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$&.12:/('*(0(176

, DP LQGHEWHG WR DOO WKH PDQ\ SHRSOH ZKR PDGH WKLV JUDGXDWH ZRUN SRVVLEOH� DQG

HYHU\RQH�ZKR�PDGH�OLIH�GHOLJKWIXO�ZKLOH�,�GLG�LW�

)LUVW , WKDQN P\ IDPLO\� ZLWKRXW ZKRVH VXSSRUW , ZRXOG QRW KDYH EHHQ DEOH WR SXUVXH

�PXFK OHVV DFKLHYH� D 3K'� ,¶P JUDWHIXO WR P\ GDG )DUDQ IRU WHDFKLQJ PH VNHSWLFLVP� FDQGRU�

DQG FXULRVLW\ DERXW DOO WKH ZRUOG¶V FULWWHUV� 0\ PRP 0DUJXHULWH WDXJKW PH KRZ WR UHDG� DQG PRUH

LPSRUWDQWO\ KRZ WR ORYH GRLQJ LW� %\ ZDWFKLQJ KHU H[DPSOH , OHDUQHG WKH PRVW LPSRUWDQW YLUWXHV

WKDW SXVKHG PH WKURXJK WZHQW\�WZR \HDUV RI VFKRROLQJ� GLVFLSOLQH� VDFULILFH� DQG ORYH� $QG RI

FRXUVH P\ VLEOLQJV +HOHQ� 7KRPDV� DQG 5DFKHO SOD\HG D KXJH UROH LQ UDLVLQJ PH LQWR WKH SHUVRQ

, DP WRGD\� $PRQJ FRXQWOHVV RWKHU WKLQJV� , WKDQN WKHP IRU PRGHOLQJ VXFFHVV� EOD]LQJ D SDWK

WKURXJK DQ RWKHUZLVH ZLOG FKLOGKRRG DQG OHWWLQJ PH WDJ DORQJ WR UHDG WKH ELJ NLG ERRNV�

3LWWPDQLDFV��,�ZRXOGQ¶W�KDYH�PDGH�LW�WKLV�IDU�ZLWKRXW�\RXU�H[DPSOH��VXSSRUW��DQG�XQGHUVWDQGLQJ�

2WKHU IDPLO\ PHPEHUV LQ QHHG RI VKRXWLQJ RXW DUH (/2362FRQV &KULV� $QQHPDULHNH�

DQG %UDG\ IRU WKH IXQ� WKH VXSSRUW� DQG WKH '	'� 7KDQNV HVSHFLDOO\ WR &KULV� ZKR ZLWK +HOHQ

KDV EHHQ IHHGLQJ PH VLQFH PLGGOH VFKRRO� , DP JUDWHIXO DOVR WR +DQQDK IRU LQVSLULQJ PH ZLWK KHU

FUHDWLYLW\� IURP DJH ILYH WR DJH WKLUW\� DQG IRU VKDULQJ FRPLFV� MREV� FODVVHV� ERRN UHFV� RXWILWV� D

URRP IRU IRXU \HDUV DQG DQ DSDUWPHQW IRU WZR PRUH� 7R DOO WKH H[WHQGHG UHODWLYHV ZKR KHOSHG

UDLVH�PH��HVSHFLDOO\�P\�PRP¶V�VLVWHUV��\RXU�ODERU�DQG�\RXU�ORYH�DUH�HQGOHVVO\�DSSUHFLDWHG�

7KHUH KDYH EHHQ WRR PDQ\ VFLHQWLILF PHQWRUV WKURXJKRXW P\ SUH�JUDGXDWH \HDUV WR WKDQN

WKHP DOO� EXW VSHFLILF PHQWLRQ PXVW JR WR 'U� &DURO\Q )LVKHU� ZKRVH KLJK VFKRRO FKHPLVWU\ FODVV

DW %URRNODQG�&D\FH ZDV WKH ILUVW FODVV WKDW LQVSLUHG PH WR FRQVLGHU D FDUHHU LQ VFLHQFH� , RZH

PDQ\ WKDQNV DV ZHOO WR 5LFKDUG .DPHQV DQG 6KDEELU *KHHZDOD� ZKR LQWURGXFHG PH WR WKH

SURFHVV RI VFLHQWLILF UHVHDUFK DQG GLVFRYHU\� 7HUU\ )XUH\¶V FODVVHV DW 81& &KDSHO +LOO VSDUNHG

P\ LQWHUHVW LQ JHQHWLFV DQG FRGLQJ� IXUWKHU FXOWLYDWHG E\ +ROO\ 0RUWHQVHQ� ZKR DGYLVHG P\ ILUVW

LQGHSHQGHQW UHVHDUFK SURMHFW DQG ILUVW�DXWKRU PDQXVFULSW VXEPLVVLRQ� , DP JUDWHIXO WR WKHP DOO

�DQG�PDQ\�PRUH��IRU�VKDSLQJ�WKH�IRXQGDWLRQ�RI�P\�VFLHQWLILF�XQGHUVWDQGLQJ�

LY



,Q P\ WLPH DW 8&6) DQG *ODGVWRQH� , KDYH EHHQ UHSHDWHGO\ EORZQ DZD\ E\ WKH VFLHQWLILF

H[FHOOHQFH RI P\ SHHUV DQG LQVWUXFWRUV� ZKR QHYHUWKHOHVV DUH H[WUHPHO\ IULHQGO\ DQG

GRZQ�WR�HDUWK SHRSOH� , WKDQN P\ VHQLRU VWXGHQWV LQ WKH %LRORJLFDO DQG 0HGLFDO ,QIRUPDWLFV

SURJUDP ZKR ZHOFRPHG PH DQG EURXJKW PH XS WR VSHHG ZKHUH QHFHVVDU\� HVSHFLDOO\ 7DPDV

1DJ\ DQG -DVRQ 7RZQ� DQG WR P\ SHHUV ZKR KHOSHG ZLWK SUREOHP VHWV� GLVFXVVHG WKH ODWHVW

ELRPHGLFDO EUHDNWKURXJKV� DQG WHPSWHG PH DZD\ IURP ODE WR WU\ QHZ UHVWDXUDQWV LQ WKH FLW\�

7KDQNV HVSHFLDOO\ WR WKH IDFXOW\ ZKR UHPDLQHG LQYHVWHG LQ VWXGHQW VXFFHVV DQG ZHOOEHLQJ

WKURXJKRXW�P\�WLPH�LQ�WKH�SURJUDP��HVSHFLDOO\�7RQ\�&DSUD�DQG�5\DQ�+HUQDQGH]�

, ZDV HVSHFLDOO\ IRUWXQDWH WR EH DIILOLDWHG ZLWK *ODGVWRQH ,QVWLWXWHV� ZKHUH , KDG DFFHVV WR

WKH WLPH� DWWHQWLRQ� DQG IHHGEDFN RI WLWDQV DFURVV PXOWLSOH ILHOGV RI GLVHDVH UHVHDUFK� , DP

JUDWHIXO IRU WKH JXLGDQFH RI %HQRLW %UXQHDX� ZKRVH H[SHUWLVH DQG LQVLJKW LQWR WKH HSLJHQHWLFV RI

KHDUW GHYHORSPHQW ZHUH LQYDOXDEOH WR WKH FRPSOHWLRQ RI WKLV ZRUN� , PXVW DOVR DFNQRZOHGJH P\

WDOHQWHG FR�DXWKRUV� HVSHFLDOO\ %DUEDUD *RQ]DOH] 7HUDQ DQG .LK\XQ /HH� ZKR DV SRVWGRFWRUDO

VFKRODUV LQ WKH 6ULYDVWDYD ODE WDXJKW PH VR PXFK DERXW ELRPHGLFDO UHVHDUFK� 7KDQNV WR ERWK RI

WKHP IRU VKRZLQJ PH WKH DUW DQG FUDIWVPDQVKLS RI D ZHOO�GHVLJQHG H[SHULPHQW� DQG WKH LQV DQG

RXWV RI OHDGLQJ DQG SXEOLVKLQJ D ODUJH�VFDOH LQGHSHQGHQW UHVHDUFK SURMHFW� , DP D EHWWHU DQG

PRUH�YHUVDWLOH�VFLHQWLVW�WKDQNV�WR�WKHLU�PHQWRUVKLS�

, ZDV OXFN\ WR KDYH D FRPPLWWHH WKDW FRQVLVWHQWO\ DGYRFDWHG IRU P\ QHHGV DQG P\

GHYHORSPHQW DV DQ LQGHSHQGHQW VFLHQWLVW� 'U� 'HHSDN 6ULYDVWDYD MRLQHG P\ FRPPLWWHH DQG

UHPDLQV LQYROYHG LQ P\ UHVHDUFK� GHVSLWH UXQQLQJ KLV ODUJH DQG DFWLYH UHVHDUFK ODE �DQG DOVR

UXQQLQJ *ODGVWRQH ,QVWLWXWHV DV SUHVLGHQW�� 7KH UHVRXUFHV DQG IHHGEDFN KH SURYLGHG WKURXJKRXW

P\ JUDGXDWH GHJUHH VKDSHG WKLV SURMHFW HYHU\ VWHS RI WKH ZD\� , DP VR JUDWHIXO WKDW 'HHSDN KDV

FRQWLQXHG WR LQYHVW WLPH DQG HQHUJ\ LQWR P\ FDUHHU� DV KH KHOSV XVKHU WKH ILQDO PDQXVFULSW IURP

P\ JUDGXDWH ZRUN LQWR H[LVWHQFH� , DOVR WKDQN FRPPLWWHH PHPEHU 'U� -HUHP\ :LOOVH\ IRU KLV

UHPDUNDEOH PHQWRUVKLS� HQJDJHPHQW� DQG HQWKXVLDVP� , OHIW HYHU\ RQH RI RXU PHHWLQJV EXUVWLQJ

ZLWK�HQHUJ\�DQG�H[FLWHPHQW�DERXW�P\�SURMHFW��QR�PDWWHU�KRZ�WLUHG�,¶G�IHOW�DW�WKH�VWDUW�RI�LW�

Y



0RUH WKDQ DQ\RQH HOVH� WKH SHRSOH ZKR GHILQHG P\ H[SHULHQFH LQ JUDG VFKRRO ZHUH WKH

PHPEHUV RI WKH 3ROODUG /DE� 7KDQNV WR DOO WKH DOXPQL ZKR HVWDEOLVKHG WKH VSLULW RI WKH ODE DV ,

DUULYHG WR LW� HVSHFLDOO\ 3DWULFN� *HRII� 3DZHO� .DWKHOHHQ� DQG -DVRQ� DQG FXUUHQW UHVHDUFK

VFLHQWLVWV DQG SRVWGRFV 6HDQ� &KXQ\X� %\URQ� 6KX]KHQ� =KLUXL� DQG 9HURQLND� 6SHFLDO WKDQNV JR

WR 'U� $ELJDLO /LQG� P\ 81& EXG� QHLJKERU DQG FDUSRROHU� DQG UROH PRGHO IRU \RXQJ ZRPDQKRRG

LQ VFLHQFH� ,¶P VR JUDWHIXO IRU WKH JUDGXDWH VWXGHQWV ZKR MRLQHG WKH ODE ZLWK PH DQG VKRUWO\ DIWHU�

, ZLOO PLVV KDYLQJ $QQDPDULH� &DOOD� /DXUD� DQG 0LULDP WR DVN IRU DGYLFH DQG VWUHVV RYHU JUDQW

DSSOLFDWLRQV DQG SUHVHQWDWLRQV WRJHWKHU� 7KDQNV DOVR WR WKH XSFRPLQJ VWXGHQWV $PDQGD� .DWLH

*� DQG 6KLURQ� ZKR DUH GRLQJ DPD]LQJ ZRUN DQG LQVSLUH PH WR JUHDWHU VFLHQFH DQG PHQWRUVKLS�

$IWHU ILYH�DQG�D�KDOI \HDUV RI 3ROODUG ODE MRXUQDO FOXEV� ODE PHHWLQJV� DQG LQWHUDFWLRQV� , DP D

EHWWHU�VFLHQWLVW��FRPPXQLFDWRU��DQG�IULHQG��7KDQN�\RX�DOO�

2I FRXUVH WKH 3ROODUG JURXS FDQ RQO\ DWWUDFW VXFK JUHDW SHRSOH EHFDXVH .DWLH 3ROODUG

KHUVHOI VHWV WKH H[DPSOH IRU LQFOXVLYLW\ DQG FXULRVLW\� %H\RQG WKH ZD\�FRRO VFLHQFH WKDW ILUVW

DWWUDFWHG PH WR KHU ODE� .DWLH LV EHORYHG E\ DOO RI KHU WUDLQHHV IRU KHU DZDUG�ZLQQLQJ �IRU JRRG

UHDVRQ� PHQWRUVKLS� $V P\ 3,� .DWLH KDV EHHQ VWHDG\ DV D URFN� FDOP DQG HPSDWKHWLF� DQG KDV

DOZD\V SXW WKH QHHGV DQG VXFFHVV RI KHU WUDLQHHV ILUVW� , IDFHG SOHQW\ RI LQQHU VWUXJJOHV GXULQJ

P\ 3K'� LQVHFXULWLHV DERXW P\ GDWD� P\ ZRUN� P\ FDSDELOLWLHV� P\ IXWXUH� .DWLH DOZD\V JUHHWHG

P\ FRQFHUQV ZLWK SDWLHQFH DQG XQGHUVWDQGLQJ� 'HVSLWH EHLQJ GLUHFWRU RI *,'%� PRWKHU RI D

YLEUDQW IDPLO\� DQG ZHDULQJ SOHQW\ RI RWKHU KDWV , SUREDEO\ GRQ¶W NQRZ DERXW� VKH KDV DOZD\V

PDGH D SRLQW WR EH SUHVHQW DQG UHVSRQVLYH WR DQ\ TXHVWLRQV DQG QHHGV� , DP VR JUDWHIXO WR KHU

IRU PDNLQJ WKLV ZRUN SRVVLEOH� DQG IRU GHILQLQJ P\ SURILFLHQFLHV DV D VFLHQWLVW� , FDQ¶W WKDQN \RX

HQRXJK��.DWLH��,�DP�H[WUHPHO\�SURXG�WR�KDYH�JUDGXDWHG�IURP�WKH�3ROODUG�ODE�

)LQDOO\� HQGOHVV WKDQNV DQG ORYH WR )HGHULFR� ZKR NHSW PH FKHHUIXO� VDQH� DQG XQGHU D

URRI IRU DOO ILYH�SOXV \HDUV LQ 6DQ )UDQFLVFR� 7KLV WKHVLV ZRXOG QRW KDYH EHHQ ZULWWHQ ZLWKRXW KLV

YLWDO�VHUYLFHV�DV�ZHLJKWHG�EODQNHW��SHS�WDONHU��DQG�UXEEHU�GXFN�

YL



&2175,%87,216

7KH FRQWHQW RI WKLV GLVVHUWDWLRQ LV DGDSWHG IURP PDQXVFULSWV ERWK SXEOLVKHG DQG XQGHU

UHYLHZ� DV ZHOO DV XQSXEOLVKHG ZRUN� 7KH DQDO\VHV DQG FRQFOXVLRQV LQFOXGHG GHULYH H[FOXVLYHO\

IURP P\ JUDGXDWH ZRUN H[FHSW ZKHUH RWKHUZLVH VSHFLILHG DW WKH VWDUW RI HDFK FKDSWHU� )RU

DGGLWLRQDO�FRQWH[W��VHH�WKH�IROORZLQJ�ZRUNV�

*RQ]DOH]�7HUDQ� %DUEDUD� 0DXUHHQ 3LWWPDQ� )UDQFR )HOL[� 5HXEHQ 7KRPDV� 'HVPRQG

5LFKPRQG�%XFFROD� 5XWK +�WWHQKDLQ� .ULVKQD &KRXGKDU\� HW DO� ����� ³7UDQVFULSWLRQ )DFWRU

3URWHLQ ,QWHUDFWRPHV 5HYHDO *HQHWLF 'HWHUPLQDQWV LQ +HDUW 'LVHDVH�´ &HOO ��� ����

���±����H���

3LWWPDQ� 0DXUHHQ� .LK\XQ /HH� 'HHSDN 6ULYDVWDYD� DQG .DWKHULQH 6� 3ROODUG� ����� ³$Q

2OLJRJHQLF ,QKHULWDQFH 7HVW 'HWHFWV 5LVN *HQHV DQG 7KHLU ,QWHUDFWLRQV LQ &RQJHQLWDO

+HDUW 'HIHFWV DQG 'HYHORSPHQWDO &RPRUELGLWLHV�´ ELR5[LY�

KWWSV���GRL�RUJ���������������������������

0HQJ\DR <X� $QGUHZ +DUSHU� 0DWWKHZ $JXLUUH� 0DXUHHQ 3LWWPDQ� &DWKHULQH 7FKHDQGMLHX� $�

'XOJXXQ� &�*UDFH� $� *RHO� 0� )DUUDOO� .� ;LDR� -� (QJUHLW]� .�6� 3ROODUG� +� :DWNLQV� DQG

-� 3ULHVW� ³*HQHWLF 'HWHUPLQDQWV RI ,QWHUYHQWULFXODU 6HSWDO $QDWRP\ DQG WKH 5LVN RI

9HQWULFXODU 6HSWDO 'HIHFWV DQG +\SHUWURSKLF &DUGLRP\RSDWK\�´ PHG5[LY�

KWWSV���GRL�RUJ�����������������������������

LQGLFDWHV�FR�ILUVW�DXWKRUVKLS�
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&RPSXWDWLRQDO�DSSURDFKHV�LGHQWLI\�QRYHO�ULVN�ORFL�DQG�LQWHUDFWLRQV�LQ�KHDUW�GHIHFWV

0DXUHHQ�3LWWPDQ

$%675$&7

&RQJHQLWDO KHDUW GHIHFWV �&+'� RFFXU LQ QHDUO\ RQH SHUFHQW RI OLYH ELUWKV HDFK \HDU DQG

DUH WKH OHDGLQJ FDXVH RI GHIHFW�DVVRFLDWHG LQIDQW PRUWDOLW\� ,Q VSLWH RI WKH JURZLQJ VL]H RI

GLVHDVH FRKRUWV� WKH PROHFXODU XQGHUSLQQLQJV RI PRVW FDVHV UHPDLQ XQH[SODLQHG� *LYHQ LWV KLJK

UHFXUUHQFH UDWH LQ IDPLOLHV� ZH H[SHFW PXFK RI WKLV FRQWULEXWLRQ WR EH IRXQG ZLWKLQ SDWLHQW

JHQRPHV� EXW H[WHQVLYH JHQHWLF KHWHURJHQHLW\ OLPLWV RXU DELOLW\ WR VWDWLVWLFDOO\ FRQILUP ULVN ORFL�

3UHYLRXVO\�YDOLGDWHG FDXVDO PXWDWLRQV RFFXU LQ D ZLGH UDQJH RI JHQHV WKDW HQFRGH IRU SURWHLQV LQ

VLJQDOLQJ DQG PLJUDWLRQ� FKURPDWLQ UHPRGHOHUV WKDW LQGXFH OLQHDJH VSHFLILFDWLRQ� DQG

WUDQVFULSWLRQ IDFWRUV UHJXODWLQJ WKH H[SUHVVLRQ RI WKHVH JHQHV� ,Q RUGHU WR LGHQWLI\ FU\SWLF ULVN

ORFL� P\ WKHVLV KDV IRFXVHG RQ FUHDWLQJ QRYHO FRPSXWDWLRQDO DSSURDFKHV WR RYHUFRPH VWDWLVWLFDO

FKDOOHQJHV DQG EURDGHQ RXU XQGHUVWDQGLQJ RI WKH PHFKDQLVPV WKDW FDQ OHDG WR &+'� %\

LQWHJUDWLQJ SURWHLQ�SURWHLQ LQWHUDFWLRQ QHWZRUNV RI FDUGLDF WUDQVFULSWLRQ IDFWRUV ZLWK ZKROH H[RPH

VHTXHQFLQJ� , VKRZHG WKDW LQWHUDFWRUV DUH HQULFKHG IRU UDUH DQG GH QRYR PXWDWLRQV LQ &+'

SDWLHQWV� , GHYHORSHG D YDULDQW SULRULWL]DWLRQ VFKHPH IRU GH QRYR YDULDQWV� ZKLFK LGHQWLILHG D

*/<5� PXWDWLRQ WKDW GHVWDELOL]HV LWV LQWHUDFWLRQ ZLWK FDUGLDF WUDQVFULSWLRQ IDFWRU *$7$�� ,

GHVFULEH *&2'� D QRYHO DOJRULWKP WKDW XVHV SUREDELOLVWLF PRGHOLQJ WR LGHQWLI\ VHWV RI JHQHV

SUHGLFWHG WR LQWHUDFW LQ WKH HWLRORJ\ RI &+'� LQFOXGLQJ D QRYHO JHQHWLF LQWHUDFWLRQ EHWZHHQ

*$7$� DQG 325� )LQDOO\� LQ DGGLWLRQ WR FRGLQJ PXWDWLRQV� , DLPHG WR DVVHVV ZKHWKHU GLVUXSWLRQ

WR FKURPDWLQ RUJDQL]DWLRQ FRQWULEXWHV WR GLVHDVH E\ FKDUDFWHUL]LQJ WKUHH &+' SDWLHQW YDULDQWV

WKDW , SUHGLFWHG ZRXOG DOWHU WKH UHJXODWRU\ ODQGVFDSH RI KHDUW�UHOHYDQW JHQHV� 0\ ZRUN KDV

LQFUHDVHG RXU UHSHUWRLUH RI NQRZQ DQG VXVSHFWHG GLVHDVH ORFL LQ &+' DQG UHODWHG

GHYHORSPHQWDO FR�PRUELGLWLHV� DQG SURYLGHG HYLGHQFH RI ROLJRJHQLF FRPELQDWLRQV DQG GLVUXSWHG

JHQRPH�IROGLQJ�DV�D�PHFKDQLVP�LQ�&+'�

YLLL
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&KDSWHU��� ,1752'8&7,21««««««««««««««�««««««««««« �

&KDSWHU��� 7UDQVFULSWLRQ�IDFWRU�SURWHLQ�LQWHUDFWRPHV�UHYHDO
JHQHWLF�GHWHUPLQDQWV�LQ�KHDUW�GLVHDVH««««««««««««««««� ��

��� $%675$&7««««««««««««««««««««««««« ��

��� %$&.*5281'«««««««««««««««««««««««� ��

��� 5(68/76«««««««««««««««««««««««««��� ��

��� ',6&866,21«««««««««««««««««««««««« ��

��� 0$7(5,$/6�$1'�0(7+2'6««««««««««««««««« ��

��� '$7$�$1'�62)7:$5(�$&&(66««««««««««««««« ��

5()(5(1&(6«««««««««««««««««««««««««« ��

&KDSWHU��� $�WULR�EDVHG�SUREDELOLVWLF�PRGHO�RI�YDULDQW
WUDQVPLVVLRQ�ILQGV�ULVN�JHQHV�DQG�WKHLU
LQWHUDFWLRQV�LQ�GHYHORSPHQWDO�GLVHDVH««««««««««««««««� ��

��� $%675$&7««««««««««««««««««««««««« ��

��� %$&.*5281'««««««««««««««««««««««« ��

��� 5(68/76«««««««««««««««««««««««««��� ��

��� ',6&866,21«««««««««««««««««««««««« ��

��� 0(7+2'6«««««««««««««««««««««««««� ��

��� '$7$�$1'�62)7:$5(�$&&(66««««««««««««««« ��

5()(5(1&(6«««««««««««««««««««««««««« ��

&KDSWHU��� &RPSXWDWLRQDO�SUHGLFWLRQ�RI�FKURPDWLQ�LQWHUDFWLRQ
IUHTXHQF\�KHOSV�SULRULWL]H�VWUXFWXUDO�YDULDQWV«««««««««««««� ���

��� $%675$&7««««««««««««««««««««««««« ���

��� %$&.*5281'««««««««««««««««««««««« ���

��� 5(68/76«««««««««««««««««««««««««��� ���

��� ',6&866,21«««««««««««««««««««««««« ���

��� 0(7+2'6«««««««««««««««««««««««««� ���
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��� '$7$�$1'�62)7:$5(�$&&(66««««««««««««««« ���

5()(5(1&(6«««««««««««««««««««««««««��� ���

&KDSWHU����&21&/8',1*�5(0$5.6«««««««««««««««««««««��� ���

5()(5(1&(6«««««««««««««««««««««««««��� ���

[



/,67�2)�),*85(6

)LJXUH������*$7$��DQG�7%;��$3�06�VWUDWHJ\�IURP�KL36&�
GHULYHG�FDUGLDF�SURJHQLWRUV�ZLWK�JHQH�NQRFNRXW�OLQHV�DV
QHJDWLYH�FRQWUROV�««««««««««««««««««««««««««���«««« ��

)LJXUH����� *$7$��DQG�7%;� LQWHUDFWLQJ�SURWHLQV�««««««««««««««««� ��
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$V '1$ VHTXHQFLQJ WHFKQRORJ\ EHFRPHV PRUH DFFHVVLEOH DQG DIIRUGDEOH� DQG WKH QXPEHU RI

VHTXHQFHG JHQRPHV JURZV� VR WRR KDV RXU SRZHU WR GUDZ FRQFOXVLRQV DERXW WKH UHODWLRQVKLS

EHWZHHQ JHQHWLF YDULDWLRQ DQG SKHQRW\SLF RXWFRPH� 2QH RI WKH FOHDUHVW DQG PRVW XUJHQW

DSSOLFDWLRQV WKHUHLQ LV WR DGYDQFH RXU XQGHUVWDQGLQJ RI WKH PROHFXODU XQGHUSLQQLQJV RI GLVHDVH�

HPSRZHULQJ PHGLFDO UHVHDUFKHUV WR GHYHORS WKHUDSHXWLFV DQG RIIHU SHUVRQDOL]HG WUHDWPHQW

LQIRUPHG E\ SDWLHQW JHQHWLF YDULDWLRQ� 7KLV WKHVLV HQFRPSDVVHV P\ UHVHDUFK WRZDUGV WKLV JRDO�

ZLWK D IRFXV RQ WKH UROH RI '1$ IROGLQJ DQG JHQH�JHQH LQWHUDFWLRQV LQ WKH FRQWH[W RI FRQJHQLWDO

KHDUW GHIHFWV� 7KH IROORZLQJ LQWURGXFWRU\ FKDSWHU SURYLGHV D EDVLF VXPPDU\ RI WKH UHOHYDQW

EDFNJURXQG�FRQFHSWV�

����7KH�UROH�RI�FKURPDWLQ�FRQIRUPDWLRQ�DQG�WUDQVFULSWLRQ�IDFWRUV�LQ�JHQH�H[SUHVVLRQ

,Q WKH KXPDQ ERG\� HDFK FHOO FRQWDLQV D FRS\ RI WKH ��� ELOOLRQ EDVH SDLUV RI '1$ WKDW

PDNH XS RXU LQGLYLGXDO JHQRPH� :KLOH RIWHQ UHSUHVHQWHG DV D OLQHDU VWULQJ RI QXFOHRWLGHV

�ZULWWHQ DV WKH OHWWHUV $� &� 7� DQG *�� LQ UHDOLW\ RXU '1$ LV ZUDSSHG DURXQG SURWHLQV DQG RWKHU

PROHFXOHV LQWR FRPSOH[ WKUHH�GLPHQVLRQDO VKDSHV� LQ D VWUXFWXUH FROOHFWLYHO\ FDOOHG FKURPDWLQ�

&KURPDWLQ¶V DELOLW\ WR EH WUDQVLHQWO\ RUJDQL]HG LQWR KLJKHU�RUGHU VKDSHV LV NH\ WR RXU PXOWLFHOOXODU

QDWXUH � DIWHU DOO� LI DOO FHOOV KDYH WKH VDPH '1$ LQVWUXFWLRQ PDQXDO� KRZ FDQ ZH DFFRXQW IRU

PRUSKRORJLFDO GLIIHUHQFHV DFURVV FHOO W\SHV� RU RXU ERG\¶V DELOLW\ WR UHVSRQG WR FKDQJHV LQ LWV

HQYLURQPHQW" &KURPDWLQ RUJDQL]DWLRQ DOORZV IRU WKH GLIIHUHQWLDO H[SUHVVLRQ RI JHQHV LQ GLIIHUHQW

VSDWLR�WHPSRUDO FRQWH[WV� SDUWO\ EDVHG RQ ZKLFK '1$ LV DFFHVVLEOH WR EH WUDQVFULEHG DQG

XOWLPDWHO\�WUDQVODWHG�LQWR�IXQFWLRQDO�SURWHLQV�

7KH WKUHH�GLPHQVLRQDO RUJDQL]DWLRQ RI WKH JHQRPH LV WKHUHIRUH FULWLFDO IRU WUDQVFULSWLRQDO

FRQWURO� DQG WKLV LV DFFRPSOLVKHG WKURXJK PHFKDQLVPV DW PXOWLSOH VFDOHV� $W WKH QXFOHDU OHYHO�

FKURPRVRPHV ORFDOL]H DFFRUGLQJ WR JHQH GHQVLW\� VXFK WKDW JHQH�GHQVH FKURPRVRPHV RFFXS\ D

FHQWUDO QXFOHDU UHJLRQ� ZKHUHDV JHQH�SRRU FKURPRVRPHV ORFDOL]H WR WKH QXFOHDU SHULSKHU\
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�&UHPHU DQG &UHPHU ������ $W WKH FKURPRVRPH OHYHO� DFWLYH�DFFHVVLEOH UHJLRQV FOXVWHU WRJHWKHU

LQ SK\VLFDO VSDFH VHSDUDWHO\ IURP WKH LQDFWLYH�LQDFFHVVLEOH UHJLRQV ZKHUH WUDQVFULSWLRQ LV QRW

RFFXUULQJ �/LHEHUPDQ�$LGHQ HW DO� ������ ,Q D JLYHQ FHOOXODU FRQWH[W� '1$ UHJLRQV FR�DVVRFLDWH

LQ HLWKHU WKH $ �DFWLYH� RU % �LQDFWLYH� FRPSDUWPHQW� LQ D SDWWHUQ WKDW DOWHUQDWHV DORQJ WKH OLQHDU

JHQRPH �,PDNDHY HW DO� ����� 6PLWK HW DO� ������ '1$ VFDIIROGLQJ SURWHLQV FDOOHG KLVWRQHV DUH

PDUNHG ZLWK GLIIHUHQW FKHPLFDO PRGLILFDWLRQV GHSHQGLQJ RQ FRPSDUWPHQW DQG WUDQVFULSWLRQDO

DFWLYLW\� DQG WKHVH DFWLYH RU UHSUHVVLYH KLVWRQH PDUNV UHSUHVHQW DQ LPSRUWDQW DYHQXH RI JHQH

UHJXODWLRQ �$OOIUH\� )DXONQHU� DQG 0LUVN\ ����� %DQQLVWHU DQG .RX]DULGHV ������ WKDW LV�

PRGLILFDWLRQV WR KLVWRQH DFHW\ODWLRQ DQG PHWK\ODWLRQ LQGXFHG E\ FKDQJHV LQ FHOOXODU FRQWH[W FDQ

FRQYHUW D JHQH IURP EHLQJ UHSUHVVHG WR DFWLYHO\ WUDQVFULEHG DQG YLFH YHUVD �.LPXUD ������ 7R

EURDGO\ VXPPDUL]H� DFWLYHO\ WUDQVFULEHG JHQHV WHQG WR FOXVWHU WRJHWKHU LQ WKUHH�GLPHQVLRQDO

VSDFH ZLWKLQ WKH QXFOHXV� PDUNHG E\ FKHPLFDO PRGLILFDWLRQV WKDW H[SRVH JHQH SURPRWHUV WR

WUDQVFULSWLRQDO�PDFKLQHU\�

$QRWKHU NH\ PHFKDQLVP RI JHQH UHJXODWRU\ FRQWURO LV WUDQVFULSWLRQ IDFWRU �7)� ELQGLQJ�

7)V DUH SURWHLQV WKDW LQLWLDWH� LQFUHDVH� RU RWKHUZLVH UHJXODWH WKH WUDQVFULSWLRQ RI DVVRFLDWHG

JHQHV� XVXDOO\ E\ ELQGLQJ WR WKH JHQH SURPRWHU DQG�RU DVVRFLDWHG HQKDQFHU VHTXHQFHV �%DQHUML�

2OVRQ� DQG 6FKDIIQHU ����� 3DOVWUD DQG *URVYHOG ������ 7)V W\SLFDOO\ IXQFWLRQ LQ WUDQV� WKDW LV�

WKH\ DUH H[SUHVVHG DQG WUDQVODWHG LQ RUGHU WR ORFDOL]H WR WKHLU WDUJHW JHQHV HOVHZKHUH LQ WKH

JHQRPH �5HXYHQL HW DO� ������ (QKDQFHUV FDQ UHJXODWH PXOWLSOH JHQHV� FDQ EH VHOHFWLYHO\

DFFHVVLEOH GHSHQGLQJ RQ KLVWRQH PDUNV DQG RWKHU IDFWRUV UHJDUGLQJ FHOOXODU FRQWH[W� DQG DUH

GLVWDO IURP WKH JHQH�V� WKH\ UHJXODWH �0RRUWK\ HW DO� ����� &DOR DQG :\VRFND ����� 3DOVWUD DQG

*URVYHOG ����� /HYLQH ����� 5LHWKRYHQ ������ ,W LV WKRXJKW WKDW HQKDQFHUV IXQFWLRQ SDUWLDOO\

WKURXJK SK\VLFDO SUR[LPLW\ �%XOJHU DQG *URXGLQH ����� 6FKRHQIHOGHU HW DO� ������ DQG VR WKH\

W\SLFDOO\ RFFXU ZLWK WKHLU DVVRFLDWHG JHQH�V� LQ D WRSRORJLFDOO\�DVVRFLDWLQJ GRPDLQ �7$'�� RU D

UHJLRQ FKDUDFWHUL]HG E\ KLJKHU '1$ LQWHUDFWLRQ IUHTXHQF\ ZLWKLQ WKH GRPDLQ UHODWLYH WR ORFL

RXWVLGH RI WKDW GRPDLQ �1RUD HW DO� ����� 'L[RQ HW DO� ������ 7$' ERXQGDULHV DOVR IXQFWLRQ DV
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LQVXODWRUV EHWZHHQ JHQHV DQG HQKDQFHU VHTXHQFHV ZLWK LQFRPSDWLEOH UHJXODWRU\ SURILOHV

�)XUORQJ�DQG�/HYLQH�������

7KXV� HQKDQFHUV H[WHQG UHJXODWRU\ FRQWURO LQ D FRPSOH[ LQWHUSOD\ EHWZHHQ PXOWLSOH

IDFWRUV LQ FLV DQG WUDQV� ,Q FLV� HQKDQFHUV UHJXODWH JHQH H[SUHVVLRQ YLD SK\VLFDO FRQWDFW ZLWK WKH

SURPRWHU DQG WKH WUDQVFULSWLRQ IDFWRUV WKDW ELQG ERWK VLWHV� (QKDQFHUV DUH OLPLWHG LQ WKH FRQWDFWV

WKH\ FDQ PDNH E\ ORFDO �FLV� '1$ DFFHVVLELOLW\ DQG �' RUJDQL]DWLRQ� IRU H[DPSOH WR SURPRWHUV

ZLWKLQ WKH VDPH 7$'� ,Q WUDQV� HQKDQFHU�SURPRWHU FRQWDFW LV LWVHOI UHJXODWHG E\ WKH H[SUHVVLRQ

RI WUDQVFULSWLRQ IDFWRUV HOVHZKHUH LQ WKH JHQRPH� RIWHQ LQ FRPELQDWRULDO IDVKLRQ� OHDGLQJ WR

LQWULFDWH UHJXODWRU\ QHWZRUNV RI '1$ DFFHVVLELOLW\� 7) H[SUHVVLRQ� DQG GRZQVWUHDP WUDQVFULSWLRQ

HIIHFWV�WKHUHLQ�

����7UDQVFULSWLRQDO�SURJUDPV�FRQWURO�FHOO�DQG�WLVVXH�IDWH�GXULQJ�KXPDQ�GHYHORSPHQW

'XULQJ HPEU\RQLF GHYHORSPHQW� D VLQJOH IHUWLOL]HG FHOO PXVW UHSOLFDWH DQG GLIIHUHQWLDWH

LQWR WKH VHW RI FRPSOH[ WLVVXHV DQG RUJDQV WKDW PDNH XS D KXPDQ ERG\� 7KLV LV SUHGLFWDEO\ DQ

H[WUHPHO\ FRPSOH[ SURFHVV� UHTXLULQJ VSDWLR�WHPSRUDO FRQWURO RI FHOOXODU PLJUDWLRQ� LQWHUQDO DQG

H[WHUQDO FHOOXODU VLJQDOLQJ� DSRSWRVLV DQG SUROLIHUDWLRQ� DQG FKURPDWLQ UHPRGHOLQJ �6FDUSD DQG

0D\RU ����� &RRSHU ����� 0HLHU� )LQFK� DQG (YDQ ����� +R DQG &UDEWUHH ����� *LOEHUW �����

&DVDPDVVLPL DQG &LFFRGLFROD ������ 6HFWLRQ ��� VXPPDUL]HV KRZ WUDQV�DFWLQJ WUDQVFULSWLRQ

IDFWRUV �7)V� ZRUN WRJHWKHU ZLWK FLV�DFWLQJ HQKDQFHUV� LQVXODWRUV� DQG KLVWRQH PRGLILFDWLRQ WR

DFFRPSOLVK�UHJXODWRU\�FRQWURO��7KHVH�SULQFLSOHV�JXLGH�HPEU\RJHQHVLV�DQG�FHOO�IDWH�VSHFLILFDWLRQ�

)URP FKURPDWLQ DFFHVVLELOLW\ WR JHQH H[SUHVVLRQ WR PRUSKRORJ\� GLIIHUHQWLDWHG FHOOV

GLVSOD\ SKHQRW\SLF GLIIHUHQFHV UHIOHFWLYH RI WKHLU HYHQWXDO UROH LQ WKH ERG\ �0DUVWUDQG DQG 6WRUH\

����� 0RKDPPHG HW DO� ������ &HOO LGHQWLW\ LV UHJXODWHG LQ ODUJH SDUW E\ 7) H[SUHVVLRQ� DV

GHPRQVWUDWHG LQ V\VWHPV ZKHUH RYHU�H[SUHVVLRQ RI VSHFLILF 7)V LQGXFHV WUDQV�GLIIHUHQWLDWLRQ

DFURVV GLVWLQFW FHOO W\SHV �7DNDKDVKL DQG <DPDQDND ����� 7DNDKDVKL HW DO� ����� 7DNHXFKL DQG

%UXQHDX ������ 2QH H[DPSOH WKDW LOOXVWUDWHV WKH LQWHUSOD\ EHWZHHQ FKURPDWLQ DFFHVVLELOLW\� 7)
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H[SUHVVLRQ� DQG FHOO LGHQWLW\ LV WKH %$) FKURPDWLQ UHPRGHOLQJ FRPSOH[ �DOVR FDOOHG 6:,�61)��

ZKLFK LV FUXFLDO LQ WKH UHJXODWLRQ RI HDUO\ HPEU\RQLF GHYHORSPHQW �:DQJ HW DO� ����� (XVNLUFKHQ�

$XHUEDFK� DQG 6Q\GHU ����� +H\DR =KDQJ HW DO� ������ 7KH %$) FRPSOH[ UHSRVLWLRQV

'1$�ZUDSSHG KLVWRQHV WR UHQGHU JHQRPLF UHJLRQV DFFHVVLEOH RU LQDFFHVVLEOH WR WUDQVFULSWLRQ

�.ZRQ HW DO� ����� :DQJ HW DO� ����� +H HW DO� ������ D SURFHVV ZKLFK KDV EHHQ HVSHFLDOO\

VWXGLHG LQ PXOWLSRWHQF\ DQG SUROLIHUDWLRQ GXULQJ HPEU\RQLF GHYHORSPHQW �/D]DU HW DO� ����� YDQ

GHU 9DDUW HW DO� ����� /DXEVFKHU HW DO� ������ $Q HVVHQWLDO DVSHFW RI %$) DFWLYLW\ LV LWV FDSDELOLW\

WR ELQG YDULRXV FRPELQDWLRQV RI WUDQVFULSWLRQ IDFWRUV� DOORZLQJ IRU WDUJHWHG JHQRPH ORFDOL]DWLRQ

GHSHQGHQW RQ 7) DYDLODELOLW\ �7RWR� 3XUL� DQG $OELQL ����� 7VHQJ� &DERW� DQG &DERW ����� 6XQ HW

DO��������%DULVLF�HW�DO��������

,Q VXPPDU\� WKH LQWHJULW\ RI FKURPDWLQ FRQIRUPDWLRQ DQG WUDQVFULSWLRQ IDFWRU �7)�

UHJXODWRU\ QHWZRUNV DUH FUXFLDO WR D ]\JRWH¶V VXFFHVVIXO GHYHORSPHQW LQWR D YLDEOH KXPDQ

HPEU\R� 'XULQJ GLIIHUHQWLDWLRQ DQG VSHFLILFDWLRQ� FKURPDWLQ UHPRGHOHUV DFKLHYH FRQWH[W�VSHFLILF

DFWLRQ DQG JHQRPH ORFDOL]DWLRQ E\ SDUWLFXODU FRPELQDWLRQV RI 7) ELQGLQJ �%XFKOHU� *HUODQG� DQG

+ZD ����� .DWR HW DO� ����� 9DQGHO HW DO� ����� &KDUHVW HW DO� ������ 7KH FRQFHSW RI

FRPELQDWRULDO UHJXODWRU\ ORJLF ZLOO EH SDUWLFXODUO\ UHOHYDQW LQ WKH WKLUG FKDSWHU RI WKLV WKHVLV� LQ

ZKLFK�,�GHVFULEH�ROLJRJHQLF�YDULDQW�FRPELQDWLRQV�WKDW�OHDG�WR�GLVHDVH�

����.H\�SDWKZD\V�DQG�JHQHV�LQYROYHG�LQ�KHDUW�PRUSKRJHQHVLV�DQG�FRQJHQLWDO�GHIHFWV

,Q WKH GHYHORSLQJ HPEU\R� FHOOV WKDW HYHQWXDOO\ JLYH ULVH WR WKH KHDUW EHJLQ DV

PHVRGHUPDO JHUP FHOOV WKDW H[SUHVV WKH WUDQVFULSWLRQ IDFWRU 0(63�� ZKLFK LV UHTXLUHG IRU

PLJUDWLRQ RI KHDUW SUHFXUVRU FHOOV DQG FDUGLDF VSHFLILFDWLRQ �.LWDMLPD HW DO� ����� &KDQ HW DO�

����� $MLPD HW DO� ������ 7KH JUHDWHU SDUW RI WKHVH FDUGLDF SURJHQLWRU FHOOV PLJUDWH WR IRUP WKH

FDUGLDF FUHVFHQW� ZKHUH WKH\ EHJLQ WR H[SUHVV FRUH FDUGLDF WUDQVFULSWLRQ IDFWRUV OLNH *$7$�

�5RVVL HW DO� ����� 2ND HW DO� ����� DQG 7%;� �&KDSPDQ HW DO� ����� %UXQHDX HW DO� ������

7KHVH 7)V DUH KLJKO\ H[SUHVVHG LQ FDUGLRP\RF\WHV� DQG PRUHRYHU DUH FDSDEOH RI LQGXFLQJ
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FDUGLRP\RF\WH LGHQWLW\ LQ FDUGLDF ILEUREODVWV DORQJ ZLWK 0()� �,HGD HW DO� ����� ,QDJDZD HW DO�

������4LDQ�HW�DO��������

8QVXUSULVLQJO\� GDPDJLQJ PXWDWLRQV LQ WKHVH DQG RWKHU FDUGLDF 7) JHQHV FDXVH

FRQJHQLWDO PDOIRUPDWLRQV LQ WKH KHDUW �:HUQHU HW DO� ����� 7RPLWD�0LWFKHOO HW DO� ����� 0RUL DQG

%UXQHDX ����� 4LDR HW DO� ����� 0F(OKLQQH\ HW DO� ����� 3LHUSRQW HW DO� ������ SUHVXPDEO\ GXH

WR WKH GLVUXSWLRQ RI WUDQVFULSWLRQDO SDWKZD\V UHJXODWHG E\ WKRVH JHQHV� 6LPLODUO\� SDWKRORJLHV RI

FKURPDWLQ UHPRGHOLQJ DQG KLVWRQH PRGLILFDWLRQ KDYH EHHQ LPSOLFDWHG LQ KHDUW GHIHFWV� OLNH WKH

%$) FRPSOH[ GHVFULEHG DERYH� WKH S����&5(%�ELQGLQJ SURWHLQ KLVWRQH DFHW\OWUDQVIHUDVH �+� 0�

&KDQ DQG /D 7KDQJXH ����� *KRVK ������ DQG RWKHUV UHYLHZHG LQ /LP� )RR� DQG &KHQ �����

&OHDUO\ JHQH UHJXODWRU\ QHWZRUNV DUH QHFHVVDU\ IRU FDUGLRJHQHVLV� DQG LGHQWLI\LQJ WKH SDUWLFXODU

FHOOXODU SURFHVVHV DQG FRPSRQHQWV WKDW GHIHFW�DVVRFLDWHG 7)V UHJXODWH ZLOO SURYLGH YDOXDEOH

LQVLJKW�LQWR�PHFKDQLVPV�RI�KHDUW�GHYHORSPHQW�DQG�GLVHDVH�

3UHYLRXVO\�LGHQWLILHG WDUJHWV LQFOXGH VHYHUDO FLOLD JHQHV �/L HW DO� ����� .OHQD� *LEEV� DQG

/R ������ ZKLFK DUH DGGLWLRQDOO\ LPSOLFDWHG LQ UHQDO DQG EUDLQ FRQJHQLWDO SKHQRW\SHV �0DUOH\

DQG YRQ =DVWURZ ����� *XR HW DO� ����� *DEULHO� 3D]RXU� DQG /R ������ 3URSHU FLOLD IRUPDWLRQ LV

QHFHVVDU\ IRU FHOOXODU PRWLOLW\ DQG GLUHFWLRQDO PLJUDWLRQ� DV DUH 7)�UHJXODWHG FHOO VLJQDOLQJ

SDWKZD\V OLNH :17 DQG 127&+ �)RXOTXLHU HW DO� ����� %UD\ ����� -L HW DO� ������ &DUGLDF 7)V

DOVR UHJXODWH FHOO�FHOO DGKHVLRQ JHQHV �6RLQL HW DO� ����� DQG VWUXFWXUDO SURWHLQV OLNH DFWLQ

ILODPHQWV LQ WKH VDUFRPHUH �3RWWKRII HW DO� ������ )LQDOO\� PLWRFKRQGULDO DFWLYLW\ DQG R[LGDWLYH

PHWDEROLVP JHQHV DUH QHFHVVDU\ WR KHDUW IRUPDWLRQ �+RP HW DO� ����� &KHRQJ HW DO� ������ DQG

DUH SDUWLDOO\ UHJXODWHG E\ FKURPDWLQ UHPRGHOHU 65&$3 LQ WKH GHYHORSLQJ KHDUW �;X HW DO� ������

,Q VXPPDU\� FDUGLDF 7)V UHJXODWH D EURDG UDQJH RI PROHFXODU SURFHVVHV WKDW DUH QHFHVVDU\ IRU

WKH PLJUDWLRQ DQG DGKHVLRQ RI FHOOV LQWR WLVVXHV WKDW ZLOO H[SUHVV WKH SURWHLQV QHFHVVDU\ IRU KHDUW

IXQFWLRQ�
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����7KH�FRQWULEXWLRQ�RI�JHQHWLF�YDULDWLRQ�WR�FRQJHQLWDO�KHDUW�GHIHFWV��&+'�

*LYHQ WKH EUHDGWK RI ILQH�WXQHG UHJXODWRU\ DQG PROHFXODU SURFHVVHV WKDW DUH HVVHQWLDO LQ

FDUGLRJHQHVLV� WKH RSSRUWXQLWLHV WR JHW LW ZURQJ DUH YDULHG DQG QXPHURXV� 7KLV LV UHIOHFWHG LQ WKH

H[WUHPH JHQHWLF KHWHURJHQHLW\ RI GHIHFWV DVVRFLDWHG ZLWK KHDUW GHYHORSPHQW �=DLGL DQG

%UXHFNQHU�������

&RQJHQLWDO KHDUW GHIHFWV �&+'� DUH WKH PRVW FRPPRQ ELUWK GHIHFW� DIIHFWLQJ �� RI OLYH

ELUWKV HYHU\ \HDU �0DUHOOL HW DO� ������ +HULWDELOLW\ HVWLPDWHV UDQJLQJ EHWZHHQ ������ �&ULSH HW

DO� ����� 0F%ULGH HW DO� ����� +LQWRQ HW DO� ����� 3LHUSRQW HW DO� ����� DQG D KLJK IDPLO\

UHFXUUHQFH UDWH �*LOO HW DO� ����� �\HQ HW DO� ����� VXJJHVW WKDW PRVW GHIHFWV FDQ EH H[SODLQHG

LQ ODUJH SDUW E\ SDWLHQW JHQHWLFV� +RZHYHU� GHVSLWH LQFUHDVLQJO\ ODUJH FRKRUWV ZLWK H[RPH

VHTXHQFLQJ OLNH WKH 3HGLDWULF &DUGLDF *HQRPLFV &RQVRUWLXP �3&*&�� WKH FRPSOH[ JHQHWLF

DUFKLWHFWXUH RI &+' OLPLWV RXU DELOLW\ WR LGHQWLI\ FDXVDO YDULDQWV DQG JHQHV �+RPV\ HW DO� �����

-LQ HW DO� ������ ,W LV HVWLPDWHG WKDW FRKRUWV RI DSSUR[LPDWHO\ ������ SDUHQW�SUREDQG WULRV ZRXOG

EH QHHGHG IRU ZKROH�H[RPH VHTXHQFLQJ WR GHWHFW ��� RI JHQHV FRQWULEXWLQJ WR

KDSOR�LQVXIILFLHQW V\QGURPLF &+' DORQH �6LIULP HW DO� ������ KLJKOLJKWLQJ WKH QHHG IRU QHZ

VWUDWHJLHV�WR�LGHQWLI\�SRWHQWLDOO\�FDXVDWLYH�JHQRPLF�ORFL�

)URP WKH SHUVSHFWLYH RI SDWLHQWV DQG IDPLO\� IHZHU WKDQ ��� RI &+' FDVHV KDYH D

NQRZQ XQGHUO\LQJ FDXVH �3LHUSRQW HW DO� ������ DQG VR PRVW IDPLOLHV DUH GHQLHG WKH

RSSRUWXQLWLHV WKDW JHQHWLF H[SODQDWLRQ FDQ DIIRUG ZLWK UHVSHFW WR V\PSWRPV PDQDJHPHQW�

SURJQRVLV� HDUO\ LQWHUYHQWLRQ IRU ODWHU�RQVHW FRPRUELGLWLHV� DQG IDPLO\ SODQQLQJ� 6RPH

XQH[SODLQHG FDVHV SUHVXPDEO\ LQYROYH GDPDJLQJ YDULDQWV LQ FU\SWLF ULVN JHQHV� WKXV IDU

XQGLVFRYHUHG GXH WR WRR IHZ REVHUYDWLRQV RI SDWLHQW PXWDWLRQV LQ HDFK JHQH �JLYHQ WKH SOHWKRUD

RI SRVVLEOH GLVHDVH ORFL�� ,Q WKH VHFRQG FKDSWHU RI WKLV WKHVLV� , ZLOO GHVFULEH DQ DSSURDFK WKDW

XVHV FHOO�W\SH VSHFLILF SURWHLQ�SURWHLQ LQWHUDFWLRQ GDWD WR LGHQWLI\ QRYHO JHQHV SDUWLFLSDWLQJ LQ

KHDUW GHYHORSPHQW� , ZLOO DOVR GHVFULEH WKH FRPSXWDWLRQDO IUDPHZRUN , GHYHORSHG WR SULRULWL]H
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SRWHQWLDOO\ FDXVDO YDULDQWV LQ WKRVH JHQHV� OHDGLQJ WR WKH GLVFRYHU\ RI D YDULDQW LQ WKH QRYHO &+'

JHQH��*/<5� �*RQ]DOH]�7HUDQ�HW�DO��������

(YHQ LQ FDVHV ZLWK D VXVSHFWHG PRQRJHQLF H[SODQDWLRQ� VRPH RI WKRVH ³FDXVDO´ &+'

YDULDQWV ZHUH LQKHULWHG IURP SDUHQWV ZLWKRXW D KHDUW GHIHFW� VXJJHVWLQJ WKH\ DUH LQVXIILFLHQW RQ

WKHLU RZQ WR FDXVH GLVHDVH �3LHUSRQW HW DO� ����� 3HGLDWULF &DUGLDF *HQRPLFV &RQVRUWLXP HW DO�

������ 6XFK YDULDQWV DUH VDLG WR GLVSOD\ LQFRPSOHWH SHQHWUDQFH� L�H� RQO\ VRPH FDUULHUV KDYH WKH

SKHQRW\SH� RU YDULDEOH H[SUHVVLYLW\� L�H� WKH VDPH PXWDWLRQ FDXVHV GLIIHUHQW V\PSWRPV RU

VHYHULW\ LQ GLIIHUHQW SDWLHQWV �&ROO HW DO� ����� .LQJGRP DQG :ULJKW ������ ,Q DGGLWLRQ WR

HQYLURQPHQWDO IDFWRUV� D SRWHQWLDO H[SODQDWLRQ IRU WKHVH SKHQRPHQD LV ROLJRJHQLF LQKHULWDQFH� RU

D W\SH RI LQKHULWDQFH LQ ZKLFK D IHZ YDULDQWV DUH UHTXLUHG LQ FRPELQDWLRQ WR FDXVH D SDUWLFXODU

SKHQRW\SH �.RXVL�DQG�.DWVDQLV�������

3UHYLRXV ZRUN KDV YDOLGDWHG DQ LQVWDQFH RI ROLJRJHQLF LQKHULWDQFH LQ &+' �*LIIRUG HW DO�

������ DV ZHOO DV VSHFXODWHG D UROH IRU ROLJRJHQLF LQKHULWDQFH LQ RWKHU GHYHORSPHQWDO GLVRUGHUV

OLNH DXWLVP VSHFWUXP GLVRUGHU �$6'� �6FKDDI HW DO� ����� :HQJHU HW DO� ������ :KLOH WKHVH

VWXGLHV \LHOGHG PHFKDQLVWLF LQVLJKWV LQWR VSHFLILF JHQH DQG YDULDQW FRPELQDWLRQV� WKH\ UHOLHG RQ

NQRZQ ULVN JHQHV DQG H[LVWLQJ IXQFWLRQDO LQIRUPDWLRQ WR SURSRVH WHVWDEOH K\SRWKHVHV�

$OWHUQDWLYHO\� RQH FRXOG HQXPHUDWH DQG SULRULWL]H DOO GDPDJLQJ YDULDQW FRPELQDWLRQV LQ DQ

DXWRPDWHG DQG VWDWLVWLFDOO\ ULJRURXV PDQQHU� EXW WKLV VWUDWHJ\ LV LQIHDVLEOH GXH WR FRPELQDWRULDO

H[SORVLRQ RI WKH QXPEHU RI WHVWV �(GZDUGV DQG *ODVV ������ 5HFHQW DGYDQFHV LQ WKH ILHOG

LQFOXGH WKH 'LJHQLF PHWKRG� ZKLFK UHGXFHV WKH FRPELQDWRULDO VHDUFK VSDFH E\ DJJUHJDWLQJ UDUH

YDULDQWV DW WKH JHQH OHYHO �.HUQHU HW DO� ������ DV GRHV 5DUH&RPE �3RXQUDMD DQG *LULUDMDQ

������ DQ DOJRULWKP WKDW WHVWV IRU JUHDWHU IUHTXHQF\ RI JHQH FRPELQDWLRQV LQ FDVHV FRPSDUHG WR

FRQWUROV� +RZHYHU� QHLWKHU RI WKHVH FRPSXWDWLRQDO PHWKRGV LQFRUSRUDWH SDUHQWDO VHTXHQFLQJ

GDWD� ZKLFK DUH HVSHFLDOO\ XVHIXO LQ UHGXFLQJ IDOVH SRVLWLYHV IRU VLPSOH[ IDPLOLHV LQ ZKLFK DQ

DIIHFWHG SUREDQG LV ERUQ WR XQDIIHFWHG SDUHQWV �(ZHQV ������ 7R DGGUHVV WKLV XQH[SORUHG

DSSURDFK , GHYHORSHG *&2'� D WULR�EDVHG SUREDELOLVWLF PRGHO RI YDULDQW WUDQVPLVVLRQ WKDW
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LGHQWLILHV JURXSV RI JHQHV LQ ZKLFK UDUH YDULDQWV DUH WUDQVPLWWHG WRJHWKHU PRUH RIWHQ WKDQ

H[SHFWHG�E\�FKDQFH �3LWWPDQ�HW�DO���������GHVFULEHG LQ�WKH�WKLUG�FKDSWHU�RI�WKLV�WKHVLV�

7KH PHFKDQLVPV DQG PHWKRGV LQYHVWLJDWHG LQ FKDSWHUV WZR DQG WKUHH LQYROYH FRGLQJ

YDULDQWV� L�H� YDULDQWV LQVLGH JHQHV WKDW DIIHFW WKH DPLQR DFLG VHTXHQFH RI WUDQVODWHG SURWHLQV�

$QRWKHU LPSRUWDQW FRQVLGHUDWLRQ LV WKDW VRPH JHQHWLF ULVN LV FDUULHG LQ WKH QRQ�FRGLQJ JHQRPH�

ZKLFK ZKROH�H[RPH VHTXHQFLQJ FDQQRW VXFFHVVIXOO\ FDSWXUH� )RU H[DPSOH� UHJXODWRU\

HQKDQFHUV DUH RIWHQ IRXQG LQ LQWURQLF DQG LQWHUJHQLF UHJLRQV� DQG JLYHQ WKH GHYHORSLQJ KHDUW¶V

VHQVLWLYLW\ WR WLPLQJ DQG JHQH GRVDJH �=DLGL DQG %UXHFNQHU ����� .DVDK� 2GG\� DQG %DVVRQ

����� +XL =KDQJ� /LX� DQG 7LDQ ������ JHQH UHJXODWRU\ GLVUXSWLRQ VHHPV D SODXVLEOH

PHFKDQLVP� ,Q IDFW� QRQH RI WKH a�� LGHQWLILHG *:$6 613V RFFXU LQ H[RQLF FRGLQJ UHJLRQV

�.OHPP HW DO� ����� /DKP HW DO� ������ ,QVWHDG WKH\ DUH OLNHO\ WR DOWHU WKH DFWLYLW\ RI

FLV�UHJXODWRU\ HOHPHQWV OLNH HQKDQFHUV DQG LQVXODWRUV� /DUJH VWUXFWXUDO YDULDQWV �69V� DQG FRS\

DUH SURPLVLQJ FDQGLGDWHV IRU VWXG\LQJ FLV�UHJXODWRU\ HOHPHQWV� DV ZHOO DV WKHLU UHODWLRQVKLS WR

WKH �' VWUXFWXUH RI WKH JHQRPH� EHFDXVH WKH\ KDYH WKH SRWHQWLDO WR GUDVWLFDOO\ UHDUUDQJH ORFDO

FKURPDWLQ�VWUXFWXUH �6SLHOPDQQ��/XSLixH]��DQG�0XQGORV ������6KDQWD�HW�DO��������

2XU JURXS SUHYLRXVO\ IRXQG WKDW ZKLOH XQDIIHFWHG FRQWUROV VKRZ D FOHDU GHSOHWLRQ RI

&19V DW LQVXODWRU UHJLRQV DFURVV WKH JHQRPH� LQGLYLGXDOV GLDJQRVHG ZLWK GHYHORSPHQWDO GHOD\

�''� VKRZHG QR ELDV LQ WKH JHQRPLF ORFDWLRQ RI GHOHWLRQV �)XGHQEHUJ DQG 3ROODUG ������ %DVHG

RQ WKHVH ILQGLQJV DQG KLJK UDWHV RI FR�PRUELGLW\ EHWZHHQ '' DQG &+' �5ROOLQV DQG 1HZEXUJHU

������ ZH K\SRWKHVL]HG WKDW WKH GLVUXSWLRQ RI HQKDQFHU�SURPRWHU FRQWDFWV DV D UHVXOW RI

FKURPDWLQ UHDUUDQJHPHQW FDQ FRQWULEXWH WR WKH HWLRORJ\ RI &+'� +RZHYHU� QRQ�FRGLQJ YDULDQWV

\LHOG OHVV VWUDLJKWIRUZDUG LQWHUSUHWDWLRQ WKDQ WKHLU H[RQLF FRXQWHUSDUWV� UHTXLULQJ QHZ PHWKRGV WR

SULRULWL]H DQG LQWHUSUHW YDULDQW HIIHFWV� 2XU JURXS SUHYLRXVO\ GHYHORSHG WKH GHHS QHXUDO QHW

PRGHO $NLWD� ZKLFK ZDV WUDLQHG WR SUHGLFW FKURPDWLQ FRQWDFW IUHTXHQF\ DORQJ D �0E UHJLRQ LQ

ILYH FHOO W\SHV E\ PLQLPL]LQJ WKH ORVV RQ H[SHULPHQWDO +L�& GDWD �)XGHQEHUJ� .HOOH\� DQG 3ROODUG

������ ,Q FKDSWHU IRXU RI WKLV WKHVLV� , XVH $NLWD WR SUHGLFW WKH HIIHFWV RI &+' SDWLHQW 69V RQ ORFDO
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FKURPDWLQ FRQWDFW IUHTXHQF\� GLVFRYHULQJ WKUHH GHOHWLRQV WKDW DUH SUHGLFWHG WR DOWHU UHJXODWRU\

LQWHUDFWLRQV QHDU KHDUW�UHODWHG JHQHV� , LQFOXGH DV�\HW XQSXEOLVKHG GDWD LQ D FHOO OLQH HQJLQHHUHG

ZLWK D &+' SDWLHQW GHOHWLRQ� GHPRQVWUDWLQJ WKH XWLOLW\ RI SUHGLFWLYH PRGHOV LQ QRQ�FRGLQJ YDULDQW

LQWHUSUHWDWLRQ�DQG�VXJJHVWLQJ�D�UROH�IRU��'�FKURPDWLQ�UHDUUDQJHPHQW�LQ�&+'�

����6XPPDU\�DQG�VFRSH�RI�WKLV�WKHVLV

7R VXPPDUL]H� WKH HWLRORJ\ RI FRQJHQLWDO KHDUW GHIHFWV LV NQRZQ WR EH SULPDULO\ JHQHWLF�

KRZHYHU� PDQ\ ULVN JHQHV UHPDLQ FU\SWLF� WKH VSHFLILF XQGHUSLQQLQJV RI PRVW FDVHV DUH

XQNQRZQ� DQG SRWHQWLDO GLVHDVH PHFKDQLVPV OLNH ROLJRJHQLF LQWHUDFWLRQ DQG KLJK�HIIHFW

QRQ�FRGLQJ YDULDWLRQ UHPDLQ XQGHUH[SORUHG� 1RYHO GDWDVHWV� OLNH KLJK�UHVROXWLRQ PLFUR�&

FKURPDWLQ FRQWDFW GDWD DQG DIILQLW\�SXULILFDWLRQ RI HQGRJHQRXV WDJJLQJ RI 7)V� KDYH HQDEOHG

FRPSXWDWLRQDO UHVHDUFKHUV WR GHYHORS QHZ PRGHOV DQG VWDWLVWLFDO DSSURDFKHV WR OLJKW XS WKH

GDUN�FRUQHUV�RI�WKLV�GLVHDVH�

0\ GRFWRUDO GLVVHUWDWLRQ FRPSULVHV WKH IROORZLQJ FKDSWHUV� �� WKLV LQWURGXFWLRQ� WR

VXPPDUL]H WKH FRQWH[W RI WKH ZRUN� �� WKH LQWHJUDWLRQ RI GH QRYR H[RQLF YDULDQWV ZLWK

WUDQVFULSWLRQ IDFWRU SURWHLQ LQWHUDFWRPHV WR GLVFRYHU QRYHO ULVN JHQHV DQG YDULDQWV LQ &+'� ��

*&2'� WKH VWDWLVWLFDO PRGHO DQG VRIWZDUH WKDW SUHGLFWV JHQH LQWHUDFWLRQV IURP WULR GDWD� �� WKH

XVH RI FKURPDWLQ LQWHUDFWLRQ IUHTXHQF\ SUHGLFWLRQV WR SULRULWL]H VWUXFWXUDO YDULDQWV LQ &+'� DQG ��

D�VXPPDU\�DQG�GLVFXVVLRQ�RI�WKH�PDMRU�ILQGLQJV�DQG�OLPLWDWLRQV�RI�WKH�ZRUN�GHVFULEHG�KHUH�

�



5()(5(1&(6

$MLPD��5LHNR��<XNR�6DNDNLEDUD��1RULNR�6DNXUDL�<DPDWDQL��0DVDIXPL�0XUDRND��DQG�<XPLNR

6DJD��������³)RUPDO�3URRI�RI�WKH�5HTXLUHPHQW�RI�0(63��DQG�0(63��LQ�0HVRGHUP

6SHFLILFDWLRQ�DQG�7KHLU�7UDQVFULSWLRQDO�&RQWURO�YLD�6SHFLILF�(QKDQFHUV�LQ�0LFH�´

'HYHORSPHQW ����������KWWSV���GRL�RUJ���������GHY��������

$OOIUH\��9��*���5��)DXONQHU��DQG�$��(��0LUVN\��������³$&(7</$7,21�$1'�0(7+</$7,21�2)

+,6721(6�$1'�7+(,5�3266,%/(�52/(�,1�7+(�5(*8/$7,21�2)�51$

6<17+(6,6�´ 3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI 6FLHQFHV �����������±���

%DQHUML��-���/��2OVRQ��DQG�:��6FKDIIQHU��������³$�/\PSKRF\WH�6SHFLILF�&HOOXODU�(QKDQFHU�,V

/RFDWHG�'RZQVWUHDP�RI�WKH�-RLQLQJ�5HJLRQ�LQ�,PPXQRJOREXOLQ�+HDY\�&KDLQ�*HQHV�´

&HOO �����������±���

%DQQLVWHU��$QGUHZ�-���DQG�7RQ\�.RX]DULGHV��������³5HJXODWLRQ�RI�&KURPDWLQ�E\�+LVWRQH

0RGLILFDWLRQV�´ &HOO�5HVHDUFK �����������±���

%DULVLF��'DUNR��0LFKDHO�%��6WDGOHU��0DULR�,XUODUR��DQG�'LUN�6FK�EHOHU��������³0DPPDOLDQ�,6:,

DQG�6:,�61)�6HOHFWLYHO\�0HGLDWH�%LQGLQJ�RI�'LVWLQFW�7UDQVFULSWLRQ�)DFWRUV�´ 1DWXUH ���

�����������±���

%UD\��6DUDK�-��������³1RWFK�6LJQDOOLQJ��$�6LPSOH�3DWKZD\�%HFRPHV�&RPSOH[�´ 1DWXUH�5HYLHZV�

0ROHFXODU�&HOO�%LRORJ\ ����������±���

%UXQHDX��%��*���0��/RJDQ��1��'DYLV��7��/HYL��&��-��7DELQ��-��*��6HLGPDQ��DQG�&��(��6HLGPDQ�

������³&KDPEHU�6SHFLILF�&DUGLDF�([SUHVVLRQ�RI�7E[��DQG�+HDUW�'HIHFWV�LQ�+ROW�2UDP

6\QGURPH�´ 'HYHORSPHQWDO�%LRORJ\ ������������±����

%XFKOHU��1LFRODV�(���8OULFK�*HUODQG��DQG�7HUHQFH�+ZD��������³2Q�6FKHPHV�RI�&RPELQDWRULDO

7UDQVFULSWLRQ�/RJLF�´ 3URFHHGLQJV�RI�WKH�1DWLRQDO $FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG

6WDWHV�RI�$PHULFD �������������±���

%XOJHU��0LFKDHO��DQG�0DUN�*URXGLQH��������³)XQFWLRQDO�DQG�0HFKDQLVWLF�'LYHUVLW\�RI�'LVWDO

��
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7UDQVFULSWLRQ�(QKDQFHUV�´ &HOO ������������±���

&DOR��(OLH]HU��DQG�-RDQQD�:\VRFND��������³0RGLILFDWLRQ�RI�(QKDQFHU�&KURPDWLQ��:KDW��+RZ�

DQG�:K\"´ 0ROHFXODU�&HOO �����������±���

&DVDPDVVLPL��$PHOLD��DQG�$OIUHGR�&LFFRGLFROD��������³7UDQVFULSWLRQDO�5HJXODWLRQ��0ROHFXOHV�

,QYROYHG�0HFKDQLVPV��DQG�0LVUHJXODWLRQ�´ ,QWHUQDWLRQDO -RXUQDO�RI�0ROHFXODU�6FLHQFHV

��������KWWSV���GRL�RUJ���������LMPV���������

&KDQ��+��0���DQG�1��%��/D�7KDQJXH��������³S����&%3�3URWHLQV��+$7V�IRU�7UDQVFULSWLRQDO

%ULGJHV�DQG�6FDIIROGV�´ -RXUQDO�RI�&HOO�6FLHQFH ��� �3W����������±���

&KDQ��6XQQ\�6XQ�.LQ��;LDR]KRQJ�6KL��$NLUD�7R\DPD��5REHUW�:��$USNH��$EKLMLW�'DQGDSDW�

0LFKHOLQD�,DFRYLQR��-LQMRR�.DQJ��HW�DO��������³0HVS��3DWWHUQV�0HVRGHUP�LQWR�&DUGLDF�

+HPDWRSRLHWLF��RU�6NHOHWDO�0\RJHQLF�3URJHQLWRUV�LQ�D�&RQWH[W�'HSHQGHQW�0DQQHU�´ &HOO

6WHP�&HOO �����������±����

&KDSPDQ��'��/���1��*DUYH\��6��+DQFRFN��0��$OH[LRX��6��,��$JXOQLN��-��-��*LEVRQ�%URZQ��-�

&HEUD�7KRPDV��5��-��%ROODJ��/��0��6LOYHU��DQG�9��(��3DSDLRDQQRX��������³([SUHVVLRQ�RI

WKH�7�%R[�)DPLO\�*HQHV��7E[��7E[���GXULQJ�(DUO\�0RXVH�'HYHORSPHQW�´ 'HYHORSPHQWDO

'\QDPLFV��$Q�2IILFLDO�3XEOLFDWLRQ�RI�WKH�$PHULFDQ�$VVRFLDWLRQ�RI�$QDWRPLVWV ��������

���±���

&KDUHVW��-XOLHQ��7KRPDV�'DQLHOH��-LQJNXL�:DQJ��$OHNVDQGU�%\NRY��$ULDQH�0DQGOEDXHU��0LOD

$VSDUXKRYD��-RVHI�5|KVQHU��3DXOD�*XWLpUUH]�3pUH]��DQG�/XLVD�&RFKHOOD�������

³&RPELQDWRULDO�$FWLRQ�RI�7HPSRUDOO\�6HJUHJDWHG�7UDQVFULSWLRQ�)DFWRUV�´ 'HYHORSPHQWDO

&HOO �����������±���H��

&KHRQJ��$JQHV��'DQLHOOH�$UFKDPEDXOW��5LQDW�'HJDQL��(OL]DEHWK�,YHUVRQ��.LPEHUO\�'��7UHPEOD\�

DQG�-HVVH�0DJHU��������³1XFOHDU�(QFRGHG�0LWRFKRQGULDO�5LERVRPDO�3URWHLQV�$UH

5HTXLUHG�WR�,QLWLDWH�*DVWUXODWLRQ�´ 'HYHORSPHQW ��� �����

KWWSV���GRL�RUJ���������GHY��������

&ROO��0RQLFD��$OH[DQGUD�3pUH]�6HUUD��-HVXV�0DWHV��%HUQDW�'HO�2OPR��0DUWD�3XLJPXOp��$QQD

��
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)HUQDQGH]�)DOJXHUDV��$QQD�,JOHVLDV��HW�DO��������³,QFRPSOHWH�3HQHWUDQFH�DQG�9DULDEOH

