOLDQ�UDQGRPL]DWLRQ�FDVH�VWXG\�XVLQJ�*7([�GDWD��HYDOXDWLQJ
ZKHWKHU�D�JHQHWLF�YDULDQWyV�HIIHFW�RQ�GRZQVWUHDP�PHWDEROLF�JHQHV�LQ�VXEFXWDQHRXV�DGLSRVH�WLVVXH�LV
FDXVDOO\�PHGLDWHG�E\�WKH�H[SUHVVLRQ�RI�WKH�./)���WUDQVFULSWLRQ�IDFWRU�
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0HGLDWLRQ�$QDO\VLV��0HFKDQLVPV

(IILFLHQW�HVWLPDWLRQ�RI�SDWKZD\�HIIHFWV�PHGLDWHG�E\�LQWHUPHGLDWH�HYHQWV�LQ�PXOWL�VWDWH
PRGHOV�<XKDR�'HQJ
�<XKDR�'HQJ��+DR\X�:HL��'RQJOLQ�=HQJ��5XL�6RQJ��;LDR�+XD�=KRX�

&DUGLRYDVFXODU�DQG�PLFURYDVFXODU�HYHQWV�DUH�OHDGLQJ�FDXVHV�RI�GHDWK�LQ�SDWLHQWV�ZLWK�W\SH��
GLDEHWHV��:KLOH�D�UDQGRPL]HG�FRQWUROOHG�WULDO�LQGLFDWHG�WKDW�;�UHGXFHV�FDUGLRYDVFXODU�DQG
PLFURYDVFXODU�ULVNV�DV�ZHOO�DV�PRUWDOLW\��WKH�PHFKDQLVP�E\�ZKLFK�;�SUHYHQWV�YDVFXODU�HYHQWV�DQG
GHDWK�LV�QRW�IXOO\�XQGHUVWRRG��,Q�WKLV�ZRUN��ZH�FRQVLGHU�K\SRWKHWLFDO�LQWHUYHQWLRQV�LQ�HDFK�WUDQVLWLRQ
RI�GLVHDVH�SURJUHVVLRQ��7KURXJK�VXFK�LQWHUYHQWLRQV��ZH�GLVWLQJXLVK�WKH�HIIHFWV�DORQJ�VSHFLILF
SDWKZD\V�IURP�WKH�WRWDO�HIIHFW�RQ�HDFK�HYHQW��2XU�SURSRVHG�IUDPHZRUN�HQDEOHV�WKUHH�NH\
DSSOLFDWLRQV��HVWLPDWLQJ�SDWK�VSHFLILF�WUHDWPHQW�HIIHFWV��LGHQWLI\LQJ�ZKLFK�HYHQWV�DUH�LQIOXHQFHG�E\
WUHDWPHQW��DQG�LQIHUULQJ�G\QDPLF�WUHDWPHQW�VWUDWHJLHV��%DVHG�RQ�PXOWL�VWDWH�PRGHOV��ZH�GHULYH
PXOWLSO\�UREXVW��QRQSDUDPHWULFDOO\�HIILFLHQW�HVWLPDWRUV�IRU�WKH�FRXQWHUIDFWXDO�FXPXODWLYH�LQFLGHQFHV
DQG�WUHDWPHQW�HIIHFWV��DFFRPSDQLHG�E\�LQIHUHQFH�SURFHGXUHV��%\�DQDO\]LQJ�GDWD�IURP�D�UDQGRPL]HG
FRQWUROOHG�WULDO��ZH�ILQG�WKDW�;�VLJQLILFDQWO\�UHGXFHV�WKH�ULVN�RI�QRQ�IDWDO�H[SDQGHG�PDMRU�DGYHUVH
FDUGLRYDVFXODU�HYHQWV�DV�ZHOO�DV�PLFURYDVFXODU�HYHQWV��%H\RQG�H[LVWLQJ�UHVXOWV��RXU�QHZ�PHWKRGV
UHFRYHU�WKH�IROORZLQJ�SRWHQWLDOO\�XVHIXO�FOLQLFDO�ILQGLQJV��7KH�UHGXFWLRQ�LQ�DOO�FDXVH�PRUWDOLW\
DVVRFLDWHG�ZLWK�;�LV�SULPDULO\�PHGLDWHG�E\�LWV�HIIHFWV�RQ�H[SDQGHG�PDMRU�DGYHUVH�FDUGLRYDVFXODU
HYHQWV��DQG�LPSRUWDQWO\��VXVWDLQHG�DGKHUHQFH�WR�;�LV�FUXFLDO�IRU�DFKLHYLQJ�DQ�HIIHFWLYH�UHGXFWLRQ�LQ
FDUGLRYDVFXODU�ULVN
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0XOWLOHYHO�&DXVDO�,QIHUHQFH

(VWLPDWLRQ��,QIHUHQFH��DQG�6HQVLWLYLW\�IRU�6SLOORYHU�(IIHFWV�LQ�7ZR�6WDJH�2EVHUYDWLRQDO
6WXGLHV�YLD�0DWFKLQJ�=KLZHL�;LDR
�=KLZHL�;LDR��6DPXHO�3LPHQWHO�

6SLOORYHU�HIIHFWV�SOD\�D�FUXFLDO�UROH�LQ�GULYLQJ�ODUJH�VFDOH�VXEVWDQWLYH�LPSDFWV�RI�WUHDWPHQWV�LQ�WKH
KHDOWK�DQG�VRFLDO�VFLHQFH��\HW�WKHLU�HVWLPDWLRQ�UHPDLQV�FKDOOHQJLQJ�LQ�REVHUYDWLRQDO�VWXGLHV�ZLWK
FRPSOH[�LQWHUIHUHQFH��7ZR�VWDJH�REVHUYDWLRQDO�GHVLJQV��LQ�ZKLFK�ERWK�FOXVWHUV�DQG�XQLWV�ZLWKLQ
FOXVWHUV�VHOHFW�LQWR�WUHDWPHQW��SURYLGH�YDOXDEOH�RSSRUWXQLWLHV�WR�PHDVXUH�VXFK�WUHDWPHQW�HIIHFWV�
+RZHYHU��VWDQGDUG�WRROV�IRU�FRQIRXQGLQJ�FRQWURO�DQG�SHUPXWDWLRQ�LQIHUHQFH�GR�QRW�DSSO\�GLUHFWO\�WR
WKHVH�VWXGLHV�EHFDXVH�RI�WKH�WZR�VWDJH�VWUXFWXUH��:H�LQWURGXFH�WZR�QHZ�VWXG\�GHVLJQV�IRU�WZR�VWDJH
REVHUYDWLRQDO�VWXGLHV�WKDW�HQDEOH�XQELDVHG�SRLQW�HVWLPDWLRQ�RI�VSLOORYHU�HIIHFWV��YDOLG�ILQLWH�VDPSOH
SHUPXWDWLRQ�LQIHUHQFH��DQG�VHQVLWLYLW\�DQDO\VLV�IRU�XQREVHUYHG�FRQIRXQGLQJ��7KH�ILUVW�GHVLJQ
OHYHUDJHV�FOXVWHU�OHYHO�PDWFKLQJ�IROORZHG�E\�UDQGRP�VHOHFWLRQ�RI�D�VXEVHW�RI�FRQWURO�VXEMHFWV�XQGHU�D
SURSHQVLW\�PRGHO��7KLV�HVWLPDWRU�LV�FRPSDWLEOH�ZLWK�SHUPXWDWLRQ�WHVWV��DQG�ZH�VKRZ�WKDW�LW�LV
PDUJLQDOO\�XQELDVHG�DFURVV�DOO�SRVVLEOH�UHDOL]DWLRQV�RI�WKH�UDQGRP�VXEVHW��7KH�VHFRQG�GHVLJQ
HPSOR\V�PXOWL�OHYHO�PDWFKLQJ��HOLPLQDWLQJ�WKH�QHHG�IRU�UDQGRP�VHOHFWLRQ�RI�FRQWUROV�DW�WKH�FRVW�RI�D
UHGXFHG�VDPSOH�VL]H��7KH�WZR�VWDJH�VHQVLWLYLW\�DQDO\VHV�ZH�GHYHORS�IRU�ERWK�GHVLJQV�DOORZ�VHSDUDWH
TXDQWLILFDWLRQ�RI�XQPHDVXUHG�FRQIRXQGLQJ�DW�WKH�FOXVWHU�DQG�LQGLYLGXDO�OHYHOV��:H�GHPRQVWUDWH�RXU
PHWKRGV�XVLQJ�D�WZR�VWDJH�VWXG\�RI�GHZRUPLQJ�PHGLFDWLRQ�LQ�.HQ\DQ�SULPDU\�VFKRROV�
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0XOWLSOH�WUHDWPHQWV�SRVLWLYLW\�YLRODWLRQV

9HFWRU�,QFUHPHQWDO�7UHDWPHQW�(IIHFWV�IRU�&DXVDO�,QIHUHQFH�ZLWK�0XOWLSOH�%LQDU\
7UHDWPHQWV�'HQLV�$JQLHO
�'HQLV�$JQLHO��0D[�5XELQVWHLQ��6KDURQ�/LVH�1RUPDQG��0DUFHOD�+RUYLW]�
/HQQRQ�

(VWLPDWLQJ�FDXVDO�HIIHFWV�ZLWK�P�!���ELQDU\�WUHDWPHQWV�IDFHV�FKDOOHQJHV��SRVLWLYLW\�YLRODWLRQV�ZKHQ
FRPELQDWLRQV�DUH�UDUH��H[SRQHQWLDO�JURZWK�LQ�SRWHQWLDO�RXWFRPHV���AP���DQG�GLIILFXOW\�FKRRVLQJ
PHDQLQJIXO�WUHDWPHQW�FRQWUDVWV��:H�H[WHQG�LQFUHPHQWDO�SURSHQVLW\�VFRUH�LQWHUYHQWLRQV�WR�YHFWRU
WUHDWPHQWV��GHILQLQJ�FDXVDO�HIIHFWV�WKURXJK�LQWHUYHQWLRQ�GLVWULEXWLRQV�VFDOLQJ�RGGV�RI�HDFK
WUHDWPHQW��7KHVH�HIIHFWV�FDSWXUH�WKH�MRLQW�HIIHFW�RI�WKH�PDQ\�WUHDWPHQWV��7KH�PHWKRG�VHOHFWV�DQ
LQWHUYHQWLRQ�WUHDWPHQW�GLVWULEXWLRQ�4Br�PLQLPL]LQJ�D�XVHU�VSHFLILHG�GLYHUJHQFH��H�J���./��+HOOLQJHU�
I�GLYHUJHQFH��IURP�WKH�RULJLQDO�SURSHQVLW\�VFRUH�GLVWULEXWLRQ�3B��VXEMHFW�WR�PDUJLQDO�RGGV
FRQVWUDLQWV��4Br�$BN� ��_;����^��v�4Br�$BN� ��_;�`� �rBN�c�3B��$BN� ��_;����^��v�3B��$BN� ��_;�`�
7KLV�SUHVHUYHV�WKH�MRLQW�WUHDWPHQW�GLVWULEXWLRQ�LQ�WKH�LQWHUYHQWLRQ�GLVWULEXWLRQ�DQG�DOORZV�WKH
LQWHUYHQWLRQ�WR�DIIHFW�WUHDWPHQWV�GLIIHUHQWO\��:H�GHULYH�WKH�HIILFLHQW�LQIOXHQFH�IXQFWLRQ��ZKLFK�LV�QRW
D�VWUDLJKWIRUZDUG�H[WHQVLRQ�RI�WKH�XQLYDULDWH�LQFUHPHQWDO�SURSHQVLW\�VFRUH�RQH��DQG�GHULYH�GRXEO\
UREXVW�HVWLPDWRUV�IURP�LW��7KH�HIILFLHQW�LQIOXHQFH�IXQFWLRQ�DFFRXQWV�IRU�XQFHUWDLQW\�LQ�QXLVDQFH
HVWLPDWLRQ�DV�ZHOO�DV�4Br�FRPSXWDWLRQ��:H�HVWDEOLVK�DV\PSWRWLF�QRUPDOLW\�DQG�SURYLGH�LQIHUHQFH��:H
DSSO\�WKHVH�PHWKRGV�WR�VWXG\�WKH�HIIHFW�RI�TXDOLW\�RI�FDUH��FDSWXUHG�E\�PDQ\�ELQDU\�LQGLFDWRUV�RI
TXDOLW\��RQ�FOLQLFDO�RXWFRPHV��WUHDWPHQW�GLVFRQWLQXDWLRQ��PRUWDOLW\��IRU�1HZ�<RUN�0HGLFDLG�SDWLHQWV
GLDJQRVHG�ZLWK�VFKL]RSKUHQLD�
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3ROLF\�/HDUQLQJ

7UHDWPHQW�3ROLF\�'HVLJQ�LQ�WKH�3UHVHQFH�RI�0HDVXUHPHQW�(UURU�&KDQJ�/LX
�&KDQJ�/LX��0DWV
6WHQVUXG��$PLU(PDG�*KDVVDPL�

,Q�PDQ\�DSSOLFDWLRQV��WUHDWPHQWV�DUH�DVVLJQHG�EDVHG�RQ�XQLW�IHDWXUHV��OHDGLQJ�WR�SHUVRQDOL]HG
WUHDWPHQW�SROLFLHV��7KLV�RIWHQ�LQYROYHV�RSWLPL]LQJ�REMHFWLYH�IXQFWLRQV�ZLWK�FRXQWHUIDFWXDO�TXDQWLWLHV
VXFK�DV�WKH�FRQGLWLRQDO�$7(��&$7(���,Q�SUDFWLFH��VRPH�NH\�IHDWXUHV�PD\�EH�PHDVXUHG�ZLWK�HUURU�DQG
LJQRULQJ�VXFK�HUURUV�FDQ�LQWURGXFH�V\VWHPDWLF�ELDV��:H�VWXG\�KRZ�WR�GHVLJQ�SHUVRQDOL]HG�WUHDWPHQW
SROLFLHV�ZKHQ�VRPH�IHDWXUHV�DUH�ODWHQW�DQG�RQO\�QRLV\�PHDVXUHPHQWV�DUH�DYDLODEOH��:H�DVN�KRZ
SROLFLHV�FDQ�EH�FRQVWUXFWHG�ZKHQ�WKH�&$7(�LV�QRW�LGHQWLILDEOH��DQG�KRZ�XQFHUWDLQW\�IURP
PHDVXUHPHQW�HUURU�FDQ�EH�LQFRUSRUDWHG�LQWR�SROLF\�OHDUQLQJ��:H�SURSRVH�WZR�IUDPHZRUNV�IRU
WUHDWPHQW�SROLF\�GHVLJQ�EDVHG�RQ�SDUWLDO�LGHQWLILFDWLRQ��IRFXVLQJ�RQ�WKH�PHDVXUHPHQW
PHFKDQLVPwWKH�FRQGLWLRQDO�GLVWULEXWLRQ�RI�REVHUYHG�PHDVXUHPHQWV�JLYHQ�XQREVHUYHG�IHDWXUHV��7KH
ILUVW�IUDPHZRUN�EXLOGV�RQ�LGHDV�IURP�SUR[LPDO�FDXVDO�LQIHUHQFH��7KH�VHFRQG�DGRSWV�D�%D\HVLDQ
DSSURDFK��XVLQJ�D�UHSDUDPHWUL]DWLRQ�RI�WKH�OLNHOLKRRG�WR�REWDLQ�WKH�SRVWHULRU�GLVWULEXWLRQ�RI�WKH
SDUDPHWHUV�RI�LQWHUHVW��:H�XVH�GDWD�DXJPHQWDWLRQ�IRU�ODWHQW�YDULDEOHV�DQG�D�*LEEV�VDPSOHU�ZLWK
+DPLOWRQLDQ�0RQWH�&DUOR�XSGDWHV�IRU�PRGHO�SDUDPHWHUV��4XDQWLOHV�RI�WKH�SRVWHULRU�GLVWULEXWLRQ�DUH
XVHG�WR�FRQVWUXFW�ERXQGV�IRU�WKH�&$7(��7UHDWPHQW�SROLFLHV�DUH�WKHQ�GHULYHG�E\�FRPSDULQJ�WKH�QXOO
YDOXH�RI�WKH�&$7(�WR�WKHVH�ERXQGV��7KH�SURSRVHG�PHWKRGV�SURYLGH�D�FRKHUHQW�ZD\�WR�DFFRXQW�IRU
PHDVXUHPHQW�HUURU�DQG�PRGHO�XQFHUWDLQW\�LQ�SHUVRQDOL]HG�WUHDWPHQW�SROLF\�OHDUQLQJ�
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3ROLF\�/HDUQLQJ

2SWLPDO�3OXJ�LQ�7UHDWPHQW�5XOHV�XQGHU�+HWHURJHQHRXV�1HWZRUN�,QWHUIHUHQFH�(OHQD�'DO
7RUULRQH
�(OHQD�'DO�7RUULRQH��/DXUD�)RUDVWLHUH�

7KLV�SDSHU�VWXGLHV�RSWLPDO�WUHDWPHQW�SROLFLHV�XQGHU�KHWHURJHQHRXV�QHWZRUN�LQWHUIHUHQFH��ZKHUH
WUHDWLQJ�GLIIHUHQW�LQGLYLGXDOV�DIIHFWV�ZHOIDUH�GLIIHUHQWO\�WKURXJK�WKHLU�GLUHFW�UHVSRQVH�DQG�LQIOXHQFH
RQ�RWKHUV��,Q�VHWWLQJV�ZLWKRXW�LQWHUIHUHQFH��WKH�ZHOIDUH�PD[LPL]LQJ�SROLF\�WUHDWV�LQGLYLGXDOV�ZLWK
SRVLWLYH�FRQGLWLRQDO�DYHUDJH�WUHDWPHQW�HIIHFWV��8QGHU�LQWHUIHUHQFH��KRZHYHU��LQGLYLGXDO�RXWFRPHV
GHSHQG�RQ�RWKHUVy�WUHDWPHQWV��DQG�VLPSOH�SOXJ�LQ�WUHDWPHQW�UXOHV�DUH�JHQHUDOO\�XQDYDLODEOH�ZLWKRXW
IXUWKHU�DVVXPSWLRQV�RQ�WKH�XQGHUO\LQJ�SRWHQWLDO�RXWFRPH�VWUXFWXUH��:H�ILUVW�GHULYH�JHQHUDO�ILUVW�
RUGHU�RSWLPDOLW\�FRQGLWLRQV�LQ�WHUPV�RI�FRQGLWLRQDO�GLUHFW�HIIHFWV�IRU�XQLWV�ZLWK�JLYHQ�FRYDULDWHV�DQG
FRQGLWLRQDO�LQGLUHFW�HIIHFWV�RQ�RWKHU�XQLWV��8QOLNH�QR�LQWHUIHUHQFH�VHWWLQJV��ZH�VKRZ�WKDW�XQGHU
LQWHUIHUHQFH�RSWLPDO�WUHDWPHQW�UXOHV�PD\�EH�VWRFKDVWLF��DQG�ZH�SURYLGH�VXIILFLHQW�FRQGLWLRQV�IRU
ZKHQ�WKH�RSWLPDO�SROLF\�LV�VWRFKDVWLF�RU�GHWHUPLQLVWLF��1H[W��ZH�SURSRVH�D�TXDGUDWLF�RXWFRPH�PRGHO
WKDW�LQFRUSRUDWHV�SDLUZLVH�WUHDWPHQW�LQWHUDFWLRQV�DQG�QHVWV�VWDQGDUG�OLQHDU�H[SRVXUH�PRGHOV��:H
GHULYH�FRQGLWLRQV�XQGHU�ZKLFK�WKH�RSWLPDO�SROLF\�DGPLWV�D�FORVHG�IRUP�FKDUDFWHUL]DWLRQ�DQG�GLVFXVV
LPSOLFDWLRQV�IRU�SOXJ�LQ�WUHDWPHQW�UXOH�HVWLPDWLRQ��)LQDOO\��ZH�H[WHQG�RXU�DQDO\VLV�WR�ZHOIDUH
PD[LPL]DWLRQ�XQGHU�EXGJHW�FRQVWUDLQWV�DQG�WR�WKH�FRPSOHPHQWDU\�SUREOHP�RI�PLQLPL]LQJ�EXGJHW
VXEMHFW�WR�RXWFRPH�FRQVWUDLQWV�
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3ROLF\�/HDUQLQJ

2II�SROLF\�HYDOXDWLRQ�XVLQJ�GHELDVHG�FDOLEUDWLRQ�-DH�NZDQJ�.LP
�-DH�NZDQJ�.LP��<X\DQJ�/L�
<XPRX�4LX�

2II�SROLF\�HYDOXDWLRQ��23(��HVWLPDWHV�WKH�H[SHFWHG�SHUIRUPDQFH�RI�DQ�HYDOXDWLRQ�SROLF\�XVLQJ�GDWD
FROOHFWHG�XQGHU�D�GLVWLQFW�EHKDYLRU�SROLF\��HQDEOLQJ�SROLF\�DVVHVVPHQW�ZKHQ�GLUHFW�H[SHULPHQWDWLRQ
LV�LQIHDVLEOH��6WDQGDUG�23(�PHWKRGV�W\SLFDOO\�DVVXPH�VWDEOH�FRYDULDWH�GLVWULEXWLRQV�DFURVV
GDWDVHWVwD�FRQGLWLRQ�RIWHQ�YLRODWHG�LQ�SUDFWLFH�GXH�WR�WHPSRUDO�RU�HQYLURQPHQWDO�GDWD�VKLIWV�
7KLV�SDSHU�LQWURGXFHV�D�JHQHUDOL]HG�HQWURS\�FDOLEUDWLRQ��*(&��ZHLJKWLQJ�IUDPHZRUN�WR�LPSURYH�23(
XQGHU�FRYDULDWH�VKLIW��$�VHOI�QRUPDOL]HG�HVWLPDWRU�ZLWK�*(&�ZHLJKWLQJ�LV�ILUVW�GHYHORSHG�IRU
VWDWLRQDU\�VHWWLQJV��DQG�LWV�HIILFLHQF\�DQG�GRXEOH�UREXVWQHVV�SURSHUWLHV�DUH�HVWDEOLVKHG��%XLOGLQJ�RQ
WKLV�IRXQGDWLRQ��D�GRXEO\�ZHLJKWHG�HVWLPDWRU�LV�SURSRVHG�WR�IXUWKHU�FRUUHFW�IRU�VHOHFWLRQ�ELDV
LQGXFHG�E\�FRYDULDWH�VKLIW��XVLQJ�WZR�VHWV�RI�FDOLEUDWLRQ�ZHLJKWV�WR�VHTXHQWLDOO\�DGMXVW�IRU�SROLF\�DQG
FRYDULDWH�GLVFUHSDQFLHV�DFURVV�GDWDVHWV�
7KH�UHVXOWLQJ�PXOWL�FDOLEUDWHG�IUDPHZRUN�DFFRPPRGDWHV�PXOWLSOH�GDWD�WUDQVIHU�PHFKDQLVPV�DQG
DWWDLQV�PXOWLSOH�UREXVWQHVV��([WHQGLQJ�EH\RQG�FRQYHQWLRQDO�GRXEO\�UREXVW�HVWLPDWRUV��WKH�SURSRVHG
PHWKRG�DFKLHYHV�WDEOH�ZLVH�TXDGUDWLF�UREXVWQHVV��HQVXULQJ�FRQVLVWHQF\�ZKHQ�DQ\�RQH�RI�IRXU�PRGHO
FRPELQDWLRQV�LV�FRUUHFWO\�VSHFLILHG��:H�DOVR�SURYLGH�DQ�DOWHUQDWLYH�SURRI�RI�WKH�VHPLSDUDPHWULF
HIILFLHQF\�ERXQG�IRU�23(�XQGHU�FRYDULDWH�VKLIW�DQG�VKRZ�WKDW�WKH�SURSRVHG�HVWLPDWRU�DWWDLQV�WKLV
ERXQG�ZKHQ�DOO�PRGHOV�DUH�FRUUHFWO\�VSHFLILHG�
7KHRUHWLFDO�YDOLGDWLRQ�DQG�QXPHULFDO�VWXGLHV�DUH�SURYLGHG
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3UR[LPDO�&DXVDO�,QIHUHQFH

3UR[LPDO�,QIHUHQFH�IRU�+LGGHQ�2XWFRPHV�+HOHQ�*XR
�+HOHQ�*XR��,O\D�6KSLWVHU��(OL]DEHWK
2JEXUQ�

1RQSDUDPHWULF�SUR[\�YDULDEOH�PHWKRGV�KDYH�HPHUJHG�DV�D�SRZHUIXO�DSSURDFK�IRU�DGGUHVVLQJ�KLGGHQ
YDULDEOHV�LQ�FDXVDO�LQIHUHQFH��2QH�LQIOXHQWLDO�OLQH�RI�WKLV�ZRUN�UHFRYHUV�ODWHQW�IDFWRUV�ZKLFK�FRPSRVH
WKH�WDUJHW�IXQFWLRQDO�YLD�HLJHQGHFRPSRVLWLRQ�WDVNV��:LWKLQ�WKLV�IUDPHZRUN��ZH�LGHQWLI\�WKH�IXOO�ODZ
XQGHU�GLVFUHWH�KLGGHQ�RXWFRPHV�DQG�GHYHORS�LQIOXHQFH�IXQFWLRQvEDVHG�HVWLPDWRUV�IRU�FDXVDO�HIIHFWV�
UHVXOWLQJ�LQ�1H\PDQ�RUWKRJRQDO�HVWLPDWLRQ�ZLWK�GHVLUDEOH�HIILFLHQF\�SURSHUWLHV��$OWKRXJK�PHWKRGV
IRU�KDQGOLQJ�PLVVLQJ�DQG�PLVPHDVXUHG�RXWFRPHV�H[LVW��WKLV�ZRUN�SURYLGHV�ZKDW�ZH�EHOLHYH�WR�EH�WKH
ILUVW�SUR[LPDO�LQIHUHQFH�UHVXOWV�IRU�KLGGHQ�RXWFRPHV��:H�LOOXVWUDWH�RXU�HVWLPDWLRQ�DSSURDFK�WKURXJK
VLPXODWLRQ�VWXGLHV�
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5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

7RZDUG�D�&DXVDO�)UDPHZRUN�IRU�&URVVRYHU�7ULDOV��)URP�(VWLPDQGV�WR�(VWLPDWLRQ�5LFKDUG
/LX
�5LFKDUG�/LX��0DWV�-XOLXV�6WHQVUXG��0LFKHOH�6DQWDFDWWHULQD�

&URVVRYHU�WULDOV�DUH�FRPPRQO\�XVHG�LQ�FOLQLFDO�UHVHDUFK�WR�LPSURYH�HIILFLHQF\�LQ�VPDOO�VDPSOH
VHWWLQJV��DV�HDFK�SDUWLFLSDQW�VHUYHV�DV�WKHLU�RZQ�FRQWURO�DFURVV�WUHDWPHQW�SHULRGV��'HVSLWH�WKHLU
ZLGHVSUHDG�XVH��KRZHYHU��D�SULQFLSOHG�IUDPHZRUN�IRU�GHILQLQJ��LGHQWLI\LQJ��DQG�HVWLPDWLQJ�FDXVDO
HIIHFWV�LQ�WKLV�GHVLJQ�UHPDLQV�ODFNLQJ��,Q�SDUWLFXODU��FDXVDO�HVWLPDQGV�DUH�RIWHQ�SRRUO\�GHILQHG��DQG
WKH�LGHQWLILFDWLRQ�DVVXPSWLRQV�UHTXLUHG�DUH�UDUHO\�PDGH�H[SOLFLW��$V�D�UHVXOW��LW�LV�RIWHQ�XQFOHDU�ZKLFK
HVWLPDQG�LV�EHLQJ�WDUJHWHG�DQG�XQGHU�ZKDW�FRQGLWLRQV�FRPPRQO\�XVHG�HVWLPDWLRQ�SURFHGXUHV
DFKLHYH�HIILFLHQF\�JDLQV�RU�LQWURGXFH�ELDV��$�NH\�H[DPSOH�RI�WKLV�DPELJXLW\�OLHV�LQ�WKH�GHILQLWLRQ�DQG
LGHQWLILFDWLRQ�RI�FDUU\RYHU�HIIHFWV�DQG�ZDVKRXW�SHULRGV��ZKLFK�DUH�LQFRQVLVWHQWO\�KDQGOHG�DFURVV�ERWK
VWXG\�GHVLJQV�DQG�DQDO\WLFDO�DSSURDFKHV��7KLV�PHWKRGRORJLFDO�JDS�KDV�EHHQ�KLJKOLJKWHG�LQ�UHFHQW
)'$�JXLGDQFH�DGYRFDWLQJ�IRU�WKH�XVH�RI�D�IRUPDO�HVWLPDQG�IUDPHZRUN��,Q�WKLV�ZRUN��ZH�OHYHUDJH
WRROV�IURP�FDXVDO�LQIHUHQFH�DQG�PRGHUQ�VWDWLVWLFDO�PHWKRGRORJ\�WR�DGGUHVV�WKHVH�FKDOOHQJHV��:H
SURSRVH�D�VHW�RI�FDXVDO�PRGHOV�WDLORUHG�WR�WKH�FURVVRYHU�GHVLJQ��FODULI\�WKH�FRUUHVSRQGLQJ�FDXVDO
HVWLPDQGV�DQG�WKHLU�LGHQWLILFDWLRQ�DVVXPSWLRQV��DQG�H[DPLQH�ZKHQ�FDQRQLFDO�VWDWLVWLFDO�PHWKRGV
\LHOG�XQELDVHG�DQG�HIILFLHQW�HVWLPDWHV��,Q�DGGLWLRQ��ZH�DOVR�LQWURGXFH�GRXEO\�UREXVW�HVWLPDWRUV�WR
IXUWKHU�HQKDQFH�UREXVWQHVV�ZKLOH�SUHVHUYLQJ�HIILFLHQF\��)XUWKHU��ZH�IRUPDOL]H�WKH�QRWLRQ�DQG�WKH
UROH�RI�FDUU\RYHU�HIIHFWV�
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5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

&RPSRXQG�&DXVDO�6HOHFWLRQ�'HFLVLRQV��$Q�$OPRVW�685(�$SSURDFK�7LPRWK\�6XGLMRQR
�7LPRWK\
6XGLMRQR��-LDIHQJ�&KHQ��/LKXD�/HL��/L\DQJ�6XQ��7LDQ�;LH�

7KLV�SDSHU�SURSRVHV�PHWKRGV�IRU�SURGXFLQJ�VHOHFWLRQ�GHFLVLRQV�LQ�D�*DXVVLDQ�VHTXHQFH�PRGHO��7KHVH
GHFLVLRQV�GLUHFWO\�WDUJHW�WKH�IROORZLQJ�SUREOHP��JLYHQ�XQNQRZQ��IL[HG�SDUDPHWHUV��PXB^��Q`��DQG
NQRZQ��VLJPDB^��Q`��ZLWK�REVHUYDWLRQV��<BL�VLP�WH[WVI^1`�PXBL��VLJPDBLA�����WKH�GHFLVLRQ�PDNHU
ZRXOG�OLNH�WR
VHOHFW�D�VXEVHW�RI�LQGLFHV�6�VR�DV�WR�PD[LPL]H�XWLOLW\��VXPB^LLQ�6`��PXBL�v�.BL���
IRU�VRPH�NQRZQ�FRVWV�.��7KLV�SUREOHP�DSSHDUV�LQ�WKH�PDQDJHPHQW�RI�H[SHULPHQWDWLRQ�SURJUDPV�
ODUJH�FROOHFWLRQV�RI�UHODWHG�$�%�WHVWV�LQ�WKH�RQOLQH�WHFKQRORJ\�LQGXVWU\�ZKHUH�VHOHFWLRQV�DUH�PDGH
EDVHG�RQ�$7(�HVWLPDWHV��,W�DOVR�DSSHDUV�DV�D�VSHFLDO�FDVH�RI�HPSLULFDO�ZHOIDUH�PD[LPL]DWLRQ��ZKHUH
VXESRSXODWLRQV�DUH�VHOHFWHG�RQ�WKH�EDVLV�RI�&$7(�HVWLPDWHV�

,QVSLUHG�E\�6WHLQyV�XQELDVHG�ULVN�HVWLPDWH��685(���ZH�LQWURGXFH�DQ�DOPRVW�XQELDVHG�HVWLPDWRU�
FDOOHG�$6685(��IRU�WKH�H[SHFWHG�XWLOLW\�RI�D�SURSRVHG
GHFLVLRQ�UXOH��$6685(�DOORZV�D�XVHU�WR�FKRRVH�D�ZHOIDUH�PD[LPL]LQJ�UXOH�IURP�D
SUH�VSHFLILHG�FODVV�E\�RSWLPL]LQJ�WKH�HVWLPDWHG�ZHOIDUH��WKHUHE\�SURGXFLQJ�VHOHFWLRQ
GHFLVLRQV�WKDW�ERUURZ�VWUHQJWK�DFURVV�QRLV\�HVWLPDWHV��:H�VKRZ�WKDW�$6685(�SURGXFHV
GHFLVLRQ�UXOHV�WKDW�DUH�DV\PSWRWLFDOO\�QR�ZRUVH�WKDQ�WKH�RSWLPDO�EXW�LQIHDVLEOH�GHFLVLRQ
UXOH�LQ�WKH�SUH�VSHFLILHG�FODVV��:H�DSSO\�$6685(�WR�WKH
VHOHFWLRQ�RI�&HQVXV�WUDFWV�IRU�HFRQRPLF�RSSRUWXQLW\��WKH�LGHQWLILFDWLRQ�RI�GLVFULPLQDWLQJ
ILUPV��DQG�WKH�DQDO\VLV�RI�S�YDOXH�GHFLVLRQ�SURFHGXUHV�LQ�$�%�WHVWLQJ�
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5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

,PSURYLQJ�9DULDQFH�(VWLPDWLRQ�IRU�&RYDULDWH�$GMXVWPHQW�ZLWK�%LQDU\�2XWFRPHV�.DLWO\Q�/HH

.DLWO\Q�/HH��&RXUWQH\�6FKLIIPDQ��$OH[�2FDPSR��0LFKHO�)ULHVHQKDQ��&KULVWLQD�5DEH��0LFKDHO
5RVHQEOXP�

&RYDULDWH�DGMXVWPHQW�LV�D�JHQHUDO�PHWKRG�IRU�LPSURYLQJ�SUHFLVLRQ�ZKHQ�HVWLPDWLQJ�WUHDWPHQW�HIIHFWV
LQ�UDQGRPL]HG�WULDOV�DQG�LV�UHFRPPHQGHG�E\�WKH�)'$�LQ�LWV�UHFHQW�JXLGDQFH�ZKHQ�EDVHOLQH�YDULDEOHV
DUH�SURJQRVWLF�IRU�WKH�SULPDU\�RXWFRPH��:H�IRFXV�RQ�D�PHWKRG�KLJKOLJKWHG�LQ�WKDW�JXLGDQFH�FDOOHG
zVWDQGDUGL]DWLRQ{��RU�zJ�FRPSXWDWLRQ{��IRU�HVWLPDWLQJ�WKH�PDUJLQDO�WUHDWPHQW�HIIHFW��:H�DGGUHVV�WKH
TXHVWLRQ�RI�KRZ�WR�UHOLDEO\�HVWLPDWH�YDULDQFH�IRU�ELQDU\�RXWFRPHV�ZKHQ�PDUJLQDO�RXWFRPH
SUREDELOLWLHV�DUH�FORVH�WR���RU����:H�SURSRVH�DQ�LQIOXHQFH�IXQFWLRQ�EDVHG�OHDYH�RQH�RXW�FURVV�
YDOLGDWHG��/22�&9��YDULDQFH�HVWLPDWRU�IRU�WKH�VWDQGDUGL]HG�GLIIHUHQFH�LQ�PHDQV�DYHUDJH�WUHDWPHQW
HIIHFW��7KURXJK�VLPXODWLRQ�VWXGLHV��ZH�VKRZ�WKDW�WKLV�HVWLPDWRU�SURYLGHV�DSSURSULDWH�W\SH�,�HUURU
FRQWURO�DQG�SHUIRUPV�UHOLDEO\�LQ�FKDOOHQJLQJ�VHWWLQJV�ZKHUH�H[LVWLQJ�PHWKRGV�FDQ�\LHOG�LQIODWHG�W\SH�,
HUURU�RU�IDLO�HQWLUHO\��VXFK�DV�ZKHQ�RXWFRPH�HYHQWV�DUH�UDUH�RU�VDPSOH�VL]HV�DUH�VPDOO��,Q�DGGLWLRQ�WR
KDYLQJ�GHVLUDEOH�VWDWLVWLFDO�SURSHUWLHV��ZH�GHULYH�D�FORVHG�IRUP�H[SUHVVLRQ�IRU�WKH�SURSRVHG
HVWLPDWRU��HQDEOLQJ�VWUDLJKWIRUZDUG�DQG�UHOLDEOH�LPSOHPHQWDWLRQ�E\�VWXG\�VWDWLVWLFLDQV��7KH�UREXVW
ILQLWH�VDPSOH�SHUIRUPDQFH�DQG�HDVH�RI�LPSOHPHQWDWLRQ�VXJJHVW�WKH�/22�&9�YDULDQFH�HVWLPDWRU�LV�D
SUXGHQW�GHIDXOW�FKRLFH�IRU�VWDQGDUGL]DWLRQ�LQ�FOLQLFDO�WULDOV�
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5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

'HVLJQ�$ZDUH�9DULDQFH�5HGXFWLRQ�IRU�6ZLWFKEDFN�([SHULPHQWV��$�&RPSDUDWLYH�6WXG\�6HUJHL
3DQNUDWHY
�6HUJHL�3DQNUDWHY�

6ZLWFKEDFN�H[SHULPHQWV�DQG�RWKHU�FOXVWHUHG�UDQGRPL]HG�GHVLJQV�DUH�ZLGHO\�XVHG�RQ�RQOLQH
SODWIRUPV��EXW�WKH�FOXVWHUHG��WLPH�GHSHQGHQW�QDWXUH�RI�WKHVH�GHVLJQV�FDQ�PDNH�VWDQGDUG�YDULDQFH
UHGXFWLRQ�PHWKRGV�EHKDYH�GLIIHUHQWO\�WKDQ�LQ�VWDQGDUG�$�%�WHVWV��:H�HYDOXDWH�GHVLJQ�DZDUH�YDULDQFH
UHGXFWLRQ�PHWKRGV�IRU�VZLWFKEDFNVw&83('��&83$&��0/�EDVHG�FRYDULDWH�DGMXVWPHQW���DQG�GRXEO\
UREXVW��'5��HVWLPDWRUVwUHODWLYH�WR�D�EDVHOLQH�VZLWFKEDFN�DQDO\VLV�ZLWK�FOXVWHU�UREXVW�VWDQGDUG
HUURUV��7KURXJK�D�KLHUDUFKLFDO�VLPXODWLRQ�IUDPHZRUN�WKDW�YDULHV�NH\�UHJLPH�SDUDPHWHUVwQXPEHU�RI
FOXVWHUV��FOXVWHU�VL]H�LPEDODQFH��ZLWKLQ�FOXVWHU�DXWRFRUUHODWLRQ��FDUU\RYHU��DQG�SUHGLFWLYH�VLJQDO
VWUHQJWKwZH�HYDOXDWH�YDOLGLW\��IDOVH�SRVLWLYH�UDWH�DQG�FRQILGHQFH�LQWHUYDO�FRYHUDJH��DQG�HIILFLHQF\
�VWDQGDUG�HUURU�UHGXFWLRQ��SRZHU��DQG�PLQLPXP�GHWHFWDEOH�HIIHFW�DV�D�IXQFWLRQ�RI�UXQ�OHQJWK���:H
DOVR�LQFOXGH�D�VHQVLWLYLW\�DQDO\VLV�IRU�FURVV�FOXVWHU�VSLOORYHUV�WR�TXDQWLI\�ELDV�DQG�LQIHUHQFH
GHJUDGDWLRQ�XQGHU�PLOG�LQWHUIHUHQFH��7KH�SULPDU\�RXWFRPH�LV�D�SUDFWLWLRQHU�RULHQWHG�UHJLPH�PDS�
ZKHQ�&83('��&83$&��RU�'5�DUH�PRVW�EHQHILFLDO��DQG�ZKHQ�WLPH�DQG�FOXVWHU�GHSHQGHQFH�DQG�ILQLWH�
FOXVWHU�HIIHFWV�OLPLW�LPSURYHPHQWV�
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5DQGRPL]HG�'HVLJQV�DQG�$QDO\VHV

/HDUQLQJ�7UHDWPHQW�(IIHFWV�ZKLOH�7UHDWLQJ�XQGHU�3ULRULW\�4XHXHV�-RKQQD�6XQGEHUJ
�-XQJ+R
/HH��-RKQQD�6XQGEHUJ��%U\DQ�:LOGHU�

$�UHFXUULQJ�FKDOOHQJH�LQ�VRFLDO�SURJUDPV�LV�DOORFDWLQJ�VFDUFH�UHVRXUFHV��VXFK�DV�KRXVLQJ�DVVLVWDQFH�
XQGHU�XQFHUWDLQW\�DERXW�WKH�SURJUDPyV�EHQHILWV��,Q�SUDFWLFH��UHVRXUFHV�DUH�RIWHQ�SULRULWL]HG�WRZDUG
LQGLYLGXDOV�MXGJHG�WR�KDYH�KLJKHU�QHHG��DQG�DSSOLFDQWV�DUH�FRPPRQO\�ILUVW�FDWHJRUL]HG�LQWR�SULRULW\
WLHUV�UDWKHU�WKDQ�UDQGRPL]HG�RXWULJKW��0RWLYDWHG�E\�WKLV��ZH�LQWURGXFH�DQ�H[SHULPHQWDO�GHVLJQ�WKDW
UDQGRPL]HV�LQFRPLQJ�DSSOLFDQWV�LQWR�SULRULW\�TXHXHV�XVLQJ�DVVLJQPHQW�SUREDELOLWLHV�EDVHG�RQ�WKHLU
ULVN�VFRUHV��ZLWKLQ�HDFK�TXHXH��WUHDWPHQW�RIIHUV�DUH�PDGH�LQ�SULRULW\�RUGHU�DQG�WKHQ�ILUVW�LQ�ILUVW�RXW
DV�EXGJHW�EHFRPHV�DYDLODEOH��:H�IRUPXODWH�WKH�FKRLFH�RI�TXHXH�DVVLJQPHQW�SUREDELOLWLHV�DV�D�FRQYH[
RSWLPL]DWLRQ�SUREOHP�IRU�HIILFLHQW�HVWLPDWLRQ�RI�WKH�DYHUDJH�WUHDWPHQW�HIIHFW�DQG�SULRULW\�EDVHG�ORFDO
HIIHFWV�XQGHU�QRQFRPSOLDQFH��IRUPDOL]LQJ�WKH�WUDGH�RII�EHWZHHQ�PRUH�FRQVHUYDWLYH�LGHQWLILFDWLRQ
DVVXPSWLRQV�DQG�DFKLHYDEOH�VWDWLVWLFDO�SRZHU��7KH�IUDPHZRUN�ZLOO�EH�GHSOR\HG�ZLWK�WKH�$OOHJKHQ\
&RXQW\�'HSDUWPHQW�RI�+XPDQ�6HUYLFHV�LQ�3LWWVEXUJK��3HQQV\OYDQLD��WR�SURYLGH�KRXVLQJ�DVVLVWDQFH�WR
SHRSOH�H[SHULHQFLQJ�KRPHOHVVQHVV�
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5HJUHVVLRQ�'LVFRQWLQXLW\�'HVLJQV

'LVWULEXWLRQDO�'LVFRQWLQXLW\�'HVLJQ�.\OH�6FKLQGO
�.\OH�6FKLQGO��/DUU\�:DVVHUPDQ�

:H�LQWURGXFH�GLVWULEXWLRQDO�GLVFRQWLQXLW\�GHVLJQ��D�IUDPHZRUN�IRU�VWXG\LQJ�GLVWULEXWLRQDO�FDXVDO
HIIHFWV�IRU�D�VFDODU�RXWFRPH�DW�WKH�ERXQGDU\�RI�D�GLVFRQWLQXLW\�LQ�WUHDWPHQW�DVVLJQPHQW��D
JHQHUDOL]DWLRQ�RI�WKH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ���2XU�FDXVDO�HVWLPDQG�LV�WKH�:DVVHUVWHLQ
GLVWDQFH�EHWZHHQ�OLPLWLQJ�FRQGLWLRQDO�RXWFRPH�GLVWULEXWLRQV�DERYH�DQG�EHORZ�WKH�WUHDWPHQW
GLVFRQWLQXLW\��D�VLQJOH�VFDOH�LQWHUSUHWDEOH�PHDVXUH�RI�GLVWULEXWLRQ�VKLIW��:H�VKRZ�WKDW�WKLV�ZHDNO\
ERXQGV�WKH�DYHUDJH�WUHDWPHQW�HIIHFW��ZKHUH�HTXDOLW\�KROGV�LI�DQG�RQO\�LI�WKH�WUHDWPHQW�HIIHFW�LV
SXUHO\�DGGLWLYH��0RUHRYHU��ZH�VKRZ�WKDW�WKH�:DVVHUVWHLQ�GLVWDQFH�FDQ�EH�GHFRPSRVHG�LQWR�VTXDUHG
GLIIHUHQFHV�LQ�/�PRPHQWV��WKHUHE\�TXDQWLI\LQJ�WKH�FRQWULEXWLRQ�IURP�ORFDWLRQ��VFDOH��VNHZQHVV��HWF�
WR�WKH�RYHUDOO�GLVWULEXWLRQDO�GLVWDQFH��7KLV�GHFRPSRVLWLRQ�SURYLGHV�D�QRYHO�ZD\�RI�HQFRGLQJ�WKH
KHWHURJHQHLW\�LQ�WKH�WUHDWPHQW�HIIHFW��1H[W��ZH�H[WHQG�WKLV�IUDPHZRUN�WR�GLVWULEXWLRQDO�NLQN�GHVLJQV
E\�HYDOXDWLQJ�WKH�:DVVHUVWHLQ�GHULYDWLYH�DW�D�GHWHUPLQLVWLF�SROLF\�NLQN��WKLV�GHVFULEHV�WKH�IORZ�RI
SUREDELOLW\�PDVV�WKURXJK�WKH�NLQN��,Q�ERWK�VHWWLQJV��ZH�DOORZ�WKH�WUHDWPHQW�DVVLJQPHQW�WR�EH�HLWKHU
VKDUS�RU�IX]]\��)LQDOO\��ZH�DSSO\�RXU�PHWKRG�RQ�UHDO�GDWD�E\�UH�DQDO\]LQJ�VHYHUDO�QDWXUDO
H[SHULPHQWV�WR�FRPSDUH�RXU�GLVWULEXWLRQDO�HIIHFWV�WR�WUDGLWLRQDO�FDXVDO�HVWLPDQGV�
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5HJUHVVLRQ�'LVFRQWLQXLW\�'HVLJQV

%D\HVLDQ�,QIHUHQFH�LQ�/RQJLWXGLQDO�5HJUHVVLRQ�'LVFRQWLQXLW\�'HVLJQV�/DXUD�)RUDVWLHUH

$OHVVDQGUD�0DWWHL��/DXUD�)RUDVWLHUH��)DEUL]LD�0HDOOL�

:H�VWXG\�ORQJLWXGLQDO�UHJUHVVLRQ�GLVFRQWLQXLW\��5'��GHVLJQV�LQ�ZKLFK�WUHDWPHQW�LV�G\QDPLFDOO\
DVVLJQHG�RYHU�WLPH�WKURXJK�D�VHTXHQFH�RI�FXWRII�UXOHV��:H�IRFXV�RQ�D�WZR�SHULRG�VHWWLQJ�DOORZLQJ�WKH
IRUFLQJ�YDULDEOH�LQ�WKH�ILUVW�SHULRG�WR�DIIHFW�WKH�IRUFLQJ�YDULDEOH�LQ�WKH�VHFRQG�SHULRG��:LWKLQ�WKH
SRWHQWLDO�RXWFRPHV�IUDPHZRUN��ZH�IRUPDOO\�FKDUDFWHUL]H�ORQJLWXGLQDO�5'�GHVLJQV�DV�ORFDO
VHTXHQWLDOO\�ODWHQW�UHJXODU�GHVLJQV��:H�GHILQH�FDXVDO�HVWLPDQGV�WKDW�FDSWXUH�WKH�HIIHFWV�RI�WUHDWPHQW
VHTXHQFHV�IRU�ZHOO�GHILQHG��WKRXJK�JHQHUDOO\�XQREVHUYHG��VXESRSXODWLRQV�ZKHUH�ORFDO�RYHUODS
FRQGLWLRQV�DQG�ORFDO�YHUVLRQV�RI�6879$�KROG��,QIHUHQFH�UHOLHV�RQ�ORFDO�ORQJLWXGLQDO
XQFRQIRXQGHGQHVV��LPSRVLQJ�FRQGLWLRQDO�LQGHSHQGHQFH�EHWZHHQ�SRWHQWLDO�RXWFRPHV�IRU�WKH�PDLQ
RXWFRPH�DQG��D��WKH�ILUVW�SHULRG�IRUFLQJ�YDULDEOH��DQG��E��WKH�SRWHQWLDO�RXWFRPHV�RI�WKH�VHFRQG�SHULRG
IRUFLQJ�YDULDEOH��7R�LGHQWLI\�WKH�VXESRSXODWLRQV�IRU�ZKLFK�YDOLG�FDXVDO�LQIHUHQFH�LV�SRVVLEOH��ZH
H[WHQG�WKH�%D\HVLDQ�PRGHO�EDVHG�ILQLWH�PL[WXUH�DSSURDFK�SURSRVHG�E\�)RUDVWLHUH�HW�DO���$2$6�������
WR�WKH�ORQJLWXGLQDO�VHWWLQJ��SUREDELOLVWLFDOO\�FOXVWHULQJ�REVHUYDWLRQV�LQWR�VXESRSXODWLRQV�LQ�ZKLFK�WKH
UHTXLUHG�DVVXPSWLRQV�DUH�PRUH�RU�OHVV�OLNHO\�WR�KROG��EDVHG�RQ�WKHLU�REVHUYDEOH�LPSOLFDWLRQV��:H
WKHQ�GHULYH�SRVWHULRU�GLVWULEXWLRQV�RI�WKH�WDUJHW�FDXVDO�HIIHFWV�E\�PDUJLQDOL]LQJ�RYHU�XQFHUWDLQW\�LQ
VXESRSXODWLRQ�PHPEHUVKLS��:H�DSSO\�WKH�SURSRVHG�PHWKRGRORJ\�WR�WKH�HYDOXDWLRQ�RI�,WDOLDQ
XQLYHUVLW\�VWXGHQW�DLG�SROLFLHV�RQ�DFDGHPLF�RXWFRPH�
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6HQVLWLYLW\�$QDO\VLV

2Q�WKH�UROH�RI�WKH�3RWHQWLDO�2XWFRPH�$VVRFLDWLRQ�6WUXFWXUH�IRU�3ULQFLSDO�&DXVDO�(IIHFWV
$ULDQQD�1XWL
�$ULDQQD�1XWL��$OHVVDQGUD�0DWWHL��%MRHUQ�%RUQNDPS��7LDQPHQJ�/\X�

,Q�FOLQLFDO�WULDOV��VXEJURXS�DQDO\VHV�EDVHG�RQ�ELRPDUNHUV�WKDW�PD\�OLH�RQ�WKH�FDXVDO�SDWKZD\
EHWZHHQ�WUHDWPHQW�DQG�RXWFRPH�FDQ�SURYLGH�YDOXDEOH�FOLQLFDO�LQVLJKW��$VVHVVLQJ�FDXVDO�HIIHFWV
DPRQJ�SDWLHQWV�ZKR�UHVSRQG�WR�WUHDWPHQW�DFFRUGLQJ�WR�WKHLU�ELRPDUNHU�OHYHOV��QDPHO\�WKRVH�ZLWK�D
VXIILFLHQW�ELRPDUNHU�UHGXFWLRQ��PD\�KHOS�SK\VLFLDQV�WDLORU�WKHUDS\�HDUO\�DIWHU�WUHDWPHQW�LQLWLDWLRQ�
:H�IRUPDOL]H�WKLV�UHVHDUFK�TXHVWLRQ�XVLQJ�WKH�SULQFLSDO�VWUDWLILFDWLRQ�IUDPHZRUN��UHFRJQL]HG�LQ�WKH
,&+�(��5���DGGHQGXP�DV�DQ�HVWLPDQG�VWUDWHJ\�IRU�DGGUHVVLQJ�SRVW�WUHDWPHQW�YDULDEOHV��:LWKLQ�WKLV
IUDPHZRUN��WKH�WDUJHW�FDXVDO�HVWLPDQG�LV�WKH�SULQFLSDO�DYHUDJH�FDXVDO�HIIHFW�IRU�WKH�SULQFLSDO
VWUDWXP�RI�UHVSRQGHUV��GHILQHG�DV�SDWLHQWV�ZKRVH�ELRPDUNHU�YDOXH�XQGHU�WUHDWPHQW�ZRXOG�IDOO�EHORZ
D�SUH�VSHFLILHG�WKUHVKROG��:H�LQYHVWLJDWH�KRZ�WKLV�SULQFLSDO�FDXVDO�HIIHFW�GHSHQGV�RQ�WKH�DVVRFLDWLRQ
VWUXFWXUH�EHWZHHQ�WKH�SRWHQWLDO�RXWFRPHV�IRU�WKH�ELRPDUNHU�DQG�WKH�SULPDU\�HQGSRLQW�$VVXPLQJ�D
PXOWLYDULDWH�QRUPDO�MRLQW�GLVWULEXWLRQ�RI�DOO�SRWHQWLDO�RXWFRPHV��ZH�H[SOLFLWO\�H[SUHVV�WKH�FDXVDO
HIIHFW�DV�D�IXQFWLRQ�RI�WKH�DVVRFLDWLRQ�SDUDPHWHUV��:H�GHULYH�D�FORVHG�IRUP�IRUPXOD��VKRZLQJ�WKH
VHQVLWLYLW\�WR�QRQ�LGHQWLILDEOH�DVVRFLDWLRQ�SDUDPHWHUV��2XU�UHVXOWV�SURYLGH�LQVLJKWV�LQWR�WKH�UROH�RI�WKH
DVVRFLDWLRQ�SDUDPHWHUV�DQG�KLJKOLJKW�KRZ�FDXVDO�FRQFOXVLRQV�PD\�GHSHQG�RQ�DVVXPSWLRQV�DERXW
WKHP��7KHVH�ILQGLQJV�PD\�EH�LQIRUPDWLYH�HYHQ�EH\RQG�WKH�QRUPDO�VHWWLQJ�WR�DVVHVV�WKH�SODXVLELOLW\�RI
WKLV�W\SH�RI�DVVXPSWLRQV�
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&DXVDO�(IIHFWV�RI�0RGLILHG�7UHDWPHQW�3ROLFLHV�XQGHU�/LPLWHG�2YHUODS��$�3DUWLDO
,GHQWLILFDWLRQ�$SSURDFK�7DHK\HRQ�.RR
�7DHK\HRQ�.RR��.DUD�5XGROSK��&DOHE�0LOHV�

0RGLILHG�WUHDWPHQW�SROLFLHV��073V��GHILQH�FDXVDO�HIIHFWV�RI�LQWHUYHQWLRQV�RQ�FRQWLQXRXV�RU
PXOWLYDULDWH�WUHDWPHQWV�E\�PDSSLQJ�REVHUYHG�H[SRVXUHV�WR�FRXQWHUIDFWXDO�YDOXHV��,GHQWLILFDWLRQ�RI
073�HIIHFWV�W\SLFDOO\�UHOLHV�RQ�SRVLWLYLW\�DVVXPSWLRQV�WKDW�DUH�IUHTXHQWO\�YLRODWHG�LQ�SUDFWLFH�
SDUWLFXODUO\�LQ�VHWWLQJV�ZLWK�KLJK�GLPHQVLRQDO�RU�KLJKO\�FRUUHODWHG�WUHDWPHQWV��:H�SURSRVH�D�SDUWLDO
LGHQWLILFDWLRQ�IUDPHZRUN�IRU�FDXVDO�HIIHFWV�RI�PRGLILHG�WUHDWPHQW�SROLFLHV�XQGHU�OLPLWHG�RYHUODS��2XU
DSSURDFK�GHFRPSRVHV�WKH�WDUJHW�HVWLPDQG�LQWR�D�SRLQW�LGHQWLILHG�FRPSRQHQW�RYHU�UHJLRQV�ZKHUH
RYHUODS�KROGV�DQG�D�QRQ�LGHQWLILDEOH�FRPSRQHQW�DULVLQJ�IURP�H[WUDSRODWLRQ�EH\RQG�WKHVH�UHJLRQV��)RU
WKH�ODWWHU��ZH�GHULYH�SDUWLDO�LGHQWLILFDWLRQ�ERXQGV�XQGHU�WKH�DVVXPSWLRQ�RI�/LSVFKLW]�FRQWLQXLW\�RQ
WKH�FRQGLWLRQDO�PHDQ�RI�SRWHQWLDO�RXWFRPHV��H[WHQGLQJ�VPRRWKQHVV�EDVHG�LGHQWLILFDWLRQ�PHWKRGV�WR
PXOWLYDULDWH�FRQWLQXRXV�WUHDWPHQWV��:H�VKRZ�WKDW�WKH�OHQJWK�RI�WKHVH�ERXQGV�LV�PLQLPL]HG�E\
SURMHFWLQJ�FRXQWHUIDFWXDO�WUHDWPHQWvFRYDULDWH�YDOXHV�RQWR�WKH�RYHUODS�UHJLRQ�DQG�LQWURGXFH�D
UHJXODUL]HG�SURMHFWLRQ�RSHUDWRU�WR�DGGUHVV�WKH�QRQ�UHJXODULW\�LQGXFHG�E\�KDUG�SURMHFWLRQV��:H
GHYHORS�HIILFLHQW�LQIOXHQFH�IXQFWLRQvEDVHG�HVWLPDWRUV�IRU�WKH�UHVXOWLQJ�ERXQGV��HVWDEOLVK�WKHLU
DV\PSWRWLF�QRUPDOLW\��DQG�FRQVWUXFW�YDOLG�FRQILGHQFH�LQWHUYDOV�IRU�SDUWLDOO\�LGHQWLILHG�FDXVDO�HIIHFWV�
6LPXODWLRQ�VWXGLHV�GHPRQVWUDWH�IDYRUDEOH�ILQLWH�VDPSOH�SHUIRUPDQFH��DQG�DQ�DSSOLFDWLRQ�WR�SHVWLFLGH
GDWD�IURP�WKH�&+$0$&26�FRKRUW�
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%RXQGLQJ�FDXVDO�HIIHFWV�ZLWK�DQ�XQNQRZQ�PL[WXUH�RI�LQIRUPDWLYH�DQG�QRQ�LQIRUPDWLYH
PLVVLQJQHVV�0D[�5XELQVWHLQ
�0D[�5XELQVWHLQ��'HQLV�$JQLHO��/DUU\�+DQ��0DUFHOD�+RUYLW]�/HQQRQ�

,Q�H[SHULPHQWDO�DQG�REVHUYDWLRQDO�GDWD�VHWWLQJV��UHVHDUFKHUV�RIWHQ�KDYH�OLPLWHG�NQRZOHGJH�RI�WKH
UHDVRQV�IRU�PLVVLQJ�RXWFRPHV��7R�DGGUHVV�WKLV�XQFHUWDLQW\��ZH�SURSRVH�ERXQGV�RQ�FDXVDO�HIIHFWV�IRU
PLVVLQJ�RXWFRPHV��DFFRPPRGDWLQJ�WKH�VFHQDULR�ZKHUH�PLVVLQJQHVV�LV�DQ�XQREVHUYHG�PL[WXUH�RI
LQIRUPDWLYH�DQG�QRQ�LQIRUPDWLYH�FRPSRQHQWV��:LWKLQ�WKLV�PL[HG�PLVVLQJQHVV�IUDPHZRUN��ZH�H[SORUH
VHYHUDO�DVVXPSWLRQV�WR�GHULYH�ERXQGV�RQ�FDXVDO�HIIHFWV��LQFOXGLQJ�ERXQGV�H[SUHVVHG�DV�D�IXQFWLRQ�RI
XVHU�VSHFLILHG�VHQVLWLYLW\�SDUDPHWHUV��:H�GHYHORS�LQIOXHQFH�IXQFWLRQ�EDVHG�HVWLPDWRUV�RI�WKHVH
ERXQGV�WR�HQDEOH�IOH[LEOH��QRQ�SDUDPHWULF��DQG�PDFKLQH�OHDUQLQJ�EDVHG�HVWLPDWLRQ��DFKLHYLQJ�URRW�
�Q��FRQYHUJHQFH�UDWHV�DQG�DV\PSWRWLF�QRUPDOLW\�XQGHU�UHODWLYHO\�PLOG�FRQGLWLRQV��:H�IXUWKHU
FRQVLGHU�WKH�LGHQWLILFDWLRQ�DQG�HVWLPDWLRQ�RI�ERXQGV�IRU�RWKHU�FDXVDO�TXDQWLWLHV�WKDW�UHPDLQ
PHDQLQJIXO�ZKHQ�LQIRUPDWLYH�PLVVLQJQHVV�UHIOHFWV�D�FRPSHWLQJ�RXWFRPH��VXFK�DV�GHDWK��:H�FRQGXFW
VLPXODWLRQ�VWXGLHV�DQG�LOOXVWUDWH�RXU�PHWKRGRORJ\�ZLWK�D�VWXG\�RQ�WKH�FDXVDO�HIIHFW�RI�DQWLSV\FKRWLF
GUXJV�RQ�GLDEHWHV�ULVN�XVLQJ�D�KHDOWK�LQVXUDQFH�GDWDVHW�
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6HQVLWLYLW\�$QDO\VLV�IRU�WKH�$WWULEXWDEOH�)UDFWLRQ�LQ�6WUDWLILHG�2EVHUYDWLRQDO�6WXGLHV�=KRQJ
=KHQJ
�=KRQJ�=KHQJ��,ULV�+RUQJ��'\ODQ�6PDOO�

7KH�DWWULEXWDEOH�IUDFWLRQ�PHDVXUHV�WKH�SURSRUWLRQ�RI�REVHUYHG�RXWFRPHV�WKDW�FDQ�EH�FDXVDOO\
DWWULEXWHG�WR�DQ�H[SRVXUH��,Q�VWUDWLILHG�REVHUYDWLRQDO�VWXGLHV��VXFK�TXDQWLWLHV�DUH�RIWHQ�HVWLPDWHG
IURP�FROOHFWLRQV�RI��c��WDEOHV�WKDW�DGMXVW�IRU�PHDVXUHG�FRYDULDWHV�WKURXJK�VWUDWLILFDWLRQ��%HFDXVH
WUHDWPHQW�DVVLJQPHQW�LV�QRW�UDQGRPL]HG��LQIHUHQFH�GHSHQGV�RQ�WKH�DVVXPSWLRQ�RI�QR�XQPHDVXUHG
FRQIRXQGLQJ��:H�GHYHORS�D�VHQVLWLYLW\�DQDO\VLV�IRU�DWWULEXWDEOH�IUDFWLRQV�LQ�VWUDWLILHG�REVHUYDWLRQDO
VWXGLHV��([LVWLQJ�VHQVLWLYLW\�PHWKRGV�IRU�VWUDWLILHG�GHVLJQV�DUH�W\SLFDOO\�EDVHG�RQ�0DQWHOv+DHQV]HO�RU
FKL�VTXDUHG�VWDWLVWLFV�DQG�DUH�QRW�ZHOO�VXLWHG�IRU�DWWULEXWDEOH�HIIHFWV��ZKLFK�DUH�QRQOLQHDU�IXQFWLRQDOV
RI�VWUDWXP�VSHFLILF�ULVNV�DQG�H[SRVXUH�SUHYDOHQFHV��2XU�DSSURDFK�HYDOXDWHV�WKH�ZRUVW�FDVH
GHSDUWXUH�IURP�WKH�QXOO�ZLWKLQ�D�VHQVLWLYLW\�PRGHO�WKDW�ERXQGV�WUHDWPHQW�RGGV�DFURVV�LQGLYLGXDOV�
7KH�SURFHGXUH�FDQ�EH�IRUPXODWHG�DV�DQ�RSWLPL]DWLRQ�SUREOHP�LQYROYLQJ�WKH�FRQGLWLRQDO�PHDQ�DQG
YDULDQFH�RI�D�VWUDWLILHG�WHVW�VWDWLVWLF��:H�GHULYH�FRPSXWDWLRQDO�PHWKRGV�WR�HYDOXDWH�WKH�REMHFWLYH
HIILFLHQWO\�XQGHU�WKH�FRQGLWLRQDO�UDQGRPL]DWLRQ�GLVWULEXWLRQ�DQG�SURYLGH�DOJRULWKPV�WKDW�VFDOH�WR
PDQ\�VWUDWD�
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3VHXGR�5,5�IRU�,QWHUSUHWLQJ�/RZ�3RZHU�3UH�7UHQG�7HVWV�LQ�'LIIHUHQFH�LQ�'LIIHUHQFH
(VWLPDWRU�;XHVHQ�&KHQJ
�;XHVHQ�&KHQJ�

'LIIHUHQFH�LQ�GLIIHUHQFH��'L'��HVWLPDWRUV�RIWHQ�FKHFN�LGHQWLI\LQJ�DVVXPSWLRQV�E\�WHVWLQJ�IRU�zSUH�
WUHQGV�{�$�FRPPRQ�H[DPSOH�LV�DQ�HYHQW�VWXG\�VSHFLILFDWLRQ��ZKHUH�UHVHDUFKHUV�WHVW�ZKHWKHU�OHDG
FRHIILFLHQWV�DUH�MRLQWO\�]HUR��+RZHYHU��VWDQGDUG�SUH�WUHQG�WHVWV�FDQ�KDYH�ORZ�SRZHU��DQG
FRQGLWLRQLQJ�RQ�zSDVVLQJ{�D�SUHWHVW�FDQ�OHDG�WR�PLVOHDGLQJ�UHDVVXUDQFH�DQG�GLVWRUWHG�LQIHUHQFH�
7KLV�SDSHU�SURSRVHV�3VHXGR�5,5�WR�PDNH�D�zSDVVHG{�SUH�WUHQG�WHVW�PRUH�LQWHUSUHWDEOH��7KH�LGHD
EXLOGV�RQ�5REXVWQHVV�RI�DQ�,QIHUHQFH�WR�5HSODFHPHQW��5,5���:KHQ�D�SUH�WUHQG�WHVW�GRHV�QRW�UHMHFW�
3VHXGR�5,5�TXDQWLILHV�KRZ�ODUJH�D�IUDFWLRQ�RI�WKH�SUH�WUHDWPHQW�WUHDWHG�REVHUYDWLRQV�ZRXOG�QHHG�WR
EH�LQFUHDVHG�E\�WKH�WKUHVKROG�DPRXQW�IRU�WKH�SDUDOOHO�WUHQGV�WHVW�WR�EHFRPH�VLJQLILFDQW��IDLO�WR�SDVV��
7KLV�FRQYHUWV�QRQUHMHFWLRQ�LQWR�D�FRQFUHWH�UREXVWQHVV�VWDWHPHQW��z+RZ�IUDJLOH�LV�WKH�DEVHQFH�RI
GHWHFWHG�SUH�WUHQGV"{
7KH�VWXG\�WKHQ�VKRZVwXVLQJ�EURDG�VLPXODWLRQ�HYLGHQFH�DFURVV�UHDOLVWLF�'L'�VHWWLQJVwKRZ�3VHXGR�
5,5�PDSV�LQWR�WKH�SRZHU�RI�FRPPRQ�SUH�WUHQG�WHVWV�XQGHU�VHULDO�FRUUHODWLRQ��OLPLWHG�SUH�SHULRGV�
FOXVWHULQJ��DQG�GLIIHUHQW�IRUPV�RI�WUHQG�YLRODWLRQV��7KH�SDSHU�RIIHUV�D�V\VWHPDWLF�VHQVLWLYLW\�DQDO\VLV
SODQ���L��UHSRUW�3VHXGR�5,5�ZKHQHYHU�SUH�WUHQG�WHVWV�zSDVVHG{���LL��ZKHQ�3VHXGR�5,5�LQGLFDWHV
PHDQLQJIXO�ULVN��FRPSOHPHQW�ZLWK�SDUWLDO�LGHQWLILFDWLRQ�VW\OH�VHQVLWLYLW\�DQDO\VLV�XQGHU�ERXQGHG
WUHQG�GHYLDWLRQV��OLNH�+RQHVW�'L'���DQG��LLL��VXPPDUL]H�UREXVWQHVV�IRU�WKH�PDLQ�HVWLPDWLRQ�HIIHFW
ZLWK�DQ�5,5�VW\OH�LQGH[


