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:H DGGUHVV WKH SUREOHP RI TXHU\ UHZULWLQJ IRU 76/� D ODQ�
JXDJH IRU TXHU\LQJ VHPLVWUXFWXUHG GDWD� :H GHYHORS DQG
SUHVHQW DQ DOJRULWKP WKDW� JLYHQ D VHPLVWUXFWXUHG TXHU\ T
DQG D VHW RI VHPLVWUXFWXUHG YLHZV 9 � nQGV UHZULWLQJ TXHULHV�
L�H�� TXHULHV WKDW DFFHVV WKH YLHZV DQG SURGXFH WKH VDPH UH�
VXOW DV T� 2XU DOJRULWKP LV EDVHG RQ DSSURSULDWHO\ JHQHUDOL]�
LQJ FRQWDLQPHQW PDSSLQJV� WKH FKDVH� DQG TXHU\ FRPSRVLWLRQ
^ WHFKQLTXHV WKDW ZHUH GHYHORSHG IRU VWUXFWXUHG� UHODWLRQDO
GDWD� :H DOVR GHYHORS DQ DOJRULWKP IRU HTXLYDOHQFH FKHFNLQJ
RI 76/ TXHULHV�

:H VKRZ WKDW WKH DOJRULWKP LV VRXQG DQG FRPSOHWH IRU
76/� L�H�� LW DOZD\V nQGV HYHU\ QRQ�WULYLDO 76/ UHZULWLQJ
TXHU\ RI T� DQG ZH GLVFXVV LWV FRPSOH[LW\� :H H[WHQG
WKH UHZULWLQJ DOJRULWKP WR XVH VRPH IRUPV RI VWUXFWXUDO
FRQVWUDLQWV �VXFK DV '7'V� DQG nQG PRUH RSSRUWXQLWLHV IRU
TXHU\ UHZULWLQJ�

� ,QWURGXFWLRQ

5HFHQWO\� PDQ\ VHPLVWUXFWXUHG GDWD PRGHOV� TXHU\ DQG
YLHZ GHnQLWLRQ ODQJXDJHV KDYH EHHQ SURSRVHG >��� ��@
DQG DUH XVHG IRU TXHU\LQJ DQG PDQDJHPHQW RI :HE
GDWD >��� �� ��@� ELRORJLFDO GDWDEDVHV >��@� LQWHJUDWLRQ
RI KHWHURJHQHRXV GDWD >��@� HWF�
6HPLVWUXFWXUHG PRGHOV DUH QHFHVVDU\ EHFDXVH RI WKH

oH[LEOH QDWXUH RI QRQ�GDWDEDVH LQIRUPDWLRQ V\VWHPV�
,Q SDUWLFXODU� VHPLVWUXFWXUHG PRGHOV DUH XVHIXO LQ WKH
FRQWH[W RI :HE�EDVHG VRXUFHV� :HE GDWD YHU\ RIWHQ

e 5HVHDUFK SDUWLDOO\ VXSSRUWHG E\ 16) JUDQW ,5,���������
$LU )RUFH FRQWUDFW )���������������� DQG HTXLSPHQW GRQDWLRQV
E\ ,QWHO &RUSRUDWLRQ�

\5HVHDUFK SDUWLDOO\ VXSSRUWHG E\ 16) JUDQW ,5,^��^������
$LU )RUFH FRQWUDFW )�����^��^�^���� DQG WKH /� 9RXGRXUL
)RXQGDWLRQ�

KDYH LUUHJXODU� SDUWLDO RU RQO\ LPSOLFLW VWUXFWXUH� 7KH
VHPLVWUXFWXUHG PRGHO ;0/ >�@ LV HPHUJLQJ DV WKH QHZ
VWDQGDUG IRU WKH PRGHOLQJ DQG H[FKDQJH RI :HE GDWD�
$V LW KDV EHHQ WKH FDVH LQ WKH UHODWLRQDO ZRUOG�

UHZULWLQJ RI VHPLVWUXFWXUHG TXHULHV XVLQJ YLHZV LV D
IXQGDPHQWDO TXHU\ SURFHVVLQJ DQG RSWLPL]DWLRQ WRRO
IRU VHPLVWUXFWXUHG TXHULHV� ,Q WKLV VHFWLRQ ZH nUVW
SUHVHQW DQ DEVWUDFW YHUVLRQ RI WKH UHZULWLQJ SUREOHP
DQG FRQVHTXHQWO\ ZH GHVFULEH LWV DSSOLFDWLRQV� LQFOXGLQJ
D UHZULWHU WKDW ZDV EXLOW IRU WKH 76,00,6 V\VWHP >��@�

7KH 5HZULWLQJ 3UREOHP $W D VXpFLHQW OHYHO RI DE�
VWUDFWLRQ WKH UHZULWLQJ SUREOHP IDFHG E\ WKH DSSOLFD�
WLRQV OLVWHG EHORZ LV DV IROORZV� *LYHQ D TXHU\ T DFFHVV�
LQJ D VHPLVWUXFWXUHG GDWDEDVH� ' DQG D VHW RI YLHZV
9  I9�� � � � � 9QJ RYHU '� nQG UHZULWLQJ TXHULHV� ZKHUH
D UHZULWLQJ TXHU\ RI T JLYHQ 9 LV D TXHU\ WKDW DFFHVVHV
DW OHDVW RQH YLHZ RI 9 DQG UHWXUQV WKH VDPH UHVXOW DV
T�� ,I WKH UHZULWLQJ TXHU\ XVHV YLHZV RQO\ �L�H�� LW GRHV
QRW DFFHVV GLUHFWO\ WKH GDWDEDVH '� WKHQ LW LV FDOOHG D
WRWDO UHZULWLQJ TXHU\�

$SSOLFDWLRQV RI 5HZULWLQJ $OJRULWKPV 6HPLVWUXF�
WXUHG PRGHOV KDYH EHHQ XVHG E\ UHSRVLWRULHV WKDW VWRUH
VHPLVWUXFWXUHG GDWD >��@ DQG E\ PHGLDWRUV WKDW LQWH�
JUDWH KHWHURJHQHRXV LQIRUPDWLRQ >��� ��@� 7KH LPSRU�
WDQFH RI UHZULWLQJ DOJRULWKPV LQ PHGLDWRUV DQG UHSRV�
LWRULHV RI UHODWLRQDO V\VWHPV� DV GHVFULEHG EHORZ� LV D
ZLWQHVV WR WKH PDQ\ DSSOLFDWLRQV WKH\ ZLOO KDYH LQ WKH
VHPLVWUXFWXUHG ZRUOG�

�� 5HODWLRQDO TXHU\ UHZULWLQJ DOJRULWKPV DUH XVHG IRU
DQVZHULQJ TXHULHV XVLQJ PDWHULDOL]HG YLHZV >��@ DQG
WKH TXHU\ FDFKH >��@�

�� 9LHZV KDYH EHHQ XVHG LQ PHGLDWRU V\VWHPV WR GH�
VFULEH WKH VRXUFH FRQWHQWV >��@� )XUWKHUPRUH� WKH
GLmHUHQW DQG OLPLWHG TXHU\ FDSDELOLWLHV RI WKH VRXUFHV
DUH RIWHQ GHVFULEHG E\ ?YLHZV� ZKHUH WKH FRQVWDQWV

�7KH GDWDEDVH PD\ EH GLVWULEXWHG RYHU PXOWLSOH VLWHV�
�:H IRUPDOL]H WKH FRQFHSW RI ?VDPH UHVXOW� DQG WKH GHnQLWLRQ

RI D UHZULWLQJ TXHU\ LQ 6HFWLRQ ��

�



DUH SDUDPHWHUL]HG� )RU H[DPSOH� WKH SDUDPHWHUL]HG
YLHZ 6(/(&7 
 )520 5 :+(5( 5�$ �;� ZKHUH 5 UH�
VLGHV DW VRXUFH 6� GHFODUHV WKDW 6 FDQ DQVZHU TXHULHV
WKDW SLFN DOO DWWULEXWHV RI 5 DQG KDYH 5�$ EH ERXQG
WR D FRQVWDQW� 7KHQ D TXHU\ RYHU WKH VRXUFH GDWD
KDV WR EH UHZULWWHQ WR XVH FRUUHFWO\ WKH FRQWHQWV DQG
FDSDELOLWLHV RI WKH VRXUFHV� L�H�� WR FRUUHFWO\ XVH WKH
DYDLODEOH YLHZV >��� ��� ��@� ,QGHHG� LQ WKDW FDVH WKH
TXHU\ KDV WR DFFHVV RQO\ YLHZV DQG KHQFH ZH QHHG D
WRWDO UHZULWLQJ TXHU\�

7KH DERYH SRLQWV KLJKOLJKW WKH LPSRUWDQFH RI UHZULWLQJ
DOJRULWKPV LQ UHODWLRQDO GDWDEDVHV DQG PHGLDWRUV� :H
EHOLHYH WKDW UHZULWLQJ DOJRULWKPV ZLOO EH HTXDOO\ LPSRU�
WDQW IRU VHPLVWUXFWXUHG GDWDEDVHV DQG PHGLDWRUV�
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)LJXUH �� 0HGLDWRU DUFKLWHFWXUH

)RU H[DPSOH� D ELEOLRJUDSKLF PHGLDWRU PD\ FRPELQH
WKH GDWD RI PXOWLSOH ELEOLRJUDSKLF VRXUFHV LQWR D VLQJOH

?XQLRQ� YLHZ� $W UXQ WLPH� JLYHQ D XVHU TXHU\� WKH
PHGLDWRU GHFRPSRVHV LW LQWR PXOWLSOH TXHULHV ZKLFK
UHIHU WR WKH VRXUFH GDWD� +RZHYHU� WKHVH ELEOLRJUDSKLF
VRXUFHV DUH DFFHVVLEOH WKURXJK LQWHUIDFHV WKDW KDYH
YDU\LQJ TXHU\ FDSDELOLWLHV� WKH TXHULHV HPLWWHG E\ WKH
PHGLDWRU PXVW FRQIRUP WR WKHVH FDSDELOLWLHV� /HW XV
IXUWKHU LOOXVWUDWH WKLV LVVXH XVLQJ DQ H[DPSOH�

7KH XVHU TXHU\ UHTXHVWV DOO ?6,*02' ��� SXEOLFD�
WLRQV� 7KHQ WKH PHGLDWRU ZLOO GHFRPSRVH WKH XVHU TXHU\
LQWR PXOWLSOH ?6,*02' ��� TXHULHV ZKHUH HDFK RQH RI
WKHP LV VRXUFH�VSHFLnF� L�H�� LW UHIHUV WR RQH VRXUFH RQO\
�VHH )LJXUH ��� 7R GR WKH GHFRPSRVLWLRQ FRUUHFWO\ DQG
HpFLHQWO\ WKH PHGLDWRU PXVW nJXUH RXW� XVLQJ WKH FD�
SDELOLWLHV RI WKH XQGHUO\LQJ VRXUFHV� KRZ WR H[WUDFW WKH
QHFHVVDU\ LQIRUPDWLRQ IURP WKH VRXUFHV� 7KLV GHFLVLRQ
LV PDGH E\ WKH &DSDELOLW\�%DVHG 5HZULWHU �&%5� PRG�
XOH� ,Q RXU UXQQLQJ H[DPSOH� LI RQH VRXUFH RQO\ VXS�
SRUWV TXHULHV RQ ?\HDU�� WKH &%5 ZLOO GHFLGH WKDW D
TXHU\ WKDW UHWULHYHV WKH ?��� SXEOLFDWLRQV ZLOO EH VHQW
WR WKLV VRXUFH� 7KH UHVW� L�H�� nOWHULQJ IRU ?6,*02'��
ZLOO EH GRQH DW WKH PHGLDWRU� $IWHU VXFK GHFLVLRQV DUH
PDGH� DQG WKH PHGLDWRU IRUPXODWHV D TXHU\ SODQ WKDW UH�
VSHFWV WKH TXHU\ FDSDELOLWLHV RI WKH VRXUFHV� HDFK TXHU\
LV VHQW WR D ZUDSSHU� ZKHUH LW LV WUDQVODWHG LQWR WKH QD�
WLYH TXHU\ ODQJXDJH RI WKH FRUUHVSRQGLQJ VRXUFH� 7KHQ
WKH LQGLYLGXDO TXHU\ UHVXOWV� QDPHO\ WKH ?6,*02' ���
SXEOLFDWLRQV HDFK VRXUFH FRQWDLQV� DUH FROOHFWHG� WKH LQ�
IRUPDWLRQ DERXW HDFK RI WKHP LV DSSURSULDWHO\ FRQVROL�
GDWHG LQWR RQH HQWLW\ E\ WKH PHGLDWRU DQG WKH FRPELQHG
UHVXOW LV SUHVHQWHG WR WKH XVHU�

7KH 76,00,6 V\VWHP XVHV SDUDPHWUL]HG YLHZV WR
GHVFULEH TXHU\ FDSDELOLWLHV� 7KH PHGLDWRU HPSOR\V D
YHUVLRQ RI RXU UHZULWLQJ DOJRULWKP WR DFFRPSOLVK LWV
WDVN >��@� 1RWH WKDW WKH H[LVWHQFH RI SDUDPHWHUV LQ
WKH YLHZV GRHV QRW VHULRXVO\ DmHFW WKH FRPSOH[LW\ RI
WKH SUREOHP >��@� 7KH FRQVLGHUDWLRQV LQWURGXFHG E\
SDUDPHWHUV DUH DOVR DGGUHVVHG LQ >��@� )RU SUHVHQWDWLRQ
FODULW\ ZH ZRUN LQ WKLV SDSHU ZLWK SODLQ VHPLVWUXFWXUHG
YLHZV � DV RSSRVHG WR SDUDPHWUL]HG RQHV�

8VH RI 5HZULWLQJ LQ VHPLVWUXFWXUHG UHSRVLWRULHV
2XU UHZULWLQJ DOJRULWKP FDQ EH XVHG WR DQVZHU

TXHULHV XVLQJ PDWHULDOL]HG YLHZV DQG FDFKHG TXHULHV RI
UHSRVLWRULHV IRU VHPLVWUXFWXUHG GDWD� VXFK DV /RUH >��@�

)RU H[DPSOH� LI D FDFKHG TXHU\ UHVXOW FRQWDLQV
DOO ?6,*02'� SXEOLFDWLRQV� RXU UHZULWLQJ DOJRULWKP
FDQ FUHDWH D UHZULWLQJ TXHU\ ZKHUH ?6,*02' ���
SXEOLFDWLRQV DUH REWDLQHG E\ nOWHULQJ WKH FDFKHG TXHU\
IRU ?����� SXEOLFDWLRQV� 7KH UHZULWLQJ DOJRULWKP RQO\
QHHGV WKH TXHU\ DQG WKH FDFKHG TXHU\ VWDWHPHQWV � LW
GRHV QRW QHHG WR H[DPLQH WKH VRXUFH GDWD� 7KH FDFKHG
TXHULHV SOD\ LQ WKLV FDVH WKH UROH RI YLHZV��

�*LYHQ WKH DXWRQRP\ RI WKH ELEOLRJUDSKLF VRXUFHV DQG WKH
PHGLDWRU� WKH UHZULWLQJ TXHU\ PD\ GHOLYHU D VWDOH UHVXOW WR WKH
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0DWHULDOL]HG YLHZV DQG FDFKHG TXHULHV ZHUH WKH PDLQ
RULJLQDO PRWLYDWLRQ IRU UHODWLRQDO TXHU\ UHZULWLQJ >��@�
DQG ZH EHOLHYH WKH\ DUH DV LPSRUWDQW IRU VHPLVWUXFWXUHG
GDWDEDVHV� ,QGHHG RXU DOJRULWKP LV DSSOLFDEOH WR
UHSRVLWRULHV RI :HE GDWD VWRUHG XVLQJ WKH ;0/ >�@ GDWD
PRGHO� ZKLFK LV YHU\ VLPLODU WR RXU GDWD PRGHO� 7KH
TXHU\ ODQJXDJH _ 76/� IRU 7UHH 6SHFLnFDWLRQ /DQJXDJH
_ WKDW ZH DUH ZRUNLQJ ZLWK LV YHU\ VLPLODU WR UHFHQW
SURSRVDOV IRU DQ ;0/ TXHU\ ODQJXDJH >�@�

8VH RI 5HZULWLQJ LQ :HE VLWH PDQDJHPHQW
DQG VWUXFWXUHG :HE VHDUFK 5HFHQW ZRUN >��@
KDV DSSOLHG FRQFHSWV IURP LQIRUPDWLRQ LQWHJUDWLRQ WR
WKH WDVN RI EXLOGLQJ FRPSOH[ :HE VLWHV WKDW VHUYH
LQIRUPDWLRQ GHULYHG IURP PXOWLSOH GDWD VRXUFHV� ,Q WKLV
VFHQDULR� D :HE VLWH LV D GHFODUDWLYHO\�GHnQHG VLWH JUDSK
RYHU WKH VHPLVWUXFWXUHG GDWD JUDSK RI WKH FRQWHQWV RI
WKH LQIRUPDWLRQ VRXUFHV� ,I ZH RQO\ KDYH DFFHVV WR WKH
LQIRUPDWLRQ WKURXJK WKH :HE VLWH�V�� TXHULHV DVNHG RYHU
WKH GDWD JUDSK QHHG WR EH UHZULWWHQ DV TXHULHV RYHU
WKH :HE VLWH VWUXFWXUH DQG FRQWHQWV� 7KH :HE VLWH
GHnQLWLRQV DUH MXVW YLHZ GHnQLWLRQV RYHU WKH GDWD JUDSK�
WKH QHFHVVDU\ TXHU\ UHZULWLQJ FDQ WKXV EH KDQGOHG E\
RXU DOJRULWKP�

5HVXOWV :H SURSRVH DQ DOJRULWKP WKDW VROYHV WKH
UHZULWLQJ SUREOHP E\ RXWSXWWLQJ D nQLWH VHW 4 RI
UHZULWLQJ TXHULHV� L�H�� TXHULHV HTXLYDOHQW WR T WKDW KDYH
DW OHDVW RQH FRQGLWLRQ UHIHUULQJ WR RQH RI WKH YLHZV�
1RWH WKDW IRU HYHU\ UHZULWLQJ TXHU\ TU WKDW GRHV QRW
DSSHDU LQ 4 WKHUH LV D ?WULYLDO� T�

U � 4 VXFK WKDW HYHU\
YLHZ WKDW LV XVHG E\ T�

U LV DOVR XVHG E\ TU� 8QGHU DQ\
UHDVRQDEOH FRVW PRGHO� T�

U ZLOO EH DW OHDVW DV HpFLHQW DV
TU �LW ZLOO EH PRUH HpFLHQW LI LW XVHV VWULFWO\ IHZHU YLHZV�
DQG KHQFH ZH GR QRW LQFOXGH TU LQ 4� :H ZLOO VD\ WKDW
WKH DOJRULWKP UHWXUQV DOO UHZULWLQJ TXHULHV� WKRXJK ZH
DFWXDOO\ PHDQ WKDW LW UHWXUQV D VHW RI UHZULWLQJ TXHULHV
4 ZLWK WKH DERYH SURSHUWLHV�
7KH UHZULWLQJ DOJRULWKP PDNHV XVH RI VWUXFWXUDO

FRQVWUDLQWV RQ WKH VRXUFH GDWD� ,Q SDUWLFXODU� ZH
FRQVLGHU FRQVWUDLQWV WKDW FDQ HDVLO\ EH H[SUHVVHG E\
VWDQGDUGV VXFK DV WKH ;0/ '7'V RU WKH QHZO\
SURSRVHG ;0/�'DWD� 7KH H[LVWHQFH RI VXFK FRQVWUDLQWV
DOORZV XV nQG UHZULWLQJV LQ FDVHV ZKHUH� LQ WKH DEVHQFH
RI FRQVWUDLQWV� WKH DOJRULWKP ZRXOG IDLO�

7KH DOJRULWKP LV EDVHG RQ H[WHQGLQJ FRQWDLQPHQW
PDSSLQJV� WKH FKDVH� DQG FRPSRVLWLRQ IURP WKH UHOD�
WLRQDO WR WKH VHPLVWUXFWXUHG ZRUOG� ,Q GRLQJ VR� ZH EHQ�
HnW IURP D YDVW ERG\ RI NQRZOHGJH RQ UHODWLRQDO TXHU\
UHZULWLQJ� )XUWKHUPRUH� ZH REWDLQ LQVLJKW RQ KRZ WR LQ�

XVHU� 7KLV UHVXOW PD\ VWLOO EH YHU\ XVHIXO WR WKH XVHU� )XUWKHUPRUH�
LI DQ XSGDWH�SURSDJDWLRQ V\VWHP LV LQ SODFH� LW FDQ DFFRXQW IRU WKH
?GHOWDV� EHWZHHQ WKH FDFKH DQG WKH VRXUFHV >��@� ,Q WKLV SDSHU ZH
ZLOO QRW GHDO DQ\ IXUWKHU ZLWK WKHVH FRQVLVWHQF\ LVVXHV� ,QVWHDG
ZH IRFXV RQ WKH UHZULWLQJ DOJRULWKP�
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)LJXUH �� ([DPSOH 2(0 REMHFWV

WHUIDFH ZLWK WKH RSWLPL]HU RI WKH 76,00,6 V\VWHP �VHH
)LJXUH ���

&RQWHQWV 7KH IROORZLQJ VHFWLRQ LQWURGXFHV WKH 2(0
GDWD PRGHO DQG RXU TXHU\ ODQJXDJH IRU VHPLVWUXFWX�
UHG GDWD� 6HFWLRQ � VWDWHV WKH UHZULWLQJ SUREOHP DQG
GHVFULEHV RXU DOJRULWKP� 6HFWLRQ � SUHVHQWV DQ DOJR�
ULWKP IRU HTXLYDOHQFH WHVWLQJ RI 76/ TXHULHV� 6HFWLRQ �
SURYHV WKH FRUUHFWQHVV RI RXU UHZULWLQJ DOJRULWKP IRU
76/ TXHULHV DQG YLHZV DQG GLVFXVVHV WKH FRPSOH[LW\ RI
WKH UHZULWLQJ SUREOHP� )LQDOO\� 6HFWLRQ � GLVFXVVHV UH�
ODWHG ZRUN DQG 6HFWLRQ � RmHUV VRPH FRQFOXGLQJ UHPDUNV
DQG GLVFXVVHV IXWXUH ZRUN�

� 7KH 2(0 'DWD 0RGHO DQG WKH
76/ 4XHU\ /DQJXDJH

,Q WKH 2(0 GDWD PRGHO� WKH GDWD DUH UHSUHVHQWHG DV
D URRWHG JUDSK ZLWK ODEHOHG QRGHV �DOVR FDOOHG REMHFWV�
WKDW KDYH XQLTXH REMHFW LGV�

)LJXUH � LOOXVWUDWHV VRPH ELEOLRJUDSKLF GDWD UHSUH�
VHQWHG LQ 2(0� $WRPLF REMHFWV KDYH DQ DWRPLF YDOXH
�H�J�� 6,*02'� ZKLOH WKH YDOXH RI WKH RWKHU REMHFWV
�FDOOHG VHW REMHFWV� LV WKH VHW RI REMHFWV �QRW MXVW RE�
MHFW LGV� SRLQWHG WR E\ WKH RXWJRLQJ HGJHV� 1RWLFH WKDW
WKLV GHnQLWLRQ LV LQKHUHQWO\ UHFXUVLYH� VLQFH WKH YDOXH RI
DQ REMHFW LV SDUW RI WKH REMHFW� WKH YDOXH RI D VHW REMHFW
R LV HVVHQWLDOO\ WKH 2(0 VXEJUDSK URRWHG DW R�� 7KH
URRWV RI WKH JUDSK DUH LOOXVWUDWHG DV WRS OHYHO REMHFWV�
7KH\ DUH WKH VWDUWLQJ SRLQWV IRU TXHU\LQJ WKH VRXUFHV�
1RWH WKDW ZH LJQRUH REMHFWV WKDW DUH QRW UHDFKDEOH IURP
WKH URRWV RI WKH JUDSK�

7KH REMHFW LGV DUH W\SLFDOO\ DWRPLF GDWD� ,Q WKH
JHQHUDO FDVH WKH\ DUH WHUPV IURP WKH +HUEUDQG XQLYHUVH
FRPSRVHG IURP

�([FOXGLQJ R LWVHOI�

�



q D VHW RI DWRPLF GDWD� ZKLFK LQFOXGHV EXW LV QRW
QHFHVVDULO\ FRQnQHG WR� WKH DWRPLF GDWD DSSHDULQJ
DV ODEHOV DQG YDOXHV DQG

q DQ DUELWUDU\ VHW RI XQLQWHUSUHWHG IXQFWLRQ V\PEROV�
)RU H[DPSOH� I�	��� DVKLVK� LV D SRVVLEOH REMHFW
LG� DQG WKH IXQFWLRQ V\PERO I ?GHnQHV� WKH WHUP�

2EMHFW LGV PD\ EH V\PEROV ZLWK QR SDUWLFXODU
PHDQLQJ� RU WKH\ PD\ KDYH D VHPDQWLF PHDQLQJ� )RU
H[DPSOH� LI WKH REMHFW LV D :HE SDJH WKHQ LW LV
W\SLFDOO\ D JRRG LGHD WR KDYH WKH 85/ EH WKH REMHFW LG�
)XUWKHUPRUH� PHDQLQJIXO WHUP REMHFW LGV FDQ IDFLOLWDWH
WKH LQWHJUDWLRQ WDVNV�
(YHQ WKRXJK 2(0 FDQ PRGHO GDWD WKDW FDQ QDWXUDOO\

EH UHSUHVHQWHG DV DQ DUELWUDU\ JUDSK� ZH H[SHFW WKDW LQ
PDQ\ DSSOLFDWLRQV� HVSHFLDOO\ WKRVH GHDOLQJ ZLWK ;0/
GDWD� GDWD ZLOO LQVWHDG EH QDWXUDOO\ UHSUHVHQWHG DV D
GLUHFWHG DF\FOLF JUDSK� RU DV D WUHH�
$ 76/ TXHU\ LV D UXOH WKDW GHnQHV WKH TXHU\ UHVXOW

XVLQJ PLQLPDO PRGHO VHPDQWLFV� $ UXOH FRQVLVWV RI D
KHDG IROORZHG E\ D �� DQG D ERG\� LQ WKH VW\OH RI 'DWDORJ
>��@� ,QWXLWLYHO\� WKH KHDG GHVFULEHV WKH UHVXOW REMHFWV
LQ WKH DQVZHU JUDSK� ZKHUHDV WKH ERG\ GHVFULEHV RQH
RU PRUH FRQGLWLRQV WKDW PXVW EH VDWLVnHG E\ WKH VRXUFH
REMHFWV� 7KH KHDG DQG WKH ERG\ FRQGLWLRQV DUH EDVHG
RQ REMHFW SDWWHUQV RI WKH IRUP �REMHFW�LG ODEHO YDOXH!�
7KH YDOXH nHOG FDQ EH HLWKHU D WHUP �YDULDEOH� DWRPLF
FRQVWDQW� RU IXQFWLRQ V\PERO IROORZHG E\ D WHUP OLVW�
RU D VHW YDOXH SDWWHUQ ZKLFK FRQWDLQV ]HUR RU PRUH
REMHFW SDWWHUQV� 7HUPV WKDW DSSHDU LQ DQ REMHFW LG
nHOG LQ WKH KHDG RI D 76/ TXHU\ PXVW EH XQLTXH� 7KLV
UHVWULFWLRQ IRUFHV 76/ WR SURGXFH IUHVK REMHFW LGV IRU
WKH REMHFWV LQ WKH TXHU\ UHVXOW� ,W DOVR IRUFHV 76/
WR SURGXFH DQVZHU WUHHV LQVWHDG RI DUELWUDU\ JUDSKV DV
TXHU\ UHVXOWV� :H GLVFXVV UHPRYLQJ WKLV UHVWULFWLRQ �DQG
WKH UHVXOWLQJ ODQJXDJH� LQ 6HFWLRQ ��

6HPDQWLFV DQG SRZHU RI 76/ :H LOOXVWUDWH WKH
VHPDQWLFV ZLWK WKH IROORZLQJ H[DPSOH�

�4�� �I�3� IHPDOH I�I�;� < =!J! ��

�3 SHUVRQ I�* JHQGHU IHPDOH! �; < =!J!#GE
7KH VHPDQWLFV RI WKH DERYH TXHU\ DUH

LI WKHUH LV D WXSOH RI ELQGLQJV S� J� [� \ DQG ] IRU WKH
YDULDEOHV 3� *� ;� <� DQG = VXFK WKDW
q WKH GDWD VRXUFH GE FRQWDLQV D SHUVRQ WRS�OHYHO
�URRW� REMHFW LGHQWLnHG E\ S�
q WKH S REMHFW KDV D JHQGHU VXEREMHFW ZLWK YDOXH
IHPDOH DQG REMHFW LG J� DQG
q WKH S REMHFW KDV D \ VXEREMHFW ZLWK YDOXH ] DQG
REMHFW LG [

�WKH REMHFW S PD\ DOVR KDYH RWKHU VXEREMHFWV
WKHQ WKH TXHU\ UHVXOW KDV

q D IHPDOH REMHFW� ZLWK REMHFW LG I�S��
q D \ VXEREMHFW RI WKH I�S� REMHFW� ZLWK YDOXH ] DQG
REMHFW LG I�[��

�WKH REMHFW I�S� PD\ KDYH VXEREMHFWV RWKHU WKDQ \
�EHFDXVH WKH UHVXOW RI DQRWKHU UXOH PD\ ?IXVH� PRUH
� VXEREMHFWV LQWR WKH REMHFW I�S��

1RWH WKDW ] FRXOG EH D VXEJUDSK RI WKH GDWD LQ
GE� 7KH DQVZHU WR TXHU\ �4�� LV DQ REMHFW ZLWK D
QHZ� XQLTXH REMHFW LG DQG WKH VWUXFWXUH GHQRWHG E\
WKH TXHU\ KHDG� ,Q JHQHUDO� D 76/ TXHU\ FDQ FRQVWUXFW
DQVZHU REMHFWV WKDW DUH WUHH UHVWUXFWXULQJV RI VRXUFH
GDWD� KHQFH ZH UHIHU WR WKH UHVXOW RI D 76/ TXHU\ DV DQ
DQVZHU WUHH� %HFDXVH RI WKH FRS\LQJ VHPDQWLFV RI 76/�
�H�J�� ] DERYH FRXOG EH D VXEJUDSK RI WKH GDWD�� WKH
TXHU\ UHVXOW FDQ DFWXDOO\ EH D JUDSK� D FRQVWUXFWHG WUHH
ZLWK �SHUKDSV F\FOLF� VXEJUDSKV SRWHQWLDOO\ KDQJLQJ Rm
VRPH EUDQFKHV� 1RWH nQDOO\ WKDW D 76/ TXHU\ PD\ UHIHU
WR PRUH WKDQ RQH GDWD VRXUFH� H�J�� RQH FRQGLWLRQ PD\
UHIHU WR GE� DQG D VHFRQG RQH WR GE��
)RUPDOO\� IRU DQ 2(0 GDWDEDVH '� OHW 3' EH WKH VHW

RI DOO VXEJUDSKV� RI '� 2 EH WKH VHW RI DOO REMHFW LGV
LQ '� DQG & EH WKH VHW RI DOO ODEHOV DQG DWRPLF YDOXHV�
/HW 92 EH WKH VHW RI DOO REMHFW LG YDULDEOHV� DQG 9&
EH WKH VHW RI DOO RWKHU �ODEHO DQG YDOXH� YDULDEOHV� ZLWK
92?9&  �� /HW 9  92>9& EH WKH VHW RI DOO YDULDEOHV�
7KH PHDQLQJ RI WKH TXHU\ ERG\ LV WKH VHW RI DVVLJQPHQWV
t � 9 � 2 > & > 3' WKDW VDWLVI\ DOO FRQGLWLRQV LQ WKH
ERG\� (DFK DVVLJQPHQW PDSV REMHFW LG YDULDEOHV WR 2�
ODEHO YDULDEOHV WR & DQG YDOXH YDULDEOHV WR & > 3'�
7KH PHDQLQJ RI WKH TXHU\ KHDG LV DV IROORZV� :H

FUHDWH DQG ODEHO WKH QHZ QRGHV RI WKH DQVZHU WUHH� DQG
PDNH WKH WRS�OHYHO REMHFW SDWWHUQ RI WKH TXHU\ WKH URRW
RI WKH DQVZHU WUHH� ,Q SDUWLFXODU� IRU HDFK REMHFW SDWWHUQ
�I�;�� � � � � ;P� / 9!� LQ WKH TXHU\ KHDG� DQG IRU HDFK
DVVLJQPHQW t DERYH� FUHDWH D QHZ REMHFW ZLWK REMHFW LG
I�t�;��� � � � � t�;P��� ODEHO t�/� DQG YDOXH t�9 �� ,I
LQVWHDG RI 9 � WKH REMHFW SDWWHUQ DERYH KDV IR� � � � RQJ�
WKH YDOXH RI WKH FUHDWHG REMHFW LV It�R��� � � � t�RQ�J�
1RWLFH WKDW ZKHQ WZR DVVLJQPHQWV SURGXFH WKH VDPH

WHUP DV WKH REMHFW LG RI DQ REMHFW� WKH VDPH REMHFW
LV ?UHWXUQHG�� DQG WKH YDOXHV RI WKH WZR REMHFWV DUH
?IXVHG��
76/ FDQ EH WUDQVODWHG WR 'DWDORJ ZLWK IXQFWLRQ V\P�

EROV DQG OLPLWHG UHFXUVLRQ RYHU D n[HG VFKHPD� ,W FDQ
EH VKRZQ WR EH OHVV H[SUHVVLYH WKDQ 6WUX4/ DQG WKXV
OHVV H[SUHVVLYH WKDQ OLQHDU GDWDORJ >��@� 76/ TXHULHV
FDQ EH FRPSXWHG LQ SRO\ORJDULWKPLF SDUDOOHO WLPH ZLWK
SRO\QRPLDOO\ PDQ\ SURFHVVRUV �L�H�� 76/ | 41&��
,Q WKH UHVW RI WKLV SDSHU� ZH RQO\ FRQVLGHU SRVLWLYH

76/ TXHULHV ZLWKRXW F\FOLF REMHFW SDWWHUQV LQ WKH

�5HPHPEHU WKDW WKH YDOXH RI D VHW REMHFW LV HVVHQWLDOO\ WKH
2(0 VXEJUDSK URRWHG DW WKDW REMHFW�

�REMHFW LG YDULDEOHV DUH YDULDEOHV DSSHDULQJ LQ WKH REMHFW LG
nHOG RI REMHFW SDWWHUQV�

�



ERG\ FRQGLWLRQV �L�H�� ZLWKRXW REMHFW SDWWHUQV WKDW ORRN
IRU F\FOHV LQ WKH 2(0 GDWDEDVH�� 7R VLPSOLI\ WKH
SUHVHQWDWLRQ� ZH IRFXV RQ QRUPDO IRUP TXHULHV� GHnQHG
QH[W� (YHU\ 76/ TXHU\ FDQ EH HDVLO\ FRQYHUWHG LQWR
QRUPDO IRUP� KHQFH WKH IRFXV RQ QRUPDO IRUP GRHV QRW
OLPLW WKH SRZHU RI WKH ODQJXDJH�

'HnQLWLRQ� 1RUPDO )RUP 76/ 4XHULHV DUH WKH
76/ TXHULHV LQ ZKRVH ERG\ DOO VHW�YDOXHG YDOXH nHOGV
FRQWDLQ DW PRVW RQH REMHFW SDWWHUQ� $GGLWLRQDOO\� D
QRUPDO IRUP TXHU\ ZLWK MXVW RQH FRQGLWLRQ LQ LWV ERG\
LV FDOOHG D VLQJOH SDWK TXHU\� (

7KH TXHU\ �4�� FDQ EH HDVLO\ WUDQVIRUPHG LQWR WKH
IROORZLQJ QRUPDO IRUP TXHU\�

�4�� �I�3� IHPDOH I�I�;� < =!J! ��

�3 SHUVRQ I�* JHQGHU IHPDOH!J!#GE $1'

�3 SHUVRQ I�; < =!J!#GE
6DIH 76/ TXHULHV $ 76/ TXHU\ LV VDIH LI HYHU\
YDULDEOH DSSHDULQJ LQ WKH TXHU\ KHDG DOVR DSSHDUV LQ WKH
TXHU\ ERG\� 7KXV� WKH VDPH VLPSOH V\QWDFWLF WHVW WKDW
LV XVHG E\ >��@ WR GHnQH VDIHW\ RI FRQMXQFWLYH TXHULHV
FDQ EH XVHG WR GHnQH VDIHW\ LQ 76/� ,Q WKH UHPDLQGHU
RI WKLV SDSHU ZH DUH RQO\ GLVFXVVLQJ VDIH 76/ TXHULHV�

76/ YLHZV DUH GHnQHG VLPSO\ E\ 76/ TXHULHV� (DFK
YLHZ GHnQHV LWV RZQ 2(0 GDWDEDVH� ZLWK LWV RZQ VSDFH
RI XQLTXH REMHFW LGV� 7KDW FDQ HDVLO\ EH DFFRPSOLVKHG
IRU H[DPSOH E\ TXDOLI\LQJ WKH REMHFW LGV E\ WKH QDPH RI
WKH YLHZ�
,W LV LPSRUWDQW WR SRLQW RXW WKDW 76/ KDV IHDWXUHV

HVVHQWLDO IRU TXHU\LQJ DQG LQWHJUDWLQJ VHPLVWUXFWXUHG
GDWD� QDPHO\ WKH DELOLW\ WR TXHU\ DQG FRS\ DUELWUDULO\
QHVWHG VFKHPD�OHVV GDWD� WKH DELOLW\ WR UHVWUXFWXUH VXFK
GDWD WKURXJK WKH XVH RI VHPDQWLF REMHFW LGV� DQG WKH
DELOLW\ WR TXHU\ WKH ?VWUXFWXUH� RI WKH GDWD WKURXJK WKH
XVH RI ODEHO YDULDEOHV�

� 76/ 4XHU\ 5HZULWLQJ

*LYHQ D 76/ TXHU\ 4 UHIHUULQJ WR DQ 2(0 GDWDEDVH '
DQG FRQMXQFWLYH YLHZV 9  9�� � � � � 9Q� DOVR UHIHUULQJ WR
'� WKH UHZULWLQJ SUREOHP LV WR nQG D 76/ TXHU\ 4� VXFK
WKDW �L� 4� UHIHUV WR DW OHDVW RQH RI 9�� � � � � 9Q DQG �LL� IRU
DOO 2(0 GDWDEDVHV '� WKH UHVXOW RI 4 LV HTXLYDOHQW WR
WKH UHVXOW RI 4�� �6HH GHnQLWLRQ RI HTXLYDOHQFH EHORZ��
:H FDOO 4� WKH UHZULWLQJ TXHU\� ,Q JHQHUDO� WKHUH

PD\ EH PRUH WKDQ RQH UHZULWLQJ TXHULHV� :H VWDUW
RXU GLVFXVVLRQ ZLWK D VWUDLJKWIRUZDUG GHnQLWLRQ RI
HTXLYDOHQFH RI 2(0 GDWDEDVHV�

(TXLYDOHQFH RI WZR 2(0 GDWDEDVHV '� DQG '�

7ZR 2(0 GDWDEDVHV '� DQG '� DUH HTXLYDOHQW LI WKH\
DUH LGHQWLFDO� L�H�� WKH\ KDYH WKH VDPH VHW RI REMHFW LGV
DQG IRU HYHU\ REMHFW LG [ WKH WZR REMHFWV LGHQWLnHG E\

[ LQ '� DQG '� �L� KDYH WKH VDPH ODEHO O �LL� ERWK RI
WKHP KDYH DQ DWRPLF YDOXH RU ERWK RI WKHP KDYH D VHW
YDOXH �LLL� LI WKH\ DUH DWRPLF REMHFWV WKH\ KDYH WKH VDPH
DWRPLF YDOXH Y DQG �LY� LI WKH\ DUH VHW REMHFWV WKH\ KDYH
LGHQWLFDO VHWV RI VXEREMHFWV�
$SSDUHQWO\ WKH DERYH GHnQLWLRQ FDUULHV WR HTXLYDOHQFH

RI TXHU\ UHVXOWV DQG YLHZV� ,W LV SRVVLEOH WR GHnQH 2(0
GDWDEDVH HTXLYDOHQFH XS WR REMHFW LG UHQDPLQJ� :H
GLVFXVV WKLV LVVXH LQ 6HFWLRQ ��

��� 5HZULWLQJ RI 4XHULHV ZLWK 6LQJOH 3DWK
&RQGLWLRQ

:H LQIRUPDOO\ SUHVHQW DQ DOJRULWKP ZKLFK GHFLGHV
ZKHWKHU D TXHU\ 4 KDYLQJ RQH VLQJOH SDWK FRQGLWLRQ FDQ
EH UHZULWWHQ XVLQJ D VLQJOH YLHZ 9 WKDW KDV RQH RU PRUH
SDWK FRQGLWLRQV� 7KLV DOJRULWKP� WKRXJK D VSHFLDO FDVH
RI WKH FRPSOHWH UHZULWLQJ DOJRULWKP �VHH 6HFWLRQ �����
LOOXVWUDWHV WKH EDVLF VWHSV RI RXU WHFKQLTXH� 7KH JHQHUDO
DOJRULWKP LV SURYHQ VRXQG DQG FRPSOHWH IRU 76/ DQG
LWV FRPSOH[LW\ LV VWXGLHG LQ 6HFWLRQ ��

6WHS �� )LQG &DQGLGDWH 4XHULHV :H nUVW nQG PDS�
SLQJV IURP WKH YLHZ WR WKH FRQGLWLRQ DQG WKHQ ZH
GHYHORS D FDQGLGDWH TXHU\ IRU HDFK PDSSLQJ� 1RWH
WKDW IRU WKH VSHFLDO FDVH RI TXHULHV ZLWK D VLQJOH SDWK
FRQGLWLRQ WKHUH PD\ EH DW PRVW RQH PDSSLQJ DQG
FRQVHTXHQWO\ DW PRVW RQH FDQGLGDWH TXHU\�

6WHS �$� )LQG 0DSSLQJV )LQG� LI LW H[LVWV� WKH
PDSSLQJ IURP WKH ERG\ RI 9 WR WKH ERG\ RI 4�
2XU PDSSLQJV H[WHQG >�@ WR FRSH ZLWK REMHFW
QHVWLQJ� $ IRUPDO GHnQLWLRQ FDQ EH IRXQG LQ
>��@� ,I D PDSSLQJ H[LVWV� WKHQ ZH FDQ EH VXUH
WKDW� LI WKHUH LV D YDULDEOH ELQGLQJ WKDW VDWLVnHV
WKH ERG\ RI 4� WKHQ WKHUH LV DOVR D ELQGLQJ WKDW
VDWLVnHV WKH ERG\ RI 9 � +HQFH PDSSLQJV DUH
D QHFHVVDU\ FRQGLWLRQ IRU WKH UHOHYDQFH RI WKH
YLHZ WR WKH TXHU\ FRQGLWLRQ� )XUWKHUPRUH� WKH
PDSSLQJ LQGLFDWHV ZKLFK FRQGLWLRQV RI 4 GR QRW
DSSHDU LQ 9 � WKHVH FRQGLWLRQV ZLOO KDYH WR EH
FKHFNHG E\ WKH UHZULWLQJ TXHU\� 1RWLFH WKDW WKHUH
FDQ EH DW PRVW RQH PDSSLQJ IURP WKH ERG\ RI 9
WR WKH RQH VLQJOH SDWK FRQGLWLRQ LQ WKH ERG\ RI 4�
+RZHYHU� LQ WKH JHQHUDO FDVH �6HFWLRQ ���� ZH PD\
KDYH PXOWLSOH PDSSLQJV�

([DPSOH ��� &RQVLGHU WKH YLHZ �9��� ZKLFK
UHVWUXFWXUHV WKH SHUVRQ REMHFWV� ODEHOHG S� RI GE
LQWR REMHFWV WKDW ?JURXS� WKHLU ODEHOV LQ SURSHUW\
VXEREMHFWV� ODEHOHG SU �IRU EUHYLW\� DQG WKHLU
YDOXHV LQ YDOXH VXEREMHFWV� ODEHOHG Y� 1RWLFH WKDW
�9�� ?ORVHV� LQIRUPDWLRQ LQ WKH VHQVH WKDW LW RQO\
VKRZV WKH ODEHOV DQG YDOXHV WKDW DSSHDU LQ GE EXW
WKH ODEHO�YDOXH FRUUHVSRQGHQFH KDV GLVDSSHDUHG�
4XHULHV VXFK DV �4��� WKDW DVN ZKHWKHU WKH YDOXH

�



OHODQG DSSHDUV LQ WKH GDWDEDVH� FDQ EH DQVZHUHG
XVLQJ WKH YLHZ �9�� EHFDXVH WKH\ GR QRW QHHG
LQIRUPDWLRQ RQ WKH ODEHO�YDOXH FRUUHVSRQGHQFH�
7KH H[DPSOH VKRZV KRZ RXU DOJRULWKP nQGV D
UHZULWLQJ TXHU\ IRU �4���

�9�� �J�3�� S I�SS�3��<�� SU <�!

�K�;�� Y =�!J! ��

�3� S I�;� <� =�!J!#GE
�4�� �I�3� VWDQIRUG \HV! ��

�3 S I�; < OHODQG!J!#GE
7KH RQO\ PDSSLQJ IURP WKH ERG\ RI �9�� WR WKH
ERG\ RI �4�� LV �0��� ,QWXLWLYHO\� �0�� LQGLFDWHV
WKDW WKH FRQGLWLRQ =�  OHODQG PXVW EH HQIRUFHG
RQ WKH YLHZ LQ RUGHU WR JHW REMHFWV UHOHYDQW WR WKH
TXHU\�

�0�� >3� �� 3� ;� �� ;� <� �� <� =� �� OHODQG@

(

6WHS �%� *HQHUDWH &DQGLGDWH 4XHULHV $SSO\
WKH PDSSLQJ WR 9 � UHVXOWLQJ LQ DQ ?LQVWDQWLDWLRQ�
RI 9 � QDPHO\ 9 �� 7KHQ EXLOG WKH UHZULWLQJ TXHU\
4� DV IROORZV� 7KH KHDG RI 4� LV LGHQWLFDO WR WKH
KHDG RI 4� 7KH ERG\ RI 4� LV WKH KHDG RI 9 ��

([DPSOH ��� FRQWLQXHG 7KH RQO\ FDQGLGDWH
UHZULWLQJ TXHU\ �4�� LV FUHDWHG IURP WKH KHDG RI
�4�� DQG WKH UHVXOW RI DSSO\LQJ �0�� WR WKH KHDG
RI �9���

�4�� �I�3� VWDQIRUG \HV! ��

�J�3� S I�SS�3�<� SU <!

�K�;� Y OHODQG!J!#9�
6WHS �� 7HVW &RUUHFWQHVV RI &DQGLGDWH 4XHU\

&KHFN ZKHWKHU WKH FRPSRVLWLRQ RI 9 DQG 4�� GHQRWHG
E\ 9 p4� LV HTXLYDOHQW WR 4� 6WHS � LV DFFRPSOLVKHG
LQ WZR VXE�VWHSV�

6WHS �$� &RPSXWDWLRQ RI &RPSRVLWLRQ 7KH
FRPSRVLWLRQ 9 p 4� RI WKH UHZULWLQJ TXHU\ ZLWK
WKH YLHZ LV FRPSXWHG� :H FRPSXWH 9 p4� XVLQJ
D TXHU\�YLHZ FRPSRVLWLRQ DOJRULWKP EDVHG RQ H[�
WHQGLQJ UHVROXWLRQ DQG XQLnFDWLRQ IRU VHPLVWUXF�
WXUHG GDWD� 7KLV DOJRULWKP LQ HVVHQFH WDNHV H[�
SRQHQWLDO WLPH LQ WKH VL]H RI WKH TXHU\� 7KH FRP�
SRVLWLRQ DOJRULWKP LV LOOXVWUDWHG XVLQJ DQ H[DPSOH
EHORZ� )RU D IRUPDO SUHVHQWDWLRQ� VHH >��@�

6WHS �%� 7HVWLQJ (TXLYDOHQFH RI 9 p4�� 4 7KH
JHQHUDO LGHD RI HTXLYDOHQFH WHVWLQJ LV WR nQG ��� D
PDSSLQJ WKDW PDSV 9 p4� LQWR 4� L�H�� �L� LW PDSV
WKH KHDG RI 9 p 4� LQWR WKH KHDG RI 4 DQG HYHU\
FRQGLWLRQ RI 9 p4� LV PDSSHG LQWR D FRQGLWLRQ RI 4

DQG ��� D PDSSLQJ WKDW PDSV 4 LQWR 9 p4�� 1RWH
WKDW WKH 9 p4� DQG 4 KDYH WR EH LQ QRUPDO IRUP
LQ RUGHU WR WHVW HTXLYDOHQFH DV GHVFULEHG DERYH��

([DPSOH ��� FRQWLQXHG :H WHVW ZKHWKHU �4��
LV D YDOLG UHZULWLQJ TXHU\ E\ nUVW WUDQVIRUPLQJ
LW LQWR WKH QRUPDO IRUP �4��Q� WKHQ FRPSRVLQJ
LW ZLWK �9��� DQG nQDOO\ FRPSDULQJ WKH UHVXOWLQJ
TXHU\ �9��p�4��Q WR �4��� ,QGHHG� �9��p�4��Q LV
HTXLYDOHQW WR �4�� EHFDXVH �L� WKH PDSSLQJ �0��
PDSV �9��p�4��Q WR �4�� DQG �LL� WKH PDSSLQJ �0��
PDSV �4�� WR �9��p�4��Q��

�4��Q �I�3� VWDQIRUG \HV! ��

�J�3� S I�SS�3�<� SU <!J! $1'

�J�3� S I�K�;� Y OHODQG!J!
�9��p�4��Q �I�3� VWDQIRUG \HV! ��

�3 S I�;� < =�!J! $1'

�3 S I�;�� <�� OHODQG!J!

�0�� >3 �� 3� ;� �� ;� < �� <� =� �� OHODQG�

;�� �� ;� <�� �� <@

�0�� >3 �� 3� ; �� ;��� < �� <��@

6HW 0DSSLQJV 7KH UHZULWLQJ TXHU\ PD\ KDYH WR
DSSO\ D ?VXEREMHFW PHPEHUVKLS� FRQGLWLRQ RQ D YDOXH
YDULDEOH� 7R KDQGOH WKLV FDVH� RXU PDSSLQJV DUH
H[WHQGHG WR PDS D YDULDEOH WR D VHW SDWWHUQ�

([DPSOH ��� &RQVLGHU WKH TXHU\ �4�� DQG WKH YLHZ
�9��� ,W LV FOHDU WKDW =� PXVW ELQG WR VHW YDOXHV
WKDW FRQWDLQ D �= ODVW VWDQIRUG! VXEREMHFW� 7KH
DOJRULWKP FDSWXUHV WKLV LQWXLWLRQ E\ GHYHORSLQJ WKH
PDSSLQJ �0�� IURP WKH ERG\ RI �9�� WR WKH ERG\
RI �4��� 1RWLFH WKDW =� LV PDSSHG WR I�= ODVW

VWDQIRUG!J!�
�4�� �I�3� VWDQIRUG \HV! ��

�3 S I�; < I�= ODVW VWDQIRUG!J!J!#GE
�0�� >3
 �� 3� ;
 �� ;� <
 �� <�

=
 �� I�= ODVW VWDQIRUG!J @

�4�� �I�3� VWDQIRUG \HV! ��

�J�3� S I�SS�3�<� SU <!

�K�;� Y I�= ODVW VWDQIRUG!J!J!#9�

�4�� LV WKH FDQGLGDWH TXHU\ FUHDWHG IURP WKH KHDG RI
�4�� DQG WKH UHVXOW RI DSSO\LQJ �0�� WR WKH KHDG RI
�9��� (

�7KH JHQHUDO HTXLYDOHQFH WHVWLQJ DOJRULWKP LV DFWXDOO\ PRUH
LQWULFDWH� EHFDXVH RI WKH H[LVWHQFH RI REMHFW LGV� )RU D IXOO
GHVFULSWLRQ RI WKH HTXLYDOHQFH WHVWLQJ DOJRULWKP IRU 76/ VHH
6HFWLRQ ��

�



0DSSLQJV DUH QHFHVVDU\ EXW QRW VXpFLHQW IRU WKH
H[LVWHQFH RI D UHZULWLQJ TXHU\ DV WKH IROORZLQJ H[DPSOH
LOOXVWUDWHV� 7KDW LV ZK\ D FRQWDLQPHQW WHVW LV QHHGHG�
DV LQ 6WHS �% RI WKH DOJRULWKP�

([DPSOH ��� &RQVLGHU TXHU\ �4�� DQG YLHZ �9���

�4�� �I�3� VWDQIRUG \HV! ��

�3 S I�; QDPH I�= ODVW VWDQIRUG!J!J!#GE
,QWXLWLYHO\� WKHUH LV QR UHZULWLQJ TXHU\ IRU �4��

EHFDXVH WKH YLHZ ?ORVHV� WKH FRUUHVSRQGHQFH EHWZHHQ
ODEHOV DQG YDOXHV� +HQFH� LI WKH GDWDEDVH FRQWDLQV
D QDPH DWWULEXWH DQG D YDOXH Y FRQWDLQLQJ WKH �ODVW

VWDQIRUG! VXEREMHFW LW LV LPSRVVLEOH IRU WKH UHZULWLQJ
TXHU\ WR GLVFRYHU ZKHWKHU WKHUH LV D QDPH REMHFW ZLWK
YDOXH Y RU QDPH DQG Y DSSHDU LQ GLmHUHQW REMHFWV RI
WKH GDWDEDVH� 1RWLFH WKDW GHVSLWH WKH QRQ�H[LVWHQFH RI
D UHZULWLQJ TXHU\ WKHUH LV WKH PDSSLQJ �0��� %DVHG
RQ WKLV PDSSLQJ WKH DOJRULWKP GHULYHV WKH FDQGLGDWH
UHZULWLQJ TXHU\ �4��� +RZHYHU� WKH FRPSRVLWLRQ RI WKH
FDQGLGDWH UHZULWLQJ TXHU\ ZLWK WKH YLHZ UHVXOWV LQ WKH
TXHU\ �4�� ZKLFK LV QRW HTXLYDOHQW WR WKH RULJLQDO TXHU\
�4��� 1RWLFH WKDW QDPH LV WKH ODEHO RI WKH REMHFW ;� ZKLOH
�ODVW VWDQIRUG! LV D VXEREMHFW RI DQRWKHU REMHFW ;���

�0�� >3� �� 3� ;� �� ;� <� �� QDPH�

=� �� I�= ODVW VWDQIRUG!J @

�4�� �I�3� VWDQIRUG \HV! ��

�J�3� S I�SS�3�<� SU QDPH!

�K�;� Y I�= ODVW VWDQIRUG!J!J!#9�
�4�� �I�3� VWDQIRUG \HV! ��

�3 S I�;� QDPH =�!J!#GE $1'

�3 S I�;�� <�� I�= ODVW VWDQIRUG!J!J!#GE
(

$V PHQWLRQHG HDUOLHU� D IRUPDO WUHDWPHQW RI PDSSLQJV
FDQ EH IRXQG LQ >��@� 7KH IROORZLQJ VXEVHFWLRQ H[WHQGV
WKH FKDVH IRU VHW YDULDEOHV� ZKLFK� DV ZLOO VHH� LV
QHFHVVDU\ WR GHDO ZLWK WKH NH\ GHSHQGHQF\ RQ REMHFW LG�
6XEVHFWLRQ ��� GLVFXVVHV KRZ WKH DOJRULWKP FDQ H[SORLW
VWUXFWXUDO FRQVWUDLQWV� VXFK DV '7'V� WKDW DUH NQRZQ
DERXW VRXUFH GDWD� 6XEVHFWLRQ ��� SUHVHQWV D JHQHUDO
DOJRULWKP IRU TXHU\ UHZULWLQJ�

��� ([WHQGLQJ WKH FKDVH IRU VHW YDULDEOHV

2EMHFW LGHQWLW\ LQWURGXFHV D IXQFWLRQDO GHSHQGHQF\ LQ
2(0 �NH\ GHSHQGHQF\ IURP WKH REMHFW LG WR WKH ODEHO
DQG YDOXH�� 0RUHRYHU� VWUXFWXUDO FRQVWUDLQWV LQWURGXFH
IXQFWLRQDO GHSHQGHQFLHV� DV ZH ZLOO VHH LQ WKH QH[W
VXEVHFWLRQ� 7KH UHZULWLQJ DOJRULWKP XVHV WKH FKDVH
WHFKQLTXH >��@ WR GHDO ZLWK WKHVH GHSHQGHQFLHV� 7KH
WHFKQLTXH KDV WR EH H[WHQGHG IRU WKH FDVH RI YDULDEOHV
WKDW FDQ ELQG WR VHWV� ,Q ZKDW IROORZV� ZH PRWLYDWH
WKH QHHG IRU DQG SUHVHQW RXU H[WHQVLRQ WR WKH FKDVH�

SUHVHQWHG IRU WKH FDVH RI NH\ GHSHQGHQFLHV RQ REMHFW
LG� 7KH H[WHQVLRQ DSSOLHV LQ JHQHUDO WR DQ\ IXQFWLRQDO
GHSHQGHQF\ ZLWK YDOXH YDULDEOHV LQ WKH ULJKW KDQG VLGH�

([DPSOH ��� &RQVLGHU TXHULHV �4��� DQG �4����

�4��� �I�3� VWDQ VWXGHQW I�; < =!J! ��

�3 S I�8 XQLYHUVLW\ VWDQIRUG!J!#GE
$1' �3 S I�; < =!J!#GE

�4��� �I�3� VWDQ VWXGHQW 9! ��

�3 S I�8 XQLYHUVLW\ VWDQIRUG!J!#GE
$1' �3 S 9!#GE

�4��� LV HTXLYDOHQW WR �4���� VLQFH 9 LV D VHW YDULDEOH�
+RZHYHU� RXU DOJRULWKP� DV GHVFULEHG VR IDU� ZLOO
HUURQHRXVO\ QRW GLVFRYHU D UHZULWLQJ TXHU\ EHFDXVH WKHUH
LV QR PDSSLQJ IURP WKH FRQGLWLRQ RI �4��� WR WKH VHFRQG
FRQGLWLRQ RI �4���� 8VLQJ WKH NH\ GHSHQGHQF\ RQ REMHFW
LG� ZH FDQ LQIHU WKDW 9 LV D VHW YDULDEOH DQG WUDQVIRUP
�4��� WR �4���� 1RWLFH KRZ WKH ?VHW� YDULDEOH LV
WUDQVIRUPHG LQWR D VHW SDWWHUQ� (

5HFDOO WKDW 76/ TXHULHV DUH QRW DOORZHG WR FRQWDLQ F\FOLF
REMHFW SDWWHUQV� 7KLV LV QHFHVVDU\ IRU WKH GHVFULEHG
VLPSOH H[WHQVLRQ WR WKH FKDVH WR WHUPLQDWH�

&KDVH H[WHQVLRQ IRU GHSHQGHQF\ RQ REMHFW LG
/HW R�� R� EH REMHFW SDWWHUQV RI D TXHU\ T ZLWK WKH
VDPH WHUP LQ WKH REMHFW LG nHOG�

q ,I R� DQG R� KDYH /�� 9� DQG /�� 9� LQ WKHLU ODEHO
DQG YDOXH nHOG UHVSHFWLYHO\� WKHQ ZH UHSODFH DOO
RFFXUUHQFHV RI /�� 9� LQ T ZLWK /�� 9� UHVSHFWLYHO\�

q ,I R� KDV REMHFW SDWWHUQV IRL� � � � � RMJ LQ LWV YDOXH nHOG
DQG R� KDV 9�� WKHQ UHSODFH DOO RFFXUUHQFHV RI 9� LQ T
ZLWK I�; < = !J� ZKHUH ;�<� = DUH YDULDEOHV QRW
DSSHDULQJ LQ T�

q ,I R� KDV IRL� � � � � RMJ LQ LWV YDOXH nHOG DQG R� KDV
IFN� � � � � FPJ� UHSODFH WKH YDOXH nHOGV RI ERWK R� DQG
R� ZLWK IRL� � � � � RM � FN� � � � � FPJ�

q ,I RQH RI R�� R� KDYH D FRQVWDQW LQ RQH RI WKH nHOGV�
DQG WKH RWKHU KDV D YDULDEOH� UHSODFH DOO RFFXUUHQFHV
RI WKDW YDULDEOH LQ T ZLWK WKH FRQVWDQW�

q ,I ERWK R� DQG R� KDYH FRQVWDQWV LQ RQH RI WKH nHOGV�
WKHQ� LI WKH FRQVWDQWV DUH GLmHUHQW� KDOW ZLWK DQ
HUURU �WKLV TXHU\ FDQQRW EH FKDVHG WR DQ HTXLYDOHQW
TXHU\ VDWLVI\LQJ WKH REMHFW LG NH\ GHSHQGHQF\�� ,I
WKH FRQVWDQWV DUH WKH VDPH� GR QRWKLQJ IRU WKLV nHOG�

q ,I R� LV LGHQWLFDO WR R�� GURS R� IURP T�

,Q RUGHU WR ?FKDVH� IXQFWLRQDO GHSHQGHQFLHV WKDW GR
QRW LQYROYH YDOXH YDULDEOHV� ZH FDQ XVH WKH ?UHJXODU�
FKDVH UXOH�

�



��� 8VLQJ VWUXFWXUDO FRQVWUDLQWV

6HPLVWUXFWXUHG GDWD DUH RIWHQ DFFRPSDQLHG E\ FRQ�
VWUDLQWV WKDW SDUWLDOO\ GHnQH WKH VWUXFWXUH RI REMHFWV�
6XFK VWUXFWXUDO FRQVWUDLQWV FDQ EH H[SUHVVHG DV D '7'�
D 'DWD*XLGH >��@ RU DQ ;0/�'DWD ?VFKHPD�� )RU LQ�
VWDQFH� ZH FRXOG NQRZ WKDW WKH GDWD LQ VRXUFH GE LQ WKH
SUHYLRXV H[DPSOHV FRQIRUP WR WKH IROORZLQJ '7'��

��(/(0(17 S �QDPH� SKRQH� DGGUHVV
�!

��(/(0(17 QDPH �ODVW� ILUVW� PLGGOH"� DOLDV"�!

��(/(0(17 DOLDV �ODVW� ILUVW�!

��(/(0(17 DGGUHVV &'$7$!

��(/(0(17 SKRQH &'$7$!

��(/(0(17 ODVW &'$7$!

��(/(0(17 ILUVW &'$7$!

��(/(0(17 PLGGOH &'$7$!

7KLV '7' GHVFULEHV LQ D oH[LEOH ZD\ WKH VWUXFWXUH RI
WKH VRXUFH GDWD� )RU H[DPSOH� LW VSHFLnHV WKDW REMHFWV
ODEHOHG S �DV LQ SHUVRQ� KDYH H[DFWO\ RQH VXEREMHFW HDFK
ZLWK ODEHOV QDPH DQG SKRQH� DQG ]HUR RU PRUH DGGUHVV
VXEREMHFWV� ,W DOVR VSHFLnHV WKDW VXEREMHFWV SKRQH DQG
DGGUHVV DUH DWRPLF� *LYHQ VXFK D '7'� ZH FDQ LQIHU
LQIRUPDWLRQ LQ WKH IRUP RI GHSHQGHQFLHV EHWZHHQ ODEHOV
RU REMHFW LGV� WKDW ZLOO DOORZ WKH UHZULWLQJ DOJRULWKP
WR GLVFRYHU UHZULWLQJV LQ FDVHV ZKHUH LW ZRXOG KDYH
RWKHUZLVH IDLOHG�

([DPSOH ��� *LYHQ WKH DERYH '7'� ZH FDQ LQIHU
DXWRPDWLFDOO\ WKDW LQ GE WKH RQO\ VXEREMHFW RI D S REMHFW
ZLWK D ODVW VXEREMHFW LV D QDPH REMHFW� 7KHUHIRUH <��

RI �4�� �LQ ([DPSOH ���� KDV WR EH QDPH� 0RUHRYHU�
WKHUH H[LVWV D ?ODEHOHG� IXQFWLRQDO GHSHQGHQF\ IURP
REMHFW LG 3 ZLWK ODEHO S WR REMHFW LG ; ZLWK ODEHO QDPH�
VLQFH DFFRUGLQJ WR WKH '7' D S REMHFW KDV H[DFWO\ RQH
QDPH VXEREMHFW� 7KLV LPSOLHV WKDW ;�� KDV WR EH ;� �E\
DSSOLFDWLRQ RI WKH FKDVH UXOH�� 7KHUHIRUH �4�� FDQ EH
UHZULWWHQ DV

�4��� �I�3� VWDQIRUG \HV! ��

�3 S I�;� QDPH =�!J!#GE $1'

�3 S I�;� QDPH I�= ODVW VWDQIRUG!J!J!#GE

)LQDOO\� ZH FKDVH WKH GHSHQGHQF\ RQ 3 XVLQJ WKH FKDVH
H[WHQVLRQ GHVFULEHG SUHYLRXVO\ WR GHULYH �4���� ,W
VKRXOG EH REYLRXV WKDW �4��� LV HTXLYDOHQW WR �4��� DQG
WKHUHIRUH D YDOLG UHZULWLQJ TXHU\�

�4��� �I�3� VWDQIRUG \HV! ��

�3 S I�;� QDPH I�= ODVW VWDQIRUG!

�$ % &!J!J!#GE
(

�6LQFH 2(0 GRHV QRW VXSSRUW RUGHU� ZH LJQRUH WKH RUGHU LQ
WKH '7' GHVFULSWLRQ DV ZHOO�

$V LOOXVWUDWHG LQ WKH SUHYLRXV H[DPSOH� ZH LGHQWLI\ WZR
FDVHV ZKHUH LQIRUPDWLRQ FDQ HDVLO\ EH LQIHUUHG IURP D
VWUXFWXUDO GHVFULSWLRQ� VXFK DV D '7'� RU DQ ;0/�'DWD
?VFKHPD��

ODEHO LQIHUHQFH *LYHQ D ?SDWK H[SUHVVLRQ� RI ODEHOV
D�"�F� LI WKH VWUXFWXUDO FRQVWUDLQW VSHFLnHV WKDW WKH
RQO\ VXEREMHFW RI DQ D REMHFW ZLWK D F VXEREMHFW LV
D E VXEREMHFW� ZH FDQ LQIHU WKDW "  E�

IXQFWLRQDO GHSHQGHQF\ ,I WKH VWUXFWXUDO FRQVWUDLQW
VSHFLnHV WKDW REMHFWV ODEHOHG D KDYH RQO\ RQH
VXEREMHFW ODEHOHG E� ZH FDQ LQIHU WKDW JLYHQ D SDWWHUQ

K;DDIK<EE9 LJL

WKH IXQFWLRQDO GHSHQGHQF\ ;D � <E KROGV�

7KH UHZULWLQJ DOJRULWKP WDNHV DGYDQWDJH RI WKLV
LQIRUPDWLRQ E\ SHUIRUPLQJ ODEHO LQIHUHQFH DQG WKH FKDVH
RQ WKH TXHU\� WKH YLHZV DQG WKH FDQGLGDWH TXHULHV� DJDLQ
DV LOOXVWUDWHG LQ ([DPSOH ���� ,W LV VWUDLJKWIRUZDUG
WR VKRZ WKDW DSSO\LQJ ODEHO LQIHUHQFH DQG WKH FKDVH
DOZD\V WHUPLQDWHV LQ WLPH SRO\QRPLDO WR WKH OHQJWK RI
WKH TXHULHV DQG WKH FRQVWUDLQWV GHVFULSWLRQ� 0RUHRYHU�
LW LV HDV\ WR VKRZ WKDW ODEHO LQIHUHQFH DQG WKH FKDVH GR
QRW DmHFW WKH VRXQGQHVV RI WKH UHZULWLQJ DOJRULWKP�
,Q WKH SUHVHQFH RI VWUXFWXUDO FRQVWUDLQWV� WKHUH LV

FOHDUO\ PRUH RSSRUWXQLW\ IRU TXHU\ VLPSOLnFDWLRQ DQG
TXHU\ UHZULWLQJ� 7KLV LV WKH VXEMHFW RI IXWXUH ZRUN�

��� 5HZULWLQJ $OJRULWKP

:H QRZ JLYH WKH DOJRULWKP IRU WKH JHQHUDO FDVH RI WKH
TXHU\ UHZULWLQJ SUREOHP� ,Q ZKDW IROORZV� WKH ERGLHV
RI WKH TXHU\ 4 DQG WKH YLHZV LQ 9 DUH FRQYHUWHG LQWR
QRUPDO IRUP DQG ODEHO LQIHUHQFH DQG WKH FKDVH DUH
DSSOLHG EHIRUH ZH DSSO\ WKH DOJRULWKP�

,QSXW� $ 76/ TXHU\ 4 ZLWK N VLQJOH SDWK FRQGLWLRQV
LQ WKH ERG\ DQG D VHW RI 76/ YLHZV 9  I9�� � � � � 9QJ�

2XWSXW� $ VHW RI UHZULWLQJ TXHULHV�
6WHS �$� )LQG WKH PDSSLQJV tLM IURP WKH ERG\ RI
HDFK 9L � 9 WR WKH ERG\ RI 4 XVLQJ D PDSSLQJ
GLVFRYHU\ DOJRULWKP >��@�

6WHS �%� &RQVWUXFW FDQGLGDWH UHZULWLQJ TXHULHV 4�

q KHDG�4�� LV KHDG�4�
q ERG\�4�� LV DQ\ FRQMXQFWLRQ RI O FRQGLWLRQV�
� � O � N� ZKHUH HDFK FRQGLWLRQ LV HLWKHU D YLHZ
?LQVWDQWLDWLRQ� tLM �KHDG�9L�� RU D FRQGLWLRQ RI 4�
,I WKH UHVXOWLQJ TXHU\ LV XQVDIH� WKHQ FRQWLQXH ZLWK
QH[W FDQGLGDWH�

6WHS �&� 3HUIRUP ODEHO LQIHUHQFH DQG FKDVH 4��
6WHS �� 7HVW ZKHWKHU HDFK FRQVWUXFWHG 4� LV FRUUHFW�
q &RQVWUXFW WKH FRPSRVLWLRQ 4��9�� � � � � 9Q� RI 4

�

ZLWK 9�� � � � � 9Q� 6HH >��@ IRU WKH GHWDLOV RI WKH

�



FRPSRVLWLRQ DOJRULWKP�
q 3HUIRUP ODEHO LQIHUHQFH DQG FKDVH 4��9�� � � � � 9Q��
q ,I 4��9�� � � � � 9Q� LV HTXLYDOHQW WR 4
�VHH 6HFWLRQ �� WKHQ LQFOXGH 4� LQ WKH RXWSXW�
HOVH FRQWLQXH ZLWK WKH QH[W FDQGLGDWH�

1RWLFH WKDW WKH DERYH DOJRULWKP FRQVWUXFWV DQG WHVWV
DOO FDQGLGDWH TXHULHV �LQ 6WHS �%�� 7KH HpFLHQF\ RI WKH
DOJRULWKP FDQ EH VXEVWDQWLDOO\ LPSURYHG ZLWK WKH XVH
RI VLPSOH KHXULVWLFV� $ SDUWLFXODUO\ HmHFWLYH KHXULVWLF LV
WKH IROORZLQJ�

q NHHS WUDFN RI ZKLFK FRQGLWLRQV RI WKH TXHU\ ERG\
HDFK LQVWDQWLDWHG YLHZ tLM �KHDG�9L�� PDSV LQWR�
7KHVH DUH WKH FRQGLWLRQV WKDW DUH ?FRYHUHG� E\
tLM �KHDG�9L���

q RQO\ FRQVWUXFW FDQGLGDWH TXHULHV 4� VXFK WKDW WKH
YLHZV DQG FRQGLWLRQV LQ WKH ERG\ RI 4� ?FRYHU� DOO
WKH FRQGLWLRQV LQ WKH ERG\ RI 4�

$ YDULDWLRQ RI WKH DERYH KHXULVWLF LV LPSOHPHQWHG LQ
WKH FDSDELOLW\�EDVHG UHZULWLQJ PRGXOH RI WKH 76,00,6
V\VWHP >��@�

7KH QH[W VXEVHFWLRQ GHVFULEHV WKH HTXLYDOHQFH WHVW IRU
76/ TXHULHV� ZKLFK LV DQ HVVHQWLDO SDUW RI 6WHS � RI WKH
DERYH DOJRULWKP�

� (TXLYDOHQFH RI 76/ TXHULHV

7ZR TXHULHV 4�� 4� DUH HTXLYDOHQW LI DQG RQO\ LI IRU DOO
2(0 GDWDEDVHV '� WKHLU UHVXOWV 4��'� DQG 4��'� DUH
HTXLYDOHQW� ,Q WKLV VHFWLRQ� ZH ZLOO GHYHORS D FRPSLOH�
WLPH WHVW RI HTXLYDOHQFH RI 76/ TXHULHV� EDVHG RQ DQ
H[WHQVLRQ RI FRQWDLQPHQW PDSSLQJV >�@� :H DVVXPH WKDW
WKH FKDVH KDV DOUHDG\ EHHQ DSSOLHG WR WKH TXHULHV�

7KH SUREOHP RI 76/ HTXLYDOHQFH LV FRPSOLFDWHG
EHFDXVH RI WKH UHVWUXFWXULQJ FDSDELOLWLHV RI 76/� TXHU\
KHDGV FRQVWUXFW DUELWUDU\ DQVZHU JUDSKV DQG GLmHUHQW
UXOHV FDQ FRQWULEXWH GLmHUHQW SDUWV RI WKH VDPH DQVZHU
JUDSK� +HQFH ZH QHHG WR PDNH VXUH WKDW DOO WKH
FRPSRQHQWV RI WKH UHVXOW JUDSK DUH WKH VDPH� 7KH
UHTXLUHG GHFRPSRVLWLRQ LV LQ WKH VDPH VSLULW DV QRUPDO
IRUP GHFRPSRVLWLRQ IRU TXHU\ ERGLHV �VHH 6HFWLRQ ���
EXW LW KDV WR JR RQH VWHS IXUWKHU E\ GHFRPSRVLQJ D 76/
TXHU\ LQWR nQHU�JUDLQ UXOHV� ,Q >��@ ZH VKRZ WKDW QRUPDO
IRUP GHFRPSRVLWLRQ GRHV QRW DOORZ XV WR GHWHUPLQH
HTXLYDOHQFH RI 76/ TXHULHV�

:H GHFRPSRVH D 76/ TXHU\ LQWR JUDSK FRPSRQHQW
TXHULHV WKDW FRUUHVSRQG WR WKH FRPSRQHQWV RI WKH UHVXOW
JUDSK� HGJHV� QRGHV DQG URRW� L�H�� WRS�OHYHO REMHFWV��

(YHU\ 76/ UXOH 4 LV GHFRPSRVHG LQWR WKUHH W\SHV RI
nQHU JUDLQ UXOHV�

�5HFDOO WKDW 2(0 JUDSKV DUH URRWHG�

q RQH WRS UXOH FRUUHVSRQGLQJ WR WKH WRS OHYHO FRQGLWLRQ
RI WKH KHDG RI 4 �WKLV TXHU\ FRUUHVSRQGV WR WKH URRW
RI WKH 2(0 JUDSK FRQVWUXFWHG E\ WKH KHDG RI 4�

q DV PDQ\ PHPEHU UXOHV DV WKHUH DUH REMHFW�VXEREMHFW
UHODWLRQVKLSV LQ WKH KHDG RI 4 �WKHVH TXHULHV FRUUH�
VSRQG WR WKH HGJHV RI WKH 2(0 JUDSK FRQVWUXFWHG
E\ WKH KHDG RI 4� DQG VSHFLI\ WKHLU VWDUW DQG HQG
REMHFWV� DQG

q RQH REMHFW W\SH UXOHV DV REMHFW FRQGLWLRQV LQ WKH
TXHU\ KHDG RI 4 �FRUUHVSRQGLQJ WR WKH REMHFWV RI
WKH 2(0 JUDSK FRQVWUXFWHG E\ WKH KHDG RI 4 DQG
GHVFULELQJ WKHLU ODEHOV DQG YDOXHV��

7KH GHFRPSRVLWLRQ LV LOOXVWUDWHG E\ WKH IROORZLQJ H[�
DPSOH� 7KH UHGXFHG UXOHV DUH HVVHQWLDOO\ 76/� VHW YDO�
XHV DUH DOORZHG LQ WKH REMHFW ?SUHGLFDWHV�� 1RWH WKDW
PHPEHU DQG WRS ?SUHGLFDWHV� GHSDUW IURP 76/ V\QWD[
WR HPSKDVL]H WKH FRQQHFWLRQ WR 'DWDORJ >��@�

([DPSOH ��� &RQVLGHU WKH IROORZLQJ TXHU\�

�4��� �O�;� O I�I�<� P I�Q�=� Q 9!J!J! ��

�; D I�< E I�= F 9!J!J!
,WV GHFRPSRVLWLRQ LQ JUDSK FRPSRQHQW TXHULHV LV DV

IROORZV�

WRS�O�;�� �� �; D I�< E I�= F 9!J!J!
PHPEHU�O�;��I�<�� �� �; D I�< E I�= F 9!J!J!
PHPEHU�I�<��Q�=�� �� �; D I�< E I�= F 9!J!J!
�O�;� O IJ! �� �; D I�< E I�= F 9!J!J!
�I�<� P IJ! �� �; D I�< E I�= F 9!J!J!
�Q�=� Q 9! �� �; D I�< E I�= F 9!J!J!

(

7KH FRQGLWLRQ IRU HTXLYDOHQFH RI WKH UHVXOWLQJ JUDSK
FRPSRQHQW TXHULHV LV HDVLO\ GHULYHG�

7KHRUHP ��� 7ZR VHWV 6�  I3�� � � � � 3QJ DQG 6�  
I7�� � � � � 7PJ RI JUDSK FRPSRQHQW TXHULHV DUH HTXLYDOHQW
LI DQG RQO\ LI IRU HDFK 3L WKHUH H[LVWV D PDSSLQJ WR LW
IURP VRPH 7M DQG IRU HDFK 7L WKHUH H[LVWV D PDSSLQJ WR
LW IURP VRPH 3M �

7KH SURRI RI 7KHRUHP ��� LV D JHQHUDOL]DWLRQ RI WKH
FRQWDLQPHQW WKHRUHP IRU XQLRQV RI UHODWLRQDO FRQMXQF�
WLYH TXHULHV ZLWK REMHFW LGV >��� ��@� 0RUHRYHU� WKH IRO�
ORZLQJ WKHRUHP KROGV�

7KHRUHP ��� �76/ TXHU\ HTXLYDOHQFH� 7ZR 76/
TXHULHV DUH HTXLYDOHQW LI DQG RQO\ LI WKHLU GHFRPSRVLWLRQV
LQWR JUDSK FRPSRQHQW TXHULHV DUH HTXLYDOHQW�

)URP WKH DERYH� LW LV VWUDLJKWIRUZDUG WR GHULYH D VLPSOH
HTXLYDOHQFH WHVW IRU 76/ TXHULHV�

�



� &RPSOHWHQHVV DQG &RPSOH[LW\

7KH VRXQGQHVV RI WKH DOJRULWKP GHVFULEHG LQ 6HFWLRQ ���
LV HVWDEOLVKHG E\ LWV VHFRQG VWHS� WKDW FKHFNV WKH FRUUHFW�
QHVV RI WKH UHZULWLQJ� :H ZLOO QRZ SURYH WKH FRPSOHWH�
QHVV RI WKH DOJRULWKP� L�H�� ZH ZLOO VKRZ WKDW LW DOZD\V
nQGV D UHZULWLQJ TXHU\ LI RQH H[LVWV� )RU WKLV SURRI�
ZH DVVXPH WKDW WKHUH DUH QR VWUXFWXUDO FRQVWUDLQWV� DQG
WKHUHIRUH QR IXQFWLRQDO GHSHQGHQFLHV H[FHSW WKH NH\ GH�
SHQGHQFLHV RQ REMHFW LG� ,Q WKH SUHVHQFH RI DUELWUDU\
IXQFWLRQDO GHSHQGHQFLHV� VXFK DV WKH RQHV WKDW FDQ EH
LQIHUUHG IURP VWUXFWXUDO FRQVWUDLQWV� LW LV HDV\ WR VKRZ
WKDW RXU UHZULWLQJ DOJRULWKP LV QRW FRPSOHWH �VHH >��@
IRU D VLPSOH FRXQWHUH[DPSOH IRU WKH FDVH RI UHODWLRQDO
TXHU\ UHZULWLQJ��
7R SURYH WKH FRPSOHWHQHVV RI WKH DOJRULWKP� ZH nUVW

REVHUYH WKDW LI WKHUH LV QR PDSSLQJ IURP D YLHZ ERG\
WR WKH TXHU\ ERG\� WKHQ WKH YLHZ LV QRW ?UHOHYDQW� WR
WKH TXHU\�

/HPPD ��� /HW 4 DQG 9 EH 76/ TXHULHV� 7KHUH LV D
UHZULWLQJ TXHU\ 4� RI 4 XVLQJ YLHZ 9 RQO\ LI WKHUH LV D
PDSSLQJ IURP WKH ERG\ RI 9 WR WKH ERG\ RI 4�

0RUHRYHU� ZH FDQ ERXQG ERWK WKH QXPEHU RI FRQGL�
WLRQV DQG WKH YDULDEOHV DSSHDULQJ LQ WKH UHZULWLQJ�

/HPPD ��� /HW 4 EH D 76/ TXHU\ DQG 9 EH D VHW RI
76/ YLHZV� ,I WKHUH H[LVWV D UHZULWLQJ RI 4 XVLQJ 9� WKHQ
WKHUH H[LVWV VXFK D UHZULWLQJ FRQVLVWLQJ RI DW PRVW N YLHZ
KHDGV� ZKHUH N LV WKH QXPEHU RI VLQJOH SDWK FRQGLWLRQV
LQ WKH ERG\ RI WKH TXHU\���

/HPPD ��� ,I WKHUH H[LVWV D UHZULWLQJ RI TXHU\4 XVLQJ
WKH VHW RI YLHZV 9� WKHQ WKHUH H[LVWV D UHZULWLQJ RI 4
XVLQJ 9 WKDW GRHVQ
W XVH YDULDEOHV WKDW GRQ
W H[LVW LQ 4�
7KH DERYH OHPPDWD GHPRQVWUDWH WKDW WKH WKHRU\ RI

UHODWLRQDO TXHU\ UHZULWLQJ� SUHVHQWHG LQ >��@� FDQ EH
JHQHUDOL]HG IRU 76/� 1RWLFH WKDW /HPPDWD ��� DQG ���
KROG LQ WKH SUHVHQFH RI WKH NH\ GHSHQGHQFLHV RQ REMHFW
LG� ,QWXLWLYHO\� RXU DOJRULWKP LV FRPSOHWH EHFDXVH QR
DGGLWLRQDO IXQFWLRQDO GHSHQGHQFLHV FDQ EH LQIHUUHG IURP
WKH REMHFW�LG NH\ GHSHQGHQFLHV� %\ XVLQJ GLVMRLQW VHWV
RI REMHFW LG DQG RWKHU YDULDEOHV� D FRQGLWLRQ VXFK DV
�; < I�< = :!J!� ZKLFK LPSOLHV WKH H[WUD IXQFWLRQDO
GHSHQGHQF\ IURP ; WR = DQG :� LV GLVDOORZHG�
7KH IROORZLQJ OHPPD MXVWLnHV ZK\ FRPSOHWHQHVV LV

QRW FRPSURPLVHG E\ RQO\ FRQVWUXFWLQJ UHZULWLQJ TXHULHV
4� WKDW KDYH D KHDG LGHQWLFDO WR WKH KHDG RI WKH
TXHU\ 4� 1RWLFH� WKLV LV DQ LVVXH WKDW LV SDUWLFXODU WR
VHPLVWUXFWXUHG DQG QHVWHG PRGHOV ZKLOH LW LV WULYLDO LQ
WKH UHODWLRQDO PRGHO �4� PXVW KDYH D KHDG LGHQWLFDO� XS
WR YDULDEOH UHQDPLQJ� WR WKH KHDG RI 4��

��1RWLFH WKDW� VLQFH YLHZ KHDGV GR QRW KDYH WR EH VLQJOH SDWK�
WKH QXPEHU RI VLQJOH SDWKV LQ WKH UHZULWLQJ FDQ EH JUHDWHU WKDQ
N�

/HPPD ��� ,I WKHUH H[LVWV D YDOLG UHZULWLQJ TXHU\
4�� VXFK WKDW KHDG�4��� LV QRW WKH VDPH DV KHDG�4��
WKHQ WKHUH H[LVWV D YDOLG UHZULWLQJ TXHU\ 4� VXFK WKDW
KHDG�4��  KHDG�4��

7R VHH WKDW /HPPD ��� KROGV� QRWLFH WKDW LI WKHUH H[LVWV
VXFK D TXHU\4��� WKHQ ZH FDQ DOZD\V DSSO\ RXU UHZULWLQJ
DOJRULWKP WR LW� WR GHULYH D TXHU\ 4� HTXLYDOHQW WR 4��

�DQG WKHUHIRUH WR 4� ZKRVH KHDG LV LGHQWLFDO WR WKH KHDG
RI 4�

7KHRUHP ��� 7KH UHZULWLQJ DOJRULWKP RI VXEVHFWLRQ ���
LV VRXQG DQG FRPSOHWH�

3URRI� �6NHWFK� 7KH DOJRULWKP LV REYLRXVO\ VRXQG�
EHFDXVH LWV ODVW VWHS LV D FRUUHFWQHVV WHVW� ,W LV
FRPSOHWH EHFDXVH RI WKH DERYH OHPPDWD� EHFDXVH WKH
TXHU\ FRPSRVLWLRQ DOJRULWKP LV FRUUHFW >��@� DQG nQDOO\
EHFDXVH WKH UHZULWLQJ DOJRULWKP H[KDXVWLYHO\ VHDUFKHV
WKH VSDFH RI UHZULWLQJV GHnQHG E\ WKH DERYH OHPPDWD�
(

��� &RPSOH[LW\ RI 76/ UHZULWLQJ

7KH DOJRULWKP GHVFULEHG LQ 6HFWLRQ ��� WDNHV H[SRQHQ�
WLDO WLPH� )LUVW� 6WHS � FDQ JHQHUDWH DQ H[SRQHQWLDO LQ
WKH VL]H RI WKH YLHZ ERGLHV QXPEHU RI PDSSLQJV� 7KHQ
6WHS � FDQ JHQHUDWH DQ H[SRQHQWLDO QXPEHU RI FDQGL�
GDWH UHZULWLQJV� )LQDOO\� LW LV SURYHQ LQ >��@ WKDW WKH
FRQVWUXFWLRQ RI 4��9�� � � � � 9Q� XVLQJ D TXHU\ FRPSRVL�
WLRQ DOJRULWKP WDNHV H[SRQHQWLDO WLPH�

� 5HODWHG ZRUN

76/ LV GHULYHG IURP WKH 0HGLDWRU 6SHFLnFDWLRQ /DQ�
JXDJH �06/� >��@� 06/ LV D PRUH JHQHUDO ODQJXDJH
WKDW DOORZV DUELWUDU\ UHVWUXFWXULQJV RI VRXUFH GDWD� %H�
FDXVH RI LWV DGGLWLRQDO UHVWUXFWXULQJ SRZHU� 06/ �DV
ZHOO DV 6WUX4/� ZKLFK KDV WKH VDPH UHVWUXFWXULQJ FD�
SDELOLWLHV� LV QRW FORVHG XQGHU TXHU\ FRPSRVLWLRQ� 7KLV
VLJQLnFDQWO\ UHGXFHV WKH DSSOLFDELOLW\ RI WKH UHZULWLQJ
DOJRULWKP�
7KH SUREOHP RI TXHU\ UHZULWLQJ IRU FRQMXQFWLYH

UHODWLRQDO YLHZV LV GLVFXVVHG� DPRQJ RWKHUV� LQ >��� ��@
DQG IRU UHFXUVLYH TXHULHV �EXW QRW UHFXUVLYH YLHZV� LQ
>�@� 7KH SUREOHP RI TXHU\ HTXLYDOHQFH IRU UHODWLRQDO
ODQJXDJHV ZLWK REMHFW LGV KDV EHHQ VWXGLHG LQ >��@�
2XU QRWLRQ RI TXHU\ HTXLYDOHQFH FRUUHVSRQGV� LQ WKH
WHUPLQRORJ\ RI >��@� WR H[SRVHG HTXLYDOHQFH�
7KH 76/ UHZULWLQJ SUREOHP FDQQRW EH UHGXFHG WR WKH

ZHOO�XQGHUVWRRG UHODWLRQDO FRQMXQFWLYH TXHU\ UHZULWLQJ
SUREOHP� *LYHQ D UHGXFWLRQ RI VHPLVWUXFWXUHG GDWD WR
UHODWLRQV� VXFK DV WKH RQH SUHVHQWHG LQ >��@� 76/ TXHULHV
DQG YLHZV DUH UHGXFHG WR 'DWDORJ ZLWK IXQFWLRQ V\PEROV
DQG ZLWK D OLPLWHG IRUP RI UHFXUVLRQ��� KHQFH PDNLQJ
LQDSSOLFDEOH WKH FRQMXQFWLYH TXHU\ UHZULWLQJ UHVXOWV�

��$V GHVFULEHG LQ GHWDLO LQ >��@�

�



7KH VSHFLDO IRUP RI WKH UHVWULFWHG UHFXUVLRQ LQ 76/
OHDGV WR GHFLGDELOLW\ DQG FRPSOH[LW\ UHVXOWV ZKLFK
DUH NQRZQ QRW WR KROG IRU JHQHUDO UHFXUVLYH 'DWDORJ
SURJUDPV >�@�
7KHUH LV OLWWOH ZRUN RQ WKH SUREOHP RI UHZULWLQJ

VHPLVWUXFWXUHG TXHULHV XVLQJ YLHZV >��� �@� ,Q >��@�
WKH UHODWHG SUREOHP RI TXHU\ FRQWDLQPHQW LQ 6WUX4/
�D VHPLVWUXFWXUHG ODQJXDJH VLPLODU WR 76/ DQG 06/�
LV DGGUHVVHG� 7KH SDSHU GHDOV ZLWK TXHULHV DQG YLHZV
FRQWDLQLQJ ?ZLOGFDUGV� DQG UHJXODU SDWK H[SUHVVLRQV�
EXW LW GRHV QRW GHDO ZLWK WKH UHVWUXFWXULQJ FDSDELOLWLHV
RI WKH 6WUX4/ ODQJXDJH� 5HFHQWO\� >�@ SURSRVHG DQ
HOHJDQW VROXWLRQ WR WKH SUREOHP RI UHZULWLQJ D UHJXODU
H[SUHVVLRQ LQ WHUPV RI RWKHU UHJXODU H[SUHVVLRQV� 7KH
SUREOHP LV FORVHO\ UHODWHG WR WKH SUREOHP RI UHZULWLQJ
VHPLVWUXFWXUHG TXHULHV XVLQJ YLHZV� EXW WKH VROXWLRQ LV
DSSOLFDEOH WR D QDUURZ FODVV RI TXHULHV DQG YLHZV� WKH
RQHV WKDW FRQVLVW RI RQO\ RQH UHJXODU SDWK H[SUHVVLRQ
DQG UHWXUQ LWV ?HQGSRLQWV��
2XU ZRUN LV DOVR UHODWHG WR WKH SUREOHP RI REMHFW

RULHQWHG TXHU\ UHZULWLQJ� 3UHYLRXV ZRUN RQ WKH SUREOHP
RI FRQWDLQPHQW DQG HTXLYDOHQFH RI REMHFW RULHQWHG
TXHULHV >�� ��@ UHOLHV RQ WKH H[LVWHQFH RI D VWDWLF FODVV
KLHUDUFK\� :RUN RQ WKH SUREOHP RI FRQWDLQPHQW RI
TXHULHV RQ FRPSOH[ REMHFWV KDV EHHQ SUHVHQWHG UHFHQWO\
LQ >��@�
)LQDOO\� WKHUH KDV EHHQ VRPH UHFHQW ZRUN RQ XVLQJ

VWUXFWXUDO LQIRUPDWLRQ DERXW D VHPLVWUXFWXUHG VRXUFH
�VXFK DV JUDSK VFKHPDV >�@ RU '7'V� LQ TXHU\ SURFHVVLQJ
>��� ��@�

2(0 YDULDQWV DQG UHZULWLQJ $ SRSXODU YDULDQW
RI WKH RULJLQDO 2(0 GDWD PRGHO �XVHG LQ WKLV SDSHU�
WKDW KDV EHHQ SURSRVHG LQ WKH OLWHUDWXUH >��@ PDNHV
ODEHOV D SURSHUW\ RI WKH HGJHV LQVWHDG RI WKH QRGHV
RI WKH JUDSK �VHH )LJXUH ��� 7KH WHFKQLTXHV DQG
DOJRULWKPV GHVFULEHG LQ WKLV SDSHU DSSO\ ZLWK OLWWOH
FKDQJH WR WKLV YHUVLRQ RI WKH GDWD PRGHO� VPDOO FKDQJHV
DUH DOVR QHFHVVDU\ WR WKH ODQJXDJH V\QWD[� RI FRXUVH�
2QH QRWHZRUWK\ GLmHUHQFH LV WKDW WKH RQO\ LPSOLFLW
IXQFWLRQDO GHSHQGHQF\ SUHVHQW LQ WKLV YDULDQW RI 2(0
LV REMHFW LG WR YDOXH RI DQ REMHFW�

,VRPRUSKLVP ,Q WKH 2(0 GDWD PRGHO HYHU\ QRGH RI
WKH VHPLVWUXFWXUHG JUDSK KDV DQ REMHFW LGHQWLW\ _ XQ�
OLNH >�@ DQG >��@� )XUWKHUPRUH� ZH UHTXLUH WKDW WKH RULJ�
LQDO DQG WKH UHZULWWHQ TXHULHV FRPSXWH LGHQWLFDO JUDSKV
�L�H�� VDPH REMHFW LGV� DV RSSRVHG WR JUDSKV HTXLYDOHQW
XQGHU ELVLPXODWLRQ >�@ RU LVRPRUSKLVP� )ROORZLQJ WKH
LVRPRUSKLVP DSSURDFK� WZR 2(0 GDWDEDVHV '� DQG '�

ZRXOG EH HTXLYDOHQW LI IRU HYHU\ REMHFW [� RI '� ZH FDQ
nQG DQ REMHFW [� RI '� VXFK WKDW [� DQG [� KDYH WKH
VDPH ODEHO� VDPH YDOXH LI DWRPLF� RU HTXLYDOHQW �L�H� LVR�
PRUSKLF� VHWV RI VXEREMHFWV LI WKH\ KDYH VHW YDOXHV� ,Q
WKLV DSSURDFK� ZH RQO\ FDUH IRU WKH REMHFW�VXEREMHFW UH�

ODWLRQVKLSV WKH REMHFW LGV FUHDWH� )RU H[DPSOH� WKH 85/
QDPHV DUH QRW LPSRUWDQW� LW LV WKH K\SHUWH[W VWUXFWXUH
FUHDWHG E\ WKH OLQNV WKDW LV LPSRUWDQW�

)URP WKH SRLQW RI YLHZ RI WKH UHZULWLQJ DOJRULWKP
LW LV QRW LPSRUWDQW ZKHWKHU WKH UHZULWLQJ TXHU\ 4�

SURGXFHV UHVXOWV LGHQWLFDO WR WKH RULJLQDO TXHU\ 4 RU
LW SURGXFHV LVRPRUSKLF UHVXOWV� 7KH UHDVRQ LV WKDW ZH
FRQMHFWXUH WKDW LI WKHUH LV QR UHZULWLQJ TXHU\ 4� ZLWK
D UHVXOW LGHQWLFDO WR 4 WKHQ WKHUH LV QR UHZULWLQJ TXHU\
4�� UHWXUQLQJ D UHVXOW LVRPRUSKLF WR 4�

� &RQFOXVLRQV DQG )XWXUH :RUN

:H SUHVHQWHG DQ DOJRULWKP WKDW JLYHQ D VHPLVWUXFWXUHG
TXHU\ T H[SUHVVHG LQ FRQMXQFWLYH 76/ DQG D VHW RI
VHPLVWUXFWXUHG YLHZV 9 � nQGV UHZULWLQJ TXHULHV� L�H��
TXHULHV WKDW DFFHVV WKH YLHZV DQG DUH HTXLYDOHQW WR T�
2XU DOJRULWKP LV EDVHG RQ DSSURSULDWHO\ JHQHUDOL]LQJ
FRQWDLQPHQW PDSSLQJV� WKH FKDVH� DQG FRPSRVLWLRQ�
7KH nUVW VWHS XVHV FRQWDLQPHQW PDSSLQJV WR SURGXFH
FDQGLGDWH UHZULWLQJ TXHULHV� 7KH VHFRQG VWHS FRPSRVHV
HDFK FDQGLGDWH UHZULWLQJ TXHU\ ZLWK WKH YLHZV DQG
FKHFNV ZKHWKHU WKH FRPSRVLWLRQ LV HTXLYDOHQW WR WKH
RULJLQDO TXHU\� 7KRXJK WKH DOJRULWKP LV VLPLODU WR
WKH RQH IRU WKH UHZULWLQJ RI FRQMXQFWLYH TXHULHV� WKHUH
DUH PDQ\ FKDOOHQJHV VWHPPLQJ IURP WKH VHPLVWUXFWXUHG
QDWXUH RI WKH GDWD DQG WKH TXHULHV� )RU H[DPSOH� WKH
FRPSRVLWLRQ RI WKH UHZULWLQJ TXHU\ DQG WKH YLHZV LV
KDUGHU �IURP D FRPSOH[LW\ SRLQW RI YLHZ� EHFDXVH RI
WKH ODFN RI VFKHPD DQG RI WKH UHVWUXFWXULQJ FDSDELOLWLHV
RI 76/ YLHZV� 0RUHRYHU� ZH H[WHQG WKH DOJRULWKP WR
XVH VWUXFWXUDO FRQVWUDLQWV WR GLVFRYHU UHZULWLQJV LQ FDVHV
ZKHUH� LQ WKH DEVHQFH RI FRQVWUDLQWV� WKHUH ZRXOG EH QR
UHZULWLQJV�

:H FXUUHQWO\ LQFRUSRUDWH RXU DOJRULWKP LQWR WKH
76,00,6 V\VWHP IRU XVH DV D FDSDELOLW\ EDVHG UHZULWHU�
:H ZLOO VRRQ DGDSW LWV LQWHUIDFHV WR WKH 76,00,6 V\V�
WHP VR WKDW LW ZLOO EH DEOH WR DOVR VHUYH DV D UHZULWHU RI
TXHULHV XVLQJ FDFKHG YLHZV� )XUWKHUPRUH� ZH DUH ZRUN�
LQJ RQ H[WHQVLRQV WR WKH DOJRULWKP VR WKDW LW FDQ KDQGOH
H[WHQVLRQV WR 76/� VXFK DV UHJXODU SDWK H[SUHVVLRQV LQ
WKH TXHU\ ERG\� 1RWLFH WKDW LQ WKH SUHVHQFH RI UHJX�
ODU SDWK H[SUHVVLRQV� WKH RSSRUWXQLWLHV �DQG GLpFXOWLHV�
SUHVHQWHG E\ WKH H[LVWHQFH RI VWUXFWXUDO FRQVWUDLQWV VXFK
DV '7'V DUH PRUH VLJQLnFDQW�

:H DUH DOVR FXUUHQWO\ GHYHORSLQJ UHZULWLQJ DOJRULWKPV
WKDW� LQVWHDG RI JHQHUDWLQJ HTXLYDOHQW UHZULWLQJ TXHULHV�
ZLOO JHQHUDWH PD[LPDOO\ FRQWDLQHG UHZULWLQJ TXHULHV� LQ
WKH VSLULW RI >��� �@�

$FNQRZOHGJHPHQWV

:H DUH JUDWHIXO WR -Hm 8OOPDQ DQG 9LFWRU 9LDQX IRU
WKHLU FRPPHQWV DQG VXJJHVWLRQV RQ DQ HDUOLHU GUDIW RI

�



WKLV SDSHU� :H ZRXOG DOVR OLNH WR WKDQN 'DQ 6XFLX DQG
5DPDQD <HUQHQL IRU IUXLWIXO GLVFXVVLRQV DQG FRPPHQWV�

5HIHUHQFHV
>�@ 6� $ELWHERXO DQG 9� 9LDQX� 4XHULHV DQG FRPSXWDWLRQ RQ WKH

:HE� ,Q 3URF� ,&'7 &RQI�� �����

>�@ 7� %UD\� -� 3DROL� DQG &� 6SHUEHUJ�0F4XHHQ� ([WHQVLEOH
0DUNXS /DQJXDJH �;0/� ���� :�& 5HFRPPHQGDWLRQ�
/DWHVW YHUVLRQ DYDLODEOH DW KWWS���ZZZ�Z��RUJ�75�5(&�[PO�

>�@ 3� %XQHPDQ� 6� 'DYLGVRQ� 0� )HUQDQGH]� DQG '� 6XFLX�
$GGLQJ VWUXFWXUH WR XQVWUXFWXUHG GDWD� ,Q 3URF� ,&'7

&RQI�� �����

>�@ 3� %XQHPDQ� 6� 'DYLGVRQ� *� +LOOHEUDQG� DQG '� 6XFLX�
$ TXHU\ ODQJXDJH DQG RSWLPL]DWLRQ WHFKQLTXHV IRU XQVWUXF�
WXUHG GDWD� ,Q 3URF� $&0 6,*02'� �����

>�@ '� &DOYDQHVH� *� '� *LDFRPR� 0� /HQ]HULQL� DQG 0� 9DUGL�
5HZULWLQJ RI UHJXODU H[SUHVVLRQV DQG UHJXODU SDWK TXHULHV� ,Q
3URF� 32'6 &RQI�� �����

>�@ (� &KDQ� &RQWDLQPHQW DQG PLQLPL]DWLRQ RI SRVLWLYH
FRQMXQFWLYH TXHULHV LQ 22'%
V� ,Q 3URF� 32'6 &RQI�� �����

>�@ $� &KDQGUD DQG 3� 0HUOLQ� 2SWLPDO LPSOHPHQWDWLRQ RI
FRQMXQFWLYH TXHULHV LQ UHODWLRQDO GDWDEDVHV� ,Q 3URFHHGLQJV

RI WKH 1LQWK $QQXDO $&0 6\PSRVLXP RQ 7KHRU\ RI

&RPSXWLQJ� SDJHV ��^��� �����

>�@ $� 'HXWFK� 0� )HUQDQGH]� '� )ORUHVFX� $� /HY\�
DQG '� 6XFLX� ;0/�4/� $ TXHU\ ODQJXDJH IRU
;0/� 6XEPLVVLRQ WR :�&� /DWHVW YHUVLRQ DYDLODEOH DW
KWWS���ZZZ�Z��RUJ�75�127(�[PO�TO�

>�@ 2� 'XVFKND DQG 0� *HQHVHUHWK� $QVZHULQJ TXHULHV XVLQJ
UHFXUVLYH YLHZV� ,Q 3URF� 32'6 &RQI�� �����

>��@ 2� 'XVFKND DQG $� /HY\� 5HFXUVLYH SODQV IRU LQIRUPDWLRQ
JDWKHULQJ� ,Q 3URFHHGLQJV RI WKH )LIWHHQWK ,QWHUQDWLRQDO

-RLQW &RQIHUHQFH RQ $UWLnFLDO ,QWHOOLJHQFH� �����

>��@ 0� )HUQDQGH]� '� )ORUHVFX� $� /HY\� DQG '� 6XFLX� $ TXHU\
ODQJXDJH DQG SURFHVVRU IRU D ZHE�VLWH PDQDJHPHQW V\VWHP�
,Q:RUNVKRS RQ 0DQDJHPHQW RI 6HPLVWUXFWXUHG 'DWD� $&0

6,*02' &RQI�� �����

>��@ 0� )HUQDQGH] DQG '� 6XFLX� 2SWLPL]LQJ UHJXODU SDWK
H[SUHVVLRQV XVLQJ JUDSK VFKHPDV� ,Q 3URF� ,&'( &RQI��
�����

>��@ '� )ORUHVFX� $� /HY\� DQG $� 0HQGHO]RQ� 'DWDEDVH
WHFKQLTXHV IRU WKH :RUOG�:LGH :HE� $ VXUYH\� 6,*02'

5HFRUG� ������ �����

>��@ '� )ORUHVFX� $� /HY\� DQG '� 6XFLX� 4XHU\ FRQWDLQPHQW IRU
FRQMXQFWLYH TXHULHV ZLWK UHJXODU H[SUHVVLRQV� ,Q 3URF� 32'6
&RQI�� �����

>��@ +� *DUFLD�0ROLQD HW DO� 7KH 76,00,6 DSSURDFK WR PHGL�
DWLRQ� GDWD PRGHOV DQG ODQJXDJHV� -RXUQDO RI ,QWHOOLJHQW

,QIRUPDWLRQ 6\VWHPV� �����^���� �����

>��@ 5� *ROGPDQ DQG -� :LGRP� 'DWDJXLGHV� (QDEOLQJ TXHU\
IRUPXODWLRQ DQG RSWLPL]DWLRQ LQ VHPLVWUXFWXUHG GDWDEDVHV�
,Q 3URF� 9/'% &RQI�� �����

>��@ /� +DDV� '� .RVVPDQ� (� :LPPHUV� DQG -� <DQJ� 2SWLPL]LQJ
TXHULHV DFURVV GLYHUVH GDWD VRXUFHV� ,Q 3URF� 9/'%� �����

>��@ 5� +XOO DQG 0� <RVKLNDZD� 2Q WKH HTXLYDOHQFH RI GDWD
UHVWUXFWXULQJV LQYROYLQJ REMHFW LGHQWLnHUV� ,Q 3URF� 32'6

&RQIHUHQFH� �����

>��@ $� .HOOHU DQG -� %DVX� $ SUHGLFDWH�EDVHG FDFKLQJ VFKHPH
IRU FOLHQW�VHUYHU GDWDEDVH DUFKLWHFWXUHV� 7KH 9/'% -RXUQDO�
����^��� -DQ� �����

>��@ $� /HY\� $� 0HQGHO]RQ� <� 6DJLY� DQG '� 6ULYDVWDYD�
$QVZHULQJ TXHULHV XVLQJ YLHZV� ,Q 3URF� 32'6 &RQI�� SDJHV
��^���� �����

>��@ $� /HY\� $� 5DMDUDPDQ� DQG -� 2UGLOOH� 4XHU\LQJ KHWHUR�
JHQHRXV LQIRUPDWLRQ VRXUFHV XVLQJ VRXUFH GHVFULSWLRQV� ,Q
3URF� 9/'%� SDJHV ���^���� �����

>��@ $� /HY\� $� 5DMDUDPDQ� DQG -� 8OOPDQ� $QVZHULQJ TXHULHV
XVLQJ OLPLWHG H[WHUQDO SURFHVVRUV� ,Q 3URF� 32'6� SDJHV
���^��� �����

>��@ $� /HY\ DQG 0��&� 5RXVVHW� &$5,1� D UHSUHVHQWDWLRQ ODQ�
JXDJH LQWHJUDWLQJ UXOHV DQG GHVFULSWLRQ ORJLFV� ,Q 3URFHHG�

LQJV RI WKH (XURSHDQ &RQIHUHQFH RQ $UWLnFLDO ,QWHOOLJHQFH�
%XGDSHVW� +XQJDU\� �����

>��@ $� /HY\ DQG '� 6XFLX� 'HFLGLQJ FRQWDLQPHQW IRU TXHULHV ZLWK
FRPSOH[ REMHFWV� ,Q 3URF� 32'6 &RQI�� �����

>��@ &� /L� 5� <HUQHQL� 9� 9DVVDORV� +� *DUFLD�0ROLQD� DQG
<� 3DSDNRQVWDQWLQRX� &DSDELOLW\ EDVHG PHGLDWLRQ LQ 76,0�
0,6� ,Q 3URF� 6,*02' &RQI�� �����

>��@ -� 0F+XJK� 6� $ELWHERXO� 5� *ROGPDQ� '� 4XDVV� DQG
-� :LGRP� /RUH� $ GDWDEDVH PDQDJHPHQW V\VWHP IRU
VHPLVWUXFWXUHG GDWD� 6,*02' 5HFRUG� ��������^��� �����

>��@ $� 0HQGHO]RQ DQG 7� 0LOR� )RUPDO PRGHOV RI WKH :HE� ,Q
3URF� 32'6 &RQI�� �����

>��@ <� 3DSDNRQVWDQWLQRX� 4XHU\ SURFHVVLQJ LQ KHWHURJHQHRXV
LQIRUPDWLRQ VRXUFHV�
7HFKQLFDO UHSRUW� 6WDQIRUG 8QLYHUVLW\ 7KHVLV� ����� $YDLO�
DEOH IURP ZZZ�GE�XFVG�HGX�SHRSOH�\DQQLV�KWP�

>��@ <� 3DSDNRQVWDQWLQRX� +� *DUFLD�0ROLQD� DQG -� 8OOPDQ�
0HGPDNHU� $ PHGLDWLRQ V\VWHP EDVHG RQ GHFODUDWLYH
VSHFLnFDWLRQV� ,Q 3URF� ,&'( &RQI�� SDJHV ���^��� �����

>��@ <� 3DSDNRQVWDQWLQRX� +� *DUFLD�0ROLQD� DQG -� :LGRP�
2EMHFW H[FKDQJH DFURVV KHWHURJHQHRXV LQIRUPDWLRQ VRXUFHV�
,Q 3URF� ,&'( &RQI�� SDJHV ���^��� �����

>��@ <� 3DSDNRQVWDQWLQRX DQG 9� 9DVVDORV� 4XHU\ UHZULWLQJ
IRU VHPLVWUXFWXUHG GDWD �H[WHQGHG YHUVLRQ�� $YDLODEOH DV
ZZZ�GE�VWDQIRUG�HGX�SXE�SDSHUV�WVOFRQW�H[W�SV�

>��@ <� 3DSDNRQVWDQWLQRX DQG 3� 9HOLNKRY� (QKDQFLQJ VHPLVWUXF�
WXUHG GDWD PHGLDWRUV ZLWK GRFXPHQW W\SH GHnQLWLRQV� ,Q
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