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Abstract

Recently, a multi facility, multi product and multi period industrial problem has been widely investigated
in Supply Chain Network (SCN). One of keys issues in the current SCN research area involves minimizing
both production and distribution costs. This study deals with finding an optimal solution for minimizing the
total cost of production and distribution problems in supply chain network. First, we presented an
integrated mathematical model that satisfies the minimum cost in the supply chain. To solve the presented
mathematical model, we used a genetic algorithm with an excellent searching ability for complicated
solution space. To represent the given model effectively, the matrix based real—number coding schema is
used. The difference rate of the objective function value for the termination condition is applied.
Computational experimental results show that the real size problems we encountered can be solved within

a reasonable time.

Keywords : Matrix—based Genetic Algorithm, Production—Distribution planning, Hybrid Approach
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2. TEAEYIES A 24
2.1 FFAEVIEN A

FFAEEUIE Y A (Supply Chain Network) ©]2Fgh-2
A EHE ¢hAlES 117 (Customer) ol AEs17]7H4]
o A WS o2 Holn, FFARUIESAE 75
= T L 40 FFAH(Supplier), A4} Factory) £
B2 7F HiE Afeld] B, AR, Al 35S FAA L

7)
Z Aste] FEAEY 288 ST A=kl #st
Aot} FEAES 334 AAERE #ar(Distribution

Center, DC), =1 (Wholesaler), 2" (Retailer) ~1
23 17 5o tefst A QAR T SEARKEUIE
AT= vk Juskar 771402 Ads o] 9lom HFAL
BRI FgAte]] o] 2717k4] AR} AR sF-5 7 st
a1, #star, BAE] Hste] 719E Adete] 24
Ao RS sk VEYAE onlsket(1]. [Figure 1]

Supplier Factory Customer

A0 v
PNV VAN VAN

[Figure 1] Example of Supply Chain Network
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A2l FEAREWEY TS o= st

442 (Supply Chain Management) & 918 &
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and transportation modes®] ™3t mixed integer
programming model®] thet ATE FYSHATH3].
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Indices

7 number of sources (7 =1, 2 1)

p : number of products ( p =1, 2, -+ P)

s : number of suppliers (s =1, 2 -, S)
£ number of factories ( f =1, 2 - F)
d ‘number of DCs (d =1, 2 -, D)

¢ : number of customers (¢ =1, 2 -+, C)
¢t : number of periods (¢t=12", T')

FParameters

Ss © fixed cost at supplier s

Sr @ fixed cost at factory f

Sy fixed cost at DC d

his © unit cost of inventory of source 7 at supplier s
A - unit cost of inventory of source 7 at factory f
hpr - unit cost of inventory of product p at factory f
hpg © unit cost of inventory of product p at DC d

CTir - unit cost of transportation from supplier s to factory £
CTog - unit cost of transportation from factory fto DC d
CT) * unit cost of transportation from DC d'to customer ¢
CFs - unit cost of producing of source 7 at supplier s
CFyr  unit cost of producing of product p at factory £
K,y * capacity for product p at DC d

K,r ¢ capacity for product p at factory £

K ¢ capacity for the source 7 at supplier s

S ¢ arbitrary large number

Variables
P;s : production amount of raw material 7 at supplier s
at end of period ¢
P, . production amount of product p at factory £
at end of period ¢
[, : inventory amount of raw material 7 at supplier s
at end of period ¢
;¢ inventory amount of raw material 7 at factory £
at end of period ¢
I,¢ ¢ inventory amount of product p at factory f
at end of period ¢
I, ¢ inventory amount of product p at DC d at
end of period ¢
T @ transportation amount of raw material 7 at
supplier s to factory £ at end of period ¢

7' - transportation amount of product p at factory
fto DC d at end of period ¢
T4 - transportation amount of product p at DC
d to customer ¢ at end of period ¢
B demand of raw material 7 of factory fat end of
period ¢
By : demand of product p at DC d at end of period ¢
B, i demand of product p at customer ¢ at end

of period ¢

1, if production takes place at supplier
S
ZS =

0, otherwise

1, if production takes place at factory £
Z[ =

0, otherwise

1, if DC dis opened
Zd =

0, otherwise
3.1.2 Supplier stage
MinZ= 3,230 0 ks + 208,2,+ D213 P, CP,
+ZEZZf] T4 CT,y

s.t.
LT 2B gy,

Z;Ttisf 2 S VS’VZ’

t-1 t to gt

[ iS+PiS_ZTiS_/‘—Iz, Vi,VS,Vt
Zs 60,1 VS
Itix,Pti.\',Ttixf 20 VZ, vf’ VS, Vt

Supplier stageolX& AAFE L} FFof tist A8
AHE 52 e HAskhs d HZo] it

3.1.3 Factory stage

minz = ZZZflféfhpf +ZZZ’thz-f +ZSfZ.f
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Factory stageolAE F5o e Fdd g 2
HES kAo R akska el R 7kA] Q) o)
A BRsk=d AQFs AHE, AL Aan]E,
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3.1.4 Distribution center stage

mmz-ZZZl’ h +ZS Z,
ZZZZTQMCT

s.t.
;;Tt”’” 2B e vy
;;ETW <K, vd
I _Zc:Ttp"" =1y v v
Z,€0l vy

Itpd,Ttpdc 20 Vp,Vd,VC

DCoAE 119 Fo) we} factoryolr] A5
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3.2.1 Representation

GAM 7 a3t U8 = st 248 A=
Rk Ao & AFE I3 supplier, factory, DC,
customer®l] FHL12]52] 44} representation<-

o5 [Figure 2] 9} Zt}

0-1 varable g g 8
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O b
[TLT T L I -
T NG G

-1 variabls -1 veriabie o'y tnsportsd 0 transportsd oY ventay oy mventary
fhibe for aupplar to DC tofactory st factory LT

[Figure 2] Illustration of Representation

t}& [Figure 3]& suppher factory & 2t 7+H 84
of tste] 0—1 o]XFE ARE3te] 74 Q49 71‘5017‘
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[Figure 3] Example of Generating Amount of Transportation
3.2.2 Crossover 2} Mutation

GA°NIA 3e] Ea1e 913t F 23 3 0 7 crossovers
o]-&8= ©] one—cut—point crossover, two—cut—point
crossover, uniform crossover, partially mapped crossover,
order crossover 5 T3t operator 5©°] 7= o] &
|53 Qlck 2 AFexs FERIARES] 1o = Ades)
= EXJo] 9lo] uniform crossover operatorZ]-£38F3 T
)3 [Figure 4]+ uniform crossover operatorg &

Sk gl i Zlot.
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Temp]nte]l|1|ﬂU|1|DD|1|D|D|
. B

v, |20[25] o] o |a5]45| 0|35]40]0

v |35 10|35 0o |30]0[25[30]0]0

[Figure 4] Dlustration of Uniform Crossover

3.2.3 Mutation

AR 87 BAlshs
= mutations ©]-€35H= | simple, insertion, inversion,
uniform ‘& WSt operator ‘g 7% o] &8+ ik
AsiATRell A 4341 A ol Al makespans FH 4
3F517] 913t mutation operators ARE-EF A= Et Al
E QUHT7I. & AtefM= maAl|Es XS doE A
23130
2> U5 [Figure 5] ¢} 2t}

M ]35-u|u|3u|45|u|3u|4u|u|

Telnp];lte] o | 1 | ] | o | o | ] | ] | 0 | 0 | 0 I
A
V'l|35-u|n|3n|45|u|3u|4u|u|

Adutation randomliy in the range of capiciiy.

Q8 AskS 2-a)3)

Xelo] 71538k uniform mutation operator=

o ofe] thek i-g-

[Figure 5] Illustration of Uniform Mutation

3.2.4 Selection

& ATelMe 2700l ke 2le WAskE Hl /et
ranking operator%]-8-3}3] 0 o]ef tgh =22 53}

Fd =
Pn)=fmn)/ Y, (k)  n: n'chromosome
pop . population size

f(n) : fitness value

3.2.5 Evaluation & Termination condition

B qtef s AA1E 3702] mnathematical F&ol thsf
o] evaluation= AA|F31 3L termination condition> 5]
A ) generation®l] =E25FAY 517 computation time
BRF 3] iAol gle W vkt S el FESIITE

Difference rate between previous best solution and current
solution = 0.05

4. A7 9 AARA

4.1 4= 9 7 9 2A

Nk SeehA nEy)l GA B9 faidS skt
AES vy o] 7HYS AAstal wAlE Adlste] A
At Az 0 2= 717 U sizes 7H 4719
test problem= TJ3F3ITh AHS flst wAS] AAl=

thS <Table 1>} #t}

<Table 1> The size of test problems

Problem 1 2 3 4
Suppliers 3 5 7 10
Factories 3 5 7
DCs 3 5 7
Customers 3 5 7 10
AR ERE

Sakis 7—} ?*39,13%94 7gn), A, A 3],
T sto] - Avfsict. WA 4
O]Ei% kS <Table 2>9} #t}.

ko
=
o
_WL
é".:
ol

<Table 2> Initial inventory

DCs Factories Suppliers
1 2 3 1 2 3 1 2 3

Product

200|200 | 130 | 240 | 220 | 250 | 180 | 160 | 120

[\
N}
ol
(@)

200|140 | 240 | 180 | 150 | 300 | 280 | 300

<Table 3> Capacity and fixed cost

Suppliers Factories DCs
Source ) Product ) Product )
capacity Fixed capacity Fixed capacity fixed
cost cost cost
1| 2 1 2 1] 2

200 | 200 |25000000|150| 150 | 60000000 |150|150{15000000

200 | 200 [30000000|150| 150 | 70000000 |150|150{20000000

.200| 200 {20000000|150| 150 | 80000000 |150150|10000000

AEE SIS 74 847 factoryollx] 2] Ajam]E- Hlo]

E]= U} <Table 4>$} 7t}
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<Table 4> Inventory cost at factory

Factory 1 Factory 2 Factory 3
Product | Product | Product | Product | Product | Product
1 2 1 2 1 2
30 25 50 40 35 30

AHE 3t A2 factoryoll 4] A€ Hlo]

E]:= U3 <Table 5>%} 2tk
<Table 5> Production cost at factory
Factory 1 Factory 2 Factory 3
Product | Product | Product | Product | Product | Product
1 2 1 2 1 2
400 500 300 600 200 400

Al e 93t P erFE AFHE DCAAM customer”t
7] %12 do|ElE= the <Table 6>7 Zth

<Table 6> Shipping cost DC to customer

Product1 Customers Product2 Customers

DC 1 2 5 DC 1 2 3}

6000 | 1000 | 2000 | 1 | 6000 | 1000 | 2000

1400 | 5400 | 2500 | 2 | 1400 | 5400 | 2500

3500 | 1000 | 5000 | 3 | 3500 | 1000 | 5000

4.2 A8 A¥} 92 24

AdS 9ot GARES AT EYo]2l Evolver 4.0
for Excel?! 4871 tool& ARESIATE GA 23S 9
3+ parameter?] crossover ratex= 0.5¢} mutation rate
0.1 %7] st A&sisith

GAEE AJZA] 7]l o= sd¥ ID7} generation
o] s ef wel v & A= FEF 39
W30 E B2kl BAlol =3 com,putaion timeS-
WAJskazk 10003]) 4 mittgenerations FHstal & <
o1&k} 33k Zlolt). [Figure 6] test problem 1]
sl =71A12HA) 2} 20003] generation?3§5- GAREo]
oJato] 7} generation®] 3Hel| whet viH= Ak
supplier, factory, DC, customer?] IDe]| thsle] %33k
Zo|t},

111 1
2111 2

1 1 3221 3 2 2
1 1 2131 2 1 3

~ =B85
]
. 5
g

- a|gd

3333 3 3 3 b 1312 1 3 1
3333 3 3 3 3 3231 3 2 3

-~

[Figure 6] Result schedules of problem 1

Uk <Table 7> Aok GAR Ao oJato] 3w A
test problem 1¢] A3o|t}. Zt generation®] &)= o
wht AR HA Q] T8 HALE EE s Alo]
o} A&A7} 12,000819] generations 0.2%°]3}= =
o TRXAE RISeIglom ojuf ] FEsh AlEs Ak
31l 5317 Y3t Suppher factory, DC, customer”}
A7 om uAeA HEE]77HA] F 39,746,845¢
o] vl go] AEE S & 4 Utk <Table 8> problem
1, 2, 3, 4] t)at 7urg Z=akA mEly) GAREle] &A%}
7] 4 generation T°ﬂ - FH)8- slieke] Bl
ojst d7kE Aelst Zlojc

<Table 7> Experiment results for problem 1

Generation Total cost Difference | Generation Total cost Difference
# rate # rate
1000 | 230,476,890 . 11000 | 40,821,425 | 0.00222

2000 | 107,104,570 | 0.20321 | 12000 | 39,746,845 | 0.00199

3000 | 89,426,960 | 0.02999 | 13000 | 38,711,050 | 0.00192

4000 | 77,370,155 | 0.02088 | 14000 | 37,689,005 | 0.00190

5000 | 68,806,500 | 0.01506 | 15000 | 36,699,550 | 0.00184

6000 | 61,638,350 | 0.01276 | 16000 | 35,765,565 | 0.00174

7000 | 53,160,350 | 0.01533 | 17000 | 34,897,015 | 0.00162

8000 | 48,274,785 | 0.00891 | 18000 | 34,057,485 | 0.00157

9000 | 44,196,230 | 0.00749 | 19000 | 33,210470 | 0.00159

10000 | 42,023,840 | 0.00401 | 20000 | 32,371,795 | 0.00158

<Table 8> Comparison of GA and mathematical model’'s
optimal solution

pop | max_ GA Optimal solution

Size| Gen Best Worst Mean |Time| value |Time

Problem

30 {15,000 39,746,845 | 43,721,530 | 41,336,720 | 213
1 40 {18,000 39,110,895 | 43,021,985 | 40,675,330 | 245 |37,118,730| 145
50 {20,000 38,355,705 | 42,191,275 | 39,899,330 | 312

50 {20,000 | 78,465,285 | 92,004,870 | 86,311,815 | 411
210025000 76,111,330 | 88,944,725 | 78,394,770 | 498 |69,886,540|1,768
150130,000| 71,403,410 | 82,824,440 | 76,543,710 | 551

150130000 | 97,564,295 (107,324,725(100,491,225|1,045
3 1 200{35000(90,734,795 | 99,808,275 | 93,456,840 |1,312| Not found |5,000
250140,000 88,920,095 | 96,033,705 | 93,366,110 | 1,445

2501 35,000 113,905,715(120,740,050/118,461,945
4 1300{40,000 (104,793,260/126,656,045(113,176,720|2,775| Not found |8,000
400150,000102,697,395(122,022,895(109,886,215

AFEE 283 4719 test probleme]] T3t F.2o]A1¥]
o] ARI <Table 8>= 8o & Aol 7t 5o}
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HAEE Ae & ASlHh

[Figure 7] test problem 19l tgt A sl ok
A0 7 generation®] Z7Fskol| ule} 872 & 4= Sk

bject Function

900 11006 13000 1R300 17000 1BO00

The number of Gansration

[Figure 7] Objective Values in Generation

)2 [Figure 8] test problem 1°1 thdt generation
o] F7)eke| ulg} & s)7Ee] HAef| tigt A o7 43
e 4 g ATk

0.60000
045000
040000

025000
020000
016000
010000

Citfarenc rate

0.05000
0.00000

2000 4000 G000 BOOO 10000 12000 14000 16000 18000 20000

The numbser of Generation

[Figure 8] Difference Rates of the Best Solution
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