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3HUFHSWXDO FDWHJRUL]DWLRQ LV D IXQGDPHQWDO DVSHFW RI KXPDQ FRJQLWLRQ� $Q\ WLPH ZH GHFLGH WKDW

VRPH YLVXDOO\ SUHVHQWHG REMHFW LV D GRJ UDWKHU WKDQ D FDW� D ERWWOH UDWKHU WKDQ D MDU� RU D WUHH UDWKHU WKDQ D

VKUXE� ZH DUH PDNLQJ D FDWHJRUL]DWLRQ GHFLVLRQ EDVHG RQ WKH SHUFHSWXDO DWWULEXWHV RI WKDW REMHFW �VHH

6ORPDQ 	 0DOW� WKLV YROXPH�� 7KH JRDO RI WKLV FKDSWHU LV WR UHYLHZ D FODVV RI WKHRULHV RI SHUFHSWXDO

FDWHJRUL]DWLRQ ZLWK SDUWLFXODU HPSKDVLV RQ KRZ WKHVH WKHRULHV DFFRXQW IRU WKH WLPH FRXUVH RI WKHVH

MXGJHPHQWV� $ NH\ DVVXPSWLRQ RI WKHVH WKHRULHV LV WKDW SHUFHSWXDO FDWHJRUL]DWLRQ GHSHQGV RQ WKH

XQGHUO\LQJ SHUFHSWXDO VLPLODULW\ UHODWLRQV DPRQJ REMHFWV� $V VKRXOG EH DSSDUHQW IURP WKH RWKHU FKDSWHUV

LQ WKLV YROXPH� WKLV JHQHUDO DVVXPSWLRQ LV QRW ZLWKRXW VRPH FRQWURYHUV\ �VHH $KQ� WKLV YROXPH� +DPSWRQ�

WKLV YROXPH� 0DUNPDQ� WKLV YROXPH� 6ORPDQ 	 0DOW� WKLV YROXPH��

&RQVLGHUDEOH SURJUHVV KDV EHHQ PDGH RYHU WKH SDVW WZR GHFDGHV GHYHORSLQJ DQG WHVWLQJ IRUPDO

PRGHOV RI FDWHJRUL]DWLRQ� $ IRUPDO PRGHO WDNHV D VLJQLILFDQW VWHS EH\RQG PHUH YHUEDOO\ VWDWHG WKHRULHV E\

ZHOO VSHFLI\LQJ� LQ HLWKHU PDWKHPDWLFDO RU FRPSXWDWLRQDO GHWDLO� WKH K\SRWKHVL]HG SV\FKRORJLFDO SURFHVVHV

WKRXJKW WR XQGHUOLH D SDUWLFXODU EHKDYLRUDO SKHQRPHQRQ� ,Q WKH FDVH RI SHUFHSWXDO FDWHJRUL]DWLRQ� WKLV

UHTXLUHV VSHFLI\LQJ WKH GHWDLOV RI D YDULHW\ RI K\SRWKHVL]HG FRJQLWLYH SURFHVVHV WKRXJKW WR EH LQYROYHG LQ

PDNLQJ D FDWHJRUL]DWLRQ MXGJPHQW� 6RPH RI WKHVH LQFOXGH VSHFLI\LQJ ZKDW SHUFHSWXDO LQIRUPDWLRQ LV

SURYLGHG E\ WKH VHQVRU\ V\VWHP DQG KRZ WKDW LQIRUPDWLRQ LV UHSUHVHQWHG� KRZ WKDW SHUFHSWXDO LQIRUPDWLRQ

LV FRPSDUHG ZLWK ZKDW KDV EHHQ SUHYLRXVO\ OHDUQHG� KRZ WKLV SUHYLRXVO\ OHDUQHG FDWHJRU\ LQIRUPDWLRQ LV

UHSUHVHQWHG LQ PHPRU\� DQG KRZ D FDWHJRUL]DWLRQ GHFLVLRQ LV PDGH EDVHG RQ WKH FRPSDULVRQ RI SHUFHSWXDO

LQIRUPDWLRQ ZLWK WKH VWRUHG FDWHJRU\ UHSUHVHQWDWLRQV� )RU H[DPSOH� LV SHUFHSWXDO LQIRUPDWLRQ UHSUHVHQWHG

LQ WHUPV RI IHDWXUHV RU GLPHQVLRQV� LV WKH FRPSDULVRQ RI SHUFHSWXDO LQIRUPDWLRQ WR ZKDW KDV EHHQ OHDUQHG

EDVHG RQ VLPLODULWLHV WR VWRUHG FDWHJRU\ UHSUHVHQWDWLRQV RU LV VRPH RWKHU PDWFKLQJ SURFHVV XVHG� DUH

FDWHJRULHV UHSUHVHQWHG LQ WHUPV RI UXOHV� DEVWUDFW SURWRW\SHV� RU H[HPSODUV� DQG VR RQ�

$ FRPSOHWH UHYLHZ RI WKH YDULRXV IRUPDO PRGHOV RI SHUFHSWXDO FDWHJRUL]DWLRQ ZKLFK KDYH EHHQ

SURSRVHG LV FOHDUO\ EH\RQG WKH VFRSH RI WKH SUHVHQW FKDSWHU �VHH $VKE\� ����� &RKHQ 	 0DVVDUR� �����

(VWHV� ����� .RPDWVX� ����� /DPEHUWV� ����� 1RVRIVN\� ����D� ����E� (�(� 6PLWK 	 0HGLQ� ������
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+RZHYHU� LW LV SUREDEO\ IDLU WR VD\ WKDW� XQWLO TXLWH UHFHQWO\� QHDUO\ HYHU\ IRUPDO PRGHO RI SHUFHSWXDO

FDWHJRUL]DWLRQ KDV DWWHPSWHG WR DFFRXQW IRU FDWHJRUL]DWLRQ FKRLFH SUREDELOLWLHV �ZKLFK FDWHJRU\ ZLOO D

JLYHQ VWLPXOXV EH FODVVLILHG LQWR�� EXW KDV QRW DGGUHVVHG WKH WLPH FRXUVH RI VXFK MXGJHPHQWV� 7KHUH DUH D

QXPEHU RI YHU\ JRRG UHDVRQV IRU WKHRULHV RI SHUFHSWXDO FDWHJRUL]DWLRQ WR DWWHPSW WR DFFRXQW IRU WKH WLPH WR

PDNH D FDWHJRU\ FKRLFH�

5($6216 72 ,19(67,*$7( 7+( 7,0( &2856( 2) &$7(*25,=$7,21

%\ IDU� WKH PRVW FRPPRQ SV\FKRORJLFDO PHDVXUHV RI FRJQLWLYH SKHQRPHQRQ LQYROYH DFFXUDF\ DQG

UHVSRQVH WLPH� &OHDUO\� D FRPSOHWH WKHRU\ RI D FRPSOH[ FRJQLWLYH SKHQRPHQRQ VXFK DV SHUFHSWXDO

FDWHJRUL]DWLRQ PXVW SURYLGH D VSHFLILFDWLRQ RI WKH WLPH UHTXLUHG IRU HDFK VXE�SURFHVV ZKLFK LV HQJDJHG

GXULQJ D WDVN �IURP ZKLFK FDQ EH JHQHUDWHG UHVSRQVH WLPH SUHGLFWLRQV� DV ZHOO DV SURYLGH DQ DFFRXQW RI

WKH SDUWLFXODU UHVSRQVHV WKDW DUH SURGXFHG �IURP ZKLFK FDQ EH JHQHUDWHG DFFXUDF\ SUHGLFWLRQV��

*HQHUDOO\� WHVWLQJ PRGHOV RI SHUFHSWXDO FDWHJRUL]DWLRQ WKDW RQO\ DFFRXQW IRU UHVSRQVH SUREDELOLWLHV

UHTXLUHV WKH XVH RI H[SHULPHQWDO SDUDGLJPV LQ ZKLFK VXEMHFWV PDNH HUURUV� 6XEMHFWV DUH RQO\ SURYLGHG

OLPLWHG DPRXQWV RI WUDLQLQJ � WKH DPRXQW RI WUDLQLQJ LV FDUHIXOO\ FDOLEUDWHG WR UDLVH VXEMHFWV WR RQO\ DQ

LQWHUPHGLDWH OHYHO RI H[SHUWLVH �H�J�� 0HGLQ 	 6FKDIIHU� ����� � RU VXEMHFWV OHDUQ FDWHJRU\ VWUXFWXUHV ZLWK

KLJK GHJUHHV RI RYHUODS ZKLFK FDQQRW EH OHDUQHG SHUIHFWO\ � HUURUV DUH UHTXLUHG E\ KRZ WKH FDWHJRULHV DUH

GHILQHG �H�J�� $VKE\ 	 *RWW� ������ ,Q UHDO ZRUOG VLWXDWLRQV� HUURUV PD\ RIWHQ EH REVHUYHG LQ QRYLFHV �H�J��

\RXQJ FKLOGUHQ RU QHZFRPHUV WR D VSHFLDOL]HG GRPDLQ RI H[SHUWLVH�� ZKHQ FDWHJRUL]DWLRQ GHFLVLRQV DUH

GLIILFXOW EHFDXVH RI VRPH GHJUHH RI FDWHJRU\ RYHUODS �H�J�� WHOOLQJ D &DEHUQHW IURP D 0HUORW�� ZKHQ

VXEMHFWV DUH SODFHG XQGHU H[WUHPH VSHHG VWUHVV WR PDNH TXLFN FDWHJRUL]DWLRQ GHFLVLRQV �H�J�� FODVVLI\LQJ

REMHFWV ZKHQ GULYLQJ DW KLJK VSHHGV�� RU ZKHQ SHUFHSWXDO LQIRUPDWLRQ LV XQDYDLODEOH �H�J�� FODVVLI\LQJ D

SDUWLDOO\ RFFOXGHG REMHFW�� +RZHYHU� LQ PDQ\ H[SHULPHQWDO SDUDGLJPV DQG QDWXUDO VHWWLQJV� FDWHJRULHV DUH

ZHOO OHDUQHG DQG HUURUV PD\ EH TXLWH UDUH� <HW� UHODWLYHO\ ODUJH GLIIHUHQFHV LQ WKH WLPH QHHGHG WR PDNH D

FDWHJRUL]DWLRQ MXGJPHQW FDQ EH REVHUYHG� $V D FODVVLF H[DPSOH� DOWKRXJK VXEMHFWV UDUHO\ PDNH HUURUV LQ
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MXGJLQJ ZKHWKHU D URELQ LV D ELUG RU ZKHWKHU D FKLFNHQ LV D ELUG� VXEMHFWV DUH VLJQLILFDQWO\ IDVWHU WR MXGJH

WKH IRUPHU VWDWHPHQW WKDQ WKH ODWWHU RQH �(�(� 6PLWK� 5LSV� 	 6KREHQ� ������

$QRWKHU UHDVRQ WR LQYHVWLJDWH WKH WLPH FRXUVH RI FDWHJRUL]DWLRQ MXGJPHQWV LV WKDW� LQ PDQ\ FDVHV�

LW KDV SURYHQ TXLWH GLIILFXOW WR GLVWLQJXLVK EHWZHHQ IRUPDO SURFHVV PRGHOV EDVHG RQ UHVSRQVH SUREDELOLW\

GDWD DORQH� ,Q VRPH VLWXDWLRQV� PRGHOV ZKLFK PDNH TXLWH GLIIHUHQW DVVXPSWLRQV DERXW WKH XQGHUO\LQJ

SURFHVVHV LQYROYHG LQ D FDWHJRUL]DWLRQ GHFLVLRQ KDYH SURYHG WR EH QHDUO\ LQGLVWLQJXLVKDEOH EDVHG VROHO\ RQ

WKHLU DELOLW\ WR DFFRXQW IRU UHVSRQVH SUREDELOLWLHV �H�J�� 0DGGR[ 	 $VKE\� ����� 0F.LQOH\ 	 1RVRIVN\�

������ <HW� RQFH WKHVH PRGHOV KDYH EHHQ SURYLGHG ZLWK WKH SURFHVVLQJ G\QDPLFV UHTXLUHG WR DFFRXQW IRU

UHVSRQVH WLPHV DV ZHOO� WKH\ FDQ DQG GR PDNH GLIIHUHQW SUHGLFWLRQV ZKLFK DUH WHVWDEOH �H�J�� 1RVRIVN\ 	

$OIRQVR�5HHVH� LQ SUHVV� 1RVRIVN\� $OIRQVR�5HHVH� 	 3DOPHUL� ����� 1RVRIVN\ 	 3DOPHUL� ����D�

����E��

7KLV FKDSWHU GLVFXVVHV D FODVV RI UHFHQW PRGHOV RI FDWHJRUL]DWLRQ WKDW KDYH DLPHG WR DFFRXQW IRU

ERWK FDWHJRUL]DWLRQ DFFXUDF\ DQG UHVSRQVH WLPHV� 2I WKH QXPHURXV WKHRUHWLFDO DSSURDFKHV WR

FDWHJRUL]DWLRQ ZKLFK KDYH EHHQ RIIHUHG� RQO\ GHFLVLRQ ERXQGDU\ PRGHOV �H�J�� $VKE\� %R\QWRQ� 	 /HH�

����� $VKE\ 	 0DGGR[� ����� 0DGGR[ 	 $VKE\� ����� DQG H[HPSODU�EDVHG PRGHOV �H�J�� /DPEHUWV�

����� ����� 1RVRIVN\ 	 3DOPHUL� ����D� 3DOPHUL� ����D� ����D� KDYH EHHQ H[WHQGHG WR DFFRXQW IRU

UHVSRQVH WLPH GDWD� /DUJHO\ EHFDXVH WKH WKHPH RI WKLV YROXPH LV RQ WKH UROH RI VLPLODULW\ LQ FDWHJRUL]DWLRQ�

WKLV FKDSWHU ZLOO IRFXV H[FOXVLYHO\ RQ WKH UHFHQW H[HPSODU�EDVHG DSSURDFKHV �VHH DOVR +HLW� WKLV YROXPH��

$ )250$/ 02'(/ 2) &$7(*25,=$7,21� 7+( *(1(5$/,=(' &217(;7 02'(/

$OWKRXJK RWKHU IRUPDO PRGHOV KDYH EHHQ SURSRVHG ZKLFK DUH EDVHG RQ SURWRW\SHV �H�J�� +RPD�

����� +RPD� 6WHUOLQJ� 	 7UHSHO� ������ UXOHV �H�J�� 1RVRIVN\� 3DOPHUL� 	 0F.LQOH\� ����� 1RVRIVN\ 	

3DOPHUL� ����� 3DOPHUL 	 1RVRIVN\� ����� ����� (ULFNVRQ 	 .UXVFKNH� ������ GHFLVLRQ ERXQGDULHV �H�J��

$VKE\ 	 *RWW� ����� 0DGGR[ 	 $VKE\� ������ DQG DVVRFLDWLRQ ZHLJKWV LQ FRQQHFWLRQLVW QHWZRUNV �H�J��

*OXFN 	 %RZHU� ������ H[HPSODU PRGHOV KDYH EHHQ VRPH RI WKH PRVW VXFFHVVIXO DQG PRVW ULJRURXVO\

WHVWHG WKHRULHV �H�J�� (VWHV� ����� 1RVRIVN\� ����D� ����E�� KDYH KDG VRPH RI WKH PRVW DSSOLFDELOLW\ LQ
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RWKHU GRPDLQV RI FRJQLWLRQ �H�J�� *ROGLQJHU� ����� (�5� 6PLWK 	 =DUDWH� ����� 9DOHQWLQH 	 (QGR� ������

DQG� PRVW LPSRUWDQWO\ IRU SUHVHQW SXUSRVHV� KDYH PDGH WKH IXUWKHVW LQURDGV LQWR GHYHORSLQJ D FRPSOHWH

DFFRXQW RI WKH WLPH FRXUVH RI FDWHJRUL]DWLRQ �H�J�� /DPEHUWV� ����� ����� 1RVRIVN\ 	 3DOPHUL� ����D�

3DOPHUL� ����D� ����E� ����D� EXW VHH 0DUNPDQ� WKLV YROXPH� IRU D FULWLTXH RI WUDGLWLRQDO ODERUDWRU\

PHWKRGV XVHG WR WHVW WKHRULHV RI FDWHJRUL]DWLRQ��

([HPSODU PRGHOV DVVXPH WKDW FDWHJRULHV DUH UHSUHVHQWHG LQ WHUPV RI WKH LQGLYLGXDO LQVWDQFHV RI D

FDWHJRU\ ZKLFK KDYH EHHQ H[SHULHQFHG DQG VWRUHG LQ PHPRU\ �VHH +HLW� WKLV YROXPH� IRU DSSOLFDWLRQV RI

H[HPSODU PRGHOV WR H[SHULPHQWDO SDUDGLJPV HQFRXUDJLQJ WKH XVH RI SUH�H[SHULPHQWDO EDFNJURXQG

NQRZOHGJH�� &ODVVLI\LQJ DQ REMHFW LQWR VRPH FDWHJRU\ LV EDVHG RQ KRZ VLPLODU WKDW REMHFW LV WR WKH VWRUHG

H[HPSODUV RI WKDW FDWHJRU\ UHODWLYH WR WKH REMHFW
V VLPLODULW\ WR H[HPSODUV LQ RWKHU FDWHJRULHV� ([HPSODU

PRGHOV DUH XQLTXH IURP PRVW RWKHU IRUPDO PRGHOV RI FDWHJRUL]DWLRQ LQ WKDW OLWWOH DEVWUDFWLRQ WDNHV SODFH LQ

WKH FUHDWLRQ RI WKH FDWHJRU\ UHSUHVHQWDWLRQ� 7KH\ FDQ EH FRQWUDVWHG ZLWK SURWRW\SH PRGHOV� UXOH�EDVHG

PRGHOV� DQG GHFLVLRQ ERXQGDU\ PRGHOV ZKLFK DOO DVVXPH WKH FUHDWLRQ RI VRPH VRUW RI VXPPDU\

UHSUHVHQWDWLRQ RI D FDWHJRU\ ZKLFK LV VWULSSHG RI LQIRUPDWLRQ DERXW WKH SDUWLFXODU LQVWDQFHV ZKLFK KDYH

EHHQ H[SHULHQFHG� 7KLV LV QRW WR VXJJHVW WKDW H[HPSODU PRGHOV FDQQRW DOORZ DEVWUDFWLRQ WR RFFXU� 3HRSOH

FDQ FHUWDLQO\ IRUP DQ �LPDJH� RU D GHVFULSWLRQ RI WKH ¦SURWRW\SLFDO§ FDW� GRJ� RU IORZHU � DFFRUGLQJ WR

H[HPSODU PRGHOV WKHVH DEVWUDFWLRQV GR QRW RFFXU DW WKH WLPH RI VWRUDJH� UDWKHU WKH\ RFFXU RQ�OLQH LQ WKH

VHUYLFH RI VRPH SDUWLFXODU WDVN �%DUVDORX� ������ $UJXDEO\� WKHUH PD\ EH DQ DGDSWLYH DGYDQWDJH WR VWRULQJ

H[HPSODUV UDWKHU WKDQ FUHDWLQJ DEVWUDFWLRQV� &UHDWLQJ DEVWUDFWLRQV UHTXLUHV WKDW WKH RUJDQLVP EH SUHVFLHQW

WR ZKDW LQIRUPDWLRQ ZLOO EH UHTXLUHG DW D ODWHU WLPH IRU VXUYLYDO� %\ FRQWUDVW� UHWDLQLQJ GHWDLOHG

LQIRUPDWLRQ DERXW SDUWLFXODU LQVWDQFHV DOORZV WKH RUJDQLVP WR JHQHUDWH IOH[LEOH DEVWUDFWLRQV RQOLQH ZKLFK

PD\ KDYH EHHQ XQDQWLFLSDWHG ZKHQ WKH FDWHJRULHV DUH ILUVW DFTXLUHG�

:KLOH D QXPEHU RI YDULDQWV RI H[HPSODU PRGHOV KDYH EHHQ SURSRVHG �H�J�� (VWHV� ����� +LQW]PDQ�

����� 0\HUV� /RKPHLHU� 	 :HOO� ������ , ZLOO EHJLQ E\ VXPPDUL]LQJ WKH ZHOO NQRZQ JHQHUDOL]HG FRQWH[W

PRGHO �*&0� 1RVRIVN\� ����� ������ D JHQHUDOL]DWLRQ RI WKH FRQWH[W PRGHO RI 0HGLQ DQG 6FKDIIHU

������ ZKLFK EXLOGV RQ FODVVLF PRGHOV UHODWLQJ VWLPXOXV LGHQWLILFDWLRQ DQG FDWHJRUL]DWLRQ �H�J�� 6KHSDUG�
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����� ����� 6KHSDUG 	 &KDQJ� ����� 6KHSDUG� +RYODQG� 	 -HQNLQV� ������ 7KLV PRGHO VHUYHV DV WKH EDVLV

