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, GHFODUH WKDW WKLV ZULWWHQ VXEPLVVLRQ UHSUHVHQWV P\ LGHD LQ P\ RZQ ZRUGV DQG ZKHUH RWKHUV¶

LGHDV KDYH EHHQ LQFOXGHG� , KDYH DGHTXDWHO\ FLWHG DQG UHIHUHQFHG WKH RULJLQDO VRXUFHV� , DOVR

GHFODUH WKDW , KDYH DGKHUHG WR DOO SULQFLSOHV RI DFDGHPLF KRQHVW\ DQG LQWHJULW\ DQG KDYH QRW

PLVUHSUHVHQWHG RU IDEULFDWHG RU IDOVLILHG DQ\ LGHD�GDWD�IDFW�VRXUFH LQ P\ VXEPLVVLRQ� , XQGHUVWDQG

WKDW YLRODWLRQ RI WKH DERYH ZLOO EH FDXVH IRU GLVFLSOLQDU\ DFWLRQ E\ WKH ,QVWLWXWH DQG FDQ DOVR HYRNH

SHQDO DFWLRQ IURP WKH VRXUFHV ZKLFK KDYH WKXV QRW EHHQ SURSHUO\ FLWHG RU IURP ZKRP SURSHU

SHUPLVVLRQ KDV QRW EHHQ WDNHQ ZKHQ QHHGHG�

'DWH� ���������� 7HMDVKUHH 5DMDUDP .DQLWNDU
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&HUWLILHG WKDW WKH ZRUN LQFRUSRUDWHG LQ WKH WKHVLV WLWOHG µ5ROH RI ORFDO HQYLURQPHQWV LQ VWDELOL]LQJ

SURWHLQ VWUXFWXUHV¶� VXEPLWWHG E\ 7HMDVKUHH 5DMDUDP .DQLWNDU ZDV FDUULHG RXW E\ WKH FDQGLGDWH�

XQGHU P\ VXSHUYLVLRQ� 7KH ZRUN SUHVHQWHG KHUH RU DQ\ SDUW RI LW KDV QRW EHHQ LQFOXGHG LQ DQ\

RWKHU WKHVLV VXEPLWWHG SUHYLRXVO\ IRU WKH DZDUG RI DQ\ GHJUHH RU GLSORPD IURP DQ\ RWKHU

XQLYHUVLW\ RU LQVWLWXWLRQ�

'DWH� ���������� 'U� 0� 6� 0DGKXVXGKDQ

3URIHVVRU
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$FNQRZOHGJPHQWV

, ZRXOG OLNH WR EHJLQ E\ WKDQNLQJ P\ PHQWRU DQG JXLGH 'U� 0� 6� 0DGKXVXGKDQ IRU KLV LQYDOXDEOH

JXLGDQFH� VXSSRUW DQG HQFRXUDJHPHQW� :KDWHYHU OLWWOH VNLOOV DQG FULWLFDO WKLQNLQJ , KDYH

GHYHORSHG RYHU WKH \HDUV DUH EHFDXVH RI KLP� , DOVR UHDOO\ ZDQW WR WKDQN KLP IRU WKH LQFUHGLEOH

DPRXQW RI SDWLHQFH KH KDV VKRZQ WRZDUGV PH GXULQJ RXU GLVFXVVLRQ VHVVLRQV�

, ZRXOG OLNH WR WKDQN P\ ODE PHPEHUV� 1HHOHVK ZDV LQFUHGLEO\ KHOSIXO ZLWK KLV WURXEOHVKRRWLQJ

LGHDV DERXW 3DFNSUHG� , KDG LQWHUHVWLQJ DQG IXQ GLVFXVVLRQV �DERXW UHVHDUFK DQG RWKHUZLVH� ZLWK

1HHODGUL� $WUH\L DQG 0XNXQGDQ WKDW PDGH P\ WLPH DW ,,6(5 ZRUWKZKLOH� , DP WKDQNIXO WR $WUH\L

DQG 1HHODGUL IRU UHYLHZLQJ P\ WKHVLV� , ZDQW WR WKDQN *XO]DU IRU DOO KLV KHOS ZLWK WHFKQLFDO WKLQJV

OLNH VHWWLQJ XS V\VWHPV DQG SURJUDPV DQG DOVR IRU RXU LQIRUPDO GLVFXVVLRQV� $QRWKHU VHW RI SHRSOH

WKDW , HQMR\HG KDQJLQJ RXW ZLWK DUH .DXVWXEK� $YDGKRRW DQG .ULWLND� , ZRXOG DOVR OLNH WR WKDQN

3DULFKLW� 6DQMDQD� <RJHQGUD� *ROGLQJ� $QNLW� $NDVK DQG 6ZDVWLN IRU KHOSLQJ PH IURP WLPH WR

WLPH� , OHDUQHG D ORW IURP HDFK DQG HYHU\ RQH RI \RX� 7KDQNV IRU EHLQJ D SDUW RI WKLV MRXUQH\�

, ZDQW WR WKDQN 6KUDGGKD IRU EHLQJ WKHUH IRU PH DQG KHOSLQJ PH RXW LQ YDULRXV DVSHFWV RI ZRUN

DQG OLIH DV ZHOO� 6KH ZDV LQFUHGLEO\ VXSSRUWLYH DQG KHOSIXO� , DP DOVR WKDQNIXO WR P\ EDWFKPDWHV�

HVSHFLDOO\� 5DMHVKZDUL� 6KUXWL� 6DQGUD� DQG $UMXQ IRU EHLQJ WKH ZHLUG KXPDQ EHLQJV WKDW WKH\ DUH�

,W ZDV IXQ VSHQGLQJ WLPH ZLWK \RX JX\V�

, HVSHFLDOO\ ZDQW WR PHQWLRQ 3DUYDWKL IRU EHLQJ D UHDOO\ JRRG IULHQG DQG VXSSRUW V\VWHP WR PH� ,

DOVR ZDQW WR WKDQN 8UPLOD .XONDUQL .DOH PDP DQG $VLP $XWL VLU IRU KHOSLQJ DQG DGYLVLQJ PH

DERXW P\ FDUHHU�

5HVHDUFK LQ ,,6(5 ZDV PDGH IDVWHU DQG HDVLHU E\ WKH +3&V� , WKDQN 1LVKD .DXUNXUH DQG 1HHWD

GHR IRU WKHLU KHOS� , ZRXOG DOVR OLNH WR WKDQN WKH %LR RIILFH DQG DFDGHPLF RIILFH IRU WKHLU SURPSW

UHVSRQVHV DQG KHOS WKDW PDGH RXU OLYHV HDVLHU�

)LQDOO\� , ZDQW WR WKDQN P\ PRWKHU� IDWKHU DQG %KDJ\DVKUHH IRU EHLQJ VWURQJ SLOODUV RI VXSSRUW

WKURXJKRXW P\ OLIH DQG IRU EHLQJ WKHUH IRU PH GXULQJ P\ JRRG DQG EDG WLPHV� $DL� HVSHFLDOO\� KDV
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EHHQ D JUHDW GULYLQJ IRUFH DQG D ELJ VRXUFH RI HQFRXUDJHPHQW LQ P\ OLIH� , DOVR ZDQW WR WKDQN P\

SDUWQHU 6XVKDQW IRU EHLQJ VXSSRUWLYH DQG KHOSLQJ PH LQ YDULRXV ZD\V� 7KLV ZRXOG QRW KDYH EHHQ

SRVVLEOH ZLWKRXW \RX JX\V�
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��� 3URJUHVVLRQ RI DOJRULWKP GHYHORSPHQW WR GHWHFW �' FRQVHUYHG ORFDO HQYLURQPHQWV LQ *3&5V�
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&KDSWHU �

2YHUYLHZ

�� 6\QRSVLV
3URWHLQV FRXOG EH UHSUHVHQWHG DV ORFDO LQWHUDFWLQJ UHJLRQV DOVR FDOOHG DV ORFDO HQYLURQPHQWV� 7KH

ORFDO HQYLURQPHQW LQFOXGHV WKH DPLQR DFLG DQG LWV VXUURXQGLQJ UHVLGXHV WKDW LQWHUDFW WKURXJK

K\GURJHQ ERQGV� SL � SL VWDFNLQJ� FDWLRQ � SL VWDFNLQJ� 9DQ 'HU :DDOV �HOHFWURVWDWLFV HWF� ,Q WKLV

WKHVLV� WKH VXUURXQGLQJ UHVLGXHV DUH LGHQWLILHG EDVHG RQ D GLVWDQFH FXW�RII IURP WKH DPLQR DFLG RI

LQWHUHVW� 7KH GLVWDQFH FXWRII XVXDOO\ UDQJHV IURP �c WR ��c� 6RPH RI WKHVH ORFDO HQYLURQPHQWV

FDQ FRQWULEXWH WR VWUXFWXUDO VWDELOLW\ RI D SURWHLQ� DQG�RU LWV IXQFWLRQDOLW\� :KHQ VXFK ORFDO

HQYLURQPHQWV DUH SHUWXUEHG� LW FRXOG FDXVH ORVV RI VWUXFWXUH DQG�RU IXQFWLRQ� RU LW FRXOG KDYH QR

HIIHFW RQ WKH VWUXFWXUH DQG IXQFWLRQ RI SURWHLQ� +HQFH LW LV QHFHVVDU\ WR VWXG\ WKHVH ORFDO

HQYLURQPHQWV DQG KRZ WKH\ DIIHFW SURWHLQV� 7KH LQIRUPDWLRQ ZLOO DVVLVW LQ WKH GHVLJQ RI SURWHLQV

ZLWK GHVLUDEOH SURSHUWLHV� ,W ZLOO DOVR DLG LQ GHWHFWLQJ�GLDJQRVLQJ GLVHDVH FRQGLWLRQV� HWF�

,Q WKLV WKHVLV� ZH VWXGLHG WKH ORFDO HQYLURQPHQWV XVLQJ WKUHH GLIIHUHQW H[DPSOHV� ,Q WKH ILUVW RQH�

ZH XVHG DQ H[DPSOH RI * � SURWHLQ FRXSOHG UHFHSWRUV �*3&5V� WR VWXG\ KRZ SHUWXUEDWLRQ RI WKH

ORFDO HQYLURQPHQW FDXVHG E\ OLJDQG ELQGLQJ �DJRQLVW� OHDGV WR DFWLYDWLRQ RI WKH UHFHSWRU� *3&5V

DUH VLJQDO WUDQVPLWWLQJ PROHFXOHV WKDW DUH HPEHGGHG LQ WKH OLSLG ELOD\HU� 6WUXFWXUDOO\� WKH\ FRQVLVW

RI VHYHQ WUDQVPHPEUDQH KHOLFHV� $Q DFWLYDWLQJ VWLPXOL OHDGV WR DFWLYDWLRQ RI D *3&5� WULJJHULQJ

DQ LQWUDFHOOXODU VLJQDOLQJ FDVFDGH LQ UHVSRQVH WR WKH VWLPXOL� 7KH UHFHSWRU DFWLYDWLRQ RFFXUV

WKURXJK D VHULHV RI FRQIRUPDWLRQDO FKDQJHV� HYHQWXDOO\ OHDGLQJ WR D PRYHPHQW RI WKH

WUDQVPHPEUDQH KHOL[ �� :H ZDQWHG WR VWXG\ LI WKH PROHFXODU UHDUUDQJHPHQWV WKDW OHDG WR WKH

UHFHSWRU DFWLYDWLRQ DUH FRQVHUYHG DFURVV GLIIHUHQW W\SHV RI *3&5V� ,I QRW� LQ KRZ PDQ\ GLVWLQFW

ZD\V FDQ WKH\ EH DFWLYDWHG" 7R DGGUHVV WKLV TXHVWLRQ� ZH DQDO\]HG �� &ODVV $ *3&5 VWUXFWXUHV LQ

WKH LQDFWLYH DQG �� VWUXFWXUHV LQ WKH DFWLYH VWDWH VHSDUDWHO\� WR ILQG FRQVHUYHG �' VWUXFWXUDO PRWLIV�

DOVR FDOOHG DV FOLTXHV� %DVHG RQ WKH FRQVHUYDWLRQ RI FKHPLFDO DQG JHRPHWULFDO SURSHUWLHV RI WKH

FOLTXHV� ZH SUHGLFWHG �� FOLTXHV WKDW DUH LPSRUWDQW IRU *3&5V� %\ FRPSDULQJ WKH FRQVHUYDWLRQV

IURP WKH LQDFWLYH VWDWH DQG WKH DFWLYH VWDWHV ZLWK HDFK RWKHU� ZH DWWHPSWHG WR VHJUHJDWH WKH
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FRQVHUYHG UHJLRQV WKDW DUH LPSRUWDQW IRU VWUXFWXUH DQG WKRVH LPSRUWDQW IRU IXQFWLRQ� :H IRXQG WKDW

LQ �� FOLTXHV DW OHDVW � DQG D PD[LPXP RI � U�JURXSV PDLQWDLQ WKHLU SRVLWLRQ GXULQJ DFWLYDWLRQ�

LQGLFDWLQJ WKHLU LPSRUWDQFH LQ VWUXFWXUDO VWDELOLW\� 7KH U�JURXS UHSUHVHQWDWLRQ LV D QRYHO ZD\ RI

UHSUHVHQWLQJ VLPLODULWLHV LQ VXEVWUXFWXUHV RI WKH DPLQR DFLGV� 7KH\ DUH JHRPHWULF FHQWHUV RI D

FOXVWHU RI FRYDOHQWO\ FRQQHFWHG DWRPV WKDW IRUP SDUWV RI DPLQR DFLGV� �� DPLQR DFLGV DUH

UHSUHVHQWHG DV �� U�JURXSV� 'LIIHUHQW W\SHV RI DPLQR DFLGV FDQ VKDUH RQH U�JURXS� :H DOVR IRXQG

WKDW �� FOLTXHV DUH HLWKHU SDUWLDOO\ RU FRPSOHWHO\ GLVUXSWHG GXULQJ WKH DFWLYDWLRQ SURFHVV�

LQGLFDWLQJ WKHLU UROH LQ WKH WUDQVLWLRQ RI WKH UHFHSWRU IURP WKH LQDFWLYH WR WKH DFWLYH VWDWH� 1H[W� :H

YDOLGDWHG RXU ILQGLQJV XVLQJ DOUHDG\ UHSRUWHG H[SHULPHQWDO GDWD� ,Q FDVHV ZKHUH H[SHULPHQWDO GDWD

ZHUH XQDYDLODEOH� ZH SHUIRUPHG PROHFXODU G\QDPLFV VLPXODWLRQV WR YDOLGDWH RXU ILQGLQJV� 7KH

UHVXOWV DOVR VXJJHVW WKDW *3&5V FRXOG EH PRGXODU LQ QDWXUH� 0HDQLQJ� WKDW WKH UHJLRQ UHVSRQVLEOH

IRU DFWLYDWLRQ FDQ EH FRXSOHG ZLWK DQ\ RWKHU GRPDLQ WKDW ELQGV WR D OLJDQG RI RXU LQWHUHVW� 7KH

PRGXODULW\ FRXOG EH XVHG DV D SULQFLSOH WR GHVLJQ QRYHO *3&5V� 7KLV LQIRUPDWLRQ FDQ DOVR EH

XVHG WR GHVLJQ GHVLUHG PXWDWLRQV ZKLOH DOORZLQJ WKH *3&5 WR EH VWLOO IXQFWLRQDO�

7KH VHFRQG H[DPSOH WKDW ZH VWXGLHG LV ZKHUH WKH ORFDO HQYLURQPHQW LV SHUWXUEHG EHFDXVH RI WKH

PXWDWLRQV� :H WULHG WR SUHGLFW WKH HIIHFW WKDW D PXWDWLRQ ZRXOG KDYH RQ WKH VWUXFWXUH DQG IXQFWLRQ

RI D SURWHLQ� 7RZDUGV WKLV� ZH GHYHORSHG D WRRO� 3DFNSUHG� WKDW SUHGLFWV LI D PLVVHQVH PXWDWLRQ

ZRXOG KDYH D GHOHWHULRXV RU QHXWUDO HIIHFW RQ WKH VWUXFWXUH DQG IXQFWLRQ RI D SURWHLQ� 7R SUHGLFW WKH

HIIHFW� 3DFNSUHG XVHV ERWK VHTXHQFH DQG VWUXFWXUH EDVHG IHDWXUHV� 7KH VHTXHQFH EDVHG IHDWXUH LV

6KDQQRQ HQWURS\ WKDW TXDQWLILHV WKH HYROXWLRQDULO\ FRQVHUYHG UHVLGXHV� 7KLV DOORZV XV WR LGHQWLI\

VWUXFWXUDOO\ DQG IXQFWLRQDOO\ LPSRUWDQW UHVLGXHV� 7KH VWUXFWXUH EDVHG IHDWXUHV DUH WKH SDFNSUHG

VWDWLVWLFDO SRWHQWLDO DQG )$'+0 VXEVWLWXWLRQ PDWULFHV� 7KH VWDWLVWLFDO SRWHQWLDO FDOFXODWHV D ORJ

RGGV UDWLR RI D ORFDO HQYLURQPHQW EHLQJ REVHUYHG LQ WKH 3'% GDWDEDVH WR WKDW RI LW RFFXUULQJ

PHUHO\ E\ FKDQFH� ,W HYDOXDWHV WKH OLNHOLKRRG RI RFFXUUHQFH RI D ORFDO HQYLURQPHQW DW D SDUWLFXODU

GHSWK OHYHO� 7KH ILQDO IHDWXUH WKDW 3DFNSUHG XVHV LV WKH )$'+0 VXEVWLWXWLRQ PDWUL[� 7KLV

VXEVWLWXWLRQ PDWUL[ LQGLFDWHV WKH SUREDELOLW\ RI VXEVWLWXWLRQ RI DPLQR DFLGV DW GLIIHUHQW GHSWKV� :H

XVHG D OLQHDU FRPELQDWLRQ RI WKH WKUHH IHDWXUH VFRUHV E\ WUDLQLQJ 3DFNSUHG RQ D VDWXUDWLRQ

O\VR]\PH GDWDVHW RI a���� PXWDWLRQV� :H WHVWHG 3DFNSUHG RQ WKH &FG% VDWXUDWLRQ PXWDJHQHVLV

GDWDVHW FRQWDLQLQJ a���� PXWDWLRQV DQG WKH 0LVVHQVH�' GDWDVHW FRQWDLQLQJ a���� PXWDWLRQV� :H

FRPSDUHG 3DFNSUHG ZLWK � RWKHU VWDWH�RI�WKH�DUW PHWKRGV DQG VKRZHG WKDW 3DFNSUHG RXWSHUIRUPHG

DOO WKH RWKHU PHWKRGV LQ WKH 0LVVHQVH�' GDWDVHW� :H DOVR IRXQG WKDW DOWKRXJK 3DFNSUHG LV JRRG DW

FODVVLI\LQJ WKH HIIHFW RI WKH PXWDWLRQ DV QHXWUDO RU GHOHWHULRXV� LW LV XQDEOH WR FRUUHFWO\ UDQN RUGHU
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WKH PXWDWLRQV EDVHG RQ WKH VHYHULW\ RI WKH PXWDWLRQ RQ WKH SKHQRW\SH�

,Q WKH WKLUG H[DPSOH� ZH WULHG WR SUHGLFW VPDOO PROHFXOHV WKDW ELQG WR D JLYHQ ORFDO HQYLURQPHQW

�ELQGLQJ SRFNHWV�� 6SHFLILFDOO\� ZH WULHG WR SUHGLFW WKH VPDOO PROHFXOHV WKDW FDQ ELQG WR WKH

YDULRXV ELQGLQJ SRFNHWV RI � SURWHLQV �*O\FRSURWHLQ� 1XFOHRSURWHLQ� 3KRVSKRSURWHLQ� )XVLRQ

SURWHLQ� DQG 0DWUL[ SURWHLQ� IURP WKH 1LSDK YLUXV SURWHRPH� :H SUHGLFWHG WKH ELQGLQJ SRFNHWV

DQG WKHLU GUXJJDELOLW\ XVLQJ YDULRXV WRROV� :H WKHQ XVHG WKHVH SUHGLFWHG ELQGLQJ SRFNHWV WR GRFN

WKH VPDOO PROHFXOH OLJDQGV� :H VHOHFWHG D ��� QRQ�UHGXQGDQW VHW RI ������ FOHDQ GUXJ OLNH

PROHFXOHV IURP WKH =,1& GDWDEDVH� :H WKHQ SHUIRUPHG D YLUWXDO VFUHHQLQJ RI WKHVH VPDOO

PROHFXOHV ZLWK WKH SUHGLFWHG ELQGLQJ SRFNHWV RI 1LSDK SURWHLQV XVLQJ GRFNLQJ VRIWZDUHV�

$XWRGRFN� DQG '2&.���� :H VHOHFWHG ��� EHVW VFRULQJ GRFNHG FRPSOH[HV IRU HDFK ELQGLQJ

SRFNHW IURP ERWK $XWRGRFN� DQG '2&.��� DQG VKRUWOLVWHG WKH OLJDQGV WKDW DUH FRPPRQ WR ERWK

UXQV� )XUWKHU� WR LQFUHDVH WKH FRQILGHQFH RI WKH SUHGLFWLRQV� ZH DOVR FDOFXODWHG WKH 506' RI WKH

VKRUWOLVWHG VPDOO PROHFXOH OLJDQGV EHWZHHQ WKH DXWRGRFN DQG GRFN FRPSOH[HV� :H XVHG WKH WRS �

SRVHV IURP HDFK UXQ WR FDOFXODWH WKH 506'� 7KH ILQDO OLVW RI VHOHFWHG PROHFXOHV KDG D 506'

EHWWHU WKDQ ���c� :H WKHQ SHUIRUPHG 0' VLPXODWLRQV WR DVVHVV WKH VWDELOLW\ RI WKH VPDOO PROHFXOH

SURWHLQ FRPSOH[HV XVLQJ $0%(5��6%�,/'1 IRUFH ILHOG DQG LQ VRPH FDVHV &+$500�� IRUFH

ILHOG� :H DOVR FDOFXODWHG WKH ELQGLQJ HQHUJLHV RI WKH SURWHLQ�OLJDQG FRPSOH[HV XVLQJ 00�3%6$

VRIWZDUH�

7R VXPPDUL]H� ZH VWXGLHG ORFDO HQYLURQPHQWV LQ SURWHLQV DQG WKH GLIIHUHQW HIIHFWV WKDW D SHUWXUEHG

ORFDO HQYLURQPHQW FDQ KDYH RQ VWUXFWXUH DQG IXQFWLRQ RI SURWHLQV� 7KLV VWXG\ FDQ DFW DV D VWDUWLQJ

SRLQW IRU RWKHU VWXGLHV WKDW UHTXLUH SURWHLQ GHVLJQ LQ GLIIHUHQW ELRORJLFDO FRQWH[WV�
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�� 7KHVLV RUJDQL]DWLRQ
7KH WKHVLV LV RUJDQL]HG LQ VL[ FKDSWHUV WKDW DOORZV IRU DQ HDV\ UHDG DV IROORZV�

&KDSWHU �� 2YHUYLHZ

7KLV FKDSWHU H[SODLQV WKH QHHG RI VWXG\LQJ SURWHLQ VWUXFWXUHV DV ORFDO HQYLURQPHQWV� :H XVH

YDULRXV H[DPSOHV OLNH *3&5V WKDW XQGHUJR FRQIRUPDWLRQDO FKDQJHV WR SHUIRUP LWV IXQFWLRQV� :H

DOVR XVH H[DPSOHV RI 7� O\VR]\PH DQG &FG% WR VWXG\ WKH HIIHFW RI WKH SHUWXUEHG ORFDO

HQYLURQPHQW RQ WKH VWUXFWXUH DQG IXQFWLRQ RI SURWHLQV�

&KDSWHU �� ,QWURGXFWLRQ WR WHFKQLTXHV

7KLV FKDSWHU LQWURGXFHV DQG VXPPDUL]HV YDULRXV WHFKQLTXHV�VRIWZDUH WKDW ZH KDYH XVHG

WKURXJKRXW WKLV WKHVLV�

&KDSWHU �� 0ROHFXODU PHFKDQLVP RI &ODVV $ *3&5 DFWLYDWLRQ

,Q WKLV FKDSWHU ZH DWWHPSWHG WR DGGUHVV LI DOO WKH &ODVV $ *3&5V XQGHUJR DFWLYDWLRQ E\ D

XQLYHUVDO PHFKDQLVP� DQG LI QRW� WKHQ LQ KRZ PDQ\ ZD\V GRHV LW KDSSHQ" 7RZDUGV WKLV� ZH

LGHQWLILHG ORFDO HQYLURQPHQWV WKDW DUH FRQVHUYHG DFURVV GLIIHUHQW VWUXFWXUHV� LQGLFDWLQJ WKHLU

LPSRUWDQFH� :H IXUWKHU VHJUHJDWHG WKHVH FRQVHUYHG UHJLRQV DV LPSRUWDQW HLWKHU IRU VWUXFWXUH RU

IXQFWLRQ RU ERWK� :H YDOLGDWHG WKLV GDWD XVLQJ HLWKHU OLWHUDWXUH RU E\ UXQQLQJ 0ROHFXODU G\QDPLFV

VLPXODWLRQV�

&KDSWHU �� 3DFNSUHG� 3UHGLFWLQJ WKH IXQFWLRQDO HIIHFW RI PLVVHQVH

PXWDWLRQV

,Q WKLV FKDSWHU� ZH GHVLJQHG D WRRO� 3DFNSUHG� WKDW SUHGLFWV WKH HIIHFW RI PXWDWLRQV RQ WKH VWUXFWXUH

DQG IXQFWLRQ RI D SURWHLQ� :H WUDLQHG 3DFNSUHG RQ a���� PXWDWLRQV RI 7� O\VR]\PH VDWXUDWLRQ

PXWDJHQHVLV GDWDVHW DQG WHVWHG RQ a���� PXWDWLRQV EHORQJLQJ WR WKH &FG% VDWXUDWLRQ PXWDJHQHVLV

GDWDVHW DQG WKH 0LVVHQVH�' GDWDVHW� :H FRPSDUHG RXU SHUIRUPDQFH ZLWK � RWKHU VWDWH�RI�WKH�DUW

PHWKRGV DQG VKRZHG WKDW 3DFNSUHG RXWSHUIRUPV RWKHUV LQ WKH 0LVVHQVH�' GDWDVHW�
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&KDSWHU �� 3UHGLFWLQJ DQG 'HVLJQLQJ WKHUDSHXWLFV DJDLQVW WKH 1LSDK

9LUXV

,Q WKLV FKDSWHU� ZH SUHGLFWHG DQG GHVLJQHG SXWDWLYH VPDOO PROHFXOHV DQG SHSWLGHV WKDW ZRXOG ELQG

WR DQG LQKLELW GLIIHUHQW 1LSDK SURWHLQV� 3DUWLFXODUO\� IRU SUHGLFWLQJ VPDOO PROHFXOHV� ZH SUHGLFWHG

ELQGLQJ SRFNHWV XVLQJ WKH '(37+ ZHE VHUYHU DQG SHUIRUPHG GRFNLQJ XVLQJ $XWRGRFN� DQG

'2&.���� :H WKHQ VKRUWOLVW OLJDQGV E\ KDYLQJ D FRQVHQVXV RI WRS �� EHVW VFRULQJ OLJDQG�SURWHLQ

FRPSOH[HV IURP WKH � GRFNLQJ VRIWZDUH WKDW DOVR KDYH VLPLODULWLHV LQ WKH SRVHV RI WKH GRFNHG

OLJDQG� :H DOVR SHUIRUPHG 0' VLPXODWLRQV WR DVVHVV WKH VWDELOLW\ RI WKH OLJDQG�SURWHLQ FRPSOH[HV�

&KDSWHU �� &RQFOXVLRQ DQG IXWXUH SURVSHFWV

7KLV FKDSWHU VXPPDUL]HV WKH ILQGLQJV RI WKLV WKHVLV DQG DOVR GLVFXVVHV WKH QHZ LGHDV WKDW FRXOG EH

LPSOHPHQWHG IRU UHILQLQJ WKH H[LVWLQJ DOJRULWKPV�

&KDSWHU �� $SSHQGL[

7KLV FKDSWHU VXPPDUL]HV WKH SURJUHVVLRQ RI DOJRULWKPV GHVFULEHG LQ FKDSWHU � DQG ��
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&KDSWHU �

,QWURGXFWLRQ WR FRPSXWDWLRQDO WHFKQLTXHV

��� &OLTXHV

3URWHLQV DUH PDGH RI DPLQR DFLGV WKDW DUH FRQQHFWHG E\ SHSWLGH ERQGV� 7KH VHTXHQFH RI DPLQR

DFLGV WKDW IRUPV D SURWHLQ LV FDOOHG LWV SULPDU\ VWUXFWXUH� +\GURJHQ ERQGV EHWZHHQ WKH EDFNERQH

RI WKH DPLQR�DFLGV RIWHQ OHDG WR IRUPDWLRQ RI VHFRQGDU\ VWUXFWXUH� 7KH SURWHLQ HYHQWXDOO\ IROGV

LQWR D WKUHH�GLPHQVLRQDO��'� VWUXFWXUH FDOOHG LWV WHUWLDU\ VWUXFWXUH� 7KH SULPDU\ VWUXFWXUH

GHWHUPLQHV WKH WHUWLDU\ VWUXFWXUH RI D SURWHLQ>�@�� 3URWHLQV WKDW KDYH VLPLODU VHTXHQFHV RI DPLQR
DFLGV IROG LQWR VLPLODU WHUWLDU\ VWUXFWXUHV>�@�� 7KH �' VWUXFWXUHV RI SURWHLQV FDQ EH UHSUHVHQWHG DV

FOXVWHUV RI DPLQR DFLGV WKDW LQWHUDFW ZLWK HDFK RWKHU� NQRZQ DV FOLTXH� &OLTXHV DUH ORFDO UHJLRQV RI

SURWHLQV WKDW FDQ EH XVHG WR VWXG\ DQG FKDUDFWHUL]H WKH ORFDO LQWHUDFWLRQV� 7KXV� D SURWHLQ FRQWDLQV

PDQ\ VXFK FOLTXHV� &KDUDFWHUL]DWLRQ RI FOLTXHV FDQ DVVLVW LQ WKH GHVLJQ RI QRYHO SURWHLQV�

WKHUPRVWDEOH SURWHLQV� SURWHLQV WKDW KDYH GHVLUHG FKDUDFWHULVWLFV� HWF� 3UHYLRXVO\� FOLTXHV KDYH

EHHQ XVHG WR SHUIRUP VWUXFWXUH EDVHG DOLJQPHQWV>�� �@�� GHULYH VWDWLVWLFDO SRWHQWLDOV IRU HYDOXDWLQJ
PRGHOV RI SURWHLQV>�@�� HWF� $OWKRXJK WKH GHILQLWLRQ RI FOLTXH PLJKW YDU\ GHSHQGLQJ RQ WKH

QHFHVVLW\ RI WKH VWXG\� WKH EDVLF LGHD RI VWXG\LQJ WKH ORFDO HQYLURQPHQW UHPDLQV FRQVWDQW� 6RPH RI

WKH ZD\V D FOLTXH FDQ EH GHILQHG DUH�

���� $OO WKH UHVLGXHV WKDW OLH ZLWKLQ D GLVWDQFH FXWRII RI D FHQWUDO UHVLGXH �)LJXUH �$�

���� $OO WKH UHVLGXHV ZKRVH SDLUZLVH GLVWDQFHV DUH OHVV WKDQ D GLVWDQFH FXWRII �)LJXUH �%�

���� 1HDUHVW 1 UHVLGXHV IURP WKH FHQWUDO RQH � ZKHUH 1 LV D SUH GHFLGHG FRQVWDQW �)LJXUH �&�

)LJXUH �� 'LIIHUHQW ZD\V RI GHILQLQJ FOLTXHV� 7KH FHQWUDO UHVLGXH�DWRP LV UHSUHVHQWHG DV D SLQN

FLUFOH� $OO QHLJKERUV DUH UHSUHVHQWHG DV WHDO FRORXUHG FLUFOHV�
��



��� �' OHDVW VTXDUHV ILW IRU JHRPHWULF FRPSDULVRQ RI SURWHLQ VWUXFWXUHV

7KH �' OHDVW VTXDUHV ILW LV XVHG WR FRPSDUH WKH JHRPHWU\ RI VWUXFWXUHV�VHWV RI �' SRLQWV� ,W KDV

EHHQ XVHG LQ YDULRXV VRIWZDUH WKDW SHUIRUP VWUXFWXUH EDVHG DOLJQPHQWV RI ELRPROHFXOHV�

6SHFLILFDOO\� LW KHOSV HYDOXDWH LI WKH SRLQWV LQ ERWK WKH VHWV DUH DUUDQJHG LQ D VLPLODU IDVKLRQ� ,W

GRHV VR E\ PLQLPL]LQJ WKH GLVWDQFHV EHWZHHQ WZR VHWV RI SRLQWV� �' OHDVW VTXDUHV ILW QHHGV

HTXLYDOHQFHV EHWZHHQ WKH SRLQWV DV LQSXW� %DVHG RQ WKH HTXLYDOHQFHV� LW WUDQVIRUPV WKH FRRUGLQDWHV

WR JHW WKH OHDVW URRW PHDQ VTXDUH GHYLDWLRQ �506'�>�@�� 7KH WUDQVIRUPHG FRRUGLQDWHV SURYLGH WKH
VXSHULPSRVLWLRQ RI WKH VHW RI SRLQWV�VWUXFWXUHV �)LJXUH ��� 7KH VLPLODULW\ EHWZHHQ WKH WZR VHWV RI

SRLQWV FDQ EH TXDQWLILHG DQG HYDOXDWHG XVLQJ WKH 506' RI VXSHULPSRVLWLRQ DQG�RU WKH QXPEHU RI

VXSHULPSRVHG SRLQWV �WKDW DUH FORVH WR HDFK RWKHU DV LGHQWLILHG E\ D SUHGHWHUPLQHG GLVWDQFH

FXW�RII�� $ ORZHU 506' DQG D KLJKHU QXPEHU RI VXSHULPSRVHG SRLQWV LQGLFDWH VLPLODULW\ EHWZHHQ

WKH VHWV� 6XSHULPSRVLWLRQ RI LGHQWLFDO VHWV ZLOO KDYH DQ 506' RI ���� ZLWK DOO WKH SRLQWV PDWFKHG�

$OJRULWKPV E\ 'LDPRQG>�@�� .HDUVOH\>�@�� .DEDVFK>�@�DQG PDQ\ RWKHUV FDQ EH XVHG WR SHUIRUP WKH

VWUXFWXUDO VXSHULPSRVLWLRQ� ,Q WKLV VWXG\� ZH KDYH XVHG D �' OHDVW VTXDUHV ILW DOJRULWKP E\

.HDUVOH\V WR ILQG JHRPHWULF VLPLODULWLHV EHWZHHQ WZR VHWV RI SRLQWV�

)LJXUH �� 5HIHUHQFH FOLTXH ; DQG WHVW FOLTXH ; DUH WZR VHWV RI SRLQWV LQ �' VSDFH� (DFK RI WKHP

FRQVLVWV RI � SRLQWV LQGLFDWHG E\ VPDOOHU FLUFOHV� 7KH FRORUV RI VPDOOHU FLUFOHV LQGLFDWH WKHLU

HTXLYDOHQFHV� )RU LQVWDQFH� WKH SXUSOH FLUFOH �U�� LQ UHIHUHQFH FOLTXH ; LV HTXLYDOHQW WR WKH SXUSOH

FLUFOH �U�� LQ WHVW FOLTXH ; DQG VR RQ� %DVHG RQ WKHVH HTXLYDOHQFHV� �' OHDVW VTXDUHV ILW SHUIRUPV

VXSHULPSRVLWLRQ E\ PLQLPL]LQJ WKH GLVWDQFHV EHWZHHQ WKH HTXLYDOHQFHV JLYLQJ WKH OHDVW URRW PHDQ

VTXDUH GHYLDWLRQ�

��� &ODVVLILFDWLRQ DVVHVVPHQW PHDVXUHV

$ FODVVLILFDWLRQ VFKHPH FODVVLILHV GDWD SRLQWV LQWR GLIIHUHQW FDWHJRULHV� $ ELQDU\ FODVVLILHU

��



FODVVLILHV GDWD SRLQWV LQWR WZR FDWHJRULHV� 7KH SHUIRUPDQFH RI WKH ELQDU\ FODVVLILHU FDQ EH DVVHVVHG

XVLQJ GLIIHUHQW PHWULFV� )ROORZLQJ DUH VRPH RI WKH ZLGHO\ XVHG DVVHVVPHQW PHWULFV�

���� &RQIXVLRQ PDWUL[� &RQIXVLRQ PDWUL[ FDWHJRUL]HV WKH ELQDU\ FODVVLILFDWLRQ SUHGLFWLRQV LQWR

IRXU FDWHJRULHV�

������ 7UXH SRVLWLYH �73�� 7KH GDWD SRLQWV WKDW KDYH D SRVLWLYH ODEHO DQG DUH SUHGLFWHG DV

SRVLWLYH

������ 7UXH QHJDWLYH�71�� 7KH GDWD SRLQWV WKDW KDYH D QHJDWLYH ODEHO DQG DUH SUHGLFWHG

DV QHJDWLYH

������ )DOVH SRVLWLYH�)3�� 7KH GDWD SRLQWV WKDW KDYH D QHJDWLYH ODEHO EXW DUH SUHGLFWHG DV

SRVLWLYH

������ )DOVH QHJDWLYH�)1�� 7KH GDWD SRLQWV WKDW KDYH D SRVLWLYH ODEHO EXW DUH SUHGLFWHG DV

QHJDWLYH

���� 0DWWKHZV FRUUHODWLRQ FRHIILFLHQW �0&&�� 0&& WDNHV LQWR DFFRXQW 73� 71� )3 DQG )1 WR

HYDOXDWH WKH SHUIRUPDQFH RI WKH FODVVLILHU� ,W LV D EDODQFHG PHDVXUH WKDW LV XQDIIHFWHG E\

GLIIHUHQW SURSRUWLRQV RI SRVLWLYHO\ DQG QHJDWLYHO\ ODEHOHG GDWD SRLQWV� ,W LV JLYHQ E\�

���� 6HQVLWLYLW\ �5HFDOO�� ,W LV D PHDVXUH RI KRZ PDQ\ SRVLWLYHO\ ODEHOHG GDWD SRLQWV ZHUH

FRUUHFWO\ SUHGLFWHG E\ WKH FODVVLILHU� ,W LV JLYHQ E\�

���� 6SHFLILFLW\� ,W LV D PHDVXUH RI KRZ PDQ\ QHJDWLYHO\ ODEHOHG GDWD SRLQWV ZHUH FRUUHFWO\

SUHGLFWHG E\ WKH FODVVLILHU� ,W LV JLYHQ E\�

���� 3UHFLVLRQ� 3UHFLVLRQ LQGLFDWHV WKH QXPEHU RI FRUUHFWO\ SUHGLFWHG SRVLWLYHV RXW RI DOO WKH

SRVLWLYHO\ SUHGLFWHG GDWD SRLQWV� ,W LV JLYHQ E\�

���� )� VFRUH� )� LV D KDUPRQLF PHDQ RI SUHFLVLRQ DQG UHFDOO� ,W LV JLYHQ E\�
��



����� $FFXUDF\� $FFXUDF\ LQGLFDWHV WKH WRWDO QXPEHU RI FRUUHFWO\ SUHGLFWHG GDWD SRLQWV E\ D

FODVVLILHU� ,W LV JLYHQ E\�

��� 6PDOO PROHFXOH ELQGLQJ SRFNHW SUHGLFWLRQ DQG PROHFXODU GRFNLQJ

7KH UHJLRQ RQ WKH SURWHLQ ZKHUH D OLJDQG ELQGV LV FDOOHG D OLJDQG ELQGLQJ SRFNHW �)LJXUH ���

3UHGLFWLQJ ELQGLQJ SRFNHWV RQ WKH VXUIDFH RI D SURWHLQ LV WKH ILUVW VWHS LQ GHVLJQLQJ D VPDOO

PROHFXOH OLJDQG WKDW ELQGV WR LW� 3UHGLFWLQJ ELQGLQJ SRFNHWV LV FRPSOLFDWHG EHFDXVH RI ODFN RI

NQRZOHGJH RI LWV SDUWQHU OLJDQG� LQGXFHG ILW FKDQJHV WKDW RFFXU XSRQ ELQGLQJ� HWF� +HQFH� YDULRXV

ELQGLQJ SRFNHW SUHGLFWLRQ WRROV H[SORLW GLIIHUHQW VHTXHQFH DQG VWUXFWXUH EDVHG SURSHUWLHV RI WKH

SURWHLQV� )RU H[DPSOH� PHWKRGV OLNH /,*6,7(>��@�� 685)1(7>��@�PDNH XVH RI JHRPHWU\ RI WKH
SURWHLQ ZKLOH &RQVXUI>��@�� ),1'6,7(>��@�� �'/LJDQG6LWH>��@� PDNH XVH RI HYROXWLRQDU\

LQIRUPDWLRQ DQG WHPSODWHV DYDLODEOH LQ WKH 3'%� 2WKHU PHWKRGV PDNH XVH RI DFFHVVLEOH VROYHQW

DUHD DV ZHOO� 2QFH WKH ELQGLQJ SRFNHWV DUH SUHGLFWHG� ZH FDQ PRGHO LWV LQWHUDFWLRQ ZLWK D OLJDQG

WKURXJK D PHWKRG FDOOHG PROHFXODU GRFNLQJ� $OO WKH GRFNLQJ PHWKRGV XVXDOO\ FRQVLVW RI WZR EURDG

VWHSV� 7KH ILUVW VWHS VDPSOHV YDULRXV SRVHV RI WKH OLJDQG� 7KH VDPSOLQJ LV IROORZHG E\ D VHFRQG

VWHS RI VFRULQJ HDFK SRVH EDVHG RQ WKH FRQWDFWV LW PDNHV ZLWK WKH SURWHLQ>��@�� 9DULRXV GRFNLQJ
VRIWZDUHV VDPSOH WKH OLJDQG SRVHV GLIIHUHQWO\� 6RPH RI WKH DOJRULWKPV XVHG DUH JHRPHWU\ EDVHG�

IUDJPHQW EDVHG DQG VWRFKDVWLF VHDUFKHV� 7KH VFRULQJ VFKHPHV DUH XVHG WR LGHQWLI\ WKH FRUUHFW

ELQGLQJ SRVH E\ UDQNLQJ LW EHWWHU WKDQ WKH LQFRUUHFW SRVHV� 7KH\ PDNH XVH RI SK\VLFV EDVHG

PHWKRGV� HPSLULFDO PHWKRGV RU NQRZOHGJH EDVHG PHWKRGV WR VFRUH WKH FRPSOH[HV>��@��
7KH SUHGLFWHG ELQGLQJ SRFNHWV FDQ DOVR EH XVHG WR FRPSXWDWLRQDOO\ VFUHHQ D OLEUDU\ RI VPDOO

PROHFXOH OLJDQGV WR SUHGLFW WKRVH WKDW FDQ SRWHQWLDOO\ ELQG WR WKH SRFNHW>��� ��@� 7KLV SURFHVV LV

FDOOHG YLUWXDO VFUHHQLQJ� 7KRXVDQGV RI VPDOO PROHFXOH OLJDQGV FDQ EH FRPSXWDWLRQDOO\ VFUHHQHG

DJDLQVW D ELQGLQJ SRFNHW� 7KHVH SURFHVVHV DUH IDVW DQG FRPSXWDWLRQDOO\ LQH[SHQVLYH� 7KH

VFUHHQLQJ FDQ EH SHUIRUPHG XVLQJ PROHFXODU GRFNLQJ VRIWZDUH OLNH $XWR'RFN>��@�� '2&.>��@�
6ZLVV'RFN>��@�� DQG PDQ\ RWKHUV>��@��
,Q VRPH FDVHV� WKH OLJDQG WKDW ELQGV WR D SURWHLQ RI LQWHUHVW LV NQRZQ EXW LWV ELQGLQJ SRVH LV

��



XQNQRZQ� 'RFNLQJ FDQ EH XVHG WR SUHGLFW WKH FRUUHFW ELQGLQJ SRVH RI WKH OLJDQG LQ WKH ELQGLQJ

SRFNHW� ,Q WKH DEVHQFH RI NQRZQ ELQGLQJ SRFNHWV� GRFNLQJ FRXOG DOVR EH SHUIRUPHG RQ WKH HQWLUH

VXUIDFH RI WKH SURWHLQ� 7KLV LV NQRZQ DV EOLQG GRFNLQJ� ,QVWHDG RI OLPLWLQJ WKH VDPSOLQJ VHDUFK WR

D ELQGLQJ SRFNHW� EOLQG GRFNLQJ XVHV WKH HQWLUH VXUIDFH RI WKH SURWHLQ IRU VDPSOLQJ� PDNLQJ LW

VORZHU WKDQ ORFDO GRFNLQJ �ZKHUH D ELQGLQJ SRFNHW LV VSHFLILHG�>��� ��@�� $QRWKHU IHDWXUH WKDW WKH
GRFNLQJ VRIWZDUHV RIIHU LV WKH XVH RI ULJLG RU IOH[LEOH GRFNLQJ� ,Q ULJLG GRFNLQJ� WKH HQWLUH SURWHLQ

LV FRQVLGHUHG DV D QRQ�IOH[LEOH HQWLW\ WKDW GRHV QRW XQGHUJR DQ\ PRYHPHQW� +RZHYHU� LQ UHDOLW\�

SURWHLQV XQGHUJR HYHQWV OLNH LQGXFHG ILW XSRQ ELQGLQJ WR LWV SDUWQHU� ,Q VXFK FDVHV� IOH[LEOH

GRFNLQJ FDQ EH SHUIRUPHG� ZKHUH PRYHPHQW RI D VHW RI XVHU VSHFLILHG UHVLGXHV LV DOORZHG DQG

DFFRXQWHG IRU GXULQJ WKH GRFNLQJ H[HUFLVH>��� ��@��

)LJXUH �� $� /LJDQG UHSUHVHQWHG LQ EOXH VXUIDFH ERXQG WR D *3&5 UHSUHVHQWHG DV OLJKW JUD\

ULEERQ� LQGLFDWLQJ OLJDQG ELQGLQJ SRFNHW �3'%� �5+��� %� 7RS YLHZ RI WKH OLJDQG ERXQG UHJLRQ

��� 0' VLPXODWLRQV

3URWHLQV DUH IOH[LEOH ELRPROHFXOHV WKDW XQGHUJR PROHFXODU PRWLRQV LQ VROYHQW� 7KHVH PRYHPHQWV

DOVR DVVLVW LQ IRUPLQJ FRPSOH[HV ZLWK RWKHU PROHFXOHV WKURXJK WKH LQGXFHG ILW PHFKDQLVP� 7KHVH

PRYHPHQWV LQ SURWHLQV FDQ EH VWXGLHG YLD FRPSXWHU VLPXODWLRQV XVLQJ 0ROHFXODU G\QDPLFV �0'�

VLPXODWLRQV>��@�� *LYHQ D �' VWUXFWXUH RI D PROHFXOH� WKH VLPXODWLRQV FDOFXODWH WKH VXEVHTXHQW

PRYHPHQWV RI WKH DWRPV DV D IXQFWLRQ RI WLPH XVLQJ 1HZWRQ
V ODZV RI PRWLRQ� 7KH SRVLWLRQ DQG

YHORFLW\ RI HDFK DWRP LQ WKH PROHFXOH LV XSGDWHG� JLYLQJ D WUDMHFWRU\ RI PRYHPHQW RI DWRPV RYHU

��



WLPH� ,Q QDWXUH� IRUFHV OLNH HOHFWURVWDWLFV� 9DQ 'HU :DDOV HWF� JRYHUQ WKH PRYHPHQWV RI WKH DWRPV�

,Q WKH 0' VLPXODWLRQV� WKHVH IRUFHV�LQWHUDFWLRQV DUH DFFRXQWHG IRU LQ WKH IRUP RI D IRUFH ILHOG� $

IRUFH ILHOG LV DQ DSSUR[LPDWLRQ WKDW TXDQWLILHV DOO VXFK LQWHUDFWLRQV XVLQJ GDWD IURP YDULRXV

H[SHULPHQWV�GDWD VRXUFHV� 6RPH H[DPSOHV RI IRUFH ILHOGV DUH &+$500� $0%(5� DQG WKH

23/6� $ JHQHUDOL]HG IRUPXOD IRU IRUFH ILHOG LV JLYHQ E\�

:KHUH� 8 LV LQWHUDWRPLF SRWHQWLDO HQHUJ\ WKDW LV UHSUHVHQWHG DV D IRUFHILHOG�

NE� Nș DQG NȤ DUH IRUFH FRQVWDQWV IRU ERQGV OHQJWKV� ERQG DQJOHV DQG GLKHGUDO DQJOHV�

E� DQG ș� DUH HTXLOLEULXP YDOXHV IRU WKH ERQG OHQJWK DQG YDOHQFH DQJOH EHWZHHQ DWRPV�

Q LV WKH GLKHGUDO PXOWLSOLFLW\�

į LV WKH GLKHGUDO DQJOH SKDVH�

YG: DUH WKH YDQ GHU :DDOV IRUFHV�

HOHF DUH WKH HOHFWURVWDWLF LQWHUDFWLRQV >��@�

0' VLPXODWLRQV KDYH EHHQ XVHG WR VWXG\ FRQIRUPDWLRQDO FKDQJHV WKDW RFFXU LQ SURWHLQV� UHILQH �'

VWUXFWXUH PRGHOV RI ELRPROHFXOHV� VWXG\ LQWHUDFWLRQV EHWZHHQ ELRPROHFXOHV HWF� 6LPXODWLRQV RI

GLIIHUHQW W\SHV RI ELRORJLFDO V\VWHPV VXFK DV D VLQJOH SURWHLQ LQ DQ DTXHRXV VROYHQW� SURWHLQ

HPEHGGHG LQ WKH PHPEUDQH� VPDOO PROHFXOH�SURWHLQ FRPSOH[HV� SURWHLQ�SURWHLQ FRPSOH[HV�

SURWHLQ�'1$ FRPSOH[HV FDQ EH VLPXODWHG XVLQJ VRIWZDUH OLNH *520$&6>��@�� 1$0'>��@��
$0%(5>��@� DQG PDQ\ RWKHUV� $GGLWLRQDOO\� WKH VLPXODWLRQV FDQ DOVR EH SHUIRUPHG DW YDULHG

OHYHOV RI UHVROXWLRQ OLNH DOO DWRPV� RU FOXEELQJ VHYHUDO DWRPV WRJHWKHU E\ FRDUVH JUDLQLQJ� RU D

K\EULG RI PROHFXODU DQG TXDQWXP PHFKDQLFV� 7KH 0' VLPXODWLRQV UHTXLUH KLJK FRPSXWDWLRQDO

SRZHU>��@�� :LWK WKH DGYDQFHV LQ FRPSXWDWLRQDO KDUGZDUH OLNH *38V DQG VXSHUFRPSXWHUV�

SHUIRUPLQJ VLPXODWLRQV KDV EHFRPH IDVW DQG OHVV H[SHQVLYH�

��



��� 6WDWLVWLFDO SRWHQWLDOV
3URWHLQ VWUXFWXUH SUHGLFWLRQ PHWKRGV KDYH LPPHQVHO\ DLGHG LQ JHWWLQJ LQVLJKWV LQWR WKH VWUXFWXUH RI

D SURWHLQ DQG DOVR LWV SXWDWLYH IXQFWLRQ� 7KHVH PHWKRGV FDQ EH EURDGO\ FODVVLILHG LQWR � FODVVHV�

QDPHO\� KRPRORJ\ EDVHG PHWKRGV� WKUHDGLQJ DQG GH QRYR SUHGLFWLRQV>��@�� 7KH TXDOLW\ RI WKH

PRGHOV SUHGLFWHG E\ WKHVH PHWKRGV GHSHQGV RQ WKH GDWD XVHG WR JHQHUDWH WKHP� ,W LV KHQFH

HVVHQWLDO WR TXDQWLI\ WKHLU FRUUHFWQHVV� 6WDWLVWLFDO SRWHQWLDOV� DOVR NQRZQ DV NQRZOHGJH EDVHG

SRWHQWLDOV� DUH D FDWHJRU\ RI VFRULQJ IXQFWLRQV WKDW FDQ EH XVHG WR JDXJH WKH FRUUHFWQHVV RI WKH

PRGHOV>��@�� 7KH SRWHQWLDOV DUH GHULYHG IURP D GDWDEDVH� VXFK DV 3URWHLQ 'DWD %DQN �3'%�� KHQFH

FDOOHG NQRZOHGJH EDVHG SRWHQWLDOV� 7KH\ RIWHQ FDSWXUH VRPH IHDWXUHV RI SURWHLQV EDVHG RQ WKH

FKHPLVWU\ DQG SK\VLFV RI WKH LQWHUDFWLRQV IURP WKH GDWDEDVH>��@�� 7KH IHDWXUHV DUH TXDQWLILHG DV
UDWLR RI REVHUYHG E\ H[SHFWHG IUHTXHQFLHV�SUREDELOLWLHV DV IRUPXODWHG E\ 6LSSO>��@�� 7KH REVHUYHG
GDWD LV H[WUDFWHG IURP NQRZQ SURWHLQ VWUXFWXUHV DQG WKH H[SHFWHG YDOXH LV IRUPXODWHG VXFK WKDW LW

LQGLFDWHV WKH RFFXUUHQFH RI D IHDWXUH E\ FKDQFH� 6RPH RI WKH ZLGHO\ XVHG VWDWLVWLFDO SRWHQWLDOV

LQFOXGH '23(>�@�� *2$3>��@�� 527$6>��@�� DQG 3UR6$>��@�� 7KHVH VWDWLVWLFDO SRWHQWLDOV GLIIHU

IURP RQH DQRWKHU LQ WKH WHUPV RI SURWHLQ UHSUHVHQWDWLRQ DQG WKH VSDWLDO IHDWXUH WKDW LV XVHG� 3URWHLQ

FDQ EH UHSUHVHQWHG LQ YDULRXV ZD\V� VRPH RI WKHP DUH DV DQ DOO�DWRP V\VWHP RU E\ LWV ܤ& DWRP RU

E\ VLGH FKDLQ FHQWURLG� 6RPH VSDWLDO IHDWXUHV WKDW WKHVH SRWHQWLDOV FDSWXUH DUH GLVWDQFHV� WRUVLRQ

DQJOHV RU DQJOHV HWF� 7KH SURWHLQ UHSUHVHQWDWLRQ DQG WKH VSDWLDO IHDWXUH LQ FRPELQDWLRQ ZLWK WKH

UHIHUHQFH VWDWH DIIHFW WKH SHUIRUPDQFH�DFFXUDF\ RI WKH VWDWLVWLFDO SRWHQWLDOV�

��� 6HTXHQFH DOLJQPHQWV DQG 6KDQQRQ HQWURS\
3DLUZLVH VHTXHQFH DOLJQPHQWV DWWHPSW WR LGHQWLI\ WKH VLPLODULWLHV� DQG FRQVHUYHG UHJLRQV EHWZHHQ

WZR VHTXHQFHV� 7KH DOLJQPHQWV FRXOG EH SHUIRUPHG RQ SURWHLQ� '1$ DQG 51$ VHTXHQFHV�

$OLJQPHQWV FDQ EH RI WZR W\SHV� WKH JOREDO DOLJQPHQW� ZKHUH WKH VHTXHQFHV DUH FRPSDUHG WR HDFK

RWKHU HQG�WR�HQG>��@�� ,Q ORFDO DOLJQPHQW� ORFDO UHJLRQV RI VLPLODULWLHV LQ WKH SURYLGHG VHTXHQFHV

DUH LGHQWLILHG� /RFDO DOLJQPHQWV DUH W\SLFDOO\ SHUIRUPHG XVLQJ WRROV VXFK DV %/$67>��@��
36,�%/$67>��@�� D VOLJKWO\ GLIIHUHQW YHUVLRQ RI %/$67� DOORZV VHDUFKLQJ RI WKH ORFDO UHJLRQV RI
VLPLODULWLHV ZLWK DQ HQWLUH GDWDEDVH� DOORZLQJ LGHQWLILFDWLRQ RI GLVWDQW KRPRORJV� 7KH DOLJQPHQW RI

PXOWLSOH VHTXHQFHV LV FDOOHG PXOWLSOH VHTXHQFH DOLJQPHQW� 7KHVH DOLJQPHQWV DUH DQ LQYDOXDEOH

WRRO WR LGHQWLI\ HYROXWLRQDU\ UHODWLRQVKLSV� 7KH HYROXWLRQDULO\ FRQVHUYHG SRVLWLRQV LQ WKH VHTXHQFH

VKRZ KLJKHU FRQVHUYDWLRQ DQG OHVV YDULDWLRQ LQ WKH PXOWLSOH VHTXHQFH DOLJQPHQW� 7KH YDULDWLRQ FDQ

EH TXDQWLILHG E\ 6KDQQRQ HQWURS\>��@�� JLYHQ E\�

��



:KHUH� +�;� LV 6KDQQRQ HQWURS\ DW SRVLWLRQ ;� 3�;L� LV WKH SUREDELOLW\ RI RFFXUUHQFH RI D

SDUWLFXODU FKDUDFWHU �L� DW SRVLWLRQ ;� Q LV WKH QXPEHU RI XQLTXH FKDUDFWHUV WKDW FDQ RFFXU�

,Q WKH FDVH RI DPLQR DFLG VHTXHQFHV� Q  �� UHSUHVHQWLQJ �� DPLQR DFLGV� 7KH 6KDQQRQ HQWURS\

IRU DPLQR DFLGV LV UHSUHVHQWHG DV�

7KH 6KDQQRQ HQWURS\ UDQJHV IURP � WR ���� IRU WKH �� VWDQGDUG DPLQR DFLGV� ZLWK � EHLQJ WKH

PRVW FRQVHUYHG SRVLWLRQ DQG ���� EHLQJ WKH OHDVW FRQVHUYHG� KLJKO\ YDULDEOH SRVLWLRQ>��@��

��� U � JURXSV
7\SLFDOO\� SURWHLQV DUH UHSUHVHQWHG DV D VHTXHQFH RI DPLQR DFLGV� 'HSHQGLQJ RQ WKH QHFHVVLW\ RI

WKH VWXG\� WKH DPLQR DFLGV DUH UHSUHVHQWHG LQ GLIIHUHQW ZD\V VXFK DV KHDY\ DWRPV� ܤ& DWRPV� HWF� ,Q

WKLV VWXG\� ZH KDYH UHSUHVHQWHG WKH �� DPLQR DFLGV DV U�JURXSV �)LJXUH ��� 7KH U�JURXSV DUH

FUHDWHG E\ GLYLGLQJ WKH DPLQR DFLGV LQWR VPDOOHU VHFWLRQV WKDW KDYH GLVWLQFW SURSHUWLHV� :H XVHG

U�JURXSV DV WKH SURWHLQ IDPLO\ RI RXU LQWHUHVW� *3&5V� DUH NQRZQ WR KDYH DV ORZ DV ��� VHTXHQFH

LGHQWLW\ DPRQJVW WKHPVHOYHV� 7KXV� ZH ZDQWHG WR FKHFN LI RQO\ VPDOOHU UHJLRQV RI DPLQR DFLGV DUH

SDUWLFLSDWLQJ DQG UHVSRQVLEOH IRU WKH VWUXFWXUH DQG IXQFWLRQ RI *3&5V� 7KH LGHD IRU WKLV

UHSUHVHQWDWLRQ LV WKDW LQ VRPH FDVHV RQO\ VXEUHJLRQV RI WKH DPLQR DFLGV PD\ EH QHFHVVDU\ IRU WKH

LQWHUDFWLRQ�VWDELOLW\ RI WKH FOLTXH� :H GHILQHG �� VXFK U�JURXSV E\ FOXEELQJ YDULRXV FRYDOHQWO\

OLQNHG KHDY\ DWRPV� 7KH U�JURXSV DUH UHSUHVHQWHG DV D FHQWURLG RI WKH �' FRRUGLQDWHV RI LWV

FRQVWLWXHQW DWRPV� 7KLV DOORZHG XV WR UHSUHVHQW RQH U�JURXS DV RQH SRLQW LQ �' VSDFH� DQG DUH

QDPHG DV U�� U�� «� U�� LQ WKLV VWXG\ �)LJXUH ���

7KH EDFNERQH RI DOO DPLQR DFLGV� H[FHSW SUROLQH� LV UHSUHVHQWHG DV U�� 6LQFH SUROLQH LV WKH RQO\

DPLQR DFLG ZKRVH VLGH FKDLQ IRUPV D FORVHG ULQJ ZLWK WKH EDFNERQH DWRPV� LW LV FDWHJRUL]HG DV WKH

U�� JURXS� *O\FLQH GRHV QRW KDYH D KHDY\ DWRP LQ LWV VLGHFKDLQ DQG LV UHSUHVHQWHG DV U�� 6LPLODUO\�

ZH GHILQHG WKUHH U�JURXSV� U��� U�� DQG U�� IRU WKH VLGH FKDLQV RI WKH DURPDWLF UHVLGXHV� 3+(�

753 DQG 7<5 UHVSHFWLYHO\� :KLOH U�� LV DURPDWLF� WKH 2+ RI WKH U�� JURXS JLYHV LW D SRODU QDWXUH

DQG KHQFH LV FDWHJRUL]HG DV D GLIIHUHQW JURXS� 7KH U�� JURXS LV WKH LQGROH ULQJ RI 753 ZKHUH WKH

ORQH SDLU RI 1 DOVR SDUWLFLSDWHV LQ WKH DURPDWLF ULQJ� JLYLQJ LW GLIIHUHQW SURSHUWLHV WKDQ WKH 3+(

��



DQG 7<5� :H KDYH GHILQHG DOO WKH �� U�JURXSV LQ D VLPLODU PDQQHU� FRQVLGHULQJ WKH SURSHUWLHV RI

WKH FOXEEHG DWRPV� 2QH WKLQJ WR QRWH LV WKDW WKHVH JURXSV DUH FUHDWHG KHXULVWLFDOO\ DQG FRXOG EH

GHILQHG LQ YDULRXV ZD\V�

)LJXUH �� 7KH GHILQLWLRQ RI �� U�JURXSV XVHG WR UHSUHVHQW �� DPLQR DFLGV �,PDJH DGDSWHG IURP

0DVWHU¶V WKHVLV RI $NDVK %DKDL KWWS���GU�LLVHUSXQH�DF�LQ������[POXL�KDQGOH�������������� �

��� 'HSWK DQG UHVLGXH GHSWK

,Q DQ DTXHRXV VROXWLRQ� D SURWHLQ IROGV LQWR LWV WHUWLDU\ VWUXFWXUH VXFK WKDW WKH K\GURSKLOLF DPLQR
��
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DFLGV DUH H[SRVHG WR WKH VROYHQW ZKLOH WKH K\GURSKRELF DPLQR DFLGV DUH EXULHG LQVLGH WKH FRUH RI

WKH SURWHLQ� 7KH EXULDO RI WKH K\GURSKRELF UHVLGXHV RFFOXGHV WKHLU XQIDYRUDEOH LQWHUDFWLRQV ZLWK

WKH DTXHRXV VROYHQW� 7KXV� DPLQR DFLGV ZLWKLQ D SURWHLQ DUH SODFHG DW GLIIHUHQW GLVWDQFHV IURP WKH

VROYHQW�

7UDGLWLRQDOO\� WKH H[WHQW WR ZKLFK WKH SURWHLQ LV EXULHG�DFFHVVLEOH WR VROYHQW LV TXDQWLILHG XVLQJ D

PHWULF FDOOHG DV DFFHVVLEOH VXUIDFH DUHD>��@�� $ PRUH VWUDWLILHG TXDQWLILFDWLRQ RI WKH EXULDO RI WKH

UHVLGXHV LV JLYHQ E\ WKH GHILQLWLRQ RI UHVLGXH GHSWK>��� ��@�� )RU DTXHRXV SURWHLQV� GHSWK LV GHILQHG
DV WKH GLVWDQFH EHWZHHQ WKH SURWHLQ DWRP DQG LWV QHDUHVW ZDWHU PROHFXOH LQ WKH EXON VROYHQW� 7KH

EXON VROYHQW H[FOXGHV ZDWHU PROHFXOHV WKDW DUH WUDSSHG LQVLGH WKH SURWHLQ FDYLWLHV� $ EXON VROYHQW

KDV DW OHDVW � �RU XVHU VSHFLILHG YDOXH RI ZDWHU PROHFXOHV� RWKHU QHLJKERULQJ ZDWHU PROHFXOHV

ZLWKLQ LWV K\GUDWLRQ VSKHUH RI ��� OD\HUV� 1RQ�EXON VROYHQW PROHFXOHV KDYH OHVV WKDQ �

QHLJKERULQJ ZDWHUV LQ LWV K\GUDWLRQ VKHOO� 5HVLGXH GHSWK LV FDOFXODWHG DV DQ DYHUDJH RI GHSWKV RI

DOO WKH DWRPV RI DPLQR DFLGV�

��



&KDSWHU �

0ROHFXODU PHFKDQLVP RI &ODVV $ *3&5 DFWLYDWLRQ

Ɣ &UHDWLRQ RI D GDWDVHW RI &ODVV $ *3&5 VWUXFWXUHV

Ɣ 5HSUHVHQWDWLRQ RI WKH VWUXFWXUHV DV U�JURXSV

Ɣ ,GHQWLILFDWLRQ RI VWUXFWXUDOO\ FRQVHUYHG �' PRWLIV

Ɣ 3UHGLFWLRQ RI IXQFWLRQDOO\ LPSRUWDQW VWUXFWXUDO �' PRWLIV

Ɣ 9DOLGDWLRQ

ż 'DWD IURP WKH OLWHUDWXUH

ż 0' VLPXODWLRQV

��



��� ,QWURGXFWLRQ

* SURWHLQ�FRXSOHG UHFHSWRUV �*3&5V� DUH D FODVV RI VLJQDO WUDQVGXFLQJ SURWHLQV IRXQG LQ WKH

PHPEUDQHV RI FHOOV>��@�� 7KHVH UHFHSWRUV DUH DFWLYDWHG E\ D YDULHW\ RI VWLPXOL� LQFOXGLQJ ELQGLQJ
RI YDULRXV H[WUDFHOOXODU OLJDQGV� VXFK DV KRUPRQHV� QHXURWUDQVPLWWHUV� VHQVRU\ VWLPXOL� DQG PDQ\

RWKHUV� 7KH DFWLYDWLRQ WULJJHUV DQG LQLWLDWHV LQWUDFHOOXODU VLJQDOLQJ SDWKZD\V WKDW UHVXOW LQ WKH

SURGXFWLRQ RI YDULRXV VHFRQG PHVVHQJHU PROHFXOHV� VXFK DV F\FOLF DGHQRVLQH PRQRSKRVSKDWH

�F$03�>��@�� ZKLFK FDQ WKHQ WUDQVPLW WKH VLJQDO IXUWKHU LQWR WKH FHOO� %HFDXVH RI WKLV IXQFWLRQ�

*3&5V DUH LQYROYHG LQ D ZLGH UDQJH RI SK\VLRORJLFDO SURFHVVHV� LQFOXGLQJ WKH LPPXQH

UHVSRQVH>��� ��@�� VHQVRU\ SHUFHSWLRQ>��� ��@�� DQG UHJXODWLRQ RI YDULRXV PHWDEROLF SDWKZD\V>��@��
7KLV DOVR PDNHV WKHP DWWUDFWLYH WDUJHWV IRU WKH GHYHORSPHQW RI GUXJV WR WUHDW D ZLGH UDQJH RI

GLVHDVHV� LQFOXGLQJ FDUGLRYDVFXODU GLVHDVHV� QHXURORJLFDO GLVRUGHUV� DQG PHWDEROLF GLVRUGHUV� ���

IURP D WRWDO RI ��� *3&5V DUH WDUJHWHG E\ a��� PDUNHWHG GUXJV� OHDYLQJ D ODUJH QXPEHU RI WKHP

\HW WR EH WDUJHWHG>��@��

)LJXUH �� $ VFKHPDWLF RI *3&5 DUFKLWHFWXUH FRQVLVWLQJ RI VHYHQ WUDQVPHPEUDQH KHOLFHV �70� �

�� WKDW DUH FRQQHFWHG RQ WKH H[WUDFHOOXODU VLGH E\ � H[WUDFHOOXODU ORRSV �(&/� � �� DQG RQ WKH

LQWUDFHOOXODU VLGH E\ � LQWUDFHOOXODU ORRSV �,&/� � ��� 7KH 1�WHUPLQDO RI WKH UHFHSWRU LV H[SRVHG

RXWVLGH WKH FHOO ZKLOH WKH &�WHUPLQDO OLHV LQVLGH WKH FHOO�

6WUXFWXUDOO\� *3&5V DUH PDGH RI VHYHQ WUDQVPHPEUDQH�70� KHOLFHV WKDW WUDYHUVH WKURXJK WKH

OLSLG ELOD\HU �)LJXUH ��� 7KHVH KHOLFHV DUH FRQQHFWHG E\ WKUHH ORRSV RQ WKH LQWUDFHOOXODU DQG

��



H[WUDFHOOXODU VLGHV� 7KH 1�WHUPLQDO OLHV RXWVLGH WKH FHOO ZKLOH &�WHUPLQDO OLHV LQVLGH WKH FHOO� 7KH

DFWLYDWLQJ OLJDQG XVXDOO\ ELQGV RQ WKH H[WUDFHOOXODU VLGH RI WKH *3&5� DW D VLWH NQRZQ DV WKH

RUWKRJRQDO OLJDQG ELQGLQJ VLWH� 7KH ELQGLQJ VWDELOL]HV WKH UHFHSWRU LQ D VWDWH WKDW FDQ LQWHUDFW ZLWK

RWKHU PROHFXOHV OLNH WKH *�SURWHLQV RU WKH DUUHVWLQV RQ WKH LQWUDFHOOXODU VLGH� NQRZQ DV WKH DFWLYH

VWDWH� ,Q DGGLWLRQ WR WKLV FRQVHUYHG DUFKLWHFWXUH� *3&5V DOVR KDYH FRQVHUYHG PRWLIV OLNH 13[[<�

'5<� 3,)� &:[3� DQG 1D� SRFNHW>��±��@� $OO WKHVH PRWLIV DUH IXQFWLRQDOO\ LPSRUWDQW� 7KH

13[[< DQG '5< PRWLIV DUH ORFDWHG RQ WKH 70 � DQG 70� UHVSHFWLYHO\� QHDU WKH F\WRSODVPLF VLGH

DQG DUH NQRZQ WR EH LPSRUWDQW IRU DFWLYDWLRQ RI UHFHSWRUV OLNH UKRGRSVLQ� %�$5� R[\WRFLQ DQG

$�$5>��±��@� 7KH 3,) LV D VWUXFWXUDO PRWLI IRUPHG E\ WKUHH K\GURSKRELF UHVLGXHV FRQWULEXWHG E\

70�� 70� DQG 70�� 7KLV WULDG RI UHVLGXHV LV REVHUYHG QHDU WKH ERWWRP RI WKH OLJDQG ELQGLQJ

SRFNHW� 5HSDFNLQJ RI WKHVH WULDG UHVLGXHV LV REVHUYHG LQ PDQ\ DFWLYH VWDWH *3&5V� 7KH µ:¶ RI WKH

&:[3 PRWLI RQ 70� LV SDUWLFXODUO\ LPSRUWDQW IRU DFWLYDWLRQ RI *3&5V� ,W LV FDOOHG D WRJJOH

UHVLGXH DV LW FKDQJHV LWV URWDPHULF VWDWH XSRQ UHFHSWRU DFWLYDWLRQ>��@�� 1D� LRQ LQ WKH 1D� SRFNHW LV
FRRUGLQDWHG E\ 70�� 70�� DQG 70� LQ LQDFWLYH FRQIRUPDWLRQV RI PRVW *3&5V� 7KH LRQ LV

GLVSODFHG IURP LWV SRFNHW DQG LV QRW VHHQ LQ WKH DFWLYH VWDWH FRQIRUPDWLRQV>��@��

%DVHG RQ WKH VHTXHQFH LGHQWLW\ RI WKH WUDQVPHPEUDQH UHJLRQ>��@�� *3&5V DUH FODVVLILHG LQWR �

FODVVHV� $ WR )>��@�� &ODVV $� DOVR FDOOHG WKH 5KRGRSVLQ�OLNH IDPLO\� LV WKH ODUJHVW IDPLO\ RI

*3&5V� 7KH IDPLO\ LQFOXGHV UHFHSWRUV WKDW DUH DFWLYDWHG E\ VPDOO PROHFXOHV VXFK DV KRUPRQHV�

QHXURWUDQVPLWWHUV� DQG VHQVRU\ VWLPXOL� &ODVV % *3&5V� DOVR NQRZQ DV VHFUHWLQ DQG DGKHVLRQ

IDPLO\� LQFOXGH UHFHSWRUV WKDW DUH DFWLYDWHG E\ SHSWLGHV� ([DPSOHV RI &ODVV % UHFHSWRUV LQFOXGH WKH

FRUWLFRWURSLQ�UHOHDVLQJ KRUPRQH UHFHSWRU DQG WKH JOXFDJRQ UHFHSWRUV>��@�� &ODVV & *3&5V DUH

DFWLYDWHG E\ WKH QHXURWUDQVPLWWHU JOXWDPDWH� 6RPH H[DPSOHV RI &ODVV & UHFHSWRUV DUH WKH

Ȗ�DPLQREXW\ULF DFLG% UHFHSWRUV �*$%$% UHFHSWRUV� DQG WKH &D���VHQVLQJ UHFHSWRUV>��@�� &ODVV '
*3&5V DUH SKHURPRQH UHFHSWRUV WKDW DUH H[FOXVLYHO\ IRXQG LQ IXQJL>��@�� &ODVV ( *3&5V LQFOXGH

UHFHSWRUV WKDW DUH DFWLYDWHG E\ F$03� &ODVV ) *3&5V LQFOXGH WKH IUL]]OHG UHFHSWRUV� 2I WKH VL[

FODVVHV� FODVVHV $� %� & DQG ) RFFXU LQ YHUWHEUDWHV�

7KHUH DUH WZR PDLQ FRQIRUPDWLRQV WKDW *3&5V FDQ DGRSW� WKH LQDFWLYH VWDWH DQG WKH DFWLYH

VWDWH>��� ��@�� ,Q WKH LQDFWLYH VWDWH� WKH UHFHSWRU GRHV QRW WUDQVPLW DQ\ VLJQDOV DQG GRHV QRW DOWHU WKH
DFWLYLW\ RI DQ\ VLJQDOLQJ SDWKZD\V� *3&5V DUH VWDELOL]HG LQ DQRWKHU FRQIRUPDWLRQ� WKH DFWLYH

VWDWH� E\ DQ DFWLYDWLQJ VWLPXOL RU DQ DJRQLVW� 7KH DFWLYDWLRQ FDXVHV 70� RI *3&5V �&ODVV $� WR

PRYH RXWZDUG E\ a��c� FUHDWLQJ D SRFNHW IRU LQWHUDFWLQJ ZLWK YDULRXV LQWUDFHOOXODU SURWHLQV�

��



LQLWLDWLQJ LQWUDFHOOXODU VLJQDOLQJ SDWKZD\V� 7KHUH DUH � &ODVV $ *3&5V WKDW KDYH ;�UD\ VWUXFWXUHV

LQ WKH LQDFWLYH DV ZHOO DV WKH DFWLYH VWDWH� HQDEOLQJ WKH GHWDLOHG VWXG\ RI WKHLU DFWLYDWLRQ� 7KHVH �

UHFHSWRUV DUH ERYLQH UKRGRSVLQ �E5KR�>��� ��@�� ȕ��DGUHQHUJLF UHFHSWRU �ȕ�$5�>��� ��@�� 0�

PXVFDULQLF UHFHSWRU �0�5�>��� ��@�� ȝ�RSLRLG UHFHSWRU �ȝ25�>��� ��@�� DGHQRVLQH $�$ UHFHSWRU

�$�$5�>��� ��@� DQG ț�RSLRLG UHFHSWRU �ț�25�>��@�� +RZHYHU WKH LQIRUPDWLRQ LV OLPLWHG DV WKH

DFWLYDWLRQ SURFHVV RI D YDVW PDMRULW\ RI *3&5V LV VWLOO XQNQRZQ� ,Q WKLV VWXG\� ZH LQYHVWLJDWHG LI

WKH *3&5 DFWLYDWLRQ SURFHVV LQFOXGLQJ WKH FRQIRUPDWLRQDO FKDQJHV UHVSRQVLEOH IRU WUDQVLWLRQLQJ

WKH UHFHSWRU IURP LQDFWLYH WR DFWLYH VWDWH DUH VLPLODU DFURVV GLIIHUHQW *3&5V� DQG LI QRW� KRZ

PDQ\ GLIIHUHQW ZD\V *3&5V DUH DFWLYDWHG� 7R DGGUHVV WKLV TXHVWLRQ� ZH FRPSXWDWLRQDOO\ DQDO\]HG

&ODVV $ *3&5 VWUXFWXUHV WR ILQG FRQVHUYHG �' ORFDO UHJLRQV ��' PRWLIV� RI JHRPHWULF DQG

FKHPLFDO VLPLODULWLHV� 7KH FRQVHUYHG �' PRWLIV� ZKHQ SXW WRJHWKHU� IRUP D FRQWLQXRXV SDWKZD\

UXQQLQJ IURP WKH ERWWRP RI WKH OLJDQG ELQGLQJ SRFNHW WR WKH LQWUDFHOOXODU�F\WRSODVPLF UHJLRQ RI

WKH UHFHSWRU� :H YDOLGDWHG RXU ILQGLQJV XVLQJ GDWD IURP OLWHUDWXUH DQG E\ SHUIRUPLQJ PROHFXODU

G\QDPLFV VLPXODWLRQV�

��� 0DWHULDOV DQG 0HWKRGV

����� /LEUDU\ RI *3&5 VWUXFWXUHV

:H UHWULHYHG ��� H[SHULPHQWDOO\ UHVROYHG *3&5 VWUXFWXUHV IURP WKH *3&5GE>��@� RQ
�����������7DEOH ��� )URP WKLV GDWDVHW� ZH VHOHFWHG RQH ;�UD\ VWUXFWXUH ZLWK WKH EHVW UHVROXWLRQ

SHU JHQH RI &ODVV $ *3&5 �DV SHU 8QLSURW� WR UHPRYH UHGXQGDQF\� OHDGLQJ WR �� VWUXFWXUHV RI WKH

LQDFWLYH VWDWH DQG �� VWUXFWXUHV RI WKH DFWLYH VWDWH �7DEOH ��� � RI WKH �� LQDFWLYH VWDWH VWUXFWXUHV

�3'%,'� �%�: DQG �<95� ZHUH OHIW RXW RI WKH DQDO\VLV DV WKH\ ZHUH QRW DYDLODEOH LQ WKH 3'%

ILOH IRUPDW� 7KH ILQDO OLEUDU\ FRQVLVWHG RI �� LQDFWLYH DQG �� DFWLYH VWDWH VWUXFWXUHV� $OO WKH

VHOHFWHG VWUXFWXUHV KDG D UHVROXWLRQ EHWWHU WKDQ �c�

��



7DEOH �� ��� /LVW RI DOO LQDFWLYH VWDWH &ODVV $ *3&5 VWUXFWXUHV XVHG LQ WKLV VWXG\� ��� /LVW RI DOO

DFWLYH VWDWH &ODVV $ *3&5 VWUXFWXUHV XVHG LQ WKLV VWXG\� ��� /LVW RI DOO *3&5 3'% VWUXFWXUHV

UHWULHYHG IURP WKH *3&5GE�

6U
QR

'DWDVHW 3'% ,'

� ,QDFWLYH VWDWH VWUXFWXUHV
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����� $OJRULWKP WR LGHQWLI\ FRQVHUYHG FOLTXHV

:H DWWHPSWHG WR LGHQWLI\ WKH �' PRWLIV�FOLTXHV WKDW DUH HVVHQWLDO IRU WKH VWUXFWXUH DQG IXQFWLRQ RI

&ODVV $ *3&5V� 7RZDUGV WKLV� ZH GHVLJQHG DQ DOJRULWKP WKDW LGHQWLILHV WKH FKHPLFDO DQG

JHRPHWULFDO VLPLODULWLHV EHWZHHQ YDULRXV &ODVV $ UHFHSWRUV� 2XU PHWKRG WKHQ LGHQWLILHV WKH FOLTXHV

WKDW DUH FKHPLFDOO\ DQG JHRPHWULFDOO\ FRQVHUYHG LQ GLIIHUHQW UHFHSWRUV E\ WDNLQJ D FRQVHQVXV� 7R

��



LGHQWLI\ WKH FRQVHQVXV RI WKH FRQVHUYHG FOLTXHV� ZH GHVLJQHG DQ DOJRULWKP FRQVLVWLQJ RI � VWHSV�

7KHVH VWHSV DUH GHVFULEHG EHORZ�

D� &RPSOHWLRQ RI WKH VWUXFWXUH E\ ILOOLQJ LQ PLVVLQJ DWRPV� )RU HDFK 3'% VWUXFWXUH� ZH

VHOHFWHG DQG FRPSOHWHG WKH UHFHSWRU FKDLQ IRU DQ\ PLVVLQJ DWRPV XVLQJ WKH FRPSOHWHBSGE

PRGXOH RI PRGHOOHU Y����>��� ��@��
E� *OREDO VXSHULPSRVLWLRQ DQG UHVLGXH HTXLYDOHQFHV� :H REWDLQHG WKH UHVLGXH HTXLYDOHQFHV

E\ VXSHULPSRVLQJ DOO WKH �� LQDFWLYH VWUXFWXUHV IURP RXU OLEUDU\ ZLWK DQ LQDFWLYH VWDWH

UHIHUHQFH VWUXFWXUH XVLQJ 70DOLJQ>��@�� 7KH UHIHUHQFH LV D UDQGRPO\ VHOHFWHG &ODVV $

*3&5 VWUXFWXUH IURP WKH *3&5GE GDWDVHW �OHDYLQJ RXW WKH VWUXFWXUHV IURP RXU OLEUDU\��

ZLWK ZKLFK WKH OLEUDU\ VWUXFWXUHV DUH VXSHULPSRVHG� 6LPLODUO\� ZH REWDLQHG UHVLGXH

HTXLYDOHQFHV IRU DFWLYH VWDWH E\ VXSHULPSRVLQJ DFWLYH VWUXFWXUHV ZLWK DQ DFWLYH VWDWH

UHIHUHQFH�

F� 'HILQLQJ ORFDO HQYLURQPHQWV DV FOLTXHV� 7KH UHVLGXH IRU ZKLFK ZH DUH FRQVWUXFWLQJ D

FOLTXH LV FDOOHG D FHQWUDO UHVLGXH� $OO WKH UHVLGXHV WKDW DUH ZLWKLQ D GLVWDQFH RI �c IURP

WKH ܤ& DWRP RI WKH FHQWUDO UHVLGXH DUH FDOOHG LWV QHLJKERUV� :H IXUWKHU DSSO\ WKH IROORZLQJ

FULWHULD WR ILOWHU LQ RQO\ WKRVH UHVLGXHV ZKRVH VLGH FKDLQV DUH SRLQWLQJ WRZDUGV WKH FHQWUDO

UHVLGXH� LQGLFDWLQJ WKDW WKH\ DUH LQWHUDFWLQJ ZLWK HDFK RWKHU�

G�&ܤ
FHQ� ܤ&

QHE� ! G�&ȕ
FHQ� &ȕ

QHE� ���

:KHUH� ܤ&
FHQ LV WKH ܤ& DWRP RI WKH FHQWUDO UHVLGXH� ܤ&

QHE LV WKH ܤ& DWRP RI WKH QHLJKERULQJ

UHVLGXH� &ȕ
FHQ LV WKH &ȕ DWRP RI WKH FHQWUDO UHVLGXH� &ȕ

QHE LV WKH &ȕ DWRP RI WKH QHLJKERULQJ

UHVLGXH DQG G LV WKH GLVWDQFH EHWZHHQ WKH VSHFLILHG DWRPV�

$ FOLTXH FRQVLVWV RI DW OHDVW � VXFK UHVLGXHV WKDW VDWLVI\ HTXDWLRQ � �)LJXUH ��� 7KLV

FULWHULRQ DOORZHG XV WR LQFOXGH RQO\ WKH UHVLGXHV WKDW DUH LQWHUDFWLQJ ZLWK HDFK RWKHU� :H

FRQVWUXFWHG VXFK FOLTXHV IRU DOO WKH UHVLGXHV RI WKH UHIHUHQFH VWUXFWXUH�

��



)LJXUH �� �$� 6FKHPDWLF RI FOLTXH GHILQLWLRQ� 5HVLGXHV ��� ��� DQG ��� IRUP D FOLTXH RI FHQWUDO

UHVLGXH ��� 5HVLGXH QXPEHU �� DQG �� DUH HOLPLQDWHG IURP WKH FOLTXH DV LWV &ȕ GLVWDQFH ZLWK WKH

FHQWUDO UHVLGXH LV JUHDWHU WKDQ WKHLU &ъ GLVWDQFHV �%� 3'% �5+� UHQGHUHG DV EHLJH ULEERQ�

5HVLGXHV ��� ��� DQG ��� IRUP D FOLTXH RI FHQWUDO UHVLGXH ��� 5HVLGXH QXPEHU ��� ��� ��� �� DQG

�� DUH HOLPLQDWHG IURP WKH FOLTXH DV LWV &ȕ GLVWDQFH ZLWK WKH FHQWUDO UHVLGXH LV JUHDWHU WKDQ WKHLU

&ъ GLVWDQFHV

G� &RQVWUXFWLQJ OLEUDU\ FOLTXHV� :H FRQVWUXFWHG WKH FOLTXHV IRU WKH VWUXFWXUHV IURP WKH OLEUDU\

XVLQJ FOLTXHV IURP VWHS F DQG UHVLGXH HTXLYDOHQFHV IURP VWHS E�

H� 5HSUHVHQWLQJ UHVLGXHV DV U�JURXSV� :H UHSUHVHQWHG WKH �� DPLQR�DFLGV DV �� U�JURXSV

�)LJXUH ��� 3OHDVH UHIHU WR VHFWLRQ � RI &KDSWHU � IRU GHWDLOV RI WKH U�JURXSV�

��



)LJXUH �� 7KH GHILQLWLRQ RI �� U�JURXSV XVHG WR UHSUHVHQW �� DPLQR DFLGV �,PDJH DGDSWHG IURP

0DVWHU¶V WKHVLV RI $NDVK %DKDL KWWS���GU�LLVHUSXQH�DF�LQ������[POXL�KDQGOH�������������� �

I� /RFDO VXSHULPSRVLWLRQ� /RFDO VXSHULPSRVLWLRQV DOORZ XV WR LGHQWLI\ JHRPHWULFDO

VLPLODULWLHV RI WKH U�JURXS DUUDQJHPHQWV EHWZHHQ WZR FOLTXHV� ,Q WKLV VWXG\� ZH ZDQWHG WR

LGHQWLI\ VLPLODULWLHV EHWZHHQ WKH UHIHUHQFH FOLTXH DQG WKH OLEUDU\ FOLTXHV� +HQFH� ZH

SHUIRUPHG � URXQGV RI ORFDO VXSHULPSRVLWLRQV IRU HDFK UHIHUHQFH FOLTXH ZLWK WKH OLEUDU\

FOLTXHV� 7KH ILUVW URXQG RI WKH VXSHULPSRVLWLRQ ZDV SHUIRUPHG XVLQJ WKH U� DQG U��

�EDFNERQH JURXSV�� 7KLV ZDV IROORZHG E\ DQRWKHU URXQG� URXQG � RI ORFDO

��
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VXSHULPSRVLWLRQV ZKLFK DLPHG DW UHILQLQJ RU ILQH WXQLQJ WKH VXSHULPSRVLWLRQV IURP

URXQG�� 7KH GHWDLOV RI WKH WZR URXQGV RI VXSHULPSRVLWLRQV DUH DV IROORZV�

L� 5RXQG � RI ORFDO VXSHULPSRVLWLRQ DQG ORFDO HTXLYDOHQFHV� )RU HDFK UHVLGXH FOLTXH

LQ WKH UHIHUHQFH VWUXFWXUH� ZH VXSHULPSRVHG LWV FRUUHVSRQGLQJ OLEUDU\ FOLTXH XVLQJ

�' OHDVW VTXDUHV ILW� (TXLYDOHQFHV IURP VWHS E �EDFNERQH U� DQG SUROLQH U��� ZHUH

XVHG DV LQSXW IRU WKH �' OHDVW VTXDUHV ILW� 8VLQJ WKLV VXSHULPSRVLWLRQ� ZH IRXQG

WKH FORVHVW U�JURXS RI WKH OLEUDU\ FOLTXH WR HDFK U�JURXS IURP WKH UHIHUHQFH FOLTXH�

JLYLQJ XV ORFDO HTXLYDOHQFHV RI URXQG �� :H FDOFXODWHG HTXLYDOHQFHV IRU DOO

U�JURXSV H[FHSW U� DQG U�� �WKH U� DQG U�� HTXLYDOHQFHV HVWDEOLVKHG LQ VWHS E DUH

UHWDLQHG�� 7KH FORVHVW U�JURXS FDQQRW EH IDUWKHU DZD\ WKDQ ��� c �)LJXUH ��

)LJXUH �� $Q H[DPSOH RI ORFDO VXSHULPSRVLWLRQ XVLQJ �' OHDVW VTXDUHV ILW� 7KH UHIHUHQFH FOLTXH

KDV � U� JURXSV �F\DQ FLUFOHV�� RQH U� JURXS �GDUN SLQN FLUFOH� DQG RQH U�� JURXS �SXUSOH FLUFOH��

3'%� FOLTXH WRR KDV WKUHH U�� RQH U� DQG RQH U��� 7KHVH WZR FOLTXHV DUH VXSHULPSRVHG XVLQJ �'

OHDVW VTXDUHV ILW� 7KH VXSHULPSRVHG LPDJH VKRZV WKDW WKUHH U� JURXSV DQG RQH U� JURXS IRXQG D

PDWFK LQ 3'%� ZLWK WKUHH U� DQG RQH U� JURXS� 7KH U�� JURXS IURP WKH UHIHUHQFH GRHV QRW PDWFK

ZLWK U�� IURP 3'%� DV WKH GLVWDQFH EHWZHHQ WKHP DIWHU VXSHULPSRVLWLRQ LV JUHDWHU WKDQ ��� c�

LL� 5RXQG � RI ORFDO VXSHULPSRVLWLRQ DQG ORFDO HTXLYDOHQFHV� 8VLQJ WKH HTXLYDOHQFHV

IURP VWHS E DQG URXQG �� ZH SHUIRUPHG DQRWKHU URXQG RI ORFDO VXSHULPSRVLWLRQV�

6LPLODU WR URXQG �� ZH IRXQG WKH FORVHVW U�JURXS SDLUV IURP WKH UHIHUHQFH FOLTXH

DQG WKH OLEUDU\ FOLTXH �URXQG � HTXLYDOHQFHV�� LQGLFDWLQJ JHRPHWULFDO VLPLODULWLHV�

:H SHUIRUPHG DOO WKH IXUWKHU DQDO\VLV XVLQJ WKH HTXLYDOHQFHV IURP URXQG ��

J� )LQGLQJ FRQVHUYHG U�JURXSV DQG FRQVHUYHG FOLTXHV� &RQVHUYHG U�JURXSV DUH WKRVH WKDW

KDYH OHVV YDULDWLRQ RI U�JURXSV DW WKH VDPH JHRPHWULF ORFDWLRQ �DV LGHQWLILHG E\ URXQG �

ORFDO VXSHULPSRVLWLRQV� LQ YDULRXV *3&5 VWUXFWXUHV� :H LPSRVHG � FULWHULD WR ILQG VXFK
��



U�JURXSV �)LJXUH ��

L� 7KH U�JURXS IRXQG DQ HTXLYDOHQW PDWFK LQ DW OHDVW ��� RI WKH VWUXFWXUHV IURP WKH

OLEUDU\

LL� 7KH 6KDQQRQ HQWURS\>��@��+�;�� (TXDWLRQ �� RI WKH VXSHULPSRVHG U�JURXSV ZDV
OHVV WKDQ �����

)RU LQVWDQFH� WKH ODVW URZ LQ )LJXUH � LQGLFDWHV WKH QXPEHU RI PDWFKHG 3'%V IRU UHIHUHQFH

U�JURXS U�� FRQWULEXWHG E\ D 753 RI UHVLGXH QXPEHU ���� ,W KDV D PDWFK IUHTXHQF\ RI ���

ZKLFK LV WKH VXP RI WKH URZ� ,WV 6KDQQRQ (QWURS\ LV ���� 6LQFH ERWK� PDWFK IUHTXHQF\ DQG

6KDQQRQ (QWURS\ IXOILOO WKH VHW FULWHULD� WKH U�� IURP 753��� LV FRQVLGHUHG DV D

FRQVHUYHG U�JURXS�

(T ���

)LJXUH �� $Q H[DPSOH RI PDWFK IUHTXHQF\ RI DOO U�JURXSV RI FOLTXH RI UHVLGXH QXPEHU ����

7KLV FOLTXH KDV � U�JURXSV UHSUHVHQWHG RQ WKH <�D[LV� $OO WKH U�JURXSV WKDW DUH REVHUYHG LQ

WKH OLEUDU\ FOLTXHV DUH LQGLFDWHG RQ WKH ;�D[LV� 7KH QXPEHUV RI KHDWPDS LQGLFDWH WKH

IUHTXHQF\ RI D U�JURXS RQ <�D[LV PDWFKLQJ ZLWK DQ U�JURXS IURP WKH OLEUDU\ FOLTXHV�

$ FOLTXH WKDW KDV � VXFK FRQVHUYHG U�JURXSV FRQWULEXWHG E\ DW OHDVW � DPLQR DFLGV DUH FDOOHG

FRQVHUYHG FOLTXHV�

K� 6LQFH ZH ZHUH FRPSDULQJ DOO WKH VWUXFWXUHV WR RQH UHIHUHQFH VWUXFWXUH� WKH FRQVHUYDWLRQ

UHVXOWV PD\ FKDQJH ZKHQ D GLIIHUHQW UHIHUHQFH VWUXFWXUH LV XVHG� :H UHSHDWHG VWHSV E�J

ZLWK � DGGLWLRQDO UHIHUHQFH VWUXFWXUHV VHOHFWHG UDQGRPO\ IURP WKH *3&5GE WR HOLPLQDWH

��



WKH GHSHQGHQF\ RQ RQH UHIHUHQFH VWUXFWXUH� :H WKHQ WRRN D FRQVHQVXV RI WKH FRQVHUYHG

U�JURXSV IURP � UHIHUHQFH VWUXFWXUHV� 7KH U�JURXSV WKDW DUH FRQVHUYHG LQ WKH DQDO\VLV RI DW

OHDVW � UHIHUHQFH VWUXFWXUHV DUH FDOOHG FRQVHQVXV FRQVHUYHG U�JURXSV DQG WKH FOLTXHV WKDW

DUH IRUPHG IURP WKHVH U�JURXSV DUH FDOOHG FRQVHQVXV FRQVHUYHG FOLTXHV� 7KH FRQVHQVXV

FRQVHUYHG U�JURXSV DQG FRQVHQVXV FRQVHUYHG FOLTXHV DUH DOVR UHIHUUHG WR DV FRQVHUYDWLRQV

LQ WKLV VWXG\�

L� :H UHSHDWHG VWHSV E�K IRU LQDFWLYH VWDWH VWUXFWXUHV DQG DFWLYH VWDWH VWUXFWXUHV VHSDUDWHO\�

7KLV JDYH XV WKH FRQVHQVXV U�JURXSV WKDW DUH LPSRUWDQW IRU LQDFWLYH VWDWH DQG DFWLYH VWDWH�

,Q DGGLWLRQ� ZH DOVR ORRNHG DW WKH FRQVHQVXV U�JURXSV WKDW DUH FRQVHUYHG LQ LQDFWLYH VWDWH

EXW QRW LQ DFWLYH VWDWH LQGLFDWLQJ WKDW WKH\ PRYHG GXULQJ WKH SURFHVV RI DFWLYDWLRQ DQG DUH

KHQFH HVVHQWLDO IRU UHFHSWRU DFWLYDWLRQ� )XUWKHU� ZH DOVR IRXQG WKH FRQVHQVXV U�JURXSV WKDW

DUH FRQVHUYHG LQ DFWLYH VWDWH EXW QRW LQ LQDFWLYH VWDWH LQGLFDWLQJ WKHLU LPSRUWDQFH LQ

DFKLHYLQJ�PDLQWDLQLQJ WKH DFWLYH VWDWH FRQIRUPDWLRQ�

����� 7HVWLQJ WKH SUHGLFWLRQV XVLQJ PROHFXODU G\QDPLFV VLPXODWLRQV

:H SHUIRUPHG 0ROHFXODU G\QDPLFV VLPXODWLRQV �0'V� XVLQJ YHUVLRQ ������ RI WKH

*520$&6>��@�>��@� SDFNDJH WR WHVW WKH UHVLGXHV WKDW GLG QRW KDYH DQ\ PXWDWLRQ GDWD LQ WKH

OLWHUDWXUH� :H SHUIRUPHG WULSOLFDWHV RI ���QV &+$500��>��@� DOO DWRP VLPXODWLRQV RI ȕ�$5

UHFHSWRU DORQJ ZLWK LWV OLJDQG �3'%,'� �5+��� :H LQVHUWHG ȕ�$5 LQ D 323& ELOD\HU KDYLQJ ��

PROHFXOHV LQ WKH XSSHU OHDI DQG �� PROHFXOHV LQ WKH ORZHU OHDI� WR PDLQWDLQ WKH ;< GLPHQVLRQ

UDWLR DV � �WR KDYH LGHQWLFDO V\VWHP VL]H DORQJ WKH ; DQG <�� 7KH RULHQWDWLRQ RI ȕ�$5 LQ WKH

ELOD\HU ZDV GHWHUPLQHG XVLQJ WKH 330��� VHUYHU� 7KH 323& ELOD\HU HPEHGGHG UHFHSWRU ZDV

VROYDWHG XVLQJ D 7,3�3 UHFWDQJXODU ZDWHU ER[ RI WKLFNQHVV ����FP� :H QHXWUDOL]HG WKH V\VWHP E\

DGGLQJ ����P0 .&/� 7KH DSSUR[LPDWH V\VWHP VL]H ZDV ��[��[���� FRQWDLQLQJ a������ DWRPV�

:H VDYHG HQHUJ\ DIWHU HYHU\ �SV� :H SHUIRUPHG D QHLJKERU VHDUFK XVLQJ WKH 9HUOHW FXWRII VFKHPH�

ZKHUH WKH VKRUW UDQJH 9DQ 'HU :DDOV FXWRII ZDV VHW WR ���QP� :H WUHDWHG HOHFWURVWDWLFV XVLQJ WKH

SDUWLFOH�PHVK (ZDOG PHWKRG>��@�DQG FRQVWUDLQHG WKH K\GURJHQ ERQG OHQJWKV XVLQJ WKH /,1&6>��@�
PHWKRG� :H WKHQ PLQLPL]HG WKH V\VWHP IRU ���� VWHSV RU WLOO WKH PD[LPXP IRUFH ZDV OHVV WKDQ

���� N-�PRO�QP� 7KLV ZDV IROORZHG E\ KHDWLQJ RI WKH V\VWHP WR ������. LQ DQ 197 HQVHPEOH IRU

��� SV XVLQJ D %HUHQGVHQ WKHUPRVWDW>��@�� :H VWDELOL]HG WKH SUHVVXUH LQ DQ 137 HQVHPEOH

VLPXODWLRQ IRU ��� SV XVLQJ D %HUHQGVHQ EDURVWDW� 'XULQJ WKH HTXLOLEUDWLRQ� SRVLWLRQDO DQG

��



GLKHGUDO UHVWUDLQW SRWHQWLDOV ZHUH DSSOLHG� DQG WKHLU IRUFH FRQVWDQWV ZHUH JUDGXDOO\ UHGXFHG� :H

WKHQ VLPXODWHG WKH V\VWHPV �137� IRU D PD[LPXP RI ��� QV ZKHUH SUHVVXUH ZDV UHJXODWHG XVLQJ

WKH VHPL �LVRWURSLF 3DUULQHOOR�5DKPDQ EDURVWDW>��@�� :H VWRUHG WKH VWUXFWXUHV DIWHU HYHU\ �QV DQG

PRQLWRUHG WKH WHPSHUDWXUH� SRWHQWLDO HQHUJ\ DQG NLQHWLF HQHUJ\ GXULQJ WKH VLPXODWLRQ WR FKHFN IRU

DQRPDOLHV�

��� 5HVXOWV

����� 'HVLJQLQJ DOJRULWKP IRU GHWHFWLQJ VWUXFWXUDOO\ DQG IXQFWLRQDOO\ LPSRUWDQW

ORFDO HQYLURQPHQWV

:H GHVLJQHG DQ DOJRULWKP WKDW LGHQWLILHV �' VWUXFWXUDO PRWLIV WKDW DUH HVVHQWLDO IRU VWUXFWXUH

DQG�RU IXQFWLRQ RI D SURWHLQ EDVHG RQ FRQVHUYHG JHRPHWULFDO DQG FKHPLFDO SURSHUWLHV� 7R GR WKLV�

RXU DOJRULWKP UHSUHVHQWV D 3'% VWUXFWXUH DV U�JURXSV� ZKLFK DUH WKHQ UHSUHVHQWHG DV FOLTXHV� :H

FRPSDUH WKHVH FOLTXHV WR D UHIHUHQFH VWUXFWXUH WR ILQG JHRPHWULF DQG FKHPLFDO VLPLODULWLHV� :H

SHUIRUP �' OHDVW VTXDUHV ILW WR ILQG JHRPHWULF VLPLODULW\ EHWZHHQ WKH FOLTXHV� %DVHG RQ WKH

JHRPHWULF PDWFK� ZH FRQVLGHU HDFK U�JURXS LQ WKH UHIHUHQFH FOLTXH DQG LWV PDWFKHG SDUWQHU IURP

WKH �' OHDVW VTXDUHV ILW DV D SRVLWLRQ RI D PXOWLSOH VHTXHQFH DOLJQPHQW� :H WKHQ FDOFXODWH

6KDQQRQ
V (QWURS\ WR TXDQWLI\ YDULDWLRQ RI U�JURXSV DW D SDUWLFXODU JHRPHWULF ORFDWLRQ� HQDEOLQJ XV

WR ILQG FKHPLFDO VLPLODULWLHV� 6KDQQRQ HQWURS\ DOORZV XV WR FDSWXUH YDULDWLRQV� LQFOXGLQJ HYHQWV

OLNH VZDSSLQJ RI U�JURXSV ZLWKLQ D FOLTXH� :H IXUWKHU DSSO\ YDULRXV KHXULVWLF FXWRIIV VXFK DV

6KDQQRQ HQWURS\ �KDV WR EH OHVV WKDQ ����� DQG WKH PDWFK IUHTXHQF\ �JUHDWHU WKDQ ���� WR LGHQWLI\

WKH FRQVHUYHG FOLTXHV�U�JURXSV� :H UHSHDW WKLV SURFHVV XVLQJ � GLVWLQFW UHIHUHQFH VWUXFWXUHV �7DEOH

�� WR JHW KLJKHU FRQILGHQFH� :H VHOHFWHG WKHVH UHIHUHQFH VWUXFWXUHV VXFK WKDW WKH\ KDYH GLIIHUHQW

UHVROXWLRQ DQG UHVSRQG WR GLIIHUHQW W\SHV RI OLJDQG WR HOLPLQDWH ELDV FUHDWHG EHFDXVH RI LW� 7KH

FOLTXHV DQG WKHLU FRQVWLWXHQW U�JURXSV WKDW DUH FRQVHUYHG LQ DW OHDVW � UHIHUHQFH VWUXFWXUHV DQDO\VHV

DUH FRQVLGHUHG WR EH FRQVHUYHG�

��



7DEOH �� 'HWDLOV RI UHIHUHQFH VWUXFWXUHV XVHG IRU WKH DFWLYH DQG WKH LQDFWLYH VWDWH DQDO\VLV

5HIHUHQFH 3'% ,' 5HVROXWLRQ�c� 7\SH 6WDWH
�;�+ ��� 5KRGRSVLQ $FWLYH
�%8� ��� $GUHQRFHSWRU $FWLYH
�;(( ��� 1HXURWHQVLQ $FWLYH
�5+� ��� $GUHQRFHSWRU ,QDFWLYH
�=�� ��� /\VRSKRVSKROLSLG ,QDFWLYH
�=%+ � 1HXURSHSWLGH< ,QDFWLYH

:H DSSOLHG WKLV DOJRULWKP WR ERWK LQDFWLYH DQG DFWLYH VWDWH VWUXFWXUHV RI *3&5V� &RQVHUYDWLRQ LQ

HDFK RI WKH VWDWHV LQGLFDWHV WKH IXQFWLRQDO RU VWUXFWXUDO LPSRUWDQFH RI WKHVH FOLTXHV WR D SDUWLFXODU

VWDWH� 7KH WUDQVLWLRQ IURP WKH LQDFWLYH VWDWH WR WKH DFWLYH VWDWH LV DVVRFLDWHG ZLWK ORVV RI VRPH

FRQWDFWV DQG IRUPDWLRQ RI VRPH QHZ FRQWDFWV� 7R LGHQWLI\ WKH FRQWDFWV WKDW DUH ORVW GXULQJ

DFWLYDWLRQ� ZH FRPSDUHG WKH FRQVHUYDWLRQ IURP WKH LQDFWLYH VWDWH WR WKDW RI WKH DFWLYH VWDWH� 7KH

U�JURXSV WKDW DUH FRQVHUYHG LQ WKH LQDFWLYH VWDWH EXW QRW LQ WKH DFWLYH VWDWH DUH WKH RQHV WKDW DUH ORVW

GXULQJ DFWLYDWLRQ� 7KHVH FRQWDFWV PD\ EH FUXFLDO IRU UHFHSWRU DFWLYDWLRQ� :H WKHQ FRPSDUHG DFWLYH

VWDWH FRQVHUYDWLRQ ZLWK WKH LQDFWLYH VWDWH WR LGHQWLI\ QHZ FRQWDFWV WKDW DOORZ WKH UHFHSWRU WR

WUDQVLWLRQ WR WKH DFWLYH VWDWH� 7KHVH FRQWDFWV FRXOG KDYH D UROH LQ VWDELOL]LQJ WKH DFWLYH VWDWH�

&RQVHUYDWLRQV WKDW DUH FRPPRQ WR ERWK DFWLYH DQG LQDFWLYH VWDWHV FDQ PHDQ WKDW WKH\ DUH

QHFHVVDU\ IRU VWUXFWXUDO VWDELOLW\�

7KH FRQVHUYHG �' PRWLIV IURP RXU DQDO\VLV VSDQ RYHU WKH PHPEUDQH HPEHGGHG UHJLRQ RI *3&5

DQG VRPH LQWUDFHOOXODU UHJLRQ� 7KH FRQVHUYDWLRQV FRQQHFW WKH ZHOO NQRZQ PRWLIV VXFK DV 13[[<�

'5<� &:[3 DQG WKH 1D� SRFNHW� FUHDWLQJ DQ DFWLYDWLRQ SDWKZD\� :H GR QRW JHW DQ\ FRQVHUYDWLRQ

LQ WKH H[WUDFHOOXODU GRPDLQ WKDW LV LQYROYHG LQ WKH ELQGLQJ RI WKH OLJDQG� 2XU DFWLYDWLRQ SDWKZD\

VWDUWV D OLWWOH ORZHU WR WKH OLJDQG ELQGLQJ GRPDLQ DQG VSDQV WKURXJK WKH PHPEUDQH HPEHGGHG

UHJLRQ WR WKH LQWUDFHOOXODU UHJLRQ� :H EHOLHYH WKDW WKH WULJJHU WR WKH DFWLYDWLRQ LV GLIIHUHQW IRU

GLIIHUHQW *3&5V� EXW HYHQWXDOO\ WKH WULJJHU DVVRFLDWHG FRQIRUPDWLRQDO FKDQJHV FRQYHUJH LQWR D

FRPPRQ SDWKZD\ WKDW DFWLYDWHV *3&5V�

����� ,QDFWLYH VWDWH DQDO\VLV

:H DQDO\]HG �� LQDFWLYH VWDWH VWUXFWXUHV�7DEOH �� XVLQJ WKUHH LQDFWLYH VWDWH UHIHUHQFH

VWUXFWXUHV�7DEOH �� WR ILQG FRQVHQVXV FRQVHUYHG FOLTXHV� 7KH UHIHUHQFH VWUXFWXUHV ZHUH VHOHFWHG

VXFK WKDW WKH\ KDG GLIIHUHQW UHVROXWLRQV DQG UHVSRQGHG WR D GLIIHUHQW W\SH RI OLJDQG� :H IRXQG ���

�� DQG �� FRQVHUYHG FOLTXHV IRU � UHIHUHQFH VWUXFWXUH DQDO\VLV UHVSHFWLYHO\�7DEOH ��� �� FOLTXHV
��



DUH FRPPRQ WR DW OHDVW � UHIHUHQFH VWUXFWXUHV DQG �� FOLTXHV DUH FRPPRQ WR DOO � UHIHUHQFH

VWUXFWXUHV �7DEOH ��� )XUWKHU� ZH ORRNHG DW WKH U�JURXS FRQVHUYDWLRQ DQG IRXQG WKDW �� DUH

FRQVHUYHG LQ DW OHDVW � UHIHUHQFH VWUXFWXUH DQDO\VLV �FRQVHQVXV FRQVHUYHG U�JURXSV� DQG �� DUH

FRQVHUYHG LQ DOO WKH � UHIHUHQFH VWUXFWXUH DQDO\VLV �)LJXUH �$�� 7KH FRQVHQVXV FRQVHUYHG U�JURXSV

DUH FRQWULEXWHG E\ �� DPLQR�DFLG UHVLGXHV� 7KH %DOOHVWHURV�:HLQVWHLQ �%:� QXPEHULQJ>��@�RI WKH
�� DPLQR�DFLGV WKDW FRQWULEXWH WR WKH FRQVHQVXV FRQVHUYHG U�JURXSV LV 
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� DQG 
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� 2I WKHVH� WKH PRVW

FRQVHUYHG UHVLGXHV IURP KHOL[ �� �� � DQG � �DV UHSUHVHQWHG E\ +HOL[ QXPEHU [��� DUH DOVR

FRQVHUYHG DFFRUGLQJ WR RXU DQDO\VLV� 7KH FRQVHUYHG U�JURXS RI DOO � KHOLFHV DUH FRQWULEXWHG E\ D

VLQJOH W\SH RI DPLQR�DFLG� H[FHSW IRU WKH RQH IURP KHOL[ QXPEHU �� WKDW LV FRQWULEXWHG E\ � GLVWLQFW

W\SHV RI DPLQR�DFLGV� 7KH PRVW FRQVHUYHG UHVLGXH RI KHOL[ �� � DQG � LV D SUROLQH� ZKLFK RXU

DQDO\VLV WUHDWV DV DQ HTXLYDOHQW WR D EDFNERQH JURXS DQG KHQFH� LV QRW IRXQG WR EH FRQVHUYHG� ��

RI WKHVH FOLTXHV FRQWDLQ U�JURXSV RWKHU WKDQ U�� U� DQG U���

��



7DEOH �� &RQVHQVXV FOLTXHV FRQVHUYHG IURP WKH LQDFWLYH VWDWH LQ UHIHUHQFH VWUXFWXUH�� UHIHUHQFH VWUXFWXUH�� UHIHUHQFH VWUXFWXUH � DORQJ ZLWK

WKH IUHTXHQF\ RI FRQVHQVXV FRQVHUYHG FOLTXHV IURP WKH LQDFWLYH VWDWH LQ WKH � UHIHUHQFH VWUXFWXUHV� 7KH VWDUBQR FROXPQ LQGLFDWHV WKH FHQWUDO

UHVLGXH RI WKH FOLTXH� µ&RQVHUYHGBLQBLQDFWLYHBUHIHUHQFH�¶ FROXPQ LQGLFDWHV FRQVHUYHG UHVLGXH QXPEHU DQG WKH FRQVHUYHG U�JURXS

VHSDUDWHG E\ µB¶� $OO WKH UHVLGXH QXPEHUV IROORZ WKH QXPEHULQJ RI 3'% �5+��

VWDUBQ
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:H DOVR IRXQG WKDW DOO WKH FRQVHQVXV FRQVHUYHG U�JURXSV RFFXU LQ DW OHDVW ��� RI RXU

