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Production Planning in Manufacturing/Remanufacturing Environment

using Genetic Algorithm
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0 =olA 7l vl Remanufacturing ©f o3t manufacturing system ¥ #dEH A= gEE
AL D ~AEES =2 BgH402 sty Aol JFE o] AUt Production planning &
71E9 WHED WE  gFojxor Frh E scheduling ¥ ##d¥ =7 A9 ZolE
ATl A= manufacturing/remanufacturing  A34F AT 4], Clegg 9= Hybrid manufacturing
Al 2E ol e AAAES 93t A" §A system ¢ production planning and control ©ll
A7 FH(GA)E At At GA ¢ chromosome <= &} linear programming model & AA|3g+ u}
7zt BEe] AL s 9ueiH, daugEs ATH1]. AEFES EE G2 W EIsin
o] &3sto] TR HFYL HTAF Fal/2H AYE remanufacturing & AXi, M2 FES
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1. A&

2499 Ak Hr|ER d FHeA S9
TAIER <&t remanufacturing ©] ©S F 28|
213L 94t 2]. Remanufacturing ©] @ AF&H A% &
AAH o= 3|5, sfjAstaL F-FS AF, 8 T A
HEoR WA NAEFY LS FFE o2 J5F &
s Azl AFstetes 969 AFS Ee
Remanufacturing A& AAEZ7 e F£F9
FAN s BEshe A B2 1 AHY A
N FFo gayelss A XIsE Aow
AP NAE D e R R BEYAT]E Blolth

Remanufacturing ¢ production planning and
scheduling & manufacturing ] ZA = FEHE o
oF &t} remanufacturing ¢ 7Fg & EA& 7|E 9
manufacturing Xt} A 3A 2 uncertainty #il

= g Utk olE ol k= AolA ES

manufacturing ol] A o] &5 production
planning o] WHE& IHE A48 + gla, MEL
AF7F 7Y HojoF e}, mi Ao R e
7133 ©] remanufacturing 92 3= A= A9 gt}

o

HHEE  manufacturing 3 remanufacturing 2
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oJ2] A& disassembly scheduling ©| thsto]
ATsEATHS]. FEe FoFSs A 7171 Hs)
rd AFES TIEtAY B oF 22 4§
walel FExg H&S Hagslrl A HA
schedule & 3+ two-phase algorithm & 713t}
A9k disassembly shop ¢ capacity & %
g skA] gevs g ol
H =FoME hybrid manufacturing system

ol A 9] production scheduling ¢ ¥4 & =113} g},
Production scheduling 2 %79 sales and
operation planning 9| 4] 233} YALg ko] A3zl
L, 2~6 Fo ©7|ztel] digte] AlFe] A dAS
Aot gdA FxRE A o9
Az Ao g2 It
o5 o] AT WA 2 oA
F= BAES SkelkAl 7=
o] ZA9
4 oA o]
AAISFaL, v a5 Aol A= A
T WES A Alstarat ghok

2. Problem Definition
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B A= W)z hybrid manufacturing
3tA o)A production schedule & ZAAsE AES
%@SLE stoy, 1§l 1 9] ofolA] ®Zo] o T

5|~ dlolElE ulg o uF(half week) 7H4 9]
production schedule ©] 2 A €t}
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2 =iolAE taAS] BOMBIl of material)
TE2E 7K 59 AEFS ddeR st 2EE
AFES 22 G Fx=2 7}%5} o AR
3GAS AFERHS LY EF AT, o)== o] %9
sl 4E 4 lﬁ 201]/‘1 AAIE & F ATk

AN 2E 3] AFES wdllsh
disassembly shop ©] %_8_6‘}13%, Bilg rE=

remanufacturing st Y A& Al manufacturing
g+ el workcenter Eo] R E}E]-
remanufacturing ©]4Y manufacturing = %
3 228 717 BEES Y3} assembly shop ©]
I 8 3}t}. Disassembly shop ¥} assembly shop =

& “@
1S ro ) o ¢

9

E’é‘—LH

Zbzy gk AR FEstAY =g ¢ vt
7 gtk Egk FHeke FEES stde SAHg
workcenter of| A =t remanufacturing Su
manufacturing & =5 €W, o8 F-Fo| e

workcenter °lA AakE ¢ utx JFAHSE o}

3TAS AFS aHsHAE v 1 2 9 22 FEH Y
shop ©] ﬂﬁ‘r
end product

,! subassembly

1
[ 2]

|4| 5 6||7|part
a9 2 AFE Fx9

EA%grE A AAFE AXE g9 HE&S
4/\§}0}L Hnow  Fy, RHE  FoFS U}
Absittar ZEASE, BE AlSS AAbeke
processing cost © W3t A% T} Ayt
production scheduling ¢ ZA3}o| uwlz} ZF 7| 7tEH =
Aakel]l A= AlZro] Aafes ALY & e

overtime AAto] DRSHA HH, of7]o] A overtime
cost 7} 7}, B3F oj w3k 3= 9] manufacturing
¥ = remanufacturing & A2 W setup cost 7}
SA "o B =Fo| A= overtime cost ¢ setup

=
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cost 9 ¥&& FHA3SE production schedule =
b= Flo] Aol Hty,
|7 18]
N
Disassembly shop wggrk/czmtfgr Assembly shop
%9 3. 39 A &2 AES 233 shop o FH)
3. Solution Methodology
Scheduling A& NP-complete A]0]7]
w0l genetic algorithm(®]3} GA)7} Zo] AFE-F 1L
JH3]. AT o] FEAAAME EE TAY
AAFFEES GA 9 gene ©2E encoding T
74 9ol =, random A A T = initial
population ©|Y crossover, mutation < A%

generation 9| population E°¢] TA|A 71 s

AE ZAES WSATIH e A9 2T
g5o] EUu. Feasibility & WEHAI7]A K3
population & AAIZ AEFA E7|H
population ©.2 ©iAe S, optimal solution
o 29| o] o= A 7F HAY g

olggt FAE sAsty] fs] E AFA =
Az dagFS Atst. A=ZE dagFS
F359 vt 2AESHS HAE se Flol
olt}, BEE FTEEE AAEHS U2 Y 1

01

Ko
=

A4 7 B4 0 AHHARe e Ae ohth 7
Gzl 2AE F A AREA $49 + db
2 H sk FE 9 manufacturing/
remanufacturing ©°|gtal & < o] —r*—v—oﬂ
ko] sibe] population ©] ‘g’&“jﬁ“zri ARe
o Algd wmt FHEHIEFCIY HITAE oo
Arze A4eda 2 4+ A @Al Aol
APFA L yH AR cost 7 AAHEO fitness
function #to] ZAAE 1, selection, crossover,
mutation ¥} 22 #AS AR HHHS 7844 H).
| Ze] AAAH 2L g 4 9 o] 7HEH3]
AgE 7 Aok o)A ZF FFol st Frl AHA P
Ar et s 3.

3.1 39 H-Ed th3 decision variable A
HA GA ¢ chromosome 2.2 %3 H decision
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decision variable & &

v

Zlot?l F5Sat2

ZJ| population A&

Pul
il 4

Z|olel 58t
ALKl MAHE, setup B,
Overtime 24 &FAI2E 2l &F

=
T on
- =

SUXRES A SUXES S
ST AL 33 AN
SULES 2olA= 2Hs SULES A 2AS

l—]
l—

EEEETS EEEEESI
ABUE SN 2= HEHE ZYAS H=5
(LP) (LP)

mutation

T

crossover

T

selection

oru 2

ZE MA AHE
ol =3

Fitness function Al &k
(1/EMAHIR)

S3SA

T

1% 2. Algorithm ©] Z¥H4 <1

7}
=]

variable £<& Aelgol 3tl QRIS
717k AAEFE 0] chromosome © & encoding

=
S
=

Aol AN Hay PEES R} 23
Ao 871 wWEe] HAZ WAe] sbsd 71kl

A 717 R &
Disassembly ¢} assembly & 93+ 7]7lo]
dQash7] ol A 2 7|17k wpx| ek 2 717 =

H3YR2E 59 remanufacturing ©] E7Fs 3t
Tk wx]ek 2 7]Zbe A&  manufacturing =
B 71538}t

Z 8 7|%te] didte] shtel AES Ui A
40 709  decision variable ©] ZQ3}t},
Remanufacturing < x, 2, manufacturing < y, =
FEA| g
3.2 3 YREET %7] population A

Aol wel ojugl FE 7|7k dls)A

decision variable & A& FAX| 7} A =H, A A|
7zt Aol tiete]l x7] population & A/d gt
zyzte] FEo digte] 7} 7IZbel A A FES
ARst= Aoltk. ol Ad Ao oA
AFeHAA T, 0/1 2 ALF AFw AAsh= A<

0/1/2 E A olet g APl WaE FE
A % el WA AP Ty E 1 &

0/1/2 encoding 2. & 43433} population 2] o o]t}
0/1 % encoding & 799+ feasible solution
set 9 AZ7} Atk o]l AR, 72 7] 7he

dste] drEs 2y & e A7

X 1 %7] population ¢ <
X43 | Xd4 | X45 | X46 | X53 | Xs4 | v | Y76
0 1 1 2 2 0 2
gl WhHE 0/1/2 & encoding & A 7+ 71719

AAGEES Y2 A slo] optimal solution © Xtk
7VAl 7k 4= Q) A9 feasible solution set ©] 0/1

encoding Bt} &2 AXA Hrh 3.1 A &

701

==
o5

1
R

l

o o] A% 0/1 encoding & 2'°%(=1012), 0/1/2
39(=1020) 302 & o] = By},

BAY EAo) wet o] REo| diFA = 2
FE2 283 5 ATk = 0/1/2/3 o 0/3/4 o gL
FE = 9ol e 288 4 S Aot
3.3 FHFYHEEET AA| WA, setup 3,
overtime AALA|7F A4t

%7] population ©] AAHEH o]F o]&3}d]
Aol T o] A4 ANBS T3 4 I setup

397, overtime LA = A4 = 9]

X 19 dolA = 4 9 remanufacturing o]
100 4 4%,
x44=;><100=25
0+1+1+2
of 2 wyo=r AxtdEy. ayE=a 3 FE
ete] BE 717k AabgFEe] 0 o2 RdAHA v
ko feasibility 7} A Ht). wkek mE 7|7k
et 0 o2 RdY & Adds 1 FEel disiAnt
z27]1815 thA] AAlg

L3t setup cost & Tob7] HEIA 2 HEY

setup 3|FE Absiof gtk ol 7|Itel] AYilo]
SaL, dA 7|Zkell AYLke] wHAISE 7 f-o setup ©]
ShHA WAlElE o7 Aakdtr HE 40 9
remanufacturing ¥ #& 3}o t}5-3) o] ALtEth

SU,=0, x,,=0

fori=3to 6

if Xpii.y=0 and X0 then

SUp:SUerl

end if

end
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Overtime A3AHA7F2 2} workcenter ©f t&}<]

7172 ARLAT 2 workcenter oA FPEE
HEE59 processing Al7Fe] ¥o] workcenter 9
capacity & %% ZH9$ overtime AT ZE
A=A Aok o3 22 S o] 8-k,
i CuZ 2 XD, + D VDt

I3 I3

then ot, =0
else ot, = pr,rptp +Zyp,ptp —c,
P P
end
¢, : capacity of workcenter s for period t
ot : overtime working hours of workcenter s for period t

1pt,, : remanufacturing processing time for part p
pt, : manufacturing Processing time for part p

3.4 TREHEF A9 TRLTEF ALY

=R FEE 3 remanufacturing
schedule ©] F3|A|H o]& o]&3ste] &9l TA <
subassembly 9] 3 schedule 9]
T8 T (process requirement)S T8 4 gt}
FARAQFHE B AF TAE At A A EA
L91gk deltt. = period i A FF p & x A
remanufacturing 371 ¢38iA4+= period 1 HH
period (i-1)7}A] o]n] A9 F-Fo] avkgE &= o]
ojof sty olmojt}t, tg ¥ 5 oA JdE
EojBH FF 4, 5 o tigh schedule ©] Fo]=#|H,
FE 29 FAHLTEFS

sub

2

4 7HA 7N
remanufacturing ¥ ojoF st 2 o] A7A] B 2 7}
120 7 &all= o] glofof s} H-F 2= 7|3 2714
60 77} EajEtta domE 717k 3= 60 77}

g 2also] glofo} gt
olele AaT e A WHe Aow venu
e 2
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t—1

Dry, ax - pry,
r | sub, =
3.5 FTUZHF A8 HH3
ST HF S0 27w SAEHEEFEEY
e Al g2 gA Falld = Avk. 5 27 5 oA E
FAaTF] AANT $F 29 2 /708 BB

Xoot X23Z 60+ 60

X22+ X23+ Xog = 60+ 60+ 20
2o FElo Aok S AT F Aok T dA
B35 2 9 AA FalE Zolop e
HdQstal, HAEGE overtime cost
ZAolt}, o]E linear programming(©]3a}
Az 4

st LP

=

=

=

Aga

] o)1

3.1 dA EE 49
aesta 7)1z 4 ) 713k
4% FE 7} capacity
WAE= overtime cost o &
o] g3t Zt7te WI4E E

a

—

)
BN
i)
e |
o
N
i)
N
i)
k

=

Utk = period i oA F5F p
7] Yl = period 1 ¥E period (-1)7}A
ojn] &}¢9] & X7} 27F manufacturing ©]u
remanufacturing ¥ o] glojof 3tthi= oujojt}, o} g
a9 6 olHAL 77 4 oA BE 2 2 ZHE
A= 717k 3 7}A]
manufacturing/remanufacturing
ot} H3F 5 80 77F AAtE
ZHetes FolH o ARk K
vl A=A k7] <ol
A 4 e el 7]
110 7W7HA 29E 4 AR,
2 7 g7l "z 7)zk
30 & ALsta 7|1z 5 9
=

al

=

RevA
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2, 6

period 3 4 5 6 7
part

PP of 2 30 30 50 0

4(mfg+ rmfg) 30 80 0
5(mfg+ rmfg) 80 40 100
9 6 3T aH At o
@ wHaTH AN WHe Aoz
SN s
t-1
Z(Xpi +ypz) -1
: -1
ps,, =ming- - ) DS
pt P sub Zl pi
)4 J
3.8 FUEYE 2HAE 343}

TAATTEFEC] AX = FTHxHEFEY
ZHAG S GA FEE 7 Aok = 2" 6dAAHH
R o] AAHIL ¥F 29 7 ) PSS

. on. Ve oy 07 =11
Yo4, Yo5, Y26, Yor —5= T O,

Vo4 <30

Yout ¥os <30+ 30

Yoat Vo5t Vos < 30+ 30+ 50

o 22 FHjo] AlekAS ALY & vk =3I A
Zyere] BE 2 o WA 2UDI gojof Frie
A eFAlo] HQskar, overtime cost
#H A s}hsh= Aolth

wal A3} bR wge
obd LP & ol gattiehe AXAIR
AgA] Ze=h 4.1 9] ool A=
6 713t= aystar, 7+ 9
ol 24 7l o] WS 7R

=

] =

1
R

= =
[e)

3.9 FFAF GAY
A st

3.8 dA Fx
o]5 o] &3lo] mpETEA e
T8hal HAsky =

-

i
Ll
Lo
BN

3.10 Fitness function A4t
GAEE schedule  ©]
TN &S AL = T 2 FollA] o]
AAH FALE] &L FHe 9 FFE2 setup cos
7} workcenter ' overtime cost 2 Tt}
Setup cost & 3.3 oA AXE setup 349
setup 1 3] H]&eo Fo=z AAHECT Overtime
cost ¥ workcenter =2 o] AAFE overtime AJAF

AIZHE o]l &%kt HFF9H-EE°] manufacturing/

L
2=

|
=3k
(s
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remanufacturing ¥+ workcenter 3, 4, 5, 6 9
overtime < 3.3 oA o]u] AAtE Ao ZFHolu
B3 7} o] Fo] A= workenter 1, 2, 7, 8 ¢ overtime
AR ZES 3.5, 3.6, 3.8, 3.9 oA LP & AL
B4 kS AHE sl Hr

GA oA Z}7}e] population ¢ A4S Fetst
Fitness function < HSF3F o3 q
g o Meld gEo] olxlth & A9 A
HAH LS = EAolmE fitness function & &
FTAMH LS g2 A F ogith agEE 2
Ao M= oS- & fitness function = AF&3+

fitness function

1/ A4 8)=1/(H 3} F-EE2
cost+ workcenter ¥ overtime cost)

o1t
N Ol

¢
e 2

=

+

setup

3.11 ¢1gdF T8 A5 23

& population ¢ fitness function ©] AAH=E]H
daglFe T8 AFE AASY. TR 21 A
generation ¢ fitness function ¢ FHFko] H=
generation 9 fitness function #F kel 2 v o]+
HAY, & generation 7} 100 & ¥+ Zo|t}
Fitness function BH#S 7|Fo=2 24
ARk o2 Z18l7F % o] FojA| Al k=
A= FH o] 7] wiZol o,

T8 20 SN A, 7P F2 fitness
%3 1 population & &3t FE 3T THESA]7]A]

A

238 AfolE 3.12 9 selection, crossover,
mutation & A A] g},
3.12 Selection, Crossover, Mutation

Selection, crossover, mutation < A
generation ¢ population & FIAAA ©YS

generation & population & A sl= Aot}

WA selection & o]d K{E generation 9
population & % fitness #t°] &< population &
Aelst= Ao, Normalize H o fitness  FE9)

population & A& 3Eo] )

A&3%E population EZ4-H child & A
A o] crossover Aot} ol 1H 7 oA
Me] FX population oA WA FgE A
2 719 crossover point & A glgit}, AEH = X
Apolell A H-E ZFe] gene ©] A& wiH A HUh
Selection & 7 A fitness 7} &< Y- X population ©]
AE=EA7] wjizel o] AL Fate] Bt fitness 7F
=2 child population ©] U4 % gt}

AA| population & % crossover =
crossover rate(©]d} Pc)gtal sl=d|, o] thashA
o]%o] AdS F3l 0.3 0.1 2 wi A& 1|3
2}

A

oL

ol
-

o
o ot
m & A rlf

5L = O
55
T
ey
)
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1 1
0 2
child 1 1 R
child 2 n 0 2
18 7 Crossover 9] 9
Crossover = W®FX™ mutation < Yo7t}
@3] crossover THE AE 49 HA s]E0] local

optimum ol 33} global search & A& 233t
4 f17] wjEolt}. Mutation & Z} population ol A
random Al M B H gene o tfsle] o] Fo Xt} 0/1
encoding 9] A9 AEH gene ©] 0 oA 1 &2,
1old 022 A= Y& vt} 0/1/2 encoding 2
B9+ AEE gene o] 0ol 1 &, 1 o]¥H 2 =,
20| 022 v},

Mutation ¥+ gene 9
rate(¢]s} Pm)g} sh=dl, o]% 2
0.05 & F 7}#] 7 5ol digte] A& v|as) o},

olggk Al kA #HAe] EUH  AEE
generation ©| AAE™, 3.3 FEo #HAHS A
HEESHA] E o

H

S mutation

A= 0.01

—_

&
o]
H

I3}
=4
=
=

4. Computational Experiments

2 oATe AAA A TH 29 BAE
Adstad s A Amolth B the

ATetel A AxE vjud Wy gloh onk &
Ao =9 fitness 4k°] generation ©]
g we}  F7F8EA,  encoding WH olu
crossover rate, mutation rate < WH3A|7|HA
o3l setting ©] FAE F= © Hu HHI
AdA]o ale] AgsfEe), ek 183k setting ©|
stube]  EAlY sl T F8% Ao oz
dolE7F thE o 71A] Al set o A= Z
2bE sk ol t el A3 ko

Ay FA F FEoR Uk A WA
A2 shte] FA set ol tist M £ AAE
e = A A9 setting 28-S 2ol Aolt},
Al A A A A A e HA Y setting
Zgoz g2 EA set o "= H&S 5
A=A & LotH = Folt,

4.1 oA 4 Ao & A set data =
DA A=Al diste] Adgstar, 4.2 oA
zyzte] Aol tjA] zpA|s| A gk

Ao ALgEHE EA set E2
HE E BYEE s 4a-s

THY AEFS dFe=Z s, F 8 7|k w2t
production scheduling & 2 A] 3t}

o =
T

06‘]—‘3 =

a8 o

2

Zhzke] w4

el A
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Workcenter ¢ HlAS & X 2
AgEek 7 Aol wek 3 7 o]

abe] workcenter o] HF = A (=) e LA,
Aol 4 7, 5 el BFEo] dr}e] workcenter ©l
HAsH e A5-ESE AATH A4 set 89 A5
Stoll, YA 370 F-3go] & &
5 At o]el= v E FA| set
workcenter ° 2 7Re] FEH

Bl = 492 A0

0T

-

i)
oft

part

problem®
1

2
3
4
5
6
7
8
9

0 |

41 A8 1

A AHA A2 A set 1 o disfAwt
setting & W3IIA|7|HA A9 setting &= 2
Agolt). Setting & 3 oAl oln] A3k AA
chromosome encoding, crossover rate, mutati
rate © djste] A@sTh A7 setting W
o5 2

® Chromosome encoding ¥WH¥: 0-1, 0-1-2

® Crossover rate: 0.1, 0.3

® Mutation rate: 0.01, 0.05

o]#)3dt 3 /N9 setting Wl sl 8 719
Agato]l A7|a, Z¢zte] dis] A3S AAlske] Hd
fitness k¥ Z+ generation ¥ o) fitness gt FA
TS Hal Ao 23S A9t

Zy7kol M@t Addys v % 3 7 gk
“ HU fit gen index’ & fitness 7} 7} =& 3lo]
U$kd generation ¢ WHIEE 9w3tt}h ¢ 1th gen
AY fit(a) 2 A WHA| generation & population
o fitness #k= nlstH, © AA Ho fit(b)

[e)

GA

Lo

X}

T e

=
(6]

o 5

==

5

o
T

dueE 22714 HHE =4 YL fitness S
ojugltl,  Fitness S 1/Z2AHE ojm=
‘a/b’ & generation ©] ZIdFd| wg} FH AW Lo
Aoy AP =X E oulsitial & 4l

WA o fitness #k(b)e] SHAA = wff, AP
33 6 0] 0.5652 22X 71 =& #S HSl Ao=w

ettt A w 2} generation ¥ fitness TS
sk, A3 33 62 UE S YEMSIT
AdTt 3 ¢ A$E generation ©] P H| wt
Hatol  Azx FrbeteE FAE S HJOEA,
population 0] ZAWtH o= 3}t rte 2SS &
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T AT whAe] AdT 6 2] 49 generation ©]
A% fitness Bio] Z7tekA] &= Ao=
e}, dAwtd oz 237l dolwktia 37] RS

A o
random search ° 7}7he 237 gt AS
PN
T 1\}\ oi q

w3919 2%
crossover | mutation| max fit | 1% gen max
encoding| ™" 1 rate | gen index | max fit(a) | fit(b) a/b | min cost
01 0.1 0.01 79 0.5331 0.5425 0.983 18433
01 0.1 0.05 1 0.5652 | 0.5652 1.000 17694
01 0.3 0.01 20 0.5374 | 0.5487 | 0.979 | 18224
01 0.3 0.05 1 0.5342 | 0.5342 | 1.000 | 18720
012 0.1 0.01 31 0.4648 | 0.5342 | 0.870 | 18720
012 0.1 0.05 97 0.5161 0.5508 0.937 18155
012 0.3 0.01 92 0.4768 | 0.5652 0.844 17694
012 0.3 0.05 48 0.5007 | 0.5433 0.855 18406
. > Z — -
0/1 encoding & AF&3sH A3TolA o]eldt

=

AE Bol gtolE = oA AT 6,7, 89 HF
FH 1 fitness Zto] generation o] M x| du}l FX]
2ol eldt = 2S¢ 4 Aok A fitness #tol
kol A oln] YoXnt I2RE ¢ o]l 9
7 o] FoAAA e olgidt wAZ 0/1
encoding ®.t} 0/1/2 encoding ©] ©o]#d A=
A Aste g dojA B v Z3E YERAT

ol AL o] A o= Aiteltt. 0/1
encoding A= 7} Z|gtell A o] gl o] fnko]
AR = B AJAlo] o] FolxE J|HE AloldlA]E=
A2k W5 2 SFAIRE 0/1/2 encoding oA &=

=T E
AL oL ohe P A ool

Zo‘l

T

noh HAe A WA kg = vk sle] G ol
"o o g ﬁ\-7H°ﬂ"14_ kgl upel ol
feasible solution set ©] A =] 7] wjF,
S = Algte] Sy o 2™ 4 vk T3
population ¢ 7} © Ao wEA) aﬂg. PAN- N
AL Aoz Helt},
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AT 39 ﬁJ%E t}A] B crossover rate
0.3 °] 0.1 Eﬂr AdE Yepilth & 279
5 2E A 0320 A7 a/b’ 9 gtel ¥ A
U2t 0.1 9 A$dE  crossover HE
population ] H|&o] U Hojx & F=E
Lol7k= H Aol o Bo] A= 3o E Helth

Mutation rate &= ©& ZHo|] &
0.01¢1 %7} a/b’ Fkol ¥ WA v
4= At} Mutation rate 7} 0.05 & ¥
sz vols dos) @il ne
Aol o} 9 2tha B4 A,

g AdE FTstH HA Y 0/1/2
encoding, crossover rate 0.3, mutation rate
0.01 o]2}ar & = Qlt}. o] A& o] &3l A 2 &

Al skl
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AeA713, w7 Z AW fitness @ 7t
generation H H U fitness 39 FA4) & Ay Er},

A3 1ol 2e AHo 2FE A £A set
9o% ALsHs W] AoE vhs & 4 9 2ol
AYd & ok A 1 F wpvAE e/’ wkE
Hd fitness #H(FH M) F 7HA] SHAA A&
AT S o

WA a/h S B EA set 9 = A3
EEo FA set o)A A WA generation HT}

fitness #ko] Wo] Z7FetitE AL B 4= g}, &4
set 1 9 ofyg}t oy 7}A] FEHL] LAl A E
daglFo] A Ao w & AEsrh= AS ofv st}
Z} generation H Hy 3k WIlE AHE AE
2E FEA set oA generation ©] ZPHo| uwpz}
Hatgkol 1.5l ]” T7He B 4 Aok sk
T8 27o= AAg 2 wiztA = Frkeke A5t
At 2 BEe A set B9 thste] 100
generation 7H4] A& o] A= At}

set 7 ¢ %"01] A MA generation ol B3l
H v 8ol 70% olst7k] 7HA gt HhHe] set 9 9
7d9-ol+= A WA generation oA o fitness %ko]
Ugkar, 71 o] 32 U 2 fitness #ho] U A gttt

EE o] A9 % fitness o HIA S AL Z75E=
FAE Ho dagEs wet J37t YA
ghelst = STk uwt A WHA generation oA
random 3t/ A4 % population & o}F F& AWE
UYEF = population °©] <13 veA FH o=
Digsn =
¥ 44829 A

problem g;a;cfji;x m::(gfi??a) max fit(b) | a/b | min cost

1 92 0.4768 | 0.5652 | 0.844 | 17694

2 100 | 0.6455 | 0.8610 | 0.750 | 11614

3 91 0.6206 | 0.8214 | 0.756 | 12174

4 84 0.6732 | 0.8489 | 0.793 | 11780

5 48 0.9506 | 1.1390 | 0.835 | 8780

6 63 0.5175 | 0.6266 | 0.826 | 15959

7 49 0.6689 | 0.9613 | 0.696 | 10403

8 97 0.5720 | 0.7030 | 0.814 | 14225

9 1 0.6530 | 0.6530 | 1.000 | 15315

10 54 0.6029 | 0.7946 | 0.759 | 12585

HAd  fitness ¢ SFwWolA HAS His
wAS R A fitness & o] &3te] HAH|E

(=1/fitness)S & = At Z47+e] Al E/Hoﬂ )

Z n]go A 2ol 7f Wb, A set 5 o HF 7
we FHAES  Yeidied, o B EE
workcenter ¢l I2A] A o] Q17| wjstolr}. 7}
workcenter o4 9] ZAHo] A7 w&Eol|, overtime

cost 7} 748k Zlo)ar, F- 7|3 Yol 3hufe] F-3Eo
gale] AAS vz 4 Q7] wlEe setup cost =

Hastol ol e
75l

A3 E
workcenter 4 o 4 /]9

7}X4%D1r E‘lt"i set 1 9
Fo] HFy o
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5. Conclusion

E 3= manufacturing ¥ remanufacturing <
E Aol 11# 3t aggregate production scheduling
TAE E7] 1% dudEs AN e A
oolg & F duh 7IEY dAFdA FEH
RAYRES AL, IS AAISHA] L E Aol A
e Aol daugFs F3 vEAl HAE
Feta & g gAEE dA7A e ek
W o]l EAEHA] %7 “ﬂ% of A ANEZA ouE
==

g x5 JHRAe U AEFSE o5
workcenter °A AALElE EF3 FEHo EAE
3H7“3}7] 93] genetic algorithm < AF&3Ft}.
BE @9 BEEC gt GA ¢ chromosome <
A8 A feas1ble solution set ©] Y& #AA 1L
solution ©] infeasible 3t 749-7} Zolztii= w3 o]
Ak ol THE liﬂ@}ﬂ A&l 7H AREA
=4 5 e FHeF-EES] kgl disA vt
chromosome & A3t o9l A9 FEES
scheduling 9+ linear programming < ©|-&3}o]
Bk =g

1 719 v‘f’_— Al set o WA setting =
WA 7|H A AgS AAIS 23} 0/1/2 encoding,
crossover rate 0.3, mutation rate 0.01 ©] A<
2SS & A 28 o] 23S tE 9719
A set ol AEAA & A At oz £ AE
LER AT

SHAIRE & AT AL ofd] FFHslo] F9
A7 o Fegk Fio] ok WA dagFol
scale o] & Al el = £ A3E YERNH
Pt Aol AFe 7 9 B A=
s s 2 Hx] Ze A7 AAJTE olE
A ol tislA F7FA Q1 A7 H 8ttt
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