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Abstract

This paper presents a multi-objective mathematical model for the reverse
supply chain of hospital waste management in Iran during the COVID-19
pandemic, incorporating dimensions of sustainability. The objectives of the
model are as follows: 1) Minimizing the costs associated with building
facilities and waste treatment centers, vehicle fuel costs, and environmental
costs due to pollutant emissions; 2) Maximizing the energy generated from
the waste combustion process; 3) Minimizing the risk of virus transmission
resulting from inadequate waste management; and 4) Maximizing the
number of job opportunities in the established centers. It is important to note
that existing uncertainties are addressed through the application of fuzzy set
theory. Given the multi-objective nature of the model, two multi-objective
algorithms, namely the Pareto archive-based Krill Herd Algorithm and Non-
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dominated Sorting Genetic Algorithm 1l (NSGA-II), are employed to solve
the defined problem. The results indicate that the proposed Krill Herd
Algorithm converges to a solution with higher quality and dispersion
compared to NSGA-II. Additionally, through a comparison of the spacing
index and running time of the two algorithms, it is observed that NSGA-II
explores the solution space with higher uniformity and solves the model in
less time.

Introduction

Hospital waste encompasses a broad spectrum of both hazardous and
non-hazardous materials. The management of hospital waste involves
the development of a suitable supply chain network for handling waste
generated in the healthcare sector. Improper disposal or mishandling
of contaminated waste not only contributes to environmental pollution
but also poses a risk of transferring viral pathogens to healthcare and
recycling personnel. Research has shown that inadequate disposal of
medical waste can lead to the transmission of up to 30% of hepatitis
B, 1-3% of hepatitis C, and 0.3% of HIV infections from patients to
healthcare workers. This paper aims to design a multi-objective
mathematical model for the reverse supply chain of hospital waste
management in Iran during the COVID-19 pandemic while
considering the dimensions of sustainability.

Literatur Review

In recent years, various studies have delved into the complexities of
medical and hospital waste management, proposing mathematical
models to address this intricate issue. The current study is built upon
the work of Valizadeh et al. (2021). In their paper, a hybrid
mathematical modeling approach was introduced, featuring a Bi-level
programming model specifically tailored for infectious waste
management during the COVID-19 pandemic. The outcomes revealed
that, at the higher level of the model, governmental decisions aiming
to minimize total costs associated with infectious waste management
were crucial. This involved the conversion of collected infectious
waste into energy, with the generated revenue being reinvested back
into the system. The findings indicated that, through energy
production from waste during the COVID-19 pandemic,
approximately 34% of the total costs related to waste collection and
transportation could be offset. The uniqueness of this study lies in its
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consideration of three sustainability dimensions: risk, vehicle routing,
energy production, employment, and emission of polluting gases.
Consequently, the novelty of this research, when compared to
previous studies and the article by Valizadeh et al. (2021), is evident
in several aspects. It introduces an integrated multi-objective
positioning-routing model for the supply chain of waste management
under pandemic conditions, taking into account sustainability
dimensions, notably the economic aspect, and employs meta-heuristic
algorithms for model resolution.

Methdology

To ensure the proper management of hospital waste, the waste is
categorized into two groups: infectious and non-infectious waste. It is
assumed that waste in hospitals and health centers is segregated and
placed in infectious and non-infectious waste bins. The collected
waste undergoes further processing: infectious waste is transported to
incineration centers, where it is burned and converted into electrical
energy, while non-infectious waste is sent to waste recycling centers,
where it is reprocessed and returned to the production cycle in the
industry. A multi-objective mathematical model is presented to
integrate location-routing decisions in the supply chain of hospital
waste management, with the following modeling assumptions:

- Waste segregation at the source helps prevent all waste from
becoming viral, reducing the spread of viruses through waste.

- The risk of spreading viruses is assumed to be relatively equal
for each type of waste.

- Two types of vehicles are considered for transporting waste: the
first type carries non-infectious waste, while the second type carries
infectious waste.

- The number of cars, waste collectors, and the capacity of waste
incinerators are considered constant in this study.

- The mathematical model is multi-objective, with the objectives
being to optimize the three dimensions of sustainability (economic,
social, and environmental).

- The economic goal is to minimize system costs, including the
cost of site location, recycling, collection, segregation of non-
infectious waste, and incineration.
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- The environmental goal is to minimize the emission of
pollutants in the transportation and processing system in various
facilities, as well as to maximize the production of electrical energy.

- The social goal is to minimize the risk of virus transmission and
maximize the employment rate.

Results and Discussion

This research presents a multi-objective mathematical model for the
reverse supply chain of hospital waste management during the
COVID-19 pandemic in Iran and solves it. The pandemic period is
considered a time of maximum utilization of health centers and waste
disposal. In this context, a three-objective mathematical model was
initially introduced. To solve the model, the krill herd optimization
algorithm was employed. The performance of the krill herd
optimization algorithm was scientifically and practically evaluated by
comparing it with the well-known NSGA-II algorithm. After
designing the model, both the multi-objective krill herd algorithm
based on Pareto Archive and the NSGA-II algorithm were utilized to
solve the model. The results of solving the model demonstrated that
the proposed krill herd algorithm, designed in combination with VNS,
effectively solved the model and determined the optimal solution
within a boundary. Comparing the results of this algorithm with those
obtained by the renowned NSGA-II algorithm revealed that the krill
herd algorithm produced solutions of much higher quality.

Conclusion

The comparison of the Index of dispersion between the two algorithms
indicates that the krill herd optimization algorithm explores more
points in the solution space, leading to a lower probability of getting
stuck in local optima compared to the NSGA-II algorithm. On the
other hand, the index of uniformity for the NSGA-II algorithm is
lower than that of the krill herd algorithm (lower values are better),
suggesting that the multi-objective genetic algorithm explores the
solution space more uniformly. Considering the execution time of the
two algorithms, it was observed that the NSGA-II algorithm solved
the model in less time. Additionally, the increasing trend of execution
time in both algorithms confirms the NP-HARD nature of the hospital
waste management problem. According to the output of the MATLAB
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software, considering the presented model, the results affirm the
capability to optimally select hospital waste recycling centers.

Keywords: Hospital Waste Management; Sustainability; Multi-Objective
Optimization; Fuzzy Set Theory.



