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Chaotic hybrid optimization algorithm of a new Skew Tent map
JIANG Shan-he, WANG Qi-shen, JIANG Ju-lang

(Physics and Power Engineering Institute, Anqing Teaching College, Anqing Anhui 246011, China)

Abstract: The existing chaos optimization algorithms were almost based on Logistic map. However, the probability
density function of chaotic sequences for Logistic map is a Chebyshev-type function, which may affect the global searching
capacity and computational efficiency of chaos optimization algorithm. Firstly, a new chaotic sequences-Skew Tent map
is established in this paper, and is improved by its iterative optimization property. The chaotic performance of Skew Tent
map is then discussed by eliminating the bad points during the chaos searching. A hybrid optimization algorithm, in which
the improved chaotic map is combined with the Alopex heuristic algorithm, is also proposed by making full use of the
properties of the rapid search capability of Alopex algorithm and the global optimization of improved chaotic map. The
convergence speed and global optimal value of the presented algorithm are thus improved. Finally, the simulation examples
show the effectiveness of the algorithm, as well as the practicability of Skew Tent map.
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1 ÚÚÚóóó(Introduction)
�`z¯K320­V40c�"¤���Õá�

Æ�, üX/{!��eü{!�ÝFÝ{!Úî
{!�1��{!&6�{�Ñ´~^�`z�{,
�ù
DÚ�(½5`z�{½´�\ÛÜ�`

),½O�þ�
J±A^,
�k��{�I��
ê&E(X¼ê�FÝÚ°ÜÝ
). ,
,ó§¥�
�«E,p?��,~~����5`z¯K,Ïé
ùa¯K��Û�`)¤��8����~­��

�K.Cc5,Äu�Å|¢Eâ�¢D�{!�[
ò»�{!¬+`z�{!·b`z�{�y��

U`z�{3)û�Û�`¯K¥��2�­ÀÚ

�þïÄ.
·b`z�{|^·bCþ��Å5!H{

5!5Æ5A:¦)E,��5õ¸¯K��Û�

`), ´aÑÛÜ�`, ÃI`z¯KäkëY5
Ú��5. 'u·b`z�{�ïÄ��
é�
�¤õ. ~XoW�[1]|^�g1ÅJÑ·b`z

�{,uyÙ�Çpu����Å`z�{(XGA),
�d�{éu|¢«m���JwÍ, ��ØU
-<÷¿. ÜÕ�[2]JÑCºÝ��{Øä �

Cþ|¢�m. ù¨]�[3]�éÙ�6Ð©:�A

:, JÑ¿1O��·b`z�{, l
�ØÐ©
:À�Ø�
ü$|¢�ÝÚ�\ÛÜ. ùac
�[4]r�ÝFÝ{�·b`z�{�(Ü, U¦�
ÝFÝ{aÑÛÜ
¼�Û`z. ©z[5∼11]©O
ò·b`z�DÚ`z�{(X��eü{[5]![

Úî{[6]!v¼ê{[7]! ²�ä[8]!¢D�{[9]!�

ÂvFÏ: 2005−08−29;Â?UvFÏ: 2006−05−31.
Ä7�8:S ���eg,�ÆÄ7]Ï�8(2006KJ080B);S ���e#Ñ�cÄ7]Ï�8(2005jq1119).
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[ò»�{[10]!BR|¢{[11]�)�(Ü�·Ü`
z�{ªª�), ù3�½§ÝþJp
�{�O
��ÇÚ`z°Ý.�þã�©zJÑ�·b`z
�{¥Ñ¦^LogisticN�·bXÚ�)|¢S�,

Logistic·bS��©Ù´Øþ!�,l
¦|¢
�m��; 
�, Äu�ÝFÝ��·b·Ü`z
�{I�¦)8I¼ê��ê,¦^��kÛ�5;
Äu ²�ä�·Ü�{�~¬ò{ü¯KE,

z�.
�©òäkþ!©Ù¼ê�Skew TentN

�[12,13]Ú\�·b`z�{¥. ÄkïÄTN�
��EÚ·bA5,N�(�{ü,S�L§¥�Ø
�\Ø�,��°(�êiO�,Ï
·ÜO�Å$
1. Ó�, �{�U?¦Skew TentN�äk�Ð�
H{þ!5,�±k�� á|¢�m,ü$Ð©�
�¯a�65. ·b|¢äk�ÛÏ`Uå,�3�
C�`:�Ï`�Ý�ú; 
Alopex�{[14]O�{

ü,|D(,äk¯�|¢Uå,ÃI¦�. �öòÄ
uSkew TentN��·b`z�{ÚAlopexéu�{
�(Ü/¤�·Ü`z�{´�«éÐ�}Á,T
�{U
|¢�Û�`),¿äk�¯�|¢�Ý.
�ý�~�¤õÏ`L²
T�{��15Úk�

5,¿��«Skew TentN�äk'LogisticN��2
,�A^��Úcµ.

2 Skew TentNNN���UUU???���...ÚÚÚ···bbbAAA555
©©©ÛÛÛ(Improved mapping model and chaotic
performance of Skew Tent)

2.1 Skew TentUUU???���...(Improved mapping model
of Skew Tent)

Skew TentN�[13]fa½Â�

fa(x) =





x

a
, x ∈ (0, a],

x− 1
a− 1

, x ∈ (a, 1],
a ∈ (0, 1). (1)

�ëêa = 0.5�, =�TentN�. Uì·bN
�XÚ�o¼�ê½Â, TN��o¼�êλ =
−a log a− (1− a) log(1− a). �a ∈ (0, 1),λ > 0L
²TN�?u·bG�, ¿�«m(0,1)´§�·b
ØC8.
�´Skew TentN�´2é1�N�, Ù·bS�

ÉO�Åk�i�Úk�°Ý�K�, xnòé¯á

\��Ì�,l
3S��×�Âñ. �ÏLJpi
��¦±ÏO�,�´¢yE,. 3k�ëê�e,
'Xa = 0.5, N´ªu±Ï5, ½Âñu­½�0.
�d­#Ïé�aN�, ;�S�á\�±ÏÌ�
½ØÄ:. b�¤k�G��ê�M,ò«m(0,1)©
¤M�©,¤k��©:�¤��G�8Ü:

P = {x = i/M, 1 6 i 6 M}.
Äufa,�E��3PþN��N�[15],

f̃a : P → P,

f̃a =





x + (1− [
a− 1

a
x + 1]), x ∈ (0, a]∩P,

1−x+[
a(x−1)

a−1
]+M−1, x ∈ (a, 1] ∩ P.

(2)

Ù¥: a ∈ P , [z]L«�uz��z��C�1/M��
ê. dN��`:ü��¡: lÑN���31/M
��ê�þö�, ù�Ò´°(�êiO�, 
v
k�\Ø�, ù�3ØÓ�O�Åþ���S�
´���. d	ù�N�´����é�N�, Ï
LÜ·/ÀJëêa, �±���±Ï�Ý�S�.
ù��O��é��·bN�XÚ, N���°
(S�, vk�\Ø�, �©z[15]òdlÑN�
ÚLogisticN��)�S�©OO�Ù²þ±Ï,u
ylÑzSkew TentN�²þ±Ï�puLogisticN
�,��M�O\,­½30.5�m,
Ù¦KØäe
ü�0.
2.2 Skew TentNNN������···bbbAAA555©©©ÛÛÛ���Logistic

NNN������'''���(Chaotic performance comparison
of Skew Tent mapping and Logistic mapping)
·bN��d(½5���5�©�§5£ã,

Ø�¹?Û�ÅÏ�,Ù;,%k�U´���Å
�,
�3G��mþäkH{5. ¤¢N�f(x)�
H{5´�éuz�ýé�È¼êϕ(x) ÚA�¤
k�Ð©�x0Ñk

lim
n→∞

1
N

N∑
n=0

ϕ[f (n)(x0)] =
w

ρ(x)ϕ(x)dx. (3)

ª¥: ρ(x)´;��©Ù�Ý; f (n)L«f (x)�n­E
Ü.dþª�wÑN�f (x)é�m�²þ�ué�
�mG��²þ. ·b$Ä;�:8{xn}�VÇ©
Ù�Ý¼ê�½Â�

ρ(x) = lim
n→∞

1
N

N∑
n=1

δ(x− xn). (4)

Ù¥

δ(x− xn) =





1, |x− xn| 6 ∆x

2
,

0, |x− xn| > ∆x

2
.

®k�·b`z�{�·bCþÑdLogisticN�
�),=

xn+1 = µxn(1− xn), 0 < µ 6 4, 0 < x < 1. (5)

�µ = 4��÷N�, ùp�?Ød�¹. �
ª(4)�N →∞,Ù·bS��VÇ©Ù�Ý¼ê�
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ρ(x) =





1
π
√

x(1− x)
, x ∈ (0, 1),

0, Ù¦.

(6)

ª(6)L«��'ÈÅ.©Ù,Xã1¤«.
éuSkew TentN�,äkþ!�©Ù¼ê,��

ª(4)�N → ∞, Ù·bS��VÇ©Ù�Ý¼ê
�ρ(x) = 1.
ã1´òLogisticN�S�30000g���(0,1)�

��©Ùã.

ã 1 LogisticN��VÇ©Ùã
Fig. 1 Probability distributing of Logistic mapping

lã1��, LogisticN�·bS��©ÙA:
´¥m��VÇ'�þ!, [0.1,0.9]²þ��200õ
g;
üÞAOp, 3(0,0.1)Ú(0.9,1)«m��õ�
1948g. ¤±·b`z�, Nõg|¢Ñ3�OC
þ�m�üà?1, ��Û�`:Ø3�OCþ
�müà�, ùéÏé�`:´éØ|�,  u«
m(0,1)üà�:B´·b|¢���:, ùò��
ü$�{��Ç.©z[4]JÑÄu«m@·b|¢
�·Ü`z�{¿©|^LogisticN��VÇ©Ù
A:,;�|¢�_85.

ã 2 Skew TentN��VÇ©Ùã
Fig. 2 Probability distributing of Skew Tent mapping


æ^�©JÑ�Skew TentN�,S�30000g,
��VÇ©Ù­�Xã2¤«. §�·bS�;�
�Ý¼ê�þ!©Ù, ����gê�261g, �
�343g,²þ�300g. ù�ÒéÐ/;�|¢3C
þ�m�ÛÜ«�S?1, l
~�·bS��©

Ù5��`z¯K�Û�`:� ��m'X�K

�Ï�,ü$Ð©��À�é�`) ��Ø|K
�,|^dS�S�B�¢y·bÏ`�{.
Ó�, Skew TentN��LogisticN�*d�m�

±�p=�,äkÿÀ�Ý5�,`²üöäk�Ó
�5�,�Skew TentN�äk��`z�{·bS
��cJ^�,äNy²ë�©z[16].

3 ÄÄÄuuuSkew TentNNN������···bbb···ÜÜÜ `̀̀zzz
���{{{(Chaotic hybrid optimization algorithm
based on Skew Tent mapping )

3.1 Alopexéééuuu���{{{(Alopex heuristic algorithm )
Alopex[14]´�«éuª��Å`z�(Ü��

{. §lcggCþCzé8I¼ê�)�K�¥
��éu,3S�L§¥,^L§��ëê����
��1r�VÇ, �Ñüý��S|¢. |^/D
(05{øÛÜ�`), ¦�{äk�½�÷·U
å, 
�Ø�¦8I¼ê��.T�{O�{ü, |
D(,äk¯��|¢Uå. Ù�{�.�

xi(n) = xi(n− 1) + δi(n). (7)

δi(n)=





δi, pi(n) = pc(n)�pi(n) > r1,

γδi, pi(n) = p′c(n)�pi(n) > r1,

− δi, 1− pi(n)=pc(n)�pi(n)<r1,

− γδi, 1−pi(n)=p′c(n)�pi(n) < r1.

(8)

pi(n) = 1/(1 + e±∆i(n)/T), (9)

∆i(n) = [xi(n− 1)− xi(n− 2)]×
[F(n− 1)− F(n− 2)]. (10)

ª¥: xi(n)�F�1i�gCþ31n gS�¥��
�, δi(n)Úpi(n)©O�1ngS�¥gCþxi�Å1

r�Ú�Ú�O\δi ��1r�VÇ, r1��Åê,
pc(n)Úp′c(n)©O���CzVÇÚ��CzVÇ,
ª(9)¥�!KÒ�À��¢S¯Kk', �Ò¦¯
K4�z,KÒ¦¯K4�z. F(n−1)ÚF(n−2)©
O�8I¼ê31n−1gÚ1n−2gS�¥���.
3.2 ÄÄÄuuuSkew TentNNN������···ÜÜÜ`̀̀zzz���{{{(Hybrid

optimization algorithm based on Skew Tent
mapping)
äk{ü>.�å���5¼ê�`z¯K�

min f (x), i = 1, 2, · · · , n

s.t. ai 6 xi 6 bi. (11)

·Ü·b`z�{�Ä�Ú½Xe:
Step 1 �{Ð©z,��Ø���ε,·bS�

ÚAlopex�{��S�gêM1, M2±9�g|¢g

êM3,D�n�ØÓ�Ð�x0
i ,-x∗i = x0

i , f ∗8I¼
êD�é��;



272 � � n Ø � A ^ 1 24ò

Step 2 ±x0
i��·bS��Ð©:,ïáSkew

TentN����[0§1]�`z¯K��[ai, bi]�m
�éA'X, |^2.1!)¤�·bS�, S�?
1M1go|¢·bÏ`, If f (xj

i) < f ∗,K���c
�`:Ú�`)x∗i = xj

i, f ∗ = f(xj
i);

Step 3 ?1M2gAlopex�{[|¢¯�Ï`,
If f (xk

i ) < f ∗,Kx∗i = xk
i , f ∗ = f (xk

i ); Else=Step 4;
Step 4 u�S�ª�^�,eüg�`�xi½

8I¼êf (xi)��, =‖ ∆x∗i ‖< ε½‖ ∆f (x∗i ) ‖<
εÚt > M3, K�{(å, ���Û�`)x∗iÚ�A

�f ∗; Else-x∗i \�6Ä, x∗i = (1 + δ)x∗i , t = t + 1,
=Step 2.
I��Ñ�´: �{¥M1, M2, M3�ØÓ��¬

K�|¢��Ç, M1��¬ü$|¢�Ý, M1��

¬l8I:��
K�Alopex�{�¯�Ï`. �
©ÀJü�·bÏ`gê(J�1/20∼1/30. M2�

�Ø¨��, M3A�â��5¼ê�E,§ÝäN

À�,��K�U�|��`�Òª�?1.
òAlopex�{i\·b`z�{���·Ü`

z�{, Ì�´\¯Âñ�Ý,
��VÇ1Âñ�
�Û�`),éuAlopex-Skew TentN�·Ü�{�
Âñ5ë�©z[16]�Ñ�y².
4 ���ýýý���~~~(Simulation examples)
�
�y�©`z�{�k�5,À�3�~^

ÿÁ`z�{5U�;.¼ê?1O�'�, �	
§�|¢��Û�`)�VÇ!°Ý9�Ç.ù3�

8I¼êL�ªXe:

F1 = 100(x2
1 − x2)2 + (1− x1)2,

− 2.048 6 x1, x2 6 2.048, (12)

F2 = [1 + (x1 + x2 + 1)2(19− 14x1 +

3x2
1 − 14x2 + 6x1x2 + 3x2

1)][30 +

(2x1 − 3x2)2(18− 32x1 + 12x2
1 +

48x2 − 36x1x2 + 27x2
2)],

− 2 6 x1, x2 6 2, (13)

F3 =
1

100

4∑
i=1

(x4
i − 16x2

i + 5xi),

− 10 6 xi 6 10, i = 1, · · · , 4. (14)

Ù¥: F1, F2�$�¼ê, F3�p�¼ê(ùp/p
�0´�é�, ��10�±þ). nØ�`�F1(1,

1) = 0, F2 = (0,−1) = 3, F3(−2.9,−2.9,−2.9,

−2.9) = −3.1333. òª(5)S��LogisticN�S�
�OSkew TentN�·bS�,æ^©z[1]�`z�
{, (JXL(1)¤«. dL1�±wÑ, ü«�{Ñ
U
|¢��Û�`), �lÏ`S�²þÚê5
w,�ö���õ,ù`²cö|¢�Çé�§Ýþ
�ûuÐ©: ��T·bS��©Ùk', l

��²þÚêO\; 
�ö�·bS��þ!©Ù
5�ü$
�Û�`)éÐ©���65, l
�
�k�Jp|¢�Ç.L2�¦^�Ó�Ð©�ÚÏ
`gê,��{���`z(J.

L 1 ÄuSkew Tent�Logistic�·b`z�{(J'�
Table 1 Comparative results of chaotic optimization algorithm based on Skew Tent and Logistic

ÄuLogistic�·b`z�{ ÄuSkew Tent(�©)�·b`z�{
¼ê

`z(J ²þÚê `z(J ²þÚê

F1 (0.992,0.9387)=0.001 9194 (1.0098,1.0188)=0.0002 2805
F2 (–0.0024,–1.0063)=3.0154 28204 (–0.002,–1.010)=3.001 6683
F3 (–2.904,–2.902, –2.903,–2.898)=–3.133 33449 (–2.904,–2.902,–2.902,–2.902)=–3.133 8478

L 2 A«·b·Ü`z�{(J'�
Table 2 Comparative results of chaotic hybrid optimization algorithms

8I� �Û�`)VÇP/%
¼ê Ð©�

�{1[14] �{2[5] �{3 �{1 �{2 �{3

F1 (1,0) (0.594,0.341)=0.178 (0.993,0.986)=0.004 (1.010,1.016)=0.0018 78 100 100
(0,1) (0.545,0.337)=0.368 (0.935,0.892)=0.034 (0.994,0.993)=0.0025

F2 (1,0 ) (0.032,−1.053)=5.092 (−0.012,−1.032)=3.193 ( 0, −1.001 )=3.004 54 76 100
(0,1) (−0.027,−1.042)=3.767 (−0.01,−1)=3.025 (−0.002,−1.001)=3.001

(1, 0, (−2.486,0.138, (−3.103,−3.215, (−2.904,−2.902,
−1,−2) −2.873,−3.390)=−2.198 −3.122,−2.932)= −3.063 −2.903,−2.902)= −3.135F3
(−1,−1, (−2.903,2.756, (−3.153,−3.275, (−2.904,−2.902

36 48 100

−1,−1) −2.689,−2.745)=−2.987 −3.162,−2.892)=−3.129 −2.902,−2.902)=−3.133

5: �{1—-Alopexéu�{;�{2—-��eü{;�{3—-�©�{.
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l8I�5w,�©�{U
¤õ¢y�Û�
`z,
Ù¦�{4´á\ÛÜ�`:,Ã{¢y
�ÛÏ`;l�Û�`)VÇ5w,�©�·Ü`
z�{U
éÐ�aÑÛÜ«�­#?1�Û|

¢, �ª±VÇ1Âñ�Û�`), éup�¼ê,
Ù`³�\²w.
5 (((ØØØ(Conclusion)
�©ïÄ
Skew TentN���EÚ·bA5,

¿\±U?�¤·bS�, ¦�äk'LogisticN
��Ð�H{þ!5, l
�Ø·bS��©
Ù5���Û�`:� ��m'X�K�Ï

�, k�ü$Ð©���65, Jp�Û|¢�
Ç. Alopexéu�{äk¯�|¢Uå,ÃI¦�.
òSkew Tent·bS��Alopex�{�(Ü, /¤

k��·Ü·b`z�{, ¢y
¯��ÛÏ
`. �ý�~L²
T�{��15Úk�5,
¿�Skew TentN�äk'LogisticN�3·b`
z�{¥äkép�$��ÇÚ2��A^c

µ. e�Ú, )öò(ÜÚOlnØþy²Skew
TentN���·bS��)ì�ûÐ5UÚÂñ
5±9�Ù§`z�{�k�(Ü.
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