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/LNH LQ DQ\ RWKHU LQGXVWU\� PDQXIDFWXULQJ GHSDUWPHQWV RI VHPLFRQGXFWRU
SODQWV DUH HYDOXDWHG E\ WKHLU DELOLW\ WR PHHW WKH GHOLYHU\ VFKHGXOHV� +RZHYHU�
WKH ILQDO TXDQWLWLHV DQG WKH IORZ WLPHV RI LQGLYLGXDO VHPLFRQGXFWRU EDWFKHV DUH
DIIHFWHG E\ PXOWLSOH XQFHUWDLQ IDFWRUV� OLNH PDWHULDO TXDOLW\� SURFHVV
YDULDELOLW\� HTXLSPHQW FRQGLWLRQ� DQG RWKHUV� 7KXV� WKH WDVNV RI SUHGLFWLQJ WKH
EDWFK TXDOLW\ �PHDVXUHG E\ \LHOG� DQG LWV WRWDO IORZ WLPH DUH DQ LPSRUWDQW SDUW
RI WKH SURGXFWLRQ SODQQLQJ DFWLYLWLHV� %H\RQG SUHGLFWLRQ� WKH SODQW
PDQDJHPHQW LV LQWHUHVWHG LQ LGHQWLI\LQJ WKH PDLQ FDXVHV RI \LHOG H[FXUVLRQ
DQG SURFHVV GHOD\V�

,Q WKLV SDSHU� ZH DUH DSSO\LQJ VHYHUDO PHWKRGV RI GDWD PLQLQJ DQG
NQRZOHGJH GLVFRYHU\ WR :,3 �:RUN�LQ�3URFHVV� GDWD� FROOHFWHG LQ D
VHPLFRQGXFWRU SODQW� 7KH LQIRUPDWLRQ RQ HDFK PDQXIDFWXULQJ EDWFK LQFOXGHV
LWV GHVLJQ SDUDPHWHUV� SURFHVV WUDFNLQJ GDWD� OLQH \LHOG� HWF� 7KH GDWD LV
SUHSDUHG IRU GDWD PLQLQJ E\ FRQYHUWLQJ D VHTXHQWLDO GDWDVHW LQWR D UHODWLRQDO
IRUPDW� &ODVVLILFDWLRQ PRGHOV IRU SUHGLFWLQJ OLQH \LHOG DQG IORZ WLPHV DUH
EXLOW IURP WKH SUH�SURFHVVHG GDWD E\ XVLQJ WKH ,QIR�)X]]\ 1HWZRUN �,)1�
PHWKRGRORJ\� )X]]\�EDVHG WHFKQLTXHV RI DXWRPDWHG SHUFHSWLRQ DUH XVHG IRU
SRVW�SURFHVVLQJ WKH GDWD PLQLQJ UHVXOWV� :H FRQFOXGH WKH SDSHU ZLWK D FULWLFDO
HYDOXDWLRQ RI WKH GLVFRYHUHG NQRZOHGJH DQG WKH PHWKRGV XVHG�

.H\ZRUGV� GDWD PLQLQJ� NQRZOHGJH GLVFRYHU\� LQIR�IX]]\ QHWZRUN�
DXWRPDWHG SHUFHSWLRQV� \LHOG PDQDJHPHQW�
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7KH RXWJRLQJ \LHOG RI PDQXIDFWXUHG EDWFKHV LV WKH EDVLF PHDVXUH RI
SURILWDELOLW\ LQ VHPLFRQGXFWRU LQGXVWU\� 2YHUDOO� RU OLQH \LHOG RI WKH
PDQXIDFWXULQJ SURFHVV LV GHILQHG DV WKH UDWLR EHWZHHQ WKH QXPEHU RI JRRG
SDUWV �PLFURHOHFWURQLF FKLSV� LQ D FRPSOHWHG EDWFK DQG WKH PD[LPXP QXPEHU
RI SDUWV� ZKLFK FDQ EH REWDLQHG IURP WKH VDPH EDWFK� 6LQFH FDSLWDOL]DWLRQ
FRVWV FRQVWLWXWH WKH PDMRU SDUW RI PDQXIDFWXULQJ FRVWV LQ VHPLFRQGXFWRU
LQGXVWU\� WKH GLUHFW FRVW RI SURGXFLQJ D VLQJOH EDWFK LV DOPRVW IL[HG� +RZHYHU�
WKH LQFRPH IURP D JLYHQ EDWFK LV SURSRUWLRQDO WR WKH QXPEHU RI JRRG FKLSV�
7KXV� WKHUH LV D GLUHFW UHODWLRQVKLS EHWZHHQ WKH \LHOG DQG WKH SURILWV RI
VHPLFRQGXFWRU FRPSDQLHV� ZKLFK XVXDOO\ WUHDW WKH \LHOG SHUIRUPDQFH DV RQH RI
WKHLU WRS FRPPHUFLDO VHFUHWV�

7KH H[SHFWHG \LHOG RI HYHU\ EDWFK LV DOVR DQ LPSRUWDQW SDUDPHWHU IRU WKH
SURGXFWLRQ SODQQLQJ DQG FRQWURO� $Q ³RSWLPLVWLF´ HVWLPDWH RI WKH RXWJRLQJ
\LHOG PD\ FDXVH GHOD\V LQ WKH RUGHU GHOLYHU\ GXH WR LQVXIILFLHQW TXDQWLWLHV
SURGXFHG� 2Q WKH RWKHU KDQG� ³RYHUERRNLQJ´ LQ WKH QXPEHU RI EDWFKHV
GHVLJQDWHG IRU D JLYHQ RUGHU PD\ OHDG WR D ZDVWH RI SUHFLRXV UHVRXUFHV� OLNH
WHFKQLFLDQV� PDFKLQHV� DQG HOHFWULFLW\� 8QQHFHVVDU\ EDWFKHV PD\ DOVR FDXVH
GHOD\V LQ WKH SURGXFWLRQ RI RWKHU� PRUH FULWLFDO EDWFKHV� &RQVHTXHQWO\� WKLV LV
WKH SULPDU\ LQWHUHVW RI WKH SODQQLQJ SHUVRQQHO WR KDYH DQ DFFXUDWH SUHGLFWLRQ
RI WKH DFWXDO \LHOG�

7KH SUREOHP RI \LHOG SUHGLFWLRQ LV FORVHO\ UHODWHG WR DQRWKHU SUREOHP RI
SODQQLQJ WKH VXSSO\ RI RUGHUV� QDPHO\ WKH SUREOHP RI SUHGLFWLQJ WKH IORZ WLPHV
RI LQGLYLGXDO EDWFKHV� 7KRXJK WKH QHW WLPH RI HDFK SURGXFWLRQ VWHS LQ
VHPLFRQGXFWRU LQGXVWU\ LV QHDUO\ IL[HG� WKH ZDLWLQJ WLPHV EHWZHHQ WKH
RSHUDWLRQV DUH YHU\ KDUG WR SUHGLFW� GXH WR VXFK YDULDEOH IDFWRUV DV HTXLSPHQW
GRZQWLPHV� SURFHVV IDLOXUHV� DQG OLQH FRQJHVWLRQV�

&RQWUROOLQJ DQG SUHVHUYLQJ WKH \LHOG LV D FRPSOH[ HQJLQHHULQJ SUREOHP�
%RWK QHZ DQG PDWXUH VHPLFRQGXFWRU SURGXFWV VXIIHU IURP YDULDELOLW\ RI \LHOG
ZLWKLQ DQG EHWZHHQ LQGLYLGXDO EDWFKHV DQG HYHQ RQ VSHFLILF ZDIHUV RI WKH
VDPH EDWFK� ,PSURYHG XQGHUVWDQGLQJ RI WKLV YDULDELOLW\ FDQ VDYH VLJQLILFDQW
PDQXIDFWXULQJ FRVWV E\ IRFXVLQJ RQ SUREOHPDWLF SURFHVVHV DQG WDNLQJ
DSSURSULDWH DFWLRQV� ZKHQHYHU H[FXUVLRQ RI \LHOG LV H[SHFWHG IRU D JLYHQ
EDWFK� ZDIHU� HWF�

$OWKRXJK WKH DPRXQW RI PDQXIDFWXULQJ GDWD FROOHFWHG E\ VHPLFRQGXFWRU
FRPSDQLHV LV FRQVWDQWO\ LQFUHDVLQJ� LW LV VWLOO KDUG WR LGHQWLI\ WKH PRVW
LPSRUWDQW SDUDPHWHUV UHTXLUHG IRU \LHOG PRGHOLQJ DQG SUHGLFWLRQ� $V
LQGLFDWHG E\ 7RELQ HW DO� ������� WKH DPRXQW RI GDWD JHQHUDWHG LV H[FHHGLQJ
WKH \LHOG HQJLQHHU¶V DELOLW\ WR HIIHFWLYHO\ PRQLWRU DQG FRUUHFW XQH[SHFWHG
WUHQGV DQG H[FXUVLRQV� &RQVHTXHQWO\� WKHUH LV D VWURQJ QHHG IRU DXWRPDWHG
\LHOG PDQDJHPHQW V\VWHPV� ZKLFK ZLOO EH DEOH WR H[SODLQ DQG SUHGLFW \LHOG
H[FXUVLRQV E\ XVLQJ VRSKLVWLFDWHG GDWD PDQDJHPHQW DQG GDWD PLQLQJ WRROV�
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7KH XVH RI VWDQGDUG GDWD PLQLQJ PHWKRGV IRU WKH \LHOG DQG WKH IORZ WLPH
SUHGLFWLRQ LQ VHPLFRQGXFWRU LQGXVWU\ IDFHV VHYHUDO GLIILFXOWLHV� )LUVW� VXFK
FRPPRQ PHWKRGV DV DVVRFLDWLRQ UXOHV �VHH $JUDZDO HW DO�� ����� DQG GHFLVLRQ
WUHHV �VHH 4XLQODQ� ����� DUH DLPHG DW DQDO\]LQJ VWUXFWXUHG GDWD� RUJDQL]HG LQ
WZR�GLPHQVLRQDO WDEOHV� ZKHUH DOO WKH YDULDEOHV UHOHYDQW WR WKH WDUJHW DUH
ORFDWHG LQ D VLQJOH URZ �UHFRUG� RI RQH WDEOH� ,Q D UHDO�ZRUOG VLWXDWLRQ� WKH
IDFWRUV DIIHFWLQJ WKH ILQDO \LHOG RI D PDQXIDFWXULQJ EDWFK DUH VSUHDG DFURVV
PDQ\ GDWD WDEOHV� ZKLFK PD\ EH HYHQ VWRUHG LQ VHSDUDWH GDWDEDVH V\VWHPV�
0RUHRYHU� PXOWLSOH UHFRUGV RI SDUDPHWULF GDWD� FROOHFWHG LQ WKH FRXUVH RI WKH
PDQXIDFWXULQJ SURFHVV� PD\ EH UHODWHG WR WKH RXWFRPH RI D VLQJOH EDWFK�
,PSRUWDQW LQIRUPDWLRQ PD\ EH ORVW LI WKH WLPLQJ RI WKRVH UHFRUGV LV LJQRUHG E\
WKH GDWD PLQLQJ WRROV�

6HFRQG� WKH EDVLF DVVXPSWLRQ RI PRVW GDWD PLQLQJ PHWKRGV LV WKDW DOO WKH
GDWD VWRUHG LQ D GDWDEDVH LV FRPSOHWH DQG FRUUHFW� 7KH DFWXDO VHPLFRQGXFWRU
GDWD PD\ QRW FRPSO\ ZLWK WKH DVVXPSWLRQ RI GDWD FRUUHFWQHVV IRU VHYHUDO
UHDVRQV LQFOXGLQJ HUURQHRXV GDWD HQWU\� LQDFFXUDWH PHDVXUHPHQWV� HWF� 6LQFH
LW LV QRW SUDFWLFDO WR HQVXUH WKH ���� GDWD TXDOLW\� WKH PHWKRGV XVHG VKRXOG EH
UREXVW WR WKH SUHVHQFH RI HUURUV LQ WKH PLQHG GDWD� $QRWKHU FRPPRQ SUREOHP
RI GDWD TXDOLW\ LV WKH DEVHQFH RI YDOXHV IRU FHUWDLQ DWWULEXWHV GXH WR HLWKHU
LQFRPSOHWH GDWD HQWU\ SURFHVV RU QRQ�H[LVWHQFH RI WKH YDOXHV WKHPVHOYHV �H�J��
PLVVLQJ PHDVXUHPHQWV RI D VFUDSHG ZDIHU�� ,Q ERWK FDVHV� D GDWD PLQLQJ
PHWKRG VKRXOG GHDO ZLWK D PLVVLQJ YDOXH ZLWKRXW LJQRULQJ WKH YDOXHV RI WKH
RWKHU DWWULEXWHV LQ WKH VDPH UHFRUG�

)LQDOO\� WKH DEXQGDQFH DQG WKH GLYHUVLW\ RI DXWRPDWLFDOO\ FROOHFWHG GDWD
SRVH DQRWKHU SRWHQWLDO SUREOHP WR GDWD PLQLQJ� 0RVW RI WKH DYDLODEOH
DWWULEXWHV PD\ EH FRPSOHWHO\ LUUHOHYDQW WR WKH WDUJHW �H�J�� WKH ILQDO \LHOG��
6LQFH PRVW GDWD PLQLQJ PHWKRGV �HVSHFLDOO\ WKRVH EDVHG RQ WKH %D\HVLDQ
DSSURDFK� DUH WU\LQJ WR LQFRUSRUDWH DV PDQ\ DWWULEXWHV DV SRVVLEOH LQ WKH
PRGHO� WKH OHDUQLQJ SURFHVV PD\ EH PLVOHG E\ WKH LUUHOHYDQW DWWULEXWHV�
UHVXOWLQJ LQ RYHU FRPSOH[ DQG LQDFFXUDWH UHSUHVHQWDWLRQV RI GLVFRYHUHG
NQRZOHGJH� 7KH FRQWLQXRXV QDWXUH RI WKH WDUJHW �GHSHQGHQW� YDULDEOHV� OLNH
WKH \LHOG DQG WKH IORZ WLPH� SUHFOXGHV WKHP IURP EHLQJ XVHG GLUHFWO\ E\
FODVVLILFDWLRQ WHFKQLTXHV �H�J�� GHFLVLRQ WUHHV DQG %D\HVLDQ PHWKRGV�� ZKLFK
DVVXPH WKH WDUJHW WR WDNH D OLPLWHG QXPEHU RI GLVWLQFW YDOXHV�

7KH SURFHVV RI NQRZOHGJH GLVFRYHU\ LQ VHPLFRQGXFWRU GDWDEDVHV�
SUHVHQWHG LQ WKLV SDSHU� LV EDVHG RQ D QRYHO PHWKRG IRU PLQLQJ UHDO�ZRUOG
GDWD� WHUPHG ,)1 IRU ,QIR�)X]]\ 1HWZRUN �VHH 0DLPRQ DQG /DVW� ������ 7KH
PHWKRG EXLOGV XSRQ WKH SULQFLSOHV RI 6KDQQRQ¶V LQIRUPDWLRQ WKHRU\ �VHH
&RYHU� ����� DQG IX]]\ ORJLF �VHH .OLU DQG <XDQ� ������ ,W LV DSSOLFDEOH WR
GDWDEDVHV RI PL[HG QDWXUH FRQWDLQLQJ TXDQWLWDWLYH �FRQWLQXRXV�� TXDOLWDWLYH
�QRPLQDO�� DQG ELQDU\�YDOXHG DWWULEXWHV� 7KH UHOHYDQW IHDWXUHV DUH VHOHFWHG
DXWRPDWLFDOO\ LQ WKH SURFHVV RI FRQVWUXFWLQJ WKH SUHGLFWLRQ PRGHO �,)1��
5DQNHG DVVRFLDWLRQ UXOHV EHWZHHQ WKH VHOHFWHG IDFWRUV DQG WKH WDUJHW DWWULEXWH
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�H�J�� ILQDO \LHOG� FDQ EH H[WUDFWHG IURP WKH QHWZRUN VWUXFWXUH� 7KH QHWZRUN
RXWSXW FDQ DOVR EH XVHG IRU HYDOXDWLQJ UHOLDELOLW\ RI WDUJHW GDWD� ,Q �0DLPRQ
DQG /DVW� ������ WKH ,)1 PHWKRG LV VKRZQ WR KDYH VHYHUDO EHQHILWV� LQFOXGLQJ�
EXLOW�LQ IHDWXUH VHOHFWLRQ� FRPSDFW DQG LQWHUSUHWDEOH UHSUHVHQWDWLRQ RI
H[WUDFWHG NQRZOHGJH� UHDVRQDEOH SUHGLFWLYH DFFXUDF\ �FRPSDUHG WR RWKHU
PHWKRGV�� VWDELOLW\ RI REWDLQHG PRGHOV� DQG UREXVWQHVV WR QRLV\ DQG
LQFRPSOHWH GDWD�

6HFWLRQ � RI WKLV &KDSWHU GHVFULEHV WKH LQIRUPDWLRQ�WKHRUHWLF IX]]\
DSSURDFK WR NQRZOHGJH GLVFRYHU\ LQ GDWDEDVHV� 7KH SURFHVV RI UXOH
IX]]LILFDWLRQ DQG UHGXFWLRQ LV SUHVHQWHG LQ 6HFWLRQ �� ,Q 6HFWLRQ �� ZH
SURFHHG ZLWK D GHWDLOHG FDVH VWXG\ RI NQRZOHGJH GLVFRYHU\ LQ PDQXIDFWXULQJ
GDWD� 7KH &KDSWHU LV FRQFOXGHG E\ 6HFWLRQ �� ZKLFK HYDOXDWHV WKH SRWHQWLDO RI
WKH LQIRUPDWLRQ�IX]]\ DSSURDFK IRU GDWD PLQLQJ LQ VHPLFRQGXFWRU LQGXVWU\�
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7KH ,QIR�)X]]\ 1HWZRUN �,)1� PHWKRGRORJ\� SUHVHQWHG E\ XV LQ �0DLPRQ DQG
/DVW� ������ LV D QRYHO DQG XQLILHG DSSURDFK WR DXWRPDWLQJ WKH SURFHVV RI
.QRZOHGJH 'LVFRYHU\ LQ 'DWDEDVHV �.''�� 7KH PDLQ VWDJHV RI WKH .''
SURFHVV KDQGOHG E\ ,)1 LQFOXGH GLVFUHWL]DWLRQ RI FRQWLQXRXV DWWULEXWHV� IHDWXUH
VHOHFWLRQ� SUHGLFWLRQ DQG FODVVLILFDWLRQ� H[WUDFWLRQ RI DVVRFLDWLRQ UXOHV� DQG
GDWD FOHDQLQJ� 7KH PHWKRG LV DLPHG DW PD[LPL]LQJ WKH PXWXDO LQIRUPDWLRQ
�VHH &RYHU ����� EHWZHHQ LQSXW �SUHGLFWLQJ� DQG WDUJHW �GHSHQGHQW� DWWULEXWHV�
7KH IROORZLQJ VXE�VHFWLRQV GHVFULEH WKH GDWD PRGHO XVHG E\ ,)1� WKH JHQHUDO
VWUXFWXUH RI DQ LQIR�IX]]\ QHWZRUN� WKH QHWZRUN FRQVWUXFWLRQ DOJRULWKP� DQG
WKH SURFHGXUH IRU H[WUDFWLQJ DVVRFLDWLRQ UXOHV IURP WKH QHWZRUN VWUXFWXUH�

7KH 'DWD 0RGHO

7KH ,)1 PHWKRG GLVWLQJXLVKHV EHWZHHQ WKH IROORZLQJ W\SHV RI DWWULEXWHV LQ D
GDWDEDVH�

�� 2 � D VXEVHW RI WDUJHW �³RXWSXW´� DWWULEXWHV �2 � 5� _2_ t��� 7KH
LQIRUPDWLRQ�WKHRUHWLF QHWZRUN LV FRQVWUXFWHG WR SUHGLFW WKH YDOXHV RI WDUJHW
DWWULEXWHV� EDVHG RQ WKH YDOXHV RI LQSXW DWWULEXWHV �VHH EHORZ��

�� & � D VXEVHW RI FDQGLGDWH LQSXW DWWULEXWHV �& � 5� _&_ t ��� 7KLV LV D VXEVHW
RI DWWULEXWHV� ZKLFK FDQ EH XVHG WR SUHGLFW WKH YDOXHV RI WDUJHW DWWULEXWHV�

�� ,L � D VXEVHW RI LQSXW DWWULEXWHV VHOHFWHG E\ WKH QHWZRUN FRQVWUXFWLRQ

SURFHGXUH IRU SUHGLFWLQJ WKH YDOXH RI WKH WDUJHW DWWULEXWH L ��L� ,L � &��
$ GDWDEDVH LV DVVXPHG WR VDWLVI\ WKH IROORZLQJ FRQGLWLRQV�
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�� �� � �� 2,L L� �$Q DWWULEXWH FDQQRW EH ERWK LQSXW DQG D WDUJHW��

7KLV PHDQV WKDW QR F\FOLF UHODWLRQVKLSV EHWZHHQ DWWULEXWHV PD\ EH UHYHDOHG
E\ WKH PHWKRG�

�� 52,L L ��� � �6RPH DWWULEXWHV PD\ EH QHLWKHU LQSXW� QRU WDUJHW��

8VXDOO\� WKH NH\ DWWULEXWHV DUH QRW XVHG LQ WKH NQRZOHGJH GLVFRYHU\
SURFHVV� VLQFH WKH\ KDYH QR SUDFWLFDO PHDQLQJ� H[FHSW IRU WKH SXUSRVH RI
LGHQWLI\LQJ LQGLYLGXDO UHFRUGV�

7KH ,QIR�)X]]\ 1HWZRUN 6WUXFWXUH

$Q ,QIR�)X]]\ 1HWZRUN �VHH )LJXUH � EHORZ� KDV WKH IROORZLQJ FRPSRQHQWV�
�� _,L_ � WRWDO QXPEHU RI KLGGHQ �LQWHUQDO� OD\HUV LQ D QHWZRUN RI D WDUJHW

DWWULEXWH L� 7KH QHWZRUN LQ )LJXUH � KDV WZR LQWHUQDO OD\HUV �1R� � DQG 1R�
��� (DFK LQWHUQDO OD\HU LV XQLTXHO\ DVVRFLDWHG ZLWK DQ LQSXW DWWULEXWH E\
UHSUHVHQWLQJ WKH LQWHUDFWLRQ RI WKDW DWWULEXWH DQG WKH LQSXW DWWULEXWHV RI WKH
SUHYLRXV OD\HUV� /D\HU 1R� � LQFOXGHV RQO\ WKH URRW QRGH DQG LV QRW
DVVRFLDWHG ZLWK DQ\ LQSXW DWWULEXWH� 7KH OD\HUV RI WKH QHWZRUN GLIIHU IURP
WKH GHFLVLRQ�WUHH VWUXFWXUH XVHG E\ &$57 �%UHLPDQ HW DO�� ����� DQG &���
�4XLQODQ� ����� LQ WKH IROORZLQJ DVSHFWV� RQO\ RQH LQSXW DWWULEXWH LV XVHG
WR VSOLW WKH QRGHV RI WKH VDPH OD\HU� PXOWLSOH VSOLWV RI FRQWLQXRXV DWWULEXWHV
DUH DOORZHG� DQG WKH SDUWLWLRQLQJ RI FRQWLQXRXV DWWULEXWHV LV LGHQWLFDO DW DOO
WKH VSOLW QRGHV�

�� /O � D VXEVHW RI QRGHV ] LQ D KLGGHQ OD\HU 1R� O � (DFK QRGH UHSUHVHQWV D
FRQMXQFWLRQ RI YDOXHV RI WKH ILUVW O LQSXW DWWULEXWHV� ZKLFK LV VLPLODU WR WKH
GHILQLWLRQ RI DQ LQWHUQDO QRGH LQ D VWDQGDUG GHFLVLRQ WUHH� ,Q )LJXUH �� WKH
ILUVW LQSXW DWWULEXWH KDV WKUHH YDOXHV� UHSUHVHQWHG E\ QRGHV QR� ���� DQG � LQ
WKH ILUVW OD\HU� EXW RQO\ QRGHV QR� � DQG � DUH VSOLW GXH WR WKH VWDWLVWLFDO
VLJQLILFDQFH WHVWLQJ �VHH QH[W VXE�VHFWLRQ�� 7KH VHFRQG OD\HU KDV IRXU
QRGHV VWDQGLQJ IRU WKH FRPELQDWLRQV RI WZR YDOXHV RI WKH VHFRQG LQSXW
DWWULEXWH ZLWK WZR VSOLW QRGHV RI WKH ILUVW OD\HU�

�� .L � D VXEVHW RI GLVWLQFW WDUJHW QRGHV 9LM LQ D QHWZRUN RI WKH WDUJHW DWWULEXWH
L �WKH WDUJHW OD\HU�� _.L_  0L� (DFK WDUJHW QRGH LV DVVRFLDWHG ZLWK D YDOXH
LQ WKH GRPDLQ RI WKH WDUJHW DWWULEXWH L� 7KLV OD\HU LV PLVVLQJ LQ WKH
VWDQGDUG GHFLVLRQ�WUHH VWUXFWXUH� ,Q RXU H[DPSOH� WKH WDUJHW DWWULEXWH KDV
WKUHH YDOXHV� UHSUHVHQWHG E\ WKUHH QRGHV LQ WKH WDUJHW OD\HU�
Z]

LM� DQ LQIRUPDWLRQ�WKHRUHWLF ZHLJKW RI WKH FRQQHFWLRQ EHWZHHQ D
WHUPLQDO �XQVSOLW� QRGH ] DQG D WDUJHW QRGH 9LM� (DFK FRQQHFWLRQ UHSUHVHQWV DQ
DVVRFLDWLRQ EHWZHHQ D FRQMXQFWLRQ RI LQSXW DWWULEXWH�YDOXHV DQG D YDOXH RI WKH
WDUJHW DWWULEXWH� ,Q )LJXUH �� WKHUH DUH �� FRQQHFWLRQV EHWZHHQ WKH ILYH
WHUPLQDO �XQVSOLW� QRGHV DQG WKH WKUHH WDUJHW QRGHV� 7KH FDOFXODWLRQ RI WKH
ZHLJKWV LV H[SODLQHG LQ WKH QH[W VXE�VHFWLRQV�
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7KH FRQQHFWLRQLVW QDWXUH RI RXU V\VWHP �HDFK WHUPLQDO QRGH PD\ EH
FRQQHFWHG WR HYHU\ WDUJHW QRGH� UHVHPEOHV WKH VWUXFWXUH RI PXOWL�OD\HU 1HXUDO
1HWZRUNV �VHH 0LWFKHOO� ������ &RQVHTXHQWO\� ZH GHILQH RXU V\VWHP DV D
QHWZRUN DQG QRW DV D WUHH�

/D\HU 1R� �

�WKH URRW QRGH�

�

�

�

�

&RQQHFWLRQ

:HLJKWV
7DUJHW

/D\HU

�

�

�

/D\HU 1R� �

�)LUVW LQSXW

DWWULEXWH�

���

���

���

���

/D\HU 1R� �

�6HFRQG LQSXW

DWWULEXWH�

)LJXUH � ,)1� $Q ([DPSOH

1HWZRUN &RQVWUXFWLRQ 3URFHGXUH

:LWKRXW ORVV RI JHQHUDOLW\� ZH SUHVHQW KHUH DQ DOJRULWKP IRU FRQVWUXFWLQJ DQ
LQIRUPDWLRQ�WKHRUHWLF QHWZRUN RI D VLQJOH WDUJHW DWWULEXWH $L� ,Q D JHQHUDO FDVH�
WKH QHWZRUN VKRXOG EH UH�EXLOW IRU HYHU\ WDUJHW DWWULEXWH GHILQHG LQ D GDWDEDVH�
7KH SVHXGRFRGH RI WKH QHWZRUN FRQVWUXFWLRQ SURFHGXUH LV VKRZQ LQ 7DEOH �
EHORZ�
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7DEOH � 7KH ,)1 &RQVWUXFWLRQ $OJRULWKP

,QSXWV

$L LV WKH WDUJHW DWWULEXWH
& LV D VXEVHW RI FDQGLGDWH LQSXW DWWULEXWHV
6 LV D VXEVHW RI WUDLQLQJ H[DPSOHV

D LV WKH VLJQLILFDQFH OHYHO XVHG E\ WKH DOJRULWKP

3URFHGXUH ,)1 �$L� &� 6� D�

,L  � �� LQLWLDOL]H WKH VHW RI LQSXW DWWULEXWHV WR DQ HPSW\ VHW�

_/�_  � �� ,QLWLDOL]H OD\HU � WR WKH URRW QRGH

'HILQH WKH OD\HU RI WDUJHW QRGHV
)RU O  � WR _&_ �� UHSHDW IRU WKH PD[LPXP QXPEHU RI OD\HUV �QXPEHU RI FDQGLGDWH LQSXW

DWWULEXWHV�

)RU L¶  � WR _&_ �� UHSHDW IRU HYHU\ FDQGLGDWH LQSXW DWWULEXWH

,I $L¶ � ,L �� LI DQ DWWULEXWH LV QRW DQ LQSXW DWWULEXWH

0, �$L� $L¶�  � �� ,QLWLDOL]H WKH PXWXDO LQIRUPDWLRQ EHWZHHQ WKH

DWWULEXWH $L¶ DQG WKH DWWULEXWH $L WR ]HUR�

)RU ]  � WR _/O��_ �� UHSHDW IRU HYHU\ QRGH RI WKH ILQDO KLGGHQ OD\HU

&DOFXODWH 0, �$L¶ � $L � ]� �� FDOFXODWH FRQGLWLRQDO PXWXDO

LQIRUPDWLRQ RI D FDQGLGDWH LQSXW DWWULEXWH L¶ DQG D WDUJHW

DWWULEXWH L� JLYHQ D QRGH ] �VHH EHORZ�

,I 0, �$L¶ � $L � ]� LV JUHDWHU WKDQ ]HUR DW WKH VLJQLILFDQFH OHYHO

D �VHH EHORZ�� 0, �$L� $L¶�  0, �$L� $L¶� � 0, �$L¶ � $L � ]�

,I �PD[



 ��$0, �$ LL
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� 6WRS DQG UHWXUQ WKH VHW RI LQSXW DWWULEXWHV �,L�

��$0, �$L LL
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PD[DUJ
  �� ILQG WKH EHVW LQSXW DWWULEXWH

,L  ,L � $L¶ �� XSGDWH WKH VHW RI LQSXW DWWULEXWHV

8SGDWH WKH QHWZRUN VWUXFWXUH ZLWK D QHZ OD\HU RI KLGGHQ QRGHV
&DOFXODWH WKH LQIRUPDWLRQ�WKHRUHWLF ZHLJKWV RI WKH LQSXW�WDUJHW FRQQHFWLRQV �VHH EHORZ�
5HWXUQ WKH VHW RI LQSXW DWWULEXWHV �,L�

7KH QHWZRUN FRQVWUXFWLRQ SURFHGXUH VWDUWV ZLWK D VLQJOH�QRGH QHWZRUN
UHSUHVHQWLQJ DQ HPSW\ VHW RI LQSXW DWWULEXWHV� $ QRGH LQ WKH QHWZRUN LV VSOLW LI
LW SURYLGHV D VWDWLVWLFDOO\ VLJQLILFDQW GHFUHDVH LQ WKH FRQGLWLRQDO HQWURS\ RI WKH
WDUJHW DWWULEXWH� $V LQGLFDWHG LQ �&RYHU� ������ FRQGLWLRQDO HQWURS\ PHDVXUHV
WKH XQFHUWDLQW\ RI D UDQGRP YDULDEOH <� JLYHQ WKH YDOXHV RI RWKHU YDULDEOHV ;��

«� ;Q� $ GHFUHDVH LQ WKH FRQGLWLRQDO HQWURS\ RI D UDQGRP YDULDEOH LV WHUPHG
³FRQGLWLRQDO PXWXDO LQIRUPDWLRQ�´ 7KH FRQGLWLRQDO PXWXDO LQIRUPDWLRQ RI D
FDQGLGDWH LQSXW DWWULEXWH L¶ DQG D WDUJHW DWWULEXWH L� JLYHQ D QRGH ] �0, �$L¶ � $L �

]��� LV HVWLPDWHG E\ WKH IROORZLQJ IRUPXOD �EDVHG RQ &RYHU� ������
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ZKHUH
0L � 0L¶ � QXPEHU RI YDOXHV RI WKH WDUJHW DWWULEXWH L �FDQGLGDWH LQSXW

DWWULEXWH L¶� 7KLV IRUPXOD DVVXPHV WKDW DOO FRQWLQXRXV DWWULEXWHV DUH GLVFUHWL]HG
WR D ILQLWH QXPEHU RI LQWHUYDOV�

3 �9L¶M¶� ]� � DQ HVWLPDWHG FRQGLWLRQDO �D SRVWHULRUL� SUREDELOLW\ RI D YDOXH
M¶ RI WKH FDQGLGDWH LQSXW DWWULEXWH L¶� JLYHQ WKH QRGH ]�

3 �9LM� ]� � DQ HVWLPDWHG FRQGLWLRQDO �D SRVWHULRUL� SUREDELOLW\ RI D YDOXH M
RI WKH WDUJHW DWWULEXWH L� JLYHQ WKH QRGH ]�

3 �9L¶M¶
LM� ]� � DQ HVWLPDWHG FRQGLWLRQDO �D SRVWHULRUL� SUREDELOLW\ RI D YDOXH

M¶ RI WKH FDQGLGDWH LQSXW DWWULEXWH L¶ DQG D YDOXH M RI WKH WDUJHW DWWULEXWH L� JLYHQ
WKH QRGH ]�

3 �9LM� 9L¶M¶� ]� � DQ HVWLPDWHG MRLQW SUREDELOLW\ RI D YDOXH M RI WKH WDUJHW
DWWULEXWH L� D YDOXH M¶ RI WKH FDQGLGDWH LQSXW DWWULEXWH L¶ DQG WKH QRGH ]�

7KH VWDWLVWLFDO VLJQLILFDQFH RI WKH HVWLPDWHG FRQGLWLRQDO PXWXDO
LQIRUPDWLRQ� LV HYDOXDWHG E\ XVLQJ WKH OLNHOLKRRG�UDWLR VWDWLVWLF �EDVHG RQ
$WWQHDYH� ������

*� �$L¶ � $L � ]�  �x�OQ��x (
�]� x0, �$L¶ � $L � ]�

:KHUH (�]� LV WKH QXPEHU RI WXSOHV DVVRFLDWHG ZLWK WKH QRGH ]�
7KH QXOO K\SRWKHVLV �+�� RI WKH OLNHOLKRRG�UDWLR WHVW LV WKDW WKH FRQGLWLRQDO

PXWXDO LQIRUPDWLRQ LV ]HUR �ZKLFK PHDQV WKDW WKH DWWULEXWHV DUH FRQGLWLRQDOO\
LQGHSHQGHQW� JLYHQ WKH QRGH�� ,I +� KROGV� WKHQ WKH OLNHOLKRRG�UDWLR VWDWLVWLF

*
�
�$L¶� $L � ]� LV GLVWULEXWHG DV FKL�VTXDUH ZLWK �1, L¶ �]� � ��x� 17 L �]� � ��

GHJUHHV RI IUHHGRP� ZKHUH 1, L¶ �]� LV WKH QXPEHU RI YDOXHV RI D FDQGLGDWH
LQSXW DWWULEXWH L¶ DW QRGH ] DQG 17 L �]� LV WKH QXPEHU RI YDOXHV RI D WDUJHW
DWWULEXWH L DW QRGH ] �EDVHG RQ 5DR DQG 7RXWHQEXUJ� ������ 7KH GHIDXOW
VLJQLILFDQFH OHYHO �S�YDOXH�� XVHG E\ WKH LQIRUPDWLRQ�WKHRUHWLF DOJRULWKP� LV
����� :H KDYH IRXQG HPSLULFDOO\ WKDW WKH KLJKHU YDOXHV RI WKH S�YDOXH WHQG WR
GHFUHDVH WKH JHQHUDOL]DWLRQ SHUIRUPDQFH RI WKH QHWZRUN�

$ QHZ LQSXW DWWULEXWH LV VHOHFWHG WR PD[LPL]H WKH WRWDO VLJQLILFDQW
GHFUHDVH LQ WKH FRQGLWLRQDO HQWURS\ DV D UHVXOW RI VSOLWWLQJ WKH QRGHV RI WKH ODVW
OD\HU� 7KH QRGHV RI D QHZ KLGGHQ OD\HU DUH GHILQHG IRU D &DUWHVLDQ SURGXFW RI
VSOLW QRGHV RI WKH SUHYLRXV KLGGHQ OD\HU DQG WKH YDOXHV RI WKH QHZ LQSXW
DWWULEXWH� $FFRUGLQJ WR WKH FKDLQ UXOH �VHH &RYHU� ������ WKH PXWXDO

LQIRUPDWLRQ EHWZHHQ D VHW RI LQSXW DWWULEXWHV DQG WKH WDUJHW �GHILQHG DV WKH
RYHUDOO GHFUHDVH LQ WKH FRQGLWLRQDO HQWURS\� LV HTXDO WR WKH VXP RI GURSV LQ
FRQGLWLRQDO HQWURS\ DW DOO WKH KLGGHQ OD\HUV� ,I D FDQGLGDWH LQSXW DWWULEXWH
VLJQLILFDQWO\ GHFUHDVLQJ WKH FRQGLWLRQDO HQWURS\ RI WKH WDUJHW DWWULEXWH FDQQRW
EH IRXQG� WKH QHWZRUN FRQVWUXFWLRQ VWRSV�
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7KH FRQGLWLRQDO HQWURS\ RI WKH WDUJHW DWWULEXWH FDQ RQO\ EH FDOFXODWHG ZLWK
UHVSHFW WR DWWULEXWHV WDNLQJ D ILQLWH QXPEHU RI YDOXHV� 7KH DOJRULWKP SHUIRUPV
GLVFUHWL]DWLRQ RI FRQWLQXRXV DWWULEXWHV ³RQ�WKH�IO\´ E\ XVLQJ DQ DSSURDFK�
ZKLFK LV VLPLODU WR WKH LQIRUPDWLRQ�WKHRUHWLF KHXULVWLF RI )D\\DG DQG ,UDQL
������� UHFXUVLYHO\ ILQGLQJ D ELQDU\ SDUWLWLRQ RI DQ LQSXW DWWULEXWH WKDW
PLQLPL]HV WKH FRQGLWLRQDO HQWURS\ RI WKH WDUJHW DWWULEXWH� +RZHYHU� WKH
VWRSSLQJ FULWHULRQ ZH DUH XVLQJ LV GLIIHUHQW� 5DWKHU WKDQ VHDUFKLQJ IRU D
PLQLPXP GHVFULSWLRQ OHQJWK �PLQLPXP QXPEHU RI ELWV IRU HQFRGLQJ WKH
WUDLQLQJ GDWD�� ZH PDNH XVH RI D VWDQGDUG VWDWLVWLFDO OLNHOLKRRG�UDWLR WHVW �VHH
DERYH�� 7KH VHDUFK IRU WKH EHVW SDUWLWLRQ RI D FRQWLQXRXV DWWULEXWH LV G\QDPLF�
LW LV SHUIRUPHG HDFK WLPH D FDQGLGDWH LQSXW DWWULEXWH LV FRQVLGHUHG IRU
VHOHFWLRQ� 'HWDLOHG GHVFULSWLRQV RI WKH DOJRULWKP VWHSV� LQFOXGLQJ WKH G\QDPLF
GLVFUHWL]DWLRQ SURFHGXUH� DUH SURYLGHG LQ �0DLPRQ DQG /DVW� ������

7KH ,)1 FRQVWUXFWLRQ SURFHGXUH LV D KLJKO\ VFDODEOH DOJRULWKP� $V VKRZQ
LQ �0DLPRQ DQG /DVW� ������ LWV UXQ WLPH LV TXDGUDWLF LQ WKH QXPEHU RI
FDQGLGDWH LQSXW DWWULEXWHV� ,W LV DOVR OLQHDU LQ WKH QXPEHU RI UHFRUGV DQG WKH
QXPEHU RI YDOXHV WDNHQ E\ HDFK FDQGLGDWH LQSXW � WDUJHW DWWULEXWH� 7KH
G\QDPLF GLVFUHWL]DWLRQ SURFHGXUH LQFUHDVHV WKH UXQ WLPH SHU HDFK FRQWLQXRXV
DWWULEXWH E\ WKH IDFWRU RI P ORJ P� ZKHUH P LV WKH WRWDO QXPEHU RI GLVWLQFW
DWWULEXWH YDOXHV �ERXQGHG E\ WKH QXPEHU RI GDWD UHFRUGV��

5XOH ([WUDFWLRQ DQG 3UHGLFWLRQ

(DFK FRQQHFWLRQ EHWZHHQ D WHUPLQDO QRGH DQG D QRGH RI WKH WDUJHW OD\HU
UHSUHVHQWV DQ DVVRFLDWLRQ UXOH RI WKH IRUP LI FRQMXQFWLRQ RI LQSXW YDOXHV� WKHQ

WKH WDUJHW YDOXH LV OLNHO\ � XQOLNHO\ WR EH��� 7KHVH DUH QRW SUHGLFWLRQ UXOHV� OLNH
WKH UXOHV H[WUDFWHG E\ WKH &��� DOJRULWKP �4XLQODQ� ������ VLQFH PXOWLSOH UXOHV
PD\ EH DVVRFLDWHG ZLWK WKH VDPH WHUPLQDO QRGH� $Q LQIRUPDWLRQ�WKHRUHWLF
ZHLJKW RI DQ DVVRFLDWLRQ UXOH EHWZHHQ D WHUPLQDO QRGH ] DQG D WDUJHW YDOXH 9M

LV JLYHQ E\�
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:KHUH 3 �9M�]� LV DQ HVWLPDWHG MRLQW SUREDELOLW\ RI WKH YDOXH 9M DQG WKH QRGH ]�
3 �9M� ]� LV DQ HVWLPDWHG FRQGLWLRQDO �D SRVWHULRUL� SUREDELOLW\ RI WKH YDOXH 9M�
JLYHQ WKH QRGH ]� DQG 3 �9M� LV DQ HVWLPDWHG XQFRQGLWLRQDO �D SULRUL�
SUREDELOLW\ RI WKH YDOXH 9M�

$FFRUGLQJ WR WKH LQIRUPDWLRQ WKHRU\ �VHH &RYHU� ������ WKH DERYH ZHLJKW
UHSUHVHQWV D FRQWULEXWLRQ RI D QRGH�SDLU WR WKH WRWDO PXWXDO LQIRUPDWLRQ
EHWZHHQ WKH LQSXW DWWULEXWHV DQG WKH WDUJHW DWWULEXWH� 7KH ZHLJKW LV SRVLWLYH LI
WKH FRQGLWLRQDO SUREDELOLW\ RI D WDUJHW DWWULEXWH YDOXH� JLYHQ WKH QRGH� LV KLJKHU
WKDQ LWV XQFRQGLWLRQDO SUREDELOLW\ DQG QHJDWLYH RWKHUZLVH� $ ]HUR ZHLJKW
PHDQV WKDW WKH WDUJHW DWWULEXWH YDOXH LV LQGHSHQGHQW RI WKH QRGH YDOXH� 7KXV�
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HDFK SRVLWLYH FRQQHFWLRQ ZHLJKW FDQ EH LQWHUSUHWHG DV WKH LQIRUPDWLRQ FRQWHQW
RI DQ DSSURSULDWH UXOH RI WKH IRUP LI QRGH� WKHQ WDUJHW YDOXH LV«�
$FFRUGLQJO\� D QHJDWLYH ZHLJKW UHIHUV WR D UXOH RI WKH IRUP LI QRGH� WKHQ WDUJHW

YDOXH LV QRW« �
6LQFH ,)1 UHSUHVHQWV D GLVMXQFWLRQ RI FRQMXQFWLRQV RI WKH LQSXW DWWULEXWH

YDOXHV� HDFK UHFRUG LQ D UHODWLRQDO GDWD WDEOH KDYLQJ WKH VDPH VFKHPD OLNH WKH
WUDLQLQJ GDWD VHW FDQ EH DVVRFLDWHG ZLWK D VLQJOH WHUPLQDO QRGH LQ WKH QHWZRUN�
7KH WDUJHW DWWULEXWH LQ WKDW UHFRUG FDQ EH DVVLJQHG D SUHGLFWHG YDOXH M E\ WKH
IROORZLQJ PD[LPXP D SRVWHULRUL �0$3� UXOH�

���PD[DUJ ]93M
M

M
 

)RU GLVFUHWH WDUJHW DWWULEXWHV� 9M VWDQGV IRU DQ DFWXDO DWWULEXWH YDOXH� ,I D
WDUJHW DWWULEXWH LV FRQWLQXRXV� 9M UHSUHVHQWV D GLVFUHWL]HG LQWHUYDO� ZKLFK LV
FRQYHUWHG E\ ,)1 LQWR D FRQWLQXRXV SUHGLFWHG YDOXH E\ XVLQJ WKH PHDQ RI WKH
FRUUHVSRQGLQJ LQWHUYDO�

7KH ,)1 PHWKRG RI SUHGLFWLRQ DQG FODVVLILFDWLRQ LV EDVHG RQ WKH %D\HVLDQ
DSSURDFK WR OHDUQLQJ IURP GDWD �VHH 0LWFKHOO� ������ $FFRUGLQJ WR WKH
%D\HVLDQ UHDVRQLQJ� D FRQVLVWHQW OHDUQLQJ DOJRULWKP �L�H�� DQ DOJRULWKP WKDW
RXWSXWV DQ HUURU�IUHH PRGHO RYHU QRLVHOHVV WUDLQLQJ GDWD� KDV WR XVH D 0$3
K\SRWKHVLV IRU SUHGLFWLRQ�

)X]]LILFDWLRQ DQG 5HGXFWLRQ RI $VVRFLDWLRQ 5XOHV

7KH QXPEHU RI UXOHV H[WUDFWHG IURP ,)1 PD\ EH TXLWH ODUJH� ,W LV ERXQGHG E\
WKH SURGXFW RI WKH QXPEHU RI WHUPLQDO QRGHV DQG WKH QXPEHU RI WDUJHW QRGHV
DQG WKH SUHYLRXV DSSOLFDWLRQV RI WKH DOJRULWKP VKRZ WKDW WKLV ERXQG LV
UHODWLYHO\ VKDUS� $OWKRXJK HYHU\ UXOH LV LPSRUWDQW IRU WKH SUHGLFWLYH DFFXUDF\
RI WKH QHWZRUN� WKH XVHU PD\ ILQG LW GLIILFXOW WR FRPSUHKHQG WKH HQWLUH VHW RI
UXOHV DQG WR LQWHUSUHW LW LQ QDWXUDO DQG DFWLRQDEOH ODQJXDJH� $V ZH KDYH VKRZQ
LQ �/DVW DQG .DQGHO� ���� DQG /DVW� .OHLQ� DQG .DQGHO� ������ WKH
IX]]LILFDWLRQ RI WKH LQIRUPDWLRQ�WKHRUHWLF UXOHV SURYLGHV DQ HIILFLHQW ZD\ IRU
UHGXFLQJ WKH GLPHQVLRQDOLW\ RI WKH UXOH VHW� ZLWKRXW ORVLQJ LWV DFWLRQDEOH
PHDQLQJ� 7KH SURFHVV RI UXOH UHGXFWLRQ LQFOXGHV WKH IROORZLQJ VWDJHV�

6WDJH � � )X]]LI\LQJ WKH LQIRUPDWLRQ�WKHRUHWLF UXOHV

6WDJH � ± 5HGXFLQJ WKH VHW RI IX]]LILHG UXOHV E\ FRQIOLFW UHVROXWLRQ

6WDJH � ± 0HUJLQJ UXOHV IURP WKH UHGXFHG VHW

)X]]LI\LQJ $VVRFLDWLRQ 5XOHV

$OWKRXJK WKH ERXQGDULHV RI WKH GLVFUHWL]HG LQWHUYDOV� GHWHUPLQHG LQ WKH

SURFHVV RI QHWZRUN FRQVWUXFWLRQ �VHH VXE�VHFWLRQ � DERYH�� DUH DLPHG DW

PLQLPL]LQJ WKH XQFHUWDLQW\ RI WKH WDUJHW DWWULEXWH� WKH XVHU PD\ EH PRUH
LQWHUHVWHG LQ WKH OLQJXLVWLF GHVFULSWLRQV RI WKHVH LQWHUYDOV� UDWKHU LQ WKHLU
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SUHFLVH QXPHULF ERXQGDULHV� )RU H[DPSOH� WKH XVHU LV PRUH LQWHUHVWHG LQ WKH
UXOHV RI WKH IRUP �,I FXUUHQW LV KLJK� WKHQ WKH \LHOG LV ORZ�� ZKLFK LV FORVHU WR
WKH KXPDQ ZD\ RI UHDVRQLQJ� UDWKHU WKDQ ³,I FXUUHQW LV EHWZHHQ $ DQG % WKHQ
WKH \LHOG LV EHWZHHQ ; DQG <´� 3HRSOH WHQG WR �FRPSXWH ZLWK ZRUGV� UDWKHU
WKDQ ZLWK SUHFLVH QXPEHUV� ,Q DGGLWLRQ� WKH WRWDO QXPEHU RI UXOHV� H[WUDFWHG
IURP D W\SLFDO GDWDVHW PD\ EH PXFK ODUJHU WKDQ WKH QXPEHU RI UXOHV JHQHUDOO\
XVHG E\ SHRSOH LQ WKHLU GHFLVLRQV�

$V LQGLFDWHG E\ �.OLU DQG <XDQ� ������ WKH �OLQJXLVWLF UDQJHV� RI
FRQWLQXRXV DWWULEXWHV PD\ EH H[SUHVVHG DV OLVWV RI WHUPV WKDW WKH DWWULEXWHV FDQ
WDNH �³KLJK´� ³ORZ´� HWF��� 7KH XVHU SHUFHSWLRQ RI HDFK WHUP PD\ EH
UHSUHVHQWHG E\ IX]]\ PHPEHUVKLS IXQFWLRQV� $FFRUGLQJ WR �=DGHK ������ WKLV
LV WKH ILUVW VWDJH LQ DQ DXWRPDWHG UHDVRQLQJ SURFHVV� EDVHG RQ WKH
&RPSXWDWLRQDO 7KHRU\ RI 3HUFHSWLRQ �&73�� ZKLFK FDQ GLUHFWO\ RSHUDWH RQ
SHUFHSWLRQ�EDVHG� UDWKHU WKDQ PHDVXUHPHQW�EDVHG� LQIRUPDWLRQ� 6XEVHTXHQW
&73 VWDJHV LQFOXGH FRQVWUXFWLQJ WKH LQLWLDO FRQVWUDLQW VHW �,&6�� JRDO�GLUHFWHG
SURSDJDWLRQ RI FRQVWUDLQWV� DQG FUHDWLQJ D WHUPLQDO FRQVWUDLQW VHW� ZKLFK LV WKH
HQG UHVXOW RI WKH UHDVRQLQJ SURFHVV�

6RPHWLPHV WKH ³FULVS´ UXOHV FDQQRW EH SUHVHQWHG WR RXWVLGHUV� EHFDXVH
WKH\ FRQWDLQ VRPH VHQVLWLYH LQIRUPDWLRQ� 7KLV PD\ EH DQ REVWDFOH WR RSHQ
H[FKDQJH RI WHFKQRORJLFDO LQIRUPDWLRQ LQ IRUXPV OLNH SURIHVVLRQDO
FRQIHUHQFHV� PXOWL�FRPSDQ\ FRQVRUWLD� HWF� $FFRUGLQJ WR �6KHQRL ������
IX]]LILFDWLRQ RI QXPHULF DWWULEXWHV LQ D UHDO�ZRUOG GDWDEDVH PD\ EH XVHG IRU DQ
DGGLWLRQDO SXUSRVH� LQIRUPDWLRQ FORXGLQJ� 7KH XVHU PD\ EH XQZLOOLQJ WR
GLVFORVH WKH DFWXDO YDOXHV RI VRPH FULWLFDO SHUIRUPDQFH LQGLFDWRUV DVVRFLDWHG
ZLWK PDQXIDFWXULQJ� PDUNHWLQJ� VDOHV� DQG RWKHU DUHDV RI EXVLQHVV DFWLYLW\� ,Q
PDQ\ FDVHV� GDWD VHFXULW\ FRQVLGHUDWLRQV SUHYHQW UHVXOWV RI VXFFHVVIXO GDWD
PLQLQJ SURMHFWV IURP EHLQJ HYHU SXEOLVKHG� 7KH DSSOLFDWLRQ SDUW RI WKLV
FKDSWHU GHDOV ZLWK KLJKO\ VHQVLEOH GDWD REWDLQHG IURP D VHPLFRQGXFWRU
FRPSDQ\� 'LUHFW SUHVHQWDWLRQ RI UXOHV H[WUDFWHG IURP WKLV GDWD FRXOG SURYLGH
YDOXDEOH LQIRUPDWLRQ WR WKH FRPSDQ\ FRPSHWLWRUV� +RZHYHU� ZH DUH JRLQJ WR
³KLGH´ WKH FRQILGHQWLDO FRQWH[W RI WKH UXOHV E\ SUHVHQWLQJ WKHP LQ WKHLU
IX]]LILHG IRUP RQO\�

7KH WHUPV DVVLJQHG WR HDFK VLPSOH FRQGLWLRQ DQG WR WKH WDUJHW
�FRQVHTXHQFH� RI WKH DVVRFLDWLRQ UXOH DUH FKRVHQ WR PD[LPL]H WKH PHPEHUVKLS
IXQFWLRQ DW WKH PLGGOH SRLQW RI WKH FRQGLWLRQ � FRQVHTXHQFH LQWHUYDO� 7KXV� ZH
FRQYHUW D FULVS UXOH LQWR D IX]]\ UHODWLRQ �.OLU DQG <XDQ� ������ 6LQFH D
FRPSOH[ FRQGLWLRQ LV D FRQMXQFWLRQ RI VLPSOH FRQGLWLRQV� DQ DOJHEUDLF SURGXFW
LV XVHG WR ILQG WKH IX]]\ LQWHUVHFWLRQ RI WKH VLPSOH FRQGLWLRQV� )X]]\
LPSOLFDWLRQ RI 0DPGDQL W\SH �VHH EHORZ� LV DSSOLHG WR HDFK UXOH� 0DPGDQL
LPSOLFDWLRQ LV PRUH DSSURSULDWH IRU WKH IX]]LILFDWLRQ RI WKH LQIRUPDWLRQ�
WKHRUHWLF UXOHV GXH WR WKH ORFDO QDWXUH RI WKHVH UXOHV� 7KH LQIRUPDWLYHQHVV RI
HDFK IX]]LILHG UXOH LV UHSUHVHQWHG E\ ZHLJKWLQJ WKH LPSOLFDWLRQ JUDGH E\ WKH

LQIRUPDWLRQ�WKHRUHWLF ZHLJKW RI WKH RULJLQDO FULVS UXOH �VHH VXE�VHFWLRQ �
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DERYH�� ,I WKH ZHLJKW LV SRVLWLYH� WKH UXOH LV VWDWHG DV ³,I �FRQMXQFWLRQ RI
WHUPV DVVLJQHG WR UXOH FRQGLWLRQV!� WKHQ �WHUP DVVLJQHG WR WKH UXOH WDUJHW !´�
,I WKH ZHLJKW LV QHJDWLYH� WKH UXOH ZLOO EH RI WKH IRUP ³,I �FRQMXQFWLRQ RI WHUPV
DVVLJQHG WR UXOH FRQGLWLRQV!� WKHQ QRW �WHUP DVVLJQHG WR WKH UXOH WDUJHW !´�
7KH H[SUHVVLRQ IRU FDOFXODWLQJ WKH ZHLJKWHG PHPEHUVKLS JUDGH RI DQ
DVVRFLDWLRQ UXOH LV JLYHQ EHORZ�

�`�^�`@�^PD[>
�

2[PD9Z
NLM 7NL$
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PPP x�x 

 

:KHUH
Z ± LQIRUPDWLRQ�WKHRUHWLF ZHLJKW RI WKH FULVS UXOH
1 ± QXPEHU RI VLPSOH FRQGLWLRQV LQ WKH FULVS UXOH
9L ± FULVS YDOXH RI WKH VLPSOH FRQGLWLRQ L LQ WKH FULVS UXOH �PLGGOH SRLQW RI

WKH FRQGLWLRQ LQWHUYDO�
2 ± FULVS YDOXH RI WKH UXOH WDUJHW �PLGGOH SRLQW RI WKH WDUJHW LQWHUYDO�
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P � PHPEHUVKLS IXQFWLRQ RI WKH WDUJHW YDOXH 2 Z�U�W� WHUP N

&RQIOLFW 5HVROXWLRQ

6LQFH DQ LQIRUPDWLRQ�WKHRUHWLF UXOHVHW LQFOXGHV DVVRFLDWLRQ UXOHV EHWZHHQ
FRQMXQFWLRQV RI LQSXW YDOXHV DQG DOO SRVVLEOH WDUJHW YDOXHV� VHYHUDO UXOHV PD\
KDYH WKH VDPH ,) SDUWV� EXW GLIIHUHQW 7+(1 SDUWV� 0RUHRYHU� WKH UXOH
FRQVHTXHQWV PD\ GLIIHU LQ WKHLU QXPHULF YDOXHV� EXW EH LGHQWLFDO LQ WKHLU
OLQJXLVWLF YDOXHV� 7KLV PHDQV WKDW WKH VHW RI IX]]\ UXOHV� SURGXFHG DERYH� PD\
EH LQFRQVLVWHQW� 7R UHVROYH WKLV FRQIOLFW� ZH FDOFXODWH WKH JUDGH RI HDFK
GLVWLQFW IX]]\ UXOH E\ VXPPLQJ XS WKH JUDGHV RI DOO LGHQWLFDO IX]]LILHG UXOHV
DQG FKRRVH IURP HDFK FRQIOLFW JURXS WKH WDUJHW YDOXH WKDW KDV D PD[LPXP
JUDGH� $ VLPLODU DSSURDFK LV XVHG E\ �:DQJ DQG 0HQGHO� ����� IRU UHVROYLQJ
FRQIOLFWV LQ IX]]\ UXOHV JHQHUDWHG GLUHFWO\ IURP GDWD�

,Q RXU SURFHGXUH� WKHUH LV QR H[SOLFLW GLVWLQFWLRQ EHWZHHQ SRVLWLYH DQG
QHJDWLYH UXOH JUDGHV� )RU H[DPSOH� WKH IX]]LILHG UXOHV RI WKH IRUP ³,I $ WKHQ
%´ DQG ³,I $ WKHQ QRW %´ DUH DVVRFLDWHG ZLWK WKH VDPH FRQVHTXHQW LQ WKH
VDPH GLVWLQFW UXOH� +RZHYHU� WKHLU FRPELQHG JUDGH ZLOO EH HTXDO WR WKH
GLIIHUHQFH RI WKHLU DEVROXWH JUDGHV� JLYLQJ D SUHIHUHQFH WR RQH RI SRVVLEOH
FRQFOXVLRQV �% RU QRW %�� (YHQWXDOO\� WKH WDUJHW YDOXH ZLWK WKH PD[LPXP
SRVLWLYH JUDGH ZLOO EH FKRVHQ E\ WKH DERYH SURFHGXUH� 7KLV FORVHO\ DJUHHV
ZLWK WKH LQWHUHVWV RI WKH GDWDEDVH XVHUV� ZKR QHHG WR HVWLPDWH SRVLWLYHO\ WKH
YDOXH RI WKH WDUJHW DWWULEXWH�
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0HUJLQJ 5HGXFHG 5XOHV

,Q WKH SUHYLRXV VXE�VHFWLRQ� ZH KDYH VKRZQ D PHWKRG IRU KDQGOLQJ UXOHV
KDYLQJ LGHQWLFDO DQWHFHGHQWV DQG GLVWLQFW FRQVHTXHQWV� +RZHYHU� WKH UHVXOWLQJ
VHW RI FRQIOLFW�IUHH UXOHV PD\ EH IXUWKHU UHGXFHG E\ PHUJLQJ WKH UXOHV KDYLQJ
GLVWLQFW DQWHFHGHQWV DQG LGHQWLFDO FRQVHTXHQWV� 7KXV� DQ\ WZR UXOHV �,� DQG �,,�
KDYLQJ WKH IRUP�
�� ,I D LV $ DQG E LV % DQG F LV &� WKHQ W LV 7

�� ,I G LV ' DQG H LV ( DQG I LV )� WKHQ W LV 7

FDQ EH PHUJHG LQWR D VLQJOH UXOH RI WKH IROORZLQJ IRUP�
�� ,I D LV $ DQG E LV % DQG F LV & RU G LV ' DQG H LV ( DQG I LV )� WKHQ W LV 7

8VLQJ WKH DERYH DSSURDFK� ZH FDQ FUHDWH D UXOH EDVH RI D PLQLPDO VL]H�
OLPLWHG RQO\ E\ WKH QXPEHU RI GLVWLQFW WDUJHW YDOXHV� +RZHYHU� WKLV DSSURDFK

PD\ SURGXFH D VPDOO QXPEHU RI ORQJ DQG KDUGO\ XVHDEOH UXOHV �OLNH WKH UXOH �

DERYH�� 7KHUHIRUH� ZH SHUIRUP WKH PHUJLQJ RI GLVMXQFWLYH YDOXHV IRU WKH ODVW
UXOH FRQGLWLRQ RQO\� 7KH SURFHGXUH RI PHUJLQJ IX]]\ FRQMXQFWLYH UXOHV �VHH
/DVW DQG .DQGHO� ����� LV EDVHG RQ WKH DVVXPSWLRQ WKDW HDFK IX]]\ UXOH KDV
WKH VDPH SDUWLDO RUGHULQJ RI LQSXW DWWULEXWHV� ZKLFK LV WUXH IRU DQ\ UXOH

H[WUDFWHG IURP D JLYHQ ,)1 �VHH VXE�VHFWLRQV � DQG � DERYH �� 7KH JUDGH RI

WKH PHUJHG UXOH LV FDOFXODWHG E\ XVLQJ D IX]]\ XQLRQ �³PD[´ RSHUDWLRQ�� 7KH
UHVXOWLQJ UXOH EDVH FDQ EH FRQVLGHUHG D WHUPLQDO FRQVWUDLQW VHW LQ D &73
SURFHVV �=DGHK ������
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,Q WKLV VHFWLRQ� ZH DUH DSSO\LQJ WKH LQIRUPDWLRQ�WKHRUHWLF IX]]\ DSSURDFK WR D
UHDO�ZRUOG GDWD VHW SURYLGHG E\ D VHPLFRQGXFWRU FRPSDQ\� 7KH
VHPLFRQGXFWRU LQGXVWU\ LV D KLJKO\ FRPSHWLWLYH VHFWRU� DQG WKH RULJLQDO GDWD
XVHG LQ RXU DQDO\VLV� DV ZHOO DV DQ\ FRQFOXVLRQV PDGH IURP WKDW GDWD DUH
FRQVLGHUHG KLJKO\ VHQVLWLYH SURSULHWDU\ LQIRUPDWLRQ� &RQVHTXHQWO\� ZH ZHUH
IRUFHG WR RPLW RU FKDQJH PDQ\ GHWDLOV LQ WKH GHVFULSWLRQ RI WKH WDUJHW GDWD DQG

WKH REWDLQHG UHVXOWV� $V LQGLFDWHG LQ VXE�VHFWLRQ � DERYH� IX]]LILFDWLRQ RI

FRQWLQXRXV DWWULEXWHV KDV KHOSHG XV WR ³KLGH´ WKH SURSULHWDU\ LQIRUPDWLRQ IURP
WKH XQDXWKRUL]HG �WKRXJK� SUREDEO\� FXULRXV� UHDGHU� $V SDUW RI WKH
³LQIRUPDWLRQ FORXGLQJ´ HIIRUW� ZH DOVR UHIUDLQ KHUH IURP PHQWLRQLQJ WKH QDPH
RI WKH FRPSDQ\ WKDW KDV SURYLGHG WKH GDWD�

'DWD 'HVFULSWLRQ

7KH FRPSDQ\ KDV SURYLGHG XV ZLWK WKH GDWD RQ WKH PDQXIDFWXULQJ EDWFKHV WKDW
FRPSOHWHG WKHLU SURGXFWLRQ LQ WKH EHJLQQLQJ RI ����� 7KH GDWD ZDV GHULYHG
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IURP WKH FRPSDQ\ GDWDEDVH LQ WKH IRUP RI D VLQJOH WDEOH �³YLHZ´ LQ WKH
GDWDEDVH WHUPLQRORJ\�� ZKLFK LV VKRZQ VFKHPDWLFDOO\ LQ )LJXUH � EHORZ�

%DWFKB,' 6SHFB,' 3ULRULW\ 2SHUB,' 'DWHB)LQ 4W\B7UDQV 4W\B6FUDS5HFRUGB,' %DWFKB,' 6SHFB,' 3ULRULW\ 2SHUB,' 'DWHB)LQ 4W\B7UDQV 4W\B6FUDS5HFRUGB,'

)LJXUH � 7KH 2ULJLQDO 'DWD 7DEOH

7KH REWDLQHG WDEOH LQFOXGHV DERXW ������� UHFRUGV� $ VKRUW H[SODQDWLRQ
DERXW HDFK DWWULEXWH LQ WKH WDEOH DQG LWV UHODWLRQVKLSV ZLWK RWKHU DWWULEXWHV LV
JLYHQ EHORZ�

x 5HFRUGB,'� 7KLV LV WKH SULPDU\ NH\ DWWULEXWH RI WKH WDEOH� ZKLFK
XQLTXHO\ LGHQWLILHV D VSHFLILF PDQXIDFWXULQJ RSHUDWLRQ DSSOLHG WR D
JLYHQ EDWFK�

x %DWFKB,'� 7KLV LV WKH LGHQWLILFDWLRQ QXPEHU RI HDFK PDQXIDFWXULQJ
EDWFK�

x 6SHFB,'� 7KLV LV D VSHFLILFDWLRQ �SDUW� QXPEHU RI D EDWFK 1R�
%DWFKB,'� ,W VSHFLILHV WKH PDQXIDFWXULQJ SDUDPHWHUV RI WKH EDWFK�
OLNH FXUUHQW� YROWDJH� IUHTXHQF\� FKLS VL]H� HWF�

x 3ULRULW\� 7KLV LV WKH SULRULW\ UDQN RI D EDWFK� DVVLJQHG E\ WKH
PDUNHWLQJ GHSDUWPHQW�

x 2SHUB,'� 7KH ,' QXPEHU RI D VSHFLILF RSHUDWLRQ DSSOLHG WR WKH EDWFK
1R� %DWFKB,'� 7R SUHVHUYH WKH FRQILGHQWLDOLW\ RI WKH GDWD� ZH KDYH
FRQYHUWHG WKH DFWXDO RSHUDWLRQ FRGHV LQWR PHDQLQJOHVV VHULDO QXPEHUV�

x 'DWHB)LQ� 7KH GDWH ZKHQ WKH RSHUDWLRQ 2SHUB,' ZDV FRPSOHWHG�
$IWHU FRPSOHWLRQ RI DQ RSHUDWLRQ� WKH EDWFK LV WUDQVIHUUHG WR WKH QH[W
IDEULFDWLRQ VWHS RQ LWV URXWLQJ OLVW�

x 4W\B7UDQV� 7KH TXDQWLW\ RI JRRG FKLSV WUDQVIHUUHG WR WKH QH[W VWHS� ,I
D EDWFK FRQVLVWV RI ZDIHUV �EHIRUH WKH\ DUH FXW LQWR LQGLYLGXDO FKLSV��
WKH QXPEHU RI JRRG FKLSV LV FDOFXODWHG DXWRPDWLFDOO\ IURP WKH QXPEHU
RI ZDIHUV�

x 4W\B6FUDS� 7KLV LV WKH QXPEHU RI FKLSV VFUDSHG DW WKH RSHUDWLRQ
2SHUB,'� ,W LV HTXDO WR WKH GLIIHUHQFH EHWZHHQ WKH QXPEHU RI FKLSV
WUDQVIHUUHG IURP WKH SUHYLRXV RSHUDWLRQ DQG WKH QXPEHU RI FKLSV
WUDQVIHUUHG WR WKH QH[W VWHS� ,I DQ HQWLUH ZDIHU LV VFUDSHG� WKH QXPEHU
RI VFUDSHG FKLSV LV FDOFXODWHG DXWRPDWLFDOO\ E\ WKH PD[LPXP QXPEHU
RI JRRG FKLSV� ZKLFK FDQ EH REWDLQHG IURP D ZDIHU�

%\ GLUHFWO\ DSSO\LQJ D GDWD PLQLQJ DOJRULWKP WR WKH DERYH UHFRUGV� RQH
FDQ HDVLO\ REWDLQ VRPH EDVLF VWDWLVWLFDO UHVXOWV OLNH WKH GLVWULEXWLRQ RI WKH
QXPEHU RI VFUDSHG FKLSV DW HDFK RSHUDWLRQ DV D IXQFWLRQ RI WKH 6SHFB,'� 7KLV
W\SH RI DQDO\VLV LV SHUIRUPHG URXWLQHO\ E\ SURFHVV DQG TXDOLW\ HQJLQHHUV�
+RZHYHU� PXFK PRUH LPSRUWDQW DQG OHVV REYLRXV LQIRUPDWLRQ PD\ EH KLGGHQ
EHWZHHQ WKH UHFRUGV� 7R GLVFRYHU WKRVH ³QXJJHWV´ RI NQRZOHGJH� VRPH SUH�
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SURFHVVLQJ RI GDWD LV UHTXLUHG� 7KH SURFHVV RI GDWD SUHSDUDWLRQ LV GHVFULEHG LQ
WKH QH[W VXE�VHFWLRQ�

'DWD 3UHSDUDWLRQ

7KH RULJLQDO GDWDVHW LQFOXGHG EDWFKHV IURP D YDULHW\ RI PLFURHOHFWURQLF
SURGXFWV� HDFK KDYLQJ D GLIIHUHQW VHW RI IXQFWLRQDO SDUDPHWHUV DQG UHTXLULQJ D
GLIIHUHQW VHTXHQFH RI RSHUDWLRQV �³URXWLQJ´�� 5DWKHU WKDQ WU\LQJ WR EXLOG D
VLQJOH GDWD PLQLQJ PRGHO IURP DOO WKH UHFRUGV� ZH KDYH GHFLGHG WR IRFXV RXU
DQDO\VLV RQ D JURXS RI ����� EDWFKHV UHODWHG WR D VLQJOH SURGXFW IDPLO\� 7KH
EDWFKHV RI WKLV IDPLO\ KDYH WKUHH PDLQ SDUDPHWHUV �FKLS VL]H� FDSDFLWDQFH� DQG
WROHUDQFH� DQG WKHLU PDQXIDFWXULQJ SURFHVV UHTXLUHV DERXW �� RSHUDWLRQV� 7KH
VHOHFWHG EDWFKHV ZHUH UHSUHVHQWHG E\ ������ UHFRUGV LQ WKH RULJLQDO GDWDVHW�

$V LQGLFDWHG E\ �3\OH� ������ WKH SURFHVV RI GDWD SUHSDUDWLRQ VWURQJO\
GHSHQGV RQ WKH VSHFLILF REMHFWLYHV RI NQRZOHGJH GLVFRYHU\� +HUH� ZH DUH
LQWHUHVWHG WR SUHGLFW WKH IROORZLQJ WZR SDUDPHWHUV� WKH \LHOG DQG WKH IORZ WLPH
RI HDFK PDQXIDFWXULQJ EDWFK� 7KH SURFHVV RI SUHSDULQJ WKH VHOHFWHG GDWDVHW
IRU WKH GDWD PLQLQJ LQFOXGHG WKH IROORZLQJ VWHSV�

x 'DWD QRUPDOL]DWLRQ� 7KH RULJLQDO GDWD WDEOH GRHV QRW FRPSO\ ZLWK WKH
WKLUG QRUPDO IRUP RI UHODWLRQDO WDEOHV �VHH .RUWK DQG 6LOEHUVFKDW]� ������
VLQFH WKH DWWULEXWHV 6SHFB,' DQG 3ULRULW\ DUH IXOO\ IXQFWLRQDOO\ GHSHQGHQW
RQ WKH DWWULEXWH %DWFKB,'� ZKLFK LV D QRQ�NH\ DWWULEXWH� &RQVHTXHQWO\� ZH
KDYH PRYHG 6SHFB,' DQG 3ULRULW\ IURP WKH RULJLQDO WDEOH �ZKLFK ZDV
QDPHG %DWFKB)ORZ� WR D QHZ WDEOH %DWFKHV� ZKHUH %DWFKB,' ZDV GHILQHG
DV WKH SULPDU\ NH\ DWWULEXWH�

x &DOFXODWLQJ EDWFK SDUDPHWHUV� 7KH SURGXFW SDUDPHWHUV �FKLS VL]H�
FDSDFLWDQFH� DQG WROHUDQFH� ZHUH H[WUDFWHG IURP WKH DWWULEXWH 6SHFB,' E\
XVLQJ WKH DYDLODEOH PHWDGDWD RQ WKH DWWULEXWH¶V HQFRGLQJ VFKHPD DQG
VWRUHG LQ WKH %DWFKHV WDEOH� &KLS VL]H �6L]H� DQG WROHUDQFH �7B&RGH� DUH
QRPLQDO DWWULEXWHV� ZKLFK WDNH D OLPLWHG QXPEHU RI YDOXHV� ZKLOH
FDSDFLWDQFH LV D FRQWLQXRXV DWWULEXWH� ,Q RXU SUHVHQWDWLRQ RU UHVXOWV �VHH
EHORZ�� ZH KDYH UHSODFHG WKH DFWXDO VL]H DQG WROHUDQFH FRGHV ZLWK
PHDQLQJOHVV OHWWHUV DQG QXPEHUV�

x &DOFXODWLQJ WKH \LHOG� 7KH OLQH \LHOG RI HDFK EDWFK FDQ EH IRXQG IURP
GLYLGLQJ WKH YDOXH RI WKH DWWULEXWH 4W\B7UDQV LQ WKH ODVW RSHUDWLRQ RI WKH
EDWFK PDQXIDFWXULQJ SURFHVV E\ LWV YDOXH LQ WKH ILUVW RSHUDWLRQ� +RZHYHU�
WKH OLQH \LHOG LV GLIILFXOW WR DQDO\]H� VLQFH GXULQJ WKH ILUVW SDUW RI WKH
PDQXIDFWXULQJ SURFHVV� WKH EDWFKHV DUH WUDQVIHUUHG DQG VFUDSHG DV ZDIHUV
UDWKHU WKDQ LQGLYLGXDO FKLSV� &RQVHTXHQWO\� WKH RYHUDOO OLQH \LHOG LV D
FRPELQDWLRQ RI WZR \LHOGV� WKH VR�FDOOHG ZDIHU \LHOG DQG WKH SLHFHV \LHOG�
$ ORVV LQ WKH SLHFHV \LHOG LV PRUH H[SHQVLYH WKDQ D ORVV LQ WKH ZDIHU \LHOG�
VLQFH LW PHDQV WKDW WKH GHIHFWV DUH GLVFRYHUHG LQ RQH RI WKH ILQDO WHVWV� DIWHU
WKH PDQXIDFWXULQJ FRVWV KDYH DOUHDG\ EHHQ LQFXUUHG� 2XU REMHFWLYH KHUH LV
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WR SUHGLFW WKH SLHFHV \LHOG �<LHOGB3�� ZKLFK LV FDOFXODWHG DV WKH UDWLR
EHWZHHQ 4W\B7UDQV LQ WKH ODVW RSHUDWLRQ DQG LWV YDOXH LPPHGLDWHO\ DIWHU
WKH ZDIHUV DUH FXW �³GLHG´� LQWR FKLSV� 7KH DWWULEXWH <LHOGB3 LV VWRUHG LQ
WKH %DWFKHV WDEOH�

x &DOFXODWLQJ WKH IORZ WLPHV� $QRWKHU WDUJHW DWWULEXWH� WKH IORZ WLPH RI D
EDWFK� ZDV GHULYHG DV WKH GLIIHUHQFH EHWZHHQ WKH YDOXHV RI WKH DWWULEXWH
'DWHB)LQ LQ WKH ODVW DQG WKH ILUVW RSHUDWLRQ�

x 'LVFUHWL]DWLRQ RI WDUJHW DWWULEXWHV� 6LQFH WKH LQIRUPDWLRQ�WKHRUHWLF

DOJRULWKP RI VXE�VHFWLRQ � DERYH FDQQRW EH DSSOLHG GLUHFWO\ WR FRQWLQXRXV

WDUJHWV� WKH DWWULEXWHV <LHOGB3 DQG )ORZB7LPH ZHUH GLVFUHWL]HG LQWR WHQ
LQWHUYDOV RI DSSUR[LPDWHO\ HTXDO IUHTXHQF\�

x 6WRULQJ FRPSOHWLRQ GDWHV� 7KH FRPSOHWLRQ GDWHV RI DOO WKH RSHUDWLRQV
DSSOLHG WR HDFK EDWFK ZHUH UHWULHYHG IURP WKH %DWFKB)ORZ WDEOH DQG
VWRUHG LQ WKH %DWFKHV WDEOH� 7KLV UHTXLUHG GHILQLQJ D QHZ DWWULEXWH IRU
HDFK RSHUDWLRQ RFFXUULQJ DW OHDVW RQFH LQ WKH URXWLQJV RI WKH VHOHFWHG
EDWFKHV� 7KLV VWHS KDV FUHDWHG FHUWDLQ DPRXQW RI UHGXQGDQF\ LQ WKH
GDWDEDVH� EXW LW ZDV QHFHVVDU\ WR HOLPLQDWH WKH QHHG RI DFFHVVLQJ WKH
UHODWLYHO\ ODUJH %DWFKB)ORZ WDEOH E\ WKH GDWD PLQLQJ DOJRULWKP� 7KH
%DWFKB)ORZ WDEOH KDV DERXW ������ UHFRUGV YV� ����� UHFRUGV RQO\ LQ WKH
%DWFKHV WDEOH�

&RQVWUXFWLQJ WKH ,QIR�)X]]\ 1HWZRUNV

7KH LQIRUPDWLRQ�IX]]\ QHWZRUNV UHODWHG WR WKH WDUJHW DWWULEXWHV <LHOGB3 DQG

)ORZB7LPH ZHUH FRQVWUXFWHG E\ XVLQJ WKH DOJRULWKP RI VXE�VHFWLRQ � DERYH�

7R SUHGLFW <LHOGB3� WKH QHWZRUN FRQVWUXFWLRQ DOJRULWKP ZDV WUDLQHG RQO\ RQ
WKH UHFRUGV RI ����� EDWFKHV� ZKHUH WKH QXPEHU RI SLHFHV LPPHGLDWHO\ DIWHU
WKH ZDIHUV ZHUH FXW LQWR FKLSV ZDV UHSRUWHG LQWR WKH V\VWHP� ,Q 7DEOH � EHORZ�
ZH VKRZ WKH IRXU LQSXW DWWULEXWHV LQFOXGHG LQ WKH QHWZRUN RI <LHOGB3� 7KH
VHOHFWHG DWWULEXWHV DUH FKLS VL]H� SURGXFW FDSDFLWDQFH� DQG WKH FRPSOHWLRQ GDWHV
RI WZR RSHUDWLRQV �1R� �� DQG ���� 7KH FROXPQ ³0XWXDO ,QIRUPDWLRQ´ VKRZV
WKH FXPXODWLYH DVVRFLDWLRQ EHWZHHQ D VXEVHW RI LQSXW DWWULEXWHV� VHOHFWHG XS WR
D JLYHQ LWHUDWLRQ LQFOXVLYHO\� DQG WKH WDUJHW DWWULEXWH� 6LQFH WKH PXWXDO
LQIRUPDWLRQ LV GHILQHG DV WKH GLIIHUHQFH EHWZHHQ XQFRQGLWLRQDO DQG
FRQGLWLRQDO HQWURS\ �&RYHU ������ LW LV ERXQGHG E\ WKH XQFRQGLWLRQDO HQWURS\
RI <LHOGB3� ZKLFK LV ���� �ORJ� ���� 7KH HVWLPDWHG QHW LQFUHDVH LQ WKH PXWXDO
LQIRUPDWLRQ� GXH WR DGGLQJ HDFK LQSXW DWWULEXWH� LV SUHVHQWHG LQ WKH FROXPQ
³&RQGLWLRQDO 0,´� 7KH ODVW FROXPQ ³&RQGLWLRQDO (QWURS\´ VKRZV WKH
GLIIHUHQFH EHWZHHQ WKH XQFRQGLWLRQDO HQWURS\ ������ DQG WKH HVWLPDWHG PXWXDO
LQIRUPDWLRQ�
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7DEOH � 6HOHFWHG $WWULEXWHV �7DUJHW� <LHOGB3�

$WWULEXWH 0XWXDO &RQGLWLRQDO &RQGLWLRQDO

,WHUDWLRQ 1DPH ,QIRUPDWLRQ 0, (QWURS\

� 6L]H ����� ����� �����

� 'DWHB�� ����� ����� �����

� &DSDFLWDQFH ����� ���� �����

� 'DWHB�� ����� ���� �����

)URP WKH HQJLQHHULQJ SRLQW RI YLHZ� LW LV QRW VXUSULVLQJ WKDW WKH SURGXFW
SDUDPHWHUV 6L]H DQG &DSDFLWDQFH DUH UHODWHG WR WKH \LHOG YDOXH� $ PRUH
LQWHUHVWLQJ DQG SRWHQWLDOO\ XVHIXO UHVXOW LV WKH VHOHFWLRQ RI FRPSOHWLRQ GDWHV IRU
WZR RSHUDWLRQV ��� DQG ��� DV DGGLWLRQDO IDFWRUV WKDW DIIHFW WKH \LHOG� 7KLV
ILQGLQJ PD\ EH LQWHUSUHWHG DV DQ LQGLFDWLRQ RI SURFHVV LQVWDELOLW\� EDWFKHV WKDW
ZHQW WKURXJK WKHVH RSHUDWLRQV GXULQJ FHUWDLQ SHULRGV RI WLPH KDG ORZHU TXDOLW\
WKDQ EDWFKHV PDQXIDFWXUHG LQ RWKHU SHULRGV� 7KH ERXQGDULHV RI HDFK SHULRG
ZHUH GHWHUPLQHG DXWRPDWLFDOO\ E\ WKH G\QDPLF GLVFUHWL]DWLRQ SURFHGXUH RI WKH
DOJRULWKP� 7R ILQG WKH UHDO FDXVHV RI \LHOG H[FXUVLRQ� WKH SURFHVV HQJLQHHUV
VKRXOG FRPSDUH EHWZHHQ WKH WRRO FRQGLWLRQV LQ WKHVH RSHUDWLRQV GXULQJ WKH
³JRRG DQG WKH ³EDG´ SHULRGV� 2WKHU WLPH�GHSHQGHQW IDFWRUV �H�J�� VWDIILQJ�
PD\ EH H[DPLQHG DV ZHOO�

7KH DWWULEXWHV LQFOXGHG LQ WKH QHWZRUN RI )ORZB7LPH DUH VKRZQ LQ 7DEOH �
EHORZ� 7KH VHOHFWHG DWWULEXWHV UHSUHVHQW WKH WKUHH PDLQ SDUDPHWHUV RI WKH
SURGXFW LQ TXHVWLRQ� FDSDFLWDQFH� FKLS VL]H� DQG WROHUDQFH� 7KLV PHDQV WKDW
GLIIHUHQW SURGXFWV H[SHULHQFH GLIIHUHQW NLQGV RI GHOD\V LQ WKH SURGXFWLRQ OLQH�
6RPH RI WKHVH GHOD\V DUH SUREDEO\ FDXVHG E\ SURGXFW�VSHFLILF PDQXIDFWXULQJ
SUREOHPV� ZKLFK PD\ EH UHYHDOHG IURP WKH URXWLQJ GRFXPHQWDWLRQ RI WKH
UHOHYDQW EDWFKHV�

2QH DWWULEXWH LV FRQVSLFXRXV E\ LWV DEVHQFH LQ 7DEOH �� 7KLV DWWULEXWH LV
3ULRULW\� ZKLFK UHSUHVHQWV WKH SULRULW\ UDQN DVVLJQHG WR HYHU\ EDWFK LQ WKH
EHJLQQLQJ RI WKH PDQXIDFWXULQJ SURFHVV� 6XUSULVLQJO\ HQRXJK� WKH GDWD
PLQLQJ DOJRULWKP VKRZHG WKDW WKH EDWFK IORZ WLPH LV QRW DIIHFWHG E\ LWV
SULRULW\� 7KLV VWUDQJH UHVXOW FDQ EH SDUWLDOO\ XQGHUVWRRG IURP D FORVH ORRN DW
WKH GDWD� DERXW ��� RI DOO EDWFKHV LQ WKH GDWDVHW KDYH WKH VDPH SULRULW\ UDQN�
ZKLFK� RI FRXUVH� XQGHUPLQHV WKH EDVLF LGHD RI SULRULWL]LQJ� $Q\ZD\� LW
LQGLFDWHV D IDLOXUH WR LPSRVH D SUH�GHILQHG VFKHGXOH RQ WKH RUGHU RI EDWFK
SURGXFWLRQ�
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7DEOH � 6HOHFWHG $WWULEXWHV �7DUJHW� )ORZB7LPH�

$WWULEXWH 0XWXDO &RQGLWLRQDO &RQGLWLRQDO

,WHUDWLRQ 1DPH ,QIRUPDWLRQ 0, (QWURS\

� &DSDFLWDQFH ����� ����� �����

� 6L]H ����� ����� �����

� 7B&RGH ����� ����� �����

5XOH ([WUDFWLRQ DQG 3UHGLFWLRQ

7KH <LHOG 1HWZRUN

7KH LQIRUPDWLRQ�IX]]\ QHWZRUN EXLOW IRU WKH <LHOGB3 WDUJHW DWWULEXWH KDV IRXU
OD\HUV �FRUUHVSRQGLQJ WR IRXU LQSXW DWWULEXWHV�� WRWDO RI �� KLGGHQ QRGHV� ��
WHUPLQDO �XQVSOLW� QRGHV� DQG WHQ WDUJHW QRGHV UHSUHVHQWLQJ WKH WHQ LQWHUYDOV RI
WKH GLVFUHWL]HG WDUJHW DWWULEXWH� 7KXV� WKH QHWZRUN FDQ KDYH XS WR ���� ���
FRQQHFWLRQV EHWZHHQ LWV �� WHUPLQDO QRGHV DQG WKH WHQ QRGHV RI WKH WDUJHW
OD\HU� 7KH DFWXDO QXPEHU RI FRQQHFWLRQV KDYLQJ QRQ�]HUR LQIRUPDWLRQ�
WKHRUHWLF ZHLJKWV LV ���� (DFK FRQQHFWLRQ UHSUHVHQWV DQ DVVRFLDWLRQ UXOH RI WKH
IRUP

,I 6L]H  9 >DQG 'DWHB�� LV EHWZHHQ $ DQG %@�>DQG &DSDFLWDQFH LV

EHWZHHQ & DQG ' @� >DQG 'DWHB�� LV EHWZHHQ ( DQG )@� WKHQ <LHOGB3 LV >QRW@

EHWZHHQ * DQG +

ZKHUH 9 UHSUHVHQWV D YDOLG YDOXH IURP WKH GRPDLQ RI WKH FRUUHVSRQGLQJ
QRPLQDO DWWULEXWHV �6L]H� DQG $�«� + VWDQG IRU WKH ERXQGDULHV RI LQWHUYDOV LQ
GLVFUHWL]HG FRQWLQXRXV DWWULEXWHV �&DSDFLWDQFH� 'DWHB� DQG <LHOGB3�� 7KH
UXOHV KDYLQJ WKH KLJKHVW SRVLWLYH DQG WKH VPDOOHVW QHJDWLYH FRQQHFWLRQ ZHLJKWV
DUH JLYHQ EHORZ �FRQILGHQWLDO LQIRUPDWLRQ ZDV UHSODFHG E\ PHDQLQJOHVV
OHWWHUV��

x 5XOH 1R� ��� ,I 6L]H LV = DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���)HE�
��� WKHQ <LHOGB3 LV PRUH WKDQ & �ZHLJKW  ��������

x 5XOH 1R� ��� ,I 6L]H LV : DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���)HE�
��� WKHQ <LHOGB3 LV QRW PRUH WKDQ & �ZHLJKW  ���������
7KH SUHGLFWLYH DFFXUDF\ RI WKH DERYH LQIRUPDWLRQ�IX]]\ QHWZRUN ZDV

HVWLPDWHG E\ KROGLQJ RXW RQH WKLUG RI WKH GDWD DV D YDOLGDWLRQ VHW� 7KXV� ZH
FKRVH UDQGRPO\ ��� YDOLGDWLRQ UHFRUGV DQG XVHG WKH RWKHU ��� UHFRUGV IRU
FRQVWUXFWLQJ WKH QHWZRUN� 7KH ,)1 FODVVLILFDWLRQ DFFXUDF\ �WKH SUREDELOLW\ RI
LGHQWLI\LQJ WKH FRUUHFW LQWHUYDO RXW RI WHQ� LV ����� RQ WKH WUDLQLQJ VHW DQG
����� RQ WKH YDOLGDWLRQ VHW� 7KH ��� FRQILGHQFH LQWHUYDO IRU WKH YDOLGDWLRQ

DFFXUDF\ LV EHWZHHQ ����� DQG ������ 7KH ORZ DFFXUDF\ RI WKH

LQIRUPDWLRQ�IX]]\ QHWZRUN UHVXOWV IURP WKH ODUJH QXPEHU RI WDUJHW FODVVHV
���� DQG WKH LQKHUHQW QRLVLQHVV RI WKH PDQXIDFWXULQJ GDWD� 6WLOO� LW DSSHDUV WR
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EH KLJKHU WKDQ WKH YDOLGDWLRQ DFFXUDF\ RI WKH &��� DOJRULWKP ������ RQO\��
ZKLFK ZDV DSSOLHG WR WKH VDPH GDWD� WKRXJK WKH GLIIHUHQFH EHWZHHQ WKH
DFFXUDF\ RI WKH WZR DOJRULWKPV LV QRW VWDWLVWLFDOO\ VLJQLILFDQW� $W WKH VDPH
WLPH WKH FODVVLILFDWLRQ PRGHO SURGXFHG E\ &��� LV PXFK PRUH FRPSOH[ WKDQ
WKH ,)1 PRGHO� DIWHU SUXQLQJ� WKH &��� WUHH LQFOXGHV ��� QRGHV YV� RQO\ ��
QRGHV LQ ,)1� &��� XVHV �� DWWULEXWHV IRU SUHGLFWLRQ� ZKLOH ,)1 LV VDWLVILHG
ZLWK IRXU LQSXW DWWULEXWHV RQO\� 'HIDXOW VHWWLQJV ZHUH XVHG IRU ERWK &��� �VHH
4XLQODQ� ����� DQG ,)1 �VHH 0DLPRQ DQG /DVW� ������

7KH )ORZ 7LPH 1HWZRUN

7KH LQIRUPDWLRQ�IX]]\ QHWZRUN RI WKH )ORZB7LPH WDUJHW DWWULEXWH FRQVLVWV RI
WKUHH OD\HUV �FRUUHVSRQGLQJ WR WKUHH LQSXW DWWULEXWHV�� WRWDO RI �� KLGGHQ QRGHV
�LQFOXGLQJ �� WHUPLQDO QRGHV�� DQG WHQ WDUJHW QRGHV UHSUHVHQWLQJ WKH WHQ
LQWHUYDOV RI WKH GLVFUHWL]HG WDUJHW DWWULEXWH� 7KH QHWZRUN FDQ KDYH XS WR
���� ��� FRQQHFWLRQV EHWZHHQ LWV �� WHUPLQDO QRGHV DQG WKH WHQ QRGHV RI
WKH WDUJHW OD\HU� EXW WKH DFWXDO QXPEHU RI FRQQHFWLRQV KDYLQJ QRQ�]HUR
LQIRUPDWLRQ�WKHRUHWLF ZHLJKWV LV RQO\ ���� (DFK FRQQHFWLRQ UHSUHVHQWV DQ
DVVRFLDWLRQ UXOH RI WKH IRUP

,I &DSDFLWDQFH LV EHWZHHQ $ DQG % >DQG 6L]H LV 9�@� >DQG 7B&RGH LV 9�@

WKHQ )ORZB7LPH LV >QRW@ EHWZHHQ & DQG '

ZKHUH 9L UHSUHVHQWV D YDOLG YDOXH IURP WKH GRPDLQ RI WKH FRUUHVSRQGLQJ
QRPLQDO DWWULEXWHV �6L]H RU 7B&RGH� DQG $�«� ' VWDQG IRU WKH ERXQGDULHV RI
LQWHUYDOV LQ GLVFUHWL]HG FRQWLQXRXV DWWULEXWHV �&DSDFLWDQFH� DQG )ORZB7LPH��
7KH UXOHV KDYLQJ WKH KLJKHVW SRVLWLYH DQG WKH VPDOOHVW QHJDWLYH FRQQHFWLRQ
ZHLJKWV DUH JLYHQ EHORZ �FRQILGHQWLDO LQIRUPDWLRQ ZDV UHSODFHG E\
PHDQLQJOHVV OHWWHUV��

x 5XOH 1R� ���� ,I &DSDFLWDQFH LV EHWZHHQ $ DQG % DQG 6L]H LV : DQG
7B&RGH LV � WKHQ )ORZB7LPH LV EHWZHHQ & DQG ' �ZHLJKW  ��������

x 5XOH 1R� ��� ,I &DSDFLWDQFH LV EHWZHHQ $ DQG % DQG 6L]H LV 9 WKHQ
)ORZB7LPH LV QRW EHWZHHQ ( DQG ) �ZHLJKW  ���������
7KH SUHGLFWLYH DFFXUDF\ RI WKH DERYH LQIRUPDWLRQ�IX]]\ QHWZRUN ZDV

HVWLPDWHG E\ KROGLQJ RXW RQH WKLUG RI WKH GDWD DV D YDOLGDWLRQ VHW� 7KXV� ZH
FKRVH UDQGRPO\ ��� YDOLGDWLRQ UHFRUGV DQG XVHG WKH RWKHU ����� UHFRUGV IRU
FRQVWUXFWLQJ WKH QHWZRUN� 7KH ,)1 FODVVLILFDWLRQ DFFXUDF\ �WKH SUREDELOLW\ RI
LGHQWLI\LQJ WKH FRUUHFW LQWHUYDO RXW RI WHQ� LV ����� RQ WKH WUDLQLQJ VHW DQG
����� RQ WKH YDOLGDWLRQ VHW� 7KH ��� FRQILGHQFH LQWHUYDO IRU WKH YDOLGDWLRQ

DFFXUDF\ LV EHWZHHQ ����� DQG ������ 7KH ORZ YDOLGDWLRQ DFFXUDF\ RI WKH

LQIRUPDWLRQ�IX]]\ QHWZRUN UHVXOWV DJDLQ IURP WKH LQKHUHQW QRLVLQHVV RI WKH
PDQXIDFWXULQJ GDWD� ,W LV ORZHU WKDQ WKH YDOLGDWLRQ DFFXUDF\ RI WKH &���
DOJRULWKP ������ ZKLFK ZDV DSSOLHG WR WKH VDPH GDWD� WKRXJK WKH GLIIHUHQFH
EHWZHHQ WKH DFFXUDF\ RI WKH WZR DOJRULWKPV LV VWDWLVWLFDOO\ VLJQLILFDQW DW WKH
�� OHYHO RQO\ �QRW DW WKH �� OHYHO�� /LNH LQ WKH SUHYLRXV FDVH� WKH
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FODVVLILFDWLRQ PRGHO SURGXFHG E\ &��� LV PXFK PRUH FRPSOH[ WKDQ WKH ,)1
PRGHO� DIWHU SUXQLQJ� WKH &��� WUHH LQFOXGHV ��� QRGHV YV� �� QRGHV RQO\ LQ
,)1� &��� XVHV IRXU DWWULEXWHV IRU SUHGLFWLRQ� ZKLOH ,)1 LV VDWLVILHG ZLWK WKUHH
LQSXW DWWULEXWHV RQO\�

5XOH )X]]LILFDWLRQ DQG 5HGXFWLRQ

7KH <LHOG 5XOHV

7KH ³FULVS´ UXOHV H[WUDFWHG IURP WKH LQIRUPDWLRQ�IX]]\ QHWZRUN WKDW ZDV

GHVFULEHG LQ VXE�VHFWLRQ � DERYH FDQQRW EH SUHVHQWHG KHUH LQ WKHLU H[SOLFLW

IRUP GXH WR FRQILGHQWLDOLW\ RI WKH LQIRUPDWLRQ WKH\ FRQWDLQ� +RZHYHU� WKHLU
H[SOLFLW SUHVHQWDWLRQ WR WKH XVHUV �SURFHVV HQJLQHHUV� FRXOG EH KDUGO\ XVHIXO
HLWKHU� VLQFH LW LV YHU\ GLIILFXOW WR JHQHUDOL]H DQG LQWHUSUHW PDQXDOO\ D VHW RI
PRUH WKDQ ��� QXPHULF UXOHV� 7R PDNH WKH UXOH VHW PRUH FRPSDFW�
LQWHUSUHWDEOH� DQG OHVV H[SOLFLW� ZH KDYH IX]]LILHG WZR QXPHULF DWWULEXWHV
LQFOXGHG LQ WKH H[WUDFWHG UXOHV� &DSDFLWDQFH DQG <LHOGB3� 7KH IROORZLQJ WHUPV
�ZRUGV LQ QDWXUDO ODQJXDJH� ZHUH FKRVHQ E\ XV IRU HDFK IX]]LILHG DWWULEXWH�

x &DSDFLWDQFH� ORZ� KLJK�

x <LHOGB3� ORZ� QRUPDO� KLJK�
7R FRQYHUW WKH DERYH DWWULEXWHV LQWR OLQJXLVWLF YDULDEOHV� ZH KDYH GHILQHG

WULDQJXODU PHPEHUVKLS IXQFWLRQV DVVRFLDWHG ZLWK HDFK WHUP E\ XVLQJ WKH
IUHTXHQF\ KLVWRJUDPV RI DWWULEXWH YDOXHV� 7ULDQJXODU IXQFWLRQV DUH IUHTXHQWO\
XVHG LQ WKH GHVLJQ RI IX]]\ V\VWHPV �:DQJ ������ 7KH PHPEHUVKLS IXQFWLRQV
DUH VKRZQ LQ )LJXUHV � DQG � EHORZ ZLWKRXW WKH YDOXHV RI WKH ;�D[LV� WR
SURWHFW WKH FRQILGHQWLDOLW\ RI WKH RULJLQDO GDWD�
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&DSDFLWDQFH

�

���

���

���

���

�

ORZ

KLJK

)LJXUH � 0HPEHUVKLS )XQFWLRQV RI &DSDFLWDQFH

<LHOGB3

�

���

���

���

���

�

ORZ

QRUPDO

KLJK

)LJXUH � 0HPEHUVKLS )XQFWLRQV RI <LHOGB3

)X]]LILFDWLRQ RI WKH ³FULVS´ UXOHV KDYLQJ WKH KLJKHVW DQG WKH ORZHVW

FRQQHFWLRQ ZHLJKWV �VHH VXE�VHFWLRQ � DERYH�� UHVXOWV LQ WKH IROORZLQJ

OLQJXLVWLF UXOHV�

x 5XOH 1R� ��� ,I 6L]H LV = DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���)HE�

��� WKHQ <LHOGB3 LV QRUPDO �JUDGH  ��������

x 5XOH 1R� ��� ,I 6L]H LV : DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���)HE�

��� WKHQ <LHOGB3 LV QRW QRUPDO �JUDGH  � ��������

,Q 7DEOH � EHORZ� ZH SUHVHQW WKH FRQVLVWHQW VHW RI IX]]\ UXOHV� H[WUDFWHG

IURP WKH VHW RI IX]]LILHG UXOHV E\ XVLQJ WKH FRQIOLFW UHVROXWLRQ SURFHGXUH RI

VXE�VHFWLRQ � DERYH� 7KH ODVW FROXPQ UHSUHVHQWV WKH QXPEHU RI RULJLQDO UXOHV

�FULVS � IX]]LILHG�� DVVRFLDWHG ZLWK D JLYHQ IX]]\ UXOH� $V RQH FDQ VHH� WKH VL]H

RI WKH IX]]\ UXOH EDVH KDV EHHQ VLJQLILFDQWO\ UHGXFHG IURP ��� RULJLQDO UXOHV

WR �� UXOHV RQO\ �D GHFUHDVH RI DOPRVW �����
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$OO WKH UXOHV LQ VKRZQ LQ 7DEOH � DUH FRQMXQFWLRQV RI IX]]\ DQG ³FULVS´

FRQGLWLRQV� +RZHYHU� VRPH UXOHV� OLNH UXOHV 1R� �� �� DQG �� FDQ EH PHUJHG

LQWR D GLVMXQFWLRQ� VLQFH WKH\ KDYH WKH VDPH FRQVHTXHQW �<LHOG LV QRUPDO��

7KH IRUPDO DOJRULWKP IRU PHUJLQJ IX]]\ UXOHV ZDV GHVFULEHG LQ VXE�VHFWLRQ �

DERYH� 7KH UHVXOWLQJ VHW RI QLQH PHUJHG IX]]\ UXOHV LV VKRZQ LQ 7DEOH �

EHORZ�

7KH XVHUV �SURFHVV HQJLQHHUV� ZRXOG EH SDUWLFXODUO\ LQWHUHVWHG LQ WKH UXOHV

GHVFULELQJ SUREOHPDWLF VLWXDWLRQV� L�H�� UXOHV SUHGLFWLQJ WKH \LHOG WR EH ORZ�

7KXV� 5XOH � LQGLFDWHV WKDW EDWFKHV RI VL]H :� ZKLFK SDVVHG WKH RSHUDWLRQ ��

EHIRUH 'HFHPEHU �� ����� WHQG WR KDYH D ORZ \LHOG� 7KLV PHDQV WKDW WKH

HQJLQHHUV VKRXOG ORRN FDUHIXOO\ ERWK DW WKH URXWLQJ UHFRUGV RI DOO EDWFKHV WKDW

PHHW WKHVH FULWHULD DQG DW WKH FRQGLWLRQ RI WRROV DQG PDFKLQHV XVHG E\

RSHUDWLRQ �� EHIRUH WKH DERYH GDWH� 5XOHV � DQG � LQWHQVLI\ WKH VXVSLFLRQ WKDW

VRPHWKLQJ ZHQW ZURQJ ZLWK WKH HTXLSPHQW RI RSHUDWLRQ �� EHIRUH 'HF� ��

����� VLQFH WZR RWKHU JURXSV RI EDWFKHV SURFHVVHG DW WKH VDPH WLPH KDG \LHOG

SUREOHPV� 7KHVH JURXSV LQFOXGH EDWFKHV RI VL]H ;� ZKLFK KDYH HLWKHU KLJK RU

ORZ FDSDFLWDQFH� JLYHQ WKDW WKH ORZ FDSDFLWDQFH EDWFKHV ZHUH SURFHVVHG DW

RSHUDWLRQ �� DIWHU 'HF� ��� ����� 7KH LQVSHFWLRQ RI WKH WRRO FRQGLWLRQV DQG

URXWLQJ UHFRUGV UHODWHG WR WKH SUREOHPDWLF SHULRG DW RSHUDWLRQ �� PD\ OHDG WR

FKDQJHV LQ PDLQWHQDQFH JXLGHOLQHV� SURFHVV FRQWURO OLPLWV� DQG RWKHU ZRUNLQJ

SURFHGXUHV�
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7DEOH � <LHOG� 7KH 6HW RI &RQVLVWHQW )X]]\ 5XOHV

5XOH

1R 5XOH 7H[W *UDGH

1XPEHU RI

&ULVS 5XOHV

� ,I 6L]H LV < WKHQ <LHOGB3 LV QRUPDO ������ �

�

,I 6L]H LV : DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���

'HF��� WKHQ <LHOGB3 LV ORZ ������ ��

�

,I 6L]H LV : DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���

)HE��� WKHQ <LHOGB3 LV QRUPDO ������ ��

�

,I 6L]H LV : DQG 'DWHB�� LV EHWZHHQ ���)HE��� DQG ���

0DU��� WKHQ <LHOGB3 LV QRUPDO ����� ��

�

,I 6L]H LV : DQG 'DWHB�� LV DIWHU ���0DU��� WKHQ <LHOGB3

LV QRUPDO ������ ��

�

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���)HE��� DQG ���

0DU��� WKHQ <LHOGB3 LV QRUPDO ������ �

�

,I 6L]H LV ; DQG 'DWHB�� LV DIWHU ���0DU��� WKHQ <LHOGB3

LV QRUPDO ������ ��

�

,I 6L]H LV = DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���

'HF��� WKHQ <LHOGB3 LV QRUPDO ������ �

�

,I 6L]H LV = DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���

)HE��� WKHQ <LHOGB3 LV QRUPDO ������ �

�

,I 6L]H LV = DQG 'DWHB�� LV EHWZHHQ ���)HE��� DQG ���

0DU��� WKHQ <LHOGB3 LV QRUPDO ������ �

��

,I 6L]H LV = DQG 'DWHB�� LV DIWHU ���0DU��� WKHQ <LHOGB3

LV QRUPDO ����� �

��

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���

'HF��� DQG &DSDFLWDQFH LV KLJK WKHQ <LHOGB3 LV ORZ ������ �

��

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���

)HE��� DQG &DSDFLWDQFH LV ORZ WKHQ <LHOGB3 LV QRUPDO ������ ��

��

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���

)HE��� DQG &DSDFLWDQFH LV KLJK WKHQ <LHOGB3 LV QRUPDO ������ �

��

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���

'HF��� DQG &DSDFLWDQFH LV ORZ DQG 'DWHB�� LV EHWZHHQ

���$XJ��� DQG ���'HF��� WKHQ <LHOGB3 LV ORZ ������ ��

��

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���

'HF��� DQG &DSDFLWDQFH LV ORZ DQG 'DWHB�� LV DIWHU ���

'HF��� WKHQ <LHOGB3 LV QRUPDO ������ �
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7DEOH � <LHOG� 7KH 6HW RI 0HUJHG )X]]\ 5XOHV

5XOH 1R 5XOH 7H[W 7DUJHW *UDGH

� ,I 6L]H LV < WKHQ <LHOGB3 LV QRUPDO ������

�

,I 6L]H LV : DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���'HF�

�� WKHQ <LHOGB3 LV ORZ ������

� ,I 6L]H LV : DQG 'DWHB�� LV DIWHU ���'HF��� WKHQ <LHOGB3 LV QRUPDO ������

� ,I 6L]H LV ; DQG 'DWHB�� LV DIWHU ���)HE��� WKHQ <LHOGB3 LV QRUPDO �����

� ,I 6L]H LV = DQG 'DWHB�� LV DIWHU ���'HF��� WKHQ <LHOGB3 LV QRUPDO ������

�

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���)HE�

�� WKHQ <LHOGB3 LV QRUPDO ������

�

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���'HF�

�� DQG &DSDFLWDQFH LV KLJK WKHQ <LHOGB3 LV ORZ ������

�

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���'HF�

�� DQG &DSDFLWDQFH LV ORZ DQG 'DWHB�� LV EHWZHHQ ���$XJ�

�� DQG ���'HF��� WKHQ <LHOGB3 LV ORZ ������

�

,I 6L]H LV ; DQG 'DWHB�� LV EHWZHHQ ���'HF��� DQG ���'HF�

�� DQG &DSDFLWDQFH LV ORZ DQG 'DWHB�� LV DIWHU ���'HF���

WKHQ <LHOGB3 LV QRUPDO ������

7KH )ORZ 7LPH 5XOHV

,Q DGGLWLRQ WR IX]]LI\LQJ WKH DWWULEXWH &DSDFLWDQFH �VHH VXE�VHFWLRQ � DERYH��

ZH KDYH GHILQHG WKH IROORZLQJ WHUPV IRU WKH DWWULEXWH )ORZB7LPH �WR DYRLG

GLVFORVLQJ LWV UHDO YDOXHV�� VKRUW� PHGLXP� DQG ORQJ� 7KH WULDQJXODU IXQFWLRQV

IRU WKHVH WHUPV DUH VKRZQ LQ )LJXUH � EHORZ�
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)ORZ 7LPH

�

���

���

���

���

�

VKRUW

PHGLXP

ORQJ

)LJXUH � 0HPEHUVKLS )XQFWLRQV RI )ORZB7LPH

)X]]LILFDWLRQ RI WKH ³FULVS´ UXOHV KDYLQJ WKH KLJKHVW DQG WKH ORZHVW

FRQQHFWLRQ ZHLJKWV �VHH VXE�VHFWLRQ � DERYH�� UHVXOWV LQ WKH IROORZLQJ

OLQJXLVWLF UXOHV�

x 5XOH 1R� ���� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV : DQG 7B&RGH LV � WKHQ

)ORZB7LPH LV PHGLXP �JUDGH  ��������

x 5XOH 1R� ��� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV 9 WKHQ )ORZB7LPH LV QRW

ORQJ �ZHLJKW  ���������

,Q 7DEOH � EHORZ� ZH SUHVHQW WKH FRQVLVWHQW VHW RI IX]]\ UXOHV� H[WUDFWHG

IURP WKH VHW RI IX]]LILHG UXOHV E\ XVLQJ WKH FRQIOLFW UHVROXWLRQ SURFHGXUH RI

VXE�VHFWLRQ � DERYH� 7KH ODVW FROXPQ UHSUHVHQWV WKH QXPEHU RI RULJLQDO UXOHV

�FULVS � IX]]LILHG�� DVVRFLDWHG ZLWK D JLYHQ IX]]\ UXOH� $V RQH FDQ VHH� WKH VL]H

RI WKH IX]]\ UXOH EDVH KDV EHHQ VLJQLILFDQWO\ UHGXFHG IURP ��� RULJLQDO UXOHV

WR �� UXOHV RQO\ �D GHFUHDVH RI PRUH WKDQ �����

7KH VHYHQ UXOHV PHUJHG E\ WKH SURFHGXUH RI VXE�VHFWLRQ � DERYH DUH

VKRZQ LQ 7DEOH � EHORZ� ,W DSSHDUV IURP WKH WDEOH WKDW WKH FRPSDQ\ KDV PRUH

GHOD\V LQ WKH ORZ FDSDFLWDQFH EDWFKHV WKDQ LQ WKH KLJK FDSDFLWDQFH RQHV�

6SHFLDO SUREOHPV ZLWK IORZ WLPHV ZHUH H[SHULHQFHG IRU VL]HV 9 DQG < �VHH

5XOH �� DQG IRU WROHUDQFH � RI VL]H : �VHH 5XOH ��� 7KH HQJLQHHUV VKRXOG

VWXG\ WKH URXWLQJ UHFRUGV RI WKH UHOHYDQW SURGXFWV WR ILQG RXW� ZKDW ZHUH WKH

OHDGLQJ GHOD\ IDFWRUV RI WKH EDWFKHV LQ TXHVWLRQ�



� �� �

7DEOH � )ORZ 7LPH� WKH 6HW RI &RQVLVWHQW )X]]\ 5XOHV

5XOH

1R 5XOH 7H[W *UDGH

1XPEHU

RI &ULVS

5XOHV

� ,I &DSDFLWDQFH LV KLJK WKHQ )ORZB7LPH LV VKRUW ������ ��

� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV 9 WKHQ )ORZB7LPH LV ORQJ ������ ��

� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV ; WKHQ )ORZB7LPH LV VKRUW ������ ��

� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV < WKHQ )ORZB7LPH LV ORQJ ������ ��

� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV = WKHQ )ORZB7LPH LV PHGLXP ������ ��

� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV : WKHQ )ORZB7LPH LV PHGLXP ������ ��

�

,I &DSDFLWDQFH LV ORZ DQG 6L]H LV : DQG 7B&RGH LV � WKHQ

)ORZB7LPH LV PHGLXP ������ ��

�

,I &DSDFLWDQFH LV ORZ DQG 6L]H LV : DQG 7B&RGH LV � WKHQ

)ORZB7LPH LV ORQJ ����� ��

�

,I &DSDFLWDQFH LV ORZ DQG 6L]H LV : DQG 7B&RGH LV � WKHQ

)ORZB7LPH LV PHGLXP ����� ��

�

,I &DSDFLWDQFH LV ORZ DQG 6L]H LV ; DQG 7B&RGH LV � WKHQ

)ORZB7LPH LV PHGLXP ������ ��

��

,I &DSDFLWDQFH LV ORZ DQG 6L]H LV ; DQG 7B&RGH LV � WKHQ

)ORZB7LPH LV PHGLXP ������ ��

��

,I &DSDFLWDQFH LV ORZ DQG 6L]H LV ; DQG 7B&RGH LV � WKHQ

)ORZB7LPH LV PHGLXP ����� ��



� �� �

7DEOH � )ORZ 7LPH� 7KH 6HW RI 0HUJHG )X]]\ 5XOHV

5XOH

1R 5XOH 7H[W 7DUJHW *UDGH

� ,I &DSDFLWDQFH LV KLJK WKHQ )ORZB7LPH LV VKRUW ������

� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV 9 RU < WKHQ )ORZB7LPH LV ORQJ ������

� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV ; WKHQ )ORZB7LPH LV VKRUW ������

� ,I &DSDFLWDQFH LV ORZ DQG 6L]H LV = RU : WKHQ )ORZB7LPH LV PHGLXP ������

�

,I &DSDFLWDQFH LV ORZ DQG 6L]H LV : DQG 7B&RGH LV � RU � WKHQ

)ORZB7LPH LV PHGLXP ������

�

,I &DSDFLWDQFH LV ORZ DQG 6L]H LV : DQG 7B&RGH LV � WKHQ

)ORZB7LPH LV ORQJ ������

�

,I &DSDFLWDQFH LV ORZ DQG 6L]H LV ; DQG 7B&RGH LV � RU � RU �

WKHQ )ORZB7LPH LV PHGLXP ������

&21&/86,216

,Q WKLV FKDSWHU� ZH KDYH SUHVHQWHG D V\VWHPDWLF DSSURDFK WR PLQLQJ WKH

SURFHVV DQG TXDOLW\ GDWD LQ VHPLFRQGXFWRU LQGXVWU\� 7KH FRQVWUXFWLRQ RI WKH

GDWD PLQLQJ PRGHO LV EDVHG RQ WKH ,QIRUPDWLRQ�)X]]\ 1HWZRUN �,)1�

PHWKRGRORJ\ LQWURGXFHG LQ �0DLPRQ DQG /DVW� ������ 3RVW�SURFHVVLQJ RI WKH

,)1 RXWSXW IROORZV WKH &RPSXWDWLRQDO 7KHRU\ RI 3HUFHSWLRQ �&73� DSSURDFK

DQG LW LQFOXGHV LQIRUPDWLRQ�WKHRUHWLF IX]]LILFDWLRQ RI QXPHULF DVVRFLDWLRQ

UXOHV� UHPRYDO RI FRQIOLFWLQJ UXOHV DQG PHUJLQJ RI FRQVLVWHQW UXOHV� $V

GHPRQVWUDWHG E\ WKH FDVH VWXG\ RI DQ DFWXDO VHPLFRQGXFWRU GDWDEDVH� WKH

PHWKRG UHVXOWV LQ D FRPSDFW DQG UHDVRQDEO\ DFFXUDWH SUHGLFWLRQ PRGHO� ZKLFK

FDQ EH WUDQVIHUUHG LQWR D VPDOO VHW RI LQWHUSUHWDEOH UXOHV� 7KH IX]]LILFDWLRQ RI

WKH UXOHV FDQ DOVR EH XVHG IRU KLGLQJ FRQILGHQWLDO LQIRUPDWLRQ IURP H[WHUQDO

XVHUV�

7KH VRXQG WKHRUHWLFDO EDVLV RI WKH LQIRUPDWLRQ�IX]]\ DSSURDFK DQG WKH

SURPLVLQJ UHVXOWV REWDLQHG VR IDU HQFRXUDJH XV WR IXUWKHU GHYHORS WKLV

PHWKRGRORJ\ LQ VHYHUDO GLUHFWLRQV� 7KHVH LQFOXGH PLQLQJ YHU\ ODUJH DQG QRQ�

VWDWLRQDU\ GDWDVHWV� XVLQJ ,)1 DV D IHDWXUH VHOHFWRU LQ WKH NQRZOHGJH GLVFRYHU\

SURFHVV� DQG FRPELQLQJ PXOWLSOH ,)1 PRGHOV �VHH FKDSWHU E\ 0DLPRQ DQG

5RNDFK LQ WKLV YROXPH��

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

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

������������
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5()(5(1&(6

$JUDZDO� 5�� 0HKWD� 0�� 6KDIHU� -�� DQG 6ULNDQW� 5�� ³7KH 4XHVW 'DWD 0LQLQJ 6\VWHP�´ LQ

3URFHHGLQJV RI .''���� SS� �������� �����

$WWQHDYH� )�� $SSOLFDWLRQV RI ,QIRUPDWLRQ 7KHRU\ WR 3V\FKRORJ\� +ROW� 5LQHKDUW� DQG :LQVWRQ�

�����

%UHLPDQ� /�� )ULHGPDQ� -�+�� 2OVKHQ� 5�$�� 	 6WRQH� 3�-�� &ODVVLILFDWLRQ DQG 5HJUHVVLRQ 7UHHV�

:DGVZRUWK� �����

&RYHU� 7� 0�� (OHPHQWV RI ,QIRUPDWLRQ 7KHRU\� :LOH\� �����

)D\\DG� 8� DQG ,UDQL� .�� ³0XOWL�,QWHUYDO 'LVFUHWL]DWLRQ RI &RQWLQXRXV�9DOXHG $WWULEXWHV IRU

&ODVVLILFDWLRQ /HDUQLQJ�´ LQ 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO -RLQW &RQIHUHQFH RQ $UWLILFLDO

,QWHOOLJHQFH� SS� ���������� �����

.RUWK� +�)� DQG 6LOEHUVFKDW]� $�� 'DWDEDVH 6\VWHP &RQFHSWV� 0F*UDZ�+LOO� ,QF�� �����

/DVW� 0� DQG .DQGHO� $�� ³)X]]LILFDWLRQ DQG 5HGXFWLRQ RI ,QIRUPDWLRQ�7KHRUHWLF 5XOH 6HWV�´ LQ

'DWD 0LQLQJ DQG &RPSXWDWLRQDO ,QWHOOLJHQFH� SS� ������ 3K\VLFD�9HUODJ� �����

/DVW� 0�� .OHLQ� <�� DQG .DQGHO� $�� ³.QRZOHGJH 'LVFRYHU\ LQ 7LPH 6HULHV 'DWDEDVHV�´ ,(((

7UDQVDFWLRQV RQ 6\VWHPV� 0DQ� DQG &\EHUQHWLFV� �� ���� �������� �����

0DLPRQ� 2� DQG /DVW� 0�� .QRZOHGJH 'LVFRYHU\ DQG 'DWD 0LQLQJ� 7KH ,QIR�)X]]\ 1HWZRUN

�,)1� 0HWKRGRORJ\� %RVWRQ� .OXZHU $FDGHPLF 3XEOLVKHUV� �����

0LWFKHOO� 7�0�� 0DFKLQH /HDUQLQJ� 0F*UDZ�+LOO� �����

3\OH� '�� 'DWD 3UHSDUDWLRQ IRU 'DWD 0LQLQJ� 0RUJDQ .DXIPDQQ� �����

4XLQODQ� -� 5�� &���� 3URJUDPV IRU 0DFKLQH /HDUQLQJ� 0RUJDQ .DXIPDQQ� �����

5DR� &�5� DQG 7RXWHQEXUJ� +�� /LQHDU 0RGHOV� /HDVW 6TXDUHV DQG $OWHUQDWLYHV� 6SULQJHU�

9HUODJ� �����

6KHQRL� 6�� ³0XOWLOHYHO 'DWDEDVH 6HFXULW\ 8VLQJ ,QIRUPDWLRQ &ORXGLQJ�´ LQ 3URFHHGLQJV RI

,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ )X]]\ 6\VWHPV� SS� �������� �����

7RELQ� .� :�� .DUQRZVNL� 7�3�� DQG /DNKDQL� )�� ³$ 6XUYH\ RI 6HPLFRQGXFWRU 'DWD

0DQDJHPHQW 6\VWHPV 7HFKQRORJ\�´ LQ 3URFHHGLQJV RI 63,(¶V ��WK $QQXDO ,QWHUQDWLRQDO

6\PSRVLXP RQ 0LFUROLWKRJUDSK\� 6DQWD &ODUD� &$� )HEUXDU\ �����

:DQJ� /��;� DQG 0HQGHO� -�0�� ³*HQHUDWLQJ )X]]\ 5XOHV E\ /HDUQLQJ IURP ([DPSOHV�´ ,(((

7UDQVDFWLRQV RQ 6\VWHPV� 0DQ� DQG &\EHUQHWLFV� �� ���� ���������� �����

:DQJ� /��;�� $ &RXUVH LQ )X]]\ 6\VWHPV DQG &RQWURO� 3UHQWLFH�+DOO� �����



� �� �

=DGHK� /� $�� ³$ 1HZ 'LUHFWLRQ LQ 6\VWHP $QDO\VLV� )URP &RPSXWDWLRQ ZLWK 0HDVXUHPHQWV WR

&RPSXWDWLRQ ZLWK 3HUFHSWLRQV�´ LQ 1HZ 'LUHFWLRQV LQ 5RXJK 6HWV� 'DWD 0LQLQJ� DQG *UDQXODU�

6RIW &RPSXWLQJ� SS� ������ 6SULQJHU�9HUODJ� �����


