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'LPLWULRV 3LHUUDNRV�� *HRUJLRV 3DOLRXUDV
�
� &KULVWRV 3DSDWKHRGRURX��

9DQJHOLV .DUNDOHWVLV
�
� 0DULRV 'LNDLDNRV�

� ,QVWLWXWH RI ,QIRUPDWLFV DQG 7HOHFRPPXQLFDWLRQV� 1&65 �'HPRNULWRV��

����� $J� 3DUDVNHYL� *UHHFH
^GSLH� SDOLRXUJ� YDQJHOLV`#LLW�GHPRNULWRV�JU
� 'HSDUWPHQW RI $UFKLYH 	 /LEUDU\ 6FLHQFHV� ,RQLDQ 8QLYHUVLW\

������ &RUIX� *UHHFH
SDSDWKHRGRU#LRQLR�JU

� 'HSDUWPHQW RI &RPSXWHU 6FLHQFH� 8QLYHUVLW\ RI &\SUXV

&<����� 1LFRVLD� &\SUXV
PGG#XF\�DF�F\

$EVWUDFW� 7KLV SDSHU SUHVHQWV WKH FRQFHSW RI :HE &RPPXQLW\ 'LUHFWRULHV� DV D

PHDQV RI SHUVRQDOL]LQJ VHUYLFHV RQ WKH :HE� WRJHWKHU ZLWK D QRYHO PHWKRGRORJ\

IRU WKH FRQVWUXFWLRQ RI WKHVH GLUHFWRULHV E\ GRFXPHQW FOXVWHULQJ DQG XVDJH PLQ�

LQJ PHWKRGV� 7KH FRPPXQLW\ PRGHOV DUH H[WUDFWHG ZLWK WKH XVH RI WKH &RPPX�

QLW\ 'LUHFWRU\ 0LQHU� D VLPSOH FOXVWHU PLQLQJ DOJRULWKP ZKLFK KDV EHHQ H[�

WHQGHG WR DVFHQG D FRQFHSW KLHUDUFK\� DQG VSHFLDOL]H LW WR WKH QHHGV RI XVHU

FRPPXQLWLHV� 7KH LQLWLDO FRQFHSW KLHUDUFK\ LV JHQHUDWHG E\ D FRQWHQW�EDVHG

GRFXPHQW FOXVWHULQJ PHWKRG� &RPPXQLWLHV DUH FRQVWUXFWHG RQ WKH EDVLV RI XV�

DJH GDWD FROOHFWHG E\ WKH SUR[\ VHUYHUV RI DQ ,QWHUQHW 6HUYLFH 3URYLGHU� 7KHVH

GDWD SUHVHQW D QXPEHU RI SHFXOLDULWLHV VXFK DV WKHLU ODUJH YROXPH DQG VHPDQWLF

GLYHUVLW\� ,QLWLDO UHVXOWV SUHVHQWHG LQ WKH SDSHU LOOXVWUDWH WKH XVH RI WKH PHWKRG�

RORJ\ DQG SURYLGH DQ LQGLFDWLRQ RI WKH EHKDYLRU RI WKH QHZ PLQLQJ PHWKRG�

� ,QWURGXFWLRQ

7KH K\SHUJUDSKLFDO DUFKLWHFWXUH RI WKH :HE KDV EHHQ XVHG WR VXSSRUW FODLPV WKDW WKH

:HE ZLOO PDNH ,QWHUQHW�EDVHG VHUYLFHV UHDOO\ XVHU�IULHQGO\� +RZHYHU� DW LWV FXUUHQW

VWDWH� WKH :HE KDV QRW DFKLHYHG LWV JRDO RI SURYLGLQJ HDV\ DFFHVV WR RQOLQH LQIRUPD�

WLRQ� %HLQJ DQ DOPRVW XQVWUXFWXUHG DQG KHWHURJHQHRXV HQYLURQPHQW LW FUHDWHV DQ LQ�

IRUPDWLRQ RYHUORDG DQG SODFHV REVWDFOHV LQ WKH ZD\ XVHUV DFFHVV WKH UHTXLUHG LQIRUPD�

WLRQ�

2QH DSSURDFK WRZDUGV WKH DOOHYLDWLRQ RI WKLV SUREOHP LV WKH RUJDQL]DWLRQ RI :HE

FRQWHQW LQWR WKHPDWLF KLHUDUFKLHV� DOVR NQRZQ DV :HE GLUHFWRULHV� $ :HE GLUHFWRU\�

VXFK DV <DKRR� >��@ RU WKH 2SHQ 'LUHFWRU\ 3URMHFW �2'3� >��@� DOORZV :HE XVHUV WR

ORFDWH LQIRUPDWLRQ WKDW UHODWHV WR WKHLU LQWHUHVWV� WKURXJK D KLHUDUFK\ QDYLJDWLRQ SURF�

HVV� 7KLV DSSURDFK VXIIHUV WKRXJK IURP D QXPEHU RI SUREOHPV� 7KH PDQXDO FUHDWLRQ

DQG PDLQWHQDQFH RI WKH :HE GLUHFWRULHV OHDGV WR OLPLWHG FRYHUDJH RI WKH WRSLFV WKDW DUH

FRQWDLQHG LQ WKRVH GLUHFWRULHV� VLQFH WKHUH DUH PLOOLRQV RI :HE SDJHV DQG WKH UDWH RI



H[SDQVLRQ LV YHU\ KLJK� ,Q DGGLWLRQ� WKH VL]H DQG FRPSOH[LW\ RI WKH GLUHFWRULHV LV FDQ�

FHOLQJ RXW DQ\ JDLQV WKDW ZHUH H[SHFWHG ZLWK UHVSHFW WR WKH LQIRUPDWLRQ RYHUORDG SURE�

OHP� L�H�� LW LV RIWHQ GLIILFXOW IRU D SDUWLFXODU XVHU WR QDYLJDWH WR LQWHUHVWLQJ LQIRUPDWLRQ�

$Q DOWHUQDWLYH VROXWLRQ LV WKH SHUVRQDOL]DWLRQ RI WKH VHUYLFHV RQ WKH :HE� :HE 3HU�

VRQDOL]DWLRQ >��@ IRFXVHV RQ WKH DGDSWDELOLW\ RI :HE�EDVHG LQIRUPDWLRQ V\VWHPV WR WKH

QHHGV DQG LQWHUHVWV RI LQGLYLGXDOV RU JURXSV RI XVHUV DQG DLPV WR PDNH WKH :HE D

IULHQGOLHU HQYLURQPHQW� 7\SLFDOO\� D SHUVRQDOL]HG :HE VLWH UHFRJQL]HV LWV XVHUV� FRO�

OHFWV LQIRUPDWLRQ DERXW WKHLU SUHIHUHQFHV DQG DGDSWV LWV VHUYLFHV� LQ RUGHU WR PDWFK WKH

XVHUV¶ QHHGV� $ PDMRU REVWDFOH WRZDUGV UHDOL]LQJ :HE SHUVRQDOL]DWLRQ LV WKH DFTXLVL�

WLRQ RI DFFXUDWH DQG RSHUDWLRQDO PRGHOV IRU WKH XVHUV� 5HOLDQFH WR PDQXDO FUHDWLRQ RI

WKHVH PRGHOV� HLWKHU E\ WKH XVHUV RU E\ GRPDLQ H[SHUWV� LV LQDGHTXDWH IRU YDULRXV UHD�

VRQV� DPRQJ ZKLFK WKH DQQR\DQFH RI WKH XVHUV DQG WKH GLIILFXOW\ RI YHULI\LQJ DQG

PDLQWDLQLQJ WKH UHVXOWLQJ PRGHOV� $Q DOWHUQDWLYH DSSURDFK LV WKDW RI :HE 8VDJH 0LQ�

LQJ >��@� ZKLFK XVHV GDWD PLQLQJ PHWKRGV WR FUHDWH PRGHOV� EDVHG RQ WKH DQDO\VLV RI

XVDJH GDWD� L�H�� UHFRUGV RI KRZ D VHUYLFH RQ WKH :HE LV XVHG� :HE XVDJH PLQLQJ SUR�

YLGHV D PHWKRGRORJ\ IRU WKH FROOHFWLRQ DQG SUHSURFHVVLQJ RI XVDJH GDWD� DQG WKH FRQ�

VWUXFWLRQ RI PRGHOV UHSUHVHQWLQJ WKH EHKDYLRU DQG WKH LQWHUHVWV RI XVHUV >��@�

,Q WKLV SDSHU� ZH SURSRVH D VROXWLRQ WR WKH SUREOHP RI LQIRUPDWLRQ RYHUORDG� E\

FRPELQLQJ WKH VWUHQJWKV RI :HE 'LUHFWRULHV DQG :HE 3HUVRQDOL]DWLRQ� LQ RUGHU WR