GDWDVHW�)LJXUH �$��

$ PDMRULW\ �a���� RI WKH FRQVHQVXV FRQVHUYHG U�JURXSV OLH ZLWKLQ WKH PHPEUDQH HPEHGGHG

UHJLRQ RI *3&5V� :H DOVR JHW VRPH FRQVHUYDWLRQ LQ WKH LQWUDFHOOXODU UHJLRQ� :H GR QRW JHW DQ\

FRQVHUYDWLRQ LQ WKH H[WUDFHOOXODU UHJLRQ �)LJXUH ��� :H DOVR IRXQG WKDW WKH FRQVHUYHG U�JURXSV DUH

FRQWULEXWHG E\ D PD[LPXP RI �� DQG D PLQLPXP RI � DPLQR�DFLG� KLJKOLJKWLQJ WKDW WKH U�JURXSV

DUH QRW MXVW FRQWULEXWHG E\ D KLJKO\ FRQVHUYHG DPLQR�DFLG DFURVV *3&5V� EXW DUH IURP GLIIHUHQW

DPLQR�DFLGV�

)LJXUH �� 2YHUODS EHWZHHQ FRQVHUYHG U�JURXSV IURP WKUHH UHIHUHQFH VWUXFWXUHV IRU WKH LQDFWLYH

VWDWH�$� DQG WKH DFWLYH VWDWH�%�

)LJXUH �� 3HUFHQWDJH RI 3'%V FRQWDLQLQJ &RQVHQVXV FRQVHUYHG U�JURXSV LQ WKH LQDFWLYH VWDWH�$�

DQG WKH DFWLYH VWDWH�%�

��



)LJXUH �� 7RS ULJKW FRUQHU VKRZV $ UHSUHVHQWDWLYH *3&5 LQ JUD\ ULEERQ ZLWK WKH SODQHV RI VPDOO

RUDQJH VSKHUHV LQGLFDWLQJ PHPEUDQH ERXQGDULHV DV SUHGLFWHG E\ WKH 330 VHUYHU>��@�� 7KH

VSKHUHV LQGLFDWH WKH FRQVHQVXV FRQVHUYHG U JURXSV IURP WKH LQDFWLYH VWDWH DQDO\VLV� 7KH LQVHW

VKRZV WKDW WKH FRQVHQVXV FRQVHUYHG U JURXSV DUH ORFDWHG SULPDULO\ LQ WKH PHPEUDQH HPEHGGHG

UHJLRQ� 7KH PDJQLILHG LQVHW LV VKRZQ DV WKH ODUJH FLUFOH& WKDW VKRZV FRQWDFWV EHWZHHQ WKH

UHVLGXHV RI FRQVHQVXV FRQVHUYHG U�JURXS IURP WKH LQDFWLYH VWDWH DQDO\VLV� 1XPEHUV DUH UHVLGXH

QXPEHUV RI �5+� 3'%� 7KH VL[ WUDQVPHPEUDQH KHOLFHV ODEHOHG DV 70 � WR � DUH UHSUHVHQWHG DV �

GLIIHUHQW FRORUV� 7KH UHVLGXHV DUH FRORXUHG DFFRUGLQJ WR WKH � KHOL[ WKH\ EHORQJ WR� 1XPEHUV LQ

EROG LQGLFDWH WKH FHQWUDO UHVLGXH RI WKH FOLTXH� 'RWWHG OLQHV LQGLFDWH WKDW WKH UHVLGXHV DUH

FRQVHUYHG LQ HDFK RWKHU
V FOLTXH� )RU LQVWDQFH� UHVLGXH QXPEHU ��� IURP 70� LV D SDUW RI FOLTXH

RI UHVLGXH QXPEHU ��� IURP 70� DQG YLFH YHUVD� 6ROLG EODFN OLQH LQGLFDWHV PHPEHU RI WKH FOLTXH�

)RU LQVWDQFH� UHVLGXH �� IURP 70� LV D SDUW RI FOLTXH RI UHVLGXH QXPEHU ��� IURP 70�

��



����� $FWLYH VWDWH DQDO\VLV

6LPLODU WR WKH LQDFWLYH VWDWH DQDO\VLV� ZH DQDO\]HG �� DFWLYH VWDWH VWUXFWXUHV�7DEOH �� XVLQJ WKUHH

DFWLYH VWDWH UHIHUHQFH VWUXFWXUHV�7DEOH �� WR LGHQWLI\ UHJLRQV RI JHRPHWULF DQG FKHPLFDO

VLPLODULWLHV� 6LPLODU WR WKH LQDFWLYH VWDWH UHIHUHQFH VWUXFWXUHV� WKH DFWLYH VWDWH UHIHUHQFH VWUXFWXUHV

DOVR ZHUH VHOHFWHG VXFK WKDW WKH\ KDG GLIIHUHQW UHVROXWLRQV DQG UHVSRQGHG WR D GLIIHUHQW W\SH RI

OLJDQG� :H IRXQG WKDW ��� �� DQG �� FOLTXHV ZHUH FRQVHUYHG IRU DOO � UHIHUHQFH VWUXFWXUH DQDO\VLV

UHVSHFWLYHO\�7DEOH ��� �� FOLTXHV DUH FRPPRQ WR DW OHDVW � UHIHUHQFH VWUXFWXUHV DQG �� FOLTXHV DUH

FRPPRQ WR DOO � UHIHUHQFH VWUXFWXUHV �7DEOH ��� :H IRXQG WKDW �� U�JURXSV �)LJXUH �%� DUH

FRQVHUYHG LQ DW OHDVW � UHIHUHQFH VWUXFWXUH DQDO\VLV DQG �� DUH FRQVHUYHG LQ DOO WKH � UHIHUHQFH

VWUXFWXUH DQDO\VLV �)LJXUH � � %�� 7KH �� FRQVHQVXV FRQVHUYHG U�JURXSV DUH FRQWULEXWHG E\ ��

DPLQR DFLGV� 7KH %: QXPEHULQJ RI WKH �� DPLQR�DFLGV WKDW FRQWULEXWH WR WKH FRQVHQVXV

FRQVHUYHG U�JURXSV LV 
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7DEOH �� &RQVHQVXV FOLTXHV FRQVHUYHG IURP WKH DFWLYH VWDWH LQ UHIHUHQFH VWUXFWXUH�� UHIHUHQFH VWUXFWXUH�� UHIHUHQFH VWUXFWXUH�� 7KH ODVW

FROXPQ UHSUHVHQWV WKH IUHTXHQF\ RI FRQVHQVXV FRQVHUYHG FOLTXHV IURP WKH DFWLYH VWDWH LQ WKH � UHIHUHQFH VWUXFWXUHV� 7KH VWDUBQR FROXPQ

LQGLFDWHV WKH FHQWUDO UHVLGXH RI WKH FOLTXH� µ&RQVHUYHGBLQBDFWLYHBUHIHUHQFH VWUXFWXUH�¶ FROXPQ LQGLFDWHV WKH FRQVHUYHG UHVLGXH QXPEHU DQG

WKH FRQVHUYHG U�JURXS VHSDUDWHG E\ µB¶� $OO WKH UHVLGXH QXPEHUV IROORZ WKH QXPEHULQJ RI 3'% �5+��

VWDUBQ
R

FRQVHUYHGBLQBLQDFWLYHBUH
IHUHQFH�

FRQVHUYHGBLQBLQDFWLYHBUHIHUHQF
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YHG
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�[��
 DUH FRPPRQ ZLWK WKH

FRQVHQVXV FRQVHUYHG IURP WKH LQDFWLYH VWDWH� $OWKRXJK WKH UHVLGXHV DUH FRPPRQ� WKH FRQWDFWV WKDW

WKH\ PDNH ZLWK RWKHU UHVLGXHV PD\ QRW EH LGHQWLFDO LQ ERWK WKH VWDWHV� )RU LQVWDQFH 
�[��
 LV D SDUW

RI WKH VWDU RI UHVLGXH 
�[��
 LQ ERWK DFWLYH DQG LQDFWLYH VWDWHV� %XW LQ WKH DFWLYH VWDWH DQ DGGLWLRQDO

FRQWDFW ZLWK µ�[��¶ LV REVHUYHG LQ WKLV FOLTXH �3OHDVH UHIHU WR 5HVXOWV VHFWLRQ ������ ����� DQG �����

IRU PRUH GLVFXVVLRQ��

:H DOVR IRXQG WKDW DOO RI WKH FRQVHQVXV FRQVHUYHG U�JURXSV RFFXU LQ DW OHDVW ��� RI RXU

GDWDVHW�)LJXUH �%�

6LPLODU WR WKH LQDFWLYH VWDWH FRQVHUYDWLRQ� a��� RI WKH FRQVHQVXV FRQVHUYHG U�JURXSV IRU WKH

DFWLYH VWDWH OLH ZLWKLQ WKH PHPEUDQH HPEHGGHG UHJLRQ RI *3&5V� ZLWK VRPH FRQVHUYDWLRQ LQ WKH

LQWUDFHOOXODU UHJLRQ� DQG QR FRQVHUYDWLRQ LQ WKH H[WUDFHOOXODU UHJLRQ� VLPLODU WR WKH REVHUYDWLRQV

IURP WKH LQDFWLYH VWDWH �)LJXUH ��� 7KH H[WUDFHOOXODU GRPDLQV LQFOXGH � H[WUDFHOOXODU ORRSV WKDW

FRQQHFW WKH WUDQVPHPEUDQH KHOLFHV � ZLWK �� � ZLWK � DQG � ZLWK �� 7KH H[WUDFHOOXODU ORRSV DUH

IOH[LEOH LQ QDWXUH� 2QH RI WKH LPSRUWDQW IXQFWLRQV RI WKH H[WUDFHOOXODU GRPDLQV RI *3&5V LV WR

ELQG�UHVSRQG WR YDULRXV VWLPXOL� 7KH W\SHV RI VWLPXOL LQFOXGH SKRWRQV� VPDOO PROHFXOHV� SURWHLQV�

SHSWLGHV� OLSLGV� PHFKDQLFDO VWUHVV� 7R VHQVH VXFK D ZLGH YDULHW\ RI VWLPXOL� WKH H[WUDFHOOXODU

GRPDLQV RI *3&5V KDYH DOVR HYROYHG WR EH VWUXFWXUDOO\ DQG FKHPLFDOO\ GLYHUVH� $GGLWLRQDOO\�

ZKHQ VWLPXODWHG E\ OLJDQG ELQGLQJ� WKH OLJDQG ELQGLQJ VLWH �ZKLFK LV RIWHQ ORFDWHG LQ WKH

H[WUDFHOOXODU GRPDLQ� PD\ RU PD\ QRW XQGHUJR FRQIRUPDWLRQDO FKDQJHV GXULQJ WKH HYHQW RI

ELQGLQJ RU GXULQJ WKH SURFHVV RI DFWLYDWLRQ� 7KXV� ZH ZHUH QRW H[SHFWLQJ DQ\ FRQVHUYDWLRQ LQ WKH

H[WUDFHOOXODU UHJLRQ�

��



)LJXUH �� 7RS ULJKW FRUQHU VKRZV $ UHSUHVHQWDWLYH *3&5 LQ JUD\ ULEERQ ZLWK WKH SODQHV RI VPDOO

RUDQJH VSKHUHV LQGLFDWLQJ PHPEUDQH ERXQGDULHV DV SUHGLFWHG E\ WKH 330 VHUYHU>��@�� 7KH

VSKHUHV LQGLFDWH WKH FRQVHQVXV FRQVHUYHG U JURXSV IURP WKH LQDFWLYH VWDWH DQDO\VLV� 7KH LQVHW

VKRZV WKDW WKH FRQVHQVXV FRQVHUYHG U JURXSV DUH ORFDWHG SULPDULO\ LQ WKH PHPEUDQH HPEHGGHG

UHJLRQ� 7KH PDJQLILHG LQVHW LV VKRZQ DV WKH ODUJH FLUFOH WKDW VKRZV FRQWDFWV EHWZHHQ WKH UHVLGXHV

RI FRQVHQVXV FRQVHUYHG U�JURXS IURP WKH LQDFWLYH VWDWH DQDO\VLV� 1XPEHUV DUH UHVLGXH QXPEHUV RI

�5+� 3'%� 7KH VL[ WUDQVPHPEUDQH KHOLFHV ODEHOHG DV 70 � WR � DUH UHSUHVHQWHG DV � GLIIHUHQW

FRORUV� 7KH UHVLGXHV DUH FRORXUHG DFFRUGLQJ WR WKH � KHOL[ WKH\ EHORQJ WR� 1XPEHUV LQ EROG

LQGLFDWH WKH FHQWUDO UHVLGXH RI WKH FOLTXH� 'RWWHG OLQHV LQGLFDWH WKDW WKH UHVLGXHV DUH FRQVHUYHG LQ

HDFK RWKHU
V FOLTXH� )RU LQVWDQFH� UHVLGXH QXPEHU ��� IURP 70� LV D SDUW RI FOLTXH RI UHVLGXH

QXPEHU ��� IURP 70� DQG YLFH YHUVD� 6ROLG EODFN OLQH LQGLFDWHV PHPEHU RI WKH FOLTXH� )RU

LQVWDQFH� UHVLGXH ��� IURP 70� LV D SDUW RI FOLTXH RI UHVLGXH QXPEHU ��� IURP 70��

��



����� 7KH U�JURXSV WKDW XQGHUJR FRQIRUPDWLRQDO FKDQJHV GXULQJ DFWLYDWLRQ

7KH FOLTXHV WKDW DUH FRQVHUYHG LQ WKH LQDFWLYH VWDWH EXW QRW LQ WKH DFWLYH VWDWH DUH WKH RQHV WKDW

KDYH XQGHUJRQH FRQIRUPDWLRQDO FKDQJHV GXULQJ UHFHSWRU DFWLYDWLRQ� 6XFK FOLTXHV FDQ EH

FRQVLGHUHG LPSRUWDQW IRU DFWLYDWLRQ� 2XW RI WKH �� FOLTXHV FRQVHUYHG LQ WKH LQDFWLYH VWDWH DQDO\VLV�

�� FOLTXHV DUH GLVUXSWHG� HLWKHU SDUWLDOO\ RU FRPSOHWHO\�7DEOH ��� 7KHVH �� FOLTXHV DUH FHQWHUHG DW

UHVLGXHV �[��� �[��� �[��� �[��� �[��� �[��� �[��� �[��� �[��� �[��� DQG �[��� )RU HDFK RI

WKHVH FOLTXHV� DW OHDVW RQH FRQVHQVXV FRQVHUYHG U�JURXS FKDQJHG LWV ORFDWLRQ GXULQJ DFWLYDWLRQ� $Q

H[DPSOH RI D FRPSOHWHO\ GLVUXSWHG FOLTXH LV D FOLTXH RI UHVLGXH �[�� KDV � U�JURXSV �
��BU�
�


���BU�
� 
���BU��
� FRQVHUYHG LQ WKH LQDFWLYH VWDWH DQDO\VLV� ,Q WKH DFWLYH VWDWH DQDO\VLV� WKLV FOLTXH

LV QRW FRQVHUYHG� ZKLFK LQGLFDWHV WKDW WKLV FOLTXH ZDV FRPSOHWHO\ GLVUXSWHG GXULQJ DFWLYDWLRQ�

ZKHUH 
��BU�
 UHORFDWHG LWVHOI WR D FOLTXH RI �[��� ZKLOH ���BU� DQG ���BU�� DUH QRW D SDUW RI DQ\

FRQVHUYHG FOLTXH LQ WKH DFWLYH VWDWH� 
�[��
 FOLTXH LV DQ H[DPSOH RI D SDUWLDOO\ GLVUXSWHG FOLTXH� ,Q

WKH LQDFWLYH VWDWH� LW FRQWDLQV � FRQVHUYHG U�JURXSV �
��BU�
� 
��BU�
� 
��BU��
� 
��BU�
�� RI ZKLFK

RQO\ � U�JURXS �
��BU��
� FKDQJHG LWV ORFDWLRQ GXULQJ DFWLYDWLRQ� ZKLOH WKH RWKHU � U�JURXSV

PDLQWDLQHG WKHLU JHRPHWULF SRVLWLRQV� )LQDOO\� WKH � FOLTXHV WKDW UHPDLQ FRPSOHWHO\ LQWDFW GXULQJ

DFWLYDWLRQ KDYH WKHLU VWDUV DW �[��� �[��� �[��� LQGLFDWLQJ D SRVVLELOLW\ RI WKHLU UROH LQ VWUXFWXUDO

VWDELOLW\ �)LJXUH ����

)LJXUH ��� $ UHSUHVHQWDWLYH *3&5 LV UHSUHVHQWHG LQ JUD\ ULEERQ� 7KH SXUSOH FRORXUHG VSKHUHV LQGLFDWH WKH

U�JURXSV WKDW DUH FRQVHQVXV FRQVHUYHG LQ WKH LQDFWLYH VWDWH EXW QRW LQ WKH DFWLYH VWDWH� 7KH JUHHQ FRORUHG

VSKHUHV LQGLFDWH WKH FRQVHQVXV FRQVHUYHG U�JURXSV IURP WKH DFWLYH VWDWH DQDO\VLV EXW QRW LQ WKH LQDFWLYH

VWDWH� 7KH SLQN FRORXUHG VSKHUHV UHSUHVHQW WKH FRQVHQVXV FRQVHUYHG U�JURXSV WKDW DUH FRQVHUYHG LQ ERWK

WKH LQDFWLYH VWDWH DQG WKH DFWLYH VWDWH DQDO\VLV�

��



7DEOH �� &OLTXHV WKDW XQGHUJR FRQIRUPDWLRQDO FKDQJHV GXULQJ DFWLYDWLRQ� µ6WDUBQRµ FROXPQ

LQGLFDWHV WKH FHQWUDO UHVLGXH QXPEHU� µLQDFWLYHBRQO\¶ LQGLFDWHV FRQVHQVXV FRQVHUYHG U�JURXSV IURP

WKH LQDFWLYH DQDO\VLV� µFRQVHUYHGBLQBLLDBQRWBLQBDDD¶ LQGLFDWHV WKH U�JURXSV WKDW DUH FRQVHQVXV

FRQVHUYHG LQ WKH LQDFWLYH VWDWH EXW QRW LQ WKH DFWLYH VWDWH� µFRQVHUYHGBDDDBQRWBLQBLLD¶ LQGLFDWHV WKH

U�JURXSV WKDW DUH FRQVHQVXV FRQVHUYHG LQ WKH DFWLYH VWDWH EXW QRW LQ WKH LQDFWLYH VWDWH�

µFRQVHUYHGBLQBDDD¶ LQGLFDWHV WKH U�JURXSV WKDW DUH FRQVHQVXV FRQVHUYHG LQ WKH DFWLYH VWDWH�

µFRQVHUYHGBLQBLLDBDQGBLQBDDD¶ LQGLFDWHV WKH U�JURXSV WKDW DUH FRQVHQVXV FRQVHUYHG LQ ERWK� WKH

DFWLYH VWDWH DQG WKH LQDFWLYH VWDWH� µJSFUBEZ¶ FROXPQ LQGLFDWHV WKH %: QXPEHULQJ RI WKH

µVWDUBQR¶� $OO WKH UHVLGXH QXPEHUV IROORZ WKH QXPEHULQJ RI 3'% �5+��

VWDUBQR LQDFWLYHBRQO\
FRQVHUYHGBLQBLLDBQ
RWBLQBDDD

FRQVHUYHGBDDDBQRW
BLQBLLD FRQVHUYHGBLQBDDD

FRQVHUYHGBLQBLLDBDQG
BLQBDDD
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����� 1HZO\ IRUPHG FRQWDFWV IRU VWDELOL]LQJ WKH DFWLYH VWDWH

7R FKHFN LI QHZ FRQWDFWV DUH IRUPHG WKDW DVVLVW VWDELOL]DWLRQ RI WKH UHFHSWRUV LQ WKHLU DFWLYH VWDWH�

ZH LGHQWLILHG WKH FRQVHQVXV FRQVHUYHG FOLTXHV IURP WKH DFWLYH VWDWH WKDW DUH QRW FRQVHUYHG LQ WKH

LQDFWLYH VWDWH�7DEOH ��� 7KH DFWLYH VWDWH KDV �� FOLTXHV WKDW DUH FRQVHQVXV FRQVHUYHG� 7KHVH

FOLTXHV DUH FHQWHUHG DURXQG �[��� �[��� �[��� �[��� �[��� �[��� �[��� �[��� �[��� �[��� �[���

�[��� �[��� �[��� �[��� �[��� �[��� DQG �[�� UHVLGXHV� 2I WKHVH� VHYHQ FOLTXHV RI UHVLGXHV �[���

�[��� �[��� �[��� �[��� �[��� DQG �[�� DUH QHZO\ IRUPHG LQ WKH DFWLYH VWDWH� �[��� �[��� DQG

�[�� DUH WKH FOLTXHV WKDW GR QRW IRUP QHZ FRQWDFWV� LQVWHDG WKH\ ORVH FRQWDFWV GXULQJ DFWLYDWLRQ�
��



7KH UHPDLQLQJ FOLTXHV JDLQ FRQWDFWV�QHLJKERUV GXULQJ WKH SURFHVV RI DFWLYDWLRQ�)LJXUH ���� 7R

VXPPDUL]H� FRQWDFWV RI �� U�JURXSV DUH QHZO\ IRUPHG LQ WKH DFWLYH VWDWH�7DEOH ���

����� &OLTXHV LPSRUWDQW IRU VWUXFWXUDO VWDELOLW\

7KH U�JURXSV WKDW DUH FRQVHUYHG LQ ERWK WKH VWDWHV� LQDFWLYH DQG WKH DFWLYH VWDWH� DV D SDUW RI WKH

VDPH FOLTXH� LQGLFDWH WKDW WKH\ KDYH QRW XQGHUJRQH VWUXFWXUDO FKDQJHV GXULQJ DFWLYDWLRQ� :H

FRQVLGHU VXFK U�JURXSV WR EH LPSRUWDQW IRU PDLQWDLQLQJ WKH VWUXFWXUDO VWDELOLW\ RI WKH UHFHSWRUV� :H

IRXQG WKDW �� FOLTXHV PDLQWDLQ DW OHDVW � DQG D PD[LPXP RI � VXFK U�JURXSV WKDW GR QRW FKDQJH

WKHLU SRVLWLRQ�7DEOH �� )LJXUH ���� 7KHVH FOLTXHV DUH FHQWHUHG DW UHVLGXHV ZLWK %: QXPEHULQJ DV


�[��
� 
�[��
� 
�[��
� 
�[��
� 
�[��
� 
�[��
� 
�[��
� 
�[��
� 
�[��
� DQG 
�[��
 �)LJXUH ���� $OO WKHVH

VWDUV RI WKH FRQVHUYHG FOLTXHV EHORQJ WR WUDQVPHPEUDQH KHOL[ �� �� �� � DQG �� ,QWHUHVWLQJO\� QR

FOLTXH IURP 70� LV VHHQ WR EH FRQVHUYHG LQ ERWK DFWLYH DQG WKH LQDFWLYH VWDWH� ZKLFK LV NQRZQ WR

XQGHUJR FRQIRUPDWLRQDO FKDQJHV GXULQJ DFWLYDWLRQ� >��@� KDYH DOVR UHSRUWHG 70� WR EH

FRQIRUPDWLRQDOO\ IOH[LEOH� 7KLV ILQGLQJ DGGV FRQILGHQFH WR WKH UHVXOWV WKDW ZH KDYH REWDLQHG� (DFK

RI WKHVH FOLTXHV KDYH DW OHDVW � DQG D PD[LPXP RI � U�JURXSV WKDW DUH FRQVHUYHG LQ ERWK WKH VWDWHV�

&OLTXHV WKDW DUH FHQWHUHG DURXQG �[��� DQG �[�� KDYH RQO\ � U�JURXS WKDW LV FRQVHUYHG LQ ERWK WKH

VWDWHV� LQGLFDWLQJ WKDW WKH UHVW RI WKH FOLTXH KDV XQGHUJRQH FRQIRUPDWLRQ FKDQJHV� )XUWKHU GHWDLOHG

DQDO\VLV RI VXFK FOLTXHV LV QHFHVVDU\ WR FRQILUP WKHLU UROH LQ VWUXFWXUDO VWDELOLW\� ,I ZH RQO\

FRQVLGHU FOLTXHV WKDW KDYH DW OHDVW � U�JURXSV FRQVHUYHG� ZH QRWLFH WKDW WKHVH U�JURXSV EHORQJ WR

KHOLFHV RWKHU WKDQ 70� DQG 70�� 6LQFH� LW KDV EHHQ SUHYLRXVO\ VKRZQ WKDW WKH FRQWDFWV EHWZHHQ

70� DQG 70� DUH ORVW GXULQJ DFWLYDWLRQ� WKHVH ILQGLQJV VWUHQJWKHQ WKH UHVXOWV WKDW ZH KDYH

REWDLQHG DERXW WKH FOLTXHV LPSRUWDQW IRU VWUXFWXUDO VWDELOLW\ DQG DOVR LQFUHDVH FRQILGHQFH LQ WKH

UREXVWQHVV RI WKH DOJRULWKP WKDW ZH KDYH GHVLJQHG WR REWDLQ WKH FRQVHUYHG FOLTXHV�

��



)LJXUH ��� $� &ȕ RI WKH UHVLGXHV WKDW DUH LPSRUWDQW IRU VWUXFWXUDO VWDELOLW\ DUH UHSUHVHQWHG DV VPDOO

VSKHUHV UHQGHUHG LQ QDY\ EOXH FRORU� 7KH LQVHW LV PDJQLILHG LQ �%�� &� %RWWRP YLHZ LQGLFDWLQJ

ORFDWLRQ RI WKH VWUXFWXUDOO\ LPSRUWDQW UHVLGXHV�

����� 9DOLGDWLRQ XVLQJ GDWD IURP OLWHUDWXUH

:H XVHG GDWD IURP =KRX HW DO�����>��@� WKDW SHUIRUPHG �� PXWDWLRQV RQ �� UHVLGXHV RI WKH

$GHQRVLQH $�$ UHFHSWRU �$�$5�� ,Q WKLV VWXG\� ZLOGW\SH OLNH OLJDQG SRWHQF\ LV FRQVLGHUHG DV

QRQ�GHOHWHULRXV ZKLOH D FKDQJH LQ OLJDQG SRWHQF\ RI KLJKHU WKDQ �� IROG �LQFUHDVH RU GHFUHDVH� LV

FRQVLGHUHG DV GHOHWHULRXV� 7KH SUHGLFWHG SKHQRW\SH IRU RXU VWXG\ LV EDVHG RQ WKH SUHVHQFH RU WKH

DEVHQFH RI WKH FRQVHQVXV FRQVHUYHG U�JURXS LQ WKH PXWDWHG DPLQR DFLG� )RU LQVWDQFH� LI U� LV D

FRQVHQVXV FRQVHUYHG U�JURXS� LWV QHXWUDO PXWDWLRQ ZRXOG EH VHULQH RU WKUHRQLQH DV WKHVH DPLQR

DFLGV FRQWDLQ U�� 0XWDWLRQV WR DOO RWKHU DPLQR DFLGV �H[FHSW VHULQH DQG WKUHRQLQH� ZRXOG EH

��



SUHGLFWHG DV GHOHWHULRXV DV WKH\ GR QRW FRQWDLQ U�� :H IRXQG WKDW �� RI WKH �� UHVLGXHV RYHUODSSHG

ZLWK WKH FRQVHUYHG UHVLGXHV LQ WKH LQDFWLYH VWDWH IURP RXU VWXG\� 7KHVH �� UHVLGXHV FRQWULEXWH WR

�� PXWDWLRQV� 2I WKHVH ��� �� PXWDWLRQV DJUHHG ZLWK RXU SUHGLFWHG SKHQRW\SH� ZKLOH �� GLG

QRW�7DEOH ��� 7KH �� PXWDWLRQV WKDW GLG QRW DJUHH ZLWK RXU SUHGLFWLRQV DUH FRQWULEXWHG E\ �

UHVLGXHV� 2I WKHVH � UHVLGXHV� UHVLGXH ��[��� 5 RI WKH µ'5<¶ PRWLI FRQWULEXWHV WR � LQFRUUHFW

SUHGLFWLRQV� UHVLGXH �[�� FRQWULEXWHV WR �� �[�� FRQWULEXWHV WR � LQFRUUHFW SUHGLFWLRQV DQG �[��

FRQWULEXWHV WR � LQFRUUHFW SUHGLFWLRQ� ,QWHUHVWLQJO\� WKHVH IRXU UHVLGXHV DUH EXULHG LQ WKH PHPEUDQH

DQG DUH QHDU WR WKH F\WRSODVPLF VLGH RI WKH UHFHSWRU� 6LPLODUO\� ZH IRXQG DQ RYHUODS RI � UHVLGXHV

IURP WKH DFWLYH VWDWH ZLWK WKDW RI WKH �� UHVLGXHV PXWDWHG LQ WKH =KRX HW DO�����>��@�� 7KHVH �
UHVLGXHV FRQWULEXWH WR � PXWDWLRQV� 2I WKHVH � PXWDWLRQV� � PXWDWLRQV DJUHHG ZLWK RXU SUHGLFWHG

SKHQRW\SH� 2I WKH � PXWDWLRQV WKDW GR QRW DJUHH� � DUH FRQWULEXWHG E\ UHVLGXH ��[��� 5 RI WKH

µ'5<¶ PRWLI �VLPLODU WR WKH REVHUYDWLRQ IURP WKH LQDFWLYH VWDWH DQDO\VLV� ZKLFK LV D FRQVHUYHG

VHTXHQFH PRWLI RQ WKH LQWUDFHOOXODU VLGH RI WKH UHFHSWRU �7DEOH ��%��

,W PD\ EH SRVVLEOH WKDW LQ WKHVH FDVHV WKH OLJDQG SRWHQF\ PLJKW EH XQDIIHFWHG� EXW WKH HIIHFW RI WKH

OLJDQG ELQGLQJ RQ LQLWLDWLQJ D UHVSRQVH �HIILFDF\� FRXOG EH DIIHFWHG� 7KXV D PRUH DSSURSULDWH

PHDVXUH RI DVVHVVLQJ RXU DOJRULWKP DQG LWV SUHGLFWLRQ ZRXOG EH WR XVH OLJDQG HIILFDF\ LQVWHDG RI

WKH OLJDQG SRWHQF\�

��



7DEOH �� $JUHHPHQW EHWZHHQ RXU SUHGLFWLRQV �$� IURP WKH LQDFWLYH VWDWH� �%� DFWLYH VWDWH DQG WKH �� PXWDWLRQV WKDW DUH H[SHULPHQWDOO\

YDOLGDWHG� µ3RVLWLRQ¶ FROXPQ LQGLFDWHV WKH %: QXPEHULQJ RI WKH PXWDWHG UHVLGXH� µ0XWDWLRQ¶ FROXPQ VSHFLILHV GHWDLOV RI WKH PXWDWLRQ�

µ([SHULPHQW UHVXOW¶ GHVFULEHV WKH SKHQRW\SH RI WKH PXWDWLRQ DV REVHUYHG LQ WKH H[SHULPHQWV� µ0XWDWHGBDDBUJUSBFRPSRVLWLRQBGHILQLWLRQ¶

FROXPQ LQGLFDWHV WKH U�JURXS FRPSRVLWLRQ RI WKH PXWDWHG DPLQR DFLG� µRULJLQDOBDDBUJUSBFRPSRVLWLRQBGHILQLWLRQ¶ LQGLFDWHV WKH U�JURXS

FRPSRVLWLRQ RI WKH ZLOGW\SH DPLQR DFLG� µWNPVPBFRQVHUYHGBUJUSV¶ LQGLFDWHV WKH U�JURXS FRQVHUYHG DV IRXQG LQ WKLV VWXG\�

µ&RQVHUYHGBUJUSBSUHVHQWBLQBPXWDWHGBDPLQRDFLG¶ LQGLFDWHV LI WKH FRQVHUYHG U�JURXS LV SUHVHQW LQ WKH PXWDWHG DPLQR DFLG� >@ PHDQV WKDW

WKH FRQVHUYHG U�JURXS LV QRW SUHVHQW LQ PXWDWHG DPLQR DFLG� µ3UHGLFWHGBRXWFRPH¶ FROXPQ LQGLFDWHV RXU SUHGLFWLRQ RI DFWLYLW\ RI WKH

UHFHSWRU XSRQ PXWDWLRQ�

$�

3RVLWLRQ 0XWDWLRQ ([SHULPHQW UHVXOW

PXWDWHGBDDBU
JUSBFRPSRVLW
LRQBGHILQLWLR
Q

RULJLQDOBDDBUJUS
BFRPSRVLWLRQBG
HILQLWLRQ

WNPVPB
FRQVHUY
HGBUJUS
V

FRQVHUYHGBUJUSBSUHVHQWBLQBPX
WDWHGBDPLQRDFLG SUHGLFWHGBRXWFRPH
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$SDUW IURP WKH DQDO\VLV RI �� PXWDWLRQV� ZH DOVR YDOLGDWHG RXU UHVXOWV XVLQJ DQRWKHU VHW RI ���

GLVHDVH DVVRFLDWHG PXWDWLRQV WKDW ZHUH FROOHFWHG IURP WKH OLWHUDWXUH DQG ZHUH FROODWHG E\ =KRX HW

DO� ����>��@�� 7KHVH ��� PXWDWLRQV DUH UHSRUWHG IRU PXWDWLRQV LQ YDULRXV &ODVV $ UHFHSWRUV� :H

IRXQG WKDW ���a���� RI WKHVH ��� �RI ZKLFK �� DUH QRW HPEHGGHG LQ WKH WUDQVPHPEUDQH UHJLRQ�

GLVHDVH DVVRFLDWHG PXWDWLRQV RYHUODS ZLWK WKH UHVLGXHV WKDW DUH IRXQG LPSRUWDQW LQ RXU DQDO\VLV�

:H IXUWKHU LGHQWLILHG ZKLFK RI WKHVH �� PXWDWLRQV DUH FRQWULEXWHG E\ WKH LQDFWLYH VWDWH DQG ZKLFK

RI WKHP DUH FRQWULEXWHG E\ WKH UHVLGXHV FRQVHUYHG LQ WKH DFWLYH VWDWH� :H IRXQG WKDW ���a��� RI

WKH WRWDO ��� PXWDWLRQV� DUH FRQWULEXWHG E\ WKH UHVLGXHV FRQVHUYHG LQ WKH LQDFWLYH VWDWH� RI ZKLFK

�� SUHGLFWLRQV ZHUH LQFRUUHFW� ,Q �� RI WKHVH �� LQFRUUHFW SUHGLFWLRQV WKH U� DQG�RU U� U�JURXS ZDV

IRXQG WR EH FRQVHUYHG� 1H[W� ZH IRXQG WKDW �� RI WKH �� RYHUODSSLQJ PXWDWLRQV�a��� RI WKH WRWDO

��� PXWDWLRQV� DUH FRQWULEXWHG E\ WKH UHVLGXHV FRQVHUYHG IURP WKH DFWLYH VWDWH� :H IRXQG WKDW WKLV

VHW KDG � LQFRUUHFW SUHGLFWLRQV� RI ZKLFK WKH U� U�JURXS ZDV IRXQG WR EH FRQVHUYHG LQ � RI WKHP�

�3OHDVH UHIHU

KWWSV���GRFV�JRRJOH�FRP�VSUHDGVKHHWV�G��+ZV\�'P,(,D�J�I�%6.=D�L�E6D+G058�5L�;�KQ[�

<�HGLW"XVS VKDULQJ WR DFFHVV WKLV GDWDVHW�� �� PXWDWLRQV DUH FRPPRQ IRU WKH LQDFWLYH DQG WKH

DFWLYH VWDWH FRQVHUYDWLRQV�

6LPLODU WR WKH �� PXWDWLRQV VHW� ZH ILQG LQFRUUHFW SUHGLFWLRQV IRU UHVLGXH �[�� LQ WKH VHW RI ���

GLVHDVH DVVRFLDWHG PXWDWLRQV FROOHFWHG IURP WKH OLWHUDWXUH� 7KHUH DUH �� PXWDWLRQV UHSRUWHG IRU WKLV

SRVLWLRQ� RI ZKLFK ZH SUHGLFW RQO\ � LQFRUUHFWO\� +RZHYHU� ZH GR QRW KDYH D VLQJOH LQFRUUHFW

SUHGLFWLRQ IRU WKH RWKHU � SRVLWLRQV ��[��� �[��� DQG �[��� WKDW ZHUH LQFRUUHFWO\ SUHGLFWHG LQ WKH

VHW RI �� PXWDWLRQV�

2QH UHDVRQ IRU WKH LQFRUUHFW SUHGLFWLRQV FRXOG EH WKH U�JURXS GHILQLWLRQ XVHG LQ WKLV VWXG\� 7KH

GHILQLWLRQ FXUUHQWO\ LPSOHPHQWHG PLJKW QRW DFFRXQW IRU VRPH RI WKH LQWHUDFWLRQV� UHVXOWLQJ LQ ORVV

RI PHDQLQJIXO LQWHUDFWLRQV� 2QH FRXOG WDNH FRQVHQVXV RI PXOWLSOH VXFK GHILQLWLRQV RI U�JURXSV DQG

WKHQ FKHFN LI WKH SUHGLFWLRQ DFFXUDF\ LPSURYHV�

7R VXPPDUL]H� ZH KDYH VXFFHVVIXOO\ DWWHPSWHG WR YDOLGDWH WKH UHVLGXHV SUHGLFWHG DV LPSRUWDQW IRU

WKH VWUXFWXUH DQG IXQFWLRQ RI *3&5 XVLQJ WKH GDWD IURP WKH OLWHUDWXUH�

��

https://docs.google.com/spreadsheets/d/1Hwsy1DmIEIa6g8f9BSKZa5i5bSaHdMRU5Ri8X0hnx3Y/edit?usp=sharing
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����� 7HVWLQJ XVLQJ 0ROHFXODU G\QDPLFV VLPXODWLRQV

:H SUHGLFWHG UHVLGXHV LQ WKH *3&5V DUH LPSRUWDQW IRU WKHLU DFWLYDWLRQ� 7R WHVW WKHVH UHVLGXHV� ZH GHVLJQHG

WZR W\SHV RI PXWDWLRQV� GLVUXSWLQJ DQG QRQ GLVUXSWLQJ IRU � VXFK UHVLGXHV �7DEOH ��� 7KH GLVUXSWLQJ

PXWDWLRQ FDXVHV D *3&5 WR EH HLWKHU FRQVWLWXWLYHO\ DFWLYH RU FRQVWLWXWLYHO\ LQDFWLYH� OHDGLQJ WR D

GLVUXSWLRQ RI LWV ZLOG W\SH DFWLYLW\� 7KH VHFRQG W\SH LV ZKHUH WKH PXWDWLRQ GRHV QRW FDXVH VLJQLILFDQW

FKDQJH LQ WKH DFWLYLW\ RI WKH *3&5 �DFWLYLW\ LV VLPLODU WR WKH ZLOGW\SH� DQG LV WHUPHG DV QRQ�GLVUXSWLYH

W\SH RI PXWDWLRQ�

$V D FRQWURO PXWDWLRQ� ZH VHOHFWHG DQRWKHU UHVLGXH� )��� WKDW ZDV SUHYLRXVO\ UHSRUWHG WR VKRZ D

GLVUXSWLQJ DQG QRQ�GLVUXSWLQJ W\SH RI SKHQRW\SH ZKHQ PXWDWHG WR 5 DQG $ UHVSHFWLYHO\>��@� )���5

VKRZV D a��� IROG GHFUHDVH LQ WKH SRWHQF\� )���$ VKRZV � IROG LQFUHDVH� DQG KHQFH ZH FRQVLGHUHG LW DV

ZLOG W\SH DFWLYLW\� :H VHOHFWHG � RWKHU UHVLGXHV WKDW DUH LGHQWLILHG DV LPSRUWDQW IURP RXU VWXG\ DQG

GHVLJQHG GLVUXSWLQJ DQG QRQ�GLVUXSWLQJ PXWDWLRQV IRU WKHP �7DEOH��� )RU HDFK RI WKHVH GHVLJQHG

PXWDWLRQV� ZH SHUIRUPHG 0' VLPXODWLRQV� :H LQWHQG WR GHVLJQ PXWDWLRQV DQG UXQ 0' VLPXODWLRQV IRU

RWKHU UHVLGXHV WKDW DUH QRW YDOLGDWHG XVLQJ WKH GDWD IURP WKH OLWHUDWXUH DV ZHOO�

:H UDQ ���QV DOO DWRP VLPXODWLRQV RQ *520$&6 DQG WRRN VQDSVKRWV HYHU\ �QV� 6LQFH ZH ZDQWHG WR

TXDQWLI\ WKH HIIHFW RI WKH PXWDWLRQ RQ LWV ORFDO HQYLURQPHQW� ZH XVHG D QRYHO PHWULF FDOOHG FOLTXH 506'�

&OLTXH 506' LV D PHDVXUH RI WKH IOXFWXDWLRQV FDXVHG E\ WKH PXWDWLRQ RQ UHVLGXHV WKDW DUH LQ LWV FOLTXH

�5HIHU VHFWLRQ ������F IRU GHILQLWLRQ RI FOLTXH�� 7KH 506' RI D FOLTXH LV FDOFXODWHG ZLWK UHVSHFW WR WKH

VWDUWLQJ VWUXFWXUH DQG LV DYHUDJHG RYHU DOO VQDSVKRWV IRU WULSOLFDWHV RI HDFK PXWDWLRQ� :H WKHQ FRPSDUHG

WKH FOLTXH 506'V RI WKH PXWDQWV ZLWK WKDW RI WKH ZLOGW\SH� 7KH GHOHWHULRXV W\SH RI PXWDWLRQV DUH

H[SHFWHG WR KDYH FOLTXH 506'V VXEVWDQWLDOO\ GLIIHUHQW �FRXOG EH KLJKHU RU ORZHU� IURP WKDW RI WKH

ZLOGW\SH� ZKLOH WKH QRQ GLVUXSWLQJ PXWDWLRQV DUH H[SHFWHG WR KDYH FOLTXH 506'V VLPLODU WR WKDW RI WKH

ZLOGW\SH� :H SHUIRUPHG D SDLUHG W�WHVW WR WHVW WKH VLJQLILFDQFH RI WKH GLIIHUHQFHV LQ WKH FOLTXH 506' RI

WKH PXWDQWV DQG WKH ZLOGW\SH� :H WKLQN WKDW XVLQJ FOLTXH 506' DV DQ DVVHVVPHQW PHWULF LV PRUH

PHDQLQJIXO WKDQ WKH WUDGLWLRQDOO\ XVHG PHWULF RI 506' �JOREDO� IRU WUDMHFWRU\ DQDO\VLV� 7KLV LV EHFDXVH

WKH VWDUWLQJ VWUXFWXUH RI WKH UHFHSWRU LV VWDELOL]HG E\ DQ DQWDJRQLVW �DV SHU WKH FU\VWDO VWUXFWXUH� DQG KHQFH

WKH HIIHFW RI WKH PXWDWLRQ JOREDOO\ RQ WKH UHFHSWRU PD\ QRW EH HYLGHQW LQ D WUDMHFWRU\ RI ���QV�

$GGLWLRQDOO\� ZH EHOLHYH WKDW WKH HIIHFW RI WKH PXWDWLRQ RQ LWV LPPHGLDWH ORFDO HQYLURQPHQW ZRXOG EH PRUH

SURQRXQFHG WKDQ WKDW VHHQ JOREDOO\�

��



:H REVHUYHG WKDW LQ WKH FRQWURO W\SH RI VLPXODWLRQ� WKH GLVUXSWLQJ PXWDWLRQ KDV FOLTXH 506' GLIIHUHQW

WKDQ WKH ZLOGW\SH� 7KH QRQ�GLVUXSWLQJ PXWDWLRQ WRR KDG FOLTXH 506' GLIIHUHQW WKDQ WKH ZLOGW\SH�

+RZHYHU� WKLV QRQ�GLVUXSWLQJ PXWDWLRQ VKRZV � IROG LQFUHDVH LQ WKH DFWLYLW\ RI WKH UHFHSWRU� 7KH

GLIIHUHQFHV ZHUH DOVR VWDWLVWLFDOO\ VLJQLILFDQW DV DVVHVVHG E\ SDLUHG W�WHVW� 2XU ILUVW VHW RI GHVLJQHG

PXWDWLRQV $��0�GLVUXSWLQJ� DQG $��7�QRQ GLVUXSWLQJ� KDYH FOLTXH 506' OHVV WKDQ WKH ZLOGW\SH DQG�

PXWDWLRQ KDG FOLTXH 506' VLPLODU WR WKDW RI WKH ZLOGW\SH DV DVVHVVHG E\ WKH SDLUHG W�WHVW� ,Q WKH VHFRQG

VHW� WKH GLVUXSWLQJ PXWDWLRQ )���' KDG D VLJQLILFDQWO\ GLIIHUHQW FOLTXH 506' SURILOH WKDQ WKDW RI WKH

ZLOGW\SH� EXW WKH QRQ�GLVUXSWLQJ W\SH RI PXWDWLRQ IRU WKLV UHVLGXH )���9 WRR KDG D FOLTXH 506' SURILOH

VLJQLILFDQWO\ GLIIHUHQW IURP LWV ZLOGW\SH �)LJXUH ���� ,Q WKH WKLUG VHW� WKH GLVUXSWLQJ PXWDWLRQ 9��$ KDG

ORZHU FOLTXH 506' WKDQ WKH ZLOGW\SH ZKLOH WKH QRQ GLVUXSWLQJ PXWDWLRQ 9��, KDG FOLTXH 506' KLJKHU�

)LQDOO\� WKH IRXUWK VHW� WKH GLVUXSWLQJ W\SH 6���* VKRZHG D FOLTXH 506' OHVV WKDQ WKDW RI WKH ZLOGW\SH

ZKLOH WKH QRQ GLVUXSWLQJ W\SH 6���7 KDG KLJKHU FOLTXH 506' WKDQ WKH ZLOGW\SH�

1H[W� ZH FDOFXODWHG 506) �URRW PHDQ VTXDUH IOXFWXDWLRQ� RI WKH PXWDWHG UHVLGXH DQG FRPSDUHG LW ZLWK WKH

506) YDOXHV RI WKH ZLOGW\SH UHVLGXH �)LJXUH ���� 506) TXDQWLILHV WKH PRYHPHQW RI D UHVLGXH �JURXS RI

DWRPV� RYHU D VLPXODWLRQ WUDMHFWRU\� +LJKHU 506) YDOXHV LQGLFDWH KLJKHU IOXFWXDWLRQV RI WKH UHVLGXH� ,Q

RXU VWXG\� ZH FRPSDUHG WKH 506)V RI WKH PXWDWHG UHVLGXHV ZLWK WKRVH RI WKH ZLOGW\SH WR JDXJH WKH

VWDELOLW\ RI WKH UHVLGXH LQ LWV ORFDO HQYLURQPHQW� :H K\SRWKHVL]HG WKDW UHVLGXHV WKDW KDYH 506)V VLPLODU WR

WKH ZLOGW\SH DUH VWDELOL]LQJ� 6LPLODUO\� LI WKH PXWDWLRQ LV QRW VWDEOH LQ D JLYHQ ORFDO HQYLURQPHQW� LW ZLOO

VKRZ 506)V WKDW DUH GLIIHUHQW IURP WKH ZLOGW\SH� ,Q RXU FRQWURO PXWDWLRQ )���5�$� WKH GLVUXSWLQJ

PXWDWLRQ )���5 VKRZHG KLJKHU 506)V WKDQ WKH ZLOGW\SH UHFHSWRU� LQGLFDWLQJ WKDW WKLV PXWDWLRQ LV QRW

VWDEOH LQ LWV ORFDO HQYLURQPHQW� ,WV QRQ�GLVUXSWLQJ PXWDWLRQ� )���$� VKRZV 506) VOLJKWO\ OHVV ����� XQLWV

OHVV� WKDQ WKH ZLOGW\SH� ,Q RXU ILUVW VHW RI GHVLJQHG PXWDWLRQV� $��0�7� WKH GLVUXSWLQJ DQG QRQ�GLVUXSWLQJ

PXWDWLRQV ERWK VKRZ VLPLODU 506)V WKDW DUH KLJKHU WKDQ WKH ZLOGW\SH� 7KLV REVHUYDWLRQ LV FRQVLVWHQW ZLWK

LWV FOLTXH 506' SURILOH DV ZHOO �)LJXUH ���� 7KLV PD\ LQGLFDWH WKDW WKH QRQ�GLVUXSWLQJ PXWDWLRQ LV

DFWXDOO\ GHVWDELOL]LQJ WKH UHFHSWRU� 2QH RI WKH UHDVRQV IRU WKLV FRXOG EH WKDW WKH QRQ�GLVUXSWLQJ PXWDWLRQ

$��7 KDV DQ U� JURXS LQ DGGLWLRQ WR WKH FRQVHUYHG U� U�JURXS� 7KLV DGGLWLRQDO U� JURXS PD\ EH

GHVWDELOL]LQJ WKH ORFDO HQYLURQPHQW� 7KH VHFRQG VHW RI PXWDWLRQV� )���'�9� VKRZV WKH 506)V RI

GLVUXSWLQJ PXWDWLRQV )���' KLJKHU WKDQ WKDW RI WKH ZLOGW\SH� ,WV QRQ�GLVUXSWLQJ PXWDWLRQ� )���9 VKRZV

506)V VLPLODU WR WKH ZLOGW\SH LQGLFDWLQJ WKDW LW LV QRW DGYHUVHO\ DIIHFWLQJ WKH ORFDO HQYLURQPHQWV� 7KH

WKLUG VHW RI PXWDWLRQV� 9��$�,� VKRZV VLPLODU 506) YDOXHV IRU WKH ZLOGW\SH DQG QRQ�GLVUXSWLQJ W\SH RI

PXWDWLRQV� ,WV GLVUXSWLQJ PXWDWLRQ� 9��$� VKRZV ORZHU 506) WKDQ WKH ZLOG W\SH� LQGLFDWLQJ WKDW WKH ORFDO

HQYLURQPHQW LV QRW VLPLODU WR WKDW RI WKH ZLOGW\SH� ,Q WKH ILQDO DQG IRXUWK VHW RI PXWDWLRQV WKDW ZH

��



GHVLJQHG� 6���*�7� WKH GLVUXSWLQJ PXWDWLRQ 6���* VKRZ KLJKHU 506)V WKDQ WKH ZLOGW\SH� DQG WKH

QRQ�GLVUXSWLQJ PXWDWLRQ 6���7 VKRZV 506)V VLPLODU WR WKDW RI WKH ZLOGW\SH� LQGLFDWLQJ WKDW WKH GHVLJQHG

PXWDWLRQV DUH KDYLQJ WKH GHVLUHG HIIHFW RQ WKH UHFHSWRU�

7R VXPPDUL]H� QRQH RI WKH GHVLJQHG PXWDWLRQV VKRZHG H[SHFWHG WUHQGV ZKHQ ZH XVHG FOLTXH 506'

PHWULF WR DQDO\]H WKH WUDMHFWRU\� :KHQ ZH XVHG UHVLGXH 506) YDOXHV� � RI WKH � VHWV RI GHVLJQHG

PXWDWLRQV VKRZHG WKH GHVLUHG WUHQGV� LQFUHDVLQJ FRQILGHQFH LQ RXU GDWD� :H EHOLHYH WKDW XVLQJ PXOWLSOH

VXFK DVVHVVPHQW�DQDO\VLV PHWULFV FRXOG EH XVHIXO LQ IXUWKHU YDOLGDWLQJ RXU GDWD�

7DEOH �� 0XWDWLRQV GHVLJQHG IRU WHVWLQJ WKH SUHGLFWLRQV YDOLGDWLRQ XVLQJ 0' VLPXODWLRQV

6U� 1R 5HVLGXH

1XPEHU

:LOGW\SH �ȕ�$5� 'LVUXSWLQJ

PXWDWLRQ

1RQ GLVUXSWLQJ PXWDWLRQ

� �� $/$ �U�� 0(7 �U�� U��� 7+5 �U��

� ��� 3+( �U�� U��� $63 �U�� 9$/ �U��� U��

REVHUYHG LQ D ZLOG W\SH UHFHSWRU

� �� 9$/ �U��� $/$ �U�� ,/( �U���

� ��� 6(5 �U�� */< �U�� 7+5 �U��

� ���

�&RQWURO�

3+( �U��U�� U��� $5* �U�� $/$ �U�� � � IROG LQFUHDVH

REVHUYHG LQ D ZLOG W\SH UHFHSWRU

)LJXUH ��� &OLTXH 506' YDOXHV FDOFXODWHG XVLQJ WKH 0' VLPXODWLRQ WUDMHFWRULHV� 7KH ; D[LV LQGLFDWHV
��



PXWDWLRQ GHWDLOV LQ WKH IRUPDW ZLOGW\SH UHVLGXH IROORZHG E\ GLVUXSWLQJ PXWDWLRQ DQG

QRQ�GLVUXSWLQJ PXWDWLRQ� )RU LQVWDQFH� )���5�$ PHDQV )��� ZLOGW\SH UHVLGXH ZDV PXWDWHG WR 5

DV D GLVUXSWLQJ PXWDWLRQ DQG WR $ DV D QRQ�GLVUXSWLQJ PXWDWLRQ�

)LJXUH ��� 5HVLGXH 506) YDOXHV FDOFXODWHG XVLQJ WKH 0' VLPXODWLRQ WUDMHFWRULHV� 7KH ; D[LV

LQGLFDWHV PXWDWLRQ GHWDLOV LQ WKH IRUPDW ZLOGW\SH UHVLGXH IROORZHG E\ GLVUXSWLQJ PXWDWLRQ DQG

QRQ�GLVUXSWLQJ PXWDWLRQ� )RU LQVWDQFH� )���5�$ PHDQV )��� ZLOGW\SH UHVLGXH ZDV PXWDWHG WR 5

DV D GLVUXSWLQJ PXWDWLRQ DQG WR $ DV D QRQ�GLVUXSWLQJ PXWDWLRQ�

��� 'LVFXVVLRQ

,Q WKLV VWXG\� ZH GHVLJQHG DQ DOJRULWKP WR LGHQWLI\ FRQVHUYHG UHJLRQV WKDW KDYH VLPLODU JHRPHWULF

DQG FKHPLFDO SURSHUWLHV LQ D VHW RI SURWHLQV UHSUHVHQWHG DV U�JURXSV� 7KH DOJRULWKP LGHQWLILHV

JHRPHWULF VLPLODULWLHV E\ ORFDO VXSHULPSRVLWLRQ� 7KH FKHPLFDO VLPLODULWLHV DUH JDXJHG XVLQJ

6KDQQRQ HQWURS\� 7KH XVH RI U�JURXS GHILQLWLRQ DQG 6KDQQRQ HQWURS\ DOORZHG XV WR ILQG

VLPLODULWLHV LQ D SURWHLQ IDPLO\ WKDW KDV KLJKO\ GLYHUJHG VHTXHQFHV� :H DSSOLHG WKLV DOJRULWKP WR D

FODVV RI SURWHLQV� *3&5V� :H DQDO\]HG *3&5 FODVV $ VWUXFWXUHV WR DGGUHVV LI DOO WKH *3&5V

XQGHUJR DFWLYDWLRQ LQ D XQLYHUVDO ZD\ DQG LI QRW� LQ KRZ PDQ\ GLIIHUHQW ZD\V WKH DFWLYDWLRQ

KDSSHQV� 8VLQJ WKH DOJRULWKP� ZH LGHQWLILHG UHJLRQV RI FRQVHUYHG JHRPHWULF DQG FKHPLFDO

SURSHUWLHV� LQ ERWK WKH LQDFWLYH DQG WKH DFWLYH VWDWH VWUXFWXUHV� :H FRPSDUHG WKH FRQVHUYHG UHJLRQV

��



IURP WKH LQDFWLYH DQG WKH DFWLYH VWDWH DQG SUHGLFWHG WKH U�JURXSV WKDW DUH QHFHVVDU\ IRU HLWKHU

VWUXFWXUH� RU IXQFWLRQ RU ERWK� :H WKHQ YDOLGDWHG WKHVH ILQGLQJV XVLQJ GDWD IURP OLWHUDWXUH� :H

GHVLJQHG PXWDWLRQV DQG SHUIRUPHG 0' VLPXODWLRQV IRU WKH UHVLGXHV WKDW ZHUH QRW YDOLGDWHG

WKURXJK OLWHUDWXUH�

7KH FRQVHUYHG FOLTXHV WKDW DUH LGHQWLILHG LQ WKLV VWXG\ LV SUHVXPDEO\ WKH HQWLUH DFWLYDWLRQ SDWKZD\�

(YHQ WKRXJK WKH *3&5V DUH KLJKO\ GLYHUVH� ZH EHOLHYH WKDW WKHVH FOLTXHV DUH FRQVHUYHG LQ PRVW

*3&5V� LI QRW DOO� (DFK RI WKH *3&5 PLJKW KDYH LWV RZQ VZLWFK WKDW FRQQHFWV WKH OLJDQG ELQGLQJ

UHJLRQ WR WKH DFWLYDWLRQ SDWKZD\� EXW WKH SDWKZD\ LWVHOI LV FRQVHUYHG� %HFDXVH RI ZKLFK ZH WKLQN

WKDW *3&5V IROORZ D PRGXODU DUFKLWHFWXUH� 8VLQJ WKLV LQIRUPDWLRQ� ZH FDQ GHVLJQ D *3&5 WKDW

UHVSRQGV WR D OLJDQG RI RXU LQWHUHVW� 7KH GHVLJQ ZLOO LQYROYH � HVVHQWLDO VWHSV� WKH ILUVW RQH LV WR

GHVLJQ D OLJDQG ELQGLQJ SRFNHW WKDW ELQGV WR D OLJDQG RI RXU LQWHUHVW� DQG WKH VHFRQG SDUW LV

FRPELQLQJ WKLV SRFNHW ZLWK WKH DFWLYDWLRQ SDWKZD\ WKDW ZH LGHQWLILHG LQ RXU VWXG\� 7KLV GHVLJQLQJ

SULQFLSOH FRXOG RSHQ WUHPHQGRXV RSSRUWXQLWLHV LQ WKH ILHOG RI GUXJ GHVLJQ�

2XU ILQGLQJV FRXOG EH LQIOXHQFHG E\ WKH DYDLODELOLW\ RI D OLPLWHG QXPEHU RI VWUXFWXUHV DQG DOVR WKH

UHVROXWLRQ RI WKH PHPEUDQH HPEHGGHG UHJLRQ RI WKH SURWHLQ� 6PDOO FKDQJHV LQ WKH ORFDWLRQ RI WKH

DPLQR DFLG VLGH FKDLQV FRXOG OHDG WR GLIIHUHQW UHVXOWV� $ORQJ ZLWK WKLV� WKH GHILQLWLRQ DQG VL]H RI

WKH FOLTXH FDQ DOVR DIIHFW WKH UHVXOWV� )RU LQVWDQFH� FOLTXHV FDQ EH GHILQHG LQ PXOWLSOH ZD\V XVLQJ

GLIIHUHQW FXWRII GLVWDQFHV� IL[HG QXPEHU RI QHLJKERUV HWF� 6LPLODUO\� U�JURXSV FDQ DOVR EH GHILQHG

LQ YDULRXV ZD\V� ,Q WKLV VWXG\� ZH WUHDWHG WKH U�� RI SUROLQH DV D EDFNERQH JURXS DQG KHQFH RXU OLVW

RI FRQVHUYHG UHVLGXHV GLG QRW LQFOXGH SUROLQH UHVLGXHV� 1HZHU GHILQLWLRQV RI U�JURXSV FRXOG

SUREDEO\ DGGUHVV WKLV� ,Q DGGLWLRQ WR WKLV� ZH KDYH XVHG KHXULVWLF FXW RIIV IRU 6KDQQRQ HQWURS\�

PDWFK IUHTXHQF\ WR ILQG FRQVHUYHG FOLTXHV� :H WULHG WR RYHUFRPH WKLV OLPLWDWLRQ E\ WDNLQJ D

FRQVHQVXV RI DQDO\VLV XVLQJ � GLVWLQFW UHIHUHQFH VWUXFWXUHV�

:H YDOLGDWHG RXU ILQGLQJV E\ VKRZLQJ RYHUODS RI RXU GDWD ZLWK WKDW RI WKH GDWD UHSRUWHG LQ

OLWHUDWXUH� :H DWWHPSWHG WR YDOLGDWH VRPH RI WKH LPSRUWDQW UHVLGXHV XVLQJ 0' VLPXODWLRQV IRU WKH

UHVLGXHV WKDW GLG QRW KDYH GDWD LQ WKH OLWHUDWXUH� :H XVHG FOLTXH 506' DV D PHWULF RI PHDVXULQJ

VWDELOLW\ RI WKH PXWDWHG FOLTXH� :H DQDO\]HG ��� QV WUDMHFWRULHV� 7KH FOLTXH 506' SURILOHV GLG

QRW VKRZ H[SHFWHG WUHQGV IRU YDOLGDWLRQ� :H DOVR DQDO\]HG WKH WUDMHFWRULHV ZLWK DQRWKHU PHWULF�

506)� :LWK WKLV PHWULF� � RI WKH � VHWV RI GHVLJQHG PXWDWLRQV VKRZHG GHVLUHG WUHQGV� :H EHOLHYH

WKDW DQDO\]LQJ WKHVH WUDMHFWRULHV ZLWK YDULRXV VXFK PHWULFV FRXOG DVVLVW LQ EHWWHU XQGHUVWDQGLQJ RXU

ILQGLQJV� 2QH VXFK PHWULF FRXOG EH WKH GLVWDQFH EHWZHHQ 70� � 70�� 7KLV SDUWLFXODU PHWULF FRXOG

EH KHOSIXO WR REVHUYH LI WKH UHFHSWRU LV XQGHUJRLQJ DFWLYDWLRQ �WKH GLVWDQFH LQFUHDVHV GXULQJ

��



DFWLYDWLRQ�� :H WKLQN WKDW VLPXODWLQJ WKH V\VWHP IRU ORQJHU GXUDWLRQV PD\ DOVR EH KHOSIXO�

$GGLWLRQDOO\ XVLQJ YDULRXV OLJDQGHG� XQOLJDQGHG YHUVLRQV RI WKH UHFHSWRUV DV VWDUWLQJ SRLQWV IRU

0'V FRXOG DOVR SURYLGH DGGLWLRQDO LQVLJKWV� $QRWKHU DGGLWLRQDO WKLQJ ZRXOG EH WR DQDO\]H WKH 0'

