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%D\HVLDQ ORGHO 6HOHFWLRQ LQ 1RQOLQHDU 6XE

5XL =K®QG 4LQJJXR )HL
6RXWKHDVW 8QLYHUVLW\ 1DQMLQHBLQIDQJIJVX 3URYLQFH

'RQJ -LDQJ
1DQMLQJ JRUHVWU\ 8QLYHUVLW\ 1D Q&KIEID -LDQJVX 3URYLQFH

6 ODUFKHVMOLBGOR$QDVWDVLR
SROLWHFQLFR GL 7RULQR 7RULQR ,WD O\

$SEVWUDFWRQOLQHDU VI\VWHP LGHQWLILFDWLRQ RQH RI WKH PDLQ F
QRQOLQHDU PRGHO 7KH DFFXUDF\ Rl QRQOLQHDU VXEVSDFH LGHQWLII
QRQOLQHDU IHHGEDFN IRUFH WKDW WKH XVHU FKRRVHV &RQVLGHUL
SURFHVV RI DQ DSSURSULDWH QRQOLQHDU PRGHO D QRYHO %D\HVL
IUDPHZRUN EDVHG RQ UHVSRQVH GDWD LV HVWDEOLVKHG WR LPSURY
LGHQWLILFDWLRQ 7KUHH LPSOHRHQWWDDAEICRLQY K/ \W Bl Q & LOBDHV HQR\RUGRHEX IGHX
LLWKH UHFRQVWUXFWHG VLJQDO FDQ EH FDOFXIODWKHG E\ QRQOLQH
SRVWHULRU SUREDELOLW)\ RI HDFK FDQGLGDWH PRGHO LV HVWLPDWHC
GHWHUPLQH WKH QRQOLQHDU FRHIILFLHQWY RI WKH QRQOLQHDULW
LQYHVWLIJDWHG D WZR GHJUHHV RI IUHHGRP VSULQJ PDVV V\VWHP

FDQWLOHYHU EHDP ZLWK QRQOLQHDU VWLIIQHVV 7KH LQIOXHQFH RI
DOJRULWKP LV FRQVLGHUHG 7KH H[SHULPHQWDO LQYHVWLJDWLRQ L
GHYLFH VKRZLQJ HODVWLF DQG GDPSLQJ QRQOLQHDULWLHY 7KH ODW
GHSHQGLQJ RQ ERWK YHORFLW\ DQG GLVSODFHPHQW B5HVXOWYV LQGL
HITHFWLYHO\ LGHQWLI\ WKH QRQOLQHDU V\WWHP EHKDYLRU ZLWK KLJK

3K' &DQGLGDWH 6FKRRO RI OHFKDQLFDO (QJLQHHULQJ U]JKX#VHX HGX F

BURIHVVRU 6FKRRO RI 0HBRUNGNVERQ GLQUILIBHANHID HG X FQ

$VVRFLDWH SURIHVVRU 6FKRRO RI OHFKDQLFDO DQG (OHFWURQLF (QJLQ
B3URIHVVRU 'LSDUWLPHQWR GL ,QJHJQHULD OHFFDQLFD HG $HURVSD]LDO|

3RVWGRF UHVHDUFKHU 'LSDUWLPHQWR GL ,QJHIJQHULD OHFFDQLFD HG $F



I1RPHQFODWXUH

I1RPHQFODWXUH HQWULHYV VKRXOG KDYH WKH XQLWV LGHQWLILHG

I W

lo

I1RQOLQHDU FKDUDFWHULVWLFV DUH FRPPRQ LQ DHURVSDFH VWUXFWXU

FKDUDFWHULVWLFV RI

H[WHUQDO IRUFH
QRQOLQHDU IRUFH
IUHTXHQF\ UHVSRQVH IXQFWLRQ
VWLIIQHVV PDWUL]
Ww/SULQJ VWLIIQHVV
PDVV PDWUL]
WKH QXPEHU RI WKH GLPHQVLRQDO RI IUHHGRP
SULRU SODXLEGOGWWRIPRGHO
QXPEHU Rl QRQOLQHDULW\ FRQVWLWXHQWYV
QXPEHU RI FDQGLGDWH PRGHOV
WwFDQGLGDWH PRGHO
DQJXODU IUHTXHQF\
GLVSODFHPHQW
QRQOLQHDU GDPSLQJ FRHIILFLHQW

GDWD VHW IURP WKH PHDVXUHG LQIRUPDWLRQ

., ,QWURGXFWLRQ

UHVHDUFK DQG DSSOLFDWLRQ RI DHURVSDFH HQJLQHHULQJ 6\WWHP LGHQV

PDQ\ HQJLQHHULQJ VWUXFWXUHY EHKDYH QRQOLQHDUO\ WR VRPH H[WHQW
QRQOLQHDU VI\VWHP FDQQRW EH UHJDUGHG DV D EODFN ER[ VIVWHP XQOLN

FKDUDFWHULVWLFV QHHG WR EH NQRZQ LQ DGYDQFH EHFDXVH WKH QRQOL

DOWHUQDWLYH PRGHO VHOHFWLRQ

ERWK OLQHDU > @ DQG QRQOLQHDU V\VWHPV 7KH C



,Q WKH SDVW GHFDGHV V\WVWHP LGHQWLILFDWLRQ PHWKRGV RI QRQOLC
SURJUHVV UHDOL]JHG RYHU WKDW SHULRG LV PDLQO\ KLJKOLJKWHG IRU LQ)\
RI MRLQWV LQWHUIDFLQJ VXEFRPSRQHQWY $PRQJ WKH DYDLODEOH PHWKF
QRQOLQHDU VXEVSDFH LGHQWLILFDWLRQ 16, DSSURDFK DQG RSHQHG XS
VI\VWHPV GXH WR WKH UREXVWQHVY DQG HIILFDF\ RI WKH VXEVSDFH DSSUR
VXFFHVVIXOO\ LGHQWLILHG E\ 16, ZKHUH WKLV PHWKRG KDV EHWWHU FRPS
SRO\QRPLDO PHWKRG ,Q 5HI > @ D 'XIILQJ RVFLOODWRU LV LGHQWLILH(
JURP WKH SHUVSHFWLYH RI WKH IUHTXHQF\ GRPDLQ 1RsO DQG .HUVFKHQ >
DOJRULWKP IRU QRQOLQHDU VI\VWHPV E\ XVLQJ VXEVSDFH WKHRU\ 7DNLQJ
WKH REMHFW 1RsO HW DO > @ FDUULHG RXW H[SHULPHQWDO UHVHDUFK I
RI WKH MRLQW E\ XVLQJ WKH 16, LQ WKH WLPH GRPDLQ DQG IUHTXHQF\ GRF
> @ KbV EHHQ LQYHVWLIJDWHG LQ 16, DQG ODUFKHVLHOOR HW DO LQWUR
WR LGHQWLI\ WKH PRGDO FRQWULEXWLRQV RI SK\WLFDO SROHV VLJQLIL
SDUDPHWHUY 7KH QRQOLQHDU VXEVSDFH PHWKRG KDV EHHQ DOVR H[WHQ
WKH JHRPHWULF QRQOLQHDU FKDUDFWHULVWLF RI D WKLQ EHDP =KDQJ F
QRQOLQHDU SDUDPHWHU LGHQWLILFDWLRQ EDVHG RQ UHFRQVWUXFWHG
H[SHULPHQWYV XQGHU FRQVWDQW H[FLWDWLRQ 7KH PHWKRG KDV EHHQ D
VIVWHP > @ WR YHULI\ LWV SHUIRUPDQFHY LQ D SUDFWLFDO HQJLQHHU|
FKDUDFWHULVWLF QRQOLQHDU VA\VWHP LGHQWLILFDWLRQ DSSURDFK ZKHI
LGHQWLILHG E\ WKH VLJQDO UHVSRQVH XQGHU LPSXOVH H[FLWDWLRQ =KX
FRPELQDWLRQ RI 16, ZLWK WKH UHVWRULQJ IRUFH VXUIDFH DSSURDFK 7KL
EXW DOVR GHWHUPLQH QRQOLQHDU GDPSLQJ

7KH DERYH LGHQWLILFDWLRQ PHWKRGY QHHG WR NQRZ WKH W\SH RI QRQ
LV RI YLWDO LPSRUWDQFH LQ WKH QRQOLQHDU LGHQWLILFDWLRQ VWUD\
GHVFULSWLRQ RI WKH UHFRJQLWLRQ VWUXFWXUH LV UHJDUGHG DV WKH VW
PHWKRG IRU VHOHFWLQJ WKH SURSHU QRQOLQHDU PRGHO DQG WKH FKRLF
FKDUDFWHULVWLFV RI WKH VSHFLILF LGHQWLILFDWLRQ SUREOHP 'XH WR W

LGHQWLILHG DQ LPSURSHU VHOHFWLRQ RI WKH LGHQWLILFDWLRQ SDUDPF



REWDLQHG OHDGLQJ WR WKH LPSHUIHFW GHVFULSWLRQ RI WKH VWUXFWX
WKHUHIRUH PDQGDWRU\ WR GHYHORS D PRGHO VHOHFWLRQ DSSURDFK W]
LGHQWLILFDWLRQ WKH VHDUFK WKH RSWLPDO PRGHO LV JHQHUDOO\ SHUIR
WKH XQFHUWDLQW\ LQ WKH SURFHVV RI PRGHO VHOHFWLRQ WKH PRGHO
LOYHVWLIDWH WKH LQIOXHQFH RI PXOWLSOH PRGHOV RQ VWUXFWXUDO |
DXWRPDWLFDOO\ OLPLW WKH FRPSOH[ PRGHOV DQG TXDQWLWDWLYHO\ FDO
WKH SRVVLEOH FDQGLGDWH PRGHOV WKH PRVW OLNHO\ PRGHO FDQ EH
%D\HVLDQ PHWKRG 7KH HYLGHQFH HTXDWLRQ FDQ FRPSUHKHQVLYHO\ WDN
PRGHO DQG WKH GDWD ILWWLQJ DELOLW\ ,Q 5HI > @ *UHHQ DSSOLHG \
LGHQWLILFDWLRQ ZKLFK FDQ DYRLG ORFDO WUDSSLQJ VR WKDW WKH RS
FRPSXWDWLRQDO FRVW FDQ EH UHGXFHG 7KURXJK WKH DQDO\VLV RI H[SHL
Rl &/7 FRQQHFWLRQ LV GHWHUPLQHG E\ WKH %D\HVLDQ DSSURDFK > @

,Q WKLV SDSHU WKH LGHD RI %D\HVLDQ PRGHO VHOHFWLRQ LV DGRSWHC
PRGHOV DUH LGHQWLILHG E\ WKH QRQOLQHDU VXEVSDFH LGHQWLILFDWLE
SUREDELOLW\ HYLGHQFH H[SUHVVLRQ WKH FDOFXODWLRQ IUDPHZRUN RI W
LV HVWDEOLVKHG 7KH UHVW RI WKLV SDSHU V RXWOLQH LV DV IROORZV 6
6HFWLRQ ,, % SUHVHQWYV WKH QRQOLQHDU VXEVSDFH LGHQWLILFDWLRQ PF
LV GHVFULEHG LQ 6HFWLRQ ,, & 6HFWLRQ ,,, $ LQYHVWLJIJDWHV WKH QX
QRQOLQHDU VA\VWHP ZLWK QRQOLQHDU GDPSLQJ 7KH FDQWLOHYHU EHDP

6HFW ,,, % 6HFWLRQ ,9 SUHVHQWY DQ H[SHULPHQWDO VWXG\ 7KH FRQFOX

., TKHRU\

$ %D\HVLDQ PRGHO VHOHFWLRQ

7KH XQFHUWDLQW\ RI WKH PRGHO FDQ EH HYDOXDWHG TXDQWLWDWLYH
IXQFWLRQYVY PRGHO VHOHFWLRQ DQG SDUDPHWHU LGHQWLILFDWLRQ 7KLV
VHOHFW WKH EHVW PRGHO IURP DOO NLQGV RI FDQGLGDWH PRGHOV

$V NQRZQ WKH PRVW FUHGLEOH PRGHO LV UHODWHG WR WKH KLJKHVW

HILVWLQJ GDWD GXH WR WBSUHNVEQWQ I WKHQEFMWD VHW [URB UHRH @W B VY K H C



bwkL «6 FDQGLGDWH HREHWMHQWY WKH QXPEHU RI SRVVLEOH PRGHOV %D
PHWKRG WKH SUREDELOLW\ RI RFFXUUHQFH RI HDFK PRGHO FDQ EH FDOFX(

FDQ EH GHWHUPLQRG @7 KR SWKREPEGOGIOWERDQ EH FDOFXODWHG E\
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DVVXPHG WKDW HDFK FDQGLGDWH PRGHO KDV WKH VDPH SULRU SUREDELOL
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WKH LQWHUQDO IHHGEDFN IRUFH DQG WKH XQGHUO\LQJ OLQHDU VA\VWHP DV
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'‘XH WR WKH H[LVWHQFH RLQVKH LPDWKMHDOQRGOUWHDU FRH&ILFUHQWY GHW

FRPSOH[ DQG IUHTXHQF\ GHSHQGHQW TXDQWLWLHY ZKRVH UHDO SDUWYV F|

DUH WKHRUHWLFDOO\ QXO0O EXW WKH SUHVHQFH RI QRLVH DQG QRQOLQHD

LQ SUDFWLFH

& 7KH IUDPHZRUN RI %D\HVLDQ PRGHO VHOHFWLRQ LQ 16,

,Q WKH QRQOLQHDU VXEVSDFH LGHQWLILFDWLRQ SUREOHP WKH SULRU Q
GHWHUPLQLQJ ZKHWKHU WKH UHFRJQLWLRQ UHVXOW LV JRRG RU EDG ,Q S|
VWUXFWXUH PLJKW EH GLIILFXOW WR GHWHUPLQH GLUHFWO\ 7R VROYH WK

VHOHFWLRQ VNLOOIXOO\ LQ WKH SUHVHQWHG DSSURDFKLJ7TKBKIDRZFKDU W
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HYLGH@QFH FDQ EH REMWDITEHGSRVWHULRU SUREDELOLW\ RI

7KH UHVSRQVH VLJQDOV

HDFK FDQGLGDWI

RSWLPDO QRQOLQHDU PRGHO DQG GHWHUPLQH WKH QRQOLQHDU FRHIILFLH
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I1XPHULFDO VLPXODWLRQ

7ZR QXPHULFDO VLPXODWLRQV DUH FRQGXFWHG WR GHPRQVWUDWH WK

VSULQJ PDVV VA VWHP ZLWK TXDGUDWLF IULFWLRQ DQG D FDQWLOHYHU EHD

$ 7ZR GHJUHHV RI

IUHHGRP VA\VWHP ZLWK QRQOLQHDU GDPSLQJ

)L VKRZV WKH WZR GHJUHH RI IUHHGRP VI\IVWHP ZLWK QRQOLQHDU GDPS|

7KH SDUDPHWHUV RI WKRBBOWWHP DUH OLVWHG LQ
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K 4XDGUDWLF IULFWLRQ

)L $ WZR GHJUHHV RI IUHHGRP VSULQJ PDVV VA\VWHP ZLWK 4XD(

/DEOBNVWHP SDUDPHWHUV RI '2)V

ODVV_NJ /LQHDU VWLIIQHVV 1 P 'DPSLQJ PLV P 1RQOLQHDU GE
P N F .
P N F

W LV DVVXPHG WKDW WKH QRQOLAD-EMUSGRFPSGAY MKEPHEH VWINDRZOG UL

ORGHO LV WKH 4XDGUDWLF IULFWLRQ ORGHO UHSUHVHQWYV &RXORPE IUL

DQG ORGHO (DFK FDQGLGDWH PRGHQ KDVEDBKHGYVR@HTSULRU SUREDELOLW

7DEOHQIRUPDWLRQ RQ FDQGLGDWH PRGHOV
1R ORGHO GHVFULSWLRQ 3)XQFWLRQ IRUP
ORGHO TXDGUDWLF IULFWLRQ ¢ [||

ORGHO &RXORPE IULFWLRQ a6J(Q)[
ORGHO TXDGUDWLF IULFWLRQ Q(@H} &IBZ{(@)F{PE IULFWLRQ

$ JHUR PHDQ *DXVVLDQ UDQGRP IRUFH LV VHOHFWHG WR EH DSSOLHG DW
JRXUWK RUGHU 5XQJH .XWWD DSSURDFK LV XVHG WR FDOFXODWH WKH YLEU
DQG DFTXLVLWLRQ OHQJWK RI V. $V NQRZQ DGYHUVH QRLVH FDQ SROC
UREXVWQHVV RI WKH PHWKRG DERYH ]JHUR PHDQ *DXVVLDQ QRLVH LV LPS
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.9 ([SHULPHQWDO VWXG\

7KH H[SHULPHQWDO WHVW RI WKH QHJDWLYH VA\VWHP LV FRQGXFWHG LQ
yLJ VKRZLQJ WKH GHYLFHTV VWDEOHEHYKXE® LK. XPH SBRWLWHRWQNLIITQHVYV F
HIKLELWY VWURQJ QRQOLQHDU EHKDYLRU 7KH PRWLRQ FDQ EH ERXQGHG L
RU LW FDQ EH RI FURVV ZHOO W\SH 7KHUHIRUH LW FDQ EH UHJDUGHG DYV
GLVSODFHPHQW RI WKH PRYLQJ FHQWUDO PDVV 7KH VA\VWHP LV H[FLWHG Z
7KH VDPSOLQJ VEXUDWILR® WKH VDPSOLQJ IUHTKHQ AT XNVOVHWLXYR SRVEWLR(

PHDVXUHG ZLWK D ODVHU YLEWRPHWHUDRQG WKH\ DUH HTXDO WR

)L 7HVW SLFWXUH RI QHIJDWLYH VWLIIQHVV V\VWHP > @
$V NQRZQ UHSRUWHG LQ GHWDLO LQ]WZ@Z DFQAZEGELGE B OLIAHP ZQWQY D ULHD]
UHIHUHQFHZ SRYLAMRLRQ. GHUHG ,Q WKLV FDVH WKH V\VWHP LV GHILQHG D

7KHUHIRUH WKH HTXDWLRQ RI PRWLRQ FDQ EH ZULWWHQ E\

Pl F1 N1 NJ N () 1w
ZKHHY WKH QRQOLQHDU GDPSLQJ IRUFH )RU WKLV H[SHULPHQWDO V\VWH]
GHWHUPLQH D SULRUL %DVHG RQ WKH H[SHULPHQWDO UHVXOWV LQ 5HI
RVFLOODWRU GHSHQGV RQ WKH SRVLWLRQ DQG LY H\ORALWVIDULFWLRQ LV
8QGHU WKHVH FLUFXPVWDQFHY WKH QRUPDO IRUEH, QW XQRW. FRQV WIKHWQRX
IRUFH LV PDZIZAHRQ DWKH URGV DUH DW WKHLU PD[LPZXP $FRAXPUIQVVWRQ WD G

TXDGUDWLF IXQFWLRQ FDQ GHWEWZEHVWKRY VE IBKIDHR UW KKIHRRUUHVSRQGLQ.

FDQ EH ZULWWHQ DV IROORZYV
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