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CRS Algorithm Based on the Simulated Annealing

TANG Dan1

Abstract In this paper, a new algorithm is proposed for the nonlinear programming
problems. The algorithm applied the simulated annealing to the CRS algorithm. Accord-
ing to the simulated annealing reflects on concentrates and proliferates in each iteration.
Enables the CRS algorithm to search the global optimization more easier rather than
the local optimization. Finally, the proposed algorithm is applied to two typical function
optimization problems, and the numerical results illustrate the accuracy and efficiency of
the algorithm.
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min f(x)

s.t. x ∈ S
(1)o� x ∈ Rn, f(x) : Rn → R ��{!� S = {x ∈ Rn : ai 6 xi 6 bi, i = 1, 2, · · · , n}, ai~ bi >�I x CG i l_ICI&~�&��SE4 (1) Cx$jx[U(Y��i/(Y�C#�(Y~_g;
(YE��C�d�s CRS (Yx$�

CRS (Y�g�� %+qX�(Y�.&+�w Price z 1978i2,C�br>��wz CRS (YC(YxO� [1−5], Nelson E�2,Jgle(C CRS (Y [6], �q�k�n� 2011 k 6 � 8 ��
1. �s8_,�~'�_��b�{� 362001; College of Economics and Finance, Huaqiao University,

Quanzhou Fujian 362001, China



4 m �{`h<ÆD CRS )Z 125s�^�Co�Æ��� CRS (Y4x#(�<�mz)\Æ�E0I�=��qs��m'�/ &u$�p0GY2,Jg��z_g;
C CRS (Y��C-2,Ce(C��#N�	�'�SC%�I��(o{!���y.�&�IC{!�
6�
Vp2_g;
(Y��(o �gQ Q, � rand(0, 1) 6 Q, � �
l%�I�o{!��8�&�I�o{!����rSBQ��S℄�SC%�I�2V2iJ(Y%+�|/&u�CeD��C�k CRS (Y�4x9�YC
CRS2 (Y>A(Wa-�Szo.��C CRS (Yf9?$a-�&�
e(C CRS(Yqs�GlKUC{!u�E4��!�"y�℄�e(C CRS (Y�9WC�xPC�
1 CRS2 P2/AH

CRS2 (Y\ �I	
Step 1 2$;� S �*�℄y N l
�I��(�6 P = {x1, x2, · · · , xN}, �(WlIC{!��
Step 2 2 P �~N&}I xbest ~&�I xbad �.YCb�{!� fbest, fbad, �B

fbest = min
x∈P

f(x), fbad = max
x∈P

f(x).�(Y��9�T% (fmax − fmin < 10−6), �:��
Step 3 2 P �*�℄y n lI R2, R3, · · · , Rn+1, �(�T

G =
1

n
(xbest +

n
∑

j=2

Rj)��bI
x̃ = 2G − Rn+1.� x̃ /∈ S ��! Step 3 �a��( f(x̃), � f(x̃) > fmax ��! Step 3.

Step 4 N P = P ∪ {x̃}\{xbad}, ! Step 2.

2 P 2
3.1 :F4?�d`	��SC%�I x̃ '�����(,o{!� f(x̃).  �.CgQ>	

Q = exp(−(f(x̃) − fmax))/T (2)o� T >�'�SC%�I x̃ �CBQ� �gQ|BQ��([��
3.2 N0-�G�C-2,C(Y\ �I	

Step 1 2$;� S �*�℄y N l
�I��(�6 P = {x1, x2, · · · , xN}, �(WlIC{!��~N+�BQ T .
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Step 2 ��
BQ5�d`	:�9��! Step 5, 2 P �~N&}I xbest ~&�I xbad �.YCb�{!� fbest, fbad, �B

fbest = min
x∈P

f(x), fbad = max
x∈P

f(x).�(Y��9�T% (fmax − fmin < 10−6), �:��
Step 3 2 P �*�℄y n lI R2, R3, · · · , Rn+1 ��(�T

G =
1

n

(

xbest +

n
∑

j=2

Rj

)��bI
x̃ = 2G − Rn+1.� x̃ /∈ S ��! Step 3, a��( f(x̃), � f(x̃) < fmax, �! Step 5.

Step 4 � f(x̃) < fmax, �t� (2) ��( x̃ C �gQ�� rand(0, 1) > Q, �!
Step 6.

Step 5 N P = P ∪ {x̃}\{xbad}.

Step 6 T = αT , ! Step 2.o� rand(0, 1) � 0 ∼ 1 C*�!� α ∈ (0, 1).

3.3 N0*JMB
�Il! N C℄y	 N C��6��eu(W|/%+�p0��|/&u�C9eY�i�Mg\[� N C��6�dx�(�C4.I�6�p0(YC�F'Q�U�Sz[UCb�{!�℄ygl�OC N �.eu��|/&u��=���aRv<I�s-nC N ���C���|/&u��V�/ &u���g�Cv<I�� CRS2 �� N Cy�> N = 10 (n + 1), o� n >�IC�!�
α ∈ (0, 1) to6O9k�R���p2qs	Cdx$Nn�

3 L℄EW>JbÆ(YC9WY~xPY�J℄� 2 lKU{!u�E4(W%�	> 1[7] Shekel Function(SQRIN)

min f(x) = −
m
∑

i=1

[

(x − αi)(x − αi)
T + ci

]−1

s.t. 0 6 xj 6 10, j = 1, 2, · · · , no� αi ~ ci C�"�� 1.o&u$~&u�� min(f(xloc−opt)) ≈ f(αi) ≈ 1/ci, 1 6 i 6 m.> 2[7] Hartman Function

min f(x) = −
m
∑

i=1

ci exp

(

n
∑

j=1

αij(xj − pij)
2

)

s.t. 0 6 xj 6 1, j = 1, 2, · · · , n



4 m �{`h<ÆD CRS )Z 127o� pi �G i l/ &u�C*$A�� αi ��G i l/ &u�| Hessian 1�C0
�(�AC�� ci >0 �G i l/ &u�CiQ (�Q).> n=3,6 �� pi � αi � ci Cy�"�� 2 ~� 3.) 1 ) 2 m = 4, n = 3 �D pi, αi, ci Dz�
i αi ci

1 4 4 4 4 0.1

2 1 1 1 1 0.2

3 8 8 8 8 0.2

4 6 6 6 6 0.4

5 3 7 3 7 0.4

6 2 9 2 9 0.6

7 5 5 3 3 0.3

8 8 1 8 1 0.7

9 6 2 6 2 0.5

10 7 3.6 7 3.6 0.5

i αi ci pi

1 3 10 30 1 0.3689 0.117 0.2673

2 0.1 10 35 1.2 0.4699 0.4387 0.747

3 3 10 30 3 0.1091 0.8732 0.5547

4 0.1 10 35 3.2 0.03815 0.5743 0.8828? n = 3 �'v%�'v��

f(0.114, 0.556, 0.852) = −3.86.

) 3 m = 4, n = 6 �D pi, αi, ci Dz�
i αi ci pi

1 10 3 17 3.5 1.7 8 1 0.1312 0.1696 0.5569 0.0124 0.8283 0.5886

2 0.05 10 17 0.1 8 14 1.2 0.2329 0.4135 0.8307 0.3736 0.1004 0.9991

3 3 3.5 1.7 10 17 8 3 0.2348 0.1451 0.3522 0.2883 0.3047 0.6650

4 17 8 0.05 10 0.1 14 3.2 0.4047 0.8828 0.8732 0.5743 0.1091 0.0381? n = 6 �'v%�'v��
 f(0.201, 0.15, 0.447, 0.275, 0.311, 0.657) = −3.32.T{B5 1D m = 5, 7, 10D	�w=�̀ �rt�D)Z� CRS2)Z)X�) 51�m = 5, 7�6yh1&,�A}0'v��'v%��DD)Z} CRS2 )Z�)#z��`��� 4 �� 5.T{B5 2 D n = 3, 6 H�w=�`�t�D)Z� CRS2 )Z)X�) 5 1� n = 6 �yh1&,�A}0'v��'v%��DD)Z} CRS2 )Z�)#z��`��� 6 �� 7.) 4 m = 5 ���D)Z})Z�)#zD��
CRS )Z �D)Z'v% 'v� 'v% 'v�

(3.9999,4.0001,3.9999,4.0001) −10.1531 (3.9999,4.0001,4.0000,4.0001) −10.1531

(0.9999,1.0002,1.0000,1.0001) −5.05551 (4.0000,4.0001,4.0000,4.0000) −10.1531

(4.0000,4.0002,4.0000,4.0001) −10.1531 (4.0000,4.0001,3.9999,4.0001) −10.1532

(3.9999,4.0002,4.0000,4.0001) −10.1532 (4.0000,4.0002,4.0000,4.0002) −10.1531

(4.0000,4.0000,4.0000,4.0002) −10.1531 (4.0001,4.0000,3.9999,4.0001) −10.1532) 5 m = 7 ���D)Z})Z�)#zD��
CRS )Z �D)Z'v% 'v� 'v% 'v�

(4.0004,4.0007,3.9995,3.9995) −10.4029 (4.0006,4.0007,3.9995,3.9995) −10.4029

(4.0006,4.0006,3.9995,3.9996) −10.4029 (4.0005,4.0007,3.9994,3.9996) −10.4029

(3.0007,7.0008,3.0002,7.0005) −2.7658 (4.0005,4.0006,3.9994,3.9995) −10.4029

(4.0005,4.0007,3.9994,3.9996) −10.4029 (4.0005,4.0006,3.9995,3.9996) −10.4029

(4.0006,4.0006,3.9994,3.9995) −10.4029 (4.0006,4.0007,3.9995,3.9996) −10.4029
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(0.2013,0.1467,0.4764,0.2754,0.3116,0.6574) −3.3219

(0.1074,1.1328,0.8312,0.0312,0.3156,0.6254) −2.6523

(0.2017,0.1502,0.4770,0.2753,0.3115,0.6572) −3.3222

(0.2018,0.1500,0.4766,0.2754,0.3115,0.6572) −3.3222

(0.2018,0.1500,0.4767,0.2753,0.3116,0.6572) −3.3222) 7 n = 6 ��D)Z�)#z'v% 'v�
(0.2018,0.1497,0.4769,0.2752,0.3117,0.6573) −3.3222

(0.2013,0.1503,0.4769,0.2753,0.3115,0.6272) −3.3222

(0.2013,0.1500,0.4767,0.2752,0.3116,0.6573) −3.3222

(0.2015,0.1498,0.4766,0.2753,0.3115,0.6573) −3.3222

(0.2015,0.1500,0.4769,0.2754,0.3116,0.6571) −3.32223l�D���HZ:l7-�f)D)Z� CRS2 )Zsf"�F&,A}0'v%�'v��
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