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$EVWUDFW

:KLOH ZHE VHDUFK HQJLQH FRXOG UHWULHYH LQIRUPDWLRQ RQ

WKH :HE IRU D VSHFLILF WRSLF� XVHUV KDYH WR VWHS D ORQJ

RUGHUHG OLVW LQ RUGHU WR ORFDWH WKH QHHGHG LQIRUPDWLRQ�

ZKLFK LV RIWHQ WHGLRXV DQG OHVV HIILFLHQW� ,Q WKLV SDSHU� ZH

SURSRVH D QHZ OLQN�EDVHG FOXVWHULQJ DSSURDFK WR FOXVWHU

VHDUFK UHVXOWV UHWXUQHG IURP :HE VHDUFK HQJLQH E\

H[SORULQJ ERWK FR�FLWDWLRQ DQG FRXSOLQJ� 8QOLNH

GRFXPHQW FOXVWHULQJ DOJRULWKPV LQ ,5 WKDW DUH EDVHG RQ

FRPPRQ ZRUGV�SKUDVHV VKDUHG DPRQJ GRFXPHQWV� RXU

DSSURDFK LV EDVHG RQ FRPPRQ OLQNV VKDUHG E\ SDJHV� :H

DOVR H[WHQG VWDQGDUG FOXVWHULQJ DOJRULWKP� .�PHDQV� WR

PDNH LW PRUH QDWXUDO WR KDQGOH QRLVHV DQG DSSO\ LW WR ZHE

VHDUFK UHVXOWV� %\ ILOWHULQJ VRPH LUUHOHYDQW SDJHV� RXU

DSSURDFK FOXVWHUV KLJK TXDOLW\ SDJHV LQ ZHE VHDUFK

UHVXOWV LQWR VHPDQWLFDOO\ PHDQLQJIXO JURXSV WR IDFLOLWDWH

XVHUV fDFFHVVLQJ DQG EURZVLQJ� 3UHOLPLQDU\ H[SHULPHQWV

DQG HYDOXDWLRQV DUH FRQGXFWHG WR LQYHVWLJDWH LWV

HIIHFWLYHQHVV� 7KH H[SHULPHQWDO UHVXOWV VKRZ WKDW

OLQN�EDVHG FOXVWHULQJ RI ZHE VHDUFK UHVXOWV LV SURPLVLQJ

DQG EHQHILFLDO�

.H\ZRUGV� OLQN DQDO\VLV� FR�FLWDWLRQ� FRXSOLQJ� KXE�

DXWKRULW\
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:LWK LQIRUPDWLRQ SUROLIHUDWLRQ RQ WKH ZHE DV ZHOO DV

SRSXODULW\ RI ,QWHUQHW� WKH :HE LV WKH ELJJHVW GDWD VRXUFH

IRU YDULRXV DSSOLFDWLRQV� +RZHYHU� KRZ WR REWDLQ

KLJK�TXDOLW\ LQIRUPDWLRQ IURP WKH :HE HIILFLHQWO\ DQG

HIIHFWLYHO\ DFFRUGLQJ WR XVHU¶V TXHU\ UHTXHVW LV VWLOO D

PDMRU UHVHDUFK SUREOHP DQG DOO IHDWXUHV RI :HE �KXJH

YROXPH� KHWHURJHQHRXV� G\QDPLF DQG VHPL�VWUXFWXUH HWF��

KDV FUHDWHG ELJ FKDOOHQJHV IRU PDQ\ GLVFLSOLQHV OLNH GDWD

HQJLQHHULQJ� ,5 DV ZHOO DV GDWD PLQLQJ�

:KLOH ZHE VHDUFK HQJLQH FRXOG UHWULHYH LQIRUPDWLRQ

RQ WKH :HE IRU D VSHFLILF WRSLF� XVHUV KDYH WR VWHS D ORQJ

RUGHUHG OLVW LQ RUGHU WR ORFDWH WKH QHHGHG LQIRUPDWLRQ�

ZKLFK LV RIWHQ WHGLRXV DQG OHVV HIILFLHQW GXH WR YDULRXV

UHDVRQV OLNH LQIRUPDWLRQ SUROLIHUDWLRQ RQ WKH :HE� XVHUV

GLIIHU ZLWK UHTXLUHPHQWV DQG H[SHFWDWLRQV IRU VHDUFK

UHVXOWV� VRPHWLPHV D VHDUFK UHTXHVW FDQQRW EH H[SUHVVHG

FOHDUO\ ZLWK IHZ NH\ZRUGV� V\QRQ\P �GLIIHUHQW ZRUGV

KDYH VLPLODU PHDQLQJ� DQG KRPRQ\P �VDPH ZRUG KDV

GLIIHUHQW PHDQLQJV� PDNH WKLQJV PRUH FRPSOLFDWHG�

VRPHWLPHV XVHUV PD\ EH MXVW LQWHUHVWHG LQ ³PRVW

TXDOLILHG´ LQIRUPDWLRQ RU VPDOO SDUW RI LQIRUPDWLRQ

UHWXUQHG� ,Q VKRUW� WKH DFFHVVLQJ �UHFDOO DQG SUHFLVLRQ� DQG

LQWHUSUHWDWLRQ RI VHDUFK UHVXOWV RI FXUUHQW VHDUFK HQJLQH

DUH IDU IURP VDWLVI\LQJ�

.OHLQEHUJ DUJXHG LQ >�@ WKDW OLQNV EHWZHHQ ZHE

SDJHV FRXOG SURYLGH YDOXDEOH LQIRUPDWLRQ WR GHWHUPLQH

UHODWHG SDJHV �ZLWK TXHU\ WRSLF�� 6R� PDQ\ ZRUNV

>���������@ WU\ WR H[SORUH OLQN DQDO\VLV WR LPSURYH TXDOLW\

RI ZHE VHDUFK SURFHVV RU PLQH XVHIXO NQRZOHGJH RQ WKH

ZHE� ,W LV SURSRVHG LQ >�@ WKDW WKHUH DUH WZR NLQGV RI

SDJHV LQ VHDUFK UHVXOWV� ³KXE SDJH´ DQG ³DXWKRULW\ SDJH´

DQG WKH\ UHLQIRUFH HDFK RWKHU� $V LWV SUHOLPLQDU\

H[SHULPHQWV LQGLFDWHG LQ >�@� +,76 DOJRULWKP FRXOG

SURGXFH ³KLJK�TXDOLW\´ SDJHV RQ WKH TXHU\ WRSLF�

+,76 PLJKW SURYLGH D VROXWLRQ IRU VRPH SUREOHPV

DQG IXUWKHU LQYHVWLJDWLRQ LV VWLOO LQ KLJK GHPDQG� 7KH JRDO

RI RXU ZRUN LV WR FOXVWHU KLJK�TXDOLW\ SDJHV LQ ZHE VHDUFK

UHVXOWV LQWR PRUH GHWDLOHG� VHPDQWLFDOO\ PHDQLQJIXO

JURXSV WR IDFLOLWDWH XVHU¶V VHDUFKLQJ DQG EURZVLQJ� %\

GRLQJ VR� XVHUV FRXOG KDYH DQ RYHUYLHZ RI WKH ZKROH

WRSLF RU MXVW VHOHFW LQWHUHVWHG JURXSV WR EURZVH� :KHQ ZH

WDON DERXW ZHE VHDUFK UHVXOWV�VHDUFK UHVXOWV� ZH PHDQ

ZHE SDJHV UHWXUQHG IURP ZHE VHDUFK HQJLQH RQ D VSHFLILF

TXHU\ WRSLF� :H XVH 85/V RU SDJHV LQWHUFKDQJHDEO\ ZKHQ

UHIHUULQJ WR VHDUFK UHVXOWV�

$OWKRXJK WUDGLWLRQDO GRFXPHQW FOXVWHULQJ DOJRULWKPV

WKDW DUH EDVHG RQ WHUP IUHTXHQF\ FRXOG EH DSSOLHG WR ZHE

SDJHV� ZH ZRXOG OLNH WR VWUHVV VRPH VSHFLDO IHDWXUHV RI

RXU UHVHDUFK WDUJHW� WKDW LV� FOXVWHULQJ ZHE VHDUFK UHVXOWV

LQ D PRUH QDUURZ DQG GHWDLOHG JURXSV�

��� +\SHUOLQN EHWZHHQ ZHE SDJHV LV WKH PDLQ GLIIHUHQFH

EHWZHHQ WH[W GRFXPHQWV DQG ZHE SDJHV DQG LW PD\

SURYLGH YDOXDEOH LQIRUPDWLRQ WR JURXS UHODWHG SDJHV�

��� 0DQ\ ZHE SDJHV LQ VHDUFK UHVXOWV DUH WKH WRS SDJHV

RI ZHE VLWHV� ZKLFK PHDQ WKDW WKH\ SUREDEO\ MXVW

LQFOXGH VRPH OLQNV DQG SLFWXUHV LQVWHDG RI FRQFUHWH

FRQWHQWV� �7KLV PDNHV WKH WUDGLWLRQDO GRFXPHQW

FOXVWHULQJ DOJRULWKPV ZRUN SRRUO\�

��� :HE VHDUFK UHVXOWV LV GLIIHUHQW IURP D FRUSXV RI ZHE

SDJHV RQ WKDW ZHE VHDUFK UHVXOWV XVXDOO\ IRFXV RQ D

JHQHUDO TXHU\ WRSLF ZKLOH D FRUSXV RI ZHE SDJHV

PD\ FRYHU YDULRXV WRSLFV�
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:H DOVR HPSKDVL]H VRPH UHTXLUHPHQWV IRU FOXVWHULQJ

