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ÙêÆ�., ¿òÙ=z���õ8I`z¯K, ?JÑ�«Äu·
bþf���`z¦)�{, ¿y²
T�{±VÇ 1 Âñ. �{æ^þf?è, |^ Logistic N�Ð©z|N«+,
�O
�«Äu·b6Ä�þfCÉ�Y. ��, 3õ1Å�¸eé�{?1
�ý¢�. (JL², � QGA-CE(Ä
uþf¢D�{�@�Ú�) �{�', �©�{Âñ�Ý�¯, äk�p�8I¼ê�, �±éÃ�ëê`zN�,
÷v@�Ú��¢�5�¦.
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1 Ú ó

@�Ã��ä´�«�U�Ã��ä, Ù�U
Ì�5g@�Ú� [1]. @�Ú����8�´�
â&�^��CzÚ^rI¦�UN�Ã�ëê,
�Ñ�Zëê���Y, l`zÏ&XÚ. XÛ
|^@�Ú����`ûüÚå
ïÄö�ÊH
'5. l��þw, @�Ã��ä�Ú�ûü´�
�õ8I`z¯K, ·Ü^�U�{¦), Ï, Ø
Ó�ïÄöJÑ
ØÓ�)û�Y [2−6]. ©z [2]
æ^<ó�UEâïÄ@�Ú�, ¿y²
¢D�
{·ÜuÃ�ëê�N�; ©z [3] JÑ
@�Ú
�ûü�êÆ�., ¿ÏLIO¢D�{¦); ©
z [4] æ^þf¢D�{¦), �¦)�J�k�
?�Ú`z.

Äud, �©|^�¼�{�¯�Âñ�ÝÚ
Ï`Uå!·b|¢�H{5ÚþfO��p�
5, é@�Ú�ûüëê?1©ÛÚN�, ¿ÏL
õ1Å�¸?1
�ý. (JL², ��{�±�
â&�^�, ¢�N�Ã�ëê, ¢y@�Ú�û
ü`z.

2 @�Ã��ä�Ú�ûü©ÛÚï�

@�Ã��ä¥, @�^r�±3ØK�Ç�
^r��¹e, ¦^Ç�^r��sªÌ, ¿�â
ªÌ�¸�Czg·A/N�DÑëê (XDÑõ
Ç!N��ª�) ±Jp�sªÌ�¦^5U (X
��zDÑ�Ç!��zDÑõÇ�), l���
Zó�G� [7]. dd��, @�Ú�ûüI�Ä�
/÷võ�8I, X7L·AäN�&�DÑ^�;
7L÷v^r�A^I¦; 7L�ÅA½ªã�ª
ÌA5�, Ïd, Ù´��Ä�õ8I`z¯K. �
©�âõ1ÅªÌ�¸!^rI¦±9ªÌ��
½ÂÑ±e 3 �@�Ú��`z8I¼ê¿?1
8�z [2−6]:

1) ��zDÑõÇ

fmin−power = 1 − pi

N × Pmax
,

Ù¥, pi �f1Å i �DÑõÇ, Pmax �f1Å�
��DÑõÇ, N �f1Å�ê8.

2) ��zØèÇ BER('A�ØÇ)

fmin−BER = 1 − lg(0.5)
lg(pbe)

,
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Ù¥, pbe � N �f&��²þØèÇ. äNO�
úª�â¤æ^�N��ªØÓØÓ, äN�©
z [8].

3) ��zêâÇ (óéþ)

fmax−throughput =

1
N

∑N
i=1 log2 Mi − log2 Mmin

log2 Mmax − log2 Mmin
,

Ù¥, N �f1Å�ê8, Mi �1 i �f1ÅéA
�N�?�ê, Mmax ���N�?�ê, Mmin �
��N�?�ê.

Ïd, �©¤�`z�8I�

y = (fmin−power, fmin−BER, fmax−throughput).

¢S¥, ØÓ�ó´^�!ØÓ�^rI¦�
�8I¼ê��5�Ø¦�Ó. Xe�ux^r
F"k���ØèÇ; Àª^rKF"k��z
�êâ�Ç. Ïd, �©¦^ w = [w1, w2, w3] ©O
L«��zu�õÇ!��zØèÇÚ��zê
âÇ��. ���� Ð§Ý�r, ¿��÷
v wi > 0(1 6 i 6 3), �

∑3
i=1 wi = 1. �½��8

I¼ê����, �òn�8I¼ê=z�Xe
ü8I¼ê:

f = w1fmin−power + w2fmin−BER

+w3fmax−throughput. (1)

lþ¡�©Û��, K�`z8I�Ì�ëê
���f1Å�u�õÇÚN��ª. Ïd, �©
�@�Ú�ûü¯K==z�: ÏLéþãëê�
ÜnN�, ¢y (1) ª¤«8I¼ê���z.

3 �{'�Eâ�äN¢y

3.1 '''���EEEâââ

3.1.1 ?è�ª
duûüÚ�Ì�´éëê?1N�, �©

¦^�?�éz�f1Å�N��ªÚu�õÇ
?1?è. N��ª�) BPSK, QPSK, 16 QAM
Ú 64 QAM o«, u�õÇ�k 64 «�U��, �
���� 0—25.2 dBm, m�� 0.4 dBm[2−6]. b�
^ c1 L«éo«, N��ª�?è, KI� 2  
�?�?1?è, ��� 0,1,2, 3, �géA BPSK,
QPSK, 16 QAM, 64 QAM; ^ c2 L«éu�õÇ
�?è, duk 64 «�U��, �?è ê� 6,
?è�u�õÇ����géA. Ïd, |N�Ý
d c1 Ú c2 �?èGé¤, � 8  . ~XN��ª
� 16 QAM, u�õÇ� 24.4 dBm, KéA�|N

?è� 10111100.

3.1.2 �ÚÝ¼ê
�¼�{¥, r¯KN��|�, r¯K�)

N��|N, )�`�d�ÚÝ¼ê5ïþ. du
�©�8�´���÷v`z8I¤I�ëê�
�, Ïd, ��ò (1) ª¤«8I¼ê��ïþ�N
5U��ÚÝ¼ê.

3.2 ���{{{ÄÄÄ���666§§§

�{Ä�6§Xã 1 ¤«.

ã 1 �{Ä�6§ã

3.3 ���{{{äääNNNÚÚÚ½½½

�©�O��{Ä�Ú½Xe (Ú½ 1— Ú
½ 8) (5: Q L«þf«+, q L«��þf|N,
P L«ÊÏ|N«+, p L«��ÊÏ|N):

ÚÚÚ½½½ 1 Ð©z
� ? z � ê g � 0, | N « + P � Q,

5 � � n, | N ? è � Ý � l, K Ð © z «
+ Q(g) = {qg

1 , qg
2 , · · · , qg

n}. Ù ¥, 1 i � |

N qi =

 α1
i α

2
i · · ·αl

i

β1
i β2

i · · ·βl
i

 (i = 1, 2, · · · , n), ¿�

÷v |αj
i |2 + |βj

i |2 = 1(1 < j < l). �
(�
|N�)��Å5¿;��UÑy�P{, ¿
H{¤k|N�m, �©Ð©|N«+��)
¦^ Logistic N�: xj

i+1 = µxj
i (1 − xj

i ). Ù¥,
i = 1, 2, · · · , n, j = 1, 2, · · · , l, xj

i (0 < xj
i < 1)
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�·bCþ, µ = 4, d�XÚ?u��·bG�,
ÙG��m� (0,1)[9]. äNXe: ©O�½·bC
þØÓ�Ð©�, |^þª�) l �·bCþ xj

i ,
,�^ù l �·bCþÐ©z«+¥1��|Nþ
�þf , �©¥ò αj

i , βj
i (1 < j < l) ©OÐ©z

� cos(2xj
iπ) sin(2xj

iπ).

ÚÚÚ½½½ 2 d Q(g) )¤ P (g)

Ï L * 	 Q(g) � G �, ) ¤ � | Ê Ï
) p(g) = {pg

1, p
g
2, · · · , pg

n}. z� P g
i (1 < i < n)

´�Ý� l ��?�G, dVÇÌ |αj
i |2, |β

j
i |2(j =

1, 2, · · · , l) *	��. 3�©¥, *	�{Xe: �
Å�)�� [0,1] ê, e§�u |αj

i |2, K� 1, ÄK,
� 0. *	)¤�z�|N pg

i (1 < i < n) �L
�
«�U�ëêN��Y.

ÚÚÚ½½½ 3 �ÚÝ¼êµd

�â (1) ª��ÚÝ¼êO�|N«+��Ú
Ý, ¿U�ÚÝ��üSé|N?1ü�, ÀJc s

��Z|N, ���PÁ«+ M(g).

ÚÚÚ½½½ 4 ª�^��ä

XJ����S�gê gmax, �{ª�, òP
Á«+ M(g) ¥����ÚÝ�p�|NÏL?è
�ª?1N�, =��
�Z�ëêN��Y (N
��ªÚDÑõÇ); ÄK, =Ú½ 5.

ÚÚÚ½½½ 5 ��*O Q(g) )¤ Q′(g)

�©æ�éPÁ«+¥ M(g) � s �|N?
1��. äN���{Xe: � s �|NU�ÚÝ
üSüS� P g

1 , P g
2 , · · · , P g

s , Ké1 k �|N P g
k

(1 6 k 6 s) ���)�|Nê8�

Nk = int
∫ (

nc ×
f(P g

k )∑s
k=1 f(P g

k )

)
,

Ù¥ int(·) L«�þ��, nc > s ´��ëê, f(·)
L«|N��ÚÝ. þªL², |N�ÚÝ�p, �
��)�|N�ê�õ.

ÚÚÚ½½½ 6 é Q′(g) ?1·bþfCÉ, )¤#
«+ Q′′(g)

�©¥, þf«+�CÉÏLþf^=�U
C|Nþf �� 5¢y. =��(½�{X
e:∆θk

j = λkxj
i+1. Ù¥, λk ���Ì�. ·bC

þ xj
i+1 O�úª� xj

i+1 = 8xj
i (1 − xj

i ) − 1, ù
� ∆θk

j H{��¥yV�5 [−λk, λk]. éuI�
CÉ�1N, �ÚÝ�p, *O�¤U\�·b6
Ä��. Ïd, λk �À� λk = λ0 exp((k−s)/s). Ù
¥, λ0 ���ëê, L«é|N¤�\�·b6Ä
���.

�1 k �CÉ1N�

qk =

∣∣∣∣∣∣ cos(θk
1 ) cos(θk

2 ) · · · cos(θk
l )

sin(θk
1 ) sin(θk

2 ) · · · sin(θk
l )

∣∣∣∣∣∣ .

A^þf^=�CÉ��|N�

qkδ =

∣∣∣∣∣∣ cos(θk
1 + ∆θk

1δ) · · · cos(θk
l + ∆θk

lδ)

sin(θk
1 + ∆θk

1δ) · · · sin(θk
l + ∆θk

lδ),

∣∣∣∣∣∣ ,

Ù¥, δ = 1, 2, · · · , Nk.
ÚÚÚ ½½½ 7 � � À J Ø   Q′′(g), ) ¤ # �

N Q(g)
�
�±+N5� n ½, éCÉ��þf|

N?1)C�, ò|NUì�ÚÝ��üS, �c n

�|N|¤#�|N«+ Q(g).
ÚÚÚ½½½ 8 g = g + 1; =Ú½ 2.