DGGUHVV VRPH RI WKH DERYH�PHQWLRQHG LVVXHV� ,Q SDUWLFXODU ZH IRFXV RQ WKH FRQVWUXF�

WLRQ RI XVDEOH :HE GLUHFWRULHV WKDW FRUUHVSRQG WR WKH LQWHUHVWV RI JURXSV RI XVHUV�

NQRZQ DV XVHU FRPPXQLWLHV� 7KH FRQVWUXFWLRQ RI XVHU FRPPXQLW\ PRGHOV ZLWK WKH DLG

RI :HE 8VDJH 0LQLQJ KDV VR IDU RQO\ EHHQ VWXGLHG LQ WKH FRQWH[W RI VSHFLILF :HE VLWHV

>��@� 7KLV DSSURDFK LV H[WHQGHG KHUH WR D PXFK ODUJHU SRUWLRQ RI WKH :HE� WKURXJK WKH

DQDO\VLV RI XVDJH GDWD FROOHFWHG E\ WKH SUR[\ VHUYHUV RI DQ ,QWHUQHW 6HUYLFH 3URYLGHU

�,63�� 7KH ILQDO JRDO LV WKH FRQVWUXFWLRQ RI FRPPXQLW\�VSHFLILF :HE 'LUHFWRULHV� :HE

&RPPXQLW\ 'LUHFWRULHV FDQ EH HPSOR\HG E\ YDULRXV VHUYLFHV RQ WKH :HE� VXFK DV

:HE SRUWDOV� LQ RUGHU WR RIIHU WKHLU VXEVFULEHUV D PRUH SHUVRQDOL]HG YLHZ RI WKH :HE�

7KH PHPEHUV RI D FRPPXQLW\ FDQ XVH WKH FRPPXQLW\ GLUHFWRU\ DV D VWDUWLQJ SRLQW IRU

QDYLJDWLQJ WKH :HE� EDVHG RQ WKH WRSLFV WKDW WKH\ DUH LQWHUHVWHG LQ� ZLWKRXW WKH UH�

TXLUHPHQW RI DFFHVVLQJ YDVW :HE GLUHFWRULHV� ,Q WKLV PDQQHU� WKH LQIRUPDWLRQ RYHUORDG

LV UHGXFHG� ZKLOH DW WKH VDPH WLPH WKH VHUYLFH RIIHUV DGGHG YDOXH WR LWV FXVWRPHUV�

7KH FRQVWUXFWLRQ RI FRPPXQLW\ GLUHFWRULHV ZLWK XVDJH PLQLQJ UDLVHV D QXPEHU RI

LQWHUHVWLQJ UHVHDUFK LVVXHV� ZKLFK DUH DGGUHVVHG LQ WKLV SDSHU� 7KH ILUVW FKDOOHQJH LV WKH

DQDO\VLV RI ODUJH GDWDVHWV LQ RUGHU WR LGHQWLI\ FRPPXQLW\ EHKDYLRU� ,Q DGGLWLRQ WR WKH

KHDY\ WUDIILF H[SHFWHG DW D FHQWUDO QRGH� VXFK DV DQ ,63� D SHFXOLDULW\ RI WKH GDWD LV WKDW

WKH\ GR QRW FRUUHVSRQG WR KLWV ZLWKLQ WKH ERXQGDULHV RI D VLWH� EXW UHFRUG RXWJRLQJ

WUDIILF WR WKH ZKROH RI WKH :HE� 7KLV IDFW OHDGV WR WKH LQFUHDVHG GLPHQVLRQDOLW\ DQG WKH

VHPDQWLF LQFRKHUHQFH RI WKH GDWD� L�H�� WKH :HE SDJHV WKDW KDYH EHHQ DFFHVVHG� ,Q

RUGHU WR DGGUHVV WKHVH LVVXHV ZH FUHDWH D WKHPDWLF KLHUDUFK\ RI WKH :HE SDJHV E\ H[�

DPLQLQJ WKHLU FRQWHQW� DQG DVVLJQ WKH :HE SDJHV WR WKH FDWHJRULHV RI WKLV KLHUDUFK\� $Q

DJJORPHUDWLYH FOXVWHULQJ DSSURDFK LV XVHG WR FRQVWUXFW WKH KLHUDUFK\ ZLWK QRGHV UHSUH�

VHQWLQJ FRQWHQW FDWHJRULHV� $ FRPPXQLW\ FRQVWUXFWLRQ PHWKRG WKHQ H[SORLWV WKH FRQ�

VWUXFWHG KLHUDUFK\ DQG VSHFLDOL]HV LW WR WKH LQWHUHVWV RI SDUWLFXODU FRPPXQLWLHV� 7KH

EDVLF GDWD PLQLQJ DOJRULWKP WKDW KDV EHHQ GHYHORSHG IRU WKDW SXUSRVH� WKH &RPPXQLW\

'LUHFWRU\ 0LQHU �&'0�� LV DQ H[WHQVLRQ RI WKH FOXVWHU PLQLQJ DOJRULWKP� ZKLFK KDV



EHHQ XVHG IRU WKH FRQVWUXFWLRQ RI VLWH�VSHFLILF FRPPXQLWLHV LQ SUHYLRXV ZRUN >��@� 7KH

QHZ PHWKRG SURSRVHG KHUH LV DEOH WR DVFHQG DQ H[LVWLQJ GLUHFWRU\ LQ RUGHU WR DUULYH DW

D VXLWDEOH OHYHO RI VHPDQWLF FKDUDFWHUL]DWLRQ RI WKH LQWHUHVWV RI D SDUWLFXODU FRPPXQLW\�

7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � SUHVHQWV H[LVWLQJ DS�

SURDFKHV WR :HE SHUVRQDOL]DWLRQ ZLWK XVDJH PLQLQJ PHWKRGV WKDW DUH UHODWHG WR WKH

ZRUN SUHVHQWHG KHUH� 6HFWLRQ � SUHVHQWV LQ GHWDLO RXU PHWKRGRORJ\ IRU WKH FRQVWUXFWLRQ

RI :HE FRPPXQLW\ GLUHFWRULHV� 6HFWLRQ � SURYLGHV UHVXOWV RI WKH DSSOLFDWLRQ RI WKH

PHWKRGRORJ\ WR WKH XVDJH GDWD RI DQ ,63� )LQDOO\ VHFWLRQ � VXPPDUL]HV WKH PRVW LQWHU�

HVWLQJ FRQFOXVLRQV RI WKLV ZRUN DQG SUHVHQWV SURPLVLQJ SDWKV IRU IXWXUH UHVHDUFK�

� 5HODWHG :RUN

,Q UHFHQW \HDUV� WKH H[SORLWDWLRQ RI XVDJH PLQLQJ PHWKRGV IRU :HE SHUVRQDOL]DWLRQ KDV

DWWUDFWHG FRQVLGHUDEOH DWWHQWLRQ DQG D QXPEHU RI V\VWHPV XVH LQIRUPDWLRQ IURP :HE

VHUYHU ORJ ILOHV WR FRQVWUXFW XVHU PRGHOV WKDW UHSUHVHQW WKH EHKDYLRU RI WKH XVHUV� 7KHLU

GLIIHUHQFHV DUH LQ WKH PHWKRG WKDW WKH\ HPSOR\ IRU WKH FRQVWUXFWLRQ RI XVHU PRGHOV� DV

ZHOO DV LQ WKH ZD\ WKDW WKLV NQRZOHGJH� L�H�� WKH PRGHOV� LV H[SORLWHG� &OXVWHULQJ PHWK�

RGV� H�J� >�@� >��@ DQG >��@� FODVVLILFDWLRQ PHWKRGV� H�J� >��@� DQG VHTXHQWLDO SDWWHUQ

GLVFRYHU\� H�J� >��@� KDYH EHHQ HPSOR\HG WR FUHDWH XVHU PRGHOV� 7KHVH PRGHOV DUH

VXEVHTXHQWO\ XVHG WR FXVWRPL]H WKH :HE VLWH DQG UHFRPPHQG OLQNV WR IROORZ� 8VDJH

GDWD KDV DOVR EHHQ FRPELQHG ZLWK WKH FRQWHQW RI :HE SDJHV LQ >��@� ,Q WKLV DSSURDFK

FRQWHQW SURILOHV DUH FUHDWHG XVLQJ FOXVWHULQJ WHFKQLTXHV� &RQWHQW SURILOHV UHSUHVHQW WKH

XVHUV
 LQWHUHVWV IRU DFFHVVHG SDJHV ZLWK VLPLODU FRQWHQW DQG DUH FRPELQHG ZLWK XVDJH

SURILOHV WR VXSSRUW WKH UHFRPPHQGDWLRQ SURFHVV� $ VLPLODU DSSURDFK LV SUHVHQWHG LQ

>�@� &RQWHQW DQG XVDJH GDWD DUH DJJUHJDWHG DQG FOXVWHULQJ PHWKRGV DUH HPSOR\HG IRU

WKH FUHDWLRQ RI ULFKHU XVHU SURILOHV� ,Q >�@� :HE FRQWHQW GDWD DUH FOXVWHUHG IRU WKH FDWH�

JRUL]DWLRQ RI WKH :HE SDJHV WKDW DUH DFFHVVHG E\ XVHUV� 7KHVH FDWHJRULHV DUH VXEVH�

TXHQWO\ XVHG WR FODVVLI\ :HE XVDJH GDWD�

3HUVRQDOL]HG :HE GLUHFWRULHV� RQ WKH RWKHU KDQG� DUH PDLQO\ DVVRFLDWHG ZLWK VHU�

YLFHV VXFK DV <DKRR� >��@ DQG ([FLWH >�@� ZKLFK VXSSRUW PDQXDO SHUVRQDOL]DWLRQ E\

WKH XVHU� $Q LQLWLDO DSSURDFK WR DXWRPDWH WKLV SURFHVV� ZLWK WKH DLG RI XVDJH PLQLQJ

PHWKRGV� LV WKH 0RQWDJH V\VWHP >�@� 7KLV V\VWHP LV XVHG WR FUHDWH SHUVRQDOL]HG SRU�

WDOV� FRQVLVWLQJ SULPDULO\ RI OLQNV WR WKH :HE SDJHV WKDW D SDUWLFXODU XVHU KDV YLVLWHG�

RUJDQL]HG LQWR WKHPDWLF FDWHJRULHV DFFRUGLQJ WR WKH 2'3 GLUHFWRU\� )RU WKH FRQVWUXF�

WLRQ RI WKH XVHU PRGHO D QXPEHU RI KHXULVWLF PHWULFV DUH XVHG� VXFK DV WKH LQWHUHVW LQ D

SDJH RU D WRSLF� WKH SUREDELOLW\ RI UHYLVLWLQJ D SDJH� HWF� $Q DOWHUQDWLYH DSSURDFK LV WKH

FRQVWUXFWLRQ RI D GLUHFWRU\ RI XVHIXO OLQNV �ERRNPDUNV� IRU DQ LQGLYLGXDO XVHU� DV

DGRSWHG E\ WKH 3RZHU%RRNPDUNV V\VWHP >�@� 7KH V\VWHP FROOHFWV �ERRNPDUN� LQIRU�

PDWLRQ IRU D SDUWLFXODU XVHU� VXFK DV IUHTXHQWO\ YLVLWHG SDJHV� TXHU\ UHVXOWV IURP D

VHDUFK HQJLQH� HWF� 7H[W FODVVLILFDWLRQ WHFKQLTXHV DUH XVHG IRU WKH DVVLJQPHQW RI ODEHOV

WR :HE SDJHV� $Q LPSRUWDQW LVVXH UHJDUGLQJ WKHVH PHWKRGV LV WKH VFDODELOLW\ RI WKH

FODVVLILFDWLRQ PHWKRGV WKDW WKH\ XVH� 7KHVH PHWKRGV PD\ EH VXLWDEOH IRU FRQVWUXFWLQJ

PRGHOV RI ZKDW D VLQJOH XVHU XVXDOO\ YLHZV� EXW WKHLU H[WHQGLELOLW\ WR DJJUHJDWH XVHU

PRGHOV LV TXHVWLRQDEOH� )XUWKHUPRUH� WKH UHTXLUHPHQW IRU D VPDOO VHW RI SUHGHILQHG

FODVVHV FRPSOLFDWHV WKH FRQVWUXFWLRQ RI ULFK KLHUDUFKLFDO PRGHOV�



,Q FRQWUDVW WR H[LVWLQJ ZRUN� WKLV SDSHU SURSRVHV D QRYHO PHWKRGRORJ\ IRU WKH FRQ�

VWUXFWLRQ RI :HE GLUHFWRULHV DFFRUGLQJ WR WKH SUHIHUHQFHV RI XVHU FRPPXQLWLHV� E\

FRPELQLQJ GRFXPHQW FOXVWHULQJ DQG XVDJH PLQLQJ WHFKQLTXHV� $ KLHUDUFKLFDO FOXVWHU�

LQJ PHWKRG LV HPSOR\HG IRU GRFXPHQW FOXVWHULQJ XVLQJ WKH FRQWHQW RI WKH :HE SDJHV�

6XEVHTXHQWO\� WKH KLHUDUFK\ RI GRFXPHQW FDWHJRULHV LV H[SORLWHG E\ WKH :HE XVDJH

PLQLQJ SURFHVV DQG WKH FRPSOHWH SDWKV RI WKLV KLHUDUFK\ DUH XVHG IRU WKH FRQVWUXFWLRQ

RI :HE FRPPXQLW\ GLUHFWRULHV� 7KLV DSSURDFK GLIIHUV IURP WKH UHODWHG ZRUN PHQWLRQHG

DERYH� ZKHUH WKH FRQWHQW RI WKH :HE SDJHV LV FOXVWHUHG LQ RUGHU WR HLWKHU HQKDQFH WKH

XVHU SURILOHV RU WR DVVLJQ :HE XVDJH GDWD WR FRQWHQW FDWHJRULHV�

7KH FRPPXQLW\ PRGHOV DUH DJJUHJDWH XVHU PRGHOV� FRQVWUXFWHG ZLWK WKH XVH RI D

VLPSOH FOXVWHU PLQLQJ PHWKRG� ZKLFK KDV EHHQ H[WHQGHG WR DVFHQG D FRQFHSW KLHUDUFK\�

VXFK DV D :HE GLUHFWRU\� DQG VSHFLDOL]H LW WR WKH SUHIHUHQFHV RI WKH FRPPXQLW\� 7KH

FRQVWUXFWLRQ RI WKH FRPPXQLWLHV LV EDVHG RQ XVDJH GDWD FROOHFWHG E\ WKH SUR[\ VHUYHUV

RI DQ ,QWHUQHW 6HUYLFH 3URYLGHU �,63�� ZKLFK LV DOVR D WDVN WKDW KDV QRW EHHQ DGGUHVVHG

DGHTXDWHO\ LQ WKH OLWHUDWXUH� 7KLV W\SH RI GDWD KDV D QXPEHU RI SHFXOLDULWLHV� VXFK DV LWV

ODUJH YROXPH DQG LWV VHPDQWLF GLYHUVLW\� DV LW UHFRUGV WKH QDYLJDWLRQDO EHKDYLRU RI WKH

XVHUV WKURXJKRXW WKH :HE� UDWKHU WKDQ ZLWKLQ D SDUWLFXODU :HE VLWH� 7KH PHWKRGRORJ\

SUHVHQWHG KHUH DGGUHVVHV WKHVH LVVXHV DQG SURSRVHV D QHZ ZD\ RI H[SORLWLQJ WKH H[�

WUDFWHG NQRZOHGJH� ,QVWHDG RI OLQN UHFRPPHQGDWLRQ RU VLWH FXVWRPL]DWLRQ� LW IRFXVHV RQ

WKH FRQVWUXFWLRQ RI :HE FRPPXQLW\ GLUHFWRULHV� DV D QHZ ZD\ RI SHUVRQDOL]LQJ VHU�

YLFHV RQ WKH :HE�

� &RQVWUXFWLQJ :HE FRPPXQLW\ 'LUHFWRULHV

7KH FRQVWUXFWLRQ RI :HE FRPPXQLW\ GLUHFWRULHV LV VHHQ KHUH DV WKH HQG UHVXOW RI D

XVDJH PLQLQJ SURFHVV RQ GDWD FROOHFWHG DW WKH SUR[\ VHUYHUV RI D FHQWUDO VHUYLFH RQ WKH

:HE� 7KLV SURFHVV FRQVLVWV RI WKH IROORZLQJ VWHSV�

• Data Collection and Preprocessing, comprising the collection and cleaning of the 
data, their characterization using the content of the Web pages, and the identifica-
tion of user sessions. Note that this step involves a separate data mining process for 
the discovery of content categories and the characterization of the pages. 

• Pattern Discovery, comprising the extraction of user communities from the data 
with a suitably extended cluster mining technique, which is able to ascend a the-
matic hierarchy, in order to discover interesting patterns.  

• Knowledge Post-Processing, comprising the translation of community models 
into Web community directories and their evaluation. 

$Q DUFKLWHFWXUDO RYHUYLHZ RI WKH GLVFRYHU\ SURFHVV LV JLYHQ LQ )LJXUH �� DQG GHVFULEHG

LQ WKH IROORZLQJ VHFWLRQV�

��� 'DWD &ROOHFWLRQ DQG 3UHSURFHVVLQJ

7KH XVDJH GDWD WKDW IRUP WKH EDVLV IRU WKH FRQVWUXFWLRQ RI WKH FRPPXQLWLHV DUH FRO�

OHFWHG LQ WKH DFFHVV ORJ ILOHV RI SUR[\ VHUYHUV� H�J� ,63 FDFKH SUR[\ VHUYHUV� 7KHVH GDWD

UHFRUG WKH QDYLJDWLRQ RI WKH VXEVFULEHUV WKURXJK WKH :HE� 1R UHFRUG RI WKH XVHU¶V

LGHQWLILFDWLRQ LV EHLQJ XVHG� LQ RUGHU WR DYRLG SULYDF\ YLRODWLRQV� +RZHYHU� WKH GDWD



FROOHFWHG LQ WKH ORJV DUH XVXDOO\ GLYHUVH DQG YROXPLQRXV� 7KH RXWJRLQJ WUDIILF LV PXFK

KLJKHU WKDQ WKH XVXDO LQFRPLQJ WUDIILF RI D :HE VLWH DQG WKH YLVLWHG SDJHV OHVV FRKHUHQW

VHPDQWLFDOO\� 7KH WDVN RI GDWD SUHSURFHVVLQJ LV WR DVVHPEOH WKHVH GDWD LQWR D FRQVLV�

WHQW� LQWHJUDWHG DQG FRPSUHKHQVLYH YLHZ� LQ RUGHU WR EH XVHG IRU SDWWHUQ GLVFRYHU\�

7KH ILUVW VWDJH RI GDWD SUHSURFHVVLQJ LQYROYHV GDWD FOHDQLQJ� 7KH DLP LV WR UHPRYH

DV PXFK QRLVH IURP WKH GDWD DV SRVVLEOH� LQ RUGHU WR NHHS RQO\ WKH :HE SDJHV WKDW DUH

GLUHFWO\ UHODWHG WR WKH XVHU EHKDYLRU� 7KLV LQYROYHV WKH ILOWHULQJ RI WKH ORJ ILOHV WR UH�

PRYH GDWD WKDW DUH GRZQORDGHG ZLWKRXW D XVHU H[SOLFLWO\ UHTXHVWLQJ WKHP� VXFK DV

PXOWLPHGLD FRQWHQW� DGYHUWLVHPHQWV� :HE FRXQWHUV� HWF� 5HFRUGV ZLWK +773 HUURU

FRGHV WKDW FRUUHVSRQG WR EDG UHTXHVWV� RU XQDXWKRUL]HG DFFHVVHV DUH DOVR UHPRYHG�

7KH VHFRQG VWDJH RI GDWD SUHSURFHVVLQJ LQYROYHV WKH WKHPDWLF FDWHJRUL]DWLRQ RI

:HE SDJHV� WKXV UHGXFLQJ WKH GLPHQVLRQDOLW\ DQG WKH VHPDQWLF GLYHUVLW\ RI GDWD� 7\SL�

FDOO\� :HE SDJH FDWHJRUL]DWLRQ DSSURDFKHV� H�J� >�@ DQG >�@� XVH WH[W FODVVLILFDWLRQ

PHWKRGV WR FRQVWUXFW PRGHOV IRU D VPDOO QXPEHU RI NQRZQ WKHPDWLF FDWHJRULHV RI D

:HE GLUHFWRU\� VXFK DV WKDW RI <DKRR�� 7KHVH PRGHOV DUH WKHQ XVHG WR DVVLJQ HDFK

YLVLWHG SDJH WR D FDWHJRU\� 7KH OLPLWDWLRQ RI WKLV DSSURDFK ZLWK UHVSHFW WR WKH PHWKRG�

RORJ\ SURSRVHG KHUH� LV WKDW LW LV EDVHG RQ D GDWDVHW IRU WUDLQLQJ WKH FODVVLILHUV� ZKLFK LV

XVXDOO\ OLPLWHG LQ VFRSH� L�H�� FRYHUV RQO\ SDUW RI WKH GLUHFWRU\� )XUWKHUPRUH� D PDQX�

DOO\�FRQVWUXFWHG :HE GLUHFWRU\ LV UHTXLUHG� VXIIHULQJ IURP ORZ FRYHUDJH RI WKH :HE�

,Q FRQWUDVW WR WKLV DSSURDFK� ZH EXLOG D WD[RQRP\ RI :HE SDJHV LQFOXGHG LQ WKH ORJ

ILOHV� 7KLV LV UHDOL]HG E\ D GRFXPHQW FOXVWHULQJ DSSURDFK� ZKLFK LV EDVHG RQ WHUPV WKDW

DUH IUHTXHQWO\ HQFRXQWHUHG LQ WKH :HE SDJHV� (DFK :HE SDJH LV UHSUHVHQWHG E\ D

)LJ� �� 7KH SURFHVV RI FRQVWUXFWLQJ :HE &RPPXQLW\ 'LUHFWRULHV�

:::

8VHU &RPPXQLWLHV

3UR[\ 6HUYHU

3DWWHUQ 'LVFRYHU\

:HE &RPPXQLW\

'LUHFWRU\
3DJH &DWHJRULHV

/RJV

/RJV

SD

'DWD &ROOHFWLRQ

	

3UHSURFHVVLQJ

+LHUDUFKLFDO

'RFXPHQW

&OXVWHULQJ



ELQDU\ IHDWXUH YHFWRU� ZKHUH HDFK IHDWXUH HQFRGHV WKH SUHVHQFH RI D SDUWLFXODU WHUP LQ

WKH GRFXPHQW� $ KLHUDUFKLFDO DJJORPHUDWLYH DSSURDFK >��@ LV HPSOR\HG IRU GRFXPHQW

FOXVWHULQJ� 7KH QRGHV RI WKH UHVXOWLQJ KLHUDUFK\ UHSUHVHQW FOXVWHUV RI :HE SDJHV WKDW

IRUP WKHPDWLF FDWHJRULHV� %\ H[SORLWLQJ WKLV WD[RQRP\� D PDSSLQJ FDQ EH REWDLQHG

EHWZHHQ WKH :HE SDJHV DQG WKH FDWHJRULHV WKDW HDFK SDJH LV DVVLJQHG WR� 0RUHRYHU�

WKH PRVW LPSRUWDQW WHUPV IRU HDFK FDWHJRU\ FDQ EH H[WUDFWHG� DQG EH XVHG IRU GHVFULS�

WLYH ODEHOLQJ RI WKH FDWHJRU\� )RU WKH VDNH RI EUHYLW\ ZH FKRRVH WR ODEHO HDFK FDWHJRU\

XVLQJ D QXPHULF FRGLQJ VFKHPH� UHSUHVHQWLQJ WKH SDWK IURP WKH URRW WR WKH FDWHJRU\

QRGH� H�J� ���������� ZKHUH ��� FRUUHVSRQGV WR WKH URRW RI WKH WUHH�

7KLV GRFXPHQW FOXVWHULQJ DSSURDFK KDV WKH IROORZLQJ DGYDQWDJHV� ILUVW D KLHUDUFKL�

FDO FODVVLILFDWLRQ RI :HE GRFXPHQWV LV FRQVWUXFWHG ZLWKRXW DQ\ KXPDQ H[SHUW

LQWHUYHQWLRQ RU RWKHU H[WHUQDO NQRZOHGJH� VHFRQG WKH GLPHQVLRQDOLW\ RI WKH VSDFH LV

VLJQLILFDQWO\ UHGXFHG VLQFH ZH DUH QRZ H[DPLQLQJ WKH SDJH FDWHJRULHV LQVWHDG RI WKH

SDJHV WKHPVHOYHV� DQG WKLUG WKH WKHPDWLF FDWHJRUL]DWLRQ LV GLUHFWO\ UHODWHG WR WKH SUHI�

HUHQFHV DQG LQWHUHVWV RI WKH XVHUV� L�H� WKH SDJHV WKH\ KDYH FKRVHQ WR YLVLW�

7KH WKLUG VWDJH RI SUHSURFHVVLQJ LQYROYHV WKH H[WUDFWLRQ RI DFFHVV VHVVLRQV� $Q DF�

FHVV VHVVLRQ LV D VHTXHQFH RI ORJ HQWULHV� L�H�� DFFHVVHV WR :HE SDJHV E\ WKH VDPH ,3

DGGUHVV� ZKHUH WKH WLPH LQWHUYDO EHWZHHQ WZR VXEVHTXHQW HQWULHV GRHV QRW H[FHHG D

FHUWDLQ WLPH LQWHUYDO� ,Q RXU DSSURDFK� SDJHV DUH PDSSHG RQWR WKHPDWLF FDWHJRULHV DQG

WKHUHIRUH DQ DFFHVV VHVVLRQ LV WUDQVODWHG LQWR D VHTXHQFH RI FDWHJRULHV� $FFHVV VHVVLRQV

DUH WKH PDLQ LQSXW WR WKH SDWWHUQ GLVFRYHU\ SKDVH� DQG DUH H[WUDFWHG DV IROORZV�

�� *URXSLQJ WKH ORJV E\ GDWH DQG ,3 DGGUHVV�

�� 6HOHFWLQJ D WLPH�IUDPH ZLWKLQ ZKLFK WZR UHFRUGV IURP WKH VDPH ,3 DGGUHVV FDQ EH

FRQVLGHUHG WR EHORQJ LQ WKH VDPH DFFHVV VHVVLRQ�

�� *URXSLQJ WKH :HE SDJHV �WKHPDWLF FDWHJRULHV� DFFHVVHG E\ WKH VDPH ,3 DGGUHVV

ZLWKLQ WKH VHOHFWHG WLPH�IUDPH WR IRUP D VHVVLRQ�

)LQDOO\� DFFHVV VHVVLRQV DUH WUDQVODWHG LQWR ELQDU\ IHDWXUH YHFWRUV� (DFK IHDWXUH LQ

WKH YHFWRU UHSUHVHQWV WKH SUHVHQFH RI D FDWHJRU\ LQ WKDW VHVVLRQ�

��� ([WUDFWLRQ RI :HE &RPPXQLWLHV

2QFH WKH GDWD KDYH EHHQ WUDQVODWHG LQWR IHDWXUH YHFWRUV� WKH\ DUH XVHG WR GLVFRYHU

SDWWHUQV RI LQWHUHVW� LQ WKH IRUP RI FRPPXQLW\ PRGHOV� 7KLV LV GRQH E\ WKH &RPPXQLW\

'LUHFWRU\ 0LQHU �&'0�� DQ HQKDQFHG YHUVLRQ RI WKH FOXVWHU PLQLQJ DOJRULWKP� 7KLV

DSSURDFK LV EDVHG RQ WKH ZRUN SUHVHQWHG LQ >��@ IRU VLWH�VSHFLILF FRPPXQLWLHV�

&OXVWHU PLQLQJ GLVFRYHUV SDWWHUQV RI FRPPRQ EHKDYLRU E\ ORRNLQJ IRU DOO PD[LPDO

IXOO\�FRQQHFWHG VXEJUDSKV �FOLTXHV� RI D JUDSK WKDW UHSUHVHQWV WKH XVHUV¶ FKDUDFWHULVWLF

IHDWXUHV� L�H�� WKHPDWLF FDWHJRULHV LQ RXU FDVH� 7KH PHWKRG VWDUWV E\ FRQVWUXFWLQJ D

ZHLJKWHG JUDSK *�$�(�:$�:(�� 7KH VHW RI YHUWLFHV $ FRUUHVSRQGV WR WKH GHVFULSWLYH

IHDWXUHV XVHG LQ WKH LQSXW GDWD� 7KH VHW RI HGJHV ( FRUUHVSRQGV WR IHDWXUH FR�

RFFXUUHQFH DV REVHUYHG LQ WKH GDWD� )RU LQVWDQFH� LI WKH XVHU YLVLWV SDJHV EHORQJLQJ WR

FDWHJRULHV ������� DQG ������� DQ HGJH LV FUHDWHG EHWZHHQ WKH UHOHYDQW YHUWLFHV� 7KH

ZHLJKWV RQ WKH YHUWLFHV :$ DQG WKH HGJHV :( DUH FRPSXWHG DV WKH IHDWXUH RFFXUUHQFH

DQG FR�RFFXUUHQFH IUHTXHQFLHV UHVSHFWLYHO\�

)LJXUH � VKRZV DQ H[DPSOH RI VXFK D JUDSK� 7KH FRQQHFWLYLW\ RI WKH JUDSK LV XVX�

DOO\ YHU\ KLJK� )RU WKLV UHDVRQ ZH PDNH XVH RI D FRQQHFWLYLW\ WKUHVKROG DLPLQJ WR UH�



GXFH WKH HGJHV RI WKH JUDSK� 7KLV WKUHVKROG LV UHODWHG WR WKH IUHTXHQF\ RI WKH WKHPDWLF

FDWHJRULHV LQ WKH GDWD� ,Q RXU H[DPSOH LQ )LJXUH �� LI WKH WKUHVKROG LV ���� WKH HGJH

��������� �������� LV GURSSHG� 2QFH� WKH FRQQHFWLYLW\ RI WKH JUDSK KDV EHHQ UHGXFHG� DOO

PD[LPDO FOLTXHV RI WKH JUDSK DUH JHQHUDWHG� HDFK RQH FRUUHVSRQGLQJ WR D FRPPXQLW\

PRGHO� 2QH LPSRUWDQW DGYDQWDJH RI WKLV DSSURDFK LV WKDW HDFK XVHU PD\ EH DVVLJQHG WR

PDQ\ FRPPXQLWLHV� XQOLNH PRVW XVHU FOXVWHULQJ PHWKRGV�

&'0 HQKDQFHV FOXVWHU PLQLQJ VR DV WR EH DEOH WR DVFHQG D KLHUDUFK\ RI WRSLF FDWH�

JRULHV� 7KLV LV DFKLHYHG E\ XSGDWLQJ WKH ZHLJKWV RI WKH YHUWLFHV DQG WKH QRGHV LQ WKH

JUDSK� ,QLWLDOO\� HDFK FDWHJRU\ LV PDSSHG RQWR D VHW RI FDWHJRULHV� FRUUHVSRQGLQJ WR LWV

SDUHQW DQG JUDQGSDUHQWV LQ WKH WKHPDWLF KLHUDUFK\� 7KXV� WKH FDWHJRU\

���������������� LV DOVR PDSSHG RQWR WKH IROORZLQJ FDWHJRULHV� ���� ������ ���������

������������� 7KH IUHTXHQF\ RI HDFK RI WKHVH FDWHJRULHV LV LQFUHDVHG E\ WKH IUHTXHQF\

RI WKH LQLWLDO FKLOG FDWHJRU\� 7KXV� WKH IUHTXHQF\ RI HDFK FDWHJRU\ FRUUHVSRQGV WR LWV

RZQ RULJLQDO IUHTXHQF\� SOXV WKH IUHTXHQF\ RI LWV FKLOGUHQ� 7KH XQGHUO\LQJ DVVXPSWLRQ

IRU WKH XSGDWH RI WKH ZHLJKWV LV WKDW LI D FHUWDLQ FDWHJRU\ H[LVWV LQ WKH GDWD� WKHQ LWV

SDUHQW FDWHJRULHV VKRXOG DOVR EH H[DPLQHG IRU WKH FRQVWUXFWLRQ RI WKH FRPPXQLW\

PRGHO� ,Q WKLV PDQQHU� HYHQ LI D FDWHJRU\ �RU D SDLU RI FDWHJRULHV� KDYH D ORZ RFFXU�

UHQFH �FR�RFFXUUHQFH� IUHTXHQF\� WKHLU SDUHQWV PD\ KDYH D VXIILFLHQWO\ KLJK IUHTXHQF\

WR EH LQFOXGHG LQ D FRPPXQLW\ PRGHO� 7KLV HQKDQFHPHQW DOORZV WKH DOJRULWKP WR VWDUW

IURP D SDUWLFXODU FDWHJRU\ DQG DVFHQG WKH WRSLF KLHUDUFK\ DFFRUGLQJO\� 7KH UHVXOW LV WKH

FRQVWUXFWLRQ RI D WRSLF WUHH� HYHQ LI RQO\ D IHZ QRGHV RI WKH WUHH H[LVW LQ WKH XVDJH GDWD�

7KH &'0 DOJRULWKP FDQ EH VXPPDUL]HG LQ WKH IROORZLQJ VWHSV�

6WHS �� &RPSXWH IUHTXHQFLHV RI FDWHJRULHV WKDW FRUUHVSRQG WR WKH ZHLJKWV RI WKH YHU�

WLFHV� 0RUH IRUPDOO\� LI
ija LV WKH YDOXH RI D IHDWXUH L LQ WKH ELQDU\ IHDWXUH YHFWRU M� DQG

WKHUH DUH 1 YHFWRUV� WKH ZHLJKW RI ZL IRU WKDW YHUWLFH LV FDOFXODWHG DV IROORZV�
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)LJ� �� $Q H[DPSOH RI D JUDSK IRU FOXVWHU PLQLQJ�



6WHS �� &RPSXWH FR�RFFXUUHQFH IUHTXHQFLHV EHWZHHQ FDWHJRULHV WKDW FRUUHVSRQG WR

WKH ZHLJKWV RI WKH HGJHV� ,I j
ika LV D ELQDU\ LQGLFDWRU RI ZKHWKHU IHDWXUHV L DQG N FR�

RFFXU LQ YHFWRU M� WKHQ WKH ZHLJKW RI WKH HGJH ZLN LV FDOFXODWHG DV IROORZV�
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6WHS �� 8SGDWH WKH ZHLJKWV RI FDWHJRULHV� L�H� YHUWLFHV� E\ DGGLQJ WKH IUHTXHQFLHV RI

WKHLU FKLOGUHQ� 0RUH IRUPDOO\� LI ZS LV WKH ZHLJKW RI D SDUHQW YHUWH[ S DQG ZL LV WKH

ZHLJKW RI D FKLOG YHUWH[ L� WKH ILQDO ZHLJKW
pw′ RI WKH SDUHQW LV FRPSXWHG DV IROORZV�

���

This calculation is repeated recursively ascending the hierarchy of the Web directory. 
Similarly, the edge weights are updated, as all the parents and grandparents of the 
categories that co-occur in a session, are also assumed to co-occur.  

6WHS �� )LQG DOO WKH PD[LPDO FOLTXHV LQ WKH JUDSK RI FDWHJRULHV >�@�

��� 3RVW�3URFHVVLQJ DQG 0RGHO (YDOXDWLRQ

7KH GLVFRYHUHG SDWWHUQV DUH WRSLF WUHHV� UHSUHVHQWLQJ WKH FRPPXQLW\ PRGHOV� L�H�� EH�

KDYLRUDO SDWWHUQV WKDW RFFXU IUHTXHQWO\ LQ WKH GDWD� 7KHVH PRGHOV DUH GLUHFWO\ XVDEOH DV

:HE FRPPXQLW\ GLUHFWRULHV� DQG FDQ EH GHOLYHUHG E\ YDULRXV PHDQV WR WKH XVHUV RI D

FRPPXQLW\� $ SLFWRULDO YLHZ RI VXFK D GLUHFWRU\ LV VKRZQ LQ )LJXUH �� ZKHUH WKH FRP�

PXQLW\ GLUHFWRU\ LV ³VXSHULPSRVHG� RQWR WKH KLHUDUFK\ RI FDWHJRULHV� *UH\ ER[HV UHS�

UHVHQW WKH FDWHJRULHV WKDW EHORQJ WR D SDUWLFXODU FRPPXQLW\� ZKLOH ZKLWH ER[HV UHSUH�

VHQW WKH UHVW RI WKH FDWHJRULHV LQ WKH :HE GLUHFWRU\� (DFK FDWHJRU\ KDV EHHQ ODEHOHG

XVLQJ WKH PRVW IUHTXHQW WHUPV RI WKH :HE SDJHV WKDW EHORQJ WR WKLV FDWHJRU\� 7KH FDWH�

JRULHV �����´� ³�����´ DQG ³�����´ DSSHDU LQ WKH FRPPXQLW\ PRGHO� GXH WR WKH IUH�

TXHQF\ RI WKHLU FKLOGUHQ� )XUWKHUPRUH� VRPH RI WKHLU FKLOGUHQ� H�J� ³�������´ DQG

³�������´ �WKH VSRWWHG ER[HV� PD\ DOVR QRW EH VXIILFLHQWO\ IUHTXHQW WR DSSHDU LQ WKH

PRGHO� 1HYHUWKHOHVV� WKH\ IRUFH WKHLU SDUHQW FDWHJRU\� L�H�� ³�����´ LQWR WKH PRGHO�

∑+=′
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)LJ� �� $Q H[DPSOH RI D :HE FRPPXQLW\ GLUHFWRU\�



+DYLQJ JHQHUDWHG WKH FRPPXQLW\ PRGHOV� ZH QHHG WR GHFLGH RQ WKHLU GHVLUHG SURSHU�

WLHV� LQ RUGHU WR HYDOXDWH WKHP� )RU WKLV SXUSRVH� ZH XVH LGHDV IURP H[LVWLQJ ZRUN RQ

FRPPXQLW\ PRGHOLQJ DQG LQ SDUWLFXODU WKH PHDVXUH RI GLVWLQFWLYHQHVV >��@� :KHQ WKHUH

DUH RQO\ VPDOO GLIIHUHQFHV EHWZHHQ WKH PRGHOV� DFFRXQWLQJ IRU YDULDQWV RI WKH VDPH

FRPPXQLW\� WKH VHJPHQWDWLRQ RI XVHUV LQWR FRPPXQLWLHV LV QRW LQWHUHVWLQJ� 7KXV� ZH

DUH LQWHUHVWHG LQ FRPPXQLW\ PRGHOV WKDW DUH DV GLVWLQFW IURP HDFK RWKHU DV SRVVLEOH�

:H PHDVXUH WKH GLVWLQFWLYHQHVV RI D VHW RI PRGHOV 0 E\ WKH UDWLR EHWZHHQ WKH QXPEHU

RI GLVWLQFW FDWHJRULHV WKDW DUH FRYHUHG DQG WKH QXPEHU RI PRGHOV LQ 0� 7KXV� LI - WKH

QXPEHU RI PRGHOV LQ 0� $M WKH FDWHJRULHV XVHG LQ WKH M�WK PRGHO� DQG $’ WKH GLIIHUHQW

FDWHJRULHV DSSHDULQJ DW OHDVW LQ RQH PRGHO� GLVWLQFWLYHQHVV LV JLYHQ E\ HTXDWLRQ ��

.
||

'
)(

j
� jA

A
MenessDistinctiv =

���

7KH RSWLPL]DWLRQ RI GLVWLQFWLYHQHVV E\ D VHW RI FRPPXQLW\ PRGHOV LQGLFDWHV WKH SUHV�

HQFH RI XVHIXO NQRZOHGJH LQ WKH VHW� $GGLWLRQDOO\� WKH QXPEHU RI GLVWLQFW FDWHJRULHV $’
WKDW DUH XVHG LQ D VHW RI FRPPXQLW\ PRGHOV LV DOVR RI LQWHUHVW DV LW VKRZV WKH H[WHQW WR

