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7KLV SDSHU UHYLHZV SURSRVDOV IRU REMHFW�RULHQWHG H[WHQ�
VLRQV WR 9+'/ DQG SODFHV WKHP ZLWKLQ D WD[RQRP\
EDVHG RQ WKH PRGHOLQJ UHTXLUHPHQWV WKH\ DGGUHVV� 7KH
SDSHU DOVR SUHVHQWV D GHWDLOHG GLVFXVVLRQ RI LVVXHV WR EH
FRQVLGHUHG LQ DGGLQJ REMHFW�RULHQWHG H[WHQVLRQV WR
9+'/� LQFOXGLQJ FRQFXUUHQF\� DEVWUDFWLRQ XVLQJ HQWLW\
LQWHUIDFHV� VLJQDO DVVLJQPHQW VHPDQWLFV� VKDUHG YDUL�
DEOHV� PXOWLSOH LQKHULWDQFH� JHQHULFLW\ DQG V\QWKHVLV�
(PSKDVLV LV SODFHG RQ WKH LPSRUWDQFH RI GHVLJQLQJ VLP�
SOH RUWKRJRQDO VHPDQWLF PHFKDQLVPV WKDW LQWHUDFW LQ
ZHOO GHILQHG ZD\V� DQG WKDW LQWHJUDWH FOHDQO\ ZLWK H[�
LVLWLQJ ODQJXDJH IHDWXUHV�

�� ,QWURGXFWLRQ

,Q UHFHQW \HDUV� WKH VRIWZDUH HQJLQHHULQJ FRPPXQLW\
KDV PRYHG WRZDUGV REMHFW�RULHQWDWLRQ DV D PHDQV RI
PDQDJLQJ WKH FRPSOH[LW\ LQKHUHQW LQ ODUJH VRIWZDUH
V\VWHPV� 2EMHFW�RULHQWDWLRQ DOORZV D GHVLJQ VSDFH WR EH
SDUWLWLRQHG LQWR PDQDJHDEOH SLHFHV ZLWK ZHOO�
FRQVWUDLQHG LQWHUDFWLRQV� DQG IDFLOLWDWHV WKH UHXVH DQG
HYROXWLRQ RI PRGXOHV� $FFRUGLQJ WR %RRFK� ´REMHFW RUL�
HQWDWLRQ LQYROYHV WKH HOHPHQWV RI GDWD DEVWUDFWLRQ� HQ�
FDSVXODWLRQ� 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� VR
ZH GR QRW LQFOXGH DQ\ GHWDLOHG GLVFXVVLRQ KHUH�

:H VWURQJO\ EHOLHYH WKDW KDUGZDUH GHVLJQ XVLQJ D
KDUGZDUH GHVLJQ ODQJXDJH LV WKH VDPH LQWHOOHFWXDO SUR�
FHVV DV VRIWZDUH GHVLJQ� FRQVHTXHQWO\ WKH FRPSOH[LW\
PDQDJHPHQW WHFKQLTXHV WKDW DUH XVHG LQ VRIWZDUH GH�
VLJQ VKRXOG DOVR EH XVHG LQ KDUGZDUH GHVLJQ� 2EMHFW�

RULHQWHG GHVLJQ LV RQH VXFK WHFKQLTXH� +HQFH� LW LV
DSSURSULDWH WR FRQVLGHU REMHFW�RULHQWHG WHFKQLTXHV LQ D
KDUGZDUH GHVFULSWLRQ ODQJXDJH VXFK DV 9+'/� +DUG�
ZDUH V\VWHPV DUH FRPSOH[� EHLQJ FRPSRVHG RI PDQ\ LQ�
WHUDFWLQJ FRPSRQHQWV DQG LQFXUULQJ OLIHF\FOHV DQG
JHQHUDWLRQV� :H H[SHFW WKDW WKH XVH RI REMHFW�RULHQWHG
WHFKQLTXHV LQ KDUGZDUH GHVFULSWLRQ ODQJXDJHV ZLOO KHOS
GHVLJQHUV PDQDJH FRPSOH[LW\� LPSURYH WKHLU SURGXFWLY�
LW\� DQG LPSURYH WKH UHOLDELOLW\ RI WKH GHVLJQ SURFHVV� ,Q�
GHHG WKHVH H[SHFWDWLRQV DUH H[SUHVVHG DV UHTXLUHPHQWV
E\ WKH ,((( '$6& 22�9+'/ 6WXG\ *URXS >�@�

2XU DLP LQ WKLV SDSHU LV QRW WR SUHVHQW RU VXSSRUW DQ\
SDUWLFXODU REMHFW�RULHQWHG H[WHQVLRQ WR 9+'/� ,QVWHDG�
ZH UHYLHZ SUHYLRXV SURSRVDOV IRU H[WHQVLRQV DQG DW�
WHPSW WR FDWHJRUL]H WKHP VR WKDW WKH\ DUH EHWWHU XQGHU�
VWRRG� 2XU FDWHJRUL]DWLRQ LV EDVHG RQ WKH VHPDQWLFV RI
HDFK SURSRVDO� LQVRIDU DV WKH VHPDQWLFV 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 GHYHO�
RSLQJ SURSRVDOV IRU ODQJXDJH H[WHQVLRQ� 6HFWLRQ � SUHV�
HQWV 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 �
FRQFOXGHV ZLWK D GLVFXVVLRQ RI RXU SODQV WR GHYHORS RE�
MHFW�RULHQWHG H[WHQVLRQV WR 9+'/³KRSHIXOO\ 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 ODQ�
JXDJH LV WKH YHKLFOH IRU H[SUHVVLRQ RI GHVLJQ LQWHQW� D
JRRG ODQJXDJH FDQ JUHDWO\ KHOS WKH GHVLJQ SURFHVV�
ZKHUHDV D SRRU ODQJXDJH FDQ VLJQLILFDQWO\ KLQGHU LW� $
ODQJXDJH VKRXOG FRQIRUP WR D VHW RI LGHDOV RU SKLORVR�
SKLHV WR PDNH LW FRKHUHQW� HDV\ WR OHDUQ DQG XQGHUVWDQG�
:H SUHVHQW KHUH VRPH YLHZV RQ ODQJXDJH GHVLJQ SULQ�
FLSOHV 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� SDU�
WLFXODUO\ ZKHQ ODQJXDJH GHVLJQ LV FRQGXFWHG E\ D FRP�
PLWWHH RI GLYHUVH LQWHUHVWV�

'HVLJQ RI 6HPDQWLFV

7KH IRUHPRVW SULQFLSOH LV WKDW ODQJXDJH GHVLJQ VKRXOG
IRFXV RQ VHPDQWLFV ILUVW DQG V\QWD[ VHFRQG� 7KH VHPDQ�
WLFV RI ODQJXDJH IHDWXUHV HPERG\ WKH PHDQLQJ RI WKH
IHDWXUHV� DQG GHWHUPLQH ZKDW GHVLJQ LQWHQW FDQ EH H[�
SUHVVHG LQ WKH ODQJXDJH� 6\QWD[ LV WKH FRQFUHWH GHQRWD�
WLRQ� :KLOH SRRU V\QWD[ PD\ REIXVFDWH WKH GHVLJQ
LQWHQW� LW GRHV QRW SURKLELW H[SUHVVLRQ RI WKH LQWHQW�

6LPSOLFLW\ RI 0HFKDQLVP

,Q GHWHUPLQLQJ VHPDQWLF IHDWXUHV WR EH LQFOXGHG LQ D ODQ�
JXDJH� 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 IHDWXUH DW D WLPH�µ DQG ´UHMHFW DQ\
WKDW DUH PXWXDOO\ LQFRQVLVWHQW�µ %\ FKRRVLQJ VLPSOH
RUWKRJRQDO VHPDQWLF PHFKDQLVPV� LQWHUDFWLRQ EHWZHHQ
PHFKDQLVPV 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 IHD�
WXUHV VKRXOG FRQIRUP WR WKH VDPH GHVLJQ SKLORVRSKLHV
WKDW ZHUH IROORZHG LQ WKH RULJLQDO ODQJXDJH GHVLJQ VR DV
WR PDLQWDLQ DUFKLWHFWXUDO FRKHUHQFH� RU� DV %URRNV >��@
FDOOV LW� ´FRQFHSWXDO LQWHJULW\�µ &DUHIXO FRQVLGHUDWLRQ
PXVW EH JLYHQ WR LQWHUDFWLRQV EHWZHHQ QHZ IHDWXUHV DQG

H[LVWLQJ IHDWXUHV� :KLOH WKH VHPDQWLFV RI QHZ IHDWXUHV
DUH RI SULPDU\ FRQFHUQ� LQWHJUDWLRQ RI QHZ V\QWD[ LV DOVR
LPSRUWDQW� ([WHQVLRQV VKRXOG DLP IRU VW\OLVWLF FRQVLV�
WHQF\ 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\ HQ�
KDQFH WKH H[SUHVVLYHQHVV RI WKH ODQJXDJH� $V :LUWK
SXWV LW >��@� ´GLVWLQJXLVK ��� EHWZHHQ ZKDW LV HVVHQWLDO
DQG ZKDW HSKHPHUDO�µ

�� 7D[RQRP\ RI ([WHQVLRQV DQG 3UHYLRXV
3URSRVDOV

3UHYLRXV SURSRVDOV IRU REMHFW�RULHQWHG H[WHQVLRQV WR
9+'/ KDYH IRFXVVHG RQ WKUHH DUHDV RI ODQJXDJH XVDJH�
GDWD PRGHOLQJ� VWUXFWXUDO 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 LQ PRUH GHWDLO LQ WKH IROORZLQJ VHFWLRQV�
1RWH WKDW WKH H[DPSOHV VKRZQ LQ WKLV DQG VXEVHTXHQW
VHFWLRQV DUH LQWHQGHG RQO\ WR LOOXVWUDWH WKH FRQFHSWV� 1R
FRQFUHWH ODQJXDJH SURSRVDO LV LPSOLHG�

([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 VLPSOLILFDWLRQV� 7KH VXJJHVWLRQ
LV WKDW WKLV LV LQVXIILFLHQW IRU PRGHOLQJ GDWD ZLWK FRP�
SOH[ VWUXFWXUH LQ KDUGZDUH PRGHOV DW D KLJK�OHYHO RI DE�
VWUDFWLRQ� DQG WKDW REMHFW�RULHQWHG WHFKQLTXHV IRU
H[SUHVVLQJ GDWD VKRXOG EH LQFRUSRUDWHG LQWR 9+'/�

7ZR PDLQ DSSURDFKHV KDYH EHHQ FDQYDVVHG IRU RE�
MHFW�RULHQWHG GDWD PRGHOLQJ LQ 9+'/� 7KH ILUVW DS�
SURDFK LQYROYHV DGRSWLQJ WKH ´SURJUDPPLQJ E\
H[WHQVLRQµ 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�
7KH DSSURDFK LQYROYHV GHILQLQJ D EDVH W\SH DV D WDJJHG
UHFRUG� DQG GHULYLQJ VXEW\SHV E\ H[WHQGLQJ WDJJHG UH�
FRUG W\SHV ZLWK QHZ UHFRUG HOHPHQWV� )RU H[DPSOH�

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

HQG UHFRUG�

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

HQG UHFRUG�



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

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

WDJJHG HQWLW\�DUFKLWHFWXUH ZLWK
PXOWLSOH LQKHULWDQFH

6FKXPDFKHU DQG 1HEHO >��@ $GD��� DSSURDFK �WDJJHG W\SH
ZLWK VLQJOH LQKHULWDQFH�

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

:LOOLV HW DO >��@ FODVV�EDVHG ZLWK PXOWLSOH LQ�
KHULWDQFH

LPSOLFLW� FODVV W\SHV IRU VKDUHG
YDULDEOHV KDYH PRQLWRU VH�
PDQWLFV

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

5DPHVK >��@ HQWLW\ FODVVHV ZLWK LQKHULWDQFH
�RQO\ VLQJOH LQKHULWDQFH LOOXV�
WUDWHG�

0LOOV >��@ LQKHULWDQFH YLD FRQILJXUDWLRQ

6ZDP\ HW DO >��@ HQWLW\ FODVVHV ZLWK LQKHULWDQFH
�RQO\ VLQJOH LQKHULWDQFH LOOXV�
WUDWHG�

HQWLW\ FODVVHV ZLWK RSHUDWLRQV
�PRGLILHG PRQLWRU VHPDQWLFV��
LQKHULWDQFH �RQO\ VLQJOH LQKHU�
LWDQFH LOOXVWUDWHG�

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

HQWLW\ FODVVHV ZLWK RSHUDWLRQV
�PRGLILHG PRQLWRU VHPDQWLFV��
PXOWLSOH LQKHULWDQFH

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

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

7KH KLHUDUFK\ RI GHULYHG W\SHV IRUPV WKH LQKHULWDQFH
KLHUDUFK\ UHTXLUHG LQ REMHFW�RULHQWHG SURJUDPPLQJ�
2WKHU DVSHFWV� LQFOXGLQJ DEVWUDFWLRQ DQG PRGXODULW\�
FRPH IURP H[LVWLQJ ODQJXDJH IHDWXUHV� QRWDEO\ SDFNDJH
GHFODUDWLRQV� 3RO\PRUSKLF W\SLQJ FRPHV IURP GHFODUD�
WLRQ RI SURFHGXUHV ZLWK SDUDPHWHUV RI XQFRQVWUDLQHG
FODVV W\SHV� )RU H[DPSOH�

SURFHGXUH GHFRGH � LQVWU � LQ LQVWUXFWLRQ·FODVV� ��� ��

7KH W\SH RI DQ DFWXDO SDUDPHWHU PD\ EH ERXQG DW UXQ�
WLPH UDWKHU WKDQ EHLQJ VWDWLFDOO\ GHWHUPLQHG� 7KH PDLQ
ZHDNQHVV RI WKLV DSSURDFK VWHPV IURP WKH SRRU HQFDS�
VXODWLRQ IHDWXUHV RI 9+'/ SDFNDJHV� 7KLV FRXOG EH LP�
SURYHG E\ DGRSWLQJ WKH VWURQJHU HQFDSVXODWLRQ IHDWXUHV
RI $GD� EDVHG RQ SULYDWH W\SHV ZLWKLQ SDFNDJHV�

7KH VHFRQG DSSURDFK WR REMHFW�RULHQWHG GDWD PRGHO�
LQJ LV LQIOXHQFHG E\ &�� DQG LWV SUHGHFHVVRUV� DQG LQ�
YROYHV GHILQLWLRQ RI FODVVHV� ZKLFK HQFDSVXODWH WKH
GHILQLWLRQV RI GDWD DQG RSHUDWLRQV RI REMHFWV� $V DQ H[�
DPSOH� WKH LQVWUXFWLRQ W\SHV PLJKW EH GHILQHG DV�

W\SH LQVWUXFWLRQ LV FODVV

RSFRGH � RSFRGHBW\SH�

SURFHGXUH GHFRGH � ��� ��

HQG FODVV�

W\SH UHJLVWHUBDOXBLQVWUXFWLRQ LV LQVWUXFWLRQ FODVV

GHVW� VUF�� VUF� � UHJBQXPEHU�

SURFHGXUH GHFRGH � ��� ��

HQG FODVV�

:KLOH D QXPEHU RI SURSRVDOV DUH EDVHG RQ WKLV DS�
SURDFK� RQO\ :LOOLV HW DO >��@ OLPLW WKHLU GLVFXVVLRQ WR LWV
XVH IRU GDWD PRGHOLQJ� 2WKHU SURSRVDOV �FLWHG ODWHU LQ
WKLV VHFWLRQ� H[WHQG LWV XVH WR V\VWHP�OHYHO PRGHOLQJ�
7KH GULYLQJ PRWLYDWLRQ IRU LQFRUSRUDWLQJ FODVVHV LQ D
ODQJXDJH GHILQLWLRQ LV WR SURYLGH GLUHFW ODQJXDJH VXS�
SRUW IRU WKH SULQFLSOHV RI REMHFW�RULHQWDWLRQ LQ D VLQJOH
ODQJXDJH IHDWXUH� +HQFH� D FODVV LV D XQLW RI DEVWUDFWLRQ�
HQFDSVXODWLRQ� PRGXODULW\� KLHUDUFK\ �WKURXJK LQKHUL�
WDQFH� DQG W\SLQJ LQ WKLV DSSURDFK�



([WHQVLRQV IRU 6WUXFWXUDO 0RGHOLQJ

2EMHFW�RULHQWHG H[WHQVLRQV IRU VWUXFWXUDO PRGHOLQJ DG�
GUHVV WKH LVVXH RI UHXVH RI KDUGZDUH GHVLJQV WR IRUP QHZ
GHVLJQV� 'HVLJQ HQWLWLHV DUH YLHZHG DQDORJRXVO\ WR
FODVVHV� ZLWK FRPSRQHQW LQVWDQFHV 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 HQWLWLHV FDQ EH GHULYHG E\ LQKHULWLQJ JHQHU�
LFV DQG SRUWV IURP D SDUHQW HQWLW\ DQG DGGLQJ QHZ JHQHU�
LFV DQG SRUWV� ,Q DGGLWLRQ� WKH SURFHVV VWDWHPHQWV DQG
FRPSRQHQW LQVWDQFHV IURP WKH SDUHQW DUFKLWHFWXUH ERG\
DUH LQKHULWHG� DQG QHZ SURFHVVHV 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 SURSRVDOV� 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
LQKHULWHG� DQG WKH NH\ZRUG ´QHZµ WR VSHFLI\ LQKHULWDQFH
LQWR D GHULYHG HQWLW\ RU DUFKLWHFWXUH� )RU H[DPSOH�

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

HQG HQWLW\ FRXQWHU�

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

HQG HQWLW\ UHVHWWDEOHBFRXQWHU�

7KH RWKHU DSSURDFK� SURSRVHG E\ 5DPHVK >��@� EDVL�
FDOO\ XVHV WKH NH\ZRUG ´FODVVµ LQ SODFH RI ´WDJJHGµ WR
LQGLFDWH LQKHULWDQFH� EXW LV RWKHUZLVH WKH VDPH� 7KH XQ�
GHUO\LQJ VHPDQWLFV DUH LQKHULWDQFH RI JHQHULFV DQG SRUWV
LQ WKH HQWLW\ GHFODUDWLRQV DQG LQKHULWDQFH RI FRQFXUUHQW
VWDWHPHQWV LQ WKH DUFKLWHFWXUH ERGLHV�

0LOOV >��@ SURSRVHV D VHPDQWLFDOO\ VLPLODU DOWHUQD�
WLYH� LQ ZKLFK LQKHULWDQFH LV VSHFLILHG LQ WKH ELQGLQJ LQ�
GLFDWLRQ 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�

([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 DE�
VWUDFW GHVLJQV LQ ZKLFK WKH LQWHU�PRGXOH FRPPXQLFD�
WLRQ SURWRFROV DUH QRW \HW GHILQHG� ,Q WKH HDUO\ GHVLJQ
VWDJHV� D V\VWHPPD\ EH PRGHOHG DV D FROOHFWLRQ RI FRP�
PXQLFDWLQJ FRQFXUUHQW SURFHVVHV WKDW UHTXHVW RSHUD�
WLRQV 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 FRPPXQLFD�
WLRQ RYHU FRQFUHWH LQWHUFRQQHFWLRQV DUH GHVLJQ GHFL�
VLRQV 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 RSHUD�
WLRQV LQ RWKHU REMHFWV� 7KH LQWHQWLRQ LV WR XVH REMHFW�RUL�
HQWHG WHFKQLTXHV WR LPSURYH WKH GHYHORSPHQW SURFHVV
DW WKLV HDUO\ VWDJH LQ WKH OLIHF\FOH� :H LGHQWLI\ WZR GLV�
WLQFW SURSRVHG DSSURDFKHV WR 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 RS�
HUDWLRQV WKDW FDQ EH LQYRNHG E\ SURFHVVHV� )RU H[DPSOH�

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 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� EXW PRWLYDWH WKHLU H[WHQVLRQV E\
V\VWHP�OHYHO PRGHOLQJ QHHGV�

7KH VHFRQG DSSURDFK LQYROYHV DGGLQJ D FODVV FRQFHSW
WR WKH ODQJXDJH� DV GHVFULEHG DERYH IRU GDWD PRGHOLQJ�
DQG DGGUHVVLQJ WKH LVVXH RI FRQFXUUHQF\ FRQWURO IRU
PXOWLSOH 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 REMHFWV� ,Q VXFK FDVHV�
PXWXDO H[FOXVLRQ LV HQIRUFHG IRU FRQFXUUHQW DFFHVV WR D
VKDUHG REMHFW� 7KH SURSRVDO E\ &DEDQLV HW DO >��@� RQ
WKH RWKHU KDQG SHUPLWV FRQFXUUHQW DFFHVV WR D VKDUHG RE�
MHFW� ,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\�ZDLWLQJ�� :H GLV�
FXVV WKH XVH RI REMHFW�RULHQWHG WHFKQLTXHV IRU V\VWHP�
OHYHO PRGHOLQJ IXUWKHU LQ 6HFWLRQ ��

�� ,VVXHV IRU 22 ([WHQVLRQV WR 9+'/

2QH RI RXU JXLGLQJ SULQFLSOHV IRU ODQJXDJH H[WHQVLRQ
PHQWLRQHG HDUOLHU LV LQWHJUDWLRQ RI QHZ IHDWXUHV ZLWK H[�
LVWLQJ IHDWXUHV� 7KXV� LI ZH DUH WR FRQVLGHU QHZ IHDWXUHV
WR VXSSRUW REMHFW�RULHQWHG WHFKQLTXHV� ZH QHHG WR LGHQ�
WLI\ H[LVWLQJ IHDWXUHV WKDW UHODWH WR REMHFW�RULHQWHG WHFK�
QLTXHV� 9+'/ DOUHDG\ LQFOXGHV PDQ\ IHDWXUHV WKDW ZH
FDQ UHODWH WR WKH SULQFLSOHV FLWHG E\ %RRFK DV QHFHVVDU\
IRU REMHFW�RULHQWDWLRQ� 6XESURJUDPV� HQWLWLHV DQG SDFN�
DJHV VXSSRUW DEVWUDFWLRQ DQG HQFDSVXODWLRQ �DOEHLW ZHDN
HQFDSVXODWLRQ LQ WKH FDVH RI SDFNDJHV�� DQG RYHUORDGLQJ
SURYLGHV D OLPLWHG� DG�KRF IRUP RI SRO\PRUSKLVP�
7KHVH IHDWXUHV DUH VXIILFLHQW IRU 9+'/ WR EH FDOOHG ´RE�
MHFW�EDVHGµ LQ WKH WHUPLQRORJ\ RI :HJQHU >��@�

7KH PDLQ LVVXHV WKDW DUH QRW DGGUHVVHG E\ WKH H[LVWLQJ
ODQJXDJH DUH D VWURQJHU IRUP RI DEVWUDFWLRQ DQG HQFDS�
VXODWLRQ IRU DEVWUDFW GDWD W\SHV� LQKHULWDQFH�EDVHG KLHU�
DUFK\ �IRU GDWD W\SHV DQG KDUGZDUH VWUXFWXUHV�� DQG WKH
IRUP RI SRO\PRUSKLVP WKDW JRHV ZLWK LQKHULWDQFH
�QDPHO\� G\QDPLF ELQGLQJ RI SDUDPHWHU W\SHV�� :H
PDLQWDLQ WKDW ODQJXDJH H[WHQVLRQV WR VXSSRUW REMHFW�
RULHQWDWLRQ VKRXOG DGGUHVV WKHVH LVVXHV ZLWKRXW VXEYHUW�
LQJ RU UHSODFLQJ H[LVWLQJ ODQJXDJH IHDWXUHV�

&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 FRPPX�
QLFDWLRQ IHDWXUHV LQ WKH ODQJXDJH� 7KHUH LV D ORQJ
KLVWRU\ RI FRQFXUUHQW ODQJXDJH GHVLJQ >�@ DQG� PRUH UH�
FHQWO\� FRQFXUUHQW REMHFW�RULHQWHG ODQJXDJH GHVLJQ >�@�
9+'/ DOUHDG\ KDV D FRQFXUUHQF\ PRGHO� EDVHG RQ VWDWL�
FDOO\ LQVWDQWLDWHG SURFHVVHV FRPPXQLFDWLQJ DQG V\Q�
FKURQL]LQJ YLD VLJQDOV� $ QXPEHU RI WKH SURSRVDOV IRU
H[WHQVLRQV >�� �� ��� ��@ VXJJHVW WKDW REMHFW�RULHQWHG
FODVVHV DUH PRUH DSSURSULDWH 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� .X�
PDU 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 GHVLJQ�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 OHDGLQJ WR D
FRQIXVLRQ EHWZHHQ REMHFW�RULHQWHG IHDWXUHV DQG FRQ�
FXUUHQF\ IHDWXUHV�

,Q FRQVLGHULQJ WKH UHODWLRQVKLS EHWZHHQ REMHFW�RUL�
HQWHG IHDWXUHV DQG FRQFXUUHQF\� /LP DQG -RKQVRQ VXJ�
JHVW WKDW

´'HVLJQLQJ IHDWXUHV IRU FRQFXUUHQF\ LQ 223 ODQ�
JXDJHV LV QRW PXFK GLIIHUHQW IURP WKDW RI RWKHU
NLQGV RI ODQJXDJHV³FRQFXUUHQF\ LV RUWKRJRQDO WR
223 DW WKH ORZHVW OHYHO RI DEVWUDFWLRQ� 223 RU
QRW� DOO WKH WUDGLWLRQDO SUREOHPV LQ FRQFXUUHQW SUR�
JUDPPLQJ VWLOO UHPDLQ� +RZHYHU� DW WKH KLJKHVW
OHYHOV RI DEVWUDFWLRQ� 223 FDQ DOOHYLDWH WKH FRQ�
FXUUHQF\ 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 9+'/�
ZKLFK LV D FRQFXUUHQW ODQJXDJH� 7KH SUREOHP ZLWK XV�
LQJ FODVVHV DV WKH IRFXV RI PRGHOLQJ FRQFXUUHQW V\VWHPV
LV WKDW FODVVHV DUH GDWD�FHQWULF� 7R XVH WKHP LQ WKLV FRQ�
WH[W IRUFHV D PRQLWRU�EDVHG DSSURDFK WR FRQFXUUHQF\�
0RQLWRUV ZHUH ILUVW SURSRVHG DV D FRQFXUUHQF\ PHFKD�
QLVP E\ +RDUH >��@� DQG PDQ\ RI WKH VXEVHTXHQW FRQ�
FXUUHQW 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� )RU
H[DPSOH� D SDUDGLJP EDVHG RQ &63 >��@ PD\ EH FORVHU
WR WKH ZD\ PDQ\ V\VWHP�OHYHO GHVLJQHUV WKLQN� $Q H[�
WHQVLRQ IRU &63�EDVHG FRQFXUUHQF\ PLJKW DOORZ GHILQL�
WLRQ RI PHVVDJH FKDQQHOV DQG SURYLGH RSHUDWLRQV WR VHQG
DQG UHFHLYH PHVVDJHV RQ FKDQQHOV� )RU H[DPSOH�

FKDQQHO HOHYDWRUBFDOO � IORRUBQXPEHU�
FKDQQHO HOHYDWRUBORFDWLRQ � IORRUBQXPEHU�

HOHYDWRU � SURFHVV LV
EHJLQ
���
UHFHLYH FDOOLQJBIORRU IURP HOHYDWRUBFDOO�
VHQG FXUUHQWBIORRU WR HOHYDWRUBORFDWLRQ�
���

HQG SURFHVV�

+HUH� HOHYDWRUBFDOO DQG HOHYDWRUBORFDWLRQ DUH PHVVDJH
SDVVLQJ FKDQQHOV WKURXJK ZKLFK SURFHVVHV FRPPXQL�
FDWH� 7KH UHFHLYH DQG VHQG RSHUDWLRQV LQ WKH HOHYDWRU
SURFHVV DUH V\QFKURQRXV PHVVDJH�SDVVLQJ HYHQWV� LQ
ZKLFK D YDOXH RI WKH GHVLJQDWHG W\SH LV SDVVHG IURP
VHQGHU WR UHFHLYHU� &63 PHVVDJH SDVVLQJ� DV LOOXVWUDWHG
LQ WKLV H[DPSOH� DEVWUDFWV RYHU WKH GHWDLOV RI SURWRFROV
IRU WUDQVIHUULQJ GDWD XVLQJ 9+'/ VLJQDOV�

$QRWKHU DOWHUQDWLYH SDUDGLJP PLJKW EH FRPPXQLFDW�
LQJ KLHUDUFKLFDO VWDWH PDFKLQHV� VXFK DV WKDW XVHG LQ WKH



8QLIRUP 0RGHOLQJ /DQJXDJH �80/� >�@� :H EHOLHYH
WKDW LW LV LQDSSURSULDWH WR SUHMXGLFH WKH ODQJXDJH H[WHQ�
VLRQ SURFHVV E\ DVVXPLQJ D FODVV�EDVHG VROXWLRQ IRU V\V�
WHP�OHYHO PRGHOLQJ DW WKH RXWVHW� &ODVVHV PD\ EH
DSSURSULDWH IRU GDWD PRGHOLQJ� EXW WKH DEVWUDFW FRQ�
FXUUHQF\ 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� 6ZDP\ HW DO >��@ SURSRVH
(QWLW\2EMHFWV� ZKLFK H[WHQG HQWLWLHV E\ DOORZLQJ LQFOX�
VLRQ RI SXEOLFO\ YLVLEOH SURFHGXUHV FDOOHG RSHUDWLRQV�
%HQ]DNNL DQG 'MDIIUL >�@ DOVR SURSRVH DGGLWLRQ RI RSHUD�
WLRQV� 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\ XV�
LQJ 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 EHKD�
YLRXU �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\ LQVWDQWLDEOH
PRGXOH ZLWK D GHFODUHG LQWHUIDFH DQG DQ HQFDSVXODWHG
LPSOHPHQWDWLRQ� 2XU PDLQ FULWLFLVP RI WKDW SURSRVDO LV
LWV SRRUO\ FRQFHLYHG FRQFXUUHQF\ FRQWURO� 6ZDP\ HW DO�
RQ WKH RWKHU KDQG� VLJQLILFDQWO\ FRPSOLFDWH WKH VHPDQ�
WLFV RI GHVLJQ HQWLWLHV DQG FRPSRQHQW LQVWDQFHV E\ WKH
ZD\ LQ ZKLFK WKH\ DOORZ G\QDPLF XVH RI WKH QDPH RI DQ
(QWLW\2EMHFW LQVWDQFH� 7KHLU VFKHPH YLRODWHV WKH HQ�
FDSVXODWLRQ RI WKH LPSOHPHQWDWLRQ RI DQ HQWLW\� DQG LV
W\SH�XQVDIH� 7KHVH FKDUDFWHULVWLFV RI WKH H[WHQVLRQ YLR�
ODWH WKH SULQFLSOHV RI REMHFW�RULHQWHG GHVLJQ GHVFULEHG
E\ %RRFK DQG RWKHUV� DQG YLRODWH WKH ODQJXDJH GHVLJQ
SULQFLSOH RI FRKHUHQFH ZLWK WKH EDVH ODQJXDJH�

2XU YLHZ LV WKDW WKH H[LVWLQJ VHPDQWLFV RI HQWLWLHV� DU�
FKLWHFWXUHV� FRPSRQHQWV� FRPSRQHQW LQVWDQWLDWLRQ� SRUW
LQWHUIDFHV� VLJQDO DVVLJQPHQW DQG VLJQDO VHQVLWLYLW\ DUH
FHQWUDO WR 9+'/ DV D KDUGZDUH GHVFULSWLRQ ODQJXDJH�
DQG DUH ZKDW GLVWLQJXLVK LW IURP FRQYHQWLRQDO SURJUDP�
PLQJ ODQJXDJHV� 7KH HQWLW\ GHFODUDWLRQ VHUYHV WR GHILQH
DQ DEVWUDFW LQWHUIDFH IRU WKH FRPPXQLFDWLRQ PHFKDQLVP
LPSOHPHQWHG E\ D PRGXOH� ,I FODVV IHDWXUHV DUH DGGHG
WR WKH ODQJXDJH DQG PRQLWRU FDOOV XVHG IRU LQWHUSURFHVV
FRPPXQLFDWLRQ� WKHQ WKH PRQLWRU LQWHUIDFH VKRXOG EH

VHHQ DV D QHZ DVSHFW RI DQ HQWLW\ LQWHUIDFH� 7KH HQFDS�
VXODWLRQ RI WKH LPSOHPHQWDWLRQ VKRXOG UHPDLQ VWURQJ�
$OWHUQDWLYHO\� LI VRPH RWKHU IRUP RI FRQFXUUHQF\ DQG
FRPPXQLFDWLRQ LV DGGHG� DQ DEVWUDFWLRQ IRU LWV FRPPX�
QLFDWLRQ PHFKDQLVP VKRXOG EH DGGHG WR WKH HQWLW\ LQWHU�
IDFH ZLWK VWURQJ HQFDSVXODWLRQ� 7KLV LV DQ RUWKRJRQDO
LVVXH WR DGGLQJ LQKHULWDQFH WR GHVLJQ HQWLWLHV IRU VWUXF�
WXUDO PRGHOLQJ� DV GLVFXVVHG LQ 6HFWLRQ ��

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

,Q 6HFWLRQ �� ZH LGHQWLILHG WZR DSSURDFKHV IRU REMHFW�
RULHQWHG H[WHQVLRQV IRU GDWD PRGHOLQJ� WKH ´SURJUDP�
PLQJ E\ H[WHQVLRQµ 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� ZH GH�
FODUH D W\SH WR UHSUHVHQW D VHW RI REMHFWV� WKH W\SH LV HL�
WKHU D WDJJHG UHFRUG W\SH RU D FODVV� :H WKHQ LQVWDQWLDWH
WKH W\SH WR FUHDWH REMHFWV� ,Q D FRQYHQWLRQDO SURJUDP�
PLQJ ODQJXDJH� WKH RQO\ NLQGV RI REMHFWV ZH FDQ FUHDWH
DUH FRQVWDQWV �LPPXWDEOH VWRUDJH ORFDWLRQV� RU YDUL�
DEOHV �PXWDEOH VWRUDJH ORFDWLRQV�� $VVLJQPHQW WR D
YDULDEOH LV UHODWLYHO\ VWUDLJKWIRUZDUG� ,Q WKH $GD���
PRGHO� LW LQYROYHV FRPSXWLQJ D YDOXH RI WKH W\SH DQG LQ�
YRNLQJ WKH DVVLJQPHQW RSHUDWRU WR PRGLI\ WKH FRQWHQW
RI WKH VWRUDJH ORFDWLRQ� ,Q WKH FODVV�EDVHG PRGHO� WKH
QDPH RI WKH ORFDWLRQ LV HQFDSVXODWHG E\ WKH FODVV GHILQL�
WLRQ� 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 GLI�
IHUHQW 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 WKH PDLQ UHDVRQV
IRU FRQVLGHULQJ REMHFW�RULHQWDWLRQ LV WR DOORZ VSHFLILFD�
WLRQ 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 XS�
GDWLQJ VWRUDJH ORFDWLRQV� $Q\ REMHFW RULHQWHG�H[WHQ�
VLRQ IRU GDWD PRGHOLQJ PXVW DGGUHVV WKLV LVVXH�

,Q WKH $GD��� DSSURDFK� WKH QDPH RI D VLJQDO UHSUH�
VHQWV LWV VWRUHG WUDMHFWRU\� DQG YDOXHV RI WKH FRUUHFW VXE�
W\SH FDQ EH DVVLJQHG GLUHFWO\ XVLQJ WKH VLJQDO
DVVLJQPHQW RSHUDWRU� 7KH PHFKDQLVP IRU FRQVWUXFWLQJ
DEVWUDFW GDWD W\SHV XQGHU WKH $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 GHWHU�



PLQH ZKHWKHU WR XVH YDULDEOH RU VLJQDO DVVLJQPHQW� )RU
H[DPSOH� XVLQJ WKH LQVWUXFWLRQ W\SH IURP DERYH�

VLJQDO FXUUHQWBLQVWU � LQVWUXFWLRQ�

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

HQG SURFHGXUH�

'XQORS >��@ LOOXVWUDWHV WKH $GD��� DSSURDFK� DQG SUR�
SRVHV 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 HQFDSVXODWHG ZLWK WKH RSHUDWLRQV� DQG LV
RQO\ DFFHVVLEOH ZLWKLQ WKH LPSOHPHQWDWLRQ RI WKH RSHUD�
WLRQV� ,Q FRQYHQWLRQDO SURJUDPPLQJ ODQJXDJHV� WKH
VWDWH LV XVXDOO\ UHSUHVHQWHG E\ YDULDEOHV� DQG WKH RSHUD�
WLRQV XVH YDULDEOH DVVLJQPHQW WR PRGLI\ WKH VWDWH� ,Q DQ
H[WHQGHG 9+'/� WKH VWDWH RI D VLJQDO RI DQ DEVWUDFW GDWD
W\SH VKRXOG EH WKH VLJQDO·V WUDMHFWRU\� DQG VLJQDO DVVLJQ�
PHQW VKRXOG EH XVHG WR XSGDWH WKH VWDWH� 7KLV LPSOLHV
WKDW WKHUH VKRXOG EH WZR NLQGV RI DEVWUDFW GDWD W\SHV� RQH
IRU YDULDEOH REMHFWV DQG RQH IRU VLJQDO REMHFWV� ,W LV QRW
FOHDU KRZ WKH VSHFLILFDWLRQ RI VWDWH ZLWKLQ D FODVV DQG DV�
VLJQPHQW ZLWKLQ RSHUDWLRQV FDQ EH FRQVWUDLQHG WR EH
FRQVLVWHQW ZLWK WKH LQVWDQWLDWHG XVH RI WKH FODVV DV D YDUL�
DEOH RU D VLJQDO� &RQVHTXHQWO\� WKH $GD��� DSSURDFK
PD\ ZRUN RXW PRUH QHDWO\ ZLWKLQ WKH H[LVWLQJ ODQJXDJH
IUDPHZRUN�

6KDUHG 9DULDEOHV

9+'/��� LQFOXGHV VKDUHG YDULDEOHV� ZKLFK DUH DFFHVVL�
EOH WR PXOWLSOH SURFHVVHV� 7KH FXUUHQW ODQJXDJH GHILQL�
WLRQ 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 FDOO�
LQJ PRQLWRU RSHUDWLRQV FRQFXUUHQWO\� ,Q WKH FDVH RI D
FODVV LQVWDQFH EHLQJ QHVWHG ZLWKLQ D SURFHVV� QR FRQ�
FXUUHQF\ FRQWURO LV QHHGHG�

7KH XVH RI FODVVHV IRU GDWD PRGHOLQJ QHHG QRW� KRZ�
HYHU� LPSO\ WKHLU XVH DV PRQLWRUV IRU VKDUHG YDULDEOHV�
,W PD\ EH PRUH DSSURSULDWH WR GLVWLQJXLVK EHWZHHQ WKH
ODQJXDJH IHDWXUHV XVHG IRU REMHFW�RULHQWHG GDWD PRGHO�
LQJ 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 DOORZ PRQLWRUV WR HQFDSVXODWH
LQVWDQFHV RI FODVVHV RU DQ\ RWKHU GDWD W\SHV� 7KLV LV
DQRWKHU FDVH ZKHUH FRQFXUUHQF\ LVVXHV DQG REMHFW�RUL�
HQWDWLRQ VKRXOG EH GHDOW ZLWK RUWKRJRQDOO\�

0XOWLSOH ,QKHULWDQFH

7KHUH DSSHDUV WR EH OLWWOH DJUHHPHQW ZKHWKHU REMHFW�RUL�
HQWHG H[WHQVLRQV WR 9+'/ VKRXOG DOORZ PXOWLSOH LQKHU�
LWDQFH RU RQO\ VLQJOH LQKHULWDQFH� 7KLV SDUDOOHOV WKH
GHEDWH LQ WKH SURJUDPPLQJ ODQJXDJH FRPPXQLW\� $F�
FRUGLQJ WR %RRFK� ´PXOWLSOH LQKHULWDQFH >LV@ OLNH D SDUD�
FKXWH� \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��� VW\OH RI GDWD PRGHOLQJ GRHV QRW VXSSRUW PXOWL�
SOH LQKHULWDQFH� VR LI WKH $GD��� VW\OH LV DGRSWHG ZLWK�
RXW PRGLILFDWLRQ LQWR 9+'/� VLQJOH LQKHULWDQFH ZRXOG
UHVXOW� ,I D FODVV�EDVHG DSSURDFK LV DGRSWHG� WKH &��
PRGHO IRU PXOWLSOH LQKHULWDQFH PD\ SURYH DQ DSSURSUL�
DWH 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 DGGUHVVHG SUH�
YLRXVO\� 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 FODVVL�
ILFDWLRQ KLHUDUFKLHV� EXW GR QRW DGHTXDWHO\ GHDO ZLWK ´LV�
SDUW�RIµ KLHUDUFKLHV� )RU WKDW� DQ DGGLWLRQDO
PHFKDQLVP� VXFK DV JHQHULFV LQ $GD RU WHPSODWH FODVVHV
LQ &��� LV QHHGHG� $VKHQGHQ DQG :LOVH\ >�@ VXJJHVW DQ
H[WHQVLRQ WR 9+'/ SDFNDJH GHFODUDWLRQV� EDVHG RQ JH�
QHULF SDFNDJHV LQ $GD� WR DOORZ H[SUHVVLRQ RI JHQHULF
DEVWUDFW GDWD W\SHV� 7KH LGHD RI JHQHULF W\SHV DQG JH�
QHULF VXESURJUDPV FRXOG DOVR EH XVHG LQ FRPELQDWLRQ
ZLWK WKH SURSRVHG GDWD PRGHOLQJ DQG VWUXFWXUH PRGHO�
LQJ H[WHQVLRQV WR DOORZ JHQHULF FODVVHV RU JHQHULF HQWL�



WLHV� 7KLV ZRXOG EH XVHIXO WR GHVFULEH FRQWDLQHU FODVVHV
WKDW DUH QRW ERXQG WR D SDUWLFXODU 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 IXQFWLRQ�
DO 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 DEVWUDFWLRQ
PXFK DERYH EDVLF KDUGZDUH GHYLFHV� %HKDYLRUDO V\Q�
WKHVLV WRROV GHYHORSHG PRUH UHFHQWO\ DUH DEOH WR GHDO
ZLWK ODUJHU VXEVHWV RI ODQJXDJH IHDWXUHV� DOORZLQJ V\Q�
WKHVLV WR EH XVHG HDUOLHU LQ WKH GHVLJQ IORZ� ,I REMHFW�RUL�
HQWHG IHDWXUHV DUH WR EH DGGHG WR 9+'/� WKH
V\QWKHVL]DELOLW\ RI WKH IHDWXUHV PXVW EH FRQVLGHUHG�

7KH UDWLRQDOH IRU DGGLQJ REMHFW�RULHQWHG IHDWXUHV IRU
GDWD PRGHOLQJ DQG V\VWHP�OHYHO PRGHOLQJ LV WR DLG PR�
GHOLQJ DW D KLJK OHYHO RI DEVWUDFWLRQ� DERYH WKH OHYHO DW
ZKLFK V\QWKHVLV ZRXOG EH XVHG� ,QGHHG� WKHUH LV LQWHUHVW
LQ XVLQJ REMHFW�RULHQWHG IHDWXUHV IRU V\VWHP�OHYHO GH�
VLJQ HYHQ EHIRUH KDUGZDUH�VRIWZDUH SDUWLWLRQLQJ KDV
EHHQ SHUIRUPHG� +HQFH� LW FDQ EH DUJXHG WKDW REMHFW�
RULHQWHG IHDWXUHV QHHG QRW EH V\QWKHVL]DEOH� +RZHYHU�
WKLV YLHZ LJQRUHV WKH RQJRLQJ GHYHORSPHQW RI EHKDYLRU�
DO V\QWKHVLV WHFKQRORJ\� ,JQRULQJ WKH LVVXH RI V\QWKHVL]�
DELOLW\ ZKHQ FRQVLGHULQJ ODQJXDJH H[WHQVLRQV PD\
XOWLPDWHO\ PDNH V\QWKHVL]DELOLW\ PXFK PRUH GLIILFXOW�
)RU H[DPSOH� DOORZLQJ G\QDPLF FRPPXQLFDWLRQ RI HQ�
WLW\ LQVWDQFH QDPHV �DV LQ WKH SURSRVDO E\ 6ZDPL HW DO
>��@� PD\ SURKLELW V\QWKHVLV RI PHWKRG LQYRFDWLRQ�
ZKHUHDV FRQVWUDLQLQJ PHWKRG LQYRFDWLRQ WR VWDWLFDOO\
GHWHUPLQHG HQWLW\ LQVWDQFHV PD\ PDNH V\QWKHVLV WUDFWD�
EOH�

6\QWKHVLV RI SURSRVHG REMHFW�RULHQWHG H[WHQVLRQV IRU
VWUXFWXUDO PRGHOLQJ LV OHVV SUREOHPDWLF� SURYLGHG DOO
ELQGLQJ FDQ EH SHUIRUPHG ZKHQ WKH PRGHO LV HODERUDWHG�
)RU H[DPSOH� LI D GHVLJQ HQWLW\ LQKHULWV SRUWV� SURFHVVHV
DQG FRPSRQHQW LQVWDQFHV� HODERUDWLRQ RI WKH GHVLJQ HQ�
WLW\ ZRXOG LQYROYH VXFFHVVLYH HODERUDWLRQ RI WKH DQFHV�
WRUV LQ WKH LQKHULWDQFH ODWWLFH� 7KLV ZRXOG FUHDWH D VWDWLF
FROOHFWLRQ RI QHWV DQG SURFHVVHV WKDW ZRXOG WKHQ EH V\Q�
WKHVL]HG XVLQJ H[LVWLQJ WHFKQLTXHV�

�� &RQFOXVLRQ

7KLV SDSHU FRQWDLQV DQ LQ�GHSWK VXUYH\ RI WKH SUHYLRXV
SURSRVDOV IRU LQWURGXFLQJ REMHFW�RULHQWHG H[WHQVLRQV
LQWR 9+'/� 7KHVH SUHYLRXV SURSRVDOV DUH FDWHJRUL]HG
LQWR WKUHH DUHDV EDVHG RQ WKH PRGHOLQJ UHTXLUHPHQWV
WKH\ DGGUHVV� GDWD PRGHOLQJ� VWUXFWXUDO PRGHOLQJ� DQG
DEVWUDFW V\VWHPïOHYHO PRGHOLQJ� 2XU DQDO\VLV VKRZV
WKDW� ZKLOH WKHUH LV PXFK DJUHHPHQW EHWZHHQ WKH SUR�
SRVDOV� PDQ\ RI WKHP ODFN GHSWK RI FRQVLGHUDWLRQ RI VH�
PDQWLF LVVXHV� ,Q SDUWLFXODU� WKH\ ODFN JHQHUDOLW\ RI
DSSOLFDELOLW\ WR D ZLGH UDQJH RI PRGHOLQJ SUREOHPV� DQG
GR QRW LQWHJUDWH FRQVLVWHQWO\ ZLWK H[LVWLQJ ODQJXDJH
PHFKDQLVPV�

,Q WKLV SDSHU ZH KDYH DOVR LGHQWLILHG D QXPEHU RI LV�
VXHV WR EH DGGUHVVHG ZKHQ FRQVLGHULQJ REMHFW�RULHQWHG
H[WHQVLRQ WR 9+'/� :H HPSKDVL]H WKH LPSRUWDQFH RI
D VHPDQWLFV�EDVHG DSSURDFK WR H[WHQVLRQV DQG SUHVHQW
RXU SHUVSHFWLYH RQ ZKDW LVVXHV DUH PRVW LPSRUWDQW ZKHQ
VWXG\LQJ VHPDQWLF LVVXHV IRU SRVVLEOH H[WHQVLRQ� ([WHQ�
VLRQV 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 VHPDQ�
WLFV� )XUWKHUPRUH� H[SHFWLQJ D VLQJOH ODQJXDJH
FRQVWUXFW WR VROYH WKH YDVW DUUD\ RI V\VWHP�OHYHO PRGHO�
LQJ 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 FXU�
UHQW REMHFW�EDVHG VWUXFWXUH WR DQ REMHFW�RULHQWHG VWUXF�
WXUH� :H IXUWKHU EHOLHYH WKDW WKHVH VWUXFWXUHV ZLOO
HQKDQFH WKH H[LVWLQJ HQFDSVXODWLRQ DQG DEVWUDFWLRQ ID�
FLOLWLHV RI 9+'/ LQ ZD\V WKDW ZLOO H[SDQG 9+'/·V H[�
LVWLQJ VWUHQJWKV WKURXJKRXW WKH HQWLUH UDQJH RI LWV
PRGHOLQJ XVH� 7KH YDOXH RI WKLV DSSURDFK LV GHPRQ�
VWUDWHG 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 DSSOLFD�
WLRQ SUREOHP� WKH H[WUD FDSDELOLW\ RI $GD �; LV SUR�
YLGHG E\ D IHZ SULPLWLYH ODQJXDJH EXLOGLQJ EORFNV�
,Q FRPELQDWLRQ� WKHVH EXLOGLQJ EORFNV HQDEOH SUR�



JUDPPHUV WR VROYH PRUH DSSOLFDWLRQ SUREOHPV HIIL�
FLHQWO\ 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 IHDWXUHV� �7KH ODWWHU DSSURDFK
LV LOOXVWUDWHG E\ $GDï���� :KLFKHYHU DSSURDFK LV FKR�
VHQ� ODQJXDJH H[WHQVLRQV PXVW EH GHVLJQHG WR LQWHJUDWH
FOHDQO\ ZLWK WKH VHPDQWLF PHFKDQLVPV DQG WKH V\QWD[
RI WKH H[LVWLQJ ODQJXDJH� ,W LV QRW VXIILFLHQW VLPSO\ WR
DGRSW IHDWXUHV IURP SURJUDPPLQJ ODQJXDJHV� ,W LV QHF�
HVVDU\ WR FRQVLGHU WKHLU LQWHUDFWLRQ ZLWK WKH H[LVWLQJ
KDUGZDUH PRGHOLQJ FRQVWUXFWV LQ 9+'/� VXFK DV VLJ�
QDOV DQG VLJQDO DVVLJQPHQW� )XUWKHUPRUH� FRQVLGHUDWLRQ
VKRXOG EH JLYHQ WR GHVLJQLQJ D FRKHUHQW VHW RI H[WHQ�
VLRQV WKDW DUH QRW PRWLYDWHG VROHO\ E\ UHTXLUHPHQWV IRU
V\VWHP�OHYHO PRGHOLQJ� )RU H[DPSOH� LQWURGXFWLRQ RI
SULYDWH W\SHV DQG JHQHULF W\SHV ZRXOG VWUHQJWKHQ WKH HQ�
FDSVXODWLRQ DQG SRO\PRUSKLVP IHDWXUHV UHTXLUHG IRU RE�
MHFW�RULHQWDWLRQ� DQG 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 DX�
WRPDWLRQ DGYDQFHV� WKH ODQJXDJH PXVW DGYDQFH WR NHHS
WUDFN� +RZHYHU� WKRVH DGYDQFHV PXVW QRW EH DW WKH H[�
SHQVH RI H[LVWLQJ XVHV RI WKH ODQJXDJH� 7KH H[SUHVVLYH�
QHVV RI WKH ODQJXDJH IRU VSHFLI\LQJ KDUGZDUH V\VWHPV
PXVW EH PDLQWDLQHG� 'XH FRQVLGHUDWLRQ PXVW DOVR EH
JLYHQ WR WKH LPSDFW RI ODQJXDJH H[WHQVLRQV RQ DQDO\VLV�
VLPXODWLRQ DQG V\QWKHVLV� 7KH ODQJXDJH VHPDQWLFV DUH
DOUHDG\ FRPSOH[� %\ GHVLJQLQJ H[WHQVLRQV WKDW FOHDQO\
LQWHJUDWH ZLWK 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 SHUYDVLYH UXQ�WLPH EXUGHQ DUH
XQDFFHSWDEOH� 6\QWKHVLV WHFKQRORJ\ LV QRZ H[WHQGLQJ
WR WKH OHYHO RI EHKDYLRUDO V\QWKHVLV� /DQJXDJH H[WHQ�
VLRQV VKRXOG QRW SUHFOXGH V\QWKHVLV RI REMHFW�RULHQWHG
FRQVWUXFWV E\ UHO\LQJ H[FOXVLYHO\ RQ UXQ�WLPH ELQGLQJ
PHFKDQLVPV�

/DVWO\� ZH EHOLHYH WKDW WKH RQJRLQJ GLDORJXH LQ WKH OLW�
HUDWXUH IRFXVVLQJ RQ REMHFW�RULHQWHG H[WHQVLRQV WR
9+'/ LV WRR QDUURZ� 7KH IRFXV VKRXOG EH RQ WKH EURDG�
HU LVVXHV RI ODQJXDJH H[WHQVLRQV WR EHWWHU VXSSRUW D ZLGH
UDQJH RI PRGHOLQJ UHTXLUHPHQWV� 7KH ODQJXDJH VKRXOG
EHFRPH REMHFW�RULHQWHG RQO\ LQVRIDU DV VXFK H[WHQVLRQV
PLJKW LQFOXGH IHDWXUHV IRU REMHFW�RULHQWHG SURJUDP�
PLQJ DQG PRGHOLQJ�

5HIHUHQFHV

>�@ $GD �; 0DSSLQJ�5HYLVLRQ 7HDP� $GD �; 5DWLR�
QDOH� ,QWHUPHWULFV� &DPEULGJH� 0$ �������

>�@ $JKD� *�� ´&RQFXUUHQW 2EMHFW�2ULHQWHG 3URJUDP�
PLQJ�µ &$&0� 9RO� ��� 1R� � �6HSWHPEHU ������
SS� ���ï����

>�@ $QGUHZV� *� 5�� DQG 6FKQHLGHU� )� %�� ´&RQFHSWV
DQG 1RWDWLRQV IRU &RQFXUUHQW 3URJUDPPLQJ�µ
$&0 &RPSXWLQJ 6XUYH\V� 9RO� ��� 1R� � �0DUFK
������ SS� �ï���

>�@ $16,�,62� $GD �; 5HIHUHQFH 0DQXDO� ,62�,(&
6WDQGDUG ����� ,QWHUPHWULFV� &DPEULGJH� 0$
�������

>�@ $VKHQGHQ� 3� -�� DQG :LOVH\� 3� $�� ´3RO\PRUSKLF
$EVWUDFW 'DWD 7\SHV LQ 9+'/�µ 3URF�
,&(+'/ ·��� /DV 9HJDV� 19 ������� SS� ��ï���

>�@ %HQ]DNNL� -�� DQG 'MDIIUL� %�� ´2EMHFW 2ULHQWHG ([�
WHQVLRQV WR 9+'/� WKH /D0, 3URSRVDO�µ 3URF�
&+'/ ·��� 7ROHGR� 6SDLQ �IRUWKFRPLQJ� ������

>�@ %HUJp� -� 0�� 1HEHO� :� DQG 3XW]NH� :�� 5HTXLUH�
PHQWV DQG 'HVLJQ 2EMHFWLYHV IRU DQ 2EMHFW�2UL�
HQWHG ([WHQVLRQ RI 9+'/ �22�9+'/�� ,(((
'$6& 22�9+'/ 6WXG\ *URXS ZRUNLQJ SDSHU�
IWS���YKGO�RUJ�YL�RRYKGO�SDSHUV�GRGBDXJ���UWI
�������

>�@ %RRFK� *�� 2EMHFW�2ULHQWHG $QDO\VLV DQG 'HVLJQ
ZLWK $SSOLFDWLRQV� %HQMDPLQ�&XPPLQV� 5HGZRRG
&LW\� &$ �������

>�@ %RRFK� *�� 7KH %HVW RI %RRFK� 6,*6 %RRNV DQG
0XOWLPHGLD� 1HZ <RUN� 1< �������

>��@ %URRNV� )� 7KH 0\WKLFDO 0DQ�0RQWK� $GGLVRQ�
:HVOH\� 5HDGLQJ� 0$ �������

>��@ &DEDQLV� '�� DQG 0HGKDW� 6�� ´&ODVVLILFDWLRQ�2UL�
HQWDWLRQ IRU 9+'/� $ 6SHFLILFDWLRQ�µ 3URF� 9,8)
6SULQJ ·�� &RQIHUHQFH� 6DQWD &ODUD� &$ �)HEUXDU\
������ SS� ���ï����

>��@ 'XQORS� '� '�� ´2EMHFW�2ULHQWHG ([WHQVLRQV WR
9+'/�µ 3URF� 9,8) )DOO ·�� &RQIHUHQFH�
0F/HDQ� 9$ ������� SS� ���ï����

>��@ 'XQORS� '� '�� 9+'/ ´6WUXFWXUH 9DU\LQJµ 6LJQDOV
DQG 22 ([WHQVLRQV WR WKH 9+'/ 7\SH 6\VWHP�
,((( '$6&22�9+'/ 6WXG\ *URXS ZRUNLQJ SD�
SHU� IWS���YKGO�RUJ�YL�RRYKGO�SDSHUV�VWUXFWXUHï
YDU\LQJïVLJQDOV�W[W �������



>��@ (FNHU� :�� ´$Q 2EMHFW�2ULHQWHG 9LHZ RI 6WUXFWXU�
DO 9+'/ 'HVFULSWLRQ�µ 3URF� 9,8) 6SULQJ ·��
&RQIHUHQFH� 6DQWD &ODUD� &$ �)HEUXDU\ ������
SS� ���ï����

>��@ +RDUH� &� $� 5�� ´0RQLWRUV� $Q 2SHUDWLQJ 6\VWHP
6WUXFWXULQJ &RQFHSW�µ &$&0� 9RO� ��� 1R� ��
�2FWREHU ������ SS� ���ï����

>��@ +RDUH� &� $� 5�� ´&RPPXQLFDWLQJ 6HTXHQWLDO 3UR�
FHVVHV�µ &$&0� 9RO� ��� 1R� �� �1RYHPEHU
������ SS� ���ï����

>��@ +RDUH� &� $� 5�� ´+LQWV RQ 3URJUDPPLQJ /DQ�
JXDJH 'HVLJQ� LQ +RDUH� &� $� 5�� DQG -RQHV� &� %��
�HG��� (VVD\V LQ &RPSXWLQJ 6FLHQFH� 3UHQWLFH +DOO�
+HUWV� 8. ������� SS� ���ï����

>��@ ,((( '$6&3����D:RUNLQJ *URXS� 6KDUHG 9DUL�
DEOH /DQJXDJH &KDQJH 6SHFLILFDWLRQ �3$5
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