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$EVWUDFW� 5HVXOWV IURP D VWXG\ RI QRQ�YHUEDO VRFLDO VLJQDOV LQ DQ RUFKHVWUD
DUH SUHVHQWHG� 0XVLF LV FKRVHQ DV DQ H[DPSOH RI LQWHUDFWLYH DQG VRFLDO
DFWLYLW\� ZKHUH QRQ�YHUEDO FRPPXQLFDWLRQ SOD\V D IXQGDPHQWDO UROH� 7KH
RUFKHVWUD LV DGRSWHG DV D VRFLDO JURXS ZLWK D FOHDU OHDGHU �WKH FRQGXFWRU� RI
WZR JURXSV RI PXVLFLDQV �WKH ILUVW DQG VHFRQG YLROLQ VHFWLRQV�� ,W LV VKRZQ
KRZ D UHGXFHG VHW RI VLPSOH PRYHPHQW IHDWXUHV ± KHDG PRYHPHQWV ± FDQ
EH XVHG WR PHDVXUH WKH OHYHOV RI DWWHQWLRQ RI WKH PXVLFLDQV ZLWK UHVSHFW

&RS\ULJKW © 2��� ,QGHUVFLHQFH (QWHUSULVHV /WG�



2Q WKH GHWHFWLRQ RI WKH OHYHO RI DWWHQWLRQ LQ DQ RUFKHVWUD ���

WR WKH FRQGXFWRU DQG WKH PXVLF VWDQG XQGHU YDULRXV FRQGLWLRQV �GLIIHUHQW
FRQGXFWRUV�SLHFHV�VHFWLRQV RI WKH VDPH SLHFH��

.H\ZRUGV� DXWRPDWHG DQDO\VLV RI QRQ�YHUEDO EHKDYLRXU� KHDG DQFLOODU\
JHVWXUHV� OHYHO RI DWWHQWLRQ�

5HIHUHQFH WR WKLV SDSHU VKRXOG EH PDGH DV IROORZV� *QHFFR� *��
*ORZLQVNL� '�� &DPXUUL� $� DQG 6DQJXLQHWL� 0� ������ µ2Q WKH GHWHFWLRQ RI
WKH OHYHO RI DWWHQWLRQ LQ DQ RUFKHVWUD WKURXJK KHDG PRYHPHQWV¶� ,QW� -� $UWV
DQG 7HFKQRORJ\� 9RO� �� 1R� �� SS����±����

%LRJUDSKLFDO QRWHV� *LRUJLR *QHFFR UHFHLYHG KLV /DXUHD �06F� GHJUHH
&XP /DXGH LQ 7HOHFRPPXQLFDWLRQV (QJLQHHULQJ DQG 3K' LQ 0DWKHPDWLFV
DQG $SSOLFDWLRQV� ERWK IURP WKH 8QLYHUVLW\ RI *HQRD LQ ���� DQG �����
UHVSHFWLYHO\� +H UHFHLYHG KLV 'LSORPD LQ 9LROLQ DW WKH /LYRUQR +LJKHU 0XVLF
6FKRRO DQG 'LSORPD LQ 9LROD DW WKH 3LDFHQ]D &RQVHUYDWRU\ LQ ���� DQG
����� UHVSHFWLYHO\� $IWHU KDYLQJ EHHQ D SRVWGRFWRUDO UHVHDUFKHU DW WKH ',%5,6
'HSDUWPHQW DW WKH 8QLYHUVLW\ RI *HQRD� KH LV FXUUHQWO\ DQ $VVLVWDQW 3URIHVVRU
LQ 6\VWHPV &RQWURO DQG 2SWLPLVDWLRQ DW ,07 ± ,QVWLWXWH IRU $GYDQFHG 6WXGLHV�
/XFFD� ,WDO\� +LV FXUUHQW UHVHDUFK WRSLFV LQFOXGH� QHWZRUN RSWLPLVDWLRQ�
RSWLPDO FRQWURO� QHXUDO QHWZRUNV� VWDWLVWLFDO OHDUQLQJ WKHRU\� JDPH WKHRU\� DQG
DIIHFWLYH FRPSXWLQJ�

'RQDOG *ORZLQVNL UHFHLYHG KLV 06F LQ &RJQLWLYH 6FLHQFH IURP WKH (́FROH
GHV +DXWHV (WXGHV HQ 6FLHQFHV 6RFLDOHV �(+(66�� 06F LQ 0XVLF DQG
$FRXVWLFV IURP WKH &RQVHUYDWRLUH 1DWLRQDO 6XSHULHXU GH 0XVLTXH HW GH
'DQVH GH 3DULV �&160'3�� 06F LQ 3KLORVRSK\ IURP WKH 6RUERQQH�3DULV
,9� DQG 3K' LQ &RPSXWLQJ (QJLQHHULQJ IURP WKH ,QIR0XV ,QWHUQDWLRQDO
5HVHDUFK &HQWUH ± &DVD 3DJDQLQL� *HQRD� ,WDO\� XQGHU WKH GLUHFWLRQ RI
3URIHVVRU $QWRQLR &DPXUUL� ZKHUH KH ZDV D UHVHDUFK IHOORZ IURP ����
WR ����� &XUUHQWO\� KH LV D VFLHQWLILF FROODERUDWRU DW 8QLYHUVLW\ RI *HQHYD
ZLWK 3URIHVVRU 'LGLHU *UDQGMHDQ� +LV UHVHDUFK LQWHUHVWV LQFOXGH XVHU�FHQWULF�
PXOWLPRGDO� DQG VRFLDO DZDUH FRPSXWLQJ� +H ZRUNV LQ SDUWLFXODU RQ WKH
PRGHOOLQJ RI DXWRPDWLF JHVWXUH�EDVHG UHFRJQLWLRQ RI HPRWLRQV LQ UHDO�ZRUG
VFHQDULRV� +H LV D PHPEHU RI WKH ,(((�

$QWRQLR &DPXUUL KROGV D 3K' LQ &RPSXWHU (QJLQHHULQJ� DQG KH LV DQ
$VVRFLDWH 3URIHVVRU DW WKH 8QLYHUVLW\ RI *HQRYD� ZKHUH KH WHDFKHV KXPDQ
FRPSXWHU LQWHUDFWLRQ DQG PXOWLPRGDO V\VWHPV IRU KXPDQ FRPSXWHU LQWHUDFWLRQ�
+H LV IRXQGHU DQG 6FLHQWLILF 'LUHFWRU RI ,QIR0XV /DE DQG RI &DVD 3DJDQLQL
± ,QIR0XV ,QWHUQDWLRQDO 5HVHDUFK &HQWUH� DQG D IRXQGLQJ PHPEHU RI WKH
,WDOLDQ $VVRFLDWLRQ IRU $UWLILFLDO ,QWHOOLJHQFH� +H LV DQ DXWKRU RI PRUH
WKDQ ��� LQWHUQDWLRQDO VFLHQWLILF SXEOLFDWLRQV� +H LV FRRUGLQDWRU DQG ORFDO
SURMHFW PDQDJHU RI PRUH WKDQ �� (8 SURMHFWV� FR�RZQHU RI SDWHQWV RQ
VRIWZDUH V\VWHPV� DQG UHVSRQVLEOH IRU 8QLYHUVLW\ RI *HQRD RI LQGXVWU\
FRQWUDFWV� +LV UHVHDUFK LQWHUHVWV LQFOXGH� PXOWLPRGDO LQWHOOLJHQW LQWHUIDFHV
DQG LQWHUDFWLYH V\VWHPV� VRXQG DQG PXVLF FRPSXWLQJ� NDQVHL LQIRUPDWLRQ
SURFHVVLQJ� FRPSXWDWLRQDO PRGHOV RI QRQ�YHUEDO H[SUHVVLYH JHVWXUH� HPRWLRQ�
DQG VRFLDO VLJQDOV� LQWHUDFWLYH PXOWLPRGDO V\VWHPV IRU WKHDWHU� PXVLF�
GDQFH� PXVHXPV� LQWHUDFWLYH PXOWLPRGDO V\VWHPV IRU WKHUDS\� UHKDELOLWDWLRQ�
LQGHSHQGHQW OLYLQJ�
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0DUFHOOR 6DQJXLQHWL UHFHLYHG KLV /DXUHD �06F� FXP /DXGH LQ (OHFWURQLF
(QJLQHHULQJ DQG 3K' LQ (OHFWURQLF (QJLQHHULQJ DQG &RPSXWHU 6FLHQFH
IURP WKH 8QLYHUVLW\ RI *HQRYD� ,WDO\� ZKHUH KH LV FXUUHQWO\ DQ $VVRFLDWH
3URIHVVRU RI 2SHUDWLRQV 5HVHDUFK� +H FRYHUV DOVR D UHVHDUFK DVVRFLDWH SRVLWLRQ
DW WKH 1DWLRQDO 5HVHDUFK &RXQFLO RI ,WDO\� +H DXWKRUHG RU FRDXWKRUHG
PRUH WKDQ ��� UHVHDUFK SDSHUV LQ DUFKLYDO MRXUQDOV� ERRN FKDSWHUV� DQG
LQWHUQDWLRQDO FRQIHUHQFH SURFHHGLQJV� +LV PDLQ UHVHDUFK LQWHUHVWV LQFOXGH�
LQILQLWH�GLPHQVLRQDO SURJUDPPLQJ� QRQ�OLQHDU SURJUDPPLQJ LQ OHDUQLQJ IURP
GDWD� QHWZRUN DQG WHDP RSWLPLVDWLRQ� QHXUDO QHWZRUNV IRU RSWLPLVDWLRQ� DQG
DIIHFWLYH FRPSXWLQJ� +H LV DQ $VVRFLDWH (GLWRU RI YDULRXV LQWHUQDWLRQDO
MRXUQDOV DQG PHPEHU RI WKH SURJUDPPH FRPPLWWHHV RI VHYHUDO FRQIHUHQFHV�
)URP ���� WR ����� KH ZDV DQ $VVRFLDWH (GLWRU RI WKH ,((( 7UDQV� RQ 1HXUDO
1HWZRUNV�

� ,QWURGXFWLRQ

0XVLF LV D ZHOO�NQRZQ H[DPSOH RI LQWHUDFWLYH DQG VRFLDO DFWLYLW\ ZKHUH QRQ�YHUEDO
FRPPXQLFDWLRQ SOD\V D IXQGDPHQWDO UROH� 6HYHUDO ZRUNV KDYH VKRZQ KRZ WKH
PRYHPHQWV RI D SOD\HU FDQ FDUU\ LQIRUPDWLRQ DERXW D PXVLF SHUIRUPDQFH
�H�J�� E\ FRQYH\LQJ GLIIHUHQW H[SUHVVLYH LQWHQWLRQV��

$PRQJ YLVXDO IHDWXUHV� LQ WKLV SDSHU ZH IRFXV RQ KHDG PRYHPHQWV� ZKLFK
DUH LQVWDQFHV RI WKH VR�FDOOHG DQFLOODU\ RU DFFRPSDQLVW JHVWXUHV �:DQGHUOH\� ������
L�H�� PRYHPHQWV RI D PXVLF LQVWUXPHQW RU RI WKH ERG\ RI D PXVLF SOD\HU� QRW GLUHFWO\
UHODWHG WR WKH SURGXFWLRQ RI WKH VRXQG �YV� LQVWUXPHQWDO RU HIIHFWLYH JHVWXUHV� ZKLFK DUH
GLUHFWO\ LQYROYHG LQ VRXQG SURGXFWLRQ�� )RU LQVWDQFH� WKH PRYHPHQWV RI WKH ERZV RI
VWULQJ SOD\HUV DUH �PDLQO\� LQVWUXPHQWDO JHVWXUHV� ZKHUHDV WKH PRYHPHQWV RI WKHLU KHDGV
DUH DQFLOODU\ JHVWXUHV� 6RPH PRYHPHQWV RI WKH KDQGV RI D KDUSLVW GXULQJ DQG DIWHU VWULQJ
SOXFNLQJ DUH FODVVLILHG DV DQFLOODU\ JHVWXUHV �&KDGHIDX[ HW DO�� ������ 7KH PRYHPHQWV
RI WKH EHOO RI D FODULQHW DUH RIWHQ FODVVLILHG DV VXFK� WRR �:DQGHUOH\� ������ VLQFH WKH\
DUH SHUIRUPHG VSRQWDQHRXVO\ E\ WKH PXVLF SOD\HU ± DOWKRXJK WKH\ SOD\ D GLUHFW UROH LQ
WKH SURGXFWLRQ RI VRXQG �EHLQJ PRYHPHQWV RI D VRXQG VRXUFH� WKH FODULQHW�� 2EYLRXVO\�
LQVWUXPHQWDO JHVWXUHV DUH LQIRUPDWLYH� ZLWKRXW WKHP� PXVLFLDQV ZRXOG QRW EH DEOH WR
H[SUHVV WKH GLIIHUHQW PXVLFDO LGHDV WKH\ ZDQW WR FRPPXQLFDWH� $QFLOODU\ JHVWXUHV DUH
LQIRUPDWLYH� WRR� DV WKH\ RIWHQ DOORZ RQH WR UHFRJQLVH GLIIHUHQW H[SUHVVLYH LQWHQWLRQV�
ZLWKRXW ORRNLQJ DW WKH LQVWUXPHQWDO JHVWXUHV�OLVWHQLQJ WR WKH SHUIRUPDQFH� )RU LQVWDQFH�
IRU WKH FDVH RI D SLDQR SOD\HU� 'DYLGVRQ ������ FODLPHG WKDW YLVXDO LQIRUPDWLRQ DORQH
LV VXIILFLHQW WR GLVFULPLQDWH DPRQJ SHUIRUPDQFHV RI WKH VDPH SLHFH RI PXVLF SOD\HG
ZLWK GLIIHUHQW H[SUHVVLYH LQWHQWLRQV �LQH[SUHVVLYH� QRUPDO DQG H[DJJHUDWHG�� DQG WKDW WKH
ODUJHU WKH DPSOLWXGH RI WKH PRYHPHQW� WKH GHHSHU WKH H[SUHVVLYH LQWHQWLRQ �'DYLGVRQ�
������ 7KLV ZDV FRQILUPHG E\ RWKHU VWXGLHV� $PRQJ RWKHUV� &DVWHOODQR HW DO� ������
LQYHVWLJDWHG WKH GLVFULPLQDWRU\ SRZHU RI VHYHUDO PRYHPHQW�UHODWHG IHDWXUHV IRU WKH FDVH
RI D SLDQR SOD\HU DQG 3DOPHU HW DO� ������ VKRZHG KRZ WKH PRYHPHQW PDGH E\ WKH EHOO
RI D FODULQHW LV ODUJHU ZKHQ WKH SOD\HU SHUIRUPV PRUH H[SUHVVLYH LQWHUSUHWDWLRQV RI WKH
VDPH SLHFH� 7KHVH ZRUNV IRFXV RQ D SHUIRUPDQFH E\ PHUHO\ RQH SOD\HU� 0RUH UHFHQW
VWXGLHV DGGUHVV QRQ�YHUEDO FRPPXQLFDWLRQ LQ ODUJHU PXVLFDO HQVHPEOHV VXFK DV D VWULQJ
TXDUWHW �9DUQL HW DO�� ����� DQG D VHFWLRQ RI DQ RUFKHVWUD �'¶$XVLOLR HW DO�� ������ $PRQJ
DQFLOODU\ JHVWXUHV� KHDG PRYHPHQWV DUH SDUWLFXODUO\ VLJQLILFDQW� 7KH\ DUH NQRZQ WR SOD\
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D FHQWUDO UROH LQ QRQ�YHUEDO FRPPXQLFDWLRQ� LQ JHQHUDO �*ORZLQVNL HW DO�� ������ DQG LQ
PXVLF� LQ SDUWLFXODU �'DKO HW DO�� ������ 7KH\ PD\ H[SUHVV� H�J�� WKH ZD\ KRZ PXVLFLDQV
XQGHUVWDQG WKH SKUDVLQJ DQG EUHDWKLQJ RI WKH PXVLF DQG VR SURYLGH LQIRUPDWLRQ DERXW WKH
KLJK�OHYHO HPRWLRQDO VWUXFWXUHV LQ WHUPV RI ZKLFK WKH SOD\HUV DUH LQWHUSUHWLQJ WKH PXVLF�
+HDG PRYHPHQWV KDYH EHHQ LQYHVWLJDWHG� H�J�� LQ *ORZLQVNL HW DO� ������ WR HVWLPDWH
WKH SRVLWLRQ RI D FRPPRQ SRLQW RI LQWHUHVW RI VWULQJ SOD\HUV LQ D TXDUWHW ± RU PRUH
JHQHUDOO\� D JURXS RI SHRSOH �6WLHIHOKDJHQ� ����� &DPXUUL HW DO�� ����� ± DQG LQ *QHFFR
HW DO� ������ WR VWXG\ KRZ WKH\ GHSHQG RQ WKH SUHVHQFH�DEVHQFH RI D VXFK D FRPPRQ
SRLQW RI LQWHUHVW� ,Q SULQFLSOH� H\H�JD]HV ZRXOG EH EHWWHU VXLWHG WKDQ KHDG GLUHFWLRQV IRU
WKHVH DSSOLFDWLRQV� +RZHYHU� VWLOO QRZDGD\V H\H�JD]H WUDFNLQJ HTXLSPHQW LV LQWUXVLYH DQG
FRVWO\� 0RUHRYHU� SUHYLRXV VWXGLHV KDYH VKRZQ WKDW RIWHQ KHDG GLUHFWLRQ DQG H\H�JD]H
DUH FRUUHODWHG �6WLHIHOKDJHQ� ����� 6WLHIHOKDJHQ DQG =KX� ����� 6WLHIHOKDJHQ HW DO�� �����
%D DQG 2GREH]� ������ ,Q &DPXUUL HW DO� ������� WKH UROH RI HDFK SOD\HU LQ HVWLPDWLQJ
KLV�KHU FRQWULEXWLRQ LQ WKH GHWHUPLQDWLRQ RI WKH SRVLWLRQ RI WKH SRLQW RI LQWHUHVW KDV EHHQ
HYDOXDWHG XVLQJ KHDG PRYHPHQWV FRPELQHG ZLWK FRRSHUDWLYH JDPH WKHRU\�

7KH SUHVHQW VWXG\� ZKLFK LV DQ LPSURYHG DQG H[WHQGHG YHUVLRQ RI *QHFFR HW DO�
������� LV DLPHG DW LQYHVWLJDWLQJ KRZ WKH KHDG PRYHPHQWV RI D JURXS RI SOD\HUV LQ DQ
RUFKHVWUD FDQ EH XVHG WR PHDVXUH WKH OHYHOV RI DWWHQWLRQ WRZDUG WKH FRQGXFWRU DQG WKH
PXVLF VWDQG XQGHU YDULRXV FRQGLWLRQV �GLIIHUHQW FRQGXFWRUV�PXVLF SLHFHV�VHFWLRQV RI WKH
VDPH SLHFH�� ,Q 6HFWLRQ �� WKH H[SHULPHQWDO PHWKRGRORJ\ LV GHVFULEHG� ,Q 6HFWLRQ �� WKH
GDWD DQDO\VLV LV SUHVHQWHG� ,Q 6HFWLRQ � WKH REWDLQHG UHVXOWV DUH VKRZQ DQG GLVFXVVHG�
)LQDOO\� 6HFWLRQ � FRQWDLQV VRPH FRQFOXVLYH UHPDUNV�

� ([SHULPHQWDO PHWKRGRORJ\

7KH H[SHULPHQWV WRRN SODFH LQ D 250�VHDW DXGLWRULXP� DQ HQYLURQPHQW VLPLODU WR D
FRQFHUW KDOO� )LJXUH � LOOXVWUDWHV WKH VHWWLQJ� 7ZR YLROLQ VHFWLRQV RI DQ RUFKHVWUD DQG WKUHH
RUFKHVWUD¶V SURIHVVLRQDO FRQGXFWRUV ZHUH LQYROYHG LQ WKH VWXG\� (DFK VHFWLRQ FRXQWHG
IRXU SOD\HUV DQG ZDV HTXLSSHG ZLWK SDVVLYH PDUNHUV RI D 4XDOLV\V PRWLRQ FDSWXUH
V\VWHP� 0RUH VSHFLILFDOO\� IRU HDFK PXVLFLDQ WZR PDUNHUV ZHUH SODFHG DERYH WKH H\HV
DQG RQH RQ WKH QDSH �EDFN RI WKH QHFN�� 7KH YLROLQLVWV RI HDFK VHFWLRQ ZHUH GLVSRVHG
LQ D VLQJOH URZ� $GGLWLRQDO PDUNHUV� QRW FRQVLGHUHG LQ WKLV DQDO\VLV� ZHUH SODFHG RQ WKH
ERZV RI WKH SOD\HUV DQG RQ WKH EDWRQ RI WKH FRQGXFWRUV� 7KH PXVLFLDQV LQ WKH RWKHU
VHFWLRQV RI WKH RUFKHVWUD SOD\HG LQ DOO WKH UHFRUGLQJV EXW WKHLU PRYHPHQWV ZHUH QRW
WUDFNHG� 9DULRXV H[SHULPHQWDO FRQGLWLRQV ZHUH WHVWHG� ZKLFK GLIIHU E\ WKH SUHVHQFH RI D
GLIIHUHQW FRQGXFWRU DQG WKH PXVLF SLHFH WKDW ZDV SHUIRUPHG� DERXW RQH PLQXWH RI PXVLF
H[FHUSWV IURP WKH 2YHUWXUH WR WKH RSHUD µ,O VLJQRU %UXVFKLQR¶ E\ *� 5RVVLQL� DQG DERXW
�� VHFRQGV RI PXVLF H[FHUSWV IURP WKH WKLUG PRYHPHQW RI WKH µ9LYDOGLDQD¶ IRU RUFKHVWUD
E\ *�)� 0DOLSLHUR�� (DFK H[SHULPHQWDO FRQGLWLRQ ZDV UHSHDWHG WKUHH WLPHV� IRU D WRWDO
RI �� UHFRUGLQJV� 7KH UHFRUGLQJV EHORQJLQJ WR WKH VDPH H[SHULPHQWDO FRQGLWLRQ ZHUH
H[HFXWHG RQH DIWHU WKH RWKHU� 7KH IUDPHV ZHUH UHFRUGHG DW D IUDPH UDWH RI ��� IUDPHV SHU
VHFRQG� 7KH SUHVHQW VWXG\ IRFXVHV RQ PHDVXULQJ WKH OHYHOV RI DWWHQWLRQ RI WKH PXVLFLDQV
WRZDUG WKH FRQGXFWRU DQG WKH PXVLF VWDQG� UHVS�� WKURXJK DQ DQDO\VLV RI WKH PRYHPHQWV
RI WKHLU KHDGV XQGHU WKH YDULRXV H[SHULPHQWDO FRQGLWLRQV�
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)LJXUH � �D� /RFDWLRQV RI WKH SOD\HUV DQG WKH FRQGXFWRU �E� $ VQDSVKRW RI WKH SRVLWLRQV RI
WKH KHDG PDUNHUV RI WKH SOD\HUV DQG RI WKH FRQGXFWRU �VHH RQOLQH YHUVLRQ
IRU FRORXUV�

�D�

�E�

1RWHV� 7ULDQJOHV FRUUHVSRQG WR SRVLWLRQV DQG GLUHFWLRQV RI KHDGV� 7KH RWKHU PDUNHUV DUH
UHSUHVHQWHG E\ UHG GRWV LQ WKH RQOLQH YHUVLRQ�

� 'DWD DQDO\VLV

0RYHPHQW GDWD ZHUH FROOHFWHG E\ XVLQJ D 4XDOLV\V PRWLRQ FDSWXUH V\VWHP HTXLSSHG
ZLWK VHYHQ FDPHUDV� LQWHJUDWHG ZLWK WKH (\HV:HE H[WHQGHG PXOWLPRGDO LQWHUDFWLRQ
�;0,� VRIWZDUH SODWIRUP WR REWDLQ V\QFKURQLVHG PXOWLPRGDO GDWD� 7KH GDWD DQDO\VLV ZDV
SHUIRUPHG XVLQJ 0$7/$% ���� $ UHGXFHG GDWDVHW� GHVFULELQJ WKH SRVLWLRQV RI WKUHH
UHIOHFWLYH PDUNHUV DVVRFLDWHG ZLWK WKH KHDGV RI WKH PXVLFLDQV LQ WKH �� UHFRUGLQJV�
ZDV H[WUDFWHG IURP WKH FROOHFWHG GDWD DQG KHDG PRYHPHQW IHDWXUHV ZHUH DXWRPDWLFDOO\
FRPSXWHG� )RU HDFK URZ� WKH YLROLQLVWV KDYH EHHQ QXPEHUHG IURP OHIW WR ULJKW� IURP
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� WR � IRU WKH ILUVW VHFWLRQ �ILUVW URZ� DQG IURP � WR � IRU WKH VHFRQG VHFWLRQ �VHFRQG
URZ��

• &KRLFH RI WKH GDWD� ,Q WKH GDWD DQDO\VLV� ZH KDYH FRQVLGHUHG RQO\ PRYHPHQW
IHDWXUHV DVVRFLDWHG ZLWK WKH KHDGV RI WKH PXVLFLDQV� 2QH UHDVRQ IRU WDNLQJ LQWR
DFFRXQW RQO\ WKH PRYHPHQWV RI WKH KHDGV LV WKDW WKH\ DUH SXUHO\ DQFLOODU\ JHVWXUHV
DQG WKH\ DUH QRW SUHVFULEHG E\ WKH PXVLF VFRUH WR WKH VDPH H[WHQW DV WKH
PRYHPHQWV RI WKH ERZV�

• &KRLFH RI WKH IHDWXUHV� 7KH IROORZLQJ IHDWXUHV KDYH EHHQ FRPSXWHG LQ WKH GDWD
DQDO\VLV� 7KHLU FRPSXWDWLRQ KDV EHHQ PDGH SRVVLEOH E\ WKH 4XDOLV\V WUDFNLQJ
PDQDJHU �470� UHSUHVHQWDWLRQ RI HDFK PDUNHU� ZKLFK SURYLGHV LWV SRVLWLRQ LQ HDFK
IUDPH� DSDUW IURP WKH FDVH RI IUDPHV LQ ZKLFK WKH PDUNHU ZDV XQGHWHFWHG RU
XQODEHOOHG� VR LWV SRVLWLRQ ZDV QRW GHWHUPLQHG� $OO WKH JHRPHWULF IHDWXUHV KDYH
EHHQ GHILQHG WDNLQJ LQWR DFFRXQW WKH SURMHFWLRQV RI WKH PRWLRQ�FDSWXUH GDWD RQ WKH
KRUL]RQWDO SODQH� WKXV GLVFDUGLQJ WKH YHUWLFDO FRPSRQHQW �WKHQ� 2�GLPHQVLRQDO
YHFWRUV KDYH EHHQ FRQVLGHUHG�� ,QGHHG� IRU HDFK PXVLFLDQ WKH WZR IURQWDO PDUNHUV
KDYH EHHQ SRVLWLRQHG PXFK DERYH KLV�KHU H\HV� VR WKH YHUWLFDO FRPSRQHQW RI WKH
SRVLWLRQV RI VXFK PDUNHUV ZDV PLVOHDGLQJ� H�J�� LQ GHWHUPLQLQJ WKH GLUHFWLRQ RI WKH
KHDG� ,W LV LPSRUWDQW WR REVHUYH WKDW WKH KRUL]RQWDO FRPSRQHQW RI WKH KHDG
GLUHFWLRQ FDQ EH UHFRYHUHG IURP WKH GDWD DVVRFLDWHG ZLWK WKH KRUL]RQWDO
PRYHPHQWV RI WKH KHDG PDUNHU GDWD� DV ORQJ DV WKH KHDGV SHUIRUP URWDWLRQV RQO\
DURXQG WKH YHUWLFDO D[LV �SDQQLQJ� DQG WKH VDJLWWDO RQH �WLOWLQJ�� ,QGHHG� WKLV ZDV
WKH FDVH LQ RXU UHFRUGLQJV� DV QR VLJQLILFDQW URWDWLRQV RI WKH KHDGV DURXQG WKH
IURQWDO D[HV ZHUH REVHUYHG WKURXJK D YLVXDO LQVSHFWLRQ RI WKH YLGHR UHFRUGLQJV
�OLNHO\ EHFDXVH WKH YLROLQLVWV XVHG WKH VKRXOGHU UHVW WR KROG WKH YLROLQ� WKXV
UHGXFLQJ WKH DPSOLWXGHV RI VXFK URWDWLRQV�� 7KLV DOORZV WKH XVH RI D VLPSOLILHG
PRGHO� LQ ZKLFK RQO\ 2�GLPHQVLRQDO YHFWRUV DUH FRQVLGHUHG� $QRWKHU SRVVLEOH
DSSURDFK ± QRW IROORZHG LQ WKH SDSHU ± FRQVLVWV LQ HVWLPDWLQJ DOO WKH WKUHH
FRPSRQHQWV RI WKH KHDG GLUHFWLRQV� 7KLV FRXOG EH DFKLHYHG� H�J�� E\ LQWURGXFLQJ
LQWR WKH GDWD DQDO\VLV LQGLYLGXDO FRUUHFWLRQV WR WKH SRVLWLRQV RI WKH KHDG PDUNHUV�
REWDLQHG E\ HVWLPDWLQJ WKHLU UHODWLYH SRVLWLRQV ZLWK UHVSHFW WR WKH H\HV� :H KDYH
DGRSWHG WKH ILUVW DSSURDFK� ZKLFK GLVFDUGV WKH YHUWLFDO FRPSRQHQWV RI WKH SRVLWLRQV
RI WKH PDUNHUV� VLQFH LW LV VLPSOHU� ZHOO�PRWLYDWHG LQ WKH SUHVHQW DSSOLFDWLRQ
�DV GLVFXVVHG DERYH�� DQG GRHV QRW UHTXLUH WKH HVWLPDWLRQ RI VXFK UHODWLYH
SRVLWLRQV� )LQDOO\� ZH UHPDUN WKDW WKH VWUDWHJ\ RI ORRNLQJ DW KHDG PRYHPHQWV LQ
WKH KRUL]RQWDO SODQH KDV EHHQ XVHG LQ VHYHUDO ZRUNV �VHH� H�J�� 6WLHIHOKDJHQ� �����
6WLHIHOKDJHQ DQG =KX� ����� 6WLHIHOKDJHQ HW DO�� ������

)LUVW� IRU WKH IUDPHV LQ ZKLFK WKH SRVLWLRQV RI DOO WKH PDUNHUV DVVRFLDWHG ZLWK WKH
KHDGV ZHUH GHWHUPLQHG� WKH SRVLWLRQV RI WKH EDU\FHQWHUV RI WKH KHDGV RI WKH PXVLFLDQV
KDYH EHHQ FRPSXWHG� (DFK RI WKHP LV GHILQHG DV WKH EDU\FHQWHU RI WKH WKUHH PDUNHUV
DVVRFLDWHG ZLWK WKH KHDG RI WKH PXVLFLDQ� )LJXUH � VKRZV WKH WUDMHFWRULHV RI VXFK
EDU\FHQWHUV IRU D SDUWLFXODU UHFRUGLQJ� WRJHWKHU ZLWK WKHLU DYHUDJH SRVLWLRQV ZLWK UHVSHFW
WR DOO WKH IUDPHV RI WKH UHVSHFWLYH SHUIRUPDQFH� 2I FRXUVH� WKH IUDPHV EHIRUH WKH
EHJLQQLQJ RI WKH SHUIRUPDQFH ZHUH H[FOXGHG IURP WKH FRPSXWDWLRQ RI WKH DYHUDJH� DV
ZHOO DV WKH RQHV DIWHU LWV HQG DQG WKH IUDPHV IRU ZKLFK DW OHDVW RQH RI WKH WKUHH PDUNHUV
ZDV XQGHWHFWHG RU XQODEHOOHG� VR WKH SRVLWLRQ RI WKH EDU\FHQWHU ZDV QRW GHWHUPLQHG� ,Q
WKH ILJXUH� WKH DV\PPHWU\ RI WKH PRYHPHQW SDWWHUQV EHWZHHQ WKH OHIW�VLGH SOD\HU DQG WKH
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ULJKW�VLGH SOD\HU DVVRFLDWHG ZLWK HDFK PXVLF VWDQG LV GXH WR WKH IDFW WKDW WKH OHIW�VLGH
SOD\HU ZDV UHVSRQVLEOH RI WXUQLQJ SDJHV GXULQJ WKH SHUIRUPDQFH�

)LJXUH � (VWLPDWHG ORFDWLRQV RI WKH PXVLF VWDQGV �F\DQ�� DYHUDJH ORFDWLRQV RI WKH KHDGV �UHG�
RI WKH HLJKW YLROLQLVWV DQG RI WKH FRQGXFWRU� DQG WKHLU WUDMHFWRULHV �EOXH� IRU RQH RI
WKH UHFRUGLQJV �VHH RQOLQH YHUVLRQ IRU FRORXUV�
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,Q )LJXUH �� WKH PXVLF VWDQGV KDYH EHHQ UHSUHVHQWHG E\ VHJPHQWV LQ WKH KRUL]RQWDO SODQH�
$FFRUGLQJ WR WKH H[SHULPHQWDO VHWXS� LW ZDV GHFLGHG LQ DGYDQFH WR SODFH WKH PXVLF VWDQGV
LQ D SDUDOOHO IDVKLRQ� +RZHYHU� EHIRUH WKH EHJLQQLQJ RI VRPH UHFRUGLQJV� VRPH PXVLFLDQV
PRYHG DFFLGHQWDOO\ WKH PXVLF VWDQGV� 6R� IRU HDFK UHFRUGLQJ� WKH ORFDWLRQV RI WKH PXVLF
VWDQGV KDYH EHHQ HVWLPDWHG XVLQJ WKH IROORZLQJ PHWKRG �ZKLFK ZH KDYH GHYHORSHG DQG
GLVFXVVHG ZLWK VRPH SURIHVVLRQDO YLROLQLVWV ZLWK RUFKHVWUDO H[SHULHQFH��

� )LUVW� WKH KRUL]RQWDO SRVLWLRQ RI WKH FKDLU RI HDFK YLROLQLVW KDV EHHQ HVWLPDWHG DV
WKH DYHUDJH KRUL]RQWDO SRVLWLRQ RI WKH EDU\FHQWHU RI KLV�KHU KHDG�

� 7KHQ� WKH PLG�SRLQW RI WKH VHJPHQW EHWZHHQ WKH HVWLPDWHG KRUL]RQWDO SRVLWLRQV RI
WKH FKDLUV RI WKH WZR YLROLQLVWV DVVRFLDWHG ZLWK WKH VDPH PXVLF VWDQG KDV EHHQ
GHWHUPLQHG�

� 6XEVHTXHQWO\� D ILUVW HVWLPDWH RI WKH SRVLWLRQ RI WKH PLG�SRLQW RI WKH PXVLF VWDQG
KDV EHHQ IRXQG E\ VWDUWLQJ IURP WKH SRLQW GHWHUPLQHG LQ LWHP �� DQG PRYLQJ
IRUZDUG ± DV WKH PXVLF VWDQG ZDV LQ IURQW RI WKH WZR PXVLFLDQV ± DORQJ WKH
GLUHFWLRQ RUWKRJRQDO WR WKH VHJPHQW LQ LWHP �� E\ �� FP� ZKLFK LV DQ HVWLPDWH RI
WKH W\SLFDO GLVWDQFH RI D PXVLF VWDQG IURP VXFK D SRLQW �RI FRXUVH� WKH REWDLQHG
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HVWLPDWH ZDV E\ FRQVWUXFWLRQ HTXLGLVWDQW IURP WKH YLROLQLVWV� DV WKLV ZDV WKH
RULJLQDO GLVSODFHPHQW RI WKH PXVLF VWDQG� LQ DEVHQFH RI LWV UH�SRVLWLRQLQJ E\ RQH
RI WKH WZR YLROLQLVWV��

� $Q DGGLWLRQDO FRUUHFWLRQ WR WKH SRVLWLRQ RI WKH PXVLF VWDQG KDV EHHQ LQVHUWHG IRU
WKH FDVH LQ ZKLFK ± E\ ORRNLQJ DW WKH YLGHRV ± WKH PXVLF VWDQG ZDV IRXQG WR EH
VLJQLILFDQWO\ FORVHU WR RQH YLROLQLVW WKDQ WR WKH RWKHU� )RU HDFK PXVLF VWDQG� VXFK D
FRUUHFWLRQ ZDV WKH VDPH IRU DOO WKH YLGHR�UHFRUGLQJV EHORQJLQJ WR WKH VDPH
H[SHULPHQWDO FRQGLWLRQ �L�H�� DQ\ IL[HG SDLU FRQGXFWRU�SLHFH�� ,QGHHG ± WKH IHZ
WLPHV WKLV DFFLGHQWDOO\ KDSSHQHG ± WKH PXVLF VWDQGV ZHUH PRYHG RQO\ LQ WKH
GRZQWLPHV VXFFHVVLYH WR HDFK JURXS RI WKH WKUHH UHFRUGLQJV SHUIRUPHG
�FRQVHFXWLYHO\� XQGHU WKH VDPH SHUIRUPDQFH FRQGLWLRQV�

� )LQDOO\� VWDUWLQJ IURP WKH MXVW�GHWHUPLQHG HVWLPDWH RI WKH SRVLWLRQ RI WKH PLG�SRLQW
RI WKH PXVLF VWDQG� LWV H[WUHPH SRLQWV KDYH EHHQ HVWLPDWHG E\ PRYLQJ E\ �� FP
�DQ HVWLPDWH RI WKH KDOI RI WKH ZLGWK RI WKH PXVLF VFRUH� LQ HDFK RI WKH WZR VHQVHV
DORQJ WKH DYHUDJH GLUHFWLRQ RI WKH IRXU YHFWRUV MRLQLQJ WKH HVWLPDWHG FKDLUV RI WKH
OHIW�VLGHG SOD\HUV WR WKH RQHV RI WKH ULJKW�VLGHG SOD\HUV� IRU HDFK PXVLF VWDQG� 7KLV
SURFHGXUH ZDV IROORZHG VLQFH� LQ VXFK D ZD\� WKH HVWLPDWHG PXVLF VWDQGV ZHUH
DXWRPDWLFDOO\ SODFHG LQ D SDUDOOHO IDVKLRQ�

,Q VSLWH RI WKH YDULRXV HVWLPDWHV XVHG LQVLGH WKH SURFHGXUH GHVFULEHG DERYH� WKH
ILQDO GLVSODFHPHQWV RI WKH PXVLF VWDQGV ZHUH LQ JRRG DJUHHPHQW ZLWK WKHLU DFWXDO
GLVSODFHPHQWV REVHUYHG LQ WKH YLGHR UHFRUGLQJV >FRPSDUH� H�J�� )LJXUHV ��D� DQG �@�

7KHQ� IRU WKH IUDPHV LQ ZKLFK WKH SRVLWLRQ RI WKH EDU\FHQWHU RI WKH KHDG LV
GHWHUPLQHG� WKH �2�GLPHQVLRQDO� GLUHFWLRQ RI WKH KHDG RI HDFK YLROLQLVW KDV EHHQ
HVWLPDWHG DV WKH XQLW�QRUP YHFWRU MRLQLQJ WKH EDU\FHQWHU RI WKH KHDG ZLWK WKH PLG�SRLQW
RI WKH VHJPHQW EHWZHHQ WKH WZR IURQWDO PDUNHUV� $ FRUUHFWLRQ WR VXFK D GLUHFWLRQ >L�H�� D
URWDWLRQ E\ D VSHFLILF DQJOH DURXQG WKH YHUWLFDO D[LV� KDV EHHQ LQVHUWHG IRU WKH FDVH LQ
ZKLFK WKH WKUHH PDUNHUV RQ WKH KHDG RI WKH YLROLQLVW ZHUH PLVSODFHG �WKLV KDSSHQHG� IRU
LQVWDQFH� IRU WKH GLVSODFHPHQW RI WKH PDUNHUV RQ WKH KHDG RI WKH YLROLQLVW QHDUHVW WR WKH
FRQGXFWRU LQ )LJXUH ��D�@� $JDLQ� VXFK D FRUUHFWLRQ KDV EHHQ REWDLQHG E\ ORRNLQJ DW HDFK
YLGHR�UHFRUGLQJ �LQ SDUWLFXODU� VHDUFKLQJ IRU D IUDPH FRQWDLQLQJ D IURQWDO YLHZ RI HDFK
YLROLQLVW� LQ VRPH FDVHV HYHQ D IHZ VHFRQGV EHIRUH RU DIWHU WKH DFWXDO SHUIRUPDQFH�� DQG
ZDV WKH VDPH IRU DOO WKH YLGHR�UHFRUGLQJV EHORQJLQJ WR WKH VDPH H[SHULPHQWDO FRQGLWLRQ�
,QGHHG� ZH UHPDUN WKDW WKH PXVLFLDQV GLG QRW UH�SRVLWLRQ WKHLU KHDG PDUNHUV GXULQJ HDFK
SHUIRUPDQFH� EXW ± WKH IHZ WLPHV WKLV KDSSHQHG ± RQO\ LQ WKH GRZQWLPHV DIWHU HDFK
JURXS RI WKUHH FRQVHFXWLYH UHFRUGLQJV� SHUIRUPHG XQGHU WKH VDPH FRQGLWLRQV� 7KHQ� IRU
WKH IUDPHV IRU ZKLFK WKH SRVLWLRQV RI ERWK EDU\FHQWHUV DUH GHWHUPLQHG� DOVR WKH VHJPHQWV
MRLQLQJ WKH EDU\FHQWHUV RI WKH KHDGV RI WKH YLROLQLVWV WR WKH EDU\FHQWHU RI WKH KHDG RI WKH
FRQGXFWRU KDYH EHHQ GHWHUPLQHG �VHH )LJXUH ��� )LQDOO\� IRU HDFK YLROLQLVW� WKH DYHUDJH
RULHQWHG DQJOH EHWZHHQ WKH x�D[LV DQG WKH FRUUHFWHG GLUHFWLRQ RI WKH KHDG KDV EHHQ
HYDOXDWHG� ZKHUH WKH DYHUDJH KDV EHHQ SHUIRUPHG ZLWK UHVSHFW WR DOO WKH IUDPHV RI WKH
SHUIRUPDQFH IRU ZKLFK WKH FRUUHFWHG GLUHFWLRQ RI WKH KHDG KDV EHHQ GHWHUPLQHG� 7KHQ� E\
URWDWLQJ FRXQWHU�FORFNZLVH WKH x�D[LV E\ VXFK DQ DQJOH� WKH DYHUDJH FRUUHFWHG GLUHFWLRQ
RI WKH KHDG RI WKH YLROLQLVW KDV EHHQ REWDLQHG �VHH DJDLQ� )LJXUH ���



��� *� *QHFFR HW DO�

)LJXUH � &RUUHFWHG GLUHFWLRQV RI WKH KHDGV RI WKH YLROLQLVWV �EOXH� DQG VHJPHQWV �GDVKHG� UHG�
MRLQLQJ WKH EDU\FHQWHUV RI WKHLU KHDGV WR WKH EDU\FHQWHU RI WKH KHDG RI WKH
FRQGXFWRU� IRU D SDUWLFXODU IUDPH RI RQH RI WKH UHFRUGLQJV �VHH RQOLQH YHUVLRQ
IRU FRORXUV�

−2000 −1500 −1000 −500 0 500 1000 1500 2000 2500
−2500

−2000

−1500

−1000

−500

0

500

1000

mm

m
m

Vl. 2

Vl. 4

Vl. 3

Vl. 5

Vl. 8

Vl. 7

Vl. 6

Vl. 1

Conductor

1RWHV� 7KH DYHUDJH FRUUHFWHG GLUHFWLRQV RI WKH KHDGV DUH DOVR VKRZQ �JUHHQ�� WRJHWKHU ZLWK WKH
HVWLPDWHG GLVSODFHPHQWV RI WKH PXVLF VWDQGV �F\DQ�� 7R KHOS WKH YLVXDOLVDWLRQ� IRU HDFK
SDLU RI YLROLQLVWV DVVRFLDWHG ZLWK WKH VDPH PXVLF VWDQG� DOVR WKH LQWHUVHFWLRQ RI WKH WZR
KDOI�OLQHV KDYLQJ WKH EDU\FHQWHUV RI WKHLU KHDGV DV RULJLQV DQG GLUHFWHG DV WKH FRUUHFWHG
KHDG GLUHFWLRQV LV VKRZQ�

6WDUWLQJ IURP WKH IHDWXUHV DERYH� WKH IROORZLQJ IRXU KLJKHU�OHYHO LQGLYLGXDO IHDWXUHV KDYH
EHHQ HYDOXDWHG IRU HDFK YLROLQLVW DQG HDFK IUDPH�

• /HYHO RI DWWHQWLRQ RI WKH YLROLQLVW WRZDUG WKH FRQGXFWRU�

D (TXDO WR 1 LI WKH DQJOH EHWZHHQ WKH FRUUHFWHG GLUHFWLRQ RI WKH KHDG RI WKH
YLROLQLVW DQG WKH YHFWRU MRLQLQJ WKH EDU\FHQWHU RI WKH KHDG RI WKH YLROLQLVW
ZLWK WKH EDU\FHQWHU RI WKH KHDG RI WKH FRQGXFWRU LV HTXDO WR RU VPDOOHU WKDQ D
JLYHQ WKUHVKROG� 7KLV KDV EHHQ FKRVHQ WR EH HTXDO WR D PXVLFLDQ�GHSHQGHQW
YDOXH� ZKLFK LV WKH VXP RI WZR WHUPV� WKH ILUVW RQH LV D FRQVWDQW �KHUH� FKRVHQ
DV 12◦�� ZKLFK WDNHV �GLUHFWO\� LQWR DFFRXQW D SRVVLEOH PLVDOLJQPHQW EHWZHHQ
WKH FRUUHFWHG KHDG GLUHFWLRQ DQG WKH GLUHFWLRQ RI WKH H\H JD]H� ZKHQ ORRNLQJ
DW WKH FRQGXFWRU� 7KH VHFRQG RQH LV PXVLFLDQ�GHSHQGHQW DV LW LV LQYHUVHO\
SURSRUWLRQDO WR WKH GLVWDQFH EHWZHHQ WKH PXVLFLDQ DQG WKH FRQGXFWRU� DQG ± DV
WKH YLROLQLVW FKDQJHV ± YDULHV EHWZHHQ 3◦ DQG 9◦ �VR� WKH PD[LPXP WKUHVKROG
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LV 21◦�� 7KH UHDVRQ IRU VXFK D VHFRQG WHUP LV WKH IROORZLQJ� LW WDNHV LQWR
DFFRXQW WKH IDFW WKDW� ZKHQ VXFK GLVWDQFH LV VPDOOHU� WKH PXVLFLDQ FDQ VHH WKH
FRQGXFWRU XQGHU D ODUJHU DQJOH�

E (TXDO WR 0 LI WKH DQJOH DERYH LV ODUJHU WKDQ WKH WKUHVKROG�

F 1RW GHWHUPLQHG LI WKH SRVLWLRQ RI WKH EDU\FHQWHU RI WKH KHDG RI WKH YLROLQLVW
RU RI WKH FRQGXFWRU LV QRW GHWHUPLQHG LQ WKDW IUDPH�

• /HYHO RI DWWHQWLRQ RI WKH YLROLQLVW WRZDUG WKH PXVLF VWDQG�

D (TXDO WR 1 LI WKH KDOI�OLQH VWDUWLQJ IURP WKH EDU\FHQWHU RI WKH KHDG RI WKH
YLROLQLVW DQG KDYLQJ WKH FRUUHFWHG GLUHFWLRQ RI WKH KHDG RI WKH VDPH YLROLQLVW
LQWHUVHFWV WKH VHJPHQW WKDW PRGHOV WKH PXVLF VWDQG LQ IURQW RI WKH YLROLQLVW�
$OVR IRU WKLV IHDWXUH� D SRVVLEOH PLVDOLJQPHQW EHWZHHQ WKH FRUUHFWHG KHDG
GLUHFWLRQ DQG WKH GLUHFWLRQ RI WKH H\H JD]H ZKHQ UHDGLQJ WKH PXVLF SDUW KDV
EHHQ WDNHQ �LQGLUHFWO\� LQWR DFFRXQW� VLQFH WKH IHDWXUH LV HTXDO WR � IRU D
ZKROH UDQJH RI RULHQWHG DQJOHV EHWZHHQ WKH x�D[LV DQG WKH FRUUHFWHG KHDG
GLUHFWLRQ�

E (TXDO WR 0 LI WKH\ GR QRW LQWHUVHFW�

F 1RW GHWHUPLQHG LI WKH SRVLWLRQ RI WKH EDU\FHQWHU RI WKH KHDG RI WKH YLROLQLVW LV
QRW GHWHUPLQHG LQ WKDW IUDPH�

• 'LVWDQFH RI WKH EDU\FHQWHU RI WKH KHDG RI WKH YLROLQLVW IURP LWV DYHUDJH SRVLWLRQ�

D 1RW GHWHUPLQHG LI WKH SRVLWLRQ RI WKH EDU\FHQWHU RI WKH KHDG RI WKH YLROLQLVW LV
QRW GHWHUPLQHG LQ WKDW IUDPH�

• 2ULHQWHG DQJOH EHWZHHQ WKH DYHUDJH FRUUHFWHG GLUHFWLRQ RI WKH KHDG DQG WKH
FRUUHFWHG GLUHFWLRQ RI WKH KHDG�

D EHORQJLQJ WR WKH LQWHUYDO [−π,π)� IRU WKH IUDPHV LQ ZKLFK WKH FRUUHFWHG
GLUHFWLRQ RI WKH KHDG LV GHWHUPLQHG �RI FRXUVH� VXFK DQ RULHQWHG DQJOH GRHV
QRW GHSHQG RQ WKH FKRLFH RI WKH x�D[LV�

E QRW GHWHUPLQHG� RWKHUZLVH�

)RU LOOXVWUDWLYH SXUSRVHV� WKH IROORZLQJ )LJXUHV � WR � UHIHU WR WKH VDPH UHFRUGLQJ�
)LJXUHV � DQG � VKRZ WKH WZR OHYHOV RI DWWHQWLRQ GHILQHG DERYH IRU WKH YLROLQLVWV RI
WKH ILUVW VHFWLRQ DQG WKRVH RI WKH VHFRQG VHFWLRQ� UHVSHFWLYHO\� ZKHUHDV )LJXUHV � DQG �
VKRZ UHVSHFWLYHO\� IRU HDFK YLROLQLVW� WKH GLVWDQFH RI WKH EDU\FHQWHU RI WKH KHDG IURP LWV
DYHUDJH SRVLWLRQ DQG WKH RULHQWHG DQJOH EHWZHHQ WKH DYHUDJH FRUUHFWHG GLUHFWLRQ RI WKH
KHDG DQG WKH FRUUHFWHG GLUHFWLRQ RI WKH KHDG LQ HDFK IUDPH� 2I FRXUVH� RQO\ WKH IUDPHV
RI WKH DFWXDO SHUIRUPDQFH KDYH EHHQ FRQVLGHUHG LQ GHILQLQJ WKH TXDQWLWLHV DERYH� ,W LV
LQWHUHVWLQJ WR REVHUYH IURP )LJXUHV � DQG � WKDW IRU VRPH PXVLFLDQV� WKH IUDPHV IRU
ZKLFK WKH PXVLFLDQ¶V KHDG LV GLUHFWHG WRZDUG WKH FRQGXFWRU DSSUR[LPDWHO\ FRLQFLGH ZLWK
WKH IUDPHV IRU ZKLFK LW LV QRW GLUHFWHG WRZDUG WKH PXVLF VWDQG� DQG YLFH�YHUVD� +RZHYHU�
WKLV UHPDUN GRHV QRW H[WHQG WR DOO WKH PXVLFLDQV� GXH WR WKHLU GLIIHUHQW GLVSODFHPHQWV
�VHH )LJXUH ��� :H UHIHU WR 6HFWLRQ � IRU PRUH GHWDLOV RQ D SRVVLEOH ZD\ WR RYHUFRPH
WKLV LVVXH�
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)LJXUH � /HYHO RI DWWHQWLRQ WRZDUG WKH FRQGXFWRU �DERYH� EOXH� DQG WKH PXVLF VWDQG �EHORZ�
IRU HDFK YLROLQLVW RI WKH ILUVW VHFWLRQ� IRU RQH IL[HG UHFRUGLQJ �VHH RQOLQH YHUVLRQ
IRU FRORXUV�
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)LJXUH � /HYHO RI DWWHQWLRQ WRZDUG WKH FRQGXFWRU �DERYH� EOXH� DQG WKH PXVLF VWDQG �EHORZ�
IRU HDFK YLROLQLVW RI WKH VHFRQG VHFWLRQ� IRU RQH IL[HG UHFRUGLQJ �VHH RQOLQH YHUVLRQ
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)LJXUH � 'LVWDQFH �LQ PP� RI WKH EDU\FHQWHU RI WKH KHDG IURP LWV PHDQ SRVLWLRQ
IRU HDFK YLROLQLVW� IRU RQH IL[HG UHFRUGLQJ �VHH RQOLQH YHUVLRQ IRU FRORXUV�
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)LJXUH � 2ULHQWHG DQJOH �LQ UDG� EHWZHHQ WKH DYHUDJH FRUUHFWHG GLUHFWLRQ RI WKH KHDG DQG
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��� *� *QHFFR HW DO�

)LQDOO\� IRU HDFK VHFWLRQ� HDFK UHFRUGLQJ� DQG D JLYHQ VHW RI FRQVHFXWLYH IUDPHV� WKH
IROORZLQJ JURXS IHDWXUHV KDYH EHHQ HYDOXDWHG�

• )HDWXUH A� DYHUDJH OHYHO RI DWWHQWLRQ RI WKH PXVLFLDQV RI WKH VHFWLRQ WRZDUG WKH
FRQGXFWRU� 7KH DYHUDJH LV SHUIRUPHG ZLWK UHVSHFW WR DOO WKH PXVLFLDQV RI WKH
VHFWLRQ DQG WKH JLYHQ VHW RI IUDPHV�

• )HDWXUH B� DYHUDJH OHYHO RI DWWHQWLRQ RI WKH PXVLFLDQV RI WKH VHFWLRQ WRZDUG WKH
PXVLF VWDQG� 7KH DYHUDJH LV SHUIRUPHG ZLWK UHVSHFW WR DOO WKH PXVLFLDQV RI WKH
VHFWLRQ DQG WKH JLYHQ VHW RI IUDPHV�

• )HDWXUH C� DYHUDJH RI WKH GLVWDQFHV RI WKH EDU\FHQWHUV RI WKH KHDGV RI WKH
YLROLQLVWV RI WKH VHFWLRQ IURP WKHLU DYHUDJH SRVLWLRQV� 7KH ILUVW DYHUDJH LV
SHUIRUPHG ZLWK UHVSHFW WR DOO WKH PXVLFLDQV RI WKH VHFWLRQ DQG WKH JLYHQ VHW RI
IUDPHV� IRU HDFK PXVLFLDQ� WKH DYHUDJH SRVLWLRQ RI WKH EDU\FHQWHU RI WKH KHDG LV
REWDLQHG FRQVLGHULQJ WKH JLYHQ VHW RI IUDPHV�

• )HDWXUH D� VWDQGDUG GHYLDWLRQ RI WKH DYHUDJH RI WKH RULHQWHG DQJOHV EHWZHHQ WKH
FRUUHFWHG KHDG GLUHFWLRQV RI WKH PXVLFLDQV RI WKH VHFWLRQ DQG WKHLU DYHUDJH
FRUUHFWHG GLUHFWLRQV� )RU HDFK YLROLQLVW� WKH DYHUDJH FRUUHFWHG GLUHFWLRQ LV
HYDOXDWHG DYHUDJLQJ ZLWK UHVSHFW WR WKH JLYHQ VHW RI IUDPHV� WKH DYHUDJH RI WKH
RULHQWHG DQJOHV LV FRPSXWHG IUDPH�E\�IUDPH� E\ SHUIRUPLQJ WKH DYHUDJH ZLWK
UHVSHFW WR DOO WKH PXVLFLDQV RI WKH VHFWLRQ� WKH VWDQGDUG GHYLDWLRQ LV SHUIRUPHG
ZLWK UHVSHFW WR WKH JLYHQ VHW RI IUDPHV�

2I FRXUVH� ZH KDYH H[FOXGHG IURP WKH FRPSXWDWLRQ WKH IUDPHV LQ ZKLFK VRPH RI WKH
TXDQWLWLHV WR EH DYHUDJHG DUH QRW GHWHUPLQHG� WKXV UHGXFLQJ WKH HIIHFWLYH QXPEHU RI
IUDPHV RQ ZKLFK WKH DYHUDJHV DUH HYDOXDWHG�

� 5HVXOWV

:H ILUVW UHSRUW WKH YDOXHV DVVXPHG LQ WKH DYDLODEOH UHFRUGLQJV E\ WKH IHDWXUHV GHILQHG
LQ 6HFWLRQ �� 7KHQ� ZH SUHVHQW WKH UHVXOWV RI D VWDWLVWLFDO DQDO\VLV IRU WKH IHDWXUH
A� %HLQJ FRQVFLRXV RI WKH SRVVLEOH SUHVHQFH RI UHVLGXDO HUURUV DIWHU SHUIRUPLQJ WKH
FDOLEUDWLRQ SURFHVVHV GHVFULEHG LQ 6HFWLRQ �� LQ RUGHU WR REWDLQ PHDQLQJIXO LQVLJKWV
IURP WKH DYDLODEOH GDWD ZKHQ FRPSDULQJ YDULRXV FRQGLWLRQV ZH KDYH GHFLGHG WR
IRFXV RQ FRPSDULVRQV LQ ZKLFK DOO WKH IDFWRUV SRVVLEO\ µGLIILFXOW WR EH FDOLEUDWHG¶
DUH IL[HG �LI QHFHVVDU\� ZLWK HVWLPDWHG PXVLFLDQ�GHSHQGHQW YDOXHV� IRU HDFK RI WKH
FRQGLWLRQV �µWUHDWPHQWV¶� WR EH FRPSDUHG� ZKHQ WKH\ FRUUHVSRQG WR WKH VDPH µEORFN¶
RI REVHUYDWLRQV� ,Q SDUWLFXODU� ZH KDYH XVHG QRQ�SDUDPHWULF VWDWLVWLFDO WHVWV VXFK DV WKH
)ULHGPDQ WHVW �%HZLFN HW DO�� ����� DQG WKH :LOFR[RQ VLJQHG�UDQN WHVW �:KLWOH\ DQG
%DOO� ������

7ZR FKRLFHV RI WKH VHW RI FRQVHFXWLYH IUDPHV KDYH EHHQ PDGH LQ WKH GHILQLWLRQV RI
WKH IHDWXUHV A� B� C DQG D SURYLGHG LQ 6HFWLRQ �� DOO WKH IUDPHV RI WKH SHUIRUPDQFH
�FDVH ��� DQG WKH IUDPHV FRUUHVSRQGLQJ WR WKH EHJLQQLQJ RI WKH SHUIRUPDQFH �FDVH ���
ZKRVH GXUDWLRQ ZDV DVVXPHG WR EH HTXDO WR HLJKW VHFRQGV �VWDUWLQJ IURP DERXW RQH
VHFRQG EHIRUH WKH DWWDFN RI WKH SLHFH E\ WKH FRQGXFWRU��



2Q WKH GHWHFWLRQ RI WKH OHYHO RI DWWHQWLRQ LQ DQ RUFKHVWUD ���

7DEOH � )RU HDFK SHUIRUPDQFH RI WKH WZR SLHFHV� DYHUDJH OHYHO RI DWWHQWLRQ RI WKH PXVLFLDQV
RI HDFK VHFWLRQ WRZDUG WKH FRQGXFWRU �IHDWXUH A�

3LHFH �

�D� :KROH SHUIRUPDQFH

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �

6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����

�E� %HJLQQLQJ RI WKH SHUIRUPDQFH �ILUVW � VHFRQGV�

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �

6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����

3LHFH �

�F� :KROH SHUIRUPDQFH

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �
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6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����

�G� %HJLQQLQJ RI WKH SHUIRUPDQFH �ILUVW � VHFRQGV�

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �
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6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
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7DEOH � )RU HDFK SHUIRUPDQFH RI WKH WZR SLHFHV� DYHUDJH OHYHO RI DWWHQWLRQ RI WKH PXVLFLDQV
RI HDFK VHFWLRQ WRZDUG WKH PXVLF VWDQG �IHDWXUH B�

3LHFH �

�D� :KROH SHUIRUPDQFH

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �

6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����

�E� %HJLQQLQJ RI WKH SHUIRUPDQFH �ILUVW � VHFRQGV�

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �

6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����

3LHFH �

�F� :KROH SHUIRUPDQFH

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �

6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����

6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����

�G� %HJLQQLQJ RI WKH SHUIRUPDQFH �ILUVW � VHFRQGV�

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �
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2Q WKH GHWHFWLRQ RI WKH OHYHO RI DWWHQWLRQ LQ DQ RUFKHVWUD ���

7DEOH � )RU HDFK SHUIRUPDQFH RI WKH WZR SLHFHV� DYHUDJH RI WKH GLVWDQFHV RI WKH EDU\FHQWHUV
RI WKH KHDGV RI WKH YLROLQLVWV RI HDFK VHFWLRQ IURP WKHLU DYHUDJH SRVLWLRQV �IHDWXUH C�

3LHFH �

�D� :KROH SHUIRUPDQFH

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �
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�E� %HJLQQLQJ RI WKH SHUIRUPDQFH �ILUVW � VHFRQGV�
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3LHFH �

�F� :KROH SHUIRUPDQFH
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6HFWLRQ ��5HFRUGLQJ � ���� ���� ����
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6HFWLRQ ��5HFRUGLQJ � ���� ���� ����
6HFWLRQ ��5HFRUGLQJ � ���� ���� ����

�G� %HJLQQLQJ RI WKH SHUIRUPDQFH �ILUVW � VHFRQGV�

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �

6HFWLRQ ��5HFRUGLQJ � ���� ���� ����
6HFWLRQ ��5HFRUGLQJ � ���� ���� ����
6HFWLRQ ��5HFRUGLQJ � ���� ���� ����
6HFWLRQ ��5HFRUGLQJ � ���� ���� ����
6HFWLRQ ��5HFRUGLQJ � ���� ���� ����
6HFWLRQ ��5HFRUGLQJ � ���� ���� ����
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7DEOH � )RU HDFK SHUIRUPDQFH RI WKH WZR SLHFHV� VWDQGDUG GHYLDWLRQ RI WKH DYHUDJH RI WKH
RULHQWHG DQJOHV EHWZHHQ WKH FRUUHFWHG KHDG GLUHFWLRQV RI WKH PXVLFLDQV RI HDFK
VHFWLRQ DQG WKHLU DYHUDJH FRUUHFWHG GLUHFWLRQV �IHDWXUH D�

3LHFH �

�D� :KROH SHUIRUPDQFH

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �

6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
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�E� %HJLQQLQJ RI WKH SHUIRUPDQFH �ILUVW � VHFRQGV�

&RQGXFWRU � &RQGXFWRU � &RQGXFWRU �
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6HFWLRQ ��5HFRUGLQJ � ����� ����� �����
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�F� :KROH SHUIRUPDQFH
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�G� %HJLQQLQJ RI WKH SHUIRUPDQFH �ILUVW � VHFRQGV�
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)RU HDFK FRQGXFWRU�SLHFH�VHFWLRQ� 7DEOHV � WR � VKRZ WKH YDOXHV RI WKH IHDWXUHV
A� B� C DQG D REWDLQHG LQ HDFK SHUIRUPDQFH� XQGHU ERWK FDVHV � DQG �� 7KHQ�
)LJXUHV ��D� WR ��G� LOOXVWUDWHV UHVSHFWLYHO\� IRU HDFK SLHFH� WKH ER[SORWV RI WKH IHDWXUHV
A� B� C DQG D IRU HDFK RI WKH WZR VHFWLRQV� XQGHU ERWK FDVHV � DQG �� 7KH ER[SORWV
DERYH KDYH EHHQ REWDLQHG XVLQJ WKH GDWD VKRZQ LQ 7DEOHV � WR �� 7KH GHSHQGHQFH RQ
WKH FRQGXFWRU KDV QRW EHHQ FRQVLGHUHG WR JHQHUDWH WKH ER[SORWV� LQ RUGHU WR LQFUHDVH
WKH QXPEHU RI VDPSOHV �WKH VDPH� XVHG WR GUDZ HDFK ER[SORW� ,QVSHFWLRQ RI WKH GDWD
LQ 7DEOHV � WR � DQG RI WKH ER[SORWV LQ )LJXUHV ��D� WR ��G� VKRZ WKDW� IRU HDFK IL[HG
FRQGXFWRU� WKHUH LV XVXDOO\ D GHSHQGHQFH RQ WKH SLHFH RI WKH IHDWXUH A� HYDOXDWHG RQ
HDFK ZKROH SHUIRUPDQFH� 6XFK D GHSHQGHQFH DSSHDUV WR EH PRUH SURQRXQFHG LQ WKH FDVH
RI WKH ILUVW VHFWLRQ�

)LJXUH � )RU HDFK VHFWLRQ DQG SLHFH� ER[SORW RI� �D� WKH DYHUDJH OHYHO RI DWWHQWLRQ RI WKH
PXVLFLDQV RI WKH VHFWLRQ WRZDUG WKH FRQGXFWRU �IHDWXUH A� �E� WKH DYHUDJH OHYHO RI
DWWHQWLRQ RI WKH PXVLFLDQV RI WKH VHFWLRQ WRZDUG WKH PXVLF VWDQG �IHDWXUH B��
WKH DYHUDJH RI WKH GLVWDQFHV RI WKH EDU\FHQWHUV RI WKH KHDGV RI WKH YLROLQLVWV RI
WKH VHFWLRQ IURP WKHLU DYHUDJH SRVLWLRQV �IHDWXUH C�� WKH VWDQGDUG GHYLDWLRQ RI
WKH DYHUDJH RI WKH RULHQWHG DQJOHV EHWZHHQ WKH FRUUHFWHG KHDG GLUHFWLRQV RI WKH
PXVLFLDQV RI WKH VHFWLRQ DQG WKHLU DYHUDJH FRUUHFWHG GLUHFWLRQV �IHDWXUH D�
�VHH RQOLQH YHUVLRQ IRU FRORXUV�
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/HW XV QRZ FRQVLGHU LQ PRUH GHWDLO WKH FDVH RI WKH IHDWXUH A� H[DPLQLQJ WKH HQWULHV LQ
SDUWV �D� DQG �F� RI 7DEOH �� ZKLFK UHIHUV WR WKH FDVH � GHILQHG DERYH� ,QWHUHVWLQJO\� IRU
D IL[HG FRQGXFWRU DQG D IL[HG SLHFH� LQVSHFWLRQ RI WKH FRUUHVSRQGLQJ HQWULHV LQ WKH WDEOH
VKRZV WKDW� IRU WKH ILUVW VHFWLRQ� WKH DYHUDJH OHYHO RI DWWHQWLRQ WRZDUG WKH FRQGXFWRU�
HYDOXDWHG RQ HDFK ZKROH SHUIRUPDQFH� KDV XVXDOO\ D ODUJHU YDOXH LQ WKH ILUVW UHFRUGLQJ
WKDQ LQ WKH VXFFHVVLYH RQHV �DOWKRXJK LQ JHQHUDO LW LV QRW D GHFUHDVLQJ IXQFWLRQ RI
WKH UHFRUGLQJ QXPEHU�� ,Q D VHQVH� WKH ILUVW VHFWLRQ µPHPRULVHV¶ WKH EHKDYLRXU RI WKH
FRQGXFWRU IURP WKH ILUVW H[HFXWLRQ RI D SLHFH WR WKH ODVW RQH� 7KLV HIIHFW DULVHV LQ WKH
ILUVW VHFWLRQ� OLNHO\ EHFDXVH LW LV WKH QHDUHVW WR WKH FRQGXFWRU� ,Q RUGHU WR YDOLGDWH WKLV
ILQGLQJ� ZH KDYH SHUIRUPHG ± IRU HDFK VHFWLRQ ± D FRPSDULVRQ RI UHSHDWHG PHDVXUHV�
LPSOHPHQWHG E\ D )ULHGPDQ WHVW� LQ ZKLFK HDFK EORFN LV FRQVWLWXWHG E\ WKH YDOXHV
DVVXPHG E\ WKH IHDWXUH A HYDOXDWHG LQ WKH FDVH 1 �ZKROH SHUIRUPDQFH� LQ WKH ILUVW�
VHFRQG DQG WKLUG UHFRUGLQJ XQGHU HDFK SDLU FRQGXFWRU�SLHFH �VR� WKH UHFRUGLQJ QXPEHUV
FRUUHVSRQG WR WKH µWUHDWPHQWV¶ RI WKH WHVW�� :H KDYH FKRVHQ WR XVH D )ULHGPDQ WHVW
VLQFH� IRU HDFK YLROLQLVW� WKH FRUUHFWLRQV WKDW KDYH EHHQ LQWURGXFHG LQ WKH HYDOXDWLRQ
RI WKH KHDG GLUHFWLRQV ± DQG WKHLU SRVVLEOH UHVLGXDO HUURUV ± DUH WKH VDPH IRU DOO
WKH WKUHH UHFRUGLQJV EHORQJLQJ WR WKH VDPH SDLU FRQGXFWRU�SLHFH �WKLV PRWLYDWHV WKH
GHSHQGHQFH DVVXPSWLRQ RI WKH WHVW IRU WKH REVHUYDWLRQV EHORQJLQJ WR WKH VDPH EORFN��
7KH )ULHGPDQ WHVW KDV SURYLGHG WHVW VWDWLVWLFV �PRGHOOHG E\ χ2 GLVWULEXWLRQV ZLWK
2 GHJUHHV RI IUHHGRP� QR DGMXVWPHQWV IRU WLHV ZHUH UHTXLUHG� HTXDO WR 9 DQG 2.33 IRU
WKH ILUVW DQG WKH VHFRQG VHFWLRQ� UHVS�� DQG p�YDOXHV HTXDO WR 0.011 DQG 0.311� UHVS��
DOORZLQJ WR UHMHFW ZLWK D VLJQLILFDQFH OHYHO 0.0125 ± IRU WKH FDVH RI WKH ILUVW VHFWLRQ ± WKH
QXOO K\SRWKHVLV WKDW WKH GLIIHUHQW VDPSOHV KDYH EHHQ GUDZQ IURP WKUHH GLVWULEXWLRQV ZLWK
WKH VDPH PHGLDQ� 0RUHRYHU� WR FRQWURO WKH LQIODWLRQ RI W\SH , HUURU SUREDELOLW\ GXH
WR PXOWLSOH FRPSDULVRQV� 0.0125 KDV EHHQ DGRSWHG DV WKH VLJQLILFDQFH OHYHO LQVWHDG RI
0.05� XVLQJ WKH %RQIHUURQL FRUUHFWLRQ �6KDIIHU� ����� ZLWK SDUDPHWHU n = 4� ZKLFK JLYHV
0.05/n = 0.05/4 = 0.0125� ,QGHHG� KHUH DQG LQ WKH IROORZLQJ ZH KDYH SHUIRUPHG D WRWDO
RI IRXU WHVWV �WZR )ULHGPDQ WHVWV� DQG WZR :LOFR[RQ VLJQHG�UDQN WHVWV��

$ FRPSDULVRQ ZLWK WKH HQWULHV LQ SDUWV �E� DQG �G� RI 7DEOH � VKRZV WKDW LQ JHQHUDO�
WKH DYHUDJH OHYHO RI DWWHQWLRQ RI HDFK VHFWLRQ WRZDUG WKH FRQGXFWRU LV ODUJHU ZKHQ
HYDOXDWHG DW WKH EHJLQQLQJ RI WKH SHUIRUPDQFH WKDQ RQ WKH ZKROH SHUIRUPDQFH� 7KLV
LV DOVR LOOXVWUDWHG LQ )LJXUHV ��D� WR ��G�� LQ ZKLFK WKH PHGLDQ YDOXHV DQG WKH HUURU
EDUV RI VXFK DYHUDJH OHYHOV RI DWWHQWLRQ DUH SORWWHG DQG FRPSDUHG IRU HDFK FRQGXFWRU�
7KLV ILQGLQJ FDQ EH LQWHUSUHWHG WDNLQJ LQWR DFFRXQW WKDW WKH UROH RI WKH FRQGXFWRU LV� RI
FRXUVH� SDUWLFXODUO\ LPSRUWDQW DW WKH EHJLQQLQJ RI WKH SHUIRUPDQFH �DQG RI FRXUVH� DOVR
LQ RWKHU SDUWV RI WKH SHUIRUPDQFH� ZKLFK PD\ EH LGHQWLILHG E\ DQ DQDO\VLV RI WKH PXVLF
VFRUH�� ,QGHHG� DW WKH EHJLQQLQJ RI WKH SHUIRUPDQFH� ORRNLQJ DW WKH FRQGXFWRU LV WKH RQO\
ZD\ IRU WKH PXVLFLDQV WR V\QFKURQLVH WKHPVHOYHV �QR DXGLR IHHGEDFN IURP WKH RWKHU
PXVLFLDQV RI WKH RUFKHVWUD LV DYDLODEOH LQ VXFK D PRPHQW�� :LWK WKH DLP RI YDOLGDWLQJ WKLV
ILQGLQJ� ZH KDYH SHUIRUPHG ± IRU HDFK VHFWLRQ ± D :LOFR[RQ VLJQHG�UDQN WHVW� SDLULQJ
WKH YDOXH DVVXPHG E\ WKH IHDWXUH A LQ FDVH � �ZKROH UHFRUGLQJ� ZLWK WKH RQH DVVXPHG
LQ FDVH � �ILUVW HLJKW VHFRQGV RI WKH VDPH UHFRUGLQJ�� $OVR IRU WKLV FDVH� WKH GHSHQGHQFH
DVVXPSWLRQ RI WKH WHVW LQVLGH HDFK EORFN LV PRWLYDWHG E\ WKH IDFW WKDW� IRU HDFK
UHFRUGLQJ� WKH IUDPHV FRUUHVSRQGLQJ WR WKH EHJLQQLQJ RI WKH SHUIRUPDQFH IRUP D VXEVHW
RI WKH ZKROH VHW RI IUDPHV� DQG DOVR WKH �SRVVLEO\ PXVLFLDQ�GHSHQGHQW� FDOLEUDWLRQV
DUH WKH VDPH IRU WKH WZR FDVHV� 7KH :LOFR[RQ VLJQHG�UDQN WHVW KDV SURYLGHG D WHVW
VWDWLVWLFV� z�YDOXH DQG p�YDOXH HTXDO� UHVS�� WR (18,−2.94, 0.003) IRU WKH ILUVW VHFWLRQ
DQG (9,−3.33, 0.001) IRU WKH VHFRQG VHFWLRQ� DOORZLQJ WR UHMHFW ZLWK D VLJQLILFDQFH OHYHO
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0.0125 ± IRU ERWK VHFWLRQV ± WKH QXOO K\SRWKHVLV WKDW WKH PHGLDQ GLIIHUHQFH EHWZHHQ WKH
SDLUV LV 0�

)LJXUH � 0HGLDQV DQG HUURU EDUV RI WKH DYHUDJH OHYHO RI DWWHQWLRQ WRZDUG WKH FRQGXFWRU
�IHDWXUH A�� HYDOXDWHG DW WKH EHJLQQLQJ RI WKH SHUIRUPDQFH DQG RQ WKH ZKROH
SHUIRUPDQFH� �D� IRU WKH FDVH RI� WKH ILUVW VHFWLRQ DQG WKH ILUVW SLHFH �E� WKH ILUVW
VHFWLRQ DQG WKH VHFRQG SLHFH �F� WKH VHFRQG VHFWLRQ DQG WKH ILUVW SLHFH �G� WKH VHFRQG
VHFWLRQ DQG WKH VHFRQG SLHFH �VHH RQOLQH YHUVLRQ IRU FRORXUV�
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�G�

)RU HDFK FRQGXFWRU� LQ JHQHUDO WKH IHDWXUHV B� C DQG D UHVXOWHG VPDOOHU DW WKH EHJLQQLQJ
RI WKH SHUIRUPDQFH DV FRPSDUHG WR WKH ZKROH SHUIRUPDQFH �LQ WKLV FDVH� WKH HUURU EDUV
DUH QRW VKRZQ� EXW WKLV FDQ EH VWLOO REWDLQHG LQ D VLPLODU ZD\ DV EHIRUH�� 7KLV PHDQV
WKDW� DV FRPSDUHG WR WKH ZKROH SHUIRUPDQFH� DW WKH EHJLQQLQJ RI WKH SHUIRUPDQFH WKH
PXVLFLDQV RI HDFK VHFWLRQ WHQG WR UHGXFH� UHVSHFWLYHO\� WKHLU DYHUDJH OHYHO RI DWWHQWLRQ
WRZDUG WKH PXVLF VWDQG� WKH DPSOLWXGH RI WKH PRYHPHQWV RI WKHLU KHDGV� DQG WKH
DPSOLWXGH RI WKH DQJXODU PRYHPHQWV RI WKH GLUHFWLRQV RI WKHLU KHDGV� )LQDOO\� ZH QRWH
WKDW ± LQ WKH VDPH UHFRUGLQJV ± WKHUH DUH VRPH GLIIHUHQFHV LQ WKH WDEOHV EHWZHHQ IHDWXUHV
HYDOXDWHG RQ RQH VHFWLRQ DQG WKH VDPH IHDWXUHV HYDOXDWHG RQ WKH RWKHU VHFWLRQ� +RZHYHU�
LQ WKLV FDVH RQH FDQQRW LQIHU WKDW VXFK GLIIHUHQFHV GR UHDOO\ GHSHQG RQ WKH VHFWLRQV
�IRU LQVWDQFH� GXH WR WKH GLIIHUHQW SDUWV SHUIRUPHG E\ WKH WZR VHFWLRQV� VLQFH WKH IHDWXUHV
PD\ EH DOVR GHSHQGHQW RQ WKH ORFDWLRQV DQG WKH FDOLEUDWLRQV� ZKLFK� LQ JHQHUDO� DUH
GLIIHUHQW IRU GLIIHUHQW PXVLFLDQV �VHH 6HFWLRQ � IRU D GLVFXVVLRQ DERXW WKHVH WRSLFV��
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� 'LVFXVVLRQ

%HKDYLRXUDO IHDWXUHV KDYH EHHQ LQYHVWLJDWHG IRU WKH PRYHPHQWV RI WKH KHDGV
RI WKH YLROLQLVWV LQ DQ RUFKHVWUD� LQ RUGHU WR VWXG\ WKHLU GHSHQGHQFH RQ WKH
FRQGXFWRU�SLHFH�VHJPHQW RI D SLHFH�QXPEHU RI WLPHV WKH VDPH H[SHULPHQWDO FRQGLWLRQ
LV UHSHDWHG� ,Q SDUWLFXODU� WKH DYHUDJH OHYHO RI DWWHQWLRQ WRZDUG WKH FRQGXFWRU RI WKH
ILUVW YLROLQ VHFWLRQ KDV VKRZQ WR GHSHQG RQ WKH QXPEHU RI WLPHV HDFK SLHFH KDV EHHQ
DOUHDG\ SHUIRUPHG� DQG DOVR RQ WKH SDUWLFXODU VHJPHQW RI WKH SLHFH WKDW LV WDNHQ LQWR
FRQVLGHUDWLRQ �H�J�� WKH DYHUDJH OHYHO RI DWWHQWLRQ WRZDUG WKH FRQGXFWRU DW WKH EHJLQQLQJ
RI WKH SHUIRUPDQFH LV LQ JHQHUDO ODUJHU WKDQ LQ WKH ZKROH SHUIRUPDQFH�� $OWKRXJK WKH
UHVXOWV UHSRUWHG LQ WKH SDSHU UHIHU WR VSHFLILF FKRLFHV RI VRPH SDUDPHWHUV �H�J�� WKH
WKUHVKROGV LQ WKH GHILQLWLRQV RI WKH WZR OHYHOV RI DWWHQWLRQ RI HDFK YLROLQLVW WRZDUG WKH
FRQGXFWRU DQG WKH PXVLF VWDQG� UHVSHFWLYHO\�� VLPLODU UHVXOWV LQ WHUPV RI UDQNLQJV RI
WKH YDOXHV RI WKH IHDWXUHV XQGHU GLIIHUHQW FRQGLWLRQV ZHUH REWDLQHG IRU D IHZ RWKHU
FKRLFHV RI VXFK SDUDPHWHUV �QRW UHSRUWHG KHUH GXH WR VSDFH OLPLWDWLRQV�� ,W KDV DOVR WR
EH UHPDUNHG WKDW WKH µRQH VHFRQG DQWLFLSDWLRQ¶ LQ WKH GHILQLWLRQ RI WKH µEHJLQQLQJ RI
WKH SHUIRUPDQFH¶ KDV EHHQ LQWURGXFHG PHUHO\ ZLWK WKH DLP RI VLPSOLI\LQJ WKH PDQXDO
SURFHGXUH XVHG WR LGHQWLI\ WKH LQLWLDO IUDPHV RI HDFK SHUIRUPDQFH� ,W LV OLNHO\ WKDW VXFK
DQ DQWLFLSDWLRQ LQWURGXFHV D ELDV LQ WKH GHILQLWLRQV RI WKH YDULRXV IHDWXUHV FRQVLGHUHG LQ
WKH SDSHU� +RZHYHU� WKLV KDV QR VLJQLILFDQW FRQVHTXHQFHV LQ RXU DQDO\VLV� DV ZH PDLQO\
IRFXV RQ WKH GLIIHUHQFHV LQ WKH YDOXHV RI WKH IHDWXUHV LQ GLIIHUHQW VLWXDWLRQV�

7KH DLP RI WKLV VWXG\ LV WR SURYLGH ZD\V WR PHDVXUH WKH WZR OHYHOV RI DWWHQWLRQ DQG
WR REWDLQ VRPH LQVLJKWV RQ WKHLU GHSHQGHQFLHV �SDUWLFXODUO\� IRU WKH FDVH RI WKH OHYHO RI
DWWHQWLRQ WRZDUG WKH FRQGXFWRU� RQ YDULRXV IDFWRUV ZKRVH LQIOXHQFH FDQ EH GHWHUPLQHG
LQ VSLWH RI WKH SUHVHQFH RI UHVLGXDO HUURUV LQ WKH SHUIRUPHG FDOLEUDWLRQV� )RU LQVWDQFH�
LQWHUHVWLQJ UHVXOWV RI WKH GDWD DQDO\VLV ± LQYHVWLJDWHG DOVR IURP D VWDWLVWLFDO VLJQLILFDQFH
SRLQW RI YLHZ ± DUH WKH HPHUJHQFH RI WKH µPHPRULVDWLRQ HIIHFW¶ GHVFULEHG LQ 6HFWLRQ ��
DQG WKH FRPSDULVRQ EHWZHHQ WKH DYHUDJH OHYHOV RI DWWHQWLRQ WRZDUG WKH FRQGXFWRU DW
WKH EHJLQQLQJ RI WKH SHUIRUPDQFH DQG RQ WKH ZKROH SHUIRUPDQFH� 2I FRXUVH� YDULRXV
LPSURYHPHQWV DUH SRVVLEOH� ,Q RUGHU WR PDNH PRUH XQOLNHO\ WKH RFFXUUHQFH ± IRU WKH
VDPH PXVLFLDQ ± RI VLPXOWDQHRXV �¶V LQ WKH IHDWXUHV µLQGLYLGXDO OHYHO RI DWWHQWLRQ WRZDUG
WKH FRQGXFWRU¶ DQG µLQGLYLGXDO OHYHO RI DWWHQWLRQ WRZDUG WKH PXVLF VWDQG¶� WKH FRQGXFWRU
PD\ EH SRVLWLRQHG LQ D GLIIHUHQW ZD\� H�J�� VWDQGLQJ RQ D KLJKHU IORRU WKDQ WKH YLROLQLVWV�
6OLJKWO\ GLIIHUHQW VHWXSV PD\ EH FRQVLGHUHG� H�J�� RQH PD\ SODFH WKH PXVLFLDQV LQ D
µPRUH V\PPHWULF ZD\¶ �H�J�� HTXDOO\ DQJXODU�VSDFHG RQ WZR FRQFHQWULF DUFV�� LQ RUGHU
WR UHGXFH WKH GHSHQGHQFH RI VRPH IHDWXUHV IURP WKH ORFDWLRQ� 7KH SURFHGXUH IROORZHG
LQ WKH SDSHU PD\ EH LPSURYHG E\ PDNLQJ LW PRUH DXWRPDWLF� WKLV ZRXOG UHGXFH UHVLGXDO
HUURUV� 7KLV PD\ EH DFKLHYHG� H�J�� E\ DSSO\LQJ PRUH VRSKLVWLFDWHG FRPSXWHU�YLVLRQ
WHFKQLTXHV� WKXV UHGXFLQJ WKH QHHG IRU WKH YLVXDO LQVSHFWLRQV XVHG LQ WKLV ZRUN WR
HVWLPDWH VRPH TXDQWLWLHV� $W WKH VDPH� WLPH� D IXOO\�DXWRPDWLF SURFHGXUH ZRXOG DOVR
LPSURYH WKH SUHFLVLRQ DQG DFFXUDF\ RI VXFK HVWLPDWHV DQG ZRXOG EH DEOH WR SURFHVV
D ODUJHU DPRXQW RI GDWD LQ OHVV WLPH� ,W ZRXOG DOVR DOORZ WR UHGXFH RU HOLPLQDWH WKH
DERYH�PHQWLRQHG µRQH VHFRQG DQWLFLSDWLRQ¶ LQ WKH GHILQLWLRQ RI WKH µEHJLQQLQJ RI WKH
SHUIRUPDQFH¶�

7KH IHDWXUHV FRQVLGHUHG LQ WKLV ZRUN DUH PDLQO\ µDWWHQWLRQDO¶ IHDWXUHV� VLQFH WKH\
DLP DW UHYHDOLQJ KRZ PXFK WKH DWWHQWLRQ RI HDFK VHFWLRQ LV IRFXVHG WRZDUG SDUWLFXODU
SRLQWV RI LQWHUHVW �H�J�� WKH FRQGXFWRU DQG WKH PXVLF VWDQG�� $PRQJ GLUHFWLRQV RI UHVHDUFK
ZH PHQWLRQ� WKH LQYHVWLJDWLRQ RI µH[SUHVVLYH¶ YLVXDO IHDWXUHV� DEOH WR GLVFULPLQDWH� H�J��
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EHWZHHQ WKH OHYHOV RI H[SUHVVLYLW\ RI GLIIHUHQW SLHFHV� RU EHWZHHQ GLIIHUHQW LQWHUSUHWDWLRQV
RI WKH VDPH SLHFH >VHH� DJDLQ� *ORZLQVNL HW DO� ������ IRU VXFK D NLQG RI VWXG\� LQ WKH
FDVH RI D VWULQJ TXDUWHW@ DQG WKH LQYHVWLJDWLRQ RI SRVVLEOH FRUUHODWLRQV DPRQJ WKH VHOHFWHG
DWWHQWLRQDO IHDWXUHV� 2WKHU SRVVLEOH H[WHQVLRQV LQ WKH DQDO\VLV LQFOXGH� WKH LQYHVWLJDWLRQ
RI UHODWLRQV DPRQJ WKH SURSRVHG IHDWXUHV DQG WKH PXVLF VFRUH� WKH DQDO\VLV RI VSHHG�
DFFHOHUDWLRQ DQG FRRUGLQDWLRQ RI KHDG PRYHPHQWV >VHH� H�J�� *ORZLQVNL HW DO� ������
IRU VXFK D NLQG RI VWXG\ RQ FRRUGLQDWLRQ� LQ WKH FDVH RI D VWULQJ TXDUWHW@� WKH XVH RI
WRROV FRPPHUFLDOO\ DYDLODEOH LQ WKH IXWXUH� VXFK DV *RRJOH JODVVHV� WR REWDLQ HYHQ EHWWHU
HVWLPDWHV RI ERWK OHYHOV RI DWWHQWLRQ �DQG DOVR HVWLPDWHV RI DOO WKH WKUHH FRPSRQHQWV RI
WKH KHDG GLUHFWLRQV� SRVVLEO\ XVLQJ VXLWDEOH LPDJH SURFHVVLQJ WHFKQLTXHV�� WKH VWXG\ RI
UHODWLRQV DPRQJ WKH PRYHPHQWV RI WKH EDWRQ RI WKH FRQGXFWRU DQG WKH OHYHO RI DWWHQWLRQ
WRZDUG WKH FRQGXFWRU�

$FNQRZOHGJHPHQWV

7KH (8 ,&7 6,(035( SURMHFW DFNQRZOHGJHV WKH ILQDQFLDO VXSSRUW RI WKH )XWXUH DQG
(PHUJLQJ 7HFKQRORJLHV �)(7� SURJUDPPH ZLWKLQ WKH 6HYHQWK )UDPHZRUN 3URJUDPPH
IRU 5HVHDUFK RI WKH (XURSHDQ &RPPLVVLRQ� XQGHU )(7�2SHQ JUDQW QXPEHU� ���������
:H WKDQN WKH FRQGXFWRUV 3� %RUJRQRYR DQG 6� 7RND\� WKH 2UFKHVWUD RI WKH 0XVLF
&RQVHUYDWRU\ RI *HQRD GLUHFWHG E\ $� 7DSSHUR 0HUOR� DQG RXU FROOHDJXHV DW &DVD
3DJDQLQL ± ,QIR0XV 5HVHDUFK &HQWUH� 7KH DXWKRUV ZHUH SDUWLDOO\ VXSSRUWHG E\ WKH
µ3URJHWWR GL 5LFHUFD GL $WHQHR ����¶ µ0RGHOV DQG &RPSXWDWLRQDO 0HWKRGV IRU
+LJK�'LPHQVLRQDO 'DWD¶� JUDQWHG E\ WKH 8QLYHUVLW\ RI *HQRD�

5HIHUHQFHV
%D� 6� DQG 2GREH]� -�0� ������ µ$ VWXG\ RQ YLVXDO IRFXV RI DWWHQWLRQ UHFRJQLWLRQ IURP KHDG

SRVH LQ D PHHWLQJ URRP¶� LQ 6W� 5HQDOV� 6� %HQJLR DQG -�*� )LVFXV �(GV��� 0DFKLQH /HDUQLQJ
IRU 0XOWLPRGDO ,QWHUDFWLRQ� 9RO� ���� RI /HFWXUH 1RWHV LQ &RPSXWHU 6FLHQFH� SS���±���
6SULQJHU� %HUOLQ +HLGHOEHUJ�

%HZLFN� 9�� &KHHN� /� DQG %DOO� -� ������ µ6WDWLVWLFV UHYLHZ ��� IXUWKHU QRQSDUDPHWULF PHWKRGV¶�
&ULWLFDO &DUH� 9RO� �� 1R� �� SS����±����

&DPXUUL� $�� 'DUGDUG� )�� *KLVLR� 6�� *ORZLQVNL� '�� *QHFFR� *� DQG 6DQJXLQHWL� 0� ������
µ([SORLWLQJ WKH 6KDSOH\ YDOXH LQ WKH HVWLPDWLRQ RI WKH SRVLWLRQ RI D SRLQW RI LQWHUHVW IRU D
JURXS RI LQGLYLGXDOV¶� 3URFHGLD ± 6RFLDO DQG %HKDYLRUDO 6FLHQFHV� WR DSSHDU�

&DVWHOODQR� *�� 0RUWLOODUR� 0�� &DPXUUL� $�� 9ROSH� *� DQG 6FKHUHU� .� ������ µ$XWRPDWHG
DQDO\VLV RI ERG\ PRYHPHQW LQ HPRWLRQDOO\ H[SUHVVLYH SLDQR SHUIRUPDQFHV¶� 0XVLF
3HUFHSWLRQ� 9RO� ��� 1R� �� SS����±����

&KDGHIDX[� '�� :DQGHUOH\� 0�� /H &DUURX� -�/�� )DEUH� %� DQG 'DXGHW� /� ������ µ([SHULPHQWDO
VWXG\ RI WKH PXVLFLDQ�LQVWUXPHQW LQWHUDFWLRQ LQ WKH FDVH RI WKH FRQFHUW KDUS¶� LQ 3URF� RI WKH
��WK &RQJUH̀V )UDQF̧DLV G¶$FRXVWLTXH DQG WKH ���� $QQXDO ,2$ 0HHWLQJ� SS�����±�����

'¶$XVLOLR� $�� %DGLQR� /�� /L� <�� 7RND\� 6�� &UDLJKHUR� /�� &DQWR� 5�� $ORLPRQRV� <� DQG
)DGLJD� /� ������ µ/HDGHUVKLS LQ RUFKHVWUD HPHUJHV IURP WKH FDXVDO UHODWLRQVKLSV RI
PRYHPHQW NLQHPDWLFV¶� 3/R6 RQH� 9RO� �� 1R� H������ SS��±��

'DKO� 6�� %HYLODFTXD� )�� %UHVLQ� 5�� &OD\WRQ� 0�� /HDQWH� /�� 3RJJL� ,� DQG 5DVDPLPDQDQD� 1�
������� µ*HVWXUHV LQ SHUIRUPDQFH¶� LQ *RG¡\� 5� ,� 	 /HPDQ� 0� �(GV��� 0XVLFDO *HVWXUHV�
6RXQG� 0RYHPHQW� DQG 0HDQLQJ� SS���±��� 5RXWOHGJH� 1HZ <RUN�
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'DYLGVRQ� -�:� ������ µ9LVXDO SHUFHSWLRQ RI SHUIRUPDQFH PDQQHU LQ WKH PRYHPHQWV RI VROR
PXVLFLDQV¶� 3V\FKRORJ\ RI 0XVLF� 9RO� ��� 1R� �� SS����±����

'DYLGVRQ� -�:� ������ µ:KDW W\SH RI LQIRUPDWLRQ LV FRQYH\HG LQ WKH ERG\ PRYHPHQWV RI VROR
PXVLFLDQ SHUIRUPHUV"¶� -� RI +XPDQ 0RYHPHQW 6WXGLHV� 9RO� �� SS����±����

*QHFFR� *�� %DGLQR� /�� &DPXUUL� $�� '¶$XVLOLR� $�� )DGLJD� /�� *ORZLQVNL� '�� 6DQJXLQHWL� 0��
9DUQL� *� DQG 9ROSH� *� ������ µ7RZDUGV DXWRPDWHG DQDO\VLV RI MRLQW PXVLF SHUIRUPDQFH LQ
WKH RUFKHVWUD¶� LQ $UWV DQG 7HFKQRORJ\� �UG ,QW� &RQI�� $UWV,7� 0LODQ� ,WDO\� 0DUFK ��±���
5HYLVHG 6HOHFWHG 3DSHUV� 9RO� ��� RI /HFWXUH 1RWHV RI WKH ,QVWLWXWH IRU &RPSXWHU 6FLHQFHV�
6RFLDO ,QIRUPDWLFV DQG 7HOHFRPPXQLFDWLRQV (QJLQHHULQJ �/1,&67� 6HULHV� SS����±����
6SULQJHU� %HUOLQ +HLGHOEHUJ�

*ORZLQVNL� '�� 'DHO� 1�� &DPXUUL� $�� 9ROSH� *�� 0RUWLOODUR� 0� DQG 6FKHUHU� .� ������ µ7RZDUG
D PLQLPDO UHSUHVHQWDWLRQ RI DIIHFWLYH JHVWXUHV¶� ,((( 7UDQV� RQ $IIHFWLYH &RPSXWLQJ� 9RO� ��
1R� �� SS����±����

*ORZLQVNL� '�� *QHFFR� *�� &DPXUUL� $� DQG 3LDQD� 6� ������ µ([SUHVVLYH QRQ�YHUEDO LQWHUDFWLRQ
LQ VWULQJ TXDUWHW¶� LQ 3URF� �WK ,((( ,QW� &RQI� RQ $IIHFWLYH &RPSXWLQJ DQG ,QWHOOLJHQW
,QWHUDFWLRQ �,((( $&,,�� WR DSSHDU�

3DOPHU� &�� .RRSPDQV� (�� &DUWHU� &�� /RHKU� -�'� DQG :DQGHUOH\� 0� ������ µ6\QFKURQL]DWLRQ
RI PRWLRQ DQG WLPLQJ LQ FODULQHW SHUIRUPDQFH¶� LQ 3URF� �QG ,QW� 6\PS� RQ 3HUIRUPDQFH
6FLHQFH� SS����±����

6KDIIHU� -�3� ������ µ0XOWLSOH K\SRWKHVLV WHVWLQJ¶� $QQXDO 5HYLHZ RI 3V\FKRORJ\� 9RO� ���
SS����±����

6WLHIHOKDJHQ� 5� ������ µ7UDFNLQJ IRFXV RI DWWHQWLRQ LQ PHHWLQJV¶� LQ 3URF� �WK ,((( ,QW� &RQI�
RQ 0XOWLPRGDO ,QWHUIDFHV� SS����±���� ,(((�

6WLHIHOKDJHQ� 5� DQG =KX� -� ������ µ+HDG RULHQWDWLRQ DQG JD]H GLUHFWLRQ LQ PHHWLQJV¶� LQ &+, µ��
([WHQGHG $EVWUDFWV RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV� &+, ($ µ��� SS����±����
$&0� 1HZ <RUN� 1<� 86$�

6WLHIHOKDJHQ� 5�� <DQJ� -� DQG :DLEHO� $� ������ µ0RGHOLQJ IRFXV RI DWWHQWLRQ IRU PHHWLQJ
LQGH[LQJ EDVHG RQ PXOWLSOH FXHV¶� ,((( 7UDQV� RQ 1HXUDO 1HWZRUNV� 9RO� ��� 1R� ��
SS����±����

9DUQL� *�� 9ROSH� *� DQG &DPXUUL� $� ������ µ$ V\VWHP IRU UHDO�WLPH PXOWLPRGDO DQDO\VLV RI
QRQYHUEDO DIIHFWLYH VRFLDO LQWHUDFWLRQ LQ XVHU�FHQWULF PHGLD¶� ,((( 7UDQV� RQ 0XOWLPHGLD�
9RO� ��� 1R� �� SS����±����

:DQGHUOH\� 0�0� ������ µ4XDQWLWDWLYH DQDO\VLV RI QRQ�REYLRXV SHUIRUPHU JHVWXUHV¶� LQ 3URF� RI
WKH *HVWXUH :RUNVKRS� 9RO� �� SS����±����

:KLWOH\� (� DQG %DOO� -� ������ µ6WDWLVWLFV UHYLHZ �� QRQSDUDPHWULF PHWKRGV¶� &ULWLFDO &DUH�
9RO� �� 1R� �� SS����±����


