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7KLV UHVHDUFK KDV EHHQ SDUWLDOO\ VXSSRUWHG E\ DQ ,QWHO )RXQGDWLRQ *UDGXDWH

)HOORZVKLS� 215 FRQWUDFW QXPEHU 1���������&������ WKH *UDSKLFV� 9LVXDOL]DWLRQ� DQG

8VDELOLW\ &HQWHU� DQG ;HUR[ 3$5&�



LY

7$%/( 2) &217(176

$&.12:/('*0(176 LLL

7$%/( 2) &217(176 LY

/,67 2) 7$%/(6 YL

/,67 2) ),*85(6 YLLL

6800$5< [

&+$37(5 ,

,1752'8&7,21 �

'HVLUDELOLW\ DQG ,QIRUPDWLRQ (FRORJLHV �

,QIRUPDWLRQ )RUDJLQJ �

&DWHJRUL]LQJ WR 2SWLPL]H )RUDJLQJ 'HFLVLRQV �

6SUHDGLQJ $FWLYDWLRQ WR 3UHGLFW 1HHGHG ,QIRUPDWLRQ ��

$SSOLFDWLRQV ��

&KDSWHU 2XWOLQH ��
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7KH *DPPD�3RLVVRQ 'HVLUDELOLW\ 0RGHO ��

$QGHUVRQ·V 0RGLILFDWLRQ ��

$SSOLFDWLRQ WR ::: ,QIRUPDWLRQ (FRORJLHV ��

)UHTXHQF\ $QDO\VLV ��

5HFHQF\ $QDO\VLV ��

5HVXOWV IURP 2WKHU 'DWD 6HWV ��

6XPPDU\ ��

$SSOLFDWLRQV ��
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,QWURGXFWLRQ ��

'RFXPHQW 7\SLQJ ��

'DWD 6RXUFHV DQG &ROODWLRQ ��

:HE &DWHJRUL]DWLRQ ��

(YDOXDWLRQ ��

&OXVWHULQJ ��

&RFLWDWLRQ $QDO\VLV ��

$OJRULWKP ��

$SSOLFDWLRQ WR WKH ::: ��

2WKHU &RFLWDWLRQ 7HFKQLTXHV ��

(YDOXDWLRQ ��

6XPPDU\ ��
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1HWZRUNV IRU 6SUHDGLQJ $FWLYDWLRQ ��

$FWLYDWLRQ $OJRULWKP ��

([DPSOH �� 3UHGLFWLQJ WKH ,QWHUHVWV RI +RPH 3DJH 9LVLWRUV ��

([DPSOH �� $VVHVVLQJ WKH 7\SLFDO :HE $XWKRU DW D /RFDOLW\ ��

&RPELQLQJ $FWLYDWLRQ 1HWV ��

(YDOXDWLRQ ��

&RPSDULVRQ WR /LQN 7RSRORJ\�EDVHG $SSURDFKHV ��

6XPPDU\ ��

&+$37(5 9

&21&/86,21 ��

6XPPDU\ ��

)XWXUH 'LUHFWLRQV ��

,QIRUPDWLRQ (FRORJLHV ��

5()(5(1&(6 ���

9,7$ ���



YL

/,67 2) 7$%/(6

7DEOH 3DJH

7DEOH �� 6XPPDU\ RI WKH GDWD VHWV XVHG LQ WKH GHVLUDELOLW\ DQDO\VLV� )RU HDFK GDWD VHW� WKH GDWHV

XVHG LQ WKH DQDO\VLV LV JLYHQ DORQJ ZLWK WKH WRWDO QXPEHU RI UHTXHVWV� UDQJH RI

UHTXHVWV� WKH DYHUDJH QXPEHU RI UHTXHVWV SHU GD\ DQG WKH WRWDO QXPEHU RI UHTXHVWV�

7KH DWWHQWLRQDO JURZWK UDWH LV WKH SHUFHQWDJH RI GRFXPHQWV WKDW ZHUH DFFHVVHG IRU

WKH ILUVW WLPH GXULQJ WKH FROOHFWLRQ SHULRG� ��

7DEOH �� 7KH WDEOH VKRZV WKH DFFHVVHV RI GRFXPHQWV $� %� &� DQG ' WR DQ +773 VHUYHU

DFURVV D QLQH GD\ SHULRG� &HOOV ZLWK WZR OHWWHUV LQGLFDWHV WKDW WKH GRFXPHQW ZDV

UHTXHVWHG WZLFH� ,Q WKLV H[DPSOH� WKH ZLQGRZ VL]H LV VHYHQ GD\V DQG WKH SDQH VL]H LV

RQH GD\� UHVXOWLQJ LQ WZR ZLQGRZV DQG WZR SDQHV IRU WKH QLQH GD\ SHULRG� ��

7DEOH �� )RU :LQGRZ � DQG :LQGRZ �� WKH WDEOH VKRZV KRZ GRFXPHQWV ZLWK GLIIHUHQW DFFHVV

IUHTXHQFLHV DUH JURXSHG LQWR GLIIHUHQW IUHTXHQF\ ELQV� ZKHWKHU RU QRW WKH GRFXPHQW

ZDV UHTXHVWHG DW OHDVW RQFH GXULQJ WKH SDQH� DQG WKH VXPPDWLRQV RI HDFK IUHTXHQF\

ELQ� 7KH QHHG SUREDELOLW\ LV FRPSXWHG E\ GLYLGLQJ WKH VXPPDWLRQ RI ZKHWKHU WKH

GRFXPHQWV LQ HDFK ELQ ZHUH QHHGHG GXULQJ WKH SDQHV E\ WKH WRWDO QXPEHU RI

GRFXPHQWV LQ HDFK ELQ� ��

7DEOH �� 7KH UHVXOWV RI D SRZHU ODZ PRGHO WR IUHTXHQF\ DQG UHFHQF\ GDWD IURP WKUHH GDWD

VHWV� ,Q DOO FDVHV� UHFHQF\ SURYLGHV D EHWWHU SUHGLFWRU RI IXWXUH DFFHVV WKDQ IUHTXHQF\���

7DEOH �� 7KH PRVW SRSXODU VWDUWLQJ SRLQWV IRU SHRSOH YLVLWLQJ WKH ;HUR[ &RUSRUDWH :HE VLWH

�KWWS���ZZZ�[HUR[�FRP�� ��

7DEOH �� 1RGH W\SH GHILQLWLRQV DQG SUHFLVLRQ IRU OLQHDU FRPELQDWLRQ FDWHJRU\ DVVLJQPHQW� ��

7DEOH �� 7KH WRS ILYH KHDG QRGHV DV GHWHUPLQHG E\ OLQHDU FRPELQDWLRQ� ��

7DEOH �� )RU HDFK UDQJH RI FOXVWHU VL]HV� WKH WRWDO QXPEHU RI FOXVWHUV IRUPHG DUH JLYHQ IRU

YDULRXV FLWDWLRQ IUHTXHQF\ WKUHVKROGV� ��

7DEOH �� 7KH WRWDO QXPEHU RI SDJHV LQFOXGHG LQ WKH UDQJH RI FOXVWHU VL]HV XVLQJ YDULRXV

FLWDWLRQ IUHTXHQF\ WKUHVKROGV� ��

7DEOH ��� ([DPSOHV RI WKH W\SHV DQG VL]HV RI FOXVWHUV IRUPHG E\ WKH DOO�SDLUV PHWKRG RI

FRFLWDWLRQ DQDO\VLV� ��
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7DEOH ��� 5HVXOWV RI WKH H[SHULPHQW WR GHWHUPLQH WKH HIIHFWLYHQHVV RI WKH FRFLWDWLRQ

DOJRULWKP� 7KH FRFLWDWLRQ DOJRULWKP SHUIRUPHG VLJQLILFDQWO\ EHWWHU WKDQ UDQGRPO\

IRUPHG FOXVWHUV ZLWK UHVSHFW WR WKH ´JRRGQHVVµ RI WKH FOXVWHUV DQG ZHOO DV SUHFLVLRQ���

7DEOH ��� ([DPSOHV RI :HE SDJHV VHOHFWHG XVLQJ VSUHDGLQJ DFWLYDWLRQ� ��

7DEOH ��� 5HVXOWV RI WKH H[SHULPHQW WR GHWHUPLQH WKH HIIHFWLYHQHVV RI WKH VSUHDGLQJ

DOJRULWKP� 7KH VSUHDGLQJ DOJRULWKP SHUIRUPHG VLJQLILFDQWO\ EHWWHU WKDQ UDQGRPO\

IRUPHG FOXVWHUV ZLWK UHVSHFW WR WKH ´JRRGQHVVµ RI WKH FOXVWHUV DQG ZHOO DV SUHFLVLRQ���

7DEOH ��� :HE DJJUHJDWLRQ XVLQJ OLQN WRSRORJ\ DV RXWOLQHG LQ >%RWDIRJR HW DO ����@� ��
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)LJXUH 3DJH

)LJXUH �� 7KH EUHDNGRZQ RI SUREOHPV XVLQJ WKH :HE VSOLW E\ DJH DFFRUGLQJ WR *98·V 6L[WK

::: 8VHU 6XUYH\� 7KH [�D[LV ODEHOV UHIHU WR� WKH XVHU·V FRQQHFWLRQ VSHHG WR WKH

:HE EHLQJ WRR VORZ �6SHHG�� WKH DELOLW\ WR ILQG LQIRUPDWLRQ WKDW LV NQRZQ WR EH RQ

WKH :HE �)LQG .QRZQ�� WKH DELOLW\ WR RUJDQL]H JDWKHUHG LQIRUPDWLRQ �2UJDQL]H ,QIR��

WKH DELOLW\ WR ILQG DOUHDG\ YLVLWHG SDJHV �5HYLVLW 6LWHV�� RWKHU SUREOHPV �2WKHU�� WKH

DELOLW\ WR YLVXDOL]H ZKHUH WKH XVHU KDV EHHQ DQG ZKHUH WKH\ FDQ JR �9LVXDOL]H�� DQG

IHHOLQJ ORVW �/RVW�� 7KHUH LV YHU\ OLWWOH HIIHFW RI DJH RQ WKH SUREOHPV UHSRUWHG� �

)LJXUH �� 7KH &RVW RI .QRZOHGJH &KDUDFWHULVWLF )XQFWLRQ� 2QH JRDO RI LQIRUPDWLRQ

LQWHUIDFHV LV WR PD[LPL]H XVHU LQWHUDFWLRQ E\ LQFUHDVLQJ WKH DPRXQW RI DFFHVVLEOH

NQRZOHGJH LQ VKRUWHU SHULRGV RI WLPH� �

)LJXUH �� 8QLQIRUPHG VHDUFK WKURXJK DQ XQ�FDWHJRUL]HG :HE ORFDOLW\ ZRXOG SURGXFH D OLQHDU

LQIRUPDWLRQ JDLQ IXQFWLRQ VXFK DV 8� &DWHJRUL]LQJ DQG UDQNLQJ ::: SDJHV DOORZV

DQ LQIRUPDWLRQ IRUDJHU WR UDSLGO\ LGHQWLI\ KLJK YDOXH� UDQNHG� FDWHJRULHV �+&� DQG ORZ

YDOXH FDWHJRULHV �/&� DQG FRQFHQWUDWH RQ H[SORLWLQJ WKH +& JDLQ FXUYH� ��

)LJXUH �� *URZWK UDWHV IRU WRWDO YROXPHV� FLUFXODWLRQ� DQG DFTXLVLWLRQV IRU 3XUGXH /LEUDU\

IURP ���� WKURXJK ���� SORWWHG RQ D VHPL�ORJDULWKPLF VFDOH� ��

)LJXUH �� 7KH H[SRQHQWLDO JURZWK RI ::: VHUYHUV VLQFH $XJXVW RI ����� ZKHQ ILIW\ VHUYHUV

ZKHUH NQRZQ WR H[LVW� $Q H[SRQHQWLDO FXUYH ILW LV VKRZQ WR DFFRXQW IRU PRVW RI WKH

YDULDQFH �5�
 ������� ��

)LJXUH �� $Q H[DPSOH RI WKH WLPH�FRXUVH GHVLUDELOLW\ RI LWHPV RQ WKH :HE� &HUWDLQ LWHPV RQ

WKH :HE DUH SRSXODU IRU RQO\ D VKRUW SHULRG RI WLPH �)DGGLVK 3DJHV�� ZKLOH RWKHUV DUH

XVHG UHJXODUO\ IRU UHIHUHQFH SXUSRVHV �(QGXULQJ 5HIHUHQFH 3DJHV� RU DUH FRQWLQXDOO\

DFFHVVHG �3HUVLVWHQWO\ 3RSXODU 3DJHV�� ��

)LJXUH �� )UHTXHQF\ RI $FFHVV FXUYH �)2$� IRU WKH *HRUJLD 7HFK 7ZR GDWD VHW VKRZLQJ WKDW

D ODUJH QXPEHU RI ILOHV DUH DFFHVVHG ZLWK ORZ IUHTXHQF\� ��

)LJXUH �� &DOFXODWHG SUREDELOLW\ RI D GRFXPHQW EHLQJ DFFHVVHG RQ 'D\ � DV D IXQFWLRQ RI WKH

QXPEHU RI WLPHV LW ZDV DFFHVVHG LQ WKH SUHYLRXV � GD\V �IRU )UHTXHQFLHV � ����� ��

)LJXUH �� 7UDQVIRUPDWLRQ RI SORWWLQJ ORJ QHHG RGGV RI D GRFXPHQW DFFHVV RQ 'D\ � DV D

IXQFWLRQ RI WKH ORJ QXPEHU RI WLPHV LW ZDV DFFHVVHG LQ WKH SUHYLRXV � GD\V �DQG OLQHDU

UHJUHVVLRQ�� ��
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)LJXUH ��� 3UREDELOLW\ RI D GRFXPHQW DFFHVV RQ 'D\ � DV D IXQFWLRQ RI KRZ ORQJ LW KDV EHHQ

VLQFH WKH GRFXPHQW ZDV DFFHVVHG LQ WKH SUHYLRXV � GD\V� 7KH GDWD DUH ILW E\ D SRZHU

IXQFWLRQ� ��

)LJXUH ��� 7UDQVIRUPDWLRQ RI SORWWLQJ ORJ QHHG RGGV RI D GRFXPHQW DFFHVV RQ 'D\ � DV D

IXQFWLRQ RI WKH ORJ RI KRZ ORQJ LW KDV EHHQ VLQFH WKH GRFXPHQW ZDV DFFHVVHG LQ WKH

SUHYLRXV � GD\V �DQG OLQHDU UHJUHVVLRQ�� ��

)LJXUH ��� 5HVXOWV RI SORWWLQJ ORJ QHHG RGGV DJDLQVW ORJ IUHTXHQF\ IRU WKH *HRUJLD 7HFK 7ZR

GDWD VHW� ,WHPV WKDW ZHUH DFFHVVHG OHVV WKDQ ���� WLPHV SHU ZLQGRZ ZHUH LQFOXGHG LQ

WKH DQDO\VLV� ��

)LJXUH ��� 7KH JUDSK GLVSOD\V WKH FDFKH KLW DQG PLVV UDWLRV IRU D UHSODFHPHQW SROLF\ RI RQH

GD\ DQG WKH FDFKH PLVV UDWLR IRU D FDFKLQJ SROLF\ RI WKDW XVHV D VHYHQ GD\ ZLQGRZ�

7KH ODWWHU SROLF\ DVVXPHV WKDW DOO RI WKH SDVW VHYHQ GD\V RI DFFHVVHV DUH NHSW LQ WKH

FDFKH� 7KH [�D[LV UHSUHVHQWV GD\ WR GD\ SHUIRUPDQFH RI WKH FDFKLQJ SROLF\ IRU DOO WKH

GD\V LQ WKH GDWD VHW H[FOXGLQJ ZHHNHQGV� ��

)LJXUH ��� 'LDJUDP RI WKH SURFHVV RI WKH DOO�SDLUV FRFLWDWLRQ DOJRULWKP� ,QLWLDOO\ D VHHG SDLU LV

FKRVHQ DW UDQGRP� DQG DOO RWKHU SDLUV WKDW FRQWDLQ DQ\ RI WKH FOXVWHU DUH DGGHG

HOHPHQW �LQLWLDOO\ $ RU % LQ WKH FDVH RI &OXVWHU 2QH�� 7KLV SURFHVV UHSHDWV� XQWLO DOO

SDLUV KDYH EHHQ DGGHG� $QRWKHU UDQGRP VHHG SDLU LV WKHQ FKRVHQ DQG WKH SURFHVV

UHSHDWV XQWLO DOO SDLUV EHORQJ WR D FOXVWHU� ��

)LJXUH ��� 0DQXDOO\ GUDZQ DQG ODEHOHG UHSUHVHQWDWLRQ RI KLHUDUFKLFDO FOXVWHULQJ RI FRFLWDWLRQ

PDWUL[� 7KLV DOJRULWKP ZDV DEOH WR LGHQWLI\ LQWHUHVWLQJ VHWV RI SDJHV� )RU H[DPSOH� LW

ZDV DEOH WR LGHQWLI\ WKH WZR RUJDQL]DWLRQDO KHDG SDJHV LQ WKH FROOHFWLRQ DQG

GLVWLQJXLVK VWXGHQWV DV D VXEFODVV RI SHRSOH� ��

)LJXUH ��� &RQFHSWXDO GLDJUDP RI WKH PHFKDQLVP RI VSUHDGLQJ DFWLYDWLRQ� ,QLWLDOO\� DFWLYDWLRQ

LV GLUHFWHG LQWR D VRXUFH QRGH� 9LD WKH VHW RI DVVRFLDWLRQV EHWZHHQ QRGHV� WKLV LQLWLDO

DFWLYDWLRQ LV VSUHDG WKURXJK RWKHU QRGHV� 7KH SURFHVV LV WKHQ UHSHDWHG� SXPSLQJ

PRUH DFWLYDWLRQ LQWR WKH VRXUFH QRGH DQG DFWLYDWLRQ IORZLQJ EHWZHHQ DVVRFLDWHG

QRGHV XQWLO DQ DV\PSWRWLF SDWWHUQ HPHUJHV� 7KH QRGHV ZLWK WKH KLJKHVW DFWLYDWLRQ

UHSUHVHQW WKH QRGHV ZLWK WKH VWURQJHVW DVVRFLDWLRQ WR WKH VRXUFH QRGH� :H XVH D

FRPELQDWLRQ RI XVDJH� FRQWHQW � DQG WRSRORJ\ QHWZRUNV IRU VSUHDGLQJ DFWLYDWLRQ

WKURXJK :HE SDJHV� ��
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2QH RI WKH IDVWHVW JURZLQJ VRXUFHV RI LQIRUPDWLRQ WRGD\ LV WKH :RUOG :LGH :HE

�:::�� KDYLQJ JURZQ IURP RQO\ ILIW\ VRXUFHV RI LQIRUPDWLRQ LQ -DQXDU\ RI ���� WR RYHU D

KDOI PLOOLRQ IRXU \HDUV ODWHU� 7KH H[SRQHQWLDO JURZWK RI LQIRUPDWLRQ ZLWKLQ WKH :HE KDV

FUHDWHG DQ RYHUDEXQGDQFH RI LQIRUPDWLRQ DQG D SRYHUW\ RI KXPDQ DWWHQWLRQ� ZLWK XVHUV FLWLQJ

WKH LQDELOLW\ WR QDYLJDWH DQG ILQG UHOHYDQW LQIRUPDWLRQ RQ WKH :HE DV RQH RI WKH ELJJHVW

SUREOHPV IDFLQJ WKH :HE WRGD\� 7KH SULPDU\ JRDO RI WKH UHVHDUFK SUHVHQWHG KHUH LV WR SXW

IRUWK QHZ WHFKQLTXHV DQG PRGHOV WKDW FDQ EH XVHG WR KHOS HIILFLHQWO\ PDQDJH SHRSOH·V

DWWHQWLRQDO SURFHVVHV ZKHQ GHDOLQJ ZLWK ODUJH� XQVWUXFWXUHG� KHWHURJHQHRXV LQIRUPDWLRQ

HQYLURQPHQWV� 7KH SULPDU\ PRGHO LV EDVHG XSRQ WKH GHVLUDELOLW\ RI LWHPV RQ WKH :HE� 7KLV

UHVHDUFK VHDUFKHV IRU ODZIXO SDWWHUQV RI VWUXFWXUH� FRQWHQW� DQG XVH� 0HWKRGV DUH GHYHORSHG

WR H[SORLW WKHVH SDWWHUQV WR RUJDQL]H DQG RSWLPL]H XVHUV· LQIRUPDWLRQ IRUDJLQJ DQG VHQVH�

PDNLQJ DFWLYLWLHV� 7KHVH HQKDQFHPHQWV UHO\ RQ SUHGLFWLQJ� FDWHJRUL]DWLRQ DQG DOORFDWLRQ RI

DWWHQWLRQ� 6HYHUDO PHWKRGV DUH H[SORUHG IRU LQGXFLQJ FDWHJRULFDO VWUXFWXUHV IRU WKH :::�

6RPH RI WKHVH HQKDQFHPHQWV LQYROYH FOXVWHULQJ LQ D KLJK�GLPHQVLRQDO VSDFH RI FRQWHQW� XVH�

DQG VWUXFWXUDO IHDWXUHV� 2WKHUV GHULYH IURP FRFLWDWLRQ DQDO\VLV PHWKRGV XVHG LQ WKH VWXG\ RI

VFLHQWLILF FRPPXQLWLHV� $ XVHU ZRXOG DOVR EH DLGHG E\ UHWULHYDO PHFKDQLVPV WKDW SUHGLFWHG

DQG UHWXUQHG WKH PRVW OLNHO\ QHHGHG ::: SDJHV� JLYHQ WKDW WKH XVHU LV DWWHQGLQJ WR VRPH

JLYHQ SDJH�V�� 7KH DSSURDFK RI WKLV UHVHDUFK XVHV D VSUHDGLQJ DFWLYDWLRQ PHFKDQLVP WR

SUHGLFW WKH QHHGHG� UHOHYDQW LQIRUPDWLRQ� FRPSXWHG XVLQJ SDVW XVDJH SDWWHUQV� GHJUHH RI

VKDUHG FRQWHQW� DQG ::: K\SHUOLQN VWUXFWXUH�
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'HVLUDELOLW\ DQG ,QIRUPDWLRQ (FRORJLHV

:KDW LQIRUPDWLRQ FRQVXPHV LV UDWKHU REYLRXV� LW FRQVXPHV WKH DWWHQWLRQ RI LWV
UHFLSLHQWV� +HQFH D ZHDOWK RI LQIRUPDWLRQ FUHDWHV D SRYHUW\ RI DWWHQWLRQ� DQG D QHHG
WR DOORFDWH WKDW DWWHQWLRQ HIILFLHQWO\ DPRQJ WKH RYHUDEXQGDQFH RI LQIRUPDWLRQ
VRXUFHV WKDW PLJKW FRQVXPH LW�

Herbert A. Simon, as quoted by Hal Varian
 Scientific American, September 1995, page 200.

7KH DERYH LQVLJKWIXO TXRWH E\ +HUEHUW 6LPRQ DVVXPHV WKH H[LVWHQFH RI WZR WKLQJV�

�� D V\VWHP WKDW FRQWDLQV D ORW LQIRUPDWLRQ DQG �� WKDW XVHUV DUH XQDEOH WR SD\ DWWHQWLRQ WR

DOO WKH UHOHYDQW LQIRUPDWLRQ LQ WKH V\VWHP� *UDQWHG� RQH RI WKH IDVWHVW JURZLQJ VLJQLILFDQW

LQIRUPDWLRQ V\VWHPV WRGD\ LV WKH :RUOG :LGH :HE >%HUQHUV�/HH HW DO� ����@>%HUQHUV�/HH HW

DO� ����@� KDYLQJ JURZQ IURP RQO\ ILIW\ VRXUFHV RI LQIRUPDWLRQ� LQ -DQXDU\ RI ���� WR RYHU D

KDOI PLOOLRQ IRXU \HDUV ODWHU >1HWFUDIW ����@>*UD\ ����@� 7KH H[SRQHQWLDO JURZWK RI

LQIRUPDWLRQ ZLWKLQ WKH :HE KDV FUHDWHG D ORW RI LQIRUPDWLRQ� UHVXOWLQJ LQ RYHU RQH KXQGUHG

PLOOLRQ DFFHVVLEOH GRFXPHQWV >,QWHUQHW $UFKLYH ����@� 7R KHOS LOOXVWUDWH WKH HQRUPLW\ RI WKH

:HE� LI D SHUVRQ ZHUH WR YLHZ RQH GRFXPHQW SHU PLQXWH FRQWLQXRXVO\� LW ZRXOG WDNH WKHP
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RQH KXQGUHG DQG QLQH \HDUV RU VR MXVW WR YLHZ DOO WKH FRQWHQW RI WKH :HE DV RI -DQXDU\ �����

QRW WR PHQWLRQ DOO WKH FRQWHQW WKDW ZLOO KDYH EHHQ SURGXFHG VLQFH WKHQ�

,W LV QRW VXUSULVLQJ WKHQ WR ILQG XVHUV FLWLQJ GLIILFXOWLHV LQ QDYLJDWLQJ DQG ILQGLQJ

UHOHYDQW LQIRUPDWLRQ RQ WKH :HE DV RQH RI WKH ELJJHVW SUREOHPV IDFLQJ WKH :HE WRGD\

>3LWNRZ DQG .HKRH ����@� $V HYLGHQW LQ )LJXUH � ZKLFK VKRZV WKH WRS FRPSODLQWV RI RYHU

������ VHOI�VHOHFWHG ::: XVHUV� EDUULQJ VSHHG� XVHUV· SULPDU\ SUREOHPV IRFXV DURXQG WKH

DELOLW\ WR ILQG� RUJDQL]H� DQG UHWXUQ WR LQIRUPDWLRQ RQ WKH :HEDOO V\PSWRPV RI DQ

RYHUDEXQGDQFH RI LQIRUPDWLRQ� ,W LV LPSRUWDQW WR QRWH WKDW WKH VSHHG FRPSODLQW LV ERWK D

SURGXFW RI VXE�RSWLPDO LQIUDVWUXFWXUH DQG WHFKQRORJLHV IRU DFFHVVLQJ WKH :HE DW WKH

SK\VLFDO OD\HU DV ZHOO DV QRW JHWWLQJ WKH ULJKW LQIRUPDWLRQ WR WKH XVHU LQ WKH ILUVW SODFH� 7KH

SULPDU\ JRDO RI WKH UHVHDUFK SUHVHQWHG LV WR SXW IRUWK QHZ DQDO\WLFDO WHFKQLTXHV DQG PRGHOV

WKDW FDQ EH XVHG WR KHOS DOOHYLDWH WKHVH FRPSODLQWV E\ KHOSLQJ HIILFLHQWO\ PDQDJH SHRSOH·V

DWWHQWLRQDO SURFHVVHV ZKHQ GHDOLQJ ZLWK ODUJH� XQVWUXFWXUHG� KHWHURJHQHRXV LQIRUPDWLRQ

HQYLURQPHQWV� OLNH WKH :HE� :H UHIHU WR WKHVH HQYLURQPHQWV DV LQIRUPDWLRQ HFRORJLHV >3LUROOL

����@�

%XW ZKDW H[DFWO\ LV DQ LQIRUPDWLRQ HFRORJ\" $FFRUGLQJ WR :HEVWHU·V 1HZ :RUOG

'LFWLRQDU\ >:HEVWHU ����@� DQ HFRORJ\ LV ´WKH VWXG\ RI WKH UHODWLRQVKLS EHWZHHQ DQG WKH

DGMXVWPHQW RI KXPDQ JURXSV WR WKHLU JHRJUDSKLFDO DQG VRFLDO HQYLURQPHQWV�µ %ULGJLQJ RII RI

� ,Q WKH FDVH RI WKH :RUOG :LGH :HE DQG RWKHU GLVWULEXWHG V\VWHPV� LQIRUPDWLRQ VRXUFHV DUH FRPPRQO\ UHIHUUHG WR DV

VHUYHUV� ZLWK WKH UHFLSLHQWV UHIHUUHG WR DV FOLHQWV� )RU WKH SXUSRVHV RI WKLV GLVVHUWDWLRQ� WKH WHUPV VHUYHUV� VLWHV� UHSRVLWRULHV�

ORFDOLWLHV� DQG HQYLURQPHQWV ZLOO EH XVHG LQWHUFKDQJHDEO\� WKRXJK WKHUH DUH VXEWOH GLIIHUHQFHV EHWZHHQ WKH WHUPV�
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WKLV GHILQLWLRQ� ZH GHILQH DQ LQIRUPDWLRQ HFRORJ\ DV ´WKH VWXG\ RI WKH UHODWLRQVKLS EHWZHHQ

WKH DGDSWDWLRQ RI KXPDQ JURXSV WR DQ LQIRUPDWLRQ HQYLURQPHQW�µ )XUWKHUPRUH� ZH

FKDUDFWHUL]H G\QDPLF LQIRUPDWLRQ HFRORJLHV >3LUROOL DQG &DUG ����@>3LWNRZ DQG 5HFNHU ����@

DV V\VWHPV WKDW VDWLVI\ WKH IROORZLQJ SURSHUWLHV�

�� WKH LQIRUPDWLRQ LQ WKH V\VWHP H[SUHVVHV D PHDVXUDEOH FKDUDFWHULVWLF FDOOHG GHVLUDELOLW\�

�� WKH GHVLUDELOLW\ RI LQIRUPDWLRQ YDULHV RYHU WLPH�

�� WKH LQIRUPDWLRQ KDV D OLIH VSDQ� WKDW LV� LW XQGHUJRHV D ELUWK DQG HYHQWXDO GHDWK

SURFHVV� DQG
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)LJXUH �� 7KH EUHDNGRZQ RI SUREOHPV XVLQJ WKH :HE VSOLW E\ DJH DFFRUGLQJ WR *98·V 6L[WK ::: 8VHU
6XUYH\� 7KH [�D[LV ODEHOV UHIHU WR� WKH XVHU·V FRQQHFWLRQ VSHHG WR WKH :HE EHLQJ WRR VORZ �6SHHG�� WKH DELOLW\
WR ILQG LQIRUPDWLRQ WKDW LV NQRZQ WR EH RQ WKH :HE �)LQG .QRZQ�� WKH DELOLW\ WR RUJDQL]H JDWKHUHG
LQIRUPDWLRQ �2UJDQL]H ,QIR�� WKH DELOLW\ WR ILQG DOUHDG\ YLVLWHG SDJHV �5HYLVLW 6LWHV�� RWKHU SUREOHPV �2WKHU��
WKH DELOLW\ WR YLVXDOL]H ZKHUH WKH XVHU KDV EHHQ DQG ZKHUH WKH\ FDQ JR �9LVXDOL]H�� DQG IHHOLQJ ORVW �/RVW��

7KHUH LV YHU\ OLWWOH HIIHFW RI DJH RQ WKH SUREOHPV UHSRUWHG�
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�� WKH VWUXFWXUH DQG FRQWHQW FKDQJHV IUHTXHQWO\�

%HFDXVH LQGLYLGXDO :HE UHSRVLWRULHV DUH SDUW RI D ZRUOG�ZLGH� GLVWULEXWHG�

PXOWLPHGLD LQIRUPDWLRQ QHWZRUN� WKH QXPEHU RI GRFXPHQWV� WKHLU OLQNV� DQG VWUXFWXUHV DUH

FRQVWDQWO\ LQ IOX[� )RU H[DPSOH� D :HE HQYLURQPHQW FDQ FKDQJH LQWHUQDOO\� DV LQIRUPDWLRQ LV

VXSSOLHG E\ D QXPEHU RI SHRSOH SURYLGLQJ FRQWHQW� $ UHSRVLWRU\ FDQ DOVR FKDQJH H[WHUQDOO\�

DV LQIRUPDWLRQ SURYLGHUV HOVHZKHUH RQ WKH ,QWHUQHW DGG DQG PRGLI\ SRLQWHUV WR GRFXPHQWV

ORFDWHG DW WKH :HE VLWH� &KDUDFWHUL]LQJ WKLV W\SH RI FKDRWLF HQYLURQPHQW LV QRW DQ HDV\ WDVN�

7KH QRWLRQ WKDW LQIRUPDWLRQ H[SUHVVHV D SURSHUW\ FDOOHG GHVLUDELOLW\ ZDV IRUPDOO\

LQWURGXFHG E\ 4XHQWLQ %XUUHOO DQG GHILQHG DV ´WKH DYHUDJH QXPEHU RI WLPHV >DQ@ LWHP LV

ERUURZHG SHU XQLW WLPHµ >%XUUHOO ���� SDJH ���@� :LWK UHVSHFW WR LQIRUPDWLRQ HQYLURQPHQWV

DQG KXPDQ DWWHQWLRQDO SURFHVVHV� ZH XSGDWH WKLV WHUP DQG GHILQH GHVLUDELOLW\ DV ´WKH

OLNHOLKRRG RI LQIRUPDWLRQ UHFHLYLQJ DWWHQWLRQ�µ %XW KRZ GRHV RQH JR DERXW PRGHOLQJ

DWWHQWLRQDO SUREDELOLWLHV RI LQIRUPDWLRQ" >$QGHUVRQ DQG 0LOVRQ ����@ RXWOLQH PHWKRGV WR

HVWLPDWH WKH OLNHOLKRRG RI LWHPV UHFHLYLQJ DWWHQWLRQ EDVHG XSRQ WKH LWHP·V SUHYLRXV XVH

�KLVWRU\ IDFWRU� DQG WKH LWHP·V DVVRFLDWLYH VWUHQJWKV ZLWK RWKHU VWUXFWXUHV LQ PHPRU\

�FRQWH[W IDFWRU�� 7KH KLVWRU\ IDFWRU UHOLHV XSRQ WKH IUHTXHQF\ DQG UHFHQF\ RI SDVW XVH WR

IRUP WKH HVWLPDWLRQ� ZKHUHDV WKH FRQWH[W IDFWRU UHOLHV XSRQ WKH IUHTXHQF\ LWHPV WKDW KDYH

RFFXUUHG WRJHWKHU LQ WKH VDPH FRQWH[W� RU FR�RFFXUUHG� WR IRUP WKH HVWLPDWLRQ� $V ZH VKDOO

VHH� D SRUWLRQ RI WKLV GLVVHUWDWLRQ GHYHORSV DQDO\WLFDO PHWKRGV WR GHWHUPLQH DQG SUHGLFW WKH

GHVLUDELOLW\ RI LWHPV EDVHG XSRQ KLVWRULFDO DQG FRQWH[WXDO IDFWRUV�

7KH ILUVW PHWKRG RULJLQDWHV IURP >%XUUHOO ����@·V ZRUN RQ OLEUDU\ FLUFXODWLRQ�

ZKHUH WKH IUHTXHQF\ RI ERRN FLUFXODWLRQ ZDV IRXQG WR EH VWURQJ SUHGLFWRU RI IXWXUH XVH�
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>%XUUHOO ����@ ODWHU XSGDWHG WKLV ZRUN WR PRUH DFFXUDWHO\ UHIOHFW WKH GDWD E\ XVLQJ D *DPPD�

3RLVVRQ SURFHVV WR SUHGLFW IXWXUH FLUFXODWLRQ SDWWHUQV DV RSSRVHG WR WKH RULJLQDO 3RLVVRQ�

>$QGHUVRQ DQG 0LOVRQ ����@ DQG >$QGHUVRQ DQG 6FKRROHU ����@ GHYHORSHG D PRGLILFDWLRQ

RI WKLV PHWKRG� VZLWFKLQJ IURP DQ H[SRQHQWLDO WR D SRZHU GLVWULEXWLRQ� WR PRGHO WKH

IUHTXHQF\ DQG UHFHQF\ FKDUDFWHULVWLFV RI KXPDQ PHPRU\� >$QGHUVRQ DQG 6FKRROHU ����@

IRXQG WKDW QRW RQO\ GRHV D SRZHU ODZ PRGHO SURYLGH D VWURQJ ILW WR RYHU D KXQGUHG \HDUV RI

KXPDQ IRUJHWWLQJ DQG SUDFWLFH PHPRU\ GDWD� EXW WKH SRZHU ODZ PRGHO DOVR ILWV FHUWDLQ

HQYLURQPHQWDO VRXUFHV DV ZHOO �ZRUGV LQ QHZVSDSHU KHDGOLQHV� HPDLO FRUUHVSRQGHQFH� DQG

SDUHQWDO VSHHFK�� 7KDW LV� IRU KXPDQ PHPRU\� WKH PRUH IUHTXHQWO\ DQG UHFHQWO\ ZH KDYH

EHHQ H[SRVHG WR DQ LWHP� WKH PRUH OLNHO\ ZH DUH WR UHPHPEHU WKDW LWHP� )RU HQYLURQPHQWDO

VRXUFHV� WKH SUREDELOLW\ RI D ZRUG DSSHDULQJ LQ D QHZVSDSHU KHDGOLQH LV EDVHG XSRQ KRZ

IUHTXHQF\ DQG UHFHQWO\ WKH ZRUG KDV DSSHDUHG LQ SUHYLRXV KHDGOLQHV� 7KH VDPH JRHV IRU

ZRUGV VSRNHQ WR FKLOGUHQ DQG HPDLO FRUUHVSRQGHQFH� *LYHQ WKLV HYLGHQFH DQG WKH SRZHU

ODZ GLVWULEXWLRQV EHKLQG ERWK KXPDQ DQG HQYLURQPHQWDO VRXUFHV� >$QGHUVRQ DQG 6FKRROHU

����@ DUJXH WKDW KXPDQ PHPRU\ KDV DGDSWHG WR WKH VWUXFWXUH RI WKH HQYLURQPHQW� RU DW OHDVW

WKDW WKH WZR KDYH FR�HYROYHG�

,Q &KDSWHU 7ZR� WKH KLVWRULFDO QRWLRQ RI GHVLUDELOLW\ LV GHYHORSHG LQ PRUH GHWDLO

DQG WKH SRZHU ODZ PRGHO LV DSSOLHG DQG GHPRQVWUDWHG WR JHQHUDOL]H WR ::: VLWHV� 7KHVH

ILQGLQJV DUH VKRZQ WR KROG GHVSLWH WKH UDWKHU FKDRWLF DQG GLYHUVH QDWXUH RI ::: VLWHV�

)XUWKHUPRUH� LW LV VKRZQ WKDW UHFHQF\ SURYLGHV D PXFK VWURQJHU SUHGLFWRU RI IXWXUH XVH

�DWWHQWLRQ� WKDQ IUHTXHQF\� ZKLFK KDV LQWHUHVWLQJ UDPLILFDWLRQV RQ WKH QDWXUH RI YDULRXV :HE
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DSSOLFDWLRQV OLNH KLW PHDVXUHPHQW� SUH�IHWFKLQJ� FDFKLQJ� HWF� &KDSWHU )LYH FRQWDLQV D PRUH

GHWDLOHG GLVFXVVLRQ RI WKH DSSOLFDWLRQV RI WKHVH ILQGLQJV�

:KLOH WKH LWHPV LQ LQIRUPDWLRQ HFRORJLHV H[SUHVV WKH UHODWLRQDO SURSHUW\ RI

GHVLUDELOLW\� DWWHPSWV WR FKDUDFWHUL]H XVHU LQWHUDFWLRQV PRUH FRPSOHWHO\ ZLWKLQ WKHVH

HQYLURQPHQWV LV WKH IRFXV RI ,QIRUPDWLRQ )RUDJLQJ 7KHRU\ >3LUROOL DQG &DUG ����@�

,QIRUPDWLRQ )RUDJLQJ

)RUDJLQJ WKHRU\ LQ DQWKURSRORJ\ >6PLWK DQG :LQWHUKDOGHU ����@ DQG ELRORJ\

>6WHSKHQV DQG .UHEV ����@ DWWHPSW WR H[SODLQ KRZ KXPDQV DQG DQLPDOV RSWLPL]H WKHLU JDLQ

RI IRRG HQHUJ\ IURP IOX[ RI WKH SK\VLFDO DQG RUJDQLF HQYLURQPHQW� 6LPLODUO\� ,QIRUPDWLRQ

)RUDJLQJ 7KHRU\ >3LUROOL DQG &DUG ����@ DWWHPSWV WR H[SODLQ KRZ KXPDQ LQIRUPDYRUHV

RSWLPL]H WKHLU LQIRUPDWLRQ JDLQ IURP WKH IOX[ RI WKH FXOWXUDO DQG WHFKQRORJLFDO

HQYLURQPHQWV� )URP WKLV SHUVSHFWLYH� LW LV XVHIXO WR FRQFHSWXDOL]H WKH ::: DV DQ

LQIRUPDWLRQ HFRORJ\ LQ ZKLFK LQIRUPDWLRQ�VHHNLQJ XVHUV GHVLUH RSWLPL]HG IRUDJLQJ VWUDWHJLHV

DQG WHFKQRORJLHV� 7KH JRDO RI WKHVH IRUDJLQJ VWUDWHJLHV DQG WHFKQRORJLHV LV WR PD[LPL]H WKH

DPRXQW RI LQIRUPDWLRQ JDLQHG IURP WKH V\VWHPV DV D IXQFWLRQ RI WKH FRVWV LQYROYHG ZLWK

DWWDLQLQJ WKH LQIRUPDWLRQ�

)LJXUH � SUHVHQWV WKH &RVW RI .QRZOHGJH &KDUDFWHULVWLF )XQFWLRQ �&2.&)� >&DUG

HW DO� ����@� ZKLFK JUDSKLFDOO\ UHSUHVHQWV WKH FRVW�EHQHILW UHODWLRQVKLS EHWZHHQ LQIRUPDWLRQ

JDLQ DQG WKH FRVWV DVVRFLDWHG ZLWK DWWDLQPHQW� )URP WKH &2.&) LW LV LPPHGLDWHO\ HYLGHQW

WKDW WKHUH DUH WZR ZD\V LQ ZKLFK RQH FDQ LQFUHDVH WKH HIIHFWLYHQHVV RI D XVHU·V LQWHUDFWLRQ
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ZLWK DQ LQIRUPDWLRQ V\VWHP �DVVXPLQJ WLPH DV WKH SULPDU\ PHDVXUH RI WKH FRVWV LQFXUUHG LQ

LQIRUPDWLRQ DWWDLQPHQW��

�� LQFUHDVH WKH DPRXQW RI LQIRUPDWLRQ JDLQHG LQ D JLYHQ DPRXQW RI WLPH LQWHUDFWLQJ

ZLWK WKH V\VWHP� RU

�� GHFUHDVH WKH DPRXQW RI WLPH WDNHQ WR DWWDLQ D JLYHQ DPRXQW RI LQIRUPDWLRQ�

,GHDOO\� QHZ VWUDWHJLHV DQG WHFKQRORJLHV IRU PD[LPL]LQJ LQIRUPDWLRQ JDLQ ZLOO DFKLHYH

DGYDQFHPHQWV DORQJ ERWK GLPHQVLRQV�

)RUDJLQJ IRU LQIRUPDWLRQ LQ YHU\ ODUJH K\SHUWH[W FROOHFWLRQV OLNH WKH :HE DQG

PDNLQJ VHQVH RI VXFK HQYLURQPHQWV LV GLIILFXOW ZLWKRXW VSHFLDOL]HG DLGV� 7KH EDVLF VWUXFWXUH

RI K\SHUWH[W LV GHVLJQHG WR SURPRWH WKH SURFHVV RI EURZVLQJ IURP RQH GRFXPHQW WR

DQRWKHU DORQJ K\SHUWH[W OLQNV� ZKLFK LV XQIRUWXQDWHO\ YHU\ VORZ DQG LQHIILFLHQW ZKHQ

Accessible
Knowledge

Cost [Time]

)LJXUH �� 7KH &RVW RI .QRZOHGJH &KDUDFWHULVWLF )XQFWLRQ� 2QH JRDO RI LQIRUPDWLRQ LQWHUIDFHV LV WR PD[LPL]H

XVHU LQWHUDFWLRQ E\ LQFUHDVLQJ WKH DPRXQW RI DFFHVVLEOH NQRZOHGJH LQ VKRUWHU SHULRGV RI WLPH�
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K\SHUWH[W FROOHFWLRQV EHFRPH YHU\ ODUJH� XQVWUXFWXUHG� DQG KHWHURJHQHRXV� 7KUHH VRUWV RI

DLGV VHHP WR HYROYH LQ VXFK VLWXDWLRQV� 7KH ILUVW DUH VWUXFWXUHV RU WRROV WKDW DEVWUDFW DQG

FOXVWHU LQIRUPDWLRQ LQ VRPH IRUP RI FODVVLILFDWLRQ V\VWHP� ([DPSOHV RI VXFK FDWHJRUL]DWLRQ

WHFKQLTXHV DUH OLEUDU\ FDUG FDWDORJV� 7DEOH RI &RQWHQWV� DQG WKH <DKRR� ::: VLWH ><DKRR

����@� 7KH VHFRQG DUH V\VWHPV WKDW DWWHPSW WR SUHGLFW WKH LQIRUPDWLRQ UHOHYDQW WR D XVHU·V

QHHGV DQG WR RUGHU WKH SUHVHQWDWLRQ RI LQIRUPDWLRQ DFFRUGLQJO\� ([DPSOHV RI VXFK

DVVRFLDWLYH UHWULHYDO WHFKQLTXHV LQFOXGH LQGLFHV� SHUVRQDO LQIRUPDWLRQ DJHQWV� DQG VHDUFK

HQJLQHV VXFK DV /\FRV >/\FRV ����@� ZKLFK WDNH D XVHU·V VSHFLILFDWLRQV RI DQ LQIRUPDWLRQ

QHHG LQ WKH IRUP RI ZRUGV DQG SKUDVHV� DQG UHWXUQ UDQNHG OLVWV RI GRFXPHQWV WKDW DUH

SUHGLFWHG WR EH UHOHYDQW WR WKH XVHU·V QHHG� 7KH WKLUG DUH V\VWHPV WKDW DWWHPSW WR SURYLGH

YLVXDO RYHUYLHZV DQG DQDO\VLV RI LQIRUPDWLRQ� 7UDGLWLRQDO IRUPV RI WKHVH JUDSKLFDO V\VWHPV

LQFOXGH PDSV� GLDJUDPV� HWF� DQG QHZHU :HE UHODWHG IRUPV OLNH WKH 1DYLJDWLRQDO 9LHZ

%XLOGHU >0XNKHUMHD DQG )ROH\ ����@ DQG WKH :HE )RUDJHU >&DUG HW DO� ����@� 7KH UHVHDUFK

EHLQJ SUHVHQWHG DWWHPSWV WR GHYHORS ERWK FDWHJRUL]DWLRQ DQG DVVRFLDWLYH UHWULHYDO WHFKQLTXHV

WKDW FDQ EH HPEHGGHG ZLWKLQ JUDSKLFDO LQWHUIDFHV DQG V\VWHPV�

&DWHJRUL]LQJ WR 2SWLPL]H )RUDJLQJ 'HFLVLRQV

,Q RXU HIIRUWV WR FDWHJRUL]H GRFXPHQWV RQ WKH :HE� ZH DVVXPH D VFHQDULR LQ ZKLFK

D XVHU IRUDJHV IRU UHOHYDQW� YDOXDEOH LQIRUPDWLRQ DW VRPH :HE ORFDOLW\� PHDQLQJ VRPH

FROOHFWLRQ RI UHODWHG ::: SDJHV� 3HUKDSV WKH SDJHV DUH UHODWHG EHFDXVH WKH\ DUH DW VRPH

SDUWLFXODU SK\VLFDO VLWH RU ::: VHUYHU� RU SHUKDSV UHODWHG EHFDXVH WKH\ KDYH EHHQ FROOHFWHG

E\ D SDUWLFXODU FRPPXQLW\ RU RUJDQL]DWLRQ� 7KH RSWLPDO VHOHFWLRQ RI ::: SDJHV IURP WKH



�

:HE ORFDOLW\ WR VDWLVI\ D XVHU·V LQIRUPDWLRQ QHHGV LV D NLQG RI RSWLPDO LQIRUPDWLRQ GLHW SUREOHP

GLVFXVVHG LQ >3LUROOL DQG &DUG ����@� 7KH RYHUDOO UDWH RI JDLQLQJ XVHIXO LQIRUPDWLRQ ZLOO EH

LPSURYHG E\ HOLPLQDWLQJ LUUHOHYDQW RU ORZ�YDOXH FDWHJRULHV RI LQIRUPDWLRQ IURP

FRQVLGHUDWLRQ� 6LPSO\ SXW� WR WKH H[WHQW WKDW RQH FDQ UDSLGO\ GLVWLQJXLVK MXQN FDWHJRULHV

IURP LQWHUHVWLQJ RU UHOHYDQW RQHV� D SHUVRQ FDQ DOORFDWH WLPH PRUH XVHIXOO\� WKXV PD[LPL]LQJ

WKHLU LQIRUPDWLRQ JDLQ�

,PDJLQH WKDW D XVHU FRPLQJ XSRQ D :HE ORFDOLW\ LV DQDORJRXV WR D SUHGDWRU VXFK DV

D OLRQ FRPLQJ XSRQ DQ RSHQ SODLQ ZLWK D WHHPLQJ DUUD\ RI SRWHQWLDO SUH\ VSHFLHV� WKH

RSWLPDOLW\ RI WKH GLHW RU SXUVXLW VHTXHQFH FKRVHQ E\ WKH SUHGDWRU �RU XVHU� ZLOO GHSHQG RQ

WKH DELOLW\ WR UDSLGO\ FDWHJRUL]H WKH SUH\ W\SHV �::: SDJH W\SHV�� DVVHVV WKHLU SUHYDOHQFH RQ

WKH SODLQ �:HE ORFDOLW\�� DVVHVV WKHLU SURILWDELOLW\ �DPRXQW RI UHWXUQ RYHU FRVW RI SXUVXLW��

DQG GHFLGH ZKLFK FDWHJRULHV WR SXUVXH DQG ZKLFK WR LJQRUH� 7KH RSWLPL]DWLRQ FDQ EH IXUWKHU

LPSURYHG WR WKH H[WHQW WKDW WKH FDWHJRU\ PHPEHUV FDQ EH UDQNHG� VR WKDW JRRG H[DPSOHV RI

D JRRG FDWHJRU\ FRXOG EH SXUVXHG ILUVW� )LJXUH � SURYLGHV D JUDSKLFDO LOOXVWUDWLRQ RI WKH

LPSURYHPHQWV SURYLGHG E\ FDWHJRUL]DWLRQ DQG UDQNLQJ �VHH >3LUROOL DQG &DUG ����@ IRU

GHWDLOHG WHFKQLFDO GLVFXVVLRQ��

&KDSWHU 7KUHH ZLOO ILUVW H[SORUH D WHFKQLTXH WR DXWRPDWLFDOO\ DVVLJQ FDWHJRULHV WR

:HE SDJHV� ([DPSOH W\SHV LQFOXGH� KHDG SDJHV �WKH ILUVW SDJH WR YLVLW LQ D VHW RI UHODWHG

SDJHV�� LQGH[ SDJHV �SDJHV ZKRVH SULPDU\ SXUSRVH LV QDYLJDWLRQ�� UHIHUHQFH SDJHV �SDJHV WKDW

DUH XVHG UHSHDWHGO\ WR H[SODLQ FRQFHSWV RI FRQWHQW�� DQG FRQWHQW SDJHV �SDJHV WKDW SULPDULO\

GHOLYHU LQIRUPDWLRQ�� 3DUW RI WKH QRYHOW\ RI RXU DSSURDFK LV WKDW LW OHYHUDJHV RII RI D

FRPELQDWLRQ RI LQIRUPDWLRQ WR FDWHJRUL]H SDJHV� LQFOXGLQJ LQIRUPDWLRQ DERXW KRZ WKH :HE
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LV XVHG� WKH FRQWHQW RI WKH :HE� DQG WKH :HE·V WRSRORJ\� :H UHIHU WR PHWKRGV WKDW XWLOL]H

WKLV ULFK PL[ RI GDWD DV XVDJH�FRQWHQW�VWUXFWXUH WHFKQLTXHV� ,Q RXU DSSURDFK� ZH DSSO\ D VHW RI

KXPDQ GHVLJQHG OLQHDU FDWHJRUL]DWLRQ HTXDWLRQV WR IHDWXUH YHFWRUV UHSUHVHQWLQJ XVDJH� WKH

FRQWHQW� DQG WRSRORJ\ GDWD RI ::: SDJHV� )RU HDFK FDWHJRU\� D VHW RI ZHLJKWV ��������� LV

DVVLJQHG WR HDFK IHDWXUH RI D ::: SDJH� 7KH VROXWLRQV WR HDFK HTXDWLRQ ZKHQ DSSOLHG WR D

OLVW RI ::: SDJHV� UHVXOWV LQ D OLVW RI FDWHJRU\ PHPEHUVKLS YDOXHV� ZLWK WKH KLJKHVW YDOXHG

GRFXPHQWV EHLQJ PRUH UHSUHVHQWDWLYH RI WKH FDWHJRU\ WKDQ WKH ORZHU YDOXHG GRFXPHQWV�

7KLV HQDEOHV WKH IRUPDWLRQ RI VSHFLILF FDWHJRULHV DV ZHOO DV WKH DELOLW\ IRU GRFXPHQWV WR

EHORQJ WR PXOWLSOH FDWHJRULHV� 7KLV WHFKQLTXH LV VKRZQ WR SHUIRUP ZHOO DV HYDOXDWHG E\

FRPSXWLQJ SUHFLVLRQ VFRUHV IRU WKH WRS WZHQW\�ILYH SDJHV LQ HDFK FDWHJRU\�

7KH QH[W VHFWLRQ RI &KDSWHU 7KUHH UHYLHZV WKH DSSOLFDWLRQ RI FRFLWDWLRQ DQDO\VLV WR

::: VLWHV WR LQGXFH VHPDQWLF FOXVWHUV RI GRFXPHQWV� :KLOH WKH DERYH WHFKQLTXH

SHUIRUPHG UHDVRQDEO\ ZHOO� VRPH RI WKH UHTXLUHG GDWD� OLNH XVDJH� LV QRW UHDGLO\ DFFHVVLEOH IRU

LC

U

HC
Information

Gain

Time

)LJXUH �� 8QLQIRUPHG VHDUFK WKURXJK DQ XQ�FDWHJRUL]HG :HE ORFDOLW\ ZRXOG SURGXFH D OLQHDU LQIRUPDWLRQ

JDLQ IXQFWLRQ VXFK DV 8� &DWHJRUL]LQJ DQG UDQNLQJ ::: SDJHV DOORZV DQ LQIRUPDWLRQ IRUDJHU WR UDSLGO\

LGHQWLI\ KLJK YDOXH� UDQNHG� FDWHJRULHV �+&� DQG ORZ YDOXH FDWHJRULHV �/&� DQG FRQFHQWUDWH RQ H[SORLWLQJ WKH

+& JDLQ FXUYH�
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WKH PDMRULW\ RI :HE VLWHV� )XUWKHUPRUH� WKH FRPSXWDWLRQDO FRPSOH[LW\ RI PHDVXULQJ FRQWHQW

PHWULFV GR QRW VHHP SDUWLFXODUO\ VXLWHG WR VFDOH JUDFHIXOO\ WR WKH HQWLUH :HE� 7R KHOS

DOOHYLDWH WKHVH VKRUWFRPLQJV LQ DWWHPSWLQJ WR VWUXFWXUH WKH HQWLUH :HE� ZH XVH D PRGLILHG

YHUVLRQ RI FRFLWDWLRQ DQDO\VLV >*DUILHOG ����@ WKDW LV EDVHG VROHO\ XSRQ WKH K\SHUOLQN

VWUXFWXUH RI :HE SDJHV� &RFLWDWLRQ DQDO\VLV EXLOGV XSRQ WKH QRWLRQ WKDW ZKHQ D :::

GRFXPHQW FRQWDLQV OLQNV UHIHUULQJ WR RWKHU GRFXPHQWV� VD\ GRFXPHQWV $ DQG %� WKHQ WKHVH

GRFXPHQWV DUH UHODWHG LQ VRPH PDQQHU WR HDFK RWKHU� HYHQ WKRXJK WKHUH PD\ QRW EH D OLQN

EHWZHHQ GRFXPHQWV $ DQG %� ,Q WKLV H[DPSOH� GRFXPHQWV $ DQG % DUH VDLG WR EH FRFLWHG�

7ZR GLIIHUHQW DSSURDFKHV RI FRFLWDWLRQ DQDO\VLV DUH FRPSDUHG� WKH ILUVW EDVHG XSRQ

WKH ZRUN RI >6PDOO DQG *ULIILWK ����@ ZKLFK HVVHQWLDOO\ FUHDWHV VWURQJO\ FRQQHFWHG

FRPSRQHQWV RI WKH PRVW SRSXODU FRFLWDWLRQ SDLUV� DQG WKH VHFRQG EDVHG XSRQ

PXOWLGLPHQVLRQDO VFDOLQJ DQG KLHUDUFKLFDO FOXVWHULQJ RI WKH PRVW SRSXODU FRFLWDWLRQ SDLUV�

7KH ODWWHU PHWKRG LV VKRZQ WR FUHDWH EHWWHU IRUPHG DQG PRUH PHDQLQJIXO FOXVWHUV RI

GRFXPHQWV�

6SUHDGLQJ $FWLYDWLRQ WR 3UHGLFW 1HHGHG ,QIRUPDWLRQ

>$QGHUVRQ DQG 0LOVRQ ����@ DQG >$QGHUVRQ ����@ KDYH UHFHQWO\ DUJXHG WKDW

KXPDQ PHPRU\ KDV DGDSWHG WKURXJK HYROXWLRQ WR RSWLPL]H WKH UHWULHYDO RI QHHGHG

LQIRUPDWLRQ �PHPRULHV� EDVHG RQ WKH FXUUHQW KLVWRU\ FRQWH[W RI DWWHQWLRQ� *HQHUDOO\� RQH

FRXOG VD\ WKDW WKHLU DQDO\VLV UHOLHV RQ WKUHH JHQHUDO VRUWV RI LQIRUPDWLRQ WR FRPSXWH WKH QHHG

SUREDELOLWLHV RI DOO VWRUHG PHPRULHV� JLYHQ D FXUUHQW IRFXV RI DWWHQWLRQ� ��� SDVW XVDJH SDWWHUQV�

��� GHJUHH RI VKDUHG FRQWHQW� DQG ��� LQWHU�PHPRU\ DVVRFLDWLYH OLQN VWUXFWXUHV� 7KHVH DUH WKH
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KLVWRULFDO DQG FRQWH[WXDO IDFWRUV WKDW ZHUH LQWURGXFHG EHIRUH� 0RUH UHFHQWO\� >$QGHUVRQ

����@ KDV SURSRVHG WKDW VSUHDGLQJ DFWLYDWLRQ PHFKDQLVPV FDQ EH XVHG WR LPSOHPHQW DQG

DSSUR[LPDWH VXFK FRPSXWDWLRQV�

7KH ::: FDQ EH YLHZHG DV DQ H[WHUQDO PHPRU\ DQG D XVHU�IRUDJHU ZRXOG EH

DLGHG E\ UHWULHYDO PHFKDQLVPV WKDW SUHGLFWHG DQG UHWXUQHG WKH PRVW OLNHO\ QHHGHG :::

SDJHV� JLYHQ WKDW WKH XVHU LV DWWHQGLQJ WR VRPH JLYHQ SDJH�V�� &KDSWHU )RXU UHYLHZV D NLQG RI

VSUHDGLQJ DFWLYDWLRQ PHFKDQLVP >$QGHUVRQ DQG 3LUROOL ����@� DQRWKHU XVDJH�FRQWHQW�VWUXFWXUH

WHFKQLTXH� WR SUHGLFW WKH QHHGHG� UHOHYDQW LQIRUPDWLRQ� 7KLV WHFKQLTXHV XWLOL]HV D

FRPELQDWLRQ RI SDVW XVDJH SDWWHUQV� WKH GHJUHH RI VKDUHG FRQWHQW EHWZHHQ SDJHV� DQG WKH

K\SHUOLQN VWUXFWXUH RI WKH :::�

2QH ZD\ WR FRQFHSWXDOO\ XQGHUVWDQG VSUHDGLQJ DFWLYDWLRQ LV WR LPDJLQH D V\VWHP RI

ZDWHU UHVHUYRLUV FRQQHFWHG YLD D VHW RI SLSHV� ZLWK WKH GLDPHWHU RI WKH SLSHV GHWHUPLQLQJ WKH

UDWH RI ZDWHU IORZLQJ EHWZHHQ UHVHUYRLUV� :KHQ D ODUJH DPRXQW RI ZDWHU LV LQMHFWHG LQWR WKH

V\VWHP IURP D SDUWLFXODU VRXUFH UHVHUYRLU RU VHW RI VRXUFH UHVHUYRLUV� DIWHU D SHULRG RI WLPH�

WKH ZDWHU OHYHOV LQ DOO WKH UHVHUYRLUV ZLOO VHWWOH LQ D SDUWLFXODU SDWWHUQ� %DVHG XSRQ WKLV ILQDO

SDWWHUQ� HDFK UHVHUYRLU FDQ EH LQVSHFWHG DQG WKH RQHV ZLWK WKH PRVW ZDWHU VHOHFWHG� ,I RQH

YLHZV WKH IORZ UDWHV EHWZHHQ UHVHUYRLUV DV D PHDVXUH RI WKHLU FRQQHFWHGQHVV �DVVRFLDWLRQ��

WKHQ WKH UHVHUYRLUV ZLWK WKH PRVW ZDWHU DW WKH HQG DUH LQ D VHQVH WKH RQHV PRUH FRQQHFWHG

�UHODWHG� WR WKH VRXUFH UHVHUYRLU�

,Q WKLV PDQQHU� VSUHDGLQJ DFWLYDWLRQ SURYLGHV D PDWKHPDWLFDO WHFKQLTXH IRU

GHWHUPLQLQJ WKH UHODWHGQHVV RI LWHPV EDVHG XSRQ WKHLU GHJUHH RI DVVRFLDWLRQ� 7KLV WHFKQLTXH

SURGXFHV D YDULHW\ RI UHODWHG SDJHV EDVHG XSRQ WKH FXUUHQW FRQWH[W RI D XVHU LQ D :HE
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ORFDOLW\� 7KH XQGHUO\LQJ PRGHO HQDEOHV YDULRXV ZHLJKWLQJV WR EH DSSOLHG GLIIHUHQW

XVDJH�FRQWHQW�VWUXFWXUH FRPSRQHQWV� EDVHG XSRQ WKH LQIRUPDWLRQ UHTXLUHPHQWV RI WKH XVHU�

7KHVH FRPSRQHQWV� RU QHWZRUNV� FRUUHVSRQG WR WKH URDGV PRVW WUDYHOHG �XVDJH QHWZRUN��

WKH VHPDQWLF DVVRFLDWLRQ EHWZHHQ SDJHV �FRQWHQW QHWZRUN�� DQG WKH GHVLJQHU·V FRQQHFWLRQ RI

SDJHV �VWUXFWXUH QHWZRUN�� )RU H[DPSOH� LI D XVHU LV LQWHUHVWHG LQ TXLFNO\ YLHZLQJ ZKDW PRVW

RI WKH RWKHU YLVLWRUV DW D VLWH KDYH VHHP� DFWLYDWLRQ FDQ EH VSUHDG SULPDULO\ WKRXJK WKH XVDJH

QHWZRUN DQG WKH SDJHV WKDW DFFXPXODWH WKH PRVW DFWLYDWLRQ FDQ EH UHWXUQHG WR WKH XVHU�

/LNHZLVH� LI D XVHU LV LQWHUHVWHG D SDUWLFXODU SDJH DQG ZDQWV WR EH PDGH DZDUH RI RWKHU SDJHV

RQ WKH VDPH WRSLF� DFWLYDWLRQ FDQ EH VSUHDG WKRXJK WKH FRQWHQW QHWZRUN DQG WKH DVVRFLDWHG

SDJHV FDQ EH UHWXUQHG� 6SUHDGLQJ DFWLYDWLRQ \LHOGV IOH[LEOH� DGDSWLYH� DQG FXVWRPL]DEOH

DJJUHJDWLRQV RI GRFXPHQWV EDVHG XSRQ D FRPELQDWLRQ RI GLIIHUHQW QHWZRUNV� 7KLV WHFKQLTXH

KDV WKH DGGHG DGYDQWDJH RI EHLQJ FRPSXWDEOH� XQGHU FHUWDLQ FRQGLWLRQV� LQ 2�6�1���� WLPH�

ZKHUH 6 LV WKH QXPEHU RI VRXUFHV DQG 1 LV WKH QXPEHU RI GRFXPHQWV�

$SSOLFDWLRQV

7KHVH PHWKRGV DUH EHLQJ LQYHVWLJDWHG SDUWO\ DV SRWHQWLDO HQKDQFHPHQWV WR DQ

,QIRUPDWLRQ :RUNVSDFH >&DUG HW DO� ����@ WKDW LV FRQQHFWHG WR WKH :::� 7KH :HE

)RUDJHU >&DUG HW DO� ����@ LV DQ H[DPSOH RI VXFK DQ ,QIRUPDWLRQ :RUNVSDFH� ,W VXSSRUWV D

YDULHW\ RI LQWHUDFWLRQ WHFKQLTXHV IRU ILQGLQJ� JURXSLQJ� DQG DEVWUDFWLQJ FROOHFWLRQV RI :::

GRFXPHQWV� 7KH :HE %RRN >&DUG HW DO� ����@ LV DQ H[DPSOH RI D VWUXFWXUH VXSSRUWHG E\ WKH

:HE )RUDJHU� EXW LQ LWV FXUUHQW IRUP :HE %RRNV DUH FRQVWUXFWHG ODUJHO\ E\ GLUHFW

PDQLSXODWLRQ WHFKQLTXHV� $XWRPDWLF FDWHJRUL]DWLRQ DQG DJJUHJDWLRQ WHFKQLTXHV� OLNH OLQHDU
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FRPELQDWLRQV RI IHDWXUH YHFWRUV DQG FRFLWDWLRQ DQDO\VLV� FRXOG EH XVHG WR UDSLGO\ FUHDWH

VWUXFWXUHV VXFK DV :HE %RRNV� 6LQFH FOXVWHUV DQG FDWHJRUL]HV KHOS FUHDWH DEVWUDFWLRQV RI

LQIRUPDWLRQ HQYLURQPHQWV� LW LV H[SHFWHG WKDW WKH LPSOHPHQWDWLRQ RI WKHVH WHFKQLTXHV ZLOO

KHOS UHGXFH XVHU FRPSODLQWV DERXW ILQGLQJ� RUJDQL]LQJ� DQG UHYLVLWLQJ LQIRUPDWLRQ RQ WKH

:HE� 7KH DELOLW\ WR SUHGLFW QHHGHG LQIRUPDWLRQ EDVHG RQ D XVHU·V FXUUHQW IRFXV RI DWWHQWLRQ

FRXOG EH XVHG WR RUGHU DQG DUUDQJH LQIRUPDWLRQ LQ WKH ZRUNVSDFH� 7KLV RUGHULQJ RI

GRFXPHQWV LQ WKH ZRUNVSDFH FDQ DVVLVW XVHUV LQ ILQGLQJ UHOHYDQW LQIRUPDWLRQ IDVWHU WKDQ

FRQYHQWLRQDO :HE LQWHUIDFHV� 7KH FXUUHQW VOXJJLVKQHVV RI SDJH UHWULHYDO RQ WKH :RUOG :LGH

:HE FRXOG EH JUHDWO\ DOOHYLDWHG E\ SUH�IHWFKLQJ WKH GRFXPHQWV WKH XVHUV LV OLNHO\ WR UHDG

QH[W� KHOSLQJ IXUWKHU UHGXFH FXUUHQW XVHU VSHHG UHODWHG FRPSODLQWV� &KDSWHU )LYH FRQWDLQV D

PRUH LQ GHSWK H[DPLQDWLRQ RI RWKHU SRVVLEOH DSSOLFDWLRQV RI WKH WHFKQLTXHV GHYHORSHG LQ

WKLV GLVVHUWDWLRQ�

&KDSWHU 2XWOLQH

7KLV GLVVHUWDWLRQ DGGUHVVHV WKH WRS XVDELOLW\ FRPSODLQWV RI WKH :HE E\ WKH

HPSLULFDO FKDUDFWHUL]DWLRQ RI WKH GHVLUDELOLW\ RI LWHPV RQ WKH :::� 7KH SULPDU\

FRQWULEXWLRQV IRFXV RQ WKH GHYHORSPHQW RI YDULRXV PHWKRGV WR IRUP PHDQLQJIXO FROOHFWLRQV

RI SDJHV DQG WR SUHGLFW WKH OLNHOLKRRG RI LWHPV UHFHLYLQJ DWWHQWLRQ� 7KHVH DUH WR EH

FRQVLGHUHG ZHDN PHWKRGV� LQ WKDW WKH\ DUH LQWHQGHG WR ZRUN UHDVRQDEO\ ZHOO DFURVV D YDULHW\

RI :HE ORFDOLWLHV� DV RSSRVHG WR VWURQJHU PHWKRGV WKDW DUH LQWHQGHG WR ZRUN YHU\ ZHOO EXW

IRU NQRZQ FRQWHQW RU ORFDOLW\� 7KLV UHVHDUFK GUDZV KHDYLO\ XSRQ DQG H[SDQGV XSRQ PRGHOV

DQG DQDO\VLV SHUIRUPHG E\ WKH OLEUDU\ VFLHQFH DQG KXPDQ PHPRU\ UHVHDUFK FRPPXQLWLHV� ,W
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DSSOLHV H[LVWLQJ WHFKQLTXHV OLNH WKH *DPPD 3RLVVRQ 0RGHO DQG FRFLWDWLRQ DQDO\VLV WR WKH

QHZ GRPDLQ RI WKH :RUOG :LGH :HE ZKLOH GLVFRYHULQJ QHZ XVDJH�FRQWHQW�VWUXFWXUH PHWKRGV

E\ WKH DSSOLFDWLRQ RI OLQHDU FRPELQDWLRQV DQG VSUHDGLQJ DFWLYDWLRQ� 7KLV UHVHDUFK KDV DOUHDG\

EHHQ SUHVHQWHG LQ RQH IRUP RU DQRWKHU LQ WKH IROORZLQJ SHHU UHYLHZHG SXEOLFDWLRQV�

• 0DUJDUHW 0� 5HFNHU DQG -DPHV (� 3LWNRZ� 3UHGLFWLQJ 'RFXPHQW $FFHVV LQ

/DUJH 0XOWLPHGLD 5HSRVLWRULHV� $&0 7UDQVDFWLRQV RQ &RPSXWHU�+XPDQ ,QWHUDFWLRQ�

������������� �����

• 3HWHU 3LUROOL� -DPHV 3LWNRZ� DQG 5DPDQD 5DR� 6LON IURP D 6RZ
V (DU�

([WUDFWLQJ 8VDEOH 6WUXFWXUHV IURP WKH :HE� &RQIHUHQFH RQ +XPDQ )DFWRUV LQ

&RPSXWLQJ 6\VWHPV �&+, ���� 9DQFRXYHU� &DQDGD� $SULO ��²��� �����

• -DPHV (� 3LWNRZ DQG 0DUJDUHW 0� 5HFNHU� $ 6LPSOH <HW 5REXVW &DFKLQJ

$OJRULWKP %DVHG RQ '\QDPLF $FFHVV 3DWWHUQV� 7KH 6HFRQG ,QWHUQDWLRQDO :RUOG :LGH

:HE &RQIHUHQFH� &KLFDJR� ,/� 2FW� ��²��� �����

• -DPHV (� 3LWNRZ DQG 0DUJDUHW 0� 5HFNHU� ,QWHJUDWLQJ %RWWRP�8S DQG 7RS�

'RZQ $QDO\VLV IRU ,QWHOOLJHQW +\SHUWH[W� ,Q 7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ

,QWHOOLJHQW .QRZOHGJH 0DQDJHPHQW� 0DU\ODQG� 0'� 1RY� ��²'HF� �� �����

• -DPHV (� 3LWNRZ DQG &ROOHHQ 0� .HKRH� (PHUJLQJ 7UHQGV LQ WKH :::

8VHU 3RSXODWLRQ� &RPPXQLFDWLRQV RI WKH $&0�������� �����
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• -DPHV (� 3LWNRZ� ,Q 6HDUFK RI 5HOLDEOH 8VDJH 'DWD RQ WKH :::� ,Q

3URFHHGLQJV RI WKH 6L[WK ,QWHUQDWLRQDO :RUOG :LGH :HE &RQIHUHQFH� 6DQWD &ODUD� &$�

$SULO ����� �����

• -DPHV (� 3LWNRZ DQG 3HWHU 3LUROOL� /LIH� 'HDWK� DQG /DZIXOQHVV RQ WKH

:::� ,Q &RQIHUHQFH RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+, ���� $WODQWD�

*HRUJLD� 0DUFK �����������

6RPH RI WKH FRQWHQW FRQWDLQHG KHUHLQ LV WDNHQ GLUHFWO\ IURP VRPH RI WKH DERYH

SXEOLFDWLRQV� DQG ZKHUH WKLV LV GRQH LW LV GXO\ QRWHG� &KDSWHU 7ZR WDNHV D OLEUDU\

VFLHQFH�KXPDQ PHPRU\ DSSURDFK WR XQGHUVWDQGLQJ WKH GHVLUDELOLW\ RI LWHPV RQ WKH :HE�

7KH *DPPD 3RLVVRQ 0RGHO LV DSSOLHG WR VHYHUDO :HE HQYLURQPHQWV DQG UHFHQF\ LV VKRZQ

WR EH D VWURQJ SUHGLFWRU RI IXWXUH XVH� &KDSWHU 7KUHH GHDOV ZLWK DWWHPSWV WR FUHDWH UHODWHG

FROOHFWLRQV RI GRFXPHQWV XVLQJ �� OLQHDU FRPELQDWLRQV RI IHDWXUH YHFWRUV VHHGHG ZLWK D

GLYHUVH VHW GDWD DQG �� FRFLWDWLRQ DQDO\VLV� 7KH XVH RI VSUHDGLQJ DFWLYDWLRQ WR SUHGLFW QHHGHG

LWHPV DQG FUHDWH JURXSV RI UHODWHG SDJHV LV WKH WRSLF RI &KDSWHU )RXU� ZKLFK LV IROORZHG E\ D

GLVFXVVLRQ RI DSSOLFDWLRQV DQG IXWXUH UHVHDUFK LQ &KDSWHU )LYH�
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3HUKDSV WKH PRVW VXLWDEOH H[LVWLQJ V\VWHP ZLWK ZKLFK WR FRPSDUH DQG XQGHUVWDQG

WKH ::: LV WKDW RI OLEUDULHV� 8VLQJ WKH GHILQLWLRQ RI LQIRUPDWLRQ HFRORJLHV LQ WKH

LQWURGXFWLRQ� OLEUDULHV DQG WKH :HE FDQ FOHDUO\ EH YLHZHG DV LQIRUPDWLRQ HFRORJLHV� %RWK DUH

V\VWHPV WKDW FRQWDLQ G\QDPLF LQIRUPDWLRQ ZKRVH WLPH�FRXUVH RI GHVLUDELOLW\ LV TXDQWLILDEOH�

7KH LQIRUPDWLRQ LQ ERWK V\VWHPV DOVR FRQWLQXDOO\ XQGHUJRHV ELUWK DQG HYHQWXDO GHDWK

SURFHVVHV� )RU OLEUDULHV� WKH ELUWK RI QHZ LQIRUPDWLRQ LV SULPDULO\ LQ WKH IRUP RI

DFTXLVLWLRQV� $V WLPH SDVVHV� WKH GHVLUDELOLW\ RI DQ DFTXLUHG LWHP IDGHV� WKH VKHOI VSDFH

FRQVXPHG E\ WKH LWHP PD\ EH EHWWHU XWLOL]HG E\ D QHZHU� PRUH GHVLUDEOH LWHP� 7KLV SURFHVV�

RI GHWHUPLQLQJ ZKLFK LWHPV WR UHPRYH DQG ZKHQ WR UHPRYH WKHP LV FDOOHG UHOHJDWLRQ� )RU

WKH :HE� WKH DFW RI SXEOLVKLQJ DQG FRQYHUVLRQ RI H[LVWLQJ PDWHULDO WR WKH :HE JLYHV ELUWK WR

LQIRUPDWLRQ DQG DOWKRXJK LW LV QRW FXUUHQWO\ ZLGHVSUHDG SUDFWLFH� VWDJLQJ� DUFKLYLQJ DQG

GHOHWLRQ RI LQIRUPDWLRQ FDQ EH YLHZHG DV SURJUHVVLYH VWDJHV RI WKH GHDWK SURFHVV�

-XVW WKH VDPH� OLEUDULHV DQG ::: VLWHV DUH QRW ZLWKRXW GLIIHUHQFH� 'LJLWDO

LQIRUPDWLRQ V\VWHPV DUH QRW VXEMHFW WR WKH VDPH SK\VLFDO OLPLWDWLRQV DV EXLOGLQJVGLVN

VSDFH DQG PHPRU\ FRQWLQXH WR EHFRPH VPDOOHU DQG IDVWHU� D SURSHUW\ WKDW FRQVWUXFWLRQ

PDWHULDOV OLNH FHPHQW GR QRW SRVVHV� 7KLV SK\VLFDO GLIIHUHQFH KDV D GLUHFW LPSDFW RQ WKH

FRVWV DVVRFLDWHG ZLWK HQODUJLQJ D JLYHQ FROOHFWLRQ� 7KH DYDLODELOLW\ RI LWHPV LV DQRWKHU
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GLIIHUHQWLDWLQJ SRLQW� /LEUDULHV DUH SULPDULO\ ´IUHTXHQF\ RI ERUURZLQJµ V\VWHPV� VLQFH RQFH

DQ LWHP LV FKHFNHG RXW IURP D OLEUDU\� LW EHFRPHV XQDYDLODEOH IRU WKH GXUDWLRQ RI WKH ORDQ

SHULRG� 7KH :HE RQ WKH RWKHU KDQG� FDQ EH YLHZHG DV D ´IUHTXHQF\ RI GHPDQGµ V\VWHP� LW

GRHV QRW VXIIHU IURP VXFK XVDJH OLPLWDWLRQV��

:KLOH WKH DERYH GLVFXVVLRQ UHYHDOV VRPH VXUIDFH OHYHO FRPSDULVRQV EHWZHHQ

OLEUDULHV DQG WKH :HE� WKHUH H[LVW VRPH IXQGDPHQWDO FKDUDFWHULVWLFV WKDW ERWK V\VWHPV VKDUH

DV ZHOO� WKH IRUHPRVW EHLQJ H[SRQHQWLDO JURZWK� 8VLQJ GDWD IURP ILIW\ HLJKW OLEUDULHV RYHU WKH

FRXUVH RI IRUW\ \HDUV IURP WKH ����V WKURXJK ����V >'XQQ ����@� >/HLPNXKOHU DQG &RRSHU

����@ SRLQW RXW WKH H[SRQHQWLDO JURZWK UDWH RI WKH WRWDO QXPEHU RI YROXPHV KHOG E\ WKH

OLEUDULHV FDQ EH PRGHOHG E\ WKH IROORZLQJ HTXDWLRQ�

ZKHUH 1
W
UHSUHVHQWV WKH VL]H RI WKH FROOHFWLRQ W \HDUV DJR UHODWLYH WR WKH FXUUHQW

VL]H� 1
�
� DQG D LV WKH DQQXDO DFTXLVLWLRQ UDWH� 1DWXUDOO\� WKH DFTXLVLWLRQ UDWH D LV OLEUDU\

VSHFLILF DQG FKDQJHV LQ D ZLOO UHVXOW LQ H[SRQHQWLDO VKLIWV RI WKH JURZWK SDWWHUQV�

)LJXUH � VKRZV WKH JURZWK UDWH RI 3XUGXH OLEUDULHV RYHU WKLV IRUW\ \HDU SHULRG� UHYHDOLQJ D

QHDUO\ WHQIROG LQFUHDVH LQ FLUFXODWLRQ� 7KH H[SRQHQWLDO JURZWK UDWH ZDV FRQILUPHG LQ RWKHU

OLEUDU\ V\VWHPV E\ >$WNLQVRQ ����@ DQG WKH 8QLYHUVLW\ RI 3LWWVEXUJK VWXG\ >.HQW HW DO� ����@�

� 7KLV RI FRXUVH LV LQ OLHX RI VLWXDWLRQV ZKHUH LWHPV RQ WKH :HE EHFRPH WHPSRUDULO\ XQDYDLODEOH� H�J�� VHUYHU

PDLQWHQDQFH� QHWZRUN IDLOXUHV� HWF�

N N et
at= −

0
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6LPLODU H[SRQHQWLDO JURZWK KDV DOVR EHHQ QRWHG E\ >/HLPNXKOHU DQG &RRSHU ����@ IRU WKH

DFTXLVLWLRQ RI LWHPV DQG WKH WRWDO FLUFXODWLRQ RI LWHPV RYHU WLPH DV VHHP LQ WKH VHPL�

ORJDULWKPLF SORW LQ )LJXUH ��

)LJXUH � VKRZV WKH H[SRQHQWLDO JURZWK UDWH RI LQIRUPDWLRQ VHUYHUV RQ WKH :::�

,Q ILYH \HDUV� WKH QXPEHU RI :HE VHUYHUV KDV JURZQ IURP DURXQG ILIW\ LQ $XJXVW RI ���� WR

RYHU ������� E\ -DQXDU\ RI ����� ,I RQH XVHV WKH HVWLPDWH RI WKHUH EHLQJ DURXQG ��� PLOOLRQ

GRFXPHQWV RQ WKH :HE >,QWHUQHW $UFKLYH ����@� WKLV HTXDWHV WR DQ DYHUDJH RI ���

GRFXPHQWV SHU :HE VHUYHUD QXPEHU WKDW LQWXLWLYHO\ VHHPV UHDVRQDEOH� 7KH :HE FHUWDLQO\

GHPRQVWUDWHV D IDVWHU UDWH RI JURZWK� EXW ERWK V\VWHPV H[KLELW H[SRQHQWLDO JURZWK�

1925 1930 1935 1940 1945 1950 1955 1960 1965
1

10

100

1,000

10,000

100,000

1,000,000

Acquisitions

Circulation

Total Volumes

)LJXUH �� *URZWK UDWHV IRU WRWDO YROXPHV� FLUFXODWLRQ� DQG DFTXLVLWLRQV IRU 3XUGXH /LEUDU\ IURP ���� WKURXJK

���� SORWWHG RQ D VHPL�ORJDULWKPLF VFDOH�
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$QRWKHU LQWHUHVWLQJ SURSHUW\ RI OLEUDULHV LV IUHTXHQF\ RI FLUFXODWLRQ �)2&�� :KHQ

SORWWHG RQ D ORJDULWKPLF \�D[LV� WKH QXPEHU RI LWHPV WKDW KDYH FLUFXODWHG RQFH� WZLFH� WKUHH

WLPHV� HWF� GXULQJ D IL[HG SHULRG RI WLPH IRUP PRUH RU OHVV D VWUDLJKW OLQH� 7KH VHPL�

ORJDULWKPLF IUHTXHQF\ RI FLUFXODWLRQ �)2&� SURSHUW\ KDV EHHQ VR ZLGHO\ REVHUYHG WKDW LW LV

KDV EHFRPH NQRZQ DV WKH VWUDLJKW�OLQH SKHQRPHQRQ�

%RWK OLEUDULHV DQG WKH ::: KDYH EHHQ PRWLYDWHG E\ JRDO RI WKH /LEUDU\ RI

$OH[DQGULD³RI EHFRPLQJ D UHSRVLWRU\ IRU DOO KXPDQ NQRZOHGJH >*RUH ����@� 'XULQJ WKH

ILUVW KDOI RI WKH WZHQWLHWK FHQWXU\� DFDGHPLF DQG SXEOLF OLEUDULHV LQFUHDVHG WKHLU KROGLQJV DW

H[SRQHQWLDO UDWHV� IXHOHG LQ ODUJH SDUW E\ WKLV QRWLRQ RI $OH[DQGULD� +RZHYHU� LW EHFDPH FOHDU

E\ WKH PLG ����·V WKDW WKLV UDWH RI ZDV QRW VXVWDLQDEOH GXH WR WKH WUHPHQGRXV EXLOGLQJ FRVWV

DVVRFLDWHG ZLWK WKH QHHG WR DFFRPPRGDWH DGGLWLRQDO DFTXLVLWLRQV� ,W LV QRW VXUSULVLQJ WR ILQG
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WKDW WKH FRQFHSW RI VHOI�UHQHZLQJ OLEUDULHV EHFDPH SRSXODU� 2ULJLQDOO\ LQWURGXFHG E\ WKH

8QLYHUVLW\ *UDQWV FRPPLWWHH LQ ���� >8QLYHUVLW\ *UDQWV &RPPLWWHH ����@� VHOI�UHQHZLQJ

OLEUDULHV ZHUH GHILQHG DV� D OLEUDU\ RI OLPLWHG VL]H LQ ZKLFK EH\RQG D FHUWDLQ SRLQW PDWHULDO

VKRXOG EH UHGXFHG DW D UDWH UHODWHG WR WKH UDWH RI DFTXLVLWLRQ� 7KH TXHVWLRQ ZDV QR ORQJHU

KRZ WR UDLVH HQRXJK PRQH\ WR EXLOG PRUH SK\VLFDO VSDFH WR KROG PRUH ERRNV� EXW UDWKHU

ZKDW SROLFLHV VKRXOG EH DGRSWHG WR KHOS IDFLOLWDWH WKH DFTXLVLWLRQ DQG UHOHJDWLRQ RI PDWHULDOV�

7R WKLV GD\� SROLFLHV LQ WKLV DUHD RI OLEUDU\ PDQDJHPHQW DUH ZLGHO\ GHEDWHG�

,Q RUGHU WR DFKLHYH QR�JURZWK� RQH QHHGV WR EH DEOH WR PDNH GHFLVLRQV DV WR ZKLFK

LWHPV WR NHHS RQ WKH VWDFNV DQG ZKLFK WR UHOHJDWH� $V SRLQWHG RXW LQ >%XUUHOO ����@� VHYHUDO

FULWHULD H[LVW� LQFOXGLQJ�

�� VXEMHFWLYH DVVHVVPHQW E\ OLEUDULDQV�

�� UHFRPPHQGDWLRQV E\ DFDGHPLF VWDII �SHHU UHYLHZ��

�� UHFRUGHG XVDJH RI LQGLYLGXDO LWHPV�

�� ODVW XVH RI LWHPV�

�� SXEOLFDWLRQ GDWH� DQG

�� DFFHVVLRQ GDWH

ZLWK VRPH PRGLILFDWLRQ RI DOO WKH DERYH EHLQJ FRPPRQ SUDFWLFH� :KLOH DOO RI WKH DERYH

WHFKQLTXHV FDQ IDFLOLWDWH GHFLVLRQV DV WR ZKLFK ERRNV WR UHPRYH� WKH\ DOO VXIIHU IURP VDPH

SUREOHP³QRQH DUH DEOH WR SUHGLFW WKH FRVWV RI VXFK GHFLVLRQV� $V D UHVXOW� FHUWDLQ ERRNV

ZLOO EH UHOHJDWHG WKDW ZLOO EH UHTXHVWHG� ZKLOH RWKHU ERRNV ZLOO UHPDLQ RQ WKH VKHOYHV WKDW ZLOO

QRW EH XVHG� $ FHUWDLQ GHJUHH RI WKLV LQHIILFLHQF\ LV ERXQG WR RFFXU UHJDUGOHVV RI ZKDW

PHWKRG LV XVHG WR GHWHUPLQH UHOHJDWLRQ SROLFLHV� 6WLOO� PHWKRGV WKDW DUH EDVHG XSRQ HPSLULFDO
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UHJXODULWLHV RI DFWXDO FLUFXODWLRQ FDQ HVWLPDWH WKH FRVWV LQYROYHG ZLWK HDFK GHFLVLRQ� 7KH

VXFFHVV RI WKH GHFLVLRQV ZLOO UHO\ XSRQ WKH PRGHO·V DELOLW\ WR FRUUHFWO\ PDWFK UHDO FLUFXODWLRQ

SDWWHUQV� 2QH RI WKH PRVW ZLGHO\ NQRZQ PRGHO IRU OLEUDU\ FLUFXODWLRQ DQG UHOHJDWLRQ

GHFLVLRQV LV WKH VLPSOH PRGHO VHW IRUWK E\ >%XUUHOO ����@� ZKLFK ZLOO EH GLVFXVVHG LQ WKH QH[W

VHFWLRQ�

7KH :HE LV EHFRPLQJ D JOREDO UHSRVLWRU\ IRU KXPDQ NQRZOHGJH� 6RPH HQWLWLHV� OLNH

WKH ,QWHUQHW $UFKLYH >,QWHUQHW $UFKLYH ����@� IHHO WKDW HYHU\WKLQJ GLJLWDO RXJKW WR EH IRUHYHU

SUHVHUYHG� 2QH RI WKH H[FLWLQJ� WKRXJK SRVVLEO\ GLVWXUELQJ SURSHUWLHV RI WKH :HE� LV WKDW WKH

OLPLWLQJ SK\VLFDO FRVWV WKDW UHVXOWHG LQ WKH LQWURGXFWLRQ RI VHOI�UHQHZLQJ OLEUDULHV DUH VLPSO\

QRW SUHVHQW IRU WKH :HE� &RPSXWHU PHPRU\� SURFHVVRU VSHHGV� DQG GLVN DUH UHDGLO\

DFFHVVLEOH DW HYHU GHFUHDVLQJ FRVWV� ,Q IDFW� FXUUHQW ILJXUHV E\ WKH >,QWHUQHW $UFKLYH ����@

HVWLPDWH WKDW WKH HQWLUH :HE FRQVLVWV RI ��� JLJDE\WHV RI WH[WXDO FRQWHQW DQG DQ H[WUD �

WHUDE\WHV RI PXOWLPHGLD FRQWHQW� :LWK GLVN FRVWLQJ URXJKO\ �����JLJDE\WH �86� DW WKH HQG RI

����� WKH HQWLUH :HE FDQ UHVLGH RQ ORFDO GLVN IRU XQGHU KDOI D PLOOLRQ GROODUV� *LYHQ WKH

DSSDUHQW DEVHQFH RI SK\VLFDO FRVW OLPLWDWLRQV� ZKDW ZLOO EH WKH OLPLWLQJ IDFWRU WR WKH

H[SRQHQWLDO JURZWK RI LQIRUPDWLRQ RQ WKH :HE"

:H EHOLHYH WKDW WKH OLPLWLQJ IDFWRU IRU WKH FRQWLQXHG JURZWK LQ WKH VL]H RI WKH :HE

LV KXPDQ DWWHQWLRQ� 7KLV DWWHQWLRQDO GHILFLW LV GXH LQ SDUW WR WKH HIIHFW RI GLPLQLVKLQJ UHWXUQV

LQIRUPDWLRQ FUHDWRUV ZLOO IDFH DV ZHOO DV WKH IL[HG FDSDFLW\ RI KXPDQV WR SURFHVV

LQIRUPDWLRQ� 6LQFH WKH WRWDO DPRXQW RI KXPDQ DWWHQWLRQ LV D IL[HG TXDQWLW\� DV PRUH DQG

PRUH LQIRUPDWLRQ EHFRPHV DYDLODEOH RQ WKH :HE� WKH OLNHOLKRRG RI QHZO\ SURGXFHG FRQWHQW

RQ WKH :HE UHFHLYLQJ DWWHQWLRQ GHFUHDVHV� 7KLV LV H[SHFWHG WR EH WKH FDVH HYHQ DV VSHFLDOL]HG
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FRPPXQLWLHV RI LQWHUHVW GHYHORS� L�H�� FRPPXQLWLHV RQO\ LQWHUHVWHG LQ D SDUWLFXODU WRSLF� 7KLV

LV DOVR H[SHFWHG WR EH WKH FDVH HYHQ DV QHZ WHFKQRORJLHV DUH GHYHORSHG WKDW KHOS ILOWHU�URXWH

LQIRUPDWLRQ WR XVHUV� 6LPSO\ SXW� DV WKH VDPH DPRXQW RI KXPDQ DWWHQWLRQ LV VSUHDG RYHU

PRUH DQG PRUH QHZO\ SURGXFHG LQIRUPDWLRQ� WKH DELOLW\ WR JHW WKH ULJKW LQIRUPDWLRQ

GHFUHDVHV LQ WDQGHP ZLWK WKH DWWUDFWLYHQHVV RI SURGXFLQJ QHZ LQIRUPDWLRQ� )XUWKHUPRUH�

:HE FRPSODLQ DERXW WKH LQDELOLW\ WR ILQG� UHORFDWH� DQG PDQDJH WKH DPRXQW RI LQIRUPDWLRQ

RQ WKH :HE WRGD\ >3LWNRZ DQG .HKRH ����@� ,I WKH /LEUDU\ RI $OH[DQGULD EHFRPHV WKH

PRGHO IRU WKH :HE DQG DOO GRFXPHQWV� HGLWRULDOV� LPDJHV� SHUVRQDO KRPH SDJHV� OLVW RI OLQNV�

HWF� DUH VWRUHG IRU HWHUQLW\� WKH SUREOHP QRZ EHFRPHV QRW RQO\ ILQGLQJ WKH ULJKW

LQIRUPDWLRQ� EXW SRVVLEO\ ILQGLQJ WKH ULJKW YHUVLRQ RI WKH LQIRUPDWLRQ� 7KHVH DUH QRW VLPSOH

SUREOHPV ZLWK LPPHGLDWH DQG REYLRXV DQVZHUV� $V WKH :HE FRQWLQXHV WR JURZ WKHVH

SUREOHPV FDQ RQO\ EH H[SHFWHG WR FRQWLQXH WR JHW ZRUVH��

2QH VROXWLRQ FRQVLVWV RI WKH GHYHORSPHQW RI VSHFLDOL]HG WRROV DQG WHFKQRORJLHV

WKDW DVVLVW XVHUV LQ GHWHUPLQLQJ ZKDW LQIRUPDWLRQ LV ZRUWK DWWHQWLRQ� 7KDW LV� XVHUV FDQ

EHQHILW JUHDWO\ IURP WHFKQRORJLHV WKDW KHOS SUHGLFW ZKDW LQIRUPDWLRQ WKH\ DUH OLNHO\ WR QHHG

RU ILQG XVHIXO� 7KH\ FDQ DOVR EHQHILW IURP LQIRUPDWLRQ EHLQJ RUGHUHG DFFRUGLQJ WR SUHGLFWHG

LQWHUHVW DV ZHOO� 7KLV HVVHQWLDOO\ LQYROYHV WKH GHYHORSPHQW RI WHFKQLTXHV WKDW SUHGLFW WKH

IXWXUH GHVLUDELOLW\ RI LWHPV� 3UHGLFWLRQV RI WKLV VRUW FDQ EH GRQH RQ DQ LQGLYLGXDO� JURXS� RU

HQWLUH SRSXODWLRQ EDVLV� :H FDOO WKLV SURFHVV SURPRWLRQ� VLQFH LW KDV WKH HIIHFW RI SURPRWLQJ

FHUWDLQ LWHPV EDVHG XSRQ WKHLU GHVLUDELOLWLHV�

� $V ZLWK PRVW HQYLURQPHQWV� VRPH IRUP RI VWHDG\�VWDWH G\QDPLFV ZLOO PRVW OLNHO\ HPHUJH� EDODQFLQJ SURGXFWLRQ ZLWK
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,W VKRXOG EH LPPHGLDWHO\ FOHDU WKDW SUHGLFWLQJ ZKDW XVHUV ZLOO ZDQW �SURPRWLRQ� LV

WKH ORJLFDO LQYHUVH RI SUHGLFWLQJ ZKDW WKH\ ZLOO QRW ZDQW �UHOHJDWLRQ�� ,I RQH DVVXPHV DQ

RUGHULQJ RI LWHPV DFFRUGLQJ WR WKHLU GHVLUDELOLWLHV� WKHQ SURPRWLRQ DQG UHOHJDWLRQ RFFXU DW

RSSRVLWH VLGHV RI WKH FRQWLQXXP� 7KH GHVLUDELOLW\ RI DQ LWHP PD\ EH HYDOXDWHG DFURVV

PXOWLSOH GLPHQVLRQV� )RU WKH UHVHDUFK SUHVHQWHG KHUH WKRXJK� D XQL�GLPHQVLRQDO RUGHULQJ RI

WKH GHVLUDELOLW\ RI LWHPV LV DVVXPHG LQ D VWHS WRZDUGV VLPSOLILFDWLRQ�

7KLV DVVXPSWLRQ GRHV QRW KRZHYHU VSHFLI\ WKH XQGHUO\LQJ GLVWULEXWLRQ RI LWHPV

DFFRUGLQJ WR WKHLU GHVLUDELOLW\� %\ ERUURZLQJ D PRGHO RI GHVLUDELOLW\ LQLWLDOO\ GHVLJQHG IRU

OLEUDU\ FLUFXODWLRQ >%XUUHOO ����@>%XUUHOO ����@ DQG PRGLILHG WR DFFRXQW IRU LWHPV LQ KXPDQ

PHPRU\ >$QGHUVRQ DQG 0LOVRQ ����@>$QGHUVRQ DQG 6FKRROHU ����@� D PRGHO RI WKH

GLVWULEXWLRQ RI GHVLUDELOLW\ IRU LWHPV RQ WKH ::: ZLOO EH GHYHORSHG DQG HYDOXDWHG�

3URPRWLRQ DQG UHOHJDWLRQ GHFLVLRQV WKDW GHWHUPLQH WKH FRVW DVVRFLDWHG ZLWK WKHVH GHFLVLRQV

FDQ EH PDGH DJDLQVW WKH PRGHO� $GGLWLRQDOO\� WKH PRGHO FDQ EH XVHG WR IDFLOLWDWH

FRPSDULVRQV EHWZHHQ GLIIHUHQW ::: HFRORJLHV�

7KH *DPPD�3RLVVRQ 'HVLUDELOLW\ 0RGHO

&OHDUO\ DQ\ PRGHO WKDW KHOSV SUDFWLFLQJ OLEUDULDQV PDQDJH WKHLU UHVRXUFHV SURYLGHV

VRPH XWLOLW\� %XW LQ RUGHU IRU DQ\ PRGHO WR EH RI UHDO XVH WR SUDFWLFLQJ OLEUDULDQV� >6DQGLVRQ

����@ DVVHUWV WKDW PDWKHPDWLFDO PRGHOV RI OLEUDU\ FLUFXODWLRQ VKRXOG� �� EH EDVHG RQ YDOLG

DVVXPSWLRQV� �� EH H[SODLQHG LQ VXIILFLHQWO\ VLPSOH WHUPV IRU WKH RUGLQDU\ OLEUDULDQ WR FDUU\

FRQVXPSWLRQ \LHOGLQJ DFFHSWDEOH JDLQV IRU ERWK LQIRUPDWLRQ SURGXFHUV DQG FRQVXPHUV�
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RXW DQG �� UHVXOW LQ EHWWHU DGYLFH WKDQ WKDW REWDLQDEOH E\ VLPSOHU WHFKQLTXHV� 6LPLODUO\�

>%XUUHOO ����@>%XUUHOO DQG &DQH ����@ VWDWH WKDW WKH SULPDU\ DLP RI OLEUDU\ FLUFXODWLRQ PRGHOV

RXJKW WR EH �� WR FRQWDLQ RQO\ D VPDOO QXPEHU RI SDUDPHWHUV WR FKDUDFWHUL]H WKH OLEUDU\

ZKRVH D� PHDQLQJ LV HDV\ WR XQGHUVWDQG DQG E� DUH QRW WRR GLIILFXOW WR HVWLPDWH DQG ��

SURYLGH D TXDOLWDWLYHO\ JRRG ILW IRU WKH GDWD IURP YDULRXV OLEUDULHV RYHU YDULRXV WLPH SHULRGV�

:LWK WKLV LQ PLQG� >%XUUHOO ����@ SURSRVHG D VLPSOH PDWKHPDWLFDO PRGHO LQ DQ DWWHPSW WR

H[SODLQ WKH VWUDLJKW�OLQH SKHQRPHQRQ RI DFDGHPLF OLEUDU\ ORDQV�

)RU WKLV PRGHO� HYHU\ ERRN LQ WKH OLEUDU\ LV DVVXPHG WR SRVVHVV D FHUWDLQ GHJUHH RI

GHVLUDELOLW\� $V VWDWHG LQ WKH ,QWURGXFWLRQ� %XUUHOO GHILQHV GHVLUDELOLW\ DV WKH QXPEHU RI WLPHV

WKDW D ERRN LV ERUURZHG
� GXULQJ D IL[HG SHULRG RI WLPH 7� ,Q RUGHU WR PLQLPL]H F\FOLF

YDULDWLRQV LQ ERUURZLQJ SDWWHUQV WKDW UHVXOW IURP DFDGHPLF FDOHQGDUV ZKLOH UHPDLQLQJ

VHQVLWLYH WR WKH HIIHFWV RI DJLQJ� %XUUHOO XVHV D SHULRG RI RQH \HDU IRU 7� :KHQ FRQVLGHULQJ D

IL[HG FROOHFWLRQ RI ERRNV RI VL]H 1� >%XUUHOO ����@ VKRZV PDWKHPDWLFDOO\ WKDW WKH VWUDLJKW�

OLQH SKHQRPHQRQ FDQ EH PRGHOHG UHDVRQDEO\ ZHOO XVLQJ D JHRPHWULF GLVWULEXWLRQ ZKRVH

PHDQ LV 7�α� ZKHUH α LV D FROOHFWLRQ VSHFLILF FRQVWDQW� 7KH FRQVWDQW α PD\ EH LQWHUSUHWHG

DV WKH DYHUDJH WLPH EHWZHHQ ERUURZLQJV IRU DQ\ UDQGRPO\ FKRVHQ ERRN� RU DOWHUQDWLYHO\ DV

WKH DPRXQW RI WLPH UHTXLUHG IRU WKH DYHUDJH QXPEHU RI ERRNV ERUURZHG WR HTXDO RQH�

)RU HDFK ERRN ZLWK GHVLUDELOLW\� λ� %XUUHOO DVVXPHV WKDW WKH QXPEHU RI WLPHV D

ERRN LV ERUURZHG RFFXUV DV D VWRFKDVWLF SURFHVV� ZLWK GLIIHUHQW ERRNV KDYLQJ GLIIHUHQW

� 7KH FKRLFH RI FLUFXODWLRQ UDWH IRU WKH GHVLUDELOLW\ PHWULF E\ %XUUHOO LV FHUWDLQO\ DSSURSULDWH JLYHQ WKH SULPDU\ DLP RI

FUHDWLQJ D VLPSOLVWLF PRGHO� 2WKHU IRUPV RI GHVLUDELOLW\ WKDW FRXOG KDYH DOVR EHHQ LQFOXGHG� WKRXJK DW WKH FRVW RI

VLPSOLFLW\� LQFOXGH WKH QXPEHU RI FRSLHV SHU ERRN� WKH QXPEHU RI XQLTXH ERUURZHUV� HWF�
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ERUURZLQJ IUHTXHQFLHV� RU GHVLUDELOLWLHV� 7KH SUREDELOLW\ WKHQ WKDW D JLYHQ ERRN ZLOO EH

ERUURZHG N WLPHV GXULQJ D SHULRG 7 FDQ EH JLYHQ E\ WKH IROORZLQJ 3RLVVRQ GLVWULEXWLRQ�
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ZLWK WKH GHVLUDELOLWLHV IRU GLIIHUHQW LWHPV YDU\LQJ DV D QHJDWLYH ELQRPLDO GLVWULEXWLRQ ZLWK

SDUDPHWHU α� 7KDW LV� IRU D ERRN ZLWK GHVLUDELOLW\ λ� WKH WLPH EHWZHHQ XVHV LV DQ H[SRQHQWLDO

SURFHVV ZLWK ��λ UHSUHVHQWLQJ WKH PHDQ WLPH EHWZHHQ XVHV� 7KH SUREDELOLW\ WKDW D ERRN ZLOO

EH ORDQHG RXW U WLPHV GXULQJ D WLPH 7 LV�
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ZKLFK LV D JHRPHWULF GLVWULEXWLRQ ZLWK SDUDPHWHU 7��7�α�� )URP WKLV LW FDQ WKHQ EH VKRZQ

WKDW WKH SUREDELOLW\ WKDW D UDQGRPO\ FKRVHQ LWHP ZLOO EH ERUURZHG D FHUWDLQ QXPEHU RI

WLPHV GXULQJ D IL[HG SHULRG LV HTXDO WR WKH SUREDELOLW\ JHQHUDWLQJ IXQFWLRQ IRU WKH JHRPHWULF

GLVWULEXWLRQ RI WKH VWUDLJKW�OLQH SKHQRPHQRQ �WKH LQWHUHVWHG UHDGHU LV UHIHUUHG WR >%XUUHOO

����@ IRU WKH PDWKHPDWLFDO SURRI��
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,Q ILWWLQJ WKH PRGHO WR YDULRXV GDWD VHWV� >%XUUHOO ����@ QRWLFHG WKDW WKH PRGHO

SUHGLFWHG IDU IHZHU ]HUR FLUFXODWLRQ LWHPV� 7KLV ODFN RI FRQJUXHQFH EHWZHHQ WKH REVHUYHG

GDWD DQG WKH PRGHO FDQ EH H[SODLQHG E\ FKDOOHQJLQJ WKH DVVXPSWLRQ WKDW DOO LWHPV LQ D

SDUWLFXODU OLEUDU\ DUH SRWHQWLDO FDQGLGDWHV IRU FLUFXODWLRQ� ,Q DQ\ ODUJH FROOHFWLRQ� WKHUH ZLOO EH

LWHPV� H�J�� LWHPV RQ SHUPDQHQW UHVHUYH� MRXUQDOV� VSHFLDO FROOHFWLRQV� PLVVLQJ LWHPV� HWF�� WKDW

ZLOO QRW EH LQFOXGHG LQWR FLUFXODWLRQ VWDWLVWLFV� 7KLV FODVV RI LWHPV LV GLIIHUHQW WKDQ WKRVH

LWHPV ZKLFK FRXOG KDYH EHHQ EXW ZHUH QRW FLUFXODWHG� 7KH SUREOHP LV WKDW WKH H[DFW QXPEHU

RI WKHVH ´GHDGµ LWHPV LQ D FROOHFWLRQ LV QRW GHWHUPLQDEOH� WKXV LW PXVW EH HVWLPDWHG� >%XUUHOO

����@ VKRZV WKDW WKH QXPEHU RI GHDG LWHPV� β� FDQ EH HVWLPDWHG DQG LQFRUSRUDWHG LQWR WKH

PRGHO ZLWK RQO\ SULRU NQRZOHGJH RI WKH WRWDO QXPEHU RI LWHPV LQ WKH FROOHFWLRQ� WKH WRWDO

QXPEHU RI LWHPV ZKLFK KDYH EHHQ ERUURZHG GXULQJ WKH SHULRG� DQG WKH WRWDO QXPEHU RI

ERUURZLQJV UHFRUGHG GXULQJ WKH SHULRG�

7KH VXEVHTXHQW GHFUHDVH LQ WKH GHVLUDELOLW\ RI LWHPV� RU DJLQJ� FRPSOLFDWHV WKH

>%XUUHOO ����@ PRGHO� VLQFH WKH RULJLQDO PRGHO DVVXPHV WKDW WKH FLUFXODWLRQ UDWH IRU LWHPV

UHPDLQV FRQVWDQW RYHU WLPH� 7R KDQGOH DJLQJ� >%XUUHOO ����@ DVVXPHV WKDW LWHPV VXIIHU

H[SRQHQWLDO GHFD\ LQ WKHLU GHVLUDELOLWLHV� ZLWK HTXDO SUREDELOLW\ RI GHFD\ IRU HDFK LWHP LQ WKH

FROOHFWLRQ� 7KHVH DVVXPSWLRQV DUH PRGHOHG DV D QRQ�KRPRJHQRXV 3RLVVRQ SURFHVV ZKRVH

UDWH YDULHV DV H�
DW λ DW WLPH W ZLWK FRQVWDQW D� ZKHUH W ! �� D ! �� DQG λ LV WKH LQLWLDO GHVLUDELOLW\

DW W �� 7KH SUREDELOLW\ WKDW DQ LWHP ZLOO EH FLUFXODWHG U WLPHV GXULQJ WKH ILUVW Q \HDUV LV�
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7KH PRGHO SDUDPHWHUV IRU WKH PL[LQJ JDPPD GLVWULEXWLRQ IXQFWLRQ DUH ε DQG Y DQG θ  H�D�

7KH DJLQJ IDFWRU LV HTXDO WR � � θ DQG UHSUHVHQWV WKH DQQXDO UDWH RI GHFD\� 7KLV PRGHO

HQDEOHV WKH IXWXUH XVH RI LWHPV WR EH SUHGLFWHG PRUH DFFXUDWHO\ WKDQ WKH SUHYLRXV PRGHO�

,Q VXPPDU\� %XUUHOO SURSRVHV D FLUFXODWLRQ PRGHO� FRPPRQO\ UHIHUUHG WR DV WKH

*DPPD�3RLVVRQ 0RGHO �*30�� LQ ZKLFK WKH QXPEHU RI ERUURZLQJV IRU LWHPV RFFXUV DV D

QRQ�KRPRJHQRXV 3RLVVRQ SURFHVV ZLWK GLIIHUHQW LWHPV KDYLQJ GLIIHUHQW GHVLUDELOLWLHV WKDW

YDU\ DFFRUGLQJ WR D QHJDWLYH H[SRQHQWLDO GLVWULEXWLRQ ZLWK SDUDPHWHU α� 7KH GHVLUDELOLW\ RI

LWHPV RYHU WLPH GHFUHDVHV DW DQ H[SRQHQWLDO UDWH DQG DOO LWHPV LQ WKH FROOHFWLRQ GHFD\ DW WKH

VDPH UDWH� 'HDG LWHPV� ZKLFK ZHUH IRXQG WR IDOVHO\ LQIODWH WKH ]HUR FODVV RI LWHPV� DUH

LQFRUSRUDWHG LQWR WKH DQDO\VLV XVLQJ WKH PRGHO SDUDPHWHU β� 7KLV PRGHO KDV EHHQ IRXQG WR

SURGXFH D UHDVRQDEOH ILW WR WKH FLUFXODWLRQ GDWD IURP VHYHUDO DFDGHPLF OLEUDULHV�

,W LV LPSRUWDQW WR QRWH WKDW LQ NHHSLQJ ZLWK WKH SULPDU\ DLP RI D VLPSOLVWLF PLQLPDO

SDUDPHWHU PRGHO� WKDW WKLV PRGHO XWLOL]HV RQO\ D IHZ SDUDPHWHUV WR ILW WKH GDWD� 2WKHUV KDYH

VXJJHVWHG GLIIHUHQW PRGHOLQJ GLVWULEXWLRQV WKDW SURYLGH PRUH VXLWDEOH ILWV WR WKH GDWD� WKH

PRVW QRWDEOH EHLQJ 0RUVH·V 0DUNRY PRGHO >0RUVH ����@� >7DJXH DQG $MLIHUXNH ����@ JR VR

IDU DV WR FODLP WKDW QHLWKHU WKH 0RUVH·V 0DUNRY PRGHO QRU WKH *30 SURYLGH VWDWLVWLFDOO\

YDOLG ILWV WR WKH GDWD� ,Q UHEXWWDO� >%XUUHOO DQG )HQWRQ ����@ VKRZ WKDW LI WKH *30 LV
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PRGLILHG WR WDNH LQWR DFFRXQW ORDQ SHULRG� WKH PRGHO SURGXFHV PRUH SUHFLVH SUHGLFWLRQV�

7KH\ IXUWKHU SRLQW RXW WKDW WKH SXUSRVH RI WKH *30 LV WR IDFLOLWDWH GHFLVLRQV� QRW QHFHVVDULO\

WR SURGXFH DQ H[DFW ILW WR WKH GDWD�

$QGHUVRQ·V 0RGLILFDWLRQ

:LWK WKH LQWHQWLRQ RI SURYLGLQJ DQ H[SODQDWLRQ RI WKH UHODWLRQVKLSV EHWZHHQ WKH

UHFHQF\� IUHTXHQF\� DQG VSDFLQJ RI HYHQWV RQ KXPDQ PHPRU\� >$QGHUVRQ DQG 0LOVRQ ����@

SURSRVHG XVLQJ D %D\HVLDQ HVWLPDWH RI %XUUHOO·V PDWKHPDWLFDO QRWLRQ RI GHVLUDELOLW\� 8VLQJ DQ

LQIRUPDWLRQ�UHWULHYDO SHUVSHFWLYH >$QGHUVRQ DQG 0LOVRQ ����@>$QGHUVRQ DQG 6FKRROHU

����@ DUJXH WKDW RQH FDQ YLHZ WKH GHVLUDELOLW\ RI DQ LWHP LQ D PHPRU\ V\VWHP DV DQ

H[SUHVVLRQ RI WKH OLNHOLKRRG WKDW WKH LWHP ZLOO EH QHHGHG QRZ� 7KH H[SHFWHG XVDJH RI VXFK

DQ LWHP LV FDOOHG WKH QHHG SUREDELOLW\��7KH UROH RI D UDWLRQDOO\ GHVLJQHG LQIRUPDWLRQ V\VWHP FDQ

EH YLHZHG DV VROYLQJ DQ RSWLPL]DWLRQ SUREOHP� ZKHUH WKH FRVWV LQYROYHG ZLWK VWRULQJ DQ

LWHP LV EDODQFHG E\ WKH LWHP·V QHHG SUREDELOLW\� 6XFK D V\VWHP UHWULHYHV LWHPV RUGHUHG E\

WKHLU H[SHFWHG GHVLUDELOLWLHV� ZLWK WKH V\VWHP KDOWLQJ WKH UHWULHYDO RI LWHPV ZKHQ WKH H[SHFWHG

JDLQ IRU UHWULHYLQJ LWHPV IDOOV EHORZ WKH FRVWV DVVRFLDWHG ZLWK UHWULHYLQJ WKH LWHPV� 7KDW LV� LI

S GHQRWHV WKH QHHG SUREDELOLW\ RI DQ LWHP ZLWK FRVW & DVVRFLDWHG ZLWK WKH UHWULHYDO RI WKDW

LWHP� WKHQ EDVHG RQ WKH H[SHFWHG JDLQ * IURP WKH VXFFHVVIXO UHWULHYDO RI WKH LWHP� WKH

V\VWHP VKRXOG VWRS ZKHQ & ! S* >$QGHUVRQ DQG 0LOVRQ ����@�

7KH PDMRU FRQWULEXWLRQ RI >$QGHUVRQ DQG 0LOVRQ ����@ OLHV ERWK LQ WKH IRUPDWLRQ

RI D PDWKHPDWLFDO PRGHO IRU WKH UDWLRQDO DQDO\VLV RI KXPDQ PHPRU\ DQG WKH GLVFRYHU\ WKDW

WKLV IRUP RI DQDO\VLV GRHV D UHPDUNDEOH MRE DW SUHGLFWLQJ WKH HIIHFWV RI UHFHQF\� IUHTXHQF\�
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DQG VSDFLQJ RQ KXPDQ PHPRU\� ,W LV LPSRUWDQW WR QRWH WKRXJK WKDW WKLV H[SODQDWLRQ RI

KXPDQ PHPRU\ GRHV QRW LPSO\ WKH HQJDJHPHQW RI KXPDQ PHPRU\ LQ VWDWLVWLFDO

FRPSXWDWLRQV� RQO\ WKDW WKH EHKDYLRU RI KXPDQ PHPRU\ SDUDOOHOV WKLV IRUP RI VWDWLVWLFDO

LQIHUHQFH�

2QH RI WKH VKRUWFRPLQJV RI >$QGHUVRQ DQG 0LOVRQ ����@ DQG RWKHU PRGHOV RI

KXPDQ PHPRU\� LV WKDW WKH\ GR QRW SURYLGH D PHFKDQLVWLF H[SODQDWLRQ RI WKH SUDFWLFH�

UHWHQWLRQ� DQG VSDFLQJ SKHQRPHQRQ� ,Q DQ DWWHPSW WR SURYLGH DQ H[SODQDWLRQ� >$QGHUVRQ

DQG 6FKRROHU ����@ DUJXH WKDW PHPRU\ KDV DGDSWHG WR WKH VWUXFWXUH RI WKH HQYLURQPHQW�

&RQWUDU\ WR WKH SRSXODU EHOLHI WKDW KXPDQ PHPRU\ IXQFWLRQV IROORZ DQ H[SRQHQWLDO IRUP�

>$QGHUVRQ DQG 6FKRROHU ����@ VKRZ WKDW D SRZHU IXQFWLRQ SURYLGHV D EHWWHU ILW IRU ERWK

KXPDQ PHPRU\ IXQFWLRQV DQG HQYLURQPHQWDO VRXUFHV� 6SHFLILFDOO\� WKH\ H[DPLQH WKH

UHODWLRQVKLS EHWZHHQ WKH UHFHQF\� IUHTXHQF\� DQG VSDFLQJ RI YDULRXV HQYLURQPHQWDO VRXUFHV

DQG VKRZ WKDW WKH VDPH SRZHU ODZ UHODWLRQVKLSV WKDW DUH FKDUDFWHULVWLF RI KXPDQ PHPRU\

IXQFWLRQV DOVR H[LVW IRU WKHVH HQYLURQPHQWDO VRXUFHV� 7KHVH VRXUFHV LQFOXGHG WKH IUHTXHQF\�

UHFHQF\� DQG VSDFLQJ RI ZRUGV LQ WKH 1HZ <RUN 7LPHV KHDGOLQHV� ZRUGV LQ SDUHQWDO VSHHFK�

DQG HOHFWURQLF PDLO FRUUHVSRQGHQFH� 7KDW LV� WKH PRUH IUHTXHQWO\ DQG UHFHQWO\ RQH LV

H[SRVHG WR DQ LWHP� WKH PRUH OLNHO\ RQH LV WR UHWDLQ WKH PHPRU\ RI WKDW LWHP� 7KH

GLVWULEXWLRQ RI SUREDELOLWLHV IRU IUHTXHQF\ DQG UHFHQF\ DFURVV DOO LWHPV IROORZV D SRZHU

IXQFWLRQ� )RU HQYLURQPHQWDO VRXUFHV� LI RQH DQDO\VHV KRZ RIWHQ DQG UHFHQWO\ ZRUGV LQ WKH

1HZ <RUN 7LPHV KHDGOLQHV DSSHDU� WKH OLNHOLKRRG WKDW D ZRUG ZLOO DSSHDU WKH QH[W GD\ DOVR

IROORZV D SRZHU IXQFWLRQ� 7KLV SRZHU IXQFWLRQ LV IRXQG LQ ZRUGV VSRNHQ E\ SDUHQWV LQIDQWV

GXULQJ WKHLU ILUVW \HDUV RI GHYHORSPHQW DV ZHOO DV HOHFWURQLF FRUUHVSRQGHQFH EHWZHHQ SHRSOH�
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$ SRZHU IXQFWLRQ KDV WKH IRUP�

3  $W
²E

ZKHUH $ DQG E DUH FRQVWDQWV DQG 7 UHSUHVHQWV D SHULRG RI WLPH� ,Q WKH FDVH RI UHWHQWLRQ� E

FDQ EH WKRXJKW RI DV WKH IRUJHWWLQJ UDWH� IRU SUDFWLFH� E FDQ EH YLHZHG DV WKH OHDUQLQJ UDWH�

8QGHU ORJDULWKPLF WUDQVIRUP� WKH DERYH HTXDWLRQ H[SUHVVHV D OLQHDU UHODWLRQVKLS RI WKH IRUP�

ORJ 3  ORJ $ � E ORJ 7

:LWK UHVSHFW WR WKH SRZHU ODZ PRGHO IRU KXPDQ UHWHQWLRQ DQG WKH UHFHQF\ RI

KHDGOLQHV LQ WKH 1HZ <RUN 7LPHV KHDGOLQHV� D VWURQJ OLQHDU UHODWLRQVKLS H[LVWV IRU ERWK

V\VWHPV� ,I ZH DVVXPH WKH :HE WR EH MXVW DQRWKHU JHQHUDOL]HG LQIRUPDWLRQ V\VWHP WKHQ LW

VKRXOG H[KLELW WKH VDPH FKDUDFWHULVWLFV� L�H�� SRZHU ODZ UHODWLRQVKLSV IRU IUHTXHQF\ DQG

UHFHQF\� DV WKHVH RWKHU LQIRUPDWLRQ V\VWHPV� 7KH QH[W VHFWLRQ UHYLHZV WKH ::: GDWD VHWV

DQG PHWKRG E\ ZKLFK IUHTXHQF\ DQG UHFHQF\ FDOFXODWLRQV ZHUH SHUIRUPHG IROORZHG E\ D

SUHVHQWDWLRQ RI WKH UHVXOWV�
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$SSOLFDWLRQ WR ::: ,QIRUPDWLRQ (FRORJLHV�

7KH DQDO\VLV XVHG WKH ORJ ILOHV IURP VHYHUDO ::: UHSRVLWRULHV DFURVV VHYHUDO \HDUV�

7KH LQLWLDO GDWD VHW� *HRUJLD 7HFK 2QH �IURP WKH VLWH� KWWS���ZZZ�JDWHFK�HGX�� FRQVLVWV RI

DFFHVVHV GXULQJ D WKUHH PRQWK SHULRG� -DQXDU\ � WKURXJK 0DUFK ��� ����� )URP WKH ORJ ILOH�

ZH UHPRYHG DOO DFFHVVHV PDGH E\ *HRUJLD 7HFK PDFKLQHV� :H IHOW WKDW WKHVH DFFHVVHV DGGHG

QRLVH WR WKH GDWD EHFDXVH WKH\ RIWHQ UHSUHVHQW XVHUV WHVWLQJ WKH SUHVHQWDWLRQ RI QHZ

GRFXPHQWV GXULQJ WKH DXWKRULQJ F\FOH�� RU ZHUH WKH UHVXOW RI GHIDXOW GRFXPHQW DFFHVVHV

PDGH XSRQ LQLWLDO H[HFXWLRQ RI FOLHQW :HE EURZVHUV� 7KH VHFRQG GDWD VHW� *HRUJLD 7HFK

7ZR �IURP WKH VLWH� KWWS���ZZZ�FF�JDWHFK�HGX�� FRQVLVWV RI DFFHVVHV GXULQJ D WKUHH PRQWK

SHULRG� 0DUFK � WKURXJK 0D\ ��� ����� $OO LQWHUQDO DFFHVVHV ZHUH UHPRYHG DV ZHOO� 7KH ILQDO

� 3RUWLRQV RI WKH IROORZLQJ PDWHULDO ILUVW DSSHDUHG LQ >5HFNHU DQG 3LWNRZ ����@�

� 5HFDOO WKDW LQ HDUO\ ���� WKHUH ZHUH QR LQWHJUDWHG� GLUHFW PDQLSXODWLRQ� SUHVHQWDWLRQ�EDVHG +70/ DXWKRULQJ WRROV� VR

DXWKRUV W\SLFDOO\ FUHDWHG +70/ GRFXPHQWV E\ LWHUDWLQJ EHWZHHQ PDNLQJ HGLWV DQG YLHZLQJ WKH FKDQJHV WR WKH GRFXPHQW

LQ D :HE EURZVHU� $ YHU\ LQHIILFLHQW SURFHVV WR VD\ WKH OHDVW�

7DEOH �� 6XPPDU\ RI WKH GDWD VHWV XVHG LQ WKH GHVLUDELOLW\ DQDO\VLV� )RU HDFK GDWD VHW� WKH GDWHV XVHG LQ WKH
DQDO\VLV LV JLYHQ DORQJ ZLWK WKH WRWDO QXPEHU RI UHTXHVWV� UDQJH RI UHTXHVWV� WKH DYHUDJH QXPEHU RI UHTXHVWV
SHU GD\ DQG WKH WRWDO QXPEHU RI UHTXHVWV� 7KH DWWHQWLRQDO JURZWK UDWH LV WKH SHUFHQWDJH RI GRFXPHQWV WKDW

ZHUH DFFHVVHG IRU WKH ILUVW WLPH GXULQJ WKH FROOHFWLRQ SHULRG�

Data set Collection
period

Total number
of requests

Range of
requests

/file

Mean requests
/day

Total number
of items

Attentional
growth rate

Georgia Tech
One

1/1/1994 -
3/31/1994

305,000 300 - 12,000 3,379 2,000 2.32%

Georgia Tech
Two

3/1/1996 -
5/31/1996

4,175,582 1 - 86,728 46,395 42,697 1.10%

Xerox PARC
One

4/1/1996 -
6/30/1996

696,126 1 - 39,523 7,649 4,303 1.08%
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GDWD VHW� ;HUR[ 3$5& 2QH �IURP KWWS���ZZZ�SDUF�[HUR[�FRP�� FRQWDLQV DFFHVVHV WR WKH

H[WHUQDO ;HUR[ 3$5& 2QH:HE VLWH GXULQJ WKH SHULRG $SULO �� ���� WR -XQH ��� ����� ;HUR[

3$5& 2QH LV D K\EULG UHVHDUFK DQG FRUSRUDWH :HE VLWH ZLWK FRQWUROOHG FRQWHQW�

7KH WULPPHG ORJ ILOH IURP *HRUJLD 7HFK 2QH FRPSULVHG �� PHJDE\WHV RI GDWD�

ZLWK D PHDQ UHFRUG OHQJWK RI ��� E\WHV DQG WRWDOLQJ URXJKO\ ������� UHTXHVWV� 7KH QXPEHU

RI UHTXHVWV UDQJHG IURP ��� WR ������ GRFXPHQWV SHU GD\� ZLWK D PHDQ RI ����� DFFHVVHV

SHU GD\ RYHU WKH WKUHH PRQWK SHULRG� 6RPH LQGLYLGXDO GRFXPHQWV ZHUH DFFHVVHG XS WR

������ WLPHV SHU ZHHN �ZKLFK UHSUHVHQWHG D KLJK YROXPH :HE VHUYHU DW WKDW WLPH�� $W WKH

WLPH RI RXU LQLWLDO DQDO\VLV� *HRUJLD 7HFK 2QH FRQWDLQHG RYHU ����� PXOWLPHGLD GRFXPHQWV�

'RFXPHQWV RQ WKH VHUYHU HPEHGGHG PDQ\ GLIIHUHQW IRUPV RI PHGLD� LQFOXGLQJ WH[W�

SRVWVFULSW� *,)� MSHJ� PSHJ� DXGLR� DQG &*, VFULSW UHTXHVWV� 7DEOH � VXPPDUL]HV WKH

FKDUDFWHULVWLFV IRU *HRUJLD 7HFK 2QH DV ZHOO DV WKH RWKHU GDWD VHWV� 7KHVH RWKHU GDWD VHWV DUH

TXLWH GLIIHUHQW IURP *HRUJLD 7HFK 2QH LQ WKH UDQJH RI GRFXPHQW DFFHVVHV� QXPEHU RI

GRFXPHQWV� DQG WKHLU VWUXFWXUH�

Faddish Page

Enduring Reference Page

Persistently Popular Page

Desirability

Age (t)

)LJXUH �� $Q H[DPSOH RI WKH WLPH�FRXUVH GHVLUDELOLW\ RI LWHPV RQ WKH :HE� &HUWDLQ LWHPV RQ WKH :HE DUH

SRSXODU IRU RQO\ D VKRUW SHULRG RI WLPH �)DGGLVK 3DJHV�� ZKLOH RWKHUV DUH XVHG UHJXODUO\ IRU UHIHUHQFH SXUSRVHV

�(QGXULQJ 5HIHUHQFH 3DJHV� RU DUH FRQWLQXDOO\ DFFHVVHG �3HUVLVWHQWO\ 3RSXODU 3DJHV��
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7KHVH UHSRVLWRULHV H[KLELW FHUWDLQ LUUHJXODULWLHV� )RU H[DPSOH� DFFHVVHV WR

UHSRVLWRULHV DUH VXEMHFW WR IOXFWXDWLRQV� ZKLFK UHVXOW� LQ SDUW� IURP UHGXFHG ZHHNHQG DFWLYLW\�

+RZHYHU� :HE HFRORJLHV DOVR FRQWDLQV PDQ\ WHPSRUDOO\�GHSHQGHQW GRFXPHQWV� ,Q WKHVH

FDVHV� WKH FRQWHQW RI GRFXPHQWV PD\ FKDQJH� ZKLOH WKH GRFXPHQW QDPHV GR QRW� 7KH

GHVLUDELOLW\ RI LWHPV ZLWKLQ HFRORJLHV DOVR FKDQJHV RYHU WLPH� &RQFHSWXDOO\� WKH GHVLUDELOLW\ RI

IDGGLVK ::: SDJHV� ORQJ�ODVWLQJ SRSXODU SDJHV� DQG RFFDVLRQDOO\ XVHG EXW HQGXULQJ

UHIHUHQFH PDWHULDO LV SUHVHQWHG LQ )LJXUH ��

7KHUH DUH PDQ\ RWKHU W\SHV RI LUUHJXODULWLHV LQ WKH ZD\ GRFXPHQWV DUH DFFHVVHG�

7KHVH LQFOXGH� IRU H[DPSOH� FOLHQW�VLGH FDFKLQJ RI GRFXPHQWV DQG LPDJHV� SUR[\�FDFKHV�

&*, VFULSW UHTXHVWV �ZKHUH HDFK UHTXHVW PD\ UHVXOW LQ D XQLTXH GRFXPHQW UHTXHVW�� QRQ�

JUDSKLFDO FOLHQWV �ZKLFK GR QRW UHTXHVW LPDJHV DQG PRYLHV HPEHGGHG LQ GRFXPHQWV��
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                                   Frequency of Access

)LJXUH �� )UHTXHQF\ RI $FFHVV FXUYH �)2$� IRU WKH *HRUJLD 7HFK 7ZR GDWD VHW VKRZLQJ WKDW D ODUJH QXPEHU
RI ILOHV DUH DFFHVVHG ZLWK ORZ IUHTXHQF\�



��

GRFXPHQW FUHDWLRQ� GHOHWLRQ� DQG UHQDPLQJ� )LQDOO\� WKH QXPEHU RI GRFXPHQWV DQG WKHLU

OLQNV FRQWLQXHV WR FKDQJH DQG JURZ� ,Q *HRUJLD 7HFK 2QH� ���� QHZ GRFXPHQWV ZHUH

UHTXHVWHG SHU GD\ RYHU WKH FRXUVH RI WKH FROOHFWLRQ SHULRG� :KLOH WKLV LV QRW D SUHFLVH

PHDVXUH RI WKH QXPEHU RI QHZ GRFXPHQWV DXWKRUHG SHU GD\VRPH DXWKRUHG GRFXPHQWV

DUH QRW UHTXHVWHGLW GRHV JLYH VRPH LQGLFDWLRQ LQWR WKH JURZWK UDWH RI HDFK ORFDOLW\�

,W LV RXU EHOLHI WKDW WKHVH LUUHJXODULWLHV� ZKLFK H[LVW ERWK LQ WKH G\QDPLF QDWXUH RI

GRFXPHQW VWUXFWXUH DQG LQ WKHLU UHTXHVWV� DUH IXQGDPHQWDO FKDUDFWHULVWLFV RI G\QDPLF

LQIRUPDWLRQ HFRORJLHV� )XUWKHUPRUH� LW VHHPV OLNHO\ WKDW UHSRVLWRULHV ZLWK WKHVH

FKDUDFWHULVWLFV ZLOO EHFRPH LQFUHDVLQJO\ FRPPRQ� ,W WKHUHIRUH EHFRPHV LPSRUWDQW WR

GHYHORS UREXVW WHFKQLTXHV DQG PHWKRGV IRU SUHGLFWLQJ DQG PRGHOLQJ LQIRUPDWLRQ VHHNLQJ

SDWWHUQV LQ VXFK HFRORJLHV�

*LYHQ WKH VXFFHVV RI WKH *30 DQG WKH SRZHU ODZ IXQFWLRQ DW PRGHOLQJ WKH

FKDUDFWHULVWLFV RI RWKHU LQIRUPDWLRQ V\VWHPV� ZH K\SRWKHVL]HG WKDW ::: VLWHV ZRXOG

H[KLELW VLPLODU FKDUDFWHULVWLFV� 7KH DSSOLFDELOLW\ RI WKH *30 PRGHO WR WKH ::: LV SDUWO\

MXVWLILHG E\ WKH NH\ REVHUYDWLRQ WKDW WKH GLVWULEXWLRQ RI IUHTXHQF\ RI DFFHVV �)2$� RU SDJH

KLWV� DFURVV ::: SDJHV LV DSSUR[LPDWHO\ D QHJDWLYH ELQRPLDO� )LJXUH � VKRZV WKDW WKH )2$

FXUYH IRU *HRUJLD 7HFK 7ZR IROORZV D QHJDWLYH ELQRPLDO GLVWULEXWLRQ� 7KH )2$ FXUYHV IRU

WKH RWKHU GDWD VHWV IROORZ VLPLODU GLVWULEXWLRQV�

)UHTXHQF\ $QDO\VLV

,Q RXU DQDO\VLV� ZH DSSOLHG WKH DOJRULWKP GHYHORSHG E\ >$QGHUVRQ DQG 6FKRROHU

����@� 7KH DOJRULWKP LQYROYHV FDOFXODWLQJ WKH UHODWLRQVKLS EHWZHHQ WKH IUHTXHQF\ RI WHUP
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XVH GXULQJ D SHULRG RI WLPH �WKH SUDFWLFH SHULRG� DQG ZKHWKHU RU QRW WKDW WHUP RFFXUV GXULQJ D

VXEVHTXHQW SHULRG RI WLPH �WKH WHVW�� 7KXV� HDFK DSSHDUDQFH RI D WHUP LQ WKH SUDFWLFH SHULRG

FDQ EH YLHZHG DV SODFLQJ D GHPDQG XSRQ PHPRU\ WR UHWULHYH LQIRUPDWLRQ DERXW WKH GHVLUHG

PHPRU\ LWHP� 7KH QHHG SUREDELOLW\ RI WKH LWHP LV WKH OLNHOLKRRG RI WKDW LWHP DSSHDULQJ

GXULQJ WKH WHVW SHULRG�

)RU RXU GDWD VHW� ZH ZHUH LQWHUHVWHG LQ GHWHUPLQLQJ WKH UHODWLRQVKLS EHWZHHQ WKH

QXPEHU RI GRFXPHQW UHTXHVWV GXULQJ D SHULRG RI GD\V �FDOOHG WKH ZLQGRZ� DQG WKH SUREDELOLW\

RI DFFHVV RQ D VXEVHTXHQW GD\ �FDOOHG WKH SDQH�� 7KDW LV� JLYHQ WKH IUHTXHQF\ RI SDVW

GRFXPHQW UHTXHVWV GXULQJ D VSHFLILHG ZLQGRZ� ZH ZHUH LQWHUHVWHG LQ GHWHUPLQLQJ WKH

SUREDELOLW\ RI D QHZ UHTXHVW GXULQJ WKH SDQH� 6SHFLILFDOO\� ZH FRPSXWHG WKH IUHTXHQF\ RI

DFFHVVHV IRU DOO UHTXHVWHG GRFXPHQWV GXULQJ HDFK VHYHQ�GD\ ZLQGRZ LQ WKH GDWD VHW�

DJJUHJDWHG GRFXPHQWV ZLWK WKH VDPH IUHTXHQF\ LQWR WKH VDPH ELQ� DQG GHWHUPLQHG ZKHWKHU

RU QRW WKH GRFXPHQWV LQ HDFK ELQ ZHUH DFFHVVHG GXULQJ WKH SDQH� %\ DJJUHJDWLQJ RYHU DOO

7DEOH �� 7KH WDEOH VKRZV WKH DFFHVVHV RI GRFXPHQWV $� %� &� DQG ' WR DQ +773 VHUYHU DFURVV D QLQH GD\

SHULRG� &HOOV ZLWK WZR OHWWHUV LQGLFDWHV WKDW WKH GRFXPHQW ZDV UHTXHVWHG WZLFH� ,Q WKLV H[DPSOH� WKH ZLQGRZ

VL]H LV VHYHQ GD\V DQG WKH SDQH VL]H LV RQH GD\� UHVXOWLQJ LQ WZR ZLQGRZV DQG WZR SDQHV IRU WKH QLQH GD\

SHULRG�

Document Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9

A   AA  AA A A A A

B B  B BB B  B  

C C C  C C C  CC 

D  D  D DD D  D 

window 1 Pane
1

window 2 Pane
2
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GRFXPHQWV ZLWK WKH VDPH IUHTXHQF\ RI DFFHVV� ZH HVWLPDWHG WKH SUREDELOLW\ WKDW D GRFXPHQW

DFFHVVHG ZLWK D JLYHQ IUHTXHQF\ ZLOO EH QHHGHG RQ WKH QH[W GD\� 7KLV PHDVXUH LV WKH QHHG

SUREDELOLW\� :H VHOHFWHG D ZLQGRZ RI VHYHQ GD\V DQG D SDQH RI RQH GD\ WR HQFRPSDVV WKH

W\SLFDO IOXFWXDWLRQV DQG DFFHVV SDWWHUQV LQKHUHQW LQ WKH FDOHQGDU ZHHN� WKRXJK ZH GLG QRW

FRQILUP WKLV VHOHFWLRQ HPSLULFDOO\�

:H LOOXVWUDWH WKH DOJRULWKP IRU FRPSXWLQJ WKH IUHTXHQFLHV RI GRFXPHQW UHTXHVWV

DQG WKHLU QHHG SUREDELOLWLHV XVLQJ DQ H[DPSOH RI D VHW RI GRFXPHQW UHTXHVWV WR D VHUYHU�

7DEOH � VKRZV D VHULHV RI GRFXPHQW UHTXHVWV IRU GRFXPHQWV $� %� &� DQG ' GXULQJ D QLQH

GD\ SHULRG �FHOO HQWULHV ZLWK PXOWLSOH OHWWHUV GHQRWH PXOWLSOH GRFXPHQW UHTXHVWV�� 7KH

ERWWRP RI WKH WDEOH VKRZV WKH WLPH SHULRGV IRU WKH ILUVW WZR ZLQGRZV DQG SDQHV� )URP

7DEOH � ZH VHH WKDW RQ 'D\ �� GRFXPHQW % ZDV DFFHVVHG WZLFH� GRFXPHQWV & DQG ' ZHUH

DFFHVVHG RQFH� DQG GRFXPHQW $ ZDV QRW DFFHVVHG� :KLOH WKLV LV D VPDOO H[DPSOH� RQH FDQ

LPDJLQH FRQVWUXFWLQJ D WDEOH ZLWK DOO DFFHVVHV WR DOO GRFXPHQWV RYHU DOO GD\V LQ WKH VDPSOH

SHULRG� 1RWH WKDW IRU DQ\ JLYHQ SHULRG DQG ZLQGRZ VL]H� WKHUH ZLOO EH �QXPEHU RI GD\V �

ZLQGRZ VL]H� ZLQGRZV DQG SDQHV LQ WKH DQDO\VLV� ,Q WKH DERYH H[DPSOH� WKHUH DUH �� � ��  �

ZLQGRZV DQG SDQHV�

7KH DOJRULWKP IRU WDEXODWLQJ IUHTXHQFLHV DQG FDOFXODWLQJ QHHG SUREDELOLWLHV LV DV

IROORZV�

• )RU :LQGRZ � �GD\ � WKURXJK ��� JURXS GRFXPHQWV ZLWK D WKH VDPH IUHTXHQF\ RI

DFFHVV YDOXHV LQWR ELQV� )RU H[DPSOH� ZH ILQG WKDW GRFXPHQWV $ DQG % DUH DFFHVVHG �

WLPHV DQG GRFXPHQWV & DQG ' DUH DFFHVVHG � WLPHV� 'RFXPHQWV $ DQG % DUH WKHUHIRUH

JURXSHG LQWR WKH ELQ FDOOHG ´)UHTXHQF\ �µ DQG GRFXPHQWV & DQG ' DUH JURXSHG LQ WKH
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´)UHTXHQF\ �µ ELQ �VHH WKH VHFRQG FROXPQ RI 7DEOH ��� 7KHRUHWLFDOO\� LI HDFK GRFXPHQW

ZHUH UHTXHVWHG D XQLTXH QXPEHU RI WLPHV GXULQJ WKH ZLQGRZ� WKH QXPEHU RI QRQ�HPSW\

IUHTXHQF\ ELQV ZRXOG HTXDO WKH QXPEHU RI GRFXPHQWV� WKRXJK WKLV UDUHO\ RFFXUV�

• )RU HYHU\ GRFXPHQW LQ HDFK IUHTXHQF\ ELQ� GHWHUPLQH LI WKH GRFXPHQW LV DFFHVVHG DW

OHDVW RQFH LQ 3DQH � �GD\ ��� ,I WKH GRFXPHQW LV DFFHVVHG� GHQRWH WKLV DV D RQH �%RROHDQ

IRU WUXH�� RWKHUZLVH� GHQRWH WKLV DV ]HUR �%RROHDQ IRU IDOVH�� 6XP WKH %RROHDQ YDOXHV IRU

DOO GRFXPHQWV LQ WKH IUHTXHQF\ ELQ� )RU H[DPSOH� IRU ´)UHTXHQF\ �µ ZH ILQG WKDW $ LV

DFFHVVHG DW OHDVW RQFH EXW % LV QRW DFFHVVHG �WKH WKLUG FROXPQ 7DEOH ��� 7KHUHIRUH� WKH

QXPEHU RI GRFXPHQWV ZLWK DW OHDVW RQH DFFHVV LQ 3DQH � IRU ´)UHTXHQF\ �µ LV � �����

�WKH ´1HHGHGµ FROXPQ RI 7DEOH ��� )RU WKH ´)UHTXHQF\ �µ ELQ� ZH ILQG WKDW GRFXPHQWV

& DQG ' ZHUH ERWK DFFHVVHG DW OHDVW RQFH� UHVXOWLQJ LQ D YDOXH RI � �����

• )RU HDFK IUHTXHQF\ ELQ� FRPSXWH WKH SUREDELOLW\ RI DFFHVV E\ GLYLGLQJ WKH QXPEHU

RI GRFXPHQWV ZLWK DW OHDVW RQH DFFHVV LQ 3DQH � E\ WKH WRWDO QXPEHU RI GRFXPHQWV LQ

WKH ELQ� ,Q WKH DERYH H[DPSOH� WKH SUREDELOLW\ RI DFFHVV IRU ´)UHTXHQF\ �µ LV WKH

QXPEHU RI GRFXPHQWV ZLWK DW OHDVW RQH DFFHVV LQ 3DQH � ����� GLYLGHG E\ WKH WRWDO

QXPEHU RI GRFXPHQWV LQ WKH ´)UHTXHQF\ �µ ELQ ������ RU ���� )RU WKH ´)UHTXHQF\ �µ

ELQ� WKH QXPEHU RI GRFXPHQWV DFFHVVHG DW OHDVW RQFH GXULQJ 3DQH � ����� GLYLGHG E\ WKH

WRWDO QXPEHU RI GRFXPHQWV LQ WKH ELQ ����� LV ���� 7KXV� WKH SUREDELOLW\ WKDW D

GRFXPHQW DFFHVVHG ILYH WLPHV GXULQJ WKH ILUVW VHYHQ�GD\ ZLQGRZ ZLOO EH DFFHVVHG GXULQJ

3DQH � LV ��� �WKH ODVW FROXPQ RI 7DEOH ���
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• ,WHUDWH� XVLQJ :LQGRZ � �GD\ � WKURXJK GD\ �� DQG 3DQH � �GD\ ��� DFFXPXODWLQJ WKH

QXPEHU RI GRFXPHQWV DQG QXPEHU RI DFFHVVHV SHU ELQ� &RQWLQXH LWHUDWLQJ WKURXJK

:LQGRZV DQG 3DQHV RYHU WKH HQWLUH GDWD VHW E\ LQFUHPHQWLQJ WKH VWDUW GDWH RI HDFK

VXFFHVVLYH ZLQGRZ E\ RQH�

:H FRQWLQXH RXU H[DPSOH XVLQJ :LQGRZ � DQG 3DQH �� ,Q :LQGRZ � �GD\ �

WKURXJK GD\ �� ZH ILQG WKDW GRFXPHQWV & DQG ' DUH DFFHVVHG � WLPHV� WKRXJK QHLWKHU

GRFXPHQW LV DFFHVVHG RQ 3DQH � �GD\ �� 7KXV� IRU WZR LWHUDWLRQV� RXU QHZ SUREDELOLW\ RI

DFFHVV IRU ´)UHTXHQF\ �µ LV WKH WRWDO QXPEHU RI GRFXPHQWV ZLWK DW OHDVW RQH DFFHVV LQ WKHLU

7DEOH �� )RU :LQGRZ � DQG :LQGRZ �� WKH WDEOH VKRZV KRZ GRFXPHQWV ZLWK GLIIHUHQW DFFHVV IUHTXHQFLHV DUH

JURXSHG LQWR GLIIHUHQW IUHTXHQF\ ELQV� ZKHWKHU RU QRW WKH GRFXPHQW ZDV UHTXHVWHG DW OHDVW RQFH GXULQJ WKH

SDQH� DQG WKH VXPPDWLRQV RI HDFK IUHTXHQF\ ELQ� 7KH QHHG SUREDELOLW\ LV FRPSXWHG E\ GLYLGLQJ WKH
VXPPDWLRQ RI ZKHWKHU WKH GRFXPHQWV LQ HDFK ELQ ZHUH QHHGHG GXULQJ WKH SDQHV E\ WKH WRWDO QXPEHU RI
GRFXPHQWV LQ HDFK ELQ�

Window 1 Document Name Access Pane 1? Needed? Probability

Frequency 6 Doc A
Doc B

Yes
No

1
0

Sum 2 1 0.50

Frequency 5 Doc C
Doc D

Yes
Yes

1
1

Sum 2 2 1.00

Window 2 Document Name Access Pane 2? Needed? Probability

Frequency 7 Doc A Yes 1
Sum Window 1 & Window 2 1 1 1.00

Frequency 6 Doc C
Doc D

No
No

0
0

Sum Window 1 & Window 2 4 1 0.25

Frequency 5 Doc B No 0
Sum Window 1 & Window 2 3 2 0.66



��

SDQHV ��������� GLYLGHG E\ WKH WRWDO QXPEHU RI GRFXPHQWV LQ WKH WZR ZLQGRZV ZLWK DQ

DFFHVV IUHTXHQF\ RI � ���������� RU ���� 7KDW LV� GRFXPHQWV WKDW ZHUH DFFHVVHG VL[ WLPHV

ZLWKLQ WKH � VHYHQ�GD\ ZLQGRZV KDYH D ��� FKDQFH RI EHLQJ DFFHVVHG WKH QH[W GD\� )RU WKH

´)UHTXHQF\ �µ ELQ� ZH VHH WKDW GRFXPHQW % ZDV UHTXHVWHG ILYH WLPH GXULQJ WKH ZLQGRZ EXW

ZDV QRW UHTXHVWHG GXULQJ 3DQH �� 7KXV� WKH QHZ SUREDELOLW\ RI DFFHVVHV IRU ´)UHTXHQF\ �µ

ELQ LV ����� � UHTXHVWV �GXULQJ 3DQH � DQG 3DQH �� GLYLGHG E\ � GRFXPHQWV LQ WKH ´)UHTXHQF\

�µ ELQ �GXULQJ :LQGRZ � DQG :LQGRZ ��� 1RWH DOVR WKDW D QHZ ELQ LV FUHDWHG IRU � DFFHVVHV

EHFDXVH GRFXPHQW $ ZDV UHTXHVWHG � WLPHV GXULQJ :LQGRZ �� 6LQFH 'RFXPHQW $ ZDV

LQGHHG UHTXHVWHG GXULQJ 3DQH �� WKH SUREDELOLW\ RI DFFHVV IRU WKH ´)UHTXHQF\ �µ ELQ LV ����
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)LJXUH �� &DOFXODWHG SUREDELOLW\ RI D GRFXPHQW EHLQJ DFFHVVHG RQ 'D\ � DV D IXQFWLRQ RI WKH QXPEHU RI WLPHV

LW ZDV DFFHVVHG LQ WKH SUHYLRXV � GD\V �IRU )UHTXHQFLHV � �����
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5HVXOWV

8VLQJ WKH DOJRULWKP GHVFULEHG DERYH� D ZLQGRZ VL]H RI VHYHQ GD\V� DQG D SDQH VL]H

RI RQH GD\� ZH FRPSXWHG WKH SUREDELOLWLHV RI DFFHVV IRU DOO GRFXPHQWV EDVHG RQ IUHTXHQF\

RI DFFHVV GXULQJ HDFK SUHYLRXV ZLQGRZ LQ WKH GDWD VHW�

)LJXUH � VKRZV WKH UHODWLRQVKLS EHWZHHQ WKH IUHTXHQF\ RI GRFXPHQW DFFHVVHV

GXULQJ WKH SDVW VHYHQ GD\V �IRU IUHTXHQFLHV � ���� DQG WKH SUREDELOLW\ WKDW LW ZLOO EH

DFFHVVHG RQ WKH FXUUHQW GD\� )ROORZLQJ WKH DSSURDFK RI >$QGHUVRQ DQG 6FKRROHU ����@� WKH

Log (Need Odds) = 0.99 Log (Frequency) - 1.30
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)LJXUH �� 7UDQVIRUPDWLRQ RI SORWWLQJ ORJ QHHG RGGV RI D GRFXPHQW DFFHVV RQ 'D\ �
DV D IXQFWLRQ RI WKH ORJ QXPEHU RI WLPHV LW ZDV DFFHVVHG LQ WKH SUHYLRXV � GD\V �DQG OLQHDU
UHJUHVVLRQ��
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GDWD DUH ILW ZLWK D SRZHU IXQFWLRQ� $V WKH IUHTXHQF\ RI GRFXPHQW DFFHVVHV LQFUHDVHV� WKH

SUREDELOLW\ RI DFFHVV RQ WKH FXUUHQW GD\ DSSUR[LPDWHV D SRZHU IXQFWLRQ�

)RU IUHTXHQF\ RI DFFHVVHV JUHDWHU WKDQ ��� SHU ZLQGRZ� ZH REVHUYHG LQFUHDVHG

YDULDELOLW\ LQ SUHGLFWLQJ WKH SUREDELOLW\ RI DFFHVV� $ VLPLODU V\VWHPDWLF GHYLDWLRQ LQ WKH

FRUUHODWLRQ EHWZHHQ KLJK IUHTXHQFLHV DQG SUREDELOLWLHV ZDV QRWHG LQ >$QGHUVRQ DQG

6FKRROHU ����@ IRU WKH 1HZ <RUN 7LPHV +HDGOLQHV DQG HOHFWURQLF PDLO DGGUHVVHV� 7KLV

HIIHFW ZDV GLVPLVVHG E\ >$QGHUVRQ DQG 6FKRROHU ����@ DV WKH QXPEHU RI LWHPV DIIHFWHG ZDV

VPDOO DQG VXFK LWHPV UHSUHVHQW H[WUHPHV QRW UHSURGXFLEOH LQ WUDGLWLRQDO PHPRU\

H[SHULPHQWV� ,Q RXU FDVH� WKH QXPEHU RI LWHPV LV DOVR VPDOO� EXW GHFUHDVHV WKH VWUHQJWK RI

WKLV PRGHO VLQFH LW GRHV QRW WDNH LQWR DFFRXQW DOO GDWD� /DWHU� ZH SUHVHQW DQ DSSURDFK WKDW

DFFRXQWV IRU KLJK IUHTXHQF\ UDWHV RI DFFHVV�

$V SURSRVHG E\ >$QGHUVRQ DQG 6FKRROHU ����@� D PRUH LQWHUHVWLQJ FRPSDULVRQ LV

WR SORW WKH ORJ RI IUHTXHQFLHV RI DFFHVV DJDLQVW ´ORJ�1HHG 2GGV��µ 5HFDOO WKDW LI S LV WKH

SUREDELOLW\ WKHQ

1HHG 2GGV  S����S�

)LJXUH � SORWV WKH UHODWLRQVKLS EHWZHHQ QHHG SUREDELOLW\ DQG IUHTXHQF\� ZLWK D

ORJDULWKPLF WUDQVIRUP� ,Q WKLV ILJXUH� WKH OLQHDU UHODWLRQVKLS VXJJHVWHG E\ WKH GHVLUDELOLW\
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PRGHO SURYLGHV DQ DSSUR[LPDWH ILW EHWZHHQ ´/RJ�1HHG 2GGV�µ DQG WKH ORJ RI WKH

IUHTXHQFLHV� 7KH UHJUHVVLRQ HTXDWLRQ IRU WKH OLQHDU ILW LV�

/RJ�1HHG 2GGV�  ���� /RJ�)UHTXHQF\� � ����

ZKLFK DFFRXQWV IRU ��� RI WKH YDULDQFH� 2WKHU PDWKHPDWLFDO PRGHOV PD\ SURYLGH D EHWWHU

ILW�

5HFHQF\ $QDO\VLV

:H DOVR DQDO\]HG WKH UHFHQF\ RI DFFHVVHV IRU GRFXPHQWV GXULQJ D ��GD\ ZLQGRZ

DQG PHDVXUHG WKHLU SUREDELOLW\ RI DFFHVV LQ D ��GD\ SDQH� 7KLV DQDO\VLV SDUDOOHOV WKH UHWHQWLRQ

IXQFWLRQ LQ KXPDQ PHPRU\ UHVHDUFK� 5HFHQF\ SUREDELOLWLHV DUH FRPSXWHG OLNH WKH IUHTXHQF\

SUREDELOLWLHV� XVLQJ WKH DSSURDFK RI >$QGHUVRQ DQG 6FKRROHU ����@� ,QVWHDG RI IRUPLQJ ELQV

ZLWK VLPLODU IUHTXHQF\ YDOXHV� GRFXPHQWV DUH DJJUHJDWHG LQWR ELQV RI VLPLODU UHFHQF\ YDOXHV

IRU HDFK ZLQGRZ� 7KXV� ZH FRPSXWH KRZ PDQ\ GD\V KDYH HODSVHG VLQFH HDFK GRFXPHQW ZDV

ODVW UHTXHVWHG LQ D ZLQGRZ� DQG GHWHUPLQH ZKHWKHU RU QRW WKDW GRFXPHQW ZDV DFFHVVHG

GXULQJ WKH QH[W SDQH� 7KH ODWWHU FRPSXWDWLRQ LV FDOOHG WKH GRFXPHQW
V QHHG SUREDELOLW\�
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:H LOOXVWUDWH KRZ WKH UHFHQF\ YDOXHV DQG SUREDELOLWLHV DUH FRPSXWHG ZLWK WKH

H[DPSOH XVHG IRU IUHTXHQF\ FDOFXODWLRQV LQ 7DEOH �� 7KH DOJRULWKP XVHG IRU UHFHQF\ LV WKH

VDPH DOJRULWKP XVHG IRU IUHTXHQF\ FRPSXWDWLRQV� EXW ZLWK GLIIHUHQW FULWHULD IRU ELQ SDFNLQJ�

)RU GRFXPHQWV ODVW DFFHVVHG RQH GD\ DJR GXULQJ :LQGRZ � �GD\ � WKURXJK ��� ZH REVHUYH

WKDW ERWK GRFXPHQWV $ DQG % ZHUH ODVW DFFHVVHG GXULQJ GD\ �� \LHOGLQJ D UHFHQF\ YDOXH RI ��

2Q 3DQH � �GD\ ��� GRFXPHQW $ LV UHTXHVWHG DW OHDVW RQFH EXW GRFXPHQW % LV QRW� 7KH QHHG

SUREDELOLW\ IRU WKH ´5HFHQF\ �µ ELQ LV WKXV WKH VXP RI DW OHDVW RQH DFFHVV GXULQJ 3DQH �

����� GLYLGHG E\ WKH WRWDO QXPEHU RI GRFXPHQWV LQ WKH ´5HFHQF\ �µ ELQ ������ RU ����

���������� )RU D UHFHQF\ RI YDOXH �� GXULQJ :LQGRZ �� ZH ILQG WKDW GRFXPHQWV & DQG ' DUH

PRVW UHFHQWO\ DFFHVVHG WZR GD\V LQ WKH SDVW IURP 3DQH � �RQ 'D\ ��� :H WKHQ ORRN LQ 3DQH

� WR GHWHUPLQH LI GRFXPHQWV & DQG ' DUH DFFHVVHG DW OHDVW RQFH DQG ILQG WKDW ERWK & DQG '
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*
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)LJXUH ��� 3UREDELOLW\ RI D GRFXPHQW DFFHVV RQ 'D\ � DV D IXQFWLRQ RI KRZ ORQJ LW KDV EHHQ VLQFH WKH
GRFXPHQW ZDV DFFHVVHG LQ WKH SUHYLRXV � GD\V� 7KH GDWD DUH ILW E\ D SRZHU IXQFWLRQ�
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DUH DFFHVVHG DW OHDVW RQFH� 7KXV� IRU WKH ´5HFHQF\ �µ ELQ LQ :LQGRZ �� WKH SUREDELOLW\ RI

DFFHVV HTXDOV WKH VXP RI RFFXUUHQFHV RI DFFHVVHV LQ WKH SDQH ����� GLYLGHG E\ WKH QXPEHU

RI GRFXPHQWV LQ :LQGRZ � ZLWK DQ DFFHVV UHFHQF\ RI � ������ RU ���� ���������� $V ZLWK

WKH IUHTXHQF\ FRPSXWDWLRQ� SUREDELOLWLHV DUH FRPSXWHG IRU DOO UHFHQF\ YDOXHV� IRU DOO

ZLQGRZV DQG SDQHV LQ WKH GDWD VHW E\ LQFUHPHQWLQJ WKH VWDUW GDWH RI HDFK VXFFHVVLYH ZLQGRZ

E\ RQH� 1RWH WKDW WKH QXPEHU RI UHFHQF\ ELQV IRU HDFK ZLQGRZ KDV DV DQ XSSHU ERXQG WKH

VL]H RI WKH ZLQGRZ�

Log(Need Odds) = -1.15 Log(Days) + 0.41

R2 = 0.92

*

*

*

*

*
*

*

-1 -0.5 0 0.5 1 1.5 2
-2

-1.5

-1

-0.5

0

0.5

1

log(days since last doc access)

)LJXUH ��� 7UDQVIRUPDWLRQ RI SORWWLQJ ORJ QHHG RGGV RI D GRFXPHQW DFFHVV RQ 'D\ � DV D IXQFWLRQ RI WKH ORJ

RI KRZ ORQJ LW KDV EHHQ VLQFH WKH GRFXPHQW ZDV DFFHVVHG LQ WKH SUHYLRXV � GD\V �DQG OLQHDU UHJUHVVLRQ��
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5HVXOWV

)LJXUH �� SORWV WKH SUREDELOLW\ RI DFFHVV RQ GD\ � DJDLQVW KRZ PDQ\ GD\V KDYH

SDVVHG VLQFH WKH GRFXPHQW ZDV ODVW DFFHVVHG LQ WKH SUHYLRXV ��GD\ ZLQGRZ�
��7KH SORW VKRZV

WKH VWHHS QHJDWLYH VORSH W\SLFDOO\ IRXQG LQ UHWHQWLRQ SORWV LQ PHPRU\ UHVHDUFK� $V GD\V

HODSVH VLQFH WKH ODVW DFFHVV LQ WKH ZLQGRZ� WKH GRFXPHQW LV PXFK OHVV OLNHO\ WR EH DFFHVVHG LQ

WKH QH[W SDQH� )LJXUH �� SORWV WKH UHODWLRQVKLS EHWZHHQ QHHG SUREDELOLW\ RQ GD\ � DQG

UHFHQF\ RI GRFXPHQW DFFHVV� ZLWK D ORJDULWKPLF WUDQVIRUP� $V FDQ EH VHHQ� WKHUH LV D VWURQJ

UHODWLRQVKLS EHWZHHQ ´ORJ�1HHG 2GGV�µ DQG ´ORJ�GD\V�µ� 7KH UHJUHVVLRQ HTXDWLRQ LV

/RJ�1HHG 2GGV�  ����� /RJ�'D\V� � ����

DQG DFFRXQWV IRU ��� RI WKH YDULDQFH�

,Q VXPPDU\� WKH UHFHQF\ DQDO\VLV VKRZV WKH ORJDULWKPLF UHODWLRQVKLS W\SLFDOO\

IRXQG LQ WKH UHWHQWLRQ PHPRU\ OLWHUDWXUH� ,Q DGGLWLRQ� UHFHQF\ VKRZV D PXFK EHWWHU ILW WKDQ

IUHTXHQF\�

� :H KDYH GHILQHG 'D\ � WR PHDQ WKH GRFXPHQW ZDV DFFHVVHG RQH GD\ SUHYLRXV WR WKH SDQH �RU WKH ODVW GD\ RI WKH

ZLQGRZ�� LQ FRQWUDVW WR >$QGHUVRQ DQG 6FKRROHU ����@ ZKR XVHG 'D\ ��
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5HVXOWV IURP 2WKHU 'DWD 6HWV

,Q RUGHU WR VKRZ WKDW WKHVH ILQGLQJV DUH VSHFLILF WR D SDUWLFXODU :HE ORFDOLW\ DW D

JLYHQ SRLQW LQ WLPH� WKH WHFKQLTXH ZDV DSSOLHG WR WKH RWKHU GDWD VHWV� *HRUJLD 7HFK 7ZR DQG

;HUR[ 3$5& 2QH� 7DEOH � VKRZV WKDW IRU DOO GDWD VHWV� UHFHQF\ LV D EHWWHU SUHGLFWRU RI

IXWXUH DFFHVV WKDQ IUHTXHQF\� )LJXUH �� VKRZV WKH ORJDULWKPLF WUDQVIRUP RI QHHG RGGV

YHUVXV IUHTXHQF\ IRU WKH *HRUJLD 7HFK 7ZR GDWD VHW� )RU WKLV DQDO\VLV� LWHPV WKDW ZHUH

DFFHVVHG XS WR ���� WLPHV SHU ZLQGRZ ZHUH LQFOXGHG LQ WKH DQDO\VLV� VLQFH *HRUJLD 7HFK

7ZR KDG D VLJQLILFDQWO\ KLJKHU DYHUDJH DFFHVV UDWH WKDQ *HRUJLD 7HFK 2QH�

6XPPDU\

,Q VXPPDU\� WKH UHFHQF\ DQDO\VLV VKRZV WKH ORJDULWKPLF UHODWLRQVKLS W\SLFDOO\

IRXQG LQ WKH UHWHQWLRQ PHPRU\ OLWHUDWXUH DQG FHUWDLQ HQYLURQPHQWDO VRXUFHV� $GGLWLRQDOO\�

UHFHQF\ SURYLGHV D PXFK EHWWHU ILW WKDQ IUHTXHQF\� 7KLV LV D VXEVWDQWLDO VKLIW LQ SHUVSHFWLYH

IURP RWKHU DWWHPSWV WR FKDUDFWHUL]H ::: DFFHVV ORJV ZKLFK WHQG WR IRFXV VROHO\ RQ

IUHTXHQF\ PHWULFV�

7DEOH ���7KH UHVXOWV RI D SRZHU ODZ PRGHO WR IUHTXHQF\ DQG UHFHQF\ GDWD IURP WKUHH GDWD VHWV� ,Q DOO FDVHV�
UHFHQF\ SURYLGHV D EHWWHU SUHGLFWRU RI IXWXUH DFFHVV WKDQ IUHTXHQF\�

Data Set Frequency Regression Equation R2 Recency Regression Equation R2

Georgia Tech One Log(Need Odds) =
0.99 Log(Frequency) - 1.30

0.76 Log(Need Odds) =
-1.15 Log(Days) + 0.41

0.92

Georgia Tech Two Log(Need Odds) =
0.91 Log(Frequency) - 2.39

0.85 Log(Need Odds) =
-0.57 Log(Days) + 0.14

0.91

Xerox PARC One Log(Need Odds) =
0.88 Log(Frequency) - 2.47

0.78 Log(Need Odds) =
-0.83 Log(Days) + 0. 08

0.97
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7KHUH LV DOVR DQ LQWHUHVWLQJ FXULRVLW\WKH KXPDQ PHPRU\ ILQGLQJV LQYROYH WKH

EHKDYLRU RI LQGLYLGXDOV ZKHUHDV WKH OLEUDU\ DQG ::: FLUFXODWLRQ ILQGLQJV LQYROYH WKH

FROOHFWLYH EHKDYLRU RI WKRXVDQGV RI LQGLYLGXDOV� :LWK WKH IRUPHU LQIRUPDWLRQ V\VWHP� WKH

EUDLQ LV WKH FHQWUDO HOHPHQW RI VWXG\� HQDEOHG ZLWK D FRPSOH[ RUJDQLF VXEVWUDWH WKDW

FRPPXQLFDWH DQG SURFHVVHV LQIRUPDWLRQ� )RU H[DPSOH� LW LV HDV\ WR LPDJLQH WKDW ZLWKLQ D

EUDLQ� WKH KLVWRU\ DQG FRQWH[W IDFWRUV DUH IRUPHG DQG PDQDJHG YLD ELRORJLFDO VLJQDOLQJ

EHWZHHQ QHXURQV� :LWK WKH ODWWHU V\VWHP� QR HOHPHQW H[LVWV WKDW FDQ FRRUGLQDWH DQG

FRPPXQLFDWH WKH LQWHQGHG EHKDYLRUV RI WKH RWKHU LQGLYLGXDOV� 1R LQWHU�QHWZRUN RI QHXURQV

H[LVWV� RQO\ D FROOHFWLRQ RI LQGLYLGXDOV� +RZ WKHQ LV LW WKDW ERWK FODVVHV RI LQIRUPDWLRQ

V\VWHPV H[KLELW WKH VDPH SURSHUWLHV"
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)LJXUH ����5HVXOWV RI SORWWLQJ ORJ QHHG RGGV DJDLQVW ORJ IUHTXHQF\ IRU WKH *HRUJLD 7HFK 7ZR GDWD VHW� ,WHPV

WKDW ZHUH DFFHVVHG OHVV WKDQ ���� WLPHV SHU ZLQGRZ ZHUH LQFOXGHG LQ WKH DQDO\VLV�
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>6LPRQ ����@ FRQWHQGV WKDW ZKLOH D YDULHW\ RI SURFHVVHV H[KLELW KHDYLO\ VNHZHG

GLVWULEXWLRQV� WKHUH QHHG QRW EH FRPPRQ VWRFKDVWLF SURFHVV XQGHUO\LQJ DQG DFWLQJ XQLIRUPO\

WKURXJKRXW WKHP� 7KH LQLWLDO SURFHVVHV VWXGLHG LQ >6LPRQ ����@ ZHUH WKH GLVWULEXWLRQ RI

ZRUGV LQ SURVH E\ IUHTXHQF\� WKH GLVWULEXWLRQ RI VFLHQWLVWV E\ WKH QXPEHU RI SXEOLVKHG

SDSHUV� WKH GLVWULEXWLRQ RI FLWLHV E\ SRSXODWLRQV� DQG WKH GLVWULEXWLRQ RI LQFRPHV E\ VL]H�

,QWXLWLYHO\� EHLQJ VNHSWLFDO RI D FRPPRQ VWRFKDVWLF SURFHVV PDNHV VHQVH� DV LW LV GLIILFXOW

LQGHHG WR LPDJLQH ZKDW FRXOG EH DFWLQJ XSRQ HDFK RI WKHVH V\VWHPV�

>$QGHUVRQ DQG 6FKRROHU ����@·V DUJXPHQW WKDW KXPDQ PHPRU\ KDV DGDSWHG WR

HQYLURQPHQWDO VRXUFHV VHHPV PRUH UHDVRQDEOH� $W RQH OHYHO� WKHUH DUH HYHQWV RFFXUULQJ

DURXQG XV ZLWK D FHUWDLQ SUREDELOLW\ WKDW HIIHFWV WKH PDQQHU LQ ZKLFK ZH SURFHVV DQG VWRUH

WKLV DQG RWKHU LQIRUPDWLRQ� <HW DOO RI WKH HQYLURQPHQWDO VRXUFHV VWXGLHG LQ >$QGHUVRQ DQG

6FKRROHU ����@ DUH RI KXPDQ RULJLQ� +XPDQV ZULWH WKH KHDGOLQHV WR WKH 1HZ <RUN 7LPHV�

+XPDQV XWWHU ZRUGV WR LQIDQWV� +XPDQV GHWHUPLQH ZLWK ZKRP DQG ZKHQ WKH\ ZULWH HPDLO�

7KXV� WKHVH HQYLURQPHQWDO VRXUFHV DUH QRW SXUHO\ QDWXUDO HYHQWV� ,W LV PD\EH QRW DV

VXUSULVLQJ WKHQ WR ILQG WKDW KXPDQ PHPRU\ EHKDYHV LQ D VLPLODU PDQQHU WR WKH HYHQWV

JHQHUDWHG E\ KXPDQV� <HW� WKLV ¶KXPDQ�LQ�WKH�ORRS· DUJXPHQW GRHV QRW FRPSOHWHO\ H[SODLQ

WKLV SKHQRPHQRQ HLWKHU� DV ZH HYHQWXDOO\ HQG XS RQFH DJDLQ WU\LQJ WR H[SODLQ KRZ LW LV WKDW

RQH SHUVRQ NQRZV WR HPDLO DQRWKHU ZLWK WKLV UHJXODULW\ DQG DQRWKHU SHUVRQ NQRZV WR HPDLO

DQRWKHU ZLWK D GLIIHUHQW UHJXODULW\�

$ GLIIHUHQW H[SODQDWLRQ OLHV LQ >3ULFH ����@� >3ULFH ����@ PDNHV WKH REVHUYDWLRQ WKDW

WKH VDPH FODVV RI VNHZHG GLVWULEXWLRQV VWXGLHG LQ >6LPRQ ����@ FDQ EH H[SODLQHG E\ ZKDW KH

FDOOV WKH &XPXODWLYH $GYDQWDJH 'LVWULEXWLRQ� RU ¶6XFFHVV %UHHGV 6XFFHVV· SKHQRPHQRQ�
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,PDJLQH D V\VWHP ZKHUH LWHPV DUH LQLWLDOO\ FKRVHQ ZLWK VRPH EDVH SUREDELOLW\� 2QFH DQ LWHP

LV FKRVHQ� WKH FKDQFHV RI LW EHLQJ FKRVHQ LQ WKH IXWXUH LQFUHDVHV� ,WHPV WKDW DUH QRW FKRVHQ

GR QRW LQFXU DQ\ SHQDOW\ IRU QRW EHLQJ FKRVHQ� )RU H[DPSOH� VXSSRVH ZH KDYH DQ XUQ ZLWK

DQ HTXDO QXPEHU RI UHG DQG EODFN EDOOV� ZLWK UHG EDOOV VLJQLI\LQJ VXFFHVV DQG EODFN EDOOV

VLJQLI\LQJ IDLOXUH� ,QLWLDOO\� WKHUH LV DQ HTXDO FKDQFH RI VHOHFWLQJ HLWKHU FRORU� 8SRQ VHOHFWLRQ

RI WKH ILUVW EDOO� LI D UHG EDOO LV FKRVHQ� F PRUH UHG EDOOV DUH DGGHG WR WKH XUQ DQG VHOHFWLRQ RI

DQRWKHU EDOO FRQWLQXHV� ,I D EODFN EDOO LV FKRVHQ� QR EODFN EDOOV DUH DGGHG DQG VHOHFWLRQ VWRSV

VLQFH IDLOXUH KDV EHHQ DFKLHYHG� 7KH FKDQFHV RI VHOHFWLQJ D UHG EDOO �VXFFHVV� RQFH DQ LQLWLDO

UHG EDOO LV VHOHFWHG LQFUHDVHV ZKHUHDV WKHUH LV QR SXQLVKPHQW IRU VHOHFWLQJ D EODFN EDOO

�IDLOXUH�� ,Q WKLV PDQQHU� VXFFHVV EUHHGV VXFFHVV �6%6�� >3ULFH ����@ VKRZV WKH PDWKHPDWLFDO

HTXLYDOHQFH RI WKLV W\SH RI V\VWHP WR WKRVH RXWOLQHG LQ >6LPRQ ����@�

,W VKRXOG EH LPPHGLDWHO\ FOHDU WKDW 6%6 VSHDNV GLUHFWO\ WR WKH GHVLUDELOLW\ RI LWHPV

RQ WKH :::� 2QFH DQ LWHP RQ WKH :HE UHFHLYHV DWWHQWLRQ� WKH OLNHOLKRRG WKDW LW ZLOO

UHFHLYH PRUH DWWHQWLRQ LV LQFUHDVHG� ,I DQ LWHP LV QRW DFFHVVHG� QR SHQDOW\ LV LQFXUUHG�

)XUWKHUPRUH� DV ZH·YH MXVW VHHQ� WKH WLPH RI ODVW DFFHVV LV PRUH SUHGLFWLYH WKDQ WKH

IUHTXHQF\ RI DFFHVV� :KLOH WKLV JLYHV XV D SODXVLEOH VWRU\ WR H[SODLQ ZK\ LWHPV DUH DFFHVVHG� LW

GRHV QRW SURYLGH XV ZLWK WKH PHFKDQLVP EHKLQG ZK\ LWHPV DUH DFFHVVHG� $OWKRXJK WKH

UHVHDUFK LV VWLOO LQ WKH IRUPDWLYH VWDJH� LQLWLDO DQDO\VLV RI GDWD FROOHFWHG E\ PRQLWRULQJ

SHRSOH·V H[SHULHQFHV ZLWK WKH :HE >&DWOHGJH DQG 3LWNRZ ����@>7DXVKHU ����@� LQGLFDWHV WKH

SUHVHQFH RI 6%6 GLVWULEXWLRQV� 2Q DQ LQGLYLGXDO OHYHO� WKHUH LV DQ LQLWLDO SUREDELOLW\ WKDW D

SHUVRQ ZLOO YLVLW D SDJH IROORZHG E\ D FHUWDLQ SUREDELOLW\ WKDW WKH SHUVRQ ZLOO UHYLVLW WKH SDJH

�DQG WKH\ GR URXJKO\ ��� RI WKH WLPH >7DXVKHU ����@�� 3DJHV WKDW DUH QRW UHYLVLWHG DUH QRW
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SHQDOL]HG� WKH\ DUH VLPSO\ QRW UHYLVLWHG� ,I LQGHHG 6%6 GLVWULEXWLRQV RFFXU RQ DQ LQGLYLGXDO�

PLFUR OHYHO� LW LV QRW VXUSULVLQJ WR ILQG 6%6 GLVWULEXWLRQ DW WKH JURXS� PDFUR OHYHO� 0RUH

UHVHDUFK LQ WKLV DUHD LQ QHHGHG EHIRUH DQ\ ILQDO FRQFOXVLRQV FDQ EH PDGH�

$SSOLFDWLRQ

$V RULJLQDOO\ PRWLYDWHG LQ >3LWNRZ DQG 5HFNHU ����D@ DQG VXEVHTXHQWO\ LQ >3LWNRZ

DQG 5HFNHU ����E@ DQ REYLRXV DSSOLFDWLRQ RI WKH PRGHOLQJ RI GHVLUDELOLW\ EDVHG XSRQ

UHFHQF\ LV FDFKLQJ� 7KHVH ILQGLQJV VWURQJO\ VXJJHVW VRPH IRUP RI D OHDVW UHFHQWO\ XVHG �/58�

UHSODFHPHQW SROLF\ IRU VHUYHU�VLGH FDFKHV� )LJXUH �� VKRZV �VHH >3LWNRZ DQG 5HFNHU

����D@>5HFNHU DQG 3LWNRZ ����@ IRU PRUH GHWDLOV� WKDW D /58 VHUYHU�VLGH FDFKLQJ SROLF\

UHVXOWV LQ D YHU\ UHVSHFWDEOH KLW�UDWH ����� DQG ORZ PLVV UDWHV ��� WR ��� GHSHQGLQJ XSRQ

ZKLFK VWRUDJH VWUDWHJ\ LV LPSOHPHQWHG�� 7KHVH ILQGLQJV KHOSHG SDYH WKH ZD\ IRU WKH

GHYHORSPHQW RI DQG FRPSDULVRQ DJDLQVW PRUH FRPSOLFDWHG DOJRULWKPV IRU SUR[\�FDFKHV�

>$EUDPV HW DO� ����@� ,W LV VKRXOG EH QRWHG WKDW ZKLOH WKHVH PRUH FRPSOLFDWHG DOJRULWKPV

SHUIRUP EHWWHU WKDQ D VLPSOH /58 SROLF\� WKH LPSURYHPHQWV WHQG WR EH VPDOO� DQG DV D

UHVXOW� PD\ QRW EH ZRUWK WKH DGGHG HIIRUW RI LPSOHPHQWDWLRQ DQG FRPSXWDWLRQDO FRPSOH[LW\�

)XUWKHUPRUH� DV SRLQWHG RXW LQ >:RRVWHU DQG $EUDPV ����@� ODWHQF\ PD\ EH D EHWWHU

PHDVXUH RI WKH HIIHFWLYHQHVV RI SUR[\�FDFKH DOJRULWKPV JLYHQ WKHLU SUR[LPLW\ WR HQG XVHUV�

� 3UR[\�FDFKHV DUH D VSHFLDO IRUP RI FDFKHV WKDW DFW DV D JDWHZD\ IRU D QXPEHU RI XVHUV WR DFFHVV WKH :HE� DV LV WKH FDVH

RI XVHUV EHKLQG D FRUSRUDWH ILUHZDOO� 7KH\ KDQGOHG WKH UHTXHVWV IRU WKH XVHUV DQG NHHS D FDFKH RI UHWULHYHG GRFXPHQWV�

WKXV GHFUHDVLQJ WKH UHWULHYDO WLPH H[SHULHQFHG E\ XVHUV IRU FDFKHG SDJHV�
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7KH HIIHFWLYHQHVV RI D /58 UHSODFHPHQW SROLF\ IRU FDFKLQJ GDWD DQG WKH VWUHQJWK

RI XVLQJ UHFHQF\ DV D SULPDU\ PRGHOLQJ FKDUDFWHULVWLF PD\ YHU\ ZHOO GHSHQG XSRQ WKH UDWLR

RI WKH QXPEHU RI XVHUV RI WKH FDFKH YHUVXV WKH QXPEHU RI GRFXPHQWV EHLQJ UHWULHYHG� ,Q

WKH FDVH RI VHUYHU�VLGH FDFKLQJ� WKH QXPEHU RI XVHUV �1� W\SLFDOO\ IDU RXWZHLJKV WKH QXPEHU

RI GRFXPHQWV EHLQJ UHTXHVWHG �'�� WKDW LV� 1�' ! ;� ZKHUH ; LV VRPH SDUDPHWHU� SRVVLEO\

RQH� 7KLV OHDGV WR D IDLU GHJUHH RI FRPPRQDOLW\ DPRQJ UHTXHVWV� ZLWK PDQ\ XVHUV UHTXHVWLQJ

WKH VDPH LWHPV� ,W ZRXOG QRW EH VXUSULVLQJ WR ILQG D SKDVH VKLIW RFFXU ZKHQ 1�' � ; VLQFH

WKHUH LV ORZ SUREDELOLW\ RI UHTXHVWV IRU WKH VDPH LQIRUPDWLRQ IURP D VPDOO VHW RI XVHUV

DJDLQVW D PXFK ODUJHU XQLYHUVH RI GRFXPHQWV� $QRWKHU ZD\ RI H[SUHVVLQJ WKLV WKDW WKHUH LV
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)LJXUH ����7KH JUDSK GLVSOD\V WKH FDFKH KLW DQG PLVV UDWLRV IRU D UHSODFHPHQW SROLF\ RI RQH GD\ DQG WKH
FDFKH PLVV UDWLR IRU D FDFKLQJ SROLF\ RI WKDW XVHV D VHYHQ GD\ ZLQGRZ� 7KH ODWWHU SROLF\ DVVXPHV WKDW DOO RI

WKH SDVW VHYHQ GD\V RI DFFHVVHV DUH NHSW LQ WKH FDFKH� 7KH [�D[LV UHSUHVHQWV GD\ WR GD\ SHUIRUPDQFH RI WKH

FDFKLQJ SROLF\ IRU DOO WKH GD\V LQ WKH GDWD VHW H[FOXGLQJ ZHHNHQGV�
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QRW HQRXJK XVHU LQSXW WR UHOLDEO\ HVWDEOLVK WKH GHVLUDELOLW\ RI WKH LQIRUPDWLRQ� 2QH PLJKW

FRQMHFWXUH WKDW GHVLUDELOLW\ UHTXLUHV D FHUWDLQ GHJUHH RI FRQVHQVXV EXLOGLQJ� ZKLFK ZKHQ

IDFHG ZLWK DQ RYHUZKHOPLQJ DPRXQW RI LQIRUPDWLRQ� VPDOO SRSXODWLRQV PD\ QRW EH DEOH WR

JHQHUDWH� 0RUH LQYHVWLJDWLRQ LQWR WKH QDWXUH RI WKHVH SDUDPHWHUV LV QHFHVVDU\�
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,QWURGXFWLRQ

2QH DLP RI WKLV GLVVHUWDWLRQ LV WR GHYHORS PHWKRGV WKDW DXWRPDWLFDOO\ FDWHJRUL]H

DQG DJJUHJDWH K\SHUWH[W LQIRUPDWLRQ� 2QFH LQIRUPDWLRQ LV FDWHJRUL]HG� XVHUV FDQ LQFUHDVH

WKHLU UDWH RI LQIRUPDWLRQ JDLQ SHU XQLW WLPH E\ TXLFNO\ GHWHUPLQLQJ WKH XWLOLW\ RI LQIRUPDWLRQ�

ZLWKRXW KDYLQJ WR GHWHUPLQH WKH FDWHJRULHV WKHPVHOYHV� 8QOLNH RWKHU DSSURDFKHV WR

DXWRPDWLF FDWHJRUL]DWLRQ >&XWWLQJ HW DO� ����@ RU VHDUFK HQJLQHV >/\FRV ����@� ZH VHHN WR XVH

PRUH WKDQ MXVW WH[W FRQWHQW DV WKH EDVLV IRU RXU WHFKQLTXHV� :H WKLQN WKDW WKH EURZVLQJ

SDWWHUQV RI XVHUV DQG WKH FKDQJLQJ VWUXFWXUH RI K\SHUWH[W GRFXPHQWV DQG WKHLU DVVRFLDWHG

OLQNV SURYLGH LPSRUWDQW GDWD WKDW FDQ EH H[SORLWHG WR HQKDQFH RXU PHWKRGV� -XVW DV WKH

UHJXODULWLHV RI WH[WV DQG ODQJXDJH KDYH EHHQ H[SORLWHG LQ FXUUHQW VHDUFK HQJLQHV� ZH H[SHFW

WKHUH WR EH UHJXODULWLHV RI K\SHUWH[W DQG LWV XVH WKDW FDQ DOVR EH H[SORLWHG� :H UHIHU WR

PHWKRGV WKDW XWLOL]H WKLV FRPELQDWLRQ RI XVHU EHKDYLRU� WKH FRQWHQW RI WKH :HE� DQG WKH

:HE·V WRSRORJ\ DV XVDJH�FRQWHQW�VWUXFWXUH WHFKQLTXHV�

$V PHQWLRQHG LQ WKH ,QWURGXFWLRQ� HQDEOLQJ XVHUV WR UDSLGO\ PDNH GHFLVLRQV DERXW

WKH YDOXH RI LQIRUPDWLRQ FDQ JUHDWO\ LQFUHDVH WKH XVHU·V RYHUDOO HIILFLHQF\� ,Q WKLV FKDSWHU� ZH

ILUVW SUHVHQW D XVDJH�FRQWHQW�VWUXFWXUH WHFKQLTXH WKDW HQDEOHV SDJHV LQ :HE HQYLURQPHQWV WR
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EH DXWRPDWLFDOO\ DVVLJQHG W\SHV� ([DPSOH W\SHV LQFOXGH� KHDG SDJHV �WKH ILUVW SDJH WR YLVLW LQ

D VHW RI UHODWHG SDJHV�� LQGH[ SDJHV �SDJHV ZKRVH SULPDU\ SXUSRVH LV QDYLJDWLRQ�� UHIHUHQFH

SDJHV �SDJHV WKDW DUH XVHG WR UHSHDWHGO\ H[SODLQ FRQFHSWV RI FRQWHQW�� DQG FRQWHQW SDJHV

�SDJHV WKDW SULPDULO\ GHOLYHU LQIRUPDWLRQ�� ,Q WKH VHFRQG KDOI RI WKLV FKDSWHU� VHPDQWLF

FOXVWHUV RI GRFXPHQWV DUH FUHDWHG XVLQJ D VWUXFWXUDO DSSURDFK FDOOHG FRFLWDWLRQ DQDO\VLV� 7KLV

WHFKQLTXH LV WDNHQ IURP WKH VWXG\ RI FLWDWLRQV LQ WKH ILHOG RI /LEUDU\ 6FLHQFH DQG LV VKRZQ WR

SURGXFH LQWHUHVWLQJ FOXVWHUV RI UHODWHG GRFXPHQWV�

'RFXPHQW 7\SLQJ�

0DQ\ NLQGV RI LQIRUPDWLRQ FDQ EH XVHG WR FODVVLI\ RU RUJDQL]H FROOHFWLRQV RI

::: SDJHV LQFOXGLQJ WKH WH[WXDO FRQWHQW� WKH K\SHUOLQN VWUXFWXUH� DQG YDULRXV

FKDUDFWHULVWLFV RI WKH SDJHV LQFOXGLQJ ILOH�V\VWHP DWWULEXWHV� DQG XVDJH VWDWLVWLFV� 0RVW RI WKLV

LQIRUPDWLRQ FDQ EH JDWKHUHG LQ D VWUDLJKW IRUZDUG PDQQHU IRU IL[HG FROOHFWLRQV RI :::

SDJHV� SDUWLFXODUO\ ZLWK SULYLOHJHG DFFHVV WR WKH VHUYHU·V ILOH�V\VWHP� 2YHU WLPH� WKH :HE

LQIUDVWUXFWXUH FDQ EH DGDSWHG WR SURYLGH WKLV LQIRUPDWLRQ GLUHFWO\ WKURXJK VWDQGDUG

SURWRFROV� &XUUHQW DWWHPSWV DW SURYLGLQJ VXFK IXQFWLRQDOLW\ LQFOXGH 8QLIRUP 5HVRXUFH

&KDUDFWHULVWLFV �85&� >'DQLHO DQG 0HDOOLQJ ����@ DQG $SSOH &RPSXWHU·V 0HWD &RQWHQW

)UDPHZRUN �0&)� >*XKD ����@�

)RU WKH SXUSRVHV RI WKLV FKDSWHU� ZH ZLOO IRFXV RQ DOO WKH SDJHV VHUYHG E\ WKH

;HUR[ &RUSRUDWH ::: VHUYHU �KWWS���ZZZ�[HUR[�FRP� DV LW H[LVWHG GXULQJ WKH VXPPHU RI

� 3RUWLRQV RI WKH IROORZLQJ PDWHULDO ILUVW DSSHDUHG LQ >3LUROOL HW DO� ����@�
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���� �WKLV VLWH LV WKH ;HUR[ 2QH VLWH DQDO\]HG LQ WKH SUHYLRXV FKDSWHU�� 2XU JRDO ZDV WR

DQDO\]H WKLV GDWD DQG WR GHVLJQ DOJRULWKPV IRU YDULRXV H[WUDFWRUV ZKLFK ZRXOG DQQRWDWH DQG

DJJUHJDWH ::: SDJHV DW WKLV :HE ORFDOLW\� ,Q SDUWLFXODU� ZH KDYH GHVLJQHG PHWKRGV IRU

FODVVLI\LQJ QRGHV LQWR D QXPEHU RI IXQFWLRQDO FDWHJRULHV�

&DWHJRUL]DWLRQ WHFKQLTXHV W\SLFDOO\ DWWHPSW WR DVVLJQ LQGLYLGXDO HOHPHQWV �H�J��

::: SDJHV� LQWR FDWHJRULHV EDVHG RQ WKH IHDWXUHV WKH\ H[KLELW� %DVHG RQ FDWHJRU\

PHPEHUVKLS� ZH PD\ TXLFNO\ SUHGLFW WKH IXQFWLRQDOLW\ RI DQ HOHPHQW� )RU LQVWDQFH� LQ WKH

HYHU\GD\ ZRUOG� LGHQWLI\LQJ VRPHWKLQJ DV D ´FKDLUµ HQDEOHV WKH TXLFN SUHGLFWLRQ WKDW DQ

REMHFW FDQ EH VDW RQ� :LWK UHVSHFW WR WKH :HE� LGHQWLI\LQJ D SDJH DV DQ ´KHDG SDJHµ LQIRUPV

WKH XVHU WKDW WKLV SDJH LV WKH ORJLFDO ILUVW SDJH RI WKH FROOHFWLRQ DQG LV OLNHO\ WR FRQWDLQ DQ

RYHUYLHZ RI WKH LQIRUPDWLRQ FRQWDLQHG LQ WKH FROOHFWLRQ DV ZHOO DV SRLQWHUV WR WKLV

LQIRUPDWLRQ� 2XU WHFKQLTXHV ZLOO WKXV UHO\ RQ WKH SDUWLFXODU IHDWXUHV WKDW ZH FDQ H[WUDFW

DERXW ::: SDJHV DW D :HE ORFDOLW\�

2QH PD\ FRQFHLYH RI D :HE ORFDOLW\ DV D FRPSOH[ DEVWUDFW VSDFH LQ ZKLFK DUH

DUUDQJHG ::: SDJHV RI GLIIHUHQW IXQFWLRQDO FDWHJRULHV RU W\SHV� 7KHVH IXQFWLRQDO

FDWHJRULHV PLJKW EH GHILQHG E\ D XVHU·V VSHFLILF VHW RI LQWHUHVWV� RU WKH FDWHJRULHV PLJKW EH

H[WUDFWHG IURP WKH FROOHFWLRQ LWVHOI WKURXJK LQGXFWLYH WHFKQRORJLHV >&XWWLQJ HW DO� ����@� $Q

H[DPSOH FDWHJRU\ PLJKW EH RUJDQL]DWLRQDO KRPH SDJH� 7\SLFDO PHPEHUV RI WKH FDWHJRU\

ZRXOG GHVFULEH DQ RUJDQL]DWLRQ DQG KDYH OLQNV WR PDQ\ RWKHU :HE SDJHV� SURYLGLQJ UHOHYDQW

LQIRUPDWLRQ DERXW WKH RUJDQL]DWLRQ� LWV GLYLVLRQV RU GHSDUWPHQWV� VXPPDULHV RI LWV SXUSRVH�

DQG VR RQ�
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:H VSHFLILHG D VHW RI IXQFWLRQDO FDWHJRULHV IRU WKH SXUSRVHV RI WKLV VWXG\� (DFK

IXQFWLRQDO FDWHJRU\ ZDV GHILQHG LQ D PDQQHU WKDW KDV D JUDGHG PHPEHUVKLS� ZLWK VRPH

SDJHV EHLQJ PRUH W\SLFDO RI D FDWHJRU\ WKDQ RWKHUV� DQG :HE SDJHV PD\ EHORQJ WR PDQ\

FDWHJRULHV� 7KDW LV� IRU HYHU\ FDWHJRU\� HDFK SDJH KDV D FHUWDLQ SUREDELOLW\ RI EHORQJLQJ WR

WKDW FDWHJRU\� 0HPEHUVKLS LV GHWHUPLQHG E\ VHOHFWLQJ WKH KLJKHVW YDOXH PHPEHUV RI HDFK

FDWHJRU\� 7KXV� WKLV WHFKQLTXH LV ´IX]]\µ LQ WKDW HDFK SDJH FDQ EHORQJ WR PRUH WKDQ RQH

FDWHJRU\� :H GHILQHG WKH IROORZLQJ W\SHV RI :HE SDJHV IRU WKLV VWXG\�

• KHDG� 7\SLFDOO\ D UHODWHG VHW RI SDJHV ZLOO KDYH RQH SDJH WKDW ZRXOG EHVW VHUYH DV WKH

ILUVW RQH WR YLVLW� +HDG SDJHV KDYH WZR VXEFODVVHV�

• RUJDQL]DWLRQDO KRPH SDJH� 7KHVH DUH SDJHV WKDW UHSUHVHQW WKH HQWU\ SRLQW IRU

RUJDQL]DWLRQV DQG LQVWLWXWLRQV� XVXDOO\ IRXQG DV WKH GHIDXOW KRPH SDJH IRU

VHUYHUV� H�J�� KWWS���ZZZ�RUJ

• SHUVRQDO KRPH SDJH� 8VXDOO\� LQGLYLGXDOV KDYH RQO\ RQH SDJH ZLWKLQ DQ

RUJDQL]DWLRQ WKDW WKH\ SODFH SHUVRQDO LQIRUPDWLRQ DQG RWKHU WLGELWV RQ�

• LQGH[� 7KHVH DUH SDJHV WKDW VHUYH WR QDYLJDWH XVHUV WR D QXPEHU RI RWKHU SDJHV WKDW

PD\ RU PD\ QRW EH UHODWHG� 7\SLFDO SDJHV LQ WKLV FDWHJRU\ KDYH WKH ZRUGV ´,QGH[µ RU

´7DEOH RI &RQWHQWVµ RU ´WRFµ DV SDUW RI WKHLU 85/�

• VRXUFH LQGH[� 7KHVH SDJHV DUH WKDW DUH DOVR KHDG QRGHV� WKRVH WKDW DUH XVHG DV

HQWU\ SRLQWV DQG LQGLFHV LQWR D UHODWHG LQIRUPDWLRQ VSDFH�
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• UHIHUHQFH� $ SDJH WKDW LV XVHG WR UHSHDWHGO\ H[SODLQ D FRQFHSW RU FRQWDLQV DFWXDO

UHIHUHQFHV� 5HIHUHQFHV DOVR KDYH D VSHFLDO VXEFODVVHV�

• GHVWLQDWLRQ� ,Q JUDSK WKHRU\ WKHVH DUH EHVW WKRXJKW RI DV ´VLQNVµ� SDJHV WKDW GR

QRW SRLQW HOVHZKHUH EXW WKDW D QXPEHU RI RWKHU SDJHV SRLQW WR� ([DPSOHV

LQFOXGH SDJHV RI H[SDQGHG DFURQ\PV� FRS\ULJKW QRWLFHV� DQG ELEOLRJUDSKLF

UHIHUHQFHV�

• FRQWHQW� 7KHVH DUH SDJHV ZKRVH SXUSRVH LV QRW WR IDFLOLWDWH QDYLJDWLRQ� EXW WR

GHOLYHU LQIRUPDWLRQ�

'DWD 6RXUFHV DQG &ROODWLRQ

7KH GDWD XVHG IRU VXEVHTXHQW DQDO\VHV ZDV GHULYHG IURP WZR VRXUFHV� D WUDYHUVDO RI

WKH ;HUR[·V H[WHUQDO :HE VLWH� ZKRVH 8QLIRUP 5HVRXUFH /RFDWRU �85/� LV

KWWS���ZZZ�[HUR[�FRP� DQG WKH ORJV RI UHTXHVWHG LWHPV PDLQWDLQHG E\ WKH ;HUR[ :HE

VHUYHU� )RU WKLV DQDO\VLV� ZH FKRRVH WKH DFFHVV ORJV IURP 0DUFK WKURXJK 0D\ RI ����� LQ

ZKLFK ��� PLOOLRQ LWHPV ZHUH UHTXHVWHG� 7KUHH EDVLF NLQGV RI GDWD ZHUH H[WUDFWHG�

• 7RSRORJ\ DQG PHWD�LQIRUPDWLRQ� ZKLFK DUH WKH K\SHUOLQN VWUXFWXUH DPRQJ ::: SDJHV

DW D :HE ORFDOLW\ DQG YDULRXV IHDWXUHV RI WKH SDJHV� VXFK DV ILOH VL]H DQG 85/�

• 8VDJH IUHTXHQF\ DQG XVDJH SDWKV� ZKLFK LQGLFDWH KRZ PDQ\ WLPHV D ::: SDJHV KDV

EHHQ DFFHVVHG DQG KRZ PDQ\ WLPHV D WUDYHUVDO ZDV PDGH IURP RQH ::: SDJH WR

DQRWKHU�
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• 7H[W VLPLODULW\ DPRQJ DOO WH[W ::: SDJHV DW D :HE ORFDOLW\

7RSRORJ\ DQG 0HWD�LQIRUPDWLRQ

7KH WRSRORJ\ RI WKH ;HUR[ VLWH ZDV DVFHUWDLQHG YLD ´WKH ZDONHUµ� DQ DXWRQRPRXV

DJHQW WKDW� JLYHQ D VWDUWLQJ SRLQW� SHUIRUPV DQ H[KDXVWLYH EUHDGWK�ILUVW WUDYHUVDO RI SDJHV

ZLWKLQ WKH ORFDOLW\� 7KH ZDONHU XVHG WKH +\SHUWH[W 7UDQVIHU 3URWRFRO �+773� >)LHOGLQJ HW DO�

����@ WR UHTXHVW DQG UHWULHYH LWHPV� SDUVLQJ WKH UHWXUQHG REMHFW WR H[WUDFW K\SHUOLQNV� 2QO\

OLQNV WKDW SRLQWHG WR REMHFWV ZLWKLQ WKH VLWH ZHUH DGGHG WR D OLVW RI LWHPV WR H[SORUH� 7KXV�

WKH ZDONHU SURGXFHG D JUDSK UHSUHVHQWDWLRQ RI WKH :HE ORFDOLW\·V K\SHUOLQN VWUXFWXUH� ZLWK

HDFK QRGH KDYLQJ DW OHDVW WKH IROORZLQJ PHWD�LQIRUPDWLRQ SURSHUWLHV� QDPH� WLWOH� OLVW RI

FKLOGUHQ �SDJHV DVVRFLDWHG E\ K\SHUOLQNV�� ILOH VL]H� DQG WKH WLPH WKH QRGH ZDV ODVW PRGLILHG�

,W LV LPSRUWDQW WR QRWH WKDW WKH ZDONHU PD\ QRW KDYH UHDFKHG DOO QRGHV WKDW DUH DFFHVVLEOH YLD

D SDUWLFXODU VHUYHU³RQO\ WKRVH QRGHV WKDW ZHUH UHDFKDEOH IURP WKH VWDUWLQJ SRLQW ZHUH

LQFOXGHG� 7KLV DQDO\VLV SURGXFHV DQ DGMDFHQF\ PDWUL[ IRU WKH SDUWLFXODU ORFDOLW\ WKDW ZH FDOO

WKH WRSRORJ\ PDWUL[� ZKLFK UHSUHVHQWV WKH QRGH WR QRGH K\SHUWH[W UHODWLRQV� DQG D VHW RI PHWD�

LQIRUPDWLRQ FDOOHG WKH PHWD�GRFXPHQW YHFWRUV� ZKLFK UHSUHVHQWV WKH PHWD�LQIRUPDWLRQ IRU HDFK

::: SDJH�

8VDJH )UHTXHQF\ DQG 8VDJH 3DWKV

0RVW VHUYHUV KDYH WKH DELOLW\ WR UHFRUG WUDQVDFWLRQDO LQIRUPDWLRQ DERXW UHTXHVWHG

LWHPV� 7KLV LQIRUPDWLRQ XVXDOO\ FRQVLVWV RI DW OHDVW WKH WLPH DQG WKH QDPH RI WKH 85/ EHLQJ

UHTXHVWHG DV ZHOO DV WKH PDFKLQH QDPH PDNLQJ WKH UHTXHVW� 7KH ODWWHU ILHOG PD\ UHSUHVHQW
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RQO\ RQH XVHU PDNLQJ UHTXHVWV IURP WKHLU ORFDO PDFKLQH RU LW FRXOG UHSUHVHQW D QXPEHU RI

XVHUV ZKRVH UHTXHVWV DUH EHLQJ LVVXHG WKURXJK RQH PDFKLQH� DV LV WKH FDVH ZLWK ILUHZDOOV DQG

SUR[LHV� 7KLV PDNHV GLIIHUHQWLDWLQJ WKH SDWKV WUDYHUVHG E\ LQGLYLGXDO XVHUV IURP WKHVH DFFHVV

ORJV QRQ�WULYLDO� VLQFH QXPHURXV UHTXHVWV IURP SUR[LHG DQG ILUHZDOOHG GRPDLQV FDQ RFFXU

VLPXOWDQHRXVO\� 7KDW LV� LI ��� XVHUV IURP EHKLQG DQ $PHULFD 2QOLQH SUR[\ DUH

VLPXOWDQHRXVO\ QDYLJDWLQJ WKH SDJHV ZLWKLQ D VLWH� KRZ GRHV RQH GHWHUPLQH ZKLFK XVHUV WRRN

ZKLFK SDWKV" 7KLV SUREOHP LV IXUWKHU FRPSOLFDWHG E\ ORFDO FDFKHV PDLQWDLQHG E\ HDFK

EURZVHU DQG LQWHQWLRQDO UHORDGLQJ RI SDJHV E\ WKH XVHU >3LWNRZ ����@�

7KH DOJRULWKP ZH LPSOHPHQWHG WR GHWHUPLQH XVHU·V SDWKV� D�N�D� ´WKH ZKLWWOHUµ�

XWLOL]HG WKH :HE ORFDOLW\·V WRSRORJ\ DORQJ ZLWK VHYHUDO KHXULVWLFV� 7KH WRSRORJ\ ZDV

FRQVXOWHG WR GHWHUPLQH OHJLWLPDWH WUDYHUVDOV ZKLOH WKH KHXULVWLFV ZHUH XVHG WR GLVDPELJXDWH

XVHU SDWKV ZKHQ PXOWLSOH XVHUV IURP WKH VDPH PDFKLQH QDPH ZHUH VXVSHFWHG� 7KH ODWWHU

VFHQDULR UHOLHV XSRQ D OHDVW UHFHQWO\ XVHG ELQ SDFNLQJ VWUDWHJ\ DQG VHVVLRQ OHQJWK WLPH�RXWV

DV GHWHUPLQHG HPSLULFDOO\ IURP HQG�XVHU QDYLJDWLRQ SDWWHUQV >&DWOHGJH DQG 3LWNRZ ����@�

(VVHQWLDOO\� QHZ SDWKV ZHUH FUHDWHG IRU D PDFKLQH QDPH ZKHQ WKH WLPH EHWZHHQ WKH ODVW

UHTXHVW DQG WKH FXUUHQW UHTXHVW ZDV JUHDWHU WKDQ WKH VHVVLRQ ERXQGDU\ OLPLW� L�H�� WKH VHVVLRQ

WLPHG RXW� 1HZ SDWKV ZHUH DOVR FUHDWHG ZKHQ WKH UHTXHVWHG SDJH ZDV QRW FRQQHFWHG WR WKH

ODVW SDJH LQ WKH FXUUHQWO\ PDLQWDLQHG SDWK� 7KHVH WHVWV ZHUH SHUIRUPHG RQ DOO SDWKV EHLQJ

PDLQWDLQHG IRU WKDW PDFKLQH QDPH� ZLWK WKH RUGHULQJ RI WHVWV EHLQJ WKH SDWKV OHDVW UHFHQWO\

H[WHQGHG� 7KLV SURGXFHG D VHW RI SDWKV UHTXHVWHG E\ HDFK PDFKLQH DQG WKH WLPHV IRU HDFK

UHTXHVW� )URP WKLV� D YHFWRU WKDW FRQWDLQHG HDFK QRGH·V IUHTXHQF\ RI UHTXHVWV DQG D PDWUL[

FRQWDLQLQJ WKH QXPEHU RI WUDYHUVDOV IURP RQH SDJH WR DQRWKHU ZHUH FRPSXWHG XVLQJ



��

VRIWZDUH WKDW LGHQWLILHG WKH IUHTXHQF\ RI DOO VXE�VWULQJV IRU DOO SDWKV >3LWNRZ DQG .HKRH

����@� 7KHVH DUH UHIHUUHG WR KHUHDIWHU DV WKH IUHTXHQF\ YHFWRUV DQG WKH SDWK PDWUL[ UHVSHFWLYHO\�

$GGLWLRQDOO\� WKH GLIIHUHQFH EHWZHHQ WKH WRWDO QXPEHU RI UHTXHVWV IRU D SDJH DQG

WKH VXP RI WKH SDWKV WR WKH SDJH ZDV FRPSXWHG� ,QWXLWLYHO\ WKLV JHQHUDWHV D VHW RI HQWU\ SRLQW

FDQGLGDWHV� 7KHVH DUH WKH ::: SDJHV DW D :HE ORFDOLW\ WKDW VHHP WR EH WKH VWDUWLQJ SRLQWV

IRU PDQ\ XVHUV� (QWU\ SRLQWV DUH GHILQHG DV WKH VHW RI SDJHV WKDW DUH SRLQWHG WR E\ VRXUFHV

RXWVLGH WKH ORFDOLW\� H�J�� DQ RUJDQL]DWLRQ·V KRPH SDJH� D SRSXODU QHZV DUWLFOH� HWF� 7DEOH �

VKRZV WKH UHVXOWV RI WKLV DQDO\VLV� 7KH ;HUR[ +RPH SDJH DQG WKH ���� ;HUR[ )DFW %RRN DUH

WKH WRS SDJHV LGHQWLILHG DUH DPRQJ WKH SDJHV PRVW YLVLWHG E\ XVHUV� DV PLJKW EH H[SHFWHG RI

SHRSOH VHHNLQJ LQIRUPDWLRQ DERXW ;HUR[� $OVR DPRQJ WKH WRS ::: SDJHV DUH ;HUR[

3$5&·V 'LJLWDO /LEUDU\ +RPH 3DJH� 3$5&·V 0DS 9LHZHU� WKH %RRNZLVH +RPH 3DJH� DOO RI

ZKLFK KDYH UHFHLYHG VXEVWDQWLDO RXWVLGH SUHVV RU DZDUGV WKDW ZRXOG GUDZ WKH DWWHQWLRQ RI

XVHUV� (QWU\ SRLQWV PLJKW SURYLGH XVHIXO LQVLJKW WR :HE GHVLJQHUV EDVHG RQ DFWXDO XVH�

ZKLFK PD\ GLIIHU IURP WKHLU LQWHQGHG XVH RQ D :HE ORFDOLW\� (QWU\ SRLQWV DOVR PD\ EH XVHG

LQ SURYLGLQJ D VHW RI QRGHV IURP ZKLFK WR VSUHDG DFWLYDWLRQ�

,QWHU�GRFXPHQW 7H[W 6LPLODULW\

7HFKQLTXHV IURP LQIRUPDWLRQ UHWULHYDO >YDQ5LMVEHUJHQ ����@ FDQ EH DSSOLHG WR

FDOFXODWH D WH[W VLPLODULW\ PDWUL[ ZKLFK UHSUHVHQWV WKH LQWHU�GRFXPHQW WH[W VLPLODULWLHV DPRQJ

::: SDJHV� ,Q SDUWLFXODU� IRU HDFK ::: SDJH� ZH WRNHQL]HG DQG LQGH[HG WKH WH[W XVLQJ

WKH 7'% >&XWWLQJ HW DO� ����@ IXOO�WH[W UHWULHYDO HQJLQH� /LNH PDQ\ VFKHPHV� HDFK GRFXPHQW

LV UHSUHVHQWHG E\ D YHFWRU� ZKHUH HDFK FRPSRQHQW RI WKH YHFWRU UHSUHVHQWV D ZRUG� (QWULHV
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LQ WKH YHFWRU IRU D GRFXPHQW LQGLFDWH WKH SUHVHQFH RU IUHTXHQF\ RI D ZRUG LQ WKH GRFXPHQW�

)RU HDFK SDLU RI SDJHV� ZH FRPSXWHG WKH GRW SURGXFW RI WKH WKHVH YHFWRUV� ZKLFK SURGXFHV

D VLPLODULW\ PHDVXUH� ZKLFK ZDV HQWHUHG LQWR WKH WH[W VLPLODULW\ PDWUL[ IRU WKH :HE ORFDOLW\�

,W VKRXOG EH QRWHG WKDW WKH H[DFW VSHFLILFV RI ZKDW WKH 7'% UHWULHYDO HQJLQH GRHV LV

QRW DV LPSRUWDQW� DV DQ\ WH[W UHWULHYDO HQJLQH RU VHW RI VWUDWHJLHV FDQ EH HPSOR\HG� VR ORQJ DV

LW SURGXFHV D GRFXPHQW E\ GRFXPHQW VLPLODULW\ PDWUL[�

:HE &DWHJRUL]DWLRQ

3UHYLRXV K\SHUWH[W UHVHDUFK H[WROV WKH YDOXH DGGHG E\ VWURQJO\ W\SHG QRGH DQG OLQN

V\VWHPV >7ULJJ ����@� \HW PRVW RI WKH LQIRUPDWLRQ DYDLODEOH RQ WKH :HE LV SRRUO\ W\SHG�

(YHQ VR� D TXLFN WRXU RI ::: SDJHV DFURVV :HE ORFDOLWLHV UHYHDOV WKDW FHUWDLQ FODVVHV RI

GRFXPHQWV GR LQGHHG H[LVW� 7KLV QH[W VHFWLRQ SUHVHQWV DQ DSSURDFK WR FDWHJRUL]DWLRQ DQG

GLVFXVVLRQ RI WKH UHVXOWV REWDLQHG IURP FDWHJRUL]DWLRQ RI WKH ;HUR[ :HE ORFDOLW\�

7DEOH �� 7KH PRVW SRSXODU VWDUWLQJ SRLQWV IRU SHRSOH YLVLWLQJ WKH ;HUR[ &RUSRUDWH :HE VLWH

�KWWS���ZZZ�[HUR[�FRP��

% Visits Outside Number Visits Pages

99.96 2,662 /95FactBook/Title.html

96.18 12,377 /PARC/docs/mapviewer-legend-world.html

99.58 16,004 /Products/XIS/BookWise.html

99.99 19,130 /PARC/dlbx/library.html

94.29 24,107 / (the default Xerox Home Page)
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:HE 3DJH )HDWXUH 9HFWRUV

,Q RUGHU WR SHUIRUP FDWHJRUL]DWLRQV ZH UHSUHVHQWHG HDFK ::: SDJH DW WKH ;HUR[

:HE ORFDOLW\ E\ D YHFWRU RI IHDWXUHV FRQVWUXFWHG IURP WKH DERYH WRSRORJ\� PHWD�

LQIRUPDWLRQ� XVDJH VWDWLVWLFV DQG SDWKV� DQG WH[W VLPLODULWLHV� 7KHVH ::: SDJH YHFWRUV ZHUH

FROOHFWHG LQWR D PDWUL[� 6SHFLILFDOO\� D QHZ PDWUL[ ZDV FUHDWHG ZLWK HDFK URZ UHSUHVHQWLQJ D

::: SDJH� DQG WKH FROXPQV UHSUHVHQWLQJ WKH SDJH·V�

• VL]H� LQ E\WHV� RI WKH LWHP

• LQOLQNV� WKH QXPEHU RI K\SHUOLQNV WKDW SRLQW WR WKH LWHP IURP WKH ;HUR[ :HE VSDFH

• RXWOLQNV� WKH QXPEHU RI K\SHUOLQNV WKH LWHP FRQWDLQV WKDW SRLQW WR RWKHU LWHPV LQ WKH

;HUR[ :HE VSDFH

• IUHTXHQF\� WKH QXPEHU RI WLPHV WKH LWHP ZDV UHTXHVWHG LQ WKH VDPSOH SHULRG

• VRXUFHV� QXPEHU RI WLPHV WKH LWHP ZDV LGHQWLILHG DV WKH VWDUW RI D SDWK WUDYHUVDO

• FVLP� WKH WH[WXDO VLPLODULW\ RI WKH LWHP WR LW·V FKLOGUHQ EDVHG XSRQ SUHYLRXV 7'%

FDOFXODWLRQ

• FGHSWK� WKH DYHUDJH GHSWK RI WKH LWHP·V FKLOGUHQ DV PHDVXUHG E\ WKH QXPEHU RI ¶�· LQ

WKH 85/�

$ ORJDULWKPLF WUDQVIRUP DQG D ]�VFRUH QRUPDOL]DWLRQ ZDV DSSOLHG WR WKH VL]H�

LQOLQNV� RXWOLQNV� IUHTXHQF\� DQG VRXUFHV YDOXHV� 7ZR DGGLWLRQDO PDWULFHV ZHUH GHULYHG IURP

WKH RULJLQDO GDWD VHW� RQH ZLWK ]HUR VL]H LWHPV UHPRYHG DQG WKH RWKHU ZLWK RQO\ LWHP ZKRVH



��

VL]HV ZHUH EHWZHHQ ���� DQG ���� E\WHV� 7KH UHPRYDO RI ]HUR VL]H LWHPV ZDV GRQH WR

HOLPLQDWH ILOHV WKDW FRQWDLQ QR FRQWHQW IURP LQWHUIHULQJ ZLWK WKH DQDO\VLV� 7KHVH ZHUH ILOHV

WKDW JHQHUDOO\ VHUYHG VRPH UROH WR VSHFLILF DSSOLFDWLRQV� H�J�� ORFNV� YHUVLRQV� HWF� 7KH ODWWHU

PDWUL[ ZDV JHQHUDWHG WR KDQGOH D VSHFLILF FODVV RI SDJHV� SDJHV WKDW FRQWDLQHG D PHGLXP

DPRXQW RI LQIRUPDWLRQ� 7KH UDQJH ZDV GHWHUPLQHG E\ H[DPLQDWLRQ RI WKH GLVWULEXWLRQ RI

ILOHV VL]HV�

*LYHQ WKH DERYH SURSHUWLHV DQG VKDSHV RI WKH GLVWULEXWLRQV� OLQHDU VHSDUDEOH

FDWHJRULHV ZHUH DVVXPHG� 7KLV HQDEOHG FDWHJRULHV WR EH LGHQWLILHG E\ VROYLQJ D VHW RI OLQHDU

HTXDWLRQV RI WKH IRUP�

F
L
 Z

�
Y
�
� Z

�
Y
�
� ��� � Z

Q
Y
Q

IRU DOO QRGHV L LQ ;HUR[ :HE VSDFH� ZKHUH WKH Y
M
DUH WKH PHDVXUHG IHDWXUHV RI HDFK :HE

SDJH� DQG WKH Z
M
DUH ZHLJKWV� ,Q ZKDW IROORZV� WKHVH ZHLJKWV ZHUH VHW DDSULRUL E\ XV WR EH

HLWKHU ��� �� RU ��� 2QH RI WKH EHQHILWV RI XVLQJ OLQHDU HTXDWLRQV LV WKDW LW LV DQ XQVXSHUYLVHG

DOJRULWKP� 7KDW LV� WKH DOJRULWKP GRHV QRW UHTXLUH D VHW RI SUH�FDWHJRUL]HG SDJHV DV LQSXW�

7KLV SURSHUW\ LV HVSHFLDOO\ XVHIXO ZLWK UHVSHFW WR WKH :HE� VLQFH WKH QXPEHU RI SDJHV WKDW

ZRXOG QHHG WR EH FODVVLILHG LV RQ WKH RUGHU RI WKRXVDQGV RI SDJHV� ZKLFK ZRXOG UHTXLUH

VLJQLILFDQW DPRXQWV RI KXPDQ HQHUJ\ DQG H[SHUWLVH WR FDWHJRUL]H FRUUHFWO\� $QRWKHU EHQHILW

LV WKDW WKH FDWHJRULHV RXWSXW IURP WKLV DQDO\VLV FDQ EH XVHG DV WKH WUDLQLQJ VHW IRU VXSHUYLVHG
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OHDUQLQJ DOJRULWKPV� 7KH WZR DSSURDFKHV WR FDWHJRUL]LQJ GRFXPHQW FROOHFWLRQV DUH QRW

PXWXDOO\ H[FOXVLYH�

7DEOH � VKRZV WKH ZHLJKWV XVHG WR RUGHU RI :HE SDJHV IRU HDFK RI WKH FDWHJRULHV

RXWOLQHG HDUOLHU� )RU H[DPSOH� ZH K\SRWKHVL]HG WKDW &RQWHQW 1RGHV ZRXOG KDYH IHZ LQOLQNV

DQG IHZ RXWOLQNV� EXW KDYH UHODWLYHO\ ODUJHU ILOH VL]HV� 7KH HTXDWLRQ XVHG WR GHWHUPLQH WKLV

FDWHJRU\ RI QRGHV KDG D SRVLWLYH ZHLJKW� ��� DQG QHJDWLYH ZHLJKW� ��� RQ WKH LQOLQN DQG

RXWOLQN IHDWXUHV� )RU +HDG 1RGHV� EHLQJ WKH ILUVW SDJHV RI D FROOHFWLRQ RI GRFXPHQWV ZLWK

OLNH FRQWHQW� ZH H[SHFWHG VXFK SDJHV WR KDYH KLJK WH[W VLPLODULW\ EHWZHHQ LWVHOI DQG LWV

FKLOGUHQ� ZRXOG KDYH D KLJK DYHUDJH GHSWK RI LWV FKLOGUHQ� DQG WKDW LW ZRXOG EH PRUH OLNHO\ WR

EH DQ HQWU\ SRLQW EDVHG XSRQ DFWXDO XVHU QDYLJDWLRQ SDWWHUQV�

7DEOH ���1RGH W\SH GHILQLWLRQV DQG SUHFLVLRQ IRU OLQHDU FRPELQDWLRQ FDWHJRU\ DVVLJQPHQW�

Node Type Size Number
Inlinks

Number
Outlinks

Depth of
Children

Similarity to
Children

Freq. Entry
Point

Precision

Index +1 *
(outlinks

/size)

+1 0.67

Source Index +1 *
(outlinks

/size)

+1 +1 0.53

Reference +1 –1 –1 –1 0.64

Destination
Reference

+1 –1 –1 –1 –1 0.53

Head +1 +1 +1 +1 0.70

Organization
Home Page

+1 +1 +1 +1 0.30

Personal Home
Page

 (> 1000
< 3000 k)

–1 –1 0.51

Content +1 –1 –1 0.99
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(YDOXDWLRQ

2QFH WKH VHW RI ::: SDJHV IRU HDFK FDWHJRU\ ZDV LGHQWLILHG� WKH WRS WZHQW\�ILYH

PHPEHUV ZLWK WKH KLJKHVW VFRUHV DV D UHVXOW RI VROYLQJ WKH OLQHDU HTXDWLRQV VSHFLILF WR HDFK

FDWHJRU\ ZHUH H[WUDFWHG� DQG WKH ILUVW SDJH RI WKH FRUUHVSRQGLQJ :HE SDJHV SULQWHG IRU RII�

OLQH HYDOXDWLRQ� (DFK SULQWHG SDJH ZDV UHDG DQG WKHQ UDWHG E\ WKH WKUHH MXGJHV DV HLWKHU

´EHORQJLQJ WRµ RU ´QRW EHORQJLQJ WRµ WKH FDWHJRU\ LW KDG EHHQ DVVRFLDWHG ZLWK� 3UHFLVLRQ

VFRUHV ZHUH FRPSXWHG IRU HDFK UHWULHYHG VHW RI WZHQW\�ILYH ::: SDJHV� ZKHUH SUHFLVLRQ

ZDV WKH SURSRUWLRQ RI SDJHV UDWHG DV ´EHORQJLQJ WRµ WKH FDWHJRU\� 7DEOH � VKRZV WKH DYHUDJH

SUHFLVLRQ �JHRPHWULF PHDQ� IRU HDFK QRGH FDWHJRU\�

$V RQH ZRXOG H[SHFW GXH WKH ODUJH QXPEHU RI FRQWHQW QRGHV LQ D :HE ORFDOLW\� WKH

SUHFLVLRQ DW ZKLFK FRQWHQW QRGHV FDQ EH LGHQWLILHG ZDV TXLWH KLJK �SUHFLVLRQ  ������ (TXDOO\

HQFRXUDJLQJ ZDV WKH LGHQWLILFDWLRQ RI +HDG DQG ,QGH[ 1RGHV �SUHFLVLRQ RI ���� DQG ����

UHVSHFWLYHO\�� 7DEOH � VKRZV WKH OLVW RI WRS ILYH +HDG 1RGHV� 7KH DELOLW\ RI WKH

FDWHJRUL]DWLRQ VFKHPH WR FRUUHFWO\ LGHQWLI\ ,QGH[� 6RXUFH ,QGH[� 5HIHUHQFH� +HDG� DQG

3HUVRQDO +RPH SDJHV DOO KDG PRGHUDWH SUHFLVLRQ VFRUHV� ,W LV EHOLHYHG WKDW WKHVH VFRUHG FDQ

EH LQFUHDVHG E\ ILQH WXQLQJ WKH ZHLJKWV IRU HDFK OLQHDU FRPELQDWLRQ� 7KH LQFRUSRUDWLRQ RI

DGGLWLRQDO IDFWRUV PD\ DOVR LQFUHDVH SUHFLVLRQ� 1RW VXUSULVLQJO\� WKH ORZHVW SUHFLVLRQ LQ 7DEOH

� ZDV DVVRFLDWHG ZLWK WKH FRUUHFW LGHQWLILFDWLRQ RI 2UJDQL]DWLRQDO +RPH 3DJHV� RI ZKLFK

WKHUH DUH RQO\ DERXW WHQ VXFK SDJHV DW WKH ;HUR[ :HE ORFDOLW\�
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6XPPDU\

7KH DSSOLFDWLRQ RI D VHW RI OLQHDU FRPELQDWLRQV WR IHDWXUH YHFWRUV WKDW FRQWDLQHG

XVDJH� FRQWHQW� DQG WRSRORJ\ YDOXHV VKRZV VLJQLILFDQW SURPLVH LQ EHLQJ DEOH WR DJJUHJDWH

::: SDJHV LQWR PHDQLQJIXO FDWHJRULHV� 7KLV DSSURDFK LV D ZKDW ZH FDOO ZHDN DSSURDFK� LQ

WKDW LW VDFULILFHV KLJK SUHFLVLRQ IRU WKH DELOLW\ WR JHQHUDOL]H WR D ODUJH QXPEHU RI VLWHV� 7KDW LV�

LW LV H[SHFWHG WKDW WKLV WHFKQLTXH ZLOO ZRUN UHDVRQDEO\ ZHOO DFURVV D ZLGH YDULHW\ RI VLWHV

UDWKHU WKDQ ZRUNLQJ YHU\ ZHOO DW RQO\ D IHZ VLWHV� 7KLV LV QRW WR GLVFUHGLW WKH DWWHPSWV RI

VWURQJHU PHWKRGV� %RWK PHWKRGV DUH XVHIXO DQG GHVHUYH IXUWKHU UHVHDUFK�

2QH RI WKH ZHDNQHVVHV RI WKLV PHWKRG WKRXJK LV WKH UHOLDQFH XSRQ XVDJH DQG PHWD

GDWD� :KLOH WKLV LV QRW D LVVXH LI WKH DQDO\VLV LV SHUIRUPHG E\ WKH RZQHUV RI WKH ORFDOLW\� LW

EHFRPHV D SUREOHP ZKHQ DQ LQGHSHQGHQW HQWLW\ DWWHPSWV WR VWUXFWXUH WKH LQIRUPDWLRQ RQ

VRPHRQH HOVH·V VLWH� 7KLV VFHQDULR LV W\SLFDO RI ERWK VHDUFK HQJLQHV OLNH /\FRV >/\FRV ����@

DQG GLUHFWRULHV OLNH <DKRR ><DKRR ����@� 7KH QH[W VWUXFWXULQJ WHFKQLTXH EHLQJ SUHVHQWHG

GHDOV H[FOXVLYHO\ ZLWK WKH WRSRORJ\ RI GRFXPHQWV� D FKDUDFWHULVWLF WKDW LV UHDGLO\ DYDLODEOH WR

DQ\ :HE URERW�

7DEOH �� 7KH WRS ILYH KHDG QRGHV DV GHWHUPLQHG E\ OLQHDU FRPELQDWLRQ�

URLs of Page Titles of Page

/PARC/DigiTrad/DigiTradKeywords.html Digital Tradition Keywords

/RXRC/Cambridge/trs/html/index.html RXRC Cambridge Technical Report Series

 /PARC/istl/gir/fishkin.html Ken Fishkin’s Public Home Page

/PARC/spl/eca/oi/gregor-invite/transcript.html Why are Black Boxes so Hard to Reuse?

