
,PSURYLQJ WKH 3HUIRUPDQFH RI 'LVWULEXWHG 6KDUHG

0HPRU\ (QYLURQPHQWV RQ *ULG 0XOWLSURFHVVRUV�

'LPLWULV 'LPLWUHORV DQG &RQVWDQWLQH +DODWVLV

$WKHQV +LJK 3HUIRUPDQFH &RPSXWLQJ /DERUDWRU\ DQG

'HSDUWPHQW RI ,QIRUPDWLFV� 8QLYHUVLW\ RI $WKHQV

3DQHSLVWLPLRSROLV� $WKHQV ������ *UHHFH

H�PDLO� GGLPLWU#KSFO�XRD�JU� KDODWVLV#GL�XRD�JU

$EVWUDFW� 'LVWULEXWHG 6KDUHG 0HPRU\ �'60� LV D JRRG VROXWLRQ WR WKH

VFDODELOLW\� FRPSOH[LW\ DQG KLJK FRVW SUREOHPV RI ODUJH VFDOH 6KDUHG 0HPRU\

0XOWLSURFHVVRUV� DV ZHOO DV WR WKH GLIILFXOW\ RI WKH SURJUDPPLQJ PRGHO

SUREOHP RI WKH PHVVDJH SDVVLQJ 'LVWULEXWHG 0HPRU\ 0XOWLSURFHVVRUV� :H

SUHVHQW D PHWKRG IRU LPSURYLQJ WKH SHUIRUPDQFH RI 'LVWULEXWHG 6KDUHG

0HPRU\ (QYLURQPHQWV UXQQLQJ RQ JULG PXOWLSURFHVVRUV� 7KH PHWKRG LV EDVHG

RQ UHPRYLQJ WKH LQKHUHQW FHQWUDOLVP LPSRVHG E\ ;�< URXWLQJ WKDW FDXVHV

FRQJHVWLRQ LQ WKH FHQWUH RI WKH JULG� 6LPXODWLRQ� DV ZHOO DV LPSOHPHQWDWLRQ

UHVXOWV RQ D ���� SURFHVVRU PDFKLQH VKRZ DQ LPSURYHPHQW RI XS WR ����

�� 7KH (QYLURQPHQW

'LVWULEXWHG 6KDUHG 0HPRU\ �'60� DOORZV WKH H[HFXWLRQ RI SURJUDPV DVVXPLQJ WKH

6KDUHG 9DULDEOH SURJUDPPLQJ SDUDGLJP LQ 'LVWULEXWHG 0HPRU\ DUFKLWHFWXUH

PXOWLSURFHVVRU V\VWHPV�

$OO '60 V\VWHPV PXVW XVH D FRKHUHQFH SURWRFRO� VLPLODU WR WKRVH XVHG E\ 6KDUHG

0HPRU\ PXOWLSURFHVVRUV IRU FDFKH FRKHUHQFH� WR NHHS WKH VKDUHG GDWD FRQVLVWHQW DW

DOO WLPHV� 7KH XQGHUO\LQJ PHVVDJH SDVVLQJ V\VWHP PDNHV LW XQUHDOLVWLF WR XVH DQ\

SURWRFRO WKDW DVVXPHV EURDGFDVW� VR GLUHFWRU\ EDVHG SURWRFROV DUH XVHG�

$FFRUGLQJ WR GLUHFWRU\ FRKHUHQFH VFKHPHV� HDFK VKDUHG REMHFW KDV D GLUHFWRU\

HQWU\ DVVRFLDWHG ZLWK LW� ,Q WKLV GLUHFWRU\ HQWU\ WKH LGHQWLW\ RI WKH REMHFW¶V RZQHUV� LWV

VWDWXV �H[FOXVLYHO\ RZQHG�VKDUHG�LQYDOLGDWHG� DQG SRVVLEO\ RWKHU LQIRUPDWLRQ DUH

PDLQWDLQHG DQG XSGDWHG�

7KH GLUHFWRU\ HQWU\ RI HDFK VKDUHG REMHFW LV NHSW LQ VRPH SURFHVVRU� $ SURFHVVRU

WKDW NHHSV DW OHDVW RQH GLUHFWRU\ HQWU\ LV FDOOHG D GLUHFWRU\ KDQGOHU �'+�� 7KH

GLUHFWRU\ KDQGOHU PDLQWDLQLQJ WKH GLUHFWRU\ HQWU\ RI HDFK VKDUHG REMHFW PXVW EH DW DOO

WLPHV NQRZQ WR HYHU\ SURFHVVRU LQ WKH '60 V\VWHP� VLQFH LQWHUDFWLRQ ZLWK WKH '+ LV

QHFHVVDU\ IRU QRQ�ORFDO DFFHVVHV WR VKDUHG GDWD�

� 7KLV ZRUN ZDV SDUWO\ VXSSRUWHG E\ WKH *UHHN *HQHUDO 6HFUHWDULDW RI 5HVHDUFK DQG

7HFKQRORJ\ XQGHU WKH <3(5��� SURJUDP�
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7KH GLVWULEXWLRQ RI WKH GLUHFWRU\ GDWD LV D IDFWRU WKDW SOD\V DQ LPSRUWDQW UROH WR WKH

SHUIRUPDQFH RI WKH V\VWHP� &HQWUDOLVHG 'LUHFWRU\ VFKHPHV XVH D VLQJOH SURFHVVRU IRU

PDLQWDLQLQJ DOO GLUHFWRU\ GDWD� $FFRUGLQJ WR 'LVWULEXWHG 'LUHFWRU\ VFKHPHV� WKH

GLUHFWRU\ GDWD DUH GLVWULEXWHG WR PRUH WKDQ RQH SURFHVVRUV� $FFRUGLQJ WR WKH 8QLIRUP

'LVWULEXWLRQ VFKHPH �ILUVW LQWURGXFHG E\ /L LQ >�@ DV 'LVWULEXWHG 'LUHFWRU\� WKH

GLUHFWRU\ HQWULHV DUH XQLIRUPO\ GLVWULEXWHG DPRQJ WKH SURFHVVRUV� (YHQ WKRXJK WKH

8QLIRUP 'LVWULEXWLRQ 'LUHFWRU\ VFKHPH VHHPV YHU\ DWWUDFWLYH� LWV HIIHFW RQ JULG

PXOWLSURFHVVRUV XVLQJ WKH ;�< URXWLQJ DOJRULWKP IRU PHVVDJH SDVVLQJ KDV QRW EHHQ

LQYHVWLJDWHG�

�� 5HFLSURFDO 'LUHFWRU\ 'LVWULEXWLRQ

$FFRUGLQJ WR WKH ;�< PHVVDJH URXWLQJ� D PHVVDJH LV SURSDJDWHG IURP WKH VHQGHU WR

WKH UHFHLYHU ILUVW DORQJ WKH ; D[LV XQWLO LW UHDFKHV WKH FROXPQ RI WKH UHFHLYHU� DQG

WKHQ DORQJ WKH < D[LV� 7KH ZHDN SRLQW RI ;�< URXWLQJ LV WKH IDFW WKDW PRUH PHVVDJHV

SDVV WKURXJK WKH FHQWUH WKDQ WKURXJK WKH µHGJHV¶ RI WKH JULG� RQ WKHLU ZD\ WR WKHLU

GHVWLQDWLRQ� FDXVLQJ PRUH µLQWHUPHGLDWH¶ WUDIILF WR WKH FHQWUDO SURFHVVRUV�

:H GHQRWH DV 3�L �M� RI SURFHVVRU �L� M� LQ D 0[1 SURFHVVRU JULG WKH SUREDELOLW\ WKDW

D UDQGRP PHVVDJH �QRW VHQW IURP� QHLWKHU VHQW WR �L� M�� SDVVHV WKURXJK �L� M��

,Q >�@ ZH IRUPDOO\ SURYHG WKH IROORZLQJ WKHRUHP�
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7KH YDOXH RI 3�L� M� DPRQJ WKH SURFHVVRUV RQ D �[� SURFHVVRU JULG LV GHSLFWHG LQ