RI ZHE VHDUFK UHVXOWV WKDW KDV EHHQ VWDWHG LQ >�@�

UHOHYDQFH DQG RYHUODS� 5HOHYDQFH PHDQV WKDW FOXVWHULQJ

VKRXOG VHSDUDWH UHODWHG ZHE SDJHV IURP LUUHOHYDQW RQHV�

WKDW LV WR VD\� QRW DOO ZHE SDJHV EXW KLJK�TXDOLW\ SDJHV LQ

VHDUFK UHVXOWV QHHG WR EH FOXVWHUHG DQG RYHUODS PHDQV WKDW

RQH ZHE SDJH FRXOG EHORQJ WR PRUH WKDQ RQH FOXVWHU VLQFH

LW FRXOG KDYH PRUH WKDQ RQH WRSLF�

,Q WKLV SDSHU� ZH VWXG\ FRQWULEXWLRQV RI OLQN�EDVHG

FOXVWHULQJ WR LPSURYH ZHE VHDUFK UHVXOWV� 2XU LGHD LV YHU\

VLPSOH� SDJHV WKDW VKDUH FRPPRQ OLQNV HDFK RWKHU DUH

YHU\ OLNHO\ WR EH WLJKWO\ UHODWHG� +HUH� FRPPRQ OLQNV IRU

WZR ZHE SDJHV S DQG T PHDQ FRPPRQ RXW�OLQNV �SRLQW

IURP S DQG T� DV ZHOO DV FRPPRQ LQ�OLQNV �SRLQW WR S DQG

T�� :H RQO\ FRQVLGHU K\SHUOLQNV EHWZHHQ SDJHV IURP

GLIIHUHQW ZHEVLWHV �QRQ�QHSRWLVWLF OLQNV� VLQFH ZH WKLQN

WKDW K\SHUOLQNV ZLWKLQ WKH VDPH ZHEVLWH DUH PRUH WR

UHYHDO WKH LQQHU�VWUXFWXUH �OLNH VLWH�PDS� RI WKH ZHEVLWH

WKDQ LPSO\LQJ D VHPDQWLF FRQIHU� 2XU DSSURDFK FRPELQHV

OLQN DQDO\VLV DQG H[WHQVLRQ RI FOXVWHU DOJRULWKP .�PHDQV

VR WKDW LW FDQ RYHUFRPH GLVDGYDQWDJHV RI VWDQGDUG

.�PHDQV DQG PHHW WKH UHTXLUHPHQWV IRU FOXVWHULQJ RI ZHE

VHDUFK UHVXOWV�

7KH SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � LV DQ

DVVHVVPHQW RI SUHYLRXV UHODWHG ZRUNV RI FOXVWHULQJ LQ

ZHE GRPDLQ� ,Q 6HFWLRQ �� ZH GHVFULEH OLQN�EDVHG

FOXVWHULQJ DOJRULWKP� 6XEVHTXHQWO\ LQ 6HFWLRQ �� ZH

UHSRUW H[SHULPHQWDO UHVXOWV RQ GLIIHUHQW TXHU\ WRSLFV�

HYDOXDWLRQV DQG FRPSDULVRQV ZLWK RWKHU FOXVWHULQJ

DOJRULWKP �67&� WKDW LV EDVHG RQ WKH VQLSSHW DWWDFKHG

ZLWK HDFK 85/ LQ VHDUFK UHVXOWV� 7KH SDSHU LV FRQFOXGHG

ZLWK VXPPDUL]LQJ DQG IXWXUH ZRUN�

"�� #����������

&OXVWHU DQDO\VLV KDV D ORQJ KLVWRU\ DQG VHUYHV IRU

PDQ\ GLIIHUHQW UHVHDUFK ILHOGV� OLNH GDWD PLQLQJ� SDWWHUQ

UHFRJQLWLRQ DV ZHOO DV ,5� 9HFWRU 6SDFH 0RGHO� DOVR

FDOOHG 7),') PHWKRG� ZKLFK LV EDVHG RQ WHUPV IUHTXHQF\

LV WKH FRPPRQO\ XVHG RQH IRU GRFXPHQW UHSUHVHQWDWLRQ LQ

,5� .�PHDQV DQG DJJORPHUDWLYH KLHUDUFKLFDO FOXVWHULQJ

DUH WZR IXQGDPHQWDO FOXVWHULQJ PHWKRGV LQ ,5� 7KH

DGYDQWDJH RI .�PHDQV LV LWV VSHHG DQG WKH GLVDGYDQWDJH LV

WKDW WKH TXDOLW\ DQG VWUXFWXUH RI ILQDO FOXVWHUV ZLOO GHSHQG

RQ WKH FKRLFH RI N YDOXH DQG N LQLWLDO FHQWURLGV ZKHQ

FOXVWHULQJ Q GDWD SRLQWV LQWR N JURXSV� $FFRUGLQJ WR >�@�

KLHUDUFKLFDO FOXVWHULQJ SURGXFHV ³EHWWHU´ FOXVWHUV EXW ZLWK

KLJK FRVW�

��� 3ULRU 5HODWHG :RUN RQ &OXVWHULQJ 6HDUFK

5HVXOWV

5HODWHG ZRUNV FDQ EH FODVVLILHG LQWR IROORZLQJ

FDWHJRULHV� FOXVWHULQJ K\SHUWH[W GRFXPHQWV LQ D FHUWDLQ

LQIRUPDWLRQ VSDFH DQG FOXVWHULQJ ZHE VHDUFK UHVXOWV� $V

IRU WKH ODWWHU RQH� VRPH ZRUNV DUH EDVLQJ RQ WKH ZKROH

GRFXPHQW DQG VRPH ZRUNV DUH IRFXVLQJ RQ FOXVWHULQJ

VQLSSHW DWWDFKHG ZLWK HDFK 85/ LQ VHDUFK UHVXOWV LQ RUGHU

WR DFKLHYH KLJK VSHHG� 7KH VQLSSHW RI RQH SDJH LV XVXDOO\

WKH ILUVW VHYHUDO VHQWHQFHV RI LWV FRQWHQWV DQG LV RIWHQ

FRQVLGHUHG DV D JRRG VXPPDU\ WR FDSWXUH WKH PDLQ LGHD

RI WKH SDJH XQGHU FRQVLGHUDWLRQ�

,W LV LQ >�@ WKDW D KLHUDUFKLFDO QHWZRUN VHDUFK HQJLQH

LV SURSRVHG WR FOXVWHU K\SHUWH[W GRFXPHQWV WR VWUXFWXUH D

JLYHQ LQIRUPDWLRQ VSDFH IRU VXSSRUWLQJ YDULRXV VHUYLFHV

OLNH EURZVLQJ DQG TXHU\LQJ� $OO K\SHUWH[W GRFXPHQWV LQ D

FHUWDLQ LQIRUPDWLRQ VSDFH �H�J� RQH ZHEVLWH� FDQ EH

FOXVWHUHG LQWR D KLHUDUFKLFDO IRUP EDVHG RQ WKH FRQWHQWV DV

ZHOO DV WKH OLQN VWUXFWXUH RI HDFK K\SHUWH[W GRFXPHQW� %\

FRQVLGHULQJ DERXW OLQNV ZLWKLQ WKH VDPH ZHEVLWH� UHODWHG

GRFXPHQWV LQ WKH VDPH ZHEVLWH FRXOG EH JURXSHG LQWR RQH

FOXVWHU� +RZHYHU� RXU WDUJHW LV QRW D JHQHUDO VLWXDWLRQ� EXW

VHDUFK UHVXOWV FODVVLILFDWLRQ� ZKLFK FOXVWHUV VHDUFK UHVXOWV

LQWR PRUH QDUURZ DQG GHWDLOHG JURXSV� ,Q >��@ FOXVWHULQJ

K\SHUWH[W GRFXPHQWV E\ FR�FLWDWLRQ DQDO\VLV �LWV

H[SODQDWLRQ LV LQ 6HFWLRQ ���� LV H[SORUHG� )LUVW�

FR�FLWDWLRQ SDLUV DUH IRUPHG ZLWK WKHLU FR�FLWDWLRQ

IUHTXHQF\� &R�FLWDWLRQ SDLUV ZKRVH FR�FLWDWLRQ

IUHTXHQFLHV DUH DERYH SUH�VSHFLILHG WKUHVKROG DUH NHSW IRU

IXUWKHU SURFHVVLQJ� )LQDO FOXVWHUV DUH JHQHUDWHG E\

LWHUDWLYHO\ PHUJLQJ FR�FLWDWLRQ SDLUV WKDW VKDUH RQH

GRFXPHQW� ,W LV DOVR LQGLFDWHG LQ >��@ WKDW WKH SURSRVHG

DSSURDFK FRXOG EH DSSOLHG WR :::� +RZHYHU� LI $% LV D

FR�FLWDWLRQ SDLU WKDW FR�FLWHV GRFXPHQW VHW I� DQG %& LV

DQRWKHU FR�FLWDWLRQ SDLU WKDW FR�FLWHV GRFXPHQW VHW I��

WKHQ GRFXPHQW & LV DGGHG WR FOXVWHU $% UHJDUGOHVV RI

ZKHWKHU I� DQG I� DUH GLVMRLQW RU QRW� 7KLV ZLOO VRPHWLPHV

OHDG WR DUELWUDU\ GHFLVLRQ� 6FDWWHU�*DWKHU >��@ SURSRVHG D

GRFXPHQW EURZVLQJ V\VWHP EDVHG RQ FOXVWHULQJ� XVLQJ D

K\EULG DSSURDFK LQYROYLQJ ERWK N�PHDQV DQG

