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Whale algorithm based on historical cognition for
solving dynamic energy consumption
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Abstract : In order to improve the energy consumption management efficiency of the embedded real-time system and reduce the impact of
traditional dynamic voltage scaling technology on system stability, a dynamic energy consumption optimization scheme supported by whale
algorithm based on historical cognition is proposed. Firstly, a nonlinear dynamic convergence factor control strategy is proposed, which
can effectively accelerate the convergence speed of the algorithm. Secondly, using the historical optimum solutions as interference
factors, a hybrid guided strategy is designed in the constriction and envelopment mechanism to balance the local development and global
search capability of the algorithm. Finally, the frequency characteristics of the processor can be changed in real time according to the
dynamic voltage scaling technology, the tasks 10, 30 and 50 are optimized by the algorithm, so as to verify the effectiveness of the
improved algorithm.
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Table 1 Benchmark test functions

PRI FRAE PREIFR IR Fienie| Feffa
Sphere U Fpo= Y a2 [-100,100] 0
i=1
Schwefel 2.22 U Fy = 2 0ixt+ ] w1 [-10,10] 0
i=1 i=1
Schwefel 2. 21 U Fy = maxil x; 1,1 <i<nf [-100,100] 0
Schwefel 1.2 U Fy= Y (Xa)? [-100,100] 0
i=1 j=1
Quartic §] Fs = Zix? + rand(0,1) [-1.28,1.28] 0
i=1
Rastrigin M F¢ = Z [xlz - 10cos(2mx;) + 10] [-5.12,5.12] 0
i=1
e | @
Ackley M F; = - 20exp( - 0.2 /*thz - exp(chos(ZTrxi)) +20 +e [-32,32] 0
n i=1 n P
- u X,
Griewank M Fg = m{;xf - il:[]cos(f) +1 [ -600,600] 0
Alpine M Fy = Y (1 x - sin(x;) +0.1x; 1) [-10,10] 0
i=1
n—1
Rosenbrock M Fio = 2 [100(x,, - %) + (x, - D?] [-30,30] 0
i=1
Schwefel 2.26 M Foyo= Y[ =xsin( T 1)] [-500,500] —418.982 9x30
i=1
Zakharov M Foo= a2+ (2,0.5)% + (0. 5ix,)* [-5,10] 0
i=1 i=1 i=1
x2 SZMBgeE LRI
Table 2 Compare the performance of classical intelligent algorithms
ik S L WOA LSHADE PSO IWOAHC W% #8f5  WOA LSHADE PSO IWOAHC
P Mean  6.43x1077 1.89x107  9.33x107"! 0.00 Mean 1.43x107°  4.65x107%°  2.09x10™ 2.14x107*'°
] Std  2.92x107  5.35x107%  8.16x10™" 0. 00 P s 7.73x107 6.99x107 7.34x107% 6. 14x107°
v Mean 30.4648  6.78x107*  3.36x107"  3.45x107"! . Mean 1.13x10*  8.77x107’ 5.05 0.00
} Std 26. 2435 1.02x107°  1.07x107"  7.12x107%7° ¢ Std  6.02x10°  2.52x107° 2.27 0.00
. Mean  5.56x1072  2.07x107°  4.38x107>  1.90x107° F Mean 1.89x107"° 2.84x107'*  3.97x10' 0.00
’ Std 6.08x1072  5.77x107°  1.94x1072  6.66x107* ¢ Std 1.03x107™  6.57x107"°  1.06x10' 0.00
v Mean  4.09x10™"°  9.30x10™"  1.04x10™® 8.88x107'° . Mean 1.17x1072  6.57x10™*  7.55x107° 0.00
7 Std  2.53x107°  3.30x107"°  1.37x107°  1.64x107"° § Std  4.46x1072  2.58x107>  8.52x107° 0.00
. Mean  6.86x107"° 7.85x107?  9.25x107° 1.31x107'° P Mean  2.72x10' 1.70 4.21x10"  2.64x10'
’ Std 3.76x107%  3.00x107"  4.55x107*  4.72x107° 10 Std  3.45x107" 1.62 3.47x10"  3.13x107"
. Mean  -9.16x10° —-1.18x10* -2.45x10° -1.25x10* Mean  4.60x10>  6.93x107° 9.63 0.00
" Std 1.42x10°  1.13x10°  4.72x10°  5.46x10' 2 sid 8.64x10' 1.86x107 4.02 0.00
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Table 3 Property comparison of different improved strategy