([SUHVVLYLW\��+DOOPDUNV�LQ�&KDQQHORSDWKLHV�$VVRFLDWHG�ZLWK�6XGGHQ�&DUGLDF�'HDWK�´

%LRORJ\ �������KWWSV���GRL�RUJ���������ELRORJ\��������

&RRSHU��*HRIIUH\�0������� 6LJQDOLQJ�LQ�'HYHORSPHQW DQG�'LIIHUHQWLDWLRQ��6LQDXHU�$VVRFLDWHV�

&UHPHU��7���DQG�&��&UHPHU��������³&KURPRVRPH�7HUULWRULHV��1XFOHDU�$UFKLWHFWXUH�DQG�*HQH

5HJXODWLRQ�LQ�0DPPDOLDQ�&HOOV�´ 1DWXUH�5HYLHZV��*HQHWLFV ����������±����

&ULSH��/LQGD��*UHJRU�$QGHOILQJHU��/LVD�-��0DUWLQ��.HUU\�6KRRQHU��DQG�'��:RRGURZ�%HQVRQ�������

³%LFXVSLG�$RUWLF�9DOYH�,V�+HULWDEOH�´ -RXUQDO�RI�WKH $PHULFDQ�&ROOHJH�RI�&DUGLRORJ\ ��

��������±���

'L[RQ��-HVVH�5���6LGGDUWK�6HOYDUDM��)HQJ�<XH��$XGUH\�.LP��<DQ�/L��<LQ�6KHQ��0LQJ�+X��-XQ�6�

/LX��DQG�%LQJ�5HQ��������³7RSRORJLFDO�'RPDLQV�LQ�0DPPDOLDQ�*HQRPHV�,GHQWLILHG�E\

$QDO\VLV�RI�&KURPDWLQ�,QWHUDFWLRQV�´ 1DWXUH ����������� ���±���

(GZDUGV��5���DQG�/��*ODVV��������³&RPELQDWRULDO�([SORVLRQ�LQ�0RGHO�*HQH�1HWZRUNV�´ &KDRV

�����������±����

(XVNLUFKHQ��*KLD��5D\PRQG�.��$XHUEDFK��DQG�0LFKDHO�6Q\GHU��������³6:,�61)

&KURPDWLQ�5HPRGHOLQJ�)DFWRUV��0XOWLVFDOH�$QDO\VHV�DQG�'LYHUVH�)XQFWLRQV�´ 7KH

-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\ ���������������±����

(ZHQV��:DUUHQ�-��������³6WDWLVWLFDO�$VSHFWV�RI�WKH�7UDQVPLVVLRQ�'LVHTXLOLEULXP�7HVW��7'7��´

/HFWXUH�1RWHV�0RQRJUDSK�6HULHV���,QVWLWXWH�RI�0DWKHPDWLFDO�6WDWLVWLFV ������±���

)RXOTXLHU��6pEDVWLHQ��(YDQJHORV�3��'DVNDORSRXORV��*HQWLDQ�/OXUL��.HYLQ�&��0��+HUPDQV��$UMXQ

'HE��DQG�:��0DWWKLMV�%ODQNHVWHLMQ��������³:17�6LJQDOLQJ�LQ�&DUGLDF�DQG�9DVFXODU

'LVHDVH�´ 3KDUPDFRORJLFDO�5HYLHZV ����������±����

)XGHQEHUJ��*HRII��'DYLG�5��.HOOH\��DQG�.DWKHULQH�6��3ROODUG��������³3UHGLFWLQJ��'�*HQRPH

)ROGLQJ�IURP�'1$�6HTXHQFH�ZLWK�$NLWD�´ 1DWXUH�0HWKRGV �������������±���

)XGHQEHUJ��*HRII��DQG�.DWKHULQH�6��3ROODUG��������³&KURPDWLQ�)HDWXUHV�&RQVWUDLQ�6WUXFWXUDO

9DULDWLRQ�DFURVV�(YROXWLRQDU\�7LPHVFDOHV�´ 3URFHHGLQJV RI�WKH�1DWLRQDO�$FDGHP\�RI
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6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD �������������±���

)XUORQJ��(LOHHQ�(��0���DQG�0LFKDHO�/HYLQH��������³'HYHORSPHQWDO�(QKDQFHUV�DQG�&KURPRVRPH

7RSRORJ\�´ 6FLHQFH ����������������±���

*DEULHO��*HRUJH�&���*UHJRU\�-��3D]RXU��DQG�&HFLOLD�:��/R��������³&RQJHQLWDO�+HDUW�'HIHFWV�DQG

&LOLRSDWKLHV�$VVRFLDWHG�:LWK�5HQDO�3KHQRW\SHV�´ )URQWLHUV LQ�3HGLDWULFV ���-XQH�������

*KRVK��$VLVK�.��������³S����LQ�&DUGLDF�'HYHORSPHQW�DQG�$FFHOHUDWHG�&DUGLDF�$JLQJ�´ $JLQJ

DQG�'LVHDVH �����������±���

*LIIRUG��&DVH\�$���6DQMHHY�6��5DQDGH��5\DQ�6DPDUDNRRQ��+D]HO�7��6DOXQJD��7��<YDQND�GH

6R\VD��<X�+XDQJ��3LQJ�=KRX��HW�DO��������³2OLJRJHQLF�,QKHULWDQFH�RI�D�+XPDQ�+HDUW

'LVHDVH�,QYROYLQJ�D�*HQHWLF�0RGLILHU�´ 6FLHQFH ��� �����������±���

*LOEHUW��6FRWW�)������� 7KH�'HYHORSPHQWDO�0HFKDQLFV RI�&HOO�6SHFLILFDWLRQ��6LQDXHU�$VVRFLDWHV�

*LOO��+DULQGHU�.���0LUDQGD�6SOLWW��*XUOHHQ�.��6KDUODQG��DQG�-RKQ�0��6LPSVRQ��������³3DWWHUQV�RI

5HFXUUHQFH�RI�&RQJHQLWDO�+HDUW�'LVHDVH��$Q�$QDO\VLV�RI�������&RQVHFXWLYH�3UHJQDQFLHV

(YDOXDWHG�E\�'HWDLOHG�)HWDO�(FKRFDUGLRJUDSK\�´ -RXUQDO RI�WKH�$PHULFDQ�&ROOHJH�RI

&DUGLRORJ\ �����������±���

*RQ]DOH]�7HUDQ��%DUEDUD��0DXUHHQ�3LWWPDQ��)UDQFR�)HOL[��5HXEHQ�7KRPDV��'HVPRQG

5LFKPRQG�%XFFROD��5XWK�+�WWHQKDLQ��.ULVKQD�&KRXGKDU\��HW�DO��������³7UDQVFULSWLRQ

)DFWRU�3URWHLQ�,QWHUDFWRPHV�5HYHDO�*HQHWLF�'HWHUPLQDQWV�LQ�+HDUW�'LVHDVH�´ &HOO ���

��������±����H���

*XR��-LDPL��+ROGHQ�+LJJLQERWKDP��-LQJMXQ�/L��-DFNLH�1LFKROV��-RVXD�+LUW��9ODGLPLU�*KXNDV\DQ�

DQG�(��6��$QWRQ��������³'HYHORSPHQWDO�'LVUXSWLRQV�8QGHUO\LQJ�%UDLQ�$EQRUPDOLWLHV�LQ

&LOLRSDWKLHV�´ 1DWXUH�&RPPXQLFDWLRQV ���-XO\��������

+H��6KXDQJ��=LKDQ�:X��<XDQ�7LDQ��=LVKXR�<X��-LDOL�<X��;LQ[LQ�:DQJ��-LH�/L��%LMXQ�/LX��DQG

<DQKXL�;X��������³6WUXFWXUH�RI�1XFOHRVRPH�%RXQG�+XPDQ�%$)�&RPSOH[�´ 6FLHQFH ���

�����������±���

+LQWRQ��5REHUW�%���-U��/LVD�-��0DUWLQ��0HUHGLWK�(��7DEDQJLQ��0MD\H�/��0D]ZL��/LQGD�+��&ULSH��DQG
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'��:RRGURZ�%HQVRQ��������³+\SRSODVWLF�/HIW�+HDUW�6\QGURPH�,V�+HULWDEOH�´ -RXUQDO�RI

WKH�$PHULFDQ�&ROOHJH�RI�&DUGLRORJ\ �������������±���

+R��/HQD��DQG�*HUDOG�5��&UDEWUHH��������³&KURPDWLQ�5HPRGHOOLQJ�GXULQJ�'HYHORSPHQW�´ 1DWXUH

���������������±���

+RP��-HQQLIHU�5���5RGULJR�$��4XLQWDQLOOD��'DYLG�/��+RIIPDQ��.DUHQ�/��GH�0HV\�%HQWOH\��-HIIHU\

'��0RONHQWLQ��6KH\�6KLQJ�6KHX��DQG�*HRUJH�$��3RUWHU�-U��������³7KH�3HUPHDELOLW\

7UDQVLWLRQ�3RUH�&RQWUROV�&DUGLDF�0LWRFKRQGULDO�0DWXUDWLRQ�DQG�0\RF\WH�'LIIHUHQWLDWLRQ�´

'HYHORSPHQWDO�&HOO�

+RPV\��-DVRQ��6DPLU�=DLGL��<XIHQJ�6KHQ��-DPHV�6��:DUH��.DLWOLQ�(��6DPRFKD��.RQUDG�-�

.DUF]HZVNL��6WHYHQ�5��'H3DOPD��HW�DO��������³'H�1RYR�0XWDWLRQV�LQ�&RQJHQLWDO�+HDUW

'LVHDVH�ZLWK�1HXURGHYHORSPHQWDO�DQG�2WKHU�&RQJHQLWDO�$QRPDOLHV�´ 6FLHQFH ���

������������±���

,HGD��0DVDNL��-L�'RQJ�)X��3DXO�'HOJDGR�2OJXLQ��9DVDQWK�9HGDQWKDP��<RKHL�+D\DVKL��%HQRLW�*�

%UXQHDX��DQG�'HHSDN�6ULYDVWDYD��������³'LUHFW�5HSURJUDPPLQJ�RI�)LEUREODVWV�LQWR

)XQFWLRQDO�&DUGLRP\RF\WHV�E\�'HILQHG�)DFWRUV�´ &HOO ������������±���

,PDNDHY��0D[LP��*HRIIUH\�)XGHQEHUJ��5DFKHO�3DWWRQ�0F&RUG��1DWDOLD�1DXPRYD��$QWRQ

*RORERURGNR��%U\DQ�5��/DMRLH��-RE�'HNNHU��DQG�/HRQLG�$��0LUQ\��������³,WHUDWLYH

&RUUHFWLRQ�RI�+L�&�'DWD�5HYHDOV�+DOOPDUNV�RI�&KURPRVRPH�2UJDQL]DWLRQ�´ 1DWXUH

0HWKRGV �����������±�����

,QDJDZD��.RKHL��.D]XWDND�0L\DPRWR��+LUR\XNL�<DPDNDZD��1DRWR�0XUDRND��7DNHWDUR�6DGDKLUR�

7RPRKLNR�8PHL��5LH�:DGD��HW�DO��������³,QGXFWLRQ�RI�&DUGLRP\RF\WH�OLNH�&HOOV�LQ�,QIDUFW

+HDUWV�E\�*HQH�7UDQVIHU�RI�*DWD���0HI�F��DQG�7E[��´ &LUFXODWLRQ�5HVHDUFK ��������

����±���

-LQ��6KHQJ�&KLK��-DVRQ�+RPV\��6DPLU�=DLGL��4LRQJVKL�/X��6DUDK�0RUWRQ��6WHYHQ�5��'H3DOPD�

;XH�=HQJ��HW�DO��������³&RQWULEXWLRQ�RI�5DUH�,QKHULWHG�DQG�GH�1RYR�9DULDQWV�LQ������

&RQJHQLWDO�+HDUW�'LVHDVH�3UREDQGV�´ 1DWXUH�*HQHWLFV �������������±�����
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-L��:HL]KHQ��'LQD�)HUGPDQ��-RVKXD�&RSHO��'XVWLQ�6FKHLQRVW��9HURQLND�6KDEDQRYD��0DUWLQD

%UXHFNQHU��0XVWDID�.��.KRNKD��DQG�/DXUD�5��0HQW��������³'H�1RYR�'DPDJLQJ�9DULDQWV

$VVRFLDWHG�ZLWK�&RQJHQLWDO�+HDUW�'LVHDVHV�&RQWULEXWH�WR�WKH�&RQQHFWRPH�´ 6FLHQWLILF

5HSRUWV �������������

.DVDK��6DKUXQL]DP��&KULVWRSKHU�2GG\��DQG�0��$OEHUW�%DVVRQ��������³$XWLVP�/LQNHG�&+'�*HQH

([SUHVVLRQ�3DWWHUQV�GXULQJ�'HYHORSPHQW�3UHGLFW�0XOWL�2UJDQ�'LVHDVH�3KHQRW\SHV�´

-RXUQDO�RI�$QDWRP\ ������������±���

.DWR��0DPRUX��1DR\D�+DWD��1LODQMDQD�%DQHUMHH��%UXFH�)XWFKHU��DQG�0LFKDHO�4��=KDQJ�������

³,GHQWLI\LQJ�&RPELQDWRULDO�5HJXODWLRQ�RI�7UDQVFULSWLRQ�)DFWRUV�DQG�%LQGLQJ�0RWLIV�´

*HQRPH�%LRORJ\ �������5���

.HUQHU��*DVSDUG��0DWWKLHX�%RXD]L]��$XUpOLH�&REDW��%HQHGHWWD�%LJLR��$QGUHZ�7��7LPEHUODNH�

-DFLQWD�%XVWDPDQWH��5LFKDUG�3��/LIWRQ��-HDQ�/DXUHQW�&DVDQRYD��DQG�/DXUHQW�$EHO�������

³$�*HQRPH�:LGH�&DVH�2QO\�7HVW�IRU�WKH�'HWHFWLRQ�RI�'LJHQLF�,QKHULWDQFH�LQ�+XPDQ

([RPHV�´ 3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV RI�WKH�8QLWHG�6WDWHV�RI

$PHULFD ���������������±���

.LPXUD��+LURVKL��������³+LVWRQH�0RGLILFDWLRQV�IRU�+XPDQ�(SLJHQRPH�$QDO\VLV�´ -RXUQDO�RI

+XPDQ�*HQHWLFV �����������±���

.LQJGRP��5HEHFFD��DQG�&DUROLQH�)��:ULJKW��������³,QFRPSOHWH�3HQHWUDQFH�DQG�9DULDEOH

([SUHVVLYLW\��)URP�&OLQLFDO�6WXGLHV�WR�3RSXODWLRQ�&RKRUWV�´ )URQWLHUV�LQ�*HQHWLFV ��

�-XO\����������

.LWDMLPD��6���$��7DNDJL��7��,QRXH��DQG�<��6DJD��������³0HV3��DQG�0HV3��$UH�(VVHQWLDO�IRU�WKH

'HYHORSPHQW�RI�&DUGLDF�0HVRGHUP�´ 'HYHORSPHQW ��� ����������±���

.OHPP��$���3��)OLFHN��7��0DQROLR��DQG�/��+LQGRUII��������³7KH�1+*5,�*:$6�&DWDORJ��D�&XUDWHG

5HVRXUFH�RI�613�7UDLW�$VVRFLDWLRQV�´ 1XFOHLF�$FLGV�

KWWSV���DFDGHPLF�RXS�FRP�QDU�DUWLFOH�DEVWUDFW����'��'�������������

.OHQD��1LNRODL�7���%ULDQ�&��*LEEV��DQG�&HFLOLD�:��/R��������³&LOLD�DQG�&LOLRSDWKLHV�LQ�&RQJHQLWDO
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+HDUW�'LVHDVH�´ &ROG�6SULQJ�+DUERU�3HUVSHFWLYHV�LQ�%LRORJ\ ������

KWWSV���GRL�RUJ���������FVKSHUVSHFW�D�������

.RXVL��0DULD��DQG�1LFKRODV�.DWVDQLV��������³*HQHWLF�0RGLILHUV�DQG�2OLJRJHQLF�,QKHULWDQFH�´

&ROG�6SULQJ�+DUERU�3HUVSHFWLYHV�LQ�0HGLFLQH ������

KWWSV���GRL�RUJ���������FVKSHUVSHFW�D�������

.ZRQ��+���$��1��,PEDO]DQR��3��$��.KDYDUL��5��(��.LQJVWRQ��DQG�0��5��*UHHQ��������³1XFOHRVRPH

'LVUXSWLRQ�DQG�(QKDQFHPHQW�RI�$FWLYDWRU�%LQGLQJ�E\�D�+XPDQ�6:��61)�&RPSOH[�´

1DWXUH ���������������±���

/DKP��+DUDOG��0HLZHQ�-LD��0DUWLQD�'UH�HQ��)HOL[�:LUWK��1D]DQ�3XOXFD��5DOI�*LOVEDFK��%HUQDUG

'��.HDYQH\��HW�DO��������³&RQJHQLWDO�+HDUW�'LVHDVH�5LVN�/RFL�,GHQWLILHG�E\

*HQRPH�:LGH�$VVRFLDWLRQ�6WXG\�LQ�(XURSHDQ�3DWLHQWV�´ 7KH�-RXUQDO�RI�&OLQLFDO

,QYHVWLJDWLRQ ���������KWWSV���GRL�RUJ���������-&,�������

/DXEVFKHU��'RPLQLN��%HUNOH\�(��*U\GHU��%HQMDPLQ�'��6XQNHO��7KRUNHOO�$QGUHVVRQ��0DUFR

:DFKWHO��6XGLSWR�'DV��%HUQG�5RVFKLW]NL��HW�DO��������³%$)�&RPSOH[HV�'ULYH�3UROLIHUDWLRQ

DQG�%ORFN�0\RJHQLF�'LIIHUHQWLDWLRQ�LQ�)XVLRQ�3RVLWLYH�5KDEGRP\RVDUFRPD�´ 1DWXUH

&RPPXQLFDWLRQV �������������

/D]DU��-RKQ�(���6DQGUD�6WHKOLQJ�6XQ��9LYHN�1DQGDNXPDU��+DR�:DQJ��'DQLHO�5��&KHH��1LFKRODV

3��+RZDUG��5H\HV�$FRVWD��HW�DO��������³*OREDO�5HJXODWRU\�'1$�3RWHQWLDWLRQ�E\

60$5&$��3URSDJDWHV�WR�6HOHFWLYH�*HQH�([SUHVVLRQ�3URJUDPV�YLD�'RPDLQ�/HYHO

5HPRGHOLQJ�´ &HOO�5HSRUWV ���������������

/HYLQH��0LNH��������³7UDQVFULSWLRQDO�(QKDQFHUV�LQ�$QLPDO�'HYHORSPHQW�DQG�(YROXWLRQ�´ &XUUHQW

%LRORJ\��&% ���������5���±���

/LHEHUPDQ�$LGHQ��(UH]��1\QNH�/��YDQ�%HUNXP��/RXLVH�:LOOLDPV��0D[LP�,PDNDHY��7RELDV

5DJRF]\��$JQHV�7HOOLQJ��,GR�$PLW��HW�DO��������³&RPSUHKHQVLYH�0DSSLQJ�RI�/RQJ�5DQJH

,QWHUDFWLRQV�5HYHDOV�)ROGLQJ�3ULQFLSOHV�RI�WKH�+XPDQ�*HQRPH�´ 6FLHQFH �����������

���±���
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/LP��7LQJVHQ�%HQVRQ��6LN�<LQ�5RJHU�)RR��DQG�&KLQJ�.LW�&KHQ��������³7KH�5ROH�RI�(SLJHQHWLFV�LQ

&RQJHQLWDO�+HDUW�'LVHDVH�´ *HQHV ��������KWWSV���GRL�RUJ���������JHQHV���������

/L��<RX��1LNRODL�7��.OHQD��*HRUJH�&��*DEULHO��;LDRTLQ�/LX��$QGUHZ�-��.LP��.ULVWL�/HPNH��<X�&KHQ�

HW�DO��������³*OREDO�*HQHWLF�$QDO\VLV�LQ�0LFH�8QYHLOV�&HQWUDO�5ROH�IRU�&LOLD�LQ�&RQJHQLWDO

+HDUW�'LVHDVH�´ 1DWXUH ���������������±���

0DUHOOL��$ULDQH�-���$QGUHZ�6��0DFNLH��5DOXFD�,RQHVFX�,WWX��(OKDP�5DKPH��DQG�/RXLVH�3LORWH�

������³&RQJHQLWDO�+HDUW�'LVHDVH�LQ�WKH�*HQHUDO�3RSXODWLRQ��&KDQJLQJ�3UHYDOHQFH�DQG

$JH�'LVWULEXWLRQ�´ &LUFXODWLRQ ������������±���

0DUOH\��$DURQ��DQG�0DUN�YRQ�=DVWURZ��������³$�6LPSOH�&HOO�%DVHG�$VVD\�5HYHDOV�7KDW�'LYHUVH

1HXURSV\FKLDWULF�5LVN�*HQHV�&RQYHUJH�RQ�3ULPDU\�&LOLD�´ 3OR6�2QH ��������H������

0DUVWUDQG��7URHOV�7���DQG�-RKQ�'��6WRUH\��������³,GHQWLI\LQJ�DQG�0DSSLQJ�&HOO�7\SH�6SHFLILF

&KURPDWLQ�3URJUDPPLQJ�RI�*HQH�([SUHVVLRQ�´ 3URFHHGLQJV RI�WKH�1DWLRQDO�$FDGHP\�RI

6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD �������� (���±���

0F%ULGH��.LP�/���5LFDUGR�3LJQDWHOOL��0DUN�/HZLQ��7UDQJ�+R��6XVDQ�)HUQEDFK��$QGUHV�0HQHVVHV�

:LOEXU�/DP��HW�DO��������³,QKHULWDQFH�$QDO\VLV�RI�&RQJHQLWDO�/HIW�9HQWULFXODU�2XWIORZ

7UDFW�2EVWUXFWLRQ�0DOIRUPDWLRQV��6HJUHJDWLRQ��0XOWLSOH[�5HODWLYH�5LVN��DQG�+HULWDELOLW\�´

$PHULFDQ�-RXUQDO�RI�0HGLFDO�*HQHWLFV��3DUW�$ ���$ ��������±���

0F(OKLQQH\��'RII�%���(OL]DEHWK�*HLJHU��-RVKXD�%OLQGHU��'��:RRGURZ�%HQVRQ��DQG�(OL]DEHWK

*ROGPXQW]��������³1.;����0XWDWLRQV�LQ�3DWLHQWV�ZLWK�&RQJHQLWDO�+HDUW�'LVHDVH�´

-RXUQDO�RI�WKH�$PHULFDQ�&ROOHJH�RI�&DUGLRORJ\ ������� ����±���

0HLHU��3���$��)LQFK��DQG�*��(YDQ��������³$SRSWRVLV�LQ�'HYHORSPHQW�´ 1DWXUH �����������

0RKDPPHG��+LVKDP��,UHQH�+HUQDQGR�+HUUDH]��$XURUD�6DYLQR��$QWRQLR�6FLDOGRQH��,DLQ

0DFDXOD\��&DUOD�0XODV��7DPLU�&KDQGUD��HW�DO��������³6LQJOH�&HOO�/DQGVFDSH�RI

7UDQVFULSWLRQDO�+HWHURJHQHLW\�DQG�&HOO�)DWH�'HFLVLRQV�GXULQJ�0RXVH�(DUO\�*DVWUXODWLRQ�´

&HOO�5HSRUWV ������������±���

0RRUWK\��6DNWKL�'���6FRWW�'DYLGVRQ��9LUODQD�0��6KFKXND��*XUGHHS�6LQJK��1DNLVD�0DOHN�*LODQL�
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/LGD�/DQJURXGL��$OH[DQGUH�0DUWFKHQNR��9LQFHQW�6R��1HLO�1��0DFSKHUVRQ��DQG�-HQQLIHU�$�

0LWFKHOO��������³(QKDQFHUV�DQG�6XSHU�(QKDQFHUV�+DYH�DQ�(TXLYDOHQW�5HJXODWRU\�5ROH�LQ

(PEU\RQLF�6WHP�&HOOV�WKURXJK�5HJXODWLRQ�RI�6LQJOH�RU�0XOWLSOH�*HQHV�´ *HQRPH

5HVHDUFK �����������±���

0RUL��$OHVVDQGUR�'���DQG�%HQRLW�*��%UXQHDX��������³7%;��0XWDWLRQV�DQG�&RQJHQLWDO�+HDUW

'LVHDVH��+ROW�2UDP�6\QGURPH�5HYHDOHG�´ &XUUHQW�2SLQLRQ LQ�&DUGLRORJ\ �����������±���

1RUD��(OSKqJH�3���%U\DQ�5��/DMRLH��(GGD�*��6FKXO]��/XFD�*LRUJHWWL��,NXKLUR�2NDPRWR��1LFRODV

6HUYDQW��7ULVWDQ�3LRORW��HW�DO��������³6SDWLDO�3DUWLWLRQLQJ�RI�WKH�5HJXODWRU\�/DQGVFDSH�RI

WKH�;�,QDFWLYDWLRQ�&HQWUH�´ 1DWXUH ���������������±���

2ND��7RUX��0DUMRULH�0DLOOHW��$OLVWDLU�-��:DWW��5REHUW�-��6FKZDUW]��%UXFH�-��$URQRZ��6WHSKHQ�$�

'XQFDQ��DQG�-HIIHU\�'��0RONHQWLQ��������³&DUGLDF�6SHFLILF�'HOHWLRQ�RI�*DWD��5HYHDOV�,WV

5HTXLUHPHQW�IRU�+\SHUWURSK\��&RPSHQVDWLRQ��DQG�0\RF\WH�9LDELOLW\�´ &LUFXODWLRQ

5HVHDUFK �����������±���

�\HQ��1LQD��*U\�3RXOVHQ��+HDWKHU�$��%R\G��-DQ�:RKOIDKUW��3HWHU�.��$��-HQVHQ��DQG�0DGV

0HOE\H��������³5HFXUUHQFH�RI�&RQJHQLWDO�+HDUW�'HIHFWV�LQ�)DPLOLHV�´ &LUFXODWLRQ ��������

���±����

3DOVWUD��5REHUW�-DQ��DQG�)UDQN�*URVYHOG��������³7UDQVFULSWLRQ�)DFWRU�%LQGLQJ�DW�(QKDQFHUV�

6KDSLQJ�D�*HQRPLF�5HJXODWRU\�/DQGVFDSH�LQ�)OX[�´ )URQWLHUV LQ�*HQHWLFV �

�6HSWHPEHU�������

3HGLDWULF�&DUGLDF�*HQRPLFV�&RQVRUWLXP��%UXFH�*HOE��0DUWLQD�%UXHFNQHU��:HQG\�&KXQJ�

(OL]DEHWK�*ROGPXQW]��-RQDWKDQ�.DOWPDQ��-XDQ�3DEOR�.DVNL��HW�DO��������³7KH�&RQJHQLWDO

+HDUW�'LVHDVH�*HQHWLF�1HWZRUN�6WXG\��5DWLRQDOH��'HVLJQ��DQG�(DUO\�5HVXOWV�´ &LUFXODWLRQ

5HVHDUFK ������������±����

3LHUSRQW��0DU\�(OOD��0DUWLQD�%UXHFNQHU��:HQG\�.��&KXQJ��9LGX�*DUJ��5RQDOG�9��/DFUR��$P\�/�

0F*XLUH��6HHPD�0LWDO��HW�DO��������³*HQHWLF�%DVLV�IRU�&RQJHQLWDO�+HDUW�'LVHDVH�

5HYLVLWHG��$�6FLHQWLILF�6WDWHPHQW�)URP�WKH�$PHULFDQ�+HDUW�$VVRFLDWLRQ�´ &LUFXODWLRQ ���

��
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������H���±����

3LWWPDQ��0DXUHHQ��.LK\XQ�/HH��'HHSDN�6ULYDVWDYD��DQG�.DWKHULQH�6��3ROODUG��������³$Q

2OLJRJHQLF�,QKHULWDQFH�7HVW�'HWHFWV�5LVN�*HQHV�DQG�7KHLU�,QWHUDFWLRQV�LQ�&RQJHQLWDO

+HDUW�'HIHFWV�DQG�'HYHORSPHQWDO�&RPRUELGLWLHV�´ ELR5[LY�

KWWSV���GRL�RUJ���������������������������

3RWWKRII��0DWWKHZ�-���0LFKDHO�$��$UQROG��-RKQ�0F$QDOO\��-DPHV�$��5LFKDUGVRQ��5KRQGD

%DVVHO�'XE\��DQG�(ULF�1��2OVRQ��������³5HJXODWLRQ�RI�6NHOHWDO�0XVFOH�6DUFRPHUH

,QWHJULW\�DQG�3RVWQDWDO�0XVFOH�)XQFWLRQ�E\�0HI�F�´ 0ROHFXODU�DQG�&HOOXODU�%LRORJ\ ��

����������±���

3RXQUDMD��9LMD\�.XPDU��DQG�6DQWKRVK�*LULUDMDQ��������³$�*HQHUDO�)UDPHZRUN�IRU�,GHQWLI\LQJ

2OLJRJHQLF�&RPELQDWLRQV�RI�5DUH�9DULDQWV�LQ�&RPSOH[�'LVRUGHUV�´ *HQRPH�5HVHDUFK�

0DUFK��KWWSV���GRL�RUJ���������JU������������

4LDQ��/L��<X�+XDQJ��&��,DQ�6SHQFHU��$P\�)ROH\��9DVDQWK�9HGDQWKDP��/HL�/LX��6LPRQ�-��&RQZD\�

-L�'RQJ�)X��DQG�'HHSDN�6ULYDVWDYD��������³,Q�9LYR�5HSURJUDPPLQJ�RI�0XULQH�&DUGLDF

)LEUREODVWV�LQWR�,QGXFHG�&DUGLRP\RF\WHV�´ 1DWXUH ��� �����������±���

4LDR��;LDR�+XL��)HL�:DQJ��;LDQ�/LQJ�=KDQJ��5L�7DL�+XDQJ��6RQJ�;XH��-XDQ�:DQJ��;LQJ�%LDR

4LX��;LQJ�<XDQ�/LX��DQG�<L�4LQJ�<DQJ��������³0()�&�/RVV�RI�)XQFWLRQ�0XWDWLRQ

&RQWULEXWHV�WR�&RQJHQLWDO�+HDUW�'HIHFWV�´ ,QWHUQDWLRQDO -RXUQDO�RI�0HGLFDO�6FLHQFHV ��

����������±���

5HXYHQL��(OL��'PLWU\�*HWVHOWHU��2GHG�2URQ��DQG�(YDQ�(OOLRWW��������³'LIIHUHQWLDO�&RQWULEXWLRQ�RI

&LV�DQG�7UDQV�*HQH�7UDQVFULSWLRQ�5HJXODWRU\�0HFKDQLVPV�LQ�$P\JGDOD�DQG�3UHIURQWDO

&RUWH[�DQG�0RGXODWLRQ�E\�6RFLDO�6WUHVV�´ 6FLHQWLILF 5HSRUWV ������������

5LHWKRYHQ��-HDQ�-DFN�0��������³5HJXODWRU\�5HJLRQV�LQ�'1$��3URPRWHUV��(QKDQFHUV��6LOHQFHUV�

DQG�,QVXODWRUV�´ 0HWKRGV�LQ�0ROHFXODU�%LRORJ\ ���� ��±���

5ROOLQV��&DLWOLQ�.���DQG�-DQH�:��1HZEXUJHU��������³1HXURGHYHORSPHQWDO�2XWFRPHV�LQ

&RQJHQLWDO�+HDUW�'LVHDVH�´ &LUFXODWLRQ ����������H���±���
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5RVVL��-��0���1��5��'XQQ��%��/��+RJDQ��DQG�.��6��=DUHW��������³'LVWLQFW�0HVRGHUPDO�6LJQDOV�

,QFOXGLQJ�%03V�IURP�WKH�6HSWXP�7UDQVYHUVXP�0HVHQFK\PH��$UH�5HTXLUHG�LQ

&RPELQDWLRQ�IRU�+HSDWRJHQHVLV�IURP�WKH�(QGRGHUP�´ *HQHV�	�'HYHORSPHQW ��������

����±�����

6FDUSD��(OHQD��DQG�5REHUWR�0D\RU��������³&ROOHFWLYH�&HOO�0LJUDWLRQ�LQ�'HYHORSPHQW�´ 7KH

-RXUQDO�RI�&HOO�%LRORJ\ ������������±���

6FKDDI��&KULVWLDQ�3���$QLNR�6DER��<DVXQDUL�6DNDL��-DF\�&URVE\��'RQQD�0X]Q\��$OLFLD�+DZHV�

/RUD�/HZLV��HW�DO��������³2OLJRJHQLF�+HWHUR]\JRVLW\�LQ�,QGLYLGXDOV�ZLWK�+LJK�)XQFWLRQLQJ

$XWLVP�6SHFWUXP�'LVRUGHUV�´ +XPDQ�0ROHFXODU�*HQHWLFV �������������±���

6FKRHQIHOGHU��6WHIDQ��0D\UD�)XUODQ�0DJDULO��%RUEDOD�0LIVXG��)LOLSH�7DYDUHV�&DGHWH��5REHUW

6XJDU��%LROD�0DULD�-DYLHUUH��7DNDVKL�1DJDQR��HW�DO��������³7KH�3OXULSRWHQW�5HJXODWRU\

&LUFXLWU\�&RQQHFWLQJ�3URPRWHUV�WR�7KHLU�/RQJ�5DQJH�,QWHUDFWLQJ�(OHPHQWV�´ *HQRPH

5HVHDUFK �����������±���

6KDQWD��2PDU��$PLQD�1RRU��+XPDQ�*HQRPH�6WUXFWXUDO�9DULDWLRQ�&RQVRUWLXP��+*69&���DQG

-RQDWKDQ�6HEDW��������³7KH�(IIHFWV�RI�&RPPRQ�6WUXFWXUDO�9DULDQWV�RQ��'�&KURPDWLQ

6WUXFWXUH�´ %0&�*HQRPLFV �����������

6LIULP��$OHMDQGUR��0DUF�3KLOOLS�+LW]��$QQD�:LOVGRQ��-HURHQ�%UHFNSRW��6DHHG�+��$O�7XUNL��%HUQDUG

7KLHQSRQW��-HUHP\�0F5DH��HW�DO��������³'LVWLQFW�*HQHWLF�$UFKLWHFWXUHV�IRU�6\QGURPLF

DQG�1RQV\QGURPLF�&RQJHQLWDO�+HDUW�'HIHFWV�,GHQWLILHG�E\�([RPH�6HTXHQFLQJ�´ 1DWXUH

*HQHWLFV ������������±���

6PLWK��(PLO\�0���%U\DQ�5��/DMRLH��*DXUDY�-DLQ��DQG�-RE�'HNNHU��������³,QYDULDQW�7$'

%RXQGDULHV�&RQVWUDLQ�&HOO�7\SH�6SHFLILF�/RRSLQJ�,QWHUDFWLRQV�EHWZHHQ�3URPRWHUV�DQG

'LVWDO�(OHPHQWV�DURXQG�WKH�&)75�/RFXV�´ $PHULFDQ�-RXUQDO RI�+XPDQ�*HQHWLFV �������

���±����

6RLQL��7HD��.DWMD�(ORUDQWD��0DUMXW�3LKODMRNL��$QWWL�.\U|QODKWL��2\HGLUDQ�$NLQULQDGH��1RRUD

$QGHUVVRQ��-RXNR�/RKL��0LNNR�3��3DNDULQHQ��'DYLG�%��:LOVRQ��DQG�0DUNNX�+HLNLQKHLPR�
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������³7UDQVFULSWLRQ�)DFWRU�*$7$��$VVRFLDWHV�ZLWK�0HVHQFK\PDO�OLNH�*HQH�([SUHVVLRQ

LQ�+XPDQ�+HSDWREODVWRPD�&HOOV�´ 7XPRXU�%LRORJ\��7KH -RXUQDO�RI�WKH�,QWHUQDWLRQDO

6RFLHW\�IRU�2QFRGHYHORSPHQWDO�%LRORJ\�DQG�0HGLFLQH �������������������������

6SLHOPDQQ��0DOWH��'DUtR�*��/XSLixH]��DQG�6WHIDQ�0XQGORV��������³6WUXFWXUDO�9DULDWLRQ�LQ�WKH��'

*HQRPH�´ 1DWXUH�5HYLHZV��*HQHWLFV �����������±���

6XQ��;LQ��6ZHWDQVX�.��+RWD��<X�4LQJ�=KRX��6WHIDQLH�1RYDN��'DULR�0LJXHO�3HUH]��'DQRV

&KULVWRGRXORX��&KULVWLQH�(��6HLGPDQ��HW�DO��������³&DUGLDF�(QULFKHG�%$)

&KURPDWLQ�5HPRGHOLQJ�&RPSOH[�6XEXQLW�%DI��F�5HJXODWHV�*HQH�([SUHVVLRQ�3URJUDPV

(VVHQWLDO�IRU�+HDUW�'HYHORSPHQW�DQG�)XQFWLRQ�´ %LRORJ\ 2SHQ ������

KWWSV���GRL�RUJ���������ELR��������

7DNDKDVKL��.D]XWRVKL��.RML�7DQDEH��0DUL�2KQXNL��0HJXPL�1DULWD��7RPRNR�,FKLVDND��.LLFKLUR

7RPRGD��DQG�6KLQ\D�<DPDQDND��������³,QGXFWLRQ�RI�3OXULSRWHQW�6WHP�&HOOV�IURP�$GXOW

+XPDQ�)LEUREODVWV�E\�'HILQHG�)DFWRUV�´ &HOO �������� ���±���

7DNDKDVKL��.D]XWRVKL��DQG�6KLQ\D�<DPDQDND��������³,QGXFWLRQ�RI�3OXULSRWHQW�6WHP�&HOOV�IURP

0RXVH�(PEU\RQLF�DQG�$GXOW�)LEUREODVW�&XOWXUHV�E\�'HILQHG�)DFWRUV�´ &HOO ��������

���±���

7DNHXFKL��-XQ�.���DQG�%HQRLW�*��%UXQHDX��������³'LUHFWHG�7UDQVGLIIHUHQWLDWLRQ�RI�0RXVH

0HVRGHUP�WR�+HDUW�7LVVXH�E\�'HILQHG�)DFWRUV�´ 1DWXUH ���������������±���

7RPLWD�0LWFKHOO��$���&��/��0DVOHQ��&��'��0RUULV��9��*DUJ��DQG�(��*ROGPXQW]��������³*$7$�

6HTXHQFH�9DULDQWV�LQ�3DWLHQWV�ZLWK�&RQJHQLWDO�+HDUW�'LVHDVH�´ -RXUQDO�RI�0HGLFDO

*HQHWLFV ������������±���

7RWR��3DXOD�&RXWLQKR��3LHU�/RUHQ]R�3XUL��DQG�6RQLD�$OELQL��������³6:,�61)�'LUHFWHG�6WHP�&HOO

/LQHDJH�6SHFLILFDWLRQ��'\QDPLF�&RPSRVLWLRQ�5HJXODWHV�6SHFLILF�6WDJHV�RI�6NHOHWDO

0\RJHQHVLV�´ &HOOXODU�DQG�0ROHFXODU�/LIH�6FLHQFHV� &0/6 �������������±���

7VHQJ��<X�&KXQ��%LUJLW�&DERW��DQG�5\DQ�$��&DERW��������³$5,'�$��D�&RPSRQHQW�RI�6:,�61)

&KURPDWLQ�5HPRGHOLQJ�&RPSOH[HV��,V�5HTXLUHG�IRU�3RUFLQH�(PEU\R�'HYHORSPHQW�´
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0ROHFXODU�5HSURGXFWLRQ�DQG�'HYHORSPHQW �������������±���

9DDUW��$QLHN�YDQ�GHU��0ROO\�*RGIUH\��9LQFHQW�3RUWHJLMV��DQG�6DQGHU�YDQ�GHQ�+HXYHO�������

³'RVH�'HSHQGHQW�)XQFWLRQV�RI�6:,�61)�%$)�LQ�3HUPLWWLQJ�DQG�,QKLELWLQJ�&HOO

3UROLIHUDWLRQ�LQ�9LYR�´ 6FLHQFH�$GYDQFHV ��������HDD\�����

9DQGHO��-LPP\��2FpDQH�&DVVDQ��6RSKLH�/qEUH��&KDUOHV�+HQUL�/HFHOOLHU��DQG�/DXUHQW�%UpKpOLQ�

������³3URELQJ�7UDQVFULSWLRQ�)DFWRU�&RPELQDWRULFV�LQ�'LIIHUHQW�3URPRWHU�&ODVVHV�DQG�LQ

(QKDQFHUV�´ %0&�*HQRPLFV ������������

:DQJ��:���-��&{Wp��<��;XH��6��=KRX��3��$��.KDYDUL��6��5��%LJJDU��&��0XFKDUGW��HW�DO�������

³3XULILFDWLRQ�DQG�%LRFKHPLFDO�+HWHURJHQHLW\�RI�WKH�0DPPDOLDQ�6:,�61)�&RPSOH[�´ 7KH

(0%2�-RXUQDO �������������±���

:HQJHU��7DUD�/���&KDUOO\�.DR��'RQQD�0��0F'RQDOG�0F*LQQ��(ODLQH�+��=DFNDL��$OLFH�%DLOH\�

5REHUW�7��6FKXOW]��%HUQLFH�(��0RUURZ��%HYHUO\�6��(PDQXHO��DQG�+DNRQ�+DNRQDUVRQ�

������³7KH�5ROH�RI�P*OX5�&RS\�1XPEHU�9DULDWLRQ�LQ�*HQHWLF�DQG�(QYLURQPHQWDO�)RUPV

RI�6\QGURPLF�$XWLVP�6SHFWUXP�'LVRUGHU�´ 6FLHQWLILF 5HSRUWV ���-DQXDU\���������

:HUQHU��3HWUD��%UDQGH�/DWQH\��0DWWKHZ�$��'HDUGRUII��DQG�(OL]DEHWK�*ROGPXQW]��������³0(63�

0XWDWLRQV�LQ�3DWLHQWV�ZLWK�&RQJHQLWDO�+HDUW�'HIHFWV�´ +XPDQ�0XWDWLRQ �����������±���

;X��0LQJMLH��-LH�<DR��<LQJFKDR�6KL��+XLMXDQ�<L��:XNXL�=KDR��;LQKXD�/LQ��DQG�=KRQJ]KRX�<DQJ�

������³7KH�65&$3�&KURPDWLQ�5HPRGHOLQJ�&RPSOH[�3URPRWHV�2[LGDWLYH�0HWDEROLVP

GXULQJ�3UHQDWDO�+HDUW�'HYHORSPHQW�´ 'HYHORSPHQW ��� ����

=DLGL��6DPLU��DQG�0DUWLQD�%UXHFNQHU��������³*HQHWLFV�DQG�*HQRPLFV�RI�&RQJHQLWDO�+HDUW

'LVHDVH�´ &LUFXODWLRQ�5HVHDUFK ������������±���

=KDQJ��+H\DR��;XHSHQJ�:DQJ��-LQJVKHQJ�/L��5RQJKXD�6KL��DQG�<LQJ�<H��������³%$)�&RPSOH[

LQ�(PEU\RQLF�6WHP�&HOOV�DQG�(DUO\�(PEU\RQLF�'HYHORSPHQW�´ 6WHP�&HOOV�,QWHUQDWLRQDO

������-DQXDU\�����������

=KDQJ��+XL��/LQJMXDQ�/LX��DQG�-LH�7LDQ��������³0ROHFXODU�0HFKDQLVPV�RI�&RQJHQLWDO�+HDUW

'LVHDVH�LQ�GRZQ�6\QGURPH�´ *HQHV�	�'LVHDVHV ������ ���±���
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&+$37(5����7UDQVFULSWLRQ�IDFWRU�SURWHLQ�LQWHUDFWRPHV�UHYHDO

JHQHWLF�GHWHUPLQDQWV�LQ�KHDUW�GLVHDVH

7KLV�FKDSWHU�LV�DGDSWHG�IURP�P\�FRQWULEXWLRQV�WR�*RQ]DOH]�7HUDQ�HW�DO���������2WKHU

FRQWULEXWLRQV�WR�WKH�ZRUN�HQFORVHG�KHUH�DUH�EHORZ�

Ɣ '�5��%��%�(�-�0���DQG�%�*��7��JHQHUDWHG�WKH�NQRFNRXW�KL36&�OLQHV��'�5��%��DQG�%�*��7�

SHUIRUPHG�:7��*$7$���DQG�7%;��NQRFNRXW�&3�DQG�&0�GLIIHUHQWLDWLRQV�

Ɣ %�5�&���5�+���DQG�%�*��7��GHILQHG�WKH�DSSURSULDWH�DIILQLW\�SXULILFDWLRQ�VWUDWHJ\�IRU�F7)V�

0�0��DQG�%�*��7��SHUIRUPHG�*$7$��DQG�7%;��DIILQLW\�SXULILFDWLRQ�DQG�VDPSOH

SUHSDUDWLRQ�IRU�PDVV�VSHFWURPHWU\�DQG�*7�33,�FODVVLILFDWLRQ�

Ɣ )�)��DQG�%�*��7��SHUIRUPHG�*$7$��DQG�*/<5��VLOHQFLQJ�LQ�&3V�DQG�OXFLIHUDVH�UHSRUWHU

DVVD\V��$�3��GHVLJQHG�DQG�JHQHUDWHG�WKH�*O\U��3���/�PRXVH�OLQH��&�<�/���<�+���0�:�&�

DQG�%�*��7�SHUIRUPHG�*O\U��3���/�PRXVH�VWXGLHV�

Ɣ 7KDQNV�WR�%�*��7���'�6��DQG�.�6�3��ZKR�GUDIWHG�WH[W�IHDWXUHG�LQ�WKLV�FKDSWHU�

*RQ]DOH]�7HUDQ��%DUEDUD��0DXUHHQ�3LWWPDQ��)UDQFR�)HOL[��5HXEHQ�7KRPDV��'HVPRQG

5LFKPRQG�%XFFROD��5XWK�+�WWHQKDLQ��.ULVKQD�&KRXGKDU\��(OLVDEHWWD�0RURQL��0DXUR�:

&RVWD��<X�+XDQJ��$UXQ�3DGPDQDEKDQ��0LFKDHO�$OH[DQLDQ��&ODUD�<RXQJQD�/HH��%RQQLH

(�-�0DYHQ��.DLWOHQ�6DPVH�.QDSS��6DUDK�8�0RUWRQ��0LFKDHO�0F*UHJRU��&DVH\�$�*LIIRUG�

-�*�6HLGPDQ��&KULVWLQH�(�6HLGPDQ��%UXFH�'�*HOE��*LRUJLR�&RORPER��%UXFH�5�&RQNOLQ�

%ULDQ�/�%ODFN��%HQRLW�*�%UXQHDX���1HYDQ�-�.URJDQ��.DWKHULQH�6�3ROODUG��'HHSDN

6ULYDVWDYD��������³7UDQVFULSWLRQ�)DFWRU�3URWHLQ�,QWHUDFWRPHV�5HYHDO�*HQHWLF

'HWHUPLQDQWV�LQ�+HDUW�'LVHDVH�´�&HOO�������������±����H���

��



����$%675$&7

&RQJHQLWDO KHDUW GLVHDVH �&+'� LV SUHVHQW LQ �� RI OLYH ELUWKV� \HW LGHQWLILFDWLRQ RI FDXVDO

PXWDWLRQV UHPDLQV FKDOOHQJLQJ� :H K\SRWKHVL]HG WKDW JHQHWLF GHWHUPLQDQWV IRU &+'V PD\ OLH LQ

WKH SURWHLQ LQWHUDFWRPHV RI WUDQVFULSWLRQ IDFWRUV ZKRVH PXWDWLRQV FDXVH &+'V� 'HILQLQJ WKH

LQWHUDFWRPHV RI WZR WUDQVFULSWLRQ IDFWRUV KDSORLQVXIILFLHQW LQ &+'� *$7$� DQG 7%;�� ZLWKLQ

KXPDQ FDUGLDF SURJHQLWRUV� DQG LQWHJUDWLQJ WKH UHVXOWV ZLWK QHDUO\ ����� H[RPHV IURP

SUREDQG�SDUHQW WULRV UHYHDOHG DQ HQULFKPHQW RI GH QRYR PLVVHQVH YDULDQWV DVVRFLDWHG ZLWK &+'

ZLWKLQ WKH LQWHUDFWRPHV� 6FRULQJ YDULDQWV RI LQWHUDFWRPH PHPEHUV EDVHG RQ UHVLGXH� JHQH� DQG

SUREDQG IHDWXUHV LGHQWLILHG OLNHO\ &+'�FDXVLQJ JHQHV� LQFOXGLQJ WKH HSLJHQHWLF UHDGHU */<5��

*/<5� DQG *$7$� ZLGHO\ FR�RFFXSLHG DQG FR�DFWLYDWHG FDUGLDF GHYHORSPHQWDO JHQHV� DQG WKH

LGHQWLILHG */<5� PLVVHQVH YDULDQW GLVUXSWHG LQWHUDFWLRQ ZLWK *$7$�� LPSDLULQJ LQ YLWUR DQG LQ

YLYR IXQFWLRQ LQ PLFH� 7KLV LQWHJUDWLYH SURWHRPLF DQG JHQHWLF DSSURDFK SURYLGHV D IUDPHZRUN IRU

SULRULWL]LQJ�DQG�LQWHUURJDWLQJ�JHQHWLF�YDULDQWV�LQ�KHDUW�GLVHDVH�

����%$&.*5281'

%LUWK GHIHFWV DUH FRPSOH[ GHYHORSPHQWDO SKHQRW\SHV DIIHFWLQJ �� RI ELUWKV ZRUOGZLGH�

\HW WKHLU JHQHWLF URRWV DUH PXOWLIDFWRULDO DQG GLIILFXOW WR DVFHUWDLQ �&KULVWLDQVRQ� +RZVRQ� DQG

0RGHOO ����� 'HFLSKHULQJ 'HYHORSPHQWDO 'LVRUGHUV 6WXG\ ������ 3DUWLFXODUO\ FKDOOHQJLQJ DUH

UDUH GLVRUGHUV DQG PRUH FRPPRQ FRPSOH[ GHIHFWV ZLWK KLJK DOOHOLF DQG ORFXV KHWHURJHQHLW\� ,Q

UHFHQW \HDUV� ZKROH�H[RPH VHTXHQFLQJ KDV DFFHOHUDWHG RXU XQGHUVWDQGLQJ RI VXFK GLVRUGHUV�

LQFOXGLQJ WKH PRVW FRPPRQ ELUWK GHIHFW� FRQJHQLWDO KHDUW GLVHDVH �&+'� �=DLGL HW DO� �����

+RPV\ HW DO� ����� -LQ HW DO� ����� 5LFKWHU HW DO� ������ 'H QRYR PRQRJHQLF DEHUUDWLRQV ZHUH

IRXQG WR FROOHFWLYHO\ FRQWULEXWH WR ��� RI &+' FDVHV� ZKHUHDV UDUH LQKHULWHG DQG FRS\ QXPEHU

YDULDQWV KDYH EHHQ LGHQWLILHG LQ �� DQG ��� RI FDVHV� UHVSHFWLYHO\ �=DLGL DQG %UXHFNQHU ������

$GGLWLRQDOO\� SRO\JHQLF DQG ROLJRJHQLF LQKHULWDQFH PRGHOV� ZKHUH PXOWLSOH JHQHWLF YDULDQWV ZLWK

HSLVWDWLF UHODWLRQVKLSV DUH LPSOLFDWHG� KDYH EHHQ SURSRVHG DV PHFKDQLVWLF H[SODQDWLRQV IRU
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FHUWDLQ FRPSOH[ SKHQRW\SHV� $ UHFHQW VWXG\ KLJKOLJKWHG WKH LQYROYHPHQW RI JHQHWLF PRGLILHUV LQ

KXPDQ FDUGLDF GLVHDVH �*LIIRUG HW DO� ������ EXW WKH QHW FRQWULEXWLRQ RI ROLJRJHQLF LQKHULWDQFH

UHPDLQV WR EH GHWHUPLQHG� 'HVSLWH WKH JURZLQJ FDWDORJ RI KXPDQ JHQRPH YDULDQWV� WKH FDXVH RI

RYHU�����RI�&+'�FDVHV�UHPDLQV�XQNQRZQ �=DLGL�DQG�%UXHFNQHU ������

$ EDUULHU WR D FRPSOHWH XQGHUVWDQGLQJ RI &+'¶V HWLRORJ\ LV LWV LPPHQVH JHQHWLF

KHWHURJHQHLW\� (VWLPDWHV EDVHG RQ GH QRYR PXWDWLRQV DORQH LQGLFDWH WKDW PRUH WKDQ ��� JHQHV

PD\ FRQWULEXWH WR &+' SDWKRJHQHVLV �+RPV\ HW DO� ������ 7KLV KHWHURJHQHLW\ UHGXFHV WKH

VWDWLVWLFDO SRZHU RI &+' ULVN JHQH DQDO\VLV ZLWK WKH FRKRUWV FXUUHQWO\ DYDLODEOH� ,W LV HVWLPDWHG

WKDW FRKRUWV RI DSSUR[LPDWHO\ ������ SDUHQW�SUREDQG WULRV ZRXOG EH QHHGHG IRU ZKROH�H[RPH

VHTXHQFLQJ WR GHWHFW ��� RI JHQHV FRQWULEXWLQJ WR KDSOR�LQVXIILFLHQW V\QGURPLF &+' �6LIULP HW

DO� ������ KLJKOLJKWLQJ WKH QHHG IRU DOWHUQDWLYH VWUDWHJLHV WR LGHQWLI\ &+' ULVN JHQHV DQG WR

SULRULWL]H�IRU�SRWHQWLDOO\�FDXVDWLYH�YDULDQWV�

0DQ\ GLVHDVHV GHPRQVWUDWH WLVVXH�UHVWULFWHG SKHQRW\SHV EXW DUH UDUHO\ H[SODLQHG E\

PXWDWLRQV LQ JHQHV ZLWK WLVVXH�VSHFLILF H[SUHVVLRQ �+HNVHOPDQ DQG <HJHU�/RWHP ������ )RU

H[DPSOH� FDUGLDF PDOIRUPDWLRQV KDYH EHHQ OLQNHG WR YDULDQWV LQ WLVVXH�HQULFKHG FDUGLDF

WUDQVFULSWLRQ IDFWRUV �F7)V� WKDW DUH H[SUHVVHG PRUH ZLGHO\� 6XFK F7)V W\SLFDOO\ IRUP FRPSOH[HV

ZLWK RWKHU WLVVXH�HQULFKHG DQG XELTXLWRXV SURWHLQV WR RUFKHVWUDWH VSHFLILF GHYHORSPHQWDO JHQH

SURJUDPV �/DPEHUW HW DO� ������ F7) PLVVHQVH YDULDQWV PD\ GLVUXSW VSHFLILF LQWHUDFWLRQV ZLWK

RWKHU SURWHLQV� DIIHFWLQJ WKHLU WUDQVFULSWLRQDO FRRSHUDWLYLW\ DQG FDXVLQJ GLVHDVH �$QJ HW DO� �����

0RVNRZLW] HW DO� ����� :DOGURQ HW DO� ������ 7KLV REVHUYDWLRQ VXJJHVWV D IXQFWLRQDO UHOHYDQFH

IRU F7) LQWHUDFWRUV LQ JHQHWLF GLVRUGHUV� LQFOXGLQJ &+'� ,Q DJUHHPHQW� %DUVKLU HW DO� �%DUVKLU HW

DO� ����� REVHUYHG WKDW GLVHDVH FDXVDO JHQHV DUH RIWHQ ZLGHO\ H[SUHVVHG DFURVV WLVVXHV EXW

ZLWK D WHQGHQF\ WR H[KLELW PRUH WLVVXH�VSHFLILF SURWHLQ�SURWHLQ LQWHUDFWLRQV LQ GLVHDVHG YHUVXV

XQDIIHFWHG WLVVXHV� ,Q &+' VSHFLILFDOO\� DQ H[FHVV RI SURWHLQ�DOWHULQJ GH QRYR YDULDQWV IURP WKH

3HGLDWULF &DUGLDF *HQRPLFV &RQVRUWLXP¶V �3&*&� FRKRUW ZHUH IRXQG LQ XELTXLWRXVO\ H[SUHVVHG

FKURPDWLQ UHJXODWRUV WKDW SDUWQHU ZLWK F7)V WR UHJXODWH WKH H[SUHVVLRQ RI NH\ GHYHORSPHQWDO
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JHQHV �=DLGL HW DO� ������ 7KLV OHG XV WR K\SRWKHVL]H WKDW SURWHLQ�SURWHLQ LQWHUDFWRUV RI F7)V

DVVRFLDWHG ZLWK &+' PD\ EH HQULFKHG LQ GLVHDVH�DVVRFLDWHG SURWHLQV� HYHQ LI WKHVH SURWHLQV DUH

QRW�WLVVXH�VSHFLILF�

*$7$� DQG 7%;� DUH WZR HVVHQWLDO F7)V �.XR HW DO� ����� %UXQHDX HW DO� ����� �����

2ND HW DO� ����� DQG DPRQJ WKH ILUVW LGHQWLILHG PRQRJHQLF HWLRORJLHV RI IDPLOLDO &+'�

+HWHUR]\JRXV SDWKRJHQLF YDULDWLRQV LQ 7%;� DUH D FDXVH RI VHSWDWLRQ GHIHFWV DQG RWKHU IRUPV

RI &+' LQ WKH VHWWLQJ RI +ROW�2UDP V\QGURPH �%DVVRQ HW DO� ����� <L /L HW DO� ������

+HWHUR]\JRXV YDULDWLRQV LQ *$7$� DOVR FDXVH DWULDO DQG YHQWULFXODU VHSWDO GHIHFWV� DV ZHOO DV

SXOPRQDU\ VWHQRVLV DQG RXWIORZ WUDFW DEQRUPDOLWLHV �*DUJ HW DO� ����� 5DMDJRSDO HW DO� �����

7RPLWD�0LWFKHOO HW DO� ������ 6XEVHTXHQW VWXGLHV KDYH GHPRQVWUDWHG WKDW 7%;� DQG *$7$�

FRRSHUDWLYHO\ LQWHUDFW RQ '1$ WKURXJKRXW WKH JHQRPH WR UHJXODWH KHDUW GHYHORSPHQW �$QJ HW DO�

����� /XQD�=XULWD HW DO� ������ 'LVUXSWLRQ RI WKH SK\VLFDO LQWHUDFWLRQ EHWZHHQ WKHVH F7)V RU ZLWK

RWKHU VSHFLILF FR�IDFWRUV E\ PLVVHQVH YDULDQWV FDQ LPSDLU WUDQVFULSWLRQDO FRRSHUDWLYLW\ DQG

OLQHDJH VSHFLILFDWLRQ� DQG XOWLPDWHO\ FDXVH FDUGLDF PDOIRUPDWLRQV �$QJ HW DO� ����� *DUJ HW DO�

����� 0DLWUD HW DO� ����� :DOGURQ HW DO� ������ 7KHUHIRUH� WKH LGHQWLILFDWLRQ RI KXPDQ *$7$� DQG

7%;� �*7� SURWHLQ LQWHUDFWRUV GXULQJ FDUGLRJHQHVLV FRXOG KLJKOLJKW GLVHDVH PHFKDQLVPV DQG DLG

LQ�SUHGLFWLQJ�WKH�LPSDFW�RI�SURWHLQ�FRGLQJ�YDULDQWV�LQ�&+'�

+HUH� , DQG FR�DXWKRUV GHVLJQHG DQ LQWHJUDWHG SURWHRPLFV DQG KXPDQ JHQHWLFV

DSSURDFK WKDW GLVVHFWV WKH SURWHLQ�SURWHLQ LQWHUDFWRUV RI HQGRJHQRXV *$7$� DQG 7%;� LQ

KXPDQ FDUGLDF SURJHQLWRU FHOOV� LQ RUGHU WR LGHQWLI\ DQG SULRULWL]H SRWHQWLDO GLVHDVH JHQHV

KDUERULQJ &+'�DVVRFLDWHG YDULDQWV� :H XVHG WKLV DSSURDFK WR UHYHDO DVSHFWV RI FDUGLDF JHQH

UHJXODWLRQ��ZKLFK�FDQ�EH�H[WHQGHG�WR�WKH�JHQHWLF�XQGHUSLQQLQJV�RI�PDQ\�KXPDQ�GLVHDVHV�
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������,GHQWLILFDWLRQ�RI�WKH�*$7$��DQG�7%;��SURWHLQ�LQWHUDFWRPHV�LQ�FDUGLDF�SURJHQLWRUV

7R LGHQWLI\ WKH *$7$� DQG 7%;� SURWHLQ LQWHUDFWRPH �*7�33,� LQ KXPDQ LQGXFHG

SOXULSRWHQW VWHP�FHOO�GHULYHG FDUGLDF SURJHQLWRUV �&3V�� DQWLERGLHV DJDLQVW HDFK HQGRJHQRXV

F7) ZHUH XVHG IRU DIILQLW\ SXULILFDWLRQ DQG PDVV VSHFWURPHWU\ �$3�06� �)LJXUH ����� 8VLQJ

&5,635�&DV��J51$ ULERQXFOHRSURWHLQV� FR�DXWKRUV JHQHUDWHG FORQDO 7%;� RU *$7$�

KRPR]\JRXV NQRFNRXW �.2� KL36& OLQHV DV QHJDWLYH FRQWUROV� 7KHVH FRQWURO OLQHV ZHUH

GLIIHUHQWLDWHG WR &3 DQG FDUGLRP\RF\WH �&0� VWDJHV� DQG WKH DEVHQFH RI WKH UHVSHFWLYH F7)

H[SUHVVLRQ ZDV FRQILUPHG� &RQVLVWHQW ZLWK SUHYLRXV UHSRUWV �.DWKLUL\D HW DO� ����� /XQD�=XULWD HW

DO� ����� 1DULWD� %LHOLQVND� DQG :LOVRQ ������ *$7$� DQG 7%;� .2 FHOOV ZHUH DEOH WR

GLIIHUHQWLDWH�LQWR�&0V��DOEHLW�ZLWK�GHOD\HG�EHDWLQJ�DQG�UHGXFHG�GLIIHUHQWLDWLRQ�HIILFLHQF\�

*$7$� RU 7%;� PDVV VSHFWURPHWU\ GDWD ZHUH JHQHUDWHG E\ FR�DXWKRUV IURP WKUHH

UHSOLFDWHV RI QXFOHL�HQULFKHG GD\ � KL36&�GHULYHG &3V IURP ZLOG�W\SH �:7� RU .2 VDPSOHV

WUHDWHG�ZLWK�51DVH�DQG�'1DVH��)LJXUH������

)LJXUH ���� *$7$� DQG 7%;� $3�06 VWUDWHJ\ IURP KL36&�GHULYHG FDUGLDF SURJHQLWRUV ZLWK
JHQH�NQRFNRXW�OLQHV�DV�QHJDWLYH�FRQWUROV�

8VLQJ WKH 6$,17T VRIWZDUH DQG DOJRULWKP �7HR HW DO� ������ , REWDLQHG DQ LQLWLDO OLVW RI *7

LQWHUDFWRUV LQ :7 &3V E\ VFRULQJ WKH SURWHLQV LGHQWLILHG LQ :7 $3�06 H[SHULPHQWV WR WKHLU

FRUUHVSRQGLQJ .2 FRQWURO OLQH� )RU IXUWKHU VWULQJHQF\� , DGGLWLRQDOO\ ILOWHUHG EDVHG RQ QXFOHDU
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ORFDOL]DWLRQ DQG FR�H[SUHVVLRQ LQ WKH VDPH FHOO W\SHV DV WKH EDLW SURWHLQ� 3URWHLQV ZKRVH P51$

ZDV GRZQUHJXODWHG LQ WKH .2 FHOOV FRPSDUHG WR :7 ZHUH H[FOXGHG �VHH 0HWKRGV ������

6HOHFWLRQ RI LQWHUDFWRPH SURWHLQV�� 7KLV DSSURDFK \LHOGHG ��� SURWHLQV LQ WRWDO� ZKLFK

FRPSULVHG VHYHUDO RI WKH SUHYLRXVO\ UHSRUWHG *$7$� DQG 7%;� LQWHUDFWRUV DV ZHOO DV QRYHO

LQWHUDFWRUV �:DOGURQ HW DO� ����� (QDQH HW DO� ����� 3DGPDQDEKDQ HW DO� ������ 0XWDWLRQV LQ

VHYHUDO RI WKHVH LQWHUDFWRUV KDYH EHHQ SUHYLRXVO\ DVVRFLDWHG ZLWK FDUGLDF PDOIRUPDWLRQV�

KLJKOLJKWLQJ�WKH�SRWHQWLDO�RI�RXU�DSSURDFK�IRU�GLVHDVH�JHQH�GLVFRYHU\��)LJXUH������$�%��

)LJXUH ���� *$7$� �$� DQG 7%;� �%� LQWHUDFWLQJ SURWHLQ FDWHJRULHV ZLWK ER[HG DUHDV
SURSRUWLRQDO WR WKH QXPEHU RI LQWHUDFWRUV LQ HDFK� 3URWHLQV LQWHUDFWLQJ ZLWK ERWK *$7$� DQG
7%;���EOXH��RU�SUHYLRXVO\�UHSRUWHG�LQWHUDFWRUV��UHG��DUH�KLJKOLJKWHG�

&RQVLVWHQW ZLWK WKH LQWHUGHSHQGHQFH RI *$7$� DQG 7%;� GXULQJ FDUGLDF GHYHORSPHQW�

WKHLU QHWZRUNV VKRZHG VRPH RYHUODS� EXW WKH EXON RI WKH GHWHFWHG LQWHUDFWRUV ZHUH XQLTXH WR

HDFK F7)� %RWK QHWZRUNV ZHUH HQULFKHG LQ SURWHLQV LQYROYHG LQ VLPLODU ELRORJLFDO SURFHVVHV

�)LJXUH ���� $�%�� 7KH WRS WZR PRVW UHSUHVHQWHG SURFHVVHV ZHUH WUDQVFULSWLRQ UHJXODWLRQ DQG

FKURPDWLQ PRGLILFDWLRQ �)LJXUH ���� $�� DV H[SHFWHG IURP WKH F7)V¶ ZHOO�HVWDEOLVKHG IXQFWLRQV LQ

JHQH UHJXODWLRQ� %RWK NQRZQ DQG SUHYLRXVO\ XQUHSRUWHG ORZ�DEXQGDQFH 7)V ZHUH IRXQG WR

LQWHUDFW ZLWK *$7$� DQG�RU 7%;� �H�J�� =)30�� =1)���� 6$//�� =1)���� DQG 0$%��/��

GHPRQVWUDWLQJ WKH VHQVLWLYLW\ RI WKH $3�06 DSSURDFK� &KURPDWLQ PRGLILHUV �䍐��� RU ��� RI

��
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*$7$� RU 7%;� LQWHUDFWRUV� UHVSHFWLYHO\� SUHGRPLQDQWO\ EHORQJHG WR $73�GHSHQGHQW

FRPSOH[HV� DQG , IRXQG VHYHUDO KLVWRQH�PRGLI\LQJ HQ]\PHV LQ WKH *$7$��33, �)LJXUH ���� $�%�

�(QDQH HW DO� ������ $ QXPEHU RI 51$ SURFHVVLQJ DQG VSOLFLQJ SURWHLQV� DV ZHOO DV PHPEHUV RI

WKH QXFOHDU SRUH FRPSOH[� ZHUH DOVR LGHQWLILHG �)LJXUHV ���� $�%�� 7KH *7�33,V PRVWO\ LQFOXGHG

SURWHLQV H[SUHVVHG XELTXLWRXVO\� ZLWK D VPDOO QXPEHU RI WLVVXH�HQULFKHG DQG FHOO�W\SH HQULFKHG

LQWHUDFWRUV��)LJXUH������%��

)LJXUH ���� �$� 'LVWULEXWLRQ RI *$7$� DQG 7%;� 33,V LQ ELRORJLFDO SURFHVVHV� DV DQQRWDWHG LQ
)LJXUH ���� �%� 7LVVXH H[SUHVVLRQ GLVWULEXWLRQ RI *$7$� DQG 7%;� LQWHUDFWRUV DFURVV WKH VL[
+XPDQ 3URWHLQ $WODV FDWHJRULHV EDVHG RQ WUDQVFULSW GHWHFWLRQ �WSP � �� LQ DOO �� DQDO\]HG
WLVVXHV�

������*$7$��7%;��LQWHUDFWRPH�LV�HQULFKHG�LQ�SURWHLQV�KDUERULQJ�GH�QRYR�YDULDQWV�LQ�&+'

7R GHWHUPLQH ZKHWKHU WKH *7 LQWHUDFWRUV LGHQWLILHG LQ KXPDQ &3V PLJKW KHOS SUHGLFW

JHQHWLF ULVN IDFWRUV IRU &+'� , DVVHVVHG WKHLU LQWHUVHFWLRQ ZLWK GH QRYR YDULDQWV �'19V� DQG YHU\

UDUH �PLQRU DOOHOH IUHTXHQF\ � ��í�� LQKHULWHG ORVV�RI�IXQFWLRQ �/R)� YDULDQWV IRXQG LQ &+'

SUREDQGV IURP WKH 3&*&� ,Q DGGLWLRQ WR D SUHYLRXVO\ SXEOLVKHG FRKRUW RI SDUHQW�RIIVSULQJ &+'

WULRV DQG FRQWURO WULRV �-LQ HW DO� ������ , SURFHVVHG DQG LQFOXGHG YDULDQW GDWD IURP DQ DGGLWLRQDO

��� &+' SUREDQGV DQG WKHLU SDUHQWV IRU D WRWDO RI RYHU ����� WULRV� $ SHUPXWDWLRQ�EDVHG

��
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VWDWLVWLFDO WHVW ZDV XVHG WR DQDO\]H WKH IUHTXHQF\ RI YDULDQWV LQ *7�LQWHUDFWLQJ SURWHLQV DPRQJ

WKH &+' SUREDQGV FRPSDUHG WR WKH FRQWURO JURXS �VHH 0HWKRGV ������ 3HUPXWDWLRQ�EDVHG

WHVWV�� %ULHIO\� WKH REVHUYHG RGGV UDWLR �25� RI ILQGLQJ D '19 LQ DQ LQWHUDFWRPH JHQH ZDV

DGMXVWHG E\ D IDFWRU FRUUHFWLQJ IRU V\QRQ\PRXV PXWDWLRQ IUHTXHQF\ �DGMXVWHG 25�� WKHQ

FRPSDUHG WR D GLVWULEXWLRQ RI RGGV UDWLRV LQ ZKLFK WKH FDVH�FRQWURO VWDWXV RI WKH GDWDVHW ZDV

SHUPXWHG �SHUPXWHG 25V� �)LJXUH ���� $�� 7KH DQDO\VLV LQGLFDWHG WKDW SURWHLQ�DOWHULQJ '19V

ZHUH VLJQLILFDQWO\ PRUH OLNHO\ WR EH IRXQG ZLWKLQ *7 LQWHUDFWRUV LQ WKH &+' FRKRUW UHODWLYH WR WKH

FRQWURO FRKRUW �DGMXVWHG 25 *$7$��33,� ���� DQG %RQIHUURQL�DGMXVWHG S YDOXH ������ DGMXVWHG

25 7%;��33,� ���� DQG %RQIHUURQL�DGMXVWHG S YDOXH �������� %\ FRQWUDVW� YHU\ UDUH LQKHULWHG

/R) YDULDQWV RFFXUUHG LQ *7�33, SURWHLQV ZLWK WKH VDPH IUHTXHQF\ LQ FRQWURO DQG &+' JURXSV

�)LJXUH������%��

)LJXUH ���� �$� 3HUPXWDWLRQ�EDVHG VWDWLVWLFDO WHVW GHVLJQ WR DQDO\]H HQULFKPHQW LQ JHQHWLF
YDULDQWV IURP D &+' FRKRUW UHODWLYH WR D FRQWURO FRKRUW LQ *$7$� RU 7%;� 33,V �RGGV UDWLR� 25��
�%� 5HVXOWV RI SHUPXWDWLRQ�EDVHG WHVW LQ �$� IRU JHQRPLF YDULDWLRQ LQGLFDWHG IURP 3&*& &+'
DQG FRQWURO FRKRUWV ZLWKLQ WKH *$7$� RU 7%;� LQWHU� DFWRPHV LQ FDUGLDF SURJHQLWRUV �&3
LQWHUDFWRPH�� RU DIWHU UHPRYLQJ SURWHLQV LQYROYHG LQ KXPDQ RU PRXVH FDUGLDF PDOIRUPDWLRQV �&3
LQWHUDFWRPH KHDUW GHY� XQNQRZQ�� 7KH VDPH DQDO\VLV LV VKRZQ IRU +(.���V �+(.���
LQWHUDFWRPH��

7R GHWHUPLQH ZKHWKHU WKH HQULFKPHQW ZDV SUHGRPLQDQWO\ GULYHQ E\ JHQHV SUHYLRXVO\

NQRZQ WR EH LQYROYHG LQ FDUGLDF GHYHORSPHQW� , UHPRYHG D SXEOLVKHG FXUDWHG OLVW RI JHQHV

LQYROYHG LQ KXPDQ RU PRXVH FDUGLDF PDOIRUPDWLRQV IURP WKH GDWDVHW �-LQ HW DO� ����� DQG

��
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UHSHDWHG WKH SHUPXWDWLRQ�EDVHG DQDO\VLV �7DEOH ����� 6WLOO DQ HQULFKPHQW ZDV IRXQG LQ SURWHLQV

KDUERULQJ SURWHLQ�DOWHULQJ '19V IURP &+' SUREDQGV LQ ERWK *$7$� DQG 7%;� LQWHUDFWRPHV

�)LJXUH ���� %�� 6LPLODU WUHQGV ZHUH REVHUYHG KROGLQJ RXW D VPDOOHU OLVW RI ��� SXEOLVKHG KXPDQ

&+'�JHQHV �,]DU]XJD]D�HW�DO��������

7DEOH ���� 2GGV UDWLRV �25� DQG S�YDOXHV IRU SHUPXWDWLRQ�EDVHG WHVWV RI SURWHLQ�SURWHLQ
LQWHUDFWRPH��33,��JHQHV��UHVWULFWHG�E\�QRYHO�WR�&+'��Q�&+'��DQG�+HDUW�'HYHORSPHQW��Q�+'��

7)
LQWHUDFWRPH

.QRZQ
*HQH
6WDWXV

&DVH
33,
YDULDQW
FRXQW

&DVH
QRQ�33,
YDULDQW
FRXQW

&RQWURO
33,
YDULDQW
FRXQW

&RQWURO
QRQ�33,
YDULDQW
FRXQW

6\Q�
DGMXVWHG
25

3�YDOXH
�%RQIHUURQL�
FRUUHFWHG�

*$7$� Q�+' �� ���� �� ���� ���� ������

*$7$� Q�&+' �� ���� �� ���� ���� ������

7%;� Q�+' �� ���� � ���� ���� �����

7%;� Q�&+' �� ���� � ���� ���� �����

$OWKRXJK RXU $3�06 DQDO\VLV ZDV FRQGXFWHG LQ KXPDQ &3 FHOOV IRU HQGRJHQRXV 7%;�

DQG *$7$�� PRVW 33,V KDYH EHHQ LGHQWLILHG LQ OHVV ELRORJLFDOO\ UHOHYDQW FHOOV DQG XSRQ

RYHUH[SUHVVLRQ� 7R DVVHVV WKH LPSRUWDQFH RI ELRORJLFDO FRQWH[W� FR�DXWKRUV JHQHUDWHG *7�33,V

LQ NLGQH\ FHOOV �+(.���� RYHUH[SUHVVLQJ KXPDQ *$7$� RU 7%;�� DJDLQ ILOWHULQJ EDVHG RQ

QXFOHDU ORFDOL]DWLRQ� DQG VXEMHFWHG WKHP WR WKH VDPH SHUPXWDWLRQ DQDO\VLV ZLWK WKH &+' DQG

FRQWURO FRKRUWV� 7KHUH ZDV QR VLJQLILFDQW HQULFKPHQW LQ SURWHLQV KDUERULQJ &+'�DVVRFLDWHG

SURWHLQ�DOWHULQJ '19V IRU +(. FHOO LQWHUDFWRPHV �)LJXUH ���� %�� 7KH *7�33, RYHUODS EHWZHHQ

FHOO W\SHV ZDV VPDOO� ZLWK RQO\ �� *$7$� DQG �� 7%;��LQWHUDFWRUV VKDUHG� KLJKOLJKWLQJ WKH

LPSRUWDQFH RI HQGRJHQRXV WLVVXH�VSHFLILF SURWHLQ�SURWHLQ LQWHUDFWLRQV LQ HOXFLGDWLQJ WKH JHQHWLF

XQGHUSLQQLQJV�RI�GLVHDVHV�
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,Q D FRPSOHPHQWDU\ DQDO\VLV WR WHVW ZKHWKHU JHQHV LQ WKH *7�33, ZHUH HQULFKHG IRU

SURWHLQ�DOWHULQJ '19V LQ &+' SUREDQGV� , SHUPXWHG WKH OLVW RI LQWHUDFWRUV DQG WDOOLHG WKH QXPEHU

RI YDULDQWV IRXQG LQ HDFK JHQH VHW� 7KLV DOORZHG XV WR FRPSDUH WKH QXOO GLVWULEXWLRQ RI WKH

QXPEHU RI YDULDQWV IRXQG LQ RWKHUZLVH�FRPSDUDEOH QRQ�*7�33, JHQHV WR ZKDW ZDV REVHUYHG LQ

LQWHUDFWRPH JHQHV� )RU HDFK JHQH LQ WKH *7�33,� , VHOHFWHG RWKHU JHQHV WKDW KDG FRPSDUDEOH

GH QRYR PXWDELOLW\ VFRUHV �6DPRFKD HW DO� ������ WKHQ IXUWKHU QDUURZHG WKH OLVW RI PDWFKHV

EDVHG RQ VLPLODULW\ RI H[SUHVVLRQ OHYHOV LQ FDUGLDF SURJHQLWRU FHOOV �GH 6R\VD HW DO� ������ 7KH

REVHUYHG QXPEHU RI SURWHLQ�DOWHULQJ '19V ZDV VLJQLILFDQWO\ KLJKHU LQ *7�33, JHQHV FRPSDUHG

WR SHUPXWHG VHOHFWLRQV RI QRQ�LQWHUDFWRPH JHQHV ZLWK VLPLODU PXWDELOLW\ DQG H[SUHVVLRQ

�%RQIHUURQL�DGMXVWHG�S� ��������

+DYLQJ GHPRQVWUDWHG WKDW WKH *7�33, ZDV HQULFKHG LQ SURWHLQ�DOWHULQJ YDULDQWV IRXQG LQ

&+' SDWLHQWV� ZH DLPHG WR DVVHVV WKH OLNHOLKRRG WKDW WKH *7�33, YDULDQWV FRQWULEXWH WR GLVHDVH�

8VLQJ FRPELQHG DQQRWDWLRQ�GHSHQGHQW GHSOHWLRQ �&$''� VFRUHV� , IRXQG WKDW *7�33,

SURWHLQ�DOWHULQJ YDULDQWV IRXQG LQ WKH &+' FDVHV ZHUH PRUH OLNHO\ SUHGLFWHG WR EH GHOHWHULRXV

WKDQ�WKH�UHVW�RI�SURWHLQ�DOWHULQJ�'19V�LQ�&+'�FDVHV�RXWVLGH�WKH�*7�LQWHUDFWRPH��)LJXUH������

����� *$7$��7%;� LQWHUDFWRUV ZLWK SURWHLQ�DOWHULQJ '19V XQYHLO &+' FDQGLGDWH JHQHV

ZLWK�FKDUDFWHULVWLF�IHDWXUHV�RI�GLVHDVH�JHQHV

, QH[W GHWHUPLQHG ZKHWKHU WKH FDQGLGDWH &+' JHQHV LGHQWLILHG LQ WKH *7�33, H[KLELWHG

IHDWXUHV WKDW FRXOG LQFUHDVH WKHLU OLNHOLKRRG RI FDXVLQJ GLVHDVH FRPSDUHG WR WKH UHPDLQLQJ

QRQ�LQWHUDFWRPH JHQHV PXWDWHG LQ &+' SUREDQGV� ([WUHPH LQWROHUDQFH WR /R) YDULDWLRQ DQG

KDSORLQVXIILFLHQF\ DUH FRPPRQ IHDWXUHV RI JHQHV DVVRFLDWHG ZLWK GHYHORSPHQWDO GLVRUGHUV

�)XOOHU HW DO� ������ 5HPDUNDEO\� PRVW FDQGLGDWH &+' JHQHV LQ WKH 33, ZHUH H[WUHPHO\

LQWROHUDQW WR /R) YDULDWLRQ �SUREDELOLW\ RI EHLQJ LQWROHUDQW WR /R) >S/,@ ! ���� DQG H[KLELWHG

VLJQLILFDQWO\ KLJKHU S/, DQG KDSOR�LQVXIILFLHQF\ VFRUHV WKDQ JHQHV RXWVLGH WKH LQWHUDFWRPH ZLWK

SURWHLQ�DOWHULQJ '19V �)LJXUH ���� $�� $QRWKHU IHDWXUH RI GLVHDVH JHQHV LV DQ LQFUHDVHG
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WHQGHQF\ IRU WKHLU SURGXFWV WR LQWHUDFW ZLWK RQH DQRWKHU ZKHQ WKHLU PXWDWLRQV UHVXOW LQ VLPLODU

SKHQRW\SHV �*RK HW DO� ������ %DVHG RQ L5HI,QGH[ GDWDEDVH LQIRUPDWLRQ �5D]LFN� 0DJNODUDV�

DQG 'RQDOGVRQ ������ , IRXQG WKDW WKH SURWHLQV HQFRGHG E\ RXU FDQGLGDWH JHQHV KDG D KLJKHU

FRQQHFWLYLW\ GHJUHH ZLWK RWKHU SURWHLQV IRXQG WR EH PXWDWHG LQ WKH &+' FRKRUW� DV ZHOO DV ZLWK D

FXUDWHG OLVW RI SURWHLQV LQYROYHG LQ PRXVH�KXPDQ FDUGLDF PDOIRUPDWLRQV �-LQ HW DO� ����� WKDQ

SURWHLQV�RXWVLGH�WKH�LQWHUDFWRPH�ZLWK�SURWHLQ�DOWHULQJ�'19V��)LJXUH������%�&��

)LJXUH ���� 9LROLQ SORW IRU WKH &RPELQHG $QQRWDWLRQ�'HSHQGHQW 'HSOHWLRQ �&$''� VFRUHV RI
SURWHLQ�DOWHULQJ RU V\QRQ\PRXV �6\Q� YDULDQWV IRXQG LQ WKH &+' FRKRUW DIIHFWLQJ SURWHLQV ZLWKLQ
WKH *7�33, RU SURWHLQV RXWVLGH WKH LQWHUDFWRPH� :KLWH GRW  PHGLDQ� EODFN OLQHV  LQWHUTXDUWLOH
UDQJH �WKLFN� RU ���� WKH LQWHU� TXDUWLOH UDQJH �WKLQ�� 7ZR�VLGHG 0DQQ�:KLWQH\�:LOFR[RQ WHVW ZLWK
%RQIHUURQL�FRUUHFWLRQ�IRU�S�YDOXHV��S�YDOXH���������

*7 LQWHUDFWRUV ZLWK SURWHLQ�DOWHULQJ SUREDQG '19V H[KLELWHG KLJKHU H[SUHVVLRQ LQ WKH

GHYHORSLQJ KHDUW WKDQ JHQHV ZLWK SURWHLQ�DOWHULQJ '19V RXWVLGH WKH *7�33,V �)LJXUH ���� '��

EXW WKH\ JHQHUDOO\ GLVSOD\HG D EURDG H[SUHVVLRQ SDWWHUQ DFURVV PRVW FHOO W\SHV �)LJXUH ���� $�

DQG ODUJHO\ LQYROYHG SURWHLQV UHOHYDQW WR FKURPDWLQ ELRORJ\ �)LJXUH ���� %�� 2WKHU ELRORJLFDO

SURFHVVHV ZLWK XQH[SORUHG UROHV LQ &+' ZHUH DIIHFWHG� VXFK DV 51$ VSOLFLQJ DQG SURWHLQ IROGLQJ

�)LJXUH������%��
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)LJXUH ���� 'H QRYR YDULDQWV LQ *$7$� DQG 7%;� LQWHUDFWRPHV H[KLELW IHDWXUHV W\SLFDO RI
GLVHDVH JHQHV� �$±'� 9LROLQ SORWV IRU WKH GLVWULEXWLRQ RI �$� LQWROHUDQFH WR /R) �S/, 6FRUH�� �%�
GHJUHH RI FRQQHFWLYLW\ ZLWK DOO SURWHLQ�DOWHULQJ '19V IRXQG LQ WKH &+' FRKRUW� �&� GHJUHH RI
FRQQHFWLYLW\ ZLWK SURWHLQV HQFRGHG E\ JHQHV LQYROYHG LQ PRXVH�KXPDQ FDUGLDF PDOIRUPDWLRQV�
DQG �'� H[SUHVVLRQ SHUFHQWLOH UDQN LQ WKH GHYHORSLQJ KHDUW �(����� IRU JHQHV KDUERULQJ
V\QRQ\PRXV �6\Q� RU SURWHLQ�DOWHULQJ '19V IRXQG LQ WKH &+' FRKRUW DQG DIIHFWLQJ SURWHLQV
LQVLGH WKH *7 LQWHUDFWRPH �*7�33,� RU RXWVLGH WKH LQWHUDFWRPH �QRQ�LQWHUDFWRPH�� :KLWH GRW  
PHGLDQ� EODFN OLQHV  LQWHUTXDUWLOH UDQJH �WKLFN� DQG ���� WKH LQWHUTXDUWLOH UDQJH �WKLQ�� 7ZR�
VLGHG 0DQQ�:KLWQH\�:LOFR[RQ WHVW ZLWK %RQIHUURQL FRUUHFWLRQ IRU S YDOXHV� S YDOXH � ������
S�YDOXH���������S�YDOXH���������DQG�QV��QRQ�VLJQLILFDQW�

:H QH[W LQYHVWLJDWHG WKH VSHFLILF W\SHV RI SURWHLQ�DOWHULQJ GH QRYR &+' YDULDQWV

FRUUHVSRQGLQJ WR SURWHLQV LQ WKH *7�33,V� $PRQJ WKH ��� SURWHLQV LQ WKH *7�33,� , LGHQWLILHG ��

/R) '19V DQG �� PLVVHQVH '19V SUHVHQW LQ &+' FDVHV� 7KH RGGV RI D '19 RFFXUULQJ LQ D

*7�33, JHQH ZDV VXEVWDQWLDOO\ JUHDWHU LQ &+' SUREDQGV FRPSDUHG WR FRQWUROV IRU ERWK /R) �DGM�

25 ����� DQG PLVVHQVH '19V �DGM� 25� ������ /R) '19V SUHIHUHQWLDOO\ DIIHFWHG JHQHV LQYROYHG

LQ KXPDQ DQG PRXVH FDUGLDF PDOIRUPDWLRQV� ZKHUHDV WKH EXON RI *7�33, JHQHV ZLWK

��



&+'�PLVVHQVH '19V KDG QRW SUHYLRXVO\ EHHQ OLQNHG WR FDUGLDF GHYHORSPHQW RU &+'� 7KH

FRQWULEXWLRQ RI GH QRYR VSOLFH YDULDQWV FRXOG QRW EH GHWHUPLQHG GXH WR WKHLU ORZ FRXQWV LQ

LQWHUDFWRPH�JHQHV�IURP�FDVHV�DQG�FRQWUROV�

)LJXUH ���� �$� 3LH FKDUW RI WLVVXH H[SUHVVLRQ GLVWULEXWLRQ RI *7�33, RU QRQ�LQWHUDFWRPH JHQHV
KDUERULQJ SURWHLQ�DOWHULQJ '19V DFURVV WKH VL[ +XPDQ 3URWHLQ $WODV FDWHJRULHV� �%� ,QWHUDFWRPH
&+' FDQGLGDWH JHQHV UHSUHVHQWHG DV D QHWZRUN DIWHU LQWHJUDWLRQ ZLWK 33, LQIRUPDWLRQ IURP
L5HI,QGH[ GDWDEDVH� 1RGHV FRORUHG EDVHG RQ PDQXDOO\ DQQRWDWHG ELRORJLFDO SURFHVVHV DQG
SURWHLQ IDPLOLHV�FRPSOH[HV JURXSHG LQ ER[HG DUHDV� 1RGH VL]H UHIOHFWV SUREDELOLW\ RI
ORVV�RI�IXQFWLRQ LQWROHUDQFH �S/,� VFRUHV� 1RGH VKDSH UHIOHFWV EHORQJLQJ WR 7%;� �WULDQJOH��
*$7$� �FLUFOH�� RU *$7$�	7%;� �VTXDUH� QHWZRUNV� 5HG KLJKOLJKWV SURWHLQV HQFRGHG E\ JHQHV
LQYROYHG LQ KXPDQ &+'� (GJHV UHSUHVHQW SURWHLQ�SURWHLQ LQWHUDFWLRQV IURP L5HI,QGH[ GDWDEDVH
�5D]LFN�HW�DO���������

����� $Q LQWHJUDWLYH PHWKRG IRU VFRULQJ YDULDQWV LGHQWLILHV VSHFLILF *7 LQWHUDFWRUV DV

FDQGLGDWH�JHQHV�IRU�&+'

7KH *7�33, IUDPHZRUN FRPELQHG ZLWK WULR VHTXHQFLQJ DOORZHG PH WR VLJQLILFDQWO\ UHGXFH

WKH QXPEHU RI FDQGLGDWH YDULDQWV LQ LQGLYLGXDO JHQRPHV WR �� /R) DQG �� PLVVHQVH '19V LQ

JHQHV HQFRGLQJ SURWHLQ SDUWQHUV RI F7)V WKDW PD\ FRQWULEXWH WR &+'� +RZHYHU� HYHQ DIWHU WKLV

VLJQLILFDQW ILOWHULQJ VWHS� WKH LQWHUSUHWDWLRQ RI PLVVHQVH YDULDQWV UHPDLQV D FKDOOHQJH DQG

UHTXLUHV�PHWKRGV�WR�SULRULWL]H�WKRVH�WKDW�FRXOG�VXEVWDQWLDOO\�LPSDFW�KXPDQ�SKHQRW\SHV�

��



0DQ\ YDULDQW SULRULWL]DWLRQ PHWKRGV KDYH EHHQ GHVFULEHG WR GDWH� DQG PRVW LQWHJUDWH

ZLGHO\ DFFHSWHG YDULDQW DQG JHQH IHDWXUHV WR UDQN SRWHQWLDO FDQGLGDWH YDULDQWV EDVHG RQ WKH

FRPELQHG HYLGHQFH RI WKH YDULDQW¶V SUHGLFWHG GHOHWHULRXV HIIHFW RQ SURWHLQ IXQFWLRQ� WKH

KDUERULQJ JHQH¶V DFFXPXODWHG PXWDWLRQDO GDPDJH� DQG LWV ELRORJLFDO UHODWHGQHVV WR NQRZQ

&+'�FDXVLQJ JHQHV �(LOEHFN� 4XLQODQ� DQG <DQGHOO ����� .|KOHU HW DO� ����� 5HQW]VFK HW DO�

����� 6HYLP %D\UDN HW DO� ������ +RZHYHU� WKH GHYHORSPHQW RI D VFRUH WKDW ZRXOG ZRUN

XQLYHUVDOO\ LV WKHRUHWLFDOO\ GLIILFXOW� DQG D FRPPRQ ILQGLQJ RI PDQ\ JHQHWLF VWXGLHV LV WKDW

JHQH�VHW VSHFLILF UXOHV IRU SDWKRJHQLFLW\ DUH UHTXLUHG IRU SURSHU HYDOXDWLRQ �(LOEHFN� 4XLQODQ�

DQG <DQGHOO ������ ,Q DGGLWLRQ� PRVW RI WKHVH PHWKRGV ZHUH GHVLJQHG IRU VLQJOHWRQ VHTXHQFLQJ

VWXGLHV DQG IDLO WR LQFRUSRUDWH SUREDQG SHGLJUHH LQIRUPDWLRQ WKDW FDQ DLG SULRULWL]LQJ YDULDQWV ZLWK

SRWHQWLDO JUHDWHU HIIHFW ZLWKLQ DQ LQGLYLGXDO �)DUZHOO HW DO� ������ 7KXV� ZH GHYHORSHG DQ

LQWHJUDWLYH SLSHOLQH FXVWRPL]HG IRU WKH &+' WULR ZKROH�H[RPH�VHTXHQFLQJ GDWDVHW WR FDOFXODWH D

YDULDQW SULRULWL]DWLRQ VFRUH IRU WKH �� PLVVHQVH '19V PDSSHG WR RXU *7�33,� 7KLV VFRULQJ

PHWKRG KDV WZR VWHSV� ��� YDULDQW SULRULWL]DWLRQ EDVHG RQ WKH FRQVROLGDWLRQ RI DQQRWDWLRQV IURP D

FRPELQDWLRQ RI ZLGHO\ XVHG JHQH DQG YDULDQW PHWULFV WR DVVHVV YDULDQW GHOHWHULRXVQHVV� WRJHWKHU

ZLWK WKH JHQH¶V IUHTXHQF\ RI PXWDWLRQ ZLWKLQ RXU GDWDVHW� DQG ��� UH�ZHLJKWLQJ EDVHG RQ

RFFXUUHQFH DW D NQRZQ IXQFWLRQDO UHVLGXH�GRPDLQ DQG RQ WKH SUHVHQFH RI RWKHU SRWHQWLDOO\

FDXVDO�YDULDQWV�LQ�WKH�VDPH�SUREDQG��)LJXUH������

6SHFLILFDOO\� DW WKH JHQH OHYHO� D KLJKHU VFRUH LQGLFDWHV ��� D JHQH¶V ORZ WROHUDQFH WR /R)

YDULDWLRQ� ��� FRQQHFWLYLW\ WR D KLJK QXPEHU RI SURWHLQV LQYROYHG LQ FDUGLDF PDOIRUPDWLRQV �-LQ HW

DO�� ����� DQG WR 3&*& &+' SUREDQG YDULDQW�KDUERULQJ SURWHLQV EDVHG RQ SXEOLFO\ DYDLODEOH

33, LQIRUPDWLRQ� ��� KLJK FDUGLDF H[SUHVVLRQ FRPSDUHG WR RWKHU WLVVXHV� DQG ��� KLJK QXPEHU RI

3&*& YDULDQWV ZLWKLQ WKH JHQH UHODWLYH WR FRGLQJ VHTXHQFH �&'6� OHQJWK� $W WKH UHVLGXH OHYHO� D

KLJKHU VFRUH LQGLFDWHV ��� D YDULDQW¶V LQFUHDVHG OLNHOLKRRG RI EHLQJ GHOHWHULRXV �&$'' VFRUH� DQG

��� RFFXUUHQFH DW D IXQFWLRQDO UHVLGXH RU SURWHLQ GRPDLQ� $W WKH SUREDQG OHYHO� D KLJKHU VFRUH

LQGLFDWHV WKDW ��� WKH EDFNJURXQG JHQHWLF YDULDWLRQ RI WKLV LQGLYLGXDO GRHV QRW LQFOXGH '19V RU

��
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UDUH LQKHULWHG /R) YDULDQWV LQ JHQHV NQRZQ WR EH LQYROYHG LQ FDUGLDF PDOIRUPDWLRQV DQG LQFOXGHV

QRQH RU IHZHU YDULDQWV LQ RWKHU *7�33, JHQHV� 7KH LQGLYLGXDO IHDWXUHV DUH FRPELQHG E\ UDQN

VXP DQG ZHLJKWHG ZKHUH DSSOLFDEOH �VHH 0HWKRGV ������ 9DULDQW VFRULQJ� �)LJXUH ����� 7KH

UHVXOWLQJ VFRUH LV UHSUHVHQWHG ZLWK UHVSHFW WR WKH JHQH¶V SHUFHQWLOH RI H[SUHVVLRQ LQ WKH

GHYHORSLQJ KHDUW �(������ D IHDWXUH SUHYLRXVO\ VKRZQ WR EH HIIHFWLYH IRU YDULDQW ILOWHULQJ LQ &+'

E\�WKH�3&*& �=DLGL�HW�DO��������+RPV\�HW�DO������� -LQ�HW�DO��������6HYLP�%D\UDN�HW�DO��������

)LJXUH������9DULDQW�SULRULWL]DWLRQ�VFRUH�VWUDWHJ\ �VHH�0HWKRGV��������9DULDQW�6FRULQJ��

, DSSOLHG WKLV VFRULQJ PHWKRG WR SUHYLRXVO\ LGHQWLILHG YDULDQWV LPSOLFDWHG LQ &+' �%DVVRQ

HW DO� ����� *DUJ HW DO� ����� )XUWDGR HW DO� ����� DQG IRXQG WKDW WKH PHWKRG UDQNHG WKHVH

UHIHUHQFH PRQRJHQLF YDULDQWV PRUH KLJKO\ WKDQ WKH IHZ PXWDWLRQV GHPRQVWUDWHG WR SDUWLDOO\

FRQWULEXWH WR &+' DQG FDXVH ROLJRJHQLF GLVHDVH �)LJXUH ���� �*LIIRUG HW DO� ������ HYHQ ZKHQ

WKH PXWDWLRQV DIIHFWHG WKH VDPH JHQH� )XUWKHUPRUH� DPRQJ WKH WRS�VFRULQJ LQWHUDFWRPH

YDULDQWV� WKHUH ZHUH VHYHUDO LQ SURWHLQV NQRZQ WR FDXVH FDUGLDF PDOIRUPDWLRQV� FRQVLVWHQW ZLWK

WKH UHOHYDQFH RI WKLV VFRUH IRU LGHQWLI\LQJ JHQH YDULDQWV ZLWK SRWHQWLDO IRU FRQWULEXWLQJ WR GLVHDVH

�)LJXUH������

��
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)LJXUH ���� 9DULDQW SULRULWL]DWLRQ VFRUHV IRU LQWHUDFWRPH PLVVHQVH '19V LQ GHVFULEHG &+'
JHQHV �UHG� RU LQ &+' FDQGLGDWH JHQHV �JUHHQ� SORWWHG DJDLQVW WKH FRUUHVSRQGLQJ JHQHV¶
H[SUHVVLRQ SHUFHQWLOH UDQN LQ WKH GHYHORSLQJ KHDUW �(������ 3XEOLVKHG PXWDWLRQV ZLWK VWURQJ
FRQWULEXWLRQ��JUD\��RU�SDUWLDO�FRQWULEXWLRQ��\HOORZ��WR�&+'�DUH�LQFOXGHG�DV�UHIHUHQFHV�

,Q RUGHU WR WHVW ZKHWKHU KLJKHU YDULDQW SULRULWL]DWLRQ VFRUHV LQGHHG WUDQVODWHG WR JUHDWHU

IXQFWLRQDO LPSDFW RI YDULDQWV� ZH HYDOXDWHG WKH HIIHFW RI PXOWLSOH YDULDQWV RQ FRIDFWRU DFWLYLW\ LQ D

OXFLIHUDVH UHSRUWHU DVVD\ XVLQJ D OXFLIHUDVH UHSRUWHU FRQWDLQLQJ WKH 33$5*&�D SURPRWHU� ZKLFK

LV VWURQJO\ DFWLYDWHG E\ *$7$� �3DGPDQDEKDQ HW DO� ������ :H VHOHFWHG 1.;���� D UHIHUHQFH

JHQH ZLWK RQH KLJK DQG RQH ORZ VFRUHG YDULDQW� &+'�� D &+' JHQH HQFRGLQJ D *$7$�

LQWHUDFWRU ZLWK IRXU LGHQWLILHG PLVVHQVH '19V� DQG %5'� DQG 60$5&&�� &+' FDQGLGDWH JHQHV

DQG *$7$� LQWHUDFWRUV� HDFK ZLWK WZR LGHQWLILHG PLVVHQVH '19V LQ &+' SDWLHQWV� )RU WKH

*$7$� LQWHUDFWRUV²&+'�� 60$5&&�� DQG %5'�²HDFK YDULDQW¶V LPSDFW RQ WUDQVFULSWLRQDO

DFWLYLW\ ZDV WHVWHG LQ WKH SUHVHQFH RI *$7$� ZLWK D OXFLIHUDVH DVVD\� :H IRXQG WKDW YDULDQWV

ZLWK D KLJKHU SULRULWL]DWLRQ VFRUH H[HUWHG D JUHDWHU HIIHFW RQ WKH HQFRGHG SURWHLQ¶V WUDQVFULSWLRQDO

DFWLYLW\��)LJXUH�������

��
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)LJXUH ����� %LRFKHPLFDO HYDOXDWLRQ E\ OXFLIHUDVH DVVD\V RI WKH IXQFWLRQDO LPSDFW IRU YDULDQW
DOOHOHV ZLWK GLIIHUHQW SULRULWL]DWLRQ VFRUHV ZLWKLQ 1.;���� &+'�� %5'�� RU 60$5&&�� 7KH
&+'� $73DVH PXWDQW LV XVHG DV SRVLWLYH FRQWURO IRU &+'� ORVV RI IXQFWLRQ �/LX HW DO� ������
2QH�ZD\�$129$�FRXSOHG�ZLWK�7XNH\�SRVW�KRF�WHVW��S�YDOXH����������S�YDOXH��������

1H[W� , HYDOXDWHG WKH EHQHILW RI WKH *$7$� DQG 7%;� 33, LQFRUSRUDWLRQ DV D ILOWHULQJ

VWUDWHJ\ IRU WKH LGHQWLILFDWLRQ RI &+' FDQGLGDWH JHQHV E\ DSSO\LQJ WKH YDULDQW SULRULWL]DWLRQ

PHWKRG WR DOO GH QRYR PLVVHQVH YDULDQWV IURP SUREDQGV IRXQG LQ ERWK LQWHUDFWRPH DQG

QRQ�LQWHUDFWRPH JHQHV� 7KH YDULDQW SULRULWL]DWLRQ VFRUH¶V ��WK SHUFHQWLOH ZDV �� RU �� SRLQWV

KLJKHU �VFRUH UDQJH �±��� IRU *7�33, PLVVHQVH '19V WKDQ IRU YDULDQWV LQ JHQHV RXWVLGH WKH

*7�33, QHWZRUN RU DOO XQILOWHUHG PLVVHQVH '19V� UHVSHFWLYHO\ �)LJXUH ����� $�� 0RUHRYHU�

����� RI LQWHUDFWRPH PLVVHQVH '19V UDQNHG ZLWKLQ WKH WRS TXDUWLOH RI DOO '19 SULRULWL]DWLRQ

VFRUHV� DQG ZLWKLQ WKH WRS TXDUWLOH RI 'HYHORSLQJ +HDUW ([SUHVVLRQ SHUFHQWLOH �=DLGL HW DO� ������

FRPSDUHG�WR�MXVW�������RI�XQILOWHUHG�PLVVHQVH�'19V��)LJXUH�������%��

��
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)LJXUH ����� �$� 3HUFHQWDJH RI �$OO� YHUVXV LQWHUDFWRPH �*7�33,� PLVVHQVH '19V �PLV'19V� LQ
JHQHV ZLWKLQ WKH WRS TXDUWLOH RI 'HYHORSLQJ +HDUW ([SUHVVLRQ �+LJK +HDUW ([SUHVVHG JHQHV�
++(� DQG WKH WRS TXDUWLOH RI 9DULDQW 3ULRULWL]DWLRQ 6FRUH �936� �JUHHQ�� WKH WRS TXDUWLOH RI
'HYHORSLQJ +HDUW ([SUHVVLRQ DQG WKH WRS KDOI RI 936 �JUD\�� RU EHORZ WKH ��WK SHUFHQWLOH RI
'HYHORSLQJ +HDUW ([SUHVVLRQ RU LQ WKH ERWWRP KDOI RI 936 �RUDQJH�� �%� $YHUDJH 936 IRU DOO
PLV'19V DQG *7�33, PLV'19V ZLWKLQ WKH WRS TXDUWLOH RI 'HYHORSLQJ +HDUW ([SUHVVLRQ DQG
9DULDQW 3ULRULWL]DWLRQ 6FRUH� 7KH ZKLWH OLQH UHSUHVHQWV WKH PHGLDQ� WKH EODFN OLQHV WKH
LQWHUTXDUWLOH UDQJH� 8QSDLUHG 6WXGHQW¶V W WHVW� 䌫䌫S YDOXH � ����� �&� 9DULDQW SULRULWL]DWLRQ VFRUHV
IRU DOO GH QRYR PLVVHQVH YDULDQWV IURP SUREDQGV IRXQG LQ ERWK LQWHUDFWRPH �JUHHQ� DQG
QRQ�LQWHUDFWRPH �JUD\� JHQHV SORWWHG DJDLQVW WKH FRUUHVSRQGLQJ JHQHV¶ H[SUHVVLRQ SHUFHQWLOH
UDQN LQ WKH GHYHORSLQJ KHDUW �(������ �=DLGL HW DO�� ������ 3XEOLVKHG PXWDWLRQV ZLWK PRQRJHQLF
FRQWULEXWLRQ �EOXH� RU SDUWLDO FRQWULEXWLRQ �RUDQJH� WR &+' DUH LQFOXGHG DV UHIHUHQFHV� 9DULDQW
SULRULWL]DWLRQ VFRUH¶V ��WK SHUFHQWLOH LV KLJKHU IRU *7�33, PLVVHQVH '19V WKDQ IRU
QRQ�LQWHUDFWRPH YDULDQWV �121�*7�33,� DQG DOO XQILOWHUHG PLVVHQVH '19V� *HQHV ZLWKLQ WKH WRS
TXDUWLOH�RI�H[SUHVVLRQ�LQ�WKH�GHYHORSLQJ�KHDUW�DUH�LQGLFDWHG�DV�+LJK�+HDUW�H[SUHVVHG��++(��

$PRQJ WKH &+' FDQGLGDWH PLVVHQVH '19V� WKH PDMRULW\ DIIHFWHG LQWHUDFWRPH SURWHLQV

KLJKO\ H[SUHVVHG LQ WKH GHYHORSLQJ KHDUW� ZLWK RQO\ ��� RFFXUULQJ LQ *7 LQWHUDFWRUV RXWVLGH WKH

WRS TXDUWLOH RI H[SUHVVLRQ �)LJXUH ����� &�� 7KH JHQHV ZLWK ORZHU KHDUW H[SUHVVLRQ JHQHUDOO\

DOVR H[KLELWHG ORZ YDULDQW SULRULWL]DWLRQ VFRUHV� H[FHSW IRU WKH WXEHURXV VFOHURVLV JHQH� 76&��

ZKLFK LV DVVRFLDWHG ZLWK FDUGLDF UKDEGRP\RPDV �+LQWRQ HW DO� ������ 2Q WKH RWKHU KDQG�

��
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PLVVHQVH '19V LQ *7 LQWHUDFWRUV KLJKO\ H[SUHVVHG LQ WKH GHYHORSLQJ KHDUW H[KLELWHG D EURDG

UDQJH RI SULRULWL]DWLRQ VFRUHV� ZLWK D SRWHQWLDOO\ KLJKO\ SDWKRJHQLF FOXVWHU RI YDULDQWV UDQNLQJ

FORVH WR WKH SXEOLVKHG UHIHUHQFH YDULDQWV ZLWK NQRZQ VWURQJ FRQWULEXWLRQ WR &+'� DQG D PRUH

GLVSHUVHG JURXS RI YDULDQWV VFRULQJ VLPLODUO\ WR WKH IHZ UHIHUHQFH YDULDQWV ZLWK NQRZQ SDUWLDO

FRQWULEXWLRQ WR &+'� $PRQJ WKH PLVVHQVH '19V ZLWK WKH KLJKHVW VFRUHV� ZKLFK ZH

K\SRWKHVL]HG WR EH PRUH VLJQLILFDQW FRQWULEXWRUV� WKHUH ZHUH IRXU YDULDQWV LQ *7 LQWHUDFWRUV ZLWK

SUHYLRXVO\ GHVFULEHG PRQRJHQLF FRQWULEXWLRQ WR KXPDQ FDUGLDF GHIHFWV �7%;�� *$7$�� &+'��

DQG &+'��� DQG VL[ YDULDQWV ZLWKLQ SURWHLQV ZLWK \HW XQGHVFULEHG IXQFWLRQV LQ KXPDQ FRQJHQLWDO

KHDUW�PDOIRUPDWLRQV��%5'��[���60$5&&���*/<5���&61.�$���DQG�6$3�����)LJXUH������

%5'�� */<5�� DQG 60$5&&� DUH FKURPDWLQ PRGLILHUV� LQ FRQFRUGDQFH ZLWK WKH

REVHUYHG HQULFKPHQW RI &+'�DVVRFLDWHG '19V LQ JHQHV LQYROYHG LQ WKLV SURFHVV �=DLGL HW DO�

������ DQG ZHUH GHWHFWHG DV *$7$� LQWHUDFWRUV� ZKLFK ZDV YDOLGDWHG E\ FR�LPPXQRSUHFLSLWDWLRQ

�*RQ]DOH]�7HUDQ HW DO� ������ :KLOH */<5� DQG 60$5&&� ZHUH SUHYLRXVO\ XQNQRZQ WR LQWHUDFW

ZLWK *$7$�� WKH 6ULYDVWDYD JURXS KDV UHSRUWHG D UROH IRU D %5'��*$7$� SURWHLQ PRGXOH LQ WKH

UHJXODWLRQ RI FDUGLDF PLWRFKRQGULDO KRPHRVWDVLV DQG VKRZHG WKDW GHOHWLRQ RI %5'� GXULQJ

HPEU\RQLF GHYHORSPHQW UHVXOWHG LQ HPEU\RQLF OHWKDOLW\ ZLWK VLJQV RI FDUGLDF G\VIXQFWLRQ

�3DGPDQDEKDQ HW DO� ������ $OWKRXJK WKH VSHFLILF FRQWULEXWLRQ RI 60$5&&� WR &+' LV \HW

XQFHUWDLQ� LWV HQFRGHG SURWHLQ� %$)���� LV D FRPSRQHQW RI WKH %$) FRPSOH[� ZKLFK RUFKHVWUDWHV

PDQ\ DVSHFWV RI KHDUW GHYHORSPHQW �+RWD DQG %UXQHDX ������ 7KH */<5� '19 RFFXUUHG LQ D

SDWLHQW ZLWK DWULRYHQWULFXODU VHSWDO GHIHFWV� OHIW YHQWULFOH RXWIORZ WUDFW REVWUXFWLRQ� DQG SXOPRQDU\

VWHQRVLV� D VSHFWUXP RI FDUGLDF PDOIRUPDWLRQV REVHUYHG LQ KXPDQV ZLWK *$7$� PXWDWLRQV�

+RZHYHU��WKH�UROH�RI�*/<5��LQ�PRVW�WLVVXHV��LQFOXGLQJ�WKH�KHDUW��UHPDLQV�XQH[SORUHG�

, WKHUHIRUH LQYHVWLJDWHG WKH JHQHWLF ODQGVFDSH RI WKH */<5� YDULDQW FDUULHU DQG LGHQWLILHG

WKUHH UDUH /R) DQG �� UDUH PLVVHQVH YDULDQWV LQKHULWHG IURP WKHLU DV\PSWRPDWLF SDUHQWV� ZKLOH

QR RWKHU '19V ZHUH IRXQG LQ WKLV SUREDQG� ,QWHUHVWLQJO\� RQH RI WKHVH LQKHULWHG PLVVHQVH

YDULDQWV RFFXUUHG LQ *$7$�� HQFRGLQJ D *$7$ IDFWRU WKDW JHQHWLFDOO\ LQWHUDFWV DQG LV SDUWLDOO\
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UHGXQGDQW� ZLWK *$7$� LQ FDUGLDF GHYHORSPHQW �;LQ HW DO� ������ $OWKRXJK WKHVH LQKHULWHG /R)

DQG PLVVHQVH YDULDQWV DUH SUHVHQW LQ WKH DV\PSWRPDWLF SDUHQWV DQG DUH WKHUHIRUH XQOLNHO\ WR EH

VXIILFLHQW WR FDXVH FDUGLDF PDOIRUPDWLRQV� IXWXUH VWXGLHV PD\ DVVHVV LI DQ\ FRXOG FRQWULEXWH

WRJHWKHU�ZLWK�*/<5��WR�WKH�FDUGLDF�PDOIRUPDWLRQV�REVHUYHG�LQ�WKLV�SDWLHQW�

�������7KH�&+'�YDULDQW�LQ�*/<5��GHVWDELOL]HV�LWV�SK\VLFDO�LQWHUDFWLRQ�ZLWK�*$7$�

*/<5�� DOVR NQRZQ DV 1')� 13$&� RU 13��� LV D FKURPDWLQ UHDGHU LQYROYHG LQ

FKURPDWLQ PRGLILFDWLRQ DQG UHJXODWLRQ RI JHQH H[SUHVVLRQ WKURXJK QXFOHRVRPH GHPHWK\ODWLRQ

�)DQJ HW DO� ����� )HL HW DO� ����� 0DUDEHOOL HW DO� ������ 7KH */<5� PLVVHQVH &+' '19 ,

LGHQWLILHG OHDGV WR WKH VXEVWLWXWLRQ RI D KLJKO\ FRQVHUYHG SUROLQH ZLWK D OHXFLQH DW DPLQR DFLG �DD�

��� ZLWKLQ WKH ȕ�K\GUR[\DFLG GHK\GURJHQDVH GRPDLQ� GHVFULEHG WR PHGLDWH WKH LQWHUDFWLRQ

EHWZHHQ */<5� PRQRPHUV �0DUDEHOOL HW DO� ����� 0RQWHILRUL HW DO� ������

&R�LPPXQRSUHFLSLWDWLRQ DVVD\V GHPRQVWUDWHG WKDW WKH */<5� 3���/ '19 GHVWDELOL]HG LWV

SK\VLFDO LQWHUDFWLRQ ZLWK *$7$� �)LJXUH ����� $�� 6LQFH SUHYLRXV VWXGLHV LQGLFDWHG D UROH IRU

*/<5� LQ WUDQVFULSWLRQDO UHJXODWLRQ� ZH SUREHG ZKHWKHU */<5� FR�UHJXODWHV JHQH H[SUHVVLRQ

WRJHWKHU ZLWK *$7$� DQG IRXQG WKDW FR�WUDQVIHFWLRQ RI *$7$� DQG */<5� LQFUHDVHG

1SSD�OXFLIHUDVH UHSRUWHU DFWLYLW\ E\ DSSUR[LPDWHO\ ���IROG� FRPSDUHG ZLWK DQ ��IROG DFWLYDWLRQ

ZLWK *$7$� DORQH� 6\QHUJLVWLF WUDQVDFWLYDWLRQ RI WKH &FQG��OXFLIHUDVH UHSRUWHU E\ */<5� DQG

*$7$� ZDV VLPLODUO\ REVHUYHG DQG LQ ERWK FDVHV ZDV DWWHQXDWHG E\ WKH */<5� 3���/ PXWDWLRQ

�)LJXUHV�������%��

$GGLWLRQDO DQDO\VHV SHUIRUPHG E\ FR�DXWKRUV IRXQG WKDW *$7$� DQG */<5� FR�ELQG D

GHILQHG VHW RI KHDUW GHYHORSPHQW JHQHV DQG FR�UHJXODWH WKHLU H[SUHVVLRQ �*RQ]DOH]�7HUDQ HW DO�

������ ,Q RUGHU WR IXUWKHU DVVHVV WKH ELRORJLFDO LPSRUWDQFH RI WKH */<5� 3���/ YDULDQW LQ YLYR�

WKH\ JHQHUDWHG D PRXVH OLQH KDUERULQJ D 3���/ VLQJOH QXFOHRWLGH YDULDQW LQ */<5�

�*O\U�3���/���� KRPRORJRXV WR KXPDQ 3���/� XVLQJ &5,635�&DV� PHGLDWHG JHQRPH HGLWLQJ�

$OWKRXJK DOO JHQRW\SHV ZHUH ERUQ DW WKH H[SHFWHG PHQGHOLDQ UDWLRV� ��� RI WKH
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*O\U�3���/�3���/ DQG ����� RI WKH KHWHUR]\JRXV �*O\U�3���/��� PLFH GLVSOD\HG SRVWQDWDO

OHWKDOLW\ EHWZHHQ GD\V � DQG �� FRPSDUHG WR RQO\ ���� RI WKH :7 OLWWHUPDWHV �S  ���� DW 3���

7KXV� RXU ILQGLQJV SURYLGH HYLGHQFH IRU WKH ELRORJLFDO LPSRUWDQFH RI */<5� LQ FDUGLDF

GHYHORSPHQW�DQG�GHPRQVWUDWH�D�GHOHWHULRXV�HIIHFW�RI�WKH�3���/�YDULDQW�LQ�YLYR�

)LJXUH ����� �$� 7KH DELOLW\ RI */<5� :7 RU 3���/ PXWDQW WR LQWHUDFW ZLWK *$7$� E\
LPPXQRSUHFLSLWDWLRQ �,3� RI */<5��0<& DQG LPPXQREORWWLQJ ZLWK LQGLFDWHG DQWLERGLHV� �%�
/XFLIHUDVH UHSRUWHU DVVD\ LQ +H/D FHOOV VKRZLQJ DFWLYDWLRQ RI WKH OXFLIHUDVH UHSRUWHU XSRQ
DGGLWLRQ RI SODVPLGV HQFRGLQJ LQGLFDWHG SURWHLQV� (TXDO DPRXQW RI WRWDO WUDQVIHFWHG '1$ SHU
FRQGLWLRQ ZDV DGMXVWHG ZLWK HPSW\ YHFWRU� �Q  � LQGHSHQGHQW H[SHULPHQWV�� 2QH�ZD\ $129$
FRXSOHG�ZLWK�7XNH\�SRVW�KRF�WHVW��䌫䌫S�YDOXH���������䌫䌫䌫S�YDOXH���������

����',6&866,21

, LQWHJUDWHG DQ DQDO\VLV RI WKH SURWHLQ�SURWHLQ LQWHUDFWLRQ QHWZRUN RI &+'�DVVRFLDWHG 7)V

ZLWK KXPDQ ZKROH�H[RPH�VHTXHQFLQJ GDWD WR LQIRUP WKH JHQHWLF XQGHUSLQQLQJV RI &+'� $

K\SRWKHVLV�IUHH 33, UHFRQVWUXFWLRQ IRU WZR HVVHQWLDO F7)V� *$7$� DQG 7%;�� LGHQWLILHG NQRZQ

DQG SUHYLRXVO\ XQUHSRUWHG IXQFWLRQDO UHODWLRQVKLSV� '19V LQ *7�33,V RFFXUUHG ZLWK VLJQLILFDQWO\

JUHDWHU IUHTXHQF\ LQ &+' SDWLHQWV WKDQ KHDOWK\ FRQWUROV� $GGLWLRQDOO\� D FRQVROLGDWLYH

FRPSXWDWLRQDO IUDPHZRUN GHYLVHG WR SULRULWL]H YDULDQWV LQ *7�LQWHUDFWLQJ SURWHLQV LGHQWLILHG

QXPHURXV FDQGLGDWH GLVHDVH JHQHV� LQFOXGLQJ */<5�� D XELTXLWRXVO\ H[SUHVVHG HSLJHQHWLF

UHDGHU� 0\ FR�DXWKRUV GHPRQVWUDWHG WKDW WKH */<5� &+' SUREDQG YDULDQW 3���/ GLVUXSWHG WKH

��



LQWHUDFWLRQ ZLWK *$7$� DQG FR�DFWLYDWLRQ RI FDUGLDF GHYHORSPHQWDO JHQHV� 7KH LPSRUWDQFH RI

WKH */<5� YDULDQW DQG WKH *$7$��*/5<� LQWHUDFWLRQ LQ FDUGLDF GHYHORSPHQW ZDV IXUWKHU

FRQILUPHG LQ D PRXVH PRGHO� 7KHVH ILQGLQJV LQGLFDWH WKDW WKH XVH RI WLVVXH� DQG GLVHDVH�VSHFLILF

33,V PD\ SDUWLDOO\ RYHUFRPH WKH JHQHWLF KHWHURJHQHLW\ RI &+'V DQG KHOS SULRULWL]H WKH SRWHQWLDO

LPSDFW�RI�GH�QRYR�PLVVHQVH�YDULDQWV�SUHVHQW�LQ�GLVHDVH�

7KH LQWHJUDWLRQ RI 33, LQIRUPDWLRQ IURP SXEOLFO\ DYDLODEOH GDWDEDVHV ZLWK KXPDQ JHQHWLF

GDWD KDV EHHQ SUHYLRXVO\ XVHG WR SULRULWL]H GLVHDVH FDQGLGDWH YDULDQWV EDVHG RQ QHWZRUN

WRSRORJLFDO PHDVXUHV �.|KOHU HW DO� ����� *UHHQH HW DO� ����� 3ULHVW HW DO� ����� %U\RLV HW DO�

����� ,]DU]XJD]D HW DO� ������ 6LQFH PRVW RI WKH DYDLODEOH 33, GDWDVHWV KDYH EHHQ

UHFRQVWUXFWHG LQ QRQ�SK\VLRORJLFDO VHWWLQJV DQG FHOO W\SHV QRW UHOHYDQW WR WKH GLVHDVH RI LQWHUHVW�

VRPH RI WKHVH PHWKRGV LQFRUSRUDWHG 51$ H[SUHVVLRQ LQIRUPDWLRQ WR JHQHUDWH SUHGLFWHG

³WLVVXH�VSHFLILF´ QHWZRUNV WR UHGXFH WKH QXPEHU RI FDQGLGDWH YDULDQWV �0DJJHU HW DO� �����

%DUVKLU HW DO� ������ +RZHYHU� ZKHWKHU D SURWHLQ�SURWHLQ LQWHUDFWLRQ LQGHHG RFFXUV LQ WKH WLVVXH

GHSHQGV RQ DGGLWLRQDO IDFWRUV� DQG FR�H[SUHVVLRQ RI ERWK SDUWQHUV LV RQO\ D QHFHVVDU\ LQLWLDO

UHTXLUHPHQW EXW QRW D JXDUDQWHH IRU WKH LQWHUDFWLRQ WR RFFXU� (YHQ DIWHU WKH DSSOLFDWLRQ RI WKHVH

SULRULWL]DWLRQ VWUDWHJLHV� WKH ODUJH QXPEHU RI KLJKO\ UDQNHG FDQGLGDWH YDULDQWV PDNHV LW

FKDOOHQJLQJ WR LGHQWLI\ OLNHO\ FRQWULEXWLQJ PXWDWLRQV LQ WKH DEVHQFH RI DGGLWLRQDO ELRORJLFDOO\

PHDQLQJIXO LQIRUPDWLRQ� ,Q FRQWUDVW� WKH DSSURDFK GHVFULEHG KHUH DOORZHG XV WR FDSWXUH

XELTXLWRXVO\ H[SUHVVHG &+' FDQGLGDWH JHQHV WKDW PLJKW KDYH WLVVXH�VSHFLILF HIIHFWV GXH WR WKHLU

LQWHUDFWLRQ ZLWK WLVVXH�HQULFKHG IDFWRUV� 7KLV LV RI LPSRUWDQFH� DV WKH PDMRULW\ RI NQRZQ GLVHDVH

JHQHV�DUH�EURDGO\�H[SUHVVHG�DFURVV�PXOWLSOH�KXPDQ�WLVVXHV�

,Q FRQWUDVW WR VLQJOH�JHQH HQULFKPHQW DSSURDFKHV� WKH QHWZRUN�HQULFKPHQW DQDO\VLV

DOORZV WKH GHWHFWLRQ RI UDUH &+' FDQGLGDWH JHQHV� EXW LW GRHV VR ZLWKRXW UHVROYLQJ WKH UHODWLYH

FRQWULEXWLRQV RI VSHFLILF YDULDQWV� +HQFH� GRZQVWUHDP SULRULWL]DWLRQ RI FDQGLGDWH GLVHDVH YDULDQWV

LV QHHGHG WR UDQN WKH OLNHOLKRRG WKDW VSHFLILF YDULDQWV FRQWULEXWH WR &+'� )RU WKLV SXUSRVH� WKH

LQWHJUDWLYH VFRULQJ PHWKRG , GHYHORSHG FRPELQHV FRPPRQO\ XVHG GLVHDVH�YDULDQW SULRULWL]DWLRQ

��
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PHWULFV� LQFOXGLQJ GLYHUVH DQG FRPSOHPHQWDU\ ELRORJLFDO LQIRUPDWLRQ DW WKH JHQH DQG YDULDQW

OHYHOV� WRJHWKHU ZLWK SUREDQG SHGLJUHH LQIRUPDWLRQ� 7KH LQWHJUDWLRQ RI SUREDQG JHQRPLF

LQIRUPDWLRQ UHJDUGLQJ WKH FR�RFFXUUHQFH RI YDULDQWV LQ NQRZQ &+' JHQHV ZLWK PHWULFV WKDW

SUHGLFW YDULDQW GHOHWHULRXVQHVV DQG JHQH�OHYHO SDUDPHWHUV DOORZHG SULRULWL]DWLRQ RI YDULDQWV ZLWK

SRWHQWLDOO\ KLJKHU FRQWULEXWLRQ WR &+'� )XQFWLRQDO LQYHVWLJDWLRQ ZLOO EH QHHGHG WR WHVW ZKHWKHU

WKH LGHQWLILHG &+' FDQGLGDWH JHQHV DUH HVVHQWLDO LQ KHDUW GHYHORSPHQW DQG WR GHWHUPLQH WKH

FDXVDO QDWXUH RI WKH DVVRFLDWHG YDULDQWV� DV ZH KDYH GRQH KHUH ZLWK */<5�� ,Q WKH IXWXUH�

KLJK�WKURXJKSXW VFUHHQLQJ PHWKRGV VLPLODU WR RXU LQWHJUDWLYH 33,�JHQHWLF YDULDQW VFRULQJ

SLSHOLQH ZLOO DLG LQ DVVHVVLQJ WKH YDVW JHQRPLF YDULDWLRQ FDWDORJ SURYLGHG E\ WKH LQFUHDVLQJ

QXPEHU�RI�ODUJH�VFDOH�VHTXHQFLQJ�VWXGLHV�

2XU LQWHJUDWLYH SURWHRPLFV DQG KXPDQ JHQHWLFV DSSURDFK UHYHDOHG */<5� DV D *$7$�

LQWHUDFWRU LQ &3V WKDW FRQVWLWXWHV D VWURQJ FDQGLGDWH JHQH IRU &+'� 'XULQJ &0 GLIIHUHQWLDWLRQ�

SK\VLFDO LQWHUDFWLRQ EHWZHHQ *$7$� DQG */<5� PD\ EH RQH RI WKH PHFKDQLVPV H[SODLQLQJ KRZ

*/<5� FDQ ELQG D VSHFLILF VXEVHW RI KHDUW GHYHORSPHQW JHQHV� 'LVUXSWLRQ RI WKLV FR�UHJXODWLRQ

LQ WKH FRQWH[W RI WKH 3���/ YDULDQW KDV GHWULPHQWDO HIIHFWV LQ &0 GLIIHUHQWLDWLRQ WKDW PD\

FRQWULEXWH WR FDUGLDF PDOIRUPDWLRQV� ,QGHHG� WKH JHQHWLF LQWHUDFWLRQ REVHUYHG LQ PLFH FRPSRXQG

KHWHUR]\JRXV IRU *$7$� DQG */<5� 3���/� ZLWK D KLJK LQFLGHQFH RI DWULRYHQWULFXODU VHSWDO

GHIHFWV��LV�LQ�DJUHHPHQW�ZLWK�WKH�*/<5��YDULDQW�SOD\LQJ�D�UROH�LQ�&+'�

2YHUDOO� WKLV ZRUN KDV LGHQWLILHG LQWHUDFWRUV RI 7)V HVVHQWLDO IRU FDUGLDF GHYHORSPHQW�

SURYLGHG D UDQNHG OLVW RI FDQGLGDWH GLVHDVH YDULDQWV SRWHQWLDOO\ FRQWULEXWLQJ WR &+'� DQG

UHYHDOHG ELRORJ\ RI JHQH UHJXODWLRQ UHODWHG WR FDUGLDF GLVHDVH� 1RWDEO\� WKLV WLVVXH� DQG

GLVHDVH�VSHFLILF 7) QHWZRUN�EDVHG DSSURDFK FRXOG EH DSSOLHG ZLWK VOLJKW PRGLILFDWLRQV RI WKH

YDULDQW SULRULWL]DWLRQ VFRULQJ WR RWKHU JHQHWLF GLVRUGHUV IRU ZKLFK ODUJH�VFDOH VHTXHQFLQJ GDWD DUH

DYDLODEOH WR KLJKOLJKW GLVHDVH PHFKDQLVPV DQG SURYLGH D SRZHUIXO ILOWHU IRU LQWHUURJDWLQJ WKH

JHQHWLF�EDVLV�RI�GLVHDVH�

��
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7KH YDULDQW SULRULWL]DWLRQ VFRULQJ GHYHORSHG LQ WKLV VWXG\ LV OLPLWHG LQ WKDW LW KDV EHHQ

FXVWRPL]HG VSHFLILFDOO\ IRU WKH &+' YDULDQW GDWDVHW IURP WULR ZKROH�H[RPH VHTXHQFLQJ DQG

GHVLJQHG DV D FRPSOHPHQWDU\ PHWKRG WR RXU LQWHUDFWRPH ILOWHULQJ DSSURDFK� $OWKRXJK WKH

SULQFLSOHV FRXOG EH ZLGHO\ DSSOLFDEOH WR RWKHU JHQHWLF GLVHDVHV� GLVHDVH� DQG GDWDVHW�VSHFLILF

PRGLILFDWLRQV ZRXOG EH QHFHVVDU\ IRU LWV DSSOLFDWLRQ LQ GLIIHUHQW GLVHDVH FRQWH[WV� )XUWKHU� WKLV

VWXG\ IRFXVHV RQ YHU\ UDUH YDULDQWV� ZKLFK DUH QRUPDOO\ GHSOHWHG IURP WKH SRSXODWLRQ� DV LV WKH

FDVH IRU WKH 3���/ YDULDQW LQ */<5�� ,QGHHG� DV D GH QRYR YDULDQW� WKH OLNHOLKRRG RI REVHUYLQJ

3���/ LQ DQRWKHU VHTXHQFHG LQGLYLGXDO LV VPDOO� )XWXUH VWXGLHV ZLOO EH QHHGHG WR GHWHUPLQH

ZKHWKHU DGGLWLRQDO YDULDQWV LQ */<5� FRQWULEXWH WR RWKHU FDVHV RI &+' RU WR RWKHU GLVHDVHV LQ

KXPDQV�

����0$7(5,$/6�$1'�0(7+2'6

�������6HOHFWLRQ�RI�LQWHUDFWRPH�SURWHLQV

&HOO FXOWXUH DQG PDVV VSHFWURPHWU\ DQDO\VLV ZHUH SHUIRUPHG E\ >FRQWULEXWLRQV@ DV

GHVFULEHG LQ SXEOLFDWLRQ �*RQ]DOH]�7HUDQ HW DO� ������ \LHOGLQJ SHSWLGH� SURWHLQ� DQG VLWH�OHYHO

VSHFWUDO FRXQWV� , DQDO\]HG FRXQW GDWD XVLQJ WKH DUW06 SDFNDJH �-LPHQH]�0RUDOHV HW DO� �����

LQ 5 IROORZHG E\ SURWHLQ�SURWHLQ LQWHUDFWLRQ VFRULQJ E\ WKH 6$,17T VRIWZDUH �7HR HW DO� ����� WR

LGHQWLI\ VLJQLILFDQWO\�LQWHUDFWLQJ SURWHLQV IRU *$7$� DQG 7%;� EDLWV� 'HIDXOW SDUDPHWHUV IRU ERWK

VRIWZDUHV ZHUH XVHG H[FHSW ZKHUH LQGLFDWHG KHUH� 7R FUHDWH WKH *$7$� LQWHUDFWRPH� , DQDO\]HG

DW WKH SURWHLQ OHYHO DQG VHOHFW SURWHLQV WKDW LQWHUDFW DW D %)'5 FXWRII RI ������� WR FUHDWH WKH

7%;� LQWHUDFWRPH� , DQDO\]HG DW WKH SHSWLGH OHYHO DQG VHOHFWHG WKRVH WKDW LQWHUDFW DW D %)'5

FXWRII RI ������ ,QWHQVLW\ GDWD IURP WKH FRQWURO �NQRFNRXW� FHOO OLQHV ZDV QRUPDOL]HG SHU 6$,17T

FRQILJXUDWLRQ RSWLRQV VXFK WKDW WKH DYHUDJH WRWDO LQWHQVLW\ LQ HDFK EDLW SXULILFDWLRQ ZDV HTXDO WR

WKH�DYHUDJH�WRWDO�LQWHQVLW\�DFURVV�WKH�FRQWURO�H[SHULPHQWV�

7R IRFXV RQ WUDQVFULSWLRQDOO\�UHOHYDQW LQWHUDFWLRQV� , DGGLWLRQDOO\ ILOWHUHG SURWHLQV E\ WKRVH

WKDW DSSHDU LQ WKH QXFOHDU FRPSDUWPHQW� WKRVH WKDW DUH H[SUHVVHG DW GHWHFWDEOH OHYHOV LQ DW OHDVW

��
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RQH RI WKH VDPH FHOO W\SHV DV WKH EDLW� DQG SURWHLQV ZKRVH JHQH H[SUHVVLRQ ZDV VLJQLILFDQWO\

ORZHU�LQ�WKH�FRQWURO�OLQH�EXW�GLG�QRW�KDYH�D�JUHDWHU�WKDQ�����ORJ�IROG�FKDQJH�GURS�LQ�LQWHQVLW\�

1XFOHDU FRPSDUWPHQW� QXFOHDU FRPSDUWPHQW JHQHV ZHUH LGHQWLILHG XVLQJ WKH &\WRVFDSH

SDFNDJH %L1*2 �6KDQQRQ HW DO� ����� 0DHUH� +H\PDQV� DQG .XLSHU ����� ZLWK DGGLWLRQDO

PDQXDO FXUDWLRQ IURP OLWHUDWXUH� &HOO W\SH FR�H[SUHVVLRQ� VLQJOH�FHOO 51$�VHT GDWD IURP GH6R\VD

HW DO� ������ ZDV XVHG WR GHWHUPLQH LI DQ LQWHUDFWLRQ ZDV OLNHO\ WR RFFXU� JLYHQ FR�H[SUHVVLRQ LQ

WKH VDPH FHOO W\SH� %ULHIO\� VHYHQ FHOO W\SH SRSXODWLRQV ZHUH VHOHFWHG IURP PHVRGHUP DQG

QHXUDO FUHVW FHOOV LQ WKH GHYHORSLQJ KHDUW �PXOWLSRWHQW ,VO�� SURJHQLWRUV� HQGRWKHOLDO RU

HQGRFDUGLDO FHOOV� HSLFDUGLXP� P\RFDUGLXP� QHXUDO FUHVW�GHULYHG PHVHQFK\PH� SDUD[LDO

PHVRGHUP DQG ODWHUDO SODWH PHVRGHUP� �GH 6R\VD HW DO� ������ $ EDLW SURWHLQ ZDV FRQVLGHUHG WR

EH H[SUHVVHG LQ RQH RI WKHVH FHOO W\SHV LI WKH WUDQVFULSWV SHU PLOOLRQ �WSP� IRU WKH EDLW JHQH ZHUH

JUHDWHU WKDQ ���� WSP� 3UH\ SURWHLQV ZHUH FRQVLGHUHG WR EH SRWHQWLDOO\ SK\VLRORJLFDOO\ UHOHYDQW

LQWHUDFWRUV�LI�WKH\�ZHUH�GHWHFWHG�DW�DQ\�OHYHO�LQ�RQH�RI�WKH�VDPH�FHOO�W\SHV�DV�WKH�EDLW�

&RQWUROOLQJ IRU GLIIHUHQWLDO JHQH H[SUHVVLRQ� SURWHLQ KLWV WKDW ZHUH FRQVLGHUHG OLNHO\

IDOVH SRVLWLYHV EDVHG RQ ORZHU H[SUHVVLRQ LQ WKH FRQWURO FHOO OLQHV� ZLWKRXW FRQFRPLWDQW UHGXFWLRQ

LQ SURWHLQ LQWHQVLW\� ZHUH UHPRYHG IURP WKH LQWHUDFWRPH OLVW� 7KLV LV LQWHQGHG WR FRQWURO IRU JHQHV

WKDW DUH H[SUHVVHG OHVV LQ WKH FRQWUROV GXH WR EDLW NQRFNRXW� EXW ZKRVH $306 SURWHLQ LQWHQVLWLHV

GR QRW FKDQJH �VXJJHVWLQJ WKH SURWHLQ SXOOHG GRZQ ZDV EDFNJURXQG UDWKHU WKDQ DQ LQWHUDFWRU��

6LJQLILFDQW GLIIHUHQWLDO JHQH H[SUHVVLRQ ZDV GHWHUPLQHG LQ 5 XVLQJ WKH HGJH5 SDFNDJH

�5RELQVRQ HW DO�� ������ QRUPDOL]HG SURWHLQ LQWHQVLWLHV ZHUH DYHUDJHG LQ DOO FRQWURO H[SHULPHQWV

DQG EDLW H[SHULPHQWV� 3URWHLQV ZLWK VLJQLILFDQWO\ UHGXFHG H[SUHVVLRQ LQ FRQWURO �)'5 � ����� ZLWK

OHVV�WKDQ�D�����ORJ�IROG�FKDQJH�GURS�LQ�LQWHQVLW\�ZHUH�QRW�FRQVLGHUHG�WR�EH�LQWHUDFWRUV�

�������*HQH�H[SUHVVLRQ�WLVVXH�GLVWULEXWLRQ�DQG�VSHFLILFLW\

, XVHG WKH FDWHJRULHV IRU JHQH H[SUHVVLRQ WLVVXH GLVWULEXWLRQ DQG WLVVXH VSHFLILFLW\

GHILQHG E\ WKH 7LVVXH $WODV ZLWKLQ WKH +XPDQ 3URWHLQ $WODV WR FODVVLI\ LQWHUDFWRPH JHQH JURXSV
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�KWWSV���ZZZ�SURWHLQDWODV�RUJ�KXPDQSURWHRPH�WLVVXH�WLVVXH�VSHFLILF�� 7KHVH FODVVLILFDWLRQV DUH

EDVHG RQ WUDQVFULSWRPLFV DQDO\VLV DFURVV DOO PDMRU RUJDQV DQG WLVVXH W\SHV LQ WKH KXPDQ ERG\�

ZKHUH DOO SXWDWLYH ����� SURWHLQ FRGLQJ JHQHV KDYH EHHQ FODVVLILHG ZLWK UHJDUG WR DEXQGDQFH

DQG�GLVWULEXWLRQ�RI�WUDQVFULEHG�P51$�PROHFXOHV �8KOpQ HW�DO��������

6SHFLILFLW\ LOOXVWUDWHV WKH QXPEHU RI JHQHV ZLWK HOHYDWHG RU QRQ�HOHYDWHG H[SUHVVLRQ�

(OHYDWHG�H[SUHVVLRQ�LQFOXGHV�WKUHH�VXE�FDWHJRU\�W\SHV�

Ɣ 7LVVXH HQULFKHG� $W OHDVW IRXU�IROG KLJKHU P51$ OHYHO LQ D SDUWLFXODU WLVVXH FRPSDUHG WR

DQ\�RWKHU�WLVVXHV�

Ɣ *URXS HQULFKHG� $W OHDVW IRXU�IROG KLJKHU DYHUDJH P51$ OHYHO LQ D JURXS RI ��� WLVVXHV

FRPSDUHG�WR�DQ\�RWKHU�WLVVXH�

Ɣ 7LVVXH HQKDQFHG� $W OHDVW IRXU�IROG KLJKHU P51$ OHYHO LQ D SDUWLFXODU WLVVXH FRPSDUHG WR

WKH�DYHUDJH�OHYHO�LQ�DOO�RWKHU�WLVVXHV�

'LVWULEXWLRQ� RQ WKH RWKHU KDQG� YLVXDOL]HV KRZ PDQ\ JHQHV WKDW GR RU GR QRW KDYH GHWHFWDEOH

OHYHOV��WSP������RI�WUDQVFULEHG�P51$�PROHFXOHV��(OHYDWHG�JHQHV�DUH�FDWHJRUL]HG�DV�

Ɣ 'HWHFWHG�LQ�VLQJOH��'HWHFWHG�LQ�D�VLQJOH�WLVVXH

Ɣ 'HWHFWHG�LQ�VRPH��'HWHFWHG�LQ�PRUH�WKDQ�RQH�EXW�OHVV�WKDQ�RQH�WKLUG�RI�WLVVXHV

Ɣ 'HWHFWHG�LQ�PDQ\��'HWHFWHG�LQ�DW�OHDVW�D�WKLUG�EXW�QRW�DOO�WLVVXHV

Ɣ 'HWHFWHG�LQ�DOO��'HWHFWHG�LQ�DOO�WLVVXHV

�������9DULDQW�FDOOLQJ

:KROH ([RPH 6HTXHQFLQJ GDWD IURP ���� &+' WULRV DQG ���� FRQWURO WULRV ZDV

SURFHVVHG DV GHVFULEHG DQG SXEOLVKHG LQ �-LQ HW DO� ������ :H LQFOXGH :KROH ([RPH

6HTXHQFLQJ GDWD IURP ��� DGGLWLRQDO &+' WULRV UHFUXLWHG WR WKH 3HGLDWULF &DUGLDF *HQRPLFV

&RQVRUWLXP �3&*&�� SURFHVVHG E\ WKH +06 SLSHOLQH DV GHVFULEHG LQ -LQ HW DO�� ����� , ILOWHUHG

SURWHLQ�FRGLQJ PXWDWLRQV EDVHG RQ D 0DSSLQJ 4XDOLW\ VFRUH ! �� DQG *HQRW\SH 4XDOLW\ ! ���

WKHQ DQQRWDWHG TXDOLI\LQJ YDULDQWV XVLQJ $1129$5� 'H QRYR YDULDQWV ZHUH FDOOHG XVLQJ WKH

��
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7ULR'H1RYR SURJUDP �:HL HW DO� ������ DQG DFFHSWHG LI WKH PLQRU DOOHOH IUHTXHQF\ �0$)� DQG

UHDG�GHSWK FULWHULD GHVFULEHG LQ +RPV\ HW DO�� ���� DUH PHW� 1DPHO\� WKH LQ�FRKRUW 0$) RI WKH

YDULDQW PXVW EH EHORZ �[��í�� ZLWK D PLQLPXP RI � DOWHUQDWLYH UHDGV DQG �� WRWDO UHDGV LQ WKH

SUREDQG� DQG D PLQLPXP RI �� UHIHUHQFH UHDGV LQ WKH SDUHQWV �ZLWK D PD[LPXP DOWHUQDWH DOOHOH

UDWLR�RI�������

�������3HUPXWDWLRQ�EDVHG�WHVWV

&DVH�FRQWURO SHUPXWDWLRQ� , WHVWHG WKH DGMXVWHG RGGV UDWLR RI REVHUYLQJ D GH QRYR

PXWDWLRQ LQ DQ LQWHUDFWRPH JHQH LQ &+' SUREDQGV UHODWLYH WR FRQWUROV� , UDQ ������

SHUPXWDWLRQV LQ ZKLFK FDVH�FRQWURO VWDWXV ZDV UDQGRPO\ VKXIIOHG WR JHQHUDWH D QXOO GLVWULEXWLRQ

RI SHUPXWHG RGGV UDWLRV �25V�� 7KLV ZDV SHUIRUPHG IRU SURWHLQ�DOWHULQJ �QRQ�V\QRQ\PRXV� GH

QRYR PXWDWLRQV� V\QRQ\PRXV GH QRYR PXWDWLRQV� DQG UDUH LQKHULWHG ORVV�RI�IXQFWLRQ PXWDWLRQV

�DW PLQRU DOOHOH IUHTXHQF\ ��í�� �-LQ HW DO�� ����� RQ WKH *$7$� DQG 7%;� LQWHUDFWRPHV

JHQHUDWHG IURP ERWK FDUGLDF SURJHQLWRU DQG +(.��� $306 H[SHULPHQWV� 7KH UDZ S YDOXH IRU

HDFK WHVW LV HTXDO WR WKH SURSRUWLRQ RI UDQGRP VKXIIOHV ZLWK D SHUPXWHG 25 JUHDWHU WKDQ RU HTXDO

WR WKH REVHUYHG 25� 5DZ S�YDOXHV ZHUH DGMXVWHG IRU PXOWLSOH WHVWLQJ XVLQJ WKH %RQIHUURQL

FRUUHFWLRQ�

:H REVHUYHG WKDW VRPH JHQHV DSSHDUHG WR KDYH EHHQ PRUH GHHSO\ VHTXHQFHG LQ

FRQWURO LQGLYLGXDOV� ZKLOH RWKHU JHQHV VKRZHG WKH RSSRVLWH WUHQG� 7KLV LV QRW XQH[SHFWHG� DV

FRQWURO LQGLYLGXDOV LQ WKH -LQ HW DO� GDWDVHW ZHUH VHTXHQFHG IRU D GLIIHUHQW VWXG\ DQG DW GLIIHUHQW

LQVWLWXWLRQV IURP 3&*& LQGLYLGXDOV� 7KHUHIRUH� WR FRQWURO IRU UHJLRQDO ELDVHV LQ VHTXHQFLQJ

EHWZHHQ WKH FDVH DQG FRQWURO VWXGLHV� , FUHDWHG DQ DGMXVWHG RGGV UDWLR PHWULF WKDW PXOWLSOLHV

V\QRQ\PRXV DQG SURWHLQ�DOWHULQJ YDULDQW 25V E\ D IDFWRU UHVWULFWLQJ WKH V\QRQ\PRXV RGGV UDWLR

WR � �QXOO H[SHFWDWLRQ�� 7KLV FRUUHFWLRQ ZDV SHUIRUPHG IRU WKH REVHUYHG RGGV UDWLR DQG WKH RGGV

UDWLRV FDOFXODWHG LQ HDFK SHUPXWDWLRQ RI GH QRYR YDULDQWV� 7R GHWHUPLQH ZKHWKHU WKLV VLJQDO ZDV

GULYHQ E\ DOUHDG\�LGHQWLILHG &+' ULVN JHQHV� , UHSHDWHG WKH DQDO\VLV DIWHU UHPRYLQJ GH QRYR
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YDULDQWV RFFXUULQJ LQ NQRZQ NQRZQ +XPDQ�0RXVH &+' JHQHV �VRXUFHG IURP -LQ HW DO�� �����

6XSSOHPHQWDO 'DWDVHW �� ��� &XUDWHG *HQHV� �-LQ HW DO�� ����� DV ZHOO DV DIWHU UHPRYLQJ D

FXUDWHG�OLVW�RI�����KXPDQ�&+'�JHQHV��,]DU]XJD]D�HW DO���������

*HQH VHW SHUPXWDWLRQ� )RU HDFK JHQH LQ WKH *7�33,� , LGHQWLILHG QRQ�LQWHUDFWRPH JHQHV

WKDW DUH H[SUHVVHG DW VLPLODU OHYHOV LQ :7 &3 FHOOV� DQG KDYH FRPSDUDEOH PXWDELOLW\ VFRUHV DV

FDOFXODWHG E\ �6DPRFKD HW DO� ������ $ JHQH LV FRQVLGHUHG D PDWFK LI LWV PXWDELOLW\ VFRUH

�H[SHFWHG QXPEHU RI GH QRYR PXWDWLRQV LQ WKLV JHQH SHU FKURPRVRPH SHU JHQHUDWLRQ� LV

HTXLYDOHQW ZKHQ URXQGHG WR WKH RUGHU RI RQH KXQGUHG�WKRXVDQGWK� , IXUWKHU ILOWHUHG WKH OLVW RI

PDWFKHV EDVHG RQ VLPLODULW\ RI H[SUHVVLRQ OHYHOV LQ :7&��� FDUGLDF SURJHQLWRU FHOOV� VXFK WKDW

WKH PHDVXUHG WUDQVFULSWV SHU PLOOLRQ �WSP� LV HTXLYDOHQW WR WKH RUGHU RI RQH RQH�KXQGUHGWK �GH

6R\VD HW DO� ������ )RU JHQHV ZLWK IHZHU WKDQ ��� SRVVLEOH PDWFKHV� ZH UHOD[ WKHVH

UHTXLUHPHQWV E\ � ��� î ��1 �ZKHUH 1 \LHOGV WKH UHOHYDQW RUGHU RI PDJQLWXGH�� DQG UHPRYH DQ\

JHQHV IURP WKH DQDO\VLV LQ WKH FDVH RI � �� PDWFKHV� )RU ���� SHUPXWDWLRQV� ZH SHUPXWH HDFK

LQWHUDFWRPH JHQH LQWR RQH IURP LWV OLVW RI FRPSDUDEOH QRQ�LQWHUDFWRPH JHQHV WR FRPSDUH WKH

WRWDO FRXQW RI YDULDQWV IRXQG LQ &+' FDVHV IURP WKH *7�33, LQWHUDFWRPH YHUVXV WKRVH DFURVV DOO

SHUPXWHG�JHQH�VHWV�

�������&KDUDFWHUL]DWLRQ�RI�&+'�FDQGLGDWH�YDULDQWV�DQG�JHQHV

$OO GH QRYR YDULDQWV DQG KDUERULQJ JHQHV REVHUYHG LQ &+' SUREDQGV DQG PDWFKHG

FRQWUROV ZHUH DVVHVVHG IRU WKH IROORZLQJ SURSHUWLHV� &$'' VFRUH� S/, VFRUH� YDULDQW GHJUHH�

&+'�JHQH GHJUHH� KHDUW H[SUHVVLRQ SHUFHQWLOH UDQN� KDSORLQVXIILFLHQF\� DQG QXPEHU RI

PXWDWLRQV SHU NLOREDVH� 7KH UHVLGXH�OHYHO &$'' VFRUH �5HQW]VFK HW DO� ����� HVWLPDWHV WKH

OLNHO\ GHOHWHULRXVQHVV RI D YDULDQW EDVHG RQ FRQVHUYDWLRQ GDWD� S/, VFRUH LQGLFDWHV WKH SUHGLFWHG

ORVV�RI�IXQFWLRQ LQWROHUDQFH RI WKH JHQH� VFDOHG EHWZHHQ � DQG �� DQG ZDV VRXUFHG IURP

JQRP$' YHUVLRQ ����� �.DUF]HZVNL HW DO� ������ 6LPLODUO\� KDSORLQVXIILFLHQF\ SUHGLFWV WKH

GHOHWHULRXVQHVV RI KDYLQJ RQO\ D VLQJOH IXQFWLRQDO FRS\ RI D JHQH� , XVHG WKH SUHGLFWHG
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KDSORLQVXIILFLHQF\ YDOXHV IURP +XDQJ ���� �+XDQJ HW DO� ������ 7KH &+'�JHQH GHJUHH FRXQWV

WKH QXPEHU RI SURWHLQ�SURWHLQ LQWHUDFWLRQV WKDW WKH JHQH VKDUHV ZLWK SUHYLRXVO\�LGHQWLILHG &+'

ULVN JHQHV� ZKLOH WKH YDULDQW GHJUHH FRXQWV WKH QXPEHU RI SURWHLQ�SURWHLQ LQWHUDFWLRQV VKDUHG

ZLWK RWKHU JHQHV WKDW KDG GH QRYR YDULDQWV �'19V� LQ D &+' SUREDQG� 7KHVH QRGH GHJUHH

FRXQWV ZHUH QRUPDOL]HG E\ WKH WRWDO QXPEHU RI FRQQHFWLRQV REVHUYHG LQ WKH JHQH� DQG DUH

EDVHG RQ NQRZQ PDPPDOLDQ SURWHLQ�SURWHLQ LQWHUDFWLRQV LQ L5HI,QGH[ YHUVLRQ ���� �5D]LFN�

0DJNODUDV� DQG 'RQDOGVRQ ������ )LQDOO\� WKH QXPEHU RI PXWDWLRQV SHU NLOREDVH PHDVXUHV WKH

QXPEHU RI WLPHV D GH QRYR RU UDUH ORVV RI IXQFWLRQ YDULDQW ZDV REVHUYHG LQ D &+' SUREDQG�

QRUPDOL]HG E\ WKH FRGLQJ OHQJWK RI WKDW JHQH� , XVHG D 0DQQ�:KLWQH\ 8 WHVW ZLWK %RQIHUURQL

FRUUHFWLRQ WR DVVHVV ZKHWKHU SURWHLQ�DOWHULQJ '19V LQ LQWHUDFWRPH JHQHV GLIIHU VLJQLILFDQWO\ IURP

WKRVH LQ QRQ�LQWHUDFWRPH JHQHV ZLWK UHVSHFW WR WKHVH SURSHUWLHV� DV ZHOO DV ZKHWKHU

SURWHLQ�DOWHULQJ�'19V�LQ�FDVHV�GLIIHU�IURP�WKRVH�IRXQG�LQ�FRQWUROV�

�������9DULDQW�6FRULQJ

$OO SURWHLQ�DOWHULQJ GH QRYR PLVVHQVH YDULDQWV RFFXUULQJ LQ *7�LQWHUDFWLQJ JHQHV DQG

REVHUYHG LQ &+' SUREDQGV ZHUH UDQNHG EDVHG RQ D VHULHV RI JHQH�OHYHO� UHVLGXH�OHYHO� DQG

SDWLHQW�OHYHO SURSHUWLHV� $ PXWDWLRQV SHU NLOREDVH YDOXH ZDV GHWHUPLQHG IRU HDFK JHQH� EDVHG

RQ WKH QXPEHU RI SURWHLQ�DOWHULQJ GH QRYR DQG UDUH ORVV�RI�IXQFWLRQ PXWDWLRQV IRXQG LQ &+'

SUREDQGV LQ WKH 3&*&� QRUPDOL]HG E\ WKH &'6 OHQJWK RI WKDW JHQH LQ WKH JQRP$' GDWDEDVH

�.DUF]HZVNL HW DO� ������ S/, VFRUH LQGLFDWHV WKH SUHGLFWHG ORVV�RI�IXQFWLRQ LQWROHUDQFH RI WKH

JHQH� VFDOHG EHWZHHQ � DQG � ZKHUH � LV PRUH LQWROHUDQW� S/, GDWD ZDV VRXUFHG IURP JQRP$'

YHUVLRQ ����� �.DUF]HZVNL HW DO� ������ &+'�JHQH GHJUHH� YDULDQW GHJUHH� DQG PXWDWLRQV SHU

NLOREDVH YDOXHV ZHUH FDOFXODWHG DV GHVFULEHG DERYH EDVHG RQ NQRZQ PDPPDOLDQ

SURWHLQ�SURWHLQ LQWHUDFWLRQV LQ L5HI,QGH[ YHUVLRQ ���� �5D]LFN� 0DJNODUDV� DQG 'RQDOGVRQ �����

�VHH ������ &KDUDFWHUL]DWLRQ RI &+' FDQGLGDWH YDULDQWV DQG JHQHV�� ([SUHVVLRQ VSHFLILFLW\

ZDV FDOFXODWHG XVLQJ GDWD IURP PHGLDQ WUDQVFULSWV�SHU�PLOOLRQ �WSP� DV SXEOLVKHG LQ *7([

��
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YHUVLRQ ������� �*7([ &RQVRUWLXP HW DO� ������ $YHUDJH PHGLDQ WSP ZDV FDOFXODWHG IRU KHDUW

WLVVXHV �DGXOW DWULXP� DGXOW OHIW YHQWULFOH� DQG DOO RWKHU DYDLODEOH WLVVXHV ZLWK WKH H[FHSWLRQ RI

WHVWLV� 7KH VSHFLILFLW\ VFRUH LV WKHQ GHILQHG DV WKH DYHUDJH WSP LQ KHDUW WLVVXHV QRUPDOL]HG E\

DYHUDJH�WSP�DFURVV�DOO�WLVVXHV�

)RU HDFK RI WKHVH SURSHUWLHV� WKH YDULDQWV ZHUH UDQNHG EDVHG RQ WKHLU UHODWLYH VFRUHV�

7LHV ZHUH UHVROYHG E\ WDNLQJ WKH DYHUDJH YDOXH RI WKH ZRXOG�EH UDQNV� 0LVVLQJ GDWD ZDV

LPSXWHG WR WKH PHGLDQ YDOXH RI WKH JLYHQ SURSHUW\� *HQH�OHYHO UDQNLQJV �PXWDWLRQV SHU NLOREDVH�

S/, VFRUH� &+'�JHQH GHJUHH� YDULDQW GHJUHH� DQG H[SUHVVLRQ VSHFLILFLW\� DQG UHVLGXH�OHYHO

UDQNLQJV �&$'' VFRUH� ZHUH VHSDUDWHO\ DYHUDJHG DQG WKHQ VXPPHG� 7KLV DYHUDJH UDQN VXP

ZDV WKHQ DGGLWLRQDOO\ ZHLJKWHG E\ WZR IDFWRUV WR FDSWXUH DVSHFWV RI WKHLU SUREDQG�OHYHO DQG

SURWHLQ�FRQWH[WV�

)LUVW� LI WKH SUREDQG KDG DGGLWLRQDO PXWDWLRQV LQ RWKHU LQWHUDFWRPH JHQHV RU RWKHU

SUHYLRXVO\�LGHQWLILHG &+' JHQHV� ZH UHGXFHG WKH YDULDQW¶V ZHLJKW� 6SHFLILFDOO\� ZH PXOWLSO\ WKH

UDQN�VXP�VFRUH�E\�WKH�ORZHVW�DSSOLFDEOH�IDFWRU�LI�WKH\�PHHW�DQ\�RI�WKH�FRQGLWLRQV�LQ 7DEOH�����

7DEOH����� )DFWRUV�IRU�ZHLJKWLQJ�YDULDQWV�EDVHG�RQ SUREDQG�EDFNJURXQG�JHQHWLFV�

)DFWRU &RQGLWLRQV

���� 3UREDQG KDV DQRWKHU UDUH �0$) ��í�� LQKHULWHG ORVV�RI�IXQFWLRQ 25 PLVVHQVH GH
QRYR YDULDQW LQ DQ LQWHUDFWRPH JHQH 25 SUREDQG KDV DQ LQKHULWHG PLVVHQVH
GDPDJLQJ�YDULDQW�LQ�D�NQRZQ�&+'�JHQH�

���� 3UREDQG KDV D SUHGLFWHG�GDPDJLQJ GH QRYR PXWDWLRQ LQ DQ LQWHUDFWRPH JHQH RU
UDUH�LQKHULWHG�ORVV�RI�IXQFWLRQ�PXWDWLRQ�LQ�D�SUHYLRXVO\�LGHQWLILHG�&+'�JHQH

���� 3UREDQG�KDV�D�GH�QRYR�PLVVHQVH�PXWDWLRQ�LQ�D�SUHYLRXVO\�LGHQWLILHG�&+'�JHQH

���� 3UREDQG KDG D GH QRYR PLVVHQVH PXWDWLRQ LQ D SUHYLRXVO\�LGHQWLILHG &+' JHQH�
DQG�WKDW�YDULDQW�ZDV�SUHGLFWHG�GDPDJLQJ�RU�OHG�WR�SURWHLQ�ORVV�RI�IXQFWLRQ�

7R VXPPDUL]H� WKH YDULDQW LV GRZQ�ZHLJKWHG LQ FDVHV ZKHUH LW LV OLNHO\ WKDW DQRWKHU PXWDWLRQ LQ

WKH�SUREDQG�LV�FDXVLQJ�RU�FRQWULEXWLQJ�WR�WKH�&+'�SKHQRW\SH�
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6HFRQG� LI WKH GH QRYR YDULDQW OHDGV WR SURWHLQ ORVV�RI�IXQFWLRQ� RU LI LW RFFXUUHG LQ D

NQRZQ SURWHLQ GRPDLQ �DQG WKHUHIRUH LV VXVSHFWHG WR LQWHUIHUH ZLWK SURWHLQ DFWLYLW\�� WKH YDULDQW

UDQN�VXP�ZDV�WUDQVPLWWHG�DV�LV��2WKHUZLVH��WKH�YDULDQW¶V�UDQN�VXP�ZDV�PXOWLSOLHG�E\�����

����'$7$�$1'�62)7:$5(�$&&(66

3&*& YDULDQWV DUH DYDLODEOH XQGHU GE*D3 6WXG\ $FFHVVLRQ� SKV�������Y��S� IRU

TXDOLI\LQJ�UHVHDUFKHUV��&RGH�LV�DYDLODEOH�DW�KWWSV���JLWKXE�FRP�PHSLWWPDQ�FWI�DSPV�

��



5()(5(1&(6

$QJ��<HQ�6LQ��5HQHH�1��5LYDV��$OH[DQGUH�-��6��5LEHLUR��5RKLWK�6ULYDV��-DQHOO�5LYHUD��1LFROH�5�

6WRQH��.DULVKPD�3UDWW��HW�DO��������³'LVHDVH�0RGHO�RI�*$7$��0XWDWLRQ�5HYHDOV

7UDQVFULSWLRQ�)DFWRU�&RRSHUDWLYLW\�LQ�+XPDQ�&DUGLRJHQHVLV�´ &HOO �������������±���H���

%DUVKLU��5XWK��2PHU�6KZDUW]��,ODQ�<��6PRO\��DQG�(VWL�<HJHU�/RWHP��������³&RPSDUDWLYH�$QDO\VLV

RI�+XPDQ�7LVVXH�,QWHUDFWRPHV�5HYHDOV�)DFWRUV�/HDGLQJ�WR�7LVVXH�6SHFLILF�0DQLIHVWDWLRQ

RI�+HUHGLWDU\�'LVHDVHV�´ 3/R6�&RPSXWDWLRQDO�%LRORJ\ ��������H��������

%DVVRQ��&UDLJ�7���'DYLG�5��%DFKLQVN\��5REHUW�&��/LQ��7DWMDQD�/HYL��-DFRE�$��(ONLQV��-RKDQQ

6RXOWV��'DYLG�*UD\]HO��HW�DO��������³0XWDWLRQV�LQ�+XPDQ�&DXVH�/LPE�DQG�&DUGLDF

0DOIRUPDWLRQ�LQ�+ROW�2UDP�6\QGURPH�´ 1DWXUH�*HQHWLFV ����������±���

%UXQHDX��%��*���0��/RJDQ��1��'DYLV��7��/HYL��&��-��7DELQ��-��*��6HLGPDQ��DQG�&��(��6HLGPDQ�

������³&KDPEHU�6SHFLILF�&DUGLDF�([SUHVVLRQ�RI�7E[��DQG�+HDUW�'HIHFWV�LQ�+ROW�2UDP

6\QGURPH�´ 'HYHORSPHQWDO�%LRORJ\ ������������±����

%UXQHDX��%��*���*��1HPHU��-��3��6FKPLWW��)��&KDUURQ��/��5RELWDLOOH��6��&DURQ��'��$��&RQQHU��HW�DO�

������³$�0XULQH�0RGHO�RI�+ROW�2UDP�6\QGURPH�'HILQHV�5ROHV�RI�WKH�7�%R[�7UDQVFULSWLRQ

)DFWRU�7E[��LQ�&DUGLRJHQHVLV�DQG�'LVHDVH�´ &HOO ��� ��������±���

%U\RLV��-XOLHQ��1DWKDQ�*��6NHQH��7KRPDV�)RONPDQQ�+DQVHQ��/LVHWWH�-��$��.RJHOPDQ��+XQQD�-�

:DWVRQ��=LMLQJ�/LX��(DWLQJ�'LVRUGHUV�:RUNLQJ�*URXS�RI�WKH�3V\FKLDWULF�*HQRPLFV

&RQVRUWLXP��HW�DO��������³*HQHWLF�,GHQWLILFDWLRQ�RI�&HOO�7\SHV�8QGHUO\LQJ�%UDLQ�&RPSOH[

7UDLWV�<LHOGV�,QVLJKWV�LQWR�WKH�(WLRORJ\�RI�3DUNLQVRQ¶V�'LVHDVH�´ 1DWXUH�*HQHWLFV �������

���±���

&KULVWLDQVRQ��$���&��+RZVRQ��DQG�%��0RGHOO��������³0DUFK�RI�'LPHV��*OREDO�5HSRUW�RQ�%LUWK

'HIHFWV��WKH�+LGGHQ�7ROO�RI�'\LQJ�DQG�'LVDEOHG�&KLOGUHQ�´

KWWSV���ZZZ�VHPDQWLFVFKRODU�RUJ�SDSHU���G�I�����I��E�D��HFEH�G�H�������GE��HE�

�
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'HFLSKHULQJ�'HYHORSPHQWDO�'LVRUGHUV�6WXG\��������³/DUJH�6FDOH�'LVFRYHU\�RI�1RYHO�*HQHWLF

&DXVHV�RI�'HYHORSPHQWDO�'LVRUGHUV�´ 1DWXUH ����������� ���±���

(LOEHFN��.DUHQ��$DURQ�4XLQODQ��DQG�0DUN�<DQGHOO��������³6HWWOLQJ�WKH�6FRUH��9DULDQW

3ULRULWL]DWLRQ�DQG�0HQGHOLDQ�'LVHDVH�´ 1DWXUH�5HYLHZV� *HQHWLFV ������������±����

(QDQH��)UDQFLV�2���:DL�+R�6KXHQ��;LDRURQJ�*X��(EUDKHP�4XWHED��%DUWORPLHM�3U]\FKRG]HQ�

+LGHNL�0DNLVKLPD��-XUDM�%RGR��HW�DO��������³*$7$��/RVV�RI�)XQFWLRQ�LQ�/LYHU�&DQFHU

,PSHGHV�3UHFXUVRU�WR�+HSDWRF\WH�7UDQVLWLRQ�´ 7KH�-RXUQDO RI�&OLQLFDO�,QYHVWLJDWLRQ ���

���������±���

)DQJ��5XL��)HL�&KHQ��=KHQJKRQJ�'RQJ��'L�+X��$QGUHZ�-��%DUEHUD��(ULQ�$��&ODUN��-LDQ�)DQJ��HW

DO��������³/6'��.'0�%�DQG�,WV�&RIDFWRU�13$&�*/<5��(QGRZ�D�6WUXFWXUDO�DQG

0ROHFXODU�0RGHO�IRU�5HJXODWLRQ�RI�+�.��'HPHWK\ODWLRQ�´ 0ROHFXODU�&HOO �����������±���

)DUZHOO��.HOO\�'���/D\OD�6KDKPLU]DGL��'LPD�(O�.KHFKHQ��=|H�3RZLV��(OL]DEHWK�&��&KDR��%ULJHWWH

7LSSLQ�'DYLV��5XWK�0��%D[WHU��HW�DO��������³(QKDQFHG�8WLOLW\�RI�)DPLO\�&HQWHUHG

'LDJQRVWLF�([RPH�6HTXHQFLQJ�ZLWK�,QKHULWDQFH�0RGHO±EDVHG�$QDO\VLV��5HVXOWV�IURP����

8QVHOHFWHG�)DPLOLHV�ZLWK�8QGLDJQRVHG�*HQHWLF�&RQGLWLRQV�´ *HQHWLFV�LQ�0HGLFLQH�

2IILFLDO�-RXUQDO�RI�WKH�$PHULFDQ�&ROOHJH�RI�0HGLFDO�*HQHWLFV �����������±���

)HL��-LD��+DUXKLNR�,VKLL��0DUWHQ�$��+RHNVHPD��)UDQ]�0HLWLQJHU��*HRUJH�$��.DVVDYHWLV�

&KULVWRSKHU�.��*ODVV��%LQJ�5HQ��DQG�-DPHV�7��.DGRQDJD��������³1')��D

1XFOHRVRPH�'HVWDELOL]LQJ�)DFWRU�7KDW�)DFLOLWDWHV�7UDQVFULSWLRQ�WKURXJK�1XFOHRVRPHV�´

*HQHV�	�'HYHORSPHQW ��������������±���

)XOOHU��=DFKDU\�/���-HUHP\�-��%HUJ��+DNKDPDQHVK�0RVWDIDYL��*X\�6HOOD��DQG�0ROO\�3U]HZRUVNL�

������³0HDVXULQJ�,QWROHUDQFH�WR�0XWDWLRQ�LQ�+XPDQ�*HQHWLFV�´ 1DWXUH�*HQHWLFV �������

���±���

)XUWDGR��0LOHQD�%���'��-R�0HUULQHU��6LONH�%HUJHU��'DQLHOOH�5KRGHV��'XDQJSRUQ�-DPVDL��DQG

0RLUD�.��2¶%U\DQ��������³0XWDWLRQV�LQ�WKH�.DWQE��*HQH�&DXVH�/HIW�5LJKW�$V\PPHWU\

DQG�+HDUW�'HIHFWV�´ 'HYHORSPHQWDO�'\QDPLFV��$Q�2IILFLDO 3XEOLFDWLRQ�RI�WKH�$PHULFDQ
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$VVRFLDWLRQ�RI�$QDWRPLVWV ��������������±���

*DUJ��9LGX��,UIDQ�6��.DWKLUL\D��5REHUW�%DUQHV��0DULH�.��6FKOXWHUPDQ��,VDEHOOH�1��.LQJ��&KHU\O�$�

%XWOHU��&DU\Q�5��5RWKURFN��HW�DO��������³*$7$��0XWDWLRQV�&DXVH�+XPDQ�&RQJHQLWDO

+HDUW�'HIHFWV�DQG�5HYHDO�DQ�,QWHUDFWLRQ�ZLWK�7%;��´ 1DWXUH ���������������±���

*LIIRUG��&DVH\�$���6DQMHHY�6��5DQDGH��5\DQ�6DPDUDNRRQ��+D]HO�7��6DOXQJD��7��<YDQND�GH

6R\VD��<X�+XDQJ��3LQJ�=KRX��HW�DO��������³2OLJRJHQLF�,QKHULWDQFH�RI�D�+XPDQ�+HDUW

'LVHDVH�,QYROYLQJ�D�*HQHWLF�0RGLILHU�´ 6FLHQFH ��� �����������±���

*RK��.ZDQJ�,O��0LFKDHO�(��&XVLFN��'DYLG�9DOOH��%DUWRQ�&KLOGV��0DUF�9LGDO��DQG�$OEHUW�/iV]Oy

%DUDEiVL��������³7KH�+XPDQ�'LVHDVH�1HWZRUN�´ 3URFHHGLQJV RI�WKH�1DWLRQDO�$FDGHP\

RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD ��������� ����±���

*RQ]DOH]�7HUDQ��%DUEDUD��0DXUHHQ�3LWWPDQ��)UDQFR�)HOL[��5HXEHQ�7KRPDV��'HVPRQG

5LFKPRQG�%XFFROD��5XWK�+�WWHQKDLQ��.ULVKQD�&KRXGKDU\��HW�DO��������³7UDQVFULSWLRQ

)DFWRU�3URWHLQ�,QWHUDFWRPHV�5HYHDO�*HQHWLF�'HWHUPLQDQWV�LQ�+HDUW�'LVHDVH�´ &HOO ���

��������±����H���

*UHHQH��&DVH\�6���$UMXQ�.ULVKQDQ��$DURQ�.��:RQJ��(PDQXHOD�5LFFLRWWL��5HQH�$��=HOD\D��'DQLHO

6��+LPPHOVWHLQ��5DQ�=KDQJ��HW�DO��������³8QGHUVWDQGLQJ�0XOWLFHOOXODU�)XQFWLRQ�DQG

'LVHDVH�ZLWK�+XPDQ�7LVVXH�6SHFLILF�1HWZRUNV�´ 1DWXUH *HQHWLFV �����������±���

*7([�&RQVRUWLXP��/DERUDWRU\��'DWD�$QDO\VLV�	&RRUGLQDWLQJ�&HQWHU��/'$&&�²$QDO\VLV

:RUNLQJ�*URXS��6WDWLVWLFDO�0HWKRGV�JURXSV²$QDO\VLV�:RUNLQJ�*URXS��(QKDQFLQJ�*7([

�H*7([��JURXSV��1,+�&RPPRQ�)XQG��1,+�1&,��1,+�1+*5,��HW�DO��������³*HQHWLF�(IIHFWV

RQ�*HQH�([SUHVVLRQ�DFURVV�+XPDQ�7LVVXHV�´ 1DWXUH ��� �����������±���

+HNVHOPDQ��,GDQ��DQG�(VWL�<HJHU�/RWHP��������³0HFKDQLVPV�RI�7LVVXH�DQG�&HOO�7\SH�6SHFLILFLW\

LQ�+HULWDEOH�7UDLWV�DQG�'LVHDVHV�´ 1DWXUH�5HYLHZV� *HQHWLFV �����������±���

+LQWRQ��5REHUW�%���$VKZLQ�3UDNDVK��5REE�/��5RPS��'DUF\�$��.UXHJHU��7LPRWK\�.��.QLODQV��DQG

,QWHUQDWLRQDO�7XEHURXV�6FOHURVLV�&RQVHQVXV�*URXS��������³&DUGLRYDVFXODU

0DQLIHVWDWLRQV�RI�7XEHURXV�6FOHURVLV�&RPSOH[�DQG�6XPPDU\�RI�WKH�5HYLVHG�'LDJQRVWLF
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&ULWHULD�DQG�6XUYHLOODQFH�DQG�0DQDJHPHQW�5HFRPPHQGDWLRQV�IURP�WKH�,QWHUQDWLRQDO

7XEHURXV�6FOHURVLV�&RQVHQVXV�*URXS�´ -RXUQDO�RI�WKH $PHULFDQ�+HDUW�$VVRFLDWLRQ ������

H�������

+RPV\��-DVRQ��6DPLU�=DLGL��<XIHQJ�6KHQ��-DPHV�6��:DUH��.DLWOLQ�(��6DPRFKD��.RQUDG�-�

.DUF]HZVNL��6WHYHQ�5��'H3DOPD��HW�DO��������³'H�1RYR�0XWDWLRQV�LQ�&RQJHQLWDO�+HDUW

'LVHDVH�ZLWK�1HXURGHYHORSPHQWDO�DQG�2WKHU�&RQJHQLWDO�$QRPDOLHV�´ 6FLHQFH ���

������������±���

+RWD��6ZHWDQVX�.���DQG�%HQRLW�*��%UXQHDX��������³$73�'HSHQGHQW�&KURPDWLQ�5HPRGHOLQJ

GXULQJ�0DPPDOLDQ�'HYHORSPHQW�´ 'HYHORSPHQW ��������� ����±���

+XDQJ��1L��,QVXN�/HH��(GZDUG�0��0DUFRWWH��DQG�0DWWKHZ�(��+XUOHV��������³&KDUDFWHULVLQJ�DQG

3UHGLFWLQJ�+DSORLQVXIILFLHQF\�LQ�WKH�+XPDQ�*HQRPH�´ 3/R6�*HQHWLFV ��������H��������

,]DU]XJD]D��-RVH�0��*���6DEULQD�*��(OOHV¡H��&DQDQ�'RJDQOL��1DWDVMD�6SULQJ�(KOHUV��0DUOHQH�'�

'DOJDDUG��(QULTXH�$XGDLQ��*UHJRU�'RPEURZVN\��HW�DO��������³6\VWHPV�*HQHWLFV�$QDO\VLV

,GHQWLILHV�&DOFLXP�6LJQDOLQJ�'HIHFWV�DV�1RYHO�&DXVH�RI�&RQJHQLWDO�+HDUW�'LVHDVH�´

*HQRPH�0HGLFLQH �����������

-LPHQH]�0RUDOHV��'���5RVD�&DPSRV�$��-��9RQ�'ROOHQ��DQG�'��6ZDQH\������� DUW06��$QDO\WLFDO�5

7RROV�IRU�0DVV�6SHFWURPHWU\ �YHUVLRQ�5�SDFNDJH�YHUVLRQ ������� KWWS���DUWPV�RUJ�

-LQ��6KHQJ�&KLK��-DVRQ�+RPV\��6DPLU�=DLGL��4LRQJVKL�/X��6DUDK�0RUWRQ��6WHYHQ�5��'H3DOPD�

;XH�=HQJ��HW�DO��������³&RQWULEXWLRQ�RI�5DUH�,QKHULWHG�DQG�GH�1RYR�9DULDQWV�LQ������

&RQJHQLWDO�+HDUW�'LVHDVH�3UREDQGV�´ 1DWXUH�*HQHWLFV �������������±�����

.DUF]HZVNL��.RQUDG�-���/DXUHQW�&��)UDQFLROL��*UDFH�7LDR��%HU\O�%��&XPPLQJV��-HVVLFD�$OI|OGL�

4LQJER�:DQJ��5\DQ�/��&ROOLQV��HW�DO� ������³7KH�0XWDWLRQDO &RQVWUDLQW�6SHFWUXP

4XDQWLILHG�IURP�9DULDWLRQ�LQ���������+XPDQV�´ 1DWXUH ���������������±���

.DWKLUL\D��,UIDQ�6���.DYLWKD�6��5DR��*LRYDQQL�,DFRQR��:��3DWULFN�'HYLQH��$QGUHZ�3��%ODLU�

6ZHWDQVX�.��+RWD��0LFKDHO�+��/DL��HW�DO��������³0RGHOLQJ�+XPDQ�7%;�

+DSORLQVXIILFLHQF\�3UHGLFWV�5HJXODWRU\�1HWZRUNV�IRU�&RQJHQLWDO�+HDUW�'LVHDVH�´
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'HYHORSPHQWDO�&HOO �����������±����H��

.|KOHU��6HEDVWLDQ��6HEDVWLDQ�%DXHU��'HQLVH�+RUQ��DQG�3HWHU�1��5RELQVRQ��������³:DONLQJ�WKH

,QWHUDFWRPH�IRU�3ULRULWL]DWLRQ�RI�&DQGLGDWH�'LVHDVH�*HQHV�´ $PHULFDQ�-RXUQDO�RI�+XPDQ

*HQHWLFV �����������±���

.XR��&��7���(��(��0RUULVH\��5��$QDQGDSSD��.��6LJULVW��0��0��/X��0��6��3DUPDFHN��&��6RXGDLV��DQG

-��0��/HLGHQ��������³*$7$��7UDQVFULSWLRQ�)DFWRU�,V�5HTXLUHG�IRU�9HQWUDO�0RUSKRJHQHVLV

DQG�+HDUW�7XEH�)RUPDWLRQ�´ *HQHV�	�'HYHORSPHQW �� ���������±���

/DPEHUW��6DPXHO�$���$UWWX�-ROPD��/DXUD�)��&DPSLWHOOL��3UDW\XVK�.��'DV��<LPHQJ�<LQ��0LKDL�$OEX�

;LDRWLQJ�&KHQ��-XVVL�7DLSDOH��7LPRWK\�5��+XJKHV��DQG�0DWWKHZ�7��:HLUDXFK��������³7KH

+XPDQ�7UDQVFULSWLRQ�)DFWRUV�´ &HOO ������������±���

/LX��<XHORQJ��&ULVWLQD�+DUPHOLQN��<LQ�3HQJ��<XQMLD�&KHQ��4LQ�:DQJ��DQG�.DL�-LDR��������³&+'�

,QWHUDFWV�ZLWK�%03�5�60$'V�WR�(SLJHQHWLFDOO\�5HJXODWH�&DUGLRJHQHVLV�LQ�0LFH�´ +XPDQ

0ROHFXODU�*HQHWLFV ������������±���

/XQD�=XULWD��/XLV��&KULVWLDQ�8��6WLUQLPDQQ��6HEDVWLDQ�*ODWW��%RJDF�/��.D\QDN��6HDQ�7KRPDV�

)ORUHQFH�%DXGLQ��0G�$EXO�+DVVDQ�6DPHH��HW�DO��������³&RPSOH[�,QWHUGHSHQGHQFH

5HJXODWHV�+HWHURW\SLF�7UDQVFULSWLRQ�)DFWRU�'LVWULEXWLRQ�DQG�&RRUGLQDWHV�&DUGLRJHQHVLV�´

&HOO ������������±�����

0DHUH��6WHYHQ��.DUHO�+H\PDQV��DQG�0DUWLQ�.XLSHU��������³%L1*2��$�&\WRVFDSH�3OXJLQ�WR

$VVHVV�2YHUUHSUHVHQWDWLRQ�RI�*HQH�2QWRORJ\�&DWHJRULHV�LQ�%LRORJLFDO�1HWZRUNV�´

%LRLQIRUPDWLFV �������������±���

0DJJHU��2GHG��<HGDHO�<��:DOGPDQ��(\WDQ�5XSSLQ��DQG�5RGHG�6KDUDQ��������³(QKDQFLQJ�WKH

3ULRULWL]DWLRQ�RI�'LVHDVH�&DXVLQJ�*HQHV�WKURXJK�7LVVXH�6SHFLILF�3URWHLQ�,QWHUDFWLRQ

1HWZRUNV�´ 3/R6�&RPSXWDWLRQDO�%LRORJ\ �������H��������

0DLWUD��0HHQDNVKL��6DUD�1��.RHQLJ��'HHSDN�6ULYDVWDYD��DQG�9LGX�*DUJ��������³,GHQWLILFDWLRQ�RI

*$7$��6HTXHQFH�9DULDQWV�LQ�3DWLHQWV�ZLWK�&RQJHQLWDO�+HDUW�'HIHFWV�´ 3HGLDWULF

5HVHDUFK �����������±���
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0DUDEHOOL��&KLDUD��%LDJLQD�0DUURFFR��6LPRQD�3LORWWR��6DJDU�&KLWWRUL��6DUDK�3LFDXG��6DUD

0DUFKHVH��*LXVHSSH�&LRVVDQL��HW�DO��������³$�7DLO�%DVHG�0HFKDQLVP�'ULYHV

1XFOHRVRPH�'HPHWK\ODWLRQ�E\�WKH�/6'��13$&�0XOWLPHULF�&RPSOH[�´ &HOO�5HSRUWV ��

��������±���H��

0RQWHILRUL��0DUFR��6LPRQD�3LORWWR��&KLDUD�0DUDEHOOL��(OLVDEHWWD�0RURQL��0DULDURVDULD�)HUUDUR�

6WHIDQR�$��6HUDSLDQ��$QGUHD�0DWWHYL��DQG�*LRUJLR�&RORPER��������³,PSDFW�RI�0XWDWLRQV

RQ�13$&�6WUXFWXUDO�'\QDPLFV��0HFKDQLVWLF�,QVLJKWV�IURP�0'�6LPXODWLRQV�´ -RXUQDO�RI

&KHPLFDO�,QIRUPDWLRQ�DQG�0RGHOLQJ ������������±���

0RVNRZLW]��,YDQ�3���-XQ�:DQJ��0LFKDHO�$��3HWHUVRQ��:LOOLDP�7��3X��$OH[DQGHU�&��0DFNLQQRQ�

/HLI�2[EXUJK��*HUDOG�&��&KX��HW�DO��������³7UDQVFULSWLRQ�)DFWRU�*HQHV�6PDG��DQG�*DWD�

&RRSHUDWLYHO\�5HJXODWH�&DUGLDF�9DOYH�'HYHORSPHQW��>FRUUHFWHG@�´ 3URFHHGLQJV�RI�WKH

1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD ��������������±���

1DULWD��1���0��%LHOLQVND��DQG�'��%��:LOVRQ��������³:LOG�7\SH�(QGRGHUP�$EURJDWHV�WKH�9HQWUDO

'HYHORSPHQWDO�'HIHFWV�$VVRFLDWHG�ZLWK�*$7$���'HILFLHQF\�LQ�WKH�0RXVH�´

'HYHORSPHQWDO�%LRORJ\ ������������±���

2ND��7RUX��0DUMRULH�0DLOOHW��$OLVWDLU�-��:DWW��5REHUW�-��6FKZDUW]��%UXFH�-��$URQRZ��6WHSKHQ�$�

'XQFDQ��DQG�-HIIHU\�'��0RONHQWLQ��������³&DUGLDF�6SHFLILF�'HOHWLRQ�RI�*DWD��5HYHDOV�,WV

5HTXLUHPHQW�IRU�+\SHUWURSK\��&RPSHQVDWLRQ��DQG�0\RF\WH�9LDELOLW\�´ &LUFXODWLRQ

5HVHDUFK �����������±���

3DGPDQDEKDQ��$UXQ��0LFKDHO�$OH[DQLDQ��5LFDUGR�/LQDUHV�6DOGDQD��%iUEDUD�*RQ]iOH]�7HUiQ�

*DLD�$QGUHROHWWL��<X�+XDQJ��$QGUHZ�-��&RQQROO\��HW�DO��������³%5'�

�%URPRGRPDLQ�&RQWDLQLQJ�3URWHLQ����,QWHUDFWV�ZLWK�*$7$���*$7$�%LQGLQJ�3URWHLQ����WR

*RYHUQ�0LWRFKRQGULDO�+RPHRVWDVLV�LQ�$GXOW�&DUGLRP\RF\WHV�´ &LUFXODWLRQ ���������

����±���

3ULHVW��-DPHV�5���.D]XWR\R�2VRHJDZD��1HELO�0RKDPPHG��9LYHN�1DQGD��5DPHQGUD�.XQGX�

.DWKOHHQ�6FKXOW]��(GZDUG�-��/DPPHU��HW�DO��������³'H�1RYR�DQG�5DUH�9DULDQWV�DW

��
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0XOWLSOH�/RFL�6XSSRUW�WKH�2OLJRJHQLF�2ULJLQV�RI�$WULRYHQWULFXODU�6HSWDO�+HDUW�'HIHFWV�´

3/R6�*HQHWLFV ��������H��������

5DMDJRSDO��6DWLVK�.���4LQJ�0D��'LWD�2EOHU��-LH�6KHQ��$QL�0DQLFKDLNXO��$R\�7RPLWD�0LWFKHOO��.DUL

%RDUGPDQ��HW�DO��������³6SHFWUXP�RI�+HDUW�'LVHDVH�$VVRFLDWHG�ZLWK�0XULQH�DQG�+XPDQ

*$7$��0XWDWLRQ�´ -RXUQDO�RI�0ROHFXODU�DQG�&HOOXODU &DUGLRORJ\ �����������±���

5D]LFN��6DEU\��*HRUJH�0DJNODUDV��DQG�,DQ�0��'RQDOGVRQ��������³L5HI,QGH[��$�&RQVROLGDWHG

3URWHLQ�,QWHUDFWLRQ�'DWDEDVH�ZLWK�3URYHQDQFH�´ %0& %LRLQIRUPDWLFV ���6HSWHPEHU�������

5HQW]VFK��3KLOLSS��'DQLHOD�:LWWHQ��*UHJRU\�0��&RRSHU��-D\�6KHQGXUH��DQG�0DUWLQ�.LUFKHU�������

³&$''��3UHGLFWLQJ�WKH�'HOHWHULRXVQHVV�RI�9DULDQWV�WKURXJKRXW�WKH�+XPDQ�*HQRPH�´

1XFOHLF�$FLGV�5HVHDUFK ����'����'���±���

5LFKWHU��)HOL[��6DUDK�8��0RUWRQ��6HRQJ�:RQ�.LP��$OH[DQGHU�.LWD\JRURGVN\��/DXUHQ�.��:DVVRQ�

.DWKOHHQ�0��&KHQ��-LDQ�=KRX��HW�DO��������³*HQRPLF�$QDO\VHV�,PSOLFDWH�1RQFRGLQJ�GH

1RYR�9DULDQWV�LQ�&RQJHQLWDO�+HDUW�'LVHDVH�´ 1DWXUH *HQHWLFV �����������±���

6DPRFKD��.DLWOLQ�(���(OLVH�%��5RELQVRQ��6WHSKDQ�-��6DQGHUV��&KULVWLQH�6WHYHQV��$QLNR�6DER�

/DXUHQ�0��0F*UDWK��-DFN�$��.RVPLFNL��HW�DO��������³$�)UDPHZRUN�IRU�WKH�,QWHUSUHWDWLRQ�RI

GH�1RYR�0XWDWLRQ�LQ�+XPDQ�'LVHDVH�´ 1DWXUH�*HQHWLFV �����������±���

6HYLP�%D\UDN��&LJGHP��3HQJ�=KDQJ��0DUWLQ�7ULVWDQL�)LURX]L��%UXFH�'��*HOE��DQG�<XYDO�,WDQ�

������³'H�1RYR�9DULDQWV�LQ�([RPHV�RI�&RQJHQLWDO�+HDUW�'LVHDVH�3DWLHQWV�,GHQWLI\�5LVN

*HQHV�DQG�3DWKZD\V�´ *HQRPH�0HGLFLQH ����������

6KDQQRQ��3DXO��$QGUHZ�0DUNLHO��2ZHQ�2]LHU��1LWLQ�6��%DOLJD��-RQDWKDQ�7��:DQJ��'DQLHO

5DPDJH��1DGD�$PLQ��%HQQR�6FKZLNRZVNL��DQG�7UH\�,GHNHU��������³&\WRVFDSH��$

6RIWZDUH�(QYLURQPHQW�IRU�,QWHJUDWHG�0RGHOV�RI�%LRPROHFXODU�,QWHUDFWLRQ�1HWZRUNV�´

*HQRPH�5HVHDUFK �������������±�����

6LIULP��$OHMDQGUR��0DUF�3KLOOLS�+LW]��$QQD�:LOVGRQ��-HURHQ�%UHFNSRW��6DHHG�+��$O�7XUNL��%HUQDUG

7KLHQSRQW��-HUHP\�0F5DH��HW�DO��������³'LVWLQFW�*HQHWLF�$UFKLWHFWXUHV�IRU�6\QGURPLF

DQG�1RQV\QGURPLF�&RQJHQLWDO�+HDUW�'HIHFWV�,GHQWLILHG�E\�([RPH�6HTXHQFLQJ�´ 1DWXUH
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*HQHWLFV ������������±���

6R\VD��7��<YDQND�GH��6DQMHHY�6��5DQDGH��6DWRVKL�2NDZD��6ULNDQWK�5DYLFKDQGUDQ��<X�+XDQJ�

+D]HO�7��6DOXQJD��$PHOLD�6FKULFNHU��$QWRQLR�'HO�6RO��&DVH\�$��*LIIRUG��DQG�'HHSDN

6ULYDVWDYD��������³6LQJOH�&HOO�$QDO\VLV�RI�&DUGLRJHQHVLV�5HYHDOV�%DVLV�IRU�2UJDQ�/HYHO

'HYHORSPHQWDO�'HIHFWV�´ 1DWXUH ���������������±���

7HR��*XRFL��+LURPL�.RK��'DPLDQ�)HUPLQ��-HDQ�3KLOLSSH�/DPEHUW��-DPHV�'��5��.QLJKW�

$QQH�&ODXGH�*LQJUDV��DQG�+\XQJZRQ�&KRL��������³6$,17T��6FRULQJ�3URWHLQ�3URWHLQ

,QWHUDFWLRQV�LQ�$IILQLW\�3XULILFDWLRQ���0DVV�6SHFWURPHWU\�([SHULPHQWV�ZLWK�)UDJPHQW�RU

3HSWLGH�,QWHQVLW\�'DWD�´ 3URWHRPLFV ����������������±���

7RPLWD�0LWFKHOO��$���&��/��0DVOHQ��&��'��0RUULV��9��*DUJ��DQG�(��*ROGPXQW]��������³*$7$�

6HTXHQFH�9DULDQWV�LQ�3DWLHQWV�ZLWK�&RQJHQLWDO�+HDUW�'LVHDVH�´ -RXUQDO�RI�0HGLFDO

*HQHWLFV ������������±���

8KOpQ��0DWKLDV��/LQQ�)DJHUEHUJ��%M|UQ�0��+DOOVWU|P��&HFLOLD�/LQGVNRJ��3HU�2NVYROG��$GLO

0DUGLQRJOX��cVD�6LYHUWVVRQ��HW�DO��������³3URWHRPLFV��7LVVXH�%DVHG�0DS�RI�WKH�+XPDQ

3URWHRPH�´ 6FLHQFH ��������������������

:DOGURQ��/DXUHQ��-HIIUH\�'��6WHLPOH��7RGG�0��*UHFR��1LFKRODV�&��*RPH]��.HUU\�0��'RUU�

-XQJKXQ�.ZHRQ��%UHQGD�7HPSOH��HW�DO��������³7KH�&DUGLDF�7%;��,QWHUDFWRPH�5HYHDOV�D

&KURPDWLQ�5HPRGHOLQJ�1HWZRUN�(VVHQWLDO�IRU�&DUGLDF�6HSWDWLRQ�´ 'HYHORSPHQWDO�&HOO ��

��������±���

:HL��4LDQJ��;LDRZHL�=KDQ��;XH�=KRQJ��<RQJ]KXDQJ�/LX��<XMXQ�+DQ��:HL�&KHQ��DQG�%LQJVKDQ

/L��������³$�%D\HVLDQ�)UDPHZRUN�IRU�GH�1RYR�0XWDWLRQ�&DOOLQJ�LQ�3DUHQWV�2IIVSULQJ

7ULRV�´ %LRLQIRUPDWLFV ������������±���

;LQ��0HL��&KULVWRSKHU�$��'DYLV��-HIIHU\�'��0RONHQWLQ��&KLQJ�/LQJ�/LHQ��6WHSKHQ�$��'XQFDQ�

-DPHV�$��5LFKDUGVRQ��DQG�(ULF�1��2OVRQ��������³$�7KUHVKROG�RI *$7$� DQG *$7$�

([SUHVVLRQ�,V�5HTXLUHG�IRU�&DUGLRYDVFXODU�'HYHORSPHQW�´ 3URFHHGLQJV�RI�WKH�1DWLRQDO

$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD ���������������±���
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<L�/L��4XDQ��5XWK�$��1HZEXU\�(FRE��-RQDWKDQ�$��7HUUHWW��'DYLG�,��:LOVRQ��$QGUHZ�5��-��&XUWLV�

&KHRQJ�+R�<L��7RP�*HEXKU��HW�DO��������³+ROW�2UDP�6\QGURPH�,V�&DXVHG�E\�0XWDWLRQV

LQ�7%;���D�0HPEHU�RI�WKH�%UDFK\XU\��7��*HQH�)DPLO\�´ 1DWXUH�*HQHWLFV ����������±���

=DLGL��6DPLU��DQG�0DUWLQD�%UXHFNQHU��������³*HQHWLFV�DQG�*HQRPLFV�RI�&RQJHQLWDO�+HDUW

'LVHDVH�´ &LUFXODWLRQ�5HVHDUFK ������������±���

=DLGL��6DPLU��0XULP�&KRL��+LURNR�:DNLPRWR��/LMLDQJ�0D��-LDQPLQJ�-LDQJ��-RKQ�'��2YHUWRQ�

$QJHOD�5RPDQR�$GHVPDQ��HW�DO��������³'H�1RYR�0XWDWLRQV�LQ�+LVWRQH�0RGLI\LQJ�*HQHV

LQ�&RQJHQLWDO�+HDUW�'LVHDVH�´ 1DWXUH ���������������±���
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&+$37(5����$�WULR�EDVHG�SUREDELOLVWLF�PRGHO�RI�YDULDQW�WUDQVPLVVLRQ�ILQGV�ULVN�JHQHV

DQG�WKHLU�LQWHUDFWLRQV�LQ�GHYHORSPHQWDO�GLVHDVH

$GDSWHG IURP 3LWWPDQ 	 /HH HW DO� ����� D SUHSULQW SRVWHG WR ELRU[LY DQG FXUUHQWO\ XQGHU

UHYLVLRQ��,�FDUULHG�RXW�DOO�ZRUN�LQ�WKLV�FKDSWHU�VDYH�IRU�WKH�IROORZLQJ�FRQWULEXWLRQV�

Ɣ .�/�� )�)�� DQG $�/� JHQHUDWHG WKH *$7$� DQG 325 NQRFN�GRZQ PRXVH OLQHV DQG

FURVVHV�

Ɣ 0�&��SHUIRUPHG�KLVWRORJ\�DQDO\VLV�

��



����$%675$&7

([RPH VHTXHQFLQJ RI WKRXVDQGV RI IDPLOLHV KDV UHYHDOHG PDQ\ ULVN JHQHV IRU FRQJHQLWDO

KHDUW GHIHFWV �&+'�� \HW PRVW FDVHV FDQQRW EH H[SODLQHG E\ D VLQJOH FDXVDO PXWDWLRQ� (YHQ

ZLWKLQ WKH VDPH IDPLO\� LQGLYLGXDOV FDUU\LQJ D SDUWLFXODU PXWDWLRQ LQ D NQRZQ ULVN JHQH RIWHQ

GHPRQVWUDWH YDULDEOH SKHQRW\SHV� LQGLFDWLQJ WKH SUHVHQFH RI JHQHWLF PRGLILHUV� 7R H[SORUH

ROLJRJHQLF FDXVHV RI &+' ZLWKRXW DVVHVVLQJ ELOOLRQV RI YDULDQW FRPELQDWLRQV� ZH GHYHORSHG DQ

HIILFLHQW� VLPXODWLRQ�EDVHG PHWKRG WR GHWHFW JHQH VHWV WKDW FDUU\ FR�RFFXUULQJ GDPDJLQJ YDULDQWV

LQ SUREDQGV DW D KLJKHU UDWH WKDQ H[SHFWHG JLYHQ SDUHQWDO JHQRW\SHV� :H LPSOHPHQWHG WKLV

DSSURDFK LQ VRIWZDUH FDOOHG *HQH &RPELQDWLRQV LQ 2OLJRJHQLF 'LVHDVH �*&2'� DQG DSSOLHG LW WR

D FRKRUW RI ���� &+' WULRV ZLWK H[RPH VHTXHQFLQJ� 7KLV DQDO\VLV GHWHFWHG ��� KLJK�FRQILGHQFH

ULVN JHQHV LQ ��� SDLUV WKDW KDYH FR�RFFXUULQJ YDULDQWV LQ PXOWLSOH SUREDQGV EXW UDUHO\ RU QHYHU

DSSHDU LQ FRPELQDWLRQ LQ WKHLU XQDIIHFWHG SDUHQWV� 6WUDWLI\LQJ DQDO\VHV E\ VSHFLILF KHDUW

SKHQRW\SHV DQG FRQVLGHULQJ JHQH FRPELQDWLRQV RI KLJKHU RUGHUV \LHOGHG DQ DGGLWLRQDO ����

SRWHQWLDOO\�FRQWULEXWLQJ JHQHV� *HQHV IRXQG LQ ROLJRJHQLF VHWV FOXVWHU LQ SDWKZD\V UHODWHG WR

KHDUW GHYHORSPHQW DQG VXJJHVW QHZ PROHFXODU GLVHDVH PHFKDQLVPV� VXFK DV GH QRYR

QXFOHRWLGH ELRV\QWKHVLV� 0RXVH PRGHOV RI WKH QHZO\�LGHQWLILHG GLJHQLF SDLU *$7$��325 FRQILUP

WKDW WKHVH JHQHV LQWHUDFW WR UHJXODWH KHDUW GHYHORSPHQW� DQG SURYLGH VXSSRUW IRU WKH K\SRWKHVLV

WKDW ROLJRJHQLF FRPELQDWLRQV GULYH GLVHDVH LQ VRPH FDVHV RI &+'� $V JHQRPH VHTXHQFLQJ LV

DSSOLHG WR PRUH IDPLOLHV DQG RWKHU GLVRUGHUV� *&2' ZLOO HQDEOH GHWHFWLRQ RI LQFUHDVLQJO\ ODUJH�

QRYHO�JHQH�FRPELQDWLRQV��VKHGGLQJ�OLJKW�RQ�FRPELQDWRULDO�FDXVHV�RI�JHQHWLF�GLVHDVHV�

����%$&.*5281'

0DQ\ GLVHDVHV DUH JHQHWLFDOO\ KHWHURJHQHRXV VXFK WKDW GDPDJLQJ YDULDQWV DW GLIIHUHQW

JHQHWLF ORFL FDQ OHDG WR D FRPPRQ SKHQRW\SH �9HHQVWUD�9DQGHUZHHOH� &KULVWLDQ� DQG &RRN

����� $NKLURPH HW DO� ������ &RPSOH[ JHQHWLF DUFKLWHFWXUH OLPLWV RXU DELOLW\ WR LGHQWLI\ FDXVDO

YDULDQWV DQG JHQHV� GHVSLWH LQFUHDVLQJO\ ODUJH FRKRUWV ZLWK H[RPH RU ZKROH JHQRPH

��
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VHTXHQFLQJ� )RU LQVWDQFH� FRQJHQLWDO KHDUW GHIHFWV �&+'� KDYH KHULWDELOLW\ HVWLPDWHV RI ������

�&ULSH HW DO� ����� 0F%ULGH HW DO� ����� +LQWRQ HW DO� ����� 3LHUSRQW HW DO� ������ EXW MXVW �� RI

SUREDQGV KDYH D GDPDJLQJ YDULDQW LQ D NQRZQ &+' JHQH WKDW LV QRW VKDUHG E\ DQ XQDIIHFWHG

IDPLO\ PHPEHU �-LQ HW DO� ������ 7KLV LQGLFDWHV WKDW DOWKRXJK PRVW GHIHFWV FDQ EH H[SODLQHG LQ

ODUJH SDUW E\ SDWLHQW JHQHWLFV� RXU FXUUHQW NQRZOHGJH LV LQVXIILFLHQW WR SLQSRLQW WKH IXOO JHQHWLF

RULJLQ DQG PHFKDQLVP RI PRVW LQGLYLGXDO FDVHV� 6RPH XQH[SODLQHG FDVHV SUHVXPDEO\ LQYROYH

GDPDJLQJ YDULDQWV LQ QRQ�FRGLQJ UHJLRQV� ZKHUH FRQVHTXHQFHV DUH OHVV VWUDLJKWIRUZDUG WKDQ

DPLQR DFLG VXEVWLWXWLRQ LQ D SURWHLQ �(OOLQJIRUG HW DO� ������ 2WKHUV DUH OLNHO\ FDXVHG E\

GDPDJLQJ YDULDQWV LQ FU\SWLF ULVN JHQHV� 6RPH RI WKHVH JHQHV UHPDLQ XQGLVFRYHUHG GXH WR WKH

LQFRPSOHWH SHQHWUDQFH RI GDPDJLQJ YDULDQWV IRXQG ZLWKLQ WKHP� ZKLFK UHGXFHV RXU VWDWLVWLFDO

SRZHU WR GHWHFW WKHP� DW WKH VDPH WLPH� SUHYLRXVO\�LGHQWLILHG ULVN JHQHV DQG YDULDQWV PD\

WKHPVHOYHV H[KLELW YDULDEOH H[SUHVVLYLW\ VXFK WKDW FDUULHUV GLIIHU LQ WKH SUHVHQFH DQG VHYHULW\ RI

GLVHDVH�V\PSWRPV �3DUNHU�DQG�/DQGVWURP�������.LQJGRP DQG�:ULJKW�������

$ SRWHQWLDO H[SODQDWLRQ IRU WKHVH SKHQRPHQD LV ROLJRJHQLF LQKHULWDQFH� RU D W\SH RI

LQKHULWDQFH LQ ZKLFK D IHZ YDULDQWV DUH UHTXLUHG LQ FRPELQDWLRQ WR FDXVH D SDUWLFXODU SKHQRW\SH

�.RXVL DQG .DWVDQLV ������ )RU H[DPSOH� DQ XQDIIHFWHG IDWKHU PD\ FDUU\ D YDULDQW WKDW LV

WROHUDWHG LQ PRVW JHQHWLF EDFNJURXQGV� DQG LV WKHUHIRUH XQOLNHO\ WR EH FRQVLGHUHG D FDQGLGDWH

IRU FDXVLQJ GLVHDVH� KRZHYHU� LI WKDW YDULDQW LV WUDQVPLWWHG WR D FKLOG DORQJ ZLWK D GH QRYR RU

PDWHUQDOO\�GHULYHG GDPDJLQJ DOOHOH LQ WKH VDPH RU D UHODWHG JHQH� WKLV FRXOG GHVWDELOL]H NH\

SDWKZD\V�DQG�FDXVH�GLVHDVH�ZKHUH�WKH�VLQJOH�YDULDQW�ZRXOG�QRW�

3UHYLRXV ZRUN KDV YDOLGDWHG DQ LQVWDQFH RI ROLJRJHQLF LQKHULWDQFH LQ &+' �3ULHVW HW DO�

����� *LIIRUG HW DO� ������ DV ZHOO DV VSHFXODWHG D UROH IRU ROLJRJHQLF LQKHULWDQFH LQ RWKHU

GHYHORSPHQWDO GLVRUGHUV OLNH DXWLVP VSHFWUXP GLVRUGHU �$6'� �6FKDDI HW DO� ����� :HQJHU HW DO�

������ :KLOH WKHVH VWXGLHV \LHOGHG PHFKDQLVWLF LQVLJKWV LQWR VSHFLILF JHQH DQG YDULDQW

FRPELQDWLRQV� WKH\ UHOLHG RQ NQRZQ ULVN JHQHV DQG H[LVWLQJ IXQFWLRQDO LQIRUPDWLRQ WR SURSRVH

WHVWDEOH K\SRWKHVHV� $OWHUQDWLYHO\� RQH FRXOG HQXPHUDWH DQG SULRULWL]H DOO GDPDJLQJ YDULDQW
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FRPELQDWLRQV LQ DQ DXWRPDWHG DQG VWDWLVWLFDOO\ ULJRURXV PDQQHU� %XW WKLV VWUDWHJ\ LV FRPSOLFDWHG

E\ FRPELQDWRULDO H[SORVLRQ� JLYHQ WKDW HDFK KXPDQ JHQRPH W\SLFDOO\ FRQWDLQV ������ WR �������

YDULDQWV DW ����� PLQRU DOOHOH IUHTXHQF\ �0$)� ����� *HQRPHV 3URMHFW &RQVRUWLXP HW DO�

������ DQ DQDO\VLV RI DOO SRVVLEOH UDUH YDULDQW SDLUV \LHOGV EHWZHHQ � ELOOLRQ WR QHDUO\ �� WULOOLRQ

FRPELQDWLRQV�SHU�LQGLYLGXDO�

1HYHUWKHOHVV� WKHUH DUH H[LVWLQJ PHWKRGV WKDW VFDQ WKH JHQRPH IRU SRVVLEOH ROLJRJHQLF

GLVHDVH FRPELQDWLRQV� 259$/ DFFHSWV D OLVW RI YDULDQWV DV LQSXW� DQG XVHV JHQH DQQRWDWLRQV WR

DVVHVV WKHLU SRWHQWLDO IRU ROLJRJHQLF FRPELQDWLRQV �5HQDX[ HW DO� ������ +RZHYHU� WKLV WRRO RQO\

RIIHUV TXDOLWDWLYH K\SRWKHVHV IRU D VLQJOH LQGLYLGXDO� ZKLFK OLPLWV DSSOLFDELOLW\ DFURVV SUREDQGV� ,Q

FRQWUDVW� WKH 'LJHQLF PHWKRG UHGXFHV WKH FRPELQDWRULDO VHDUFK VSDFH E\ DJJUHJDWLQJ UDUH

YDULDQWV DW WKH JHQH OHYHO DQG DVVHVVHV WKH VWDWLVWLFDO VLJQLILFDQFH RI HDFK JHQH SDLU EDVHG RQ

LWV SUHYDOHQFH LQ D GLVHDVH FRKRUW �.HUQHU HW DO� ������ EXW WKLV PHWKRG LV OLPLWHG WR ROLJRJHQLF

FRPELQDWLRQV RI RQO\ WZR JHQHV �³GLJHQLF´�� $QRWKHU UHFHQW DGYDQFH LQ WKH ILHOG LV 5DUH&RPE

�3RXQUDMD DQG *LULUDMDQ ������ DQ DOJRULWKP WKDW WHVWV IRU JUHDWHU IUHTXHQF\ RI JHQH

FRPELQDWLRQV LQ FDVHV FRPSDUHG WR FRQWUROV� +RZHYHU� QHLWKHU RI WKHVH FRPSXWDWLRQDO PHWKRGV

LQFRUSRUDWH SDUHQWDO VHTXHQFLQJ GDWD� ZKLFK DUH HVSHFLDOO\ XVHIXO LQ UHGXFLQJ IDOVH SRVLWLYHV IRU

VLPSOH[ IDPLOLHV LQ ZKLFK DQ DIIHFWHG SUREDQG LV ERUQ WR XQDIIHFWHG SDUHQWV �(ZHQV ������ ,W

ORJLFDOO\ IROORZV WKDW WKH KLJKHVW�HIIHFW FDXVDO YDULDQWV DUH OLNHO\ WUDQVPLWWHG VHSDUDWHO\ IURP

HDFK SDUHQW RU LQFOXGH DW OHDVW RQH GH QRYR PXWDWLRQ� WKXV� LQFRUSRUDWLQJ SDUHQWDO WUDQVPLVVLRQ

GDWD LV SRWHQWLDOO\ D SRZHUIXO WRRO WR UHGXFH IDOVH SRVLWLYHV� LQFUHDVH FRQILGHQFH LQ WKH

SKHQRW\SLF�UHOHYDQFH�RI�YDULDQWV��DQG�FRUUHFW�IRU�SRSXODWLRQ�VWUXFWXUH�

7R DGGUHVV WKLV JDS� ZH GHYHORSHG WKH WRRO *HQH &RPELQDWLRQV LQ 2OLJRJHQLF 'LVHDVH

�*&2'�� DQ DOJRULWKPLF IUDPHZRUN WKDW XVHV VLPXODWLRQ H[SHULPHQWV WR LGHQWLI\ GLVHDVH JHQH

VHWV WKDW FDUU\ UDUH GDPDJLQJ YDULDQWV VLJQLILFDQWO\ PRUH RIWHQ WKDQ H[SHFWHG JLYHQ SDUHQWDO

JHQRW\SHV� *&2' DXWRPDWLFDOO\ DVVHVVHV HYHU\ GLJHQLF SDLU REVHUYHG LQ PXOWLSOH SUREDQGV� DV

ZHOO DV VHWV RI WKUHH� IRXU� RU PRUH JHQHV ZKHUH DSSOLHG� )LOWHULQJ EDVHG RQ LQIRUPDWLRQ IURP
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XQDIIHFWHG SDUHQWV OLPLWV WKH QXPEHU RI JHQH VHWV WHVWHG� ZKLFK LQFUHDVHV VWDWLVWLFDO SRZHU DQG

DFFHOHUDWHV FRPSXWDWLRQ� $SSO\LQJ *&2' WR H[RPH VHTXHQFLQJ IURP IDPLOLHV ZLWK &+'� ZH

LGHQWLILHG SRWHQWLDO QRYHO ULVN JHQHV� YDULDQW FRPELQDWLRQV� DQG SDWKZD\V LQ GLVHDVH� 7KHVH

UHVXOWV H[SDQG FDQGLGDWH FDXVDO PHFKDQLVPV LQ GHYHORSPHQWDO SKHQRW\SHV DQG SURYLGH

HYLGHQFH�WKDW�ROLJRJHQLF�FRPELQDWLRQV�RI�KLJK�HIIHFW�YDULDQWV�DUH�SRWHQWLDOO\�FDXVDO�LQ�&+'�

����5(68/76

������&RPSXWDWLRQDO�LGHQWLILFDWLRQ�RI�SDWKRJHQLF�JHQH�VHWV

:H GHYHORSHG DQ DOJRULWKP WR SUHGLFW SDWKRJHQLF JHQH VHWV XVLQJ H[RPH RU ZKROH

JHQRPH VHTXHQFLQJ GDWD DQG LPSOHPHQWHG LW LQ VRIWZDUH ZH FDOOHG *&2'� 7KH PHWKRG

LQYROYHV IRXU VWHSV �)LJXUH ����� VHOHFW YDULDQWV RI LQWHUHVW EDVHG RQ FRQVWUDLQW RU RWKHU FULWHULD�

HQXPHUDWH VHWV RI JHQHV ZLWK FR�RFFXUULQJ YDULDQWV� FRXQW WKHLU REVHUYHG IUHTXHQF\ DFURVV

SUREDQGV� DQG HYDOXDWH WKH VWDWLVWLFDO VLJQLILFDQFH RI WKHVH FRXQWV JLYHQ WKH SDUHQWDO JHQRW\SHV�

$Q RSWLRQDO ILIWK VWHS UHSHDWV WKH SURFHVV IRU KHDOWK\ VLEOLQJV RU SVHXGR�VLEOLQJV �<X DQG 'HQJ

����� DV D FRQWURO� *&2' FDQ EH YLHZHG DV DQ H[WHQVLRQ RI WKH 7UDQVPLVVLRQ 'LVHTXLOLEULXP

7HVW �7'7� LQ ZKLFK WKH XQLW EHLQJ WHVWHG LV DQ REVHUYHG FR�RFFXUUHQFH RI YDULDQWV LQ D JURXS RI

JHQHV� UDWKHU WKDQ REVHUYHG WUDQVPLVVLRQV DW D VLQJOH ORFXV �6SLHOPDQ� 0F*LQQLV� DQG (ZHQV

����� RU ZLWKLQ D VLQJOH JHQH �+H HW DO� ������ *&2' DOVR GLIIHUV IURP WKH 7'7 LQ LWV XVH RI D

QRQSDUDPHWULF VLPXODWLRQ WR DVVHVV VLJQLILFDQFH UDWKHU WKDQ D FKL�VTXDUHG VWDWLVWLF� DOORZLQJ XV

WR GHWHFW UDUH JHQH FRPELQDWLRQV ZLWK YHU\ IHZ H[SHFWHG REVHUYDWLRQV DQG ZLWKRXW PDNLQJ

DVVXPSWLRQV�DERXW�WKH�XQGHUO\LQJ�GDWD��'HWDLOV�DQG�RSWLRQV�IRU�HDFK�VWHS�RI�*&2'�IROORZ�

)LUVW� XVHUV SURYLGH D OLVW RI GDPDJLQJ YDULDQWV PHHWLQJ VRPH FULWHULD RI LQWHUHVW IURP

HDFK LQGLYLGXDO LQ WKH GDWDVHW �)LJXUH ���� $�� *&2' WKHQ HQXPHUDWHV DOO FRPELQDWLRQV RI

JHQHV WKDW FRQWDLQ FR�RFFXUULQJ GDPDJLQJ YDULDQWV LQ HDFK SUREDQG �)LJXUH ���� %�� UHWDLQLQJ

RQO\�WKRVH�FRPELQDWLRQV�REVHUYHG�LQ�PXOWLSOH�IDPLOLHV��UHIHUUHG�WR�DV�³FDQGLGDWH�VHWV´���%\
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)LJXUH ���� 7KH *&2' DSSURDFK WR LGHQWLI\ VHWV RI JHQHV WKDW LQWHUDFW LQ ROLJRJHQLF
GLVHDVH� �$� 8VHUV VXEPLW D OLVW RI YDULDQWV RI LQWHUHVW� RU GHILQH FULWHULD IRU VRPH OHYHO RI ³UDUH´
RU ³SUHGLFWHG GDPDJLQJ�´ 7KHVH YDULDQWV DUH VXPPDUL]HG LQ WZR ELQDU\ JHQH�E\�WULR PDWULFHV
WKDW GHQRWH ZKHWKHU DW OHDVW RQH GDPDJLQJ DOOHOH ZDV SUHVHQW LQ HDFK RI WKH PDWHUQDO DQG
SDWHUQDO JHQRPHV� DV ZHOO DV DQ RIIVSULQJ PDWUL[ �%� ULJKW� WKDW HQFRGHV GDPDJLQJ YDULDQW

��



SUHVHQFH DQG LQKHULWDQFH� 7KH YDULDQW�V� LQ HDFK JHQH FDQ EH RQO\ PDWHUQDOO\�GHULYHG� RQO\
SDWHUQDOO\�GHULYHG� FRPSRXQG KHWHUR]\JRXV� RU GH QRYR� *&2' HQXPHUDWHV WKH FDQGLGDWH VHWV
RI JHQHV IRU ZKLFK YDULDQWV RFFXU LQ PXOWLSOH SUREDQGV �%� OHIW�� E\ GHIDXOW RQO\ LQFOXGLQJ
FRPELQDWLRQV QRW WUDQVPLWWHG IURP D VLQJOH SDUHQW �L�H� WKH SURYHQDQFH RI WKH YDULDQW
FRPELQDWLRQ LQ WKH RIIVSULQJ LQFOXGHV HLWKHU SDWHUQDO�PDWHUQDO� GH QRYR�>@� RU FRPSRXQG
KHWHUR]\JRXV�>@�� �&� $ XVHU�GHILQHG QXPEHU RI VLPXODWLRQV DUH SHUIRUPHG IRU HDFK SDLU RI
SDUHQWV� HDFK YDULDQW KDV D ��� FKDQFH RI EHLQJ SDVVHG WR WKH VLPXODWHG RIIVSULQJ� DQG HDFK
JHQH KDV D SUH�GHILQHG SHU�FKURPRVRPH SUREDELOLW\ RI GH QRYR PXWDWLRQ �6DPRFKD HW DO� ������
7KLV \LHOGV D GLVWULEXWLRQ RI VLPXODWHG FDUULHUV IRU HDFK FDQGLGDWH VHW� �'� )RU D JLYHQ FDQGLGDWH
VHW� WKH VLPXODWHG GLVWULEXWLRQ LV FRPSDUHG WR WKH REVHUYHG QXPEHU RI ROLJRJHQLF WUDQVPLVVLRQV
LQ�SUREDQGV�WR�FRPSXWH�D�S�YDOXH�

FKDQJLQJ WKH GHILQLWLRQ RI GDPDJLQJ� GLIIHUHQW VFHQDULRV FDQ EH H[SORUHG� IURP VPDOO JHQH VHWV

ZLWK YHU\ UDUH FR�RFFXUULQJ YDULDQWV RI KLJK LPSDFW WR ODUJHU JHQH VHWV WKDW LQFOXGH VPDOO�HIIHFW�

SRVVLEO\�GDPDJLQJ YDULDQWV WKDW FRXOG PRGLI\ WKH HIIHFWV RI RWKHU SULPDU\ GLVHDVH�FDXVLQJ

YDULDQW�V��RU�RWKHUZLVH�FRQWULEXWH�WR�D�SRO\JHQLF�VLJQDO�

:H GHVLJQHG *&2' WR DXWRPDWLFDOO\ FRQVLGHU WKUHH WLHUV RI YDULDQW VHYHULW\ �7DEOH �����

GHILQHG E\ UHVLGXH�OHYHO FKDUDFWHULVWLFV VXFK DV PLQRU DOOHOH IUHTXHQF\ �0$)� DQG &$'' VFRUH

�5HQW]VFK HW DO� ������ JHQH�OHYHO FXWRIIV IRU JQRP$' REVHUYHG�H[SHFWHG ]�VFRUH �.DUF]HZVNL

HW DO� ������ DV ZHOO DV JHQH VKHW VFRUH �&DVVD HW DO� ����� DQG PLQLPXP H[SUHVVLRQ OHYHO LQ

UHOHYDQW FHOO W\SHV �-� &DR HW DO� ������ 7KH YDULDQW VHYHULW\ WLHUV DUH QHVWHG VXFK WKDW PRUH

VHYHUH�YDULDQWV�DUH�LQFOXGHG�LQ�HDFK�RI�WKH�GHFUHDVLQJO\�VWULFW�WLHUV�

7DEOH������7KUHVKROGV�IRU�WKH�GHIDXOW�WKUHH�WLHUV�RI�YDULDQW�VHYHULW\�

6WULFW %DVH�GDPDJLQJ %DVH
0$)�XSSHU�ERXQG ���� ���� ����
9DULDQW�W\SHV�LQFOXGHG �GH�QRYR

�ORVV�RI�IXQFWLRQ
�PLVVHQVH
GDPDJLQJ

�GH�QRYR
�ORVV�RI�IXQFWLRQ
�PLVVHQVH�GDPDJLQJ

�GH�QRYR
�ORVV�RI�IXQFWLRQ
�PLVVHQVH�GDPDJLQJ
�PLVVHQVH

&RQVWUDLQW��YDULDQWV
PHHW�DW�OHDVW�RQH
FRQGLWLRQ�

&$''�3KUHG�!���
RU
6�KHW�!�����RU
0LV�]�RU�ORI�]�VFRUH
!����

&$''�3KUHG�!����RU
6�KHW�!������RU
0LV�]�RU�ORI�]�VFRUH�!
���

&$''�3KUHG�!����RU
6�KHW�!������RU
0LV�]�RU�ORI�]�VFRUH�!
���

*HQH�H[SUHVVLRQ 730�!���� 730�!���� 1$
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%\ GHIDXOW� D FDQGLGDWH JHQH VHW LV RQO\ FRQVLGHUHG LQ D SDUWLFXODU SUREDQG LI WKH

TXDOLI\LQJ YDULDQWV ZHUH GHULYHG IURP DW OHDVW WZR VRXUFHV �WKDW LV� ³ROLJRJHQLF WUDQVPLVVLRQ´

ZKHUH D KHDOWK\ SDUHQW GLG QRW DOVR FDUU\ WKDW VDPH FRPELQDWLRQ RI YDULDQWV�� WKRXJK XVHUV FDQ

UHPRYH WKLV UHTXLUHPHQW� 7KH FRXQW RI REVHUYHG ROLJRJHQLF WUDQVPLVVLRQV FRPSULVH WKH WHVW

VWDWLVWLF� ZKLFK LV FRPSDUHG DJDLQVW WKH QXOO GLVWULEXWLRQ RI FRXQWV RYHU WKRXVDQGV RI VLPXODWLRQV

IRU�DQ�HPSLULFDOO\�GHULYHG�S�YDOXH�

7R UHGXFH WKH QXPEHU RI WHVWHG K\SRWKHVHV DQG WKH PXOWLSOH WHVWLQJ FRUUHFWLRQ EXUGHQ

ZKHUH SRVVLEOH� ZH LPSOHPHQWHG DQ DOJRULWKP WKDW EHJLQV ZLWK GLJHQLF SDLUV DQG PHUJHV WKHVH

XS WR WKH ³KLJKHVW�RUGHU´ VHW� GHILQHG DV WKH ODUJHVW XQLTXH FDQGLGDWH VHW REVHUYHG LQ WZR RU

PRUH SUREDQGV� /RZHU�RUGHU FRPELQDWLRQV DUH DGGHG WR WKH DQDO\VLV LI DQ DGGLWLRQDO SUREDQG

KDUERUV WKLV FDQGLGDWH VHW DQG QRW RI DQ\ ODUJHU VHWV� )RU H[DPSOH� WZR SUREDQGV FDUU\LQJ

GDPDJLQJ YDULDQWV LQ VHYHQ JHQHV VKDUH �� XQLTXH JHQH SDLUV� �� XQLTXH JHQH WULRV DQG

TXDUWHWV� �� XQLTXH JHQH SHQWDGV� DQG VR RQ �)LJXUH ���� 0HWKRGV� +LJKHVW�RUGHU JHQH VHW

HQXPHUDWLRQ�� ,I QR RWKHU SUREDQGV FDUU\ FR�RFFXUULQJ YDULDQWV LQ WKH VHW� *&2' WHVWV RQO\ WKH

VHYHQ�JHQH VHW DQG QRQH RI WKH ��� ORZHU�RUGHU FRPELQDWLRQV� ,I D WKLUG SUREDQG ZHUH WR FDUU\

RQH RI WKH JHQH SDLUV EXW QRQH RI WKH KLJKHU�RUGHU FDQGLGDWH VHWV� WKH SDLU �ZLWK D FRXQW RI

WKUHH� LV WHVWHG DORQJ ZLWK WKH VHYHQ�JHQH VHW �ZLWK D FRXQW RI WZR�� 7KLV DOJRULWKP SURGXFHV D

FR�RFFXUUHQFH FRXQW IRU HDFK KLJKHVW�RUGHU FDQGLGDWH VHW� UHFXUVLYHO\ FKHFNLQJ IRU DGGLWLRQDO

WUDQVPLVVLRQV�DW�HDFK�OHYHO�GHVFHQGLQJ�WR�SDLUV�

��



)LJXUH ���� 8QLTXH FRPELQDWLRQV RI D VHYHQ�JHQH JURXS� ,I D SUREDQG SDLU VKDUHV VHYHQ
JHQHV ZLWK FDQGLGDWH YDULDQW KLWV� WKHUH DUH �� XQLTXH JHQH SDLUV� �� XQLTXH JHQH WULRV� DQG VR
RQ� 7KH KLJKHVW�RUGHU JURXSV LQ WKLV K\SRWKHWLFDO VFHQDULR RQO\ LQFOXGH WKH RQH VHYHQ�JHQH
JURXS WR WHVW� $GGLWLRQDO ORZHU�RUGHU FRPELQDWLRQV DUH RQO\ FRQVLGHUHG LI D WKLUG SUREDQG DOVR
KDUERUV�FDQGLGDWH�YDULDQWV�ZLWKLQ�WKRVH�JHQHV�

,Q WKH WKLUG VWHS� *&2' SHUIRUPV VLPXODWLRQV EDVHG RQ SDUHQWDO JHQRW\SHV WR DVVHVV WKH

VWDWLVWLFDO VLJQLILFDQFH RI WKH FDQGLGDWH VHW FR�RFFXUUHQFH FRXQWV �)LJXUH ���� &�� 7KH JRDO RI

WKH VLPXODWLRQV LV WR HVWLPDWH WKH GLVWULEXWLRQ RI ROLJRJHQLF FR�RFFXUUHQFHV H[SHFWHG E\ FKDQFH

DVVXPLQJ�QR�WUDQVPLVVLRQ�GLVHTXLOLEULXP�EHWZHHQ�WKH�JHQH�JURXS�DQG�GLVHDVH�

,Q HDFK LWHUDWLRQ� RQH K\SRWKHWLFDO RIIVSULQJ LV VLPXODWHG IRU HDFK SDUHQWDO SDLU DV IROORZV�

'DPDJLQJ SDUHQWDO YDULDQWV KDYH D ��� FKDQFH RI EHLQJ SDVVHG WR WKH VLPXODWHG RIIVSULQJ� :H

WUHDW YDULDQWV LQGHSHQGHQWO\ DQG GR QRW PRGHO OLQNDJH GLVHTXLOLEULXP EHFDXVH *&2' UHFRUGV

WKH SUHVHQFH�DEVHQFH RI D GDPDJLQJ YDULDQW LQ D JHQH �UDWKHU WKDQ WKH QXPEHU RI YDULDQWV SHU

JHQH�� DQG JLYHQ WKDW OLQNDJH GLVHTXLOLEULXP GHFD\V E\ �� NLOREDVHV LQ PRVW UHJLRQV RI WKH

KXPDQ JHQRPH� JHQHV DUH YHU\ UDUHO\ LQ WKH VDPH /' EORFN �%RVFK HW DO� ������ $GGLWLRQDOO\�

YDULDQWV PXVW EH GHULYHG IURP DW OHDVW WZR VRXUFHV VXFK WKDW D FDQGLGDWH VHW LV XQOLNHO\ WR EH

HQWLUHO\ LQKHULWHG DV D VLQJOH /' EORFN �L�H�� D YDULDQW IURP WKH RWKHU SDUHQW RU PXWDWHG GH QRYR

PXVW KDYH EHHQ REVHUYHG�� $IWHU VLPXODWLQJ LQKHULWHG YDULDQWV� *&2' VLPXODWHV GH QRYR

YDULDQWV XVLQJ SUHYLRXV HVWLPDWHV RI SHU�JHQH GH QRYR PXWDWLRQ SUREDELOLWLHV �6DPRFKD HW DO�

������ +HUH ZH XVH WKH WHUP ³ROLJRJHQLF WUDQVPLVVLRQ´ WR GHVFULEH DQ HYHQW LQ ZKLFK D YDULDQW
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FRPELQDWLRQ RFFXUV LQ WKH RIIVSULQJ WKDW ZDV QRW VHHQ LQ HLWKHU SDUHQW� L�H� FRPSULVHV DW OHDVW

RQH�YDULDQW�IURP�HDFK�SDUHQW�DQG�RU�D�GH�QRYR�PXWDWLRQ�

)RU HDFK VLPXODWHG FRKRUW� ZH WDOO\ WKH QXPEHU RI WLPHV D JLYHQ JHQH VHW ZDV

WUDQVPLWWHG ZLWK ROLJRJHQLF LQKHULWDQFH DFURVV VLPXODWHG RIIVSULQJ� 5HSHDWLQJ RYHU PDQ\

LWHUDWLRQV JHQHUDWHV D QXOO GLVWULEXWLRQ RI ROLJRJHQLF WUDQVPLVVLRQV DJDLQVW ZKLFK ZH FRPSDUH

WKH REVHUYHG QXPEHU LQ DFWXDO SUREDQGV LQ WKH IRXUWK VWHS� :H FDOFXODWH WKH SUREDELOLW\ RI QR

RYHU�WUDQVPLVVLRQ IRU HDFK FDQGLGDWH JHQH VHW DV WKH SURSRUWLRQ RI LWHUDWLRQV ZLWK D VLPXODWHG

FRXQW HTXDO WR RU JUHDWHU WKDQ WKH QXPEHU RI SUREDQGV �)LJXUH ���� '�� *&2' UHWXUQV WKH IXOO

OLVW RI FDQGLGDWH VHWV DORQJ ZLWK WKH S�YDOXHV DVVRFLDWHG ZLWK WKHLU WUDQVPLVVLRQ WR SUREDQGV

�XQDGMXVWHG��%HQMDPLQL�+RFKEHUJ�FRUUHFWHG��DQG�%RQIHUURQL�FRUUHFWHG��

,Q DQ RSWLRQDO ILIWK VWHS� *&2' UHSHDWV WKLV HQWLUH SURFHGXUH IRU VLEOLQJ FRQWUROV� ,I

KHDOWK\ VLEOLQJV KDYH EHHQ VHTXHQFHG� WKHVH PD\ EH XVHG� 2WKHUZLVH� *&2' JHQHUDWHV D

JHQRW\SH IRU D SVHXGR�VLEOLQJ RI HDFK SUREDQG� D K\SRWKHWLFDO VLEOLQJ ZKR KDV LQKHULWHG WKH

SDUHQWDO DOOHOHV WKDW ZHUH QRW WUDQVPLWWHG WR WKH DIIHFWHG LQGLYLGXDO �<X DQG 'HQJ ����� �)LJXUH

����� 6LEOLQJV� XQOLNH SVHXGR�VLEOLQJV� FDUU\ VRPH YDULDQWV LQKHULWHG E\ WKH SUREDQG� 7KH\ DOVR

FDQ EH DVVHVVHG IRU WKH SKHQRW\SH� ZKHUHDV SVHXGR�VLEOLQJV FDQQRW� 6LEOLQJV ZLWKRXW D

GLDJQRVLV DQG SVHXGR�VLEOLQJV DUH W\SLFDOO\ SUHVXPHG WR EH XQDIIHFWHG� WKRXJK WKLV LV QRW DOZD\V

WUXH� VLEOLQJV PXVW EH GHHSO\ SKHQRW\SHG SDVW WKH W\SLFDO DJH RI RQVHW WR UXOH RXW GLVHDVH� DQG

SVHXGR�VLEOLQJV KDYH XQNQRZQ SKHQRW\SHV� +HQFH� LW FDQ EH KHOSIXO WR XVH ERWK ZKHQ VLEOLQJ

GDWD LV DYDLODEOH DQG WR LQWHUSUHW UHVXOWV ZLWK WKLV FDYHDW LQ PLQG� &ROOHFWLYHO\� WKH VLEOLQJ FRQWUROV

VHUYH VHYHUDO SXUSRVHV� 6LJQLILFDQW FDQGLGDWH VHWV IURP SUREDQGV FDQ EH ILOWHUHG WR H[FOXGH DQ\

WKDW DOVR DSSHDU LQ �SVHXGR��VLEOLQJV� $ FRPSDULVRQ RI WKH QXPEHU RI VLJQLILFDQW VHWV IRU

SUREDQGV YHUVXV �SVHXGR��VLEOLQJV FDQ DOVR EH XVHG WR DVVHVV RYHUDOO HYLGHQFH WKDW D

SKHQRW\SH LV OLNHO\ ROLJRJHQLF� ZKHUH SUREDQGV ZRXOG EH H[SHFWHG WR FDUU\ PRUH

RYHU�WUDQVPLWWHG JHQH VHWV WKDQ �SVHXGR��VLEOLQJV� )LQDOO\� WKH W\SHV RI JHQHV LQ VLJQLILFDQW VHWV

FDQ EH FRPSDUHG EHWZHHQ SUREDQGV DQG �SVHXGR��VLEOLQJV� IRU H[DPSOH� XVLQJ JHQH VHW

��
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HQULFKPHQW� SDWKZD\ DQDO\VLV� RU OLWHUDWXUH UHYLHZ� 7KHVH DQDO\VHV KHOS WR UHILQH DQG SULRULWL]H

VLJQLILFDQW VHWV IURP VWHS WKUHH� :H UHIHU WR WKH UHVXOWLQJ VWDWLVWLFDOO\ VLJQLILFDQW JHQH VHWV DV

³ROLJRJHQLF�VHWV´�

)LJXUH ���� 3VHXGR�VLEOLQJ FUHDWLRQ� )RU HDFK LQSXW YDULDQW ORFXV� WKH SVHXGR�VLEOLQJ LQKHULWV
WKH�DOOHOHV�WKDW�ZHUH�QRW�WUDQVPLWWHG�WR�WKH�REVHUYHG�SUREDQG�

������&+'�SUREDQGV�FDUU\�PRUH�ROLJRJHQLF�JHQH�VHWV�WKDQ�IDPLOLDO�FRQWUROV

7R GLVFRYHU ROLJRJHQLF GLVHDVH JHQHV IRU &+'� ZH DSSOLHG *&2' WR ZKROH H[RPH

VHTXHQFLQJ GDWD IURP ���� WULRV LQ WKH 3HGLDWULF &DUGLDF *HQRPLFV &RQVRUWLXP �3&*&�

�3HGLDWULF &DUGLDF *HQRPLFV &RQVRUWLXP HW DO� ����� +RDQJ HW DO� ����� 0RUWRQ HW DO� ������ ,Q

HDFK IDPLO\� WKH 3&*& JHQHUDWHG H[RPH YDULDQWV IRU WZR DV\PSWRPDWLF SDUHQWV DQG DQ DIIHFWHG

FKLOG� :H XVHG SDUHQWDO GDWD WR FRPSXWH SVHXGR�VLEOLQJ JHQRW\SHV IRU HDFK WULR �<X DQG 'HQJ

����� �)LJXUH ����� :H UDQ *&2' DW WKUHH WLHUV RI YDULDQW VHYHULW\ �7DEOH ����� WKH 6WULFW WLHU

ZKLFK LQFOXGHV RQO\ YHU\ UDUH PXWDWLRQV ZLWK D KLJK SUREDELOLW\ RI LPSDLULQJ SURWHLQ IXQFWLRQ� SOXV

WZR PRUH OHQLHQW WLHUV RI YDULDQW VHYHULW\ �%DVH�GDPDJLQJ DQG %DVH�� 2QO\ ROLJRJHQLF

WUDQVPLVVLRQV RI D YDULDQW VHW ZHUH FRQVLGHUHG� 7R UHGXFH IDOVH SRVLWLYHV FDXVHG E\ D VLQJOH

GULYHU JHQH ZLWK VSXULRXV FR�WUDQVPLWWHG SDUWQHUV� ZH DGGLWLRQDOO\ ILOWHUHG ROLJRJHQLF VHWV WR

��
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WKRVH ZLWK D ORJLVWLF UHJUHVVLRQ LQWHUDFWLRQ FRHIILFLHQW JUHDWHU WKDQ ��� �0HWKRGV� /RJLVWLF

UHJUHVVLRQ�� ,Q VKRUW� WKLV VWHS DLPV WR UHVWULFW RXU DQDO\VLV WR VHWV LQ ZKLFK D KLJKHU SURSRUWLRQ

RI LQGLYLGXDOV ZLWK GDPDJLQJ PXWDWLRQV LQ WKH IXOO ROLJRJHQLF VHW KDYH &+' FRPSDUHG WR

LQGLYLGXDOV�ZLWK�GDPDJLQJ�PXWDWLRQV�LQ�HDFK�JHQH�VHSDUDWHO\�

7KH *&2' DSSURDFK UHYHDOHG ��� ROLJRJHQLF JHQH SDLUV FRPSULVLQJ ��� &+' ULVN

JHQHV DW WKH 6WULFW DQG %DVH�GDPDJLQJ WLHUV� $W HDFK YDULDQW WLHU� ZH LGHQWLILHG PRUH ROLJRJHQLF

JHQH SDLUV LQ &+' SUREDQGV FRPSDUHG WR WKHLU SVHXGR�VLEOLQJV �)LJXUH ���� $�� 7KHVH

GLIIHUHQFHV ZHUH DOO VWDWLVWLFDOO\ VLJQLILFDQW �%LQRPLDO S � ���[������� $W WKH 6WULFW WLHU� IRU

H[DPSOH� ZH IRXQG ��� JHQH SDLUV VLJQLILFDQWO\ RYHU�WUDQVPLWWHG WR SUREDQGV� FRPSDUHG WR MXVW

�� JHQH SDLUV RYHU�WUDQVPLWWHG WR WKHLU SVHXGR�VLEOLQJV �%RQIHUURQL�DGMXVWHG S � ����� �7DEOH

����� $ VLPLODU QHDUO\ ��IROG HQULFKPHQW ZDV VHHQ DW WKH %DVH�GDPDJLQJ WLHU� 2OLJRJHQLF SDLUV

DUH SUHVHQW LQ D VXEVWDQWLDO QXPEHU RI SUREDQGV� ZLWK ���� RI 3&*& SUREDQGV FDUU\LQJ DW OHDVW

RQH SDLU HYHQ DW WKH 6WULFW WLHU� 7RJHWKHU WKHVH UHVXOWV SURYLGH QHZ HYLGHQFH WKDW ROLJRJHQLF

LQKHULWDQFH�SOD\V�D�UROH�LQ�WKH�HWLRORJ\�RI�VRPH�&+'�FDVHV�

$V H[SHFWHG� WKH QXPEHU RI ROLJRJHQLF SDLUV LQFUHDVHG ZLWK PRUH OHQLHQW GHILQLWLRQV RI

GDPDJLQJ YDULDQWV IRU ERWK SUREDQGV DQG SVHXGR�VLEOLQJV �7DEOH ����� ZLWK WKH %DVH WLHU \LHOGLQJ

����� ROLJRJHQLF SDLUV LQ SUREDQGV �YHUVXV ���� LQ SVHXGR�VLEOLQJV�� 7KLV PDQ\ VLJQLILFDQW

JHQH SDLUV PHDQV WKDW ����� RI SUREDQGV FDUU\ DW OHDVW RQH ROLJRJHQLF SDLU DW WKH %DVH WLHU�

7KHVH JHQH SDLUV OLNHO\ FRPSULVH D PRUH GLIIXVH SRO\JHQLF ULVN FRPSDUHG WR WKH ��� SDLUV DW WKH

6WULFW WLHU� ZKLFK PD\ SOD\ D PRUH FHQWUDO UROH LQ WKH GLVHDVH RI WKH ��� SUREDQGV ZKR FDUU\

WKHP� :H WKHUHIRUH IRFXV WKH VXEVHTXHQW DQDO\VHV RQ WKH ROLJRJHQLF VHWV IURP WKH 6WULFW DQG

%DVH�GDPDJLQJ�WLHUV��ZKLFK�DUH�H[SHFWHG�WR�KDYH�ODUJHU�SDWKRJHQLF�HIIHFWV�SHU�RFFXUUHQFH�

:H QH[W FRPSXWHG WKH KLJKHVW�RUGHU JHQH VHWV VKDUHG DPRQJ 3&*& SUREDQGV XVLQJ

6WULFW�DQG��%DVH�GDPDJLQJ��YDULDQWV��0HWKRGV��+LJKHVW�RUGHU JHQH�VHWV�����+LJKHVW�RUGHU�VHWV

��



7DEOH ���� *&2' FRXQWV RI VLJQLILFDQWO\ RYHU�WUDQVPLWWHG ROLJRJHQLF SDLUV DQG JHQHV�
FDWHJRUL]HG�E\�PHPEHUVKLS�WR�WKH�OLVW�RI�FXUDWHG�KXPDQ�PRXVH�&+'�JHQHV�LQ�-LQ�HW�DO�������

UDQJHG IURP JURXSV RI WZR JHQHV WR JURXSV RI WZHOYH JHQHV IRU ERWK SUREDQGV DQG

SVHXGR�VLEOLQJV� $V ZLWK JHQH SDLUV� ZH ILQG D VLJQLILFDQWO\ JUHDWHU FRXQW RI RYHU�WUDQVPLWWHG

VHWV LQ SUREDQGV FRPSDUHG WR SVHXGR�VLEOLQJV �ERWK ELQRPLDO S � � [ ������� )LJXUH ���� %�� 7KH

KLJKHVW�RUGHU ROLJRJHQLF VHWV DW WKH %DVH�GDPDJLQJ DQG 6WULFW OHYHO \LHOG DQ DGGLWLRQDO ����

SRWHQWLDO�FRQWULEXWLQJ�ULVN�JHQHV�

:H QH[W LQYHVWLJDWHG ZKHWKHU WKH ROLJRJHQLF SDLUV LGHQWLILHG LQ 3&*& SUREDQGV LQFOXGH

DQ\ &+' JHQHV WKDW ZHUH QRW IRXQG LQ VPDOOHU GDWDVHWV DQG VLQJOH�JHQH WHVWV� )LUVW� ZH

DQQRWDWHG ZKLFK ROLJRJHQLF VHWV FRQWDLQHG RQH RU PRUH RI WKH ��� FXUDWHG KXPDQ RU PRXVH

&+' JHQHV UHSRUWHG E\ -LQ HW DO� ����� :KLOH ��� RI %DVH�GDPDJLQJ DQG 6WULFW SUREDQG

ROLJRJHQLF SDLUV FRQWDLQ DW OHDVW RQH RI WKHVH &+' JHQHV� WKH YDVW PDMRULW\ RI ULVN JHQHV

FDSWXUHG�E\�*&2'�ZHUH�QRW�SUHYLRXVO\�NQRZQ������RI�����JHQHV� 7DEOH������

��



)LJXUH ���� &RXQWV RI VLJQLILFDQW ROLJRJHQLF JURXSV DPRQJ &+' SUREDQGV �SLQN� DQG
SVHXGR�VLEOLQJV �EOXH� DW HDFK WLHU RI YDULDQW VHYHULW\� �$� &RXQWV RI GLJHQLF SDLUV� �%� &RXQWV RI
KLJKHVW�RUGHU JHQH VHWV� 1RWH WKDW FRPSXWLQJ KLJKHVW�RUGHU LQWHUDFWLRQV DW WKH %DVH WLHU ZDV
LQIHDVLEOH�

1H[W� ZH GLUHFWO\ DVVHVVHG WKH DGGLWLRQDO JHQHV GLVFRYHUHG E\ WHVWLQJ SDLUV YHUVXV VLQJOH

JHQHV ZLWKLQ WKH *&2' VLPXODWLRQ IUDPHZRUN �0HWKRGV� 6LQJOH�JHQH WUDQVPLVVLRQ

VLPXODWLRQ WHVW�� 7KLV DQDO\VLV LV GLVWLQFW IURP XVLQJ NQRZQ &+' JHQHV� EHFDXVH SULRU VWXGLHV

XVHG D YDULHW\ RI VWDWLVWLFDO WHVWV� FRKRUWV� DQG VDPSOH VL]HV� *&2' GHWHFWV DERXW D WKLUG DV

PDQ\ JHQHV LQ VLQJOH�JHQH PRGH FRPSDUHG WR WHVWLQJ ROLJRJHQLF SDLUV DW WKH 6WULFW DQG

%DVH�GDPDJLQJ WLHUV� DQG WKLV GLIIHUHQFH LV HYHQ PRUH SURQRXQFHG DW WKH %DVH WLHU� ,Q DOO WLHUV�

IHZHU NQRZQ &+' JHQHV DUH GHWHFWHG LQ VLQJOH�JHQH PRGH FRPSDUHG WR ZKHQ ROLJRJHQLF VHWV

DUH UXQ� 7KHVH ILQGLQJV XQGHUVFRUH WKH DGGLWLRQDO VLJQDO *&2' LV DEOH WR FDSWXUH E\ FRQVLGHULQJ

ROLJRJHQLF�WUDQVPLVVLRQV�

������*HQHV�LQ�SUREDQG�ROLJRJHQLF�VHWV�DUH�IRXQG�WRJHWKHU�LQ�FDQRQLFDO�FDUGLDF�JHQH�VHWV

:H KDYH VR IDU VKRZQ WKDW SUREDQG FRKRUWV KDYH D JUHDWHU QXPEHU RI ROLJRJHQLF JHQH

VHWV� DQG WKDW WKHVH VHWV DUH HQULFKHG IRU NQRZQ &+' ULVN JHQHV� 7R WHVW ZKHWKHU WKH &+'

ROLJRJHQLF SDLUV LGHQWLILHG E\ *&2' FRPSULVH SKHQRW\SH�UHOHYDQW JHQHV� ZH SHUIRUPHG D *HQH

��



2QWRORJ\ �*2� DQDO\VLV� 6WULFW WLHU ROLJRJHQLF JHQHV ZHUH HQULFKHG IRU PDQ\ *2 WHUPV UHODWHG WR

KHDUW GHYHORSPHQW� VXFK DV ³DWULRYHQWULFXODU FDQDO GHYHORSPHQW´ DQG ³FDUGLDF DWULXP

PRUSKRJHQHVLV´ �)LJXUH ����� ,Q FRQWUDVW� QR *2 WHUPV ZHUH HQULFKHG LQ SVHXGR�VLEOLQJ JHQHV

DW WKH 6WULFW RU %DVH�GDPDJLQJ WLHUV� :H WKHUHIRUH FRQFOXGH WKDW JHQHV FRPSULVLQJ SUREDQG

ROLJRJHQLF SDLUV DUH UHOHYDQW WR &+'� DQG JHQHV RYHU�WUDQVPLWWHG WR SVHXGR�VLEOLQJV DUH ODUJHO\

IDOVH�SRVLWLYHV�XQUHODWHG�WR�DQ\�SDUWLFXODU�SKHQRW\SH��FRQILUPLQJ�WKHLU�XWLOLW\�DV�FRQWUROV�

7KH DIRUHPHQWLRQHG DQDO\VLV FRPELQHV ROLJRJHQLF VHWV WR ILQG FRPPRQ IXQFWLRQV DPRQJ

DOO SXWDWLYH ULVN JHQHV� :H IXUWKHU K\SRWKHVL]HG WKDW JHQHV ZLWKLQ WKH VDPH GLVHDVH�DVVRFLDWHG

ROLJRJHQLF VHW ZRXOG VKDUH IXQFWLRQDO DQQRWDWLRQV DQG DOVR FR�RFFXU LQ SDWKZD\V DQG SURWHLQ

FRPSOH[HV� 7R WHVW WKLV� ZH FDOFXODWHG WKH RGGV RI DQ ROLJRJHQLF FRPELQDWLRQ EHLQJ IRXQG LQ D

SUREDQG DQG FR�RFFXUULQJ LQ D 0ROHFXODU 6LJQDWXUHV 'DWDEDVH �06LJ'%� RQWRORJ\ JHQH VHW

�/LEHU]RQ HW DO� ������ DQG IRXQG D VLJQLILFDQW DVVRFLDWLRQ IRU WKH FRPELQHG *2 FROOHFWLRQV

�RGGV UDWLR  ���� )LVKHU H[DFW S  ���H���� DQG IRU WKH +XPDQ 3KHQRW\SH 2QWRORJ\ �.|KOHU HW

DO� ����� FROOHFWLRQV UHODWHG WR WKH KHDUW �RGGV UDWLR  ���� )LVKHU H[DFW S  �����H����� $ VLPLODU

HQULFKPHQW ZDV REVHUYHG IRU WKH 3&1HW FRPSRVLWH GDWDEDVH RI JHQH�JHQH LQWHUDFWLRQ

QHWZRUNV �6��<� &DR HW DO� ����� �RGGV UDWLR  ���� )LVKHU H[DFW S  ���H����� 7KHVH UHVXOWV

LQGLFDWH WKDW WKH JHQHV FRPSULVLQJ &+' ROLJRJHQLF SDLUV LQ WKH 3&*& FRKRUW DUH IXQFWLRQDOO\

DVVRFLDWHG� SHUKDSV LQGLFDWLQJ WKDW WKH LQWHUDFWLRQ RI WKHLU JHQH SURGXFWV LV QHFHVVDU\ IRU VKDUHG

IXQFWLRQV�LQ�WKH�FRQWH[W�RI�GLVHDVH�SDWKRJHQHVLV�

,Q VXPPDU\� ZH KDYH HQXPHUDWHG JHQH VHWV IRU ZKLFK PXOWLSOH &+' SUREDQGV LQKHULWHG

DQ ROLJRJHQLF FRPELQDWLRQ RI YDULDQWV� DQG WHVWHG ZKHWKHU HDFK JHQH VHW ZDV WUDQVPLWWHG

WRJHWKHU PRUH RIWHQ WKDQ H[SHFWHG� :H VKRZHG WKDW WKH JHQHV LQ WKH UHVXOWLQJ ROLJRJHQLF VHWV

DUH HQULFKHG IRU KHDUW GHYHORSPHQW IXQFWLRQV DQG WHQG WR RFFXU WRJHWKHU LQ FDQRQLFDO JHQH

QHWZRUNV� %\ OHYHUDJLQJ UDUH YDULDWLRQ IURP VHSDUDWH VRXUFHV �WZR SDUHQWV RU LQKHULWHG SOXV GH

QRYR�� *&2' FDSWXUHV DGGLWLRQDO NQRZQ DQG SXWDWLYH GLVHDVH JHQHV WKDW RWKHU UDUH YDULDQW

DJJUHJDWLRQ�PHWKRGV�GR�QRW�

��
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)LJXUH ���� 7RS �� *2 WHUPV ZLWK KLJKHVW IROG HQULFKPHQW DQG �� *2 WHUPV ZLWK ORZHVW )'5 IRU
JHQHV LQ 6WULFW ROLJRJHQLF SDLUV �WRWDO �� WHUPV� ³3RWDVVLXP�FKORULGH V\PSRUWHU DFWLYLW\´� ³6HQVRU\
SHUFHSWLRQ RI OLJKW VWLPXOXV´� DQG ³$WULRYHQWULFXODU FDQDO GHYHORSPHQW´ DUH DPRQJ WKH WRS
FDWHJRULHV�IRU�ERWK�IROG�HQULFKPHQW�DQG�)'5�VLJQLILFDQFH��

������1RYHO�ULVN�JHQHV�DQG�LQWHUDFWLRQV�LQ�&+'

:KLOH XS WR WKLV SRLQW ZH KDYH DQDO\]HG ROLJRJHQLF WUDQVPLVVLRQ IUHTXHQF\ DFURVV WKH

HQWLUHW\ RI WKH H[RPHV RI WKH ���� WULRV LQ WKH 3&*&� WKHVH SUREDQGV KDYH EHHQ GLDJQRVHG ZLWK

P\ULDG GLVWLQFW GLDJQRVHV� 7R H[SORUH WKH SRVVLELOLW\ WKDW VLPLODU SKHQRW\SHV DUH FDXVHG E\ PRUH

VLPLODU JHQHWLF HWLRORJ\� ZH VHOHFWHG ILYH GLDJQRVHV ZLWK UHODWLYHO\ FRQVLVWHQW SKHQRW\SLF FULWHULD

�7DEOH ����� (EVWHLQ¶V DQRPDO\� SXOPRQDU\ DWUHVLD ZLWK LQWDFW YHQWULFXODU VHSWXP �3$�,96��

WUXQFXV DUWHULRVXV� WHWUDORJ\ RI )DOORW� DQG K\SRSODVWLF OHIW KHDUW V\QGURPH �+/+6�� +/+6 ZLWK

��



PLWUDO DWUHVLD DQG DRUWLF DWUHVLD �+/+6�0$�$$� RU PLWUDO VWHQRVLV DQG DRUWLF DWUHVLD

�+/+6�06�$$� ZHUH DOVR DQDO\]HG VHSDUDWHO\� :H K\SRWKHVL]HG WKDW WKHVH VPDOOHU DQDO\VHV

PLJKW KDYH LPSURYHG SRZHU WR GHWHFW ROLJRJHQLF VHWV WKDW DUH VSHFLILF WR RQH RU D IHZ GLDJQRVHV

EXW�GR�QRW�UHSOLFDWH�LQ�WKH�HQWLUH�FRKRUW�

7DEOH������'HVFULSWLRQ�RI�&+'�VXE�GLDJQRVHV�DQG�VDPSOH FRXQWV�RI�SDWLHQWV�DQDO\]HG�

&+'�GLDJQRVLV 3UREDQG�&RXQW
����� 'HVFULSWLRQ

+\SRSODVWLF�/HIW�+HDUW
6\QGURPH��+/+6����DOO

VXEW\SHV
���

7KH�OHIW�YHQWULFOH�LV�XQGHUGHYHORSHG�DQG�WRR
VPDOO��RIWHQ�ZLWK�PLWUDO�DQG�DRUWLF�YDOYH�DWUHVLD
�DEVHQFH�RI�RSHQLQJ��RU�VWHQRVLV��QDUURZLQJ��

+/+6���PLWUDO�DWUHVLD
DQG�DRUWLF�DWUHVLD
�+/+6�0$�$$�

��� $�VHYHUH�IRUP�RI�+/+6�DFFRPSDQLHG�E\�DWUHVLD
RI�ERWK�PLWUDO�DQG�DRUWLF�YDOYHV�

+/+6���PLWUDO�VWHQRVLV
DQG�DRUWLF�DWUHVLD
�+/+6�06�$$�

��
$�UDUH�YHUVLRQ�RI�+/+6�FKDUDFWHUL]HG�E\�DWUHVLD
RI�WKH�DRUWLF�YDOYH��ZKLOH�WKH�PLWUDO�YDOYH�RSHQV
EXW�LV�QDUURZHG�

7UXQFXV�$UWHULRVXV
�7$� ���

7KH�DRUWD�DQG�SXOPRQDU\�DUWHU\�IDLO�WR�VHSDUDWH
FRPSOHWHO\�GXULQJ�GHYHORSPHQW�DQG�WKH
FRUUHVSRQGLQJ�FRQRWUXQFDO�YHQWULFXODU�VHSWXP
GRHV�QRW�IRUP��YHQWULFXODU�VHSWDO�GHIHFW��

7HWUDORJ\�RI�)DOORW ���

7HWUDORJ\�RI�)DOORW�FRPSULVHV�IRXU�FR�RFFXUULQJ
GHIHFWV��YHQWULFXODU�VHSWDO�GHIHFW��SXOPRQDU\
YDOYH�VWHQRVLV��DQ�DRUWD�GLVSODFHG�RYHU�WKH
YHQWULFXODU�VHSWXP��DQG�LQFUHDVHG�PXVFOH�PDVV
�K\SHUWURSK\��RI�WKH�ULJKW�YHQWULFOH�

3XOPRQDU\�$WUHVLD�
LQWDFW�YHQWULFXODU
VHSWXP��3$�,96�

�� $WUHVLD�RI�WKH�SXOPRQDU\�YDOYH��ZLWK�DQ�LQWDFW
YHQWULFXODU�VHSWXP��QR�YHQWULFXODU�VHSWDO�GHIHFW��

(EVWHLQ¶V�DQRPDO\ ��
$�GLVSODFHPHQW�RI�WKH�WULFXVSLG�YDOYH�LQWR�WKH
ULJKW�YHQWULFOH�WKDW�RIWHQ�OHDGV�WR�YDOYH
UHJXUJLWDWLRQ�DQG�ULJKW�YHQWULFXODU�G\VIXQFWLRQ�

��



&RXQWV RI ROLJRJHQLF VHWV LQFOXGLQJ GLJHQLF SDLUV DQG KLJKHVW�RUGHU VHWV LQ SKHQRW\SLFDOO\

VLPLODU VXE�JURXSV FRUURERUDWHG RXU ILQGLQJ IURP WKH IXOO 3&*& FRKRUW WKDW SUREDQGV KDUERU

VLJQLILFDQWO\ PRUH ROLJRJHQLF VHWV FRPSDUHG WR SVHXGR�VLEOLQJV� 0DQ\ RI WKHVH VHWV ZHUH IRXQG

LQ WKH EURDGHU 3&*& DV D ZKROH� EXW ZH ILQG ���� ���� DQG ���� DGGLWLRQDO GLDJQRVLV�VSHFLILF

ROLJRJHQLF VHWV DW WKH 6WULFW� %DVH�GDPDJLQJ� DQG %DVH WLHUV UHVSHFWLYHO\� 0DQ\ RI WKHVH ZHUH

IRXQG LQ WKH ODUJHVW GLDJQRVWLF FDWHJRULHV� OLNH +/+6 �DOO VXEW\SHV� DQG 7HWUDORJ\ RI )DOORW�

+RZHYHU� HYHQ DW WKH 6WULFW OHYHO ZH GHWHFW WKH ROLJRJHQLF SDLU &$31��0*$� D UDUH FRPELQDWLRQ

ZKLFK ZDV WUDQVPLWWHG WR WZR RI MXVW �� LQGLYLGXDOV ZLWK 3$�,96� 0*$¶V UROH DV D WUDQVFULSWLRQ

IDFWRU�LQ�FHOO�GLIIHUHQWLDWLRQ��DQG�&$31�¶V�NQRZQ�DVVRFLDWLRQ�ZLWK�1RRQDQ�V\QGURPH

:H FURVV�UHIHUHQFHG FDQRQLFDO SURWHLQ FRPSOH[HV VRXUFHG IURP WKH &2580 GDWDEDVH

�*LXUJLX HW DO� ����� ZLWK RXU ROLJRJHQLF VHWV IURP DOO RI 3&*& DQG IURP VHSDUDWH GLDJQRVHV�

ILQGLQJ �� SUREDQG ROLJRJHQLF VHWV LQ ZKLFK WZR RU PRUH JHQHV SK\VLFDOO\ LQWHUDFW� )RU H[DPSOH�

WKH SURGXFWV RI WKH &5(%%3 DQG (3��� JHQHV SDUWLFLSDWH LQ WKH S����&%3�S����6:,�61)

FRPSOH[� ZKLFK UHJXODWHV KLVWRQH DFHW\OWUDQVIHUDVH DFWLYLW\ GXULQJ GHYHORSPHQW �&KDQ DQG /D

7KDQJXH ������ 9DULDQWV LQ WKHVH JHQHV ZHUH WUDQVPLWWHG ROLJRJHQLFDOO\ WR WZR LQGLYLGXDOV LQ

FRPELQDWLRQ ZLWK WKH &2/�$� JHQH �&2/�$��&5(%%3�(3���� � SUREDQGV� S  ������� 7KHVH

WKUHH JHQHV ZHUH DOVR RYHU�WUDQVPLWWHG LQGHSHQGHQWO\ ZLWK RWKHU JHQHV� ZKLFK OHG WR WKH

GLVFRYHU\ RI D QHWZRUN RI LQWHUFRQQHFWHG ROLJRJHQLF VHWV WKDW FROOHFWLYHO\ KDUERU PXOWLSOH KLWV WR

WKUHH FRPSOH[HV� S����&%3�S����6:,�61)� $0/��+,3.��S���� DQG WKH S5E��S����

PXOWLPROHFXODU�FRPSOH[��)LJXUH������$��
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)LJXUH ���� ,QWHUFRQQHFWHG ROLJRJHQLF QHWZRUN RI SURWHLQ FRPSOH[ JHQHV� �$� 1HWZRUN
YLVXDOL]DWLRQ RI JHQHV LQ ROLJRJHQLF VHWV FRQWDLQLQJ RQH RU PRUH RI WKH JHQHV FRGLQJ IRU
PHPEHUV RI $0/��+,3.��S��� FRPSOH[� S����&%3�S����6:,�61) FRPSOH[� RU
S5E��S����PXOWLPROHFXODU FRPSOH[� 1RGH FRORUV UHSUHVHQW IXQFWLRQDO DQQRWDWLRQV DQG HGJH
ZLGWK LQGLFDWHV WKH QXPEHU RI SUREDQGV ZLWK FR�RFFXUULQJ PXWDWLRQV LQ HDFK JHQH SDLU� 1RWH WKDW
WKH HGJHV FDQ LQFOXGH REVHUYDWLRQV WKDW ZHUH LQKHULWHG IURP D VLQJOH SDUHQW �QRQ�ROLJRJHQLF
WUDQVPLVVLRQ� LI WKH JHQH SDLU LV SDUW RI D KLJKHU�RUGHU ROLJRJHQLF VHW� 1RQ�DQQRWDWHG HGJHV

��



UHSUHVHQW D FR�RFFXUUHQFH FRXQW RI WZR SUREDQGV� �%� 9DULDQW LQKHULWDQFH PDWUL[ IRU JHQHV LQ
�$�� &ROXPQV LQGLFDWH JHQHV� DQG URZV LQGLFDWH SUREDQGV WKDW KDUERU GDPDJLQJ PXWDWLRQV LQ
HDFK JHQH� &HOO FRORU UHSUHVHQWV D SUREDQG¶V LQKHULWDQFH RI YDULDQW�V� LQ WKH VSHFLILHG JHQH
FROXPQ� EOXH LI WKH SUREDQG GRHV QRW FDUU\ D GDPDJLQJ PXWDWLRQ LQ WKDW JHQH� JUHHQ� RUDQJH�
DQG SLQN IRU PRWKHU� IDWKHU� DQG ERWK SDUHQWV UHVSHFWLYHO\� DQG JROG IRU GH QRYR PXWDWLRQV�
0XOWLSOH�SUREDQGV�VKDULQJ�D�GLDJQRVWLF�FDWHJRU\�DUH�LQGLFDWHG�E\�EODFN�ER[HV�

(3��� FR�RFFXUV ZLWK 581;� LQ WKH $0/��+,3.��S��� FRPSOH[� DQG DOWKRXJK WKH

GLJHQLF SDLU LV REVHUYHG LQ RQH XQDIIHFWHG SDUHQW� WKH KLJKHVW�RUGHU ROLJRJHQLF VHW LQFOXGLQJ

0<2�$ IURP DQ DOWHUQDWH VRXUFH LV RQO\ REVHUYHG LQ &+' SUREDQGV� ERWK GLDJQRVHG ZLWK

SXOPRQDU\ VWHQRVLV �)LJXUH ���� %� (3����0<2�$�5$'��/��581;�� � SUREDQGV� S���������

581;� SKRVSKRU\ODWHV (3��� DQG &5(%%3 WR DFWLYDWH DFHW\OWUDQVIHUDVH DFWLYLW\ �$LNDZD HW DO�

������ 7KH FR�RFFXUUHQFH RI PXOWLSOH FRPELQDWLRQV RI WUDQVFULSWLRQDO UHJXODWRUV DQG FKURPDWLQ

PRGLILHUV VXJJHVWV WKDW WKH\ LQWHUDFW LQ JHQH UHJXODWRU\ QHWZRUNV WKDW DUH QHFHVVDU\ IRU QRUPDO

KHDUW GHYHORSPHQW� *HQHV QRW DQQRWDWHG ZLWK WKHVH IXQFWLRQV� VXFK DV &2/�$� DQG 0<2�$�

FRXOG EH WDUJHW JHQHV RU KDYH XSVWUHDP RU GRZQVWUHDP UHJXODWRU\ IXQFWLRQV� )RU H[DPSOH� WKH

ILEULOODU FROODJHQ JHQH &2/�$� KDV D UROH LQ 7*)ȕ VLJQDOLQJ DV SUHYLRXVO\ FKDUDFWHUL]HG LQ

FDQFHUV �+XDQJ HW DO� ����� 'DQNHO HW DO� ������ *LYHQ WKH LQYROYHPHQW RI 7*)ȕ VLJQDOLQJ LQ

HSLWKHOLDO±PHVHQFK\PDO WUDQVIRUPDWLRQV LQ FDUGLRYDVFXODU GHYHORSPHQW �$]KDU HW DO� ����� DQG

LWV FRDFWLYDWLRQ E\ &%3�S��� �-DQNQHFKW� :HOOV� DQG +XQWHU ������ FR�RFFXUULQJ PXWDWLRQV LQ

&2/�$���&5(%%3��DQG�(3����DUH�OLNHO\�SDWKRJHQLF�GXH�WR�SHUWXUEDWLRQ�RI�WKLV�SDWKZD\�

1RWDEO\� WZHOYH SUREDQGV FDUULHG SUHGLFWHG�GDPDJLQJ YDULDQWV LQ ERWK WKH 0<2��% JHQH

DQG WKH 6$&6 JHQH� ZKLFK HQFRGH IRU WKH P\RVLQ���% DQG VDFVLQ SURWHLQV UHVSHFWLYHO\ �)LJXUH

���� $�� 7HQ RI WKHVH REVHUYDWLRQV ZHUH ROLJRJHQLF WUDQVPLVVLRQV LQ ZKLFK WKH YDULDQWV GLG QRW

FR�RFFXU LQ DQ XQDIIHFWHG SDUHQW� 7KH RWKHU WZR SUREDQGV LQKHULWHG 0<2��%�6$&6 IURP WKHLU

UHVSHFWLYH PRWKHUV� EXW DGGLWLRQDOO\ LQKHULWHG PXWDWLRQV LQ .&1+� IURP WKH IDWKHUV �)LJXUH ����

%�� :H FRQFOXGH WKDW WKHUH LV DQ XQGHUDSSUHFLDWHG UROH IRU WKH 6$&6 JHQH LQ KHDUW

GHYHORSPHQW� OLNHO\ UHODWHG WR WKH RUJDQL]DWLRQ DQG DFWLYLW\ RI WKH F\WRVNHOHWRQ� 7KLV LV FRQVLVWHQW

ZLWK SUHYLRXV UHVHDUFK LQGLFDWLQJ WKDW VDFVLQ UHJXODWHV ILODPHQW DVVHPEO\� WKRXJK WKLV ZDV

��
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GHWHUPLQHG LQ QHXURILODPHQWV �*HQWLO HW DO� ������ 7KH 6$&6 SURWHLQ DOVR DFWV DV D FKDSHURQH LQ

WKH�ELQGLQJ�RI�/53�% �0DUVFKDQJ�HW�DO��������

)LJXUH ���� ,QWHUFRQQHFWHG ROLJRJHQLF VHWV FHQWHUHG RQ WKH 0<2��%�6$&6 GLJHQLF SDLU� �$�
1HWZRUN YLVXDOL]DWLRQ RI LQWHUFRQQHFWHG ROLJRJHQLF VHWV� FHQWHUHG RQ WKH 0<2��%�6$&6
GLJHQLF SDLU� *HQHV DQQRWDWHG ZLWK RQWRORJ\ WHUPV UHODWHG WR F\WRVNHOHWRQ DFWLYLW\ DQG FHOOXODU
FRPSRQHQW RUJDQL]DWLRQ DUH LQGLFDWHG LQ JUHHQ DQG SLQN UHVSHFWLYHO\� �%� 9DULDQW LQKHULWDQFH
PDWUL[ IRU JHQHV LQ �$�� &ROXPQV LQGLFDWH JHQHV� DQG URZV LQGLFDWH SUREDQGV WKDW KDUERU

��
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GDPDJLQJ PXWDWLRQV LQ HDFK JHQH� &HOO FRORU UHSUHVHQWV D SUREDQG¶V LQKHULWDQFH RI YDULDQW�V� LQ
WKH VSHFLILHG JHQH FROXPQ� EOXH LI WKH SUREDQG GRHV QRW FDUU\ D GDPDJLQJ PXWDWLRQ LQ WKDW JHQH�
JUHHQ� RUDQJH� DQG SLQN IRU PRWKHU� IDWKHU� DQG ERWK SDUHQWV UHVSHFWLYHO\� DQG JROG IRU GH QRYR
PXWDWLRQV��0XOWLSOH�SUREDQGV�VKDULQJ�D�GLDJQRVWLF�FDWHJRU\�DUH�LQGLFDWHG�E\�EODFN�ER[HV�

/53�% ZDV IRXQG WR EH VLJQLILFDQWO\ RYHU�WUDQVPLWWHG ZLWK 6$&6 DW WKH %DVH WLHU RI

YDULDQW VHYHULW\ �� SUREDQGV� S � �������� )XUWKHUPRUH� ROLJRJHQLF WUDQVPLVVLRQ RI /53�%

YDULDQWV ZLWK ERWK 0<+� DQG 65&$3 YDULDQWV DW WKH 6WULFW WLHU ZDV REVHUYHG LQ WKUHH IDPLOLHV�

65&$3 LV WKH 6QI��UHODWHG &5(%%3 DFWLYDWRU SURWHLQ� DQG LV NQRZQ WR EH LQYROYHG LQ KLVWRQH

PRGLILFDWLRQ DQG R[LGDWLYH PHWDEROLVP GXULQJ SUHQDWDO KHDUW GHYHORSPHQW �;X HW DO� ������ DQG

0<+� LV D PDMRU FRPSRQHQW LQ WKH WKLFN ILODPHQWV RI WKH VDUFRPHUH �0DKGDYL� 3HULDVDP\� DQG

1DGDO�*LQDUG ����� :DUNPDQ HW DO� ������ 2OLJRJHQLF WUDQVPLVVLRQ RI %DVH�GDPDJLQJ�6WULFW

YDULDQWV LQ WKH 0<+��65&$3 SDLU LWVHOI RFFXUUHG LQ QLQH &+' SUREDQGV �S � �������� 2WKHU

SRWHQWLDO JHQHWLF PRGLILHUV RI WKLV LQWHUDFWLRQ LQFOXGH WKH R[LGDVH '82;� �WUDQVPLWWHG ZLWK

0<+��65&$3 LQ � RI � SUREDQGV� DQG WKH PHPEUDQH�UHSDLU JHQH '<6) �� RI � SUREDQGV�� 7KLV

UHVXOW VXJJHVWV D JHQHWLF LQWHUDFWLRQ RI FHOO PHPEUDQH SURWHLQV OLNH /53�% DQG LWV FKDSHURQH

6$&6�ZLWK�JHQHV�LQYROYHG�LQ�FHOO�PRWLOLW\�DQG�R[LGDWLYH�PHWDEROLVP�

����� &RPSRXQG KHWHUR]\JRXV NQRFNGRZQ RI *$7$� DQG 325 LQFUHDVH LQFLGHQFH RI

FDUGLDF�GHIHFWV�DQG�HDUO\�GHDWK�LQ�PLFH

$ GLJHQLF SDLU RI SDUWLFXODU LQWHUHVW ZDV WKDW RI *$7$� DQG 325� ZKLFK ZDV LPSUREDEO\

IRXQG LQ WKUHH SUREDQGV �)LJXUH ���� $� DOO ZLWK WUXQFXV DUWHULRVXV �7$�� D GHIHFW RI WKH RXWIORZ

WUDFW LQ ZKLFK WKH SXOPRQDU\ DUWHU\ DQG WKH DRUWD IDLO WR VHSDUDWH �+XWVRQ DQG .LUE\ ����� .H\WH

DQG +XWVRQ ������ 7$ SDWKRORJ\ LV FRQVLVWHQW ZLWK PDOIXQFWLRQ RI QRUPDO QHXUDO FUHVW FHOO

PLJUDWLRQ GXULQJ IRUPDWLRQ RI WKH RXWIORZ WUDFW �1HHE HW DO� ������ 7KH WUDQVFULSWLRQ IDFWRU *$7$�

KDV EHHQ VKRZQ WR SOD\ D UROH LQ UHJXODWLQJ WKH IRUPDWLRQ RI WKH FDUGLDF RXWIORZ WUDFW

�.RXWVRXUDNLV HW DO� ������ VSHFLILFDOO\� WKH FRQGLWLRQDO GHOHWLRQ RI *$7$� LQ QHXUDO FUHVW�GHULYHG

VPRRWK PXVFOH UHFDSLWXODWHV VHYHUDO KHDUW PDOIRUPDWLRQV� LQFOXGLQJ SHUVLVWHQW WUXQFXV
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DUWHULRVXV DQG GRXEOH�RXWOHW ULJKW YHQWULFOH �/HSRUH HW DO� ������ :KLOH D IHZ KXPDQ

SRO\PRUSKLVPV DVVRFLDWHG ZLWK KHDUW GHIHFWV KDYH EHHQ IRXQG LQ WKH *$7$� JHQH �0DLWUD HW DO�

������ ZH IRXQG LQVWDQFHV RI SUHGLFWHG�GDPDJLQJ *$7$� PXWDWLRQV LQ XQDIIHFWHG SDUHQWV LQ WKH

3&*& GDWDVHW� DQG VXFK PXWDWLRQV DUH QRW UDUH DPRQJ SXEOLF GDWDVHWV �.DUF]HZVNL HW DO�

�������7KHUHIRUH�D�VLQJOH�PXWDWHG�FRS\�RI *$7$� LV QRW�D�IXOO\�SHQHWUDQW�FDXVH�RI�&+'�

,WV GLJHQLF FRXQWHUSDUW� 3��� R[LGRUHGXFWDVH �325�� WUDQVSRUWV HOHFWURQV IURP 1$'3+

WR WKH F\WRFKURPH 3��� HQ]\PHV� 325 QXOO PLFH GLH GXULQJ IHWDO GHYHORSPHQW �6KHQ� 2¶/HDU\�

DQG .DVSHU ����� 2WWR HW DO� ������ DQG VHYHUH 325 PXWDWLRQV $���3 �LQ (XURSHDQ DQFHVWU\�

DQG 5���+ �LQ -DSDQHVH DQFHVWU\� FDXVH WKH $QWOH\�%L[OHU VNHOHWDO PDOIRUPDWLRQ V\QGURPH

�$%6� �0LOOHU HW DO� ������ +HDUW GHIHFWV RFFXU LQ ��� RI $%6 FDVHV �2K HW DO� ������ VXJJHVWLQJ

DQ DV�\HW�XQUHFRJQL]HG UROH IRU 325 LQ KHDUW GHYHORSPHQW� *LYHQ LWV UROH LQ UHWLQRLF DFLG

PHWDEROLVP �=ORWQLN HW DO� ������ DQG WKH LPSRUWDQFH RI 5$ VLJQDOLQJ LQ RXWIORZ WUDFW DQG QHXUDO

FUHVW IRUPDWLRQ �/L� 3DVKPIRURXVK� DQG 6XFRY ����� .H\WH DQG +XWVRQ ������ ZH K\SRWKHVL]H

WKDW 325¶V LQWHUDFWLRQ ZLWK *$7$� LV QHFHVVDU\ IRU QRUPDO KHDUW GHYHORSPHQW� DQG WKH

FRPSRXQG GDPDJLQJ PXWDWLRQV IRXQG LQ WKHVH SDWLHQWV¶ JHQRPHV FDXVHG RU FRQWULEXWHG WR WKHLU

7$�V\PSWRPV�

)LJXUH ���� *$7$� GH QRYR YDULDQWV LQ &+' SDWLHQWV� �$�� 7ULR SHGLJUHHV IRU 7$ SUREDQGV ZLWK D
*$7$� GH QRYR PXWDWLRQ� $OO WKUHH 7$ SDWLHQWV DOVR FDUU\ D SUHGLFWHG�GDPDJLQJ LQKHULWHG
PXWDWLRQ LQ 325� �%� )RXU &+' SDWLHQWV FDUU\ D GH QRYR *$7$� PXWDWLRQ �JUHHQ ER[�� EXW WKH
PRUH�VHYHUH�7$�SKHQRW\SH�LV�OLPLWHG�WR�LQGLYLGXDOV�DOVR�FDUU\LQJ�D�325�PXWDWLRQ��RUDQJH��
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,QWHUHVWLQJO\� DQRWKHU SUREDQG LQ WKH 3&*& FDUULHV D *$7$� GH QRYR PXWDWLRQ ZLWKRXW D

GDPDJLQJ 325 YDULDQW� EXW WKLV LQGLYLGXDO SUHVHQWHG ZLWK DWULDO VHSWDO GHIHFWV LQVWHDG RI WKH

PRUH VHYHUH 7$ SKHQRW\SH �)LJXUH ���� %�� :H WKHUHIRUH LQYHVWLJDWHG ZKHWKHU FRPSRXQG

KHWHUR]\JRVLW\ RI *$7$� DQG 325 NQRFNGRZQ OHDGV WR KHDUW GHIHFWV PRUH RIWHQ RU PRUH

VHYHUHO\ WKDQ MXVW *$7$� RU MXVW 325 NQRFNGRZQ� LQGLFDWLQJ D JHQHWLF LQWHUDFWLRQ EHWZHHQ WKH

WZR JHQHV GXULQJ KHDUW GHYHORSPHQW� 7R HYDOXDWH WKH LQ YLYR IXQFWLRQDO FRQVHTXHQFH RI WKH

LQGLYLGXDO DQG FRPELQHG KHWHUR]\JRWLF ORVV RI WKHVH JHQHV� ZH FUHDWHG WUDQVJHQLF KHWHUR]\JRXV

NQRFNGRZQ PRXVH OLQHV �&��%/��- EDFNJURXQG�� WKHQ FURVVHG WKHP WR H[DPLQH WKH HIIHFWV RI

*$7$��DQG�325�NQRFNGRZQ�LQGLYLGXDOO\�DQG�LQ�FRPELQDWLRQ�

*DWD���� 3RU��� FRPSRXQG KHWHUR]\JRXV PLFH ZHUH ERUQ EHORZ 0HQGHOLDQ UDWLRV ��

REVHUYHG� � H[SHFWHG� WKRXJK WKLV LV QRW D VWDWLVWLFDOO\ VLJQLILFDQW ILQGLQJ� 1RWDEO\� FRPSRXQG

NQRFNGRZQ PLFH H[SHULHQFHG DWULDO� DQG YHQWULFXODU�VHSWDO GHIHFWV DW D UDWH RI DSSUR[LPDWHO\

��� �Q  ��� )LJXUH ���� 7DEOH ����� FRPSDUHG ZLWK WKH :7� VLQJOH�KLW *DWD����� DQG VLQJOH�KLW

3RU��� PLFH WKDW H[SHULHQFHG QR FOHDU GHIHFWV LQ KLVWRORJLFDO DQDO\VHV �Q  �� ��� DQG ��

UHVSHFWLYHO\��

)LJXUH ���� 5HSUHVHQWDWLYH KLVWRORJ\ VDPSOHV IURP *DWD���� 3RU��� FRPSRXQG KHWHUR]\JRXV
PLFH�VKRZLQJ�96'�RU�$6'�

��



7DEOH ���� ,QFLGHQFH RI DWULDO�VHSWDO GHIHFWV �$6'� DQG YHQWULFXODU�VHSWDO GHIHFWV �96'� LQ
*$7$��DQG�325�NQRFNGRZQ�PLFH�

����',6&866,21

'HYHORSPHQWDO SKHQRW\SHV DIIHFWLQJ WKH KHDUW DQG EUDLQ KDYH SURIRXQG LPSDFWV RQ WKH

OLYHV RI SDWLHQWV DQG WKHLU IDPLOLHV� DQG XQGHUVWDQGLQJ WKH XQGHUO\LQJ FDXVH LQ HDFK FDVH FDQ

UHYHDO DGGLWLRQDO GLVHDVH ULVNV WR PRQLWRU DV WKH SDWLHQW DJHV WR DGXOWKRRG� (YLGHQFH RI

ROLJRJHQLF WUDQVPLVVLRQ RI GHYHORSPHQWDO GLVHDVH KDV LQFUHDVHG LQ UHFHQW \HDUV �3ULHVW HW DO�

����� $OVHPDUL HW DO� ����� *LIIRUG HW DO� ����� 0NDRXDU HW DO� ������ QHFHVVLWDWLQJ D IDVW DQG

DFFXUDWH PHWKRG WR GHWHUPLQH JHQH FRPELQDWLRQV RI LQWHUHVW IURP SDWLHQW GDWD� :H SURYLGH D

FRPSXWDWLRQDO IUDPHZRUN FDOOHG *&2' WR WHVW IRU WKH VLJQLILFDQFH RI ROLJRJHQLF JHQH VHW

WUDQVPLVVLRQ DQG UHSRUW ���� ����� DQG ��� VLJQLILFDQWO\ RYHU�WUDQVPLWWHG ROLJRJHQLF SDLUV LQ

&+'� $6'� DQG NLGQH\ GLVHDVH UHVSHFWLYHO\� 7KHVH ILQGLQJV FROOHFWLYHO\ FRQWULEXWH ���� QRYHO

SRWHQWLDO ULVN JHQHV DQG PRGLILHUV IURP ���� XQLTXH SUHGLFWHG�GDPDJLQJ KLJKHU�RUGHU VHWV

DFURVV DOO WKUHH GDWDVHWV� 7KLV VRIWZDUH LV XQLTXH FRPSDUHG WR RWKHU UHFHQW GHYHORSPHQWV LQ WKH

ILHOG RI ROLJRJHQLF FRPELQDWLRQ GHWHFWLRQ �.HUQHU HW DO� ����� 3RXQUDMD DQG *LULUDMDQ �����

EHFDXVH LW XVHV IDPLO\ JHQRW\SHV WR OLPLW VWDWLVWLFDO LQIHUHQFH WR JHQH VHWV ZLWK ROLJRJHQLF

WUDQVPLVVLRQ� WKHUHE\ UHGXFLQJ FRPSXWDWLRQ DQG LQFUHDVLQJ RXU SRZHU WR GHWHFW WUXH SKHQRW\SH

DVVRFLDWLRQV�
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*LYHQ WKDW WHQ SHUFHQW RI &+' SUREDQGV FDUU\ SUHGLFWHG�GDPDJLQJ YDULDQWV LQ DQ

ROLJRJHQLF VHW� RXU PHWKRG SRWHQWLDOO\ H[SODLQV WKH JHQHWLF XQGHUSLQQLQJV RI D VXEVWDQWLDO

PLQRULW\ RI FDVHV ZLWK SUHYLRXVO\ FU\SWLF FDXVDO YDULDQWV �7DEOH ����� ([SHULPHQWDO YDOLGDWLRQ LV

UHTXLUHG WR GHWHUPLQH KRZ PDQ\ RI WKHVH FDQGLGDWH YDULDQW VHWV DUH LQGHHG VXIILFLHQW WR FDXVH D

KHDUW GHIHFW� RU ZKHWKHU VRPH OHYHO RI DGGLWLRQDO EDFNJURXQG JHQHWLF ULVN LV QHFHVVDU\� 7KLV LV

HVSHFLDOO\ NH\ DV ��� RI SUREDQGV DOVR FDUU\ FRPELQDWLRQV RI OHVV GDPDJLQJ YDULDQWV WKDW

FROOHFWLYHO\ FRQIHU VRPH ULVN RI &+'� ,QWHJUDWLQJ D SRO\JHQLF ULVN VFRUH DSSURDFK �:HQGW HW DO�

����� ,VJXW HW DO� ����� FRXOG EH XVHG WR SULRULWL]H ROLJRJHQLF VHWV WKDW OHDG WR GLVHDVH HYHQ LQ

RWKHUZLVH�UHODWLYHO\�ORZ�ULVN�JHQRPHV�

:H KDYH HVWDEOLVKHG WKH FRQFHSW RI WKH ³KLJKHVW�RUGHU´ JHQH VHW� ZKLFK DOORZV XVHUV WR

H[DPLQH JHQH JURXSV RI WKUHH� IRXU� DQG ODUJHU VHWV� 7KLV LQFUHDVHV SRZHU E\ PLQLPL]LQJ WKH

QXPEHU RI LQGLYLGXDO WHVWV� 6XFK DQ DQDO\VLV FRXOG EH FRPSXWDWLRQDOO\ SURKLELWLYH� EXW WKH *&2'

DOJRULWKP HIILFLHQWO\ OHYHUDJHV IDPLO\ VHTXHQFLQJ GDWD WR ILOWHU RXW FRPELQDWLRQV VHHQ LQ KHDOWK\

SDUHQWV� 3DUHQWDO VHTXHQFLQJ DOVR PLWLJDWHV WKH HIIHFWV RI SRSXODWLRQ VWUDWLILFDWLRQ� DV JHQH VHW

VLJQLILFDQFH LV FRQGLWLRQDO RQO\ RQ YDULDQW WUDQVPLVVLRQ IURP SDUHQWV WR RIIVSULQJ� DQG GRHV QRW

UHO\�RQ�UHODWLYH�IUHTXHQFLHV�LQ�D�SRSXODWLRQ�RI�SRWHQWLDOO\�GLIIHUHQW�DQFHVWU\�

)LQDOO\� RXU PRXVH PRGHO LQFRUSRUDWLQJ PRXVH FURVVHV RI *DWD� DQG 3RU FRPSRXQG

KHWHUR]\JRXV NQRFNGRZQ VKRZV WKDW *&2' FDQ LGHQWLI\ DQG SULRULWL]H GLVHDVH�UHOHYDQW

FRPELQDWLRQV IURP WULR GDWD� :H LQFOXGH WKH FDYHDW WKDW *$7$� DORQH PLJKW OHDG WR GLVHDVH LQ

VRPH FDVHV� JLYHQ WKH LQFLGHQFH RI $6' LQ D SDWLHQW QRW FDUU\LQJ D 325 PXWDWLRQ� )XUWKHUPRUH�

RXU PRXVH PRGHO GLG QRW VKRZ WKH H[SHFWHG SHQHWUDQW 7UXQFXV $UWHULRVXV SKHQRW\SH� EXW

LQVWHDG VSRUDGLF LQFLGHQFH RI 96' DQG $6'� 0RUH PROHFXODU DVVD\V DQG H[SHULPHQWV DUH

QHHGHG WR XQGHUVWDQG WKH FRQWH[W RI WKLV JHQHWLF LQWHUDFWLRQ� DQG LWV UHODWLRQVKLS WR KHDUW

GHYHORSPHQW�DQG�7$�

2XU PHWKRG LGHQWLILHG VHYHUDO SURWHLQ FRPSOH[HV DQG IXQFWLRQV DVVRFLDWHG ZLWK KHDUW

GHYHORSPHQW� DQG IXUWKHU H[SDQGHG WKHVH FDQRQLFDO VHWV WR LQFOXGH SRWHQWLDOO\�LQWHUDFWLQJ JHQHV
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DQG ULVN PRGLILHUV� )RU H[DPSOH� ROLJRJHQLF FRPELQDWLRQV LQFOXGLQJ 6$&6 KLQW DW NH\ SURWHLQ

LQWHUDFWLRQV EHWZHHQ WKH 6$&6 ILODPHQWDO RUJDQL]LQJ SURWHLQ ZLWK YDULRXV P\RVLQ DQG

PHPEUDQH�UHODWHG JHQH SURGXFWV� ([SORULQJ WKH IXQFWLRQ DQG LQWHUDFWLRQV RI VXFK JHQH SURGXFWV

FRXOG IXUWKHU HOXFLGDWH F\WRVNHOHWDO DFWLYLW\ LQ WKH GHYHORSLQJ KHDUW� )XUWKHUPRUH� JHQHV WKDW

DSSHDU LQ &+' ROLJRJHQLF VHWV DUH HQULFKHG IRU DSSURSULDWH IXQFWLRQV OLNH DWULRYHQWULFXODU FDQDO

GHYHORSPHQW� DV ZHOO DV PRUH QRYHO DVVRFLDWLRQV OLNH GH QRYR S\ULPLGLQH V\QWKHVLV DQG

SHUFHSWLRQ RI OLJKW VWLPXOXV� $V ZDV UHFHQWO\ H[SORUHG E\ �0RUWRQ HW DO� ������ LQGLYLGXDOV ERUQ

ZLWK KHDUW GHIHFWV DUH DW ULVN IRU DGGLWLRQDO FRPSOLFDWLRQV ODWHU LQ OLIH� LQFOXGLQJ FDQFHUV� :H

VLPLODUO\ K\SRWKHVL]H D UROH IRU NQRZQ EODGGHU FDQFHU JHQH &2/�$� LQ &+' �+XDQJ HW DO�

������ :H UHFRYHU VHYHUDO UHWLQLWLV SLJPHQWRVD ULVN JHQHV� VXJJHVWLQJ IXWXUH VWXGLHV WR

GHWHUPLQH�LI�WKH�H\H�KHDOWK�RI�&+'�SDWLHQWV�VKRXOG�EH�PRQLWRUHG�DV�WKH\�DJH�WR�DGXOWKRRG�

2XU VLPXODWLRQ PHWKRG WR DVVHVV VLJQLILFDQFH RI ROLJRJHQLF VHWV UHOLHV RQ KDYLQJ

VHTXHQFLQJ GDWD IURP HQRXJK IDPLOLHV WR REVHUYH PXOWLSOH RFFXUUHQFHV RI UDUH JHQH

FRPELQDWLRQV� +RZHYHU� ZH H[SHFW WKDW FOLQLFLDQV ZRUNLQJ ZLWK RQH RU MXVW D IHZ IDPLO\

SHGLJUHHV FRXOG PDNH XVH RI WKH ILUVW WZR VWHSV RI *&2' DORQH� 9DULDQW DQG JHQH FRPELQDWLRQV

VHJUHJDWLQJ ZLWK WKH GLVHDVH EXW QRW REVHUYHG LQ KHDOWK\ IDPLO\ PHPEHUV FDQ EH HQXPHUDWHG WR

GHYHORS�K\SRWKHVHV�IRU�GLVHDVH�HWLRORJ\�ZKHUH�QR�FOHDU�0HQGHOLDQ�LQKHULWDQFH�SDWWHUQ�H[LVWV�

*&2' DV LPSOHPHQWHG KHUH LV QRW DQ H[KDXVWLYH VHDUFK IRU ROLJRJHQLF VHWV LQ WKHVH

IDPLOLHV� DV LW GRHV QRW WDNH LQWR DFFRXQW FRPPRQ YDULDQWV �ZKLFK DUH H[SHFWHG WR FRQIHU OHVV

ULVN� EXW XQGRXEWHGO\ SOD\ D UROH LQ VRPH FDVHV�� ,W LV DOVR LPSRUWDQW WR QRWH WKDW NLQVKLS FRQWUROV�

ZKLOH RIIHULQJ DGYDQWDJHV LQ D FRQVHUYDWLYH DQDO\VLV� DUH OLNHO\ QRW HQWLUHO\ XQDIIHFWHG E\ WKH ULVN

YDULDQWV WKH\ FDUU\ DQG PD\ H[KLELW VXEFOLQLFDO SKHQRW\SHV� 7KLV LV DQ HVSHFLDOO\ LPSRUWDQW

FDYHDW LQ WKH 6)$5, DXWLVP FRKRUW� DV VHWV ZHUH ILOWHUHG WR WKRVH QHYHU REVHUYHG LQ DQ

XQDIIHFWHG VLEOLQJ� KRZHYHU� WKH SURWHLQ SURGXFWV RI VLEOLQJ JHQH VHWV PLJKW LQGHHG LQWHUDFW DQG

FROODERUDWLYHO\ FDXVH GLVHDVH FRQWLQJHQW RQ RWKHU IDFWRUV OLNH VH[ RU GLIIHUHQFHV LQ

HQYLURQPHQWDO�H[SRVXUH�EHWZHHQ�VLEOLQJV�
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6LQFH *&2' LV OLPLWHG WR JHQH FRPELQDWLRQV VHHQ LQ D PLQLPXP RI WZR SUREDQGV� ZH

UHFRPPHQG WKDW XVHUV KRSLQJ WR FKDUDFWHUL]H LQGLYLGXDO FDVHV RI SRWHQWLDOO\ ROLJRJHQLF

SDWKRJHQHVLV XVH D FRPSOHPHQWDU\ WRRO VXFK DV 259$/ �5HQDX[ HW DO� ����� WR LGHQWLI\ RWKHU

FRQWULEXWLQJ ULVN JHQHV DQG YDULDQWV LQ WKH SDUWLFXODU FDVH�V� RI LQWHUHVW� )LQDOO\� *&2' LV PRUH

VHQVLWLYH WR GH QRYR YDULDWLRQ GXH WR WKH IDFW WKDW DQ LQKHULWHG HYHQW KDV D ��� SUREDELOLW\ RI

RFFXUULQJ� ZKLOH PRVW GH QRYR HYHQWV DUH H[FHHGLQJO\ UDUH� UHVXOWV DUH WKHUHIRUH ELDVHG WRZDUGV

GLVFRYHULQJ�ROLJRJHQLF�VHWV�ZKHUH�D�QRQ�V\QRQ\PRXV�GH�QRYR�YDULDQW�ZDV�REVHUYHG�

2YHUDOO� ZH KDYH FUHDWHG D IUDPHZRUN WR LGHQWLI\ FRPELQDWLRQV RI JHQHV WUDQVPLWWHG LQ

&+'� :H KDYH SURYLGHG UHVHDUFKHUV ZLWK WKHVH OLVWV RI SULRULWL]HG� KLJK�FRQILGHQFH JHQH DQG

YDULDQW FRPELQDWLRQV IRU KLJK�WKURXJKSXW VFUHHQV RU PRUH SUHFLVH PHFKDQLVWLF H[SHULPHQWV�

*&2' LV IUHHO\ DYDLODEOH IRU DSSOLFDWLRQV WR RWKHU GLVHDVHV DQG VSHFLHV� LQ KRSHV RI PRYLQJ WKH

ILHOG WRZDUG D PRUH FRPSOHWH XQGHUVWDQGLQJ RI JHQH LQWHUDFWLRQV GXULQJ GHYHORSPHQW� DQG KRZ

JHQHWLF YDULDQWV FRPELQH LQ GLVHDVH� 7KLV ZRUN LV SXEOLVKHG ZLWK RSHQ DFFHVV WR ELRU[LY �3LWWPDQ

HW�DO������� DQG�LV�FXUUHQWO\�XQGHU�UHYLVLRQ�

����0(7+2'6

�������9DULDQW�FDOOLQJ�DQG�ILOWHULQJ

:KROH ([RPH 6HTXHQFLQJ GDWD IURP WKH ���� &+' WULRV ZDV SURFHVVHG DV GHVFULEHG LQ

-LQ HW DO� ���� DQG 0RUWRQ HW DO� ����� %ULHIO\� SURWHLQ�FRGLQJ PXWDWLRQV ZHUH ILOWHUHG EDVHG RQ D

0DSSLQJ 4XDOLW\ VFRUH ! �� DQG *HQRW\SH 4XDOLW\ ! ��� 'H QRYR YDULDQWV ZHUH FDOOHG XVLQJ WKH

7ULR'H1RYR SURJUDP �:HL HW DO� ����� DQG DFFHSWHG LI WKH PLQRU DOOHOH IUHTXHQF\ �0$)� DQG

UHDG�GHSWK FULWHULD GHVFULEHG LQ +RPV\ HW DO� ���� DUH PHW� 1DPHO\� WKH LQ�FRKRUW 0$) RI WKH

YDULDQW PXVW EH EHORZ �[����� ZLWK D PLQLPXP RI � DOWHUQDWLYH UHDGV DQG �� WRWDO UHDGV LQ WKH

SUREDQG� DQG D PLQLPXP RI �� UHIHUHQFH UHDGV LQ WKH SDUHQWV �ZLWK D PD[LPXP DOWHUQDWH DOOHOH

UDWLR RI ������ 9DULDQWV LQ WKH 6)$5, DXWLVP FRKRUW ZHUH FDOOHG DV GHVFULEHG LQ .UXPP HW DO�

����� ,Q DGGLWLRQ WR WKH FULWHULD DERYH� ZH ILOWHUHG WKLV VHW IRU LQKHULWHG YDULDQWV ZLWK D *HQRW\SH
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4XDOLW\ 0HDQ ! �� DQG SODXVLEOH LQKHULWDQFH SDWWHUQ �H�J� LI D SDUHQW LV ��� DQG D FKLOG LV ���

ZLWKRXW D GH QRYR YDULDQW DW WKLV ORFXV� WKH YDULDQW LV GLVTXDOLILHG�� 'H QRYR YDULDQWV IRU 6)$5,

SUREDQGV DQG XQDIIHFWHG VLEOLQJV ZHUH SURYLGHG E\ ,RVVLIRY HW DO� ����� $OO YDULDQWV ZHUH FDOOHG

DQG�DUH�UHSRUWHG�LQ�*5&K���FRRUGLQDWHV�

)RU ERWK GDWDVHWV� ZH DQQRWDWHG YDULDQWV XVLQJ $1129$5 YHUVLRQ GDWH ����������

�:DQJ� /L� DQG +DNRQDUVRQ ������ :H UHVWULFWHG RXU DQDO\VLV WR YDULDQWV DQQRWDWHG DV ���

0LQRU $OOHOH )UHTXHQF\ �0$)� LQ HLWKHU WKH JQRP$' �.DUF]HZVNL HW DO� ����� RU ([$&

QRQ�SV\FKLDWULF �/HN HW DO� ����� GDWDEDVHV� DQG EHORZ DQ LQ�FRKRUW 0$) RI ���� *&2' XVHUV

FDQ FKDQJH WKHVH FXWRIIV ZKHUH GHVLUHG� 9DULDQWV SUHGLFWHG WR EH GDPDJLQJ E\ DW OHDVW RQH RI

0HWD690� )DW+00� DQG 6,)7 PRGHOV ZHUH FRQVLGHUHG LQ WKH 6WULFW DQG %DVH�GDPDJLQJ WLHUV RI

YDULDQW VHYHULW\ �/LX HW DO� ����� 5RJHUV HW DO� ������ )LOWHULQJ FULWHULD RI YDULDQW VHYHULW\ LV

VSHFLILHG LQ 6XSSOHPHQWDO 7DEOH �� :H XVHG JQRP$' REVHUYHG�H[SHFWHG �.DUF]HZVNL HW DO�

������ 6KHW �=KX� =KDQJ� DQG 6KD ������ &$'' VFRUHV �5HQW]VFK HW DO� ������ DQG D PLQLPXP

H[SUHVVLRQ RI WSP ! ��� LQ DQ\ FDUGLDF RU EUDLQ FHOO W\SH �IRU &+' DQG $6' JHQHV� UHVSHFWLYHO\�

LQFOXGHG LQ WKH '(6&$57(6 GHYHORSPHQWDO JHQH H[SUHVVLRQ GDWDEDVH �-� &DR HW DO� ������

&HOO�W\SHV�FRQVLGHUHG�DUH�OLVWHG�EHORZ�

&DUGLDF FHOO W\SHV� 
+HDUW�&DUGLRP\RF\WHV
� 
+HDUW�&/&B,/�5$ SRVLWLYH FHOOV
�


+HDUW�(/)�B$*%/� SRVLWLYH FHOOV
� 
+HDUW�(QGRFDUGLDO FHOOV
� 
+HDUW�(SLFDUGLDO IDW FHOOV
�


+HDUW�(U\WKUREODVWV
� 
+HDUW�/\PSKDWLF HQGRWKHOLDO FHOOV
� 
+HDUW�/\PSKRLG FHOOV
�


+HDUW�0HJDNDU\RF\WHV
� 
+HDUW�0\HORLG FHOOV
� 
+HDUW�6$7%�B/55&� SRVLWLYH FHOOV
�


+HDUW�6FKZDQQ FHOOV
� 
+HDUW�6PRRWK PXVFOH FHOOV
� 
+HDUW�6WURPDO FHOOV
� 
+HDUW�9DVFXODU

HQGRWKHOLDO�FHOOV
���
+HDUW�9LVFHUDO�QHXURQV�


%UDLQ FHOO W\SHV� 
&HUHEHOOXP�$VWURF\WHV
� 
&HUHEHOOXP�*UDQXOH QHXURQV
�


&HUHEHOOXP�,QKLELWRU\ LQWHUQHXURQV
� 
&HUHEHOOXP�0LFURJOLD
� 
&HUHEHOOXP�2OLJRGHQGURF\WHV
�


&HUHEHOOXP�3XUNLQMH QHXURQV
� 
&HUHEHOOXP�6/&��$�B3(;�/ SRVLWLYH FHOOV
�


&HUHEHOOXP�8QLSRODU EUXVK FHOOV
� 
&HUHEHOOXP�9DVFXODU HQGRWKHOLDO FHOOV
�

��




&HUHEUXP�$VWURF\WHV
� 
&HUHEUXP�([FLWDWRU\ QHXURQV
� 
&HUHEUXP�,QKLELWRU\ QHXURQV
�


&HUHEUXP�/LPELF V\VWHP QHXURQV
� 
&HUHEUXP�0HJDNDU\RF\WHV
� 
&HUHEUXP�0LFURJOLD
�


&HUHEUXP�2OLJRGHQGURF\WHV
� 
&HUHEUXP�6.25�B1365� SRVLWLYH FHOOV
� 
&HUHEUXP�9DVFXODU

HQGRWKHOLDO�FHOOV�


�������3VHXGR�VLEOLQJ�JHQRW\SH�JHQHUDWLRQ

3VHXGR�VLEOLQJ JHQRW\SHV ZHUH JHQHUDWHG IURP WKH WZR SDUHQWDO DOOHOHV QRW WUDQVPLWWHG

WR WKH SUREDQG DV GHVFULEHG LQ <X DQG 'HQJ ����� ,Q WKH UDUH FDVH LQ ZKLFK D SUREDQG GH QRYR

PXWDWLRQ RFFXUUHG DW D ORFXV ZKHUH D SDUHQW FDUULHG D TXDOLI\LQJ YDULDQW� WKH SVHXGR�VLEOLQJ

LQKHULWHG WKH SDUHQWDO UDUH DOOHOH LI WKH SUREDQG GLG QRW� 'H QRYR YDULDQWV LQ SVHXGR�VLEOLQJV ZHUH

UDQGRPO\ DVVLJQHG WR JHQHV EDVHG RQ SUHYLRXVO\�GHULYHG SURWHLQ�FRGLQJ QRQ�V\QRQ\PRXV

�µSURW¶� PXWDELOLW\ �6DPRFKD HW DO� ������ 6LQFH DOO VXFK YDULDQWV DUH DXWRPDWLFDOO\ LQFOXGHG DW

WKH 6WULFW YDULDQW WLHU� *&2' GRHV QRW SUHGLFW VSHFLILF DPLQR DFLG VXEVWLWXWLRQV WR IXUWKHU TXDOLI\

WKH�GH�QRYR�YDULDQW¶V�&$''��VKHW��RU�SUHGLFWHG�GDPDJLQJ�VWDWXV�

�������(QXPHUDWLRQ�RI�FDQGLGDWH�GLJHQLF�SDLUV

,Q RUGHU WR HIILFLHQWO\ HQXPHUDWH JHQH SDLUV LQ ZKLFK PXOWLSOH SUREDQGV KDUERU

FR�RFFXUULQJ PXWDWLRQV PHHWLQJ XVHU FULWHULD� ZH FUHDWH WKUHH JHQH�E\�IDPLO\ PDWULFHV ZKHUH D

FHOO YDOXH LQGLFDWHV WKH SUHVHQFH RI VXFK D YDULDQW LQ WKH PRWKHU� IDWKHU� DQG RIIVSULQJ� 7KLV

LQIRUPDWLRQ LV VWRUHG LQ FRPSUHVVHG VSDUVH URZ IRUPDW� 7KH YDOXHV LQ PDWHUQDO DQG SDWHUQDO

PDWULFHV LQGLFDWH WKH QXPEHU RI DOOHOHV HDFK SDUHQW FDUULHV �ODWHU XVHG WR FDOFXODWH WKH

SUREDELOLW\ RI WUDQVPLWWLQJ DW OHDVW RQH RI WKHVH YDULDQWV DFURVV N VLPXODWLRQV�� ZKLOH WKH YDOXHV LQ

WKH SUREDQG PDWUL[ 0 VWRUH LQIRUPDWLRQ DERXW WKH LQKHULWDQFH RI YDULDQWV LQ D JLYHQ JHQH� :H

XVH�WKH�IROORZLQJ�NH\�

�  SUREDQG KDUERUV DW OHDVW RQH YDULDQW LQ WKLV JHQH� DOO YDULDQWV ZHUH WUDQVPLWWHG IURP

WKH�PRWKHU�

��



�  SUREDQG KDUERUV DW OHDVW RQH YDULDQW LQ WKLV JHQH� DOO YDULDQWV ZHUH WUDQVPLWWHG IURP

WKH�IDWKHU�

�  SUREDQG KDUERUV FRPSRXQG KHWHUR]\JRXV YDULDQWV LQ WKLV JHQH� L�H� HDFK SDUHQW

WUDQVPLWWHG�DW�OHDVW�RQH�YDULDQW�LQ�WKLV�JHQH�

�� �SUREDQG�KDUERUV�DW�OHDVW�RQH�GH�QRYR�YDULDQW�LQ�WKLV�JHQH�

,QIRUPDWLRQ DERXW YDULDQW SURYHQDQFH LV XVHG GXULQJ JURXS HQXPHUDWLRQ DQG RIIVSULQJ

VLPXODWLRQV WR GHWHUPLQH ZKHWKHU D JLYHQ FRPELQDWLRQ FRPSULVHV DQ ROLJRJHQLFDOO\�LQKHULWHG

YDULDQW VHW� WKDW LV� WKH VHW RI RIIVSULQJ YDULDQWV LQ WKLV JHQH FRPELQDWLRQ DUH QRW DOVR FROOHFWLYHO\

FDUULHG E\ RQH RI WKH XQDIIHFWHG SDUHQWV� ([SOLFLWO\� IRU D JHQH�SDLU *HQH$�*HQH% DQG LWV

RFFXUUHQFH LQ 7ULR�� RQH RI WKH SURYHQDQFH YDOXHV DW 07ULR�� *HQH$ RU 07ULR�� *HQH% PXVW

EH !�� RU HOVH 07ULR�� *HQH$ � 07ULR�� *HQH%� IRU WKH REVHUYDWLRQ WR EH FRXQWHG DV DQ

ROLJRJHQLF�WUDQVPLVVLRQ�

*HQH FROXPQV LQ 0 DUH GURSSHG LI IHZHU WKDQ WZR SUREDQGV �RU VLEOLQJV� FDUULHG D

PXWDWLRQ DW RU DERYH WKH UHOHYDQW YDULDQW FULWHULD� )RU UHPDLQLQJ JHQHV� DOO SRVVLEOH

FRPELQDWLRQV RI GLJHQLF SDLUV DUH HQXPHUDWHG DQG FKHFNHG DJDLQVW WKH PDWUL[ IRU PXOWLSOH

FR�RFFXUUHQFHV� ,I WKH SURYHQDQFH PDWUL[ 0 LQGLFDWHV DQ ROLJRJHQLF WUDQVPLVVLRQ RI D JLYHQ VHW

RI YDULDQWV LQ D GLJHQLF SDLU� DQG WKLV LV WUXH RI DW OHDVW WZR SUREDQGV �RU VLEOLQJV�� WKH JHQH SDLU

LV�FRQVLGHUHG�D�³FDQGLGDWH�VHW�´

�������+LJKHVW�RUGHU�JHQH�VHW�HQXPHUDWLRQ

:H GHILQHG WKH FRQFHSW RI D ³KLJKHVW�RUGHU´ JHQH VHW� ZKLFK FRPSULVHV WKH ODUJHVW

XQLTXH FDQGLGDWH VHW REVHUYHG LQ WZR RU PRUH SUREDQGV �6XSSOHPHQWDO )LJXUH ��� 7R HIILFLHQWO\

HQXPHUDWH WKHVH VHWV� ZH EHJLQ ZLWK WKH SUHYLRXVO\�FDOFXODWHG GLJHQLF SDLUV DQG WKH OLVW RI

RIIVSULQJ KDUERULQJ WKHP� $ KLJKHVW�RUGHU FDQGLGDWH VHW QHFHVVDULO\ FRQWDLQV DW OHDVW RQH

TXDOLI\LQJ GLJHQLF SDLU� WKHUHIRUH ZH UHGXFH WKH FRPSXWDWLRQDO VHDUFK VSDFH E\ RQO\ H[DPLQLQJ

SDLUV RI RIIVSULQJ DOUHDG\ NQRZQ WR FDUU\ D FRPPRQ GLJHQLF FDQGLGDWH� )RU HYHU\ SDLU RI

��



SUREDQGV VKDULQJ D GLJHQLF FDQGLGDWH� DOO DGGLWLRQDO GDPDJLQJ YDULDQW�KDUERULQJ JHQHV LQ

FRPPRQ EHWZHHQ WKH WZR SUREDQGV FRPSULVH D KLJKHVW�RUGHU VHW� ,Q RWKHU ZRUGV� WKH JHQH SDLU

LV H[SDQGHG E\ DGGLQJ DOO RWKHU VKDUHG JHQHV� IRU HYHU\ SDLUZLVH FRPELQDWLRQ RI SUREDQGV WKDW

VKDUH WKH GLJHQLF SDLU� :H UHIHU WR WKHVH JURXSV DV WKH ³PD[LPXP FRPPRQ JHQH�VHWV´ DPRQJ

SDLUV�RI�SUREDQGV�

7KH ILQDO VWHS LV WR FKHFN ZKHWKHU DQ\ ORZHU�RUGHU VHWV IRU D JLYHQ SDLU RI SUREDQGV LV

IRXQG LQ RQH RU PRUH DGGLWLRQDO SUREDQGV� )RU H[DPSOH� 3UREDQG� DQG 3UREDQG� PD\ KDYH D

KLJKHVW�RUGHU VHW RI *HQH$�*HQH%�*HQH&�*HQH'� ZKLOH 3UREDQG� DQG 3UREDQG� KDYH D

KLJKHVW�RUGHU VHW RI *HQH$�*HQH%�*HQH'�*HQH(� 7KH LQLWLDO DOJRULWKPLF SDVV RQO\ UHFRUGV WKH

IROORZLQJ�IURP�SDLUZLVH�SUREDQG�FRPSDULVRQV�

^��>���3UREDQG���3UREDQG��������*HQH$�*HQH%�*HQH&�*HQH'����

��3UREDQG���3UREDQG��������*HQH$�*HQH%�*HQH'�*HQH(����

��3UREDQG���3UREDQG��������*HQH$�*HQH%�*HQH'�*HQH;�*HQH<���@��`�

+RZHYHU� WKH VHW *HQH$�*HQH%�*HQH' FRXOG KDYH EHHQ WUDQVPLWWHG ROLJRJHQLFDOO\ WR DOO

WKUHH SUREDQGV� FRPSULVLQJ D XQLTXH FDQGLGDWH VHW ZLWK LWV RZQ WUDQVPLVVLRQ FRXQW  �� *&2'

WKHUHIRUH VRUWV WKH PD[LPXP SDLUZLVH FRPPRQ VHWV E\ WKH QXPEHU RI SDUWLFLSDWLQJ JHQHV�

EHJLQQLQJ ZLWK WKH ODUJHVW JHQH�VHW DQG VHTXHQWLDOO\ FKHFNLQJ DJDLQVW VPDOOHU JHQH�VHWV

FRPPRQ EHWZHHQ RWKHU SUREDQG SDLUV� ,I WKH XQLRQ RI JHQHV LV JUHDWHU WKDQ �� DQG LI WKH YDULDQWV

FRPSULVLQJ WKDW VPDOOHU VHW ZHUH WUDQVPLWWHG ROLJRJHQLFDOO\� WKHQ WKH VXEVHW EHFRPHV DQ

DGGLWLRQDO KLJKHVW�RUGHU FDQGLGDWH HQWU\� 7KXV� VLQFH WKH $�%�' FRPELQDWLRQ LV D VXEVHW RI

$�%�&�'� $�%�'�(� DQG $�%�'�;�< LQ WKH H[DPSOH DERYH� ZH DSSHQG *HQH$�*HQH%�*HQH' DV

D FDQGLGDWH ROLJRJHQLF VHW LQ WKH KLJKHVW�RUGHU DQDO\VLV �DV ORQJ DV WKH WUDQVPLVVLRQ RI WKRVH

YDULDQWV�PHHW�FULWHULD�IRU�ROLJRJHQLF�WUDQVPLVVLRQ�LQ�DOO�SUREDQGV��

��



�������/RJLVWLF�UHJUHVVLRQ�ILOWHULQJ

%HIRUH VLPXODWLRQ DQDO\VLV� FDQGLGDWH VHWV DUH ILOWHUHG EDVHG RQ WKHLU LQWHUDFWLRQ

FRHIILFLHQW LQ D ORJLVWLF UHJUHVVLRQ PRGHO� 'LVHDVH VWDWXV LV SUHGLFWHG E\ Q�� YDULDEOHV� ZKHUH Q

LV WKH QXPEHU RI JHQHV LQ DQ ROLJRJHQLF FDQGLGDWH VHW� )RU DOO SDUHQWV DQG SUREDQGV �DQG

VHTXHQFHG VLEOLQJV ZKHUH DSSOLFDEOH�� WKH SUHVHQFH�DEVHQFH RI D TXDOLI\LQJ YDULDQW LQ HDFK

LQGLYLGXDO JHQH� DV ZHOO DV ZKHWKHU DOO JHQHV LQ WKH FRPELQDWLRQ KDUERU D YDULDQW LQ WKDW

LQGLYLGXDO� DUH GHQRWHG E\ ���� :H XVH WKH ELQRPLDO JOP�� IXQFWLRQ LQ 5 �YHUVLRQ �������5 &RUH

7HDP ������ ZLWK �� PD[LPXP LWHUDWLRQV WR WHVW ZKHWKHU WKH FRHIILFLHQW RI WKH JHQH LQWHUDFWLRQ LV

JUHDWHU WKDQ �� 7KLV LQGLFDWHV WKDW WKH FRPELQDWLRQ LWVHOI LV EURDGO\ DVVRFLDWHG ZLWK GLVHDVH LQ

WKLV GDWDVHW� DQG LW UHPRYHV VSXULRXV FRPELQDWLRQV WKDW DUH GULYHQ E\ D VLQJOH JHQH ZLWKLQ WKH

VHW�

�������2OLJRJHQLF�WUDQVPLVVLRQ�VLPXODWLRQ�WHVW

)RU HDFK IDPLO\� SDUHQWDO JHQRW\SHV DW ORFL SDUWLFLSDWLQJ LQ FDQGLGDWH VHWV DUH DJJUHJDWHG

DQG XVHG WR VLPXODWH ������ UDQGRP RIIVSULQJ� 2QH RI HDFK DOOHOH IURP IDWKHU DQG PRWKHU LV

UDQGRPO\ VHOHFWHG WR FRPSULVH WKH VLPXODWHG RIIVSULQJ JHQRW\SH DW HDFK ORFXV� DQG DGGLWLRQDO

GH QRYR PXWDWLRQV DUH VLPXODWHG EDVHG RQ SUHYLRXVO\�GHULYHG PXWDELOLW\ FRQVWDQWV�6DPRFKD HW

DO� ������ $ JHQH�E\�IDPLO\ PDWUL[ DQG SDUHQWDO SURYHQDQFH PDWULFHV �DV GHVFULEHG DERYH LQ

³'LJHQLF SDLUV HQXPHUDWLRQ´� LV FUHDWHG IRU HDFK RI WKH ������ VLPXODWHG FRKRUWV� )RU HDFK

ROLJRJHQLF FDQGLGDWH VHW� ZH LQGH[ WKH FRQVWLWXHQW JHQHV DQG UHFRUG ZKLFK VLPXODWHG RIIVSULQJ

FDUU\ WKDW FRPELQDWLRQ� FRQWLQJHQW RQ ROLJRJHQLF WUDQVPLVVLRQ� )RU HDFK FDQGLGDWH VHW� WKLV

JHQHUDWHV D GLVWULEXWLRQ RI FR�RFFXUUHQFH FRXQWV EDVHG RQ SDUHQWDO JHQRW\SHV XQGHU WKH QXOO

K\SRWKHVLV RI QR GLVHDVH DVVRFLDWLRQ �L�H�� UDQGRP WUDQVPLVVLRQ�� 7KH UDZ S�YDOXH LV GHWHUPLQHG

E\ WKH SURSRUWLRQ RI LWHUDWLRQV ZLWK D VLPXODWHG FRXQW DV ODUJH RU ODUJHU WKDQ WKH SUREDQG WHVW

VWDWLVWLF� *&2' UHWXUQV WKH WHVW VWDWLVWLF �QXPEHU RI SUREDQGV REVHUYHG ZLWK WKH ROLJRJHQLF

FRPELQDWLRQ� DQG UDZ� %HQMDPLQL�+RFKEHUJ )'5�FRUUHFWHG� DQG %RQIHUURQL�FRUUHFWHG S�YDOXHV

��



IRU HDFK FDQGLGDWH VHW� ,Q WKLV VWXG\� ZH XVH D VLJQLILFDQFH WKUHVKROG RI %RQIHUURQL�FRUUHFWHG

S�YDOXH�OHVV�WKDQ������

�������6LQJOH�JHQH�WUDQVPLVVLRQ�VLPXODWLRQ�WHVW

)URP WKH ������ VLPXODWHG JHQH�E\�IDPLO\ PDWULFHV GHVFULEHG LQ WKH ³2OLJRJHQLF

WUDQVPLVVLRQ VLPXODWLRQ WHVW´ DERYH� ZH DGGLWLRQDOO\ FUHDWH PDUJLQDO QXOO GLVWULEXWLRQV RI WKH

QXPEHU RI SUREDQGV KDUERULQJ YDULDQWV LQ HDFK JHQH DQG XVH WKHVH WR FRPSXWH S�YDOXHV IRU

LQGLYLGXDO JHQHV� 6LJQLILFDQW S�YDOXHV LQGLFDWH WKH ELQDU\ SUHVHQFH RI DQ\ TXDOLI\LQJ YDULDQW LQ D

JHQH LV VLJQLILFDQWO\ KLJKHU LQ SUREDQGV WKDQ UDQGRPO\ VLPXODWHG RIIVSULQJ� 1RWH WKDW WKLV LV

GLVWLQFW IURP D WUDGLWLRQDO 7UDQVPLVVLRQ 'LVHTXLOLEULXP 7HVW LQ WKDW WKH FRXQW RI ELQDU\

SUHVHQFH�DEVHQFH DFURVV SUREDQGV LV WKH WHVW VWDWLVWLF KHUH� LQVWHDG RI DOO YDULDQW WUDQVPLVVLRQV

ZLWKLQ�WKH�JLYHQ�JHQH�

�������*HQH�RQWRORJ\�DQDO\VLV

:H SHUIRUPHG *HQH 2QWRORJ\ �*2� DQDO\VHV XVLQJ WKH *2$722/6 SDFNDJH LQ 3\WKRQ�

�YHUVLRQ �������.ORSIHQVWHLQ HW DO� ������� XVLQJ WKH *2(QULFKPHQW6WXG\16�� IXQFWLRQ ZLWK

GHIDXOW VHWWLQJV �DOSKD  ����� FRUUHFWLRQ PHWKRG  IGUBEK IRU %HQMDPLQL�+RFKEHUJ

)'5�DGMXVWHG S�YDOXHV�� :KHQ UHSRUWLQJ WRS HQULFKHG WHUPV� ZH IRFXVHG RQ *2 FDWHJRULHV ZLWK

PRUH�WKDQ�ILYH�JHQH�PHPEHUV�EHFDXVH�VPDOO�FDWHJRULHV�DUH�SURQH�WR�IDOVH�SRVLWLYHV�

�������2OLJRJHQLF�VHW�QHWZRUN�GLVFRYHU\�DQG�GHSLFWLRQ

:H VHOHFWHG VSHFLILF ROLJRJHQLF VHWV LQ &+' SUREDQGV EDVHG RQ FULWHULD GHWDLOHG EHORZ�

7R YLVXDOL]H JHQH QHWZRUN QRGHV UHSUHVHQW JHQHV DQG DUH FRORUHG DFFRUGLQJ WR IXQFWLRQDO

DQQRWDWLRQV� (GJHV LQGLFDWH WKDW JHQHV FDUU\ GDPDJLQJ YDULDQWV LQ WKH VDPH SUREDQG� ZLWK HGJH

ZLGWK UHSUHVHQWLQJ WKH QXPEHU RI SUREDQGV ZLWK FR�RFFXUULQJ PXWDWLRQV LQ WKDW JHQH SDLU� 1RWH

WKDW WKH HGJH FRXQWV FDQ LQFOXGH SUREDQGV LQ ZKLFK WKH JHQH SDLU ZDV LQKHULWHG IURP RQH SDUHQW

�QRQ�ROLJRJHQLF WUDQVPLVVLRQ�� XQGHU WKH FRQGLWLRQ WKDW D KLJKHU�RUGHU ROLJRJHQLF VHW LQFOXGHV

��



WKDW WUDQVPLVVLRQ �L�H�� DW OHDVW RQH YDULDQW LQ DQRWKHU JHQH LQ WKH KLJKHU�RUGHU VHW ZDV LQKHULWHG

IURP WKH RWKHU SDUHQW RU PXWDWHG GH QRYR�� (GJHV DUH QRW GUDZQ EHWZHHQ QRGHV XQOHVV WKH WZR

JHQHV DSSHDU WRJHWKHU LQ DW OHDVW RQH VLJQLILFDQW ROLJRJHQLF VHW� 2OLJRJHQLF VHWV DUH UHSRUWHG LQ

WKH DFFRPSDQ\LQJ WH[W� DV ZHOO DV 6XSSOHPHQWDO 7DEOH � IRU WKH IXOO FRKRUW DQG 6XSSOHPHQWDO

7DEOH � IRU JURXSV VSHFLILF WR D SDUWLFXODU GLDJQRVLV� )RU EUHYLW\� RQO\ VHOHFW VLJQLILFDQW VHWV RI

LQWHUHVW�DUH�LQFOXGHG�LQ�WKH�SURYHQDQFH�PDWULFHV�LQ�WKHVH�VXSSOHPHQWDO�WDEOHV�

)RU )LJXUH �%� ZH GLVFRYHUHG WZR ROLJRJHQLF VHWV LQ ZKLFK JHQHV DUH NQRZQ WR SK\VLFDOO\

LQWHUDFW LQ D FDQRQLFDO SURWHLQ FRPSOH[� :H VHOHFWHG DOO RWKHU VLJQLILFDQW ROLJRJHQLF VHWV

FRQWDLQLQJ DW OHDVW RQH JHQH LQ WKHVH FRPSOH[HV� DQG YLVXDOL]HG WKHP XVLQJ JHQHV IRU QRGHV

DQG FR�RFFXUUHQFHV DV HGJHV� )RU )LJXUH �'� ZH VRXJKW DQ ROLJRJHQLF VHW ZLWK VHYHUDO FRXQWV

RI ROLJRJHQLF WUDQVPLVVLRQV EXW UDUHO\ DQ\ YDULDQW FRPELQDWLRQV VHHQ LQ XQDIIHFWHG SDUHQWV�

GLVFRYHULQJ WKH 0<2��%�6$&6 FRPELQDWLRQ WUDQVPLWWHG ROLJRJHQLFDOO\ �� RXW RI �� WLPHV� :H

DGGLWLRQDOO\ LQFRUSRUDWHG JHQHV DSSHDULQJ LQ VLJQLILFDQW ROLJRJHQLF VHWV LQ DQ\ RI WKHVH ��

SUREDQGV� )LJXUH �$ VKRZV DOO VLJQLILFDQW VHWV FRQWDLQLQJ $56* LQ WKH &+' DQG $6' FRKRUWV ��

SDLUV���DQG�)LJXUH��%�VKRZV�DOO�VLJQLILFDQW�VHWV�FRQWDLQLQJ�+(5&��LQ�WKH�$6'�FRKRUW����SDLUV��

����'$7$�$1'�62)7:$5(�$&&(66

3&*& YDULDQWV DUH DYDLODEOH XQGHU GE*D3 6WXG\ $FFHVVLRQ� SKV�������Y��S� IRU

TXDOLI\LQJ UHVHDUFKHUV� *&2' VRIWZDUH� LQFOXGLQJ -XS\WHU QRWHERRNV ZLWK GHWDLOHG DQDO\VHV DQG

XVH�FDVHV��LV�SURYLGHG�DW�KWWSV���JLWKXE�FRP�PHSLWWPDQ�JFRG�

��



5()(5(1&(6

���� *HQRPHV 3URMHFW &RQVRUWLXP� $GDP $XWRQ� /LVD '� %URRNV� 5LFKDUG 0� 'XUELQ� (ULN 3�

*DUULVRQ� +\XQ 0LQ .DQJ� -DQ 2� .RUEHO� HW DO� ����� ³$ *OREDO 5HIHUHQFH IRU +XPDQ

*HQHWLF�9DULDWLRQ�´ 1DWXUH ��������������±���

$NKLURPH� (KLROH� 1HSKL $� :DOWRQ� -XOLH 0� 1RJHH� DQG 3DWULFN <� -D\� ����� ³7KH &RPSOH[

*HQHWLF %DVLV RI &RQJHQLWDO +HDUW 'HIHFWV�´ &LUFXODWLRQ -RXUQDO� 2IILFLDO -RXUQDO RI WKH

-DSDQHVH�&LUFXODWLRQ�6RFLHW\ �����������±���

$OVHPDUL� $EGXOD]L]� 0RKDQQHG $OVXKDLEDQL� 5DZDEL $OKDWKORRO� DQG %D\DQ 0DPGRXK $OL�

����� ³3RWHQWLDO 2OLJRJHQLF 'LVHDVH RI 0HQWDO 5HWDUGDWLRQ� 6KRUW 6WDWXUH� 6SDVWLF

3DUDSDUHVLV� DQG 2VWHRSHWURVLV�´ 7KH $SSOLFDWLRQ RI &OLQLFDO *HQHWLFV �� �1RYHPEHU��

���±���

$]KDU� 0RKDPDG� -R (O -� 6FKXOW]� ,QJULG *UXSS� *HUDOG :� 'RUQ �QG� 3LHUUH 0HQHWRQ� 'DQLHO *�

0� 0ROLQ� $GULDQD &� *LWWHQEHUJHU�GH *URRW� DQG 7KRPDV 'RHWVFKPDQ� �����

³7UDQVIRUPLQJ *URZWK )DFWRU %HWD LQ &DUGLRYDVFXODU 'HYHORSPHQW DQG )XQFWLRQ�´ &\WRNLQH

	�*URZWK�)DFWRU�5HYLHZV �����������±����

%RVFK� (OHQD� +DILG /DD\RXQL� &DUORV 0RUFLOOR�6XDUH]� )HUUDQ &DVDOV� $QGUpV 0RUHQR�(VWUDGD�

$QQD )HUUHU�$GPHWOOD� 0LFKHOOH *DUGQHU� HW DO� ����� ³'HFD\ RI /LQNDJH 'LVHTXLOLEULXP

ZLWKLQ *HQHV DFURVV +*'3�&(3+ +XPDQ 6DPSOHV� 0RVW 3RSXODWLRQ ,VRODWHV 'R 1RW 6KRZ

,QFUHDVHG�/'�´ %0&�*HQRPLFV ����-XO\�������

&DR� -XQ\XH� 'LDQD 5� 2¶'D\� +DQQDK $� 3OLQHU� 3DXO '� .LQJVOH\� 0HL 'HQJ� 5L]D 0� 'D]D�

0LFKDHO $� =DJHU� HW DO� ����� ³$ +XPDQ &HOO $WODV RI )HWDO *HQH ([SUHVVLRQ�´ 6FLHQFH ���

��������KWWSV���GRL�RUJ���������VFLHQFH�DED�����

&DR� 6L�<XDQ� +XL�/LDQJ 6KHQ� /XQ /XR� 6KX�-LH &KHQ� DQG &KXQJXDQJ /L� ����� ³3&1HW� $

6WUXFWXUH 6LPLODULW\ (QKDQFHPHQW 0HWKRG IRU 0XOWLVSHFWUDO DQG 0XOWLPRGDO ,PDJH

5HJLVWUDWLRQ�´ DU;LY�>FV�&9@��DU;LY� KWWS���DU[LY�RUJ�DEV������������

��
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&DVVD� &KULVWRSKHU $�� 'RQDWH :HJKRUQ� 'DQLHO -� %DOLFN� 'DQLHO 0� -RUGDQ� 'DYLG 1XVLQRZ�

.DLWOLQ (� 6DPRFKD� $QQH 2¶'RQQHOO�/XULD� HW DO� ����� ³(VWLPDWLQJ WKH 6HOHFWLYH (IIHFWV RI

+HWHUR]\JRXV 3URWHLQ�7UXQFDWLQJ 9DULDQWV IURP +XPDQ ([RPH 'DWD�´ 1DWXUH *HQHWLFV ��

��������±���

&KDQ� +� 0�� DQG 1� %� /D 7KDQJXH� ����� ³S����&%3 3URWHLQV� +$7V IRU 7UDQVFULSWLRQDO

%ULGJHV�DQG�6FDIIROGV�´ -RXUQDO�RI�&HOO�6FLHQFH ��� �3W����������±���

&ULSH� /LQGD� *UHJRU $QGHOILQJHU� /LVD -� 0DUWLQ� .HUU\ 6KRRQHU� DQG '� :RRGURZ %HQVRQ� �����

³%LFXVSLG $RUWLF 9DOYH ,V +HULWDEOH�´ -RXUQDO RI WKH $PHULFDQ &ROOHJH RI &DUGLRORJ\ �� ����

���±���

'DQNHO� 6LPRQ 1�� (OLVH *U\WWHQ� -DQ�,QJH %MXQH� +DQV -¡UJHQ 1LHOVHQ� $UQH 'LHWULFK� 0DWWKLDV

%O�KHU� -¡UQ 9� 6DJHQ� DQG *XQQDU 0HOOJUHQ� ����� ³&2/�$� ([SUHVVLRQ LQ $GLSRVH 7LVVXH

&HOOV ,V $VVRFLDWHG ZLWK /HYHOV RI WKH +RPHRER[ 7UDQVFULSWLRQ )DFWRU 355;��´ 6FLHQWLILF

5HSRUWV ��������������

(OOLQJIRUG� -DPLH 0�� -RR :RRN $KQ� 5LFKDUG '� %DJQDOO� 'LDQD %DUDOOH� 6WHSKDQLH %DUWRQ� &KULV

&DPSEHOO� .DWH 'RZQHV� HW DO� ����� ³5HFRPPHQGDWLRQV IRU &OLQLFDO ,QWHUSUHWDWLRQ RI

9DULDQWV�)RXQG�LQ�1RQ�&RGLQJ�5HJLRQV�RI�WKH�*HQRPH�´ *HQRPH�0HGLFLQH �����������

(ZHQV� :DUUHQ -� ����� ³6WDWLVWLFDO $VSHFWV RI WKH 7UDQVPLVVLRQ�'LVHTXLOLEULXP 7HVW �7'7��´

/HFWXUH�1RWHV�0RQRJUDSK�6HULHV���,QVWLWXWH�RI�0DWKHPDWLFDO�6WDWLVWLFV ������±���

*HQWLO� %HQRLW -�� *LD�7KDQK /DL� 0DULH 0HQDGH� 5R[DQQH /DULYLqUH� 6DQGUD 0LQRWWL� .DOOH

*HKULQJ� -�3DXO &KDSSOH� %HUQDUG %UDLV� DQG +HDWKHU '� 'XUKDP� ����� ³6DFVLQ� 0XWDWHG

LQ WKH $WD[LD $56$&6� 5HJXODWHV ,QWHUPHGLDWH )LODPHQW $VVHPEO\ DQG '\QDPLFV�´ )$6(%

-RXUQDO� 2IILFLDO 3XEOLFDWLRQ RI WKH )HGHUDWLRQ RI $PHULFDQ 6RFLHWLHV IRU ([SHULPHQWDO

%LRORJ\ ������������±���

*LIIRUG� &DVH\ $�� 6DQMHHY 6� 5DQDGH� 5\DQ 6DPDUDNRRQ� +D]HO 7� 6DOXQJD� 7� <YDQND GH

6R\VD� <X +XDQJ� 3LQJ =KRX� HW DO� ����� ³2OLJRJHQLF ,QKHULWDQFH RI D +XPDQ +HDUW

'LVHDVH�,QYROYLQJ�D�*HQHWLF�0RGLILHU�´ 6FLHQFH ��� �����������±���
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*LXUJLX� 0DGDOLQD� -XOLDQ 5HLQKDUG� %DUEDUD %UDXQHU� ,UPWUDXG 'XQJHU�.DOWHQEDFK� *LVHOD

)RER� *RDU )ULVKPDQ� &RULQQD 0RQWURQH� DQG $QGUHDV 5XHSS� ����� ³&2580� 7KH

&RPSUHKHQVLYH 5HVRXUFH RI 0DPPDOLDQ 3URWHLQ &RPSOH[HV������´ 1XFOHLF $FLGV

5HVHDUFK ����'����'���±���

+H� =RQJ[LDR� 'L =KDQJ� $ODQ (� 5HQWRQ� %LDR /L� /LQKDL =KDR� *DR 7� :DQJ� $OLVRQ 0� *RDWH�

5LFKDUG 0D\HX[� DQG 6X]DQQH 0� /HDO� ����� ³7KH 5DUH�9DULDQW *HQHUDOL]HG

'LVHTXLOLEULXP 7HVW IRU $VVRFLDWLRQ $QDO\VLV RI 1XFOHDU DQG ([WHQGHG 3HGLJUHHV ZLWK

$SSOLFDWLRQ WR $O]KHLPHU 'LVHDVH :*6 'DWD�´ $PHULFDQ -RXUQDO RI +XPDQ *HQHWLFV ���

��������±����

+LQWRQ� 5REHUW %�� -U� /LVD -� 0DUWLQ� 0HUHGLWK (� 7DEDQJLQ� 0MD\H /� 0D]ZL� /LQGD +� &ULSH� DQG

'� :RRGURZ %HQVRQ� ����� ³+\SRSODVWLF /HIW +HDUW 6\QGURPH ,V +HULWDEOH�´ -RXUQDO RI WKH

$PHULFDQ�&ROOHJH�RI�&DUGLRORJ\ �������������±���

+RDQJ� 7KDQK 7�� (OL]DEHWK *ROGPXQW]� $P\ (� 5REHUWV� :HQG\ .� &KXQJ� -HQQLH .� .OLQH�

-RKQ (� 'HDQILHOG� $OHVVDQGUR *LDUGLQL� HW DO� ����� ³7KH &RQJHQLWDO +HDUW 'LVHDVH *HQHWLF

1HWZRUN�6WXG\��&RKRUW�'HVFULSWLRQ�´ 3OR6�2QH ������� H��������

+XDQJ� <DQ� *DQJ /L� .DL :DQJ� =KRQJ\L 0X� 4LQJSHQJ ;LH� +RQJFKHQ 4X� +DQJ /Y� DQG %LQ

+X� ����� ³&ROODJHQ 7\SH 9, $OSKD � &KDLQ 3URPRWHV (SLWKHOLDO�0HVHQFK\PDO 7UDQVLWLRQ LQ

%ODGGHU &DQFHU &HOOV YLD 7UDQVIRUPLQJ *URZWK )DFWRU ȕ �7*)�ȕ��6PDG 3DWKZD\�´ 0HGLFDO

6FLHQFH 0RQLWRU� ,QWHUQDWLRQDO 0HGLFDO -RXUQDO RI ([SHULPHQWDO DQG &OLQLFDO 5HVHDUFK ��

�$XJXVW�������±���

+XWVRQ� 0DU\ 5�� DQG 0DUJDUHW /� .LUE\� ����� ³0RGHO 6\VWHPV IRU WKH 6WXG\ RI +HDUW

'HYHORSPHQW DQG 'LVHDVH� &DUGLDF 1HXUDO &UHVW DQG &RQRWUXQFDO 0DOIRUPDWLRQV�´

6HPLQDUV�LQ�&HOO�	�'HYHORSPHQWDO�%LRORJ\ �����������±���

,VJXW� 0RQLFD� -LPHQJ 6XQ� $UVKHG $� 4X\\XPL� DQG *UHJ *LEVRQ� ����� ³+LJKO\ (OHYDWHG

3RO\JHQLF 5LVN 6FRUHV $UH %HWWHU 3UHGLFWRUV RI 0\RFDUGLDO ,QIDUFWLRQ 5LVN (DUO\ LQ /LIH WKDQ

/DWHU�´ *HQRPH�0HGLFLQH �����������

���
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-DQNQHFKW� 5�� 1� -� :HOOV� DQG 7� +XQWHU� ����� ³7*)�%HWD�6WLPXODWHG &RRSHUDWLRQ RI 6PDG

3URWHLQV�ZLWK�WKH�&RDFWLYDWRUV�&%3�S����´ *HQHV�	 'HYHORSPHQW �������������±���

-LQ� 6KHQJ &KLK� -DVRQ +RPV\� 6DPLU =DLGL� 4LRQJVKL /X� 6DUDK 0RUWRQ� 6WHYHQ 5� 'H3DOPD�

;XH =HQJ� HW DO� ����� ³&RQWULEXWLRQ RI 5DUH ,QKHULWHG DQG GH 1RYR 9DULDQWV LQ �����

&RQJHQLWDO�+HDUW�'LVHDVH�3UREDQGV�´ 1DWXUH�*HQHWLFV �������������±�����

.DUF]HZVNL� .RQUDG -�� /DXUHQW &� )UDQFLROL� *UDFH 7LDR� %HU\O %� &XPPLQJV� -HVVLFD $OI|OGL�

4LQJER :DQJ� 5\DQ /� &ROOLQV� HW DO� ����� ³7KH 0XWDWLRQDO &RQVWUDLQW 6SHFWUXP 4XDQWLILHG

IURP�9DULDWLRQ�LQ���������+XPDQV�´ 1DWXUH ����������� ���±���

.HUQHU� *DVSDUG� 0DWWKLHX %RXD]L]� $XUpOLH &REDW� %HQHGHWWD %LJLR� $QGUHZ 7� 7LPEHUODNH�

-DFLQWD %XVWDPDQWH� 5LFKDUG 3� /LIWRQ� -HDQ�/DXUHQW &DVDQRYD� DQG /DXUHQW $EHO� ����� ³$

*HQRPH�:LGH &DVH�2QO\ 7HVW IRU WKH 'HWHFWLRQ RI 'LJHQLF ,QKHULWDQFH LQ +XPDQ ([RPHV�´

3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI $PHULFD ��� �����

�����±���

.H\WH� $QQD� DQG 0DU\ 5HGPRQG +XWVRQ� ����� ³7KH 1HXUDO &UHVW LQ &DUGLDF &RQJHQLWDO

$QRPDOLHV�´ 'LIIHUHQWLDWLRQ��5HVHDUFK�LQ�%LRORJLFDO 'LYHUVLW\ ����������±���

.LQJGRP� 5HEHFFD� DQG &DUROLQH )� :ULJKW� ����� ³,QFRPSOHWH 3HQHWUDQFH DQG 9DULDEOH

([SUHVVLYLW\� )URP &OLQLFDO 6WXGLHV WR 3RSXODWLRQ &RKRUWV�´ )URQWLHUV LQ *HQHWLFV �� �-XO\��

�������

.|KOHU� 6HEDVWLDQ� 0LFKDHO *DUJDQR� 1LFRODV 0DWHQW]RJOX� /HLJK &� &DUPRG\� 'DYLG

/HZLV�6PLWK� 1LFROH $� 9DVLOHYVN\� 'DQLHO 'DQLV� HW DO� ����� ³7KH +XPDQ 3KHQRW\SH

2QWRORJ\�LQ������´ 1XFOHLF�$FLGV�5HVHDUFK ����'��� '����±���

.RXVL� 0DULD� DQG 1LFKRODV .DWVDQLV� ����� ³*HQHWLF 0RGLILHUV DQG 2OLJRJHQLF ,QKHULWDQFH�´

&ROG 6SULQJ +DUERU 3HUVSHFWLYHV LQ 0HGLFLQH � ����

KWWSV���GRL�RUJ���������FVKSHUVSHFW�D�������

.RXWVRXUDNLV� 0�� $� /DQJHYHOG� 5� 3DWLHQW� 5� %HGGLQJWRQ� DQG )� *URVYHOG� ����� ³7KH

7UDQVFULSWLRQ )DFWRU *$7$� ,V (VVHQWLDO IRU (DUO\ ([WUDHPEU\RQLF 'HYHORSPHQW�´

���
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'HYHORSPHQW ������������±���

/HSRUH� -RKQ -�� 3DWULFLD $� 0HULFNR� /DQ &KHQJ� 0LQ 0LQ /X� (GZDUG (� 0RUULVH\� DQG 0LFKDHO

6� 3DUPDFHN� ����� ³*$7$�� 5HJXODWHV 6HPDSKRULQ �& DQG ,V 5HTXLUHG LQ &DUGLDF 1HXUDO

&UHVW IRU &DUGLRYDVFXODU 0RUSKRJHQHVLV�´ 7KH -RXUQDO RI &OLQLFDO ,QYHVWLJDWLRQ ��� ����

���±���

/LEHU]RQ� $UWKXU� &KHW %LUJHU� +HOJD 7KRUYDOGVGyWWLU� 0DKPRXG *KDQGL� -LOO 3� 0HVLURY� DQG

3DEOR 7DPD\R� ����� ³7KH 0ROHFXODU 6LJQDWXUHV 'DWDEDVH �06LJ'%� +DOOPDUN *HQH 6HW

&ROOHFWLRQ�´ &HOO�6\VWHPV ����������±���

/L� 3HQJ� 0RKDPPDG 3DVKPIRURXVK� DQG +HQU\ 0� 6XFRY� ����� ³5HWLQRLF $FLG 5HJXODWHV

'LIIHUHQWLDWLRQ RI WKH 6HFRQGDU\ +HDUW )LHOG DQG 7*)EHWD�0HGLDWHG 2XWIORZ 7UDFW

6HSWDWLRQ�´ 'HYHORSPHQWDO�&HOO �����������±���

0DKGDYL� 9�� 0� 3HULDVDP\� DQG %� 1DGDO�*LQDUG� ����� ³0ROHFXODU &KDUDFWHUL]DWLRQ RI 7ZR

0\RVLQ�+HDY\�&KDLQ�*HQHV�([SUHVVHG�LQ�WKH�$GXOW�+HDUW�´ 1DWXUH ���������������±���

0DLWUD� 0HHQDNVKL� 6DUD 1� .RHQLJ� 'HHSDN 6ULYDVWDYD� DQG 9LGX *DUJ� ����� ³,GHQWLILFDWLRQ RI

*$7$� 6HTXHQFH 9DULDQWV LQ 3DWLHQWV ZLWK &RQJHQLWDO +HDUW 'HIHFWV�´ 3HGLDWULF 5HVHDUFK

�����������±���

0DUVFKDQJ� 3HWHU� -RFKHQ %ULFK� (GZLQ -� :HHEHU� -� 'DYLG 6ZHDWW� -RKQ 0� 6KHOWRQ� -DPHV $�

5LFKDUGVRQ� 5REHUW (� +DPPHU� DQG -RDFKLP +HU]� ����� ³1RUPDO 'HYHORSPHQW DQG

)HUWLOLW\ RI .QRFNRXW 0LFH /DFNLQJ WKH 7XPRU 6XSSUHVVRU *HQH /53�E 6XJJHVW )XQFWLRQDO

&RPSHQVDWLRQ�E\�/53��´ 0ROHFXODU�DQG�&HOOXODU�%LRORJ\ ������������±���

0F%ULGH� .LP /�� 5LFDUGR 3LJQDWHOOL� 0DUN /HZLQ� 7UDQJ +R� 6XVDQ )HUQEDFK� $QGUHV 0HQHVVHV�

:LOEXU /DP� HW DO� ����� ³,QKHULWDQFH $QDO\VLV RI &RQJHQLWDO /HIW 9HQWULFXODU 2XWIORZ 7UDFW

2EVWUXFWLRQ 0DOIRUPDWLRQV� 6HJUHJDWLRQ� 0XOWLSOH[ 5HODWLYH 5LVN� DQG +HULWDELOLW\�´ $PHULFDQ

-RXUQDO�RI�0HGLFDO�*HQHWLFV��3DUW�$ ���$���������±���

0LOOHU� :DOWHU /�� 9LVKDO $JUDZDO� 'XDQSHQ 6DQGHH� 0HQJ .LDQ 7HH� 1LQJZX +XDQJ� -L +D &KRL�

.DUL 0RUULVVH\� DQG .DWKOHHQ 0� *LDFRPLQL� ����� ³&RQVHTXHQFHV RI 325 0XWDWLRQV DQG
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3RO\PRUSKLVPV�´ 0ROHFXODU�DQG�&HOOXODU�(QGRFULQRORJ\ ��������������±���

0NDRXDU� 5DKPD� /DPLD &KHULI %HQ $EGDOODK� &KRNUL 1DRXDOL� 6DLGD /DKELE� =LQHW 7XUNL� 6DKDU

(ORXHM� <RVUD %RX\DFRXE� HW DO� ����� ³2OLJRJHQLF ,QKHULWDQFH 8QGHUO\LQJ ,QFRPSOHWH

3HQHWUDQFH RI 352.5� 0XWDWLRQV LQ +\SRJRQDGRWURSLF +\SRJRQDGLVP�´ )URQWLHUV LQ

*HQHWLFV ����6HSWHPEHU����������

0RUWRQ� 6DUDK 8�� $NLNR 6KLPDPXUD� 3HWHU (� 1HZEXUJHU� $OH[DQGHU 5� 2SRWRZVN\� 'DQLHO

4XLDW� $OH[DQGUH &� 3HUHLUD� 6KHQJ &KLK -LQ� HW DO� ����� ³$VVRFLDWLRQ RI 'DPDJLQJ

9DULDQWV LQ *HQHV :LWK ,QFUHDVHG &DQFHU 5LVN $PRQJ 3DWLHQWV :LWK &RQJHQLWDO +HDUW

'LVHDVH�´ -$0$�&DUGLRORJ\ ����������±���

1HHE� =DFKDU\� -DFTXHO\Q '� /DMLQHVV� (VWKHU %RODQLV� DQG 6LPRQ -� &RQZD\� ����� ³&DUGLDF

2XWIORZ 7UDFW $QRPDOLHV�´ :LOH\ ,QWHUGLVFLSOLQDU\ 5HYLHZV� 'HYHORSPHQWDO %LRORJ\ � ����

���±����

2K� -RQJZRQ� -X 6XQ 6RQJ� -RQJ (XQ 3DUN� 6KLQ <L -DQJ� &KDQJ 6HRN .L� DQG 'XN .\XQJ .LP�

����� ³$ &DVH RI $QWOH\�%L[OHU 6\QGURPH :LWK D 1RYHO /LNHO\ 3DWKRJHQLF 9DULDQW

�F����*!&��LQ�WKH�325�*HQH�´ $QQDOV�RI�/DERUDWRU\ 0HGLFLQH �����������±���

2WWR� 'LDQD 0� (�� &ROLQ -� +HQGHUVRQ� 'LDQQH &DUULH� 0HJDQ 'DYH\� 7KRPDV (� *XQGHUVHQ�

5XQH %ORPKRII� 5DOI +� $GDPV� &KHU\OO 7LFNOH� DQG &� 5RODQG :ROI� ����� ³,GHQWLILFDWLRQ RI

1RYHO 5ROHV RI WKH &\WRFKURPH S��� 6\VWHP LQ (DUO\ (PEU\RJHQHVLV� (IIHFWV RQ

9DVFXORJHQHVLV DQG 5HWLQRLF $FLG +RPHRVWDVLV�´ 0ROHFXODU DQG &HOOXODU %LRORJ\ �� �����

����±���

3DUNHU� /DXUHQ (�� DQG $QGUHZ 3� /DQGVWURP� ����� ³*HQHWLF (WLRORJ\ RI /HIW�6LGHG 2EVWUXFWLYH

+HDUW /HVLRQV� $ 6WRU\ LQ 'HYHORSPHQW�´ -RXUQDO RI WKH $PHULFDQ +HDUW $VVRFLDWLRQ �� ����

H�������

3HGLDWULF &DUGLDF *HQRPLFV &RQVRUWLXP� %UXFH *HOE� 0DUWLQD %UXHFNQHU� :HQG\ &KXQJ�

(OL]DEHWK *ROGPXQW]� -RQDWKDQ .DOWPDQ� -XDQ 3DEOR .DVNL� HW DO� ����� ³7KH &RQJHQLWDO

+HDUW 'LVHDVH *HQHWLF 1HWZRUN 6WXG\� 5DWLRQDOH� 'HVLJQ� DQG (DUO\ 5HVXOWV�´ &LUFXODWLRQ
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5HVHDUFK ������������±����

3LHUSRQW� 0DU\ (OOD� 0DUWLQD %UXHFNQHU� :HQG\ .� &KXQJ� 9LGX *DUJ� 5RQDOG 9� /DFUR� $P\ /�

0F*XLUH� 6HHPD 0LWDO� HW DO� ����� ³*HQHWLF %DVLV IRU &RQJHQLWDO +HDUW 'LVHDVH� 5HYLVLWHG�

$ 6FLHQWLILF 6WDWHPHQW )URP WKH $PHULFDQ +HDUW $VVRFLDWLRQ�´ &LUFXODWLRQ ��� �����

H���±����

3RXQUDMD� 9LMD\ .XPDU� DQG 6DQWKRVK *LULUDMDQ� ����� ³$ *HQHUDO )UDPHZRUN IRU ,GHQWLI\LQJ

2OLJRJHQLF &RPELQDWLRQV RI 5DUH 9DULDQWV LQ &RPSOH[ 'LVRUGHUV�´ *HQRPH 5HVHDUFK�

0DUFK��KWWSV���GRL�RUJ���������JU������������

3ULHVW� -DPHV 5�� .D]XWR\R 2VRHJDZD� 1HELO 0RKDPPHG� 9LYHN 1DQGD� 5DPHQGUD .XQGX�

.DWKOHHQ 6FKXOW]� (GZDUG -� /DPPHU� HW DO� ����� ³'H 1RYR DQG 5DUH 9DULDQWV DW 0XOWLSOH

/RFL 6XSSRUW WKH 2OLJRJHQLF 2ULJLQV RI $WULRYHQWULFXODU 6HSWDO +HDUW 'HIHFWV�´ 3/R6

*HQHWLFV ��������H��������

5HQDX[� $OH[DQGUH� 6RILD 3DSDGLPLWULRX� 1DVVLP 9HUVEUDHJHQ� &KDUORWWH 1DFKWHJDHO� 6LPRQ

%RXWU\� $QQ 1RZp� *XLOODXPH 6PLWV� DQG 7RP /HQDHUWV� ����� ³259$/� $ 1RYHO 3ODWIRUP

IRU WKH 3UHGLFWLRQ DQG ([SORUDWLRQ RI 'LVHDVH�&DXVLQJ 2OLJRJHQLF 9DULDQW &RPELQDWLRQV�´

1XFOHLF�$FLGV�5HVHDUFK ����:����:��±���

5HQW]VFK� 3KLOLSS� 'DQLHOD :LWWHQ� *UHJRU\ 0� &RRSHU� -D\ 6KHQGXUH� DQG 0DUWLQ .LUFKHU� �����

³&$''� 3UHGLFWLQJ WKH 'HOHWHULRXVQHVV RI 9DULDQWV WKURXJKRXW WKH +XPDQ *HQRPH�´

1XFOHLF�$FLGV�5HVHDUFK ����'����'���±���

6DPRFKD� .DLWOLQ (�� (OLVH %� 5RELQVRQ� 6WHSKDQ -� 6DQGHUV� &KULVWLQH 6WHYHQV� $QLNR 6DER�

/DXUHQ 0� 0F*UDWK� -DFN $� .RVPLFNL� HW DO� ����� ³$ )UDPHZRUN IRU WKH ,QWHUSUHWDWLRQ RI GH

1RYR�0XWDWLRQ�LQ�+XPDQ�'LVHDVH�´ 1DWXUH�*HQHWLFV �� ��������±���

6FKDDI� &KULVWLDQ 3�� $QLNR 6DER� <DVXQDUL 6DNDL� -DF\ &URVE\� 'RQQD 0X]Q\� $OLFLD +DZHV�

/RUD /HZLV� HW DO� ����� ³2OLJRJHQLF +HWHUR]\JRVLW\ LQ ,QGLYLGXDOV ZLWK +LJK�)XQFWLRQLQJ

$XWLVP�6SHFWUXP�'LVRUGHUV�´ +XPDQ�0ROHFXODU�*HQHWLFV �������������±���

6KHQ� $QQD /�� .DWKOHHQ $� 2¶/HDU\� DQG &KDUOHV %� .DVSHU� ����� ³$VVRFLDWLRQ RI 0XOWLSOH
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'HYHORSPHQWDO 'HIHFWV DQG (PEU\RQLF /HWKDOLW\ ZLWK /RVV RI 0LFURVRPDO

1$'3+�&\WRFKURPH 3��� 2[LGRUHGXFWDVH�´ 7KH -RXUQDO RI %LRORJLFDO &KHPLVWU\ ��� ����

����±���

6SLHOPDQ� 5� 6�� 5� (� 0F*LQQLV� DQG :� -� (ZHQV� ����� ³7UDQVPLVVLRQ 7HVW IRU /LQNDJH

'LVHTXLOLEULXP� 7KH ,QVXOLQ *HQH 5HJLRQ DQG ,QVXOLQ�'HSHQGHQW 'LDEHWHV 0HOOLWXV �,''0��´

$PHULFDQ�-RXUQDO�RI�+XPDQ�*HQHWLFV �����������±���

9HHQVWUD�9DQGHUZHHOH� -HUHP\� 6XVDQ /� &KULVWLDQ� DQG (GZLQ +� &RRN -U� ����� ³$XWLVP DV D

3DUDGLJPDWLF &RPSOH[ *HQHWLF 'LVRUGHU�´ $QQXDO 5HYLHZ RI *HQRPLFV DQG +XPDQ

*HQHWLFV ������±����

:DUNPDQ� $QGUHZ 6�� 6DPDQWKD $� :KLWPDQ� 0HODQLH .� 0LOOHU� 5REHUW -� *DUULRFN� &DWKHULQH

0� 6FKZDFK� &DURO &� *UHJRULR� DQG 3DXO $� .ULHJ� ����� ³'HYHORSPHQWDO ([SUHVVLRQ DQG

&DUGLDF 7UDQVFULSWLRQDO 5HJXODWLRQ RI 0\K�E� D 7KLUG 0\RVLQ +HDY\ &KDLQ LQ WKH 9HUWHEUDWH

+HDUW�´ &\WRVNHOHWRQ �����������±���

:HQGW� )UDQN 5�� &DUROLQD 0XQL] &DUYDOKR� *LWD $� 3DWKDN� -RHO *HOHUQWHU� DQG 5HQDWR

3ROLPDQWL� ����� ³3RO\JHQLF 5LVN IRU $XWLVP 6SHFWUXP 'LVRUGHU $VVRFLDWHV ZLWK $QJHU

5HFRJQLWLRQ LQ D 1HXURGHYHORSPHQW�)RFXVHG 3KHQRPH�:LGH 6FDQ RI 8QDIIHFWHG <RXWKV

IURP�D�3RSXODWLRQ�%DVHG�&RKRUW�´ 3/R6�*HQHWLFV �� �����H��������

:HQJHU� 7DUD /�� &KDUOO\ .DR� 'RQQD 0� 0F'RQDOG�0F*LQQ� (ODLQH +� =DFNDL� $OLFH %DLOH\�

5REHUW 7� 6FKXOW]� %HUQLFH (� 0RUURZ� %HYHUO\ 6� (PDQXHO� DQG +DNRQ +DNRQDUVRQ� �����

³7KH 5ROH RI P*OX5 &RS\ 1XPEHU 9DULDWLRQ LQ *HQHWLF DQG (QYLURQPHQWDO )RUPV RI

6\QGURPLF�$XWLVP�6SHFWUXP�'LVRUGHU�´ 6FLHQWLILF�5HSRUWV ���-DQXDU\���������

;X� 0LQJMLH� -LH <DR� <LQJFKDR 6KL� +XLMXDQ <L� :XNXL =KDR� ;LQKXD /LQ� DQG =KRQJ]KRX <DQJ�

����� ³7KH 65&$3 &KURPDWLQ 5HPRGHOLQJ &RPSOH[ 3URPRWHV 2[LGDWLYH 0HWDEROLVP

GXULQJ 3UHQDWDO +HDUW 'HYHORSPHQW�´ 'HYHORSPHQW ��� ����

KWWSV���GRL�RUJ���������GHY��������

<X� =KDR[LD� DQG /L 'HQJ� ����� ³3VHXGRVLEVKLS 0HWKRGV LQ WKH &DVH�3DUHQWV 'HVLJQ�´
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6WDWLVWLFV�LQ�0HGLFLQH �������������±���

=ORWQLN� 'RU� 7DWLDQD 5DELQVNL� $YLY +DOIRQ� 6KLUD $Q]L� ,QEDU 3ODVFKNHV� +DGDU %HQ\DPLQL� <XYDO

1HYR� HW DO� ����� ³3��� 2[LGRUHGXFWDVH 5HJXODWHV %DUULHU 0DWXUDWLRQ E\ 0HGLDWLQJ

5HWLQRLF $FLG 0HWDEROLVP LQ D 0RGHO RI WKH +XPDQ %%%�´ 6WHP &HOO 5HSRUWV �� ����

����±���
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&+$37(5����&RPSXWDWLRQDO�SUHGLFWLRQ�RI�FKURPDWLQ�LQWHUDFWLRQ�IUHTXHQF\

KHOSV�SULRULWL]H�VWUXFWXUDO�YDULDQWV

7KLV FKDSWHU LV DGDSWHG IURP P\ JUDQW SURSRVDO HQWLWOHG ³+LJK�WKURXJKSXW FRPSXWDWLRQDO

PRGHOLQJ WR DVVHVV WKH UROH RI �' JHQRPH IROGLQJ LQ KXPDQ FRQJHQLWDO DQRPDOLHV�´ ZKLFK ZDV

DZDUGHG WKH 5XWK /� .LUVFKVWHLQ 1DWLRQDO 5HVHDUFK 6HUYLFH $ZDUG �)��+/������� 6HFWLRQ

����� LV DGDSWHG IURP P\ ZRUN LQFOXGHG LQ D PDQXVFULSW LQ SUHVV DW &LUFXODWLRQ� *HQRPLF DQG

3UHFLVLRQ 0HGLFLQH� LQ DGGLWLRQ WR WKH SUHSULQW FLWHG KHUH� &RQWULEXWLRQV WR ZRUN LQFOXGHG LQ WKLV

FKDSWHU�QRW�SHUIRUPHG�E\�PH�DUH�VSHFLILHG�EHORZ�

6HFWLRQ������

Ɣ 'U��-LDQKXD�&KX�DW�58&'5�LQILQLW\�ELRORJL[�SHUIRUPHG�&5,635�FHOO�HGLWLQJ�

Ɣ 'U��-LQVKLQJ�:X��%UXQHDX�JURXS��SHUIRUPHG�FHOO�FXOWXUH�DQG�GLIIHUHQWLDWLRQ�RI�FHOOV�

6HFWLRQ������

Ɣ -�3��DQG�0�$��SHUIRUPHG�*:$6��613�PDSSLQJ��DQG�DVVRFLDWLRQ�DQDO\VHV�

Ɣ -�3� FRQWULEXWHG WR WKH LQWHUSUHWDWLRQ DQG DQQRWDWLRQ RI )LJXUH ���� DQG ZURWH WH[W IURP

ZKLFK�,�DGDSWHG�VHFWLRQ�������

0HQJ\DR <X� $QGUHZ +DUSHU� 0DWWKHZ $JXLUUH� 0DXUHHQ 3LWWPDQ� &DWKHULQH 7FKHDQGMLHX� $�

'XOJXXQ� &�*UDFH� $� *RHO� 0� )DUUDOO� .� ;LDR� -� (QJUHLW]� .�6� 3ROODUG� +� :DWNLQV� DQG

-� 3ULHVW� ³*HQHWLF 'HWHUPLQDQWV RI ,QWHUYHQWULFXODU 6HSWDO $QDWRP\ DQG WKH 5LVN RI

9HQWULFXODU 6HSWDO 'HIHFWV DQG +\SHUWURSKLF &DUGLRP\RSDWK\�´ PHG5[LY�

KWWSV���GRL�RUJ�����������������������������

���



����$%675$&7

7KH PDMRULW\ RI JHQHWLF VWXGLHV LQ &+' KDYH IRFXVHG RQ YDULDWLRQ ZLWKLQ WKH SURWHLQ�FRGLQJ

H[RPH� KRZHYHU� PRVW *:$6 GLVHDVH�ULVN ORFL IDOO LQ QRQ�FRGLQJ UHJLRQV� DQG LW LV SUHVXPHG

WKDW VRPH RI WKHVH UHSUHVHQW LPSRUWDQW UHJXODWRUV RI JHQH H[SUHVVLRQ VXFK DV FLV�DFWLQJ

HQKDQFHUV DQG LQVXODWRUV� , K\SRWKHVL]HG WKDW JHQHWLF YDULDQWV WKDW DOWHU �' JHQRPH IROGLQJ

FRQWULEXWH WR WKH HWLRORJ\ RI &+' E\ GLVUXSWLQJ WKH FRQWDFWV RI NH\ FLV�UHJXODWRU\ HOHPHQWV LQ

GHYHORSPHQW� , IRXQG WKDW VWUXFWXUDO YDULDWLRQ DW 7$' ERXQGDULHV DQG RWKHU QRQ�FRGLQJ

UHJXODWRU\ UHJLRQV LV IRXQG PRUH FRPPRQO\ LQ &+' SDWLHQWV� DQG LQWHUHVWLQJO\ WKHLU SDUHQWV DV

ZHOO� UHODWLYH WR FRQWUROV� &DVH YDULDQWV DUH IXUWKHU GLVWLQJXLVKHG IURP FRQWUROV¶ E\ WKH OHYHO RI

FRQWDFW GLVUXSWLRQ VSHFLILFDOO\ QHDU JHQH ORFL DQG LQ WUDQVFULSWLRQDOO\�DFWLYH UHJLRQV RI UHOHYDQW

FHOO W\SHV� $Q DQQRWDWLRQ�DJQRVWLF GHHS OHDUQLQJ DSSURDFK GHYHORSHG LQ RXU JURXS� FDOOHG $NLWD

�)XGHQEHUJ� .HOOH\� DQG 3ROODUG ������ SUHGLFWHG FKURPDWLQ FRQWDFW FKDQJHV DV D UHVXOW RI

JHQHWLF YDULDQWV LQ &+' SDWLHQWV� ZKLFK ZHUH UHFDSLWXODWHG LQ L36&�GHULYHG FDUGLDF SURJHQLWRU

FHOO W\SHV� , VKRZHG WKDW D FRPPRQ VWUXFWXUDO YDULDQW DVVRFLDWHG ZLWK GHFUHDVHG LQWHUYHQWULFXODU

VHSWXP VL]H VWURQJO\ DOWHUV �' FRQWDFWV QHDU WKH .$16/� JHQH� &ROOHFWLYHO\� WKHVH ILQGLQJV

HOXFLGDWH �' JHQRPH RUJDQL]DWLRQ DV D SUHYLRXVO\ XQGHUDSSUHFLDWHG VRXUFH RI UHJXODWRU\

GLVUXSWLRQ LQ &+'� SURYLGHV LQWHUSUHWDWLRQ IRU YDULDQWV DVVRFLDWHG ZLWK GLVHDVH� DQG YDOLGDWHV

WKH�XVH�RI�$NLWD�IRU�KLJK�WKURXJKSXW�SUHGLFWLRQ�RI�FKURPDWLQ�FRQWDFW�IUHTXHQF\�

����%$&.*5281'

7KH WKUHH�GLPHQVLRQDO RUJDQL]DWLRQ RI WKH JHQRPH LV FULWLFDO IRU WUDQVFULSWLRQDO FRQWURO

WKURXJK PHFKDQLVPV OLNH FLV�DFWLQJ HQKDQFHUV DQG LQVXODWRUV �5LHWKRYHQ ������ ,Q WKH FRQWH[W

RI KXPDQ KHDUW DQG EUDLQ GHYHORSPHQW� WKH GLVUXSWLRQ RI ILQHO\�WXQHG WUDQVFULSWLRQDO QHWZRUNV LV

OLNHO\ WR KDYH DFXWH FRQVHTXHQFHV �:RQ HW DO� ����� &DUXOOR DQG 'D\ ����� 5LFKWHU HW DO� �����

<XDQ� 6FRWW� DQG :LOVRQ ������ 7KDW LQWXLWLRQ KDV OHG WR VWXGLHV OLNH WKH RQH GLVFXVVHG LQ

&KDSWHU � RI WKLV WKHVLV� LQ ZKLFK WUDQVFULSWLRQ IDFWRUV DQG WKHLU LQWHUDFWLRQ QHWZRUNV ZHUH
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LQYHVWLJDWHG IRU UHOHYDQFH WR FRQJHQLWDO KHDUW GHIHFWV �&+'� �*RQ]DOH]�7HUDQ HW DO� ������ 7KLV

DQG WKH PDMRULW\ RI RWKHU VWXGLHV LQ &+' KDYH IRFXVHG RQ UDUH YDULDWLRQ ZLWKLQ WKH

SURWHLQ�FRGLQJ H[RPH �+RPV\ HW DO� ����� 6LIULP HW DO� ����� -LQ HW DO� ������ +RZHYHU� PRVW

FRPPRQ GLVHDVH�ULVN ORFL DUH PDSSHG WR QRQ�FRGLQJ UHJLRQV� URXJKO\ KDOI RI VWDWLVWLFDOO\

DVVRFLDWHG 613V DUH QRQ�FRGLQJ LQWURQLF� ZLWK DQ DGGLWLRQDO RQH WKLUG IRXQG LQ QRQ�FRGLQJ

LQWHUJHQLF UHJLRQV �.OHPP HW DO� ����� )� =KDQJ DQG /XSVNL ������ *LYHQ WKDW WKH EDVLV RI IHZHU

WKDQ ��� RI &+' FDVHV LV NQRZQ� EXW ODUJHO\ H[SHFWHG WR UHVLGH ZLWKLQ SDWLHQW JHQRPHV

�$NKLURPH HW DO� ������ QRQ�FRGLQJ YDULDWLRQ UHSUHVHQWV D SURPLVLQJ DYHQXH WR IXUWKHU HOXFLGDWH

WKH�PROHFXODU�XQGHUSLQQLQJV�RI�&+'�

:KLOH QRQ�FRGLQJ SKHQRW\SH�DVVRFLDWHG VLQJOH�QXFOHRWLGH YDULDQWV �619V� DUH WKRXJKW WR

PRGXODWH WKH ELQGLQJ HIILFLHQF\ RI WUDQVFULSWLRQ IDFWRUV DW WKHLU '1$ VHTXHQFH PRWLIV �$OEHUW DQG

.UXJO\DN ����� 'HJW\DUHYD� $QWRQWVHYD� DQG 0HUNXORYD ������ VWUXFWXUDO YDULDQWV �69V� OLNH

GXSOLFDWLRQV� GHOHWLRQV� LQYHUVLRQV� DQG WUDQVORFDWLRQV KDYH WKH SRWHQWLDO WR FDXVH ODUJHU

VWUXFWXUDO UHDUUDQJHPHQWV WKDW DIIHFW ORFDO FKURPDWLQ FRQIRUPDWLRQ QHDU QRQ�FRGLQJ

FLV�UHJXODWRU\ UHJLRQV �)HXN� &DUVRQ� DQG 6FKHUHU ����� 6KDQWD HW DO� ������ ,QGLYLGXDOV ZLWK

&+' KDYH D KLJKHU IUHTXHQF\ RI UDUH DQG GH QRYR VWUXFWXUDO GHOHWLRQV DQG GXSOLFDWLRQV UHODWLYH

WR XQDIIHFWHG FRQWUROV� VXJJHVWLQJ WKDW WKHVH 69V FRXOG SOD\ D UROH LQ KHDUW GHIHFW SKHQRW\SHV

�*OHVVQHU HW DO� ������ $ SRWHQWLDOO\ UHOHYDQW FKURPDWLQ VWUXFWXUH LV WKH 7RSRORJLFDOO\ $VVRFLDWLQJ

'RPDLQ �7$'�� ZKLFK UHIHUV WR D OHYHO RI FKURPDWLQ RUJDQL]DWLRQ FKDUDFWHUL]HG E\ KLJKHU FRQWDFW

IUHTXHQF\ ZLWKLQ WKH GRPDLQ UHODWLYH WR ORFL RXWVLGH RI WKDW GRPDLQ �1RUD HW DO� ����� 'L[RQ HW DO�

������ 3UHYLRXV VWXGLHV KDYH UHYHDOHG WKDW PHUJHG 7$'V DUH RIWHQ GULYHUV RI SDWKRJHQLF JHQH

H[SUHVVLRQ LQ FDQFHU DQG VRPH PDPPDOLDQ OLPE PDOIRUPDWLRQV �/XSLixH] HW DO� ����� *RQJ HW

DO� ����� .UHIWLQJ� $QGUDGH�1DYDUUR� DQG ,EQ�6DOHP ����� .UDJHVWHHQ HW DO� ����� )XGHQEHUJ

DQG 3ROODUG ����� &ODULQJERXOG DQG =DXJJ ������ EXW LW UHPDLQV XQDQVZHUHG ZKHWKHU VXFK

GLVUXSWLRQV�OHDG�WR�&+'�
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,Q VXSSRUW RI WKLV K\SRWKHVLV� )XGHQEHUJ DQG 3ROODUG IRXQG WKDW ZKLOH XQDIIHFWHG FRQWUROV

VKRZ D FOHDU GHSOHWLRQ RI 69V DW 7$' ERXQGDU\ UHJLRQV DFURVV WKH JHQRPH� LQGLYLGXDOV

GLDJQRVHG ZLWK GHYHORSPHQWDO GHOD\ �''� DQG DXWLVP VKRZHG QR ELDV LQ WKH JHQRPLF ORFDWLRQ RI

69V �)XGHQEHUJ DQG 3ROODUG ������ 69V DW 7$' ERXQGDULHV OHDGLQJ WR ORVV RI QHFHVVDU\

FLV�UHJXODWRU\ FRQWDFW� RU JDLQ RI HFWRSLF HQKDQFHU�SURPRWHU FRQWDFW� FRXOG WKHUHIRUH SODXVLEO\

XQGHUOLH FDVHV RI WKHVH GHYHORSPHQWDO GLVRUGHUV� ,QWHUHVWLQJO\� &+' LV FRPRUELG ZLWK '' DW D

UDWH RI XS WR ILIW\ SHUFHQW LQ VHYHUH &+' �0DULQR HW DO� ����� 5ROOLQV DQG 1HZEXUJHU ������

)XUWKHUPRUH� VRPH GHYHORSPHQWDO SKHQRW\SHV FKDUDFWHUL]HG E\ KHDUW GHIHFWV DUH FDXVHG E\

PXWDWLRQV LQ SURWHLQV UHTXLUHG IRU VWUXFWXUDO LQWHJULW\ RI 7$' ERXQGDULHV� OLNH 1,3%/ DQG +'$&

LQ &RUQHOLD GH /DQJH V\QGURPH �3LFKp HW DO� ������ , WKHUHIRUH K\SRWKHVL]HG WKDW HFWRSLF DQG

GLVUXSWHG FLV�UHJXODWRU\ FRQWDFWV E\ VWUXFWXUDO YDULDWLRQ DW 7$' ERXQGDULHV FDQ FRQWULEXWH WR WKH

JHQHWLF�EDVLV�RI�GHYHORSPHQWDO�GLVRUGHUV��LQFOXGLQJ�&+'�

6XFK PHFKDQLVPV KDYH EHHQ GLIILFXOW WR SUHGLFW DQG REVHUYH GLUHFWO\� EXW ZLWK WKH UHFHQW

LQIOX[ RI KLJK�UHVROXWLRQ FKURPDWLQ FRQWDFW GDWD DQG FRPSXWDWLRQDO WRROV IRU LWV SUHGLFWLRQ� LW PD\

QRZ EH SRVVLEOH WR FKDUDFWHUL]H WKH H[WHQW WR ZKLFK WKLV RFFXUV LQ KXPDQ GLVHDVH DQG XQFRYHU

VSHFLILF H[DPSOHV� 2QH VXFK WRRO LV WKH PRGHO $NLWD� ZKLFK ZDV WUDLQHG E\ D GHHS QHXUDO

QHWZRUN WR SUHGLFW +L�& FKURPDWLQ FRQWDFW PDSV IURP RQH PHJDEDVH �0E� RI '1$ VHTXHQFH

�)XGHQEHUJ� .HOOH\� DQG 3ROODUG ������ &RPSDULVRQV RI $NLWD¶V SUHGLFWHG PDSV KDYH KLJKOLJKWHG

�' JHQRPH IROGLQJ FKDQJHV LPSOLFDWHG LQ FHOO ELRORJ\ DQG HXNDU\RWLF HYROXWLRQ �.DDLM HW DO�

����� )XGHQEHUJ� .HOOH\� DQG 3ROODUG ����� 0F$UWKXU DQG &DSUD ����� 0F$UWKXU HW DO� �����

*XQVDOXV��.HLVHU��DQG�3ROODUG�������

,Q WKLV FKDSWHU� , ZLOO GHVFULEH P\ ZRUN LQYHVWLJDWLQJ &+' SDWLHQW 69V IRU VLJQDOV RI

FKURPDWLQ UHDUUDQJHPHQW� DV ZHOO DV WKH DSSOLFDWLRQ RI $NLWD WR SULRULWL]H YDULDQWV DW VFDOH DQG

LQWHUSUHW WKHLU SRWHQWLDO PROHFXODU HIIHFWV� 7KLV ZRUN LQIRUPHG WKH FUHDWLRQ RI D FHOO OLQH LQ

L36&�GHULYHG PHVRGHUP WR H[DPLQH WKH FRQVHTXHQFHV RI D GHOHWLRQ DW WKH ORFXV RI FDUGLDF

JHQHV 0(63� DQG 0(63�� , DOVR DSSOLHG $NLWD WR D FRPPRQ JHQRPLF LQYHUVLRQ DVVRFLDWHG ZLWK
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WKH GLDPHWHU RI WKH LQWHUYHQWULFXODU VHSWXP� SURYLGLQJ PROHFXODU K\SRWKHVHV IRU GLVHDVH

DVVRFLDWLRQ YLD PLVUHJXODWLRQ RI .$16/�� $V UHVHDUFKHUV JHQHUDWH HYHU PRUH KLJK�WKURXJKSXW

JHQRPLF GDWD� ERWK OLQHDU DQG WKUHH�GLPHQVLRQDO� WKHUH LV D XQLTXH RSSRUWXQLW\ WR XVH WKHVH DQG

UHODWHG PHWKRGV WR GHULYH QRYHO LQVLJKWV LQWR WKH HWLRORJ\ RI &+'� DV ZHOO DV H[WHQG LW WR RWKHU

GLVHDVHV�DQG�ELRORJLFDO�TXHVWLRQV�

����5(68/76

�������.H\�LQVXODWRUV�DUH�HQULFKHG�IRU�VWUXFWXUDO�YDULDQWV�LQ�&+'�SDWLHQWV

)LUVW , VRXJKW WR GHWHUPLQH ZKHWKHU WKH VWUXFWXUDO YDULDQWV RI &+' SDWLHQWV DUH PRUH

OLNHO\ WR RFFXU DW 7$' ERXQGDULHV FRPSDUHG WR FRQWUROV� DV VKRZQ LQ '' DQG DXWLVP �)XGHQEHUJ

DQG 3ROODUG ������ 7R GHPRQVWUDWH WKLV� , REWDLQHG 69 FDOOV IURP WKH 3HGLDWULF &DUGLDF

*HQRPLFV &RQVRUWLXP �3&*&�� FRQVLVWLQJ RI DUUD\ K\EULGL]DWLRQ GDWD IURP ���� &+'

SUREDQG�SDUHQW WULRV �+RDQJ HW DO� ������ '' VWUXFWXUDO YDULDQW FDOOV ZHUH VRXUFHG IURP D

PHWD�DQDO\VLV RI ������ DIIHFWHG SUREDQGV DQG ������ XQDIIHFWHG FRQWUROV �&RH HW DO� ������

)LJXUH ���� $�� ,QGLYLGXDOV ZLWK NQRZQ FKURPRVRPDO V\QGURPHV DQG FDXVDO SURWHLQ�FRGLQJ

PXWDWLRQV ZHUH UHPRYHG WR PD[LPL]H QRYHO GLVFRYHU\� , XVHG D SUHYLRXVO\ GHVFULEHG QXOO PRGHO

WKDW DVVXPHV WKDW VWUXFWXUDO YDULDQWV DUH QRW SUHIHUHQWLDOO\ DEXQGDQW RU GHSOHWHG DW DQ\

SDUWLFXODU ORFL �)XGHQEHUJ DQG 3ROODUG ������ 7KH DFWXDO REVHUYHG QXPEHU RI DOWHUHG EDVH SDLUV

LQ�WKDW�UHJLRQ�LV�WKHQ�FRPSDUHG�WR�WKH�QXOO�H[SHFWDWLRQ�LQ�ERWK�FDVHV�DQG�FRQWUROV�

:KLOH FRQWURO GHOHWLRQV ZHUH VLJQLILFDQWO\ GHSOHWHG DW WKH WUDQVFULSWLRQ VWDUW VLWHV �766V�

RI KLJKO\�H[SUHVVHG JHQHV DQG WKH &7&) FOXVWHUV WKDW RIWHQ GHPDUFDWH 7$' ERXQGDULHV

�)XGHQEHUJ DQG 3ROODUG ������ )LJXUH ���� $�� , IRXQG WKDW SDUHQWV RI &+' SUREDQGV VKRZ OHVV

GHSOHWLRQ RI GHOHWHG EDVH SDLUV LQ WKHVH UHJLRQV FRPSDUHG WR FRQWUROV �)LJXUH ���� %�� ZKLOH

&+' SUREDQGV WKHPVHOYHV VKRZ D VXUSULVLQJ HQULFKPHQW IRU GHOHWHG EDVHSDLUV LQ PRUH

KLJKO\�H[SUHVVHG 766V DQG VWURQJO\�ERXQG &7&) VLWHV �)LJXUH ���� &�� ,Q IDFW WKLV SDWWHUQ

UHVHPEOHV WKDW RI GHOHWLRQV IRXQG LQ FDQFHU JHQRPHV �)XGHQEHUJ DQG 3ROODUG ����� )RUEHV HW
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DO� ������� ZKLFK DUH HQULFKHG IRU VWUXFWXUDO UHDUUDQJHPHQW DW 7$' ERXQGDULHV� 7KHVH

SUHOLPLQDU\ UHVXOWV VXJJHVW WKDW FRPSURPLVLQJ WKH LQWHJULW\ RI �' JHQRPH IROGLQJ DW WKH 7$'

OHYHO�LV�DVVRFLDWHG�ZLWK�&+'�DV�ZHOO��DQG�WKDW�VRPH�RI�WKLV�ULVN�LV�LQKHULWHG�

)LJXUH ���� &RYHUDJH RI GHOHWHG EDVH SDLUV LQ �$� FRQWUROV IURP �&RH HW DO� ������ �%� &+'
SDUHQWV� DQG �&� &+' SDWLHQWV DW NH\ UHJXODWRU\ UHJLRQV� *UHHQ FLUFOHV UHSUHVHQW WUDQVFULSWLRQ
VWDUW VLWHV �766V� RI JHQHV DW HDFK SHUFHQWLOH RI H[SUHVVLRQ DFURVV WLVVXHV LQ *7([ �*7([
&RQVRUWLXP HW DO� ������ DUUDQJHG DORQJ WKH [�D[LV DQG DOVR VKDGHG DFFRUGLQJ WR H[SUHVVLRQ
VWUHQJWK� 3XUSOH WULDQJOHV UHSUHVHQW &7&) SHDNV DORQJ WKH JHQRPH� DOVR VWUDWLILHG DQG VKDGHG
DFFRUGLQJ WR VWUHQJWK� LQ WKLV FDVH &K,3�SHDN ELQGLQJ VWUHQJWK IURP (1&2'( �(1&2'( 3URMHFW
&RQVRUWLXP ������ 'HOHWLRQ FRYHUDJH ZDV FDOFXODWHG DV SUHYLRXVO\ GHVFULEHG �)XGHQEHUJ DQG
3ROODUG ������ H[SUHVVHG DV WKH ORJ RI WKH UDWLR EHWZHHQ WKH QXPEHU RI EDVH SDLUV GHOHWHG LQ
WKRVH UHJLRQV DQG ZKDW ZDV H[SHFWHG E\ FKDQFH� 6HH 0HWKRGV� &RYHUDJH FDOFXODWLRQ IRU
DGGLWLRQDO�GHWDLOV�

����� /RFXV�LQIRUPHG 69 SULRULWL]DWLRQ SUHGLFWV WKUHH GHOHWLRQV GLVUXSWLQJ FLV�UHJXODWRU\

HOHPHQWV�QHDU�KHDUW�UHOHYDQW�JHQHV

3ULRU ZRUN IRXQG WKDW DOWHULQJ 7$' ERXQGDULHV GLVUXSWV '1$ IROGLQJ RUJDQL]DWLRQ

�/XSLixH] HW DO� ������ EXW LW LV XQFOHDU ZKLFK EDVH SDLUV DQG FRPELQDWLRQV RI &7&) ELQGLQJ

FOXVWHUV DUH NH\ WR� DQG ZKLFK 69V DUH VXEMHFW WR� WKLV SKHQRPHQRQ� $GGLWLRQDOO\� VRPH

LPSRUWDQW IHDWXUHV RI JHQRPH IROGLQJ GXULQJ GHYHORSPHQW PLJKW QRW UHO\ RQ &7&)�PHGLDWHG

DFWLYLW\� OLNH FHUWDLQ UHSHWLWLYH DQG WUDQVSRVDEOH HOHPHQWV �<� =KDQJ HW DO� ����� *XQVDOXV�
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.HLVHU� DQG 3ROODUG ������ 7R IXUWKHU FKDUDFWHUL]H WKH QDWXUH RI FKURPDWLQ FRQWDFW GLVUXSWLRQ LQ

KXPDQ YDULDWLRQ DQG GLVHDVH� , DVNHG GLUHFWO\ ZKHWKHU 69V LQ WKH JHQRPHV RI &+' SDWLHQWV

FDXVH GLIIHUHQW OHYHOV RI FRQWDFW GLVUXSWLRQ FRPSDUHG WR WKRVH IRXQG LQ KHDOWK\ JHQRPHV� :KLOH

LW ZRXOG EH LQIHDVLEOH WR H[SHULPHQWDOO\ GHWHUPLQH WKH FKURPDWLQ FRQWDFW FKDQJHV RI HDFK 69�

ZKLFK ZRXOG KDYH UHTXLUHG ������ WUDQVJHQLF RU JHQHWLFDOO\�HGLWHG OLQHV DQG DW OHDVW DV PDQ\

+L�& VHTXHQFLQJ DVVD\V� UHFHQW DGYDQFHPHQWV LQ '1$ VHTXHQFH PRGHOV DOORZHG XV WR SUHGLFW

WKHVH FRQVHTXHQFHV LQ VLOLFR� , XVHG WKH PRGHO $NLWD �)XGHQEHUJ� .HOOH\� DQG 3ROODUG ������

WUDLQHG XVLQJ D FRQYROXWLRQDO QHXUDO QHWZRUN RQ KLJK�UHVROXWLRQ FKURPDWLQ FRQWDFW GDWD� WR

SUHGLFW WKH +L�& PDSV IURP RQH PLOOLRQ EDVH SDLUV �� 0E� RI '1$ VHTXHQFH FHQWHUHG DURXQG

HDFK 69� , SUHGLFWHG PDSV IRU ERWK WKH KXPDQ UHIHUHQFH JHQRPH �KJ�� DVVHPEO\� DQG IRU WKDW

VHTXHQFH DOWHUHG LQ VLOLFR E\ WKH 69� IRU ERWK SULYDWH VWUXFWXUDO YDULDQWV IURP ������ FRQWUROV LQ

�&RH�HW�DO������� DQG GH�QRYR 69V�IRXQG�LQ������&+' SDWLHQWV��XQSXEOLVKHG�DUUD\�GDWD��

,Q RUGHU WR TXDQWLI\ WKH H[WHQW RI FKURPDWLQ FRQWDFW GLVUXSWLRQ SHU 69� , XVHG D PRGLILHG

PHDQ VTXDUHG HUURU �06(� PHWULF� 'LVUXSWLRQ EHWZHHQ FDVH 69V DQG FRQWURO 69V ZDV

PDUJLQDOO\ GLIIHUHQW �QRW SLFWXUHG�� VR , IXUWKHU ZHLJKWHG WKLV VFRUH EDVHG RQ SXEOLVKHG

LQIRUPDWLRQ DERXW ORFDO JHQH H[SUHVVLRQ DQG FKURPDWLQ PDUNV� 06( DW HDFK JHQRPLF ELQ �RQH

ELQ  ���� EDVH SDLUV� ZDV PXOWLSOLHG E\ D IDFWRU LQGLFDWLQJ JHQH H[SUHVVLRQ LQ KHDUW WLVVXH

�*7([ &RQVRUWLXP HW DO� ����� DQG FKURPDWLQ DFWLYLW\ VWDWH LQ WKH KXPDQ IHWDO KHDUW DV SUHGLFWHG

E\ FKURP+00 �(UQVW DQG .HOOLV ����� �6HH 0HWKRGV ������ /RFXV�DZDUH SULRULWL]DWLRQ RI

69V�� 7KHVH PHWULFV DUH UHIHUUHG WR DV H[SUHVVLRQ�DZDUH GLVUXSWLRQ DQG DFWLYLW\�DZDUH

GLVUXSWLRQ��UHVSHFWLYHO\�

$SSO\LQJ WKHVH PHWULFV WR &+' DQG FRQWURO GHOHWLRQV� , IRXQG WKDW &+' GH QRYR 69V WHQG

WR FDXVH PRUH GLVUXSWLRQ RI FRQWDFWV QHDU JHQHV KLJKO\ H[SUHVVHG LQ KHDUW WLVVXH� DV ZHOO DV

DFWLYH FKURPDWLQ UHJLRQV �)LJXUH ����� 7KHUH LV PRUH ]HUR�LQIODWLRQ RI FRQWURO 69 GLVUXSWLRQ

VFRUHV FRPSDUHG WR FDVH 69V� VXJJHVWLQJ WKDW D JUHDWHU SURSRUWLRQ RI VWUXFWXUDO YDULDWLRQ DYRLGV

ODUJH�VFDOH UHRUJDQL]DWLRQ QHDU KHDUW�H[SUHVVHG JHQHV LQ KHDOWK\ JHQRPHV �)LJXUH ���� $��
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+RZHYHU� LW LV LPSRUWDQW WR QRWH WKDW PDQ\ FRQWURO 69V DUH WKHPVHOYHV TXLWH GLVUXSWLYH HYHQ LQ

KHDUW�UHOHYDQW ORFL� UHDFKLQJ VLPLODU OHYHOV WR 69V IRXQG LQ FDVHV� &RQWH[W�VSHFLILF DQDO\VLV ZLOO

EH�UHTXLUHG�WR�GHWHUPLQH�LI�DQ\�JLYHQ�GLVUXSWLYH�PXWDWLRQ�LV�DFWXDOO\�GLVHDVH�FDXVLQJ�

)LJXUH ���� �$� ([SUHVVLRQ� DQG �%� DFWLYLW\�DZDUH GLVUXSWLRQ VFRUHV RI FDVH DQG FRQWURO 69V�
7KH [�D[LV LQGLFDWHV WKH ORJ� RI WKH VFRUHG GLIIHUHQFH EHWZHHQ UHIHUHQFH DQG 69 VHTXHQFH�
ZHLJKWHG E\ ORFDO IHDWXUHV� 7KH SURSRUWLRQ RI 69V ZLWK WKDW ORJ�VFRUH DUH LQGLFDWHG E\ EDUV� EOXH
IRU�FRQWURO�DQG�SLQN�IRU�FDVHV�

+DYLQJ REVHUYHG WKDW FDVH 69V DUH SUHGLFWHG WR FDXVH PRUH GLVUXSWLRQ� DQG HVSHFLDOO\ LQ

UHJLRQV RI DFWLYH H[SUHVVLRQ DQG DFWLYH FKURPDWLQ PDUNHUV LQ KHDUW WLVVXH� , WKXV H[DPLQHG WKH

PDSV RI YDULDQWV ZLWK WKH KLJKHVW H[SUHVVLRQ� DQG DFWLYLW\�DZDUH VFRUHV� 7KUHH RI WKHVH 69V

RFFXUUHG QHDU D JHQH ZLWK D NQRZQ UHOHYDQW UROH LQ FDUGLDF GHYHORSPHQW� DQ �� NE GHOHWLRQ WKDW

PHUJHV WZR GRPDLQV LQ D KLJKO\ DFWLYH UHJLRQ HQFRPSDVVLQJ &2;�� DQG +15138 �KJ��

FKU���������������������� )LJXUH ���� $�� D VPDOO ���EDVH SDLU GHOHWLRQ QHDU 675$� WKDW

PHUJHV WZR VPDOO 7$'V �KJ�� FKU��������������������� )LJXUH ���� %�� DQG ILQDOO\� D ��NE

GHOHWLRQ WKDW SDUWLDOO\ GHOHWHV PHVRGHUP JHQHV 0(63��� DQG UHPRYHV D ERXQGDU\ EHWZHHQ

&+'�JHQH .,)� DQG�D�QHLJKERULQJ�GRPDLQ��KJ���FKU������������ ��������� )LJXUH������

&2;�� SOD\V D UROH LQ WKH DVVHPEO\ RI F\WRFKURPH & R[LGDVH� DQG +15138 LV DQ 51$

SURFHVVLQJ JHQH WKDW KDV EHHQ DVVRFLDWHG ZLWK GHYHORSPHQWDO EUDLQ GLVRUGHUV

�%DODVXEUDPDQLDQ ������ 1HLWKHU JHQH KDV NQRZQ IXQFWLRQ LQ WKH KHDUW� VR LW LV XQFOHDU ZKDW
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FRQVHTXHQFHV WKH KHWHUR]\JRXV GHOHWLRQ RI WKHLU ORFXV ZRXOG KDYH LQ &+'� EXW QRWDEO\ D

KRPR]\JRXV GHOHWLRQ &5,635�HGLWHG FHOO OLQH ZDV QRW YLDEOH �-LDQKXD &KX� XQSXEOLVKHG GDWD��

7KH GHOHWLRQ OHDGV WR WKH PHUJLQJ RI WZR 7$'V WKDW DUH VWURQJO\ LQVXODWHG LQ ZLOG W\SH �)LJXUH

���� $�� ZLWK HFWRSLF FRQWDFW EHWZHHQ FLOLDU\ JHQH ()&$%� DQG WKH GRPDLQ FRQWDLQLQJ '(6,�

DQG YDULRXV 51$ SVHXGR�JHQHV �QRW SLFWXUHG�� )XUWKHU H[SHULPHQWDO YDOLGDWLRQ DQG

LQWHUSUHWDWLRQ LV UHTXLUHG WR XQGHUVWDQG ZKDW UROH WKH GHOHWHG JHQHV DQG HFWRSLF ()&$%�

FRQWDFWV FRXOG SOD\ LQ &+'� 7KLV LV WUXH DV ZHOO RI WKH HFWRSLF FRQWDFWV SUHGLFWHG GRZQVWUHDP RI

WKH 675$� ORFXV�DV�D�UHVXOW�RI�D�VPDOO�QRQ�FRGLQJ GHOHWLRQ��)LJXUH������%��

)LJXUH ���� �$� 3UHGLFWHG +L�& PDSV IRU UHIHUHQFH VHTXHQFH �XSSHU SDQHO� DQG SDWLHQW GHOHWLRQ
VHTXHQFH �ORZHU SDQHO� DW WKH &2;�� ORFXV� &RORUV UHSUHVHQW SUHGLFWHG FRQWDFW IUHTXHQF\�
QRUPDOL]HG WR WKH ORJ RI K\SRWKHWLFDO REVHUYHG FRQWDFW RYHU H[SHFWHG� ZLWK ZDUP FRORUV
LQGLFDWLQJ KLJKHU�WKDQ�H[SHFWHG FRQWDFW EDVHG RQ OLQHDU JHQRPLF GLVWDQFH DQG FRRO FRORUV
LQGLFDWLQJ ORZHU�WKDQ�H[SHFWHG� �%� 3UHGLFWHG +L�& PDSV IRU UHIHUHQFH VHTXHQFH �XSSHU SDQHO�
DQG�VHTXHQFH�ZLWK�D�VPDOO����EDVH�SDLU�GHOHWLRQ�QHDU�WKH 675$� ORFXV�

���



,Q WKH 0(63 GHOHWLRQ UHJLRQ� $NLWD SUHGLFWV D VWURQJ HFWRSLF FRQWDFW EHWZHHQ WKH &+'

ULVN JHQH .,)� DQG D ODUJH UHJLRQ WKDW LQFOXGHV YHVLFOH WUDQVSRUW JHQH $3�6� DQG PDQ\

(1&2'(�FDQGLGDWH�FLV�UHJXODWRU\�HOHPHQWV �6KHIILHOG HW�DO��������

)LJXUH ���� ��NE GHOHWLRQ HQFRPSDVVLQJ
WKH 0(63 ORFXV� �$� $NLWD SUHGLFWLRQ RI
UHIHUHQFH VHTXHQFH �XSSHU SDQHO� DQG
GHOHWLRQ VHTXHQFH �ORZHU SDQHO�� &RORUV
UHSUHVHQW SUHGLFWHG FRQWDFW IUHTXHQF\�
QRUPDOL]HG WR WKH ORJ RI K\SRWKHWLFDO
REVHUYHG FRQWDFW RYHU H[SHFWHG� ZLWK ZDUP
FRORUV LQGLFDWLQJ KLJKHU�WKDQ�H[SHFWHG
FRQWDFW IUHTXHQF\ EDVHG RQ OLQHDU JHQRPLF
GLVWDQFH DQG FRRO FRORUV LQGLFDWLQJ
ORZHU�WKDQ�H[SHFWHG� &RORUPDS OHJHQG IURP
)LJXUH ��� DOVR DSSOLHV KHUH� �%� &7&)
ELQGLQJ VWUHQJWK LQ WKLV UHJLRQ� VRXUFHG IURP
5RDGPDS (SLJHQRPLFV &K,3�VHT DVVD\V LQ
IHWDO KHDUW WLVVXH �5RDGPDS (SLJHQRPLFV
&RQVRUWLXP HW DO� ������ �&� $FWLYH VWDWH
SUHGLFWLRQ IURP &KURP+00 PRGHO IURP
5RDGPDS IHWDO KHDUW WLVVXH GDWD� �'�
51$�VHT H[SUHVVLRQ PHDVXUHG LQ WUDQVFULSWV
SHU PLOOLRQ �WSP�� DW GD\ � �'�� XSSHU SDQHO�
DQG GD\ �� �'��� PLGGOH SDQHO� RI
FDUGLRP\RF\WH GLIIHUHQWLDWLRQ �<� =KDQJ HW DO�
����� DQG LQ DGXOW KHDUW WLVVXH �*7([
&RQVRUWLXP�HW�DO��������ORZHU�SDQHO��
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������+XPDQ�L36&V�ZLWK�SDWLHQW�GHOHWLRQV�UHFDSLWXODWH�PRGHO�SUHGLFWLRQV

$V D SURRI RI FRQFHSW WR GHPRQVWUDWH WKH DFFXUDF\ RI WKHVH GHHS�OHDUQLQJ SUHGLFWLRQV RQ

JHQRPLF SURILOHV� ZH VRXJKW WR H[SHULPHQWDOO\ UHSURGXFH WKH $NLWD�SUHGLFWHG HIIHFW RI YDULDQWV

RQ �' JHQRPH IROGLQJ� :H VHOHFWHG WKH YDULDQW DW WKH 0(63 ORFXV IRU LQLWLDO HQJLQHHULQJ DQG

VHTXHQFLQJ �)LJXUH ����� %DVHG RQ LWV FUXFLDO DFWLYLW\ GXULQJ GD\ � �'�� RI K(6& GLIIHUHQWLDWLRQ

LQWR PHVRGHUP DQG HYHQWXDOO\ FDUGLRP\RF\WHV �)LJXUH ���� '�� ZH VHTXHQFHG +L�& FRQWDFW

IUHTXHQF\�RI�FHOOV�DW�WKLV�VWDJH�RI�FDUGLDF�GLIIHUHQWLDWLRQ�

7R GHWHUPLQH LI WKH $NLWD�SUHGLFWHG FKDQJHV WR JHQRPH IROGLQJ DUH H[SHULPHQWDOO\

UHSURGXFLEOH� DQG DOVR SURGXFH IXUWKHU HYLGHQFH SHUWDLQLQJ WR WKH SDWKRORJLFDO UHOHYDQFH RI WKLV

YDULDQW� FHOOV IURP D K(6& :7&��� FHOO OLQH ZHUH HQJLQHHUHG WR FDUU\ WKH SDWLHQW GHOHWLRQ XVLQJ

&5,635�&DV�� WKHQ GLIIHUHQWLDWHG DV GHVFULEHG SUHYLRXVO\ LQWR FDUGLDF PHVRGHUP �.DWWPDQ HW

DO� ������ :H SHUIRUPHG &DSWXUH�& VHTXHQFLQJ RQ WKHVH FHOOV WR PHDVXUH FKURPDWLQ FRQWDFW

IUHTXHQF\ DURXQG WKLV ORFXV� &DSWXUH�& UHVXOWV UHFDSLWXODWHG $NLWD¶V SUHGLFWLRQV IRU ERWK WKH

UHIHUHQFH DQG DOWHUQDWH DOOHOH �)LJXUH ���� $�%�� 1RWDEO\� $NLWD¶V SUHGLFWLRQV LQ WKLV UHJLRQ ZHUH

H[SHULPHQWDOO\ UHSURGXFLEOH GHVSLWH QRW EHLQJ IRUPHG LQ WKH K(6&�GHULYHG FDUGLDF PHVRGHUP

H[SHULPHQWDO FHOO OLQH� FRQVLVWHQW ZLWK VRPH SUHYLRXV REVHUYDWLRQV RI 7$' VWDELOLW\ DFURVV FHOO

W\SHV �'L[RQ HW DO� ����� 5DR HW DO� ����� 'L[RQ HW DO� ������ 7RJHWKHU� WKHVH GDWD VXSSRUW WKH

FODLP WKDW $NLWD FDQ DFFXUDWHO\ PRGHO WKH HIIHFWV RI JHQHWLF YDULDQWV� DQG IXUWKHUPRUH VXJJHVWV

WKDW WKH YDULDQW PLJKW FDXVH G\VUHJXODWHG H[SUHVVLRQ RI WKH NQRZQ &+' JHQH .,)� YLD

LQFUHDVHG FKURPDWLQ FRQWDFW ZLWK DQ\ RI YDULRXV (1&2'( UHJXODWRU\ HOHPHQWV� ,Q DGGLWLRQ WR

WKH ORVV RI FDUGLDF VSHFLILFDWLRQ JHQHV 0(63� DQG 0(63� FDXVHG E\ WKH GHOHWLRQ� WKH DOWHUHG

H[SUHVVLRQ RI .,)� FRXOG EH D SRVVLEOH SDWKRORJLFDO PHFKDQLVP E\ ZKLFK WKLV YDULDQW LV

FDXVDWLYH�LQ�&+'�
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)LJXUH ���� 'HHS OHDUQLQJ JHQRPLF SURILOH SUHGLFWLRQV DUH H[SHULPHQWDOO\ UHSURGXFLEOH�
&RORUV UHSUHVHQW SUHGLFWHG FRQWDFW IUHTXHQF\� QRUPDOL]HG WR WKH ORJ RI K\SRWKHWLFDO REVHUYHG
FRQWDFW RYHU H[SHFWHG� ZLWK ZDUP FRORUV LQGLFDWLQJ KLJKHU�WKDQ�H[SHFWHG FRQWDFW IUHTXHQF\
EDVHG RQ OLQHDU JHQRPLF GLVWDQFH DQG FRRO FRORUV LQGLFDWLQJ ORZHU�WKDQ�H[SHFWHG� &RORUPDS
OHJHQG IURP )LJXUH ��� DOVR DSSOLHV KHUH� �$� $NLWD SUHGLFWLRQV IRU WKH UHIHUHQFH JHQRPH �WRS�
DQG ZLWK D ��NE GHOHWLRQ �ERWWRP� LQ FKURPRVRPH �� QHDU WKH 0(63 ORFXV� �%� &DSWXUH�&
UHVXOWV IURP LVRJHQLF K(6&�GHULYHG FDUGLDF PHVRGHUP FHOOV �� GD\V DIWHU GLIIHUHQWLDWLRQ� ZLWKRXW
GHOHWLRQ �WRS� DQG LQ D FHOO OLQH ZLWK HQJLQHHUHG SDWLHQW GHOHWLRQ �ERWWRP�� :KLWH EDUV LQGLFDWH WKH
GHOHWHG UHJLRQ� DOVR VKRZQ LQ :7 IRU UHIHUHQFH� 5HG EDUV UHSUHVHQW PDVNHG UHSHWLWLYH
HOHPHQWV� %ODFN ER[HV KLJKOLJKW D UHJLRQ FRQWDLQLQJ .,)�� $3�6�� DQG PDQ\ (1&2'( F&5(V
�QRW VKRZQ� ZLWKLQ ZKLFK WKHUH DUH JDLQHG LQWHUDFWLRQV �$� SUHGLFWHG E\ $NLWD DQG �%� REVHUYHG
H[SHULPHQWDOO\�

���



������$�FRPPRQ�69�LQFUHDVHV�ULVN�IRU�&+'�WKURXJK�GLVUXSWLRQ�RI�JHQRPH�IROGLQJ

,Q PDPPDOLDQ KHDUWV� WKH LQWHUYHQWULFXODU VHSWXP �,96� VHSDUDWHV GHR[\JHQDWHG

SXOPRQDU\ EORRG IORZ IURP R[\JHQDWHG V\VWHPLF EORRG IORZ ZLWKLQ WKH FDUGLDF YHQWULFOHV� :KHQ

WKH SURFHVV RI ,96 IRUPDWLRQ LV GLVUXSWHG GXULQJ HPEU\RQLF GHYHORSPHQW� LQIDQWV DUH ERUQ ZLWK D

YHQWULFXODU VHSWDO GHIHFW �96'�� WKH PRVW FRPPRQ KHDUW GHIHFW IRXQG LQ FKLOGUHQ �'DNNDN DQG

2OLYHU ������ $ VLQJOH PRQRJHQLF H[SODQDWLRQ LV UDUHO\ IRXQG LQ FDVHV RI 96'� PHDQLQJ WKDW WKH

PDMRULW\ RI WKHVH DIIHFWHG LQGLYLGXDOV GR QRW KDYH D K\SRWKHVL]HG JHQHWLF FDXVH LQ VSLWH RI WKH

GLVHDVH¶V�FRQVLGHUDEOH�KHULWDELOLW\ �-LQ�HW�DO��������

,Q RUGHU WR VWXG\ KRZ JHQHWLF YDULDWLRQ PLJKW OHDG WR SKHQRW\SLF YDULDELOLW\ ZLWKRXW UHO\LQJ

VROHO\ RQ FDVH�FRQWURO FRKRUWV RI D UDUH GLVHDVH� FR�DXWKRUV GHYHORSHG D VLPSOH VWDQGDUGL]HG

DQG DXWRPDWHG PHDVXUH RI WKH ,96 FURVV�VHFWLRQDO DUHD GHULYHG IURP 05, LPDJLQJ RI WKH KHDUW

�<X HW DO� ������ $SSOLHG WR ������ LQGLYLGXDOV ZLWK VHTXHQFLQJ DQG 05, LPDJLQJ GDWD LQ WKH 8.

%LREDQN �6KDK HW DO� ������ 0HQGHOLDQ UDQGRPL]DWLRQ DQDO\VLV IRXQG WKDW KDYLQJ D VPDOOHU ,96

FURVV�VHFWLRQ LQFUHDVHV ULVN IRU 96' E\ DSSUR[LPDWHO\ D IDFWRU RI � SHU VWDQGDUG GHYLDWLRQ �6'  

��� PP�� <X HW DO� ������ $PRQJ RWKHU JHQRPLF LQVLJKWV� DXWKRUV GLVFRYHUHG WKDW D FRPPRQ 69

LQFRUSRUDWLQJ .$16/� LV VWURQJO\ DVVRFLDWHG ZLWK GHFUHDVHG ,96 FURVV�VHFWLRQDO DUHD DW

GLDVWROH��LPSO\LQJ�LQFUHDVHG�ULVN�RI�96'�

7KH VWUXFWXUDO YDULDQW� VRPHWLPHV GHQRWHG DV &3;B��B���� �&ROOLQV HW DO� ����� DQG

ORFDWHG DW FKU�������������������� �*5&K���S�� DVVHPEO\�� LV D GXSOLFDWLRQ�IODQNHG

LQYHUVLRQ DFURVV WKUHH JHQHV� ZLWK D PLQRU DOOHOH IUHTXHQF\ �0$)� RI ��� LQ (XURSHDQ

SRSXODWLRQV ��� LQ $IULFDQ SRSXODWLRQV� ����� LQ (DVW $VLDQ SRSXODWLRQV� &ROOLQV HW DO� ������ ,

DSSOLHG WKH $NLWD PRGHO WR WKH � 0E UHJLRQ FHQWHUHG RQ WKLV YDULDQW� SUHGLFWLQJ ILUVW WKH FKURPDWLQ

RUJDQL]DWLRQ DW WKH UHIHUHQFH VHTXHQFH �)LJXUH ���� $�� $NLWD SUHGLFWV D VWURQJ LQWHUDFWLRQ

EHWZHHQ WKH .$16/� SURPRWHU DQG UHJLRQV LQFOXGLQJ WKH 0$37 JHQH ERG\ DQG .$16/��$6�

LQ WKH UHIHUHQFH JHQRW\SH �)LJXUH ���� $� EODFN DUURZV�� ,Q FRQWUDVW� '1$ VHTXHQFH FRQWDLQLQJ

WKH�FRPPRQ�LQYHUVLRQ�LV�QRW�SUHGLFWHG�WR�IRUP�WKHVH�LQWHUDFWLRQV��)LJXUH������%� ZKLWH�DUURZV��

���

https://paperpile.com/c/9YgKKw/18wz
https://paperpile.com/c/9YgKKw/18wz
https://paperpile.com/c/9YgKKw/TxO2
https://paperpile.com/c/9YgKKw/pF1X
https://paperpile.com/c/9YgKKw/n8dV
https://paperpile.com/c/9YgKKw/pF1X
https://paperpile.com/c/9YgKKw/6EcT
https://paperpile.com/c/9YgKKw/6EcT


6HYHUDO FDQGLGDWH UHJXODWRU\ HQKDQFHUV DUH SUHGLFWHG E\ WKH *HQH+DQFHU GDWDEDVH LQ

WKLV UHJLRQ �)LVKLOHYLFK HW DO� ������ )XUWKHUPRUH� D VWULSH DORQJ WKH 766 RI WKH ORQJ LQWHUJHQLF

QRQ�FRGLQJ 51$ /,1&������ UHSUHVHQWLQJ KLJK FRQWDFW IUHTXHQF\ EHWZHHQ LW DQG WKH ORFXV

FRQWDLQLQJ WKH .$16/� 766� $5/��%� /55&��$� .$16/��$6�� DV ZHOO DV WKH ORFXV

FRQWDLQLQJ 0$37� 0$37�$6�� DQG &5+5�� LV ORVW DV D UHVXOW RI WKLV 69 �)LJXUH ���� ER[HV��

*LYHQ WKDW HQKDQFHUV DQG QRQ�FRGLQJ 51$V DUH NQRZQ WR SOD\ DQ LPSRUWDQW UROH LQ UHJXODWLRQ RI

H[SUHVVLRQ GXULQJ GLIIHUHQWLDWLRQ� OLNHO\ E\ WKHLU HIIHFWV RQ �' RUJDQL]DWLRQ DQG RIWHQ LQ FLV

�.KRVUDYLDQL� 2VWURZVNL� DQG 0HNKDLO ����� 7DFKLZDQD� <DPDPRWR� DQG 6DLWRK ������ GLVUXSWHG

FRQWDFWV FRPSULVH D SODXVLEOH PHFKDQLVP IRU DOWHUHG H[SUHVVLRQ RI WKHVH JHQHV� SRVVLEO\ LQ D

WLVVXH�VSHFLILF�PDQQHU�

)LJXUH ���� 7ZR�GLPHQVLRQDO SORWV RI WKH $NLWD PRGHO RI JHQRPH IROGLQJ ZLWK *5&K��
FRRUGLQDWHV RQ WKH ; DQG < D[HV� ZLWK UHOHYDQW JHQHV DQG VWUDQG RULHQWDWLRQ LQGLFDWHG EHORZ E\
EOXH ER[HV� &RORUV UHSUHVHQW SUHGLFWHG FRQWDFW IUHTXHQF\� QRUPDOL]HG WR WKH ORJ RI K\SRWKHWLFDO
REVHUYHG FRQWDFW RYHU H[SHFWHG� ZLWK ZDUP FRORUV LQGLFDWLQJ KLJKHU�WKDQ�H[SHFWHG FRQWDFW
IUHTXHQF\ EDVHG RQ OLQHDU JHQRPLF GLVWDQFH DQG FRRO FRORUV LQGLFDWLQJ ORZHU�WKDQ�H[SHFWHG�
&RORUPDS OHJHQG IURP )LJXUH ��� DOVR DSSOLHV KHUH� 7KH UHIHUHQFH JHQRW\SH SUHGLFWV D VWURQJ
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��GLPHQVLRQDO FKURPDWLQ LQWHUDFWLRQ �EODFN WULDQJOH� EHWZHHQ WKH .$16/� SURPRWHU DQG UHJLRQV
LQFOXGLQJ WKH 0$37 JHQH ERG\ DQG .$16/��$6�� 7KH FRPPRQ GXSOLFDWLRQ�LQYHUVLRQ
�������������������� �RULHQWDWLRQ LQGLFDWHG E\ WKH RUDQJH DUURZ� LV SUHGLFWHG WR FRPSOHWHO\
GLVUXSW�WKH�LQWHUDFWLRQ��FRUUHVSRQGLQJ�ORFDWLRQV�ZLWKLQ�WKH�LQYHUVLRQ�LQGLFDWHG�E\�JUD\�WULDQJOHV��

$ JHQH�EDVHG EXUGHQ WHVW IRU UDUH 69V GHVFULEHG SUHYLRXVO\ �$JXLUUH� 5LYDV� DQG 3ULHVW

����� IRXQG WKDW UDUH .$16/� GXSOLFDWLRQV DUH VWURQJO\ DVVRFLDWHG ZLWK GHFUHDVHG ,96 VL]H

�3ULHVW HW DO� ������ .$16/� LV D FRPSRQHQW RI WKH :'5��0//� KLVWRQH PRGLI\LQJ FRPSOH[

�'LDV HW DO� ������ VR LWV DVVRFLDWLRQ ZLWK GHYHORSPHQWDO SKHQRW\SHV LV XQVXUSULVLQJ�

+DSORLQVXIILFLHQF\ �L�H� ORVV�RI�IXQFWLRQ RI MXVW RQH FRS\� RI .$16/� LV FDXVDO IRU .RROHQ�GH

9ULHV V\QGURPH� ZKLFK LQFOXGHV D 96' SKHQRW\SH DPRQJ RWKHUV �.RROHQ HW DO� ������ :H

WKHUHIRUH VSHFXODWH WKDW LPSURSHU H[SUHVVLRQ RI .$16/� LQ SDWKRJHQLF VSDWLR�WHPSRUDO FRQWH[WV

OHDGV WR D VPDOOHU ,96 DQG LQFUHDVHG ULVN IRU 96'� ([SHULPHQWDO FKDUDFWHUL]DWLRQ RI WKHVH

YDULDQWV DQG WKHLU HIIHFWV RQ FKURPDWLQ RUJDQL]DWLRQ DQG PROHFXODU SKHQRW\SHV DUH QHHGHG WR

IXUWKHU HOXFLGDWH WKH VSHFLILFV RI .$16/� UHJXODWLRQ DQG LWV UHODWLRQVKLS WR �' JHQRPH

RUJDQL]DWLRQ�GXULQJ�FDUGLRJHQHVLV�

����',6&866,21

1RQ�FRGLQJ YDULDWLRQ� SDUWLFXODUO\ YDULDQWV WKDW DOWHU FKURPDWLQ RUJDQL]DWLRQ QHDU JHQHV

ZLWK FRPSOH[ UHJXODWRU\ ORJLF� KDYH WKH SRWHQWLDO WR EH UHOHYDQW LQ WKH FRQWH[W RI FRQJHQLWDO

SKHQRW\SHV DQG FDQFHUV �0RRUH ����� )HUQiQGH]�0HGDUGH DQG 6DQWRV ����� /HH HW DO� �����

%HUQKDUW HW DO� ������ +HUH� , KDYH H[SDQGHG XSRQ SUHYLRXV ZRUN LQ WKH ODE HVWDEOLVKLQJ WKDW

69V QHDU JHQH UHJXODWRU\ IHDWXUHV DUH DVVRFLDWHG ZLWK GHYHORSPHQWDO SKHQRW\SHV �)XGHQEHUJ

DQG 3ROODUG ������ DQG H[WHQGLQJ WKDW REVHUYDWLRQ IURP GHYHORSPHQWDO GHOD\ DQG DXWLVP WR

FRQJHQLWDO KHDUW GHIHFWV� , IXUWKHU GHPRQVWUDWHG XVH RI WKH WUDLQHG QHWZRUN PRGHO $NLWD

�)XGHQEHUJ� .HOOH\� DQG 3ROODUG ����� WR SULRULWL]H SDWLHQW YDULDQWV IRU H[SHULPHQWDO H[SORUDWLRQ� ,

IRXQG WKDW $NLWD FRUUHFWO\ SUHGLFWV WKH FRQVHTXHQFHV RI ODUJH ERXQGDU\�GLVUXSWLQJ YDULDQWV�

YDOLGDWLQJ LWV XVH IRU K\SRWKHVLV JHQHUDWLRQ DQG H[SHULPHQWDO GHVLJQ� DV ZHOO DV LWV DSSOLFDWLRQ WR

WKH�LQWHUSUHWDWLRQ�RI�D�FRPPRQ�KXPDQ�SRO\PRUSKLVP�
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2WKHU FRQWHPSRUDU\ VWXGLHV GRYHWDLO ZLWK RXU ILQGLQJV� LQ D UHFHQW SUHSULQW� � RI �

H[SHULPHQWDOO\�WHVWHG 7$' ERXQGDU\ GHOHWLRQV FDXVHG LQFUHDVHG HPEU\RQLF OHWKDOLW\ RU RWKHU

GHYHORSPHQWDO SKHQRW\SHV LQ PLFH� ,Q SDUWLFXODU� WKH\ IRXQG WKHVH SKHQRW\SHV QHDU NQRZQ

FDUGLDF JHQHV OLNH 6PDG��6PDG� DQG 7E[� �5DMGHUNDU HW DO� ������ &RPELQHG ZLWK P\ ILQGLQJV

RQ 7$' ERXQGDU\ GHOHWLRQV LQ KXPDQ 69V IURP &+' SDWLHQWV� ZH FRQFOXGH WKDW WKH �'

RUJDQL]DWLRQ RI WKH JHQRPH LV D NH\ DVSHFW RI WKH UHJXODWLRQ RI KXPDQ KHDUW IRUPDWLRQ�

$VFHUWDLQPHQW RI YDULDQWV SUHGLFWHG WR FDXVH LWV GLVUXSWLRQ GXULQJ FOLQLFDO VFUHHQLQJ FRXOG VKHG

OLJKW RQ DV�\HW XQH[SODLQHG &+' FDVHV� 7RROV OLNH $NLWD ZLOO EH NH\ WR ILQGLQJ VXFK LQVWDQFHV�

DQG�WR�KHOS�OHDUQ�DQG�LQWHUSUHW�WKH�FLV�UHJXODWRU\�JUDPPDU�XQGHUO\LQJ�WKHVH�SKHQRPHQD�

7KHUH DUH FDYHDWV DVVRFLDWHG ZLWK XVLQJ FRPSXWDWLRQDO PRGHOV WR SUHGLFW HIIHFWV RI 69V

DQG 619V� ,Q SDUWLFXODU� $NLWD ZDV WUDLQHG XVLQJ +L�& DQG PLFUR�& GDWD IURP ILYH FHOO W\SHV� EXW

ZDV ODUJHO\ OLPLWHG LQ LWV DELOLW\ WR SUHGLFW FHOO W\SH�VSHFLILF GLIIHUHQFHV �)XGHQEHUJ� .HOOH\� DQG

3ROODUG ������ 7KRXJK PRVW 7$' ERXQGDULHV DUH WKRXJKW WR EH LQYDULDQW DFURVV FHOO W\SHV�

VPDOOHU�VFDOH LQWHUDFWLRQV ZLWKLQ WKHP FDQ EH FHOO W\SH VSHFLILF LQ D PDQQHU WKDW LV LPSRUWDQW WR

GLVHDVH HWLRORJ\� OLNH HQKDQFHU�SURPRWHU ORRSV �6PLWK HW DO� ����� 0F$UWKXU DQG &DSUD ������

)XWXUH ZRUN LQ WKLV VSDFH ZLOO LQFRUSRUDWH FHOO W\SH LQIRUPDWLRQ OLNH FKURPDWLQ PDUNV�

DFFHVVLELOLW\��DQG�51$�H[SUHVVLRQ�IRU�WKH�LQWHUSUHWDWLRQ�RI�GLVHDVH�YDULDQWV�

:KLOH LW ZDV SUHYLRXVO\ VKRZQ WKDW FRQWUROV DUH GHSOHWHG IRU EDVH SDLU GHOHWLRQ DW

KLJKO\�H[SUHVVHG JHQHV DQG &7&) ELQGLQJ FOXVWHUV� DQG '' UHFDSLWXODWHV WKH QXOO PRGHO ZLWK QR

GHSOHWLRQ� )LJXUHV ��� DQG ��� VXJJHVW WKDW WKH 69V LQ &+' SDWLHQWV DUH HQULFKHG IRU GHOHWHG

EDVH SDLUV LQ WKHVH UHJLRQV� UHVHPEOLQJ WKH VLJQDWXUH RI 69V LQ FDQFHU JHQRPHV� 7KLV ZDV LQ

VXUSULVLQJ FRQWUDVW WR ''� ZKLFK DSSHDUHG WR IROORZ WKH QXOO PRGHO UDWKHU WKDQ VKRZLQJ

HQULFKPHQW RYHU LW �)XGHQEHUJ DQG 3ROODUG ������ 2QH REYLRXV FDYHDW LV WKH SRVVLELOLW\ RI

SURFHVVLQJ GLIIHUHQFHV DFURVV WKH GDWDVHWV XVHG� $GGLWLRQDOO\� VRPH &+' GHOHWLRQ FDOOV IURP WKH

DUUD\ GDWD XVHG KHUH IDLOHG WR UHSOLFDWH LQ ZKROH H[RPH VHTXHQFLQJ GDWD �� IDLOHG RI �

H[DPLQHG�� :LWK WKHVH FDYHDWV VWDWHG� P\ REVHUYDWLRQV DUH FRQVLVWHQW ZLWK WKH ��� WR ��IROG
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LQFUHDVHG FDQFHU ULVN REVHUYHG LQ VXUYLYRUV RI &+' DW DOO DJHV �/HH HW DO� ����� *XUYLW] HW DO�

����� 0DQGDOHQDNLV HW DO� ������ 6RPH VSHFLILF ULVN JHQHV KDYH EHHQ LGHQWLILHG DOUHDG\ �0RUWRQ

HW DO� ������ EXW IXUWKHU LQYHVWLJDWLRQ LV UHTXLUHG WR XQGHUVWDQG WKH IXOO VXLWH RI PHFKDQLVPV

XQGHUO\LQJ�WKLV�UHODWLRQVKLS�

����0(7+2'6

������6WUXFWXUDO�YDULDQW�FDOOV

'HOHWLRQV IURP KHDOWK\ FRQWUROV� SDWLHQWV ZLWK GHYHORSPHQWDO GHOD\ �''�� DQG WXPRUV

ZHUH SURFHVVHG DV GHVFULEHG LQ �)XGHQEHUJ DQG 3ROODUG ������ %ULHIO\� YDULDQWV IURP ������

FRQWUROV DQG ������ '' SDWLHQWV ZHUH VRXUFHG IURP �&RH HW DO� ������ 'HOHWLRQ FDOOV IURP

������ WXPRUV ZHUH REWDLQHG IURP &260,& �)RUEHV HW DO� ����� UHOHDVH Y���� DQG OLIW2YHU

�+LQULFKV�HW�DO������� ZDV�XVHG�WR�FRQYHUW�FRRUGLQDWHV IURP�KJ���WR�KJ���

'HOHWLRQV IURP &+' SDWLHQWV DQG WKHLU SDUHQWV ZHUH FRPSLOHG IURP PXOWLSOH VHTXHQFLQJ

PHWKRGV DQG VRXUFHV� 69V DQDO\]HG IURP &+' SDWLHQWV DQG SDUHQWV LQ )LJXUHV ��� DQG ���

ZHUH VRXUFHG IURP ���� LQGLYLGXDOV ���� WULRV� LQ WKH 3&*& XVLQJ DUUD\ K\EULGL]DWLRQ RQ RQH RI

WKH ,OOXPLQD 2PQL��0 RU WKH ,OOXPLQD 2PQL����0� &ROODERUDWRUV FDOOHG &19V IRU HDFK VXEMHFW

XVLQJ WKH KLGGHQ 0DUNRY PRGHO DOJRULWKP 3HQQ&19 �:DQJ HW DO� ����� XVLQJ FXVWRP

SDUDPHWHUV IRU SRSXODWLRQ IUHTXHQF\ RI %�DOOHOH �3)%� DQG *& PRGHO� 7R PD[LPL]H GLVHDVH

&19 GLVFRYHU\� &19V ZLWK D PLQRU DOOHOH IUHTXHQF\ ! �� ZHUH UHPRYHG� $ PRUH

VWULQJHQWO\�ILOWHUHG VXEVHW RI WKLV GDWD ZDV SXEOLVKHG LQ �*OHVVQHU HW DO� ������ &+' SDWLHQW 69V

ZHUH�VRXUFHG�IURP�FROODERUDWRUV�XVLQJ�YDULRXV�69�FDOOLQJ�PHWKRGV��XQSXEOLVKHG�GDWD��

������&RYHUDJH�E\�IHDWXUH�VWUHQJWK�HVWLPDWHV

7KLV PHWKRG ZDV RULJLQDOO\ GHYHORSHG E\ �)XGHQEHUJ DQG 3ROODUG ������ XSGDWHG ZLWK

WKH ODWHVW YHUVLRQV RI LQSXW GDWD E\ PH� ZLWK WKDQNV WR *HRII )XGHQEHUJ IRU ILOHV DQG FRGH� 766

DQDO\VHV ZHUH SHUIRUPHG XVLQJ *7([ Y� UHOHDVH �*7([ &RQVRUWLXP HW DO� ������ ZKHUH WKH

VWUHQJWK RI D 766 LQ *7([ ZDV TXDQWLILHG DV WKH VXP RI WKH JHQH¶V H[SUHVVLRQ DFURVV DOO WLVVXHV
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H[FHSW WHVWHV� &7&) IHDWXUH VWUHQJWK LV GHILQHG DV LWV DJJUHJDWH ELQGLQJ DFURVV VDPSOHV� ZKHUH

EURDG� DQG QDUURZ3HDN &7&) &K,3�VHT ILOHV �JHQHUDWHG DFURVV PXOWLSOH FHOO W\SHV DQG

SURFHVVHG DV GHVFULEHG SUHYLRXVO\ LQ �.HOOLV HW DO� ������ ZHUH GRZQORDGHG IURP (1&2'(

�(1&2'(�3URMHFW�&RQVRUWLXP������ DQG�DJJUHJDWHG�

2EVHUYHG�GHOHWLRQ�FRYHUDJH�RYHU�H[SHFWHG�GHOHWLRQ�FRYHUDJH�LV�FDOFXODWHG�DV�
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ZKHUH L LQGH[HV JHQRPLF UHJLRQV ZLWKLQ D SDUWLFXODU IHDWXUH FODVV N �TXDQWLOH RI 766 H[SUHVVLRQ

RU &7&) ELQGLQJ VWUHQJWK�� 6L LV WKH VL]H RI UHJLRQ L� 1L LV WKH QXPEHU RI EDVH SDLUV GHOHWHG LQ

UHJLRQ L� 6WRWDO LV JHQRPH VL]H� DQG 1WRWDO LV WKH QXPEHU RI GHOHWHG EDVH SDLUV JHQRPH�ZLGH� 7KH

8&6& KJ�� JDS ILOH ZDV XVHG WR H[FOXGH UHJLRQV WKDW DUH PRUH SURQH WR YDULDQW DUWLIDFWV

�+LQULFKV HW DO� ����� &RH HW DO� ������ %RRWVWUDS HVWLPDWHV IRU GHOHWLRQ FRYHUDJH DV D IXQFWLRQ

RI IHDWXUH VWUHQJWK ZHUH JHQHUDWHG E\ VDPSOLQJ ���� WLPHV IURP WKH IXOO OLVW RI REVHUYHG

FRYHUDJH�SHUFHQWLOH VWUHQJWK SDLUV ZLWK UHSODFHPHQW DQG FRPSXWLQJ DYHUDJHV LQ VOLGLQJ ZLQGRZV

RI����SHUFHQWLOHV��7KH�PHDQ�YDOXH�RYHU������ERRWVWUDSV�LV�UHSRUWHG�

������3UHGLFWLRQ�DQG�VFRULQJ�RI�FDQGLGDWH�69V

$NLWD �)XGHQEHUJ� .HOOH\� DQG 3ROODUG ����� ZDV XVHG WR SUHGLFW +L�& FKURPDWLQ FRQWDFW

PDSV� XVLQJ WKH ���� PRGHO SDUDPHWHUV �*HWBPRGHO�VK DW 0DVWHU ā &DOLFR�EDVHQML Q�G��� )RU

HDFK 69� D �0E ZLQGRZ RI WKH JHQRPH ZDV VHOHFWHG VXFK WKDW WKH PLGSRLQW RI WKH 69 LV ORFDWHG

DW WKH FHQWUDO JHQRPLF ELQ RI WKH SUHGLFWLRQ� 7KH KJ�� UHIHUHQFH VHTXHQFH ZDV XVHG DV LQSXW

LQWR $NLWD WR SUHGLFW ZLOG W\SH FKURPDWLQ FRQWDFW IUHTXHQF\ LQ WKH UHJLRQ� ZKLFK ZDV UHSHDWHG IRU

WKH VDPH VHTXHQFH ZLWK 69 EDVH SDLUV GHOHWHG� %HFDXVH $NLWD PDNHV SUHGLFWLRQV ZLWK D IL[HG

LQSXW VL]H� , UHPRYHG WKH '1$ VHTXHQFH WKDW ZDV GHOHWHG LQ WKH SDWLHQW DQG V\PPHWULFDOO\

H[WHQGHG�WKH�VWDUW�DQG�HQG�RI�WKH��0E�UHJLRQ�WR�PDLQWDLQ�LQSXW�VL]H�
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7R DVVHVV ORFDO GLVUXSWLRQ RI '1$ FRQWDFWV� , XVHG WKH VXP RI PHDQ�VTXDUHG HUURU

�06(��DFURVV�WKH�IXOO�UHJLRQ��JLYHQ�E\�
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ZKHUH : LV WKH +L�& PDS SUHGLFWHG IURP ³ZLOG W\SH´ UHIHUHQFH VHTXHQFH� 0 LV WKH PDS SUHGLFWHG

IURP ³PXWDQW´ 69 VHTXHQFH� DQG �L�M� UHSUHVHQW FRRUGLQDWHV RI WKH JHQRPLF ELQV IURP � WR Q� ,Q

WKLV PRGHO� LQSXW VHTXHQFH LV ��� EDVH SDLUV WKDW KDYH EHHQ FRQYROYHG LQWR ��� WRWDO ELQV� ZLWK

���� EDVH SDLUV UHSUHVHQWHG SHU ELQ� :H GR QRW LQFOXGH WKH PDUJLQDO �� ELQV LQ VFRULQJ� VLQFH

WKH PRGHO FDQQRW LQFOXGH VHTXHQFH LQIRUPDWLRQ XSVWUHDP�GRZQVWUHDP IURP WKLV UHJLRQ�

UHGXFLQJ�WKH�DFFXUDF\�RI�IROGLQJ�SUHGLFWLRQV�LQ�WKRVH�ELQV�

������/RFXV�DZDUH�SULRULWL]DWLRQ���H[SUHVVLRQ�GDWD�DQG�FKURPDWLQ�VWDWH

)RU ORFXV�DZDUH SULRULWL]DWLRQ� , LQWHUVHFWHG WKH 06( RI SUHGLFWHG +L�& FRQWDFW IUHTXHQF\

DW HDFK JHQRPLF ELQ ZLWK H[SUHVVLRQ RI 766V DQG FKURPDWLQ VWDWH SUHGLFWLRQ� 06( VFRUHV DUH

PXOWLSOLHG E\ D IDFWRU LQGLFDWLQJ 766�FKURPDWLQ DFWLYLW\ LQ WKDW ELQ� DQG DUH WKHQ VXPPHG DFURVV

WKH�IXOO���0E�PDS�IRU�DQ�H[SUHVVLRQ��RU�DFWLYLW\�DZDUH�VFRUH�SHU�69�
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ZKHUH DL LV WKH H[SUHVVLRQ RU DFWLYLW\ VWDWH YDOXH DW ELQ L� DQG GL LV WKH GLVUXSWLRQ RU 06( EHWZHHQ

WKH WZR PDWULFHV DW JHQRPLF ELQ L� 766V DQG DFWLYH FKURPDWLQ VWDWH ORFL ZHUH H[WHQGHG � � $NLWD

ELQV ����� EDVH SDLUV XSVWUHDP DQG GRZQVWUHDP� LQ KRSHV RI HQFDSVXODWLQJ QHDUE\ UHJXODWRU\

HOHPHQWV�

7R FDOFXODWH H[SUHVVLRQ�DZDUH GLVUXSWLRQ� , XVHG WKH VXP RI JHQH H[SUHVVLRQ �WUDQVFULSWV

SHU PLOOLRQ� WSP� LQ *7([ KHDUW WLVVXHV� 
$UWHU\ � $RUWD
� 
$UWHU\ � &RURQDU\
� 
+HDUW � $WULDO

$SSHQGDJH
� DQG 
+HDUW � /HIW 9HQWULFOH�
 7KH 06( DW HDFK JHQRPLF ELQ ZDV PXOWLSOLHG E\ WKDW

VXP�RI�H[SUHVVLRQ�IRU�DQ\�766V�ORFDWHG�ZLWKLQ�WKH�ELQ�RU�WZR�ELQV�XS�GRZQVWUHDP�

���



7R FDOFXODWH DFWLYLW\�DZDUH GLVUXSWLRQ� , XVHG FKURPDWLQ VWDWH SUHGLFWLRQV IURP WKH

FKURP+00 FRUH ���VWDWH PRGHO �(UQVW DQG .HOOLV ����� RQ IHWDO KHDUW WLVVXH GDWD� DV SURFHVVHG

DQG SXEOLVKHG E\ WKH 5RDGPDS (SLJHQRPLFV &RQVRUWLXP �(��� )HWDO +HDUW 3ULPDU\+00�

5RDGPDS (SLJHQRPLFV &RQVRUWLXP HW DO� ������ 2I WKH �� SRVVLEOH FKURPDWLQ VWDWHV� ,

FRQVLGHUHG WKH IROORZLQJ VWDWHV WR EH DFWLYH� �B7VV$� �B7VV$)OQN� �B7[)OQN� �B7[� �B7[:N�

�B(QK*� �B(QK� &KURPDWLQ VWDWH SUHGLFWLRQV ZHUH IXUWKHU VLPSOLILHG WR ³DFWLYH´ � �� DQG ³QRW

DFWLYH´ � �� DV WKHLU ZHLJKWLQJ IDFWRU� VXFK WKDW RQO\ WKH 06( RI JHQRPLF ELQV SUHGLFWHG WR EH

DFWLYH�LQ�IHWDO�KHDUW�WLVVXH�LV�LQFOXGHG�LQ�WKLV�ZHLJKWHG�VFRUH�

������(QJLQHHULQJ�DQG�VHTXHQFLQJ�RI�FHOO�OLQHV

&HOOV IURP D K(6& :7&��� FHOO OLQH ZHUH HQJLQHHUHG WR FDUU\ WKH SDWLHQW GHOHWLRQ XVLQJ

&5,635�&DV� �LQILQLW\ ELRORJL; SURWRFRO�� &RQWUROV IURP WKH VDPH FHOO OLQH ZHUH VXEMHFWHG WR

LGHQWLFDO UHDJHQWV ZLWKRXW JHQRPH HGLWLQJ� WR SURGXFH DQ LVRJHQLF SDLU RI FHOO OLQHV� %DVLF TXDOLW\

FRQWURO ZDV SHUIRUPHG WR FRQILUP VXFFHVVIXO HGLWLQJ� UHJXODU NDU\RW\SLQJ� DQG SOXULSRWHQF\� 7KH

HGLWHG OLQHV �GHOHWLRQ DQG FRQWURO� ZHUH WKHQ GLIIHUHQWLDWHG DV GHVFULEHG SUHYLRXVO\ LQWR FDUGLDF

PHVRGHUP �.DWWPDQ HW DO� ������ &DSWXUH�& �$ULPD *HQRPLFV� ZDV SHUIRUPHG XVLQJ SUREHV

GHVLJQHG�WR�FDSWXUH�FRQWDFWV�a���NE�XSVWUHDP�DQG�GRZQVWUHDP�RI�WKH�69�UHJLRQ�

, SURFHVVHG DQG DQDO\]HG H[SHULPHQWDO UHDGV XVLQJ WKH �'1 SURFHVVLQJ SLSHOLQH DQG

TXDOLW\ FRQWURO FXWRIIV �5HLII HW DO� ������ 6SHFLILFDOO\� , PDSSHG WKH &DSWXUH�& UHDGV WR WKH

*5&K�� UHIHUHQFH JHQRPH XVLQJ EZD �YHUVLRQ �������� WKHQ ILOWHUHG� VRUWHG� DQG PHUJHG UHDGV

XVLQJ SDLUWRROV �YHUVLRQ ������� &RROHU �YHUVLRQ ������ ZDV XVHG WR FUHDWH +L�& PDWULFHV DW D

UHVROXWLRQ�RI������EDVH�SDLUV�SHU�ELQ��DQG�FRROWRROV�IRU�YLVXDOL]DWLRQ �2SHQ�&�HW�DO��������

����'$7$�$1'�62)7:$5(�$&&(66

5HSUHVHQWDWLYH FRGH ZLOO EH SRVWHG DV D VHULHV RI MXS\WHU QRWHERRNV� DYDLODEOH DW

KWWSV���JLWKXE�FRP�PHSLWWPDQ�VY�SUHGLFWLRQ�
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5()(5(1&(6

