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Chaos annealing searching algorithm based on power function carrier
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Abstract: Chaos searching strategy for combination optimization problem is proposed. In the process of optimization,

the operation position of the solution matrix can be determined by chaos search, which makes the algorithm search the

optimization result in the legal solution space. The power function carrier is adopted to improve the ergodicity and the

sufficiency of the chaos optimization, and the simulated annealing is implemented to improve the optimization effect,

therefore, the algorithm can get rid of the local minimum andreach the global minimum. The algorithm can be applied to

solve many actual engineering problems. The simulation results prove the validity.
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1 ÚÚÚóóó(Introduction)
�þ�¢Só§¯K�ªÑ�=��`z¯K

?1¦)[1,2]. ·b�H{5, �Å5�ÕA�`:,

3¼ê`zO�¥w«Ñ`��5U[3,4] .
éu|

Ü`z¯K,��K�æ^ ²�ä½�[ò»�

�{âU?1¦)[5]. �d,�©JÑ
�«�é|

Ü`z¯K�·b`züÑ,(Ü�[ò»g��

±éÐ/)û�«¢Só§¯K.

2 ···bbb`̀̀zzzüüüÑÑÑ(Chaos searching strategy)
2.1 ¯̄̄KKK£££ããã(Problem formulation)
��|Ü`z¯K)�/ªÑ�^Ý
5L

«. ~X,À1û¯K(TSP)́ |Ü`z¥�²;¯

K,T¯K�)Ý
V = {vij}�L«�z1z�Ñ

�k��1��
/ª,Ù¥vij = 1L«1jg²L

1i�¢½, vij = 0L«1jgØ²L1i�¢½. �

L«�B,¡n�ü Ý
E = (e1, e2, · · · , en)��

�þ�ü �I�þ. Kn¢½TSP̄ K�)Ý
V

Ò�dùn�ü �I�þü�|¤. ~XéuA,

B,C,D,E�5¢½TSP̄ K,X)Ý
V = (v1, v2, v3,

v4, v5) = (e3, e1, e5, e2, e4), K¤r�ål�d =

dCA + dAE + dEB + dBD + dDC.

�¦)¯K�B, ½Âü«)Ý
ö�. ��c

)Ý
�

V = [v1, v2, · · · , vi−1, vi, vi+1, · · · ,

vj−1, vj, vj+1, · · · , vn].

Ù¥vi���þ.

½½½ÂÂÂ 1 ij1(�)��ö�: òÝ
�1i1(�)

�1j1(�)p�.
~X,�)Ý
?1ij���ö��(J�

V ′ = [v1, v2, · · · , vi−1, vj , vi+1, · · · ,

vj−1, vi, vj+1, · · · , vn].

½½½ÂÂÂ 2 ij1(�)£ ö�: òÝ
�1i1(�)

lÝ
¥ÄÑ, 1i-19�c�1(�)�g�£�
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1(�)�,2ò1j9�c�1(�)�c£11(�), ò

ÄÑ�1i1(�)�3�1j1(�)� �þ.
~X,�)Ý
?1 ij�£ ö��(J�

V ′′ = [v1, v2, · · · , vi−1, vi+1, · · · ,

vj−1, vj, vi, vj+1, · · · , vn].

�âÝ
nØ,��Xe½n:

½½½nnn 1 TSP̄ K�?¿��Ü{)Ñ�²L

õg��(½£ )ö�=��ü 
; Ó�,ü 


²Lõg��(½£ )ö��=��?¿Ü{)�

/ª.
yyy dun¢½TSP̄ K��c?¿Ü{)V´

dn�ü �I�þ�ØÓü�|¤�. Ïd

�òV¥�ei�1i�?1��(½£ )ö�, i =

1, 2, · · · , n.l
�ò�c)Ý
V=��ü 
E.


éuü 
E, Uìþã���^S?1��(½

£ )ö�,K�=���cÜ{)V .

y..

íííØØØ 1 TSP̄ K�?¿��Ü{)Ñ�ÏL

,�½�Ü{)²Lõg��(½£ )ö���.

2.2 ···bbb`̀̀zzz���{{{(Chaos optimization algorithm)
�âþã½n,�òTSP̄ K��c)Ð©z�

?�Ü{),,�ò/��0Ú/£ 0ü«ö�

w�Ï`Ãã(©O±VÇpÚq5À�,�p + q =1),

|^·b|¢(½ö� �, l
¢y`z¯K

�¦).�{µãXã1¤«, Ù¥γ > 1�<ºX

ê, J∗, Jn+1, Jn©O��c�`�I�!�cÚþ

gÏ`�I�, Vn+1ÚVn©O��cÚþgÏ`

(J. ·bu)Å�ÀJª(1)�LogisticN�. Ù

¥µ = 4.0�,XÚ?u·bG�:

xn+1 = µxn(1 − xn). (1)

duþãLogisticN��)�·bS�3(0,1)«

mS|¢�VÇ´ØÓ�, �â��-Ãâ�Ýd�

§��,Ù;�VÇ�Ý¼ê�

ρ(x) =
1

π(x(1 − x))1/2
, x ∈ [0, 1]. (2)

Ïd,�
Jp·b|¢�¿©5ÚH{5, �

æ^©z[4]¥��¼ê1Å�ª¢y·b1Å,=

x′

n =















xs
n, xn ∈ [0, a],

xn, xn ∈ [a, b],

xt
n, xn ∈ [b, 1].

(3)

Ù¥: 0 < a < b < 1, 0 < s < 1, t > 1, xn�d

ª(1)�)�·bCþ, x′

n��¼ê1Å�¼��·

bCþ.²Lþãö�,�Jp·bS�3(0,1)«m

S|¢�þ!5,l
JpÏ`�Ç.

ã 1 ·b`züÑ�{µã

Fig. 1 Flow chat of chaos optimization strategy

)Ý
ö� �iÚj|^ª(4)(5)¦�

i = [x′1
n+1 · CityNumber] + 1, (4)

j = [x′2
n+1 · CityNumber] + 1. (5)

ö�Î/[·]0���ö�. x′1
n+1Úx′2

n+1�²L�

¼ê1Å��·bCþ, Ù�E3(0,1)«mS, Ï

dþª��\1�, i, jÑ�1�CityNumber�m�

�ê.

�{|^·b|¢��{(½é)Ý
V�ö

� �,z�gö���uÏé�)�m¥���

�U).�¼ê1Åö�±9±ØÓ�VÇÀJ�

�Ú£ ö�Or
·b|¢�¿©5ÚH{5.

Ï�<ºXêγ > 1,¤±�c�I��Å,p, l


¦��{Ø¬Ê33ÛÜ4�:, �y
�{ä

kaÑÛÜ4��Uå, Or
�{�ÛÏ`�U

å. duJ∗3��`zL§¥Øä~�, ¤±γJ∗�

Øä/~�,ù�Ò�y
Ï`�I3��Ï`L

§¥�oª³´Øä~��, l
�y
�{�Â

ñ5Úk�5.

,	, du�{��áuü�Å��`z�

{, =Øäk¿15, z���=�3��), X

JÀ^�½�<ºXêγ, �¯K�E,ÝO\

�, 3¦)L§¥ÒN´¿��`). Ïd, éu

¥�5��TSP̄ K, �(Ü�[ò»g�, é<

ºXêγ¢1ò»ö�5Jp�{�Ï`�Ç. �

½γ ∈ [γmin, γmax], 3�{ÐÏÀ^���<ºX
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êγmax,�`�ëYeZgØC�,KU©z[6]¥�

ò»5Æ~�γ��, ��γmin��.�2g���

½S�gê
�`�ØC�, `²�{?\
ÛÜ

4���S,ù�­#��<ºXê�γmax,¦��

{3�c|¢���`�Ä:þ, U
aÑÛÜ4

�,Or�{��ÛÏ`Úg·AUå.­Eþãö

�,�����½Ì�gê��.

3 ���ýýý(((JJJ(Simulation results)
|^�©�{, ©O�é10¢½!30¢½!50¢

½±975¢½�TSP̄ K[5]?1¦).

Hopfield�äé10¢½TSP̄ K�Ï`�Ç�

$, éJ¦��`)[5] . 
Äuò»üÑ�·b

 ²�ä(ACNN)�.[7]K�äk�Ð�Ï`5U,

�ACNN�{éëêCzé¯a, ���ëêCz

¬î­K�Ï`(J[7] . �©�{350g¢�¥�

�ÜÏ��`),�Ï`(JéëêCzØ¯a,ë

ê3�½��SCzØK��ª�Ï`(J.

éu30¢½TSP̄ K, ACNN�{�Ï`�Ç²

weü[7], 350g¢�¥=k15gÏ��`), �

{�ÅÄÇ[7]�6.27%,
|^�[ò»�{(SA)K

=k3gÏ��`), Ï`(JÅÄÇ�10.47%[5].

���'�, XJ<ºXêÀJ�½�, �©

�{350g¢�¥k45gÏ��`), ÅÄÇ=

�0.638%,XJé<ºXê¢1ò»ö�, K50g¢

��Ü�¼��`). ��,é<ºXêγ¢�ò»

ö�,�?�ÚUõ�{�Ï`5U.

éu50¢½TSP̄ K,éõ`z�{Ø2U
k

�/¦Ñ�`), ½öÏ`(JÅÄÇé�[5].


�©�{350g¢�¥k12g�±¤õ¦��

`)427.855,�ÅÄÇ=�0.862. Ï`5U�p

uSA,ACNN��{[5]. ã2��c�`)��I(­

�1)��c)��I(­�2)��#gêCz�'

Xã.

ã 2 Ï`L§�ICzã

Fig. 2 Time-evolutions of optimization index

lã¥��, du<ºXêγ��3, �c)�

�I�3�½��S�Å/,p, ��c�`)�

�I©ª�±ØOG�,ù��XÏ`Úê�O\,

�`�Øäeü,�ª�¦��`),l
�y
�

{�Âñ5.

éu75¢½TSP̄ K, Fogel[8]����`)�

549.18,�©�{�ª����`)�543.45,`u

Fogel¤¦(J,T)Xã3¤«.

ã 3 75¢½TSP̄ K¤¦(J

Fig. 3 Optimization solution for 75 cities TSP

4 ¢¢¢SSS ¯̄̄KKK¥¥¥���AAA^̂̂(Application in engi-
neering problems)

4.1 AAA���:::������(Feature points matching)
A�:��´8I£O¥�'�Eâ. �©æ

^©z[9]¥��{5O����:�A��. �â

¢S¯K�I�,�À��ã��A�K��u8

Iã��A�K�,ù�,��ã�¥�M�A�:

ÒÑ�38Iã�¥�N�A�:¥é��A��

�:.Ïd,Ï`�I�½Â�

E = A
M
∑

i=1

N
∑

k=1

M
∑

j=1

N
∑

l=1

Cikjlvikvjl. (6)

Ù¥V = {vik}�)Ý
, vik ∈ (0, 1), vik = 1L

«��ã�¥�1i�A�:�8Iã�¥�1k�

A�:���; vik = 0L«ùü�A�:Ø��.

Cikjl = (dm
ij − do

kl)
2. (7)

dm
ijL«��ã�¥1i�A�:�1j�A�

:�m�ål, do
klL«8Iã�¥1k�A�:�

1l�A�:�m�ål.

�©Äkò)Ý
Ð©z���Ü{)(~X,

Ð©z��ã�1i�A�:�8Iã��1i�A

�:���,=vii = 1, vij = 0, i 6= j),,�|^�

©�{é)Ý
��?1`zö�, l
�)#�

Ü{)¿Øä?1Ï`, ��Ò�)ûþã`z¯

K,Ó�;�
�{)��).

|^>À�lXÚ310 minSæ8�250vã�.

|^�©�{�±���(/¢yéù
ã�¥�

18I�A�:��.

4.2 »»»ååå©©©���(Firepower distribution)
��»å��`©�´�ÔOy�­�SN.

b���W+km�»åü�, ��w«kn��

Q8I.8Ij�%�5Xê�ωj ,1i�»åü�é

1j�8I?1�Â�¤úVÇ(´�Xê)�eij . »
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å©�^Ý
V = {vij}5£ã, ùpvijL«éu

1j�8I¦^1i�»åü��êþ. �ò¯K�

Ï`�I(½�<ø»å�Â8I�%�Ý�êÆ

Ï"��,=

J =
n
∑

x=1

ωx

m
∏

i=1

(1 − eix)vix . (8)

éuT¯K,ÄkÐ©z��Ü{), (~X,Ð
©z¤k�»åü�Ñ�Â1��8I, =vi1 =

1; vij = 0; i = 1, 2, · · · ,m; j = 2, 3, · · · , n), ,�
|^·bS�(½�©��Éì9©��8I,
¿?1ØäÏ`, ��¦��Ð�©��Y. ±©
z[10]¥�¢�êâ�~, �©�Ï��Ð�©�
�Y�

a(4), b(11, 13), c(3, 12), d(6), e(10), f(15),

g(9), h(1, 5), i(8), j(7), k(2, 14).

�ªÏ`�I�1.402,�u©z[10]�Ñ�ü|(
J(1.63Ú1.556),�¤^�m�0.092 s,�±÷vÔ
�I�.

5 (((ØØØ(Conclusions)
�©�é|Ü`z¯KJÑ
�«·b`zü

Ñ,|^·b|¢��{,(½)Ý
��Ú£ ö
�� �,l
Ï�¯K��Û�`). du·bu
)Å�¤�)�·bS�3ØÓ�«mS|¢VÇ

ØÓ,�Jp·b|¢�¿©5ÚH{5,·b1Å
æ^�¼ê1Å��ª,l
Jp
Ï`�Ç,<º
Xê�y
�{äk
aÑÛÜ4����Û�`

�Uå. é<ºXê¢1ò»ö��?�ÚJp�
{�Ï`Uå. Ó�T�{;�
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