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2SWLPL]DWLRQ WKHRU\ DQG PHWKRG DUH YHU\ LPSRUWDQW LQ
QXPHURXV GLIIHUHQW GRPDLQV RI HQJLQHHULQJ GHVLJQ DQG

DSSOLFDWLRQV� &RPSDUHG WR PDQ\ SUHYLRXVO\ SURSRVHG

VHDUFK PHWKRGV� WKH JUDGLHQW GHVFHQW PHWKRG LV VLPSOH DQG

ZLGHO\ HPSOR\HG WR VROYH QXPHURXV GLIIHUHQW RSWLPL]DWLRQ
SUREOHPV� +RZHYHU� WKH JUDGLHQW GHVFHQW PHWKRG LV HDVLO\

WUDSSHG LQWR D ORFDO PLQLPXP DQG FRQYHUJHV VORZO\� $

*UDGLHQW )RUHFDVWLQJ 6HDUFK 0HWKRG �*)60� IRU

LPSURYLQJ WKH SHUIRUPDQFH RI WKH JUDGLHQW GHVFHQW PHWKRG
IRU UHVROYLQJ RSWLPL]DWLRQ SUREOHPV LV SURSRVHG KHUHLQ�

7KH *)60 LV EDVHG RQ WKH JUDGLHQW GHVFHQW PHWKRG

DQG RQ WKH XQLYHUVDO 'LVFUHWH 'LIIHUHQFH (TXDWLRQ

3UHGLFWLRQ 0RGHO �''(30� SURSRVHG KHUHLQ� 7KH FRQFHSW
RI WKH XQLYHUVDO ''(30 LV GHULYHG IURP WKH JUH\

SUHGLFWLRQ PRGHO� 7KH RULJLQDO JUH\ SUHGLFWLRQ PRGHO

HPSOR\V PDWKHPDWLFDO K\SRWKHVLV DQG DSSUR[LPDWLRQ WR

WUDQVIRUP D FRQWLQXRXV GLIIHUHQWLDO HTXDWLRQ LQWR D GLVFUHWH
GLIIHUHQFH HTXDWLRQ� 7KLV LV QRW D ORJLFDO DSSURDFK EHFDXVH

WKH IRUHFDVWLQJ VHTXHQFH GDWD LV LQYDULDEO\ RI GLVFUHWH W\SH�

7R FRQVWUXFW D PRUH SUHFLVH SUHGLFWLRQ PRGHO� WKLV ZRUN

DGRSWV D GLVFUHWH GLIIHUHQFH HTXDWLRQ� 7KH *)60 SURSRVHG
KHUHLQ FDQ DFFXUDWHO\ SUHGLFW WKH SUHFLVH VHDUFKLQJ

GLUHFWLRQ DQG WUHQG RI WKH JUDGLHQW GHVFHQW PHWKRG YLD WKH

XQLYHUVDO ''(30 DQG FDQ DGMXVW SUHGLFWLRQ VWHSV

G\QDPLFDOO\ XVLQJ WKH JROGHQ VHFWLRQ VHDUFK DOJRULWKP�
([SHULPHQWDO UHVXOWV LQGLFDWH WKDW WKH SURSRVHG

PHWKRG FDQ DFFHOHUDWH WKH VHDUFKLQJ VSHHG RI JUDGLHQW

GHVFHQW PHWKRG DQG FDQ KHOS WKH JUDGLHQW GHVFHQW PHWKRG

HVFDSH IURP ORFDO PLQLPD� 2XU UHVXOWV IXUWKHU GHPRQVWUDWH
WKDW DSSO\LQJ WKH JROGHQ VHFWLRQ VHDUFK PHWKRG WR DFKLHYH

G\QDPLF SUHGLFWLRQ VWHSV RI WKH ''(30 LV DQ HIILFLHQW

DSSURDFK IRU WKLV VHDUFK DOJRULWKP�

�� ,QWURGXFWLRQ

3LRQHHUHG E\ &DXFK\ LQ ���� >�@� >�@� WKH JUDGLHQW
GHVFHQW VHDUFK PHWKRG KDV EHHQ ZLGHO\ DSSOLHG WR VROYH

RSWLPL]DWLRQ SUREOHPV LQ YDULRXV GLIIHUHQW GRPDLQV RI

HQJLQHHULQJ >�@� >�@� )RU H[DPSOH� WKH JUDGLHQW GHVFHQW

PHWKRG FDQ EH DSSOLHG WR GHWHUPLQH WKH QHDU RSWLPDO
VROXWLRQ RI FRQWURO SDUDPHWHUV RU WR DVVLVW D IX]]\ ORJLF

FRQWUROOHU GHVLJQ >�@� >�@� )XUWKHUPRUH� WKH JUDGLHQW

GHVFHQW PHWKRG LV RIWHQ XVHG LQ H[SHUW V\VWHPV GHVLJQ WR

WXQH IX]]\ UXOHV IRU DXWRPDWLFDOO\ RUJDQL]LQJ WKH IX]]\ UXOH
EDVH >�@� )XUWKHUPRUH� WKH IX]]\ F�PHDQ FOXVWHULQJ

DOJRULWKP DOVR XVHV WKH JUDGLHQW GHVFHQW PHWKRG WR

PLQLPL]H WKH REMHFWLYH IXQFWLRQ >�@� $OVR� WKH %DFN�

3URSDJDWLRQ �%3� DOJRULWKP� PRVW ZLGHO\ XVHG LQ QHXUDO
QHWZRUNV� LV D JUDGLHQW�EDVHG WUDLQLQJ DOJRULWKP >�@�

+RZHYHU� WKH JUDGLHQW GHVFHQW PHWKRG LV HDVLO\ WUDSSHG

LQWR D ORFDO PLQLPXP DQG FRQYHUJHV VORZO\ >�@� >�@� >�@�

7KXV� WKHUH LV D QHHG IRU WKH VSHHG RI WKH PHWKRG WR EH
DFFHOHUDWHG DQG WKH DELOLW\ RI HVFDSLQJ IURP ORFDO PLQLPD

WR EH LQFUHDVHG� ,Q WKLV PDQQHU� PDQ\ DOJRULWKPV EDVHG RQ

WKH JUDGLHQW GHVFHQW PHWKRG FDQ EH LPSURYHG�

3UHYLRXV UHVHDUFK UHYHDOV WKDW WKH JUDGLHQW GHVFHQW
PHWKRG LV WKH EHVW ORFDO VHDUFKLQJ VWUDWHJ\ ZKHQ WKH

FRQWRXUV RI WKH IXQFWLRQ EHLQJ VHDUFKHG DUH FLUFXODU >�@� >�@�

,Q WKLV FDVH� WKH QHJDWLYH JUDGLHQW GLUHFWLRQ SRLQWV GLUHFWO\

WRZDUG WKH PLQLPDO VROXWLRQV� +RZHYHU� IRU PRVW QRQOLQHDU
IXQFWLRQV� QHJDWLYH JUDGLHQW LV JHQHUDOO\ QRW D JOREDO

VHDUFKLQJ GLUHFWLRQ >�@� >�@� 1XPHURXV VWXGLHV KDYH

SURSRVHG PRGLILHG JUDGLHQW VHDUFK PHWKRGV� VXFK DV

1HZWRQ©V PHWKRG >�@� >�@� WKH FRQMXJDWH JUDGLHQW PHWKRG
>�@� >�@� >�@� QDWXUDO JUDGLHQW DGDSWDWLRQ >�@� >��@� WKH

JUDGLHQW GHVFHQW PHWKRG ZLWK PRPHQWXP >��@� DQG VR RQ�

,I WKH VHDUFKLQJ EHKDYLRU LV DQDO\]HG DFFRUGLQJ WR WKHVH

ZHOO�NQRZQ VHDUFK PHWKRGV� WKH VHDUFKLQJ SURFHVV FDQ EH
IRXQG WR EH SDUWLWLRQHG LQWR WZR VWHSV� ILUVW� WR GHWHUPLQH

WKH VHDUFKLQJ GLUHFWLRQ� DQG VHFRQG� WR FRQGXFW DQ RSWLPDO

OLQH VHDUFK DFFRUGLQJ WR WKH VHDUFKLQJ GLUHFWLRQ� ,Q WKLV

ZRUN� ZH SUHVHQW D QHZ VHDUFKLQJ GLUHFWLRQ FDOOHG
¦JUDGLHQW IRUHFDVWLQJ GLUHFWLRQ§ WR IRUHFDVW WKH WUHQG DQG

GLUHFWLRQ RI WKH JUDGLHQW GHVFHQW PHWKRG E\ UHFRUGLQJ ILYH

JUDGLHQW GHVFHQW KLVWRULFDOO\ VHDUFKHG SRLQWV� 7KLV QHZ

VHDUFK PHWKRG FDQ HIIHFWLYHO\ DFFHOHUDWH WKH VHDUFKLQJ
VSHHG RI WKH JUDGLHQW GHVFHQW PHWKRG DQG KHOS LW HVFDSH

IURP ORFDO PLQLPD�

*HQHUDOO\� WKH OHDUQLQJ UDWH RI WKH JUDGLHQW GHVFHQW

PHWKRG LV WKH RQO\ SDUDPHWHU UHTXLULQJ WXQLQJ� L�H� WKH
ODUJHVW LQIOXHQFH RQ VROXWLRQ TXDOLW\ LV WKH OHDUQLQJ UDWH >�@�

>�@� >�@� 7R DYRLG WKH SKHQRPHQRQ RI RVFLOODWLRQ DQG

GLYHUJHQFH� D FRPSDUDWLYHO\ VPDOO OHDUQLQJ UDWH LV XVXDOO\

VHW ZKHQ VHDUFKLQJ IRU VROXWLRQV LQ PRVW DSSOLFDWLRQV�
+RZHYHU� D VPDOOHU OHDUQLQJ UDWH LV WKH PDLQ IDFWRU LQ

UHGXFLQJ VHDUFKLQJ VSHHG DQG WUDSSLQJ WKH JUDGLHQW GHVFHQW

PHWKRG LQWR ORFDO PLQLPD >�@� >�@� >�@� ,Q DSSO\LQJ WKH

JUDGLHQW GHVFHQW PHWKRG� PDQ\ UHVHDUFKHUV KDYH
SUHYLRXVO\ DWWHPSWHG WR LPSURYH LW� ,Q QHXUDO QHWZRUNV�

-DFREV SURSRVHG D PRPHQWXP PHWKRG WR LPSURYH WKH ZHOO�

NQRZQ %DFN�3URSDJDWLRQ DOJRULWKP LQ ���� >��@� 7KH

PRPHQWXP PHWKRG UHFRUGV D SUHYLRXV PRGLILHG YDOXH RI
ZHLJKW� DQG DGGV LW WR WKH SUHVHQW ZHLJKW YDOXH WR REWDLQ D

QHZ ZHLJKW YDOXH� 7KLV DSSURDFK FDQ HIIHFWLYHO\ DFFHOHUDWH

WKH FRQYHUJHQFH VSHHG RI WKH %DFN�3URSDJDWLRQ DOJRULWKP�



KRZHYHU� LW FDQ QRW JXDUDQWHH WR HVFDSH IURP ORFDO PLQLPD

DQG WKXV REWDLQ D EHWWHU VROXWLRQ� &HVD�%LDQFKL DQG 1LFROR

>��@ SURSRVHG WKH H[SRQHQWLDWHG JUDGLHQW PHWKRG� ZKLFK LV
EDVHG RQ WKH JUDGLHQW RI WKH ORVV IXQFWLRQ IRU VROYLQJ RQ�

OLQH UHJUHVVLRQ SUREOHPV� 7R LPSURYH WKH OHDUQLQJ SURFHVV

DQG SURYLGH D JOREDO VHDUFK FDSDELOLW\ IRU WKH JUDGLHQW

GHVFHQW PHWKRG� 1J� /HXQJ HW DO� SURSRVHG D OHDUQLQJ
DOJRULWKP ZKLFK HPEHGV JHQHWLF VHDUFK LQWR WKH JUDGLHQW

GHVFHQW DOJRULWKP >��@� 7KHVH PHWKRGV FDQ HIIHFWLYHO\

LPSURYH VROXWLRQ TXDOLW\� EXW WKH VHDUFKLQJ VSHHG LV VORZHU

WKDQ WKH RULJLQDO JUDGLHQW GHVFHQW PHWKRG� 7KXV� WKLV ZRUN
DWWHPSWV WR SURSRVH D *)60 WR LPSURYH WKH RULJLQDO

JUDGLHQW GHVFHQW PHWKRG� 7KH QHZ VHDUFK PHWKRG FDQ QRW

RQO\ DFFHOHUDWH WKH VHDUFKLQJ VSHHG RI WKH JUDGLHQW GHVFHQW

PHWKRG EXW FDQ DOVR KHOS WKH JUDGLHQW GHVFHQW PHWKRG WR
HVFDSH IURP ORFDO PLQLPD�

,Q WKH SURSRVHG PHWKRG� DFFXUDWH SUHGLFWLRQ LV FULWLFDO

EHFDXVH WKH SURSRVHG VHDUFK PHWKRG PXVW SUHFLVHO\

IRUHFDVW WKH WUHQG DQG GLUHFWLRQ RI WKH JUDGLHQW GHVFHQW
PHWKRG DFFRUGLQJ WR VRPH SUHYLRXVO\ VHDUFKHG GDWD� +HQFH�

D SUHFLVH SUHGLFWLRQ PRGHO LV SURSRVHG� QDPHG WKH

XQLYHUVDO 'LVFUHWH 'LIIHUHQFH (TXDWLRQ 3UHGLFWLRQ 0RGHO�

DV D IRUHFDVWLQJ WRRO� 7KLV PHWKRG LV D NLQG RI WLPH VHULHV
SUHGLFWLRQ PRGHO DQG LV GHULYHG IURP WKH JUH\ SUHGLFWLRQ

PRGHO >��@� >��@� 7KH RULJLQDO JUH\ SUHGLFWLRQ PRGHO XVHV

PDWKHPDWLFDO K\SRWKHVLV DQG DSSUR[LPDWLRQ WR WUDQVIRUP D

FRQWLQXRXV GLIIHUHQWLDO HTXDWLRQ LQWR D GLVFUHWH GLIIHUHQFH
HTXDWLRQ� 7KLV LV QRW D ORJLFDO DSSURDFK EHFDXVH WKH

IRUHFDVWLQJ VHTXHQFH GDWD LV DOZD\V RI GLVFUHWH W\SH� )RU

VRPH G\QDPLF WLPH VHULHV IRUHFDVWLQJ SUREOHPV� ODWHU

H[SHULPHQWV VKRZ WKDW LWV IRUHFDVWLQJ SUHFLVLRQ LV
LQVXIILFLHQW� 7KXV� WKLV ZRUN SURSRVHV D *)60 EDVHG RQ

WKH GLVFUHWH GLIIHUHQFH HTXDWLRQ WR LPSURYH WKH VHDUFKLQJ

SURFHVV RI WKH JUDGLHQW GHVFHQW PHWKRG� 7KH FRQFHSW RI

VKRUW�WHUP PHPRU\ LV LQFRUSRUDWHG LQWR WKH DOJRULWKP WR
UHFRUG VHDUFKHG GDWD GXULQJ WKH VHDUFKLQJ SURFHVV� DQG WKHQ

WKH GLVFUHWH GLIIHUHQFH HTXDWLRQ LV XVHG WR SUHGLFW WKH

GLUHFWLRQ DQG WUHQG RI WKH VROXWLRQ VSDFH�

7KH JROGHQ VHFWLRQ VHDUFK PHWKRG >��@� >��@ LV DOVR
DSSOLHG WR GHWHUPLQH G\QDPLFDOO\ WKH QHDU RSWLPDO

SUHGLFWLRQ VWHS� 7KH JROGHQ VHFWLRQ VHDUFK PHWKRG� DQ

HIILFLHQW VLQJOH�YDULDEOH VHDUFK DOJRULWKP� KDV EHHQ ZLGHO\

DSSOLHG LQ PDQ\ HQJLQHHULQJ DSSOLFDWLRQV VXFK DV JROGHQ
UDWLR VFKHGXOLQJ IRU IORZ FRQWURO LQ FRPSXWHU QHWZRUNV

>��@� DQG GHWHUPLQLQJ RSWLPDO VKXQW FDSDFLWRU YDOXH DW

QRQVLQXVRLGDO EXVEDUV >��@� ([SHULPHQWDO UHVXOWV LQGLFDWH

WKDW XVLQJ WKH JROGHQ VHFWLRQ VHDUFK PHWKRG WR REWDLQ
G\QDPLF SUHGLFWLRQ VWHSV RI WKH ''(30 LV DQ HIILFLHQW

DSSURDFK IRU WKLV VHDUFK DOJRULWKP� 2XU UHVXOWV IXUWKHU

GHPRQVWUDWH WKDW WKH SURSRVHG *)60 DOJRULWKP FDQ

HIIHFWLYHO\ DFFHOHUDWH WKH VHDUFKLQJ VSHHG RI WKH JUDGLHQW
GHVFHQW PHWKRG� DQG FDQ KHOS WKH JUDGLHQW�GHVFHQW PHWKRG

HVFDSH IURP ORFDO PLQLPD�

�� 7KH 8QLYHUVDO 'LVFUHWH 'LIIHUHQFH

(TXDWLRQ 3UHGLFWLRQ 0RGHO �''(30�

,Q WKLV VHFWLRQ� D EHWWHU SUHGLFWLRQ PRGHO WKDQ WKH JUH\

SUHGLFWLRQ PRGHO� WKH XQLYHUVDO 'LVFUHWH 'LIIHUHQFH

(TXDWLRQ 3UHGLFWLRQ 0RGHO �''(30�� LV SURSRVHG IRU

IRUHFDVWLQJ GLVFUHWH VHTXHQFH� ,W LV GHULYHG IURP WKH JUH\

SUHGLFWLRQ PRGHO >��@� >��@�

��� 'HULYDWLRQ RI ''(30

7KH SURSRVHG PHWKRG HPSOR\V WKH SURSHUWLHV RI WKH

GLVFUHWH GLIIHUHQFH HTXDWLRQ WR GHYHORS D QHZ IRUHFDVWLQJ

PRGHO IRU DQ\ GLVFUHWH VHTXHQFHV� )LJXUH � SUHVHQWV WKH
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VLJQLILHV WKH SUHGLFWHG YDOXH�

7KH FHQWUDO DLP RI $FFXPXODWHG *HQHUDWLQJ 2SHUDWLRQ

�$*2� LV WR SUHSURFHVV WKH RULJLQDO VHTXHQFH WR DFKLHYH DQ

H[SRQHQWLDO LQFUHDVLQJ VHTXHQFH� *HQHUDOO\� DSSO\LQJ
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WKH ''(����� LV EDVHG RQ WKH $*2 RSHUDWLRQ� WKH ,QYHUVH

$FFXPXODWHG *HQHUDWLQJ 2SHUDWLRQ �,$*2� PXVW EH WDNHQ

WR UHVWRUH WKH $*2 RSHUDWLRQ DQG REWDLQ WKH SUHGLFWHG
YDOXH�
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��� $SSO\ ,QYHUVH $FFXPXODWHG *HQHUDWLQJ 2SHUDWLRQ

�,$*2��

%HFDXVH WKH 'LVFUHWH 'LIIHUHQFH (TXDWLRQ 3UHGLFWLRQ

0RGHO� VKRZQ DV HTXDWLRQ ���� LV EDVHG RQ WKH ��$*2

QXPEHUV� ZH PXVW WDNH WKH ,QYHUVH $FFXPXODWHG

*HQHUDWLQJ 2SHUDWLRQ WR UHVWRUH WKH $*2 RSHUDWLRQ DQG
REWDLQ WKH SUHGLFWHG YDOXH�
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ZKHUH
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[
�

GHQRWHV WKH SUHGLFWHG YDOXH� S LV D SUHGLFWLRQ

VWHS RI ''(30�

��� 7KH 8QLYHUVDO ''(30

$OWKRXJK WKH IRUHFDVWLQJ SURFHVV RI ''(30 LV YHU\

VLPSOH� LW VXIIHUV IURP D VLJQLILFDQW GLVDGYDQWDJH� LQ WKDW LW
FDQ RQO\ IRUHFDVW QRQQHJDWLYH VHTXHQFHV� %HFDXVH WKH

''(30 XVHV WKH $FFXPXODWHG *HQHUDWLQJ 2SHUDWLRQ



�$*2� WR REWDLQ DQ H[SRQHQWLDO LQFUHDVLQJ VHTXHQFH� LW

FDQQRW EXLOG D FRUUHFW SUHGLFWLRQ PRGHO LI WKH VHTXHQFH

FRQWDLQV ERWK SRVLWLYH DQG QHJDWLYH GDWD� 7KHUHIRUH�
WUDQVODWLQJ WKH RULJLQDO VHTXHQFH LQWR D UHODWHG SRVLWLYH RQH

YLD GDWD PDSSLQJ FRQFHSWV LV SURSRVHG KHUHLQ� 7KLV SURFHVV

LV WHUPHG 0DSSLQJ *HQHUDWLQJ 2SHUDWLRQ �0*2��

)XUWKHUPRUH� E\ DSSO\LQJ WKH ,QYHUVH 0DSSLQJ *HQHUDWLQJ
2SHUDWLRQ �,0*2� WR UHVWRUH WKH IRUHFDVWLQJ VHTXHQFH� WKH

SUHGLFWLRQ VHTXHQFH FDQ HDVLO\ EH REWDLQHG� ,Q WKLV PDQQHU�

WKH SURSRVHG XQLYHUVDO ''(30 LV ZHOO GHILQHG IRU DOO

VHTXHQFHV� 7KDW LV� UHJDUGOHVV RI ZKHWKHU WKH VHTXHQFH LV
SRVLWLYH RU QHJDWLYH� GDWD FDQ EH IRUHFDVW FRUUHFWO\� )LJXUH

� LOOXVWUDWHV WKH FRQILJXUDWLRQ RI WKH XQLYHUVDO ''(30�

ZKHUH ���[ GHQRWHV RULJLQDO VHTXHQFH DQG
���

S
[ VWDQGV

IRU WKH SUHGLFWHG YDOXH�

)LJ� �� 7KH FRQILJXUDWLRQ RI WKH XQLYHUVDO ''(30

7KH IXQFWLRQ I WKDW VHUYHV DV WKH 0DSSLQJ

*HQHUDWLQJ 2SHUDWLRQ PXVW VDWLVI\ WZR FRQGLWLRQV >��@� ���

I LV RQH�WR�RQH DQG FRQWLQXRXV� ��� ��� ≥[I IRU DOO [ �

+HUHLQ� D OLQHDU PDSSLQJ IXQFWLRQ >��@ LV DSSOLHG DV DQ

0*2 RSHUDWLRQ� 7KH GHWDLOHG RSHUDWLRQ RI WKLV IXQFWLRQ LV

GHVFULEHG EHORZ�

/HW
���

P
[ UHSUHVHQW WKH VHW RI 0DSSLQJ *HQHUDWLQJ

2SHUDWLRQ �0*2�� 7KH
���

P
[ FDQ EH GHILQHG DV�
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ZKHUH Q GHQRWHV WKH QXPEHU RI RULJLQDO VDPSOH GDWD� V

UHSUHVHQWV D VKLIW IDFWRU� γ VWDQGV IRU D VFDOLQJ IDFWRU DQG

WKH ����� L[ LV WKH
WK
L GDWD RI RULJLQDO VDPSOH VHTXHQFH�

%\ WKH DERYH GHILQLWLRQ� WKH ,QYHUVH 0DSSLQJ *HQHUDWLQJ
2SHUDWLRQ �,0*2� FDQ EH GHILQHG DV IROORZV�
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S[ GHQRWHV WKH ILQDO SUHGLFWHG YDOXH ZLWK

SUHGLFWLRQ VWHS S � ��Å ���
S[ UHSUHVHQWV WKH SUHGLFWHG YDOXH

ZLWK SUHGLFWLRQ VWHS S LQ ,$*2 SURFHVV� V VWDQGV IRU D

VKLIW IDFWRU DQG γ LV D VFDOLQJ IDFWRU�

2EYLRXVO\� WKH OLQHDU PDSSLQJ IXQFWLRQ VDWLVILHV WZR

FRQGLWLRQV UHTXLUHG E\ WKH 0DSSLQJ *HQHUDWLQJ 2SHUDWLRQ�
7KDW LV� WKHVH WZR RSHUDWLRQV� 0*2 DQG ,0*2� DUH XVHIXO

IRU WKH XQLYHUVDO ''(30 DQG FDQ RYHUFRPH WKH

GLVDGYDQWDJH RI WKH ''(30�

�� 7KH *UDGLHQW )RUHFDVWLQJ 6HDUFK

0HWKRG �*)60�

7KLV VHFWLRQ SURYLGHV D *UDGLHQW )RUHFDVWLQJ 6HDUFK

0HWKRG �*)60� EDVHG RQ WKH XQLYHUVDO ''(30� 7KLV

*)60 LV HPSOR\HG WR HQKDQFH WKH VHDUFKLQJ SURFHVV RI WKH
RULJLQDO JUDGLHQW�GHVFHQW PHWKRG�

��� 7KH $OJRULWKP RI *)60
)LUVW� WKH SURSRVHG *)60 UHFRUGV ILYH KLVWRULFDO GDWD

LWHPV JHQHUDWHG IURP WKH RULJLQDO JUDGLHQW GHVFHQW PHWKRG
�H[SHULPHQWV JLYHQ ODWHU VKRZ WKDW XVLQJ � KLVWRULFDOO\

VHDUFKHG SRLQWV FDQ JHW VDWLVILHG IRUHFDVWLQJ UHVXOW�� 1H[W�

WKH PRGHOLQJ SURFHGXUHV RI WKH XQLYHUVDO ''(30 DUH

IROORZHG WR FRQVWUXFW D IRUHFDVWLQJ PRGHO� 7KLV PRGHO LV
WKHQ HPSOR\HG WR IRUHFDVW WKH VHDUFKLQJ WUHQG RI WKH

JUDGLHQW GHVFHQW PHWKRG� $IWHU GHWHUPLQLQJ D SUHGLFWLRQ

VWHS E\ WKH JROGHQ VHFWLRQ VHDUFK DOJRULWKP >��@� >��@� WKH

,QYHUVH $FFXPXODWHG *HQHUDWLQJ 2SHUDWLRQ LV XVHG� VKRZQ
DV HTXDWLRQ ����� WR REWDLQ D QHZ SUHGLFWLRQ SRLQW� 7KH

GHWDLOHG RSHUDWLRQ RI WKLV DOJRULWKP LV GHVFULEHG EHORZ�

6WHS �� 'HILQH WKH LQLWLDO FRQGLWLRQV�
���

[ � LQLWLDO VHDUFKLQJ SRLQW�

α � OHDUQLQJ UDWH RI WKH JUDGLHQW�GHVFHQW PHWKRG�

ε � VWRS FULWHULRQ �KHUHLQ� WKH VWRS FULWHULRQ LV GHILQHG DV

ε<−+ ���� ����� NN [I[I ��

�=N � LWHUDWLRQ QXPEHU�

6WHS ��([HFXWH WKH VHDUFKLQJ SURFHVV E\ WKH JUDGLHQW�

GHVFHQW PHWKRG�

( ) ( ) ( )
��� NNN [I[[ ∇−=+ α

6WHS ��'HWHFW WKH VWRS FULWHULRQ�

,V ε<−+ ���� ����� NN [I[I "

<HV� *R WR 6WHS ��

6WHS ��+DYH ILYH VHDUFKHG SRLQWV EHHQ JDWKHUHG"
1R� *R WR 6WHS ��

6WHS ��2EWDLQ D QHZ VHDUFKLQJ SRLQW XVLQJ WKH XQLYHUVDO

''(30 XQGHU GHWHUPLQLQJ D QHDU RSWLPDO

SUHGLFWLRQ VWHS YLD WKH JROGHQ VHFWLRQ VHDUFK

DOJRULWKP�

6WHS ���� 8VH WKH ILYH VHDUFKLQJ SRLQWV REWDLQHG IRU WKH

RSHUDWLRQV RI 0*2 DQG ��$*2�

6WHS ���� 8VH WKH VHTXHQFH GDWD REWDLQHG LQ 6WHS ��� WR
EXLOG WKH XQLYHUVDO ''(30�

6WHS ���� 2EWDLQ D QHDU RSWLPDO SUHGLFWLRQ VWHS S YLD WKH

JROGHQ VHFWLRQ VHDUFK DOJRULWKP�

6WHS ���� &RPSXWH WKH SUHGLFWLRQ YDOXH YLD WKH SUHGLFWLRQ

VWHS REWDLQHG�

6WHS ���� 2EWDLQ D QHZ VHDUFKLQJ SRLQW XVLQJ WKH SUHGLFWLRQ

YDOXH REWDLQHG LQ 6WHS ��� YLD RSHUDWLRQV RI

,$*2 DQG ,0*2�

6WHS �� /HW �+= NN

JR WR 6WHS ��

6WHS ��2EWDLQ WKH
��� +N

[ VROXWLRQ DQG WHUPLQDWH WKLV

DOJRULWKP�

''(����� ,$*2$*2
���

[

���

S
[

,0*20*2



��� 'HWHUPLQDWLRQ RI WKH 3UHGLFWLRQ 6WHS E\

WKH *ROGHQ 6HFWLRQ 6HDUFK $OJRULWKP

$Q HIILFLHQW VLQJOH�YDULDEOH PLQLPL]DWLRQ URXWLQH LV

QHFHVVDU\ IRU WKH SURSRVHG VHDUFK DOJRULWKP EHFDXVH WKH
SUHGLFWLRQ VWHS PXVW EH GHWHUPLQHG DSSURSULDWHO\ GXULQJ

WKH VHDUFKLQJ SURFHVV� ,Q WKLV VWXG\� WKH JROGHQ VHFWLRQ

VHDUFK DOJRULWKP >��@� >��@ LV HPSOR\HG WR GHWHUPLQH WKH

SUHGLFWLRQ VWHS RI WKH *)60 VHDUFK PHWKRG� ,W LV VXUH WKDW
WKH RWKHU IDPRXV OLQH VHDUFK DOJRULWKPV FDQ DOVR EH

HPSOR\HG WR GHWHUPLQH WKH QHDU RSWLPDO SUHGLFWLRQ VWHS�

VXFK DV XQLIRUP VHDUFK� GLFKRWRPRXV VHDUFK� JROGHQ

VHFWLRQ VHDUFK PHWKRG� )LERQDFFL VHDUFK >��@� DQG VR RQ�
0RNKWDU 6� %D]DUDD HW DO� >��@ KDYH SURYHQ WKDW WKH PRVW

HIILFLHQW DOJRULWKP LV )LERQDFFL VHDUFK� IROORZHG E\ WKH

JROGHQ VHFWLRQ VHDUFK PHWKRG� WKH GLFKRWRPRXV VHDUFK

PHWKRG� DQG ILQDOO\ WKH XQLIRUP VHDUFK PHWKRG� $OVR QRWH
WKDW LI WKH QXPEHU RI LWHUDWLRQV LV ODUJH HQRXJK� WKH

)LERQDFFL VHDUFK DQG WKH JROGHQ VHFWLRQ VHDUFK PHWKRG DUH

DOPRVW LGHQWLFDO� +RZHYHU� WKH LPSOHPHQWDWLRQ RI JROGHQ

VHFWLRQ VHDUFK PHWKRG LV HDVLHU WKDQ )LERQDFFL VHDUFK�
7KXV� ZH HPSOR\ WKH JROGHQ VHFWLRQ VHDUFK PHWKRG WR

GHWHUPLQH WKH QHDU RSWLPDO SUHGLFWLRQ VWHS IRU *)60� 7KH

JROGHQ VHFWLRQ LPSOLHV WKDW D FHUWDLQ OHQJWK LV GLYLGHG VXFK

WKDW WKH UDWLR RI WKH ZKROH WR WKH ORQJHU SDUW LV HTXDO WR WKH
UDWLR RI WKH ORQJHU SDUW WR WKH VKRUWHU SDUW� $V )LJ� �

LOOXVWUDWHV� OLQH $& LV GLYLGHG VR WKDW WKH UDWLR RI $% WR

%& LV WKH VDPH DV WKH UDWLR RI %& WR $& � /HW WKH

OHQJWK RI ORQJHU SDUW EH � DQG WKH OHQJWK RI VKRUWHU EH [ �

WKHQ WKH (TQ� ���� FDQ EH REWDLQHG E\ WKH JROGHQ VHFWLRQ

UXOH�

��

� [

[
=

+
����

7KLV HTXDWLRQ FDQ EH VROYHG WR REWDLQ WKH SRVLWLYH URRW�

���������������������
�

� ≈=−=[

7KH UDWLR RI ����� LV WKH VR�FDOOHG JROGHQ VHFWLRQ RU GLYLQH

SURSRUWLRQ� 7KH OHQJWK RI $& EHFRPHV ������ DOVR NQRZQ

DV WKH JROGHQ PHDQ�

)LJ� �� 7KH JROGHQ VHFWLRQ

)LJXUH � VKRZV WKH LOOXVWUDWLRQ RI WKH JROGHQ VHFWLRQ

XVHG WR GHWHUPLQH WKH SUHGLFWLRQ VWHS LQ VHDUFKLQJ SURFHVV�
,Q WKLV ILJXUH� DVVXPH WKH VHDUFKLQJ VSDFH RI WKH SUHGLFWLRQ

VWHS LV OLPLWHG WR WKH LQWHUYDO [ ]ED� � / GHQRWHV WKH ZLGWK

RI WKH VHDUFKLQJ VSDFH� S VLJQLILHV WKH SUHGLFWLRQ VWHS DQG

��SI LV WKH IXQFWLRQ YDOXH XQGHU WKH SUHGLFWLRQ VWHS S �

0HDQZKLOH� �S LV WKH JROGHQ VHFWLRQ SRLQW IURP WKH ULJKW�

PRVW ERXQGDU\ DQG �S UHSUHVHQWV DQRWKHU JROGHQ VHFWLRQ

SRLQW IURP WKH OHIW�PRVW ERXQGDU\� )LJXUH � LOOXVWUDWHV WKDW

WKH VHDUFKLQJ LQWHUYDO RI �S WR E FDQ EH GHOHWHG LQ WKH

ILUVW VHDUFKLQJ VWHS EHFDXVH ���� �� SISI < � 7KDW LV� WKH

ULJKW�PRVW VHDUFKLQJ VSDFH FDQ EH UHGXFHG IURP E WR �E �

%\ WKH VDPH JROGHQ VHFWLRQ LWHUDWLRQ� WKH QHDU RSWLPDO

SUHGLFWLRQ VWHS FDQ JUDGXDOO\ EH DSSURDFKHG� 7KH VHDUFKLQJ
SURFHVV FDQ EH WHUPLQDWHG ZKHQ WKH VHDUFKLQJ VSDFH

JUDGXDOO\ VKULQNV WR VDWLVI\ WKH JLYHQ VWRS FULWHULRQ�

$GYDQWDJHV RI WKH JROGHQ VHFWLRQ VHDUFK DOJRULWKP DUH

����� RI VHDUFKLQJ VSDFH FDQ EH UHGXFHG DQG RQH RI WZR
JROGHQ VHFWLRQ SRLQWV FDQ EH UHVHUYHG WR EHFRPH WKH QH[W

WHVW SRLQW >��@� >��@ LQ HDFK VHDUFKLQJ SURFHVV�

)LJ� �� 7KH LOOXVWUDWLRQ RI JROGHQ VHFWLRQ VHDUFKLQJ SURFHVV

� 
 UHSUHVHQWV WKH RSWLPDO VROXWLRQ�

��� &RPSDULVRQ RI JUDGLHQW GHVFHQW GLUHFWLRQ

DQG JUDGLHQW IRUHFDVWLQJ GLUHFWLRQ

7KLV VXEVHFWLRQ GHVFULEHV KRZ WKH SURSRVHG JUDGLHQW

IRUHFDVWLQJ GLUHFWLRQ GLIIHUV IURP WKH JUDGLHQW GHVFHQW

GLUHFWLRQ� 7KH QHJDWLYH JUDGLHQW GHVFHQW GLUHFWLRQ LV NQRZQ
WR DOZD\V EH RUWKRJRQDO ZLWK D FRQWRXU FXUYH LQ HDFK

VHDUFKLQJ SURFHVV� ,W LV D ORFDO VWHHSHVW GHVFHQW GLUHFWLRQ

IRU VHDUFKLQJ PLQLPDO VROXWLRQV� )LJXUH � GLVSOD\V WKDW WKH

QH[W VHDUFKLQJ GLUHFWLRQ IRU SRLQW [ IROORZV WKH QHJDWLYH

JUDGLHQW GLUHFWLRQ ZKHQ VHHNLQJ PLQLPDO VROXWLRQV DQG

SRVLWLYH JUDGLHQW GLUHFWLRQ ZKHQ VHDUFKLQJ IRU PD[LPDO

VROXWLRQV� ,Q WKLV ILJXUH� WKH GLUHFWLRQ G LV WKH VR�FDOOHG

JUDGLHQW GHVFHQW GLUHFWLRQ� ,W LV WKH EHVW ORFDO VHDUFKLQJ

GLUHFWLRQ ZKHQ WKH FRQWRXU RI WKH VHDUFKHG IXQFWLRQ LV D

FLUFOH� EXW LW LV JHQHUDOO\ QRW D JOREDO VHDUFKLQJ GLUHFWLRQ

IRU PRVW QRQOLQHDU IXQFWLRQV >�@� >�@�
7KH SURSRVHG JUDGLHQW IRUHFDVWLQJ GLUHFWLRQ LV D WUHQG

RI WKH JUDGLHQW GHVFHQW GLUHFWLRQ EHFDXVH VRPH KLVWRULFDOO\

VHDUFKHG GDWD SRLQWV RI WKH JUDGLHQW GHVFHQW PHWKRG DUH

UHFRUGHG WR SUHGLFW WKH QH[W VHDUFKLQJ SRLQW� 2XU PHWKRG LV
WR JDWKHU VRPH ORFDO VHDUFKLQJ GLUHFWLRQV IRU ILQGLQJ WKH

JOREDO VHDUFKLQJ GLUHFWLRQ E\ D IRUHFDVWLQJ PHFKDQLVP� 7R
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FRPSDUH WKHVH WZR VHDUFKLQJ SURFHVVHV� D VLPSOH WZR�

YDULDEOH IXQFWLRQ
�

���

�

���
������ [[[[[[I ++= LV

HPSOR\HG WR REVHUYH WKHLU VHDUFKLQJ SURFHVVHV� DV VKRZQ LQ

)LJV� � DQG �� UHVSHFWLYHO\� 7KHVH ILJXUHV UHYHDO WKDW WKH
JUDGLHQW IRUHFDVWLQJ GLUHFWLRQ LV D WUHQG RI WKH JUDGLHQW

GHVFHQW GLUHFWLRQ DQG FDQ VHHN WKH PLQLPDO VROXWLRQV IDVWHU

WKDQ WKH JUDGLHQW GHVFHQW VHDUFK PHWKRG� )XUWKHUPRUH�

)LJXUH � VKRZV KRZ WKH *)60 HVFDSLQJ IURP D ORFDO
RSWLPDO FDQ REWDLQ D KLJKHU TXDOLW\ VROXWLRQ� ,Q )LJXUH ��

WKH ILYH EODFN SRLQWV VWDQG IRU KLVWRULFDOO\ VHDUFKHG SRLQWV

XVLQJ WKH JUDGLHQW GHVFHQW PHWKRG XQGHU VRPH OHDUQLQJ

UDWH� 7KH *)60 FRQVWUXFWV WKH XQLYHUVDO ''(30 WR
GHWHUPLQH WKH QH[W VHDUFKLQJ SRLQW DFFRUGLQJ WR WKHVH

VHDUFKHG SRLQWV� $ WUHQG VROXWLRQ VSDFH FDQ EH REWDLQHG E\

WKH XQLYHUVDO ''(30 VKRZQ DV WKH GRWWHG OLQH RI )LJ� �� ,I

DQ DSSURSULDWH SUHGLFWLRQ VWHS LV GHWHUPLQHG� WKH ORFDO
PLQLPXP VKRZQ LQ )LJXUH � PD\ EH LJQRUHG HYHQ WKRXJK D

FRPSDUDWLYHO\ VPDOO OHDUQLQJ UDWH LV XVHG� 8QGHU WKH VDPH

FRQGLWLRQ� WKH JUDGLHQW GHVFHQW PHWKRG PD\ WUDS LQWR WKH

ORFDO PLQLPXP LQ WKLV FDVH LI D VPDOO OHDUQLQJ UDWH LV XVHG�
$ ODUJHU OHDUQLQJ UDWH PLJKW UHVROYH WKLV SUREOHP� EXW LW

PD\ UHVXOW LQ WKH SKHQRPHQRQ RI RVFLOODWLRQ RU GLYHUJHQFH�

7KDW LV� WKH *)60 KDV IDVW VHDUFKLQJ VSHHG DQG WKH

FDSDELOLW\ RI HVFDSLQJ IURP ORFDO PLQLPD HYHQ XVLQJ D
FRPSDUDWLYHO\ VPDOO OHDUQLQJ UDWH� 7KLV SURSHUW\ FDQ VKRZ

WKH *)60 LV PRUH UREXVW ZLWK UHVSHFW WR OHDUQLQJ UDWH WKDQ

WKH RWKHU JUDGLHQW�EDVHG VHDUFK PHWKRGV�

)LJ� �� *UDGLHQW GHVFHQW GLUHFWLRQ
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)LJ� �� *UDGLHQW GHVFHQW VHDUFK PHWKRG
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)LJ� �� *UDGLHQW IRUHFDVWLQJ VHDUFK PHWKRG

)LJ� �� 7KH LOOXVWUDWLRQ RI *)60©V HVFDSLQJ IURP ORFDO

PLQLPD

�� ([SHULPHQWDO 5HVXOWV

7R LOOXVWUDWH WKH HIIHFWLYHQHVV RI WKH SURSRVHG ''(30

DQG *)60 VHDUFK PHWKRG� WLPH VHULHV IXQFWLRQV DUH
HPSOR\HG WR FRPSDUH WKH IRUHFDVWLQJ FDSDELOLW\ RI WKH

''(30 PRGHO ZLWK WKH *0����� JUH\ SUHGLFWLRQ PRGHO�

)XUWKHUPRUH� EHQFKPDUN PXOWL�YDULDEOH IXQFWLRQV DUH

HPSOR\HG DV H[SHULPHQWDO WDUJHW IXQFWLRQV WR WHVW WKH
VHDUFKLQJ SHUIRUPDQFH RI WKH *)60 DOJRULWKP�

��� 7LPH 6HULHV )RUHFDVWLQJ

$VVXPH WKDW WKH FRQVLGHUHG WLPH VHULHV VHTXHQFH DUH

JHQHUDWHG E\ WKH IROORZLQJ WKUHH IXQFWLRQV >��@�

��VLQ���FRV����
�

WWWI ++= �

ZLWK VDPSOH WLPH ���� VHFRQGV DQG ��� ≤≤ W � +HUH�

��
�

WI UHSUHVHQWV DQ RVFLOODWRU\ DQG ERXQGHG IXQFWLRQ� ,Q
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7KLV VWXG\ KDV GHPRQVWUDWHG WKDW WKH SURSRVHG *)60

DQG WKH XQLYHUVDO ''(30 KDYH WKH IROORZLQJ SURSHUWLHV�

��� 7KH *)60 FDQ DFFXUDWHO\ SUHGLFW WKH GLUHFWLRQ DQG
WUHQG RI WKH VROXWLRQ LQ WKH VHDUFKLQJ SURFHVV� $OVR� LW FDQ

SUHGLFW WKH SRVVLEOH GLUHFWLRQ RI WKH VROXWLRQ ZLWK

DSSURSULDWH SUHGLFWLRQ VWHSV� 7KXV� WKH *)60 KDV D IDVWHU

FRQYHUJHQW VSHHG WKDQ WKH JUDGLHQW GHVFHQW PHWKRG DQG
RWKHU WHVWHG ZHOO�NQRZQ PRGLILHG JUDGLHQW DOJRULWKPV� DQG

WKXV SURGXFHV D EHWWHU TXDOLW\ VROXWLRQ�

��� :KHQ XVLQJ DQ DSSURSULDWH SUHGLFWLRQ VWHS� WKLV VHDUFK

DOJRULWKP FDQ HIIHFWLYHO\ HVFDSH IURP ORFDO PLQLPD DQG
DFKLHYH D KLJK TXDOLW\ VROXWLRQ� 7KH JROGHQ VHFWLRQ VHDUFK

DOJRULWKP LV DOVR DSSOLHG WR G\QDPLFDOO\ GHWHUPLQH

SUHGLFWLRQ VWHS�

��� +DYLQJ D KLJKHU SUHGLFWLRQ DFFXUDF\ WKDQ WKH *0�����
JUH\ SUHGLFWLRQ PRGHO IRU G\QDPLF WLPH VHULHV IRUHFDVWLQJ�

WKH XQLYHUVDO ''(30 GRHV QRW UHTXLUH H[WHQVLYH VDPSOH

GDWD �PHUHO\ � WR � VDPSOH GDWD LWHPV� WR PRGHO D

SUHGLFWLRQ PRGHO� DQG LWV FRPSXWDWLRQ LV VLPSOH�

��� 7KH XQLYHUVDO ''(30 LV ZHOO GHILQHG IRU DQ\ NLQGV RI

VHTXHQFH� DQG FDQ DFFXUDWHO\ IRUHFDVW VHTXHQFHV WKDW

VLPXOWDQHRXVO\ FRQWDLQ ERWK SRVLWLYH DQG QHJDWLYH GDWD�
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