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7KLV UHSRUW UHYLHZV SURSRVDOV IRU H[WHQVLRQV WR 9+'/ WR VXSSRUW KLJK�OHYHO PRGHOLQJ DQG SODFHV
WKHP ZLWKLQ D WD[RQRP\ EDVHG RQ WKH PRGHOLQJ UHTXLUHPHQWV WKH\ DGGUHVV� 0DQ\ RI WKH SURSRVDOV
IRFXV RQ REMHFW�RULHQWHG H[WHQVLRQV� ZKHUHDV WKLV SDSHU DUJXHV WKDW H[WHQVLRQ RI 9+'/ WR VXSSRUW
KLJK�OHYHO PRGHOLQJ UHTXLUHV D EURDGHU UHYLHZ� 7KH SDSHU SUHVHQWV D GHWDLOHG GLVFXVVLRQ RI LVVXHV
WR EH FRQVLGHUHG LQ DGGLQJ KLJK�OHYHO PRGHOLQJ H[WHQVLRQV WR 9+'/� LQFOXGLQJ FRQFXUUHQF\ DQG
FRPPXQLFDWLRQ� DEVWUDFWLRQ XVLQJ HQWLW\ LQWHUIDFHV� REMHFW�RULHQWHG GDWD PRGHOLQJ� HQFDSVXODWLRQ�
VLJQDO DVVLJQPHQW VHPDQWLFV� VKDUHG YDULDEOHV� PXOWLSOH LQKHULWDQFH� JHQHULFLW\ DQG V\QWKHVLV� (P�
SKDVLV LV SODFHG RQ WKH LPSRUWDQFH RI GHVLJQLQJ VLPSOH RUWKRJRQDO VHPDQWLF PHFKDQLVPV WKDW LQWHU�
DFW LQ ZHOO GHILQHG ZD\V� DQG WKDW LQWHJUDWH FOHDQO\ ZLWK H[LVLWLQJ ODQJXDJH IHDWXUHV�
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� ,QWURGXFWLRQ
,Q UHFHQW \HDUV� DV WKH FRPSOH[LW\ RI KDUGZDUH V\VWHPV KDV LQFUHDVHG� GHVLJQHUV KDYH EHHQ IRUFHG
WR LQFOXGH KLJK�OHYHO PRGHOLQJ DV D VWDJH LQ WKH GHVLJQ IORZ� 6SHFLI\LQJ DQG VLPXODWLQJ V\VWHPV DW
D KLJK OHYHO RI DEVWUDFWLRQ DOORZV PRUH UHOLDEOH FDSWXUH RI UHTXLUHPHQWV DQG PRUH H[WHQVLYH H[SORU�
DWLRQ RI WKH GHVLJQ VSDFH� 7KLV KDV WKH SRWHQWLDO WR UHGXFH GHYHORSPHQW WLPH DQG FRVW� +RZHYHU�
LQ RUGHU WR VXSSRUW KLJK�OHYHO PRGHOLQJ� D GHVLJQ ODQJXDJH PXVW DOORZ VSHFLILFDWLRQ RI GDWD DQG EH�
KDYLRU LQ DQ DEVWUDFW PDQQHU >��@� ,W VKRXOG QRW IRUFH WKH GHVLJQHU WR PDNH GHVLJQ GHFLVLRQV WKDW DUH
EHWWHU GHIHUUHG WR ODWHU LQ WKH GHVLJQ IORZ� )RU H[DPSOH� LW VKRXOG QRW IRUFH WKH GHVLJQHU WR FKRRVH
EHWZHHQ D KDUGZDUH DQG D VRIWZDUH LPSOHPHQWDWLRQ WRR HDUO\� RU WR VSHFLI\ D GHWDLOHG FRPPXQLFD�
WLRQV SURWRFRO ZKHQ SDUWLWLRQLQJ RI WKH GHVLJQ LV QRW ILUP�

,GHDOO\� D GHVLJQ ODQJXDJH VKRXOG DOORZ WKH GHVLJQHU WR VSDQ WKH VSHFWUXP RI DEVWUDFWLRQ IURP
KLJK�OHYHO GRZQ WR LPSOHPHQWDWLRQ �LQYRNLQJ FRPSLOHUV RU V\QWKHVLV WRROV WR UHDOL]H WKH ILQDO LPSOH�
PHQWDWLRQ�� 7KLV DYRLGV WKH QHHG IRU FKDQJLQJ GHVLJQ ODQJXDJHV SDUW�ZD\ WKURXJK WKH GHVLJQ IORZ�
ZLWK FRQVHTXHQW LQWHUIDFH DQG HTXLYDOHQFH FKHFNLQJ SUREOHPV� 9+'/ >��@� DV LW FXUUHQWO\ VWDQGV�
LV D KDUGZDUH GHVFULSWLRQ ODQJXDJH WKDW LV ZHOO VXLWHG WR PRGHOLQJ VPDOO�VFDOH WR PHGLXP�VFDOH V\V�
WHPV DW OHYHOV RI DEVWUDFWLRQ XS WR UHJLVWHU WUDQVIHU� +RZHYHU� LW KDV VRPH VHULRXV VKRUWFRPLQJVZKHQ
XVHG IRU PRGHOLQJ ODUJH�VFDOH V\VWHPV RU V\VWHPV DW D KLJK OHYHO RI DEVWUDFWLRQ� ,Q RUGHU WR UHPHG\
WKHVH VKRUWFRPLQJV� FRPSOH[LW\�PDQDJHPHQW DQG DEVWUDFWLRQ WHFKQLTXHV WKDW KDYH EHHQ XVHG VXF�
FHVVIXOO\ LQ SURJUDPPLQJ ODQJXDJHV VKRXOG EH UHYLHZHG DV FDQGLGDWHV IRU H[WHQVLRQV WR 9+'/�

$Q LPSRUWDQW GHYHORSPHQW LQ WKH VRIWZDUH HQJLQHHULQJ FRPPXQLW\ LV WKH PRYHPHQW WRZDUGV
REMHFW�RULHQWDWLRQ DV D PHDQV RI PDQDJLQJ WKH FRPSOH[LW\ LQKHUHQW LQ ODUJH VRIWZDUH V\VWHPV� 2E�
MHFW�RULHQWDWLRQ DOORZV D GHVLJQ VSDFH WR EH SDUWLWLRQHG LQWR PDQDJHDEOH SLHFHV ZLWK ZHOO�FRQ�
VWUDLQHG LQWHUDFWLRQV� DQG IDFLOLWDWHV WKH UHXVH DQG HYROXWLRQ RI PRGXOHV� $FFRUGLQJ WR %RRFK�
´REMHFW RULHQWDWLRQ LQYROYHV WKH HOHPHQWV RI GDWD DEVWUDFWLRQ� HQFDSVXODWLRQ� DQG LQKHULWDQFH ZLWK
SRO\PRUSKLVPµ LQ D ODQJXDJH >�� SDJH ���@� 7KH LGHDV GHQRWHG E\ WKHVH WHUPV DUH FOHDUO\ GHILQHG
DQG LOOXVWUDWHG E\%RRFK >�@ DQG KDYH EH UHYLHZHG H[WHQVLYHO\ E\ RWKHU DXWKRUV� VRZHGR QRW LQFOXGH
DQ\ GHWDLOHG GLVFXVVLRQ KHUH�

*LYHQ WKH VXFFHVV RI REMHFW�RULHQWHG WHFKQLTXHV LQ WKH VRIWZDUH GRPDLQ� LW LV DSSURSULDWH WR FRQ�
VLGHU WKHLU LQFOXVLRQ LQ D KDUGZDUH GHVFULSWLRQ ODQJXDJH VXFK DV 9+'/� :H H[SHFW WKDW WKH XVH RI
REMHFW�RULHQWHG WHFKQLTXHV LQ KDUGZDUH GHVFULSWLRQ ODQJXDJHVZLOO KHOS GHVLJQHUVPDQDJH FRPSOH[L�
W\� LPSURYH WKHLU SURGXFWLYLW\� DQG LPSURYH WKH UHOLDELOLW\ RI WKH GHVLJQ SURFHVV� ,QGHHG WKHVH H[�
SHFWDWLRQV DUH H[SUHVVHG DV UHTXLUHPHQWV E\ WKH ,((( '$6& 22�9+'/ 6WXG\ *URXS >�@�
+RZHYHU� REMHFW�RULHQWHG H[WHQVLRQV VKRXOG QRW EH YLHZHG DV D SDQDFHD� 2EMHFW�RULHQWDWLRQ IR�
FXVVHV PDLQO\ RQ DEVWUDFWLRQ RYHU GDWD DQG WKH UHODWHG RSHUDWLRQV� DQG GRHV QRW DGGUHVV LVVXHV VXFK
DV FRQFXUUHQF\ DQG FRPPXQLFDWLRQ� 6XFFHVVIXO H[WHQVLRQ RI 9+'/ WR VXSSRUW KLJK�OHYHOPRGHOLQJ
UHTXLUHV D EURDGHU UHYLHZ RI WKHVH DQG RWKHU LVVXHV�

2XU DLP LQ WKLV SDSHU LV QRW WR SUHVHQW RU VXSSRUW DQ\ SDUWLFXODU H[WHQVLRQ WR 9+'/� ,QVWHDG�
ZH UHYLHZSUHYLRXV SURSRVDOV IRU H[WHQVLRQV DQG DWWHPSW WR FDWHJRUL]H WKHP WR HQDEOH GHWDLOHG DQDO\�
VLV DQG GLVFXVVLRQ� 2XU FDWHJRUL]DWLRQ LV EDVHG RQ WKH VHPDQWLFV RI HDFK SURSRVDO� LQVRIDU DV WKH VH�
PDQWLFV DUH HODERUDWHG LQ HDFK SURSRVDO� :H DWWHPSW WR LGHQWLI\ VRPH SLWIDOOV WKDW FDQ WUDS XQZDU\
SOD\HUV DQG VKRZ WKDW PDQ\ RI WKH SUHYLRXVO\ SURSRVHG H[WHQVLRQV HQFRXQWHU WKH SLWIDOOV DQG YLRODWH
SULQFLSOHV RI JRRG ODQJXDJH GHVLJQ�

7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � SUHVHQWV VRPH JHQHUDO SULQFLSOHV
IRU ODQJXDJH GHVLJQ WKDW ZH DUJXH VKRXOG EH DGKHUHG WR ZKHQ GHYHORSLQJ SURSRVDOV IRU ODQJXDJH H[�
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WHQVLRQ� 6HFWLRQ � SUHVHQWV D WD[RQRP\ RI DSSURDFKHV WR REMHFW�RULHQWHG H[WHQVLRQV WR 9+'/ DQG
SODFHV SUHYLRXVO\ SXEOLVKHG SURSRVDOV ZLWKLQ WKH WD[RQRP\� 6HFWLRQ � GLVFXVVHV D UDQJH RI LVVXHV
WKDW PXVW EH FRQVLGHUHG ZKHQ GHVLJQLQJ REMHFW�RULHQWHG H[WHQVLRQV WR 9+'/ DQG GLVFXVVHV WKH ZD\
LQ ZKLFK SUHYLRXV SURSRVDOV DGGUHVV WKH LVVXHV �RU� LQ VRPH FDVHV� IDLO WR DGGUHVV WKHP�� )LQDOO\�
6HFWLRQ � FRQFOXGHVZLWK D GLVFXVVLRQ RI RXU SODQV WR GHYHORS REMHFW�RULHQWHG H[WHQVLRQV WR9+'/³
KRSHIXOO\ DYRLGLQJ WKH SLWIDOOV DORQJ WKH ZD\�
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� /DQJXDJH 'HVLJQ 3ULQFLSOHV
7KH GHVLJQ RI D SURJUDPPLQJ ODQJXDJH RU D KDUGZDUH GHVFULSWLRQ ODQJXDJH LV D GLIILFXOW WDVN� 6LQFH
WKH ODQJXDJH LV WKH YHKLFOH IRU H[SUHVVLRQ RI GHVLJQ LQWHQW� D JRRG ODQJXDJH FDQ JUHDWO\ KHOS WKH GH�
VLJQ SURFHVV� ZKHUHDV D SRRU ODQJXDJH FDQ VLJQLILFDQWO\ KLQGHU LW� $ ODQJXDJH VKRXOG FRQIRUP WR
D VHW RI LGHDOV RU SKLORVRSKLHV WR PDNH LW FRKHUHQW� HDV\ WR OHDUQ� DQG HDV\ WR UHDG DQG XQGHUVWDQG�
7KLV LV ZKDW %URRNV UHIHUV WR DV ´FRQFHSWXDO LQWHJULW\µ >�@� :H SUHVHQW KHUH VRPH YLHZV RQ ODQJXDJH
GHVLJQ SULQFLSOHV WKDW OHDG WR KLJK TXDOLW\ ODQJXDJHV� :KLOH PDQ\ RI WKHVH SULQFLSOHV PD\ DSSHDU
WR EH FRPPRQ VHQVH RU JHQHUDO ´PRWKHUKRRG DQG DSSOH SLHµ VWDWHPHQWV� LW LV LPSRUWDQW WR EHDU WKHP
LQ PLQG WKURXJKRXW WKH ODQJXDJH GHVLJQ SURFHVV� 7KH\ DUH DOO WRR RIWHQ RYHUORRNHG� SDUWLFXODUO\
ZKHQ ODQJXDJH GHVLJQ LV FRQGXFWHG E\ D FRPPLWWHH RI GLYHUVH LQWHUHVWV� $V %URRNV QRWHV� ´&RQFHS�
WXDO LQWHJULW\ GRHV UHTXLUH WKDW D V\VWHP UHIOHFW D VLQJOH SKLORVRSK\ DQG WKDW WKH VSHFLILFDWLRQ DV VHHQ
E\ WKH XVHU IORZ IURP D IHZ PLQGVµ >�� SDJH ��@�

��� 'HVLJQ RI 6HPDQWLFV

7KH IRUHPRVW SULQFLSOH LV WKDW ODQJXDJH GHVLJQ VKRXOG IRFXV RQ VHPDQWLFV ILUVW DQG V\QWD[ VHFRQG�
7KH VHPDQWLFV RI ODQJXDJH IHDWXUHV HPERG\ WKH PHDQLQJ RI WKH IHDWXUHV� DQG GHWHUPLQH ZKDW GHVLJQ
LQWHQW FDQ EH H[SUHVVHG LQ WKH ODQJXDJH� 7KH EHQHILWV RI D VHPDQWLFV�EDVHG ODQJXDJH GHVLJQPHWKRG�
RORJ\ DUH LOOXVWUDWHG E\ 7HQQHQW >��@� +H FRPPHQWV WKDW D PHWKRGRORJLFDO DSSURDFK EDVHG RQ VH�
PDQWLFV LV ´LQWHQGHG WR KHOS D GHVLJQHU FRSH ZLWK WKH GHWDLOHG SUREOHPV RI DFKLHYLQJ FRQVLVWHQF\�
FRPSOHWHQHV� DQG UHJXODULW\ LQ WKH GHVLJQ RI VSHFLILF ODQJXDJH IHDWXUHV�µ DQG ´KDV WKH HIIHFW RI GUDZ�
LQJ >WKH GHVLJQHU·V@ DWWHQWLRQ WR GHHSHU VWUXFWXUDO LVVXHVµ LQ D ODQJXDJH� 6\QWD[� RQ WKH RWKHU KDQG�
LV WKH FRQFUHWH H[SUHVVLRQ RI VHPDQWLF IHDWXUHV� :KLOH SRRU V\QWD[ PD\ REIXVFDWH WKH GHVLJQ LQWHQW�
LW GRHV QRW SURKLELW H[SUHVVLRQ RI WKH LQWHQW� *RRG V\QWD[ GHVLJQ DOORZV WKH GHVLJQHU WR WKLQN DERXW
DQG FRPPXQLFDWH GHVLJQ LQWHQW FOHDUO\�

��� 6LPSOLFLW\ RI 0HFKDQLVP

,Q GHWHUPLQLQJ VHPDQWLF IHDWXUHV WR EH LQFOXGHG LQ D ODQJXDJH� VLPSOH VHPDQWLF PHFKDQLVPV VKRXOG
EH FKRVHQ LQ SUHIHUHQFH WR PRUH FRPSOLFDWHG JHQHUDO VROXWLRQV� 7KH VHPDQWLF PHFKDQLVPV VKRXOG�
DV PXFK DV SRVVLEOH� EH RUWKRJRQDO WR HDFK RWKHU� $V +RDUH VXJJHVWV >��@� ´FRQFHQWUDWH RQ RQH IHD�
WXUH DW D WLPH�µ DQG ´UHMHFW DQ\ WKDW DUH PXWXDOO\ LQFRQVLVWHQW�µ %\ FKRRVLQJ VLPSOH RUWKRJRQDO VH�
PDQWLFPHFKDQLVPV� LQWHUDFWLRQ EHWZHHQPHFKDQLVPV LV UHGXFHG DQG HDVLHU WR XQGHUVWDQG� 7KLV DOVR
PDNHV LW HDVLHU IRU WRRO EXLOGHUV WR RSWLPL]H WKHLU LPSOHPHQWDWLRQ RI ODQJXDJH IHDWXUHV�

��� 'HVLJQ RI ([WHQVLRQV

:KHQ H[WHQGLQJ DQ H[LVWLQJ ODQJXDJH� WKH SUHFHGLQJ SULQFLSOHV VKRXOG EH DSSOLHG WR WKH H[WHQVLRQV�
6LPSOH VHPDQWLF PHFKDQLVPV VKRXOG EH FKRVHQ WR DXJPHQW WKH H[LVWLQJ PHFKDQLVPV� QRW WR UHSODFH
WKHP� 7KH QHZ IHDWXUHV VKRXOG FRQIRUP WR WKH VDPH GHVLJQ SKLORVRSKLHV WKDW ZHUH IROORZHG LQ WKH
RULJLQDO ODQJXDJH GHVLJQ VR DV WR PDLQWDLQ DUFKLWHFWXUDO FRKHUHQFH� &DUHIXO FRQVLGHUDWLRQ PXVW EH
JLYHQ WR LQWHUDFWLRQV EHWZHHQ QHZ IHDWXUHV DQG H[LVWLQJ IHDWXUHV� :KLOH WKH VHPDQWLFV RI QHZ IHD�
WXUHV DUH RI SULPDU\ FRQFHUQ� LQWHJUDWLRQ RI QHZ V\QWD[ LV DOVR LPSRUWDQW� ([WHQVLRQV VKRXOG DLP
IRU VW\OLVWLF FRQVLVWHQF\ ZLWK WKH H[LVWLQJ ODQJXDJH� 1HZ IHDWXUHV WKDW DUH MXVW V\QWDFWLF UHZULWHV RI
H[LVWLQJ IHDWXUHV �´V\QWDFWLF VXJDUµ� VKRXOG RQO\ EH LQFOXGHG LI WKH\ VLJQLILFDQWO\ HQKDQFH WKH H[�
SUHVVLYHQHVV RI WKH ODQJXDJH� $V :LUWK SXWV LW >��@� ´GLVWLQJXLVK ��� EHWZHHQ ZKDW LV HVVHQWLDO DQG
ZKDW HSKHPHUDO�µ
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� 7D[RQRP\ RI 3UHYLRXVO\ 3URSRVHG ([WHQVLRQV
3UHYLRXV SURSRVDOV IRU H[WHQGLQJ 9+'/ IRU KLJK�OHYHO PRGHOLQJ KDYH EHHQ FRXFKHG LQ WHUPV RI RE�
MHFW�RULHQWHG H[WHQVLRQV� DQG KDYH IRFXVVHG RQ WKUHH DUHDV RI ODQJXDJH XVDJH� GDWD PRGHOLQJ� VWUXF�
WXUDO PRGHOLQJ� DQG V\VWHP�OHYHO PRGHOLQJ� 7KHVH DUHDV DUH DOVR UHYLHZHG E\ 'XQORS >��@� 7DEOH
� VXPPDUL]HV WKH DSSURDFKHV DGRSWHG E\ HDFK RI WKH SUHYLRXVO\ SURSRVHG H[WHQVLRQV� :H GLVFXVV
WKH FRQFHSWV LQPRUHGHWDLO LQ WKH IROORZLQJ VHFWLRQV� 1RWH WKDW WKH H[DPSOHV VKRZQ LQ WKLV DQG VXEVH�
TXHQW VHFWLRQV DUH LQWHQGHG RQO\ WR LOOXVWUDWH WKH FRQFHSWV� 1R FRQFUHWH ODQJXDJH SURSRVDO LV LPSOLHG�

3URSRVDO 'DWD 0RGHOLQJ 6WUXFWXUDO 0RGHOLQJ 6\VWHP�/HYHO 0RGHOLQJ

0LOOV >��@ $GD��� DSSURDFK �WDJJHG
W\SH ZLWK VLQJOH LQKHULW�
DQFH�

WDJJHG HQWLW\�DUFKLWHFWXUH
ZLWK PXOWLSOH LQKHULWDQFH

6FKXPDFKHU DQG 1HEHO
>��@

$GD��� DSSURDFK �WDJJHG
W\SH ZLWK VLQJOH LQKHULW�
DQFH�

'XQORS >��@ LOOXVWUDWHV JHQHUDO FRQFHSWV
XVLQJ $GD��� DSSURDFK

:LOOLV HW DO >��@ FODVV�EDVHG ZLWK PXOWLSOH
LQKHULWDQFH

LPSOLFLW� FODVV W\SHV IRU
VKDUHG YDULDEOHV KDYH PR�
QLWRU VHPDQWLFV

2EMHFWLYH 9+'/� 5DGHW]�
NL HW DO >��@

FODVV�EDVHG ZLWK VLQJOH LQ�
KHULWDQFH

HQWLW\ FODVVHV ZLWK VLQJOH
LQKHULWDQFH

(FNHU >��@ WDJJHG HQWLW\�DUFKLWHFWXUH
ZLWK PXOWLSOH LQKHULWDQFH

5DPHVK >��@ HQWLW\ FODVVHV ZLWK LQKHULW�
DQFH �RQO\ VLQJOH LQKHULW�
DQFH LOOXVWUDWHG�

0LOOV >��@ LQKHULWDQFH YLD FRQILJXUD�
WLRQ

9LVWD 22�9+'/� 6ZDP\
HW DO >��@

HQWLW\ FODVVHV ZLWK LQKHULW�
DQFH �RQO\ VLQJOH LQKHULW�
DQFH LOOXVWUDWHG�

HQWLW\ FODVVHV ZLWK RSHU�
DWLRQV �PRGLILHG PRQLWRU
VHPDQWLFV�� LQKHULWDQFH
�RQO\ VLQJOH LQKHULWDQFH LO�
OXVWUDWHG�

%HQ]DNNL DQG 'MDIUL >�@ HQWLW\ FODVVHV ZLWK PXOWLSOH
LQKHULWDQFH

HQWLW\ FODVVHV ZLWK RSHU�
DWLRQV �PRGLILHG PRQLWRU
VHPDQWLFV�� PXOWLSOH LQKHU�
LWDQFH

&DEDQLV HW DO >��@ FODVV�EDVHG ZLWK RSHUDWLRQV
�FRQFXUUHQW LQYRFDWLRQ
ZLWK DG KRF FRQFXUUHQF\
FRQWURO�� PXOWLSOH LQKHULW�
DQFH

7DEOH �� 6XPPDU\ RI SURSRVDOV IRU REMHFW�RULHQWHG H[WHQVLRQV WR 9+'/�

��� ([WHQVLRQV IRU 'DWD 0RGHOLQJ

2EMHFW�RULHQWHG H[WHQVLRQV IRU GDWD PRGHOLQJ DGGUHVV WKH ZD\ LQ ZKLFK GDWD YDOXHV DUH GHVFULEHG
LQ D PRGHO� &XUUHQWO\� 9+'/ SURYLGHV D W\SH V\VWHP VLPLODU WR WKDW RI $GD� EXW ZLWK VRPH VLPSOL�
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ILFDWLRQV� 3URSRVDOV IRU H[WHQGLQJ 9+'/ VXJJHVW WKDW WKLV VLPSOLILHG W\SH V\VWHP LV LQVXIILFLHQW IRU
PRGHOLQJ GDWD ZLWK FRPSOH[ VWUXFWXUH� 7KH\ DUJXH WKDW REMHFW�RULHQWHG WHFKQLTXHV IRU H[SUHVVLQJ
GDWD VKRXOG EH LQFRUSRUDWHG LQWR 9+'/ WR VXSSRUW PRGHOLQJ DW D KLJK OHYHO RI DEVWUDFWLRQ� ,Q SDU�
WLFXODU� ODQJXDJH IHDWXUHV WR VXSSRUW LQKHULWDQFH DQG SRO\PRUSKLVP VKRXOG EH DGGHG� VLQFH WKH\ DUH
NH\ IHDWXUHV WR VXSSRUW REMHFW�RULHQWHG SURJUDPPLQJ� 7ZR PDLQ DSSURDFKHV KDYH EHHQ FDQYDVVHG
IRU REMHFW�RULHQWHG GDWD PRGHOLQJ LQ 9+'/� SURJUDPPLQJ E\ H[WHQVLRQ DQG FODVV�EDVHG�

����� 3URJUDPPLQJ E\ ([WHQVLRQ

7KH SURJUDPPLQJ E\ H[WHQVLRQ DSSURDFK LQYROYHV DGRSWLQJ IHDWXUHV RI $GD��� >��@� DQG LV WKH EDVLV
RI SURSRVDOV E\0LOOV >��@� DQG 6FKXPDFKHU DQG 1HEHO >��@� 'XQORS >��@ DOVR LOOXVWUDWHV WKH JHQHUDO
FRQFHSWV RI REMHFW�RULHQWHG GDWD PRGHOLQJ XVLQJ WKLV DSSURDFK� ,W LQYROYHV ILUVWO\ GHILQLQJ D SDUHQW
W\SH DV D WDJJHG UHFRUG� ZLWK SULPLWLYH RSHUDWLRQV RQ WKH SDUHQW W\SH GHILQHG DV VXESURJUDPV WKDW
LQFOXGH D SDUDPHWHU RI WKH SDUHQW W\SH� )RU H[DPSOH� WKH IROORZLQJ FRGH GHILQHV D SDUHQW W\SH WKDW
UHSUHVHQWV D JHQHUDO &38 LQVWUXFWLRQ DQG WZR RSHUDWLRQV RQ LQVWUXFWLRQV�

W\SH LQVWUXFWLRQ LV WDJJHG UHFRUG
RSFRGH � RSFRGHBW\SH�

HQG UHFRUG�

SURFHGXUH FKHFNBRSFRGH � LQVWU � LQ LQVWUXFWLRQ� ��� ��

SURFHGXUH SHUIRUPBRS � LQVWU � LQ LQVWUXFWLRQ ��

1H[W� WKH SDUHQW W\SH LV UHILQHG E\ GHULYLQJ D QHZ W\SH ZLWK DGGLWLRQDO UHFRUG HOHPHQWV� :KLOH
WKH GHULYHG W\SH LQKHULWV WKH SULPLWLYH RSHUDWLRQV RI WKH SDUHQW W\SH� WKH\ FDQ EH UHSODFHG ZLWK DOWHU�
QDWLYH LPSOHPHQWDWLRQV� ,Q DGGLWLRQ� QHZ SULPLWLYH RSHUDWLRQV PD\ EH GHILQH IRU WKH GHULYHG W\SH�
)RU H[DPSOH� D UHJLVWHU�PRGH $/8 LQVWUXFWLRQ PD\ EH GHILQHG DV D UHILQHPHQW RI D JHQHUDO LQVWUXF�
WLRQ DV IROORZV�

W\SH UHJLVWHUBDOXBLQVWUXFWLRQ LV QHZ LQVWUXFWLRQ
ZLWK UHFRUG
GHVW� VUF�� VUF� � UHJBQXPEHU�

HQG UHFRUG�

SURFHGXUH SHUIRUPBRS � LQVWU � LQ UHJLVWHUBDOXBLQVWUXFWLRQ ��

7KH RSHUDWLRQ FKHFNBRSFRGH LV LQKHULWHG DQG FDQ EH DSSOLHG WR YDOXHV RI WKH GHULYHG W\SH� 7KH RSHU�
DWLRQ SHUIRUPBRS LV UHSODFHG ZLWK D QHZ YHUVLRQ� VSHFLILFDOO\ IRU YDOXHV RI WKH GHULYHG W\SH�

,Q WKH $GD��� DSSURDFK� WKH KLHUDUFK\ RI GHULYHG W\SHV IRUPV WKH LQKHULWDQFH KLHUDUFK\ UHTXLUHG
LQ REMHFW�RULHQWHG SURJUDPPLQJ� 7KH WHUP FODVV LV XVHG WR UHIHU WR WKH WUHH RI W\SHV GHULYHG IURP
D JLYHQ SDUHQW W\SH� 3RO\PRUSKLF W\SLQJ FRPHV IURP GHFODUDWLRQ RI REMHFWV RI XQFRQVWUDLQHG FODVV
W\SHV� GHQRWHG XVLQJ WKH DWWULEXWH ·FODVV� )RU H[DPSOH�

SURFHGXUH H[HFXWH � LQVWU � LQ LQVWUXFWLRQ·FODVV� ��� ��

7KH IRUPDO SDUDPHWHU RI WKLV SURFHGXUH LV SRO\PRUSKLF� DQG PD\ WDNH D YDOXH RI W\SH LQVWUXFWLRQ RU
RI DQ\ W\SH GHULYHG IURP LQVWUXFWLRQ� 7KXV� ZLWKLQ WKH SURFHGXUH� WKH FDOO

SHUIRUPBRS � LQVWU ��

UHTXLUHV D G\QDPLF FKHFN RI WKH WDJ DVVRFLDWHG ZLWK WKH DFWXDO SDUDPHWHU YDOXH WR GHWHUPLQH WKH W\SH
RI WKH DFWXDO SDUDPHWHU� 7KH W\SH RI WKH DFWXDO SDUDPHWHU GHWHUPLQHVZKLFK SURFHGXUH LV FDOOHG� 7KLV
SURFHVV LV FDOOHG ´GLVSDWFKLQJµ RU ´ODWH ELQGLQJ�µ DV WKH W\SH RI WKH DFWXDO SDUDPHWHU LV ERXQG DW UXQ�
WLPH UDWKHU WKDQ EHLQJ VWDWLFDOO\ GHWHUPLQHG�



�

����� &ODVVHV

7KH FODVV�EDVHG DSSURDFK WR REMHFW�RULHQWHG GDWD PRGHOLQJ H[WHQVLRQV LQ 9+'/ LV LQIOXHQFHG E\
-DYD >��@� &�� >��@ DQG WKHLU SUHGHFHVVRUV �QRWDEO\� 6LPXOD >��@�� 7KLV DSSURDFK LV IROORZHG E\
:LOOLV HW DO >��@� 2EMHFWLYH 9+'/ >��@� 9LVWD 22�9+'/ >��@� %HQ]DNNL DQG'MDIUL >�@� DQG&DED�
QLV HW DO >��@� 7KH DSSURDFK LQYROYHV GHILQLWLRQ RI FODVVHV� ZKLFK HQFDSVXODWH WKH GHILQLWLRQV RI GDWD
DQG RSHUDWLRQV RI REMHFWV� $ FODVV PD\ LQKHULW HQFDSVXODWHG GDWD DQG RSHUDWLRQV IURP DQRWKHU FODVV�
7KH LQKHULWLQJ FODVV LV FDOOHG D VXEFODVV DQG WKH SDUHQW LV FDOOHG WKH VXSHUFODVV� $V DQ H[DPSOH� WKH
LQVWUXFWLRQ W\SH VKRZQ DERYH PLJKW EH GHILQHG DV IROORZV �XVLQJ D 9+'/�OLNH VW\OH RI H[SUHVVLRQ�
DSSUR[LPDWHO\ PLUURULQJ &�� VHPDQWLFV��

W\SH LQVWUXFWLRQ LV FODVV

RSFRGH � RSFRGHBW\SH�

SURFHGXUH FKHFNBRSFRGH � ��� ��

SURFHGXUH SHUIRUPBRS�

HQG FODVV�

$ YDOXH RI WKLV W\SH FRQWDLQV DQ HQFDSVXODWHG RSFRGH YDOXH WKDW FDQ EH RSHUDWHG XSRQ E\ WKH SURFHG�
XUHV GHILQHG LQ WKH FODVV� 7KHVH SURFHGXUHV DUH RIWHQ FDOOHG ´PHWKRGVµ RU ´RSHUDWLRQV�µ $ VXEFODVV
UHSUHVHQWLQJ UHJLVWHU�PRGH $/8 LQVWUXFWLRQV PLJKW EH GHILQHG DV�

W\SH UHJLVWHUBDOXBLQVWUXFWLRQ LV LQVWUXFWLRQ FODVV

GHVW� VUF�� VUF� � UHJBQXPEHU�

SURFHGXUH SHUIRUPBRS�

HQG FODVV�

7KH RSFRGH YDOXH DQG WKH FKHFNBRSFRGH RSHUDWLRQ DUH LQKHULWHG IURP WKH VXSHUFODVV LQVWUXFWLRQ�
ZKHUHDV WKH SHUIRUPBRS RSHUDWLRQ LV RYHUULGGHQ E\ D QHZ YHUVLRQ LQ WKH VXEFODVV� 2EMHFWV DUH FUHDWHG
DV LQVWDQFHV RI WKHVH FODVV W\SHV� DQG RSHUDWLRQV DUH LQYRNHG E\ QDPLQJ D SDUWLFXODU LQVWDQFH� )RU
H[DPSOH�

YDULDEOH LQVWUBUHJ � LQVWUXFWLRQ�
���

LQVWUBUHJ�SHUIRUPBRS�

7KH HQFDSVXODWHG YDOXH IRU WKH LQVWDQFH RI WKH FODVV LV LPSOLFLWO\ DYDLODEOH IRU XVH LQ WKH SHUIRUPBRS
RSHUDWLRQ� 7KH REMHFW GHQRWHG E\ LQVWUBUHJPD\ EH D PHPEHU RI WKH LQVWUXFWLRQ FODVV RU RQH RI LWV VXE�
FODVVHV� 7KXV� WKH LQYRFDWLRQ RI WKH SHUIRUPBRS RSHUDWLRQPD\ UHTXLUH G\QDPLF GLVSDWFKLQJ GHSHQG�
LQJ RQ WKH SDUWLFXODU FODVV RI WKH REMHFW�

:KLOH D QXPEHU RI SURSRVDOV DUH EDVHG RQ WKLV DSSURDFK� RQO\ :LOOLV HW DO >��@ DQG 5DGHW]NL
HW DO >��@ OLPLW WKHLU GLVFXVVLRQ WR LWV XVH IRU GDWD PRGHOLQJ� 2WKHU SURSRVDOV �FLWHG ODWHU LQ WKLV VHF�
WLRQ� H[WHQG LWV XVH WR V\VWHP�OHYHO PRGHOLQJ� 7KH GULYLQJ PRWLYDWLRQ IRU LQFRUSRUDWLQJ FODVVHV LQ
D ODQJXDJH GHILQLWLRQ LV WR SURYLGH GLUHFW ODQJXDJH VXSSRUW IRU WKH SULQFLSOHV RI REMHFW�RULHQWDWLRQ
LQ D VLQJOH ODQJXDJH IHDWXUH� +HQFH� D FODVV LV D XQLW RI DEVWUDFWLRQ� HQFDSVXODWLRQ� PRGXODULW\� KLHU�
DUFK\ �WKURXJK LQKHULWDQFH� DQG W\SLQJ LQ WKLV DSSURDFK�

��� ([WHQVLRQV IRU 6WUXFWXUDO 0RGHOLQJ

2EMHFW�RULHQWHG H[WHQVLRQV IRU VWUXFWXUDO PRGHOLQJ DGGUHVV WKH LVVXH RI UHXVH RI KDUGZDUH GHVLJQV
WR IRUP QHZ GHVLJQV� 'HVLJQ HQWLWLHV DUH YLHZHG DQDORJRXVO\ WR FODVVHV� ZLWK FRPSRQHQW LQVWDQFHV
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EHLQJ REMHFWV� 7KH JHQHULF FRQVWDQWV DQG SRUWV GHILQHG LQ D GHVLJQ HQWLW\ DUH SURSHUWLHV RI REMHFWV�
7KH SURSRVHG H[WHQVLRQV IRU VWUXFWXUDO PRGHOLQJ LGHQWLILHG LQ 7DEOH � VXJJHVW WKDW QHZ GHVLJQ HQWL�
WLHV FDQ EH GHULYHG E\ LQKHULWLQJ JHQHULFV DQG SRUWV IURP D SDUHQW HQWLW\ DQG DGGLQJ QHZ JHQHULFV
DQG SRUWV� ,Q DGGLWLRQ� WKH SURFHVV VWDWHPHQWV DQG FRPSRQHQW LQVWDQFHV IURP WKH SDUHQW DUFKLWHFWXUH
ERG\ DUH LQKHULWHG� DQG QHZSURFHVVHV DQG FRPSRQHQW LQVWDQFHV DUH DGGHG WR WKH GHULYHG DUFKLWHFWXUH
ERG\�

7KHUH DSSHDU WR EH WZR DSSURDFKHV WR REMHFW�RULHQWHG VWUXFWXUDO PRGHOLQJ� SDUDOOHOLQJ WKH WZR
DSSURDFKHV WR GDWD PRGHOLQJ� +RZHYHU� WKH GLIIHUHQFHV� LQVRIDU DV WKH\ DUH GHVFULEHG LQ WKH SURSR�
VDOV� DUH V\QWDFWLF UDWKHU WKDQ VHPDQWLFV�EDVHG� 2QH DSSURDFK� SURSRVHG E\ ERWK 0LOOV >��@ DQG
(FNHU >��@� LQYROYHV XVLQJ WKH NH\ZRUG ´WDJJHGµ WR LGHQWLI\ DQ HQWLW\ RU DUFKLWHFWXUH WKDW FDQ EH LQ�
KHULWHG� 7KH DSSURDFK SURSRVHG IRU 2EMHFWLYH 9+'/ >��@ LV VLPLODU� EXW RPLWV WKH NH\ZRUG
´WDJJHGµ DQG DOORZV DQ\ HQWLW\ WR EH LQKHULWHG� $OWKRXJK WKH ILQHU GHWDLOV RI V\QWD[ YDU\ EHWZHHQ
WKH SURSRVDOV� DQ LOOXVWUDWLYH H[DPSOH LV�

HQWLW\ FRXQWHU LV WDJJHG
SRUW � FON� RXWBHQ � LQ ELW� T � RXW VWGBORJLFBYHFWRU ��

HQG HQWLW\ FRXQWHU�

DUFKLWHFWXUH EHKDYLRUDO RI FRXQWHU LV WDJJHG
VLJQDO FRXQW � QDWXUDO�

EHJLQ

LQFUHPHQW � SURFHVV � FON � LV
EHJLQ
LI FON·HYHQW DQG FON  ·�· WKHQ
FRXQW � �FRXQW � �� PRG �T·OHQJWK�

HQG LI�
HQG SURFHVV FRXQWBSURF�

GULYH �
T � 7RBYHFWRU�FRXQW� ZKHQ RXWBHQ  ·�· HOVH

�RWKHUV  ! ·=·��

HQG DUFKLWHFWXUH EHKDYLRUDO�

+HUH� WKH SRUWV FON DQG T DUH SURSHUWLHV RI WKH HQWLW\ WKDW FDQ EH LQKHULWHG� DQG WKH VWDWHPHQWV LQFUHPHQW
DQG GULYH DUH WKH SURSHUWLHV RI WKH DUFKLWHFWXUH WKDW FDQ EH LQKHULWHG�

7KH SURSRVDOV XVH WKH NH\ZRUG ´QHZµ WR VSHFLI\ LQKHULWDQFH LQWR D GHULYHG HQWLW\ RU DUFKLWHF�
WXUH� (FNHU·V SURSRVDO GRHV QRW FOHDUO\ LQGLFDWH ZKHWKHU DQ LQKHULWLQJ DUFKLWHFWXUH LQKHULWV IURP D
SDUHQW DUFKLWHFWXUH RI WKH SDUHQW HQWLW\� RU IURP DOWHUQDWLYH DUFKLWHFWXUHV RI WKH GHULYHG HQWLW\� ([DP�
SOHV RI ERWK FDVHV DSSHDU LQ WKH SURSRVDO ZLWKRXW FRPPHQW RQ WKH GLVWLQFWLRQ� 7KH 0LOOV· SURSRVDOV
DQG 2EMHFWLYH 9+'/� RQ WKH RWKHU KDQG� FOHDUO\ LQGLFDWH WKDW D GHULYHG DUFKLWHFWXUH LQKHULWV IURP
D QRPLQDWHG DUFKLWHFWXUH RI WKH SDUHQW HQWLW\� )RU H[DPSOH �QRW XVLQJ V\QWD[ RI HLWKHU SURSRVDO��

HQWLW\ UHVHWWDEOHBFRXQWHU LV QHZ FRXQWHU ZLWK
SRUW � UHVHW � LQ ELW ��

HQG HQWLW\ UHVHWWDEOHBFRXQWHU�

DUFKLWHFWXUH UHVHWWDEOHBEHKDYLRUDO RI UHVHWWDEOHBFRXQWHU LV QHZ EHKDYLRUDO ZLWK
EHJLQ

FRXQWBSURF � SURFHVV � FON� UHVHW � LV
EHJLQ
���

HQG SURFHVV FRXQWBSURF�

HQG DUFKLWHFWXUH UHVHWWDEOHBEHKDYLRUDO�
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7KH GHULYHG HQWLW\ DGGV WKH SRUW UHVHW WR WKRVH LQKHULWHG IURP WKH SDUHQW HQWLW\� 7KH GHULYHG DUFKLWHF�
WXUH LQKHULWV WKH LQWHUQDO VLJQDO FRXQW DQG WKH VWDWHPHQW GULYH IURP WKH SDUHQW DUFKLWHFWXUH� DQG RYHU�
ULGHV WKH VWDWHPHQW LQFUHPHQW ZLWK D PRGLILHG YHUVLRQ�

7KH RWKHU DSSURDFK WR VWUXFWXUDO PRGHOLQJ� SURSRVHG E\ 5DPHVK >��@� EDVLFDOO\ XVHV WKH NH\�
ZRUG ´FODVVµ LQ SODFH RI ´WDJJHGµ WR LQGLFDWH LQKHULWDQFH� EXW LV RWKHUZLVH WKH VDPH� 7KH XQGHUO\LQJ
VHPDQWLFV DUH LQKHULWDQFH RI JHQHULFV DQG SRUWV LQ WKH HQWLW\ GHFODUDWLRQV DQG LQKHULWDQFH RI FRQFXU�
UHQW VWDWHPHQWV LQ WKH DUFKLWHFWXUH ERGLHV�

0LOOV >��@ DOVR SURSRVHV D VHPDQWLFDOO\ VLPLODU DOWHUQDWLYH� ZKHUH LQKHULWDQFH LV VSHFLILHG LQ WKH
ELQGLQJ LQGLFDWLRQ RI D FRQILJXUDWLRQ GHFODUDWLRQ RU FRQILJXUDWLRQ VSHFLILFDWLRQ� UDWKHU WKDQ LQ DQ
HQWLW\ RU DUFKLWHFWXUH GHFODUDWLRQ� 7KH GLIILFXOW\ ZLWK WKLV DSSURDFK LV WKDW WKH ELQGLQJ LV SHUIRUPHG
GXULQJ HODERUDWLRQ UDWKHU WKDQ GXULQJ DQDO\VLV� +HQFH� DQ LQKHULWLQJ GHVLJQ HQWLW\ LV XQDEOH WR UHIHU
WR SRUWV� VLJQDOV DQG RWKHU LWHPV GHFODUHG LQ D SDUHQW GHVLJQ HQWLW\� 7KLV VLJQLILFDQWO\ OLPLWV WKH ZD\
LQ ZKLFK DQ LQKHULWLQJ GHVLJQ HQWLW\ FDQ H[WHQG RU UHILQH WKH LPSOHPHQWLRQ RI WKH SDUHQW� ,Q RUGHU
WR DYRLG VXFK OLPLWDWLRQV� LW PLJKW EH SRVVLEOH WR GHIHU DQDO\VLV RI DQ LQKHULWLQJ GHVLJQ HQWLW\ XQWLO
HODERUDWLRQ WLPH� +RZHYHU� WR GR VR ZRXOG EH VLJQLILFDQWO\ DW YDULDQFH ZLWK WKH H[LVWLQJ SKLORVRSK\
RI HDUO\� VHSDUDWH DQDO\VLV DQG HUURU GHWHFWLRQ�

��� ([WHQVLRQV IRU 6\VWHP�/HYHO 0RGHOLQJ

2EMHFW�RULHQWHG H[WHQVLRQV IRU V\VWHP�OHYHO PRGHOLQJ DGGUHVV WKH IDFW WKDW WKH FRPPXQLFDWLRQ
PRGHO LPSOLHG E\ VLJQDOV DQG SRUWV LQ 9+'/ LV LQDSSURSULDWH IRU DEVWUDFW GHVLJQV LQZKLFK WKH LQWHU�
PRGXOH FRPPXQLFDWLRQ SURWRFROV DUH QRW \HW GHILQHG� ,Q WKH HDUO\ GHVLJQ VWDJHV� D V\VWHP FDQ EH
PRGHOHG DV D FROOHFWLRQ RI FRPPXQLFDWLQJ FRQFXUUHQW SURFHVVHV WKDW UHTXHVW RSHUDWLRQV RI RQH
DQRWKHU DQG WUDQVIHU GDWD �RIWHQ UHSUHVHQWHG E\ DEVWUDFW WRNHQV� EHWZHHQ RQH DQRWKHU� 7KH GHWDLOHG
UHSUHVHQWDWLRQ RI GDWD� WKH SDUWLWLRQLQJ LQWR KDUGZDUH RU VRIWZDUH PRGXOHV� DQG WKH VHTXHQFLQJ RI
FRPPXQLFDWLRQ RYHU FRQFUHWH LQWHUFRQQHFWLRQV DUH GHVLJQ GHFLVLRQV GHIHUUHG WR D ODWHU VWDJH LQ WKH
GHVLJQ IORZ�

3URSRVHG REMHFW�RULHQWHG H[WHQVLRQV WR 9+'/ IRU V\VWHP�OHYHO PRGHOLQJ VHHN WR UHSUHVHQW WKH
V\VWHP DV D VHW RI REMHFWV WKDW FRPPXQLFDWH E\ LQYRNLQJ RSHUDWLRQV LQ RWKHU REMHFWV� 7KH LQWHQWLRQ
LV WR XVH REMHFW�RULHQWHG WHFKQLTXHV WR LPSURYH WKH GHYHORSPHQW SURFHVV DW WKLV HDUO\ VWDJH LQ WKH
OLIHF\FOH� :H LGHQWLI\ WZR GLVWLQFW DSSURDFKHV WKDW KDYH EHHQ SURSRVHG IRU H[WHQGLQJ 9+'/ LQ WKLV
DUHD� 7KH ILUVW DSSURDFK LQYROYHV H[WHQGLQJ WKH QRWLRQ RI DQ HQWLW\� YLHZLQJ LW DV D IRUP RI FODVV DQG
DGGLQJ RSHUDWLRQV WKDW FDQ EH LQYRNHG E\ SURFHVVHV� )RU H[DPSOH �XVLQJ QR SDUWLFXODU SURSRVHU·V
V\QWD[��

HQWLW\ FODVV HOHYDWRU LV
RSHUDWLRQ FDOO � IORRU � IORRUBQXPEHU ��
RSHUDWLRQ ZKHUHBDUHB\RX UHWXUQ IORRUBQXPEHU�

HQG HQWLW\ FODVV�
HQWLW\ FODVV HOHYDWRUBZLWKBILUHBVHUYLFH LV
QHZ HOHYDWRU ZLWK
RSHUDWLRQ VHWBHPHUJHQF\BPRGH�
RSHUDWLRQ FOHDUBHPHUJHQF\BPRGH�

HQG HQWLW\ FODVV�

7KH ILUVW HQWLW\ FODVV GHILQHV RSHUDWLRQV WR FDOO DQ HOHYDWRU WR D VSHFLILHG IORRU DQG WR TXHU\ WKH OR�
FDWLRQ RI DQ HOHYDWRU� 7KH VHFRQG HQWLW\ FODVV LQKHULWV WKHVH RSHUDWLRQV� DQG GHILQHV QHZ RSHUDWLRQV
WR VHW DQG FOHDU DQG HPHUJHQF\ RSHUDWLQJ PRGH� $ PRGHO PLJKW LQVWDQWLDWH HOHYDWRU REMHFWV DV IRO�
ORZV�



�

REMHFW QRUPDOBHOHYDWRU � HOHYDWRU�
REMHFW HPHUJHQF\BHOHYDWRU � HOHYDWRUBZLWKBILUHBVHUYLFH�

$ SURFHVV ZLWKLQ WKH PRGHO PLJKW LQYRNH RSHUDWLRQV DV IROORZV�
HPHUJHQF\BHOHYDWRUBORFDWLRQ � HPHUJHQF\BHOHYDWRU�ZKHUHBDUHB\RX�
HPHUJHQF\BHOHYDWRU�VHWBHPHUJHQF\BPRGH�
HPHUJHQF\BHOHYDWRU�FDOO � JURXQGBOHYHO ��

7KH 9LVWD 22�9+'/ ODQJXDJH GHVFULEHG E\ 6ZDP\ HW DO >��@� DQG WKH SURSRVDO E\ %HQ]DNNL
DQG 'MDIUL >�@ IROORZ WKLV DSSURDFK� 7KHVH SURSRVDOV DOVR DGGUHVV VWUXFWXUDO PRGHOLQJ� EXWPRWLYDWH
WKHLU H[WHQVLRQV E\ V\VWHP�OHYHO PRGHOLQJ QHHGV� :H GLVFXVV D QXPEHU RI SUREOHPV ZLWK WKLV DS�
SURDFK DQG ZLWK WKH SDUWLFXODU SURSRVDOV LQ 6HFWLRQV ��� DQG ����

7KH VHFRQG DSSURDFK WR H[WHQVLRQV IRU V\VWHP�OHYHO PRGHOLQJ LQYROYHV DGGLQJ D FODVV FRQFHSW
WR WKH ODQJXDJH� DV GHVFULEHG DERYH IRU GDWD PRGHOLQJ� DQG DGGUHVVLQJ WKH LVVXH RI FRQFXUUHQF\ FRQ�
WURO IRUPXOWLSOH SURFHVVHV DFFHVVLQJ DQ REMHFW� 7KH SURSRVDO E\:LOOLV HW DO >��@ LPSOLFLWO\ DGGUHVVHV
WKLV LVVXH E\ PDNLQJ FODVVHV WDNH RQ WKH FKDUDFWHULVWLFV RI PRQLWRUV ZKHQ LQVWDQWLDWHG DV VKDUHG RE�
MHFWV� ,Q VXFK FDVHV� PXWXDO H[FOXVLRQ LV HQIRUFHG IRU FRQFXUUHQW DFFHVV WR D VKDUHG REMHFW� 7KH SUR�
SRVDO E\ &DEDQLV HW DO >��@� RQ WKH RWKHU KDQG SHUPLWV FRQFXUUHQW DFFHVV WR D VKDUHG REMHFW� ,W
DGGUHVVHV FRQFXUUHQF\ FRQWURO E\ SURYLGLQJ VRPH SUHGLFDWHV WKDW WKH GHVLJQHU FDQ XVH WR GHWHUPLQH
ZKHWKHU FRQFXUUHQW DFFHVV LV RFFXUULQJ DQG WKXV FRQWURO SURJUDP IORZ �IRU H[DPSOH� E\ EXV\�ZDLW�
LQJ�� 2EMHFWLYH 9+'/ >��@ GRHV QRW LQFOXGH H[SOLFLW ODQJXDJH H[WHQVLRQV IRU FRQFXUUHQF\� 5DWKHU�
LW VXJJHVWV D ZD\ RI XVLQJ FODVVHV WR HQFDSVXODWH FRPPXQLFDWLRQ SURWRFROV LPSOHPHQWHG XVLQJ VLJ�
QDOV DQG SRUWV� :H GLVFXVV WKH XVH RI REMHFW�RULHQWHG WHFKQLTXHV IRU V\VWHP�OHYHO PRGHOLQJ IXUWKHU
LQ 6HFWLRQ ��



��

� ,VVXHV IRU +LJK�/HYHO 0RGHOLQJ ([WHQVLRQV WR 9+'/
2QH RI RXU JXLGLQJ SULQFLSOHV IRU ODQJXDJH H[WHQVLRQPHQWLRQHG HDUOLHU LV LQWHJUDWLRQ RI QHZ IHDWXUHV
ZLWK H[LVWLQJ IHDWXUHV� 7KXV� LI ZH DUH WR FRQVLGHU QHZ IHDWXUHV IRU 9+'/ WR VXSSRUW KLJK�OHYHO PR�
GHOLQJ� ZH QHHG WR LGHQWLI\ H[LVWLQJ IHDWXUHV WKDW UHODWH WR KLJK�OHYHO PRGHOLQJ� :LWK WKLV LQ PLQG�
ZH FDQ FOHDUO\ VHH WKDW 9+'/ DOUHDG\ LQFOXGHV PDQ\ IHDWXUHV WKDW UHODWH WR WKH SULQFLSOHV FLWHG E\
%RRFK DV QHFHVVDU\ IRU REMHFW�RULHQWDWLRQ� 6XESURJUDPV� HQWLWLHV� DQG SDFNDJHV VXSSRUW DEVWUDFWLRQ
DQG HQFDSVXODWLRQ �DOEHLW ZHDN HQFDSVXODWLRQ LQ WKH FDVH RI SDFNDJHV�� DQG RYHUORDGLQJ SURYLGHV D
OLPLWHG� DG�KRF IRUP RI SRO\PRUSKLVP� ,Q WKH WHUPLQRORJ\ RI :HJQHU >��@� WKHVH IHDWXUHV DUH VXIIL�
FLHQW IRU 9+'/ WR EH FDOOHG ´REMHFW�EDVHG�µ

7KH PDLQ LVVXHV WKDW DUH QRW DGGUHVVHG E\ WKH H[LVWLQJ ODQJXDJH IRU KLJK�OHYHO PRGHOLQJ DUH D
PRUH G\QDPLF FRQFXUUHQW SURFHVV PRGHO� D PRUH DEVWUDFW IRUP RI FRPPXQLFDWLRQ EHWZHHQ FRQFXU�
UHQW SURFHVVHV� LQKHULWDQFH�EDVHG KLHUDUFK\ �IRU GDWD W\SHV DQG KDUGZDUH VWUXFWXUHV�� WKH IRUP RI G\�
QDPLF SRO\PRUSKLVP WKDW JRHV ZLWK LQKHULWDQFH �QDPHO\� G\QDPLF ELQGLQJ�� D VWURQJHU IRUP RI
DEVWUDFWLRQ DQG HQFDSVXODWLRQ IRU DEVWUDFW GDWD W\SHV� DQG D PRUH IOH[LEOH IRUP RI VWDWLF SRO\PRUSK�
LVP� VXFK DV WKDW UHSUHVHQWHG E\ JHQHULFV LQ $GD� :H PDLQWDLQ WKDW ODQJXDJH H[WHQVLRQV WR VXSSRUW
KLJK�OHYHO PRGHOLQJ VKRXOG DGGUHVV WKHVH LVVXHV ZLWKRXW VXEYHUWLQJ RU UHSODFLQJ H[LVWLQJ ODQJXDJH
IHDWXUHV� )XUWKHUPRUH� WKHUH VKRXOG EH D FOHDU VHSDUDWLRQ RI FRQFHUQV EHWZHHQ ODQJXDJH IHDWXUHV�
VR WKDW D JLYHQ IHDWXUH GRHV QRW DWWHPSW WR VHUYH PXOWLSOH XQGHUO\LQJ PRGHOLQJ UHTXLUHPHQWV� 7KH
LQWHUDFWLRQV EHWZHHQ ODQJXDJH IHDWXUHV VKRXOG EHZHOO GHILQHG DQG XQGHUVWDQGDEOH WR ODQJXDJHXVHUV�

��� &RQFXUUHQF\ DQG 2EMHFW�2ULHQWHG ([WHQVLRQV

2QH FHQWUDO LVVXH WKDW LV QRW DGHTXDWHO\ DGGUHVVHG E\ SUHYLRXV SURSRVDOV LV WKH UHODWLRQVKLS EHWZHHQ
REMHFW�RULHQWHG H[WHQVLRQV DQG WKH FRQFXUUHQF\ DQG FRPPXQLFDWLRQ IHDWXUHV LQ WKH ODQJXDJH� 7KHUH
LV D ORQJ KLVWRU\ RI FRQFXUUHQW ODQJXDJH GHVLJQ >�@ DQG� PRUH UHFHQWO\� FRQFXUUHQW REMHFW�RULHQWHG
ODQJXDJH GHVLJQ >�@� ,Q FRQVLGHULQJ WKH UHODWLRQVKLS EHWZHHQ REMHFW�RULHQWHG IHDWXUHV DQG FRQ�
FXUUHQF\� /LP DQG -RKQVRQ VXJJHVW WKDW

´'HVLJQLQJ IHDWXUHV IRU FRQFXUUHQF\ LQ 223 ODQJXDJHV LV QRW PXFK GLIIHUHQW IURP WKDW RI
RWKHU NLQGV RI ODQJXDJHV³FRQFXUUHQF\ LV RUWKRJRQDO WR223 DW WKH ORZHVW OHYHO RI DEVWUDF�
WLRQ� 223 RU QRW� DOO WKH WUDGLWLRQDO SUREOHPV LQ FRQFXUUHQW SURJUDPPLQJ VWLOO UHPDLQ�
+RZHYHU� DW WKH KLJKHVW OHYHOV RI DEVWUDFWLRQ� 223 FDQ DOOHYLDWH WKH FRQFXUUHQF\ SUREOHP
��� E\ KLGLQJ FRQFXUUHQF\ LQVLGH UHXVDEOH DEVWUDFWLRQV�µ >��@

:H FRQFXU ZLWK WKLV YLHZ� DQG EHOLHYH WKDW LW DSSOLHV HTXDOO\ WR DGGLQJ REMHFW�RULHQWHG IHDWXUHV
WR WKH FRQFXUUHQW ODQJXDJH 9+'/� :H VXJJHVW WKDW WKH FRQFHSWXDO PRGHO IRU FRQFXUUHQF\ DQG FRP�
PXQLFDWLRQ VKRXOG EH FRQVLGHUHG ILUVW� WKHQ IHDWXUHV IRU REMHFW�RULHQWDWLRQ UHODWLQJ WR FRQFXUUHQF\
DQG FRPPXQLFDWLRQ VKRXOG EH GHVLJQHG WR LQWHJUDWH ZLWK WKH FKRVHQ FRQFHSWXDO PRGHO DQG ZLWK H[�
LVWLQJ ODQJXDJH IHDWXUHV�

����� &RQFXUUHQF\ 0RGHOV

9+'/ DOUHDG\ KDV D FRQFXUUHQF\ PRGHO� EDVHG RQ VWDWLFDOO\ LQVWDQWLDWHG SURFHVVHV FRPPXQLFDWLQJ
DQG V\QFKURQL]LQJ YLD VWDWLFDOO\ GHFODUHG VLJQDOV� 3URFHVVHV H[SUHVV WKH EHKDYLRXU RI D PRGXOH� DQG
WKH H[WHUQDO VLJQDOV VHQVHG DQG GULYHQ E\ WKH SURFHVVHV HPERG\ WKH LQWHUIDFH WR WKHPRGXOH� $Q HQWL�
W\ GHFODUDWLRQ H[SUHVVHV DQ DEVWUDFWLRQ RI D PRGXOH·V EHKDYLRU E\ SUHVHQWLQJ WKH LQWHUIDFH LQ WHUPV
RI LQSXW DQG RXWSXW SRUWV�
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7ZR PDLQ SUREOHPV ZLWK WKH H[LVWLQJ ODQJXDJH IHDWXUHV DULVH ZKHQ DWWHPSWLQJ KLJK�OHYHO PR�
GHOLQJ� )LUVW� WKH VWDWLF SURFHVV VWUXFWXUH LV LQIOH[LEOH� PDNLQJ LW GLIILFXOW WR PRGHO VXFK VXEV\VWHPV
DV PXOWL�WKUHDGHG VHUYHUV LQ D FOLHQW�VHUYHU V\VWHP� 6XFK VHUYHUV� ZKLFK PD\ XOWLPDWHO\ EH LPSOHP�
HQWHG LQ VRIWZDUH� G\QDPLFDOO\ FUHDWH WKUHDGV RI FRQWURO WR FRQFXUUHQWO\ KDQGOH PXOWLSOH LQFRPLQJ
UHTXHVWV IRU WUDQVDFWLRQV� :LWKRXW WKH DELOLW\ WR G\QDPLFDOO\ FUHDWH WKUHDGV� LQWHUOHDYLQJ WKH FRQFXU�
UHQW WUDQVDFWLRQV EHFRPHV FXPEHUVRPH� 7KH VHFRQG SUREOHP� GLVFXVVHG LQ 6HFWLRQ ���� LV WKDW FRP�
PXQLFDWLRQ XVLQJ 9+'/ VLJQDOV LV DW WRR ORZ D OHYHO RI DEVWUDFWLRQ� $ VLJQDO LQ 9+'/ LV LQWHQGHG
WR PRGHO D SK\VLFDO FRQQHFWLRQ EHWZHHQ KDUGZDUH PRGXOHV� DQG UHSUHVHQWV WKH WUDMHFWRU\ RI YDOXHV
RQ WKH FRQQHFWLRQ RYHU WLPH� :KHQPRGHOLQJ DW D KLJKHU OHYHO� FRPPXQLFDWLRQ VKRXOG VLPSO\PRGHO
LQWHUDFWLRQ RI SURFHVVHV� SRVVLEO\ ZLWK GDWD WUDQVIHU DQG SRVVLEO\ ZLWK V\QFKURQL]DWLRQ�

6FKXPDFKHU DQG 1HEHO >��@ SUHVHQW D VXUYH\ RI ODQJDXJHV LQ ZLGHVSUHDG XVH IRU KLJK�OHYHO PR�
GHOLQJ� $ QXPEHU RI WKHP� LQFOXGLQJ 6WDWHFKDUWV >��@� (VWHOOH >��� ��@ DQG 6'/ >��� ��@� DUH EDVHG
RQ D FRQFHSWXDO PRGHO RI SURFHVV EHKDYLRU GHVFULEHG XVLQJ DQ H[WHQGHG ILQLWH VWDWH PDFKLQH QRWD�
WLRQ� �7KH KLHUDUFKLFDO VWDWH PDFKLQHV XVHG LQ 6WDWHFKDUWV DUH DOVR DGRSWHG LQ WKH PRUH UHFHQWO\ SUR�
SRVHG8QLIRUP0RGHOLQJ /DQJXDJH �80/� >�@�� 3URFHVVHV DUH VWDWLFDOO\ LQVWDQWLDWHG LQ 6WDWHFKDUWV�
ZKHUHDV LQ (VWHOOH DQG 6'/ WKH\ FDQ EH G\QDPLFDOO\ LQVWDQWLDWHG DV SDUW RI DQ DFWLRQ DVVRFLDWHGZLWK
D VWDWH WUDQVLWLRQ� ,Q DOO WKUHH ODQJXDJHV� WKH FRPPXQLFDWLRQ VWUXFWXUH LV VWDWLFDOO\ VSHFLILHG� ,Q 6WDWH�
FKDUWV� FRPPXQLFDWLRQ WDNHV SODFH WKURXJK DFWLRQV LQ RQH VWDWH PDFKLQH WULJJHULQJ HYHQWV LQ RWKHU
VWDWH PDFKLQHV� ,Q (VWHOOH DQG 6'/� FRPPXQLFDWLRQ WDNHV WKH IRUP RI EXIIHUHG DV\QFKURQRXV PHV�
VDJH SDVVLQJ� (VWHOOH DOVR DOORZV D IRUPRI FRPPXQLFDWLRQ YLD VKDUHG YDULDEOHV� DQG6'/DOVR DOORZV
V\QFKURQRXV UHPRWH SURFHGXUH FDOO �PXFK OLNH WKH UHQGH]YRXV RI $GD�� 6FKXPDFKHU DQG 1HEHO DOVR
LGHQWLI\ &63 >��@ DQG LWV GHULYDWLYH 2&&$0 >��@ DV ODQJXDJHV XVHG IRU KLJK�OHYHO PRGHOLQJ� ,Q
WKHVH ODQJXDJHV� WKH FRQFHSWXDO PRGHO RI SURFHVV EHKDYLRU LV D VHTXHQWXDO WKUHDG RI SURJUDP H[HFX�
WLRQ� 3URFHVVHV DUH VWDWLFDOO\ LQVWDQWLDWHG� DQG FRPPXQLFDWH XVLQJ XQEXIIHUHG V\QFKURQRXVPHVVDJH
SDVVLQJ RQ VWDWLFDOO\ LQVWDQWLDWHG� W\SHG FRPPXQLFDWLRQ FKDQQHOV�

)URP WKLV EULHI UHYLHZ RI FRQFXUUHQF\ DQG FRPPXQLFDWLRQ IHDWXUHV LQ RWKHU ODQJXDJHV� LW FDQ
EH VHHQ WKDW WKHUH DUH D UDQJH RI DOWHUQDWLYH PRGHOV� 3URFHVVHV FDQ EH VWDWLFDOO\ LQVWDQWLDWHG� RU PD\
EH G\QDPLFDOO\ LQVWDQWLDWHG DQG WHUPLQDWHG� &RPPXQLFDWLRQ FDQ WDNH WKH IRUP RI PHVVDJH SDVVLQJ�
UHPRWH SURFHGXUH FDOO� RU WKURXJK VKDUHG GDWD� )RU WKH PHVVDJH SDVVLQJ DOWHUQDWLYH� PHVVDJHV PD\
EH VHQW YLD VWDWLFDOO\ LQVWDQWLDWHG FKDQQHOV RU WR QDPHG GHVWLQDWLRQ SURFHVVHV� )XUWKHU�PHVVDJH SDVV�
LQJ PD\ EH EXIIHUHG DQG DV\QFKURQRXV� RU PD\ EH XQEXIIHUHG DQG V\QFKURQRXV�

*LYHQ WKDW 9+'/ SURFHVVHV FXUUHQWO\ H[SUHVV EHKDYLRU XVLQJ VHTXHQWLDO VWDWHPHQWV OLNH WKRVH
RI SURJUDPPLQJ ODQJXDJHV� LW ZRXOG VHHP PRVW DSSURSULDWH WR NHHS WKLV IRUP� UDWKHU WKDQ DGRSWLQJ
VRPH IRUPRI H[WHQGHG ILQLWH VWDWHPDFKLQHPRGHO� ,Q WKRVH FDVHVZKHUH D VWDWHPDFKLQH IRUPXODWLRQ
RI EHKDYLRU LV FOHDUHVW� WKH VWDWHV DQG WUDQVLWLRQV FDQ EH UHDGLO\ H[SUHVVHG XVLQJ VHTXHQWLDO FRGH�
+RZHYHU� LW LV QRW LPPHGLDWHO\ FOHDU ZKDW FRPELQDWLRQ RI FRQFXUUHQF\ DQG FRPPXQLFDWLRQ IHDWXUHV
DUH PRVW DSSURSULDWH IRU KLJK�OHYHO PRGHOLQJ� VR ZH OHDYH WKLV DV DQ DUHD IRU IXUWKHU UHVHDUFK� $Q
LPSRUWDQW FRQVLGHUDWLRQ LQ FKRRVLQJ DPRQJ WKH DOWHUQDWLYHV LV WRPDLQWDLQ FRPSDWLELOLW\ DQG FRQFHS�
WXDO LQWHJULW\ ZLWK WKH H[LVWLQJ ODQJXDJH�

$V DQ LOOXVWUDWLRQ RI D SRVVLEOH H[WHQVLRQ WR WKH FRQFXUUHQF\ DQG FRPPXQLFDWLRQ PRGHO RI
9+'/� ZH FRQVLGHU D FRQFHSWXDO PRGHO LQ ZKLFK SURFHVVHV PD\ EH G\QDPLFDOO\ LQVWDQWLDWHG DQG
FRPPXQLFDWH XVLQJ UHPRWH SURFHGXUH FDOO� 7KLV LV WKH DSSURDFK WDNHQ LQ $GD� VR ZH ERUURZ VRPH
$GD IHDWXUHV IRU WKLV LOOXVWUDWLRQ� &RQVLGHU D FOLHQW�VHUYHU V\VWHP LQ ZKLFK D FOLHQW UHTXHVWV WUDQVDF�
WLRQ RI WKH VHUYHU� DQG WKH VHUYHU KDQGOHV PXOWLSOH WUDQVDFWLRQV FRQFXUUHQWO\� ,Q RUGHU WR DOORZ WUDQV�
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DFWLRQ WR SURFHHG FRQFXUUHQWO\� HDFK WUDQVDFWLRQ LV KDQGOHG E\ DQ DJHQW SURFHVV FUHDWHG G\QDPLFDOO\
E\ WKH VHUYHU� 7KH VHUYHU PLJKW EH GHVFULEHG DV IROORZV�

VHUYHU � SURFHVV LV
HQWU\ UHTXHVWBWUDQVDFWLRQ � ��� ��

W\SH VHUYHUBDJHQW LV SURFHVV
HQWU\ UHTXHVWBWUDQVDFWLRQ � ��� ��
���

HQG SURFHVV VHUYHUBDJHQW�
W\SH VHUYHUBDJHQWBUHI LV DFFHVV VHUYHUBDJHQW�
���

EHJLQ
ORRS
DFFHSW UHTXHVWBWUDQVDFWLRQ � ���� GR
WUDQVDFWLRQBDJHQW � QHZ VHUYHUBDJHQW�
UHTXHXH WUDQVDFWLRQBDJHQW�UHTXHVWBWUDQVDFWLRQ�

HQG DFFHSW�
HQG ORRS�

HQG SURFHVV VHUYHU�

7KH VHUYHU SURFHVV UHSHDWHGO\ DFFHSWV UHTXHVWV WR SHUIRUP D WUDQVDFWLRQ� )RU HDFK HDTXHVW� LW
FUHDWHV D QHZ LQVWDQFH RI WKH VHUYHUBDJHQW SURFHVV W\SH� DQG IRUZDUGV WKH FOLHQW·V UHTXHVW WR WKH QHZ
LQVWDQFH� 7KH VHUYHU LV WKHQ IUHH WR DFFHSW WKH QH[W UHTXHVW ZKLOH WKH DJHQW SURFHVVHV WKH SUHYLRXV
UHTXHVW�

����� 2EMHFW�2ULHQWDWLRQ

$QXPEHU RI WKH SURSRVDOV IRU H[WHQVLRQV WR9+'/ >�� �� ��� ��@ VXJJHVW WKDW REMHFW�RULHQWHG FODVVHV
DUH WKHPRVW DSSURSULDWH PHFKDQLVP IRU DEVWUDFW V\VWHP�OHYHO PRGHOLQJ� :KLOH LW LV WUXH WKDW FODVVHV
FDQ EH XVHG WR PRGHO KDUGZDUH V\VWHPV� DV GHPRQVWUDWHG E\ .XPDU HW DO >��@� LW LV QRW QHFHVVDULO\
WKH EHVW ZD\� ,QGHHG� .XPDU HW DO VWDWH WKDW WKH\ ´XVH &�� WR GHPRQVWUDWH WKH XVHIXOQHVV RI REMHFW�
RULHQWHG WHFKQLTXHV� QRW WR SURYLGH DUJXPHQWV IRU RU DJDLQVW LWV XVH LQ KDUGZDUH PRGHOLQJ DQG GH�
VLJQ�µ ,W LV XQIRUWXQDWH WKDW WKH WHUP ´PHVVDJH SDVVLQJµ LV RIWHQ XVHG WR GHQRWH PHWKRG LQYRFDWLRQ�
VLQFH WKDW FDXVHV FRQIXVLRQ ZLWK WUXH PHVVDJH SDVVLQJ EHWZHHQ DFWLYH FRQFXUUHQW REMHFWV� WKXV OHDG�
LQJ WR D FRQIXVLRQ EHWZHHQ REMHFW�RULHQWHG IHDWXUHV DQG FRQFXUUHQF\ IHDWXUHV�

7KH FKLHI SUREOHPZLWK XVLQJ FODVVHV DV WKH IRFXV RIPRGHOLQJ FRQFXUUHQW V\VWHPV LV WKDW FODVVHV
DUH GDWD�FHQWULF� 7R XVH WKHP LQ WKLV FRQWH[W IRUFHV DPRQLWRU�EDVHG DSSURDFK WR FRQFXUUHQF\� 0RQL�
WRUV ZHUH ILUVW SURSRVHG DV D FRQFXUUHQF\ PHFKDQLVP E\ +RDUH >��@� DQG PDQ\ RI WKH VXEVHTXHQW
FRQFXUUHQW ODQJXDJH SURSRVDOV DURVH RXW RI WKH GLIILFXOWLHV LQKHUHQW LQ WKH PRQLWRU DSSURDFK >�@� ,W
PD\ EH WKDW WKH PRQLWRUV SDUDGLJP GRHV QRW PDWFK WKH ZD\ V\VWHP�OHYHO GHVLJQHUV YLHZ V\VWHPV DW
DQ DEVWUDFW OHYHO�

:H EHOLHYH WKDW LW LV LQDSSURSULDWH WR SUHMXGLFH WKH ODQJXDJH H[WHQVLRQ SURFHVV E\ DVVXPLQJ D
FODVV�EDVHG VROXWLRQ IRU V\VWHP�OHYHO PRGHOLQJ DW WKH RXWVHW� &ODVVHV PD\ EH DSSURSULDWH IRU GDWD
PRGHOLQJ� EXW WKH DEVWUDFW FRQFXUUHQF\ LVVXHV VKRXOG EH GHDOW ZLWK RUWKRJRQDOO\� &ODVVHV PD\ WKHQ
EH XVHG WR SURYLGH HQFDSVXODWLRQ DQG LQKHULWDQFH IRU ZKDWHYHU FRQFXUUHQF\ PRGHO LV FKRVHQ�

��� (QWLWLHV DQG 2EMHFW�2ULHQWHG ([WHQVLRQV

7ZR RI WKH SURSRVDOV IRU REMHFW�RULHQWHG H[WHQVLRQV WR 9+'/ VXJJHVW H[WHQGLQJ WKH FRQFHSW RI D
GHVLJQ HQWLW\ WR LQFOXGH DVSHFWV RI FODVVHV� 9LVWD 22�9+'/ >��@ SURYLGHV(QWLW\2EMHFWV� ZKLFK H[�
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WHQG HQWLWLHV E\ DOORZLQJ LQFOXVLRQ RI SXEOLFO\ YLVLEOH SURFHGXUHV FDOOHG RSHUDWLRQV� %HQ]DNNL DQG
'MDIIUL >�@ DOVR SURSRVH DGGLWLRQ RI RSHUDWLRQV� EXW WR RUGLQDU\ HQWLWLHV DV DQ DOWHUQDWLYH WR SRUWV�
%RWK SURSRVDOV DOORZ GHULYHG HQWLWLHV WR LQKHULW IURP SDUHQW HQWLWLHV�

:H KDYH D QXPEHU RI FULWLFLVPV RI WKHVH SURSRVDOV� %RWK SURSRVDOV VXIIHU IURP WKH SUREOHPV
RI XVLQJ FODVVHV WR PRGHO FRQFXUUHQW REMHFWV �DV GLVFXVVHG DERYH� DQG VXEYHUW WKH FRQFHSW RI GHVLJQ
HQWLWLHV E\ XVLQJ WKHP IRU WKLV SXUSRVH� 'HVLJQ HQWLWLHV� DV D ODQJXDJH FRQVWUXFW� DUH LQWHQGHG WR
PRGHO LQVWDQWLDEOH PRGXOHV� DQG WR DEVWUDFW RYHU DQG HQFDSVXODWH VWUXFWXUH �H[SUHVVHG LQ WHUPV RI
FRPSRQHQW LQVWDQFHV� DQG�RU EHKDYLRXU �H[SUHVVHG LQ WHUPV RI SURFHVVHV WKDW DUH VHQVLWLYH WR DQG
DVVLJQ WR VLJQDOV�� %HQ]DNNL DQG'MDIIUL DW OHDVW SUHVHUYH WKH YLHZ RI DQ HQWLW\ DV D VWDWLFDOO\ LQVWDQWL�
DEOH PRGXOH ZLWK D GHFODUHG LQWHUIDFH DQG DQ HQFDSVXODWHG LPSOHPHQWDWLRQ� 2XU PDLQ FULWLFLVP RI
WKDW SURSRVDO LV LWV SRRUO\ FRQFHLYHG FRQFXUUHQF\ FRQWURO�

9LVWD 22�9+'/� RQ WKH RWKHU KDQG� VLJQLILFDQWO\ FRPSOLFDWHV WKH VHPDQWLFV RI GHVLJQ HQWLWLHV
DQG FRPSRQHQW LQVWDQFHV E\ WKH ZD\ LQ ZKLFK LW DOORZV G\QDPLF XVH RI WKH QDPH RI DQ (QWLW\2EMHFW
LQVWDQFH� ,W SURYLGHV D W\SH FDOOHG (2B+DQGOH WKDW GHQRWHV D QDPH RI DQ (QWLW\2EMHFW LQVWDQFH� 9D�
OXHV RI WKH W\SH PD\ EH SDVVHG DV SDUDPHWHUV DQG WUDQVPLWWHG XVLQJ VLJQDOV� 7KH PDLQ SUREOHP LV
WKDW (2B+DQGOH YDOXHV DUH QRW W\SHG ZLWK WKH VLJQDWXUH RI WKH GHVLJQDWHG (QWLW\2EMHFW� 7KXV� ZKHQ
DQDO\]LQJ DQ RSHUDWLRQ FDOO� LW LV QRW SRVVLEOH WR FKHFN VWDWLFDOO\ WKDW WKH (QWLW\2EMHFW KDV WKH UHTXLUHG
RSHUDWLRQ� 7KLV YLRODWHV WKH VWURQJ W\SH�FKHFNLQJ SKLORVRSK\ RI 9+'/� DQG DOORZV PRUH GHVLJQ
HUURUV WR SDVV WKURXJK WKH GHYHORSPHQW SURFHVV WR UXQ�WLPH� ,W DOVR LPSRVHV UXQ�WLPH RYHUKHDG LQ
FKHFNLQJ IRU FRUUHFW XVH RI DQ (QWLW\2EMHFW� )XUWKHUPRUH� LW YLRODWHV WKH HQFDSVXODWLRQ RI DQ REMHFW·V
LPSOHPHQWDWLRQ� 7KURXJK D GHVLJQ HUURU RU SRRU FRGLQJ SUDFWLFH� DQ REMHFW PLJKW H[SRUW DQ (QWLW\�
2EMHFW WKDW SURYLGHV RSHUDWLRQV WKDW H[SRVH LPSOHPHQWDWLRQ GHWDLOV WKDW DUH VXSSRVHG WR EH KLGGHQ�
7KHVH FKDUDFWHULVWLFV RI WKH H[WHQVLRQ YLRODWH WKH SULQFLSOHV RI REMHFW�RULHQWHG GHVLJQ GHVFULEHG E\
%RRFK DQG RWKHUV� DQG YLRODWH WKH ODQJXDJH GHVLJQ SULQFLSOH RI FRKHUHQFH ZLWK WKH EDVH ODQJXDJH�
6ZDP\ HW DO QRWH WKDW WKH\ ZHUH ´JXLGHG E\ RQH JRDO� SURYLGLQJ WKH ODQJXDJH WRPRGHOHUV DV TXLFNO\
DV SRVVLEOHµ � >��� SDJH ��@� 3HUKDSV XQGXH KDVWHPD\ KDYH FRPSURPLVHG WKHLU ODQJXDJH GHVLJQ SUR�
FHVV�

2XU YLHZ LV WKDW WKH H[LVWLQJ VHPDQWLFV RI HQWLWLHV� DUFKLWHFWXUHV� FRPSRQHQWV� FRPSRQHQW LQ�
VWDQWLDWLRQ� SRUW LQWHUIDFHV� VLJQDO DVVLJQPHQW� DQG VLJQDO VHQVLWLYLW\ DUH FHQWUDO WR 9+'/ DV D KDUG�
ZDUH GHVFULSWLRQ ODQJXDJH DQG DUH ZKDW GLVWLQJXLVK LW IURP FRQYHQWLRQDO SURJUDPPLQJ ODQJXDJHV�
7KH HQWLW\ GHFODUDWLRQ VHUYHV WR GHILQH DQ DEVWUDFW LQWHUIDFH IRU WKH FRPPXQLFDWLRQ PHFKDQLVP LP�
SOHPHQWHG E\ D PRGXOH� ,I FODVV IHDWXUHV DUH DGGHG WR WKH ODQJXDJH DQG PRQLWRU FDOOV XVHG IRU LQWHU�
SURFHVV FRPPXQLFDWLRQ� WKHQ WKH PRQLWRU LQWHUIDFH VKRXOG EH VHHQ DV D QHZ DVSHFW RI DQ HQWLW\
LQWHUIDFH� 7KH HQFDSVXODWLRQ RI WKH LPSOHPHQWDWLRQ VKRXOG UHPDLQ VWURQJ� $OWHUQDWLYHO\� LI VRPH
RWKHU IRUP RI FRQFXUUHQF\ DQG FRPPXQLFDWLRQ LV DGGHG� DQ DEVWUDFWLRQ IRU LWV FRPPXQLFDWLRQ
PHFKDQLVP VKRXOG EH DGGHG WR WKH HQWLW\ LQWHUIDFH ZLWK VWURQJ HQFDSVXODWLRQ� 7KLV LV DQ RUWKRJRQDO
LVVXH WR DGGLQJ LQKHULWDQFH WR GHVLJQ HQWLWLHV IRU VWUXFWXUDO PRGHOLQJ� DV GLVFXVVHG LQ 6HFWLRQ ��

��� 2EMHFW�2ULHQWHG ([WHQVLRQV IRU 'DWD 0RGHOLQJ

,Q 6HFWLRQ ��ZH LGHQWLILHG WZR DSSURDFKHV IRU REMHFW�RULHQWHG H[WHQVLRQV IRU GDWDPRGHOLQJ� WKH SUR�
JUDPPLQJ E\ H[WHQVLRQ DSSURDFK DV VHHQ LQ$GD���� DQG WKH FODVV�EDVHG DSSURDFK� ,Q D FRQYHQWLRQDO
SURJUDPPLQJ ODQJXDJH� WKH FKRLFH EHWZHHQ WKH WZR PLJKW EH VHHQ DV D PDWWHU RI WDVWH� +RZHYHU�
LQ 9+'/� WKHUH DUH VRPH VWURQJHU FRQVLGHUDWLRQV� ,Q ERWK DSSURDFKHV� D GHFODUHG W\SH UHSUHVHQWV
D VHW RI REMHFWV� WKH W\SH LV HLWKHU D WDJJHG UHFRUG W\SH RU D FODVV� 2EMHFWV RI WKH W\SH DUH WKHQ LQVWDQ�
WLDWHG� ,Q D FRQYHQWLRQDO SURJUDPPLQJ ODQJXDJH� WKH RQO\ NLQGV RI REMHFWV WKDW FDQ EH FUHDWHG DUH
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FRQVWDQWV �LPPXWDEOH VWRUDJH ORFDWLRQV� RU YDULDEOHV �PXWDEOH VWRUDJH ORFDWLRQV��� $VVLJQPHQW WR
D YDULDEOH LV UHODWLYHO\ VWUDLJKWIRUZDUG� ,Q WKH $GD��� PRGHO� LW LQYROYHV FRPSXWLQJ D YDOXH RI WKH
W\SH DQG LQYRNLQJ WKH DVVLJQPHQW RSHUDWRU WRPRGLI\ WKH FRQWHQW RI WKH VWRUDJH ORFDWLRQ� ,Q WKH FODVV�
EDVHGPRGHO� WKH QDPH RI WKH ORFDWLRQ LV HQFDSVXODWHG E\ WKH FODVV GHILQLWLRQ� VR DVVLJQPHQW LQYROYHV
LQYRNLQJ D PHWKRG WKDW KDV DFFHVV WR WKH QDPH� 7KH PHWKRG WKHQ FRPSXWHV YDOXHV DQG PRGLILHV WKH
VWRUDJH ORFDWLRQ� �1RWH WKDW WKLV LV GLIIHUHQW IURP DVVLJQPHQW RI UHIHUHQFHV WR DQ REMHFW� ZKHUH WKH
YDOXH DVVLJQHG LV WKH QDPH RI WKH VWRUDJH ORFDWLRQ DQG WKH W\SH RI WKH YDOXH LV D UHIHUHQFH W\SH��

:KLOH ERWK RI WKHVH DSSURDFKHV FDQ WUDQVODWH GLUHFWO\ LQWR 9+'/ IRU FRQVWDQWV DQG YDULDEOHV�
LW LV QRW FOHDU KRZ WKH\ WUDQVODWH IRU VLJQDOV� 2QH RI WKHPDLQ UHDVRQV IRU FRQVLGHULQJ REMHFW�RULHQWD�
WLRQ LV WR DOORZ VSHFLILFDWLRQ RI DEVWUDFW GDWD W\SHV� DQG LW VHHPV UHDVRQDEOH WR H[SHFW WR EH DEOH WR
GHILQH VLJQDOV RI DQ DEVWUDFW GDWD W\SH� 7KH GLIILFXOW\ LV WKDW VLJQDO DVVLJQPHQW VHPDQWLFV LQ 9+'/
DUH FRQVLGHUDEO\PRUH LQYROYHG WKDQ MXVW XSGDWLQJ VWRUDJH ORFDWLRQV� $Q\ REMHFW RULHQWHG�H[WHQVLRQ
IRU GDWD PRGHOLQJ PXVW DGGUHVV WKLV LVVXH�

,Q DQ$GD��� DSSURDFK� WKH D VLJQDO QDPH XVHG RQ WKH OHIW�KDQG VLGH RI D VLJQDO DVVLJQPHQW VWDWH�
PHQW GHQRWHV WKH WUDMHFWRU\ VWRUHG LQ D GULYHU IRU WKH VLJQDO� 9DOXHV RI WKH FRUUHFW VXEW\SH FDQ EH
DVVLJQHG GLUHFWO\ XVLQJ WKH VLJQDO DVVLJQPHQW RSHUDWRU� 7KH PHFKDQLVP IRU FRQVWUXFWLQJ DEVWUDFW
GDWD W\SHV XQGHU DQ$GD��� DSSURDFK LQYROYHV SDVVLQJ REMHFWV RI WKH W\SH WR DQG IURP RSHUDWLRQ VXE�
SURJUDPV� 'LIIHUHQW NLQGV RI SDUDPHWHUV DUH XVHG IRU YDULDEOH DQG VLJQDO REMHFWV� VR WKH SURFHGXUH
FDQ GHWHUPLQH ZKHWKHU WR XVH YDULDEOH RU VLJQDO DVVLJQPHQW� )RU H[DPSOH� XVLQJ WKH LQVWUXFWLRQ W\SH
GLVFXVVHG SUHYLRXVO\�

VLJQDO FXUUHQWBLQVWU � LQVWUXFWLRQ�

SURFHGXUH IRUFHBQRS �VLJQDO LQVWU � RXW LQVWUXFWLRQ� LV
EHJLQ
���
LQVWU � QRSBLQVWUXFWLRQ�

HQG SURFHGXUH�

'XQORS >��@ LOOXVWUDWHV DQ $GD��� DSSURDFK� DQG SURSRVHV D VROXWLRQ WR WKH SUREOHP RI D VLJQDO·V
VXEW\SH FKDQJLQJ ZKLOH SDUW RI WKH VLJQDO LV EHLQJ ZDLWHG RQ�

,Q WKH FODVV�EDVHG DSSURDFK� WKH VWDWH RI DQ DEVWUDFW GDWD W\SH LV HQFDSVXODWHGZLWK WKH RSHUDWLRQV
DQG LV RQO\ DFFHVVLEOH ZLWKLQ WKH LPSOHPHQWDWLRQ RI WKH RSHUDWLRQV� ,Q FRQYHQWLRQDO SURJUDPPLQJ
ODQJXDJHV� WKH VWDWH LV XVXDOO\ UHSUHVHQWHG E\ YDULDEOHV� DQG WKH RSHUDWLRQV XVH YDULDEOH DVVLJQPHQW
WR PRGLI\ WKH VWDWH� ,Q DQ H[WHQGHG 9+'/� LW PLJKW DW ILUVW VHHP DSSURSULDWH WR DOORZ DQ DEVWUDFW
GDWD W\SH WR HQFDSVXODWH D VLJQDO� ,Q WKDW FDVH� VLJQDO DVVLJQPHQW VKRXOG EH XVHG WR XSGDWH WKH VWDWH�
$ FRUROODU\ LV WKDW WKHUH VKRXOG EH WZR NLQGV RI DEVWUDFW GDWD W\SHV� RQH IRU YDULDEOH REMHFWV� FRQWDLQ�
LQJ VWDWH LQ WKH IRUP RI YDULDEOHV� DQG RQH IRU VLJQDO REMHFWV� FRQWDLQLQJ VWDWH LQ WKH IRUP RI VLJQDOV�
7KLV ZRXOG UHTXLUH VXEVWDQWLDO GXSOLFDWLRQ� VLQFH� LQ PDQ\ FDVHV� REMHFWV RI ERWK NLQGV ZRXOG EH UH�
TXLUHG� ,QGHHG� ZLWKRXW VXFK GXSOLFDWLRQ WKH HQFDSVXODWLRQ RI WKH DEVWUDFW GDWD W\SH ZRXOG EH
EURNHQ� 6XFK GXSOLFDWLRQ LV HYLGHQW LQ 2EMHFWLYH 9+'/ >��@� DOWKRXJK WKDW ODQJXDJH GRHV SURYLGH
D PHFKDQLVP IRU IDFWRULQJ RXW SDUWV RI D FODVV WKDW DUH FRPPRQ WR YDULDEOH DQG VLJQDO LQVWDQFHV�

$ EHWWHU ZD\ RI LQFRUSRUDWLQJ FODVVHV LV WR FRQVWUDLQ WKH HQFDSVXODWHG VWDWH WR WDNH WKH IRUP RI
YDULDEOHV� 7KH VLJQDO DVVLJQPHQW RSHUDWLRQ ZRXOG WKHQ XVH WKH YDULDEOH DVVLJQPHQW DQG HTXDOLW\

�� :H YLHZ D ILOH� LQ WKH DEVWUDFW VHQVH� DV D YDULDEOH� ,W LV D PXWDEOH ORFDWLRQ LQ VHFRQGDU\ VWRUDJH� ,WV W\SH LV D
VHTXHQFH RI YDOXHV� DQG LW FDQ EH UHDG DQG XSGDWHG XVLQJ DWRPLF UHDG DQG ZULWH RSHUDWLRQV�
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RSHUDWLRQV GHILQHG IRU WKH DEVWUDFW GDWD W\SH WR XSGDWH DQG FRPSDUH YDOXHV LQ WUDQVDFWLRQV RQ VLJQDO
GULYHUV� 6LPLODUO\� WKH VLJQDO XSGDWH DOJRULWKPZRXOG XVH WKH YDULDEOH DVVLJQPHQW DQG HTXDOLW\ RSHU�
DWLRQV WR FRPSXWH GULYLQJ DQG HIIHFWLYH YDOXHV DQG WR GHWHUPLQH WKH RFFXUUHQFH RI HYHQWV RQ VLJQDOV�

:KLOH ERWK DQ $GD��� DSSURDFK DQG D FODVV�EDVHG DSSURDFK DUH IHDVLEOH� DQ $GD��� DSSURDFK
PD\ ZRUN RXW PRUH QHDWO\ ZLWKLQ WKH H[LVWLQJ IUDPHZRUN RI 9+'/� ,Q SDUWLFXODU� VLQFH 9+'/ DO�
UHDG\ LQFOXGHV IHDWXUHV IRU GHILQLQJ W\SHV DQG RSHUDWLRQV LQ SDFNDJHV� DQ $GD��� DSSURDFK ZRXOG
VLPSO\ LQYROYH DQ H[WHQVLRQ RI WKHVH IHDWXUHV� $ FODVV�EDVHG DSSURDFK� RQ WKH RWKHU KDQG� ZRXOG
LQYROYH GXSOLFDWLRQ RI WKHVH IHDWXUHV� XQQHFHVVDULO\ LQFUHDVLQJ WKH FRPSOH[LW\ RI WKH ODQJXDJH VH�
PDQWLFV� 3XUVXLQJ WKH SURJUDPPLQJ E\ H[WHQVLRQ DSSURDFK ZLOO DGG WR WKH ODQJXDJH FRPSOH[LW\�
EXW WR D IDU OHVVHU H[WHQW�

��� (QFDSVXODWLRQ

$EVWUDFW GDWD W\SHV �$'7V� DUH D FHQWUDO ODQJXDJH IHDWXUH IRU PDQDJLQJ ODQJXDJH FRPSOH[LW\ RQ
ODUJH V\VWHPV� $Q $'7 LV GHILQHG E\ D VHW RI YDOXHV DQG D VHW RI RSHUDWLRQV IRU PDQLSXODWLQJ WKH
YDOXH� ,PSRUWDQWO\� WKH FRQFUHWH LPSOHPHQWDWLRQ GHWDLOV RI WKH $'7 DUH KLGGHQ� $ XVHU RI WKH $'7
PD\ RQO\ PDQLSXODWH YDOXHV WKURXJK WKH SURYLGHG RSHUDWLRQV�

9+'/ SURYLGHV D SDUWLDO IDFLOLW\ IRU GHILQLQJ $'7V� EDVHG RQ WKH SDFNDJH IHDWXUHV RI $GD� ,Q
$GD� DQ $'7 LV GHILQHG E\ GHFODULQJ D SULYDWH W\SH LQ D SDFNDJH� DORQJ ZLWK VXESURJUDPV WKDW SHU�
IRUP WKH RSHUDWLRQV RQ WKH $'7� 7KH LQWHUQDO VWUXFWXUH RI WKH W\SH LV YLVLEOH RQO\ZLWKLQ WKH SDFNDJH
DQG FDQ RQO\ EH PDQLSXODWHG E\ RSHUDWLRQV LQ WKH SDFNDJH ERG\� LW LV QRW YLVLEOH WR XVHUV RI WKH W\SH
RXWVLGH RI WKH SDFNDJH� 8QOLNH $GD� KRZHYHU� 9+'/ GRHV QRW SURYLGH D PHDQV RI KLGLQJ WKH FRQ�
FUHWH GHWDLOV RI D W\SH GHFODUHG LQ D SDFNDJH� 7KXV� DQ $'7 GHILQHG LQ 9+'/ LV RQO\ HQFDSVXODWHG
E\ FRQYHQWLRQ³LW LV DVVXPHG WKDW WKH XVHU ZLOO RQO\ PDQLSXODWH WKH YDOXHV WKURXJK WKH RSHUDWLRQV
SURYLGHG LQ WKH SDFNDJH�

$Q HDUO\ GUDIW RI WKH 9+'/��� VWDQGDUG LQFOXGHG SURSRVHG IHDWXUHV IRU GHILQLQJ SULYDWH W\SHV
LQ SDFNDJHV >��@� 7KH LVVXH LV PRUH FRPSOLFDWHG WKDQ LQ $GD� VLQFH WKHUH DUH PRUH UHVWULFWLRQV RQ
WKH ZD\V LQ ZKLFK GLIIHUHQW W\SHV PD\ EH XVHG� )RU H[DPSOH� DQ DFFHVV W\SH PD\ QRW EH XVHG DV WKH
W\SH RI D VLJQDO LQ 9+'/� 7KXV� LI D SULYDWH W\SH KDSSHQV WR KDYH D FRQFUHWH UHDOL]DWLRQ DV DQ DFFHVV
W\SH� D SUREOHP DULVHV ZKHQ D XVHU DWWHPSWV WR XVH WKH W\SH IRU D VLJQDO� ,I WKH XVHU LV SUHYHQWHG IURP
GRLQJ VR� LQIRUPDWLRQ LV HIIHFWLYHO\ ´OHDNHGµ DERXW WKH FRQFUHWH LPSOHPHQWDWLRQ� WKXV YLRODWLQJ WKH
VXSSRVHG HQFDSVXODWLRQ� 7KHUH DUH DQDORJRXV GLIILFXOWLHV LQ $GD� ZKLFK DUH KDQGOHG E\ VSHFLI\LQJ
OLPLWDWLRQV RQ WKH XVH RI D SULYDWH W\SH� 7KH GUDIW 9+'/��� SURSRVDO IROORZHG WKLV DSSURDFK� EXW
WKH IHDWXUHV ZHUH GURSSHG IURP WKH ILQDO VWDQGDUG� :H EHOLHYH WKDW LW LV LPSRUWDQW WR UHYLVLW WKLV LVVXH�
DV VWURQJ HQFDSVXODWLRQ LV QHFHVVDU\ IRU VXFFHVVIXO LPSOHPHQWDWLRQ RI $'7V� ZKLFK� LQ WXUQ� DUH QH�
FHVVDU\ IRU KLJK�OHYHO PRGHOLQJ�

6LQFH $'7V IRUP WKH EDVLV IRU REMHFW�RULHQWHG PRGHOLQJ� DQ\ ODQJXDJH IHDWXUHV LQFOXGHG PXVW
DOVR VXSSRUW LQKHULWDQFH� 2I LVVXH KHUH LV WKH WHQVLRQ EHWZHHQ LQIRUPDWLRQ KLGLQJ IURP XVHUV RI DQ
$'7� DQG PDNLQJ LQIRUPDWLRQ YLVLEOH WR GHULYHG $'7V� ,Q &��� WKLV LV DGGUHVVHG E\ WKH QRWLRQ RI
´IULHQGµ FODVVHV DQG ´UHVWULFWHGµ PHWKRGV LQ FODVVHV� ,QIRUPDWLRQ WKDW LV UHVWULFWHG LV KLGGHQ IURP
QRUPDO XVHUV� EXW LV YLVLEOH WR VXE�FODVVHV WKDW UHILQH WKH $'7� ,Q $GD���� WKH LVVXH LV DGGUHVVHG E\
KLHUDUFKLFDO SDFNDJHV� LQ ZKLFK SULYDWH SDUWV DUH YLVLEOH WR FKLOG SDFNDJHV� 7KXV� ZKLFKHYHU DS�
SURDFK LV IROORZHG LQ H[WHQVLRQV WR 9+'/� WKHUH DUH PRGHOV WR IROORZ LQ RWKHU ODQJXDJHV�
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��� 6KDUHG 9DULDEOHV

9+'/��� LQFOXGHV VKDUHG YDULDEOHV� ZKLFK DUH DFFHVVLEOH WR PXOWLSOH SURFHVVHV� 7KH FXUUHQW ODQ�
JXDJH GHILQLWLRQ GRHV QRW VSHFLI\ FRQFXUUHQF\ FRQWURO VHPDQWLFV IRU FRQFXUUHQW DFFHVV� +RZHYHU�
WKH ����D:RUNLQJ *URXS KDV SURSRVHG D PRQLWRU�EDVHG VROXWLRQ WR FRQFXUUHQF\ FRQWURO >��@� 7KLV
SURSRVDO IRUPV WKH EDVLV IRU WKH FODVV�EDVHG H[WHQVLRQ VXJJHVWHG E\:LOOLV HW DO >��@� 7KH\ VXJJHVW
WKDW FRQFXUUHQF\ FRQWURO EH LPSOLFLW� LQYROYLQJ PXWXDO H[FOXVLRQ LQ WKH FDVH RI PXOWLSOH SURFHVVHV
FDOOLQJPRQLWRU RSHUDWLRQV FRQFXUUHQWO\� ,Q WKH FDVH RI D FODVV LQVWDQFH EHLQJ QHVWHGZLWKLQ D SURFHVV�
QR FRQFXUUHQF\ FRQWURO LV QHHGHG�

7KH XVH RI FODVVHV IRU GDWD PRGHOLQJ QHHG QRW� KRZHYHU� LPSO\ WKHLU XVH DV PRQLWRUV IRU VKDUHG
YDULDEOHV� ,W PD\ EH PRUH DSSURSULDWH WR GLVWLQJXLVK EHWZHHQ WKH ODQJXDJH IHDWXUHV XVHG IRU REMHFW�
RULHQWHG GDWD PRGHOLQJ DQG WKRVH XVHG IRU FRQFXUUHQF\ FRQWURO� 7KLV LV WKH DSSURDFK WDNHQ LQ
$GD���� LQ ZKLFK WDJJHG DQG GHULYHG W\SHV DUH XVHG IRU GDWD PRGHOLQJ DQG SURWHFWHG W\SHV �D IRUP
RI PRQLWRU� DUH XVHG IRU FRQFXUUHQF\ FRQWURO� )RU H[DPSOH�

W\SH VKDUHGBLQVWUXFWLRQ LV SURWHFWHG

W\SH LQVWUBSWU LV DFFHVV LQVWUXFWLRQ·FODVV�
YDULDEOH LQVWU � LQVWUBSWU�

IXQFWLRQ JHWBLQVWU UHWXUQ LQVWUXFWLRQ·FODVV�
SURFHGXUH SXWBLQVWU

� QHZBLQVWU � LQVWUXFWLRQ·FODVV ��

HQG SURWHFWHG�

$Q DOWHUQDWLYH DSSURDFK PD\ EH WR DGRSW FODVVHV IRU GDWD PRGHOLQJ DQG WR DOORZPRQLWRUV WR HQ�
FDSVXODWH LQVWDQFHV RI FODVVHV RU DQ\ RWKHU GDWD W\SHV� 7KLV LV DQRWKHU FDVHZKHUH FRQFXUUHQF\ LVVXHV
DQG REMHFW�RULHQWDWLRQ VKRXOG EH GHDOW ZLWK RUWKRJRQDOO\�

��� 0XOWLSOH ,QKHULWDQFH

7KHUH DSSHDUV WR EH OLWWOH DJUHHPHQW ZKHWKHU REMHFW�RULHQWHG H[WHQVLRQV WR9+'/ VKRXOG DOORZPXO�
WLSOH LQKHULWDQFH RU RQO\ VLQJOH LQKHULWDQFH� 7KLV SDUDOOHOV WKH GHEDWH LQ WKH SURJUDPPLQJ ODQJXDJH
FRPPXQLW\� $FFRUGLQJ WR %RRFK� ´PXOWLSOH LQKHULWDQFH >LV@ OLNH D SDUDFKXWH� \RX GRQ·W DOZD\V QHHG
LW� EXW ZKHQ \RX GR� \RX·UH UHDOO\ KDSS\ WR KDYH LW RQ KDQGµ >�� SDJH ���@� 7KH GHFLVLRQ EHWZHHQ
VLQJOH DQG PXOWLSOH LQKHULWDQFH PD\ XOWLPDWHO\ EH D VHFRQGDU\ FRQVLGHUDWLRQ� 7KH $GD��� ´SUR�
JUDPPLQJ E\ H[WHQVLRQµ VW\OH RI GDWD PRGHOLQJ GRHV QRW VXSSRUW PXOWLSOH LQKHULWDQFH� VR LI LW LV
DGRSWHG ZLWKRXW PRGLILFDWLRQ LQWR 9+'/� VLQJOH LQKHULWDQFH ZRXOG UHVXOW� +RZHYHU� WKH HIIHFWV RI
PXOWLSOH LQKHULWDQFH FDQ EH DFKLHYHG LQ $GD��� E\ XVLQJ WKH SURJUDPPLQJ E\ H[WHQVLRQ IHDWXUHV LQ
FRPELQDWLRQ ZLWK RWKHU IHDWXUHV� 7KH WHFKQLTXHV DUH RXWOLQHG LQ >�@� ,I D FODVV�EDVHG DSSURDFK LV
DGRSWHG� WKH &�� RU -DYD PRGHO IRU PXOWLSOH LQKHULWDQFH PD\ SURYH DQ DSSURSULDWH PRGHO WR IROORZ�
,W LV QRW FOHDU KRZ VWURQJ WKH FDVH LV IRU PXOWLSOH LQKHULWDQFH LQ D KDUGZDUH GHVFULSWLRQ ODQJXDJH VXFK
DV 9+'/� ,PSOHPHQWDWLRQ FRVWV PD\ EH DQ LPSRUWDQW IDFWRU�

��� *HQHULFLW\

7KHUH LV DQRWKHU DVSHFW RI REMHFW�RULHQWHG H[WHQVLRQV WR 9+'/ WKDW LV RUWKRJRQDO WR WKH LVVXHV DG�
GUHVVHG SUHYLRXVO\� QDPHO\ JHQHULFLW\� 7KLV LV DQ DVSHFW RI SRO\PRUSKLF W\SLQJ� 7KH LQKHULWDQFH
PHFKDQLVPV LQFOXGHG LQ WKH SURSRVDOV FLWHG DOORZ H[SUHVVLRQ RI ´LV�Dµ FODVVLILFDWLRQ KLHUDUFKLHV� EXW
GR QRW DGHTXDWHO\ GHDO ZLWK ´LV�SDUW�RIµ KLHUDUFKLHV� )RU WKDW� DQ DGGLWLRQDO PHFKDQLVP� VXFK DV JH�
QHULFV LQ $GD RU WHPSODWH FODVVHV LQ &��� LV QHHGHG� $VKHQGHQ DQG:LOVH\ >�@ VXJJHVW DQ H[WHQVLRQ
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WR 9+'/ SDFNDJH GHFODUDWLRQV� EDVHG RQ JHQHULF SDFNDJHV LQ $GD� WR DOORZ H[SUHVVLRQ RI JHQHULF
DEVWUDFW GDWD W\SHV� 7KH LGHD RI JHQHULF W\SHV DQG JHQHULF VXESURJUDPV FRXOG DOVR EH XVHG LQ FRP�
ELQDWLRQZLWK WKH SURSRVHG GDWDPRGHOLQJ DQG VWUXFWXUHPRGHOLQJ H[WHQVLRQV WR DOORZ JHQHULF FODVVHV
RU JHQHULF HQWLWLHV� 7KLV ZRXOG EH XVHIXO WR GHVFULEH FRQWDLQHU FODVVHV WKDW DUH QRW ERXQG WR D SDUWLFX�
ODU FRQWDLQHG W\SH� )RU H[DPSOH� D OLVW RI REMHFWV PLJKW EH GHILQHG DV�

W\SH OLVW LV FODVV
JHQHULF � W\SH HOHPHQWBW\SH LV SULYDWH ��
���
SURFHGXUH DGG � HOHPHQW � HOHPHQWBW\SH ��
���

HQG FODVV�

*HQHULFLW\ ZRXOG DOVR EH XVHIXO WR GHVFULEH IXQFWLRQDO XQLWV ZKLFK FDQ RSHUDWH RQ D YDULHW\ RI
UHODWHG W\SHV RI GDWD� )RU H[DPSOH� D VKLIW UHJLVWHU WKDW VKLIWV DQ DUUD\ RI REMHFWV PLJKW EH GHILQHG
DV�

HQWLW\ VKLIWBUHJ LV
JHQHULF � W\SH LWHP LV SULYDWH� W\SH LQGH[ LV ��!��

W\SH YHFWRU LV DUUD\ �LQGH[� RI LWHP ��
SRUW � VKLIWBFON � LQ ELW� GDWDBLQ � LQ LWHP�

GDWDBRXW � RXW YHFWRU ��
HQG HQWLW\�

��� 6\QWKHVLV
9+'/ZDV RULJLQDOO\ FRQFHLYHG DV D KDUGZDUH GHVLJQ ODQJXDJH� ZLWKRXW EHLQJ VSHFLILFDOO\ RULHQWHG
WRZDUG HLWKHU VLPXODWLRQ RU V\QWKHVLV� +RZHYHU� V\QWKHVLV LV DQ LQFUHDVLQJO\ LPSRUWDQW SDUW RI WKH
GHVLJQ IORZ� (DUO\ V\QWKHVLV WRROV ZHUH QRW DEOH WR GHDO ZLWK PDQ\ RI WKH ODQJXDJH FRQVWUXFWV WKDW
ZHUH DW D OHYHO RI DEVWUDFWLRQPXFK DERYH EDVLF KDUGZDUH GHYLFHV� %HKDYLRUDO V\QWKHVLV WRROV GHYHO�
RSHG PRUH UHFHQWO\ DUH DEOH WR GHDO ZLWK ODUJHU VXEVHWV RI ODQJXDJH IHDWXUHV� DOORZLQJ V\QWKHVLV WR
EH XVHG HDUOLHU LQ WKH GHVLJQ IORZ� ,I QHZ KLJK�OHYHO PRGHOLQJ IHDWXUHV DUH WR EH DGGHG WR 9+'/�
WKH V\QWKHVL]DELOLW\ RI WKH IHDWXUHV PXVW EH FRQVLGHUHG�

7KH UDWLRQDOH IRU DGGLQJ QHZ IHDWXUHV IRU GDWD PRGHOLQJ DQG V\VWHP�OHYHO PRGHOLQJ LV WR DLG
PRGHOLQJ DW D KLJK OHYHO RI DEVWUDFWLRQ� DERYH WKH OHYHO DW ZKLFK V\QWKHVLV ZRXOG EH XVHG� ,QGHHG�
WKHUH LV LQWHUHVW LQ XVLQJ QHZ IHDWXUHV IRU V\VWHP�OHYHO GHVLJQ HYHQ EHIRUH KDUGZDUH�VRIWZDUH SDUWL�
WLRQLQJ KDV EHHQ SHUIRUPHG� +HQFH� LW FDQ EH DUJXHG WKDW KLJK�OHYHO PRGHOLQJ IHDWXUHV QHHG QRW EH
V\QWKHVL]DEOH� +RZHYHU� WKLV YLHZ LJQRUHV WKH RQJRLQJ GHYHORSPHQW RI EHKDYLRUDO V\QWKHVLV WHFKQR�
ORJ\ >��� ��� ��@ DQG KDUGZDUH�VRIWZDUH FR�V\QWKHVLV VWXGLHV >��� ��� ��@� )XUWKHUPRUH� QHZ IHD�
WXUHV DGGHG WR VXSSRUW KLJK�OHYHO PRGHOLQJ DUH OLNHO\ WR EH XVHIXO IRU PRGHOLQJ DW ORZHU OHYHOV RI
DEVWUDFWLRQ DV ZHOO� +HQFH� WKHLU V\QWKHVL]DELOLW\ XVLQJ FXUUHQW V\QWKHVLV WHFKQRORJ\ LV DQ LPSRUWDQW
LVVXH� ,JQRULQJ WKH LVVXH RI V\QWKHVL]DELOLW\ ZKHQ FRQVLGHULQJ ODQJXDJH H[WHQVLRQV PD\ XOWLPDWHO\
PDNH V\QWKHVL]DELOLW\PXFKPRUH GLIILFXOW� )RU H[DPSOH� DOORZLQJ G\QDPLF FRPPXQLFDWLRQ RI HQWL�
W\ LQVWDQFH QDPHV �DV LQ9LVWD22�9+'/ >��@�PD\ SURKLELW V\QWKHVLV RIPHWKRG LQYRFDWLRQ� ZKHUH�
DV FRQVWUDLQLQJ PHWKRG LQYRFDWLRQ WR VWDWLFDOO\ GHWHUPLQHG HQWLW\ LQVWDQFHV PD\ PDNH V\QWKHVLV
WUDFWDEOH�

6\QWKHVLV RI SURSRVHG REMHFW�RULHQWHG H[WHQVLRQV IRU VWUXFWXUDO PRGHOLQJ LV OHVV SUREOHPDWLF�
SURYLGHG DOO ELQGLQJ FDQ EH SHUIRUPHGZKHQ WKHPRGHO LV HODERUDWHG� )RU H[DPSOH� LI D GHVLJQ HQWLW\
LQKHULWV SRUWV� SURFHVVHV DQG FRPSRQHQW LQVWDQFHV� HODERUDWLRQ RI WKH GHVLJQ HQWLW\ ZRXOG LQYROYH
VXFFHVVLYH HODERUDWLRQ RI WKH DQFHVWRUV LQ WKH LQKHULWDQFH ODWWLFH� 7KLVZRXOG FUHDWH D VWDWLF FROOHFWLRQ
RI QHWV DQG SURFHVVHV WKDW ZRXOG WKHQ EH V\QWKHVL]HG XVLQJ H[LVWLQJ WHFKQLTXHV�
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� &RQFOXVLRQ
7KLV SDSHU FRQWDLQV DQ LQ�GHSWK VXUYH\ RI WKH SUHYLRXV SURSRVDOV IRU LQWURGXFLQJ REMHFW�RULHQWHG DQG
KLJK�OHYHO PRGHOLQJ H[WHQVLRQV LQWR 9+'/� 7KHVH SUHYLRXV SURSRVDOV DUH FDWHJRUL]HG LQWR WKUHH
DUHDV EDVHG RQ WKHPRGHOLQJ UHTXLUHPHQWV WKH\ DGGUHVV� GDWDPRGHOLQJ� VWUXFWXUDO PRGHOLQJ� DQG DE�
VWUDFW V\VWHP�OHYHO PRGHOLQJ� 2XU DQDO\VLV VKRZV WKDW� ZKLOH WKHUH LV PXFK DJUHHPHQW EHWZHHQ WKH
SURSRVDOV� PDQ\ RI WKHP ODFN GHSWK RI FRQVLGHUDWLRQ RI VHPDQWLF LVVXHV� ,Q SDUWLFXODU� WKH\ ODFN JHQ�
HUDOLW\ RI DSSOLFDELOLW\ WR D ZLGH UDQJH RI PRGHOLQJ SUREOHPV� DQG GR QRW LQWHJUDWH FRQVLVWHQWO\ ZLWK
H[LVWLQJ ODQJXDJH PHFKDQLVPV�

,Q WKLV SDSHUZH KDYH DOVR LGHQWLILHG D QXPEHU RI LVVXHV WR EH DGGUHVVHGZKHQ FRQVLGHULQJ H[WHQ�
VLRQ WR9+'/� :H HPSKDVL]H WKH LPSRUWDQFH RI D VHPDQWLFV�EDVHG DSSURDFK WR H[WHQVLRQV DQG SUHV�
HQW RXU SHUVSHFWLYH RQ ZKDW LVVXHV DUH PRVW LPSRUWDQW ZKHQ VWXG\LQJ VHPDQWLF LVVXHV IRU SRVVLEOH
H[WHQVLRQ� ([WHQVLRQV IRU 9+'/ �RU IRU WKDW PDWWHU� DQ\ ODQJXDJH� VKRXOG PDQLIHVW WKHPVHOYHV LQ
VHPDQWLF DQG V\QWDFWLF VWUXFWXUHV WKDW DUH FRQVLVWHQW ZLWK WKH H[LVWLQJ ODQJXDJH VWUXFWXUH� 0HUHO\
EROWLQJ ´\RXU IDYRULWH ODQJXDJH FRQVWUXFWµ RQWR WKH VLGH RI DQ H[LVWLQJ ODQJXDJH LV QRW RQO\ IRROLVK�
EXW OLNHO\ WR GHVWUR\ WKH ODQJXDJH VHPDQWLFV� )XUWKHUPRUH� H[SHFWLQJ D VLQJOH ODQJXDJH FRQVWUXFW
WR VROYH WKH YDVW DUUD\ RI V\VWHP�OHYHO PRGHOLQJ SUREOHPV DOVR OHDGV WR GLVDSSRLQWPHQW� :H EHOLHYH
WKDW D FROOHFWLYH RI VHYHUDO� FDUHIXOO\ FUDIWHG� ODQJXDJH H[WHQVLRQV FDQ EH PDGH WR PLJUDWH 9+'/
IURP LWV FXUUHQW REMHFW�EDVHG VWUXFWXUH WR DQ REMHFW�RULHQWHG VWUXFWXUH VXLWDEOH IRU KLJK�OHYHO PRGHO�
LQJ� :H IXUWKHU EHOLHYH WKDW WKHVH VWUXFWXUHV ZLOO HQKDQFH WKH H[LVWLQJ HQFDSVXODWLRQ DQG DEVWUDFWLRQ
IDFLOLWLHV RI 9+'/ LQ ZD\V WKDW ZLOO H[SDQG 9+'/·V H[LVWLQJ VWUHQJWKV WKURXJKRXW WKH HQWLUH UDQJH
RI LWVPRGHOLQJ XVH� 7KH YDOXH RI WKLV DSSURDFK LV GHPRQVWUDWHG LQ WKH H[WHQVLRQ RI$GD IURP$GD���
WR $GD���� $V VWDWHG LQ WKH $GD��; 5DWLRQDOH >�@�

´5DWKHU WKDQ SURYLGLQJ D QXPEHU RI QHZ ODQJXDJH IHDWXUHV WR GLUHFWO\ VROYH HDFK LGHQWLILHG
DSSOLFDWLRQ SUREOHP� WKH H[WUD FDSDELOLW\ RI $GD �; LV SURYLGHG E\ D IHZ SULPLWLYH ODQ�
JXDJH EXLOGLQJ EORFNV� ,Q FRPELQDWLRQ� WKHVH EXLOGLQJ EORFNV HQDEOH SURJUDPPHUV WR VROYH
PRUH DSSOLFDWLRQ SUREOHPV HIILFLHQWO\ DQG SURGXFWLYHO\�µ
,Q SHUIRUPLQJ RXU DQDO\VLV RI SURSRVDOV DQG LVVXHV� LW KDV EHFRPH FOHDU WKDW REMHFW�RULHQWDWLRQ

FDQ DULVH IURP D VLQJOH ODQJXDJH IHDWXUH� VXFK DV FODVVHV� RU IURP WKH LQWHUDFWLRQ RI D QXPEHU RI IHD�
WXUHV� �7KH ODWWHU DSSURDFK LV LOOXVWUDWHG E\$GD�����:KLFKHYHU DSSURDFK LV FKRVHQ� ODQJXDJH H[WHQ�
VLRQV PXVW EH GHVLJQHG WR LQWHJUDWH FOHDQO\ ZLWK WKH VHPDQWLF PHFKDQLVPV DQG WKH V\QWD[ RI WKH
H[LVWLQJ ODQJXDJH� )XUWKHUPRUH� LW LV QRW VXIILFLHQW WR VLPSO\ DGRSW IHDWXUHV IURP SURJUDPPLQJ ODQ�
JXDJHV� 5DWKHU� RQHPXVW FDUHIXOO\ FRQVLGHU WKH LQWHUDFWLRQ RI D SURSRVHG H[WHQVLRQZLWK WKH H[LVWLQJ
KDUGZDUHPRGHOLQJ FRQVWUXFWV LQ9+'/� VXFK DV VLJQDOV DQG VLJQDO DVVLJQPHQW� &RQVLGHUDWLRQPXVW
DOVR EH JLYHQ WR GHVLJQLQJ D FRKHUHQW VHW RI H[WHQVLRQV WKDW DUH QRW PRWLYDWHG VROHO\ E\ UHTXLUHPHQWV
IRU V\VWHP�OHYHO PRGHOLQJ� )RU H[DPSOH� ZKLOH WKH LQWURGXFWLRQ RI SULYDWH W\SHV DQG JHQHULF W\SHV
ZRXOG VWUHQJWKHQ WKH HQFDSVXODWLRQ DQG SRO\PRUSKLVP IHDWXUHV UHTXLUHG IRU REMHFW�RULHQWDWLRQ� WKH\
ZRXOG EH RI JHQHUDO YDOXH LQ WKH ODQJXDJH IRU RWKHU PRGHOLQJ WDVNV�

$ERYH DOO� LW PXVW EH ERUQH LQ PLQG WKDW 9+'/ LV D GHVLJQ DXWRPDWLRQ ODQJXDJH� $V WKH VFRSH
RI GHVLJQ DXWRPDWLRQ DGYDQFHV� WKH ODQJXDJHPXVW DGYDQFH WR NHHS WUDFN� +RZHYHU� WKRVH DGYDQFHV
PXVW QRW EH DW WKH H[SHQVH RI H[LVWLQJ XVHV RI WKH ODQJXDJH� 7KH H[SUHVVLYHQHVV RI WKH ODQJXDJH IRU
VSHFLI\LQJ KDUGZDUH V\VWHPV PXVW EH PDLQWDLQHG� 'XH FRQVLGHUDWLRQ PXVW DOVR EH JLYHQ WR WKH LP�
SDFW RI ODQJXDJH H[WHQVLRQV RQ DQDO\VLV� VLPXODWLRQ� DQG V\QWKHVLV� 7KH ODQJXDJH VHPDQWLFV DUH DO�
UHDG\ FRPSOH[� %\GHVLJQLQJ H[WHQVLRQV WKDW FOHDQO\ LQWHJUDWHZLWK WKH H[LVWLQJ ODQJXDJH�ZH UHGXFH
WKH DGGLWLRQDO FRPSOH[LW\ IRU VHPDQWLF DQDO\VLV� /LNHZLVH� VLPXODWLRQ FDSDFLW\ DQG SHUIRUPDQFH LV
DOUHDG\ DQ LVVXH IRU WRRO GHVLJQHUV DQG XVHUV� /DQJXDJH H[WHQVLRQV WKDW LPSRVH VLJQLILFDQW DQG SHU�



��

YDVLYH UXQ�WLPH EXUGHQ DUH XQDFFHSWDEOH� 6\QWKHVLV WHFKQRORJ\ LV QRZ H[WHQGLQJ WR WKH OHYHO RI EH�
KDYLRUDO V\QWKHVLV� /DQJXDJH H[WHQVLRQV VKRXOG QRW SUHFOXGH V\QWKHVLV RI KLJK�OHYHO PRGHOLQJ
FRQVWUXFWV E\ UHO\LQJ H[FOXVLYHO\ RQ UXQ�WLPH ELQGLQJ PHFKDQLVPV�

/DVWO\� ZH EHOLHYH WKDW WKH RQJRLQJ GLDORJXH LQ WKH OLWHUDWXUH IRFXVVLQJ RQ REMHFW�RULHQWHG H[WHQ�
VLRQV WR 9+'/ LV WRR QDUURZ� 7KH IRFXV VKRXOG EH RQ WKH EURDGHU LVVXHV RI ODQJXDJH H[WHQVLRQV WR
EHWWHU VXSSRUW DZLGH UDQJH RIPRGHOLQJ UHTXLUHPHQWV� 7KH ODQJXDJH VKRXOG EHFRPH REMHFW�RULHQWHG
RQO\ LQVRIDU DV VXFK H[WHQVLRQV PLJKW LQFOXGH IHDWXUHV IRU REMHFW�RULHQWHG SURJUDPPLQJ DQGPRGHO�
LQJ�
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