3.4 ���{{{AAA:::ÚÚÚ`̀̀³³³©©©ÛÛÛ

1) |Næ^þf?è, ��|Nþ�kõ�G
�&E, �5
´L�«+; æ^�Å*	��ª
dþf|N�)#��N, U�Ð�±+N�õ�
5, k��Ñ@ÙÂñ; ¿�þfäk�Ð�¿1
5, ¤I|N+N5���.

2) ���f¦��c�`�N�&EU
é
N´�*��e��5Ú�CÉ, äkp��ÛÜ
Ï`Uå, \¯
Âñ�Ý. Ïd, �{ò�Û|¢
ÚÛÜÏ`?1
kÅ�(Ü.

3) 3þfCÉ¥, �â�ÚÝ�ØÓ�\ØÓ
�·b6Ä, Or
ÛÜ`z�H{5. éu=�
���(½, ;�
DÚÄu�ÎL��ª [10], �
Ñ
DÚ�þf��CÉ^=���½, ��ü�,
"yH{5�"�.

3.5 ���{{{ÂÂÂñññ555©©©ÛÛÛ

½½½nnn 1 ·bþf���{ (chaos quantum
clonal algorithm, CQCA) �«+S� Xg, g > 0} ´
k�àgê��Åó.

y² du CQCA æ^þf'A|N Q, |N
���´lÑ� 0 Ú 1. �©¥|N��Ý� l, «
+5�� n, «+¤3�G��m��� n × 2l. Ï
, «+´k��, �{¥æ^����f (C
É!ÀJ�) Ñ� g Ã' [11,12]. Ïd, Xg+1 �
� Xg k', = {Xg, g > 0} ´k�àgê��Å
ó.

½n 1 �y.
� X(g) = {x1,x2, · · · ,xn}, eI g L«?z
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�ê, X(g) L«31 g �����«+, xi L«
1 i �N. � f ´ X(g) ��ÚÝ¼ê, -

B∗ = x|max(f(x)) = f∗}(x ∈ X(g)),

¡ B∗ ��`)8, Ù¥ f∗ ��Û�`�, KkX
e½Â.

½½½ÂÂÂ � fg = max{f(xi) : i = 1, 2, · · · , n} ´
���ÅCþS�, TCþ�L3�mÚ g G�¥
��p�ÚÝ. ��=�

lim
g→∞

p{fg = f∗} = 1,

K¡�{Âñ. �Ò´, ��{S��v
õ�g
ê�, +N¥�¹�Û�`)�VÇ�C 1.

½½½nnn 2 �©þf�¼���{ CQCA ±V
Ç 1 Âñ.

yyy²²² ��{�G�=£dê��Åó5£
ã. ò5�� n �+N@�´G��m U ¥�,
�:, ^ ui ∈ U L« ui ´ U ¥�1 i �G�. �A
�, ��{� ui = {bmx1,x2, · · · ,xn}. w,, Xi

g

L«31 g �«+ Xg ?uG� ui, Ù¥�ÅL
§ {Xg} �=£VÇ� pij(g), K

pij(g) = p{Xj
g+1/Xi

g}.

du��{¥æ^�3�`�N?1��À
J, Ïd, é?¿� g > 0, k f(Xg+1) > f(Xg). =
«+¥�?Û���NÑØ¬òz.

� I = {i|uiI ∩ B∗ 6= ∅}, K
1) � i ∈ I, j /∈ I , k

pij(g) = 0, (2)

=�I�Ñy�`)�, �`)ØØ²Lõ��Ñ
Ø¬òz.

2) � i /∈ I, j ∈ I , Ï� f(Xj
g+1) > f(Xi

g),
¤±

pij(g) > 0. (3)

� pi(g) �«+ Xg ?3G� ui �VÇ, p(g) =∑
i/∈I pi(g), Kdê��Åó�5�, k

p(g+1) =
∑

ui∈U

∑
j /∈I

pi(g)pij(g) =
∑
i∈I

∑
j /∈I

pi(g)pij(g)

+
∑
i/∈I

∑
j /∈I

pi(g)pij(g). (4)

du ∑
i/∈I

∑
j∈I

pi(g)pij(g) +
∑
i/∈I

∑
j /∈I

pi(g)pij(g)

=
∑
i/∈I

pi(g) = pg, (5)

¤±∑
i/∈I

∑
j /∈I

pi(g)pij(g) = pg −
∑
i/∈I

∑
j∈I

pi(g)pij(g). (6)

r (6) ª�\ (4) ª, Ó�|^ (2) ªÚ (3) ª, ��

0 6 pg+1 <
∑
i∈I

∑
j /∈I

pi(g)pij(g) + pg = pg,

Ïd, limg→∞ pg = 0. qÏ�

lim
g→∞

{fg = f∗} = 1 − lim
g→∞

∑
i/∈I

pi(g) = 1 − lim
g→∞

pg,

¤±
lim

g→∞
{fg = f∗} = 1,

=�¹3�Û�`G�¥�VÇÂñ� 1. y..

4 �ý¢�9(J©Û

�
�y�©�{�5U, 3 windows �¸
e, ¦^ Matlab7.0 é�{?1?§¢y, 3õ1Å
XÚ¥é�{5U?1
�ý©Û. �{ëê�
�Xe: f1Åê N = 32, z�f1Å&��Õ
áÀJØÓ�u�õÇÚN��ª; Ä�&�Ï
L�z�f1Å©��� 0—1 �m��ÅêL
«T1ÅéA�&�PáÏf5�[; &�a.
� AWGN &�, D(õÇÐ©� 0.01 mW(^uO
� pbe)[13]; u�õÇ�k 64 «�U��, ����
� 0—25.2 dBm m�� 0.4 dBm; �ÀN��ª�
) BPSK, QPSK, 16QAM Ú 64QAM o«, Ï, |
N?è�Ý l = 8, o|N?è�Ý� N × l = 256.
Ù¦�õ�N��ª�K� BER O�úª, ¿Ø
K��[(J [14,15].

�
Bu'�, �©z [4] ëê���±��:
��?z�ê gmax = 1000; «+5� n = 12, PÁ
ü�5� s = 0.3× n. ©z [4] ¥, þf�^=�Ý
l 0.1π � 0.005π. ÏL�E¢�N�, ��{�Ù
¦ëê��Xe: ����Xê nc = 20, ·b6Ä
Xê λ0 = 2.

L 1 ���

� �ª 1 �ª 2 �ª 3 �ª 4

w1 0.80 0.15 0.05 1/3

w2 0.15 0.80 0.15 1/3

w3 0.05 0.05 0.80 1/3

�{�����©z [4] �Ó. ¢�¥��
o«��ª, ^5�yØÓ^rI¦e, �{
$15U. �ª 1 ·^u$u�õÇ ($õÑ) �
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¹ (�°$!�Ç$, X©�DÑ); �ª 2 ·^u
��5�¦p�A^ (�¦ØèÇ�$) X��Ï
&; �ª 3 ·^upêâ�Ç�¦�A^, XÀª
Ï& (°�ÀªÏ&); �ª 4 Ké��8I¼ê�
 Ð�Ó. �äN��XL 1 ¤«.

¢�¥, 3o«�ªe©O?1 10 gÕá�
¢�, P¹z��¥�ÚÝ���8I¼ê�, 2

é 10 g¢�(J�²þ, =��²þ8I¼ê�.
²þ8I¼ê���, `²)��þ�Ð�½.
ã 2 ¥©O�Ñ
3�ª 1 ��ª 4 e, �S��
ê�Cz²þ8I¼ê��Cz�¹. ¿ò�©
�{ CQCA-CE(chaos quantum clonal algorithm for
cognitive engine) �Äuþf¢D�{�@�Ú�
¢y (QGA-CE)[4] �
é'©Û.

ã 2 �'�{8I¼ê�é'

L 2 ²þ8I¼ê�

�ª ©z 4 (QGA-CE) �©�{(CQCA-CE)

�ª 1 0.932 0.960

�ª 2 0.820 0.846

�ª 3 0.942 0.958

�ª 4 0.858 0.898

lã 2 ¥�±wÑ, 3o«ØÓ��ªe, �
©�{¦��8I¼ê�²w`u©z [4] �{,
Ó�, ��{Âñ�Ý�¯, `²�{k�Ð�Ï
`Uå. �©�{3$1 400 ��m��ÿÒ�±
Âñ, ¿��±���p�8I¼ê�, ©z [4]

�{�3 600 ��mÂñ, �8I¼ê���. �
Ï3u: �{æ^��¼���f!·b6ÄJp

�{�Âñ�ÝÚÏ`�J. ùé¢�5�¦�
p�ûüÚ�äk�¿Â.

L 2 �Ñ
�'�{3G�½����²
þ8I¼ê�, ?�Ú�y
�©�{�`�5.

ã 3 �Ñ
3þãëê��e, ��{äNN
�(J. Ù¥, ��1ÅéA�&�PáÏfdO
�Å�Å�). ã 3(a) ¥�Ñ
�ª 1 e�N�
(J. Ù¥u�õÇ²þ�� 0.156 dBm ²w�u
Ù¦�ª, `²��{�±éÐ�¢y�ª 1 eé
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��zu�õÇ� Ð, Ó�, �{o�
��z
ØèÇÚ��zêâÇ��¦ (ØèÇ� 0.11 ,
êâÇ� 5.25 Mbps). ã 3(b) �Ñ
�ª 2 e�
N�(J (N��ªÄ�þ� BPSK). Ù¥, ��
zØèÇ� 0.02 , �u�ª 1!�ª 3!�ª 4
�ØèÇ, `²��{¢y
�ª 2 e�¦Øè
Ç���8I�¦, Ó�, �o�
u�õÇ��
ÚêâÇ���8I (u�õÇ� 10.23 dBm, ê
âÇ� 2.026 Mbps). ã 3(c) �Ñ
�ª 3 e�N

�(J. Ù¥, ²þêâÇ� 6 Mbps(N��ªþ
� 64 QAM), `²��{��
�ª 3 eé��z
êâÇ�8I�¦. ã 3(d) �Ñ
�ª 4 e�N�
(J (N��ªþ� 64 QAM). �ª 4 é��8I
���Ó, �l(Jw, �{���u¢yu�
õÇ��zÚêâÇ��z. ù´Ï�: ØèÇ�
�z�u�õÇ��zÚêâÇ��z�3Àâ,
Ó��yu�õÇ��zÚêâÇ��z�|N
�ÚÝpu�¦ØèÇ���|N�ÚÝ.

ã 3 �©�{N�(J

5 ( Ø

©Ù©Û
@�Ã��ä@�Ú�¯K, òÙ
=z���õ8I`z¯K, ¿ÏL·bþf��
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Chaos quantum clonal algorithm for decision engine
of cognitive wireless network∗
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Abstract
By analyzing engine decision of cognitive wireless network, the mathematical model of engine decision is given, and then it

is converted into a multi-objective optimization problem. A Chaos quantum clonal algorithm is proposed to solve the problem, and
the algorithm convergent with probability 1 is proved, in which the quantum coding and logistic mapping are used to initialize the
population. A quantum mutation scheme is designed with chaotic disturbances. Finally, the simulation experiments are done to test
the algorithm under a multi-carrier system. The results show that compared with QGA-CE (quantum genetic algorithm based cognitive
engine), this algorithm has a good convergence and an objective function value. It can adapt the parameter configuration and meet the
real-time requirement for cognitive engine.
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