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This paper deals with a new approach in Simulated Annealing (SA), and proposes an adaptive neighborhood

mechanism for continuous optimization problems. When applying SA to continuous optimizing problems with nu-

merous local optima, the automatic control of the size of the neighborhood becomes necessary to obtain good per-

formance.We have already proposed the method called Simulated Annealing with Advanced Adaptive Neighborhood

(SA/AAN).This method has an adaptive neighborhood adjustment mechanism maintaining a given target acceptance

ratio, and it shows very good performance for continuous optimization problems.The target acceptance ratio in this

method is determined experimentally. In order to overcome this problem, SA/AAN is perfomed in parallel with

differnt target acceptance ratios.The proposed methods are applied to solve many continuous optimization problems,

and it is found that the methods are very useful and effective.
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Fig. 1. Algorithm of Simulated Annealing.
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Fig. 2. Effect of the neighborhood range on the en-

ergy.

3.2 ���	�����������
$�%�³m� ¾�¿ ��� � v	��
 q�p Ï�
k$�%�³´q Ä�� �{ ÙX� � Fig. 2 � E Ã � n ] Fig. 2 i 
�
�� � $ %
³�
���� � [	\ � ��E�Ã � Ö�{�[	\ � i 
 � Ù # � ]» Ï 30 � - ¾�¿ � - ÎuÏ
­�� [	\ � { �	�	� ��E�Ã �

Fig. 2 � ± 
 3 © � { Rastrigin Ù # � i � 1.0 

Griewank Ù # � i � 6.0 � $ �	[�\ �����	� �m��± 
Ö t ¨ { ���u	��mnu$�%�³ { �´q:��� ¨ t v � ou� Ö
t ¨ { � i 
 ¼
½ Ä { � p { ��� � $ { ®�l º ���
v �Ö�{�Ö q §�¨ 
k$�%�³ ��i �	��nu¾�¿ �	� � v �m� �
m p�
�D { � � ± �u¹´º » ¢�£ iu¼�½ Ä �	� ± Ç Ã´È
n v q3��� ¨ t v �

4. |�}�~����������� ���!�" SA

� Õ n Ý Þ ß � àká q Ã v � " # $ % � â ã
SA(SA/AAN) i 
�# Ñ p���Ý�Þ�ß ��$�ã � � � $�%
³ � ��"�# ����� Ã�v 
���n�% © ��� ����v �Ö�Öu� Ý
Þ�ß´q i 
k¾�¿�� � Y	Z p�� ¶ Ñ # { ©�¥
¦ { �	& Ý�Þ´p���'�£ ��B�Ã � ¾�¿�(�) � $�%�³m�u¹
º �+*�v ¢
£ i 
 [	\ � {�_ �-,�¹ � n ± Ý�Þ
ßm�u®
l È n v �·¶	 
k¾�¿ v ) � $�%�³m�u®ml �+*�v ¢�£
i 
�Ë�Ì�n�¾�¿���Í È n ± Ý�Þ�ß i ¹�º È n v �
p��m�
Î Ï�
k¾�¿�� { Ý�Þ�ß � i/. » Ï�$�%�³ � �

� Ãmv�Ö q � 
1032
n ��¡ �u� � ] » Ï�¾�¿ ¥	�m� �
"�p���$�%�³ � ­ v�Ö q�� � l v q3��� ¨ t v 3) �
4.1 ���	��4�5�6�7 M�8�9

SA/AAN
{ �X7 8 � 9 ; i 
^d (5) � E Ã�:�; Ù# ��� » Ï�¾�¿�� { Ý�Þ�ß §�¨ $�%�³ m

��<�Ñ�Ãmv �
Ã n�= & 
kÝ�Þ
ßm� à�á � {u� �	� ±?> » ¢�£ i $�%
³ � H @ � � w ºBA 
	u �^� ± � » ¢�£ i $�% ³ �

C 0 ��D ¹�ºBA v � Ö { q l 
�$ % ³ {FE ®�ß H
�

d (6)
{ � � � r�G # � Ñ	� p�
²Ý�Þ�ß���um� ± � È» qul i E ®�ß � }m� � w º?A v � Ã n�= & 
 E ®�ß{ T *�� � 2.0 q�p�
²Ý�Þ�ß�� à�á � {�� �	� ±?> »

¢�£ i E ®�ß � 2 @m� � w º?A v � Ö�{��	H �	9�; �
� ±IE ®�ß i » È ¨ � ��®�l�n�� � q ± ­ v �















m′ = m × g(p)

g(p) = H if p > p1

g(p) = 0.5 if p < p2

g(p) = 1.0 otherwise

(5)















H = H × H(p′), (Initial setting JH = 2.0)

H(p′) = 2.0 if p′ > p1

H(p′) = 0.5 if p′ < p2

H(p′) = 1.0 otherwise

(6)

��K p 
��·�²� � � � T * � i·�²� � > » � 1·
�$²% ³
� Ð���� #�LR�	M } o ��E ®Úp�Ï��-# Ñ p ��¹´ºun Ý
Þ
ß �-N ¤ p � È » � Ö
{ �R1 
 ¾²¿/(�) � i Corana{ �
� 6) �b� » Ï
Ý�Þ
ß�� 0.5 � n v � � � $
%
³ �
�	� Ãmv � D { U�
PO Ñ $�%�³ � ¾�¿ � - » 
 Ý�Þ�ß
�	# Ñ p����mo ��Q	? p���U�
k¹´ºunuÝ�Þ�ß ��à # Ã
��7�8��39�; ��� » v 3) �
4.2 SA/AAN ������R

SA/AAN
� i Í Èu{ ¢�£ � ���mnu¾�¿ � - � v �u


¾�¿ v ) � ] » Ï�¾�¿���S�T�p�Ï´p�o � Ö q�� ��v �Ö�Öu� 
 SA/AAN
{mà�á Ý�Þ�ß � 0.1 q�p�Ï Rast-

rigin Ù # � � � p��´qul { ¾�¿�U�V � Fig. 3 � E�Ã �
Fig. 3

� i 
�	3�����-W/X´º t�S � ¾
¿��-S�TÚp Ï» v � ¾�¿ v ) � iu���m�	� v-Y�Z  Âuª {	[ c � Ý
Þ´p � È�È n ± 
 Ý
Þ�ßm��um� v ��1u$�%�³m� D ¹�\
Â�� n v � D { ��1u
 ¼�½ Ä �	� Î Ï » v ¢�£ � �u$
%�³m�u��Õmnu®mlmºuo ��E ®´pun » � º ¨u� 
 ¶ ��¼
½ Ä � Ê �-� ± ¾�¿m�u��]Úq�
 ©�¥�¦ � Y�Z  Â�� YZ º�t v ¢
£m�uÍ È n v � Ö t �	^ » Ý�Þ�ß i � È nv ��1u$�%
³m�mº ¨u�	D ¹Úp�
 ¼�½ Ä §m¨?_+`�V ÃmÖ
q i�� ±�a�b q�n v �
¶	 � 
²	���Ä � Ê �	c	p p�� � �	d�= ¨ S 
P�	�
n	e�fm�u­ ¨ tmn » ¢�£m� ��v � Ö t i $�%�³ {	E ®
ß � }m��� �´º?A v��	H ��9�; �uâ�ã ��1 
k	 v # �
	���Ä � Ê � Å�Æ pun »�g Á
À �	h ]���1 �m��v q��
� ¨ t v �



0 1 2 3 4 5 6 7 8
10

-2

10
-1

10
0

10
1

10
2

Annealing steps ( 10  )

E
n
e
rg

y

10
-2

10
-1

10
0

10
1

10
2

N
e
ig

h
b
o
rh

o
o
d
 ra

n
g
e

Energy

Best energy

Neighborhood range

Fig. 3. History of energy and neighborhood range

in SA/AAN.

5. ��~�"������+���� ���!�"���� SA

SA/AAN � ] » Ï i 
 �	� # � à�á Ý�Þ�ß � � �u

¾�¿�� � D { � � O Ñ p�$
%�³ � �	� p�Ï » � � p §
p�
 ��ÕmnuÝ�Þ�ß i ¾�¿ ¥	�m��� Î Ï	!mn v ��1u
POÑ p�� à�á Ý�Þ�ß { � i 4�S�p���
���q i�� ��n » �
¶�¸ � 
k¾�¿/(�) � i ®�Ê�#
¾�¿ � - � ��1 � à�á
Ý�Þ�ß � � È p�$�%�³ �	E ®´º?A�
k¾�¿ v ) � iu¼�½
#�¾�¿ � - � �R1 � à á Ý�Þ
ß �	>ÚÈ p�$
%�³ � D ¹
º?A v�Ö qu���momp » � �/K´p�
 ¼�½ Ä � Ê �	� Î Ï» v � �	d3= ¨ S à�á Ý�Þ
ßm� > » ¢�£�Ç

	�	* � 	
��Ä � Ê � W�
 p�� � �	d+= ¨ S à á Ý�Þ
ßm��� » ¢
£ ��i ¾�¿ � Ë�Ì�� Y >�Ï�p�o � �
D Ö�� 
 "�# {�$�%	&�'Ú�	� » 
�¾m¿ ¥R�´� "
> Ï à á Ý�Þ�ß ��� � º-A v ��7�8Ú��9 ;Úqmp Ï
� ! n v Ý Þ ß � à·á q Ã v � " # $ % � â ã  !
SA(Parallel Simulated Annealing with Advanced

Adaptive Neighborhood using Different Target Ac-

ceptance Ratio : ARPSA) 
 ��<	=�Ãmv � 

��� {����� �
Fig. 4 � E�Ã �<	= ��� { ��7�8m�:9�; i 
k �! $	%�&	' � � p�Ï

D�t	��t	!�n vmà�á Ý�Þ�ß � � �u
 ¶ Ñ�� *mÔ�q � M$�%�&�'�{ (�* � q ± ã
ã ¾
¿ � � 1 v � (�*�� �
i 

	+�������	�mn $	%�&�' §m¨��m� > » à�á Ý�Þ�ß � �
� v � ��K´p�
k¾�¿ ¥	�m� "�>���$�%�³ �	� � - � �
i 
�¾ ¿ ¥^� ��� Ñ p �^U � (X* � q v 4 Ó � � v �
D { ��1u
��u�´�u��� � *´q�(�� � (�* � q ± 
 à�á
Ý�Þ�ß { r ' ±�� Ï � - � Ö q�q Ã�v �
Ö t �	� ± 	+���m���	��n $	%�&	' ��i 
 > » à�á

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA
e

x
c
h

a
n

g
e

 e
a

c
h

 ra
tio

target acceptance ratio

0.05

0.1

0.2

0.4

Synchronization

Fig. 4. Concept of ARPSA.

Ý�Þ�ßm�	' ±�� Ï ¨ t�$�%�³m� D ¹�\ Â
� n ± 
/D {
Ä � $ { ¼²½ #²¾
¿ � º ¨ � �R1 v
Ö q �b*�@ � l v �
¶	 
 	+���m���	� � n » $	%�&	' ��i 
/� » à�á Ý
Þ�ßm�	' ±�� Ï ¨ t�$�%�³m� E ®�\ Â�� n ± 
 ¼�½ Ä
�	� Î Ï » �´q
p�Ï��u
/D { ¼�½ Ä §m¨���V p�	���Ä� Ê ��c�p Ãmv�Ö q���*�@�º�t v �

6.
L�����NI8�9 �� �!

6.1 �� ���������"�#
à�á Ý�Þ�ßm� 0.1 q 0.4

{�$�%�&�' � ] ` v $�%�³{ U�V � Fig. 5 � E�Ã �
Fig. 5 � ± 
 à�á Ý�Þ�ß�� 0.1 §m¨ 0.4 � >´È n v
q�
 � ± ¹´ºunu$�%�³ �	N ¤ � l v�Ö qu��= § v � p
�m�
Î Ï�
 �	�mn $	%�&	' � > » à á Ý�Þ�ß � � � vÖ q ��� ± 
 > » Ä�� � ��­ ¨ t���q3��� ¨ t v �
p § p�
k	��
Ä � Ê ª { c	p ß i�$ q�%�{ � �m��nÈ 
 j 	���Ä §m¨?_+`	V Ã�Ö qu� � l�n § Î � � Ö t
i ¾�¿ v ) � ] » Ï�
 à�á Ý�Þ
ß �mà # Ã ��1 � $�%
³ � D ¹�\ Â � � v �t1 
 ¶ � $ % ³ � D ¹ Ã v q 

¼�½ Ä � _+`�V Ã ��1 � 4�Ó�nu®ml�ºuo �/E ® � l
n» ��1 ����v q3��� ¨ t v �
6.2 ���	��&�'�6�7 M�8�9
( � { � � � Ä <�Ã�v ��1 ��i 
 à�á Ý�Þ�ß ��Ù��
n È $�%�³ �	E ®´º?A v 4
Óm� ��v � � $	%�&�' � ]» Ï ( � * � 	+�uÄ { W�Xm��n ` tms ¼�½ Ä �	� Î Ï» v q:`�)Úp�
kÝ�Þ�ß ��Ù�� n È M $	%�&	'm{ $�%�³�uÐ��	� #/L��	M }m{ ®ml�ºuo ��E ®´º?A v � $�%�³
� E ®´p���*	U � Ý�Þ�ß i um� v �u
 à�á Ý�Þ
ß �mà
# Ãm�	H �	9�; { ��1u
²$
%�³ i�+ 2 �	D ¹ Ãmv � ÖÖu� 
k¾�¿ v ) � ] ` v 2

$	%�&	'm{�[	\ �Úq�$�%�³
{ U�V � Fig. 6 � E�Ã �



0 2 4 6 8 10

10
-2

10
-1

10
0

N
e

ig
h

b
o

rh
o

o
d

 r
a

n
g

e

Annealing steps ( 10  )4

Fig. 5. History of the neighborhood range with dif-

fernt target acceptance ratio.

 N
e
ig

h
b

o
rh

o
o

d
 ra

n
g
e

4Annealing steps ( 10  )

1.85 1.90 1.95 2.00 2.05

10
-2

10
-1

10
0

10
-2

10
-1

10
0

10
1

E
n
e
rg

y

 Best energy (P1)
 Best energy (P2)

 Neighborhood range (P1)
 Neighborhood range (P2)

Fig. 6. History of energy and neighborhood ranges.
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Table 1. Parameters in each method.

Function Rastirigin Griewank

Total steps 25600 × 4 76800 × 4

Cooling steps 32

Max.(Initial) temperature 10 20

Min.(Final) temperature 0.01 0.001

Initial neighborhood range 1.0 5.12 6.0 512

Neighborhood adjustment interval 50

Neighborhood range’s parameter

adjustment interval 200
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Fig. 7. Distribution of optimum solutions in 3

methods.
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types.
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