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+XPDQ ,QWHUIDFH /DERUDWRU\

&RUSRUDWH 5HVHDUFK 	 'HYHORSPHQW &HQWHU

726+,%$

�� .RPXNDL�7RVKLED�FKR� 6DLZDL�NX� .$:$6$., �������� -$3$1

^ND]X�NLPXUD�KLGHNL�KLUDNDZD`#WRVKLED�FR�MS

$EVWUDFW
7KH UHODWLRQ EHWZHHQ WKH GHJUHH RI DEVWUDFWLRQ RI D FRQFHSW DQG WKH H[SODQDWLRQ FDSDELOLW\ �YDOLGLW\ DQG FRYHUDJH� RI FRQFHSWXDO

GHVFULSWLRQ ZKLFK LV WKH FRQVWUDLQW KHOG EHWZHHQ FRQFHSWV LV FODULILHG H[SHULPHQWDOO\ E\ SHUIRUPLQJ WKH RSHUDWLRQ FDOOHG FRQFHSW

DEVWUDFWLRQ� 7KLV LV WKH SURFHGXUH WKDW FKRRVHV D VHW FHUWDLQ RI ORZHU OHYHO FRQFHSWV LQ D FRQFHSW KLHUDUFK\ DQG PDSV WKH VHW WR RQH RU

PRUH XSSHU OHYHO �DEVWUDFW� FRQFHSWV� :H WRRN WKH WKUHH DEVWUDFWLRQ WHFKQLTXHV RI D IODW GHSWK� D IODW VL]H� DQG D IODW SUREDELOLW\ PHWKRG

IRU WKH GHJUHH RI DEVWUDFWLRQ� %\ WDNLQJ WKHVH PHWKRGV DQG GHJUHHV DV D SDUDPHWHU� ZH DSSOLHG WKH FRQFHSW DEVWUDFWLRQ WR WKH ('5

&RQFHSW &ODVVLILFDWLRQV DQG SHUIRUPHG ZRUG VHQVH GLVDPELJXDWLRQ WHVW� 7KH WHVW VHW DQG WKH GLVDPELJXDWLRQ NQRZOHGJH ZHUH H[WUDFWHG

DV D FR�RFFXUUHQFH H[SUHVVLRQ IURP WKH ('5 &RUSRUD� 7KURXJK WKH WHVW� ZH IRXQG WKDW WKH IODW SUREDELOLW\ PHWKRG JLYHV WKH EHVW UHVXOW�

:H DOVR FDUULHG RXW DQ HYDOXDWLRQ E\ FRPSDULQJ WKH DEVWUDFWHG KLHUDUFK\ ZLWK WKDW RI KXPDQ LQWURVSHFWLRQ DQG IRXQG WKH IODW VL]H

PHWKRG JLYHV WKH PRVW VLPLODU UHVXOWV WR KXPDQ� 7KHVH UHVXOWV ZRXOG FRQWULEXWH WR FODULI\ WKH DSSURSULDWH GHWDLOHG�QHVV RI D FRQFHSW

ZKHQ JLYHQ DQ DSSOLFDWLRQ SXUSRVH RI D FRQFHSW KLHUDUFK\�
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,Q :RUG 6HQVH 'LVDPELJXDWLRQ �KHUHDIWHU :6'� SUREOHP�
ILUVW ZH VKRXOG PDNH FOHDU KRZ WR GHILQH WKH XQLW RI D
PHDQLQJ� 0RUHRYHU� LW LV DQ LPSRUWDQW VXEMHFW WR FODULI\
WKH XQLW ZKHWKHU KDYLQJ VXIILFLHQW GHVFULSWLRQ SRZHU� WKDW
LV VHPDQWLF GLVFULPLQDWLRQ DELOLW\� LQ UHVSHFW WR D FHUWDLQ
DSSOLFDWLRQ SXUSRVH� )RU H[DPSOH� LQ WKH -DSDQHVH WR
(QJOLVK PDFKLQH WUDQVODWLRQ V\VWHP $/7�-�( �,NHKDUD HW DO�
������ WKH\ XVH DERXW ����� VHPDQWLF FDWHJRULHV ZLWK
KLHUDUFKLFDO FRQVWUXFWLRQ� 7KLV FODVVLILFDWLRQ� DOVR NQRZQ
DV WKH 177�WKHVDXUXV �,NHKDUD HO DO� (GV� ������ LV VDLG WR
JLYH DQ HQRXJK GLVFULPLQDWLRQ DELOLW\ WR PDNH D FRUUHFW
FKRLFH RI WDUJHW ZRUGV� ,Q :RUG1HW �)HOOEDXP (GV� �����
DERXW ������ V\QVHWV DUH GHILQHG IRU (QJOLVK� $QG LQ WKH
('5 &RQFHSW &ODVVLILFDWLRQ� ZKLFK ZDV GHVLJQHG DV DQ
LQWHUPHGLDWH ODQJXDJH IRU ERWK (QJOLVK DQG -DSDQHVH�
DERXW ������� VHPDQWLF QRGHV DUH FODVVLILHG� 2I FRXUVH� LI
WKH FRQFHSW LV GHILQHG PRUH GHWDLOHG� WKH GLVFULPLQDWLRQ
DELOLW\ ZLOO LQFUHDVH D FHUWDLQ GHJUHH� +RZHYHU� D SUREOHP
DULVHV ZKHQ WKH FRQFHSWV DUH GHILQHG LQ PRUH GHWDLO� WKH
FRVW RI GHYHORSLQJ DFWXDO VHPDQWLF FRQVWUDLQWV DPRQJ D
QXPEHU RI FRQFHSWV� )XUWKHUPRUH� WRR GHWDLOHG GHILQLWLRQ
PD\ OHDG WR H[FHHG WKH KXPDQ DELOLW\ RI VHQVH
GLVFULPLQDWLRQ� 7KHQ WKH FRQVWUDLQW GHYHORSPHQW LWVHOI
PD\ EH QRW UHOLDEOH ZRUN DV RSSRVHG WR WKH H[SHFWDWLRQV RI
FRQFHSW GHVLJQHUV� +HQFH ZH EHOLHYH WKHUH H[LVWV D FHUWDLQ
DSSURSULDWH OHYHO RI GHWDLOHG�QHVV RI D FRQFHSW LI JLYHQ D
FHUWDLQ DSSOLFDWLRQ SXUSRVH� VXFK DV WDUJHW ZRUG VHOHFWLRQ
�RU :6'� LQ PDFKLQH WUDQVODWLRQ DQG VLPLODULW\ PHDVXULQJ
LQ LQIRUPDWLRQ UHWULHYDO�
,Q RUGHU WR H[SORUH DERXW WKLV SUREOHP� ZH FDUU\ RXW WKH
RSHUDWLRQ FDOOHG FRQFHSW DEVWUDFWLRQ� 7KLV LV WKH
SURFHGXUH WKDW FKRRVHV D FHUWDLQ VHW RI ORZHU OHYHO
FRQFHSWV LQ D FRQFHSW KLHUDUFK\ DQG PDSV WKH VHW WR RQH RU
PRUH XSSHU OHYHO �DEVWUDFW� FRQFHSWV� ,W FODULILHV WKH
UHODWLRQ EHWZHHQ WKH GHJUHH RI DEVWUDFWLRQ RI D FRQFHSW
DQG WKH H[SODQDWLRQ FDSDELOLW\ �YDOLGLW\ DQG FRYHUDJH� RI
FRQFHSWXDO GHVFULSWLRQ ZKLFK LV WKH FRQVWUDLQW KHOG
EHWZHHQ FRQFHSWV� $V DQ LQLWLDO YDOXH RI FODVVLILFDWLRQV

DQG FRQVWUDLQWV� ZH DGRSW WKH &RQFHSW &ODVVLILFDWLRQ DQG
WKH &RUSRUD SURYLGHG E\ ('5 EHFDXVH LWV FODVVLILFDWLRQ LV
KLJKO\ GHWDLOHG WKDQ WKH RWKHU VHPDQWLF V\VWHPV DQG WKH
FRUSRUD LV VHPDQWLFDOO\ WDJJHG�
,Q WKH UHPDLQGHU RI WKLV SDSHU ZH ZLOO ILUVW RI DOO RXWOLQH D
FRQFHSW DEVWUDFWLRQ DQG WKHQ WKH WKUHH PHFKDQLFDO
DEVWUDFWLRQ WHFKQLTXHV RI D IODW GHSWK� D IODW VL]H� DQG D IODW
SUREDELOLW\ PHWKRG� %\ WDNLQJ WKHVH PHWKRGV DQG GHJUHHV
RI DEVWUDFWLRQ DV D SDUDPHWHU ZH ZLOO GHVFULEH WKH :6'
WHVW WR FODULI\ LWV SUHFLVLRQ DQG FRYHUDJH� :H ZLOO DOVR
PDNH DQ HYDOXDWLRQ E\ FRPSDULQJ WKH DEVWUDFWHG KLHUDUFK\
ZLWK WKDW RI KXPDQ LQWURVSHFWLRQ DQG WKHQ PDNH D
FRPSDULVRQ EHWZHHQ WKH DEVWUDFWLRQ WHFKQLTXHV� $QG
ILQDOO\ ZH ZLOO FRQVLGHU DERXW WKH DSSURSULDWH GHWDLOHG�
QHVV RI D FRQFHSW IRU :6' WDVN�
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$GYDQWDJHV RI FRQFHSW DEVWUDFWLRQ

&RQFHSW DEVWUDFWLRQ LV D PHFKDQLFDO RSHUDWLRQ WKDW
VLPSOLILHV D FRQFHSW KLHUDUFK\� )LUVW� WKH WHUPV XVHG LQ WKLV
SDSHU DUH HQXPHUDWHG�

&RQFHSW� $ VHPDQWLF ODEHO WKDW LV DVVLJQHG RQH RU PRUH
WR RQH ZRUG� +HUHDIWHU� D KH[DGHFLPDO QXPEHU FDOOHG
FRQFHSW LGHQWLILHU RU SDUHQWKHVLV H[SUHVVLRQ VXFK DV
�ZRUG! LV XVHG WR H[SUHVV D FRQFHSW�
&RQFHSW &ODVVLILFDWLRQ� $ VHW RI FRQVWUDLQWV WKDW GHILQH
DQ XSSHU�ORZHU UHODWLRQ EHWZHHQ WZR FRQFHSWV� ,W LV DOVR
FDOOHG LVD UHODWLRQ� DNR UHODWLRQ� HWF� ,W FRQVWLWXWHV D WUHH
RU D GLUHFWHG DF\FOLF JUDSK �'$*�� 7KH ODWWHU LV WDNHQ
ZKHQ D PXOWLSOH LQKHULWDQFH LV DOORZHG� 7KH VHW RI
H[WHQVLRQV RI D FRQFHSW LV D XQLRQ RI WKDW RI GRPLQDQWV�
$Q LQWHQVLRQ RI D FRQFHSW� WKDW LV WKH FRQFHSWXDO
GHVFULSWLRQ DERXW WKH FRQFHSW� DOVR KROGV DW LWV
GRPLQDQWV� 7KLV LV NQRZQ DV WKH LQKHULWDQFH PHFKDQLVP�
&RQFHSW 'HVFULSWLRQ� $ VHW RI FRQVWUDLQWV WKDW GHILQH D
VHPDQWLF UHODWLRQ DPRQJ FRQFHSWV� ,Q WKLV SDSHU ZH
RQO\ FRQVLGHU WKH FRQVWUDLQWV EHWZHHQ WZR FRQFHSWV� QRW
PRUH� $V D VHPDQWLF UHODWLRQ� ZH XVH D QRUPDO GHHS�



FDVH ODEHO VXFK DV DJHQW� REMHFW� VFHQH� HWF� )RU

QRWDWLRQDO FRQYHQLHQFH D ��WXSOH RI �UHODWLRQ� FRQFHSW��

FRQFHSW�! LV XVHG IRU D FRQFHSW GHVFULSWLRQ�

&RQFHSW $EVWUDFWLRQ� $ SURFHGXUH ZKLFK FKRRVHV D

FHUWDLQ FRQFHSW VHW RXW RI D JLYHQ FRQFHSW FODVVLILFDWLRQ�

DQG PDSV WKH VHW WR RQH RU PRUH XSSHU OHYHO FRQFHSWV�

$EVWUDFWLRQ RI D FRQFHSW LV� IRU H[DPSOH� D PDSSLQJ D

FRQFHSW �WKRURXJKEUHG! WR FRQFHSW �KRUVH! RU FRQFHSW

�DQLPDO!� 7KH QXPEHU RI FRQFHSWXDO QRGHV FODVVLILHG

GHFUHDVHV DQG WKH ORDG RI V\VWHP PDLQWHQDQFH LV PLWLJDWHG

E\ DEVWUDFWLRQ� $SSURSULDWH DEVWUDFWLRQ FRQWULEXWHV WR

GHFUHDVH XQQHFHVVDU\ VXEGLYLVLRQ DQG SURYLGHV WKH

GHWDLOHG�QHVV VXLWDEOH IRU GHYHORSPHQW RI FRQFHSWXDO

GHVFULSWLRQ� 7KH GHWDLOHG�QHVV PD\ EH H[SHFWHG WR EH IODW

WKDW LV D GHVLUDEOH IHDWXUH HVSHFLDOO\ IRU PHDVXULQJ

VHPDQWLF VLPLODULW\� )XUWKHUPRUH� FRQFHSW DEVWUDFWLRQ

JHQHUDOL]HV FRQFHSW GHVFULSWLRQV DQG VSUHDGV WKHLU

FRYHUDJH� )RU H[DPSOH� LI D FRQFHSW GHVFULSWLRQ �DJHQW�

WKRURXJKEUHGV� UXQ! LV DEVWUDFWHG OLNH �DJHQW� KRUVHV�

UXQ!� WKHQ WKH RULJLQDO RQH QRZ FDQ EH DSSOLHG WR KRUVHV

RWKHU WKDQ WKRURXJKEUHGV� 7KXV� WKH DGYDQWDJHV RI

DEVWUDFWLRQ DUH VXPPDUL]HG EHORZ�

7R IODWWHQ FRQFHSWV� 0DLQWHQDQFH RI D FRQFHSW

FODVVLILFDWLRQ LV QHHGHG FRQVWDQWO\� 7KHUHIRUH� LW LV

GHVLUDEOH WR EXLOG LW ZLWK WKH FRQFHSWV RI QHFHVVDU\

PLQLPXP DV SRVVLEOH� DQG WKDW YLHZSRLQW RI D

FODVVLILFDWLRQ LV FOHDU� )XUWKHUPRUH� LW LV H[SHFWHG WR

SURYLGH VHPDQWLF GLVFULPLQDWLRQ DELOLW\ VXLWDEOH IRU WKH

DSSOLFDWLRQ SXUSRVHV VXFK DV ,5 DQG 07� DQG WR JLYH D

VHPDQWLF XQLW WKDW HQDEOHV H[DFW DQG FRPSDFW FRQFHSW

GHVFULSWLRQ GHYHORSPHQW� &RQFHSW DEVWUDFWLRQ

FRQWULEXWHV WR WKHVH FKDUDFWHULVWLFV�

7R JHQHUDOL]H FRQFHSW GHVFULSWLRQV� $ FRQFHSW

GHVFULSWLRQ LV DQ DSSUR[LPDWLRQ RI JHQHUDO NQRZOHGJH�

DQG LV PDLQO\ JUDGXDOO\ JDLQHG IURP PDQ\ H[DPSOHV

�FRUSRUD�� &RQFHSW DEVWUDFWLRQ JHQHUDOL]HV FRQFHSW

GHVFULSWLRQ REWDLQHG IURP LQGLYLGXDO H[DPSOHV RQ DQ

DSSURSULDWH OHYHO� DQG H[SDQGV WKH NQRZOHGJH WKDW PD\

EH DSSOLHG IRU RWKHU H[DPSOHV� +RZHYHU� LW LV QHFHVVDU\

WR UHJDUG WKDW H[FHVVLYH DEVWUDFWLRQ� VD\ RYHU�

JHQHUDOL]DWLRQ OHDGV D

ZURQJ NQRZOHGJH� DQG

ORZHUV LWV UHOLDELOLW\�

7HFKQLTXHV RI FRQFHSW
DEVWUDFWLRQ

+HUH ZH LQWURGXFH WKH WKUHH

WHFKQLTXHV RI FRQFHSW

DEVWUDFWLRQ� ZKLFK ZH

LPSOHPHQW DQG HYDOXDWH�

)ODW 'HSWK 0HWKRG� 7KH

FRQFHSW ZKRVH GHSWK IURP

WKH URRW LV PRUH WKDQ

FRQVWDQW ' LV DEVWUDFWHG WR

LWV DQFHVWRU FRQFHSW RI

GHSWK '� ,I WKH KLHUDUFK\

KDV WKH IHDWXUH WKDW HYHU\

VHPDQWLF GLVWDQFH �RU

VLPLODULW\� EHWZHHQ PRWKHU

DQG GDXJKWHU QRGH LV

JXDUDQWHHG WR EH IL[HG

ZKHQ WKH GHSWK ' LV JLYHQ� LW ZLOO EH WKRXJKW WKDW WKLV

WHFKQLTXH LV HIIHFWLYH� +RZHYHU� LW LV GLIILFXOW WR DVVXPH

WKH H[LVWHQFH RI VXFK FODVVLILFDWLRQ�

)ODW 6L]H 0HWKRG� 7KH GHVFHQGDQWV DUH DEVWUDFWHG WR

WKHLU DQFHVWRU VR WKDW WKH QXPEHU RI GRPLQDQWV RI WKH

DQFHVWRU WR EH LQ WKH QHLJKERUKRRG RI D FRQVWDQW 6� ,I

HDFK GHWDLOHG�QHVV RI JLYHQ FRQFHSW LV DOPRVW VDPH� WKH

GHWDLOHG�QHVV RI DEVWUDFWHG RQH ZLOO EH IODW� DQG EH

FRQVLGHUHG WKDW WKLV WHFKQLTXH LV HIIHFWLYH�

)ODW 3UREDELOLW\ 0HWKRG� 7KH GHVFHQGDQWV DUH

DEVWUDFWHG WR WKHLU DQFHVWRU VR WKDW WKH DSSHDUDQFH

SUREDELOLW\ RI GRPLQDQWV RI WKH DQFHVWRU WR EH LQ WKH

QHLJKERUKRRG RI D FRQVWDQW 3� 7KH SUREDELOLW\ RI WKH

DQFHVWRU LV FDOFXODWHG E\ DGGLQJ VXP RI WKH

SUREDELOLWLHV RI LWV GRPLQDQWV WR WKH RZQ SUREDELOLW\�

7KHQ WKH SUREDELOLW\ RI WKH URRW QRGH HTXDOV RQH� 7KLV

LV WKH VDPH DSSURDFK E\ /L DQG $EH ������� +LUDNDZD

HW DO� ������� DQG 0F&DUWK\ �����E�� ,Q FRQWUDVW� WKHUH

LV DQRWKHU IUDPHZRUN E\ 5HVQLN ������� ,W HQVXUHV WKDW

WKH VXP RI SUREDELOLWLHV RYHU WKH HQWLUH KLHUDUFK\ HTXDOV

RQH� :H GLGQ¶W WDNH WKLV VLQFH IODWQHVV RI OHDI QRGHV LV

WKH PDWWHU RI FRQFHUQ� $SSURSULDWH DEVWUDFWLRQ LV

H[SHFWHG LI ZH FDQ DVVXPH WKH DSSHDUDQFH SUREDELOLW\

LV SURSRUWLRQDO WR WKH GHWDLOHG�QHVV RI D FRQFHSW�

+RZHYHU� ZKHQ REWDLQLQJ IRU DSSHDUDQFH SUREDELOLW\

IURP D FRUSXV� DOWKRXJK LW LV KDUG WR FRQVLGHU DQRWKHU

FKRLFH� LW VKRXOG EH DQ DSSURSULDWH VDPSOH RI WKH

XQLYHUVH� VXFK DV DOO GRFXPHQWV RI D WDVN GRPDLQ WR

ZKLFK FRQFHSW GHVFULSWLRQV DUH GHYHORSHG�

7UHDWPHQW RI D PXOWLSOH LQKHULWDQFH LQ FRQFHSW
DEVWUDFWLRQ

$ FRQFHSW FODVVLILFDWLRQ FRQVWLWXWHV D WUHH RU D '$*� 7KH

ODWWHU DOORZV H[LVWHQFH RI WZR RU PRUH XSSHU OHYHO

FRQFHSWV WR D FHUWDLQ FRQFHSW� DQG LW LQKHULWV WKH DWWULEXWH

RI WKHVH XSSHU OHYHO FRQFHSWV �PXOWLSOH LQKHULWDQFH�� )RU

H[DPSOH� D -DSDQHVH ZRUG XPD �D KRUVH� KDV VHYHUDO

FRUUHVSRQGHQFHV WR WKH FRQFHSW ODEHO� VXFK DV D KRUVH DV DQ

DQLPDO� D KRUVH DV HGLEOH PHDW� D KRUVH DV D YHKLFOH� DQG D

KRUVH DV D PDQ RI -DSDQHVH FKHVV� ,I WKHVH DUH DOO

FRQVLGHUHG WR EH SRO\VHP\� DOWKRXJK D KLHUDUFK\ ZLOO

VHUYH DV WKH VLPSOH WUHH VWUXFWXUH ZLWKRXW D PXOWLSOH

���F�G�SHUVRQV

�DD����DJHQWV

�DD����FRQFHSWV

�G���F�DIIDLUV

���G���WKLQJV

��I�DH�FRQFUHWH REMHFWV

��I�DI�OLYLQJ WKLQJV

��I�E��KXPDQ EHLQJV

�DDH���SHUVRQV LQ D

YLHZ RI VRPH

UHODWLRQVKLSV ZLWK

DQ LQGLYLGXDO

�DD����DJHQWV

�DD����FRQFHSWV

�G���F�DIIDLUV

���G���WKLQJV

��I�DH�FRQFUHWH REMHFWV

��I�DI�OLYLQJ WKLQJV

��I�E����I�DI�KXPDQ EHLQJV

��I�E���DD����KXPDQ EHLQJV

���F�G��DD����SHUVRQV

���F�G���I�DI�SHUVRQV

7UHH H[SDQVLRQ

�DDH���SHUVRQV LQ D

YLHZ RI VRPH

UHODWLRQVKLSV ZLWK

DQ LQGLYLGXDO

�DDH���SHUVRQV LQ D

YLHZ RI VRPH

UHODWLRQVKLSV ZLWK

DQ LQGLYLGXDO

���F�G�SHUVRQV

�DD����DJHQWV

�DD����FRQFHSWV

�G���F�DIIDLUV

���G���WKLQJV

��I�DH�FRQFUHWH REMHFWV

��I�DI�OLYLQJ WKLQJV

��I�E��KXPDQ EHLQJV

�DDH���SHUVRQV LQ D

YLHZ RI VRPH

UHODWLRQVKLSV ZLWK

DQ LQGLYLGXDO

�DD����DJHQWV

�DD����FRQFHSWV

�G���F�DIIDLUV

���G���WKLQJV

��I�DH�FRQFUHWH REMHFWV

��I�DI�OLYLQJ WKLQJV

��I�E����I�DI�KXPDQ EHLQJV

��I�E���DD����KXPDQ EHLQJV

���F�G��DD����SHUVRQV

���F�G���I�DI�SHUVRQV

7UHH H[SDQVLRQ

�DDH���SHUVRQV LQ D

YLHZ RI VRPH

UHODWLRQVKLSV ZLWK

DQ LQGLYLGXDO

�DDH���SHUVRQV LQ D

YLHZ RI VRPH

UHODWLRQVKLSV ZLWK

DQ LQGLYLGXDO

)LJXUH �� 0XOWLSOH ,QKHULWDQFHV LQ &RQFHSW $EVWUDFWLRQ



LQKHULWDQFH� WKH QXPEHU RI FRQFHSWV LQFUHDVHV DQG FRQFHSW
GHVFULSWLRQ ZLOO EHFRPH GHWDLOHG� 2Q WKH RWKHU KDQG� D
ZKROH RU SDUW RI WKHVH SRO\VHPRXV ODEHOV FDQ EH GHVLJQHG
WR EH RQH VDPH FRQFHSWXDO ODEHO �XPD! DQG LW WR EH D
GHVFHQGDQW RI WZR RU PRUH FRQFHSWV� VXFK DV �DQLPDO!
DQG �HGLEOH PHDW!� 7KHQ WKH KLHUDUFK\ ZLOO WDNH D '$*
VWUXFWXUH�
,Q JHQHUDO� LW LV D YHU\ GLIILFXOW ZRUN WR VHW XS SRO\VHP\
PXWXDOO\ GLVMRLQW� 7KH GHYHORSPHQW RI FRQFHSW
GHVFULSWLRQV UHTXLUHV WKH MXGJPHQW RI ZKHWKHU D VWDWHPHQW
FDUULHV WKH FRQFHSW � RU � LQ D WUHH� 6LQFH WKHVH DUH QRW
JXDUDQWHHG GLVMRLQW� WKH\ PD\ EH WURXEOHG LQ WKH MXGJPHQW�
+RZHYHU� VLQFH D '$* VWUXFWXUH PD\ DOORZ VXVSHQGLQJ
VXFK MXGJPHQW� LW FDQ EH FRQVLGHUHG WR EH HIILFLHQW
VWUXFWXUH LQ GHYHORSLQJ FRQFHSWXDO GHVFULSWLRQV� +HQFH LW
LV PRUH JHQHUDO WR WDNH WKH '$* VWUXFWXUH RI DFFHSWLQJ D
PXOWLSOH LQKHULWDQFH� LQ D SUDFWLFDO FRQFHSW FODVVLILFDWLRQ�
1RZ� ZKHQ FRQVLGHULQJ FRQFHSW DEVWUDFWLRQ� LW DULVHV WKH
SUREOHP KRZ WKH FRQFHSW ZLWK WKLV PXOWLSOH LQKHULWDQFH
VKRXOG EH DEVWUDFWHG� )LJXUH � VKRZV WKH YLHZ LQ WKLV
SDSHU� $ IXQGDPHQWDO YLHZ LV H[SDQGLQJ WKH '$* WR D
WUHH DQG UHJDUGLQJ D PXOWLSO\ LQKHULWHG QRGH WR EH GLIIHUHQW
E\ WKH SDWK IURP WKH URRW FRQFHSW� )RU H[DPSOH� WKH
FRQFHSW ³���E��KXPDQ EHLQJV´ KDV WZR SDUHQWV� RQH LV WKH
³��I�DI�OLYLQJ WKLQJV´� DQG WKH RWKHU LV WKH
³�DD����DJHQWV�´ :KHQ DEVWUDFWLQJ� WKHUH DUH WZR ZD\V�
RQH LV DEVWUDFWLQJ WR HLWKHU RI WKHP� 7KH RWKHU LV
DEVWUDFWLQJ WR ERWK RI WKHP� +RZHYHU� WKH IRUPHU KDV WKH
SUREOHP RI WKURZLQJ DZD\ RQH RI DWWULEXWHV� 7KH ODWWHU KDV
WKH SUREOHP RI SURGXFLQJ UHGXQGDQW VHPDQWLF DPELJXLW\�
VLQFH LW SURGXFHV RQH�WR�PDQ\ FRUUHVSRQGHQFHV� 7KH
FRQFHSW GHVFULSWLRQ VKRXOG EH DEVWUDFWHG WR WKH SURSHU RQH
RI WKHP E\ QDWXUH� %XW LQ WKLV SDSHU� WKH ODWWHU LV WDNHQ
EHFDXVH WKH IRUPHU SUREOHP LV PRUH VHULRXV� 7KHUHIRUH�
IRU H[DPSOH� ZKHQ WKH FRQFHSW ³���F�G�SHUVRQV´ LV
DEVWUDFWHG E\ WKH IODW GHSWK PHWKRG RI GHSWK �� LW ZLOO EH
DEVWUDFWHG LQWR ERWK WKH ³��I�E��KXPDQ EHLQJV´ DQG WKH
³���G���WKLQJV�´
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('5 FRQFHSW FODVVLILFDWLRQ

7KLV VHFWLRQ GHVFULEHV WKH FRQFHSW DEVWUDFWLRQ RI WKH ('5
&RQFHSW &ODVVLILFDWLRQ�
:KHQ YLHZLQJ D FRQFHSW KLHUDUFK\ ZLGHO\� WKH VR�FDOOHG
ZRUG WKHVDXUXV FDQ DOVR EH LQ WKLV FDWHJRU\� )RU -DSDQHVH�
WKHUH DUH VHYHUDO ZHOO�NQRZQ WKHVDXUL RWKHU WKDQ WKH ('5�
VXFK DV WKH RQH E\ WKH 1DWLRQDO -DSDQHVH /DQJXDJH
5HVHDUFK ,QVWLWXWH� WKH RQH E\ WKH .DGRNDZD SXEOLVKHU�
DQG WKH 177�WKHVDXUXV� %HVLGHV WKH 177�WKHVDXUXV� PDQ\
RI WKHP DUH QRW GHVLJQHG IRU FRPSXWDWLRQ DQG WKH
YRFDEXODU\ LV UDWKHU VPDOO� 7KH 177�WKHVDXUXV DV
HOHFWURQLF GDWD LV DYDLODEOH WR OLPLWHG UHVHDUFKHUV LQ
DFDGHPLF VLWH DQG WKH ����� QRGHV FODVVLILFDWLRQ LV UDWKHU
VPDOO WR DEVWUDFWLRQ SXUSRVHV� 7KHUHIRUH� ZH WRRN WKH ('5
&RQFHSW &ODVVLILFDWLRQ DV WKH EDVH V\VWHP� ZKLFK FRQVLVWV
RI ������� VHPDQWLF ODEHOV�
7KH ('5 &RQFHSW &ODVVLILFDWLRQ DQG WKH RWKHU ('5
'LFWLRQDULHV KDYH EHHQ GHYHORSHG E\ WKH WHQ \HDUV HIIRUW
ZLWK WKH QDWLRQDO SURMHFW RI 0,7,� 7KH WDUJHW ODQJXDJHV
DUH -DSDQHVH DQG (QJOLVK� 7KH ('5 &RQFHSW
&ODVVLILFDWLRQ LV PXWXDOO\ DVVRFLDWHG WKURXJK WKH
KH[DGHFLPDO QXPEHU FDOOHG FRQFHSW LGHQWLILHU ZLWK RWKHU

('5 GLFWLRQDULHV VXFK DV D ZRUG GLFWLRQDU\� D ELOLQJXDO
GLFWLRQDU\� DQG D FRUSXV� 7KH :RUG 'LFWLRQDU\ JLYHV
FRUUHVSRQGHQFH EHWZHHQ OH[LFDO LQIRUPDWLRQ LQFOXGLQJ
ZRUG VWHP DQG JUDPPDWLFDO IHDWXUHV� DQG WKH FRQFHSWXDO
LQIRUPDWLRQ LPSOHPHQWHG DV WKH FRQFHSW LGHQWLILHU� 7KHUH
DUH DERXW ������� ZRUGV UHJLVWHUHG IRU HDFK ODQJXDJH� 7KH
&RQFHSW &ODVVLILFDWLRQ GRHV QRW KDYH ODQJXDJH
GHSHQGHQF\� ZKLFK LV WKH GLVWLQFWLRQ EHWZHHQ -DSDQHVH
DQG (QJOLVK� 7KH FRQFHSW KLHUDUFK\ FRQVLVWV RI RQH URRW
QRGH� DQG LQWHUPHGLDWH QRGHV RI ������� DQG OHDI QRGHV RI
��������
('5 FRQFHSW FODVVLILFDWLRQ DGPLWV WKH PXOWLSOH
LQKHULWDQFHV VWDWHG DERYH� 0RUH WKDQ ������ FRQFHSWV
DPRQJ ������� KDYH PXOWLSOH LQKHULWDQFHV� 6LQFH WKHUH DUH
TXLWH PDQ\ RI WKHP� WKH WUHDWPHQW RI WKHLU DEVWUDFWLRQ
VWDWHG DERYH VKRXOG KDYH D FRQVLGHUDEOH HIIHFW RQ WKH
H[SHULPHQW DQG HYDOXDWLRQ DERXW ZKLFK ZH ZLOO DUJXH
IURP QRZ RQ�

&RQFHSW DEVWUDFWLRQ DOJRULWKP

%HIRUH WKH FRQFHSW DEVWUDFWLRQ� -DSDQL]DWLRQ RI WKH

&ODVVLILFDWLRQ VKRXOG EH FDUULHG RXW IRU WKH ('5
&ODVVLILFDWLRQ� 7KLV LV EHFDXVH WKH FRQFHSWV IURP WKH
ODQJXDJH RI QRW LQ DWWHQWLRQ �LQ WKLV FDVH (QJOLVK� ZLOO
FDXVH VLGH HIIHFWV HVSHFLDOO\ LQ WKH IODW VL]H DQG WKH IODW
SUREDELOLW\ PHWKRG� -DSDQL]DWLRQ RI WKH FODVVLILFDWLRQ LV
HPERGLHG DV UHPRYLQJ D FRQFHSW LGHQWLILHU ZKR UHODWHV
RQO\ WR DQ (QJOLVK :RUG GLFWLRQDU\� $OWKRXJK WKH ('5
FRQFHSW FODVVLILFDWLRQ LV ODQJXDJH LQGHSHQGHQW LQ GHVLJQ�
DOPRVW SRUWLRQV RI WKH FRQVWLWXHQWV DUH ODQJXDJH GHSHQGHQW
LQ IDFW� 7KH QRGHV FRPPRQ WR ERWK -DSDQHVH DQG (QJOLVK
DUH ������� 7KLV VHHPV WR UHIOHFW WKH KLVWRU\ WKDW -DSDQHVH
DQG (QJOLVK FODVVLILFDWLRQV GHYHORSHG LQGLYLGXDOO\�
7KHUHIRUH� LW LV TXLWH QDWXUDO WR GLYLGH D FRQFHSW KLHUDUFK\
LQWR -DSDQHVH DQG (QJOLVK� ,Q DGGLWLRQ� XQFODVVLILHG
FRQFHSWV ZHUH DOVR GHOHWHG�
7KH DOJRULWKP RI -DSDQL]LQJ FODVVLILFDWLRQ LV VKRZQ EHORZ�

6WHS �� $ OHDI QRGH VHW RI WKH (QJOLVK RULJLQ �DQG WKH
XQFODVVLILHG FRQFHSW� LV VWRUHG LQ D VHW 'HOHWH�
6WHS �� $ VHW RI WKH PRWKHU QRGHV RI WKH GLUHFW DERYH RI
DOO WKH HOHPHQWV RI 'HOHWH LV VWRUHG LQ D VHW 1H[W�
6WHS �� 6WHSV ��� DUH UHSHDWHG XQWLO 1H[W EHFRPHV DQ
HPSW\ VHW�
6WHS �� $ VHW &XUUHQW LV VWRUHG DOO WKH HOHPHQWV RI WKH
1H[W� 7KHQ WKH 1H[W LV DVVLJQHG DQ HPSW\ VHW�
6WHS �� )RU HDFK HOHPHQW RI WKH &XUUHQW� LI DOO WKH
GLUHFW GDXJKWHUV RI LW DUH LQFOXGHG LQ WKH 'HOHWH� WKHQ
WKH HOHPHQW LV DGGHG WR 'HOHWH DQG WKH VHW RI WKH GLUHFW
PRWKHU QRGHV RI LW LV VWRUHG WR WKH 1H[W
6WHS �� $OO WKH HOHPHQWV RI WKH VHW 'HOHWH DQG WKH OLQNV
UHODWHG WR WKHP DUH GHOHWHG IURP WKH FRQFHSW KLHUDUFK\�

%\ WKLV DOJRULWKP� DOO WKH OHDI DQG LQWHUPHGLDWH QRGHV WKDW
ZHUH RQO\ UHODWHG WR (QJOLVK DUH GHOHWHG DQG WKH UHVW RI
WKHP WXUQ LQWR WKH -DSDQHVH FRQFHSW KLHUDUFK\� 7KXV ZH
JRW WKH KLHUDUFK\ RI ������� FRQFHSWXDO QRGHV�

1H[W� WKH DOJRULWKP RI WKH IODW GHSWK PHWKRG LV GHVFULEHG�
%\ WKH WUHDWPHQW RI D PXOWLSOH LQKHULWDQFH GHVFULEHG DERYH�
WKDW LV WKH WUHH H[SDQVLRQ� WKH IROORZLQJ VLPSOH DOJRULWKP
LV GHULYHG�

6WHS �� :KLOH WUDYHUVLQJ WKH KLHUDUFK\ LQ GHSWK ILUVW� LI
WKH QRGH Q ZKRVH GHSWK LV OHVV WKDQ D VSHFLILHG YDOXH LV
HQFRXQWHUHG� WKHQ WKH QRGH Q DQG DOO WKH GHVFHQGDQWV RI
LW DUH DEVWUDFWHG WR WKH GLUHFW PRWKHU QRGH RI Q�



7KH UHVXOW RI DEVWUDFWLRQ LV VDYHG DV D FRUUHVSRQGHQFH
WDEOH RI WKH RULJLQDO FRQFHSW LGHQWLILHU DQG WKRVH RI DIWHU

DEVWUDFWLRQ 3OXUDOLW\ RI DEVWUDFWLRQ LV DOORZHG� 7KLV WDEOH LV

KHQFHIRUWK FDOOHG DEVWUDFWLRQ PDS� 7KH PDSV ZHUH
FUHDWHG E\ FKDQJLQJ WKH SDUDPHWHUV IURP GHSWK � WR ���

1H[W� WKH DOJRULWKP RI WKH IODW VL]H PHWKRG LV GHVFULEHG�

6WHS �� )RU HDFK QRGH RI WKH KLHUDUFK\� WKH QXPEHU RI
GRPLQDWHG QRGHV LV FRPSXWHG DQG VWRUHG RQ '%� 7KH

QRGH ZLWK D PXOWLSOH LQKHULWDQFH LV GRXEOH FRXQWHG

VLQFH IURP WKH YLHZ RI WKH WUHH H[SDQVLRQ�
6WHS �� :KLOH WUDYHUVLQJ WKH KLHUDUFK\ LQ GHSWK ILUVW� LI

WKH QRGH Q ZKRVH QXPEHU RI GRPLQDQWV LV OHVV WKDQ D

VSHFLILHG YDOXH LV HQFRXQWHUHG� WKHQ WKH QRGH Q DQG DOO
WKH GHVFHQGDQWV RI LW DUH DEVWUDFWHG WR WKH GLUHFW PRWKHU

QRGH RI Q� :KHQ LVD UHODWLRQ KROGV EHWZHHQ WKH

DEVWUDFWHG QRGHV RI D QRGH� RQO\ WKH QRGH RI WKH
PLQLPXP GLVWDQFH LV DGRSWHG

�
�PLQLPXP DEVWUDFWLRQ��

7KH DEVWUDFWLRQ PDS ZDV FUHDWHG IRU �� SDUDPHWHUV IURP

VL]H � WR ����� E\ WKLV DOJRULWKP�
$ERXW WKH IODW VL]H DOJRULWKP� DOWKRXJK WKH PHWKRG E\

+HDUVW DQG 6FK�W]H ������ LV NQRZQ� ZH GLGQ¶W WDNH WKH

RQH VLQFH WKH RULJLQDO JUDSK VWUXFWXUH ZLOO EH EURNHQ� ,W LV
QRW D FULWLFDO SUREOHP IRU WKHP VLQFH LW DLPV DW ZRUG

VLPLODULW\ FDOFXODWLRQ�

1H[W� WKH DOJRULWKP RI WKH IODW SUREDELOLW\ PHWKRG LV

GHVFULEHG� 7KLV LV WKH DOPRVW VDPH DOJRULWKP DV WKH IODW

VL]H PHWKRG�

� 2Q WKH RWKHU KDQG� ZH FDQ FRQVLGHU WKH PD[LPXP DEVWUDFWLRQ

WKDW DGRSWV WKH QRGH RI WKH PD[LPXP GLVWDQFH� :H GLGQ¶W WDNH

WKLV VLQFH WKHUH LV D FDVH ZKHUH WKH UHODWLRQ �RU D[LRP� KHOG

EHIRUH DEVWUDFWLRQ QR ORQJHU KROGV DIWHU DEVWUDFWLRQ� ,Q DGGLWLRQ�

LW VKRXOG EH QRWHG WKDW WKH IODW GHSWK PHWKRG GRHV QRW SHUIRUP

WKH PLQLPXP DEVWUDFWLRQ EXW WUHDW DOO DV DPELJXLW\� 7KLV LV

EHFDXVH WKH PDS WR ERWK LWVHOI DQG WKH PRWKHU LV SRVVLEOH� DQG LI

WKH PLQLPXP DEVWUDFWLRQ LV SHUIRUPHG DW WKLV WLPH� WKHUH LV D FDVH

ZKHUH WKH NQRZOHGJH �RU FRQFHSW GHVFULSWLRQ� WKDW VKRXOG EH

DEVWUDFWHG IURP WKH YLHZSRLQW RI GHSWK LV QRW DEVWUDFWHG�

6WHS �� 7KH IUHTXHQF\ RI WKH FRQFHSW RI D FRQWHQW ZRUG
WKDW DSSHDUHG LQ WKH ('5 &RUSRUD LV FRXQWHG�

6WHS �� )RU WUHDWLQJ VSDUVHQHVV SUREOHP� *RRG�7XULQJ

'LVFRXQWLQJ �*RRG ����� LV FDUULHG RXW E\ IROORZLQJ
WKH HTXDWLRQ ����

���

ZKHUH U LV DQ REVHUYHG IUHTXHQF\� QU LV D QXPEHU RI

WKH NLQG RI WKH FRQFHSW WKDW DSSHDUHG MXVW U WLPHV�
DQG U
 LV WKH GLVFRXQWHG IUHTXHQF\ RI U�

,W GLVFRXQWV D FHUWDLQ DPRXQW RI REVHUYHG IUHTXHQF\�

WKDW LV WKH VXP RI U�U
� DQG GLVWULEXWHV LW HTXDOO\ WR WKH
QRQ�REVHUYHG FRQFHSWV� 7KXV QRQ�REVHUYHG FRQFHSWV

ZHUH DVVLJQHG IUHTXHQF\ ����� SUREDELOLW\ �����������

6WHS �� )RU HDFK QRGH RI WKH KLHUDUFK\� WKH IUHTXHQF\
ZLWK DERYH GLVFRXQWLQJ LV FRPSXWHG DQG VWRUHG RQ '%�

7KH IUHTXHQF\ RI D QRGH LV DGGHG WKH VXP RI DOO

IUHTXHQFLHV RI LWV GRPLQDQWV� 7KH IUHTXHQF\ RI D QRGH
ZLWK D PXOWLSOH LQKHULWDQFH LV GLYLGHG HTXDOO\ DQG

VXPPHG XS WR LWV PRWKHUV�

6WHS �� :KLOH WUDYHUVLQJ WKH KLHUDUFK\ LQ GHSWK ILUVW� LI
WKH QRGH Q ZKRVH IUHTXHQF\ LV OHVV WKDQ D VSHFLILHG

YDOXH LV HQFRXQWHUHG� WKHQ WKH QRGH Q DQG DOO WKH

GHVFHQGDQWV RI LW DUH DEVWUDFWHG WR WKH GLUHFW PRWKHU
QRGH RI Q� )XUWKHUPRUH� WKH PLQLPXP DEVWUDFWLRQ LV

SHUIRUPHG�

%\ WKLV DOJRULWKP� WKH DEVWUDFWLRQ PDS ZDV FUHDWHG IRU ��
SDUDPHWHUV IURP

SUREDELOLW\ ������� WR ����

��������	
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:6' WDVN

$V IRU TXDQWLWDWLYH HYDOXDWLRQ RI
FRQFHSW DEVWUDFWLRQ� WKH :6'

WDVN XVLQJ WKH ('5 &RUSRUD LV

GHVFULEHG� 7KH RXWOLQH RI WKH
WDVN LV VKRZQ LQ )LJXUH �� 7KH

('5 &RUSRUD SURYLGHV QRW RQO\

D V\QWDFWLF WDJ EXW DOVR D
VHPDQWLF WDJ LQ D IRUP RI

FRQFHSW LGHQWLILHU� +HQFH LW

JLYHV D QXPEHU RI VHPDQWLF FR�
RFFXUUHQFH UHODWLRQV� )RU WKH

:6' H[SHULPHQW� ZH XVH WKHVH

FR�RFFXUUHQFH GDWD LQVWHDG RI D
ZKROH VHQWHQFH IRU VLPSOLFLW\�

7KHVH FR�RFFXUUHQFH GDWD FDQ EH

HDVLO\ H[WUDFWHG IURP WKH FRUSRUD�
7KHQ WKH\ DUH GLYLGHG LQWR WZR

SRUWLRQV� D WHVW VHW DQG D

NQRZOHGJH EDVH�
7KH WHVW VHW HQWU\ LV D ��WXSOH RI D VHQWHQFH DQG LWV FRUUHFW

LQWHUSUHWDWLRQ� +HUH WKH VHQWHQFH LV D VLPSOH QRXQ�YHUE FR�

RFFXUUHQFH H[SUHVVLRQ DQG WKH LQWHUSUHWDWLRQ LV D ��WXSOH RI
WKH FRUUHVSRQGLQJ FRQFHSW LGHQWLILHUV DQG WKHLU UHODWLRQ

H[SUHVVHG E\ D GHHS FDVH ODEHO� 7KH NQRZOHGJH EDVH HQWU\

LV WKH VDPH IRUP DV WKH LQWHUSUHWDWLRQ DQG LV DOVR DWWDFKHG
LWV IUHTXHQF\ LQ WKH FRUSRUD�

7KXV ZH JRW ������ RI WHVW VHW HQWULHV DQG ������� RI

NQRZOHGJH EDVH HQWULHV� 7KH VHPDQWLF DPELJXLW\� WKDW LV
WKH QXPEHU RI DVVLJQHG FRQFHSW LGHQWLILHUV WR ZRUG � 
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7HVW 6HW

6HQWHQFH�&RUUHFW ,QWHUSUHWDWLRQ

+RUVHV UXQ��DJHQW� KRUVH�� UXQ�!

&DWV PHZ��DJHQW� FDW�� PHZ�!

«

.QRZOHGJH %DVH

.QRZOHGJH�6FRUH�IUHTXHQF\�

�DJHQW� KRUVH�� UXQ�!���

�DJHQW� KRUVH�� UXQ�!���

�DJHQW� FDW�� UXQ�!���

�DJHQW� FRZ�� UXQ�!���

�DJHQW� FDW�� PHZ�!���

�DJHQW� ELUG�� VLQJ�!���

«
$EVWUDFWLRQ 0DS

IURP�WR

�KRUVH�!��DQLPDO�!

�KRUVH�!��DQLPDO�!

�FDW�!��DQLPDO�! �SHW�!

«

('5 &RUSRUD

GLYLVLRQ

7HVW 6HW��.QRZOHGJH %DVH

&RQFHSW $EVWUDFWLRQ

�DJHQW� DQLPDO�� UXQ�!���

�DJHQW� DQLPDO�� UXQ�!���

�DJHQW� SHW�� UXQ�!���

�DJHQW� DQLPDO�� PHZ�!���

�DJHQW� SHW�� PHZ�!���

�DJHQW� ELUG�� VLQJ�!���

«

$EVWUDFWHG .%

+RUVHV UXQ��DJHQW� KRUVH�� UXQ�! E\ �DJHQW� DQLPDO�� UXQ�!

&DWV PHZ��DJHQW� FDW�� PHZ�! E\ �DJHQW� SHW�� PHZ�!

«

7HVW 5HVXOWV

&RQFHSW

&ODVVLILFDWLRQ

:6' WHVW

7HVW 6HW

6HQWHQFH�&RUUHFW ,QWHUSUHWDWLRQ

+RUVHV UXQ��DJHQW� KRUVH�� UXQ�!

&DWV PHZ��DJHQW� FDW�� PHZ�!

«

7HVW 6HW

6HQWHQFH�&RUUHFW ,QWHUSUHWDWLRQ

+RUVHV UXQ��DJHQW� KRUVH�� UXQ�!

&DWV PHZ��DJHQW� FDW�� PHZ�!

«

.QRZOHGJH %DVH

.QRZOHGJH�6FRUH�IUHTXHQF\�

�DJHQW� KRUVH�� UXQ�!���

�DJHQW� KRUVH�� UXQ�!���

�DJHQW� FDW�� UXQ�!���

�DJHQW� FRZ�� UXQ�!���

�DJHQW� FDW�� PHZ�!���

�DJHQW� ELUG�� VLQJ�!���

«

.QRZOHGJH %DVH

.QRZOHGJH�6FRUH�IUHTXHQF\�

�DJHQW� KRUVH�� UXQ�!���

�DJHQW� KRUVH�� UXQ�!���

�DJHQW� FDW�� UXQ�!���

�DJHQW� FRZ�� UXQ�!���

�DJHQW� FDW�� PHZ�!���

�DJHQW� ELUG�� VLQJ�!���

«
$EVWUDFWLRQ 0DS

IURP�WR

�KRUVH�!��DQLPDO�!

�KRUVH�!��DQLPDO�!

�FDW�!��DQLPDO�! �SHW�!

«

$EVWUDFWLRQ 0DS

IURP�WR

�KRUVH�!��DQLPDO�!

�KRUVH�!��DQLPDO�!

�FDW�!��DQLPDO�! �SHW�!

