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Abstract

With the development of social economy, people are facing more and more
complex optimization problems, and the performance of intelligent optimization
algorithms is facing great challenges. Although, many different types of improved
algorithms have been proposed one after another, their performance still has certain
shortcomings, such as slower convergence speed and poorer optimization-seeking
accuracy. The main reason for such shortcomings is that many related works are based
on the historical experience of algorithms for algorithm design, while ignoring the
impact of problem fitness landscape features on algorithm performance. To this end,
this paper studies the design of intelligent optimization algorithms from the perspective
of problem fitness landscape features, and proposes an online hybrid landscape analysis
technology by combining two offline fitness landscape analysis techniques: information
landscape and information entropy, which can analyze the problem fitness landscape
features to adjust the search behavior of the algorithm in real time during the execution
of the algorithm, and strongly bridges the gap between algorithm design and problem
fitness landscape features. The main work and contributions of this paper are as follows:

(1) The proposed online hybrid landscape analysis technology is more efficient
and has lower time complexity compared to existing related methods. To verify this, we
compared it with two existing related works: the artificial bee colony algorithm based
on online dispersion Metric technology, and the differential evolution algorithm based
on fitness-distance correlation analysis technology, and designed a comparative
algorithm based on online hybrid landscape analysis technology. Experiments were
conducted on two sets of test functions, CEC 2013 and CEC 2014, and the results
showed that the comparative algorithm had better solving performance and less running
time than the original algorithm.

(2) The proposed online hybrid landscape analysis technology can be used to
improve multi-strategy mechanisms and is more efficient than multi-strategy
mechanisms based on historical empirical information. To verify this, we took a
representative work, the Multi-strategy ensemble artificial bee colony algorithm
(MEABC), and designed a corresponding comparative algorithm: the multi-strategy

artificial bee colony algorithm based on online hybrid landscape analysis technology,



which modifies the multi-strategy mechanism of MEABC from the perspective of
problem features. Experiments were conducted on two sets of test functions, CEC 2013
and CEC 2014, and the results showed that the comparative algorithm outperformed
the original algorithm in terms of result accuracy.

(3) The proposed online hybrid landscape analysis technology can be used to
improve algorithm integration mechanisms and is more efficient than integration
mechanisms based on historical empirical information. To verify this, we took a
representative work, the ensemble of differential evolution variants (EDEV), and
designed a corresponding comparative algorithm: the evolutionary differential
evolution algorithm based on online hybrid landscape analysis technology, which
modifies the algorithm integration mechanism of EDEV from the perspective of
problem features. Experiments were conducted on two sets of test functions, CEC 2005
and CEC 2017, and the results showed that the comparative algorithm also

outperformed the original algorithm in terms of result accuracy.

Key words: Artificial bee colony algorithm; Differential evolution algorithm;

Ensemble; Online hybrid landscape analysis technology; Fitness landscape
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Ofitness = \/% : Ziszl (fitness; — fitness)? (2-3)

Saistance = \/% . Zle (distance; — distance)? (2-4)

Hrhdistance Mifitness 7y 7| 3 g B FE N L HF I, Saistance M Sfitness 73 7
72 distance M fitness BINFETE ,  Cpq 7518 N B AN E B B W0 75 22

212 BHES

Lunacek!- 2006 R4 11—l i) 5 BAn R Pk 1] AL AR S5 A4 RFAE, BT
AUEAE CRIFR DMD. 1% 7E TR TU I 7 Z2 /0 B TG N A SR (CMA-ES) 1
HELE 22 U ) i RN (0 iR R A ) R ) ML 5 A s i B s S B 2 U
B o 2T TR R R (B TEAT P AN TRD RS R BE LA, ELZR — e (R
AR ERTH—RFEAR AL, SRR 0 B BRI AR A S B B HR A e i 1T VA

10
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M, FTHE AR 2 B B R GRS, 15 2 A FEARSE B HUE 2 B 9DM; « DMy ;s
T 56 PR BORE AR fUE 2, BEAS RSB g3l T A Jm aeft, PRI mT ATHSED M,
DM, 2 [B[\) Z{EDMs, WIRDM/NF 0, WRIZ W EECNE S, ML iRIE
P, X2 R, AR R IR T, X2 R 5
Ko ZITEIBIE B UCRAE, THE PRI AR 2 (R B EORERE, 43 A5 2 A
HBUEEDM, . DM,, ZJaWMEMEZE, mATHEAS S| R EEDM; .

2.1.3 [ERME

Borensteint* 1 2005 E$2 H 7 —FiE BHOE(RIAR IL) I FE &7, FRHT
] L SRR R o T RS A, AR AL ) R 4 2R B A AT R R A, FEARZS
BAM, NG HBFEAR SR AE R RN R R, DA R MM 15 BHRE,
& RHFETTEREm, jiFEAXQ2-5 U T

1 if f&X)>f&)
m;; = {0-5 if  fX)=f&X)) (2-5)
0 if fX)<f&X)

S3 S H ) RS2 0] R A B FEM, FIM, , <23 [n] ji— 2 FR 3
TR R ) R (AA R ae D, R i ) S AR BRI 225 n) (5 SR
BEEAT 2 Ab 3. ZEER, RPMA R ERHIESWERE 4 ZERD, K
IR 7] B ) b PR 55 A 1] B

2.14 5N

Malan*81F- 2009 £ H 3 F5 BH (FiFR IB) HRENEEEERA, H
SR A3 AT T 80 i X 2 55 o SR P I L A 7 X ) 0 2 ) AT KR, A
KEBERNN n, PARERSETFI S, fo. s fu) He® = max {f; — fi_1}, €l

BIOMA (ele=0, =, =, &, 2, 2, 2 2 o) jmdit 5

128" 64 32" 16’
ﬂ%ﬁﬁ”S(S):{ S1,S2, """ Sn—l}/zsﬁ(z-6)ﬁu‘l¢:

1 if fimfia<-—¢
si=40 if |fi—fiul<e (2-6)
1 if fi—fi1>e¢
Frols (&) TSR SAERIH &5 LK 2-1 s, il FIAFRT S H G 6 it

Geiks (&) IR BR I B I AL A HI SR B, = T20, thIEHS i (e):

H(e) = — X pzq Poq " 1086 Pogq (2-7)
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5 1tipq JEAR 5
00 *—o—o itk
01 e HLAE
01 o it
10 e i il
11 f’) Joif
11 5 ik
10 i ik
11 b e ik
11 k‘\ S

2-1 LRSS L
THEHHEMEKNE, RS ERN max{ H(e)}. 5500 n] B IR F2 5,
EEEAFFF S HA A AR R, RIS M IR, EEAFMFSEAE
(IR A, TSR A M S5 R T o S R — AN R B, @ B H AR AN [ 11
eBUETHOLT, FRSFERE A —E M .