IRU WKH PRGHOV RI WKH WLPH FRXUVH RI SHUFHSWXDO FDWHJRUL]DWLRQ RXWOLQHG ODWHU LQ WKLV FKDSWHU�

)RUPDO 6SHFLILFDWLRQ RI WKH *&0

7KH *&0 DVVXPHV WKDW REMHFWV DUH UHSUHVHQWHG DV SRLQWV LQ D PXOWLGLPHQVLRQDO SV\FKRORJLFDO

VSDFH� 7KHVH GLPHQVLRQV PD\ UHSUHVHQW VXFK FKDUDFWHULVWLFV RI DQ REMHFW DV LWV VL]H� VKDSH� RU FRORU� DV

LOOXVWUDWHG LQ )LJXUH �� :KHQ DSSO\LQJ WKH PRGHO� WKHVH PXOWLGLPHQVLRQDO UHSUHVHQWDWLRQV VHUYH DV WKH

LQSXWV WR WKH *&0� ,Q VRPH FLUFXPVWDQFHV� WKH SV\FKRORJLFDO GLPHQVLRQV DUH UDWKHU REYLRXV DQG FDQ EH

VSHFLILHG D SULRUL� VXFK DV WKRVH VKRZQ LQ )LJXUH � �VHH DOVR 1RVRIVN\� *OXFN� 3DOPHUL� 0F.LQOH\� 	

*DXWKLHU� ������ ,Q RWKHU FDVHV� WKH SV\FKRORJLFDO GLPHQVLRQV RI WKH VWLPXOL DUH OHVV REYLRXV� EXW PD\ EH

GHWHUPLQHG XVLQJ WHFKQLTXHV VXFK DV PXOWLGLPHQVLRQDO VFDOLQJ �0'6� 6KHSDUG� ������
�

3UHVHQWHG LWHPV DQG WKH VWRUHG H[HPSODUV DUH UHSUHVHQWHG DV SRLQWV LQ WKLV PXOWLGLPHQVLRQDO

SV\FKRORJLFDO VSDFH� 7KH FRRUGLQDWHV RI WKDW SRLQW VSHFLI\ WKH YDOXHV WKDW REMHFW KDV RQ HDFK RI WKH

SV\FKRORJLFDO GLPHQVLRQV� 6LPLODULW\ EHWZHHQ DQ LWHP L DQG VWRUHG H[HPSODU M LV D IXQFWLRQ RI GLVWDQFH� GLM�

LQ WKH SV\FKRORJLFDO VSDFH� )RUPDOO\� WKLV GLVWDQFH LV JLYHQ E\

U
0

P

U

MPLPPLM [[ZG

��

�

¸
¹

·
¨
©

§
� ¦

 

� ���

ZKHUH [LP LV WKH FRRUGLQDWH YDOXH RI VWLPXOXV L RQ GLPHQVLRQ P� ZP LV D VHOHFWLYH DWWHQWLRQ ZHLJKW RQ

GLPHQVLRQ P �GLVFXVVHG ODWHU�� DQG U VSHFLILHV WKH GLVWDQFH PHWULF� 7KH ZHOO�NQRZQ (XFOLGHDQ GLVWDQFH

PHWULF LV VSHFLILHG ZKHQ U  �� ZKLFK LV W\SLFDOO\ WKH FDVH IRU UHODWLYHO\ LQWHJUDO GLPHQVLRQV VXFK DV WKH

VDWXUDWLRQ DQG EULJKWQHVV RI FRORUV� D FLW\�EORFN PHWULF LV VSHFLILHG ZKHQ U  �� ZKLFK LV W\SLFDOO\ WKH FDVH

IRU UHODWLYHO\ VHSDUDEOH GLPHQVLRQV VXFK DV IRUP DQG FRORU �VHH *DUQHU� ����� 6KHSDUG� ����� ������

6LPLODULW\ LV D GHFUHDVLQJ IXQFWLRQ RI GLVWDQFH� ,WHPV WKDW DUH FORVH WRJHWKHU LQ SV\FKRORJLFDO

VSDFH DUH VLPLODU WR RQH DQRWKHU� WKRVH IDU DSDUW DUH GLVVLPLODU� )RUPDOO\� WKH VLPLODULW\ EHWZHHQ LWHP L DQG

H[HPSODU M� VLM� LV DQ H[SRQHQWLDOO\ GHFUHDVLQJ IXQFWLRQ RI GLVWDQFH
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�H[S� LMLM GFV � � ���

ZKHUH F LV D VFDOLQJ SDUDPHWHU �6KHSDUG� ����� VHH 7YHUVN\� ����� 0DUNPDQ� WKLV YROXPH� .HDQH 	

6P\WK� WKLV YROXPH� DQG 3RWKRV 	 &KDWHU� WKLV YROXPH� IRU DOWHUQDWLYH FRQFHSWXDOL]DWLRQV RI VLPLODULW\��

$ FULWLFDOO\ LPSRUWDQW DVVXPSWLRQ RI WKH *&0 LV WKDW GLPHQVLRQV FDQ EH GLIIHUHQWLDOO\ DWWHQGHG WR

GHSHQGLQJ RQ WKHLU GLDJQRVWLFLW\ LQ D SDUWLFXODU FDWHJRUL]DWLRQ FRQWH[W� )RU H[DPSOH� LI DOO PHPEHUV RI

FDWHJRU\ $ DUH EODFN DQG DOO PHPEHUV RI FDWHJRU\ % DUH ZKLWH� WKHQ DQ RSWLPDO VWUDWHJ\ �1RVRIVN\� �����

LQ SUHVV� ZRXOG EH WR DWWHQG PRUH WR WKH FRORU RI WKH LWHPV WKDQ WR RWKHU GLPHQVLRQV� 7KLV LV LQVWDQWLDWHG

E\ VWUHWFKLQJ GLPHQVLRQV WKDW DUH DWWHQGHG WR DQG VKULQNLQJ GLPHQVLRQV WKDW DUH QRW DWWHQGHG WR� 7KLV

LQFUHDVHV GLVWDQFHV DORQJ WKH DWWHQGHG GLPHQVLRQ DQG GHFUHDVHV GLVWDQFHV DORQJ WKH XQDWWHQGHG GLPHQVLRQ�

FDXVLQJ FRPPHQVXUDWH FKDQJHV LQ VLPLODULWLHV� )LJXUH � LOOXVWUDWHV WKH VLWXDWLRQ ZKHUH FRORU LV DWWHQGHG WR

PRUH WKDQ VKDSH RU VL]H� FDXVLQJ WKH VSDFH WR VWUHWFK DORQJ WKH FRORU GLPHQVLRQ DQG VKULQN DORQJ WKH

XQDWWHQGHG GLPHQVLRQV� 6HOHFWLYH DWWHQWLRQ LV IRUPDOL]HG DV ZHLJKWV� ZP� LQ WKH GLVWDQFH PHWULF JLYHQ LQ

(TXDWLRQ �� $ UHODWLYHO\ ODUJHU ZHLJKW RQ D GLPHQVLRQ UHIOHFWV UHODWLYHO\ PRUH DWWHQWLRQ WR WKDW GLPHQVLRQ�

D ZHLJKW RI ]HUR ZRXOG PDNH GLIIHUHQFHV DORQJ WKDW GLPHQVLRQ FRPSOHWHO\ LUUHOHYDQW IRU SXUSRVHV RI

VLPLODULW\ FRPSXWDWLRQV�

7KH HYLGHQFH WKDW DQ LWHP LV D PHPEHU RI D SDUWLFXODU FDWHJRU\ LV IRXQG E\ VXPPLQJ WKH

VLPLODULWLHV WR DOO H[HPSODUV RI WKDW FDWHJRU\ �DQG PD\ LQFOXGH RWKHU H[HPSODUV IURP EDFNJURXQG

NQRZOHGJH RI UHODWHG FDWHJRULHV DV ZHOO� VHH +HLW� WKLV YROXPH�� 7KH PRUH DQ LWHP LV VLPLODU WR H[HPSODUV

RI D FDWHJRU\� WKH JUHDWHU WKH HYLGHQFH WKDW LW EHORQJV WR WKDW FDWHJRU\� )RUPDOO\� WKH HYLGHQFH� ($L� WKDW DQ

LWHP L EHORQJV WR FDWHJRU\ $ LV JLYHQ E\

¦
�

 

$N

LN$L
V( � ���

ZKHUH N LQGLFHV DOO PHPEHUV RI FDWHJRU\ $ DQG VLN LV WKH VLPLODULW\ EHWZHHQ LWHP L DQG H[HPSODU N GHILQHG

DERYH�
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7KH SUREDELOLW\ RI MXGJLQJ LWHP L DV D PHPEHU RI FDWHJRU\ $ GHSHQGV RQ KRZ PXFK HYLGHQFH

WKHUH LV IRU FDWHJRU\ $ UHODWLYH WR WKH RWKHU FDWHJRU\ RSWLRQV� )RUPDOO\� LQ WKH FDVH RI WZR FDWHJRULHV� $

DQG %� WKH SUREDELOLW\ RI FODVVLI\LQJ LWHP L DV D PHPEHU RI FDWHJRU\ $� 3�$_L�� LV JLYHQ E\

� �
� � � �JJ
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EE
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ZKHUH E$ LV WKH UHVSRQVH ELDV IRU FDWHJRU\ $� E LV D EDFNJURXQG QRLVH WHUP ZKLFK DFWV OLNH D JXHVVLQJ

WHUP ZKHQ HYLGHQFH IRU DQ\ FDWHJRU\ LV ORZ� DQG J LV D UHVSRQVH VFDOLQJ SDUDPHWHU� ,QFUHDVLQJ J PDNHV

UHVSRQVH PRUH GHWHUPLQLVWLF
�
�0F.LQOH\ 	 1RVRIVN\� ����� 0DGGR[ 	 $VKE\� ������ ZKLOH WKLV

UHVSRQVH VFDOLQJ SDUDPHWHU ZDV LQLWLDOO\ D SRVW KRF DGGLWLRQ WR WKH *&0� LW KDV UHFHQWO\ EHHQ SURYLGHG D

VSHFLILF SURFHVV LQWHUSUHWDWLRQ� DV GLVFXVVHG ODWHU �1RVRIVN\ 	 3DOPHUL� ����D�� :LWKRXW ELDV� EDFNJURXQG

QRLVH� RU UHVSRQVH VFDOLQJ� (TXDWLRQ � UHGXFHV WR

%L$L

$L

((

(
L$3

�

 �_� � ���

WKH SUREDELOLW\ RI FODVVLI\LQJ LWHP L DV D PHPEHU LI FDWHJRU\ $ LV VLPSO\ JLYHQ E\ WKH UDWLR RI WKH HYLGHQFH

IRU FDWHJRU\ $ WR WKH WRWDO HYLGHQFH IRU DQ\ FDWHJRU\�

7KH *&0 KDV VXFFHVVIXOO\ DFFRXQWHG IRU D ZLGH YDULHW\ RI IXQGDPHQWDO FDWHJRUL]DWLRQ

SKHQRPHQRQ �H�J�� 1RVRIVN\� ����� ����� ����D� DQG KDV VXFFHVVIXOO\ GHVFULEHG UHODWLRQV EHWZHHQ

FDWHJRUL]DWLRQ DQG RWKHU SURFHVVHV� VXFK DV VWLPXOXV LGHQWLILFDWLRQ DQG UHFRJQLWLRQ PHPRU\ �H�J��

1RVRIVN\� ����� ����� ����E� ����� 1RVRIVN\ 	 =DNL� ����� EXW VHH 3DOPHUL 	 )ODQHU\� LQ SUHVV� 3DOPHUL

	 1RVRIVN\� ������ $ FRQQHFWLRQLVW LQVWDQWLDWLRQ RI WKH *&0� $/&29( �.UXVFKNH� ������ KDV VXSSOLHG

D PHFKDQLVP ZKLFK OHDUQV WKH VHOHFWLYH DWWHQWLRQ ZHLJKWV DQG DVVRFLDWLRQV EHWZHHQ H[HPSODUV DQG

FDWHJRULHV� $/&29( KDV DFFRXQWHG IRU D FDWHJRU\ OHDUQLQJ GDWD LQ D QXPEHU RI SDUDGLJPV �H�J��

.UXVFKNH� ����� 1RVRIVN\ HW DO�� ����� 1RVRIVN\� .UXVFKNH� 	 0F.LQOH\� ����� 1RVRIVN\ 	 3DOPHUL�

����� 3DOPHUL� ����E��

$OWKRXJK WKH *&0 KDV EHHQ VR VXFFHVVIXO� LW LV OLPLWHG LQ QRW SURYLGLQJ DQ DFFRXQW RI WKH WLPH

FRXUVH RI FDWHJRUL]DWLRQ GHFLVLRQV� 7ZR UHFHQW H[WHQVLRQV RI WKH *&0 KDYH DGGUHVVHG WKLV VKRUWFRPLQJ
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E\ LQFRUSRUDWLQJ G\QDPLF DVVXPSWLRQV RI WKH HYROXWLRQ RI SHUFHSWXDO UHSUHVHQWDWLRQV �/DPEHUWV� �����

������ PDNLQJ DVVXPSWLRQV DERXW WKH WLPH QHHGHG WR UHWULHYH DQG FRPSDUH SHUFHSWXDO LQIRUPDWLRQ ZLWK

H[HPSODUV VWRUHG LQ PHPRU\ �1RVRIVN\ 	 3DOPHUL� ����D� 3DOPHUL� ����D�� DQG E\ LQFRUSRUDWLQJ D

SURFHVV DFFRXQW RI FDWHJRUL]DWLRQ GHFLVLRQ PDNLQJ �1RVRIVN\ 	 3DOPHUL� ����D��

7+( (;7(1'(' *(1(5$/,=(' &217(;7 02'(/

&DWHJRUL]DWLRQ GHFLVLRQV FDQ YDU\ DFFRUGLQJ WR WKH DPRXQW RI WLPH SUHVVXUH RQH LV SXW XQGHU� )RU

H[DPSOH� DOWKRXJK , PD\ NQRZ WKDW D GROSKLQ LV D PDPPDO� XQGHU FRQGLWLRQV LQ ZKLFK , PXVW PDNH DQ

H[WUHPHO\ UDSLG MXGJHPHQW� , PLJKW LQVWHDG FODVVLI\ D GROSKLQ DV D ILVK� 7KLV VHFWLRQ ZLOO UHYLHZ VRPH

UHFHQW HPSLULFDO DQG WKHRUHWLFDO ZRUN E\ /DPEHUWV ������ ����� ZKLFK KDV H[WHQVLYHO\ LQYHVWLJDWHG WKH

HIIHFWV RI WLPH SUHVVXUH RQ SHUFHSWXDO FDWHJRUL]DWLRQ�

$V D VWDWLF PRGHO� WKH *&0 GRHV QRW VSHFLI\ WKH WLPH FRXUVH RI KRZ SHUFHSWXDO UHSUHVHQWDWLRQV

FRPH WR EH JHQHUDWHG RYHU WLPH� 6HQVRU\ DQG SHUFHSWXDO SURFHVVHV DUH FOHDUO\ WLPH�GHSHQGHQW �H�J� 3�/�

6PLWK� ������ DQG LW VHHPV UHDVRQDEOH WR VXSSRVH WKDW VRPH SHUFHSWXDO LQIRUPDWLRQ PLJKW EHFRPH

DYDLODEOH VRRQHU WKDQ RWKHU LQIRUPDWLRQ� 7KH ([WHQGHG *HQHUDOL]HG &RQWH[W 0RGHO �(*&0� /DPEHUWV�

����� ����� VSHFLILHV KRZ SHUFHSWXDO UHSUHVHQWDWLRQV HYROYH RYHU WLPH� 7KH PRGHO KDV VXFFHVVIXOO\

DFFRXQWHG IRU H[SHULPHQWDO SDUDGLJPV LQ ZKLFK VXEMHFWV PXVW FODVVLI\ REMHFWV XQGHU YDU\LQJ DPRXQWV RI

VSHHG VWUHVV�

$V ZLWK WKH *&0� (*&0 DVVXPHV WKDW VLPLODULW\ EHWZHHQ LWHP L DQG H[HPSODU M LV D GHFUHDVLQJ

IXQFWLRQ RI GLVWDQFH LQ SV\FKRORJLFDO VSDFH� )RUPDOO\� FRPELQLQJ (TXDWLRQV � DQG ��
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ZKHUH VLM�W� LV QRZ D WLPH�YDU\LQJ VLPLODULW\ PHDVXUH� :KHUHDV WKH *&0 DVVXPHG D VLQJOH VHOHFWLYH

DWWHQWLRQ ZHLJKW IRU GLPHQVLRQ P� ZP� WKH (*&0 EUHDNV WKLV SDUDPHWHU XS LQWR WZR LQGHSHQGHQW

FRPSRQHQWV� D WLPH YDU\LQJ SDUDPHWHU� LQFP�W�� ZKLFK VSHFLILHV ZKHWKHU GLPHQVLRQ P KDV EHHQ LQFOXGHG
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��� RU QRW ��� DW WLPH W� DQG D FRQVWDQW SDUDPHWHU� XP� ZKLFK LV WKH XWLOLW\ �GLDJQRVWLFLW\� RI GLPHQVLRQ P

�DNLQ WR WKH RULJLQDO DWWHQWLRQ ZHLJKWV LQ WKH *&0�� 7KH UHPDLQGHU RI WKH (*&0 LV LGHQWLFDO WR WKH

RULJLQDO *&0 �L�H�� (TXDWLRQV � DQG ��

7KH PDLQ XQLTXH DVSHFW RI WKH (*&0 LV LWV DVVXPSWLRQ WKDW SHUFHSWXDO LQIRUPDWLRQ LV SURYLGHG LQ

D WLPH�GHSHQGHQW PDQQHU� 7KH SHUFHSWXDO UHSUHVHQWDWLRQ RI DQ REMHFW LV QRW DYDLODEOH LQVWDQWDQHRXVO\� QRU

LV DOO WKH SHUFHSWXDO LQIRUPDWLRQ DERXW DQ REMHFW SURYLGHG DW RQFH� 5DWKHU� VRPH GLPHQVLRQV PD\ EH

SURFHVVHG PRUH UDSLGO\ WKDQ RWKHUV� )RU H[DPSOH� HVSHFLDOO\ VDOLHQW GLPHQVLRQV PD\ EH DYDLODEOH HDUOLHU

WKDQ OHVV VDOLHQW GLPHQVLRQV� 7KH LQFOXVLRQ SDUDPHWHU� LQFP�W�� LQGLFDWHV ZKHWKHU RU QRW D SDUWLFXODU

SHUFHSWXDO GLPHQVLRQ KDV EHHQ PDGH DYDLODEOH WR ODWHU SURFHVVLQJ V\VWHPV�

7KH (*&0 DVVXPHV WKDW WKH SUREDELOLW\ RI LQFOXGLQJ GLPHQVLRQ P DW WLPH W� JLYHQ WKDW LW ZDV QRW

\HW LQFOXGHG EHIRUH WLPH W� LV D FRQVWDQW LQFOXVLRQ UDWH� T� 7KH SUREDELOLW\ WKDW DQ HYHQW RFFXUV DW WLPH W

JLYHQ WKDW LW KDV QRW \HW RFFXUUHG LV WHUPHG WKH KD]DUG IXQFWLRQ RI WKH SURFHVV �/XFH� ������ 7KH RQO\

SUREDELOLW\ GHQVLW\ IXQFWLRQ ZLWK D FRQVWDQW KD]DUG IXQFWLRQ LV WKH H[SRQHQWLDO GLVWULEXWLRQ� 7KHUHIRUH� WKH

FXPXODWLYH LQFOXVLRQ SUREDELOLW\ WKDW GLPHQVLRQ P LV LQFOXGHG DW RU EHIRUH WLPH W LV JLYHQ E\

�H[S���� WTWL
PP

�� � ���

ZKHUH TP LV WKH LQFOXVLRQ UDWH IRU GLPHQVLRQ P�

,W PXVW EH HPSKDVL]HG WKDW WKH LQFOXVLRQ SUREDELOLWLHV DQG XWLOLW\ YDOXHV FDQ EH HQWLUHO\

LQGHSHQGHQW RI RQH DQRWKHU� $OWKRXJK D KLJKO\ VDOLHQW GLPHQVLRQ PD\ EH LQFOXGHG PXFK PRUH UDSLGO\

WKDQ DQRWKHU GLPHQVLRQ� WKDW VDOLHQW GLPHQVLRQ PD\ EH FRPSOHWHO\ QRQGLDJQRVWLF IRU GHWHUPLQLQJ

FDWHJRU\ PHPEHUVKLS� 7KLV LQGHSHQGHQFH DOORZV WKH (*&0 WR SUHGLFW UHYHUVDOV LQ FDWHJRUL]DWLRQ FKRLFH

SUREDELOLWLHV DV D IXQFWLRQ RI WKH DPRXQW RI WLPH SURYLGHG WR WKH VXEMHFW WR SHUFHSWXDOO\ SURFHVV WKDW

REMHFW� 8QGHU H[WUHPH WLPH SUHVVXUH �YLD UHVSRQVH GHDGOLQHV RU UDSLG VWLPXOXV SUHVHQWDWLRQV�� VXEMHFWV

PD\ FODVVLI\ DQ REMHFW RQ WKH EDVLV RI WKH PRVW VDOLHQW GLPHQVLRQV� DOEHLW LQDSSURSULDWHO\� :LWK PRUH

SURFHVVLQJ WLPH� VXEMHFWV ZLOO KDYH DOO GLPHQVLRQV DYDLODEOH WR WKHP DQG PD\ FODVVLI\ DQ REMHFW RQ WKH
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EDVLV RI WKH PRVW GLDJQRVWLF GLPHQVLRQV �VHH DOVR %XVHPH\HU 	 7RZQVHQG� ����� *ROGVWHLQ 	

%XVHPH\HU� ������

7R LOOXVWUDWH SUHGLFWLRQV RI WKH (*&0� , ZLOO GHVFULEH D JHQHUDO SDWWHUQ RI UHVXOWV /DPEHUWV KDV

REVHUYHG DFURVV D VHULHV RI H[SHULPHQWV XVLQJ YDU\LQJ VWLPXOL� FDWHJRU\ VWUXFWXUHV� DQG H[SHULPHQWDO

GHVLJQV� &RQVLGHU WKH FDWHJRU\ VWUXFWXUH VKRZQ LQ 7DEOH � �/DPEHUWV 	 )UHHPDQ� ����D� ����E�� 6WLPXOL

LQ WKHVH H[SHULPHQWV ZHUH UHDOLVWLF FRPSXWHUL]HG UHQGHULQJV RI ODPSV WKDW YDULHG LQ WKH VKDSH RI WKH EDVH�

XSULJKW� VKDGH� DQG WRS� $EVWUDFW YDOXH � DORQJ HDFK GLPHQVLRQ LV DVVRFLDWHG ZLWK FDWHJRU\ $� ZKLOH

DEVWUDFW YDOXH � LV DVVRFLDWHG ZLWK FDWHJRU\ %� 7KH H[FHSWLRQ WR WKLV LV VWLPXOXV $� ������ ZKLFK LV

DFWXDOO\ WKH PRGDO SURWRW\SH RI FDWHJRU\ %� 2WKHU FDWHJRU\ VWUXFWXUHV /DPEHUWV KDV WHVWHG FRQWDLQ VXFK

H[FHSWLRQDO VWLPXOL DV ZHOO �H�J�� /DPEHUW� ������

/DPEHUWV DQG )UHHPDQ �����D� KDG VXEMHFWV OHDUQ WR FODVVLI\ WKH VWLPXOL LQ 7DEOH � LQWR WKH

FRUUHFW FDWHJRU\� /DWHU� LQ D VHFRQG VWDJH� WKH VDPH VWLPXOL ZHUH SUHVHQWHG DJDLQ WR EH FODVVLILHG� EXW RQO\

IRU D VKRUW SHULRG RI WLPH �EHWZHHQ ��� DQG ��� PV LQ ([SHULPHQW �� EHWZHHQ �� DQG ���PV LQ

([SHULPHQW ��� 2QH RI WKH PRVW WKHRUHWLFDOO\ FKDOOHQJLQJ UHVXOW IURP WKHVH VWXGLHV ZDV WKH ILQGLQJ WKDW WKH

H[FHSWLRQ VWLPXOXV �$� LQ WKH SUHVHQW H[DPSOH� ZDV FODVVLILHG LQWR WKH ZURQJ FDWHJRU\ XQGHU H[WUHPH

VSHHG VWUHVV EXW WKH FRUUHFW FDWHJRU\ XQGHU OLWWOH RU QR VSHHG VWUHVV� 1RWH WKDW LI VXEMHFWV KDG VLPSO\ QRW

OHDUQHG WR FRUUHFWO\ FODVVLI\ WKH H[FHSWLRQ� ZKLFK LV FOHDUO\ WKH PRVW GLIILFXOW VWLPXOXV WR OHDUQ� WKHQ

VXEMHFWV ZRXOG FODVVLI\ LW LQFRUUHFWO\ UHJDUGOHVV RI VSHHG VWUHVV� 7KHVH UHVXOWV DUH WKHRUHWLFDOO\ LPSRUWDQW

EHFDXVH LI VWLPXOXV LQIRUPDWLRQ IURP DOO SHUFHSWXDO GLPHQVLRQV ZHUH DYDLODEOH DW WKH VDPH WLPH� VXFK DV LV

LPSOLFLWO\ DVVXPHG E\ WKH *&0 DQG RWKHU PRGHOV� WKHQ WKHUH LV DEVROXWHO\ QR ZD\ WR SUHGLFW D

FDWHJRUL]DWLRQ FURVVRYHU ZLWKRXW DVVXPLQJ WKDW RWKHU SDUDPHWHUV FKDQJH V\VWHPDWLFDOO\ DV IXQFWLRQ RI

WLPH �VHH /DPEHUWV� ������

%\ FRQWUDVW� LI GLPHQVLRQV DUH JUDGXDOO\ VDPSOHG RYHU WLPH� DV LV DVVXPHG E\ WKH (*&0� WKHQ D

FDWHJRUL]DWLRQ UHYHUVDO FDQ EH SUHGLFWHG� ,Q WKH SUHVHQW H[DPSOH� FRQWUDVW WKH HIIHFWV RI SURFHVVLQJ WLPH RQ

FODVVLI\LQJ $� ������ YHUVXV $� ������� )RU $�� VR ORQJ DV PRUH WKDQ MXVW WKH VKDGH �GLPHQVLRQ �� DQG

WKH WRS �GLPHQVLRQ �� KDYH EHHQ LQFOXGHG �SHUFHSWXDOO\ VDPSOHG�� VXEMHFWV ZLOO WHQG WR FODVVLI\ WKDW
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VWLPXOXV DV D PHPEHU RI FDWHJRU\ $� 6WLPXOXV $� FDQ EH FODVVLILHG JUHDWHU WKDQ FKDQFH TXLWH UDSLGO\� ZLWK

PLQLPDO SHUFHSWXDO LQIRUPDWLRQ� DQG VR QR FDWHJRU\ UHYHUVDO ZRXOG EH H[SHFWHG DV D IXQFWLRQ RI

SUHVHQWDWLRQ WLPH RU UHVSRQVH GHDGOLQH� 6WLPXOXV $�� RQ WKH RWKHU KDQG� PXVW EH VDPSOHG FRPSOHWHO\

EHIRUH LW FDQ EH FRUUHFWO\ FODVVLILHG� ,I WKUHH RU IHZHU GLPHQVLRQV DUH VDPSOHG� WKHQ $� ZRXOG PDWFK

H[HPSODUV LQ FDWHJRU\ %� DQG EH FODVVLILHG LQFRUUHFWO\� 7KH (*&0 SUHGLFWV MXVW VXFK SDWWHUQV RI

FDWHJRUL]DWLRQ UHYHUVDOV� DV ZHUH HPSLULFDOO\ REVHUYHG�

,Q DSSOLFDWLRQV RI WKH (*&0 WR H[SHULPHQWDO GDWD� /DPEHUWV DQG FROOHDJXHV KDYH QRW RQO\

DFFRXQWHG IRU TXDOLWDWLYH SDWWHUQV RI UHVXOWV VXFK DV WKRVH GHVFULEHG DERYH� EXW KDYH ULJRURXVO\ ILWWHG WKH

PRGHO WR FRPSOHWH VHWV RI FODVVLILFDWLRQ SUREDELOLWLHV IRU WUDLQLQJ DQG WUDQVIHU VWLPXOL DW D YDULHW\ RI

H[SRVXUH GXUDWLRQV DQG UHVSRQVH GHDGOLQHV� )RU H[DPSOH� XVLQJ D YDULHW\ RI FDWHJRU\ VWUXFWXUHV� /DPEHUWV

������ ����� WUDLQHG VXEMHFWV WR FODVVLI\ D VHW RI VWLPXOL DQG ODWHU WHVWHG WKHP RQ WKH WUDLQLQJ VWLPXOL DQG

RQ QHZ WUDQVIHU VWLPXOL XQGHU D ZLGH UDQJH RI UHVSRQVH GHDGOLQHV �UDQJLQJ IURP YHU\ TXLFN GHDGOLQHV RI

���PV� WR PRGHUDWH GHDGOLQHV RI ���PV� WR QR GHDGOLQH DW DOO�� /HYHOV RI UHVSRQVH GHDGOLQHV ZHUH HLWKHU

EORFNHG VHSDUDWHO\ �/DPEHUWV� ����� RU PL[HG WRJHWKHU ZLWKLQ D EORFN �/DPEHUWV� ������ %\ DOORZLQJ

VHSDUDWH LQFOXVLRQ UDWH SDUDPHWHUV DQG XWLOLW\ SDUDPHWHUV IRU HDFK GLPHQVLRQ� WKH (*&0 ZDV DEOH WR

SURYLGH DQ H[FHOOHQW DFFRXQW RI FODVVLILFDWLRQ SUREDELOLWLHV XQGHU WKH HQWLUH UDQJH RI UHVSRQVH GHDGOLQHV�

ZLWK DOO SDUDPHWHUV UHPDLQLQJ IL[HG DFURVV DOO PDQLSXODWLRQV RI GHDGOLQH LQ YDULRXV H[SHULPHQWV� 7KH

(*&0 DFFRXQWHG IRU FKDQJHV LQ UHVSRQVH SUREDELOLW\ DV D IXQFWLRQ RI UHVSRQVH GHDGOLQH EHFDXVH RI

GLIIHUHQWLDO GLPHQVLRQDO VDPSOLQJ DV D IXQFWLRQ RI WLPH�

7KH RULJLQDO *&0 FRQIRXQGV GLPHQVLRQDO XWLOLW\ DQG GLPHQVLRQDO VDOLHQFH LQ ZHLJKWLQJ

SV\FKRORJLFDO GLPHQVLRQV LQ FRPSXWDWLRQV RI SHUFHSWXDO VLPLODULW\� ,Q ILWV RI WKH *&0 WR H[SHULPHQWDO

GDWD� WKH EHVW�ILWWLQJ YDOXH RI D VHOHFWLYH DWWHQWLRQ ZHLJKW FRXOG UHIOHFW WKH UHODWLYH GLDJQRVWLFLW\ RI WKDW

GLPHQVLRQ� RU WKH VDOLHQFH RI WKDW GLPHQVLRQ� RU ERWK� $V D IXUWKHU WHVW RI WKH LQGHSHQGHQFH RI XWLOLW\ DQG

VDOLHQFH DVVXPHG E\ WKH (*&0� /DPEHUWV ������ ����� YDULHG WKH DVVLJQPHQW RI SK\VLFDO GLPHQVLRQV WR

DEVWUDFW GLPHQVLRQV LQ D FDWHJRU\ VWUXFWXUH� 'LPHQVLRQDO XWLOLW\ VKRXOG EH HQWLUHO\ D IXQFWLRQ RI WKH

DEVWUDFW FDWHJRU\ VWUXFWXUH � GLPHQVLRQV WKDW DUH KLJKO\ GLDJQRVWLF IRU GHWHUPLQLQJ FDWHJRU\ PHPEHUVKLS
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VKRXOG KDYH KLJK XWLOLW\ UHJDUGOHVV RI KRZ WKH\ DUH SK\VLFDOO\ LQVWDQWLDWHG� 'LPHQVLRQDO VDOLHQFH VKRXOG

EH HQWLUHO\ D IXQFWLRQ RI WKH SK\VLFDO LQVWDQWLDWLRQ RI WKH VWLPXOL � GLPHQVLRQV WKDW DUH HDV\ WR SURFHVV

VKRXOG KDYH KLJK VDOLHQFH� KHQFH IDVWHU LQFOXVLRQ UDWHV� UHJDUGOHVV RI WKHLU GLDJQRVWLFLW\ IRU GHWHUPLQLQJ

FDWHJRU\ PHPEHUVKLS� ,Q H[SHULPHQWV UHSRUWHG E\ /DPEHUWV ������ ������ WZR GLIIHUHQW JURXSV RI

VXEMHFWV OHDUQHG WKH VDPH DEVWUDFW FDWHJRU\ VWUXFWXUH� ZLWK WKH VDPH W\SH RI VWLPXOL� EXW ZLWK GLIIHUHQW

PDSSLQJV RI SK\VLFDO GLPHQVLRQV RQWR DEVWUDFW GLPHQVLRQV� )RU H[DPSOH� ZKLOH GLPHQVLRQ � PD\ EH

KLJKO\ GLDJQRVWLF IRU ERWK JURXSV� WKHUHE\ KDYLQJ KLJK GLPHQVLRQDO XWLOLW\� GLPHQVLRQ � PLJKW EH KLJKO\

VDOLHQW IRU RQH JURXS �VD\ WKH VKDSH RI WKH VKDGH RI D ODPS�� EXW PLJKW EH OHVV VDOLHQW IRU WKH RWKHU JURXS

�VD\ WKH VKDSH RI WKH EDVH RI D ODPS�� /DPEHUWV ������ ����� VXFFHVVIXOO\ ILWWHG WKH (*&0 WR GDWD IURP

ERWK JURXSV VLPXOWDQHRXVO\� FRQVWUDLQLQJ DOO SDUDPHWHU YDOXHV IRU WKH WZR JURXSV RI VXEMHFWV WR EH WKH

VDPH �ZLWK LQFOXVLRQ UDWHV VSHFLILHG IRU WKH SDUWLFXODU PDSSLQJ RI SK\VLFDO WR DEVWUDFW GLPHQVLRQV IRU HDFK

JURXS��

2WKHU (YLGHQFH IRU WKH 7LPH�9DU\LQJ 1DWXUH RI 3HUFHSWXDO 3URFHVVLQJ

7KH NH\ DVVXPSWLRQ RI WKH (*&0 LV WKDW VLPLODULW\ FKDQJHV V\VWHPDWLFDOO\ RYHU WLPH EHFDXVH RI

WKH WLPH�GHSHQGHQW VDPSOLQJ RI SHUFHSWXDO GLPHQVLRQV� 2WKHU HYLGHQFH DOVR VXJJHVWV WKDW SHUFHSWXDO

VLPLODULW\ YDULHV V\VWHPDWLFDOO\ DV D IXQFWLRQ RI WLPH� )RU H[DPSOH� 6HUJHQW DQG 7DNDQH ������ FDUULHG RXW

PXOWLGLPHQVLRQDO VFDOLQJ DQDO\VHV RQ UHDFWLRQ WLPH GDWD REWDLQHG LQ VDPH�GLIIHUHQW MXGJHPHQWV IURP D

YDULHW\ RI VWLPXOXV VHW� FRORUV YDU\LQJ LQ VDWXUDWLRQ DQG EULJKWQHVV� FLUFOHV YDU\LQJ LQ VL]H DQG RULHQWDWLRQ

RI D UDGLDO OLQH� SDUDOOHORJUDPV RI YDU\LQJ VL]H DQG WLOW� DQG UHFWDQJOHV YDU\LQJ LQ KHLJKW DQG ZLGWK� 8QGHU

WDFKLVWRVFRSLF SUHVHQWDWLRQ DQG LQVWUXFWLRQV VWUHVVLQJ ERWK VSHHG DQG DFFXUDF\� 6HUJHQW DQG 7DNDQH

UHYHDOHG WKDW WKH SV\FKRORJLFDO VSDFH RI WKH YDULRXV VWLPXOXV VHWV ZHUH TXLWH GLIIHUHQW IURP WKRVH GHULYHG

XQGHU FRQGLWLRQV RI XQOLPLWHG YLHZLQJ DQG XQVSHHGHG LQVWUXFWLRQ� 'LYHUJHQFH IURP XQVSHHGHG FRQGLWLRQV

RFFXUUHG DW WKH OHYHO RI GLPHQVLRQDOLW\ RI WKH VSDFH� GLVWDQFH PHWULF� DQG GLPHQVLRQDO RULHQWDWLRQ�

6LPLODUO\� .OHLQ ������ IRXQG WKDW VWLPXOXV YDULDEOHV ZKLFK KDG QR HIIHFW RQ SHUFHLYHG VLPLODULW\ XQGHU

XQOLPLWHG YLHZLQJ FRQGLWLRQV KDG VLJQLILFDQW HIIHFWV ZKHQ YLHZLQJ WLPH �H[SRVXUH� ZDV OLPLWHG�



��

7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

*ROGVWRQH DQG 0HGLQ ������ LQYHVWLJDWHG KRZ VLPLODULWLHV RI VFHQHV ZHUH LQIOXHQFHG E\ WKH NLQG

RI FRUUHVSRQGHQFH EHWZHHQ IHDWXUHV RI REMHFWV LQ WKH VFHQHV DQG E\ WKH DPRXQW RI WLPH SURYLGHG WR PDNH

D VLPLODULW\ MXGJPHQW� 7R ERUURZ DQ H[DPSOH WKH\ SURYLGHG� VXSSRVH LQ VFHQH $ WKHUH LV D ER\ LQ D ZKLWH

VKLUW WKURZLQJ D IRRWEDOO� DQG LQ VFHQH % WKHUH LV D ER\ LQ D EURZQ VKLUW WKURZLQJ D EDVHEDOO� 7KH PDWFK

EHWZHHQ WKH IHDWXUH EURZQ RI WKH IRRWEDOO LQ VFHQH $ DQG WKH IHDWXUH EURZQ RI WKH VKLUW RI WKH ER\ LQ VFHQH

% FRQVWLWXWHV D PDWFK RXW RI SODFH �023�� 7KH REMHFWV WKHVH IHDWXUHV EHORQJ WR GR QRW FRUUHVSRQG EHFDXVH

WKH\ DUH GLVVLPLODU DQG SOD\ GLIIHUHQW WKHPDWLF UROHV LQ WKH VFHQH� 6XSSRVH WKDW WKH ER\V LQ ERWK VFHQHV

ZRUH JUHHQ SDQWV� 7KH PDWFK EHWZHHQ WKH IHDWXUHV JUHHQ LQ ERWK VFHQHV FRQVWLWXWHV D PDWFK LQ SODFH

�0,3�� :KLOH 0,3V VKRXOG LQFUHDVH VLPLODULW\ EHWZHHQ VFHQHV PRUH WKDQ 023V� WLPH LV UHTXLUHG WR

GHYHORS WKH DSSURSULDWH FRUUHVSRQGHQFHV EHWZHHQ WKH YDULRXV REMHFWV LQ D VFHQH WR GHWHUPLQH ZKHWKHU

PDWFKHV EHWZHHQ IHDWXUHV FRQVWLWXWH D 0,3 RU D 023� +HQFH� 023V PD\ KDYH VRPH LQIOXHQFH RQ

VLPLODULW\ ZKHQ WLPH LV TXLWH OLPLWHG� EXW WKHLU LQIOXHQFH VKRXOG GHFUHDVH DV PRUH WLPH LV DOORZHG�

([SHULPHQWDO ZRUN GHPRQVWUDWHG WKDW ERWK 0,3V DQG 023V LQFUHDVH WKH VLPLODULW\ EHWZHHQ VFHQHV� EXW

0,3V LQFUHDVHG VLPLODULW\ PRUH� :LWK VXIILFLHQW WLPH� 023V EHFDPH PXFK OHVV LQIOXHQWLDO� DQG 0,3V

EHFDPH PRUH LQIOXHQWLDO� 8QGHU WLPH SUHVVXUH� KRZHYHU� 023V FRXOG KDYH PRUH LQIOXHQFH WKDQ 0,3V

XQGHU FHUWDLQ FLUFXPVWDQFHV �VHH 0DUNPDQ� WKLV YROXPH� IRU IXUWKHU GLVFXVVLRQ RI WKH UROH RI UHODWLRQDO

SURSHUWLHV LQ MXGJPHQWV RI VLPLODULW\��

)LQDOO\� UHVHDUFK RQ GHFLVLRQ PDNLQJ XQGHU ULVN DQG XQGHU XQFHUWDLQW\ KDV VKRZQ WKDW MXGJPHQWV

DQG SUHIHUHQFHV FKDQJH XQGHU FRQGLWLRQV RI WLPH SUHVVXUH DV ZHOO �VHH 6YHQVRQ 	 0DXOH� ������ )RU

H[DPSOH� %HQ =XU DQG %UH]QLW] ������ VHH DOVR :ULJKW� ����� KDG VXEMHFWV FKRRVH JDPEOHV XQGHU WKUHH

GLIIHUHQW OHYHOV RI WLPH SUHVVXUH� :KHQ GHFLVLRQ WLPH ZDV OLPLWHG� VXEMHFWV FKRVH WKH OHVV ULVN\ DOWHUQDWLYH

�D KLJK SUREDELOLW\ RI D VPDOO JDLQ� RYHU D ULVN\ RQH �D ORZ SUREDELOLW\ RI D ODUJH ORVV�� ,Q FRQFHUW ZLWK

FODLPV PDGH E\ /DPEHUWV ������ ������ RQH FRXOG DUJXH WKDW ODUJH ORVVHV� DQG RWKHU H[WUHPHO\ QHJDWLYH

FRQVHTXHQFHV� DUH YHU\ VDOLHQW SURSHUWLHV RI D JDPEOH� HYHQ WKRXJK WKH\ KDYH D YHU\ ORZ SUREDELOLW\ RI

RFFXUUHQFH �VHH DOVR 6YHQVRQ 	 (GODQG� ������ 8QGHU WLPH FRQVWUDLQWV� KLJKO\ VDOLHQW QHJDWLYH

FRQVHTXHQFHV DUH SURFHVVHG TXLWH UDSLGO\ DQG ORRP ODUJH LQ VXEMHFWV
 GHFLVLRQ PDNLQJ� 6LPLODU FODLPV IRU
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WKH LPSRUWDQFH RI GLPHQVLRQDO VDOLHQFH LQ SUREDELOLVWLF LQIHUHQFH ZHUH PDGH E\ :DOOVWHQ DQG %DUWRQ

������� ,Q PDNLQJ LQIHUHQFHV� VXEMHFWV XQGHU WLPH SUHVVXUH XVHG RQO\ WKH PRVW VDOLHQW VXEVHW RI

GLPHQVLRQV XVHG E\ VXEMHFWV QRW XQGHU SUHVVXUH� 7KH\ SURSRVHG D PRGHO RI LQ ZKLFK IHDWXUHV ZHUH

SURFHVVHG LQ RUGHU IURP PRVW WR OHDVW VDOLHQW �VHH DOVR %XVHPH\HU 	 7RZQVHQG� ������

7+( (;(03/$5�%$6(' 5$1'20 :$/. 02'(/

:KLOH WKH (*&0 IRFXVHG RQ WKH WHPSRUDO DVSHFWV RI SHUFHSWXDO SURFHVVLQJ DQG LWV LQIOXHQFH RQ

VLPLODULW\ FRPSXWDWLRQV� WKH ([HPSODU�%DVHG 5DQGRP :DON 0RGHO �(%5:� 1RVRIVN\ 	 3DOPHUL� ����D�

3DOPHUL� ����D� LQWURGXFHG G\QDPLFV LQWR WKH PHPRU\ UHWULHYDO DQG GHFLVLRQ PDNLQJ FRPSRQHQWV RI WKH

*&0� 7KH EDVLF DUFKLWHFWXUH RI WKH (%5: LV TXLWH VLPLODU WR WKDW RI WKH *&0� VR WKLV VHFWLRQ ZLOO

KLJKOLJKW WKRVH HOHPHQWV RI WKH (%5: WKDW DUH XQLTXH� ,W VKRXOG EH QRWHG WKDW WKH (%5: DVVXPHV WKH

VDPH VWDWLF SHUFHSWXDO SURFHVV DV WKH *&0� DOWKRXJK SHUFHSWXDO SURFHVVLQJ LV QRW DVVXPHG WR RFFXU

LQVWDQWDQHRXVO\� WKH (%5: KDV DVVXPHG WKDW SHUFHSWXDO SURFHVVLQJ WDNHV WKH VDPH DPRXQW RI WLPH IRU DOO

VWLPXOXV DWWULEXWHV� DQG WKHUHE\ DVVXPHV WKDW DOO SHUFHSWXDO LQIRUPDWLRQ LV DYDLODEOH DW WKH VDPH WLPH�

*LYHQ /DPEHUWV
 ZRUN� WKLV LV FOHDUO\ D OLPLWDWLRQ RI WKH (%5:�

7KH (%5: DVVXPHV WKDW REMHFWV DUH UHSUHVHQWHG DV SRLQWV LQ D PXOWLGLPHQVLRQDO SV\FKRORJLFDO

VSDFH� WKDW FDWHJRULHV DUH UHSUHVHQWHG LQ WHUPV RI VWRUHG H[HPSODUV� DQG WKDW VLPLODULW\ EHWZHHQ DQ LWHP

DQG DQ H[HPSODU LV D GHFUHDVLQJ IXQFWLRQ RI GLVWDQFH LQ WKH VSDFH� :LWKLQ WKH (%5:� WKHVH DVVXPSWLRQV�

ZKLFK DUH ERUURZHG IURP WKH *&0� DUH PHUJHG ZLWK DVVXPSWLRQV DERXW WKH WLPH FRXUVH RI PHPRU\

UHWULHYDO DV D IXQFWLRQ RI SUDFWLFH� ZKLFK DUH ERUURZHG IURP WKH LQVWDQFH WKHRU\ RI DXWRPDWLFLW\ �/RJDQ�

����� ����� ����� VHH 3DOPHUL� ����D�� 7KH (%5: JRHV EH\RQG HLWKHU RI WKHVH PRGHOV E\ LQFRUSRUDWLQJ

D UDQGRP ZDON SURFHVV WR JHQHUDWH FDWHJRUL]DWLRQ GHFLVLRQV �/LQN� ����� /LQN 	 +HDWK� ����� /XFH�

������

, ZLOO SURYLGH D EULHI VXPPDU\ RI KRZ FDWHJRUL]DWLRQ GHFLVLRQV DUH PDGH E\ WKH (%5: DQG WKHQ

GLVFXVV HDFK FRPSRQHQW LQ VRPH GHWDLO� $FFRUGLQJ WR WKH (%5:� ZKHQ DQ REMHFW LV SUHVHQWHG WR EH

FDWHJRUL]HG� DOO VWRUHG H[HPSODUV LQ PHPRU\ UDFH WR EH UHWULHYHG ZLWK UDWHV SURSRUWLRQDO WR WKHLU VLPLODULW\
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WR WKH SUHVHQWHG REMHFW� $OWKRXJK KLJKO\ VLPLODU H[HPSODUV DUH PRVW OLNHO\ WR EH UHWULHYHG� EHFDXVH RI WKH

VWRFKDVWLF QDWXUH RI WKH UHWULHYDO SURFHVV� GLVVLPLODU H[HPSODUV PD\ EH UHWULHYHG ZLWK VRPH QRQ]HUR

SUREDELOLW\ DV ZHOO� ,Q D ELQDU\�FKRLFH FRQWH[W� WKH FDWHJRU\ ODEHO DVVRFLDWHG ZLWK WKH UHWULHYHG H[HPSODU

SURYLGHV LQFUHPHQWDO HYLGHQFH IRU HLWKHU D FDWHJRU\ $ RU FDWHJRU\ % GHFLVLRQ� ,Q JHQHUDO� FDWHJRUL]DWLRQ LV

QRW EDVHG RQ D VLQJOH UHWULHYDO� KRZHYHU� 5DWKHU� WKLV LQFUHPHQWDO HYLGHQFH GULYHV D UDQGRP ZDON GHFLVLRQ

SURFHVV� $V VKRZQ LQ )LJXUH �� D UDQGRP ZDON DFFXPXODWHV HYLGHQFH RYHU WLPH IRU RQH RI WKH WZR SRVVLEOH

FDWHJRU\ RSWLRQV� ,I D FDWHJRU\ $ H[HPSODU LV UHWULHYHG� WKH UDQGRP ZDON FRXQWHU PRYHV XS RQH VWHS

WRZDUG WKH $ EDUULHU� RWKHUZLVH� LI D FDWHJRU\ % H[HPSODU LV UHWULHYHG� WKH FRXQWHU PRYHV GRZQ WRZDUG WKH

% EDUULHU� 7KH WLPH WR WDNH HDFK VWHS RI WKH UDQGRP ZDON� '7� LV D IXQFWLRQ RI WKH PHPRU\ UHWULHYDO WLPH�

,I D UHWULHYDO FDXVHV WKH FRXQWHU WR UHDFK RQH RI WKH EDUULHUV� WKHQ D UHVSRQVH LV PDGH� RWKHUZLVH DQRWKHU

PHPRU\ UHWULHYDO LV PDGH� $V ZLOO EH GLVFXVVHG LQ VRPH GHWDLO� UHVSRQVH WLPHV JHQHUDWHG E\ WKH (%5:

DUH D IXQFWLRQ RI KRZ TXLFNO\ H[HPSODU LQIRUPDWLRQ FDQ EH UHWULHYHG IURP PHPRU\ DQG KRZ FRQVLVWHQWO\

WKH UDQGRP ZDON FRXQWHU PRYHV WRZDUG RQO\ RQH RI WKH WKUHVKROG EDUULHUV�

, ZLOO EHJLQ E\ GLVFXVVLQJ WKH G\QDPLFV RI WKH PHPRU\ UHWULHYDO FRPSRQHQW RI WKH (%5:� ZKLFK

QHFHVVLWDWHV EULHIO\ GHVFULELQJ /RJDQ
V ������ ����� LQVWDQFH WKHRU\ RI DXWRPDWLFLW\� XSRQ ZKLFK PDQ\ RI

WKHVH DVVXPSWLRQV ZHUH EDVHG� , ZLOO WKHQ GLVFXVV WKH UDQGRP ZDON FRPSRQHQW RI WKH PRGHO� DQG KRZ

PHPRU\ UHWULHYDO LQWHUIDFHV ZLWK WKLV GHFLVLRQ SURFHVV� )LQDOO\� , ZLOO VXPPDUL]H D QXPEHU RI

H[SHULPHQWDO UHVXOWV ZKLFK VXSSRUW WKH (%5:�

,QVWDQFH 7KHRU\ RI $XWRPDWLFLW\

,QVWDQFH WKHRU\ �/RJDQ� ����� ����� ����� DLPV WR H[SODLQ WKH EHKDYLRUDO FKDQJHV WKDW DUH

REVHUYHG GXULQJ WKH DFTXLVLWLRQ RI D FRJQLWLYH VNLOO� $XWRPDWLF SURFHVVHV DUH W\SLFDOO\ FKDUDFWHUL]HG DV

EHLQJ XQFRQVFLRXV� IDVW� UHTXLUH IHZ SURFHVVLQJ UHVRXUFHV� WDNH SODFH ZLWKRXW LQWHQWLRQ� DQG DUH JHQHUDOO\

FRQWUDVWHG ZLWK VWUDWHJLF� RU LQWHQWLRQDO SURFHVVHV �H�J�� .DKQHPDQ 	 7UHLVPDQ� ����� /RJDQ� �����

6KLIIULQ� ������ 7UDGLWLRQDO DFFRXQWV RI WKH GHYHORSPHQW RI DXWRPDWLFLW\ SRVLWHG D GHFUHDVH LQ WKH GHPDQG

IRU OLPLWHG SURFHVVLQJ UHVRXUFHV DV WKH VRXUFH IRU VHHPLQJO\ DXWRPDWLF EHKDYLRU �H�J�� /D%HUJH 	
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6DPXHOV� ����� 3RVQHU 	 6Q\GHU� ����� 6KLIIULQ 	 6FKQHLGHU� ������ ,QVWDQFH WKHRU\� E\ FRQWUDVW� DLPHG

WR XQGHUVWDQG WKH GHSOR\PHQW RI DXWRPDWLFLW\ LQ SURFHVVLQJ WHUPV�

,QVWDQFH WKHRU\ DVVXPHV WKDW WKH GHYHORSPHQW RI DXWRPDWLFLW\ LV ODUJHO\ D PHPRU\ SKHQRPHQRQ�

7DVNV WKDW DUH QRW ZHOO OHDUQHG UHTXLUH FRQVFLRXV DSSOLFDWLRQ UXOHV� VWUDWHJLHV� RU DOJRULWKPV IRU WKHLU

FRPSOHWLRQ� )RU H[DPSOH� D QRYLFH VHDUFKLQJ WKH ZRRGV IRU SUL]HG &KDQWHUHOOH PXVKURRPV PXVW PDNH

UHJXODU UHIHUHQFH WR D VHW RI FRPSOH[ UXOHV IRU WHOOLQJ WKHP DSDUW IURP WKH KLJKO\ VLPLODU� \HW TXLWH

SRLVRQRXV� -DFN 2
/DQWHUQ PXVKURRP� $OWKRXJK WKHVH UXOHV PD\ FRPH WR EH LQWHUQDOL]HG� UDWKHU WKDQ

UHTXLULQJ UHIHUHQFH WR D ILHOG PDQXDO RU VRPH RWKHU H[WHUQDO DLG� FDWHJRUL]DWLRQ VWLOO LQYROYHV D GHOLEHUDWH

XVH RI UXOH�EDVHG NQRZOHGJH� $Q H[SHUW� E\ FRQWUDVW� LV JHQHUDOO\ DEOH WR UHFRJQL]H D &KDQWHUHOOH DQG

LJQRUH WKH -DFN 2
/DQWHUQ ZLWK OLWWOH RU QR HIIRUW� DQG VHHPLQJO\ ZLWKRXW UHFRXUVH WR UXOHV� $FFRUGLQJ WR

LQVWDQFH WKHRU\� WKLV DXWRPDWLF FDWHJRUL]DWLRQ LV D UHVXOW RI UHPHPEHULQJ SUHYLRXV LQVWDQFHV WKDW KDYH EHHQ

VWRUHG LQ PHPRU\�

$OWKRXJK WKLV H[DPSOH PDNHV REYLRXV WKH XVHIXOQHVV RI WKH LQVWDQFH WKHRU\ IRU XQGHUVWDQGLQJ

FDWHJRUL]DWLRQ� KLVWRULFDOO\� WKH DUHDV RI FDWHJRUL]DWLRQ DQG DXWRPDWLFLW\ VKDUHG IDLUO\ OLWWOH

FRPPXQLFDWLRQ� 2QH UHDVRQ IRU WKLV LV SRVVLEO\ PHWKRGRORJLFDO� :KHUHDV PRVW FDWHJRUL]DWLRQ VWXGLHV

KDYH IRFXVHG RQ DFFXUDF\� PRVW DXWRPDWLFLW\ VWXGLHV KDYH IRFXVHG RQ UHVSRQVH WLPH� ZKHUHDV PRVW

FDWHJRUL]DWLRQ VWXGLHV KDYH PDQLSXODWHG VLPLODULWLHV EHWZHHQ VWLPXOL� PRVW DXWRPDWLFLW\ VWXGLHV KDYH QRW�

ZKHUHDV PRVW DXWRPDWLFLW\ VWXGLHV KDYH PDQLSXODWHG WKH DPRXQW RI SURFHVVLQJ UHVRXUFHV DYDLODEOH IRU

DFFRPSOLVKLQJ VRPH WHVW� PRVW FDWHJRULHV VWXGLHV KDYH QRW� 2QH RI WKH XQLTXH DVSHFWV RI WKH (%5: LV WKDW

LW SURYLGHV D XQLILHG DFFRXQW RI ERWK SHUFHSWXDO FDWHJRUL]DWLRQ DQG DXWRPDWLFLW\ �3DOPHUL� ����D� ����E�

����D��

,QVWDQFH WKHRU\ DVVXPHV WKDW VWUDWHJLF SURFHVVHV DQG PHPRU\ UHWULHYDO RFFXU VLPXOWDQHRXVO\�

:KLOH D SHUVRQ KDV D FKRLFH RYHU ZKDW SDUWLFXODU VWUDWHJLHV WKH\ PD\ HPSOR\ WR VROYH D SDUWLFXODU WDVN�

PHPRU\ UHWULHYDO RFFXUV ZLWKRXW LQWHQWLRQ� ,Q SURFHVVLQJ WHUPV� VWUDWHJLF SURFHVVLQJ DQG PHPRU\ UHWULHYDO

UDFH WR FRPSOHWLRQ� ZLWK WKH ZLQQHU GHWHUPLQLQJ WKH UHVSRQVH� 7KH GHYHORSPHQW RI DXWRPDWLFLW\ LV VHHQ DV
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D VKLIW IURP WKH QHHG WR XVH VORZ� HIIRUWIXO� VWUDWHJLF SURFHVVHV WR WKH DELOLW\ WR UHO\ RQ GLUHFW UHWULHYDO RI

LQVWDQFHV IURP PHPRU\�

,QVWDQFH WKHRU\ DVVXPHV WKDW SUDFWLFH DW D WDVN GRHV QRW FDXVHV WKH DOJRULWKP WR VSHHG XS� (YHU\

WLPH D WDVN� VXFK DV SHUFHSWXDO FDWHJRUL]DWLRQ� LV SHUIRUPHG RQ VRPH REMHFW� DQ LQVWDQFH RI WKH REMHFW DQG

LWV VROXWLRQ DUH VWRUHG LQ PHPRU\� :KHQ DQ REMHFW LV DJDLQ SUHVHQWHG� VWRUHG LQVWDQFHV RI WKDW REMHFW UDFH

WR EH UHWULHYHG IURP PHPRU\� $V PRUH LQVWDQFHV RI D SDUWLFXODU REMHFW DUH VWRUHG� UHWULHYDO JHWV IDVWHU DQG

IDVWHU �VHH /RJDQ� ����� ������ 7KLV LV EHFDXVH PHPRU\ UHWULHYDO LV DOVR FRQFHSWXDOL]HG DV D UDFH�

SUREDELOLVWLFDOO\� IRU HYHU\ DGGLWLRQDO UXQQHU WKDW HQWHUV D UDFH� WKH ZLQQLQJ WLPH JHWV PDUJLQDOO\ IDVWHU�

(YHQWXDOO\� PHPRU\ UHWULHYDO EHFRPHV IDVW HQRXJK WR FRPSOHWH EHIRUH WKH VWUDWHJLF SURFHVVHV FDQ EH

H[HFXWHG� 7KHUHIRUH� DFFRUGLQJ WR LQVWDQFH WKHRU\� WKH GHYHORSPHQW RI DXWRPDWLFLW\ LV GXH WR WKH VWRUDJH

RI DGGLWLRQDO LQVWDQFH LQIRUPDWLRQ LQ PHPRU\� ZKLFK FDXVHV UHWULHYDO WR HYHQWXDOO\ GRPLQDWH SHUIRUPDQFH�

$V DFNQRZOHGJHG E\ /RJDQ ������� RQH VKRUWFRPLQJ RI LQVWDQFH WKHRU\ ZDV WKDW LW GLG QRW LQFRUSRUDWH

VLPLODULW\�EDVHG UHWULHYDO� 5DWKHU� RQO\ LGHQWLFDO LQVWDQFHV FRXOG EH UHWULHYHG IURP PHPRU\�

5HWULHYDO $VVXPSWLRQ LQ WKH (%5:

)ROORZLQJ WKH *&0� FDWHJRULHV DUH UHSUHVHQWHG LQ WHUPV RI VWRUHG H[HPSODUV� )ROORZLQJ LQVWDQFH

WKHRU\� SUDFWLFH FDXVHV DGGLWLRQDO H[HPSODUV WR EH VWRUHG LQ PHPRU\� DQG WKH DGGLWLRQ RI WKHVH H[HPSODUV

FDXVHV PHPRU\ UHWULHYDO WLPHV WR VSHHG XS�
�
(YHU\ WLPH DQ LQVWDQFH LV FDWHJRUL]HG� D WUDFH RI WKDW LQVWDQFH

ZLWK LWV FDWHJRU\ ODEHO LV VWRUHG LQ PHPRU\� :KHQ LWHP L LV SUHVHQWHG� DOO H[HPSODUV UDFH WR EH UHWULHYHG

ZLWK UDWHV SURSRUWLRQDO WR WKHLU VLPLODULW\ WR WKDW LWHP� VLM� /DUJHO\ IRU UHDVRQV RI DQDO\WLF WUDFWDELOLW\� WKH

UHWULHYDO WLPHV DUH DVVXPHG WR EH H[SRQHQWLDOO\ GLVWULEXWHG�
�
7KHUHIRUH� WKH SUREDELOLW\ GHQVLW\ WKDW

H[HPSODU M LV UHWULHYHG DW WLPH W JLYHQ SUREH LWHP L LV JLYHQ E\

�H[S��� WVVWI LMLM � � ���

ZKHUH VLM LV WKH VLPLODULW\ FRPSXWHG XVLQJ (TXDWLRQ ��
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7KH DVVXPSWLRQ RI H[SRQHQWLDOO\ GLVWULEXWHG UHWULHYDO WLPHV OHDGV WR VRPH LQWHUHVWLQJ

PDWKHPDWLFDO UHVXOWV �VHH %XQGHVHQ� ����� 7RZQVHQG 	 $VKE\� ������ $VVXPH WKHUH DUH Q LQGHSHQGHQW

H[SRQHQWLDOO\ GLVWULEXWHG PHPRU\ UHWULHYDO SURFHVVHV UDFLQJ LQ SDUDOOHO ZLWK UDWHV VL�� VL�� �� VLQ� :H DUH

LQWHUHVWHG LQ GHWHUPLQLQJ WKH SUREDELOLW\ WKDW D SDUWLFXODU H[HPSODU ZLQV WKLV UDFH �L�H�� LV UHWULHYHG IURP

PHPRU\� DQG WKH SUREDELOLW\ GHQVLW\ WKDW WKLV H[HPSODU ZLQV WKLV UDFH DW WLPH W� )LUVW� WKH SUREDELOLW\ WKDW

H[HPSODU M ZLQV WKH UDFH JLYHQ SUREH LWHP L LV VLPSO\ JLYHQ E\
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ZKHUH N LQGLFHV DOO H[HPSODUV WDNLQJ SDUW LQ WKH UDFH� 7KLV IRUPXOD PD\ EH UHFRJQL]DEOH DV D IRUP RI

/XFH
V ������ FKRLFH UXOH� $V %XQGHVHQ ������ QRWHG� /XFH
V FKRLFH UXOH HPHUJHV DV D QDWXUDO

FRQVHTXHQFH RI DVVXPLQJ D UDFH DPRQJ H[SRQHQWLDOO\ GLVWULEXWHG SURFHVVHV�

7KH PLQLPXP RI D UDFH DPRQJ Q H[SRQHQWLDOO\ GLVWULEXWHG UHWULHYDO WLPHV �L�H�� WKH UHWULHYDO WLPH

GHQVLW\ IXQFWLRQ RI WKH ZLQQHU RI WKH UDFH� LV H[SRQHQWLDOO\ GLVWULEXWHG ZLWK D UDWH HTXDO WR WKH VXP RI WKH

LQGLYLGXDO UHWULHYDO UDWHV� 7KH H[SHFWHG FRPSOHWLRQ WLPH IRU DQ H[SRQHQWLDOO\ GLVWULEXWHG UDQGRP YDULDEOH

ZLWK UDWH VLM LV JLYHQ E\
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L7( �@_>  � ����

7KHUHIRUH� WKH H[SHFWHG FRPSOHWLRQ WLPH IRU WKH ZLQQHU RI D UDFH DPRQJ Q H[SRQHQWLDOO\ GLVWULEXWHG

UDQGRP YDULDEOHV ZLWK UDWHV VLM LV JLYHQ E\

¦
 

 

Q

N

LN
V

L7(

�

�
@_> � ����

&RQVLGHU WKH FDVH ZKHUH VRPH VWRUHG H[HPSODUV EHORQJ WR FDWHJRU\ $ DQG VRPH EHORQJ WR

FDWHJRU\ %� 7KHQ� ZH FDQ UHZULWH (TXDWLRQ �� DV
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ZKLFK IURP (TXDWLRQ � FDQ EH UHZULWWHQ DV
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7KH UHWULHYDO WLPH LV LQYHUVHO\ SURSRUWLRQDO WR WKH WRWDO VXPPHG VLPLODULW\ RI DQ LWHP WR H[HPSODUV DV

PHPRU\� $V DQ REMHFW EHFRPHV PRUH IDPLOLDU� LQIRUPDWLRQ LV UHWULHYHG PRUH UDSLGO\�

(TXDWLRQ � JDYH WKH SUREDELOLW\ RI UHWULHYLQJ D SDUWLFXODU H[HPSODU ZKHQ SUHVHQWHG ZLWK REMHFW L�

:H DUH LQWHUHVWHG LQ WKH SUREDELOLW\ RI UHWULHYLQJ DQ H[HPSODU IURP FDWHJRU\ $ RU FDWHJRU\ % ZKHQ

SUHVHQWHG ZLWK REMHFW L� ZKLFK ZLOO EH XVHG WR GHWHUPLQH WKH GLUHFWLRQ WKH FRXQWHU LQ WKH UDQGRP ZDON ZLOO

PRYH� %HFDXVH UHWULHYDOV DUH LQGHSHQGHQW� WKH SUREDELOLW\ WKDW DQ H[HPSODU IURP FDWHJRU\ $ ZLQV WKH UDFH

LV VLPSO\ JLYHQ E\
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ZKLFK� XVLQJ (TXDWLRQ �� FDQ EH UHZULWWHQ DV
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ZKLFK LV (TXDWLRQ �� WKH VLPSOLILHG UHVSRQVH UXOH IURP WKH *&0� +HQFH� WKH SUREDELOLW\ WKDW WKH UDQGRP

ZDON FRXQWHU PRYHV LQ D SDUWLFXODU GLUHFWLRQ LV D IXQFWLRQ RI WKH UHODWLYH VLPLODULW\ RI WKH SUREH LWHP L WR

WKH VWRUHG H[HPSODUV RI FDWHJRU\ $�

5DQGRP :DONV &RPSRQHQW RI WKH (%5:

$FFRUGLQJ WR WKH (%5:� WKH UHVXOWV RI PHPRU\ UHWULHYDO SURYLGHV HYLGHQFH IRU D UDQGRP ZDON

GHFLVLRQ SURFHVV �/LQN� ����� /XFH� ������ 5DQGRP ZDONV� DQG WKHLU FRQWLQXRXV�WLPH UHODWLYHV� GLIIXVLRQ

SURFHVVHV� KDYH EHHQ YHU\ VXFFHVVIXO DV PRGHOV RI FKRLFH UHDFWLRQ WLPH LQ D YDULHW\ RI FRJQLWLYH

SKHQRPHQRQ �H�J�� %XVHPH\HU� ����� 'LHGHULFK� ����� /LQN� ����� /LQN 	 +HDWK� ����� 5DWFOLII� �����

5DWFOLII 	 5RXGHU� ����� 5DWFOLII� 9DQ =DQGW� 	 0F.RRQ� ����� 3�/� 6PLWK� ����� 6WUD\HU 	 .UDPHU�
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7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

����D� ����E�� ,Q D UDQGRP ZDON� HYLGHQFH JUDGXDOO\ DFFXPXODWHV RYHU WLPH IRU RQH RI WKH FDWHJRU\

FKRLFHV� $V VKRZQ LQ )LJXUH �� DFFXPXODWHG HYLGHQFH LV JLYHQ E\ WKH SRVLWLRQ RI D FRXQWHU DORQJ WKH

YHUWLFDO D[LV DQG WLPH LV JLYHQ E\ WKH SRVLWLRQ DORQJ WKH KRUL]RQWDO D[LV� $ UHVSRQVH LV PDGH ZKHQ WKH

UDQGRP ZDON FRXQWHU UHDFKHV RQH RI WKH WKUHVKROG EDUULHUV �$ RU �%�� $OWKRXJK WKH UDQGRP ZDON

GLVFXVVHG KHUH LV IRUPXODWHG IRU WKH WZR�FDWHJRU\ FDVH� WKHUH DUH ZD\V RI H[WHQGLQJ LW WR PXOWLSOH�FDWHJRU\

FDVHV DV ZHOO �H�J�� 3DOPHUL� ����D� 5DWFOLII 	 0F.RRQ� ������

,Q DQ XQELDVHG UDQGRP ZDON� WKH SUREDELOLW\ RI PRYLQJ XS WRZDUG $ RU GRZQ WRZDUG % ZRXOG EH

HTXDO� +RZHYHU� LQ PRVW FDWHJRUL]DWLRQ FRQWH[WV� WKHUH ZLOO EH VRPH WHQGHQF\ WR PRYH WRZDUG RQH

FDWHJRU\ EDUULHU UDWKHU WKDQ WKH RWKHU� $FFRUGLQJ WR WKH (%5:� PRYHPHQW RI WKH UDQGRP ZDON FRXQWHU LV

GULYHQ E\ LQIRUPDWLRQ UHWULHYHG IURP PHPRU\� ,I D FDWHJRU\ $ H[HPSODU LV UHWULHYHG� WKH FRXQWHU PRYHV

XS� LI D % H[HPSODU LV UHWULHYHG� WKH FRXQWHU PRYHV GRZQ� 7KH SUREDELOLW\ RI PRYLQJ XS RU GRZQ LV JLYHQ

E\ (TXDWLRQ ��� 7KH WLPH WR PDNH HDFK VWHS RI WKH UDQGRP ZDON LV D IXQFWLRQ RI WKH UHWULHYDO WLPH�

+RZHYHU� LW VKRXOG EH DSSDUHQW WKDW DV PRUH DQG PRUH H[HPSODUV DUH DGGHG WR PHPRU\� WKH PHDQ UHWULHYDO

WLPH JHWV VPDOOHU DQG VPDOOHU� WKDW LV� LQ (TXDWLRQ ��� (>7_L@ JRHV WR ]HUR DV WKH QXPEHU RI H[HPSODUV LQ

PHPRU\ DSSURDFKHV LQILQLW\� 7KHUHIRUH� LQ WKH (%5:� WKH WLPH WR PDNH HDFK VWHS LV JLYHQ E\
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ZKHUH D LV D FRQVWDQW WLPH DVVRFLDWHG ZLWK HDFK VWHS RI WKH UDQGRP ZDON�

/RRVHO\ ERUURZLQJ WKH WHUPLQRORJ\ XVHG ZLWK FRQWLQXRXV�WLPH GLIIXVLRQ SURFHVVHV� , ZLOO UHIHU WR

WKH VSHHG ZLWK ZKLFK WKH FRXQWHU PRYHV WRZDUG RQH SDUWLFXODU FDWHJRU\ EDUULHU DV WKH GULIW UDWH RI WKH

UDQGRP ZDON� 3DQHO $ RI )LJXUH � LOOXVWUDWHV D FDVH LQ ZKLFK WKHUH LV RQO\ D VOLJKW GULIW WRZDUG WKH $

EDUULHU� ZKLOH 3DQHO % LOOXVWUDWHV D FDVH LQ ZKLFK WKHUH LQ D UHODWLYHO\ ODUJH GULIW� $V WKH FHUWDLQW\ WKDW DQ

LWHP EHORQJV WR FDWHJRU\ $ LQFUHDVHV� GULIW UDWH LQFUHDVHV� ZKLFK FDXVHV UHVSRQVH WLPHV WR LQFUHDVH�

)LJXUH � DOVR LOOXVWUDWHV D YHU\ EHQHILFLDO SURSHUW\ RI WKH UDQGRP ZDON� ,Q PDQ\ FDVHV� WR LQVXUH

UHDVRQDEOH OHYHOV RI DFFXUDF\� WKH ORFDWLRQ RI WKH EDUULHUV ZLOO EH VHW UHODWLYHO\ IDU IURP WKH VWDUWLQJ SRLQW�

DV VKRZQ E\ WKH VROLG OLQHV LQ WKH ILJXUH� ,I VSHHG LV VWUHVVHG� KRZHYHU� WKHQ WKH EDUULHUV DUH PRYHG LQ
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FORVHU WR WKH VWDUWLQJ SRLQW� 7KLV LV LQ NHHSLQJ ZLWK WKH QRWLRQ WKDW XQGHU VSHHG VWUHVV OHVV LQIRUPDWLRQ LV

UHTXLUHG EHIRUH D UHVSRQVH LV PDGH� ,I WKH EDUULHUV DUH PRYHG LQ� DV VKRZQ E\ WKH GDVKHG OLQHV LQ )LJXUH ��

WKH OLNHOLKRRG RI HUURUV LQFUHDVHV� (VSHFLDOO\ ZKHQ GULIW UDWH LV ORZ� DV VKRZQ LQ 3DQHO %� WKH SUREDELOLW\

RI PDNLQJ DQ HUURU LQFUHDVHV �WKH FRXQWHU KLWV WKH % EDUULHU EHIRUH LW FDQ UHWXUQ WR WKH FRUUHFW $ EDUULHU��

1RWH� DOVR� WKDW LI WKH EDUULHUV DUH SODFHV VXIILFLHQWO\ IDU IURP WKH VWDUWLQJ SRLQW� HUURUV FDQ EH PDGH WR EH

H[FHHGLQJO\ UDUH� \HW VLJQLILFDQW GLIIHUHQFHV LQ UHVSRQVH WLPHV DUH VWLOO SURGXFHG�

,Q DGGLWLRQ� WKH UDQGRP ZDON DOVR FRUUHFWO\ SUHGLFWV WKH VKDSHV RI UHVSRQVH WLPH GLVWULEXWLRQV

ZKLFK DUH W\SLFDOO\ REVHUYHG� $V VKRZQ LQ )LJXUH �� WKH SUHGLFWHG UHVSRQVH WLPH GLVWULEXWLRQV VWDUW DW ]HUR�

DUH VNHZHG WR WKH ULJKW� DQG KDYH D ORQJ ULJKW KDQG WDLO ZKLFK H[WHQGV RXW WR SRVLWLYH LQILQLW\� 2WKHU

UHVSRQVH WLPH PRGHOV� VXFK DV FRXQWHU PRGHOV �3LNH� ����� ������ KDYH RIWHQ EHHQ FULWLFL]HG EHFDXVH WKH\

PDNH HUURQHRXV SUHGLFWLRQV RI WKH VKDSH RI WKH UHVSRQVH WLPH GLVWULEXWLRQV �5DWFOLII� ������

7KHVH SRVLWLYH SRLQWV RI WKH UDQGRP ZDON DVLGH� RQH PLJKW TXHVWLRQ ZKHWKHU WKLV FRPSOH[LW\ LV

UHDOO\ QHFHVVDU\� :K\ QRW EDVH D FODVVLILFDWLRQ GHFLVLRQ RQ WKH ILUVW H[HPSODU UHWULHYHG IURP PHPRU\" $UH

PXOWLSOH VDPSOHV UHDOO\ QHFHVVDU\" &RQVLGHU WKH VWLPXOXV FRQILJXUDWLRQ VKRZQ LQ )LJXUH �� &RQVLGHU

FODVVLILFDWLRQ UHVSRQVH WLPHV IRU VWLPXOL $�� ZKLFK LV FORVH WR H[HPSODUV IURP FDWHJRU\ $� DQG IRU

VWLPXOXV $�� ZKLFK LV IDU IURP WKH H[HPSODUV RI FDWHJRU\ %� 2QH ZRXOG FHUWDLQO\ H[SHFW WKDW $� ZRXOG EH

FODVVLILHG PRUH DFFXUDWHO\ WKDQ $�� $FFRUGLQJ WR WKH (%5:� ZKHQ D VWLPXOXV LV SUHVHQWHG WR EH

FODVVLILHG� DOO H[HPSODUV VWRUHG LQ PHPRU\ UDFH WR EH UHWULHYHG ZLWK UDWHV SURSRUWLRQDO WR WKHLU VLPLODULW\ WR

WKH SUHVHQWHG LWHP� $V VSHFLILHG E\ (TXDWLRQ ��� JLYHQ WKLV SUREH VWLPXOXV� WKH SUREDELOLW\ RI UHWULHYLQJ DQ

$ H[HPSODU LV JLYHQ E\ WKH UHODWLYH VXPPHG VLPLODULW\ WR H[HPSODUV RI FDWHJRU\ $� &RPSDUHG ZLWK $��

$� LV IDU IURP WKH H[HPSODUV RI FDWHJRU\ %� 7KHUHIRUH� WKH SUREDELOLW\ RI UHWULHYLQJ DQ H[HPSODU IURP

FDWHJRU\ $ LV JUHDWHU IRU $� WKDQ IRU $�� +HQFH� MXVW D VLQJOH H[HPSODU UHWULHYDO FDQ SUHGLFW VXSHULRU

FODVVLILFDWLRQ RI $� WKDQ $�� ZLWKRXW WKH QHHG WR SRVLW D UDQGRP ZDON� ,Q IDFW� DV GLVFXVVHG HDUOLHU� WKH

RULJLQDO *&0 �ZLWKRXW D UHVSRQVH VFDOLQJ SDUDPHWHU� FDQ EH JLYHQ WKLV SURFHVV LQWHUSUHWDWLRQ LQ WHUPV RI D

VLPLODULW\�EDVHG UDFH WR UHWULHYH RI H[HPSODUV IURP PHPRU\�
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%XW� ZKDW DERXW UHVSRQVH WLPHV" 5HFDOO IURP (TXDWLRQ ��� WKDW WKH UHWULHYDO WLPHV DUH JLYHQ E\

���($L�(%L�� WKH LQYHUVH RI WKH DEVROXWH VXPPHG VLPLODULW\ RI L WR H[HPSODUV IURP ERWK FDWHJRULHV� $� LV

YHU\ VLPLODU WR %�� %�� %�� $�� $�� DQG $�� VR LWV DEVROXWH VXPPHG VLPLODULW\ ZLOO EH TXLWH KLJK� %\

FRQWUDVW� $� LV UHDOO\ RQO\ VLPLODU WR LWVHOI� VR LWV DEVROXWH VXPPHG VLPLODULW\ ZLOO EH TXLWH ORZ� 1RWLFH WKDW

EDVHG RQ D VLQJOH H[HPSODU UHWULHYDO� $� VKRXOG EH FODVVLILHG PRUH VORZO\ WKDQ $�� ZKLFK VHHPV TXLWH

XQOLNHO\� 6R� KRZ FDQ WKH (%5: SUHGLFW IDVW� DFFXUDWH UHVSRQVHV IRU $� DQG VORZ� LQDFFXUDWH UHVSRQVH IRU

$�" (UURUV DUH UHODWLYHO\ VWUDLJKWIRUZDUG� $� KDV D VPDOOHU GULIW UDWH WKDQ $�� VR WKH SUREDELOLW\ RI KLWWLQJ

WKH FRUUHFW EDUULHU ZLOO EH VPDOOHU IRU $� WKDQ $�� 5HVSRQVH WLPHV GHSHQG ERWK RQ WKH WLPH WR UHWULHYH

HDFK H[HPSODU� ZKLFK ZLOO EH IDVWHU IRU $� WKDQ $�� DQG RQ WKH QXPEHU RI VWHSV UHTXLUHG WR UHDFK D

EDUULHU� ZKLFK ZLOO EH JUHDWHU IRU $� WKDQ $�� ,Q JHQHUDO� DOO HOVH EHLQJ HTXDO� WKH ODWWHU FRPSRQHQW ZLOO EH

PRUH LPSRUWDQW WKDQ WKH IRUPHU� VR $� ZLOO EH FODVVLILHG PRUH TXLFNO\ WKDQ $��

$V PHQWLRQHG DERYH� WKH RULJLQDO *&0 FDQ EH SURYLGHG D SURFHVV LQWHUSUHWDWLRQ LQ WHUPV RI D

VLQJOH H[HPSODU UHWULHYDO� <HW� WKH (%5: DVVXPHV PXOWLSOH UHWULHYDOV� $OWKRXJK WKH (%5: SURYLGHV D

VXSHULRU DFFRXQW RI FODVVLILFDWLRQ UHVSRQVH WLPHV� PLJKW LWV DFFRXQW RI FODVVLILFDWLRQ DFFXUDF\ EH VRPHKRZ

FRPSURPLVHG" $V UHYHDOHG E\ 1RVRIVN\ DQG 3DOPHUL �����D�� ZKHQ WKH FDWHJRU\ EDUULHUV DUH HTXLGLVWDQW

IURP WKH VWDUWLQJ SRLQW� FODVVLILFDWLRQ SUREDELOLWLHV SUHGLFWHG E\ WKH (%5: DUH VLPSOH JLYHQ E\

JJ

J

%L$L

$L

((

(
L$3

�

 �_� � ����

ZKHUH J LV WKH GLVWDQFH RI WKH EDUULHUV IURP WKH VWDUWLQJ SRLQW� :LWK WKH DGGLWLRQ RI EDFNJURXQG QRLVH �VHH

1RVRIVN\ 	 $OIRQVR�5HHVH� LQ SUHVV�� WKLV EHFRPHV WKH JHQHUDO UHVSRQVH UXOH XVHG E\ WKH *&0 �VHH

(TXDWLRQ ��� :RUN VXEVHTXHQW WR WKH RULJLQDO SXEOLFDWLRQ RI WKH *&0 UHYHDOHG WKDW WKH J SDUDPHWHU ZDV D

QHFHVVDU\� DOWKRXJK ODUJHO\ SRVW KRF� DGGLWLRQ WR WKH PRGHO� 7KLV SDUDPHWHU QRZ KDV D SURFHVV

LQWHUSUHWDWLRQ LQ WHUPV RI WKH GLVWDQFH IURP WKH VWDUWLQJ SRLQW LQ D UDQGRP ZDON� 1RVRIVN\ 	 3DOPHUL

�����D� VHH DOVR 1RVRIVN\� LQ SUHVV� IRXQG WKDW YDOXHV RI J JUHDWHU WKDQ RQH JHQHUDOO\ SURYLGHG D VXSHULRU
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ILW WR WKH H[SHULPHQWDO GDWD UHSRUWHG LQ FRQMXQFWLRQ ZLWK WKH RULJLQDO GHYHORSPHQW RI WKH *&0 �1RVRIVN\�

������

7HVWV RI WKH (%5:

, ZLOO QRZ EULHIO\ VXPPDUL]H D FRXSOH RI H[SHULPHQWV WKDW KDYH WHVWHG WKH DELOLW\ RI WKH (%5: WR

DFFRXQW IRU H[SHULPHQWDO GDWD� ,Q WKH ILUVW H[SHULPHQW RI 1RVRIVN\ DQG 3DOPHUL �����D�� GHWDLOHG UHVSRQVH

WLPH GDWD ZDV FROOHFWHG IURP WKUHH VXEMHFWV LQ D VSHHGHG FODVVLILFDWLRQ WDVN RYHU VHYHUDO VHVVLRQV� 6WLPXOL

ZHUH FRORUV RI FRQVWDQW UHG KXH YDU\LQJ LQ VDWXUDWLRQ DQG EULJKWQHVV� WKH DSSUR[LPDWH 0XQVHOO FRORU

FRQILJXUDWLRQ IRU WKH WZHOYH FRORUV LV VKRZQ LQ )LJXUH �� 6XEMHFWV OHDUQHG WR FODVVLI\ HDFK RI WKHVH FRORUV

LQWR FDWHJRU\ $ �FLUFOH V\PEROV� RU FDWHJRU\ % �VTXDUH V\PEROV�� 2Q HDFK WULDO� RQH RI WKH WZHOYH FRORUV

ZDV UDQGRPO\ GLVSOD\HG� WKH VXEMHFW FODVVLILHG LW DV DQ $ RU D %� DQG WKHQ FRUUHFWLYH IHHGEDFN ZDV

VXSSOLHG� 6XEMHFWV FRPSOHWHG WKLUW\ EORFNV RI WULDOV IRU HDFK RI ILYH VHVVLRQV� 6XEMHFWV DOVR FRPSOHWHG

WKUHH VHVVLRQV RI VLPLODULW\ UDWLQJV LQ ZKLFK WKH\ PDGH VXEMHFWLYH VLPLODULW\ MXGJPHQWV RI HDFK SDLU RI

FRORUV�

7KH PXOWLGLPHQVLRQDO VFDOLQJ FRQILJXUDWLRQ IRU RQH RI WKH VXEMHFWV �3DUWLFLSDQW �� LV VKRZQ LQ

ERWK SDQHOV RI )LJXUH �� )RU WKLV VXEMHFW� DV IRU WKH RWKHU VXEMHFWV WHVWHG� WKH 0'6 FRQILJXUDWLRQ GLG QRW

PDS SHUIHFWO\ RQWR WKH LGHDOL]HG UHSUHVHQWDWLRQ VKRZQ LQ )LJXUH � �VHH 6HUJHQW 	 7DNDQH� ������

2EVHUYHG PHDQ FODVVLILFDWLRQ UHVSRQVH WLPHV� DYHUDJHG DFURVV WKH ILQDO IRXU VHVVLRQV� DUH SURSRUWLRQDO WR

WKH VL]H RI WKH FLUFOH VXUURXQGLQJ WKH VWLPXOXV QXPEHU LQ WKH OHIW SDQHO RI )LJXUH �� 6PDOO FLUFOHV LQGLFDWH

IDVW UHVSRQVHV� ODUJH FLUFOHV LQGLFDWH VORZ UHVSRQVHV� ,Q JHQHUDO� UHVSRQVH WLPHV ZHUH KLJKO\ V\VWHPDWLF�

6WLPXOL QHDU WKH ERXQGDU\ EHWZHHQ FDWHJRU\ $ DQG % ZHUH FODVVLILHG TXLWH VORZO\ �H�J�� VWLPXOL � DQG ����

ZKHUHDV VWLPXOL IDU IURP WKH ERXQGDU\ ZHUH FODVVLILHG TXLWH UDSLGO\ �H�J�� VWLPXOL � DQG ���� )LJXUH �

GLVSOD\V PHDQ FODVVLILFDWLRQ UHVSRQVH WLPH DV D IXQFWLRQ RI WUDLQLQJ� DYHUDJHG DFURVV DOO WZHOYH VWLPXOL�

7KH VSHHG�XS LQ REVHUYHG UHVSRQVH WLPH IROORZHG WKH XELTXLWRXV SRZHU ODZ RI SUDFWLFH �1HZHOO 	

5RVHQEORRP� ����� VHH� KRZHYHU� 3DOPHUL� ����D��
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7KH (%5: ZDV ILWWHG WR WKH REVHUYHG UHVSRQVH WLPH GDWD E\ PLQLPL]LQJ WKH VXP RI VTXDUHG

GHYLDWLRQV EHWZHHQ REVHUYDWLRQV DQG SUHGLFWLRQV� 7KH IUHH SDUDPHWHUV RI WKH PRGHO ZHUH D GLPHQVLRQDO

DWWHQWLRQ ZHLJKW� Z� IURP (TXDWLRQ �� WKH VFDOLQJ SDUDPHWHU� F� IURP (TXDWLRQ �� WKH FRQVWDQW WLPH

DVVRFLDWHG ZLWK HDFK VWHS RI WKH UDQGRP ZDON� D� IURP (TXDWLRQ ��� WKH GLVWDQFH RI WKH EDUULHUV IURP WKH

VWDUWLQJ SRLQW LQ WKH ZDON� $� D EDVH UHVSRQVH WLPH� 75� ZKLFK UHIOHFWV WKH PHDQ UHVLGXDO WLPHV IRU VWLPXOXV

SURFHVVLQJ DQG UHVSRQVH H[HFXWLRQ� DQG DQ LQWHUFHSW SDUDPHWHU� N� ZKLFK VFDOHV WKH UDQGRP ZDON WLPHV

LQWR XQLWV RI PLOOLVHFRQGV� 7KHVH VL[ SDUDPHWHUV ZHUH XVHG WR ILW WKH �� REVHUYHG GDWD SRLQWV LQ )LJXUHV �

DQG ��

7KH ULJKW SDQHO RI )LJXUH � GLVSOD\V WKH (%5: SUHGLFWLRQV XVLQJ WKH VDPH IRUPDW DV ZDV XVHG WR

GLVSOD\ WKH REVHUYHG GDWD� $ VLPSOH FRPSDULVRQ EHWZHHQ WKH OHIW �REVHUYHG� DQG ULJKW �(%5:� SDQHOV RI

)LJXUH � UHYHDOV WKH H[FHOOHQW ILW RI WKH (%5:� $FFRUGLQJ WR WKH (%5:� ZKHQ FODVVLI\LQJ VWLPXOL ZKLFK

DUH KLJKO\ VLPLODU WR ERWK FDWHJRULHV� VXFK DV VWLPXOL � DQG ��� SUREHV RI PHPRU\ WHQG WR UHWULHYH

H[HPSODUV IURP ERWK FDWHJRULHV� 7KLV FDXVHV WKH UDQGRP ZDON WR ZDQGHU EHWZHHQ WKH EDUULHUV EHIRUH

WKUHVKROG LV UHDFKHG� OHDGLQJ WR UHODWLYHO\ SURORQJHG UHVSRQVHV� %\ FRQWUDVW� ZKHQ FODVVLI\LQJ VWLPXOL WKDW

DUH VLPLODU RQO\ WR D VLQJOH FDWHJRU\� VXFK DV VWLPXOL � DQG ��� SUREHV RI PHPRU\ WHQG WR UHWULHYH

H[HPSODUV IURP MXVW RQH FDWHJRU\� 7KLV FDXVHV WKH UDQGRP ZDON WR PRYH LQ FRQVLVWHQW IDVKLRQ WRZDUG WKH

FRUUHFW EDUULHU� OHDGLQJ WR UHODWLYHO\ UDSLG UHVSRQVHV� )LJXUH � GLVSOD\V WKH VSHHG�XSV LQ UHVSRQVH WLPH

SUHGLFWHG E\ WKH (%5:� ZKLFK ZHUH DOVR KLJKO\ FRQVLVWHQW ZLWK WKH REVHUYHG GDWD� $FFRUGLQJ WR WKH

(%5:� ZLWK SUDFWLFH� PRUH LQVWDQFHV RI HDFK VWLPXOXV DUH VWRUHG LQ PHPRU\� 5HWULHYDO WLPHV JHW IDVWHU DV

PRUH UHSHWLWLRQV RI DQ LQVWDQFH DUH VWRUHG LQ PHPRU\ �/RJDQ� ����� ������ FDXVLQJ WKH UDQGRP ZDON WR

DFFXPXODWH HYLGHQFH PRUH TXLFNO\�

$OWKRXJK WKH (%5: SUHGLFWV WKDW VWLPXOL IDU DZD\ IURP WKH FRQWUDVW FDWHJRU\ ZLOO JHQHUDOO\ EH

FODVVLILHG PRUH TXLFNO\ WKDQ VWLPXOL FORVH WR WKH FRQWUDVW FDWHJRU\� GLVWDQFH IURP D �FDWHJRU\ ERXQGDU\� LV

QRW WKH RQO\ IDFWRU GHWHUPLQLQJ FODVVLILFDWLRQ UHVSRQVH WLPHV� $FFRUGLQJ WR WKH (%5:� LI WZR VWLPXOL DUH

HTXDOO\ GLVWDQW IURP WKH FRQWUDVW FDWHJRU\� \HW RQH RI WKHP LV PRUH IDPLOLDU WKDQ WKH RWKHU� WKH IDPLOLDU
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VWLPXOXV VKRXOG EH FODVVLILHG PRUH TXLFNO\ WKDQ WKH XQIDPLOLDU VWLPXOXV� 7KLV SUHGLFWLRQ LV LQ VWDUN

FRQWUDVW WR RWKHU UHFHQW PRGHOV RI SHUFHSWXDO FDWHJRUL]DWLRQ WKDW DVVXPH WKDW UHVSRQVH WLPHV DUH VROHO\ D

IXQFWLRQ RI GLVWDQFH IURP WKH FDWHJRU\ ERXQGDU\ �H�J�� $VKE\ HW DO�� ����� $VKE\ 	 0DGGR[� �����

0DGGR[ 	 $VKE\� ������ DFFRUGLQJ WR VXFK PRGHOV� VLPLODULW\ WR SDUWLFXODU FDWHJRU\ LQVWDQFHV SOD\V QR

GLUHFW UROH LQ FDWHJRUL]DWLRQ MXGJPHQWV� 7KH VHFRQG H[SHULPHQW RI 1RVRIVN\ DQG 3DOPHUL �����D� WHVWHG

WKH LQIOXHQFH RI VWLPXOXV IDPLOLDULW\ RQ FODVVLILFDWLRQ UHVSRQVH WLPHV�

7KH VWLPXOL XVHG LQ WKLV H[SHULPHQW ZHUH DOVR FRORUV YDU\LQJ LQ VDWXUDWLRQ DQG EULJKWQHVV� 7KH

DSSUR[LPDWH 0XQVHOO FRQILJXUDWLRQ LQ VKRZQ LQ )LJXUH �� 6XEMHFWV OHDUQHG WR FODVVLI\ WKHVH VWLPXOL� ZLWK

IHHGEDFN� GXULQJ DQ LQLWLDO VHW RI WUDLQLQJ EORFNV� 7KH FULWLFDO VWLPXOL ZHUH %� DQG %�� )RU RQH JURXS RI

VXEMHFWV� %� ZDV QRW SUHVHQWHG GXULQJ WUDLQLQJ �&RQGLWLRQ 8��� IRU DQRWKHU JURXS� %� ZDV QRW SUHVHQWHG

GXULQJ WUDLQLQJ �&RQGLWLRQ 8��� )ROORZLQJ WUDLQLQJ� VXEMHFWV FODVVLILHG DOO HLJKW VWLPXOL DV TXLFNO\ DV

SRVVLEOH ZLWKRXW PDNLQJ HUURUV� 1RWH WKDW ZKLOH %� DQG %� DUH DSSUR[LPDWHO\ WKH VDPH GLVWDQFH IURP WKH

�FDWHJRU\ ERXQGDU\�� WKHLU OHYHO RI IDPLOLDULW\ LV GLIIHUHQW LQ WKH WZR FRQGLWLRQV� 7KH (%5: SUHGLFWV WKDW�

ZLWKLQ D FRQGLWLRQ� IRU WZR VWLPXOL ZKLFK DUH DSSUR[LPDWHO\ WKH VDPH GLVWDQFH IURP WKH FDWHJRU\

ERXQGDU\� WKH PRUH IDPLOLDU RQH ZLOO EH FODVVLILHG PRUH TXLFNO\� ,Q DGGLWLRQ� DFURVV FRQGLWLRQV� D VWLPXOXV

ZLOO EH FODVVLILHG PRUH TXLFNO\ LQ WKH FRQGLWLRQ LQ ZKLFK LW LV PRUH IDPLOLDU�

7KH 0'6 VROXWLRQ REWDLQHG IURP VLPLODULW\ UDWLQJV RI WKH FRORU VWLPXOL LV VKRZQ LQ ERWK SDQHOV RI

)LJXUH �� 7KH ERXQGDU\ RI HTXDO VXPPHG VLPLODULW\ WR WUDLQLQJ H[HPSODUV LQ ERWK FDWHJRULHV LV DOVR

VKRZQ� $OWKRXJK WKLV ERXQGDU\ LV QRW LGHQWLFDO DFURVV WKH WZR FRQGLWLRQV �EHFDXVH WKH VHW RI WUDLQLQJ

VWLPXOL GRHV GLIIHU EHWZHHQ WKH WZR FRQGLWLRQV�� WKH GLIIHUHQFHV LQ LWV ORFDWLRQ DUH H[WUHPHO\ VOLJKW�

7KHUHIRUH� GLVWDQFH IURP WKH �FDWHJRU\ ERXQGDU\� IRU DOO VWLPXOL FDQ EH FRQVLGHUHG WR EH HTXDWHG DFURVV

WKH WZR FRQGLWLRQV� 0HDQ FODVVLILFDWLRQ UHVSRQVH WLPH LV SURSRUWLRQDO WR WKH VL]H RI WKH FLUFOHV LQ WKH

ILJXUH� $V H[SHFWHG� VWLPXOL FORVH WR WKH ERXQGDU\ ZHUH FODVVLILHG PRUH VORZO\ WKDQ VWLPXOL IDU IURP WKH

ERXQGDU\� +RZHYHU� LQ FRQGLWLRQ 8�� LQ ZKLFK VWLPXOXV %� LV XQIDPLOLDU� %� ZDV FODVVLILHG PRUH TXLFNO\

WKDQ %�� DQG LQ FRQGLWLRQ 8�� LQ ZKLFK VWLPXOXV %� ZDV XQIDPLOLDU� %� ZDV FODVVLILHG PRUH TXLFNO\ WKDQ

%�� ,Q DGGLWLRQ� DFURVV FRQGLWLRQV� %� DQG %� ZHUH FODVVLILHG PRUH TXLFNO\ LQ WKH FRQGLWLRQ LQ ZKLFK WKH\
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DUH WKH IDPLOLDU VWLPXOXV� 7KHVH UHVXOWV DUH FRQVLVWHQW ZLWK WKH SUHGLFWLRQV RI WKH (%5:� EXW LQFRQVLVWHQW

ZLWK WKH SUHGLFWLRQV RI PRGHOV WKDW DVVXPH WKDW GLVWDQFH IURP WKH ERXQGDU\ LV WKH RQO\ LPSRUWDQW IDFWRU LQ

GHWHUPLQLQJ FDWHJRUL]DWLRQ UHVSRQVH WLPHV �$VKE\ HW DO�� ������

6800$5<

7KLV FKDSWHU UHYLHZHG WZR UHFHQW PRGHOV RI WKH WLPH FRXUVH RI SHUFHSWXDO FDWHJRUL]DWLRQ WKDW

H[WHQG WKH ZHOO�NQRZQ H[HPSODU�EDVHG JHQHUDOL]HG FRQWH[W PRGHO RI FDWHJRUL]DWLRQ �1RVRIVN\� �����

������ 7KH (*&0 �/DPEHUWV� ����� ����� SURYLGHV D G\QDPLF DFFRXQW RI KRZ VLPLODULWLHV EHWZHHQ

H[HPSODUV V\VWHPDWLFDOO\ FKDQJH RYHU WLPH� WKH PRGHO VXFFHVVIXOO\ DFFRXQWHG IRU FKDQJHV LQ

FDWHJRUL]DWLRQ SUREDELOLWLHV DV D IXQFWLRQ RI WKH WLPH SURYLGHG WR PDNH D FDWHJRUL]DWLRQ MXGJPHQW� 7KH

(%5: �1RVRIVN\ 	 3DOPHUL� ����D� 3DOPHUL� ����D� SURYLGHV D G\QDPLF DFFRXQW RI WKH PHPRU\

UHWULHYDO DQG GHFLVLRQ�PDNLQJ FRPSRQHQWV RI FDWHJRUL]DWLRQ� WKH PRGHO VXFFHVVIXOO\ DFFRXQWHG IRU

FDWHJRUL]DWLRQ UHVSRQVH WLPHV LQ D YDULHW\ RI WDVNV� &OHDUO\� JLYHQ WKH FRPPRQ JHQHDORJ\ RI WKHVH WZR

PRGHOV� RQH LPSRUWDQW JRDO IRU IXWXUH UHVHDUFK ZLOO EH WR FRPELQH WKHVH WZR WKHRUHWLFDO DSSURDFKHV LQ D

ZD\ WKDW UHVXOWV LQ D FRPSUHKHQVLYH� \HW WHVWDEOH� WKHRU\ RI WKH WLPH FRXUVH RI SHUFHSWXDO FDWHJRUL]DWLRQ�
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5()(5(1&(6

$VKE\� )�*� ������� 0XOWLGLPHQVLRQDO PRGHOV RI FDWHJRUL]DWLRQ� ,Q )�*� $VKE\ �(G��� 0XOWLGLPHQVLRQDO

PRGHOV RI SHUFHSWLRQ DQG FRJQLWLRQ �SS� ��������� +LOOVGDOH� 1-� (UOEDXP�

$VKE\� )�*�� %R\QWRQ� *�� 	 /HH� :�:� ������� &DWHJRUL]DWLRQ UHVSRQVH WLPH ZLWK PXOWLGLPHQVLRQDO

VWLPXOL� 3HUFHSWLRQ 	 3V\FKRSK\VLFV� ��� ������

$VKE\� )�*�� 	 *RWW� 5�(� ������� 'HFLVLRQ UXOHV LQ WKH SHUFHSWLRQ DQG FDWHJRUL]DWLRQ RI

PXOWLGLPHQVLRQDO VWLPXOL� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ�

��� ������

$VKE\� )�*�� 	 0DGGR[� :�7� ������� $ UHVSRQVH WLPH WKHRU\ RI VHSDUDELOLW\ DQG LQWHJUDOLW\ LQ VSHHGHG

FODVVLILFDWLRQ� -RXUQDO RI 0DWKHPDWLFDO 3V\FKRORJ\� ��� ��������

%DUVDORX� /�:� ������� 2Q WKH LQGLVWLQJXLVKDELOLW\ RI H[HPSODU PHPRU\ DQG DEVWUDFWLRQ LQ FDWHJRU\

UHSUHVHQWDWLRQ� ,Q 7�.� 6UXOO 	 5�6� :\HU �(GV��� &RQWHQW DQG SURFHVV VSHFLILFLW\ LQ WKH HIIHFWV RI

SULRU H[SHULHQFHV� $GYDQFHV LQ VRFLDO FRJQLWLRQ� 9RO� � �SS� ������� +LOOVGDOH� 1-� (UOEDXP�

%HQ =XU� +�� 	 %UH]QLW]� 6�-� ������� 7KH HIIHFWV RI WLPH SUHVVXUH RQ ULVN\ FKRLFH EHKDYLRU� $FWD

3V\FKRORJLFD� ��� �������

%XQGHVHQ� &� ������� 7KH UHODWLRQVKLS EHWZHHQ LQGHSHQGHQW UDFH PRGHOV DQG /XFH
V FKRLFH D[LRP�

-RXUQDO RI 0DWKHPDWLFDO 3V\FKRORJ\� ��� ��������

%XVHPH\HU� -�5� ������� 'HFLVLRQ PDNLQJ XQGHU XQFHUWDLQW\� $ FRPSDULVRQ RI VLPSOH VFDODELOLW\� IL[HG�

VDPSOH� DQG VHTXHQWLDO�VDPSOLQJ PRGHOV� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\�

DQG &RJQLWLRQ� ��� ��������

%XVHPH\HU� -�5�� 	 7RZQVHQG� -�7� ������� 'HFLVLRQ ILHOG WKHRU\� $ G\QDPLF�FRJQLWLYH DSSURDFK WR

GHFLVLRQ PDNLQJ LQ DQ XQFHUWDLQ HQYLURQPHQW� 3V\FKRORJLFDO 5HYLHZ� ���� ��������

&RKHQ� 0�0�� 	 0DVVDUR� '�:� ������� 2Q WKH VLPLODULW\ RI FDWHJRUL]DWLRQ PRGHOV� ,Q )�*� $VKE\ �(G���

0XOWLGLPHQVLRQDO PRGHOV RI SHUFHSWLRQ DQG FRJQLWLRQ �SS� ��������� +LOOVGDOH� 1-� (UOEDXP�

'LHGHULFK� $� ������� '\QDPLF VWRFKDVWLF PRGHOV IRU GHFLVLRQ PDNLQJ XQGHU WLPH FRQVWUDLQWV� -RXUQDO RI

0DWKHPDWLFDO 3V\FKRORJ\� ��� ��������
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(ULFNVRQ� 0�$�� .UXVFKNH� -�.� ������� 5XOHV DQG H[HPSODUV LQ FDWHJRU\ OHDUQLQJ� -RXUQDO RI

([SHULPHQWDO 3V\FKRORJ\� *HQHUDO� ���� ��������

(VWHV� :�.� ������� 0HPRU\ VWRUDJH DQG UHWULHYDO SURFHVVHV LQ FDWHJRU\ OHDUQLQJ� -RXUQDO RI ([SHULPHQWDO

3V\FKRORJ\� *HQHUDO� ���� ��������

(VWHV� :�.� ������� &ODVVLILFDWLRQ DQG FRJQLWLRQ� 2[IRUG 8QLYHUVLW\ 3UHVV�

*DUQHU� :�5� ������� 7KH SURFHVVLQJ RI LQIRUPDWLRQ DQG VWUXFWXUH� 1HZ <RUN� :LOH\�

*OXFN� 0�$�� 	 %RZHU� *�+� �����D�� )URP FRQGLWLRQLQJ WR FDWHJRU\ OHDUQLQJ� $Q DGDSWLYH QHWZRUN

PRGHO� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� *HQHUDO� ���� ��������

*ROGLQJHU� 6�'� ������� (FKRHV RI HFKRHV" $Q HSLVRGLF WKHRU\ RI OH[LFDO DFFHVV� 3V\FKRORJLFDO 5HYLHZ�

���� ��������

*ROGVWHLQ� :�0�� 	 %XVHPH\HU� -�5� ������� 7KH HIIHFW RI ¦LUUHOHYDQW§ YDULDEOHV RQ GHFLVLRQ PDNLQJ�

&ULWHULRQ VKLIWV LQ SUHIHUHQWLDO FKRLFH" 2UJDQL]DWLRQDO %HKDYLRU DQG +XPDQ 'HFLVLRQ 3URFHVVHV� ���

��������

*ROGVWRQH� 5�/�� 	 0HGLQ� '�/� ������� 7LPH FRXUVH RI FRPSDULVRQ� -RXUQDO RI ([SHULPHQWDO

3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� ������

+LQW]PDQ� '�/� ������� �6FKHPD DEVWUDFWLRQ� LQ D PXOWLSOH�WUDFH PHPRU\ PRGHO� 3V\FKRORJLFDO 5HYLHZ�

��� ��������

+RPD� '� ������� 2Q WKH QDWXUH RI FDWHJRULHV� 3V\FKRORJ\ RI /HDUQLQJ DQG 0RWLYDWLRQ� ��� ������

+RPD� '�� 6WHUOLQJ� 6�� 	 7UHSHO� /� ������� /LPLWDWLRQV RI H[HPSODU�EDVHG JHQHUDOL]DWLRQ DQG WKH

DEVWUDFWLRQ RI FDWHJRULFDO LQIRUPDWLRQ� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG

&RJQLWLRQ� �� ��������

.DKQHPDQ� '�� 	 7UHLVPDQ� $�0� ������� &KDQJLQJ YLHZV RI DWWHQWLRQ DQG DXWRPDWLFLW\� ,Q 5�

3DUDVXUDPDQ 	 5� 'DYLHV �(GV��� 9DULHWLHV RI DWWHQWLRQ �SS� ������� 1HZ <RUN� $FDGHPLF 3UHVV�

.OHLQ� 5� ������� 3DWWHUQV RI SHUFHLYHG VLPLODULW\ FDQQRW EH JHQHUDOL]HG IURP ORQJ WR VKRUW H[SRVXUH

GXUDWLRQV DQG YLFH YHUVD� 3HUFHSWLRQ 	 3V\FKRSK\VLFV� ��� ������

.RPDWVX� /�.� ������� 5HFHQW YLHZV RI FRQFHSWXDO VWUXFWXUH� 3V\FKRORJLFDO %XOOHWLQ� ���� ��������
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.UXVFKNH� -�.� ������� $/&29(� $Q H[HPSODU�EDVHG FRQQHFWLRQLVW PRGHO RI FDWHJRU\ OHDUQLQJ�

3V\FKRORJLFDO 5HYLHZ� ��� ������

/D%HUJH� '�� 	 6DPXHOV� 6�-� ������� 7RZDUG D WKHRU\ RI DXWRPDWLF LQIRUPDWLRQ SURFHVVLQJ LQ UHDGLQJ�

&RJQLWLYH 3V\FKRORJ\� �� ��������

/DPEHUWV� .� ������� &DWHJRUL]DWLRQ XQGHU WLPH SUHVVXUH� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� *HQHUDO�

���� ��������

/DPEHUWV� .� ������� 3URFHVV PRGHOV RI FDWHJRUL]DWLRQ� ,Q .� /DPEHUWV 	 '�5� 6KDQNV �(GV���

.QRZOHGJH� FRQFHSWV DQG FDWHJRULHV� 6WXGLHV LQ FRJQLWLRQ� &DPEULGJH� 0$ 0,7 3UHVV�

/DPEHUWV� .� ������� 7KH WLPH FRXUVH RI FDWHJRUL]DWLRQ� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ�

0HPRU\� DQG &RJQLWLRQ� ��� ��������

/DPEHUWV� .�� 	 )UHHPDQ� 5�3�-� �����D�� &DWHJRUL]DWLRQ RI EULHIO\ SUHVHQWHG REMHFWV� 3V\FKRORJLFDO

5HVHDUFK� ��� ��������

/DPEHUWV� .�� 	 )UHHPDQ� 5�3�-� �����E�� %XLOGLQJ REMHFW UHSUHVHQWDWLRQV IURP SDUWV� 7HVWV RI D

VWRFKDVWLF VDPSOLQJ PRGHO� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� +XPDQ 3HUFHSWLRQ DQG

3HUIRUPDQFH� ��� ��������

/LQN� 6�:� ������� 7KH UHODWLYH MXGJPHQW WKHRU\ RI WZR FKRLFH UHVSRQVH WLPH� -RXUQDO RI 0DWKHPDWLFDO

3V\FKRORJ\� ��� ��������

/LQN� 6�:�� 	 +HDWK� 5�$� ������� $ VHTXHQWLDO WKHRU\ RI SV\FKRORJLFDO GLVFULPLQDWLRQV� 3V\FKRPHWULND�

��� �������

/RJDQ� *�'� ������� 6NLOO DQG DXWRPDWLFLW\� 5HODWLRQV� LPSOLFDWLRQV� DQG IXWXUH GLUHFWLRQV� &DQDGLDQ

-RXUQDO RI 3V\FKRORJ\� ��� ��������

/RJDQ� *�'� ������� 7RZDUG DQ LQVWDQFH WKHRU\ RI DXWRPDWL]DWLRQ� 3V\FKRORJLFDO 5HYLHZ� ��� ��������

/RJDQ� *�'� ������� 5HSHWLWLRQ SULPLQJ DQG DXWRPDWLFLW\� &RPPRQ XQGHUO\LQJ PHFKDQLVPV� &RJQLWLYH

3V\FKRORJ\� ��� �����



��

7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

/RJDQ� *�'� ������� 6KDSHV RI UHDFWLRQ�WLPH GLVWULEXWLRQV DQG VKDSHV RI OHDUQLQJ FXUYHV� $ WHVW RI WKH

LQVWDQFH WKHRU\ RI DXWRPDWLFLW\� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG

&RJQLWLRQ� ��� ��������

/XFH� 5�'� ������� 'HWHFWLRQ DQG UHFRJQLWLRQ� ,Q 5�'� /XFH� 5�5� %XVK� 	 (� *DODQWHU �(GV��� +DQGERRN

RI PDWKHPDWLFDO SV\FKRORJ\ �SS� ��������� 1HZ <RUN� :LOH\�

/XFH� 5�'� ������� 5HVSRQVH WLPHV� 7KHLU UROH LQ LQIHUULQJ HOHPHQWDU\ PHQWDO RUJDQL]DWLRQ� 1HZ <RUN�

2[IRUG 8QLYHUVLW\ 3UHVV�

0DGGR[� :�7�� 	 $VKE\� )�*� ������� &RPSDULQJ GHFLVLRQ ERXQG DQG H[HPSODU PRGHOV RI

FDWHJRUL]DWLRQ� 3HUFHSWLRQ 	 3V\FKRSK\VLFV� ��� ������

0DGGR[� :�7�� 	 $VKE\� )�*� ������� 3HUFHSWXDO VHSDUDELOLW\� GHFLVLRQDO VHSDUDELOLW\� DQG WKH

LGHQWLILFDWLRQ�VSHHGHG FODVVLILFDWLRQ UHODWLRQVKLS� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� +XPDQ

3HUFHSWLRQ DQG 3HUIRUPDQFH� ��� ��������

0HGLQ� '�/�� 	 6FKDIIHU� 0�0� ������� &RQWH[W WKHRU\ RI FODVVLILFDWLRQ OHDUQLQJ� 3V\FKRORJLFDO 5HYLHZ�

��� ��������

0F.LQOH\� 6�&�� 	 1RVRIVN\� 5�0� ������� ,QYHVWLJDWLRQV RI H[HPSODU DQG GHFLVLRQ ERXQG PRGHOV LQ

ODUJH� LOO�GHILQHG FDWHJRU\ VWUXFWXUHV� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� +XPDQ 3HUFHSWLRQ DQG

3HUIRUPDQFH� ��� ��������

0F.LQOH\� 6�&�� 	 1RVRIVN\� 5�0� ������� 6HOHFWLYH DWWHQWLRQ DQG WKH IRUPDWLRQ RI OLQHDU GHFLVLRQ

ERXQGDULHV� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� +XPDQ 3HUFHSWLRQ DQG 3HUIRUPDQFH� ��� ��������

0\HUV� -�/�� /RKPHLHU� -�+�� :HOO� $�'� ������� 0RGHOLQJ SUREDELOLVWLF FDWHJRUL]DWLRQ GDWD� ([HPSODU

PHPRU\ DQG FRQQHFWLRQLVW QHWV� 3V\FKRORJLFDO 6FLHQFH� �� ������

1HZHOO� $�� 	 5RVHQEORRP� 3�6� ������� 0HFKDQLVPV RI VNLOO DFTXLVLWLRQ DQG WKH ODZ RI SUDFWLFH� ,Q -�5�

$QGHUVRQ �(G��� &RJQLWLYH VNLOOV DQG WKHLU DFTXLVLWLRQ �SS� ������ +LOOVGDOH� 1-� (UOEDXP�

1RVRIVN\� 5�0� ������� &KRLFH� VLPLODULW\� DQG WKH FRQWH[W WKHRU\ RI FODVVLILFDWLRQ� -RXUQDO RI

([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� ��������



��

7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

1RVRIVN\� 5�0� ������� $WWHQWLRQ� VLPLODULW\� DQG WKH LGHQWLILFDWLRQ�FDWHJRUL]DWLRQ UHODWLRQVKLS� -RXUQDO RI

([SHULPHQWDO 3V\FKRORJ\� *HQHUDO� ���� ������

1RVRIVN\� 5�0� ������� $WWHQWLRQ DQG OHDUQLQJ SURFHVVHV LQ WKH LGHQWLILFDWLRQ DQG FDWHJRUL]DWLRQ RI

LQWHJUDO VWLPXOL� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� �������

1RVRIVN\� 5�0� �����D�� 6LPLODULW\� IUHTXHQF\� DQG FDWHJRU\ UHSUHVHQWDWLRQV� -RXUQDO RI ([SHULPHQWDO

3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� ������

1RVRIVN\� 5�0� �����E�� ([HPSODU�EDVHG DFFRXQWV RI UHODWLRQV EHWZHHQ FODVVLILFDWLRQ� UHFRJQLWLRQ� DQG

W\SLFDOLW\� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� ��������

1RVRIVN\� 5�0� ������� 7HVWV RI DQ H[HPSODU PRGHO IRU UHODWLQJ SHUFHSWXDO FODVVLILFDWLRQ DQG UHFRJQLWLRQ

PHPRU\� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� +XPDQ 3HUFHSWLRQ DQG 3HUIRUPDQFH� ��� �����

1RVRIVN\� 5�0� �����D�� ([HPSODU�EDVHG DSSURDFK WR UHODWLQJ FDWHJRUL]DWLRQ� LGHQWLILFDWLRQ� DQG

UHFRJQLWLRQ� ,Q )�*� $VKE\ �(G��� 0XOWLGLPHQVLRQDO PRGHOV RI SHUFHSWLRQ DQG FRJQLWLRQ �SS� ����

����� +LOOVGDOH� 1-� (UOEDXP�

1RVRIVN\� 5�0� �����E�� 6LPLODULW\ VFDOLQJ DQG FRJQLWLYH SURFHVV PRGHOV� $QQXDO 5HYLHZ RI 3V\FKRORJ\�

��� ������

1RVRIVN\� 5�0� �LQ SUHVV�� 2SWLPDO SHUIRUPDQFH DQG H[HPSODU PRGHOV RI FODVVLILFDWLRQ� ,Q 0� 2DNVIRUG

	 1� &KDWHU �(GV��� 5DWLRQDO PRGHOV RI FRJQLWLRQ� 2[IRUG 8QLYHUVLW\ 3UHVV�

1RVRIVN\� 5�0� 	 $OIRQVR�5HHVH� /� �LQ SUHVV�� (IIHFWV RI VLPLODULW\� SUDFWLFH� DQG IDPLOLDULW\ RQ VSHHGHG

FODVVLILFDWLRQ UHVSRQVH WLPHV DQG DFFXUDFLHV� )XUWKHU WHVWV RI DQ H[HPSODU�UHWULHYDO PRGHO� 0HPRU\ 	

&RJQLWLRQ�

1RVRIVN\� 5�0�� $OIRQVR�5HHVH� /�� 	 3DOPHUL� 7�-� ������� (IIHFWV RI VLPLODULW\� SUDFWLFH� DQG IDPLOLDULW\

RQ VSHHGHG FODVVLILFDWLRQ UHVSRQVH WLPHV DQG DFFXUDFLHV� )XUWKHU WHVWV RI DQ H[HPSODU�UHWULHYDO PRGHO�

,QGLDQD 8QLYHUVLW\ &RJQLWLYH 6FLHQFH 7HFKQLFDO 5HSRUW 1XPEHU ���� %ORRPLQJWRQ� ,QGLDQD

8QLYHULVW\�



��

7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

1RVRIVN\� 5�0�� *OXFN� 0�� 3DOPHUL� 7�-�� 0F.LQOH\� 6�&�� 	 *ODXWKLHU� 3� ������� &RPSDULQJ PRGHOV RI

UXOH�EDVHG FODVVLILFDWLRQ OHDUQLQJ� $ UHSOLFDWLRQ DQG H[WHQVLRQ RI 6KHSDUG� +RYODQG� DQG -HQNLQV

������� 0HPRU\ 	 &RJQLWLRQ� ��� ��������

1RVRIVN\� 5�0�� .UXVFKNH� -�.�� 0F.LQOH\� 6�&� ������� &RPELQLQJ H[HPSODU�EDVHG FDWHJRU\

UHSUHVHQWDWLRQV DQG FRQQHFWLRQLVW OHDUQLQJ UXOHV� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ�

0HPRU\� DQG &RJQLWLRQ� ��� ��������

1RVRIVN\� 5�0�� 3DOPHUL� 7�-�� 	 0F.LQOH\� 6�&� ������� 5XOH�SOXV�H[FHSWLRQ PRGHO RI FODVVLILFDWLRQ

OHDUQLQJ� 3V\FKRORJLFDO 5HYLHZ� ���� ������

1RVRIVN\� 5�0�� 	 3DOPHUL� 7�-� ������� /HDUQLQJ WR FODVVLI\ LQWHJUDO�GLPHQVLRQ VWLPXOL� 3V\FKRQRPLF

%XOOHWLQ 	 5HYLHZ� �� ��������

1RVRIVN\� 5�0�� 	 3DOPHUL� 7�-� �����D�� $Q H[HPSODU�EDVHG UDQGRP ZDON PRGHO RI VSHHGHG

FODVVLILFDWLRQ� 3V\FKRORJLFDO 5HYLHZ� ���� ��������

1RVRIVN\� 5�0�� 	 3DOPHUL� 7�-� �����E�� &RPSDULQJ H[HPSODU�UHWULHYDO DQG GHFLVLRQ�ERXQG PRGHOV RI

VSHHGHG SHUFHSWXDO FODVVLILFDWLRQ� 3HUFHSWLRQ 	 3V\FKRSK\VLFV ��� ���������

1RVRIVN\� 5�0�� 	 3DOPHUL� 7�-� ������� $ UXOH�SOXV�H[FHSWLRQ PRGHO IRU FODVVLI\ REMHFWV LQ FRQWLQXRXV�

GLPHQVLRQ VSDFHV� 3V\FKRQRPLF %XOOHWLQ 	 5HYLHZ� �� ��������

3DOPHUL� 7�-� �����D�� ([HPSODU VLPLODULW\ DQG WKH GHYHORSPHQW RI DXWRPDWLFLW\� -RXUQDO RI ([SHULPHQWDO

3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� ��������

3DOPHUL� 7�-� �����E�� $Q H[HPSODU�EDVHG UDQGRP ZDON PRGHO RI SHUFHSWXDO FDWHJRUL]DWLRQ� ,Q 0�

5DPVFDU� 8� +DKQ� (� &DPERXURSRORV� 	 +� 3DLQ �(GV��� 3URFHHGLQJV RI WKH ,QWHUGLVFLSOLQDU\

:RUNVKRS 2Q 6LPLODULW\ $QG &DWHJRULVDWLRQ �SS� ��������� (GLQEXUJK� 6FRWODQG� 8QLYHUVLW\ RI

(GLQEXUJK�

3DOPHUL� 7�-� �����D�� 7KHRULHV RI DXWRPDWLFLW\ DQG WKH SRZHU ODZ RI SUDFWLFH� -RXUQDO RI ([SHULPHQW

3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� ���¤����

3DOPHUL� 7�-� �����E�� /HDUQLQJ KLHUDUFKLFDOO\ VWUXFWXUHG FDWHJRULHV� $ FRPSDULVRQ RI FDWHJRU\ OHDUQLQJ

PRGHOV� 3V\FKRQRPLF %XOOHWLQ 	 5HYLHZ� �� ��������



��

7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

3DOPHUL� 7�-�� 	 )ODQHU\� 0�$� �LQ SUHVV�� /HDUQLQJ DERXW FDWHJRULHV LQ WKH DEVHQFH RI WUDLQLQJ� 3URIRXQG

DPQHVLD DQG WKH UHODWLRQVKLS EHWZHHQ SHUFHSWXDO FDWHJRUL]DWLRQ DQG UHFRJQLWLRQ PHPRU\�

3V\FKRORJLFDO 6FLHQFH�

3DOPHUL� 7�-�� 	 1RVRIVN\� 5�0� ������� *HQHUDOL]DWLRQV E\ UXOH PRGHOV DQG H[HPSODU PRGHOV RI FDWHJRU\

OHDUQLQJ� ,Q :� .LQWVFK �(G��� 3URFHHGLQJV RI WKH )LIWHHQWK $QQXDO 0HHWLQJ RI WKH &RJQLWLYH 6FLHQFH

6RFLHW\� SS� �������� +LOOVGDOH� 1-� (UOEDXP�

3DOPHUL� 7�-�� 	 1RVRIVN\� 5�0� ������� 5HFRJQLWLRQ PHPRU\ IRU H[FHSWLRQV WR WKH FDWHJRU\ UXOH� -RXUQDO

RI ([SHULPHQW 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� ��������

3LNH� $�5� ������� 6WRFKDVWLF PRGHOV RI FKRLFH EHKDYLRXU� 5HVSRQVH SUREDELOLWLHV DQG ODWHQFLHV RI ILQLWH

0DUNRY FKDLQ V\VWHPV� %ULWLVK -RXUQDO RI 0DWKHPDWLFDO DQG 6WDWLVWLFDO 3V\FKRORJ\� ��� ������

3LNH� $�5� ������� /DWHQF\ DQG UHODWLYH IUHTXHQF\ RI UHVSRQVH LQ SV\FKRSK\VLFDO GLVFULPLQDWLRQ� %ULWLVK

-RXUQDO RI 0DWKHPDWLFDO DQG 6WDWLVWLFDO 3V\FKRORJ\� ��� ��������

3RVQHU� 0�,�� 	 6Q\GHU� &�5�5� ������� $WWHQWLRQ DQG FRJQLWLYH FRQWURO� ,Q 5�/� 6ROVR �(G��� ,QIRUPDWLRQ

SURFHVVLQJ DQG FRJQLWLRQ� 7KH /R\ROD V\PSRVLXP �SS� ������� +LOOVGDOH� 1-� (UOEDXP�

5DWFOLII� 5� ������� $ WKHRU\ RI PHPRU\ UHWULHYDO� 3V\FKRORJLFDO 5HYLHZ� ��� �������

5DWFOLII� 5�� 	 0F.RRQ� *� ������� $ FRXQWHU PRGHO IRU LPSOLFLW SULPLQJ LQ SHUFHSWXDO ZRUG

LGHQWLILFDWLRQ� 3V\FKRORJLFDO 5HYLHZ� ���� ��������

5DWFOLII� 5�� 	 5RXGHU� -�1� ������� 0RGHOLQJ UHVSRQVH WLPHV IRU WZR�FKRLFH GHFLVLRQV� 3V\FKRORJLFDO

6FLHQFH� �� ��������

5DWFOLII� 5�� 9DQ =DQGW� 7�� 	 0F.RRQ� *� ������� &RQQHFWLRQLVW DQG GLIIXVLRQ PRGHOV RI UHDFWLRQ WLPH�

3V\FKRORJLFDO 5HYLHZ� ���� ��������

6HUJHQW� -�� 	 7DNDQH� <� ������� 6WUXFWXUHV LQ WZR�FKRLFH UHDFWLRQ�WLPH GDWD� -RXUQDO RI ([SHULPHQWDO

3V\FKRORJ\� +XPDQ 3HUFHSWLRQ DQG 3HUIRUPDQFH� ��� ��������

6KHSDUG� 5�1� ������� 6WLPXOXV DQG UHVSRQVH JHQHUDOL]DWLRQ� $ VWRFKDVWLF PRGHO UHODWLQJ JHQHUDOL]DWLRQ WR

GLVWDQFH LQ SV\FKRORJLFDO VSDFH� 3V\FKRPHWULND� ��� ��������



��

7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

6KHSDUG� 5�1� ������� 6WLPXOXV DQG UHVSRQVH JHQHUDOL]DWLRQV� 'HGXFWLRQV RI WKH JHQHUDOL]DWLRQ JUDGLHQW

IURP WKH WUDFH PRGHO� 3V\FKRORJLFDO 5HYLHZ� ��� ��������

6KHSDUG� 5� 1� ������� $WWHQWLRQ DQG WKH PHWULF VWUXFWXUH RI WKH VWLPXOXV VSDFH� -RXUQDO RI 0DWKHPDWLFDO

3V\FKRORJ\� �� ������

6KHSDUG� 5�1� ������� 0XOWLGLPHQVLRQDO VFDOLQJ� WUHH�ILWWLQJ� DQG FOXVWHULQJ� 6FLHQFH� ���� ��������

6KHSDUG� 5�1� ������� 7RZDUG D XQLYHUVDO ODZ RI JHQHUDOL]DWLRQ IRU SV\FKRORJLFDO VFLHQFH� 6FLHQFH� ����

����������

6KHSDUG� 5�1� ������� ,QWHJUDOLW\ YHUVXV VHSDUDELOLW\ RI VWLPXOXV GLPHQVLRQV� (YROXWLRQ RI WKH GLVWLQFWLRQ

DQG D SURSRVHG WKHRUHWLFDO EDVLV� ,Q -� 3RPHUDQW] 	 *� /RFNKHDG �(GV��� 3HUFHSWLRQ RI 6WUXFWXUH�

:DVKLQJWRQ� '�&�� $3$�

6KHSDUG� 5�1�� 	 &KDQJ� -�-� ������� 6WLPXOXV JHQHUDOL]DWLRQ LQ OHDUQLQJ RI FODVVLILFDWLRQV� -RXUQDO RI

([SHULPHQWDO 3V\FKRORJ\� ��� �������

6KHSDUG� 5�1�� +RYODQG� &�,�� 	 -HQNLQV� +�0� ������� /HDUQLQJ DQG PHPRUL]DWLRQ RI FODVVLILFDWLRQV�

3V\FKRORJLFDO 0RQRJUDSKV� �� ���� :KROH 1R� �����

6KLIIULQ� 5�0� ������� $WWHQWLRQ� ,Q 5�$� $WNLQVRQ� 5�-� +HUQVWHLQ� *� /LQG]H\� 	 5�'� /XFH �(GV���

6WHYHQV
 KDQGERRN RI H[SHULPHQWDO SV\FKRORJ\ �SS� ��������� 1HZ <RUN� :LOH\�

6KLIIULQ� 5�0�� 	 6FKQHLGHU� :� ������� &RQWUROOHG DQG DXWRPDWLF KXPDQ LQIRUPDWLRQ SURFHVVLQJ� ,,�

3HUFHSWXDO OHDUQLQJ� DXWRPDWLF DWWHQGLQJ� DQG D JHQHUDO WKHRU\� 3V\FKRORJLFDO 5HYLHZ� ��� ��������

6PLWK� (�(�� 	 0HGLQ� '�/� ������� &DWHJRULHV DQG FRQFHSWV� &DPEULGJH� 0$� +DUYDUG 8QLYHUVLW\ 3UHVV�

6PLWK� (�(�� 5LSV� /�-�� 	 6KREHQ� (�-� ������� 6WUXFWXUH DQG SURFHVV LQ VHPDQWLF PHPRU\� $ IHDWXUDO

PRGHO IRU VHPDQWLF GHFLVLRQV� 3V\FKRORJLFDO 5HYLHZ� ��� ��������

6PLWK� (�5�� =DUDWH� 0�$� ������� ([HPSODU�EDVHG PRGHO RI VRFLDO MXGJPHQW� 3V\FKRORJLFDO 5HYLHZ� ���

�����

6PLWK� 3�/� ������� 3V\FKRSK\VLFDOO\ SULQFLSOHG PRGHOV RI YLVXDO VLPSOH UHDFWLRQ WLPH� 3V\FKRORJLFDO

5HYLHZ� ���� ��������



��

7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

6WUD\HU� '�/�� 	 .UDPHU� $�)� �����D�� 6WUDWHJLHV DQG DXWRPDWLFLW\� ,� %DVLF ILQGLQJV DQG FRQFHSWXDO

IUDPHZRUN� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� ��������

6WUD\HU� '�/�� 	 .UDPHU� $�)� �����E�� 6WUDWHJLHV DQG DXWRPDWLFLW\� ,,� '\QDPLF DVSHFWV RI VWUDWHJ\

DGMXVWPHQW� -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ��� ��������

6YHQVRQ� 2�� 	 (GODQG� $� ������� &KDQJH RI SUHIHUHQFHV XQGHU WLPH SUHVVXUH� &KRLFHV DQG MXGJHPHQWV�

6FDQGLQDYLDQ -RXUQDO RI 3V\FKRORJ\� ��� ��������

6YHQVRQ� 2�� 	 0DXOH� $�-� ������� 7LPH SUHVVXUH DQG VWUHVV LQ KXPDQ MXGJPHQW DQG GHFLVLRQ PDNLQJ�

3OHQXP� 1HZ <RUN�

7RZQVHQG� -�7�� 	 $VKE\� )�*� ������� 6WRFKDVWLF PRGHOLQJ RI HOHPHQWDU\ SV\FKRORJLFDO SURFHVVHV�

&DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�

7YHUVN\� $� ������� )HDWXUHV RI VLPLODULW\� 3V\FKRORJLFDO 5HYLHZ� ��� ��������

9DOHQWLQH� 7�� 	 (QGR� 0� ������� 7RZDUGV DQ H[HPSODU PRGHO RI IDFH SURFHVVLQJ� 7KH HIIHFWV RI UDFH

DQG GLVWLQFWLYHQHVV� 4XDUWHUO\ -RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� +XPDQ ([SHULPHQWDO

3V\FKRORJ\� ��$� ��������

:DOOVWHQ� 7�6�� 	 %DUWRQ� &� ������� 3URFHVVLQJ SUREDELOLVWLF PXOWLGLPHQVLRQDO LQIRUPDWLRQ IRU GHFLVLRQV�

-RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� �� ��������

:ULJKW� 3� ������� 7KH KDUDVVHG GHFLVLRQ PDNHU� 7LPH SUHVVXUH� GLVWUDFWLRQV� DQG WKH XVH RI HYLGHQFH�

-RXUQDO RI $SSOLHG 3V\FKRORJ\� ��� ��������



��

7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

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

7KLV ZRUN ZDV VXSSRUWHG E\ 9DQGHUELOW 8QLYHUVLW\ 5HVHDUFK &RXQFLO 'LUHFW 5HVHDUFK 6XSSRUW

*UDQWV� &RUUHVSRQGHQFH FRQFHUQLQJ WKLV DUWLFOH PD\ EH DGGUHVVHG WR 7KRPDV -� 3DOPHUL� 'HSDUWPHQW RI

3V\FKRORJ\� ��� :LOVRQ +DOO� 9DQGHUELOW 8QLYHUVLW\� 1DVKYLOOH� 71 ������ HPDLO�

7KRPDV�-�3DOPHUL#9DQGHUELOW�HGX� :RUOG :LGH :HE�

KWWS���ZZZ�YDQGHUELOW�HGX�$Q6�SV\FKRORJ\�FRJVFL�SDOPHUL�KRPH�KWPO�



��

7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

)227127(6

�� 0'6 WHFKQLTXHV HOLFLW VLPLODULW\ MXGJHPHQWV IURP VXEMHFWV IRU HDFK SDLU RI VWLPXOL XVHG LQ DQ

H[SHULPHQW� *LYHQ WKH SDLUZLVH VLPLODULW\ PDWUL[� 0'6 JHQHUDWHV D PXOWLGLPHQVLRQDO FRQILJXUDWLRQ RI WKH

VWLPXOL ZKLFK FDQ EHVW DFFRXQW IRU WKH FROOHFWHG VLPLODULW\ UDWLQJV XQGHU WKH DVVXPSWLRQ WKDW MXGJHG

VLPLODULW\ LV PRQRWRQLFDOO\ UHODWHG WR GLVWDQFH LQ WKH VSDFH� 6WDWLVWLFDO DUJXPHQWV FDQ EH XVHG WR GHWHUPLQH

WKH PLQLPDO QXPEHU RI SV\FKRORJLFDO GLPHQVLRQV ZKLFK DUH UHTXLUHG�

�� $V J DSSURDFKHV LQILQLW\� 3�$_L� � LI ($L!(%L� RWKHUZLVH 3�$_L� ��

�� $OVR ERUURZHG IURP WKH LQVWDQFH WKHRU\ LV WKH QRWLRQ WKDW LQ DSSOLFDWLRQV LQ ZKLFK SHUIRUPDQFH LV

LQLWLDOO\ JRYHUQHG E\ D VHW RI UXOHV� PHPRU\�EDVHG SURFHVVHV �DV LQVWDQWLDWHG E\ WKH UDQGRP ZDON

FRPSRQHQW� UDFHV DJDLQVW WKH FRPSOHWLRQ RI WKH UXOH�EDVHG SURFHVV �3DOPHUL� ����D� ����D��

�� ,QVWDQFH WKHRU\ DVVXPHG UHWULHYDO WLPHV WR EH GLVWULEXWHG DV :HLEXOOV �/RJDQ� ����� ������



3DOPHUL 7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

��

7DEOH ��

&DWHJRU\ VWUXFWXUH XVHG E\ /DPEHUWV DQG )UHHPDQ �����D� ����E��

&DWHJRU\ 6WLPXOXV %DVH 8SULJKW 6KDGH 7RS

$ $� � � � �

$� � � � �

$� � � � �

$� � � � �

$� � � � �

% %� � � � �

%� � � � �

%� � � � �

%� � � � �



3DOPHUL 7LPH &RXUVH RI 3HUFHSWXDO &DWHJRUL]DWLRQ

��

),*85( &$37,216

)LJXUH �� 6FKHPDWLF LOOXVWUDWLRQ RI VWLPXOL YDU\LQJ DORQJ WKUHH SV\FKRORJLFDO GLPHQVLRQV �VKDSH� VL]H� DQG

FRORU�� 7KH FKDQJH IURP WKH FRQILJXUDWLRQ LQ 3DQHO $ WR WKDW LQ 3DQHO % LOOXVWUDWHV WKH UROH RI VHOHFWLYH

DWWHQWLRQ LQ PRGLI\LQJ VLPLODULWLHV DPRQJ H[HPSODUV�

)LJXUH �� 6FKHPDWLF LOOXVWUDWLRQ RI WKH ([HPSODU�%DVHG 5DQGRP :DON 0RGHO�

)LJXUH �� ([DPSOH WUDFHV RI WKH DFFXPXODWLRQ RI HYLGHQFH E\ D UDQGRP ZDON� 3DQHO $ LOOXVWUDWHV D

UHODWLYHO\ ORZ GULIW UDWH �SUREDELOLW\ RI PRYLQJ WRZDUG WKH $ EDUULHU HTXDOV ������ 3DQHO % LOOXVWUDWHV D

KLJK GULIW UDWH �SUREDELOLW\ RI PRYLQJ WRZDUG WKH $ EDUULHU HTXDOV ������ $ERYH HDFK $ EDUULHU� LQ ERWK

SDQHOV� LV D KLVWRJUDP RI WKH WLPHV WR KLW WKDW EDUULHU� ,Q ERWK SDQHOV� WKH GDVKHG OLQH LOOXVWUDWHV EDUULHU

SRVLWLRQV XQGHU FRQGLWLRQV RI VSHHG VWUHVV�

)LJXUH �� $ PXOWLGLPHQVLRQDO UHSUHVHQWDWLRQ RI DQ H[DPSOH FDWHJRU\ VWUXFWXUH GLVFXVVHG LQ WKH WH[W�

)LJXUH �� ,OOXVWUDWLRQ RI WKH DSSUR[LPDWH 0XQVHOO FRORU FRQILJXUDWLRQ XVHG LQ ([SHULPHQW � RI 1RVRIVN\

DQG 3DOPHUL �����D�

)LJXUH �� 0XOWLGLPHQVLRQDO VFDOLQJ VROXWLRQ RI WKH FRORU VWLPXOL IRU 3DUWLFLSDQW � IURP ([SHULPHQW � RI

1RVRIVN\ DQG 3DOPHUL �����D�� 7KH FHQWHU RI HDFK FLUFOH UHSUHVHQWV WKH 0'6 FRRUGLQDWH RI WKH FRORU� 7KH

VL]H RI WKH FLUFOH LV SURSRUWLRQDO WR WKH PHDQ FODVVLILFDWLRQ UHVSRQVH WLPH IRU WKH FRORU� 7KH GDVKHG OLQH LV D
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