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$ JHQHUDO PHWKRGRORJ\ IRU HYDOXDWLRQ RI IX]]\ UXOHV H[WUDFWHG IURP
GDWD LV SUHVHQWHG� 7KRXJK WKH SULPDU\ JRDO RI PRVW GDWD PLQLQJ V\VWHPV LV
KLJK FODVVLILFDWLRQ RU SUHGLFWLRQ DFFXUDF\� WKH XVHU PD\ EH LQWHUHVWHG LQ UXOHV
ZKLFK DUH QRW QHFHVVDULO\ WKH PRVW DFFXUDWH� 2XU DSSURDFK SURYLGHV DQ
DOWHUQDWLYH PHDVXUH RI UXOH YDOLGLW\� EDVHG RQ PHWKRGV RI IX]]\ VHW WKHRU\�
:KHQ WKH UXOHV WR EH WHVWHG FRPH IURP D KXPDQ H[SHUW� WKH PHWKRG FDQ EH
YLHZHG DV D YHULILFDWLRQ�EDVHG GDWD PLQLQJ PHWKRG� ,I WKH UXOHV DUH
JHQHUDWHG E\ DQRWKHU �GLVFRYHU\�EDVHG� GDWD PLQLQJ PHWKRG �VXFK DV D
GHFLVLRQ�WUHH DOJRULWKP�� WKH PHWKRG FDQ EH VHHQ DV D SRVW�SURFHVVLQJ VWHS
LQ WKH .'' SURFHVV� DLPHG DW HYDOXDWLQJ WKH H[WUDFWHG UXOHV� 7KH PHWKRG
LQYROYHV IRXU PDMRU VWHSV� K\SRWKHVLV IRUPXODWLRQ� GDWD VHOHFWLRQ� K\SRWKHVLV
WHVWLQJ� DQG GHFLVLRQ� ,Q WKH K\SRWKHVLV IRUPXODWLRQ VWHS� D VHW RI IX]]\ UXOHV
DUH FUHDWHG XVLQJ FRQMXQFWLYH DQWHFHGHQWV DQG FRQVHTXHQW IXQFWLRQV� ,Q WKH
GDWD VHOHFWLRQ VWHS� D VXEVHW RI DOO GDWD LQ WKH GDWDEDVH LV FKRVHQ DV D
VDPSOH VHW� 7KLV VDPSOH VKRXOG FRQWDLQ HQRXJK UHFRUGV WR EH UHSUHVHQWDWLYH
RI WKH GDWD WR D FHUWDLQ GHJUHH RI XVHU VDWLVIDFWLRQ� ,Q K\SRWKHVLV WHVWLQJ� D
IX]]\ LPSOLFDWLRQ LV DSSOLHG WR WKH VHOHFWHG GDWD IRU HDFK H[WUDFWHG UXOH DQG
WKH UHVXOWV DUH FRPELQHG XVLQJ VRPH DJJUHJDWLRQ IXQFWLRQ� 7KHVH UHVXOWV DUH
XVHG LQ WKH ILQDO VWHS WR HYDOXDWH WKH YDOLGLW\ RI HDFK UXOH� 7KH SUHVHQWHG
WHFKQLTXH LV DSSOLHG WR WKH UXOHV JHQHUDWHG E\ WKH &��� DOJRULWKP IURP WZR
VDPSOH GDWDEDVHV� 7KH H[SHULPHQWDO UHVXOWV GHPRQVWUDWH SRWHQWLDO EHQHILWV
RI XVLQJ YDOLGLW\�EDVHG HYDOXDWLRQ RI UXOHV�

.H\ZRUGV� )X]]\ K\SRWKHVLV WHVWLQJ� IX]]\ UXOH HYDOXDWLRQ� GDWD
PLQLQJ� DSSUR[LPDWH UHDVRQLQJ� VDPSOLQJ�

�
'HSDUWPHQW RI &RPSXWHU 6FLHQFH DQG (QJLQHHULQJ� 8QLYHUVLW\ RI 6RXWK )ORULGD� ���� (�

)RZOHU $YHQXH� (1% ���� 7DPSD� )/ ������ 86$
�
'HSDUWPHQW RI ,QIRUPDWLRQ 6\VWHPV (QJLQHHULQJ� %HQ�*XULRQ 8QLYHUVLW\ RI WKH 1HJHY� %HHU�
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,Q WKLV SDSHU� WKH FRQFHSW RI IX]]\ WHVWLQJ� RU PRUH VSHFLILFDOO\� IX]]\
K\SRWKHVLV WHVWLQJ LV SUHVHQWHG DV D PHWKRG IRU HYDOXDWLQJ UXOHV WKDW DUH
H[WUDFWHG RU LQGXFHG E\ GDWD� $ IX]]\ K\SRWKHVLV WHVW LV XVHG WR GHWHUPLQH WKH
WUXWK �RU IDOVLW\� RI D SURSRVHG K\SRWKHVLV� 7KH K\SRWKHVLV PD\ LQYROYH HLWKHU
FULVS RU IX]]\ GDWD� KRZHYHU� D IX]]\ K\SRWKHVLV WHVW VKRXOG SURGXFH D YDOXH LQ
>���@� ZKLFK LQGLFDWHV WKH GHJUHH WR ZKLFK WKH K\SRWKHVLV LV YDOLG IRU JLYHQ
VDPSOH GDWD� 7KLV LV DQ H[WHQVLRQ RI WKH FODVVLFDO K\SRWKHVLV WHVW� ZKLFK \LHOGV D
YDOXH LQ ^���`� L�H�� WKH K\SRWKHVLV XQGHU FRQVLGHUDWLRQ �WKH QXOO K\SRWKHVLV +�� LV
HLWKHU DFFHSWHG RU UHMHFWHG� 7KH IX]]\ K\SRWKHVLV WHVW ZLOO DFFHSW +� WR VRPH

GHJUHH P DQG +� WR VRPH GHJUHH ��P� %DVLF FRQFHSWV RI IX]]\ WKHRU\ FDQ EH
IRXQG LQ >.OLU��� =DGHK��@�

:H VKRZ KRZ VXFK K\SRWKHVLV WHVWV FDQ EH DSSOLHG WR WKH SUREOHP RI
GDWD PLQLQJ� 'DWD PLQLQJ UHIHUV WR WKH DXWRPDWLF RU VHPLDXWRPDWLF H[WUDFWLRQ RI
XVHIXO LQIRUPDWLRQ IURP D ODUJH VHW RI GDWD �L�H� D GDWDEDVH >(OPDVUL��� 3HWU\��@��
'DWD PLQLQJ WHFKQLTXHV HQFRPSDVV VHYHUDO GLIIHUHQW PHWKRGV IRU H[WUDFWLQJ
LQIRUPDWLRQ VXFK DV FOXVWHULQJ� QHXUDO QHWZRUNV� DQG VWDWLVWLFDO PHWKRGV
>0LWFKHOO��@� ,Q WKLV SDSHU� ZH FRQVLGHU WKH FDVH ZKHUH WKH GDWD PLQLQJ PHWKRG
LV YHULILFDWLRQ�EDVHG� L�H�� D K\SRWKHVLV LV SUHVHQWHG DQG WKH GDWD PLQLQJ WRRO
UHVSRQGV E\ VD\LQJ ZKHWKHU RU QRW WKH GDWD LQ WKH GDWDEDVH VXSSRUWV WKH
K\SRWKHVLV� 7KLV LV GLIIHUHQW IURP GLVFRYHU\�EDVHG GDWD PLQLQJ PHWKRGV� ZKHUH
WKH SULPDU\ SXUSRVH LV WR GLVFRYHU SUHYLRXVO\ KLGGHQ NQRZOHGJH�

7KLV W\SH RI YHULILFDWLRQ FDQ DOVR EH XVHG DV D SRVW�SURFHVVLQJ VWHS LQ
WKH .'' SURFHVV �WKH LQWHUSUHWDWLRQ VWHS LQ >)D\\DG��E@�� 7KH UXOHV WR EH
YHULILHG FDQ FRPH IURP HLWKHU D UXOH LQGXFWLRQ DOJRULWKP RU D KXPDQ H[SHUW�
:KHQ RXU PHWKRG LV DSSOLHG WR D VHW RI H[WUDFWHG UXOHV� LW FDQ EH XVHG WR
HYDOXDWH WKH YDOLGLW\ RI HDFK UXOH� 7KLV FDQ OHDG WR D UHGXFWLRQ LQ WKH VL]H RI WKH
UXOH EDVH E\ HOLPLQDWLQJ WKH PRVW LUUHOHYDQW UXOHV� :KHQ WKH PHWKRG LV XVHG IRU
LQWHUDFWLRQ ZLWK D KXPDQ H[SHUW� LW FDQ EH XVHG WR SHUIRUP H[SORUDWRU\
K\SRWKHVLV WHVWLQJ�

7KH UHDVRQLQJ HPSOR\HG LQ WKH ³FULVS´ �VWDWLVWLFDO� K\SRWKHVLV WHVWLQJ
UHVHPEOHV WKH FRPPRQ MXGLFLDO SUDFWLFH� D SHUVRQ LV DVVXPHG LQQRFHQW XQWLO
SURYHQ JXLOW\� $FFRUGLQJ WR WKH VWDWLVWLFDO WKHRU\ �VHH >0HQGHQKDOO��@�� QRW
UHMHFWLQJ WKH QXOO K\SRWKHVLV VKRXOG QRW EH LQWHUSUHWHG DV DFFHSWLQJ WKDW
K\SRWKHVLV� ³1RW UHMHFWLQJ´ MXVW PHDQV WKDW ZH GR QRW KDYH VXIILFLHQW VWDWLVWLFDO
HYLGHQFH WR UHIXWH WKH QXOO K\SRWKHVLV� 2Q WKH RWKHU KDQG� UHMHFWLQJ WKH QXOO
K\SRWKHVLV LPSOLHV WKDW WKHUH DUH DQ LQILQLWH QXPEHU RI DOWHUQDWLYH K\SRWKHVHV�
RQH RI WKHP EHLQJ WUXH�

8QOLNH VWDWLVWLFDO PHWKRGV� ZKLFK DUH DLPHG DW WHVWLQJ RQH K\SRWKHVLV DW
D WLPH� PDFKLQH OHDUQLQJ PHWKRGV DUH FRQFHUQHG ZLWK D VHDUFK LQ D K\SRWKHVLV
VSDFH� GHILQHG E\ VRPH XQGHUO\LQJ UHSUHVHQWDWLRQ �H�J�� GHFLVLRQ WUHHV RU
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DUWLILFLDO QHXUDO QHWZRUNV�� +RZHYHU� PRVW PDFKLQH OHDUQLQJ DOJRULWKPV SURGXFH
D VLQJOH �SRVVLEO\ FRPSOH[� K\SRWKHVLV �H�J�� D VSHFLILF GHFLVLRQ WUHH RU D UXOH
VHW�� FKRVHQ E\ SUH�GHWHUPLQHG FULWHULD� ,Q RWKHU ZRUGV� WKH UHVXOWLQJ K\SRWKHVLV
LV DOZD\V DFFHSWHG ZLWK WKH GHJUHH RI �����

,Q WKLV SDSHU� D IX]]\ K\SRWKHVLV WHVWLQJ SURFHGXUH EDVHG RQ IX]]\ VHW

WKHRU\� UDWKHU WKDQ VWULFWO\ RQ SUREDELOLW\ WKHRU\� LV GHYHORSHG� 7KLV LV D GHSDUWXUH

IURP RWKHU IX]]\ K\SRWKHVLV WHVWLQJ PHWKRGV� VXFK DV >&DVDOV��@� ZKLFK DUH

IX]]\ H[WHQVLRQV RI FODVVLFDO VWDWLVWLFDO WHFKQLTXHV �H�J� %D\HV�� $V QRWHG LQ

>*O\PRXU��@� VWDWLVWLFDO�EDVHG K\SRWKHVLV WHVWLQJ KDV FHUWDLQ OLPLWDWLRQV�

6SHFLILFDOO\� K\SRWKHVHV WKDW DUH JRRG DSSUR[LPDWLRQV FDQ EH UHMHFWHG ZLWK

VXIILFLHQWO\ ODUJH VDPSOHV� 7KH IX]]\ VHW WKHRUHWLF�EDVHG K\SRWKHVLV WHVWLQJ

SUHVHQWHG KHUH RYHUFRPHV WKLV SUREOHP E\ DOORZLQJ SDUWLDO �DSSUR[LPDWH�

PDWFKHV WR WKH K\SRWKHVLV FRQGLWLRQV� $V GLVFXVVHG LQ >5RFNH��@� VWDWLVWLFDO

PHWKRGV DQG GDWD PLQLQJ PHWKRGV KDYH GLIIHUHQW FKDUDFWHULVWLFV� EXW VLPLODU

JRDOV� )RU VWDWLVWLFV� GDWD FDQ EH H[SHQVLYH WR FROOHFW DQG WKH JRDO LV WR SHUIRUP

DQDO\VLV RI VSDUVH GDWD VHWV� :LWK GDWD PLQLQJ� FRPSXWDWLRQDO HIILFLHQF\ LV PRUH

LPSRUWDQW DQG DYDLODELOLW\ RI GDWD LV QRW D SUREOHP� ,Q KLV FRQFOXVLRQ� 5RFNH

VWDWHV WKDW VWDWLVWLFDO PHWKRGV DSSOLHG WR GDWD PLQLQJ PXVW QRW GHSHQG RQ DQ\

SULRU NQRZOHGJH RI WKH VWUXFWXUH RI WKH GDWD� 7KLV LV WKH FDVH ZLWK RXU PHWKRG� DV

ZH PDNH QR SULRU DVVXPSWLRQV DERXW SUREDELOLW\ GLVWULEXWLRQV RI WKH GDWD�
7KHUH DUH PDQ\ WHFKQLTXHV GHVFULEHG LQ WKH OLWHUDWXUH IRU GLVFRYHULQJ