22 AXREMELR AW HRA
LR R 3 S FE T A BT BORFE AR SR B 2T K E A T S5 /R AL - 15
ST AL AR TINS5 ) R ER AR Y B P B s R 450, (2 7R 2
v R 2R 2 [A) R B PRI SR A, A 3 252 i) U 224 i () R P A SR B o B 40 R I
FEARMWR KA, AR ZE, $EIUR A EA —E HERf . (5 BRI RE I
MR, A A5 B 3 B RE, b Tt EE . SN AR 2t
FRFRREZ ] ) ) AR AR R . A TR BRI R, ASCHE H— MR LIR G HLTE
SHTHOR, K5 BB AE BRI R & B RS8R, 5l NME B HI e 771,
UK EE A8 B h ik BSE BT, N2 TR IR
(1) ATTEERBIRE LT, FETELTT, DM E R A,
FERKAINN n, BE—HMRX={X1,X5, X3, .., Xy} [FIHSAE 2470 7] 5
(R03E S FEAE, I AR b 3 e A 14
(2) SINEEHIEHRESE N, & AAEEMEZHNS%E#E, 2%
RS, 275 @k e H m2 1) Shift-Sphere BRI, ARYE 4 FTFf

Y ZEARBETSEXH9]: REg ETENESNHNESHNELFEHR
[D]. @RI A¥, 2019.
12
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(3)

(4)

()

B IR ARAR R AL BT RS . JRTES 2 BT 5 S B A

i {5 B IR BT BRI nxn WME BHERE, THHERE R, N THD
HEARN, SINE BRI T 5 A R E N E 2 )5, 38
ik EEIAH AR A A R A3 B B RN R 2R, 38 24 7(2-8) 73 nll #4411
FLI M I P 31 S1={514,51,, 515, ..., 51,4 } F1 5 %5 |a] L 1) 3 5 971
52={521,525,523,...,52_1}» KENn-1. +EHARXUWF:

T if fi=fira<O
Si:

0 if fi—fizax=0 (2-8)
1 if fi=fizx1>0

I3 BRI 24 T W) LA 5 45 P HISign1 RIS 2% 0 J R 5 L5 7 41 Sign2,
KA n-2, “v7 LR FR#AITIHE. AR T KRGS
He AR, HEALIT:

Sign(i) =S;V Si41 (2-9)
w5, GRS HE FPIIAF IR EL g, g 8K, R0 )
H IR 55 252 o) )P T R AN ARARL, B 24 i) Rk T Rk, DLt
AL T SE M RE I UK AR AR, tF AT

LM = -1 (2-10)
LM 37 24 1) B 2 2% (o) B Y 45 M RHAE R 22 5 0, LM [ BUE VS FEL A

[0,1], WIR LM {EBGEIE T 0, D)3 A 22 i (A 7801 3t /2 25 M ke alr 2528 [ 7L ) 3t
FgER), BRI IE, WS LM BT T 1, 022 R 24 5 e ) Hb 2 58
B ARIRHIX

Hk 2-1: FELIRAHIE T HOR A D A0S

01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:

AR AR

RIS OUAR, 522 a1 I S A

F 2 202-8) 73 AT 524 10 10) U FH 25 2% [ R 2 e 91 S TS 2
HARQ-9) 7 Wi H A5 157 5Sign1fiSign2, THEES ¢=0

fori=1:n—2 do

if Signl(i)# Sign2(i)
q =q+1
end if

end for

FARQ-10)iH5H LM 1l

it LM

13
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N T EUF R B ARSE AR LIRS HUE A TR, 45 T AERIR & 1B 2 #r e
AREE 2-1 MAAS . 55 4NN S R AE 2o TR G 1B /- i B R TH B AR, 9l
— N ESEAR, AT ) R SE M RFAE FE A LM R W TR . BUEE T 12 MRk
fift L R AE WA 1) 8 E R BUE AR 2-1 Fomo B sE— AN e/ M AL IR /B 22 5K (2-
11):

fy)=2-(x*-y)* - (-1 (2-11)
L 2-1 12 Mgidk i L RAE AN A @ (1) R 25

0,0) | (0,1) | (0,2) | (0,3) | (1,0) | (1,1 | (1,2) | (1,3) | (2,0) | 2,1) | 2,2) | (2,3)
2R -1 2 7 14 1 0 1 4 31 18 7 2

i) /it

Z % | 13 8 5 4 10 5 2 1 9 4 1 0

IF] et

(1) 2B, BL12 MG E TR A, JE SRR 2l R & B A,
TR AR 72 24 i R) R S LRI R (2,3))5

(2) 25, BINW MR Shift-Sphere A%, M 24 BRI EE b i B AL AMA
AL B AT R . LA EIEM(2,3) 0T LLA A2 5T ) AR i A g, AL
%7 0| FA Shift-Sphere B (x,y) = (x — 2)% — (v — 3)?, IFitHAEY
T IV ) B P A

B) % =%, HhEWIELSR QS M &Y TN & H B FFE
S1={1,1,1,1,1,1,1,1,1, 1,1}, PLEASHHERIHETHIS2={1,1, 1,
1,1,1,1,1,1,1,1}, KEANn-1.

4) FIH, WiEAXQ9ME Y7 &85~ HE 7 5 Signl,
Sign1={11,11,11,11,11,11,11,1T, 11,11}, LA S a8 1) Ho 7 %71
Sign2={11,11,11, 11,11, 11,11,11, 11,11}, KRN n-2.

(5) FTE, G INFT S HE P I F IR EL ¢, R4 A XQ2-10)1H5F LM
H. WEBSignl MSign2fF5H & HBAMIFEFIKREL g N 7, FIGHHE L
RR0.7, ERBEIET 1, Z0 B RH Y G5 R IE R 5 A4 A K

2.3 KRB

{7 A LA S URMARERNE A3 B B 70 B, 099 D 3 o7 P - A 5%
Ve BHUEE. [FEMEAE SR AR Ao )R LIRS T BOR,
R fE B A B EAR S B IR Es Gk, w507 .
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EF=EF ETHELRESHESTRRHATEFEL

3.1 51§

XTI R, ABC FLZERMERBURZBAE, JRRE T R AR
()T 4R 6 17 LR F R BE T, DAV ABC B0 LR THEIZEEH G AE, BOK
BFF 58 AR A I 50 ) 7 52 b T 45 WA AR IE A 5 2% S o AN (R PR A4 2% T R AL AR [ (1)
v R RE AN [F], A LR R T AR AR AE 1R, BT BENLERE A 5] T kA
R, PRPTEEI Z A, , &GRSR, S b L i R TR IT K g
e, PR AME G R BRI R, SR TURSt, &SRO R I . iR
HRITEERN TR AR R, & 7O R, e a o e gL I R
ik th G0 I 3RS, 2 H AT S mE R i /. 0tk 5 NIERLEE R iR,
YT IR R I T ZE AR AR, SRR PR AR & POE BRI R R . Zhou T 2022
PR TR RS RN TR HILRPY (FLABC), B7E4R S #E & i KN
F T o800k N TR, (HR AR B B AN (A 28 T vy, BV SR AR e AN
= MR AELIR G H L 7 ST R B MBS U B HoR, $RH —Fh e
THELIREGHIE I EOR BN TR % (FLABC-LMD.

3.2 FLABC &%

FLABC 5| NEZ B UL &0 M BoRAEREAC T RE /0 A 1] 5 M RF I, B THUE
BN R SRR A RS, RS R A, v SRR IR AR R 20 A ] A
PREEH, R UL AR W R BN Z IR B EH, B REE R o R
U IO R S B S A, R AR . O 1D T ROT A
FLABC & HUS B USAE TAEL T2, WFRERT N A SRl (MR e
A, AR (] R AECY 20 A, THEEAS RN ARKU R AS B8 R 5 1 22 (i DV
RO AR, SRR RIIE 2 N i R S 2R HE, RN B, IRYEE
RFE B & MR RIS, T B S S H R T R BE 15 Il R R,
DR WG 5 TRt 25 9 = 45 F U R F B PR E 70 5 R 42 R0 e, WOk 1 2 RRE
FLABC MR R E R A RS, AR U B M BOR BEAE B Z1 ) (7] 25
PRFE,  FFEREACIERE o SEi R B R R R AT N

TR A ABC, BR 1 RHEL S HUE BT BORTR B 5% B G Bk
S, AP R, B A O RCR RSN BOR, KRS
A TATRRE, AT A R X AT R R, SR 7R 2R, i

15
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A TS AT 56 AR SO B B T T B, LT B AT R
TR nA(3-3), BHEEVRIIRIERAE, DL e MR OR e 1 se S0 ess, AATF
RS, B 3-1 %3t 7 FLABC AARRIOh .

Algorithm 3: Pseudocode of FLABC

1 According o Eq. (1), randomly generate S N food sources {X; | = 1,2,--- , 5N} as an initial population;
2 Evaluate the fitness value of each food source and set FEs = SN,
3 Let G be the iteration index and set G = 0;
4 while FEs < MaxFEs do
5 if G920 = 0 then
6 According to Algorithm 2, use the clustering partition technique to divide the population into dynamic multiple
subpopulations;
7 end
// ---Employed bee phase---
8 for i — 1 to SN do
9 Generate a new food source V; for the food source X; according to Eq. (7);
10 Evaluate the fitness value of V; and set FEs = FEs + 1,
1 if fit(X;) < fit(Vy) then
12 | Replace X; with V; and set trial; = O
13 else
14 | Keep X; to be the new food source and set trial; = trial; + 1,
15 end
16 end
7 Onlooker bee phase
17 According to Eq. (4), calculate the selection probability p; of each food source;
18 Setr=0andi=0;
19 while t < SN do
20 if randi{0, 1) < p; then
21 if G < 20 then
22 | Generate a new food source V; for the selected food source X; by randomly using Eqs. (8) or (9).
23 else
24 il G%20 = 0 then
5 | According to Algorithm 1, estimate the features of the local landscape by using the online FLA techmque;
26 end
27 il Local landscape is smooth then
18 | Generate a new food source V; for X; according to Eq. (8);
29 end
30 if Local landscape is rugged then
31 | Generate a new food source V; for X; according to Eq. (9);
32 end
33 end
34 Evaluate the fitness value of V; and set FEs = FEs + 1;
35 if fir(X;) < fit(V;) then
36 | Replace X; with V; and set rrial;=0;
37 else
38 | Keep X; to be the new lood source and set trial; = trial; + 1;
39 end
40 Sett=1r+1;
E] end
42 Seti=(i+ 1)%SN;
43 end
// ---Scout bee phase---
44 if max(trialy) > limit then
45 According to Eq. (11), generate a new food source to replace the abandoned food source X;;
46 Set FEs = FEs + 1 and trial; = 0
47 end
48 G=G+1,
49 end

3-1 FLABC fA{0A%®
T4 FLABC F Z MR R4

Y ZEEHRAEEETSE X [21]: Zhou X, Song J, Wu S, et al. Artificial
bee colony algorithm based on online fitness landscape analysis[J]. Information

Sciences, 2023,619:603-629.
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Vij = Xy + @i [ Ky + (1 =1) - Xij = Xig ] (3-1)

Vo= {le,j + @i [r Xpj+ (A —1) Xgp —Xk,j] if landscape == 32)
ij Xinj+@ij- [r X+ (A —1)-X;; —Xlk,j] if landscape ==

V.:rMU+W&MJ+%UMJ—&mﬂﬂmmSCij=hmd(}S
7 Wy, otherwise

HaARG-DA T RGN B, ARG-2)H T g B, ARE-3)H T
BIERT B o X 7B X I T AR R B D0 BRI s X A2 Mt vh BEATL Pk Az A R 1
A Xy NS X BT AP BEILERIE AN [FIX B AMA s X g R R RE P S A A
Ko 73 11~ 1o T BENLEL, HUEVERIA[0,1], 7~ 1o rg 200 A SR thry trytrs=1;
Xperp PN BEATLIE £ B 1 PR B AR AN s Xy FIX oo RS BE ML B 1 7 P i o
ANF T Xpop IR CR I TARMA G R SR E I 5 BRI .

3.3 FLABC-LM &3

FLABC-LM 5 FLABC AR Z Ab7E F3& B BB B R, AR SCHE HE 7R 26
REHE ST HE ARG H T ELEBEER AR N1 7{EHY FLABC-LM, 5IA
FLABC HIfhARAS A 3-1 Fror. &9k 3-1 B FLABC fhRAS2EE 6 47. EILTE
BIR G HIE 53 M R B AL ie) @ K R 5 MR- AE s 5IN— NS5 u 3551 R 25 K R
g1 B S5 KR40 Dy Bl SF S5 R B 2 e S o 0 SRR S5 M R AR B S
TR FF R e 150 RS 2RO R IR a5 WU AE N 2 021, SR AR BE
BORAEAE R ITE . KPS0 u BUERKAE LI T iR 5o 3-1 g
27-32 47, WRIEEE 3-1 H A landscape BIME, A R(3-2) H &Mk RSN .
833 3-1: FLABC-LM SR OO HS
01: KHTELIR G I B R B 2-1 1HE LM

02: if LM<u

03: KA NE BRI, landscape=1
04: else

05: RN EIRMIY, landscape=2
06: %t landscape

3.4 SZIGUGIF

N T FLABC-LM Sk MR, 5 FLABC #H{7xFEL, Wit 7 DUZH SE56
(1) SEEUERME DT . ZSZR A X B — DS u AT S BEBURAE T

iz LR S I 70 M BOR AL IR K RAEAS 2] LM, FREE S5 u 15
17
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il 2 R b HL T RFALE

(2) FLABC-LM 5 FLABC #4745 A FE LA . HION T RIEE T LR &
HOTE A3 BT AR BT IS, B3R T 2 B O R v P SRV S D =

(3) HHEARNESTHT o ZSLIE X T4 H M TE LRI G MU A T B R 34T SR A
RS HT

(4) SBATISIAIIXT B o 12 SR T~ 75 2 B9 iR B AR SCHE HE I FE R TR & U
I BT AR IR [) 52 44 B 1) LU AL

34.1 LB E

Sz, T N IINREE CEC 20139100 )2 CEC 201450841477 58 4
MR 8. CEC2013 MR 28 NMIEAEMIR R AL, e —IEHE 5 A H g
(FO1-FO5)\ 2 —RAHE T 15 NEAR L& bR E(FO6-F20) M6 =R A5 8 MH&
PRIEL(F21-F28), 3 3-1 45 T CEC2013 ML M /s CEC2014 MREH 30 4
BRI R A, B R EHE 3 DN RIERA(FO1-F03). 5 KA 13 /Ml
1) 22 0 bR £ (FO4-F16) 5 — K045 6 MRS BRE(F17-F22)fI B DR B4 8 N &
PRAL(F23-F30), 38 3-2 45 H1 T CEC2014 MALE . P T B FP 4 . D=30 F1D=50.
u SR AR R4y, BN 0.5, HALSZISHEE S FLABC —%1,
RV B MaxFes=10000 - D, FIESSLIEAT 30 X, RHXISATIC S BREU 1R
ZAH, IEE RS Friedman®YA1 Wilcoxon®, H:rf Wilcoxon R6FIHE L6 7 #t
R Z TR SR R A BB ER, BEM o WEN 0.05, R EZEHEKT
o, WRMTLRZEZR, HRoR: RE BEMZ R HECP bR R 2R,
WP X EEML, SRa, WA RR, B RR. 54 Friedman
Hea ks, HT AN EIEENRER RS, PR EB/N, TR
TP RE R

% 3-1 CEC2013 JUR5EH 28 /NI R L #I A

Func. Name Search range Global minimum
Fo1 Sphere Function [-100, 100] -1400
F02 Rotated High Conditioned Elliptic Function [-100, 100] -1300
Fo3 Rotated Bent Cigar Function [-100, 100] -1200
Fo4 Rotated Discus Function [-100, 100] -1100
FO5 Different Powers Function [-100, 100] -1000
Fo6 Rotated Rosenbrock's Function [-100, 100] -900
Fo7 Rotated Schaffers F7 Function [-100, 100] -800
F08 Rotated Ackley's Function [-100, 100] -700
F09 Rotated Weierstrass Function [-100, 100] -600
F10 Rotated Ghiewank's Function [-100, 100] -500

18
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B3 3.1 CEC2013 kA 28 AN HERR £ i/

Func. Name Search range Global minimum
F11 Rastrigin's Function [-100, 100] -400
F12 Rotated Rastrigin's Function [-100, 100] -300
F13 Non-Continuous Rotated Rastrigin's Function [-100, 100] -200
F14 Schwefel's Function [-100, 100] -100
F15 Rotated Schwefel's Function [-100, 100] 100
F16 Rotated Katsuura Function [-100, 100] 200
F17 Lunacek Bi_Rastrigin Fuuction [-100, 100] 300
F18 Rotated Lunacek Bi Rastrigin Function [-100, 100] 400
F19 Expanded Ghiewank's plus Rosenbrock's Function [-100, 100] 500
F20 Expanded Scaffer's F6 Fuction [-100, 100] 600
F21 Composition Function 1 (n=5, Rotated) [-100, 100] 700
F22 Composition Function 2 (n=3, Unrotated) [-100, 100] 800
F23 Composition Function 3 (n=3, Rotated) [-100, 100] 900
F24 Composition Function 4 (n=3, Rotated) [-100, 100] 1000
F25 Composition Function 5 (n=3, Rotated) [-100, 100] 1100
F26 Composition Function 6 (n=5, Rotated) [-100, 100] 1200
F27 Composition Function 7 (n=5, Rotated) [-100, 100] 1300
F28 Composition Function 8 (n=5, Rotated) [-100, 100] 1400
% 3-2 CEC2014 JikErh 30 A3kt o £ /i
Func. Name Search range Global minimum
Fo1 Rotated High Conditioned Elliptic Function [-100, 100] 100
F02 Rotated Bent Cigar Function [-100, 100] 200
Fo3 Rotated Discus Function [-100, 100] 300
Fo4 Shifted and Rotated Rosenbrock’s Function [-100, 100] 400
FO5 Shifted and Rotated Ackley’s Function [-100, 100] 500
Foo Shifted and Rotated Weierstrass Function [-100, 100] 600
F07 Shifted and Rotated Griewank’s Function [-100, 100] 700
FO8 Shifted Rastrigin’s Function [-100, 100] 800
F09 Shifted and Rotated Rastrigin’s Function [-100, 100] 900
F10 Shifted Schwefel’s Function [-100, 100] 1000
F11 Shifted and Rotated Schwefel’s Function [-100, 100] 1100
Fi12 Shifted and Rotated Katsuura Function [-100, 100] 1200
F13 Shifted and Rotated HappyCat Function [-100, 100] 1300
F14 Shifted and Rotated HGBat Function [-100, 100] 1400
F15 Shifted and Rotated Expanded Griewank’s plus Rosenbrock’s Function [-100, 100] 1500
Fl6 Shifted and Rotated Expanded Scaffer’s F6 Function [-100, 100] 1600
F17 Hybrid Function 1 (N=3) [-100, 100] 1700
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423 3.2 CEC2014 MRS 30 /N EEME R E R A

Func. Name Search range Global minimum
F18 Hybrid Function 2 (N=3) [-100, 100] 1800
F19 Hybrid Function3 (N=4) [-100, 100] 1900
F20 Hybrid Function3 (N=4) [-100, 100] 2000
F21 Hybrid Function 5 (N=5) [-100, 100] 2100
F22 Hybrid Function 6 (N=5) [-100, 100] 2200
F23 Composition Function 1 (N=5) [-100, 100] 2300
F24 Composition Function 2 (N=3) [-100, 100] 2400
F25 Composition Function 3 (N=3) [-100, 100] 2500
F26 Composition Function 4 (N=5) [-100, 100] 2600
F27 Composition Function 5 (N=5) [-100, 100] 2700
F28 Composition Function 6 (N=5) [-100, 100] 2800
F29 Composition Function 7 (N=3) [-100, 100] 2900
F30 Composition Function 8 (N=3) [-100, 100] 3000

3.42 SHBRM SR

T I TE 2R TR A MO 23 BT B ARG ) 8 ) b T G5 AR IE AT B3 8 LM, TR
FIN—ASE u ¥ W BRI 5y PRSI, RO S AR A i, X+
fE] BT, — ik FH TR e J1 o MRS =782, R OR 1Sl s T &2 2% i
— R FH IR RE s AR AR =TT, BAOR T 2 e DRIG w YU 52 0 i T &5 44
x5, TS E u, aEBGH LA BA AR MERE 758 0.3 0.44 0.5, 0.6,
0.7, M 30D HJ CEC2013 I 28 Ml E K SLie B g th, ANEH) u B EE
PERE AR . R0 u EHE/D, BIEBR MR TR ER A BRI i R 7
e, RZ ulBEBOR, FIEBRMR I BT R A VBRI = 7R, BRI &3
B ouH, AR SRR AR AT R . AR 3-3 AT AR, w B 0.5 1,
A 14 DRSBTS R, BIERR RS 2R & i iF, JF HH Friedman 44
e, ik u MEREN 0.5,

% 3-3  FLABC-LM 4§ u WU /3 AT £ CEC2013 HhER

Function

u=0.3(Mean+Std)

u=0.4(Mean=Std)

u=0.5(Mean=+Std)

u=0.6(Mean=Std)

u=0.7(Mean=Std)

FO1

F02

F03

Fo4

F05

F06

2.27e-1446.82e-14
4.23e+0646.95e+05
8.49e+0625.83e+06
4.11e+0443.41e+03
4.96e-138.03e-14
1.63e+01+2.65e-01

2.27e-1446.82e-14
4.19e+06+1.11e+06
1.07e+0746.55e+06
4.10e+0443.66e+03
4.81e-1328.14e-14

1.63e+0144.75e-01

4.55e-1449.09e-14
4.38e+06+1.15e+06
7.05e+0623.78e+06
4.08e+04+43.82e+03
4.93e-1346.11e-14

1.63e+0144.20e-01

5.31e-1449.62e-14
4.55e+0647.77e+05
1.07e+0748.55e+06
4.11e+0443.59e+03
4.66e-1348.48e-14

1.63e+0146.62e-01

3.03e-1447.73e-14
4.50e+06=1.19e+06
9.93e+06+47.31e+06
4.08e+04=4.09e+03
4.81e-1347.00e-14

1.61e+01+1.56e+00
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4% 3-3 FLABC-LM S8 u [GURIENHT1E CEC2013 LR

Function

u=0.3(Mean=Std)

u=0.4(Mean=Std)

u=0.5(Mean+Std)

u=0.6(Mean=Std)

u=0.7(Mean=Std)

F07
FO8
F09
F10
F11
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23
F24
F25
F26
F27
F28

Friedman

4.54e+0145.29e+00
2.09e+0145.17e-02
2.07e+012.60e+00
5.40e-01+2.58e-01
0.00e+00=0.00e+00
1.00e+02+1.17e+01
1.51e+02+1.56e+01
5.38e-0243.19e-02
2.92e+033.60e+02
8.76e-01+.47e-01
3.04e+01+1.26e-03
1.83e+02+1.45e+01
6.69e-02+47.40e-02
9.46e+004.48e-01
2.20e+0243.99e+01
2.43e+0142.92e+01
4.06e+0345.44e+02
2.18e+02+1.90e+00
2.29e+0242.71e+01
2.00e+0223.13e-02
4.49e+0249.57e+01
2.87e+0244.99e+01

2.8571

4.43e+0145.56e+00
2.10e+0144.63e-02
2.05e+01+2.80e+00
5.14e-0142.17e-01
0.00e+00=0.00e+00
9.74e+01+1.29e+01
1.51e+02+1.73e+01
2.48e-02+1.94e-02
3.11e+0343.17e+02
9.03e-01+.51e-01
3.04e+01+1.07e-14
1.80e+02+1.69e+01
6.08e-0245.67e-02
9.50e+00+43.92e-01
2.27e+0234.88e+01
2.56e+0143.27e+01
4.03e+0345.07e+02
2.19e+02+2.63e+00
2.36e+0242.91e+01
2.00e+02+3.14e-02
4.68e+02+1.11e+02
2.94e+0243.28e+01

2.8214

4.26e+0146.60e+00
2.09e+01+44.43e-02
2.03e+0143.11e+00
4.30e-0142.18e-01
0.00e+00+0.00e+00
9.33e+0149.87e+00
1.48e+02+1.10e+01
3.61e-0242.23e-02
3.04e+03+2.85e+02
8.59e-01+.73e-01
3.04e+01+1.08e-03
1.90e+02+1.24e+01
6.39e-0246.52e-02
9.46e+00+3.29e-01
2.36e+0245.27e+01
4.61e+0144.67e+01
4.00e+034.41e+02
2.18e+0242.79e+00
2.38e+0243.25e+01
2.00e+02+2.93e-02
4.62e+02+1.12e+02
2.66e+02+47.04e+01

2.4464

4.31e+0146.71e+00
2.09e+0146.10e-02
2.02e+0143.14e+00
5.25e-01+42.37e-01
0.00e+00=0.00e+00
9.46e+0149.34e+00
1.46e+02+1.14e+01
8.20e-02+42.22e-01
2.92e+033.38e+02
8.69e-01+.41e-01
3.04e+01+1.63e-03
1.85e+02+1.91e+01
7.23e-0246.70e-02
9.53e+0043.30e-01
2.31e+02:4.19e+01
6.13e+0124.90e+01
3.96e+035.74e+02
2.18e+0242.99e+00
2.35e+0242.94e+01
2.00e+0243.21e-02
4.61e+02+1.13e+02
2.77e+0245.94e+01

3.0179

4.30e+0145.12e+00
2.10e+0144.07e-02
2.10e+0142.47e+00
5.35e-0142.94e-01
1.89e-15+1.02e-14
9.90e+01+49.08e+00
1.52e+02+42.01e+01
1.32e-0142.92e-01
3.02e+0343.57e+02
9.01e-01+.60e-01
3.04e+01+1.58e-03
1.84e+02+41.58e+01
6.36e-0245.60e-02
9.59e+00+42.90e-01
2.44e+0234.41e+01
7.41e+0144.66e+01
4.15e+03=4.45e+02
2.18e+0242.21e+00
2.40e+0243.13e+01
2.00e+0243.20e-02
4.72e+02+1.14e+02
2.95e+02+42.14e+01

3.8571

3.43 HERBFEITLE

U 3-4 F1 3-5 €75 T FLABC-LM 1 FLABC fEPE CEC Mlit&E L, 25
7£ D=30 1 D=50 PIM4ERE ERISG SRR EEX, B AT BAE tH FLABC-LM 7£ K
ZHR B SR AERE S EL L FLABC 47, R4 Friedman #4458, FLABC-LM
WAEPEN K% H 30D A1 50D [HE4 #EAL T FLABC. 4% Wilcoxon 4,
TE 7 2 0K BR B [ 48 i 1) 52 36 45 3L, FLABC-LM 7E 22 I pR 808 21 T FLABC,
T 0T T+ B0 R B DL S B TR A iR B b B 07 T FLABC. & |, FLABC-LM fE
58 MR E b, KA L FLABC 7, FLABC-LM Lt FLABC K AfAS FE = )
e 5-6 1, HE RN R BOR RS FEAHZAK . FLABC-LM 7£ CEC2013
REE, 30D A1 50D PANLESE, HAE K E F10.F11.F14 45 S0k #E H FLABC
1. FLABC-LM 7E CEC2014 /iR 4E, 30D A1 50D #§/N4EEE, HAE K%L FS. F10.
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TR b2 A s

F22 Fah ks E# L FLABC . ML FAELEBEER A, ELESHE

T HORBE R AF4R P EIRIIER R, a1 EVANPERE .

% 3-4 FLABC-LM 7E CEC2013 M3 4E 30D 1 50D 45 S5 1 LAk

Function

30D

50D

FLABC(MeanStd)

FLABC-LM(Mean+Std)

FLABC(MeanzStd)

FLABC-LM(Mean+Std)

FO1
F02
FO03
F04
FO5
F06
F07
F08
F09
F10
F11
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23
F24
F25
F26
F27
F28
/1=

Friedman

6.06e-14+1.01e-13~
4.69e+06+8.01e+05~
1.00e+0745.19e+06+
4.15e+04+3.49¢+03~
4.96e-13+.16e-13=
1.63e+0143.43e-01=
4.38e+01+5.50e+00~
2.09e+0145.20e-02=
2.02e+01+2.47e+00~
6.06e-01+2.52e-01+
7.58e-15+1.93e-14+
9.71e+01+1.33e+01=
1.48e+02+1.84e+01=
1.11e-0142.13e-01+
2.93e+03+3.33¢+02~=
8.93e-01+.61e-01~
3.04e+0145.59e-04=
1.86e+02+1.62e+01=
7.91e-0228.02e-02~
9.47e+0043.51e-01=
2.48e+02+3.95¢+01~
4.53e+01+4.53e+01=
4.07e+03+5.05¢+02~
2.18e+02+2.03e+00=
2.38e+02+2.72¢+01=
2.00e+02+42.54e-02~
5.08e+02+1.35e+02+
2.81e+02+4.83e+01~=
5/0/23

1.8214

4.55e-1449.09e-14
4.38e+06=+1.15e+06
7.05e+0623.78e+06
4.08e+0443.82e+03
4.93e-1316.11e-14
1.63e+0144.20e-01
4.26e+01+6.60e+00
2.09e+014.43e-02
2.03e+0143.11e+00
4.30e-0142.18e-01
0.00e+0029.00e+00
9.33e+0149.87e+00
1.48e+02+1.10e+01
3.61e-0242.23e-02
3.04e+03+2.85e+02
8.59e-01+.73e-01
3.04e+01+1.08e-03
1.90e+02+1.24e+01
6.39e-0246.52e-02
9.46e+0023.29e-01
2.36e+0235.27e+01
4.61e+0144.67e+01
4.00e+03=4.41e+02
2.18e+02+42.79e+00
2.38e+0243.25e+01
2.00e+02+42.93e-02
4.62e+02+1.12e+02

2.66e+02+47.04e+01

1.1786

2.80e-1349.62e-14+
4.86e+06£1.19¢+06~
3.07e+07£1.36e+07=
6.27e+04+4.44e+03~
1.76e-1241.63e-13~
4.40e+0146.37e-01~
6.96e+01+5.24e+00~
2.11e+0145.23e-02=
3.93e+014+2.97e+00~
1.25e+00+1.05e-01+
6.44e-14+.93e-14+
2.17e+02+2.25e+01=
3.65e+02+3.55¢e+01~
1.65e-01+4.13e-02+
7.18¢+03+4.90e+02~
1.16e+00+2.07e-01=
5.08e+01+2.01e-03+
3.91e+02+3.32e+01=
1.94e-014.24e-01=
1.82e+0142.90e-01~
2.86e+02+2.89¢+01~=
1.12e+01+1.98e+00~
1.05e+04+7.49e+02~
2.79e+02+5.36e+00~
3.77e+02+1.16e+01=
2.01e+02+.12e-01~
1.13e+03+3.66e+02=
4.00e+02+0.00e+00~
5/0/23

1.7321

2.27e-1345.05e-29
4.82e+0649.68e+05
3.09e+07+1.79e+07
6.19e+044.44e+03
1.75e-12+1.62e-13
4.37e+01+1.10e+00
6.93e+0144.68e+00
2.11e+0143.48e-02
3.89e+01+2.68e+00
1.18e+00+8.80e-02
5.68e-1443.79¢-29
2.14e+02+1.94e+01
3.71e+0243.54e+01
1.23e-01+1.40e-01
7.25e+0345.03e+02
1.20e+00+.64e-01
5.08e+01+2.49e-04
4.01e+02+2.77e+01
1.75e-01+1.03e-01
1.82e+0144.24e-01
2.72e+02:44.33e+01
1.06e+01+1.80e+00
1.04e+0448.88e+02
2.77e+0245.04e+00
3.80e+02+1.02e+01
2.01e+02=+1.19e-01
1.13e+0343.25e+02

4.00e+0240.00e+00

1.2679
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THLIRE I M BRI B RE A FIETT 7T

% 3-5 FLABC-LM 7£ CEC2014 MIi4E 30D A1 50D 45 5ok 5 Lh i

Function

30D

50D

FLABC(Mean=Std)

FLABC-LM(Mean+Std)

FLABC(Mean+Std)

FLABC-LM(Mean+Std)

FO1
F02
FO03
F04
FO05
F06
F07
F08
F09
F10
F11
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23
F24
F25
F26
F27
F28
F29
F30
/1=

Friedman

3.90e+06+1.43e+06~
1.54e+02+3.47e+02~
6.59e+02+4.80e+02~
1.06e+01+2.36e+01~
2.04e+0145.49e-02~
2.18e+00+1.22e+00=
8.56e-09+2.32e-08~
1.52e-1443.86e-14+
2.15e+01+2.83e+00~
7.89e-0243.99e-02+
9.25e+02+3.25¢+02~
4.36e-0146.58e-02+
1.97e-01+.41e-02~=
1.23e-0148.45e-03+
4.64e+0016.04e-01~
8.20e+0025.01e-01~
1.14e+06+3.42e+05=
5.94e+02+8.96e+02~
5.35e+0046.41e-01=
5.35e+03+2.30e+03~
1.46e+05+5.24e+04~
1.71e+0244.51e+01+
3.15e+0247.12e-03=
2.00e+02=2.86e-02~
2.05e+0243.92e-01=
1.00e+02+42.21e-02~=
3.22e+0242.63e+01+
8.14e+02+1.84e+01~
1.23e+03+1.44e+02=
1.75e+03+4.01e+02=
6/0/24

1.6333

3.66e+06+1.77e+06
1.53e+0242.43e+02
6.11e+0245.80e+02
5.31e+00+1.68e+01
2.03e+0145.05e-02
2.43e+00+1.26e+00
7.61e-09+1.95e-08
0.00e+00+0.00e+00
2.10e+01+3.18e+00
3.71e-0242.65e-02
8.97e+0243.02e+02
3.77e-0147.27e-02
2.00e-01+2.17e-02
1.18e-01+1.13e-02
4.34e+0048.41e-01
8.13e+00+3.93e-01
1.12e+0623.91e+05
4.42e+0245.18e+02
5.38e+0026.16e-01
5.38e+03+1.71e+03
1.55e+0545.81e+04
1.54e+0234.34e+01
3.15e+02+1.96e-02
2.00e+0245.60e-02
2.06e+02+44.54e-01
1.00e+02+2.64e-02
3.11e+02:+.85e+01
8.09e+0243.08e+01
1.27e+03+1.52e+02

1.92e+0344.89e+02

1.3667

3.91e+06+8.95e+05~
1.88e+03+1.77e+03+
2.46e+03+9.87e+02~
6.19¢+01+3.32e+01~
2.05e+01+8.03e-02+
3.01e+00+£1.25e+00=
2.09e-0643.3%¢-06~
1.33e-1324.24e-14+
4.93e+01+6.81e+00~
1.93e-01+1.63e-01+
2.59e+03+4.75e+02~
4.18e-0148.04e-02~
3.66e-0143.53e-02~
2.01e-01+1.02e-02~
1.14e+01£1.33e+00=
1.59e+0143.73e-01~
1.03e+06+2.76e+05~
1.11e+03+6.87e+02~
1.29e+01+5.35e+00~
8.32¢+03+1.31e+03=
7.18e+05+2.25¢+05~
5.06e+02+1.19e+02+
3.44e+0242.60e-02=
2.00e+02+.22e-01~
2.12e+0248.26e-01~
1.00e+02+1.59¢-02~
3.84e+02+4.83e+01=
1.18e+03+4.20e+01=
1.55e+03+2.70e+02~
8.62e+03+3.16e+02=
5/0/25

1.6667

3.73e+06=7.60e+05
5.94e+0244.71e+02
2.29e+038.78e+02
5.69e+0143.28e+01
2.04e+0147.78e-02
3.20e+00=+1.13e+00
1.18e-06+1.90e-06
1.14e-1347.57e-29
4.91e+0146.49e+00
7.77e-0243.63e-02
2.53e+034.10e+02
4.10e-017.70e-02
3.66e-01+2.31e-02
1.98e-01+1.42e-02
1.16e+01+.32e+00
1.58e+0144.55e-01
1.02e+06+2.67e+05
1.05e+03+7.36e+02
1.33e+0148.15e+00
8.01e+03+1.81e+03
6.11e+05+2.28e+05
4.01e+02+1.07e+02
3.44e+0244.94e-02
2.00e+02+9.38e-02
2.12e+02+7.72e-01
1.00e+02+42.11e-02
3.87e+0245.73e+01
1.18e+0343.63e+01
1.54e+03+2.19e+02

8.66e+0342.35e+02

1.3333

3.4.4 RESBRUMEIEUE

TELRIR A U AT B AR VE N FLABC-LM SAM B 2355y, fEdkL I F
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TR b2 A s

I A r) R PR T 25 AR AR, PRI R E S R AR R . FEART T, ' T
PIANBT SRR AR R A, S —, K5 B 0 BT B R 8 7 28 2 U E R oR 1%
T — N SLVE R PR FLABC-IL; 55—, K5 BB R B e 2k B i s &
FARBE T — DN H I EE AR FLABC-IE, [FIREREETHEL TR, UFBHE R
FEREAS, DAL EAL 00 RS R EAFAE, HiES 85 FLABC-LM fRFF—5 1
7£ 30D [ CEC2013 E#E4TMI3R. 5| N\ FLABC-IL 1 FLABC-IE iX /M35 1k, H
[N T 3R IEHE H TR 2R IR A U A B R A Rk

MF 3-6 45 SIS BTN, B CHRIE Friedman HEA K545 5, Friedman
(B RR /DN, U BA BE I PE R A I, B HH I AE 2RV & T 7 A B AR 22 LG HAth P
&R S BT R PERE B 4 S AMEEH Wilcoxon £, X Lb45 S nT LAE H,
FLABC-LM Lt FLABC-IL #£ K% F10. F12. Fl4. F22 HHEIF 45 %, HARR S
ok B EALl; FLABC-LM b FLABC-IE 76 %% F1. F5. Fll. Fl4. Fl16 &
WUFLE R, 76 F18 B3l FLABC-LM 45 58 22, AR ek Zsh B2 AL, A
KRAGKEEESE R B, FLABC-LM f 17 RS SR BT, e Hofh s /N Sk

FLABC-IL A1 FLABC-IE,

& 3-6  FLABC-LM SRI& A ZME 7 #17E CEC2013 LhEE

Function FLABC-IL(Mean+Std) FLABC-IE(Mean+Std) FLABC-LM(Mean+Std)
FO1 1.52e-1445.67e-14= 1.59e-13+1.04e-13+ 4.55e-1449.09e-14
F02 4.52e+06+8.60e+05~ 4.03e+06+7.70e+05= 4.38e+06+1.15e+06
FO03 1.05e+07+7.94e+06~ 9.63e+06+6.61e+06~ 7.05e+0623.78e+06
Fo4 4.08e+04+3.46e+03~ 4.26e+04+4.36e+03~ 4.08e+0443.82e+03
FO05 4.89%e-1347.28e-14~ 5.61e-1347.73e-14+ 4.93e-1346.11e-14
F06 1.63e+0148.05e-01~ 1.62e+0146.01e-01= 1.63e+01+44.20e-01
F07 4.29e+01+4.45e+00~ 4.38e+01+4.45¢+00~ 4.26e+0146.60e+00
FO8 2.10e+0144.76e-02~ 2.10e+0143.79e-02~ 2.09e+0144.43e-02
F09 2.11e+01+3.18e+00~ 2.10e+01+3.08e+00~ 2.03e+0143.11e+00
F10 6.36e-0144.70e-01+ 4.81e-0142.56e-01~ 4.30e-0142.18e-01
F11 0.00e+00+0.00e+00~ 5.12e-14+.71e-14+ 0.00e+000.00e+00
F12 9.82e+01+.11e+01+ 9.43e+01+1.16e+01~ 9.33e+0149.87e+00
F13 1.52e+02+1.67e+01~ 1.49¢+02+1.44e+01~ 1.48e+02+1.10e+01
Fl14 8.70e-02+1.64e-01+ 5.79e-024.03e-02+ 3.61e-0242.23e-02
F15 2.96e+03+3.18e+02= 2.94e+03+3.58e+02~ 3.04e+032.85e+02
F16 8.89e-014+1.73e-01~ 9.50e-01+1.49e-01+ 8.59e-01+1.73e-01
F17 3.04e+0149.68e-03~ 3.04e+0142.49¢-04= 3.04e+01+1.08e-03
F18 1.85e+02+1.34e+01~ 1.81e+02+1.63e+01- 1.90e+02+1.24e+01
F19 6.69e-0246.53e-02~ 8.32e-02+1.26e-01~ 6.39e-0246.52e-02
F20 9.54e+0023.93e-01~= 9.29¢+00+1.45e+00= 9.46e+0043.29%¢-01
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BT

M o T HoR B R AL SE R T

4% 3-6 FLABC-LM ZRBEH M4 #HT1E CEC2013 LLR

Function FLABC-IL(Mean+Std) FLABC-IE(Mean+Std) FLABC-LM(Mean+Std)
F21 2.50e+02+4.35¢e+01= 2.24e+024+4.22e+01~ 2.36e+0245.27e+01
F22 8.06e+01:44.38e+01+ 1.75¢+01+1.73e+01~ 4.61e+01:44.67e+01
F23 3.94¢+0344 45¢+02= 4.14e+03+4 39¢+02= 4.00e+03:4.41e+02
F24 2.18e+0242.72e+00= 2.18e+0242.40e+00= 2.18e+02:42.79¢+00
F25 2.31e+0242.55¢+01= 2.34e+0242.84¢+01= 2.38e+02:3.25¢+01
F26 2.006+02:42.32¢-02~ 2.00e+02:43.28e-02% 2.00e+02:2.93e-02
F27 5.22e+02+1.38¢+02~ 433e+0228.07e+01= 4.626+02:+1.126+02
F28 2.81e+0245.00e+01= 2.76e+0246.17e+01= 2.66e+02:47.04e+01

+/— /=~ 4/0/24 5/1/22

Friedman  2.3393 2.0357 1.6250

3.4.5 B{THTE)XTLE

AR /NG AIE P S 0 B 3R R ] B2 2% 5, RIVAE £ B HSE R AR 26
IREHIE I EARMIZ AT W EE AL N T BEWRIR , RIs T (e 24T R Ab b 2,
2t A A A, 7 e XK, TR I S AE I 18] B SRR . AN 3-2 Al A
A, LG PR KO 2 U R R R, AR B THUE AR K 2 AR B A TR A
T3 T BOR B ANARIN » 1 £E — L2945 pR 2 PURN LR 0 S BORIS AT I T AR 22 A K
LRARE, ASCHR IS UL 73 Hr BRI [A) 52 % B B AR

FLABC (O FLABC_LM

3-2 FLABC-LM 5 FLABC {1347 ] %] bt
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TR b2 A s

3.5 KRB
A SCHE H IR 2R TR A MU A B R L AE 28 20 0% & 5 n s ), LN () B 2%
K. AE M E ST M SE M RRAE B A B O, ARTEAFAE 13 3 S 1 S s
WAT 7 — PPl TR LR A MU A T HR BN TR SR . R T IR/ E 2R IR A Hh
S BT HOR A R, WA T IS, JREMENASE CEC2013 1 CEC2014 1)
30D F1 50D PIFRLERE N T R ESLIGIOIUE. SEIRUER, AT MHE AT N
R, HigATH (Al K .
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SRR G HOR 2 M HoR B0 B UL SR 7T
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4.1 818§

225y AR I 1 REAEAR RFR FE b R T30 S M, A1 b i 3R 358 FH AR S
WS SN H BRI SR R o TSR, JRARA D A T AR A e R R 25 R R
TEA BT RE. Li T 2019 FE3 H RS A5 71 A0 = U BN 19 22 2 i34k
3% (DEET), {EFA0IE R R A OE B -FE B AH SR A T H R, St o B Fh e
MREAIRAS SV AR IR A 3 7 1 AR S e o S AR A1 3 7 5 -
MR, BRI 2.1.1 /N, HEDIREZ, MRS RER. AT
BE— P IRUFE LRI A MR A T B AR B s &, ELvE R () B2 6 BE BRI, BRIt it
TR R T AERIR G HOIE AT B R I 22 v ii AL SR (DEET-LMD, #£ DEET f 2
fili b, SINTELIRA MY A AR BT R IR T R E A, Bk 7
J8;FE-FE B AH R A AT RER

4.2 DEET &

DEET K FH i B - B0 B AH S AR AR A TH 7%, &7 R
A5 R 0 A A 1 R B AN A 3 B B2 22 [R] A 5 2R 80K B4k 1) ) Y 2
& o AR ARBBUETEEIA[-1,1], MR RBGEEIT T 1, 0350 N B b T 45 1)
R L AHOC RGBT T-1, U0 BH O B b 25 A R T iU o B —ARAER T
HHRRE, BB IBaity 7>y =25 (DEET W& upq. 9 0.85), 73314
BT ZR G R DA B A I o KT 1] B M T LI B SRR S 148 7 S s
R SRE 7y, SRE TR NG B P EDIR A A8 S SR, SR AN TR
UE AT 52 S T RO BN RRAS , B ORPHEE B 2 FE 1 o Bl 5 A ME B &R
Hiy AR 7 0 i e b P e 45— A e SRS ORAE T ARMA . B 4-1 45 T DEET
AR B PALH

AR S 2 - B B AR DS A BT B R S 1) ARFAEAS 3 R AE, IR 108 B u g KK
SRR, AR NI MRS, B AR T

Sy PR  if R > upg,
S=%¢¥@%§ if 1—upge <R < upq, (4-1)
Sy FERIRE  if R<1—up
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Algorithm 2: DEET

O1:  Set the population size NP; Generate and evaluate the population P; set G=0,
Set control parameter » , O, p, ¢, ; Initialize p,, = p,, =0.5,({=1,2,3);
Initialize ¢, =0,(i=12,--,NP), #, =0.5, i, =0.5, Archive A=[], FES=NP

02:  while the terminal condition is not satistied

03: Set S, =[] S, =[], trial population U® =[]

04: Calculate correlation coefficient ¢ as Eq. (10)

05 Determine the current evolutionary state S as Eq. (17)

06: for i=1: NP

07: Generate F, =randc(p,,0.1) CR, = randc(p, 0.1)

08: Select a mutation operator from the state () in the operator pool based on p,; and p,,

09: Generate mutation vector ¥, based on the sclected mutation operator

10: Generate trial vector U/ as Eq. (7). Uf - U°

11: end

12: Set 1,=1,=0

13: for i=1: NP

14: if f(U")<f(X))

15: I, =1,+f(X7)~ f(U7), k=1or2based on which operator is used to generate V. .

16: F =8, CR =5,

17: end if

18: if fU)s[fX])

19: Exchange X‘and US, g,=0

20: if the size of 4 is less than NP

21: X4

22: else

23: Randomly select an individual X from archive 4

24: Replace X with Xif X’ isnotworse than X,

25: end if

26: else

27 g, =q,+1

28: end if

29: end for

30: ASO(PC, U, q, 0)

31 Update corresponding p,, and p, , for the operator pool associated with state S as Eq. (24)

32: Hy =(1—¢) p +¢, -mean, (S,)

33 Heg =(1-6) fog + 6 -mean, (Sc)

34 G=G+1; FES=FES+NP

35  end while

Horb, PSSR R BN ORGE 1AL I 3 26 A . ik R A
T BB upqc, R W ZHG 0B & T 1 BT, RIHSR FH TR BE SR I Sy SN T
R R ) FHUA 1-upqe, A 2T T 24008, TR A BIR A8 /05
(IS HREME I s 75 2 i ) o) A s TR S Y, TRLMR AR PR AR .S, 5K
W o
(1) S;:

4-1 DEET fftrg®

Vi=X;+F- (Xbest - Xi) +F- (Xrl - XrArchive)
Vi=X +F- (Xbest - Xrl) +F- (sz - XrArchive)

YV gEFENREEET A% XHE[22]: Li Y, Li G. Differential evolutionary
algorithm with an evolutionary state estimation method and a two—level

selection mechanism[J]. Soft Computing, 2020,24(15):11561-11581.
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