PR Bty IWOA WOAHC IWOAHC
¥, Mean 1.46x10~"! 0.00 0. 00
Std 7.89x107"! 0.00 0. 00
F, Mean 1.44x107' 2.59x10778  2.14x107'
Std 7.90x1071" 3.71x10777 6. 14x1073"
F, Mean 4.82x10" 4.84x107%"  3.45x107%"
Std 2.72x10" 2.81x107%0  7.12x1077°
F, Mean 1. 85x10" 0.00 0.00
Std 8.57x10° 0.00 0. 00
F, Mean 1.37x1073 4.35x10™*  1.90x107°
Std 1.68x107° 7.79x107%  6.66x107*
, Mean 0. 00 0. 00 0. 00
Std 0. 00 0. 00 0. 00
F, Mean 3.61x107"° 3.14x107"°  8.88x107'¢
Std 2.22x107" 1.74x1075  1.64x107"
P, Mean 2.02x10™% 0.00 0. 00
Std 1.10x1072 0.00 0. 00
F, Mean 1.01x107'® 8.05x107°  1.31x107'
Std 5.31x107'% 6.35x1077°  4.72x107"
P Mean 2.74x10" 2.71x10" 2. 64x10"
Std 6.90x107" 4.97x107"  3.13x107"!
P Mean -1. 13x10* -1.12x10*  -1.25x10*
Std 1.50x10° 1.48x10° 5.46x10"
P Mean 4.99x10? 3.02x107%6 0.00
Std 1.23%x10° 8.37x1072% 0. 00




242 -

LSRR R e o

5536 4%

SRR TWOA Il WOAHC 8035, LR X 356 i I 38 bR
HIOBRTRE RS e 009 D8 AR BE B TWOAHC 9 i S50 i T
PR DT TF B 308 R VO A W ) A 305 S 5 B
3.3 SEMEE woA EiRmMA et

AT VA IWOAHC B3k iy AL PERE, 51 1 SCrk
[ 18-20 ] AYAH IS 50 4004k KA SCHvE 5 HoAl kit WOA
BRI PEREEA T X L, BEE MR 30, AR
Bk 500, FEAEMRR R AN F, ~ F,, #5732 4T 30 L,
DA 0 A (0 2 (BRI b o 25 S PP, T L85 R an 2% 4 iR
(=" BRI )

*4 SHMBUEEREREITLE
Table 4 Compare the performance of

other improved algorithms

H 2 4 AT, B T BREF,, 24 MSWOA , CWOA F
DEOBWOA X 3 7 I 3 ok 550 19 U0 A A B2 35 21 388 fe A
B, IWOAHC 532 [ e i B 2 s AL iR, te4h , IWOAHC
FEAUT R AL F, AR LTS FRSS T MSWOA , A3 i R
QYR 8 i i e i R S B A O = R
IWOAHC BE¥EX BB B, F, Fo Fy SOt 09 S5 (8 Fbr
22RO, 3K B LIRS A ; X R AL F, AR AL SR T
M X R T, F, SR 0 S I i YA (L R LA AR
AR,

2% bR A SCHR 1 IWOAHC B AU X T 48
B BB VA ARSI B AL A B O A AR T
i ELXF L H RTRGH B EGE WOA 3% IWOAHC 15 B4
AR RIOTYe

HEEC FehE MswoAl™]  cwoAT®7  DEOBWOA'®!  IWOAHC 3.4 S o GRS
Pt 0w v 6107 o ST IWOAHC S LB AT 41, i (18) i g 9845
i . X 9. 11x10~ . St g WL v vl —
p, Mean 7. 17107% 4.56x107%°  3.32x107'% 2. 14x107*"° % © EI’JHS({EZ%ZMCEP 9@;/,:;@%%@,@;1_@&?@
S L64x10°  3.60x10°25  5.59x10°17 6. 14x10315 ) TE_,EI] 0=0.3 w=0.4 . 0w=0.5.0=0.6 w=0.7 FHFT
g, Mean 4 59x107% 3.60x1072  2.10x107'7 3451107 S AT HT R R RE RIS IR, 2 S N o BUERT
Sid - 2.51x107%* 3.60x107°% 7.10x107' 7.12x10777° IWOAHC 3045 0 - Y08 B (B LA, A, I8 T 38K
F, Mean 0.00 — 2.68x107'%2 0.00 o oAb BB
Std 0.00 — 6.35%x1075 0.00 SSHiE S ST S T o HEELS SR
g, Mew — 3.61x107°  3.23x107¢ 1.90x10° T ’ ”\w : @ '
Sud — L00x107  5.83x107  6.66x107 {EI , IWOAHC Bk i & Rtk M AR R B B, £
g, Memn 000 0.00 — 0.00 DT T o AR, Bk E, S le=
Sdo 0 0.00 - 0.00 0.5 B A BRI,
p. Memn 0.00 8.88x107'6 — 8.88x107'° S Bk dT A TE o
T gy 0.00 4.01x107 _ 1 64103 3.5 EF IWOAHC EEpeEREE LG
g, Men 000 0.00 0.00 0.00 H(7) HHEECd(d>0) , FRPTH XS DVS (15200
Sid 0.00 0.00 0.00 0.00 B, REMSHOL BN 1 WPk, b SRR £,
x5 TE o EXTEHEHHTEEERNZI
Table 5 Influence of different w values on the average accuracy of the functions
@ Fy F, F3 Fy Fs F(, F7 Fs Fg F]o Fy Fip
0.3 0.00 3.83x107%2  1.72x10723  0.00  8.33x107 0.00 3.38x107"° 0.00 2.23x107>%  2.76x10' -1.03x10* 0.00
0.4 0.00 1.82x107" 1.48x10°®% 0.00  8.52x107*  0.00 3.97x107"° 0.00 1.67x107%¢  2.84x10' -1.08x10* 0.00
0.5 0.00 2.14x107®  3.45x10°%"  0.00  1.90x107°  0.00 8.88x107'® 0.00 1.31x107*'¢ 2.64x10' -1.25x10* 0.00
0.6 0.00 2.0332x107%*" 1.20x107*7 0.00  7.63x10™*  0.00 3.26x107"° 0.00 6.3929x10*®* 2.76x10" -1.12x10* 0.00
0.7 0.00 1.403x10™*" 7.42x107®' 0.00  7.18x107°  0.00 3.38x10™"° 0.00 1.0593x107%"" 2.78x10" -1.02x10* 0.00

(0.1,1) NS4 (H £, H—12 1), Rl AR 46 =X
(6) A (7) AR £, AT LA AL mT 5 A S s 2 5
ARSCKE d HE 1 ~6 BUESEAT I AN H 5L d FUBOR T
R R AR LN ] 2 s o ] LS 3 B A 3 1 2
RMETRE, M H d BOR, f KIBER R, 2 d = 18,
R 3 Ry 107, 5 (7) Hhoa, = 107 Syl
EA)

ARSCR A 3 AT 55 5 (4051 10,30 i1 50) S i
SEPRIY AT S A, AR50 C.(WCET) #1543 i #E (20,
50) Z Al RS IERE] D, e (20,220) IFBENLAE L, A
T REGRBELYE , B SERAT 20 IR, R 6 WAL

100

—w—=2
—s—d=4

——d=6

0.8

02 03 04 05 06

Bk
CPARTES RSP

Fig.2 Relationship between frequency and failure rates

0.7 0.9



513

BTy S DR i S SR M B S BERE

. 243 -

SRR, R T RATSE 10,30 A1 S0 LA R R
R fre A e 2E (. P (EANbR o 22 Fe e, I
NPM_Val 3 TCHL R4S B (no power management, NPM) K
AL, U (5) F(6) TTA, AL S5 KSR (9 NPM _

e, AL 55 5 BE (10, 30 F150) , NPM _Val,,, Fl
NPM _Val,, 5537~ BEAR Bz /)N B8 FE o5 KRB FE , AR 98
K(5)M fi=f. =0.1,C,=C,. =20 A5 (A %
/NREFEN 37.556 6;24 f,=f,.=1,C,=C,, =50 if  HA

Val ] AT A X153, 1E45 e KREFE N 342.705 1, FEig L NPM _Val,, AR
NPM_Val, =1, -37.55 6 (22) AR EY
22
NPM_Val, =t - 342.705 1
x6 TWBHIIK
Table 6 Experimental parameter List
2R Ji L SEER YR C,(WECT) D; T ax
U (0.1,1) 10,30,50 20 20~50 20~220 500
x7 AERESENRUERIELE
Table 7 Comparison of optimization results of different task volumes
54 10 E554 30 51 50
ik NPM_Val, ;= 375.41 NPM_Val,, =3 427.05 NPM_Val,;,=1126.40 NPM_Val,,, =10 281. 15 NPM_Val,;,=1871.33  NPM_Val,, =17 135.25
Al T2 B i Il 2 Bl PR Al M ifE brift24
IWOAHC  726.40 920. 11 885.76 18. 47 3529.43 4718.99 4076.50 91.73 7620.70  9301.00 8572.97 165.79
WOA 815.03 1114.79 961. 82 74. 12 3975.70  4996.86 4 349.25 286.21 7625.72  9976.12  8816.97 574.52
LSHADE  867.99 1032.51 962. 60 44. 66 4305.89 4749.05 4471.56 110. 58 7607.57 16680.17 11 896.50 8 358.99
PSO TR T TRl 36. 11 Jea TR T 105. 14 TR TR JE 3169.42
k(6] 821.52 1 040. 01 913.04 57. 66 3642.20 4936.64 4 368.30 345.31 8281.54 10023.18 9319.57 535.50
HI2% 7 AT 420 09 IWOAHC SEUAfESCRT HERIRR E TRTRE

PELRS SR A 45 S W 5 S 422 38 #8{H NPM _Val,,, .
i I Bl 2 AT 55 U A 3E N, TWOAHC AL I i 2,
FP I TCRMEFR I B T RG] 2R, Tie
55 MU an 4], INOAHC 17598 PR35 2 58 K P Ak RE

IWOAHC 5k A {E AR T 55 12 10,30 F1 50 B He AL 42
B WOA B3 5080 T 7. 9% 6. 3% F1 2. 8% [ BERE , 4
Wb B T R R D R RE ) A1 4 R R TR

BEAN, S T S o U b i AR SCHR S 1 IWOAHC 55
DAL REFE A IR A A A K B 5 R R WOA
BIERCS Il e HEAT TR B, R eSS A 3 TR, 3
e P AR AR 5543 1 10,30 150, Z0#r & 3 AT L&
I, IWOAHC 553 py e SIGE B bR Ak i) H A ok 5 i B
/N BIVHE AT S S B 2 o R G D FE AR A, bt |
R R TFE

FRIT AR RE ST , REAE LABCAR A4 T3 AR 3145 7T 452 32 14 i
DVSHEE 104k DVSHi S 304k DVSHcsh Bl 504E
-~ WOA -~ WOA -
2000 — IWOAHC — IWOAHC 5
¥ 10° ¥
% ,‘ ﬁ w lO(‘
% 1500 L3 3
£ 1 = =
10*
1000 | S P T = o 104 p—
50 100150200250300350400450500 50 100 150 200250 300 350 400 450 500 50 100150200250300350400450500
K3 REFEE BB £
Fig.3 Convergence curves of energy consumption management
NG K 2R SR A1 i el fL, 428 11 T — A IWOAHC
4 % i FRER S S REFEILILAE B 58, BESE 700 T WOA B9k

ARSCEE R iR A SUSE I R GEREFEE B P DVS HoAR |

B, PR T ARLANE S AT S - S, A RO
TR ECSGHRTE . IR T S AR EAE S e B0 25 8]



- 244 -

N ¢

5 A8 2 4R

36 45

Z5H AN A L

AT TR R A 5k

RS IT A M R R BE T . S A S Rk A A

S WDE G RIES PO

EFE HIBLAY | HEAT SO0 O, e S

BE AL R £ 3E B |, PR A TWOAHC 340325 78 I 3k bR 4%
FSLIT 2R 58 REFE DL T0 45 B b 8 LA B ) i Skt 5
FE ARSI, AR SCHRE I R B A
TEPE, FLE T REABOC AL A B0, I AS ST 30 38 SR I A 54
%uﬁ¢%%%%ﬁ%%ﬁ%ﬁﬁmﬂ¥%ﬁ$%%%

MR R

R — LR TAE N,

S 2 3k
[1] ke, T, S5, &5 ETAHBENRERAD
BOTAN TR IZ W [ 1], Bl S a2
?ﬁ, 2021, 35(2) ; 33-40.

(2]

[3]

[4]

[5]

[6]

(7]

SHEN CH Q, LEI P, FENG Y X, et al.

diagnosis based on adaptive manifold embedding dynamic

Bearing fault

of Electronic

35 (2):

Journal

2021,

distribution  alignment [ J ].
Measurement and Instrumentation
33-40.

SALEHI M E, SAMADI M, NAJIBI M,
voltage and frequency scheduling for embedded processors
IEEE
Transactions on Very Large Scale Integration ( VLSI)
Systems, 2011, 19(10): 1931-1935.
TERZOPOULOS G, KARATZA H.

evaluation and energy consumption of a

et al. Dynamic

considering power/performance trade offset [ J ].

Performance
real-time
heterogeneous grid system using DVS and DPM [ ] ].
Simulation Modelling Practice and Theory, 2013, 36:
33-43.

ZHANG X, HUANG K, YU M, et al. BFCO: A BPSO-
based fine-grained communication optimization method for
MPSoC[]J]. IEEE Access, 2018, 6. 18771-18785.
XUE L, WANG Y, CHANG N,

scheduling and dynamic voltage and frequency scaling in

et al. Concurrent task
a real-time embedded system with energy harvesting[ J].

IEEE Transactions on Computer-Aided Design of

Integrated Circuits and Systems, 2016, 35 ( 11):
1890-1902.
B, XL, ko, S R TR R T Rk S

TEE s SRR A R T ].
2, 2020, 42(3) . 729-736.
LUO J, LIU Z W, ZHANG P,

improved bird swarm algorithm based on nonlinear factor

BT SRR

et al. Application of

in dynamic energy management [ J ]. Journal of
Electronics and Information, 2020, 42(3) ;. 729-736.

MIRJALILI S, LEWIS A. The whale optimization
algorithm[ J]. Advances in Engineering Software, 2016,

95: 51-67.

[8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

XESR, PhIEhss, A, A5, R TR AR S0 I
S 454 M%%ﬁﬁ[ﬂ AR, 2017,
38(1): 143-150.

LIU HR, SUNMT, LI L, et al. Research on structural
algorithm of bayesian network based on ant colony node
optimization [ J ]. Chinese Journal of Scientific
Instrument, 2017, 38(1) . 143-150.

KAVEH A,FARHOUDI N. A new optimization method :
Dolphin echolocation [ J ].
Software, 2013, 59(5) : 53-70.

KENNEDY J,EBERHART R. Particle swarm optimization[ C ].
Proceedings of ICNN’ 95 IEEE International Conference
on Neural Networks,2011; 1942-1948.

PRAKASH D B, LAKSHMI N C. Optimal siting of

capacitors in radial distribution network using whale

Advances in Engineering

optimization algorithm [ J .
Journal, 2017, 56(4) : 499-509.
ZHAO H, GUO S, ZHAO H. Energy-related CO,

emissions forecasting using an improved LSSVM model

Alexandria Engineering

optimized by whale optimization algorithm[ J].
2017 10(7) . 874-888.

ABID A, HAQ Z U, KHAN M T. Fault detection using
[J].

Energies,

negative  selection and algorithms

Instrumentation, 2019, 6(3) . 39-51.
DISSANAYAKE H, PERERA S. Design of a tree ring
structure analysis system to estimate the accurate age of

2020,

genetic

tree species in Sri Lanka [ J]. Instrumentation,

7(3): 50-59.
KIRAN M S. Particle swarm optimization with a new
update mechanism[ J]. Applied Soft Computing, 2017,
60: 670-678.

ERTAS A H. Optimization of fiber-reinforced laminates
for a maximum fatigue life by using the particle swarm
optimization [ J ]. Part I
2013, 49: 107-116.
TANABE R, FUKUNAGA A S.

performance of SHADE using linear population size

Mechanics of Composite
Materials ,

Improving the search

reduction[ C]. Evolutionary Computation, IEEE, 2014,
doi: 10. 1109/CEC. 2014. 6900380.

TR, sk, TAKSE, 5. A Rk ot ig ik
L)) TREHL TR 53 ik, 2020, 41 (12):
3397-3404.

XU H, ZHANG D M, WANG Y R, The whale
optimization algorithm for mixed strategy to improve[ J].

2020, 41 (12).

et al.

Computer Application Research,
3397-3404.

TR, ks, sl & R TIR T R RS i
AL Bk (1], =M 5 tk 5E, 2019, 34 (9):



%511 FET I SRR fagt £ SR s A RE AR - 245 -
1893-1900. University in 1993. Now he is a professor at Chongqing

WANG ] H, ZHANG L, SHI CH, et al. Whale optimization

algorithm based on chaotic search strategy [ J]. Journal of

Control and  Decision-Making, 2019, 34 (9 ).
1893-1900.

[20] FH &, EREE, W1, S5, wCak A O A B ROH
TR S S BRI [1]. AL T2, 2018,
69(3): 891-899.

XU Y F, QIAN F, YANG M L, et al. Improved whale

optimization algorithm and its application in residual oil

Chinese

hydrogenation parameter optimization [ J ].

Journal of Chemical Industry, 2018, 69(3) : 891-899.

fEEE N

T 49,1983 4F T H KK FR1EE 12
7, 1993 4F F 3 PR R ARAF 42400, Bl
EIRKEHZ WS, TEAR TR AT
BHE KU e (R AN,

E-mail ; luojun@ cqu. edu. cn

Luo Jun received his B. Sc. degree from

Chongqing University in 1983, M. Sc. degree from Chongqing

University. His main research interests include artificial
intelligence, precision machinery and measurement, intelligent
information processing.

PETL 55,2018 4 T H PR35 =+
ES VAR 97PN 2 070 0l T B s 2 0]
Tl AR AR RS
E-mail :473187923@ qq. com

Pang Yanan received her B. Sc. degree
from Chongqing University in 2018. Now she is
a M. Sc. candidate at Chongqing University. Her main research
interest includes embedded system.

XIEE 58,2018 47 F H R 3RAG% +
ES VARSI 9PN o 1 e S o -3 [
J5 Tl g PG AR B
E-mail ; 1172707725@ qq. com

Liu Jianqgiang received his B. Sc. degree
from Chongging University in 2018. Now he is
a M. Sc. candidate at Chongqing University. His main research

interest includes image processing.



