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2 CACB
Table 2 Parameter settings for CACB
plsl pls2 pls3 sl ns2 m»s3
J1 p=1,0=0 p=1,0=0 o=1,0=0 p=1,0=0 p=1,0=0 p=1,0=0
J2 p=1,0=0 p=1,0=0 p=1,0=0 p=2 0=0.1 p=2,0=0.1 0 =2 0=0.2
J3 p=2 0=0.1 p=2,0=0.1 p =2 0=0.2 p=2 0=0.1 p=2,0=0.2 0 =2 0=0.2
JA p=2 0=0.1 p=2,0=0.1 p =2 0=0.2 p=2 0=0.1 p=2,0=0.1 p=20=0.3
B | e=30=0.2 | 0=3,0=01| p=30=02 | p=40=02 | 0=4,0=0.1 | 0 =4 0=0.2
Jo p=50=0.2 pP=5,0=0.1 p =5 0=0.2 p=6 0=0.2 p=6,0=0.1 0 =6 0=0.3
1.090 0
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Fig.1 Convergence trend for GA
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Table 3 Experimental results on 2 machines
s1 2 s3
LB BFLPT GA CACB LB BFLPT GA CACB LB BFLPT GA CACB
Jipl 17.46 | 18.75 18.61 19.10 | 10. 41 11.22 | 11.12 | 11.38 | 20.87 | 21.34 | 21.32 | 21.42
JIR2 35.23 | 37.61 | 37.51 |38.21 |20.13 | 21.96 | 21.99 | 23.37 | 40.94 | 42.25 | 42.17 | 42.43
J2pl 32.03 | 34.47 | 34.39 [34.76 | 18.94 | 19.68 | 19.55 | 20.34 | 41.25 | 42.50 | 42.34 | 42.64
2p2 62.94 | 67.95 67.83 | 68.91 | 35.80 | 37.53 | 37.50 | 39.46 | 78.69 | 81.48 | 81.38 | 81.72
J3pl 77.54 | 82.50 | 82.31 | 82.94 | 44.10 | 45.32 | 45.12 | 46.21 | 98.68 [102.93 [102.82 |102. 65
SR | 146. 77 | 156.49 | 156.43 |157.22 | 84.49 | 87.29 | 87.25 | 90.73 | 188.98 |196.01 | 195.96 | 195. 41
JApl 152.94 [ 161.75 | 161.49 |161.56 | 84.91 | 87.45 | 87.11 | 87.87 | 192.73 [199.28 |198. 87 | 198. 30
JA2  [289.66 | 307.69 | 307.62 |306.77 |[161.25 |166.34 | 166.37 | 169.93 | 372.10 |384.02 |384.07 |381.93
J5pl 309. 56 |324.20 | 324.84 |322.13 [167.26 | 172.26 | 172. 06 | 171.36 | 389.66 |399.52 |398. 80 |397. 30
J5p2 | 580. 60 | 606.60 | 607.18 |604.09 [318.79 [328.31 [328.36 |327.38 | 739.30 |757.42 |757.40 |753. 61
Jopl | 457.23 | 475.77 | 476.39 |471.55 |249. 68 |257.32 [257.48 |255.25 | 579.01 |590.96 |590.32 |587. 34
Jop2 867.61 |902.65 [903.04 [898.82 |478.26 [492.25 [492.95 [490.94 [1106.48 (1 130.37 (1 131.26 (1 124.71
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Table 4 Experimental results on 4 machines
s1 2
LB BFLPT GA CACB LB BFLPT GA CACB LB BFLPT GA CACB
Jipl 9.13 10.93 10.87 | 11.07 5.66 9.57 9. 57 9. 57 11.10 | 12.25 | 12.21 12. 32
J1p2 17.08 | 20.70 | 20.64 | 20.86 | 10.46 | 18.53 | 18.53 | 18.53 20.87 | 23.27 | 23.18 | 23.43
J2pl 16.88 | 18.55 | 18.51 | 18.65 | 9.74 [ 10.72 | 10.72 | 11.41 | 20.63 | 21.85 | 21.71 | 21.72
2R 31.92 | 35.37 | 35.25 [35.76 | 18.10 | 20.78 | 20.77 | 21.77 | 38.64 | 40.88 | 40.70 | 40.96
J3pl 39.30 | 42.12 | 42.13 | 42.04 | 22.19 | 22.95 | 22.91 | 23.94 | 50.15 | 52.23 | 52.16 | 52.00
S | 74.97 | 80.46 | 80.38 | 80.73 | 41.33 | 43.27 | 43.25 | 4553 | 95.23 | 99.03 | 98.97 | 98.89
Japl 76.35 | 80.63 | 80.62 | 80.30 | 42.70 | 44.06 | 44.04 | 44.39 | 97.43 |100.47 |100.45 | 99.91
JAp2 147.21 | 155.52 | 155.54 |155.68 | 81.07 | 83.49 | 83.57 | 85.55 | 186.27 [192.03 |192.02 | 191. 24
JSpl | 151.30 | 157.99 | 158.04 [156.82 | 84.13 | 86.76 | 86.77 | 86.47 |194.03 |199.35 | 199.31 | 198. 31
J5p2 1290. 58 | 303.66 | 303.70 |302.44 | 158.47 [163.05 [ 163. 2 | 163.72 | 368.92 |378.33 |378.32 [376.73
Jopl 227.77 [236.45 |236.52 |234.62 [125.41 |129.31 |129.39 | 128.27 | 290.69 [297.03 |297. 02 |295. 46
Jop2 | 437.52 | 454.80 | 452.52 | 454.84 |239.72 |246. 84 [246. 82 |245.79 | 552.34 |564.37 | 564.39 [561. 46
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Table 5 Runtime comparison of algorithms
s1 2 53
BFLPT /s GA /s CACB /s |BFLPT /s | GA /s CACB /s |BFLPT /s | GA /s CACB /s
Jipl 0.078 1 6.8594 | 0.0625 0.0313 6. 140 6 0.046 9 | 0.0605 7.0625 0.078 1
JipR 0.1094 | 7.0125 | 0.0313 | 0.0156 | 6.1094 | 0.0313 | 0.0313 | 7.4531 | 0.0625
J2pl 0.078 1 |11.8750 | 0.1250 0. 046 9 9.812 5 0.140 6 | 0.2031 11.7813 | 0.067 5
p2 0.098 1 | 11.5000 | 0.1563 0.0313 [10.2344 | 0.2656 | 0.0625 |[12.1875 | 0.1875
J3pl 0.359 4 |31.5625 | 0.7188 | 0.1406 |[25.2344 | 1.1563 | 0.6563 |33.4375 | 0.6094
J3p2 0.218 8 [32.2500 | 0.5469 0.0938 [24.9375 | 0.968 8 | 0.5469 |34.7813 | 0.6719
JApl 1.281 3 |82.6250 | 2.9219 0.5000 |[61.3750 | 7.609 4 1.7969 |93.0469 | 2.3281
JApR 1.078 1 |82.6875 | 3.5625 | 0.6250 [61.9375 | 7.2656 | 1.7969 |91.6875 | 2.2656
J5pl 4.250 0 |250.7344 | 18.5313 | 1.5156 |[178.578 1 |104.718 8| 6.8750 |285.9219 | 9.8125
S 4.109 4 |241.6094 | 21.1563 | 1.2656 |[170.453 1|101.796 9| 6.2969 |267.9844 | 9.9531
Jopl 8.953 1 [475.5156 |66.3281 | 3.1250 |334.093 8 [362.343 8| 17.6563 |676.9063 | 31.250 0
Jop2 10.859 4 |544.5469 | 78.5469 | 3.2813 |331.218 8 |349.859 4| 12.9844 [512.8281|23.250 0
s BFLPT s
’
’ ’
’ 4
[2- 3]
’
GA, CACB
s ’ ’
s , CACB

CACB
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Scheduling parallel batching machines with non-identical job sizes from a
clustering perspective

DU Bing, CHEN Hua-ping, YANG Bo, LI Xiao-lin
School of Management, University of Science and Technology of China, Hefei 230026, China

Abstract: The problem of scheduling parallel batch processing machines is considered from a clustering per-
spective in this paper. We first demonstrate that the batching problem with non-identical job sizes can be re-
garded as a generalized clustering problem, providing a novel insight into scheduling with batching. The con-
cept of WR (waste ratio of batch space ) is then presented and the objective function of minimizing makespan
is transformed into minimizing weighted WR so as to define the distance measure between batches in a more
understandable way. The equivalence of the two objective functions is also proved. In addition, a clustering
algorithm CACB (constrained agglomerative clustering of batches ) is proposed based on the definition of WR
to generate batches. The experimental results show that CACB outperforms the existing approaches BFLPT
(best-Fit longest processing time ) and GA (genetic algorithm ) in large-scale problems.

Key words: scheduling; batch processing machine; clustering; combinatorial optimization



