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Abstract: The frequency conversion sinusoidal chaotic neural network (FCSCNN) cannot consider search accuracy and
convergence speed simultaneously. In order to solve the mentioned problem,a novel self-adaptive simulated annealing ( SSA)
strategy is proposed by analyzing the optimization mechanism of the transiently chaotic neural network (TCNN) and the exist-
ing annealing strategy. It can give appropriate self-feedback connection weights based on the characteristics of Lyapunov expo-
nent. The reversed bifurcation, Lyapunov exponent and annealing function evolution diagram of the chaotic neuron are given
and the dynamic characteristic is analyzed. It shows that the SSA strategy can choose appropriate annealing speed in different
stages , which can not only make full use of chaotic global searching ability but also accelerate convergence speed. Based on the
neuron model ,a novel FCSCNN with SSA strategy (FCSCNN-SSA) is proposed and applied to nonlinear function optimiza-
tion and combinational optimization problems. The simulation results show that; (1) The SSA strategy can targeted choose the
appropriate annealing speed , which is superior to other several existing simulated annealing methods for pertinence and adapta-
bility and can be expanded to other similar models with same optimization mechanism; (2)FCSCNN-SSA can converge with
a fast speed and search accuracy simultaneously than TCNN, TCNN-SEA ,I-TCNN,NCNN, BFS-TCNN, FCSCNN.
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+7 — Zl ;(xkﬁl +xk/l)xu 0 (19)

Horwg =2, 05,0 =2, W, F1W, 535008 5 2 FURI5E T
BEAR A AU RO L R 5 2R 88, d, D T @ IR
1 Z e R . 0y 2 (2) A (19) 13, fliid sk g TSP
1 FCS Mz N ERRAS 3h S 2405 1A «

yi(t+1) =ky; (1) —Z(t)(xt,(t) -1y)

+a{ W lez(w + Zx,v(t)]

1#]

- WZ[ zdik(xk,jn(t) +xk,;‘—1(t))]+ Wl}

(20)
FEHL 10,30 AN T AS [ HUAS (4 TSP Ji) 850t m@é
AMHT, TR R A% 1 I IR R R 4 ) ol 2. 6776
4.237406' (A& 7). B 4G, R 3L T A [R5 s 1)
TCNN F1 FCSCNN #5 >f fi# vk 10 35§ 17 i TSP [o] 551, >k
OTIES Y 1 I 3 IR K 5 W 114 T AT A A .
7E FCSCNN RiEIh YEBUH R S BN T k=1, a =
0.05,6,=0.05,1,=0.65,2(0) =0.8,4(0) =0.4, ¢,
(0)=0.08,a=6,b=1,c=0.25,W, =1, W, =1. [fi#l

IR APl 22Tk o 8, SR FH 2 T A [R]R KR £ FC-
SCNN 1 TCNN (¢ =0) iR f# 10 3% 17 TSP [7] 5. 4351
HEAT 2000 YR A N7 S5 B UK R 45 8 4k 1000 A, 25 R
%‘:22 ~3 7N

TSP solution: 2.6776

3

3 1

S 0.8F

2

% 0.6} 6
% 7

£ o4t s
o

5 0.2} 109

bs

ER)

0.2 0.4 0.6 0.8 1
horizontal ordinate of the 10 cities

(a) 103%T17
TSP solution: 4.237406

0.8

0.6

0.4+

0.2

vertical ordinate of the 30 cities

0

1 1 1 1
0 0.2 0.4 0.6 0.8 1
horizontal ordinate of the 30 cities

(b) 30917
7 101308 Hi TSPYT—1b AR b At B S B A2

R2 FREIBANEHERTH TCNN KR 10 i1 TSP [[RALR

SAS Bi B> B NLP/NOP  |RLP/RGM (% ) Iterations Runtime (s) Q
s 0. 005 — — 2000/1745 100/87.25 267. 401 0.178 11. 005
i 0.01 — — 1959/1653 97.95/82. 65 190. 849 0. 127 12. 085
o 0.01 — — 1972/1809 98. 60/90. 45 598. 632 0.387 14. 897
i 0.05 — — 1976/1721 98. 80/86. 05 212. 805 0. 139 10. 709
0. 05 — — 1988/1826 99. 40/91. 30 445.421 0.281 11. 902