DJJORPHUDWLYH KLHUDUFKLFDO FOXVWHULQJ�

,Q >�@� DQ DOJRULWKP FDOOHG 6XIIL[ 7UHH &OXVWHULQJ

�67&� LV SURSRVHG WR JURXS WRJHWKHU VQLSSHWV DWWDFKHG

ZLWK ZHE SDJHV LQ VHDUFK UHVXOWV� 7KH DOJRULWKP XVH

WHFKQLTXHV WKDW FRQVWUXFW D 67& WUHH ZLWKLQ D OLQHDU WLPH

RI QXPEHU RI VQLSSHWV� (DFK QRGH LQ WKLV WUHH FDSWXUHV D

SKUDVH DQG DVVRFLDWHV LW ZLWK VQLSSHWV WKDW FRQWDLQ LW� ,I

RQH QRGH LQ WKH WUHH DVVRFLDWHV PRUH WKDQ RQH VQLSSHW� WKH

DVVRFLDWHG VQLSSHWV IRUP D EDVH FOXVWHU� $IWHU REWDLQLQJ

EDVH FOXVWHUV LQ WKLV ZD\� ILQDO FOXVWHUV DUH JHQHUDWHG E\

LWHUDWLYHO\ PHUJLQJ WZR EDVH FOXVWHUV LI WKH\ VKDUH

PDMRULW\ ����� PHPEHUV� 6LQFH VQLSSHWV XVXDOO\ EULQJ

QRLVHV DQG RXWOLHUV� DQ DOJRULWKP FDOOHG IX]]\ UHODWLRQDO

FOXVWHULQJ �5)&0GG�� ZKLFK LV EDVHG RQ WKH LGHD RI

LGHQWLI\LQJ N�PHGRLGV� LV SURSRVHG LQ >�@ WR FRPSHQVDWH

WKH ZRUN LQ >�@ ZLWK WKH DELOLW\ WR SURFHVV QRLVHV DQG

RXWOLHUV EURXJKW E\ VQLSSHWV� +RZHYHU� VQLSSHWV DUH QRW

DOZD\V DYDLODEOH LQ VHDUFK UHVXOWV DQG WKH\ DUH DOVR QRW

DOZD\V D JRRG UHSUHVHQWDWLRQ RI WKH ZKROH GRFXPHQWV IRU

WKHLU VXEMHFWLYLW\� 0RUHRYHU� WKH IDFW WKDW LQ 67&
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DOJRULWKP� WZR VQLSSHWV LV FOXVWHUHG LQWR VDPH JURXS HYHQ

LI WKH\ RQO\ VKDUH RQ ZRUG ZLOO OHDG WR YHU\ KLJK RYHUODS

DQG LQ WXUQ JHQHUDWH D ELJ FOXVWHU�

��� /LQN $QDO\VLV

,Q >�����������@� DXWKRUV VWXG\ FRQWULEXWLRQV RI OLQN

DQDO\VLV WR LPSURYH WKH TXDOLW\ RI VHDUFK UHVXOWV DV ZHOO DV

PLQH FRPPXQLWLHV RQ WKH :HE�
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Figure 1. Potential Hub pages and Authority 
pages in Web search results  

&R�FLWDWLRQ >��@ DQG ELEOLRJUDSKLF FRXSOLQJ >��@

DUH WZR PRUH IXQGDPHQWDO PHDVXUHV WR EH XVHG WR

FKDUDFWHUL]H WKH VLPLODULW\ EHWZHHQ WZR GRFXPHQWV�

&R�FLWDWLRQ PHDVXUHV WKH QXPEHU RI FLWDWLRQV �RXW�OLQNV�

LQ FRPPRQ EHWZHHQ WZR GRFXPHQWV DQG FRXSOLQJ

PHDVXUHV WKH QXPEHU RI GRFXPHQW �LQ�OLQNV� WKDW FLWHV

ERWK RI WZR GRFXPHQWV XQGHU FRQVLGHUDWLRQ�

,Q WKH )LJXUH ��D�� S DQG T FR�FLWH 4 DQG 5 DQG WKHLU

FR�FLWDWLRQ IUHTXHQF\ LV �� 3 DQG 5 DUH FRXSOHG E\ U DQG

WKHLU FRXSOLQJ IUHTXHQF\ LV ��

7KLV FRXOG DOVR EH SURYHG IURP WKH FRPSXWDWLRQ LQ

+,76 >�@ DERXW WKH ³KXE´ YDOXH DQG ³DXWKRULW\´ YDOXH RI

HDFK SDJH�
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�S DQG T DUH FRXSOHG DQG VKDUH FRPPRQ LQ�OLQNV�

,I RQH SDJH KDV PDQ\ RXW�OLQNV DQG DOVR KDV KLJK

FR�FLWDWLRQ IUHTXHQF\ ZLWK RWKHU SDJHV� LW PD\ EH ³JRRG

KXE´ �DV VKRZQ LQ )LJXUH ��D�� DQG FOXVWHUHG ZLWK RWKHU

SDJHV LQWR RQH JURXS ZLWK KLJK SUREDELOLW\� 6R GR

DXWKRULW\ SDJHV� %RWK FR�FLWDWLRQ DQG FRXSOLQJ DUH

FRQVLGHUHG LQ RXU DSSURDFK ZKHQ PHDVXULQJ WKH

VLPLODULW\ EHWZHHQ RQH SDJH DQG WKH FRUUHVSRQGHQW

FOXVWHU VLQFH ERWK KXEV DQG DXWKRULWLHV DSSHDU LQ ZHE

VHDUFK UHVXOWV�

$�� ����	
����������������

�
%\ FR�FLWDWLRQ DQG FRXSOLQJ DQDO\VLV� RXU DSSURDFK

FOXVWHUV VHDUFK UHVXOWV EDVHG RQ FRPPRQ OLQNV �LQ�OLQNV

DQG RXW�OLQNV� WKH\ VKDUHG� ,Q WKH UHVW RI RXU GLVFXVVLRQ

LQ WKH SDSHU� ZH KDYH VHYHUDO QRWDWLRQV� Q� P� 0� 1 DUH

SRVLWLYH LQWHJHUV� 5 LV WKH VHW RI VSHFLILHG QXPEHU RI

VHDUFK UHVXOWV� :H XVH Q WR GHQRWH VSHFLILHG QXPEHU RI

VHDUFK UHVXOWV XVHG IRU FOXVWHULQJ� P WR GHQRWH

VSHFLILHG QXPEHU RI LQ�OLQNV H[WUDFWHG IRU HDFK

85/�SDJH LQ 5� 0 DQG 1 GHQRWH WRWDO QXPEHU RI

GLVWLQFW LQ�OLQNV DQG RXW�OLQNV H[WUDFWHG IRU DOO Q SDJHV

LQ 5 UHVSHFWLYHO\� 7KLV LV GHSLFWHG LQ )LJXUH � �E��

�� 5HSUHVHQWDWLRQ RI HDFK SDJH 3 LQ 5

(DFK ZHE SDJH 3 LQ 5 LV UHSUHVHQWHG DV � YHFWRUV�

2XW
� �1� GLPHQVLRQ� DQG

,Q
� �0�GLPHQVLRQ�� 7KH

LWK LWHP RI YHFWRU
2XW
� LQGLFDWHV ZKHWKHU 3 KDV WKH

FRUUHVSRQGHQW RXW�OLQN DV WKH LWK RQH LQ 1 RXW�OLQNV�

,I \HV� WKH LWK LWHP LV �� HOVH �� ,GHQWLFDOO\� WKH MWK

LWHP RI
,Q

� LQGLFDWHV ZKHWKHU 3 KDV WKH

FRUUHVSRQGHQW LQ�OLQN DV WKH MWK RQH LQ 0 LQ�OLQNV� ,I

\HV� MWK LWHP LV �� HOVH ��

�� 6LPLODULW\ PHDVXUH

:H DGRSW WKH WUDGLWLRQDO &RVLQH PHDVXUH WR FDSWXUH

FRPPRQ OLQNV �LQ�OLQN DQG RXW�OLQN� VKDUHG E\ SDJHV

3� 4 WKDW LV XQGHU FRQVLGHUDWLRQ�

&RVLQH �3� 4� �3 • 4���__3__ __ 4__�
 ��

2XW
� •

2XW
� �� �

,Q
� •

,Q
� �����__3__ __ 4__�� ZKHUH

�    �  !"
�

�

�

� ∑∑ +
0

M,Q

1

L2XW
�� �7RWDO QXPEHU RI

RXW�OLQNV DQG LQ�OLQNV RI SDJH 3��

�    �  !"
�

�

�

� ∑∑ +
0

M,Q

1

L2XW
�� �7RWDO QXPEHU RI

RXW�OLQNV DQG LQ�OLQNV RI SDJH 4��

�
2XW
� •

2XW
� � LV WKH GRW SURGXFW RI YHFWRUV

2XW
�

DQG
2XW

� � ,W FDSWXUHV FRPPRQ RXW�OLQNV VKDUH E\ 3

DQG 4 ZKHUHDV �
,Q

� •
,Q

� � LV WR FDSWXUH FRPPRQ
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�� &OXVWHULQJ PHWKRG

:H H[WHQG VWDQGDUG .�PHDQV WR PHHW UHTXLUHPHQWV

IRU FOXVWHULQJ RI ZHE VHDUFK UHVXOWV DV ZHOO DV WR

RYHUFRPH GLVDGYDQWDJHV RI .�PHDQV� 2XU FOXVWHULQJ

PHWKRG LV DV IROORZV�

�� )LOWHU LUUHOHYDQW SDJHV

1RW DOO ZHE SDJHV LQ VHDUFK UHVXOWV EXW KLJK TXDOLW\

SDJHV �LQ RXU FDVH� RQO\ SDJHV ZKRVH VXP RI LQ�OLQNV

DQG RXW�OLQNV DUH DW OHDVW � DUH SURFHVVHG� MRLQ

FOXVWHULQJ SURFHGXUH� %\ ILOWHULQJ VRPH LUUHOHYDQW

SDJHV� ZH FRXOG LPSURYH WKH SUHFLVLRQ RI ILQDO

UHVXOWV�

�� 'HILQH VLPLODULW\ WKUHVKROG

6LPLODULW\ WKUHVKROG LV SUH�GHILQHG WR FRQWURO WKH

SURFHVV RI DVVLJQLQJ RQH SDJH WR D FOXVWHU� 6LQFH

VLPLODULW\ LV PHDQW WR FDSWXUH WKH FRPPRQ OLQNV

VKDUHG E\ GLIIHUHQW SDJHV� VLPLODULW\ WKUHVKROG FRXOG

EH HDVLO\ GHILQHG DQG DGMXVWHG�

�� $VVLJQ HDFK SDJH WR FOXVWHUV

(DFK SDJH LV DVVLJQHG WR H[LVWLQJ FOXVWHUV ZKHQ WKH

VLPLODULW\ EHWZHHQ WKH SDJH DQG WKH FRUUHVSRQGHQW

FOXVWHU LV DERYH WKH VLPLODULW\ WKUHVKROG� ,I QRQH RI

FXUUHQW H[LVWLQJ FOXVWHUV PHHW WKH GHPDQG� WKH SDJH

XQGHU FRQVLGHUDWLRQ EHFRPHV D QHZ FOXVWHU LWVHOI�

&HQWURLG YHFWRU LV XVHG ZKHQ FDOFXODWLQJ WKH

VLPLODULW\ DQG LW LV LQFUHPHQWDOO\ UHFDOFXODWHG ZKHQ

QHZ PHPEHUV DUH LQWURGXFHG WR WKH FOXVWHU� :KLOH

RQH SDJH FRXOG EHORQJ WR PRUH WKDQ RQH FOXVWHU� LW LV

OLPLWHG WR WRS �� FOXVWHUV EDVHG RQ VLPLODULW\ YDOXHV�

$OO SDJHV WKDW MRLQ FOXVWHULQJ SURFHGXUH DUH

SURFHVVHG VHTXHQWLDOO\ DQG WKH ZKROH SURFHVV LV

LWHUDWLYHO\ H[HFXWHG XQWLO LW FRQYHUJHV �FHQWURLGV RI

DOO FOXVWHUV DUH QR ORQJHU FKDQJHG�� 3UHOLPLQDU\

H[SHULPHQWDO UHVXOWV VKRZ WKDW ILQDO UHVXOWV DUH

LQVHQVLWLYH WR WKH SURFHVVLQJ RUGHU� KRZHYHU� IXUWKHU

LQYHVWLJDWLRQ DQG SURRI DUH QHHGHG� ZKLFK LV QRW

GLVFXVVHG KHUH�

�� *HQHUDWH ILQDO FOXVWHUV E\ PHUJLQJ EDVH FOXVWHUV

:KHQ WKH ZKROH LWHUDWLRQ SURFHVV FRQYHUJHV� EDVH

FOXVWHUV DUH IRUPHG� )LQDO FOXVWHUV DUH JHQHUDWHG E\

UHFXUVLYHO\ PHUJLQJ WZR EDVH FOXVWHUV LI WKH\ VKDUH

PDMRULW\ PHPEHUV�0HUJH WKUHVKROG LV XVHG�

7KH FRQYHUJHQFH RI WKH DSSURDFK LV JXDUDQWHHG E\

.�PHDQV LWVHOI VLQFH RXU H[WHQVLRQ GRHV QRW DIIHFW WKLV

DVSHFW� 7KH DOJRULWKP GHVFULEHG DERYH DOVR KDV VDPH WLPH

FRPSOH[LW\ �2�QP�� DV VWDQGDUG .�PHDQV� ZKHUH Q LV WKH

QXPEHU RI SDJHV WKDW MRLQ FOXVWHULQJ SURFHGXUH DQG P LV

WKH QXPEHU RI LWHUDWLRQV QHHGHG IRU FOXVWHULQJ SURFHVV WR

FRQYHUJH� 6LQFH P ��Q� WKH SURSRVHG DSSURDFK LV LQ D

OLQHDU WLPH WR WKH QXPEHU RI 85/V� SDJHV WKDW MRLQ

FOXVWHULQJ SURFHGXUH� 7KHUH DUH PDLQO\ WZR SDUDPHWHUV LQ

RXU DSSURDFK WKDW PD\ DIIHFW TXDOLW\ RI ILQDO UHVXOWV�

VLPLODULW\ WKUHVKROG DQG PHUJH WKUHVKROG� :H KDYH

FRQGXFWHG H[SHULPHQWV WR LQYHVWLJDWH WKHLU HIIHFWV RQ WKH

ILQDO UHVXOWV�

%�� &'��������������&�����������

�
:H FDUU\ RXW H[SHULPHQWV RQ GLIIHUHQW TXHU\ WRSLFV

WR FKHFN WKH HIILFLHQF\ DQG HIIHFWLYHQHVV RI WKH SURSRVHG

DSSURDFK� 7KH ZKROH SURFHVV LV GLYLGHG LQWR IRXU VWHSV�

�� 'DWD FROOHFWLRQ

-XVW DV GHSLFWHG LQ )LJXUH ��E�� IRU HDFK WRSLF ZH QRW

RQO\ GRZQORDG VSHFLILHG QXPEHU RI VHDUFK UHVXOWV

EXW DOVR H[WUDFW DOO 1 RXW�OLQNV DQG 0 LQ�OLQNV E\

$OWD9LVWD IRU DOO SDJHV LQ VHDUFK UHVXOWV�

�� 'DWD FOHDQLQJ

,Q WKLV VWHS� ZH UHPRYH PLUURUV RU GXSOLFDWHV SDJHV

LQ VHDUFK UHVXOWV VLQFH LW ZLOO PLVOHDG FOXVWHULQJ

SURFHVV LI SUHVHUYLQJ WKHP� :H DGRSW D

QRQ�DJJUHVVLYH PHWKRG WR UHPRYH WKHP� 7ZR SDJHV

S DQG T DUH VDLG GXSOLFDWH LI �D� WKH\ HDFK KDYH DW

OHDVW � RXW�OLQNV DQG �E� WKH\ VKDUH DW OHDVW ��� RI

WKHLU RXW�OLQNV LQ FRPPRQ� 7KH SDJH ZLWK KLJKHU

FRPPRQ OLQN SHUFHQWDJH ZLOO EH UHPRYHG� $V D

UHVXOW� LWV DVVRFLDWHG RXW�OLQNV DQG LQ�OLQNV DUH DOVR

GHOHWHG�

�� $SSO\LQJ WKH SURSRVHG DOJRULWKP WR IRUP EDVH

FOXVWHUV

�� )LQDO FOXVWHUV JHQHUDWLRQ

)LQDO FOXVWHUV DUH JHQHUDWHG E\ UHFXUVLYHO\ PHUJLQJ

WZR EDVH FOXVWHUV LI WKH\ VKDUH PDMRULW\ �H�J�����

PHPEHUV� 7KH FOXVWHU WKDW KDV KLJKHU FRPPRQ

PHPEHU SHUFHQWDJH LV PHUJHG LQWR WKH RWKHU RQH� 7R

PHUJH FOXVWHU $ LQWR %� ZH XQLWH GLVWLQFW PHPEHUV

RI ERWK $ DQG % XQGHU WKH FOXVWHU QDPH %�

��� ([SHULPHQWDO 5HVXOWV

,Q RXU ILUVW H[SHULPHQW� ZH LQYHVWLJDWH WKH HIIHFWV RI

SDUDPHWHUV LQWURGXFHG LQ WKH SURSRVHG DSSURDFK�

VLPLODULW\ WKUHVKROG DQG PHUJH WKUHVKROG� :H XVH WKH

IROORZLQJ VL[ TXHU\ WRSLFV LQ WKLV H[SHULPHQW� -DJXDU�

'DWD PLQLQJ� -DYD� -RUGDQ� ,VUDHO DQG 6DOVD� 7KH ZRUGV

IRU HDFK WRSLF LV DSSHDUHG DV NH\ZRUGV IRU :HE 6HDUFK
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(QJLQH <DKRR�� :KLOH IRU WRSLF -DJXDU� ZH KDYH WULHG

GLIIHUHQW QXPEHU RI SDJHV ����� ��� DQG ��� SDJHV� DV

VHDUFK UHVXOWV� $V IRU RWKHU ILYH WRSLFV� ZH XVH ��� SDJHV

DV VHDUFK UHVXOWV IRU WHVWLQJ� :H GRZQORDG WKH VSHFLILHG

QXPEHU RI SDJHV� VR WRWDOO\ ZH KDYH HLJKW FROOHFWLRQV RI

GDWDVHW� :H DOVR H[WUDFW LWV RXW�OLQNV DQG ��� LQ�OLQNV E\

$OWD9LVWD IRU HDFK SDJHV LQ WKH GDWDVHW� +HUH ZH RQO\

FRQVLGHU QRQ�QHSRWLVWLF OLQNV WKDW FRQQHFW ZHE SDJHV

IURP GLIIHUHQW ZHEVLWHV� :H YDU\ VLPLODULW\ WKUHVKROGV

�ZLWK IRXU YDOXHV RI ���� ����� ��� DQG ����� DQG PHUJH

WKUHVKROGV �ZLWK VL[ YDOXHV RI ���� ����� ���� ���� ���� ����

WR LQYHVWLJDWH WKHLU HIIHFWV RQ ILQDO FOXVWHULQJ UHVXOWV�

$IWHU GDWD FOHDQLQJ� DERXW ��� RI WKH ZHE SDJHV LV

SUHVHUYHG LQ HDFK GDWDVHW IRU IXUWKHU FOXVWHULQJ SURFHVV�

$V ILQDO FOXVWHULQJ UHVXOWV UHYHDO� RQH SDJH FRXOG

EHORQJ WR PRUH WKDQ RQH FOXVWHU RU EHORQJ WR VLQJOHWRQ

FOXVWHU� ZKLFK PHDQV WKDW LW FDQQRW EH JURXSHG ZLWK

RWKHUV� ,Q WKH UHVW RI GLVFXVVLRQ� ³SDJHV�85/V FOXVWHUHG´

PHDQV SDJHV RU 85/V WKDW DSSHDU LQ ILQDO FOXVWHUV ZKRVH

VL]H LV ELJJHU WKDQ �� 7KH VL]H RI D FOXVWHU LV WKH QXPEHU

RI SDJHV LQ WKH FOXVWHU� :H LJQRUH VLQJOHWRQ FOXVWHUV�

)LJXUH � LV WKH UHVXOW RI DYHUDJH 85/V FOXVWHUHG IRU

� GDWDVHWV IRU GLIIHUHQW VLPLODULW\ WKUHVKROGV� ³-DJXDU´�

³-DJXDU���´ DQG ³-DJXDU���´ DUH GDWDVHWV RQ WRSLF

³-DJXDU´ ZLWK ���� ��� DQG ��� SDJHV UHVSHFWLYHO\�

$FFRUGLQJ WR )LJXUH �� WKH RYHUDOO WUHQG IRU DOO WRSLFV LV

WKDW WKH SHUFHQWDJH RI 85/V FOXVWHUHG GHFUHDVHV DV

VLPLODULW\ WKUHVKROG LQFUHDVHV� )RU GLIIHUHQW TXHU\ WRSLFV�

WKLV NLQG RI FKDQJH LV VRPHWLPHV JUDGXDO DQG VRPHWLPHV

VKDUS� ,W FRXOG EH DOVR REVHUYHG IURP )LJXUH � WKDW IRU WKH

VDPH WRSLF� MXVW LQFUHDVLQJ QXPEHU RI SDJHV XVHG IRU

FOXVWHULQJ �³-DJXDU´� ³-DJDXU���´ DQG ³-DJXDU���´� RQO\

VOLJKWO\ DIIHFW ILQDO SHUFHQWDJH RI 85/V FOXVWHUHG� 7DEOH �

JLYHV WKH GHWDLOHG LQIRUPDWLRQ DERXW ILQDO FOXVWHULQJ

UHVXOWV IRU VL[ TXHU\ WRSLFV E\ YDU\LQJ VLPLODULW\

WKUHVKROGV DQG PHUJH WKUHVKROGV� :H ILQG IURP 7DEOH �

WKDW VLPLODULW\ WKUHVKROG ��� LV WRR VWULFW IRU PRVW WRSLFV WR

JHW UHDVRQDEOH UHVXOWV DOWKRXJK LW LV WRWDOO\ LQVHQVLWLYH WR

WKH FKDQJH RI PHUJLQJ WKUHVKROG� 6LPLODULW\ WKUHVKROG

���� RU ��� LV UHODWLYHO\ D JRRG FKRLFH VLQFH WKH

FRUUHVSRQGHQW SHUFHQWDJH RI 85/V FOXVWHUHG LV

UHDVRQDEOH DQG DOPRVW LQVHQVLWLYH WR WKH YDULDWLRQ RI

PHUJH WKUHVKROGV� $V IRU VLPLODULW\ WKUHVKROG ����� WKH

LQFUHDVHG QXPEHU RI 85/V FDQ EH FOXVWHUHG EXW LW LV

VHQVLWLYH WR WKH FKDQJH RI PHUJH WKUHVKROG� 7KLV FRXOG EH

LQWHUSUHWHG LQ PRUH GHWDLO LQ )LJXUH ��

)LJXUH � �D� LV WR FKHFN WKH RYHUODS RI ILQDO FOXVWHUV

IRU WRSLF ³-DJXDU´ E\ YDU\LQJ VLPLODULW\ DQG PHUJH

WKUHVKROGV� $FFRUGLQJ WR ILQDO FOXVWHULQJ UHVXOWV� ZKHQ

IL[LQJ WKH VLPLODULW\ WKUHVKROG� WKH QXPEHU RI GLVWLQFW

85/V FOXVWHUHG LV DOPRVW VDPH EXW ZLWK GLIIHUHQW RYHUODS

IRU GLIIHUHQW PHUJH WKUHVKROGV� 7KDW LV WR VD\� ZLWK VPDOOHU

PHUJH WKUHVKROG� SDJHV WKDW RULJLQDOO\ LQ GLIIHUHQW FOXVWHUV

RU VDPH SDJHV DSSHDUHG LQ PRUH WKDQ RQH FOXVWHU DUH PRUH

OLNHO\ WR EH PHUJHG LQWR RQH FOXVWHU� -XVW DV ZH FRXOG

HVWLPDWH� PHUJH WKUHVKROG ��� LV RI KLJKHVW RYHUODS ZKLOH

��� LV RI WKH ORZHVW RQH� $V IRU YHUWLFDO FRPSDULQJ�

VLPLODULW\ WKUHVKROG ��� LV RI WKH ORZHVW RYHUODS DQG ����

LV RI WKH KLJKHVW RQH� 7KH ORZ RYHUODS REWDLQHG E\

GHFUHDVLQJ PHUJH WKUHVKROG ZLOO GHFUHDVH WKH ³SXULW\´ RI

ILQDO FOXVWHU� ZKLFK LV SURYHG LQ )LJXUH ��E�� )LJXUH ��E�

LV WKH DYHUDJH HQWURS\ IRU ³-DJXDU´ RI VLPLODULW\ ��� IRU

GLIIHUHQW PHUJH WKUHVKROGV� ,W VKRZV WKDW PHUJH WKUHVKROGV

ELJJHU WKDQ ��� DUH JRRG FKRLFHV� 6R LQ FRQFOXVLRQ�

VLPLODULW\ WKUHVKROG LV PRUH LQIOXHQWLDO WKDQ PHUJH

WKUHVKROG RQ WKH TXDOLW\ RI ILQDO FOXVWHULQJ UHVXOWV� )RU

PRVW WRSLFV� VLPLODULW\ WKUHVKROG ��� RU ���� DQG PHUJH

WKUHVKROG ��� RU ���� LV RXU UHFRPPHQGDWLRQ� 7KLV LV DOVR

KROG IRU ³-DJXDU���´ DQG ³-DJXDU���´ WKDW DUH VKRZQ LQ

)LJXUH ��

7DEOH � VKRZV WKH VHPDQWLF LPSUHVVLRQ RI ILQDO

FOXVWHULQJ UHVXOWV IRU WKH VL[ WRSLFV� HLJKW GDWDVHWV� :H OLVW

PDLQ PHDQLQJIXO JURXSV ZKRVH VL]H LV ELJJHU WKDQ � IRU

VL[ WRSLFV �ZLWK ��� SDJHV� DQG ZKRVH VL]H LV ELJJHU WKDQ

� IRU ³-DJXDU���´ DQG ³-DJXDU���´� $FFRUGLQJ WR 7DEOH ��

WKH SURSRVHG DSSURDFK GRHV GLVFHUQ VRPH PHGLXP EXW

VHPDQWLFDOO\ PHDQLQJIXO JURXSV DURXQG WKH PDLQ LGHD

DERXW WKH TXHU\ WRSLF� ZKLFK LV YHU\ XVHIXO DQG KHOSIXO

IRU HQG XVHU WR LGHQWLI\ WKH LGHD RI WKH WRSLF RQ WKH :HE�

(�J� IRU WRSLF ³-DJXDU´� LQ DGGLWLRQ WR GLVFHUQ WKH PDLQ

LGHD OLNH ³FDU´� ³FDW´� WKH FOXVWHULQJ UHVXOWV DOVR LGHQWLI\

VXE�WRSLFV OLNH ³FOXE´� ³PDJD]LQH´� ³*DPH´ DQG ³WRXULQJ

SODFH´ HWF�

2QH SKHQRPHQRQ REVHUYHG LV WKDW VRPH VPDOO

FOXVWHUV SURGXFHG E\ WKH SURSRVHG DSSURDFK DUH

VHPDQWLFDOO\ YHU\ VLPLODU DQG VKRXOG EH LQ RQH JURXS

IURP D PRUH JHQHUDO SRLQW RI YLHZ� :H WKLQN WKLV FRXOG EH

VROYHG E\ LQWURGXFLQJ KLHUDUFKLFDO FOXVWHULQJ WR PDNH WKH

ILQDO FOXVWHULQJ UHVXOWV PRUH QDWXUDO DQG HDV\ WR LQWHUSUHW�

��� (YDOXDWLRQV

9DOLGDWLQJ FOXVWHULQJ DOJRULWKP DQG HYDOXDWLQJ LWV

TXDOLW\ LV FRPSOH[ EHFDXVH LW LV GLIILFXOW WR ILQG DQ

REMHFWLYH PHDVXUH RI TXDOLW\ RI FOXVWHUV� :H ZRXOG OLNH WR

XVH WKUHH PHWULFV SUHFLVLRQV� UHFDOO DQG HQWURS\ WR

HYDOXDWH TXDOLW\ RI ILQDO FOXVWHUV� :H PDQXDOO\ FKHFN ���

ZHE SDJHV IRU HDFK RI VL[ WRSLFV DQG PDUN HDFK RQH SDJH

ZLWK ³UHOHYDQW´ RU ³LUUHOHYDQW´ WR LQGLFDWH ZKHWKHU LW LV

UHOHYDQW WR WKH FRUUHVSRQGLQJ TXHU\ WRSLF� 3UHFLVLRQ DQG

UHFDOO DUH GHILQHG DV IROORZV�

3UHFLVLRQ QXPEHU RI 85/V WKDW DUH ERWK FOXVWHUHG DQG

µUHOHYDQW¶ PDUNHG � QXPEHU RI 85/V FOXVWHUHG ���

5HFDOO QXPEHU RI 85/V WKDW DUH ERWK FOXVWHUHG DQG

µUHOHYDQW¶ PDUNHG �QXPEHU RI µUHOHYDQW¶ PDUNHG 85/V ���

(QWURS\ SURYLGHV D PHDVXUH RI ³JRRGQHVV´ RU

³SXULW\´ IRU XQ�QHVWHG FOXVWHUV E\ FRPSDULQJ WKH JURXSV

SURGXFHG E\ WKH FOXVWHULQJ WHFKQLTXH WR NQRZQ FODVVHV�

6PDOO HQWURS\ YDOXH RI WKH FOXVWHU LQGLFDWHV LWV KLJK

LQWUD�FRKHVLYHQHVV ZKLOH ELJ HQWURS\ YDOXH PHDQV WKDW LWV
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PHPEHUV DUH QRW WLJKWO\ UHODWHG DQG IRFXV RQ GLIIHUHQW

VXE�WRSLFV XQGHU WKH VDPH JHQHUDO WRSLF� ,Q RXU LQLWLDWLYH

HYDOXDWLRQ� ZH PDQXDOO\ FKHFN HDFK SDJH WKDW MRLQV WKH

FOXVWHULQJ SURFHGXUH DQG WKHQ JLYH RXU MXGJPHQW� (DFK

SDJH LV JLYHQ WZR HVWLPDWHV� UHOHYDQW �WR WKH TXHU\ WRSLF��

PDLQ WRSLF DQG WKHQ FUHDWH FODVVHV PDQXDOO\� $OWKRXJK LW

LV WLPH�FRQVXPLQJ DQG LW FRXOG OHDG WR ELDV LQ RXU

HYDOXDWLRQ� ZH SODQ WR FDUU\ RXW XVHU H[SHULPHQW WR

FRXQWHUDFW SRWHQWLDO ELDV� :H DGRSW WKH FRPSXWLQJ RI

HQWURS\ LQWURGXFHG LQ >�@� /HW &6 EH D FOXVWHU VROXWLRQ

DQG ( �M� ∑−
L

LMLM
�� !���" LV WKH HQWURS\ IRU HDFK

FOXVWHU M�
LM

� LV XVHG WR FRPSXWH WKH ³SUREDELOLW\´ WKDW D

PHPEHU RI FOXVWHU M EHORQJV WR WKH JLYHQ FODVV L� 7KH

DYHUDJH HQWURS\ IRU D VHW RI FOXVWHUV LV FDOFXODWHG DV WKH

VXP RI HQWURS\ RI HDFK FOXVWHU ZHLJKWHG E\ LWV VL]H�
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GDWD SRLQWV� %DVLQJ RQ WKH WKUHH PHWULFV GHILQHG DERYH�

ZH HYDOXDWH WKH SURSRVHG OLQN�EDVHG FOXVWHULQJ ZLWK

GLIIHUHQW VLPLODULW\ WKUHVKROGV� 7KH UHVXOWV DUH GHSLFWHG LQ

)LJXUH � �D� WR �F��

��� /LQN�EDVHG &OXVWHULQJ YHUVH 6QLSSHW�EDVHG

&OXVWHULQJ

,Q RUGHU WR FRPSDUH WKH SURSRVHG DSSURDFK ZLWK

RWKHU FOXVWHULQJ DOJRULWKPV� ZH LPSOHPHQWHG 67&

DOJRULWKP SURSRVHG LQ >�@ �DOVR VHH H[SODQDWLRQ LQ 6HFWLRQ

���� WKDW LV EDVHG RQ VQLSSHW DWWDFKHG ZLWK HDFK 85/ LQ

VHDUFK UHVXOWV�

�

���

���

���

���

���

���

���

���

���

��� ���� ��� ����

ªÀÄÀÃ¸ÉÀËÐ «¿É¼Ê¿ÆÃ»

§
¼
Éº
¼
Å
Ë¸
¾
¼
Æ
½
¬
©
£
Ê
�
ÃÌ
Ê
Ë¼
É¼
»

¡¸¾Ì¸É

¡¸¾¸ÌÉ���

¡¸¾Ì¸É���

�¸Ë¸ ÄÀÅÀÅ¾

¡¸Í¸

¡ÆÉ»¸Å

 ÊÉ¸¼Ã

ª¸ÃÊ¸

Figure 2. Effects of similarity thresholds on URLS clustered (with cluster size>3) 
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Table 1. Entry in each table is Number of clusters /total number of web pages in these clusters for 
different similarity thresholds and merge thresholds for six topics of testing. 
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Table 2. Main subtopics for each of six query topics of testing 

��� ���� ��� ����

��� ��� ���� ���� ������

���� ��� ���� ���� ������

��� ��� ���� ���� ������

��� ��� ���� ���� �����

��� ��� ���� ���� �����

��� ��� ���� ���� �����



�

�

����

���

����

���

����

��� ���� ��� ��� ��� ���

¤¼É¾¼ «¿É¼Ê¿ÆÃ»Ê

¦
Í
¼
ÉÃ
¸
Ç

���

����

���

����

�

����

���

����

���

����

���

����

���

��� ���� ��� ��� ��� ���
¤¼É¾¼ «¿É¼Ê¿ÆÃ»Ê

�
Í
¼
É¸
¾
¼
�
Å
ËÉ
Æ
Ç
Ð

�D � � E�

Figure 3. (a) The overlap of final clusters for topic “Jaguar” with different similarity and merge thresholds, 
(b) the average entropy of final clusters for Topic “Jaguar” with similarity threshold 0.1 with different 

merge thresholds. 
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Figure 4. Comparison based on the metrics of precision, recall and entropy for six topics. Figure (a),(b) 
and (c) are comparisons of the link-based clustering with different similarity thresholds (merge 

threshold is 0.75). Figure (d),(e) and (f) are comparisons of link-based clustering (similarity threshold 0.1 
and merge threshold 0.75) with STC algorithm (merge threshold 0.5). 

:H FRQGXFWHG H[SHULPHQWLQJ RQ 67& DOJRULWKP IRU

WKH VL[ WRSLFV� :H H[WUDFW VL[ FROOHFWLRQV RI ��� VQLSSHWV

DQG DSSO\ 67& DOJRULWKP WR WKHP� -XVW DV VWDWHG LQ >�@ WKDW

ZH XVH ��� DV PHUJH WKUHVKROG WR PHUJH EDVH FOXVWHUV� :H

GLG QRW WU\ GLIIHUHQW PHUJH WKUHVKROGV VLQFH LW LV VWDWHG WKDW

67& DOJRULWKP LV LQVHQVLWLYH WR WKH YDULDWLRQ RI PHUJH

WKUHVKROGV� 7KH GHWDLOHG FRPSDULVRQV DUH GHSLFWHG LQ

)LJXUH � �G� WR �I��

7KH TXHU\ WRSLFV QXPEHUHG IURP � WR � DV KRUL]RQ

D[OH LQ )LJXUH � LV LQ WKH VDPH RUGHU ZLWK TXHU\ WRSLFV

PHQWLRQHG LQ WKH EHJLQQLQJ RI 6HFWLRQ �� 7KLV RUGHU LV

DOVR KROG IRU DOO GLVFXVVLRQV LQ WKH SDSHU� %\ IL[LQJ PHUJH

WKUHVKROG ZLWK ����� ZH LQYHVWLJDWH WKH TXDOLW\ RI ILQDO

FOXVWHULQJ UHVXOWV IRU VL[ WRSLFV ZLWK GLIIHUHQW VLPLODULW\

WKUHVKROGV� $FFRUGLQJ WR )LJXUH ��D�� VLPLODULW\ WKUHVKROG

��� JLYHV WKH KLJKHVW SUHFLVLRQ DQG ZLWK VLPLODULW\

WKUHVKROG GHFUHDVHV� WKH SUHFLVLRQ GHFUHDVHV DFFRUGLQJO\�

7KH JHQHUDO SUHFLVLRQ YDOXH IRU DOO WRSLFV LV YHU\ KLJK DQG

DURXQG ���� -XVW DV GHSLFWHG LQ )LJXUH ��E�� UHYHUVH WR

SUHFLVLRQ� FRUUHVSRQGHQW UHFDOO LQFUHDVHV DV VLPLODULW\

WKUHVKROG GHFUHDVHV� +RZHYHU� WKH JHQHUDO UHFDOO YDOXH LV

UHODWLYHO\ ORZ DQG FKDQJHV JUHDWO\ EHWZHHQ � DQG � DV ZH

YDU\ VLPLODULW\ WKUHVKROGV� (QWURS\ FRPSDULVRQ LQ )LJXUH

��F� VKRZV WKDW ��� SURGXFHV ³SXUH´ FOXVWHUV VLQFH LW

SURGXFHV D IHZ FOXVWHUV ZLWK PHGLXP VL]H DQG PHPEHUV RI

HDFK FOXVWHU DUH WLJKWO\ UHODWHG� (QWURS\ YDOXH LV DOVR

PRQRWRQLF LQFUHDVLQJ ZLWK VLPLODULW\ WKUHVKROG GHFUHDVHV

IRU DOO VL[ WRSLFV� :KDW ZH VXPPDUL]HG IURP WKHVH

FRPSDULVRQV LV FRQVLVWHQW ZLWK RXU UHFRPPHQGDWLRQ

PHQWLRQHG LQ VHFWLRQ ��� WKDW VLPLODULW\ WKUHVKROG EHWZHHQ

���� DQG ��� PLJKW EH D JRRG FKRLFH�

:H FRPSDUHG WKH ILQDO FOXVWHULQJ UHVXOWV SURGXFHG E\

OLQN�EDVHG DSSURDFK ZLWK VQLSSHW�EDVHG 67& DOJRULWKP RQ

WKH WKUHH PHWULFV� :H FKRRVH ��� DQG ���� DV VLPLODULW\

DQG PHUJH WKUHVKROG UHVSHFWLYHO\ LQ OLQNV�EDVHG FOXVWHULQJ�

7KH UHVXOWV DUH GHSLFWHG LQ )LJXUH ��G� WR �I�� $FFRUGLQJ WR

WKH ILQDO FOXVWHULQJ UHVXOW SURGXFHG E\ 67& DOJRULWKP� LW

MXVW GLVFHUQV WKH PDLQ JURXS� ZKLFK XVXDOO\ LQFOXGHV PRVW

SDJHV LQ GDWDVHW DV ZHOO DV VHYHUDO YHU\ VPDOO JURXSV WKDW

LQFOXGH MXVW � RU � SDJHV� ,W IDLOV WR LGHQWLI\ VRPH PHGLXP�

EXW PHDQLQJIXO JURXSV DURXQG WKH PDLQ WRSLF� 7KLV UHVXOW

OHDG WR YHU\ KLJK HQWURS\� DV GHSLFWHG LQ )LJXUH ��G��

ZKLFK PHDQV WKH PDLQ JURXS LV QRW VR ³SXUH´ DQG VRPH

SDJHV LQ LW VKRXOG EH VHSDUDWHG DQG JURXSHG LQWR PRUH

FRKHVLYH FOXVWHUV� 6LQFH WKH VL[ WRSLFV IRU WHVWLQJ DUH TXLWH

JHQHUDO� WKH PDUNHG ³UHOHYDQW´ SDJHV DFFRUGLQJ WR

PDQXDOO\ FKHFN FRYHU DURXQG ��� WR ��� RI WRWDO ���

SDJHV� 7KLV FRXOG H[SODLQ WKH KLJK SUHFLVLRQ YDOXH IRU

ERWK OLQN�EDVHG DSSURDFK DQG VQLSSHW�EDVHG DSSURDFK

VKRZQ LQ )LJXUH ��H�� $V IRU UHFDOO� FOXVWHULQJ UHVXOWV

SURGXFHG E\ 67& DUH RI KLJK UHFDOO YDOXH VLQFH PRVW

85/V LQ VHDUFK UHVXOWV DUH FOXVWHUHG DQG PRVW RI 85/V

FOXVWHUHG DUH LQ RQH FOXVWHU� 7KH FRPSDULVRQ RI UHFDOO LV

GHSLFWHG LQ )LJXUH ��I�� :H WKLQN WKDW RQH SRVVLEOH UHDVRQ

WKDW 67& DOJRULWKP ZRUNV SRRU XQGHU RXU H[SHULPHQWLQJ

HQYLURQPHQW PLJKW EH WKDW WKH TXHU\ WRSLFV IRU WHVWLQJ DUH

TXLWH JHQHUDO �RQH ZRUG RU WZR ZRUGV� ZKLOH WKH

DGYDQWDJH RI 67& LV WR FDSWXUH WKH UHODWLRQVKLS DQG RUGHU

RI WKH ZRUGV DSSHDUHG DV NH\ZRUGV�
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DSSURDFK WR FOXVWHU ZHE VHDUFK UHVXOWV E\ H[SORULQJ ERWK

FR�FLWDWLRQ DQG FRXSOLQJ DQDO\VLV� 2XU JRDO LV WR FOXVWHU

KLJK TXDOLW\ SDJHV �E\ ILOWHULQJ VRPH LUUHOHYDQW SDJHV� LQ

VHDUFK UHVXOWV UHWXUQHG IURP ZHE VHDUFK HQJLQH IRU D

VSHFLILF TXHU\ WRSLF LQWR VHPDQWLFDOO\ PHDQLQJIXO JURXSV

WR IDFLOLWDWH XVHUV¶ DFFHVVLQJ DQG EURZVLQJ� :H DOVR

H[WHQG VWDQGDUG .�PHDQV DOJRULWKP WR RYHUFRPH LWV

GLVDGYDQWDJHV WR PDNH LW PRUH QDWXUDO WR KDQGOH QRLVHV� ,Q

RUGHU WR JHW LQ�GHSWK XQGHUVWDQGLQJ DERXW HIIHFWLYHQHVV RI

WKH SURSRVHG DSSURDFK� ZH FDUU\ RXW H[SHULPHQWV RQ VL[

GLIIHUHQW TXHU\ WRSLFV� -DJXDU� 'DWD PLQLQJ� -DYD� ,VUDHO

DQG 6DOVD E\ YDU\LQJ GLIIHUHQW YDOXHV VLPLODULW\ WKUHVKROG

DQG PHUJH WKUHVKROG� :H DOVR WULHG GLIIHUHQW QXPEHU RI

VHDUFK UHVXOWV� :H LPSOHPHQWHG 67& DOJRULWKP SURSRVHG

LQ >�@ WKDW LV EDVHG RQ VQLSSHWV DWWDFKHG ZLWK HDFK 85/ LQ

VHDUFK UHVXOWV DQG DSSOLHG LW WR VL[ FROOHFWLRQV RI ���

VQLSSHWV� (YDOXDWLRQV DQG FRPSDULVRQ DUH EDVHG RQ WKUHH

PHWULFV� SUHFLVLRQ� UHFDOO DQG HQWURS\� ([SHULPHQWDO

UHVXOWV VXJJHVWHG WKDW VLPLODULW\ WKUHVKROG DURXQG ��� RU

���� DQG PHUJH WKUHVKROG DURXQG ���� RU ��� PLJKW EH

JRRG FKRLFHV IRU OLQN�EDVHG FOXVWHULQJ WR JHQHUDWH

UHDVRQDEOH FOXVWHUV� 7KH H[SHULPHQWDWLRQ DQG HYDOXDWLRQ

LQGLFDWH WKDW RQ WKH DYHUDJH� OLQN�EDVHG FOXVWHULQJ ZRUNV

EHWWHU WKDQ VQLSSHW�EDVHG FOXVWHULQJ �67&��

:KLOH UHFDOO RI ILQDO FOXVWHUV SURGXFHG E\ WKH

SURSRVHG DSSURDFK LV UHODWLYHO\ ORZ� KRZ WR LPSURYH

UHFDOO ZLWKRXW VDFULILFLQJ SUHFLVLRQ DQG HQWURS\ LV RXU

QH[W�VWHS ZRUN� :H ZRXOG OLNH WR H[WHQG RXU ZRUN E\

FRPELQLQJ ZRUG SURFHVVLQJ DQG OLQN DQDO\VLV DQG

LQWURGXFH VRPH KHXULVWLF UXOHV WR UHPRYH QRLVH OLQNV WR

LPSURYH ILQDO FOXVWHUV TXDOLW\�

5HIHUHQFH�

�� .OHLQEHUJ �� -RQ .OHLQEHUJ� $XWKRULWDWLYH VRXUFHV LQ D

K\SHUOLQNHG HQYLURQPHQW� ,Q SURFHHGLQJV RI WKH �WK

$&0�6,$0 6\PSRVLXP RQ 'LVFUHWH $OJRULWKPV �62'$��

-DQXDU\ �����

�� 5DYL .XPDU HW� DO� �� 7UDZOLQJ WKH :HE IRU HPHUJLQJ

F\EHU�FRPPXQLWLHV ,Q 3URFHHGLQJV RI �WK :::

FRQIHUHQFH� ����� 7RURQWR� &DQDGD�

�� %ULQ DQG 3DJH �� 6HUJH\ %ULQ� DQG /DUU\ 3DJH� 7KH

DQDWRP\ RI D ODUJH VFDOH K\SHUWH[WXDO ZHE VHDUFK HQJLQH�

,Q 3URFHHGLQJV RI :::�� %ULVEDQH� $XVWUDOLD� $SULO

�����

�� 2UHQ =DPLU DQG 2UHQ (W]LRQL �� *URXSHU� $ '\QDPLF

&OXVWHULQJ ,QWHUIDFH WR :HE 6HDUFK 5HVXOWV ,Q 3URFHHGLQJV

RI �WK ::: &RQIHUHQFH� 7RURQWR &DQDGD�

�� 5LFKDUG &� 'XEHV DQG $QLO .�-DLQ� $OJRULWKPV IRU

&OXVWHULQJ 'DWD� 3UHQWLFH +DOO� ����

�� 2UHQ =DPLU DQG 2UHQ (W]LRQL �� )DVW DQG ,QWXLWLYH

FOXVWHULQJ RI :HE GRFXPHQWV� .''¶��� SS�������

�� 2UHQ =DPLU DQG 2UHQ (W]LRQL �� :HE GRFXPHQW

FOXVWHULQJ� $ IHDVLELOLW\ GHPRQVWUDWLRQ ,Q 3URFHHGLQJV RI

6,*,5¶ �� 0HOERXUQH� $XVWUDOLD�

�� =KLKXD -LDQJ HW� DO� 5HWULHYHU� ,PSURYLQJ :HE 6HDUFK

(QJLQH 5HVXOWV 8VLQJ &OXVWHULQJ

�� 5RQ :HLVV HW� DO� �� +\SXUVXLW� $ +LHUDUFKLFDO 1HWZRUN

6HDUFK (QJLQH WKDW ([SORLWV &RQWHQW�/LQN +\SHUWH[W

&OXVWHULQJ +\SHUWH[W¶�� :DVKLQJWRQ 86$

��� 0LFKDHO 6WHLQEDFK� *HRUJH NDU\SLV DQG 9LSLQ .XPDU $

&RPSDULVRQ RI 'RFXPHQW &OXVWHULQJ WHFKQLTXHV

.''¶����� 7HFKQLFDO UHSRUW RI 8QLYHUVLW\ RI

0LQQHVRWD�

��� -DPHV 3LWNRZ DQG 3HWHU 3LUROOL �� /LIH� 'HDWK DQG

ODZIXOQHVV RQ WKH (OHFWURQLF )URQWLHU� ,Q SURFHHGLQJV RI

$&0 6,*&+, &RQIHUHQFH RQ +XPDQ )DFWRUV LQ

FRPSXWLQJ� ����

��� &XWWLQJ� '�5� HW� DO��� 6FDWWHU�JDWKHU� $ &OXVWHU�EDVHG

DSSURDFK WR EURZVLQJ ODUJH GRFXPHQW FROOHFWLRQV� ,Q

3URFHHGLQJV RI WKH ��WK $&0 6,*,5 &RQIHUHQFH RQ

5HVHDUFK DQG 'HYHORSPHQW LQ ,QIRUPDWLRQ 5HWULHYDO� SS

�������� ����

��� $�9� /HRXVNL DQG :�%� &URIW� �� $Q HYDOXDWLRQ RI

WHFKQLTXHV IRU FOXVWHULQJ VHDUFK UHVXOWV� 7HFKQLFDO 5HSRUW

,5��� 'HSDUWPHQW RI &RPSXWHU 6FLHQFH� 8QLYHUVLW\ RI

0DVVDFKXVHWWV� $PKHUVW� ����

��� %URGHU HW� DO� �� 6\QWDFWLF FOXVWHULQJ RI WKH :HE� ,Q

SURFHHGLQJV RI WKH 6L[WK ,QWHUQDWLRQDO :RUOG :LGH :HE

&RQIHUHQFH� $SULO ����� SDJHV ��������

��� %KDUDW DQG +HQ]LQJHU �� .ULVKQD %KDUDW� DQG 0RQLND

+HQ]LQJHU� ,PSURYHG DOJRULWKPV IRU WRSLF GLVWLOODWLRQ LQ

K\SHUOLQNHG HQYLURQPHQWV� ,Q 3URFHHGLQJV RI WKH ��VW

6,*,5 FRQIHUHQFH� 0HOERXUQH� $XVWUDOLD� �����

��� &KDNUDEDUWL HW� DO� �� 6RXPHQ &KDNUDEDUWL� %\URQ 'RP�

'DYLG *LEVRQ� -RQ .OHLQEHUJ� 3UDEKDNDU 5DJKDYDQ� DQG

6ULGKDU 5DMDJRSDODQ� $XWRPDWLF 5HVRXUFH &RPSLODWLRQ E\

$QDO\]LQJ +\SHUOLQN 6WUXFWXUH DQG $VVRFLDWHG 7H[W�

3URFHHGLQJV RI WKH �WK :RUOG�:LGH :HE FRQIHUHQFH� �����

��� )ORUHVFX� /HY\ DQG 0HQGHO]RQ �� 'DQLHOD )ORUHVFX�

$ORQ /HY\� $OEHUWR 0HQGHO]RQ� 'DWDEDVH 7HFKQLTXHV IRU

WKH :RUOG�:LGH :HE� $ 6XUYH\� 6,*02' 5HFRUG ������

����� �������

��� *LEVRQ� .OHLQEHUJ DQG 5DJKDYDQ �� 'DYLG *LEVRQ� -RQ

.OHLQEHUJ� 3UDEKDNDU 5DJKDYDQ� ,QIHUULQJ :HE

FRPPXQLWLHV IURP OLQN WRSRORJ\� 3URF� �WK $&0

&RQIHUHQFH RQ +\SHUWH[W DQG +\SHUPHGLD� �����

��� $JUDZDO DQG 6ULNDQW �� 5DNHVK $JUDZDO DQG

5DPDNULVKQDQ 6ULNDQWK� )DVW $OJRULWKPV IRU PLQLQJ

$VVRFLDWLRQ UXOHV� ,Q 3URFHHGLQJV RI 9/'%� 6HSW �����

6DQWLDJR� &KLOH�

��� 0�0� .HVVOHU� %LEOLRJUDSKLF FRXSOLQJ EHWZHHQ VFLHQWLILF

SDSHUV � $PHULFDQ 'RFXPHQWDWLRQ� ��������� SS �����
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