)LJXUH �� 7KH ; DQG < D[HV FRUUHVSRQG WR WKH SURFHVVRU¶V SRVLWLRQ LQ WKH JULG DQG

WKH = D[LV WR LWV 3�L� M� YDOXH� ,W LV HDV\ WR REVHUYH WKH PRXQWDLQ ZLWK WKH SHDN DW WKH

FHQWUDO �RU FHQWUDO SDLU RU TXDGUXSOH� SURFHVVRU�

7KH 8QLIRUP 'LVWULEXWLRQ 6FKHPH IRU WKH VKDUHG REMHFW GLUHFWRU\ LV WKH QDWXUDO

FKRLFH RI D '60 V\VWHP GHVLJQHU� VLQFH LW SURYLGHV XQLIRUPLW\ LQ WKH GLVWULEXWLRQ RI

GDWD DQG DYRLGV ERWWOHQHFNV DQG KRW VSRWV� +RZHYHU� DV DOO '60 RSHUDWLRQV DUH

)LJ� �� 3�L� M� YDOXHV IRU DQ �[� SURFHVVRU

JULG

)LJ� �� 6LPXODWHG WUDIILF IRU XQLIRUP YV�

UHFLSURFDO GLUHFWRU\ GLVWULEXWLRQ�
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LPSOHPHQWHG E\ H[SOLFLW PHVVDJH

SDVVLQJ EHWZHHQ WKH SURFHVVRUV�

WKH FHQWUDOLVDWLRQ REVHUYHG DW ;�

< URXWLQJ ZLOO EH SDVVHG RQ WR

WKH V\VWHP DQG WKHUHIRUH KDYH DQ

LPSDFW RQ WKH V\VWHP¶V

SHUIRUPDQFH� ,W ZLOO FDXVH HDVLHU

FRQJHVWLRQ WR WKH FHQWUDO SDUWV RI

WKH QHWZRUN �WKDW DUH DFFHSWLQJ

PRUH WUDIILF�� UHGXFH WKH PHVVDJH

EDQGZLGWK DQG HIIHFWLYHO\ UHGXFH

WKH SHUIRUPDQFH RI WKH '60

V\VWHP�

7KH LGHD EHKLQG UHYHUVLQJ WKH

HIIHFWV RI ;�< FHQWUDOLVP LV

VLPSOH� 2XU VLPXODWLRQV UHYHDOHG WKDW ������� RI DOO PHVVDJHV H[FKDQJHG LQ D

'60 V\VWHP VWDUW IURP RU HQG WR WKH 'LUHFWRU\ +DQGOHU� 7KHUHIRUH LI ZH DOWHU WKH

GLUHFWRU\ GLVWULEXWLRQ LQ RUGHU WR PRYH VRPH WUDIILF IURP WKH FHQWUDO SURFHVVRUV WR

SURFHVVRUV FORVHU WR WKH HGJHV RI WKH JULG� ZH FDQ FUHDWH DQ DQWL�IRUFH WR WKH ;�<

FHQWUDOLW\ DQG HTXDOLVH WKH FRPPXQLFDWLRQ ORDG WKURXJKRXW WKH JULG� ,QWXLWLYHO\� WKH

GLVWULEXWLRQ VKRXOG EH GRQH LQYHUVH SURSRUWLRQDWHO\ WR WKH µFHQWUDOLW\¶ RI HDFK

