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7ULDQJOH $UHD DVHG 0XOWLYDULDWH &RUUHODWLRQ
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5HFHQWO VHYHUDO DSSURDFKHV KDYH EHHQ DGRSWHG WR GHVLJQ
DQ RSHUDEOH UHSODFHPHQW IRU FXUUHQW ,3 EDVHG ,QWHUQHW WR VHUYH

WRGD V QHHGV LQ D EHWWHU DQG HIILFLHQW ZD @ 6FDODELOLW
PRELOLW DQG PRVW LPSRUWDQWO VWURQJ VHFXULW DUH VRPH RI WKH
PDMRU GHVLJQ IHDWXUHV LQ WKH ODWHVW GHYHORSPHQWV

1DPHG DWD 1HWZRUNLQJ 1 1 @ LV DQ HPLQHQW H[DPSOH
RI &RQWHQW &HQWULF 1HWZRUNLQJ &&1 DOVR NQRZQ DV
,QIRUPDWLRQ &HQWULF 1HWZRUNLQJ ,&1 ,Q 1 1 WKH QDPH
LGHQWLILHU LV XVHG WR DFFHVV D GDWD FRQWHQW LQVWHDG RI XVLQJ
FRQWHQW ORFDWLRQ 8VHUV FRQYH WKHLU UHTXHVWV E GLVVHPLQDWLQJ
LQWHUHVW PHVVDJHV ZKLFK FRQWDLQ QDPHV LQVWHDG RI ,3 DGGUHVVHV
7KH QHWZRUN FDQ VDWLVI WKHVH LQWHUHVW PHVVDJHV IURP DQ
QHDUHVW LQWHUYHQLQJ QRGHV KDYLQJ WKH UHTXHVWHG FRQWHQWV
&RQWHQW PHVVDJH IROORZ WKH UHYHUVH SDWK IROORZHG E LQWHUHVW
PHVVDJH $Q LQWHUYHQLQJ QRGH FDQ VDYH WKLV FRQWHQW PHVVDJH
IRU VXEVHTXHQW UHTXHVW LQ IXWXUH HIILFLHQWO 7KH SHUYDVLYH LQ
QHWZRUN FDFKLQJ @ LV WKH FUXFLDO IHDWXUH WR UHGXFH ODWHQF DQG
XVDJH RI EDQGZLGWK RZHYHU HPSOR LQJ H[WHQVLYH FDFKLQJ
LQYLJRUDWHV VHFXULW FRQFHUQV RI FDFKH SROOXWLRQ DWWDFNV VXFK DV
ORFDOLW GLVUXSWLRQ DQG IDOVH ORFDOLW ,Q ORFDOLW GLVUXSWLRQ
DWWDFNHUV FRQVLVWHQWO VHQG UHTXHVW PHVVDJHV IRU QHZ XQSRSXODU
FRQWHQWV WR IRUFH URXWHUV YLFWLPV WR FDFKH WKRVH UHTXHVWHG
XQSRSXODU FRQWHQWV WKXV GHWHULRUDWLQJ WKH HIILFLHQF RI FDFKH
E GHPROLVKLQJ WKH FDFKH ILOH ORFDOLW ZKLOH LQ )DOVH /RFDOLW
DWWDFNHUV PDNH UHTXHVWV IRU D OLPLWHG VHW RI XQSRSXODU FRQWHQWV
WR PDNH WKHP SRSXODU UHVXOWDQWO WKH KLW UDWLR LV UHGXFHG

UL X L 7KLV SDSHU DGGUHVVHV FDFKH SROOXWLRQ DWWDFNV
LQ 1 1 XVLQJ D PDFKLQH OHDUQLQJ PHWKRG 7KHUH DUH WKUHH PDLQ
IDFWRUV LQ WKLV PHWKRG LQFOXGLQJ SRSXODULW RI D FRQWHQW
PHVVDJHV WLPH GLVWULEXWLRQ RI UHTXHVW PHVVDJHV DQG LQWHUIDFH
GLVWULEXWLRQ RI LQWHUHVW PHVVDJHV IRU D FRQWHQW 7KH HPSOR HG
PHWKRG DGGUHVVHV WKH WZR PDMRU FRQFHUQV LQFOXGLQJ WKH
ORFDOLW GLVUXSWLRQ DQG IDOVH ORFDOLW DWWDFNV HUH VRPH RI WKH



VPDUW EHKDYLRUV RI DWWDFNHUV DUH DOVR WDNHQ LQWR DFFRXQW ZKLFK
SUHYLRXV PHWKRGV ZHUH IDLOHG WR GR 2Q WKH EDVLV RI WKHVH WKUHH
IDFWRUV WKH URXWHU ZLOO GHWHUPLQH WR FDFKH RU UHOHDVH WKH FRQWHQW
PHVVDJHV IRU WKZDUWLQJ FDFKH SROOXWLRQ DWWDFNV

7KHQ WKH SURSRVHG PHWKRG LV DQDO ]HG IRU ;& WRSRORJ
)LQDOO SURSRVHG PHWKRG LQ 1 1 HQYLURQPHQW LV YDOLGDWH ZLWK
H[WHQVLYH VLPXODWLRQ 7KH HYDOXDWLRQ UHVXOWV GHPRQVWUDWH LWV
HIILFDF LQ GHWHFWLRQ PLWLJDWLRQ DQG RYHUKHDG RYHU SUHH[LVWLQJ
DSSURDFKHV

7KH UHPDLQLQJ VHFWLRQV RI WKLV SDSHU DUH DUUDQJHG DV LQ WKH
IROORZLQJ 6HFWLRQ H[SODLQV UHODWHG ZRUN 7$ 0&$ V VWHP
DUFKLWHFWXUH LV JLYHQ LQ VHFWLRQ ,Q VHFWLRQ SURSRVHG PHWKRG
LV LQWURGXFHG DQG GLVFXVVHG 7KH VHFWLRQ EULQJV WKH HYDOXDWLRQ
UHVXOWV WR PDQLIHVW WKH HIIHFWXDOLW RI WKH SURSRVHG VWUDWHJ DQG
ILQDOO WKH FRQFOXVLRQ LV JLYHQ LQ VHFWLRQ
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6LQFH 1 1 LV HPSOR HG DV D QHZ DUFKLWHFWXUH WR UHSODFH
FXUUHQW ,3 EDVHG LQWHUQHW DUFKLWHFWXUH IHZ UHVHDUFKHUV KDYH
IRFXVHG WR DGGUHVV VHYHUDO NLQGV RI DWWDFNV $ $IDQDV HY HW DO
@ $ &RPSDJQR HW DO @ DQG . :DQJ HW DO @ KDYH

DGGUHVVHG HQLDO RI 6HUYLFH DWWDFNV $ $IDQDV HY HW DO @
$O]DKUDQL HW DO @ DQG $O]DKUDQL HW DO @ KDYH

DGGUHVVHG QDPLQJ URXWLQJ DQG IRUZDUGLQJ DWWDFNV UHVSHFWLYHO
= 5H]DHLIDU HW DO @ .LP HW DO @ DQG & *KDOL HW DO

@ KDYH DGGUHVVHG FDFKH SRLVRQLQJ DWWDFNV RZHYHU WKLV
DSSURDFK DGGUHVVHV FDFKH SROOXWLRQ DWWDFNV LQ 1 1 ,Q FDFKH
SRLVRQLQJ DWWDFNHUV WU WR FDFKH PDOLFLRXV RU IDNH FRQWHQWV LQ
URXWHU V FRQWHQW VWRUH E VHQGLQJ UHTXHVW IRUPDOLFLRXV FRQWHQWV
ZKLOH LQ FDFKH SROOXWLRQ DWWDFNHUV WU WR GLVUXSW FDFKH ORFDOLW
E VHQGLQJ UHTXHVW IRU XQSRSXODU FRQWHQWV DQG IRUFH URXWHUV
YLFWLPV WR FDFKH WKHVH XQSRSXODU FRQWHQWV LQ LWV FRQWHQW VWRUH
6XFFHVVIXO DWWDFNV FDQ UHGXFH OLQN XWLOL]DWLRQ DQG FDFKH KLW UDWLR
IURP QRUPDO XVHUV

3DUN HW DO @ LQWURGXFHG DQ DSSURDFK EDVHG RQ
UDQGRPQHVV FKHFNV RI D PDWUL[ IRU WKH GHWHFWLRQ RI ORFDOLW
GLVUXSWLRQ DWWDFNV LQ &&1 7KLV PHWKRGRORJ LV HIIHFWLYH ZKHQ
DSSOLHG LQ VLPSOH VFHQDULR DQG WKLV FDQQRW EH DSSOLFDEOH WR ODUJH
&&1 WRSRORJLHV 0RUHRYHU WKH FRPSXWDWLRQDO FRVW LV LQFUHDVHG
ZKHQ WHVWHG RQ PXOWLSOH FDFKLQJ QRGHV

;LH HW DO @ GHWHUPLQHG D PHWKRG ZLWK DQ REMHFWLYH RI
HQKDQFLQJ FDFKH UREXVWQHVV WR WDFNOH ORFDOLW GLVUXSWLRQ DWWDFNV
XVLQJ &DFKH 6KLHOG 7KH &DFKH 6KLHOG GHILQHV D VKLHOGLQJ
IXQFWLRQ ZKLFK LV EDVHG RQ ORJLVWLF IXQFWLRQ 7KLV IXQFWLRQ
GHFLGHV ZKHWKHU WKH FRQWHQW VKRXOG EH NHSW RU QRW LI WKH DQVZHU
LV HV &6 VWRUHV WKLV FRQWHQW DQG LI DQVZHU LV QR &6 VWRUHV
FRQWHQW V QDPH LQVWHDG RI VWRULQJ WKH ZKROH FRQWHQW &DFKH
6KLHOG VKRXOG LPSHUDWLYHO RSHUDWH HYHQ LQ WKH DEVHQFH RI
DWWDFN DQG DFFXPXODWH PRUH GDWD RQ HDFK URXWHU ZKLFK FDQ
UHGXFH GDWD VWRUDJH IRU SRSXODU FRQWHQWV

&RQWL HW DO @ SURSRVHG D WHFKQLTXH WR GHWHFW FDFKH
SROOXWLRQ DWWDFNV LQ WKH 1 1 FDOOHG DV OLJKWZHLJKW PHFKDQLVP
7KH PHQWLRQHG WKDW &DFKH VKLHOGLQJ LV LQHIIHFWLYH DJDLQVW
VRPH DWWDFNV HYHQ LQ VRPH VLWXDWLRQV WKH SHUIRUPDQFH RI WKLV
DSSURDFK LV ZRUVH WKDQ ZLWKRXW WKHP ,Q WKLV WHFKQLTXH WKH XVH
VDPSOLQJ LQWHUHVW GLVWULEXWLRQ WR GHWHFW FDFKH SROOXWLRQ DWWDFNV
7KH PHWKRG RQO VKRZV KRZ WR GHWHFW FDFKH SROOXWLRQ DWWDFNV

EXW GRHVQ W VKRZ DQ VXSSUHVVLQJ PHWKRG WR UHGXFH WKH
LQIOXHQFH RI DWWDFNV

.DUDPL HW DO @ GHYHORSHG D FDFKH UHSODFHPHQW SROLF
FDOOHG $1),6 EDVHG FDFKH UHSODFHPHQW $1),6 DGDSWLYH
QHXUR IX]] LQIHUHQFH V VWHP LV DQ LQWHJUDWLRQ RI QHXUDO
QHWZRUN ZLWK IX]] LQIHUHQFH V VWHP 7KH XVH LQKHUHQW
SURSHUWLHV RI FDFKHG FRQWHQW DV $1),6 LQSXWV DQG RXWSXW RI WKH
$1),6 LV FDWHJRUL]HG LQWR WKUHH W SHV L H IDOVH ORFDOLW
/RFDOLW GLVUXSWLRQ DQG HDOWK $1),6 LV D PDFKLQH OHDUQLQJ
PHWKRG KDYLQJ KLJK FRPSXWDWLRQDO RYHUKHDG 7KH LQWURGXFH D
FDFKH UHSODFHPHQW PHWKRG ZKLFK ZRUNV RQO LQ WKH FRQGLWLRQ
ZKHQ &6 LV IXOO DQG KDYLQJ QR SODFH IRU QHZ LQFRPLQJ SRSXODU
FRQWHQW

*XR HW DO @ H[SORLWLQJ WKH GLYHUVLW RI WKH LQWHUHVWV
WUDYHUVLQJ SDWKV WR GHWHFW )DOVH /RFDOLW DWWDFNV LQ 1 1 7KLV
PHWKRG LV EDVHG RQ WKH LGHD WKDW LQWHUHVWV WUDYHUVLQJ SDWKV IRU
PDOLFLRXV FRQWHQW REMHFWV DUH QRW DV PDQ DV IRU OHJLWLPDWH
FRQWHQWV $ UHTXHVW LV FRQVLGHUHG DV PDOLFLRXV DQG H[SHOOHG LI
VXFK D SDWK GLYHUVLW LV QRW REVHUYHG ,Q WKHLU ZRUN
3UREDELOLVWLF &RXQWLQJ ZLWK 6WRFKDVWLF $YHUDJLQJ 3&6$ DQG
ORRP )LOWHU DUH XVHG IRU SDWK WUDFNLQJ

=KDQJ HW DO @ LQWURGXFH D QRQ FROODERUDWLYH WHFKQLTXH
IRU FDFKH GHFLVLRQ PDNLQJ DQG WKHUHE PLWLJDWH FDFKH SROOXWLRQ
DWWDFNV LQ &&1 ,Q WKHLU PHWKRG SRSXODULW LV LQWHJUDWHG ZLWK
ORFDOLW WR FRQVWUXFW GHFLVLRQ PDNLQJ PDWUL[ 7KH EDVLF LGHD
WKLV PHWKRG EDVHG RQ LV DWWDFNHUV FDQQRW VHQG LQWHUHVW PHVVDJHV
IURP DV PDQ LQWHUIDFHV IRU XQSRSXODU FRQWHQW REMHFWV DV
SRSXODU FRQWHQW REMHFWV UHFHLYH IURP

DR HW DO @ SURSRVH FOXVWHULQJ DQ XQVXSHUYLVHG PDFKLQH
OHDUQLQJ PHWKRG IRU GHWHFWLRQ DQG PLWLJDWLRQ RI FDFKH SROOXWLRQ
DWWDFNV &OXVWHUV DUH PDGH RQ WKH EDVLV RI LQWHUHVW SUREDELOLW
DQG DYHUDJH WLPH LQWHUYDO EHWZHHQ WZR FRQVHFXWLYH LQWHUHVWV IRU
WKH VDPH FRQWHQW REMHFW XVLQJ (XFOLGHDQ LVWDQFH DVHG RQ
WKHVH FOXVWHUV UHVXOWV DWWDFN W SH L H )/$ RU / $ LV
GHWHUPLQHG

7KH ZRUN WKDW LV PRVW VLPLODU WR RXUV LV @ DV ZH ERWK
DGGUHVV ERWK W SHV RI FDFKH SROOXWLRQ DWWDFNV L H )/$ RU / $
XVLQJ 0/ 0HWKRGV RZHYHU WKHUH DUH WZR PDMRU GLIIHUHQFHV

,Q @ LQSXWV DUH XVHG LQGLYLGXDOO ZKLOH LQ RXU PHWKRG
ZH XVH FRUUHODWLRQ EHWZHHQ HYHU WZR ,Q @ WUDLQLQJ GDWD
IRU QRUPDO XVHUV DV ZHOO DV IRU DWWDFNHUV LV DOVR QHHGHG WKDW
HQDEOHV LW WR GHWHFW DWWDFNV SUH GHILQHG LQ WUDLQLQJ GDWD ZKLOH LQ
RXU PHWKRG ZH MXVW QHHG WR SURYLGH LQIRUPDWLRQ DERXW QRUPDO
XVHUV DQG GHYLDWLRQ IURP QRUPDO XVHU V SURILOH LV FRQVLGHUHG DV
DWWDFN WKDW V ZK RXU PHWKRG FDQ GHWHFW DQ W SH RI QHZ DWWDFN

$IWHU VXPPDUL]LQJ DOO WKH DERYH GLVFXVVLRQ WKH FRQFOXVLRQ
LV WKDW DOO WKH DERYH PHQWLRQHG PHWKRGV DUH WDUJHWLQJ FDFKH
SROOXWLRQ DWWDFNV LQ 1 1 7KHVH PHWKRGV KDYH VRPH GUDZEDFNV
LV JLYHQ DV 6RPH RI WKH SUH H[LVWLQJ PHWKRGV DUH RQO
DSSOLFDEOH WR VLPSOH VFHQDULR ZKLOH DSSO LQJ WR FRPSOH[
VFHQDULR WKHLU HIIHFW LV YHU OHVV RU ]HUR HIIHFW 0RVW RI WKH
SUH H[LVWLQJ PHWKRGV WDUJHW HLWKHU W SH RI FDFKH SROOXWLRQ
DWWDFNV / $ RU )/$ $OPRVW DOO WKH SUH H[LVWLQJ PHWKRGV
GHWHFW DWWDFNV EDVHG RQ FRQWHQW UHTXHVW GLVWULEXWLRQ ZKLFK LV
QRW DSSOLFDEOH WR DOO W SHV RI PDOLFLRXV XVHUV 2XU SURSRVHG
PHWKRG LV DSSOLFDEOH WR DOO W SHV RI VFHQDULRV WDUJHWLQJ ERWK
W SHV RI &3$ DQG GHWHFW DOO W SHV RI DWWDFNV



,,, � 7$ 0&$ 6 67(0 $5& ,7(&785(

,Q WKLV VHFWLRQ RXU SURSRVHG PRGHO IRU FDFKH SROOXWLRQ
GHWHFWLRQ DQG PLWLJDWLRQ LQ 1 1 LV RYHUYLHZHG ZKHUH
IUDPHZRUN RI WKH SURSRVHG PRGHO LV GLVFXVVHG

� )UDP RUN
7KHUH DUH WKUHH PDLQ VWHSV LQ RXU SURSRVHG DSSURDFK IRU

PLWLJDWLRQ RI FDFKH SROOXWLRQ DWWDFNV LQ 1 1 DV VKRZQ LQ )LJ

)LJ � 7$ 0&$ EORFN GLDJUDP

,Q VWHS IXQGDPHQWDO IHDWXUHV IRU LQGLYLGXDO UHFRUGV DUH
H[WUDFWHG IURP WKH WUDIILF HQWHULQJ WR WKH LQWHUQDO QHWZRUN
V VWHP ZKHUH VHFXUHG QRGHV DUH UHVLGLQJ LQ DQG DUH XVHG WR
FROOHFW QHWZRUN WUDIILF UHFRUGV IRU D SUH GHWHUPLQHG WLPH
LQWHUYDO