«

('5 &RUSRUD

GLYLVLRQ

7HVW 6HW��.QRZOHGJH %DVH

&RQFHSW $EVWUDFWLRQ

�DJHQW� DQLPDO�� UXQ�!���

�DJHQW� DQLPDO�� UXQ�!���

�DJHQW� SHW�� UXQ�!���

�DJHQW� DQLPDO�� PHZ�!���

�DJHQW� SHW�� PHZ�!���

�DJHQW� ELUG�� VLQJ�!���

«

$EVWUDFWHG .%

�DJHQW� DQLPDO�� UXQ�!���

�DJHQW� DQLPDO�� UXQ�!���

�DJHQW� SHW�� UXQ�!���

�DJHQW� DQLPDO�� PHZ�!���

�DJHQW� SHW�� PHZ�!���

�DJHQW� ELUG�� VLQJ�!���

«

$EVWUDFWHG .%

+RUVHV UXQ��DJHQW� KRUVH�� UXQ�! E\ �DJHQW� DQLPDO�� UXQ�!

&DWV PHZ��DJHQW� FDW�� PHZ�! E\ �DJHQW� SHW�� PHZ�!

«

7HVW 5HVXOWV

+RUVHV UXQ��DJHQW� KRUVH�� UXQ�! E\ �DJHQW� DQLPDO�� UXQ�!

&DWV PHZ��DJHQW� FDW�� PHZ�! E\ �DJHQW� SHW�� PHZ�!

«

7HVW 5HVXOWV

&RQFHSW

&ODVVLILFDWLRQ

:6' WHVW

)LJXUH �� (YDOXDWLRQ E\ :6' WHVW



WKDW WR ZRUG �� ZDV ���� LQ DYHUDJH� 7KH IUHTXHQF\

DVVRFLDWHG ZLWK WKH NQRZOHGJH EDVH HQWU\ LV FRQVLGHUHG WR

UHSUHVHQW WKH UHOLDELOLW\ RI LW DQG LV XVHG DV VFRUH WR VHOHFW

WKH EHVW LQWHUSUHWDWLRQ IURP SRVVLEOH RQHV� 7KH VFRUH LV

JLYHQ E\ WKH IROORZLQJ IRUPXOD LQ FRQVLGHUDWLRQ RI WKH

SRVLWLRQ LQ WKH KLHUDUFK\ DQG IUHTXHQF\�

���

ZKHUH IUHT��UHO�F��F�!� LV WKH REVHUYHG IUHTXHQF\ RI

FRQFHSW GHVFULSWLRQ �UHO� F�� F�! DQG GRP�F� LV WKH

QXPEHU RI GRPLQDWHG QRGHV RI FRQFHSW F�
6LQFH WKH UHODWLRQ EHWZHHQ VRPH LQWHUPHGLDWH QRGH F� DQG
F� FDQ EH WKRXJKW DV WKH DEVWUDFWLRQ RI WKH UHODWLRQV

EHWZHHQ DOO WKH OHDYHV RI F� DQG F�� WKLV HTXDWLRQ ZRUNV WR

JLYH DQ HTXLYDOHQW VFRUH ZKLFK DOO WKH OHDI�OHDI UHODWLRQV

DUH JLYHQ WR�

1H[W WKH DOJRULWKP IRU WKH :6' WHVW LV GHVFULEHG� 7KH WHVW

LV SHUIRUPHG IRU HDFK DEVWUDFWLRQ SDUDPHWHU RI WKH IODW

GHSWK� VL]H� DQG SUREDELOLW\� DQG IRU WKH EDVHOLQH PDSSLQJ

WKDW HYHU\ FRQFHSW LV PDSSHG

LQWR LWVHOI�

6WHS �� $ NQRZOHGJH EDVH LV

DEVWUDFWHG XVLQJ WKH

DEVWUDFWLRQ PDS� 7KDW LV� IRU

HDFK FRQFHSW GHVFULSWLRQ�

HDFK FRQFHSW LGHQWLILHU LQ WKH

GHVFULSWLRQ LV PDSSHG LQWR

WKH DEVWUDFW RQH E\ WKH

DEVWUDFWLRQ PDS ZKLOH WKH

UHODWLRQ UHPDLQV WKH VDPH�

7KH VFRUH RI WKH DEVWUDFW

FRQFHSW GHVFULSWLRQ LV WKH

VXP RI WKDW RI WKH RULJLQDO

FRQFHSW GHVFULSWLRQ� 6LQFH

WKH PDSSLQJ PD\ QRW EH

XQLTXH DV GHVFULEHG DERYH�

WKH DEVWUDFWLRQ RI FRQFHSW

GHVFULSWLRQ PD\ KDYH Q
SRVVLELOLWLHV� ,Q WKLV FDVH� V�Q
LV JLYHQ WR WKH VFRUH RI

DEVWUDFW FRQFHSW GHVFULSWLRQ

SURYLGHG WKH RULJLQDO VFRUH V�
,Q WKH )LJXUH � H[DPSOH�

�DJHQW� FDW�� UXQ�! LV

DEVWUDFWHG LQWR �DJHQW�
DQLPDO�� UXQ�! DQG WKH VFRUH

IURP WKH RULJLQDO RQH ZLOO EH

JLYHQ ���� VLQFH �FDW�! KDV

WZR SRVVLELOLWLHV RI

DEVWUDFWLRQ�

6WHS �� )RU HDFK SRVVLEOH

LQWHUSUHWDWLRQ �UHO� F�� F�!RI
D WHVW VHQWHQFH� ZH VHOHFW WKH

LQWHUSUHWDWLRQV WKDW DUH

VXSSRUWHG E\ WKH DEVWUDFWHG

NQRZOHGJH EDVH DQG WKH

LQKHULWDQFH RQ WKH KLHUDUFK\�

DQG RUGHU WKHP E\ WKH VFRUH�

:KHQ DW OHDVW RQH

LQWHUSUHWDWLRQ LV VHOHFWHG� ZH

VD\ WKH :6' ZDV GRQH� 7KH

QXPEHU RI :6' SHUIRUPHG

LV FRXQWHG E\ WKH FRXQWHU F�

6WHS �� :KHQ WKH FRUUHFW LQWHUSUHWDWLRQ H[LVWV DPRQJ

WKH WRS�UDQNHG 1 LQWHUSUHWDWLRQV� ZH VD\ WKH :6' LV

SUHFLVH DQG ZH JLYH ��1 FRXQW WR WKH FRXQWHU SM�

6WHS �� )LQDOO\ ZH FDOFXODWH WKH SUHFLVLRQ 3� WKH

FRYHUDJH &� DQG WKH )�PHDVXUH ) E\ IROORZLQJ

HTXDWLRQV�
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ZKHUH 1 LV WKH WRWDO QXPEHU RI WKH WHVW VHQWHQFHV DQG �
LV WKH FRHIILFLHQW WKDW ZHLJKV WKH UHODWLYH LPSRUWDQFH RI

& WR 3� & DQG 3 DUH HTXDOO\ LPSRUWDQW ZKHQ � �� DQG
ZH ZLOO VKRZ WKH UHVXOW E\ WKDW YDOXH�
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(YDOXDWLRQ UHVXOWV

7KH UHVXOWV RI WKH HYDOXDWLRQ DUH VKRZQ LQ )LJXUHV �� ��

DQG �� ,Q RUGHU WR VHH WKH GLIIHUHQFH DPRQJ WKH DEVWUDFWLRQ

WHFKQLTXHV� WKH XQLW RI KRUL]RQWDO D[LV WDNHV WKH WRWDO
QXPEHU RI WKH DEVWUDFWHG QRGHV LQVWHDG RI WKH IODWWLQJ

SDUDPHWHUV� ,Q DGGLWLRQ� WKH GRWWHG OLQH VKRZV WKH UHVXOW RI

WKH EDVHOLQH HYDOXDWLRQ�

�	������	
�$��
�
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��	������	
�

,Q DGGLWLRQ WR WKH :6' HYDOXDWLRQ� ZH DOVR PDNH D

FRPSDULVRQ ZLWK WKH DEVWUDFWLRQ E\ KXPDQ LQWURVSHFWLRQ�

7KH DEVWUDFWLRQ GDWD DUH EXLOW E\ VDPSOLQJ ��� ('5 OHDI
QRGHV DQG DEVWUDFWLQJ WKHP� ,Q DEVWUDFWLQJ ZH WDNH WZR

ZD\V� 2QH LV WKH XVH RI WKH 177�WKHVDXUXV DQG WKH RWKHU LV

WKH XVH RI RXU RZQ LQWXLWLRQV� 7KH 177�WKHVDXUXV LV
GHVLJQHG WR PDNH D FRUUHFW WDUJHW ZRUG VHOHFWLRQ LQ

PDFKLQH WUDQVODWLRQ� 7KHUHIRUH LW FDQ EH D VWDQGDUG

FODVVLILFDWLRQ WR SURYLGH WKH GHWDLOHG�QHVV RI D FRQFHSW
DSSURSULDWH IRU :6'� 7R PDNH WKH FRPSDULVRQ� IRU DOO WKH

VDPSOHG ('5 QRGHV� ZH REVHUYH WKH SDWK IURP WKH QRGH WR

WKH URRW DQG FKRRVH RQH LQWHUPHGLDWH QRGH WKDW LV
FRQVLGHUHG WR FRUUHVSRQG WR DQ

177¶V OHDI QRGH� 7KLV UHVXOWV

WKH DEVWUDFWLRQ PDS IRU ���
VDPSOH QRGHV�

,Q WKH VDPH ZD\� E\ XVLQJ RXU

RZQ LQWXLWLRQV� ZH JHW DQRWKHU
DEVWUDFWLRQ PDS� ,Q FKRRVLQJ

DEVWUDFWHG QRGH� WZR LQWXLWLYH

FULWHULD DUH XVHG� 2QH LV WKDW WKH
FRQFHSW VKRXOG EH DEOH WR

H[SUHVV E\ RQH W\SLFDO ZRUG�

QHLWKHU FRPSRXQGV QRU SKUDVHV�
7KH RWKHU LV WKDW WKH FRQFHSW

VKRXOG EH VWHUHRW\SHG WKDW RQH

FDQ FRQFUHWHO\ LPDJLQH LWV
W\SLFDO VKDSH� FKDUDFWHU� HWF�

)RU H[DPSOH� WKH FRQFHSW

�VNLUWV! PD\ EH FKRVHQ EXW
�ZHDUV! PD\ QRW EHFDXVH LW LV

WRR DEVWUDFW DQG YDULDQW WR

LPDJLQH LWV RZQ VKDSH�
$OWKRXJK ZH GRQ¶W KDYH

SV\FKRORJLFDO HYLGHQFH WR WDNH WKLV FULWHULRQ� ZH JXHVV
WKHVH OHYHOV RI FRQFHSW ZLOO FRUUHVSRQG WR WKH LQWHU�OLQJXDO

&RPPRQ %DVH &RQFHSWV LQ WKH (XUR:RUG1HW�

$IWHU WKHVH WZR DEVWUDFWLRQ PDSV DUH FUHDWHG� HDFK LV
FRPSDUHG ZLWK WKDW RI WKH PHFKDQLFDO PHWKRGV GHVFULEHG

EHIRUH� 7KH PHDVXUH RI FRPSDULVRQ LV D GLVWDQFH LQ PHDQ

EHWZHHQ WKH DEVWUDFWHG QRGHV E\ LQWURVSHFWLRQ DQG WKRVH
E\ D FRPSXWHU� +HUH WKH GLVWDQFH

LV WKH QXPEHU RI HGJHV LQ WKH

VKRUWHVW SDWK RI WKH WZR QRGHV�
7KH UHVXOWV DUH VKRZQ LQ )LJXUH

� DQG ��

��������	
�

3UHFLVLRQ

7KH EDVHOLQH SUHFLVLRQ LV �����

DOWKRXJK WKH EHWWHU UDWH ZDV
H[SHFWHG� 7KH PDLQ UHDVRQ

ZRXOG EH WKH VSDUVHQHVV SUREOHP

WKDW WKH :6' NQRZOHGJH LV VWLOO
LQVXIILFLHQW� 7KH IRUP RI WKH

JUDSK ZDV DV H[SHFWHG� 6LQFH WKH

DEVWUDFWLRQ LV DQ RSHUDWLRQ WKDW
PDNHV DQ H[SDQGHG

LQWHUSUHWDWLRQ RI WKH REVHUYHG

NQRZOHGJH� LW EDVLFDOO\
GHFUHDVHV DFFRUGLQJ DV WKH

GHJUHH RI DEVWUDFWLRQ LV KLJK RU

WKH WRWDO DEVWUDFWHG QRGHV LV VPDOO� +RZHYHU� E\ WKH IODW
GHSWK PHWKRG� WKH UHVXOW H[FHHGV WKH EDVHOLQH D OLWWOH

DPRQJ WKH GHSWK������ ,Q WKLV LQWHUYDO� WKH WRWDO QXPEHU RI

DEVWUDFWHG QRGHV GRHV QRW FKDQJH ZLWK WKH EDVHOLQH VR
PXFK DQG WKH DEVWUDFWHG NQRZOHGJH LV DOVR NHHSLQJ WKH

ORZ GHJUHH RI DEVWUDFWLRQ� +HQFH WKH DEVWUDFWLRQ VHHPV WR

ZRUN RQO\ LQ WKH GLUHFWLRQ RI FRPSHQVDWLQJ WKH VSDUVHQHVV
RI NQRZOHGJH� $V IRU WKH FRPSDULVRQ DPRQJ WKUHH

WHFKQLTXHV� LW LV FRQYHUJLQJ RQ WKH EDVHOLQH ZLWK WKH VPDOO

QXPEHU RI QRGHV LQ WKH RUGHU RI WKH IODW SUREDELOLW\� WKH
IODW VL]H� DQG WKH IODW GHSWK PHWKRG� 7KH IODW SUREDELOLW\

PHWKRG SURYLGHV WKH DOPRVW VDPH GLVFULPLQDWLRQ DELOLW\ RI

PHDQLQJ DV WKH EDVHOLQH ZLWK WKH IHZHVW QXPEHU RI QRGHV�
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7KLV ZDV D UHVXOW DV H[SHFWHG�

&RYHUDJH

7KH EDVHOLQH FRYHUDJH LV ������ ,W LV REYLRXV WKDW WKH

FRYHUDJH LQFUHDVHV ZKHQ WKH DEVWUDFWLRQ OHYHO EHFRPHV
KLJKHU� 7KH FRYHUDJH LV FRQYHUJLQJ RQ ��� � ZLWK WKH

VPDOO QXPEHU RI QRGHV LQ WKH RUGHU RI WKH IODW GHSWK� WKH

IODW VL]H� DQG WKH IODW SUREDELOLW\ PHWKRG� 2I FRXUVH� WKH
HYDOXDWLRQ E\ FRYHUDJH DORQH LV PHDQLQJOHVV VLQFH

RYHUJHQHUDOL]DWLRQ OHDGV ZURQJ NQRZOHGJH� 7KHUHIRUH� ZH

VKRXOG VHH WKH LQWHJUDWLYH HYDOXDWLRQ E\ )�PHDVXUH WR
MXGJH WKH VXSHULRULW\ DPRQJ WKH DEVWUDFWLRQ WHFKQLTXHV�

)�PHDVXUH

$ EDVHOLQH )�PHDVXUH LV ������ (DFK DEVWUDFWLRQ
WHFKQLTXH EDVLFDOO\ ZRUNV WR UDLVH WKH FRYHUDJH DQG WR

ORZHU WKH SUHFLVLRQ� :KHQ VHHLQJ LQWHJUDWLYH� DOO WKH UHVXOW

H[FHHGV WKH EDVHOLQH DOWKRXJK LW GHSHQGV RQ KRZ WR WDNH
WKH YDOXH �� �1RWH WKDW � � UHVXOWV WKH SUHFLVLRQ�� $V IRU

WKH FRPSDULVRQ DPRQJ WKUHH WHFKQLTXHV� WKH ORFDO

PD[LPXP KDV DSSHDUHG ZLWK WKH IHZ QXPEHU RI QRGHV LQ
WKH RUGHU RI WKH IODW SUREDELOLW\� WKH IODW VL]H� DQG WKH IODW

GHSWK PHWKRG� DQG WKH IODW SUREDELOLW\ PHWKRG JLYHV WKH

EHVW UHVXOW DJDLQ� 7KLV WHQGHQF\ KROGV ZKHQ ZHLJKLQJ WKH
SUHFLVLRQ PRUH E\ � ���
7KH ORFDO PD[LPXP RI WKH IODW SUREDELOLW\ PHWKRG LV

����� DW WKH SRLQW RI ����� QRGHV RI DEVWUDFWLRQ OHYHO� ,Q
RXU UHVHDUFK FRPPXQLW\ LW KDV EHHQ VDLG HPSLULFDOO\ WKDW

WKH DSSURSULDWH QXPEHU RI QRGHV� ZKLFK FRQVWLWXWH D

FRQFHSW KLHUDUFK\� ZLOO EH DERXW ������ 2XU UHVXOW DJUHHV
WR WKLV YDOXH�

,Q DGGLWLRQ� LQ WKH IODW SUREDELOLW\ PHWKRG ZH DOVR FUHDWHG

DQRWKHU DEVWUDFWLRQ PDS ZLWKRXW WKH *RRG�7XULQJ
GLVFRXQW� ZKLFK LV WKH GLUHFW XVH RI REVHUYDWLRQ IUHTXHQF\�

%XW LQ DOO WKH HYDOXDWLRQV RI SUHFLVLRQ� FRYHUDJH� DQG )�

PHDVXUH� LW GLG QRW UHVXOW D VLJQLILFDQW GLIIHUHQFH� :H
VXVSHFW WKDW WKH H[LVWHQFH RI NQRZOHGJH LV UDWKHU LPSRUWDQW

WKDQ LWV IUHTXHQF\ LQ WKLV H[SHULPHQW� VLQFH WKH WUDLQLQJ

FRUSRUD IURP ZKLFK WKH SUREDELOLW\ LV HVWLPDWHG DQG WKH
WHVW VHW XVHG IRU HYDOXDWLRQ DUH LQ WKH VDPH ILHOGV� 7KH\

PDLQO\ FRPSRVHG RI QHZVSDSHU DUWLFOHV DQG PDJD]LQH

UHSRUWV�

&RPSDULVRQ ZLWK WKH 177�
WKHVDXUXV

)LJXUH � VKRZV WKDW WKH IODW VL]H

DQG WKH IODW SUREDELOLW\ PHWKRG
UHVXOW D VWURQJ UHVHPEODQFH EXW

WKH IODW GHSWK GRHV QRW� 7KLV

VXJJHVWV D VWUXFWXUDO
UHVHPEODQFH EHWZHHQ WKH ('5

DQG WKH 177 KLHUDUFK\� ,Q ERWK

RI WKHP� WKH ORFDWLRQ RI WKH OHDI
QRGH YDULHV LQ GHSWK� 6LQFH WKH

IODW GHSWK PHWKRG GRHV QRW

UHVHUYH WKLV SURSHUW\ EXW WKH
RWKHUV GRHV� LWV HUURU ZLOO

EHFRPH PRUH VLJQLILFDQW ZKHQ

FRPSDULQJ LQ WKH VDPH QRGH VL]H�
7KH DEVWUDFWLRQ WKDW JLYHV WKH

PRVW UHVHPEOH KLHUDUFK\ WR WKH

177¶V RQH� WKDW LV WKH ORFDO
PLQLPXP RI WKH JUDSK� LV WKH

PHDQ GLVWDQFH RI ���� ZLWK LWV

YDULDQFH RI ����� DW WKH SRLQW RI
����� QRGHV RI DEVWUDFWLRQ OHYHO� 1RWH WKDW WKLV OHYHO

DJUHHV WKH EHVW UHVXOW RI WKH :6' WHVW� DOWKRXJK LW PD\ EH

PDGH E\ FKDQFH�
,Q FRPSDULQJ WKH IODW VL]H DQG WKH IODW SUREDELOLW\ PHWKRG�

WKH ODWWHU VKRZV WKH EHVW UHVXOW DW WKH OHVV DEVWUDFW OHYHO�

7KDW LV WKH SRLQW RI ����� RI DEVWUDFWLRQ OHYHO DQG WKH
PHDQ GLVWDQFH RI ���� ZLWK LWV YDULDQFH RI ����� 7KH

UHDVRQ ZLOO EH WKDW WKH QRGH WKDW ZDV JLYHQ D SUREDELOLW\

NHHSV WKH GLVWDQFH IURP WKH 177 OHYHO VLQFH LW UHPDLQV XQ�
DEVWUDFWHG XQWLO LW UHDFKHV WR D FHUWDLQ DEVWUDFWLRQ OHYHO

&RPSDULVRQ ZLWK WKH LQWXLWLYH DEVWUDFWLRQ

)LJXUH � VKRZV WKH VDPH WHQGHQF\ DV DERYH WKDW WKH UHVXOW
E\ WKH IODW VL]H DQG SUREDELOLW\ PHWKRG UHVHPEOHV DOWKRXJK

WKHLU GLIIHUHQFH EHFDPH PRUH VDOLHQW� 7KH IODW VL]H PHWKRG

UHVXOWV WKH EHVW DJDLQ� DW WKH SRLQW RI ����� RI DEVWUDFWLRQ
OHYHO DQG WKH PHDQ GLVWDQFH RI ���� ZLWK LWV YDULDQFH RI

����� 7KH DEVWUDFWLRQ OHYHO ZDV ORZHUHG LQ FRPSDULVRQ

ZLWK WKH 177 FDVH� 7KLV FRPHV IURP WKH FULWHULD IRU WKH
LQWXLWLYH DEVWUDFWLRQ� 7KH QRGHV FKRVHQ IRU WKH WHVW ZHUH

PRUH GHWDLOHG WKDQ WKDW IRU 177 FDVH� ,W ZRXOG DOVR UHIOHFW

WKDW RXU SHUFHSWXDO XQLW RI EDVLF PHDQLQJ LV PRUH GHWDLOHG
WKDQ WKH XQLW UHTXLUHG IRU :6'�

�	
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7KLV SDSHU SURSRVHG WKH PHFKDQLFDO DEVWUDFWLRQ
WHFKQLTXHV WR FKDQJH WKH GHWDLOHG�QHVV RI D FRQFHSW

KLHUDUFK\� %\ XVLQJ WKHVH WHFKQLTXHV� ZH FRQVLGHUHG

DERXW WKH DSSURSULDWH GHWDLOHG�QHVV RI D FRQFHSW ZKHQ
JLYHQ DQ DSSOLFDWLRQ SXUSRVH RI D FRQFHSW KLHUDUFK\�

7KURXJK WKH :6' H[SHULPHQW� ZH FODULILHG WKDW WKH

FRQFHSW DEVWUDFWLRQ FRQWULEXWHV :6' PRUH WKDQ XVLQJ D
KLHUDUFK\ DV LW LV� DQG WKH IODW SUREDELOLW\ PHWKRG JLYHV WKH

EHVW UHVXOW DPRQJ WKH WKUHH WHFKQLTXHV SURSRVHG KHUH�

:H DOVR FDUULHG RXW DQ HYDOXDWLRQ E\ FRPSDULQJ WKH
DEVWUDFWHG KLHUDUFK\ ZLWK WKDW RI KXPDQ LQWURVSHFWLRQ� ,Q

WKLV FDVH WKH IODW VL]H PHWKRG JLYHV WKH PRVW VLPLODU UHVXOWV

WR KXPDQ�
,Q HDFK FDVH� WKH ����� QRGHV OHYHO RI DEVWUDFWLRQ LV

FRQVLGHUHG WR EH DSSURSULDWH IRU :6'� HVSHFLDOO\ WKH

:6' IRU PDFKLQH WUDQVODWLRQ� )RU LQIRUPDWLRQ UHWULHYDO�
WKDW LV DQRWKHU XVHIXO DSSOLFDWLRQ� LW ZDV QRW FODULILHG LQ
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WKLV SDSHU� DOWKRXJK WKH FRPSDULVRQ ZLWK WKH LQWXLWLYH

DEVWUDFWLRQ E\ KXPDQ LQWURVSHFWLRQ VXJJHVWV D SHUFHSWXDO

XQLW RI EDVLF PHDQLQJ� ZKLFK ZRXOG KDYH D VWURQJ

UHOHYDQFH WR ZRUG VLPLODULW\ PHDVXUH�

)RU IXWXUH ZRUN� ZH ZLOO ILUVW UHFRQVLGHU WKH WUHDWPHQW RI

SUREDELOLW\ ZLWKLQ WKH IUDPHZRUN RI VWDWLVWLFV� :H XVHG

IUHTXHQF\ FRPSDUDWLYHO\ GLUHFW ZLWKRXW FRQVLGHULQJ LWV

VWDWLVWLFDO UHOLDELOLW\� 7KLV ZLOO PDNH WKH H[SHULPHQW PRUH

SUHFLVH� DOWKRXJK WKH RYHUDOO WHQGHQF\ ZLOO QRW FKDQJH�

6HFRQGO\� ZH ZLOO HQULFK WKH GDWD RI KXPDQ LQWURVSHFWLRQ�

7KLV WLPH MXVW RQH UDWHU ZDV HQJDJHG LQ WKH ZRUN� %\

XVLQJ VHYHUDO UDWHUV¶ GDWD� WKH UHOLDELOLW\ RI WKH VWDQGDUG

GDWD ZLOO EH PHDVXUDEOH E\ LQWHU�UDWHU UHOLDELOLW\� 7KH XVH

RI UHOLDEOH GDWH ZLOO PDNH RXU UHVXOWV PRUH SUHFLVH�

)LQDOO\� WKH DSSURDFK WR WKH VSDUVHQHVV SUREOHP LV VWLOO DQ

LPSRUWDQW LVVXH� 6HPDQWLFDOO\ WDJJHG FRUSRUD ZHUH

DYDLODEOH LQ WKLV WLPH E\ HPSOR\LQJ WKH ('5¶V RQH� EXW ZH

FDQQRW LQFUHDVH WKH DPRXQW DQ\PRUH� 7KHUH DUH D ORW RI

UHVHDUFKHV LQWR DXWRPDWLF VHPDQWLF WDJJHUV� HVSHFLDOO\ E\

PDNLQJ D XVH RI ZRUG IUHTXHQF\ LQ UDZ FRUSRUD DQG D

KLHUDUFKLFDOO\ FRQVWUXFWHG ZRUG WKHVDXUXV� :H DUH QRZ

SODQQLQJ WR WDNH WKHVH DGYDQWDJHV RI WKHP�
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('5 �(GV�� ������� ('5 (OHFWURQLF 'LFWLRQDU\ 9HUVLRQ

��� 7HFKQLFDO *XLGH� ('5 7HFKQLFDO 5HSRUW 75������

)HOOEDXP� &� �(GV�� ������� :25'1(7 �� $Q (OHFWURQLF

/H[LFDO 'DWDEDVH� 7KH 0,7 3UHVV�

*RRG� ,� -� ������� 7KH 3RSXODWLRQ )UHTXHQFLHV RI 6SHFLHV

DQG WKH (VWLPDWLRQ RI 3RSXODWLRQ 3DUDPHWHUV� ,Q

%LRPHWULND� ��� SS���������

+HDUVW� 0� DQG 6FK�W]H� +� ������� &XVWRPL]LQJ D

/H[LFRQ WR %HWWHU 6XLW D &RPSXWDWLRQDO 7DVN� ,Q

3URFHHGLQJV RI WKH $&/ 6,*/(; :RUNVKRS�

+LUDNDZD� +�� ;X� =�� DQG +DDVH� .� ������� ,QKHULWHG

)HDWXUH�EDVHG 6LPLODULW\ 0HDVXUH RQ /DUJH 6HPDQWLF

+LHUDUFK\ DQG /DUJH 7H[W &RUSXV� ,Q 3URFHHGLQJV RI WKH

&2/,1*���� SS���������

,NHKDUD� 6�� 6KLUDL� 6�� <RNRR� $�� DQG 1DNDLZD� +�

������� 7RZDUG DQ 07 6\VWHP ZLWKRXW 3UH�(GLWLQJ ��

(IIHFWV RI 1HZ 0HWKRGV LQ $/7�-�( ��� ,Q 3URFHHGLQJV

RI 07 6XPPLW ,,,� SS���������

,NHKDUD� 6� HW DO� �(GV�� ������� 1LKRQJR�*RL�7DLNHL &'�

520 9HUVLRQ� ,ZDQDPL 6KRWHQ� �LQ -DSDQHVH��

/L� +� DQG $EH� 1�������� *HQHUDOL]LQJ &DVH )UDPHV

8VLQJ D 7KHVDXUXV DQG WKH 0'/ 3ULQFLSOH� ,Q

3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 5HFHQW

$GYDQFHV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ� SS� �������

%XOJDULD�

0F&DUWK\� '� �����D�� :RUG 6HQVH 'LVDPELJXDWLRQ IRU

$FTXLVLWLRQ RI 6HOHFWLRQDO 3UHIHUHQFHV� ,Q 3URFHHVLQJV

RI WKH $&/�($&/ �� :RUNVKRS $XWRPDWLF

,QIRUPDWLRQ ([WUDFWLRQ DQG %XLOGLQJ RI /H[LFDO

6HPDQWLF 5HVRXUFHV IRU 1/3 $SSOLFDWLRQV� 0DGULG

6SDLQ� SS� ������

0F&DUWK\� '� �����E�� (VWLPDWLRQ RI D 3UREDELOLW\

'LVWULEXWLRQ RYHU D +LHUDUFKLFDO &ODVVLILFDWLRQ� ,Q WKH

7HQWK :KLWH +RXVH 3DSHUV &2*6 ± &653�

5HVQLN� 3� ������� 6HOHFWLRQ DQG ,QIRUPDWLRQ� $ &ODVV�

%DVHG $SSURDFK WR /H[LFDO 5HODWLRQVKLSV� 3K�'� WKHVLV�

8QLYHUVLW\ RI 3HQQV\OYDQLD�

5HVQLN� 3� �����D�� 'LVDPELJXDWLQJ 1RXQ *URXSLQJV ZLWK

5HVSHFW WR :RUG1HW 6HQVHV� ,Q 3URFHHGLQJV RI WKH

$&/���

5HVQLN� 3� �����E�� 8VLQJ ,QIRUPDWLRQ &RQWHQW WR

(YDOXDWH 6HPDQWLF 6LPLODULW\ LQ D 7D[RQRP\� ,Q

3URFHHGLQJV RI WKH ,-&$,����


