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A study on the production and distribution problem in a supply
chain network using genetic algorithm

Lim, Seok Jin, Jung, Suk Jae, Kim, Kyung Sup, Park, Myon Woong

Abstract

Recently, a multi facility, multi product and multi period industrial problem has been widely
investigated in Supply Chain Management (SCM). One of the key issues in the current SCM research area
involves reducing both production and distribution costs. The purpose of this study is to determine the
optimum quantity of production and transportation with minimum cost in the supply chain network. We
have presented a mathematical model that deals with real world factors and constraints. Considering the
complexity of solving such model, we have applied the genetic algorithm approach for solving this model
using a commercial genetic algorithm based optimizer. The resuits for computational experiments show

that the real size problems we encountered can be solved in reasonable time.
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supply chain management)< A} 7ol
Ao AAYE R A% FroE A
AelA Fa% AALAA Y FAJ% T EA o}
3 At FFALES supplierd X YAEE F
Fuka o]2 AEFE o=z WA= factorydl A9
A ggln FAFS customerol A w3}
= Av)(facility)9 &% (activity)d] U EHIAZ
T8 £ . FFAEL supplier?} factory,
distribution center(DC) 12|31 customers 2 &
T Stk oy &5 EFO wt MR
AEHe HRo] gtk ARUAY FFL %
& A% &Fod FHuLE nesA @
2 Ak Foet AL A LS BFow
gt} oje} Zo] 7|E9 #Be AFE At
Hujel 7+ ZFAtole A3 go i 118 ¢l
o] Zt7Zto] EAZ HHAHOoZ JdFHA st
F 2, AakolA mofe] A gAEG S
A3 FFAIEY FEED AAHD AL gl
o T} B} (multi-facility) ¢} oA F
(multi-product) 283 7] ZHmulti-period) ©H
3 B2 A7t o]FAxn Ut ol FA
= AZAA customerd] WL 7S $1A| o
EA8HA Ha ol& F3 FHuE&E& Hzse
FHE AE F Atk olE A 7Ide At
7 Fofol oisl A=A SFAYe] L3
olg]gt FAloAE, Zt7] TE Ao Eo4x 9
= A AFE 7] AN TFe &F

I A R Euiulgs st AAH A

sk, 1A, sEselol & 2 e AR
oz 748 BAS AN AAAE Fa]
Zuro) Ausigleh Qs wupEA

el EAFEF 494 G2

reng’s(1999)2 FFAlEA B
Ago] g 7E AdFE U 4L 9
TEAEY  BAME 9@
framework® Aetsidom FaEAEe 4 @A
A9 JAAARS AT
Malmborg(1996)+= A ]
scheduling2 913 §AA g Fol ek A+
Z 339 Moons(2002) MyPAFxAE
7}A traveling salesman problemol]| sl &&
2l HFAx dmEFel g A+E FHsA
ot 252 A2 wAANT T ZAo)A e
ZARES] AEE #38to topological sort(TS)
A ¢rat4th Dhaenens Flipos(2001)2 t©A
gt gAFE zeln grte] AP SAE
g5 93 Fgnde) uidt AFE 4ysA
t FgEEde VAol Aetzue dAsGH]
A% Aoz 0-1MFE o438 network flow
problem®2 FA8ATE Lee(1993)= thAIFH
o8 AHmulti-type)ol 19 cross  decomposition
g 1#]E&S o]&3F facility location problemdll
3 A7E F3sAh o] d3uE)F2 Benders
decomposition®} Lagrangean relaxationg 3}tt
2 E¢3ste @9 FZE o]FEE d= A
t}.  Jayaraman(1999)= Aol Qe service
facility location® ZA A&} objective logistics
model& Mdsts ATE FRF3AH. o) REdE
customer F8& ZZ3 AHuje FAlele
trade-off& H71sl71 93] MIP(Mixed Integer
Programming) 292 ¢t A}t Dellaert &
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constrained nonlinear integer program< ©]-&3}
o AASI}. 1EL constraint optimizationS
st 3782] Z}7] thE penalty functiong 71HA]
= #AA ¢18F coded MLdATE YunSs
(2002)2 I5% #YEH 1°IM  constraint
programming 7| & ©] &3ty AAAGEA Y o
s d7E FYP}EY. 2EL AR duyS
Ao fFrAAe HE Yo} MEE WAL A
or3ldt}.  Syarif$(2002)& multi  stage
logistic chain network-T A& spanning treeol
7128 AR dugFd g A7E P
. 288 EFVEYIAEA(ogistic chain
network problem)E 0-1EZATAYoZ AHH
39ttt 152 Prifer number® spanning tree
g Hse AR gudFEE ALsgd.
Zhou 5(1999)2 network optimization®)A]
multi-criteria minimum spanning tree problem
& Y3 fHA duFEL olfsE ATE
P8ttt 152 spanning treeE ¥ 337 9
8t Priifer numberE -3tk Zhous(2002)
< 7 GaYgES ojLdd FFAE MEY
A4 A  customer?] R djd TEHjAE
(multiple DC) % &9& A (balanced allocation
problem)ell wi3ld ATE FFPsYPt 2EL
THIFEAE A 734 2yg ALsn
star spanning forest solutiong N3t Priifer
number& ©]-8-3}9 o}

71€9 dFE  FIEAE UEYAGAH A,
AL F Ztzd HHshd e A3 gd A
vl GAAET A Y] & AFolTt B A
= oo} dAF did A EulEAE
Al st dFolth FFHAIE VEY A
MeE BAHE 4988 Fa38A4 g
of & ado|th FnlES Hisher] YsiME
A A4u &3 48|80 AL oo} Fr}
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AAEY AAH FF, YASE AFoE W
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FAIE MEdIZAE FE3 Hug F0
A3 44 lead timeo] SAZT) X FF o
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2.1 JHEALE, aiglolg, My

B ATN s FIAE JEYas
I8¢ Haz = HH AN-Purde
23] ol §H: A, s

z
o9

< 7}3AH >

(@ Customer ¢ supplier?] 49} customer®]
8% 23 supplierd £%& vy <A
Ak 7hAg gt

@ Factorys} DC & a8 44 Ak o
AZLFS vg <A dvka 7P

A5 4% 2ilg
g3t srele,

25 9d A

A +97
L

i :sourced W& (i=1,2 ,1)

p:producty WM& (p=1,2 -, P)

s © supplier?] E’ii(s=1,2,- ,S)

f:factory® H& (f=1,2 -, F)

d:DCe WM3(d=1,2, - ,D)

c: customer®] W& (c=1,2 -, C)

< stEtdE >

Ss  : supplier s & ZAY|

Sr : factory f 9 :AM]

Se :DCd 9 Ay

Se  : customer ¢ ¢ IAH|

his : supplier s oA source [ ¢ BT A2
A u-&

hy : factory f o)A source [ & V93 ALK
A v] &

hy  factory £ WA product p ¢ 9% Az
A H] &

hea : DC d °lA product p & @13 A1k
A 1] -8

CTy : supplier s °1A] factory f 29 source

o oig B9 Tl

CTya: factory f 94 DC d 29 product poll

Pis

Py

Tpfd

Tpde

Dyss

Diy

z{
. |

< ¥
: supplier s 914 source i 9] A4+

. factory f A product p ¢ A

. factory f oA source [ 9] XA

: supplier s 1A source i 2 A1

. factory f oAl source [ 9] AL

. factory f 94 product p & AT H

: DC d oA product p & A

: supplier s 94 factory f 29 source i

WE BT FEuE

: DC d oA customer ¢ 22} productt p

of o @ wNG

F5u

. supplier s oA source [ ¢ ©HF A

&

: factory f A product p 2 @3 At

H)-&

. factory f ol#! product p & A&FH
: DC d 9l A productt p & AF 5

. factory f 1A product p & AF5H
. supplier s oA source i & A#5H
1 DC oM FAZSY

. factory olA Y FAESH

. supplier M9 FAZEH

>

o

J 443

. factory f 914 DC d 29| product p ¢

TEY

: DC d A customer ¢ 29| product p

o 553

: customer ¢ 94 DC d 29 product p

o 4o

. factory f oA supplier s 29 source i

o +8.%

. supplier s A factory f 22} source i

o] o F
1, suppliersoi Al AgAto] wAYEH
0, otherwise
1, factory foll A AJgko] AAISIA
0, otherwise
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1, DC dolA F=4o0]

0, otherwise

TR

]

22 AX YA-2HE 2B

Sotn oy

-

B AFgAs v g9 58320 £48 43y
FFAIE UVEHZE 719 stageZ T-EIIH B
etk A HA stage:= supplier - factory
stage® supplier’} plante]l YARE FIFI=
stageoltt. F WA stage® factory - DC
stageZ supplierdl 9] FFLe JARE HF
AEoZ HWIAAIE stageo]th vlAT stages
DC - customer stage® DColA customer®]
E£4 FFIE stageolth AAE FEIRYL
AZES WA factory®} customerd] AEEL F
2% DCE AAd ol sl EFPoltth
A9 v&oZ factory®} DCS &F& 183
WAl customerd] $8#FS UFH3= UEYJIE
T487 98 AAHUAYG AAE FEY 1y
< O3 2o

<supplier - factorystage>

MinZ=Y3"Is hs+) 8 Ze+ ), > Ps CPs

+ZZZT{:/ CTiy
i f s
TNLzD,. VS
S. i s

)
ZZTisfS Kis’ Vs
if @)
Z, 0,1 Vs (3)
IB,P‘-S,Y}SJ- 20 Vi f,s (4)

Supplier - factory stageolA¢] B3H34E A
A g AnfAEEd nyYeE a8ln
supplierl A factory7tA1 9}  $4u]89 F3ES

Hxztste Aolth Ak (1) dASA dig
supplierell A8l %23 factoryd ST7HTH<
BAE dHe Hojtk AFA Q) AR o
3 supplierdl Mo 4% AXLEFL 23
F e AE quidth Ak (3)2 supplier
Al AARWFoltt AFA ()& WFE o
3 B &2AL Jehad.

<factory - DCstage>
MinZ=ZZIpf hp/+ZZLy hif+ZSf Zr
r S i f f
+ZZpr Cpr-l-ZZZT;:fd CTot
rf p f d
Z;rpﬁ,z D, Vd

s.t P

Z%:Tpfd Ky, VS
p

)
(6)

Z,eo,l Vf (7)

Ipf’Il]"pr’TpdeO Vp,d, l,f (8)

Factory - DC stagedl X9 ZHg5E AFH
A5 ATFAH LI AW LH AAEE
a2 factoryellAl DCRe] F5ul&9 38
Hxges otk A B AFo] g
factoryol el 523 DCY 7% T4
& Agd Aotk A% 6) AF W +
%] factoryd AFTHE =0 & & v
AL ou|sit), Ak ()L factorydl Aol HA
Hgoln), Ak ()L WHFEO WF Bz
& vEpdth

<DC - customerstage>

MinZ=3 %I hpa+Y.Sa Za+Y. > > Tpte CTpuec
p d d p d ¢

ZZTWZ Doy Ve
p d

st 9)
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EET =< K,, Vd
p ¢

(10)

Zﬂkm’s T, Vd an
Z,€0,1 Vd (12)
1,4, Tyu=0 Vpdc (13)

DC -customer stagedl A9 B4 &&= $41]
437 34818 33 ARHAN LY FHE F
gate Aot MY 9+ AF 9 DC

75 %7 customerd 83 BAE A
& Aol Ak (10) AF) i DCe
%3] DCY AFEHFS 29T F gue A

aujgch Ak (11)2 ZF DCAA Y HHE&
o] DCAAY AFLFE 23 F gd= A
S ovgit Ak (12)= DCY AAwSolt)
Aok (132 WFE o wgxHolth 7
stage 2 ¥ ZH2AH A& FHsIE
AAZFFAIE WEY A AafAaLa Al
Aelg a8 RN EEE A  de
2383 F3AE YEYangoe] 9r}

o ol mlo 4> o 1o P
o

3. 7 Yu2Ee HE

B2 AAHGEAEE FAGAd old W
9 B AdgAo] HE B A 7
Ak oA A9 uAFAIYRe= HE T
gobd g HlEE&EHo|a gl . FH
ol2id HHIEAE Hdsr] HY WP A
=9 AAYSS o]8E ohFd Wyl g
A7 APHn vk AFHAYFE ol &

Wil FAR daFGA Genetic
Algorithm), ### =Z2Ia%(GP Genetic
Programming) 2233 X&Z2 3% (EP

Evolutionary Programming)s°] At} 2 FolA
FH2 dngEFS oAdE AHJEAE HFs)
=8 o] guryoR Wo] oj&HE AHHL

A3z dungFoz 48A Yo FHdx 4dn
ZEe AL Adxee AsdE HF
HE o83 Fdste WHolth =3, FEAY
gAs B8 oY HFSE EA diE 2AHH
A3 (near optimum solution)& ATde= F
28 (heuristic) HH o2 HFg 33 3Hsolution
space)ol Al Z&Ed gAFHE 7K1 9o o
Bt o2 e Azt Hlgo] A8 HTE ARl
Ak AEFHQ] T2 FHAE B3] A
3 o)AAFY HFE o) Esd FAEE TAS

o ol Ed AdA AFHHAAHA A
(selection), @ xHcrossover) I2]i EF@Wo]
(mutation)ol] 28 FoizZ FAlol d& HHA

of 2hske AAE A9l AN Robrle
A%E FRRG QRO olgHE AW A
A e g

begin
t <0
initialize population(t)
evaluate population(t)

while (not terminate condition) do

begin
t «<t+1
select t Population(t) from Population(t - 1)
alter (crossover and mutate) Population(t)
evaluate Population(t)
end
end

3.1 §HXie| 3#E#(Representation)

¥ @ (Representation) sjAst1A 3= &4
of W&} AHAsA chromosomes A s W
oz A wet 2A EdE 5 Utk Binary
9} real number coding®'¥-& recombination®
mutation operator’} 12 A FHEH =1t e}
AAsA ol gdtt 7z} chromosomeS binary
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0-1 variable Q'ty transported Q'ty transported
for factory to customer to factory
1 s 1 Yy 1 eoe 60 70 ans 75 eoe 120

— —

0-1 variable 0-1 variable
for DC for supptier
<Y 2> &

integer string2.2 THAT B AFAE 370
o) supplier$ 3789] factory, 378¢] DC 283 3
79l customerd] FAE 134

£ AFoA EEste chromosome o} 9
<ad 2> Zon dEAHA 7789 sub-string
o dis) dwgch 3709 binary digit® FAE
At F A zefx A MA sub-stringe
DC, factory 12]3 supplier®] 7§ BE e}
ok vl HAAsub-stringe 2z} producte) =%
DCollA customerZ9 F43F& Yehdc i
HA sub-stringS 2t productsl] th3§t factory
Al DCRO 43¢ Jeidg. 44 WA
sub-stringe 2z} productol]l ©id supplier oA
factory2 9] FFFE dehdo. dF A
sub-string< 7 productel W& factoryol A<
S UG & AFoA AL Zhzhe
FHAE m X n matrixe] e FHHA

32 94X HOperator)

3.2.1. A= (Selection)
AL g A FQ3

98 Y5

R F9 slvolt). ML AF e (fitness value)
& o83y g AdE FAsE GAAES

LR IR s DENCEE B
@ 9ge Aysd o 249t 5 rua

g4 APgEe] met ¥ AFES A A
A the AU T4 o olgHozn $4d

#AAE desks 92 Fetdnos

I_*

Q'ty transported
to DC

Ij

Q'ty production
at factory

Ao A 2] choromosome.

o]lg= AMHEY  AiAE roulette  wheel
selection® tournament selection 123 ranking
selectiong o] vt & AFdA = olF roulette
wheel selections o] &3H o HFg=E Hrls)
A Qe 8 o) 8d FrrEgeE 929 2o

P(n) = f(n)/ i f k)

3.2.2. A=} (Crossover)

Iﬂ'}E FAA daFoA HE JAEE

3% AAJo2 gAA L v} wAE o U
3H—§- 71 A8 F RRANNY JRE 233}
o N2 A4 dE Adste Aol o5
3 AAEHe AR EC] FAAY nES
T o 2 HFP=E M GAAE 4T
MRS ¥4 F Utk mae e Zolg F
FAAE Addsty 5Fe FoA mAo, wi}
9] Zolet waHe Qlejz Aego] zch Auk
HoZ2 o]fEE WAAALRcrossover operator)
£ Y% ExHone cut point crossover operator),
]3: ZHtwo cut point crossover operator), T
S22} A2 uniform crossover operator)5©] 9l
o #EaAANAtE F REGQAARYE T2
(schema)g &g 4 Jz E3I} Fx2&5 F
%X]a” Aol o, ¥ AFdAME FTaH
AAAE o8ttt FERIEAH AN AdHE
FAAE dojZ AMuldng B AFole wxt
9 FAL <oy 3> 2o,

o 1]

r

o]
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pl 1 1 1 60 70 75 120
p2 l oo O oe 1 .. 50 s 80 o 60 ves lOO

Random

Seed 0 1 0 1 0 1
cl 1 - 0 . 1 50 80 75 100
02 1 oo 1 s 1 60 .o 70 aae 60 ves 120

<adg 3> 2 Aol uxHs

323. &< o] (Mutation)

9ol siE /A3t o] mApe §
A FAAE AL de FLF 988 FYT
o Eddole oxzog RRFMA L e
dojo] AL ZHA st M2 MAE FE3

£ 53 g437s Wils wolh. ol&
3l F+3A dngFo] TAFHY A3 (local
optimal solution)ol ®WAAY @53 A GL
2 FEste AL ¥HE & Aok Fo4 EA

So] o] 51 gluk.
2 QFoAE FEEAWIANAE A3
gom dvelFge <1y 4>9 2o

3.3. 2T 7HEvaluation)

A& =37t MAF D (population)ol A ZF
AR APeE FAH}E FHoE oj&dH
319 goodnessE WPste AFEE 7MW 74 3
= ARG g &g Hudd & |78

g Z7] A8 Zze faxe dis [0,1] EH A% Az Hrte FHFFE o] &gth A
G At ol uwly] AR Yele] A AT 4 daAE Y FAEgsE £
W o] & (mutation rate)Btt AL F7F Jow 3 AT A AN £387F B BAL
F FAxE 98 28X gow adiz §  o]&3Hrh o] T3k #dH ngo FE FH
A8t EQH0lE HAATE FE EGHE 22 3 HAHAYGHAE S F Aok HE=
o] Z7t¢8t ZA4e w2l A2AEd. gukdeg §  Hrbe HAie dgd 2o
AW o)A A A (mutation operator)= ¥ 99
o] @ArA}l(simple mutation operator), 4% &< Step 1 : 53 S ol& Fu|E£S ALl
ol dAkA(insertion mutation operator), €& Step 2 : Solutiong F3}7] $8) HAE wEgct
H o] A 2} (inversion mutation operator) &3l
FE5EdA Mo} A A (uniform mutation operator)

1 1 60 70 75 120

1 1 60 70 75 120




Z optimizer?l Evolver for Microsoft ExcelS
olgstdtt AMNE A mYL olgsld &
Ax daglFe A& FE4S H=ES ] 9
st} thkd sized] EAE FANGLH &
<E 1>° HehfAch

B

ogd FPMEHSES ge

(crossover rate)2 052 99 ol&(mutation

AFA FA7 FieEe 8L 98

SRS

rate) & 01 FiA ol MEH 4PS F
ste] A P2AL Fagon APl 4§

AT <FE >v A4¥E AT test problemd]
24L& Y <E 3> A¥E 9E test
problemol A Z} stageol A &% FLF 1
3 2ARHE YepdY AES 98 2 stageol
Aol FulE <E 9% <E 5> Iy <&
6> A9} #o] FAH L)

-
L

<E 1> AFPE Y5 test problem

Problem pop_size max_gen
1 25 1000
2 50 2000
3 75 2500
4 100 3000
<¥ 2> Test probleme] =7
Number of Number of Number of
Numb{:r of Nur;xbet; of Number of DCs Nur?ber of productsand  maximum opened  maximum
suppliers plan customers source plants opened DCs
3 3 3 3 2 3 3
<¥ 3> Testproblemolx2] & Qe 13H]
I Supplier Factory DC Customer
Source capacity Fixed Product capacity Fixed Product capacity Fixed Product Demand
1 2 Cost 1 2 Cost 1 2 Cost 1 2
600 450 50000 240 270 100000 120 150 30000 60 70
480 360 60000 210 210 120000 180 120 20000 70 50
360 510 45000 180 240 80000 90 180 15000 80 40
<3 4> Test problemdi| 4} 2] supplierol] A factory7}x]9] &9} $=4ul &
Source | Factory Source 2 Factory
Supplier 1 2 3 Supplier 1 2 1
1 90 130 60 1 95 105 120
2 60 45 45 2 65 65 60
3 30 45 50 3 75 50 55
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<¥ 5> Test problemo]| A 9] factoryo] Al DC7L=|e] @9 $4u]&

Product ! DC Product 2 DC
Factory 1 2 3 Factory 1 2 1
1 90 130 60 1 95 105 120
2 60 45 45 2 65 65 60
3 30 45 50 3 75 50 55

<3 6> Test problemdljA]¢] DCo| A customer7}2} o] ¢ F+4H]&

Product 1 Customer Product 2 Customer
DC 1 2 3 DC 1 2 1
1 80 70 80 | 80 90 95
2 30 20 30 2 70 65 60
3 35 30 20 3 55 50 55

B dFoA A ¢34 2yE FHA &
nEFE ol8stdq AP A} Fo4A  test
problemell widted A AN FHHFE T
Gt <E 7>€ test problem 12 computational
experiment®] Z3<9 DCOlA  customer7tA <]

productell Wigt FEFE YERR ot <X 8>
< test problem 19 3} factoryollA DC7}A] <]
productel] gt ¢%3FE YERA Aol <& >
= test problem 19| W3] supplerelA] factory7}
219] productell W FFFS UERA Aol

<} 7> Test problem 194 ¢] DCo|A] customerZ7}A) 9] product 44

Product | Customer Product 2 Customer
DC 1 2 3 DC 1 2 3
1 23 25 25 1 37 39 31
2 30 35 52 2 24 28 15
3 7 18 11 3 39 11 15

<¥ 8> Test problem 19| X ¢] factorysi|A] DC7}x12] product 443

Product 1 DC Product 2 DC

Factory 1 2 3 Factory 1 2 3
1 15 30 1 t 24 14
2 41 53 22 2 46 10 14
3 25 34 24 3 53 36 12

<X 9> Test problem 10412} supplierol| A] factory7}=*]2] product %

Source | Factory Source 2 Factory

Supplier 1 2 3 Supplier 1 2 3
1 83 51 65 1 101 51 25
2 45 42 15 2 66 52 59
3 70 71 72 3 85 75 100
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<3 10> Test problem 19| 4] 9] factoryol] A2} product A§Ak2k

Factory 1 Factory 2 Factory 3
Product 1 111 144 117
Product 2 251 183 180

<X 10> test problem 1°] i8] factory®l  test problemol w3l best, worst Zgln
A9 productel wtheh AAES UYERd Rojth average valueE eI}

<ad 5> & @A AAAG] I best o] 4YE& FItd B ATFA FFASVE
solution® average solution®] ®lZE& Jephd A Y9 FH LS HAE = 3 2y A
olty. o}z line grapholA FAF ol A9 mdo] Eztslm B AgzUI WSS
a1 MAFAG  HEte]  best solution2  HR EAlo] diE] AR ¥F whdH §AA
average solution< 9 Ao2 F sl H]Jl-ﬁ}f’& gaglFo 2837 9 Axpe} Astatel) djgh
t}. o] graph® F3te] AP Do| solutionS F  AE AL
ob7te A& HAFI Ytk YHELS EH G
&S oular X%2 generationg Rt £ 5 22
A= test problem 182t © & Aloj=g

T AQ] test problem 2, 3 28]3 49 3l E B d7x gAZg gauE ndd 2IAS
ddsan. WE e i AToltk s we ATE
2> Ate HEYGaddiMe tddt 5o o

=
_1&

5Y5oz AFHol ok X A7 A
FRAE vEQANINY ThFE BFIN A

A4 BHEAE FA nEE Aot & AT
AMe AdHL FEEEE A Hasts
71 4% EFAFAYRDE AA AT AA =

rdo & F3l= o SojA 9] Ra"‘éé ¥
3 fFAAdREES HEs%n. ARG
e Ae vﬁx}%}ﬂﬂ Z  optimizer$
\ o R L Evolver for Microsoft Excel & o] &8t} A A
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Problem pop_Size max_gen Best Worst Average
1 25 1000 1,143,675 1,147,750 1,147,540
2 50 2000 1,128,365 1,128,485 1,128,385
3 75 2500 1,133,030 1,133,945 1,133,480
4 100 3000 1,111,590 1,125,875 1,116,740
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