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Temperature-Parallel Simulated Annealing Programming

Mitsunori Miki,†1 Yuki Matstui,†2 Takuya Kobata,†4

Tomoyuki Hiroyasu†3
and Masato Yoshimi †1

In this paper, we propose Temperature-Parallel Simulated Annealing Pro-
gramming(TPSAP), that is an extension of the Simulated Annealing Program-
ming(SAP) using the Temperature-Parallel concept. SAP is an automatic pro-
gramming method that expands the Simulated Annealing(SA) in order to han-
dle 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 ef-
fective 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. 3 Santa Fe trail 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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6. �� SAP ����
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8):TpD"1
?@ABDE���89��;<um�3N�zy;<D�ef SAP�"LC?@ABDE���89;<&' SAP ��45�89:.*/01!3N�klm]n�o

2
!%�:ppD�"Total steps

HqrstuvC"
Pnum

H?@ABC =;<C>"T
H;<�x�:LM"SAP

!3N���;<umH��67!R0� �~"TPSAP
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Table 2 Parameters for TPSAP and SAP

(a) Santa Fe trail

Parameter SAP TPSAP

Total steps 200,000

Pnum 1 8(16(32

T 4.0 (128.4(0.271)

(b) Wall-following

Parameter SAP TPSAP

Total steps 400,000

Pnum 1 8(16(32

T 2.0 (80.8(0.271)

(c) Simple Symbolic Regression

Parameter SAP TPSAP

Total steps 100,000

Pnum 1 8(16(32

T 0.5 (888.2(0.008)

(d) Complex Symbolic Regression

Parameter SAP TPSAP

Total steps 400,000

Pnum 1 8(16(32

T 0.25 (1684.6(0.021) 
3 )*+,-

Table 3 Execution environment

CPU AMD Opteron 1.8GHz . 2

Memory PC2700 Registeres ECC 2GB

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 gcc 4.1.2, gfortran 4.1.2

Communication library mpich 1.2.7

TPSAP-32
>�+"EFGIJH 4010) �+�:y�"67!3N�tu/�01Ho 3

!%�20DZ�.

6.2 34 SAP 56����.*/01!MN,".()� 50�8+�h��������� 9
!%�:LM"� 9H"��!rstuvC"��!����%+"���'PN()E���*'PNp��x�:ppD�.()!Mi�O+EH",?@AB-���!MN,O.+/Lrs~ ¡¢£¤¥¦§¨
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Table 4 Average evaluation time

Problem SAP[sec] TPSAP-8[sec] TPSAP-16[sec] TPSAP-32[sec]

Santa Fe trail 37.950 4.020 2.034 1.235

Wall-following 1029.726 150.644 72.265 37.190

Simple Symbolic Regression 6.965 2.075 0.951 0.455

Complex Symbolic Regression 318.074 69.943 33.764 12.210
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Table 5 Parameters for Santa Fe trail

(a) Santa Fe trail

Method Nmin Nmid Nmax

SAP 15 20 35

TPSAP-8 14 21 37

TPSAP-16 14 21 39

TPSAP-32 11 21 42

(b) Wall-following

Method Nmin Nmid Nmax

SAP 13 25 53

TPSAP-8 11 25 47

TPSAP-16 11 23 47

TPSAP-32 11 23 47

(c) Simple Symbolic Regression

Method Nmin Nmid Nmax

SAP 13 17 26

TPSAP-8 13 25 70

TPSAP-16 13 22 63

TPSAP-32 13 20 41

(d) Complex Symbolic Regression

Method Nmin Nmid Nmax

SAP 20 39 66

TPSAP-8 7 56 115

TPSAP-16 11 55 106

TPSAP-32 9 40 81�p�'[3�:K!"Santa Fe trail
01MRS
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01DH"ef SAP

���hU!3N�?@ABC =;<C>����hU�� '6fS},M0"y�"Simple
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Table 6 Parameters for Santa Fe trail

(c) Simple Symbolic Regression

Method Nmin Nmid Nmax

SAP 13 17 25

TPSAP-8 13 17 27

TPSAP-16 13 14 26

TPSAP-32 13 16.5 29

(d) Complex Symbolic Regression

Method Nmin Nmid Nmax

SAP 35

TPSAP-8 88

TPSAP-16 73
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