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Improved cat swarm optimization for
permutation flow shop scheduling problem
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Abstract: The standard cat swarm optimization (CSO) has a slow convergence rate in solving the permutation flow shop
scheduling problem (PFSP) to minimize the maximum completion time. Meanwhile, the "dimension disaster" is prone to
occur when the scale of the problem is large. To speed up the optimization and avoid the "dimension disaster," a CSO al-
gorithm based on the estimation of distribution algorithms is proposed in this paper. Based on the cat swarm algorithm,
the distribution estimation algorithm is embedded. In the search mode, the probability matrix is used to mine the excel-
lent gene chain combination blocks in the solution sequence, and the tracking mode in the cat swarm algorithm is used to
update the speed and position of the cat, thus updating the excellent solution sequence to generate a subpopulation. Fi-
nally, through the simulation test and comparison result of Carlier and Reeves standard example set, the good robust-
ness and global searching ability of the algorithm are verified.
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Table 1 Comparison of test results for EDA-CSO. CSO. PSO and BA
« EDA-CSO CSO PSO BA
UL NG ¢ BRE ARE WRE BRE ARE WRE BRE ARE WRE BRE ARE WRE
Car, 11,5 7038 0.00 0.01 0.20 0.00 0.02 0.27 0.00 052 272 0.00 0.32 1.68
Car, 13.4 7166 0.00 137 5.00 0.00 276 6.01 0.00 522 10.8 0.00 3.68 6.29
Car; 12,5 7312 0.00 1.85 3.17 0.00 2.03 3.86 0.00 3.77 9.04 0.00 236 3.87
Car, 14.4 8003 000 037 498 0.00 044 525 0.00 386 6.55 0.00 2.64 525
Car; 10,7 7720 0.00 0.18 1.09 0.00 0.29 1.31 000 124 212 0.00 1.01 1.84
Car, 8.9 8505 0.00 052 2.12 0.00 0.77 247 0.00 2.06 5.7 0.00 144 339
Car;, 7.7 6590 0.00 0.15 2.03 0.00 024 247 0.00 1.61 4.51 0.00 091 2.58
Car, 8.8 8366 0.00 0.09 1.01 0.00 0.29 1.33 0.00 3.85 8.88 0.00 1.08 251
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Fig. 11 Comparison of average relative error Fig. 12 Comparison of the worst relative error
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Table 2 Performance comparison on Reeves’s instances
EDA-CSO CSO PSO-EDA BBEDA
"Bl onm o cx
Cnin/s BRE G/s Cuin/s BRE G/s Cuin/s BRE G/s Cunin/s BRE G/s
Rec01 20.5 1247 1247 0.00 2.5 1247 0.00 2.0 1247 0.00 3.0 1247 0.00 2.7
Rec03 20.5 1109 1109 0.00 3.0 1109 0.00 3.0 1109 0.00 29 1109 0.00 32
Rec05 20.5 1242 1242 0.00 2.1 1245 0.24 1.0 1245 0.24 1.3 1242 0.00 1.9
Rec07 20.10 1566 1566 0.00 3.1 1566 0.00 3.0 1566 0.00 2.5 1566 0.00 3.6
Rec09 20,10 1537 1537 0.00 2.0 1537 0.00 2.0 1537 0.00 2.3 1537 0.00 2.5
Recll 20,10 1431 1431 0.00 1.0 1431 0.00 1.0 1431 0.00 2.1 1431 0.00 1.8
Recl3 20.15 1930 1930 0.00 114.0 1930 0.00 178.0 1930 0.10 181.1 1930 0.00 119.0
Recl5 20,15 1950 1950 0.00 99.0 1950 0.00 101.0 1950 0.00 101.7 1950 0.00 100.0
Recl7 20.15 1902 1902 0.00 108.0 1902 0.00 115.8 1902 0.00 119.0 1902 0.00 110.2
Recl9 30,10 2093 2097 0.21 14.0 2099 0.29 18.1 209 029 370 2099 029 369
Rec21 30.10 2017 2019 0.10 369.0 2020 0.15 486.2 2040 1.14 484.0 2036 094 3740
Rec23 30,10 2011 2017 0.30 13.0 2020 045 219 2019 040 263 2020 045 15.2
Rec25 30.15 2513 2515 011 341.1 2525 048 3771 2520 0.28 369 2530 0.68 352.6
Rec27 30.15 2373 2373 0.00 533 2396 097 608 239 097 598 2379 0.25 69.4
Rec29 30.15 2287 2289 0.09 259.0 2305 0.79 3321 2295 035 2677 2292 022 2685
Rec31 50.10 3045 3051 022 604.1 3058 043  900.0 3053 026 608.5 3056 036 610.2
Rec33 50.10 3114 3114 0.00 1238 3114 0.00 163.0 3114 0.00 1259 3114 0.00 131.7
Rec35 50.10 3277 3277 0.00 4.6 3277 0.00 7.1 3277 0.00 8.7 3277 0.00 7.5
Rec37 75.20 4951 5004 1.08 943.0 509 293 15830 5041 184 8500 5111 323  867.1
Rec39 75.20 5087 5125 0.74 3950 5161 145 568.1 5134 092  639.0 5189 2.01 644.0
Recd4l 75.20 4960 5008 098 15420 5087 2.56 2071.0 5050 1.82 1601.0 5115 426 1550.1
th 2 2 AT, TR, R AR o, N
fit Rec01. Rec05. Rec07 B, &b B[R] | & T 1650} —EDA-CSO
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13~16 Fi7R . Fig. 14 Recll convergence graph
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Fig. 13 Rec09 convergence graph Fig. 15 Recl3 convergence graph
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