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Abstract: A paralel machine batch process scheduling problem (PBPSP) integrating batching decision is
investigated. The problem is converted into the fixed charge transportation problem (FCTP). A genetic local search
algorithm (GLSA) with intensification strategy of local search and escape strategy from local optimal solution is
developed. The sorted edges attained by root-first search of spanning tree are used to encode spanning tree in the
genetic local search algorithm. Efficient single point crossover operator appending edges to sub-tree is proposed.
Network simplex method based local search is used to be the mutation of individual. To enhance the capacity of
searching the global optimal solution, this paper presents an intensification strategy of local search that applies
continuous random node local search to the current optimal solution and an escape strategy from local optimal
solution based on random pivot mutation and random node local search. The results of computations demonstrate
that the genetic local search algorithm is better than the permutation encoding genetic algorithm and the matrix
encoding genetic algorithm on solution quality, and can find the optimal solution of all Benchmark problems.
Moreover, the genetic local search algorithm is robust. Compared with the tabu heuristic search procedure, this
algorithm can obtain more frequently the optimal solutions of the test problem instances.
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PrimRFCT :
procedure PrimRFCT(V1,E+,P1,V,E)
If Pr#J Then
Select randomly a node u from the set Pr;
Else
Select randomly a node u from the set Vr;
End If
Select randomly an edge (u,v) from the set E, and ve{V-V};
X(u,v)<—min(D(u),D(v));
D(u)«-D(u)—x(u,v);
D(v)«-D(v)—x(u,v);
V< Vi{v};
EreEru{(uV)};
If D(u)=0 and ue Py Then Pr«-P—{u}; End If
If D(v)#0 Then Pr«—Pru{V}; End If
2.3
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4
. GLSA , :
, Sun  Tabu (Sun’ Tabu ) (Gottlieb
). 4 : mC ) n( )
10x10,10x20,15x15,10x30. ( ).GLSA Java
, PC ,CPU Pentium(R)4 2.50GHz, Windows XP. 1
( )- 7 ( 2)
3~8 . , 15 , 5
Table1l Total supply (demand) for different problem sizes
1 ( )
Problem size Total supply
10x10 10 000
10x20 15 000
15x15 15 000
10x30 15 000
Table2 Ranges of integer fixed costs for different types of test problems
2
Range of fixed costs
Problem type Lower limit Upper limit
A 50 200
100 400
c 200 800
D 400 1600
E 800 3200
F 1600 6400
G 3200 12 800
Benchmark ( GAMS http://www.
gamsworld.org/performance/plib), Gottlieb (291,
3 GLSA Sun’ Tabu 15 (worst)
(average) (best) . ; 100; ,
100, , , . , Optimal 15
Table 3 Heuristic solution objective values as a percentage of the optimal objective values
3 GLSA Sun’ Tabu
Problem GLSA Sun’ Tabu
Size Type Worst Average Best Optimal Worst Average Best Optimal
10x10 A 100.000  100.000  100.000 15 100.002  1000.000  100.000 14
B 100.000  100.000  100.000 15 100.132  100.013  100.000 13
c 100.000  100.000  100.000 15 100.198  100.019  100.000 12
D 100.000  100.000  100.000 15 100.195  100.040  100.000 9
E 100.000  100.000  100.000 15 100.589  100.143  100.000 7
F 100.000  100.000  100.000 15 100.924  100.209  100.000 5
G 100.103  100.010  100.000 14 101.878  100.342  100.000 9
10%x20 A 100.000  100.000  100.000 15 100.059  100.008  100.000 13
B 100.000  100.000  100.000 15 100.059  100.006  100.000 12
c 100.000  100.000  100.000 15 100.119  100.014  100.000 12
15x15 A 100.000  100.000  100.000 15 100.021  100.003  100.000 12
B 100.000  100.000  100.000 15 100.104  100.016  100.000 11
c 100.346  100.136  100.000 10 101.454  100.084  100.000 6
10x30 A 100.000  100.000  100.000 15 100.153  100.019  100.000 10
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3 : , GLSA Sun’ Tabu , GLSA
Sun’ Tabu , 10x10 G 15x15 C ,GLSA
15 (optimal 15), Optimal 15 ,
Sun’ Tabu ,  Worst Average Sun’ Tabu . ,
( 10x20 D,E,F ),GLSA Sun’ Tabu
, 3 GLSA
Sun’ Tabu GLSA ,
,Sun’ Tabu , GLSA
,GLSA
4 GLSA ( permutation ; PE )
( matrix , MA ) 3 Benchmark
gap=(value/opt—1)x100, ,opt ,value minavg max 3 ,
9aPmin, 9aPavg:98Pmax- 4 MA PE GLSA PE MA ,
Benchmark , GLSA , ran10x10a~ran10x10c,
ran10x12~ranl17x17 ranl2x21 minavg max 0. avg  max 0 ,GLSA
93Pavg, 9aPmax
4 :GLSA 98Pmin, 98Pavg, 98Pmax , GLSA
, PE MA

Table4 Comparison of GLSA and the permutation encoding GA and the matrix encoding GA

4 GLSA GA GA
Problem Permutation Matrix GLSA
Name Opt Min Avg Max Min Avg Max | Min Avg Max
Ran10x10a 1499 0 0.60 4.74 0 0 0 0 0 0
Ran10x10b 3073 0 0.29 4.07 0 0.54 4.07 0 0 0
Ran10x10c 13 007 0 0.10 0.91 0 0.28 0.89 0 0 0
Ran10x12 2714 0 2.69 5.64 0 0.70 5.64 0 0 0
Ran12x12 2291 0 271 6.37 0 151 3.88 0 0 0
Ran13x13 3252 0.98 0.98 3.26 0.98 3.06 6.98 0 0 0
Ran17x17 1373 2.62 8.67 15.88 0.58 5.40 10.27 0 0 0
Ran4x64 9711 0.58 3.00 5.21 0 0.67 1.70 0 0.32 0.94
Ran6x43 6330 0.87 5.30 10.03 0 1.28 3.98 0 0.20 115
Ran8x32 5247 3.14 6.04 8.61 0.55 3.29 7.62 0 1.28 2.27
Ran10x26 4270 1.55 7.03 11.69 1.85 7.03 11.92 0 0.15 0.41
Ran12x21 3664 | 3.87 8.32 12.69 1.26 4.53 8.98 0 0 0
Ran14x18 3712 0.45 5.67 9.38 0 5.01 8.89 0 0.16 0.39
Ran16x16 3823 2.27 5.89 9.36 0.92 4.67 8.53 0 0.33 0.76
GLSA PE MA GLSA
, PE MA GLSA
. (DM) (LE) (LS)
(RP)
10x10,10x20,15x15,10x30 C , 4
( 15 ). 2 LS DM LE DM LE DM
LE 4 2 DM LE
10x10 10x20 ; . DM
LE , , LE DM. DM LE
, , DM LE .3
(LS (RP) 3 RP
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DM LE , ;
, LS RP, ,
3 RP DM LE, LS
DM LE , DM LE
700 3000
|
600 —ais ! —arP 4
- #-LS+DM ; 2500 - #-LS .ff
500 & LS+LE y i & RP+DM+LE I
w LStDM+LE Y. 20001 w LStDM+LE /
400 . 4
g Fd & 15001 /
300 J,f
2001 10007 —
.-'"- ""-- -
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Problem type Problem type
Fig.2 Influence of DM and LE on solution quality Fig.3 Influence of LS on solution quality
2 DM LE 3 LS
5
PBPSP FCTP :
, GLSA
, PBPSP NP-hard , , A
) . meta
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