SURFHVVRU� L�H� WKH SURFHVVRUV UHVLGLQJ RQ WKH HGJHV RI WKH JULG ZLOO JHW D ELJJHU SDUW

RI WKH GLUHFWRU\ �PRUH GLUHFWRU\ HQWULHV� WKDQ WKH SURFHVVRUV FORVHU WR WKH FHQWUH RI WKH

JULG�

$FFRUGLQJ WR RXU GLVWULEXWLRQ VFKHPH �5HFLSURFDO 'LUHFWRU\ 'LVWULEXWLRQ� WKH

GLUHFWRU\ GDWD DUH GLVWULEXWHG SURSRUWLRQDWHO\ WR WKH VL[WK SRZHU RI WKH DYHUDJH

GLVWDQFH EHWZHHQ WKH SURFHVVRU DQG DQ\ RWKHU SURFHVVRU� 7KH VLPXODWHG WUDIILF SHU

RSHUDWLRQ RQ DQ ��[�� SURFHVVRU JULG LV SUHVHQWHG LQ )LJXUH �� DORQJ ZLWK WKH WUDIILF

UHVXOWLQJ XVLQJ WKH QRUPDO XQLIRUP GLUHFWRU\ GLVWULEXWLRQ� 7KH VXSSUHVVLRQ RI WKH

FHQWUDOLVP FDXVHG E\ ;�< LV REYLRXV�

7KH SULFH WKDW ZH KDYH WR SD\ IRU GHFHQWUDOLVDWLRQ LV WKH H[WUD GLVWDQFH WKDW WKH

PHVVDJHV KDYH WR WUDYHO LQ RUGHU IRU DQ RSHUDWLRQ WR FRPSOHWH� DV D UHVXOW IURP WKH

SODFHPHQW RI PRUH GLUHFWRU\ GDWD LQ WKH RXWHU SDUWV RI WKH JULG� 7KH LQFUHDVH YDULHV

IURP �� LQ WKH �[� FDVH WR ���� LQ WKH ��[�� FDVH�

�� ,PSOHPHQWDWLRQ 5HVXOWV

0D'&R:6>�@ �0$VVLYHO\ 'LVWULEXWHG &2QILJXUDEOH 9DULDEOH 9DOLGDWLRQ 6\VWHP� LV

D VFDODEOH PXOWL�SDUDPHWULF '60 V\VWHP IRU �' JULG PXOWLSURFHVVRUV GHYHORSHG DW

WKH $WKHQV +LJK 3HUIRUPDQFH &RPSXWLQJ /DERUDWRU\ DQG WKH 'SW� RI ,QIRUPDWLFV RI

WKH 8QLYHUVLW\ RI $WKHQV� ,W LPSOHPHQWV DUELWUDU\�VL]H YDULDEOH VKDULQJ DV ZHOO DV

JOREDO VHPDSKRUH� EDUULHU DQG UHDG�PRGLI\�ZULWH RSHUDWLRQV� 0D'&R:6 KDV EHHQ

GHYHORSHG DV D UXQWLPH V\VWHP XQGHU WKH SDUDOOHO RSHUDWLQJ HQYLURQPHQW 3$5,;>�@�

)LJ� �� %HQFKPDUN 5HVXOWV� $YHUDJH 6KDUHG 5HDG

7LPHV
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DQG KDV EHHQ XVHG� WHVWHG DQG

EHQFKPDUNHG RQ WKH 3DUV\WHF

*&HO������ D ���� SURFHVVRU

PDFKLQH� 7KH V\VWHP LV

FXUUHQWO\ EHLQJ SRUWHG WR WKH

,QWHO 3DUDJRQ DQG WR WKH

3DUV\WHF *&�33�

,Q RUGHU WR HYDOXDWH WKH

SHUIRUPDQFH DQG VFDODELOLW\ RI

WKH UHFLSURFDO GLUHFWRU\

GLVWULEXWLRQ� ZH UXQ VHYHUDO

V\QWKHWLF EHQFKPDUNV DQG WZR

UHDO OLIH DSSOLFDWLRQV �WZR

JDPHV� 7KH ILUVW LV D YLUWXDO RGG�

HYHQ JDPH SOD\HG E\ WKH SURFHVVRUV WKDW H[KLELWV D KLJK GHJUHH RI VKDULQJ� ERWK

WHPSRUDOO\ DQG VSDWLDOO\� 7KH VHFRQG DSSOLFDWLRQ LV D FRQQHFW�� JDPH SOD\HG E\ WKH

V\VWHP YV� D KXPDQ�

7KH DYHUDJH VKDUHG UHDG DQG VKDUHG ZULWH WLPHV IRU WKH � EHQFKPDUNV DUH

SUHVHQWHG LQ )LJXUHV � DQG �� ,Q DOO FDVHV� WKH 5HFLSURFDO 'LUHFWRU\ 'LVWULEXWLRQ

VFKHPH SHUIRUPV EHWWHU WKDQ WKH 8QLIRUP 'LUHFWRU\ 'LVWULEXWLRQ� LPSURYLQJ WKH

'60 V\VWHP¶V SHUIRUPDQFH E\ XS WR ��� IRU VKDUHG UHDG RSHUDWLRQV DQG XS WR ���

IRU VKDUHG ZULWH RSHUDWLRQV� 7KH VFKHPH SHUIRUPV EHWWHU LQ WKH FDVHV RI GHQVH VKDULQJ

�DV LQ WKH FDVH RI WKH 2GG�(YHQ EHQFKPDUN�� DQG IRU ODUJH JULGV� ,Q WKH FDVH RI VSDUVH

VKDULQJ DQG YHU\ VPDOO QXPEHUV RI SURFHVVRUV ������ D XS WR ��� LQFUHDVH LQ WKH

ZULWH ODWHQF\ ZDV REVHUYHG�

$FNQRZOHGJPHQWV

7KH DXWKRUV ZRXOG OLNH WR WKDQN 'U�$OH[DQGHU 5HLQHIHOG DQG WKH 3&� FHQWUH RI

WKH 8QLYHUVLW\ RI 3DGHUERUQ IRU DOORZLQJ XV WR XVH WKHLU SDUDOOHO FRPSXWHUV IRU

EHQFKPDUN UXQV�

5HIHUHQFHV

�� /L� .� µ6KDUHG 9LUWXDO 0HPRU\ RQ /RRVHO\ &RXSOHG 0XOWLSURFHVVRUV�¶ 3K' WKHVLV�

'HSDUWPHQW RI &RPSXWHU 6FLHQFH� <DOH 8QLYHUVLW\� 6HSWHPEHU �����

�� 'LPLWUHORV� '� DQG +DODWVLV� &� µ2Q WKH 'LVWULEXWLRQ RI 'LUHFWRU\ ,QIRUPDWLRQ LQ D

6RIWZDUH &RQWUROOHG 'LVWULEXWHG 6KDUHG 0HPRU\ 6\VWHP¶� ,Q 3URF� RI WKH :RUNVKRS RQ

3DUDOOHO 3URJUDPPLQJ DQG &RPSXWDWLRQ �=(86¶���� SDJHV ������ /LQNRSLQJ� 0D\ �����

�� 'LPLWUHORV� ' DQG +DODWVLV� &� µ0D'&R:6� $ 6FDODEOH 'LVWULEXWHG 6KDUHG 0HPRU\

(QYLURQPHQW IRU 0DVVLYHO\ 3DUDOOHO 0XOWLSURFHVVRUV¶� LQ 3URF RI +3&1¶��� SS �������

�� 3DUV\WHF &RPSXWHU *PE+ µ3$5,; ���� 6RIWZDUH 'RFXPHQWDWLRQ¶� 0DUFK �����

)LJ� �� %HQFKPDUN 5HVXOW� $YHUDJH 6KDUHG :ULWH 7LPHV
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