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Parallel Simulated Annealing using Genetic Crossover

Tomoyuki HIROYASU™, Mitsunori MIKI™ and Maki OGURA™

(Received April 28, 2000)

This paper proposes Parallel Simulated Annealing using Genetic Crossover. The proposal algorithm consists

of several processes operated as simulated annealing (SA). The genetic crossover is used to exchange information

between the solutions every fixed interval. This operation reduces the computational cost while SA requires a lot

of costs particularly in continuous problems. The proposed algorithm is applied to the continuous test problems.

It is found that proposed algorithm could search the global optimum solution effectively, compared to conventional

distributed genetic algorithms and sequential SA by the numerical examples. Therefore, using the proposed algorithm

for the problems that have a lot of local optimums, such as identifying protein structures, it expects that the proposed

algorithm is more effective than the conventional SA algorithms.
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Fig. 1. Simulated annealing using genetic crossover.
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Fig. 2. Crossover.
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Table 1. Parameter of parallel SAs.

parameter value
Population size 20 , 200
Initial temperature 5,10, 20, 30
Cooling rate 0.93
Communication interval 32
Neighborhood adjustment interval 8
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Fig. 3. Results of rastrigin function (population size
20).

g0o0SAQOOOOO 1000200000000
gooboooobbooo400bb0oboobooooo
gbooooooooobooooboooboboboo
goboobooooooobboooobooooboo
gooobooooobooooooboooooboo
ooooog

Fig. 400000000 SAOOOOO 20000
OO00OFig. 50 200000000 GriewankOOODO
oobo0o0odbdFig 40000000000DOO
o0 sAO0DOO0O0OOoODOOoDOODOoOoDOoOn
ljooocoboOoooooboooboboooboboooo
goooOoboooboo 2000000000000



ugb oooob obooob oo

1.0E+00

=% -3 =-xq

1.0E-02 —®— crossoverPSA
—4&— clitePSA
1.0E-04 7 — [}~ roulettePSA

e-roulettePSA

Energy

1.0E-06 7

1.0E-08
5 10 20 30

Initial temperature

Fig. 4. Results of griewank function (population
size 20).

1.0E+00

LOE-02 7 [ — o= — 0 — 4J —@— crossoverPSA
& ~— — —&— clitePSA
S 1.0B-04 \ —0O~ roulettePSA
= \ e-roulettePSA

1.0E-08
20 30
Initial temperature

Fig. 5. Results of griewank function (population
size 200).

0000000000000 00000000 SAD
O000ooooooooooooooooog SA
gbooooobooooobobobobooboobn
OOoDoOO0ODO0o0DO0OoOOosA00Oogoooooon
go1ooooooboooooooooboooaoo
ooo0oOoOoOoSADoOOoooooooood
ggooogooon

Griewank 00000000000 O0ODOOOOOO
goobooooooooooooboboobooboo
obbobO0oooboooooooobooooooo
gobooboooobbooooooooooooon
goboooooobobobbobood

goooooooOoOo0oooboooooOog sAQDd
gbooooobobobobooobooobobobooogob
o00o0O00oOosA0O0OoOoooooooooooo
goooobobbobooboobobooobooo
0000 SAO0O0O0ODODOOODODOODODODOODOOO
O00SAOOQO0O00O0O0OOOOOOOSsSAODOOO
gooooooooooooog

4.2 000O0OO0OO0OOOOSAOOOCOOO

410000000000CO0DO0O0O0O0O0ODOO
0SA000O0O0OO0Oooooooooooooog

oooo0o0o0oooooooooooooOoooogd
00000000 GAODOOOOOOOODooO SA
ooooooooooooo
4.2.1 0O0O0OO

Rastrigin 0 0 O Griewank 0 00 00000000
00000000 RosenbrockDOO 3000000
00odoooooopoooooooooooooo
J00oooooooo wbs3ooooo

n
[Rastrigin. = 10n+ Z(w? — 10 cos(27x;)) (5)
i=1
fmm 0, [1‘1 = OL n = 10,30
fGriewank = 1+§n: x% —ﬁ(COS(ﬁ)) (6)
P 4000 Py Vi
Jmin =0, [1‘1 = OL n = 10, 30
n—1
fRoseanock = Z[loo(l‘i.l,_l — 1‘12)2

i=1

0000000+ (z —1)? (7)
fmm:O, [{Ei:”, TL:].O,?)O

goobooob 4110000000000
4.2.2 00000

OO00000 Table 200 00000000000
gbooooobooo wooboobooooo

Table 2. Parameter of parallel SA.

parameter value
Population size 400 , 600
Initial temperature 5,10,20, 30
Cooling rate 0.93
Communication interval 32
Neighborhood adjustment interval 8
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Fig. 6. Results of 10 dimensions rastrigin function.
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Fig. 9. Results of 30 dimensions griewank function.
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Table 3. Comparison of sequential SA and PSA us-

ing genetic crossover (rastrigin function).

| PSA [ SSA-long | SSA-short

10 dimensions
Solution 7.64e-6 30.0 25.2
Success rate 1.0 0.0 0.0
30 dimensions
Solution 6.67 226 216
Success rate 0.0 0.0 0.0
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Table 4. Comparison of sequential SA and PSA us-

ing genetic crossover (griewank function).
| PSA [ SSA-long | SSA-short

10 dimensions

Solution 7.49e-4 3.78 0.273
Success rate 0.9 0.0 0.0
30 dimensions

Solution 4.13e-5 0.459 0.592
Success rate 1.0 0.0 0.0
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Table 5.  Comparison of sequential SA and PSA us-

ing genetic crossover (rosenbrock function).
| PSA [ SSA-long | SSA-short |

10 dimensions

Solution 2.60e-8 1.92e-3 2.09e-3
Success rate 1.0 0.0 0.1
30 dimensions

Solution 4.03e-8 1.48e-3 2.59e-3
Success rate 1.0 0.0 0.0
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Table 6. Comparison of GA and PSA using genetic

crossover (rastrigin function).

| | PSA | GA(20*20) | duGa |
‘ Optimum ‘ 1.0e-50rder ‘ 0 ‘ 0 ‘
10 dimensions
Success rate 1.0 1.0 1.0
Evaluations 3034881 773940 457000
30 dimensions
Success rate 0.0 0.1 0.2
Evaluations 3117641 3181940 3121600

Table 7. Comparison of GA and PSA using genetic

crossover (griewank function).

| | PSA | GA(20*20) | duGa |
‘ Optimum ‘ 1.0e-50rder ‘ 0 ‘ 0 ‘
10 dimensions
Success rate 0.9 0.0 0.2
Evaluations 3008201 3200400 2676960
30 dimensions
Success rate 1.0 0.7 0.9
Evaluations 3118041 2922120 1819760
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Table 8. Comparison of GA and PSA using genetic

crossover (rosenbrock function).

| PSA | GA(20*20) | duGa |
Optimum ‘ 1.0e-8order ‘ 0 ‘ 0 ‘
10 dimensions
Success rate 1.0 0.0 0.0
Evaluations 2750721 3200400 3200400
30 dimensions
Success rate 1.0 0.0 0.0
Evaluations 2723441 3200400 3200400
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