,Q VWHS WKH WULDQJOH DUHD PDS 7$0 PDWUL[ LV JHQHUDWHG
XVLQJ QHWZRUN WUDIILF UHFRUGV WKDW RULJLQDWHG IURP WKH ILUVW VWHS
7KHVH UHFRUGV DUH XVHG LQ RULJLQDO UDZ IRUP RU DIWHU
QRUPDOL]DWLRQ E XWLOL]LQJ WKH IHDWXUH QRUPDOL]DWLRQ PRGXOH
(DFK 7$0 FRQWDLQV GLIIHUHQW WULDQJOHV DUHDV ZKHUH HDFK
WULDQJOH DUHD UHSUHVHQWV H[WUDFWHG FRUUHODWLRQV EHWZHHQ WZR ZHOO
GHILQHG IHDWXUHV (DFK WUDIILF UHFRUG KDV LWV RZQ 7$0 VR WKH
WRWDO QXPEHU RI WKH 7$0V LV HTXDO WR WKH WRWDO QXPEHU RI WKH
WUDIILF UHFRUGV FRPLQJ IURP VWHS 7KH WRWDO QXPEHU RI WULDQJOH
DUHDV LQ HDFK 7$0 LV HTXDO WR DOO SRVVLEOH SHUPXWDWLRQV RI WKH
H[WUDFWHG FRUUHODWLRQ EHWZHHQ WZR GLVWLQFW IHDWXUHV $IWHU
REWDLQLQJ 7$0 ZH GR QRW QHHG DFWXDO IXQGDPHQWDO IHDWXUHV
QRQ QRUPDOL]HG RU QRUPDOL]HG IHDWXUHV DV WKH DUH UHSODFHG
E WULDQJOH DUHDV WR UHSUHVHQW WUDIILF UHFRUGV :KHQ QHWZRUN
LQWUXVLRQV RFFXU LW FDXVHV YDULDWLRQV WR WKHVH FRUUHODWLRQV DQG
WKRVH YDULDWLRQV FDQ EH H[SORLWHG WR GHWHUPLQH DQG LGHQWLI WKH
PDOLJQDQW DFWLYLWLHV 7KLV SURYLGHV PRUH DFFXUDWH LQIRUPDWLRQ
WKDW KHOS WR GLVWLQJXLVK QRUPDO WUDIILF UHFRUGV IURP DWWDFNV
3URSRVHG PHWKRGRORJ LV H[SODLQHG LQ FRPLQJ VHFWLRQV LQ GHWDLO

6WHS LV WKH GHFLVLRQ PDNLQJ VWDJH ZKLFK FDQ GHWHFW DQ
W SH RI DWWDFN ZLWKRXW UHTXLULQJ DQ SULRU NQRZOHGJH DERXW LW
7ZR SKDVHV LQFRUSRUDWHG LQ GHFLVLRQ PDNLQJ DUH WUDLQLQJ DQG
WHVWLQJ SKDVH 7KH WUDLQLQJ SKDVH FRQVWLWXWHV WKH 1RUPDO
3URILOH 13 JHQHUDWLRQ PRGXOH WR EXLOG QRUPDO SURILOH IRU
GLIIHUHQW OHJLWLPDWH WUDIILF UHFRUGV DQG WKH REWDLQHG SURILOH LV
WKHQ VWRUHG LQ D GDWDEDVH ,Q WKH WHVWLQJ SKDVH WKH WHVWLQJ
SURILOH JHQHUDWLRQ PRGXOH LV XVHG WR JHQHUDWH SURILOH IRU
LQGLYLGXDO GHWHFWHG WUDIILF UHFRUGV 7KHQ DWWDFN GHWHFWLRQ
PRGXOH LV DSSOLHG WR FRPSDUH WKH JHQHUDWHG WHVWHG SURILOH IRU DQ
REVHUYLQJ FRQWHQW ZLWK WKH DOUHDG VDYHG QRUPDO SURILOH $
WKUHVKROG YDOXH LV XVHG LQ WKH DWWDFN GHWHFWLRQ PRGXOH WR
FODVVLI WUDIILF EHKDYLRU DQG GLVWLQJXLVK FDFKH SROOXWLRQ DWWDFNV
IURP QRUPDO WUDIILF 7KH PHWKRGRORJ LV GHYHORSHG LQ WKH
6HFWLRQ
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,Q WKLV SRUWLRQ ZH H[SODLQ WKH DUFKLWHFWXUH RI WKH SURSRVHG
PRGHO 7$ 0&$ IRU GHWHFWLRQ DQG VXSSUHVVLRQ RI FDFKH
SROOXWLRQ DWWDFNV LQ 1 1 7KHQ VLPXODWLRQV DUH FDUULHG RXW WR
DQDO ]H WKH HIILFDF RI WKH SURSRVHG PHWKRGRORJ XVLQJ
FRQVLGHUHG PRVW ZHOO XVHG ;& WRSRORJ 7KH QRPHQFODWXUH RI
WKH SURSRVHG PHWKRG LV GHSLFWHG LQ )LJ IROORZHG E WKH
GHWDLOHG H[SODQDWLRQ RI WKH SURSRVHG PHWKRG 7KH FRQVLGHUHG
QHWZRUN WRSRORJ ;& LV VKRZQ LQ )LJ

� D LF ) D U UD LR
7R GHWHFW WKH FDFKH SROOXWLRQ DWWDFNV LQ 1 1 WKH WUDGLWLRQDO

PHWKRG LV WR OHDUQ WKH EHKDYLRU RI OHJLWLPDWH XVHUV DQG WKHQ
GHWHFW DQRPDORXV EHKDYLRU ZKHQ VXFK SDWWHUQ FKDQJHV ,Q RXU
SURSRVHG PHWKRG ZH XVH WKUHH IHDWXUHV L H 3RSXODULW
6WDQGDUG HYLDWLRQ /RFDOLW 7KH LQSXW IHDWXUHV ZH
FRQVLGHUHG LQ RXU SURSRVHG PRGHO DUH GHILQHG DV IROORZV

L � 3RSXODULW LV WKH UDWLR RI WKH QXPEHU RI UHTXHVWV IRU
FRQWHQW & WR WKH QXPEHU RI UHTXHVWV IRU DOO FRQWHQWV LQ
D URXWHU 7KH SRSXODULW RI FRQWHQW & LV
GHWHUPLQHG XVLQJ WKLV SDUDPHWHU

LL � 6WDQGDUG HYLDWLRQ RI WKH WLPH LQWHUYDOV RFFXUULQJ
EHWZHHQ HYHU WZR FRQVHFXWLYH ,QWHUHVW PHVVDJHV IRU
FRQWHQW & ZKLFK KHOSV WR GHWHUPLQH WKH VWDWXV RI
UHTXHVWV GLVWULEXWLRQ IRU D VSHFLILF FRQWHQW 7KH VWDQGDUG
GHYLDWLRQ RI WKH XQLIRUP GLVWULEXWLRQV LV FORVH ]HUR
ZKLOH IRU QRQ XQLIRUP GLVWULEXWLRQV H J =LSI OLNH
GLVWULEXWLRQ DUH QRW FORVH WR ]HUR

LLL � /RFDOLW LV WKH UHTXHVW GLVWULEXWLRQ IRU FRQWHQW &
WKURXJKRXW DOO WKH LQWHUIDFHV RI URXWHU 7KH ORFDOLW
IHDWXUH KHOSV WR GHILQH WKH ORFDOLW ZLVH FRQWHQW UHTXHVW
GLVWULEXWLRQ /RFDOLW RI WKH FRQWHQWV UHTXHVWHG IURP
PDQ LQWHUIDFHV GHFUHDVHV DQG FORVH WR ]HUR ZKLOH IRU
WKH FRQWHQWV RQO UHTXHVWHG IURP VRPH VSHFLILF
LQWHUIDFHV DUH QRW FORVH WR ]HUR

7KHUH LV D KXJH GLIIHUHQFH LQ WKH EHKDYLRU RI FDFKH SROOXWLRQ
DWWDFN QHWZRUN WUDIILF DQG OHJLWLPDWH WUDIILF ZKLFK LV FOHDUO
GHSLFWHG IURP LWV VWDWLVWLFDO EHKDYLRU ,Q WKLV VXEVHFWLRQ ZH
SUHVHQW 0&$ DSSURDFK WR GHVFULEH WKHVH VWDWLVWLFDO SURSHUWLHV
7ULDQJOH DUHD LV HPSOR HG E WKLV DSSURDFK IRU H[WUDFWLRQ RI WKH
FRUUHODWLRQ EHWZHHQ WKH IHDWXUHV 7KH GHWDLOV DUH JLYHQ LQ WKH
IROORZLQJ

� O L DULD &RUU OD LR DO L
*LYHQ DQ DUELWUDU GDWD VHW ὢ ൌ ሼὼ1ǡ ὼ2ǡ �ὼ3ǡ Ǥ Ǥ Ǥ ǡ ὼ ሽ ZKHUH

ὼ ൌ ሾὪ1 �Ὢ2 �Ὢ3 Ǥ Ǥ Ǥ Ὢ ሿ 7 ሺͳ ≤ Ὥ ≤ ὲሻ UHSUHVHQWV WKH Ὥὸℎ WUDIILF
UHFRUG RI WKH P GLPHQVLRQDO DUUD ,Q RXU SURSRVHG PHWKRG ZH
XVH WKUHH IHDWXUHV L H SRSXODULW VWDQGDUG GHYLDWLRQ DQG

ORFDOLW IRU ZKLFK ὼ �YHFWRU EHFRPHV ሾὪ1 �Ὢ2 �Ὢ3 ሿ7 :H DSSO
WKH WULDQJOH DUHD FRQFHSW WR H[WULFDWH WKH FRUUHODWLRQ EHWZHHQ
Ὦὸℎ�DQG Ὧὸℎ�LQSXW IHDWXUHV LQ WKH YHFWRU ὼ DWD LV WUDQVIRUPHG
WR REWDLQ WULDQJOH EHWZHHQ WZR LQSXW IHDWXUHV 7KH YHFWRU ὼ �LV
ILUVWO SURMHFWHG RQ WKH ሺὮǡ Ὧሻὸℎ (XFOLGHDQ VXEVSDFH DV

ώ ǡ ǡ ൌ� ሾ‐ ��‐ ሿ DQGὼ ൌ ሾὪ �Ὢ ሿ7 ZKHUHሺͳ ≤ Ὥ ≤ ὲǡ ͳ ≤ Ὦ ≤
͵ǡ Ὦ ≠ Ὧሻ ‐ ൌ Ὡ ǡ1�Ὡ ǡ2�Ὡ ǡ3 DQG ‐ ൌ Ὡ ǡ1�Ὡ ǡ2�Ὡ ǡ3 DUH

YHFWRUV KDYLQJ DOO HOHPHQWV HTXDO WR ]HUR H[FOXGLQJ ሺ�ǡ �ሻ���DQG
ሺ�ǡ �ሻ���HOHPHQWV WKDW DUH HTXDO WR RQH LQ εj DQG εk UHVSHFWLYHO
7KH ώ ǡ ǡ FDQ EH H[SUHVVHG DV D WZR GLPHQVLRQDO FROXPQ YHFWRU



WKDW FDQ DOVR EH GHILQHG DV D SRLQW RQ &DUWHVLDQ FRRUGLQDWH

V VWHP ZLWK FRRUGLQDWH ሺὪ �Ὢ ሻ LQ WKH ሺὮǡ ὯሻWK (XFOLGHDQ

VXEVSDFH $ WULDQJOH ῳὪ ὕὪ LV IRUPHG RQ WKH &DUWHVLDQ

FRRUGLQDWH E WKH RULJLQ ̶ὕ̶ DQG SURMHFWHG SRLQWV ሺὪ �Ὢ ሻ RQ WKH
Ὦ D[LV DQG � D[LV RI WKH FRRUGLQDWH $UHD Ὕὶ ǡ RI WKH WULDQJOH

ῳὪ ὕὪ LV GHILQHG DV

Ὕὶ ǡ ൌ ሺ‖ሺὪ ǡ Ͳሻ ሺͲǡ Ͳሻ‖ �ൈ ሺ‖ሺͲǡ Ὢ ሻ ሺͲǡ Ͳሻ‖ሻȀʹ

:KHUH ͳ ≤ Ὥ ≤ ὲǡ ͳ ≤ Ὦ ≤ ͵ǡ Ὦ ≠ Ὧ 7KH Ὕὶ ǡ GHILQHG LQ

FDQ EH VLPSOLILHG DV LWV YDOXH EHFRPHV HTXDO WR RQH KDOI RI

WKH SURGXFW RI WKH DEVROXWH YDOXHV RI WKH WHUPV Ὢ DQG Ὢ HQFH

WKH WUDQVIRUPDWLRQ RI GDWD PD EH HYLFWHG UHSODFLQJ E

Ὕὶ ǡ ൌ ሺ Ὢ �ൈ� Ὢ ሻȀʹ

7R PDNH D FRPSOHWH DQDO VLV D WULDQJOH DUHDV PDS 7$0
LV FRQVWUXFWHG E FRPSXWLQJ WULDQJOH DUHDV IRU DOO SRVVLEOH
FRPELQDWLRQV RI DQ WZR IHDWXUHV LQ ὼ YHFWRU $OO WKH REWDLQHG
WULDQJOH DUHDV DUH RUGHUHG LQ WKH PDS 7$0 DFFRUGLQJ WR WKHLU

LQGH[HV H J WKH Ὕὶ ǡ LV ORFDWHG RQ WKH Ὦὸℎ URZ DQG WKH Ὧὸℎ
FROXPQ RI WKH 7$0KDYLQJ D VL]H RI :H RQO FRQFHUQ ZLWK
WKH FRUUHODWLRQ EHWZHHQ WZR ZHOO GHILQHG IHDWXUHV VR YDOXHV RI

WKH PDLQ GLDJRQDO HOHPHQWV RQ DUH VHW WR ]HURV ሺὝὶ ǡ ൌ Ͳǡ
ὭὪ�Ὦ ൌ ὯሻǤ�)RU QRQGLDJRQDO HOHPHQWV Ὕὶ ǡ DQG Ὕὶ ǡ � IRU Ὦ ≠ Ὧ
UHSUHVHQW WKH DUHD RI WKH VDPH WULDQJOH ZKLFK DUH HTXDO 7KXV
WKH 7$0 LV D V PPHWULF PDWUL[ KDYLQJ HOHPHQWV RI ]HUR YDOXHV
RQ WKH PDLQ GLDJRQDO 7KHUHIRUH FRUUHODWLRQV LQ YHFWRU ὼ �FDQ
EH UHSUHVHQWHG HIILFLHQWO DQG DSSURSULDWHO E DQ RI WKH WZR
WULDQJOHV XSSHU DQG ORZHU ,Q SURSRVHG PHWKRG ZH FRQVLGHU
ORZHU WULDQJOH GHQRWHG DV IROORZV

�Ὕὃὓ ൌ ሾὝὶ2ǡ1�Ὕὶ3ǡ1�Ὕὶ3ǡ2ሿ

& � F LR FK LT
,Q WKLV VXEVHFWLRQ ZH LQWURGXFH D WKUHVKROG EDVHG DQRPDO

GHWHFWLRQ PHFKDQLVP XVHG LQ RXU PHWKRG )RU WKLV ILUVW ZH
JHQHUDWH D QRUPDO SURILOH XVLQJ H[FOXVLYHO OHJLWLPDWH WUDIILF
UHFRUGV )RU D QHZ FRPLQJ WUDIILF UHFRUG D FRPSDULVRQ LV PDGH
ZLWK JHQHUDWHG QRUPDO SURILOH ,I WKH VLPLODULW GLIIHUHQFH LV
JUHDWHU WKDQ WKH SUHGHILQHG WKUHVKROG WKH LQFRPLQJ UHFRUG LV
SUHVXPHG DV D PDOLFLRXV ,W PXVW EH FOHDU WKDW QRUPDO SURILOH
DQG WKUHVKROG KDYH QRWLFHDEOH LPSDFW RQ WKH SHUIRUPDQFH RI D
WKUHVKROG EDVHG GHWHFWRU

� 1RUPDO 3URILO UD LR
$VVXPH WKDW ZH KDYH D VHW RI J OHJLWLPDWH WUDIILF UHFRUGV IRU

ZKLFK ὢ � ൌ ሼὼ1 ǡ �ὼ2 ǡ Ǥ Ǥ ǡ ὼ �ሽ 7KH 7$

0&$ LV DSSOLHG WR DOO J WUDIILF UHFRUGV DQG WKH REWDLQHG VHW RI

WKH WULDQJOH DUHDV PDS LV GHQRWHG E ὢ ൌ
�ሼὝὃὓ ǡ1ǡ �Ὕὃὓ ǡ2ǡ Ǥ Ǥ�� ǡὝὃὓ ǡ �ሽ

0DKDORQDELV GLVWDQFH LV DSSOLHG WR FRPSXWH WKH
GLVVLPLODULW EHWZHHQ DOO J WUDIILF UHFRUGV 7KH SUHFHGHQFH RI
0DKDORQDELV LVWDQFH RYHU RWKHUV OLNH 0DQKDWWDQ LVWDQFH DQG
(XFOLGHDQ LVWDQFH LV LW FRPSXWHV GLVWDQFH EHWZHHQ WZR
PXOWLYDULDWH GDWD REMHFWV E H[SORLWLQJ WKH FRUUHODWLRQV EHWZHHQ
IHDWXUHV DQG UHPRYLQJ WKH GHSHQGHQF RQ WKH PHDVXUHPHQWV
GXULQJ WKH SURFHVV RI FDOFXODWLRQ

O UL P 1RUPDO 3URILOH *HQHUDWLRQ

, SX 7UDLQLQJ DWD DQG ὢ IRU Ὣ HOHPHQWV

2X SX �ὔὖ

� Ὕὃὓ�������������� �← � 1 Ὕὃὓ ǡ

=1
��

� &RPSXWH FRYDULDQFH PDWUL[�ὅ IRU ὢ XVLQJ

� I U Ὥ  WR Ὣ

� &RPSXWH��ὓὈ ǡ � ←
�ὓὈሺὝὃὓ ǡ �ǡ �Ὕὃὓ ሻ���������������� XVLQJ �

� H I U

� ← � 1 ὓὈ ǡ �
=1

� „�← 1
−1

ሺὓὈ ǡ � ρሻ=1

2

� ὔὖ ← ሺ�ሺμǡσ2ሻ� �Ὕὃὓ ǡ���������������� �ὅέὺሻ

� UH XU ὔὖ
$OJRULWKP VKRZV 1RUPDO 3URILOH ὔὖ JHQHUDWLRQ ὔὖ LV

EXLOW XVLQJ GHQVLW FDOFXODWLRQ RI WKH 0 V EHWZHHQ LQGLYLGXDO

OHJLWLPDWH WUDLQLQJ WUDIILF UHFRUG Ὕὃὓ ǡ
DQG WKH PHDQ

RI WKH J OHJLWLPDWH WUDLQLQJ WUDIILF UHFRUGV Ὕὃὓ ǡ���������������� 0

LV HYDOXDWHG DV IROORZV

ὓὈ ǡ ൌ�
ǡ �−������������������ ǡ �−�������������������

ὓὈ �ൌ �
�−������������������ �−�������������������

��ሺͶሻ�

7KH FRYDULDQFH PDWUL[ XVHG LQ DQG FDQ EH REWDLQHG
IURP WKH IROORZLQJ HTXDWLRQ

ὅέὺ ൌ
σሺὝὶ2ǡ1 ǡὝὶ2ǡ1 ሻ σሺὝὶ2ǡ1 ǡὝὶ3ǡ1 ሻ σሺὝὶ2ǡ1 ǡὝὶ3ǡ2 ሻ
σሺὝὶ3ǡ1 ǡὝὶ2ǡ1 ሻ σሺὝὶ3ǡ1 ǡὝὶ3ǡ1 ሻ σሺὝὶ3ǡ1 ǡὝὶ3ǡ2 ሻ
σሺὝὶ3ǡ2 ǡὝὶ2ǡ1 ሻ σሺὝὶ3ǡ2 ǡὝὶ3ǡ1 ሻ σሺὝὶ3ǡ2 ǡὝὶ3ǡ2 ሻ

7KH FRYDULDQFH EHWZHHQ WZR HOHPHQWV RI WKH �Ὕὃὓ IRU
QRUPDO WUDIILF UHFRUGV LV JLYHQ EHORZ

σ Ὕὶ ǡ ǡὝὶ ǡ ൌ � 1
−1 ሺὝὶ ǡ

ǡ ‘
ǡ=1

ሻ ൈ

Ὕ ǡ
ǡ ‘

ǡ
��������������

7KH PHDQ RI WKH ሺὮǡ ὯሻWK DQG ሺὴǡ ήሻWK HOHPHQWV RI 7$0V
RYHU WRWDO J OHJLWLPDWH WUDIILF UHFRUGV DUH JLYHQ DV

‘
ǡ �=�� ǡ

ǡ ���
����‘

ǡ �=�� ǡ
ǡ ���
�

UHVSHFWLYHO

7KH GLVWULEXWLRQ RI WKH 0 V LV FKDUDFWHUL]HG E WZR
SDUDPHWHUV PHDQ ‘ DQG VWDQGDUG GHYLDWLRQ „ RI WKH 0 V

)LQDOO WKH REWDLQHG GLVWULEXWLRQ�ሺμǡσ2ሻ Ὕὃὓ ǡ���������������� DQG
ὅέὺ RI WKH QRUPDO WUDLQLQJ WUDIILF UHFRUGV DUH VWRUHG LQ WKH
QRUPDO SURILOH ὔὖ IRU DWWDFN GHWHFWLRQ

� KU KROG O F LR



7KH WKUHVKROG LV XVHG WR GLVWLQJXLVK EHWZHHQ OHJLWLPDWH
WUDIILF UHFRUGV DQG DWWDFN WUDIILF UHFRUGV DQG LV GHILQHG DV
IROORZV

ὝℎὶὩίℎέὰὨ ൌ �‘ േ  ∗ „
ZKHUH �‘ DQG „ DUH WKH PHDQ DQG VWDQGDUG GHYLDWLRQ RI WKH
OHJLWLPDWH QRUPDO WUDLQLQJ WUDIILF UHFRUGV UHVSHFWLYHO DQG  LV
D FRQVWDQW DQG FDQ EH VHOHFWHG LQ D VSHFLILF UDQJH ZKLFK FDQ
PDNH GHFLVLRQ ZLWK D FHUWDLQ OHYHO RI FRQILGHQFH YDU LQJ

� DFN F LR
$V VKRZQ LQ DOJRULWKP WR GHWHFW FDFKH SROOXWLRQ DWWDFNV

ILUVW ZH QHHG WR JHQHUDWH ORZHU WULDQJOH �Ὕὃὓ IRU DQ
REVHUYHG WUDIILF UHFRUG XVLQJ WKH SURSRVHG 7$ 0&$
DSSURDFK 7KH QH[W VWHS LV WR FRPSXWH 0 EHWZHHQ WKH

�Ὕὃὓ DQG WKH Ὕὃὓ ǡ���������������� VWRUHG LQ QRUPDO SURILOH

ὔὖ XVLQJ ,I WKH REWDLQHG 0 IRU WKH REVHUYHG WUDIILF UHFRUG
ὓὈ LV LQ WKH UDQJH RI WKH WKUHVKROG YDOXH LW LV
FRQVLGHUHG DV D OHJLWLPDWH WUDIILF HOVH LW LV FRQVLGHUHG DV DQ
DWWDFN

O UL P $WWDFN HWHFWLRQ

, SX 2EVHUYHG WUDIILF UHFRUG ὼ ὔὖ ←
ሺ�ሺμǡσ2ሻǡὝὃὓ ǡ ǡὅሻ���������������������and constant parameter “α”

2X SX &RQWHQW V 1DWXUH 1RUPDO RU $WWDFN

� *HQHUDWH�Ὕὃὓ IRU WKH REVHUYHG WUDIILF UHFRUG

� &RPSXWH��ὓὈ � ←
�ὓὈሺὝὃὓ �ǡ �Ὕὃὓ ሻ���������������� XVLQJ

� LI ሺρ  ∗ „ሻ ≤ ὓὈ ≤ ሺ‘   ∗ „ሻ WKHQ
� UHWXUQ 1RUPDO

HOVH

UHWXUQ $WWDFN

� ) D U 1RUPDOL D LR
DWD QRUPDOL]DWLRQ LQ PDFKLQH OHDUQLQJ LV LQ LPSRUWDQW

IHDWXUH DQG NQRZQ DV IHDWXUHV VFDOLQJ ,W LV QHHGHG ZKHQ ZH DUH
GHDOLQJ ZLWK WKH GDWD LQ GLIIHUHQW VFDOHV WKDW FDQ FDXVH SUREOHPV
OLNH GHJUDGDWLRQ LQ WKH GHWHFWLRQ SHUIRUPDQFH ,Q RXU PHWKRG
WKH DERYH SUREOHP RFFXU ZKHQ WKH GLVVLPLODULW EHWZHHQ DWWDFN
DQG QRUPDO SURILOH LV FORVH WR WKDW EHWZHHQ OHJLWLPDWH XVHU DQG
QRUPDO SURILOH

LIIHUHQW PHWKRGV DUH XVHG IRU GDWD QRUPDOL]DWLRQ L H
GHFLPDO VFDOLQJ PLQ PD[ QRUPDOL]DWLRQ DQG ] VFRUH
QRUPDOL]DWLRQ 3URSRVHG PHWKRG XVHV VWDWLVWLFDO QRUPDOL]DWLRQ
WHFKQLTXH SUHVHQWHG E : :DQJ HW DO @ WKDW KDV EHHQ SURYHQ
RQH RI WKH EHVW GLVWDQFH EDVHG GHWHFWLRQ WHFKQLTXH DQG
RXWSHUIRUPLQJ RWKHU QRUPDOL]DWLRQ WHFKQLTXHV 7R SHUIRUP
VWDWLVWLFDO QRUPDOL]DWLRQ PHDQ VFDOH DQG LWV VWDWLVWLFDO
GLVWULEXWLRQ RI WKH DWWULEXWH YDOXHV DUH XVHG

&RQVLGHULQJ WKH VDPH DUELWUDU GDWD VHW ὢ ൌ ሼὼ1ǡ
ὼ2ǡ �ὼ3ǡ Ǥ Ǥ Ǥ ǡ ὼ ሽ JLYHQ LQ 6HFWLRQ WKH VWDWLVWLFDO QRUPDOL]DWLRQ

LV DV IROORZV 7KH QRUPDOL]HG YDOXH RI IHDWXUH Ὢ LV JLYHQ DV

Ὂ ൌ ሺὪ �Ὢ ሻȀ„ ZKHUH Ὢ ൌ� 1∑ Ὢ=1 GHILQHV WKH PHDQ RI

WKH IHDWXUH Ὢ DQG „ ൌ� 1∑ ሺὪ Ὢ ሻ2�=1 GHILQHV WKH

VWDQGDUG GHYLDWLRQ RI WKH IHDWXUH Ὢ :KHUH ὼ ൌ
ሾὊ1 �Ὂ2�Ὂ3Ǥ Ǥ ǤὊ ሿ7 ሺͳ ≤ Ὥ ≤ ὲሻ UHSUHVHQWV WKH Ὥὸℎ WUDIILF UHFRUG
RI WKH QRUPDOL]HG P GLPHQVLRQDO DUUD ,Q RXU PHWKRG IHDWXUHV
DUH QRUPDOL]HG LQ EDWFK PDQQHU $IWHU SXWWLQJ RXU GHWHFWLRQ
V VWHP RQOLQH UHDO WLPH IHDWXUHV QRUPDOL]DWLRQ FDQ EH DFKLHYHG
E XVLQJ LQFUHPHQWDO OHDUQLQJ @ 0HDQ FDQ EH XSGDWHG E

XVLQJ WKH IRUPXOD Ὢ ൌ�Ὢ � �����

+1

9 � (;3(5,0(17$/ 5(68/76

7KLV VHFWLRQ GHSLFW WKH VLPXODWLRQ HQYLURQPHQW FRQVLGHUHG
WRSRORJ DQG H[SHULPHQWDO UHVXOWV RI WKH VLPXODWLRQV :H VKRZ
WKURXJK VLPXODWLRQ WKDW RXU GHYLVHG 7$ &$ RXWSHUIRUP
FRPSDUHG WR SUH H[LVWLQJ PHWKRGV LQ PDQ DVSHFW L H DFFXUDF
RYHUKHDG FRVW HWF 3URSRVHG FRXQWHUPHDVXUH LV FKHFNHG IRU
FRQVLGHUHG WRSRORJ ;& GHSLFWHG LQ )LJ 7KH SURSRVHG
7$ 0&$ LV LPSOHPHQWHG LQ HDFK URXWHU RI LQ WKH WRSRORJ

� LP OD LR ( LUR P
,Q WKLV SDSHU ZH HYDOXDWH FDFKH SROOXWLRQ DWWDFNV LQ 1DPHG

DWD 1HWZRUNLQJ DQG WKH SURSRVHG FRXQWHUPHDVXUH YLD
VLPXODWLRQV 2XU VLPXODWLRQ FRQWLQJHQW XSRQ RSHQ VRXUFH 16
QGQ6,0 @ SDFNDJH HVWDEOLVKHG DW 8&/$ DV DQ DGMXQFW WR

1 1 SURMHFW 7UDLQLQJ GDWD ZDV ILUVWO VLPXODWHG LQ WR JHQHUDWH
QRUPDO SURILOH ZKLFK LV IXUWKHU XVHG WR JHW WKUHVKROG YDOXHV
7KHVH WKUHVKROGV YDOXHV DUH WKHQ XVHG LQ QGQ6,0 FRGLQJ WR
GLVWLQJXLVK DWWDFNV IURP QRUPDO XVHUV

7$ /( , � 6,08/$7,21 3$5$0(7(56

DUDPH HU P O L L H

(WKHUQHW OLQN GDWD UDWH 5 0ESV

/LQN GHOD 7 PV

4XHXH OHQJWK PD[ SDFNHWV 4/

1XPEHU RI URXWHUV 15

1XPEHU RI HQG QRGHV 11

1XPEHU RI DWWDFNHUV 1$ @

DWD VL]H 6 WH

=LSI SDUDPHWHU α

=LSI WRWDO QXPEH RI FRQWHQWV 1&

6LPXODWLRQ WLPH W VHF

7KH VLPXODWLRQV DUH HYDOXDWHG RYHU ;LH &RPSOH[ ;&
WRSRORJ GHSLFWHG LQ )LJ LIIHUHQW V PEROV DUH XVHG IRU
GLIIHUHQW QRGHV LQ WRSRORJ 7DEOH LQGLFDWHV WKH GHWDLO RI WKH
GLIIHUHQW SDUDPHWHUV VHW RI VLPXODWLRQ IRU WKH H[SHULPHQW



)LJ � &RQVLGHUHG QHWZURN WRSRORJ

7KH OHJLWLPDWH FRQVXPHUV RU ZH FDQ VD KRQHVW FRQVXPHUV
PRVWO IROORZ =LSI OLNH SDWWHUQ ZKLOH DWWDFNHU PRVWO IROORZ
XQLIRUP SDWWHUQ EXW QRW DOO WKH WLPH DV ZH DOVR FRQVLGHU VPDUW
DWWDFNHUV ZKLFK SUHWHQG WR EH OHJLWLPDWH XVHUV :H XVH /58 DV
D FDFKH UHSODFHPHQW PHWKRG ZKHQ FDFKH LV IXOO :H DUH XVLQJ
WZR W SHV RI GDWD VHWV RQH LV WUDLQLQJ GDWD VHW WKDW FRQWDLQV DOO
OHJLWLPDWH XVHUV DQG WKHUH LV QR DWWDFN XVHG WR JHQHUDWH QRUPDO
SURILOH ZKLOH DQRWKHU RQH LV WHVWLQJ GDWD VHW ZKLFK LV XVHG WR
FKHFN WKH SHUIRUPDQFH RI WKH WHFKQLTXH DJDLQVW PDOLFLRXV
DFWLRQV :H DOVR VHW GLIIHUHQW UDWLR RI DWWDFNHUV WR OHJLWLPDWH
XVHUV WR FKHFN WKH SHUIRUPDQFH RI RXU SURSRVHG 7$ 0&$
PHWKRG

� 3 UIRUPD F ULF
,Q RUGHU WR DVVLVW WKH SHUIRUPDQFH RI WKH IRUPXODWHG VWUDWHJ

WKH IRXU PHWULFV LQFRUSRUDWHG DUH GHVFULEHG DV IROORZLQJ

)DOVH 3RVLWLYH (UURU )3( )DOVH 1HJDWLYH (UURU )1(
)DOVH 3RVLWLYH (UURU 5DWLR )3(5 )DOVH 1HJDWLYH (UURU 5DWLR
)1(5 $YHUDJH 1XPEHU RI ,QYDOLG 3DFNHWV LQ (DFK 5RXWHU
DQG 2YHUKHDG RI ,QYDOLG &DFKHG DWD $ EULHI H[SODQDWLRQ WR
HDFK PHWULF LV JLYHQ EHORZ

� )DO 3R L L (UURU )3( ,Q WKH FRUUHVSRQGLQJ
LQYHQWHG PHWKRG D WKUHVKROG YDOXH LV HPSOR HG WR GLVWLQJXLVK
EHWZHHQ XVHDEOH DQG QRQ XVHDEOH FRQWHQWV KRZHYHU WKH
DQDO VLV PD EH ZURQJ VRPHWLPHV GXH WR HUURU 5R OH HW DO @
DQG 2UWL] HW DO @ GHILQHG WKH WHUP )3( WKDW LQGLFDWHV WKDW WKH
SURYLGHG FULWHULRQ KDV EHHQ PHW ZKHQ LQ UHDOLW LW LV VWLOO QRW
DGHTXDWH 7KLV PHWULF KHOSV WR PHDVXUH WKH TXDOLW RI YDOLG
SDFNHWV WKDW DUH LJQRUHG E WKH URXWHU GXULQJ VLPXODWLRQ GXH WR
HUURU DQG LW LV VXSSRVHG WKDW WKH DSSOLHG FRQGLWLRQ DFWLYHO
GHWHFWV WKH H[LVWHQFH RI LQYDOLG GDWD SDFNHWV

� )DO 1 D L (UURU )1( 7KH WHUP )1( LQGLFDWHV
WKDW WKH VWDWHG FRQGLWLRQ KDV QRW EHHQ VDWLVILHG EXW LQ IDFW LW KDV
EHHQ VDWLVILHG 5R OH HW DO @ 2UWL] HW DO @ 7KLV PHWULF
KHOSV WR PHDVXUH WKH QXPHULF TXDQWLW RI LQYDOLG FRQWHQW
SDFNHWV FDFKHG E URXWHU GXULQJ VLPXODWLRQ GXH WR HUURU DQG LW
LV VXSSRVHG WKDW WKH FKRVHQ FRQGLWLRQ UHDGLO GHWHFWV YDOLG GDWD
SDFNHWV &DFKLQJ LQYDOLG FRQWHQW SDFNHWV LQFUHDVH WLPH
FRQVXPSWLRQ DQG UHGXFH WKH FDFKH KLW UDWLR RI WKH FRPSOLDQW
FRQWHQWV

� )DO 3R L L (UURU D LR )3( )3(5 LV D WHUP
UHODWHG WR )3( )3( PHDVXUHV WKH QXPHULF TXDQWLW RI WKH
XVHDEOH FRQWHQW SDFNHWV GURSSHG E URXWHU GXH WR HUURU ZKLOH
)3(5 PHDVXUHV WKH UDWLR RI WKH GLVPLVVHG YDOLG GDWD SDFNHWV WR
WKH HQWLUH QXPEHU RI WKH GDWD SDFNHWV WKDW DUH UHFHLYHG E WKH
URXWHUV 7KLV PHWULF FRPSXWHV WKH RFFXUUHQFH RI LQFRUUHFW

SRVLWLYH HUURU LQ DGRSWHG PHWKRGRORJ WKURXJKRXW VLPXODWLRQ
KRXUV WKHUHIRUH WKH SHUFHQWDJHV RI YDOLG GDWD SDFNHWV WKDW DUH
GLVPLVVHG LV UHDVRQDEOH ZKLOH HPSOR LQJ WKLV PHWKRGRORJ

� )DO 1 D L (UURU D LR )1( 7KH PHWULF )1(5
LV UHODWHG WR )1( PHWULF ZKLFK GHVLJQDWH WKH FRQGLWLRQ LV QRW
PHW ZKLOH LQ UHDOLW LW ZDV DGHTXDWH )1( PHDVXUHV WKH QXPHULF
TXDQWLW RI WKH LQYDOLG GDWD SDFNHWV FDFKHG YLD URXWHU GXH WR
HUURU ZKLOH )1(5 PHDVXUHV WKH UDWLR RI WKH DFFHSWHG YDOLG GDWD
SDFNHWV WR WKH HQWLUH QXPEHU RI WKH FRPSOLDQW GDWD SDFNHWV WKDW
DUH UHFHLYHG E WKH URXWHUV 7KLV PHWULF FRPSXWHV WKH SURSRUWLRQ
RI WKH LQFRUUHFW QHJDWLYH UHVLGXDOV WKDW WKH HPSOR HG VWUDWHJ
HQFRXQWHUV WKURXJKRXW WKH VLPXODWLRQ DQG LW LV MXVWLI LQJ WKH
SHUFHQWDJHV RI LQYDOLG FRQWHQWV FDFKHG LQ WKH GHYHORSHG
PHWKRGRORJ

& � LP OD LR O
7KH VLPXODWLRQ UHVXOWV FRQVLGHULQJ WKH DIRUHVDLG

SHUIRUPDQFH PHWULFV DUH H[SODLQHG LQ WKLV VXEVHFWLRQ

� &DOF OD L (UURU
7KLV VHFWLRQ VKRZV GLIIHUHQW W SHV RI HUURUV L H )3( )3(5

)1( DQG )1(5 RFFXUUHG LQ VLPXODWLRQ )LUVW RI DOO ZH UXQ RXU
VLPXODWLRQ IRU VHFRQGV E VHWWLQJ WKH SDUDPHWHUV DV VKRZQ
LQ 7DEOH 7KH ILUVW VHFRQGV RI RXU VLPXODWLRQ ZH XVHG DV
D WUDLQLQJ GDWD VHW WR WUDLQ RXU DOJRULWKP DQG JHQHUDWH QRUPDO
SURILOH DQG WKH UHPDLQLQJ VHFRQGV ZH XVHG DV D WHVWLQJ GDWD
VHW )LJ D VKRZV WKH )3(5 LQ WUDLQLQJ GDWD VHW DQG )LJ E
VKRZV )3(5 LQ WHVWLQJ GDWD VHW ,Q ERWK JUDSKV )3(5 LV
GHFUHDVLQJ ZLth increasing the value of α. Increase in α increase
WKH WKUHVKROG LQWHUYDO DFFRUGLQJ WR HTXDWLRQ 7KH OHVVHU
YDOXH RI WKH )3(5 ZLOO UHVXOW JUHDWHU HIILFLHQF EXW WKH SUREOHP
LV WKDW LW ZLOO LQFUHDVH WKH YDOXH RI )1(5 6R WR VHW WKH
HTXLOLEULXP DQG WR get the best result, the value of the α needs
WR VHOHFW FDUHIXOO

)LJ � 6WDWLVWLFDO 5HVXOWV RQ D 7UDLQLQJ DWD 6HW E 7HVWLQJ DWD 6HW

D � O D G DO L R 2UL L DO D D
)LJ D DQG E VKRZV )3( DQG )3(5 RQ RULJLQDO UDZ GDWD

UHVSHFWLYHO $OO YDOXHV DUH YHU VPDOO ZKLFK VKRZV WKDW
SURSRVHG KDV EHWWHU HIILFLHQF )LJ VKRZV )3( DQG )3(5 IRU
GLIIHUHQW UDWLRV RI DWWDFNHUV WR OHJLWLPDWH XVHUV 7KH RYHUDOO
UHVXOW LV YHU VDWLVIDFWRU

6LPLODUO )LJ D DQG E VKRZV )1( DQG )1(5 RQ
RULJLQDO GDWD IRU GLIIHUHQW PDOLFLRXV WR OHJLWLPDWH XVHUV UDWLRV
UHVSHFWLYHO 7KH YDOXHV IRU ERWK YDOXHV D OLWWOH ELJ DV FRPSDUH
WR )3( DQG )3(5 DQG WKH UHDVRQ LV WKDW SURSRVHG PHWKRG LV
GHDOLQJ ZLWK VPDUW DWWDFNHUV ZKLFK EHKDYHV OLNH OHJLWLPDWH
XVHUV DQG KDUG WR ILQG



)LJ � )RU 2ULJLQDO 5DZ DWD D )DOVH 3RVLWLYH (UURU E )DOVH 3RVLWLYH
(UURU 5DWLR

)LJ � )RU 2ULJLQDO 5DZ DWD D )DOVH 1HJDWLYH (UURU E )DOVH 1HJDWLYH

(UURU 5DWLR

E � O D G DO L R 1RUPDOL G D D
7KLV VHFWLRQ GLVFXVVHV WKH VDPH HUURUV DV ZH GLVFXVVHG LQ

WKH DERYH VHFWLRQ EXW WKH RQO GLIIHUHQFH LV WKDW WKH GDWD XVHG LQ
WKLV VHFWLRQ LV ILUVWO QRUPDOL]HG E VWDWLVWLFDO QRUPDOL]DWLRQ
PHWKRG GLVFXVVHG LQ VHFWLRQ )LJ D DQG E VKRZV )3(
DQG )3(5 DQG )LJ D DQG E VKRZV )1( DQG )1(5 IRU
GLIIHUHQW UDWLRV RI PDOLFLRXV WR OHJLWLPDWH XVHUV UHVSHFWLYHO

)LJ � )RU 1RUPDOL]HG DWD D )DOVH 3RVLWLYH (UURU E )DOVH 3RVLWLYH (UURU
5DWLR

)LJ � )RU 1RUPDOL]HG DWD D )DOVH 1HJDWLYH (UURU E )DOVH 1HJDWLYH
(UURU 5DWLR

� &RPS D LR DO &RPSO L DO L
7KLV VHFWLRQ FRPSULVHG RI RXU GLUHFWHG DQDO VLV XSRQ WKH

FRPSXWDWLRQDO FRPSOH[LW DQG WKH WLH FRQVXPSWLRQ RI RXU
GHYLVHG 7$ 0&$ V VWHP IRU DWWDFN GHWHFWLRQ

$V SRUWUD HG LQ VHFWLRQ WKDW WKH WULDQJOH UHJLRQV RI DOO
IHDVLEOH FRPELQDWLRQV RI ZKLFKHYHU WZR GLVWLQJXLVKLQJ IHDWXUHV
LQ D WUDIILF UHFRUG EH REOLJHG WR ILJXUHG ZKHQ GHDOLQJ RXW RXU
GHYLVHG WHFKQLTXH 6XEVHTXHQWO HYHU VLQJOH WUDIILF UHFRUG
KDV ά IHDWXUHV DQG IRU WKRVH IHDWXUHV

ሺ −1ሻ
2

������������� DUH HQJHQGHUHG DQG DUH XVHG WR VHW XS D

�Ὕὃὓ Ǥ 7KHUHIRUH WKH IRUPXODWHG WHFKQLTXH KDV D
FRPSXWDWLRQDO FRPSOH[LW RI ὕሺάሻ2 &RQWUDGLFWRULO DV
HOXFLGDWHG LQ VHFWLRQ WKH H[LVWHG 0 EHWZHHQ WKH GHWHFWHG

WUDIILF UHFRUG L H WKH �Ὕὃὓ DQG ��Ὕὃὓ��������������� RI WKH
SDUWLFXODU QRUPDO SURILOH QHHGV WR EH ILJXUHG LQ WKH GHWHFWLRQ
V VWHP RI RXU GHYLVHG GHWHFWLRQ V VWHP WR FDOFXODWH WKH OHYHO RI
WKH KHWHURJHQHLW EHWZHHQ WKHP 7KLV FRPSXWDWLRQ VXVWDLQV D

FRPSOH[LW RI ὕሺὓሻ2 ZKHUH ὓ ൌ ሺ −1ሻ
2

LV WKH GLPHQVLRQV RI

�Ὕὃὓ ὕሺὓሻ2� FDQ EH ZULWWHQ DV ὕሺάሻ4 :KLOH
FRQVLGHULQJ WKH FRPSXWDWLRQDO FRPSOH[LWLHV RI RXU IRUPXODWHG
PHWKRG DQG WKH GHWHFWLRQ SURFHVV RI RXU LQYHQWHG GHWHFWLRQ
V VWHP WKH LQFOXVLYH FRPSXWDWLRQDO FRPSOH[LW RI WKH
VXJJHVWHG GHWHFWLRQ V VWHP LV ὕሺάሻ2  ὕሺάሻ4 ൌ ὕሺάሻ4
RZHYHU ά LV D IL[HG QXPEHU ZKLFK LV LQ RXU FDVH KHQFH

WKH RYHUDOO FRPSXWDWLRQDO FRPSOH[LW LV HTXDO WR ὕሺͳሻ

9, � &21&/86,21 $1 )8785( :25.

7KLV ZRUN KDV SURSRVHG 7$ 0&$ IRU FDFKH SROOXWLRQ
DWWDFNV GHWHFWLRQ 7KLV GHWHFWLRQ V VWHP KDV WZR SDUWV WKH
WULDQJOH DUHD EDVHG 0&$ WHFKQLTXH DQG WKH WKUHVKROG EDVHG
DQRPDO GHWHFWLRQ WHFKQLTXH 7KH 7$ 0&$ WHFKQLTXH LV XVHG
WR H[WUDFW KLGGHQ JHRPHWULFDO FRUUHODWLRQV EHWZHHQ WZR ZHOO
GHILQHG IHDWXUHV IRU DOO SRVVLEOH SHUPXWDWLRQV 7KH WKUHVKROG
EDVHG DQRPDO GHWHFWLRQ WHFKQLTXH KHOSV RXU PRGHO WR EH DEOH
WR GLVWLQJXLVK OHJLWLPDWH WUDIILF UHFRUGV IURP DWWDFN WUDIILF
UHFRUGV ZLWKRXW UHTXLULQJ SULRU NQRZOHGJH 7KH HYDOXDWLRQ KDV
EHHQ SHUIRUPHG IRU ;& D ZHOO NQRZQ WRSRORJ DQG WKH
VLPXODWLRQV JLYHV VDWLVIDFWRU UHVXOWV

)XWXUH ZRUN LQFOXGHV XVLQJ RI WKLV WHFKQLTXH IRU ODUJHU DQG
PRUH FRPSOH[ WRSRORJLHV DFFRPSDQLHG E VPDUWHU DWWDFNV :H
ZLOO WHVW WKLV WHFKQLTXH XVLQJ UHDO ZRUOG GDWD :H ZLOO DOVR XVH
WKLV WHFKQLTXH DV D FDFKH UHSODFHPHQW PHWKRG LQVWHDG RI
FDFKLQJ GHFLVLRQ PHWKRG WDUJHWLQJ ERWK FDFKH SROOXWLRQ DWWDFNV
DQG FDFKH SRLVRQLQJ DWWDFNV LQ 1 1 FRQVLGHULQJ PRUH IHDWXUHV
L H ORQJHYLW FDFKH KLW HWF

$&.12:/( *0(17

7KLV ZRUN ZDV VXSSRUWHG E WKH &(7& -RLQW $GYDQFHG
5HVHDUFK )RXQGDWLRQ *UDQW 1R DQG WKH .H
5 3ODQ RI $QKXL 3URYLQFH *UDQW 1R D

5()(5(1&(6

@ & )DQJ ) 5 X 7 XDQJ - /LX DQG /LX $ 6XUYH RI *UHHQ
,QIRUPDWLRQ &HQWULF 1HWZRUNLQJ 5HVHDUFK ,VVXHV DQG &KDOOHQJHV ,(((
&RPP LFD LR U RULDO YRO SS

@ 9 -DFREVRQ . 6PHWWHUV - 7KRUQWRQ 0 ) 3ODVV 1 ULJJV
DQG 5 / UD QDUG 1HWZRUNLQJ QDPHG FRQWHQW SUHVHQWHG DW WKH



3URFHHGLQJV RI WKH WK LQWHUQDWLRQDO FRQIHUHQFH RQ (PHUJLQJ QHWZRUNLQJ
H[SHULPHQWV DQG WHFKQRORJLHV 5RPH ,WDO

@ 9 6RXUODV 3 )OHJNDV DQG / 7DVVLXODV $ QRYHO FDFKH DZDUH URXWLQJ
VFKHPH IRU ,QIRUPDWLRQ &HQWULF 1HWZRUNV &RPS U 1 RUN YRO
SS

@ / =KDQJ (VWULQ - XUNH 9 -DFREVRQ - 7KRUQWRQ 6PHWWHUV
DO 1DPHG GDWD QHWZRUNLQJ 1 1 SURMHFW

@ & )DQJ 5 X 7 XDQJ - /LX DQG - /LX $ 6XUYH RI *UHHQ
,QIRUPDWLRQ &HQWULF 1HWZRUNLQJ 5HVHDUFK ,VVXHV DQG &KDOOHQJHV ,(((
&RPPXQLFDWLRQV 6XUYH V 7XWRULDOV YRO SS

@ 9 -DFREVRQ 6PHWWHUV - 7KRUQWRQ 0 3ODVV 1 ULJJV DQG 5
UD QDUG 1HWZRUNLQJ QDPHG FRQWHQW

@ 9 6RXUODV 3 )OHJNDV DQG / 7DVVLXODV $ QRYHO FDFKH DZDUH URXWLQJ
VFKHPH IRU ,QIRUPDWLRQ &HQWULF 1HWZRUNV &RPSXWHU 1HWZRUNV YRO

@ / =KDQJ (VWULQ - XUNH 9 -DFREVRQ - 7KRUQWRQ 6PHWWHUV HW
DO 1DPHG GDWD QHWZRUNLQJ 1 1 SURMHFW

@ * &DURILJOLR 0 *DOOR DQG / 0XVFDULHOOR 2Q WKH SHUIRUPDQFH RI
EDQGZLGWK DQG VWRUDJH VKDULQJ LQ LQIRUPDWLRQ FHQWULF QHWZRUNV
&RPSXWHU 1HWZRUNV 7KH ,QWHUQDWLRQDO -RXUQDO RI &RPSXWHU DQG
7HOHFRPPXQLFDWLRQV 1HWZRUNLQJ YRO SS

@ .LP DQG , HRP 3HUIRUPDQFH DQDO VLV RI LQ QHWZRUN FDFKLQJ IRU
FRQWHQW FHQWULF QHWZRUNLQJ &RPSXWHU 1HWZRUNV 7KH ,QWHUQDWLRQDO
-RXUQDO RI &RPSXWHU DQG 7HOHFRPPXQLFDWLRQV 1HWZRUNLQJ YRO SS

@ /HH DQG $ 1DNDR 8VHU DVVLVWHG LQ QHWZRUN FDFKLQJ LQ LQIRUPDWLRQ
FHQWULF QHWZRUNLQJ &RPSXWHU 1HWZRUNV 7KH ,QWHUQDWLRQDO -RXUQDO RI
&RPSXWHU DQG 7HOHFRPPXQLFDWLRQV 1HWZRUNLQJ YRO SS

@ $ $IDQDV HY 3 0DKDGHYDQ , 0RLVHHQNR ( 8]XQ DQG / =KDQJ
,QWHUHVW IORRGLQJ DWWDFN DQG FRXQWHUPHDVXUHV LQ 1DPHG DWD 1HWZRUNLQJ

@ $ &RPSDJQR 0 &RQWL 3 *DVWL DQG * 7VXGLN 3RVHLGRQ 0LWLJDWLQJ
,QWHUHVW )ORRGLQJ R6 $WWDFNV LQ 1DPHG DWD 1HWZRUNLQJ

@ . :DQJ = XDFKXQ 4LQ - &KHQ DQG =KDQJ HFRXSOLQJ
PDOLFLRXV ,QWHUHVWV IURP 3HQGLQJ ,QWHUHVW 7DEOH WR PLWLJDWH ,QWHUHVW
)ORRGLQJ $WWDFNV

@ $ $IDQDV HY & L / :DQJ =KDQJ DQG / =KDQJ 61$03 6HFXUH
QDPHVSDFH PDSSLQJ WR VFDOH 1 1 IRUZDUGLQJ YRO SS

@ $O]DKUDQL 0 5HHG DQG 9 9DVVLODNLV (QDEOLQJ ] )LOWHU XSGDWHV IRU
VHOI URXWLQJ GHQLDO RI VHUYLFH UHVLVWDQW FDSDELOLWLHV

@ $O]DKUDQL 9 9DVVLODNLV DQG 0 5HHG 6HFXULQJ WKH IRUZDUGLQJ SODQH
LQ LQIRUPDWLRQ FHQWULF QHWZRUNV

@ = 5H]DLHIDU - :DQJ DQG 2K $ WUXVW EDVHG PHWKRG IRU PLWLJDWLQJ
FDFKH SRLVRQLQJ LQ 1DPH DWD 1HWZRUNLQJ -RXUQDO RI 1HWZRUN DQG
&RPSXWHU $SSOLFDWLRQV YRO

@ .LP 6 1DP - L DQG , HRP (IILFLHQW &RQWHQW 9HULILFDWLRQ LQ
1DPHG DWD 1HWZRUNLQJ

@ & *KDOL * 7VXGLN DQG ( 8]XQ 1HHGOH LQ D D VWDFN 0LWLJDWLQJ
&RQWHQW 3RLVRQLQJ LQ 1DPHG DWD 1HWZRUNLQJ

@ 3DUN , :LGMDMD DQG /HH HWHFWLRQ RI FDFKH SROOXWLRQ DWWDFNV XVLQJ
UDQGRPQHVV FKHFNV

@ 0 ;LH , :LGMDMD DQG :DQJ (QKDQFLQJ FDFKH UREXVWQHVV IRU
FRQWHQW FHQWULF QHWZRUNLQJ 3URFHHGLQJV ,((( ,1)2&20 SS

@ 0 &RQWL 3 *DVWL DQG 0 7HROL $ OLJKWZHLJKW PHFKDQLVP IRU GHWHFWLRQ
RI FDFKH SROOXWLRQ DWWDFNV LQ 1DPHG DWD 1HWZRUNLQJ &RPSXWHU
1HWZRUNV 7KH ,QWHUQDWLRQDO -RXUQDO RI &RPSXWHU DQG
7HOHFRPPXQLFDWLRQV 1HWZRUNLQJ YRO SS

@ $ .DUDPL DQG 0 *XHUUHUR =DSDWD $Q $1),6 EDVHG FDFKH
UHSODFHPHQW PHWKRG IRU PLWLJDWLQJ FDFKH SROOXWLRQ DWWDFNV LQ 1DPHG DWD
1HWZRUNLQJ &RPSXWHU 1HWZRUNV YRO

@ *XR ; :DQJ . &KDQJ DQG 7LDQ ([SORLWLQJ SDWK GLYHUVLW IRU
WKZDUWLQJ SROOXWLRQ DWWDFNV LQ QDPHG GDWD QHWZRUNLQJ ,(((

7UDQVDFWLRQV RQ ,QIRUPDWLRQ )RUHQVLFV DQG 6HFXULW YRO SS

@ * =KDQJ - /LX ; &KDQJ DQG = &KHQ &RPELQLQJ 3RSXODULW DQG
/RFDOLW WR (QKDQFH ,Q 1HWZRUN &DFKLQJ 3HUIRUPDQFH DQG 0LWLJDWH
3ROOXWLRQ $WWDFNV LQ &RQWHQW &HQWULF 1HWZRUNLQJ ,((( $FFHVV YRO 33
SS

@ / DR = )DQ - HQJ ; )DQ DQG * :X HWHFWLRQ DQG HIHQVH RI
&DFKH 3ROOXWLRQ $WWDFNV 8VLQJ &OXVWHULQJ LQ 1DPHG DWD 1HWZRUNV
,((( 7UDQVDFWLRQV RQ HSHQGDEOH DQG 6HFXUH &RPSXWLQJ YRO 33 SS

@ : :DQJ ; =KDQJ 6 *RPEDXOW DQG 6 - .QDSVNRJ $WWULEXWH
QRUPDOL]DWLRQ LQ QHWZRUN LQWUXVLRQ GHWHFWLRQ LQ WK ,QWHUQDWLRQDO
6 PSRVLXP RQ 3HUYDVLYH 6 VWHPV $OJRULWKPV DQG 1HWZRUNV SS

@ ( .QXWK )XQGDPHQWDO DOJRULWKPV

@ $ $IDQDV HY , 0RLVHHQNR DQG / =KDQJ QGQ6,0 1 1 VLPXODWRU IRU
16 8QLYHUVLW RI &DOLIRUQLD /RV $QJHOHV 7HFK 5HS YRO

@ - $ 5R OH DQG: $ /LQN *HQHUDOL]HG VLWH RFFXSDQF PRGHOV DOORZLQJ
IRU IDOVH SRVLWLYH DQG IDOVH QHJDWLYH HUURUV (FRORJ YRO SS

@ 0 2UWL] / 6DUDELD $ HUUHUR 0 6iQFKH] 0 6DQ] 0 5XHGD HW DO
&DSDELOLW RI GHWHFWLRQ RI DQ DQDO WLFDO PHWKRG HYDOXDWLQJ IDOVH SRVLWLYH
DQG IDOVH QHJDWLYH ,62 ZLWK SDUWLDO OHDVW VTXDUHV &KHPRPHWULFV
DQG LQWHOOLJHQW ODERUDWRU V VWHPV YRO SS


