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Integrated Optimization of Facility Layout and Job Shop
Scheduling in Reconfigurable Manufacturing System

Jaehyuk Kim - Yoonho Seo
Department of Industrial Management Engineering, Korea University

In manufacturing systems, the facility layout problem(FLP) and the job shop scheduling problem(JSSP) are two
main factors influencing on productivity and efficiency of the systems, and a number of previous researches
have dealt with these independently. However, FLP and JSSP need to be considered concurrently because the
two factors affect each other’s performance, and the modularity of production lines in reconfigurable
manufacturing system(RMS) makes it easy and cost-effective to change the facility layout. In this paper, we
proposed an integrated algorithm considering FLP and JSSP simultaneously, and it was compared with a method
that considers JSSP only. As a result, it was found that the modularity of RMS was worthwhile and the proposed
integrated algorithm was effective in deriving optimal solution combination of FLP and JSSP.

Keywords: Facility Layout Problem(FLP), Job Shop Scheduling Problem(JSSP), Reconfigurable Manufacturing
System(RMS), Integrated Optimization
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Table 1. Notations

Notations Description
N The number of jobs
M The number of machines
Ci Completion time of i" job
ptij Processing time of jth operation in i job
iy Moving time between ™ and (j+1)" operation in i"
job
fiun Volume of material flow between machine m and n
dmn Distance between machine m and n
Objective weight for k™ objective. Subscript 1 and
Wi 2 refer to makespan and total material handling distance
respectively
(Xm, Ym) | Centroid coordinates of machine m
Xo, Yo | Initial solution of FLP, JSSP
Xeur, Yeur | Current solution of FLP, JSSP
X* Y* | Best solution of FLP, JSSP
X7 Best solution among the neighborhood solutions of
FLP, JSSP
TLeeisse | Tabu list of FLP, JSSP
Frieusse | Objective function of FLP, JSSP
Frip = 20 200 F X @)
Ay = Iy, —x, 1y, — vl 3)
Fissp = maxi\]ﬂ C;] )
C, = Z?I:] (ptij +mtij) %)
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Table 2. An Example of a 3x4 JSSP

Machine/Processing time
Opl Op2 Op3 Op4
Jobl 173 3/4 2/9 4/2
Job2 1/4 2/5 3/3 4/5
Job3 2/4 3/6 4/4 173
| FLP solution l JSSP solution |
FLP
Solution | 3 l ! I 4 | 2 |
7 A 0 0
Area | Area 2 Area 3 Area 4
st len]ea]an]en]enan]ey]en]es]es]an]as]
Ist  2nd 3rd 4th
— [
Job3 Job3

Figure 1. A Possible Solution Representation of FLP and JSSP
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Machine 3 Machine 4

Machine 1

Machine 2

Figure 2. Facility Layout of FLP Solution Example

Mc}l 4
MCh 3
IIHII

MCh 2
0 : E E

Figure 3. Gantt Chart of JSSP Solution Example
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oy
)
e

current FLP solution(Xcy,) +{ current JSSP solution(Y,,,)

A newIssp solution(Ypew)

new FLP solution(X,,ew)

’_\
o

1% combination : (X¢yr , Yeur) 20d combination : (Xeyy » Ynew )

3 combination : (Xpew , Yeur) | | 4% combination : (X,eq , Yew)

Figure 4. Solution Combinations of FLP and JSSP
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1t Phase of Integrated algorithm : Random Search method

1. Set Initial FLP solution is given;

2 Initialize JSSP solution randomly;

3 Objective weights for FLP and JSSP are calculated;

4. Update FLP and JSSP initial solution to current;

5.  Repeat

6. for iter; =1 to iteration;

7 Generate new FLP and JSSP solutions randomly;

8 Compare the four solution combinations consisting
of current and new solution;

9. Find the best combination and update to current;

10. End

11. Return best solution combination
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2" Phase of Integrated algorithm : Tabu Search method

1. Generate the (n-1) numbers of JSSP solution’s neighborhoods;
2. Find the best solution Y among neighborhoods {Y;, -+, Yo_1}:

3. IfYisin TLjssp:

4. If FXcur, Y, Wi, Wo) < F(XeurYeur W1, Wo); / Aspiration criterion is satisfied
5. update Y to Yy

6 else;

7 While (Y is in TLysgp) do;

8. delete Y from the neighborhood solutions;

9. find the next best neighborhood solution Y;

End

update Y to Yoy ;

If TLyssp is full;
13. remove the oldest tabu in TLyssp;
14. update TLyggp;
15. | End
16. else;
17. | update Y to Yeyr 3
18. | I TLyggp is full;
19. remove the oldest tabu in TLyssp:
20. update TLyssp;
21. End
22. Return X, Your
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Initial FLP solution is given, X,
Initialize JSSP solution randomly, Y,

l

Update initial to current solution : ‘

Xeur € Xp and Yo, € Yo

iter; %2=0

1

|

Compute objective weights

Create current FLP solution’s
neighborhoods

Create current JSSP solution’s
neighborhoods

for FLP and JSSP objective : wy, w,

l
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|

Generate new FLP and JSSP solution

Find the best solution X
from the FLP neighborhoods

Find the best solution Y
from the JSSP neighborhoods

randomly : Xpew and Ypew
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Compare current and
new solution combinations
 FXeurs Yeurs w, w2), FXeurs Ynews Wi, W2),
F(Xnews Yeurs W1, W2), F(Xnew, Ynew» Wi, W2)

l

Delete Y from the
JSSP neighborhoods

Find the best combination and ‘

Update current solution
Xeur € X and update TLgpp

Update current solution
Yeur €Y and update TLyssp

update to current

Is iter, satisfied iteration ?

[

END/Output :
X", Y") € Keur » Your): FX, Y7, Wy, W)

Figure 6. Flow Chart of Integrated Algorithm



70 Jaehyuk Kim -+ Yoonho Seo

TAE TRHCE 13| Al B 7t S AHES
7t BRG] gd 7hEAE AL T o s ThoFe 3
F7He) G ER AR B o) 2718 F RS Al shr] 9l
As2dN A 71 &3 4o B WS EEato] o ¥
& BAE D )M E 3 23 (solution combination) & =& 3T,
npA 0 2 A53 - ol A 7] &8 A e & Fgtatr] 914 of
A A A 228 sz2gel tate] dujuja] @ 2AEE
Ztztol] A& EHEA X W& A 8ot o] XA S X3t
2 A" A9 A A (local optimum) 3 2T TE ¢}

<Figure 6> HFH 08 B AFoA AQtste T €L
g Zof tig A A Flow Charto] t}.

6. 23

N

23}

Aol e & AFolA Add T L1gdFo 45 HS
Aol sy, dujujx] A% 2AEY TAE A
Aske A9k Fol W Aulu A o theto] 2AE YT 1

8

4

Ls [ 1] [ 2 [ 7]4]
Lo [ s | [ s [« [ ]s]7]
oos [ 2 [ o |1 ]afs[a]r]s]o|
L2 [ s ] [« [ e[ s 7] ]
s [ e+ ]| [ o [+ ]2 ]

2]

3 | 7

Figure 8. Initial FLP Solution

ate 7o gt A ARE vl a A g, g Sl B B AFoA Adtete 7 d1eE A3
A7 A= AL 5 ¢ Fd A5 ASe  2UF TYsth B, 27] AuleA] 89 A9 A534 9 B
el dnlu A o 2AEH 2429 %Zﬂ Ato] 2E <Table 3>3  FAA W< A 8&sto] 27 A HE AdeA 2de 19T
o] AAste] AP st Aet. AuluA o] A¢ 7‘?&‘ HA o] Aul wjA 7} o] Fo] 21 Ao 7 JHASG o, FEf
o 7hzst AR Boj7k ume) FLF 2719 949 B E LnEF B 2] AAY A 2AZY do
()02 F48 4B E 4G, BE zrw«mgure wet Aol 1FD 4 QOB W AP A e
7>3 Zo] AgPFAel g Aofo] Y A0 AAFAT. A FLE 278 E BAd PSPt 4 ZA
2AEY A <Figure 7>& 71202 YA 2 FACAE sk AR E 27] AW A= <Figure 8>3 2Tt
Ao EN AA 85T 557 WeE 3t 2A=d B AT BE EAlo tato] At dagfFe] 4P
o 75 g Aol =2 g EAo tste] A At w duFY AP ZF 3004 N st 49 2
7] 93] Or-library S %3} 0.1, abzs, abz6, orb03, 1a25, FHZ2& HAFge] Fogh, AT 22H1A, 713
127 #A19 7t A4 9 FA ] g FPAE Adn dlolH  F2 HAs 2 AT, M 2 AAH 2 ks
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Table 3. Size of FLP and JSSP for Each Instance
FLP size JSSP size
Problem number Instance # of jobs (# of machines) (# of machines x # of jobs)
1 abz5 10 9 9 x 10
2 abz6 10 9 9 x 10
3 orb03 10 9 9 x 10
4 la25 15 9 9 x 15
5 la27 20 9 9 x 20
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Table 4. Experimental Results

Comparison Algorithm Proposed Algorithm )
Weights of Best
(JSSP only) (Integrated FLP&JSSP) Average .
1 7 1 " Best I ‘ Combination
mprovemen
Job Standard Value ,0 . Standard Value ? . |Combination P Improvement
. |Instance| Average L Best Combination | Average .. | Best Combination (%) 0
size Deviation Deviation (WrLP/W)ssp) (%)
(Frep/Fissp) (Frrp/Fissp)
4268 4103
10 | abz5 4449 96.51 424191 | 82.06 (0.58/0.42) 4.65 3.87
(1760/2508) (1700/2403)
3904 3623
10 | abz6 |3998.37 | 93.47 3821.31 | 70.36 0.53/0.47 4.43 7.20
vz (1890/2014) (aso0ns23) | ¢ )
3688 3518
10 | orb03 | 3847.32 | 81.98 3700.47 | 95.40 0.51/0.49 3.82 4.61
or (1640//2140) (ss0n93s) | ¢ )
15| l1a25 |5532.47 | 97.65 5378 5315.68 | 88.83 o142 (0.59/0.41) 3.92 4.39
' ' (2820/2558) ' ' (2640/2502) T ' '
20| 1a27 |7597.27| 114.89 7369 7201.67 | 95.90 6979 (0.57/0.43) 5.21 5.29
a . . . . .57/0. . .
(3810/3559) (3680/3299)
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