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Parameter optimization of BP neural network based on coyote optimization
algorithm with inverse time chaotic
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Abstract: A chaotic coyote optimization algorithm based on inverse time-decay operators, named ICCOA, is proposed to
solve the problems of the coyote optimization algorithm(COA), such as the poor performance and low diversity. Firstly,
the inverse time decay weight factor is added in the process of individual iterative updating, so as to maintain the balance
between global search and local development ability and improve the search speed of the algorithm. Secondly, the chaotic
interference mechanism based on the Tent chaotic map is added, and some poor individuals in the population are mapped
to produce new individuals, thus increasing the diversity of the population. In order to verify the optimization ability
of the ICCOA, functional optimization tests are carried out in 10, 30 and 100 dimensions respectively, and compared
with five optimization algorithms. The experimental results show that the ICCOA has good optimization performance.
Finally, the ICCOA is applied to the parameter optimization of the BP neural network, and a new neural network model
BP neural network with ICCOA (ICCOABP) is proposed. Compared with the standard neural network and the BP neural
network parameter optimization method based on the genetic algorithm, the experimental results show the efficiency of
the ICCOABP algorithm.
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fis 30 5.97e-239 9.09%-19 2.40e-14 1.89¢-28 1.02e-01 0.00e+00
100 0.00e+00 7.40e-2 1.25¢-13 2.57e-24 5.22e-04 0.00e+00
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# # 5

xR %36%

b By, 78 2 /NI R 2B 1 25 343 73l %5 [F) T BOA 5
GWO ik 4 30 I, ICCOA £ 4 ~ fi5%5 12
AN e 2 A A B 7 B SR A, SR ARG FE AR
T VL 7E fis fo E 5 BOA R 7E f3 15 GWO.
BOA F5F-; 44E Z 5 100 Bf, GWO 5% 5 ICCOA H.32:
{1 SR FRORS B AE 8 N BR B 44135 31 T e, {H /2 ICCOA

FRAER R 44 R 30 B 125 AR T GWO B it
Ah, ICCOA B35 4£ 10,30 100 4 R, 7E fo ~ f15 EREL L
K BN b F AR A3 2 T RR B BRI e R AE, LR
RIS s B3 K T ICCOA (Bl 45 5, R IA B e
K BV fo AR, BRI ACER 21 of B0 S A . e b 3R
ICCOA 5 V1SRG FE v T e LA BRAR. A

=3 D = 10083 6 HE KRNI

PR Eizg GWO BOA COA HFPSO FLSLA ICCOA
mean 1.03e+00 2.16e+00 5.87e+00 3.47e+00 3.96e+00 5.63e-01

f1 std 8.18e-02 3.01e-01 3.44e+00 2.19e+00 2.09e+00 2.24e-02
min 1.55¢-14 8.88e-16 1.83e-04 2.39-13 1.83e-03 8.88e-16

mean 5.04e+01 8.19e+01 1.34e+02 3.77e+01 2.67e+02 3.02e+01

fa std 2.19e+00 5.40e+00 1.97e+01 9.87e+00 4.32e+01 7.25e-01
min 0.00e+00 0.00e+00 4.50e-03 5.57e-03 7.36e-03 0.00e+00

mean 8.04e+01 2.93e+02 1.88e+02 1.68e+02 2.15e+02 4.01e+01
I3 std 8.14e+00 1.96e+02 8.27e+01 2.68e+02 7.07e+01 1.63e+00
min 0.00e+00 0.00e+00 1.21e+00 1.71e+02 1.47e-03 0.00e+00
mean 1.48e+01 2.53e+01 3.91e+01 1.06e+01 7.73e+01 8.89¢+00

fa std 6.65¢-01 1.74e+00 5.68e+00 2.87e+00 1.26e+01 2.15e-01
min 0.00e+00 7.26e-24 3.00e-15 2.17e-26 4.87e-06 0.00e+00
mean 8.26e+00 1.49e+01 2.42e+01 1.91e+01 2.82e+01 4.69¢+00

fs std 5.43e-01 1.56e+00 7.97e+00 9.83e+00 6.18e+00 1.47e-01
min 6.9e-233 1.32e-51 1.45e-02 1.48e-01 4.68e-04 0.00e+00

mean 5.61e-01 1.12e+00 1.47e+00 4.21e-01 2.90e+00 3.43e-01

fe std 2.51e-02 8.84e-02 2.14e-01 1.14e-01 4.68e-01 8.24e-03
min 0.00e+00 7.03e-24 8.9e-17 6.93e-27 2.95e-07 0.00e+00

mean 5.48e+09 3.06e+09 1.46e+10 4.06e+09 2.93e+10 3.37e+09

fr std 2.43e+08 8.68e+07 2.11e+09 1.03e+09 4.67e+09 8.14e+07
min 0.00e+00 7.77e-24 6.89¢-07 1.00e+03 2.81e+03 0.00e+00

mean 2.85e+08 1.32e+08 5.34e+08 1.03e+08 1.81e+09 1.32e+08
fs std 1.74e+07 3.29e+06 5.39¢e+07 9.33e+06 2.30e+08 2.27e+06
min 4.23e-07 7.97e-24 3.94e+05 1.21e+00 7.17e+01 0.00e+00
mean 2.25e+00 4.66e+00 6.88e+00 4.62e+00 9.86e+00 1.49e+00

fo std 1.25e-01 4.56e-01 1.50e+00 2.31e+00 2.34e+00 4.66e-02
min 0.00e+00 2.22e-26 7.17e-22 5.26e-45 2.15e-04 0.00e+00
mean 6.53e+07 4.43e+07 1.64e+08 3.06e+07 4.58e+08 3.86e+07
fio std 8.19¢e+06 1.19e+06 1.58e+07 1.68e+06 5.45e+07 7.36e+05
min 0.00e+00 7.8e-24 1.19¢-07 2.52e-20 1.05e+03 0.00e+00
mean 6.58e+08 4.41e+08 1.84e+09 4.96e+08 3.64e+09 4.30e+08
f11 std 2.80e+07 1.39e+07 2.61e+08 1.32e+08 5.67e+08 1.04e+07
min 2.9e-236 7.29e-21 6.05e-10 3.33e+00 1.96e-02 0.00e+00

mean 1.14e+02 1.97e+02 3.44e+02 2.19e+02 4.97e+02 7.36e+01
f12 std 6.33e+00 1.65e+01 7.50e+01 1.07e+02 1.15e+02 2.30e+00
min 3.66e-75 7.22e-21 12.44531 3.55e+00 3.49e+00 0.00e+00
mean 1.34e+01 5.05e+00 1.32e+01 8.82e+00 1.73e+01 2.02e+00

fis std 2.67e+00 4.96e-01 2.30e+01 1.20e+01 1.56e+01 7.43e-02
min 0.00e+00 7.56e-24 1.36e-11 6.18¢-24 2.30e+02 0.00e+00
mean 1.08e+05 1.26e+05 3.05e+05 8.05e+04 6.21e+05 7.28e+04
fia std 4.63e+03 5.97e+03 4.25e+04 2.11e+04 9.87e+04 1.78e+03
min 0.00e+00 7.36e-24 9.13e-14 2.47e-24 8.21e-04 0.00e+00
mean 6.65e+02 1.02e+03 1.90e+03 4.96e+02 3.71e+03 4.38e+02

f1s std 2.86e+01 6.00e+01 2.63e+02 1.33e+02 5.81e+02 1.05e+01
min 1.8e-238 7.09e-21 1.11e-11 1.11e-13 4.52e-04 0.00e+00
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SRLVE A AL IO R A9 3 T AR KR BE (R 4 T, i ICCOA
FOEANETE g UL 2 2 VR R b, 5 A S i
HEAH L, # R A AT AL R 25 b, AR SORE
ICCOA i 1 et A A R mT A7 1.

4 ETICCOA [FIBPHZ ML SHARAL

YT ICCOA Ji i Jz B PR 32 98 S 7 R A 3 45
VERT DAA RO 5L 1) A R A8 R RS T R e 7, 32
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10°

BARIREL
(2) fis
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min F(w,b);

s.t.w e [wmina wmax]a b S [bmina bmax]~ (19)

Hordr: w N BP IR N2 BUHE, b9 IE.

WINZREEN X, A AR 53 248 = TN 2
RN a, B R RO b, B R T RUA o MR YRR
N D, BARSZHE RN R

step 1: BI04 Tl A 3 Ko AH N 2 B0 150 .

step 2: ZB AR FRAE )W 46 46 I F BP #i £8 ) 2% dE
ATHIGE 1) WX 25 11 2545 280 X 28 AAEL AT 4L, 1BEAT SAE S
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T, 45 BN WU AR L RS IR AR Pt S BEAA 2H RS 1) P
=]
aPt = [t bt Ak i e (1,2, No);
1vf,x%t,...,x§’¢i], i€ (1,2,...,N,). (20)

Horpo oDt it Gy Rt i 2 p e R 5 G AMA L BB R
M RF AL I BP #1248 X 48 T 2 24

step 3: W 4R FURE I A A& B FE 1) TH LR 432
HERA SR AE AR I 3G S FEAR f:,

1a i = O4;
k=47
Oa Yi 7é 0j.
l
k;
;= —. 21
fi ; l 1)

Horp M i NFEARSCH, y; 9 BP M4 W 4% 5
AMNFEARTEAEE ST, 0, N MREAR BT H, 0 €
{1,2,..., 1}

step 4: BRT. THELANEE b2 S R BRI A
alpha?t 5 FAR AL cult??, 454 370.(9) (11). (12)
BN, I 0 I B e A DA AR 9 2 i A, R
AT RBAR S AR BB T HR A

step 5: BEAAARIE.

step 6: VRV 0. A R R A2 7500 R MEZE r, T
JE DU 22 T 43 SR 26 A 22 (R A4 p, 18 3 Tent B
SEXTRIEE 1/ N (0 B 22 AR REAT 48 R LIRS
A FEEUR.

step 7: 4F 0% BE . BEARTE B S, R AR BT A AN
IRAES agel-t MU 1 ST

step 8: JI 7 A 75 3 A 4% 1 2 . 2 i A2 T i ) e
MEIA 2Pt KB w- b, R 2 % step 4 4k ST IR
fk.
42 {HELW

AL UCT 73 R H 48 e e B 6 Ao FH 2t 4R
HBEAT 73 2R X LE I, o 48 FLIR S ). S5 R AE
2 B ORI 20T R PR O A5 E i 4,
BARE BN 4 FroR. S256 8 42 4% 1:1:1 8 FH 4
JERAEI 7 K 53 RN ZRFEAR S B8 U A AR A
A, 7 J8 B BN A 22 e R AR AT ) — A AL 3D,
THEAR N

ot =[x

min
Tij — X
X, = T (22)
) pmax _ pmin
J J

oz apa R o3 55 N 2§ 5 B KA A /A,
X NA— LG HIREA.

PR HE (1) BP A 22 9 28 1) ] A — 1 R 28 3R AT TR AL,
JIr & 14 i ICCOABP J5 1% 77 A2 1 2 AN 1 42 I 45 Tt AT

F4 UCIH6BBUREYIEREM
WOHRSE K BIBE E N RS BB 25 SR TR K R %

DBT 2 8 768 256 256 8
Iris 3 4 150 50 50 6
TAE 3 5 151 50 51 8
HDA 2 13 270 90 90 6
Wine 3 13 178 60 58 12
BCC 2 9 683 228 227 8

A, B T A A BVE PR R, bR o 42 I 2%
J51% (SNN) LA J T80 4% 535 1 BP AR I 28 S 5
1677 1: (GABP) #E47 EL 8. Y had 2 b, & 06 A — %%
AR R AR S H05 B O A R (. Feh: SNN
GABP i # % & 4 3000, ICCOABP (1) 2% 15 4 1
BB N 3000, MRS S5 150 B N 25, % S N 0.2 07
A 6 2H S 56 4 2R AT 30 YRS 5, I PA 30 TR S5 11
MR IME . ARt 22 S/ MAE DL e KAEAE N S
5o e AP TR AR, SLIR 25 SR AR 5 BT,

RS KIEERIEE

. N VR
Hidrdk ik

avg std min max

SNN 72.48 2.57 67.32 77.17

DBT GABP 72.52 2.04 68.90 77.17

ICCOABP 73.37 2.56 69.69 79.53

SNN 94.37 2.36 87.50 97.92
Iris GABP 95.28 3.18 87.50 100.00
ICCOABP 95.35 222 89.58 100.00

SNN 49.00 5.68 36.17 61.70
TAE GABP 47.16 7.37 38.30 63.83
ICCOABP 49.97 5.64 40.30 63.83

SNN 74.00 4.78 81.11 63.33
HDA GABP 76.70 4.20 83.33 68.89
ICCOABP 76.96 4.09 83.33 68.89

SNN 96.72 2.05 93.10 100.00
Wine GABP 96.26 2.48 91.38 100.00
ICCOABP 97.01 1.83 93.10 100.00

SNN 94.61 1.76 91.63 97.80
BCC GABP 94.96 1.61 91.63 96.92
ICCOABP 95.71 1.56 92.70 98.24

132 5 7] L, 75 A [F) 45 i 2080 4 R 1 9 2RAT 55
H1, ICCOABP 753 | (1] 73 25 25 . %F L. SNN. - GABP Ifij
BRI, 4 AR I R B T B,
F B ICCOABP HiL H AT BT 1)~ F 341 e, br it ZE1E
SRS Y T SNN M GABP, i ICCOABP .
LA e M B A TR, 76 K340 £ 45 ICCOABP
)85/ ME B RAE TR AR AL T SNN A1 GABP.

Rt — 25 W L8R I 2 S 56 0E B 1 mT
FE A, XoF P R V5 1 30 20 T 44 1 % S UG 4 TR AT
2% B 1R AT A 23 A, AL AR AR 3R 1 b B, AL R
AR TR R 26, b = A 3R 7R TOO A A e~ 34, A
W s fis.




2348 # % 5 &k Rk #36%
0.80 ¥ 1.00F = * — - —
T , — — w  0.6f
H ha T [ e ¥ I
£ 0.75 £ 0.95¢ =
& & o 0.5)
s s L I L s
= 0.70 I n L 2 090 % I * = 0.4l I 1
L . . * L . L . .
SNN GABP ICCOABP SNN GABP ICCOABP SNN GABP ICCOABP
(a) DBT (b) Tris (c) TAE
—_— - 1.00f —T -- - 0.98} -
£ £ 08 & 096} L
g 07 i | =096 RN
;i 0.70p T L L Eooal | | N Z 094 | | |
0.65f | . . 0.92F i . 092} L L .
SNN GABP ICCOABP SNN GABP ICCOABP SNN GABP ICCOABP
(d) HAD (e) Wine (f) BCC
E5 #EzE
H1E 5 AT L, ICCOABP TP e 2 s 5 45 ®

T SNN F1 GABP, % B} £ T S Iif IR VR yoli &0 0 05 1)
BP 4 M 2% ZE A 72 2. Ak, ICCOABP £ 6
AR AR B30 Yk SR 25 B A AL B T R, R
LA 2 UOEAE 72 A 2 00T DUAS B A AR E 1)
5 #E 7 2. [R5}, ICCOABP 7£ DBT. TAE. HDA.
Wine 55 4 4R 4R 1 1 DY 237 W) R 00, 70 SR TRt 32
W4, B FIFE L & b R DBT. Iris Wine ¥ 5
|- SNN 5 ICCOABP 43 7l 4775 7 85 s, U B I 26
R AL 15 B R 6.

=6 FBRFREERIASWERIIEL

(BEEELAN
Hom e Bk

avg std min max

SNN 72.34 2.54 67.32 77.17

DBT GABP 72.46 1.98 68.90 77.17

ICCOABP 72.96 1.90 69.69 77.56

SNN 94.75 1.82 91.67 97.92

Iris GABP 95.06 3.16 87.50 100.00

ICCOABP  95.37 1.37 91.67 97.92

SNN 96.85 1.98 93.10 100.00

Wine GABP 96.20 2.50 91.38 100.00

ICCOABP 97.15 1.71 94.83 100.00
4565 LR G REREG 3 HT: ICCOABP () 4 T3

TRARIE B T 5, BA B -7 Pk R b 22 ik
B 7 e, AR W SRE AR E Ik, R R s B ME FE
PRARR LA 1 e IR 73 2824 g, AU e LR ] ICCOABP
B B3 P 1 SE B AR AR, W] LUR AT RERIE SV I
/N R, BEAR TR AR P M A TR R s KAB FR b
AR IR S B R AT b BE AT e g TAREA R K
et DR s, S B N PR BAT B0 (10 TR B A 35t

AR REA AR A SR T P R, B SR Bk
(1 53t 5 B T 2 7 A 9, ok B 43 BT RN AU S 5
TE R T 4518

1) ABCGEAL IR ER RS, P2 T —Fh s
PRV A IR AR AL S5 (ICCOA), % 7 V38 i 51 N i)
BEA 2 FTVR AL ), e50ad T AT ARAN A B 7 I AR, FE R
] YR ke 4 30 3 P R 480 50 1k S B T A B )
T, B S2 6 25 R W, ICCOA A B3R & T 3B R4k
ORISR FE S 4 )R TR Re.

2) AT H I R 3 ICOA SR 5 2 At Ak v B4R
4, K5 ICOA H B AR BEIE AL SR W 5] N B BP 1 £5
EHANA T FE P SE T — 454 ICCOA 5 BP #
22 W 2% J7 1 — ICCOABP, 3 5 ] T 43 24T 55, s
gE LR W, ICOABP A3 2 SE L T BP i1 48 W 26 BUAE
BIE 104k, 5 SNN. GABP &5 50 Eb B A 3 & i)
3 RE.

A TAE R A EE S LA 3 SR &R
[ — A 2 53R, B se o6 45 S 78 /3 R B 7 ICCOA
I ICOABP B2 A A AR RE L . J5 B0 5
¥ FEl 58 T ICCOA SR TR P 28 WX 24 68 S B
7%, UL S ICOABP ML#s 2 ) T B A8 I & 55 7 [v)
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