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Improved whale optimization algorithm and its weights and thresholds
optimization in shallow neural architecture search
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Abstract: In order to design a simple and efficient method to search for the optimal neural network architecture, we
propose an improved whale optimization algorithm and its shallow neural architecture search’s weights and thresholds
optimization. This method first improves the traditional whale optimization algorithm by simulating the individual
preference behavior of whale hunting and the nonlinear weight update mechanism of whale group position movement;
Then, the improved whale optimization algorithm is used as a shallow BP neural network architecture search strategy, and
a architecture based on the optimization method of weight threshold search for the optimal network architecture of the
shallow BP neural network is constructed. The numerical experimental results show that the improved whale optimization
algorithm not only has good optimization performance in solving complex functions with different dimensions, but also
the optimal shallow BP neural network architecture searched by the improved whale optimization algorithm has better
prediction accuracy and generalization performance in regression tasks.

Keywords: neural architecture search; whale optimization algorithm; individual preference choice; Markov chain; BP

neural network; neuroevolution
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BT B, 2t 2 20D HLAE R ok 5E 6 53 e AL 1) et
I A USSR R 4 R4 2R BE 0 9 AR R
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TN I e 1 5 0 B 1 N BRI AL A ) S f
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ke FH TR 2 M 4 W 2% 5 ) 48 R 1 BUE A
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WOA 1R € fist fh1 R AE 16 3 60 FELAS V) Al 5 )
I L35 0 50 %o, HLEE R IGE A IR R p 28
[0, 1] 1E] 3353 73 A A REATLEL, E

3} {)?Z(t)—f?x D, p<0.5;
Xi+1=1" -
D’ x e® x cos(2nl) + X.(t), p = 0.5.
(1
Hrbp [0, 1 A BENLEL. 1X 5 SEbr 5 R AP B
FEREHE W ANFE, H AR T bl & F KBS )G, 1B
Xof S D A A i 247 2, 6 L 08 A2 AP B 88 0 1) A
FRP IS A] A2 A 5 I AH S AR AL, 5 WOA Hh A= B M2
pIFA IR I 553 A BEXT I, D9 F2 imr WOA IS SIOKS
JEE RN 4 JR R R 6 70, A0 A0 B il B A D W B AT,
BB M p A2 BT A FEIR A 59 43 A1 T 2 B iR AR
REFEARACTIT AR AL, BT WOA 34 FE 43 A B
1) SEARHT I ASADL I ke fige £ B4 2= B RS 0t

2. D K gl 0 B ) 4l IR AE V) RE 2R, TWOA B 8 7E
TRARAR FT it R P T R A BT S, B R
PAT () LA TR IR AT RE AL LA HE2E p /N T
0.5, BRI p < 0.50F, A i p R AT fE/NT-0.5.

2) AR E B BRI i P i £ 3 I A RIS
T AR SR T AR O A R AN (R Ak
ARG it £ B AT S A SRS AT 55, B A
17 P 2N IR AT RS L p K T-55T0.5,
WHI Y p > 050, A p RATRER T5T0.5.

gE LR, g5 R R SR AE A N

{randn( ), 0 <t < tmax/2;
p= (2)
rsn(1,0.75,0.5,0.1), ¢ = tmax/2.
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EX1 IWOA.

input: £ FPEEANE N, R S AYEE d, i K0k
IR b

1: WGt i X, (i = 1,2,..., N)

2: VIR AN AR IE N

3: X, = HHT AL s A

4: while(t < tpax)

5: for I:N

6: B @) EH S a. A, R G) FHSH

Al
7. BRQ@QME) I HEpE
: if1(p < 0.5)
9: if2 (|A] < 1)
10 FH =X (6) B 24 i i e AN () o B
11: else if2 (JA| > 1)
12: IEFE AL ME (Xrana)
13: EH 2 (1) BB 24 i i £ S ) o
14: end if 2
15: elseif 1 (p > 0.5)
16: F 2 (8) B 244 i fig £ S 1) o7
17: end ifl
18: end for

19: kA IFEIEL S

20:  THEAREAMRAEAMAR)E B AE

21 GORAT S A gt A A, DU B R e A i £
ME X,

22 t=t+1

23: end while

output: X,.
1.5 YsE o

A T 8 e sEVE I T A AR I U 5 A “ metaphor”
{10 0] RO I FEAN S 3 T B AE R e ) R (1)
RO B HAB SRR “ 4 iy B8 Ny R SRV A B o 1)
W78, Atk — 25 5 BT IWOA Bk M g, 45 & SCiik [10-

117 %6F G AT S50 AT 187 2 4 7. A 5 B AR 3l A
B L FE AR AN R i BT E A B AR, B E e €
Y, Y A RIAT AR A 6], ) e £ BT A AT RE R 25 4
WEERNE = {€]¢ € Y. tta ek 25 th i A7 i £,
WEBELIE Y = (64,&,...,&), Hdi = 1,2,
ey Ny R G R A RAS, Wi £ 3 BT 1T RIS 44
B ECIRE T AA 2 = {¢ = (&, &, ..., &)|& €
Y(i=1,2,...,Ny)}.

EIE1 {5 IWOA B ik, figl f # R & 57 71
{v@) : t > 0} 24 PR X Markov #, H.xf K 5 /K
AR IR RS B R ] RIS AR

WEEE 1) AR FF X Markov B%.

B B 7E IWOA BRI FEH, Ty (&) = & Ml
WAEW G — BB &, 456 R [10-11] 22 B /R W]
FOR A B R M M 5T AT 00, 7 {op(2) < t > 0} R, T
VE(t — 1) € 2,&(t) € 2, HAREFHERMEER P(Ty (¢(¢
— 1)) = (t)) HEFEAFEN T H LB P(Ty(E(t —
1)) = &(t)) Brike. [FInt, B IWOA £ B 538 75 #2 1l
i, B A VAT — B RS R P(T, (E(t
— 1)) = )N Et — 1 ZPR M, s #%
R P(Ty(h(t — 1)) = (1) A5G ¢ — 1 ZPR A
K. PRI, 454 By /R A] o e SR A3 i f BRI A P )
{(t) : t > 0} H Markov .

PRI 48 2% % () 350 A B 2 1), i & A PR [ B 55
— AN N, A AR S A BRI 5 R AS A3 R Q2T
&, K Ny, Ao R IEHE R it IR A 23 1) 2 A BR;
B A, g RS 2 [ N AT FU AR, #L {op(t) 1 t > 0} R
R Markov £%.

HH TWOA i 5 37 2 X w] i, i f A4 4 AR S
R 5 — B Z 5 e ARG %, 5 gt > [ Ak ik
RIRBTC R, BIE(t) R €t — 1)K, 5Tk, iy
BREOIREFEH {0 (t) : t > 0} NEBRFFIR Markov #%.

2) Xof B By SR A] i R A RSCES Ty 7R w] R R

R4 25 1.4 15 IWOA $047 £ 5 AT %0, 72 IWOA -
Mo I 2 B R AR B I 2 1 S A AR 2 2= B i ok,
El TWOA & 8 7 WOA 52K & 01 B S s, i TWOA
Xof L P By 2R ] SR G AR AR SCES T /R m] R A

Zi B Pk, i RS T8 {o(t) ¢ > 0} &
B 55k Markov 5% HLHR. ) B JR AT 9% 3 78 A RIS
JRAT KA. O

EIE2 TWOA BLiEMRMER 4 R Ush.

TEBH  HH STk [11] 7] 0, 24 WOA B84 e 5 5 Fllic
247 6 T AL 1) 32 995 MR 25 AP 5 Isf, B A 5 — fid 8 AN AR A
W ST A B e N TR 8 e OO0 i, T DAAR R E i
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Y5 BB B BEG HE R B 1. T TWOA B35 B AR N6 A il
NEZEHEAT T I 4 182 B, AH oA o2 gt 0 7 O 4 B
%) R T 0 AR AT 48 L LML 1) ) s B M 2, DA b, B2
IWOA FVEAK A 2 4 Ul 8, A 7 UFE B IWOA Hi% 1)
WAz 247 A, TRl AV F)  E 2 4 SR AL S, BPHIE 2 (9) I M 6 4
RSk B

X(t+1)=X.(t) — Ax D x w, )

HHw = 0.8 x sin (% x t) +0.3.
FH 0 PRTR 25 1 32 48 i 2 [) 10 B8 A B2 o i 2
WU B 2 IWOA kA& 4 7RI Z ¢ F N R e Al
RE L), T O) T F, HEHE EAE AN
E(L+1) = L(t) — A x |C x L(t) — &(1)|
(0.8 X sin (tr:x x t) n 0.3), (10)
MRS 51 {op(t) ¢ > 1} B BER N
P{&(t+1) = L(t+1)[&(t) = L(t)} =
P{fi(t Y1) =L{t) — Ax|C x L(t) — L(t)|x
(0.8 X sin (t:ax x t) + 0.3) 1€,(t) = L(t)}

{1, Lit)y=L(t+1), A=0o0rC =1;

(11)
0, L(t) £ L(t+1), A#0and C # 1.

1 20 (4) A1 (5) AT %0, IWOA 45 M I B8 A f C
5 AF 0k AT 2 A s SR U SR e 7, (AL
HCAEATS 2 Bl AL 1D, 5mT 45 R 5 A W 4 o BRI 11 1)
IWOA FVEAR AERA N JR & B i 4 B* 9 IWOA ik
4 Jay B ML AR A, R R 5 3K (10) B9 TWOA BB A
FE t UGB A TS AN 4 R i AR 4R B, A
P{&(t) ¢ B} =
P{&(t) ¢ B*|Gi(t —1) € B'}P{(t — 1) € B }+
P{&(t) € BY|&(t—1) ¢ B }P{&(t —1) ¢ B*}.
(12)
HH 7€ P 1 7] 0, TWOA MRS A R 5k By /R Af
KL, P{&(t) ¢ B*|&i(t —1) € B*} =0, (12) %N
P{&(t) € B} = P{&(t) ¢ B*|G(t — 1) € B™}x
P{¢&(t—1) ¢ B*}. (13)
2 (1) AT 1A 2 B N R 38 IR 3, il
IWOA TEZE A IS 2 i A 23 DL — B ME R 0 N 42 )R
RAUAREE IR FE T 25, B
0< P{&(t) e B*|&(t—1) ¢ B Y < 1. (14)
R (13) AN
P{&(t) ¢ B} =
{1-P{&() € B|&(t—1) ¢ B }}x

xR %38 %
P{&(t—1) ¢ B™}. (15)
[ B AT 19 55 K R FE R
P{&(t) ¢ Bt} =

[[{{1 - P{&i(k) € B|&i(k — 1) ¢ B*}}x  (16)

P{&(0) ¢ B"}}, (17)
Hrpk =1,2,... ¢ &&XA15), 25t —
i, A

lim (TT0-Pla(k) € Bk —1) ¢ B}}) =0.

W4t - ooBf, # lim P{&(t) ¢ BT} = 0.1
Jim Ple() e By =1

gk B RTIR, 2 TWOA Sk H & A e 4a AL ) .
IEARIKEt — oo I, TWOA FLIFARME RS T4 5 i
g, O

2 TWOA B{E L%

S UAE TWOA EL A5 58 167 () -0t Pk 8, MR HX 6/ 3
YR B BT R R 4R R 5 7 R e R R SR
Gl AT AT
2.1 N IERRFEE R

SRR S0 72 0 A S, BT S B i AR T B
B A 1000; SLVEVIAFI IR 50; 5340 5256
4T 30 K, T B P 5 1 (mean) FURRHE % (std) 1 B
VE VR 4 b [ B 32 FE 6 A 6 4 R O AT A 525,
R B BT VIR A I 1T .

=1 EHERH

function name LiNEAES b ub
F Zakharov g —100 100
Fy Bent Cigar P —100 100
Fs Brown BRI —1 4
Fy Rastrigin E4S —-512 512
Fs Expanded Schaffer Z g —100 100
Fes HGBat %l —100 100

22 FMERZHEIILL
2 N EOM, Gwol3l, HHOU4, MFO"I,

MVOU', TSAUTI, WOA K& TWOA it 8 Fii it Ji & 5K
BRVEAE 30 XML SIS N e . B 5 RN R
g R P9 A 22 06 oy 50 14D ST S50 0 50 I AL St 2. 45
G2 S AT, MR E R BE B, /NI
B AN bRAE Z2 4R T IWOA AHE: T H A 7 fhot 8 &k
SRk B T O S SIORS FRE AT AR AR s MR B
AN R ZE B 1, 4 JE o R B 4 18 K, L xef
bl SV B WS SIORE P 30 BT R B, {H TWOA 1) AR 45 2R
AT PR A5 v (WA S5 A R . 2 B AT %, TWOA A
X 0 e B B T A (RS S R
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®2 SHMEBEIEX 6N EMERBMTME

function dim index EO GWO HHO MFO MVO TSA WOA ITWOA
30 mean 1.77e-90 2.35e-64 7.74¢-188 6.19e+03 2.42¢-01 9.62¢-50 1.24e-02 3.50e-279
F std 8.08e-90 5.13e-64 0.00e+00 1.17e+04 8.54¢-02 2.70e-49 6.78e-02 0.00e+00

100 mean 2.79e-58 7.52e-30 3.80e-180 1.14e+04 4.87e+01 1.06e-25 1.64e+05 1.82e-224
std 6.55e-58 1.21e-29 0.00e+00 1.72e+04 9.24e+00 1.88e-25 2.20e+04 0.00e+00

30 mean 2.33e-95 1.60e-64 7.96e-185 6.67e+08 1.61e+05 2.46e-46 1.98e-166 0.00e+00

Fy std 8.38e-95 4.35¢e-64 0.00e+00 2.54e+09 5.64e+04 4.94e-46 0.00e+00 0.00e+00
100 mean 5.78e-67 1.52e-28 3.34e-188 6.67e+08 2.09e+07 1.36e-21 2.07e-161 0.00e+00
std 1.66e-66 1.71e-28 0.00e+00 2.54e+09 3.93e+06 4.34e-21 1.12e-160 0.00e+00

30 mean 5.95e-104 9.23e-73 5.65e-189 9.37e+00 4.15e-04 3.59e-54 1.03e-173 0.00e+00

F std 2.21e-103 1.55e-72 0.00e+00 7.73e+00 1.38e-04 1.56e-53 0.00e+00 0.00e+00
100 mean 2.49e-75 7.91e-37 1.97e-197 1.01e+01 6.18e-02 8.12e-30 1.23e-171 0.00e+00

std 3.42e-75 1.52e-36 0.00e+00 7.63e+00 9.24e-03 1.27e-29 0.00e+00 0.00e+00

30 mean 0.00e+00 6.87e-02 0.00e+00 1.42e+02 1.07e+02 1.70e+02 0.00e+00 0.00e+00

Fy std 0.00e+00 3.76e-01 0.00e+00 4.54e+01 1.84e+01 3.70e+01 0.00e+00 0.00e+00
100 mean 0.00e+00 1.17e-13 0.00e+00 5.59e+02 6.16e+02 9.30e+02 0.00e+00 0.00e+00

std 0.00e+00 8.70e-14 0.00e+00 7.81e+01 8.31e+01 1.18e+02 0.00e+00 0.00e+00

30 mean 4.88e+00 5.54e+00 0.00e+00 9.68e+00 1.16e+01 1.20e+01 2.01e+00 0.00e+00

Fy std 1.52e+00 1.56e+00 0.00e+00 1.46e+00 6.37e-01 5.84e-01 3.35e+00 0.00e+00
100 mean 2.63e+01 2.72e+01 0.00e+00 9.55e+00 4.42e+01 4.58e+01 4.30e+00 0.00e+00

std 4.16e+00 6.87e+00 0.00e+00 1.45e+00 1.12e+00 8.96e-01 1.13e+01 0.00e+00

30 mean 4.78e-01 4.50e-01 2.44e-01 1.36e+03 8.11e-01 5.15e-01 3.87e-01 5.00e-01

Fy std 2.59e-02 5.42e-02 2.46e-01 3.51e+03 4.49e-01 9.84e-02 8.36e-02 2.02¢-07
100 mean 4.94e-01 5.59¢-01 4.83e-01 1.02e+03 1.79e+01 5.36e-01 5.33e-01 5.00e-01

std 8.64¢-03 8.11e-02 9.13e-02 3.10e+03 7.17e+00 8.22e-02 1.98e-01 3.47e-08
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?’\j U 2l 4y *FI‘ IWOABPNN £ ﬁ vz Ak ‘I& ﬁg7 % index datasets WMANTE FHTE AR

)EH UCIUQJ EF' 6 /l\IEl Uﬂﬁ?}% %, ij){%/[\ﬁ*E%Tﬁ ﬁﬁ D1 Biascorrection 21 2 7590

80 %o | 45401 20 %o MR HEHE AT X115, SR JE R 34N D3 Qe | L
RIS R SR ST T4, LABR UE 5T TWOA 119 D4 Qurfishioxicity 6 Lo s

= . . N D5 Realestatevaluation 6 1 414
TR P ) 25 25 Mg 48 2R 7 VR A R D6 WineQuality 1 1 4898

1) R,

HH TSR AR 1 [l VA 500 4 A7 AR D B sl e 5
FETC I RFAEFB AR, X R S B4 4 AT T AL 1, Ab 3
Je BIBCE SR VELN UL B U038 3 s,

2) ZHIRIR I E.

SRR SR8 (1 A 1, 1 B R IR AR IR

B 50; WTUEFhIEFIAR A 20; 47 180 28 X 4% (R AR AT 18]
B E BN S, RN -5, X R S g 3 kAT
30 IR I 57 30 YR S5 A A H 40 A T 45 R 35 7 iR 7
(MSE) HJ°F- 3318 (mean) bRk % (std) 55¢/)ME (best) £
e KA (worst) N EVE I LT8R, SLIR 45 Rk 4
7.

*4 TRIEZETNEIERA MSEIEIRER

datasets algorithms mean std best worst datasets algorithms mean std best worst
BPNN 0.0267 0.0030 0.0220 0.0329 BPNN 0.0366 0.006 1 0.0302 0.059 5
D1 WOABPNN 0.0307 0.0128 0.0176 0.0578 D4 WOABPNN 0.0287 0.0016 0.026 5 0.0346
IWOABPNN 0.0178 0.0004 0.0167 0.0188 IWOABPNN 0.0283 0.0009 0.0259 0.0308
BPNN 0.1736 0.0628 0.1145 0.3484 BPNN 0.0230 0.003 5 0.0181 0.0321
D2 WOABPNN 0.1172 0.0127 0.0992 0.1591 D5 WOABPNN 0.0151 0.0015 0.0130 0.0205
IWOABPNN 0.106 8 0.003 6 0.0951 0.1133 IWOABPNN 0.0147 0.0011 0.0127 0.016 6
BPNN 0.0787 0.0101 0.0667 0.1182 BPNN 0.0586 0.003 5 0.0534 0.0657
D3 WOABPNN 0.0653 0.0062 0.0573 0.0789 D6 WOABPNN 0.0549 0.003 1 0.0490 0.0609
IWOABPNN 0.060 0 0.0023 0.056 9 0.064 8 IWOABPNN  0.0525 0.0014 0.0485 0.0556
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