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Temperature-parallel Simulated Annealing Programming
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In this paper, we propose Temperature-Parallel Simulated Annealing Pro-
gramming (TPSAP), that is an extension of the Simulated Annealing Pro-
gramming (SAP) using the Temperature-Parallel concept. SAP is an auto-
matic programming method that expands the Simulated Annealing (SA) in
order to handle the tree structures, and the solution changes not only to the
improvement direction but also to the deterioration direction in probabilistic
for temperature. For SAP, the determination of the important temperature
parameter for the effective searching of a solution is not easy. We applied
the Temperature-Parallel algorithm which was effective in the determination of
temperature scheduling. We compared TPSAP with Parallel SAP (PSAP) and
SAP for some benchmark problems of automatic programming. As a result,
TPSAP is found to give the best solution in the same numbers of evaluation.
The time to obtain the the optimum solution with TPSAP is shorter than SAP,
and the optimum solution obtained with TPSAP have as small node sizes as

SAP.
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Fig.1 A generation method of a candidate solution in SAP.
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Fig.5 The target function for the simple symbolic regression problem.
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Fig.6 The target function for the complex symbolic regression problem.
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Table 1 Parameters for Santa Fe trail.

Problem Total steps Tmax Tmin
Santa Fe trail 200,000 128.4 0.271
Wall-following 400,000 80.8 | 0.271
Simple Symbolic Regression 100,000 888.2 0.008
Complex Symbolic Regression 400,000 1684.6 | 0.021
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Fig. 7 Effectiveness of TPSAP in Parallel-Methods.
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Table 2 Parameters for TPSAP and SAP.
(a) Santa Fe trail

(b) Wall-following

Parameter SAP [ TPSAP Parameter SAP [ TPSAP
Total steps 200,000 Total steps 400,000
Ppum O 80160 32 Ppum O 801160 32
T 4.0 | (128.400.271) T 2.0 | (80.800.271)
(c) Simple Symbolic Regression (d) Complex Symbolic Regression
Parameter | SAP | TPSAP Parameter | SAP | TPSAP
Total steps 100,000 Total steps 400,000
Poum O 80 160 32 Prum O 1 80160 32
T 0.5 | (888.200.008) T 0.25 | (1684.600.021)
03 ODoooo
Table 3 Execution environment.

CPU AMD Opteron 1.8 GHz x 2

Memory PC2700 Registeres ECC 2 GB

NIC Gigabit Ethernet

NIC driver Broadcom Tigon3

Switch NETGEAR GS524T

Cable Category 5e

os Debian GUN/Linux4.0 amd64

Kernel Linux 2.6.16 + Xen patch

Xen 3.0.3

DCAST 3.0.5

HPL 1.0a

Compiler gce 4.1.2, gfortran 4.1.2

Communication library | mpich 1.2.7
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Fig.9 Effectiveness of TPSAP in Parallel-Methods.
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Table 4 Average evaluation time. Table 5 Parameters for Santa Fe trail.
Problem SAP [sec] | TPSAP-8[sec] | TPSAP-16 [sec] | TPSAP-32 [sec] (a) Santa Fe trail (b) Wall-following
Santa Fe trail 37.950 4.020 2.034 1.235 Method Nmin Numid Nimax Method Nmin Nmid Nmax
Wall-following 1,029.726 150.644 72.265 37.190 SAP 15 20 35 SAP 13 25 53
Simple Symbolic Regression 6.965 2.075 0.951 0.455 TPSAP-8 14 21 37 TPSAP-8 11 25 47
Complex Symbolic Regression 318.074 69.943 33.764 12.210 TPSAP-16 14 21 39 TPSAP-16 11 23 47
TPSAP-32 11 21 42 TPSAP-32 11 23 47
35 (c) Simple Symbolic Regression (d) Complex Symbolic Regression
g Method | Nowin | N | Nowa Mothod | Nuin | Nowia | N
S W s SAP 13 17 26 SAP 20 39 66
5 TPSAP-8 13 25 70 TPSAP-8 7 56 115
s [ TPsaps TPSAP-16 13 22 63 TPSAP-16 11 55 | 106
5 [ TPSAP-16 TPSAP-32 13 20 41 TPSAP-32 9 40 81
‘% Il TPSAP-32
IS
3 06 OOOOOOOO
Santa Fe trail Wall-following  Simple Symbolic  Complex Symbolic Table 6 Parameters for Santa Fe trail.
Regression Regression (a) Simple Symbolic Regression (b) Complex Symbolic Regression
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Fig. 10 Computational performance. Method Nimin Nimia Nimax Method Nmin [ Nmia [ Nmax
SAP 13 17 25 SAP 35
TPSAP-8 13 17 27 TPSAP-8 88
TPSAP-16 13 14 26 TPSAP-16 73
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Fig. 11 History of evaluation value and temperature for the best solution in TPSAP.

0000000000000 000000U0UDOUDOUOOO0OOOO 6(b)000Complex
Symbolic Regression 000 0000000000000 TPSAPDO SAPOOOOOO
000000000000 00Complex Symbolic Regression 010000 0O O TPSAP O
SAPO0O0O0OOOOOOOOOOOOOOODODODOOOOn

Simple Symbolic Regression 0 0 00 0 0 Complex Symbolic Regression 0000000
TPSAPOUODUOOOOOODODO SAPOOOODOOOOOOODOOOOOSAPOOODO
000000000000 DOOD00000000ooo®ooooooonoooooo
0o0ooooooooooooooooooobooooooooooooooooooo
000000000000 TPSAPO0ODOOOOOOOODOOOOOSimple Symbolic
Regression 0 0 0 0 0 Complex Symbolic Regression 00 0000000000000
TPSAPOOOOOOOOOOOOOOOODOOCOCOCOOO 11000000 OOODOOO
O000oooooooooooooooooog

0 11 O 00 Simple Symbolic Regression 0 0 0 0 O Complex Symbolic Regression
0000000000 00000OSimple Symbolic Regression 00 0001 x 103 [step]O
Complex Symbolic Regression 0 O 000 1.2 x 10* [step)0000000O0O0OOOOOO
00000o0ooooooOoOo0oo0ooOoDOOo0ooooooOOoOoooUoooooOooOoo
00000oo0o0U0ooo0oU0oooooU0oooooUoDooooOooooooooo
00000000ooooooooooooo0o0000O0ooooooooooooooon
0 10 D00 Santa Fe trail 0 0 0 00 Wall-following 0 000 OO0SAPOODOOOOOO
00ooOoOoOoOoOoOoOOOoOODOOOO0OO00 11 0000000OOOOooOOOOOOOOOO

00o0ooooooog Vol 51 No. 7 1371-1381 (July 2010)

ooooooon

ooooooooTPSAPOOOOOODODOOCOOOOOOODODOOOOODOODODOOD
SApO00000000000O000OOO0O0OOOO00OOOO0O0OO0O000O
oooood

7. 0000

O000oO0o0oo0o0oo0o0oo0o0oo0o0ooo0ooooooooooo SA
00000000 SAPOO0OOOOOODO SAPOOOOOOOOOOOOOOOOOOO
0000000000000 0000ooOooOOo0o0o0ooooOoO0OO TPSAPOOOO
O00000000o0o00o0ooooOo TPSAPOOOOOODOOOOOODOOODOOOO
gbobooooboooboooooooboooboooobooooOoOoooOoooboOoDbOonn
0000000000000 0000000000O0O00O0O00OOOOoOO SAPOO
0000000000000 0O00ooO0ooO TPSAPOOOOOODOOOODODOOO
TPSAPO SAPOOOOO0OO0OOODDOOOOOOOOOOOOOOOOOSAPOOOO
oobooooooooooooboobooooooooboooon

O0000000O000SAPOOO SAPOOOOOOOO TPSAP OO Complex Sym-
bolic Regression 0 0 0 0000000000000 OOOO0OO0OOO0OOOOOQCOOCOOO
000000000 OoO0O0O0000oOoOoDO0000oooDO0OOdSAPOOO SAPO
goboooobooooboooboooo

OOOTPSAPO SAPOO00OO0OOCOCOODOOOOOOOODOOSAPOOOODODODOO
000000O00000GPO SAPOODOOOUODOOOOOOOOOOOOOOOOOO
goooboooooboooooooooooooboobooooooooooboOoooooboa
00000O0® 000000000000

g o O 0O

1) Koza, J.R.: Genetic Programming: On the Programming of Computers by Means
of Natural Selection, MIT Press (1992).

2) Goldberg, D.E.: Genetic Algorithms in Search, Optimization, and Machine Learn-
ing, Addison-Wesley Professional (1989).

3) Nordin, P. and Banzhaf, W.: Genetic Programming Controlling a Miniature Robot,
Working Notes for the AAAI Symposium on Genetic Programming, Siegel, E.V. and
Koza, J.R. (Eds.), MIT, Cambridge, MA, USA, pp.61-67, AAAI (1995).

(© 2010 Information Processing Society of Japan



1381 OO0OO0OO0OO0OOO0OO0OO0O0O0O0OOOCOOOO0OO00O0O0O0O0O0O0

4) 0000000000000 00O0O0O0000DOU0O0O0DO0OO0oooOoDDO
000000000000 vVoll6, No.4, pp.392-399 (2001).

5) Iba, H. and Nikolaev, N.: Genetic Programming Polynomial Models of Financial
Data Series, Proc.2000 Congress on Evolutionary Computation CECO00, La Jolla
Marriott Hotel La Jolla, California, USA, pp.1459-1466, IEEE Press (2000).

6) Daida, J.M., Bersano-Begey, T.F., Ross, S.J. and Vesecky, J.F.: Computer-Assisted
Design of Image Classification Algorithms: Dynamic and Static Fitness Evaluations
in a Scaffolded Genetic Programming Environment, Genetic Programming 1996:
Proc. 1st Annual Conference, Koza, J.R., Goldberg, D.E., Fogel, D.B. and Riolo,
R.L. (Eds.), Stanford University, CA, USA, pp.279-284, MIT Press (1996).

7) Metropolis, N., Rosenbluth, A., Rosenbluth, M., Teller, A. and Teller, E.: Equa-
tion of State Calculation by Fast Computing Machines, Journ. Chemical Physics,
Vol.21, pp.1087-1092 (1953).

8) LU0UO0UOO0LO0DOUOU0LOO0DOULOOOO0ODOOU0DOOOODDUOOOO
0000000000000 0000000Vol48, No.SIG15, pp.88-102 (2007).

9) 0000000000000 UO00O0D0O0UO0OO0DDOUOODO0ODDOOOO
000000000000 Vol.36, No.4, pp.797-807 (1995).

10) O0O0000OU0O00O0o0OooOo0O0ooO0ooOooUOooOUoOoOoOoDUOoooOOO
0000000000000 000O0 Voldl, No.5, pp.1607-1616 (2000).

11) Salustowicz, R.P. and Schmidhuber, J.: Probabilistic Incremental Program Evo-
lution: Stochastic Search Through Program Space, Machine Learning: ECML-97,
van Someren, M. and Widmer, G. (Eds.), Vol.1224, pp.213-220, Springer-Verlag
(1997).

(00210100 14000)
(00220 40 1000)

oo ooooooo

19500001980 0000000000000000O00COOOOO
o00o0o0o0oooooOOoob0O0o0o0o0o0ooooDooOoO0b0001994 000
gobobootoooooooobooooooobOoobOooooooobo
goooooooooooboooooooobooOoOoOoOoOoOoboOooooao
oooomo0oO0o0obO000OIEEEDDDOOODOOOOOOOOOn

gobooooooooooooon

00o0ooooooog Vol 51 No. 7 1371-1381 (July 2010)

oo o004
1985 0002008 0000 00000000O0O0O0O0OO20100000

gobobooboooooooooooooooooooooooooooo
o0o00000o0ooooo201000 NECOOOODOOOOOOOOO
goood

oo do
19850002008 0000000000000 0O00OOODOO0OODOOO
O0o000o00o0o0oooooooooooooo TISoboo0ooog

o0 Oooooooo

1997000000000 000oooooooboooboooooooom
gobooooooooboOo2oe080b000bObO00bOO0oOoOoOOn
gobooooooooooooo0ooboUo0ODIEEEDODDOOODDO
goooobooooooooooooooooobboooooooDboo

gooog

o oooogoo
2000000000000000D00000OOC0OOOO200600
O00ooooooooooobcim2eiooooooooooog
goooooooooboooooboooobooobooobooboooooboboo
goboooooooooooboooooooo

(© 2010 Information Processing Society of Japan