. ”JU

VEANY/T L

. “JU

VEY/EN Y K5

.“JU

4

{530

\EY/VIYY

ISSN: 2251/8029

elSSN: 2476-602X

(RO S g Ollae
VYV BGAW o 60T Sls VY o)led (050 5 Sy Jlo

jims.atu.ac.ir
DOI: 10.22054/jims.2023.72812.2850

SNy 3 9o ol 0 w2 ) Bud i (65l o
G297 b ot 5 90 Soluly Sl (98 5 45 50 b (Sl slow
SIHB 4cgoxo

N3] o\i..i.?b““_,u”_).lv\.ﬂ 0disls e S e L;J:.{: Lg}g«-..fdl:
9D o
O'J.’.'”;J‘ﬁ.ﬂé .k>~|} cdy\ml )JJJ

ali.iﬂ:‘ @L»ﬁ W 0uSCisls ‘@L‘ﬂ e °5J? JL:‘.‘.""I) * .
‘ oLils, 3l s

)‘JT e\iﬁlﬁl:c(ﬁ,‘.ﬁxm bv\g..:-.!l) P o e °)Jf ‘JL.’.“‘L".")
> g0 (Sulgadoow
O\Jg‘\m;j}):é»b&&ml )'A .keﬁ

33T ol e 0aSils ¢ gl i 05,5 Ll
. . OloneaS” Sk y Lo le
d\_/..’v‘\ ‘b;jj_):& a| g ‘@WI

0 LS

33 Slay Gadbilany Cu e o sSe el o) (gl s Hlezr SL, Jbe &G dlis ol 5o
iyl Jubo Colal ol 0l €] (gL sbul 58 Jx5 55 b Olal 5 Uy S (5,8 aes oy
o g glaau a5 ST e o badl) 350s 5 OMged Sl Gl (g5leaeS (Y 3l Wi le
slald 5 6551 it (F 0t NT W38 HLasl ) fole aomal 5 slaas3a 5 adi filos
Glotit (F 5 Ll o e pde s s 4 Yl 65 (6 jlosiaS” (F tladdly) Ol s I Jool>
o5 3l s pe il e (Giledie ) ghiten ods el S0 03 IS (655 planal O
s e as (slanny SU1 31 Jor g coke 03 gp bdadir 4 dom 5 b ool 0k w3lizal (65 40 gooms
S das e 0L gl Sl o eslizal oS53 a5 Sk sn)T e ddads
b i YL SuST, 5SS ol 4 bt 4 536 olgiy Gl s w02, S

j.rezaeian@ustmb.ac.ir :J s sz 5 %


https://journals.atu.ac.ir/
https://jims.atu.ac.ir/
https://jims.atu.ac.ir/
https://doi.org/10.22054/jims.2023.72812.2850
https://doi.org/10.22054/jims.2023.72812.2850
https://orcid.org/0000-0002-6754-6695
https://orcid.org/ 0000-0003-4538-0126
https://orcid.org/0000-0001-5414-2109
https://orcid.org/0000-0001-7705-980X

VAY | 015800 5 89,0 fune U (lhns ylony Sy S ko (pua T 002 ) Ablaiz (& jLudule

Ol (25 S 53 (sl 0l 5 (50 el dmlie mes bl oo oS5 Bitakir (2, S
5035 s 5V S LT Ol sl (6 58 0l s oS ek oo, K1 oS 5
o gazms (§ 45 s Lo Sileang (L (Slslen Gladileny Sy pde el ads

St



VEY Ol | VY 0l | o0 5 oy Jo [ imio < e Slalllas | VAT

Ao s
s a0 4 (0S70S4T 5L 5 L B0T Wl p 5 5 e miee ST Ol
A S A8 OSCae DT gy 4 el ladll S A5y ol s S g
a5l o e coyoplil o sd e amala 5131 oD 5 Sy daes 9 b s OT
(o5 0525 6l S S UE Gl 53,5 35 4 1) o s 5 s
Nikzamir et al., 2021; ) culouis 51, Wadll ) plohgh b 3L 5L a5l ¢ JE s Jam
(Ferronato et al., 2021

33 2 Jold ST Lz Ladllj 51 o 55 Olays 5 g o) 4 b gy e sladll
Lsb oo Joli 1y slgn 5l ammy (Go3gdoms 5 At SSU Jhast b 5 ¢STL bast 0y §
el 0lays 5 Coslig sladl #5las! S jue4s ¢(Nikzamir et al., 2021)
o b r ey 3T 5 Sliions ST 5o o 2l S50 53 45 ol ol plod
Si g Ll e skied il 53 S Sbadlcopl pesdle Lsh o 5 (Si5
(Nikzamir et al., 2021; 5,8 o 1,5 Laall 3 aws ool 53 dsd oo A 55 55
.(Chartier, 2014

0552 Sl Sy e itany s ol 0o S8 K b el 0
e s s pule o |z 0l o) o pl ool (sl 2l 1SS Oleys 5 bl
OMSe L1 0leys 5 Sl ST m 5 Ok slay ¢ amaons § (S5 4T 2 ogdle 0T
ol e 003 AT (Glabilarny ol glomler Ly 5 b3 137 dal 5 ol 5o (il
S i pasedie b JUal 3L 5L LS 5 Oleys 5olS & s s S13sslen Jolse
3C il doyo ¥ I B ke T b (S gladkilony il b3 4 4 5 L
(Singh et al., 2020) 55 5 & Jazs 0o ys 53 4 Olyles SIHIV a3 /¥

e § M ars 3 SS Slwyle ol (i 4xiS S sbOles
Iy amslor 551,50 G 1365 lam 5 sommr ¢SS U ot fulge 0390 1ls ey 87 o
035 Lols Jos 4o Glslo ladiloy e o Oy s 4 4 5 LA 0 LG

a dlas ol s 1L Gl Canl Sl Hlins SSTU st DIL1 595 9 91500 st ol



VAD | 01y 5 89,0 fuue b (it Yoy GBSy Sy ko ol 0 a2 ) AblaLz (& jLudule

Eailomy To s a5 0 53 (Db e SLOLSG Slerasl (5l )L

338 oo Jo 5 4l ol slal 38 8 5o L sblig,

TR, e
235 e o 1 8L 5 g 5 S Sl 05, S S (Y18) 01, Kan 5 'Ll
o)l (Bl e 533 S bzl g 551> Salls 65T e S YIS
FS1 e 5 b0k e 415 Lagyls o8 Olajon e gutome b B b adis Ll (0T Lo s
(Osaba et al., 2019) sl e (55T a1y bbilomay clins o Jo o (2SI
s 4 £ gan by 535 530S 025 S S szl L (F19) 01K 5 o
Jlee! 31 oy G (3 sl (bl slaadl ads Sl L0
8l aln 6 ¢ aaleST slmosls (555 ABC 1o (me (skuacs 5 025 5!
Sl g Gl ads SV a0 lulis (ol bl L O
(YY) LS 5 Lz Gergin et al., 2019) ol sl o J gl (515 45
aibaie SOt oy Lo 5 0l bl 5 adl3 Ol s et 5 slatens (S 85 Je &K
00-+) Calides o S a3l 3lds Jke (slagggys & Lsls 1,1 51,LST
.(Cetinkaya et al., 2020) > 5 (#0 ¢#0-10

My Sleys 5 (sdle Sluls o pie 35 (g (10Y0) 0L 5 (5 251
L3S 65T par oale pime Slacale ;3 YN Ye e (gladle o jizie DY Lio
95 6 LSl 33 S5 g, ¢SS (Y0¥ 0) 0, 5 455l (gl (Ashtari et al., 2020)
,;;.u;;c\)\Su,bsswt{;q,_.uM@j&z;ﬁ,ﬁ\ﬁw@@
Cal LaTHS 5 as Jmoly 3,55 5 (60lgion Jube Lsls OLES (63 ) 90 anllas &
.(Saeidi-Mobarakeh et al., 2020)

1. Osaba
2. Gergin
3. Yusuf Cetinkaya



VEY Ol | VY 0l | oS0 5 oy Jo [ inio oo Sllllas | VAS

Bl a0 sl o b a b st (552 pasb e (V270) 0,8 5 518
I i 5 biley il 5 S5 o L Lo e &Sy ¢ JST slaay 52 Okl
OLES LaOT oo gl b g0 (b Us 87 s o5 (ool e 53 0kd (55T e
3 53 12 6 S S o o DL e b Ul oo S () S > e
O P e (65T pear L) i sl Sob 4 0313 o5l 5 L L35 i
SHYY ) s 5 Sls j (Kargar et al., 2020) &S slowl 4§ i 55 (o 4w
(53 O (8 o (51 (Mol oo 5 el b e 40 B 5 5 0 o S
23 (0 3z Ol jlay G 3 (63 50 anlllan $S 503 S eslinl 28ldg gladll;
@3lgday oslmadin o5l By (sidu 51 0015 0L 55 0,187 0015 OLES (sl s Le
.(Yazdani et al., 2020) Llesls 41|

S e 6l g Sinn St s b 4 (YY) 0L 5
das oo OLE lis s ilasstls (o) Olagg 53 Uy S 0)93 5 S5 adilon
2SI B S5 Sy e sl e omely ol (Sen 5 g0 (5l sl s o
ol OB St Lal el olagy 43 COVID-19 gt dsb 5 S sldll;
(Yuetal,, 2020) ol Hls, 55 5 g 5 JB Cvanl 51 2550 (la ) sl

2L milig el o ¢S S b 4 (Y0¥ ) O3l 5 jeend oSG
les ;S Syl O (gl abiags Joe &K g astls , oI sl Hlisl 3§ b
2003331 5 0313 a1 ((B3Las) Conlad pde Loyl 5 53 Bk 53 5y e &5 La0T
Nikzamir & ) 4> gad esliiwl Jds Jom g 95,51 5d )T 5 s dbda i HLaT
Joe & &1, 4 (YY) 0L, Kan 5 e 55 06,55 s4llis s .(Baradaran, 2020
= osdhe oalginy Jue s Lilastls  Ssde cladll Sy e S s 95 SL
3 5 (S AT Ll (5 jan 55 Comer &Sy 28 co i (slaay 8 (6 5luaaS
(il LSl 0 5 s SN S algins 5 ol 8 8513 e 5 gk (sladl;

1.Yu



VAV | 015800 5 89,0 fue U (lhns ylony S8y Sy ko (pua 5 002 ) AblaLz (& 3L uke

Nikzamir, et al., ) s o315 anw 5 &35 ﬁ)}ij!)wW\ oo, ﬁ)ﬁ\ﬁ&gﬂ
(2021

Sl Ly o o 53 o 5Sinn &St St S (Y1) 015K 5 ' 68
Al g (S Saadl3 Ol A ja 53 53 8 s S b (5 b g sladl
Slm Ly 63,0 aamm 5 OT e 5 A o oy 6581 GM(D) (o oy Jobe
L S GM() ot s o8 5 b (g Olald o sSias oSt S
Jee &S5 (YY) O, Ken 5 ik (Wang et al., 2021) 55 abn L (6 jlwaig Jke
Slo s 4Ks b sl ) sl o 53 12l B3kl s jusaab 4l p 5L
oS o L1y Jos sl slgaiy 1y gyl smnl 5 6Ky 2 8 15 1o b (Ko sy Llawy
o sy dlsblone (g 5 2131 oS 515 Ol gl 5 03,8 J- GAMS CPLEX
b Rl Comer S 5 4 5a w6 el S3L5L o 5 5 CVAR Olab!
.(Lotfi et al., 2021)

)6:..;!.&@',\JL‘,_M?c,i,:_x_ﬂMdju%s)ﬂ)s(\‘-\‘\)o\)@f}_ﬂ
s 5 oo 54 20 4 COVID-19 (¢ S anr )3 s S8 ool olul , Sloys
a0 gl L3S oM | s pl 53 3 g g0 SIS 5 415 1 S S a8 U o
Gl JLasl ol 35 6l o 55 (SUs eans slizal 53 3 gn (sla, Ll sl
,uu;sqﬁujclﬁ‘ugu,uﬁ‘upd,@jﬁmwm,pﬁduue
Liuetal, ) s,ls <Y ;58 jul w55 silig sladl; 23 sl Lealy slasleiy
(2021

lwazge s COVID-19 L oy pits gl 614 (1 b 4 (YY) oS5
S ke 3 S 5 (53 -l w5513 5B (53l 058U S elizl | oS
GilwaiaS Oodal bda ¢S5 oy Je & 503 S b1y (Sis slatilony
Sl 03,87 o3zl a6 (518015 025 S 31 ke Jor Cogor (ommn w35 1)) a5
.(Shadkam, 2021)

1. Wang
2. Liu, Z



VELY Bl | VY 0l | oS0 5 oy Jo [ inio oo Slalllas | 1AA

Sl eslinal Ly (ST glosblenny b3 Mg SO 55 (YY) 5
5 Laskme 1ol ¢ oL 0L g LalT .Ulaistfs 3 oy lmadin 6,§M 5 S,
O 4 (6536 (6 S 3,055 Sl G 5 e ) SIS0 5 e Sl e L
(Mishra & Rani, 2021) dzsls 5 5 9de Cub b L O gus

slaadl; 51 655 S5 6l (ol ilwdie & (Y2 YY) 0K 50515 Js
AL o 53 48 505 Ol gl Llasstls 5y COVID-19 (5,8 aen J b 3 &STL b
P s b Gte slaadl o bs e slaa o IS5, 50 50 L5 Dlaenal (ke
0 0T 5 Jool AT s a8 558 b (6550 4 otis s T pazr (Jste Sadlj 5 iy
YF 558 (68 amn b 5 adl 1 635 A5 L oS 515 0L 33 S5
(Valizadeh, 2021) ¢l O or Jo6 JUj Jam L;”Ttv.- as S e
Jsb 5 (Sij Gl o e sl sbly Jote 5 (YY) 0,80 5 ol S
e sde b (6554l p J,\_,.ei_id,ulog;al,tw}wuj;@uﬁ@rz
3L COVID-19 ¢ 5 i 5 b 5o Sy sl o e gl |y s 53 Lakzses
,ul_.ﬂ,‘_s_ﬁ‘}su;poujﬁ,yg\)o\#,ug}a&w,gdmu_ﬁ
Sl Cy pdee 6l o b, e & (Y2 YY) 'Y, (Govindan et al., 2021)
(i f (G llone gLl 03,8 B s 365 ST (S 5law ¢ 5 sk 0> (S5
Sl a5 S a1y g ae iy oS das e Ol 1 LSS B
(Polat, 2022) uS" o pmens 2éldg Slelia (gl s g sLas] 3l (5,8 gl

V8 W35S 093 53 dlig ladilas Cu i (YY) 01,80 5 oIS 5
S ke s 53 5oL (56 (6 e Az L O b s dlis (512 5038 (o p
so3s addads LadT Lw g sl ial)l bl Jdos sles gos &1, (Si 5 gladll;
slme oy Sl by J S aw olaj J5 Ole o il Jolto 4y Sl
S ok ool S Slamna/ S5 T s |57 5 Slods slay Sl Sl

1. Mishra, A. R., & Rani, P
2. Govindan
3. E. G. Polat



VAR | 0100 5 89,0 fue U (lhns ylony Sy S ko ol 00 ) ADlaiz (& jLudule

e 4 (Y4 Y1) 0, s 5 el (Tirkolaee et al., 2021) ! > Sl s 1 b
Conbad oo Ll 5 55 (Sl Sl jgas (6 ey o ke 5 Il A 5 sla b
.\_:Jj:dﬁfm_.p: G 1) Glwaing 5 Gledde Csm ol G Wlis ol Llastls
Sl pde Ll 5 53 COVID-19 65 S Ol g (6l L o e 5 Il
.(Ahmad et al., 2021) &S" . slgiey

G pidn &St ol b (6l a6l 4 (YY) O 5| 218 5
Jioe &S0 Il ool sl (gl jlbletiar b (bl slacsl o Ll
B 55 L a8 el 53 OS5 (latiall (g1 1 At e (g5luates
Torkayesh et al.,) .auS o 4t g0 3 olazr! 5 Joomaon j (golaBl glaais 5 S
(2021

Gadl) o it 5 ISl 135 55 e 5 ey 4o (VY1) OLLSs "5
313 0L LadT oo gl Lilaestls 5 o 55 COVID-19 (6,8 aen J b 5o Sy
32 B b s 6l m 6oL Jeily (5 dale a3 Ol e Sl oS
ol G 5 eSS LAl bl 6585l 5 Lyls milig sladileny )l ksl
4o (VYY) 0L 5" 5uaST Zhao et al., 2022)) sl acsls Cilke AL
SIS 5 Sy g 914558 (6,8 e 5l (50 (S el (sladileny &y e
3550 55 @l it adlas ol el dlast s p Ul 53 LagT Jaomec s 5
doas oo LIl 53 18-y 5 087 laddls Sy e s Dodadldly 5 Dodaoli S Slagealy
clag S aan J2alS ol o Jlul 51l ol lag 5l iul anw s @l obaws s
(Andeobu et al., 2022) das s &1, et 5 aliee

L (Slwslen) (bl Gladilamy Sy i (3dnts Dlados ol gladle o
3 e plal S5l G Ailes S L1 (sBL, s a2 503 S (o)
Jlis ys ot sas § 15 1355050 megdle 5 Sl 4 S JSE (YY) 0L Kes 5 031

1. Torkayesh, Ali

2. Zhao
3. Andeobu, Lynda




VI Y Ol | VY 03l | oS0 5 oy Jo [ inio oo Slalllas | 14+

3 sl (65,50 g ki By (ol e (K 5,10 S8 am slal () S e

oy Jie S0 G ol )3 Sl 0l 4B 8 15 5 55 e VT (sla 36 Lel

s3G5 03l ok gus 55 el (61 (536 sla el b dai

s bl i (65T 3 10 .l 0l 0Ll NSGA- 5 b s as (6,01 5

Joee &S5 il 535050 53 (YY) 0L 5 03l Js alie 5 i Ol 4

Ll 5 53 Ll S b 0l 0 o5 6l (b i 2L O 45U bla i

w5 8 b s galasl dm o sastar 5 6oL slul OT 53 48 ol ols &1y okl

sl o o3zl Js > (51 6,8l 5 6ur;i)j§s\ 51 Culg s 5 Sl ok

@338 Sldes g0 ) Jad

3,
3: _3: & g 1 Q»
B3 - i J \ . W& ¢ .
329224 55! Ju | oy
;)b 9 Y Y 2
* * waS il Y4 | o 5 Ll
s Jo s 55 S5l YN O 5 e
S S Yoy oL 5 LSes
S0 s el o 5l
% * B Yex S ke g
s #* s b Sl YooY ILHer 5 8
s s osbne A b5 Yo Sy
* s s o S Stz Yoy OLSen 5
- 3 ot gﬁ‘,
* * % * B Lo L] A
be\j{
* #* * slas 3yl A0 AT I B COUNPRFIN
. SRS
s s * * EENENIES AEAR
oL ea
F 5 % s ddadis Y. YY OLes 5 5o iT
* * * % * * NSGA2 P LA_,iz.a Lwd Y. Yy ol dlas




VAN | OKe0 5 €90 fue b bt Yoy Sy S ko ol 002 ) ADlaiz (& jLudule

X3
Gl wws 95 4 bl ¢ Shwsles badl) g o pde (Gl ¢ g 25 90 s 5>
3 Ol les 53 adlj aS Cnl ol o (5,5 s o (Sduaied Jade pb g Ssie
P13 1B e b s Gsie Saadl) e Jlan 53 5 B SIS plig ST
S SAALS e 5 05,575 8 milg ST e 5 ok len I (Ko sadl;
5385 Gl L gd o Iyl CELSL ST e 4 Sske b adll) 5 5 smdl ST e
S5 51 oy D Ll 53550 Jotd (S S (65,51 & 5 gl 5 onlizal L
s 53 00848 8 155 53 3550 51 (S 2 gm 0ol Bk o 03 5 4 1 4
Cadisen 381 0 a0 LaOT g o 5 Ladllj 5o s I3 & s 9 0 3131 (Dl S
N W (g den S3L5L BB (5 5 e o Sl o 5o Sl
I3 L Sk ST e w g el 5 0l 3eSSE (6o 5T e S50 53 65T pex

Pt dhe ) IS

Sl s
= }s‘j‘ / D e

S 5 6ol

PSRBT

ool Sl S8 )3 o3 8 4 G ol plonil Sl o (B (on pie Jbe €151 51 g



VEY Ol [ VY 0l | 65 5 o Jlo | cinio g b Olllas | 14 Y
:aaf@c\i\)\cmjjs

G gl Jol e XY Y2

bl il 5 g ok s e L s e 0
tasLnn e
o * ain Jbe 415l 5 aize Lot
il
— 32 bl e e de s DI
ST T 1 NSGA-I 5 a Koe ses (6,501 3 i,
J-e 5 5 S el

s s sl gl e
NSGA-II s S

Gis el ol o g 5 5 Sl ¥ S



VAT | 010 5 €90 fue b (it Yoy Sy S ko ol 002 ) Ablaiz (& jLuduke

~ 2L OLSe Slesanal (s5lwan )L S dadir (5L, dde 5 Alis ol o
Sl g ke 45 ol 0l 01 Sl jlaw dilery S s ol 0 i3 )3 (ol joees
el 5 A A Sled ke

DAL 5 S e (6,8 sl Ladll) en O o s 3l s 5o Al (il -
Sl w53 4 S 1 g bilony LS g0 SSGST AL G b 51 s 5 oL
) &S s o laadls 5 (6550 o 5 S35k o ,8) &STU s i sie
g o o (L1 5L

A B (3o 8 5 Spie Sailamy) U5 65 o (Sl s 9 Sl s -

RS

laadl eyl g g5 a8 Sl Jhids adB aluy ¢ 555 55 bl J&5 Jom S -
S o Jo 1) Gste Al pa b 55 Sate

53 o aalllan 153 s 5 b b 5 L oS e 3 dla g3 g5 Sl
S PPN UNE e A UP I NP O PP VPSS PR J g
=

Okl b 65T paz S0 550 8 03355 s JooSS 1 oy 4l Loy -
Jles (b e (Gdiond 53 I LALST o ad el oo 5 422875 L o )
NSO SN PR i

sl ol 4 & L5 )3 3 gdoes adi lug e 5 S5 S b -

Syl ol e 4 JUdl sl a5y SMgud Sl

50352 (b 2 Ok lo 53 oAb 5 Liley Ol oo ASle Joke sla el I (&2 -
g o 4:9)? Sy 6B sl & 5

53 e ol ys 8 ads bles Sleslinal b Jas Je 31 ol 0 NT b3 izl -
Py S

(s3bal) (Il 8 aw slal (g luaig OT Coldal 45 Conl s L 5l Jbe -



VEY Ol | VY 0l | oS0 5 oy Jo [ imio < s Slalllas | 145

AL (o (e 5 (olozr]

(2LOLS 4 3a Jald (s (slaaty 1o (55loatnS” 51 Sl o jle (bl Cota -
O s 5 (5588 b Sl S S (55T paz e BL L 4 s

23 A3 5 Js Jam ot 5 Lot s VT Hlasl (g lwanaS Jols Jooes (ol -
S 55 M g Sl pomes 5 il DM

Jas) Ol oo (g5 lwatten 5 Lo s 9 Dl $K 5 (GilotiaS” Jols olazl s -
il o ST e s eddisloy|

sl bl ol 53 &7 et 3 ook ms S35 Als 511 0l y Jobo & Sy a5
el ok &1 DLzt 5 (S 3

Ok Loy 4 goes e il

MeM ¢SS 5 sl 510 slp 058l bl a5 sazee M

PeP Calsl S, sl e sl bl 4 gazes P

NEN (5sudl jS1,m sl 058l LIS 4 sazee N

(Gsie nb 5 Gsie GdL)) S=L2€S adlj aeseme S

b fom adis Jrlus K

S35 b SLdl) e ad files K

teT oy T

e el (2

~S
Cosss y3i Oyl Jow 8 ¢ 5 onktld 5 isie (sladls ol : Ui

l

—h

M Joun 53 S8 5 65T mar S o Dltol (556 4 50

m

l

—y

P Joms 5o SoL5L S e Dl 5B e T

VK A& alos 055 Wy



V40 | O1yKe0 5 €90 fue U (lhas Yo SO Limy S oo ol 00 ) ADlaiz (& jLudule
.\}yﬁjb;'}ﬂ)bov\.&jﬁxxoJJ{YTLsLAj\fijZWC
OMW)gb‘jﬁbﬂj;ﬂw.Pc
.C..él.wcjd..cjw‘Q)'j.,b-\)jh)bMGM\)JA&}MJ’.AAV.?Q-ZV":
e O3 g ol pa Sl 4 el K Al aow s S ok oy 0 1
.SJ)..WO)‘)ZWS
.SJWV.??:VOE
w5548 e bl Ay oS oSS 4 521 CS
S5 5 gshe L) Aol &G (6,875 8 au s :Cp
585 e Sadl; ey oSG ik e Gy
(S5 b s Gl ey G Ol g 4582 Cp
i Sl s ol &G Ol g Sl akbld 5 651 b e E
Sl (G55 Aol 5% 03,55 ke 153 s s 4 S 8y Lo e 1 TISK
)Jdg_:géjjLg))-\'ta.?)_{jﬁWEQ)%}JoMr‘A&ﬁM‘)Kst&J\MIgm
m o
.pijja\i}\{)fjﬁWEQ)}.;)JaM(\M\)KL;}LJﬂMIQP
n F}J&jyﬂ\f}){j&WEQ)}.&))bM{U&L&‘)K&}EJ\Mign
12 Ol jlay 511 Ol jlay o Cdlo: Lil,i2

M SSE 5 555 gar 55 o 5 B0 loy o Cdlwe Lo e Ly

-PC»é‘a)‘effﬁmW}&)JT@?f;‘Qﬁ@WZLmD



VELY Ol | VY 03l | oS0 5 oy Jo [ inio oo Sllllas | V458

n L§).}‘“"‘Mij.;j‘)mMJLG))T@?;fQ:{aW:Lmn

A Ok sley 5 M &SSE 5 6557 e S 0 o:i@L““Lmi

Kedis alews 555 28 b QWi

ol Kadd oy (o 23 L :QV

opo il 533V b gl 35k sl M b 53 S 5 s)5Tpar S 0 iz
RO PR

el Ll S sl 53 5V gl 358 e Pl 53 S35 S Sz
C Ul Sopsopl st 5 5V Ll 3sh enliN dai s g5 smdll) S0 Sz,
]

25V Ll a5 ta)ss 5302 Obsley 411 Ol sl 51 ol K el by S1:195 15
Sl bl S el 2

SV s Toyn 53N (G5sm A3 S e i Oliw o 1 ol Kl abows 130
Sl b gl S el o

350053 53M &S 5 5)sTaar 38 0 i Olslon 51 o1 K s ds S1:700s
Sl bl Sogenl 20V L 2L

23N (&5 el S o an M L5k 55T paznr 55750 51 ol K s s 812 Ym
Wl bl Soge il B 03 5V b Rl as ey

Tosss )3 P 3Lk S e M eSS 5 5T pamr 5 5l oK adis abos Sy
Wl b Ry Sose il 50 5V L 220y

Ol oy 4011 Ol oy 51T 055 534S oKl alow s Lo 35S 3 1kie JXWTio
(12 Sl ylay 4 Sy 3 J3) UST 0 jaw 2

i Jl)) S o33 531 Olmnslay S ol K 4t alwg Lo 5«57 L5 it X
25 g0 S8 9> ESSE 5 68T e S

3 63T g 55 o o Ol slas 51 pIK s alony Lo 35 457 U plute Xy



VAV | 0100 5 89,0 fue U (it ylon Sy S ko ol 002 ) Adlaiz (& jLudluke

abg Jllto)ss ,om oSS

23N (553 55 m a0 a0l oy 51 pl K ks abony Lo 5«57 Ly e G
gd o Jlasl o, ss

S oM SSE 5 65T paz S 0 5l oK adis s Lo 5 4578 U lukie iy
i or dluylto s 55N (65 gl

FS M eSS 5 oosTpaz 5 0 5 1K adis dows Lo 5 4878 L5 it 27
Db o Jlayltoyes jop bl

Toss3 538 A3 sl pli Oliw ey otd 0313l Lol (g

b, Jde sl
..,U\o.\..'::()\..;Macéﬁwé‘fjws;é,;'}.&.acljcubl);

minzl = Z fmzm+prZp+zfnZn+CS><Zz Z

m KEeKr

+ZZZZmepk+ZZZZme

m k€EKr p i k€K n

+zz z ZC xmnk +(i(vf*ak*vk

m K€K/ n

T T N

* ( Z(x * L) X wy + Z ZZ mk*Lni*W1
=1 m n=1
M

t
N

t2 ts
+ Xmnk * Limn + Z Z Xmpk * Lmp * wy) + wi)
1 m=1p=1

*Pe) (1

slaas o glwasS 5l Cul Oyle a8 Coul Jl Coua b o0l (Y) osle



VEY Oliwsy | VY 0l | oS0 5 oy Jo [ inio oo Slalllas | 144
Glaas o g adis floy Ot g slaau 3o 5 S50 5o LS S5ls 5 5 SBlgud Sl
2l VT a3 sl 3l ol Jaswacon 5

1
t1
Z E x Xink
=1

1i

K M N
Y Y pexti o

1k=1m=1n=1

Kr

=

T
Max z2 = Z

t=1k=1n

+

NgR

,.,
Il

Ov\—:‘u\:.s‘}: szﬁ‘ (5)\.‘&4-.:.;«:4 )‘ S Q)\.:& 903y ()J oda c\] o lasOlis (W) Q)L:.G
Ladl; Ol g 51 o
T 1 2
min z3 ZZZnsk
t=1i=1 S=
*q 3)
Sy iS5l Sosle & ol e pow s sl (F) Ols

e 550515, )53 pm )3 a8 GLaall)) Ladlls Sy pide pe g5 4 St

(Llodis
M P
Max z4 = Z Omzm + Z 07y
m=1 p=1
N
£ Outi 4)
n=1

Ol e (glwaiin 5l Coud)le 4T Cl Jdalg o @b om0l ) o,le

.aﬁwt' ;‘}A DL )K ‘53};; 6‘.#\’;1»"
Z Z Vimk = 1 Vit (5)
m k

&Jﬂ.ﬂj&lbuo)jbuJA)bhdbjw 4.:&645@;}:@'(9)@':34”



V44 | 01,00 5 89,0 fue b it Yo S oy S ko pual 0y ADlaiz (& jLudule

Ly DB 4l alew s

D Ve = D O Vi
ki kK p

£ ) VML ©)
n

‘M}&)}Tt&?}j‘fq_f au))‘j%&bj JMDGA olis V) Cod gdsee

> xip + 4

k
=d}, Vi t,s (7)

LS‘J-’ 6‘ | QL’LWJLQ.;; o i LS))Tbjf 45\4) L.'. oS oala cwl.; LSL"L& d‘,:.a (/\) C,;*bj.lm

ts _— ts
k k

P
+ Z xB) vmt,s (8)
n

'\'SLS“ M\pu ‘)‘[0)3.3)25 4.“;)

S op pmens S 53 1 Al 0L Jales (R) o gdoes
Wik
<M X yhiok Vil,i2, k,t,s 9)

ts
Xik

<M
Xyl v, mk,t,s (10)

ts
mpk

SM X Yhok vp,m,k,t,s (11)

ts
Xmnk

<MxXyl . vn,mk,t,s (12)

X



VEY Ol | VY 03l | o0 5 oy Jo [ inio oo Slalllas | ¥+

ts

Xink

<M xyk, vi,m,k,t,s (13)

G St S 0K Sl s 534S LS o el (VF) B (V0) (gl s gos

e A s OF Lo 5 93 0T (s 473 5 r 03l b 4l b ¢S Lo 5 L

Znyuzk <INI-1 VNEeIL|N|

i1€l i2€]

sl 8 O e

> 2 &Vk, t (14)

S o Okl oy 4 by S o0 53 555 5 bl 51V Sy sidome

AS

Z(xrtrfpk X Ws)

S
< QW vm,p, k,t (15)
Z(x,t,fpk X voly)

S
< QV; vm,p, k,t (16)
Z(xrtrfnk X Ws)

S
< QW vm,n, k, t (17)
Z(xrtrfnk X vOls)

S
< QVy vm,nk,t (18)
> et xw)

S
< QW vm, ik, t (19)

DG xvol) S QW vmikt 20)



Yo | O1Kan 5 655, b b iyl Sty o ks sl 6 sy dBlaiizr &3 ludute

Z(Z((xwitﬁk X Yia) + x5 X wy)
S i

Z(Z((xwifflk X YEiak) + %) X voly)
s i
Z(xrtrfk X W)
S
< QW vm,k,t (23)
ity x voly)
s
< QVx vm, k,t (24)

)\ka_:l.éaa\.l:_w, Ja_wja.quJL)SM@W@(T\‘)U(\?)GBQ.UW

LSS 55l OT o 5 S35 S b

m

>1 vm (25)
2%

P

>1 Vp (26)
2.

n

=1 Vn (27)

EMgd Sl 55 0 65 ol 45 S o e (Y9) 5 (Y0) o(YF) (glacy s guloes
Slaasjn |5 it a5 s 53.33,8 Gl Z3L 5L 5 5 gl (555 Tpar

oml e nl 3 a8 Coulods 4 § b ys 5B Lol byl 5 Mg Sl



VEY Ol [ VY o)l | o0 5 o Jo | imieo s Slallas | ¥+ Y

S (2L S anl p Pl Jo ol g godta Gla B,y el e (656 ¢ al 5l
o3lizal (Y4 0V) st Lo 5 ol Svady hay 5l Gk el 53 ol ok slgidy
LaoT HLasl (53 sl (Slie o (538 slbel (Suad ) [ba) G Srast (ol ok
b Jie 4 |y edaaslyl (656 (65 yank p Je e gy a6 Ll sl slgii
S o h S

13l s mb S S

minzl =

i tha’ R ifp1+2fp2+fp3z if#+2fn2+fn3 +Cs

n

Yy Ty S Ty e

m KkeEK/ m KEK! p i kEK n

+ZZ Z chxmnk +(2(vf*ak*vk*(22(x ¥ L) X wy
t

m K€K/ n

T N M N M P
+Z(ZZ mk*Lnl*Wl ZZ mnk*Lmn+zz mpk*me

t=1 n=1i=1 m=1n=1 m=1p

X

*wy) + wy) * (pf +w,
*Pc) (28)

(V) Cysgdoee Jous

dit + di?
Yl = (-0
k

dtZ dt3
—is " is Vi t,s (29)

ﬁ)ﬂ\j\d@&%gﬁﬁb\édﬁMﬁk)db&\&lkb&:ﬁx’)s
w3 (LS5 02 ) s S s lie Lyl oty 8 sl La Koo aws (65 Lvig:



Yor | O1Ken 5 655 b b iyl Sty o ks a6 ) dBbaiizr &3 ledute

e 5 (el sbar 0T 5 Shee INSGAI siia s o2, S L (s3lgniy sla e
el o3 & S5l gy 35 50 dlis 51

Lo (YY) Il 53 5355 o ool KHA Lzl 457 '1a S 03 8 iy S
wfjaud,u{w;@u;;\jﬁduﬁ,ﬁlm;;kmm,\@b)@ﬁ
5 e S ST Al s S ey 5 1 L ) b S raz s
Sl 3 iy pammin Koo S5y o355 0 (Sileart b Ss S aos Siles
SLACS o plast 3 ph oo w8 S i 55 1a Kon S 5 1 1 Sn o O 0
AL 6l S (la Ks ple 08 2) s Ko S 28 o 51 36 i Juls Ko
el B3las S 5 1

t+1
i

= Nit + Fit
+Dit (30)

X

dy Cmn ) oS S I 1) S it b g bl e 55 02 S el b
O Ao La Ko ool &S o 53 a0 S (ki o) aI VL 3 &8 Kn &S > 4w
S Jolo &7 505 Ol 5 filie 3151 236 G o g Aipla VL (ST 5 ol
(Ooda 51 @lyd (oS5 Ooda ((own FD D)3 s 05715 51 (s 51 (56 0S8

o) (andls JS\) D.L.Scfb C)bb rf\j 9

new = n"%q; +w, nol (31
‘Yb 4194‘) BL 4§
a; = alocd + aitarget (32)

&ﬁuﬂ@jSJ}ginrax)

\}' oJ)W)JJF)'\QUwR‘ijiwn
[ ,old

G oS i

1. krill herd algorithm



VEY Ol | VY 0l | o0 5 oy Jo [ imio s Slalllas | ¥+ €

(POTTI S R 177 s

oo e o 55 Ooda g 31T
JM} QLMA CJ\J}" CM a;
:V'i)b e

afoc = Z kijxij (33)
T

- 0L 1y e T s bl Xij 5] 51 5Se 93 S50, o CodstKij YU alasl 53
(a3l b andls) dal ite b oo Ll 5 oo dolnar &S5 51 s
iy S r arlenn 655 sla s 1 (531w & Ty Lan

L SLEST glat g, 3 eslimal b Ss o (gl sl ot

1
dsi = 5—Nz|xj — x| (34)
j

Ll lan 580 53 OT sl odsiCin a8 roww 4l 1 8 38 93 dools S
133 8 ot deloms 5 Do) ot s S e

t t
aim’ge — Cbestklbestxibest (35)

A4S TSl 5K el T S0l o e b b Ko I8 51y o icPest
253 s law e 5151 5 S 5e e ¢S o Culda (6l a4 1y ool (ol

enla Ko
) ,rand € [0,1] (36)

cbest = 2 (rand +

max

-@r;i,,in,\;c;\u;{tblmwﬂ,ﬁl&kﬂ,{:a}u|m{@\),;
B o 5 10 O Sse s ool eyl Y IG5 1E (6 gt (gl p OS> L

1355 0 delons 25 Dy g0t o1 (6 80 (61 IS ol 1355 0 s 310 Joe
Fi = VpPi + WpFPH (37)



Yoo | O1Kan 5 6hapm b b Syl Sl o ks sl 6wy dBaiiz &3leduts
_ pbest food
Bi = B + B, (38)

(@Uﬂﬂ'/'*)\iﬁdwuﬂﬂ/p

Vot om e e &S Sl o sl 055 Wi
Sl sl B/

58 b5 0 pS6 oks 3L e o g B

Zinl
xfood = L (39)
5 I
lkl
a
Bifoo = ¢food x ki,food X Xi,food (40)
:bj..i:.a M\:uﬁ) @‘)&M}bbﬁ\;\.& %f.’?CfOOdQT)JAf
1
cfood =2 (1 - ) (41)
Imax

3 g ot i 5 (6 ol ey (810 L Ss oLl 05U a0l (s g1 w3l
g O3l bl s Jsemey sbas 1SS ado ot Sl din SKn sl 3l Catlis pl Ll
FITri el S 6lp S50 i A0S o S5 S pead 6 el e

1wl

best _
P00 = kipest X Xipest (42)

el ol (6 e Lo 433k s se e Kipest S
b 8 a5 5s aslas il Son sl (S5 sl

sy o YL DX

VoV o Bl polie b e Sl 7 (B3laT bt s 16



VEY Ol | VY 03l | oS0 5 oy Jlo [ inio oo Sllllas | Y28

SRl e 1 03)5T Cas 4 (512 S 5 K sl 1 36 CS - S
ST sl 2531 L aST Gl Balas s oS5 SG s Hlasl b o 2l 0l

Al el Sals ((0b3)

D; = D™ x (1 — ) X6 (44)

max

g b Tl b s w02, S galgiiy dike Jor Cgr G ol 5
Wl 0laT ¥ S 55 OT Sl 4l oS sl ok > b abds L Jo J>



YoV | OISR 5 655, e b iyl Sty o ks a6 oy dBbailizr 63 luduts

b Koo azws ‘.:.u_,ih @l Ll slaplS ol 5l IS




VEY Oliwsy | VY 0l | oS0 5 oy Jo [ inio oo Slalllas | ¥4 A

pder Jols Ol g o 558 eeslinal w Sle 51 Ol a Jled 6l dlas ol s
Jeedlpoay Lsd oo (b e Slams 7 b Gilloe ba s Lo () &7 Cosl oy Sle
e 5l OT (bl sluws & (GwidSS) (6 ko o Slo 31 Z)y 520 Ziy Sa e (51 5
Ca 5 el (L O o580l Ll 31A) P g N M sldws b ol o 5 4 oS e i
OT slal 48 ol sl bioslizel gdn ¥ s 5le S5 Slfp pite Jiales g 358 o0
w\cMw;Jba)bw;buQT

23 Aol dd eslaul (g3l 40 éw ‘_;Mﬂwc;)y@ﬁl&\‘ (poeeR
ab gy wU g adsl Ol Olge s Olaar S ((Siles (s @l 51 oS
ulj_"-éw)JﬁSJJW‘u|ﬁL§3)f¢ny§La&c\ (a.k.sjbja-\.ﬁtdu)‘
Ll cos ool 4 4 5 b ¢ Sloos Sl S W 55 51 oy AT oo Cons &
a0 0355 (615 Sy g0 53 5 0dsn 8 Ol YL SusT, 5 V0 s
(o 3 g (St sl Khee 1ol caalsl 53545 oo 6LS1 ad sl slac! s
.@la.&ia;\;cﬁ&j\yéwdw41_,)()\};94{&()-\'5)'\}»;’,:{;

@‘&JQ)W“U‘}’GM;&&VCJJ‘

0 53U 310w P) [1.M] st K 03b 53 CosluasayM2 5 ML il 55 1) Klas
QmZ;mlﬁ;L&MZmJ:.i:ﬁglﬁw;u)sjam.gj(di:.i.é:)‘_;)ﬂﬁflf
ol il p SCSE 5 63T pmer 7S ek 4t 5 b e s e g0 S

c}in_f slds P) [1P] ‘.“"'\}"ii o‘}Li BE) QJL-.AJQ p2)pl miv\.s‘j.: Y J.ilaﬁ«
Lp2 5pl slaasls slas ) e Ol g e 5le 53 godddd 5 (Sl ST
Lt joite s ol bl jp b3l 5571 ks s o 3 b o s o0 o 55 SIS

c}in_f Sy N)[lN] Q}‘).ii c‘}Lf BE) JDLAJM n2)nl miv\.s‘j.: “Jil.«ﬁ



You | O1Kan 5 655 b b iyl Sl o ks sl 0 ) dBaiizr 63ledute

Ln2 5Nl slaasls polie iz, ite Olga e jlo 43 g odddd 5 (6] swdl) ST e
Lo ke gl ol b (65 5ml5 ST po oS g o 5 L o i or 08 SO
g oo O

Gl ysban ST y3 0dild 5 (69 o coliosls A Gﬁwrﬁw,;
g ey OT (Kiloan 55 6 alees Ol iy Ol o 1 i oo Jlas!
Lol o3 odeban iz 5 Lot 218 ol b0 1S (s Jlows
23 et o33 i M 4T biben g edsolil YL (SauST, 5 YL coiS
.::;@éulg\ﬁWQozﬁj‘_@\ﬁQ)ﬂ

N L L 8o s 025 S0 1 S5 0 55 5 g g sl g slbas o7 087 5 5
Sl N a5 6l ol ol (Sl Aol 3 (b 53 ke ol e 5 g0 03l 2Ll
Sl N b ods ol b (5lpe (Slaes (5o 02058 o llan o5l Sl
s i Sy 3 Gt g &S S eamy Sl s W5 1 (1S e S
Olgeas |y s e 9\}? ARG ‘55% 33 ...L'Su.a oslanl @}L&‘T%‘}? Ol g as
oA Olseay 1y Olem oSG esls (63l e (SKlenn (6 gt Jbstlo 4 63555
U dnl b ol S o 6Ll Las! g Cmez 40 03385 (651,50 Sy 30 53 5 olns]
S sy JoalS sl S o iy aalsl aails bty 025 o S gl
(] 5 Sy S g S lean
RN g P W PR FE
S S USL Iy s ok gl (Slen Shes 15(8) 63505 <l -
oS SMERLS2 1y s 5o o33 (Siloon Koo 41,5 (8) 535,55 <l Y
oS SMERLSB 1y s 5ok p g (Siloon Koo 15(8) 535,55 2l ¥
3 YL CaS L Olpm con ode jlosleul LS3 552 ¢81 ¢S glact s w51 -F
oS bl 1y VL SasT,
oS s)‘f¢US Iy ods st Ol g =0

1. counter



VEY Ol | VY 03l | oS0 5 oy Jo [ inio oo Slalllas | Y1+

oS Lol Ay ¢S ok jleds 4, —F

0335 ) B 03 S5 sl e do o i Sl 0 sled I oS 55 03 -V
STUN SRRy

0L A

.~—l(VNS) ’J_:!c.a LSLLMA Sma ol o b ol )3 35 495 (G Hlwesly
53 byl ol S e ezl (NSS) ' Slon (6 st bl ¥ 5IVNS L

RS J_.s‘) Q)}—ﬁﬂ\e QT % Iy )L’i:'-l 0 g ok Soslazw! VNS @E

(Tavakkoli-Moghaddam et al., 2011)
{For each input solution

K=1

While stopping criterion is meet do
New solution=Apply NSS type k

If new solution is better then

K=1

Else

K=k+1

If k=4 then

K=1

Endif

Endif

Endwhile

}
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Dy el 5 D)ok 3 sy S Sl
Improvement method

{For each si in input population

Si=apply VNS procedure on si.

Si=check feasibility method.

}

1. variable neighborhood search
2. neighborhood search structure
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