DQG HYDOXDWLQJ IX]]\ UXOHV IURP UDZ GDWD �ZLWKRXW XVLQJ WKH RXWSXW RI DQ\ RWKHU
GDWD PLQLQJ PHWKRG�� ,Q >$X��@� WKH DXWKRUV GHVFULEH D JHQHWLF DOJRULWKP�EDVHG
PHWKRG IRU GLVFRYHULQJ IX]]\ DVVRFLDWLRQV EHWZHHQ OLQJXLVWLF WHUPV� 7KH ILWQHVV
IXQFWLRQ �L�H� WKH ³JRRGQHVV´ RI D UXOH� XVHG WR HYDOXDWH WKH VHW RI UXOHV LV EDVHG
RQ D SUREDELOLVWLF DSSURDFK� ,Q >6ODZLQVNL��@ D K\EULG HYROXWLRQDU\ DSSURDFK LV
XVHG� +HUH� WKH ILWQHVV RI D UXOH LV UHODWHG WR LWV UHOHYDQFH �D UXOH LV FRQVLGHUHG
UHOHYDQW LI WKH FRQVWUDLQHG SUREDELOLW\ RI LWV FRQFOXVLRQ H[FHHGV WKH
XQFRQVWUDLQHG SUREDELOLW\�� >,PDPXUD��@ XVH IX]]\ QHXUDO QHWZRUNV WUDLQHG RQ
W\SLFDO DQG H[FHSWLRQDO GDWD WR H[WUDFW IX]]\ UXOHV� )RU WKLV PHWKRG� WKH VHW RI
UXOHV LV FRQVLGHUHG JRRG LI� DIWHU WUDLQLQJ DQG WXQLQJ� WKH PRGHO SURGXFHV D ORZ
SUHGLFWLRQ HUURU� ,Q >.LP��@ D IX]]\ GHFLVLRQ WUHH DSSURDFK LV SUHVHQWHG� 7KHLU
PHWKRG LQFOXGHV JHQHUDWLRQ RI IX]]\ PHPEHUVKLS IXQFWLRQV IURP KLVWRJUDP
DQDO\VLV� /LNH LQ ³FULVS´ GHFLVLRQ WUHH DOJRULWKPV �H�J�� &����� UXOHV DUH H[WUDFWHG
IURP SDWKV FRQQHFWLQJ WKH URRW QRGH WR WHUPLQDO QRGHV� 6RPH PRUH IX]]\�EDVHG
PHWKRGV IRU DXWRPDWLQJ WKH KXPDQ SHUFHSWLRQ RI UDZ GDWD DUH GHVFULEHG LQ
>/DVW��D�E@ DQG >/DVW��@�

0RVW GLVFRYHU\�RULHQWHG PHWKRGV PHQWLRQHG DERYH GR QRW GHDO ZLWK
LQWHUSUHWLQJ UXOHV H[WUDFWHG E\ DQRWKHU �SRVVLEO\ ³FULVS´� UXOH LQGXFWLRQ DOJRULWKP
�DQ DSSOLFDWLRQ RI IX]]\ ORJLF WR SRVW�SURFHVVLQJ WKH UHVXOWV RI D GDWD PLQLQJ
DOJRULWKP LV SUHVHQWHG LQ >/DVW��@�� ,Q WKLV SDSHU� ZH DUH DSSO\LQJ D YHULILFDWLRQ�
EDVHG IX]]\ DSSURDFK WR SRVW�SURFHVVLQJ D VHW RI ³FULVS´ UXOHV SURGXFHG E\ D
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³FODVVLFDO´ GHFLVLRQ�WUHH DOJRULWKP �&����� $V QRWHG LQ >3HGU\F]��@� IX]]\
WHFKQLTXHV KDYH QDWXUDO OLQNV WR GDWD PLQLQJ� 6SHFLILFDOO\� LW LV GHVLUHG WKDW WKH
XVHU EH DEOH WR LQWHUDFW ZLWK WKH GDWD PLQLQJ SURFHVV LQ RUGHU WR IRFXV RQ FHUWDLQ
DUHDV RI LQWHUHVW� VLQFH PRVW RI WKH SDWWHUQV JHQHUDWHG E\ WKH GLVFRYHU\ PHWKRGV
DUH RI QR LQWHUHVW WR WKH XVHU >6LOEHUVFKDW]��@� 7KLV XVHU LQWHUDFWLRQ VKRXOG EH
SHUIRUPHG LQ D OLQJXLVWLF PDQQHU� DQG ZH FDQ XVH IX]]\ VHWV WR UHSUHVHQW WKH
VXEMHFWLYH ³LQWHUHVWLQJQHVV´ RI WKH UHVXOWV �YDOLGLW\� JHQHUDOLW\� XVHIXOQHVV� HWF���

&ODVVLILFDWLRQ DFFXUDF\ LV WKH PRVW FRPPRQ SHUIRUPDQFH PHDVXUH RI
GDWD PLQLQJ DOJRULWKPV �GHFLVLRQ WUHHV� QHXUDO QHWZRUNV� HWF��� EXW LW LV DOVR XVHG
IRU PHDVXULQJ WKH LQWHUHVWLQJQHVV RI LQGLYLGXDO UXOHV SURGXFHG E\ WKHVH
DOJRULWKPV� +RZHYHU� WKH PRVW DFFXUDWH UXOH LV QRW QHFHVVDULO\ WKH PRVW
LQWHUHVWLQJ WR WKH XVHU� 2XU PHWKRG HYDOXDWHV UXOHV E\ WKHLU YDOLGLW\� UDWKHU WKDQ
E\ WKHLU FODVVLILFDWLRQ DFFXUDF\� 7KH YDOLGLW\ PHDVXUH SURYLGHV DQ DOWHUQDWLYH
HYDOXDWLRQ DQG VFRULQJ RI WKH H[WUDFWHG UXOHV ZLWKRXW PRGLI\LQJ WKH XQGHUO\LQJ
FODVVLILFDWLRQ PRGHO�

7KH GLIIHUHQFH EHWZHHQ DFFXUDF\ DQG WKH SURSRVHG YDOLGLW\ PHDVXUH LV
VXEWOH� EXW LPSRUWDQW� $FFXUDF\ LV D VWDWLVWLFDO PHDVXUH� ,W PHDVXUHV WKH
SUREDELOLW\ WKDW D UDQGRPO\ FKRVHQ UHFRUG VDWLVILHV WKH UXOH� )RU H[DPSOH� IRU D
UXOH ZLWK ��� DFFXUDF\� � RXW RI �� UHFRUGV ZLOO PDWFK WKH UXOH� 2XU PHDVXUH LV
D IX]]\ PHDVXUH� ,W PHDVXUHV WKH PHPEHUVKLS RI D UXOH LQ WKH IX]]\ VHW RI YDOLG
UXOHV� $ UXOH ZLWK YDOLGLW\ RI ��� LV D JRRG UXOH� EXW WKHUH LV QR SUREDELOLVWLF
LQIRUPDWLRQ DERXW WKH UXOH� &RQVLGHU WKH IROORZLQJ H[DPSOH WR XQGHUVWDQG WKH
GLIIHUHQFH EHWZHHQ SUREDELOLW\ DQG IX]]LQHVV� $ PDQ LV ORVW LQ WKH GHVHUW� ,Q WKH
GLVWDQFH� KH VHHV WZR ZHOOV� EXW KH RQO\ KDV WKH VWUHQJWK WR ZDON WR RQH RI WKHP�
2QH ZHOO KDV D ��� SUREDELOLW\ RI KDYLQJ GULQNDEOH �KHDOWK\� ZDWHU� 7KH RWKHU
KDV ZDWHU ZLWK D IX]]\ PHPEHUVKLS RI ��� LQ WKH IX]]\ VHW RI KHDOWK\ ZDWHU� 7KH
SUREDELOLVWLF LQIRUPDWLRQ LV RI OLWWOH XVH WR WKLV SHUVRQ� LW MXVW PHDQV WKDW LI KH
GULQNV ZDWHU IURP �� ZHOOV� RQH RI WKHP LV H[SHFWHG WR EH SRLVRQRXV DQG WKH
PDQ ZLOO GLH� +RZHYHU� LI KH JRHV WR WKH VHFRQG ZHOO� KH NQRZV WKDW KH ZLOO QRW
GLH� EXW WKH ZDWHU TXDOLW\ LV QRW TXLWH WKH EHVW� $V ZH VHH IURP WKLV H[DPSOH� LW LV
VRPHWLPHV DGYDQWDJHRXV WR UHO\ RQ IX]]\ PHDVXUHV� UDWKHU WKDQ RQ VWDWLVWLFDO
PHDVXUHV� EHFDXVH� LQ FHUWDLQ FDVHV� WKH IX]]LQHVV SURYLGHV LQIRUPDWLRQ WKDW LV
PRUH KHOSIXO IRU XVHUV�

7KH SDSHU LV RUJDQL]HG DV IROORZV� 7KH IRUPDO QRWDWLRQ XVHG LQ WKH SDSHU
LV SUHVHQWHG LQ 6HFWLRQ �� ,Q 6HFWLRQ �� WKH IX]]\ WHVWLQJ SURFHGXUH LV H[SODLQHG�
$SSOLFDWLRQV RI WKH IX]]\ WHVWLQJ SURFHGXUH IRU HYDOXDWLQJ GLVFRYHUHG UXOHV DUH
GHVFULEHG LQ 6HFWLRQ �� &RQFOXVLRQV DUH JLYHQ LQ 6HFWLRQ ��

� )250$/ 127$7,21
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/HW XV QRZ GHILQH WKH IRUPDO QRWDWLRQ WKDW ZLOO EH XVHG LQ WKH SDSHU� $
VHW RI FROOHFWHG GDWD� L�H� D GDWDEDVH� LV GHILQHG�

;  ^[��[��[������[P`

ZKHUH [L LV DQ Q�GLPHQVLRQDO YHFWRU LQ DQ Q�GLPHQVLRQDO IHDWXUH VSDFH�

[L  �[L���[L�������[L�Q!

$ VHW '�; LV FKRVHQ� FDOOHG D VDPSOH VHW� ZKLFK ZLOO EH XVHG WR WHVW WKH
K\SRWKHVLV� 1H[W� ZH KDYH D VHW RI K\SRWKHVHV + ^+��+�����+I` ZKHUH +� LV WKH
QXOO K\SRWKHVLV WR DFFHSW RU UHMHFW DQG +� WKURXJK +I DUH WKH DOWHUQDWLYH
K\SRWKHVHV ZH PXVW DFFHSW LI ZH UHMHFW +�� $ K\SRWKHVLV FDQ EH WKRXJKW RI DV
DQ LPSOLFDWLRQ RI WKH IRUP�

LI FRQGLWLRQ� DQG FRQGLWLRQ� DQG ��� FRQGLWLRQN

WKHQ [L LV D PHPEHU RI ) ZLWK PHPEHUVKLS P�[L�

,Q RWKHU ZRUGV� D K\SRWKHVLV LV FRPSRVHG RI D VHW & RI N FRQMXQFWLYH
DQWHFHGHQW FRQGLWLRQV DQG D FRQVHTXHQW FODVVLILFDWLRQ �H�J� FOXVWHU� IX]]\ VHW� )�
$ FRQGLWLRQ LV D FRPSDULVRQ RI RQH RI WKH FRPSRQHQWV RI [L DQG D FRQVWDQW

�SRVVLEO\ IX]]\� YDOXH� P LV GHILQHG DV D PDSSLQJ�

P�[L�+D�o >���@

:H VKRXOG QRWH WKDW P DERYH FRPHV IURP WKH VWDQGDUG IX]]\
WHUPLQRORJ\ RI D PHPEHUVKLS IXQFWLRQ� LW LV QRW WKH VWDWLVWLFDO QRWDWLRQ RI WKH

PHDQ� 7KH YDOXH RI P GHWHUPLQHV ZKHWKHU WKH GDWD FROOHFWHG DJUHHV ZLWK WKH

K\SRWKHVLV� $V D VKRUWKDQG QRWDWLRQ� ZH ZULWH P�[L� +D� DV PD� $ YDOXH RI P� �

PHDQV WKH GDWD LV LQ WRWDO DJUHHPHQW ZLWK WKH QXOO K\SRWKHVLV� D YDOXH RI P� �
PHDQV WKH GDWD WRWDOO\ FRQWUDGLFWV WKH QXOO K\SRWKHVLV� $GGLWLRQDOO\� WKH YDOXH RI

P IRU WKH DOWHUQDWLYH K\SRWKHVHV VKRXOG EH WKH LQYHUVH RI WKDW RI +�� L�H�

P��P�����PI ��P��
1RZ WKDW WKH IRUPDO WHUPLQRORJ\ LV LQ KDQG� VHYHUDO SUREOHPV PXVW EH DGGUHVVHG
WR DFKLHYH WKH JRDO RI IX]]\ WHVWLQJ� )LUVW� LW LV QRW DOZD\V SRVVLEOH WR XVH WKH
HQWLUH VHW RI REVHUYDWLRQV WR WHVW WKH K\SRWKHVLV� ,I WKLV LV WKH FDVH� D VDPSOH VHW
'� ZKLFK LV D VXEVHW RI WKH WRWDO REVHUYDWLRQV ;� PXVW EH FKRVHQ� +RZHYHU� WKH
VDPSOH PXVW EH DQ DFFXUDWH UHSUHVHQWDWLRQ RI WKH RYHUDOO GDWDEDVH� 6HFRQG�
WKHUH VKRXOG EH VRPH FULWHULD IRU VHOHFWLQJ ZKHWKHU WR XVH D FULVS RU IX]]\
FRQGLWLRQ� $OVR� QRWH WKDW WKH K\SRWKHVHV DUH UHVWULFWHG WR KDYLQJ FRQMXQFWLYH
�$1'HG� FRQGLWLRQV RQO\� $ K\SRWKHVLV ZLWK GLVMXQFWLYH FRQGLWLRQV FDQ EH WHVWHG
E\ VHSDUDWLQJ RXW WKH GLVMXQFWLYH SDUWV DQG WUHDWLQJ HDFK DV D VHSDUDWH
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K\SRWKHVLV� LI RQH K\SRWKHVLV LV DFFHSWHG� WKHQ DOO FDQ EH DFFHSWHG� 7KLUG� D

PDSSLQJ IXQFWLRQ P PXVW EH FUHDWHG IRU HDFK K\SRWKHVLV� 7KLV IXQFWLRQ VKRXOG
EH PD[LPDO �L�H�� HTXDO WR �� ZKHQ DOO FRQGLWLRQV DUH PHW IRU WKDW K\SRWKHVLV� ,W

VKRXOG EH PLQLPDO �L�H�� HTXDO WR �� ZKHQ QR FRQGLWLRQV DUH PHW� )RXUWK� RQFH P�

DQG P�� P�� ���� PI KDYH EHHQ FRPSXWHG� ZH PXVW GHFLGH ZKLFK K\SRWKHVLV VKRXOG

SUHYDLO� ,Q JHQHUDO� ZKHQ P�dPL� ZH VKRXOG UHMHFW +� DQG DFFHSW +L� ZKHUH �dLdI

DQG PL PD[�P�� :KHQ P� LV VLJQLILFDQWO\ JUHDWHU WKDQ PL ZH VKRXOG DFFHSW +� DQG

UHMHFW +L ��dLdI�� +RZHYHU� ZH PXVW GHFLGH ZKDW ³VLJQLILFDQWO\ JUHDWHU´ PHDQV�
:H ZLOO DGGUHVV WKHVH LVVXHV DQG GHVFULEH WKH IX]]\ K\SRWKHVLV WHVWLQJ
SURFHGXUH LQ PRUH GHWDLO LQ WKH QH[W VHFWLRQ�

� )8==< +<327+(6,6 7(67,1*

,Q WKLV VHFWLRQ� WKH PDMRU SUREOHP DUHDV GHVFULEHG LQ WKH SUHYLRXV
VHFWLRQ DUH DGGUHVVHG� DQG WKH JHQHUDO IX]]\ K\SRWKHVLV WHVW SURFHGXUH LV JLYHQ�

��� 2EWDLQLQJ D ³JRRG´ VDPSOH

6LQFH LW PD\ QRW DOZD\V EH SUDFWLFDO RU SRVVLEOH WR XVH DOO FROOHFWHG GDWD
�L�H� WKH HQWLUH GDWDEDVH�� D VDPSOLQJ RI GDWD� FDOOHG D VDPSOH VHW� LV XVHG WR
YHULI\ WKH K\SRWKHVHV� 7KH VDPSOH VHW ' LV XVXDOO\ FKRVHQ DW UDQGRP IURP
DPRQJ WKH VHW ; �WKH GDWDEDVH�� 7KLV UDQGRP VDPSOLQJ PXVW EH ODUJH HQRXJK WR
PDNH VXUH WKDW WKH VHW ' LV ³JRRG´� L�H� WKDW ' UHIOHFWV WKH FRQWHQWV RI ;� ,I '  ;

LW PXVW EH DFFHSWHG� WKH VDPSOH LV WKH HQWLUH GDWDEDVH� ,I '  �� LW PXVW EH
UHMHFWHG� WKH VDPSOH FRQWDLQV QR GDWD� 2WKHUZLVH� WKH QXPEHU RI UHFRUGV LQ '�
GHQRWHG G _'_� ZLOO GHWHUPLQH LI D VDPSOH LV UHMHFWHG RU DFFHSWHG� 8VLQJ VRPH
EDVLF KHXULVWLFV� ZH FDQ GHILQH D 'R6 �'HJUHH RI 6DWLVIDFWLRQ� IXQFWLRQ �LQ
JHQHUDO� D QRQ�OLQHDU IXQFWLRQ� WKDW FDQ WHOO XV KRZ JRRG WKH VDPSOH LV� ,Q IDFW�
ZH DUH DFWXDOO\ FUHDWLQJ D IX]]\ VHW ZLWK WKH FRQFHSWXDO PHDQLQJ ³JRRG VDPSOH�´
*LYHQ WKH VDPSOH VL]H G� D PHPEHUVKLS IXQFWLRQ I�G� RI WKH IX]]\ VHW ³JRRG
VDPSOH´ FDQ UHIOHFW KRZ ³JRRG´ WKH VDPSOH LV LI LW VDWLVILHV WKH IROORZLQJ
FRQGLWLRQV�

�� ERXQGDU\ FRQGLWLRQV� I��� �� I�_;_� �

�� PRQRWRQLFDOO\ LQFUHDVLQJ� IRU DOO �dD�Ed_;_� I�D�dI�E�

�� PRQRWRQLFDOO\ GHFUHDVLQJ GHULYDWLYHV� IRU DOO �dD�Ed_;_� Ic�D��Ic�E�

7KH ILUVW FRQGLWLRQ �ERXQGDU\ FRQGLWLRQ� WHOOV XV WKDW D VDPSOH ZLWK QR LWHPV LV
WRWDOO\ XQDFFHSWDEOH DQG D VDPSOH WKDW FRPSULVHV WKH HQWLUH GDWDEDVH LV WRWDOO\
DFFHSWDEOH� :H FDQ DOVR GHILQH D QRQ�]HUR QXPEHU RI UHFRUGV DV WKH PLQLPXP
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DFFHSWDEOH VDPSOH VL]H �H�J�� WHQ UHFRUGV�� 7KH VHFRQG FRQGLWLRQ VWDWHV WKDW
DGGLQJ D QHZ LWHP WR WKH VDPSOH DOZD\V LQFUHDVHV WKH ³JRRGQHVV´ RI WKH
VDPSOH� 7KH ILQDO FRQGLWLRQ LV UHODWHG WR WKH KHXULVWLF FRQFHSW RI D VDPSOH�
DGGLQJ WKH VDPH QXPEHU RI LWHPV WR D VPDOO VDPSOH LQFUHDVHV WKH DFFHSWDELOLW\
RI WKH VDPSOH PRUH WKDQ DGGLQJ WKH VDPH QXPEHU RI LWHPV WR D VDPSOH ZLWK D ORW
RI LWHPV� )RU H[DPSOH� LI ZH UDLVH WKH VL]H RI D VDPSOH VHW IURP �� WR �� LWHPV� LW
VKRXOG FDXVH D JUHDWHU LQFUHDVH LQ WKH TXDOLW\ RI WKH VDPSOH WKDQ DGGLQJ ��
LWHPV WR D VDPSOH VHW RI ���� LWHPV� &OHDUO\� PDQ\ IXQFWLRQV FDQ VDWLVI\ WKHVH
FRQGLWLRQV� WKH VHOHFWLRQ FDQ EH WXQHG WR WKH VSHFLILF DSSOLFDWLRQ EDVHG RQ H[SHUW
NQRZOHGJH� ,Q WKLV SDSHU� ZH XVH D IXQFWLRQ EDVHG RQ WKH ORJDULWKP� FDOOHG WKH
'HJUHH RI 6DWLVIDFWLRQ� WR UHSUHVHQW WKH EHOLHI WKDW ' LV D JRRG VDPSOH RI ;
EDVHG RQ G �WKH VDPSOH VHW VL]H� DQG P �WKH VL]H RI WKH HQWLUH GDWDEDVH�� +HUH
WKH YDOXH P LV XVHG WR VFDOH G VR WKH LQSXW LV LQ WKH UDQJH >���@� :H FKRRVH WKH
ORJDULWKP IXQFWLRQ VLQFH LW HDVLO\ VDWLVILHV WKH FRQGLWLRQV DERYH� UHFDOO WKDW ORJ�[�
LV VWULFWO\ PRQRWRQLFDOO\ LQFUHDVLQJ DQG LWV GHULYDWLYH� [

��
� LV VWULFWO\ PRQRWRQLFDOO\

GHFUHDVLQJ� :LWK D PLQRU PRGLILFDWLRQ� ZH FDQ HQVXUH WKH SURSHU ERXQGDU\
FRQGLWLRQV� 7KH IXQFWLRQ LV VKRZQ EHORZ�

I
E
�G�  

ORJ�
G

P
�

ORJ�E�
�� ZKHQ G !

P

E

� RWKHUZLVH

­

®

°
°

¯

°
°

ZKHUH E!� LV D FRQVWDQW WKDW FRQWUROV WKH EHKDYLRU �DV GLVFXVVHG EHORZ� DQG [�
LQWHUFHSW RI WKH IXQFWLRQ �WKH PLQLPXP DFFHSWDEOH VDPSOH VL]H�� /DUJHU YDOXHV RI
E PDNH WKH [�LQWHUFHSW FORVHU WR �� )RU H[DPSOH� ZKHQ E ��� WKH [�LQWHUFHSW LV DW
��� RI P� IRU E ���� WKH [�LQWHUFHSW LV �� RI P� ,Q JHQHUDO� WKH YDOXH RI E ZLOO EH
GHWHUPLQHG DFFRUGLQJ WR WKH XVHU SHUFHSWLRQ RI WKH PLQLPXP VDPSOH VL]H
UHTXLUHG IRU SURYLGLQJ PHDQLQJIXO UHVXOWV�

$V FDQ EH VHHQ IURP WKH DERYH H[SUHVVLRQ� WKH IX]]\ DSSURDFK WR
FDOFXODWLQJ WKH VDPSOH VL]H LV QRW EDVHG RQ DQ\ DVVXPSWLRQV DERXW WKH GDWD
LWVHOI� 7KLV DSSURDFK FORVHO\ DJUHHV ZLWK WKH FRPPRQ SURFHVV RI NQRZOHGJH
GLVFRYHU\ LQ GDWDEDVHV >%UDFKPDQ��� )D\\DG��D�H@� ZKHUH WKH WDUJHW GDWD VHW
LV VHOHFWHG EHIRUH WKH GDWD PLQLQJ VWDJH� ,W DOVR DJUHHV ZLWK WKH FRQFOXVLRQV RI
>5RFNH��@ WKDW GDWD PLQLQJ VKRXOG QRW GHSHQG RQ DQ\ SULRU NQRZOHGJH RI WKH
GDWD VWUXFWXUH�

7KH SURFHGXUH IRU VHOHFWLQJ DQ DSSURSULDWH VDPSOH VL]H� VXJJHVWHG E\
WKH VWDWLVWLFLDQV >0HQGHQKDOO��@� LV EDVHG RQ VHWWLQJ WKH GHVLUHG SRZHU RI WHVW
DQG FKRRVLQJ LQ DGYDQFH D K\SRWKHVLV DERXW WKH XQGHUO\LQJ GLVWULEXWLRQ RI WKH
GDWD �LQFOXGLQJ WKH SDUDPHWHUV RI WKDW K\SRWKHVLV�� 7KH SRZHU LV GHILQHG DV WKH

SUREDELOLW\ RI D WHVW WR GHWHFW DQ LPSRUWDQW HIIHFW VL]H G� +RZHYHU� VWDWLVWLFDO
WHFKQLTXHV GR QRW SURYLGH DQ\ REMHFWLYH ZD\ RI PHDVXULQJ LPSRUWDQFH XQGHU WKH
DVVXPSWLRQ WKDW WKH HIIHFW VL]H FDQ EH GHWHUPLQHG IURP H[SHUW NQRZOHGJH� 7KLV
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LV VLPLODU WR WKH IX]]\ PHPEHUVKLS IXQFWLRQ� VKRZQ DERYH� ZKLFK UHSUHVHQWV WKH
XVHU DWWLWXGH WRZDUGV WKH LPSRUWDQFH RI KDYLQJ D PLQLPXP QXPEHU RI H[DPSOHV�

$IWHU VKRZLQJ WKDW ERWK PHDVXUHV RI WKH VDPSOH TXDOLW\ �WKH VWDWLVWLFDO
DQG WKH IX]]\ RQH� GHSHQG RQ VRPH VXEMHFWLYH GHFLVLRQV PDGH E\ XVHUV� ZH DUH
FRPSDULQJ WKH EHKDYLRU RI WKHVH PHDVXUHV DV D IXQFWLRQ RI WKH VDPSOH VL]H DQG

WKH XVHU�GHSHQGHQW SDUDPHWHUV �E RU G� LQ )LJXUH � DQG )LJXUH �� $V FDQ EH
VHHQ IURP )LJXUH �� WKH SRZHU RI WHVW LQFUHDVHV UDSLGO\ IRU VPDOO VDPSOH VL]HV
�WKH ILUVW ���� DQG WKHQ WKH IXQFWLRQ EHFRPHV DOPRVW IODW� 7KXV� WKHUH LV DOPRVW
QR GLIIHUHQFH EHWZHHQ WKH SRZHU RI WHVW IRU ��� VDPSOH DQG ���� VDPSOH�
ZKLFK PHDQV WKDW WKH SRZHU RI WHVW VHHPV WR IDYRU VPDOOHU VDPSOHV� UHJDUGOHVV

RI WKH YDOXH RI G� :LWK WKH IX]]\ IXQFWLRQ� WKH FKDQJH LV JUDGXDO WKURXJKRXW� EXW

VWLOO PRUH SURQRXQFHG IRU ORZHU VDPSOH VL]HV� ,Q DGGLWLRQ� IRU VPDOO YDOXHV RI G
DQG ILQLWH VDPSOH VL]HV� WKH PD[LPXP DFKLHYDEOH SRZHU RI WHVW LV PXFK OHVV
WKDQ RQH� ,Q WKH IX]]\ PRGHO� ZH IL[ WKH KLJK HQG RI WKH IXQFWLRQ DW ��� IRU ����
VDPSOH VL]H� 7KH E SDUDPHWHU DOORZV XV WR DGMXVW WKH OLQHDU EHKDYLRU RI WKH
IXQFWLRQ� )RU D VPDOO YDOXHV RI E� LW EHKDYHV DOPRVW DV D VWUDLJKW OLQH� )RU ODUJHU
YDOXHV �E !! P�� WKH IXQFWLRQ EHFRPHV PRUH QRQ�OLQHDU�

Value of  Degree of Sat isf act ion (m=10 0)

����

����

����

����

����

����

����

����

����

����

����

� �� �� �� �� �� �� �� �� �� ���

d (Sample Si ze)

b = 2 b = 10 b = 20
b = 50 b = 100 b = 200

)LJXUH �� 7KH 'HJUHH RI 6DWLVIDFWLRQ DV D )XQFWLRQ RI WKH 6DPSOH 6L]H IRU 9DULRXV 9DOXHV RI E
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7KH RYHUDOO FRQFOXVLRQ LV WKDW WKH IX]]\ 'R6 IXQFWLRQ LV PRUH LQWXLWLYH
DQG SUDFWLFDO WKDQ WKH SRZHU RI WHVW IXQFWLRQ IRU WKH IROORZLQJ UHDVRQV�

�� 7KH IXQFWLRQ LV DOZD\V QRUPDOL]HG WR >���@ UDQJH �HTXDO WR � IRU DQ HPSW\
VDPSOH DQG ��� IRU D FRPSOHWH VDPSOH��

�� 7KH IXQFWLRQ FDQ EH VHW WR ]HUR IRU LQVXIILFLHQW� VPDOO VDPSOHV �E\ FKDQJLQJ
WKH YDOXH RI E��

�� 7KH ³JRRGQHVV´ RI VDPSOH VL]H YDULHV JUDGXDOO\�
�� 7KH IXQFWLRQ LV HDVLO\ DGMXVWHG WR OLQHDU DQG QRQ�OLQHDU EHKDYLRU�

��� &UHDWLQJ WKH PDSSLQJ IXQFWLRQ

7KH PDSSLQJ IXQFWLRQ PL PDSV HDFK YHFWRU �UHFRUG� LQ '� IRU D JLYHQ
K\SRWKHVLV +L� WR D YDOXH LQ >���@� 7KLV QXPEHU UHSUHVHQWV WKH GHJUHH WR ZKLFK
HDFK YHFWRU DJUHHV ZLWK WKH K\SRWKHVLV� ,Q RUGHU WR GHWHUPLQH WKH DJUHHPHQW�
WKH PHPEHUVKLS IXQFWLRQ RI WKH FRQVHTXHQW )L PXVW EH NQRZQ� ,I WKH GDWD

GHVFULEHG E\ WKH YHFWRU [ OLHV ZLWKLQ )L� �YLHZLQJ ) DV D IX]]\ FOXVWHU� WKHQ PL

Power of  T es t

����

����

����

����

����

����

����

����

����

����

����

� �� �� �� �� �� �� �� �� �� ���

S ample Si ze
G ��� G � G ��� G � G ��� G �

(Tw o-tailed DD = 5 %, VV = 1 .0 )

)LJXUH �� 7KH 3RZHU RI 7HVW DV D )XQFWLRQ RI WKH 6DPSOH 6L]H IRU 9DULRXV 9DOXHV RI WKH

(IIHFW �GG�
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VKRXOG HTXDO WKH GHJUHH RI PHPEHUVKLS RI [ LQ )L� 8VXDOO\ )L ZLOO EH VRPH
JHRPHWULF IXQFWLRQ RQ >���@� VXFK DV D WULDQJXODU RU WUDSH]RLGDO VKDSHG IXQFWLRQ�

7KH YHFWRUV LQ ' DUH FRPSDUHG ZLWK WKH FRQMXQFWLYH FRQGLWLRQV LQ WKH
DQWHFHGHQW RI WKH K\SRWKHVLV� )RU FULVS FRQGLWLRQV� DQ\ FRQGLWLRQ�V� ZKLFK DUH
IDOVH FDXVH [ WR EH H[FOXGHG IURP FRQVLGHUDWLRQ VLQFH WKH\ GR QRW OHQG DQ\
VXSSRUW WR WKH QXOO K\SRWKHVLV RU DOWHUQDWLYH K\SRWKHVHV� )RU IX]]\ FRQGLWLRQV� LW
PD\ EH QHFHVVDU\ WR XVH VRPH WKUHVKROG YDOXH WR GHWHUPLQH LI WKH YHFWRU [
VKRXOG EH H[FOXGHG� )RU H[DPSOH� IRU D IX]]\ YDOXH RI ��� RU OHVV� WKH YHFWRU [
PD\ EH FORVHU WR VRPH RWKHU IX]]\ VHW� 6LPLODUO\� ZH PD\ ZLVK WR XVH D
WKUHVKROG ZKHQ H[DPLQLQJ WKH FRQVHTXHQW� (DFK IX]]\ FRQGLWLRQ LQ WKH
DQWHFHGHQW ZLOO KDYH D YDOXH RQ >���@ IRU HDFK [� DQG WKHVH YDOXHV PXVW EH
FRPELQHG XVLQJ D W�QRUP RSHUDWLRQ� VXFK DV PLQ� 7KH UHVXOWLQJ YDOXH LQGLFDWHV
WKH GHJUHH WR ZKLFK [ VXSSRUWV WKH DQWHFHGHQW FRQGLWLRQV RI +� $ IX]]\

LPSOLFDWLRQ LV WKHQ SHUIRUPHG IRU WKH FRPELQHG DQWHFHGHQW YDOXHV DQG WKH
FRQVHTXHQW YDOXH�

PO  PD[���3O�IO�

ZKHUH 3 LV WKH YDOXH RI WKH FRPELQHG DQWHFHGHQWV DQG I LV D IXQFWLRQ GHVFULELQJ
WKH IX]]\ PHPEHUVKLS RI WKH FRQVHTXHQW� +HUH WKH VXEVFULSW O GHQRWHV WR ZKLFK
K\SRWKHVLV HDFK YDULDEOH EHORQJV� LW ZLOO UDQJH IURP � �WKH QXOO K\SRWKHVLV� WR N�
IRU N DOWHUQDWLYH K\SRWKHVHV� :H DUH XVLQJ KHUH WKH .OHHQH�'LHQQHV LPSOLFDWLRQ�
EXW RWKHU LPSOLFDWLRQV DUH SRVVLEOH� 7KH VHOHFWLRQ RI D IX]]\ LPSOLFDWLRQ ZLOO
GHSHQG RQ WKH DSSOLFDWLRQ� >.OLU��@ 7KH .OHHQH�'LHQQHV LPSOLFDWLRQ KDV WKH
IHDWXUH WKDW ZKHQ D UHFRUG VWURQJO\ PDWFKHV WKH DQWHFHGHQW RI D UXOH EXW WKH
FRQVHTXHQW GRHV QRW VWURQJO\ PDWFK �LQFRUUHFW FODVVLILFDWLRQ�� WKH UXOH LV
SHQDOL]HG� ,I D UHFRUG VWURQJO\ PDWFKHV WKH FRQVHTXHQW� LW LV UHZDUGHG
UHJDUGOHVV RI WKH PDWFKLQJ RI WKH DQWHFHGHQW� :H XVH WKUHVKROG YDOXHV �VHH
DERYH� WR LJQRUH GDWD ZKLFK GR QRW PDWFK WKH UXOH VWURQJO\ HQRXJK� WKXV
HOLPLQDWLQJ WKH FDVH ZKHUH WKH PDWFKLQJ RI WKH DQWHFHGHQW LV ZHDN DQG WKH
FRQVHTXHQW LV VWURQJ� 5HFRUGV WKDW SDUWLDOO\ PDWFK ERWK DQWHFHGHQW DQG
FRQVHTXHQW DUH SDUWLDOO\ UHZDUGHG�

2QFH WKH PHPEHUVKLS P� IRU HDFK UHFRUG [ LQ WKH VDPSOH ' LV
GHWHUPLQHG� WKH YDOXHV PXVW EH DJJUHJDWHG WR GHWHUPLQH LI WKH YDOXHV LQ '�
WDNHQ DV D ZKROH� VXSSRUW +�� 7KLV FDQ EH GRQH LQ D YDULHW\ RI ZD\V LQFOXGLQJ
DULWKPHWLF PHDQ �HDFK SRLQW FRQWULEXWHV WR WKH GHFLVLRQ�� PLQLPXP �SHVVLPLVWLF ±
LI DQ\ [ IDLO +�� WKHQ +� LV UHMHFWHG�� RU PD[LPXP �RSWLPLVWLF ± LI DQ\ [ SDVV +��
WKHQ +� LV DFFHSWHG�� )RU DULWKPHWLF PHDQ� ZH GHQRWH WKH RYHUDOO YDOLGLW\ 0N IRU
K\SRWKHVLV N�

0
N
�'�  

P
N
�[

L
�

L�'

¦

G
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:KHQ ZH SHUIRUP IX]]\ K\SRWKHVLV WHVWLQJ RQ FULVS UXOHV �UHFDOO WKDW
FULVS VHWV DUH MXVW D VSHFLDO VXEVHW RI IX]]\ VHWV� DQG XVH WKH DULWKPHWLF DYHUDJH
WR JHQHUDWH WKH RYHUDOO PDWFKLQJ� 0N�'� EHFRPHV LGHQWLFDO WR WKH DFFXUDF\ RI WKH
UXOH LQ WKH WUDGLWLRQDO VHQVH�

7KH PHWKRG SUHVHQWHG DERYH LV VLPLODU WR WKDW RI DSSUR[LPDWH UHDVRQLQJ
RU WKH XVH RI IX]]\ LQIHUHQFH LQ FRQWURO V\VWHPV >.OLU��@� ,Q WKRVH PHWKRGV� ZH
FRPSXWH WKH GHJUHH WR ZKLFK HDFK UXOH DQWHFHGHQW LQ WKH UXOH EDVH PDWFKHV WKH
JLYHQ GDWD DQG WKHQ DJJUHJDWH WKH FRUUHVSRQGLQJ UXOH FRQVHTXHQWV� +HUH ZH
DOVR DGG WKUHVKROGV IRU ERWK WKH DQWHFHGHQW DQG FRQVHTXHQW� 7KH WKUHVKROG RQ
WKH DQWHFHGHQW DOORZV XV WR LQ HIIHFW UHPRYH ZHDNO\ PDWFKLQJ UXOHV IURP
FRQVLGHUDWLRQ� 7KH WKUHVKROG RQ WKH FRQVHTXHQW SHQDOL]HV UXOHV ZKRVH
DQWHFHGHQWV PDWFK VWURQJO\ EXW ZKRVH FRQVHTXHQW PDWFKLQJ LV ZHDN� 7KXV� ZH
SHQDOL]H UXOHV WKDW KDYH VWURQJ HYLGHQFH EXW ZKLFK VXSSRUW WKH ZURQJ
FRQFOXVLRQ� ,Q FRQWURO V\VWHPV� ZH XVXDOO\ GHIX]]LI\ WKH UHVXOW RI WKH DJJUHJDWLRQ
WR D VLQJOH YDOXH DQG VHOHFW D FRQWURO DFWLRQ EDVHG RQ WKH GHIX]]LILFDWLRQ� :LWK
K\SRWKHVLV WHVWLQJ� ZH KDYH WZR DFWLRQV ZH FDQ WDNH� DFFHSW RU UHMHFW� 7KH
GHFLVLRQ RI ZKLFK DFWLRQ WR WDNH LV GLVFXVVHG LQ WKH QH[W VXE�VHFWLRQ�

��� 0DNLQJ WKH GHFLVLRQ WR DFFHSW RU UHMHFW +�

2QFH WKH YDOLGLW\ 0N�'� LV FRPSXWHG� WKH GHFLVLRQ PXVW EH PDGH WR
DFFHSW RU UHMHFW +�� )RU O DOWHUQDWLYH K\SRWKHVHV� QXPEHUHG � WR O� D GHFLVLRQ WR
DFFHSW +� UHTXLUHV WKDW�

�� 0��'� t 0O�'� IRU DOO O ! � DQG
�� 0��'� PXVW EH ³VLJQLILFDQWO\ JUHDWHU WKDQ´ PD[�0O�'��

³6LJQLILFDQWO\ JUHDWHU WKDQ´ LV D IX]]\ WHUP ZKLFK PD\ EH GHILQHG LQ D
QXPEHU RI ZD\V� ,W PXVW VDWLVI\ FHUWDLQ FRQGLWLRQV� ZKLFK DUH VLPLODU WR WKH
'HJUHH RI 6DWLVIDFWLRQ IXQFWLRQ�

�� ERXQGDU\ FRQGLWLRQV� LI DdE� PVJ�D�E� �� PVJ����� �

�� PRQRWRQLFLW\� OHW F!� EH D FRQVWDQW� WKHQ PVJ�D�F�dPVJ�Dc�F� IRU DOO Dc!D

)RU H[DPSOH� LW FDQ EH GHILQHG DV�

PVJ�P�
�PL � 

P
�
� PL ZKHQ P

�
! PL

� RWKHUZLVH

­
®
°

°̄
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,Q WKH FDVH ZKHUH WKHUH LV RQO\ RQH DOWHUQDWLYH K\SRWKHVLV P�  ��P�� PVJ FDQ EH
UHZULWWHQ DV�

PVJ�P�
�P

�
�  

�P
�
�� ZKHQ P

�
! P

�

� RWKHUZLVH

­
®
°

°̄

� $33/,&$7,216 2) )8==< 7(67,1*

,Q WKLV VHFWLRQ� ZH SUHVHQW H[DPSOHV RI XVLQJ WKH IX]]\ K\SRWKHVLV
WHVWLQJ DV D SRVW�SURFHVVLQJ VWHS LQ WKH .'' SURFHVV� ,Q RUGHU WR H[DPLQH WKH
SHUIRUPDQFH RI WKH IX]]\ K\SRWKHVLV WHVW RQ D JLYHQ GDWD VHW� ZH DUH SHUIRUPLQJ
WKH IROORZLQJ SURFHGXUH� )LUVW� 4XLQODQ¶V &��� DOJRULWKP >4XLQODQ��@ LV DSSOLHG WR
WKH GDWD� 7KLV DOJRULWKP FUHDWHV D VHW RI FULVS FODVVLILFDWLRQ UXOHV EDVHG RQ WKH
GHFLVLRQ WUHH DSSURDFK �LQFOXGLQJ WKH HVWLPDWHG DFFXUDF\ RI HDFK UXOH�� 7KH
FULVS QDWXUH RI &��� UXOHV UHTXLUHV GLVFUHWL]DWLRQ RI FRQWLQXRXV IHDWXUHV�
&RQVHTXHQWO\� HDFK UHFRUG HLWKHU VXSSRUWV D JLYHQ UXOH �LI LWV FRQWLQXRXV
IHDWXUHV OLH LQ WKH DSSURSULDWH LQWHUYDOV�� RU QRW�

)RU WKH UXOHV GLVFRYHUHG E\ &���� ZH GHILQH DSSURSULDWH IX]]\ VHWV�
EDVHG RQ WKH GLVWULEXWLRQ RI GDWD� DQG IRUPXODWH IX]]\ YHUVLRQV RI WKH UXOHV� 7KHQ
WKH IX]]\ K\SRWKHVLV WHVW SURFHGXUH LV DSSOLHG WR FDOFXODWH WKH YDOLGLW\ RI WKHVH
UXOHV� :H VKRXOG HPSKDVL]H WKDW WKH IX]]\ K\SRWKHVLV WHVW LWVHOI LV QRW EHLQJ
XVHG IRU FODVVLILFDWLRQ RU SUHGLFWLRQ� 7KH JRDO RI IX]]\ K\SRWKHVLV WHVWLQJ LV WR
SURYLGH DQ DOWHUQDWLYH HYDOXDWLRQ RI WKH UXOHV� ZKLFK FRPH IURP D GDWD PLQLQJ
DOJRULWKP �LQ WKLV FDVH &����� 7KH VHW RI UXOHV SURGXFHG E\ &��� FDQ EH XVHG IRU
FODVVLILFDWLRQ RU SUHGLFWLRQ GLVUHJDUGLQJ WKH LQWHUHVWLQJQHVV RI HDFK LQGLYLGXDO
UXOH�

,Q VXE�VHFWLRQV ��� DQG ��� EHORZ� ZH GHVFULEH WKH UHVXOWV RI DSSO\LQJ
&��� WR WZR GDWD VHWV DQG WKHQ HYDOXDWLQJ WKH JHQHUDWHG UXOHV ZLWK WKH IX]]\
K\SRWKHVLV WHVW� ,Q 6HFWLRQ ���� ZH SUHVHQW WKH GLVFXVVLRQ RI WKH UHVXOWV�

��� &38 SHUIRUPDQFH GDWD VHW

7KH &38 SHUIRUPDQFH GDWD VHW� DYDLODEOH IURP >0HU]��@� FRQWDLQV ���

UHFRUGV UHODWLQJ WR YDULRXV FRPSXWHU V\VWHPV� VXFK DV WKHLU FDFKH VL]H DQG

PHPRU\ FDSDFLW\� 7KLV GDWD ZDV LQLWLDOO\ SUHVHQWHG DQG DQDO\]HG LQ >(LQ�'RU��@

DQG WKH DFWXDO QXPEHUV UHIOHFW WKH VWDWH RI WKH FRPSXWLQJ WHFKQRORJ\ LQ WKH HDUO\

����¶V� 7KH JRDO RI WKLV GDWD VHW LV WR SUHGLFW WKH SHUIRUPDQFH RI HDFK V\VWHP

EDVHG RQ WKH RWKHU DWWULEXWHV� 6LQFH &��� UHTXLUHV D GLVFUHWH WDUJHW DWWULEXWH� ZH

GLVFUHWL]HG WKH FRQWLQXRXV SHUIRUPDQFH DWWULEXWH XVHG E\ >(LQ�'RU��@ WR WKH

IROORZLQJ LQWHUYDOV� ZKLFK KDYH DSSUR[LPDWHO\ HTXDO QXPEHUV RI FDVHV�
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SRRU  ��� ��@

PHGLXP  ���� ��@

JRRG  ���� ����@

&��� SURGXFHG D GHFLVLRQ WUHH ZLWK �� UXOHV IRU WKLV GDWD VHW� )RU HDFK RI

WKHVH UXOHV� ZH FUHDWHG IX]]\ UXOHV� ZKLFK LQWHUSUHW WKH VHPDQWLF PHDQLQJ RI WKH

'HJUHH RI PHPEHUVKLS

���

3HUIRUPDQFH

SRRU PHGLXP JRRG

� ���� ���� �����

'HJUHH RI PHPEHUVKLS

���

0D[LPXP

0HPRU\

VPDOO PHGLXP ODUJH

� ���� ���� �����

'HJUHH RI PHPEHUVKLS

���

&DFKH 6L]H

VPDOO PHGLXP ODUJH

� � �� ���

'HJUHH RI PHPEHUVKLS

���

0D[LPXP

&KDQQHO

VPDOO PHGLXP ODUJH

� ��� ��� ��

)LJXUH �� )X]]\ 6HWV IRU WKH &38 3HUIRUPDQFH 'DWD 6HW

7DEOH � ± 5HVXOWV RI &��� DQG IX]]\ K\SRWKHVLV WHVWLQJ IRU &38 GDWDEDVH

5XOH�
&���5XOH $FFXUDF\ )X]]\5XOH 9DOLGLW\ PVJ

�� LIYHQGRU IRUPDWLRQ
WKHQSHUIRUPDQFHSRRU

����� LIYHQGRULVIRUPDWLRQ�WKHQSHUIRUPDQFH
LVSRRU

���� ����

�� LIYHQGRU EWL
WKHQSHUIRUPDQFHSRRU

����� LIYHQGRULVEWL�WKHQSHUIRUPDQFHLVSRRU ���� ����

� LIPD[PDLQPHPRU\� ����
DQGFDFKHVL]H� ��
WKHQSHUIRUPDQFHSRRU

����� LIPD[PDLQPHPRU\LVVPDOODQG
FDFKHLVVPDOO�WKHQ
SHUIRUPDQFHLVSRRU

���� ����

�� LIYHQGRU GHF
DQGPD[PDLQPHPRU\!����
WKHQSHUIRUPDQFHPHGLXP

����� LIYHQGRULVGHFDQGPD[PDLQPHPRU\
LVQRWVPDOO�WKHQ
SHUIRUPDQFHLVPHGLXP

���� ����

�� LIYHQGRU KDUULV
WKHQSHUIRUPDQFHPHGLXP

����� LIYHQGRULVKDUULV�WKHQSHUIRUPDQFHLV
PHGLXP

���� ����

�� LIYHQGRU PDJQXVRQ
DQGPD[PDLQPHPRU\� �����
WKHQSHUIRUPDQFHSRRU

����� LIYHQGRULVPDJQXVRQDQGPD[
PHPRU\LVQRWODUJH�WKHQ
SHUIRUPDQFHLVSRRU

���� ���

�� LIFDFKHVL]H!��
DQGPD[FKDQQHO!�
WKHQSHUIRUPDQFHJRRG

����� LIFDFKHLVODUJHDQGPD[FKDQQHOLVQRW
VPDOO�WKHQ
SHUIRUPDQFHLVJRRG

���� ���

�� LIFDFKHVL]H!��
DQGPD[FKDQQHO� �
WKHQSHUIRUPDQFHPHGLXP

����� LIFDFKHLVODUJHDQGPD[FKDQQHOLVQRW
ODUJH�WKHQ
SHUIRUPDQFHLVPHGLXP

���� ���

�� LIPD[PDLQPHPRU\!�����
WKHQSHUIRUPDQFHJRRG

����� LIPD[PDLQPHPRU\LVODUJHWKHQ
SHUIRUPDQFHLVJRRG

���� ���

� LIYHQGRU DSROOR�
WKHQSHUIRUPDQFHPHGLXP

����� LIYHQGRULVDSROOR�WKHQSHUIRUPDQFHLV
PHGLXP

��� ���
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&��� UXOHV� 7KH IX]]\ VHWV XVHG IRU WKH UXOHV ZHUH GHWHUPLQHG VROHO\ IURP WKH

GLVWULEXWLRQ RI WKH GDWD� WR JLYH HDFK IX]]\ VHW DSSUR[LPDWHO\ HTXDO FRYHUDJH RI

WKH XQLYHUVH RI GLVFRXUVH �VLPLODU WR WKH DSSURDFK RI >.LP��@�� 7KH IX]]\ VHWV

�PHPEHUVKLS IXQFWLRQV� IRU WKLV GDWDEDVH DUH VKRZQ LQ )LJXUH ��

1H[W� ZH SHUIRUP WKH IX]]\ K\SRWKHVLV WHVWLQJ RQ WKH UXOHV XVLQJ WKH

JLYHQ GDWD ZLWK 'HJUHH RI 6DWLVIDFWLRQ VHW WR ���� DQG E ��� 7KLV \LHOGV D

VDPSOH VL]H RI ��� UHFRUGV� :H XVH WKUHVKROGV RI ��� IRU ERWK DQWHFHGHQW DQG

FRQVHTXHQW �VHH 6HFWLRQ ����� ,Q 7DEOH �� ZH VKRZ WKH FULVS UXOHV JHQHUDWHG E\

&���� WKHLU DFFXUDF\� WKH IX]]LILHG YHUVLRQV RI WKHVH UXOHV� DQG WKH UHVXOWV RI

SHUIRUPLQJ WKH IX]]\ K\SRWKHVLV WHVW RQ WKH IX]]\ UXOHV� 7KH UXOHV DUH VRUWHG LQ

GHVFHQGLQJ RUGHU RI YDOLGLW\ �UHVXOW RI IX]]\ K\SRWKHVLV WHVWLQJ�� PVJ LV WKH GHJUHH

WR ZKLFK WKH K\SRWKHVLV LV VLJQLILFDQWO\ JUHDWHU WKDQ WKH DOWHUQDWLYH K\SRWKHVLV�

DV GHILQHG LQ 6HFWLRQ ���� 5XOH QXPEHUV LQ EROG LQGLFDWH WKRVH K\SRWKHVHV WKDW

ZH DFFHSW �UXOHV �� ��� �� DQG ����
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'HJ UHH RI PHPEHUVKLS

���

/HQJ WK

VKRUW PHGLXP ORQJ

� ���� ���� ���

'HJ UHH RI PHPEHUVKLS

���

5LQJV

IHZ PHGLXP PDQ\

� � � ����

'HJ UHH RI PHPEHUVKLS

���

'LDPHWHU

VPDOO PHGLXP ODUJH

� ���� ���� ����

'HJ UHH RI PHPEHUVKLS

���

+HLJKW

VKRUW PHGLXP ORQJ

� ���� ���� ����

'HJ UHH RI PHPEHUVKLS

���

6KXFNHG
:HLJKW

ORZ PHGLXP KLJK

� ���� � ��� ����

'HJ UHH RI PHPEHUVKLS

���

6KHOO
:HLJKW

ORZ PHGLXP KLJK

� ���� ���� ����

)LJXUH �� )X]]\ 6HWV IRU WKH $EDORQH 'DWD 6HW
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��� $EDORQH GDWD VHW

7KH DEDORQH GDWD VHW� ZKLFK LV DOVR DYDLODEOH IURP >0HU]��@� FRQWDLQV

���� UHFRUGV DERXW DEDORQH� 7KH JRDO RI WKLV GDWD VHW LV WR SUHGLFW WKH QXPEHU RI

ULQJV DQ DEDORQH KDV� ZKLFK LV UHODWHG WR LWV DJH� XVLQJ DWWULEXWHV VXFK DV OHQJWK�

GLDPHWHU DQG YDULRXV ZHLJKWV� :H GLVFUHWL]HG WKH FRQWLQXRXV ULQJV DWWULEXWH E\

WKH IROORZLQJ LQWHUYDOV RI DSSUR[LPDWHO\ HTXDO IUHTXHQF\�

7DEOH � ± 5HVXOWV RI &��� DQG IX]]\ K\SRWKHVLV WHVWLQJ IRU DEDORQH
GDWDEDVH

5XOH
�

&���5XOH $FFXUDF\ )X]]\5XOH 9DOLGLW\ PVJ

�� LIVKXFNHGZHLJKW!������
DQGVKHOOZHLJKW!�����
DQGVKHOOZHLJKW� ������
WKHQPHGLXPULQJV

����� LIVKXFNHGZHLJKWLVKLJKDQGVKHOOZHLJKWLV
PHGLXP�WKHQPHGLXPULQJV

���� ����

� LIVH[ 0DQGKHLJKW!����
DQGVKHOOZHLJKW� �����
WKHQPHGLXPULQJV

����� LIVH[LV0DQGKHLJKWLVQRWVKRUWDQGVKHOO
ZHLJKWLVORZ�WKHQPHGLXPULQJV

���� ����

� LIVKXFNHGZHLJKW!�����
DQGVKHOOZHLJKW!�����
DQGVKHOOZHLJKW� ����
WKHQPHGLXPULQJV

����� LIVKXFNHGZHLJKWLVQRWORZDQGVKHOOZHLJKW
LVPHGLXP�
WKHQPHGLXPULQJV

���� ����

�� LIOHQJWK� �����
DQGVKXFNHGZHLJKW� �����
DQGVKHOOZHLJKW!������
WKHQPDQ\ULQJV

����� LIOHQJWKLVQRWORQJDQGVKXFNHGZHLJKWLVQRW
KLJKDQGVKHOOZHLJKWLVKLJK�WKHQPDQ\
ULQJV

���� ���

�� LIVKXFNHGZHLJKW� ������
DQGVKHOOZHLJKW!����
WKHQPDQ\ULQJV

����� LIVKXFNHGZHLJKWLVQRWKLJKDQGVKHOOZHLJKW
LVKLJK�WKHQPDQ\ULQJV

���� ���

� LIKHLJKW� ����DQGVKHOOZHLJKW
� �����WKHQIHZULQJV

����� LIVKHOOZHLJKWLVORZDQGKHLJKWLVVKRUW�WKHQ
IHZULQJV

���� ���

� LIVH[ ,DQGVKHOOZHLJKW� 
�����WKHQIHZULQJV

����� LIVH[LV,DQGVKHOOZHLJKWLVORZ�WKHQIHZ
ULQJV

���� ���

�� LIVKHOOZHLJKW!������
WKHQPDQ\ULQJV

����� LIVKHOOZHLJKWLVKLJK�WKHQPDQ\ULQJV ���� ���

� LIVH[ )DQGVKXFNHGZHLJKW� 
�����DQGVKHOOZHLJKW!�����
WKHQPDQ\ULQJV

����� LIVH[LV)DQGVKXFNHGZHLJKWLVQRWKLJKDQG
VKHOOZHLJKWLVQRWORZ�WKHQPDQ\ULQJV

���� ���

� LIVH[ 0DQGVKXFNHGZHLJKW� 
�����DQGVKHOOZHLJKW!�����
WKHQPDQ\ULQJV

����� LIVH[LV0DQGVKXFNHGZHLJKWLVQRWKLJK
DQGVKHOOZHLJKWLVQRWORZ�WKHQPDQ\ULQJV

���� ���

�� LIVH[ ,DQGVKXFNHGZHLJKW!
������DQGVKHOOZHLJKW!����
WKHQPDQ\ULQJV

����� LIVH[LV,DQGVKHOOZHLJKWLVKLJKDQG
VKXFNHGZHLJKWLVKLJK�WKHQPDQ\ULQJV

��� ���

�� LIGLDPHWHU!����DQGKHLJKW!
����DQGVKHOOZHLJKW!�����
WKHQPDQ\ULQJV

����� LIGLDPHWHULVODUJHDQGKHLJKWLVORQJDQG
VKHOOZHLJKWLVQRWORZ�WKHQPDQ\ULQJV

��� ���
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IHZ  ��� �@

PHGLXP  ��� ��@

PDQ\  ���� ��@

&��� SURGXFHG �� UXOHV IRU WKLV GDWD VHW� 7R UHGXFH WKH QXPEHU DQG

FRPSOH[LW\ RI WKH UXOHV� ZH UHTXLUH � EUDQFKHV ZLWK ��� RU PRUH FDVHV DQG XVHG

D SUXQLQJ FRQILGHQFH OHYHO RI ���� /LNH WKH &38 GDWDEDVH� ZH FUHDWHG IX]]\

UXOHV ZKLFK LQWHUSUHW WKH PHDQLQJ RI WKH &��� UXOHV� 7KH IX]]\ VHWV �PHPEHUVKLS

IXQFWLRQV� IRU WKLV GDWDEDVH DUH VKRZQ LQ )LJXUH ��

1H[W� ZH SHUIRUP WKH IX]]\ K\SRWKHVLV WHVWLQJ RQ WKH UXOHV ZLWK 'HJUHH

RI 6DWLVIDFWLRQ VHW WR ���� DQG E �� �WKH VDPH DV WKH &38 GDWDEDVH�� 7KLV

\LHOGV D VDPSOH VL]H RI ���� UHFRUGV� :H XVH WKUHVKROGV RI ��� IRU ERWK

DQWHFHGHQW DQG FRQVHTXHQW� ,Q 7DEOH � ZH VKRZ WKH UXOHV JHQHUDWHG E\ &����

WKHLU DFFXUDF\� WKH FRUUHVSRQGLQJ IX]]\ UXOHV DQG WKH UHVXOWV RI SHUIRUPLQJ WKH

IX]]\ K\SRWKHVLV WHVW RQ WKH IX]]\ UXOHV� 7KH UXOHV DUH VRUWHG LQ GHVFHQGLQJ

RUGHU RI YDOLGLW\� 5XOH QXPEHUV LQ EROG LQGLFDWH K\SRWKHVHV ZH DFFHSW �UXOHV �� �

DQG ����

��� 'LVFXVVLRQ RI UHVXOWV

,W LV LPSRUWDQW WR XQGHUVWDQG ZKDW WKH UHVXOWV SUHVHQWHG PHDQ DQG ZKDW
WKH EHQHILWV RI XVLQJ IX]]\ K\SRWKHVLV WHVWLQJ DUH� 7KH DFFXUDF\ RI &��� IRU HDFK
UXOH UHSUHVHQWV WKH HVWLPDWHG �³SHVVLPLVWLF´� DFFXUDF\ RI WKH UXOH ZKHQ DSSOLHG
WR XQVHHQ �YDOLGDWLRQ� FDVHV >4XLQODQ��@� :LWK IX]]\ K\SRWKHVLV WHVWLQJ� 0��'�

UHSUHVHQWV WKH RYHUDOO YDOLGLW\ RI WKH UXOH� WDNLQJ LQWR DFFRXQW SDUWLDO PDWFKLQJ RI
IX]]\ DQWHFHGHQWV DQG FRQVHTXHQWV�

:H VHH IURP WKH UHVXOWV WKDW WKH DFFXUDF\ �D VWDWLVWLFDO FRQFHSW� RI WKH
FULVS UXOH LV QRW QHFHVVDULO\ UHODWHG WR WKH YDOLGLW\ �D IX]]\ FRQFHSW� RI WKH IX]]\
UXOH �0��'��� WKH PRVW YDOLG UXOHV PD\ EH QRW WKH PRVW DFFXUDWH RQHV DQG YLFH
YHUVD� 7KH GLIIHUHQFH FRPHV IURP KRZ WKH IX]]\ VHWV UHSUHVHQWLQJ WKH
DQWHFHGHQWV DQG FRQVHTXHQW DUH GHILQHG� (DFK IX]]\ FRQGLWLRQ FDQ GLIIHU IURP
LWV FULVS FRXQWHUSDUW LQ WZR ZD\V� )LUVW� ZH FRXOG EH FRQVLGHULQJ HLWKHU IHZHU RU
PRUH UHFRUGV WKDQ WKH FULVS FDVH �D GLIIHUHQFH LQ WKH VXSSRUW RI WKH VHW��
6HFRQG� ZLWK IX]]LQHVV� WKHUH ZLOO EH UHFRUGV WKDW SDUWLDOO\ PDWFK VHYHUDO IX]]\
UXOHV� UDWKHU WKDQ WKH VWULFW PDWFKLQJ RI D VLQJOH FULVS UXOH �D GLIIHUHQFH LQ GHJUHH
RI PHPEHUVKLS��

$V ZH GLVFXVVHG LQ WKH LQWURGXFWLRQ� DFFXUDF\� ZKLFK LV D VWDWLVWLFDO
PHDVXUH� DQG YDOLGLW\� ZKLFK LV D IX]]\ PHDVXUH� LQYROYH GLIIHUHQW NLQGV RI
LQIRUPDWLRQ� &RQVLGHU� IRU H[DPSOH� D UXOH IURP WKH &38 GDWDEDVH �1R� ��� ZLWK
KLJK DFFXUDF\ EXW ORZ YDOLGLW\�
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LI PD[LPXP PDLQ PHPRU\ LV ODUJH� WKHQ SHUIRUPDQFH LV JRRG

7KH KLJK DFFXUDF\ RI WKH &��� UXOH WHOOV XV WKDW� RI WKH FRPSXWHUV LQ WKH

GDWDEDVH ZLWK D PD[LPXP PHPRU\ FDSDFLW\ DERYH �� 0%� PRVW KDYH

SHUIRUPDQFH EHWZHHQ �� DQG ������ 7KH DFFXUDF\ PHDVXUH LV ³FULVS´� LW

FRPSOHWHO\ LJQRUHV WKH FRPSXWHUV ZLWK PHPRU\ EHORZ �� 0% DQG WKH

GLVWULEXWLRQ RI WKH SHUIRUPDQFH LQGH[ ZLWKLQ WKH LQWHUYDO ���� ����@� 7KHVH ³FULVS´

LQWHUYDOV KDYH EHHQ GHWHUPLQHG WR RSWLPL]H WKH FODVVLILFDWLRQ SHUIRUPDQFH RI WKH

UXOH� EXW SHRSOH WHQG WR WKLQN LQ WKH OLQJXLVWLF ³IX]]\´ WHUPV DQG PRVW RI WKHP ZLOO

LQWHUSUHW WKH VDPH UXOH DV ³LI PD[LPXP PDLQ PHPRU\ LV ODUJH� WKHQ SHUIRUPDQFH

LV JRRG�´ +RZHYHU� WKH ORZ YDOLGLW\ PHDVXUH LQGLFDWHV WKDW WKH DERYH OLQJXLVWLF

UXOH PD\ QRW EH VR YDOLG� 7KLV LV SRVVLEOH IRU WZR UHDVRQV� )LUVW� WKH RULJLQDO UXOH

DSSOLHV WR FRPSXWHUV ZLWK PRUH WKDQ ��0% RI PD[LPXP PHPRU\ FDSDFLW\� EXW

WKHUH LV QR GLVWLQFWLRQ EHWZHHQ GLIIHUHQW DPRXQWV RI PHPRU\ ZLWKLQ WKDW UDQJH� ,I

WKHUH LV WUXO\ D UHODWLRQ EHWZHHQ PHPRU\ VL]H DQG SHUIRUPDQFH� FRPSXWHUV ZLWK

PRUH PHPRU\ VKRXOG KDYH D FRUUHVSRQGLQJO\ KLJKHU SHUIRUPDQFH WKDQ WKRVH

ZLWK OHVV� +RZHYHU� WKHUH DUH LQVWDQFHV ZKHUH FRPSXWHUV ZLWK ��0% RI PHPRU\

KDYH ZRUVH SHUIRUPDQFH WKDQ WKRVH ZLWK ��0%� 2XU PHWKRG UHIOHFWV WKLV IDFW�

EXW WKH FULVS FDVH GRHV QRW� 6HFRQG� HYHQ LI PRVW ODUJH PHPRU\ FRPSXWHUV GR

KDYH SHUIRUPDQFH EHWZHHQ �� DQG ������ WKHLU SHUIRUPDQFH VWLOO PD\ EH FORVH WR

WKH ORZ ERXQGDU\ RI WKH UDQJH ����� %RWK WKHVH IDFWV ZLOO EH FRPSOHWHO\ LJQRUHG

E\ WKH VWDWLVWLFDO DSSURDFK RI &���� :KLOH WKH GDWD PLQLQJ DOJRULWKP PD\ EH DEOH

WR ILQG FULVS WKUHVKROGV WKDW ³RSWLPL]H´ WKH PRGHO FODVVLILFDWLRQ DFFXUDF\ RI WKH

PRGHO� WKHUH LV JHQHUDOO\ QR VLQJOH YDOXH ZKHUH DQ DEUXSW FKDQJH DFWXDOO\

RFFXUV LQ WKH UHDO ZRUOG V\VWHP� WKH FKDQJH LV XVXDOO\ JUDGXDO� :LWK IX]]\ UXOHV�

ZH FDQ FDSWXUH WKH LGHD RI D JUDGXDO FKDQJH� 7KXV� UXOH 1R� �� PD\ EH

PLVXVHG� EDVHG RQ LWV DFFXUDF\� OHDGLQJ WR FRVWO\ PLVWDNHV E\ SRWHQWLDO

FRPSXWHU EX\HUV�
)RU WKH DEDORQH GDWDEDVH� ZH KDYH WKH IROORZLQJ UXOH �1R� �� ZLWK ORZ

DFFXUDF\ EXW KLJK YDOLGLW\�

LI VKXFNHG ZHLJKW LV QRW ORZ DQG VKHOO ZHLJKW LV PHGLXP� WKHQ WKHUH DUH D
PHGLXP QXPEHU RI ULQJV

7KLV UXOH VWDWHV WKDW LI WKH ZHLJKW RI WKH DEDORQH PHDW LV QRW ORZ DQG WKH

ZHLJKW RI LWV VKHOO LV PHGLXP� WKHQ LW LV RI PHGLXP DJH �D PHGLXP QXPEHU RI

ULQJV�� 7KLV SURYLGHV WKH XVHU ZLWK DQ LPSRUWDQW REVHUYDWLRQ WKDW WKHUH LV D

FRUUHODWLRQ EHWZHHQ WKH DEDORQH¶V ZHLJKW� DQG LWV DJH� ZLWK \RXQJHU DEDORQH

EHLQJ VPDOOHU� +RZHYHU� WKH DFFXUDF\ RI WKLV UXOH LV ORZ� PHDQLQJ WKDW IRU WKH

³FULVS´ LQWHUYDOV RI WKH SUHGLFWLQJ DWWULEXWHV �VKXFNHG DQG VKHOO ZHLJKW�� RQO\

DERXW ��� RI DEDORQHV KDYH � RU �� ULQJV� ,Q WKLV FDVH� VRPH LQIRUPDWLRQ DERXW
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WKH LPSDFW RI DEDORQH¶V ZHLJKW RQ LWV DJH PD\ EH ORVW� LI WKH DFFXUDF\ LV WKH RQO\

PHDVXUH XVHG� :LWK WKH IX]]\ YDOLGLW\ PHDVXUH� ZH WDNH LQWR DFFRXQW WKH IDFW

WKDW WKH OLQJXLVWLF WHUPV� VXFK DV ³PHGLXP VKHOO ZHLJKW´ RU ³PHGLXP QXPEHU RI

ULQJV�´ GR QRW KDYH VKDUS ERXQGDULHV� 8VLQJ FULVS UDQJHV� D VOLJKW FKDQJH LQ WKH

YDOXH RI ZHLJKW VXFK DV ���� FDQ FDXVH D UHFRUG WR PDWFK �RU QRW PDWFK� D

FRQGLWLRQ RI D UXOH� :LWK IX]]LQHVV� ZH JUDGXDOO\ UHGXFH WKH PHPEHUVKLS RI D

YDOXH DV LW PRYHV DZD\ IURP WKH W\SLFDO YDOXHV DQG WKXV FDQ WDNH LQWR DFFRXQW

PRUH UHFRUGV IURP WKH GDWDEDVH� )RU WKH UXOH DERYH� WKH FULVS YHUVLRQ ZDV

DSSOLFDEOH WR RQO\ ��� UHFRUGV� ZKLFK PDWFKHG WKH FRQGLWLRQV H[DFWO\� )RU WKH

IX]]\ K\SRWKHVLV WHVW� ZH ZHUH DEOH WR XVH ���� UHFRUGV� 7KXV� WKH IX]]\

K\SRWKHVLV WHVW FRQVLGHUHG PRUH UHFRUGV ZKLFK ZHUH DOVR UHOHYDQW WR WKH UXOH�

EXW ZKLFK KDG ORZHU PHPEHUVKLS JUDGHV �OHVV WKDQ WKH ��� RI WKH FULVS FDVH��

$V PHQWLRQHG LQ >3HGU\F]��@� IRU HDFK UXOH� ZH ZRXOG OLNH WR HYDOXDWH

YDULRXV �IX]]\� SHUIRUPDQFH PHDVXUHV� VXFK DV JHQHUDOLW\� XVHIXOQHVV� YDOLGLW\�

QRYHOW\� DQG VLPSOLFLW\� $V ZH KDYH VHHQ LQ WKH DERYH H[DPSOHV� KLJK DFFXUDF\

LV QRW QHFHVVDULO\ UHODWHG WR WKH XVHU LQWHUSUHWDWLRQ RI WKH UXOH DQG ZH VKRXOG

GHYHORS DOWHUQDWH IRUPV RI UXOH HYDOXDWLRQ LQ RUGHU WR DFFRXQW IRU WKHVH

GLIIHUHQFHV� 2XU PHWKRG FDQ EH YLHZHG DV D JHQHUDO PHWKRGRORJ\ RI GHILQLQJ D

IX]]\ YDOLGLW\ PHDVXUH IRU WKH UXOHV SURGXFHG E\ D .'' SURFHVV�

� &21&/86,21

,Q WKLV SDSHU� D JHQHUDO SURFHGXUH IRU XVLQJ WKH IX]]\ K\SRWKHVLV WHVW DV

D SRVW SURFHVVLQJ PHWKRG IRU UXOH LQGXFLQJ GDWD PLQLQJ DOJRULWKPV ZDV

SUHVHQWHG� 7KLV PHWKRG SURYLGHV DQ DOWHUQDWLYH PHDVXUH �YDOLGLW\� RI UXOHV

SURGXFHG E\ D .'' SURFHVV� ,Q WKH ILUVW VWHS RI WKH PHWKRG� WKH VL]H RI WKH

VDPSOH VHW LV GHWHUPLQHG E\ GHILQLQJ D IXQFWLRQ� ZKLFK ZH LQWURGXFHG� FDOOHG WKH

'HJUHH RI 6DWLVIDFWLRQ� LQ RWKHU ZRUGV� D IX]]\ VHW ZLWK WKH PHDQLQJ ³JRRG

VDPSOH�´ 7KLV IXQFWLRQ GRHV QRW GHSHQG RQ DQ\ DVVXPSWLRQV DERXW WKH VWUXFWXUH

RI WKH GDWD� DV LQ VWDWLVWLFDO PHWKRGV� 7KH IX]]\ K\SRWKHVLV WHVW GHWHUPLQHV WKH

YDOLGLW\ �D YDOXH RQ >���@� RI WKH K\SRWKHVLV �L�H� UXOH� RQ D VDPSOH VHW RI GDWD�

7KLV YDOXH LV WKHQ XVHG WR GHWHUPLQH LI WKH K\SRWKHVLV FDQ EH DFFHSWHG RU LI LW

PXVW EH UHMHFWHG DQG DQ DOWHUQDWLYH K\SRWKHVLV DFFHSWHG� 7KLV JLYHV XV D

JHQHUDO PHWKRG IRU WHVWLQJ WKH ³JRRGQHVV´ RI IX]]\ UXOHV� WKH SURFHGXUH FDQ EH

WDLORUHG WR DQ DSSOLFDWLRQ E\ VHOHFWLRQ RI DJJUHJDWLRQ DQG IX]]\ LPSOLFDWLRQ

RSHUDWLRQV� :KHQ XVLQJ WKH DULWKPHWLF PHDQ WR FRPELQH UHVXOWV IURP LQGLYLGXDO

UXOHV DQG XVLQJ RQO\ FULVS UXOHV �UHFDOO WKDW FULVS VHWV DUH D VXEVHW RI IX]]\ VHWV�

WKH XVXDO FODVVLILFDWLRQ DFFXUDF\ SHUFHQWDJH UHVXOWV�

:H KDYH VHOHFWHG WZR GDWDEDVHV DQG XVHG WKH &��� DOJRULWKP WR

JHQHUDWH FULVS UXOHV IURP WKHP� 7KHVH UXOHV KDYH EHHQ IX]]LILHG E\ VHOHFWLQJ
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DSSURSULDWH IX]]\ VHWV EDVHG RQ DWWULEXWH GLVWULEXWLRQV WR FUHDWH IX]]\ UXOHV ZLWK

D VLPLODU VHPDQWLF PHDQLQJ� :H WKHQ DSSOLHG WKH IX]]\ K\SRWKHVLV WHVWLQJ WR

HDFK IX]]\ UXOH DQG LGHQWLILHG WKH PRVW YDOLG UXOHV LQ WKH UXOHVHW� 7KH UHVXOWV

VKRZ WKDW WKH UXOH VFRULQJ� EDVHG RQ IX]]\ YDOLGLW\� LV VLJQLILFDQWO\ GLIIHUHQW IURP

WKH VFRULQJ EDVHG RQ SUHGLFWLRQ DFFXUDF\� 7KH PDLQ UHDVRQ IRU WKDW LV WKDW WKH

³FULVS´ DSSURDFK LJQRUHV FHUWDLQ LQIRUPDWLRQ� ZKLFK LV KLGGHQ LQ WKH UDZ GDWD� ,Q

RWKHU ZRUGV� GHSHQGLQJ RQ WKH SUHIHUHQFHV RI WKH XVHU DQG WKH DSSOLFDWLRQ

GHWDLOV� WKH PRVW DFFXUDWH UXOHV DUH QRW QHFHVVDULO\ WKH PRVW YDOLG DQG

LQWHUHVWLQJ RQHV�

7KH NQRZOHGJH GLVFRYHU\ SURFHVV LV EDVHG RQ PDQ\ VXEMHFWLYH

GHFLVLRQV DQG LWV UHVXOWV DUH HYDOXDWHG E\ KXPDQV� ZKR DUH UDUHO\ REMHFWLYH LQ

WKHLU MXGJPHQW� 'DWD PLQLQJ DOJRULWKPV DUH RIWHQ FRPSDUHG E\ WKHLU FODVVLILFDWLRQ

DFFXUDF\� DQG RQH FDQ DOZD\V ILQG WKH PRVW DFFXUDWH PHWKRG IRU D JLYHQ

SUREOHP� +RZHYHU� LW LV PXFK PRUH GLIILFXOW WR ILQG DQ DOJRULWKP ZKLFK VRUWV RXW

WKH PRVW LPSRUWDQW UXOHV IRU D JLYHQ XVHU� &RQVHTXHQWO\� WKHUH LV QR REMHFWLYH

ZD\ WR FRPSDUH WKH TXDOLW\ RI YDULRXV HYDOXDWLRQ PHDVXUHV �H�J�� DFFXUDF\ YV�

YDOLGLW\�� 6WLOO� WKH DYDLODELOLW\ RI DOWHUQDWLYH PHDVXUHV� VXFK DV WKH RQH SUHVHQWHG

LQ WKLV SDSHU� LV LPSRUWDQW IRU LQFUHDVLQJ WKH XVHIXOQHVV RI WKH GLVFRYHUHG

NQRZOHGJH�

)XWXUH ZRUN LQFOXGHV DSSO\LQJ WKH IX]]\ DSSURDFK WR RWKHU SUREOHPV RI

K\SRWKHVLV WHVWLQJ� OLNH UHJUHVVLRQ DQG FRUUHODWLRQ� HVWLPDWLRQ RI SUREDELOLW\

GLVWULEXWLRQV� DQDO\VLV RI YDULDQFH� HWF� )X]]\ K\SRWKHVLV WHVWLQJ RQ WLPH VHULHV

GDWD LV DQRWKHU LQWHUHVWLQJ WRSLF� 2QH FDQ DOVR FRQVLGHU GHYHORSLQJ VLPLODU

PHWKRGRORJLHV IRU RWKHU IX]]\ PHDVXUHV� UHODWHG WR JHQHUDOLW\ DQG

LQWHUHVWLQJQHVV RI UXOHV�

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

7KLV ZRUN ZDV SDUWLDOO\ VXSSRUWHG E\ WKH 86) &HQWHU IRU 6RIWZDUH 7HVWLQJ XQGHU

JUDQW QR� ������������

5()(5(1&(6

:��+� $X DQG .� &� &� &KDQ� >����@� ³)$50� $ 'DWD 0LQLQJ 6\VWHP IRU

'LVFRYHULQJ )X]]\ $VVRFLDWLRQ 5XOHV´� ,((( ,QWHUQDWLRQDO )X]]\ 6\VWHP

&RQIHUHQFH 3URFHHGLQJV�

5� -� %UDFKPDQ HW� DO� >����@� ³0LQLQJ %XVLQHVV 'DWDEDVHV´� &RPPXQLFDWLRQV RI

WKH $&0� 9RO� ��� 1R� ���
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0� &DVDOV DQG 3� *LO� >����@� ³%D\HVLDQ 6HTXHQWLDO 7HVW IRU )X]]\ 3DUDPHWULF

+\SRWKHVHV IURP )X]]\ ,QIRUPDWLRQ´� ,QIRUPDWLRQ 6FLHQFHV� 9RO� ��� 1R� ����

3� (LQ�'RU DQG -� )HOGPHVVHU� >����@� ³$WWULEXWHV RI WKH 3HUIRUPDQFH RI &HQWUDO

3URFHVVLQJ 8QLWV� D 5HODWLYH 3HUIRUPDQFH 3UHGLFWLRQ 0RGHO´� &RPPXQLFDWLRQV

$&0� 9RO� ���

5� (OPDVUL DQG 6� %� 1DYDWKH� >����@� )XQGDPHQWDOV RI 'DWDEDVH 6\VWHPV�

5HGZRRG &LW\� &$� %HQMDPLQ�&XPPLQJV 3XEOLVKLQJ &RPSDQ\�

8� )D\\DG� >����D@� ³'DWD 0LQLQJ DQG .QRZOHGJH 'LVFRYHU\� 0DNLQJ 6HQVH 2XW

RI 'DWD´� ,((( ([SHUW�

8� )D\\DG DQG 5� 8WKXUXVDP\� >����E@� ³'DWD 0LQLQJ DQG .QRZOHGJH 'LVFRYHU\

LQ 'DWDEDVHV´� &RPPXQLFDWLRQV RI WKH $&0� 9RO� ��� 1R� ���

8� )D\\DG HW� DO� >����F@� ³7KH .'' 3URFHVV IRU ([WUDFWLQJ 8VHIXO .QRZOHGJH

IURP 9ROXPHV RI 'DWD´� &RPPXQLFDWLRQV RI WKH $&0� 9RO� ��� 1R� ���

8� )D\\DG HW� DO� >����G@� ³0LQLQJ 6FLHQWLILF 'DWD´� &RPPXQLFDWLRQV RI WKH $&0�

9RO� ��� 1R� ���

8� )D\\DG HW� DO� �(GV��� >����H@� $GYDQFHV LQ .QRZOHGJH 'LVFRYHU\ DQG 'DWD

0LQLQJ� &DPEULGJH� 0$� $$$, 3UHVV�0,7 3UHVV�

&� *O\PRXU HW� DO� >����@� ³6WDWLVWLFDO ,QIHUHQFH DQG 'DWD 0LQLQJ´�

&RPPXQLFDWLRQV RI WKH $&0� 9RO� ��� 1R� ���

.� ,PDPXUD� HW� DO�� >����@� ³([WUDFWLRQ RI 7\SLFDO DQG ([FHSWLRQDO )X]]\ 5XOHV

IURP 'DWD ,QFOXGLQJ 4XDOLWDWLYH DQG 4XDQWLWDWLYH $WWULEXWHV´� ,((( ,QWHUQDWLRQDO

)X]]\ 6\VWHP &RQIHUHQFH 3URFHHGLQJV�

0� :� .LP� HW� DO�� >����@� ³(IILFLHQW )X]]\ 5XOH *HQHUDWLRQ %DVHG RQ )X]]\

'HFLVLRQ 7UHH IRU 'DWD 0LQLQJ´� ,((( ,QWHUQDWLRQDO )X]]\ 6\VWHP &RQIHUHQFH

3URFHHGLQJV�

*� -� .OLU DQG %� <XDQ� >����@� )X]]\ 6HWV DQG )X]]\ /RJLF� 8SSHU 6DGGOH 5LYHU�

1-� 3UHQWLFH +DOO�
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0� /DVW DQG $� .DQGHO� >����D@� ³$XWRPDWHG 3HUFHSWLRQV LQ 'DWD 0LQLQJ´� ����

,((( ,QWHUQDWLRQDO )X]]\ 6\VWHPV &RQIHUHQFH 3URFHHGLQJV� 3DUW ,� 6HRXO�

.RUHD�

0� /DVW� $� 6FKHQNHU� DQG $� .DQGHO� >����E@� ³$SSO\LQJ )X]]\ +\SRWKHVLV

7HVWLQJ WR 0HGLFDO 'DWD´� 1HZ 'LUHFWLRQV LQ 5RXJK 6HWV� 'DWD 0LQLQJ� DQG

*UDQXODU�6RIW &RPSXWLQJ �
WK
,QWHUQDWLRQDO :RUNVKRS ¶���

0� /DVW DQG $� .DQGHO� >����@� ³)X]]LILFDWLRQ DQG 5HGXFWLRQ RI ,QIRUPDWLRQ�

7KHRUHWLF 5XOH 6HWV´� 'DWD 0LQLQJ DQG &RPSXWDWLRQDO ,QWHOOLJHQFH� $� .DQGHO� +�

%XQNH� DQG 0� /DVW �(GV�� 3K\VLFD�9HUODJ� 6WXGLHV LQ )X]]LQHVV DQG 6RIW

&RPSXWLQJ� 9RO� ���

:� 0HQGHQKDOO� HW DO� >����@� 6WDWLVWLFV IRU 0DQDJHPHQW DQG (FRQRPLFV�

%HOPRQW� &$� 'X[EXU\ 3UHVV�

&� -� 0HU] HW� DO� >����@� ³8&, 5HSRVLWRU\ RI 0DFKLQH /HDUQLQJ 'DWDEDVHV´�

KWWS���ZZZ�LFV�XFL�HGX�aPOHDUQ�0/5HSRVLWRU\�KWPO� ,UYLQH� &$� 8QLYHUVLW\ RI

&DOLIRUQLD� 'HSDUWPHQW RI ,QIRUPDWLRQ DQG &RPSXWHU 6FLHQFH�

7� 0� 0LWFKHOO� >����@� 0DFKLQH /HDUQLQJ� :&%�0F*UDZ�+LOO�

:� 3HGU\F]� >����@� ³)X]]\ 6HW 7HFKQRORJ\ ,Q .QRZOHGJH 'LVFRYHU\´� )X]]\

6HWV DQG 6\VWHPV� 9RO� ���

)� (� 3HWU\� >����@ )X]]\ 'DWDEDVHV� 3ULQFLSOHV DQG $SSOLFDWLRQV� %RVWRQ� 0$�

.OXZHU $FDGHPLF 3XEOLVKHUV�

-�5� 4XLQODQ� >����@� &���� 3URJUDPV IRU 0DFKLQH /HDUQLQJ� 6DQ 0DWHR� &$�

0RUJDQ .DXIPDQQ�

'� 0� 5RFNH� >����@� ³$ 3HUVSHFWLYH RQ 6WDWLVWLFDO 7RROV IRU 'DWD 0LQLQJ

$SSOLFDWLRQV´� 3URFHHGLQJV RI WKH 6HFRQG ,QWHUQDWLRQDO &RQIHUHQFH RQ WKH

3UDFWLFDO $SSOLFDWLRQ RI .QRZOHGJH 'LVFRYHU\ DQG 'DWD 0LQLQJ�

$� 6LOEHUVFKDW] DQG $� 7X]KLOLQ� >����@� ³:KDW 0DNHV 3DWWHUQV ,QWHUHVWLQJ LQ

.QRZOHGJH 'LVFRYHU\ 6\VWHPV�´ ,((( 7UDQVDFWLRQV RQ .QRZOHGJH DQG 'DWD

(QJLQHHULQJ� 9RO� �� 1R� ��

7� 6ODZLQVNL� HW� DO� >����@� ³$ +\EULG (YROXWLRQDU\ 6HDUFK &RQFHSW IRU 'DWD�

EDVHG *HQHUDWLRQ RI 5HOHYDQW )X]]\ 5XOHV LQ +LJK 'LPHQVLRQDO 6SDFHV´� ,(((

,QWHUQDWLRQDO )X]]\ 6\VWHP &RQIHUHQFH 3URFHHGLQJV�
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/� $� =DGHK� >����@� ³)X]]\ 6HWV�´ ,QIRUPDWLRQ DQG &RQWURO� 9RO� ��


