
$ 6\QWKHVL]HG /HDUQLQJ $SSURDFK IRU :HE�%DVHG &50

:HL�/XQ &KDQJ 6RH�7V\U <XDQ

%XVLQHVV ,QWHOOLJHQFH 0DQDJHPHQW /DERUDWRU\

'HSDUWPHQW RI ,QIRUPDWLRQ 0DQDJHPHQW

)X�-HQ 8QLYHUVLW\� 7DLSHL� 7DLZDQ

(�PDLO� DOOHQ#LP�IMX�HGX�WZ \XDQV#WSWV��VHHG�QHW�WZ

$EVWUDFW

7KH LVVXH RI FXVWRPHU UHODWLRQVKLS PDQDJHPHQW HPHUJHV UDSLGO\�

&XVWRPHUV KDYH EHFRPH RQH RI WKH LPSRUWDQW FRQVLGHUDWLRQV WR

FRPSDQLHV EHLQJ EXLOW DV ZHOO� $FFRUGLQJO\� FXVWRPHU UHWHQWLRQ LV

D YHU\ LPSRUWDQW WRSLF� ,Q WKLV SDSHU� ZH SUHVHQW D V\QWKHVL]HG

OHDUQLQJ DSSURDFK IRU EHWWHU XQGHUVWDQGLQJ RI FXVWRPHUV DQG WKH

SURYLVLRQ RI FOXHV IRU LPSURYLQJ FXVWRPHU UHODWLRQVKLSV EDVHG RQ

GLIIHUHQW VRXUFHV RI ZHE FXVWRPHU GDWD� 7KH DSSURDFK� &50LQHU�

LV D FRPELQDWLRQ RI 6HOI�2UJDQL]DWLRQ 0DSV� +LHUDUFKLFDO

$XWRPDWLF /DEHOLQJ 620� DQG 'HFLVLRQ 7UHH� DQG &URVV�&ODVV

$QDO\VLV� 7KH REMHFWLYH RI WKH DSSURDFK LV WR VHJPHQW GDWD VRXUFH

LQWR FOXVWHUV� DXWRPDWLFDOO\ ODEHO WKH IHDWXUHV RI WKH FOXVWHUV�

GLVFRYHU WKH FKDUDFWHULVWLFV RI QRUPDO� GHIHFWHG DQG SRVVLEO\

GHIHFWHG FOXVWHUV RI FXVWRPHUV� DQG SURYLGH FOXHV IRU JDLQLQJ

FXVWRPHU UHWHQWLRQ�

�� ,QWURGXFWLRQ

7KH UHODWLRQVKLS EHWZHHQ FRPSDQLHV DQG FXVWRPHUV HYROYHV LQWR D

FULWLFDO UHVHDUFK LVVXH� DQG WKH FRQFHSW ³&XVWRPHU 5HODWLRQVKLS

0DQDJHPHQW �&50�´ ZDV SURSRVHG IUHTXHQWO\ LQ WKH UHFHQW \HDUV�

0RUHRYHU� &50 QRW RQO\ GLVFXVVHV WUDGLWLRQDO FXVWRPHU SUREOHPV

EXW SURYLGHV DQ LQWHJUDWHG VROXWLRQ WR UHVROYH LQWHUQDO SUREOHPV LQ

WKH HQWHUSULVH� LQFOXGLQJ ³&XVWRPHU 0DUNHWLQJ´� ³6DOH´�

³&XVWRPHU 6HUYLFHV´� DQG LQWHJUDWH SHRSOH� SURFHVV DQG

WHFKQRORJ\ WR IRUP D UHYROXWLRQDU\ FRQFHSW >�� �@� 7KH XOWLPDWH

JRDOV RI &50 DUH WR DFTXLUH QHZ FXVWRPHUV� UHWDLQ ROG FXVWRPHUV

DQG JURZ FXVWRPHU SURILWDELOLW\�

$ UHSRUW IURP &XVWRPHU 5HWHQWLRQ 3UDFWLFH 1HZVOHWWHU LQ

���� SRLQWHG RXW ³7KH W\SLFDO FRPSDQ\ GHULYHV ��� RI LWV SURILW

IURP ��� RI WKH FXVWRPHUV EDVH´ >�@� 7KHUHIRUH� ZH FDQ

XQGHUVWDQG WKDW WKH UROH RI WKH FXVWRPHUV LQ WKH HQWHUSULVHV

EHFRPHV PRUH DQG PRUH LPSRUWDQW� ,W DOVR H[SODLQV ZK\ WKH

FRPSDQLHV HPSOR\ DOO NLQGV RI FRPSHWLWLRQ DQG PDUNHWLQJ

WHFKQLTXHV WR UHWDLQ FXVWRPHUV� ,Q RWKHU ZRUGV� WKH LPSRUWDQFH RI

WKH FXVWRPHUV WR WKH FRPSDQLHV LV JUHDWO\ LQFUHDVHG� &RQVHTXHQWO\�

KRZ WR YHULI\ FXVWRPHUV¶ GHPDQGV DQG KRZ WR UHWDLQ FXVWRPHUV

DUH EHFRPLQJ WKH PRVW LPSRUWDQW LVVXH >�@�

2Q WKH RWKHU KDQG� DOWKRXJK DOO HQWHUSULVHV KDYH WKHLU RZQ

FXVWRPHUV� WKH\ VWLOO KDYH WR GLVFRYHU SRWHQWLDO WDUJHW FXVWRPHU

FRQWLQXRXVO\� 7KHUHIRUH� ³&XVWRPHU /R\DOW\´ LV WKH PRVW

LPSRUWDQW OLQN WR WKH SRWHQWLDO FRPPHUFLDO RSSRUWXQLWLHV EHFDXVH

WKH FRPSDQLHV FDQ HPSOR\ H[LVWLQJ FXVWRPHUV WR VWLPXODWH

UH�SXUFKDVH DQG DQDO\]H WKHLU FKDUDFWHULVWLF DWWULEXWHV WR SUHGLFW

SRWHQWLDO FXVWRPHU VHJPHQWV�

,Q JHQHUDO� WKHUH DUH WKUHH SKDVHV LQ WKH &50 /LIHF\FOH�

z ,QWHJUDWLRQ� RXWSXW FHQWUDOL]HG FXVWRPHU GDWD IURP

GLIIHUHQFH VRXUFHV�

z $QDO\VLV� SURYLGH D GHHSHU XQGHUVWDQGLQJ RI FXVWRPHU

EHKDYLRU DQG QHHGV�

z $FWLRQ� SURYLGH SRVLWLYH LPSDFW RI FXVWRPHU UHODWLRQVKLSV�

)RU :HE�EDVHG &50� WKH VRXUFHV RI FXVWRPHU GDWD DUH IURP

WKH FXVWRPHU�:HE LQWHUDFWLRQV� ,Q WKLV SDSHU� ZH SUHVHQW D QRYHO

V\QWKHVL]HG OHDUQLQJ DSSURDFK IRU EHWWHU XQGHUVWDQGLQJ RI

FXVWRPHUV DQG WKH SURYLVLRQ RI FOXHV IRU LPSURYLQJ FXVWRPHU

UHODWLRQVKLSV EDVHG RQ GLIIHUHQW VRXUFHV RI ZHE FXVWRPHU GDWD�

7KH QRYHO V\QWKHVL]HG OHDUQLQJ DSSURDFK LV D FRPELQDWLRQ RI

+LHUDUFKLFDO $XWRPDWLF /DEHOLQJ 620 &OXVWHULQJ 0HWKRG DQG

'HFLVLRQ 7UHH�

7KLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � GHVFULEHV WKH

DUFKLWHFWXUH RI WKH DSSURDFK� 6HFWLRQ � SURYLGHV WKH GHVFULSWLRQV

RI WKH WKUHH FRPSRQHQWV RI WKH DSSURDFK� 620�

DXWRPDWLF�ODEHOLQJ 620 �/DEHO620�� DQG GHFLVLRQ WUHH� 6HFWLRQ

� GHPRQVWUDWHV DQ H[DPSOH WR VKRZ KRZ WKH DSSURDFK JDLQV EHWWHU

XQGHUVWDQGLQJ RI FXVWRPHUV DQG SURYLGHV FOXHV IRU LPSURYLQJ

FXVWRPHU UHODWLRQVKLSV� )LQDOO\� D FRQFOXVLRQ LV PDGH LQ 6HFWLRQ ��

�� $UFKLWHFWXUH

,Q WKLV VHFWLRQ� ZH SURYLGH WKH DUFKLWHFWXUH RI RXU

V\QWKHVL]HG OHDUQLQJ DSSURDFK DQG WKH SURSHUWLHV RI WKH DSSURDFK�

7KH DUFKLWHFWXUH VKRZQ LQ )LJXUH � VKRZV WKHUH DUH IRXUV PDMRU

WDVNV DVVRFLDWHG ZLWK WKH V\QWKHVL]HG OHDUQLQJ DSSURDFK�

�� :HE�EDVHG &XVWRPHU GDWD LV LQWHJUDWHG IRU DQDO\VLV� :H XVHG

WKUHH VRXUFHV RI FXVWRPHU GDWD �PHPEHUV� SURGXFWV SXUFKDVHG�

PHPEHU YLVLW ORJ� JHQHUDWHG IURP WKH FXVWRPHU�:HE

LQWHUDFWLRQV RI WKH 7DLZDQ EUDQFK RI WKH ZRUOGZLGH OHDGLQJ

SULQWHU FRPSDQ\�

�� 7KH FHQWUDOL]HG FXVWRPHU GDWD LV FOXVWHUHG E\ KLHUDUFKLFDO

DXWRPDWLF ODEHOLQJ 620 WKDW JHQHUDWHV YLVXDOL]DWLRQ

GLDJUDPV VKRZLQJ DOO FOXVWHUV ZLWK ODEHOHG FKDUDFWHULVWLF

IHDWXUHV DXWRPDWLFDOO\�

�� +XPDQ DQDO\VWV DVVLJQ FODVVHV �1RUPDO� 'HIHFWHG� 3RVVLEO\

'HIHFWHG� WR FOXVWHUV EDVHG RQ WKH ODEHOHG IHDWXUHV RI FOXVWHUV�

�� 7KH ODEHOHG IHDWXUHV RI FOXVWHUV ZLWK FODVV ODEHOV VHUYH DV D

WUDLQLQJ VDPSOH IRU WKH GHFLVLRQ WUHH� ZKLFK OHDUQV WKH

FKDUDFWHULVWLFV RI 1RUPDO�'HIHFWHG�3RVVLEO\ 'HIHFWHG

FXVWRPHUV�
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)LJXUH �ü 6\VWHP )UDPHZRUN

7KH SURSHUWLHV H[KLELWHG E\ WKH DUFKLWHFWXUH DUH WKUHH�IROG�

��� 9LVXDOL]DWLRQ FOXVWHULQJ DQDO\VLV PHWKRG ZLWK DXWRPDWLF

ODEHOLQJ

,Q JHQHUDO� EXVLQHVVHV KDYH KXJH DPRXQWV RI FXVWRPHU GDWD�

7KHUHIRUH� LW LV LPSRUWDQW WR WUDQVIRUP WKH KXJH FXVWRPHU GDWD LQWR

XVHIXO LQIRUPDWLRQ� 2XU DSSURDFK XWLOL]HV WKH YLVXDOL]DWLRQ

FOXVWHULQJ DQDO\VLV PHWKRG� /DEHO620� WR JHQHUDWH YLVXDO FOXVWHUV

RI FXVWRPHUV ZLWK ODEHOHG IHDWXUHV IRU HDVLHU XQGHUVWDQGLQJ RI WKH

VHJPHQWDWLRQ RI FXVWRPHUV� 7KH ODEHOHG IHDWXUHV RI D FOXVWHU

KLJKOLJKW WKH PRVW LPSRUWDQW DWWULEXWHV FKDUDFWHUL]LQJ WKH FOXVWHU�

ZKLFK ZHUH XQDWWDLQDEOH LQ SUHYLRXV &50 DSSURDFKHV�

)XUWKHUPRUH� /DEHO620 LV D QRQOLQHDU FOXVWHULQJ PHWKRG� ZKLFK

FDQ XQFRYHU QRQOLQHDU FOXVWHU ERXQGDU\ UHODWLRQVKLSV� ZKLFK LV

DOVR XQDWWDLQDEOH LQ PRVW RI SUHYLRXV VWDWLVWLFDO DQDO\VLV

DSSURDFKHV�

��� 0L[HG�LQLWLDWLYH�

7KLV SDSHU SUHVXPHV WKDW LW LV RIWHQ WKH FDVH ZLWK WKHLU WDFLW

H[SHULHQFH� KXPDQ DQDO\VWV NQRZ WKH FODVV FDWHJRULHV �1RUPDO�

'HIHFWHG� 3RVVLEO\ 'HIHFWHG� RI D JLYHQ FOXVWHU EDVHG RQ D IHZ

KLJKOLJKWHG IHDWXUHV�YDOXHV RI WKH FOXVWHU� EXW LW LV KDUG IRU WKHP WR

FRPH XS ZLWK D VHW RI UXOHV WKDW GHOLQHDWH WKH QHFHVVDU\ FRQGLWLRQV

RI GLIIHUHQW FODVV FDWHJRULHV�

��� &XVWRPHU &ODVV FKDUDFWHULVWLFV DUH OHDUQHG ZLWK WKH 'HFLVLRQ

7UHH�

7KH ODEHOHG IHDWXUHV RI FOXVWHUV ZLWK FODVV ODEHOV HQDEOHV WKH

GHFLVLRQ WUHH WR OHDUQ WKH FKDUDFWHULVWLFV RI

1RUPDO�'HIHFWHG�3RVVLEO\ 'HIHFWHG FXVWRPHUV� 6XEVHTXHQW

IXUWKHU FRPSDULVRQ EHWZHHQ FURVV�FODVV FKDUDFWHULVWLFV FDQ EH

PDGH IRU SURYLGLQJ FOXHV WR LPSURYH FXVWRPHU UHODWLRQVKLSV

��� +XPDQ�&RPSXWHU ,QWHUDFWLRQ

+XPDQ DQDO\VWV SOD\ D YLWDO UROH LQ WKH GDWD PLQLQJ SURFHVV�

,W¶V WKH LQWHUDFWLRQV WKDW PDNH GDWD PLQLQJ V\VWHPV PRUH KXPDQH

DQG HQDEOH WR REWDLQ FRQYLQFLEOH DQG UHOLDEOH UHVXOWV� ,Q RXU

DSSURDFK� XVHUV KDYH WR VHW D WKUHVKROG IRU FRQWUROOLQJ WKH VL]H RI

FOXVWHUV DQG PDNH VHOHFWLRQV RI DWWULEXWHV IRU VXEVHTXHQW DQDO\VHV�

�� 0HWKRGRORJ\

7KH V\QWKHVL]HG OHDUQLQJ DSSURDFK ZH SUHVHQW LV D FRPELQDWLRQ RI

WKUHH PHWKRGV� YLVXDOL]DWLRQ 620 >��@� DXWRPDWLF�ODEHOLQJ >�� ��

�@� GHFLVLRQ WUHH >�� �@� ,Q WKLV VHFWLRQ� WKH GHVFULSWLRQV RI WKHVH

WKUHH PHWKRGV DUH SURYLGHG�

��� 9LVXDOL]DWLRQ 6HOI�2UJDQL]DWLRQ 0DSV

7KH YLVXDOL]DWLRQ FOXVWHULQJ PHWKRG ZDV SURSRVHG E\ .RKRQHQ

DQG EHFRPH RQH RI WKH PRVW SRSXODU FOXVWHULQJ PHWKRGV UHFHQWO\�

,W LV QRW RQO\ DSSOLHG LQ UHVROYLQJ HQJLQHHULQJ SUREOHPV EXW DOVR

HPSOR\HG WR DQDO\]H GDWD >��� ��� ��� ��@� ,WV VWUHQJWK LV WR SURMHFW

KLJK GLPHQVLRQDO GDWD LQWR WZR�GLPHQVLRQDO JULGV�

7KH FRQFHSW RI YLVXDOL]DWLRQ FOXVWHULQJ PHWKRG LV FORVH WR

WKH N�PHDQV FOXVWHULQJ PHWKRG� $VVXPH HDFK GDWD UHFRUG KDYH

PDQ\ DWWULEXWHV FDOOHG GLPHQVLRQV� 7KH PDLQ LGHDV DUH WZR�IROG�

z ,I WKH GDWD UHFRUGV DUH FORVH WR HDFK RWKHU LQ 1�GLPHQVLRQ

GDWD VSDFH� WKH\ VKRXOG EH FORVH WR HDFK RWKHU DV ZHOO LQ

WZR�GLPHQVLRQ SURMHFWHG VSDFH�

z 7KLV PHWKRG HPSOR\V D ³FRPSHWLWLRQ´ FRQFHSW� DOO GDWD

UHFRUGV DUH LQSXW YHFWRUV DQG DOO QHXURQV LQ WZR�GLPHQVLRQDO

VSDFH DUH RXWSXW �DOVR FDOOHG FRPSHWLWRUV�� HDFK QHXURQ LV

H[SUHVVHG E\ D QHXURQ PRGHO YHFWRU ZLWK WKH VDPH

GLPHQVLRQV DV GDWD UHFRUGV� DOO QHXURQ PRGHO YHFWRUV DUH

FRPSDUHG ZLWK D LQSXW YHFWRU� WKH FORVHVW QHXURQ LV WKH

ZLQQHU �EHVW PDWFKLQJ XQLW� DQG LWV PRGHO YHFWRU LV DGMXVWHG

DXWRPDWLFDOO\ LQ RUGHU WR PDNH LW FORVHU WR WKH LQSXW YHFWRU�

%HORZ LV WKH IRUPXOD IRU DGMXVW LRQ�

Ü����

â�����
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)LJXUH�� 6HOI�2UJDQL]DWLRQ 0DSV &RQFHSW

W� WLPH

1F�W� � WKH QHLJKERUKRRG NHUQHO IXQFWLRQ WKDW

LGHQWLILHV WKH VHW RI QHXURQV QHDU WR D EHVW PDWFKLQJ

XQLW

é�W� � OHDUQLQJ UDWH EHWZHHQ � DQG �

7KLV IRUPXOD DLPV WR DGMXVW DOO QHLJKERULQJ QRGHV

ZKLFK DUH QHDU WR WKH EHVW PDWFKLQJ XQLW� 7KHUH H[LVW WZR

FRPPRQ IXQFWLRQV IRU 1F�W�� EXEEOH IXQFWLRQ DQG JDXVVLDQ

IXQFWLRQ� DQG WKH PRVW DSSOLHG RQH LV JDXVVLDQ IXQFWLRQ� 7KH

UHDVRQ ZK\ DGMXVWLQJ QHLJKERU QRGHV DV ZHOO LV WKDW LW LV

QHFHVVDU\ WR PDNH D ZKROH FOXVWHU UHSUHVHQWHG E\

QHLJKERULQJ QHXURQV JHW FORVHU WR WKH GDWD WKH\ FRQWDLQ LQ

RUGHU WR PDLQWDLQ WKH QHLJKERUKRRG UHODWLRQVKLS

�

��� $XWRPDWLF /DEHOLQJ 6HOI�2UJDQL]DWLRQ 0DSV

6LQFH 7� .RKRQHQ SURSRVHG WKH 620 FRQFHSW LQ ����� PDQ\

UHVHDUFKHUV KDYH EHHQ WU\LQJ WR LPSURYH 620 DQG GHYHORS QHZ

FRQFHSWV� )RU H[DPSOH� HYHQ WKRXJK 620 KDV WKH YLVXDOL]DWLRQ

FDSDELOLW\� LW VWLOO FDQ¶W DXWRPDWLF GHWHFW WKH ERXQGDULHV RI DOO

FOXVWHUV� DQG ODEHO WKH IHDWXUHV RI FOXVWHUV JHQHUDWHG� 5DXEHU



$QGUHDV >�@ SURSRVHG D QRYHO DSSURDFK DV /DEHO620 ZKLFK

DXWRPDWLFDOO\ ODEHO WKH IHDWXUHV RI FOXVWHUV JHQHUDWHG E\ 620 DQG

ZD\V RI GHWHFWLQJ WKH ERXQGDULHV RI FOXVWHUV�

$XWRPDWLF ODEHOLQJ DLPV WR DXWRPDWLFDOO\ ILOWHU WKH KXJH

DPRXQWV RI FXVWRPHU GDWD UHFRUGV LQ D FOXVWHU LQWR IHDWXUHV� %\

ODEHOLQJ� ZH PHDQ WR ODEHO RXW WKH LPSRUWDQW DWWULEXWHV WKDW PDWWHU

WKH IRUPDWLRQ RI WKH FOXVWHU� )RU H[DPSOH� DIWHU DXWRPDWLF ODEHOLQJ

DSSURDFK� RQO\ � DWWULEXWHV RXW RI RULJLQDO �� DWWULEXWHV DUH

FRQVLGHUHG LPSRUWDQW DQG VHUYH DV WKH IHDWXUHV RI WKH FOXVWHU�

7KH ZD\ RI GHWHUPLQLQJ LPSRUWDQW DWWULEXWHV LV WKURXJK D

GLVWDQFH PHDVXUH� ZLWK ZKLFK WKH DWWULEXWHV FDQ EH SULRULWL]HG�

7KHUHIRUH� ZH FDQ TXLFNO\ HPSOR\ WKHVH IHDWXUHV WR DQDO\]H WKH

FKDUDFWHULVWLF RI WKH FOXVWHU� %HORZ LV WKH IRUPXOD RI WKH GLVWDQFH

PHDVXUH� DQG )LJXUH � GHPRQVWUDWHV WKH FRQFHSW RI TXDQWL]DWLRQ

HUURU YHFWRU�

TLN � GLVWDQFH PHDVXUH IRU WKH NWK DWWULEXWH LQ D JLYHQ QHXURQ L

&L � WKH VHW RI GDWD UHFRUGV ;M SURMHFWLQJ LQWR D VDPH QHXURQ

0LN � WKH NWK DWWULEXWH YDOXH RI WKH QHXURQ PRGHO YHFWRU

;MN � WKH NWK DWWULEXWH YDOXH RI WKH ;M LQSXW YHFWRU

)LJXUH�� 7KH FRQFHSW RI WKH GLVWDQFH PHDVXUH�

,Q D JLYHQ FOXVWHU� IRU HDFK DWWULEXWH� VXP WKH GLVWDQFH

EHWZHHQ WKH DWWULEXWH YDOXH RI D GDWD UHFRUG LQ WKH FOXVWHU DQG WKH

DWWULEXWH YDOXH RI WKH QHXURQ PRGHO YHFWRU� ,I WKH FDOFXODWHG VXP LV

VPDOOHU WKDQ D WKUHVKROG� LW PHDQV WKH DWWULEXWH SOD\V DQ LPSRUWDQW

UROH IRU WKH IRUPDWLRQ RI WKH FOXVWHU� DQG FDQ EH VHUYHG DV D IHDWXUH

RI WKH FOXVWHU� 2Q WKH RWKHU KDQG� ZH DOVR FDQ VHW D ERXQG IRU WKH

QXPEHU RI DWWULEXWHV WR EH FRQVLGHUHG� )RU H[DPSOH� LI WKH ERXQG

LV �� WKH ILYH PRVW LPSRUWDQW DWWULEXWHV ZLOO EH VHOHFWHG DV WKH

IHDWXUHV RI WKH FOXVWHU�

��� +LHUDUFKLFDO $XWRPDWLF /DEHOLQJ 620

,Q WKLV SDSHU� ZH DSSO\ WKH KLHUDUFKLFDO FRQFHSW WR WKH /DEHO620

DSSURDFK DQG IRUP WKH +LHUDUFKLFDO $XWRPDWLF /DEHOLQJ 620

PHWKRG� 7KH REMHFWLYH LV WR DXWRPDWLFDOO\ UHGXFH WKH VL]H RI WKH

FOXVWHUV FRQVWUXFWHG RXW RI D VHW RI GDWD UHFRUGV XQWLO D WKUHVKROG

VHW E\ XVHUV LV VDWLVILHG�

��� 'HFLVLRQ 7UHH

'HFLVLRQ 7UHH LV RQH RI WKH PRVW IUHTXHQWO\ XVHG

VXSHUYLVH�OHDUQLQJ PHWKRGV� ,W LQGXFHV FRQFHSWV IURP WUDLQLQJ

H[DPSOHV� ,W UHSUHVHQWV FRQFHSWV DV GHFLVLRQ WUHHV� ZKLFK DOVR DFW

DV WKH FODVVLI\LQJ UXOHV IRU FODVVLI\LQJ QHZ H[DPSOHV� +RZHYHU� D

SUREOHP VKRXOG EH FRQVLGHUHG� LI LUUHOHYDQW DWWULEXWHV DUH

HPEHGGHG LQ WUDLQLQJ H[DPSOHV� WKH DFFXUDF\ RI OHDUQHG

FODVVLI\LQJ UXOHV LV XQGHU TXHVWLRQ� 7KHUHIRUH� &� >�@ LV WKH

PHWKRG ZH HPSOR\ EHFDXVH LW WDNHV FDUH RI WKH SUREOHP RI

LUUHOHYDQW DWWULEXWH�

��� &URVV�&ODVV $QDO\VLV

7KH WDVN RI FURVV�FODVV DQDO\VLV HQDEOHV WKH JHQHUDWLRQ RI YDOXDEOH

NQRZOHGJH IURP GDWD� WR UHWDLQ 3RVVLEO\�'HIHFWHG FXVWRPHUV�

7KLV WDVN LV FRPSULVHG ZLWK WZR VWHSV�

z $V VKRZQ LQ )LJXUH �� ZLWK WKH LQWHUVHFWLRQ RSHUDWLRQ�

WKH DSSURDFK ILQGV WKH LQWHUVHFWHG DWWULEXWHV�YDOXHV

ZLWKLQ WKH FODVVHV 1RUPDO� 'HIHFW� 3RVVLEO\ 'HIHFWHG

UHVSHFWLYHO\� IROORZHG XS WKH ILQGLQJV RI LQWHUVHFWHG

DWWULEXWHV�YDOXHV EHWZHHQ DQ\ WZR SDLU RI FODVVHV�

z &RPSDULQJ WKHVH � LQWHUVHFWLRQV� XVHUV DUH DEOH WR

UHDVRQ RXW WKH HIIHFWLYH FOXHV IRU LPSURYLQJ WKH

FXVWRPHU UHODWLRQVKLSV� $Q H[DPSOH ZLOO EH VKRZQ LQ

6HFWLRQ ��
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)LJXUH �� 7KH &RQFHSW 2I &URVV�&ODVV $QDO\VLV

��� 0HWULFV

7KLV VHFWLRQ SURYLGH WKUHH PHWULFV IRU PRQLWRULQJ WKH VWDWXV RI

DQDO\VLV�

�� &OXVWHU 1XPEHU�

8VHUV FDQ GHFLGH WKHLU IDYRULWH QXPEHU RI FOXVWHUV� RU WKH

QXPEHU RI FOXVWHUV FDQ EH GHWHUPLQHG E\ WKH V\VWHP WKURXJK D

WKUHVKROG� &50LQHU FDQ UHGXFH WKH VL]H RI FOXVWHUV IRU WKH

HIILFLHQW JHQHUDWLRQ RI DQDO\]HG UHVXOWV�

�� $WWULEXWH�'LIIHUHQWLDO 5DWLR�

)RU DQ\ WZR FODVVHV� WKH DWWULEXWH GLIIHUHQWLDO UDWLR LV GHILQHG

DV WKH UDWLR RI WKH QXPEHU RI GLIIHUHQW DWWULEXWHV LQ YDOXHV

EHWZHHQ WKH WZR FODVVHV RYHU WKH WRWDO QXPEHU RI DWWULEXWHV

XQGHU DQDO\VLV� +LJKHU UDWLR LPSOLHV LW LV PXFK PRUH ZRUWK RI

VXEVHTXHQW DQDO\VLV IRU PRUH LQIRUPDWLRQ ZLOO EH H[WUDFWHG�

7KH IRUPXOD LV DV IROORZV�

$WWULEXWH�'LIIHUHQWLDO 5DWLR '�7

'� QXPEHU RI GLIIHUHQW DWWULEXWHV LQ YDOXHV EHWZHHQ WKH WZR

FODVVHV RYHU WKH WRWDO QXPEHU

7� WRWDO QXPEHU RI DWWULEXWHV

�� 5HWHQWLRQ 5DWH�

7KH UHWHQWLRQ UDWH LV FRPSXWHG ULJKW DIWHU FOXVWHU FODVV

DVVLJQPHQW� DQG EHORZ LV WKH IRUPXOD�
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5HWHQWLRQB5DWH  �SRVVLEO\�GHIHFWHG�GHIHFWHG�

FXVWRPHU � WRWDO FXVWRPHUV

,I �5HWHQWLRQB5DWH � GHIDXOW� WKHQ JLYH�XS

SURYLGLQJ VXJJHVWLRQV

:H ZLOO VHW WKH GHIDXOW YDOXH WR �� �WKH PRVW FRPPRQ XVHG LQ

WKH FRPSDQLHV� RU XVHUV FDQ GHFLGH WKHLU IDYRULWH YDOXH� ,I WKH

UHWHQWLRQ UDWH LV ORZHU WKDQ WKH GHIDXOW YDOXH ����� &50LQHU

ZLOO JHQHUDOO\ LJQRUH WKRVH FXVWRPHUV� EXW LI LW LV KLJKHU WKDQ

��� &50LQHU ZLOO GR IXUWKHU FURVV�FODVV DQDO\VLV WR REWDLQ

FOXHV RI GLUHFWLRQV RI FXVWRPHU�UHODWLRQVKLS LPSURYHPHQW�

�� $Q ([DPSOH DQG 'LVFXVVLRQ

$IWHU FOHDQLQJ DQG SUH�SURFHVVLQJ WKH GDWD� ZH DQDO\]HG ����

UHJLVWHUHG FXVWRPHU PHPEHU GDWD ZLWK �� DWWULEXWHV IURP WKH

7DLZDQ EUDQFK RI WKH ZRUOGZLGH OHDGLQJ SULQWHU FRPSDQ\� (DFK

UHFRUG LQFOXGHV D VHW RI DWWULEXWHV LQWHJUDWHG IURP WKUHH GLIIHUHQW

VRXUFHV RI :HE�EDVHG FXVWRPHU GDWD UHSUHVHQWHG E\ WKUHH GLIIHUHQW

GDWDEDVHV� 7KH GDWDEDVH ³0HPEHU´ UHFRUGHG WKH EDVLF LQIRUPDWLRQ

DQG SURILOH RI FXVWRPHU PHPEHUV� 7KH GDWDEDVH ³3URGXFW´

UHFRUGHG PHPEHUV¶ SXUFKDVLQJ KLVWRU\� 7KH GDWDEDVH ³9LVLWORJ´

UHFRUGHG PHPEHUV¶ EHKDYLRU DW WKH FRPSDQ\¶V :HE VLWH� VXFK DV

WKH ILUVW YLVLW WLPH� ODVW YLVLW WLPH� LI RU QRW RUGHULQJ H�QHZV� DQG

HWF� :H VHOHFWHG �� XVHIXO DWWULEXWHV IRU DQDO\]LQJ� �³XVHIXO´

PHDQV PRVW LPSRUWDQW DWWULEXWHV YDOXDEOH IRU DQDO\VLV�

7KH UHVXOWV JHQHUDWHG E\ RXU V\VWHP� &50LQHU �VKRZQ LQ )LJXUH

��� KDYH WKUHH SDUWV� WKH UHVXOW RI WKH +LHUDUFKLFDO $XWRPDWLF

/DEHOLQJ 620 XQVXSHUYLVHG OHDUQLQJ� WKH UHVXOWV RI 'HFLVLRQ 7UHH

VXSHUYLVHG OHDUQLQJ� DQG WKH UHVXOWV RI WKH FURVV�DQDO\VLV RYHU WKH

FKDUDFWHULVWLFV RI QRUPDO� GHIHFWHG DQG SRVVLEO\ GHIHFWHG FOXVWHUV

RI FXVWRPHUV IRU SURYLGLQJ FOXHV IRU JDLQLQJ FXVWRPHU UHWHQWLRQ�

'XH WR WKH OLPLWDWLRQ VSDFH� WKH ODVW WZR SDUWV RI UHVXOWV DUH

GHVFULEHG EHORZ�

)LJXUH �� &50LQHU 6\VWHP

7DEOH�� 7KH UHVXOWV RI 'HFLVLRQ 7UHH OHDUQLQJ

(YDOXDWLRQ RQ WUDLQLQJ GDWD ����� FDVHV�
'HFLVLRQ 7UHH 5XOHV
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$WWULEXWHV&ODVV

1DPH

%RXQGDU\

PHPW\SH VH[ EGDWH DUHD RUGHU ZW\SH SW\SH ILUVWYLVW ODVWYLVW YLVWFQW YLVLWW\SH

/RZHU � � � � � � � � � � �1RUPDO

�1� 8SSHU � � �� �� � �� ��� �� �� �� �

/RZHU � � ��� � � � � � � � �3RVVLEO\

'HIHFWHG

�3�'�

8SSHU � � ��� �� � �� ��� �� �� �� �

/RZHU � � � � � � � � � ��� �'HIHFWHG

�'� 8SSHU � � �� �� � �� ��� �� �� ��� �

&URVV�FODVV LQWHUVHFWHG DWWULEXWH�YDOXH

/RZHU � ��� � � � � � � � ��� �1�'

8SSHU � ��� �� �� � �� ��� �� �� ��� �

/RZHU � ��� ��� � � � � � � � �1�3�'

8SSHU � ��� ��� �� � �� ��� �� �� �� �

/RZHU � � ��� � � � � � � ��� �3�'�'

8SSHU � � ��� �� � �� ��� �� �� ��� �

7DEOH � OLVWV WKH UHVXOWV RI 'HFLVLRQ 7UHH OHDUQLQJ� 7KHUH DUH

���� GDWD LQ FODVV � �1RUPDO FODVV�� �� GDWD LQ FODVV � �3RVVLEO\

'HIHFWHG FODVV�� DQG �� GDWD FODVV � �'HIHFWHG FOXVWHU�� 7KH

HUURU�UDWH RI WKLV GHFLVLRQ WUHH OHDUQLQJ LV ������ 7KHVH UHVXOWV DUH

OHDUQHG IURP WKH �� FOXVWHUV RI FXVWRPHU GDWD FRQVWUXFWHG E\ WKH

+LHUDUFKLFDO $XWRPDWLF /DEHOLQJ 620� 7KH DYHUDJH RI DWWULEXWH

GLIIHUHQWLDO�UDWLR LV ����� �HDFK DWWULEXWH GLIIHUHQWLDO�UDWLR IRU DQ\

WZR FODVVHV LV ���� ������� ZKLFK LQGLFDWHV LW LV ZRUWK RI GRLQJ

WKH IXUWKHU DQDO\VLV� WKRXJK WKH UHWHQWLRQ UDWH LV ������ ZKLFK LV

ORZHU WKDQ WKH GHIDXOW YDOXH ���

7DEOH � JLYHV WKH FRPSDQ\ WKH FOXHV DERXW WKH

FKDUDFWHULVWLFV RI SRVVLEO\ GHIHFWHG FXVWRPHUV ZKR QHHG

FXVWRPHU�UHODWLRQVKLS LPSURYHPHQW LQ WKH QHDU IXWXUH�

z 0HPEHUV ZKR OLYH LQ QRUWK�PLGGOH 7DLZDQ� PHPEHUV LQ WKH

1 FODVV OLYH DOO DURXQG 7DLZDQ� PHPEHUV LQ ' FODVV OLYH

DERYH VRXWK 7DLZDQ� DQG WKH LQWHUVHFWHG YDOXHV IRU WKH

DWWULEXWH ³DUHD´ RI 1�'� 1�3�' DUH ERWK DVVRFLDWHG ZLWK

PHPEHUV OLYH DERYH VRXWK 7DLZDQ�

z )HPDOH PHPEHUV� WKHUH LV QRQHPSW\ LQWHUVHFWHG YDOXHV IRU

WKH DWWULEXWH ³VH[´ RI 3�'�'� DQG WKH DYHUDJHG ³VH[´ YDOXH

RYHU 3�'�' PHPEHUV LV QHDUO\ DVVRFLDWHG ZLWK IHPDOH

PHPEHUV�

z 0HPEHUV ZKR XVH WKH :HE VLWH LQIUHTXHQWO\� PHPEHUV LQ

WKH ' FODVV GR QRW VKRZ DQ\ YDOXHV IRU WKH DWWULEXWH

³YLVLWFQW´� 7KLV PHDQV PHPEHUV ZKR GR QRW IUHTXHQWO\

DFFHVV WKH :HE VLWH DUH WKH GHIHFWHG PHPEHUV� )XUWKHUPRUH�

WKHUH DUH QRQHPSW\ LQWHUVHFWHG YDOXHV IRU WKH DWWULEXWH

³YLVLWFQW´ RI 1�3�'� LPSO\LQJ WKH PRUH RIWHQ PHPEHUV YLVLW

WKH :HE VLWH� WKH OHVV FKDQFH PHPEHUV EHFRPH GHIHFWHG�

�� &RQFOXVLRQ

,Q WKLV SDSHU� ZH SUHVHQW D QRYHO V\QWKHVL]HG OHDUQLQJ DSSURDFK

IRU EHWWHU XQGHUVWDQGLQJ RI FXVWRPHUV DQG WKH SURYLVLRQ RI FOXHV

IRU LPSURYLQJ FXVWRPHU UHODWLRQVKLSV EDVHG RQ GLIIHUHQW VRXUFHV RI

:HE FXVWRPHU GDWD� 7KH QRYHO V\QWKHVL]HG OHDUQLQJ DSSURDFK LV D

FRPELQDWLRQ RI +LHUDUFKLFDO $XWRPDWLF /DEHOLQJ 620 &OXVWHULQJ

0HWKRG� 'HFLVLRQ 7UHH� DQG &URVV�&ODVV $QDO\VLV� 7KH DSSURDFK

KDV EHHQ LPSOHPHQWHG LQWR D V\VWHP FDOOHG &50LQHU DQG ZDV

DSSOLHG WR WKH GDWD RI WKH 7DLZDQ EUDQFK RI WKH ZRUOGZLGH OHDGLQJ

SULQWHU FRPSDQ\� 7KH DQDO\]HG UHVXOWV SURYLGH LPSRUWDQW FOXHV IRU

WKH GLUHFWLRQV RI FXVWRPHU�UHODWLRQVKLS LPSURYHPHQW� :H EHOLHYH

RXU DSSURDFK FDQ ZRUN IRU GLIIHUHQW HQWHUSULVHV DV ZHOO LQ WKH

IXWXUH�
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