ER7

0.2 — — 1967/1753 98.35/87. 65 205. 792 0. 135 9.771
S 0.01 0.05 — 1980/1765 99. 00/88. 25 288. 747 0. 186 10. 085
R 0.01 0.2 — 1939/1610 96. 95/80. 50 172. 655 0.125 12. 884
0.01 0.1 0.5 197371760 98. 65/88. 00 166. 426 0. 155 8.934
H 3 [ 0.01 0. 05 0.2 1969/1797 98.45/89. 85 218.035 0. 169 8. 847
0. 008 0. 05 0.5 2000/1832 100/91. 80 316. 152 0.232 9. 486

TE IR 43 A e I A

T LR VRO R TR RS RE 5 RS A S UYE , RE

PEREFE R AT

02=10[ (1 -RGM)/(1 -min(RGM))

+ Iterations/max ( Iterations ) ] (21)
Horr,min (RGM) il max (Tterations ) 7351y BIr A0 RE AY
':F'E/‘Jﬂiﬁ: FE S dre/ ML AU B KA, Q RN, S
JERPE G 2 2 ~ 3 AN, ZEAH R AR B S BORET, X
Thwife TONN FISCiik [ 1] 42 Hi i) FCSCNN BER!, 2

PE AR R B I BB JOR I 2 A REFE PRI RS 10
LR [T, o Lo B0 PR Ay Wi B30 2. AR SCHR H 1 O
JEARADLIE K S 2R Lyapunov $i5 BUfE R 2347 2
RRRL R Bl 7 27 bR AR B 1R B I 48 IR JCH A I L
BUAT 9 DUl 1B KSR BE 408 B P 3 1y Wie S50 A2 R L [
I RERE AR DR 5 B B IR TE 2 SR A R e 0, I LR 47
E‘J%WFT#%HEEF?WJ/\%%@““J’Eﬁ(@’ZT?FHLEI"J%
PURGEE T, WSSO BE BB ) - il 3 A KSR I T, 56
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R FHARGR JGH B (LetE, B = 0. 0085 1545, =0.015) ,
IS 200 B AT A5 2 B0KS 8 1 Lyapunov 5 %4 4]
T, AP BRAE IR AR 0. 0321 + 0. 0019s, Ff A 2 %) B fA 1Y
AB A7 ] i BAR R (33 3 2 ~ 4 ft FCSCNN-SSA
AT E AL TR Lyapunov 54D ). 2 12—

G UE FCSCNN-SSA A5 Y [ A5 8501 , K JH: [R) H: A JL Fb
FHOCBEHYPEA TR L SCH | HU BN RIS 10 3 11 1 30
T TSP a2 O Ak 1 B8 , 2k ~7 52 58 Y 43 R 2000
1200 YR SEFGEE RN 4 FiR.

®3 FREIBAXEHIERTH FCSCNN 2K R 10 T TSP [EEZER

SAS B B Bs NLP/NOP  [RLP/RGM (% )| Tterations Runtime (s) 0
N 0. 005 — — 1998/1856 | 99.90/92. 80 280. 814 0.192 10. 801
i 0.01 — — 1966/1768 | 98.30/88.40 192. 485 0.132 13.149
» 0.01 — — 2000/1981 100/99. 05 611.327 0.417 10.819
i 0.05 — — 1982/1845 | 99.10/92.25 253.157 0.176 10. 822
. 0.05 — — 2000,/1945 100/97. 25 502. 126 0.348 10. 584
i 0.2 — — 1977/1798 | 98.85/89.90 227.097 0. 162 12.422
e 0.01 0.05 — 2000,/1896 100/94. 80 330.278 0.227 9.886
K 0.01 0.2 — 1950/1803 | 97.50/90. 15 198. 546 0. 142 11.739
0.01 0.1 0.5 2000/1891 100/94. 55 186. 162 0.186 7.743
EE 0.01 0.05 0.2 2000/1935 100/96. 75 232. 607 0.201 6. 607
0. 008 0.05 0.5 2000/1986 100,/99. 30 388. 126 0.263 6.952

7 SAS, LR kMg (Simulated Annealing Scheme) ; NLP, 41 B 424 ( Number of Legitimate Path) ; NOP, F i B 125
(Number of Optimal Path) ; RLP, &2 1% ( Rate of Legitimate Path) \RGM, fi{l; Lt % ( Rate of Global Minima) ; IllHL , S i35 F5.

R4 TREIMEREKAE 10 030 i TSP B R

TSP Model NLP/NOP Solutions( Mean + Std) | Iterations( Mean +Std) | Runtime (s) (Mean + Std) 0
TCNN'®) 1972/1809 2.712 +0. 154 598. 632 £5. 152 0.387 +0. 024 17.920
TCNN-SEA!!*] 1980/1765 2.755 0. 125 288.747 = 15. 633 0. 186 0. 018 14.723
I-TCNN! 6] 2000/1957 2.686 +0.236 420. 401 = 16. 295 0.264 0. 016 8.707
10 NCNN!23 2000/1910 2.695 +0. 138 576. 421 £46. 603 0.365 £0.014 13.259
BFS-TCNN[*) 2000/1952 2. 683 0. 262 606. 154 =50. 056 0. 406 =0. 028 11.958
FCSCNN!! 2000/1981 2.678 +0. 135 611.327 £42. 811 0.417 0. 036 10. 809
FCSCNN-SSA 2000/1935 2.682 +0. 086 232. 607 +28. 606 0.182 =0. 014 6.571
TCNN'®) 189/45 4,523 +0.432 5557. 422 +306. 435 8. 534 0. 220 19.177
TCNN-SEA!4) 195/41 4,627 £0.243 5141. 977 =169. 702 7.659 0. 178 18. 004
I-TCNN! 6] 190/57 4,421 £0. 302 5672. 845 £98. 657 7.910 £0. 197 17.825
30 NCNN!2) 195/60 4.420 £0.302 5082. 464 +235. 482 6.902 +0. 254 16.717
BFS-TCNN[*) 188/56 4.395 0. 280 5897.613 = 167. 243 8.162 0. 516 18. 238
FCSCNN!! 193/61 4.374 +0.361 5724. 023 £259. 938 10. 065 +0. 202 18.742
FCSCNN-SSA 195/52 4.380 +0. 184 4186. 752 +62. 080 6.782 +0.227 15. 825

AR, BT S HE.

HH 7% 4 T A1, FCSCNN-SSA B A £ /b 1y 348 45 B0 R
B AT R) , F A A R RS 1 e 1, SO0 MR AL
KT i i FCSCNN ({H FCSCNN SR £ ) . X T
10 i ¥ TSP [n] @, B 4k FCSCNN-SSA i T35 Lya-
punov FEEIGIN T 223 B[], {H Fe 2 18 2% A5 B SR

oA AR X T b A T LA e B 114 A S5 2 i X T
THE A 7% B2 SR 19 30 7T (¥ TSP 1) g, FCSCNN-SSA
HRAR ORI im0 19 - D 0 B2, ) e LA e 2D ey 26 AR
KA AT a], B I8 KR A P AT R R Y
DU TSR 2 B B Oy i 28 X H 2 F 3l R kR



%03 W5 « KL T 11 T N ASDLIE S AL B0 I 52 TR o 22 0 2% 621

Wi AT LT X E L £ B, B, By = ANl A 62 1y 3 ke
JE AR AR R W) e B B A sk ki
T TR s (2R R AR (R JLF 2
A FRAYAE S N AED) FE Y SE . £5 b T id , FCSC-
NN-SSA BE 5 5T 47 e - DU B8 A S50k B2 1y 56 &%

5 #it

AT FCSCNN [ fE AL ML A1 Lyapunov 45 %41
BRSBTS LR KR W, a] LA ]
B e FCSCNN L7 2y g 2 Ak T Lok B8 rp i 1 B 5
B2 [ 2. 3 3 22 4 2 F A 38 R ORI Y FCS piss
TCIHIE| 5375 6 ] Lyapunov $5 48, JF6 3 5 BUAT 4tk
FEEL . E 8 DL S o BB KR M AT % L 43 BT, TE S5 %R
KR RS (A R ELAT 3 5 1 YR T A P A s B iy i 8
REE . E— % R N A #1) L TCNN oA o = Rl
Bl 12 R %) FCSCNN it 2 17— Ffogr 78 (9 T D
25 N 45 F 7 —FCSCNN-SSA. F-44 iy FH 21 R 25118 £k Fi
HAE MRS, SCRG 25 R - (1) B 3 AR K
RMERENS H 3 A £ XHE R 2E £ FCSCNN [ 2 15t 35
B AR K RS (LT A3 R o T B 22 H Al TCNN A5
BRI ) AT 2 R E . T8 LA BUR KORIE  (2)
FCSCNN-SSA F, TCNN % ok 56 o ik 4% ( TCNN-SEA |
I-TCNN \NCNN , BFS-TCNN . FCSCNN ) & HE 1% 76 {5 iF 45
1o R B 4 [RT , ELA e R Ay MO SB[ ) s S st
T .
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