VLPXODWLRQ WUDMHFWRULHV WKDW DUH GHSRVLWHG LQ SXEOLFO\ DYDLODEOH GDWDEDVHV OLNH WKH *3&5PG>��@��
3UHYLRXV 0' VWXGLHV KDYH VKRZQ ZDWHU PROHFXOHV WKDW DUH FRQVHUYHG LQ WKH PHPEUDQH HPEHGGHG

UHJLRQ RI *3&5V WR EH LPSRUWDQW IRU HVWDEOLVKLQJ D QHWZRUN RI SRODU FRQWDFWV� 7KHVH ZDWHU

PROHFXOHV DUH VKRZQ WR EH FRQVHUYHG DFURVV GLYHUVH *3&5V� ,Q RXU VWXG\� ZH KDYH QRW DQDO\]HG

FRQVHUYDWLRQ RI ZDWHU PROHFXOHV� EXW LW ZRXOG EH LQWHUHVWLQJ WR VHH LI WKH ZDWHUV LQWHUDFW ZLWK

FRQVHUYHG FOLTXHV DQG KDYH DQ\ VWUXFWXUDO RU IXQFWLRQDO LPSOLFDWLRQ >��@��
,Q WKLV VWXG\� ZH DVNHG WKH TXHVWLRQ LI WKH *3&5 DFWLYDWLRQ SDWKZD\ LV XQLYHUVDO� DQG LI QRW� LQ

KRZ PDQ\ GLIIHUHQW ZD\V FDQ *3&5V EH DFWLYDWHG� ,QLWLDOO\� ZKHQ ZH DQDO\]HG WKH *3&5

VWUXFWXUHV E\ UHSUHVHQWLQJ WKHP DV DPLQR DFLGV� ZH GLG QRW ILQG FRQVHUYHG FOLTXHV DFURVV GLIIHUHQW

*3&5V� 7KH RQO\ FRQVHUYDWLRQV ZH JRW ZHUH IURP WKH DOUHDG\ ZHOO NQRZQ PRWLIV �ERWK VHTXHQFH

DQG VWUXFWXUDO PRWLIV�� 7KLV LQGLFDWHV WKDW WKH DPLQR DFLG FOLTXHV DUH GLYHUVH LQ WHUPV RI WKHLU

FRPSRVLWLRQ� :H WKHQ UHSUHVHQWHG WKH *3&5 VWUXFWXUHV DV VXEVWUXFWXUHV RI DPLQR DFLGV� WKH

U�JURXSV� DQG IRXQG FRQVHUYHG FOLTXHV LQ a��� RI WKH *3&5V� 7KLV LQGLFDWHV WKDW VPDOO UHJLRQV RI

DPLQR DFLGV DQG QRW WKH HQWLUH DPLQR DFLG SOD\ D FUXFLDO UROH LQ WKHLU DFWLYDWLRQ� 7KXV� ZH PD\

QHHG WR DQDO\]H WKH VWUXFWXUHV XVLQJ YDULRXV GHILQLWLRQV�UHSUHVHQWDWLRQV RI U�JURXSV WR UREXVWO\

LGHQWLI\ WKH QRQ�FRQVHUYHG UHJLRQV� ,W ZRXOG EH ZRUWKZKLOH WR ORRN DW WKH QRQ FRQVHUYHG UHJLRQV �

*3&5V WR JHW IXUWKHU LQVLJKWV LQWR WKHLU IXQFWLRQDO HYROXWLRQ�

7R LGHQWLI\ WKH DFWLYDWLRQ SDWKZD\� ZH DQDO\]HG WKH FOLTXHV WKDW DUH XQLTXH WR WKH LQDFWLYH VWDWH

DQG WKRVH WKDW DUH QHZO\ IRUPHG LQ WKH DFWLYH VWDWH� $QRWKHU LQWHUHVWLQJ FDWHJRU\ RI FOLTXHV FRXOG

EH WKH RQHV WKDW FKDQJH GXULQJ WKH DFWLYDWLRQ�WUDQVLWLRQ DQG UHOD[ WR WKHLU RULJLQDO FRQIRUPDWLRQ

RQFH WKH DFWLYDWLRQ LV FRPSOHWH� :LWK RXU DOJRULWKP� LQ LWV FXUUHQW VWDWH� LW FRXOG EH FKDOOHQJLQJ WR

WUDFN VXFK FOLTXHV� VLQFH ZH KDYH FRQVLGHUHG WKH V\VWHP WR EH LQ � VWDWHV � LQDFWLYH DQG DFWLYH�

7KXV� LI WKH LQDFWLYH VWDWH DQG DFWLYH VWDWH RI FOLTXH LV LGHQWLFDO� ZH FRQVLGHU WKH FOLTXH WR EH QRW

FKDQJLQJ LWV JHRPHWU\�FRPSRVLWLRQ� HYHQ WKRXJK LW KDV WHPSRUDULO\ XQGHUJRQH FKDQJHV GXULQJ WKH

SURFHVV RI DFWLYDWLRQ� ,W LV SRVVLEOH WR WUDFN�LGHQWLI\ VXFK FOLTXHV LI ZH FRQVLGHU WKH V\VWHP WR EH

LQ � VWDWHV � LQDFWLYH� LQWHUPHGLDWH DQG DFWLYH� 7KH 3'% GRHV KDYH UHSUHVHQWDWLRQ IRU WKH

LQWHUPHGLDWH VWDWH RI VRPH RI WKH UHFHSWRUV DQG WHVW FDVHV XVLQJ VXFK VWUXFWXUHV FRXOG EH

DWWHPSWHG� +RZHYHU� WKH LQWHUPHGLDWH VWDJH DW ZKLFK WKH VWUXFWXUH ZDV FDSWXUHG PLJKW SOD\ DQ

LPSRUWDQW UROH LQ VXFK DQDO\VLV� 7R RYHUFRPH WKLV OLPLWDWLRQ� DQDO\]LQJ 0' VLPXODWLRQ WUDMHFWRULHV

��



FRXOG EH XVHIXO� +RZHYHU� WKH 0' VLPXODWLRQV WKDW ZH KDYH SHUIRUPHG LQ WKLV VWXG\� GR QRW VKRZ

VWDWH WUDQVLWLRQV WR WUDFN VXFK FOLTXHV� ,Q JHQHUDO� REVHUYLQJ VWDWH WUDQVLWLRQV IRU EXON\ V\VWHPV OLNH

*3&5V UHTXLUH UXQQLQJ VLPXODWLRQV DW VFDOH RI PLFURVHFRQGV DQG KHQFH PD\ SRVH D FKDOOHQJH�

:KLOH WKLV VWXG\ ZDV FDUULHG RXW XVLQJ &ODVV $ UHFHSWRUV� WKH VWXG\ FRXOG EH H[WHQGHG IRU RWKHU

FODVVHV RI *3&5V� 2XU VWXG\ ZDV OLPLWHG WR &ODVV $ VWUXFWXUHV DV WKH RWKHU FODVVHV KDG ORZ

UHSUHVHQWDWLRQ LQ WKH 3'%� :LWK WKH UHFHQW GHYHORSPHQWV LQ WKH ILHOG� PRGHOV SUHGLFWHG E\

PHWKRGV OLNH $OSKD)ROG�>��@�� 5RVHWWD)ROG>��@�HWF� FRXOG EH HLWKHU XVHG WR GHULYH RU YDOLGDWH WKH
DFWLYDWLRQ SDWKZD\� 7KLV DOJRULWKP FDQ DOVR EH DSSOLHG WR D YDULHW\ RI RWKHU SUREOHPV WKDW UHTXLUH

ILQGLQJ FRQVHUYHG UHJLRQV LQ SURWHLQV�

��



&KDSWHU �

3DFNSUHG� 3UHGLFWLQJ WKH IXQFWLRQDO HIIHFW RI PLVVHQVH

PXWDWLRQV

Ɣ %LQDU\ FODVVLILFDWLRQ RI PLVVHQVH PXWDWLRQV DV QHXWUDO RU GHOHWHULRXV

Ɣ 7UDLQHG RQ 7� O\VR]\PH VDWXUDWLRQ PXWDJHQHVLV GDWDVHW

Ɣ 7HVWHG RQ &FG% VDWXUDWLRQ PXWDJHQHVLV GDWDVHW DQG WKH 0LVVHQVH�' GDWDVHW

Ɣ 3HUIRUPV EHWWHU WKDQ � RWKHU VWDWH�RI�WKH�DUW PHWKRGV

7KH VWDWLVWLFDO SRWHQWLDO DQG WKH GHVLJQ RI WKLV VWXG\ ZDV SHUIRUPHG E\ .XDQ 3HUQ 7DQ DQG LV D

SDUW RI KLV WKHVLV DOVR�

3XEOLVKHG � 7DQ .3� .DQLWNDU 75� .ZRK &.� 0�6�0DGKXVXGKDQ� 3DFNSUHG� 3UHGLFWLQJ WKH

)XQFWLRQDO (IIHFW RI 0LVVHQVH 0XWDWLRQV� )URQW 0RO %LRVFL� ���� $XJ ������������ GRL�

��������IPROE������������� 30,'� ��������� 30&,'� 30&��������

> HTXDO FRQWULEXWLRQV@

��



��� ,QWURGXFWLRQ

$PLQR DFLG VXEVWLWXWLRQV FRXOG DIIHFW SURWHLQ VWDELOLW\� DOWHU�LPSDLU LWV IXQFWLRQ DQG SRVVLEO\ OHDG

WR GLVHDVH FRQGLWLRQV>��@�� 6HYHUDO VXFK VLQJOH DPLQR DFLG VXEVWLWXWLRQV LQ SURWHLQV� DOVR FDOOHG

PLVVHQVH PXWDWLRQV� DUH LPSOLFDWHG LQ GLVHDVHV VXFK DV F\VWLF ILEURVLV� GLDEHWHV� FDQFHU HWF�>���

��@�� 'DWD IURP FOLQLFDO VWXGLHV DV ZHOO DV IURP ODUJH�VFDOH SURMHFWV VXFK DV WKH +XPDQ *HQRPH

3URMHFW>��@�� +DS0DS 3URMHFW>��@�� ([RPH 6HTXHQFLQJ 3URMHFW DQG WKH ���� *HQRPHV 3URMHFW>��@�
XQHDUWK VXFK VLQJOH DPLQR DFLG PXWDWLRQV� ,W ZRXOG EH LQVWUXPHQWDO WR KDYH D IDVW DQG DXWRPDWHG

FRPSXWDWLRQDO PHWKRG WR DFFXUDWHO\ SUHGLFW WKH IXQFWLRQDO HIIHFW RI WKHVH PXWDWLRQV�

6HYHUDO FRPSXWDWLRQDO PHWKRGV SUHGLFW WKH HIIHFW RI PLVVHQVH PXWDWLRQV� 7KH PHWKRGV XWLOL]H

VHTXHQFH RU VWUXFWXUH LQIRUPDWLRQ RU D FRPELQDWLRQ RI WKH WZR� 7KH VHTXHQFH EDVHG PHWKRGV UHO\

RQ SUHYLRXVO\ NQRZQ SURWHLQ VHTXHQFHV DQG WKHLU FKDUDFWHUL]DWLRQV GHSRVLWHG LQ GDWDEDVHV� )RU

H[DPSOH� LQ WKH 6,)7 PHWKRG>��@�� PXWDWLRQDO HIIHFW SUHGLFWLRQ LV PDGH EDVHG RQ D FXVWRPL]HG

SRVLWLRQ VSHFLILF VXEVWLWXWLRQ PDWUL[ �3660�� FRQVWUXFWHG ZLWK 36,�%/$67>��@� DQG 027,)

ILQGHU>��@� WR LGHQWLI\ FRQVHUYHG ORFDO VHTXHQFH UHJLRQV� $ PDMRULW\ RI VWUXFWXUH�EDVHG PHWKRGV

DUH EDVHG RQ PDFKLQH OHDUQLQJ DOJRULWKPV WKDW H[SORLW GLIIHUHQW IHDWXUHV� )RU LQVWDQFH�

,�PXWDQW���>���@� LV D VXSSRUW YHFWRU PDFKLQH EDVHG PHWKRG WUDLQHG RQ IHDWXUHV VXFK DV S+�

WHPSHUDWXUH DQG PXWDWLRQ W\SH� $872�087( ���>���@�FRQVWUXFWV D VWDWLVWLFDO FRQWDFW SRWHQWLDO
ZLWK 'HODXQD\ WHVVHOODWLRQ DQG WUDLQHG WKHLU PRGHOV ZLWK DGGLWLRQDO DWWULEXWHV VXFK DV RUGHUHG

LGHQWLWLHV RI DPLQR DFLGV� S+ DQG WHPSHUDWXUH� 3R30X6L&����>���@�XVHV D OLQHDU FRPELQDWLRQ RI
�� GLIIHUHQW VWDWLVWLFDO HQHUJ\ IXQFWLRQV LQ DQ DUWLILFLDO QHXUDO QHWZRUN DUFKLWHFWXUH� 0&60>���@�
XWLOL]HV D JUDSK PHWULF WR VXPPDUL]H SK\VLFRFKHPLFDO LQWHUDFWLRQV ZLWKLQ D FXW�RII GLVWDQFH DV

SDWWHUQ VLJQDWXUHV DQG WUDLQHG WKHP ZLWK *DXVVLDQ SURFHVV UHJUHVVLRQ PRGHO� 6'0 >���� ���@��
ZKLFK GRHV QRW UHO\ RQ PDFKLQH OHDUQLQJ� FRQVWUXFWV DQ HQYLURQPHQW�VSHFLILF DPLQR DFLG

VXEVWLWXWLRQ PDWUL[ EDVHG RQ REVHUYHG VXEVWLWXWLRQV LQ HYROXWLRQDU\ WLPH� '8(7>���@� LV D

PHWD�DOJRULWKP WKDW FRQVROLGDWHV WKH PHWKRGV RI P&60 DQG 6'0� 0LVVHQVH�'>���@�LV DQRWKHU
VWUXFWXUH EDVHG PHWKRG WKDW XVHV VHYHQWHHQ VWUXFWXUDO SURSHUWLHV WR SUHGLFW WKH HIIHFW RI WKH

PXWDWLRQ� '\QDPXW���>���@�XVHV QRUPDO PRGH DQDO\VLV DQG JUDSK�EDVHG VLJQDWXUHV� ,Q DGGLWLRQ WR
WKH VHTXHQFH DQG VWUXFWXUH EDVHG PHWKRGV� PHWKRGV WKDW XVH ERWK LQIRUPDWLRQ�K\EULG PHWKRGV�

DOVR H[LVW� 2QH VXFK K\EULG PHWKRG LV 3RO\SKHQ>���@�� ,W XVHV D PRGLILHG 3660� GDWD IURP WKH

3IDP GDWDEDVH DQG VWUXFWXUDO IHDWXUHV VXFK DV DFFHVVLEOH VXUIDFH DUHD DQG DPLQR DFLG YROXPH WR

PDNH D SUHGLFWLRQ� $OO WKHVH PHWKRGV DUH DEOH WR FDSWXUH VRPH DVSHFWV �EXW QRW DOO� RI KRZ WKH

��



PXWDWLRQ DIIHFWV WKH SURWHLQ VWUXFWXUH DQG�RU IXQFWLRQ� DV LQGLFDWHG E\ WKHLU SUHGLFWLYH DFFXUDF\�

2QH FRPPRQ SUREOHP IRU DOO WKHVH PHWKRGV LV WKH SUHGLFWLRQ RI D KLJK QXPEHU RI IDOVH QHJDWLYHV�

ZKLFK DIIHFWV WKHLU RYHUDOO SUHGLFWLYH DFFXUDF\� +HQFH� GHVSLWH WKHVH YDULRXV HIIRUWV DQG

DOJRULWKPV� WKH IXQFWLRQDO IDWH RI SRLQW PXWDWLRQV UHPDLQV D FKDOOHQJLQJ SUREOHP�

$ PLVVHQVH PXWDWLRQ FRXOG OHDG WR IXQFWLRQDO LQVWDELOLW\ E\ HLWKHU GLVUXSWLQJ LWV VWUXFWXUH RU E\

DIIHFWLQJ LWV LQWHUDFWLRQ LQWHUIDFH DQG�RU DFWLYH VLWHV ZLWKRXW QHFHVVDULO\ LPSDFWLQJ LWV VWUXFWXUH� $

PXWDWLRQDO HIIHFW SUHGLFWRU VKRXOG KHQFH WDNH LQWR DFFRXQW ERWK WKH HIIHFW RI PXWDWLRQ RQ RYHUDOO

VWUXFWXUDO VWDELOLW\ DQG RQ LWV IXQFWLRQDO UHOHYDQFH� ,Q WKLV VWXG\� ZH GHVFULEH 3DFNSUHG� D

PHWKRG�DOJRULWKP WKDW DGGUHVVHV ERWK WKHVH DVSHFWV� )RU VWUXFWXUDO IHDWXUHV� 3DFNSUHG XVHV DQ

HQYLURQPHQW�GHSHQGHQW PXOWL�ERG\ VWDWLVWLFDO SRWHQWLDO DQG D GHSWK GHSHQGHQW VXEVWLWXWLRQ PDWUL[�

)$'+0� :H KDG SUHYLRXVO\ HVWDEOLVKHG WKDW )$'+0 VFRUHV DUH XVHIXO LQ SUHGLFWLQJ WKH HIIHFWV

RI SRLQW PXWDWLRQV>���@��+RZHYHU� VLPLODU WR RWKHU PHWKRGV� )$'+0 DOVR VXIIHUV IURP

RYHUSUHGLFWLQJ IDOVH QHJDWLYHV� 7KH PXOWL�ERG\ VWDWLVWLFDO SRWHQWLDO FRQVLGHUV WKH

REVHUYHG�H[SHFWHG UDWLR RI FOLTXHV RI UHVLGXHV� 7KH JUHDWHU WKH YDOXH RI WKH UDWLR� WKH PRUH

HQHUJHWLFDOO\ VWDEOH LV WKH SDFNLQJ RI DPLQR DFLGV LQ WKH UHVLGXH FOLTXH� :H IXUWKHU FDWHJRUL]HG

WKHVH UHVLGXH FOLTXHV EDVHG RQ WKHLU UHVLGXH GHSWKV� 5HVLGXH GHSWK>��� ��@�PHDVXUHV WKH GHJUHH RI
EXULDO DQG KHQFH WKH VROYDWLRQ HIIHFW RQ DPLQR DFLGV� 'HSWK KDV EHHQ VKRZQ WR FRUUHODWH ZHOO ZLWK

VWUXFWXUDO VWDELOLW\ DQG IUHH HQHUJ\ FKDQJH RI FDYLW\�FUHDWLQJ PXWDWLRQV LQ JOREXODU SURWHLQV>���

��@�� 2XU GHSWK EDVHG VWDWLVWLFDO SRWHQWLDO KHQFH DVVHVVHV WKH HIIHFW RI PXWDWLRQ RQ ORFDO SDFNLQJ

VWDELOLW\� 7R FDSWXUH WKH IXQFWLRQDO UHOHYDQFH RI DPLQR DFLGV� ZH XVHG UHVLGXH SRVLWLRQ 6KDQQRQ

HQWURS\ IURP D PXOWLSOH VHTXHQFH DOLJQPHQW RI KRPRORJV RI WKH TXHU\ VHTXHQFH� %\ WKLV� ZH

H[SORLW HYROXWLRQDU\ LQIRUPDWLRQ WR TXDQWLI\ WKH GHJUHH RI REVHUYHG YDULDWLRQ DW WKH SRVLWLRQ RI

PXWDWLRQ� 8VXDOO\� WKH OHVVHU WKH YDULDWLRQ WKH JUHDWHU WKH IXQFWLRQDO LPSRUWDQFH RI WKH UHVLGXH�

���� 0DWHULDOV DQG PHWKRGV

������ 'DWD VHWV

������� 6WDWLVWLFDO SRWHQWLDO GDWD VHW

$ VHW RI ���� SURWHLQ VWUXFWXUHV ZLWK UHVROXWLRQ EHWWHU WKDQ ��� c REWDLQHG IURP WKH 3URWHLQ GDWD

EDQN �3'%�>���@�ZDV XVHG WR FRQVWUXFW WKH FOLTXH VWDWLVWLFDO SRWHQWLDO� 7KH VWUXFWXUHV LQ WKLV VHW

DUH QRQ�UHGXQGDQW DW ��� VHTXHQFH LGHQWLW\� 7R DFFRXQW IRU DWRPLF SRVLWLRQ IOXFWXDWLRQV �SURWHLQ
��



G\QDPLFV� ZKLOH FRQVLGHULQJ DPLQR DFLG FOLTXHV� �� KRPRORJ\ PRGHOV ZHUH EXLOW XVLQJ

0RGHOOHU����>��@�ZLWK WKH QDWLYH SURWHLQ VHUYLQJ DV ERWK WDUJHW DQG WHPSODWH LQ D VHOI�DOLJQPHQW�
7KH µUHILQH YHU\ VORZ¶ RSWLRQ ZDV XVHG WR UHOD[ WKH VWUXFWXUHV ZLWK PD[LPXP DWRPLF IOH[LELOLW\�

7KH µUHILQH YHU\ VORZ¶ RSWLRQ LQGLFDWHV WKH GHJUHH RI UHILQHPHQW RI D SURWHLQ PRGHO WKURXJK 0'

DQQHDOLQJ� 7KH YHU\ VORZ RSWLRQ DOORZV IRU EHWWHU UHILQHPHQW�PRGHOLQJ IOH[LELOLW\ DV FRPSDUHG WR

RWKHU RSWLRQV µYHU\ IDVW� IDVW DQG VORZ¶� 6HOHFWLQJ WKLV RSWLRQ DOORZHG XV WR EHWWHU VDPSOH WKH

DOWHUQDWH ORFDWLRQV RI DWRPV LQ WKH H[LVWLQJ VWUXFWXUH GDWDVHW IRU EXLOGLQJ D UREXVW VWDWLVWLFDO

SRWHQWLDO� 7KHVH KRPRORJ\ PRGHOV DORQJ ZLWK WKH QDWLYH VWUXFWXUH �L�H� �� VWUXFWXUHV IRU HDFK

SURWHLQ� ZHUH WKHQ XVHG WR EXLOG WKH VWDWLVWLFDO SRWHQWLDO�

������� 6DWXUDWLRQ PXWDJHQHVLV GDWD VHWV

6DWXUDWLRQ PXWDJHQHVLV GDWD VHWV RI WZR SURWHLQV� 7��O\VR]\PH>���@� DQG &RQWUROOHU RI FHOO

GLYLVLRQ RU GHDWK % �&FG%�>���@�ZHUH XVHG LQ WKLV VWXG\� 7� /\VR]\PH LV D ��� DPLQR DFLG

UHVLGXH SURWHLQ ZLWK RXU UHIHUHQFH VWUXFWXUH EHLQJ 3'%� �/=0 WKDW ZDV VROYHG DW D UHVROXWLRQ RI

��� c>���@�� (DFK SRVLWLRQ H[FHSW WKH ILUVW ZDV PXWDWHG WR �� RWKHU DPLQR DFLGV �$� &� (� )� *� +�
.� /� 3� 4� 5� 6� DQG 7�� $IWHU H[FOXGLQJ NH\ FDWDO\WLF VLWH UHVLGXHV �'��� (��� 5���� 5���3� WKH

GDWD VHW FRQVLVWV RI ���� PXWDWLRQV� &FG% FRQWDLQV ��� DPLQR DFLGV DQG DFWV DV D F\WRWR[LQ� ,WV

VWUXFWXUH ZDV VROYHG DW ��� c UHVROXWLRQ �3'%� �98%>���@��� (DFK SRVLWLRQ LQ &FG% PXWDWHG WR DOO

RWKHU �� DPLQR DFLGV� $ ILQDO VHW RI ���� PXWDWLRQV ZDV REWDLQHG DIWHU UHPRYDO RI DFWLYH VLWH

UHVLGXHV �,��� ,��� 1��� )��� :��� *���� ,�����

������� 0LVVHQVH�' GDWD VHW

7KH 0LVVHQVH�' GDWD VHW FRQVLVWV RI ���� PXWDWLRQV IURP ��� SURWHLQV H[WUDFWHG IURP

+XPVDYDU>���@�� &OLQ9DU>���@�� DQG ([$&>���� ���@�� +XPVDYDU OLVWV DOO WKH DQQRWDWHG PLVVHQVH
YDULDQWV IURP KXPDQV UHSRUWHG LQ 8QL3URW DQG 6ZLVV3URW.%� &OLQ9DU FDWDORJV YDULDWLRQV LQ

KXPDQV DQG WKHLU DVVRFLDWHG SKHQRW\SH� ([$& LV DQ H[RPH DJJUHJDWLRQ FRQVRUWLXP WKDW GHVFULEHV

WKH DJJUHJDWLRQ DQG DQDO\VLV RI KXPDQ H[RPH� 7KH DQDO\VLV LQFOXGHV TXDQWLILFDWLRQ RI WKH

SDWKRJHQLFLW\ RI YDULDQWV� 7KH GDWD VHW RI ���� PXWDWLRQV FRQVLVWV RI ���� GLVHDVH�DVVRFLDWHG

YDULDQWV DQG ���� QHXWUDO YDULDQWV �QRW DVVRFLDWHG ZLWK DQ\ NQRZQ GLVHDVH� \HW�� 3DFNSUHG

SDUDPHWHUV ZHUH WUDLQHG RQ WKH 7��O\VR]\PH GDWD VHW DQG WHVWHG RQ WKH &FG% DQG 0LVVHQVH�'

GDWD VHWV�

��



����� 6WUXFWXUDO DQG 6HTXHQWLDO IHDWXUHV

������� 5HVLGXH GHSWK

'HSWK LV GHILQHG DV WKH GLVWDQFH RI D SURWHLQ DWRP WR WKH QHDUHVW EXON ZDWHU PROHFXOH>��@�� 7KH
TXDQWLW\ PHDVXUHV WKH GHJUHH RI EXULDO RI WKH DWRP� 'HSWK KDV EHHQ VKRZQ FDSDEOH RI FRQFLVHO\

GHVFULELQJ WKH SURWHLQ HQYLURQPHQW� DV VXEVWDQWLDWHG E\ LWV XWLOLWLHV LQ SURWHLQ GHVLJQ DQG IXQFWLRQ

SUHGLFWLRQV>��� ���� ���@�� $WRP GHSWK YDOXHV ZHUH FRPSXWHG XVLQJ GHIDXOW SDUDPHWHUV� 7KH GHSWK

RI D UHVLGXH FOLTXH LV GHILQHG DV WKH DYHUDJH GHSWKV RI LWV FRQVWLWXHQW DWRPV�

������� &OLTXHV RI DPLQR DFLG UHVLGXHV

$ FOLTXH LV GHILQHG DV D VXE�JUDSK LQ ZKLFK DOO SRVVLEOH SDLUV RI YHUWLFHV DUH OLQNHG� :H GHILQH D

�1� GFXW� ³UHVLGXH FOLTXH´ WR EH D FOLTXH RI 1 DPLQR DFLGV ZLWKLQ D OLQNDJH GLVWDQFH RI GFXW� :H

FRQVLGHU WZR DPLQR DFLGV DV OLQNHG ZKHQ DW OHDVW IRXU� RU PRUH WKDQ KDOI RI VLGH FKDLQ

QRQ�K\GURJHQ DWRPV �ZKLFKHYHU VPDOOHU� DUH ZLWKLQ GFXW IURP DWRPV RI DQRWKHU DPLQR DFLG

�)LJXUH ��� )RU *O\FLQH� WKH ܤ& DWRP LV XVHG LQ OLHX RI WKH VLGH FKDLQ� 5HVLGXH FOLTXHV GHILQHG ZLWK

GLIIHUHQW FRPELQDWLRQV RI 1 DQG GFXW �1 UDQJHV IURP � WR �� GFXW UDQJHV IURP ��� c WR ���� c LQ

VWHS RI ��� c� KDYH EHHQ FRPSXWHG DQG LQYHVWLJDWHG LQ WKLV VWXG\�

)LJXUH �� 5HVLGXH FOLTXH RI DPLQR DFLGV� �$�� $ ��UHVLGXH FOLTXH �3��� :��� +��� 4��� /���� RI

FXW�RII ���c VKRZQ LQ EDOO DQG VWLFN UHSUHVHQWDWLRQ DQG HQYHORSHG ZLWK D PHVKHG PROHFXODU

VXUIDFH IURP KXPDQ UHFRPELQDQW 07&3�� SURWHLQ �3'%� �$�;��

��



������� 6WDWLVWLFDO SRWHQWLDO DQG UHVLGXH FOLTXH VFRUH

$ UHVLGXH FOLTXH VWDWLVWLFDO SRWHQWLDO LV FRQVWUXFWHG E\ DGRSWLQJ WKH IRUPXODWLRQ RI 6LSSO¶V

SRWHQWLDO RI PHDQ IRUFH>���@��

ԳՋ ࡠࡦ ՓՂՔՏ
Ծ
Պ՛
Ջ ƜԾ

Սՠ
Ջഈ ഉ

Ծ
Սՠ
Ջ ƜԾ

Սՠ
Ջഈ ഉഈ ഉ

���

:KHUH (F LV WKH SVHXGR SRWHQWLDO HQHUJ\ DQG F LV D UHVLGXH FOLTXH RI W\SH ^U�� U�� «`� ZKHUH WKH

UL¶V DUH WKH DPLQR DFLG W\SHV� 3FREV LV WKH REVHUYHG QXPEHU RI UHVLGXH FOLTXH F� 3FH[S LV LWV H[SHFWHG

QXPEHU LQ D K\SRWKHWLFDO UHIHUHQFH VWDWH ZLWKRXW HQHUJHWLF LQWHUDFWLRQV� Į LV WKH UDWLR RI

SVHXGR�FRXQW LQWURGXFHG WR DFFRXQW IRU VSDUVH VWDWLVWLFV� DQG LV WDNHQ DV ���� LQ RXU VWXG\� �N7 LV D

FRQVWDQW DQG LV DVVXPHG DV � LQ WKLV VWXG\�

)RU HDFK �1� GFXW� FOLTXH� WKH VWDWLVWLFDO SRWHQWLDO LV EXLOW DW � GLIIHUHQW OHYHOV RI GHSWK ����� c ±

���� c� ���� c ± ���� c� ���� c ± ���� c� ���� c ± ���� c� ���� c � ��� 7R FDOFXODWH WKH VFRUH RI

D UHVLGXH FOLTXH �6�� WKH PHDQ ȝ DQG VWDQGDUG GHYLDWLRQ ı RI LWV GHSWK LV ILUVW FRPSXWHG� $

*DXVVLDQ SUREDELOLW\ GHQVLW\ IXQFWLRQ 1�[ _ ȝ� ı� LV WKHQ DFFRUGLQJO\ EXLOW� 7KH FOLTXH VFRUH LV

FRPSXWHG DV WKH ZHLJKWHG VXP RI WKH LQWHJUDQG DW HYHU\ GHSWK OHYHO DV�

Ձ
ƧŜƭ
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:KHUH G LV RQH GHSWK OHYHO� GL DQG GI LV WKH ORZHU DQG XSSHU ERXQG RI WKH OHYHO�

0RVW UHVLGXH FOLTXHV LQ D SURWHLQ DUH RYHUODSSLQJ ZLWK RQH DQRWKHU� DQG DQ DPLQR DFLG UHVLGXH FDQ

SDUWLFLSDWH LQ PXOWLSOH FOLTXHV� 7KH VFRUH RI D UHVLGXH LV WDNHQ DV WKH DYHUDJH RI DOO VXFK FOLTXHV�

7KH VFRUH RI D SURWHLQ LV IXUWKHU WDNHQ DV WKH DYHUDJH RI DOO LWV UHVLGXH VFRUHV�

������� 6KDQQRQ (QWURS\

6KDQQRQ HQWURS\ �+� LV D PHDVXUH RI YDULDWLRQ REVHUYHG DW D JLYHQ SRVLWLRQ� ,W LV FDOFXODWHG IURP D

PXOWLSOH VHTXHQFH DOLJQPHQW REWDLQHG E\ D 36,�%/$67 VHDUFK DJDLQVW WKH XQLUHI�� GDWDEDVH>��@��
+ IRU D JLYHQ SRVLWLRQ LV WKHQ FDOFXODWHG DV�

��



���

:KHUH 3L LV WKH IUDFWLRQ RI DPLQR DFLG �L� REVHUYHG DW D JLYHQ SRVLWLRQ�

������� )$'+0 VFRUHV

)$'+0 VFRUHV DUH GHSWK GHSHQGHQW SDLUZLVH DPLQR DFLG VXEVWLWXWLRQ OLNHOLKRRG VFRUHV H[WUDFWHG

IURP WKH )$'+0 PDWULFHV� 7KH )$'+0 PDWULFHV TXDQWLI\ WKH VXEVWLWXWLRQ IUHTXHQFLHV DW �

GHSWK UHJLRQV REWDLQHG E\ SHUIRUPLQJ SURWHLQ�SURWHLQ VWUXFWXUDO DOLJQPHQWV� 7KH WKUHH GHSWK

UHJLRQV DUH GHILQHG DFFRUGLQJ WR WKHLU UHVLGXH GHSWK YDOXHV� 7KH UHJLRQV DUH FDOOHG H[SRVHG�

LQWHUPHGLDWH DQG EXULHG� 7KH H[SRVHG UHJLRQ KDV UHVLGXHV WKDW KDYH UHVLGXH GHSWK RI OHVV WKDQ ��

WKH LQWHUPHGLDWH UHJLRQ LV FKDUDFWHUL]HG E\ GHSWK YDOXH EHWZHHQ � WR � ZKLOH WKH EXULHG UHJLRQ KDV

GHSWK YDOXHV KLJKHU WKDQ �� 7KH LGHD RI FUHDWLQJ VXFK PDWULFHV LV WKDW WKH UHODWLYH DEXQGDQFH RI

DPLQR DFLGV LV GLIIHUHQW DW GLIIHUHQW GHSWKV� 7KLV DOVR LPSOLHV WKDW WKH VXEVWLWXWLRQ UDWHV ZRXOG DOVR

EH GLIIHUHQW DW GLIIHUHQW GHSWKV� 7KH )$'+0 PDWULFHV ZHUH EHQFKPDUNHG XVLQJ WKH VDWXUDWLRQ

PXWDJHQHVLV GDWDVHWV RI 7� O\VR]\PH DQG &FG%� $ GHWDLOHG DFFRXQW RI WKH )$'+0 VFRUH FDQ EH

IRXQG HOVHZKHUH>���@��

������� 7KH 3DFNSUHG VFRUH IRU PXWDWLRQV

7KH 3DFNSUHG VFRUH LV JLYHQ DV�

36  ����6� � �����+� � ����)$'+0� ���

:KHUH 36 LV 3DFNSUHG VFRUH� 6 �VHFWLRQ �������� LV WKH UHVLGXH FOLTXH VFRUH REWDLQHG IURP WKH

VWDWLVWLFDO SRWHQWLDO� + LV 6KDQQRQ HQWURS\ �VHFWLRQ �������� DQG )$'+0 �VHFWLRQ �������� LV WKH

GHSWK EDVHG DPLQR DFLG VXEVWLWXWLRQ OLNHOLKRRG VFRUH� 7KH ZHLJKWV ZHUH REWDLQHG E\ WUDLQLQJ RQ

WKH 7� VDWXUDWLRQ PXWDJHQHVLV GDWD VHW� 7KH FRHIILFLHQWV IRU 6� + DQG )$'+0 �ZHLJKWV� ZHUH

V\VWHPDWLFDOO\ VDPSOHG LQ WKH UDQJH � WR � ZLWK D VWHS VL]H RI ����� 7KH FXW RII VFRUH WKUHVKROG WKDW

EHVW GLVFULPLQDWHV QHXWUDO PXWDWLRQV IURP GHVWDELOL]LQJ RQHV ZDV ��� LQ WKH WUDLQLQJ GDWD� 0XWDWLRQ

ZLWK D VFRUH JUHDWHU WKDQ ��� LV QHXWUDO DQG LV GHVWDELOL]LQJ RWKHUZLVH� 7R VFRUH D PXWDQW� ZH

PRGLI\ WKH FOLTXH FRPSRVLWLRQ ZLWKRXW H[SOLFLWO\ PRGHOLQJ WKH PXWDQW SURWHLQ VWUXFWXUH� ZLWK WKH

PXWDQW DPLQR DFLG LQKHULWLQJ DOO WKH SURSHUWLHV RI WKH ZLOG W\SH UHVLGXH�

��



3DFNSUHG LV LPSOHPHQWHG DV D ZHE VHUYHU DW KWWS���FRVSL�LLVHUSXQH�DF�LQ�SDFNSUHG�� $ VWDQGDORQH

YHUVLRQ LV DOVR DYDLODEOH IRU GRZQORDG�

��� 5HVXOWV

����� 7UDLQLQJ DQG WHVWLQJ 3DFNSUHG VFRUH

3DFNSUHG XVHV D OLQHDU FRPELQDWLRQ RI VHTXHQFH SRVLWLRQ 6KDQQRQ HQWURS\� D UHVLGXH FOLTXH

VWDWLVWLFDO SRWHQWLDO DQG D GHSWK GHSHQGHQW VXEVWLWXWLRQ PDWUL[ �)$'+0� WR SUHGLFW WKH IXQFWLRQDO

HIIHFW RI PLVVHQVH PXWDWLRQV� 7KH 6KDQQRQ HQWURS\ SDUW RI WKH VFRUH HVWLPDWHV WKH VWUXFWXUDO DQG

IXQFWLRQDO LPSRUWDQFH RI UHVLGXHV EDVHG RQ HYROXWLRQDU\ LQIRUPDWLRQ� 7KH FOLTXH VWDWLVWLFDO

SRWHQWLDO DQG WKH VXEVWLWXWLRQ PDWUL[ JDXJH WKH HIIHFW RI WKH PXWDWLRQ RQ WKH ORFDO

HQYLURQPHQW�VWUXFWXUH� 7KH VWDWLVWLFDO SRWHQWLDO FRPSXWHV WKH REVHUYHG DQG H[SHFWHG SUREDELOLWLHV

WR FDOFXODWH D VFRUH IRU D FOLTXH� 7KH )$'+0 VFRUHV DUH WDNHQ IURP VXEVWLWXWLRQ PDWULFHV WKDW DUH

GHULYHG IURP VWUXFWXUDO DOLJQPHQWV RI SURWHLQV� 7KH VXEVWLWXWLRQ OLNHOLKRRG VFRUHV DUH FDOFXODWHG

E\ FDWHJRUL]LQJ D SURWHLQ LQWR WKUHH UHJLRQV EDVHG RQ UHVLGXH GHSWKV �H[SRVHG LQWHUPHGLDWH DQG

EXULHG�� 7KH VXEVWLWXWLRQ VFRUHV LQGLFDWH WKH OLNHOLKRRG RI D UHVLGXH JHWWLQJ UHSODFHG E\ DQRWKHU DW

D JLYHQ GHSWK�

:H SHUIRUPHG D JULG VHDUFK LQ WKH UDQJH RI � WR � ZLWK D VWHS VL]H RI ���� IRU 6� + DQG )$'+0 WR

RSWLPL]H WKH FRHIILFLHQWV �ZHLJKWV� RI HDFK FRPSRQHQW RI WKH OLQHDU FRPELQDWLRQ 3DFNSUHG VFRUH�

7KH RSWLPL]DWLRQ ZDV WR PD[LPL]H WKH 0DWWKHZV FRUUHODWLRQ FRHIILFLHQW �0&&� �VHH VHFWLRQ ����

7� O\VR]\PH VDWXUDWLRQ PXWDJHQHVLV GDWD WUDLQLQJ VHW� 7KH ZHLJKWV WKDW JDYH WKH KLJKHVW 0&& RQ

WKH WUDLQLQJ VHW ZHUH ���� ����� DQG ��� IRU WKH FOLTXH VWDWLVWLFDO SRWHQWLDO� 6KDQQRQ HQWURS\ DQG

)$'+0 UHVSHFWLYHO\� :H DOVR REWDLQHG D FXW�RII WKUHVKROG WKDW GLVWLQJXLVKHV WKH GHVWDELOL]LQJ

IURP WKH QHXWUDO RQHV IURP WKLV WUDLQLQJ H[HUFLVH� 7KH FXW RII ZDV VDPSOHG LQ WKH UDQJH � WR � ZLWK

D VWHS VL]H RI ���� 0XWDWLRQV ZLWK VFRUHV JUHDWHU WKDQ ��� DUH FODVVLILHG DV QHXWUDO DQG VFRUHV EHORZ

��� DUH FODVVLILHG DV GHVWDELOL]LQJ� 7KH 7��O\VR]\PH WUDLQLQJ VHW FRQVLVWV RI ���� �a���� QHXWUDO

DQG ��� ����� GHVWDELOL]LQJ PXWDWLRQV RI ZKLFK 3DFNSUHG FRUUHFWO\ LGHQWLILHV �����a����

QHXWUDO PXWDWLRQV DQG ����a���� GHVWDELOL]LQJ PXWDWLRQV � ,Q WKH 7� WUDLQLQJ H[HUFLVH� ZH

REVHUYH VLPLODU 0&& YDOXHV IRU GLIIHUHQW FRPELQDWLRQV RI ZHLJKWV RI WKH JULG VHDUFK� $OWKRXJK

WKH 0&&V DUH VLPLODU� WKH XQGHUO\LQJ SUHGLFWLRQV DQG WKH OLQHDU FRPELQDWLRQ VFRUHV DUH GLIIHUHQW�

7KH ZHLJKWV DQG WKUHVKROG REWDLQHG IURP WKH WUDLQLQJ VHW ZHUH DSSOLHG WR WZR WHVWLQJ VHWV� &FG%

��
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VDWXUDWLRQ PXWDJHQHVLV GDWD DQG 0LVVHQVH�' GDWD VHW� &FG% GDWD VHW KDV ���� �a���� QHXWUDO

PXWDWLRQV DQG ��� �a���� GHVWDELOL]LQJ ZKLOH WKH 0LVVHQVH�' GDWD VHW KDV �����a���� QHXWUDO

DQG �����a���� GLVHDVH PXWDWLRQV UHVSHFWLYHO\� :H XVHG WKH 3'% VWUXFWXUHV� �/=0 DQG �98%

WR REWDLQ 3DFNSUHG VFRUHV RI 7��O\VR]\PH DQG &FG% UHVSHFWLYHO\� 7KH ELRORJLFDO XQLW RI &FG% LV

D GLPHU DQG ZH GLG DOO WKH FDOFXODWLRQV XVLQJ WKLV GLPHULF VWDWH VWUXFWXUH IRU &FG%� 3DFNSUHG

FRUUHFWO\ SUHGLFWV ���������a���� QHXWUDO DQG ��������a���� GHVWDELOL]LQJ PXWDWLRQV IURP

&FG% WHVWLQJ VHW DQG ��������� �a���� QHXWUDO� ��������� �a���� GLVHDVH FDXVLQJ PXWDWLRQV

IURP WKH PLVVHQVH�' GDWD VHW�

:H FRPSDUHG 3DFNSUHG¶V ELQDU\ FODVVLILFDWLRQ ZLWK VHYHUDO SRSXODU PHWKRGV VXFK DV

L�PXWDQW�>���@�� P&60>���@�� 6'0>���@�� G\QDPXW�>���@�� )$'+0>���@�� DQG 0LVVHQVH�'>���@�
�7DEOH ��� $OO WKH SUHGLFWLRQV ZHUH PDGH XVLQJ GHIDXOW SDUDPHWHUV� 3DFNSUHG ZDV WKH EHVW

SHUIRUPLQJ PHWKRG RQ WKH 7��O\VR]\PH WUDLQLQJ VHW DQG WKH 0LVVHQVH�' WHVWLQJ VHW ZLWK 0&&

YDOXHV RI ���� DQG ���� UHVSHFWLYHO\� 7KH QH[W EHVW PHWKRG LV 0LVVHQVH�' ZLWK 0&& YDOXHV RI

���� DQG ���� IRU WKH 7� DQG 0LVVHQVH�' GDWD VHWV UHVSHFWLYHO\� 7KH 0&& RI 3DFNSUHG RQ WKH

&FG% GDWD VHW LV ���� DQG LV PDUJLQDOO\ RXWSHUIRUPHG E\ WKH EHVW SHUIRUPLQJ PHWKRG� )$'+0�

ZKLFK KDV DQ 0&& RI ���� �7DEOH ���

7DEOH �� 3HUIRUPDQFH RI VRPH PHWKRGV RQ 7�� &FG% VDWXUDWLRQ PXWDJHQHVLV DQG PLVVHQVH�' GDWD

VHWV� � 9DOXHV WDNHQ IURP )$'+0 SDSHU�

0HWKRG 0&& IRU 7� O\VR]\PH
VDWXUDWLRQ PXWDJHQHVLV
GDWD VHW

0&& IRU &FG% VDWXUDWLRQ
PXWDJHQHVLV GDWD VHW

0&& IRU 0LVVHQVH
�' GDWD VHW

L�PXWDQW ��� ���� ���� ����
P&60 ���� ���� ����
6'0� ���� ���� ����
'\QDPXW� ���� ���� ����
0LVVHQVH�' ���� ���� ����
)$'+0 ���� ���� ����
3DFNSUHG ���� ���� ����

7KH FOLTXH SRWHQWLDO DQG )$'+0 ZHUH HDUOLHU WUDLQHG RQ ���� DQG ���� 3'% HQWULHV

UHVSHFWLYHO\� �� RI WKHVH 3'%V DUH FRPPRQ WR WKH ��� 3'% HQWULHV WKDW FRPSULVH WKH 0LVVHQVH�'

WHVWLQJ VHW� 7KHVH �� RYHUODSSLQJ HQWULHV LQFOXGH QRW MXVW WKRVH WKDW DUH LGHQWLFDO EXW DOVR WKRVH WKDW

DUH KRPRORJV �ZLWK VHTXHQFH LGHQWLWLHV RI ��� RU JUHDWHU�� 7KH RYHUODSSLQJ 3'%V DFFRXQW IRU

��� RI ���� PXWDWLRQV LQ WKH 0LVVHQVH�' GDWDVHW� 2PLWWLQJ WKHVH ��� PXWDWLRQV DQG XVLQJ WKH
��



RWKHU ���� PXWDWLRQV UHVXOWHG LQ DQ 0&& RI a����� FRPSDUDEOH WR WKH YDOXH RI ���� REWDLQHG RYHU

WKH HQWLUH 0LVVHQVH�' GDWD VHW RI ���� PXWDWLRQV�

����� $QDO\VLV RI WKH SUHGLFWLRQV RQ WKH 0LVVHQVH�' GDWD VHW

7KH PLVVHQVH�' GDWD VHW KDV D EDODQFHG UHSUHVHQWDWLRQ RI a��� GLVHDVH�DVVRFLDWHG PXWDWLRQV DQG

a��� QHXWUDO PXWDWLRQV� 7KH GDWD VHW KRZHYHU LV VNHZHG LQ WHUPV RI DPLQR�DFLG DEXQGDQFH ZKHQ

FRPSDUHG WR QDWXUDO DEXQGDQFH � )RU LQVWDQFH� $UJLQLQH KDV WKH KLJKHVW UHSUHVHQWDWLRQ DQG

DFFRXQWV IRU a��� ���������� RI WKH PLVVHQVH�' GDWD VHW ZKLOH LWV QDWXUDO DEXQGDQFH LV a���

7KH QH[W PRVW DEXQGDQW DPLQR�DFLG LQ WKH 0LVVHQVH�' GDWD VHW LV JO\FLQH WKDW DFFRXQWV IRU a�� �

��������� RI WKH GDWD �QDWXUDO DEXQGDQFH LV a���� 7KH PRVW IUHTXHQW PXWDQW LV DOVR $UJLQLQH

���������� IROORZHG E\ VHULQH ����������� 7KHUH DUH ���� PXWDWLRQV LQ WKH H[SRVHG HQYLURQPHQW

�GHSWK OHVV WKDQ � c�� ���� LQ WKH LQWHUPHGLDWH HQYLURQPHQW �GHSWK EHWZHHQ � DQG � c� DQG ��� LQ

WKH EXULHG HQYLURQPHQW �GHSWK JUHDWHU WKDQ � c��

:H DVVHVVHG WKH SHUIRUPDQFH RI YDULRXV PHWKRGV RQ WKH 0LVVHQVH�' GDWD VHW XVLQJ PHWULFV

LQFOXGLQJ VHQVLWLYLW\� VSHFLILFLW\� SUHFLVLRQ� DFFXUDF\ DQG I� �7DEOH ��� 3DFNSUHG RXWSHUIRUPV DOO

RWKHU PHWKRGV LQ 0&&� SUHFLVLRQ DQG DFFXUDF\� 0LVVHQVH�' KDV WKH KLJKHVW VHQVLWLYLW\ DQG I��

3DFNSUHG KDV OHVV VHQVLWLYLW\ WKDQ )$'+0 DQG 0LVVHQVH�' LQGLFDWLQJ D VFRSH RI LPSURYHPHQW�

3DFNSUHG KDV D VSHFLILFLW\ RI ����� LQGLFDWLQJ D KLJKHU QXPEHU RI IDOVH SRVLWLYH SUHGLFWLRQV�

P&60 DQG L�PXWDQW RXWSHUIRUP DOO RWKHU PHWKRGV LQ VSHFLILFLW\� +RZHYHU� P&60� L�PXWDQW�

6'0 DQG G\QDPXWH SUHGLFW D ODUJH QXPEHU RI IDOVH QHJDWLYHV �7DEOH �� WKDW DIIHFWV WKHLU 0&&�

+HQFH� ZH FRPSDUH 3DFNSUHG ZLWK )$'+0 DQG 0LVVHQVH�' LQ WKH QH[W VHFWLRQV XQOHVV

RWKHUZLVH VWDWHG� 3DFNSUHG KDV OHVV QXPEHU RI IDOVH SRVLWLYHV DPRQJ )$'+0� 0LVVHQVH�' DQG

KDV WKH KLJKHVW QXPEHU RI IDOVH QHJDWLYHV� 7KH KLJK IDOVH SRVLWLYH UDWH FRQWULEXWHV WR LWV ORZHU

VSHFLILFLW\�

��



7DEOH �� 7KH SUHGLFWLRQ SHUIRUPDQFH RI VHYHQ PHWKRGV RQ WKH 0LVVHQVH�' GDWD VHW� 7KH EHVW

VFRUH LQ HDFK DVVHVVPHQW PHWULF LV VKRZQ LQ EROG IRQW�

0HWULF 3DFNSUHG )$'+0 0LVVHQVH�

'

'\QDPXW��� P&60 L�PXWDQW 6'0

0&& ���� ���� ���� ���� ���� ���� ����

6HQVLWLYLW\

�&ODVV ��

���� ���� ���� ���� ���� ���� ����

6SHFLıFLW\

�&ODVV ��

���� ���� ���� ���� ���� ���� ����

3UHFLVLRQ

�&ODVV ��

���� ���� ���� ���� ���� ���� ����

)��&ODVV �� ���� ���� ���� ���� ���� ���� ����

6HQVLWLYLW\

�&ODVV ��

���� ���� ���� ���� ���� ���� ����

6SHFLıFLW\

�&ODVV ��

���� ���� ���� ���� ���� ���� ����

3UHFLVLRQ

�&ODVV ��

���� ���� ���� ���� ���� ���� ����

)� �&ODVV �� ���� ���� ���� ���� ���� ���� ����

$FFXUDF\ ���� ���� ���� ���� ���� ���� ����

:H DQDO\]HG WKH UHVXOWV VWUXFWXUH�ZLVH� 3DFNSUHG FRUUHFWO\ SUHGLFWHG DOO PXWDWLRQV IURP ��� �RXW

RI ���� VWUXFWXUHV DQG DW OHDVW ��� PXWDWLRQV FRUUHFWO\ IURP ��� VWUXFWXUHV� ,W FRXOG QRW FRUUHFWO\

SUHGLFW DQ\ PXWDWLRQ IURP �� VWUXFWXUHV� ,Q WKHVH �� 3'%V� WKH PD[LPXP PXWDWLRQV LQ DQ\ RQH

SURWHLQ ZHUH � ZKLOH WKH DYHUDJH QXPEHU RI PXWDWLRQV SHU 3'% LV a�� 7KHVH �� VWUXFWXUHV GLG QRW

IROORZ DQ\ SDUWLFXODU GLVFHUQLEOH SDWWHUQ RU WUDLW�

3DFNSUHG KDV OLPLWDWLRQV LQ VHYHUDO DUHDV� 2QH RI ZKLFK LV LWV KLJK QXPEHU RI IDOVH SRVLWLYH

SUHGLFWLRQV ZKLFK DOVR DIIHFWV LWV VSHFLILFLW\� 2WKHU PHWKRGV KDYH D KLJKHU VSHFLILFLW\ EXW

XQGHUSHUIRUP LQ WKHLU VHQVLWLYLW\ E\ RYHUSUHGLFWLQJ 7UXH 1HJDWLYHV� 3DFNSUHG KDV IHZHU WUXH

SRVLWLYHV DV FRPSDUHG WR )$'+0 DQG 0LVVHQVH�'� LQGLFDWLQJ DQRWKHU SRWHQWLDO DUHD IRU

LPSURYHPHQW� :LWK PRUH WUXH SRVLWLYHV� LW LV OLNHO\ WKDW 3DFNSUHG¶V I� YDOXH ZRXOG DOVR LPSURYH�

ZKLFK LV FXUUHQWO\ EHVWHG E\ 0LVVHQVH�'� 3DFNSUHG VFRUHG KLJKHU WKDQ ���� LQ DOO RWKHU PHWULFV
��



�DFFXUDF\� SUHFLVLRQ� VHQVLWLYLW\ DQG I�� LQGLFDWLQJ LWV RYHUDOO EDODQFHG SHUIRUPDQFH� :H DOVR

FDOFXODWHG 0&& IRU HDFK QDWLYH DPLQR�DFLG W\SH IURP WKH 0LVVHQVH�' GDWDVHW� :H IRXQG WKDW RI

DOO WKH �� W\SHV RI DPLQR�DFLGV� 3DFNSUHG KDV WKH KLJKHVW 0&& RI ���� IRU ,� / DQG 9 DPLQR�DFLGV

DQG ORZHVW 0&& IRU & ZLWK 0&& RI ����� 6LPLODU WR 3DFNSUHG� )$'+0 DOVR KDV WKH ORZHVW

0&& RI ���� IRU & DPRQJVW DOO WKH DPLQR�DFLG W\SHV� )$'+0 KDV D EHVW 0&& RI ���� IRU ,�

ZKLFK DOVR KDSSHQV WR EH WKH VLQJOH EHVW 0&& IRU DQ DPLQR DFLG DPRQJ RWKHU PHWKRGV�

0LVVHQVH�'� LQ FRQWUDVW WR 3DFNSUHG DQG )$'+0� KDV WKH EHVW SUHGLFWLRQ IRU & ZLWK 0&& RI

���� DQG KDV ORZHVW 0&& RI ���� IRU : DPRQJ RWKHU DPLQR�DFLG W\SHV� 7KHVH UHVXOWV VKRZ XV

DPLQR DFLG ZLVH SUHGLFWLRQ SHUIRUPDQFH DQG WKXV JLYLQJ VFRSH IRU LPSURYHPHQW

7DEOH �� &RQIXVLRQ PDWUL[ YDOXHV IRU WKH GLIIHUHQW SUHGLFWLRQ PHWKRGV� 7KH YDOXHV LQ EROG IRQW

VKRZ WKH EHVW LQ HDFK FDWHJRU\� 73� )3� 71 DQG )1 VWDQG IRU 7UXH 3RVLWLYH� )DOVH 3RVLWLYH� 7UXH

1HJDWLYH DQG )DOVH 1HJDWLYH UHVSHFWLYHO\�

0HWULF 3DFNSUHG )$'+0 0LVVHQVH �' '\QDPXW��� P&60 L�PXWDQW 6'0

73 ���� ���� ���� ��� ��� ��� ���

)3 ��� ���� ���� ��� ��� ��� ���

71 ���� ��� ��� ���� ���� ���� ����

)1 ��� ��� ��� ���� ���� ���� ����

:H VWUDWLILHG WKH PLVVHQVH�' GDWD WR SDUWLFXODU GHSWK ]RQHV �UHVLGXHV ZLWK GHSWK YDOXHV OHVV WKDQ

� DUH H[SRVHG� EHWZHHQ � WR � DUH LQWHUPHGLDWH DQG JUHDWHU WKDQ � DUH EXULHG� WR DVVHVV WKH

SHUIRUPDQFH RI WKHVH PHWKRGV DW SDUWLFXODU GHSWKV� 3DFNSUHG KDV �������� �a���� FRUUHFW

SUHGLFWLRQV IURP WKH H[SRVHG HQYLURQPHQW� �������� �a���� IURP WKH LQWHUPHGLDWH DQG �������

�a���� IURP WKH EXULHG HQYLURQPHQW� 3DFNSUHG LV WKH OHDVW DFFXUDWH LQ SUHGLFWLQJ WKH HIIHFW RI

PXWDWLRQV LQ WKH LQWHUPHGLDWH HQYLURQPHQW� ,QWHUHVWLQJO\� 0LVVHQVH�' LV DOVR WKH OHDVW DFFXUDWH LQ

WKLV LQWHUPHGLDWH ]RQH �)LJXUH ���

��



)LJXUH �� +LVWRJUDPV RI WKH SUHGLFWLRQ DFFXUDF\ RI 3DFNSUHG� )$'+0 DQG 0LVVHQVH�' DW

GLIIHUHQW GHSWK OHYHOV �H[SRVHG WR WKH VROYHQW� LQWHUPHGLDWH DQG EXULHG��

����� 0HWD SUHGLFWLRQV

2I WKH ���� PXWDQWV� DW OHDVW RQH RI WKH VHYHQ PHWKRGV ZH WHVWHG PDGH DQ DFFXUDWH SUHGLFWLRQ LQ

���� FDVHV� 7KLV PRWLYDWHG XV WR PDNH WZR GLIIHUHQW PHWD SUHGLFWLRQV E\ FRPELQLQJ WKH GLIIHUHQW

PHWKRGV�

7KH ILUVW PHWD SUHGLFWLRQ PDNHV XVH RI WKH PHWKRG WKDW SHUIRUPV WKH EHVW IRU SDUWLFXODU DPLQR

DFLGV� :H VWXGLHG WKH ZLOG W\SH�QDWLYH� DPLQR DFLG�ZLVH WUHQGV RI DOO VHYHQ PHWKRGV� )RU LQVWDQFH�

QDWLYH DPLQR�DFLGV 1� .� 4� 5 DQG 7 DUH EHVW SUHGLFWHG E\ 0LVVHQVH�' DQG )$'+0 RXWSHUIRUPV

RWKHU PHWKRGV LQ WKH SUHGLFWLRQ RI , DQG 0 DPLQR DFLGV DQG 3DFNSUHG LV EHVW DW SUHGLFWLQJ $� '�

(� *� /� 3� 9� DQG <� $OO VHYHQ PHWKRGV IHDWXUH DV WKH EHVW PHWKRG IRU DW OHDVW RQH DPLQR DFLG�

,QWHUHVWLQJO\� ZH IRXQG WKDW 3DFNSUHG KDV WKH KLJKHVW DYHUDJH SHUFHQWDJH ����� RI FRUUHFW

SUHGLFWLRQV RI WKH �� QDWLYH DPLQR DFLGV ZLWK WKH ORZHVW VWDQGDUG GHYLDWLRQ ����� ,Q FRQWUDVW�

)$'+0 DQG 0LVVHQVH�' KDYH DYHUDJHV RI ��� DQG ��� ZLWK VWDQGDUG GHYLDWLRQV RI � DQG ��

UHVSHFWLYHO\� 7KH RWKHU PHWKRGV DOO KDYH DYHUDJHV OHVV WKDQ ��� ZLWK VWDQGDUG GHYLDWLRQV

EHWZHHQ ������ 3DFNSUHG VKRZV FRQVLVWHQF\ LQ SUHGLFWLRQ DFURVV QDWLYH DPLQR DFLG W\SHV� :H

WKHQ XVHG WKHVH SUHGLFWLRQ VWUHQJWKV RI HDFK RI WKH PHWKRGV WR JHW D K\SRWKHWLFDO K\EULG�PHWD

SUHGLFWLRQ VFKHPH WKDW FRPELQHV SUHGLFWLRQV IURP DOO RI WKH PHWKRGV DQG KDV DQ 0&& RI ����

RYHU WKH 0LVVHQVH�' GDWD VHW�� HDVLO\ RXWSHUIRUPLQJ DOO WKH LQGLYLGXDO PHWKRGV�

��



7KH VHFRQG K\SRWKHWLFDO PHWD SUHGLFWLRQ RQO\ LQYROYHV 3DFNSUHG� )$'+0 DQG 0LVVHQVH�' DV

WKHVH ZHUH WKH PHWKRGV WKDW GLG FRQVLVWHQWO\ ZHOO RYHU DOO GLIIHUHQW GDWD VHWV DQG DPLQR DFLGV�

+HUH ZH FRQVLGHUHG WKH PHWKRG WKDW EHVW SUHGLFWHG ZLOG W\SH�PXWDQW SDLUV� )XUWKHU� ZH VHJUHJDWHG

WKHVH DPLQR DFLG SDLUV LQWR GLIIHUHQW GHSWK FDWHJRULHV � H[SRVHG WR VROYHQW �GHSWK � � c��

LQWHUPHGLDWH �GHSWK EHWZHHQ � WR � c� DQG EXULHG �GHSWK ! � c�� 2XU PHWD SUHGLFWLRQ WKHQ FKRVH

WKH EHVW SHUIRUPLQJ PHWKRG IRU D SDUWLFXODU SDLU DW D SDUWLFXODU GHSWK OHYHO� )RU LQVWDQFH� WKH ZLOG

W\SH�PXWDQW SDLU $ĺ'� 3DFNSUHG KDV WKH EHVW SUHGLFWLRQV LQ DQ H[SRVHG HQYLURQPHQW� )$'+0 LQ

WKH LQWHUPHGLDWH HQYLURQPHQW DQG 0LVVHQVH�' LQ WKH EXULHG HQYLURQPHQW �)LJXUH ��� ,Q FDVH RI D

WLH EHWZHHQ PHWKRGV� WKH RQH ZLWK WKH EHWWHU 0&& ZDV FKRVHQ� %\ WKXV FRPELQLQJ WKH VWUHQJWKV

RI WKH WKUHH PHWKRGV WKH 0&& RI WKH SUHGLFWLRQV ULVHV WR ���� IRU WKH 0LVVHQVH�' GDWD VHW� $Q

DQDO\VLV WR UDWLRQDOL]H�H[SODLQ ZK\ FHUWDLQ PHWKRGV DUH EHVW IRU FHUWDLQ SDLUV�HQYLURQPHQWV GLG QRW

\LHOG DQ\ LOOXPLQDWLQJ UHVXOWV� ,W LV FOHDU KRZHYHU WKDW WKHUH LV VRPH GHJUHH RI FRPSOHPHQWDULW\ LQ

WKHVH GLIIHUHQW PHWKRGV DQG SHUKDSV D PRUH ULJRURXV WUHDWPHQW RI WKH UHVXOWV IURP WKH LQGLYLGXDO

PHWKRGV FRXOG IXUWKHU LPSURYH SUHGLFWLRQ DFFXUDF\�

)LJXUH �� %HVW SHUIRUPLQJ PHWKRGV IRU HDFK ZLOG W\SH�PXWDQW DPLQR DFLG SDLU DW GLIIHUHQW GHSWK

OHYHOV�

:H ZRXOG OLNH WR HPSKDVL]H KHUH WKDW WKH SXUSRVH RI H[SORULQJ WKHVH PHWD SUHGLFWLRQV ZDV WR

VLPSO\ WHVW WKH H[WHQW WR ZKLFK ZH FRXOG SRVVLEO\ LPSURYH UHVXOWV ZLWK VXFK DQ DSSURDFK� ,Q D

PRUH ULJRURXV LPSOHPHQWDWLRQ RI WKLV PHWKRG ZH ZRXOG KDYH WR WUDLQ DQG WHVW WKH PHWD�SUHGLFWRU

VHSDUDWHO\� VRPHWKLQJ WKDW LV EH\RQG WKH VFRSH RI WKLV VWXG\� &KRRVLQJ WKH EHVW UHVXOWV IURP RXU

��



WHVWLQJ VHW� DV ZH KDYH GRQH KHUH� PHUHO\ UHSUHVHQWV WKH SRVVLEOH OLPLW WR ZKLFK ZH FRXOG LPSURYH

RQ SUHGLFWLRQV�

����� 5DQN RUGHULQJ WKH GHJUHH RI SKHQRW\SLF FKDQJH E\ PXWDWLRQV

:H ZDQWHG WR LQYHVWLJDWH LI WKH 3DFNSUHG VFRUHV DUH LQGLFDWLYH RI WKH GHJUHH RI FKDQJH�GLVUXSWLRQ

FDXVHG E\ D PXWDWLRQ� 7KH GHJUHH RI FKDQJH LV PHDVXUHG H[SHULPHQWDOO\ E\ WKH PXWDWLRQDO

VHQVLWLYLW\ VFRUH� ZKLFK FDWHJRUL]HV HDFK PXWDWLRQ LQWR RQH RI � DQG � OHYHOV LQ 7��O\VR]\PH DQG

&FG% GDWD VHWV UHVSHFWLYHO\� :H FKRVH WR XVH 6SHDUPDQ¶V UDQN FRUUHODWLRQ FRHIILFLHQW �6&&� WR

PHDVXUH WKH SHUIRUPDQFH RI UDQN�RUGHULQJ� DV LW PDNHV QR DVVXPSWLRQ RQ OLQHDU UHODWLRQVKLS

EHWZHHQ WKH VFRUHV DQG WKH SKHQRW\SLFDO FKDQJH� 6&& LV FDOFXODWHG DV

���

ZKHUH G LV WKH GLIIHUHQFH EHWZHHQ WKH DFWXDO DQG WKH SUHGLFWHG UDQNV RI D PXWDWLRQ� DQG Q LV WKH

QXPEHU RI OHYHOV� 7KH 6&& IRU 7� DQG &FG% GDWD VHWV LV ����� DQG ����� UHVSHFWLYHO\� $W EHVW� WKLV

FRUUHODWLRQ LV ZHDN DQG LQGLFDWHV WKDW WKHVH VFRUHV FRXOG EH IXUWKHU LPSURYHG�

����� $VVHVVLQJ UREXVWQHVV RI 3DFNSUHG

/DVWO\� ZH DVVHVVHG WKH UREXVWQHVV RI 3DFNSUHG� )RU WKLV� ZH FKDQJHG WKH WUDLQLQJ VHW WR LQFOXGH

RQO\ ��� SRLQW PXWDWLRQV WKDW UHVXOW IRU D VLQJOH QXFOHRWLGH FKDQJH LQ FRGRQV� 7KH 0LVVHQVH�'

GDWDVHW LV PDGH RI RQO\ WKHVH ��� GLIIHUHQW PXWDWLRQV� :H FUHDWHG WKUHH DGGLWLRQDO WUDLQLQJ VHWV

WKDW DOO FRQWDLQ LQVWDQFHV RI RQO\ WKHVH ��� PXWDWLRQV� 7KH ILUVW FRQWDLQV PXWDWLRQV IURP RQO\ WKH

7� O\VR]\PH GDWDVHW� WKH VHFRQG VHW FRQWDLQV IURP 7� LQ D ����� UDWLR RI QHXWUDO�GHOHWHULRXV

PXWDWLRQV� DQG WKH WKLUG VHW KDV PXWDWLRQV IURP WKH 7� DQG &FG% GDWDVHWV LQ WKH UDWLR ����� RI

QHXWUDO�GHOHWHULRXV� 7KH UDWLR ZDV FKRVHQ EDVHG RQ WKH QHXWUDO�GHOHWHULRXV UDWLR RI WKH 0LVVHQVH�'

WHVW VHW� )RU HYHU\ FRPELQDWLRQ RI WKH WUDLQLQJ VHW� ZH REWDLQHG GLIIHUHQW RSWLPDO ZHLJKWV IRU WKH

IHDWXUHV RI WKH OLQHDU FRPELQDWLRQ � ,QWHUHVWLQJO\� WKH DFFXUDF\ RI WKH PHWKRG DV JDXJHG E\ WKH

0&& YDOXH RYHU WKH 0LVVHQVH �' GDWDVHW ZDV FRQVLVWHQWO\ EHWZHHQ ���� ± �����

��



��� 'LVFXVVLRQV

,Q WKLV VWXG\� ZH KDYH GHYHORSHG D PHWKRG WR SUHGLFW WKH HIIHFW RI PLVVHQVH PXWDWLRQV RQ WKH

VWUXFWXUH DQG IXQFWLRQ RI D SURWHLQ� :H EHOLHYH WKDW VXFK SUHGLFWLRQV FRXOG EH WHVWHG E\ DVVD\LQJ

WKH SURWHLQ IRU LWV IXQFWLRQ� 2XU PHWKRG� 3DFNSUHG� LV FRQVWUXFWHG LQ D ZD\ WKDW LW LV VHQVLWLYH WR

VWUXFWXUDO FKDQJHV HIIHFWHG E\ WKH PXWDWLRQ DV ZHOO DV DQ\ IXQFWLRQDO FKDQJHV LW PD\ HIIHFW

ZLWKRXW SHUWXUELQJ WKH VWUXFWXUHV� 7R DVVHVV WKH LPSDFW RI WKH PXWDWLRQ RQ WKH VWUXFWXUH �DQG KHQFH

WKH IXQFWLRQ� RI WKH SURWHLQ� ZH GHYLVHG D PXOWL�ERG\ FOLTXH VWDWLVWLFDO SRWHQWLDO� 7KLV VWDWLVWLFDO

SRWHQWLDO HYDOXDWHV WKH VWUHQJWK RI WKH LQWHUDFWLRQ LQ D ORFDO QHLJKERUKRRG �DPLQR DFLG FOLTXH�� 7R

DVVHVV WKH LPSDFW RI PXWDWLRQ� ZH FRQVLGHU WKH VDPH UHVLGXH QHLJKERUKRRG HQYLURQPHQW ZKLOH

UHSODFLQJ WKH ZLOG W\SH DPLQR DFLG ZLWK WKH PXWDQW� 7KH VFRUH RI WKH FOLTXH ZLWK WKH ZLOG W\SH

UHVLGXH DQG ZLWK WKH PXWDQW LV FRPSXWHG� $Q LQIHULRU VFRUH IRU WKH PXWDQW LQ FRPSDULVRQ WR WKH

ZLOG W\SH ZRXOG EH LQGLFDWLYH RI D GHVWDELOL]LQJ PXWDWLRQ� 7KH VWUXFWXUDO VWDELOLW\ RI LQWURGXFLQJ

WKH PXWDQW UHVLGXH LV DOVR JDXJHG E\ D GHSWK GHSHQGHQW VXEVWLWXWLRQ PDWUL[� )$'+0� ZKRVH

HIILFDF\ DW GHWHFWLQJ WKH IDWH RI PXWDWLRQV ZH KDG SUHYLRXVO\ EHQFKPDUNHG DQG WHVWHG� 7R DFFRXQW

IRU IXQFWLRQDO FKDQJHV FDXVHG E\ WKH PXWDWLRQ� ZH LQYRNH HYROXWLRQDU\ LQIRUPDWLRQ IURP D

PXOWLSOH VHTXHQFH DOLJQPHQW XVLQJ 6KDQQRQ HQWURS\� 7KH PRUH FRQVHUYHG WKH SRVLWLRQ� WKH PRUH

OLNHO\ LW LV JRLQJ WR DIIHFW IXQFWLRQ� 7KHVH GLIIHUHQW VFRUHV DUH WDNHQ WRJHWKHU LQ D OLQHDU

FRPELQDWLRQ� ZKRVH FRHIILFLHQWV ZHUH RSWLPL]HG XVLQJ WKH 7��O\VR]\PH VDWXUDWLRQ PXWDJHQHVLV

GDWD VHW RI a����� PXWDWLRQ�3DFNSUHG ZDV WHVWHG RQ WZR GLIIHUHQW GDWD VHWV� DQRWKHU VDWXUDWLRQ

PXWDJHQHVLV GDWD VHW �&FG%� DQG WKH 0LVVHQVH�' GDWD VHW� ,WV SHUIRUPDQFH RQ WKHVH GDWDVHWV ZDV

DOVR FRPSDUHG WR VL[ RWKHU PHWKRGV LQFOXGLQJ )$'+0� 0LVVHQVH�'� '\QDPXW���� P&60�

L�PXWDQW��� DQG 6'0� :LWK DQ H[FHSWLRQ RI WKH &FG% GDWD VHW ZKHUH LW PDUJLQDOO\ XQGHUSHUIRUPV

)$'+0� 3DFNSUHG FOHDUO\ RXWSHUIRUPHG DOO RWKHU PHWKRGV RQ DOO GDWD VHWV� $PRQJ WKH PHWKRGV�

3DFNSUHG EDODQFHV ZHOO EHWZHHQ SUHGLFWLQJ WUXH SRVLWLYHV DQG WUXH QHJDWLYHV �QHXWUDO DQG GLVHDVH

FDXVLQJ PXWDWLRQV� DQG KHQFH KDV WKH EHVW 0&& YDOXHV� 3DFNSUHG KDV WKH EHVW DFFXUDF\ DQG LV

FORVH WR WKH EHVW VSHFLILFLW\� SUHFLVLRQ DQG )�� ,W ORVHV RXW WR WKH EHVW PHWKRGV LQ WKHVH PHDVXUHV DV

ZHOO DV RQ VHQVLWLYLW\ DV PHWKRGV VXFK DV P&60 SUHGLFW D GLVSURSRUWLRQDWHO\ ODUJH QXPEHU RI

QHJDWLYHV� :KHQ WKH SHUIRUPDQFH RI WKH GLIIHUHQW PHWKRGV LV FRPSDUHG RQ D �ZLOG W\SH� DPLQR

DFLG E\ DPLQR DFLG EDVLV� 3DFNSUHG SHUIRUPV FRQVLVWHQWO\ ZHOO� ZLWK SUHGLFWLRQ DFFXUDFLHV QHYHU

IDOOLQJ EHORZ ��� ZKLOH PDLQWDLQLQJ DQ DYHUDJH RI ���� ZKLFK LV HDVLO\ WKH EHVW DPRQJ WKH

PHWKRGV WHVWHG� 4XDOLWDWLYHO\� D VLPLODU SLFWXUH DOVR HPHUJHV ZKHQ WKH UHVXOWV DUH EURNHQ GRZQ

��



LQWR ZLOG W\SH�PXWDQW DPLQR DFLG SDLUV�

:H DOVR LQYHVWLJDWHG ZKHWKHU 3DFNSUHG �DQG RWKHU PHWKRGV� SUHIHUUHG FHUWDLQ W\SHV RI VWUXFWXUHV

RYHU RWKHUV� 1R FOHDU GHGXFWLRQ FRXOG EH PDGH IURP WKHVH DQDO\VHV� +RZHYHU� WKHUH ZDV RQH WUHQG

WKDW FRXOG EH FRQVLGHUHG IRU IXUWKHU LPSURYHPHQWV ± 3DFNSUHG� VLPLODU WR 0LVVHQVH�' DQG

)$'+0 SHUIRUPHG WKH ZRUVW LQ WKH LQWHUPHGLDWH DPLQR DFLG GHSWK HQYLURQPHQW� 0XWDWLRQDO

HIIHFWV LQ H[SRVHG DQG EXULHG �DFFRUGLQJ WR UHVLGXH GHSWK� HQYLURQPHQWV ZHUH EHWWHU SUHGLFWHG�

3HUKDSV� WKH LQWHUPHGLDWH GHSWK OHYHOV QHHG WR EH IXUWKHU VWUDWLILHG� ZKLFK LQ WKH FDVH RI 3DFNSUHG

ZRXOG EH UHIOHFWHG LQ WKH )$'+0 PDWUL[ YDOXHV DV ZHOO DV LQ WKH FOLTXH VWDWLVWLFDO SRWHQWLDO�

7KHUH LV VFRSH RI LPSURYHPHQWV IRU FDVHV ZKHUH 3DFNSUHG ZDV XQDEOH WR DFFXUDWHO\ SUHGLFW WKH

IDWH RI �� PXWDQWV WKDW ZHUH DOO DFFXUDWHO\ FDOOHG E\ WKH RWKHU VL[ PHWKRGV� :H FRXOG DOVR GLVVHFW

WKH �� FRUUHFW SUHGLFWLRQV WKDW 3DFNSUHG PDGH WKDW ZHUH PLVVHG E\ DOO RWKHU PHWKRGV WR GHWHUPLQH

WKH UHODWLYH VWUHQJWK RI 3DFNSUHG LQ FRPSDULVRQ WR WKH RWKHU PHWKRGV�

3DFNSUHG UHOLHV RQ WKH VHTXHQFH DQG VWUXFWXUH RI D JLYHQ SURWHLQ WR SUHGLFW WKH HIIHFW RI D

PXWDWLRQ� 7KHVH SUHGLFWLRQV FRXOG OLNHO\ EH LPSDFWHG E\ WKH DFFXUDF\�UHVROXWLRQ RI WKH SURWHLQ

VWUXFWXUH� 7KH WZR VWUXFWXUDO IHDWXUHV WKDW 3DFNSUHG H[WUDFWV IURP VWUXFWXUHV DUH DPLQR DFLG GHSWK

DQG VWUXFWXUDO QHLJKERUV� 7R ZKDWHYHU H[WHQW WKHVH WZR IHDWXUHV JHW DIIHFWHG E\ WKH

TXDOLW\�DFFXUDF\�UHVROXWLRQ RI WKH VWUXFWXUH ZRXOG SUHGLFDWH WKH LPSDFW LW ZRXOG KDYH RQ WKH ILQDO

SUHGLFWLRQV� )RU WKH VWUXFWXUHV LQ WKH 0LVVHQVH�' GDWDVHW� WKH\ DOO KDYH UHVROXWLRQV RI � c RU

EHWWHU� )RU WKLV VHW WKHUH DSSHDUV WR EH QR FRUUHODWLRQ EHWZHHQ WKH DFFXUDF\ RI SUHGLFWLRQ DQG

UHVROXWLRQ RI WKH VWUXFWXUH �)LJXUH��� ,Q DQ LQGHSHQGHQW VWXG\ ZH DUH H[SORULQJ WKH XVH RI

KRPRORJ\ PRGHOV DORQJ ZLWK ORZ UHVROXWLRQ VWUXFWXUHV IURP WKH 3'% WR TXDQWLI\ WKH LPSDFW RI

VWUXFWXUDO DFFXUDF\ RQ 3DFNSUHG SUHGLFWLRQV� :H DUH DOVR SODQQLQJ WR UXQ VKRUW 0' VLPXODWLRQV WR

H[WUDFW VQDSVKRWV RI GLIIHUHQW FRQIRUPDWLRQV DQG XVH WKHVH VQDSVKRWV IRU SUHGLFWLRQV� 6XFK DQ

H[HUFLVH ZRXOG KHOS LQ EHWWHU SUHGLFWLRQV IRU SURWHLQV WKDW DUH KLJKO\ IOH[LEOH� VXFK DV WKH S��

SURWHLQ�

��



)LJXUH�� &RUUHODWLRQ EHWZHHQ 3'% VWUXFWXUH UHVROXWLRQ�c� DQG WKH DFFXUDF\ RI SUHGLFWLRQV E\

3DFNSUHG

3DFNSUHG KDV OLPLWDWLRQV LQ VHYHUDO DUHDV� RQH RI ZKLFK LV LWV KLJK QXPEHU RI IDOVH SRVLWLYH

SUHGLFWLRQV ZKLFK DOVR DIIHFWV LWV VSHFLILFLW\� 2WKHU PHWKRGV KDYH KLJKHU VSHFLILFLW\ EXW

XQGHUSHUIRUP LQ WKH VHQVLWLYLW\ E\ RYHU SUHGLFWLQJ WUXH QHJDWLYHV� 3DFNSUHG DOVR KDV OHVV WUXH

SRVLWLYHV DV FRPSDUHG WR )$'+0 DQG 0LVVHQVH�' GDWD VHW LQGLFDWLQJ SRWHQWLDO IRU LPSURYHPHQW�

$SDUW IURP 0&& DQG VHQVLWLYLW\� 3DFNSUHG KDV VFRUHV KLJKHU WKDQ ���� LQ DOO RWKHU PHWULFV

LQGLFDWLQJ LWV RYHUDOO EDODQFHG SHUIRUPDQFH� 7R DVVHVV ZKLFK QDWLYH DPLQR DFLGV SUHGLFWLRQV FRXOG

EH LPSURYHG� ZH FDOFXODWHG 0&& EDVHG RQ WKH SUHGLFWLRQ RI QDWLYH DPLQR DFLGV� :H DOVR IXUWKHU

DVVHVVHG DQG LGHQWLILHG 3DFNSUHG SUHGLFWLRQ DFFXUDF\ IRU QDWLYH�PXWDQW SDLUV DFURVV GLIIHUHQW

GHSWKV� $QRWKHU DUHD RI LPSURYHPHQW LV WKH FOLTXH VWDWLVWLFDO SRWHQWLDO WKDW KDV PDQ\ WXQDEOH

SDUDPHWHUV VXFK DV WKH QXPEHU RI DPLQR DFLGV LQ WKH FOLTXH� FXW RII GLVWDQFH DQG GHILQLWLRQV RI

ZKDW FRQVWLWXWHV D µFRQWDFW¶ EHWZHHQ UHVLGXHV� HWF� 3DFNSUHG FRXOG LPSURYH E\ LQYHVWLJDWLQJ WKHVH

DVSHFWV WRR DQG WKLV ZRXOG IRUP DQ LQGHSHQGHQW VWXG\ LQ LWVHOI� 6LPLODUO\� IXUWKHU WZHDNV WR WKH

)$'+0 PDWUL[� DV EULHIO\ GLVFXVVHG DERYH� FRXOG DOVR SRVVLEO\ LPSURYH RYHUDOO SUHGLFWLRQ

DFFXUDF\� 6KDQQRQ HQWURS\ DFFRXQWV IRU WKH GHJUHH RI YDULDWLRQ DW D JLYHQ VLWH�SRVLWLRQ� DQG GRHV

QRW FKDQJH GHSHQGLQJ RQ WKH W\SH RI PXWDWLRQ� ,Q RXU PHWKRG� ZH XVH 6KDQQRQ HQWURS\ LQ

FRQMXQFWLRQ ZLWK WKH FOLTXH SRWHQWLDO DQG )$'+0 WR JHW D ZKROHVRPH SLFWXUH RI VHTXHQFH DQG

VWUXFWXUH FRQVHUYDWLRQ� +RZHYHU� LW LV OLNHO\ WKDW D PRUH QXDQFHG YHUVLRQ RI WKH HQWURS\ PHDVXUH

DQG�RU RWKHU VFRUHV IRU FRQVHUYDWLRQ PD\ KHOS JHW PRUH DFFXUDWH SUHGLFWLRQV� ,Q LWV FXUUHQW

LPSOHPHQWDWLRQ� 3DFNSUHG FDWHJRUL]HV PXWDWLRQV DV EHLQJ QHXWUDO RU GHVWDELOL]LQJ� :KHQ ZH WULHG

WR FRUUHODWH WKH VFRUH ZLWK D GLVFUHWL]HG YDOXH RI WKH IXQFWLRQ� WKH FRUUHODWLRQV ZHUH DURXQG �����

3HUKDSV� ZLWK VRPH RI WKH LPSURYHPHQWV GLVFXVVHG DERYH WKLV FRUUHODWLRQ ZRXOG DOVR LPSURYH�
��



2QH LPSRUWDQW REVHUYDWLRQ IURP RXU ILQGLQJV LV WKDW RI WKH ���� PXWDWLRQV� ���� ZHUH FRUUHFWO\

FDOOHG E\ DW OHDVW RQH RI WKH PHWKRGV� 7KHUH H[LVWV JUHDW FRPSOHPHQWDULW\ EHWZHHQ WKH PHWKRGV

WHVWHG KHUH� :H ZHUH WHPSWHG WR WKHQ XVH WZR VLPSOH PHWD SUHGLFWLRQ PHWKRGV� :H GHVLJQDWHG WKH

SUHGLFWLRQV LQYROYLQJ D SDUWLFXODU ZLOG W\SH DPLQR DFLG RU D ZLOG W\SH�PXWDQW DPLQR DFLG SDLU WR

WKH PHWKRG WKDW EHVW SUHGLFWHG WKLV W\SH� 6XFK D VLPSOH PLQGHG DSSURDFK JDYH XV 0&&V RI ����

DQG ���� IRU WKH DPLQR DFLG DQG WKH DPLQR DFLG SDLU W\SH SUHGLFWLRQV UHVSHFWLYHO\� ZKHUH WKH EHVW

SUHGLFWLQJ PHWKRG� 3DFNSUHG� KDG DQ 0&& RI ���� �0LVVHQVH�' GDWD VHW�� ,W LV FRQFHLYDEOH WKDW D

GLIIHUHQW PHWKRG RI FRPELQLQJ WKH UHVXOWV IURP WKHVH GLIIHUHQW PHWKRGV FRXOG YDVWO\ LQFUHDVH WKH

DFFXUDF\ RI SUHGLFWLQJ WKH IXQFWLRQDO IDWH RI VLQJOH DPLQR DFLG FKDQJHV�

:H DVVHVVHG WKH UREXVWQHVV RI 3DFNSUHG E\ WUDLQLQJ LW RQ WKH 7� VHW DQG D FRPELQDWLRQ RI WKH 7�

DQG &FG% VDWXUDWLRQ PXWDJHQHVLV GDWD VHWV� 6RPHZKDW VXUSULVLQJO\� HDFK RI WKH WUDLQLQJ VHWV JDYH

XV GLIIHUHQW RSWLPDO YDOXHV RI IHDWXUH ZHLJKWV� 7KHVH GLIIHUHQW ZHLJKWV GLG QRW KRZHYHU DIIHFW WKH

RYHUDOO SHUIRUPDQFH RI WKH PHWKRG RQ WKH 0LVVHQVH�' WHVWLQJ VHW� ,Q HDUOLHU UHVXOWV WRR� ZH KDG

REVHUYHG WKDW GLIIHUHQW ZHLJKW FRPELQDWLRQV JDYH ULVH WR VLPLODU SHUIRUPDQFHV RQ WKH WUDLQLQJ VHW�

:H EHOLHYH WKDW RQH RI WKH SULPDU\ UHDVRQV IRU WKH GLIIHUHQW RSWLPDO ZHLJKWV LV WKH IDFW WKH WKUHH

IHDWXUHV LQ 3DFNSUHG GR QRW DOO DIIHFW SUHGLFWLRQV DW WKH VDPH OHYHO RI JUDQXODULW\� 7KH VWDWLVWLFDO

SRWHQWLDO DQG WKH VXEVWLWXWLRQ PDWULFHV �)$'+0� JLYH D VFRUH IRU SDUWLFXODU PXWDWLRQV� :KHUHDV�

WKH 6KDQQRQ HQWURS\ VFRUH JLYHV D VLQJOH YDOXH IRU D SRVLWLRQ� UHJDUGOHVV RI WKH W\SH RI PXWDWLRQ�

*LYHQ WKH P\ULDG RI GLIIHUHQW HQYLURQPHQWV DQG OHYHOV RI FRQVHUYDWLRQ LQ GLIIHUHQW SRVLWLRQV RI WKH

SURWHLQ� WKH FRQWULEXWLRQ GXH WR HDFK RI WKHVH IHDWXUHV LV QRW XQLIRUPO\ WKH VDPH DFURVV D SURWHLQ�

7KH SRVLWLYH DVSHFW RI WKHVH SUHGLFWLRQV LV WKDW� GHVSLWH WKH ODFN LQ FRQVHQVXV RI RSWLPDO YDOXHV RI

WKH GLIIHUHQW IHDWXUHV� WKH RYHUDOO SUHGLFWLRQ DFFXUDF\ GRHV QRW DSSHDU WR VXIIHU� 7KLV LV SUREDEO\

LQGLFDWLYH RI WKH IDFW WKDW WKH IHDWXUHV RI WKH DOJRULWKP DUH LPSRUWDQW DQG SHUKDSV D GLIIHUHQW ZD\

RI FRPELQLQJ WKHVH IHDWXUHV PD\ \LHOG FRQVLVWHQWO\ EHWWHU UHVXOWV�

,Q WKLV FKDSWHU� ZH KDYH SUHVHQWHG RXU ZRUN RQ SUHGLFWLQJ WKH HIIHFWV RI PXWDWLRQ XVLQJ D OLQHDU

HTXDWLRQ EDVHG DSSURDFK� 6SHFLILFDOO\� ZH KDYH XVHG RQO\ � IHDWXUHV LQ WKH OLQHDU HTXDWLRQ� :H

WRRN WKLV VLPSOLVWLF DSSURDFK WR EH EHWWHU DEOH WR UHDVRQ DERXW WKH HIIHFW RI PXWDWLRQV� +RZHYHU� LW

LV SRVVLEOH WKDW PHWKRGV WKDW XVH KLJKHU RUGHU HTXDWLRQV PD\ SHUIRUP EHWWHU� ,QFOXGLQJ PRUH

IHDWXUHV DQG WKHQ XVLQJ PDFKLQH OHDUQLQJ EDVHG PHWKRGV FRXOG EH RQH RI WKH WKLQJV WULHG LQ WKH

IXWXUH� ,Q DGGLWLRQ WR LQFUHDVLQJ WKH IHDWXUHV� WKH WUDLQLQJ GDWDVHW FDQ DOVR EH LQFUHDVHG� +RZHYHU�

FXUUHQWO\ ZH KDYH RQO\ OLPLWHG GDWD IRU WUDLQLQJ WKH PDFKLQH OHDUQLQJ � GHHS OHDUQLQJ PRGHOV�

��



&KDSWHU �

'HVLJQLQJ SXWDWLYH LQKLELWRU\ VPDOO PROHFXOHV DJDLQVW WKH

1LSDK YLUXV SURWHLQV

Ɣ 6HOHFWLRQ RI VPDOO GUXJ�OLNH PROHFXOHV IRU GRFNLQJ

Ɣ 6HOHFWLRQ RI WDUJHW SURWHLQV IURP WKH 1LSDK YLUXV

Ɣ 9LUWXDO VFUHHQLQJ XVLQJ WZR GLVWLQFW VRIWZDUH

Ɣ -XU\ V\VWHP IRU KLJKHU FRQILGHQFH LQ WKH SXWDWLYH ELQGLQJ VPDOO PROHFXOHV

Ɣ 0' VLPXODWLRQV DQG ELQGLQJ IUHH HQHUJ\ FDOFXODWLRQV WR VXSSRUW WKH ILQGLQJV

7KH GRFNLQJ VWXGLHV ZHUH GRQH E\ 7HMDVKUHH 5� .DQLWNDU� 7KH DQDO\VLV� 0' VLPXODWLRQV DQG

ELQGLQJ IUHH HQHUJ\ FDOFXODWLRQV IRU WKH VPDOO PROHFXOH LQKLELWRUV ZHUH GRQH LQ FROODERUDWLRQ ZLWK

1HHODGUL 6HQ DQG DUH D SDUW RI KLV WKHVLV DOVR�

3XEOLVKHG � 6HQ 1� .DQLWNDU 75� 5R\ $$� 6RQL 1� $PULWNDU .� 6XSHNDU 6� 1DLU 6� 6LQJK *�

0DGKXVXGKDQ 06� 3UHGLFWLQJ DQG GHVLJQLQJ WKHUDSHXWLFV DJDLQVW WKH 1LSDK YLUXV� 3/R6 1HJO

7URS 'LV� ���� 'HF ����������H�������� GRL� ��������MRXUQDO�SQWG��������� 30,'� ���������

30&,'� 30&��������

> HTXDO FRQWULEXWLRQV@

��



��� ,QWURGXFWLRQ

1LSDK YLUXV�1L9� LV D 51$ YLUXV EHORQJLQJ WR WKH JHQXV +HQLSDYLUXV RI WKH 3DUDP\[RYLULGDH

IDPLO\>���@�� 7KH 51$ LV QRQ�VHJPHQWHG DQG HQFRGHV QLQH SURWHLQV� 6L[ RI WKH QLQH SURWHLQV DUH

VWUXFWXUDO SURWHLQV� QDPHO\� JO\FRSURWHLQ �*�� IXVLRQ SURWHLQ �)�� SKRVSKRSURWHLQ �3��

QXFOHRSURWHLQ �1�� PDWUL[ SURWHLQ �0�� DQG WKH 51$ SRO\PHUDVH �/�� 7KH UHPDLQLQJ WKUHH� &� 9�

DQG : DUH IXQFWLRQDO SURWHLQV� 7KH YLUXV DWWDFKHV LWVHOI WR WKH HSKULQH UHFHSWRUV RI WKH KRVW FHOO

WKURXJK LWV * SURWHLQ DQG WKH IXVLRQ LV PHGLDWHG E\ WKH ) SURWHLQ� 7KH ) SURWHLQ FKDQJHV LWV

FRQIRUPDWLRQ IURP WKH SUH�IXVLRQ VWDWH WR WKH SRVW IXVLRQ VWDWH WKDW UHVXOWV LQWR WKH IXVLRQ RI WKH

YLUXV ZLWK WKH KRVW FHOOV>���@�� 7KH 1 SURWHLQ DQG 3 SURWHLQ IRUP WKH 13 FRPSOH[ WKDW ELQGV ZLWK

WKH YLUDO 51$ WR IRUP QXFOHRFDSVLG WKDW LV XVHG IRU WUDQVFULSWLRQ DQG UHSOLFDWLRQ RI WKH YLUXV� 7KH

0 SURWHLQ SOD\V DQ LPSRUWDQW UROH LQ WKH DVVHPEO\ RI QHZO\ JHQHUDWHG SURWHLQV LQWR YLUDO SDUWLFOHV�

7KH 0 SURWHLQ PLJUDWHV WRZDUGV WKH KRVW FHOO PHPEUDQH PDUNLQJ WKH ORFDWLRQ RI EXGGLQJ DQG

UHFUXLWLQJ RWKHU QHFHVVDU\ FRPSRQHQWV WR WKLV VLWH>���@�� 7KH WKUHH QRQ VWUXFWXUDO SURWHLQV� 9� :
DQG & DUH DOO GHULYHG IURP WKH JHQH RI 3 SURWHLQ HLWKHU E\ HGLWLQJ WKH 51$ RU E\ XVLQJ DQ

DOWHUQDWH RSHQ UHDGLQJ IUDPH� $OO RI WKHVH SURWHLQV DUH NQRZQ WR SDUWLFLSDWH DQG LQKLELW WKH

LQWHUIHURQ VLJQDOLQJ>���@��
7KH LQLWLDO RXWEUHDNV RI WKH 1LSDK 9LUXV�1L9� ZHUH UHSRUWHG LQ 0DOD\VLD DQG 6LQJDSRUH LQ �����

7KH RXWEUHDN ZDV REVHUYHG LQ SLJV DQG KXPDQV� /DWHU� RXWEUHDNV ZHUH DOVR UHSRUWHG LQ

%DQJODGHVK DQG ,QGLD>���@�� 7KH PRVW UHFHQW RXWEUHDN ZDV VHHQ LQ ����� LQ DQ ,QGLDQ VWDWH RI

.HUDOD>���@�� ZKHUH WKH YLUXV FODLPHG WKH OLYHV RI �� LQIHFWHG SHRSOH� 1L9 KDV D KLJK PRUWDOLW\

UDWH RI PRUH WKDQ ���� PDNLQJ LW HVVHQWLDO IRU GHVLJQLQJ WKHUDSHXWLFV WKDW ZRXOG LQKLELW WKH YLUDO

SURWHLQV DQG WKH YLUXV�

6PDOO PROHFXOHV WKDW ELQG WR WKH WDUJHW SURWHLQV DUH FRPSXWDWLRQDOO\ SUHGLFWHG XVLQJ GRFNLQJ

VRIWZDUHV WKDW DOORZV VDPSOLQJ RI WKRXVDQGV RI VPDOO PROHFXOHV ZLWKLQ D VPDOO DPRXQW RI WLPH�

WKURXJK D SURFHVV FDOOHG DV YLUWXDO VFUHHQLQJ� 6XFK YLUWXDO VFUHHQV SOD\ D FUXFLDO UROH LQ WKH

SURFHVV RI GUXJ GHYHORSPHQW� %URDGO\� GRFNLQJ VRIWZDUHV SHUIRUPV WZR VWHSV WR SUHGLFW WKH

SXWDWLYH ELQGLQJ PROHFXOHV� ILUVW� VDPSOLQJ YDULRXV FRQIRUPDWLRQV RU SRVHV RI WKH VPDOO PROHFXOH

DQG VHFRQG� VFRULQJ WKH JHQHUDWHG SRVH ZLWK UHVSHFW WR WKH WDUJHW SURWHLQ� 7KH VDPSOLQJ VWHS RI

WKHVH GRFNLQJ VRIWZDUHV XVH D YDULHW\ RI DSSURDFKHV OLNH 0' VLPXODWLRQV� 0RQWH &DUOR PHWKRGV�

JHQHWLF DOJRULWKPV� IUDJPHQW EDVHG PHWKRGV DQG PDQ\ RWKHUV>��@�� 7KH GRFNLQJ PHWKRGV KDYH

VKRZQ WUHPHQGRXV VXFFHVV DQG SRWHQWLDO IRU WKHLU DSSOLFDWLRQ WR RWKHU ELRPROHFXOHV>���@��
,Q WKLV VWXG\� ZH DWWHPSWHG WR SUHGLFW GUXJ�OLNH VPDOO PROHFXOHV WKDW FRXOG SRWHQWLDOO\ ELQG DQG

��



LQKLELW WKH DFWLYLW\ RI WKH 1L9 SURWHLQV� :H SHUIRUPHG YLUWXDO VFUHHQLQJ RI D OLEUDU\ RI GUXJ�OLNH

VPDOO PROHFXOHV RQ ILYH RI WKH 1L9 SURWHLQV IRU ZKLFK ;�UD\ FU\VWDO VWUXFWXUHV RU JRRG TXDOLW\

PRGHOV ZHUH DYDLODEOH� :H XVHG � GLIIHUHQW VRIWZDUH IRU WKH YLUWXDO VFUHHQV� JLYLQJ XV KLJKHU

FRQILGHQFH LQ RXU UHVXOWV� $GGLWLRQDOO\� ZH SHUIRUPHG 0' VLPXODWLRQV RI WKH WRS VFRULQJ VPDOO

PROHFXOHV DQG FDOFXODWHG WKH ELQGLQJ IUHH HQHUJ\ WR VXSSRUW RXU ILQGLQJV�

��� 0HWKRGV

����� 3UHGLFWLRQ RI SXWDWLYH VPDOO PROHFXOHV WKDW FDQ ELQG WR 1L9 SURWHLQV�

'RFNLQJ ZDV XVHG WR LGHQWLI\ SXWDWLYH VPDOO PROHFXOHV WKDW FDQ SRWHQWLDOO\ ELQG DQG LQKLELW WKH

DFWLYLWLHV RI WKH 1L9 SURWHLQV� ,Q WKLV H[HUFLVH� 1L9 SURWHLQV �*� 1� )� 3 DQG 0 SURWHLQV� WKDW KDG

FU\VWDO VWUXFWXUHV RU PRGHOV EXLOW IURP WHPSODWHV ZLWK KLJK LGHQWLW\ �!���� DQG KLJK FRYHUDJH �!

���� ZHUH XVHG DV WDUJHWV IRU OLJDQG VFUHHQLQJ� 7KH VFUHHQLQJ OLEUDU\ FRQVLVWHG RI D ���

QRQ�UHGXQGDQW VHW RI ������ OLJDQGV FRQVWUXFWHG IURP a�� PLOOLRQ FOHDQ GUXJ OLNH PROHFXOHV RI

WKH =,1& GDWDEDVH 7KH VFUHHQLQJ OLEUDU\ FRQVLVWHG RI ����� OLJDQGV WKDW ZHUH WKH ���

QRQ�UHGXQGDQW VHW RI a�� PLOOLRQ FOHDQ GUXJ OLNH PROHFXOHV RI WKH =,1& GDWDEDVH>���� ���@�� 7KH
��� OLEUDU\ ZDV FKRVHQ DV D SUDFWLFDO PHDVXUH WR HQVXUH ZLGH FRYHUDJH� )XUWKHU� ZH HQYLVDJH WKDW

GXULQJ H[SHULPHQWDO WULDOV DOO VWUXFWXUDOO\ VLPLODU VPDOO PROHFXOHV WR RXU SUHGLFWHG KLWV ZRXOG EH

WHVWHG� 7KH ELQGLQJ SRFNHWV IRU GRFNLQJ RQ WKH WDUJHWV ZHUH SUHGLFWHG XVLQJ WKH '(37+

VHUYHU>��� ���@�� 7KH SDUDPHWHUV RI '(37+ LQFOXGHG D PLQLPXP QXPEHU RI QHLJKERUKRRG ZDWHUV

VHW WR � DQG WKH SUREDELOLW\ WKUHVKROG IRU ELQGLQJ VLWH RI ���� (YROXWLRQDU\ LQIRUPDWLRQ ZDV DOVR

LQFOXGHG E\ WKH VHUYHU LQ ELQGLQJ VLWH SUHGLFWLRQ� 7KH GUXJJDELOLW\ RI WKH ELQGLQJ SRFNHW ZDV

SUHGLFWHG XVLQJ 3RFN'UXJ>���@� DQG &DYLW\3OXV>���@�� EXW QR FRQVHQVXV SUHGLFWLRQ FRXOG EH

REWDLQHG �7DEOH ��� +HQFH WKH GUXJJDELOLW\ RI WKH SRFNHW ZDV QRW WDNHQ LQWR FRQVLGHUDWLRQ GXULQJ

GRFNLQJ� 'RFNLQJ ZDV SHUIRUPHG XVLQJ $XWRGRFN�>��@�� DQG '2&.���>��@�� 7KH WDUJHW SURWHLQV
ZHUH SUHSDUHG IRU GRFNLQJ E\ $XWRGRFN�� E\ DGGLQJ PLVVLQJ SRODU K\GURJHQ DWRPV DQG *DVWHLJHU

FKDUJHV� 7KH OLJDQG GRFNLQJ VLWH� PDUNHG E\ DIILQLW\ JULGV� ZDV JHQHUDWHG XVLQJ WKH $XWRJULG

PRGXOH RI $XWRGRFN� 7KH FHQWHU RI WKH JULG� QXPEHU RI JULG SRLQWV LQ ;� <� DQG = GLUHFWLRQV DQG

VHSDUDWLRQ RI JULG SRLQWV ZHUH FKRVHQ EDVHG RQ WKH SUHGLFWHG ELQGLQJ SRFNHWV XVLQJ WKH $'7

YLHZHU IURP 0*/ WRROV>��@�� 7KH QXPEHU RI *HQHWLF $OJRULWKP UXQV ZDV VHW WR ��� 7KH ILQDO

HQHUJLHV UHSRUWHG E\ $XWRGRFN� ZHUH XVHG IRU HYDOXDWLRQ DQG VHOHFWLRQ RI WKH SXWDWLYH OHDGV� 7KH

WDUJHW SURWHLQV ZHUH SUHSDUHG IRU GRFNLQJ E\ '2&.��� XVLQJ 'RFN 3UHS WRRO >��@� IURP
��



&KLPHUD>���@�� 0LVVLQJ K\GURJHQ DWRPV ZHUH DGGHG WR WKH WDUJHW SURWHLQV XVLQJ &KLPHUD� &KDUJHV

RQ DWRPV RI WKH SURWHLQ ZHUH GHWHUPLQHG XVLQJ $0%(5� 0ROHFXODU VXUIDFH RI WKH WDUJHW ZDV

JHQHUDWHG XVLQJ WKH '06 WRRO IURP &KLPHUD� 7KH VSKJHQ SURJUDP IURP '2&.��� ZDV XVHG WR

JHQHUDWH VSKHUHV IURP WKH PROHFXODU VXUIDFH� 7KH FOXVWHU RI VSKHUHV ZHUH VHOHFWHG DFFRUGLQJ WR

WKH ELQGLQJ VLWHV SUHGLFWHG E\ '(37+� 7KH JULG ER[ DQG JULG ZHUH FUHDWHG E\ VKRZER[ DQG JULG

SURJUDPV UHVSHFWLYHO\� )OH[LEOH OLJDQG GRFNLQJ ZDV SHUIRUPHG XVLQJ '2&.���� 7KH ILQDO

HQHUJLHV UHSRUWHG E\ '2&.��� ZHUH XVHG IRU HYDOXDWLRQ DQG VHOHFWLRQ RI WKH SXWDWLYH OHDGV�

������ $FFHVVLQJ WKH VWDELOLW\ RI VPDOO PROHFXOHV DJDLQVW WKH 1L9 SURWHLQV�

7KH �� VPDOO PROHFXOHV ZHUH SUHGLFWHG ZLWK KLJK FRQILGHQFH WR ELQG GLIIHUHQW 1L9 SURWHLQV�

'HWDLOV RI WKH SURFHGXUHV IRU PRGHOLQJ�SUHGLFWLQJ VPDOO PROHFXOH LQKLELWRUV DUH VWDWHG LQ WKH

UHVXOWV VHFWLRQ� 0' VLPXODWLRQV ZHUH FDUULHG RXW LQ WULSOLFDWHV IRU DOO IRXU SUHGLFWHG

SURWHLQ�SHSWLGH LQKLELWRU FRPSOH[HV� 7KH VLPXODWLRQV ZHUH FDUULHG RXW XVLQJ *520$&6>��� ��@�
ZLWK WKH $PEHU��6%�,/'1 IRUFH ILHOG>���@�� 3DUDPHWHUV IRU WKH VPDOO PROHFXOHV ZHUH JHQHUDWHG
XVLQJ $QWHFKDPEHU>���@�� 7KH $PEHU��6%�,/'1 IRUFH ILHOG KDV EHHQ XVHG IRU WKH 0'

VLPXODWLRQV RI SURWHLQ�SHSWLGH DQG SURWHLQ�OLJDQG FRPSOH[HV H[WHQVLYHO\>���±���@� ,Q DQ HDUOLHU

VWXG\� ZH XVHG WKH VDPH IRUFH ILHOG WR VWXG\ YDULRXV SURWHLQ�OLJDQG LQWHUDFWLRQV DQG YDOLGDWHG RQH

VXFK SXUSRUWHG FRPSOH[ H[SHULPHQWDOO\>���@�� ,Q WKH FDVHV ZKHUH WKH VPDOO PROHFXOH OLJDQG

GLVVRFLDWHG IURP WKH ELQGLQJ VLWH� ZH UH�VLPXODWHG WKH V\VWHP XVLQJ WKH &+$500�� IRUFH ILHOG�

DQRWKHU SRSXODUO\ XVHG PROHFXODU PHFKDQLFV SDFNDJH� :H GLG WKH VHFRQG VLPXODWLRQ WR DVFHUWDLQ

WKDW ELQGLQJ ZDV LQGHHG ZHDN� 3DUDPHWHUV IRU WKH VPDOO PROHFXOHV LQ WKH &+$500��

VLPXODWLRQV ZHUH JHQHUDWHG XVLQJ 6ZLVV3DUDP>���@��
$ ZDWHU ER[ ZKRVH VLGHV ZHUH DW D PLQLPXP GLVWDQFH RI ��� QP IURP DQ\ SURWHLQ DWRP ZDV XVHG

IRU VROYDWLQJ HDFK RI WKH V\VWHPV� 6RGLXP RU FKORULGH FRXQWHU LRQV ZHUH DGGHG WR DFKLHYH FKDUJH

QHXWUDOLW\� (OHFWURVWDWLF LQWHUDFWLRQV ZHUH WUHDWHG XVLQJ WKH SDUWLFOH PHVK (ZDOG VXP PHWKRG>��@�
DQG /,1&6>���@�ZDV XVHG WR FRQVWUDLQ K\GURJHQ ERQG OHQJWKV� $ WLPH VWHS RI � IV ZDV XVHG IRU

WKH LQWHJUDWLRQ� 7KH ZKROH V\VWHP ZDV PLQLPL]HG IRU ���� VWHSV RU WLOO WKH PD[LPXP IRUFH ZDV

OHVV WKDQ ���� N-�PRO�QP� 7KH V\VWHP ZDV WKHQ KHDWHG WR ���. LQ DQ 197 HQVHPEOH VLPXODWLRQ

IRU ��� SV XVLQJ D %HUHQGVHQ WKHUPRVWDW>��@�� 7KH SUHVVXUH ZDV VWDELOL]HG LQ DQ 137 HQVHPEOH

VLPXODWLRQ IRU ��� SV XVLQJ D %HUHQGVHQ EDURVWDW� 7KH V\VWHPV ZHUH VLPXODWHG �137� IRU D

PD[LPXP RI IRU �� QV ZKHUH SUHVVXUH ZDV UHJXODWHG XVLQJ WKH 3DUULQHOOR�5DKPDQ EDURVWDW>��@��

��



6WUXFWXUHV ZHUH VWRUHG DIWHU HYHU\ ��SV� 7KH WHPSHUDWXUH� SRWHQWLDO HQHUJ\ DQG NLQHWLF HQHUJ\

ZHUH PRQLWRUHG GXULQJ WKH VLPXODWLRQ WR FKHFN IRU DQRPDOLHV�

)UHH HQHUJ\ RI ELQGLQJ RI WKH SXWDWLYH VPDOO PROHFXOHV SURYLGHV DQ LPSRUWDQW TXDQWLWDWLYH

GHVFULSWLRQ RI LWV HIILFDF\� ,Q WKLV VWXG\� WKH H[WHQVLYH 0' VLPXODWLRQV RI SURWHLQ�LQKLELWRU

FRPSOH[HV ZHUH SRVW�SURFHVVHG WR REWDLQ ELQGLQJ IUHH HQHUJ\ HVWLPDWHV XVLQJ WKH PROHFXODU

PHFKDQLFV 3RLVVRQ�%ROW]PDQQ VXUIDFH DUHD �00�3%6$� DSSURDFK>���� ���@�� 7KH 00�3%6$

PHWKRG HPSOR\V DQ LPSOLFLW VROYDWLRQ PRGHO WR HVWLPDWH WKH IUHH HQHUJ\ RI ELQGLQJ E\ HYDOXDWLQJ

HQVHPEOH DYHUDJHG FODVVLFDO LQWHUDFWLRQ HQHUJLHV �00� DQG FRQWLQXXP VROYDWLRQ IUHH HQHUJLHV

�3%6$� RI WKH SURWHLQ�OLJDQG FRPSOH[ FRQIRUPDWLRQV IURP WKH 0' WUDMHFWRULHV� 7KH 00�3%6$

FDOFXODWLRQV RI WKH SURWHLQ�VPDOO PROHFXOH LQKLELWRUV ZHUH FDOFXODWHG EDVHG RQ WKH ODVW �� QV

WUDMHFWRU\ ZLWK VQDSVKRWV REWDLQHG DIWHU HYHU\ ���� SV� WRWDOOLQJ WR �� VQDSVKRWV� 7KH 0'

VQDSVKRWV ZHUH HQHUJ\ PLQLPL]HG IRU ���� VWHSV EHIRUH HYDOXDWLRQ RI LQWHUDFWLRQ DQG VROYDWLRQ

IUHH HQHUJLHV� 7KH SURWHLQ DQG VROYHQW ZHUH PRGHOHG ZLWK GLHOHFWULF FRQVWDQWV RI İ  � DQG İ  ���

UHVSHFWLYHO\� $3%6 VXLWH>���@�DQG *0;3%6$>���@�ZHUH XVHG IRU LPSOLFLW VROYHQW FDOFXODWLRQV�
,Q WKLV VWXG\� ZH DWWHPSWHG WR FDOFXODWH WKH HQWURSLF HVWLPDWH RI ELQGLQJ XVLQJ WKH LQWHUDFWLRQ

HQWURS\ IRUPDOLVP>���@�� +RZHYHU� FRQYHUJHG HQWURSLF YDOXHV ZLWK UHDVRQDEOH HUURU HVWLPDWHV IRU
WKH WUDMHFWRULHV FRXOG QRW EH REWDLQHG� ZKLFK LV RIWHQ WKH FDVH ZKHQ HYDOXDWLQJ HQWURSLF

FRQWULEXWLRQV IURP PROHFXODU VLPXODWLRQV� :H� WKHUHIRUH� QHJOHFWHG HQWURSLF FRQWULEXWLRQV WR WKH

ELQGLQJ IUHH HQHUJLHV� DV HVWLPDWHG HQWURS\ FKDQJH XSRQ ELQGLQJ LV RIWHQ QHJOLJLEOH DQG FDQ EH

LJQRUHG IRU UHODWLYH ELQGLQJ IUHH HQHUJLHV FDOFXODWLRQV>���@�� 7KH HQWKDOSLHV RI ELQGLQJ REWDLQHG
IURP 00�3%6$ FDOFXODWLRQV DUH UHSRUWHG DV ELQGLQJ HQHUJLHV IRU WKH FRPSOH[HV�

��� 5HVXOWV

����� 3UHGLFWLRQ RI SXWDWLYH VPDOO PROHFXOHV WKDW FDQ ELQG WR 1L9 SURWHLQV�

7KH FU\VWDO VWUXFWXUHV RI WKH *� 1� 3 DQG ) SURWHLQV ZHUH XVHG LQ GRFNLQJ VWXGLHV WR ILQG SODXVLEOH

VPDOO PROHFXOH LQKLELWRUV� $ KRPRORJ\ PRGHO RI WKH 0 SURWHLQ ZDV DOVR LQFOXGHG LQ WKH GRFNLQJ

H[HUFLVH DV LW ZDV EDVHG RQ D WHPSODWH ZLWK KLJK ����� VHTXHQFH LGHQWLW\ DQG FRYHUDJH ������ :H

ZHUH FRQVHUYDWLYH ZLWK WKH GRFNLQJ DSSURDFK DQG GLG QRW XVH RXU PRGHOV RI WKH VWUXFWXUHV RI WKH

: DQG 9 SURWHLQV LQ WKLV H[HUFLVH� (YHQ WKRXJK 9 DQG : SURWHLQV VKDUH D ODUJH SRUWLRQ RI WKHLU
��



VHTXHQFH ZLWK 3� WKHUH ZDV QR FU\VWDO VWUXFWXUH RI 3 FRUUHVSRQGLQJ WR WKH LGHQWLFDO UHJLRQV RI 9

DQG : SURWHLQV �H[FHSW UHVLGXH QR ����� ZKLFK LV WRR VPDOO D VWUHWFK IRU ELQGLQJ VLWH SUHGLFWLRQ��

7KH 9 DQG : SURWHLQ PRGHOV FRYHU a��� RI WKH ZKROH SURWHLQ OHQJWK ���� DQG ��� UHVLGXHV RI D

WRWDO OHQJWK RI ��� DQG ��� IRU 9 DQG : UHVSHFWLYHO\� LQ GLVFRQWLJXRXV IUDJPHQWV� VRPHWLPHV

ZLWK WDUJHW�WHPSODWH VHTXHQFH LGHQWLWLHV RI a����� �KWWS���FRVSL�LLVHUSXQH�DF�LQ�1LSDK��

)LUVW� ZH SUHGLFWHG WKH SODXVLEOH ELQGLQJ SRFNHWV RQ HDFK RI WKH SURWHLQV XVLQJ WKH '(37+ VHUYHU

WKDW ZH KDG HDUOLHU EHQFKPDUNHG IRU ELQGLQJ VLWH SUHGLFWLRQ DFFXUDF\� $ WRWDO RI �� ELQGLQJ

SRFNHWV ZHUH SUHGLFWHG LQ * ���� 1 ���� 3 ���� ) ��� DQG 0 ��� SURWHLQV �7DEOH ��� 7ZR RI WKH

SUHGLFWHG ELQGLQJ SRFNHWV� RQH RQ WKH 0 SURWHLQ DQG DQRWKHU RQ WKH * SURWHLQ� DUH RQ WKH GLPHU

LQWHUIDFH DQG KRVW SURWHLQ �HSKULQ UHFHSWRU� ELQGLQJ LQWHUIDFH UHVSHFWLYHO\� $V PHQWLRQHG LQ

0HWKRGV VHFWLRQ SUHYLRXVO\ �6HFWLRQ ����� WKHVH VLWHV DUH LPSRUWDQW GUXJ WDUJHWV� $OO �� ELQGLQJ

VLWHV ZHUH XVHG WR VFUHHQ ����� GUXJ OLNH PROHFXOHV IURP WKH ��� QRQUHGXQGDQW =,1& GDWDEDVH

RI FOHDQ GUXJ OLNH PROHFXOHV XVLQJ WZR GLIIHUHQW GRFNLQJ WRROV� '2&.��� DQG $XWRGRFN�� 7KH

GRFNLQJ WRROV SURYLGH D GRFNLQJ HQHUJ\ VFRUH WKDW ZDV XVHG WR VHOHFW SRVVLEOH KLJK DIILQLW\

ELQGHUV� ,Q WKH DEVHQFH RI DQ REMHFWLYH PHDVXUH RU WKUHVKROG WR GHWHUPLQH VWURQJ ELQGHUV� ZH

FKRVH WKH WRS ��� EHVW VFRULQJ OLJDQGV IRU HDFK RI WKH SRFNHWV IURP ERWK WKH GRFNLQJ WRROV� :H

WKHQ FRPSDUHG WKH WZR OLVWV IRU FRPPRQ PROHFXOHV� ��� PROHFXOHV ZHUH LGHQWLILHG E\ ERWK

'RFN��� DQG $XWRGRFN� IRU * ���� 1 ����� 3 ����� ) ���� DQG 0 ���� SURWHLQV �7DEOH ��� 7KH JULG

VFRUHV IRU WKH SUHGLFWHG FRPSOH[HV UDQJH EHWZHHQ ��� WR ��� XQLWV IRU '2&.���� 7KH

FRUUHVSRQGLQJ $XWRGRFN� ELQGLQJ IUHH HQHUJLHV UDQJH EHWZHHQ ��� NFDO�PRO WR �� NFDO�PRO �7DEOH

���

7DEOH �� /LVW RI SRFNHW OLQLQJ UHVLGXHV IRU HDFK SRFNHW RI 1L9 3URWHLQV� 7KH UHVLGXH QDPH LV

IROORZHG E\ WKH UHVLGXH QXPEHU� 7KH FKDLQ LG KDV EHHQ GHSLFWHG DIWHU WKH GRW�

1L9 SURWHLQ 3RFNHW 3RFNHW OLQLQJ UHVLGXH QXPEHUV 3RFN'UXJ &DYLW\3OXV

*O\FRSURWHLQ 3*� )����$� :����$� 4����$� '����$� <����$�
/����$� 4����$

���� 'UXJJDEOH

3*� 3����$� *����$� 5����$� :����$� 6����$�
(����$� 5����$� .����$� )����$� 1����$�
6����$� 3����$

���� /HVV GUXJJDEOH

��
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1XFOHRSURWHLQ 31� 6���$� $���$� 9���$� ,����$� /����$�
(����$� 5���$� )���$� .���$

���� /HVV GUXJJDEOH

31� .���$� 1����$� 4����$� 6����$� /����$�
.����$� )����$� ,���$

���� 8QGUXJJDEOH

31� 5����$� 1����$� 6����$� 5����$� 4����$�
(����$� ,����$� .����$

���� 8QGUXJJDEOH

31� 5����$� <����$� 9����$� /����$� (����$�
6����$� '���$� (����$� /����$

���� 8QGUXJJDEOH

3KRVSKRSURWHL
Q

33� 7����%� .����%� 9����%� 1����&� 7����&�
7����&� (����&� ,����&

���� /HVV GUXJJDEOH

33� /����&� (����&� 9����&� 1����&� '����% 3RFNHW QRW
LGHQWLILHG

8QGUXJJDEOH

)XVLRQ SURWHLQ 3)� 9���%� <���%� +���%� <����%� /����%�
1����%� .���%

���� 8QGUXJJDEOH

0DWUL[ SURWHLQ 30� (����$� +����$� 3����$� 4����$� /����$�
0����$� '����$� 0����$

���� 'UXJJDEOH

30� )����$� .����$� :����$� <���$� /����$�
<����$� 0����$� /����$� '����$

���� 'UXJJDEOH

30� /����$� :����$� /����$� )����$� '����$�
0����$� )����$

���� /HVV GUXJJDEOH

7R FRUURERUDWH RXU SUHGLFWLRQV� ZH PHDVXUHG WKH 506' EHWZHHQ WKH VDPH OLJDQG �LQ WKH FRPPRQ

OLVW� DV GRFNHG E\ WKH WZR GLIIHUHQW WRROV �WRS � SRVHV SUHGLFWHG E\ $XWRGRFN� ZHUH FRPSDUHG WR

WKH WRS SRVH SUHGLFWHG E\ '2&.����� DIWHU VXSHULPSRVLQJ WKH SURWHLQV� 7KLV PHDVXUH LV UHIHUUHG

WR DV 506'BOLJ� �� XQLTXH GUXJ�OLNH PROHFXOHV KDG DQ 506'BOLJ RI OHVV WKDQ ���� QP EHWZHHQ

WKHLU GRFNHG SRVHV�

��



7DEOH �� /LVW RI WKH UDQNV DQG HQHUJ\ YDOXHV RI WKH VPDOO GUXJ OLNH PROHFXOHV WKDW ZHUH SUHGLFWHG

LQ WKH WRS ��� VFRULQJ PRGHOV E\ ERWK '2&.��� DQG $XWRGRFN�� 506'B� ±506'B� DUH WKH

506'V RI WKH � EHVW $XWRGRFN� SRVHV ZLWK WKH EHVW VFRULQJ 'RFN��� SRVH� 7KH OHDVW 506' LV

GHSLFWHG LQ EROG� 3RFNHW QXPEHU LQGLFDWHV SRFNHWV IURP $XWRGRFN�� 6RPH RI WKH $XWRGRFN�

SRFNHWV KDYH EHHQ VXEGLYLGHG E\ '2&.���� ZKLFK LQGLFDWHV WKH VXEVHFWLRQV LQ HDFK SRFNHW

��



3URWHLQ
QDPH

3'%
,'

3RFNH
W
1XPE
HU

1XPE
HU RI
VHOHFW
HG
PROHF
XOHV =,1& ,'

5DQN LQ
'2&.

5DQN LQ
$XWRGRFN�

(QHUJ\ LQ
'2&.���

(QHUJ\ LQ
$XWRGRFN 506'B� �QP� 506'B��QP� 506'B��QP� 506'B��QP� 506'B��QP�

*O\FRSURW
HLQ �'�� 3*� � =,1&�������� �� �� �������� ����� ��� ����� ����� ����� �����

3*� =,1&�������� ��� ��� �������� ����� ����� ��� ����� ����� �����

3*� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

3*� =,1&�������� ��� ��� �������� ����� ����� ����� ����� � �����

3*� � =,1&�������� ��� � �������� ����� ���� ����� ����� ����� �����

3*� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

3*� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

3*� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

3*� =,1&�������� �� ��� �������� ����� ����� ����� ����� ��� �����

1XFOHRSU
RWHLQ �&2� 31� � =,1&�������� ��� �� �������� ����� ����� ���� ����� ����� �����

31� �� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ���� �����

31� =,1&�������� �� �� �������� ����� ���� ����� ���� ����� �����

31� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� � �������� ����� ����� ����� ����� ���� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� ��� �������� ���� ����� ����� ����� ���� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ��� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

��



31� =,1&�������� ��� �� �������� ���� ����� ����� ����� ����� �����

31� �� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� � �� �������� ���� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ���� �����

31� =,1&�������� � �� ������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� � �������� ����� ����� ���� ����� ����� �����

31� =,1&�������� �� ��� �������� ����� ����� ����� ���� ����� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� � ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ��� ����

31� =,1&�������� ��� �� �������� ���� ����� ���� ����� ����� �����

31� � =,1&�������� ��� ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� ����

31� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� �� �������� ����� ����� ���� ����� ����� �����

31� =,1&�������� ��� �� ������� ����� ����� ����� ����� ���� ����

31� =,1&�������� ��� �� �������� ����� ���� ����� ����� ���� �����

31� =,1&�������� � ��� �������� ����� ���� ����� ����� ���� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

��



31� �� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� � �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� �� �������� ����� ���� ����� ����� ����� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� ����

31� =,1&�������� �� �� ������� ���� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ���� ����� ����� ����� �����

31� =,1&�������� �� � �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� � �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� �� =,1&�������� �� �� �������� ����� ����� ����� ���� ����� �����

31� =,1&�������� �� �� ������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ���� ��� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� � �������� ����� ����� ����� ���� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� �� �������� ����� ����� ����� ���� ����� �����

31� =,1&�������� � �� ������� ����� ����� ���� ����� ����� �����

31� =,1&�������� �� � �������� ����� ����� ���� ����� ����� �����

31� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����
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31� =,1&�������� ��� � �������� ����� ����� ���� ����� ����� �����

31� =,1&�������� � ��� �������� ����� ����� ���� ����� ����� �����

31� =,1&�������� ��� ��� �������� ����� ���� ����� ����� ���� �����

31� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� ��� �������� ���� ����� ����� ����� ����� �����

31� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� ��� �������� ���� ����� ����� ����� ����� �����

31� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

31� � =,1&�������� �� �� �������� ����� ����� ����� ����� ���� ����

31� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� �� � �������� ����� ����� ���� ����� ����� �����

31� =,1&�������� �� �� ������� ����� ���� ����� ����� ����� �����

31� =,1&�������� ��� � �������� ����� ����� ����� ����� ����� �����

31� =,1&�������� ��� �� �������� ����� ���� ����� ����� ����� �����

31� =,1&�������� ��� ��� �������� ���� ����� ����� ����� ����� ���

3KRVSKR
SURWHLQ �1�% 33� �� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ���� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ���� ����� �����

33� =,1&�������� � �� �������� ����� ����� ����� ���� ����� �����

33� =,1&�������� �� �� �������� ���� ����� ����� ����� ����� �����

33� =,1&�������� �� �� ������ ����� ����� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� ��� ��� �������� ���� ���� ����� ����� ����� �����
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33� =,1&�������� ��� ��� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ���� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� ��� �� ������� ����� ���� ����� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ���� ����� ����� ����� �����

33� =,1&�������� ��� ��� �������� ����� ���� ����� ����� ����� �����

33� �� =,1&�������� �� �� �������� ����� ���� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ����� ��� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ����� ���� �����

33� =,1&�������� � �� �������� ����� ���� ����� ��� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ����� ���� ����

33� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ���� ���� ���� �����

33� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� ����

33� =,1&�������� �� ��� �������� ����� ���� ����� ����� ����� �����

33� � =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� � �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

33� �� =,1&�������� � �� �������� ����� ����� ����� ����� ����� �����
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33� =,1&�������� �� �� ������� ����� ����� ����� ����� ����� �����

33� =,1&�������� � �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ���� ����� ����� ���� ����

33� =,1&�������� �� �� ������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� �� ������ ����� ����� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ���� ����� �����

33� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� � � �������� ����� ����� ����� ����� ���� �����

33� =,1&�������� �� �� �������� ������ ����� ����� ����� ����� �����

33� =,1&�������� �� �� �������� ������ ���� ���� ����� ����� �����

33� =,1&�������� �� �� �������� ������ ����� ���� ����� ����� ����

33� =,1&�������� ��� �� �������� ������ ����� ����� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� ��� ��� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� ��� ������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ���� ���� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� ��� ��� �������� ����� ����� ��� ����� ����� �����

33� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

33� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

)XVLRQ
SURWHLQ

�(9
0 3)� � =,1&�������� ��� ��� �������� ����� ����� ����� ����� ����� �����

3)� =,1&�������� ��� �� �������� ����� ����� ����� ����� ���� �����
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3)� =,1&�������� �� �� �������� ����� ����� ����� �� ����� �����

3)� � =,1&�������� �� �� �������� ����� ����� ����� ��� ����� �����

3)� =,1&�������� �� � �������� ����� ���� ����� ����� ����� �����

3)� =,1&�������� �� �� �������� ���� ����� ����� ����� ����� �����

3)� =,1&�������� � �� �������� ����� ����� ����� ����� ����� �����

3)� =,1&�������� �� �� �������� ���� ����� ����� ����� ����� �����

3)� =,1&�������� �� ��� �������� ���� ���� ����� ����� ����� �����

3)� =,1&�������� ��� �� �������� ���� ����� ����� ����� ���� �����

0DWUL[
SURWHLQ

0RQR
PHU
RI
PRGH
OHG
GLPHU 30� � =,1&�������� �� �� �������� ����� ����� ����� ����� ����� ����

30� � =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ���� ���� ����

30� =,1&�������� �� ��� �������� ���� ����� ����� ����� ����� �����

30� �� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� � �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ��� ����� ����� ����� ����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ���� ����� ����� �����

30� =,1&�������� �� �� ������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����
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30� =,1&�������� �� ��� �������� ����� ���� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ���� ����� ���

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� �� �������� ����� ����� ����� ����� ���� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ���� ����� �����

30� �� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� ����

30� =,1&�������� �� � �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� ������� ����� ����� ���� ����� ����� �����

30� =,1&�������� �� �� ������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� ������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� ������� ����� ����� ����� ���� ����� ����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����
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30� =,1&�������� �� �� ������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� ����

30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� �� �������� ���� ���� ����� ���� ����� �����

30� =,1&�������� � ��� �������� ����� ����� ����� ����� ���� �����

30� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� �� �������� ����� ����� ���� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ��� ���� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� ��� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� ��� ������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� ��� �������� ����� ���� ����� ����� ����� �����

30� =,1&�������� ��� ��� �������� ����� ����� ����� ����� ����� �����

30� �� =,1&�������� �� �� �������� ����� ����� ���� ����� ����� �����

30� =,1&�������� �� �� ������� ����� ����� ����� ����� ���� �����

30� =,1&�������� �� �� �������� ���� ����� ���� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� ����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� ��� ��� �������� ����� ����� ����� ����� ���� �����

30� =,1&�������� ��� �� �������� ����� ����� ����� ���� ����� ����

30� =,1&�������� �� ��� �������� ���� ����� ����� ����� ����� �����
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30� =,1&�������� �� ��� �������� ����� ����� ����� ����� ����� �����

30� � =,1&�������� �� �� ������� ����� ����� ���� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ���� ����� ����� �����

30� =,1&�������� �� �� �������� ���� ����� ����� ����� ����� �����

30� =,1&�������� � �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ����� ����� ����� ����� ����� �����

30� =,1&�������� �� �� �������� ���� ����� ����� ����� ����� �����

30� =,1&�������� ��� ��� �������� ����� ����� ����� ����� ����� �����
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,Q DGGLWLRQ WR FRQIRUPDWLRQDO VLPLODULW\� ZH DOVR DVVHVVHG WKH VLPLODULWLHV LQ OLJDQG�SURWHLQ

LQWHUDFWLRQV� SULPDULO\ K\GURJHQ ERQGLQJ �7DEOH ��� )XUWKHU� WKH K\GURJHQ ERQGLQJ LQWHUDFWLRQV

ZHUH a�� � FRQVHUYHG LQ � RI WKHVH FRPSOH[HV �ZLWK 506'BOLJ � ���� QP�� ,Q D IHZ LQVWDQFHV�

WKRXJK WKH K\GURJHQ ERQGLQJ ZDV QRW SUHFLVHO\ WKH VDPH� YLVXDO LQVSHFWLRQ RI WKH FRPSOH[HV

VXJJHVWV WKDW WKHVH ERQGV FRXOG EH IRUPHG ZLWK VPDOO FRQIRUPDWLRQDO FKDQJHV�

7DEOH �� 1XPEHU RI K\GURJHQ ERQGV WKDW DUH IRUPHG EHWZHHQ WKH VHOHFWHG SRVH IRU '2&.��� DQG

$XWRGRFN� ZLWK WKH SURWHLQ� 1XPEHU RI FRPPRQ K\GURJHQ ERQGV LQGLFDWHV WKH QXPEHU RI

K\GURJHQ ERQGV WKDW DUH FRPPRQ EHWZHHQ WKH SUHGLFWHG SRVHV RI WKH OLJDQG IURP $XWRGRFN� DQG

'2&.����  7KH 506' EHWZHHQ '2&. DQG $XWRGRFN LV ����� QP �JUHDWHU WKDQ WKH FXWRII��

7KLV HQWU\ LV LQFOXGHG DV WKH UDQN IRU WKLV OLJDQG '2&. LV � DQG $XWRGRFN LV �� LQGLFDWLQJ KLJKHU

FRQILGHQFH LQ WKH SUHGLFWLRQ

6U QR 3URWHLQ 1DPH 3RFNHW
1XPEHU

=,1& ,' 1XPEHU RI
+\GURJHQ
ERQGV IRU
'2&.���

1XPEHU RI
+\GURJHQ ERQGV
IRU $XWRGRFN�

1XPEHU RI
FRPPRQ
+\GURJHQ
ERQGV

� 1XFOHRSURWHLQ 31�� =,1&�������� � � �

� 1XFOHRSURWHLQ 31�� =,1&�������� � � �

� 1XFOHRSURWHLQ 31� =,1&�������� � � �

� 3KRVSKRSURWHLQ 33�� =,1&�������� � � �

� 3KRVSKRSURWHLQ 33�� =,1&�������� � � �

� 3KRVSKRSURWHLQ 33�� =,1&�������� � � �

� 3KRVSKRSURWHLQ 33�� =,1&�������� � � �

� 3KRVSKRSURWHLQ 33�� =,1&�������� � � �

� 3KRVSKRSURWHLQ 33� =,1&�������� � � �

�� 3KRVSKRSURWHLQ 33� =,1&�������� � � �

�� 3KRVSKRSURWHLQ 33� =,1&�������� � � �

�� 1XFOHRSURWHLQ 3�� =,1&�������� � � �

�� 1XFOHRSURWHLQ 3�� =,1&�������� � � �
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�� 1XFOHRSURWHLQ 31�� =,1&�������� � � �

�� 1XFOHRSURWHLQ 31� =,1&�������� � � �

�� 1XFOHRSURWHLQ 31� =,1&�������� � � �

�� 3KRVSKRSURWHLQ 33�� =,1&�������� � � �

�� 3KRVSKRSURWHLQ 33�� =,1&�������� � � �

�� 3KRVSKRSURWHLQ 33�� =,1&�������� � � �

�� 3KRVSKRSURWHLQ 33�� =,1&�������� � � �

�� 0DWUL[ SURWHLQ 30�� =,1&�������� � � �

�� 0DWUL[ SURWHLQ 30�� =,1&�������� � � �

�� GUXJ�OLNH PROHFXOHV LQ 1 ���� 3 ��� DQG 0 ��� KDG DQ 506'BOLJ RI OHVV WKDQ ���� QP EHWZHHQ

WKHLU GRFNHG SRVHV DQG ZHUH LQ WKH WRS ��� VFRULQJ PRGHOV DV SUHGLFWHG E\ ERWK WKH GRFNLQJ WRROV�

:H GLG QRW JHW PROHFXOHV WKDW KDG D 506'BOLJ RI OHVV WKDQ ����QP IRU WKH * DQG ) SURWHLQV� 7KH

PROHFXOH ZLWK WKH EHVW 506'BOLJ ������ QP� IURP RXU VFUHHQLQJ� =,1&�������� �)LJXUH ��$��

ELQGV WKH 1 SURWHLQ �7DEOH ��� 0ROHFXOHV =,1&��������� =,1&��������� DQG =,1&��������

DOVR KDYH 506'BOLJ OHVV WKDQ ���� DQG DUH SUHGLFWHG WR ELQG WR WKH 1 SURWHLQ� =,1&�������� KDV

D '2&.��� UDQN RI � DQG $XWR'RFN UDQN RI ��� LQGLFDWLQJ WKHLU EHWWHU ELQGLQJ SRVH LQ

FRPSDULVRQ WR WKH RWKHU VDPSOHG SRVHV DQG VPDOO PROHFXOH OLJDQGV� 6PDOO PROHFXOHV

=,1&��������� =,1&��������� =,1&��������� =,1&�������� DQG =,1&�������� DUH

SUHGLFWHG ELQGHUV WR 3 WKDW KDYH 506'BOLJ RI OHVV WKDQ ����QP� 3DUWLFXODUO\� =,1&�������� LV

WKH EHVW VFRULQJ DQG WRS UDQNLQJ PROHFXOH IURP WKH '2&.��� UXQ ZKLOH LW VFRUHV UDQN �� IURP WKH

$XWR'RFN UXQ� 6XFK H[DPSOHV QHHG IXUWKHU LQYHVWLJDWLRQ RI KRZ ZHOO WKH OLJDQG UHDOO\ ELQGV WR D

JLYHQ SURWHLQ SRFNHW� )RU WKH 0 SURWHLQ� =,1&�������� ZDV VKRUWOLVWHG �7DEOH ��� 7KHUH DUH

KRZHYHU � PROHFXOHV �7DEOH �� WKDW DUH RI LQWHUHVW GHVSLWH WKHLU UHODWLYHO\ ODUJH 506'BOLJ YDOXHV�

7KH PROHFXOH =,1&�������� LV SUHGLFWHG DV WKH EHVW ELQGHU WR WKH 3 SURWHLQ E\ $XWRGRFN�

�ELQGLQJ HQHUJ\ RI ��� NFDO�PRO� DQG WKH VHFRQG EHVW ELQGHU E\ '2&.��� �JULG VFRUH RI ����

�)LJXUH ��%�� 7KHVH VFRUHV ZHUH DPRQJ WKH EHVW DFKLHYHG GXULQJ WKLV GRFNLQJ H[HUFLVH� :H

VHOHFWHG =,1&�������� WKDW ZDV GRFNHG RQWR WKH 0 SURWHLQ DQG ZDV VLPLODU WR =,1&���������

ZKLFK LQ WXUQ IRUPHG �� DQG � K\GURJHQ ERQGV ZLWK $XWRGRFN� DQG 'RFN��� UHVSHFWLYHO\�

=,1&�������� ZDV ZLWKLQ WKH WRS �� UDQNHG FRPSRXQGV E\ ERWK PHWKRGV� /DVWO\� WKH

K\GURSKRELF PROHFXOH =,1&�������� LV SUHGLFWHG WR ELQG WKH * SURWHLQ RQ LWV HSKULQ�%� ELQGLQJ

���



LQWHUIDFH� 7KRXJK ERWK GRFNLQJ PHWKRGV LGHQWLILHG WKLV VLWH� WKH GRFNLQJ SRVHV ZHUH GLIIHUHQW

�506'BOLJ RI ��� QP�� :H K\SRWKHVL]H WKDW WKH K\GURSKRELF QDWXUH RI WKH ELQGLQJ SRFNHW DQG LWV

VL]H FRXOG FRQWULEXWH WR WKH GLIIHUHQFH LQ GRFNHG SRVHV� 1RWH WKDW LQ RXU OLVW WKHUH DUH � OLJDQGV

�=,1&��������� =,1&�������� DQG =,1&��������� WKDW �7DEOH �� ELQG GLIIHUHQW SRFNHWV RQ

WKH VDPH SURWHLQ RU SRFNHWV RQ GLIIHUHQW SURWHLQV� 7KH OLJDQG ELQGLQJ SRFNHWV �31� DQG 30�� WKDW

ELQG =,1&�������� DQG =,1&�������� KDYH D VLPLODU DPLQR DFLG FRPSRVLWLRQ FRQWDLQLQJ

/\V�$UJ UHVLGXHV� 7\U UHVLGXH DQG /HX�9DO UHVLGXHV� 7KH WZR OLJDQGV KDYH WHUPLQDO R[\JHQV WKDW

LQWHUDFW ZLWK SRVLWLYHO\ FKDUJHG UHVLGXHV RI WKH ELQGLQJ SRFNHW� $QRWKHU OLJDQG =,1&��������

ELQGV WR WZR GLIIHUHQW SRFNHWV RQ 1 SURWHLQ �31� DQG 31��� WKHVH SRFNHWV DUH VSDWLDOO\ FORVH WR

RQH DQRWKHU DQG WKH OLJDQG RFFXSLHV WKH UHJLRQ EHWZHHQ WKH WZR SRFNHWV LQ D VLPLODU RULHQWDWLRQ�

,QWHUHVWLQJO\� D NQRZQ GUXJ �=,1&���������� DQ DQWLDVWKPDWLF DQG DQWLSVRULDWLF DPRQJ RWKHU

XVHV� ELQGV WR D SRFNHW RI WKH 1 SURWHLQ ZLWK 506'BOLJ RI ����� QP� $QRWKHU GUXJ

�=,1&��������� XVHG LQ WKH WUHDWPHQW RI GHSUHVVLRQ DQG 3DUNLQVRQ¶V GLVHDVH DOVR ELQGV WKH 1

SURWHLQ ZLWK 506'BOLJ � ���� QP�

)LJXUH �� 7KH GRFNHG SRVHV RI =,1&�������� ERXQG WR 1 SURWHLQ �$� DQG =,1&�������� ERXQG

WR 3 SURWHLQ �%� DV SUHGLFWHG E\ $XWRGRFN� �JUHHQ VWLFNV ZLWK VXUIDFH PHVK� DQG 'RFN��� �OLODF

VWLFNV ZLWK VXUIDFH PHVK�� 7KH SURWHLQ LV UHSUHVHQWHG LQ ZKLWH ULEERQV ZLWK WKH UHVLGXHV

LQWHUDFWLQJ ZLWK OLJDQG VKRZQ LQ VWLFN UHSUHVHQWDWLRQ� +\GURJHQ ERQGV �RQO\ GLVSOD\HG LQ $� DUH

VKRZQ DV GDVKHG OLQHV�

���



7DEOH �� 6DPH GUXJ OLNH PROHFXOH SUHGLFWHG WR ELQG GLIIHUHQW SRFNHWV RI WKH VDPH RU GLIIHUHQW

SURWHLQ� 7KH ELQGLQJ SRFNHW KDV EHHQ PHQWLRQHG LQ SDUHQWKHVLV�

6U� 1R� =,1& ,' 3RFNHW 1XPEHU
� =,1&�������� 31���31�
� =,1&�������� 31��30���30��
� =,1&�������� 30���30��
� =,1&�������� 31��30���30��
� =,1&�������� 33���33���33��
� =,1&�������� 31��30���30��
� =,1&�������� 31��30��
� =,1&�������� 31���31��
� =,1&�������� 31��30���30��
�� =,1&�������� 31��30���30��
�� =,1&�������� 33���33���33���33�
�� =,1&�������� 31���31���33��
�� =,1&�������� 31���31���31���33���33���33���33�
�� =,1&�������� 3)��30���30���30��
�� =,1&�������� 30���30��
�� =,1&�������� 33���33��
�� =,1&�������� 31���30���30��
�� =,1&�������� 31��3)�
�� =,1&�������� 30���30��
�� =,1&�������� 3*��31��
�� =,1&�������� 33���33��
�� =,1&�������� 31���31��
�� =,1&�������� 30���30��
�� =,1&�������� 30���30���30��
�� =,1&�������� 31���31��
�� =,1&�������� 30���30��
�� =,1&�������� 30���30��
�� =,1&�������� 31��30���30��
�� =,1&�������� 3*��31��
�� =,1&�������� 3*��31���31��
�� =,1&�������� 3*��3)�

���



�� =,1&�������� 31���30���30��
�� =,1&�������� 31��30���30���30���30��
�� =,1&�������� 31���33��
�� =,1&�������� 31���31��
�� =,1&�������� 31���31�
�� =,1&�������� 31���31���31�
�� =,1&�������� 33���33��
�� =,1&�������� 31���31�
�� =,1&�������� 31���31��
�� =,1&�������� 31���31�
�� =,1&�������� 31���31���31�
�� =,1&�������� 31��30���30��
�� =,1&�������� 31��30���30��
�� =,1&�������� 30���30��

����� &RPSXWDWLRQDO SUHGLFWLRQ RI WKH VWDELOLW\ RI WKH SURWHLQ�LQKLELWRU FRPSOH[HV�

7R DVVHVV WKH VWDELOLW\ RI WKH �� SURWHLQ�VPDOO PROHFXOH OLJDQG FRPSOH[HV� ZH FDUULHG RXW WKUHH

LQGHSHQGHQW 0' VLPXODWLRQV RI �� QV HDFK� XVLQJ WKH $0%(5��6%�,/'1 IRUFH ILHOG�

6LPXODWLRQV ZHUH FDUULHG RXW IRU �� RI WKH �� OLJDQGV WKDW KDG 506'BOLJ OHVV WKDQ ����QP�7DEOH

�� VWDUWLQJ ZLWK WKH '2&.��� SUHGLFWHG SRVH� )RU HDFK RI WKH WUDMHFWRULHV� WKH GLVWDQFH RI WKH

FHQWUH RI WKH VPDOO PROHFXOH OLJDQG WR WKH FHQWUH RI WKH ELQGLQJ SRFNHW �EDVHG RQ WKH VWDUWLQJ

VWUXFWXUH DIWHU 137 HTXLOLEUDWLRQ� ZDV PRQLWRUHG �)LJXUH ��� 7KH WULSOLFDWH 0' VLPXODWLRQV ZHUH

WHUPLQDWHG LI WKLV GLVWDQFH LQ � RI WKH � WUDMHFWRULHV H[FHHGHG � QP IURP LWV VWDUWLQJ YDOXH� 7KLV

KDSSHQHG LQ � FDVHV� � LQKLELWRUV IURP 1 DQG 3 HDFK DQG � IURP WKH 0 SURWHLQ � 7KHVH FRPSOH[HV

ZHUH WKHQ UH�VLPXODWHG XVLQJ WKH &+$500�� IRUFH ILHOG� 7R VXPPDUL]H� ZH IRXQG WKDW �

LQKLELWRUV RI 1 DQG � LQKLELWRUV RI 3 VKRZHG VWDEOH ELQGLQJ LQ HLWKHU $0%(5��6%�,/'1 RU

&+$500�� 0'V� )RU WKH � OLJDQGV ZLWK 506'BOLJ ! ���� QP VLPXODWLRQV ZHUH FDUULHG RXW

VWDUWLQJ ZLWK ERWK WKH '2&.��� DQG $XWRGRFN� SUHGLFWHG SRVHV� 2I WKHVH � OLJDQGV� WKH RQH WKDW

ERXQG WR *� VKRZHG VWDEOH DVVRFLDWLRQ ZLWK LW DV TXDQWLILHG E\ WKH GLVWDQFH OHVV WKDQ ���QP LQ DOO

WKH WULSOLFDWHV RI WKH &+$500�� UXQ� 6LPLODUO\� WKH LQKLELWRUV RI 3 DQG 0 �WKDW KDG 506'BOLJ !

����QP� DOVR VKRZHG VWDEOH DVVRFLDWLRQV�

7R IXUWKHU RXU FRQILGHQFH LQ WKH SUHGLFWHG LQKLELWRU\ PROHFXOHV� ZH FRPSXWHG ELQGLQJ HQHUJLHV

���



IRU WKH SURWHLQ�OLJDQG FRPSOH[HV XVLQJ 00�3%6$� � RI WKH ELQGLQJ HQHUJLHV ZHUH FRPSXWHG WR

EH QHJDWLYH LQ DW OHDVW RQH RI WKH UHSOLFDWHV �� IRU 1 SURWHLQ� � IRU 3 SURWHLQ� � IRU * SURWHLQ DQG �

IRU 0 SURWHLQ�� ,Q RQH FDVH �3 SURWHLQ�=,1&������� OLJDQG�� WKH ELQGLQJ HQHUJ\ ZLWK WKH

&+$500 IRUFH ILHOG �DIWHU WKH $0%(5 VLPXODWLRQ ZDV WHUPLQDWHG� ZDV FRPSXWHG WR KDYH

SRVLWLYH ELQGLQJ IUHH HQHUJ\ �7DEOH � DQG ��� ,Q � FDVHV �� IRU 1� 3 DQG 0 SURWHLQ HDFK� WKH OLJDQG

GLG QRW UHPDLQ ERXQG WR WKH SURWHLQ LQ HLWKHU &+$500 RU�DQG $0%(5 VLPXODWLRQV�

7KH WZR NQRZQ GUXJV� =,1&�������� DQG =,1&�������� UHPDLQHG ERXQG WR WKH 1 SURWHLQ LQ

DOO � UHSOLFDWHV ZLWK QHJDWLYH ELQGLQJ HQHUJLHV LQ DW OHDVW � RI WKH WUDMHFWRULHV� )RU WKH LPSRUWDQW

GUXJJDEOH VLWH RQ WKH * SURWHLQ� WKH OLJDQG UHPDLQHG ERXQG LQ DOO � UHSOLFDWHV ZKHQ VWDUWLQJ ZLWK

WKH $XWRGRFN� ERXQG SRVH ZLWK QHJDWLYH ELQGLQJ HQHUJLHV

7DEOH �� %LQGLQJ IUHH HQHUJ\ DV SUHGLFWHG XVLQJ 00�3%6$ FDOFXODWLRQV IURP PROHFXODU G\QDPLFV

VLPXODWLRQV FDUULHG RXW XVLQJ $0%(5 DQG &+$500 IRUFH ILHOGV IRU �� OLJDQGV SUHGLFWHG

DJDLQVW 1� 3 DQG 0 SURWHLQV� 7KH ELQGLQJ IUHH HQHUJLHV ZHUH QRW FDOFXODWHG �GHSLFWHG E\ �� ZKHQ

WKH OLJDQG OHIW WKH ELQGLQJ VLWH LQ DW OHDVW � RXW RI � UHSOLFDWHV� &+$500 ZDV RQO\ XVHG WR UXQ

PROHFXODU G\QDPLFV VLPXODWLRQV ZKHQ WKH OLJDQG OHIW WKH ELQGLQJ SRFNHW LQ $0%(5 VLPXODWLRQV�

=,1& ,' 3URWHLQ 5HSOLFDWH %LQGLQJ IUHH HQHUJ\ DV SUHGLFWHG GXULQJ

$0%(5
VLPXODWLRQ
�N-�PRO�

&+$500
VLPXODWLRQ�N-�PRO�

=,1&�������� 1 � � ���������

� � �������

� � �

=,1&�������� 1 � � �

� � �

� � �

=,1&�������� 1 � �������

���



� ���������

� �������

=,1&�������� 1 � �������

� ������

� ��������

=,1&�������� 3 � � �������

� � ������

� � ������

=,1&�������� 3 � ������

� �������

� ������

=,1&�������� 3 � � �

� � �

� � �

=,1&�������� 3 � ��������

� ���������

� ���������

=,1&�������� 3 � ���������

� �����

� �������

=,1&�������� 0 � � �

� � �

� � �
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7DEOH �� %LQGLQJ IUHH HQHUJ\ DV SUHGLFWHG XVLQJ 00�3%6$ FDOFXODWLRQV IURP PROHFXODU G\QDPLFV

VLPXODWLRQV FDUULHG RXW XVLQJ $0%(5 IRUFH ILHOGV IRU � OLJDQGV SUHGLFWHG DJDLQVW *� 0 DQG 3

SURWHLQV IRU ERWK WKH SUHGLFWHG '2&.��� DQG $XWRGRFN� SRVHV� 7KH ELQGLQJ IUHH HQHUJLHV ZHUH

QRW FDOFXODWHG �GHSLFWHG E\ �� ZKHQ WKH OLJDQG OHIW WKH ELQGLQJ VLWH LQ DW OHDVW � RXW RI � UHSOLFDWHV�

=,1& ,' 3URWHLQ 5HSOLFDWH %LQGLQJ IUHH HQHUJ\ DV SUHGLFWHG IURP
�N-�PRO�
'2&. SRVH
�N-�PRO�

$XWRGRFN SRVH
�N-�PRO�

=,1&�������� 0 � �������� ��������
� � ��������
� �������� �

=,1&�������� * � � �������
� � �������
� � �������

=,1&�������� 3 � �������� ��������
� ��������� ��������
� �������� �

���



���



���



)LJXUH �� 'LVWDQFH RI WKH FHQWHU RI WKH OLJDQG IURP WKH FHQWHU RI WKH ELQGLQJ VLWH �FDOFXODWHG EDVHG

RQ WKH UHVLGXHV ZLWKLQ �c RI WKH ILUVW VQDSVKRW DIWHU 137 HTXLOLEUDWLRQ� GXULQJ WKH VLPXODWLRQ� 7KH

LGHQWLW\ RI WKH OLJDQG� IRUFH ILHOG DQG GRFNLQJ VWUDWHJ\ XVHG DQG WKH WDUJHW SURWHLQ KDV EHHQ

LQGLFDWHG DERYH HDFK SORW�

���



��� 'LVFXVVLRQV

1LSDK LV D GHDGO\ YLUXV ZLWK D PRUWDOLW\ UDWH KLJKHU WKDQ ���� 'HVSLWH WKLV� WKHUH DUH QR DSSURYHG

GUXJV DJDLQVW 1L9� ,Q WKLV VWXG\� ZH DWWHPSWHG WR SUHGLFW SXWDWLYH VPDOO GUXJ�OLNH PROHFXOHV WKDW

FRXOG ELQG WR YDULRXV 1L9 SURWHLQV DQG LQKLELW WKHLU DFWLYLW\� 7RZDUGV WKLV� ZH YLUWXDOO\ VFUHHQHG

a����� PROHFXOHV IURP WKH =,1& OLEUDU\ DJDLQVW � 1L9 SURWHLQV� 7KH VFUHHQLQJ ZDV FDUULHG RXW

XVLQJ � VRIWZDUHV� $XWRGRFN� DQG '2&.���� :H WKHQ VHOHFWHG RQO\ WKRVH VPDOO PROHFXOHV WKDW

ZHUH FRPPRQ LQ WKH WRS ��� EHVW VFRULQJ SRVHV IURP ERWK WKH VFUHHQLQJV� $GGLWLRQDOO\� ZH

LPSRVHG D FXWRII IRU JHRPHWULFDO VLPLODULW\ LQ WKH SRVH RI WKH VPDOO PROHFXOH IRU LQFUHDVHG

FRQILGHQFH� )XUWKHU� ZH VXEMHFWHG WKHVH VKRUWOLVWHG SURWHLQ�VPDOO PROHFXOH FRPSOH[HV WR 0'

VLPXODWLRQV WR DVVHVV WKHLU VWDELOLW\� 7KH ELQGLQJ IUHH HQHUJLHV ZHUH DOVR FDOFXODWHG IRU WKHVH

FRPSOH[HV� 7KLV KLHUDUFKLFDO SURFHVV RI FULWHULD EDVHG ILOWHULQJ WKH EHVW FRPSOH[HV DQG WKH

DVVHVVPHQW RI WKHLU VWDELOLW\ HQDEOHG XV WR KDYH KLJKHU FRQILGHQFH LQ WKHP� 7R WKH EHVW RI RXU

NQRZOHGJH� WKLV LV QRYHO ILOWHULQJ FULWHULD WKDW FDQ EH DSSOLHG WR DQ\ YLUWXDO VFUHHQLQJ H[HUFLVH WR

JHW LQFUHDVHG FRQILGHQFH�

:H SUHGLFWHG �� VXFK VPDOO PROHFXOHV WKDW ILWWHG LQWR WKH DERYH PHQWLRQHG FULWHULD� $GGLWLRQDOO\�

ZH VHOHFWHG � VPDOO PROHFXOHV� RQH RI ZKLFK ELQGV WR WKH * SURWHLQ RQ LWV HSKULQ ELQGLQJ

LQWHUIDFH� WKH VHFRQG RQH ELQGV DW WKH LQWHUIDFH RI WKH 0 SURWHLQ GLPHU DQG WKLUG RQH ZKLFK ELQGV

WR WKH 3 SURWHLQ� 7KH �� OLJDQG ERXQG SURWHLQ FRPSOH[HV ZHUH VXEMHFWHG WR WULSOLFDWH 0'

VLPXODWLRQV ��� QV HDFK� WR JDXJH WKH VWDELOLW\ RI WKH DVVRFLDWLRQ� ,Q � RI WKH FRPSOH[HV� DW OHDVW

RQH RI WKH WUDMHFWRULHV ZDV HYDOXDWHG WR KDYH IDYRUDEOH �QHJDWLYH� ELQGLQJ HQHUJ\� :KLOH WKH

VLPXODWLRQV DQG WKH HQHUJ\ FDOFXODWLRQV WKDW IROORZ DUH QRW WR EH FRQVWUXHG DV LQGLFDWRUV RI

ELQGLQJ VWUHQJWK� WKH\ GR SURYLGH WKH VDPH JHQHUDO WUHQGV DQG JLYH SRLQWHUV DQG�RU ERRVW RXU

FRQILGHQFH LQ WKH ELQGLQJ HIILFDF\ RI WKH OLJDQG�SURWHLQ FRPSOH[� 2QO\ � RI WKH �� OLJDQGV

FRQVLVWHQWO\ PRYHG DZD\ IURP WKH RULJLQDO SUHGLFWHG ELQGLQJ SRFNHW HYHQ ZKHQ WKH VLPXODWLRQV

ZHUH UHSHDWHG XVLQJ D GLIIHUHQW IRUFH ILHOG� ,Q RQH RWKHU FDVH� WKRXJK WKH SURWHLQ�OLJDQG FRPSOH[

UHPDLQHG FRQIRUPDWLRQDOO\ VWDEOH WKURXJKRXW WKH FRXUVH RI WKH WULSOLFDWH WUDMHFWRULHV� RXU HQHUJ\

HVWLPDWHV RI WKLV LQWHUDFWLRQ ZHUH XQIDYRUDEOH �SRVLWLYH HQHUJ\�� ,Q WKH DEVHQFH RI H[SHULPHQWDO

YDOLGDWLRQ� ZKLFK ZH VHHN WR GR QH[W� WKHVH 0' VLPXODWLRQV VHUYH DV LQGLFDWRUV RI WKH YLDELOLW\ RI

WKH OLJDQGV WR ELQG WKH YLUDO SURWHLQV

,Q DOO RXU FRPSXWDWLRQDO SUHGLFWLRQV� DQ LQGHSHQGHQW VFRULQJ VFKHPH�V� ZDV XVHG WR HYDOXDWH

UHVXOWV� 0' VLPXODWLRQV ZHUH DOZD\V FDUULHG RXW LQ WULSOLFDWH DQG VRPHWLPHV XVLQJ GLIIHUHQW IRUFH

ILHOGV� ,Q VKRUW� ZH KDYH WDNHQ FDUH WR HQVXUH FURVV YDOLGDWLRQ RI RXU FRPSXWDWLRQV WR ZKDWHYHU
���



H[WHQW LV SUDFWLFDOO\ SRVVLEOH� :H FDQQRW RYHUHPSKDVL]H WKH LPSRUWDQFH RI WKHVH FRPSXWDWLRQDO

SUHGLFWLRQV� HVSHFLDOO\ IRU VZLIW DFWLQJ SRWHQW YLUXVHV VXFK DV 1L9 ZKHUH PRUWDOLW\ UDWHV DUH KLJK�

$Q LPSRUWDQW DVSHFW RI WKH =,1& OLEUDU\ LV WKDW LW FRQVLVWV RI DOUHDG\ NQRZQ GUXJV� ,Q WKLV VWXG\�

ZH SUHGLFWHG VRPH RI WKHVH GUXJV DV LQKLELWRUV RI WKH 1L9 SURWHLQV� 7KH DGYDQWDJH RI VXFK

UHSXUSRVLQJ LV WKH HDVH RI WHVWLQJ� )RU LQVWDQFH� ZH LGHQWLILHG &\FORSHQW���HQH�����GLFDUER[\OLF

DFLG �=,1&��������� DV DQ LQKLELWRU RI WKH 1L9 1 SURWHLQ� 7KLV FRPSRXQG LV D NQRZQ GUXJ

SUHVFULEHG IRU DQWLDVWKPDWLF DQG DQWLSVRULDWLF DPRQJ RWKHU GLVRUGHUV� ,Q DGGLWLRQ WR WKLV� ZH DOVR

WULHG WR ILQG RYHUODS EHWZHHQ WKH VKRUWOLVWHG =,1& PROHFXOHV DQG WKRVH WKDW RFFXU QDWXUDOO\ LQ

SODQWV� :H GLG QRW ILQG DQ\ RYHUODS EHWZHHQ WKH WZR VHWV RI PROHFXOHV� ,Q IXWXUH VWXGLHV� RQH

FRXOG LQFOXGH WKH QDWXUDOO\ RFFXUULQJ RQHV LQ WKH YLUWXDO VFUHHQLQJ H[HUFLVH� ,I WKHVH PROHFXOHV DUH

VKRUWOLVWHG DV SXWDWLYH ELQGHUV� LW ZRXOG EH HDV\ DQG FKHDS WR WHVW DQG XVH WKHP� 6LPLODUO\� XVLQJ D

FRPELQDWLRQ RI VPDOO�PROHFXOH OLEUDULHV ZLWK GLIIHUHQW SURSHUWLHV RU GLIIHUHQW VRXUFHV RI RULJLQ

�SODQW�EDVHG� V\QWKHWLF� H[WUDFWHG IURP IXQJL HWF� FRXOG EH LQFOXGHG LQ WKH VFUHHQLQJ�

���



&KDSWHU �

&RQFOXVLRQV DQG IXWXUH SURVSHFWV
7KLV FKDSWHU VXPPDUL]HV� FRQFOXGHV DQG GLVFXVVHV WKH IXWXUH SURVSHFWV RI WKLV WKHVLV� 7KH

VXPPDU\ DQG IXWXUH SURVSHFWV DUH DUUDQJHG LQWR � VHFWLRQV� RQH HDFK IRU *3&5 DFWLYDWLRQ

PHFKDQLVP� 3DFNSUHG DQG GHVLJQ RI WKHUDSHXWLFV DJDLQVW WKH 1LSDK YLUXV� 7KLV IROORZHG E\ WKH

ILQDO VHFWLRQ RI FRQFOXGLQJ UHPDUNV�

��� *3&5

����� *3&5 VXPPDU\

:H VWXGLHG LI WKH DFWLYDWLRQ RI *�SURWHLQ FRXSOHG UHFHSWRUV �*3&5V� LV D XQLYHUVDO

SURFHVV� :KHQ WKH ORFDO HQYLURQPHQW RI *3&5V LV SHUWXUEHG E\ HYHQWV OLNH OLJDQG

ELQGLQJ� WKH\ XQGHUJR FRQIRUPDWLRQDO FKDQJHV OHDGLQJ WR WKHLU DFWLYDWLRQ� 7KHVH

FRQIRUPDWLRQDO FKDQJHV DUH ZHOO VWXGLHG IRU RQO\ VL[ *3&5V LQFOXGLQJ WKH ȕ��DGUHQHUJLF

UHFHSWRU DQG WKH DGHQRVLQH $�$ UHFHSWRU� )RU D YDVW PDMRULW\ RI WKH *3&5V� WKH

FRQIRUPDWLRQDO FKDQJHV DVVRFLDWHG ZLWK WKH DFWLYDWLRQ DUH XQNQRZQ� ,Q WKLV H[DPSOH� ZH

VWXGLHG LI DOO WKH *3&5V XQGHUJR DFWLYDWLRQ LQ D VLPLODU IDVKLRQ� DQG LI QRW� LQ KRZ PDQ\

GLVWLQFW ZD\V GRHV LW KDSSHQ� 7R DGGUHVV WKLV� ZH DQDO\]HG �� DQG �� LQDFWLYH DQG DFWLYH

VWDWH VWUXFWXUHV RI &ODVV $ *3&5V UHVSHFWLYHO\� WR GHWHFW FRQVHUYHG �' ORFDO

HQYLURQPHQWV� :H UHSUHVHQWHG DOO WKHVH VWUXFWXUHV DV �� U�JURXSV� U�JURXSV DUH VXEVHFWLRQV

RI �� VWDQGDUG DPLQR DFLGV JURXSHG E\ FKHPLFDO SURSHUWLHV� :H WKHQ GHILQH ORFDO

HQYLURQPHQWV DV FOLTXHV� 7R LGHQWLI\ VLPLODULWLHV LQ WKH ORFDO HQYLURQPHQWV� ZH

JHRPHWULFDOO\ DQG FKHPLFDOO\ FRPSDUH FOLTXHV DFURVV DOO VWUXFWXUHV� 7KH FOLTXHV WKDW KDYH

U�JURXSV LGHQWLFDOO\ ORFDWHG �LQ WHUPV RI JHRPHWU\� LQ DW OHDVW ��� VWUXFWXUHV DQG WKRVH

WKDW VKRZ OHVV YDULDWLRQ DUH FRQVLGHUHG WR EH FRQVHUYHG� 7KH YDULDWLRQ LV TXDQWLILHG XVLQJ

6KDQQRQ HQWURS\� ZLWK WKH FRQVHUYHG JURXSV KDYLQJ 6KDQQRQ HQWURS\ OHVV WKDQ �� 7R JDLQ

KLJKHU FRQILGHQFH LQ RXU UHVXOWV� ZH SHUIRUPHG WKLV DQDO\VLV LQ WULSOLFDWHV IRU ERWK WKH

LQDFWLYH DQG WKH DFWLYH VWDWH VWUXFWXUHV VHSDUDWHO\� :H LGHQWLILHG �� FRQVHUYHG FOLTXHV LQ

ERWK WKH LQDFWLYH DQG WKH DFWLYH VWDWHV� LQGLFDWLQJ WKHLU LPSRUWDQFH LQ PDLQWDLQLQJ WKH
���



VWUXFWXUH LQ WKDW SDUWLFXODU VWDWH� 7KHVH FRQVHUYHG FOLTXHV FRXOG DOVR EH LPSRUWDQW IRU VWDWH

WUDQVLWLRQ� 7R LGHQWLI\ WKH FOLTXHV WKDW DUH UHVSRQVLEOH IRU WKH LQDFWLYH WR DFWLYH VWDWH

WUDQVLWLRQ� ZH FRPSDUHG WKH LQDFWLYH VWDWH FRQVHUYHG UHJLRQV ZLWK WKH DFWLYH VWDWH� 7KH

FOLTXHV WKDW DUH FRQVHUYHG LQ WKH LQDFWLYH VWDWH EXW QRW LQ WKH DFWLYH VWDWH DUH RQHV WKDW

FKDQJHG WKHLU FRQIRUPDWLRQ GXULQJ DFWLYDWLRQ� DQG KHQFH DUH FUXFLDO LQ WKH VWDWH WUDQVLWLRQ�

:H IRXQG �� RXW RI �� FOLTXHV ZHUH HLWKHU SDUWLDOO\ RU FRPSOHWHO\ GLVUXSWHG LQ WKH DFWLYH

VWDWH� 7KH � FOLTXHV WKDW GLG QRW XQGHUJR DQ\ FRQIRUPDWLRQDO FKDQJH� FRXOG EH LPSRUWDQW

IRU VWDELOL]LQJ WKH VWUXFWXUH� )XUWKHUPRUH� WR LGHQWLI\ WKH FOLTXHV WKDW DUH QHZO\ IRUPHG LQ

WKH DFWLYH VWDWH� ZH FRPSDUHG WKH DFWLYH VWDWH FRQVHUYHG FOLTXHV ZLWK WKH LQDFWLYH VWDWH

RQHV� :H IRXQG WKDW VHYHQ QHZ FOLTXHV DUH IRUPHG LQ WKH DFWLYH VWDWH� � RI WKH �� FOLTXHV

WKDW DUH FRPPRQ WR ERWK WKH VWDWHV JDLQ QHZ FRQWDFWV GXULQJ WKH DFWLYDWLRQ SURFHVV� ZKLOH

� UHPDLQ XQFKDQJHG� :H WKHQ YDOLGDWHG WKHVH UHVLGXHV XVLQJ GDWD IURP WKH OLWHUDWXUH� :H

FRXOG YDOLGDWH a��� RI WKH ��� UHSRUWHG PXWDWLRQV XVLQJ RXU UHVXOWV� 1H[W� ZH WHVWHG WKH

UHVLGXHV WKDW ZHUH QRW YDOLGDWHG E\ WKH OLWHUDWXUH GDWD XVLQJ 0' VLPXODWLRQV� 7R

VXPPDUL]H� ZH SUHGLFWHG WKH UHVLGXHV WKDW DUH D SDUW RI WKH DFWLYDWLRQ SDWKZD\ RI &ODVV $

*3&5V�

����� 6XJJHVWLRQV DQG IXWXUH GLUHFWLRQV

,Q WKLV VWXG\� ZH KDYH H[FOXVLYHO\ XVHG &ODVV $ VWUXFWXUHV� VWUXFWXUHV IURP RWKHU FODVVHV

RI *3&5V FDQ DOVR EH LQFOXGHG LQ WKH DQDO\VLV WR FKHFN IRU FRQVHUYHG DFWLYDWLRQ SDWKZD\�

7KH QXPEHU RI VWUXFWXUHV IRU RWKHU FODVVHV DUH OLPLWHG EXW WKHLU PRGHOV JHQHUDWHG E\

UHFHQW PHWKRGV OLNH $OSKD)ROG�>��@�� 5RVHWWD)ROG>��@� FRXOG EH XVHG IRU WKH DQDO\VLV�

7KHVH VWUXFWXUHV FDQ HLWKHU EH XVHG WR GHULYH WKH DFWLYDWLRQ SDWKZD\ RU FDQ EH XVHG DV

DQRWKHU GDWDVHW WKDW LV XVHG WR YDOLGDWH WKH SUHGLFWHG SDWKZD\�

7KH ELQGLQJ VLWH RI *�SURWHLQV � DUUHVWLQV RQ WKH DFWLYDWHG *3&5V LV FR�ORFDOL]HG� 6RPH

UHFHSWRUV SUHIHUHQWLDOO\ ELQG WR *�SURWHLQV ZKLOH VRPH WR DUUHVWLQV� ,Q DGGLWLRQ� WKHUH DUH

VHYHUDO GLIIHUHQW W\SHV RI *�SURWHLQV� $Q DOJRULWKP VLPLODU WR WKH RQH GHVLJQHG LQ WKLV

VWXG\ FDQ EH LPSOHPHQWHG WR LGHQWLI\ WKH GHWHUPLQDQWV RI DVVRFLDWLRQ RI W\SHV RI

*�SURWHLQV RU DUUHVWLQV ZLWK YDULRXV *3&5V�

,Q WKLV VWXG\� ZH UHSUHVHQWHG WKH DPLQR DFLGV DV U�JURXSV� 5�JURXS UHSUHVHQWDWLRQ KHOSV WR

LGHQWLI\ WKH VPDOO VHFWLRQV RI WKH DPLQR DFLGV WKDW DUH QHFHVVDU\ IRU WKH VWUXFWXUH RU

IXQFWLRQ RI *3&5V� 8VLQJ PXOWLSOH GHILQLWLRQV RI U�JURXSV DQG WKHQ WDNLQJ D FRQVHQVXV RI
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WKH LPSRUWDQW RQHV FRXOG SURYH WR EH D FUXFLDO VWHS LQ JDLQLQJ KLJKHU FRQILGHQFH LQ WKH

SUHGLFWHG DFWLYDWLRQ SDWKZD\� 8VLQJ PXOWLSOH GHILQLWLRQV PD\ DOORZ XV WR FDSWXUH GLIIHUHQW

VHWV � RYHUODSSLQJ VHWV RI LPSRUWDQW U�JURXSV�

$QRWKHU SURPLVLQJ DUHD IRU IXWXUH VWXGLHV LV WR PRGXODWH WKH DFWLYLW\ RI *3&5V� E\ XVH RI

FU\SWLF VLWHV� &U\SWLF VLWHV DUH VKRUW SHSWLGHV WKDW DUH HPEHGGHG LQ WKH H[WUDFHOOXODU

PHPEUDQH DQG DUH LQDFWLYH�GRUPDQW� ,Q FDVHV ZKHUH WKH FRQVWLWXWLYHO\ DFWLYH *3&5 LV WKH

FDXVH RI D GLVHDVH� ZH FDQ GHVLJQ VXFK FU\SWLF VLWHV WKDW ZLOO SDUWLDOO\ EORFN WKH UHFHSWRU�

6LPLODUO\� GLVHDVHV WKDW DUH FDXVHG GXH WR RYHUDFWLYDWLRQ RU XQGHUDFWLYDWLRQ RI *3&5V

FRXOG DOVR EH PRGXODWHG XVLQJ WKH FU\SWLF VLWHV>���@�

,Q WKH ILHOG RI VWUXFWXUDO ELRORJ\� WKH ORFDO HQYLURQPHQW LV DFFRXQWHG IRU LQ YDULRXV ZD\V�

,W LV FRPPRQO\ XVHG WR FKHFN LI D SDUWLFXODU UHJLRQ KDV IDYRUDEOH LQWHUDFWLRQV OHDGLQJ WR

VWDELOLW\� 6XFK LQIRUPDWLRQ LV RIWHQ LQFRUSRUDWHG LQWR D VFRULQJ IXQFWLRQ WKDW DOORZV IRU

DVVHVVPHQW RI VWDELOLW\ RI D VWUXFWXUDO PRGHO RI D SURWHLQ� )RU H[DPSOH� LQ WKH URVHWWD

VFRULQJ IXQFWLRQ� ORFDO LQWHUDFWLRQV VXFK DV 9DQ 'HU :DDOV DWWUDFWLYH DQG UHSXOVLYH IRUFHV�

EDFNERQH DQG VLGH FKDLQ K\GURJHQ ERQGV� HOHFWURVWDWLF LQWHUDFWLRQV� VROYDWLRQ HQHUJLHV

DQG VHYHUDO RWKHU WHUPV DUH LQFOXGHG� $ ZHLJKWHG VXP RI WKHVH SK\VLFV EDVHG HQWLWLHV

IRUPV WKH ILQDO VFRUH IRU D SURWHLQ VWUXFWXUH >���@�� 6LPLODUO\� WKHUH DUH RWKHU NQRZOHGJH
EDVHG VFRULQJ PHWKRGV WKDW H[WUDFW YDULRXV IHDWXUHV IURP WKH H[LVWLQJ SURWHLQ VWUXFWXUHV�

)RU LQVWDQFH� DQRWKHU PHWKRG *2$3 >��@�XVHV WKH GDWD DERXW WKH DQJOH EHWZHHQ SODQHV RI
KHDY\ DWRPV WKDW DUH ZLWKLQ D GLVWDQFH FXWRII RI HDFK RWKHU� 7KH GLVWDQFH FXWRII HQVXUHV

WKDW WKH ORFDO LQWHUDFWLRQV DUH FDSWXUHG LQ WKH PHWKRG� 6LPLODUO\� PXOWLSOH VXFK GHILQLWLRQV

RI ORFDO HQYLURQPHQWV FRXOG EH LPSOHPHQWHG DQG WKHQ D FRQVHQVXV RI WKHLU UHVXOWV FDQ EH

FRQVLGHUHG� )ROORZLQJ VXFK ZRUNIORZV ZLOO LQFUHDVH WKH UREXVWQHVV RI RXU PHWKRG�

*3&5V DUH NQRZQ WR LQWHUDFW ZLWK YDULRXV OLSLGV OLNH FKROHVWHURO� 7KH FOLTXHV WKDW DUH

LQYROYHG LQ VXFK LQWHUDFWLRQV FRXOG EH LGHQWLILHG XVLQJ WKH DOJRULWKP WKDW ZH KDYH

GHYHORSHG� 7KLV VWXG\ FRXOG EH H[WHQGHG WR DOO WKH PHPEUDQH HPEHGGHG SURWHLQV DV ZHOO�

$GGLWLRQDOO\� VRPH RI WKHVH SURWHLQV IRUP ROLJRPHULF VWUXFWXUHV� :H FRXOG DOVR DSSO\ WKLV

DOJRULWKP WR LGHQWLI\ WKH FOLTXHV WKDW HQDEOH VXFK ROLJRPHUL]DWLRQ HYHQWV >���@�>���@��
7KH LGHD RI PRGXODULW\ RI *3&5V FDQ EH IXUWKHU H[SORUHG DV D GHVLJQ SULQFLSOH� )RU

LQVWDQFH� XVLQJ WKH DFWLYDWLRQ SDWKZD\ LGHQWLILHG IURP RXU VWXG\� ZH FRXOG GHVLJQ D *3&5

WKDW UHVSRQGV WR D OLJDQG RI RXU LQWHUHVW� $GGLWLRQDOO\� WKH UHVLGXHV WKDW DUH QRW D SDUW RI

WKH DFWLYDWLRQ SDWKZD\ FDQ EH PXWDWHG ZLWKRXW DIIHFWLQJ WKH IXQFWLRQDOLW\ RI WKH UHFHSWRU�
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7KHVH UHVLGXHV FRXOG EH WDUJHWHG WR PDNH *3&5V WKHUPRVWDEOH�LPSURYH WKHLU

FRQIRUPDWLRQDO VWDELOLW\� DVVLVWLQJ WR VROYH WKHLU VWUXFWXUHV H[SHULPHQWDOO\� $QRWKHU DUHD

ZKHUH WKH GHVLJQ SULQFLSOH FRXOG EH DSSOLHG LV WKH GRZQVWUHDP HIIHFW RI WKH *3&5V�

6RPH OLJDQGV DFWLYDWH WKH *�SURWHLQ SDWKZD\ ZKLOH VRPH DFWLYDWH WKH DUUHVWLQJ SDWKZD\V�

,I ZH ILQG WKH GHWHUPLQDQWV RI DFWLYDWLRQ RI D VSHFLILF SDWKZD\� ZH FRXOG DOVR DOWHU WKH

SDWKZD\ D SDUWLFXODU OLJDQG DFWLYDWHV >���@��
$OO WKH UHVXOWV LQ WKLV SDUW RI WKH WKHVLV DUH SXUHO\ FRPSXWDWLRQDO� ([SHULPHQWDO YDOLGDWLRQ

FRXOG EH GRQH WR FRQILUP WKH UHVXOWV DFKLHYHG XVLQJ WKLV DOJRULWKP�

)LQDOO\� ZH WKLQN WKDW WKH DOJRULWKP WKDW ZH KDYH GHYHORSHG LV UREXVW ZLWK UHVSHFW WR WKH

GLYHUVLW\ LQ D FODVV RI SURWHLQV �VXFK DV *3&5�� +HQFH� WKLV DOJRULWKP FRXOG EH DSSOLHG WR

RWKHU SURWHLQV WR LGHQWLI\ WKH GHWHUPLQDQWV WKDW DUH LPSRUWDQW IRU LWV VWUXFWXUH RU IXQFWLRQ�

LUUHVSHFWLYH RI WKH GHJUHH RI WKH VHTXHQFH GLYHUJHQFH RI LWV PHPEHUV

��� 3DFNSUHG

����� 3DFNSUHG VXPPDU\

:H GHYHORSHG D WRRO� 3DFNSUHG� WKDW SUHGLFWV LI WKH SHUWXUEDWLRQ LQ WKH ORFDO HQYLURQPHQWV

ZRXOG EH QHXWUDO RU GHOHWHULRXV IRU D JLYHQ SURWHLQ� 3DUWLFXODUO\� 3DFNSUHG DFFRXQWV IRU

SHUWXUEHG ORFDO HQYLURQPHQWV LQ WKH IRUP RI PXWDWLRQV� $Q\ JLYHQ PXWDWLRQ LV FODVVLILHG

LQ HLWKHU RI WKH WZR SUHGLFWLRQ FDWHJRULHV� QHXWUDO RU GHOHWHULRXV� 7R SUHGLFW WKH FDWHJRU\�

3DFNSUHG XVHV D OLQHDU FRPELQDWLRQ RI WKUHH GLVWLQFW VFRUHV� QDPHO\� WKH VWDWLVWLFDO

SRWHQWLDO� )$'+0 VXEVWLWXWLRQ PDWULFHV DQG 6KDQQRQ HQWURS\� 7KH VWDWLVWLFDO SRWHQWLDO

FDOFXODWHV WKH REVHUYHG E\ H[SHFWHG UDWLR RI WKH FOLTXH� 7KH UDWLRQDOH IRU FDOFXODWLQJ WKLV

UDWLR LV WKDW WKH FOLTXHV WKDW DUH VWDEOH DUH H[SHFWHG WR RFFXU PRUH IUHTXHQWO\ WKDQ WKH\

ZRXOG RFFXU E\ FKDQFH� +LJKHU WKH YDOXH RI WKH UDWLR� EHWWHU LV WKH VWDELOLW\ RI WKH FOLTXH�

7KH VHFRQG VFRUH WKDW 3DFNSUHG XVHV LV WKH )$'+0 VXEVWLWXWLRQ PDWUL[� ZKLFK GLYLGHV D

SURWHLQ LQWR � UHJLRQV �([SRVHG� LQWHUPHGLDWH DQG EXULHG� EDVHG RQ WKHLU UHVLGXH GHSWKV�

5HVLGXH GHSWK LV WKH GLVWDQFH EHWZHHQ D UHVLGXH DQG LWV FORVHVW EXON VROYHQW PROHFXOH� )RU

HDFK GHSWK UHJLRQ� )$'+0 LQGLFDWHV WKH SUREDELOLW\ RI VXEVWLWXWLRQ RI RQH DPLQR DFLG WR

DQRWKHU� 7KH SUREDELOLW\ LV REWDLQHG XVLQJ VWUXFWXUH DOLJQPHQWV RI SURWHLQV IURP WKH 3'%�

7KH WKLUG DQG WKH ILQDO VFRUH WKDW 3DFNSUHG XVHG LV WKH 6KDQQRQ HQWURS\� ZKLFK TXDQWLILHV

WKH HYROXWLRQDU\ LQIRUPDWLRQ IURP PXOWLSOH VHTXHQFH DOLJQPHQWV� 7KH OLQHDU FRPELQDWLRQ
���



RI WKHVH WKUHH VFRUHV LV REWDLQHG E\ WUDLQLQJ 3DFNSUHG RQ D VDWXUDWLRQ PXWDJHQHVLV GDWDVHW

RI 7� O\VR]\PH� FRQVLVWLQJ RI a���� PXWDWLRQV� :H WHVWHG 3DFNSUHG RQ WZR GLIIHUHQW

GDWDVHWV� WKH &FG% VDWXUDWLRQ PXWDJHQHVLV GDWDVHW DQG WKH 0LVVHQVH�' GDWDVHW FRQVLVWLQJ

RI a���� DQG a���� PXWDWLRQV UHVSHFWLYHO\� 7KH 0LVVHQVH�' GDWDVHW LV D FRPSOH[ GDWDVHW

DV LW FRQVLVWV RI PXWDWLRQV GHULYHG IURP a��� SURWHLQV� :H FRPSDUHG RXUVHOYHV ZLWK �

RWKHU VWDWH�RI�WKH�DUW PHWKRGV DQG VKRZHG WKDW 3DFNSUHG SHUIRUPV DW SDU RU EHWWHU WKDQ DOO

WKHVH PHWKRGV RQ WKH WHVWLQJ VHWV�

����� 6XJJHVWLRQV DQG IXWXUH GLUHFWLRQV

$OWKRXJK 3DFNSUHG RXWSHUIRUPV DOO RWKHU PHWKRGV LQ WKH 0LVVHQVH�' GDWDVHW� LWV 0&& LV

����� LQGLFDWLQJ D VFRSH IRU LPSURYHPHQW� 7KH SHUIRUPDQFH FDQ EH LPSURYHG E\

LQFUHDVLQJ WKH WUDLQLQJ GDWDVHW� $OWKRXJK ZH WULHG WR LQFRUSRUDWH PRUH VDWXUDWLRQ

PXWDJHQHVLV GDWDVHW LQ RXU GDWDVHWV� ZH JRW OLWWOH LPSURYHPHQW RYHU WKH H[LVWLQJ UHVXOWV

ZLWK RQO\ 7� DV D WUDLQLQJ GDWDVHW� 2QH RI WKH UHDVRQV IRU WKLV FRXOG EH WKDW WKH VDWXUDWLRQ

GDWDVHW LV ELDVHG LQ WHUPV RI GHSWK RI WKH UHVLGXHV� )RU LQVWDQFH� SURWHLQV XVXDOO\ KDYH

PRUH H[SRVHG UHVLGXHV WKDQ WKH EXULHG UHVLGXHV� FRQVHTXHQWO\ ELDVLQJ WKH VDWXUDWLRQ

PXWDJHQHVLV GDWDVHW� 7KLV FUHDWHV ELDV WRZDUGV EHWWHU SUHGLFWLRQ RI WKH H[SRVHG UHVLGXHV

WKDQ WKH EXULHG UHVLGXHV� 6LPLODUO\� D ELDV LV DOVR REVHUYHG LQ WKH IUHTXHQF\ RI QDWXUDOO\

RFFXUULQJ DPLQR DFLGV� ZKLFK PD\ DIIHFW WKH SUHGLFWLRQV� 7KXV� FUHDWLQJ WUDLQLQJ DQG

WHVWLQJ GDWDVHWV WKDW DUH ZHOO EDODQFHG LQ IHDWXUHV LQFOXGLQJ UHVLGXH GHSWKV �DV PHQWLRQHG

DERYH�� UDWLR RI QHXWUDO WR GHOHWHULRXV PXWDWLRQV� QRUPDOL]DWLRQ IRU IUHTXHQF\ RI

RFFXUUHQFH RI DPLQR DFLGV HWF� LV QHFHVVDU\�

3DFNSUHG FXUUHQWO\ XVHV D OLQHDU FRPELQDWLRQ RI WKUHH VFRUHV IRU SUHGLFWLRQ� :KLOH ZLWK

WKH OLQHDU FRPELQDWLRQ� 3DFNSUHG RXWSHUIRUPV PRVW VWDWH�RI�WKH�DUW PHWKRGV� PHWKRGV

RWKHU WKDQ OLQHDU FRPELQDWLRQV PD\ UHVXOW LQ EHWWHU SHUIRUPDQFH� 2QH ZD\ RI

LPSOHPHQWLQJ LW ZRXOG EH WR XVH PDFKLQH OHDUQLQJ EDVHG PHWKRGV RU WR XVH KLJKHU RUGHU

HTXDWLRQV� +RZHYHU� XVH RI WKHVH PHWKRGV PD\ QHHG D KLJKHU QXPEHU RI IHDWXUHV WKDW

FRYHU RWKHU DVSHFWV RI PXWDWLRQDO VWDELOLW\ GHWHUPLQDQWV� $QRWKHU LPSURYHPHQW FDQ EH WR

XVH U�JURXS UHSUHVHQWDWLRQ� VLPLODU WR WKH *3&5 ZRUN WR GHULYH WKH VWDWLVWLFDO SRWHQWLDO�

7KH VWDWLVWLFDO SRWHQWLDO RI 3DFNSUHG LV GHULYHG IURP �' VWUXFWXUHV RI SURWHLQV DV VHHQ LQ

WKH 3'%� ,W UHSUHVHQWV WKH SURWHLQV DV DPLQR DFLGV� 7KH SURWHLQV FRXOG EH UHSUHVHQWHG DV
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U�JURXSV� VLPLODU WR RXU *3&5 ZRUN� 7KH U�JURXS UHSUHVHQWDWLRQ PD\ KHOS XV EHWWHU

XQGHUVWDQG LI LQWHUDFWLRQV RI VPDOO VHFWLRQV RI WKH DPLQR�DFLGV DUH PRUH PHDQLQJIXO WKDQ

WKH DPLQR DFLGV LQWHUDFWLRQV� $GGLWLRQDOO\� PDFKLQH OHDUQLQJ PHWKRGV OLNH QHXUDO

QHWZRUNV FRXOG EH WUDLQHG WR SUHGLFW OLNHOLKRRG RI D JLYHQ FOLTXH� ORFDO HQYLURQPHQW�

7KHVH PRGLILFDWLRQV PD\ DVVLVW LQ LPSURYLQJ WKH SHUIRUPDQFH RI 3DFNSUHG�

��� 1LSDK

����� 1LSDK VXPPDU\

:H SUHGLFWHG SXWDWLYH VPDOO PROHFXOHV WKDW ZRXOG ELQG WR YDULRXV 1LSDK SURWHLQV� WKDW

ZRXOG LQKLELW WKHLU DFWLYLW\� 7R GR WKLV� ZH GRFNHG D OLEUDU\ RI GUXJ�OLNH VPDOO PROHFXOHV

IURP WKH =,1& GDWDEDVH ZLWK DOO WKH SUHGLFWHG ELQGLQJ SRFNHWV RI � 1LSDK SURWHLQV� :H

SHUIRUPHG GRFNLQJ XVLQJ WZR VRIWZDUH� '2&.� DQG $XWR'RFN� IRU LQFUHDVHG

FRQILGHQFH� :H WKHQ VHOHFWHG WRS ��� GRFNHG FRPSOH[HV IURP ERWK WKH GRFNLQJ H[HUFLVHV

DQG VKRUWOLVWHG WKH FRPPRQ VPDOO PROHFXOHV� )XUWKHU� ZH VKRUWOLVWHG RQO\ WKRVH VPDOO

PROHFXOHV WKDW KDG D VLPLODU GRFNLQJ SRVH LQ WKH WZR GRFNLQJ H[HUFLVHV� :H WKHQ

YDOLGDWHG WKHVH SXWDWLYH ELQGLQJ VPDOO PROHFXOHV XVLQJ 0' VLPXODWLRQV� 7KHVH VPDOO

PROHFXOHV FRXOG SRWHQWLDOO\ ELQG DQG LQKLELW WKH DFWLYLW\ RI 1LSDK SURWHLQV E\ LQWHUIHULQJ

ZLWK WKHLU ELQGLQJ WR WKHLU FRJQDWH SDUWQHUV�

����� 6XJJHVWLRQV DQG IXWXUH GLUHFWLRQV

,Q WKLV VWXG\� ZH XVHG D VPDOO PROHFXOH GUXJ�OLNH OLEUDU\ IURP WKH =,1& GDWDEDVH� ,QVWHDG

RI XVLQJ RQH W\SH RI OLEUDU\� ZH FRXOG XVH D FRPELQDWLRQ RI OLEUDULHV WKDW H[SORLW YDULRXV

IHDWXUHV� )RU H[DPSOH� ZH FRXOG LQFOXGH WKH VPDOO PROHFXOHV WKDW RFFXU QDWXUDOO\ LQ

SODQWV� RU XVH GUXJV WKDW DUH DOUHDG\ DSSURYHG DQG DUH XVHG LQ RWKHU GLVHDVHV �GUXJ

UHSXUSRVLQJ�� ,QFOXGLQJ VXFK OLEUDULHV ZLOO KHOS LQ IDVWHU WHVWLQJ DQG GHOLYHU\ RI WKH GUXJV

LQ WKH PDUNHWV IRU XVH�

,Q DGGLWLRQ WR XVLQJ WZR�PXOWLSOH GLIIHUHQW VRIWZDUH WR SHUIRUP WKH YLUWXDO VFUHHQLQJ� ZH

FRXOG DOVR XVH YDULRXV VFRULQJ VFKHPHV WR VFRUH WKH SRVHV JHQHUDWHG E\ WKH GRFNLQJ

VRIWZDUH� 7KHQ EDVHG RQ WKH VFRUHV RI WKH YDULRXV VFRULQJ VFKHPHV� HPSOR\ D MXU\ V\VWHP
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WR VKRUWOLVW WKH PROHFXOHV�

0HWKRGV OLNH $OSKD)ROG�� 5RVHWWD)ROG� HWF� SURYLGH SUHGLFWHG PRGHOV RI SURWHLQV WKDW GLG

QRW KDYH H[SHULPHQWDOO\ VROYHG VWUXFWXUHV � IXOO OHQJWK VWUXFWXUHV� 7KHVH PRGHOV FRXOG EH

XVHG WR SHUIRUP GRFNLQJ DQG 0' VLPXODWLRQV� WKXV DOORZLQJ XV WR XVH WKH HQWLUH SURWHRPH

DV GUXJ WDUJHWV�

7R WKH EHVW RI RXU NQRZOHGJH� WKH ZRUNIORZ WKDW ZH KDYH GHYHORSHG WR JHW SXWDWLYH

ELQGLQJ VPDOO PROHFXOHV LV QRYHO� 3HUIRUPLQJ WKHVH VWHSV KDV KHOSHG XV JDLQ PRUH

FRQILGHQFH LQ RXU UHVXOWV� :H EHOLHYH WKDW DSSO\LQJ WKLV ZRUNIORZ WR RWKHU GRFNLQJ �

YLUWXDO VFUHHQLQJ H[HUFLVHV ZRXOG DVVLVW LQ VKRUWOLVWLQJ FDQGLGDWHV ZLWK EHWWHU FRQILGHQFH�

:H KDYH DWWHPSWHG WR YDOLGDWH WKH ELQGLQJ RI D VPDOO PROHFXOH LQKLELWRU WR LWV WDUJHW

SURWHLQ E\ UXQQLQJ ��QV 0' VLPXODWLRQV� ,Q FDVHV ZKHUH WKH VPDOO PROHFXOH GRHV QRW

OHDYH WKH ELQGLQJ SRFNHW� UXQQLQJ VLPXODWLRQV IRU D ORQJHU GXUDWLRQ ZRXOG EH KHOSIXO WR

EHWWHU DQDO\]H VWDELOLW\� $GGLWLRQDOO\� LQ VXFK FDVHV� HQKDQFHG VLPXODWLRQV VXFK DV

DFFHOHUDWHG 0'V PD\ EH SHUIRUPHG WKDW ZLOO DOORZ WKH OLJDQGV WR PRYH RXW RI WKH ELQGLQJ

SRFNHWV IDVWHU� $SDUW IURP WKLV� UXQQLQJ VLPXODWLRQV ZLWK GLIIHUHQW VWDUWLQJ FRQIRUPDWLRQV

�RI ERWK OLJDQG DQG SURWHLQ� FDQ DOVR EH WULHG�

:H KDYH SUHGLFWHG VPDOO PROHFXOH ELQGLQJ SRFNHWV XVLQJ D SURJUDP FDOOHG '(37+ >��@�

'(37+ SUHGLFWV WKH ELQGLQJ SRFNHWV EDVHG RQ KRZ DFFHVVLEOH WKH VXUIDFH LV WR WKH EXON

VROYHQW� '(37+ GRHV QRW SUHGLFW FU\SWLF ELQGLQJ SRFNHWV� &U\SWLF ELQGLQJ SRFNHWV DUH WKH

VLWHV WKDW DUH QRW GHWHFWDEOH RQ WKH XQERXQG SURWHLQ� EXW EHFRPH REYLRXV RQ ELQGLQJ RI

VRPH GUXJ�ELRPROHFXOH� 3URJUDPV VXFK DV 3RFNHW0LQHU >���@ FRXOG EH XVHG WR SUHGLFW

VXFK VLWHV WKDW FDQ VXEVHTXHQWO\ EH XVHG IRU GRFNLQJ� $GGLWLRQDOO\� WKH QHZO\ GHYHORSHG

$,�0/ EDVHG PHWKRGV FRXOG DOVR EH XVHG LQ WKH YLUWXDO VFUHHQLQJ H[HUFLVHV� )RU LQVWDQFH

0/ EDVHG VFRULQJ VFKHPHV VXFK DV $.6FRUH >���@�� 'HHS'7$ >���@� FRXOG EH XVHG WR

VFRUH WKH SURWHLQ OLJDQG FRPSOH[HV WR LGHQWLI\ WKH EHVW ELQGHUV >���@�
)LQDOO\� LQ WKLV VWXG\� ZH KDYH XVHG 00�3%6$ WR FDOFXODWH ELQGLQJ HQHUJLHV� 7KH ELQGLQJ

HQHUJLHV DUH RIWHQ FDOFXODWHG E\ LJQRULQJ WKH ZDWHU PROHFXOHV� (YHQ WKH ZDWHUV WKDW

PHGLDWH WKH OLJDQG � SURWHLQ LQWHUDFWLRQV RU DUH LQ FORVH YLFLQLW\ RI WKH LQWHUDFWLRQ LQWHUIDFH

DUH LJQRUHG� 7KH HIIHFW RI VXFK ZDWHU PROHFXOHV FRXOG EH FDOFXODWHG XVLQJ RWKHU PHWKRGV

VXFK DV 1ZDW�00*%6$� %LQGLQJ HQHUJLHV WKDW DUH FDOFXODWHG E\ LQFOXGLQJ WKH ZDWHU

PROHFXOHV DUH VKRZQ WR EHWWHU FRUUHODWH ZLWK WKH H[SHULPHQWDOO\ GHWHUPLQHG YDOXHV >���@��

���



��� &RQFOXGLQJ UHPDUNV

,Q WKLV WKHVLV� ZH KDYH DWWHPSWHG WR VWXG\ WKH UROH RI ORFDO HQYLURQPHQWV LQ WKH VWUXFWXUH DQG

IXQFWLRQ RI SURWHLQV� 7RZDUGV WKLV� ZH KDYH GHYHORSHG D QRYHO DOJRULWKP WR LGHQWLI\�SUHGLFW WKH

ORFDO HQYLURQPHQWV WKDW DUH LPSRUWDQW IRU VWUXFWXUH DQG�RU IXQFWLRQ RI WKH SURWHLQV XVLQJ *3&5V

DV DQ H[DPSOH� 7KLV DOJRULWKP WDNHV LQWR DFFRXQW JHRPHWULF DQG FKHPLFDO VLPLODULWLHV WR LGHQWLI\

FRQVHUYHG ORFDO HQYLURQPHQWV� %DVHG RQ WKH ILQGLQJV� ZH DOVR GHVLJQHG PXWDWLRQV �FRQVHTXHQWO\

PRGLILHG ORFDO HQYLURQPHQWV� IRU YDOLGDWLRQ� :H EHOLHYH WKDW WKLV DOJRULWKP FRXOG EH DSSOLHG WR

DQ\ RWKHU SURWHLQ IDPLO\ WR LGHQWLI\ WKH LPSRUWDQW ORFDO HQYLURQPHQWV� 7KH LPSRUWDQW ORFDO

HQYLURQPHQWV FRXOG WKHQ EH XVHG WR GHVLJQ SURWHLQV RI RXU LQWHUHVW�

)XUWKHU� ZH ZDQWHG WR LGHQWLI\ WKH FRQWULEXWLRQ�LPSRUWDQFH RI HDFK ORFDO HQYLURQPHQW LQ SURWHLQV�

7RZDUGV WKLV� ZH ZDQWHG WR JDXJH WKH UHODWLYH VWDELOLW\ RI ORFDO HQYLURQPHQWV WKDW RFFXU LQ

SURWHLQV QDWXUDOO\� :H VWXGLHG WKH REVHUYHG E\ H[SHFWHG UDWLR RI DOO QDWXUDOO\ RFFXUULQJ ORFDO

HQYLURQPHQWV LQ SURWHLQV �DV VHHQ LQ WKH 3'% GDWDEDVH�� 7KH REVHUYHG IUHTXHQF\ ZDV GHULYHG

IURP WKH 3'% GDWDEDVH ZKLOH H[SHFWHG ZDV FDOFXODWHG WR LQGLFDWH WKH ORFDO HQYLURQPHQW WKDW

RFFXUV SXUHO\ E\ FKDQFH� :H LQFRUSRUDWHG WKLV LQIRUPDWLRQ LQ WKH IRUP RI 3DFNSUHG� 3DFNSUHG

SUHGLFWV WKH HIIHFW RI PXWDWLRQ RQ D SURWHLQ�

)LQDOO\� ZH SHUIRUPHG GRFNLQJ DQG 0' VLPXODWLRQV WR SUHGLFW SXWDWLYH LQKLELWRU\ VPDOO PROHFXOHV

DJDLQVW WKH 1LSDK YLUXV� ,Q WKLV VWXG\� ZH GHVLJQHG D QHZ ZRUNIORZ WR SUHGLFW SXWDWLYH LQKLELWRU\

VPDOO PROHFXOHV ZLWK KLJKHU FRQILGHQFH�

7R VXPPDUL]H� WKLV WKHVLV VKRZV QHZ LQVLJKWV LQWR KRZ WKH ORFDO HQYLURQPHQWV SOD\ D UROH LQ

VWUXFWXUH DQG IXQFWLRQ RI SURWHLQ DQG VKRZV SURPLVH LQ XVLQJ WKHVH ILQGLQJV LQ WKH GHVLJQ RI

SURWHLQV WKDW KDYH GHVLUHG FKDUDFWHULVWLFV�SURSHUWLHV�

���



&KDSWHU �

$SSHQGL[
7KLV FKDSWHU GHVFULEHV YDULRXV VWHSV�DQDO\VHV WKDW ZH SHUIRUPHG WR UHDFK WKH ILQDO YHUVLRQV RI

DOJRULWKPV SUHVHQWHG LQ FKDSWHU � DQG �� 7KH ILUVW VHFWLRQ RI WKLV FKDSWHU GHVFULEHV WKH DOJRULWKPLF

PRGLILFDWLRQV IRU GHWHFWLQJ FRQVHUYHG �' PRWLIV IURP WKH *3&5 ZRUN�FKDSWHU ��� 7KH VHFRQG

VHFWLRQ GHDOV ZLWK WKH SUHOLPLQDU\ DQDO\VLV WKDW ZH SHUIRUPHG RQ WKH 7� VDWXUDWLRQ O\VR]\PH

GDWDVHW IRU 3DFNSUHG�FKDSWHU ���

��� 3URJUHVVLRQ RI DOJRULWKP GHYHORSPHQW WR GHWHFW �' FRQVHUYHG ORFDO

HQYLURQPHQWV LQ *3&5V

7KH DOJRULWKP WKDW ZH KDYH UHSRUWHG LQ WKLV FKDSWHU LV WKH YHUVLRQ ZKHUH ZH GHFLGHG WR UHSRUW WKH

ILQGLQJV� 6LQFH WKH EHJLQQLQJ RI WKH SURMHFW� WKLV DOJRULWKP KDV EHHQ XQGHUJRLQJ FRQVWDQW

PRGLILFDWLRQV DQG UHILQHPHQWV� 7KLV VHFWLRQ ZLOO EULHIO\ WDON DERXW WKH YHUVLRQV RI PDMRU FKDQJHV

RI WKH DOJRULWKP WKDW ZH WHVWHG DQG ZLOO DOVR GLVFXVV RWKHU LGHDV WKDW ZHUH SDUWLDOO\ H[SORUHG�

����� 9HUVLRQV RI DOJRULWKP GHYHORSPHQW DQG UHILQHPHQW
�� :H VHOHFWHG DOO &ODVV $ *3&5 VWUXFWXUHV IURP WKH *3&5GE� :H UHSUHVHQWHG WKHP DV DPLQR DFLGV�

:H GHILQHG WKH ORFDO HQYLURQPHQW DV DOO WKH UHVLGXHV WKDW OLH ZLWKLQ D GLVWDQFH FXWRII� :H GHILQHG

� YDULDQWV RI ORFDO HQYLURQPHQW DW GLVWDQFH FXWRIIV RI � c� � c� DQG � c� 7KHQ ZH SHUIRUPHG WKH

ORFDO VWUXFWXUH VXSHULPSRVLWLRQ XVLQJ WKH VRIWZDUH &/,&.>�� �@�XVLQJ ܤ& DV UHSUHVHQWDWLYH DWRPV�
:H VHOHFWHG D UHIHUHQFH VWUXFWXUH DJDLQVW ZKLFK DOO VWUXFWXUHV ZRXOG EH VXSHULPSRVHG DQG

FRPSDUHG� )RU HDFK GLVWDQFH FXWRII� ZH WKHQ LGHQWLILHG WKH FKHPLFDO VLPLODULWLHV IURP WKH ORFDO

VXSHULPSRVLWLRQV EDVHG RQ WKH D� 6XP RI %/2680�� VFRUHV RI WKH DOLJQHG SDLUV E� 5HVLGXHV WKDW

GR QRW DOLJQ ZLWK D SDUWQHU DUH SHQDOL]HG ZLWK D VFRUH RI ��� $OO WKH UHIHUHQFH DPLQR DFLGV WKDW

KDYH D SRVLWLYH VFRUH DQG IRXQG D SDUWQHU LQ WKH DOLJQPHQW ZLWK DW OHDVW ��� RI WKH GDWDVHW DUH

FRQVLGHUHG FRQVHUYHG�

���



)LQGLQJV IURP WKLV YHUVLRQ

���� %HFDXVH ZH WRRN WKH HQWLUH GDWDVHW RI &ODVV $ *3&5V� WKH RYHU UHSUHVHQWHG *3&5V ZHUH

ELDVLQJ RXU UHVXOWV�

���� 7KH XVH RI D UHIHUHQFH VWUXFWXUH ZDV DOVR DIIHFWLQJ WKH UHVXOWV DV WKH %/2680�� VFRULQJ

HWF ZDV ZLWK UHVSHFW WR LW�

���� 7KH SHQDOW\ VFRUH ZDV D KHXULVWLF

���� 6PDOOHU VHFWLRQV RI WKH DPLQR DFLGV FRXOG FRQWULEXWH WR WKH VWDELOLW\ RI WKH FOLTXH

�� :H PDGH � PRGLILFDWLRQV WR WKH DOJRULWKP� ILUVW E\ WDNLQJ RQO\ WKH EHVW UHVROXWLRQ VWUXFWXUH SHU

*3&5� 7KH VHFRQG PRGLILFDWLRQ ZDV WR XVH DQ H[WHUQDO JULG LQVWHDG RI D UHIHUHQFH

VWUXFWXUH�)LJXUH �� DQG WKHQ GHILQH ORFDO HQYLURQPHQWV DURXQG JULG SRLQWV� 7KH WKLUG PRGLILFDWLRQ

ZDV WR GHVLJQ D GLIIHUHQW VFRULQJ VFKHPH IRU PDWFK DQG PLVPDWFK� 7KH ILQDO PRGLILFDWLRQ ZDV WR

XVH U�JURXS UHSUHVHQWDWLRQ LQVWHDG RI DPLQR DFLG�

)LJXUH �� $ JULG �FRORXUHG LQ EOXH SRLQWV� LV JHQHUDWHG DURXQG D *3&5� 7KH JULG SRLQWV DUH XVHG

WR GHILQH ORFDO HQYLURQPHQWV�

)LQGLQJV IURP WKLV YHUVLRQ�

��� 8VH RI H[WHUQDO JULG QRZ JHQHUDWHV GHSHQGHQFLHV RQ WKH GHQVLW\ RI WKH JULG� $V WKH GHQVLW\ RI

WKH JULG FKDQJHV� WKH UHVXOWV ZRXOG FKDQJH�

��� :H KDG GHILQHG � GLIIHUHQW U�JURXSV IRU DURPDWLF UHVLGXHV� (YHQ WKRXJK WKH\ KDG FRPSDUDEOH

���



SURSHUWLHV� WKHVH PDWFKHV ZHUH VFRUHG XQIDYRUDEO\�

�� ,Q WKLV YHUVLRQ ZH GHFLGHG WR QRW XVH WKH H[WHUQDO JULG DQG LQVWHDG XVH D UHIHUHQFH VWUXFWXUH� WKH

DSSURDFK ZH KDG XVHG LQ YHUVLRQ�� %HFDXVH RI ���� ZH FOXEEHG VRPH U�JURXSV WRJHWKHU� IRU

LQVWDQFH U��� U�� DQG U�� �DOO FRQWDLQLQJ DURPDWLF ULQJV� ZRXOG EH WUHDWHG DV D VLQJOH U�JURXS� :H

WULHG PXOWLSOH VXFK JURXSLQJV WR FKHFN LI ZH JHW KLJKHU FRQVHUYDWLRQV�

)LQGLQJV IURP WKLV YHUVLRQ�

���� 7KH U�JURXS UHJURXSLQJV ZHUH PDGH DUELWUDULO\

�� ,Q WKLV YHUVLRQ� ZH GHFLGHG WR QRW UHJURXS U�JURXSV� ,QVWHDG VFRUH WKH PDWFKHG�DOLJQHG SDLUV EDVHG

RQ WKH LGHQWLW\ RI WKH U�JURXSV IURP WKH UHIHUHQFH VWUXFWXUH� 7R HOLPLQDWH WKH GHSHQGHQF\ RQ WKH

UHIHUHQFH VWUXFWXUH� ZH XVHG � GLIIHUHQW UHIHUHQFH VWUXFWXUHV DQG WRRN WKHLU FRQVHQVXV�

)LQGLQJV IURP WKLV YHUVLRQ

���� &/,&. ZDV QRW DEOH WR FRUUHFWO\ DOLJQ WKH ORFDO HQYLURQPHQWV� 7KH ORFDO HQYLURQPHQWV

KDG KLJKHU UHSUHVHQWDWLRQ RI JURXSV OLNH U�� U�� U�� DQG DV D UHVXOW� WKH DOLJQPHQWV ZHUH

ELDVHG WRZDUGV WKHVH JURXSV�

�� ,Q WKLV YHUVLRQ� ZH XVHG .HUVOH\V �' OHDVW VTXDUHV ILW DOJRULWKP LQVWHDG RI &/,&. WR SHUIRUP WKH

ORFDO DOLJQPHQWV� :H DOVR QRWLFHG WKDW SHUIRUPLQJ D VHFRQG URXQG RI DOLJQPHQWV PLJKW OHDG WR DQ

LPSURYHPHQW LQ LGHQWLI\LQJ VLPLODULWLHV�

�� 6R QRZ� ZH SHUIRUP WZR URXQGV RI ORFDO DOLJQPHQWV� %XW WKH SUREOHP RI PDWFKLQJ WKH U�JURXS

LGHQWLW\ WR WKDW RI WKH UHIHUHQFH JURXS ZDV VWLOO QRW UHVROYHG�

�� )LQDOO\ ZH XVHG 6KDQQRQ (QWURS\ WR HYDOXDWH WKH FKHPLFDO FRQVHUYDWLRQ�

��� 3UHOLPLQDU\ DQDO\VLV WKDW ZH SHUIRUPHG RQ WKH GDWD SUHVHQWHG FKDSWHU

� 3DFNSUHG

�� :H FKHFNHG LI LQGLYLGXDO VFRUHV� QDPHO\� VWDWLVWLFDO SRWHQWLDO� )$'+0 DQG 6( DUH DEOH WR WHOO

DSDUW WKH GHOHWHULRXV IURP WKH QHXWUDO IURP WKH 7� O\VR]\PH WUDLQLQJ VHW� ZKHQ XVHG LQGHSHQGHQWO\

DQG QRW DV D FRPELQDWLRQ� :H SORWWHG KLVWRJUDPV RI WKH WKUHH VFRUHV IRU GLVHDVH DQG QHXWUDO

PXWDWLRQV WR FKHFN LI WKHUH LV D FOHDU VFRUH FXWRII WKDW GLVWLQJXLVKHV WKH GHOHWHULRXV IURP WKH

QHXWUDO� :H REVHUYHG WKDW ERWK WKH FDWHJRULHV RI PXWDWLRQV KDG RYHUODSSLQJ VFRUHV IRU DOO WKH WKUHH

VFRUHV DQG WKHUH ZDV QR FOHDU VHSDUDWLRQ EHWZHHQ WKH VFRUHV RI WKH WZR FODVVHV� :H GLG QRW

REVHUYH DQ\ WUHQG�FXWRII LQ WKH VFRUHV WKDW ZRXOG FOHDUO\ GLVWLQJXLVK WKH WZR FDWHJRULHV RI HIIHFW

���



RI PXWDWLRQV �)LJXUH� � $� %� &��

1H[W� ZH ZDQWHG WR FKHFN WKH LPSDFW RI D SDUDPHWHU� UHVLGXH GHSWK� RQ WKH HIIHFW WKDW D PXWDWLRQ

KDV RQ WKH VWUXFWXUH DQG IXQFWLRQ RI D SURWHLQ� 6R ZH VHJUHJDWHG WKH PXWDWLRQV EDVHG RQ WKHLU

UHVLGXH GHSWKV LQWR WKH WKUHH GHSWK ELQV� H[SRVHG� LQWHUPHGLDWH DQG EXULHG� 7KXV� ZH KDG D WRWDO RI

� FDWHJRULHV� � GHSWK OHYHOV IRU HDFK RI WKH � VFRUHV� ,Q DOO WKH � FDWHJRULHV� ZH REVHUYHG WKDW WKH

VFRUHV IRU ERWK W\SHV RI PXWDWLRQV FDQ WDNH XS VLPLODU YDOXHV DQG QR FOHDU GLVWLQFWLRQ FXWRII ZDV

REVHUYHG WKDW VHSDUDWHV WKH GHOHWHULRXV IURP WKH QHXWUDO PXWDWLRQV �)LJXUH ��� 7KXV� ZH UHDOL]HG

WKDW WKH HIIHFW RI WKH PXWDWHG HQYLURQPHQW FDQQRW EH TXDQWLILHG E\ HLWKHU RI WKH WKUHH VFRUHV DORQH�

�$

���



�%

�&

)LJXUH �� +LVWRJUDPV IRU �$�33�6WDWLVWLFDO SRWHQWLDO VFRUH�� �%�)$'+0 DQG �&�6(� )UHTXHQF\ RI

GHOHWHULRXV PXWDWLRQV LV FRORXUHG LQ LQGLJR ZKLOH WKDW RI WKH QHXWUDO LV FRORXUHG LQ JUHHQ� $OO RI

WKH SORWV VKRZ WKH SUHVHQFH RI ERWK W\SHV RI PXWDWLRQV DFURVV GLIIHUHQW VFRUHV� 7KHUH LV QR FOHDU

GHPDUFDWLRQ EHWZHHQ WKH QHXWUDO DQG GHOHWHULRXV�

���



)LJXUH �� +LVWRJUDPV IRU 33�6WDWLVWLFDO SRWHQWLDO VFRUH�� )$'+0 DQG 6( DFURVV WKUHH GHSWK ELQV�

QDPHO\� H[SRVHG� LQWHUPHGLDWH DQG EXULHG� )UHTXHQF\ RI GHOHWHULRXV PXWDWLRQV LV FRORXUHG LQ

LQGLJR ZKLOH WKDW RI WKH QHXWUDO LV FRORXUHG LQ JUHHQ� $OO RI WKH SORWV VKRZ WKH SUHVHQFH RI ERWK

W\SHV RI PXWDWLRQV DFURVV GLIIHUHQW VFRUHV� 7KHUH LV QR FOHDU GHPDUFDWLRQ EHWZHHQ WKH QHXWUDO DQG

GHOHWHULRXV W\SHV RI PXWDWLRQV�

�� 1H[W� ZH ZDQWHG WR FKHFN WKH HIIHFW RI PXWDWLRQ ZKHQ WKH GDWD LV FDWHJRUL]HG DFFRUGLQJ WR WKH

W\SH RI DPLQR DFLG WKDW LW LV PXWDWHG WR� :H FDWHJRUL]HG WKH WKUHH VFRUHV LQGHSHQGHQWO\ DV SHU WKH

PXWDWHG DPLQR DFLG WR REVHUYH WKH VFRUH SURILOH�)LJXUH �� � DQG ��� 6LQFH WKH 7� O\VR]\PH

���



VDWXUDWLRQ PXWDJHQHVLV GDWDVHW KDV DOO DPLQR DFLGV PXWDWHG WR RQO\ �� RWKHU W\SHV RI DPLQR DFLGV�

ZH GLG QRW KDYH GDWD IRU � DPLQR DFLGV� 1HYHUWKHOHVV� ZH DQDO\]HG WKH VFRUH GLVWULEXWLRQV RI WKH

UHPDLQLQJ �� DPLQR DFLGV� 6LPLODU WR WKH REVHUYDWLRQV LQ )LJXUH � DQG �� KHUH DOVR ZH REVHUYHG

VWDWLVWLFDO SRWHQWLDO VFRUHV IRU QHXWUDO DQG GHOHWHULRXV PXWDWLRQV WDNLQJ XS VLPLODU VFRUH YDOXHV

�)LJXUH ��� ,QWHUHVWLQJO\� ZH QRWLFHG WKDW ZKHQ WKH UHVLGXHV ZHUH PXWDWHG WR .� RQO\ GHOHWHULRXV

PXWDWLRQV RFFXSLHG VFRUHV LQ WKH ELQV KDYLQJ D VFRUH OHVV WKDQ ������ %XW ZH DOVR REVHUYHG

GHOHWHULRXV PXWDWLRQV WKDW KDG D VFRUH KLJKHU WKDQ ������ )RU WKH UHPDLQLQJ �� DPLQR DFLGV� ZH

GLG QRW QRWLFH DQ\ FOHDU GLIIHUHQFHV EHWZHHQ WKH VFRUHV RI WKH QHXWUDO DQG GHOHWHULRXV PXWDWLRQV�

)RU WKH 6KDQQRQ HQWURS\� ZH REVHUYHG WKDW IRU DPLQR DFLGV ,� /� +� DQG 4� WKH QXPEHU RI

GHOHWHULRXV PXWDWLRQV UHGXFHG DV WKH VFRUH DSSURDFKHG IURP � WR � �)LJXUH ��� 6LQFH WKH PRVW

YDULDEOH SRVLWLRQ JHWV D VFRUH a�� WKHVH ILQGLQJV ZHUH LQGLFDWLYH RI 6KDQQRQ HQWURS\ EHLQJ D

PHDQLQJIXO VFRUH LQ RXU VWXG\� $GGLWLRQDOO\� IRU DPLQR DFLGV &� .� DQG 3 ZH REVHUYHG D KLJKHU

QXPEHU RI GHOHWHULRXV PXWDWLRQV EHWZHHQ VFRUHV � WR �� LQGLFDWLYH RI KLJKO\ FRQVHUYHG UHVLGXHV�

6LPLODUO\� IRU )$'+0 VFRUHV� ZH REVHUYHG WKDW DPLQR DFLGV &� (� .� 3 KDG D PDMRULW\ RI

GHOHWHULRXV PXWDWLRQV ZLWK ORZ VFRUHV �WKH UDQJH YDULHV ZLWK HDFK DPLQR DFLG� ZKLOH UHVLGXHV <� 6�

5� DQG 4 KDG RQO\ QHXWUDO PXWDWLRQV WKDW VFRUHG LQ WKH SRVLWLYH UDQJH �)LJXUH ���

���
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)LJXUH �� +LVWRJUDP RI VWDWLVWLFDO SRWHQWLDO VFRUH FDWHJRUL]HG DFFRUGLQJ WR WKH W\SH RI PXWDWHG

DPLQR DFLG� 'HOHWHULRXV DUH FRORXUHG LQ RUDQJH� QHXWUDO LQ JUHHQ DQG GHOHWHULRXV FRPELQHG ZLWK

QHXWUDO LV FRORUHG LQ EOXH� %ODQN SORWV LQGLFDWH QR ZLOGW\SH UHVLGXH ZDV PXWDWHG WR WKLV SDUWLFXODU

DPLQR DFLG�
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)LJXUH �� +LVWRJUDP RI 6( FDWHJRUL]HG DFFRUGLQJ WR WKH W\SH RI PXWDWHG DPLQR DFLG� 'HOHWHULRXV

DUH FRORXUHG LQ RUDQJH� QHXWUDO LQ JUHHQ DQG GHOHWHULRXV FRPELQHG ZLWK QHXWUDO LV FRORUHG LQ EOXH�

%ODQN SORWV LQGLFDWH QR ZLOGW\SH UHVLGXH ZDV PXWDWHG WR WKLV SDUWLFXODU DPLQR DFLG�

���
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)LJXUH �� +LVWRJUDP RI )$'+0 VFRUH FDWHJRUL]HG DFFRUGLQJ WR WKH W\SH RI PXWDWHG DPLQR DFLG�

'HOHWHULRXV DUH FRORXUHG LQ RUDQJH� QHXWUDO LQ JUHHQ DQG GHOHWHULRXV FRPELQHG ZLWK QHXWUDO LV

FRORUHG LQ EOXH� %ODQN SORWV LQGLFDWH QR ZLOGW\SH UHVLGXH ZDV PXWDWHG WR WKLV SDUWLFXODU DPLQR

DFLG�

�� 1H[W ZH FKHFNHG LI WKHUH LV DQ\ VXFK WUHQG ZKHQ ZH ORRN DW WKH GDWD EDVHG RQ WKH ZLOGW\SH DPLQR

DFLG �LJQRULQJ ZKDW LW LV PXWDWHG WR�� :H DJDLQ FKHFNHG WKLV RQ WKH WKUHH VFRUHV LQGHSHQGHQWO\

�)LJXUH �� � DQG ��� )RU WKH VWDWLVWLFDO SRWHQWLDO� ZH REVHUYHG WKDW DPLQR DFLGV $� )� *� /� 0� 1� 6�

7� 9 DQG : KDG RQO\ GHOHWHULRXV PXWDWLRQV RQ WKH OHIW WDLO RI WKH GLVWULEXWLRQ� 5HVLGXHV OLNH &� DQG

( KDG DOO QHXWUDO PXWDWLRQV WRZDUGV WKH ULJKW VLGH RI WKH GLVWULEXWLRQ �)LJXUH ��� )RU 6KDQQRQ

HQWURS\ VFRUH� UHVLGXHV OLNH (� ) DQG , VKRZHG RQO\ QHXWUDO PXWDWLRQV EHWZHHQ VFRUHV RI � WR �

�)LJXUH ��� )RU )$'+0� UHVLGXHV OLNH &� ) DQG : VFRUH D SRVLWLYH VFRUH ZKHQ WKH PXWDWLRQV DUH

QHXWUDO �)LJXUH ���
���



���



���



���



)LJXUH �� +LVWRJUDP RI VWDWLVWLFDO SRWHQWLDO VFRUH FDWHJRUL]HG DFFRUGLQJ WR WKH W\SH RI ZLOGW\SH

DPLQR DFLG� 'HOHWHULRXV DUH FRORXUHG LQ RUDQJH� QHXWUDO LQ JUHHQ DQG GHOHWHULRXV FRPELQHG ZLWK

QHXWUDO LV FRORUHG LQ EOXH�

���



���



���



)LJXUH �� +LVWRJUDP RI 6( VFRUH FDWHJRUL]HG DFFRUGLQJ WR WKH W\SH RI ZLOGW\SH DPLQR DFLG�

'HOHWHULRXV DUH FRORXUHG LQ RUDQJH� QHXWUDO LQ JUHHQ DQG GHOHWHULRXV FRPELQHG ZLWK QHXWUDO LV

FRORUHG LQ EOXH�

���



���



���



���



)LJXUH �� +LVWRJUDP RI )$'+0 VFRUH FDWHJRUL]HG DFFRUGLQJ WR WKH W\SH RI ZLOGW\SH DPLQR DFLG�

'HOHWHULRXV DUH FRORXUHG LQ RUDQJH� QHXWUDO LQ JUHHQ DQG GHOHWHULRXV FRPELQHG ZLWK QHXWUDO LV

FRORUHG LQ EOXH�

6LQFH ZH REVHUYHG WUHQGV ZKHQ ZH FDWHJRUL]HG GDWD EDVHG RQ YDULRXV SURSHUWLHV� ZH GHFLGHG WR

FRPELQH WKH WKUHH VFRUHV� DORQJ ZLWK DVVRFLDWHG SURSHUWLHV OLNH GHSWK� DPLQR DFLG PXWDWLRQ

GHWDLOV� HWF �5HIHU WR FKDSWHU � IRU PRUH GHWDLOV��

���



3XEOLFDWLRQV
�� 6HQ 1�� .DQLWNDU 75�� 5R\ $$�� 6RQL 1� $PULWNDU .� 6XSHNDU 6� 1DLU 6� 6LQJK *�

0DGKXVXGKDQ 06� 3UHGLFWLQJ DQG GHVLJQLQJ WKHUDSHXWLFV DJDLQVW WKH 1LSDK YLUXV� 3/R6 1HJO

7URS 'LV� ���� 'HF ���������� H�������� GRL� ��������MRXUQDO�SQWG��������� 30,'� ���������

30&,'� 30&��������

�� .DQLWNDU 75� 6HQ 1� 1DLU 6� 6RQL 1� $PULWNDU .� 5DPWLUWKD <� 0DGKXVXGKDQ 06� 0HWKRGV IRU

0ROHFXODU 0RGHOOLQJ RI 3URWHLQ &RPSOH[HV� 0HWKRGV 0RO %LRO� ���������������� GRL�

�������������������������#�� 30,'� ���������

�� 7DQ .3�� .DQLWNDU 75�� .ZRK &.� 0�6�0DGKXVXGKDQ� 3DFNSUHG� 3UHGLFWLQJ WKH )XQFWLRQDO

(IIHFW RI 0LVVHQVH 0XWDWLRQV� )URQW 0RO %LRVFL� ���� $XJ ������������ GRL�

��������IPROE������������� 30,'� ��������� 30&,'� 30&��������

�� )HUUR 5� &DUUROO $� 3HUHLUD $0� 5HHQ 9� 6WRMLOMNRYLF $� 3ULQFH &� -DQJKUD 1� 5R[DQLV ,� *D]LQVND

3� $QQXQ]LDWR 6� -RQNHUV -� .DQLWNDU 75� 3DWHO 1� /LY 1� $OH[DQGHU -� 4XLVW -� 3DUGR 0�

5RXPHOLRWLV 7,� &KRXGKDU\ -6� :HHNHV '� 0DUUD 3� 1DWUDMDQ 5� *ULJRULDGLV $� 0DGKXVXGKDQ

06� +DLGHU 6� /RUG &-� 7XWW $� *35�� ± D QRYHO RQFRJHQH UHJXODWLQJ XQIROGHG SURWHLQ UHVSRQVH

YLD HQGRSODVPLF UHWLFXOXP S+ �6XEPLWWHG�

�� .DQLWNDU 75 DQG 0�6�0DGKXVXGKDQ� 3UHGLFWLQJ WKH PROHFXODU PHFKDQLVP RI &ODVV $ *3&5

DFWLYDWLRQ� �8QGHU SUHSDUDWLRQ�

�� -DGKDY $� .DQLWNDU 75 DQG 0�6�0DGKXVXGKDQ� 'HVLJQLQJ 7KHUDSHXWLFV XVLQJ 3HSWLGH ,QKLELWRUV

DJDLQVW WKH 6$56�&R9��� �8QGHU SUHSDUDWLRQ�

���



5HIHUHQFHV

�� %LRFKHPLVWU\� 3ULPDU\ 3URWHLQ 6WUXFWXUH � 6WDW3HDUOV � 1&%, %RRNVKHOI�
KWWSV���ZZZ�QFEL�QOP�QLK�JRY�ERRNV�1%.�������� $FFHVVHG �� )HE ����

�� 0XKDPPHG 07� $NL�<DOFLQ ( ������ +RPRORJ\ PRGHOLQJ LQ GUXJ GLVFRYHU\� 2YHUYLHZ� FXUUHQW
DSSOLFDWLRQV� DQG IXWXUH SHUVSHFWLYHV� &KHP %LRO 'UXJ 'HV �����±���
KWWSV���GRL�RUJ���������FEGG������

�� 1JX\HQ 01� 7DQ .3� 0DGKXVXGKDQ 06 ������ &/,&. � 7RSRORJ\�LQGHSHQGHQW FRPSDULVRQ RI
ELRPROHFXODU �' VWUXFWXUHV� 1XFOHLF $FLGV 5HV ���:��±:��� KWWSV���GRL�RUJ���������QDU�JNU���

�� 1JX\HQ 01� 0DGKXVXGKDQ 06 ������ %LRORJLFDO LQVLJKWV IURP WRSRORJ\ LQGHSHQGHQW FRPSDULVRQ
RI SURWHLQ �' VWUXFWXUHV� 1XFOHLF $FLGV 5HV ���H��±H��� KWWSV���GRL�RUJ���������QDU�JNU���

�� 6KHQ 0� 6DOL $ ������ 6WDWLVWLFDO SRWHQWLDO IRU DVVHVVPHQW DQG SUHGLFWLRQ RI SURWHLQ VWUXFWXUHV�
3URWHLQ 6FL �������±����� KWWSV���GRL�RUJ���������SV����������

�� 6WUXFWXUHBFRPSDULVRQBDQGBDOLJQPHQWBFKDSWHU�BPDWULBUHQRP

�� 'LDPRQG 5 ������ 2Q WKH FRPSDULVRQ RI FRQIRUPDWLRQV XVLQJ OLQHDU DQG TXDGUDWLF
WUDQVIRUPDWLRQV� $FWD &U\VWDOORJU 6HFW $ ����±��� KWWSV���GRL�RUJ���������6����������������

�� .HDUVOH\ 6. ������ 2Q WKH RUWKRJRQDO WUDQVIRUPDWLRQ XVHG IRU VWUXFWXUDO FRPSDULVRQV� $FWD
&U\VWDOORJU 6HFW $ ������±���� KWWSV���GRL�RUJ���������6����������������

�� .DEVFK : ������ $ VROXWLRQ IRU WKH EHVW URWDWLRQ WR UHODWH WZR VHWV RI YHFWRUV� $FWD &U\VWDOORJU
6HFW $ ������±���� KWWSV���GRL�RUJ���������6����������������

��� +HQGOLFK 0� 5LSSPDQQ )� %DUQLFNHO * ������ /,*6,7(� $XWRPDWLF DQG HIILFLHQW GHWHFWLRQ RI
SRWHQWLDO VPDOO PROHFXOH�ELQGLQJ VLWHV LQ SURWHLQV� - 0RO *UDSK 0RGHO ������±����
KWWSV���GRL�RUJ���������6��������������������

��� /DVNRZVNL 5$ ������ 685)1(7� $ SURJUDP IRU YLVXDOL]LQJ PROHFXODU VXUIDFHV� FDYLWLHV� DQG
LQWHUPROHFXODU LQWHUDFWLRQV� - 0RO *UDSK ������±����
KWWSV���GRL�RUJ�����������������������������

��� $UPRQ $� *UDXU '� %HQ�7DO 1 ������ &RQ6XUI� $Q DOJRULWKPLF WRRO IRU WKH LGHQWLILFDWLRQ RI
IXQFWLRQDO UHJLRQV LQ SURWHLQV E\ VXUIDFH PDSSLQJ RI SK\ORJHQHWLF LQIRUPDWLRQ� - 0RO %LRO
�������±���� KWWSV���GRL�RUJ���������MPEL����������

��� %U\OLQVNL 0� 6NROQLFN - ������ $ WKUHDGLQJ�EDVHG PHWKRG �),1'6,7(� IRU OLJDQG�ELQGLQJ VLWH
SUHGLFWLRQ DQG IXQFWLRQDO DQQRWDWLRQ� 3URF 1DWO $FDG 6FL 8 6 $ �������±����
KWWSV���GRL�RUJ���������SQDV�����������

���



��� 0F*UHLJ -(� 8UL +� $QWF]DN 0� HW DO ������ �'/LJDQG6LWH� VWUXFWXUH�EDVHG SUHGLFWLRQ RI
SURWHLQ�OLJDQG ELQGLQJ VLWHV� 1XFOHLF $FLGV 5HV ���:��±:���
KWWSV���GRL�RUJ���������QDU�JNDF���

��� 0HQJ ;�<� =KDQJ +�;� 0H]HL 0� &XL 0 ������ 0ROHFXODU 'RFNLQJ� $ 3RZHUIXO $SSURDFK IRU
6WUXFWXUH�%DVHG 'UXJ 'LVFRYHU\� &XUU &RPSXW $LGHG�'UXJ 'HV �����±����
KWWSV���GRL�RUJ���������������������������

��� .DQLWNDU 75� 6HQ 1� 1DLU 6� HW DO ������ 0HWKRGV IRU 0ROHFXODU 0RGHOOLQJ RI 3URWHLQ &RPSOH[HV�
,Q� 0HWKRGV LQ 0ROHFXODU %LRORJ\� +XPDQD 3UHVV ,QF�� SS ��±��

��� 6OLZRVNL *� .RWKLZDOH 6� 0HLOHU -� /RZH (: ������ &RPSXWDWLRQDO PHWKRGV LQ GUXJ GLVFRYHU\�
3KDUPDFRO� 5HY� ������±���

��� 0RUULV *0� +XH\ 5� /LQGVWURP :� HW DO ������ $XWR'RFN� DQG $XWR'RFN7RROV�� $XWRPDWHG
GRFNLQJ ZLWK VHOHFWLYH UHFHSWRU IOH[LELOLW\� - &RPSXW &KHP �������±�����
KWWSV���GRL�RUJ���������MFF������

��� $OOHQ :-� %DOLXV 7(� 0XNKHUMHH 6� HW DO ������ '2&. �� ,PSDFW RI QHZ IHDWXUHV DQG FXUUHQW
GRFNLQJ SHUIRUPDQFH� - &RPSXW &KHP �������±����� KWWSV���GRL�RUJ���������MFF������

��� *URVGLGLHU $� =RHWH 9� 0LFKLHOLQ 2 ������ 6ZLVV'RFN� D SURWHLQ�VPDOO PROHFXOH GRFNLQJ ZHE
VHUYLFH EDVHG RQ ($'RFN '66� 1XFOHLF $FLGV 5HV ���� KWWSV���GRL�RUJ���������QDU�JNU���

��� 0DLD (+%� $VVLV /&� GH 2OLYHLUD 7$� HW DO ������ 6WUXFWXUH�%DVHG 9LUWXDO 6FUHHQLQJ� )URP
&ODVVLFDO WR $UWLILFLDO ,QWHOOLJHQFH� )URQW� &KHP� �

��� 7D\ORU 5'� -HZVEXU\ 3-� (VVH[ -: ������ $ UHYLHZ RI SURWHLQ�VPDOO PROHFXOH GRFNLQJ PHWKRGV� -
&RPSXW $LGHG 0RO 'HV ������±���� KWWSV���GRL�RUJ���������$��������������

��� 3DJDGDOD 16� 6\HG .� 7XV]\QVNL - ������ 6RIWZDUH IRU PROHFXODU GRFNLQJ� D UHYLHZ� %LRSK\V�
5HY� ����±���

��� +ROOLQJVZRUWK 6$� 'URU 52 ������ 0ROHFXODU '\QDPLFV 6LPXODWLRQ IRU $OO� 1HXURQ
�������±����

��� /LQ )<� 0DF.HUHOO $' ������ )RUFH )LHOGV IRU 6PDOO 0ROHFXOHV� ,Q� 0HWKRGV LQ 0ROHFXODU
%LRORJ\� +XPDQD 3UHVV ,QF�� SS ��±��

��� $EUDKDP 0-� 0XUWROD 7� 6FKXO] 5� HW DO ������ *URPDFV� +LJK SHUIRUPDQFH PROHFXODU
VLPXODWLRQV WKURXJK PXOWL�OHYHO SDUDOOHOLVP IURP ODSWRSV WR VXSHUFRPSXWHUV� 6RIWZDUH;
�±����±��� KWWSV���GRL�RUJ���������M�VRIW[������������

��� 3KLOOLSV -&� +DUG\ '-� 0DLD -'&� HW DO ������ 6FDODEOH PROHFXODU G\QDPLFV RQ &38 DQG *38
DUFKLWHFWXUHV ZLWK 1$0'� - &KHP 3K\V ����� KWWSV���GRL�RUJ������������������

��� 3HDUOPDQ '$� &DVH '$� &DOGZHOO -:� HW DO ������ $0%(5� D SDFNDJH RI FRPSXWHU SURJUDPV IRU
DSSO\LQJ PROHFXODU PHFKDQLFV� QRUPDO PRGH DQDO\VLV� PROHFXODU G\QDPLFV DQG IUHH HQHUJ\

���



FDOFXODWLRQV WR VLPXODWH WKH VWUXFWXUDO DQG HQHUJHWLF SURSHUWLHV RI PROHFXOHV� &RPSXW 3K\V
&RPPXQ ����±��� KWWSV���GRL�RUJ����������������������������'

��� 'XUUDQW -'� 0F&DPPRQ -$ ������ 0ROHFXODU G\QDPLFV VLPXODWLRQV DQG GUXJ GLVFRYHU\� %0&
%LRO� ����

��� 6LSSO 0- ������ .QRZOHGJH�EDVHG SRWHQWLDOV IRU SURWHLQV� &XUU 2SLQ 6WUXFW %LRO �����±����
KWWSV���GRL�RUJ�����������������;�����������

��� 3RROH $0� 5DQJDQDWKDQ 5 ������ .QRZOHGJH�EDVHG SRWHQWLDOV LQ SURWHLQ GHVLJQ� &XUU� 2SLQ�
6WUXFW� %LRO� ������±���

��� 6LSSO 0- ������ 5HFRJQLWLRQ RI HUURUV LQ WKUHH䇲GLPHQVLRQDO VWUXFWXUHV RI SURWHLQV� 3URWHLQV 6WUXFW
)XQFW %LRLQIRUPD ������±���� KWWSV���GRL�RUJ���������SURW����������

��� =KRX +� 6NROQLFN - ������ *2$3� $ JHQHUDOL]HG RULHQWDWLRQ�GHSHQGHQW� DOO�DWRP VWDWLVWLFDO
SRWHQWLDO IRU SURWHLQ VWUXFWXUH SUHGLFWLRQ� %LRSK\V - ��������±�����
KWWSV���GRL�RUJ���������M�ESM������������

��� 3DUN -� 6DLWRX . ������ 527$6� $ URWDPHU�GHSHQGHQW� DWRPLF VWDWLVWLFDO SRWHQWLDO IRU DVVHVVPHQW
DQG SUHGLFWLRQ RI SURWHLQ VWUXFWXUHV� %0& %LRLQIRUPDWLFV ����±���
KWWSV���GRL�RUJ�������������������������

��� &KDR -� 7DQJ )� ;X / ������ 'HYHORSPHQWV LQ $OJRULWKPV IRU 6HTXHQFH $OLJQPHQW� $ 5HYLHZ�
%LRPROHFXOHV ��

��� $OWVFKXO 6)� *LVK :� 0LOOHU :� HW DO ������ %DVLF ORFDO DOLJQPHQW VHDUFK WRRO� - 0RO %LRO
�������±���� KWWSV���GRL�RUJ���������6��������������������

��� $OWVFKXO 6)� 0DGGHQ 7/� 6FKlIIHU $$� HW DO ������ *DSSHG %/$67 DQG 36,�%/$67� $ QHZ
JHQHUDWLRQ RI SURWHLQ GDWDEDVH VHDUFK SURJUDPV� 1XFOHLF $FLGV 5HV� �������±����

��� 6KDQQRQ &( ������ $ 0DWKHPDWLFDO 7KHRU\ RI &RPPXQLFDWLRQ� %HOO 6\VW 7HFK - ������±����
KWWSV���GRL�RUJ���������M����������������WE������[

��� 6WHZDUW --� /HH &<� ,EUDKLP 6� HW DO ������ $ 6KDQQRQ HQWURS\ DQDO\VLV RI LPPXQRJOREXOLQ DQG 7
FHOO UHFHSWRU� 0RO ,PPXQRO �������±����� KWWSV���GRL�RUJ���������6��������������������

��� /HH %� 5LFKDUGV )0 ������ 7KH LQWHUSUHWDWLRQ RI SURWHLQ VWUXFWXUHV� (VWLPDWLRQ RI VWDWLF
DFFHVVLELOLW\� - 0RO %LRO ���� KWWSV���GRL�RUJ����������������������������;

��� &KDNUDYDUW\ 6� 9DUDGDUDMDQ 5 ������ 5HVLGXH GHSWK� $ QRYHO SDUDPHWHU IRU WKH DQDO\VLV RI SURWHLQ
VWUXFWXUH DQG VWDELOLW\� 6WUXFWXUH �����±���� KWWSV���GRL�RUJ���������6��������������������

��� 7DQ .3� 9DUDGDUDMDQ 5� 0DGKXVXGKDQ 06 ������ '(37+� $ ZHE VHUYHU WR FRPSXWH GHSWK DQG
SUHGLFW VPDOO�PROHFXOH ELQGLQJ FDYLWLHV LQ SURWHLQV� 1XFOHLF $FLGV 5HV ���:���±:����
KWWSV���GRL�RUJ���������QDU�JNU���

��� /DWRUUDFD 15� 9HQNDWDNULVKQDQ $-� 'URU 52 ������ *3&5 G\QDPLFV� 6WUXFWXUHV LQ PRWLRQ� &KHP
���



5HY �������±���� KWWSV���GRL�RUJ���������DFV�FKHPUHY��E�����

��� :ULJKW 37� 6FKREHVEHUJHU 6� *RUHOLN - ������ 6WXG\LQJ *3&5�F$03 SKDUPDFRORJ\ IURP WKH
SHUVSHFWLYH RI FHOOXODU VWUXFWXUH� )URQW� 3KDUPDFRO� �

��� 6XQ /� <H 5' ������ 5ROH RI * SURWHLQ�FRXSOHG UHFHSWRUV LQ LQIODPPDWLRQ� $FWD 3KDUPDFRO� 6LQ�
������±���

��� /lPPHUPDQQ 7� .DVWHQP�OOHU : ������ &RQFHSWV RI *3&5�FRQWUROOHG QDYLJDWLRQ LQ WKH LPPXQH
V\VWHP� ,PPXQRO� 5HY� �������±���

��� -XOLXV '� 1DWKDQV - ������ 6LJQDOLQJ E\ VHQVRU\ UHFHSWRUV� &ROG 6SULQJ +DUE 3HUVSHFW %LRO ���
KWWSV���GRL�RUJ���������FVKSHUVSHFW�D������

��� 'DOHVLR 10� %DUUHWR 2UWL] 6)� 3OX]QLFN -/� %HUNRZLW] '( ������ 2OIDFWRU\� WDVWH� DQG SKRWR
VHQVRU\ UHFHSWRUV LQ QRQ�VHQVRU\ RUJDQV� ,W MXVW PDNHV VHQVH� )URQW 3K\VLRO ���±���
KWWSV���GRL�RUJ���������ISK\V�����������

��� 2OLYHLUD GH 6RX]D &� 6XQ ;� 2K ' ������ 0HWDEROLF )XQFWLRQV RI * 3URWHLQ�&RXSOHG 5HFHSWRUV
DQG ȕ�$UUHVWLQ�0HGLDWHG 6LJQDOLQJ 3DWKZD\V LQ WKH 3DWKRSK\VLRORJ\ RI 7\SH � 'LDEHWHV DQG
2EHVLW\� )URQW� (QGRFULQRO� �/DXVDQQH�� ��

��� <DQJ '� =KRX 4� /DEURVND 9� HW DO ������ * SURWHLQ�FRXSOHG UHFHSWRUV� VWUXFWXUH� DQG
IXQFWLRQ�EDVHG GUXJ GLVFRYHU\� 6LJQDO 7UDQVGXFW 7DUJHW 7KHU ���
KWWSV���GRL�RUJ���������V����������������Z

��� 5DVPXVVHQ 6*)� 'HYUHH %7� =RX <� HW DO ������ &U\VWDO VWUXFWXUH RI WKH ȕ � DGUHQHUJLF
UHFHSWRU�*V SURWHLQ FRPSOH[� 1DWXUH �������±���� KWWSV���GRL�RUJ���������QDWXUH�����

��� )LOLSHN 6 ������ 0ROHFXODU VZLWFKHV LQ *3&5V� &XUU 2SLQ 6WUXFW %LRO ������±����
KWWSV���GRL�RUJ���������M�VEL������������

��� .DWULWFK 9� )HQDOWL *� $EROD ((� HW DO ������ $OORVWHULF VRGLXP LQ FODVV $ *3&5 VLJQDOLQJ� 7UHQGV
%LRFKHP� 6FL� ������±���

��� )ULW]H 2� )LOLSHN 6� .XNVD 9� HW DO ������ 5ROH RI WKH FRQVHUYHG 13[[<�[����) PRWLI LQ WKH
UKRGRSVLQ JURXQG VWDWH DQG GXULQJ DFWLYDWLRQ� 3URF 1DWO $FDG 6FL 8 6 $ ��������±�����
KWWSV���GRL�RUJ���������SQDV�����������

��� 6FK|QHJJH $0� *DOOLRQ -� 3LFDUG /3� HW DO ������ (YROXWLRQDU\ DFWLRQ DQG VWUXFWXUDO EDVLV RI WKH
DOORVWHULF VZLWFK FRQWUROOLQJ ȕ�$5 IXQFWLRQDO VHOHFWLYLW\� 1DW &RPPXQ ���±���
KWWSV���GRL�RUJ���������V����������������[

��� )DYUH 1� )DQHOOL )� 0LVVRWWHQ 0� HW DO ������ 7KH '5< PRWLI DV D PROHFXODU VZLWFK RI WKH KXPDQ
R[\WRFLQ UHFHSWRU� %LRFKHPLVWU\ �������±������ KWWSV���GRL�RUJ���������EL�������

��� $XGHW 0� %RXYLHU 0 ������ 5HVWUXFWXULQJ *�3URWHLQ� &RXSOHG 5HFHSWRU $FWLYDWLRQ� &HOO
������±��

���



��� +LOJHU ' ������ 7KH UROH RI VWUXFWXUDO G\QDPLFV LQ *3&5䇲PHGLDWHG VLJQDOLQJ� )(%6 -
��������±����� KWWSV���GRL�RUJ���������IHEV������

��� 3LQ -3� *DOYH] 7� 3Up]HDX / ������ (YROXWLRQ� VWUXFWXUH� DQG DFWLYDWLRQ PHFKDQLVP RI IDPLO\ ��&
*�SURWHLQ�FRXSOHG UHFHSWRUV� 3KDUPDFRO� 7KHU� ������±���

��� %DVLWK 6� &XL 0� 0DFDOLQR 6-<� HW DO ������ ([SORULQJ * SURWHLQ�FRXSOHG UHFHSWRUV �*3&5V�
OLJDQG VSDFH YLD FKHPLQIRUPDWLFV DSSURDFKHV� ,PSDFW RQ UDWLRQDO GUXJ GHVLJQ� )URQW� 3KDUPDFRO� �

��� %RUWRODWR $� 'RUp $6� +ROOHQVWHLQ .� HW DO ������ 6WUXFWXUH RI &ODVV % *3&5V� 1HZ KRUL]RQV IRU
GUXJ GLVFRYHU\� %U� -� 3KDUPDFRO� ��������±����

��� &KXQ /� =KDQJ :+� /LX -) ������ 6WUXFWXUH DQG OLJDQG UHFRJQLWLRQ RI FODVV & *3&5V� $FWD
3KDUPDFRO� 6LQ� ������±���

��� 9HOD]KDKDQ 9� 0D 1� 3iQG\�6]HNHUHV *� HW DO ������ 6WUXFWXUH RI WKH FODVV ' *3&5 6WH� GLPHU
FRXSOHG WR WZR * SURWHLQV� 1DWXUH �������±���� KWWSV���GRL�RUJ���������V����������������

��� :HLV :,� .RELOND %. ������ 7KH 0ROHFXODU %DVLV RI * 3URWHLQ�&RXSOHG 5HFHSWRU $FWLYDWLRQ�
$QQX� 5HY� %LRFKHP� ������±���

��� 2NDGD 7� 6XJLKDUD 0� %RQGDU $1� HW DO ������ 7KH UHWLQDO FRQIRUPDWLRQ DQG LWV HQYLURQPHQW LQ
UKRGRSVLQ LQ OLJKW RI D QHZ ��� c FU\VWDO VWUXFWXUH� - 0RO %LRO �������±����
KWWSV���GRL�RUJ���������M�MPE������������

��� %ODQNHQVKLS (� 9DKHGL�)DULGL $� /RGRZVNL '7 ������ 7KH +LJK�5HVROXWLRQ 6WUXFWXUH RI
$FWLYDWHG 2SVLQ 5HYHDOV D &RQVHUYHG 6ROYHQW 1HWZRUN LQ WKH 7UDQVPHPEUDQH 5HJLRQ (VVHQWLDO
IRU $FWLYDWLRQ� 6WUXFWXUH �������±����� KWWSV���GRL�RUJ���������M�VWU������������

��� &KHUH]RY 9� 5RVHQEDXP '0� +DQVRQ 0$� HW DO ������ +LJK�UHVROXWLRQ FU\VWDO VWUXFWXUH RI DQ
HQJLQHHUHG KXPDQ ȕ��DGUHQHUJLF * SURWHLQ�FRXSOHG UHFHSWRU� 6FLHQFH ���� � ��������±�����
KWWSV���GRL�RUJ���������VFLHQFH��������

��� 5LQJ $0� 0DQJOLN $� .UXVH $&� HW DO ������ $GUHQDOLQH�DFWLYDWHG VWUXFWXUH RI ȕ ��DGUHQRFHSWRU
VWDELOL]HG E\ DQ HQJLQHHUHG QDQRERG\� 1DWXUH �������±���� KWWSV���GRL�RUJ���������QDWXUH�����

��� 6XQR 5� /HH 6� 0DHGD 6� HW DO ������ 6WUXFWXUDO LQVLJKWV LQWR WKH VXEW\SH�VHOHFWLYH DQWDJRQLVW
ELQGLQJ WR WKH 0� PXVFDULQLF UHFHSWRU� 1DW &KHP %LRO �������±�����
KWWSV���GRL�RUJ���������V���������������\

��� .UXVH $&� 5LQJ $0� 0DQJOLN $� HW DO ������ $FWLYDWLRQ DQG DOORVWHULF PRGXODWLRQ RI D PXVFDULQLF
DFHW\OFKROLQH UHFHSWRU� 1DWXUH �������±���� KWWSV���GRL�RUJ���������QDWXUH�����

��� +XDQJ :� 0DQJOLN $� 9HQNDWDNULVKQDQ $-� HW DO ������ 6WUXFWXUDO LQVLJKWV LQWR ȝ�RSLRLG UHFHSWRU
DFWLYDWLRQ� 1DWXUH �������±���� KWWSV���GRL�RUJ���������QDWXUH�����

��� 0DQJOLN $� .UXVH $&� .RELOND 76� HW DO ������ &U\VWDO VWUXFWXUH RI WKH ȝ�RSLRLG UHFHSWRU ERXQG WR
D PRUSKLQDQ DQWDJRQLVW� 1DWXUH �������±���� KWWSV���GRL�RUJ���������QDWXUH�����

���



��� :HLQHUW 7� 2OLHULF 1� &KHQJ 5� HW DO ������ 6HULDO PLOOLVHFRQG FU\VWDOORJUDSK\ IRU URXWLQH
URRP�WHPSHUDWXUH VWUXFWXUH GHWHUPLQDWLRQ DW V\QFKURWURQV� 1DW &RPPXQ ���±���
KWWSV���GRL�RUJ���������V�����������������

��� :KLWH ./� (GG\ 07� *DR =*� HW DO ������ 6WUXFWXUDO &RQQHFWLRQ EHWZHHQ $FWLYDWLRQ 0LFURVZLWFK
DQG $OORVWHULF 6RGLXP 6LWH LQ *3&5 6LJQDOLQJ� 6WUXFWXUH ������±����H��
KWWSV���GRL�RUJ���������M�VWU������������

��� :X +� :DFNHU '� 0LOHQL 0� HW DO ������ 6WUXFWXUH RI WKH KXPDQ ț�RSLRLG UHFHSWRU LQ FRPSOH[
ZLWK -'7LF� 1DWXUH �������±���� KWWSV���GRL�RUJ���������QDWXUH�����

��� 0XQN &� ,VEHUJ 9� 0RUGDOVNL 6� HW DO ������ *3&5GE� WKH * SURWHLQ�FRXSOHG UHFHSWRU GDWDEDVH ±
DQ LQWURGXFWLRQ� %U - 3KDUPDFRO �������±����� KWWSV���GRL�RUJ���������ESK������

��� (VZDU 1� :HEE %� 0DUWL䇲5HQRP 0$� HW DO ������ &RPSDUDWLYH 3URWHLQ 6WUXFWXUH 0RGHOLQJ 8VLQJ
0RGHOOHU� &XUU 3URWRF %LRLQIRUPD ���8QLW� KWWSV���GRL�RUJ��������������������EL����V��

��� âDOL $� %OXQGHOO 7/ ������ &RPSDUDWLYH SURWHLQ PRGHOOLQJ E\ VDWLVIDFWLRQ RI VSDWLDO UHVWUDLQWV� -
0RO %LRO �������±���� KWWSV���GRL�RUJ���������MPEL����������

��� =KDQJ <� 6NROQLFN - ������ 70�DOLJQ� $ SURWHLQ VWUXFWXUH DOLJQPHQW DOJRULWKP EDVHG RQ WKH
70�VFRUH� 1XFOHLF $FLGV 5HV �������±����� KWWSV���GRL�RUJ���������QDU�JNL���

��� 3URQN 6� 3iOO 6� 6FKXO] 5� HW DO ������ *520$&6 ���� D KLJK�WKURXJKSXW DQG KLJKO\ SDUDOOHO
RSHQ VRXUFH PROHFXODU VLPXODWLRQ WRRONLW� %LRLQIRUPDWLFV ������±����
KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWW���

��� +XDQJ -� 0DFNHUHOO $' ������ &+$500�� DOO�DWRP DGGLWLYH SURWHLQ IRUFH ILHOG� 9DOLGDWLRQ
EDVHG RQ FRPSDULVRQ WR 105 GDWD� - &RPSXW &KHP �������±�����
KWWSV���GRL�RUJ���������MFF������

��� 'DUGHQ 7� <RUN '� 3HGHUVHQ / ������ 3DUWLFOH PHVK (ZDOG� $Q 1āORJ�1� PHWKRG IRU (ZDOG VXPV
LQ ODUJH V\VWHPV� - &KHP 3K\V ��������±������ KWWSV���GRL�RUJ�����������������

��� %HUHQGVHQ +-&� 3RVWPD -30� 9DQ *XQVWHUHQ :)� HW DO ������ 0ROHFXODU G\QDPLFV ZLWK FRXSOLQJ
WR DQ H[WHUQDO EDWK� - &KHP 3K\V �������±����� KWWSV���GRL�RUJ�����������������

��� 3DUULQHOOR 0� 5DKPDQ $ ������ 3RO\PRUSKLF WUDQVLWLRQV LQ VLQJOH FU\VWDOV� $ QHZ PROHFXODU
G\QDPLFV PHWKRG� - $SSO 3K\V �������±����� KWWSV���GRL�RUJ�����������������

��� %DOOHVWHURV -$� :HLQVWHLQ + ������ ,QWHJUDWHG PHWKRGV IRU WKH FRQVWUXFWLRQ RI WKUHH�GLPHQVLRQDO
PRGHOV DQG FRPSXWDWLRQDO SURELQJ RI VWUXFWXUH�IXQFWLRQ UHODWLRQV LQ * SURWHLQ�FRXSOHG UHFHSWRUV�
0HWKRGV 1HXURVFL ������±���� KWWSV���GRL�RUJ���������6��������������������

��� $QDQWDNULVKQDQ 6� 1DJDQDWKDQ $1 ������ 7KHUPRG\QDPLF DUFKLWHFWXUH DQG FRQIRUPDWLRQDO
SODVWLFLW\ RI *3&5V� 1DW &RPPXQ ����±��� KWWSV���GRL�RUJ���������V����������������]

��� =KRX 4� <DQJ '� :X 0� HW DO ������ &RPPRQ DFWLYDWLRQ PHFKDQLVP RI FODVV D *3&5V� (OLIH ���

���



KWWSV���GRL�RUJ���������H/LIH������

��� 5RGUtJXH]�(VSLJDUHV ,� 7RUUHQV�)RQWDQDOV 0� 7LHPDQQ -.6� HW DO ������ *3&5PG XQFRYHUV WKH
G\QDPLFV RI WKH �'�*3&5RPH� 1DW 0HWKRGV ������±����
KWWSV���GRL�RUJ���������V���������������\

��� 9HQNDWDNULVKQDQ $-� 0D $.� )RQVHFD 5� HW DO ������ 'LYHUVH *3&5V H[KLELW FRQVHUYHG ZDWHU
QHWZRUNV IRU VWDELOL]DWLRQ DQG DFWLYDWLRQ� 3URF 1DWO $FDG 6FL 8 6 $ ��������±�����
KWWSV���GRL�RUJ���������SQDV�����������

��� -XPSHU -� (YDQV 5� 3ULW]HO $� HW DO ������ +LJKO\ DFFXUDWH SURWHLQ VWUXFWXUH SUHGLFWLRQ ZLWK
$OSKD)ROG� 1DWXUH �������±���� KWWSV���GRL�RUJ���������V�����������������

��� %DHN 0� 'L0DLR )� $QLVKFKHQNR ,� HW DO ������ $FFXUDWH SUHGLFWLRQ RI SURWHLQ VWUXFWXUHV DQG
LQWHUDFWLRQV XVLQJ D WKUHH�WUDFN QHXUDO QHWZRUN� 6FLHQFH ���� � �������±����
KWWSV���GRL�RUJ���������VFLHQFH�DEM����

��� =KDQJ =� 0LWHYD 0$� :DQJ /� $OH[RY ( ������ $QDO\]LQJ HIIHFWV RI QDWXUDOO\ RFFXUULQJ PLVVHQVH
PXWDWLRQV� &RPSXW� 0DWK� 0HWKRGV 0HG� �������

��� 5RDFK -&� *OXVPDQ *� 6PLW $)$� HW DO ������ $QDO\VLV RI JHQHWLF LQKHULWDQFH LQ D IDPLO\ TXDUWHW
E\ ZKROH�JHQRPH VHTXHQFLQJ� 6FLHQFH ���� � �������±����
KWWSV���GRL�RUJ���������VFLHQFH��������

��� 6WUDQJHU %(� 6WDKO ($� 5DM 7 ������ 3URJUHVV DQG SURPLVH RI JHQRPH�ZLGH DVVRFLDWLRQ VWXGLHV IRU
KXPDQ FRPSOH[ WUDLW JHQHWLFV� *HQHWLFV �������±���

��� &UDLJ 9HQWHU -� $GDPV 0'� 0\HUV (:� HW DO ������ 7KH VHTXHQFH RI WKH KXPDQ JHQRPH� 6FLHQFH
���� � ��������±����� KWWSV���GRL�RUJ���������VFLHQFH��������

��� )UD]HU .$� %DOOLQJHU '*� &R[ '5� HW DO ������ $ VHFRQG JHQHUDWLRQ KXPDQ KDSORW\SH PDS RI
RYHU ��� PLOOLRQ 613V� 1DWXUH �������±���� KWWSV���GRL�RUJ���������QDWXUH�����

��� $OWVKXOHU '0� 'XUELQ 50� $EHFDVLV *5� HW DO ������ $Q LQWHJUDWHG PDS RI JHQHWLF YDULDWLRQ IURP
����� KXPDQ JHQRPHV� 1DWXUH ������±��� KWWSV���GRL�RUJ���������QDWXUH�����

��� 1J 3&� +HQLNRII 6 ������ 6,)7� 3UHGLFWLQJ DPLQR DFLG FKDQJHV WKDW DIIHFW SURWHLQ IXQFWLRQ�
1XFOHLF $FLGV 5HV �������±����� KWWSV���GRL�RUJ���������QDU�JNJ���

��� 6PLWK +2� $QQDX 70� &KDQGUDVHJDUDQ 6 ������ )LQGLQJ VHTXHQFH PRWLIV LQ JURXSV RI
IXQFWLRQDOO\ UHODWHG SURWHLQV� 3URF 1DWO $FDG 6FL 8 6 $ ������±����
KWWSV���GRL�RUJ���������SQDV���������

���� &DSULRWWL (� )DULVHOOL 3� &DVDGLR 5 ������ ,�0XWDQW���� 3UHGLFWLQJ VWDELOLW\ FKDQJHV XSRQ PXWDWLRQ
IURP WKH SURWHLQ VHTXHQFH RU VWUXFWXUH� 1XFOHLF $FLGV 5HV ���� KWWSV���GRL�RUJ���������QDU�JNL���

���� 0DVVR 0� 9DLVPDQ ,, ������ $872�087( ���� $ SRUWDEOH IUDPHZRUN ZLWK HQKDQFHG FDSDELOLWLHV
IRU SUHGLFWLQJ SURWHLQ IXQFWLRQDO FRQVHTXHQFHV XSRQ PXWDWLRQ� $GY %LRLQIRUPDWLFV ������

���



KWWSV���GRL�RUJ��������������������

���� 'HKRXFN <� *URVILOV $� )ROFK %� HW DO ������ )DVW DQG DFFXUDWH SUHGLFWLRQV RI SURWHLQ VWDELOLW\
FKDQJHV XSRQ PXWDWLRQV XVLQJ VWDWLVWLFDO SRWHQWLDOV DQG QHXUDO QHWZRUNV� 3R30X6L&�����
%LRLQIRUPDWLFV �������±����� KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWS���

���� 3LUHV '(9� $VFKHU '%� %OXQGHOO 7/ ������ 0&60� 3UHGLFWLQJ WKH HIIHFWV RI PXWDWLRQV LQ SURWHLQV
XVLQJ JUDSK�EDVHG VLJQDWXUHV� %LRLQIRUPDWLFV ������±����
KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWW���

���� :RUWK &/� 3UHLVVQHU 5� %OXQGHOO 7/ ������ 6'0 � $ VHUYHU IRU SUHGLFWLQJ HIIHFWV RI PXWDWLRQV RQ
SURWHLQ VWDELOLW\ DQG PDOIXQFWLRQ� 1XFOHLF $FLGV 5HV ���:���� KWWSV���GRL�RUJ���������QDU�JNU���

���� 3DQGXUDQJDQ $3� 2FKRD�0RQWDxR %� $VFKHU '%� %OXQGHOO 7/ ������ 6'0� $ VHUYHU IRU
SUHGLFWLQJ HIIHFWV RI PXWDWLRQV RQ SURWHLQ VWDELOLW\� 1XFOHLF $FLGV 5HV ���:���±:����
KWWSV���GRL�RUJ���������QDU�JN[���

���� 3LUHV '(9� $VFKHU '%� %OXQGHOO 7/ ������ '8(7� $ VHUYHU IRU SUHGLFWLQJ HIIHFWV RI PXWDWLRQV RQ
SURWHLQ VWDELOLW\ XVLQJ DQ LQWHJUDWHG FRPSXWDWLRQDO DSSURDFK� 1XFOHLF $FLGV 5HV ����
KWWSV���GRL�RUJ���������QDU�JNX���

���� ,WWLVRSRQSLVDQ 6� ,VODP 6$� .KDQQD 7� HW DO ������ &DQ 3UHGLFWHG 3URWHLQ �' 6WUXFWXUHV 3URYLGH
5HOLDEOH ,QVLJKWV LQWR ZKHWKHU 0LVVHQVH 9DULDQWV $UH 'LVHDVH $VVRFLDWHG" - 0RO %LRO
��������±����� KWWSV���GRL�RUJ���������M�MPE������������

���� 5RGULJXHV &+0� 3LUHV '(9� $VFKHU '% ������ �VFS!'\QD0XW���VFS!ௗ� $VVHVVLQJ FKDQJHV LQ
VWDELOLW\ DQG IOH[LELOLW\ XSRQ VLQJOH DQG PXOWLSOH SRLQW PLVVHQVH PXWDWLRQV� 3URWHLQ 6FL SUR������
KWWSV���GRL�RUJ���������SUR�����

���� $G]KXEHL ,$� 6FKPLGW 6� 3HVKNLQ /� HW DO ������ $ PHWKRG DQG VHUYHU IRU SUHGLFWLQJ GDPDJLQJ
PLVVHQVH PXWDWLRQV� 1DW� 0HWKRGV �����±���

���� )DUKHHQ 1� 6HQ 1� 1DLU 6� HW DO ������ 'HSWK GHSHQGHQW DPLQR DFLG VXEVWLWXWLRQ PDWULFHV DQG WKHLU
XVH LQ SUHGLFWLQJ GHOHWHULRXV PXWDWLRQV� 3URJ %LRSK\V 0RO %LRO ������±���
KWWSV���GRL�RUJ���������M�SELRPROELR������������

���� %HUPDQ +0� :HVWEURRN -� )HQJ =� HW DO ������ 7KH 3URWHLQ 'DWD %DQN� 1XFOHLF $FLGV 5HV�
������±���

���� 5HQQHOO '� %RXYLHU 6(� +DUG\ /:� 3RWHHWH $5 ������ 6\VWHPDWLF PXWDWLRQ RI EDFWHULRSKDJH 7�
O\VR]\PH� - 0RO %LRO ����� KWWSV���GRL�RUJ����������������������������5

���� $GNDU % 9�� 7ULSDWKL $� 6DKRR $� HW DO ������ 3URWHLQ PRGHO GLVFULPLQDWLRQ XVLQJ PXWDWLRQDO
VHQVLWLYLW\ GHULYHG IURP GHHS VHTXHQFLQJ� 6WUXFWXUH ������±����
KWWSV���GRL�RUJ���������M�VWU������������

���� :HDYHU /+� 0DWWKHZV %: ������ 6WUXFWXUH RI EDFWHULRSKDJH 7� O\VR]\PH UHILQHG DW ��� c

���



UHVROXWLRQ� - 0RO %LRO �������±���� KWWSV���GRL�RUJ����������������������������;

���� /RULV 5� 'DR�7KL 0+� %DKDVVL (0� HW DO ������ &U\VWDO VWUXFWXUH RI &FG%� D WRSRLVRPHUDVH SRLVRQ
IURP (� FROL� - 0RO %LRO ��������±����� KWWSV���GRL�RUJ���������MPEL����������

���� %DWHPDQ $� 0DUWLQ 0-� 2¶'RQRYDQ &� HW DO ������ 8QL3URW� 7KH XQLYHUVDO SURWHLQ
NQRZOHGJHEDVH� 1XFOHLF $FLGV 5HV ���'���±'���� KWWSV���GRL�RUJ���������QDU�JNZ����

���� /DQGUXP 0-� /HH -0� 5LOH\ *5� HW DO ������ &OLQ9DU� 3XEOLF DUFKLYH RI UHODWLRQVKLSV DPRQJ
VHTXHQFH YDULDWLRQ DQG KXPDQ SKHQRW\SH� 1XFOHLF $FLGV 5HV ���'����
KWWSV���GRL�RUJ���������QDU�JNW����

���� .DUF]HZVNL .-� :HLVEXUG %� 7KRPDV %� HW DO ������ 7KH ([$& EURZVHU� 'LVSOD\LQJ UHIHUHQFH
GDWD LQIRUPDWLRQ IURP RYHU �� ��� H[RPHV� 1XFOHLF $FLGV 5HV ���'���±'����
KWWSV���GRL�RUJ���������QDU�JNZ���

���� 7DQ .3� 1JX\HQ 7%� 3DWHO 6� HW DO ������ 'HSWK� D ZHE VHUYHU WR FRPSXWH GHSWK� FDYLW\ VL]HV�
GHWHFW SRWHQWLDO VPDOO�PROHFXOH OLJDQG�ELQGLQJ FDYLWLHV DQG SUHGLFW WKH S.D RI LRQL]DEOH UHVLGXHV
LQ SURWHLQV� 1XFOHLF $FLGV 5HV ���� KWWSV���GRL�RUJ���������QDU�JNW���

���� 6LSSO 0- ������ &DOFXODWLRQ RI FRQIRUPDWLRQDO HQVHPEOHV IURP SRWHQWLDOV RI PHQD IRUFH� $Q
DSSURDFK WR WKH NQRZOHGJH�EDVHG SUHGLFWLRQ RI ORFDO VWUXFWXUHV LQ JOREXODU SURWHLQV� - 0RO %LRO
�������±���� KWWSV���GRL�RUJ���������6��������������������

���� 3LOODL 96� .ULVKQD *� 9HHWWLO 09 ������ 1LSDK YLUXV� 3DVW RXWEUHDNV DQG IXWXUH FRQWDLQPHQW�
9LUXVHV ��

���� ;X .� &KDQ <�3� %UDGHO�7UHWKHZD\ %� HW DO ������ &U\VWDO 6WUXFWXUH RI WKH 3UH�IXVLRQ 1LSDK 9LUXV
)XVLRQ *O\FRSURWHLQ 5HYHDOV D 1RYHO +H[DPHU�RI�7ULPHUV $VVHPEO\� 3/26 3DWKRJ ���H��������
KWWSV���GRL�RUJ���������MRXUQDO�SSDW��������

���� 6XQ :� 0F&URU\ 76� .KDZ :<� HW DO ������ 0DWUL[ 3URWHLQV RI 1LSDK DQG +HQGUD 9LUXVHV
,QWHUDFW ZLWK %HWD 6XEXQLWV RI $3�� &RPSOH[HV� - 9LURO ��������±������
KWWSV���GRL�RUJ���������MYL���������

���� <RQHGD 0� *XLOODXPH 9� 6DWR +� HW DO ������ 7KH 1RQVWUXFWXUDO 3URWHLQV RI 1LSDK 9LUXV 3OD\ D
.H\ 5ROH LQ 3DWKRJHQLFLW\ LQ ([SHULPHQWDOO\ ,QIHFWHG $QLPDOV� 3/R6 2QH ��H������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH��������

���� :KDW LV 1LSDK 9LUXV" _ 1LSDK 9LUXV �1L9� _ &'&�
KWWSV���ZZZ�FGF�JRY�YKI�QLSDK�DERXW�LQGH[�KWPO� $FFHVVHG �� $SU ����

���� 3LQ]L /� 5DVWHOOL * ������ 0ROHFXODU GRFNLQJ� 6KLIWLQJ SDUDGLJPV LQ GUXJ GLVFRYHU\� ,QW� -� 0RO�
6FL� ��

���� ,UZLQ --� 6WHUOLQJ 7� 0\VLQJHU 00� HW DO ������ =,1&� $ )UHH 7RRO WR 'LVFRYHU &KHPLVWU\ IRU
%LRORJ\� KWWSV���GRL�RUJ���������FL�������

���



���� ,UZLQ --� 6KRLFKHW %. =,1&�$ )UHH 'DWDEDVH RI &RPPHUFLDOO\ $YDLODEOH &RPSRXQGV IRU 9LUWXDO
6FUHHQLQJ

���� +XVVHLQ +$� %RUUHO $� *HQHL[ &� HW DO ������ 3RFN'UXJ�6HUYHU� D QHZ ZHE VHUYHU IRU SUHGLFWLQJ
SRFNHW GUXJJDELOLW\ RQ KROR DQG DSR SURWHLQV� 1XFOHLF $FLGV 5HV ���:�����:����
KWWSV���GRL�RUJ���������QDU�JNY���

���� ;X <� :DQJ 6� +X 4� HW DO ������ &DYLW\3OXV� D ZHE VHUYHU IRU SURWHLQ FDYLW\ GHWHFWLRQ ZLWK
SKDUPDFRSKRUH PRGHOOLQJ� DOORVWHULF VLWH LGHQWLILFDWLRQ DQG FRYDOHQW OLJDQG ELQGLQJ DELOLW\
SUHGLFWLRQ� 1XFOHLF $FLGV 5HV ���:�����:���� KWWSV���GRL�RUJ���������QDU�JN\���

���� 3HWWHUVHQ ()� *RGGDUG 7'� +XDQJ &&� HW DO ������ 8&6) &KLPHUD�$ YLVXDOL]DWLRQ V\VWHP IRU
H[SORUDWRU\ UHVHDUFK DQG DQDO\VLV� - &RPSXW &KHP �������±�����
KWWSV���GRL�RUJ���������MFF������

���� :DQJ -� :ROI 50� &DOGZHOO -:� HW DO ������ 'HYHORSPHQW DQG WHVWLQJ RI D JHQHUDO $PEHU IRUFH
ILHOG� - &RPSXW &KHP �������±����� KWWSV���GRL�RUJ���������MFF������

���� :DQJ -� :DQJ :� .ROOPDQ 3$� &DVH '$ ������ $XWRPDWLF DWRP W\SH DQG ERQG W\SH SHUFHSWLRQ LQ
PROHFXODU PHFKDQLFDO FDOFXODWLRQV� - 0RO *UDSK 0RGHO ������±����
KWWSV���GRL�RUJ���������M�MPJP������������

���� 0DKDUDQD -� 3DWUD 0&� 'H %&� HW DO ������ 6WUXFWXUDO LQVLJKWV LQWR WKH 0'3 ELQGLQJ DQG
&$5'�&$5' LQWHUDFWLRQ LQ ]HEUDILVK �'DQLR UHULR� 12'�� $ PROHFXODU G\QDPLFV DSSURDFK� -
0RO 5HFRJQLW ������±���� KWWSV���GRL�RUJ���������MPU�����

���� 'DSLDJJL )� 3LHUDFFLQL 6� 3RWHQ]D '� HW DO ������ &RPSXWHU DLGHG GHVLJQ DQG 105
FKDUDFWHUL]DWLRQ RI DQ ROLJRSHSWLGH WDUJHWLQJ WKH (EROD YLUXV 93�� SURWHLQ� 1HZ - &KHP
�������±����� KWWSV���GRL�RUJ���������F�QM�����G

���� 'HFKHUFKL 6� %HUWHRWWL $� %RWWHJRQL *� HW DO ������ 7KH OLJDQG ELQGLQJ PHFKDQLVP WR SXULQH
QXFOHRVLGH SKRVSKRU\ODVH HOXFLGDWHG YLD PROHFXODU G\QDPLFV DQG PDFKLQH OHDUQLQJ� 1DW &RPPXQ
��� KWWSV���GRL�RUJ���������QFRPPV����

���� 1JX\HQ 01� 6HQ 1� /LQ 0� HW DO ������ 'LVFRYHULQJ 3XWDWLYH 3URWHLQ 7DUJHWV RI 6PDOO 0ROHFXOHV�
$ 6WXG\ RI WKH S�� $FWLYDWRU 1XWOLQ� - &KHP ,QI 0RGHO �������±�����
KWWSV���GRL�RUJ���������DFV�MFLP��E�����

���� =RHWH 9� &XHQGHW 0$� *URVGLGLHU $� 0LFKLHOLQ 2 ������ 6ZLVV3DUDP� $ IDVW IRUFH ILHOG
JHQHUDWLRQ WRRO IRU VPDOO RUJDQLF PROHFXOHV� - &RPSXW &KHP �������±�����
KWWSV���GRL�RUJ���������MFF������

���� +HVV %� %HNNHU +� %HUHQGVHQ +-&� )UDDLMH -*(0 ������ /,1&6� $ OLQHDU FRQVWUDLQW VROYHU IRU
PROHFXODU VLPXODWLRQV� - &RPSXW &KHP �������±�����
KWWSV���GRL�RUJ����������6,&,���������;��������������������$,'�-&&�!����&2���+

���� .ROOPDQ 3$� 0DVVRYD ,� 5H\HV &� HW DO ������ &DOFXODWLQJ 6WUXFWXUHV DQG )UHH (QHUJLHV RI

���



&RPSOH[ 0ROHFXOHV� &RPELQLQJ 0ROHFXODU 0HFKDQLFV DQG &RQWLQXXP 0RGHOV�
KWWSV���GRL�RUJ���������$5������-

���� 6ULQLYDVDQ -� &KHDWKDP 7(� &LHSODN 3� HW DO ������ &RQWLQXXP 6ROYHQW 6WXGLHV RI WKH 6WDELOLW\ RI
'1$� 51$� DQG 3KRVSKRUDPLGDWHí'1$ +HOLFHV� - $P &KHP 6RF �����
KWWSV���GRL�RUJ���������-$�������

���� %DNHU 1$� 6HSW '� -RVHSK 6� HW DO ������ (OHFWURVWDWLFV RI QDQRV\VWHPV� DSSOLFDWLRQ WR
PLFURWXEXOHV DQG WKH ULERVRPH� 3URF 1DWO $FDG 6FL 8 6 $ ��������±������
KWWSV���GRL�RUJ���������SQDV����������

���� 3DLVVRQL &� 6SLOLRWRSRXORV '� 0XVFR *� 6SLWDOHUL $ ������ *0;3%6$ ���� $ *520$&6 WRRO WR
SHUIRUP 00�3%6$ DQG FRPSXWDWLRQDO DODQLQH VFDQQLQJ� &RPSXW 3K\V &RPPXQ �������±����
KWWSV���GRL�RUJ���������-�&3&������������

���� 'XDQ /� /LX ;� =KDQJ -=+ ������ ,QWHUDFWLRQ (QWURS\� $ 1HZ 3DUDGLJP IRU +LJKO\ (IILFLHQW DQG
5HOLDEOH &RPSXWDWLRQ RI 3URWHLQ±/LJDQG %LQGLQJ )UHH (QHUJ\� - $P &KHP 6RF ��������±�����
KWWSV���GRL�RUJ���������MDFV��E�����

���� =KX <� 6KPLGRY <� +DUULV ($� HW DO ������ $FWLYDWLQJ KLGGHQ VLJQDOV E\ PLPLFNLQJ FU\SWLF VLWHV LQ
D V\QWKHWLF H[WUDFHOOXODU PDWUL[� 1DW &RPPXQ ���� KWWSV���GRL�RUJ���������V����������������Z

���� 6FRULQJ 7XWRULDO�
KWWSV���QHZ�URVHWWDFRPPRQV�RUJ�GHPRV�ODWHVW�WXWRULDOV�VFRULQJ�VFRULQJ�VFRULQJ�LQ�URVHWWD�
$FFHVVHG �� -XO ����

���� 6HQJXSWD '� 3UDVDQQD ;� 0RKROH 0� &KDWWRSDGK\D\ $ ������ ([SORULQJ *3&5�/LSLG ,QWHUDFWLRQV
E\ 0ROHFXODU '\QDPLFV 6LPXODWLRQV� ([FLWHPHQWV� &KDOOHQJHV� DQG WKH :D\ )RUZDUG� -� 3K\V�
&KHP� % ��������±����

���� +XDQJ <� %KDULOO 6� .DUDQGXU '� HW DO ������ 0ROHFXODU EDVLV IRU PXOWLPHUL]DWLRQ LQ WKH DFWLYDWLRQ
RI WKH HSLGHUPDO JURZWK IDFWRU UHFHSWRU� (OLIH ���±��� KWWSV���GRL�RUJ���������H/LIH������

���� .ZLODV $5� 'RQDKXH 51� 7VDQJ .<� +RGJH -: ������ ங㰡ᚰ⫙ᥦྲྀ ++6 3XEOLF $FFHVV�
&DQFHU &HOO ���±��� KWWSV���GRL�RUJ���������M�VEL�������������5HSURJUDPPLQJ

���� 0HOOHU $� :DUG 0� %RURZVN\ -� HW DO ������ 3UHGLFWLQJ ORFDWLRQV RI FU\SWLF SRFNHWV IURP VLQJOH
SURWHLQ VWUXFWXUHV XVLQJ WKH 3RFNHW0LQHU JUDSK QHXUDO QHWZRUN� 1DW &RPPXQ ����±���
KWWSV���GRL�RUJ���������V�����������������

���� .ZRQ <� 6KLQ :+� .R -� /HH - ������ $.�VFRUH� $FFXUDWH SURWHLQ�OLJDQG ELQGLQJ DIILQLW\
SUHGLFWLRQ XVLQJ DQ HQVHPEOH RI �'�FRQYROXWLRQDO QHXUDO QHWZRUNV� ,QW - 0RO 6FL ����±���
KWWSV���GRL�RUJ���������LMPV��������

���� g]W�UN +� g]J�U $� 2]NLULPOL ( ������ 'HHS'7$� 'HHS GUXJ�WDUJHW ELQGLQJ DIILQLW\ SUHGLFWLRQ�
%LRLQIRUPDWLFV ���L���±L���� KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EW\���

���



���� $UXO 0XUXJDQ 1� 5XED 3UL\D *� 1DUDKDUL 6DVWU\ *� 0DUNLGLV 6 ������ $UWLILFLDO LQWHOOLJHQFH LQ
YLUWXDO VFUHHQLQJ� 0RGHOV YHUVXV H[SHULPHQWV� 'UXJ 'LVFRY� 7RGD\ �������±����

���� 0DIIXFFL ,� +X ;� )XPDJDOOL 9� &RQWLQL $ ������ $Q HIILFLHQW LPSOHPHQWDWLRQ RI WKH

1ZDW�00*%6$ PHWKRG WR UHVFRUH GRFNLQJ UHVXOWV LQ PHGLXP�WKURXJKSXW YLUWXDO VFUHHQLQJV� )URQW

&KHP ��������� KWWSV���GRL�RUJ���������IFKHP�����������

���
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