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Temperature-Parallel Simulated Annealing Programming

with Adaptive Temperature Range

Yuki Matsui ,†1 Mitsunori Miki †2

and Tomoyuki Hiroyasu †3

Temperature-Parallel Simulated Annealing Programming (TPSAP) is an ef-
fective method that decides an appropriate temperature schedule. The tem-
perature range used in TPSAP is easy to be determined when the number of
parallel processes is large enough. But, the tuning of the temperature range is
necessary when the number of parallel processes is small, such as 8. We pro-
pose Temperature-Parallel Simulated Annealing Programming with Adaptive
Temperature Range (TPSAP/AT) that has a mechanism searching an effec-
tive temperature range. we compared TPSAP/AT with TPSAP in Santa Fe
trail and Simple Symbolic Regression problems which are benchmark problems.
From this result, TPSAP/AT shows higher performance than TPSAP with the
optimum temperature range.

1. ÄÅÇÆÈ
É
ÊÌËÎÍSÏGÐGÑVÒ
ÓGÔGÕVÖ
ÐGÑG×GØGÙVÚ
ÛVÜVÝLÏGÞVÉGßGàGáOÒGâGãGäOåCæèçGéGêOëCìîíLÑ
ïGð ÕVÖ
ñlòGóGôîõ
ö
÷GìGøèÖ
ùûú
÷Vü
ýûâGãGäGåCæVçGÒ
þGøVÖGúèÿ
éGê�� ý��������
	��
ó�������GÜ
ø����Vé
�������GÖCÞVÉGßGàGáGÒ ïGð ���GÖGúVÿLÙGý��GÛ��GÏVÉ
ÊÌËÎÍSó����
ÐlÑlÕèÖlê���Ü
�l×��! "��#èÜ�ÞèÉlßGàlálÒ�$�%èé ïlð ���lÖ��&�'���lÖ�ù
ú Ï ê(��Ü Þ É ß´à´á´Ò*)´ç,+lå�æ.-0/,1�2 Ë�354,6 Ò þ´ø´ìÇí Ñ ï ð Õ Ö ícÑ´Þ É´ß
à�7�ã´ß�Ï�8,9�:èÜ54�6 ÿ�; ìlý

Koza
élê��=<�>èö ÷�?�@�A,:lÞèÉ´ßlà�7 ãlßCB

Genetic

Programming: GP D 1) ó��OÖ
ù GP
ü
@�A�:�EGF�H�-�IÌáJB

Genetic Algorithm: GA D 2) Ï
@�A�K�LVÒ�ýGM�N�OVÜèÝLÏ�N�O�:�9�PGó�Q�RGÖlê���é
S�T&;�?�4�6������ ý

LISP
Ï

S U Ïê(� Ü�M,N,O��,V,W��(�´Ö ÞèÉ´ß´àlá´Ò íiÑ ï´ð Õ Ö´úèÿ ó(X�Y Ö ùîí Ñ´Þ Élß´à(7�ã´ß
é
Z�[GÖ
\�]�^�_�`îÿ�;LìGýûÉ
ÊÌËÎÍSÏGÓGÔlÞVÉGßGàGá 3) ÙOýba�c�d�e 4) ý�f�g�h�i 5) ÜVÝ
j�k Ü
l�mèé��lþVö�÷lìløèÖ
ólý�nlÏ�olýGþlø&�i÷VÖ�p�q�4�6îÿ�;iì

GP
ó�r�s�:����lÖ
ù

;���;Lýbt�u
Ï�\�]�^�_�`VéGü
ý�_�`Vé
]�;'?�p�q�4�6GóGþGø��L÷VÖGúVÿ����Lý íLÑGÞVÉGß
à�7
ãGßGé
ZGøGì�v
ý�_�`Vé
���Lì�p�q�4�6VÒ
wGø�l�[GÖGúVÿ��Gý ê���x�y�:Vé
\�]�^GóGÐ
RlÖ�z�{�|ló��GÖ�ù
n ú5�

GP
Ï,@�A,:,},~&� æ ç��(�´Ö5���,�,�lÏ,� Ò þlø,?,4�6,�(�lÖ,�(7�å�� æ,1èË

� E��Gæ&-
ãlß
ÞèÉGßlà�7�ãGß
(Simulated Annealing Programming: SAP)6)

ÏlñGòlóGÐ
� ÷lìløVÖ�ù

SAP
ü�ý���7�å��Læ�1èË � E��Gæ&-�ãlß

(Simulated Annealing: SA)7)
Ò�S

T�;�?�4�6������ ý����îÿ����
÷VÖ
ÓGÔ��Và�)
æVçGéGê����������
��[
�VÜ�u
��y�:Vé
���
������v����lÕèÖ�)
����IèálÒ����lù�nlÏ�?�	
ý

SAP
Ï�p�q�|�{èü
�����èà�)�æèç�ó����

u����lÕèÖ�?�	
ý�p�qèé�]&;'?�����/����lå�æ�FlÏ����ló� �¡ ÿ�ÜlÖ�ù
�b�b/G��� å`æbFOÏb�b�Ìé£¢bxÌÜ£4b6OÏ

1
� ÿG;�ìQý¥¤b¦§�Cü£�QÛOÏb¨G©bªûÒCþQøb?G�b�b«

¬
SAP(Temperature-Parallel SAP: TPSAP)8)

óG<G>�;?Où®�G�G« ¬
SA
B
Temperature-

Parallel SA ¯ TPSA D 9) �+ü ý�°±� Ï±�±�±²±³±� Ï±p±q ó±|±{+é´�µ�±u´�¶�+Ò´·µR Ö 10)

ú ÿ0�¸�cý
TPSAP

é5Z ø ì¹v
TPSA

ÿ®º j é®°*� Ï*�*�*²*³*� Ï*p*q ó*|*{ é®�¹� Ü
†1 »½¼¾0¿'À'¿'À=Á=ÂÀÄÃÆÅ�Ç

Graduate School of Engineering, Doshisha University

†2 »½¼¾0¿'À�ÈÆÂÀ�É
Department of Science and Engineering, Doshisha University

†3 »½¼¾0¿'À'Ê½Ë¥ÌÄÇ=ÀÉ
Department of Life and Medical Sciences, Doshisha University

c© 2009 Information Processing Society of Japan1

Vol.2009-MPS-76 No.25
Vol.2009-BIO-19 No.25

2009/12/17



�����������������
	
IPSJ SIG Technical Report

�,� Ò5·(R Ö ÿ��¹R(� ÷ Ö�ù�n ú5� ý��´ñ´ò,� ü5],�*:,�,�*���,ª*{ Ò5�*�,�,�*« ¬
SA

B
Adaptive Temperature-Parallel SA ¯ ATPSA D 11) é®Z([ Ö5p*q é®¢,x Ü5�*�,²*³ Ò í� :+é®p±q Õ+Ö±)®�±�*I+á Ò

TPSAP
é��±�
	��*�±]*�±:*�±�*���*ª±{+Ò®�±�

TPSAP
B
Temperature-Parallel Simulated Annealing Programming with Adaptive Temperature

Range ¯ TPSAP/AT D Ò�<�>&;iý�Vã����læ�3�_�`��&;iì�nlÏ�¢�x�|èÒ���;'?lùVÜ
Zlý��ñlò��èü�M�N�O���9lÕVúèÿiÏ����lÖ�ÞèÉlßGàlálÒ���� ÿiÕèÖ�ù

2. ��������������� ��!���"�#�$�%�&�$('���#�$ (SAP)

SAP6) ÿ
ü ý�)�*´Ï�+��-,&;�Ò5��..;'?�/,^�:,\�]�^,4�6,���lÖ SA
Ò�M,N�Oló,Q�R´Ö

ê���é�S�T&;'?lÞèÉlßGàlá�p�q�4�6������ ý
GP
é�Z�[lÖ��������VÒ�læ�/èé�p�qèÒ�Ð�� ù

SAP
ü�ý

GP
Ï��,����� ÿ5º j é�ý,P�0lÏ�1��.�32�1�4�5èÒ ï´ð ÕèÖ ù�n&;iìlý,��� ÿ

���
÷VÖ
ÓGÔ��Và�)
æVçléGêOëCì�2�1�4�5�����y�:Vé
���GÕVÖGúVÿ
éGê�� ý76�8�1VÒ
����_
`èé��&;iì�v�\�]�1èÒ 9èÖlúèÿió�:�;����GÖ�ù�<�=èé�>�?èÒ��lÕ ù
( 1 )

ïlð h�i
P�0lÏ�1èé��&;iìèà´ã�@lálé�A�B�CèÒ�D�E&;iý�A�B�CèÒ�F ÿiÕèÖ�G�l�MèÒ�H�IlÕèÖ�ù
nGÏ�G�lVéGàGãJ@GáGé ïGð ;�?�G�l�MVÒ A�B ;LýLK�;
u ïGð ;�?�2�1�4J5GÏ�M�c�NVÒ
9èÖ�ù

( 2 ) O i�P��lý���Q����K&;�u ï´ð ;'?�1�4�5èÒ O ilÕèÖ���P��èÒ�Ð.� ù�P��èé´ü�ý���� T
ZVê-R�P�0lÏ�1

ÿ3K&;iø�1�4�5lÏ�M�c�NlÏ�S�l
∆E
Ò�þlø�?

Metropolis T�U ( U (1))
Ò�þløèÖ�ù

P =

{

1 if ∆E ≤ 0

exp(−∆E

T
) otherwise

(1)

( 3 )
3�æ&-�ãlß
1
ÿ

2
Ò V&�XW�;iÐ��
úèÿ
Ò
E��Gæ�-�ãGßèÿ���Rlý �GÖ
r���:�Y�E��Gæ�-�ãGßGÒ�ÐVë

?�Zèé�ý U (2)
Ò
þlølì����èÒ�=�[lÖ�ù

Tnext = γTcurrent (0.8 ≤ γ < 1) (2)

3. \^]`_ba
1�/ Í _�`Vü
ý íXÑGÞVÉGßGà�7
ãGß
Ï�8�9�:VÜ Vã ���Gæ�3
_�`����GÖ

Santa Fe trail
_

` 1) Zèê R Simple Symbolic Regression
_�` 1) ÿiÕVÖ�ù Santa Fe trail

_�`Vü�1lÏ�M�cèé

���VÒ c�dGöGÜ
ø(e
æ � ó�f ï ÕVÖ
_�`����GÖ
ùbr��Gý
Symbolic Regression

_�`Vü gGìlÏ
e�æ � ó�1lÏ�M�cèé����èÒ�c�d�Õ�_�`����lÖ�ù

h
1 Santa Fe trail ikj
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Table 1 Specific Temperature Range
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typeB 104 10−4

typeC 4.050 3.950

typeD 4.531 3.531

typeE 11.403 1.403
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Fig. 3 Search of Specific Temperature Range
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Table 2 Temperature parameter

(a) Santa Fe trail

name Tmax Tmin

TPSAP/AT 128.0 0.280

TPSAP1 128.0 0.280

TPSAP2 10.024 0.024

(b) Simple Symbolic Regression

name Tmax Tmin

TPSAP/AT 1579.0 0.008

TPSAP1 1579.0 0.008

TPSAP2 0.552 0.452
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