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ABSTRACT

This paper proposed the scheduling method for tire mixing processes using the genetic algo-
rithm. The characteristics of tire mixing process have the manufacturing routing, operation
machine and operation time by compound types. Therefore, the production scheduling has to
consider characteristics of the tire mixing process. For the reflection of the characteristics, we
reviewed tire mixing processes. Also, this paper introduces the genetic algorithm using the
crossover and elitist preserving selection strategy. Fitness is measured by the makespan. The
proposed genetic algorithm has been implemented and tested with two examples. Experimental
results showed that the proposed algorithm is superior to conventional heuristic algorithm.

Key Words: Tire mixing process, Production scheduling, Job shop, Genetic algorithm

LM B

E}O]‘ﬂ Az 3782 o] AFeAHe L
THE= 349 Job-shop ¥iA] FEfE wh=
oll, el Fgol & Fx¢F B2 Av] 9
o] o]HZItt. B3l o] Fsh= WHAES] olF
Fe7t Expetar 71 545 7= 54 o] A,
Job shop Z2AIEH-2 FA|9] A7]] wz} 32
2 93 A 7ko] A4 0 7 Z7}sh= NP hard=A)
Z m/l9] g2 jobso| n7lle] g 7|Alel 2A=E
==, ZF job2 operation®] 3O Z o]FR|H,
71 A4 2] operation =471 et E7E Z}
operation S-7-5= 7|A19F I THE AT

41 N
&

jin
B

—

Corresponding Author, scpark@ajou.ac.kr
©2013 Society of CAD/CAM Engineers

7HAH, 7} 71 A= g ol §F 29 28] 7St
] A|ZRA 7 SR A ko] A EA] =T}, Job
shop A EH 2] 522 makespans | 43}s)AL,

71 A A operatlon-J A E AA s Aot
Job shop Z=AIZEH | tall Fas 71E] A+=
= 7} jobe] 2"l wet 2% 7FsEk 717417} &
Ul o) HAH S 2= wote Falrgo g xﬂ A
gk AL 7t jobol A9 7hs gt 71717 E AN
o] 3L, Zt 71 Al A o] ZY Al7ko] Aol uf 5]X1
©] makespans 2] Z=E O 2 AAgE AEP7} Q)
oh 28] 3§32 GarE S-S ©]8-3) Job shop?]
ZHl o] A 8ol gt &A1& A darEls
O 7 2AEY WM Aok Aot £
HALae]F 22 Job shop 2AEH A& | A
A7H7E ek, SHAIRE AR QL Job shop A12F]
of thall 2AIEH 7] AT BES AN G AR

=



130 EPSE

Elojo] HH FA | 55=A] & HAIF A

T3 Eolo] AHY S T e 2 AL 2A1EH X9
< F8l FHEAE 712 ATE T2
o 7 glojo] Al SN YL ZRZALE FH
s, olE 71Fo® Ry 3k Aligl glo]o]
Az AT FE5S S8l B JE gk
AlEdolde st A+ ERPAIEES 5
3l ALt HA S S A AT AT 8t
Z| gk Efolo] Az2E 93 dAAY TS Qg
TAAQ dF= ol F5 & dA+= H4
AL e ALY 9 RS AAS
. oI5 9I3l AEfolo] IALE GO R Elolo]
AL AT 28 A, A WE-S 7]
2 Efolo] A 3B S destste] 2dS vt
, AR GaE] S o] &gk A A
ATt ojuf AA g Larg]Ee] AP EE
makespan®. = T}, 2 A= 270l A B
389 5SS EA8 Elolo] BH ¥
£ AL, 37gelM A FargE
AlSFAAL, 4ol AE 9 Axte] 7t
5golM A& 4 FF A= ARG

i T o (L

0,
lo 9 oX o Rl |0

2

O o [‘10

_1
2 i

%]

0,
o .
2

Mt o ot O N
r

3

p

4
o
o

2. 28 "o

il
2§
£
o o
LN
x® N
r2 of
v oo
- i_,\]
RO
(G
K
o, (1
il
o
(o
2
fu

o
S
el
ol
ol
o 0
I
2
K
o
rlj
At

P,
2
3
o,
2
X
BN
of
o,

R

o

b

P

_[

i -

2

o

°] T FHTHL AA
7HA ok A1 8 e gAY E9s)
=t o] 74N Efolole] AR =M Jo] B8
3 548 ZwS dhe 7|2 olA Brojo] ¢
AE gl AF FL TS wol F= 34
BE 7HS AE Aehe 34

I
!

oA the 34 o d&s] Al
H glojo] Az A ] ZEo
AHEg F7] W] & 3o B/E k= AF
< Aol A|gsh= Zlo] F Rt Fa3 34 ol
o}, AR FohebA AR 739 AR ol =}
de] FHE 2A;HE F Ak wEhA grolo] Al
of o AT AMAgE L F83}
t}. glolo] AZ=PA AALS] BHFTA L 7] A ollA
IFE €T E] Comp’d (Compound)ZS A4H

St Atk AE 32 HALTFl oFEe wiet

HE3d
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Fig. 2 Example for Mixing process
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Table 1. Example of machine allocation for Comp’d

Machine
Compd 1 2 3 4
il X (300,1.50) X (280,1.30)
21 x (310,1.30) X (270,1.45)
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Fig. 4 Operation process Genetic Algorithm
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RS(Routing String) PS(Priority String)

EIEIII!IEI 3lafi]s]e !3'5'1'5 4
Llelelefals] Aoooaa ADONBE
~ =
ABDnGn [ ]s[s[o]=1:] CEETTE]
aanaag
oooooa [2]e]e]:fa]s]

Convert to feasible
solution

Multiple Crossover

Multiple Crossover

Fig. 6 Crossover for RS and PS

324 E49]

AR darg]FolA Edro] At
Aol osf sij7F A<shA Kk el wE
FHshs A4S A f8l Fashe Aol
. RS= FAA o sl #2912 EdRo] A4
Fa, g zeelA & 7Fsg 7IAIE 2
2 AR EE Jon, pSE FAA o tha] &

= o] AYS R, Y ATe] ¢4 %
SJsh 2 M ol sFshe AL o W

o O
= 5

|5taL, Mol 3 & Comp’de] STEPU <]l
9ol S =R s Skl

B ATE T b Wl f44 2ueE 7
%2 AAAT Ao 1 27) S AHD F
H}Al

o2 A3 TelE 33t} 18], RS9 PS
B4 X E 712 WAt sAle o]F Rt L

2} o] Fol] ARl PdAE AZ ol T8 =4

Tk 2 2= 27] € A9 S F makespanS

i Ao 2 HAeat
27t 2 w7bA] wAbE wHEske] s RSell
A makespans -3t} 1 o] % £ Ho]
3 A2 MUE A3, 5 =27
19] A& wHEgit). Ak 2f-dar &
= Fig. 8 2t}

Ak 12 RS PSO] w7} sAlof dojuh=
Wk ek 2= 7+ RSell thall #41¢] makespans:
T3t7] §18F PSE 7] Q8] waks st &
o|7} St

Ruigee)
il
n
09:,"

Ol

N
ik
H
N
=

25
=
o
ofN
it
N
my

[e)

2

SO S A e T IV
by

o o
o

-
4

g offl
Jo

=

s 5o
fof
ull
k1

.

S 9$fxF gl 133

Elitist preserving
selection

Calculate Makespan

Mutation Crossover

Priority string

Calculate Makespan

Select Minimum
Makespan
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o] A4k STEP ¥ A} 7hsdt 7141, 2 A1t 1
Hj 2] ¢] FAE Gl eith 1e]ar A gk WAlS
C(Comp’d)1 : 5,800 kg, C2: 4,800 kg, C3: 5,400 kg,
C4: 5,100 kg, C5: 4,700 kg 7|2 A~QFo g 4
©]&}3dt}. ©]& Table 29} 7t}

2132 913l N.Nasr and E.A. Elsayed (1990)7}
AlRbet Fejay daE|EP, A 1, dEhE
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Table 2 Machine allocation of Comp’d for experience
Machine
Compd 1 2 3 4
C11 X (300,1.50) X (280,1.30)
C21 X (310,1.30) X (270,1.45)
C31 X (250,1.35) X (330,1.30)
C41 X (266,1.40) X (309,1.35)
Cs1 X (280,1.38) X (277,1.35)
C12 X X (213,1.80) (300,1.65)
C22 (190,1.12) X (190,1.17) X
C32 (340,1.77) X (330,1.75) X
C42 X X (310,2.10) (325,1.85)
C52 (205,1.48) X (315,1.52) X
C13 X (350,1.05) (308,1.05) (300,1.30)
C33 (330,0.8) (330,0.9) X X
C43 X (325,0.90) (200,1.08) (290,1.20)
Cl4 (200,1.00) X (200,1.25) X
C44 X (200,1.05) (200,1.00) X
cl c2 = TR v‘f‘@ “o]'é]% Comp’dt‘éi Qo]
SA T al, L e # = ‘IT‘C =
{@.24.6) 3.5 Comp’dE 7|Alel wiX& qu: A 29 RS9} PSE
B gy W e W 97 =} ol Comp'dS 71 A0l B
el Ao FAE 7oz 1u)x|9] w7 A4
e ¢ < T A Comp'de) 542 wedaly] S50l Fig
— - _ =
2,4,2,1) 4.1) (1.2,3,2) 4,1)} 9% Comp’d7} &&3h= 7390l thal FAE &£

{(1,2,4,6) (3,5) (7,10,11,12) (8,9)}

dsts ol tigh ol & BojEt

1 Az 7 7o AE AL 2919
Fig. 9 Example of Comp’d division A7 Table 34 22> 2 A= T A
Table 3 Experimental result 1
Demand x1 Demand x2 Demand x3 Demand x4
B 9o Y Makespan (min) 295 520 750 970
& 3l u
Frel=gel @ WA Time (sec) 12 1.1 1.0 13
Makespan (min) 215 355 557 720
ZAeF 19 o] 3] .
Time (sec) 53 52 5.1 53
Makespan (min) 220 372 578 695
ZeF 20 J3k ujA| -
Time (sec) 198 205 207 202
ek 19 oJet wjx] | Makespan (min) 258 380 549 680
T Time (sec) 5 5.7 5.6 53
gk 200 ]38k vl %] Makespan (min) 248 385 550 665
Gy Time (sec) 295 302 311 300




Elojo] ¥ 37 AEHS A% A darels 135

Table 4 Machine allocation of Comp’d for extended experience

DA | AQ [ AD | BQ | BD | (@ | (@ | DQ | d@ [EQ | ED | FQ | FD | GQ | 6D HQ | M
¥ X 300 L3 X X 280 = X X 23 12 X X 230 09
l Al X 30 L3 X X N[ L4 X X 260 13 X X prhd .
i X X &l 13 X X 3 L3 X X 200 11 X X 280 08
-1 X X 266 L4 X X 9 13 X X 216 12 X X 256 133
oi X X 280 138 b X N 133 X X 2 0.8 X X 216 15
<il Al Al 300 L3 A X 80 _d X X N 12 X X 230 09
<l X X 10 1.3 X X m 143 b X 260 15 X X i =
)| X X 20 13 A X Ril) e X X N 11 X X 280 08
o4 A A 266 L4 A X 0 13 X X 26 12 X X 236 128
194)! A A 280 138 b X Ml 13 Y X 2 08 X X 216 13
o2 N X A X WE] 8 ki) 163 X X X X 246 18 230 152
2 1§89 12 X X 190 17 X X ]l 1i X X X I X 4
2 REl IR A X 330 17 X X 00 13 AN X 280 1.7 X X
2 X X X X 30 2 3 185 X X X X ac 21 175 L83
it A3 18 A A 313 132 X X 230 1 hN X RIS 132 X X
o2 X X X X NK 8 K1) 163 X X X X i 18 2350 152
52 190 12 X X 108 117 X X 20 13 X X 20 117 X X
o Rl 1M X X 320 1% X X 300 13 X X 280 17 X X
o X X . X 310 - 4 188 X X X X Al 21 175 L5
C1: 3 18 X X 315 182 X X 250 12 X X anc 13 X X
oA X X 130 108 308 108 00 ) X X 00 1.3 RIS b 230 11
i 3 08 320 0.3 X X X X 270 1 280 11 X X X X
} X X ) 0.3 200 108 20 s X X M 12 200 13 240 11
8 1] X X 350 165 308 105 00 =3 X X 300 | ang | 230 13
243 kRj 08 130 0.3 X X X X 1] 1 280 11 X i\ X AN
®) X X 325 0.3 200 108 290 e X X L) L2 200 13 240 12
) 190 1 A X 200 125 X X 230 11 X X 2 1% X X
i 200 1 X X 200 125 X X 230 13 X X 19¢ 13 X X
4 X X 200 1(5 200 1 X X X X 2N 13 20 111 X X
¥ X X 200 165 190 1 . 1 X X X 2N 13 e 111 X X
Lot A ZALS Table 49} 7o) s +4 =2 makespans 7HA= AL AT 4 UL
gt & o719 thall Machine type 1, Machine type 5238+ 22k 13} H g 25 S8 -3+ makespane A
2% 10, Machine type 3, Machine type 4= 2th o]l 227t H U2 A ko] o vl FARSH =
el 10709] Comp’d®] A4F STEP ¥ A9 7Fs BEe 2S & & ATk A= 13 d=f 29 24
g 71AL A A 1A Y] FAE Ak 2 AE EEske Hl GR3 A7RS Hlwsk A3 A
2|3 A Q7] BAYS Cl: 5,800 kg, C2: 4,800kg,  =F 12 5% W92 IA S Al7ke] sk vhH
C3: 5400kg, C4: 5100kg, CS: 4,700kg, C6: & 29] AS 2 Qo] ARSE Comp’dS £3at
5,900 kg, C7: 6,200 kg, C8: 6,000 kg, C9: 4,600kg, 757} Batalx] e ALHT; o B A7lo)
C10 5,000 kgs 71 200 AHofsta, 28 g A T+ YUTh =3 28] F
F2 S7MIA 7N A S Table 5= 7HEFS £88k= o] B F2 makespang 7}
PE A 210 A AFE HE Bl Ae As AT 5 Ak B LA S IS
Tt A 134 20 AE Bu ARK W= 17 g A A AR A ARk e 2l
27} 7150 At FrelsE ik vt ¥ = 2SS AT
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Table 5 Experimental result 2
Demand x1 Demand x2 Demand x3 Demand x4
Fa)~Hgo) o]%F | Makespan (min) 335 601 866 1137
Hjj ] Time (sec) 12 1.1 1.0 1.5
Makespan (min) 300 571 800 1060
A2 10 o) wjA]
Time (sec) 5.6 53 5.7 53
Makespan (min) 311 566 780 1070
2 20} o] WjA] [
Time (sec) 315.0 319.1 310.2 3222
Ak 10] 2]3}) n)jx] | Makespan (min) 350 590 800 1020
&) Time (sec) 5.7 52 55 5.6
Ak 0] 2]} ujx] | Makespan (min) 349 578 782 1010
Gas) Time (sec) 763.0 7533 768.0 7533
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