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This paper presents a new mathematical programming model for an
integrated production and air transportation in supply chain
management with sequence-dependent setup times in order to design
an applied procedure for the production and distribution schedule.
The aim of this model is to minimize the total supply chain cost
consisting of the costs of distribution, production earliness and
tardiness, and delivery. Because of the complexity and NP-hardness
of this problem, two meta-heuristics based on genetic algorithm (GA)
and variable neighborhood search (VNS) are proposed. The
parameters of these algorithms and their appropriate operators are
set and determined by the use of the Taguchi experimental design.
Then, the quality of the results obtained by these algorithms is
compared. The computational results show that the developed VNS
outperforms the proposed GA.
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L. coordinated Supply Chain Scheduling Problem
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Procedure Hybrid genetic algorithm

Initialization
Fitness evaluation
Xpest = Update
Counter =0

While stopping criterion is not met do
Reproduction (p,%)
Crossover (1- p,%)
Mutation (All offspring produced by crossover, py,)

Fitness evaluation
Xpest = Update
Xpest = Local search

If Xpest IS NOt improved do
Counter = Counter +1
If Counter > no_change do
Population = restart phase
Counter =0
Endif
Else
Counter =0
Endif
Endwhile
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Procedure Local Search
k=1
While k<n+1do
v = mutated solution
If f(v)<f(x) do
X=V
k=n
If f(v)<f (Xeest) then
Xpest = V
Endif
Endif
k=k+1
Endwhile

ol 0018 dxwgs Ao semins el ol Y IS

Sl piseS bl a5 wal (oo Ojg0 i dles IS ay,
Jo Larass polas Oo);l Cawds b g oals 1> Jox dlos
33,5 o0 12l g saiiley sl p oSl s b sowl sy
Jol e sl adsl Slo ol o )oSl sl 5l alo e p2 5o
sl See 1S5 0 0 e g oo Sbml Solai sl
a8, 5 A e e 5 iz g ablE woame adg

Dy s
e b ol e gomina oad a8 4 Sl g
Al yo )0 Sloz Slaled ogon wili e a3 LI & iz Sles
wd) S0 abls Sles ol law JIg jlon &5 4 guiile;
el Slee b, 10 iz Shee g glahiss S5 Slee

Sygo & Jeo arass ds e 0 Olgx ioled ogou Lol

wolin f oo 51 (3)lhs 5145 S o ral 90 Cupogazms
b panass Fles @ wlgoes 1 o8l wijls gline
msod 4Bl pamass polie 45 siled ge (raed pgw Cudgacns
S el sl T Y b o 5l il

b a4 ololin peled &5 WS (e ned ooz Cudgusee
b panass Bjlsp 4 Jol5

Sooa b 5 e e ol ple (P) 5 () shndgas
Cadgazme b parass IS Sy Lads CoaBae o 4 g CoeBye
@il odbel Gloj (28,8 S5 50 LIy bls JeaSS loy (V)
S s dlns La)lS G (JIg anel

S5 i ye5d! F
5o eolaul gl b slonsyy I aldss VAFe Ll
Syge Slwainge S fle (> oz 68 slee )Nl
RUCT TR RCCIPWREIPI WL P SICE g JCQPESN:
on Coners 5 2,5 2l S8 (slacdy, 5 K 55
29 wilge (Bolal g glahs, 5 (S @l 5o 9wl
mane Jolie ledisy SRos b bl leislas slls w5l
03,5 Ol py Sz w4 ) ldglls (ul S palS oS cul (g5le
|
b 0ad 180 sledlex I slasgerme b Sy sl )
S slaegerme g lalsz 5l Comanr o 0 S5 e, Y
J Ly o5 Ol S b a S gz 4 g0 ]
el 3,8 Ky L &5 WS e IS ansl>
3 auS oo oolainl (i3l al Sledbl 5l SCasy o681 Y
S50 (S psle b lofnie
& S oo oolatnl Jleisl 5 s aeled 1 Gy oo, 0501 L F
- srdad aclgd sl
STl 51 oslical b a8 sl 2, Lsoin 55N (235 w55
Al B bl g el Gl S5 0550 50 (gl Sliles
Sl b1 (o2, oy bl ) Glasgerme SG5 b
Jole 5 joka S e oS wos Strer 4 ol ks
U5 Sygo 4y |y i ) o o gl (K5 0,65 (gl
] 0l QL"‘" Y 9 Y 6Lb D)Lo.it

L. Evolutionary Algorithms

¥ oslod —TF ol —1FAY ,3T s ca yrike 9 @b omsiitee ollall oy &g pidd


https://ijiepm.iust.ac.ir/article-1-953-en.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-17 ]

Yov gs“")'ﬁ)' 08 jude Mo plo g sﬂox EMo pdio ASeF L,

ey b ool oy yo (lgp Joo g udgi Az LSS gusuile

d; =[(x; +x§/2)] \Y)

fi :(x$+x§)mod2 \Y)

4S5 (6 ok A e o g0 4 [, R o 5l iY Al o

sl c)l.o..i) [ LRV é_'al.aj LgL:a,S.lA.c/ aS ol ‘5.,‘4);[.4
RO PR WPXIKY oy 0 9 s

ipos pmai 5o b )G ablE Klos
s 2 ors 4 D] meblie 5 (SUSyy by Shee

R=R1+R2 :@‘c%oﬁ@‘}\cc)wﬁ&h
DS, 18 o Sl cds,y gaz sl sl b 1, X2 5 XE lly g0 o) alo ye
A EEI AR
=1 j=1 =1 LY
F F 1E ] 25 sWlya slosliinl LR 9D (2850 G sle oY Al 0
=20 =526 J=12..n an e
i=1 i1 23 IRV RLWRY
X R! X'
811(0]|0 110(0(1 5({0(1]3
0o(7]1]|0 D 0|11(0]|0 0(6(1]1
olo|7]o 4lof1]2 1111 “lolol1]o 1lof6]o0
00|09 05|11 o101 0|l1(0]|0 213[0]5
X, 1]10[5]|0 ol1]1]0 R? X'
1103|565 2111015 1111010 0|1(1]|0 411122
0(4]1]|3 0001 0(5(1]2
2111410 »/ 0| 1|00 111(5(0
513[]0]|1 110100 3(1(0]5
bl Rhas aluwg & 553 Solsi o9 F S
Before Mutation After Mutation
1035 7 4 7 4 1]1]0[3]5
0413 p=2. 6 | 2 | 4 Reallocate randomly 6 3 13 Replace 0[]4]1]3
2|1114]0 g=2° 5|50 5 4 1 3/1]|3|0
5(13|0]|1 4 (3|11

W > ,S.Lo.:’ )U 0925 A LS-M’

o (5o luod (5 9oy 13 5551 .0
oSl 4 g S gl 1290 Jle o [Ye] mesd
o5l (ol oS 7 has | (VNS) ‘r.?-"*-" Seleod (s
ool el ails g5l aige blee Jo 50 g0k 008
Gl Gs8 sl Sl (S et (Solees S92t
ail o | Silaon Ll Slotns s 4l wos
Gl aie hlae glad o age Sloz oz @lp &5
S Gk 5l Silets Slinss 0g500 5 @ GlS S
o> o Sl Koo Nles 4 Slawa SOl condge
s)zls VNS 5,5 0 Sjse Sl slad gomins

L. variable neighborhood search (VNS)
2. Neighborhood structure (NS)
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2 Local search
3. Refresher
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1. Initialization

Define the set of neighborhood structures N, for k=1,...,k,

that will be used in the search;
max

Choose a stopping condition; and find the initial solution x ;

2. Repeat until stopping condition is met:

Set fe——I:;

3. Repeat the following steps until k >k

max :
3.a. Shaking: Generate point x" at random from the kl'lJ neighborhood of x (x'e N,\, (x));

3.b. Local search: Apply some local search methods with X" as initial solution

to obtain a local optimum given by x” ;

3.c. Neighborhood change:

if the local optimum x” is better than x then x ¢—— x” and continue the search

with N, (k<——1): Otherwise, set k«——k +1:

e (Koluwnd Gorminm w851 lial Jolpe £ USH

o lojl brluo 3L 3550 s 0318 udgi z,b ) Jgu

Joluce yialyly EANEORES) polio
N 9 20, 30, 40, 50, 60, 70, 80,
90, 100
9 4,6, 8, 10, 12, 14, 16, 18,
20
K 4 2,2,3,3,3,4,4,4,5
Qi 1 Uniform [50,200]
di 1 Uniform [1,6] x (Qixpi+t;)
0i 1 Uniform [3,5]
a'; 1 Uniform [3,5]
Pi 1 Uniform [5,8]
Des; 1 Uniform [1,K]
dest 1 Uniform [1,K]
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L. One-Way Analysis of Variance
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A 1 Di+
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