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Determining the coefficients of branch performance
evaluation indicators using proposed two-objective
genetic algorithm
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Department of Computer Engineering, Science and Research Branch,
Islamic Azad University, Tehran, Iran.

ABSTRACT

Nowadays, we are witnessing financial markets becoming more competitive, and banks are facing many
challenges to attract more deposits from depositors and increase their fee income. Meanwhile, many
banks use performance-based incentive plans to encourage their employees to achieve their short-term
goals. In the meantime, fairness in the payment of bonuses is one of the important challenges of banks,
because not paying attention to this issue can become a factor that destroys the motivation among
employees and prevents the bank from achieving its short-term and mid-term goals. This article is
trying to tackle the problem of optimizing the coefficients of branch performance evaluation indicators
based on their business environment in one of the state banks of Iran. In this article, a two-objective

genetic algorithm is proposed to solve the problem .
This article is comprised of four main sections. The first section is dedicated to the problem
. definition which is what is our meaning of optimizing the importance coefficients of branches based on
Q:J" the business environment. The second section is about our proposed solution for the defined problem. In
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the third section, we are comparing the performance of the proposed two-objective genetic algorithm on
the defined problem with the performance of four well-known multi-objective algorithms including
NSGAII, SPEAII, PESAII, and MOEA/D. And finally, the set of ZDT problems which is a standard set
of multi-objective problems is taken into account for evaluating the general performance of the
proposed algorithm comparing four well-known multi-objective algorithms.

Our proposed solution for solving the problem of optimizing branch performance coefficients
includes two main steps. First, identifying the business environment of the branches and second,
optimizing the coefficients with the proposed two-objective genetic algorithm. In the first step, the k-
means clustering algorithm is applied to cluster branches with similar business environments. In the
second step, to optimize the coefficients, it is necessary to specify the fitness functions. The defined
problem is a two-objective problem, the first objective is to minimize the deviation of the real
performance of the branches from the expected performance of them, and the second objective is to
minimize the deviation of the coefficients from the coefficients determined by the experts. To solve this
two-objective problem, a two-objective genetic algorithm is proposed.

In this article, two approaches are adopted to compare the proposed solution performance. In the
first stage, the results of applying the proposed two-objective genetic algorithm have been compared
with the results of applying four well-known multi-objective genetic algorithms on the problem of
optimizing the coefficients. The results of this comparison show that the proposed algorithm has
outperformed the other compared methods based on the S indicator and run time, and it is also ranked
second after the NSGAII algorithm in terms of the HV indicator.

Finally, for evaluating the performance of the proposed algorithm with other well-known methods,
the set of ZDT problems including ZDT1, ZDT2, ZDT3, ZDT4, and ZDT6 has also been taken into
consideration. At this stage, the performance of the proposed algorithm has been compared with the
four mentioned algorithms based on four key indicators, including GD, S, H, and run time. The results
show, the proposed algorithm has outperformed significantly in terms of run time in all five ZDT
problems. In terms of GD indicator, the performance of our proposed algorithm is located in the first or
second rank among all considered algorithms. In addition, in terms of S and H indicators in many cases,
the proposed algorithm outperformed the other well-known algorithms.

Keywords: Branch business space, coefficients of performance evaluation indicators, clustering,
optimization, two-objective genetic algorithm.

5 d 3 S| 3)b 5l og awles ald (5,105 Bus doddio —)
5 bluegd Gl o Jlo e sboo g, fuizees
Olnle ol Ligeds B 8 oade glac Bl
ol G g S (glad S pwypn b el 03

2 e Sleas saisodil) e et osSil
e sl L oo)lgen o5 A'.'-.’.Tcs“ ey (5,985

5 5 oS 05,5 1 (5l oudsilocasd oo Sl -
S 9 S 095 52 Slp oAl et (2l2)S ol Sl bogs Gl g cndlad o9 Jobyo olail oSy

50 098 &l g0, Slas sl ol aVole a 365 jslaieds

‘ . ‘ ] Obyides a5 S b Sleas &1l el g )5 4 caws
g oo JWo ) Slaal allis oyl

Ban g0 G55 gy bSL sl gglogm e o
ez g b e (65l 5 Jaa> 4S 093 rpe L
)O et W) W )Jé.n J,S.Lo.c M)L»J g.)..\.w:b gC/.....a‘ ‘5)9—‘09.“

00yt e ylee g DdeolisS Blanl asw gl

Sib el gangisy ekt (5056, )l <)
Ll ) 5 onS” slb bl

3 oS (S 85,5 |y et s (s -
sl bl aVole a0 sbly o ol )5
e 63 ,Sdos

b & 20jlel S gile 05 gz (oby, )l T
ookl b coenl calye giluair Gk
WBangs S i 5Nl

ol G ey ies Sl sloasly Ly
iS5 55 35T locSil bawg (6,5 g5l ol o3 ccilanl
IS slacslw 4 aty Hloj o 40 auil 0B ol b
el o 8dee (SO b Lulpd g 5508 gl
slasxly (spal) i5u 0 Galpl S ascex
il 5 o 4 3 Sles 0aS 2Ll g 2 yaelin
Ho el 5 plogm Sl 92 oAl

aliouo iy 25 Y

bhog o )aSSL cas jo 0 Slee bl o el

A3, o0
Ll Co |oolus ; G lao>| . . e . & . .
o9 3 R (GHl - 9 Spydeby iz .,,4?15‘.,,&[’?5])_,_?&;3 54_,499)L, g“y
sbwly )0 uizmen g Sygloge 0 Sie sloasls aoje> alds jo cdlad gl LSy slo Jonsls g1l

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

0F 2l ¥ 5, Py Jl

Archive of SID.ir


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID.ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

S gl 433095 Suiij iy )93l Sl 0 Sl b oy 3 yShes (LI SO RA LD o

B9 R My Y
IS ] GillSen 5 oo by okt ()
))U'“"" 5o S Sl MT)lS 9 IRWEVES T LSLDQ“"S)
Gh9y S plpredr dasnin (Ll (iluaige YL
ol el a8 )5 18 aslie 0 )50 s b5l sl Al
Silociye 5l A cwl oty alexsl )
&‘f Os&‘ U"‘ Az ,» A..S‘so oolaiwl  saidalbls]
s cpl jo Jg w0ais zrlae asdlas opl jo b s
M ol 59 OMNB) I (bs, ool (Sl Sz
sol8 O(MN2) @ (Gl Cumaz 03lGIN 5 Bua olaws
Ll 00l oolo

abll e by e [4] GLSes 5 Jlsex
O Lol a5l sla il 5 wiles S &l 6508
Sbb sl b Jons S 975 poe alax 5l 055 )
Gy S, Dl (0 IS a5 55 8L
aS wiles, S ool lagl aslosls J13 w0590 1) Jas
L Bles J> ,o SPEAIl § NSGAIl ;ysoman ol yos,
Slaal slaxs )bl Goge 0 g s 3950 Bus 40
ol o L wies o cws 1 0 SIS s, o)
abl>l a5 Slaclg slasy Glasl slass iol58 L be oy,
Ka 355 sk iyl 5 abise Sl g oa
oSe ade Las JIEFSGA ig, jo a5 Jb> ) 1058 o
Sl 00 solazwl yauiiabls|

oSS sl SO [10] Ll e g STl
&los )57 &l MOEA/D 6 L 4300 0 Jie a0
alas a5 el s ol & MOEAID g, Lol oy
& lwaig AJLM.A].:!.} wolawy 4 aduaais (ojluagy
Sogods Plaw opl g oad aied AualS goue
leol allis cnl po plaal Wsdioo (iluaigy Olojpn
Pl 4555 sl 00l g Sl )15 8,50g, S aS wilos,S
Sl 00,5 &3l adamais oSS oamy

o8 Silwad e 3,805, S [6] LS 5
6[.60’;)5) dy>).: as JJ‘OQ; 43‘)‘ ).uo‘)L» u_i: 2 (o
69 Al ol weassablel (gilucdye S
G (V0 L o ko) olaol .cwl 00,5 oola!
$r Az O Cuxex glasl ganes, l>
GoF S So o ) Cemer 5 wead gual,
5 WS o Gl Ban slad o gemus
Sy Ad (pl )0 Cumex slacl I SO e Coadye

O0F 2ba ¥ okl Py Jlu

e osas golal MW glbwles @S
32 50 08lee b)) Gloals s 1

M‘Féwgoww&,byd&yb
ol e (IS Boe

e 9 >lP el Copae S 4 Slealids

O)god: SBlaal g9
g go 32395 ol SIS 4y Soled s g cand Ly pe
S ates Slejle glaosly (n 3 SasS cal &g
Ngdge g NS Bae alble &g 5 Sl Sl
O Slale Glaal ululp asle o (g l05Gun 5l
g 0dd s Blawl 383 do )0l o Slas g o0l
Sl 0gbice alre Al He (g0, Sles Ll
By Bk e S aind o 50 Sk
3 A a3 Gl izen g asd SIS alabe
Sl Gl Js Gres 4y 09 walss T (23l Gl
ol o kel dnlre gl el o556 ke
2 3,90 ahatie ;5 (63 ,Shee aSLlh o 32 0o s
ol e 0500 o a3 li ] Coenl o
S Coeal olpl ggezme p g 0dd ge o b polia
Sloparls 8l 4 axg b ogd o punds o azls
Wilwd Coedl Pl Jglae slass 5l g0 Slae
a3l 5o 58l e e (sl omlrd el (6595
2 &b oy Jle gl sl el et Shilal o
G2lS it b )lr a3 (slaos
0,00 SUb (s pglogm azmiye 5 g eadeled sl
Il @IS Gk o, caile a5 >0
Jdoar Jg oadples loy Gl 292g b Saeaddy
B85 Qoo el ol Sl Shas Sy, els
@ ol G &S cul mo goae g lade a3l e
2 Gl 0gd o dgazs TVO 4 o] i 5 -VO-U
sably gl oo dnslbrne AlBlax Djge 4 asll
Sazli I Sy e Coesl c o Glitel 0alS (s
Slawlre jo gloasS s il &S Gl (0 Slas
Adloder (oodl colyps g,0nll ol el Sl
S sloaxly ©pgie b g S bele Copae b
S 5 50 0l (I gl ol 50 g oo Gt
@omadig> ol 8 sl esliial b ol ()5 5 canS (slab
Sogbs, Sl exSose b o p5 0 5 gl
el calyo leaigr @ el Sezse (giluaige

g el Sleg)S o sln

Archive of SID.ir


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID.ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

Silwdingy by, S [B] Ll es 5 o
Al b Glal ol el 5 e Addanix
0,50, adlas (pl yo .ales,S &)1 MOEA/D-ROD
el ol Slaal b Bluw J> gl odg, @)1 Lol
slaws ial38l b oo &I} slo yog, el jo laa! sleal
oly yo oS ool mals Col 4 el SIS Glaal
oPey ol wnld ol corilhar plial goleiny
lo! s 43320 (gl &S Ogles ol b« MOEA/D
3leolawl b ,5ymb olel b alive (golows 4 alivs
Ol 1 098 o s (Blaal  Bolal supaed a8
5wl as Boe sl Bl anld ) (b el
boalis ) 0 G cOmend B8 51 2L D920 50
MOEA/D g, yo oadball)l aiod SaSG 5l solazul
9 ¢ sledl 4 0ed o i AuaSS Sl w
2 OlFee & Sl b oy, cnl ez (RS
ol 5 9,5 wpes olgds (Ag) 4 ) alies
Dged oolaiwl 43z g, iz

ol sl SO [9] il e g S
&1 MOEAID-AWY ol b e 55 s siies dbomoi
Obsy ool g Ghgy onl ol 5 a8 jsblea ailes S
3l eslatwl b aS” cewl MOEAD i oy, p (s
o) e cwloads eols Wyl allail 59 oy e
&SI AWV Ll (g 5100 ades (655wl G asdllas
Suxy b Gis sblbr mis &5 cwlead
A8 ol 1, YL cdo b slaolg>
O o9 Slemler iz Cojgele s yaelip
al)l NSGAIl cassabl>l sy w,el 5 s
Sl 9 Bolar adg splinl S5l as Wles )5
A gy ol e el cenl 00,8 ol mls sl )|
Sgeyle 31l i plaa 51l (830555 Sl
Cwlodds dL@r.m.u (SR ng.:‘).uu‘ 9

OB plesil g, ¥
4.1.’>JA 5 | ‘éle‘ :\J>)A 9o JAL.» 6&% ui’ﬁj
Guady> S 4 el )5 5 S slad cess
e e R e

T Condge bl 1 5 ol LT Gt 00iisS panes
Pedse S g o sl (Biln e

ol [3] 5 5 lyad Lot soleiiy (i,
oolaiwl b (yueds aislyd Jol 5 j0 a5 ceul Lol 51 4o
9 Soslodd 0ols Sgnge @2 e LB 5505, 05,54
GPreS Slp eddmie s s b o e Ly
Golpinn oyl caslonds sl olg> asals
OGPy 055 90 Sste Gl S ezl S ol
el 4525 (e By 09,5 9 ablol (e

&S Wlos,S Lol [8] Ll Ken 5 Sy Sl
3925 b 4 (e dssniz LIS lapn oSl
15 SolSS glapzy 55 slacydgams pr wilaiudlys asiy]
9 oS S 1) $n ez po padabll dal) s
5 05 £55 dlox 5l lbasgame (sls gk,
aw bowlos, S (M g ates ol 2l Sy
Sgupe s Ll 1y 1 o Slae ;953 v, 68l j0 Sguge
Alie pl jo aS conl gz sle Sas 5l oolawl o o
o, & )50 4 SBX 5 DE (sla,Shos 5l on slgiiny
-ileon olaai a5 Glej 2 g5k @ Nsd oo Rl
Aoe sl 4w (o0 o 285 00t Glujjen sl
B0 P90 dguge w09l oolaiwl SBX Slee I DE
Ssri b 85 o ol & ol g Jlaio S
oy Gl iz b o s Jlatol oS5 il
o @hXes 0 30 5l G RSelr jolie 4 g S
0l Gy e ) albiolos S o4 L Jls
s oLl s plasl Gleol ululy 09 so Sgazme
do Copmaz 33l oS5 o5 oo 5 JolSS (55
Clor slad 65 iy Jed olaw iis |
S Somex g8 (Ple ple jo g a8l R
slr lanl Gl Golol (e w0 S
h Sire P19 50wz Sumex o515 5l S0l
il 0o, sleaiay

Silwdae Sy S [7] G, g 500500
U3y ol 45 Wles,S @l MOVMO b L asusaix
ablol (ygzmen dddaniz (5iluding 059> Joons pealic
o2 bl S 5] (55lwepusd 5 (ST eess o5
G Shes Su Ghe, nl Geimes el 03,5 (oS 5
Py WS B Gl s e e O
mdige P9y Vb S b eslgls ¥y, 2 solerin

sl 00 dslio (g5l

0F 2l ¥ 5, Py Jl

Archive of SID.ir

&


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID.ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

!

S gl 433095 Suiij iy )93l Sl 0 Sl b oy 3 yShes (LI SO RA LD o

J5 4 ol Sllzel oo 51 (3L 50 03008 oo =Y
8L )0 sleose )l
I oss sl 2815 slaws ale ( Sile -A
)51y S olaws -4
0355 bl > dxd glis onile (Ssz -V
g o0l gll 4 e cad gunalss
e Ceptlo b and 93 003k Fplo o5 ond oglize
Coonl 4 azgi b alae cpl o aiiie Oglae 5,5 4
PP SO [ PO SRS WO A
oo oolatwl leddgs slawd s gl (B i

Sy Ay Coodl olpd mani —V-F
0 ydos Uyl Glras L
S el S enl olpo (gileaigs ol

el 00 &LW d.SMJ..\}

s (55l A5AS g, F-Y—)

50 alis oy ()NAFAS 5 s Glgicay
obe b See sladoel, ool 5 oy B
SR e e i )3 el (5598 Lapgges S
e I O R A U
Wk)) &ipear 05 crlple wilad G 0
el atls Coeal oo lon a5 095 o0 00ls les
S p93309)S 5 el Cumez |l Kopgises,S
Wi Sjpo @ pgisas,S s nlpley soul alins Cls>
S atls Coueal Colpo oy as 09l o ool ioles
Lol Coxex 5l al K 0,8 0 Slos b5

oyl g &b F-Y-Y

A, el Glp oadicay i ddamgs 3l &b
&L 55 5l g wS oo aulma | 05l Sls> o (Sl
] 0l (T ) O gody Bud

JUIWE SRRV ¥4

Sobe wad 6)la5eL fy(Wey) a5 coss Bun &b
2 el K cawal ol oy il Gaa a0l laas
Eaozme Ban il ol cwl ol € alss lp Conex
) adst e a3l cad S GEsS wo)s Sl
U] 8590 a5 wo)s 5l o Shee (alh 003l (eled
00,5 A Ban g WS so g pSoslail | (Ve )
ol Ba2 2l oyl

O0F 2ba ¥ okl Py Jlu

) S8 5o )15 el Ghgy 09bee ploml (golerin

Cawloads 4yl

G (gusadgs w8 -)-F
ol jlicad )5 g e glad s bl 5o
W Glp golais] Sipo 4 culps s Gl a5
S5 S sl Sy @lelid wieild g 35l S92y aed
SlML] ki s 45 5 el puile) s 45 ol ans
5ot 5l alin slaoyS g walys Son it Loy
w095 2 sl gond alolid )15 5 oS lad Hlae
el Sl alple Redee dg Soeal clyl
sl e cad 053 sl ol iy
el 25 TS A esanadss wuld ol coslons

5 ity s g sl aools g yglaaz a5 5o
) Srslenr HB SNl claals 5 la Sy 4l
S o Sdee anls VW Juld () 3550 axsl>
adsl slaosls plgie a2 990 S o b
L logime slapite S pliint b gl
5 8 a8 j0 ouds gl gl Lol slaasli 5l eolai]
9 98 o0mSSlee oot B e )d ot @l 5l s pSo e b
P9 E S o pe Sla e Sk oo
sl sloyaiio dcgame 4 waz (Shy TV al>pe ol
ools (g 5lws laibwl 5 (o5l Jlo i Oldos o adls]
b ol

Sy SBEl slahg, 5l eslital b pga ol 50
asgazme )0 1) Guilly 9 mled (n i &S (S o5l
S90S b dhen o ieS (sl)ls g auS se olo] aools
o Sl Shy o bad OBl ates
K- g, 5l ool b s gatnaldigs (6l oad ol
alie oS 5l ool ol ax8 § 54y means
Ly Sy ol anlp (b oot Sl la S
Uinlesl 0,90 (Aig3 VYV U Y) calisee slaadgs olaas
cslio glo Sy olsie 4y py Sy Ve o5 285 8
i bl oles
03 s ¥ 51 (6,1 diasll (5 8 00y ot =)
03 oo ¥ 51 oo 0o (6,105 AL po 08 pes g =V
03y ¥ 5l aeaily (6,105 Lo s 00y o -v
03y Ay O S -¢
8y looye,lS IS 4 (65, 950, o =©
IS sl cilos Jome 51 (8L )3 050515 opew =

Bl )8

Archive of SID.ir


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID.ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

0wl u] @y )045)5.'4 QLQ.Q CnSt B3 @l; g
Ol (p s 4 adgs ,o Cad S jliwel ggemme oS
B85S Qoo 5l Blpzl yaile jaiaeS b1 o p 0e>
dalet dicin ddg> o S Ll cads o el 540
Al Aol (2,8 b cundd Bas o i cnl 4 0l
alie Jsly 5 QLS ()15 5 oS (slad Slils s
g Aliwd 0)5> B 4O ol msd Slaal 3ax (gl y
So9re ol aVole mjer sl wlos 54y Glaal
500 Ol a4 g dlgy Gisg a3l Bl alss
2 SJy0 0,5 Bl ades o sLiel (liee (n i
ol 408 oe Spge N Cpl S p9d Bua &b
Oeolo iy ods ole s pos Boa Al AT S
il Byo g a v glacodl s oty
00yt ] gl 15 5 Byl a8 g (55500
ol 4 wied e gl 5 Jb sleasly lawg
ooy aYole ay598 b o Cowdt Bas mll oSy
Iy 5y5109m pgd Ban b a5 Jb> 0 S o JUss |,
Sgods 3)lge i 10 Bud g (pl e o 18 Hlais
bl ey cueal ol giluag Gus
slaie 5 (sl Bas ali 50 aF Cuwl slasgSay o Slos
S ol glr Gdojsbar al 5 Wsd eyl lejen
oolaiul 3,50 ddaniiz (gilwaingy Plue > slaits,

L o0 )l 3

(59U abngs S5 o301 -F-T-F
gl lp golpiing 85 w8l Gise (a0
Bangs (slatingy Alis (] Aty slo lyac pazns
2 e (g, golpiion TS el 00l 43|)|

Ll (55150 ()5 Dlonds
wlad o cwl cnl gy cnl e el 050,
Gly o @l 4 s e 0 alies (gamgo
GhR RS S e lp e Sl g e
ol ol JolS 70 aslel jo gl gl
Sl a4 ag bl SuaS 0gd oo &l ol
g Hlade b agp Cownl ol o aliue Bon
5 oS Sl b slaadgs 5 e o (sl We

f,(We) =
sum(|W, - {D. — 1}"])/nc, M
s Sbee o)l slosls s ol nf 8]
5 Camaz Slaay I olonp g wllb sl VO L ply as
ol Dol pl € adigs 4y 3l ol olawd nce
Gl Gl 51 S5 o 0 Shee il Bon 3io0 e
&5 el s Shae iyl 2SS o3l o s e
3 S plad s yle 090 arly> (nc X nf) o ol
Lo plen in Jloas! Baa 5o e >
SR e 5l Sy e 0y el el Y -
sy Ol cnl 4 9 Sdhee b)) pals 0ozl
ol ol sile s plo ol ol ol Caws Ba
Coo] gl 10 Wi e sile Jgosd 0tl 5o 2ol D
bl sl el o Cumer glacl ooles
Lol (Mp X 0f) s Sle ol olol el o Sae
a5 Col Slgiwl o8 ol p Ceds Bas &l
odls plil (o O jgo 4l GanalsS anl)S
5 oS slad Gl alss e 4 it cud g ol
wlie Jomily 5 ol shlo W s alie )18
g odd 5B slaoje> 5l o e e culled ol
lp ol (G wies o Slee 25l sla ke
3 edlowsody gleadgs s 8l oo I il
g Olpae 3l golaws & dlas pl jo ganddys aul,d
Olnde Geizmed 5l Heel Slaca pae o plulis) 5
g 009 cud 0j9> ;3 2l wpd Gl &S Shlee
g ool Al Wiyl el o Sles 4y Cod S csls
el oy linl 0l 4 sanabys s 8o
pgd Bud 2l
e caloass ools Liales L(Wog) b pge Gaa als
3o el k Coeal olpo oy shila 1) pge Bas Al
Byl e Ban Al pl aiS o g S0l Coe
LW Sps 5 olaly eadines Sool alys
wlael casal Colps Glil b cpl 0S o dule
e loln 0ad el Ceal sl Conex
aeS 1y ) LlEe 5w S oo aulxe 1) (S5
S

f,(W,) = sum(|W, — W|)/nf M)

oy boakl, o cwl a¥ cwnd ol o

0F 2l ¥ 5, Py Jl

Archive of SID.ir

&


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archlve of SID.ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

Sy A83D9 SuiG ) 'n.'ig_),:ll ol odlaiwl b owid 3 )Soc (b))l sl HRALDH al jub yues

290 wals> sl Olg g5 wAl yieS olass
FeSlie Clsrasgeme il jlicy Slasi cnl 4z
O e g )8 lawg Wls o Slows ol gy aales
Nlgigo 9 995 el oS b i big Veee U
ol &l syl Soa gl 51 S el
ool a0 By slaly culbrs g
Loy a5 sw 2 50 bble olaxs lea L nBin;

Bin(f;) = Range(f;) /nBin; ()
Gan wl ,e (Ade) aieS Fuly glsl -0
Sa o 50l e lp al> e ol o le e sl
Sgdisn (o Il &5 09d oo Jese a5 (nl
o 050 ,le )0 Sume L3l slass a4z a5
&S Comax l glacl plas o wiloass &8l
Syl 413 ali asy 5l pl's lg asals jo Ll £ lase
&b ol L3 fren sl G 9 RS
wlie oG L el i#F )] &5 ff Gue
&b polie o5 cul pxe cpl 4 pl Wed
30 9 dunlio mo b oadiolzl ol 8l 51 o Gas
Wb fj Boe 2l (g3lwaeS 35,4.’9‘.;; S Jyee
S sl as o o8l Gl 5l (60,8
ABlol S Clyzacgoms 4y g 00y 35 5 ol fj jlaas
S e slajly ples gl anld cnl osd o
o o Al ol 5 rimen S5 ol o
Sei oo Wlal § Clgzdcgeme 4 Jlg> a5
of & a0 0 Slr T &5 la)ls o )less
S Ul ol mple o amily e bl
ks pl s Hlg jo cwl uaS oed ge 03
Sl lawgi a5 05 o0 43lSI S Acgors 4y o>
Al oais abl>l pl s —1
d=le poled ©ygoa V-V 5 1Y sla JS o
sl ) a2 0 as Sl ol

Slgi 50 eadbole!

b wigd oo a8l S Clgzacgeme 4y (Bao &b
iloads ooy yisles
g0 e e :6)|)§3 6L‘° “7"5?459@ Bd> -F
an SLoolsz (giluaige anl)d il al> e
Clordcgerme (Jy Wb gl wm 2
Oly> olaxs Jols al> o ol o seliwwsd
ol (gy950 Al yo onl jo cnlply il (6)),S5
oduels Bl alyd asl g bl Bl il

O0F 2ba ¥ okl Py Jlu

5 lze Sjgot ok gladdss o e slila ol

Olgz wead l acgezme o g ad wales x| ABlas

ols wmles 1y 095 b cawlie aig
y solgiig 488 55 S 0298 ol oo
il 25 TS
dlbre 5 (Bolal Sjpo @ adsl Cumer CS Ll )
slacl 51 Gy Gl 4 BGas aly 51 Sy lade
slasi yles a5) NP olaws & S5 opl U iCases
nf ol b Wee o, (el 4yl Comaz (sl
—o Al (ol (Bolal B jso @y g Sl ailys
YW
Corax slael 51 G o gl Gun milgi aloe Y
fo,(We) 5 f1(Wo) Gae b polae al> o ol (o
Sl L We o 5le loa b comax slacl a5 6l
g g0 dewlxe (Mp X nf)
&y 5 Se e lr Gly slagin anls s Y
30 aS Al ool 51 SOy gl Al e ol o id0n
sl 45 (lojl b aels wits alins oo sy adly
Sz 5 sn Syge Sl sty s @
Sa9r2 ssbie ol ly wed oo ARl WS
5 F1 (W) Gus mly 51 6 o G1S polae 5l el
IS sl iy cnl 4ol ool £,(We)
gl Bas Al aaS 5 acin lade Bua mly
Gype & adgl Comex ALl 4 axg L gl 0
Sl e 0L 5 ozl 4y wilowss o200 lase  Solas
ol 4wl (aside 1) Oy slad asls S
hreeS gy abaly sleslanal b oael caway o3l ool
5o Sl slad 5 JolsS ailyd b U ol oo ols
33 0313 (b (o5 & g Wbl
Range(f;) = [min(f;) — A;. max(fy) + 4;] (V)
gl oo ewy ¥ adoles 14 lads 4
A= oy, Q)
ol slp Comex lae GBIl 0 alaly () jo A
RPORTAPES) JRERVY W
o3k e 5 o 2 3 b b b lys eSLe F
s calis b oye Camloo baylys atels |
@ om0 Oloz GLad (s 9 098 i A
et Sl Sl 50 358 G Lo )]
et b jlgs olasi casl (5,900 Sl o Cualies
5SSl oaiS i Wilg oo Hlei olaws Logl
Ol azse il dn Slsx gm0 ol e

Archive of SID.ir


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID.ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

gae So Jols LS Qp asgerme S -Gl
A Slarasgaze 4 g Cusl g gae ol adL
gl oo 48LSI P

Q2 dcgorme 5 Qp assexe g0 0 S -0
Loy o3 Ay gae 93 o widl gae 93 )b
g oo a8LAI P aiyy Olsacgams

Yy
F1(W,) best pareto

fa(We)

st St S Olgz bl Wiyl b (F-Y JSi)
(Figure3-3): The process of selecting the
final optimal solution

degere 9 gas 93 )l Qg acgeze S1-0
90 O (2,8 b bl gae g0 5l A Il Q2
Bl 9 09800 485 Hlai 0 Qp degorns gae
285 Q2 asgeme jl olaclsz Gl I (g5luates
Gt oS (g WS o 515 (008 b Gl
a4 ool poyd ksl ] selele alold
Ol e 50 9 99 oe LA P iy Clgracgecne
@ Qr dsgeme 0 39290 Sl 90 Sjpe
Pl jo aigd oo a8lI P gy Olszacgams
o hr Y o o lsr eb ojlediadn
dAcgasme 4 Olo 20,8 b 5l Iy albls o i
gy oo a8l P g
sl 52 anles i ez 9 e sle Sles Jloe!
sl Clgracgarme o9 Sl 5l (So S
Oz s O sl Slee Jlasl s s 0 ag
b Sy Gin e eyl cnl s ol
el oad ooliwl Sz Sleas b olly 0,8 g0
A ekl sjse p Kles 4 barye 5o

il 2 Tyb 4 a5
o = uniform_random(—o.1 +
o.nf) *

y; = min(max(a-x; + (1 —«) -

X,.vmin) . vimax) )
y, = min(max(a-x, + (1 —«) -
X4.vmin) . vimax) ()

3o olgmds laie G0 Jlohe alal, pl o

4 vmax g vmin polis 0g aalys (0,1) o3l

Gl &g B3> S Clyzasgeme 13 392790 LSS
asls D Olyzacgome al>jo cpl 0 i
RYPIREAPES

L) .
“min(f, (W)

f1(We)

F2(We)

23 At el QL sl (1-F JSl)
Comts Bud @l bl

(Figure3-1): The process of selecting the optimal solution for

first objective function

¢ Siaa

. L

min(f3 (W)

f1We)

f2(We)

39 ot Twly, ol wiy 8 (Y=Y JsCi)
P9d RV &U 6“‘*"‘)

(Figure3-2): The process of selecting the optimal solution for

second objective function

)" d.l>).4 u.:‘ O s S ‘-"5’499""7“ cole =Y

Syrse slaclsr 51 S e sl vyl 2!
ol Glolyr el D Clgzacgee o
50 ;o 4 wlie sla,lel o )led gl a5 acgoe
Sl 6 S e 538 O)le 4 b wiies o
03ls J1,8 Qg dcgesme ;0 5 Sgb oo Cpetd iloals
50 Jols Wlgh o ,iSTas dacgasms (] aigd oo
O el (Gamgs b (glad 1) sl gae
S Al y0 )0 45T (Shg Geea b placly> 4l
Clyzasgeze ;0 aieS slaclsr (e 51 S
Q2 degorme ;5 9 Lgd oo sl CBIS S92 g s
doe n slp elaly G gl oe osls I3

D9 0

0F 2l ¥ 5, Py Jl

Archive of SID.ir

&


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID.ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

;J oz 5l ddomniz (gileair Gln 25750 Ghey Lz
oo amlice NSGAIl s,

S gl 43309 Suiij iy )9l 1 0 Sl b iy 3 St (U )HHI SO YRR LD il s ¢

Guadgs laadl o g 4 jxi —)-0
- &
pll (e, e 0 oS sbiles

o33l zlhmwiwl 4 e el ganads wylyd
S 5 S Glad oojl Koo wjls by 5 adg>

‘J_M: O)La..:.ﬁ| )lf

aolol jo .l swyp 000 SOb el gl il

ilodds oyl S O jgod dliss 005 oyl
Sl g5 31l ol Jy o adly 5,5
LIS N | ROVl ' P PP E

S e g (FoSme Gblio 0 il pgo AdgS @
5 c5°L’-~‘ )L.~“~f—‘ 63”». 6““"«-9)]0 L (S o)l
Ded slasbesles

wbcilas jo a5 ol oot Jold p)la> algs @
3@y el gl izmen 5 Sollid 0>
Al 305 )0 g0l

3l esem o el aS siie ol oty dlss s @
Sl (i (sl i s 5 S
ey o0 B A g 3

bhoge gblie ;0 a5 cul ood Jold il dlgs @
g o3l ele Koo Oile a ssloads #bly (5,00
Lol plxl 50 lawgin maw 10 Ol mlaw

kol Bblie jo a5 aiie ool plan dleSs cad @
6‘)|J 9 Sloads (:_9‘5 d)l?u 9 0)_‘5 6)15 9 u...«f
el Gy 9 WS by

dbu)oJMwMMywo
6‘ Ioswlom &5‘5 d‘) 6’5&‘“9““*"‘0)’
s b e 5 g b

slplls o a5 aiiis oad g Al cal @
A g Wl I3 Gljle Sl s s el
J o wiles S Dl (2558 5 Slejle by
2 5 0 L g S plyiie Qi heuily oS
2,10 0g2>g 3blie oyl

O0F 2ba ¥ okl Py Jlu

& ates g olie b oS s YL OIS w55
alis )0 K0 Ojle L pojges,S 2 0 0F @
)l gleatls cowal colio (giluag
ol lesl wily o calys 3l G e o Slee
Ad S g o i s ol jo polie
e odme Claz glad o iy Sles cnl Jles!
Dydsed Slox slad l z)ls albew) B oy &
o0l oo iy oml @ 58 Gz See Gl
S by Pl olal O g0 4y () S AT el
g go = el Bolar jlade

1Sy lre wlalp an Jud (gl opally Gl -4
ely boolydlh bl [l (Sass wiyoSl ol o
d—i 2 0 Pasgarme iy nl el wny s
Jed pled jo sadcdl A slole Juld
A il JEle de Jud 4 aS aes

LY Jolre (ooled anils byl (g g Jud )5 Y
IS sl aalls byd pasi@gixe BQ
3 sl wlg o ails by aed
ol &5 6% bid e b LSS eudies
all Gla g, 25150 ail 2dl leebl o i
il bbb gl 4 (ST satie olasd oud
o2 iyl opl 5o aS ogdge eoliiul o 6l
ool oals 48 5 L5 5 ails gl Lo e

25 8kl 4 dz g bis) e dhte et slogely Bi-))
@lo)ly aloly bzl Byo goliin om0
3 om Ned oo Sl wiloads saslive Ll o oS
S sy SLb Al e So Sy e Ol
ey B @ s S dnte et slagely
bl o il clagaly solos Al yo oyl 4o
amiliz Wod oo Silwaye s ;o )0 Jle o)l
ool &dly Gy Hlgs o 5o Jsl am o gl wix
15 S ol Gan ab lake aSiyl bl asil
HMagly plo g digh oo A58 ol S p9o dn
Agd oo Bi> P aigy Clyzdcgeme

=Li-0

oaly g osls Ll 5 52 4y Lidw (ol 5o

oo 90 Jelds (isn cpl il sod aslo s gadod
sl 5l Jels mls & Jol ise o el Lo
ks g 0als gl gloadss 5l ganalys
Jol> bl pgo Jidn 10 5 Gl ouls aslo yy baadss
Jol> ladidly b oleing adamgs S35 o )55l |

Archive of SID.ir


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID.ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

Slows AM.»LQ.A Q"‘ o w‘ W) 4..3)5 ).’44 o A
5ol bl bapi o8l (olos sl Jos 0 Copne
9 PESAIl 4 SPEAIl slagt ol jo gl Corex
olass el ouls 48,5 a5 o oly Ll MOEA/D
ad,S sy can bl PESAIL oo 65 o coSa
oi9y 3 MOEAID o,68l j0 yuiored .Cowl ol
Ple @ ddooss dbiwe Jod glp @ins
Sl aSol Coled o sl ouds solaiwl goue (glwaig
as)S e Ve b oplp olerinn v,08 Gl baly
g co oanline V-F S 0 a5 jsblen el oals
el el ST umen g laddgs aled o S50
e S e @S bbb okt
sl gy 329,590 SO,
< bl sleybas (7-F) B O-F)Jslas o
W) 558 w288 ez b aalie )0 (goleiin o255
‘_),&:L».A Lel Ja}’).c J}‘» ‘))‘ ) OMA.‘:‘)‘ GLU Cewloadds
posdl Gzl Jhew 5l dols mls Jlee Slil
033k 5 ol adS (g9, 2 lapu o8l b s ooleriny
s O Ay Slerdsgerme (cwyp 990 dlinw
FB 1zl oy g HV 5 S sla)lre Lo 5 cisls walgss
olie lae Sll 5 Sk (V-F) g 0
o 250 el Gl Jbgw 5l Jol> Sl
Wl Gl algs ool 51 Sy o 5 el adS (65, 2
Olime S Hle [4] 5o o &3] oy o5 ol o sl 00
ey WS bl ) Slazacsee (I8
Lol eSS aier sl i 0,50 Olgzacgases
obod j0 39 oo oanlice (V-F) Jguo jo a5 jghilen
o Jels Clgracgere gwyp Oy50 aliws od3lg0
GraS S Lo lyls alin cpl jo (golpiiny piu, 6!
4 L (§FESN0SG 2585 S (ool o551 5]
poled ol K05 s, oz Jole lszacyans
NSGAIl o ,63 04 co odalie (V-F) Jgaz o a5
R s g ped o) ;5 S Hlee i 51 SPEAIL

ilazs

Sl o el as cal ool Jold pas aligs @
Sy ot gdly Spame slaJomity b S5
e onl glytie s ol plibges I ol
b il e Gl Y sl 5 it
Ghlie 3 45 s ad pasih alys cade

gl oadl Juloi g 4 pni V-0
SOl a9 (g lwainy

SPEAII NSGAIl b5, ez b ool Lis, gl
15 S jsb 4 londs anylic MOEA/D 4 PESAI
Flae 035> 0 @l byl slo)lae I dlis )l
ol HVs H S GD ol adue sz (g5lwaigy
rmly 5l bl ol cwl oolaiwl [4] o &1,] Jge,
alax 5l saxie Pl jo 5 o0e bl sbosles
Oeed Al s oyl ks [1,2,6,5,7,8,9]
6L:n)L:.u d.c}.o.gm L )ig.o d)l.#x.a Qlj;.cd.g b;;‘ QLQ)‘
SYlas 5l g ks 5o Jlas (pl el ool adlal b )
5 ol s lazs S 18 sy 0580 [6,8] alax |
3 odpal gy ez 5 ol oyl ssluesly
sl arls cowal ol gilwany dbue >
ool owin Sge Sbocad S Shee L)
alio 1zl ol s HV S byl lo,lone
sl szl Sl Jels bl rimren e b o
ZDT Jluws 05,5 J> sln b3y Sl cnl 5 solenian
Ll gloy s H S GD bl sbabxe ool [11]

Sloos as e o L

oo ol o (g 3lwaiats Pluo —V-Y-0
ol 1, oSl (g 5lwooly 5l Jeol> ol idu opl yo
Sl el a5 59, 2 soleriny Wdangs siluane
CliBe )15 5 S 0,5 L aded V) izmen
o,85) 51 o] sy slo Ulgacgesms g oo 4l
)LQ:> JLQ.C‘ )’l J..ol} sl u‘9.>4.¢9w L t5‘>l'¢r'-“‘-‘-’
4wslae MOEA/D 4 PESAIL SPEAII NSGAII s,
w:,,.ﬁill )'| J,ol> SFp > (\c—\)wa» I sloads
abg po SIS eabol vyl ez 5 ool
A oddlie BB el adS gl e g
S szl e by ye JSO Gl 5o enddil)l b
el G5 Jus e b oy p 3550 slapi Kl

0F 2l ¥ 5, Py Jl

&

Archive of SID.ir


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

1 slas ‘(5)’““‘{"”)""‘&)5“’ u‘yd.cw:&fw‘ P e D50 (_gLap;Ls")?SJI (_g‘).?-| )l'fcs“’)" Jol> HV
i‘ ﬁ@@éwybddﬁ OM‘\J“WMPO\)) ‘&P5mw‘sj)
- a . o . - S -
j [ECRY- LgLAS )‘ odosls D9 > HV )L:J.A |
Y
7\
3 01 0.08
‘5 o ©  NSGAl ° ? :ggﬁr
F 5 PesAl o 2 o PESAI
.08 % MOEA/ID o
i . 3& *  Suggested Algorithm 0.06 L 1 +  Suggested Aigorithm
007} g £
1 2 *5 2 0.05 *‘;#
. £ % g e
k= ] = &2
& oos} e Z o004 5
= 2 . o
(] % ]
5 g 0.04 &%\ g 0.03 %o
. 0.03 .
H 0.02 9
o, o
1 Vi, 0.01 %‘M
0 0.01 LT oy
o gy Wiy i
l\ L 1 L ut
= 808 01 015 02 025 03 035 dos 01 015 02 025 03 035 0.4
a\ 1:1! Objective 1:1% Objective
‘3\_ P> adss (2 Jsl ez (I
a\ b.2¢d cluster a.1% cluster
2\ 0.08 008
ﬁ 0 > NSGAIl °3 o NSGAI
o SPEAIl +  SPEAI
2 0:0%:1 > o PESAI 007 3§ o PESAI
MOEAD 0 MOEAID
0.06 | % |+ Suggested Aigorithm | 0.06 Qg P +  Suggested Algorithm
9 %o :
o 2005» n% %005» ‘%@
a £ X s %b
v 8004 qu 3 004 %
2 ) 2
g 2% %; g 0.03 %‘i&.‘
9
%%,
002} \Q‘m&, 0.02 R
O,
e, i
001} D, 0.01 %,
., b %*h
0 . . . . . . a 0
0.1 015 02 025 03 035 04 045 0 0.1 0.2 03 04 05 0.6
1:1 Objective f1:1%! Objective
ez ado> (o pom 49> (2
d.4" cluster c.3" cluster
007 0.07 o
o NSGAIl ° ©  NSGAIl
| g SoEA e SPEAII
0.06 2 ° :‘;EOSEAAIID 0.06 °§ o PESAIl
¢ |+ Suggested Algorthm| 2 MOEAD
005} & 3 Suggested Algorithm
® %4 0.05 E%
Som AN % ?z‘?
S “;E& goo
2,003 3 [¢) %
o % 2,003 [
0,02 e'-‘& & ‘b'w
. o
"Gs‘& %,‘,
g, 0.02 %
0.01} “ws %
3 0.01 %%Q
005 o1 015 02 025 03 035 04 Wo‘
1:1* Objective 0 a5 .
. 0.1 0.15 02 025 03 035 04
s s> (9 1:1% Objective
f.6" cluster ooy ddgS (o
e.5" cluster

O0F 2ba ¥ okl Py Jlu

Archive of SID.ir



https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID.ir

[ Downloaded from jsdp.rcisp.ac.ir on 2023-12-26 |

0.08 0.09
o NSGAIl NSGAI
e SPEAIl 0.08 SPEAIl
0071 o PESAI fo o PESAI
° MOEAD 0071 MOEAD
0.06 : Suggested Algorithm % Suggested Algorithm
% 006} %
goost £
3 s 8
D, " @ 0.05
8o ER 5 %%
2 % 2 004 %
&~ 3 ™
5 8 N,
0.03
0.02 Ry, D\p o,
oo 0.02 oy
ey ©de
001 a0, 0.01 g,
@, ¥ oy
Reo o, .
0 . " " " Ray, 0 . " " " L " nd Y3
01 0.15 02 025 03 035 015 02 025 03 035 04 045 05 055
f1:1% Objective 1:1% Objective
e alg> (Z s albes ()
th th
h.8" cluster g.7" cluster
0.07 - 0.09 =
S ©  NSGAIl ° ©  NSGAI
+  SPEAIl 0.08 SPEAII
0.06 2 o o PESAI %; o PESAIl
5 MOEA/D 007 . MOEAD
2 #  Suggested Algorithm o Q Suggested Algorithm
0.05 & 9 S
.,
§ % $ s
§on = S.005 "i
¢} 3 o %
o 0.04
%y 0.03 ‘Eq %%
s} o -o%
003+ ¢
0.02 *%%% X
L 3 0.02 g,
0.01 % %‘0‘ 2
0y 902, 0.01 A0,
-
0 P 0 L L Sag )
005 0.1 015 02 025 03 035 0.4 01 015 02 025 03 035 04 045 05 055
f1:1%! Objective f1:1%t Objective
H th i gth
j.10™ cluster i.9" cluster
007 0.07
3 e NSGAI -] NSGAIl
+ SPEAII
D06 e o PESAI o SPEAIl
[y MOEAID il I o PEASI
*  Suggested Algorithm H MOEAD :
005F % Q * _ Suggested Algorithm
@ 005§ o
[+
= 0 © ?
T 0.04 > v
2 k3] w5
& Y Boost %
(=] = .0
2 003 5 o
']
& s Loml YRy
4 o ©
0.02 \%m = %
Sago 0.02 M0
0:04 a&wwﬁo . ®ago,
¥ 4
%”‘ 0.01 Bty
0 L I I Pra o880
0.1 015 0.2 025 0.3 0.35 0.4 ia 5‘9.9‘
S 0 o
A Objective 01 015 02 025 03 035 04 045
25 ads (J 1:1% Objective
335b adg(S
I. all branches a3l 489>
th
k.11" cluster

89y » MOEA/D 4 PESAII SPEAIT NSGAII slapis 5oK1 5 golesaiin pis 951 31 Juols o7y dgusr dumns o (V-F JSCi)
(z p9d ags (o Jol adgs (Al .o alS g Aligs o SIS @ 0 Slae 20, s ol Coodl ol o (6 5lwdsogy alicuno
(5 000 by (s b Adgs (b pided abigs (2 oikd abys (5 s Aligs (5 iy adgs (b pylaz Adss (5 pgws g
o alS (J o3l adgs

(Figure4-1): Comparison of the pareto front from the suggested algorithm and NSGAII, SPEAII, PESAIlI and MOEA/D on the
problem of optimizing the weights of Branch's KPIs for
each cluster and all brancges

8% sl ¥ 8l 1F4Y Jlu

Archive of SID.ir


https://jsdp.rcisp.ac.ir/article-1-1231-fa.html

Archive of SID.ir

Carodl )l pd (55l diate Jiluo A 00 13 S jlaxe 53 jlre Syl g (Sibse (1-F Jgur)

_;\: (Table4-1): Mean and standard devition of S indicator
3 MOEA/D PESAII SPEAII NSGAII &0y ot 595!
a) oSl oeilse il eilee oSl Bl
% (lo &I il Glre Bl 2l (lro &I il (lro &I il Glro Gl il
2 1.89e-02 3.39e-03 2.82¢-03 2.52e-03 2.02e-03 ot JS
2 (1.93e-02) (9.17e-04) (8.44e-04) (3.51e-04) (2.66e-04) j
k) 2.35e-02 3.88e-03 2.72e-03 2.79e-03 2.24e-03 Jof atss
\_1 (1.41e-02) (1.17e-03) (8.18e-04) (3.47e-04) (3.05e-04) g
1.76e-02 3.56e-03 2.64e-03 2.86e-03 2.39e-03 .
1 (1.31e-02) (9.43e-04) (8.16e-04) (4.38¢-04) (2.97e-04) Fa9 de>
i 2.91e-02 5.18e-03 4.50e-03 3.95e-03 2.42e-03 Y
i- (1.87e-02) (1.41e-03) (1.05e-03) (4.36e-04) (3.12e-04) P 409>
> 3.01e-02 3.36e-03 2.76e-03 2.69¢-03 2.06e-03 s adss
g (1.93e-02) (7.92e-04) (9.64e-04) (4.25e-04) (2.80e-04) FIRE S0
3 2.03e-02 2.54e-03 1.93e-03 1.90e-03 1.72e-03 L s
o (1.14e-02) (8.58e-04) (5.24e-04) (2.58e-04) (2.71e-04) iy &9
2 1.48e-02 3.66e-03 2.49e-03 2.43e-03 1.99e-03 o b s
9 (9.78e-03) (1.38e-03) (6.12e-04) (3.83e-04) (3.37e-04) e e
i\_ 3.69e-02 4.27e-03 3.61e-03 3.51e-03 2.59e-03 a3
kS (2.66e-02) (1.46e-03) (5.56e-04) (4.40e-04) (4.12e-04) ¥
1.50e-02 2.90e-03 2.43e-03 2.28e-03 1.84e-03 h A
‘1 (9.20e-03) (8.07e-04) (8.58e-04) (2.99e-04) (2.26e-04) i Aoy
2 3.31e-02 4.37e-03 4.05e-03 3.34e-03 2.16e-03 6 adss
9 (1.90e-02) (1.54e-03) (1.45e-03) (4.70e-04) (3.04e-04)
9 2.02e-02 3.69e-03 3.17e-03 2.81e-03 2.25e-03 hs Ay
. (1.29e-02) (9.62e-04) (1.10e-03) (3.64e-04) (2.89e-04)
; 2.92e-02 3.84e-03 3.15e-03 2.76e-03 2.11e-03 Sl Adrad
3 (2.05e-02) (8.35e-04) (1.02e-03) (3.66e-04) (3.16e-04) o)y die>
Y ol | b (g 3lwaiaty Flwmo asgoxo yo HV jlro 5o jlizo Byl g (puileo (Y-F Jgur)

(Table4-2): Mean and standard devition of HV indicator

MOEA/D PESAII SPEAII NSGAII 6ol g 55!

I Sibe Sl RCHINS oSilso Flow
(lana 31 y20) (lsma Bl ) (lana 31 y2xi) (lsma Bl 20) N

6.976-03 6.98¢-03 7.49¢-03 1.356-02 1.09¢-02 .
(3.776-03) (1.87¢-03) (1.186-03) (4.376-04) (8.47¢-04) e
8.60e-03 7.98¢-03 8.61e-03 1.63e-02 1.43e-02 e
(4.346-03) (1.566-03) (1.67¢-03) (5.08¢-04) (7.566-04) 3 Lo
7.87-03 6.79¢-03 7.07e-03 2.136-02 1.65e-02 "
(3.81e-03) (1.65e-03) (1.86e-03) (9.25¢-04) (1.46e-03) F93 409>
1.23e-02 1.11e-02 1.59¢-02 2.336-02 2.14e-02 -
(5.356-03) (2.89¢-03) (1.93¢-03) (6.376-04) (9.486-04) Po 409>
8.87¢-03 7.326-03 8.35¢-03 1.59¢-02 13702 "
(4.50e-03) (2.25¢-03) (1.14¢-03) (3.53¢-04) (9.54¢-04) plez abs®
5.00e-03 4.13¢-03 5.10e-03 1.03e-02 8.98¢-03 - s
(2.70e-03) (1.47¢-03) (8.99¢-04) (4.136-04) (6.776-04) I 409>
6.52¢-03 6.446-03 6.82¢-03 1.24e-02 1.09¢-02 s b
(2.80e-03) (1.39-03) (1.126-03) (2.35¢-04) (5.68¢-04) s Ay
1.20e-02 1.026-02 1.166-02 2.21e-02 1.98¢-02 .
(5.46e-03) (2.30e-03) (2.19e-03) (9.25¢-04) (9.09e-04) pish dSe>
6.166-03 4.60e-03 5.39¢-03 1.17e-02 9.34e-03 im b
(2.84e-03) (8.276-04) (8.046-04) (1.086-03) (8.386-04) P 409>
132602 1.01e-02 1.426-02 222602 2.08¢-02 s
(4.886-03) (2.75¢-03) (1.726-03) (3.60e-04) (8.48e-04) rl 489>
7.69¢-03 7.59¢-03 7.71e-03 1.50e-02 1.266-02 s
(3.886-03) (1.35¢-03) (1.39-03) (5.50e-04) (9.256-04) pho At
7.236-03 7.81e-03 7.81-03 1.28¢-02 1.04e-02 b o
(2.586-03) (1.60e-03) (1.416-03) (4.97-04) (1.326-03) pRoR dte>
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(Table4-3): Mean and standard devition of run time

MOEA/D PESAII SPEAII NSGAII Wity ks 5g51
(lexa 122 (lexa 122 (Sloxa 122 (lexe Sl i) (lexa Sl i)
726 539 1061 905 241 s 5
(74) (28) (58) (65) (20) i
667 473 1057 873 173 .
(65) (29) (56) (42) (12) 9 e
692 505 1044 901 213 s b
(61) (23) (60) (52) (15) 30 Sis=
690 488 1063 857 177 oo
(69) (23) (50) (53) (12) e
657 470 1026 864 169 s aies
(59) (23) (47) (45) (13) PR o>
641 456 1029 861 160 b
(73) (24) (41) (44) (11) i 09>
668 471 1015 880 169 b s
(57) (26) (58) (45) (10) o Sas>
647 454 989 842 166 i s
(64) (33) (67) (53) (12) S 89>
678 481 1039 869 165 n b
(65) (28) (52) (58) (14) e d9>
670 477 1017 830 181 s
(60) (33) (67) (41) (20) e 09>
646 464 1017 869 167 s
(80) (34) (58) (44) (12) B3 409>
636 459 1034 840 160 b s
(60) (25) (51) (60) (12) PR3 Ag>
ZDT ‘JSLMMI )\5 GD )L:.‘n )& )L;.'.a t_é‘)a“ 9 ‘;’-.&;Lf& —f—f JS'A’.
Table4-4: Mean and standard devition of GD indicator for ZDT benchmarks
MOEA/D PESAII SPEAII NSGAII 3l o, 5
(lze Gl yzxil) (o G i) (lazo 1 y2l) Gl Gl yil) (lazo 1 yl)
1.41e-01 2.766-03 8.58¢-03 4.41e-04 4.09¢-04 -
(1.67e-01) (1.01e-03) (1.40e-03) (4.33e-05) (5.74e-05)
8.94e-01 6.08¢-03 7.00e-03 3.85¢-04 3.83e-04 D2
(7.20e-01) (2.02e-03) (1.48e-03) (2.90e-05) (5.64e-05)
1.08e-01 2.87¢-03 3.10e-03 1.21e-03 1.62¢-03 D73
(2.89¢-02) (8.01e-04) (6.74¢-04) (1.11e-04) (2.40e-04)
1.26e+00 3.38¢-04 7.61e-04 4.16e-04 3.63e-04 2DT4
(8.83e-01) (5.31e-05) (6.22e-04) (4.76€-05) (2.54e-05)
9.06e-01 2.35¢-01 3.40e-03 3.31e-03 3.00e-04 2DT6
(1.47+00) (2.11e-01) (3.87e-03) (2.02e-03) (2.44-05)
ZDT Jiluw j3 S jlzo 50 jlo Bl ymxil g (5ileo (O-F Jgu)
(Table4-5): Mean and standard devition of S indicator for ZDT benchmarks
MOEA/D PESAII SPEAII NSGAII Gl it 555!
(xSl i) (xSl i) Glto Gz | Glose 1) (ot Gl l)
4.03e-02 2.64e-02 1.69-02 1.34e-02 1.28¢-02 DT
(2.05e-02) (7.16e-03) (3.59e-03) (1.96e-03) (2.56e-03)
5.58e-02 2.67e-02 1.66e-02 1.37e-02 9.34e-03 DT
(3.66e-02) (6.69e-03) (4.786-03) (1.94¢-03) (9.61e-04)
4.17e-02 4.976-02 2.30e-02 1.64e-02 5.11e-02 D73
(1.64e-02) (1.84e-02) (6.08e-03) (1.98e-03) (5.16e-03)
1.07e-01 3.81e-02 2.226-02 1.38¢-02 2.06e-02 D14
(8.91e-02) (8.62e-03) (7.80e-03) (2.25¢-03) (5.10e-03)
6.08-02 1.79e-02 1.42¢-02 1.33e-02 9.63e-03 JDT6
(6.03e-02) (4.78e-03) (2.86e-03) (2.85e-03) (1.55e-03)
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2 (Table4-6): Mean and standard devition of H indicator for ZDT benchmarks
2\_ MOEA/D PESAII SPEAII NSGAII &S Ly, s 595!
3 (e 1 y2il) (e 1 y2il) (lre 1 y2uil) (e I i) Gl Sl y2il)
a) 7.16e-01 9.43e-01 9.33e-01 1.02e+00 9.05e-01 ZDT1
k- | (1.83e-01) (9.21e-02) (5.98e-02) (9.11e-04) (5.32e-02)
;")\ 7.47e-01 1.01e+00 9.99e-01 1.03e+00 1.02e+00 ZDT2
5 (5.28e-01) (6.61e-02) (2.37e-02) (2.54e-03) (8.50e-04)
B 4.74e-01 9.89%e-01 9.53e-01 1.00e+00 1.02e+00 ZDT3
(1.09e-01) (1.39e-01) (5.66e-02) (1.17e-03) (3.64e-02)
1.27e+00 1.01e+00 8.27e-01 1.02e+00 9.95e-01 ZDT4
:' (1.33e+00) (4.45e-02) (9.07e-02) (1.11e-03) (3.72e-02)
i 8.69e-01 8.33e-01 9.66e-01 1.17e+00 1.02e+00 ZDT6
J: (6.69e-01) (1.49e-01) (4.95e-02) (1.05e-01) (5.09e-03)
%
= ZDT Pluws y3 1521 loj slaze Slyzil 9 (uSleo (V-F Jgu)
q\ (Table4-7): Mean and standard devition of run time for ZDT benchmark
o\
i MOEA/D PESAII SPEAII NSGAII SOl vy 595
A Glre Bl il (Hlmo GBIyl Glro Bl il (limo Gl yil) (liro Gl yil)
A 527 483 827 628 118
g (76) (49) 87) (68) (13) ZbTl
518 560 687 537 102 ZDT2
i (712) (54) (38) (33) 0
502 365 758 604 89
]
9 (50) (29) (59) (51) @®) ZDT3
583 573 823 651 75
(144) (42) (158) (128) (12) ZDT4
519 499 729 582 77
ZDT6
(73) (38) (67) (46) ®)
ColeS ammlie LGl culple 5 ode enld 2 ooleiiny adamgs olSs 8l il jglateas
2l s ity wyeSl 5l Jels Clyzacyers oty 8 Shae Sl (59,0 0 bl by, S B
Bangs LLalS5 2y,051 5| Jol> glss adlsl o ShlS5 (slagzs )5S 055 o zokae slagts oS sl
PESAII SPEAII NSGAII 42,68l k> 5 soleiinn oolgils yolie ek (gly wsd dwlie abumaix
S e sPn g Olygracgeze L MOEAD 4 B owyp 990 ZDT ddsanin (silwaigy Jilus
§ iz b oy 9590 Glapi ;s 51 S5 s sl 2l St A o Jols [11] bawg oo &5l)) ZDT
9,: Camd g A op Slee Jlael sl 1S5 s 5 &S s @l Sowe Jlaw alex I Blaw oyl
™
§ ol el ead ad s o Y e Slee Jles! g o,8lee byl Gl [6,7,8,9,10] sasie OYlie
5 o8l oled (gl ud 8 Coreaz olawd dlie ol e wlas T L8 eslinl 5 5e lapi,sSI o,
g 9 SPEAII slap ;651 50 g, | Coman g oy b plp o, s by 6l Sl oolgils ol oo allis
° oals a8, 8 ey o oley L ply MOEA/D 4 PESAII 3 anlio opl il a8 5 )18 anslie slow (golprins
= d
Tg 1Y Ll PESAI 1,631 58 caSe pl olass el S| degaze ol 45 45 e S 4 (5y550 L ol
2 Q‘/Jj S MOEA/D ooy ,s5 )0 iorad Cowl oals a8 5 (L e ¢ p Slszdcseme aSLl 4 az g b Se filio
=
3
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