
José Guilherme da Cruz Moreira

Input Parameters Self-tuning on the
SNN Algorithm (Shared Nearest Neighbour)

Jo
sé

 G
ui

lh
er

m
e 

da
 C

ru
z M

or
eir

a

outubro de 2013UM
in

ho
 |

 2
01

3
In

pu
t P

ar
am

et
er

s 
Se

lf-
tu

ni
ng

 o
n 

th
e

SN
N

 A
lg

or
ith

m
 (S

ha
re

d 
N

ea
re

st
 N

ei
gh

bo
ur

)

Universidade do Minho
Escola de Engenharia





outubro de 2013

Tese de Mestrado
Mestrado em Engenharia e Gestão de Sistemas de Informação

Trabalho efetuado sob a orientação da
Professora Doutora Maribel Yasmina Santos

José Guilherme da Cruz Moreira

Input Parameters Self-tuning on the
SNN Algorithm (Shared Nearest Neighbour)

Universidade do Minho
Escola de Engenharia





4OÏMYÏPARENTS� *OS¼ÏANDÏ/LINDAÏANDÏTOÏMYÏBROTHERÏ-¶RIO



LY



$FNQRZOHGJPHQWV

)LUVW� , ZRXOG�OLNH�WR�H[SUHVV�P\�GHHS�JUDWLWXGH�WR�P\�DGYLVRU� 3URIHVVRUD�0DULEHO�<DVPLQD�6DQWRV�

IRU�KHU�VXSHUYLVLRQ� JUHDW�HQJDJHPHQW� JXLGDQFH�DQG�PRWLYDWLRQ� , DOVR�ZRXOG�OLNH�WR�WKDQN�3URIHVVRU

-RmR�0RXUD�3LUHV�IRU�VKDULQJ�KLV�RSLQLRQV�DQG�LQVLJKWV� $ JHQHUDO�DSSUHFLDWLRQ�JRHV�DOVR�WR�DOO�P\

WHDFKHUV�DQG�PDVWHUV�WKDW�KDYH�DFFRPSDQLHG�PH�LQ�P\�DFDGHPLF�DQG�SHUVRQDO�JURZWK�VR�IDU� ,

QHHG�WR�LQFOXGH�KHUH�DOVR�WKH�LQVWLWXWLRQV�WKDW�SURYLGH�WKH�QHHGHG�OHDUQLQJ�HQYLURQPHQW� LQFOXGLQJ

RI�FRXUVH� WKH�8QLYHUVLW\�RI�0LQKR�DQG�WKH�,QIRUPDWLRQ�6\VWHPV�'HSDUWPHQW�

7KLV� DFNQRZOHGJHPHQW�ZRXOGQ·W� EH� FRPSOHWHG� LI� , GLGQ·W� LQFOXGH� DOO�P\� FROOHDJXHV� IULHQGV� DQG

IDPLO\�WKDW�ZHUH�ZLWK�PH�DOO�WKHVH�\HDUV�VKDULQJ�JRRG�DQG�OHVV�JRRG�PRPHQWV�DQG�XQIRUJHWWDEOH

H[SHULHQFHV� $ VSHFLDO� WKDQN�\RX� WR�5LFDUGR� COMPANIONÏDEÏROUTE GXULQJ� WKH�JUDGXDWLRQ� DQG� WR

)HUQDQGR�DQG�5LFDUGR� P\�IHOORZ�FROOHDJXHV� GXULQJ�WKH�PDVWHU�SHULRG�

7KLV�WKHVLV�ZDV�GRQH�ZLWK�WKH�VXSSRUW�RI�WKH�UHVHDUFK�SURMHFW�´*,$3 ��*HR,QVLJKW�$QDO\WLFV�3ODWIRUP

�/,6%2$���������)('(5��������µ� IXQGHG�E\�&RPLVVmR�GH�&RRUGHQDomR�H�'HVHQYROYLPHQWR�5H�

JLRQDO�GH�/LVERD�H�9DOH�GR�7HMR��325/LVERD�� LQFOXGHG�LQ�6LVWHPD�GH�,QFHQWLYRV�j�,QYHVWLJDomR�H

'HVHQYROYLPHQWR�7HFQROyJLFR��6, ,	'7���WKURXJK�WKH�UHVHDUFK�IHOORZVKLS�80,1+2�%,����������
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$EVWUDFW

5HFHQW�WHFKQRORJLFDO�GHYHORSPHQWV�KDYH�OHDG�WR�D�HYHU�LQFUHDVLQJ�UDWH�LQ�GDWD�FROOHFWLRQ� 2UJDQLVD�

WLRQV�DUH�IDFLQJ�VHYHUDO�FKDOOHQJHV�ZKHQ�WKH\�WU\�WR�DQDO\VH�WKLV�YDVW�DPRXQW�RI�GDWD�ZLWK�WKH�DLP�RI

H[WUDFWLQJ�XVHIXO�LQIRUPDWLRQ� 7KLV�DQDO\WLFDO�FDSDFLW\�QHHGV�WR�EH�HQKDQFHG�ZLWK�WRROV�FDSDEOH�RI

GHDOLQJ�ZLWK�ELJ�GDWD�VHWV�ZLWKRXW�PDNLQJ�WKH�DQDO\WLFDO�SURFHVV�D�GLIILFXOW�WDVN� &OXVWHULQJ�LV�XVXDOO\

XVHG� DV�WKLV�WHFKQLTXH�GRHV�QRW�UHTXLUH�DQ\ AÏPRIORI NQRZOHGJH�DERXW�WKH�GDWD� +RZHYHU� FOXVWHULQJ

DOJRULWKPV�XVXDOO\�UHTXLUH�RQH�RU�PRUH�LQSXW�SDUDPHWHUV�WKDW�LQIOXHQFH�WKH�FOXVWHULQJ�SURFHVV�DQG

WKH�UHVXOWV�WKDW�FDQ�EH�REWDLQHG�

7KLV�ZRUN�DQDO\VHV�WKH�UHODWLRQ�EHWZHHQ�WKH�WKUHH�LQSXW�SDUDPHWHUV�RI�WKH�611 �6KDUHG�1HDUHVW

1HLJKERXU�� DOJRULWKP� WKURXJK� H[WHQVLYH� EUXWH�IRUFH� H[HFXWLRQV� DQG� ILQGV� VRPH� VWURQJ� UHODWLRQV

EHWZHHQ�WKHP� 7KHVH�ILQGLQJV�KHOS�WR�SURSRVH�DQ�KHXULVWLF�VXLWDEOH�IRU�WKH�LGHQWLILFDWLRQ�DQG�VXJ�

JHVWLRQ�RI�WKH�611 LQSXW�SDUDPHWHUV� 7KH�SURSRVHG�KHXULVWLF�LV�YDOLGDWHG�XVLQJ�GLIIHUHQW�GDWD�VHWV

WKDW�WKH�RQHV�XVHG�IRU�WKH�KHXULVWLF�GHYHORSPHQW�

7KH�VROXWLRQ�LV�YHU\�XVHIXO�EHFDXVH�LW�DOORZV�WKH�XVHU�WR�DYRLG�D�FRQVLGHUDEOH�WLPH�VSHQW�RQ�WULDO�DQG

HUURU�H[HFXWLRQV� ,W�VXJJHVWV�WKH�XVHU�DQ�LQLWLDO�TXDOLW\�FOXVWHULQJ�UHVXOW� WKDW�ZKLOH�QRW�GHILQLWLYH� LW

LV�D�JRRG�VWDUWLQJ�SRLQW�IRU�WKH�FOXVWHULQJ�DQDO\VLV�

+EYWORDS� GHQVLW\�EDVHG�FOXVWHULQJ� 611��VKDUHG�QHDUHVW�QHLJKERXU� LQSXW�SDUDPHWHUV�WXQLQJ
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5HVXPR

2V�UHFHQWHV�DYDQoRV�WHFQROyJLFRV�WrP�OHYDGR�D�XP�ULWPR�FDGD�YH]�PDLRU�QD�UHFROKD�GH�GDGRV�

$V�RUJDQL]Do}HV�HQIUHQWDP�GLYHUVRV�GHVDILRV�TXDQGR�WHQWDP�DQDOLVDU�HVVD�LPHQVD�TXDQWLGDGH�GH

GDGRV� FRP�R�REMHWLYR�GH�H[WUDLU�LQIRUPDomR�~WLO� (VWD�FDSDFLGDGH�DQDOtWLFD�SUHFLVD�GH�VHU�PHOKRUDGD

FRP�IHUUDPHQWDV�FDSD]HV�GH�OLGDU�FRP�JUDQGHV�FRQMXQWRV�GH�GDGRV� VHP�TXH�LVWR�WUDQVIRUPH�R

SURFHVVR�GH�DQiOLVH� QXPD� WDUHID�GLItFLO� 2 DJUXSDPHQWR� �CLUSTERING�� p�QRUPDOPHQWH�XWLOL]DGR�

WUDWDQGR�VH�GH�XPD�WpFQLFD�TXH�QmR�UHTXHU�FRQKHFLPHQWR� AÏPRIORI� VREUH�RV�GDGRV� 1R�HQWDQWR�

RV�DOJRULWPRV�GH�DJUXSDPHQWR� QRUPDOPHQWH�UHTXHUHP�XP�RX�PDLV�SDUkPHWURV�GH�HQWUDGD�TXH

LQIOXHQFLDP�R�SURFHVVR�GH�DJUXSDPHQWR�H�RV�UHVXOWDGRV�TXH�SRGHP�VHU�REWLGRV�

(VWH� WUDEDOKR� DQDOLVD�D�UHODomR�HQWUH�RV� WUrV�SDUkPHWURV�GH�HQWUDGD�GR�DOJRULWPR�611 �3HARED

.EARESTÏ.EIGHBOUR��DWUDYpV�GH�H[HFXo}HV�GH�IRUoD�EUXWD�H�HQFRQWUD�DOJXPDV�UHODo}HV�IRUWHV�HQWUH

HOHV� (VWHV�UHVXOWDGRV�DMXGDP�D�SURSRU�XPD�KHXUtVWLFD�DGHTXDGD�SDUD�D�LGHQWLILFDomR�H�VXJHVWmR

GRV�SDUkPHWURV�GH�HQWUDGD�GR�DOJRULWPR�611��$ KHXUtVWLFD�SURSRVWD� p� HQWmR� YDOLGDGD�XWLOL]DGR

FRQMXQWRV�GH�GDGRV�GLIHUHQWHV�GDTXHOHV�TXH�IRUDP�XWLOL]DGRV�SDUD�R�GHVHQYROYLPHQWR�GD�KHXUtVWLFD�

$ VROXomR�HQFRQWUDGD�p�GH�JUDQGH�XWLOLGDGH� SRLV�SHUPLWH�DR�XWLOL]DGRU�HYLWDU�FRQVXPLU�XPD�TXDQ�

WLGDGH�FRQVLGHUiYHO�GH�WHPSR�HP�H[HFXo}HV�UHFRUUHQGR�j�WHQWDWLYD�H�HUUR� $ KHXUtVWLFD�VXJHUH�DR

XWLOL]DGRU�XP�UHVXOWDGR�GH�DJUXSDPHQWR�LQLFLDO�FRP�TXDOLGDGH� TXH�HPERUD�QmR�GHILQLWLYR� p�XP

ERP�SRQWR�GH�SDUWLGD�SDUD�D�DQiOLVH�GR�DJUXSDPHQWR�

0ALAVRASCHAVE� DJUXSDPHQWR�EDVHDGR�HP�GHQVLGDGH� 611� SHAREDÏNEARESTÏNEIGHBOUR� DMXVWH�GRV

SDUkPHWURV�GH�HQWUDGD�
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&RQWHQWV

&RQWHQWV [L

/LVW�RI�)LJXUHV [LY

/LVW�RI�7DEOHV [YL

� ,QWURGXFWLRQ �

��� &RQWH[W�DQG�0RWLYDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� $LP�DQG�REMHFWLYHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 'RFXPHQW�VWUXFWXUH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� &OXVWHULQJ�$OJRULWKPV�DQG�,QSXW�3DUDPHWHUV�7XQLQJ �

��� &OXVWHULQJ�DV�D�'DWD�0LQLQJ�7HFKQLTXH � � � � � � � � � � � � � � � � � � � � �

��� $SSURDFKHV�DQG�7\SHV�RI�&OXVWHULQJ�$OJRULWKPV � � � � � � � � � � � � � � � � �

����� +LHUDUFKLFDO�FOXVWHULQJ�DOJRULWKPV � � � � � � � � � � � � � � � � � � � �

����� 3DUWLWLRQ�FOXVWHULQJ�DOJRULWKPV � � � � � � � � � � � � � � � � � � � � �

����� *ULG�EDVHG�FOXVWHULQJ � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 'HQVLW\�EDVHG�FOXVWHULQJ�DOJRULWKPV � � � � � � � � � � � � � � � � � � �

��� 6KDUHG�1HDUHVW�1HLJKERXU � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,QSXW�3DUDPHWHUV�7XQLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� )ROORZHG�DSSURDFKHV � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ([LVWLQJ�/LPLWDWLRQV�DQG�5HVHDUFK�2SSRUWXQLWLHV � � � � � � � � � � � ��

� 611 ,QSXW�3DUDPHWHUV�6HOI�7XQLQJ ��

��� 3UHOLPLQDU\�H[SHULPHQWV�DQG�DQDO\VLV � � � � � � � � � � � � � � � � � � � � � ��

��� 3URSRVHG�$SSURDFK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 8VHG�GDWD�VHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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����� 0HWKRGRORJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3UHOLPLQDU\�UHVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HVXOWV�IRU�WKH�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � ��

����� 5HVXOWV�IRU�WKH�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � ��

��� $GRSWHG�+HXULVWLFV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 0DLQ�ILQGLQJV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� $GRSWHG�KHXULVWLF � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� (YDOXDWLRQ�RI�WKH�SURSRVHG�KHXULVWLFV ��

��� &KDPHOHRQ�GDWD�VHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� %LUFK�GDWD�VHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� &RQFOXVLRQV�DQG�)XWXUH�:RUN ��

��� 0DLQ�DFKLHYHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� )XWXUH�:RUN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

5HIHUHQFHV ��
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/LVW�RI�DEEUHYLDWLRQV�DQG�DFURQ\PV

�

%,5&+ ��%DODQFHG�,WHUDWLYH�5HGXFLQJ�DQG�&OXVWHULQJ�XVLQJ�+LHUDUFKLHV

&85( ��&OXVWHULQJ�8VLQJ�5(SUHVHQWDWLYHV

'%6&$1 ��'HQVLW\�%DVHG�6SDWLDO�&OXVWHULQJ�RI�$SSOLFDWLRQV�ZLWK�1RLVH

237,&6 ��2UGHULQJ�3RLQWV�7R�,GHQWLI\�WKH�&OXVWHULQJ�6WUXFWXUH

611 ��6KDUHG�1HDUHVW�1HLJKERXU

66'%6&$1 ��6HPL�6XSHUYLVHG�'HQVLW\�%DVHG�&OXVWHULQJ

67611 ��6SDWLDO�7HPSRUDO�6KDUHG�1HDUHVW�1HLJKERXU

9'%6&$1 ��9DULHG�'HQVLW\�%DVHG�6SDWLDO�&OXVWHULQJ�$SSOLFDWLRQV�ZLWK�1RLVH
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/LVW�RI�)LJXUHV

��� &OXVWHULQJ�DOJRULWKPV� $GDSWHG�IURP >%HUNKLQ� ����@ � � � � � � � � � � � � � �

��� $JJORPHUDWLRQ�LQ�&85(��$GDSWHG�IURP >%HUNKLQ� ����@ � � � � � � � � � � � � � �

��� 'LYLVLYH�FOXVWHULQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� K�PHDQV�DOJRULWKP� $GDSWHG�IURP >+DQ�DQG�.DPEHU� ����@ � � � � � � � � � � �

��� 7\SHV�RI�SRLQWV�RQ�'%6&$1 XVLQJ %PS  ε DQG -IN0TS  �� � � � � � � � � � � � ��

��� '%6&$1 FRUH�SRLQWV�DQG�ERUGHU�SRLQWV� $GDSWHG�IURP >(VWHU�HW DO�� ����@ � � � ��

��� '%6&$1 GHQVLW\�UHDFKDELOLW\�DQG�GHQVLW\�FRQQHFWLYLW\� $GDSWHG�IURP >(VWHU�HW DO��

����@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 1HDUHVW�1HLJKERXU�*UDSKV� >(UWR]�HW DO�� ����@ � � � � � � � � � � � � � � � � ��

��� 6SDWLDO�GLVWULEXWLRQ�RI�VDPSOH���� � � � � � � � � � � � � � � � � � � � � � � � ��

���� 6DPSOH�����H[SHFWHG�FOXVWHUV � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� ,QDSSURSULDWH�FOXVWHULQJ�UHVXOW�IRU�WKH�VDPSOH�����GDWD�VHW � � � � � � � � � � � ��

���� &OXVWHUV�LGHQWLI\LQJ�URXWHV�RI�VKLSV� >6DQWRV�HW DO�� ����@ � � � � � � � � � � � � ��

���� 6RUWHG���GLVW�JUDSK�IRU�VDPSOH�GDWDEDVH� $GDSWHG�IURP >(VWHU�HW DO�� ����@ � � � ��

��� 6RUWHG���GLVW�JUDSK�IRU�VDPSOH�GDWDEDVH� $GDSWHG�IURP >(VWHU�HW DO�� ����@ � � � ��

��� 0DULQB/3* GDWD�VHW�VSDWLDO�GLVWULEXWLRQ � � � � � � � � � � � � � � � � � � � � ��

��� 6RUWHG K�GLVW�JUDSKV�ZLWK K EHWZHHQ���DQG��� � � � � � � � � � � � � � � � � � ��

��� 6SDWLDO�GLVWULEXWLRQ�RI�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � � ��

��� 6SDWLDO�GLVWULEXWLRQ�RI�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � � ��

��� 6SDWLDO�GLVWULEXWLRQ�RI�W����N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � ��

��� 6SDWLDO�GLVWULEXWLRQ�RI�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � � ��

��� 0HWKRGRORJ\�RYHUYLHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� W���N�UHVXOWV�RI�FRPELQDWLRQV�YV� TXDOLW\ � � � � � � � � � � � � � � � � � � � � ��

���� W���N�FRUUHFW�UHVXOWV�DQG�TXDOLW\�FODVVLILFDWLRQ � � � � � � � � � � � � � � � � � ��

���� W���N�UHVXOWV�UHJDUGLQJ K DQG %PS UHODWLRQ� � � � � � � � � � � � � � � � � � � � ��

���� W���N�UHVXOWV�FRQVLGHULQJ K DQG -IN0TS UHODWLRQ� � � � � � � � � � � � � � � � � ��
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���� W���N�UHVXOWV�FODVVLILHG�DV�([FHOOHQW� � � � � � � � � � � � � � � � � � � � � � � ��

���� ,QSXW�SDUDPHWHU�FRPELQDWLRQV�WKDW�SURGXFH�([FHOOHQW�UHVXOWV��W���N�GDWD�VHW� � � ��

���� W���N�5HODWLRQ�EHWZHHQ K DQG -IN0TS IRU�([FHOOHQW�UHVXOWV� � � � � � � � � � � � ��

���� W���N�5HODWLRQV�EHWZHHQ�N�DQG�(SV�IRU�([FHOOHQW�UHVXOWV� � � � � � � � � � � � � ��

���� &RUUHODWLRQ�EHWZHHQ K DQG -IN0TS RI�9HU\�*RRG�FOXVWHULQJ�UHVXOWV��W���N�GDWD�VHW� ��

���� &RUUHODWLRQ�EHWZHHQ�LQSXW�SDUDPHWHUV�LQ�W���N�GDWD�VHW � � � � � � � � � � � � � ��

���� W���N�UHVXOWV�RI�FRPELQDWLRQV�YV� TXDOLW\ � � � � � � � � � � � � � � � � � � � � ��

���� W���N�UHVXOWV�FRQFHUQLQJ K DQG -IN0TS UHODWLRQ � � � � � � � � � � � � � � � � � ��

���� W���N�UHVXOWV�UHJDUGLQJ K DQG %PS UHODWLRQ � � � � � � � � � � � � � � � � � � � ��

���� &OXVWHULQJ�UHVXOW�IRU�WKH�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � ��

���� &OXVWHULQJ�UHVXOW�IRU�WKH�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � ��

���� 5HVXOWV�IRU�W���N� W���N� W����N�DQG�W���N�GDWD�VHWV� � � � � � � � � � � � � � � ��

��� 'XSOLFDWLRQ�RI�WKH�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &OXVWHULQJ�UHVXOW�IRU�WKH�GXSOLFDWHG�W���N�GDWD�VHW � � � � � � � � � � � � � � � ��

��� 'HQVLW\�GLVWULEXWLRQ�RI�WKH���WLPHV�UHSOLFDWHG�W���N�GDWD�VHW � � � � � � � � � � � ��

��� &OXVWHULQJ�UHVXOW�IRU�W��GDWDVHW�ZLWK��������SRLQWV�ZLWKRXW�WKH�QRLVH�SRLQWV � � � ��

��� 3ORW�RI�XQFOXVWHUHG��[�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � � ��

��� 3ORW�RI�XQFOXVWHUHG��[�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � � � � ��

��� &OXVWHULQJ�UHVXOWV�IRU�WKH��[�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � ��

��� &OXVWHULQJ�UHVXOWV�IRU�WKH��[�W���N�GDWD�VHW � � � � � � � � � � � � � � � � � � � ��

��� 3ORWV�RI�WZR�YHUVLRQV�RI�W���N�GDWD�VHW�ZLWK�GLIIHUHQW�WHUUDLQ�DUHDV�RFFXSLHG � � � ��

���� &OXVWHULQJ�UHVXOWV�IRU�ERWK�YHUVLRQV�RI�W���N�GDWD�VHW � � � � � � � � � � � � � � ��

���� 6SDWLDO�GLVWULEXWLRQ�RI�%LUFK��GDWD�VHW � � � � � � � � � � � � � � � � � � � � � ��

���� 6SDWLDO�GLVWULEXWLRQ�RI�%LUFK��GDWD�VHW � � � � � � � � � � � � � � � � � � � � � ��

���� &OXVWHULQJ�UHVXOWV�IRU�WKH�%LUFK��GDWD�VHW � � � � � � � � � � � � � � � � � � � � ��

���� &OXVWHULQJ�UHVXOWV�IRU�WKH�%LUFK��GDWD�VHW � � � � � � � � � � � � � � � � � � � � ��
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/LVW�RI�7DEOHV

� W���N�GDWD�VHW�FOXVWHULQJ�UHVXOWV�DQG�FODVVLILFDWLRQ � � � � � � � � � � � � � � � ��

� 5DQJH�RI�SRVVLEOH�LQSXW�SDUDPHWHUV � � � � � � � � � � � � � � � � � � � � � � ��

� 5DQJH�RI�HVWLPDWHG K DQG�YDOLG�LQSXW�SDUDPHWHU K � � � � � � � � � � � � � � � ��

[YL



��,QWURGXFWLRQ

� ,QWURGXFWLRQ

,Q�WKLV�LQWURGXFWRU\�FKDSWHU�LW·V�GHVFULEHG�WKH�FRQWH[W�DQG�PRWLYDWLRQ� WKH�SUREOHP�WKDW�WKLV�GLVVHU�

WDWLRQ�ZLOO�WU\�WR�VROYH�DQG�WKH�GRFXPHQW�VWUXFWXUH�

��� &RQWH[W�DQG�0RWLYDWLRQ

g3GDÏOTQONRDÏNEÏBNLOTSHMFÏHRÏHMRHFGS� MNSÏMTLADQRu >+DPPLQJ� ����@

&XUUHQW�WHFKQRORJLFDO�GHYHORSPHQW�DOORZV�WKH�FROOHFWLRQ�RI�KXJH�DPRXQWV�RI�GDWD�WKDW�DUH�XVXDOO\

VWRUHG�DQG�DQDO\VHG�WR�VXSSRUW� WKH�GHFLVLRQ�PDNLQJ�SURFHVV� ,Q�HYHU\�VWHS�RI�RXU� OLIH� GDWD�DUH

FROOHFWHG� ZKHQ�ZH�ULGH�RXU�FDU� ZH�EX\�RXU�JURFHULHV� ZH�ZDWFK�D�VSRUWV�HYHQW� HWF� %XW�VWRULQJ

WKHVH�GDWD�LVQ·W�HQRXJK� :H�QHHG�WRROV�WR�JHW�LQIRUPDWLRQ�DQG�NQRZOHGJH�RXW�RI�WKHVH�VWRUHG�GDWD�

$QDO\WLFDO�WRROV� OLNH�GDWD�PLQLQJ�DOJRULWKPV� VXSSRUW�WKH�DQDO\VLV�RI�VXFK�YDVW�DPRXQW�RI�GDWD� 'DWD

PLQLQJ�LV�RQH�RI�WKH�VWHSV�RI�WKH�NQRZOHGJH�GLVFRYHU\�SURFHVV >)D\\DG�HW DO�� ����@� LQ�ZKLFK�FOXV�

WHULQJ�DOJRULWKPV�DUH�FRPPRQ�WHFKQLTXHV�XVHG�WR�DQDO\VH�GDWD� QRW�UHTXLULQJ�DQ\�SULRU�NQRZOHGJH

DERXW�WKH�GDWD�VHW >-DLQ�HW DO�� ����@� %HLQJ�XQVXSHUYLVHG�GDWD�PLQLQJ�WHFKQLTXHV� FOXVWHULQJ�KDV

WKH�DGYDQWDJH�RI�LGHQWLI\LQJ�FOXVWHUV�WKDW�HPHUJH�QDWXUDOO\�IURP�GDWD�

,QFUHDVLQJ�XVH�RI�VSDWLDO�GDWDEDVHV� ZKLFK�KDYH�ORFDOLVDWLRQ�LQIRUPDWLRQ�RI�WKH�GDWD� DOORZV�WR�FOXVWHU

EHKDYLRXUV�RI�VXEMHFWV� DQLPDOV� HWF� 7KHUH�DUH�VHYHUDO�VSDWLDO�DOJRULWKPV�WR�IXOILO�WKLV�MRE� $PRQJ

WKHP�WKH�PRVW�ZHOO�NQRZQ�DUH�'%6&$1 >(VWHU�HW DO�� ����@� 237,&6 >$QNHUVW�HW DO�� ����@� 611

>(UWR]�HW DO�� ����� (UWR]�HW DO�� ����@� 611 �6KDUHG�1HDUHVW�1HLJKERXU��KDV�SURYHG�WR�EH�RQH

RI�WKH�DSSURSULDWH�VSDWLDO�FOXVWHULQJ�DOJRULWKPV� EHFDXVH�LW�FDQ�SHUIRUP�ZHOO�ZLWK�YDULRXV�FOXVWHUV

VKDSHV >(UWR]�HW DO�� ����@�DQG�ZLWK�YDULDEOH�GHQVLWLHV >0RUHLUD�HW DO�� ����@� )RU�WKH�SXUSRVH�RI

WKLV�GLVVHUWDWLRQ�LW·V�JRLQJ�WR�EH�XVHG�WKH�611 DOJRULWKP� )LUVW�EHFDXVH�LW·V�RQH�RI�WKH�DSSURSULDWH

VROXWLRQV� DV�VWDWHG�EHIRUH� DQG�VHFRQGO\�EHFDXVH�WKHUH�DUH� IUHHO\�DYDLODEOH� WZR�UHFHQW�VRIWZDUH

DUWHIDFWV� WKDW�LPSOHPHQW�WKH�611 DOJRULWKP� )�611 >$QWXQHV� ����@�DQG�.G�611 >)DXVWLQR� ����@�

��� $LP�DQG�REMHFWLYHV

0RVW�RI�WKH�FOXVWHULQJ�DOJRULWKPV�UHTXLUH�LQSXW�SDUDPHWHUV�WKDW�LQIOXHQFH�WKH�UHVXOWV�WKDW�FDQ�EH�RE�

WDLQHG� 7KH�SURFHVV�RI�WXQLQJ�WKH�LQSXW�SDUDPHWHUV�LV�XVXDOO\�D�WULDO�DQG�HUURU�SURFHVV�LQ�ZKLFK�WKH

XVHU�FKDQJHV�WKH�LQSXW�SDUDPHWHUV�XQWLO�WKH�UHVXOWV�VDWLVI\�WKH�DQDO\VLV�UHTXLUHPHQWV >%RXJXHVVD�

����@� 7KLV�SURFHVV�FDQ�EH�GLIILFXOW�DQG�WLPH�FRQVXPLQJ�DV�QR�VWULFW�UXOHV�H[LVW�DERXW�WKH�GHILQLWLRQ

RI�WKHVH�SDUDPHWHUV� 0RUHRYHU� DQ\�QHZ�WULDO�UHTXLUHV�D�QHZ�UXQ�RI�WKH�DOJRULWKP�VR�PRUH�SURFHVVLQJ

�



��� 'RFXPHQW�VWUXFWXUH

WLPH�LV�QHHGHG� 7R�RYHUFRPH�WKLV�WULDO�DQG�HUURU�SURFHVV� WKLV�ZRUN�DQDO\VHV�LQ�GHWDLO�WKH�WKUHH�LQSXW

SDUDPHWHUV�RI�WKH�611 �6KDUHG�1HDUHVW�1HLJKERXU��DOJRULWKP�DQG�SURSRVHV�VSHFLILF�JXLGHOLQHV�WR

LGHQWLI\�WKHVH�SDUDPHWHUV�DWWHQGLQJ�WR�WKH�GDWD�DYDLODEOH�IRU�DQDO\VLV� 611 KDV�WKUHH�LQSXW�SDUDPHW�

HUV� K� -IN0TS DQG %PS� ZKLFK�DUH�XVHG�WR�FDOLEUDWH�WKH�FOXVWHULQJ·V�UHVXOWV� %HLQJ�D�GHQVLW\�EDVHG

DOJRULWKP� K UHSUHVHQWV�WKH�VL]H�RI�QHDUHVW�QHLJKERXUV�OLVW� %PS LV�WKH�GHQVLW\�WKUHVKROG� DQG� -IN0TS

LV�WKH�PLQLPXP�GHQVLW\�WKDW�D�SRLQW�QHHGV�WR�VDWLVI\�WR�EHFRPH�D�FRUH�SRLQW�RI�D�FOXVWHU >(UWR]�HW DO��

����@�

7KH�DLP�RI�WKLV�GLVVHUWDWLRQ�LV�WU\�WR�DQVZHU�WKH�IROORZLQJ�UHVHDUFK�TXHVWLRQ� g'NVÏSNÏDRS@AKHRG

LDBG@MHRLRÏSNÏRDKESTMDÏSGDÏ2-- �2G@QDCÏ-D@QDRSÏ-DHFGANTQ	Ï@KFNQHSGLÏHMOTSÏO@Q@LDSDQR�u�

,Q�RUGHU�WR�DQVZHU�WKDW�TXHVWLRQ� WKHUH�DUH�VRPH�REMHFWLYHV�ZH�QHHG�WR�UHDFK� WKDW�ZLOO�EH�LPSRUWDQW

WR�WKH�HODERUDWH�WKH�VROXWLRQ� 7KH�REMHFWLYHV�DUH�

� /LWHUDWXUH�UHYLHZ�

² 'R�D�FRPSOHWH�VWXG\�RQ�FOXVWHULQJ�DQG�GHQVLW\�EDVHG�FOXVWHULQJ� ,W·V�WKH�JHQHUDO�GRPDLQ

RI� WKH�SUREOHP� %HIRUH�JR� WR� WKH�VSHFLILFV�RI� WKH�611 DOJRULWKP� LW� LV�QHFHVVDU\� WR

XQGHUVWDQG�WKH�JHQHUDO�FRQFHSWV�RI�WKH�DUHD�

² &RPSOHWHO\�XQGHUVWDQG�WKH�611 DOJRULWKP� ,W�LV�QHFHVVDU\�WR�XQGHUVWDQG�WKH�PRVW�RI

WKH�DOJRULWKP� KHQFH�LV�WKH�WHFKQLTXH�WKDW�ZLOO�EH�XVHG�DQG�LPSURYHG�E\�WKLV�GLVVHUWD�

WLRQ� $QDOLVH�SUREOHPV�WKDW�RWKHU�UHVHDUFKHUV�DUH�IDFLQJ�WR�VROYH�VLPLODU�SUREOHPV�

� $QDO\VH�WKH�611 LQSXW�SDUDPHWHUV�DQG�LGHQWLI\�SRVVLEOH�UHODWLRQV�EHWZHHQ�WKHP�

² 7KLV�LV�WKH�VSHFLILF�REMHFW�RI�WKH�SURSRVHG�ZRUN� 7R�ILQG�PHFKDQLVPV� LQIHUHQFHV�RU

KHXULVWLFV� WKDW�KHOS�WR�VROYH�WKH�SUREOHP�RI�WKH�UHVHDUFK�TXHVWLRQ�

� 3URSRVH�DQ�KHXULVWLF�WKDW�KHOSV�WR�PLQLPLVH�WKH�ZRUN�QHHGHG�WR�ILQG�WKH�SURSHU�611 LQSXW

SDUDPHWHUV�DQG�VDYH�WKH�XVHU�RI�WKH�ORQJ�WLPH�RI�WULDO�DQG�HUURU�SURFHVV� WKDW�LV�WKH�FXUUHQW

SUDFWLFH�

� 9DOLGDWH�WKH�SURSRVHG�VROXWLRQ�ZRUNLQJ�ZLWK�GLIIHUHQW�GDWD�VHWV�WKDQ�WKH�RQHV�XVHG�WR�GHYHORS

LW�

��� 'RFXPHQW�VWUXFWXUH

7KLV�GRFXPHQW�LV�RUJDQLVHG�LQ�ILYH�FKDSWHUV� 7KH�ILUVW�RQH� DQ�LQWURGXFWRU\�FKDSWHU� FRQWDLQV�WKH

FRQWH[W�DQG�PRWLYDWLRQ� WKH�JHQHUDO�SUREOHP� WKH�UHVHDUFK�TXHVWLRQ�DQG�WKH�RUJDQLVDWLRQ�RI� WKLV

�



��� 'RFXPHQW�VWUXFWXUH

GRFXPHQW� 2Q�WKH�VHFRQG�FKDSWHU�LV�JRLQJ�WR�EH�SUHVHQWHG�WKH�OLWHUDWXUH�UHYLHZ� H[SODLQLQJ�WKH�FRQ�

FHSWV�DQG�WHFKQLTXHV�WKDW�DUH�WKH�VWDWH�RI�WKH�DUW�RI�FOXVWHULQJ� VSDWLDO�FOXVWHULQJ� W\SHV�RI�FOXVWHULQJ

DOJRULWKPV� IRFXVLQJ�RQ�GHQVLW\�EDVHG�FOXVWHULQJ�DOJRULWKPV� 7KH�FKDSWHU�ILQLVKHV�ZLWK�WKH�UHVHDUFK

RI�ZKDW�RWKHU�DXWKRUV�DUH�GRLQJ�DERXW�WKH�LQSXW�SDUDPHWHUV�WXQLQJ� 7KH�WKLUG�FKDSWHU�LV�GHGLFDWHG

WR�WKH�REMHFWLYHV�RI�WKH�ZRUN�VKRZLQJ�WKH�DSSURDFK� WHVWV�UHVXOWV�DQG�WKH�SURSRVHG�KHXULVWLFV� 2Q

WKH�IRXUWK�FKDSWHU�LV�PDGH�D�YDOLGDWLRQ�RI�WKH�SURSRVHG�KHXULVWLFV� 7KH�ILIWK�FKDSWHU�FRQWDLQV�WKH

FRQFOXVLRQV� LQFOXGLQJ�WKH�PDLQ�DFKLHYHPHQWV�RI�WKLV�WKHVLV�DQG�WKH�SURSRVDOV�RI�IXWXUH�ZRUN�

�



��� 'RFXPHQW�VWUXFWXUH

�



��&OXVWHULQJ�$OJRULWKPV�DQG�,QSXW�3DUDPHWHUV�7XQLQJ

� &OXVWHULQJ�$OJRULWKPV�DQG�,QSXW�3DUDPHWHUV�7XQLQJ

7R�XQGHUVWDQG�WKH�SULQFLSOHV�RI�FOXVWHULQJ�DV�D�GDWD�PLQLQJ�WHFKQLTXH� ZH�QHHG�WR�JR�IRU�VRPH�LGHDV

DQG�FRQFHSWV�EHIRUHKDQG� 7KUHH�IXQGDPHQWDO�GHILQLWLRQV�DUH�QRZ�JLYHQ� GXH�WR�WKHLU�UHOHYDQFH�WR

WKLV�ZRUN�

� 'DWD���:H�OLYH�LQ�WKH�LQIRUPDWLRQ�HUD� 'DWD�DUH�FROOHFWHG�LQ�HYHU\�VWHS�RI�RXU�OLYHV� :KHQ

ZH�EX\�RXU�JURFHULHV� ZKHQ�ZH�WDNH�D�SLFWXUH� ZKHQ�ZH�XVH�RXU�FDU�LQ�D�PRWRUZD\� ZKHQ

ZH�PDNH�D�SKRQH�FDOO�RU�ZKHQ�ZH�XSGDWH�RXU�VWDWXV�RQ�)DFHERRN� 7KH�FROOHFWLRQ�RI�GDWD

LQFUHDVHV�HYHU\GD\�DQG�SURGXFHV�KXJH�GDWDVHWV� 7KH�&DPEULGJH�RQOLQH�GLFWLRQDU\�GHILQHV

GDWD�DV hINFORMATION� ESPECIALLYÏ FACTSÏORÏNUMBERS� COLLECTEDÏTOÏBEÏEXAMINEDÏANDÏCONSIDERED

ANDÏUSEDÏTOÏHELPÏDECISIONMAKING� ORÏINFORMATIONÏINÏANÏELECTRONICÏFORMÏTHATÏCANÏBEÏSTOREDÏAND

PROCESSEDÏBYÏAÏCOMPUTERv� >&LRV�HW DO�� ����@�KLJKOLJKW�WKH�IDFW�WKDW�ZH�OLYH�LQ�D�LQIRUPDWLRQ�

ULFK�EXW�DW�WKH�VDPH�WLPH�LQ�D�NQRZOHGJH�SRRU�HQYLURQPHQW� 7KH\�WKLQN�WKDW�WKHUH�LV�D�ZLGH

JDS�EHWZHHQ�GDWD� JHQHUDWLRQ� DQG�GDWD� FRPSUHKHQVLRQ� 7KDWV�ZKHQ� FRPHV� WKH�QHHG�RI

SURFHVVHV�RI�NQRZOHGJH�GLVFRYHU\�DQG�GDWD�PLQLQJ�

� 'DWD�0LQLQJ�� hISÏTHEÏANALYSISÏOFÏ�OFTENÏLARGE	ÏOBSERVATIONALÏDATAÏSETSÏTOÏFINDÏUNSUSPECTEDÏRELA

TIONSHIPSÏANDÏTOÏSUMMARISEÏTHEÏDATAÏINÏNOVELÏWAYSÏTHATÏAREÏBOTHÏUNDERSTANDABLEÏANDÏUSEFULÏTOÏTHE

DATAÏOWNERv >+DQG�HW DO�� ����@� >&LRV�HW DO�� ����@�UHPHPEHUV�WKH�VWDWHPHQW�RI >+DPPLQJ�

����@�WKDW�VDLG� hTHEÏPURPOSEÏOFÏCOMPUTINGÏISÏINSIGHT� NOTÏNUMBERSv WR�UHPLQG�WKDW�NQRZOHGJH

GLVFRYHU\�DQG�GDWD�PLQLQJ�LV�IXQGDPHQWDO�WR�PDNH�VHQVH�RI�GDWD� .QRZOHGJH�GLVFRYHU\�ZDV

ILUVW�XVHG�E\ >3LDWHVNL�DQG�)UDZOH\� ����@�ZKHQ�WKH\�GHILQHG�LW�DV h+NOWLEDGEÏDISCOVERYÏIN

DATABASESÏISÏTHEÏNONTRIVIALÏPROCESSÏOFÏIDENTIFYINGÏVALID� NOVEL� POTENTIALLYÏUSEFUL� ANDÏULTIMATELY

UNDERSTANDABLEÏPATTERNSÏINÏDATAv�

� 6SDWLDO�'DWD���7R�XQGHUVWDQG�VSDWLDO�GDWD�PLQLQJ�ZH�QHHG�WR�XQGHUVWDQG�ZKDW�W\SH�RI�GDWD

LV� VWRUHG� LQ�D� VSDWLDO� GDWDEDVH� $ VSDWLDO� GDWDEDVH�VWRUHV� ODUJH�DPRXQW�RI� VSDFH�UHODWHG

GDWD� VXFK�DV�PDSV� PHGLFDO� LPDJLQJ�GDWD� HWF� 6SDWLDO�GDWDEDVHV�GLIIHUV�IURP�UHODWLRQDO

GDWDEDVHV�EHFDXVH�WKH\�FDUU\�WRSRORJLFDO�DQG�RU�GLVWDQFH�LQIRUPDWLRQ� XVXDOO\�RUJDQLVHG�E\

VRSKLVWLFDWHG� PXOWLGLPHQVLRQDO�VSDWLDO�LQGH[LQJ�VWUXFWXUHV�WKDW�DUH�DFFHVVHG�E\�VSDWLDO�GDWD

DFFHVV�PHWKRGV�DQG�RIWHQ� UHTXLUH� VSDWLDO� UHDVRQLQJ� JHRPHWULF� FRPSXWDWLRQ� DQG�VSDWLDO

NQRZOHGJH�UHSUHVHQWDWLRQ�WHFKQLTXHV >+DQ�DQG�.DPEHU� ����@�

1H[W�VHFWLRQV�SUHVHQWV�WKH�XQGHUVWDQGLQJ�RI�FOXVWHULQJ�DV�D�GDWD�PLQLQJ�WHFKQLTXH� WKH�GLIIHUHQW

W\SHV�RI�FOXVWHULQJ�DOJRULWKPV� WKH�611 DOJRULWKP� DQG�ZKDW�UHVHDUFKHUV�DUH�GRLQJ�WR�PLQLPLVH�WKH

KDVVOH�RI�LQSXW�SDUDPHWHUV�WXQLQJ�

�



��� &OXVWHULQJ�DV�D�'DWD�0LQLQJ�7HFKQLTXH

)LJXUH ���� &OXVWHULQJ�DOJRULWKPV� $GDSWHG�IURP >%HUNKLQ� ����@

��� &OXVWHULQJ�DV�D�'DWD�0LQLQJ�7HFKQLTXH

&OXVWHULQJ�LV�D�SRSXODU�GDWD�PLQLQJ�WHFKQLTXH�GXH�WR�LWV�DELOLW\�WR�H[WUDFW�V\QWKHWLF�LQIRUPDWLRQ�IURP

FRPSOH[�DQG�PXOWL�GLPHQVLRQDO�GDWD�VHWV�ZLWKRXW�D�SULRU�FODVVLILFDWLRQ� &OXVWHULQJ� LV� WKH� WDVN�RI

LGHQWLI\LQJ�VHWV�RI�FOXVWHUV�WKDW�JURXS�VLPLODU�REMHFWV� $ FOXVWHU�LV�D�FROOHFWLRQ�RI�GDWD�REMHFWV�WKDW

KDYH�PRUH�VLPLODULWLHV�EHWZHHQ�WKHP�DQG�DUH�GLVVLPLODU�WR�REMHFWV�WKDW�EHORQJ�WR�RWKHU�FOXVWHUV >+DQ

DQG�.DPEHU� ����@� 'LVVLPLODULWLHV�DUH�RIWHQ�DVVHVVHG�E\�GLVWDQFH�PHDVXUHV� ,Q�WKLV�GDWD�PLQLQJ

SURFHVV� FOXVWHULQJ� LV�DQ�XQVXSHUYLVHG� OHDUQLQJ� WHFKQLTXH� EHFDXVH� LW�FDQ�WUHDW� ODUJH�DPRXQW�RI

UDZ�GDWD� ZLWKRXW�EHLQJ�SUHYLRXVO\�FODVVLILHG� 2Q�WKH�VSDWLDO�FOXVWHULQJ�ILHOG� WKH�SURFHVVHV�DUH�YHU\

VLPLODU�DGGLQJ�DOVR�WKH�SRVLWLRQ�WKDW�WKH�REMHFWV�RFFXS\�LQ�WKH�VSDFH� 6R� LQ�WKLV�FDVH�WKH�GLVWDQFH

PHDVXUHV�DUH�HYHQ�PRUH�LPSRUWDQW�EHFDXVH�LI�ZH�KDYH�VLPLODU�REMHFWV�EXW�YHU\�GLVWDQW�IURP�HDFK

RWKHU�WKH\�ZLOO�EH�LQ�GLIIHUHQW�FOXVWHUV� 7KH�LPSRUWDQFH�RI�VSDWLDO�FOXVWHULQJ�LV�YHU\�KLJK�LQ�VHYHUDO

DUHDV�RI�RXU�OLIH� OLNH�LQ�PHGLFLQH� WHUULWRULDO�DGPLQLVWUDWLRQ� WHOHFRPPXQLFDWLRQV� ELRORJ\�DQG�RWKHU

QDWXUH�VFLHQFHV� HWF�

��� $SSURDFKHV�DQG�7\SHV�RI�&OXVWHULQJ�$OJRULWKPV

>%HUNKLQ� ����@�FODVVLILHV�FOXVWHULQJ�DOJRULWKPV� LQ� IRXU�PDLQ�FODVVHV� KLHUDUFKLFDO� SDUWLWLRQLQJ�

GHQVLW\�EDVHG� JULG�EDVHG� DQG�VRPH�RWKHU�HYROXWLRQV�WKDW�FRPELQH�RQH�RU�PRUH�RI�WKH�SUHYLRXV

WHFKQLTXHV� 7KH�GLIIHUHQW�W\SHV�RI�FOXVWHULQJ�DOJRULWKPV�FDQ�EH�RUJDQLVHG�OLNH�LW�LV�VKRZQ�RQ�ILJ�

����

�



��� $SSURDFKHV�DQG�7\SHV�RI�&OXVWHULQJ�$OJRULWKPV

)LJXUH ���� $JJORPHUDWLRQ�LQ�&85(��$GDSWHG�IURP >%HUNKLQ� ����@

1H[W�VHFWLRQV�SUHVHQWV�WKH�GLIIHUHQW�W\SHV�RI�FOXVWHULQJ�DOJRULWKPV� KLHUDUFKLFDO�FOXVWHULQJ� SDUWLWLRQ

FOXVWHULQJ�� JULG�EDVHG�FOXVWHULQJ� DQG�GHQVLW\�EDVHG�FOXVWHULQJ�DOJRULWKPV�

����� +LHUDUFKLFDO�FOXVWHULQJ�DOJRULWKPV

$OVR�NQRZQ�DV�FRQQHFWLYLW\�EDVHG�FOXVWHULQJ� KLHUDUFKLFDO�FOXVWHULQJ�DOJRULWKPV�DLP�WR�HVWDEOLVK�D

KLHUDUFKLFDO�UHODWLRQ�EHWZHHQ�FOXVWHUV�

7KH�JUDSKLF�UHSUHVHQWDWLRQ�RI�WKHVH�W\SHV�RI�FOXVWHUV�LV�PDGH�E\�D�GHQGURJUDP� 7KH�GHQGURJUDP�LV

D�UHSUHVHQWDWLRQ�WUHH�OLNH�WKDW�VKRZV�WKH�KLHUDUFK\�RI�WKH�FOXVWHUV� 7KHUH�DUH�WZR�W\SHV�RI�KLHUDUFKLFDO

FOXVWHULQJ� DJJORPHUDWLYH�DQG�GLYLVLYH�

� DJJORPHUDWLYH�DOJRULWKPV�KDYH�D�ERWWRP�XS�DSSURDFK� 7KH�REVHUYDWLRQ�VWDUWV�RQ�D�VLQJOH

FOXVWHU�DQG�DV�FOXVWHUV�DUH�EHLQJ�PHUJHG�WKH\�PRYH�XS�RQ�WKH�KLHUDUFK\�XQWLO�WKHUH�LV�RQO\

RQH�ELJ�FOXVWHU� ([DPSOHV�RI�WKLV�NLQG�RI�WHFKQLTXH�DUH�WKH�&KDPHOHRQ >.DU\SLV�HW DO�� ����@

DQG�&85( >*XKD�HW DO�� ����@�DOJRULWKPV� WKH�ODVW�RQH�VKRZHG�RQ�ILJ� ����

� GLYLVLYH�DOJRULWKP��ILJXUH �����XVH�D�WRS�GRZQ�DSSURDFK�DQG�VWDUW�ZLWK�RQH�FOXVWHU�DQG�DV

WKH�FOXVWHUV�DUH�EHLQJ�GLYLGHG�WKH\�JR�GRZQ�RQ�WKH�KLHUDUFK\�XQWLO�WKH\�UHDFK�WKH�LQWHQGHG

QXPEHU�RI�FOXVWHUV�

����� 3DUWLWLRQ�FOXVWHULQJ�DOJRULWKPV

7KH�PRVW�XVHG�SDUWLWLRQLQJ�PHWKRGV�DUH�WKH�N�PHDQV�DQG�WKH�N�PHGRLGV�DQG�WKHLU�RZQ�YDULDWLRQV�

7KHVH�PHWKRGV�ZRUN�ZHOO�IRU�ILQGLQJ�VSKHULFDO�VKDSHG�FOXVWHUV >+DQ�DQG�.DPEHU� ����@� EXW�GRQ·W

SHUIRUP�ZHOO�ZLWK�YDULDEOH�VL]HG�FOXVWHUV�RU�QRQ�VSKHULFDO�VKDSHG�FOXVWHUV >(UWR]�HW DO�� ����@�

�



��� $SSURDFKHV�DQG�7\SHV�RI�&OXVWHULQJ�$OJRULWKPV

)LJXUH ���� 'LYLVLYH�FOXVWHULQJ

)LJXUH ���� K�PHDQV�DOJRULWKP� $GDSWHG�IURP >+DQ�DQG�.DPEHU� ����@

� RQ�WKH K�PHDQV�DOJRULWKP� HDFK�FOXVWHU�LV�UHSUHVHQWHG�E\�WKH�PHDQ�YDOXH�RI�WKH�REMHFWV�LQ�

FOXGHG� LQ� WKH�FOXVWHU >+DQ�DQG�.DPEHU� ����@� 7KH�SURFHVV� LV�VKRZQ�RQ�ILJ� ���� )LUVW

WKH�DOJRULWKP�FKRRVH K DUELWUDU\�REMHFWV�DV�WKH�LQLWLDO�FOXVWHUV�FHQWHUV� WKHQ�LWHUDWLYHO\�LW�UHDV�

VLJQV�HDFK�REMHFW�WR�WKH�FOXVWHU�WKDW�KDYH�WKH�PHDQ�YDOXH�PRUH�VLPLODU�WR�WKH�REMHFW�YDOXH�

XSGDWHV�WKH�QHZ�PHDQV�RI�HDFK�FOXVWHU�DQG�UHSHDWV�XQWLO�WKHUH�LV�QR�PRUH�SRVVLEOH�FKDQJHV�

7KLV�DOJRULWKP�LV�QRW�RXWOLHU�IULHQGO\� EHFDXVH�DQ�REMHFW�ZLWK�D�ODUJH�YDOXH�HDVLO\�GLVWRUWV�WKH

GLVWULEXWLRQ�RI�GDWD >+DQ�DQG�.DPEHU� ����@�

� WKH K�PHGRLGV�DOJRULWKP� UHSUHVHQWV�HDFK�FOXVWHU�E\�RQH�REMHFW�ORFDWHG�QHDU�WKH�FHQWHU�RI

WKH�FOXVWHU >+DQ�DQG�.DPEHU� ����@� 7KLV�DOJRULWKP�WULHV�WR�VROYH�WKH�RXWOLHU�SUREOHP�WKDW

WKH K�PHDQV�VXIIHUV� ,QVWHDG�RI�XVLQJ�WKH�PHDQ�YDOXH�DV�D�UHIHUHQFH�SRLQW� WKH�DOJRULWKP

SHUIRUPV�D�WHFKQLTXH�WR�FKRRVH�D�UHSUHVHQWDWLYH�REMHFW�IRU�HDFK�FOXVWHU� 7KLV�ZD\�LW�LV�OHVV

VHQVLWLYH�WR�QRLVH�DQG�RXWOLHUV�

2QH�RI�WKH�OLPLWDWLRQV�RI�WKLV�NLQG�RI�DOJRULWKPV�LV�WKDW�WKH\�XVH N DV�DQ�LQSXW�SDUDPHWHU� VR�WKH�XVHU

LQGLFDWHV�WKH�WRWDO�QXPEHU�RI�FOXVWHUV� 7KH\�GRQ·W�´QDWXUDOO\µ�UHVXOW�IURP�WKH�GDWD�

�



��� $SSURDFKHV�DQG�7\SHV�RI�&OXVWHULQJ�$OJRULWKPV

����� *ULG�EDVHG�FOXVWHULQJ

*ULG�EDVHG�PHWKRGV�GLYLGH�WKH�VSDFH�RFFXSLHG�E\�WKH�REMHFWV�RI�WKH�GDWDVHW�LQ�D�ILQLWH�QXPEHU�RI

FHOOV�WKDW�IRUP�WKH�JULG�VWUXFWXUH� 7KHQ�WKH�FOXVWHULQJ�RSHUDWLRQV�DUH�PDGH�LQVLGH�WKH�JULG�DOORZLQJ

D�IDVW�SURFHVVLQJ�WLPH� 7KLV�ZD\�ZH�OLPLW�WKH�VHDUFK�FRPELQDWLRQV�LQVLGH�D�VHJPHQW��FHOO� >+DQ

DQG�.DPEHU� ����@� 7KLV�PHWKRG�WUDQVIRUPV�WKH�GDWD�SDUWLWLRQLQJ�WR�VSDFH�SDUWLWLRQLQJ� &HOOV�WKDW

FRQWDLQ�PRUH�WKDQ�D�SUH�GHWHUPLQHG�QXPEHU�RI�REMHFWV�DUH�WUHDWHG�DV�GHQVH�DQG�WKHQ�FOXVWHUV�DUH

IRUPHG�FRQQHFWLQJ�GHQVH�FHOOV >.RWVLDQWLV�DQG�3LQWHODV� ����@�� ,QVWHDG�RI�QXPHULFDO�W\SHV� WKLV

PHWKRG�ZRUNV�EHVW�ZLWK�DWWULEXWHV�RI�GLIIHUHQW�W\SHV >%HUNKLQ� ����@�

����� 'HQVLW\�EDVHG�FOXVWHULQJ�DOJRULWKPV

7KHVH�PHWKRGV�ZHUH�GHYHORSHG�EDVHG�RQ�WKH�QRWLRQ�RI�GHQVLW\ >+DQ�DQG�.DPEHU� ����@� 7KHVH

DOJRULWKPV�SHUFHLYH�FOXVWHUV�DV�GHQVH�UHJLRQV�RI�REMHFWV�LQ�D�VSDFH�VHSDUDWHG�E\�UHJLRQV�RI�UHODWLYHO\

ORZ�GHQVLW\� 7KLV�NLQG�RI�DOJRULWKPV�LV�XVHIXO�WR�ILOWHU�RXW�QRLVH�DQG�IRU�GLVFRYHULQJ�FOXVWHUV�RI�DUELWUDU\

VKDSHV ><H�HW DO�� ����@� '%6&$1 >(VWHU�HW DO�� ����@�DQG�237,&6 >$QNHUVW�HW DO�� ����@�DUH�PDMRU

UHSUHVHQWDWLYHV�RI�WKLV�FODVV�RI�FOXVWHULQJ�DOJRULWKPV�

2QFH�'%6&$1 LV�WKH�PRVW�UHSUHVHQWDWLYH�GHQVLW\�EDVHG�FOXVWHULQJ�DOJRULWKP�DQG�PDQ\�RI�WKH�DYDLO�

DEOH�DOJRULWKPV�LQ�WKLV�DUHD�ZHUH�GHULYHG�RU�DUH�HYROXWLRQ�YHUVLRQV�RI�LW� LW·V�LPSRUWDQW�WR�DQDO\VH

'%6&$1 ZLWK�PRUH�GHWDLO�

'%6&$1��ZKLFK�VWDQGV�IRU�'HQVLW\�%DVHG�6SDWLDO�&OXVWHULQJ�RI�$SSOLFDWLRQV�ZLWK�1RLVH� LQWURGXFHG

E\ >(VWHU�HW DO�� ����@�ZDV�VSHFLDOO\�GHVLJQHG�WR�WUHDW�VSDWLDO�GDWDEDVHV� 7KH�DXWKRUV�VWDWHG�WKUHH

SULPDU\�UHTXLUHPHQWV�IRU�FOXVWHULQJ�DOJRULWKPV� ���0LQLPDO�UHTXLUHPHQWV�RI�WKH�GRPDLQ�NQRZOHGJH

WR�GHWHUPLQH�WKH�LQSXW�SDUDPHWHUV� DV�WKHVH�DOJRULWKPV�DUH�QRQ�VXSHUYLVHG�DQG�WKH\�GRQ·W�UHTXLUH

NQRZOHGJH�RI�WKH�GDWDVHW AÏPRIORI� ���7KH�DOJRULWKP�PXVW�EH�DEOH�WR�GLVFRYHU�FOXVWHUV�RI�DUELWUDU\

VKDSH� EHFDXVH�VKDSHV�RI�FOXVWHUV�LQ�VSDWLDO�GDWDEDVHV�FDQ�EH�VSKHULFDO� OLQHDU� HORQJDWHG�HWF� ��

&OXVWHULQJ�DOJRULWKPV�PXVW�KDYH�JRRG�HIILFLHQF\� EHFDXVH�VSDWLDO�GDWDEDVHV�FDQ�KDYH�KXQGUHGV�RI

WKRXVDQG�REMHFWV�HDVLO\�

'%6&$1 QHHGV�WZR�LQSXW�SDUDPHWHUV� %PS DQG -IN0TS� %PS LV�WKH�UDGLXV�GLVWDQFH�RI�D�SRLQW� LQ�RWKHU

ZRUGV�WKH�QHLJKERXUKRRG�RI�D�SRLQW� 7KH -IN0TS SDUDPHWHU�LV�WKH�PLQLPXP�QXPEHU�RI�SRLQWV�WKDW

WKH�QHLJKERXUKRRG�PXVW�KDYH�WR�EH�FRQVLGHUHG�D�FOXVWHU� 3RLQWV�ZLWKLQ�WKH�UDGLXV�DUH�FRQVLGHUHG

FRUH�SRLQWV�DQG�SRLQWV�RQ�WKH�ERUGHU�RI�WKH�FOXVWHU�DUH�ERUGHU�SRLQWV� 3RLQWV�WKDW�GRQ·W�EHORQJ�WR

DQ\�FOXVWHU�DUH�QRLVH�SRLQWV >(VWHU�HW DO�� ����@� ([DPSOHV�RI�'%6&$1 W\SHV�RI�SRLQWV�DUH�VKRZQ

RQ�ILJXUH ����

�



��� $SSURDFKHV�DQG�7\SHV�RI�&OXVWHULQJ�$OJRULWKPV

)LJXUH ���� 7\SHV�RI�SRLQWV�RQ�'%6&$1 XVLQJ %PS  ε DQG -IN0TS  ��

7R�D�EHWWHU�XQGHUVWDQGLQJ�RI� WKH�'%6&$1 DOJRULWKP�ZH�JR� WKURXJK� WKH� IRUPDO�H[SODQDWLRQ� WKDW

LQFOXGHV�VL[�GHILQLWLRQV�

/HW�' EH�D�GDWDEDVH�RI�SRLQWV�RI�VRPH�HXFOLGHDQ��' VSDFH�

'HILQLWLRQ�� �%PS �� QHLJKERXUKRRG�RI� D�SRLQW�� �� 7KH %03�QHLJKERXUKRRG�RI� D�SRLQW P� GHQRWHG

1%PS�P�� LV�GHILQHG�E\�

� 1%PS�P�� �^ Q ∈ ' _�GLVW�P�Q��� %PS`

'HILQLWLRQ�� �GLUHFWO\�GHQVLW\�UHDFKDEOH����$ SRLQW P LV�GLUHFWO\�GHQVLW\�UHDFKDEOH�IURP�D�SRLQW Q LI�

� P ∈ 1%PS�Q�� DQG

� _�1%PS�Q��_�� -IN0TS� Q LV�D�FRUH�SRLQW

0HDQLQJ�WKDW�IRU�HDFK�SRLQW P LQ�D�FOXVWHU�& ��WKHUH�LV�D�SRLQW Q LQ�& VR�WKDW P LV�LQVLGH�RI�WKH %PS�

QHLJKERXUKRRG�RI Q DQG�WKDW�1%PS�P��DW�OHDVW�FRQWDLQV -IN0TS SRLQWV� 7KLV�UHODWLRQ�LV�QRW�QHFHVVDULO\

V\PPHWULF� )LJXUH ��� VKRZV�GHILQLWLRQ���LQ�SUDFWLFH�LQ�DQ�DV\PPHWULF�FDVH�

'HILQLWLRQ�� �GHQVLW\�UHDFKDEOH�

� $ SRLQW P LV�GHQVLW\�UHDFKDEOH�IURP�D�SRLQW Q LI�WKHUH�LV�D�FKDLQ�RI�SRLQWV P�� ���� PN� P� Q� PN 

P VXFK�WKDW PI�� LV�GLUHFWO\�GHQVLW\�UHDFKDEOH�IURP PI�

'HQVLW\�UHDFKDELOLW\�LV�D�FDQRQLFDO�H[WHQVLRQ�RI�GLUHFW�GHQVLW\�UHDFKDELOLW\� 7KLV�UHODWLRQ�LV�WUDQVLWLYH

EXW�QRW�V\PPHWULF� )LJXUH ��� LQ��D��VKRZV�DQ�H[DPSOH�RI�GHQVLW\�UHDFKDELOLW\�

'HILQLWLRQ�� �GHQVLW\�FRQQHFWHG�

� $ SRLQW P LV�GHQVLW\�FRQQHFWHG�WR�D�SRLQW Q LI�WKHUH�LV�D�SRLQW�R�VXFK�WKDW�ERWK� P DQG Q DUH

GHQVLW\�UHDFKDEOH�IURP O�

��



��� $SSURDFKHV�DQG�7\SHV�RI�&OXVWHULQJ�$OJRULWKPV

)LJXUH ���� '%6&$1 FRUH�SRLQWV�DQG�ERUGHU�SRLQWV� $GDSWHG�IURP >(VWHU�HW DO�� ����@

'HQVLW\�FRQQHFWLYLW\�LV�D�V\PPHWULF�UHODWLRQ�DQG�IRU�GHQVLW\�UHDFKDEOH�SRLQWV�LV�DOVR�UHIOH[LYH� 'HQVLW\�

FRQQHFWLYLW\�LV�VKRZQ�LQ�ILJXUH ��� �E��

'HILQLWLRQ�� �FOXVWHU����$ FOXVWHU�& LV�D�QRQ�HPSW\�VXEVHW�RI�' LI�

� ∀ P� Q� LI P ∈ & DQG Q LV�GHQVLW\�UHDFKDEOH�IURP P WKHQ Q ∈ & �PD[LPDOLW\�� DQG

� ∀ P� Q ∈ &� P LV�GHQVLW\�FRQQHFWHG�WR Q �&RQQHFWLYLW\�

6R� WKH�FOXVWHU�LV�GHILQHG�WR�EH�D�VHW�RI�GHQVLW\�FRQQHFWHG�SRLQWV�ZKLFK�LV�PD[LPDO�GHQVLW\�UHDFKDELOLW\�

'HILQLWLRQ�� �QRLVH�� ��/HW�&�� ���� &K EH�WKH�FOXVWHUV�RI�D�GDWDEDVH�' DQG�SDUDPHWHUV %PSI DQG

-IN0TSI� I  ��� ���� K� 1RLVH�LV�WKH�VHW�RI�SRLQWV�LQ�WKH�GDWDEDVH�' WKDW�GRQ·W�EHORQJ�WR�DQ\�FOXVWHU�&I�

VR�

� QRLVH� �^P ∈ ' _ ∀ I� P ̸∈ &I`

1RLVH�LV�D�VHW�RI�SRLQWV�LQ�D�GDWDEDVH�' WKDW�GRQ·W�EHORQJ�WR�DQ\�RI�LWV�FOXVWHUV�

'%6&$1 SHUIRUPV�ZHOO�ZLWK�FOXVWHUV�RI�GLIIHUHQW�VKDSHV� EXW�DFFRUGLQJ�WR >0RUHLUD�HW DO�� ����@� LV

QRW�HIILFLHQW�ZLWK�FOXVWHUV�RI�YDULDEOH�GHQVLWLHV�

��



��� 6KDUHG�1HDUHVW�1HLJKERXU

)LJXUH ���� '%6&$1 GHQVLW\�UHDFKDELOLW\�DQG�GHQVLW\�FRQQHFWLYLW\� $GDSWHG�IURP >(VWHU�HW DO�� ����@

��� 6KDUHG�1HDUHVW�1HLJKERXU

/LNH�'%6&$1��611 LV�DOVR�D�GHQVLW\�EDVHG�FOXVWHULQJ�DOJRULWKP� >-DUYLV�DQG�3DWULFN� ����@�VXJJHVWHG

IRU�WKH�ILUVW�WLPH�WKH�LGHD�RI�XVLQJ�DV�D�VLPLODULW\�PHDVXUH�WKH�QXPEHU�RI�FORVHU�QHLJKERXUV�WKDW�WZR

SRLQWV�VKDUH� >(UWR]�HW DO�� ����@�DQG >(UWR]�HW DO�� ����@�SUHVHQW�DQG�LPSURYH�WKH�6KDUHG�1HDUHVW

1HLJKERXU���611��WKDW�DOORZV�WR�ILQG�FOXVWHUV�LQ�YDU\LQJ�VKDSHV� VL]HV�DQG�GHQVLWLHV� HYHQ�LQ�WKH

SUHVHQFH�RI�QRLVH�DQG�RXWOLHUV� ,Q�WKLV�QHZ�HYROXWLRQ� WKH�DOJRULWKP�FDQ�PDQLSXODWH�ODUJH�GDWDVHWV

ZLWK�YDULDEOH�GHQVLWLHV�DQG�DXWRPDWLFDOO\�GHWHUPLQHV�WKH�WRWDO�QXPEHU�RI�FOXVWHUV� :KLOH�VLPLODU�WR

'%6&$1��WKH�611 DSSURDFK�LW�VOLJKWO\�GLIIHUHQW� 7KH�QXPEHU�RI�QHLJKERXUV�WKDW�WZR�SRLQWV�VKDUH

GHILQHV�WKH�VLPLODULW\�RI�SRLQWV� 7KH�DOJRULWKP�UHTXLUHV�WKUHH�LQSXW�SDUDPHWHUV�

� K ��WKH�QHLJKERXUKRRG�OLVW�VL]H�

� %PS ��WKH�GHQVLW\�WKUHVKROG�

� -IN0TS ��WKH�WKUHVKROG�WR�FRQVLGHU�WKDW�D�SRLQW�LV�D�FRUH�SRLQW

$V�WKH�VLPLODULW\�LQ�WKLV�NLQG�RI�DOJRULWKPV�LV�VHW�E\�WKH�GLVWDQFH�EHWZHHQ�SRLQWV� WKH�DOJRULWKP�DOVR

QHHGV�D�GLVWDQFH�IXQFWLRQ�WR�GHILQH�WKH�OLVW�RI K�QHDUHVW�QHLJKERXUV� *HQHUDOO\�WKH�HXFOLGHDQ�GLVWDQFH

IXQFWLRQ�LV�XVHG�ZKHQ�SRLQWV�DUH�LQVLGH�D�WZR�GLPHQVLRQV�SODQ� %XW�VRPHWLPHV�GHSHQGLQJ�RI�WKH

GRPDLQ�RI�WKH�DSSOLFDWLRQ� LW�PD\�EH�QHHGHG�DQRWKHU�PRUH�VSHFLILF�GLVWDQFH�IXQFWLRQ� IRU�LQVWDQFH�

LI�ZH�QHHG�D�PRUH�SUHFLVLRQ�GLVWDQFH�RQ�D�VSKHURLG� OLNH�SODQHW�HDUWK� 9LFHQW\·V�IRUPXODH >9LQFHQW\�

����@�PXVW�EH�XVHG�

��



��� 6KDUHG�1HDUHVW�1HLJKERXU

)LJXUH ���� 1HDUHVW�1HLJKERXU�*UDSKV� >(UWR]�HW DO�� ����@

611 DOJRULWKP�DGGUHVV� WKH�SUREOHP�ZKHUH�'%6&$1 IDLOV� L�H�� WR� LGHQWLI\�FOXVWHUV�ZLWK�GLIIHUHQW

GHQVLWLHV� )LJXUH ��� KHOSV�WR�YLVXDOLVH�WZR�SURSHUWLHV�RI�WKH�VKDUHG�QHDUHVW�QHLJKERXU�JUDSK� /HIW

JUDSK�VKRZV�OLQN�RI�HYHU\�SRLQW�WR�LWV�ILYH�PRVW�VLPLODU�QHLJKERXUV� 5LJKW�JUDSK�VKRZV�XQZHLJKWHG

VKDUHG�QHDUHVW�QHLJKERXU�JUDSK� 2Q�WKLV�JUDSK�WKHUH�LV�D�OLQN�EHWZHHQ�WZR�SRLQWV P� DQG P� RQO\�LI

P� DQG P� KDYH�HDFK�RWKHU�RQ�WKHLU�QHDUHVW�QHLJKERXUKRRG�OLVWV >(UWR]�HW DO�� ����@� :KHQ�SUHYLRXV

FRQGLWLRQ�LV�QRW�YHULILHG�DQG�SRLQW�ORRVH�WKHLU�OLQNV�WKH\�EHFRPH�QRLVH�SRLQWV� $OVR�REVHUYDEOH�LV�WKH

PDLQWHQDQFH�RI�WKH�OLQNV�LQ�UHJLRQV�RI�XQLIRUP�GHQVLW\�DQG�WKH�EUHDN�RI�OLQNV�LQ�WUDQVLWLRQ�UHJLRQV�

VROYLQJ�WKH�TXHVWLRQ�RI�WKH�GLIILFXOW\�RI�LGHQWLI\�FOXVWHUV�LQ�YDU\LQJ�GHQVLWLHV�

>(UWR]�HW DO�� ����@�H[SODLQ�WKH�HLJKW�VWHSV�WKDW�WKH�DOJRULWKP�WDNH�IRU�WKH�FOXVWHULQJ�SURFHVV�

�� &RPSXWH�WKH�VLPLODULW\�PDWUL[�

7KLV�LV�D�VLPLODULW\�JUDSK�ZLWK�SRLQWV�IRU�QRGHV�DQG�ERUGHUV� ZKRVH�ZHLJKWV�GHILQH�WKH�VLPLO�

DULW\�EHWZHHQ�SRLQWV�

�� 6SDUVLI\�WKH�VLPLODULW\�PDWUL[�E\�NHHSLQJ�RQO\�WKH�WKH K PRVW�VLPLODU�QHLJKERXUV�

.HHS�RQO\�WKH K VWURQJHVW�OLQNV�RI�WKH�SUHYLRXV�VLPLODULW\�JUDSK�

�� &RQVWUXFW�WKH�VKDUHG�QHDUHVW�QHLJKERXU�JUDSK�IURP�WKH�VSDUVLILHG�VLPLODULW\�PDWUL[�

,Q� WKLV�VWHS�ZH�FDQ�DSSO\� WKH�VLPLODULW\� WKUHVKROG�DQG� ILQG� WKH�FRQQHFWHG�FRPSRQHQWV� WR

REWDLQ�WKH�FOXVWHUV >-DUYLV�DQG�3DWULFN� ����@�

�� )LQG�WKH�611 GHQVLW\�RI�HDFK�SRLQW�

8VLQJ�WKH�XVHU�GHILQHG�SDUDPHWHU %PS� ILQG�WKH�QXPEHU�RI�SRLQWV�WKDW�KDYH�DQ�611 VLPLODULW\

HTXDO�RU�JUHDWHU�WKDQ %PS WR�HDFK�SRLQW� 7KLV�LV�WKH�611 GHQVLW\�RI�WKH�SRLQW�

�� )LQG�WKH�FRUH�SRLQWV�

��



��� 6KDUHG�1HDUHVW�1HLJKERXU

8VLQJ�RWKHU�XVHU�GHILQHG�SDUDPHWHU -IN0TS� ILQG�WKH�FRUH�SRLQWV� PHDQLQJ�DOO�SRLQWV�WKDW�KDYH

DQ�611 GHQVLW\�HTXDO�RU�JUHDWHU�WKDQ -IN0TS�

�� )RUP�FOXVWHUV�IURP�WKH�FRUH�SRLQWV�

,I�WZR�FRUH�SRLQWV�DUH�ZLWKLQ�WKH�UDGLXV�RI %PS� RI�HDFK�RWKHU� WKH\�DUH�SODFHG�RQ�WKH�VDPH

FOXVWHU�

�� 'LVFDUG�DOO�QRLVH�SRLQWV�

$OO�QRQ�FRUH�SRLQWV�WKDW�DUH�QRW�ZLWKLQ�D�UDGLXV�RI %PS RI�D�FRUH�SRLQW�DUH�GLVFDUGHG�

�� $VVLJQ�DOO�QRQ�QRLVH� QRQ�FRUH�SRLQWV�WR�FOXVWHUV�

7KLV�LV�GRQH�E\�DVVLJQLQJ�WKRVH�SRLQWV�WR�WKH�QHDUHVW�FRUH�SRLQW�

7KLV�DOJRULWKP�LV�DQ�H[WHQVLRQ�RI�-DUYLV�3DWULFN >-DUYLV�DQG�3DWULFN� ����@�VWHS����DQG�'%6&$1 >(VWHU

HW DO�� ����@�VWHSV������ 7KH�JUHDW�GLIIHUHQFH�DQG�FRQWULEXWLRQ� IURP >(UWR]� HW DO�� ����@� LV� WKH

VLPLODULW\�PHDVXUH�LPSOHPHQWHG�LQ�VWHSV���DQG��� ORRNLQJ�DW�WKH�QXPEHU�RI�QHDUHVW�QHLJKERXUV�WKDW

WZR�SRLQW�VKDUH� DV�VDLG�EHIRUH�

>(UWR]�HW DO�� ����@�H[SODLQV�WKDW�LQSXW�SDUDPHWHU K LV�YHU\�LPSRUWDQW�WR�WKH�ILQDO�FOXVWHU�GHILQLWLRQ�

EHFDXVH�LW�GHWHUPLQHV�WKH�JUDQXODULW\�RI�WKH�FOXVWHUV� ,I K YDOXH�LV�WRR�VPDOO� HYHQ�DQ�XQLIRUP�FOXVWHU

FDQ�EH�EURNHQ�LQWR�SLHFHV�GXH�WR�WKH�ORFDO�YDULDWLRQV�LQ�WKH�VLPLODULW\�ZLOO�WHQG�WR�ILQG�PDQ\�VPDOO�

EXW�WLJKW� FOXVWHUV� 2Q�WKH�RWKHU�KDQG�LI K YDOXH�LV�WRR�ODUJH� WKHQ�WKH�DOJRULWKP�ZLOO�WHQG�WR�ILQG�RQO\

D�IHZ�ODUJH�ZHOO�VHSDUDWHG�FOXVWHUV� DQG�VPDOO�ORFDO�YDULDWLRQV�LQ�VLPLODULW\�ZLOO�QRW�KDYH�DQ�LPSDFW

RQ�WKH�FOXVWHULQJ�SURFHVV� 2QFH�WKH�QHLJKERXUKRRG�VL]H�LV�IL[HG� WKH�QDWXUH�RI�WKH�FOXVWHUV�WKDW�ZLOO

EH�SURGXFHG�LV�DOVR�IL[HG >(UWR]�HW DO�� ����@�

)RU�D�VKRUW�GHPRQVWUDWLRQ�RI�WKH�611 FOXVWHULQJ�DOJRULWKP� DQG�WKH�LQIOXHQFH�RI�WKH�LQSXW�SDUDPHWHUV

LQ�WKH�FOXVWHULQJ�UHVXOWV� D�VPDOO�VDPSOH�GDWD�VHW�ZLWK�����REMHFWV�LV�XVHG� 7KH�VSDWLDO�GLVWULEXWLRQ

LV�VKRZQ�LQ�ILJXUH ���

3HUIRUPLQJ�WKH�611 DOJRULWKP�ZLWK�D�YDOLG�FRPELQDWLRQ�RI�WKH�LQSXW�SDUDPHWHUV� K �� %PS �� -IN

0TS �� WKH�UHVXOWV�VKRZQ�LQ�ILJXUH ���� DUH�REWDLQHG� 7KH�FOXVWHULQJ�DOJRULWKP�ZDV�DEOH�WR�LGHQWLI\

FOXVWHUV�RI�YDULDEOH�GHQVLW\�DQG�VKDSH� DOVR�LGHQWLI\LQJ�QRLVH�SRLQWV� (DFK�FOXVWHU�LV�SORWWHG�ZLWK�D

GLIIHUHQW�FRORXU� ZKLOH�QRLVH�SRLQWV�DUH�SUHVHQWHG�LQ�EODFN�

$Q�H[DPSOH�RI�DQ�LQDSSURSULDWH�FOXVWHULQJ�UHVXOW�GXH�WR�WKH�LQDGHTXDF\�RI�WKH�FKRVHQ�LQSXW�SDUD�

PHWHUV�LV�VKRZQ�LQ�ILJXUH ����� ,Q�WKLV�FDVH� WKH�LQSXW�SDUDPHWHUV�ZHUH K �� %PS �� DQG -IN0TS ��

$ VPDOO�FKDQJH�LQ�WKH�SDUDPHWHUV�FDQ�SURGXFH�D�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�RXWSXW�UHVXOWV� 7KLV

��



��� 6KDUHG�1HDUHVW�1HLJKERXU

)LJXUH ���� 6SDWLDO�GLVWULEXWLRQ�RI�VDPSOH����

)LJXUH ����� 6DPSOH�����H[SHFWHG�FOXVWHUV

��



��� ,QSXW�3DUDPHWHUV�7XQLQJ

)LJXUH ����� ,QDSSURSULDWH�FOXVWHULQJ�UHVXOW�IRU�WKH�VDPSOH�����GDWD�VHW

)LJXUH ����� &OXVWHUV�LGHQWLI\LQJ�URXWHV�RI�VKLSV� >6DQWRV�HW DO�� ����@

H[DPSOH�VKRZV�WKH�UHOHYDQFH�RI�VHWWLQJ�WKH�DOJRULWKP�LQSXW�SDUDPHWHUV�DQG�WKH�GLIILFXOW\�RI�WKLV�WDVN

DV�QR�REMHFWLYH�JXLGHOLQHV�DUH�DYDLODEOH�WR�KHOS�WKH�DQDO\VW�

$QRWKHU�H[DPSOH�RI�D�UHDO�OLIH�DSSOLFDWLRQ�LV�VKRZQ�LQ�ILJXUH ����� ,W�VKRZV�WKH�XWLOLVDWLRQ�RI�WKH�611

DOJRULWKP�WR�ILQG�WKH�WUDIILF�URXWHV�RI�VRPH�NLQG�RI�VKLSV >6DQWRV�HW DO�� ����@� /HIW�JUDSK�VKRZV�DOO

SRLQWV�RI�WKH�WUDMHFWRULHV� ZKLOH�ULJKW�JUDSK�VKRZV�FOXVWHUHG�WUDIILF�URXWHV�

��� ,QSXW�3DUDPHWHUV�7XQLQJ

2QH�RI�WKH�ELJJHVW�LVVXHV�LQ�FOXVWHULQJ�DOJRULWKPV�LV�WKH�QHHG�IRU�XVHU�LQSXW�SDUDPHWHUV� ZKLFK�XVX�

DOO\�LV�D�WULDO�DQG�HUURU�SURFHVV�LQ�ZKLFK�WKH�GDWD�VHW�DQG�WKH�DOJRULWKP�DUH�DGDSWHG�WR�HDFK�RWKHU�

,Q�PRVW�FDVHV�LW�LV�QHFHVVDU\�WKDW�WKH�XVHU�KDYH�GRPDLQ�NQRZOHGJH�WR�GHWHUPLQH�WKH�LQSXW�SDUD�

PHWHUV� ,W�LV�DOVR�LPSRUWDQW�WR�NQRZ�WKH�EHKDYLRXU�RI�WKH�DOJRULWKP�DQG�WKH�LPSDFW�WKDW�SDUDPHWHUV

��
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FKDQJH�PD\�WDNH�RQ�WKH�FOXVWHULQJ�UHVXOW� 2QH�RI�WKH�PDLQ�FKDOOHQJHV�WKDW�UHVHDUFKHUV�DUH�WU\LQJ�WR

LPSURYH�LQ�VSDWLDO�FOXVWHULQJ�DOJRULWKPV� LV�WR�ILQG�ZRUNDURXQGV�WR�PLQLPLVH�WKH�QHHG�IRU�XVHU�LQSXW

SDUDPHWHUV� ,Q�WKLV�FKDSWHU� VHYHUDO�SURSRVHG�DSSURDFKHV�DUH�DQDO\VHG� PDLQO\�DVVRFLDWHG�ZLWK�WKH

'%6&$1 DOJRULWKP�

����� )ROORZHG�DSSURDFKHV

2QH�RI�WKH�SRVVLEOH�DSSURDFKHV� WR�VROYH�WKH�QHHG�RI�VHYHUDO�LQSXW�SDUDPHWHUV� UHJDUGOHVV�RI�ZKDW

DOJRULWKP� LV�WR�PLQLPLVH�WKH�QXPEHU�RI�LQSXW�SDUDPHWHUV�E\�ILQGLQJ�UHODWLRQV�EHWZHHQ�SDUDPHWHUV

DQG�LGHQWLI\LQJ�D�IXQFWLRQ�WKDW�JLYHV�XV�RQH�SDUDPHWHU�JLYHQ�RWKHU�LQSXW�SDUDPHWHU�

>(UWR]�HW DO�� ����@�JLYH�VRPH�LQVLJKWV�IRU�VROXWLRQV�RI�WKLV�NLQG� VD\LQJ�RQ�WKH�SDUDPHWHULVDWLRQ

VHFWLRQ�RI�WKH�611��WKDW�WKH 0LQ3WV SDUDPHWHU�VKRXOG�EH�D�IUDFWLRQ�RI�WKH�QHLJKERXUKRRG�OLVW�VL]H�N�

-IN0TS  
k

x

>(VWHU�HW DO�� ����@�GHGLFDWH�D�VHFWLRQ�RI�WKH�'%6&$1 SDSHU�H[SODLQLQJ�D�KHXULVWLF�WKH\�GHYHORSHG

WR�GHWHUPLQH�WKH�SDUDPHWHUV %PS DQG -IN0TS RI�WKH�WKLQQHVW�FOXVWHU�LQ�WKH�GDWDEDVH� 7KLV�KHXULVWLF

LV�DOVR�IROORZHG�E\ >%LUDQW�DQG�.XW� ����@� )LUVW�VWHS�RI�WKH�KHXULVWLF�LV�WR�GHWHUPLQH�WKH�GLVWDQFHV

WR� WKH K�QHDUHVW�QHLJKERXUV� IRU�HDFK�REMHFW� 7KHQ� WKHVH K�GLVWDQFH�YDOXHV�QHHG�WR�EH�VRUWHG� LQ

GHVFHQGLQJ�RUGHU� $FFRUGLQJ�WR >(VWHU�HW DO�� ����@� WKH�JUDSK�RI�WKLV�IXQFWLRQ�JLYHV�VRPH�KLQWV

DERXW�GHQVLW\�GLVWULEXWLRQ�RQ�WKH�GDWDEDVH� 7KH�WKUHVKROG�LV�WKH�ILUVW�´VALLEYµ� $OO�SRLQWV�ZLWK�KLJKHU

K�GLVW�YDOXH� SODFHG�OHIW�RI�WKH�WKUHVKROG�DUH�FRQVLGHUHG�QRLVH�SRLQWV�DQG�DOO�RWKHU�SRLQWV� RQ�ULJKW�RI

WKH�WKUHVKROG� DUH�DVVLJQHG�WR�VRPH�FOXVWHU� 7KLV�YDOXH�VKRXOG�EH�XVHG�DV�WKH %PS SDUDPHWHU�

7KLV�VROXWLRQ�LV�YHU\�VLPSOH�ZRUNLQJ�ZLWK�D�JUDSKLFDO�UHSUHVHQWDWLRQ� EHFDXVH�XVHU�FDQ�LGHQWLI\�WKH

´VALLEYµ�RQ�WKH�JUDSK�EXW�LV�YHU\�GLIILFXOW�WR�GHWHUPLQH�DXWRPDWLFDOO\� $Q�H[DPSOH�RI�D�VRUWHG K�GLVW

JUDSK�LV�VKRZQ�RQ�ILJXUH �����

6LOYD·V�ZRUN >6LOYD�HW DO�� ����@�DOVR� IROORZHG�(VWHU·V�KHXULVWLF�RI� WKH�´FIRSTÏ VALLEYµ� EXW�PRGLILHG

LW�QRW�RQO\� WR�FKRRVH� WKH� ILUVW�´VALLEYµ�EXW�DOVR� WR�JLYH� WKH�XVHU� WKH�SRVVLELOLW\�RI�FKRRVLQJ�RWKHU

EUHDNV�YDOOH\V��LQ�WKH�JUDSK� 7KLV�PHDQV�WKDW�WKH�FOXVWHULQJ�SURFHVV�FDQ�EH�LQIOXHQFHG�E\�SURGXFLQJ

PRUH�FOXVWHUV�RU�OHVV�FOXVWHUV�GHSHQGLQJ�LI�WKH�EUHDN�LV�PRUH�WR�WKH�OHIW�RU�WR�WKH�ULJKW�UHVSHFWLYHO\�

,Q�%LUDQW·V�ZRUN >%LUDQW�DQG�.XW� ����@�LW�LV�DOVR�FRQFOXGHG�WKDW -IN0TS §�OQ�N�� ZKHUH N LV�WKH�VL]H

RI�WKH�GDWDEDVH� %PS VKRXOG�EH�VHOHFWHG�WR�OHVV�WKDQ�WKH�GLVWDQFH�GHILQHG�E\�WKH�ILUVW�YDOOH\�

>/LX�HW DO�� ����@�LQWURGXFHG�9'%6&$1 �9DULHG�'HQVLW\�%DVHG�6SDWLDO�&OXVWHULQJ�$SSOLFDWLRQV�ZLWK

1RLVH�� LPSURYLQJ�'%6&$1 GLIILFXOW\�RI�ZRUNLQJ�ZLWK�GLIIHUHQW�GHQVLWLHV� 7KH�VROXWLRQ�WKH\�IRXQG

��



��� ,QSXW�3DUDPHWHUV�7XQLQJ

)LJXUH ����� 6RUWHG���GLVW�JUDSK�IRU�VDPSOH�GDWDEDVH� $GDSWHG�IURP >(VWHU�HW DO�� ����@

ZDV�EDVHG�RQ�SUHYLRXV�VROXWLRQ�EDVHG�RQ�WKH K�GLVW�SORW�RI�ILJXUH ����� 7KH\�GRQ·W�GHILQH�MXVW�RQH

WKUHVKROG� YDOXH� 7KH\�SORW� WKH�JUDSK� WKDW�XVXDOO\�KDV�VHYHUDO� VKDUS�FKDQJHV� HDFK�RQH�FRUUHV�

SRQGLQJ�WR�D�YDULDWLRQ�RI�WKH�GHQVLW\� 7KHQ�HDFK�YDULDWLRQ�FRUUHVSRQGV�WR�D�GLIIHUHQW�YDOXH�RI�WKH

LQSXW�SDUDPHWHU %PS� (YHQ�VR� WKH�DOJRULWKP�VWLOO�QHHGV�WKH�SDUDPHWHU K WR�EH�FKRVHQ�E\�WKH�XVHU

VXEMHFWLYHO\�

/'�%6&$ �$ /RFDO�'HQVLW\%DVH�6SDWLDO�&OXVWHULQJ�$OJRULWKP� >:HL�DQG�/LX� ����@� LV�DQ�DOJRULWKP

DOVR�EDVHG�RQ�WKH�'%6&$1 DOJRULWKP� 7KH�DXWKRUV�PRGLILHG�WKH�RULJLQDO�DOJRULWKP�FUHDWLQJ�D�QR�

WLRQ�RI�ORFDO�0LQ3WV�DXWRPDWLFDOO\�JHQHUDWHG� 7KHLU�VROXWLRQ�VWLOO�UHTXLUHV�WKDW�WKH�XVHU�LQSXWV�MXVW

RQH�SDUDPHWHU %PS�ε�� +RZHYHU�XVHU�PXVW�KDYH�HQRXJK�NQRZOHGJH�RI�WKH�GRPDLQ� EHFDXVH�WKLV

SDUDPHWHU�LV�FUXFLDO�IRU�WKH�FOXVWHULQJ�UHVXOW�

/LNH�PDQ\�RWKHU�DXWKRUV� >7ULSDWK\�HW DO�� ����@� WU\� WR�VROYH� WKH� OLPLWDWLRQV�RI�'%6&$1�� ,Q� WKHLU

SURSRVDO�)'&$ �$ )DVW�'HQVLW\�%DVHG�&OXVWHULQJ�$OJRULWKP�IRU�6SDWLDO�'DWDEDVH�6\VWHP�� WKH�DXWKRUV

FUHDWH�WKH�FRQFHSW BKTRSDQÏBNMRS@MS DQG�XVH�D�QHZ�PHDVXUH�IRU�FDOFXODWLQJ�WKH�GHQVLW\�RI�D�SRLQW�

7KH�SDUDPHWHU %PS LV�FDOFXODWHG�E\�WKH�DOJRULWKP�ZKLOH�WKH�SDUDPHWHU -IN0TS LV�XVHU�GHSHQGHQW�

$QRWKHU� WHQWDWLYH� WR� UHGXFH� XVHU� LQWHUYHQWLRQ� LQ� GHQVLW\� EDVHG� FOXVWHULQJ� DOJRULWKPV�ZDV� WDNHQ

E\ >/HOLV�DQG�6DQGHU� ����@�ZLWK�66'%6&$1 �6HPL�6XSHUYLVHG�'HQVLW\�%DVHG�&OXVWHULQJ�� 7KLV

DOJRULWKP�XQOLNH�RWKHU�XQVXSHUYLVHG�DOJRULWKPV� XVHV�ODEHOHG�REMHFWV�WR�KHOS�GHWHUPLQH�WKH�FOXVWHUV�

7KHVH�ODEHOHG�REMHFWV�DUH�XVHG�WR�ILQG�WKH�GHQVLW\�SDUDPHWHUV�LQ�WKH�GDWDVHW� ,W�UHGXFHV�WKH�XVHU

LQSXW�WR�WKH�SDUDPHWHU -IN0TS� 1HHGOHVV�WR�UHIHU�WKDW�WKLV�SURFHVV�RI�XVLQJ�ODEHOHG�REMHFWV� FDQ�ELDV

WKH�UHVXOWV�

,Q�D�FRPSDULVRQ�EHWZHHQ�'%6&$1 DQG�611 >0RUHLUD�HW DO�� ����@� XVHG�YDOXHV�IRU %PS DQG -IN0TS

ZHUH�GHSHQGHQW�RI�WKH K YDOXH� 7KH�DXWKRUV�VXJJHVWHG�WKDW� XVLQJ�WKH�UHVXOWV�RI�FOXVWHULQJ�VPDOO

��
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GDWD�VHWV�EHWZHHQ�����DQG�����SRLQWV�ZLWK�611� %PS ���K DQG -IN0TS ���K�

,Q�DQRWKHU�VWXG\�E\ >/LX�HW DO�� ����@� 67611 �6SDWLDO�7HPSRUDO�6KDUHG�1HDUHVW�1HLJKERXU��D�VLPLODU

DSSURDFK�DV�WKH�SUHYLRXV�RQH� ZDV�WDNHQ� 7KH�SXUSRVH�RI�WKHLU�ZRUN�ZDV�WR�ILQG�FOXVWHUV�LQ�VSDWLR�

WHPSRUDO�GDWDVHWV� 7KHLU�DOJRULWKP� DW�ILUVW�QHHGHG�WKUHH�LQSXW�SDUDPHWHUV� K� KT DQG -IN0TS� EXW

WKH\�YHULILHG�WKDW�ERWK KT DQG -IN0TS DUH�KLJKO\�FRUUHODWHG�WR K� 7KH\�UHDOLVHG�WKDW�WKRVH�SDUDPHWHUV

FDQ�EH�GHILQHG�DV�D�SHUFHQWDJH�RI K� $IWHU�WKHLU�WHVWV�DQG�DQDO\VLV� WKH\�VXJJHVW�WKDW�ERWK KT DQG

-IN0TS FDQ�EH�VHW�WR�D�YDOXH�DURXQG����K�

,Q�WKLV�UHVHDUFK� ZH�FKRVH�WR�XVH�WKH�611 DOJRULWKP� EHFDXVH�DOWKRXJK�WKH�'%6&$1 LV�UHDOO\�PRUH

HIIHFWLYH�LQ�GLVFRYHULQJ�FOXVWHUV�RI�DUELWUDU\�VKDSHV�WKDQ�SUHYLRXV�GHQVLW\�EDVHG�DOJRULWKPV� VRPH

VWXGLHV�KDYH�SURYHQ�WKDW�611 SHUIRUPV�EHWWHU�VLQFH�LW�FDQ�GHWHFW�FOXVWHUV�ZLWK�GLIIHUHQW�GHQVLWLHV

ZKLOH�'%6&$1 FDQQRW >0RUHLUD�HW DO�� ����@�

����� ([LVWLQJ�/LPLWDWLRQV�DQG�5HVHDUFK�2SSRUWXQLWLHV

$IWHU�WKH�DQDO\VLV�RI�VHYHUDO�ZRUNV�DYDLODEOH�LQ�WKH�OLWHUDWXUH� LW�ZDV�SRVVLEOH�WR�YHULI\�WKDW�QR�FRQFOXV�

LYH�JXLGHOLQHV�IRU�WKH�LQSXW�SDUDPHWHUV�WXQLQJ�RQ�VSDWLDO�FOXVWHULQJ�DOJRULWKPV�LQ�JHQHUDO�DQG�611 LQ

SDUWLFXODU�DUH�DYDLODEOH� 7KHUH�LV�KHUH�D�UHVHDUFK�RSSRUWXQLW\�WR�SURSRVH�DQG�GHYHORS�D�VROXWLRQ�WKDW

FDQ�VROYH�WKLV�QHHG�DQG�KHOS�XVHUV�WR�PLQLPLVH�WKHLU�LQWHUYHQWLRQ�LQ�WKH�FOXVWHULQJ�SURFHVV� >%LoLFL

DQG�<XUHW� ����@�VWDWHV� UHIHUULQJ�WR�'%6&$1 DOJRULWKP� WKDW gEHMCHMFÏSGDÏBNQQDBSÏO@Q@LDSDQRÏENQ

RS@MC@QCÏCDMRHSXÏA@RDCÏBKTRSDQHMF� HRÏLNQDÏNEÏ@MÏ@QSÏSG@MÏ@ÏRBHDMBDu�

$V�UHODWHG�EHIRUH�WKHUH�LV�SUREDEO\�WZR�SDWKV�WR�EH�IROORZHG� 2QH�LV�WR�GHYHORS�KHXULVWLFV�EDVHG

RQ�WKH�H[SHULPHQWDO�WHVWV�ZLWK�VHYHUDO�GLIIHUHQW�FRPELQDWLRQV�RI� LQSXW�SDUDPHWHUV� DQG�FRPSDUH

WKH�FOXVWHULQJ�UHVXOWV�WR�VHH�LI�LW·V�SRVVLEOH�WR�ILQG�D�FRUUHODWLRQ�EHWZHHQ�SDUDPHWHUV�UHJDUGLQJ�WKH

EHKDYLRXU�RI�WKH�DOJRULWKP� $QRWKHU�SRVVLEOH�SDWK�LV�WR�ILQG�RU�FUHDWH�D�GHQVLW\�PHDVXUH�IRU�WKH

GDWDEDVH� DQG�PDNH�WKH�LQSXW�SDUDPHWHUV�GHSHQG�RQ�WKDW�GHQVLW\� 7KH�SUREOHP� QRW�EHLQJ�VR�QHZ� LV

UHFHQW� DQG�WKHUH�KDV�EHHQ�VHYHUDO�VWXGLHV�WKDW�WU\�WR�DFKLHYH�D�VROXWLRQ� EXW�DOZD\V�LV�FRPSURPLVHG

E\�VRPH�DGGLWLRQDO�SDUDPHWHU� XVHU�LQWHUYHQWLRQ�RU�NQRZOHGJH�DERXW�WKH�SUREOHP�GRPDLQ AÏPRIORI�

7KHUH�LV�KHUH� GHILQLWHO\� D�UHVHDUFK�RSSRUWXQLW\�RI�D�DFWXDO�DQG�FKDOOHQJLQJ�SUREOHP�WKDW�QHHG�D

VROXWLRQ�

1H[W�FKDSWHU�GHVFULEHV�D�GHWDLOHG�DQDO\VLV�RI�WKH�WKUHH�LQSXW�SDUDPHWHUV�DQG�DOVR�WKH�PDLQ�ILQGLQJV

WKDW�HPHUJHG�IURP�WKLV�DQDO\VLV�

��
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��
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� 611 ,QSXW�3DUDPHWHUV�6HOI�7XQLQJ

7KLV�FKDSWHU�SUHVHQWV�WKH�SUHOLPLQDU\�H[SHULPHQWV�PDGH�LQ�D�H[SORUDWRU\�ZD\�WR�ILQG�LI�VXJJHVWLRQV

IURP�RWKHU�DXWKRUV�FRXOG�OHDG�WR�D�VROXWLRQ� DIWHU�LV�UHSRUWHG�WKH�SURSRVHG�DSSURDFK� WKH�SUHOLPLQDU\

UHVXOWV�DQG�ILQDOO\�WKH�DGRSWHG�KHXULVWLFV�

��� 3UHOLPLQDU\�H[SHULPHQWV�DQG�DQDO\VLV

7KH�VWDUWLQJ�SRLQW�RQ�WKLV�UHVHDUFK�ZDV�WR�WHVW�DQG�GHYHORS�(VWHU·V�KHXULVWLF >(VWHU�HW DO�� ����@�

WKDW�ZDV�UHYLHZHG�LQ�WKH�UHODWHG�ZRUN� 5HFDOOLQJ�WKHLU�ILQGLQJV� WKH�ILUVW�VWHS�RI�WKHLU�KHXULVWLF�LV�WR

GHWHUPLQH�WKH�GLVWDQFHV�WR�WKH K�QHDUHVW�QHLJKERXUV�IRU�HDFK�REMHFW� 7KHQ�WKHVH K�GLVWDQFH�YDOXHV

QHHG�WR�EH�VRUWHG�LQ�GHVFHQGLQJ�RUGHU� $FFRUGLQJ�WR�(VWHU� WKH�JUDSK�RI�WKLV�IXQFWLRQ� VKRZQ�LQ

ILJXUH ���� JLYHV�VRPH�KLQWV�DERXW�WKH�GHQVLW\�GLVWULEXWLRQ�RQ�WKH�GDWDEDVH� 7KH�WKUHVKROG�LV�WKH

ILUVW�´VALLEYµ� $OO�SRLQWV�ZLWK�KLJKHU K�GLVW�YDOXH� SODFHG�OHIW�RI�WKH�WKUHVKROG�DUH�FRQVLGHUHG�QRLVH

SRLQWV�DQG�DOO�RWKHU�SRLQWV� RQ�ULJKW�RI�WKH�WKUHVKROG� DUH�DVVLJQHG�WR�VRPH�FOXVWHU� 7KLV�YDOXH�VKRXOG

EH�XVHG�DV�WKH %PS SDUDPHWHU�

$OWKRXJK� WKLV�VROXWLRQ� LV�YHU\�VLPSOH�ZRUNLQJ�ZLWK�D�JUDSKLFDO� UHSUHVHQWDWLRQ� EHFDXVH�XVHU�FDQ

YLVXDOO\�LGHQWLI\�WKH hVALLEYµ�RQ�WKH�JUDSK� LW�LV�YHU\�GLIILFXOW�WR�GHWHUPLQH�DXWRPDWLFDOO\� 7R�GHWHUPLQH

WKLV�YDOXH�XVLQJ�WKH�FRPSXWHU�LW�LV�QHFHVVDU\�WR�GHYHORS�DQ�DOJRULWKP�WKDW�ORJLFDOO\�LQIHUV�WKH�́ VALLEYµ

DQDO\VLQJ�WKH�VRUWHG�YDOXHV�DQG�GHWHUPLQLQJ�ZKHUH�WKH�EUHDN�LV�PRVW�VLJQLILFDQWO\�

)LJXUH ���� 6RUWHG���GLVW�JUDSK�IRU�VDPSOH�GDWDEDVH� $GDSWHG�IURP >(VWHU�HW DO�� ����@

(VWHU�HW�DO� DOVR�VWDWHG�WKDW� LQ�WKHLU�H[SHULPHQWV K�GLVW�JUDSKV�IRU K!��GR�QRW�VLJQLILFDQWO\�GLIIHU�IURP

K �� DQG�DOVR�DW�WKH�WLPH� LQ������ FRPSXWDWLRQ�SRZHU�UHTXHVWHG�IRU�WKHVH�FDOFXODWLRQV�ZDV�DQ

��



��� 3UHOLPLQDU\�H[SHULPHQWV�DQG�DQDO\VLV

LVVXH�WR�FRQVLGHU� 6R� WKH\�SURSRVHG�WKH���GLVW�JUDSK� DQG�WKH���GLVW�YDOXH�WKUHVKROG�SRLQW�LV�XVHG

DV�WKH %PS YDOXH�IRU�'%6&$1 >(VWHU�HW DO�� ����@�

,Q�WKLV�ZRUN� DQG�LQ�RUGHU�WR�YDOLGDWH�WKH�KHXULVWLF�SURSRVHG�E\�(VWHU� VHYHUDO�SURJUDPV�ZHUH�GH�

YHORSHG�LQ�5��XVLQJ�5�6WXGLR�

5 �KWWS���ZZZ�U�SURMHFW�RUJ���LV�D�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�FRPSXWLQJ�DQG�JUDSKLFV�

56WXGLR��KWWS���ZZZ�UVWXGLR�FRP���LV�D�SRZHUIXO�GHYHORSPHQW�HQYLURQPHQW�DQG�XVHU�LQWHUIDFH�IRU

5 ODQJXDJH� %RWK�DUH�DYDLODEOH�IRU�IUHH�

$OVR�XVHG�IRU�YLVXDOLVDWLRQ�SXUSRVHV�ZDV�XVHG�4*,6��SUHYLRXVO\�NQRZQ�DV�µ4XDQWXP�*,6µ�� ZKLFK

LV�D�FURVV�SODWIRUP�IUHH�DQG�RSHQ�VRXUFH�GHVNWRS�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHPV��*,6���,W�FDQ�EH

IRXQG�RQ��KWWS���ZZZ�TJLV�RUJ��

2QH�RI�XVHG�GDWD�VHWV�LV�WKH�0$5,1B$,6B'DWDVHWB�D�/3*��D�UHDO�GDWD�VHW�WKDW�FRQWDLQV������SRLQWV

ZLWK�VKLSV�ORFDWLRQV�LV�VKRZ�LQ�ILJXUH���� VHHQ�LQ�WKH�ZRUNLQJ�HQYLURQPHQW�RI�4*,6�

)LJXUH ���� 0DULQB/3* GDWD�VHW�VSDWLDO�GLVWULEXWLRQ

$Q�H[DPSOH�RI�WKH�FRGH�GHYHORSHG�LQ�5 WR�FUHDWH�WKH K�GLVW�JUDSK�LV�VKRZQ�LQ�SURJUDP�OLVWLQJ ��

��



��� 3UHOLPLQDU\�H[SHULPHQWV�DQG�DQDO\VLV

3URJUDP�/LVWLQJ�� 6DPSOH�FRGH�LQ�5 WR�SORW K�GLVW�JUDSK

� �VRUWHG N�GLVW JUDSK
�
� �/RDG GDWDEDVH
� GDWDEDVH �� UHDG�FVY����8VHUV�JP�'URSER[�0(*6,�'LVVHUWDFDR�5�0DULQ�/3*�0$5,1B$,6B'DWDVHWB�D�/3*�W[W��
�
� �LQSXW YDOXH IRU N WR GHVLJQ N�GLVW
� N �� �
�
� �LQSXW QXPEHU RI SRLQWV WR DQDOLVH
�� S �� ����
��
�� �GHILQLWLRQ RI GDWDVHW
�� GDWDVHW �� GDWDEDVH>��S�@
�� FRRUG �� GDWDVHW>�F�����@
��
�� �FUHDWH YDULDEOH WR NHHS N�GLVW RI HYHU\ SRLQW
�� NBGLVW �� DUUD\���QURZ�GDWDVHW��
��
�� �FUHDWH YDULDEOH WR NHHS GLVWDQFHV WR HDFK SRLQW
�� GDGRV'LVW �� DUUD\���QURZ�GDWDVHW��
��
�� OLEUDU\�JHRVSKHUH�
��
�� �FDOFXODWH GLVWDQFHV EHWZHHQ DOO SRLQWV
�� IRU �L LQ ��QURZ�GDWDVHW�� ^
�� DFWXDO3RLQW �� GDWDVHW>L�F�����@
�� IRU �M LQ ��QURZ�GDWDVHW�� ^
�� GDGRV'LVW>M@ �� GLVW9LQFHQW\6SKHUH�DFWXDO3RLQW�FRRUG>M�@�
�� `
�� W �� VRUW�GDGRV'LVW� �VRUW GLVWDQFH DUUD\
�� NBGLVW>L@ �� W>N��@ �VDYH GLVWDQFH RI N�WK� SRLQW WR DUUD\
�� `
��
�� �VRUW GHVFHQGLQJ RUGHU
�� VRUWHGBNBGLVW �� UHY�VRUW�NBGLVW��
�� SORW�VRUWHGBNBGLVW� FRO �EOXH�� W\SH  �O�� [ODE  �SRLQWV�� \ODE  �N�GLVW��

7KH K�GLVW�VFULSW�ZDV�UXQ�ZLWK K YDOXHV�EHWZHHQ���DQG���� 2XWSXWV�RI�VRUWHG�WKRVH K�GLVW�JUDSKV�DUH

VKRZQ�LQ�ILJXUH ���� (VWHU� WKDW�ZDV�DOVR�IROORZHG�E\ >%LUDQW�DQG�.XW� ����@� VXJJHVWHG�WKDW�VWDUWLQJ

IURP K �� WKH�JUDSK�GRHVQ·W�FKDQJH�VLJQLILFDQWO\� +RZHYHU� WKH�RXWSXWV�DUH�QRW�VR�VLPLODU�DV�(VWHU

VDLG�

��



��� 3UHOLPLQDU\�H[SHULPHQWV�DQG�DQDO\VLV

�D� K � �E� K �

�F� K � �G� K �

�H� K � �I� K �

�J� K � �K� K ��

)LJXUH ���� 6RUWHG K�GLVW�JUDSKV�ZLWK K EHWZHHQ���DQG���

��



��� 3URSRVHG�$SSURDFK

$V�WKH�ORRNV�RI�WKH�RXWSXWV�ZHUH�QRW�FRQFOXVLYH� WKH�5 DSSOLFDWLRQ�ZDV�PRGLILHG�WR�LQIHU�WKH�EUHDN

YDOXH��´FIRSTÏVALLEYµ��LQ�HDFK KDIST JUDSK�

$V�VDLG�EHIRUH� WR�GHWHUPLQH�WKHVH�YDOXHV�LW�ZDV�QHFHVVDU\�WR�GHYHORS�DQ�DOJRULWKP�WKDW�ORJLFDOO\

LQIHUV�WKH�EUHDN�SRLQWV� 7KH�VWUDWHJ\�XVHG� ZDV�DGDSWHG�IURP�WKH�RQH�XVHG�E\ >6LOYD�HW DO�� ����@�

3UHYLRXV�VFULSW�GHYHORSHG�LQ�5 WR�SORW�WKH�VRUWHG KDIST JUDSK�ZDV�PRGLILHG�WR�LQFOXGH�WKH�LQIHUHQFH

RI�WKH hVALLEYµ�RU�EUHDN�SRLQW�

$V�ZH�KDYH�DOUHDG\�DQ�DUUD\�ZLWK� WKH�VRUWHG KDIST YDOXHV� WKH� LGHD� LV� WR�UHDG�WKH�YDOXHV� LQ� WKDW

VHTXHQFH� DQG� IRU� HDFK�SRLQW KDIST�X�� LW� LV� FDOFXODWHG� WKH�GLIIHUHQFH�EHWZHHQ�SUHYLRXV�SRLQW� K

DIST�X��� KDIST�X����DQG�NHHS�DQG�XSGDWH�WKH AVERAGE RI�WKHVH�GLIIHUHQFHV� :H�DOVR�GHILQH�D FACTOR

WKDW�ZH�WKLQN�LW�LV�ELJ�HQRXJK�WR�FRQVLGHU�D�EUHDN� VWDUWHG�ZLWK�YDOXH� ��� 6R� ZKHQ�ZH�UHDFK�D�SRLQW

ZKHUH��KDIST�N��� KDIST�N�����!��FACTOR  AVERAGE�� ZH�FRQVLGHU�WR�KDYH�IRXQG�WKH�EUHDN�SRLQW�

$IWHU�LPSOHPHQWHG�WKHVH�FKDQJHV�LQ�WKH�5 DSSOLFDWLRQ�DQG�H[HFXWHG�WKRVH�N�GLVW�SORWV� WKH�UHVXOWV

ZHUH�YHU\�GLIIHUHQW� QRW�SURYLQJ�(VWHU·V�WKHRU\� $QRWKHU�DSSURDFK�ZDV�QHHGHG�WR�FRQWLQXH�WKH�UH�

VHDUFK� H[SODLQHG�LQ�WKH�QH[W�VHFWLRQ�

��� 3URSRVHG�$SSURDFK

7KLV�VHFWLRQ�SUHVHQWV�WKH�SURSRVHG�DSSURDFK�WR�ILQG�D�VROXWLRQ� WKH�WHVW�GDWD�VHWV�XVHG� DQG�ILQDOO\

WKH�PHWKRGRORJ\�IROORZHG�

����� 8VHG�GDWD�VHWV

,Q�WKLV�GRFXPHQW� WKH�EHKDYLRXU�RI�WKH�LQSXW�SDUDPHWHUV�LV�WHVWHG�XVLQJ�IRXU�DUWLILFLDO�&KDPHOHRQ

GDWD�VHWV >.DU\SLV�HW DO�� ����@� W���N��ILJXUH ����� W���N��ILJXUH �����DQG�W���N��ILJXUH ����� DOO�WKUHH

ZLWK�������SRLQWV�DQG�WKH�GDWD�VHW�W����N��ILJXUH �����ZLWK��������SRLQWV�

$V�WKH�DQDO\VLV�PDGH�LQ�LQLWLDO�H[SHULPHQWV� WHVWLQJ�KHXULVWLFV�SURSRVHG�E\�RWKHU�DXWKRUV�GLG�QRW

SURGXFH�VDWLVIDFWRU\�UHVXOWV� DQ�H[KDXVWLYH�SURFHVVLQJ�RI�WZR�GDWD�VHWV�ZDV�FDUULHG�RXW�XVLQJ�GDWD

VHWV� W���N� DQG� W���N� 7R� XQGHUVWDQG� WKH� EHKDYLRXU� RI� WKH�611 LQSXW� SDUDPHWHUV� WKH� VWUDWHJ\

XVHG�ZDV�WR�SHUIRUP�EUXWH�IRUFH�WHVWV� ([HFXWLRQV�ZHUH�PDGH�FRYHULQJ�DOO�SRVVLEOH�FRPELQDWLRQV

RI�WKH�LQSXW�SDUDPHWHUV�ZLWKLQ�D�UHDVRQDEOH�UDQJH� %HIRUH�SUHVHQWLQJ�WKH�UHVXOWV� QH[W�VXEVHFWLRQ

GHVFULEHV�WKH�DGRSWHG�PHWKRGRORJ\�

��



��� 3URSRVHG�$SSURDFK

)LJXUH ���� 6SDWLDO�GLVWULEXWLRQ�RI�W���N�GDWD�VHW

)LJXUH ���� 6SDWLDO�GLVWULEXWLRQ�RI�W���N�GDWD�VHW

��



��� 3URSRVHG�$SSURDFK

)LJXUH ���� 6SDWLDO�GLVWULEXWLRQ�RI�W����N�GDWD�VHW

)LJXUH ���� 6SDWLDO�GLVWULEXWLRQ�RI�W���N�GDWD�VHW

����� 0HWKRGRORJ\

7KH�LPSOHPHQWDWLRQ�XVHG�WR�SHUIRUP�FOXVWHULQJ�ZLWK�WKH�611 DOJRULWKP�ZDV�WKH�)�611 >$QWXQHV�

����@� 7R�VSHHG�XS�WKH�H[SHULPHQWV� VHYHUDO�VFULSWV�ZHUH�FUHDWHG�WR�UXQ�EDWFK�611 H[HFXWLRQV

��



��� 3URSRVHG�$SSURDFK

ZLWK�F\FOHV�WKDW�WHVW�DOO�SRVVLEOH�FRPELQDWLRQV�ZLWKLQ�D�SUH�GHWHUPLQHG�UDQJH� $Q�RYHUYLHZ�RI�WKH

PHWKRGRORJ\�LV�VKRZQ�LQ ���� 7KH�VWHSV�XVHG�LQ�WKH�PHWKRGRORJ\�DUH�

I��VHW�WKH�PD[LPXP�QXPEHU�IRU K �K�PD[��

II��UXQ�WKH�)�611 WR�FUHDWH�WKH�QHLJKERXU·V�OLVW�

III��UXQ�WKH�FOXVWHULQJ�DOJRULWKP�XVLQJ�DOO�SRVVLEOH�FRPELQDWLRQV�RI -IN0TS DQG %PS ZLWK�D K EHWZHHQ

��DQG K�PD[�

IV��LGHQWLI\�WKH�FRPELQDWLRQV�WKDW�SURGXFHG�WKH�QXPEHU�RI�H[SHFWHG�FOXVWHUV�

V��UHUXQ�WKH�FOXVWHULQJ�DOJRULWKP� IRU�WKH�FRPELQDWLRQV�LGHQWLILHG�LQ�VWHS IV�� FRXQWLQJ�WKH�QXPEHU�RI

SRLQWV�SHU�FOXVWHU� DQG�

VI��DVVLJQ�D�TXDOLW\�ODEHO�WR�WKH�LGHQWLILHG�FOXVWHUV�

,QLWLDOO\� DQG�IROORZLQJ�WKH�611 VWHSV� WKH�QHDUHVW�QHLJKERXUV·�OLVW�ZDV�FUHDWHG� 7KLV�LV�WKH�PRVW�WLPH

FRQVXPLQJ�WDVN�LQ�D�611 UXQ� &RQVLGHULQJ�WKH�VL]H�RI�WKH�WHVWLQJ�GDWD�VHWV� WKH�ILUVW�EDWFK�H[HFXWLRQ

QHHGV�WR�FRYHU�D K YDOXH�EHWZHHQ���DQG�����K�PD[�� WU\LQJ�WR�HVWDEOLVK�D�UHODWLRQVKLS�EHWZHHQ K DQG

WKH�VL]H�RI�GDWD�VHWV��N�� 7KH�QHLJKERXUV·�OLVW�IRU�D K HTXDO�WR�����K�PD[��ZDV�FUHDWHG�DQG�XVHG�LQ

DOO�WKH�H[HFXWLRQV� 7KH�OLPLW�RI����IRU�N�PD[�ZDV�GHFLGHG�GXH�WR�WKH�WLPH�WKDW�WKH�DSSOLFDWLRQ�WDNHV

WR�PDNH�DQ�H[HFXWLRQ�ZLWK�VXFK�YDOXH� $IWHU�VRPH�H[HFXWLRQV� WKDW�OLPLW�ZDV�GHILQHG� VR�ZH�FRXOG

KDYH�UHVXOWV�DYDLODEOH�WR�KDYH�WKLV�UHVHDUFK�UHDG\�RQ�WLPH�

8VLQJ�V\QWKHWLF�GDWD�VHWV�ZLWK���FOXVWHUV�HDFK��W���N�DQG�W���N�� ZLOO�DOORZ�WKH�LGHQWLILFDWLRQ�RI�WKH

LQSXW�SDUDPHWHUV�WKDW�SURGXFH�WKH�H[SHFWHG���FOXVWHUV�UHVXOW� 7KH�VFULSW�ZDV�SUHSDUHG�WR�ORJ�WKH

FRPELQDWLRQV�RI K� %PS DQG -IN0TS WKDW�SURGXFH���FOXVWHUV� LQGHSHQGHQWO\�RI� WKH�FRQVWLWXWLRQ�RI

HDFK�RQH�RI�WKHVH�FOXVWHUV� )RU�FRYHULQJ�DOO�SRVVLEOH�FRPELQDWLRQV� EDWFKHV�RI�QHVWHG�F\FOHV�OLNH�WKH

RQHV�VKRZQ�LQ�SURJUDP�OLVWLQJ �� ZHUH�XVHG�WR�UXQ�WKH�611��7KLV�ZD\� LW�ZDV�SRVVLEOH�WR�FRYHU�WKH

SUH�GHWHUPLQHG�UDQJH�RI K·V� DQG�IRU�HDFK K LW�ZLOO�FRPELQH�DOO %PS EHWZHHQ���DQG K����E\�DOJRULWKP

GHILQLWLRQ��DQG�IRU�HDFK�SDLU �K DQG %PS	 ZLOO�UXQ�611 FRPELQHG�ZLWK -IN0TS EHWZHHQ���DQG K�

3URJUDP�/LVWLQJ�� %UXWH�IRUFH�QHVWHG�F\FOHV

IRU �LQW L  LQIBN� L � VXSBN� L��� ^
IRU �LQW M  LQIBHSV � M � L� M��� ^

IRU �LQW N  LQIBPLQ3WV� N � L� N��� ^
��RSHUDWLRQV�

`
`

`

��



��� 3URSRVHG�$SSURDFK

1RWH� WKDW� IRU�D�UDQJH�RI K EHWZHHQ���DQG���� ��������H[HFXWLRQV�RI� WKH�611 ZHUH�SHUIRUPHG�

'XH�WR�WKH�WLPH�WKDW� WKLV�SURFHVV�WDNH� WKHVH�H[HFXWLRQV�ZHUH�VXEGLYLGHG� LQ�VPDOO�N�UDQJHV�DQG

ZHUH�H[HFXWHG�VLPXOWDQHRXVO\�LQ�GLIIHUHQW�PDFKLQHV� ,Q�VRPH�RFFDVLRQV���GLIIHUHQW�PDFKLQHV�ZHUH

UXQQLQJ�EDWFKHV�RI�611 H[HFXWLRQV� 7KLV�DOORZHG�WR�REWDLQ�UHVXOWV�LQ�D�WLPHO\�PDQQHU�

)LJXUH ���� 0HWKRGRORJ\�RYHUYLHZ

$IWHU�SUHYLRXV�VWHS� DOO�WKH�FRPELQDWLRQV�WKDW�SURGXFHG�WKH���H[SHFWHG�FOXVWHUV�ZHUH�LGHQWLILHG�IRU

IXUWKHU�SURFHVVLQJ� $ VDPSOH�RI�WKH�RXWSXW�ORJ�LV�VKRZQ�LQ�SURJUDP�OLVWLQJ �� 7KHQ�DOO�FRPELQDWLRQV

WKDW�SURGXFH�D�GLIIHUHQW�QXPEHU�RI�WKH�LQWHQGHG�WRWDO�FOXVWHUV�DUH�GHOHWHG� $W�WKLV�SRLQW� DQRWKHU

VFULSW�ZDV�XVHG�WR�UHUXQ�WKH�DOJRULWKP�IRU�WKH�LGHQWLILHG�FRPELQDWLRQV��VDPSOH�LQ�SURJUDP�OLVWLQJ ���

7KH�DLP�LV�WR�UHFRUG�WKH�QXPEHU�RI�SRLQWV�WKDW�HDFK�FOXVWHU�KDV� DV�WKLV�YDOXH�DOORZV�DQ�HYDOXDWLRQ�RI

WKH�TXDOLW\�RI�WKH�REWDLQHG�UHVXOWV� $ FURS�RI�WKH�RXWSXW�SURGXFHG�LQ�WKLV�SKDVH�LV�VKRZQ�LQ �� 7KLV

��



��� 3URSRVHG�$SSURDFK

WDVN�ZDV�QRW�SHUIRUPHG�HDUOLHU�GXH�WR�WKH�WLPH�WKDW�LV�QHHGHG�WR�H[HFXWH�DOO�SRVVLEOH�FRPELQDWLRQV

DQG�WR�DOVR�UHFRUG�WKH�QXPEHU�RI�SRLQWV�IRU�DOO�RI�WKHP�

7KH�DSSURDFK�XVHG�WR�PHDVXUH�WKH�TXDOLW\�RI�WKH�FOXVWHUV�ZDV�WR�DQDO\VH�WKH�WRWDO�QXPEHU�RI�SRLQWV

RI�HDFK�FOXVWHU� $V�LW�ZLOO�EH�H[SODLQHG�LQ�WKH�IROORZLQJ�VXEVHFWLRQ� WKH�FOXVWHUV�WKDW�SUHVHQWHG�EHWWHU

UHVXOWV�ZHUH�FODVVLILHG�ZLWK�DQ�RUGLQDO�VFDOH�UDQJLQJ�IURP�H[FHOOHQW�WR�VXIILFLHQW�

3URJUDP�/LVWLQJ�� 6DPSOH�RI�RXWSXW�SURGXFHG�E\�FRXQWLQJ�FOXVWHUV�IRU�HDFK�SDUDPHWHU�FRPELQ�
DWLRQ

N HSV PLQ3WV FOXVWHUV
�������������������������������
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� �
�� �� �� ��
�� �� �� ��

3URJUDP�/LVWLQJ�� 6DPSOH�RI�FRPELQDWLRQV�WR�FRXQW�SRLQWV�SHU�FOXVWHU

N HSV PLQ3WV
������������������
�� �� ��
�� �� ��
�� �� ��
�� �� ��
�� �� ��
�� �� ��

��



��� 3UHOLPLQDU\�UHVXOWV

3URJUDP�/LVWLQJ�� 3DUWLDO�ORJ�SURGXFHG�E\�FRXQWLQJ�RI�WKH�SRLQWV�SHU�FOXVWHU�

N HSV PLQ3WV QRLVH FO� FO� FO� FO� FO� FO�
��������������������������������������������������������������������������
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����
�� �� �� ���� ���� ���� ���� ���� ���� ����

1H[W� VXEVHFWLRQ�GHVFULEHV� WKH� REWDLQHG� UHVXOWV� IRU� WKH� WZR�GDWD� VHWV� ZKLOH� WKH� ODVW� VXEVHFWLRQ

VXPPDULVHV�WKH�PDLQ�ILQGLQJV�RI�WKHVH�DQDO\VHV�

��� 3UHOLPLQDU\�UHVXOWV

7KLV�VHFWLRQ�SUHVHQWV�WKH�UHVXOWV�RI�WKH�WHVWV�SHUIRUPHG�ZLWK�WKH�WHVW�GDWD�VHWV�W���N�DQG�W���N�

��



��� 3UHOLPLQDU\�UHVXOWV

����� 5HVXOWV�IRU�WKH�W���N�GDWD�VHW

$IWHU� SURFHVVLQJ�DOO� SRVVLEOH� FRPELQDWLRQV� IRU� WKH� YDOXHV�RI K� %PS DQG -IN0TS� ZLWK K EHWZHHQ

��DQG���� WKH�REWDLQHG�FOXVWHUV�ZHUH�FRPSDUHG�ZLWK� WKH�VROXWLRQ� WKDW�SUHVHQWHG�EHWWHU� UHVXOWV�

7KLV�PHDQV�WKDW�WKH�QXPEHU�RI�QRLVH�SRLQWV�DV�ZHOO�DV�WKH�QXPEHU�RI�SRLQWV�LQ�HDFK�FOXVWHU�ZDV

DQDO\VHG� )RU�WKLV�GDWD�VHW� D�ODUJH�QXPEHU�RI�YDOLG�FRPELQDWLRQV�ZHUH�REWDLQHG���������RI��������

WHVWHG�FRPELQDWLRQV�� � 'XH� WR� WKLV� ODUJH�QXPEHU� WKH�REWDLQHG�FRPELQDWLRQV�ZHUH�FODVVLILHG�DV

([FHOOHQW� 9HU\�*RRG� *RRG�DQG�6XIILFLHQW�GHSHQGLQJ�RQ�WKH�QXPEHU�RI�SRLQWV�FOXVWHUHG�FRUUHFWO\�

7KH�WKUHVKROGV�XVHG�ZHUH�D�FRUUHVSRQGHQFH�LQ�WHUP�RI�SRLQWV�RI����� ���� ���� ����RU�KLJKHU�IRU

WKH�FOXVWHUV�FODVVLILHG�DV�([FHOOHQW� 9HU\�*RRG� *RRG�DQG�6XIILFLHQW� UHVSHFWLYHO\� 7KH�VXPPDU\�RI

WKH�FODVVLILFDWLRQ�LV�VKRZQ�LQ�ILJXUH ����

7KLV�DVVLJQPHQW�RI�D�TXDOLW\�ODEHO�DOORZHG�WKH�DQDO\VLV�RI�WKH�VHYHUDO�FRPELQDWLRQV�DPRQJ�LQSXW

SDUDPHWHUV�DQG�WKH�FOXVWHUV·�TXDOLW\� ILJXUH ��� VKRZV�WKH�UHODWLRQ�EHWZHHQ�WKH�GLIIHUHQW�YDOLG�FRP�

ELQDWLRQV�RI�WKH�LQSXW�SDUDPHWHUV�DQG�WKH�TXDOLW\�RI�WKH�UHVXOWV�

)LJXUH ���� W���N�UHVXOWV�RI�FRPELQDWLRQV�YV� TXDOLW\

��



��� 3UHOLPLQDU\�UHVXOWV

)LJXUH ����� W���N�FRUUHFW�UHVXOWV�DQG�TXDOLW\�FODVVLILFDWLRQ

7KH�UHODWLRQV�EHWZHHQ�LQSXW�SDUDPHWHUV K DQG %PS SURGXFH�GH�UHVXOWV�VKRZQ�LQ�ILJXUH ����� 6LPLODU

DQDO\VLV�FDQ�EH�PDGH�UHJDUGLQJ�UHODWLRQV�EHWZHHQ K DQG -IN0TS RQ�ILJXUH �����

)LJXUH ����� W���N�UHVXOWV�UHJDUGLQJ K DQG %PS UHODWLRQ�

��



��� 3UHOLPLQDU\�UHVXOWV

)LJXUH ����� W���N�UHVXOWV�FRQVLGHULQJ K DQG -IN0TS UHODWLRQ�

$ SDWWHUQ�HPHUJHG�DPRQJ�WKH�LQSXW�SDUDPHWHUV�WKDW�FOHDUO\� LQIOXHQFH�WKH�FOXVWHULQJ�UHVXOWV� ILJ�

XUH ���� DQG�ILJXUH ���� RQO\�FRQVLGHU�WKRVH�FRPELQDWLRQV�WKDW�JHQHUDWH�UHVXOWV�FODVVLILHG�DV�([FHO�

OHQW�

)LJXUH ����� W���N�UHVXOWV�FODVVLILHG�DV�([FHOOHQW�

$V�VKRZQ�LQ�ILJXUH ����� DOO�WKH�([FHOOHQW�UHVXOWV�ZHUH�REWDLQHG�ZLWK�YDOXHV�RI K DQG -IN0TS WKDW�DUH

VWURQJO\�UHODWHG��5� ��������� )RU�HDFK�SDLU�RI��K� -IN0TS�� D�ODUJH�UDQJH�RI�YDOXHV�IRU %PS FDQ�EH

XVHG�ZLWKRXW�DIIHFWLQJ�WKH�UHVXOW�TXDOLW\� ,Q�IDFW� DOPRVW�DQ\�YDOXH�RI %PS LV�DFFHSWDEOH�LI�LW�LV�VOLJKWO\

ORZHU�WKDW -IN0TS� 7KLV�DQDO\VLV�LV�YHU\�FOHDU�ZKHQ�VWLOO�LQ�WKH�([FHOOHQW�UHVXOWV�ZH�DQDO\VH�WKH�ERWK

��



��� 3UHOLPLQDU\�UHVXOWV

UHODWLRQV�EHWZHHQ K DQG -IN0TS DQG K DQG %PS� VKRZQ�LQ�ILJXUH ���� DQG�ILJXUH ���� UHVSHFWLYHO\�

:H�FDQ�FRQFOXGH�WKDW�WKHUH�LV�D�VWURQJ�UHODWLRQ�EHWZHHQ K DQG -IN0TS ZKLOH�D�ODUJH�TXDQWLW\�RI %PS

YDOXHV�FDQ�EH�XVHG�ZLWKRXW�FRPSURPLVLQJ�TXDOLW\�UHVXOWV�

y"="1.013x")"4.6571"
R²"="0.99885"
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)LJXUH ����� ,QSXW�SDUDPHWHU�FRPELQDWLRQV�WKDW�SURGXFH�([FHOOHQW�UHVXOWV��W���N�GDWD�VHW�

)LJXUH ����� W���N�5HODWLRQ�EHWZHHQ K DQG -IN0TS IRU�([FHOOHQW�UHVXOWV�

��



��� 3UHOLPLQDU\�UHVXOWV

)LJXUH ����� W���N�5HODWLRQV�EHWZHHQ�N�DQG�(SV�IRU�([FHOOHQW�UHVXOWV�

2Q�ILJXUH ���� LV�VKRZQ�WKH�FRUUHODWLRQ�EHWZHHQ K DQG -IN0TS RQ�WKH�UHVXOWV�IRU�FOXVWHUV�FODVVLILHG

DV�9HU\�*RRG� 7KH�FRUUHODWLRQ�PDLQWDLQV�DOWKRXJK�OHVV�VWURQJHU�DV�ZH�FDQ�QRWLFH�WKDW�IRU�HDFK K

YDOXH�WKHUH�DUH�QRZ�VRPH�DFFHSWDEOH -IN0TS YDOXHV� %PS EHKDYLRXU�NHHSV�DV�SUHYLRXV�REVHUYDWLRQ�

y"="0.9974x"+"36.603"
R²"="0.99745"
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)LJXUH ����� &RUUHODWLRQ�EHWZHHQ K DQG -IN0TS RI�9HU\�*RRG�FOXVWHULQJ�UHVXOWV��W���N�GDWD�VHW�

,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ K DQG -IN0TSPDLQWDLQV�GHVSLWH�WKH�GHFUHDV�

LQJ�RI�WKH�TXDOLW\�RI�WKH�FOXVWHUV� :H�FDQ�REVHUYH�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�SDUDPHWHUV�LQ �����

7KH�GHFUHDVLQJ�RI�WKH�FRUUHODWLRQ�LV�DOVR�H[SODLQDEOH�GXH�WR�WKH�IDFW�WKDW�WKH�TXDQWLW\�RI�FOXVWHUV

FODVVLILHG�DV�FRUUHFW�LV�KLJKHU�DV�WKH�TXDOLW\�RI�WKH�FOXVWHUV�LV�JHWWLQJ�ORZHU� )URP�WKH�WRWDO�RI�������

��



��� 3UHOLPLQDU\�UHVXOWV

FRPELQDWLRQV�RI�LQSXW�SDUDPHWHUV�WKDW�SURGXFHG�FRUUHFW�FOXVWHULQJ�UHVXOWV�IRU�WKH�GDWD�VHW�W���N�

RQO\�������ZHUH�FODVVLILHG�DV�([FHOOHQW�XQOLNH�6XIILFLHQW�ODEHOOHG�FOXVWHUV�UHVXOWV�WKDW�ZHUH�������

DV�VHHQ�EHIRUH�

)LJXUH ����� &RUUHODWLRQ�EHWZHHQ�LQSXW�SDUDPHWHUV�LQ�W���N�GDWD�VHW

����� 5HVXOWV�IRU�WKH�W���N�GDWD�VHW

5HSHDWLQJ�WKH�VDPH�SURFHVV�WR�WKH�W���N�GDWD�VHW� WKH�DVVLJQPHQW�RI�D�TXDOLW\�ODEHO�WR�WKH�REWDLQHG

FOXVWHUV�DOORZHG�WKH�LGHQWLILFDWLRQ�RI�D�VLPLODU�SDWWHUQ�IRXQG�LQ�WKH�SUHYLRXV�GDWD�VHW�

)RU�WKH�W���N�GDWD�VHW� IHZHU�SRVVLEOH�FRPELQDWLRQV�RI�WKH�LQSXW�SDUDPHWHUV�DUH�DYDLODEOH� PRVWO\

IRU�WKH�H[FHOOHQW�FRPELQDWLRQV� RQO\����� DV�ZH�FDQ�REVHUYH�IURP�WDEOH � DQG�ILJXUH �����

7DEOH �� W���N�GDWD�VHW�FOXVWHULQJ�UHVXOWV�DQG�FODVVLILFDWLRQ

4XDOLW\ 5HVXOWV
([FHOOHQW ���
9HU\�*RRG �����
*RRG �����
6XIILFLHQW �����
7RWDO �����

/LNH�LW�DOUHDG\�KDSSHQHG�ZLWK�GDWD�VHW�W���N� D�KLJK�FRUUHODWLRQ�EHWZHHQ K DQG -IN0TS LV�VWLOO�YHULILHG

�ILJXUH ������DQG� DOVR�PDLQWDLQV�WKH�KLJK�YDULDELOLW\�RI�(SV�VKRZQ�LQ�ILJXUH �����

��



��� 3UHOLPLQDU\�UHVXOWV

)LJXUH ����� W���N�UHVXOWV�RI�FRPELQDWLRQV�YV� TXDOLW\

)LJXUH ����� W���N�UHVXOWV�FRQFHUQLQJ K DQG -IN0TS UHODWLRQ

��



��� 3UHOLPLQDU\�UHVXOWV

)LJXUH ����� W���N�UHVXOWV�UHJDUGLQJ K DQG %PS UHODWLRQ

)RU�WKH�WZR�GDWD�VHWV� WDEOH � SUHVHQWV�D�VXPPDU\�ZLWK�WKH�LQWHUYDOV�WKDW�SURGXFHG�WKH�VL[�FOXVWHUV�

7KH�UDQJH�RI�YDOLG�UHVXOWV�IRU K VKRZV�WKDW� IRU�ERWK�GDWD�VHWV� WKH�H[SHFWHG�UHVXOWV�VWDUWHG�WR�HPHUJH

ZLWK�D K DURXQG���� )RU %PS� WKH�ZLGH�UDQJH�RI�SRVVLEOH�YDOXHV�LV�YHULILHG� 7KLV�WDEOH�DOVR�VKRZV�WKH

SRVVLEOH�YDOXHV�IRU�WKH�([FHOOHQW�FOXVWHUV� ZLWK�D�YLVLEOH�UHGXFWLRQ�LQ�WKH�DPSOLWXGH�RI�WKH�SRVVLEOH

YDOXHV�IRU�HDFK�SDUDPHWHU�

7DEOH �� 5DQJH�RI�SRVVLEOH�LQSXW�SDUDPHWHUV

'DWD�VHW J $YJ J $OR $YJ $OR ,HM/SR $YJ ,HM/SR
W���N��DOO� >�����@ �� >����@ �� >�����@ ��
W���N��DOO� >�����@ �� >����@ �� >�����@ ��
W���N��H[FHOOHQW� >�����@ �� >����@ �� >�����@ ��
W���N��H[FHOOHQW� >�����@ �� >����@ �� >�����@ ��

7KH�EHVW�FOXVWHULQJ�UHVXOWV�DUH�DFKLHYHG�IRU�W���N�ZLWK�D�FRPELQDWLRQ�RI�SDUDPHWHUV K�%PS�-IN0TS RI

����������ILJXUH ������DQG�RI����������IRU�WKH�W���N�GDWD�VHW��ILJXUH ������ 7KH�VHPDQWLF�RI�EHVW

UHVXOW�FDQ�GHSHQG�RI�WKH�DQDO\WLF�FRQWH[W�LQ�ZKLFK�WKH�GDWD�DQDO\VLV�WDVN�LV�EHLQJ�XQGHUWDNHQ� ,Q�WKLV

ZRUN� DQG�DV�DOUHDG\�PHQWLRQHG� LW�LV�DVVRFLDWHG�WR�WKH�DELOLW\�WR�LGHQWLI\�WKH�KLJKHU�QXPEHU�RI�QRLVH

SRLQWV�DV�SRVVLEOH�ZLWKRXW�FRPSURPLVLQJ�WKH�FRQVWLWXWLRQ�RI�HDFK�RQH�RI�WKH�FOXVWHUV�WKDW�PXVW�EH

LGHQWLILHG�

��



��� $GRSWHG�+HXULVWLFV

)LJXUH ����� &OXVWHULQJ�UHVXOW�IRU�WKH�W���N�GDWD�VHW

)LJXUH ����� &OXVWHULQJ�UHVXOW�IRU�WKH�W���N�GDWD�VHW

��� $GRSWHG�+HXULVWLFV

7KLV�VHFWLRQ�SUHVHQWV�WKH�PDLQ�ILQGLQJV�RI�WKH�UHVHDUFK�DV�ZHOO�DV�WKH�DGRSWHG�KHXULVWLF�WR�ILQG�WKH

DSSURSULDWH�LQSXW�SDUDPHWHUV�

����� 0DLQ�ILQGLQJV

$IWHU�SURFHVVLQJ�VR�PDQ\�FRPELQDWLRQV�DQG�WKH�UHVXOWV�SURYLGHG�E\�HDFK�RQH� LW�ZDV�SRVVLEOH�WR

LGHQWLI\�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ K DQG -IN0TS DQG�WR�YHULI\�WKDW %PS FDQ�EH�LQIHUUHG�NQRZLQJ

-IN0TS� $ VXPPDU\�RI�WKH�UHVXOWV�REWDLQHG�LQ�WKH�WHVWV�ZLWK�WKH�GDWD�VHWV�W���N� W���N� W����N�DQG

W���N�LV�VKRZQ�LQ�ILJXUH ����� ZKHUH�ZH�FDQ�REVHUYH�D�FRKHUHQFH�LQ�WHUPV�RI�WKH�YDOXHV�RI MIN+�

MAX+� AVG+� BEST+ DQG�WKH�YDOXH�RI N �WKH�VL]H�RI�WKH�GDWD�VHW��

��



��� $GRSWHG�+HXULVWLFV

)LJXUH ����� 5HVXOWV�IRU�W���N� W���N� W����N�DQG�W���N�GDWD�VHWV�

:LWK�WKH�DYDLODEOH�UHVXOWV�LW�LV�SRVVLEOH�WR�VXJJHVW�WKDW� -IN0TS VKRXOG�EH�D�YDOXH�UDQJLQJ�IURP����

WR�����RI K YDOXH� %PS� D�PRUH�IOH[LEOH�SDUDPHWHU� VKRXOG�EH�DURXQG�������RI -IN0TS� ,Q�ERWK�FDVHV�

DQG�DV�DOUHDG\�PHQWLRQHG� VHYHUDO�YDOLG�FRPELQDWLRQV�H[LVW� )RU�WKH�WKUHH�LQSXW�SDUDPHWHUV� K LV

WKH�PRVW�GLIILFXOW�RQH�WR�HVWLPDWH� $IWHU�WHVWLQJ�DOVR�VHYHUDO�UDQGRP�GDWD�VHWV�H[WUDFWHG�IURP�W���N

DQG�W���N�ZLWK�GLIIHUHQW�QXPEHU�RI�SRLQWV� ������ ������ ������DQG������� LW�ZDV�SRVVLEOH�WR�YHULI\

WKDW K LV�FRQWDLQHG�LQ�DQ�LQWHUYDO�WKDW�UDQJHV�IURP�������DQG����RI�WKH�VL]H�RI�WKH�GDWD�VHW�

����� $GRSWHG�KHXULVWLF

6XPPDULVLQJ�WKH�ILQGLQJV� LW�LV�SRVVLEOH�WR�SURSRVH�WKH�IROORZLQJ�KHXULVWLF�WR�ILQG�WKH�VWDUWLQJ�SDUD�

PHWHUV�WR�UXQ�WKH�611 DOJRULWKP�

N  �VL]H�RI�WKH�GDWDEDVH�

K  N ������

-IN0TS  K ����

%PS  -IN0TS ������

��



��� $GRSWHG�+HXULVWLFV

��



��(YDOXDWLRQ�RI�WKH�SURSRVHG�KHXULVWLFV

� (YDOXDWLRQ�RI�WKH�SURSRVHG�KHXULVWLFV

��� &KDPHOHRQ�GDWD�VHWV

,Q�RUGHU�WR�YDOLGDWH�WKHVH�ILQGLQJV� DQG�DOVR�WR�FKHFN�LI�WKH\�DUH�LQGHSHQGHQW�RI�WKH�QXPEHU�RI�SRLQWV

DQG�WKH�QXPEHU�RI�FOXVWHUV�SUHVHQW�LQ�WKH�GDWD�VHW� WZR�RWKHU�GDWD�VHWV�DYDLODEOH�IURP�WKH�&KDPHOHRQ

DOJRULWKP�ZHUH�WHVWHG� WKH�W���N�WKDW�LQWHJUDWHV�������SRLQWV�DQG���FOXVWHUV� DQG�WKH�W����N�WKDW

LQWHJUDWHV��������SRLQWV�DQG���FOXVWHUV� )RU�ERWK�GDWD�VHWV� WDEOH � VKRZV�WKH�HVWLPDWHG�UDQJH�IRU

K XVLQJ�WKH�SURSRVHG�KHXULVWLFV� DV�ZHOO�DV�WKH�FRPELQDWLRQV� FODVVLILHG�DV�H[FHOOHQW� REWDLQHG�DIWHU

SURFHVVLQJ�DQG�DQDO\VLQJ�DOO�WKH�UHVXOWV�

7DEOH �� 5DQJH�RI�HVWLPDWHG K DQG�YDOLG�LQSXW�SDUDPHWHU K

(VWLPDWHG J
'DWD�VHW M ([SHFWHG�FOXVWHUV ����� �� 9DOLG J
W���N ����� � �� �� �� ��
W���N ����� � �� �� �� ��
W���N ����� � �� �� �� ��
W����N ������ � �� ��� �� ��

&RQWLQXLQJ�WKH�YDOLGDWLRQ�SURFHVV� LW�ZDV�QHFHVVDU\�WR�WHVW�KRZ�VHQVLWLYH�WKH�FOXVWHULQJ�SURFHVV�LV

WR�WKH�QXPEHU�RI�SRLQWV�LQ�WKH�GDWD�VHW� $V�WKH�611 DOJRULWKP�KDV�D�WLPH�FRPSOH[LW\�HYDOXDWHG�LQ

/�N���LQ�WKH�ZRUVW�FDVH >(UWR]�HW DO�� ����@� PDLQO\�ORRNLQJ�IRU�WKH K QHDUHVW�QHLJKERXUV�RI�D�SRLQW�

WKLV�PHDQV�WKDW�DV N LQFUHDVHV� WKH�HVWLPDWLRQ�RI K ZLOO�LQFUHDVH�WRR� PDNLQJ�WKH�FDOFXODWLRQ�RI�WKH

OLVW�RI�QHDUHVW�QHLJKERXUV�D�PRUH�GLIILFXOW�WDVN�

6HYHUDO�PXWDWLRQV�RI�WKH�&KDPHOHRQ�GDWD�VHWV�ZHUH�FUHDWHG�LQ�RUGHU�WR�YDOLGDWH�WKH�SURSRVHG�KHXU�

LVWLF� 7KH�W���N�GDWD�VHW�ZDV�UHSOLFDWHG� DV�VKRZQ�LQ�ILJXUH ���� :LWK��������SRLQWV� WKH�SURSRVHG

KHXULVWLF�IRU�N�HVWLPDWHV�WKDW�WKH�UDQJH�RI�SRVVLEOH�YDOXHV�LV�EHWZHHQ�����DQG����� 3URFHVVLQJ�WKHVH

YDOXHV�DOORZHG�WKH�LGHQWLILFDWLRQ�RI�WKH�H[SHFWHG�FOXVWHUV� +RZHYHU� WKH�LQLWLDO�HVWLPDWHG�YDOXHV� IRU

������SRLQWV� DOVR�LGHQWLILHG�WKH�VDPH�UHVXOW��ILJXUH �����

)LJXUH ���� 'XSOLFDWLRQ�RI�WKH�W���N�GDWD�VHW

��



��� &KDPHOHRQ�GDWD�VHWV

)LJXUH ���� &OXVWHULQJ�UHVXOW�IRU�WKH�GXSOLFDWHG�W���N�GDWD�VHW

0RUHRYHU� LQGHSHQGHQWO\�RI�WKH�XQGHUWDNHQ�UHSOLFDWLRQ� ZLWK�IRU�H[DPSOH��������SRLQWV� VKRZQ�LQ

ILJXUH ���� WKH�QHZ�HVWLPDWHG�YDOXHV�IRU K LGHQWLILHV�WKH�H[SHFWHG�FOXVWHUV�DV�ZHOO�DV�WKH�SUHYLRXV

FRUUHFW�FRPELQDWLRQV�IRU�WKH�������SRLQWV�GDWD�VHW� DV�ZH�FDQ�REVHUYH�LQ�ZLWKRXW�WKH�QRLVH�SRLQWV

IRU�EHWWHU�YLHZLQJ� 7KLV�PHDQV�WKDW�D�SDWWHUQ�H[LVW�LQ�WKH�SRVVLEOH�LQSXW�SDUDPHWHUV�IRU�D�GDWD�VHW� ,I

ZH�NHHS�GRXEOLQJ�WKH�GDWD�VHW�VL]H�DQG�WKH�RULJLQDO�FRUUHFW�FRPELQDWLRQ�RI�LQSXW�SDUDPHWHUV�NHHSV

YDOLG� WKLV�PHDQV�WKDW�WKH�UHYHUVH�SDWK�FDQ�DOVR�EH�WDNHQ� ,I�ZH�KDYH�UHDOO\�KXJH�GDWD�VHWV� PD\EH�ZH

FDQ�PDNH�VDPSOHV�RI�WKRVH�GDWD�VHWV�FRQWLQXRXVO\�GLYLGLQJ�WKHP�E\�WZR� XQWLO�ZH�FDQ�KDYH�ZRUNDEOH

SDUDPHWHUV� 7KLV�LV�YHU\�LPSRUWDQW�DV�ZH�FDQ�DYRLG�ODUJH�YDOXHV�IRU K� ZKLFK�VHYHUHO\�SHQDOLVH�WKH

WLPH�QHHGHG�WR�FRPSXWH�WKH�FOXVWHUV�

)LJXUH ���� 'HQVLW\�GLVWULEXWLRQ�RI�WKH���WLPHV�UHSOLFDWHG�W���N�GDWD�VHW

)LJXUH ���� &OXVWHULQJ�UHVXOW�IRU�W��GDWDVHW�ZLWK��������SRLQWV�ZLWKRXW�WKH�QRLVH�SRLQWV

$ VLPLODU�SURFHVV�ZDV�XVHG�WR�UHSOLFDWH�WZR�WLPHV�DQG�WKUHH�WLPHV�WKH�W���N�GDWDVHW� WUDQVIRUPLQJ�LW�LQ

��������ILJXUH �����DQG���������ILJXUH �����SRLQWV�UHVSHFWLYHO\� 7KH�VDPH�ZD\�DV�DOUHDG\�KDSSHQHG

ZLWK�W���N�GDWD�VHWV�YDULDWLRQV� WKH�RULJLQDO�FRUUHFW�FRPELQDWLRQV�IRU�W���N�GDWDVHW�SURGXFHG�FRUUHFW

FOXVWHULQJ�UHVXOWV�DV�ZH�FDQ�REVHUYH�LQ�ILJXUH ��� DQG�LQ�ILJXUH ���� WKLV�RQH�ZLWKRXW�WKH�QRLVH�SRLQWV

SORWWHG�

��



��� &KDPHOHRQ�GDWD�VHWV

)LJXUH ���� 3ORW�RI�XQFOXVWHUHG��[�W���N�GDWD�VHW

)LJXUH ���� 3ORW�RI�XQFOXVWHUHG��[�W���N�GDWD�VHW

��



��� &KDPHOHRQ�GDWD�VHWV

)LJXUH ���� &OXVWHULQJ�UHVXOWV�IRU�WKH��[�W���N�GDWD�VHW

)LJXUH ���� &OXVWHULQJ�UHVXOWV�IRU�WKH��[�W���N�GDWD�VHW

��



��� &KDPHOHRQ�GDWD�VHWV

2WKHU�GDWD�VHWV�ZHUH�FUHDWHG�UHVL]LQJ�WKH�W���N�&KDPHOHRQ�GDWD�VHW� ,Q�RUGHU�WR�WHVW�LI�WKH�UHVL]LQJ

RI�D�GDWD�VHW� FRXOG�LPSO\�D�FKDQJH�LQ�WKH�UHVXOWV� WZR�YHUVLRQV�RI�WKH�GDWD�VHW�W���N�ZHUH�FUHDWHG�LQ

WKH�:6*����D�VWDQGDUG�IRU�XVH�LQ�FDUWRJUDSK\�RI�WKH�:RUOG�*HRGHWLF�6\VWHP�� 2ULJLQDO�&KDPHOHRQ

GDWD�VHWV�ZHUH�FUHDWHG�LQ�D�EL�GLPHQVLRQDO��[�\��VSDFH� $ VPDOOHU�DQG�D�ODUJHU�GDWD�VHWV�LQ�WHUPV

RI�RFFXSLHG�DUHD�ZHUH�FUHDWHG� $SSO\LQJ�WKH�SURSRVHG�KHXULVWLF� ERWK�GDWDVHWV�SURGXFHG�FRUUHFW

UHVXOWV� WKH�VDPH�ZD\�DV�WKH�RULJLQDO�GLG�DQG�ZLWK�WKH�VDPH�FRPELQDWLRQ�RI�LQSXW�SDUDPHWHUV K�%PS�

-IN0TS RI���������� $Q�LPDJH�ZLWK�ERWK�RYHUODLG�SORWV�LQ�WKHLU�UHODWLYH�SRVLWLRQV�LV�VKRZQ�LQ ���� 7KH

FOXVWHULQJ�UHVXOWV�FDQ�EH�VHHQ�LQ ����� 7KLV�WHVW�KHOS�XV�WR�FRQFOXGH�WKDW�WKH�GHQVLW\�RI�WKH�WHUUDLQ

DUHD�GRHV�QRW�KDYH�LQIOXHQFH�LQ�WKH�FOXVWHULQJ�SURFHVV�

)LJXUH ���� 3ORWV�RI�WZR�YHUVLRQV�RI�W���N�GDWD�VHW�ZLWK�GLIIHUHQW�WHUUDLQ�DUHDV�RFFXSLHG

��



��� %LUFK�GDWD�VHWV

)LJXUH ����� &OXVWHULQJ�UHVXOWV�IRU�ERWK�YHUVLRQV�RI�W���N�GDWD�VHW

��� %LUFK�GDWD�VHWV

$QRWKHU�VHW�RI�WHVW�GDWD�VHWV�ZHUH�XVHG�WR�YDOLGDWH�WKH�SURSRVHG�KHXULVWLF� ,W�LV�LPSRUWDQW�WR�YDOLGDWH

WKH�ILQGLQJV�LQ�GLIIHUHQW�GDWD�VHWV�WKDQ�WKH�RQHV�WKDW�ZHUH�XVHG�WR�GHYHORS�WKH�KHXULVWLF� 7KHUH�DUH�QRW

PDQ\�DYDLODEOH�WHVW�GDWD�VHWV�VXLWDEOH�WR�WHVW�WKH�KHXULVWLF� %LUFK�V\QWKHWLF���G�GDWD�VHWV�ZHUH�XVHG

�KWWS���ZZZ�XHI�IL�IL�VLSX�GDWDVHWV�� %LUFK��LV�D�VTXDUH�VKDSHG�GDWD�VHW� ZKLFK�VSDWLDO�GLVWULEXWLRQ

LV�VKRZQ�LQ�ILJXUH ����� %LUFK��ZLWK�D�VLQH�FXUYH�VKDSH� LV�VKRZQ�LQ�ILJXUH ����� %RWK�GDWD�VHWV�KDYH

��������REMHFWV� ,Q�ERWK�GDWD�VHWV� WKH�FOXVWHULQJ�SURFHVV�PXVW�LGHQWLI\�����ZHOO�GHILQHG�FOXVWHUV�

1RWH�WKDW�ERWK�GDWD�VHWV�KDYH�DQ�DPRXQW�RI D�SULRUL XQGHWHUPLQHG�QRLVH�SRLQWV� %RWK�GDWD�VHWV

ZHUH�JHQHUDWHG�DQG�XVHG�E\ >=KDQJ�HW DO�� ����@�RQ�WKH�UHVHDUFK�RI�WKH�%,5&+ �%DODQFHG�,WHUDWLYH

5HGXFLQJ�DQG�&OXVWHULQJ�XVLQJ�+LHUDUFKLHV��DOJRULWKP�

��



��� %LUFK�GDWD�VHWV

)LJXUH ����� 6SDWLDO�GLVWULEXWLRQ�RI�%LUFK��GDWD�VHW

)LJXUH ����� 6SDWLDO�GLVWULEXWLRQ�RI�%LUFK��GDWD�VHW

$V�WKHVH�GDWD�VHWV�KDYH���������REMHFWV�HDFK�RQH� WKH�KHXULVWLF�VD\V�WKDW�D K UDQJH�EHWZHHQ����

DQG�������LV�HVWLPDWHG� )LQGLQJ�WKH K QHDUHVW�QHLJKERXUV�OLVW�IRU�WKLV�PDJQLWXGH�RI�YDOXHV�LV�QRW

SRVVLEOH�LQ�D�UHDVRQDEOH�DPRXQW�RI�WLPH�

7DNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�SDWWHUQ�LQ�WKH�LQSXW�SDUDPHWHUV�YHULILHG�IRU�WKH�W���N�GDWD�VHW� WKH�LQLWLDO

HVWLPDWHG�UDQJHV�ZHUH�VXFFHVVLYHO\�GLYLGHG�E\���XQWLO�D K ORZHU�WKDQ�����LV�IRXQG� 7KLV�FRUUHVSRQGV

WR�D�VLWXDWLRQ�ZKHUH�D�VDPSOH�RI�WKH�LQLWLDO�GDWD�VHW�LV�XVHG�WR�HVWLPDWH�WKH�SDUDPHWHUV�EXW�DOO�WKH

GDWD�VHW�LV�XVHG�LQ�WKH�FOXVWHULQJ�SURFHVV� $ K UDQJH�EHWZHHQ�����DQG�����LV�HVWLPDWHG� 6R� WDNLQJ

����DQG�GLYLGLQJ�LW�E\�WZR� WZR�WLPHV� ZH�JHW�D K YDOXH�RI����� 0LQ3WV�YDOXH�VKRXOG�EH����� VLQFH

WKH�KHXULVWLF�UXOH�FKRRVH�D�YDOXH�EHWZHHQ�����DQG�����RI K YDOXH� 7KH %PS YDOXH�ZRXOG�EH����

VLQFH�WKH�KHXULVWLF�UXOH�FKRRVH�D�YDOXH�DURXQG�������RI -IN0TS YDOXH�

7KH�UHVXOW�RI�WKLV�YDOLGDWLRQ�ZDV�H[WUDRUGLQDU\� VLQFH�WKH�����FOXVWHUV�ZHUH�SHUIHFWO\� LGHQWLILHG�LQ

��



��� %LUFK�GDWD�VHWV

ERWK�GDWD�VHWV��ILJXUH ���� DQG�ILJXUH ������ SURYLGLQJ�H[FHOOHQW�UHVXOWV� )RU�EHWWHU�UHDGLQJ� ERWK

LPDJHV�DUH�VKRZQ�ZLWKRXW�QRLVH�SRLQWV�

)LJXUH ����� &OXVWHULQJ�UHVXOWV�IRU�WKH�%LUFK��GDWD�VHW

)LJXUH ����� &OXVWHULQJ�UHVXOWV�IRU�WKH�%LUFK��GDWD�VHW

1RUPDOO\� ZKDW�LV�H[SHFWHG�IURP�WKH�KHXULVWLF� LV�WKH�611 LQSXW�SDUDPHWHUV�VXJJHVWLRQ�IRU�WKH�ILUVW

H[HFXWLRQ� 7KHQ�WKH�XVHU�ZRXOG�DGMXVW�WKRVH�YDOXHV�IRU�EHWWHU�DGHTXDWH�WKH�UHVXOWV�WR�WKH�GRPDLQ

RI�WKH�SUREOHP�WKDW�LV�EHLQJ�DQDO\VHG� +RZHYHU�LQ�WKLV�VLWXDWLRQ� DQG�IRU�ERWK�GDWD�VHWV� WKH�ILUVW

VROXWLRQ�KDSSHQHG�WR�EH�WKH�SHUIHFW�RQH� JLYLQJ�WKH�XVHU�ZKDW�KH�ZDV�H[SHFWLQJ�WR�ILQG�

��



��&RQFOXVLRQV�DQG�)XWXUH�:RUN

� &RQFOXVLRQV�DQG�)XWXUH�:RUN

7KLV�VHFWLRQ�SUHVHQWV�WKH�PDLQ�DFKLHYHPHQWV�RI�WKLV�WKHVLV�DV�ZHOO�DV�WKH�IXWXUH�ZRUN�VXJJHVWLRQV�

��� 0DLQ�DFKLHYHPHQWV

$V�D�FRQFOXVLRQ�RI�WKLV�ZRUN� LW�LV�SRVVLEOH�WR�VD\�WKDW�WKH�REMHFWLYHV�SURSRVHG�LQLWLDOO\�ZHUH�FRP�

SOHWHG� ,W�ZDV�PDGH�D�OLWHUDWXUH�UHYLHZ�WR�XQGHUVWDQG�FOXVWHULQJ�DQG�GHQVLW\�FOXVWHULQJ�SULQFLSOHV�LQ

JHQHUDO�DQG�WKH�611 FOXVWHULQJ�DOJRULWKP�LQ�SDUWLFXODU� ,W�ZDV�WULHG�WR�IROORZ�VRPH�RWKHU�UHVHDUFKHUV

VXJJHVWLRQV� EXW�LQFRQFOXVLYH� 7KHQ� WKH�UHVHDUFK�RSWLRQ�ZDV�WR�SHUIRUP�EUXWH�IRUFH�WHVW�H[HFXWLRQV�

LQ�DQ�H[KDXVWLYH�ZD\�

8VLQJ�WKH�UHVXOWV�RI�WKHVH�SHUIRUPHG�WHVWV�LW�ZDV�SRVVLEOH�WR�DQDO\VH�WKHP�YLVXDOO\� DQDO\WLFDOO\�DQG

VWDWLVWLFDOO\�DQG�WKLV�DOORZHG�WKH�LGHQWLILFDWLRQ�RI�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ K DQG -IN0TS DQG�DOVR

WKH�YHULILFDWLRQ�WKDW %PS LV�WKH�OHVV�VHQVLWLYH�LQSXW�SDUDPHWHU� DV�LW�SUHVHQWV�D�ZLGH�UDQJH�RI�SRVVLEOH

YDOXHV�IRU�HDFK -IN0TS YDOXH� ,W�ZDV�DOVR�SRVVLEOH�WR�LGHQWLI\�D�SDWWHUQ�IRU�WKH�DSSURSULDWH K YDOXH�

RU�UDQJH�RI�YDOXHV� ZKLFK�GHSHQGV�RQ�WKH�VL]H�RI�WKH�GDWD�VHW�

.QRZLQJ�WKH�QXPEHU�RI�SRLQWV� K� -IN0TS DQG %PS FDQ�EH�VXLWDEOH�GHILQHG� ,W�ZDV�DOVR�SRVVLEOH�WR

VKRZ�WKDW� LQ�RUGHU�WR�UHGXFH�WKH�QHHGHG�SURFHVVLQJ�WLPH� D�VDPSOH�RI�WKH�GDWD�VHW� LQ�WHUPV�RI�WKH

QXPEHU�RI�SRLQWV� FDQ�EH�XVHG�WR�HVWLPDWH�WKH�LQSXW�SDUDPHWHUV� DV�WKH�REWDLQHG�YDOXHV�ZLOO�ZRUN

ZHOO�ZLWK�WKH�HQWLUH�GDWD�VHW�

5HFDOOLQJ�WKH�PDLQ�ILQGLQJ�RI�WKLV�WKHVLV� WKH�SURSRVHG�KHXULVWLF� WKDW�DOORZV�WR�ILQG�WKH�FRPELQDWLRQ

RI�LQSXW�SDUDPHWHUV�WR�DQ�H[HFXWLRQ�RI�WKH�611 DOJRULWKP�LV�WKH�IROORZLQJ�

N  �VL]H�RI�WKH�GDWDEDVH�

K  N ������

-IN0TS  K ����

%PS  -IN0TS ������

7KH�SURSRVHG�KHXULVWLF�ZDV�YDOLGDWHG�VXFFHVVIXOO\�DV�LQWHQGHG�LQLWLDOO\�

7KLV�FRQWULEXWLRQ�LV�QRW�GHILQLWLYH� DV�WKH�KHXULVWLF�QHHGV�WR�EH�WHVWHG�LQ�RWKHU�GDWD�VHWV�WR�IXOO\�YHULI\

LW·V�XWLOLW\� 1RQHWKHOHVV�LV�DQ�LPSRUW�FRQWULEXWH�VR�WKH�XVHU�FDQ�KDYH�D�VWDUWLQJ�SRLQW�RI�DQDO\VLV�DQG

GRQ·W�ORRVH�WKH�KLVWRULF�WULDO�DQG�HUURU�WLPH�WKDW�ZDV�QHHGHG�VR�IDU�

$ VLJQLILFDQW�QXPEHU�RI�611 H[HFXWLRQV�ZHUH�QHHGHG� $ WRWDO�QXPEHU�RI�����������H[HFXWLRQV�ZHUH

GRQH�WR�FRXQW�WKH�WRWDO�QXPEHU�RI�FOXVWHUV�SHU�FRPELQDWLRQ�RI�LQSXW�SDUDPHWHUV� ��������H[HFXWLRQV

ZHUH�QHHGHG�WR�FRXQW�WKH�QXPEHU�RI�SRLQWV�LQ�HDFK�FOXVWHU�RI�VHOHFWHG�FRPELQDWLRQV�SDUDPHWHUV�

��



��� )XWXUH�:RUN

DV�WKLV�ZDV�WKH�PHDVXUH�XVHG�WR�HYDOXDWH�WKH�TXDOLW\�RI�WKH�FOXVWHULQJ�UHVXOWV� 7R�EH�SRVVLEOH�WR

FRPSOHWH�WKLV�ZRUN�RQ�WLPH� VL[�GLIIHUHQW�FRPSXWHUV� 3&·V�DQG�0DF·V�ZHUH�XVHG�WR�SURFHVV�EDWFKHV

RI�611 H[HFXWLRQV� 7KH�WRWDO�UXQ�WLPH�RI�WKHVH�H[HFXWLRQV�ZDV���������PLQXWHV�ZKDW�PDNHV�PHUHO\

���GD\V�RI�FRPELQHG�UXQWLPH�

��� )XWXUH�:RUN

$V�IXWXUH�ZRUN� DQG�DV�WKH�VL]H�RI�WKH�GDWD�VHWV�LV�FRQWLQXRXVO\�JURZLQJ� UDQGRP�VDPSOHV�RI�WKH

RULJLQDO�GDWD�VHWV�ZLOO�EH�XVHG�QRW�RQO\�WR�HVWLPDWH�WKH�DOJRULWKP�LQSXW�SDUDPHWHUV� EXW�DOVR�LQ�WKH

FOXVWHULQJ�SURFHVV� WKURXJK�D�PHWKRGRORJ\�WKDW�ZRXOG�LQIHU�WKH�FOXVWHULQJ�RI�WKH�HQWLUH�GDWD�VHW�EDVHG

RQ�WKH�UHVXOW�RI�D�VDPSOH� $OVR� DQG�DV�SDUW�RI�RQJRLQJ�ZRUN� DQ�DQDO\WLFDO�WRRO�LV�XQGHU�GHYHORSPHQW

LQWHJUDWLQJ�WKH�ILQGLQJV�SUHVHQWHG�LQ�WKLV�WKHVLV� 7KLV�WRRO�ZLOO�EH�SXEOLF�DYDLODEOH�DQG�ZLOO�DOORZ�XVHUV

WR�H[SORUH�WKHLU�GDWD�VHWV�REWDLQLQJ�UHVXOWV�WKDW�WU\�WR�RSWLPLVH�WKH�LQVLJKW�RQ�GDWD� ,Q�WKLV�WRRO� WKH

LQSXW�SDUDPHWHUV�DUH�DXWR�WXQHG�DWWHQGLQJ�WR�WKH�XVHU·V�JXLGHOLQHV�WR�VHH�PRUH�GHWDLOHG�RU�PRUH

DJJUHJDWHG�FOXVWHUV� 2WKHU�SDWKV�VKRXOG�EH�WDNHQ�WR�ILQG�DOWHUQDWLYH�FDXVHV�IRU�WKH�GLVFRYHU\�RI�WKH

DSSURSULDWH�LQSXW�SDUDPHWHUV� RWKHU�WKDQ�WKH�VL]H�RI�WKH�GDWDEDVH�

��



5()(5(1&(6

5HIHUHQFHV

>$NDVDSX�HW DO�� ����@ $NDVDSX� $�� 5DR� 3�� 6KDUPD� /�� DQG�6DWSDWK\� 6��������� 'HQVLW\�EDVHG

N�QHDUHVW�QHLJKERUV�FOXVWHULQJ�DOJRULWKP�IRU�WUDMHFWRU\�GDWD� ,QW��-��RQ�$GYDQFHG�6FLHQFH�DQG

7HFKQRORJ\� �����²���

>$QGULHQNR�HW DO�� ����@ $QGULHQNR� *�� $QGULHQNR� 1�� %DN� 3�� .HLP� '�� .LVLOHYLFK� 6�� DQG�:UREHO�

6��������� $ FRQFHSWXDO�IUDPHZRUN�DQG�WD[RQRP\�RI�WHFKQLTXHV�IRU�DQDO\]LQJ�PRYHPHQW� -RXUQDO

RI�9LVXDO�/DQJXDJHV�	�&RPSXWLQJ� ���������²����

>$QNHUVW�HW DO�� ����@ $QNHUVW� 0�� %UHXQLJ� 0�� .ULHJHO� +�� DQG�6DQGHU� -��������� 2SWLFV� RUGHULQJ

SRLQWV�WR�LGHQWLI\�WKH�FOXVWHULQJ�VWUXFWXUH� $&0 6,*02' 5HFRUG� ��������²���

>$QWXQHV� ����@ $QWXQHV� $��$� )��������� $QiOLVH�HVSDFLDO�GH�JUDQGHV�TXDQWLGDGHV�GH�GDGRV�GH

PRYLPHQWR�XVDQGR�WpFQLFDV�GH�FOXVWHULQJ�EDVHDGDV�HP�GHQVLGDGH� 0DVWHU·V�WKHVLV� 8QLYHUVLGDGH

GR�0LQKR�

>$QWXQHV� ����@ $QWXQHV� $��$� )��������� )�VQQ��D�IDVW�VQQ�EDVHG�FOXVWHULQJ�DSSURDFK�IRU�ODUJH�JHR�

VSDWLDO�GDWD�VHWV� UHWULHYHG�MXO\���� ����� IURP�KWWS���XELFRPS�DOJRULWPL�XPLQKR�SW�SURMHFWV�I�

VQQ��

>%HUNKLQ� ����@ %HUNKLQ� 3��������� 6XUYH\�RI�FOXVWHULQJ�GDWD�PLQLQJ�WHFKQLTXHV� $FFUXH�6RIWZDUH�

6DQ�-RVH� &$�

>%KDYVDU�DQG�-LYDQL� ����@ %KDYVDU� +��DQG�-LYDQL� $�� ������� 7KH�VKDUHG�QHDUHVW�QHLJKERU�DO�

JRULWKP�ZLWK�HQFORVXUHV��VQQDH�� ,Q�&RPSXWHU�6FLHQFH�DQG�,QIRUPDWLRQ�(QJLQHHULQJ� �����:5,

:RUOG�&RQJUHVV�RQ� YROXPH �� SDJHV����²�����,(((�

>%LoLFL�DQG�<XUHW� ����@ %LoLFL� (��DQG�<XUHW� '��������� /RFDOO\�VFDOHG�GHQVLW\�EDVHG�FOXVWHULQJ�

$GDSWLYH�DQG�1DWXUDO�&RPSXWLQJ�$OJRULWKPV� SDJHV����²����

>%LUDQW�DQG�.XW� ����@ %LUDQW� '�� DQG� .XW� $�� ������� 6W�GEVFDQ� $Q� DOJRULWKP� IRU� FOXVWHULQJ

VSDWLDO²WHPSRUDO�GDWD� 'DWD�	�.QRZOHGJH�(QJLQHHULQJ� ���������²����

>%RXJXHVVD� ����@ %RXJXHVVD� 0��������� $ SUDFWLFDO�DSSURDFK�IRU�FOXVWHULQJ�WUDQVDFWLRQ�GDWD� ,Q

0DFKLQH�/HDUQLQJ�DQG�'DWD�0LQLQJ�LQ�3DWWHUQ�5HFRJQLWLRQ� SDJHV����²�����6SULQJHU�

>&DPEULGJH� ����@ &DPEULGJH� 8��������� &DPEULGJH�RQOLQH�GLFWLRQDU\�

>&LRV�HW DO�� ����@ &LRV� .�� 3HGU\F]� :�� DQG�6ZLQLDUVNL� 5�� ������� 'DWD�PLQLQJ�PHWKRGV� IRU

.QRZOHGJH�GLVFRYHU\� .OXZHU�$FDGHPLF�3XEOLVKHUV�

��
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>(UWR]�HW DO�� ����@ (UWR]� /�� 6WHLQEDFK� 0�� DQG�.XPDU� 9��������� $ QHZ�VKDUHG�QHDUHVW�QHLJKERU

FOXVWHULQJ�DOJRULWKP�DQG�LWV�DSSOLFDWLRQV� ,Q�:RUNVKRS�RQ�&OXVWHULQJ�+LJK�'LPHQVLRQDO�'DWD�DQG

LWV�$SSOLFDWLRQV�DW��QG�6,$0 ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�'DWD�0LQLQJ� SDJHV����²����

>(UWR]�HW DO�� ����@ (UWR]� /�� 6WHLQEDFK� 0�� DQG�.XPDU� 9��������� )LQGLQJ�FOXVWHUV�RI�GLIIHUHQW

VL]H� VKDSHV�DQG�GHQVLWLHV�LQ�QRLV\� KLJK�GLPHQVLRQDO�GDWD� DUP\�KLJK�SHUIRUPDQFH�FHQWHU� 7HFK�

QLFDO�UHSRUW� WHFKQLFDO�UHSRUW� $SULO�

>(VWHU�HW DO�� ����@ (VWHU� 0�� .ULHJHO� +�� 6DQGHU� -�� DQG�;X� ;��������� $ GHQVLW\�EDVHG�DOJRULWKP

IRU�GLVFRYHULQJ�FOXVWHUV�LQ�ODUJH�VSDWLDO�GDWDEDVHV�ZLWK�QRLVH� ,Q�3URFHHGLQJV�RI�WKH��QG�,QWHU�

QDWLRQDO�&RQIHUHQFH�RQ�.QRZOHGJH�'LVFRYHU\�DQG�'DWD�PLQLQJ� YROXPH������ SDJHV����²����

$$$, 3UHVV�
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