
+\SRWKHWLFDO 4XHULHV LQ DQ 2/$3 (QYLURQPHQWe

$QGUH\ %DOPLQ
8QLY� RI &DOLIRUQLD� 6DQ 'LHJR

DEDOPLQ#FV�XFVG�HGX

7KDQRV 3DSDGLPLWULRX
8QLY� RI &DOLIRUQLD� /RV $QJHOHV

DSDSDGLP#DQGHUVRQ�XFOD�HGX

<DQQLV 3DSDNRQVWDQWLQRX
8QLY� RI &DOLIRUQLD� 6DQ 'LHJR

\DQQLV#FV�XFVG�HGX

$EVWUDFW

$QDO\VWV DQG GHFLVLRQ�PDNHUV XVH ZKDW�LI
DQDO\VLV WR DVVHVV WKH HmHFWV RI K\SRWKHWL�
FDO VFHQDULRV� :KDW�LI DQDO\VLV LV FXUUHQWO\
VXSSRUWHG E\ VSUHDGVKHHWV DQG DG�KRF 2/$3
WRROV� 8QIRUWXQDWHO\� WKH IRUPHU ODFN VHDP�
OHVV LQWHJUDWLRQ ZLWK WKH GDWD DQG WKH ODW�
WHU ODFN oH[LELOLW\ DQG SHUIRUPDQFH DSSURSUL�
DWH IRU 2/$3 DSSOLFDWLRQV� 7R WDFNOH WKHVH
SUREOHPV ZH GHYHORSHG WKH 6HVDPH V\VWHP�
ZKLFK PRGHOV DQ K\SRWKHWLFDO VFHQDULR DV D
OLVW RI K\SRWKHWLFDO PRGLnFDWLRQV RQ WKH ZDUH�
KRXVH YLHZV DQG IDFW GDWD� :H SURYLGH IRUPDO
VFHQDULR V\QWD[ DQG VHPDQWLFV� ZKLFK H[WHQG
YLHZ XSGDWH VHPDQWLFV IRU DFFRPRGDWLQJ WKH
VSHFLDO UHTXLUHPHQWV RI 2/$3� :H IRFXV RQ
TXHU\ DOJHEUD RSHUDWRUV VXLWDEOH IRU SHUIRUP�
LQJ VSUHDGVKHHW�VW\OH FRPSXWDWLRQV� 7KHQ ZH
SUHVHQW 6HVDPH
V RSWLPL]HU DQG LWV FRUQHU�
VWRQH VXEVWLWXWLRQ DQG UHZULWLQJ PHFKDQLVPV�
6XEVWLWXWLRQ HQDEOHV OD]\ HYDOXDWLRQ RI WKH K\�
SRWKHWLFDO XSGDWHV� 7KH VXEVWLWXWLRQ PRGXOH
GHOLYHUV RUGHUV�RI�PDJQLWXGH RSWLPL]DWLRQV LQ
FRRSHUDWLRQ ZLWK WKH UHZULWHU WKDW XVHV NQRZO�
HGJH RI DULWKPHWLF� UHODWLRQDO� nQDQFLDO DQG
RWKHU RSHUDWRUV� )LQDOO\ ZH GLVFXVV WKH FKDO�
OHQJHV WKDW WKH VL]H RI WKH VFHQDULR VSHFLnFD�
WLRQV DQG WKH DUELWUDU\ QDWXUH RI WKH RSHUDWRUV
SRVH WR WKH UHZULWHU� :H SUHVHQW D UHZULWHU
WKDW HPSOR\V WKH ?PLQWHUPV� DQG ?SDFNHG
IRUHVWV� WHFKQLTXHV WR TXLFNO\ SURGXFH SODQV�

e7KLV ZRUN ZDV VXSSRUWHG E\ WKH 16)�,5, ������� JUDQW�
8&6' VWDUWXS IXQGV� WKH 2QDVVLV )RXQGDWLRQ� DQG HTXLSPHQW
GRQDWLRQV IURP ,QWHO &RUS�

3HUPLVVLRQ WR FRS\ ZLWKRXW IHH DOO RU SDUW RI WKLV PDWHULDO LV
JUDQWHG SURYLGHG WKDW WKH FRSLHV DUH QRW PDGH RU GLVWULEXWHG IRU
GLUHFW FRPPHUFLDO DGYDQWDJH� WKH 9/'% FRS\ULJKW QRWLFH DQG
WKH WLWOH RI WKH SXEOLFDWLRQ DQG LWV GDWH DSSHDU� DQG QRWLFH LV
JLYHQ WKDW FRS\LQJ LV E\ SHUPLVVLRQ RI WKH 9HU\ /DUJH 'DWD %DVH
(QGRZPHQW� 7R FRS\ RWKHUZLVH� RU WR UHSXEOLVK� UHTXLUHV D IHH
DQG�RU VSHFLDO SHUPLVVLRQ IURP WKH (QGRZPHQW�

3URFHHGLQJV RI WKH ��WK 9/'% &RQIHUHQFH�
&DLUR� (J\SW� �����

:H H[SHULPHQWDOO\ HYDOXDWH WKH UHZULWHU DQG
WKH RYHUDOO V\VWHP�

� ,QWURGXFWLRQ

5HFHQWO\ WKH GDWDEDVH FRPPXQLW\ KDV GHYHORSHG GDWD
ZDUHKRXVLQJ DQG 2/$3 V\VWHPV ZKHUH D EXVLQHVV DQD�
O\VW FDQ REWDLQ RQOLQH DQVZHUV WR FRPSOH[ GHFLVLRQ VXS�
SRUW TXHULHV RQ YHU\ ODUJH GDWDEDVHV� $ SDUWLFXODUO\
FRPPRQ DQG YHU\ LPSRUWDQW GHFLVLRQ VXSSRUW SURFHVV
LV ZKDW�LI DQDO\VLV� ZKLFK KDV DSSOLFDWLRQV LQ PDUNHW�
LQJ� SURGXFWLRQ SODQQLQJ� DQG RWKHU DUHDV� 7\SLFDOO\�
WKH DQDO\VW IRUPXODWHV D SRVVLEOH EXVLQHVV VFHQDULR GH�
ULYLQJ D K\SRWKHWLFDO ?ZRUOG� WKDW KH FRQVHTXHQWO\ H[�
SORUHV E\ TXHU\LQJ DQG QDYLJDWLRQ� :KDW�LI DQDO\VLV LV
XVHG WR IRUHFDVW IXWXUH SHUIRUPDQFH XQGHU D VHW RI DV�
VXPSWLRQV UHODWHG WR SDVW GDWD� ,W DOVR HQDEOHV WKH
HYDOXDWLRQ RI SDVW SHUIRUPDQFH DQG WKH HVWLPDWLRQ RI
WKH RSSRUWXQLW\ FRVW WDNHQ E\ QRW IROORZLQJ DOWHUQDWLYH
SROLFLHV LQ WKH SDVW >3&��@�
)RU H[DPSOH� DQ DQDO\VW RI D EURNHUDJH FRPSDQ\

PD\ ZDQW WR LQYHVWLJDWH ZKDW WKH HmHFW RQ WKH UHWXUQ
DQG YRODWLOLW\ RI D FXVWRPHU
V SRUWIROLRV LI GXULQJ WKH
ODVW WKUHH \HDUV WKDW WKH EURNHUDJH KDG UHFRPPHQGHG
SXUFKDVLQJ ,QWHO VWRFN LQVWHDG RI 0RWRUROD� $FFRUGLQJ
WR KLV VFHQDULR� KH �K\SRWKHWLFDOO\� HOLPLQDWHV PDQ\
0RWRUROD EX\ RUGHUV WKDW WKH FXVWRPHU LVVXHG� LQWUR�
GXFHV ,QWHO VKDUH RUGHUV RI HTXLYDOHQW GROODU YDOXH� WKHQ
UHFRPSXWHV WKH QHZO\ GHULYHG GDWD� 6XEVHTXHQWO\� KH
LQYHVWLJDWHV WKH UHVXOWV RI WKLV K\SRWKHVLV RQ VSHFLnF
FXVWRPHU FDWHJRULHV� 0RUH K\SRWKHWLFDO PRGLnFDWLRQV
DQG TXHULHV ZLOO IROORZ DV WKH DQDO\VW IROORZV D SDUWLF�
XODU WUDLO RI WKRXJKW�
6SUHDGVKHHWV RU H[LVWLQJ 2/$3 WRROV DUH FXUUHQWO\

XVHG WR VXSSRUW VXFK ZKDW�LI DQDO\VLV� 6XUSULVLQJO\� GH�
VSLWH LWV LPSRUWDQFH� ZKDW�LI DQDO\VLV LV QRW HpFLHQWO\
VXSSRUWHG E\ HLWKHU RQH� 6SUHDGVKHHWV RmHU D ODUJH
QXPEHU RI SRZHUIXO DUUD\ PDQLSXODWLRQ IXQFWLRQV DQG
DQ LQWHUDFWLYH HQYLURQPHQW WKDW LV VXLWDEOH IRU VSHFL�
I\LQJ FKDQJHV DQG UHYLHZLQJ WKHLU HmHFWV RQOLQH� +RZ�
HYHU� WKH\ ODFN VWRUDJH FDSDFLW\� WKH IXQFWLRQDOLW\ RI
'% TXHU\ ODQJXDJHV� DQG D VHDPOHVV LQWHJUDWLRQ ZLWK
WKH GDWD ZDUHKRXVH� RQFH WKH GDWD KDV EHHQ H[SRUWHG
WR WKH VSUHDGVKHHW LW EHFRPHV GLVFRQQHFWHG IURP XS�
GDWHV WKDW KDSSHQ LQ WKH GDWD ZDUHKRXVH�
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2/$3 V\VWHPV RmHULQJ ZKDW�LI DQDO\VLV >&&6@ ODFN
WKH DQDO\WLFDO FDSDELOLWLHV RI VSUHDGVKHHWV DQG WKHLU
SHUIRUPDQFH LV RUGHUV RI PDJQLWXGH ZRUVH WKDQ ZKDW
FDQ EH DFKLHYHG E\ LQWHOOLJHQW VFHQDULR HYDOXDWLRQV�
VXFK DV WKRVHH RQHV GHOLYHUHG E\ RXU 6HVDPH SURWR�
W\SH� 7R IXUWKHU XQGHUVWDQG WKH OLPLWDWLRQV RI FXUUHQW
2/$3 WRROV OHW XV ZDON WKURXJK D W\SLFDO LPSOHPHQ�
WDWLRQ RI WKH ZKDW�LI DQDO\VLV H[DPSOH DERYH� )LUVW�
DQ H[SHULHQFHG XVHU RU WKH GDWD ZDUHKRXVH
V DGPLQ�
LVWUDWRU GHVLJQV D ?VFHQDULR� GDWDFXEH DQG GHYHORSV
D VFULSW �HJ� VHH >&&6@ IRU D VFULSWLQJ ODQJXDJH� WKDW
SRSXODWHV WKH VFHQDULR GDWDFXEH ZLWK WKH GDWD FRUUH�
VSRQGLQJ WR WKH K\SRWKHWLFDO ZRUOG GHYHORSHG E\ WKH
VFHQDULR� &RQVHTXHQWO\� WKH FURVV�WDEV �VXPV� DQG
RWKHU YLHZV DUH UHFRPSXWHG� $SSDUHQWO\� WKH FUHDWLRQ
RI WKH VFHQDULR GDWDFXEH FDQQRW EH DQ RQOLQH DFWLYLW\�
$IWHU WKH VFHQDULR LV PDWHULDOL]HG WKH DQDO\VW ZLOO

LVVXH TXHULHV� GULOO�GRZQ DQG UROO�XS >*08:��@ LQWR
SDUWV RI WKH K\SRWKHWLFDO ZRUOG� $W WKLV SRLQW LW EH�
FRPHV HYLGHQW WKDW PDWHULDOL]LQJ WKH IXOO K\SRWKHWL�
FDO ZRUOG �DQG KHQFH GHOD\LQJ TXHU\ VXEPLVVLRQ E\ DV
PXFK DV D GD\� PD\ KDYH EHHQ DQ XQQHFHVVDU\ RYHU�
KHDG� &RQVLGHU WKH IROORZLQJ WZR FDVHV ZKHUH WKH FRQ�
YHQWLRQDO PHWKRGRORJ\ XQGHUSHUIRUPV� :H FRPPHQW
RQ KRZ 6HVDPH KDQGOHV VXFK FDVHV�
)LUVW� TXHULHV DQG GULOO�GRZQV RQ GHWDLOHG GDWD ZLOO

W\SLFDOO\ UHWULHYH RQO\ D VPDOO SDUW RI WKH K\SRWKHWLFDO
ZRUOG� �$IWHU DOO� WKHUH LV RQO\ VR PXFK UHDO HVWDWH LQ D
PRQLWRU�� )RU H[DPSOH� D TXHU\ WKDW LQYHVWLJDWHV WKH
FRQVHTXHQFHV RI WKH VFHQDULR RQ WKH SRUWIROLRV RI WKH
nUVW �� LQYHVWRUV GRHV QRW KDYH WR PDWHULDOL]H DQ\WKLQJ
PRUH WKDQ WKH K\SRWKHWLFDO SRUWIROLRV RI WKH VSHFLnF
LQYHVWRUV� ,QGHHG� 6HVDPH ZRQ
W HYHQ PDWHULDOL]H WKH
K\SRWKHWLFDO SRUWIROLRV� LW ZLOO VLPSO\ UHWULHYH WKH DF�
WXDO SRUWIROLRV� LW ZLOO UHPRYH WKH 0RWRUROD RUGHUV DQG
ZLOO G\QDPLFDOO\ LQWURGXFH LQ WKH UHVXOW ,QWHO RUGHUV RI
HTXDO GROODU YDOXH�
6HFRQG� TXHULHV WKDW UHWULHYH YDULRXV DJJUHJDWH PHD�

VXUHV� VXFK DV WKH 680� FDQ OHYHUDJH WKH FRUUHVSRQGLQJ
DJJUHJDWH PHDVXUHV RI WKH ?DFWXDO� GDWDFXEH� )RU H[�
DPSOH� 6HVDPHZLOO FRPSXWH WKH K\SRWKHWLFDO FXUUHQW
YDOXH 9 �>[@ RI WKH SRUWIROLR RI FXVWRPHU [ DV IROORZV�

9 �>[@  
9 >[@b hG�2>[�P� G@�7 >P@b 3 >P� G@��

�hG�
3 >P�G@
3 >L�G@

2>[�P� G@�7 >L@b 3 >L� G@�

ZKHUH L VWDQGV IRU ,QWHO� P IRU 0RWRUROD� 9 �>[@ LV WKH
K\SRWKHWLFDO YDOXH RI WKH SRUWIROLR RI FXVWRPHU [ DQG
9 >[@ LV WKH DFWXDO YDOXH� 7KH DUUD\ HQWU\ 2>[� \� G@
VWDQGV IRU WKH DFWXDO QXPEHU RI \ VKDUHV ERXJKW �RU
VROG LI WKH QXPEHU LV QHJDWLYH� E\ FXVWRPHU [ RQ GD\
G� DQG 3 >\� G@ VWDQGV IRU WKH �FORVLQJ� SULFH RI VKDUHV
RI \ RQ GD\ G� 7 >\@ VWDQGV IRU WKH FXUUHQW YDOXH RI
\� $FFRUGLQJ WR WKH DERYH� WKH K\SRWKHWLFDO YDOXH RI
D SRUWIROLR LV FRPSXWHG E\ DGGLQJ WR WKH SRUWIROLR
V
DFWXDO YDOXH WKH SURnW E\ HDFK K\SRWKHWLFDO LQYHVWPHQW
LQ ,QWHO DQG VXEWUDFWLQJ WKH SURnW RI HDFK LQYHVWPHQW
LQ 0RWRUROD�

2QH PD\ DFWXDOO\ XSGDWH WKH RUGHUV WDEOH DQG WKHQ
SURSDJDWH WKH XSGDWHV� SRVVLEO\ XVLQJ RQH RI WKH HI�
nFLHQW XSGDWH SURSDJDWLRQ WHFKQLTXHV VXJJHVWHG E\
WKH GDWDEDVH FRPPXQLW\ >%/7��� *06��� 5.5���
/<*0��� 040��@� +RZHYHU� 6HVDPH
V QR�DFWXDO�
XSGDWH SROLF\ KDV WKH DGYDQWDJH WKDW QR EDFNWUDFN�
LQJ RI XSGDWHV LV QHHGHG DIWHU VFHQDULR HYDOXDWLRQ LV
FRPSOHWH QRU LV LW QHFHVVDU\ WR ORFN WKH K\SRWKHWLFDOO\
XSGDWHG SDUWV�

7HFKQLFDO &KDOOHQJHV DQG &RQWULEXWLRQV
)LUVW� ZH IRUPDOO\ GHnQH VFHQDULRV DV RUGHUHG VHWV RI
K\SRWKHWLFDO PRGLnFDWLRQV RQ WKH IDFW WDEOHV RU WKH GH�
ULYHG YLHZV RI WKH ZDUHKRXVH� $V XVXDO� PRGLnFDWLRQV
RQ YLHZV PD\ EH VDWLVnHG E\ PXOWLSOH SRVVLEOH IDFW
WDEOH PRGLnFDWLRQV� :H H[WHQG SULRU ZRUN >$+9��@
RQ WKH VHPDQWLFV RI VHOHFW�SURMHFW�MRLQ �63-� YLHZ XS�
GDWHV E\ LQWURGXFLQJ WKH QRWLRQ RI ?PLQLPDOO\ PRGLnHG
GDWDEDVH�� ZKLFK LV QHFHVVDU\ IRU KDYLQJ UHDVRQDEOH
VHPDQWLFV LQ ZDUHKRXVHV LQYROYLQJ QRQ�63- RSHUDWRUV�
VXFK DV DJJUHJDWLRQ DQG DULWKPHWLF�

6HFRQG� ZH GHYHORSHG DQ H[WHQVLEOH V\VWHP ZKHUH
DUELWUDU\ DOJHEUDLF DUUD\ RSHUDWRUV FDQ EH XVHG� 8V�
LQJ WKH H[WHQVLEOH DOJHEUD PDFKLQHU\ ZH LQWURGXFH RS�
HUDWRUV WKDW FRPELQH VSUHDGVKHHW DQG GDWDEDVH IXQF�
WLRQDOLW\� ,Q WKLV SDSHU ZH SUHVHQW WKH MRLQ DULWKPHWLF
IDPLO\ RI RSHUDWRUV� 0RUH RSHUDWRUV �PRYLQJ ZLQGRZV
DQG RSHUDWRUV IRU PHWDGDWD KDQGOLQJ� FDQ EH IRXQG
LQ WKH H[WHQGHG YHUVLRQ >%33@� ([SUHVVLRQV LQYROYLQJ
WKH QRYHO RSHUDWRUV DUH RSWLPL]HG E\ SURYLGLQJ WR WKH
UHZULWLQJ RSWLPL]HU DSSURSULDWH UHZULWLQJ UXOHV�

2XU PRVW LPSRUWDQW FRQWULEXWLRQ LV 6HVDPH
V VFH�
QDULR HYDOXDWLRQ� ZKLFK LV EDVHG RQ VXEVWLWXWLRQ DQG
UHZULWLQJ� *LYHQ D VFHQDULR V� D TXHU\ T RQ WKH K\SR�
WKHWLFDO GDWDEDVH� DQG LQIRUPDWLRQ RQ WKH ZDUHKRXVH
V
YLHZV� WKH VXEVWLWXWLRQ PRGXOH GHOLYHUV D TXHU\ T� WKDW
LV HYDOXDWHG RQ WKH DFWXDO ZDUHKRXVH DQG LV HTXLYD�
OHQW WR WKH UHVXOW RI HYDOXDWLQJ T RQ WKH K\SRWKHWLFDO
GDWDEDVH FUHDWHG E\ V� 7KHQ WKH UHZULWHU RSWLPL]HV
WKH TXHU\ T�� ,Q WKH VSLULW RI FRQYHQWLRQDO RSWLPL]HUV
LW SXVKHV VHOHFWLRQV GRZQ DQG LW HOLPLQDWHV SDUWV RI T�

WKDW GR QRW DmHFW WKH UHVXOW �VXFK SDUWV W\SLFDOO\ FRU�
UHVSRQG WR ?LUUHOHYDQW� K\SRWKHWLFDO PRGLnFDWLRQV�� ,W
DOVR UHZULWHV WKH TXHU\ T� LQ RUGHU WR OHYHUDJH RQ WKH
ZDUHKRXVH
V SUH�FRPSXWHG YLHZV�

:H LGHQWLI\ DQG SURYLGH VROXWLRQV WR WZR PDMRU
UHZULWLQJ FKDOOHQJHV� )LUVW� WKH TXHU\ H[SUHVVLRQ T� LV
W\SLFDOO\ YHU\ ODUJH� DV D UHVXOW RI WKH SRWHQWLDOO\ ODUJH
QXPEHU RI K\SRWKHWLFDO PRGLnFDWLRQV� 7KH JRRG QHZV
LV WKDW T� KDV D SDUWLFXODU VWUXFWXUH WKDW LV H[SORLWHG
E\ 6HVDPH
V PLQWHUP RSWLPL]DWLRQ� 6HFRQG� UHZULW�
LQJ TXHULHV XVLQJ YLHZV� ZKLOH QRQ�FRQYHQWLRQDO RSHU�
DWRUV DUH LQYROYHG LQ WKH DOJHEUD� LV D QRYHO FKDOOHQJH
WKDW KDV QRW EHHQ FRQVLGHUHG E\ H[WHQVLEOH UHZULWHUV
>+)/3��@ �WKH\ KDYH QRW FRQVLGHUHG YLHZV� RU E\ WKH
?UHZULWLQJ XVLQJ YLHZV� OLWHUDWXUH� ZKLFK KDV IRFXVHG
RQ FRQMXQFWLYH TXHULHV >/066��@ RU FRQMXQFWLYH ZLWK
64/
V DJJUHJDWLRQ RSHUDWRUV >6'-/��� &16��@� :H
SUHVHQW WKH SDFNHG IRUHVWV H[WHQVLRQ WR 6\VWHP�5�VW\OH
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RSWLPL]HUV WKDW DOORZV WKH GHYHORSPHQW RI UHZULWHUV
WKDW WUDGH WKH UHZULWHU
V UXQQLQJ WLPH ZLWK WKH JHQ�
HUDOLW\ RI UHZULWLQJ D[LRPV� TXHULHV� DQG PDWHULDOL]HG
YLHZV IRU ZKLFK WKH\ FDQ GHOLYHU WKH RSWLPDO UHVXOW�
)LQDOO\� ZH LQFRUSRUDWH 6HVDPH DV DQ DGG�RQ FRP�

SRQHQW WR DQ 64/ 6HUYHU WKDW VWRUHV WKH ZDUHKRXVH
DQG SURYLGHV WKH TXHU\ SURFHVVLQJ HQJLQH IRU HYDOXDW�
LQJ WKH RSWLPL]HG VFHQDULR�TXHU\�

��� 5HODWHG :RUN

7R WKH EHVW RI RXU NQRZOHGJH ZKDW�LI VFHQDULRV LQ DQ
2/$3 HQYLURQPHQW KDYH QRW EHHQ DGGUHVVHG E\ WKH
GDWDEDVH UHVHDUFK FRPPXQLW\� 2XU ZRUN EULQJV WR�
JHWKHU D PXOWLWXGH RI FRQFHSWV DQG WHFKQLTXHV VXFK
DV VXEVWLWXWLRQ� H[WHQVLEOH UHZULWLQJ RSWLPL]HUV� YLHZ
XSGDWHV DQG LQFRPSOHWH GDWD� DQG ORJLFDO DFFHVV SDWK
VFKHPDV �VHH EHORZ��
>*+��@ SUHVHQWV DQ HTXDWLRQDO WKHRU\ IRU UHODWLRQDO

TXHULHV LQYROYLQJ K\SRWKHWLFDO PRGLnFDWLRQV DQG GLV�
FXVVHV LWV XVH LQ DQ RSWLPL]HU WKDW PD\ FKRRVH EHWZHHQ
OD]\ DQG HDJHU HYDOXDWLRQ� 7KH VXEVWLWXWLRQ VWHS RI RXU
UHZULWHU H[WHQGV WKH OD]\ HYDOXDWLRQ LGHD RI >*+��@ E\
FRQVLGHULQJ DQ HQYLURQPHQW LQFOXGLQJ YLHZV DV ZHOO�
+RZHYHU� WKH RSWLPL]DWLRQ DQG UHZULWLQJ SUREOHP LV
PXFK PRUH FKDOOHQJLQJ LQ 6HVDPH
V FDVH�
7KH VSHFLnFDWLRQ RI WKH UHSHUFXVVLRQ RI D K\SRWKHW�

LFDO PRGLnFDWLRQ RQ WKH FRQVWLWXHQWV RI D YLHZ LV LQ�
oXHQFHG E\ ZRUNV RQ WKH VHPDQWLFV RI YLHZ XSGDWHV
�>$+9��@ SURYLGHV DQ RYHUYLHZ�� 7KH FULWLFDO GLmHU�
HQFH IURP WKH SULRU ZRUN LV WKH LQWURGXFWLRQ RI WKH
?PLQLPDOO\ PRGLnHG GDWDJUDSK� FRQFHSW DQG WKH FRU�
UHVSRQGLQJ UHGHnQLWLRQ RI ?VXUH� DQVZHUV� 7KH GLI�
IHUHQFH LV MXVWLnHG E\ WKH LQWXLWLYH UHTXLUHPHQW WKDW
EDVH UHODWLRQ WXSOHV WKDW GR QRW ?FRQWULEXWH� WR PRGL�
nHG YLHZ WXSOHV VKRXOG UHPDLQ VXUH DQG QRQ�PRGLnHG�
1RW VXUSULVLQJO\� RXU GHnQLWLRQ RI VXUH DQG WKH FRQYHQ�
WLRQDO GHnQLWLRQ RI >$+9��@ FRLQFLGH ZKHQ ZH IRFXV RQ
63- TXHULHV� ZKLFK KDYH EHHQ WKH IRFXV RI SULRU ZRUN�
EXW GLYHUJH ZKHQ ZH FRQVLGHU DJJUHJDWH� DULWKPHWLF
DQG PRYLQJ ZLQGRZ IXQFWLRQV�
7KH GDWDJUDSK VFKHPD� ZKLFK KHOSV XV UHZULWH

TXHULHV XVLQJ YLHZV� LQKHULWV IURP WKH /$3 VFKHPDV
>651��@ WKH LGHD RI JXLGLQJ WKH UHZULWLQJ RSWLPL]HU
E\ D JUDSK LQGLFDWLQJ KRZ WKH YLHZV DUH FRQQHFWHG
WR HDFK RWKHU� +RZHYHU� /$3 VFKHPDV KDYH GHDOW ZLWK
63- TXHULHV RQO\ DQG WKLV PDNHV WKH UHZULWHU GHVFULEHG
LQ >651��@ PXFK VLPSOHU WKDQ 6HVDPH
V�
7KH QH[W VHFWLRQ LQWURGXFHV WKH IUDPHZRUN� V\QWD[

DQG VHPDQWLFV XVHG� 6HFWLRQ � GHVFULEHV WKH DUFKLWHF�
WXUH DQG DOJRULWKPV LQYROYHG LQ 6HVDPH�

� )UDPHZRUN

:H nUVW SUHVHQW WKH GDWDJUDSK PRGHO� ZKLFK LV RXU DE�
VWUDFWLRQ RI ZDUHKRXVHV DQG GDWDFXEHV DQG H[WHQGV
WKH GDWDFXEH ODWWLFH PRGHO RI >+58��@ DQG WKH ORJ�
LFDO DFFHVV SDWK VFKHPDV RI >651��@ E\ DOORZLQJ GH�
ULYHG YLHZV WR EH SURGXFHG XVLQJ DQ H[WHQVLYH VHW RI

& 7������' �6
Milkin CATP   10/29/98  860
John MSFT   10/30/98 -950
Milkin CATP   10/30/98  700
Garcia CATP   10/29/98 -630
John MSFT   10/29/98  950
Boffet AAPL   10/30/98  410
Boffet MSFT   10/29/98 -800
Garcia CATP   10/29/98  500
Milkin AAPL   10/30/98 1250

2UGHU&7'6
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CATP 10/29/98   46.500
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MSFT 10/30/98   131.00
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& 7������' �9
Milkin CATP   10/29/98  39990
John MSFT   10/30/98 125400
Milkin CATP   10/30/98  -105600
Garcia CATP   10/29/98 23250
John MSFT   10/29/98  70590
Boffet AAPL   10/30/98  0
Boffet MSFT   10/29/98 16861
Garcia CATP   10/29/98  -58825
Milkin AAPL   10/30/98 51406
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Milkin CATP   10/29/98   860
John MSFT   10/30/98   950
Milkin CATP   10/30/98  -800
Garcia CATP   10/29/98   500
John MSFT   10/29/98  1560
Boffet AAPL   10/30/98     0
Boffet MSFT   10/29/98   410
Garcia CATP   10/29/98  -130
Milkin AAPL   10/30/98  1250
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'

)LJXUH �� %URNHUDJH +RXVH
V 'DWDJUDSK
RSHUDWRUV�� 6HFWLRQ ��� GHVFULEHV QRYHO RSHUDWRUV DQG
6HFWLRQ ��� GHVFULEHV WKH IRUPDO V\QWD[ DQG VHPDQWLFV
RI K\SRWKHWLFDO PRGLnFDWLRQV DQG VFHQDULRV�
7KH GDWDJUDSK VFKHPD LV D GLUHFWHG DF\FOLF K\SHU�

JUDSK WKDW FRQVLVWV RI

�� $ VHW RI QRGHV 9  IY�� � � � � YQJ� (DFK YL LV D UHOD�
WLRQ VFKHPD WKDW KDV D XQLTXH QDPH� ]HUR RU PRUH
GLPHQVLRQ DWWULEXWHV DQG RQH PHDVXUH DWWULEXWH�
(DFK GLPHQVLRQ DWWULEXWH D KDV D GRPDLQ '�D��
ZKLFK PD\ EH RUGHUHG �H�J�� WLPH� RU XQRUGHUHG�
0HDVXUH DWWULEXWHV DUH RI QXPHULF W\SHV RQO\ ^
oRDW RU LQWHJHU� :H PD\ XVH WKH WHUP UHODWLRQ
LQVWHDG RI QRGH ZKHQHYHU WKHUH LV QR FRQIXVLRQ�

�� $ VHW RI GLUHFWHG ODEHOHG K\SHUHGJHV RI WKH IRUP

>Y�� � � � � YP@
H� YG� ZKHUH >Y�� � � � � YP@ LV WKH WXSOH

RI SDUHQW QRGHV DQG YG LV WKH GHULYHG QRGH� 7KH
ODEHO H LV D 6HVDPH DOJHEUD H[SUHVVLRQ LQYROYLQJ
WKH QRGHV Y�� � � � � YP�

:H ZLOO FDOO IDFW QRGHV WKH RQHV ZLWK QR LQFRP�
LQJ K\SHUHGJHV� 7KH\ FRUUHVSRQG WR WKH IDFW WDEOH�V�
RI 2/$3 V\VWHPV� ,QWHUQDO QRGHV FRUUHVSRQG WR WKH
YLHZV LQ D ZDUHKRXVH V\VWHP DQG WKH HGJH ODEHOV FRU�
UHVSRQG WR WKH YLHZ GHnQLWLRQV� 1RWLFH KRZHYHU WKDW�
LQ WKH VDPH VSLULW ZLWK WKH ODWWLFH PRGHO >+58��@ DQG
ORJLFDO DFFHVV SDWKV >651��@� PXOWLSOH K\SHUHGJHV PD\

�$V RSSRVHG WR WKH GH IDFWR 680 RSHUDWRU RI >+58��@ RU WKH
63- RSHUDWRUV RI >651��@�
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EH OHDGLQJ WR WKH VDPH QRGH�YLHZ� KHQFH HQFRGLQJ
PXOWLSOH ZD\V LQ ZKLFK WKH QRGH�YLHZ FDQ EH GHULYHG�
7KH K\SHUHGJHV DVVLVW VXEVWLWXWLRQ DQG UHZULWLQJ �VHH
6HFWLRQ ���
(DFK QRGH Y LV SRSXODWHG ZLWK D EDJ RI WXSOHV

6�Y�� FDOOHG WKH VWDWH RI Y� 6LPLODUO\ WR UHODWLRQDO DO�
JHEUD� HDFK 6HVDPH DOJHEUD H[SUHVVLRQ H�Y�� � � � � YP��
ZKHWKHU LW LV D K\SHUHGJH ODEHO RU D TXHU\� LV D PDSSLQJ
( WKDW JLYHQ WKH LQSXW QRGHV
 VWDWHV 6�Y��� � � � �6�YP�
LW SURGXFHV DQ RXWSXW EDJ (�6�Y��� � � � �6�YP���
7KH VWDWHV RI WKH QRGHV PXVW EH VXFK WKDW WKH\ VDW�

LVI\ WKH K\SHUHGJH ODEHO H[SUHVVLRQV� )RUPDOO\� D YDOLG
GDWDJUDSK VWDWH �RU VLPSO\ GDWDJUDSK IURP QRZ RQ�
LV DQ DVVLJQPHQW RI D VWDWH 6�Y� WR HDFK QRGH Y RI
WKH GDWDJUDSK VFKHPD VXFK WKDW IRU HYHU\ K\SHUHGJH

IY�� � � � � YPJ H� YG LW LV 6�YG�  (�6�Y��� � � � �6�YP���
)URP QRZ RQ ZH ZLOO RPLW PHQWLRQLQJ 6 H[SOLFLWO\�
ZKHQHYHU WKH FRQWH[W PDNHV FOHDU WKDW ZH UHIHU WR
VWDWHV DV RSSRVHG WR VFKHPDV�
7KH GDWDJUDSK VFKHPD PXVW EH FRQVLVWHQW� LQ WKH

VHQVH WKDW DOWHUQDWLYH ZD\V WR FRPSXWH D YLHZ KDYH WR
\LHOG WKH VDPH UHVXOW�

'HnQLWLRQ � 7KH VHW RI WUDQVLWLYH K\SHUHGJHV 7 RI D
GDWDJUDSK VFKHPD LV FRPSXWHG DV IROORZV�

�� IRU HYHU\ QRGH Y� 7 FRQWDLQV Y
Y� Y�

�� LI WKH GDWDJUDSK VFKHPD FRQWDLQV WKH HGJH

IY�� � � � � YPJ H� Y DQG 7 FRQWDLQV WKH HGJHV 9L HL�
YL� L  �� � � � �P WKHQ 7 DOVR FRQWDLQV WKH HGJH

>L ������P9L H�� Y� ZKHUH H� LV WKH H[SUHVVLRQ FUH�
DWHG E\ VXEVWLWXWLQJ HDFK YL LQ H ZLWK HL�

*LYHQ D WUDQVLWLYH K\SHUHGJH IY�� � � � � YQJ H� YG ZH ZLOO
VD\ WKDW YL LV DQ DQFHVWRU RI YG �IRU HYHU\ L� DQG� YLFH
YHUVD� YG LV D GHVFHQGDQW RI YL�

(;$03/( ��� )LJXUH � LOOXVWUDWHV D EURNHUDJH
KRXVH
V GDWDJUDSK WKDW ZLOO VHUYH DV WKH UXQQLQJ
H[DPSOH� $ WXSOH �F� W� G� V� LQ WKH IDFW QRGH 2U�
GHU&7'6�&XVWRPHU� 7LFNHU� 'DWH� 6KDUHV� LQGLFDWHV
WKDW FXVWRPHU F� ERXJKW V VKDUHV RI WKH VWRFN ZLWK
WLFNHU V\PERO W RQ GDWH G� ,I V KDV D QHJDWLYH YDOXH
LW LQGLFDWHV VHOOLQJ RI VKDUHV� )RU EUHYLW\ ZH DUH ZULW�
LQJ RQO\ WKH UHODWLRQ QDPH FRUUHVSRQGLQJ WR WKH QRGH
DQG� E\ FRQYHQWLRQ� WKH FDSLWDO OHWWHUV DW WKH UHODWLRQ
QDPHV
 VXp[ ZLOO VWDQG IRU WKH LQLWLDOV RI WKH DWWULEXWH
QDPHV� 7KH IDFW QRGH 3ULFH7'9�7LFNHU� 'DWH� 9DOXH�
KDV WXSOHV �W� G� Y� WKDW VWDQG IRU WKH FORVLQJ SULFH Y RI
VWRFN W RQ GDWH G�
7KH FXUUHQW SRVL�

WLRQV QRGH 3RVLWLRQ&76 LV GHULYHG IURP 2UGHU&7'6

E\ WKH K\SHUHGJH I2UGHUV&7'6J h'DWH� 3RVLWLRQV&76 �
7KH RSHUDWRU h'DWH �ZKLFK DGDSWV WKH VXPPDWLRQ RS�
HUDWRU RI >*08:��@ WR RQH�PHDVXUH WDEOHV� RXWSXWV
DOO GLPHQVLRQ DWWULEXWHV RI WKH LQSXW H[FHSW 'DWH� )RU
HDFK RXWSXW WXSOH �F� W� V� WKH PHDVXUH V LV WKH VXP

V� � � � � � VQ� ZKHUH WKH VL
V DUH WKH PHDVXUHV RI WKH
VHW RI WXSOHV I�F� W� G�� V��� � � � � �F� W� GQ� VQ�J WKDW FRQ�
VLVWV RI DOO LQSXW WXSOHV ZKHUH &XVWRPHU  F DQG
7LFNHU  W� ,Q JHQHUDO� h PD\ KDYH PXOWLSOH SDUDPH�
WHUV� H�J�� h'DWH�7LFNHU � 6HH >%33@ IRU D FRPSOHWH GHI�
LQLWLRQ RI h DV ZHOO DV DOO WKH RSHUDWRUV LQ WKH FXUUHQW
LPSOHPHQWDWLRQ RI 6HVDPH�
)RU EUHYLW\ ZH DUH JRLQJ WR UHSUHVHQW DWWULEXWHV E\

WKHLU nUVW OHWWHU RQO\ DQG ZH PD\ QRW LQFOXGH WKH IXOO
RSHUDQG QDPHV LQ WKH HGJH H[SUHVVLRQ ZKHQHYHU LW LV
REYLRXV IURP WKH FRQWH[W�

7KH K\SHUHGJH 2UGHU&7'6
h5'� 3RVLWLRQ+LVW&7'6

GHFODUHV WKDW WKH SRVLWLRQ KLVWRU\ LV WKH UXQQLQJ
VXP RI RUGHUV DFFRUGLQJ WR GDWH �'�� ,Q SDUWLFX�
ODU� 3RVLWLRQ+LVW&7'6 FRQWDLQV WKH WXSOH �F� W� GQ� V�
LI I�F� W� G�� V��� � � � � �F� W� GQ� VQ�J LV WKH VHW RI DOO 2U�
GHU&7'6 WXSOHV VXFK WKDW G� � G� � � � � � GQ DQG
V  V� � � � � � VQ� 2I FRXUVH� LW LV QHFHVVDU\ WKDW WKH
DWWULEXWH SDUDPHWHU�V� RI h5 DUH RI DQ RUGHUHG W\SH�

7KH K\SHUHGJH I3RVLWLRQ+LVW&7'6 �3ULFH7'9 J e�
9DOXH+LVW&7'9 LQGLFDWHV WKDW 9DOXH+LVW&7'9� WKH
KLVWRU\ RI WKH GROODU YDOXH HDFK FXVWRPHU KHOG LQ HDFK
VWRFN HDFK GD\� PD\ EH GHULYHG E\ PXOWLSO\LQJ WKH
VWRFN SULFHV ZLWK WKH SRVLWLRQ KLVWRU\�
)LQDOO\ DV DQ H[DPSOH RI GDWDJUDSK FRQVLVWHQF\�

REVHUYH WKDW 9DOXH&79� ZKLFK LV WKH FXUUHQW GROODU
YDOXH HDFK FXVWRPHU KROGV LQ HDFK VWRFN� PD\ EH GH�
ULYHG LQ WZR ZD\V� FRUUHVSRQGLQJ WR WKH K\SHUHGJHV $
DQG % RI )LJXUH �� IURP 2UGHU&7'6 DQG 3ULFH7'9�
7KH nUVW RQH LV WKH H[SUHVVLRQ

3
'�2UGHU&7'6 � e

�{79 }' WRGD\3ULFH7'9 � ZKLFK nUVW FRPSXWHV WKH
FXUUHQW SRVLWLRQV RI WKH FXVWRPHU DQG WKHQ PXOWLSOLHV
WKHP ZLWK WKH FXUUHQW VWRFN PDUNHW SULFHV �GHSLFWHG E\
DUURZ W\SH$ RI nJXUH ��� 7KH VHFRQG RQH LV WKH H[SUHV�

VLRQ {&79 }' WRGD\��
35

' 2UGHU&7'6� e 3ULFH7'9 �
ZKLFK nUVW FRPSXWHV WKH GROODU YDOXH KLVWRU\ IRU HDFK
FXVWRPHU� VWRFN DQG GDWH �VHH DERYH� DQG WKHQ VHOHFWV
WRGD\
V GDWD �GHSLFWHG E\ DUURZ W\SH $ RI nJXUH ���
7KH GDWDJUDSK LV FRQVLVWHQW EHFDXVH WKH WZR H[SUHV�
VLRQV DOZD\V GHOLYHU WKH VDPH UHVXOW� (

��� 1RYHO 2SHUDWRUV LQ 6HVDPH

6HVDPH LV EDVHG RQ DQ DOJHEUD ZKHUH DUELWUDU\ RSHUD�
WRUV FDQ EH LQFOXGHG DV ORQJ DV WKHLU LQSXW DQG RXWSXW
LV RQH�PHDVXUH EDJV RI WXSOHV �VHH 6HFWLRQ ��� %HVLGHV
VHOHFW� SURMHFW� VHPLMRLQ� XQLRQ� GLmHUHQFH DQG WKH DJ�
JUHJDWH RSHUDWRUV VXP� PLQ� PD[� DYJ DQG FRXQW � ZH
KDYH DOVR LQFOXGHG WKH QRYHO MRLQ DULWKPHWLF IDPLO\ RI
RSHUDWRUV� SUHVHQWHG EHORZ� 2XU RSHUDWRUV DSSURSUL�
DWHO\ PHUJH WKH UHODWLRQDO IUDPHZRUN RI 6HVDPH ZLWK
DUUD\ DOJHEUDV DQG VSUHDGVKHHW�VW\OH RSHUDWLRQV� 7KH\
OHDG WR H[SUHVVLRQV WKDW DUH PXFK PRUH FRQFLVH WKDQ
UHODWLRQDO DOJHEUD H[SUHVVLRQV WKDW DUH H[WHQGHG ZLWK
JHQHUDOL]HG SURMHFWLRQV >*08:��@ WKDW DFFRPSOLVK
DULWKPHWLF RSHUDWLRQV� 7KH FRQFLVHQHVV JUHDWO\ IDFLO�
LWDWHV WKH GHYHORSPHQW RI UHZULWLQJ UXOHV DQG VSHHGV
XS WKH UHZULWHU� ZKLFK KDV WR GHDO ZLWK VPDOOHU H[�
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SUHVVLRQV�

-RLQ $ULWKPHWLF 2SHUDWRUV

7KH MRLQ DULWKPHWLF RSHUD�
WRUV �� eR�b�  R DQG �V� e�bV�  WDNH WZR RSHUDQGV� OHW
XV FDOO WKHP WKH OHIW�'�� � � � � 'N� � � � � 'Q�0O� DQG WKH
ULJKW�'�� � � � � 'N�0U�� 7KH GLPHQVLRQ DWWULEXWHV RI
ULJKW PXVW EH D VXEVHW RI OHIW�� 7KH UHVXOW UHODWLRQ KDV
VFKHPD 5HVXOW�'�� � � � � 'N� � � � � 'Q�0HDVXUH�� 7KH VH�
PDQWLFV GHSHQG RQ ZKHWKHU WKH RSHUDWRU EHORQJV WR
WKH VHPLMRLQ VXE�IDPLO\ �V� e�bV�  RU WKH RXWHUMRLQ
VXE�IDPLO\ �� eR�b�  R�

6HPLMRLQ )DPLO\
)RU HYHU\ SDLU RI WXSOHV OHIW�G�� � � � � GN� � � � � GQ�PO�
DQG ULJKW�G�� � � � � GN�PU� WKH UHVXOW KDV D WXSOH
5HVXOW�G�� � � � � GN� � � � � GQ�POnPU� ZKHUH n LV RQH
RI WKH IRXU RSHUDWRUV �� e�b�  �� 1RWH WKDW WKH
ZLWKRXW�VXSHUVFULSW e DQG  DUH ?VHPLMRLQ� RSHU�
DWRUV� )RU DQ H[DPSOH RI �VHPLMRLQ� PXOWLSOLFD�
WLRQ� FRQVLGHU WKH FRQWHQWV RI 3RVLWLRQ+LVW&7'6
DQG 3ULFH7'9 WKDW DSSHDU LQ WKH )LJXUH � DQG
WKH FRUUHVSRQGLQJ FRQWHQW RI 9DOXH+LVW&7'6  
3RVLWLRQ+LVW&7'6 e 3ULFH7'9 �

2XWHUMRLQ )DPLO\ 7KH RXWHUMRLQ IDPLO\ LV GHnQHG
RQO\ ZKHQ WKH WZR RSHUDQGV KDYH LGHQWL�
FDO OLVWV RI GLPHQVLRQ DWWULEXWHV� )RU HY�
HU\ SDLU RI WXSOHV OHIW�G�� � � � � GN� � � � � GQ�PO� DQG
ULJKW�G�� � � � � GN� � � � � GQ�PU� WKH UHVXOW FRQWDLQV
WKH WXSOH 5HVXOW�G�� � � � � GN� � � � � GQ�POnPU�� )RU
HYHU\ WXSOH OHIW�G�� � � � � GN� � � � � GQ�PO� ZLWK QR
PDWFKLQJ WXSOH WKH WXSOH DSSHDUV DV LV LQ WKH UH�
VXOW DQG VR GR WXSOHV RI ULJKW ZLWK QR PDWFKLQJ
OHIW WXSOHV� 7KH QR�VXSHUVFULSW � LV DQ RXWHUMRLQ
RSHUDWRU�

1RWLFH WKDW� WKRXJK WKH UHVXOW UHODWLRQ QDPH LV E\
GHIDXOW ?5HVXOW� DQG WKH UHVXOW PHDVXUH LV ?0HDVXUH�
ZH PD\ UHQDPH WKHP WR ZKDWHYHU ZH OLNH E\ XVLQJ WKH
UHQDPLQJ RSHUDWRU |� ,I WKH RSHUDWRU LV XVHG LQ WKH
GDWDJUDSK VFKHPD WKHQ ZH ZLOO RPLW WKH |� XVLQJ WKH
FRQYHQWLRQ WKDW WKH UHODWLRQ QDPH DQG PHDVXUH QDPH
WKDW KDYH DOUHDG\ EHHQ JLYHQ WR WKH YLHZ ZLOO RYHUULGH
?UHVXOW� DQG ?0HDVXUH��
%DVHG RQ WKH DERYH DQG WKH VSHFLDO UHODWLRQ D  

I�D�J� ZKLFK KDV QR GLPHQVLRQV DQG LWV VLQJOH WXSOH KDV
PHDVXUH D� ZH GHnQH WKH IROORZLQJ IRXU ?PDFUR� RSHU�
DWRUV WKDW DGG�VXEWUDFW�PXOWLSO\�GLYLGH D FRQVWDQW D
WR WKH VLQJOH RSHUDQG
V PHDVXUH�

$''D5  5�V D 68%D5  5bV D
08/7 D5  5 e D ',9 D5  5 D

2XU ?LPSOLFLW MRLQ� DSSURDFK VLPSOLnHV WKH H[SUHV�
VLRQ RI DUUD\ FRPSXWDWLRQV DQG VLPSOLnHV WKH D[LRPV
DQG UHZULWLQJ UXOHV ZKLFK LQYROYH DULWKPHWLF �VHH $S�
SHQGL[��

�'LYLVLRQ E\ � UDLVHV DQ H[FHSWLRQ�

��� 6FHQDULRV

$ VFHQDULR LV D VHW RI RUGHUHG K\SRWKHWLFDO PRGLnFD�
WLRQV RQ D GDWDJUDSK '� 7KH nUVW PRGLnFDWLRQ UHVXOWV
LQ D K\SRWKHWLFDO GDWDJUDSK '�� 7KH VHFRQG PRGLn�
FDWLRQ XVHV WKH VWDWH RI GDWDJUDSK '� DQG SURGXFHV
D QHZ K\SRWKHWLFDO GDWDJUDSK '�� DQG VR RQ� (YHQ�
WXDOO\ D TXHU\ LV HYDOXDWHG RQ WKH ODVW K\SRWKHWLFDO
GDWDJUDSK� 7KH IROORZLQJ H[DPSOH LOOXVWUDWHV WKH V\Q�
WD[ DQG VHPDQWLFV RI VFHQDULRV�

2UGHU&7'6� �
A}'!�-DQ������A7 ,QWHO�08/7���2UGHU&7'6

2UGHU&7'6� � 2UGHUV&7'6�

b}'!C-DQ�����CA7 0RWRUROD2UGHU&7'6 �

2UGHU&7'6� � 2UGHU&7'6 �

>{7��,QWHO�&�'

�}7 0RWRURODA'!�-DQ�� ��� �9 DOXH+LVW&7'9 �

7KH WKUHH PRGLnFDWLRQV DERYH URXJKO\ FRUUHVSRQG WR
DQ XSGDWH� D GHOHWH� DQG DQ LQVHUW� 7KH nUVW RQH VWDWHV
WKDW D K\SRWKHWLFDO GDWDJUDSK '� LV FUHDWHG DQG LWV
2UGHU&7'6� QRGH PXVW EH WKH UHVXOW RI ?XSGDWLQJ�
WKH IUDJPHQW }'!�-DQ������A7 ,QWHO2UGHU&7'6� ZLWK

08/7 ����}'!�-DQ������A7 ,QWHO2UGHU&7'6 ���
1RWLFH WKH VHOHFW�PRGLI\ RSHUDWRU A} WKDW LV XVHG IRU

DFFRPSOLVKLQJ WKH nUVW PRGLnFDWLRQ� 7KH IXQFWLRQ RI
A} LV WR �L� VHOHFW WKH WXSOHV VDWLVI\LQJ WKH VXEVFULSW
FRQGLWLRQ DQG DSSO\ WR WKHP WKH VXEVFULSW RSHUDWRU
DQG �LL� XQLRQ WKH UHVXOW ZLWK WKH UHPDLQLQJ WXSOHV RI
WKH LQSXW QRGH� +HQFH� A}F�I5  I�}F5� > }�F5
7KH K\SRWKHWLFDO PRGLnFDWLRQ ZLOO EH UHYHUEHUDWHG

WR DOO WKH QRGHV RI WKH JUDSK '�� )RU H[DPSOH� WKH
3RVLWLRQV&76 � ZLOO UHoHFW D ��� ODUJHU SRVLWLRQ LQ ,Q�
WHO� ,QWXLWLYHO\'� LV SURGXFHG E\ KDYLQJ2UGHU&7'6 �

EH GHnQHG GLUHFWO\ E\ WKH PRGLnFDWLRQ DQG DOO WKH
QRGHV WKDW DUH GHVFHQGDQWV RI 2UGHU&7'6� DUH UH�
FRPSXWHG DFFRUGLQJ WR WKH GDWDJUDSK K\SHUHGJHV�
&RQVHTXHQWO\� WKH GDWDJUDSKV '� DQG '� DUH GH�

nQHG� 1RWLFH WKDW WKH GHnQLWLRQ RI '� XVHV ERWK '�

DQG ' �LQ SDUWLFXODU� WKH QRGH 9DOXH+LVW&7'9 RI
' LV XVHG�� 7KLV IDFLOLWDWHV H[SUHVVLQJ PRGLnFDWLRQV
WKDW KDSSHQ ?LQ SDUDOOHO�� 7KHQ TXHULHV FDQ EH LVVXHG
DJDLQVW DQ\ QRGH RI '�� '� RU '��
:H QRZ IRUPDOL]H WKH VHPDQWLFV RI D VFHQDULR V RQ D

GDWDJUDSK *� )RU XQLIRUPLW\ ZH
OO EH UHIHUULQJ WR WKH
DFWXDO GDWDJUDSK * DV *�� 7KH QRWDWLRQ H�9��������L�
GHQRWHV DQ H[SUHVVLRQ H ZKRVH DUJXPHQWV DUH QRGHV RI
*��*�� � � � �*L�

V �

�
����

Y�� � H��9�� ��
Y�� � H��9���� ��
���
YPP � HP�9��������Pb�P �

�
����

'HnQLWLRQ � DVVXPHV WKDW WKH nUVW Lb� GDWDJUDSKV DUH
NQRZQ DQG XVHV WKH L�WK PRGLnFDWLRQ RI V WR GHULYH WKH
L�WK K\SRWKHWLFDO GDWDJUDSK� 'HnQLWLRQ � VSHFLnHV WKH
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LQGXFWLRQ WKDW GHnQHV *L IURP *�� 1RWH LQ WKH IROORZ�
LQJ GHnQLWLRQ WKDW WKH K\SRWKHWLFDO GDWDJUDSK LV QRW
DQ DUELWUDU\ GDWDJUDSK WKDW VDWLVnHV WKH PRGLnFDWLRQ
DQG WKH HGJH H[SUHVVLRQV� LQ DGGLWLRQ� LW ZLOO KDYH WR EH
LQ DJUHHPHQW ZLWK DOO PLQLPDOO\ FKDQJHG GDWDJUDSKV�
7KH LQWXLWLRQ EHKLQG WKLV GHnQLWLRQ LV LOOXVWUDWHG LQ
([DPSOH ����

'HnQLWLRQ �
&RQVLGHU WKH GDWDJUDSKV *�� *�� � � � � *Lb� DQG D PRG�
LnFDWLRQ YLL � H�9������Lb�L �� 7KH K\SRWKHWLFDO GDWDJUDSK
*L PHHWV WKH IROORZLQJ SURSHUWLHV�

�� )RU HYHU\ QRGH Y� RI *� WKHUH LV D QRGH YL RI
*L ZLWK LGHQWLFDO VFKHPD� PRGXOR KDYLQJ D VX�
SHUVFULSW L RQ WKH UHODWLRQ QDPH� )RU HYHU\ HGJH

9� H� Y� RI *� WKHUH LV D FRUUHVSRQGLQJ HGJH

9 L H� YL RI *L�

�� 6�YLL�  H�6�9������Lb�L ��

�� (DFK QRGH YL RI *L FRQWDLQV WKH LQWHUVHFWLRQ
?M ������NY

L
M RI WKH FRUUHVSRQGLQJ QRGHV YL�� � � � � Y

L
N

RI DOO PLQLPDOO\ PRGLnHG GDWDJUDSKV 0 L
�� � � � �0

L
N�

$ GDWDJUDSK 0 L LV FDOOHG PLQLPDO LI WKHUH LV QR
/L WKDW PHHWV FRQGLWLRQV � DQG � DQG IRU HYHU\
QRGH YLO RI /

L� ZKLFK FRUUHVSRQGV WR QRGHV YL RI 0 L

DQG YLb� RI *Lb�� LW LV YLO b YLb� | YL b YLb� DQG
YLb� b YLO | YLb� b YL� �,�H�� \RX FDQQRW ?FDQFHO�
DQ\ WXSOHV
 LQVHUWLRQ RU GHOHWLRQ LQ D PLQLPDOO\
FKDQJHG GDWDJUDSK DQG VWLOO KDYH D YDOLG PRGLnHG
GDWDJUDSK WKDW PHHWV FRQGLWLRQV � DQG ���

'HnQLWLRQ � $ K\SRWKHWLFDO GDWDJUDSK *N JLYHQ WKH
VFHQDULR V LV D GDWDJUDSK VXFK WKDW WKHUH LV D VHTXHQFH
RI GDWDJUDSKV *�� � � � � *N VXFK WKDW *L LV D K\SRWKHWLFDO
GDWDJUDSK RI *�� � � � � *Lb� JLYHQ WKH PRGLnFDWLRQ YLL �
HL�9Lb��� IRU HDFK L  �� � � � � N�

:H GHQRWH E\ *�*� V� WKH VHW RI DOO K\SRWKHWLFDO
GDWDJUDSKV JLYHQ D VFHQDULR V DQG D GDWDJUDSK *�

1RWH WKH IROORZLQJ WZR SRLQWV ZKLFK DUH LOOXVWUDWHG
LQ ([DPSOH ���� )LUVW� WKHUH LV QR JXDUDQWHH RQ WKH
QXPEHU RI K\SRWKHWLFDO GDWDJUDSKV� 6HFRQG� QRW DOO
PRGLnHG GDWDJUDSKV DUH K\SRWKHWLFDO DFFRUGLQJ WR RXU
GHnQLWLRQ�

(;$03/( ��� &RQVLGHU WKH K\SRWKHWLFDO PRGLn�
FDWLRQ
3RVLWLRQ&76 � � A}7 �,QWHO��08/7���3RVLWLRQ&76

�

WKDW K\SRWKHWLFDOO\ LQFUHDVHV E\ ��� WKH FXVWRPHU
KROGLQJV RQ ,QWHO� 7KHUH DUH PRUH WKDQ RQH K\SR�
WKHWLFDO GDWDJUDSKV EHFDXVH WKHUH DUH PXOWLSOH ZD\V
WR GHULYH DQ 2UGHU&7'6� VWDWH VXFK WKDW WKH VXP
RI WKH 2UGHU&7'6� ,QWHO WXSOHV ZLOO EH LQFUHDVHG E\
����
7KHUH DUH PRGLnHG GDWDJUDSKV WKDW VDWLVI\ WKH

PRGLnFDWLRQ EXW DmHFW ?LUUHOHYDQW GDWD�� )RU H[�
DPSOH� WKHUH DUH GDWDJUDSKV WKDW OHDG WR WKH VDPH

3RVLWLRQ&76 � EXW WKH\ XSGDWH QRQ�,QWHO WXSOHV DV
ZHOO� :H EHOLHYH WKDW VXFK GDWDJUDSKV VKRXOG QRW EH
FRQVLGHUHG YDOLG K\SRWKHWLFDO GDWDJUDSKV� :H H[FOXGH
WKHP IURP WKH VHW RI K\SRWKHWLFDO GDWDJUDSKV E\ SODF�
LQJ WKH WKLUG FRQGLWLRQ LQ 'HnQLWLRQ ��
)LQDOO\ QRWH WKDW ZH GR QRW UHVWULFW YDOLG K\SRWKHW�

LFDO GDWDJUDSKV WR WKH PLQLPDOO\ PRGLnHG RQHV �VHH
'HnQLWLRQ ��� )RU H[DPSOH� D YDOLG K\SRWKHWLFDO GDWD�
JUDSK IRU WKH UXQQLQJ H[DPSOH LV RQH WKDW LQFUHDVHV HY�
HU\ ,QWHO RUGHU E\ ���� +RZHYHU� VXFK D GDWDJUDSK LV
QRW PLQLPDO� 7KH RQO\ PLQLPDO GDWDJUDSKV DUH WKRVH
WKDW DVVLJQ WKH IXOO LQFUHDVH RI WKH ,QWHO SRVLWLRQ WR D
VLQJOH RUGHU� :H EHOLHYH WKDW EHLQJ UHVWULFWHG WR PLQ�
LPDO GDWDJUDSKV ZRXOG XQQHFHVVDULO\ GLVTXDOLI\ PHDQ�
LQJIXO K\SRWKHWLFDO GDWDJUDSKV� (

,I D PRGLnFDWLRQ LV DSSOLHG RQ D QRGH ZLWK QR LQ�
FRPLQJ HGJH� VD\ WKH 2UGHU&7'6 RI )LJXUH �� DQG
WKH HGJH H[SUHVVLRQ RSHUDWRUV DUH WRWDO WKHQ WKHUH LV
H[DFWO\ RQH K\SRWKHWLFDO PRGHO�
7KH UHVXOW RI D TXHU\ RU� PRUH JHQHUDO� WKH UHVXOW RI

DQ H[SUHVVLRQ �VD\� WKH H[SUHVVLRQ WKDW LV XVHG RQ WKH
ULJKW VLGH RI DQ DVVLJQPHQW� LV FRPSULVHG RI D VXUH DQG
D QRQ�VXUH SDUW DV GHnQHG EHORZ�

'HnQLWLRQ � �6XUH ([SUHVVLRQV� *LYHQ D GDWD�
JUDSK VFKHPD * DQG D VFHQDULR V� FRQVLVWLQJ RI P
PRGLnFDWLRQV� WKH H[SUHVVLRQ H�9P� LV VXUH LI IRU HY�
HU\ VWDWH RI * WKH UHVXOW RI HYDOXDWLQJ H�9P� RQ HYHU\
K\SRWKHWLFDO GDWDJUDSK LQ WKH VHW *�*� V� LV LGHQWLFDO��

,W LV LQWHUHVWLQJ WR QRWH WKH GLmHUHQFH RI RXU GHnQL�
WLRQ RI ?VXUH� ZLWK WKH RQH XVHG LQ >$+9��@ IRU WKH
GHnQLWLRQ RI XSGDWLQJ D VHOHFW�SURMHFW�MRLQ YLHZ� 7KH
ODWWHU RQH GRHV QRW XVH ?PLQLPDOLW\ RI FKDQJHV� DQG
WKLV PDNHV LW LQDSSURSULDWH LQ DQ 2/$3 HQYLURQPHQW
ZLWK DULWKPHWLF DQG DJJUHJDWH RSHUDWRUV� )RU H[DPSOH�
DFFRUGLQJ WR WKH GHnQLWLRQ RI >$+9��@ WKH XSGDWLQJ RI
D IUDJPHQW RI D VXP DJJUHJDWH QRGH PDNHV WKH ZKROH
VRXUFH QRGH XQVXUH�

� 6HVDPH
V $OJRULWKPV� ,PSOHPHQWD�
WLRQ DQG 3HUIRUPDQFH 5HVXOWV

7KH 6HVDPH V\VWHP LV WKH PLGGOH OD\HU LQ WKH ��
WLHU 2/$3 DUFKLWHFWXUH RI )LJXUH �� 7KH ZDUH�
KRXVH LV DFWXDOO\ VWRUHG LQ D UHODWLRQDO GDWDEDVH
^ FXUUHQWO\ 0LFURVRIW
V 64/ 6HUYHU� 2Q WKH
FOLHQW VLGH WKHUH LV D XVHU LQWHUIDFH WKDW FUHDWHV
WKH VFHQDULRV DQG K\SRWKHWLFDO TXHULHV WKDW DUH
VHQW WR 6HVDPH� $ VLPSOH *8, LV DYDLODEOH DW
ZZZ�GE�XFVG�HGX�SURMHFWV�VHVDPH�GHPR�KWP DQG
GHPRQVWUDWHV WKH UHZULWHU DQG WKH H[HFXWLRQ HQJLQH RI
6HVDPH� 6HVDPH SURFHVVHV WKH K\SRWKHWLFDO TXHU\
�DORQJ ZLWK WKH FRUUHVSRQGLQJ VFHQDULR� LQ WKUHH VWHSV�

�1RWH WKDW DFFRUGLQJ WR WKH DERYH GHnQLWLRQ _ DQG DFFRUGLQJ
WR 6HVDPH� ZKLFK IROORZV WKH DERYH GHnQLWLRQ _ WKH ?VXUHQHVV�
RI DQ H[SUHVVLRQ GHSHQGV RQO\ RQ WKH GDWDJUDSK VFKHPD DQG QRW
RQ WKH VSHFLnF GDWDJUDSK VWDWH� 7KLV GHFLVLRQ LV MXVWLnHG E\
REYLRXV LPSOHPHQWDWLRQ FRQVLGHUDWLRQV�
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6HVDPH¶V
7HPSRUDU\
7DEOHV

06�64/

6HUYHU

6XEVWLWXWLRQ�
0RGXOH

5HZULWHU

([HFXWLRQ
(QJLQH

5HZULWLQJ
5XOHV

'DWD*UDSK
6FKHPD

2SHUDWRUV

5HVXOW

4XHU\ 6FHQDULR

�����'HUHIHUHQFHG�4XHU\

([HFXWLRQ�3ODQ

*8,

64/�4XHULHV�
7UDQVDFW�64/

'DWD�
:DUHKRXVH
�'DWD*UDSK

'DWD�

)LJXUH �� 6HVDPH
V $UFKLWHFWXUH

)LUVW� WKH VXEVWLWXWLRQ PRGXOH �VHH )LJXUH �� FRP�
ELQHV WKH VFHQDULR DQG WKH RULJLQDO TXHU\ LQWR D QHZ
TXHU\� FDOOHG GHUHIHUHQFHG� WKDW UHIHUV GLUHFWO\ WR WKH
RULJLQDO GDWDJUDSK�
7KHQ WKH UHZULWHU WXUQV WKH GHUHIHUHQFHG TXHU\ LQWR

DQ RSWLPL]HG RQH� ZKLFK PD\ HYHQ XVH PDWHULDOL]HG
YLHZV� 5HZULWLQJ LV GULYHQ E\ WKH GDWDJUDSK DQG D VHW
RI UXOHV UHODWHG WR WKH LQYROYHG RSHUDWRUV �WKH FRPSOHWH
OLVW FDQ EH IRXQG LQ >%33@��

(;$03/( ��� &RQVLGHU WKH VLQJOH�PRGLnFDWLRQ
VFHQDULR RQ WKH GDWDJUDSK VKRZQ RQ )LJXUH �� ZKHUH
SRVLWLRQ RQ WKH VWRFN ?06)7� LV LQFUHDVHG E\ ����

3RVLWLRQ&76� � A}
7 06)7�0XOW���3RVLWLRQ&76

�

7KHQ FRQVLGHU WKH TXHU\ WKDW UHWULHYHV WKH K\SRWKHW�
LFDO YDOXH RI WKH DFFRXQW RI FOLHQW -RKQ

}
& -RKQ9DOXH&79

�

7KH VXEVWLWXWLRQ PRGXOH ZLOO FRPELQH WKH VFHQDULR DQG
WKH TXHU\ LQWR WKH IROORZLQJ GHUHIHUHQFHG TXHU\� 7KH
VSHFLnF VWHSV DUH H[SODLQHG LQ 6HFWLRQ ��� DQG ([DP�
SOH ����

}
& -RKQ� �A}7 06)7�0XOW���3RVLWLRQ&76

��
e3ULFH7RGD\79��

1H[W� WKH UHZULWHU PDNHV WKH IROORZLQJ WUDQVIRUPD�
WLRQV�

}
& -RKQ� �A}7 06)7�0XOW���3RVLWLRQ&76

��
e3ULFH7RGD\79��

 }
& -RKQ�A}7 06)7�0XOW���9DOXH&79

��
 A}7 06)7�0XOW���}& -RKQ9DOXH&79

�

 0XOW���}�7 06)7 �$1'�& -RKQ�9DOXH&79
�

>}
�7� 06)7 �$1'�& -RKQ�9DOXH&79

�

$W WKLV SRLQW WKH TXHU\ SURFHVVRU KDV DFKLHYHG WZR
JRDOV� �,� ,W KDV H[SUHVVHG WKH TXHU\ LQ WHUPV RI DF�
WXDO� VWRUHG UHODWLRQV� �,,� ,W KDV RSWLPL]HG WKH H[SUHV�
VLRQ E\ SXVKLQJ VHOHFWLRQV GRZQ WKH TXHU\ WUHH DQG E\
XVLQJ WKH DSSURSULDWH PDWHULDOL]HG YLHZV� ,Q SDUWLF�
XODU LW KDV XVHG WKH 9DOXH&79 � ^ DV RSSRVHG WR WKH
3RVLWLRQ&76 �� (

)LQDOO\� 6HVDPH
V H[HFXWLRQ HQJLQH WUHDWV WKH H[�
SUHVVLRQ SURGXFHG E\ WKH UHZULWHU DV DQ H[HFXWLRQ
SODQ�� 7KH HQJLQH WUDYHUVHV WKH SODQ WUHH ERWWRP�XS�
:KHQ LW ORFDWHV D VXEWUHH W WKDW FRUUHVSRQGV WR D VLQJOH
64/ VWDWHPHQW F LW VHQGV F WR WKH 64/ VHUYHU� &RQ�
VHTXHQWO\ WKH VHUYHU FUHDWHV DQG VWRUHV WKH UHVXOW WD�
EOH U RI F DQG WKH HQJLQH UHSODFHV WKH VXEWUHH W ZLWK
WKH WDEOH U� +RZHYHU� PDQ\ 6HVDPH RSHUDWRUV FDQQRW
EH UHGXFHG WR 64/ �H�J�� PRYLQJ ZLQGRZV DQG nQDQ�
FLDOV�� )RU HDFK RSHUDWRU RI WKLV NLQG 6HVDPH KDV D
VWRUHG SURFHGXUH ZULWWHQ LQ 0LFURVRIW
V 7UDQVDFW�64/�
ZKLFK KDV WKH IXOO SRZHU RI D SURJUDPPLQJ ODQJXDJH�
(DFK SURFHGXUH LPSOHPHQWV WKH IXQFWLRQDOLW\ RI D VSH�
FLnF 6HVDPH RSHUDWRU� 1RWH WKDW DOO SURFHVVLQJ LV
GRQH DW WKH 64/ 6HUYHU DQG QR GDWD LV PRYHG EHWZHHQ
6HVDPH
V H[HFXWLRQ HQJLQH DQG WKH 64/ 6HUYHU� 2QO\
WKH nQDO UHVXOW SDVVHV WKURXJK WKH HQJLQH� EHIRUH LW LV
VHQW WR WKH FOLHQW��

(;$03/( ��� 7KH HQJLQH ZLOO WUDQVODWH WKH SODQ
SURGXFHG E\ WKH UHZULWHU LQ WKH ([DPSOH ��� LQWR WKH
64/ TXHU\

6(/(&7 &� 7� �9 
 ���� $6 9
)520 9DOXH&79
:+(5( 7  �06)7� $1' &  �-RKQ�
81,21
6(/(&7 
 )520 9DOXH&79
:+(5( 7 � �06)7� $QG &  �-RKQ�

)RU WKH VDNH RI WKH H[DPSOH� OHW XV DVVXPH WKDW 64/
GRHV QRW KDYH D PXOWLSOLFDWLRQ RSHUDWRU� 7KHQ WKH
HQJLQH ZLOO H[HFXWH WKH SODQ E\ LVVXLQJ WKH IROORZLQJ
WKUHH FRPPDQGV WR WKH 64/ 6HUYHU�

�� 6(/(&7 
 ,172 �7PS� )520 9DOXH&79
:+(5( 7  �06)7� $1' &  �-RKQ� �FUHDWHV
�7PS�  }

�7 06)7�$1'�& -RKQ�9DOXH&79�

�� 5XQ D 7UDQVDFW�64/ SURFHGXUH WKDW FUHDWHV D �7PS�
ZKHUH 9 LV PXOWLSOLHG E\ ����

�� 6(/(&7 
 )520 9DOXH&79
:+(5( 7 � �06)7� $1' &  �-RKQ�
81,21
6(/(&7 
 )520 �7PS�

(

,Q PDQ\ UHDO�ZRUOG VLWXDWLRQV� VXEVWLWXWLRQ DQG
UHZULWLQJ DUH QRW DV VLPSOH RU DV IDVW DV WKH IHZ VWHSV RI

�:H KDYH QRW \HW VHSDUDWHG WKH QRWLRQV RI ORJLFDO DQG SK\VLFDO
SODQ >*08:��@ PDLQO\ EHFDXVH WKH SK\VLFDO ZRUN LV SDVVHG WR
WKH 64/ VHUYHU�
�1RWH DOVR WKDW LQ RUGHU WR LPSURYH WKH SHUIRUPDQFH WKH LQ�

WHUPHGLDWH WDEOHV DUH VWRUHG LQ D VSHFLDO WHPSRUDU\ GDWDEDVH
ZKLFK LV NHSW LQ WKH PDLQ PHPRU\�
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WKH ([DPSOH ��� VXJJHVW� ,Q WKH JHQHUDO FDVH WKH\ ERWK
UHGXFH WR FRPELQDWRULDO SUREOHPV� :H KDYH VSHG XS
VXEVWLWXWLRQ E\ IRFXVLQJ RXU DOJRULWKPV RQ WKH FODVV RI
VWUXFWXUDOO\ VXUH VFHQDULR TXHULHV� )RU WKLV FODVV VXE�
VWLWXWLRQ LV SRO\QRPLDO LQ WKH VL]H RI WKH TXHU\ DQG WKH
GDWDJUDSK� 7KHQ ZH SUHVHQW D VHULHV RI UHZULWHUV WKDW
DGGUHVV WKH SHUIRUPDQFH FKDOOHQJHV WKDW DUH VSHFLDO WR
ZKDW�LI VFHQDULRV�
6HFWLRQ ��� GHVFULEHV WKH VXEVWLWXWLRQ VWHS� 6HF�

WLRQ ��� JLYHV DQ RYHUYLHZ RI D VWUDLJKWIRUZDUG UHZULW�
LQJ DOJRULWKP DQG LWV SHUIRUPDQFH SUREOHPV LQ QRQ�
WULYLDO VFHQDULRV� 6HFWLRQ ��� LQWURGXFHV WKH PLQWHUPV
UHSODFHPHQW IRU HpFLHQWO\ UHZULWLQJ VFHQDULRV ZLWK
PXOWLSOH VHOHFW�PRGLnFDWLRQV� 6HFWLRQ ��� GHVFULEHV WKH
SDFNHG IRUHVW UHZULWHU� 6HFWLRQ ��� SURYLGHV H[SHUL�
PHQW UHVXOWV�

��� 6XEVWLWXWLRQ

7KH VXEVWLWXWLRQ PRGXOH UHFHLYHV �L� D GDWDJUDSK '��
�LL� D VFHQDULR V LOOXVWUDWHG LQ �64�� WKDW SURGXFHV
DQ K\SRWKHWLFDO GDWDJUDSK 'Q DQG �LLL� D TXHU\ T  
HT�9Q

T � RQ 'Q� 7KH PRGXOH GHULYHV D TXHU\ T� WKDW ���
XVHV H[FOXVLYHO\ WKH QRGHV RI WKH RULJLQDO GDWDJUDSK
'�� DQG ��� ZKHQ HYDOXDWHG RQ '� LW UHWXUQV WKH VDPH
DQVZHU WKDW T UHWXUQV ZKHQ LW LV HYDOXDWHG RQ WKH GDWD�
JUDSK 'Q� :H ZLOO FDOO T� WKH GHUHIHUHQFHG TXHU\�

Y�P � H��9�� �
Y�P � H��9���� �
���

YQP � HQ�9������Qb�Q �

HT�9Q
T ��TXHU\

�64��

7KH LPSOHPHQWHG VXEVWLWXWLRQ PRGXOH ZRUNV IRU WKH
FODVV RI VWUXFWXUDOO\ VXUH VFHQDULR�TXHULHV� ZKLFK DUH
JXDUDQWHHG WR EH VXUH �DV GHnQHG LQ 6HFWLRQ ��� 6WUXF�
WXUDO VXUHQHVV OHDGV WR D YHU\ HpFLHQW VXEVWLWXWLRQ DO�
JRULWKP� EHFDXVH LW GHSHQGV RQ WKH JUDSK VWUXFWXUH
RI WKH GDWDJUDSK VFKHPD DQG VFHQDULR PRGLnFDWLRQV�
EXW QRW RQ WKH GDWDJUDSK
V HGJH H[SUHVVLRQV DQG WKH
UHODWHG D[LRPV�
*LYHQ D GDWDJUDSK'� DQG WKH VFHQDULR�TXHU\ �64��

WKH IROORZLQJ QRGHV RI '�� � � � � 'Q DUH VWUXFWXUDOO\
VXUH� )RU HDFK VWUXFWXUDOO\ VXUH QRGH Y ZH DOVR SUR�
YLGH D VHW RI H[SUHVVLRQV &�Y� WKDW FRPSXWH Y XVLQJ '�
QRGHV H[FOXVLYHO\�

,QLWLDO 1RGHV (YHU\ QRGH Y� LV VWUXFWXUDOO\ VXUH� )RU
HDFK Y� LW LV

&�Y��  IY�J

'LUHFWO\ 0RGLnHG 1RGHV ,I WKH QRGHV 9������Lb�L
XVHG LQ WKH LWK PRGLnFDWLRQ DUH VWUXFWXUDOO\ VXUH
WKHQ WKH GLUHFWO\ PRGLnHG QRGH YLP LV DOVR VWUXF�
WXUDOO\ VXUH� 7KH VHW RI H[SUHVVLRQV WKDW FRPSXWH
YLP LV FRQVWUXFWHG E\ DSSO\LQJ WKH PRGLnFDWLRQ

H[SUHVVLRQ HL RQ HDFK H[SUHVVLRQ H� WKDW FRPSXWHV
WKH FRUUHVSRQGLQJ QRGH YLb�P RI 'Lb�� L�H��

&�YLP�  IHL�H��MH� � &�YLb�P �J

8QPRGLnHG 1RGHV ,I WKH QRGH YL LV QRW D GHVFHQ�
GDQW RI DQ DQFHVWRU RI WKH QRGH YLP WKDW ZDV PRG�
LnHG LQ WKH LWK VWHS RI WKH VFHQDULR WKHQ YL LV DOVR
VWUXFWXUDOO\ VXUH� 2QH FDQ HDVLO\ VHH WKDW VXFK
QRGHV YL DUH OHIW XQPRGLnHG E\ WKH LWK PRGLnFD�
WLRQ� +HQFH

&�YL�  &�YLb��
,QGLUHFWO\ 0RGLnHG 1RGHV ,I WKHUH LV DQ K\SHU�

HGJH $L H� YL DQG DOO RI WKH QRGHV DLM � $L DUH

VWUXFWXUDOO\ VXUH WKHQ YL LV DOVR VWUXFWXUDOO\ VXUH�
,Q JHQHUDO� WKHUH DUH PDQ\ ZD\V LQ ZKLFK ZH FDQ
FRPSXWH YL� )RU H[DPSOH� JLYHQ WKH K\SHUHGJH OD�
EHOHG E\ H DQG JLYHQ H[SUHVVLRQV HDL

M
WKDW FRPSXWH

HDFK RI WKH DLM � $L RQH H[SUHVVLRQ WKDW FRPSXWHV

YL LV GHULYHG E\ VXEVWLWXWLQJ HDFK LQVWDQFH RI DLM
LQ H ZLWK WKH FRUUHVSRQGLQJ HDL

M
� +RZHYHU WKHUH

PD\ EH PDQ\ K\SHUHGJHV OHDGLQJ WR YL DQG HDFK
VRXUFH QRGH DLM RI WKH K\SHUHGJH PD\ EH FRPSXWHG

E\ PXOWLSOH H[SUHVVLRQV �L�H�� &�DLM� ZLOO W\SLFDOO\
KDYH PRUH WKDQ RQH H[SUHVVLRQV�� +HQFH &�YL� LV
WKH IROORZLQJ VHW�

&�YL�  I H �DL� �� HDL
�
� � � � � DLP �� HDLP�

M�IDL�� � � � � DLPJ H� YL�
HDL

�
� &�DL��� � � � � HDLP � &�DLP�J

ZKHUH WKH QRWDWLRQ H �DL� �� HDL
�
� � � � � DLP ��

HDLP� VWDQGV IRU WKH VXEVWLWXWLRQ RI HDFK DLM � M  
�� � � � �P� LQ H ZLWK HDL

M
�

)LQDOO\� D VFHQDULR�TXHU\ LV VWUXFWXUDOO\ VXUH LI HYHU\
QRGH LQ WKH QRGH VHW 9Q

T � ZKLFK LV XVHG E\ WKH TXHU\� LV
VWUXFWXUDOO\ VXUH� ,W LV HDV\ WR VHH WKDW WKH TXHU\ FDQ
EH FRPSXWHG E\ DQ\ H[SUHVVLRQ RI WKH VHW

&T  I HT �Y
Q
� �� HYQ

�
� � � � � YQO �� HYQ

O
�

MHYQ
�
� &�YQ� �� � � � � HYQO � &�YQO �J

7KH LPSOHPHQWHG DOJRULWKP FRPSXWHV WKH & VHWV
WRS�GRZQ _ XQOLNH WKH DERYH GHnQLWLRQV WKDW KLQW D
ERWWRP�XS DOJRULWKP� 7KH WRS�GRZQ GHULYDWLRQ FRP�
SXWHV IHZHU & VHWV WKDQ WKH ERWWRP�XS RQH� EHFDXVH
WKH ERWWRP�XS RQH FRPSXWHV & VHWV HYHQ IRU WKH QRGHV
WKDW DUH ?LUUHOHYDQW� WR WKH TXHU\�

(;$03/( ��� &RQVLGHU �DJDLQ� WKH PRGLnFDWLRQ
DQG WKH TXHU\ RI ([DPSOH ���� 7KH VXEVWLWX�
WLRQ DOJRULWKP nUVW ORFDWHV D WUDQVLWLYH K\SHUHGJH
WKDW OHDGV WR 9DOXH&79� DQG FRQWDLQV RQO\ GLUHFWO\
PRGLnHG DQG XQPRGLnHG QRGHV� 6XFK D WUDQVL�
WLYH HGJH LV WKH I3RVLWLRQ&76��3ULFH7RGD\79�J e�
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9DOXH&79� VLQFH 3RVLWLRQ&76 � LV GLUHFWO\ PRGLnHG
DQG 3ULFH7RGD\79 � LV XQPRGLnHG� 1RZ ZH FDQ UH�
SODFH WKH TXHU\ ZLWK�

}
& -RKQ�3RVLWLRQ&76

� e 3ULFH7RGD\79��

7KHQ 3RVLWLRQ&76� LV UHSODFHG E\ WKH ULJKW KDQG
VLGH RI WKH K\SRWKHWLFDO DVVLJQPHQW� 3ULFH7RGD\79�

LV UHSODFHG E\ 3ULFH7RGD\79 EHFDXVH LW LV ?XQPRGL�
nHG�� +HQFH� ZH HQG XS ZLWK WKH GHUHIHUHQFHG TXHU\
}
& -RKQ��A}7 06)7�08/7����

3RVLWLRQ&76�e
3ULFH7RGD\79�

(

��� 6HVDPH
V 5HZULWHUV

7KLV VHFWLRQ GHVFULEHV WKH FKDOOHQJHV WKDW DULVH GXULQJ
WKH UHZULWLQJ RI GHUHIHUHQFHG TXHULHV DQG WKH VROXWLRQV
GHYHORSHG IRU 6HVDPH
V UHZULWHU�
7KH YDULHW\ RI RSHUDWRUV� GDWDJUDSKV DQG VFHQDULR

TXHULHV WKDW KDYH WR EH FRQVLGHUHG GXULQJ TXHU\ UHZULW�
LQJ� SURPSWHG XV WR nUVW GHYHORS WKH XOWUD�FRQVHUYDWLYH
UHZULWHU WKDW H[KDXVWLYHO\ VHDUFKHV WKH VSDFH RI SODQV�
:H FRQnJXUHG WKLV UHZULWHU ZLWK D VHW RI � RSHUDWRUV�
IRUPDOO\ GHnQHG LQ >%33@ DQG WKH �� UHZULWLQJ UXOHV
OLVWHG LQ >%33@��

$OWKRXJK IRU D VPDOO VHW RI LQSXWV WKH XOWUD�
FRQVHUYDWLYH DOJRULWKP PLJKW SHUIRUP UHDVRQDEO\ ZHOO�
LQ WKH JHQHUDO FDVH LWV UXQQLQJ WLPH LV YHU\ SRRU� $Q
H[SRQHQWLDO EORZXS ZDV REVHUYHG� UHVXOWLQJ LQ SRRU
SHUIRUPDQFH IRU TXHULHV ZLWK PRUH WKDQ IRXU VHOHFW�
PRGLnFDWLRQV�

7KH SRRU SHUIRUPDQFH RI WKH XOWUD�FRQVHUYDWLYH DO�
JRULWKP LV GXH WR FKDOOHQJHV WKDW UHODWH WR WKH VWUXF�
WXUH DQG VL]H RI GHUHIHUHQFHG TXHULHV� :H GHVFULEH QH[W
WKH FKDOOHQJHV DORQJ ZLWK WKH VROXWLRQV WKDW 6HVDPH
V
UHZULWHU JLYHV�

��� ([SRQHQWLDOLW\ LQ WKH QXPEHU RI 6HOHFW�
0RGLnFDWLRQV DQG WKH 0LQWHUPV 6ROXWLRQ

7KH nUVW FKDOOHQJH LV WKH H[SRQHQWLDO VL]H RI WKH GHUHI�
HUHQFHG TXHU\ DIWHU UHSODFLQJ HDFK VHOHFW PRGLnFDWLRQ
A}FL�IL5 ZLWK IL}FL5>}�FL5� )RU H[DPSOH� WKH H[SUHV�
VLRQ A}F��I�A}F��I�A}F��I�5 LV UHZULWWHQ DV�

I�}F��I�}F��I�}F�5 > }�F�5� > }�F��I�}F�5 > }�F�5��
>}�F��I�}F��I�}F�5 > }�F�5� > }�F��I�}F�5 > }�F�5��

2QH PD\ ZRQGHU ZKHWKHU FRQVLGHULQJ FRPPRQ
VXEH[SUHVVLRQV FRXOG OHDG WR D IDVWHU UHZULWHU WKDW
ZRXOG RSWLPL]H HDFK FRPPRQ VXEH[SUHVVLRQ MXVW RQFH�
7KH VKRUWFRPLQJ RI WKLV DSSURDFK LV WKDW WKH PRGLI\�
LQJ IXQFWLRQV �I�� I� DQG I� DERYH� ZLOO PDNH HDFK RI
WKH WZR FRSLHV RI WKH FRPPRQ VXEH[SUHVVLRQ LQWHUDFW
GLmHUHQWO\ ZLWK WKH UHVW RI WKH H[SUHVVLRQ DQG KHQFH LW

�7KLV VHW RI UXOHV GRHV QRW FUHDWH DQ LQnQLWHO\ ODUJH VSDFH RI
SODQV�

ZLOO EHFRPH LPSRVVLEOH WR RSWLPL]H WKH FRPPRQ VXEH[�
SUHVVLRQ MXVW RQFH�

6HVDPH
V UHZULWHU� SURYLGHV DQ HpFLHQW VROXWLRQ WR
WKLV SUREOHP E\ LGHQWLI\LQJ WKH PLQWHUPV RI 5� $
PLQWHUP LV D VHW RI WXSOHV RQ ZKLFK H[DFWO\ WKH VDPH
PRGLI\LQJ IXQFWLRQV DUH DSSOLHG� ,GHQWLI\LQJ PLQWHUPV
LQ D TXHU\ WKDW LQYROYHV VHOHFW�PRGLnFDWLRQV DOORZV WKH
UHZULWHU WR UHPRYH WKH H[SRQHQWLDOLW\ LQ WKH QXPEHU RI
VHOHFW�PRGLnFDWLRQV� LQVWHDG� WKH UHVXOW LV H[SRQHQWLDO
RQO\ LQ WKH QXPEHU RI GLPHQVLRQV UHIHUHQFHG LQ WKH VH�
OHFWLRQV RI WKH TXHU\� 7KH PLQWHUPV WHFKQLTXH FDQ EH
DSSOLHG LQ WKH FDVH RI VFHQDULRV ZKHUH�

�� 7KH FRQGLWLRQV RI WKH VHOHFW�PRGLnFDWLRQV GR QRW
LQYROYH PHDVXUH DWWULEXWHV�

�� 7KH PRGLI\LQJ IXQFWLRQV
LQ WKH VHOHFW�PRGLnFDWLRQV DUH FRPPXWDEOH ZLWK
VHOHFWLRQ DQG XQLRQ RSHUDWRUV�

7KRXJK WKH DERYH UHTXLUHPHQWV VHHP VWULFW� WKH\ DUH
TXLWH FRPPRQ� ,QGHHG� PRGLI\LQJ IXQFWLRQV FRQVLVWLQJ
RI DULWKPHWLF RSHUDWRUV� ZKLFK ZH EHOLHYH DUH SUHGRP�
LQDQW LQ ZKDW�LI SUDFWLFH� PHHW WKH DERYH FRQGLWLRQV�
1RZ FRQVLGHU WKH IROORZLQJ VFHQDULR�TXHU\� ZKLFK LV

DPHQDEOH WR WKH PLQWHUPV WHFKQLTXH EHFDXVH WKH PRG�
LI\LQJ IXQFWLRQV FRPPXWH ZLWK VHOHFWLRQ DQG XQLRQ DQG
WKH FRQGLWLRQV DUH RI WKH IRUP $ � UDQJHM RU $  FM
ZKHUH $ LV D GLPHQVLRQ� )RU VLPSOLFLW\ OHW XV FRQVLGHU
HTXDOLW\ FRQGLWLRQV DV D VSHFLDO FDVH RI UDQJH FRQGL�
WLRQV�

VFHQDULR 9 � � A}$�>O��X�@�H�9
9 � � A}$�>O��X���H�9

�

���
9 Q � A}$�>OQ�XQ��HQ9

Qb�

TXHU\ HT�9
Q�

7KH GHUHIHUHQFHG TXHU\ IRU WKH DERYH LV

HT�A}$�>OQ�XQ��HQ � � � A}$�>O��X���H�A}$�>O��X���H�9 � �4��

8VLQJ WKH PLQWHUP WHFKQLTXH WKLV VFHQDULR TXHU\ FDQ
EH UHZULWWHQ LQWR WKH PLQWHUP IRUP

HT� �>M ���Q}$�>FMb��FM�H
M
QH

M
Qb� � � � H

M
�9 �>

}$��>F��F�Q�9 �
�4��

ZKHUH WKH SRLQWV F�� � � � � F�Q DUH VLPSO\ DQ RUGHUHG OLVW
RI WKH OL DQG XL SRLQWV �L�H�� F� � F� � � � � � F�Q��

HML LV HL LI WKH UDQJH >OL� XL� FRYHUV WKH UDQJH >FMb�� FM�
DQG LW LV WKH LGHQWLW\ IXQFWLRQ RWKHUZLVH �L�H�� LW FDQ EH
RPLWWHG DV ZHOO��

(;$03/( ��� 7KH H[SUHVVLRQ

A}'�>� � ���� �� ����0XOW���
A}'LQ>� �� ���� �� ����0XOW���

A}'�>� �� ���� �� ����0XOW���
2UGHU&7'6
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UHGXFHV WR WKH IROORZLQJ DIWHU WKH VHOHFW PRGLnFDWLRQV
DUH UHPRYHG XVLQJ WKH PLQWHUPV WHFKQLTXH

}'�>� � ���� �� ���0XOW���2UGHU&7'6
>}'�>� �� ���� �� ���0XOW���0XOW���2UGHU&7'6
>}'�>� �� ���� �� ���0XOW���2UGHU&7'6
>}'�>� �� ���� �� ���0XOW���0XOW���2UGHU&7'6
>}'�>� �� ���� �� ���0XOW���2UGHU&7'6
>}7  �>� � ���� �� ���2UGHU&7'6

(

1RWH WKDW WKH DERYH PLQWHUP IRUP LV OLQHDU LQ WKH
QXPEHU RI VHOHFW�PRGLnFDWLRQV ^ DV RSSRVHG WR H[�
SRQHQWLDO� :H FDQ JHQHUDOL]H WKH DERYH WUDQVIRUPD�
WLRQ WR RQH ZKHUH WKH FRQGLWLRQV LQYROYH G GLPHQVLRQV�
,Q WKLV FDVH WKH QXPEHU RI PLQWHUPV �L�H�� WKH QXP�
EHU RI RSHUDQGV LQ WKH DERYH XQLRQ� ZLOO EH OHVV WKDQ
���Q� �� G�G� $ SRO\QRPLDO WLPH DOJRULWKP WKDW SHU�
IRUPV WKH DERYH WUDQVIRUPDWLRQ LV LQ >%33@�

��� 0XOWL�2SHUDQG 2SHUDWRUV &KDOOHQJH DQG
WKH 3DFNHG )RUHVWV
 6ROXWLRQ

7KH VHFRQG FKDOOHQJH DULVHV ZKHQ WKH UHZULWHU RSWL�
PL]HV XQLRQV DQG RWKHU PXOWL�RSHUDQG RSHUDWRUV� ,Q
WKLV FDVH� WKH UHZULWHU SURGXFHV DQ H[SRQHQWLDO QXP�
EHU RI HTXLYDOHQW H[SUHVVLRQV�

(;$03/( ��� $VVXPH WKDW WKH RSHUDWRUV D DQG E
DUH FRPPXWDWLYH� 7KHQ� JLYHQ WKH H[SUHVVLRQ D�E�5��>
�D�E�6�� WKH UHZULWHU ZLOO DOVR GHULYH D�E�5��>�E�D�6���
E�D�5�� > �D�E�6��� DQG E�D�5�� > �E�D�6��� (

6\VWHP�5 VW\OH RSWLPL]HUV UHVROYH WKLV SUREOHP E\
RSWLPL]LQJ HDFK EUDQFK RI WKH XQLRQ VHSDUDWHO\� L�H�
E\ HPSOR\LQJ ORFDO RSWLPL]DWLRQ �FDOOHG G\QDPLF SUR�
JUDPPLQJ LQ WKH FRQWH[W RI 6\VWHP�5�� +RZHYHU� WKH
ORFDO RSWLPL]DWLRQ DOJRULWKPV PD\ PLVV WKH RSSRUWX�
QLW\ WR XVH D PDWHULDOL]HG YLHZ� 7KH IROORZLQJ H[DPSOH
LOOXVWUDWHV WKH SUREOHP�

(;$03/( ��� &RQVLGHU WKH GHUHIHUHQFHG TXHU\
$YJ&�0XOW���2UGHU&7'6� e &RXQW&�2UGHU&7'6 �
DJDLQVW D GDWDJUDSK FRQWDLQLQJ WKH YLHZV

9�  
3

& 2UGHU&7'6
9�  $YJ&�2UGHU&7'6 �

,I WKH RSWLPL]HU SURFHVVHG HDFK RSHUDQG RI WKH PXO�
WLSOLFDWLRQ RSHUDWRU VHSDUDWHO\� LW ZRXOG DUULYH WR
0XOW���9� e &RXQW&�2UGHU&7'6� DQG ZRXOG QRW EH
DEOH WR UHDFK WKH RSWLPDO 0XOW���9� � (

3DFNHG )RUHVWV

7KH DERYH H[DPSOH GHPRQVWUDWHV WKDW ORFDO RSWLPL]D�
WLRQ PD\ PLVV WKH RSWLPDO UHZULWLQJ� 2XU UHZULWHU
WDFNOHV WKH SUREOHP E\ HPSOR\LQJ WKH SDFNHG IRUHVWV
GDWD VWUXFWXUH� ZKLFK HpFLHQWO\ VWRUHV DOO HTXLYDOHQW

IXQFWLRQ EXLOG)RUHVW�TXHU\ T� UXOHV 5� GDWDJUDSK '�
UHWXUQV IRUHVW )

IRU HYHU\ K\SHUHGJH IY�� � � � � YQJ H� YG
LQVHUW H�Y�� � � � � YQ�� YG LQ 5

4XHXH � >T@
LQVHUW WKH QRGH T LQ )
ZKLOH 4XHXH LV QRW HPSW\
UHPRYH IURP 4XHXH LWV nUVW HOHPHQW T�

IRU HYHU\ UXOH U LQ 5
LI U�PDWFK�T�� WUXH

DQG UHWXUQV WKH VHW RI ELQGLQJV %
IRU HYHU\ ELQGLQJ E IURP WKH VHW %
JHQHUDWH QHZ WUHH W  U�UHZULWH�E�
WUDYHUVH W
V QRQ�IRUHVWHG SDUW ERWWRP�XS�
DSSO\LQJ EXLOG)RUHVW�� WR HYHU\ QRGH�
LI W LV QRW DOUHDG\ LQ ) LQVHUW W LQ 4XHXH
LQVHUW WKH QRGH W LQ )

)LJXUH �� 3DFNHG )RUHVWV 2SWLPL]HU

SODQV IRU HDFK VXEH[SUHVVLRQ ^ DV RSSRVHG WR 6\VWHP�
5 RSWLPL]HUV� ZKLFK QRWH RQO\ WKH RSWLPDO SODQ DQG
GLVFDUG WKH UHVW�
7HFKQLFDOO\� D SDFNHG IRUHVW LV D GDWD VWUXFWXUH WKDW

FDQ HQFRGH LQ D FRPSDFW ZD\ D FODVV RI HTXLYDOHQW H[�
SUHVVLRQV� $ IRUHVW RI DQ H[SUHVVLRQ ( LV D VHW RI DOO
H[SUHVVLRQV HTXLYDOHQW WR (� $ SDFNHG IRUHVW RI ( LV D
IRUHVW LQ ZKLFK HYHU\ VXEWUHH RI HDFK H[SUHVVLRQ LV DOVR
D IRUHVW�

3DFNHG IRUHVWV KDYH EHHQ XVHG WR VDYH VSDFH LQ SDUV�
LQJ RI QDWXUDO ODQJXDJHV >51��@� 7R LOOXVWUDWH KRZ
SDFNHG IRUHVWV DUH XVHG WR LPSURYH HpFLHQF\ RI WKH
TXHU\ UHZULWLQJ OHW XV UHFRQVLGHU WKH XQLRQ H[SUHVVLRQ
RI ([DPSOH ���� 7KH SDFNHG IRUHVW RI WKLV H[SUHVVLRQ
LV ID�E�5��� �E�D�5��J > ID�E�6��� E�D�6��J�
1RWLFH WKDW LI WKH XQLRQ KDG Q RSHUDQGV DQG WKH

SDFNHG IRUHVW RI HDFK RQH KDG WZR HTXLYDOHQW H[SUHV�
VLRQV WKH SDFNHG IRUHVW HQFRGLQJ ZRXOG UHTXLUH VSDFH
OLQHDU LQ Q ZKLOH LW UHSUHVHQWV �Q HTXLYDOHQW H[SUHV�
VLRQV�
7KH SDFNHG IRUHVW UHZULWLQJ DOJRULWKP VKRZQ LQ )LJ�

XUH � FUHDWHV WKH SDFNHG IRUHVW RI D JLYHQ TXHU\� /HW
XV LOOXVWUDWH WKLV DOJRULWKP ZLWK WKH UHZULWLQJ RI WKH
TXHU\�

3
&�A}>< HDU �����0XOW���@�&67 ��

,Q WKH nUVW VWHS �VHH )LJXUH �� � WKH LQLWLDO WUHH LV WUD�
YHUVHG ERWWRP XS VWDUWLQJ DW }< HDU ���� DQG D IRUHVW
LV EXLOW RXW RI HDFK QRQ�OHDI QRGH� ,Q )LJXUH � GRWWHG
FLUFOHV LQGLFDWH WKH URRWV RI WKH VXEWUHHV IRU ZKLFK WKH
EXLOG)RUHVW�� LV FDOOHG� DQG VROLG ER[HV LQGLFDWH FRP�
SOHWHG IRUHVWV� 6LQFH QR UXOHV PDWFK DQ\ RI WKH QRGHV�
XQWLO WKH UHZULWHU UHDFKHV WKH URRW QRGH

3
& � HYHU\ IRU�

HVW FRQWDLQV H[DFWO\ RQH WUHH �VWHS � LQ WKH nJXUH�� $W
WKLV SRLQW WKH UXOH

3
$�5�>5��� �

3
$5��>�

3
$5��

nUHV DQG DGGV WKH VHFRQG WUHH WR WKH IRUHVW WKDW LV EH�
LQJ EXLOW �VWHS ��� 1RWH� WKDW WKH QHZ WUHH DOUHDG\ KDV
IRUHVWV EXLOW IRU e��� DQG }< HDU� ����� EHFDXVH WKHVH VXE�
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)LJXUH �� ([DPSOH RI 3DFNHG )RUHVW 2SWLPL]DWLRQ

WUHHV ZKHUH FRSLHG IURP WKH RULJLQDO H[SUHVVLRQ ZLWK�
RXW PRGLnFDWLRQV�
1H[W� WKH EXLOG)RUHVW�� IXQFWLRQ LV FDOOHG IRU HYHU\

QRQ�IRUHVWHG FKLOG RI > L�H�� ERWK LWV FKLOGUHQ� ,W VWDUWV
ZLWK WKH OHIW

3
& � 7KLV LQVWDQFH RI EXLOG)RUHVW�� XVHV

WKH
3

$0XOWN � 0XOWN
3

$ UHZULWLQJ DQG SURGXFHV
WKH H[SUHVVLRQ 7�  0XOW���

3
&�}< HDU �����&67 ���

7KHQ LW UHFXUVLYHO\ FDOOV EXLOG)RUHVW�� RQ 7� �VWHS ���
7KH UHVW RI WKH IRUHVWV LV SURGXFHG� LQ WKH VLPLODU IDVK�
LRQ�
%\ GHIDXOW� 6HVDPH
V UHZULWLQJ UXOHV XVH RQO\ WKH

ORFDO RSWLPXP SODQ RI HDFK VXEH[SUHVVLRQ� WKXV EHLQJ
DOPRVW DV IDVW DV ORFDO RSWLPL]DWLRQ DOJRULWKPV� +RZ�
HYHU� VSHFLDOO\ ZULWWHQ UXOHV VSHQG H[WUD WLPH WR VFDQ
�QRW RQO\ WKH ORFDO RSWLPXP EXW DOVR� WKH HTXLYDOHQW
VXEH[SUHVVLRQV DQG KHQFH nQG WKH RSWLPDO UHZULWLQJ�
,Q RXU FXUUHQW V\VWHP LPSOHPHQWDWLRQ RQO\ WKH UXOH
$YJ&5 e &RXQW&5 � 3

& 5 LV LPSOHPHQWHG LQ WKLV
IDVKLRQ� 7KH PDWFK�� IXQFWLRQ RI WKLV UXOH ORRNV DW
WKH URRWV RI DOO WUHHV LQ WKH RSHUDQG IRUHVWV� VHOHFWLQJ
6XP
V LQ WKH nUVW RSHUDQG DQG &RXQW
V LQ WKH VHFRQG�
7KHQ SDLUV RI 6XP DQG &RXQW ZLWK WKH VDPH RSHUDQGV
DQG SDUDPHWHUV VKRXOG EH LGHQWLnHG� DQG ELQGLQJV EH
SURGXFHG IRU HDFK RI WKRVH SDLUV�
3DFNHG IRUHVWV JUHDWO\ UHGXFH WKH DPRXQW RI VSDFH

UHTXLUHG E\ WKH UHZULWHU DQG DOORZ XV WR WUDGH WKH
UHZULWHU UXQQLQJ WLPH ZLWK WKH FRPSOH[LW\ RI UHZULW�
LQJV LW FDQ GR�

��� ([SHULPHQW UHVXOWV

7KLV VHFWLRQ SUHVHQWV WZR VHWV RI H[SHULPHQWV� )LUVW�
ZH HYDOXDWH WKH UXQQLQJ WLPH RI DQ RSWLPL]HU WKDW HP�
SOR\V WKH WHFKQLTXHV GHVFULEHG LQ 6HFWLRQV ���� ���� DQG
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)LJXUH �� 4XHU\ RQ 3RVLWLRQ&76�
��� RQ WKH SHUIRUPDQFH RI WKH UHZULWHU� 6HFRQG� ZH
HYDOXDWH 6HVDPH
V RYHUDOO SHUIRUPDQFH LQ FRPSDULVRQ
ZLWK UHFRPSXWDWLRQ DQG LQFUHPHQWDO XSGDWH SROLFLHV
LQ D FRQYHQWLRQDO GDWD ZDUHKRXVH�
7KH GDWD SUHVHQWHG LQ WKLV VHFWLRQ ZHUH REWDLQHG

RQ WKH VDPH 3HQWLXP ,, ��� 0+]� :LQGRZV 17�
-'.��� ZLWK +RWVSRW -DYD 9LUWXDO 0DFKLQH FRQnJXUD�
WLRQ ZKHUH WKH GDWD IRU WKH XOWUD FRQVHUYDWLYH UHZULWHU
ZHUH REWDLQHG� ,Q DOO FDVHV WKH UHZULWHU ZDV VHW XS
ZLWK WKH GDWDJUDSK VFKHPD RI )LJXUH �� 7KH VDPH VHW
RI UHZULWLQJ UXOHV OLVWHG LQ >%33@ ZDV XVHG�

5HZULWHU 5XQQLQJ 7LPH ([SHULPHQWV

,Q WKLV VHFWLRQ ZH HYDOXDWH D UHZULWHU HPSOR\LQJ
PLQWHUPV DQG WKH SDFNHG IRUHVW WHFKQLTXH� :H GR
QRW VKRZ UHVXOWV IRU UHZULWHUV ZLWKRXW WKHVH WZR WHFK�
QLTXHV� IRU WKHLU SHUIRUPDQFH LV QRQ�FRPSHWLWLYH� )RU
RXU H[SHULPHQWV ZH UHSRUW RQO\ WKH UXQQLQJ WLPH RI
WKH UHZULWHU DQG QRW WKH QXPEHU RI SURGXFHG SODQV�
EHFDXVH WKH QXPEHU RI SURGXFHG H[SUHVVLRQV LV OLQHDU
ZLWK UHVSHFW WR WKH UXQQLQJ WLPH �VHH >%33@�
)RU WKH H[SHULPHQWV RI )LJXUHV � DQG � WKH VFHQDULR

FRQVLVWV RI 1  �� � � � � �� PRGLnFDWLRQV RI WKH IRUP

2UGHU&7'6L  A}$L�08/7FL
2UGHU&7'6Lb�

ZKHUH $L ZHUH FRQGLWLRQV RQ WKH GLPHQVLRQV 7 DQG
&� 7KH nUVW TXHU\ ZDV }&63RVLWLRQ&671 � ZKHUH &6

ZDV D FRQGLWLRQ RQ WKH 7 GLPHQVLRQ� 7KH VHFRQG TXHU\
ZDV }&69 DOXH&79 1 � 7KXV WKH GHUHIHUHQFHG TXHULHV
DUH RI WKH IRUP�
}&6h'DWHA}$��08/7F�

��A}$Q�08/7FQ
2UGHU&7'6� DQG

}&6 �h'DWHA}$��08/7F�
��

��A}$Q�08/7FQ
2UGHU&7'6� e 3ULFH7RGD\79

)LJXUHV � DQG � SUHVHQW KRZ WKH UHZULWHU
V UXQQLQJ
WLPH LQFUHDVHV DV D IXQFWLRQ RI WKH QXPEHU RI PRGLn�
FDWLRQV�

2YHUDOO 3HUIRUPDQFH ([SHULPHQWV

,Q FRQFOXVLRQ ZH SUHVHQW DQ H[SHULPHQW LQ ZKLFK WKH
VDPH K\SRWKHWLFDO TXHU\ }&63RVLWLRQ&671 �ZKHUH
1  �� � � � � � LV WKH QXPEHU RI PRGLnFDWLRQV LQ WKH VFH�
QDULR� WKDW ZDV XVHG IRU WKH UHZULWLQJ H[SHULPHQW� ZDV
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)LJXUH �� 4XHU\ RQ 9DOXH&79

0RGL� 6HVDPH ,QFUHPHQWDO 5HSOD $mHFWHG
nFD� ([HF� WLPH ([HF� WLPH FHPHQW WXSOHV
WLRQV ([HF� 7LPH
� ���� VHF ��� VHF ��� VHF ��� .
� ��� VHF ��� VHF ��� VHF ��� .
� ��� VHF ��� VHF ��� VHF ��� .
� ��� VHF ��� VHF ��� VHF ��� .

7DEOH �� 2YHUDOO SHUIRUPDQFH YV� WKH 06 64/ 6HUYHU

H[HFXWHG E\ 6HVDPH
V H[HFXWLRQ HQJLQH DQG E\ 0L�
FURVRIW 64/ 6HUYHU� 6LQFH 6HVDPH
V UHZULWHU FDQ RSWL�
PL]H WKLV TXHU\ WR EH DQVZHUHG HQWLUHO\ XVLQJ WKH RULJ�
LQDO PDWHULDOL]HG YLHZ 3RVLWLRQ&67 � 6HVDPH
V OD]\
HYDOXDWLRQ DSSURDFK KDV KXJH DGYDQWDJH RYHU WKH HD�
JHU H[HFXWLRQ RQH� DV 7DEOH � FOHDUO\ GHPRQVWUDWH�

7KH VHFRQG FROXPQ LQGLFDWHV WKH WLPH WKDW LW WRRN
6HVDPH
V H[HFXWLRQ HQJLQH WR FDUU\ RXW WKH RSWLPL]HG
GHUHIHUHQFHG SODQ�
7KH WKLUG FROXPQ UHoHFWV WKH WLPH WKDW LW WRRN WKH
06 64/ 6HUYHU WR XSGDWH WKH IDFW QRGHV DQG UHOHYDQW
YLHZV DFFRUGLQJ WR WKH VFHQDULR� H[HFXWH WKH K\SRWKHW�
LFDO TXHU\ DQG UROO EDFN WKH PRGLnFDWLRQV� 7KLV UHVXOW
LV HTXDO WR WKH WLPH WKLV VFHQDULR ZRXOG WDNH LQ D ZDUH�
KRXVH V\VWHP WKDW VXSSRUWV LQFUHPHQWDO XSGDWHV� L�H��
WKH WLPH WR FUHDWH WKH GHOWD WDEOHV IRU 2UGHU&7'6 DQG
3RVLWLRQ&67� UXQ WKH TXHU\ DQG GHVWUR\ WKH GHOWDV�
7KH IRXUWK FROXPQ UHoHFWV WKH WLPH WKDW LW WRRN WKH
06 64/ 6HUYHU WR H[HFXWH WKH TXHU\ ZLWKRXW WKH VLP�
XODWHG LQFUHPHQWDO XSGDWHV� ,Q WKLV FDVH WKH K\SR�
WKHWLFDO GDWDEDVH ZDV FUHDWHG� DOO WKH GDWD ZDV FRSLHG
IURP WKH RULJLQDO IDFW WDEOHV DORQJ ZLWK WKH QHFHVVDU\
PRGLnFDWLRQV� DOO WKH YLHZV ZHUH UHFRPSXWHG� DQG WKH
TXHU\ ZDV H[HFXWHG RQ WKH K\SRWKHWLFDO GDWDEDVH�

7KH GDWD ZDUHKRXVH XVHG IRU WKLV H[SHULPHQW FRQ�
WDLQHG RQO\ RQH PLOOLRQ RUGHUV RU DERXW �� 0% RI GDWD�
,Q D PRUH UHDOLVWLFDOO\ VL]HG ZDUHKRXVH� 6HVDPH
V DG�
YDQWDJH ZRXOG EH HYHQ PRUH VWULNLQJ�
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