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Abstract A hybrid particle and genetic algorithm (HPGA)
based on the “alldifferent” constraint is proposed to solve the
flowshop scheduling problem, which combines the particle swarm
optimization algorithm, genetic operators, and annealing strat-
egy together. To improve the algorithm’s performance further, a
neighborhood based local search strategy is proposed and intro-
duced into HPGA. Finally, the HPGA is tested on different scale
benchmarks and compared with the recently proposed efficient
algorithms. The result shows that both the solution quality and
the stability of the HPGA precede the other two algorithms.
Key words Flowshop scheduling, partical swarm optimization
(PSO), mutation
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Algorithm HPGA
begin
initialize(pop);
gFitness = Cmax(pop[l].current)
for i = 2 to popNum do
if Ciax (pop[i].current)< gFitness then
gBest = popli].current;
endif
endfor
currGen = 0;
while (currGen< MAXGEN) do
for j =1 to popNum do
pop[j].v[currGen+1] = pop[j].v[currGen]®gBest

if pop[j].fitness< Ciax(gBest) then
gBest = poplj].current;
endif
endfor
curActivity = swarmActivityComp(pop);
if curActivity<g then
for k=1 to popNum do
pop[k].pBest = mutation(pop[k].pBest);
endfor
endif
currGen—++;
endwhile
return gBest; end
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Procedure NeighborhoodBestSearch(m)
begin
for ¢ =1 to n do
7’ = best schedule obtained by inserting 7, in
any position of w
if Cmax(ﬂ'/) <Cmax(7r) then
T=m

endif.
endfor.
return w; end
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Table 1  Comparative results with different values of TE
Problems Size TE =0.0 TE =0.25 TE = 0.50 TE =0.75 TE =1.0
ta020 20 x 10 1.270 1.266 1.304 1.364 1.398
ta050 50 x 10 3.323 3.346 3.284 3.378 3.383
ta080 100 x 10 1.415 1.340 1.234 1.673 1.311
2 RMFEFNRFUKEEIE, 5 GA K& NPSO AR R IR
Table 2  Comparative result with GA and NPSO algorithms with the objective of minimizing total flow time
Problem GA NPSO HPGA L-HPGA
ta005  13618/14358.5/14493 (6.13)  13529/13529.0/13529 (0.00)  13529/13529.0/13529 (0.00)  13529/13529.0/13529 (0.00)
ta010  13036/13889.2/14300 (7.31)  12943/13005.1/13021 (0.47)  12943/12943.0/12943 (0.00)  12943/12943.0/12943 (0.00)
ta020 21506/22158.6/22722 (3.93) 21320/21329.5/21352 (0.04) 21320/21321.5/21323 (0.01) 21320/21320.0/21320 (0.00)
ta030 32465/33024.5/34068 (2.36) 32317/32856.4/ 33418 (1.84) 32262/32506.8/33281 (0.75) 32262/32262.0/32262 (0.00)
ta050  89632/93257.2/99552 (5.66)  88631/89192.9/90352 (1.06)  88352/88951.6/89470 (0.79)  88256,/88412.2/88906 (0.17)
ta060 127642/132091.6/137056 (6.07) 126582/126958.4/127823 (1.95) 125767/126819.2/127196 (1.84) 124529/124907.6/125208 (0.30)

ta070
ta080

246655/258936.2/270922 (6.00) 246261/253058.1/267422 (3.59) 244903/252343.8/258906 (3.30) 244275/245347.6/245735 (0.44)
298308/315056.5/330834 (6.73) 297028/298793.2/308901 (1.23) 296901/298590.3/308901 (1.16) 295170/297625.8/298562 (0.83)

*3 RMEHEMREANE LN, 5 GA K& NPSO FIARRARES HLLE

Table 3 Comparative result with GA and NPSO algorithms with the objective of minimizing makespan
Problem GA NPSO HPGA L-HPGA
ta005 1250/1251.2/1258 (1.31) 1250/1250.6/1256 (1.26) 1235/1243.5/1250 (0.68) 1235/1239.8/1244 (0.38)
ta010 1116/1135.6/1161 (2.49) 1108/1117.1/1131 (0.82) 1108/1113.4/1120 (0.49) 1108/1108.0/1108 (0.00)
ta020 1618/1632.8/1654 (2.62) 1610/1629.0/1654 (2.38) 1594/1614.6/1629 (1.48) 1591/1602.7/1611 (0.73)
ta030 2212/2237.5/2282 (2.73) 2185/2220.3/2250 (1.94) 2192/2209.4/2232 (1.44) 2179/218445/2194 (0.29)
2050 3189/3225.5/3280 (5.23) 3167/3192.2/3213 (4.15) 3139/3163.0/3191 (3.19) 3099/3114.3/3131 (1.60)
2060 3971/4008.6/4093 (6.72) 3900/3942.4/3979 (4.96) 3852/3919.4/3971 (4.35) 3783/3807.8/3854 (1.37)
ta070 5342/5372.3/5403 (0.94) 5334/5351.1/5390 (0.54) 5342/5343.8/5346 (0.40) 5322/5323.2/5328 (0.02)
2080 5953,/6056.3/6106 (3.61) 5903/5934.9/5988 (1.53) 5881/5900.8,/5903 (0.95) 5864,/5892.9/5903 (0.81)
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