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Integration Process Planning and Job Shop
Scheduling using a Tabu Search Approach

N. Imanipour S.H. Zegordi
Ph.D Candidate Associate Professor
Department of Industrial Engineering,
School of Engineering, Tarbiat Modarres University

Abstract e
i manufacturing system. Due to production flexibility , each part may have alternate process plans or
' alternate routs. Two functions of process planning and scheduling are related to each other and
optimality of scheduling depends on process planning. Literature review shows that typical
scheduling objectives and efficient utilization of manufacturing resources, can be significantly
! improved as the result of integration of these two important manufacturing system functions [1]. In

this paper a heuristic algorithm based on tabu search is presented for solving this problem. The :

i experimental results show that the proposed algorithm outperforms the traditional hierarchical
. approach.
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Begin:
Randomly generate an initial feasible solution (s).
Calculate the objective functions for s.
s—s"" and £ (s) —f (s**.
Initialize outer-TL and outer-AL.
Initialize inner-TL and inner-AL.
Outer loop
outer-niter-without-improvement=0
do {
Generate priority numbers neighborhood solutions by outer-neighboring function.
for (all priority numbers neighborhood solutions)
Recall inner loop.
Select the best priority numbers neighborhood solution, which is not tabu or satisfies outer-AL.
if ( there is an improvement in the objective function ) {
outer-niter-without-improvement=0
update the best solution.
}
else outer-niter-without-improvement= outer-niter-without-improvement+1
update outer-TL. and outer-AL.
}while (outer-niter-without-improvement < outer-max-iter )
Report the best solution founds, which includes the best known process plan for each part, the best
known assignment machine for each operation and the best known schedule)
Inner loop
inner-niter-without-improvement=0
do{
Generate machine assignment neighborhood solutions by inner-neighboring function.
for (all machine assignment neighborhood solutions )
Recall scheduling.
Select the best machine assignment neighborhood solution, which is not tabu or satisfies inner-AL.
if ( there is an improvement in the objective function } {
inner-niter-without-improvement=0
update the best inner solution.
}
else inner-niter-without-improvement= inner-niter-without-improvement+1
Update inner-TL and inner-AL.
}while (inner-niter-without-improvement < inner-max-iter )
return the best inner solution founds.
scheduling
Initialize:
S1={0; / O; has no predecessors}
S2={all operations minus S1}
do {
Select the operation (O) with higher priority numbers among members of S1.
Schedule O on its assignment machine in possible earliest time.
Delete O from S1.
if there is any operation in S2 for which all predecessors are scheduled, then delete it from S2 and
add to S1.
ywhile (S1 is not empty)
Calculate the objective function for the obtained schedule.
return (the objective function )
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Sample Mean Hierarchical approach Proposed TS Improved
Prob. no init. Best Mean  s.d. Best Mean s.d. raxt)e(%) Cput(s)
{ 41.4 16 21.0 2.4 4 163 13 221 0.2
2 33.8 14 19.2 2.4 13 146 1.2 23.9 0.1
1 3 29.8 17 20.2 1.5 15 166 0.8 18.0 0.2
4 41.6 18 215 3.1 18 209 1.3 3.0 0.2
5 31.0 14 16.7 2.5 15 164 1.4 22 0.1
average 2.4 1.2 13.8 0.2
1 49.6 22 26.2 32 22 223 06 15.0 0.2
2 53.8 19 24.1 33 18 205 20 15.0 0.2
2 3 442 19 20.7 1.5 19 202 09 2.7 0.2
4 43.2 16 19.8 3.8 16 174 1.9 12.3 0.2
5 46.8 20 26.2 5.0 15 174 14 33.6 0.2
average 3.4 1.4 15.7 0.2
1 59.2 27 31.5 2.6 26 296 2.1 6.1 23
2 59.2 24 30.7 52 22 264 22 14.2 3.0
3 3 57.0 24 29.9 3.7 24 273 15 8.8 2.6
4 63.6 24 28.8 4.8 24 264 14 8.6 3.1
5 57.8 23 26.9 2.9 23 265 15 1.5 2.9
average 3.8 1.7 7.8 2.8
1 95.2 41 45.8 33 42 454 33 1.0 3.0
2 100.0 47 55.3 5.6 47 524 4.1 5.2 2.6
4 3 93.4 42 51.7 13.1 39 454 35 12.1 3.1
4 103.4 42 53.7 8.3 41 447 24 16.7 3.2
5 83.4 43 50.3 7.4 41 449 28 10.7 2.9
average 7.5 3.2 9.1 3.0 .
1 141.0 57 78.0 18.6 49 53.0 2.0 32.1 22.0
2 137.4 60 75.8 16.4 48 524 25 30.9 22.7
5 3 140.8 60 69.8 11.2 48 523 23 25.1 21.7
4 138.4 58 69.7 11.8 50 535 23 232 2L.5
5 125.4 54 61.8 6.5 47 499 14 19.3 22.8
average 26.1 22.1
1 150.0 78 95.9 16.2 72 784 3.0 18.3 64.8
2 165.4 78 88.1 10.2 73 785 3.7 10.9 62.8
6 3 143.0 82 88.8 5.8 77 834 40 6.0 57.4 .
4 169.0 79 92.7 11.1 71 788 33 15.1 66.6
5 151.0 78 90.2 8.5 72 779 34 13.7 66.4
average 10.3 3.5 12.8 63.6
1 195.6 95 103.6 124 75 798 3.5 23.0 247.1
2 187.4 89 110.0 273 75 783 3.2 28.8 245.0
7 3 180.0 92 102.5 8.6 75 812 39 20.8 230.6
4 182.4 96 107.7 144 74 765 1.5 28.9 279.2
5 185.8 103 1212 176 82 866 34 28.5 258.9
average 16.1 3.1 26.0 252.1
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Prob. Sa:xople I\i/iei:n Hierarchical approach Proposed TS Improved Cput.(s)
. Best Mean  s.d. Best Mean s.d. rate(%)
1 30.04 13.60 16.87 1.9 11.80 13.16 0.7 22.0 1.3
2 23.40 12.80 14.78 1.3 11.20 11.78 03 20.3 0.3
1 3 21.80 13.60 14.83 0.8 12.00 1250 0.5 13.0 0.2
4 28.88 14.60 16.44 1.6 14.40 1558 0.6 5.3 0.3
5 23.20 12.80 13.55 0.6 1220 1291 04 4.7 0.3
average 1.2 0.5 13.1 0.5
1 25.68 12.12 14.02 1.2 11.62 12,16 04 13.3 0.3
2 31.35 13.25 14.58 0.8 12.25 13.14 06 9.9 0.3
2 3 25.97 10.12 11.56 1.0 912 957 03 17.2 0.3
4 22.73 10.00 11.32 1.7 7.38 7.83 03 30.9 0.4
5 25.00 11.25 15.65 1.9 10.62 11.24 04 28.2 0.3
average 1.3 0.4 19.9 0.3
1 37.06 18.20 20.78 1.4 16.70 18.20 0.8 12.4 3.7
2 38.44 17.50 21.00 1.7 1620 1824 1.1 13.1 4.1
3 3 36.78 17.70 19.82 1.2 16.80 18.12 0.8 8.6 3.8
4 44.52 18.10 20.08 1.3 1520 17.08 0.7 14.9 4.7
5 4172 15.80 17.54 1.2 1550 17.17 09 2.1 4.0
average 14 = 0.8 10.2 4.0
1 46.49 23.38 27.12 2.1 21.75 2343 12 13.6 4.5
2 51.89 25.69 27.43 1.3 25.81 27.30 1.0 0.5 4.4
4 3 51.63 24.69 26.92 1.6 23.06 25.07 12 6.9 4.9
4 54.60 24.12 26.58 2.1 21.15 2287 1.2 13.9 5.0
5 46.17 23.12 24.95 14 20.25 21.81 12 12.6 5.0
average . 1.7 1.2 9.5 4.8
1 85.36 31.05 36.95 3.8 26.75 29.08 1.2 21.3 38.3
2 79.14 36.30 39.80 3.8 2795 30.83 1.8 22.5 37.8
5 3 74.35 32.65 37.13 2.8 25.60 27.41 1.8 26.2 37.0
4 79.94 31.50 37.13 41- 2560 28.60 2.1 23.0 35.9
5 69.32 33.95 35.61 1.2 24.55 2740 1.7 23.0 39.8
average 3.1 1.7 23.2 37.8
1 79.74 42.66 45.16 2.6 36.41 4022 2.1 10.9 109.1
2 96.36 42.56 46.80 2.4 36,59 4033 1.7 13.8 111.5
6 3 80.06 40.78 46.69 32 39.12 4195 1.6 10.1 110.6
4 94.36 42.06 46.27 22 37.03 39.88 1.5 13.8 116.0
5 83.76 40.69 44.46 2.0 36.53 39.89 1.9 10.3 118.9
average 2.5 1.8 11.8 113.2
1 96.78 38.58 4221 2.5 29.30 3090 1.1 26.8 608.3
2 86.57 36.78 41.30 5.2 2840 30.13 1.1 27.1 563.7
7 3 91.18 38.12 40.58 52 28.34 30.63 1.1 24.5 585.7
4 92.66 38.16 40.90 1.9 27.50 29.58 1.1 27.7 656.5
5 88.73 39.42 43.43 2.7 2896 31.69 14 27.0 692.7
average 3.5 1.2 26.6 621.4
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. . GA Proposed TS
Problem Part Operat Mach P
ris pera 10ns achings Cm“ Cput(s) Cmﬂx Cput(s)
i 7 7 5 13 45 13 0.01
2 8 20 5 34 13.5 27 0.12
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1- Makespan 8- Tabu Search (TS)
2- Mean flow time 9- Integrated Process Planning and Scheduling in FJS
3- Job Shop Scheduling (JS) : 10-Outsourcing

- 4- Flexible Job Shop (FJS) 11- Meta heuristic
5- Rout 12- Feasible
6- Simulated Annealing 13- Average Relative Error
7- Linguistic
&l
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