$JXLUUH��0DWWKHZ��0DQXHO�$��5LYDV��DQG�-DPHV�3ULHVW��������³3KHQRPH�:LGH�%XUGHQ�RI

&RS\�1XPEHU�9DULDWLRQ�LQ�WKH�8.�%LREDQN�´ $PHULFDQ -RXUQDO�RI�+XPDQ�*HQHWLFV ��������

���±���

$NKLURPH��(KLROH��1HSKL�$��:DOWRQ��-XOLH�0��1RJHH��DQG�3DWULFN�<��-D\��������³7KH�&RPSOH[

*HQHWLF�%DVLV�RI�&RQJHQLWDO�+HDUW�'HIHFWV�´ &LUFXODWLRQ -RXUQDO��2IILFLDO�-RXUQDO�RI�WKH

-DSDQHVH�&LUFXODWLRQ�6RFLHW\ �����������±���

$OEHUW��)UDQN�:���DQG�/HRQLG�.UXJO\DN��������³7KH�5ROH�RI�5HJXODWRU\�9DULDWLRQ�LQ�&RPSOH[

7UDLWV�DQG�'LVHDVH�´ 1DWXUH�5HYLHZV��*HQHWLFV ������� ���±����

%DODVXEUDPDQLDQ��0HHQD������� +15138�5HODWHG�1HXURGHYHORSPHQWDO 'LVRUGHU��8QLYHUVLW\�RI

:DVKLQJWRQ��6HDWWOH�

%HUQKDUW��6WHSKDQ�+���+HOHQH�.UHW]PHU��/HVFD�0��+ROGW��)UDQN�-�KOLQJ��2OH�$PPHUSRKO��$QNH

.��%HUJPDQQ��%HUQG�+��1RUWKRII��HW�DO��������³&KDQJHV�RI�%LYDOHQW�&KURPDWLQ�&RLQFLGH�ZLWK

,QFUHDVHG�([SUHVVLRQ�RI�'HYHORSPHQWDO�*HQHV�LQ�&DQFHU�´ 6FLHQWLILF�5HSRUWV �

�1RYHPEHU���������

&DUXOOR��1DQF\�9��1���DQG�-HUHP\�-��'D\��������³*HQRPLF�(QKDQFHUV�LQ�%UDLQ�+HDOWK�DQG

'LVHDVH�´ *HQHV ��������KWWSV���GRL�RUJ���������JHQHV���������

&ODULQJERXOG��$QQLTXH��DQG�-XGLWK�%��=DXJJ��������³(QKDQFHUV�LQ�'LVHDVH��0ROHFXODU�%DVLV�DQG

(PHUJLQJ�7UHDWPHQW�6WUDWHJLHV�´ 7UHQGV�LQ�0ROHFXODU 0HGLFLQH �������������±���

&RH��%UDGOH\�3���.DOL�:LWKHUVSRRQ��-LOO�$��5RVHQIHOG��%UHJMH�:��0��YDQ�%RQ��$QQHNH�7��9XOWR�YDQ

6LOIKRXW��3DROR�%RVFR��.DWKU\Q�/��)ULHQG��HW�DO��������³5HILQLQJ�$QDO\VHV�RI�&RS\�1XPEHU

9DULDWLRQ�,GHQWLILHV�6SHFLILF�*HQHV�$VVRFLDWHG�ZLWK�'HYHORSPHQWDO�'HOD\�´ 1DWXUH�*HQHWLFV

�������������±���

&ROOLQV��5\DQ�/���+DUULVRQ�%UDQG��.RQUDG�-��.DUF]HZVNL��;XHIDQJ�=KDR��-HVVLFD�$OI|OGL��/DXUHQW

&��)UDQFLROL��$PLW�9��.KHUD��HW�DO��������³$�6WUXFWXUDO�9DULDWLRQ�5HIHUHQFH�IRU�0HGLFDO�DQG

���

http://paperpile.com/b/9YgKKw/qY0P
http://paperpile.com/b/9YgKKw/qY0P
http://paperpile.com/b/9YgKKw/qY0P
http://paperpile.com/b/9YgKKw/0ZpW
http://paperpile.com/b/9YgKKw/0ZpW
http://paperpile.com/b/9YgKKw/0ZpW
http://paperpile.com/b/9YgKKw/fB0G
http://paperpile.com/b/9YgKKw/fB0G
http://paperpile.com/b/9YgKKw/etkW
http://paperpile.com/b/9YgKKw/etkW
http://paperpile.com/b/9YgKKw/pXpq
http://paperpile.com/b/9YgKKw/pXpq
http://paperpile.com/b/9YgKKw/pXpq
http://paperpile.com/b/9YgKKw/pXpq
http://paperpile.com/b/9YgKKw/ZviM
http://paperpile.com/b/9YgKKw/ZviM
http://dx.doi.org/10.3390/genes10010043
http://paperpile.com/b/9YgKKw/ZviM
http://paperpile.com/b/9YgKKw/Cay6
http://paperpile.com/b/9YgKKw/Cay6
http://paperpile.com/b/9YgKKw/flRp
http://paperpile.com/b/9YgKKw/flRp
http://paperpile.com/b/9YgKKw/flRp
http://paperpile.com/b/9YgKKw/flRp
http://paperpile.com/b/9YgKKw/6EcT
http://paperpile.com/b/9YgKKw/6EcT


3RSXODWLRQ�*HQHWLFV�´ 1DWXUH ���������������±���

'DNNDN��:DHO��DQG�7RQ\�,��2OLYHU������� 9HQWULFXODU 6HSWDO�'HIHFW��6WDW3HDUOV�3XEOLVKLQJ�

'HJW\DUHYD��$ULQD�2���(OHQD�9��$QWRQWVHYD��DQG�7DWLDQD�,��0HUNXORYD��������³5HJXODWRU\�613V�

$OWHUHG�7UDQVFULSWLRQ�)DFWRU�%LQGLQJ�6LWHV�,PSOLFDWHG�LQ�&RPSOH[�7UDLWV�DQG�'LVHDVHV�´

,QWHUQDWLRQDO�-RXUQDO�RI�0ROHFXODU�6FLHQFHV �������� �����

'LDV��-RUJH��1KXRQJ�9DQ�1JX\HQ��3ODPHQ�*HRUJLHY��$OLQH�*DXE��-DQLQH�%UHWWVFKQHLGHU�

6WHSKHQ�&XVDFN��-DQ�.DGOHF��DQG�$VLID�$NKWDU��������³6WUXFWXUDO�$QDO\VLV�RI�WKH

.$16/��:'5��.$16/��&RPSOH[�5HYHDOV�7KDW�:'5��,V�5HTXLUHG�IRU�(IILFLHQW�$VVHPEO\

DQG�&KURPDWLQ�7DUJHWLQJ�RI�WKH�16/�&RPSOH[�´ *HQHV 	�'HYHORSPHQW �����������±���

'L[RQ��-HVVH�5���,QN\XQJ�-XQJ��6LGGDUWK�6HOYDUDM��<LQ�6KHQ��-HVVLFD�(��$QWRVLHZLF]�%RXUJHW��$K

<RXQJ�/HH��=KHQ�<H��HW�DO��������³&KURPDWLQ�$UFKLWHFWXUH�5HRUJDQL]DWLRQ�GXULQJ�6WHP�&HOO

'LIIHUHQWLDWLRQ�´ 1DWXUH ���������������±���

'L[RQ��-HVVH�5���6LGGDUWK�6HOYDUDM��)HQJ�<XH��$XGUH\�.LP��<DQ�/L��<LQ�6KHQ��0LQJ�+X��-XQ�6�

/LX��DQG�%LQJ�5HQ��������³7RSRORJLFDO�'RPDLQV�LQ�0DPPDOLDQ�*HQRPHV�,GHQWLILHG�E\

$QDO\VLV�RI�&KURPDWLQ�,QWHUDFWLRQV�´ 1DWXUH ����������� ���±���

(1&2'(�3URMHFW�&RQVRUWLXP��������³$Q�,QWHJUDWHG�(QF\FORSHGLD�RI�'1$�(OHPHQWV�LQ�WKH

+XPDQ�*HQRPH�´ 1DWXUH ��������������±���

(UQVW��-DVRQ��DQG�0DQROLV�.HOOLV��������³&KURPDWLQ�6WDWH�'LVFRYHU\�DQG�*HQRPH�$QQRWDWLRQ

ZLWK�&KURP+00�´ 1DWXUH�3URWRFROV �������������±���

)HUQiQGH]�0HGDUGH��$OEHUWR��DQG�(XJHQLR�6DQWRV��������³5DV�LQ�&DQFHU�DQG�'HYHORSPHQWDO

'LVHDVHV�´ *HQHV�	�&DQFHU ����������±���

)HXN��/DUV��$QGUHZ�5��&DUVRQ��DQG�6WHSKHQ�:��6FKHUHU��������³6WUXFWXUDO�9DULDWLRQ�LQ�WKH

+XPDQ�*HQRPH�´ 1DWXUH�5HYLHZV��*HQHWLFV ���������±���

)LVKLOHYLFK��6LPRQ��5RQ�1XGHO��1RD�5DSSDSRUW��5RWHP�+DGDU��,QEDU�3ODVFKNHV��7VLSSL�,Q\�6WHLQ�

1DRPL�5RVHQ��HW�DO��������³*HQH+DQFHU��*HQRPH�:LGH�,QWHJUDWLRQ�RI�(QKDQFHUV�DQG

7DUJHW�*HQHV�LQ�*HQH&DUGV�´ 'DWDEDVH��7KH�-RXUQDO RI�%LRORJLFDO�'DWDEDVHV�DQG�&XUDWLRQ
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������-DQXDU\���KWWSV���GRL�RUJ���������GDWDEDVH�ED[����

)RUEHV��6LPRQ�$���*XUSUHHW�7DQJ��1LGKL�%LQGDO��6DOO\�%DPIRUG��(OLVDEHWK�'DZVRQ��&KDUORWWH

&ROH��&KDL�<LQ�.RN��HW�DO��������³&260,&��WKH�&DWDORJXH�RI�6RPDWLF�0XWDWLRQV�LQ�&DQFHU��

$�5HVRXUFH�WR�,QYHVWLJDWH�$FTXLUHG�0XWDWLRQV�LQ�+XPDQ�&DQFHU�´ 1XFOHLF�$FLGV�5HVHDUFK

����'DWDEDVH�LVVXH���'���±���

)XGHQEHUJ��*HRII��'DYLG�5��.HOOH\��DQG�.DWKHULQH�6��3ROODUG��������³3UHGLFWLQJ��'�*HQRPH

)ROGLQJ�IURP�'1$�6HTXHQFH�ZLWK�$NLWD�´ 1DWXUH�0HWKRGV �������������±���

)XGHQEHUJ��*HRII��DQG�.DWKHULQH�6��3ROODUG��������³&KURPDWLQ�)HDWXUHV�&RQVWUDLQ�6WUXFWXUDO

9DULDWLRQ�DFURVV�(YROXWLRQDU\�7LPHVFDOHV�´ 3URFHHGLQJV RI�WKH�1DWLRQDO�$FDGHP\�RI

6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD �������� ����±���

*HWBPRGHO�VK�DW�0DVWHU�ā�&DOLFR�EDVHQML��Q�G��*LWKXE� $FFHVVHG�0DUFK����������

KWWSV���JLWKXE�FRP�FDOLFR�EDVHQML�

*OHVVQHU��-RVHSK�7���$OH[DQGHU�*��%LFN��.DRUX�,WR��-DVRQ�+RPV\��/DXUD�5RGULJXH]�0XULOOR�

0HQDFKHP�)URPHU��(ULFD�0D]DLND��HW�DO��������³,QFUHDVHG�)UHTXHQF\�RI�GH�1RYR�&RS\

1XPEHU�9DULDQWV�LQ�&RQJHQLWDO�+HDUW�'LVHDVH�E\�,QWHJUDWLYH�$QDO\VLV�RI�6LQJOH�1XFOHRWLGH

3RO\PRUSKLVP�$UUD\�DQG�([RPH�6HTXHQFH�'DWD�´ &LUFXODWLRQ 5HVHDUFK �������������±���

*RQJ��<L[LDR��&KDUDODPSRV�/D]DULV��7KHRGRUH�6DNHOODURSRXORV��$XUHOLH�/R]DQR��3UDEKDQMDQ

.DPEDGXU��3DQDJLRWLV�1W]LDFKULVWRV��,DQQLV�$LIDQWLV��DQG�$ULVWRWHOLV�7VLULJRV�������

³6WUDWLILFDWLRQ�RI�7$'�%RXQGDULHV�5HYHDOV�3UHIHUHQWLDO�,QVXODWLRQ�RI�6XSHU�(QKDQFHUV�E\

6WURQJ�%RXQGDULHV�´ 1DWXUH�&RPPXQLFDWLRQV �����������

*RQ]DOH]�7HUDQ��%DUEDUD��0DXUHHQ�3LWWPDQ��)UDQFR�)HOL[��5HXEHQ�7KRPDV��'HVPRQG

5LFKPRQG�%XFFROD��5XWK�+�WWHQKDLQ��.ULVKQD�&KRXGKDU\��HW�DO��������³7UDQVFULSWLRQ�)DFWRU

3URWHLQ�,QWHUDFWRPHV�5HYHDO�*HQHWLF�'HWHUPLQDQWV�LQ�+HDUW�'LVHDVH�´ &HOO ��������

���±����H���

*7([�&RQVRUWLXP��/DERUDWRU\��'DWD�$QDO\VLV�	&RRUGLQDWLQJ�&HQWHU��/'$&&�²$QDO\VLV

:RUNLQJ�*URXS��6WDWLVWLFDO�0HWKRGV�JURXSV²$QDO\VLV�:RUNLQJ�*URXS��(QKDQFLQJ�*7([
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�H*7([��JURXSV��1,+�&RPPRQ�)XQG��1,+�1&,��1,+�1+*5,��HW�DO��������³*HQHWLF�(IIHFWV

RQ�*HQH�([SUHVVLRQ�DFURVV�+XPDQ�7LVVXHV�´ 1DWXUH ��� �����������±���

*XQVDOXV��/DXUD�0���0LFKDHO�-��.HLVHU��DQG�.DWKHULQH�6��3ROODUG��������³,Q�6LOLFR�'LVFRYHU\�RI

5HSHWLWLYH�(OHPHQWV�DV�.H\�6HTXHQFH�'HWHUPLQDQWV�RI��'�*HQRPH�)ROGLQJ�´ ELR5[LY�

KWWSV���GRL�RUJ���������������������������

*XUYLW]��0LFKHOOH��5DOXFD�,RQHVFX�,WWX��/LPLQJ�*XR��0DUN�-��(LVHQEHUJ��0LFKDO�$EUDKDPRZLF]�

/RXLVH�3LORWH��DQG�$ULDQH�-��0DUHOOL��������³3UHYDOHQFH�RI�&DQFHU�LQ�$GXOWV�:LWK�&RQJHQLWDO

+HDUW�'LVHDVH�&RPSDUHG�:LWK�WKH�*HQHUDO�3RSXODWLRQ�´ 7KH�$PHULFDQ�-RXUQDO�RI

&DUGLRORJ\ ��������������±���

+LQULFKV��$��6���'��.DUROFKLN��5��%DHUWVFK��*��3��%DUEHU��*��%HMHUDQR��+��&ODZVRQ��0��'LHNKDQV�

HW�DO��������³7KH�8&6&�*HQRPH�%URZVHU�'DWDEDVH��8SGDWH������´ 1XFOHLF�$FLGV

5HVHDUFK ����'DWDEDVH�LVVXH���'���±���

+RDQJ��7KDQK�7���(OL]DEHWK�*ROGPXQW]��$P\�(��5REHUWV��:HQG\�.��&KXQJ��-HQQLH�.��.OLQH�

-RKQ�(��'HDQILHOG��$OHVVDQGUR�*LDUGLQL��HW�DO��������³7KH�&RQJHQLWDO�+HDUW�'LVHDVH�*HQHWLF

1HWZRUN�6WXG\��&RKRUW�'HVFULSWLRQ�´ 3OR6�2QH ������� H��������

+RPV\��-DVRQ��6DPLU�=DLGL��<XIHQJ�6KHQ��-DPHV�6��:DUH��.DLWOLQ�(��6DPRFKD��.RQUDG�-�

.DUF]HZVNL��6WHYHQ�5��'H3DOPD��HW�DO��������³'H�1RYR�0XWDWLRQV�LQ�&RQJHQLWDO�+HDUW

'LVHDVH�ZLWK�1HXURGHYHORSPHQWDO�DQG�2WKHU�&RQJHQLWDO�$QRPDOLHV�´ 6FLHQFH �����������

����±���

-LQ��6KHQJ�&KLK��-DVRQ�+RPV\��6DPLU�=DLGL��4LRQJVKL�/X��6DUDK�0RUWRQ��6WHYHQ�5��'H3DOPD�

;XH�=HQJ��HW�DO��������³&RQWULEXWLRQ�RI�5DUH�,QKHULWHG�DQG�GH�1RYR�9DULDQWV�LQ������

&RQJHQLWDO�+HDUW�'LVHDVH�3UREDQGV�´ 1DWXUH�*HQHWLFV �������������±�����

.DDLM��/XFDV�-��7���)DELR�0RKQ��5RELQ�+��YDQ�GHU�:HLGH��(O]R�GH�:LW��DQG�0DUF�%�KOHU�������

³7KH�&K$+3�&RPSOH[�&RXQWHUDFWV�&KURPDWLQ�/RRSLQJ�DW�&7&)�6LWHV�7KDW�(PHUJHG�IURP

6,1(�([SDQVLRQV�LQ�0RXVH�´ &HOO �������������±���H���

.DWWPDQ��6WHYHQ�-���$OHF�'��:LWW\��0DUN�*DJOLDUGL��1LFROH�&��'XERLV��0DU\DP�1LDSRXU��$NLWVX

���

http://paperpile.com/b/9YgKKw/mmFd
http://paperpile.com/b/9YgKKw/mmFd
http://paperpile.com/b/9YgKKw/n0CZ
http://paperpile.com/b/9YgKKw/n0CZ
http://paperpile.com/b/9YgKKw/n0CZ
http://dx.doi.org/10.1101/2022.08.11.503410
http://paperpile.com/b/9YgKKw/n0CZ
http://paperpile.com/b/9YgKKw/hiYd
http://paperpile.com/b/9YgKKw/hiYd
http://paperpile.com/b/9YgKKw/hiYd
http://paperpile.com/b/9YgKKw/hiYd
http://paperpile.com/b/9YgKKw/kXdY
http://paperpile.com/b/9YgKKw/kXdY
http://paperpile.com/b/9YgKKw/kXdY
http://paperpile.com/b/9YgKKw/bdkk
http://paperpile.com/b/9YgKKw/bdkk
http://paperpile.com/b/9YgKKw/bdkk
http://paperpile.com/b/9YgKKw/7PUv
http://paperpile.com/b/9YgKKw/7PUv
http://paperpile.com/b/9YgKKw/7PUv
http://paperpile.com/b/9YgKKw/7PUv
http://paperpile.com/b/9YgKKw/TxO2
http://paperpile.com/b/9YgKKw/TxO2
http://paperpile.com/b/9YgKKw/TxO2
http://paperpile.com/b/9YgKKw/Hfca
http://paperpile.com/b/9YgKKw/Hfca
http://paperpile.com/b/9YgKKw/Hfca
http://paperpile.com/b/9YgKKw/VxFs


+RWWD��-DPHV�(OOLV��DQG�*RUGRQ�.HOOHU��������³6WDJH�6SHFLILF�2SWLPL]DWLRQ�RI�$FWLYLQ�QRGDO

DQG�%03�6LJQDOLQJ�3URPRWHV�&DUGLDF�'LIIHUHQWLDWLRQ�RI�0RXVH�DQG�+XPDQ�3OXULSRWHQW

6WHP�&HOO�/LQHV�´ &HOO�6WHP�&HOO ����������±���

.HOOLV��0DQROLV��%DUEDUD�:ROG��0LFKDHO�3��6Q\GHU��%UDGOH\�(��%HUQVWHLQ��$QVKXO�.XQGDMH��*HRUJL

.��0DULQRY��/XFDV�'��:DUG��HW�DO��������³'HILQLQJ�)XQFWLRQDO�'1$�(OHPHQWV�LQ�WKH�+XPDQ

*HQRPH�´ 3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV RI�WKH�8QLWHG�6WDWHV�RI

$PHULFD ��������������±���

.KRVUDYLDQL��1HJLQ��/DXUHQ�$��2VWURZVNL��DQG�.DULP�0HNKDLO��������³5ROHV�IRU�1RQ�&RGLQJ

51$V�LQ�6SDWLDO�*HQRPH�2UJDQL]DWLRQ�´ )URQWLHUV�LQ &HOO�DQG�'HYHORSPHQWDO�%LRORJ\ �

�'HFHPEHU�������

.OHPP��$���3��)OLFHN��7��0DQROLR��DQG�/��+LQGRUII��������³7KH�1+*5,�*:$6�&DWDORJ��D�&XUDWHG

5HVRXUFH�RI�613�7UDLW�$VVRFLDWLRQV�´ 1XFOHLF�$FLGV�

KWWSV���DFDGHPLF�RXS�FRP�QDU�DUWLFOH�DEVWUDFW����'��'�������������

.RROHQ��'DYLG�$���5ROSK�3IXQGW��.DWULQ�/LQGD��*HD�%HXQGHUV��+HUPLQH�(��9HHQVWUD�.QRO��-HVVLH

+��&RQWD��$QD�0DULD�)RUWXQD��HW�DO��������³7KH�.RROHQ�GH�9ULHV�6\QGURPH��$�3KHQRW\SLF

&RPSDULVRQ�RI�3DWLHQWV�ZLWK�D���T������0LFURGHOHWLRQ�YHUVXV�D�.$16/��6HTXHQFH

9DULDQW�´ (XURSHDQ�-RXUQDO�RI�+XPDQ�*HQHWLFV��(-+* �����������±���

.UDJHVWHHQ��%M¡UW�.���0DOWH�6SLHOPDQQ��&KULVWLQD�3DOLRX��9HUHQD�+HLQULFK��5REHUW�6FK|SIOLQ�

$QGUHD�(VSRVLWR��&DUOR�$QQXQ]LDWHOOD��HW�DO��������³'\QDPLF��'�&KURPDWLQ�$UFKLWHFWXUH

&RQWULEXWHV�WR�(QKDQFHU�6SHFLILFLW\�DQG�/LPE�0RUSKRJHQHVLV�´ 1DWXUH�*HQHWLFV ��������

����±���

.UHIWLQJ��-DQ��0LJXHO�$��$QGUDGH�1DYDUUR��DQG�-RQDV�,EQ�6DOHP��������³(YROXWLRQDU\�6WDELOLW\�RI

7RSRORJLFDOO\�$VVRFLDWLQJ�'RPDLQV�,V�$VVRFLDWHG�ZLWK�&RQVHUYHG�*HQH�5HJXODWLRQ�´ %0&

%LRORJ\ �����������

/HH��<X�6KHQJ��<XQJ�7DL�&KHQ��0HL�-\�-HQJ��3HL�&KHQ�7VDR��+VLX�-X�<HQ��3L�&KDQJ�/HH�

6]X�<XDQ�/L��HW�DO��������³7KH�5LVN�RI�&DQFHU�LQ�3DWLHQWV�ZLWK�&RQJHQLWDO�+HDUW�'LVHDVH��$
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1DWLRQZLGH�3RSXODWLRQ�%DVHG�&RKRUW�6WXG\�LQ�7DLZDQ�´ 3OR6�2QH ��������H��������

/XSLixH]��'DUtR�*���.DWHULQD�.UDIW��9HUHQD�+HLQULFK��3HWHU�.UDZLW]��)UDQFHVFR�%UDQFDWL��(YD

.ORSRFNL��'HQLVH�+RUQ��HW�DO��������³'LVUXSWLRQV�RI�7RSRORJLFDO�&KURPDWLQ�'RPDLQV�&DXVH

3DWKRJHQLF�5HZLULQJ�RI�*HQH�(QKDQFHU�,QWHUDFWLRQV�´ &HOO �������������±���

0DQGDOHQDNLV��=DFKDULDV��&KULVWLQD�.DUD]LVL��.ULVWRIHU�6NRJOXQG��$QQLND�5RVHQJUHQ��*HRUJLRV

/DSSDV��3HWHU�(ULNVVRQ��DQG�0LNDHO�'HOOERUJ��������³5LVN�RI�&DQFHU�$PRQJ�&KLOGUHQ�DQG

<RXQJ�$GXOWV�:LWK�&RQJHQLWDO�+HDUW�'LVHDVH�&RPSDUHG�:LWK�+HDOWK\�&RQWUROV�´ -$0$

1HWZRUN�2SHQ �������H������±H�������

0DULQR��%UDGOH\�6���3DXO�+��/LSNLQ��-DQH�:��1HZEXUJHU��*HRUJLQD�3HDFRFN��0DUVKD�*HUGHV��-�

:LOOLDP�*D\QRU��.DWKOHHQ�$��0XVVDWWR��HW�DO��������³1HXURGHYHORSPHQWDO�2XWFRPHV�LQ

&KLOGUHQ�ZLWK�&RQJHQLWDO�+HDUW�'LVHDVH��(YDOXDWLRQ�DQG�0DQDJHPHQW��$�6FLHQWLILF

6WDWHPHQW�IURP�WKH�$PHULFDQ�+HDUW�$VVRFLDWLRQ�´ &LUFXODWLRQ �������������±���

0F$UWKXU��(YRQQH��DQG�-RKQ�$��&DSUD��������³7RSRORJLFDOO\�$VVRFLDWLQJ�'RPDLQ�%RXQGDULHV

7KDW�$UH�6WDEOH�DFURVV�'LYHUVH�&HOO�7\SHV�$UH�(YROXWLRQDULO\�&RQVWUDLQHG�DQG�(QULFKHG�IRU

+HULWDELOLW\�´ $PHULFDQ�-RXUQDO�RI�+XPDQ�*HQHWLFV ������������±���

0F$UWKXU��(YRQQH��'DYLG�&��5LQNHU��(ULQ�1��*LOEHUWVRQ��*HRII�)XGHQEHUJ��0DXUHHQ�3LWWPDQ�

.DWKOHHQ�.HRXJK��.DWKHULQH�6��3ROODUG��DQG�-RKQ�$��&DSUD��������³5HFRQVWUXFWLQJ�WKH��'

*HQRPH�2UJDQL]DWLRQ�RI�1HDQGHUWKDOV�5HYHDOV�7KDW�&KURPDWLQ�)ROGLQJ�6KDSHG

3KHQRW\SLF�DQG�6HTXHQFH�'LYHUJHQFH�´ ELR5[LY�

KWWSV���GRL�RUJ���������������������������

0RRUH��6DP�:��������³'HYHORSPHQWDO�*HQHV�DQG�&DQFHU�LQ�&KLOGUHQ�´ 3HGLDWULF�%ORRG�	

&DQFHU �����������±���

0RUWRQ��6DUDK�8���$NLNR�6KLPDPXUD��3HWHU�(��1HZEXUJHU��$OH[DQGHU�5��2SRWRZVN\��'DQLHO

4XLDW��$OH[DQGUH�&��3HUHLUD��6KHQJ�&KLK�-LQ��HW�DO��������³$VVRFLDWLRQ�RI�'DPDJLQJ

9DULDQWV�LQ�*HQHV�:LWK�,QFUHDVHG�&DQFHU�5LVN�$PRQJ�3DWLHQWV�:LWK�&RQJHQLWDO�+HDUW

'LVHDVH�´ -$0$�&DUGLRORJ\ ����������±���
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1RUD��(OSKqJH�3���%U\DQ�5��/DMRLH��(GGD�*��6FKXO]��/XFD�*LRUJHWWL��,NXKLUR�2NDPRWR��1LFRODV

6HUYDQW��7ULVWDQ�3LRORW��HW�DO��������³6SDWLDO�3DUWLWLRQLQJ�RI�WKH�5HJXODWRU\�/DQGVFDSH�RI�WKH

;�,QDFWLYDWLRQ�&HQWUH�´ 1DWXUH ���������������±���

2SHQ�&��1H]DU�$EGHQQXU��6DPHHU�$EUDKDP��*HRIIUH\�)XGHQEHUJ��,O\D�0��)O\DPHU��$OHNVDQGUD

$��*DOLWV\QD��$QWRQ�*RORERURGNR��0D[LP�,PDNDHY��%HWXO�$��2NVX]��DQG�6HUJH\�9��9HQHY�

������³&RROWRROV��(QDEOLQJ�+LJK�5HVROXWLRQ�+L�&�$QDO\VLV�LQ�3\WKRQ�´ ELR5[LY�

KWWSV���GRL�RUJ���������������������������

3LFKp��-HVVLFD��3DWULFN�3LHW�9DQ�9OLHW��0LFKHO�3XFpDW��DQG�*UHJRU�$QGHOILQJHU��������³7KH

([SDQGLQJ�3KHQRW\SHV�RI�&RKHVLQRSDWKLHV��2QH�5LQJ�WR�5XOH�7KHP�$OO�´ &HOO�&\FOH ��

����������±���

3ULHVW��-DPHV�5���.D]XWR\R�2VRHJDZD��1HELO�0RKDPPHG��9LYHN�1DQGD��5DPHQGUD�.XQGX�

.DWKOHHQ�6FKXOW]��(GZDUG�-��/DPPHU��HW�DO��������³'H�1RYR�DQG�5DUH�9DULDQWV�DW�0XOWLSOH

/RFL�6XSSRUW�WKH�2OLJRJHQLF�2ULJLQV�RI�$WULRYHQWULFXODU�6HSWDO�+HDUW�'HIHFWV�´ 3/R6

*HQHWLFV ��������H��������

5DMGHUNDU��6XGKD��,URV�%DUR]]L��<LZHQ�=KX��5RQJ�+X��<DQ[LDR�=KDQJ��%LQ�/L��<RNR

)XNXGD�<X]DZD��HW�DO��������³7RSRORJLFDOO\�$VVRFLDWLQJ�'RPDLQ�%RXQGDULHV�$UH�&RPPRQO\

5HTXLUHG�IRU�1RUPDO�*HQRPH�)XQFWLRQ�´ ELR5[LY�

KWWSV���GRL�RUJ���������������������������

5DR��6XKDV�6��3���0LULDP�+��+XQWOH\��1HYD�&��'XUDQG��(OHQD�.��6WDPHQRYD��,YDQ�'��%RFKNRY�

-DPHV�7��5RELQVRQ��$GULDQ�/��6DQERUQ��HW�DO��������³$��'�0DS�RI�WKH�+XPDQ�*HQRPH�DW

.LOREDVH�5HVROXWLRQ�5HYHDOV�3ULQFLSOHV�RI�&KURPDWLQ�/RRSLQJ�´ &HOO �������������±���

5HLII��6DUDK�%���$QGUHZ�-��6FKURHGHU��.RUD\�.ÕUOÕ��$QGUHD�&RVROR��&ODUD�%DNNHU��/XLVD�0HUFDGR�

6RRK\XQ�/HH��HW�DO��������³7KH��'�1XFOHRPH�'DWD�3RUWDO�DV�D�5HVRXUFH�IRU�6HDUFKLQJ�DQG

9LVXDOL]LQJ�&XUDWHG�1XFOHRPLFV�'DWD�´ 1DWXUH�&RPPXQLFDWLRQV ���������±���

5LFKWHU��)HOL[��6DUDK�8��0RUWRQ��6HRQJ�:RQ�.LP��$OH[DQGHU�.LWD\JRURGVN\��/DXUHQ�.��:DVVRQ�

.DWKOHHQ�0��&KHQ��-LDQ�=KRX��HW�DO��������³*HQRPLF�$QDO\VHV�,PSOLFDWH�1RQFRGLQJ�GH
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1RYR�9DULDQWV�LQ�&RQJHQLWDO�+HDUW�'LVHDVH�´ 1DWXUH�*HQHWLFV �����������±���

5LHWKRYHQ��-HDQ�-DFN�0��������³5HJXODWRU\�5HJLRQV�LQ�'1$��3URPRWHUV��(QKDQFHUV��6LOHQFHUV�

DQG�,QVXODWRUV�´ 0HWKRGV�LQ�0ROHFXODU�%LRORJ\ ���� ��±���

5RDGPDS�(SLJHQRPLFV�&RQVRUWLXP��$QVKXO�.XQGDMH��:RXWHU�0HXOHPDQ��-DVRQ�(UQVW��0LVKD

%LOHQN\��$QJHOD�<HQ��$OLUH]D�+HUDYL�0RXVVDYL��HW�DO��������³,QWHJUDWLYH�$QDO\VLV�RI����

5HIHUHQFH�+XPDQ�(SLJHQRPHV�´ 1DWXUH ���������������±���

5ROOLQV��&DLWOLQ�.���DQG�-DQH�:��1HZEXUJHU��������³1HXURGHYHORSPHQWDO�2XWFRPHV�LQ

&RQJHQLWDO�+HDUW�'LVHDVH�´ &LUFXODWLRQ ����������H���±���

6KDK��6RQLD��$OEHUW�+HQU\��&DUROLQD�5RVHOOL��+RQJKXDQJ�/LQ��*DUèDU�6YHLQEM|UQVVRQ��*KD]DOHK

)DWHPLIDU��cVD�.��+HGPDQ��HW�DO��������³*HQRPH�:LGH�$VVRFLDWLRQ�DQG�0HQGHOLDQ

5DQGRPLVDWLRQ�$QDO\VLV�3URYLGH�,QVLJKWV�LQWR�WKH�3DWKRJHQHVLV�RI�+HDUW�)DLOXUH�´ 1DWXUH

&RPPXQLFDWLRQV ������������

6KDQWD��2PDU��$PLQD�1RRU��+XPDQ�*HQRPH�6WUXFWXUDO�9DULDWLRQ�&RQVRUWLXP��+*69&���DQG

-RQDWKDQ�6HEDW��������³7KH�(IIHFWV�RI�&RPPRQ�6WUXFWXUDO�9DULDQWV�RQ��'�&KURPDWLQ

6WUXFWXUH�´ %0&�*HQRPLFV �����������

6KHIILHOG��1DWKDQ�&���5REHUW�(��7KXUPDQ��/LQJ\XQ�6RQJ��$OH[LDV�6DIL��-RKQ�$�

6WDPDWR\DQQRSRXORV��%RULV�/HQKDUG��*UHJRU\�(��&UDZIRUG��DQG�7HUUHQFH�6��)XUH\�������

³3DWWHUQV�RI�5HJXODWRU\�$FWLYLW\�DFURVV�'LYHUVH�+XPDQ�&HOO�7\SHV�3UHGLFW�7LVVXH�,GHQWLW\�

7UDQVFULSWLRQ�)DFWRU�%LQGLQJ��DQG�/RQJ�5DQJH�,QWHUDFWLRQV�´ *HQRPH�5HVHDUFK �������

���±���

6LIULP��$OHMDQGUR��0DUF�3KLOOLS�+LW]��$QQD�:LOVGRQ��-HURHQ�%UHFNSRW��6DHHG�+��$O�7XUNL��%HUQDUG

7KLHQSRQW��-HUHP\�0F5DH��HW�DO��������³'LVWLQFW�*HQHWLF�$UFKLWHFWXUHV�IRU�6\QGURPLF�DQG

1RQV\QGURPLF�&RQJHQLWDO�+HDUW�'HIHFWV�,GHQWLILHG�E\�([RPH�6HTXHQFLQJ�´ 1DWXUH�*HQHWLFV

������������±���

6PLWK��(PLO\�0���%U\DQ�5��/DMRLH��*DXUDY�-DLQ��DQG�-RE�'HNNHU��������³,QYDULDQW�7$'

%RXQGDULHV�&RQVWUDLQ�&HOO�7\SH�6SHFLILF�/RRSLQJ�,QWHUDFWLRQV�EHWZHHQ�3URPRWHUV�DQG
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'LVWDO�(OHPHQWV�DURXQG�WKH�&)75�/RFXV�´ $PHULFDQ�-RXUQDO�RI�+XPDQ�*HQHWLFV �������

���±����

7DFKLZDQD��+LURDNL��7DWVXUR�<DPDPRWR��DQG�1RULNR�6DLWRK��������³*HQH�5HJXODWLRQ�E\

1RQ�&RGLQJ�51$V�LQ�WKH��'�*

HQRPH�$UFKLWHFWXUH�´ &XUUHQW�2SLQLRQ�LQ�*HQHWLFV�	 'HYHORSPHQW ����$SULO�����±���

:DQJ��.DL��0LQJ\DR�/L��'H[WHU�+DGOH\��5XL�/LX��-RVHSK�*OHVVQHU��6WUXDQ�)��$��*UDQW��+DNRQ

+DNRQDUVRQ��DQG�0DMD�%XFDQ��������³3HQQ&19��$Q�,QWHJUDWHG�+LGGHQ�0DUNRY�0RGHO

'HVLJQHG�IRU�+LJK�5HVROXWLRQ�&RS\�1XPEHU�9DULDWLRQ�'HWHFWLRQ�LQ�:KROH�*HQRPH�613

*HQRW\SLQJ�'DWD�´ *HQRPH�5HVHDUFK �������������±���

:RQ��+\HMXQJ��/XLV�GH�OD�7RUUH�8ELHWD��-DVRQ�/��6WHLQ��1HHOURRS�1��3DULNVKDN��-HUU\�+XDQJ�

&DUOL�.��2SODQG��0LFKDHO�-��*DQGDO��HW�DO��������³&KURPRVRPH�&RQIRUPDWLRQ�(OXFLGDWHV

5HJXODWRU\�5HODWLRQVKLSV�LQ�'HYHORSLQJ�+XPDQ�%UDLQ�´ 1DWXUH ���������������±���

<XDQ��;XHIHL��,DQ�&��6FRWW��DQG�0LFKDHO�'��:LOVRQ��������³+HDUW�(QKDQFHUV��'HYHORSPHQW�DQG

'LVHDVH�&RQWURO�DW�D�'LVWDQFH�´ )URQWLHUV�LQ�*HQHWLFV ����0DUFK����������

<X��0HQJ\DR��$QGUHZ�5��+DUSHU��0DWWKHZ�$JXLUUH��0DXUHHQ�3LWWPDQ��&DWKHULQH�7FKHDQGMLHX�

'XOJXXQ�$PJDODQ��&KULVWRSKHU�*UDFH��HW�DO��������³*HQHWLF�'HWHUPLQDQWV�RI�,QWHUYHQWULFXODU

6HSWDO�$QDWRP\�DQG�WKH�5LVN�RI�9HQWULFXODU�6HSWDO�'HIHFWV�DQG�+\SHUWURSKLF

&DUGLRP\RSDWK\�´ PHG5[LY��KWWSV���GRL�RUJ�����������������������������

=KDQJ��)HQJ��DQG�-DPHV�5��/XSVNL��������³1RQ�&RGLQJ�*HQHWLF�9DULDQWV�LQ�+XPDQ�'LVHDVH�´

+XPDQ�0ROHFXODU�*HQHWLFV ����5����5���±���

=KDQJ��<DQ[LDR��7LQJ�/L��6HEDVWLDQ�3UHLVVO��0DULD�/XLVD�$PDUDO��-RQDWKDQ�'��*ULQVWHLQ��(OLH�1�

)DUDK��(XJLQ�'HVWLFL��HW�DO��������³7UDQVFULSWLRQDOO\�$FWLYH�+(59�+�5HWURWUDQVSRVRQV

'HPDUFDWH�7RSRORJLFDOO\�$VVRFLDWLQJ�'RPDLQV�LQ�+XPDQ�3OXULSRWHQW�6WHP�&HOOV�´ 1DWXUH

*HQHWLFV ������������±���
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&+$37(5����&21&/8',1*�5(0$5.6

7KH JHQRPH HQIRUFHV VSDWLR�WHPSRUDO UHJXODWRU\ FRQWURO RI JHQH H[SUHVVLRQ LQ D FRPSOH[

LQWHUSOD\ EHWZHHQ PXOWLSOH LQWHUORFNLQJ IDFWRUV� ,Q FLV WKLV LV DFFRPSOLVKHG YLD KLVWRQH

PRGLILFDWLRQ �$OOIUH\� )DXONQHU� DQG 0LUVN\ ����� %DQQLVWHU DQG .RX]DULGHV ����� .LPXUD ������

WKH ELQGLQJ RI VWUXFWXUDO SURWHLQV OLNH &7&) �5DR HW DO� ����� )XUORQJ DQG /HYLQH ������ DQG

SK\VLFDO LQWHUDFWLRQ EHWZHHQ HQKDQFHUV DQG SURPRWHUV PHGLDWHG E\ 7) ELQGLQJ �%DQHUML� 2OVRQ�

DQG 6FKDIIQHU ����� 3DOVWUD DQG *URVYHOG ������ ,Q WUDQV� 7) QHWZRUNV GLUHFWO\ DFWLYDWH WKH

H[SUHVVLRQ RI NH\ JHQH SURJUDPV E\ ELQGLQJ WR WKHLU VSHFLILF PRWLI VHTXHQFHV DW JHQH SURPRWHUV

RU HQKDQFHUV �(1&2'( 3URMHFW &RQVRUWLXP ������ 7)V DOVR LQGLUHFWO\ UHJXODWH JHQRPH

FRQIRUPDWLRQ YLD WKH H[SUHVVLRQ RI KLVWRQH PRGLI\LQJ JHQHV �-DQNQHFKW� :HOOV� DQG +XQWHU

����� &KDQ DQG /D 7KDQJXH ����� ;X HW DO� ����� /DXEVFKHU HW DO� ����� DQG DGGLWLRQDO

UHJXODWRU\ HOHPHQWV OLNH OQF51$V �7DFKLZDQD� <DPDPRWR� DQG 6DLWRK ������ 0\ GRFWRUDO

GLVVHUWDWLRQ KDV IRFXVHG RQ WKH FUHDWLRQ DQG DSSOLFDWLRQ RI QHZ FRPSXWDWLRQDO WRROV WR DVN

TXHVWLRQV DERXW KRZ WKLV V\VWHP IDOOV DSDUW LQ FRQJHQLWDO GLVHDVH� DQG LQ WXUQ ZKDW WKRVH GHWDLOV

FDQ�UHYHDO�DERXW�KXPDQ�GHYHORSPHQW�

����6XPPDU\�RI�ILQGLQJV

,Q FKDSWHU WZR RI WKLV WKHVLV� , LQWHJUDWHG SDWLHQW YDULDQW GDWD ZLWK SURWHRPLFV WR \LHOG QHZ

LQVLJKWV LQWR WKH JHQHWLF XQGHUSLQQLQJV RI &+'� , KHOSHG GHILQH WKH OLVW RI LQWHUDFWLQJ SURWHLQV IRU

WZR HVVHQWLDO F7)V� *$7$� DQG 7%;�� DQG E\ FRPSDULQJ WKHLU LQWHUDFWRPHV LQ FDUGLDF

SURJHQLWRU FHOOV ZLWK WKRVH GHULYHG IURP +(.���� FHOOV� IXUWKHU GHPRQVWUDWHG WKDW D VXEVWDQWLDO

QXPEHU RI GLVHDVH�UHOHYDQW LQWHUDFWLRQV FDQ RQO\ EH GHWHFWHG LQ FHOO W\SH VSHFLILF DQG

HQGRJHQRXV FRQWH[WV� %\ VKRZLQJ WKDW WKH LQWHUDFWRPHV ZHUH HQULFKHG IRU &+' SDWLHQW GH QRYR

PXWDWLRQV FRPSDUHG WR FRQWUROV� HYHQ ZKHQ FRQVLGHULQJ RQO\ JHQHV WKDW KDGQ¶W SUHYLRXVO\ EHHQ

YDOLGDWHG� , KDYH YHULILHG WKH XVH RI SURWHRPLFV VWUDWHJLHV WR QRPLQDWH DQG SULRULWL]H FU\SWLF ULVN

JHQHV� 0\ FRQVROLGDWLYH FRPSXWDWLRQDO IUDPHZRUN LGHQWLILHG QXPHURXV FDQGLGDWH YDULDQWV�
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LQFOXGLQJ D &+' SDWLHQW¶V GH QRYR PLVVHQVH PXWDWLRQ LQ WKH QRYHO ULVN JHQH */<5� WKDW

GLVUXSWV LWV LQWHUDFWLRQ ZLWK *$7$� DQG WKXV GRZQVWUHDP FR�DFWLYDWLRQ RI FDUGLDF GHYHORSPHQWDO

JHQHV� &ROOHFWLYHO\� WKHVH ILQGLQJV LQGLFDWH WKDW WKH XVH RI WLVVXH� DQG GLVHDVH�VSHFLILF 33,V PD\

SDUWLDOO\ RYHUFRPH WKH JHQHWLF KHWHURJHQHLW\ RI &+'V DQG KHOS SULRULWL]H WKH SRWHQWLDO LPSDFW RI

YDULDQWV�LQ�GLVHDVH�

+DYLQJ VKRZQ WKH XWLOLW\ RI H[SDQGLQJ NQRZQ LQWHUDFWLRQV RI SURWHLQ SURGXFWV IRU QRYHO

YDULDQW DQG ULVN JHQH GLVFRYHU\� , GHYHORSHG D VLPLODUO\�PRWLYDWHG DSSURDFK IURP D GLIIHUHQW

DQJOH� WHVWLQJ JHQH VHWV IRU VWDWLVWLFDO HYLGHQFH RI LQWHUDFWLRQ LQ &+' JHQRPHV� ,Q WKDW YHLQ ,

GHVFULEH WKH DOJRULWKP *&2' LQ WKH WKLUG FKDSWHU RI WKLV GLVVHUWDWLRQ� 7KLV WULR�EDVHG

SUREDELOLVWLF PRGHO LGHQWLILHG SUHYLRXVO\�NQRZQ &+' JHQHV� UHFDSLWXODWHG NQRZQ

SURWHLQ�FRPSOH[ UHODWLRQVKLSV ZKLOH SURSRVLQJ DGGLWLRQDO FDUGLDF�UHOHYDQW FRPSOH[ LQWHUDFWRUV

�H�J� &5(%%3�(3��� ZLWK &2/�$��� LGHQWLILHG D QRYHO JHQH LQWHUDFWLRQ EHWZHHQ *$7$� DQG

325� DQG SULRULWL]HG ��� JHQH SDLUV OLNHO\ WR LQWHUDFW LQ &+'� 0\ ILQGLQJV KLJKOLJKW WKH SUREDEOH

UROH RI UDUH YDULDQW FRPELQDWLRQV LQ GULYLQJ &+'� DQG HVWDEOLVKHV D QHZ SLSHOLQH WR PD[LPL]H WKH

XWLOLW\�RI�SDUHQWDO�VHTXHQFLQJ�ZKHUH�DYDLODEOH�WR�GLVFRYHU�WKHVH�LQWHUDFWLRQV�

)LQDOO\� , GHWHUPLQHG WKDW 69V QHDU JHQH UHJXODWRU\ IHDWXUHV DUH DVVRFLDWHG ZLWK

GHYHORSPHQWDO SKHQRW\SHV� LQFOXGLQJ &+'� , IXUWKHU GHPRQVWUDWHG XVH RI WKH WUDLQHG QHWZRUN

PRGHO $NLWD �)XGHQEHUJ� .HOOH\� DQG 3ROODUG ����� WR SULRULWL]H SDWLHQW YDULDQWV IRU H[SHULPHQWDO

H[SORUDWLRQ� DQG YDOLGDWHG LWV DFFXUDF\ LQ ODUJH 7$' ERXQGDU\ GHOHWLRQV� $SSO\LQJ $NLWD WR D

FRPPRQ VWUXFWXUDO YDULDQW DVVRFLDWHG ZLWK GLVHDVH� , SURSRVHG SUREDEOH DQG WHVWDEOH

K\SRWKHVHV�UHJDUGLQJ�WKH�UHJXODWRU\�FRQVHTXHQFHV�RI�WKLV�JHQHWLF�LQYHUVLRQ�

0\ ZRUN KDV GHPRQVWUDWHG WKH HIIHFWLYHQHVV RI XVLQJ QHZ VWDWLVWLFDO DQG FRPSXWDWLRQDO

WHFKQLTXHV WR LQWHUURJDWH WKH PROHFXODU FDXVHV RI FRQJHQLWDO KHDUW GHIHFWV� SDUWLFXODUO\ LQ

FRQWH[WV�WKDW�HOXFLGDWH�DQG�OHYHUDJH�JHQH��SURWHLQ��DQG�'1$�LQWHUDFWLRQV�
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����/LPLWDWLRQV

,Q HDFK VHFWLRQ RI WKLV GLVVHUWDWLRQ� , H[SORUHG D GLIIHUHQW VXLWH RI PHWKRGV DSSURSULDWH WR

GLIIHUHQW LQKHULWDQFH SDWWHUQV DQG JHQRPLF ORFDWLRQV� PRQRJHQLF H[RPH YDULDQWV� ROLJRJHQLF

H[RPH YDULDQWV� DQG QRQ�FRGLQJ VWUXFWXUDO YDULDQWV� $Q\ RQH RI WKHVH PHWKRGV PLJKW SURYLGH

SDUW RI WKH SLFWXUH� EXW WKH PRVW DFFXUDWH LQWHUSUHWDWLRQ RI DQ\ LQGLYLGXDO &+' FDVH ZLOO UHTXLUH

DQ LQWHJUDWLYH DSSURDFK WR XQGHUVWDQG ZKLFK IDFWRUV GULYH DQG FRQWULEXWH WR GLVHDVH� &DYHDWV

VSHFLILF�WR�HDFK�RI�WKH�DSSURDFKHV�DUH�EHORZ�

7KH SULRULWL]DWLRQ VFKHPH GLVFXVVHG LQ &KDSWHU � WR UHODWLYHO\ UDQN PLVVHQVH &+'

YDULDQWV LV VSHFLILF WR RXU GDWDVHW DQG GLDJQRVWLF TXHVWLRQ� DQG IXUWKHUPRUH ZDV GHVLJQHG DV D

FRPSOHPHQWDU\ PHWKRG WR WKH H[SHULPHQWDO GLVFRYHU\ RI HQGRJHQRXV 7) LQWHUDFWRPHV�

$OWKRXJK WKH SULQFLSOHV FRXOG EH ZLGHO\ DSSOLFDEOH WR RWKHU JHQHWLF GLVHDVHV� FRQWH[W�VSHFLILF

PRGLILFDWLRQV WR GDWDVHWV XVHG DQG DVVXPSWLRQV PDGH ZRXOG EH QHFHVVDU\� )RXU RI WKH YDULDQWV

ZH WHVWHG E\ DIILQLW\ DVVD\ ZHUH UDQNHG FRQVLVWHQWO\ ZLWK P\ SULRULWL]DWLRQ VFRUH� ZKLFK LV

HQFRXUDJLQJ EXW LQVXIILFLHQW WR FRQFOXGH WKDW WKH UHODWLYH UDQNV DUH GLUHFWO\ WUDQVODWDEOH WR

SDWKRJHQLFLW\�

7KH WULR�EDVHG PHWKRG WR GLVFRYHU JHQH LQWHUDFWLRQV GLVFXVVHG LQ &KDSWHU � DVVXPHV

WKDW SDUHQWV DUH XQDIIHFWHG� DQG ZH DOVR KDG WR DVVXPH WKDW WKH FRQWUROV XVHG KHUH

�SVHXGR�VLEOLQJV� ZRXOG EH XQDIIHFWHG� GHVSLWH KDYLQJ QR SKHQRW\SLF GDWD IRU WKHP� 6LQFH LW LV D

SUREDELOLVWLF PRGHO� *&2' LV QHFHVVDULO\ PRUH VHQVLWLYH WR REVHUYDWLRQV WKDW LQFOXGH '19V�

ZKLFK DUH PXFK OHVV OLNHO\ WR RFFXU FRPSDUHG WR WKH ��� SUREDELOLW\ RI LQKHULWHG YDULDQW

WUDQVPLVVLRQ� )XUWKHUPRUH� WKLV PHWKRG FDQ EH FRPSXWDWLRQDOO\ LQWHQVLYH IRU ODUJH YDULDQW

GDWDVHWV DQG UHTXLUHV VHTXHQFHG SDUHQW JHQRPHV� OLPLWLQJ LWV DSSOLFDELOLW\ WR PDQ\ GDWDVHWV� $

IXWXUH LWHUDWLRQ RI *&2' ZLOO EHQHILW IURP WKH LQFOXVLRQ RI QRQ�FRGLQJ SUHGLFWLRQV DQG NQRZQ

SURWHLQ�LQWHUDFWLRQV�

7KH WZR DIRUHPHQWLRQHG VWXGLHV IRFXV RQ YHU\ UDUH YDULDQWV� ZKLFK DUH E\ GHILQLWLRQ

GHSOHWHG IURP WKH SRSXODWLRQ� :LWK FROODERUDWRUV� ZH ZHUH DEOH WR H[SHULPHQWDOO\ FRQILUP WKHLU

���



PROHFXODU RU LQ YLYR HIIHFWV� EXW IXWXUH H[SHULPHQWDO VWXGLHV DQG�RU H[WUHPHO\ ODUJH FRKRUWV ZLOO

EH QHHGHG WR GHWHUPLQH ZKHWKHU WKH UHPDLQLQJ YDULDQWV LGHQWLILHG E\ WKHVH PHWKRGV WUXO\

FRQWULEXWH WR GLVHDVH� )XUWKHUPRUH� WKHVH PHWKRGV DUH OLPLWHG WR H[RQLF UHJLRQV� , VWURQJO\

UHFRPPHQG LQWHJUDWLRQ ZLWK SLSHOLQHV WKDW DFFRXQW IRU WKH FRQWULEXWLRQ RI FRPPRQ DQG

QRQ�FRGLQJ�YDULDQWV�ZKHQ�IRUPLQJ�K\SRWKHVHV�DERXW�WKH�JHQHWLF�FDXVH�RI�D�FDVH�RI�&+'�

0\ ZRUN LQ QRQ�FRGLQJ UHJLRQV GLVFRYHUHG D SRWHQWLDO UROH IRU WKH UHDUUDQJHPHQW RI �'

JHQRPH RUJDQL]DWLRQ LQ &+'� DQG IXUWKHU SURYLGHG SUHGLFWLRQV DQG LQWHUSUHWDWLRQV RI WKH OLNHO\

XQGHUO\LQJ UHJXODWRU\ FDXVH DQG HIIHFW� +RZHYHU� WKH SUHGLFWLYH PRGHO $NLWD LV OLPLWHG LQ LWV

DELOLW\ WR SUHGLFW FHOO W\SH�VSHFLILF GLIIHUHQFHV DQG VPDOOHU�VFDOH LQWHUDFWLRQV OLNH

HQKDQFHU�SURPRWHU ORRSV �6PLWK HW DO� ����� 0F$UWKXU DQG &DSUD ������ 0RGHOV LQFRUSRUDWLQJ

KLJKHU�UHVROXWLRQ VHTXHQFLQJ DQG DGGLWLRQDO GDWD W\SHV DUH QHHGHG �DV WKH\ EHFRPH DYDLODEOH�

WR�UHDOL]H�WKH�IXOO�SRWHQWLDO�RI�WKLV�DSSURDFK�

����,PSOLFDWLRQV�DQG�IXWXUH�ZRUN

'HYHORSPHQWDO SKHQRW\SHV DIIHFWLQJ WKH KHDUW KDYH SURIRXQG LPSDFWV RQ WKH OLYHV RI

SDWLHQWV DQG WKHLU IDPLOLHV� DQG XQGHUVWDQGLQJ LQGLYLGXDO JHQHWLF SDWKRORJLHV FDQ VXJJHVW

DGGLWLRQDO LQWHUYHQWLRQV DQG PRQLWRULQJ DV SDWLHQWV DJH WR DGXOWKRRG� 8VLQJ SDWLHQW GDWD WR

VWDWLVWLFDOO\ LGHQWLI\ FRQWULEXWLQJ JHQHWLF DQG PROHFXODU IDFWRUV ZLOO LPSURYH RXU DELOLW\ WR SUHGLFW

DQG WUHDW GLVHDVH� 2YHUDOO� P\ ZRUN KDV LGHQWLILHG LQWHUDFWRUV RI 7)V DQG RWKHU JHQHV HVVHQWLDO

IRU FDUGLDF GHYHORSPHQW� DV ZHOO DV UHJXODWRU\ FRQVHTXHQFHV E\ �' FKURPDWLQ IROGLQJ� UHYHDOLQJ

ELRORJ\�RI�JHQH�UHJXODWLRQ�UHODWHG�WR�FDUGLDF�GLVHDVH�

*LYHQ RXU FRQFOXVLRQ WKDW WKH GLVFRYHUHG LQWHUDFWLRQ QHWZRUNV RI HQGRJHQRXV SURWHLQV

SURYLGH DQ DEXQGDQFH RI GLVHDVH�UHOHYDQW LQIRUPDWLRQ� WKH IDFW WKDW PRVW DYDLODEOH SURWHLQ

LQWHUDFWRPHV ZHUH UHFRQVWUXFWHG LQ QRQ�SK\VLRORJLFDO VHWWLQJV DQG FHOO W\SHV �.|KOHU HW DO� �����

*UHHQH HW DO� ����� 3ULHVW HW DO� ����� %U\RLV HW DO� ����� ,]DU]XJD]D HW DO� ����� VXJJHVWV JUHDW

RSSRUWXQLW\ WR DSSO\ RXU IUDPHZRUN WR RWKHU GLVHDVHV WR KLJKOLJKW GLVHDVH PHFKDQLVPV DQG

���
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SURYLGH D SRZHUIXO ILOWHU IRU LQWHUURJDWLQJ WKH JHQHWLF EDVLV RI GLVHDVH� :H DOVR HVWDEOLVKHG

*/<5� DV D *$7$� LQWHUDFWRU LQ &3V� UHYHDOLQJ WKHLU LQWHUDFWLRQ DV D FDQGLGDWH PHFKDQLVP IRU

*/<5�¶V ORFDOL]DWLRQ WR D VSHFLILF VXEVHW RI KHDUW GHYHORSPHQW JHQHV GXULQJ &0 GLIIHUHQWLDWLRQ�

)XUWKHU LQYHVWLJDWLRQ LV UHTXLUHG WR GHWHUPLQH ZKHWKHU WKLV YDULDQW LV VXIILFLHQW WR FDXVH GLVHDVH

LQ�KXPDQV��RU�LI�SDWLHQW�JHQHWLF�EDFNJURXQG�SOD\V�D�ODUJHU�UROH�

0\ SULRULWL]DWLRQ RI SDWLHQW YDULDQWV XVLQJ *$7$� DQG 7%;� LQWHUDFWRPHV DPRXQWV WR D

OLVW RI JHQHWLF OHVLRQV SUHGLFWHG WR LPSDFW KHDUW GHYHORSPHQW ZLWK KLJK FRQILGHQFH� :H HQFORVHG

WKDW LQIRUPDWLRQ ZLWK RXU RULJLQDO SXEOLFDWLRQ LQ WKH KRSHV WKDW UHVHDUFKHUV ZLWK WKH UHVRXUFHV WR

GR VR ZLOO H[SHULPHQWDOO\ LQWHUURJDWH WKHLU PHFKDQLVP DQG HIIHFWV LQ YLWUR DQG LQ YLYR� ,Q WKDW

YHLQ� D FROODERUDWRU DW RXU LQVWLWXWLRQ LV SUHSDULQJ D PRXVH PRGHO IRU WKH QH[W�VFRUH KLJKHVW

YDULDQW� LQ WKH FKURPDWLQ PRGLILHU 60$5&&�� 6LPLODUO\� ZH KRSH WKDW WKH SULRULWL]HG OLVW RI JHQH

DQG YDULDQW LQWHUDFWLRQV IRXQG E\ *&2' ZLOO KHOS KRQH WKH K\SRWKHVHV DQG H[SHULPHQWV RI

UHVHDUFKHUV VWXG\LQJ WKHVH JHQHV DQG WKHLU PHFKDQLVPV LQ GLVHDVH� DV ZHOO DV LQIRUP FOLQLFDO

VHTXHQFLQJ�LQWHUSUHWDWLRQ�

0\ ZRUN DGGLWLRQDOO\ LPSOLHV WKDW $NLWD LV D XVHIXO WRRO WR SUHGLFW DQG SULRULWL]H VWUXFWXUDO

YDULDWLRQ DOWHULQJ �' JHQRPH RUJDQL]DWLRQ� ZKLFK LQFUHDVLQJO\ VHHPV D SODXVLEOH FRQWULEXWRU LQ

GHYHORSPHQWDO SKHQRW\SHV LQFOXGLQJ &+'� )RU H[DPSOH� D UHFHQW SUHSULQW IRXQG WKDW � RI �

H[SHULPHQWDOO\�WHVWHG 7$' ERXQGDU\ GHOHWLRQV FDXVHG LQFUHDVHG HPEU\RQLF OHWKDOLW\ RU RWKHU

GHYHORSPHQWDO SKHQRW\SHV LQ PLFH �5DMGHUNDU HW DO� ������ $VFHUWDLQPHQW RI YDULDQWV SUHGLFWHG

WR FDXVH WKH GLVUXSWLRQ RI JHQRPH IROGLQJ GXULQJ FOLQLFDO VFUHHQLQJ FRXOG VKHG OLJKW RQ DV�\HW

XQH[SODLQHG &+' FDVHV� 7RROV OLNH $NLWD ZLOO EH NH\ WR ILQGLQJ VXFK LQVWDQFHV� DQG WR KHOS OHDUQ

DQG LQWHUSUHW WKH FLV�UHJXODWRU\ JUDPPDU XQGHUO\LQJ WKHVH SKHQRPHQD� )XWXUH ZRUN ZLOO

LQFRUSRUDWH DGGLWLRQDO LQIRUPDWLRQ WR PD[LPL]H FHOO�W\SH VSHFLILFLW\� DV ZHOO DV EHQFKPDUN

PHWKRGV�WR�SULRULWL]H�W\SHV�RI�FRQWDFW�GLVUXSWLRQ�DW�VFDOH�

���
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&RPELQLQJ WKHVH ILQGLQJV DQG PHWKRGV LQ WKH ODERUDWRU\ ZLOO FRQWLQXH WR HQULFK RXU

XQGHUVWDQGLQJ RI KHDUW GHYHORSPHQW DQG LWV PROHFXODU XQGHUSLQQLQJV� ,Q WKH FOLQLF� DV

VHTXHQFLQJ EHFRPHV HYHU PRUH DFFHVVLEOH DQG LQIRUPDWLYH� WKH\ ZLOO LPSURYH RXU DELOLW\ WR

H[SODLQ�LQGLYLGXDO�FDVHV�RI�GLVHDVH�DQG�PDNH�UHFRPPHQGDWLRQV�DERXW�WUHDWPHQW�

���



5()(5(1&(6

$OOIUH\��9��*���5��)DXONQHU��DQG�$��(��0LUVN\��������³$&(7</$7,21�$1'�0(7+</$7,21�2)

+,6721(6�$1'�7+(,5�3266,%/(�52/(�,1�7+(�5(*8/$7,21�2)�51$�6<17+(6,6 �´

3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV �� ��������±���

%DQHUML��-���/��2OVRQ��DQG�:��6FKDIIQHU��������³$�/\PSKRF\WH�6SHFLILF�&HOOXODU�(QKDQFHU�,V

/RFDWHG�'RZQVWUHDP�RI�WKH�-RLQLQJ�5HJLRQ�LQ�,PPXQRJOREXOLQ�+HDY\�&KDLQ�*HQHV�´ &HOO

�����������±���

%DQQLVWHU��$QGUHZ�-���DQG�7RQ\�.RX]DULGHV��������³5HJXODWLRQ�RI�&KURPDWLQ�E\�+LVWRQH

0RGLILFDWLRQV�´ &HOO�5HVHDUFK �����������±���

%U\RLV��-XOLHQ��1DWKDQ�*��6NHQH��7KRPDV�)RONPDQQ�+DQVHQ��/LVHWWH�-��$��.RJHOPDQ��+XQQD�-�

:DWVRQ��=LMLQJ�/LX��(DWLQJ�'LVRUGHUV�:RUNLQJ�*URXS�RI�WKH�3V\FKLDWULF�*HQRPLFV

&RQVRUWLXP��HW�DO��������³*HQHWLF�,GHQWLILFDWLRQ�RI�&HOO�7\SHV�8QGHUO\LQJ�%UDLQ�&RPSOH[

7UDLWV�<LHOGV�,QVLJKWV�LQWR�WKH�(WLRORJ\�RI�3DUNLQVRQ¶V�'LVHDVH�´ 1DWXUH�*HQHWLFV �������

���±���

&KDQ��+��0���DQG�1��%��/D�7KDQJXH��������³S����&%3�3URWHLQV��+$7V�IRU�7UDQVFULSWLRQDO

%ULGJHV�DQG�6FDIIROGV�´ -RXUQDO�RI�&HOO�6FLHQFH ��� �3W����������±���

(1&2'(�3URMHFW�&RQVRUWLXP��������³$Q�,QWHJUDWHG�(QF\FORSHGLD�RI�'1$�(OHPHQWV�LQ�WKH

+XPDQ�*HQRPH�´ 1DWXUH ��������������±���

)XGHQEHUJ��*HRII��'DYLG�5��.HOOH\��DQG�.DWKHULQH�6��3ROODUG��������³3UHGLFWLQJ��'�*HQRPH

)ROGLQJ�IURP�'1$�6HTXHQFH�ZLWK�$NLWD�´ 1DWXUH�0HWKRGV �������������±���

)XUORQJ��(LOHHQ�(��0���DQG�0LFKDHO�/HYLQH��������³'HYHORSPHQWDO�(QKDQFHUV�DQG�&KURPRVRPH

7RSRORJ\�´ 6FLHQFH ����������������±���

*UHHQH��&DVH\�6���$UMXQ�.ULVKQDQ��$DURQ�.��:RQJ��(PDQXHOD�5LFFLRWWL��5HQH�$��=HOD\D��'DQLHO

6��+LPPHOVWHLQ��5DQ�=KDQJ��HW�DO��������³8QGHUVWDQGLQJ�0XOWLFHOOXODU�)XQFWLRQ�DQG�'LVHDVH

ZLWK�+XPDQ�7LVVXH�6SHFLILF�1HWZRUNV�´ 1DWXUH�*HQHWLFV �����������±���
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,]DU]XJD]D��-RVH�0��*���6DEULQD�*��(OOHV¡H��&DQDQ�'RJDQOL��1DWDVMD�6SULQJ�(KOHUV��0DUOHQH�'�

'DOJDDUG��(QULTXH�$XGDLQ��*UHJRU�'RPEURZVN\��HW�DO��������³6\VWHPV�*HQHWLFV�$QDO\VLV

,GHQWLILHV�&DOFLXP�6LJQDOLQJ�'HIHFWV�DV�1RYHO�&DXVH�RI�&RQJHQLWDO�+HDUW�'LVHDVH�´

*HQRPH�0HGLFLQH �����������

-DQNQHFKW��5���1��-��:HOOV��DQG�7��+XQWHU��������³7*)�%HWD�6WLPXODWHG�&RRSHUDWLRQ�RI�6PDG

3URWHLQV�ZLWK�WKH�&RDFWLYDWRUV�&%3�S����´ *HQHV�	 'HYHORSPHQW �������������±���

.LPXUD��+LURVKL��������³+LVWRQH�0RGLILFDWLRQV�IRU�+XPDQ�(SLJHQRPH�$QDO\VLV�´ -RXUQDO�RI

+XPDQ�*HQHWLFV �����������±���

.|KOHU��6HEDVWLDQ��6HEDVWLDQ�%DXHU��'HQLVH�+RUQ��DQG�3HWHU�1��5RELQVRQ��������³:DONLQJ�WKH

,QWHUDFWRPH�IRU�3ULRULWL]DWLRQ�RI�&DQGLGDWH�'LVHDVH�*HQHV�´ $PHULFDQ�-RXUQDO�RI�+XPDQ

*HQHWLFV �����������±���

/DXEVFKHU��'RPLQLN��%HUNOH\�(��*U\GHU��%HQMDPLQ�'��6XQNHO��7KRUNHOO�$QGUHVVRQ��0DUFR

:DFKWHO��6XGLSWR�'DV��%HUQG�5RVFKLW]NL��HW�DO��������³%$)�&RPSOH[HV�'ULYH�3UROLIHUDWLRQ

DQG�%ORFN�0\RJHQLF�'LIIHUHQWLDWLRQ�LQ�)XVLRQ�3RVLWLYH�5KDEGRP\RVDUFRPD�´ 1DWXUH

&RPPXQLFDWLRQV �������������

0F$UWKXU��(YRQQH��DQG�-RKQ�$��&DSUD��������³7RSRORJLFDOO\�$VVRFLDWLQJ�'RPDLQ�%RXQGDULHV

7KDW�$UH�6WDEOH�DFURVV�'LYHUVH�&HOO�7\SHV�$UH�(YROXWLRQDULO\�&RQVWUDLQHG�DQG�(QULFKHG�IRU

+HULWDELOLW\�´ $PHULFDQ�-RXUQDO�RI�+XPDQ�*HQHWLFV ������������±���

3DOVWUD��5REHUW�-DQ��DQG�)UDQN�*URVYHOG��������³7UDQVFULSWLRQ�)DFWRU�%LQGLQJ�DW�(QKDQFHUV�

6KDSLQJ�D�*HQRPLF�5HJXODWRU\�/DQGVFDSH�LQ�)OX[�´ )URQWLHUV LQ�*HQHWLFV ���6HSWHPEHU��

����

3ULHVW��-DPHV�5���.D]XWR\R�2VRHJDZD��1HELO�0RKDPPHG��9LYHN�1DQGD��5DPHQGUD�.XQGX�

.DWKOHHQ�6FKXOW]��(GZDUG�-��/DPPHU��HW�DO��������³'H�1RYR�DQG�5DUH�9DULDQWV�DW�0XOWLSOH

/RFL�6XSSRUW�WKH�2OLJRJHQLF�2ULJLQV�RI�$WULRYHQWULFXODU�6HSWDO�+HDUW�'HIHFWV�´ 3/R6

*HQHWLFV ��������H��������

5DMGHUNDU��6XGKD��,URV�%DUR]]L��<LZHQ�=KX��5RQJ�+X��<DQ[LDR�=KDQJ��%LQ�/L��<RNR
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)XNXGD�<X]DZD��HW�DO��������³7RSRORJLFDOO\�$VVRFLDWLQJ�'RPDLQ�%RXQGDULHV�$UH�&RPPRQO\

5HTXLUHG�IRU�1RUPDO�*HQRPH�)XQFWLRQ�´ ELR5[LY�

KWWSV���GRL�RUJ���������������������������

5DR��6XKDV�6��3���0LULDP�+��+XQWOH\��1HYD�&��'XUDQG��(OHQD�.��6WDPHQRYD��,YDQ�'��%RFKNRY�

-DPHV�7��5RELQVRQ��$GULDQ�/��6DQERUQ��HW�DO��������³$��'�0DS�RI�WKH�+XPDQ�*HQRPH�DW

.LOREDVH�5HVROXWLRQ�5HYHDOV�3ULQFLSOHV�RI�&KURPDWLQ�/RRSLQJ�´ &HOO �������������±���

6PLWK��(PLO\�0���%U\DQ�5��/DMRLH��*DXUDY�-DLQ��DQG�-RE�'HNNHU��������³,QYDULDQW�7$'

%RXQGDULHV�&RQVWUDLQ�&HOO�7\SH�6SHFLILF�/RRSLQJ�,QWHUDFWLRQV�EHWZHHQ�3URPRWHUV�DQG

'LVWDO�(OHPHQWV�DURXQG�WKH�&)75�/RFXV�´ $PHULFDQ�-RXUQDO RI�+XPDQ�*HQHWLFV �������

���±����

7DFKLZDQD��+LURDNL��7DWVXUR�<DPDPRWR��DQG�1RULNR�6DLWRK��������³*HQH�5HJXODWLRQ�E\

1RQ�&RGLQJ�51$V�LQ�WKH��'�*HQRPH�$UFKLWHFWXUH�´ &XUUHQW 2SLQLRQ�LQ�*HQHWLFV�	

'HYHORSPHQW ����$SULO�����±���

;X��0LQJMLH��-LH�<DR��<LQJFKDR�6KL��+XLMXDQ�<L��:XNXL�=KDR��;LQKXD�/LQ��DQG�=KRQJ]KRX�<DQJ�

������³7KH�65&$3�&KURPDWLQ�5HPRGHOLQJ�&RPSOH[�3URPRWHV�2[LGDWLYH�0HWDEROLVP

GXULQJ�3UHQDWDO�+HDUW�'HYHORSPHQW�´ 'HYHORSPHQW ��� ����

KWWSV���GRL�RUJ���������GHY��������
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