/Investor/10K-94-Part-IV-g.html Xerox Corporation 1994 Form 10-K
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&OXVWHULQJ��

2QH ZD\ WR DSSURDFK WKH DXWRPDWLF FOXVWHULQJ RI K\SHUWH[W GRFXPHQWV LV WR DGDSW

WKH H[LVWLQJ DSSURDFKHV RI FOXVWHULQJ VWDQGDUG WH[W GRFXPHQWV >&XWWLQJ HW DO� ����@�

+RZHYHU� WKHUH DUH VHYHUDO LPSUDFWLFDOLWLHV ZLWK VXFK H[LVWLQJ WH[W�FOXVWHULQJ WHFKQLTXHV�

7H[W�EDVHG FOXVWHULQJ >&XWWLQJ HW DO� ����@ W\SLFDOO\ LQYROYHV FRPSXWLQJ LQWHU�GRFXPHQW

VLPLODULWLHV EDVHG RQ FRQWHQW�ZRUG IUHTXHQF\ VWDWLVWLFV� 1RW RQO\ LV WKLV RIWHQ H[SHQVLYH� EXW�

PRUH LPSRUWDQWO\� LW·V HIIHFWLYHQHVV ZDV GHYHORSHG DQG WXQHG RQ KXPDQ�UHDGDEOH WH[WV� ,W

DSSHDUV� WKRXJK� WKDW WKH SURSRUWLRQ RI KXPDQ�UHDGDEOH VRXUFH ILOHV IRU ::: GRFXPHQWV

LV GHFUHDVLQJ ZLWK WKH LQIXVLRQ RI G\QDPLF DQG SURJUDPPHG SDJHV�

2WKHU DWWHPSWV DW FOXVWHULQJ K\SHUWH[W W\SLFDOO\ XWLOL]H WKH K\SHUWH[W OLQN WRSRORJ\

RI WKH FROOHFWLRQ >%RWDIRJR HW DO� ����@� 7KHVH FOXVWHULQJ PHWKRGV KDYH EHHQ DSSOLHG WR

FROOHFWLRQV ZLWK VHYHUDO KXQGUHG HOHPHQWV� DQG GR QRW VHHP SDUWLFXODUO\ VXLWHG WR VFDOH

JUDFHIXOO\ WR ODUJH KHWHURJHQHRXV FROOHFWLRQV OLNH WKH :::� ZKHUH RYHU �� PLOOLRQ WH[W�

EDVHG GRFXPHQWV FXUUHQWO\ H[LVW >,QWHUQHW $UFKLYH ����@�

,Q WKH SUHYLRXV VHFWLRQ� HDFK ::: GRFXPHQW ZDV UHSUHVHQWHG DV D IHDWXUH YHFWRU�

ZLWK IHDWXUHV H[WUDFWHG IURP LQIRUPDWLRQ DERXW WH[W�FRQWHQW VLPLODULW\� K\SHUWH[W

FRQQHFWLRQV� DQG XVDJH SDWWHUQV� &DWHJRUL]DWLRQ ZDV WKHQ FRPSXWHG IURP LQWHU�GRFXPHQW

VLPLODULWLHV DPRQJ WKHVH IHDWXUH YHFWRUV� 8QIRUWXQDWHO\� DQ\ FOXVWHULQJ EDVHG RQ XVDJH

SDWWHUQV UHTXLUHV DFFHVV WR GDWD WKDW LV QRW XVXDOO\ UHFRUGHG LQ DQ\ HDVLO\ DFFHVVLEOH IRUPDW�

,Q WKH FDVH RI WKH :::� ZKLOH D PRGHUDWH DPRXQW RI XVDJH LQIRUPDWLRQ LV UHFRUGHG IRU

�� 3RUWLRQV RI WKH IROORZLQJ PDWHULDO ILUVW DSSHDUHG LQ >3LWNRZ DQG 3LUROOL ����@�
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HDFK UHTXHVWHG GRFXPHQW DW D SDUWLFXODU ::: VLWH� WKH ORJ ILOHV IRU RWKHU VLWHV DUH QRW

SXEOLFO\ DFFHVVLEOH� 7KXV ZKLOH WKH XVDJH IRU D SDUWLFXODU VLWH FDQ EH DVFHUWDLQHG� WKLV

LQIRUPDWLRQ LV QRW DYDLODEOH IRU WKH RWKHU ������� ::: VLWHV WKDW FXUUHQWO\ H[LVW >1HWFUDIW

����@�

$V D SRWHQWLDO ZD\ RI FLUFXPYHQWLQJ WKHVH GLIILFXOWLHV� ZH GHFLGHG WR WU\ RXW

FRFLWDWLRQ DQDO\VLV >*DUILHOG ����@� 2XU DGDSWDWLRQ RI WKLV FOXVWHULQJ WHFKQLTXH LV EDVHG VROHO\

RQ WKH DQDO\VLV RI K\SHUWH[W OLQN WRSRORJ\� 8QOLNH RWKHU OLQN�WRSRORJ\ WHFKQLTXHV� FRFLWDWLRQ

DQDO\VLV EXLOGV XSRQ WKH QRWLRQ WKDW ZKHQ D ::: GRFXPHQW ' FRQWDLQV OLQNV UHIHUULQJ WR

GRFXPHQWV $ DQG %� WKHQ $ DQG % DUH UHODWHG LQ VRPH PDQQHU LQ WKH PLQG RI WKH SHUVRQ

ZKR SURGXFHG WKH GRFXPHQW� ,Q WKLV H[DPSOH� GRFXPHQWV $ DQG % DUH VDLG WR EH FRFLWHG��,W LV

LPSRUWDQW WR QRWH WKDW OLQNV EHWZHHQ GRFXPHQW $ DQG GRFXPHQW % PD\ RU PD\ QRW H[LVW�

*LYHQ WKLV SURSHUW\ RI SLFNLQJ XS SDWWHUQV IURP WKH LPSOLFLW WRSRORJLFDO VWUXFWXUH RI

K\SHUWH[W GRFXPHQWV� ZH K\SRWKHVL]HG WKDW FRFLWDWLRQ DQDO\VLV PLJKW EH XVHIXO LQ WHOOLQJ XV

VRPHWKLQJ DERXW WKH VHPDQWLF VWUXFWXUH RI D FROOHFWLRQ DQG WKH WKLQNLQJ RI WKH DXWKRULQJ

FRPPXQLW\�

&RFLWDWLRQ $QDO\VLV

&LWDWLRQ LQGH[LQJ� WKH FUHDWLRQ RI DQ LQGH[ WKDW GHWDLOV WKH H[SOLFLW OLQNDJHV RI

FLWDWLRQV EHWZHHQ SDSHUV� KDV EHHQ HPSOR\HG DV D WRRO WR IDFLOLWDWH WKH VHDUFKLQJ DQG WKH

PDQDJHPHQW RI LQIRUPDWLRQ IRU RYHU D FHQWXU\� GDWLQJ EDFN WR WKH OHJDO SURIHVVLRQ·V XVH RI

WKH 6KHSDUG·V &LWDWLRQV LQ ����� 7KH ILHOG XQGHUZHQW PDMRU DGYDQFHV GXULQJ WKH SRVW :RUOG

:DU ,, LQFUHDVH LQ VFLHQWLILF H[SHQGLWXUHV DQG VXEVHTXHQW H[SORVLYH LQFUHDVH LQ WKH VFLHQWLILF
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OLWHUDWXUH� :LWK WKH LQWHQW RI HQVXULQJ LQIRUPDWLRQ H[FKDQJH DPRQJ VFLHQWLVWV� WKH 8QLWHG

6WDWHV JRYHUQPHQW LQLWLDWHG D QXPEHU RI SURMHFWV WR JHQHUDWH LQGH[HV ZLWKRXW KXPDQ

LQYROYHPHQW� &LWDWLRQ LQGH[LQJ ZDV IRXQG WR EH D SRZHUIXO \HW VLPSOH WRRO� DV LW UHSODFHV DQ

LQGH[HU·V VXEMHFWLYH MXGJPHQWV ZLWK DXWKRU·V FLWDWLRQV� WKXV DYRLGLQJ PDQ\ RI WKH VHPDQWLF

SUREOHPV IRXQG LQ WHUP DQG WLWOH EDVHG DQDO\VHV >*DUILHOG ����@�

,W ZDV QRW XQWLO WKH PLG�����V KRZHYHU WKDW >6PDOO DQG *ULIILWK ����@ GHYHORSHG

FRFLWDWLRQ DQDO\VLV DV D PHWKRG IRU PHDVXULQJ WKH FRPPRQ LQWHOOHFWXDO LQWHUHVW EHWZHHQ D

SDLU RI GRFXPHQWV� 7KH SULQFLSDO FRPSRQHQW RI FRFLWDWLRQ DQDO\VLV PHDVXUHV WKH QXPEHU RI

GRFXPHQWV WKDW KDYH FLWHG D JLYHQ SDLU RI GRFXPHQWV WRJHWKHU� 7KLV PHWULF LV UHIHUUHG WR DV

FRFLWDWLRQ VWUHQJWK��8QOLNH RWKHU IRUPV RI FLWDWLRQ DQDO\VLV� FRFLWDWLRQ VWUHQJWK LV DEOH WR UHIOHFW

WKH IUHTXHQF\ RI LWHPV EHLQJ FLWHG RYHU WLPH� WKXV HQDEOLQJ GHHSHU LQVLJKW LQWR WKH

GHYHORSPHQW RI FHUWDLQ UHVHDUFK ILHOGV DQG RWKHU VHPDQWLF VWUXFWXUHV ZLWKLQ D FLWDWLRQ LQGH[�

:H K\SRWKHVL]H DQG ODWHU VKRZ WKDW FRFLWDWLRQ DQDO\VLV \LHOGV LQVLJKW LQWR WKH LPSOLFLW

VHPDQWLF VWUXFWXUHV RI WKH :::�

$OJRULWKP

7KH RULJLQDO DOJRULWKP GHYHORSHG E\ >6PDOO DQG *ULIILWK ����@ WDNHV D FLWDWLRQ

LQGH[ DV LQLWLDO LQSXW� )RU DOO GRFXPHQWV LQ WKH LQGH[� WKH QXPEHU RI WLPHV D GRFXPHQW ZDV

FLWHG LV FRPSXWHG DQG WKRVH GRFXPHQWV ZKRVH FLWHG IUHTXHQF\ IDOOV DERYH D VSHFLILF WKUHVKROG

DUH NHSW IRU IXUWKHU SURFHVVLQJ� 7KLV SUH�ILOWHULQJ UHWDLQV WKH PRVW LPSRUWDQW �RU DW OHDVW WKH

PRVW SRSXODU� GRFXPHQWV� 1H[W� WKH H[WUDFWHG GRFXPHQWV DUH VRUWHG E\ FLWHG IUHTXHQF\ DQG

DOO SDLUV RI GRFXPHQWV WKDW KDYH EHHQ FLWHG WRJHWKHU E\ WKH VDPH VRXUFH GRFXPHQW DUH
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IRUPHG� 7KH UHVXOWLQJ OLVW FRQWDLQV XQLTXH FRFLWDWLRQ SDLUV DQG WKHLU DVVRFLDWHG IUHTXHQF\ RI

FR�RFFXUUHQFH�

7KH ILQDO VWHS LQ FRFLWDWLRQ DQDO\VLV FUHDWHV D VHW RI FOXVWHUV ZKRVH HOHPHQWV DUH

LQGLUHFWO\ RU GLUHFWO\ UHODWHG E\ FRFLWDWLRQ� 7KLV LV DFFRPSOLVKHG E\ FOXVWHULQJ DOO GRFXPHQWV

WKDW KDYH DW OHDVW RQH GRFXPHQW RI WKH FRFLWDWLRQ SDLU LQ FRPPRQ ZLWK WKH RWKHU HOHPHQWV

LQ WKH FOXVWHU� 7R VWDUW� D SDLU LV VHOHFWHG� VD\ $%� DQG DOO SDLUV WKDW FRQWDLQ $ RU % DUH DGGHG

WR WKH FOXVWHU� 1H[W� DOO SDLUV WKDW LQFOXGH D GRFXPHQW WKDW KDYH EHHQ LQFOXGHG LQ WKH FOXVWHU

DUH DGGHG� 7KLV SURFHVVHV UHSHDWV XQWLO WKHUH DUH QR SDLUV WKDW KDYH D GRFXPHQW LQ FRPPRQ

ZLWK WKH HOHPHQWV LQ WKH FOXVWHU� $W WKLV SRLQW� D QHZ SDLU LV VHOHFWHG IURP WKH UHPDLQLQJ

SDLUV WR IRUP D QHZ FOXVWHU DQG WKH SURFHVVHV UHSHDWHG XQWLO DOO SDLUV EHORQJ WR D FOXVWHU� :H

UHIHU WR WKLV SURFHVV DV WKH DOO�SDLUV PHWKRG RI FRFLWDWLRQ DQDO\VLV�

AB

NONV

GA

CO

CADC

LA

Seed Pair

Cluster One

Cluster Two

Cluster ...

XY

Seed Pair

MX

PM XI

ITST

Other Cocited
Pairs

)LJXUH ����'LDJUDP RI WKH SURFHVV RI WKH DOO�SDLUV FRFLWDWLRQ DOJRULWKP� ,QLWLDOO\ D VHHG SDLU LV FKRVHQ DW
UDQGRP� DQG DOO RWKHU SDLUV WKDW FRQWDLQ DQ\ RI WKH FOXVWHU DUH DGGHG HOHPHQW �LQLWLDOO\ $ RU % LQ WKH FDVH RI
&OXVWHU 2QH�� 7KLV SURFHVV UHSHDWV� XQWLO DOO SDLUV KDYH EHHQ DGGHG� $QRWKHU UDQGRP VHHG SDLU LV WKHQ FKRVHQ

DQG WKH SURFHVV UHSHDWV XQWLO DOO SDLUV EHORQJ WR D FOXVWHU�
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$SSOLFDWLRQ WR WKH :::

,W LV LQWHUHVWLQJ WR QRWH WKDW WKH SURSHUWLHV WKDW IXHOHG WKH GHYHORSPHQW RI FLWDWLRQ

DQG FRFLWDWLRQ DQDO\VLV DUH VLPLODU WR WKRVH IRXQG ZLWK WKH :::� +\SHUOLQNV� ZKHQ

HPSOR\HG LQ D QRQ�UDQGRP IRUPDW� SURYLGH VHPDQWLF OLQNDJHV EHWZHHQ REMHFWV� PXFK LQ WKH

VDPH PDQQHU WKDW FLWDWLRQV OLQN GRFXPHQWV WR RWKHU UHODWHG GRFXPHQWV� 7KH UHVXOWLQJ

WRSRORJ\ RI D :HE VLWH UHIOHFWV WKH RUJDQL]DWLRQ RI D FRPPXQLW\ DQG LWV NQRZOHGJH EDVH�

VLPLODU WR WKH ZD\ LQ ZKLFK FLWDWLRQV LQ D VFKRODUO\ SDSHU UHIOHFW D VFLHQWLILF FRPPXQLW\·V

RUJDQL]DWLRQ RI NQRZOHGJH�

2QH PLJKW DUJXH WKDW K\SHUOLQNV RIWHQ VHUYH DV MXVW QDYLJDWLRQDO DLGV� 6WLOO� WKH UROH

RI K\SHUOLQNV IRU QDYLJDWLRQ FDQ EH YLHZHG DV D K\SRWKHVLV E\ WKH K\SHUWH[W DXWKRU�V� WKDW

WKH SHUVRQ LQWHUHVWHG LQ WKH FXUUHQW SDJH ZLOO DOVR EH LQWHUHVWHG LQ EURZVLQJ WKH OLQNHG

SDJHV� ,W ZDV RXU EHOLHI WKDW JLYHQ WKH FORVH UHVHPEODQFH RI K\SHUOLQNV WR FLWDWLRQV�

PHDQLQJIXO VWUXFWXUHV ZRXOG HPHUJH DV WKH UHVXOW RI FRFLWDWLRQ DQDO\VLV RQ ::: HFRORJLHV�

'XULQJ HDUO\ 6HSWHPEHU ���� ZH H[WUDFWHG WKH K\SHUOLQN VWUXFWXUH RI WKH *HRUJLD

,QVWLWXWH RI 7HFKQRORJ\·V *UDSKLF 9LVXDOL]DWLRQ DQG 8VDELOLW\ �*98� &HQWHU ::: VLWH

�KWWS���ZZZ�JYX�JDWHFK�HGX� ZKLFK FRQWDLQHG ����� +70/ ILOHV� ������ QRQ�+70/ ILOHV

DQG ������ K\SHUOLQNV��� 7KLV VLWH ZDV FKRVHQ EHFDXVH RI LWV ORRVHO\ VWUXFWXUHG SURSHUWLHV�

L�H�� WKH VLWH FRQWDLQHG D ODUJH QXPEHU RI GRFXPHQWV DXWKRUHG E\ KXQGUHGV RI SHRSOH RYHU

WKH FRXUVH RI VHYHUDO \HDUV� 7KH FRFLWDWLRQ FOXVWHULQJ DQDO\VLV PHQWLRQHG DERYH ZDV DSSOLHG

XVLQJ VHYHUDO GLIIHUHQW FLWDWLRQ IUHTXHQF\ WKUHVKROGV �RQH� WKUHH� ILYH� DQG WHQ�� 7DEOH �

�� 2EMHFWV HPEHGGHG LQWR +70/ SDJHV� H�J�� LPDJHV� ZHUH QRW FRQVLGHUHG K\SHUOLQNV IRU WKLV DQDO\VLV�
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VKRZV WKH GLVWULEXWLRQ RI WKH VL]H RI FOXVWHUV XVLQJ GLIIHUHQW FLWDWLRQ IUHTXHQF\ WKUHVKROGV�

)RU H[DPSOH� XVLQJ D FLWDWLRQ IUHTXHQF\ WKUHVKROG RI WKUHH� VL[ FOXVWHUV ZHUH IRUPHG ZKHUH

HDFK FOXVWHU FRQWDLQHG EHWZHHQ ��� DQG ��� SDJHV� 7DEOH � VKRZV WKH QXPEHU RI SDJHV HDFK

UDQJH RI FOXVWHU VL]HV SURGXFHG� 2YHUDOO� WKH VL[ FOXVWHUV WKDW FRQWDLQHG EHWZHHQ ��� DQG ���

SDJHV FROOHFWLYHO\ FRQWDLQHG ��� SDJHV� 6LQFH FRFLWDWLRQ DQDO\VLV XVLQJ WKH FLWDWLRQ IUHTXHQF\

WKUHVKROG RI WKUHH UHVXOWHG LQ ����� SDJHV EHLQJ FOXVWHUHG� RYHU D WKLUG RI WKH SDJHV DUH

FRQWDLQHG LQ WKH VL[ PHGLXP VL]HG FOXVWHUV�

7DEOH �� )RU HDFK UDQJH RI FOXVWHU VL]HV� WKH WRWDO QXPEHU RI
FOXVWHUV IRUPHG DUH JLYHQ IRU YDULRXV FLWDWLRQ IUHTXHQF\
WKUHVKROGV�

Cluster Size
(Pages)

Citation Frequency Threshold

1 3 5 10

3 - 6 34 4 2 2

7 - 10 12 2 1 1

11 - 20 14 0 1 1

21 - 50 8 1 2 0

51 - 100 4 1 1 2

101 - 500 7 6 3 3

501 - 1000 0 1 0 0

1,001+ 1 0 0 0

Total 80 15 10 9
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$V RQH ZRXOG H[SHFW� ORZHULQJ WKH QXPEHU RI WLPHV D GRFXPHQW LV FLWHG UHVXOWV LQ

PRUH GRFXPHQWV EHLQJ LQFOXGHG LQWR WKH FRFLWDWLRQ DQDO\VLV� 7KLV UHVXOWV LQ WKH IRUPDWLRQ RI

PRUH FOXVWHUV DV ZHOO DV WKH IRUPDWLRQ RI ODUJHU FOXVWHUV� 2XU DQDO\VLV LQFOXGHG D FLWHG

IUHTXHQF\ RI RQH WR VKRZ WKH HIIHFWV RI LQFOXGLQJ GRFXPHQWV WKDW GR QRW QHFHVVDULO\

FRQWULEXWH WR WKH GHILQLWLRQ RI D VSHFLILF DUHD� 6LQFH WKHVH GRFXPHQWV ZHUH RQO\ FLWHG RQFH�

LW LV OLNHO\ WKDW WKH FRPPXQLW\ RI DXWKRUV KDV IDLOHG WR UHDFK FRQVHQVXV RQ WKH LPSRUWDQFH RI

WKHVH GRFXPHQWV ZLWK UHVSHFW WR WKH HFRORJ\ RI WKH HQWLUH :HE� :H REVHUYH WKDW IURP WKH

FOXVWHUV IRUPHG IURP WKH FLWHG IUHTXHQF\ RI ILYH DQG WHQ� D FHUWDLQ GHJUHH RI DJUHHPHQW KDV

EHHQ UHDFKHG E\ WKH DXWKRULQJ FRPPXQLW\ RQ WKH LQWHOOHFWXDO VWUXFWXUH RI WKH VHW RI SDJHV�

7KLV LV UHIOHFWHG LQ WKH VLPLODULW\ RI WKH FOXVWHU VL]HV DQG WKHLU UHVSHFWLYH HOHPHQWV DV ZHOO DV

LQ WKH DFWXDO HOHPHQWV LQFOXGHG LQ HDFK FOXVWHU DV GHWHUPLQHG IURP UDQGRP LQVSHFWLRQ�

7DEOH �� 7KH WRWDO QXPEHU RI SDJHV LQFOXGHG LQ WKH UDQJH RI
FOXVWHU VL]HV XVLQJ YDULRXV FLWDWLRQ IUHTXHQF\ WKUHVKROGV�

Cluster Size
(Pages)

Citation Frequency Threshold

1 3 5 10

3 - 6 136 15 8 8

7 - 10 97 17 7 8

11 - 20 213 0 16 14

21 - 50 211 21 92 0

51 - 100 319 95 93 163

101 - 500 1,747 979 687 520

501 - 1000 0 1,671 0 0

1,001+ 3,315 0 0 0

Total 6,038 2,798 903 713
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7KH WUHQG IRU D VLJQLILFDQW SURSRUWLRQ RI WKH GRFXPHQWV WR EHORQJ WR D IHZ ODUJH

FOXVWHUV LV DQ HIIHFW W\SLFDOO\ IRXQG LQ WUDGLWLRQDO FRFLWDWLRQ DQDO\VLV RI SXEOLFDWLRQV >6PDOO

DQG *ULIILWK ����@� 7KHVH ODUJH FOXVWHUV FRQVLVW RI GLYHUVH VHW RI SDJHV� UHIOHFWLQJ D ORRVH

VHPDQWLF FRXSOLQJ DPRQJ HOHPHQWV� )RU H[DPSOH� IRU WKH VHW RI FOXVWHUV IRUPHG ZLWK WKH

FLWHG IUHTXHQF\ VHW DW ILYH� WKH FOXVWHU FRQWDLQLQJ ��� HOHPHQWV ZDV FRPSRVHG RI GLIIHUHQW

SURMHFWV· RQOLQH GRFXPHQWDWLRQ� SHRSOHV· SHUVRQDO SDJHV� VSHFLILF SURMHFW SDJHV� DQG RQOLQH

SUHVHQWDWLRQV� 7KH VPDOOHU FOXVWHUV WHQG WR IRUP VHWV RI WLJKWO\ UHODWHG SDJHV� W\SLFDOO\

FRPSRVHG RI DOO WKH VDPH W\SHV RI HOHPHQWV� H�J�� D VSHFLILF SURMHFW� RQOLQH ERRN� HWF� 7DEOH

�� VKRZV H[DPSOHV RI WKH W\SHV RI FOXVWHUV IRUPHG XVLQJ WKLV IRUP RI FRFLWDWLRQ DQDO\VLV�

2WKHU &RFLWDWLRQ 7HFKQLTXHV

2WKHU WHFKQLTXHV XVHG LQ FRFLWDWLRQ DQDO\VLV LQFOXGH KLHUDUFKLFDO FOXVWHULQJ� PXOWL�

GLPHQVLRQDO VFDOLQJ� DQG IDFWRU DQDO\VLV >0F&DLQ ����@� WKRXJK WKHVH WHFKQLTXHV W\SLFDOO\ XVH

DXWKRUV DV WKH XQLW RI DQDO\VLV LQVWHDG RI GRFXPHQWV� ,Q WKH FDVH RI WKH :::� WKH DXWKRU RI

7DEOH ����([DPSOHV RI WKH W\SHV DQG VL]HV RI FOXVWHUV IRUPHG E\ WKH DOO�SDLUV PHWKRG RI FRFLWDWLRQ DQDO\VLV�

Cluster Number of
Pages

Description

Sub Arctic 177 Documentation specific to the Sub Arctic Toolkit

Talk Slides 46 Group of slides for a talk converted to HTML

WWW Surveys 19 Main pages for GVU’s WWW User Surveys

GravityWeb 4 The major stories for an online humor publication
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D GRFXPHQW FDQ QRW EH UHOLDEO\ GHWHUPLQHG DFURVV VLWHV��� ,Q RXU YHUVLRQ RI WKHVH WHFKQLTXHV�

WKH FRFLWDWLRQ PDWUL[ LV FRPSXWHG DV RXWOLQHG DERYH XVLQJ D FLWHG IUHTXHQF\ WKUHVKROG WR

UHGXFH WKH VHW RI SRWHQWLDO FDQGLGDWHV IRU FOXVWHULQJ� 5DWKHU WKDQ XVH WKH LWHUDWLYH PHWKRG RI

FOXVWHU IRUPDWLRQ GHVFULEHG DERYH� WKH WHFKQLTXHV DUH EDVHG RQ WKH FRPSXWDWLRQ RI

VLPLODULWLHV DPRQJ FRFLWDWLRQ SDWWHUQV IRU HDFK GRFXPHQW >:KLWH ����@�

)RU RXU DQDO\VLV� ZH WRRN WKH WKUHH� ILYH� DQG WHQ FRFLWHG IUHTXHQF\ WKUHVKROG

FRFLWDWLRQ PDWULFHV FRPSXWHG LQ WKH DERYH DQDO\VLV DQG FDOFXODWHG WKH (XFOLGHDQ GLVWDQFH

��2QH FRXOG KRZHYHU WUHDW LQGLYLGXDO ::: VLWHV DV DXWKRUV DQG SHUIRUP FRFLWDWLRQ DQDO\VLV DW WKDW OHYHO�

)LJXUH ����0DQXDOO\ GUDZQ DQG ODEHOHG UHSUHVHQWDWLRQ RI KLHUDUFKLFDO FOXVWHULQJ RI FRFLWDWLRQ PDWUL[� 7KLV
DOJRULWKP ZDV DEOH WR LGHQWLI\ LQWHUHVWLQJ VHWV RI SDJHV� )RU H[DPSOH� LW ZDV DEOH WR LGHQWLI\ WKH WZR
RUJDQL]DWLRQDO KHDG SDJHV LQ WKH FROOHFWLRQ DQG GLVWLQJXLVK VWXGHQWV DV D VXEFODVV RI SHRSOH�
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PDWUL[ RQ WKH ORJ WUDQVIRUPHG FRFLWDWLRQ IUHTXHQFLHV� 7KH UHVXOWLQJ GLVWDQFH PDWUL[ ZDV WKDQ

UXQ WKURXJK D FRPSOHWH OLQNDJH FOXVWHULQJ DOJRULWKP�

)LJXUH �� VKRZV WKH SDUWLDO UHVXOWV RI WKH FOXVWHUV IRUPHG IURP WKH FLWHG IUHTXHQF\

ILYH WKUHVKROG PDWUL[� 7KH QXPEHU RI SDJHV LV QRWHG LQ SDUHQWKHVLV� 6HYHUDO LQWHUHVWLQJ DQG

XVHIXO VWUXFWXUHV HPHUJHG� 7KH ¶2UJDQL]DWLRQ 3DJHV· VKRZV WKDW WKH FOXVWHULQJ SXOOHG WKH

&ROOHJH RI &RPSXWLQJ DQG *98·V 2UJDQL]DWLRQ KRPH SDJHV WRJHWKHU LQWR RQH FOXVWHU� 7KLV

WZR HOHPHQW FOXVWHU ZDV QRW IRUPHG LQ WKH LWHUDWLYH FOXVWHULQJ PHWKRG� DV DOO WKH SDJHV WKDW

FRFLWHG ZLWK HLWKHU RI WKHVH SDJHV ZHUH EHHQ LQFOXGHG LQ WKH FOXVWHU WKDW FRQWDLQHG WKHVH WZR

HOHPHQWV� 7KH DOJRULWKP VXFFHVVIXOO\ FOXVWHUHG WKH SDJHV RI DQ RQOLQH FODVV� DV ZHOO DV WKH

RQOLQH GRFXPHQWDWLRQ IRU WKH 69( OLEUDU\ DQG 6XE $UFWLF �6$� SURMHFWV� :LWKLQ WKH

´3HRSOHµ FOXVWHU� VXE�FOXVWHUV ZHUH IRUPHG WKDW VHSDUDWHG RXW WKH SHRSOH IURP WKH SDSHUV

WKH\ SXEOLVK� )XUWKHU LQVSHFWLRQ RI WKH FOXVWHUV UHYHDOHG PDQ\ RWKHU LQWHUHVWLQJ DQG ZHOO�

IRUPHG FOXVWHUV� 7KH QH[W VHFWLRQ UHYLHZV WKH UHVXOWV RI D TXLFN HPSLULFDO HYDOXDWLRQ RI WKH

´JRRGQHVVµ DQG WKH SUHFLVLRQ RI WKH FOXVWHUV�

(YDOXDWLRQ

,Q RUGHU WR GHWHUPLQH WKH HIIHFWLYHQHVV RI WKH FRFLWDWLRQ DOJRULWKP� D PLQL

H[SHULPHQW ZDV SHUIRUPHG� ,Q WKLV H[SHULPHQW� ILYH UDQGRPO\ VHOHFWHG FRFLWDWLRQ FOXVWHUV

ZHUH FRPSDUHG WR ILYH UDQGRPO\ JHQHUDWHG FOXVWHUV� 7KH FRFLWDWLRQ FOXVWHUV ZHUH IRUPHG

XVLQJ WKH KLHUDUFKLFDO PHWKRG IURP WKH *98 ::: VLWH� 7KH UDQGRP FOXVWHUV ZHUH IRUPHG

E\ VHOHFWLQJ LWHPV ZLWK HTXDO SUREDELOLW\ DFURVV WKH HQWLUH VHW RI :HE SDJHV DW *98� 7KH

WHVWLQJ HQYLURQPHQW FRQVLVWHG RI D ::: SDJH WKDW FRQWDLQHG WKH WHQ FOXVWHUV UDQGRPO\
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RUGHUHG RQ WKH SDJH� )RU HDFK FOXVWHU� WKH 85/ RI HDFK SDJH ZDV SUHVHQWHG� 7KH 85/ ZDV

DOVR OLQNHG WR WKH FRUUHVSRQGLQJ SDJH LQ WKH *98 VLWH� 7KLV SHUPLWWHG WKH LQVSHFWLRQ RI

FRQWHQW RI DOO SDJHV LQ WKH FOXVWHU DV ZHOO DV WKH FRUUHVSRQGLQJ 85/ RI WKH SDJHV�

)ROORZLQJ HDFK FOXVWHU� D VHULHV RI WKUHH TXHVWLRQV IROORZHG� 7KH ILUVW TXHVWLRQ

DVNHG IRU WKH HYDOXDWRUV WR UDWH RQ D VFDOH RI � �JRRG� WR � �SRRU� KRZ ZHOO IRUPHG WKH

JURXS RI SDJHV ZDV� 7KH VHFRQG TXHVWLRQ DVNHG KRZ PDQ\ SDJHV GLG QRW EHORQJ LQ WKH

JURXS� 7KH ILQDO TXHVWLRQ DVNHG WKH HYDOXDWRUV WR ZULWH D IHZ ZRUGV WKDW GHVFULEHG WKH JURXS

RI SDJHV� )URP WKHVH WKUHH VHW RI TXHVWLRQV� WKH RYHUDOO ´JRRGQHVVµ RI WKH JURXS FDQ EH

FRPSXWHG DORQJ ZLWK WKH SUHFLVLRQ �KRZ PDQ\ SDJHV ZHUH FRUUHFWO\ LQ WKH JURXS�� 5HFDOO

�WKH QXPEHU RI SDJHV WKDW VKRXOG KDYH EHHQ LQ WKH JURXS� FRXOG QRW EH FRPSXWHG DV WKHUH

ZDV QR D SULRUL GHWHUPLQDWLRQ RI ZKDW WKH FRUUHFW FOXVWHUV VKRXOG EH� 7KUHH VXEMHFWV

SDUWLFLSDWHG LQ WKH H[SHULPHQW� 7KH UHVXOWV DUH SUHVHQWHG LQ 7DEOH ���

7KH FRFLWDWLRQ DOJRULWKP SURGXFHG VLJQLILFDQWO\ EHWWHU IRUPHG FOXVWHUV� W����  

����� S � ���� XVLQJ D WZR�WDLOHG 7�WHVW IRU XQHTXDO YDULDQFHV� $V HYLGHQW IURP WKH PHDQ DQG

YDULDQFH� WKH FRFLWDWLRQ FOXVWHUV UHFHLYHG WKH EHVW VFRUHV LQ DOO EXW RQH FDVH E\ RQH UHYLHZHU�

1RW VXUSULVLQJO\� WKH UDQGRPO\ IRUPHG FOXVWHUV GLG QRW SHUIRUP ZHOO� :LWK UHVSHFW WR

7DEOH ����5HVXOWV RI WKH H[SHULPHQW WR GHWHUPLQH WKH HIIHFWLYHQHVV RI WKH FRFLWDWLRQ DOJRULWKP� 7KH FRFLWDWLRQ
DOJRULWKP SHUIRUPHG VLJQLILFDQWO\ EHWWHU WKDQ UDQGRPO\ IRUPHG FOXVWHUV ZLWK UHVSHFW WR WKH ´JRRGQHVVµ RI WKH
FOXVWHUV DQG ZHOO DV SUHFLVLRQ�

Grouping Mean Variance Standard
Deviation

Average
Precision

Variance Standard
Deviation

Cocitation 1.067 0.067 0.258 0.973 0.003 0.055

Random 4.067 0.781 0.884 0.242 0.070 0.264
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SUHFLVLRQ� WKH DYHUDJH SUHFLVLRQ VFRUH IRU HDFK FOXVWHU ZDV GHWHUPLQHG DQG D FRPSDULVRQ RI

PHDQV IRU WKH FRFLWDWLRQ DQG UDQGRP FOXVWHUV ZDV SHUIRUPHG� 7KH FRFLWDWLRQ DOJRULWKP

SHUIRUPHG VLJQLILFDQWO\ EHWWHU WKDQ WKH UDQGRPO\ IRUPHG FOXVWHUV� � W���  ����� S � �����

7KH DYHUDJH SUHFLVLRQ IRU WKH FRFLWDWLRQ FOXVWHUV ZDV QHDU SHUIHFW� ����� (YDOXDWRU DJUHHPHQW

�U  ����� ZDV KLJK IRU ERWK PHDVXUHV� )XUWKHUPRUH� WKH HYDOXDWRUV ZHUH DEOH WR ZULWH

FRQFLVH GHVFULSWLRQV DERXW WKH PHDQLQJ RI WKH FRFLWDWLRQ FOXVWHUV EXW ZHUH RIWHQ XQDEOH WR

GR VR IRU WKH UDQGRP FOXVWHUV�

6XPPDU\

&DWHJRUL]DWLRQ IDFLOLWDWHV WKH XVHU·V DELOLW\ WR FODVVLI\ DQG RUJDQL]H PDWHULDOV�

UHVXOWLQJ LQ PRUH HIILFLHQW IRUDJLQJ LQ LQIRUPDWLRQ HQYLURQPHQWV� 7KLV FKDSWHU SUHVHQWHG

WZR QHZ WHFKQLTXHV WKDW HQDEOH ::: GRFXPHQWV WR EH FDWHJRUL]HG LQWR VSHFLILF W\SHV RI

SDJHV DQG WKH IRUPDWLRQ RI VHPDQWLF JURXSLQJV RI UHODWHG GRFXPHQWV� 7KHVH PHWKRGV

DXWRPDWLFDOO\ IRUP DEVWUDFWLRQV DQG VWUXFWXUHV WKDW WKH ::: FXUUHQWO\ ODFNV� 6LQFH WKH GDWD

VRXUFHV XVHG WR DVVLJQHG GRFXPHQW W\SHV UHTXLUHV DFFHVV WR XVDJH VWDWLVWLFV� LW PD\ QRW EH

SRVVLEOH WR FDWHJRUL]H ORFDOLWLHV WKDW RQH GRHV QRW KDYH DFFHVV WR RU RSHUDWH� 7KLV GRHV QRW

IRUHJR WKH GHYHORSPHQW RI VHUYHU�VLGH VRIWZDUH WKDW HPERGLHV WKH VHW RI KHXULVWLFV DQG

DOJRULWKPV� &RFLWDWLRQ DQDO\VLV� KRZHYHU� RQO\ UHTXLUHV VWUXFWXUDO LQIRUPDWLRQ� ZKLFK LV

UHDGLO\ DYDLODEOH� ,W LV WKXV H[SHFWHG WKDW FRFLWDWLRQ DQDO\VLV FRXOG EH SHUIRUPHG RYHU WKH

HQWLUH :HE� WKRXJK VDPSOLQJ PD\ EH QHFHVVDU\ WR IRUP WKH LQLWLDO FOXVWHU LQ D

FRPSXWDWLRQDOO\ HIILFLHQW PDQQHU�
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:KLOH LW LV QRW WKH SXUSRVH RI WKLV GLVVHUWDWLRQ WR HPERG\ WKHVH WHFKQLTXHV LQWR DQ

DSSOLFDWLRQ RU V\VWHP� LW GRHV VHHP DSSURSULDWH WR VNHWFK RXW VRPH SRVVLEOH XVHV� ,W VKRXOG

QRW EH GLIILFXOW WR LPDJLQH WKDW LQVWHDG RI WKH GRFXPHQW YLHZ XVHUV RI WKH :HE DUH FXUUHQWO\

IDFHG ZLWK� WKH\ ZRXOG EH LQVWHDG SUHVHQWHG ZLWK D YLVXDOL]DWLRQ RI WKH GRFXPHQW VSDFH

VLPLODU WR WKRVH GHYHORSHG LQ >&DUG HW DO� ����@ DQG >0XNKHUMHD DQG )ROH\ ����@� %RWK RI

WKHVH LQWHUIDFHV FRXOG EH HQKDQFHG E\ WKH DXWRPDWLF IRUPDWLRQ RI JURXSV RI :HE SDJHV WR

GLVSOD\ WR XVHUV� 8VHUV FDQ WKXV YLHZ WKH PDMRU FOXVWHUV DQG QRGH W\SHV ZKHQ YLVLWLQJ D

SDUWLFXODU :HE VLWH UDWKHU WKDQ YLHZ LQGLYLGXDO SDJHV� 8VHUV ZRXOG H[SHULHQFH DQ LQFUHDVH LQ

WKH DPRXQW RI LQIRUPDWLRQ JDLQHG IURP LQWHUDFWLRQ DV ERWK WKH DPRXQW RI LQIRUPDWLRQ

DFFHVVHG ZRXOG LQFUHDVH DV ZHOO DV D GHFUHDVH LQ WKH WLPH QHFHVVDU\ WR DFFHVV WKH

LQIRUPDWLRQ� 7KHVH XVHUV FRXOG EH LQIRUPDWLRQ FRQVXPHUV RU LQIRUPDWLRQ SURYLGHUV� %RWK

VHWV RI XVHUV FDQ SURILW IURP WKH UHGXFWLRQ LQ WKH QXPEHU RI GRFXPHQWV WKDW UHTXLUH

DWWHQWLRQ DQG WKH WLPH QHFHVVDU\ WR DWWHQXDWH WR WKHP�

7KH UHVXOWV RI QRGH W\SLQJ DQG FRFLWDWLRQ DQDO\VLV DUH KLJKHU OHYHO DEVWUDFWLRQV RI

:HE HQYLURQPHQWV� DEVWUDFWLRQ ZKLFK FDQ IRUP WKH EDVLF XQLW RI DQDO\VLV LQVWHDG RI SDJH

OHYHO DQDO\VLV� 2QH FDQ WKHQ H[DPLQH WKH GHVLUDELOLW\ RI FDWHJRULHV DQG FOXVWHUV DV ZHOO DV WKH

GHVLUDELOLW\ RI LQGLYLGXDO SDJHV� 7KLV ZLOO KRSHIXOO\ UHVXOW LQ PRUH VRSKLVWLFDWHG DQDO\VHV DQG

PRGHOV RI LQIRUPDWLRQ HFRORJLHV WKDW H[SODLQ DQG PRGHO PRUH FRPSOH[LW\�
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6SUHDGLQJ DFWLYDWLRQ FDQ EH FKDUDFWHUL]HG DV D SURFHVV WKDW LGHQWLILHV NQRZOHGJH

SUHGLFWHG WR EH UHOHYDQW WR VRPH IRFXV RI DWWHQWLRQ� )LJXUH �� SUHVHQWV D FRQFHSWXDO GLDJUDP

RI WKH PHFKDQLVPV RI VSUHDGLQJ DFWLYDWLRQ� ,QLWLDOO\� RQH KDV D QHWZRUN RI ZHLJKWHG

FRQQHFWLRQV� RU DVVRFLDWLRQV WKDW GHWHUPLQHG WKH UHODWHGQHVV RI RQH QRGH WR DQRWKHU�

$FWLYDWLRQ LV SXPSHG LQ D VRXUFH QRGH RU D VHW RI QRGHV DQG VSUHDG WKURXJK DOO FRQQHFWLRQ

LQ WKH QHWZRUN� 1RGHV WKDW GR QRW UHFHLYH DQ\ DFWLYDWLRQ GXULQJ WKLV SURFHVV ORVH D VPDOO

DPRXQW RI ZKDWHYHU DFWLYDWLRQ WKH\ DOUHDG\ FRQWDLQ� 2QFH WKLV F\FOH LV FRPSOHWHG� WKH

SURFHVV LV UHSHDWHG� SXPSLQJ QHZ DFWLYDWLRQ LQWR WKH VRXUFH QRGH�V� DQG VSUHDGLQJ WKH

DFWLYDWLRQ DPRQJVW WKH VHW RI FRQQHFWHG QRGHV� $IWHU VHYHUDO LWHUDWLRQV RI WKLV� WKH QHWZRUN

VHWWOHV LQWR DQ DV\PSWRWLF SDWWHUQ� L�H�� WKH DFWLYDWLRQ OHYHOV VWDELOL]H LQ D SDUWLFXODU

FRQILJXUDWLRQ� 7KH QRGHV ZLWK WKH ODUJHVW DPRXQW RI DFWLYDWLRQ DW WKH HQG RI WKLV SURFHVV DUH

WKRVH WKDW DUH VWURQJO\ FRQQHFWHG WR WKH LQLWLDO VRXUFH QRGH�V�� ,Q WKLV PDQQHU� VSUHDGLQJ

DFWLYDWLRQ SURYLGHV D PHFKDQLVP IRU GHWHUPLQLQJ WKH VHW RI UHODWHG HQWLWLHV JLYHQ D SDUWLFXODU

VRXUFH QRGH�

:LWK UHVSHFW WR WKH :HE� LI ZH DVVXPH WKDW WKH QRGHV UHSUHVHQW ::: SDJHV� WKHQ

WKH VWDUWLQJ QRGH FRXOG UHSUHVHQW WKH ORFDWLRQ RI D XVHU LQ WKH :HE DQG WKH QHWZRUN FRXOG

EH WKH WRSRORJ\� RU K\SHUOLQN VWUXFWXUH RI WKH :HE� 7KH VHW RI VRXUFH QRGHV FRXOG DOVR
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UHSUHVHQW RWKHU LQWHUHVWLQJ VHWV RI SDJHV� OLNH WKH SHUVRQ·V QDYLJDWLRQ KLVWRU\ LQ WKH :HE

ORFDOLW\� /LNHZLVH� WKH QHWZRUNV QHHG QRW EH OLPLWHG WR WKH MXVW WKH WRSRORJ\ RI WKH :HE� LW

FRXOG FRQWDLQ WKH SDWKV SHRSOH WDNH WKURXJK WKH :HE RU WKH WH[WXDO VLPLODULW\ RI QRGHV�

6XSSRVH D XVHU LV LQWHUHVWHG LQ D VHW RI RQH RU PRUH :HE SDJHV DQG ZDQWV WR ILQG

UHODWHG SDJHV WR IRUP D VPDOO :HE DJJUHJDWH� VXFK DV D :HE%RRN >&DUG HW DO� ����@� 7KH

LGHQWLILFDWLRQ RI WKH LQLWLDO VHW RI LQWHUHVWLQJ :HE SDJHV FRXOG EH GHWHUPLQHG E\ WKH XVHUV RU

LW FRXOG DOVR EH DXWRPDWLFDOO\ GHWHUPLQHG XVLQJ WKH IXQFWLRQDO FDWHJRUL]DWLRQ WHFKQLTXHV

GHVFULEHG LQ &KDSWHU 7KUHH� 5HJDUGOHVV RI KRZ WKH LQLWLDO VHW RI LQSXWV LV LGHQWLILHG�

VSUHDGLQJ DFWLYDWLRQ FDQ EH XVHG WR DXWRPDWLFDOO\ FUHDWH WKHVH ERRN OLNH DJJUHJDWLRQV� 2U�

LQVWHDG RI FUHDWLQJ ERRNV� VSUHDGLQJ DFWLYDWLRQ FRXOG RUGHU WKH SDJHV EDVHG XSRQ WKHLU

H[SHFWHG QHHG�

Pump activation
into source

Activation spreads
through the network

Activation settles
into asymptotic pattern

)LJXUH ����&RQFHSWXDO GLDJUDP RI WKH PHFKDQLVP RI VSUHDGLQJ DFWLYDWLRQ� ,QLWLDOO\� DFWLYDWLRQ LV GLUHFWHG LQWR D
VRXUFH QRGH� 9LD WKH VHW RI DVVRFLDWLRQV EHWZHHQ QRGHV� WKLV LQLWLDO DFWLYDWLRQ LV VSUHDG WKURXJK RWKHU QRGHV�
7KH SURFHVV LV WKHQ UHSHDWHG� SXPSLQJ PRUH DFWLYDWLRQ LQWR WKH VRXUFH QRGH DQG DFWLYDWLRQ IORZLQJ EHWZHHQ
DVVRFLDWHG QRGHV XQWLO DQ DV\PSWRWLF SDWWHUQ HPHUJHV� 7KH QRGHV ZLWK WKH KLJKHVW DFWLYDWLRQ UHSUHVHQW WKH
QRGHV ZLWK WKH VWURQJHVW DVVRFLDWLRQ WR WKH VRXUFH QRGH� :H XVH D FRPELQDWLRQ RI XVDJH� FRQWHQW � DQG
WRSRORJ\ QHWZRUNV IRU VSUHDGLQJ DFWLYDWLRQ WKURXJK :HE SDJHV�
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7KLV FKDSWHU ILUVW GLVFXVVHV LQ PRUH GHWDLO WKH W\SHV RI QHWZRUNV XVHG IRU RXU

DSSOLFDWLRQ� IROORZHG E\ D UHYLHZ RI WKH PDWKHPDWLFDO IRXQGDWLRQ IRU VSUHDGLQJ DFWLYDWLRQ�

7KH DSSOLFDWLRQ RI VSUHDGLQJ DFWLYDWLRQ WR WKH :HE LV SUHVHQWHG DORQJ ZLWK UHVXOWV DQG

H[DPSOHV DQG FRPSDUHG WR RWKHU VWUXFWXUDO WHFKQLTXHV� )LQDOO\� DQ HYDOXDWLRQ RI WKH

JRRGQHVV RI WKH VHW RI SUHGLFWHG SDJHV LV SUHVHQWHG�

1HWZRUNV IRU 6SUHDGLQJ $FWLYDWLRQ��

,Q RXU UHVHDUFK LQWR WKH XWLOLW\ RI HPSOR\LQJ WKH VSUHDGLQJ DFWLYDWLRQ DOJRULWKP� ZH

XVHG WKUHH NLQG RI JUDSKV� RU QHWZRUNV� WR UHSUHVHQW VWUHQJWK RI DVVRFLDWLRQV DPRQJ :::

SDJHV� ��� WKH K\SHUWH[W OLQN WRSRORJ\ RI D :HE ORFDOLW\� ��� LQWHU�SDJH WH[W VLPLODULW\� DQG ��� WKH

XVDJH SDWKV� RU IORZ RI XVHUV WKURXJK WKH ORFDOLW\� 7KH FROOHFWLRQ PHWKRGV XVHG WR IRUP HDFK

UHSUHVHQWDWLRQ ZDV GLVFXVVHG LQ &KDSWHU 7KUHH� (DFK RI WKHVH QHWZRUNV RU JUDSKV LV

UHSUHVHQWHG E\ PDWULFHV LQ RXU VSUHDGLQJ DFWLYDWLRQ DOJRULWKP� 7KDW LV� HDFK URZ

FRUUHVSRQGV WR D QHWZRUN QRGH UHSUHVHQWLQJ D ::: SDJH� DQG VLPLODUO\ HDFK FROXPQ

FRUUHVSRQGV WR D QHWZRUN QRGH UHSUHVHQWLQJ D ::: SDJH� ,I ZH LQGH[ WKH �� �� ���1 :::

SDJHV� WKHUH ZRXOG EH L  �� �� ���1 FROXPQV DQG M  �� �� ���1 URZV IRU HDFK PDWUL[

UHSUHVHQWLQJ D JUDSK QHWZRUN�

(DFK HQWU\ LQ WKH LWK FROXPQ DQG MWK URZ RI D PDWUL[ UHSUHVHQWV WKH VWUHQJWK RI

FRQQHFWLRQ EHWZHHQ SDJH L DQG SDJH M �RU VLPLODUO\� WKH DPRXQW RI SRWHQWLDO DFWLYDWLRQ IORZ

�� 3RUWLRQV RI WKH IROORZLQJ PDWHULDO ILUVW DSSHDUHG LQ >3LUROOL HW DO� ����@�
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RU FDSDFLW\�� 7KH PHDQLQJ RI WKHVH HQWULHV YDULHV GHSHQGLQJ RQ WKH W\SH RI QHWZRUN WKURXJK

ZKLFK DFWLYDWLRQ LV EHLQJ VSUHDG�

• LQ WRSRORJ\ QHWZRUNV� DQ HQWU\ RI � LQ FROXPQ L� URZ M� LQGLFDWHV QR K\SHUWH[W OLQN

EHWZHHQ SDJH L DQG SDJH M� ZKHUHDV DQ HQWU\ RI � LQGLFDWHV D K\SHUWH[W OLQN�

• LQ WH[W VLPLODULW\ QHWZRUNV� DQ HQWU\ RI D UHDO QXPEHU EHWZHHQ � DQG � LQ FROXPQ L�

URZ M LQGLFDWHV WKH LQWHU�GRFXPHQW VLPLODULW\ RI SDJH L WR SDJH M�

• LQ XVDJH SDWK QHWZRUNV DQ HQWU\ RI DQ LQWHJHU VWUHQJWK LQ FROXPQ L URZ M� LQGLFDWHV

WKH QXPEHU RI XVHUV WKDW WUDYHUVHG IURP SDJH L WR SDJH M�

&RQFHSWXDOO\� DFWLYDWLRQ LV SXPSHG LQWR RQH RU PRUH RI WKH JUDSK QHWZRUNV DW

QRGHV UHSUHVHQWLQJ VRPH VWDUWLQJ VHW RI :HE SDJHV DQG LW IORZV WKURXJK WKH DUFV RI WKH

JUDSK VWUXFWXUH� ZLWK WKH DPRXQW RI IORZ PRGXODWHG E\ WKH DUF VWUHQJWKV �ZKLFK PLJKW DOVR

EH WKRXJKW RI DV DUF IORZ FDSDFLWLHV�� 7KH DV\PSWRWLF SDWWHUQ RI DFWLYDWLRQ RYHU QRGHV ZLOO

GHILQH WKH GHJUHH RI SUHGLFWHG UHOHYDQFH RI :HE SDJHV WR WKH VRXUFH SDJHV� %\ VHOHFWLQJ WKH

WRSPRVW DFWLYH QRGHV RU WKRVH DERYH VRPH VHW FULWHULRQ YDOXH� ZH PD\ H[WUDFW DQG UDQN

::: SDJHV EDVHG RQ WKHLU SUHGLFWHG UHOHYDQFH�

$FWLYDWLRQ $OJRULWKP

7KH SDUWLFXODU YHUVLRQ RI VSUHDGLQJ DFWLYDWLRQ ZH XVH LV WKH OHDN\ FDSDFLWRU PRGHO

GHYHORSHG LQ WKH $&7
 WKHRU\ >$QGHUVRQ DQG 3LUROOL ����@ DQG VWXGLHG SDUDPHWULFDOO\ E\

>+XEHUPDQ DQG +RJJ ����@� $Q DFWLYDWLRQ QHWZRUN FDQ EH UHSUHVHQWHG DV D JUDSK GHILQHG

E\ PDWUL[ 5� ZKHUH HDFK RII�GLDJRQDO HOHPHQW 5L�M FRQWDLQV WKH VWUHQJWK RI DVVRFLDWLRQ
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EHWZHHQ QRGHV L DQG M� DQG WKH GLDJRQDO FRQWDLQV ]HURV� 7KH VWUHQJWKV GHWHUPLQH KRZ PXFK

DFWLYDWLRQ IORZV IURP QRGH WR QRGH� 7KH VHW RI VRXUFH QRGHV RI DFWLYDWLRQ EHLQJ SXPSHG

LQWR WKH QHWZRUN LV UHSUHVHQWHG E\ D YHFWRU &� ZKHUH &L UHSUHVHQWV WKH DFWLYDWLRQ SXPSHG LQ

E\ QRGH L� 7KH G\QDPLFV RI DFWLYDWLRQ FDQ EH PRGHOHG RYHU GLVFUHWH VWHSV W  �� �� ���1� ZLWK

DFWLYDWLRQ DW VWHS W UHSUHVHQWHG E\ D YHFWRU $�W�� ZLWK HOHPHQW $�W� L� UHSUHVHQWLQJ WKH

DFWLYDWLRQ DW QRGH L DW VWHS W� 7KH WLPH HYROXWLRQ RI WKH IORZ RI DFWLYDWLRQ LV GHWHUPLQHG E\�

$�W�  & � 0 $�W � ��

ZKHUH 0 LV D PDWUL[ WKDW GHWHUPLQHV WKH IORZ DQG GHFD\ RI DFWLYDWLRQ DPRQJ QRGHV� ,W LV

VSHFLILHG E\�

0  �� � γ� , � α 5

ZKHUH γ � � LV D SDUDPHWHU GHWHUPLQLQJ WKH UHOD[DWLRQ RI QRGH DFWLYLW\ EDFN WR ]HUR ZKHQ LW

UHFHLYHV QR DGGLWLRQDO DFWLYDWLRQ LQSXW� DQG α LV D SDUDPHWHU GHQRWLQJ WKH DPRXQW RI

DFWLYDWLRQ VSUHDG IURP D QRGH WR LWV QHLJKERUV� , LV WKH LGHQWLW\ PDWUL[�

>+XEHUPDQ DQG +RJJ ����@ VKRZHG WKDW WKH FKDUDFWHULVWLF G\QDPLF EHKDYLRU RI

VSUHDGLQJ DFWLYDWLRQ GHSHQGV RQ WKH UHODWLRQ DPRQJ γ� α� DQG WKH PHDQ QXPEHU RI DUFV SHU
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QRGH� µ� ,Q WKH JHQHUDO FDVH� WKHUH LV D SKDVH WUDQVLWLRQ ZKHQ α  γ� :KHQ α�γ LV VPDOO� WKH

WRWDO DFWLYDWLRQ LQ WKH QHW UDSLGO\ ULVHV WR DQ DV\PSWRWLF SDWWHUQ DQG LV ORFDOL]HG LQ WKH

QHWZRUN� :KHQ α ! γ� WKHUH LV DQRWKHU SKDVH WUDQVLWLRQ DW µ  �� :LWK α ! γ� ZKHQ WKH

QHWZRUN FRQWDLQV VSDUVHO\ FRQQHFWHG QRGHV ZLWK µ � �� WKH WRWDO DFWLYDWLRQ ULVHV LQGHILQLWHO\

EXW WKH SDWWHUQ UHPDLQV ORFDOL]HG� 2XU XVDJH SDWK JUDSK VWUXFWXUHV DUH VXFK VSDUVH QHWZRUNV�

:LWK α ! γ� ZLWK ULFKO\ FRQQHFWHG QRGHV ZLWK µ ! �� WKH WRWDO DFWLYDWLRQ ULVHV LQGHILQLWHO\

DQG DOO SDUWV RI WKH QHWZRUN DIIHFW DOO RWKHUV� VR WKDW LQSXWV RI DFWLYDWLRQ DW DQ\ QRGH WHQG WR

FUHDWH WKH VDPH SDWWHUQ RI DFWLYDWLRQ� 2XU WH[W VLPLODULW\ JUDSKV DUH ULFKO\ FRQQHFWHG JUDSKV�

*LYHQ WKLV FKDUDFWHUL]DWLRQ RI WKH SKDVH VSDFH RI VSUHDGLQJ DFWLYDWLRQ UHJLPHV� ZH FKRVH

SDUDPHWHUV VXFK WKDW α�γ � � WR LGHQWLI\ :HE VWUXFWXUH DJJUHJDWHV�

([DPSOH �� 3UHGLFWLQJ WKH ,QWHUHVWV RI +RPH 3DJH 9LVLWRUV

7R LOOXVWUDWH� FRQVLGHU WKH VLWXDWLRQ LQ ZKLFK ZH LGHQWLI\ WKH PRVW IUHTXHQWO\ YLVLWHG

RUJDQL]DWLRQ KRPH SDJH XVLQJ RXU FDWHJRUL]DWLRQ LQIRUPDWLRQ� DQG ZLVK WR FRQVWUXFW D :HE

DJJUHJDWH WKDW FRQWDLQV WKH SDJHV PRVW YLVLWHG IURP WKDW SDJH� 7KH PRVW SRSXODU

RUJDQL]DWLRQ SDJH FDQ EH LGHQWLILHG DV LQ &KDSWHU 7KUHH 7DEOH � DQG WKH FRUUHVSRQGLQJ

FRPSRQHQW RI & JLYHQ D SRVLWLYH YDOXH� DQG WKH UHPDLQLQJ HOHPHQWV VHW WR ]HUR� 6HWWLQJ WKH

DVVRFLDWLRQ PDWUL[ 5 WR EH WKH XVDJH SDWK PDWUL[� ZH WKHQ LWHUDWH WKH DERYH HTXDWLRQ IRU 1

WLPH VWHSV �LQ RXU VLPXODWLRQV ZH XVHG 1  ���� 6HOHFWLQJ WKH WZHQW\�ILYH PRVW DFWLYH SDJHV

FRQVWUXFWV WKH FROOHFWLRQ GHVFULEHG LQ 7DEOH ��� :H FRXOG KDYH XVHG DQ DFWLYDWLRQ WKUHVKROG

UDWKHU WKDQ D IL[HG VHW VL]H WR FLUFXPVFULEH D :HE DJJUHJDWH�
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,Q 7DEOH �� LW LV HYLGHQW WKDW D XVHU ZKR LV IRFXVHG RQ WKH ;HUR[ KRPH SDJH LV

SUHGLFWHG WR WKHQ VKLIW WKHLU DWWHQWLRQ �E\ WUDYHUVLQJ :HE OLQNV� WR ::: SDJHV GHVFULEH

PDLQO\ ;HUR[ SURGXFWV� EXVLQHVVHV� DQG ILQDQFLDO UHSRUWV� )URP WKLV� ZH PLJKW LQIHU WKDW

XVHUV LQWHUHVWHG LQ WKH ;HUR[ KRPH SDJH DUH DOVR LQWHUHVWHG LQ ZKDW ;HUR[ VHOOV RU KRZ WKH\

DUH GRLQJ ILQDQFLDOO\�

([DPSOH �� $VVHVVLQJ WKH 7\SLFDO :HE $XWKRU DW D /RFDOLW\

&RQVLGHU DQRWKHU VLWXDWLRQ LQ ZKLFK ZH DUH LQWHUHVWHG LQ WKH :HE SDJHV KDYLQJ WKH

KLJKHVW WH[W VLPLODULW\ WR WKH PRVW W\SLFDO SHUVRQ SDJH LQ D :HE ORFDOLW\� ,Q RWKHU ZRUGV� ZH

PLJKW EH LQWHUHVWHG LQ XQGHUVWDQGLQJ VRPHWKLQJ DERXW ZKDW D W\SLFDO SHUVRQ SXEOLVKLQJ LQ D

7DEOH ��� ([DPSOHV RI :HE SDJHV VHOHFWHG XVLQJ VSUHDGLQJ DFWLYDWLRQ�

Activation Source Network Most Active Web Pages Found (No. found)

Xerox Home Page Usage paths Xerox product descriptions (10)

Financial reports (6)

Business Division home pages (5)

General info (2)

Search form (1)
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of Personal Home Page

category

Text similarity Group project overviews (5)

Other people hotlists (4)

Company info (4)

Personal interests (4)

Other similar people (3)

Informal groups (1)

Workshop attendee list (1)

Wildlife award report (1)

Someone else’s talk (1)
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:HE ORFDOLW\ VD\V DERXW WKHPVHOYHV� ,Q WKLV FDVH� WKH PRVW W\SLFDO SHUVRQ SDJH LV LGHQWLILHG DV

LQ 7DEOH �� WKH FRUUHVSRQGLQJ & HOHPHQW VHW WR SRVLWLYH DFWLYDWLRQ LQSXW �]HURV HOVHZKHUH��

DQG 5 LV VHW WR WKH WH[W VLPLODULW\ PDWUL[� ,WHUDWLRQ RI WKLV VSUHDG RI DFWLYDWLRQ IRU 1  ��

WLPH VWHSV VHOHFWV WKH FROOHFWLRQ GHVFULEHG LQ 7DEOH ��� %\ UHDGLQJ WKH JURXS SURMHFW

RYHUYLHZV� WKH KRPH SDJHV RI UHODWHG SHRSOH� SHUVRQDO LQWHUHVW SDJHV� DQG IRUPDO DQG

LQIRUPDO JURXSV WR ZKLFK WKH SHUVRQ EHORQJV� ZH VKRXOG JHW VRPH VHQVH RI ZKDW SHRSOH DUH

OLNH LQ WKH RUJDQL]DWLRQ�

&RPELQLQJ $FWLYDWLRQ 1HWV

%HFDXVH RI WKH VLPSOH SURSHUWLHV RI RXU DFWLYDWLRQ QHWZRUNV� LW LV HDV\ WR FRPELQH

WKH VSUHDG RI DFWLYDWLRQ WKRXJK DQ\ ZHLJKWHG FRPELQDWLRQ RI DFWLYDWLRQ SXPSHG IURP

GLIIHUHQW VRXUFHV DQG WKURXJK GLIIHUHQW NLQGV RI DUF��WKDW LV� VLPXOWDQHRXVO\ WKURXJK WKH

WRSRORJ\� XVDJH� DQG WH[W VLPLODULW\ FRQQHFWLRQV� &RQVHTXHQWO\� WKH :HE ORFDOLW\ FDQ EH OLW

XS IURP GLIIHUHQW GLUHFWLRQV DQG XVLQJ GLIIHUHQW FRORUV RI SUHGLFWHG UHOHYDQF\� )RU LQVWDQFH

RQH PLJKW EH LQWHUHVWHG LQ WKH LGHQWLI\LQJ WKH SDJHV PRVW VLPLODU LQ FRQWHQW WR WKH SDJHV

PRVW SRSXODUO\ WUDYHUVHG�

(YDOXDWLRQ

,Q DQ DWWHPSW WR PHDVXUH WKH RYHUDOO HIIHFWLYHQHVV RI WKH VSUHDGLQJ DFWLYDWLRQ

DOJRULWKP� D PLQL H[SHULPHQW VLPLODU WR WKDW SHUIRUPHG WR WHVW WKH HIIHFWLYHQHVV RI WKH
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FRFLWDWLRQ DOJRULWKP ZDV SHUIRUPHG����)LYH JURXSV RI SDJHV IRUPHG E\ VSUHDGLQJ DFWLYDWLRQ

ZHUH LQWHUPL[HG ZLWK ILYH UDQGRPO\ JHQHUDWHG FOXVWHUV� 8QOLNH WKH FRFLWDWLRQ H[SHULPHQW�

WKH GDWD VHW XVHG ZDV WKH ;HUR[ &RUSRUDWH :HE VLWH� 6LQFH WKLV VLWH VXIIHUHG D UHGHVLJQ

GXULQJ WKH FRXUVH RI WKLV UHVHDUFK� WKH FRQWHQW RI PDQ\ RI WKH SDJHV LQ WKH FOXVWHUV KDG

GLVDSSHDUHG� 7R RYHUFRPH WKLV VKRUWFRPLQJ� WKH HYDOXDWLRQ SDJH FRQWDLQHG RQO\ WKH 85/V

RI WKH FOXVWHUV� 7KHVH 85/V ZHUH QRW OLQNHG WR FRUUHVSRQGLQJ :HE SDJHV IRU LQVSHFWLRQ�

7KH H[SHULPHQW XVHG WKUHH HYDOXDWRUV�

7DEOH �� VKRZV WKH UHVXOWV RI WKH H[SHULPHQW� 6SUHDGLQJ DFWLYDWLRQ SURGXFHG EHWWHU

IRUPHG FOXVWHUV� � W����  ����� S � ����� XVLQJ D WZR�WDLOHG 7�WHVW IRU XQHTXDO YDULDQFHV� DQG

DFKLHYHG VLJQLILFDQWO\ KLJKHU SUHFLVLRQ VFRUHV� W���  ����� S � ����� (YDOXDWRU DJUHHPHQW ZDV

VWURQJ� U  ����� DFURVV ERWK PHDVXUHV� $V ZLWK WKH FRFLWDWLRQ DOJRULWKP� VSUHDGLQJ

DFWLYDWLRQ SURGXFHG ZHOO IRUPHG FOXVWHUV ZLWK KLJK SUHFLVLRQ� $OWKRXJK WKH FRFLWDWLRQ

H[SHULPHQW GLIIHUHG LQ WKH DELOLW\ RI WKH HYDOXDWRUV WR LQVSHFW WKH FRQWHQW RI WKH SDJHV LQ

WKHLU GHWHUPLQDWLRQ RI FOXVWHU JRRGQHVV� WKHUH ZDV QRW VLJQLILFDQW GLIIHUHQFH LQ WKH

�� ,Q IDFW� WKH FRFLWDWLRQ H[SHULPHQW ZDV FRQGXFWHG DW WKH VDPH WLPH DV WKH VSUHDGLQJ DFWLYDWLRQ H[SHULPHQW�

7DEOH ����5HVXOWV RI WKH H[SHULPHQW WR GHWHUPLQH WKH HIIHFWLYHQHVV RI WKH VSUHDGLQJ DOJRULWKP� 7KH VSUHDGLQJ
DOJRULWKP SHUIRUPHG VLJQLILFDQWO\ EHWWHU WKDQ UDQGRPO\ IRUPHG FOXVWHUV ZLWK UHVSHFW WR WKH ´JRRGQHVVµ RI WKH
FOXVWHUV DQG ZHOO DV SUHFLVLRQ�

Grouping Mean Variance Standard
Deviation

Average
Precision

Variance Standard
Deviation

Spreading
Activation

1.533 1.124 1.060 0.884 0.038 0.195

Random 4.133 0.838 0.915 0.326 0.012 0.136
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HYDOXDWRU·V UDWLQJ RI HDFK PHWKRG IRU JRRGQHVV RI FOXVWHU IRUPDWLRQ� W����  ����� S  �����

DV ZHOO DV SUHFLVLRQ� � W���  ����� S  ����� %RWK WHVWV DVVXPHG XQHTXDO YDULDQFH DQG XVHG D

WZR�WDLOHG 7�WHVW� 7KHVH UHVXOWV DUH HQFRXUDJLQJ� EXW PRUH H[SHULPHQWDWLRQ LV QHFHVVDU\ WR

IXOO\ HYDOXDWH WKH HIIHFWLYHQHVV RI WKH PHWKRGV JLYHQ WKH OLPLWHG QXPEHU RI QXPEHU RI

FOXVWHUV DQG HYDOXDWRUV�

&RPSDULVRQ WR /LQN 7RSRORJ\�EDVHG $SSURDFKHV

>%RWDIRJR DQG 6KQHLGHUPDQ ����@ KDYH UHSRUWHG RQ SXUHO\ JUDSK WKHRUHWLF

WHFKQLTXHV IRU VSOLWWLQJ D K\SHUWH[W LQWR DJJUHJDWHV� 7KHVH WHFKQLTXHV DUH EDVHG RQ

LGHQWLI\LQJ DUWLFXODWLRQ SRLQWV LQ WKH XQGLUHFWHG JUDSK DQG UHPRYLQJ WKHP WR FUHDWH D VHW RI

VXE�JUDSKV� $ QRGH LV DQ DUWLFXODWLRQ SRLQW LI UHPRYLQJ LW DQG LWV HGJHV ZRXOG GLVFRQQHFW WKH

JUDSK� >%RWDIRJR DQG 6KQHLGHUPDQ ����@ GHVFULEH WZR DOJRULWKPV ZKLFK UHSHDW WKLV

SURFHGXUH LWHUDWLYHO\� 7KHVH DOJRULWKPV UHPRYHV LQGLFHV �QRGHV ZLWK UHODWLYHO\ KLJK QXPEHU

RI RXW�OLQNV� DQG UHIHUHQFHV �QRGHV ZLWK UHODWLYHO\ ORWV RI LQ�OLQNV� RQ HDFK LWHUDWLRQ� 7KH

ORJLF RI WKLV LV WR SUHYHQW WKHVH IXQFWLRQDO QRGHV IURP RYHU�FRQQHFWLQJ WKH JUDSK� +RZHYHU�

LQ RXU FDVH� PDQ\ RI WKH QRGHV LGHQWLILHG ZHUH LQ IDFW WDEOH�RI�FRQWHQWV�OLNH QRGHV ZKLFK DUH

YHU\ LPSRUWDQW HOHPHQWV RI D :HE JURXS�
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$SSO\LQJ WKHLU ILUVW DOJRULWKP WR WKH JUDSK VWUXFWXUH RI WKH ;HUR[ :HE SURGXFHV

WHQ :HE JURXSV ZLWK DW OHDVW WHQ QRGHV� VKRZQ LQ 7DEOH ��� ,Q DGGLWLRQ� ZH WULHG D VLPSOHU

DOJRULWKP ZKLFK LWHUDWLYHO\ UHPRYHV DUWLFXODWLRQ SRLQWV XQWLO DOO JURXSV DUH EHORZ WZHQW\�ILYH

QRGHV LQ VL]H RU FRQWDLQ QR DUWLFXODWLRQ SRLQWV� ,Q SDUWLFXODU� ZH GLGQ·W UHPRYH LQGLFHV RU

UHIHUHQFHV GXULQJ LWHUDWLRQ� 7KLV OHDGV WR QLQH FOXVWHUV �DJDLQ RI DW OHDVW �� QRGHV�� VKRZQ LQ

7DEOH ����:HE DJJUHJDWLRQ XVLQJ OLQN WRSRORJ\ DV RXWOLQHG LQ >%RWDIRJR HW DO ����@�

Cluster No. Node
ID

First URL

Botafogo Method

 1  32  24 /liveworks/lwi_web/about.html 6

 2  23  60 /XSoft/vrpeform.HTML 2

 3  11  75 /Products/MajestiK/MajestiKSeries.html 3

 4  20  97 /XPS/prodpage/4050.htm 0

 5  14 333 /show/PressReleases/Overview.html 4

 6  40 456 /PARC/spl/eca/oi-project.html 6

 7  50 497 /digitrad/short 0

 8  13 508 /PARC/people/jyu/html_training/index.html 0

 9  22 615 /RXRC/Cambridge/trs/ps/1995/EPC-1995-101.ps 4

 10  14 632 /RXRC/Cambridge/trs/ps/1994/EPC-1994-106.ps 2

Simplified Botafogo
Method

 1  22  1 /printsolutions.html 1

 2  35  9 /ic1.html 2

 3  20  24 /liveworks/lwi_web/about.html 0

 4  59 215 /digitrad 0

 5  14 333 /show/PressReleases/Overview.html 4

 6  32 456 /PARC/spl/eca/oi-project.html 2

 7  13 508 /PARC/people/jyu/html_training/index.html 0

 8  47 513 /RXRC/Cambridge/people/thumbnails.html 4

 9  63 750 /PARC/spl/eca/oi/gregor-invite/P000.html 0
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7DEOH ��� 7KH WZR DOJRULWKP SURGXFHG HLJKW :HE JURXSV LQ FRPPRQ� WKRXJK RIWHQ QRW

LQFOXGLQJ WKH VDPH QRGHV� ,Q DGGLWLRQ� WKH VLPSOLILHG DOJRULWKP SURGXFHG RQH H[WUD :HE

JURXS� ZKLOH WKH WZR H[WUDV :HE JURXSV SURGXFHG E\ WKH >%RWDIRJR DQG 6KQHLGHUPDQ ����@

DOJRULWKP ZHUH FDXVHG E\ VSOLWWLQJ D :HE JURXS DQG E\ LQFOXGLQJ D VSXULRXV :HE JURXS�

8QVXUSULVLQJO\� WKHVH DOJRULWKPV ZHUH TXLWH HIIHFWLYH DW SXOOLQJ RXW YHU\ W\SLFDOO\

KLJKO\�FRQQHFWHG ERRN VWUXFWXUHV� )RU H[DPSOH� WKH WKLUWHHQ QRGH

�KWPOBWUDLQLQJ�LQGH[�KWPO� ERRN ZDV D 72& ZLWK �� QRGHV IRU VHFWLRQV ZKLFK SRLQWHG

EDFN DQG IRUWK� 7KHVH DUH HVVHQWLDOO\ KLJKO\�DXWKRUHG VHFWLRQV RI WKH :HE DQG FOXVWHU

WRJHWKHU LQ D QXPEHU RI ZD\V� )RU H[DPSOH� DJDLQ DV ZRXOG EH H[SHFWHG� WKHUH ZDV D YHU\

KLJK FRUUHODWLRQ EHWZHHQ WKH 85/V RI WKH QRGHV ZLWKLQ WKHVH :HE JURXS� 0RVW RI WKH

QRGHV W\SLFDOO\ VKDULQJ D SUHIL[ RI WZR RU WKUHH SDWK QDPH SDUWV� WKRXJK :HE JURXSV WKDW

ZHUH OHVV ERRN�OLNH WHQGHG WR DOVR EULQJ LQ D IHZ QRGHV IURP RWKHU ORFDWLRQV RQ WKH VHUYHU�

&RPSDULVRQ WR 2WKHU :HE 6SHFLILF $SSURDFKHV

*LYHQ WKH QHZQHVV RI WKH :HE� WKHUH KDV QRW EHHQ D WUHPHQGRXV DPRXQW RI RWKHU

UHVHDUFK RQ WU\LQJ WR FUHDWH PHDQLQJIXO FOXVWHUV RI SDJHV DQG�RU SUHGLFW UHOHYDQW SDJHV IRU

XVHUV JLYHQ D SDUWLFXODU FRQWHQW� 7ZR HIIRUWV WKRXJK DUH ZRUWK FRQVLGHUDWLRQ� 7KH ILUVW LV WKH

ZRUN RQ WKH 1DYLJDWLRQDO 9LHZ %XLOGHU E\ >0XNKHUMHD DQG )ROH\ ����@� ZKLFK XVHV D

PRGLILFDWLRQ RI >%RWDIRJR DQG 6KQHLGHUPDQ ����@ WR FUHDWH VWUXFWXUDO FOXVWHULQJV DQG D VHW

RI PDQXDOO\ FUHDWHG PHWD�LQIRUPDWLRQ WR FUHDWH FRQWHQW FOXVWHULQJV� $OWKRXJK D IRUPDO

FRPSDULVRQ EHWZHHQ WKH VWUXFWXUDO PHWKRGV XVHG E\ WKH 1DYLJDWLRQ 9LHZ %XLOGHU DQG WKRVH
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SUHVHQWHG LQ WKLV GLVVHUWDWLRQ KDV QRW EHHQ FRQGXFWHG� LW LV H[SHFWHG WKDW WKH\ ZRXOG IROORZ

WKH ILQGLQJV RI WKH FRPSDULVRQ WR WKH >%RWDIRJR DQG 6KQHLGHUPDQ ����@ PHWKRGV�

7KH RWKHU V\VWHP LV /HWL]LD >/LHEHUPDQ ����@� /HWL]LD PDQDJHV D IUHTXHQF\ EDVHG

NH\ZRUG SURILOH IRU HDFK XVHU EDVHG XSRQ YLVLWHG :HE SDJHV� :KHQ D XVHU LV YLVLWLQJ SDJHV�

/HWL]LD VHDUFKHV WKH SDJHV FRQQHFWHG WR WKH FXUUHQW SDJH DQG XVHV WKH NH\ZRUG SURILOH WR

GHWHUPLQH UHOHYDQF\� 5HFRPPHQGDWLRQV DUH WKHQ PDGH WR WKH XVHU DERXW ZKLFK SDJHV PD\

EH RI LQWHUHVW� 7KLV V\VWHP LV PRUH RI DQ DUWIXO LQWHJUDWLRQ RI LGHDV WKDQ D PHWKRGRORJLFDO

FRQWULEXWLRQ�

6XPPDU\

7KH FKDSWHU SUHVHQWHG D QHZ PHWKRG IRU SUHGLFWLQJ WKH LQWHUHVWV RI XVHUV LQ D

JLYHQ FRQWH[W� 7KH FRQWH[W FDQ EH GHILQHG E\ WKH FXUUHQW ORFDWLRQ RI WKH XVHU� E\

FDWHJRUL]LQJ D VHW RI SDJHV D XVHU LV LQWHUHVWHG LQ� RU LQ UHVSRQVH WR D TXHU\� 'HSHQGLQJ RQ

WKH LQIRUPDWLRQDO JRDOV RI WKH XVHU� ZHLJKWHG FRPELQDWLRQV RI HDFK PDWUL[ FDQ EH XVHG� 7KLV

HQDEOHV IRUDJLQJ WR EH FXVWRPL]HG IRU PDQ\ XVHUV LQ PDQ\ VLWXDWLRQV� ,I XVDJH GDWD LV QRW

DYDLODEOH IRU DOO VLWHV� WKLV FDQ HLWKHU EH DSSUR[LPDWHG IURP RWKHU DVFHUWDLQDEOH GDWD� H�J��

XVLQJ WKH QXPEHU RI WLPHV D SDJH LV OLQNHG WR DV D PHDVXUH RI SRSXODULW\� RU OHIW RXW RI WKH

FRPSXWDWLRQV� ,W LV H[SHFWHG WKDW WKLV WHFKQLTXH ZLOO EH XVHIXO LI HPERGLHG LQWR FOLHQW

VRIWZDUH�
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6XPPDU\

7KLV GLVVHUWDWLRQ KDV SUHVHQWHG D YDULHW\ RI WHFKQLTXHV WKDW KHOS FKDUDFWHUL]H WKH

:RUOG :LGH :HE� /LQHDU FRPELQDWLRQV RI IHDWXUH YHFWRUV XWLOL]H D QRYHO IXVLRQ RI GDWD�

LQWHJUDWLQJ XVDJH� FRQWHQW� DQG VWUXFWXUDO GDWD WR GHWHUPLQH QRGH W\SHV� &RFLWDWLRQ DQDO\VLV

FUHDWHV VHPDQWLF FOXVWHUV E\ XVLQJ RQO\ WKH WRSRORJ\ RI WKH :HE� D SURSHUW\ WKDW OHDGV LWVHOI

ZHOO WRZDUGV VFDOLQJ WR WKH HQWLUH :HE� %\ XVLQJ WKH *DPPD�3RLVVRQ 0RGHO RI GHVLUDELOLW\�

UHFHQF\ RI DFFHVV LV VKRZQ WR EH D EHWWHU SUHGLFWRU RI IXWXUH DFFHVV WKDQ IUHTXHQF\�

UHYHDOLQJ WKH G\QDPLF WHPSRUDO QDWXUH RI WKH :HE LV QRW HDVLO\� QRU QHFHVVDULO\ DFFXUDWHO\�

FDSWXUHG E\ IUHTXHQF\ EDVHG PHWULFV� )LQDOO\� VSUHDGLQJ DFWLYDWLRQ WKURXJK XVDJH� FRQWHQW�

DQG VWUXFWXUDO QHWZRUNV SURYLGHV D FRPSXWDWLRQDOO\ DIIRUGDEOH PDQQHU WR SUHGLFW GRFXPHQW

DFFHVV JLYHQ D FXUUHQW FRQWH[W� 7KHVH WHFKQLTXHV KHOS FUHDWH DEVWUDFWLRQV� FDWHJRULHV� DQG

SUHGLFWHG VHWV WKDW FDQ EH XVHG WR IDFLOLWDWH XVHU QDYLJDWLRQ� LQIRUPDWLRQ PDQDJHPHQW� DQG

VWUXFWXULQJ RI WKH :HE�

,Q WKH ODUJHU FRQWH[W� WKH UHVHDUFK FRQWDLQHG LQ WKLV GLVVHUWDWLRQ EHJLQV WR

FKDUDFWHUL]H WKH VWUXFWXUH� XVH� DQG FRQWHQW RI WKH :HE� LQ QHZ DQG QRYHO ZD\V� 7KHVH

FKDUDFWHUL]DWLRQV DUH LPSRUWDQW DV WKH\ KHOS EXLOG WKH IRXQGDWLRQV WR GLUHFW IXWXUH UHVHDUFK�
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7KH HQFDSVXODWLRQ RI WKH :HE DV DQ LQIRUPDWLRQ V\VWHP ZKRVH PDLQ UHODWLRQDO SURSHUW\ LV

GHVLUDELOLW\ HVWDEOLVKHV D FOHDQ IUDPHZRUN WR GHVLJQ HPSLULFDO PHDVXUHPHQWV� (PSLULFDO

ILQGLQJV� H�J�� UHFHQF\ LV D VWURQJHU SUHGLFWRU RI IXWXUH XVH WKDQ IUHTXHQF\� SURYLGH GHHSHU

LQVLJKW LQWR WKH VWUXFWXUDO SURSHUWLHV DQG WKH UHJXODULWLHV RI WKH :HE� FUHDWLQJ RSSRUWXQLWLHV

IRU ZHOO JURXQGHG K\SRWKHVLV WHVWLQJ DQG WKHRU\ JHQHUDWLRQ� :LWKRXW WKHRULHV DQG

FKDUDFWHUL]DWLRQ WKDW GHDO ZLWK WKH XVH� FRQWHQW� DQG VWUXFWXUH RI WKH :HE� WKH :HE PLJKW

UHPDLQ D YDVW UHSRVLWRU\ IRU LQIRUPDWLRQ� EXW RI PDUJLQDO XWLOLW\ WR XVHUV�

)XWXUH 'LUHFWLRQV

7KHUH DUH QXPHURXV DSSOLFDWLRQV DQG IXWXUH UHVHDUFK GLUHFWLRQV RI WKH

FKDUDFWHUL]DWLRQV DQG WHFKQLTXHV FRQWDLQHG LQ WKLV GLVVHUWDWLRQ�

6HYHUDO WKLQJV QHHG WR EH VDLG DERXW WKH JHQHUDOL]DELOLW\ RI OLQHDU FRPELQDWLRQV IRU

DXWRPDWLF JHQHUDWLRQ RI QRGH W\SHV� )LUVW� WKLV WHFKQLTXH LV KLJKO\ GHSHQGHQW XSRQ WKH

JRRGQHVV RI WKH IHDWXUHV LQ WKH IHDWXUH YHFWRUV� )RU FHUWDLQ :HE ORFDOLWLHV� LW PD\ YHU\ ZHOO

EH WKDW WKH FROOHFWLRQ RI GRFXPHQWV LV VWUXFWXUHG VXFK WKDW GHFRPSRVLWLRQ RI WKH WRSRORJ\

LQWR D KLHUDUFK\ GRHV QRW SURGXFH YHU\ PHDQLQJIXO SDUHQW�FKLOG UHODWLRQVKLSV� 7KLV ZRXOG

VNHZ WKH ZHLJKWV DSSOLHG WR WKH FRQWHQW VLPLODULW\ WR FKLOGUHQ DQG WKH DYHUDJH GHSWK RI

FKLOGUHQ IHDWXUHV LQ DQ LQGHWHUPLQDEOH PDQQHU� ,W LV WKXV H[SHFWHG WKDW WKH KHXULVWLFV DSSOLHG

WR HDFK ORFDOLW\ DV ZHOO DV WKH IHDWXUHV WKHPVHOYHV PD\ QHHG WR EH WXQHG� 6HFRQG� WKHUH H[LVWV

D WHQVLRQ EHWZHHQ GHYHORSLQJ VWURQJ PHWKRGV WKDW UHVXOW LQ LQFUHDVHG SUHFLVLRQ IRU FHUWDLQ

ORFDOLWLHV DQG GHYHORSLQJ ZHDNHU PHWKRGV WKDW SHUIRUP UHDVRQDEO\ ZHOO DFURVV D ZLGHU UDQJH

RI ORFDOLWLHV� &OHDUO\� WKH OLQHDU FRPELQDWLRQ ZRUN LV D ZHDN PHWKRG DQG WKH FRQWULEXWLRQ RI
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WKLV WHFKQLTXH VKRXOG EH DVVHVVHG DFFRUGLQJO\� 7KLUG� OLQHDU FRPELQDWLRQV LV DQ XQVXSHUYLVHG

OHDQLQJ WHFKQLTXH� DQG DV VXFK� LV ZHOO VXLWHG WR VFDOH WKH HQWLUH :HE� *LYHQ WKH VXFFHVV RI

WKH IHDWXUH YHFWRUV LQ GHWHUPLQLQJ FDWHJRULHV� WKHVH IHDWXUHV PD\ SURYLGH XVHIXO LQSXW GDWD

IRU VXSHUYLVHG OHDUQLQJ WHFKQLTXHV� ZKLFK PD\ WXUQ RXW WR RXWSHUIRUP OLQHDU FRPELQDWLRQV�

,QGHHG� LW LV KRSHG WKDW ERWK ZHDN DQG VWURQJ PHWKRGV ZLOO EH GHYHORSHG WKDW VXUSDVV WKH

DELOLW\ RI OLQHDU FRPELQDWLRQV DV UHVHDUFK LQWR DXWRPDWLF W\SLQJ SURJUHVVHV�

6HYHUDO LQWHUHVWLQJ RSSRUWXQLWLHV H[LVW ZLWK UHVSHFW WR FRFLWDWLRQ DQDO\VLV DQG

VFDOLQJ WR KDQGOH WKH HQWLUH :HE� $ ILUVW RUGHU DWWHPSW PD\ ZLVK WR FRQVLGHU RQO\

LQIRUPDWLRQ DW WKH VLWH OHYHO� ZKHUH WKHUH DUH WZR RUGHUV RI PDJQLWXGH IHZHU GDWD WR SURFHVV�

7KLV ZRXOG SURYLGH WKH XVHU� HVSHFLDOO\ QRYLFHV� ZLWK WKH WRS VLWHV WR YLVLW� WKH PDMRU DUWHULHV

RI WKH :HE� 7KLV FRXOG DOVR EH RI LQWHUHVW DV DQRWKHU PHWULF EH\RQG WKH TXLWH IDOOLEOH \HW

FXUUHQW SUDFWLFH RI ´KLW FRXQWVµ >3LWNRZ ����@ ZLWK ZKLFK WR PHDVXUH WKH SRSXODULW\ RI VLWHV

IRU PDUNHWLQJ DQG DGYHUWLVLQJ SXUSRVHV�

&RQWHQW DQDO\VLV SHUIRUPHG RQ UHVXOWLQJ FOXVWHUV RI VLWHV FDQ EH XVHG WR

DXWRPDWLFDOO\ DVVLJQ FDWHJRU\ ODEHOV DQG VLWH VXPPDUL]DWLRQ� :LWK WKLV� XVHUV FDQ JHW D KLJK

OHYHO YLHZ QRW RQO\ RI WKH SRSXODU FRQWHQW RQ WKH :HE EXW DOVR WKH UHODWLRQVKLSV EHWZHHQ

FRQWHQW� ,Q D ZD\� WKLV SDUDOOHOV WKH HIIRUWV RI RWKHU VWUXFWXULQJ WHFKQLTXHV OLNH VHOI�

RUJDQL]LQJ PDSV >.RKRQHQ ����@ EXW ZLWK D FOHDQHU LQWHUSUHWDWLRQ RI WKH PHDQLQJ RI WKH

UHVXOWV� +RZHYHU� WKH VXFFHVV RI FRFLWDWLRQ DQDO\VLV DW WKLV OHYHO PD\ GHSHQG XSRQ DPRXQW RI

LQWHUFRQQHFWHGQHVV RI VLWHV �GLDPHWHU�� ZKLFK PD\ EH TXLWH GLIIHUHQW IURP WKH

LQWHUFRQQHFWHGQHVV RI SDJHV ZLWKLQ :HE ORFDOLWLHV� 5HVHDUFK WKDW SDUDPHWHUL]HV WKH
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FRFLWDWLRQ HIIHFWLYHQHVV DV D IXQFWLRQ RI GLDPHWHU ZRXOG D XVHIXO DUHD RI H[SORUDWLRQ� VLQFH

WKH UHVXOWV VKRXOG DSSO\ HTXDOO\ ZHOO WR DQDO\VLV DW WKH VLWH OHYHO DV ZHOO DV LQGLYLGXDO ORFDOLWLHV�

&RFLWDWLRQ DQDO\VLV FDQ DOVR EH DSSOLHG WR WKH HQWLUH :HE DW WKH GRFXPHQW OHYHO�

7KLV PLJKW SURYLGH PRUH PHDQLQJIXO UHVXOWV WKDQ DQDO\VLV DW WKH VLWH OHYHO DV ODUJH VLWHV�

HVSHFLDOO\ LQ DFDGHPLD� RIWHQ FRQWDLQ LQIRUPDWLRQ RQ D ZLGH YDULHW\ RI WRSLFV� ZKLFK FRXOG

LQDFFXUDWHO\ ELDV FRFLWDWLRQ VWUHQJWKV� $V ZLWK VLWH OHYHO DQDO\VLV� PDUNHWHUV DQG DGYHUWLVHUV

FRXOG XVH WKLV PHWULF WR DXJPHQW RWKHU LQGLFDWRUV RI GRFXPHQW SRSXODULW\� $Q LQWHUHVWLQJ

DSSOLFDWLRQ ZRXOG EH WR FRPELQH WKH WZR WHFKQLTXHV EDVHG XSRQ WKH GHVLUHG JUDQXODULW\ RI

XVHUV� :KHQ XVHUV DUH H[SORULQJ WKH :HE ZLWK D VSHFLILF JRDO� WKH VLWH OHYHO DQDO\VLV PLJKW

SURYLGH D XVHIXO DEVWUDFWLRQ WR QDYLJDWH UHOHYDQW FRQWHQW TXLFNO\� IROORZHG E\ GRFXPHQW

OHYHO DQDO\VLV WR ILQG RWKHU UHODWHG GRFXPHQWV RQ WKH :HE� 7KLV QDWXUDOO\ OHDGV WR D YDULHW\

RI QRYHO LQWHUIDFHV DQG YLVXDOL]DWLRQV WR VXSSRUW VXFK IXQFWLRQDOLW\ DV ZHOO DV WDVN VSHFLILF

DQDO\VLV WR GHWHUPLQH WKH DPRXQW RI LQIRUPDWLRQ JDLQHG� H�J�� DV SHU WKH &2.&)� 5HJDUGOHVV

RI WKH OHYHO RI DQDO\VLV� WKHUH PD\ DOVR EH RWKHU PHDVXUHV EHVLGHV FRFLWDWLRQ VWUHQJWK WR GULYH

WKH FRPSXWDWLRQ�

7KH PDWKHPDWLFV EHKLQG WKH VSUHDGLQJ DFWLYDWLRQ DOJRULWKP VXSSRUW HPEHGGLQJ

LQWR UHDO�WLPH LQIRUPDWLRQ LQWHUIDFHV� *LYHQ WKDW DOO SRVVLEOH FRPELQDWLRQV RI VRXUFH

DFWLYDWLRQ DQG GLIIHUHQW QHWZRUNV FDQ EH FRPSXWHG D SULRUL� WKH LQWHUIDFH RQO\ QHHGV WR EH

DEOH WR VXP WKH GHVLUHG QHWZRUNV� SRVVLEO\ DSSO\LQJ GLIIHUHQW ZHLJKWV WR HDFK QHWZRUNV�

&RQWURO RYHU WKH ZHLJKWV FRXOG UHVLGH HLWKHU ZLWKLQ WKH LQWHUIDFH� ZKLFK FRXOG OHDUQ WKH

DSSURSULDWH ZHLJKWV E\ UHOHYDQFH IHHGEDFN� RU LW FRXOG UHVLGH ZLWK WKH XVHU� ZKR FRXOG

PDQLSXODWH YDULRXV LQWHUIDFH FRPSRQHQWV WR DGMXVW WKH ZHLJKWLQJ� $ GXDO PRGHO RI FRQWURO�
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ZLWK WKH LQWHUIDFH PDNLQJ ZHLJKWLQJ GHFLVLRQV LQ WKH DEVHQFH RI XVHU FRQWURO PD\ EH WKH

PRUH SURPLVLQJ WHFKQLTXH� $QRWKHU DOWHUQDWLYH ZRXOG EH WR SURYLGH SUHGHILQHG ZHLJKWLQJV�

H�J�� ´WKH URDG PRVW WUDYHOHGµ EXWWRQ ZRXOG ZHLJKW WKH XVDJH QHWZRUN KHDYLO\ DQG IRUP D

VRUW RI JXLGHG WRXU� RU ERRN RI WKH PRVW WUDYHUVHG SDJHV DQG SDWKV� ,W LV DOVR VXVSHFWHG WKDW

RWKHU LQWHUHVWLQJ DQG XVHIXO QHWZRUNV H[LVW�

,QIRUPDWLRQ (FRORJLHV

:LWK WKH HYHU LQFUHDVLQJ SHQHWUDWLRQ RI SHUVRQDO FRPSXWHUV LQWR WKH IDEULF RI

VRFLHW\� WKH VWXG\ RI LQIRUPDWLRQ HFRORJLHV EHFRPHV HYHU PRUH LPSRUWDQW� 7KH PRWLYDWLRQ

IRU WKLV ILHOG RI VWXG\LQJ WKH UHODWLRQVKLS EHWZHHQ KXPDQV DQG LQIRUPDWLRQ LV FOHDU� RQFH

LQIRUPDWLRQ EHFRPHV GLJLWDO� ZH KDYH WKH DELOLW\ WR IDFLOLWDWH LQWHUDFWLRQ ZLWK LQIRUPDWLRQ

EDVHG XSRQ D YDULHW\ RI GDWD LQFOXGLQJ WKH OLIH�F\FOH RI WKH LQIRUPDWLRQ �FUHDWLRQ�

PRGLILFDWLRQ� DUFKLYLQJ� DQG GHOHWLRQ� HWF�� DV ZHOO DV WKH XVDJH KLVWRU\ RI WKH LQIRUPDWLRQ

�ZKR XVHG LW ZKHQ DQG IRU ZKDW SXUSRVHV� HWF��� 7KH H[SORLWDWLRQ RI XVDJH KLVWRULHV KDV

SUHYLRXVO\ EHHQ H[DPLQHG LQ WKH UHVHDUFK RQ 5HDG DQG (GLW :HDU >+LOO HW DO� ����@� -XVW WKH

VDPH� LW VHHPV WKDW QRZ WKH FRQGLWLRQV DUH ILQDOO\ ULJKWQHWZRUNHG FRPSXWLQJ LV EHFRPLQJ

WKH GRPLQDQW FRPSXWLQJ SDUDGLJP� WHFKQRORJLHV OLNH WKH ::: SURYLGH DFFHVV WR UHVRXUFHV

GHVSLWH SK\VLFDO ORFDWLRQ� QDWLYH SURWRFROV� DQG FRPSXWLQJ SODWIRUP� DQG VWRUDJH DQG

FRPSXWDWLRQ FRVWV KDYH GHFUHDVHG WR WKH SRLQW ZKHUH LW LV QRZ DIIRUGDEOH WR FROOHFW DQG

SURFHVV OLIH�F\FOH DQG XVDJH GDWD RQ D ZLGH VFDOH� 6R� ZKDW RSSRUWXQLWLHV H[LVW LQ WKH ILHOG RI

LQIRUPDWLRQ HFRORJLHV"
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)LUVW DQG IRUHPRVW LV WKH QHHG WR FROOHFW GDWD DERXW WKH LQWHUDFWLRQV RI XVHUV LQ

KHWHURJHQHRXV� GLVWULEXWHG LQIRUPDWLRQ HQYLURQPHQWV� %DUULQJ WKH FRVWV RI LQVWUXPHQWDWLRQ�

WKHUH LV QR UHDVRQ IRU XVHU PRGHOLQJ WR UHPDLQ ZLWKLQ WKH ERXQGDULHV RI VSHFLILF

DSSOLFDWLRQV� OHW DORQH SK\VLFDO ERXQGDULHV� 7KH ILUVW HIIRUWV QHHG WR EH H[SHQGHG RQ FUHDWLQJ

DQ LQIUDVWUXFWXUH DQG SURFHVV IRU GLVWULEXWHG LQWHUDFWLRQ GDWD FROOHFWLRQ DQG XVHU PRGHOLQJ�

7KDW LV� DQ DUFKLWHFWXUH WKDW VXSSRUWV WKH FROOHFWLRQ RI XVDJH� FRQWHQW DQG VWUXFWXUH GDWD

IURP DQ\ DSSOLFDWLRQ� ZKHWKHU LW EH HPDLO� ZRUG SURFHVVLQJ� VSUHDGVKHHWV� :HE EURZVLQJ�

HWF�� RU IURP DQ\ ILOHV\VWHP LV QHFHVVDU\ WR IDFLOLWDWH WKH IRUPDWLRQ DQG PDLQWHQDQFH RI D

FRPSOHWH XVHU LQIRUPDWLRQ SURILOH �IRU PRUH RQ WKLV LGHD� VHH >3LWNRZ ����@�� 7KH DFWXDO

ORFDWLRQ RI WKH XVHU� ZKHWKHU DW WKH RIILFH� LQ WKH FDU� RU DW KRPH VKRXOG EH KDQGOHG

JUDFHIXOO\ E\ WKH V\VWHP� 7KLV DUFKLWHFWXUH HQDEOHV WKH FUHDWLRQ RI DQ LQGLYLGXDO� JURXS� DQG

DJJUHJDWH XVHU SURILOHV WKDW PRGHOV DOO LQWHUDFWLRQV RI XVHUV ZLWK LQIRUPDWLRQ� ,W DOVR

IDFLOLWDWHV WKH IXUWKHU GHYHORSPHQW RI ,QIRUPDWLRQ )RUDJLQJ DQG RWKHU WKHRULHV RI

LQIRUPDWLRQ FRQVXPSWLRQ DQG SURGXFWLRQ LQ G\QDPLF LQIRUPDWLRQ HFRORJLHV�

7KLV LV QRW WR SRVLW WKDW DQDO\VLV RI XVDJH LQ LQIRUPDWLRQ HQYLURQPHQWV KDV QRW

EHHQ FRQGXFWHG� 6HYHUDO VWXGLHV RQ FRPPDQG XVDJH� PRVWO\ ZLWK WKH 81,; RSHUDWLQJ

V\VWHP >+DQVRQ HW DO� ����@>'HVPDUDLV DQG 3DYHO ����@>6LRFKL DQG (KULFK ����@>.D\ DQG

7KRPDV ����@� DQG XVDJH RI VSHFLILF DSSOLFDWLRQV� PRVWO\ WH[W HGLWRUV DQG K\SHUWH[W V\VWHPV

>+DPPHU DQG 5RXVH ����@>*RRG ����@>(JDQ HW DO� ����@>9DXEHO DQG *HWW\V ����@

>*X]GLDO ����@>6DQWRV DQG %DGUH ����@ KDYH EHHQ FRQGXFWHG� 7KH UHODWLYH ODFN RI FRSLRXV

UHVHDUFK PD\ YHU\ ZHOO EH D FRQVHTXHQFH RI WKH KLJK FRVWV DVVRFLDWHG ZLWK WKH

LQVWUXPHQWDWLRQ RI H[LVWLQJ V\VWHPV IRU GDWD FROOHFWLRQ� :KLOH WKHVH VWXGLHV HPSOR\ D ZLGH
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UDQJH RI WHFKQLTXHV LQFOXGLQJ PXOWLYDULDWH DQDO\VLV� 0DUNRY &KDLQLQJ� VHTXHQFH DQDO\VLV� DQG

GHVFULSWLYH VWDWLVWLFV� QRQH H[SORUH WKH IXQGDPHQWDO QDWXUH RI LQIRUPDWLRQ DFFHVVHG� 7KDW LV�

ZKLOH WKH FRPPDQG VWXGLHV W\SLFDOO\ ORRN DW WKH IUHTXHQF\ RI WKH 81,; FRPPDQG ¶OV· �OLVW

WKH FRQWHQWV RI WKH FXUUHQW GLUHFWRU\�� WKH\ GLG QRW LQYHVWLJDWH ZKDW ZDV EHLQJ OLVWHG� DQG

WKHUHIRUH GR QRW H[SODLQ ZK\ WKH FRPPDQG ZDV LVVXHG� :LWKRXW DQ XQGHUO\LQJ WKHRU\ EHKLQG

LQIRUPDWLRQ EHKDYLRUV� WKHVH IRUPV RI DQDO\VHV FDQ DW EHVW PRGHO XVDJH LQ DQ DG�KRF

PDQQHU� IRUJRLQJ SUHGLFWLYH DQG H[SODQDWLYH DELOLWLHV WKH ZRXOG DFFRPSDQ\ D WKHRU\ RI

LQIRUPDWLRQ HFRORJLHV�

:LWK WKH GHYHORSPHQW RI VPDUWHU DSSOLDQFHV DQG WKH EOXUULQJ RI WKH ERXQGDULHV

EHWZHHQ SK\VLFDO DQG YLUWXDO ZRUNVSDFHV� RQH RI WKH PRUH SURPLVLQJ LQLWLDO DUHDV RI

H[SORUDWLRQ H[LVWV ZLWKLQ FRUSRUDWH ,QWUDQHWV� 7KHVH LQIRUPDWLRQ HQYLURQPHQWV W\SLFDOO\

SURYLGH YHU\ ZHOO VWUXFWXUHG LQIRUPDWLRQ FRXSOHG ZLWK W\SLFDOO\ YHU\ ZHOO VWUXFWXUHG WDVNV�

6LQFH D FOHDUHU XQGHUVWDQGLQJ RI WKH WDVNV H[LVWV ZLWKLQ ZHOO VWUXFWXUHG HQYLURQPHQWV WKDQ

WKH WDVNV RI W\SLFDO ::: XVHUV� WKH GHYHORSPHQW RI UREXVW ZHDN DQG VWURQJ DQDO\WLFDO

WHFKQLTXH WKDW PRGHO LQIRUPDWLRQ XVDJH RQ DQ LQGLYLGXDO� JURXS� DQG DJJUHJDWH OHYHO LV

VLPSOLILHG WR D FHUWDLQ H[WHQW� $GGLWLRQDOO\� ZHOO VWUXFWXUHG HQYLURQPHQWV HQDEOH FULVSHU

HYDOXDWLRQV RI WKH RYHUDOO HIIHFWLYHQHVV RI WKH V\VWHP�

,Q JHQHUDO� DUFKLWHFWXUHV FDQ EH EXLOW WKDW FRQVWDQWO\ SURYLGH UHOHYDQFHLI WKH

V\VWHP PDNHV D SUHGLFWLRQ DERXW ZKDW LQIRUPDWLRQ WKH XVHU LV OLNHO\ WR ILQG UHOHYDQW DQG WKH

XVHU GRHV QRW XWLOL]H WKH LQIRUPDWLRQ� QHJDWLYH UHLQIRUFHPHQW LV SURYLGHG� 7KH VDPH

FDSDELOLW\ H[LVWV IRU SRVLWLYH UHLQIRUFHPHQW� 7KLV SHUPLWV WKH H[SORUDWLRQ LQWR FHUWDLQ FODVVHV

RI OHDUQLQJ DOJRULWKPV WKDW FXUUHQWO\ VXIIHU IURP SUREOHPV RI JHQHUDWLQJ DSSURSULDWH
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WUDLQLQJ VHWV DQG JDWKHULQJ UHOHYDQFH IHHGEDFN LQ D ORZ LPSDFW PDQQHU� $UFKLWHFWXUHV EXLOW

H[SOLFLWO\ WR FDSWXUH XVHU LQWHUDFWLRQV DOVR HQDEOH YDULRXV IRUPV RI XVDELOLW\ DQDO\VLV� $V

LQVWUXPHQWHG DSSOLFDWLRQV DQG LQWHUIDFHV HPHUJH ZLWK WKH FR�HYROXWLRQ RI GLVWULEXWHG

LQIRUPDWLRQ FROOHFWHG�PDQDJHPHQW DUFKLWHFWXUHV� WKH FKDOOHQJHV RI GHYHORSLQJ QHZ

DQDO\WLFDO WHFKQLTXHV ZLOO EH VLJQLILFDQW� HVSHFLDOO\ WKRVH WKDW LQFRUSRUDWH WKH WHPSRUDO QDWXUH

RI LQIRUPDWLRQ DQG GHVLUDELOLW\�

7KH HYHU LQFUHDVLQJ DPRXQW RI LQIRUPDWLRQ QHFHVVLWDWHV WKH GHYHORSPHQW RI

WKHRULHV DQG WHFKQLTXHV WR IDFLOLWDWH WKH PDQDJHPHQW KXPDQ DWWHQWLRQ HIILFLHQWO\� $V ZLWK

DQ\ QHZ HPHUJLQJ ILHOG� WKH VWXG\ RI LQIRUPDWLRQ HFRORJLHV KROGV PXFK SURPLVH DQG

SRWHQWLDO� 0DMRU IURQWLHUV H[LVW RQ WKH GHYHORSPHQW RI VXSSRUWLQJ DUFKLWHFWXUHV IRU WKH

FROOHFWLRQ DQG PDQDJHPHQW RI LQIRUPDWLRQ DORQJ ZLWK WKH GHYHORSPHQW RI QHZ DQDO\WLFDO

WHFKQLTXHV WR SURFHVV WR H[WUDFW PHDQLQJIXO UHSUHVHQWDWLRQV� %XW DV ZLWK DQ\ IURQWLHU� KDOI

WKH IXQ LV QRW NQRZLQJ H[DFWO\ ZKDW WKH IXWXUH ZLOO KROG�



���

5 ( ) ( 5 ( 1 & ( 6

>$EUDPV HW DO� ����@ 0DUF $EUDPV� &KDUOHV 6WDQGULGJH� *KDOHE $EGXOOD� 6WHSKHQ :LOOLDPV�
DQG (GZDUG )R[� &DFKLQJ 3UR[LHV� /LPLWDWLRQV DQG 3RWHQWLDOV� ,Q 3URFHHGLQJV RI WKH )RXUWK
,QWHUQDWLRQDO :RUOG :LGH :HE &RQIHUHQFH� %RVWRQ� 0DVVDFKXVHWWV� 'HFHPEHU �����

>$QGHUVRQ DQG 3LUROOL ����@ -RKQ 5� $QGHUVRQ DQG 3HWHU� /� 3LUROOL� 6SUHDG RI $FWLYDWLRQ�
-RXUQDO RI ([SHULPHQWDO 3V\FKRORJ\� /HDUQLQJ� 0HPRU\� DQG &RJQLWLRQ� ������²���� �����

>$QGHUVRQ DQG 0LOVRQ ����@ -RKQ 5� $QGHUVRQ DQG 5REHUW 0LOVRQ� +XPDQ 0HPRU\� $Q

$GDSWLYH 3HUVSHFWLYH� 3V\FKRORJLFDO 5HYLHZ� �������������� �����

>$QGHUVRQ ����@ -RKQ 5� $QGHUVRQ� 7KH $GDSWLYH &KDUDFWHU RI 7KRXJKW� /DZUHQFH (UOEDXP

$VVRFLDWHV� +LOOVGDOH� 1HZ -HUVH\� �����

>$QGHUVRQ DQG 6FKRROHU ����@ -RKQ 5� $QGHUVRQ DQG /� -� 6FKRROHU� 5HIOHFWLRQV RI WKH

(QYLURQPHQW LQ 0HPRU\� 3V\FKRORJLFDO 6FLHQFH� ��������²���� �����

>$QGHUVRQ ����@ -RKQ 5� $QGHUVRQ� 5XOHV RI WKH 0LQG� /DZUHQFH (UOEDXP $VVRFLDWHV�
+LOOVGDOH� 1HZ -HUVH\� �����

>$WNLQVRQ ����@ 5� -� &� $WNLQVRQ� &DSLWDO SURYLVLRQV IRU 8QLYHUVLW\ /LEUDULHV �´7KH $WNLQVRQ
5HSRUWµ���/RQGRQ� +�0�6�2�� �����

>%HUQHUV�/HH HW DO� ����@ 7LP %HUQHUV�/HH� 5REHUW &DLOOLDX� -HDQ�)UDQoRLV *URII� DQG %HUQG

3ROOHUPDQQ� :RUOG�:LGH :HE� 7KH ,QIRUPDWLRQ 8QLYHUVH� (OHFWURQLF 1HWZRUNLQJ� 5HVHDUFK�
$SSOLFDWLRQV� DQG 3ROLF\� ����������� �����

>%HUQHUV�/HH HW DO� ����@ 7LP %HUQHUV�/HH� 5REHUW &DLOOLDX� $UL /XRWRQHQ� +HQULN 1LHOVHQ�

DQG $UWKXU 6HFUHW� 7KH :RUOG�:LGH :HE� &RPPXQLFDWLRQV RI WKH $&0� ������������ �����

>%RWDIRJR DQG 6FKQHLGHUPDQ ����@ 5� $� %RWDIRJR DQG %HQ 6KQHLGHUPDQ� ,GHQWLI\LQJ

$JJUHJDWHV LQ +\SHUWH[W 6WUXFWXUHV� ,Q 3URFHHGLQJV RI WKH +\SHUWH[W �� &RQIHUHQFH��3DJHV ������
$&0� 1HZ <RUN� �����

>%RWDIRJR HW DO� ����@ 5� $� %RWDIRJR� (� 5LYOLQ� DQG %HQ 6KQHLGHUPDQ� 6WUXFWXUDO $QDO\VLV

RI +\SHUWH[WV� ,GHQWLI\LQJ +LHUDUFKLHV DQG 8VHIXO 0HWULFV� $&0 7UDQVDFWLRQV RQ ,QIRUPDWLRQ
6\VWHPV� ���������²���� �����



���

>%XUUHOO ����@ 4XHQWLQ� /� %XUUHOO� $ 6LPSOH 6WRFKDVWLF 0RGHO IRU /LEUDU\ /RDQV� -RXUQDO RI
'RFXPHQWDWLRQ� ���������²���� �����

>%XUUHOO DQG &DQH ����@ 4XHQWLQ /� %XUUHOO DQG 9LROHW 5� &DQH� 7KH $QDO\VLV RI /LEUDU\

'DWD� -RXUQDO RI WKH 5R\DO 6WDWLVWLFDO 6RFLHW\ �6HULHV $�� ������������

>%XUUHOO ����@ 4XHQWLQ� /� %XUUHOO� $ 1RWH RQ WKH $JLQJ LQ D /LEUDU\ &LUFXODWLRQ 0RGHO�

-RXUQDO RI 'RFXPHQWDWLRQ� �������������� �����

>%XUUHOO DQG )HQWRQ ����@ 4XHQWLQ /� %XUUHOO DQG 0LFKDHO 5� )HQWRQ� $ 0RGHO IRU /LEUDU\

%RRN &LUFXODWLRQV ,QFRUSRUDWLQJ /RDQ 3HULRGV� -RXUQDO RI WKH $PHULFDQ 6RFLHW\ IRU ,QIRUPDWLRQ
6FLHQFH� �������������� �����

>&DUG HW DO� ����@ 6WXDUW &DUG� -RFN 0DFNLQOD\� DQG *HRUJH 5REHUWVRQ� 7KH ,QIRUPDWLRQ

9LVXDOL]HU� $Q ,QIRUPDWLRQ :RUNVSDFH� ,Q &RQIHUHQFH RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV
�&+, ���� 1HZ 2UOHDQV� /RXLVLDQD� $SULO �� � 0D\ �� �����

>&DUG HW DO� ����@ 6WXDUW &DUG� 3HWHU 3LUROOL� DQG -RFN 0DFNLQOD\� 7KH &RVW�RI�.QRZOHGJH

&KDUDFWHULVWLF )XQFWLRQ� 'LVSOD\ (YDOXDWLRQ IRU 'LUHFW�:DON '\QDPLF ,QIRUPDWLRQ

9LVXDOL]DWLRQ� ,Q &RQIHUHQFH RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+, ���� SDJHV ��������

%RVWRQ� 0DVVDFKXVHWWV� $SULO ������ �����

>&DUG HW DO� ����@ 6WXDUW &DUG� *HRUJH 5REHUWVRQ� DQG :LOOLDP <RUN� 7KH :HE%RRN DQG WKH

:HE )RUDJHU� $Q ,QIRUPDWLRQ :RUNVSDFH IRU WKH :RUOG :LGH :HE� ,Q &RQIHUHQFH RQ +XPDQ
)DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+, ���� 9DQFRXYHU� &DQDGD� $SULO ������ �����

>&DWOHGJH DQG 3LWNRZ ����@ /DUD &DWOHGJH DQG -DPHV (� 3LWNRZ� &KDUDFWHUL]LQJ %URZVLQJ

%HKDYLRUV RQ WKH :RUOG :LGH :HE� &RPSXWHU 1HWZRUNV DQG ,6'1 6\VWHPV� ������ �����

>&XWWLQJ HW DO� ����@ 'RXJODV 5� &XWWLQJ� -DQ 2� 3HQGHUVRQ DQG 3HU�.ULVWLDQ +DOYRUVHQ� $Q
2EMHFW�2ULHQWHG $UFKLWHFWXUH IRU 7H[W 5HWULHYDO� 3URFHHGLQJV RI 5,$2 �� ,QWHOOLJHQW 7H[W DQG
,PDJH KDQGOLQJ� SDJHV �������� %DUFHORQD� 6SDLQ� �����

>&XWWLQJ HW DO� ����@ 'RXJODV� 5� &XWWLQJ� '� 5� .DUJHU� -DQ� 2� 3HQGHUVRQ� DQG -RKQ� :�

7XNH\� 6FDWWHU�*DWKHU� $ &OXVWHU�%DVHG $SSURDFK WR %URZVLQJ /DUJH 'RFXPHQW
&ROOHFWLRQV� ,Q 7KH ��WK $QQXDO ,QWHUQDWLRQDO $&0 6,*,5 &RQIHUHQFH RQ 5HVHDUFK DQG 'HYHORSPHQW
LQ ,QIRUPDWLRQ 5HWULHYDO� SDJHV ���²���� $XJXVW �����

>'DQLHO DQG 0HDOOLQJ ����@ 5RQ 'DQLHO -U� DQG 0LFKDHO 0HDOOLQJ� 85& 6FHQDULRV DQG

5HTXLUHPHQWV� 'UDIW�LHWI�XLU�XUF�UHT����W[W� ,QWHUQHW (QJLQHHULQJ 7DVN )RUFH :RUNLQJ

'UDIW� �����



���

>'HVPDUDLV DQG 3DYHO ����@ 0� 'HVPDUDLV� DQG 0� 3DYHO� 0� 8VHU .QRZOHGJH (YDOXDWLRQ�

$Q ([SHULPHQW ZLWK 81,;� ,Q %XOOLQJHU� +� DQG 6KDFNHO� %�� HGLWRUV� ,17(5$&7·��� SDJHV

���²���� (OVHYLHU 6FLHQFH 3XEOLVKHUV� %�9� �1RUWK�+ROODQG�� �����

>'XQQ ����@ 2� &� 'XQQ� :� )� 6HUEHUW� DQG -� $� 6HKHXQHPDQ� 7KH 3DVW DQG /LNHO\ )XWXUH RI
�� 5HVHDUFK /LEUDULHV ���������� $ 6WDWLVWLFDO 6WXG\ RI *URZWK DQG &KDQJH��3XUGXH 8QLYHUVLW\

/LEUDULHV� �����

>(JDQ HW DO� ����@ '� (� (JDQ� -� 5� 5HPGH� /� 0� *RPH]� 7� .� /DQGDXHU� -� (EHUKDUGW� DQG

&� &� /RFKEDXP� )RUPDWLYH 'HVLJQ�HYDOXDWLRQ RI 6XSHUERRN� $&0 7UDQVDFWLRQV RQ 2IILFH
,QIRUPDWLRQ 6\VWHPV� �������²��� �����

>)LHOGLQJ DW DO� ����@ 5R\ )LHOGLQJ� -LP *HWW\V� -HII &� 0RJXO� +HQULN )U\VW\N 1LHOVHQ� DQG
7LP %HUQHUV�/HH� 5)& ����³+\SHUWH[W 7UDQVIHU 3URWRFRO³+773����� 8QLYHUVLW\ RI
&DOLIRUQLD ,UYLQH� 'LJLWDO (TXLSPHQW &RUSRUDWLRQ� 0�,�7�� �����

>*DUILHOG ����@ (XJHQH *DUILHOG� &LWDWLRQ ,QGH[LQJ��,6, 3UHVV� 3KLODGHOSKLD� 3HQQV\OYDQLD�
�����

>*RRG ����@ 0� *RRG� 0� 7KH 8VH RI /RJJLQJ 'DWD LQ WKH 'HVLJQ RI D 1HZ 7H[W (GLWRU�
,Q &RQIHUHQFH RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+, ���� 6DQ )UDQFLVFR� &DOLIRUQLD� $SULO

������ �����

>*RUH ����@ 'DQLHO *RUH� 7KH 7KHRU\ RI WKH 1RQ�*URZWK� +LJK 3HUIRUPDQFH /LEUDU\� ,Q

)DUHZHOO WR $OH[DQGULD� 6ROXWLRQV WR 6SDFH� *URZWK� DQG 3HUIRUPDQFH 3UREOHPV RI /LEUDULHV��3DJHV ����
���� *UHHQZRRG 3UHVV� &RQQHFWLFXW DQG /RQGRQ� �����

>*UD\ ����@ 0DUN *UD\� *URZWK DQG 8VDJH RI WKH :HE DQG WKH ,QWHUQHW� 2QOLQH
3XEOLFDWLRQ� KWWS���ZZZ�PLW�HGX������SHRSOH�PNJUD\�QHW� �����

>*XKD ����@ 5� 9� *XKD� 0HWD &RQWHQW )UDPHZRUN� 2QOLQH 3XEOLFDWLRQ�
KWWS���PFI�UHVHDUFK�DSSOH�FRP� �����

>*X]GLDO� ����@ 0DUN *X]GLDO� &KDUDFWHUL]LQJ 3URFHVV &KDQJH 8VLQJ /RJ )LOH 'DWD�
7HFKQLFDO 5HSRUW ������ *98 &HQWHU� *HRUJLD ,QVWLWXWH RI 7HFKQRORJ\� �����

>+DPPHU DQG 5RXVH ����@ -� +DPPHU DQG : 5RXVH� $QDO\VLV DQG 0RGHOLQJ LQ )UHH )RUP
7HVW (GLWLQJ %HKDYLRU� ,Q &RQIHUHQFH RQ &\EHUQHWLFV DQG 6RFLHW\� 'HQYHU� &RORUDGR� �����

>+DQVRQ HW DO� ����@ 6� -� +DQVRQ� 5� (� .UDXW� -� 0 DQG )DUEHU� ,QWHUIDFH 'HVLJQ DQG

0XOWLYDULDWH $QDO\VLV RI 81,; &RPPDQG 8VH� $&0 7UDQVDFWLRQV RI ,QIRUPDWLRQ 6\VWHPV�
�������²��� �����



���

>+LOO HW DO� ����@ :LOOLDP &� +LOO� -DPHV '� +ROODQG� 'DYH :UREOHZVKL� DQG 7LP 0F&DQGOHVV�

(GLW :HDU DQG 5HDG :HDU� ,Q &RQIHUHQFH RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+, ����
0RQWHUH\� &DOLIRUQLD� 0D\ ���� �����

>+XEHUPDQ DQG +RJJ ����@ %HUQDUGR +XEHUPDQ DQG 7DGG +RJJ� 3KDVH 7UDQVLWLRQV LQ
$UWLILFLDO ,QWHOOLJHQFH 6\VWHPV� $UWLILFLDO ,QWHOOLJHQFHV� ����������� �����

>,QWHUQHW $UFKLYH ����@ ,QWHUQHW $UFKLYH� 2QOLQH 3XEOLFDWLRQ� KWWS���ZZZ�DUFKLYH�RUJ�

�����

>.D\ DQG 7KRPDV ����@ -� .D\ DQG 5� &� 7KRPDV� 6WXG\LQJ /RQJ�WHUP 6\VWHP 8VH�

&RPPXQLFDWLRQV RI WKH $&0����������²��� �����

>.HQW HW DO� ����@ $� .HQW� .� /� 0RQWJRPHU\� -� &RKHQ� 6� %XOLFN� :� 1� 6DERU� 5� )O\QQ�

DQG '� /� 6KLUH\� 8VH RI /LEUDU\ 0DWHULDOV� 7KH 8QLYHUVLW\ RI 3LWWVEXUJK 6WXG\��0DUFHO 'HNHU� 1HZ

<RUN� �����

>.RKRQHQ ����@ 7HXYR .RKRQHQ� 7KH 6HOI�2UJDQL]LQJ 0DS� 3URFHHGLQJV RI ,(((�

���������������� 6HSWHPEHU� �����

>/HLPNXKOHU DQG &RRSHU ����@ )HUGLQDQG )� /HLPNXKOHU DQG 0LFKDHO '� &RRSHU� $QDO\WLFDO

0RGHOV IRU /LEUDU\ 3ODQQLQJ� -RXUQDO RI WKH $PHULFDQ 6RFLHW\ IRU ,QIRUPDWLRQ 6FLHQFHV�������������
�����

>/LHEHUPDQ ����@ +HQU\ /LHEHUPDQ� $XWRQRPRXV ,QWHUIDFH $JHQWV� ,Q &RQIHUHQFH RQ +XPDQ
)DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+, �����$WODQWD� *HRUJLD� 0DUFK ������ �����

>/\FRV ����@ /\FRV� 2QOLQH 3XEOLFDWLRQ� KWWS���ZZZ�O\FRV�FRP� �����

>0F&DLQ ����@ .� :� 0F&DLQ� 0DSSLQJ $XWKRUV WR ,QWHOOHFWXDO 6SDFH� 3RSXODWLRQ *HQHWLFV LQ WKH
����V��SDJHV ���²���� 6DJH 3XEOLFDWLRQV� 1HZEXU\ 3DUN� &DOLIRUQLD� �����

>0RUVH ����@ 3� 0� 0RUVH� /LEUDU\ (IIHFWLYHQHVV� $ 6\VWHPV $SSURDFK��0�,�7� 3UHVV� %RVWRQ�

0DVVDFKXVHWWV� �����

>1HWFUDIW ����@ 1HWFUDIW ,QF� 1HWFUDIW 6XUYH\ RI +773 VHUYHUV� 2QOLQH 3XEOLFDWLRQ�

KWWS���ZZZ�QHWFUDIW�FR�XN�6XUYH\�5HSRUWV�� �����

>0XNKHUMHD DQG )ROH\ ����@ 6RXJDWD 0XNKHUMHD DQG -DPHV )ROH\� 9LVXDOL]LQJ WKH :RUOG

:LGH :HE ZLWK WKH 1DYLJDWLRQDO 9LHZ %XLOGHU� &RPSXWHU 1HWZRUNV DQG ,6'1 6\VWHPV� ������
�����



���

>5HFNHU DQG 3LWNRZ ����@ 0DUJDUHW 0� 5HFNHU DQG -DPHV (� 3LWNRZ� 3UHGLFWLQJ 'RFXPHQW
$FFHVV LQ /DUJH 0XOWLPHGLD 5HSRVLWRULHV� $&0 7UDQVDFWLRQV RQ &RPSXWHU�+XPDQ ,QWHUDFWLRQ�

������������� �����

>3LUROOL ����@ 3ULYDWH &RPPXQLFDWLRQ�

>3LUROOL HW DO� ����@ 3HWHU 3LUROOL� -DPHV 3LWNRZ� DQG 5DPDQD 5DR� 6LON IURP D 6RZ
V (DU�

([WUDFWLQJ 8VDEOH 6WUXFWXUHV IURP WKH :HE� &RQIHUHQFH RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV
�&+, ���� 9DQFRXYHU� &DQDGD� $SULO ��²��� �����

>3LUROOL DQG &DUG ����@ 3HWHU 3LUROOL DQG 6WXDUW &DUG� ,QIRUPDWLRQ )RUDJLQJ LQ ,QIRUPDWLRQ
$FFHVV (QYLURQPHQWV� ,Q &RQIHUHQFH RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+, ���� 'HQYHU�

&RORUDGR� 0D\ ����� �����

>3LUROOL HW DO� ����@ 3HWHU 3LUROOL� 3� 6KDQN� 0DUWL +HDUVW� DQG &� 'LHKO� 6FDWWHU�*DWKHU

%URZVLQJ &RPPXQLFDWHV WKH 7RSLF 6WUXFWXUH RI D 9HU\ /DUJH 7H[W &ROOHFWLRQ� ,Q &RQIHUHQFH
RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+, �����9DQFRXYHU� &DQDGD� $SULO ������ �����

>3LWNRZ DQG 5HFNHU ����D@ -DPHV (� 3LWNRZ DQG 0DUJDUHW 0� 5HFNHU� $ 6LPSOH <HW 5REXVW

&DFKLQJ $OJRULWKP %DVHG RQ '\QDPLF $FFHVV 3DWWHUQV� 7KH 6HFRQG ,QWHUQDWLRQDO :RUOG :LGH
:HE &RQIHUHQFH��&KLFDJR� ,OOLQRLV� 2FW� ��²��� �����

>3LWNRZ DQG 5HFNHU ����E@ -DPHV (� 3LWNRZ DQG 0DUJDUHW 0� 5HFNHU� ,QWHJUDWLQJ %RWWRP�

8S DQG 7RS�'RZQ $QDO\VLV IRU ,QWHOOLJHQW +\SHUWH[W� ,Q 7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ
,QWHOOLJHQW .QRZOHGJH 0DQDJHPHQW��0DU\ODQG� 0DU\ODQG� 1RY� ��²'HF� �� �����

>3LWNRZ ����@ -DPHV (� 3LWNRZ� ,QIRUPDWLRQ (FRORJLHV� 3URSRVDO RI 'LVVHUWDWLRQ 5HVHDUFK�

8QSXEOLVKHG� *HRUJLD ,QVWLWXWH RI 7HFKQRORJ\� 0D\ ��� �����

>3LWNRZ DQG .HKRH ����@ -DPHV (� 3LWNRZ DQG &ROOHHQ 0� .HKRH� 5HVXOWV IURP WKH 7KLUG

:RUOG :LGH :HE 8VHU 6XUYH\� 7KH :RUOG :LGH :HE -RXUQDO������� �����

>3LWNRZ DQG .HKRH ����@ -DPHV (� 3LWNRZ DQG &ROOHHQ 0� .HKRH� *98·V 6L[WK :::

8VHU 6XUYH\ 5HVXOWV� 2QOLQH 3XEOLFDWLRQ� KWWS���ZZZ�JYX�JDWHFK�HGX�XVHUBVXUYH\V� �����

>3LWNRZ ����@ -DPHV (� 3LWNRZ� ,Q 6HDUFK RI 5HOLDEOH 8VDJH 'DWD RQ WKH :::� ,Q

3URFHHGLQJV RI WKH 6L[WK ,QWHUQDWLRQDO :RUOG :LGH :HE &RQIHUHQFH��6DQWD &ODUD� &DOLIRUQLD� $SULO ��

��� �����

>3LWNRZ DQG 3LUROOL ����@ -DPHV (� 3LWNRZ DQG 3HWHU 3LUROOL� /LIH� 'HDWK� DQG /DZIXOQHVV RQ

WKH (OHFWURQLF )URQWLHU� ,Q &RQIHUHQFH RQ +XPDQ )DFWRUV LQ &RPSXWLQJ 6\VWHPV �&+, �����$WODQWD�

*HRUJLD� 0DUFK ������ �����



���

>3ULFH ����@ 'HUHN GH 6ROOD 3ULFH� $ *HQHUDO 7KHRU\ RI %LEOLRPHWULF DQG 2WKHU &XPXODWLYH

$GYDQWDJH 3URFHVVHV� -RXUQDO RI WKH $PHULFDQ 6RFLHW\ IRU ,QIRUPDWLRQ 6FLHQFH� 6HSWHPEHU�

2FWREHU �����

>6DQWRV DQG %DGUH ����@ 3� 6DQWRV DQG $� %DGUH� $XWRPDWLF &KXQN 'HWHFWLRQ LQ +XPDQ�

&RPSXWHU ,QWHUDFWLRQ� 7HFKQLFDO 5HSRUW ����� *98 &HQWHU� *HRUJLD ,QVWLWXWH RI

7HFKQRORJ\� �����

>6LPRQ ����@ +HUEHUW $� 6LPRQ� 0RGHOV RI 0DQ 6RFLDO DQG 5DWLRQDO��&KDSWHU 1LQH� 2Q D &ODVV
RI 6NHZ 'LVWULEXWLRQ )XQFWLRQV� 1HZ <RUN� 1HZ <RUN� -RKQ :LOH\ DQG 6RQV� ����� $OVR LQ
%LRPHWULND� ����������� �����

>6LRFKL DQG (KULFK ����@ $� &� 6LRFKL DQG 5� :� (KULFK� &RPSXWHU $QDO\VLV RI 8VHU
,QWHUIDFHV %DVHG RQ 5HSHWLWLRQ LQ 7UDQVFULSWV RI 8VHU 6HVVLRQV� $&0 7UDQVDFWLRQV RI
,QIRUPDWLRQ 6\VWHPV� ��������²���� �����

>6PDOO DQG *ULIILWK ����@ +� 6PDOO DQG %� *ULIILWK� 7KH 6WUXFWXUH RI 6FLHQWLILF /LWHUDWXUHV ,�
,GHQWLI\LQJ DQG *UDSKLQJ 6SHFLDOWLHV� 6FLHQFH 6WXGLHV� ��������²��� �����

>6PLWK DQG :LQWHUKDOGHU ����@ (� $� 6PLWK DQG %� :LQWHUKDOGHU� (GLWRUV� (YROXWLRQDU\ (FRORJ\
DQ +XPDQ %HKDYLRU� GH *UX\WHU� 1HZ <RUN� 1HZ <RUN� �����

>6DQGLVRQ ����@ $� 6DQGLVRQ� 0RGHOV IRU /LEUDULDQV� -RXUQDO RI WKH $PHULFDQ 6RFLHW\ IRU
,QIRUPDWLRQ 6FLHQFH������������� �����

>6WHSKHQV DQG .UHEV ����@ '� :� 6WHSKHQV DQG -� 5� .UHEV� )RUDJLQJ 7KHRU\� 3ULQFHWRQ
8QLYHUVLW\ 3UHVV� 3ULQFHWRQ� 1HZ -HUVH\� �����

>7DJXH DQG $MLIHUXNH ����@ -HDQ 7DJXH DQG ,VROD $MLIHUXNH� 7KH 0DUNRY DQG WKH 0L[HG�

3RLVVRQ 0RGHOV RI /LEUDU\ &LUFXODWLRQ &RPSDUHG� -RXUQDO RI 'RFXPHQWDWLRQ����������������

�����

>7ULJJ ����@ 5DQGDOO +� 7ULJJ� $ 1HWZRUN�EDVHG $SSURDFK WR 7H[W +DQGOLQJ IRU WKH 2QOLQH
6FLHQWLILF &RPPXQLW\� 3K�'� 7KHVLV� 8QLYHUVLW\ RI 0DU\ODQG� �����

>8QLYHUVLW\ *UDQWV &RPPLWWHH ����@ 8QLYHUVLW\ *UDQWV &RPPLWWHH� &DSLWDO SURYLVLRQV IRU
8QLYHUVLW\ /LEUDULHV� UHSRUW RI D :RUNLQJ 3DUW\��/RQGRQ� +�0�6�2�� �����

>YDQ5LMVEHUJHQ ����@ &� -� YDQ5LMVEHUJHQ� ,QIRUPDWLRQ 5HWULHYDO��%XWWHUZRUWK 	 &RPSDQ\�
%RVWRQ� 0DVVDFKXVHWWV� �����

>9DXEHO DQG *HWW\V� ����@ .� 3� 9DXEHO� DQG &� )� *HWW\V� ,QIHUULQJ 8VHU ([SHUWLVH IRU
$GDSWLYH ,QWHUIDFHV� +XPDQ &RPSXWHU ,QWHUDFWLRQ� ����²���� �����



���

>:HEVWHU ����@ :HEVWHU 1HZ :RUOG 'LFWLRQDU\ 7KLUG &ROOHJH (GLWLRQ� 6LPRQ DQG 6FKXVWHU�

,QF�� 1HZ <RUN� 1HZ <RUN� �����

>:KLWH ����@ +� '� :KLWH� $XWKRU &R�FLWDWLRQ $QDO\VLV� 2YHUYLHZ DQG 'HIHQVH��SDJHV ��²���� 6DJH
3XEOLFDWLRQV� 1HZEXU\ 3DUN� &DOLIRUQLD� �����

>:RRVWHU DQG $EUDPV ����@ 5RODQG 3� :RRVWHU DQG 0DUF $EUDPV� 3UR[\ &DFKLQJ WKDW

(VWLPDWHV 3DJH /RDG 'HOD\V� ,Q 3URFHHGLQJV RI WKH 6L[WK ,QWHUQDWLRQDO :RUOG :LGH :HE &RQIHUHQFH�
6DQWD &ODUD� &$� $SULO �����

><DKRR ����@ <DKRR� 2QOLQH 3XEOLFDWLRQ� KWWS���ZZZ�\DKRR�FRP� �����



���

9 , 7 $

-DPHV (� 3LWNRZ ZDV ERUQ RQ $SULO ��� ���� LQ 3KLODGHOSKLD� 3HQQV\OYDQLD� +H

JUDGXDWHG ZLWK KRQRUV LQ 3V\FKRORJ\ IURP WKH 8QLYHUVLW\ RI &RORUDGR LQ �����


