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%DUKDP 6 ODKPRRG
,QVWLWXWH RI 3HWUROHXM WW LEXHHHUYIL WHYGRYWEXUJK &DPSXV (GLQEXUJK (+ $6 8.

&RUUHVSRQGLQJ DXWKRU %DUKDP 6 ODKPRRG ,QVWLWXWH Rl 3HWUROHXP (QJLQHHULQJ +HULRW DWW
( PDLEDUKDP VDELU#NR\DXQLYHUVLW\ RUJ

5HFHLYHG GDWH $XJ $SFFFHSWHG GIXWBLVKHE GDWH

&RS\ULJKW ODKPRRG %6 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WHUPV RI WKH &U
XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RULJLQDO DXWKRU DQG VRXUFH |

$EVWUDFW

&2 VWRURIBHHS VDOLQH DTXLIHU LV VWLOO DW LWV LQIDQF\ DQG QRW \HW PDWXUF
GXH WR WKH FRQVLGHUDEOH XQFHUWDLQWLHYV WKDW VWLOO H[LVW |[UHJDUGLQJ VW
EHFDXVH WKLV LV DQ H[SHQVLYH SURFHVV VR HDVLSRMWE GHVA WRLQWR S B WDVLFE X DI U
IRUPDWLRQ +RZHYHU LQMHFWLQDWRIMW KH BOQWN FKIO®2) VDOLQH IRUPDWLRQ SRVH
LVVXH VXFK DV SUHVVXUHOEMPINDG KK STREBGHERUH LQ RUGHU WR IXOO\ H[SORLW LW LV S
VWUDWHJILHY QHHG WR EH LQYHVWLJIJDWHG ,Q WKLV SDSHU ZH H[DPLQH D UHDOLVW!I
RSWLPL]DWLRQ VWXG\ RQ VRPH VLPXODWLRQ SDUDPHWHUYV E\ DSSO\LQJ PXOWL REMH
02362 WR (QKDQVWRI2DJH FDSDFLW\ DQG VDIHW\ E\ 0D[DRQHP WR LDMHFWH G
EXLOG XS LQ WKH FHQWHU Rl WK HDHNDGHD QW WRHQHE®LHV & WKH DTXL|IHU

7KH UHVXOW RI WKLV VWXG\ VKRZV WKDW ZKHQ FKDQJLQJ WKH QXPEHU RI ZHOOV Il
FDSDFLW\ IRU GRPH $ LV LQFUHDVHG E\ ORIDHINDCH B GWCH PROWL R XD R WKH FULWHULR
\HDU 7KH UHVXOWY DOVR LQGLFDWH WKDW WKH 02362 DOJRULWKP LV|SURPLVLQJ LQ
VWRUDJH FDSDFLW\ VLJQLILFDQWO\ ZKLOH UHBXFURWMRKH SUHVVXUH EXLOG XS DQG &

L

.H\ZRUGV HBDOXQIHU 6WRUDJH ULVN 3UHVVXUH EXLOG XS 02362

 QWURGXFWLRQ

$V WKH OHYHO HRIH¥HU\ \HDU }DRWD LWROQKRAH\RWD U\ WR
W WKLV SUREOHP &DUERQH FDSWXUH DQG VWRUDJH &&6 LV FRQVLGHUHG WR
EH DQ LPSRUWDQW PHDQV RI UHGXFLQJ WKH OHYHOV RI &2



LQ SUREOHP VSDFH 2Q HDFK DOJRULWKP LW . LRQ KDV
EHHQ HYDOXDWHG DV D SUREOHP VROX FDWLRQ LV

EHHQ VWRUHG LQ WKH SIWUWHYDLGRXN K
XVHG IRU FRPSDULVRQ LQ WKH QH[W L
FRQWLQXRXVQQ GEHHMWUW K UW®R F O VDIQRZ, B
XSGDWHG E\ DGGLQJ D QHZANRRERDMWG® IR
HTXDWLRQ HWDHQVG DQRWKHU EHVW YDOXH| ZIKIFUWKBIK BV SEHHFMD YWHUDIFMAH ®1 WKH VWDWLF P
E\ JOREDO YHUVYRQOXH3EY WKH RYHUDOQO EHVW YDOXH DQG EHVW

ORFDWLRQ ZKLFK LV REWDLQHG E\ LQGLYLGXDO tQ WKH SRSXODWLRQ VR DU
YDOXH ER@WOHG *

MHFWLYH

3URSHUWLHV 8QLWH 9DOXH
0OXOWL REMHFWLYH SDUWLFOH VZDUP%»RGW L PRUPD WLR R @ orrmwigu v v

,Q WKH VLQJOH REMHFWLYH SDUWLFOH MZDWi: REW LRLOEYWRRQ WKH PDLQ JRDO LV
WR RSWLPL]JH D VLQJOH REMHFWLYH IXQFWLRQ DQG GHWHUPLQH WKH RYHUDOO
RSWLPXP YDOXH IRU WKDW GREQHW®RW PO WARTH W H P Q@aMMR QH
REMHFWLYH SDUWLFOH VZDUP RSWLPL]IDWLRQ deY of RUHKFRPER . Q 02362 WKH
PDLQ SXUSRVH LV WRUBGNVROXMOHROD ZKLFK LV
UHSUHVHQWLQJ WKH EHVW SRVVLEOH RRVRYURPURPAY ODWRQJ WKH YDULRXV
REMHFWLYHV WKLV LV FDOOHG 3G HHYBIG QW > UH IURQW FDQ EH
D EHVW SRVVLEOH VROXWLRQ ,Q RWKHL%gg’\hf\,/l\%\S/U@élﬁ%[Fﬁw%y\$6%Qw LV D VHW
FRQWDLQV DOO WKH REMHFWLYH YHFWR UMpK HDRWLQWL M RHWE NPSDUDPHWHU YHFWRU
KDYH QRW EHHQ GRPLQDWHG E\ DQ\ RWKHU SDUDPHWHU YHFWRUV > @ +RZHYHU
ZKHQ WKH SDUDPHWHU YHFWRUV GRPLQDWHG E\ DQRWKHU RQH WKLV SDUDPHWHU
YHFWRU LV FDOOHG UHPDLQGHU )LJXUH $ VKRZV WKH 3DUHWR IURQW IRU WZR
REMHFWLYHV PD[LPL]DWLRQ SUREOHPV DQG )LJXUH % VKRZV WKH 3DUHWR
IURQW IRU WZR REMHFWLY H FSLROL\PLLE DW L\RRO S WR RQN P V
ZKLFK RSWLPLJH | DQG | DUH DOVR GHPRQVWUDWHG LQ WKH )LIXUH

S5HVHUYRLU "HVFULSWLRQ ORGHO

%XQWHU VDQGVWRQH IRUPDWLRQ PRGHO IURP (7, 8. 6$3 KDV EHHQ
XVHG DV D W\SLFDO VDDQENHFWDRQHWL PRODRZLRQV
VWUXFWXUH RI %XQWHU VDQGVWRQH FRQWDLQV IRXU GRPHV $ % & ' DV
VKRZQ LQ )LIJXUH DQG PRVW ROOBKNKH/ CGA&PEM KDYH EHHQ
ZDWHU %XQWHU PRGBHMH FR QU MWKWDRIWHUQDWLQJ KLIJK DQG ORZ
SRURVLW\ DQG SHHUPHDIELO LSWARSHUWLHY RI %XQWHU IRUPDWLRQ
ZKLFK DUH XVHG LQ JHRORJLFDO PRGHO DUH VXPPDUL]HG LQ 7DEOH
GHWDLOHG PRGHO RI UHVHUYRLU SURSHUWLHY DQG FKDUDFWHULVWLFV RI WKH
IRUPDWLRQ DUH SURYLGHG LQ :LOOLDPV HW DO > @
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JLIXUHOOXVWUDWH WKH 3DUHWR IURQW VHW IRU PXOWL REMHFWLYH IXQFWLRQ
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RSWLPLVH 3DUHWR IURQW KDV PDQ\ DGYRRWH IHO/O WKHL R Q\DHTPHHH QRWH \D QRO IDZ G HAFR. \
GHFLVLRQ PDNHU '0 WR PDNH D SURSHIX@HWLRONQFEQ ERMWH[FICRUB & LGHU

UDQJH RI VROXWLRQV )URP HQJLQHHULQJ SRLQW RI YLHZ SDUHWR
DOVR EH XVHIXO EHFDXVH LW JLYHV D EHWWHU XQGHUVWDQGLQJ RI

IURQW FDQ
RYHUDOO V\VWHI

&DVH RQH

3DUDPHWHUYV :HOO QDPH 5DQJH
,QMHFWLRQ GDWHHOP JURP , WR , T 7
:HOO ORFDWLRQ LQ ; GLUHFWLRQ

:HOO ORFDWLRQ LQ < GLUHFWLRQ

:HOO FRPSOHWLRQ JURP , WR ,

&DVH WZR

3DUDPHWHUYV :HOO QDPH 5DQJH
,QMHFWLRQ GDWHHOP JURP , WR , 7 7
:HOO ORFDWLRQ LQ ; GLUHFWLRQ

:HOO ORFDWLRQ LQ < GLUHFWLRQ

:HOO FRPSOHWLRQ JURP , WR ,



J)LIXUH LOOXVWUDWH WKH SDUHWR IURQW IRU WZR REMHFWLYH SUREOHPV WRWI
DPRXQW RYWRUHG LQ 'RPH $ 5*, 30 HIONDMRWDO &2
WKURXJKRXW 'RPH $ 5.)5 , W FDQ EH FOHDUHO\ VHHQ LQ WKH WUHQG DV LW
PRYHV IURPOERWWRP



LQ ZHG®HU LWHUDWLRQWV\IVGG HIPREDXWDEQWHRHUY DUH L GOXWW UWWHO L L @D ROXD
RQH VROXWLRQ ZKLFK LV KLJKOLJKWHG L Q LWHHIWK RQ W H Q F WIR G MO H YRUEL WIRDGIXRAK R
EXW WKH UHVW DUH EHORZ WKW LRDYKRZEHHO VMROBKWODLRGW)LIXUH RQFH DJDLQ VKI
JLIXUH WRWD®WRUDJH DQG WRWDO &2
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Solution .

JLIXUHKHOO ORFDWLRQ GLVWULEXWLRQV LQ GRPH $ IRU VROXWLRQV $ DQG
%

| Total €O

JLIXUBBORW WRWDO DWPRRQMGRLULQ&EBRPH $ YV &2
OHDNDJH

20 +Remainder e Pareto front

E+10 4.50E+10 5.50E+10 6.50E+10 7.50E+10 2.50E+10 3.50

JLIXUBORW RI WRVWRUAH@2YV ZHOO ERWWRPKROH SUHVVXUH LQ
REVHUYDWLRQ ZHOO

,Q )LIXUH WKH REMHFWLYH SUREOHPV RI ZHOO ERWWRP KROH SUHVVXUH IRU
REVHUYDWLRQ ZPBEBONDQK REIH FRPSDUHG DQG VLQFH WKH
REMHFWLYHYV DUH PLQLPL]HG WKHOWYRIWG PRYHV IURP ULJKW WR WKH
WKLV FDVH OHWdV FRPSDUH VROXWLRQV RI SRLQW & DQG ' DV VKRZQ RQ )LJXUH
'"HVSLWH ERWK VROXWLRQV & DQG ' LQ 3DUHWR GRPLOQDQFH FRQGLWLRQ DUH
WUXH SRLQW & LV EHWWHU IRU ERWK REMHFWLYHV WKDQ ' EHFDXVH LW UHFRUGV V
PLQLPXP YDOXH IRU BHRIMMKRREMHPF® LEYHHWDLG WKDW
VROXWLRQ & GRPLQDWHYVY VROXWLRQ ' ,Q RWKHU ZRUGVY VROXWLRQ & LV QRW
ZRUVH WKDQ VROXWLRQ ' IRU ERWK REMHFWLYHVY RU VROXWLRQ & LV EHWWHU WKD
VROXWLRQ ' IRU DW OHDVW RQH REMHFWLYH

&DVH WZR

&DVH WZR KDV VHYHQ LQMHFWRU ZHOOV ZLWK RQH REVHUYDWLRQ ZHOO 6LPLODU
WR FDVH RQH WKUHH SDUDPHWHUVY KDYH EHHQ FKDQJHG DQG WKH UDQJH RI WKHVH



2Q WKH FRQWUDU\ WR FDVH RQH )LJXUH

D VWURQJ WUHQG WRZDUGY EHWWHU

TXDOLW\ YDOXH LQ ERWK REMHFWLYHV LV HYLGHQW
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REVHUYDWLRQ ZHOO

JLIXUHHOO ORFDWLRQ GLVWULEXWLRQV LQ GRPH $ IRU VROXWLRQ ( FDVH

JLIXUH3ORW RI WRWDO &2 VWRUHG YV ZHOO ERWWRPKROH SUHVVXUH LQ

JLIXUH 3ORW RIOBRNDJH YV %RWWRP KROH SUHVVXUH IRU

REVHUYDWLRQ ZHOO
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3RL® .HQQHG\ - %ODFNZHOO 7 3DUWLPOQWEDURPD @S WWRIMD WRIRRDWLRQ ,QWHUQDW
6ZDUP LQWHOO &RQWURO

1JDWFRRXDUHL $ (O 6KDUNDZL 0% 3DUHWR PXOWL REMHFWLYH

RSWLPLVDWLRQ WK ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QWHOOLJHQW 6\VWHPV
$SSOLFDWLRQ WR 3RZHU B\WWHPV $UOLQJWRQ

.LOOLDPV -'2 -LQ 0 %HQWKDP 0 3LFNXS *( +DQQLV 6' HW DO

ORGHOOLQJ FDUERQ GLR[LGH VWRUDJH ZLWKLQ FORVHG VWUXFWXUHV LQ WKH 8.
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