ZKLFK WKHUH LV D IRFXV RQ D VXEVHW RI FDWHJRULHV E\ WKH XVHUV� 7KHVH WZR PHDVXUHV DUH

XVHG LQ WKH H[SHULPHQWDO UHVXOWV SUHVHQWHG LQ WKH IROORZLQJ VHFWLRQ�

�� ([SHULPHQWDO 5HVXOWV

7KH PHWKRGRORJ\ LQWURGXFHG LQ WKLV SDSHU IRU WKH FRQVWUXFWLRQ RI :HE FRPPXQLW\

GLUHFWRULHV KDV EHHQ WHVWHG LQ WKH FRQWH[W RI D UHVHDUFK SURMHFW� ZKLFK IRFXVHV RQ WKH

DQDO\VLV RI XVDJH GDWD IURP WKH SUR[\ VHUYHU ORJV RI DQ ,QWHUQHW 6HUYLFH 3URYLGHU� :H

DQDO\]HG ORJ ILOHV FRQVLVWLQJ RI ������� UHFRUGV� DQG WKH UHVXOWV DUH SUHVHQWHG KHUH�

,Q WKH VWDJH RI SUH�SURFHVVLQJ� GDWD FOHDQLQJ KDV EHHQ SHUIRUPHG DQG WKH UHPDLQLQJ

GDWD KDV EHHQ FKDUDFWHUL]HG XVLQJ WKH KLHUDUFKLFDO DJJORPHUDWLYH FOXVWHULQJ PHQWLRQHG

LQ VHFWLRQ ���� 7KH SURFHVV UHVXOWHG LQ WKH FUHDWLRQ RI ��� GLVWLQFW FDWHJRULHV� %DVHG RQ

WKHVH FKDUDFWHUL]HG GDWD� ZH FRQVWUXFWHG ����� XVHU VHVVLRQV� XVLQJ D WLPH�LQWHUYDO RI

�� PLQXWHV DV D WKUHVKROG RQ WKH ³VLOHQFH´ SHULRG EHWZHHQ WZR FRQVHFXWLYH UHTXHVWV

IURP WKH VDPH ,3� $IWHU PDSSLQJ WKH :HE SDJHV RI WKH VHVVLRQV WR WKH FDWHJRULHV RI

WKH KLHUDUFK\� ZH WUDQVODWHG WKH VHVVLRQV LQWR ELQDU\ YHFWRUV DQG DQDO\]HG WKHP E\ WKH

&'0 DOJRULWKP� LQ RUGHU WR LGHQWLI\ FRPPXQLW\ PRGHOV� LQ WKH IRUP RI WRSLF WUHHV�

7KH UHVXOWLQJ PRGHOV ZHUH HYDOXDWHG XVLQJ WKH WZR PHDVXUHV WKDW ZHUH PHQWLRQHG LQ

VHFWLRQ ���� L�H� WKH GLVWLQFWLYHQHVV DQG WKH QXPEHU RI GLVWLQFW FDWHJRULHV� ZKLOH YDU\LQJ

WKH FRQQHFWLYLW\ WKUHVKROG� )LJXUHV � DQG � SUHVHQW WKH UHVXOWV RI WKLV SURFHVV�
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)LJ� �� 'LVWLQFWLYHQHVV DV D IXQFWLRQ RI WKH FRQQHFWLYLW\ WKUHVKROG�



)LJXUH � VKRZV KRZ WKH GLVWLQFWLYHQHVV RI WKH UHVXOWLQJ FRPPXQLW\ PRGHOV LQ�

FUHDVHV DV WKH FRQQHFWLYLW\ WKUHVKROG LQFUHDVHV� L�H�� DV WKH UHTXLUHPHQW RQ WKH IUH�

TXHQF\ RI RFFXUUHQFH�FR�RFFXUUHQFH EHFRPHV ³VWULFWHU´� 7KH UDWH RI LQFUHDVH LV KLJKHU

IRU VPDOOHU YDOXHV RI WKH WKUHVKROG DQG VWDUWV WR GDPSHQ GRZQ IRU YDOXHV DERYH ����

7KLV HIIHFW LV MXVWLILHG E\ WKH GHFUHDVH LQ WKH QXPEHU RI GLVWLQFW FDWHJRULHV� DV VKRZQ

LQ )LJXUH �� 1HYHUWKHOHVV� PRUH WKDQ KDOI RI WKH FDWHJRULHV KDYH IUHTXHQF\ RI RFFXU�

UHQFH JUHDWHU WKDQ ��� �WKUHVKROG ����� ZKLOH DW WKDW WKUHVKROG YDOXH WKH OHYHO RI GLV�

WLQFWLYHQHVV H[FHHGV ���� L�H� ��� RI WKH FDWHJRULHV WKDW DSSHDU LQ WKH PRGHO DUH GLV�

WLQFW� 7KHVH ILJXUHV SURYLGH DQ LQGLFDWLRQ RI WKH EHKDYLRU DQG WKH HIIHFWLYHQHVV RI WKH

FRPPXQLW\ PRGHOLQJ DOJRULWKP� $W WKH VDPH WLPH� WKH\ DVVLVW LQ VHOHFWLQJ DQ DSSURSUL�

DWH YDOXH IRU WKH FRQQHFWLYLW\ WKUHVKROG DQG D FRUUHVSRQGLQJ VHW RI FRPPXQLW\ PRGHOV�

7KH UHVXOWV DUH HQFRXUDJLQJ IRU WKH H[SORLWDWLRQ RI WKH SURSRVHG PHWKRGRORJ\�

�� &RQFOXVLRQV DQG )XWXUH :RUN

7KLV SDSHU KDV SUHVHQWHG D QRYHO PHWKRGRORJ\ IRU WKH SHUVRQDOL]DWLRQ RI :HE 'LUHF�

WRULHV ZLWK WKH DLG RI GRFXPHQW FOXVWHULQJ DQG :HE XVDJH PLQLQJ� 7KH FRQFHSW RI D

:HE FRPPXQLW\ GLUHFWRU\ KDV EHHQ GHVFULEHG� FRUUHVSRQGLQJ WR D XVDEOH GLUHFWRU\ RI

WKH :HE� FXVWRPL]HG WR WKH QHHGV DQG SUHIHUHQFHV RI XVHU FRPPXQLWLHV� 8VHU FRPPX�

QLW\ PRGHOV WDNH WKH IRUP RI WKHPDWLF KLHUDUFKLHV DQG DUH FRQVWUXFWHG E\ D FOXVWHU

PLQLQJ DOJRULWKP� ZKLFK KDV EHHQ H[WHQGHG WR WDNH DGYDQWDJH RI DQ H[LVWLQJ GLUHFWRU\�

DQG DVFHQG LWV KLHUDUFKLFDO VWUXFWXUH� 7KH LQLWLDO GLUHFWRU\ LV JHQHUDWHG E\ D GRFXPHQW

FOXVWHULQJ DOJRULWKP� EDVHG RQ WKH FRQWHQW RI WKH SDJHV DSSHDULQJ LQ DQ DFFHVV ORJ�

:H KDYH WHVWHG WKLV PHWKRGRORJ\ E\ DSSO\LQJ LW RQ DFFHVV ORJV FROOHFWHG DW WKH

SUR[\ VHUYHUV RI DQ ,63 DQG KDYH SURYLGHG LQLWLDO UHVXOWV� LQGLFDWLYH RI WKH EHKDYLRU RI

WKH PLQLQJ DOJRULWKP� 3UR[\ VHUYHU ORJV KDYH LQWURGXFHG D QXPEHU RI LQWHUHVWLQJ FKDO�

OHQJHV� VXFK DV WKHLU VL]H DQG WKHLU VHPDQWLF GLYHUVLW\� 7KH SURSRVHG PHWKRGRORJ\

KDQGOHV WKHVH SUREOHPV E\ UHGXFLQJ WKH GLPHQVLRQDOLW\ RI WKH SUREOHP� WKURXJK WKH

FDWHJRUL]DWLRQ RI LQGLYLGXDO :HE SDJHV LQWR WKH FDWHJRULHV RI D :HE GLUHFWRU\� DV

FRQVWUXFWHG E\ GRFXPHQW FOXVWHULQJ� ,Q WKLV PDQQHU� WKH FRUUHVSRQGLQJ FRPPXQLW\

PRGHOV WDNH WKH IRUP RI WKHPDWLF KLHUDUFKLHV�

7KH FRPELQDWLRQ RI WZR GLIIHUHQW DSSURDFKHV WR WKH SUREOHP RI LQIRUPDWLRQ RYHU�

ORDG RQ WKH :HE� L�H� WKHPDWLF KLHUDUFKLHV DQG SHUVRQDOL]DWLRQ� DV SURSRVHG LQ WKLV

SDSHU� LQWURGXFHV D SURPLVLQJ UHVHDUFK GLUHFWLRQ� ZKHUH PDQ\ QHZ LVVXHV DULVH� 9DUL�

RXV FRPSRQHQWV RI WKH PHWKRGRORJ\ FRXOG EH UHSODFHG E\ D QXPEHU RI DOWHUQDWLYHV�

�

���

���

���

���

���

���

���

���

���

����

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

&RQQHFWLYLW\ 7KUHVKROG

1
R
�
'
LV
WL
Q
F
W
&
D
WH
J
R
U

)LJ� �� 1XPEHU RI GLVWLQFW FDWHJRULHV DV D IXQFWLRQ RI WKH FRQQHFWLYLW\ WKUHVKROG�



)RU LQVWDQFH� RWKHU PLQLQJ PHWKRGV FRXOG EH DGDSWHG WR WKH WDVN RI GLVFRYHULQJ FRP�

PXQLW\ GLUHFWRULHV DQG FRPSDUHG WR WKH DOJRULWKP SUHVHQWHG KHUH� 6LPLODUO\� GLIIHUHQW

PHWKRGV RI FRQVWUXFWLQJ WKH LQLWLDO WKHPDWLF KLHUDUFK\ FRXOG EH H[DPLQHG� )LQDOO\�

DGGLWLRQDO HYDOXDWLRQ LV UHTXLUHG� LQ RUGHU WR WHVW WKH UREXVWQHVV RI WKH PLQLQJ DOJR�

ULWKP WR D FKDQJLQJ HQYLURQPHQW DQG WKH XVDELOLW\ RI WKH UHVXOWLQJ FRPPXQLW\ GLUHFWR�

ULHV�

$FNQRZOHGJHPHQWV

7KLV UHVHDUFK KDV EHHQ SDUWLDOO\ IXQGHG E\ WKH *UHHFH�&\SUXV 5HVHDUFK &RRSHUDWLRQ

SURMHFW �:HE�&�0LQH� 'DWD 0LQLQJ IURP :HE &DFKH DQG 3UR[\ /RJ )LOHV��

5()(5(1&(6

�� $QGHUVRQ� &� 5� DQG (ULF +RUYLW]�� :HE 0RQWDJH� $ '\QDPLF 3HUVRQDOL]HG 6WDUW 3DJH� ,Q

3URFHHGLQJV RI WKH ��WK :::&RQIHUHQFH ����� ������

�� %URQ� &�� .HUERVFK� -�� $OJRULWKP ������ILQGLQJ DOO FOLTXHV RI DQ XQGLUHFWHG JUDSK� &RP�

PXQLFDWLRQV RI WKH $&0� ��� �� �������� ������

�� &KHQ� +�� 'XPDLV� 6� 7�� %ULQJLQJ RUGHU WR WKH ZHE� DXWRPDWLFDOO\ FDWHJRUL]LQJ VHDUFK

UHVXOWV� ,Q 3URFHHGLQJV RI &+,
��� +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV� �������� ������

�� &RROH\� 5�� :HE 8VDJH 0LQLQJ� 'LVFRYHU\ DQG $SSOLFDWLRQ RI ,QWHUHVWLQJ 3DWWHUQV IURP

:HE 'DWD� 3K�'� 7KHVLV� 8QLYHUVLW\ RI 0LQQHVRWD� �������

�� ([FLWH� KWWS���ZZZ�H[FLWH�FRP

�� +HHU� -�� &KL� (G +�� ,GHQWLILFDWLRQ RI :HE 8VHU 7UDIILF &RPSRVLWLRQ XVLQJ 0XOWL�0RGDO

&OXVWHULQJ DQG ,QIRUPDWLRQ 6FHQW� ,Q 3URFHHGLQJV RI WKH :RUNVKRS RQ :HE 0LQLQJ� 6,$0

&RQIHUHQFH RQ 'DWD 0LQLQJ� ������ ������

�� .DPGDU� 7�� -RVKL� $�� 2Q &UHDWLQJ $GDSWLYH :HE 6LWHV XVLQJ :HE/RJ 0LQLQJ� 75�&6����

��� 'HSDUWPHQW RI &RPSXWHU 6FLHQFH DQG (OHFWULFDO (QJLQHHULQJ 8QLYHUVLW\ RI 0DU\ODQG�

%DOWLPRUH &RXQW\� ������

�� /L :�6�� 9X� 4�� &KDQJ� (�� $JUDZDO� '�� +DUD� <�� 7DNDQR� +�� 3RZHU%RRNPDUNV� $

6\VWHP IRU 3HUVRQDOL]DEOH :HE ,QIRUPDWLRQ 2UJDQL]DWLRQ� 6KDULQJ� DQG 0DQDJHPHQW� ,Q

3URFHHGLQJV RI WKH �WK ::: &RQIHUHQFH� ������

�� 0ODGHQLF� '�� 7XUQLQJ <DKRR LQWR DQ $XWRPDWLF :HE�3DJH &ODVVLILHU� ,Q 3URFHHGLQJV RI

WKH ��WK (XURSHDQ &RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� �������� ������

��� 0REDVKHU� %�� &RROH\� 5�� 6ULYDVWDYD� -�� $XWRPDWLF SHUVRQDOL]DWLRQ EDVHG RQ :HE XVDJH

PLQLQJ� 75������� 'HSDUWPHQW RI &RPSXWHU 6FLHQFH� 'H3DXO 8QLYHUVLW\� ������

��� 0REDVKHU� %�� &RROH\� 5�� 6ULYDVWDYD� -�� &UHDWLQJ $GDSWLYH :HE 6LWHV 7KURXJK 8VDJH�

%DVHG &OXVWHULQJ RI 85/V� ,Q 3URFHHGLQJV RI WKH ���� ,((( .QRZOHGJH DQG 'DWD

(QJLQHHULQJ ([FKDQJH :RUNVKRS� ������

��� 0REDVKHU� %�� +� 'DL� 7� /XR� <� 6XQJ� -� =KX�� ,QWHJUDWLQJ :HE 8VDJH DQG &RQWHQW

0LQLQJ IRU 0RUH (IIHFWLYH 3HUVRQDOL]DWLRQ� ,Q 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH

RQ (�&RPPHUFH DQG :HE 7HFKQRORJLHV� *UHHQZLFK� 8.� �������� ������

��� 1JX� '� 6� :�� :X� ;�� 6LWH+HOSHU� $ /RFDOL]HG $JHQW WKDW +HOSV ,QFUHPHQWDO ([SORUDWLRQ

RI WKH :RUOG :LGH :HE� &RPSXWHU 1HWZRUNV DQG ,6'1 6\VWHPV� 7KH ,QWHUQDWLRQDO -RXUQDO

RI &RPSXWHU DQG 7HOHFRPPXQLFDWLRQV 1HWZRUNLQJ� ��� �� ��������� ������

��� 2SHQ 'LUHFWRU\ 3URMHFW �2'3�� KWWS���GPR]�RUJ

��� 3DOLRXUDV� *�� 3DSDWKHRGRURX� &�� .DUNDOHWVLV� 9� 6S\URSRXORV� &�'�� 'LVFRYHULQJ 8VHU

&RPPXQLWLHV RQ WKH ,QWHUQHW XVLQJ 8QVXSHUYLVHG 0DFKLQH /HDUQLQJ 7HFKQLTXHV�� ,QWHUDFW�

LQJ ZLWK &RPSXWHUV -RXUQDO� ����� �������� ������



��� 3LHUUDNRV� '�� 3DOLRXUDV� *�� 3DSDWKHRGRURX� &�� 6S\URSRXORV� &�'�� :HE 8VDJH 0LQLQJ DV

D 7RRO IRU 3HUVRQDOL]DWLRQ� D VXUYH\ � 8VHU 0RGHOLQJ DQG 8VHU�$GDSWHG ,QWHUDFWLRQ� WR DS�

SHDU

��� 6SLOLRSRXORX� 1�� )DXOVWLFK� /� &�� :80� $ :HE 8WLOL]DWLRQ 0LQHU� ,Q ,QWHUQDWLRQDO :RUN�

VKRS RQ WKH :HE DQG 'DWDEDVHV� 9DOHQFLD� 6SDLQ� ������

��� 6ULYDVWDYD� -�� &RROH\� 5�� 'HVKSDQGH� 0�� 7DQ� 3� 7�� :HE 8VDJH 0LQLQJ� 'LVFRYHU\ DQG

$SSOLFDWLRQV RI 8VDJH 3DWWHUQV IURP :HE 'DWD� ,Q 6,*.'' ([SORUDWLRQV� �� �� ������

��� <DKRR� KWWS���ZZZ�\DKRR�FRP

��� <DQ� 7� :�� -DFREVHQ� 0�� *DUFLD�0ROLQD� +�� 'D\DO� 8�� )URP 8VHU $FFHVV 3DWWHUQV WR

'\QDPLF +\SHUWH[W /LQNLQJ� ,Q 3URFHHGLQJV RI WKH �WK ::: &RQIHUHQFH� 3DULV� )UDQFH�

������

��� =KDR� <�� .DU\SLV� *�� (YDOXDWLRQ RI KLHUDUFKLFDO FOXVWHULQJ DOJRULWKPV IRU GRFXPHQW GDWD�

VHWV� ,Q &,.0� ������


