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$EVWUDFW

+LJK�OHYHO PRGHOLQJ RI GLJLWDO V\VWHPV LQYROYHV EHKDYLRXUDO GHVFULSWLRQV WKDW XVH DEVWUDFW UHSUHV�
HQWDWLRQV RI WKH GDWD PDQLSXODWHG E\ WKH V\VWHP� )RU D KDUGZDUH GHVFULSWLRQ ODQJXDJH WR EH XVHG
VXFFHVVIXOO\ IRU KLJK�OHYHO PRGHOLQJ� LW PXVW SURYLGH DSSURSULDWH IHDWXUHV� VXFK DV REMHFW�RULHQWHG
IHDWXUHV� IRU PDQDJLQJ WKH FRPSOH[LW\ LQ D GHVLJQ�

$QXPEHU RI SURSRVDOV IRU REMHFW�RULHQWHG H[WHQVLRQV WR9+'/GHDOZLWK REMHFW�RULHQWHG H[WHQ�
VLRQV WR VXSSRUW WKH PRGHOLQJ RI GDWD� 7KH\ SURYLGH IHDWXUHV IRU H[SUHVVLQJ GDWD DEVWUDFWLRQ� HQFDS�
VXODWLRQ� DQG LQKHULWDQFH ZLWK SRO\PRUSKLVP� IHDWXUHV WKDW DUH FHQWUDO WR REMHFW RULHQWHG WHFKQLTXHV�
7KHUH DUH WZR DSSURDFKHV WR REMHFW�RULHQWHG GDWDPRGHOLQJ� FODVV�EDVHG DQG SURJUDPPLQJ E\ H[WHQ�
VLRQ� 7KLV UHSRUW FRPSDUHV WKH WZR DSSURDFKHV LQ WKH FRQWH[W RI KDUGZDUH PRGHOLQJ LQ 9+'/� ,W
RXWOLQHV WKH WZR DSSURDFKHV DQG SUHVHQWV H[DPSOHV LOOXVWUDWLQJ KRZ WKH\ PLJKW EH LQFOXGHG LQ
9+'/� ,W GLVFXVVHV WKH LVVXH RI LQWHJUDWLRQ ZLWK VLJQDO VHPDQWLFV� DQG FRPSDUHV WKH ZD\ LQ ZKLFK
WKH DSSURDFKHV GHDO ZLWK HQFDSVXODWLRQ� LQLWLDOL]DWLRQ RU REMHFWV� DQG LQKHULWDQFH� 7KH UHSRUW FRQ�
FOXGHV WKDW� ZKLOH ERWK DSSURDFKHV DUH YLDEOH� WKH SURJUDPPLQJ E\ H[WHQVLRQ DSSURDFK LV SUHIHUUHG�
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� ,QWURGXFWLRQ
$V WKH FRPSOH[LW\ RI GLJLWDO V\VWHPV LV LQFUHDVLQJ� GHVLJQHUV DUH EHFRPLQJ PRUH UHOLDQW RQ KLJK�
OHYHOPRGHOLQJ DV D VWDJH LQ WKH GHVLJQ IORZ� +LJK�OHYHOPRGHOLQJ LQYROYHV EHKDYLRXUDO GHVFULSWLRQV
WKDW XVH DEVWUDFW UHSUHVHQWDWLRQV RI WKH GDWD PDQLSXODWHG E\ WKH V\VWHP� 7KH IRFXV LV RQ FDSWXULQJ
WKH UHTXLUHG IXQFWLRQDOLW\ RI WKH V\VWHP ZLWKRXW FRPPLWWLQJ WR LPSOHPHQWDWLRQ GHWDLOV� VXFK DV EL�
QDU\ HQFRGLQJ RI GDWD DQG FRPPXQLFDWLRQ SURWRFROV EHWZHHQ FRPSRQHQWV�

)RU D KDUGZDUH GHVFULSWLRQ ODQJXDJH WR EH XVHG VXFFHVVIXOO\ IRU KLJK�OHYHO PRGHOLQJ� LW PXVW
SURYLGH DSSURSULDWH IHDWXUHV IRU PDQDJLQJ WKH FRPSOH[LW\ LQ D GHVLJQ� 7KH VRIWZDUH�HQJLQHHULQJ
FRPPXQLW\ KDV DGRSWHG REMHFW�RULHQWHG WHFKQLTXHV DV WKH PHDQV RI PDQDJLQJ FRPSOH[LW\ LQ VRIW�
ZDUH V\VWHPV >�@� 6LQFH WKH WDVN RI KLJK�OHYHO PRGHOLQJ XVLQJ D KDUGZDUH GHVFULSWLRQ ODQJXDJH LV
YHU\ VLPLODU WR VRIWZDUH GHYHORSPHQW� LW LV DSSURSULDWH WR FRQVLGHU LQWURGXFWLRQ RI REMHFW�RULHQWHG
IHDWXUHV LQWR D KDUGZDUH GHVFULSWLRQ ODQXJDJH VXFK DV 9+'/�

$ QXPEHU RI SURSRVDOV IRU REMHFW�RULHQWHG H[WHQVLRQV WR 9+'/ KDYH EHHQ SXEOLVKHG� DQG DUH
VXUYH\HG LQ >�@� $ QXPEHU RI WKHP >�� �� ��� ��� ��@ GHDO ZLWK REMHFW�RULHQWHG H[WHQVLRQV WR VXSSRUW
WKH PRGHOLQJ RI GDWD� 7KH\ SURYLGH IHDWXUHV IRU H[SUHVVLQJ GDWD DEVWUDFWLRQ� HQFDSVXODWLRQ� DQG LQ�
KHULWDQFH ZLWK SRO\PRUSKLVP� IHDWXUHV WKDW DUH FHQWUDO WR REMHFW RULHQWHG WHFKQLTXHV�

7KHUH DUH WZR DSSURDFKHV WR REMHFW�RULHQWHG GDWD PRGHOLQJ� FODVV�EDVHG DQG SURJUDPPLQJ E\
H[WHQVLRQ� 7KHVH DSSURDFKHV DUH EULHIO\ RXWOLQHG LQ >�@� 7KH SURSRVDOV RI 5DGHW]NL HW DO >��@ DQG
:LOOLV HW DO >��@ DUH FODVV�EDVHG�ZKHUHDV WKRVH RI 'XQORS >�@�0LOOV >�@� DQG 6FKXPDFKHU DQG1HEHO
>��@ DUH EDVHG RQ SURJUDPPLQJ E\ H[WHQVLRQ�

7KLV UHSRUW FRPSDUHV WKH WZR DSSURDFKHV LQ WKH FRQWH[W RI KDUGZDUH PRGHOLQJ LQ 9+'/� 6HF�
WLRQ � ILUVW RXWOLQHV WKH WZR DSSURDFKHV DQG SUHVHQWV H[DPSOHV LOOXVWUDWLQJ KRZ WKH\ PLJKW EH LQ�
FOXGHG LQ 9+'/� 6HFWLRQ � WKHQ GLVFXVVHV WKH LVVXH RI LQWHJUDWLRQ ZLWK VLJQDO VHPDQWLFV� 7KH QH[W
WKUHH VHFWLRQV FRPSDUH WKH ZD\ LQ ZKLFK WKH DSSURDFKHV GHDO ZLWK LVVXHV UHODWLQJ WR REMHFW�RULHQWHG
PRGHOLQJ RI GDWD� 6HFWLRQ � FRPSDUHV HQFDSVXODWLRQ� 6HFWLRQ � FRPSDUHV LQLWLDOL]DWLRQ RI REMHFWV�
DQG 6HFWLRQ � FRPSDUHV LQKHULWDQFH� ,Q 6HFWLRQ �� ZH FRQFOXGH WKDW� ZKLOH ERWK DSSURDFKHV DUH YL�
DEOH� WKH SURJUDPPLQJ E\ H[WHQVLRQ DSSURDFK LV SUHIHUUHG�

� 2XWOLQH RI WKH WZR DSSURDFKHV

��� 7KH FODVV�EDVHG DSSURDFK

7KH FODVV�EDVHG DSSURDFK LV LQIOXHQFHG E\ SURJUDPPLQJ ODQJXDJHV VXFK DV 6LPXOD >�@� 6PDOOWDON
>�@� &�� >��@ DQG -DYD >�@� LQ ZKLFK D WKHUH LV D VSHFLILF ODQJXDJH FRQVWUXFW WR HQFDSVXODWH WKH VWDWH
DQG RSHUDWLRQV RI D FODVV� 'HULYHG FODVVHV LQKHULW VWDWH DQG RSHUDWLRQV IURP VXSHUFODVVHV� ZLWK SRV�
VLEOH DXJPHQWDWLRQ RU PRGLILFDWLRQ� $Q REMHFW LV DQ LQVWDQFH RI D FODVV� DQG FRQWDLQV VWRUDJH IRU WKH
VWDWH VSHFLILHG LQ WKH FODVV� 'HSHQGLQJ RQ WKH ODQJXDJH� WKH VWDWH PD\ RU PD\ QRW EH GLUHFWO\ DF�
FHVVHG� ,W PD\ EH VWURQJO\ HQFDSVXODWHG� LQ ZKLFK FDVH RQO\ WKH RSHUDWLRQV RI WKH FODVV PD\ DFFHVV
WKH VWDWH RI DQ LQVWDQFH� 2SHUDWLRQV DUH W\SLFDOO\ UHSUHVHQWHG DV VXESURJUDPV WKDW KDYH DQ REMHFW
LQVWDQFH DV DQ LPSOLFLW SDUDPHWHU� ,QYRNLQJ DQ RSHUDWLRQ LQYROYHV LGHQWLI\LQJ ERWK WKH RSHUDWLRQ DQG
WKH REMHFW XSRQ ZKLFK WKH RSHUDWLRQ LV WR EH SHUIRUPHG�

,Q D FRQYHQWLRQDO SURJUDPPLQJ ODQJXDJH� WKLV PRGHO RI FODVVHV DQG REMHFWV LV TXLWH ZRUNDEOH�
6XFK ODQJXDJHV RQO\ KDYH RQH NLQG RI REMHFW� QDPHO\ RQH WKDW LV DQ DEVWUDFWLRQ RI D PDFKLQH VWRUDJH
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ORFDWLRQ� 6XFK DQ REMHFW FDQ EH UHDG� ZLWK WKH UHWULHYHG YDOXH EHLQJ XVHG LQ DQ H[SUHVVLRQ� $Q REMHFW
FDQ EH DVVLJQHG WR� LQZKLFK FDVH WKH VWRUHG VWDWH LV LPPHGLDWHO\ XSGDWHG DQG VXEVHTXHQW UHDGV UHWXUQ
WKH XSGDWHG YDOXH�

2QH RI WKHPDLQ LVVXHV LQ D FRQYHQWLRQDO SURJUDPPLQJ ODQJXDJHZLWK FODVVHV LV KRZ WR GHDOZLWK
DVVLJQPHQW DQG HTXDOLW\� ,Q JHQHUDO WKH\ FDQQRW EH SUHGHILQHG� VLQFH WKH VHPDQWLFV LQWHQGHG E\ WKH
SURJUDPPHU PD\ EH GLIIHUHQW IURP VLPSOH VKDOORZ FRS\ DQG HOHPHQW�ZLVH FRPSDULVRQ� )XUWKHU� LI
WKH VWDWH LQFOXGHV G\QDPLFDOO\ DOORFDWHG VWRUDJH� RYHUZULWLQJ DQ REMHFW WKDW LV WKH WDUJHW RI DVVLJQ�
PHQW PD\ EH XQGHVLUDEOH� 7R GR VR ZRXOG FUHDWH JDUEDJH WKDW� LQ PDQ\ UXQ�WLPH HQYLURQPHQWV� LV
LUUHWULHYDEOH� &�� GHDOV ZLWK WKHVH SUREOHPV E\ UHTXLULQJ WKH SURJUDPPHU WR LQFOXGH FRQVWUXFWRU
DQG GHVFUXFWRU IXQFWLRQV LQ D FODVV�

$V DQ H[DPSOH RI KRZ D FODVV�EDVHG H[WHQVLRQ PLJKW EH XVHG� FRQVLGHU DQ $'7 IRU FRPSOH[
QXPEHUV�

W\SH FRPSOH[ LV FODVV
SULYDWH YDULDEOH UH� LP� UHDO�
SXEOLF IXQFWLRQ UHDOBSDUW UHWXUQ UHDO LV
EHJLQ

UHWXUQ UH�
HQG IXQFWLRQ UHDOBSDUW�

SXEOLF IXQFWLRQ LPDJBSDUW UHWXUQ UHDO LV
EHJLQ

UHWXUQ LP�
HQG IXQFWLRQ LPDJBSDUW�

SXEOLF SURFHGXUH FRPSOH[ � QHZBUH � UHDO� QHZBLP � UHDO � ��� � UHWXUQ FRPSOH[ LV
EHJLQ

UH � QHZBUH� LP � QHZBLP�
HQG SURFHGXUH FRPSOH[�
SXEOLF SURFHGXUH ´� µ � YDOXH � LQ FRPSOH[� LV
EHJLQ

UH � YDOXH�UH� LP � YDOXH�LP�
HQG SURFHGXUH ´� µ�
SXEOLF IXQFWLRQ ´ µ � ULJKW � LQ FRPSOH[ � UHWXUQ ERROHDQ LV
EHJLQ

UHWXUQ UH  ULJKW�UH DQG LP  ULJKW�LP�
HQG IXQFWLRQ ´ µ�

SXEOLF IXQFWLRQ ´�µ � ULJKW � LQ FRPSOH[ � UHWXUQ FRPSOH[ LV
EHJLQ

UHWXUQ FRPSOH[ � UH � ULJKW�UH� LP � ULJKW�LP ��
HQG IXQFWLRQ ´�µ�

��� ïï RWKHU DULWKPHWLF RSHUDWLRQV

SXEOLF SURFHGXUH FOHDUBWRB]HUR LV
EHJLQ

UH � ���� LP � ����
HQG SURFHGXUH FOHDUBWRB]HUR�

HQG FODVV FRPSOH[�

,Q WKLV SDUWLFXODU H[DPSOH� VKDOORZ�FRS\ DVVLJQPHQW DQG HOHPHQW�ZLVH FRPSDULVRQ ZRXOG VXI�
ILFH� +RZHYHU� XVHU�GHILQHG RSHUDWLRQV DUH VKRZQ WR LOOXVWUDWH WKH SRVVLEOHPHFKDQLVP� 7KH SURFHG�
XUH FRPSOH[ LV LQWHQGHG WR EH D FRQVWUXFWRU� DOORZLQJ FUHDWLRQ RI DQRQ\PRXV FRPSOH[ YDOXHV� )RU
H[DPSOH�
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FRQVWDQW FB]HUR � FRPSOH[ � FRPSOH[����� �����
FRQVWDQW FB� � FRPSOH[ � FRPSOH[���� ��
FRQVWDQW FBL � FRPSOH[ � FRPSOH[����� �����

([DPSOHV RI LQVWDQWLDWLRQ RI WKH FODVV DUH VKRZQ ODWHU LQ 6HFWLRQ ��

��� 7KH SURJUDPPLQJ E\ H[WHQVLRQ DSSURDFK

6HYHUDO RI WKH SURSRVDOV IRU REMHFW�RULHQWHG H[WHQVLRQV WR 9+'/ IROORZ WKH DSSURDFK RI $GD��� >�@
DQG IRU GHILQLQJ FODVVHV� 7KH DSSURDFK XVHG E\ 2EHURQ�� >�@ LV VLPLODU� 7KH $GD��� DSSURDFK LV
EDVHG RQ H[WHQVLEOH WDJJHG UHFRUG W\SHV GHILQHG LQ SDFNDJHV� $ SDFNDJH FRQWDLQV WKH GHFODUDWLRQ
RI D WDJJHG UHFRUG W\SH DQG WKH SULPLWLYH RSHUDWLRQV IRU WKH W\SH� 7KH SULPLWLYH RSHUDWLRQV LQFOXGH
RQH RU PRUH SDUDPHWHUV RI WKH GHFODUHG W\SH� RU KDYH D IXQFWLRQ UHVXOW RI WKH GHFODUHG W\SH� ,Q WKH
VDPH RU DQRWKHU SDFNDJH� D QHZ WDJJHG UHFRUG W\SH LV GHULYHG IURP WKH RULJLQDO W\SH� LQKHULWLQJ WKH
HOHPHQWV RI WKH RULJLQDO W\SH DQG DGGLQJ IXUWKHU HOHPHQWV� 7KH SULPLWLYH RSHUDWLRQV IURP WKH RULJL�
QDO W\SH DUH DOVR LQKHULWHG IRU WKH QHZ W\SH� 7KH\ PD\ EH RYHUULGGHQ ZLWK DOWHUQDWH YHUVLRQV� DQG
DGGLWLRQDO SULPLWLYH RSHUDWLRQV DGGHG�

5DWKHU WKDQ GHILQLQJ D FODVV ZKLFK HQFDSVXODWHV D VWRUHG REMHFW� WKH $GD��� DSSURDFK DOORZV
GHILQLWLRQ RI DQ DEVWUDFW GDWD W\SH FODVV� 7KH XVHU WKHQ FUHDWHV REMHFWV ZKLFK EHORQJ WR WKH DEVWUDFW
GDWD W\SH DQG LQYRNHV RSHUDWLRQV GHILQHG IRU WKH W\SH� VXSSO\LQJ WKH REMHFW DV DQ DFWXDO SDUDPHWHU�
,I WKH FRQFUHWH GHWDLOV RI WKH W\SH DUHPDGH SULYDWHZLWKLQ WKH GHILQLQJ SDFNDJH� WKH XVHUPD\ JHQHUDO�
O\ RQO\PDQLSXODWH WKH REMHFW XVLQJ WKH GHILQHG RSHUDWLRQV� 7KH DVVLJQPHQW RSHUDWLRQ LV SUHGHILQHG�
LPSOHPHQWLQJ VKDOORZ FRS\ RI UHFRUG HOHPHQWV� ,I WKDW LV LQDSSURSULDWH� WKH W\SH PD\ EH PDGH OL�
PLWHG� LQ ZKLFK FDVH DVVLJQPHQW LV QRW DOORZHG DQG WKH W\SH GHILQLWLRQ PXVW LQFOXGH RSHUDWLRQV WR
FRS\ REMHFWV� ,Q WKH $GD��� DSSURDFK� WKH HTXDOLW\ RSHUDWRU LV DOVR SUHGHILQHG� LPSOHPHQWLQJ HOH�
PHQW�ZLVH FRPSDULVRQ� ,I WKDW LV LQDSSURSULDWH� WKH W\SH GHILQLWLRQ FDQ LQFOXGH DQ RYHUORDGHG HTXDOL�
W\ RSHUDWRU�

$V DQ H[DPSOH� FRQVLGHU WKH FRPSOH[ QXPEHU W\SH UHFDVW DV DQ $'7 XVLQJ WKH SURJUDPPLQJ
E\ H[WHQVLRQ DSSURDFK� �7KH W\SH LQ WKLV H[DPSOH LV QRW WDJJHG� VLQFH LQKHULWDQFH LV QRW UHOHYDQW��

SDFNDJH FRPSOH[BQXPEHUV LV

W\SH FRPSOH[ LV SULYDWH�

IXQFWLRQ UHDOBSDUW � F � LQ FRPSOH[ � UHWXUQ UHDO�

IXQFWLRQ LPDJBSDUW � F � LQ FRPSOH[ � UHWXUQ UHDO�

IXQFWLRQ PDNHBFRPSOH[ � QHZBUH � UHDO� QHZBLP � UHDO � ��� � UHWXUQ FRPSOH[�

IXQFWLRQ ´ µ � OHIW� ULJKW � LQ FRPSOH[ � UHWXUQ ERROHDQ�

IXQFWLRQ ´�µ � OHIW� ULJKW � LQ FRPSOH[ � UHWXUQ FRPSOH[�

��� ïï RWKHU DULWKPHWLF RSHUDWLRQV

SURFHGXUH FOHDUBWRB]HUR � YDULDEOH F � RXW FRPSOH[ ��

SURFHGXUH FOHDUBWRB]HUR � VLJQDO F � RXW FRPSOH[ ��

SULYDWH

W\SH FRPSOH[ LV UHFRUG
UH� LP � UHDO�

HQG UHFRUG FRPSOH[�

HQG SDFNDJH FRPSOH[BQXPEHUV�
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1RWH WKDW WKH FXUUHQW 9+'/ UXOHV IRU RYHUORDGLQJ SUHYHQW WKH WZR GHFODUDWLRQV RI FOHDUBWRB]HUR
DV VKRZQ� VLQFH WKH\ DUH FRQVLGHUHG WR EH KRPRJUDSKV� $ SRVVLEOH H[WHQVLRQ DVVXPHG KHUH LV WR WDNH
DFFRXQW RI WKH FODVV RI SDUDPHWHUV LQ GHWHUPLQLQJ KRPRJUDSKV� 6LQFH D IRUPDO YDULDEOH SDUDPHWHU
FDQ RQO\ EH DVVRFLDWHG ZLWK D YDULDEOH� DQG D IRUPDO VLJQDO SDUDPHWHU FDQ RQO\ EH DVVRFLDWHG ZLWK
D VLJQDO� WKH FRQWH[W LV VXIILFLHQW WR UHVROYH WKH RYHUORDGLQJ�

$ SRVVLEOH SDFNDJH ERG\ IRU WKH $'7 LV�
SDFNDJH ERG\ FRPSOH[BQXPEHUV LV

IXQFWLRQ UHDOBSDUW � F � LQ FRPSOH[ � UHWXUQ UHDO LV
EHJLQ

UHWXUQ F�UH�
HQG IXQFWLRQ UHDOBSDUW�
IXQFWLRQ LPDJBSDUW � F � LQ FRPSOH[ � UHWXUQ UHDO LV
EHJLQ

UHWXUQ F�LP�
HQG IXQFWLRQ LPDJBSDUW�
IXQFWLRQ PDNHBFRPSOH[ � QHZBUH � UHDO� QHZBLP � UHDO � ��� � UHWXUQ FRPSOH[ LV
EHJLQ

UHWXUQ �QHZBUH� QHZBLP��
HQG SURFHGXUH PDNHBFRPSOH[�
IXQFWLRQ ´ µ � OHIW� ULJKW � LQ FRPSOH[ � UHWXUQ ERROHDQ LV
EHJLQ

UHWXUQ OHIW�UH  ULJKW�UH DQG OHIW�LP  ULJKW�LP�
HQG IXQFWLRQ ´ µ�
IXQFWLRQ ´�µ � OHIW� ULJKW � LQ FRPSOH[ � UHWXUQ FRPSOH[ LV
EHJLQ

UHWXUQ � OHIW�UH � ULJKW�UH� OHIW�LP � ULJKW�LP ��
HQG IXQFWLRQ ´�µ�
��� ïï RWKHU DULWKPHWLF RSHUDWLRQV
SURFHGXUH FOHDUBWRB]HUR � YDULDEOH F � RXW FRPSOH[ � LV
EHJLQ

F � ����� �����
HQG SURFHGXUH FOHDUBWRB]HUR�
SURFHGXUH FOHDUBWRB]HUR � VLJQDO F � RXW FRPSOH[ � LV
EHJLQ

F � ����� �����
HQG SURFHGXUH FOHDUBWRB]HUR�

HQG SDFNDJH ERG\ FRPSOH[BQXPEHUV�

,Q WKLV SDUWLFXODU H[DPSOH� HOHPHQW�ZLVH FRPSDULVRQ ZRXOG VXIILFH� +RZHYHU� D XVHU�GHILQHG
RSHUDWLRQ LV VKRZQ WR LOOXVWUDWH WKH SRVVLEOH PHFKDQLVP�

7KH IXQFWLRQ PDNHBFRPSOH[ LV LQWHQGHG WR EH D FRQVWUXFWRU� DOORZLQJ FUHDWLRQ RI DQRQ\PRXV
FRPSOH[ YDOXHV� )RU H[DPSOH�

FRQVWDQW FB]HUR � FRPSOH[ � PDNHBFRPSOH[����� �����
FRQVWDQW FB� � FRPSOH[ � PDNHBFRPSOH[���� ��
FRQVWDQW FBL � FRPSOH[ � PDNHBFRPSOH[����� �����

([DPSOHV RI LQVWDQWLDWLRQ RI WKH FODVV DUH VKRZQ ODWHU LQ 6HFWLRQ ��

� ,QWHJUDWLRQ ZLWK VLJQDOV
2QH RI WKH PDLQ LGHDV RI D FODVV LV WR GHILQH DQ $'7� ,W ZRXOG VHHP UHDVRQDEOH WR ZDQW WR XVH $'7
YDOXHV DV YDOXHV IRU VLJQDOV� 7KH SUREOHPV LQ GRLQJ VR VWHP IURP WKH IDFW WKDW VLJQDOV LQ9+'/ UHSUH�
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VHQW D GLIIHUHQW NLQG RI VWRUDJH REMHFW IURP YDULDEOHV DQG KDYH TXLWH GLIIHUHQW VHPDQWLFV� :KHUHDV
D YDULDEOH VWRUHV D VLQJOH YDOXH RI D JLYHQ W\SH� D VLJQDO LV PXFK PRUH FRPSOLFDWHG� ,W LQYROYHV RQH
RU PRUH GULYHUV� HDFK RI ZKLFK VWRUHV D WUDMHFWRU\ RI YDOXHV IRU WKH FXUUHQW DQG IXWXUH WLPHV� ([LVWLQJ
ODQJXDJH IHDWXUHV UHODWLQJ WR VLJQDOV DUH�

: 6LJQDO DVVLJQPHQW� UHTXLUHV D YDOXH RI WKH VLJQDO·V W\SH� D GHOD\ WLPH YDOXH� D SXOVH UHMHF�
WLRQ WLPH YDOXH DQG VHOHFWLRQ EHWZHHQ WUDQVSRUW DQG LQHUWLDO GHOD\ PHFKDQLVPV� 0XOWLSOH
ZDYHIRUP HOHPHQWV FDQ EH GHFRPSRVHG LQWR D VHTXHQFH RI VLJQDO DVVLJQPHQWV HDFK ZLWK
RQH ZDYHIRUP HOHPHQW� $VVLJQPHQW LQYROYHV D SURFHVV RI HGLWLQJ WKH WUDMHFWRU\ IRU D
GULYHU�

: 6LJQDO XSGDWH� LQYROYHV GHWHUPLQLQJ GULYLQJ YDOXHV RQ D QHW �LQYRNLQJ UHVROXWLRQ IXQF�
WLRQV� W\SH FRQYHUVLRQV DQG FRQYHUVLRQ IXQFWLRQV WRZDUGV WKH URRW RI WKH QHW�� WKHQ GHWHU�
PLQLQJ HIIHFWLYH YDOXHV �LQYRNLQJ W\SH FRQYHUVLRQV DQG FRQYHUVLRQ IXQFWLRQV DZD\ IURP
URRW�

: 7UDQVDFWLRQV DQG HYHQWV� D WUDQVDFWLRQ LQYROYHV XSGDWLQJ D VLJQDO ZLWK D QHZO\ GHWHU�
PLQHG HIIHFWLYH YDOXH� LI WKH QHZ YDOXH LV QRW HTXDO WR WKH ROG YDOXH� DQ HYHQW RFFXUV�
�5HTXLUHV LPSOLFLW DVVLJQPHQW WR XSGDWH HIIHFWLYH YDOXH� DQG LPSOLFLW FDOO RI DQ HTXDOLW\
RSHUDWRU WR WHVW IRU DQ HYHQW��

: 6HQVLWLYLW\� LQYROYHV D SURFHVV VSHFLI\LQJ D VLJQDO XSRQ ZKLFK LW PD\ ZDLW IRU DQ HYHQW�

��� 8VLQJ D FODVV IRU VLJQDO REMHFWV

7KH GLIILFXOW\ DULVLQJ LQ WKH FODVV�EDVHG DSSURDFK LV LQWHJUDWLQJ D FODVV�EDVHG $'7ZLWK WKH H[LVWLQJ
PHFKDQLVPV UHODWLQJ WR VLJQDOV� $Q LQLWLDO DWWHPSW DW UHODWLQJ FODVVHV DQG VLJQDOV PLJKW EH WR DOORZ
D FODVV WR HQFDSVXODWH VLJQDOV� )RU H[DPSOH�

W\SH FRPSOH[ LV FODVV

SULYDWH VLJQDO UH� LP � UHDO�

��� ïï RSHUDWLRQV RQ D FRPSOH[ VLJQDO

HQG FODVV FRPSOH[�

7KH SUREOHP KHUH LV WKDW D XVHU RI WKH FODVV VKRXOG RQO\ EH SHUPLWWHG WR GHFODUH VLJQDOV RI WKLV
W\SH�

VLJQDO F � FRPSOH[�

,I WKH XVHU ZDQWHG WR GHFODUH YDULDEOHV RI WKH W\SH� WKH\ ZRXOG KDYH WR GHFODUH D VHSDUDWH FODVV
WR HQFDSVXODWH YDULDEOHV� 0L[LQJ VLJQDO DQG YDULDEOH REMHFWV ZRXOG EHFRPH XQZLHOG\� )RU H[DPSOH�
IRU D PRGHO WR DVVLJQ WR D FRPSOH[ VLJQDO WKH VXP RI D FRPSOH[ VLJQDO YDOXH DQG D FRPSOH[ YDULDEOH
YDOXH ZRXOG UHTXLUH VHYHUDO RSHUDWLRQV LQ HDFK RI WKH WZR FODVVHV WR KDQGOH WKH GLIIHUHQW NLQGV RI
RSHUDQGV�

$EHWWHUZD\ RI LQWHJUDWLQJ$'7FODVVHVZLWK VLJQDOV LV WR UHTXLUH D FODVV WR KDYH LWV HQFDSVXODWHG
VWDWH VSHFLILHG DV D YDULDEOH� EXW WR WUHDW WKH YDULDEOH DV DQ DEVWUDFW VWRUDJH REMHFW� ,I WKH FODVV LV LQ�
VWDQWLDWHG DV D YDULDEOH REMHFW� WKH YDOXH RI WKH HQFDSVXODWHG VWDWH IRUPV WKH YDOXH RI WKH YDULDEOH RE�
MHFW� DV LQ D FRQYHQWLRQDO SURJUDPPLQJ ODQJXDJH� ,I WKH FODVV LV LQVWDQWLDWHG DV D VLJQDO REMHFW� WKH
YDOXH RI WKH HQFDSVXODWHG VWDWH IRUPV WKH YDOXH RI D WUDQVDFWLRQ LQ D GULYHU� ,Q WKLV FDVH� WKH FODVV
ZRXOG KDYH WR SURYLGH YDOXH DVVLJQPHQW� HTXDOLW\ DQG GHDOORFDWLRQ RSHUDWLRQV WR EH XVHG LQ VLJQDO
DVVLJQPHQW DQG XSGDWH� $OWHUQDWLYHO\� LW FRXOG UHO\ RQ SUHGHILQHG VKDOORZ�FRS\ IRU DVVLJQPHQW� HOH�
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PHQW�ZLVH FRPSDULVRQ IRU HTXDOLW\ DQG QR�RSHUDWLRQ IRU GHDOORFDWLRQ� ,W LV LPSRUWDQW WR QRWH WKDW�
LI D FODVV LV LQVWDQWLDWHG DV D VLJQDO� DQ\ RSHUDWLRQV WKDWPRGLI\ WKH HQFDSVXODWHG VWDWH FDQQRW EH FDOOHG
GLUHFWO\ E\ WKH XVHU� VLQFH WR GR VR ZRXOG YLRODWH WKH VHPDQWLFV RI VLJQDOV�

7R LOOXVWUDWH KRZ WKH FODVV�EDVHG DSSURDFK PD\ EH LQWHJUDWHG ZLWK VLJQDOV� FRQVLGHU DJDLQ WKH
FODVV�EDVHG IRUPXODWLRQ RI WKH FRPSOH[�QXPEHU W\SH� VKRZQ LQ 6HFWLRQ ���� $PRGHO PLJKW GHFODUH
D YDULDEOH DQG D VLJQDO RI WKH FRPSOH[ FODVV�

YDULDEOH [ � FRPSOH[�
VLJQDO V � FRPSOH[�

,W PLJKW XSGDWH WKH YDULDEOH�
Y � FRPSOH[����� ï�����

7KLV ZRXOG LQYROYH LQYRNLQJ WKH ´� µ SURFHGXUH ZLWK Y DV WKH LPSOLFLW SDUDPHWHU� 7KH PRGHO
PLJKW PDNH DQ DVVLJQPHQW WR V LQ D SURFHVV�

V � UHMHFW � QV LQHUWLDO FB]HUR DIWHU �� QV� FB� DIWHU �� QV�

7KH DOJRULWKP IRU VLJQDO DVVLJQPHQW ZRXOG EH IROORZHG DV VSHFLILHG LQ WKH /50� 'XULQJ WUDQV�
DFWLRQ HGLWLQJ� WKH WUDQVDFWLRQV DIWHU WKH WLPH RI WKH ILUVW QHZ RQH DUH GHOHWHG� LQYROYLQJ LQYRFDWLRQ
RI WKH GHDOORFDWH RSHUDWLRQ WR GHOHWH WKH WUDQVDFWLRQ YDOXHV� 1H[W� D QHZ WUDQVDFWLRQ LV FUHDWHG ZLWK
WKH YDOXH LQLWLDOL]HG WR GHIDXOW LQLWLDO YDOXHV� 7KH ´� µ RSHUDWLRQ LV WKHQ LQYRNHG WR FRS\ WKH ILUVW
ZDYHIRUP YDOXH WR WKH QHZ WUDQVDFWLRQ� 7KHQ YDOXHV RI SUHFHGLQJ WUDQVDFWLRQV ZLWKLQ WKH SXOVH UH�
MHFWLRQ LQWHUYDO DUH FRPSDUHG WR WKH YDOXH RI WKH QHZ WUDQVDFWLRQ XVLQJ WKH ´ µ IXQFWLRQ� $Q\ WKDW
QHHG WR EH GHOHWHG KDYH WKH GHDOORFDWH SURFHGXUH LQYRNHG RQ WKHLU YDOXHV� )LQDOO\� QHZ WUDQVDFWLRQV
DUH FUHDWHG IRU ZDYHIRUP HOHPHQWV DIWHU WKH ILUVW� WKH YDOXHV LQLWLDOL]HG WR GHIDXOW LQLWLDO YDOXHV� DQG
WKH ´� µ SURFHGXUH LQYRNHG IRU HDFK RQH WR FRS\ WKH ZDYHIRUP YDOXH WR WKH WUDQVDFWLRQ YDOXH�

:KHQ D VLJQDO QHHGV WR EH XSGDWHG� WKH HIIHFWLYH YDOXH LV FRSLHG IURP WKH GULYLQJ YDOXH WUDQVDF�
WLRQ XVLQJ WKH ´� µ SURFHGXUH� 7KH ´ µ IXQFWLRQ LV LQYRNHG WR GHWHUPLQH LI WKHUH LV DQ HYHQW� $Q\
UHDG RI WKH VLJQDO LV WUHDWHG DV D UHDG RI WKH HIIHFWLYH YDOXH� 6LQFH WKH VWDWH LV HQFDSVXODWHG� WKH RQO\
ZD\ WR UHDG D VLJQDO YDOXH LV WR LQYRNH DQ RSHUDWLRQ RQ WKH VLJQDO� 7KH RSHUDWLRQ PXVW QRW PRGLI\
WKH VWDWH� VLQFH WKDW VWDWH LV WKH HIIHFWLYH YDOXH RI WKH VLJQDO� DQG PXVW RQO\ EH PRGLILHG DV D UHVXOW
RI WKH VLJQDO XSGDWH DOJRULWKP� $Q H[DPSOH RI D VLJQDO EHLQJ XVHG LV�

SURFHVV LV
YDULDEOH Y � FRPSOH[�

EHJLQ
ZDLW XQWLO V � FB]HUR�
[ � V � FBL�
\ � V�UHDOBSDUW�
V�FOHDUBWRB]HUR� ïï LOOHJDO��
Y�FOHDUBWRB]HUR� ïï RN
���

HQG SURFHVV�

7KH ZDLW VWDWHPHQW LV VHQVLWLYH WR V� DQG ZDLWV XQWLO WKHUH LV DQ HYHQW RQ V DV GHVFULEHG DERYH�
7KH H[SUHVVLRQ V � FB]HUR FDOOV WKH ´ µ RSHUDWRU ZLWK V DV WKH LPSOLFLW SDUDPHWHU DQG FB]HUR DV WKH
DFWXDO SDUDPHWHU� WKHQ QHJDWLQJ WKH UHVXOW� 6LPLOLODUO\� WKH H[SUHVVLRQ V � FBL FDOOV D ´�µ IXQFWLRQ
ZLWK V DV WKH LPSOLFLW SDUDPHWHU DQG FBL DV WKH DFWXDO SDUDPHWHU� 7KH H[SUHVVLRQ V�UHDOBSDUW FDOOV WKH
UHDOBSDUW IXQFWLRQ ZLWK V DV LWV LPSOLFLW SDUDPHWHU DQG QR RWKHU SDUDPHWHUV� 7KH SURFHGXUH FDOO
V�FOHDUBWRB]HUR LV LOOHJDO� VLQFH WKH RQO\ ZD\ WR XSGDWH D VLJQDO VKRXOG EH WKURXJK VLJQDO DVVLJQPHQW�
&RPSDUH WKLV ZLWK Y�FOHDUBWRB]HUR� ZKLFK LV DFFHSWDEOH� VLQFH D YDULDEOH FDQ EH XSGDWHG LPPHGLDWH�
O\�
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��� 8VLQJ DQ DEVWUDFW GDWD W\SH IRU VLJQDO REMHFWV

7KHUH DUH WZR DVSHFWV RI LQWHJUDWLQJ $GD��� VW\OH $'7V ZLWK VLJQDOV� 7KH ILUVW UHODWHV WR WKH ZD\
LQZKLFK$'7 YDOXHV DUH SDVVHG DV SDUDPHWHUV WR WKH$'7 RSHUDWLRQV� 6LQFH DQ$'7PD\ EH LQVWDQ�
WLDWHG DV D YDULDEOH RU D VLJQDO� WKH RSHUDWLRQV VKRXOG EH ZULWWHQ WR GHDO ZLWK ERWK SRVVLELOLWLHV� 7KH
VLPSOHVW DSSURDFK LV WR OHDYH WKLV WR WKH $'7 GHYHORSHU� 7KH\ VLPSO\ LQFOXGH YDULDQWV RI HDFK RSHU�
DWLRQ ZLWK SDUDPHWHUV RI WKH DSSURSULDWH NLQG �YDULDEOH RU VLJQDO�� 7KLV LV RQO\ UHOHYDQW IRU RSHU�
DWLRQV ZKLFK XSGDWH WKH SDUDPHWHU� 2SHUDWLRQV WKDW RQO\ UHDG WKH SDUDPHWHU YDOXH KDYH D FRQVWDQW
SDUDPHWHU� ZKLFK WDNHV RQ WKH YDOXH RI WKH DFWXDO SDUDPHWHU� EH LW D YDULDEOH RU D VLJQDO REMHFW�

7KH VHFRQG DVSHFW RI LQWHJUDWLQJ $GD��� VW\OH $'7V ZLWK VLJQDOV UHODWHV WR VLJQDO DVVLJQPHQW
DQG XSGDWH IRU VLJQDOV RI DQ DEVWUDFW GDWD W\SH� 6LQFH WKH VLJQDO DVVLJQPHQW DQG XSGDWH DOJRULWKPV
UHO\ RQ DVVLJQLQJ DQG FRPSDULQJ YDOXHV RI WKH VLJQDO·V W\SH� FRS\ DQG HTXDOLW\ RSHUDWLRQV QHHG WR
EH GHILQHG� ,I WKH SUHGHILQHG RSHUDWLRQV DUH DFFHSWDEOH� WKH\ FRXOG EH XVHG� $OWHUQDWLYHO\� LI DQ RYHU�
ORDGHG HTXDOLW\ RSHUDWRU H[LVWV� LWZRXOG EH XVHG� 7KH$GD��� DSSURDFK GRHV QRW SURYLGH IRU XVHU�GH�
ILQHG DVVLJQPHQW� VR LI VKDOORZ FRS\ ZHUH LQDSSURSULDWH� WKH W\SH VKRXOG EH OLPLWHG DQG ZRXOG QRW
EH DOORZHG IRU VLJQDOV� 6LQFH WKH XVXDO VLWXDWLRQ LQ ZKLFK D W\SH ZRXOG EH OLPLWHG LV LI LW FRQWDLQHG
DFFHVV W\SHV� LW ZRXOG QRW EH DQ DSSURSULDWH W\SH IRU D VLJQDO DQ\ZD\� KHQFH WKHUH LV QR ORVV RI JHQHU�
DOLW\�

7R LOOXVWUDWH KRZ WKH SURJUDPPLQJ E\ H[WHQVLRQ DSSURDFK PD\ EH LQWHJUDWHG ZLWK VLJQDOV� FRQ�
VLGHU DJDLQ WKH IRUPXODWLRQ RI WKH FRPSOH[�QXPEHU W\SH� VKRZQ LQ 6HFWLRQ ���� $ PRGHO PLJKW GH�
FODUH D YDULDEOH DQG D VLJQDO RI WKH FRPSOH[ FODVV�

YDULDEOH [ � FRPSOH[�
VLJQDO V � FRPSOH[�

,W PLJKW XSGDWH WKH YDULDEOH�

Y � PDNHBFRPSOH[����� ï�����

7KH PRGHO PLJKW PDNH DQ DVVLJQPHQW WR V LQ D SURFHVV�

V � UHMHFW � QV LQHUWLDO FB]HUR DIWHU �� QV� FB� DIWHU �� QV�

7KH DOJRULWKP IRU VLJQDO DVVLJQPHQW ZRXOG EH IROORZHG DV VSHFLILHG LQ WKH /50� 'XULQJ WUDQV�
DFWLRQ HGLW� WKH WUDQVDFWLRQV DIWHU WKH WLPH RI WKH ILUVW QHZ RQH DUH GHOHWHG� 1H[W� D QHZ WUDQVDFWLRQ
LV FUHDWHG DQG WKH SUHGHILQHG DVVLJQPHQW RSHUDWLRQ LV LQYRNHG WR FRS\ WKH ILUVW ZDYHIRUP YDOXH WR
WKH QHZ WUDQVDFWLRQ� 7KHQ YDOXHV RI SUHFHGLQJ WUDQVDFWLRQV ZLWKLQ WKH SXOVH UHMHFWLRQ LQWHUYDO DUH
FRPSDUHG WR WKH YDOXH RI WKH QHZ WUDQVDFWLRQ XVLQJ WKH ´ µ IXQFWLRQ WR GHWHUPLQH ZKLFK QHHG WR EH
GHOHWHG� )LQDOO\� QHZ WUDQVDFWLRQV DUH FUHDWHG IRU ZDYHIRUP HOHPHQWV DIWHU WKH ILUVW DQG WKH SUHGH�
ILQHG DVVLJQPHQW RSHUDWLRQ LQYRNHG IRU HDFK RQH WR FRS\ WKH ZDYHIRUP YDOXH WR WKH WUDQVDFWLRQ
YDOXH�

:KHQ D VLJQDO QHHGV WR EH XSGDWHG� WKH HIIHFWLYH YDOXH LV FRSLHG IURP WKH GULYLQJ YDOXH WUDQVDF�
WLRQ XVLQJ WKH DVVLJQPHQW RSHUDWLRQ� 7KH ´ µ IXQFWLRQ LV LQYRNHG WR GHWHUPLQH LI WKHUH LV DQ HYHQW�
$Q\ UHDG RI WKH VLJQDO LV WUHDWHG DV D UHDG RI WKH HIIHFWLYH YDOXH�

$Q H[DPSOH RI D VLJQDO EHLQJ XVHG LV�

SURFHVV LV
YDULDEOH Y � FRPSOH[�

EHJLQ
ZDLW XQWLO V � FB]HUR�
[ � V � FBL�
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\ � UHDOBSDUW�V��
FOHDUBWRB]HUR�V��
FOHDUBWRB]HUR�Y��
���

HQG SURFHVV�

7KH ZDLW VWDWHPHQW LV VHQVLWLYH WR V� DQG ZDLWV XQWLO WKHUH LV DQ HYHQW RQ V DV GHVFULEHG DERYH�
7KH H[SUHVVLRQ V � FB]HUR FDOOV WKH ´ µ RSHUDWRU ZLWK WKH YDOXHV RI V DQG FB]HUR DV WKH DFWXDO SDUDP�
HWHUV� WKHQ QHJDWHV WKH UHVXOW� 6LPLODUO\� WKH H[SUHVVLRQ V � FBL FDOOV D ´�µ IXQFWLRQ ZLWK WKH YDOXHV
RI V DQG FBL DV WKH DFWXDO SDUDPHWHUV� 7KH H[SUHVVLRQ UHDOBSDUW�V� FDOOV WKH UHDOBSDUW IXQFWLRQ ZLWK
WKH YDOXH RI V DV LWV DFWXDO SDUDPHWHU� 7KH SURFHGXUH FDOO FOHDUBWRB]HUR�V� LQYRNHV WKH FOHDUBWRB]HUR
SURFHGXUH WKDW KDV D VLJQDO SDUDPHWHU� DQG SDVVHV D UHIHUHQFH WR WKH GULYHU RQ V� 7KH SURFHGXUH XVHV
VLJQDO DVVLJQPHQW WR VFKHGXOH D WUDQVDFWLRQ RQ WKH GULYHU� &RPSDUH WKLV ZLWK FOHDUBWRB]HUR�Y��
ZKLFK LQYRNHV WKH FOHDUBWRB]HUR SURFHGXUH WKDW KDV D YDULDEOH SDUDPHWHU� 7KDW SURFHGXUH XVHV YDUL�
DEOH DVVLJQPHQW WR XSGDWH WKH YDULDEOH�

��� &RPSDULVRQ RI LQWHJUDWLRQ ZLWK VLJQDOV

:KLOH ERWK DSSURDFKHV FDQ EH LQWHJUDWHG ZLWK VLJQDOV� WKH $GD�OLNH DSSURDFK GRHV VR PRUH VLPSO\�
7KH FODVV�EDVHG DSSURDFK UHTXLUHV WKH UHVWULFWLRQ WKDW WKH HQFDSVXODWHG VWDWH EH GHFODUHG DV RQH RU
PRUH YDULDEOHV� )RU D VLJQDO REMHFW RI D JLYHQ $'7� RQO\ RSHUDWLRQV WKDW GR QRW PRGLI\ WKH LQVWDQFH
YDULDEOHV DUH DOORZHG� VLQFH WKH YDULDEOHV UHSUHVHQW WKH YDOXHV LQ WUDQVDFWLRQV DQG HIIHFWLYH YDOXHV
RI VLJQDOV� 7RPRGLI\ WKHPZRXOG YLRODWH WKH VHPDQWLFV RI VLJQDO DVVLJQPHQW� 7KH RQO\ NLQG RI RSHU�
DWLRQ ZKHUH LW LV JXDUDQWHHG WKDW WKH LQVWDQFH YDULDEOHV DUH QRW PRGLILHG LV D SXUH IXQFWLRQ� +HQFH�
RSHUDWLRQV RQ VLJQDOV ZRXOG KDYH WR EH UHVWULFWHG WR SXUH IXQFWLRQV DQG VLJQDO DVVLJQPHQW�

7KH $GD�VW\OH DSSURDFK VLPSO\ LQYROYHV GHILQLQJ DQ $'7 WKDW FDQ EH XVHG IRU YDULDEOHV RU VLJ�
QDOV� 2SHUDWLRQV WDNH YDOXHV RI WKH $'7 W\SH DV SDUDPHWHUV� )RU RSHUDWLRQV WKDW KDYH RXW�PRGH
SDUDPHWHUV� WZR YHUVLRQ DUH QHHGHG� RQH IRU YDULDEOHV DQG RQH IRU VLJQDOV� 7KH FXUUHQW 9+'/ UXOHV
IRU RYHUORDG UHVROXWLRQ LPSO\ WKDW WKH WZR YHUVLRQV RI DQ RSHUDWLRQ PXVW KDYH GLIIHUHQW QDPHV� $
PLQRU H[WHQVLRQ� DOORZLQJ WKH NLQG RI SDUDPHWHU WR EH XVHG LQ UHVROYLQJ RYHUORDGLQJ� ZRXOG UHVXOW
LQ DOORZLQJ WKH WZR YHUVLRQV RI DQ RSHUDWLRQ WR KDYH WKH VDPH QDPH�

,Q ERWK DSSURDFKHV� SUHGHILQHG DVVLJQPHQW �VKDOORZ FRS\� DQG HTXDOLW\ �HOHPHQW�ZLVH FRPSD�
ULVRQ� RSHUDWLRQV FDQ EH XVHG LQ WKH VLJQDO DVVLJQPHQW DQG XSGDWH DOJRULWKPV� ,I WKH FRQFUHWH UHSUHV�
HQWDWLRQ RI DQ$'7 LQFOXGHV DFFHVV YDOXHV� WKH$'7 VKRXOG QRW EH XVHG IRU VLJQDOV� %RWK DSSURDFKHV
VKRXOG LQFOXGH D PHDQV RI LQGLFDWLQJ ZKHWKHU DQ $'7 LQFOXGHV DFFHVV YDOXHV� ZLWKRXW H[SRVLQJ
IXUWKHU GHWDLOV RI WKH HQFDSVXODWHG W\SH� ,I WKH SUHGHILQHG DVVLJQPHQW RSHUDWLRQ LV LQDSSURSULDWH� D
PHFKDQLVP IRU SUHYHQWLQJ DVVLJQPHQW RI $'7 YDOXHV VKRXOG EH SURYLGHG� �7KH $GD OLPLWHG W\SH
IHDWXUH LV VXFK D PHFKDQLVP�� 7KH $'7 FDQ LQFOXGH FRS\ RSHUDWLRQV WR EH XVHG LQVWHDG� 6XFK DQ
$'7 VKRXOG DOVR QRW EH XVHG IRU VLJQDOV�

��� &RPSRVLWH VLJQDO VHPDQWLFV

9+'/ FXUUHQWO\ VSHFLILHV WKDW D VLJQDO WKDW LV RI D FRPSRVLWH W\SH LV HTXLYDOHQW WR D FROOHFWLRQ RI
VFDODU VLJQDOV� 7KLV DOORZV WKLQJV OLNH VXE�HOHPHQW DVVRFLDWLRQ� DVVRFLDWLRQ RI D SRUW ZLWK DQ HOHPHQW
RI D VLJQDO� DQG VHSDUDWH GULYHUV IRU VHSDUDWH VXE�HOHPHQWV LQ VHSDUDWH SURFHVVHV�

,I D VLJQDO LV WR EH D FODVV LQVWDQFH DV GHVFULEHG LQ 6HFWLRQ ���� WKHQ WKH LQWHUQDO VWUXFWXUH RI WKH
VWDWH LV KLGGHQ ZLWKLQ WKH FODVV� 7KXV� HYHQ WKRXJK WKH VLJQDO PD\ EH FRPSRVLWH� WKDW IDFW LV QRW YLV�
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LEOH RXWVLGH WKH FODVV� +HQFH WKH VLJQDOPXVW HIIHFWLYHO\ EH WUHDWHG DV DWRPLF �LQ WKH VHQVH WKDW'XQORS
GHILQHV >�@�� 7KLV ILWV ZLWK WKH FODVV�EDVHG VFKHPH� VLQFH WKH RQO\ ZD\ WR DVVLJQ WR D VLJQDO LV YLD
WKH ´� µ RSHUDWLRQ� 7KXV D SURFHVV WKDW DVVLJQV WR D VLJQDO DVVLJQV WR WKH ZKROH VLJQDO� DQG D SURFHVV
WKDW LV VHQVLWLYH WR D VLJQDO VHQVHV WKH ZKROH VLJQDO�

,I D VLJQDO LV WR EH RI DQ DEVWUDFW GDWD W\SH DV GHVFULEHG LQ 6HFWLRQ ���� WKHQ WKH LQWHUQDO VWUXFWXUH
RI WKH W\SH LV KLGGHQ� 7KXV� HYHQ WKRXJK WKH VLJQDO PD\ EH FRPSRVLWH� WKDW IDFW LV QRW YLVLEOH RXWVLGH
WKH GHILQLQJ SDFNDJH� +HQFH� VXEHOHPHQW DVVRFLDWLRQ� HWF�� PD\ QRW EH XVHG� +RZHYHU� LI D VXESUR�
JUDP GHILQHG LQ WKH SDFNDJH KDV D VLJQDO SDUDPHWHU RI WKH SULYDWH W\SH� WKDW VXESURJUDP FDQ VHH WKH
VWUXFWXUH RI WKH VLJQDO� +HQFH LW FDQ DVVLJQ WR VXEHOHPHQWV� 7KXV� WKH LGHD RI VHSDUDWH GULYHUV IRU
VFDODU VXEHOHPHQWV QHHGV WR EH PDLQWDLQHG LQ WKH VHPDQWLFV�

��� 5HVROYHG VLJQDOV

9+'/ FXUUHQWO\ VXSSRUWV XVHU�GHILQHG UHVROXWLRQ RI PXOWLSO\�GULYHQ VLJQDOV� 7KH XVHU GHILQHV DQ
XQFRQVWUDLQHG DUUD\ W\SH ZLWK HOHPHQWV RI WKH VLJQDO·V W\SH� 'XULQJ VLJQDO XSGDWH� WKH NHUQHO FUHDWHV
DQ DUUD\ RI YDOXHV FROOHFWHG IURP GULYHUV� FDOOV WKH XVHU�GHILQHG UHVROXWLRQ IXQFWLRQ� DQG XVHV WKH
IXQFWLRQ UHVXOW DV WKH GULYLQJ YDOXH IRU WKH VLJQDO�

,I FODVV�EDVHG $'7V DUH LQWURGXFHG DV GHVFULEHG DERYH� WKH SUREOHP RI FUHDWLQJ WKH YHFWRU RI
FRQWULEXWLRQV DULVHV� 7KLV FDQ EH KDQGOHG E\ KDYLQJ WKH NHUQHO FUHDWH DQ DUUD\ RI FODVV LQVWDQFHV� WKHQ
FDOOLQJ WKH DVVLJQPHQW RSHUDWLRQ IRU HDFK HOHPHQW WR FRS\ D GULYHU YDOXH WR WKH YHFWRU� 7KH NHUQHO
WKHQ FDOOV WKH UHVROXWLRQ IXQFWLRQ� ZKLFK PXVW WKHQ UHWXUQ D FODVV LQVWDQFH DV LWV UHVXOW� 7KH NHUQHO
WKHQ LQYRNHV WKH DVVLJQPHQW RSHUDWLRQ DJDLQ WR FRS\ WKH UHVXOW WR WKH GULYLQJ YDOXH RI WKH VLJQDO�
7KH UHVROXWLRQ IXQFWLRQ ZULWWHQ E\ WKH XVHU PD\ QHHG WR LQYRNH RSHUDWLRQV RI WKH FODVV WR FRPSXWH
LWV UHVXOW� )RU H[DPSOH� D UHVROXWLRQ IXQFWLRQ IRU WKH FRPSOH[ FODVV GHVFULEHG DERYHPLJKW EH GHILQHG
DV�

W\SH FRPSOH[BYHFWRU LV DUUD\ �QDWXUDO UDQJH �!� RI FRPSOH[�

IXQFWLRQ UHVROYHBFRPSOH[ � Y � FRPSOH[BYHFWRU � UHWXUQ FRPSOH[ LV
YDULDEOH VXP � FRPSOH[ � FB]HUR�

EHJLQ
IRU LQGH[ LQ Y·UDQJH ORRS

VXP � VXP � Y�LQGH[��
HQG ORRS�
UHWXUQ VXP�

HQG IXQFWLRQ UHVROYHBFRPSOH[�

VLJQDO VBU � UHVROYHBFRPSOH[ FRPSOH[�

1RFKDQJHV DUH UHTXLUHG WR WKH UHVROXWLRQPHFKDQLVP LI$'7V DUH LQWURGXFHG XVLQJ WKH SURJUDP�
PLQJ E\ H[WHQVLRQ DSSURDFK� 7KH SUHGHILQHG DVVLJQPHQW DQG HTXDOLW\ RSHUDWLRQV PD\ EH XVHG GXU�
LQJ WKH UHVROXWLRQ SURFHVV� 7KH UHVROXWLRQ IXQFWLRQ H[DPSOH IRU WKH FRPSOH[ QXPEHU $'7 LV WKH
VDPH DV IRU WKH FODVV�EDVHG DSSURDFK�

��� &RQYHUVLRQ IXQFWLRQV LQ SRUW PDSV

7KH H[LVWLQJ UXOHV IRU FRQYHUVLRQ IXQFWLRQV FDQ EH DSSOLHG WR FRQYHUVLRQ IURP D FODVV W\SH WR VRPH
RWKHU QRQ�FODVV W\SH� 7KH FRQYHUVLRQ IXQFWLRQ LV GHILQHGZLWK DQ H[SOLFLW SDUDPHWHU RI WKH FODVV W\SH�
)RU FRQYHUVLRQ IURP VRPH VRXUFH W\SH WR D FODVV W\SH� D FRQVWUXFWLRQ RSHUDWLRQ FRXOG EH XVHG� )RU
H[DPSOH�
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IXQFWLRQ WRBELWBYHFWRUBFRPSOH[ � F � LQ FRPSOH[ � UHWXUQ ELWBYHFWRUBFRPSOH[�

FRPSRQHQW FPS LV
SRUW � EYF � LQ ELWBYHFWRUBFRPSOH[� U � RXW UHDO� ��� ��

HQG FRPSRQHQW FPS�

VLJQDO FV�� FV� � FRPSOH[�

X� � FPS
SRUW PDS � EYF  ! WRBELWBYHFWRUBFRPSOH[�FV���

FRPSOH[�U�  ! FV�� ��� ��

+HUH� WKH FRQYHUVLRQ IXQFWLRQ WRBELWBYHFWRUBFRPSOH[ LV LQYRNHG ZKHQ D QHZ HIIHFWLYH YDOXH
LV FDOFXODWHG RQ FV�� 7KH IXQFWLRQ WDNHV WKH HIIHFWLYH YDOXH DQG UHWXUQV D UHVXOW WR EH XVHG DV WKH HIIHF�
WLYH YDOXH RI WKH FRPSRQHQW SRUW EYF� :KHQ WKHUH LV D QHZ GULYLQJ YDOXH RI W\SH UHDO RQ WKH FRPSR�
QHQW SRUW U� D FRQVWUXFWRU WKDW FDQ EH FDOOHG ZLWK RQH UHDO DFWXDO SDUDPHWHU LV FDOOHG WR GHWHUPLQH WKH
FRPSOH[ GULYLQJ YDOXH IRU WKH VLJQDO FV��

6LPLODUO\� WKH H[LVWLQJ UXOHV FDQ EH DSSOLHG WR FRQYHUVLRQ IXQFWLRQV LQ WKH SURJUDPPLQJ E\ H[�
WHQVLRQ DSSURDFK� 7KH FRQYHUVLRQ IXQFWLRQPD\ EH GHILQHG LQ WKH $'7 SDFNDJH RU VHSDUDWHO\� 2QO\
WKH SRUW PDS QHHG EH PRGLILHG LQ WKH DERYH H[DPSOH WR XVH WKH PDNHBFRPSOH[ IXQFWLRQ UDWKHU WKDQ
WKH FRPSOH[ FRQVWUXFWRU�

X� � FPS
SRUW PDS � EYF  ! WRBELWBYHFWRUBFRPSOH[�FV���

PDNHBFRPSOH[�U�  ! FV�� ��� ��

� (QFDSVXODWLRQ
2QH RI WKH PDLQ DVSHFWV RI REMHFW�RULHQWHG GDWD PRGHOLQJ LV WKH DELOLW\ WR GHILQH DEVWUDFW GDWD W\SHV
�$'7V�� 7KLV UHTXLUHV HQFDSVXODWLQJ WKH FRQFUHWH UHSUHVHQWDWLRQ RI DQ $'7 YDOXH DQG SURYLGLQJ
RSHUDWLRQV IRUPDQLSXODWLQJ WKH YDOXH� 7KH FODVV DSSURDFK XVHV D VWRUDJHPRGHO IRU WKH HQFDSVXODWHG
YDOXH� 7KH FRQFUHWH YDOXHV RI DQ REMHFW DUH GHFODUHG LQ WKH FODVV GHFODUDWLRQ DQG DUH YLHZHG DV LQ�
VWDQFH YDULDEOHV E\ WKH RSHUDWLRQV� 7KH SDUWLFXODU REMHFW WR EH RSHUDWHG XSRQ LV LPSOLFLW ZLWKLQ WKH
ERG\ RI WKH RSHUDWLRQ� ,Q WKH $GD�VW\OH DSSURDFK� DQ $'7 LV GHILQHG DV D W\SH� HQFDSVXODWHG XVLQJ
WKH SDFNDJH IHDWXUH RI WKH ODQJXDJH� $ W\SH QDPH LV SURYLGHG E\ D SDFNDJH WR GHQRWH WKH DEVWUDFW
W\SH� DQG WKH FRQFUHWH GHWDLOV RI WKH W\SH DUH PDGH SULYDWH WR WKH SDFNDJH� 2SHUDWLRQV DUH SURYLGHG
LQ WKH IRUP RI VXESURJUDPV WKDW WDNH H[SOLFLW SDUDPHWHUV RI WKH W\SH�

9+'/ FXUUHQWO\ KDV VRPH RI WKH IHDWXUHV UHTXLUHG IRU $GD�VW\OH $'7V� ,W DOORZV D W\SH DQG
RSHUDWLRQV RQ WKH W\SH WR EH GHFODUHG LQ D SDFNDJH� 7KH GHWDLOV RI LPSOHPHQWDWLRQ RI WKH RSHUDWLRQV
DUH KLGGHQ E\ EHLQJ ZULWWHQ LQ D VHSDUDWH SDFNDJH ERG\� :KDW 9+'/ ODFNV LV D IHDWXUH IRU LQIRUPD�
WLRQ KLGLQJ� PDNLQJ WKH FRQFUHWH GHWDLOV RI WKH W\SH LQYLVLEOH WR XVHUV RI WKH SDFNDJH� 6XFK D IHDWXUH
ZRXOG KDYH WR EH DGGHG DV DQ H[WHQVLRQ IRU 9+'/ WR TXDOLI\ DV DQ REMHFW�RULHQWHG ODQJXDJH� �7KLV
LV D QHFHVVDU\� EXW QRW VXIILFLHQW FRQGLWLRQ�� $Q DSSURSULDWH SDWK ZRXOG EH WR H[WHQG WKH DQDORJ\
EHWZHHQ9+'/DQG$GD SDFNDJHV� DQG DGG SURYLVLRQ IRU SULYDWH W\SHV DQG SULYDWH SDUWV LQ SDFNDJHV�

%RWK FODVVHV DQG $GD�VW\OH SDFNDJHV SURYLGH PHDQV IRU GHFODULQJ D VHW RI UHODWHG LWHPV� ,I
FODVVHV ZHUH DGRSWHG LQ 9+'/� WKH ODQJXDJH ZRXOG KDYH WZR IHDWXUHV WKDW SURYLGH ODUJHO\ VLPLODU
FDSDELOLWLHV� 7KH ODQJXDJHZRXOG EH VLPSOHU LI WKHUHZHUH RQO\ RQHPHFKDQLVP IRU JURXSLQJ GHFODUD�
WLRQV� +HQFH� WKH $GD�VW\OH IHDWXUHV IRU GHILQLQJ $'7V DUH SUHIHUHG�

2QH UHPDLQLQJ DVSHFW LQZKLFK FODVV�EDVHG SURSRVDOV DQG9+'/SDFNDJHV H[WHQGHGZLWK SULYD�
F\ IHDWXUHV GLIIHU LV WKH SODFHV ZKHUH DQ $'7 PD\ EH GHFODUHG� &ODVV�EDVHG SURSRVDOV WUHDW D FODVV
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DV DQ DGGLWLRQDO NLQG RI W\SH GHILQLWLRQ� +HQFH� D FODVV FDQ EH GHFODUHG LQ DQ\ GHFODUDWLYH UHJLRQ DQG
LV WKXV ORFDO WR WKDW UHJLRQ� ,Q $GD� D SDFNDJH FDQ OLNHZLVH EH GHFODUHG LQ DQ\ GHFODUDWLYH UHJLRQ�
+HQFH� DQ$'7 LQ$GD FDQ EHPDGH ORFDO WR D SDUWLFXODU UHJLRQ� 9+'/FXUUHQWO\ RQO\ DOORZV D SDFN�
DJH WR EH GHFODUHG DV D OLEUDU\ XQLW� VR DQ $'7 GHFODUHG XVLQJ D 9+'/ SDFNDJH LV JOREDOO\ YLVLEOH�
$OORZLQJ SDFNDJHV WR EH GHFODUHG LQ RWKHU GHFODUDWLYH UHJLRQV� DV LQ$GD�ZRXOG DYRLG WKLV OLPLWDWLRQ�

� ,QLWLDOL]DWLRQ RI REMHFWV
,Q ERWK WKH FODVV�EDVHG DQG WKH SURJUDPPLQJ E\ H[WHQVLRQ DSSURDFKHV� WKH UXOHV IRU GHIDXOW LQLWLDO
YDOXHV FDQ EH H[WHQGHG WR WKH VWDWH HQFDSVXODWHG E\ DQ $'7� ,Q WKH FODVV�EDVHG DSSURDFK� HDFK LQ�
VWDQFH YDULDEOH GHFODUHG LQ D FODVV VKRXOG WDNH RQ WKH GHIDXOW LQLWLDO YDOXH LPSOLHG E\ LWV W\SH� ,Q�
LWLDOL]DWLRQ H[SUHVVLRQV PLJKW EH DOORZHG� DQG LQWHUSUHWHG DV LQLWLDO YDOXHV WR EH XVHG LQ SODFH RI WKH
GHIDXOW LQLWLDO YDOXHV IRU WKH LQVWDQFH YDULDEOH� 6XFK LQLWLDO YDOXHV HIIHFWLYHO\ VSHFLI\ WKH GHIDXOW LQ�
LWLDO YDOXH IRU REMHFWV RI WKH FODVV� 7KLV ZRXOG PDNH FODVV W\SHV GLIIHUHQW IURP RWKHU W\SHV� ZKHUH
WKHUH LV QR PHFKDQLVP IRU VSHFLI\LQJ D GHIDXOW LQLWLDO YDOXH LQ WKH W\SH� ,Q WKH $GD�OLNH DSSURDFK�
WKH GHIDXOW LQLWLDO YDOXHV IROORZ IURP WKH FXUUHQW GHIDXOW LQLWLDO YDOXH UXOHV IRU UHFRUG W\SHV� 7KH GH�
IDXOW LQLWLDO YDOXH IRU HDFK HOHPHQW LV LPSOLHG E\ WKH HOHPHQW W\SH� 7KXV� WDJJHG UHFRUG W\SHV DUH
QR GLIIHUHQW IURP RWKHU W\SHV ZLWK UHVSHFW WR LQLWLDOL]DWLRQ�

,Q VRPH FLUFXPVWDQFHV LW PD\ EH GHVLUDEOH WR GHILQH FRQVWUXFWRUV IRU LQLWLDOL]LQJ WKH YDOXH RI DQ
REMHFW� ,Q WKH FODVV�EDVHG DSSURDFK� D FRQVWUXFWRU FRXOG VLPSO\ WDNH WKH IRUP RI DQ RUGLQDU\ RSHU�
DWLRQ WKDW DVVLJQV YDOXHV WR LQVWDQFH YDULDEOHV� +RZHYHU� WKHUH DUH WZR SUREOHPV ZLWK WKLV� )LUVW�
D FRQVWDQW REMHFW FRXOG QRW EH LQLWLDOL]HG ZLWK VXFK D FRQVWUXFWRU� 6HFRQG� D VLJQDO FRXOG QRW EH LQ�
LWLDOL]HG ZLWK VXFK D FRQVWUXFWRU� VLQFH XSGDWLQJ D VLJQDO XVLQJ DQ RSHUDWLRQPXVW QRW EH DOORZHG �IRU
UHDVRQV GLVFXVVHG EHORZ�� 7KXV� D VSHFLDO IRUP RI FRQVWUXFWRU RSHUDWLRQ ZRXOG EH UHTXLUHG� DV GH�
VFULEHG LQ 1RWH ��ï���

,Q WKH $GD�OLNH DSSURDFK� D FRQVWUXFWRU QHHG RQO\ EH D IXQFWLRQ WKDW UHWXUQV D YDOXH RI WKH $'7�
7KH IXQFWLRQ FDQ EH FDOOHG LQ WKH LQLWLDOL]DWLRQ H[SUHVVLRQ IRU D FRQVWDQW� YDULDEOH RU VLJQDO REMHFW�
7KLV LV VLPSOHU� EHLQJ EDVHG RQ H[LVWLQJ ODQJXDJH PHFKDQLVPV DQG QRW UHTXLULQJ VSHFLDO FDVHV�

� ,QKHULWDQFH
%RWK WKH FODVV�EDVHG DQG $GD�VW\OH DSSURDFKHV DOORZ LQKHULWDQFH RI $'7 VWDWH DQG RSHUDWLRQV� ,Q
WKH FODVV�EDVHG DSSURDFK� D FKLOG FODVV LV GHULYHG IURP D SDUHQW FODVV E\ LGHQWLI\LQJ WKH SDUHQW FODVV
LQ WKH GHFODUDWLRQ RI WKH FKLOG FODVV� 7KH FKLOG FODVV WKHQ LQKHULWV WKH LQVWDQFH YDULDEOHV DQG WKH RSHU�
DWLRQV RI WKH SDUHQW� DQG PD\ DGG IXUWKHU LQVWDQFH YDULDEOHV DQG RSHUDWLRQV DQG PD\ RYHUULGH LQKHU�
LWHG RSHUDWLRQV� ,Q WKH$GD�VW\OH DSSURDFK� D FKLOG WDJJHG UHFRUG W\SH LV GHULYHG IURP D SDUHQW WDJJHG
UHFRUG W\SH DQG H[WHQGV WKH SDUHQW W\SH E\ DGGLQJ UHFRUG HOHPHQWV� 7KH FKLOG W\SH WKHQ LQKHULWV DOO
RI WKH SULPLWLYH RSHUDWLRQV RI WKH SDUHQW W\SH� ,I WKH FKLOG W\SH LV GHILQHGZLWKLQ D SDFNDJH� DGGLWLRQDO
SULPLWLYH RSHUDWLRQVPD\ EH GHILQHG IRU WKH FKLOG W\SH� DQG SULPLWLYH RSHUDWLRQVPD\ EH GHILQHG KLG�
LQJ RSHUDWLRQV LQKHULWHG IURP WKH SDUHQW W\SH�

%RWK DSSURDFKHV DOORZ GHILQLWLRQ RI $'7 RSHUDWLRQV ZKRVH LPSOHPHQWDWLRQ LV GHIHUUHG WR D GH�
VFHQGHQW LQ WKH LQKHULWDQFH KLHUDUFK\ �´SXUH YLUWXDOµ� RU ´DEVWUDFWµ�� %RWK DSSURDFKHV DOVR DOORZ VSH�
FLILFDWLRQ WKDW DQ $'7 LV QRW WR EH LQVWDQWLDWHG GLUHFWO\� EXW RQO\ XVHG IRU LQKHULWDQFH�

,Q ERWK DSSURDFKHV� DQ REMHFW FDQ EH RI D FODVV�ZLGH W\SH� PHDQLQJ WKDW LW FDQ VWRUH D YDOXH RI
D QRPLQDWHG W\SH RU DQ\ RI LWV GHVFHQGDQWV� :KHQ DQ RSHUDWLRQ LV LQYRNHG RQ WKH REMHFW� WKH DFWXDO
W\SH RI WKH REMHFW LV XVHG DW UXQ�WLPH WR GHWHUPLQH ZKLFK RSHUDWLRQ WR XVH �G\QDPLF GLVSDWFKLQJ��
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:KHUHDV VRPH FODVV�EDVHG SURSRVDOV DOORZ PXOWLSOH LQKHULWDQFH� WKH $GD�VW\OH DSSURDFK RQO\
DGPLWV RI VLQJOH GLUHFW LQKHULWDQFH� :KLOH PXOWLSOH LQKHULWDQFHPD\ KDYH VRPH DSSOLFDWLRQV� LWV JHQ�
HUDO QHFHVVLW\ LV VWLOO ZLGHO\ GHEDWHG� �$V DQ LOOXVWUDWLRQ� DOWKRXJK &�� LQFOXGHV PXOWLSOH LQKHULW�
DQFH� -DYD RQO\ LQFOXGHV VLQJOH LQKHULWDQFH�� )XUWKHUPRUH� DOORZLQJ PXOWLSOH LQKHULWDQFH UHTXLUHV
FRPSOH[ UXOHV LQ WKH ODQJXDJH WR UHVROYH FRQIOLFWLQJ LQKHULWHG LQVWDQFH YDULDEOHV DQG RSHUDWLRQV� DQG
FRPSOLFDWHV LPSOHPHQWDWLRQ RI WKH ODQJXDJH� 2QH XVH RI PXOWLSOH�LQKHULWDQFH� FRQWDLQHU FODVVHV�
FDQ EH DGGUHVVHG E\ ´WHPSODWHµ �RU JHQHULF� FODVVHV� $QRWKHU XVH� PL[LQ LQKHULWDQFH� FDQ EH DG�
GUHVVHG LQ WKH $GD�VW\OH DSSURDFK E\ XVH RI JHQHULF $'7 SDFNDJHV WKDW KDYH D WDJJHG W\SH DV D IRU�
PDO JHQHULF W\SH SDUDPHWHU�

7KH FRPSDULVRQ RI LQKHULWDQFH FDSDELOLWLHV RI WKH WZR DSSURDFK OHDGV WR D SUHIHUHQFH IRU WKH
$GD�VW\OH DSSURDFK� ,Q PRVW DVSHFWV� WKH WZR DSSURDFKHV SURYLGH VLPLODU FDSDELOLWLHV� SURYLGHG LQ�
KHULWDQFH LV UHVWULFWHG WR D VLQJOH SDUHQW� )RU PXOWLSOH LQKHULWDQFH� WKH FODVV�EDVHG DSSURDFK ZRXOG
UHTXLUH D JHQHUDO PXOWLSOH LQKHULWDQFH PHFKDQLVP ZLWK WKH DVVRFLDWHG FRPSOH[LW\ DQG FRVWV� 7KH
$GD�VW\OH DSSURDFK� KRZHYHU� SURYLGHV D VLPSOHU PHFKDQLVP IRU PL[LQ LQKHULWDQFH� ZKLFK LV WKH
PRVW FRPPRQ IRUP RI PXOWLSOH LQKHULWDQFH�

$GRSWLQJ WKH $GD�VW\OH RI LQKHULWDQFH LQ 9+'/ ZRXOG UHTXLUH DGRSWLQJ WKH QRWLRQV RI GHULYHG
W\SHV� ,W ZRXOG EH EHQHILFLDO WR DGRSW WKH QRWLRQ IRU DOO W\SHV� QRW MXVW WDJJHG UHFRUG W\SHV� VLQFH
GHULYHG W\SHV DUH D JHQHUDOO\ XVHIXO VDIHW\ IHDWXUH DQG FDQ HQKDQFH WKH EHQHILW RI VWURQJ W\SH FKHFN�
LQJ� ,Q RUGHU WR VXSSRUW VSHFLILFDWLRQ RI FRQWDLQHU FODVVHV DQGPL[LQ LQKHULWDQFH� WKH JHQHULF PHFKD�
QLVP RI 9+'/ VKRXOG EH H[WHQGHG WR SDFNDJHV DQG VXESURJUDPV� DQG DOORZ DZLGHU UDQJH RI IRUPDO
JHQHULF SDUDPHWHU NLQGV WKDQ MXVW FRQVWDQWV� )ROORZLQJ WKH $GD PRGHO ZRXOG EH DSSURSULDWH� 7KLV
H[WHQVLRQ RI WKH JHQHULFV PHFKDQLVP ZRXOG EH ZLGHO\ EHQHILFLDO� DV LW ZRXOG DOVR DOORZ JHQHULF GH�
VLJQ HQWLWLHV ZKRVH SRUW W\SHV FRXOG YDU\ EHWZHHQ LQVWDQFHV�

� &RQFOXVLRQ
7KH FRPSDULVRQ RI WKH FODVV�EDVHG DSSURDFK DQG WKH SURJUDPPLQJ E\ H[WHQVLRQ DSSURDFK WR H[WHQG�
LQJ 9+'/ IRU GDWD PRGHOLQJ VKRZV WKDW ERWK DOWHUQDWLYHV DUH YLDEOH� +RZHYHU� WKHUH DUH D QXPEHU
RI IDFWRUV WKDW OHDG WR FKRRVLQJ WKH SURJUDPPLQJ E\ H[WHQVLRQ DSSURDFK� 7KDW DSSURDFK LQWHJUDWHV
PRUH VLPSO\ ZLWKPHFKDQLVPV UHODWLQJ WR VLJQDOV� ,W H[WHQGV WKH H[LVWLQJ HQFDSVXODWLRQPHFKDQLVP�
UDKWHU WKDQ GXSOLFDWLQJ RU UHSODFLQJ LW� ,W SURYLGHV D VLPSOHU LQLWLDOL]DWLRQ PHFKDQLVP� :KHQ LQWH�
JUDWHG ZLWK JHQHULFV� LW SURYLGHV IRU VLPSOHU LPSOHPHQWDWLRQ RI PL[�LQ LQKHULWDQFH� 7KHVH IDFWRUV
DOO VWHP IURP WKH UHTXLUHPHQW WKDW H[WHQVLRQV PXVW LQWHJUDWH ZHOO ZLWK H[LVWLQJ ODQJXDJH PHFKD�
QLVPV�

2QH ILQDO LVVXH WKDW OHDGV WR WKH$GD�OLNH DSSURDFK DV WKH SUHIHUUHG DOWHUQDWLYH LV VW\OLVWLF LQWHJUD�
WLRQ� 9+'/ DOUHDG\ ERUURZV PDQ\ IHDWXUHV IURP $GD� 6LQFH WKH $GD VW\OH RI REMHFW�RULHQWHG GDWD
PRGHOLQJ LV EDVHG RQ WKHVH IHDWXUHV� LQFRUSRUDWLQJ WKHP LQ 9+'/ HQVXUHV WKDW WKH H[WHQVLRQV DUH
LQ NHHSLQJ ZLWK WKH WKH H[LVWLQJ VW\OH RI 9+'/� 7R SDUDSKUDVH WKH $GD �;5DWLRQDOH� ´7KH VROXWLRQ
VKRXOG EH FRQFHSWXDOO\ FRQVLVWHQWZLWK H[LVWLQJ >9+'/@ SURJUDPPLQJPRGHOV� ,QWXLWLRQV DERXW RE�
MHFW� W\SHV� VXESURJUDPV� JHQHULF XQLWV� DQG VR RQ VKRXOG EH SUHVHUYHG�µ

5HIHUHQFHV
>�@ 3� -� $VKHQGHQ DQG 3� $� :LOVH\� ´&RQVLGHUDWLRQV RQ 2EMHFW�2ULHQWHG ([WHQVLRQV WR 9+'/�µ

3URFHHGLQJV RI 9+'/ ,QWHUQDWLRQDO 8VHUV )RUXP 6SULQJ ���� &RQIHUHQFH� 6DQWD &ODUD� &$�
�����
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>�@ *� %RRFK� 2EMHFW�2ULHQWHG $QDO\VLV DQG 'HVLJQ ZLWK $SSOLFDWLRQV� 5HGZRRG &LW\� &$�
%HQMDPLQ�&XPPLQV� �����

>�@ 2� -� 'DKO DQG .� 1\JDDUG� ´6LPXOD� $Q $OJRO %DVHG 6LPXODWLRQ /DQJXDJH�µ&RPPXQLFDWLRQV
RI WKH $&0� YRO� �� SS� ���ï���� �����

>�@ '� '� 'XQORS� 9+'/ 6WUXFWXUH 9DU\LQJ 6LJQDOV DQG 22 ([WHQVLRQV WR WKH 9+'/ 7\SH 6\VWHP�
,((( '$6& 22�9+'/ 6WXG\ *URXS� ZRUNLQJ SDSHU�
IWS���YKGO�RUJ�YL�RRYKGO�SDSHUV�VWUXFWXUH�YDU\LQJ�VLJQDOV�W[W� �����

>�@ $� *ROGEHUJ DQG '� 5REVRQ� 6PDOOWDON���� 7KH /DQJXDJH� 5HDGLQJ� 0$� $GGLVRQ�:HVOH\�
�����

>�@ -� *RVOLQJ� %� -R\� DQG *� /� 6WHHOH� 7KH -DYD /DQJXDJH 6SHFLILFDWLRQ� 5HDGLQJ� 0$�
$GGLVRQ�:HVOH\� �����

>�@ ,62�,(&� $GD �; 5HIHUHQFH 0DQXDO� 'UDIW ,QWHUQDWLRQDO 6WDQGDUG ����� &DPEULGJH� 0$�
,QWHUPHWULFV� �����

>�@ 0� 7� 0LOOV� ´3URSRVHG 2EMHFW 2ULHQWHG 3URJUDPPLQJ �223� (QKDQFHPHQWV WR WKH 9HU\ +LJK
6SHHG ,QWHJUDWHG &LUFXLWV �9+6,&� +DUGZDUH 'HVFULSWLRQ /DQJXDJH �9+'/��µ :ULJKW
/DERUDWRU\� 'D\WRQ� 2+� 7HFK� 5HSRUW :/�75������ �����

>�@ +� 0|VVHQE|FN� 2EMHFW�2ULHQWHG 3URJUDPPLQJ LQ 2EHURQ��� �QG HG� %HUOLQ� *HUPDQ\�
6SULQJHU�9HUODJ� �����

>��@0� 5DGHW]NL� :� 3XW]NH� :� 1HEHO� 6� 0DJLQRW� -��0� %HUJp� DQG $��0� 7DJDQW� ´9+'/
/DQJXDJH ([WHQVLRQV WR 6XSSRUW $EVWUDFWLRQ DQG 5H�8VH�µ 3URFHHGLQJV RI :RUNVKRS RQ
/LEUDULHV� &RPSRQHQW 0RGHOLQJ� DQG 4XDOLW\ $VVXUDQFH� 7ROHGR� 6SDLQ� �����

>��@ *� 6FKXPDFKHU DQG:� 1HEHO� ´,QKHULWDQFH &RQFHSW IRU 6LJQDOV LQ 2EMHFW�2ULHQWHG ([WHQVLRQV
WR 9+'/�µ 3URFHHGLQJV RI (XUR�'$& ·�� ZLWK (XUR�9+'/ ·��� %ULJKWRQ� 8.� �����

>��@%� 6WURXVWUXS� 7KH &�� 3URJUDPPLQJ /DQJXDJH� 5HDGLQJ� 0$� $GGLVRQ�:HVOH\� �����

>��@ -� &� :LOOLV� 6� $� %DLOH\� DQG 5� 1HZVFKXW]� ´$ 3URSRVDO IRU 0LQLPDOO\ ([WHQGLQJ 9+'/ WR
$FKLHYH 'DWD (QFDSVXODWLRQ /DWH %LQGLQJ DQG 0XOWLSOH ,QKHULWDQFH�µ 3URFHHGLQJV RI 9+'/
,QWHUQDWLRQDO 8VHUV )RUXP )DOO ·�� &RQIHUHQFH� 0F/HDQ� 9$� �����


