BALE BT T (= Hl ¥ B[ Vol. 44 No. 7
2021 4F 7 J CHINESE JOURNAL OF COMPUTERS July 2021

ETREABS AT AREERIPEHLRAULEE

E®R ERAF RKEE IXF ' & 4 O
DORIERZEBAF BT W 110819)
DORACKRAIT AR A S TR i 110819
DORIERZAGFRERES TR i 110819)

D (BB R AL 2 e Y% 710062)

B OE REE ARG OB ORI R R R 2 R i DT A O B A LR RS SO SOR. R
FIARE 4 JR) DG Ak T LY O B 7 T i 4531 ke 306 A4k 22 1) ) R AR A S % AR 41 3k 6 81 5% R R AT AT 280 A A8 ik o
X2 )AL AR SCHR M T — i R 1 T S 0 AT 9 O R AE 4 JR) W ) 0 A DG A 3k ORS00 0 A 48k Y TR XA
ST B G P AR RS 5 2 0 M A 1 38 I o0 2 R v TR Ak R R ML ASE 4 R 00 A TR % v 2 T b )
ACHEZR  F) B AR & 0 A 1) A1 AEE 5 1A 00 45 A0 R o B 30 A%t e 5 D R SRR 8 SCAR e SO 1o o R 0 5 AT
PSR AR ik 1Y B3 N2 A (G e P SRR A RN R T L i BIE TR LA (1000 4E) CEC2013 A4 EEAT T
PEREXT L5, TTAG 45 SRR LB R AE 11 AWK 8 CEOE 15 AR o) B0 3R A5 T S5 0 1 e G B [l ISR fige 1Y
W S 35 B B AL

KW PSP R A s AT A SR s RO 4 Jm 1k
HEESES TPIS DOI & 10.11897/SP.]. 1016. 2021. 01310

Formal Concept Analysis based Grouping Co-Evolutionary Optimization
Algorithms for Large-Scale Global Optimization

MA Lian-Bo” CHANG Feng-Rong” ZHANG Huan-Xi” WANG Xing-Wei® HUANG Min® HAO Fei”

D (So ftware College , Northeastern University , Shenyang 110819)
D (College of Computer Science . Northeastern University, Shenyang 110819)
D (College of Information Science and Engineering , Northeastern University, Shenyang 110819)
Y (School of Computer Science s Shaanxi Normal University, Xi’an 710062)

Abstract  With the development of complex networks and big data technologies, large-scale
global optimization has become an important supporting technology for complex engineering
systems. Evolutionary algorithm is generally used as a search engine to find the global optimal
solution in a complex high-dimensional space for complex engineering optimization systems.
However, evolutionary algorithms are difficult or even unable to deal with these problems, with
the increase of decision variables and the complexity of the coupling relationship between the variables.
Strictly speaking, it is a heuristic search algorithm based on natural biological evolution mechanism
without the gradient information of the target problem. It has good robustness and is suitable for
solving complex NP-hard problems. For small and medium-scale optimization problems, the
evolutionary algorithm has achieved excellent performance in various industrial application systems.

It can effectively handle complex optimization scenarios such as various nonlinearities, strong
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couplings, and mixed variables. However, due to the limitation of search ability, evolutionary

algorithm is also difficult to obtain satisfactory results in terms of solution quality and convergence

efficiency when the scale of decision variables exceeds a certain order of magnitude. Even if it uses

an improved global optimization operator strategy. Therefore, how to design an efficient large-

scale global evolutionary optimization algorithm is an urgent problem to solve the application of

complex engineering systems in the big data environment. At present, one of the main ideas for

dealing with large-scale global optimization problems is to use grouping strategies to transform

high-dimensional optimization problems into low-dimensional sub-problems to solve. Cooperative

coevolution is an effective processing framework for grouping dimensionality reduction. The main

principles: first, according to the coupling dependence between variables, the original high-

dimensional problem is transformed into several low-dimensional sub-problems.

Second, each

sub-problem is solved separately. Finally, the local optimal solutions are combined into a global

optimal solution.

optimization problems.

This method has achieved better performance in various large-scale global

Compared with the conventional evolutionary algorithm structure, the

cooperative coevolution framework has a stronger ability to solve large-scale global optimization

and complex engineering problems. To sum up, the key to solving large-scale global optimization

problems is how to identify the interdependencies between decision variables and group them

effectively according to these relationships. In response to this key issue, this paper proposes a

large-scale global co-evolutionary optimization algorithm based on formal concept analysis. For

the first time, formal concept analysis ideas in the field of data analysis are introduced into the

process of decision variable dependency analysis and adaptive grouping, and then processed large-

scale global optimization problem. Based on the framework of co-evolution, the algorithm uses

the extent and intent structure characteristics of formal concept analysis to convert decision

variables into formal contexts, and realizes adaptive grouping of decision variables through text

vector matrix operations.

The grouping result meets the principle of high cohesion and low

coupling. Finally, the algorithm performance comparison experiment was conducted on the large-

scale (1000-dimensional ) CEC2013 benchmark functions.

Experimental results show that the

algorithm achieves the best solution accuracy on 11 test problems (a total of 15 test problems),

and the convergence of the solution is optimal.
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111 0 0 0 0 0 0 O
111 1 0 0 0 0 0 O
111 0 0 0 0 0 0 O
o101 1 1 1 0 0 0
T— oo o0 1 1 1 1 0 0 0 (5)
oo o0 1 1 1 1 0 0 0
oo o0 1 1 1 1 1 0 0
00 0 0 0 o0 1 1 1 1
0 0 00000 1 11
60 0 00000 1 11

3.3 EM@S5RmEE

M B2 FCA By — P EH LI, ik, FA1]
s LSGO [m8i4s i, B L T FCA WMz A,
FERHE O A HURAT A S REAE S s i &, &
X AT UE .

EX 8, A, — DK/ HK X n B
BT X R F— & n AR IE RSO T %R
T E. A C=TOT .M ¢, ={n. €G |1, =1,
t=1,k=1, v n) G=1,n,j =1, n,c, JEH
MEC T ITCE 0y FRHET P ER).

Hr e X 8 nf 15 3] =X (6) FF /s 1Y M B iz B &b
“a”feFE 107,

W, HEX 8 fH.c, ={n€GCGlt,=1,
ty=1k=1, ). t,, £REET FHICE. F—
i, =tpsc, ={m €Glt,=1.1, =1, k=
Lyeessmb Mo Fom B 558 0 AR 5 A
A AA B ERRN AL . HEYE.

123 123 123 2 0 0 0 0
1231234123 24 4 4 4 0
123 123 123 2 0 0 0 0
2 24 2 24567 4567 4567 4567 7
7
7

SO O O O O O
SO O O O O O

0 4 0 4567 4567 4567 4567
0 4 0 4567 4567 4567 4567
0 4 0 4567 4567 4567 45678 78 8§ 8
o o0 o 7 7 7 78 789a 89a 89a
0O 0 0 0 0 0 8 89 89%a 89a
0 0 0 0 0 0 8 89a 89a 89a
(6)
BB —A m X WA T X R F —4

BRI T FRT WEEE. S C=TOT , % X=
{(x€Gla T ey} M(X ey Ry FEREHES.

FEH., X'={(meM |VzeX,(x,m)EI} =
c,-j,XgG;Cf, ={xE€G|VmEc,;,(x.m)EI}=X,
e SML (X o) E— & TEEE.

SRUp e NN T W DI L B o T e S
({1,1},{1,2,3});({1,2},{1,2,3}); ({1,3},{1,2,
3P);({1,4),{2)5({2,2),{1,2,3,4});({2,3},
{1,2,3});({4,4},{2,4,5,6,7}); ({4,5},{4,5,6,
71)5({6,7),{4,5,6,7}) %,

B2, (X, BOM(X, . B) R A,
X, UX) ' B NB) 2 — &,

SE . (X1.B)FI(X,, B ¥ A AT X, =
B'.X!'=B.,X,=B/.X/=B,=>(X, UX)) """ =
(BFUB)H'=B, NB,; (BINB)'=(X/NX)Hr=
(X UXHO " e, (X, UX) BN By & —A4
&, HEEE.

Wk E A 2 FREC I S A ({1, 2,37,
{1,2,3)), ({4,6,7},{4,5,6,7}),({4,5,6,7},
{4,5,6,7))%.

3.4 HANRE

TETNES 1A B R 4 JRy 0 Ak T Il
PR (1) 48 2R 25 (6] Bl A P 3R R B BCH Mg KT
EIRBRY K AL S R b R e L R Y B
ANWTHE s (2) A8 f 22 8] B AE EAE OGR4
FHC A 1 53 4110 Ak 5 s 2R %0 A 313 T 28 ki i
WO AR T QA A 280 R il S 78 i 22 [R] 9 4RO G &R
TP K. BAHBIC ARZ 54K
Y (£ N g (e N 1 B o 7 N = B 1
Sy A4y B LSGO [a] 8 58 4 R 0] 4 8 1) LSGO




7H LB P . 2 T8 SUR S 0 B B9 RS 4 Jy b Im) 2 A 1 AL 3 15 1317

Jin] 45
Bk 1. FCA-G Bk (kHELR.
BEGIN

1. YETd#E R Gen=0
2. HRWEKT

3. BENLA B FNEE POP
4. VHF FCA-G Bk

5. MATIEARIREL Cycle=0
6. WHILE PEM Bk Fes<<Ig KIEM B Max_Fes
7. HATEARYEL Cycle AN 1

8 FOR i=1 TO group_num / % group_num H T

HEH x/
9. HeFHRFEARE B group_i
10. WHILE i b AU <GB S T
11. TE TR vh A7 58 AR S e i T
12. PPl BT
13. 2T HFAACEL Gen i 1
14. END WHILE

15.  END FOR

16.  HEH Fes''

17. END WHILE

END

BEXF LA WS ) L AT R B ATE A 4
BT 5 78 G R PN G5 HG A 45 A 1 AR, 2 1 2 % Uk
AT I A 4 Ry By W) A6 A A S50k (FCA-G)
Qb PR AR P S AR oy A S5 AR AR AL Bk 1 & T
[ 2 P A5 3 1) AR HE B X 52 2% 1) LSGO 1]
R, H T M DL B AR AT R AR R S FCA-G AR
T R 5 60 TR M A 20 by i Tk A A RS I ARE & P
Tl ABE A2 20 T UK A= 10 WS I ARE & o 3 2) 5 m A fRT Ak 3R
TR G 1 B

FCA-G Bk Bk B .

(1) B PSR AR 1k 2 B 938 HOG ARGl X G- 4
RN OC R o 1K 3 9T 3 SO AR 3 Ak R e (R 2
%217,

(2) PUATHLIE B 5 GE X 8) - &k S 40 B4 v 42
HOHE R AE & (B vE 3 45 2~8 7). JHFf B E BRI
KR B AL O BB R T — ARl Bl LT 1Y
HEFAA.

&k 2. FCAGEB:.

WA ZEERS G={z, 22, 52,)

it AN 5 TR S M

BEGIN

1 FH— A4S Set

2. MUREX 1 MEX 7T HMEEAA FCAG . I

B e Sy VDX L O JE RS T

3. MEE S8 MUE MBS L3S C
4. BEGIN
5 ?'?EH*/I\ﬁ ~ﬁ conceptset
6. VATIIERNAE Sk R ARAT B ELIR S5 245 conceptser
7. VAN AR L
8. END

9. FOR #4 conceptset 1) H— P&

10, TF BEERYSMEE 5 I AR 45

11. LRI IMA BN EA Ser

12. ENDIF

13. END FOR

END

(3) M RICRBAE . BIETE MBS conceptser
A IMEERIME S Z /T T B R MA MBS R
FAE TS (B 3 5 4~517). X R REGS RIIE
JIGZ ML S B ME— 1. 7540 th TR C X R
TR B IPCHE RN ABE S I R R b = e R (L 3
55 3 A7), A S R s X e e Al s B B S s
FARAF (BE A 55 4~547). AR 7E 8 AU gt &
I AT A (B 4 58 6~8 17), RIESE S
conceptset 11 IGHE M &

Bik3. .

WA HFEC

i H . LA AR A conce ptset

BEGIN

1. FH—A2SHE G conceptset

2. FOR i=1TO n

3. FOR j=i TO n

4 IF 8245 conceptser A& HHTHIFERI LS THEN

5 5 24 17 1 SE T A TR B E A conce piset
6 END IF

7. END FOR

8. END FOR

END

Bk 4 B,

A R
B - SR
BEGIN

1. WS conceptset WRAH L5 54 conceptset 1

2. B — N EE conceptset?

3. DO

4. FOR 1EHE4 conceptset] FPIAEEM S (X, B,
(X,,B,)

B 5 B Wsg 4k I K %4 B

6. IF 4 & conceptset A& B I4MNES B T 4 i
HI B &

7. PAZ AL &N A B G conceptset Fllconce ptset 2

(92
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8. ENDIF R 100, P 3728 5 A 4E B2y 1000, 2 1 IERA 5 2%
9. END FOR FCA-G A R J A8 AT Y 32 20 7 2 A 8] B 28
10. BHEA conceptset2 WAH L 4 conceptset] Ak B R A
1. WERA conceplser? (1) SaNSDE"" 5 3 . $ )" 12 His Jil F 1 k. 1 I
12. END DO AL (CO B i 141
13. UNTIL conceptsetl Jyas 4k (2) CBCC3-DG2 B3 | 15 2 4 1) 22 43 4 41 56
END

WA MEA L S BENL 4 7 LA FCA-G
PR S DT BR 5 30 T4 40 AH 45 6 IR A 1 53 B
AR Z A I N TE DG 2R L 8 58 4 BTN 1Y DR 3R A8 o R 4y
EBA— T4 Z T EAE T R — A B &,
BALHRR AFFHR N REAL TS M KR,
[F] B0y 18 R A A e B AL 1 0 2 I 4E S A
3.5 HEE#ESH

27 3R R HLASE 5] 81 53 — A4~ 0PG5 TR &2
JE. FCA-G 53k (1 i ] 52 Z% B 3 2R 3076 3R IBGAS T
BEG R L R NS 4 TR BN conceprset] H
PATE AL Z . IF BB 4R G conceprset N —A>
VSN & ) 0 A D — R M HT AR 5 conceptset J&
ROLEECEMAMBMEES. 7558 R TR
190 A B RE S TR 4 RS2 AEAE DO JE 36
Kk & 2 conceptsetl NS A M & NI
FCA-G WIS A1 &2 % B e KA - OCN®)  Hoh N Ry ke
FARRMEH.

4 BB

AT F B A g FoR IR UE FCA-G Bk
HRPERE. A SCHE MRS E PR e iy >R ] T CEC2013
LSGO KMk 4E. CEC2013 K HAE 4 5 {4k 35 1
I R A2 TR LSGO Bk i k.
Horp, fo~ £ T 058 42 AT 43 3 00 R RS 42 )R
RV fy~ fu FEF IR 43 7T o0 2 K AR 4 )
PRACIR L Cfy~ f7 2R A AT 43 B 200 I3 ok 285
fo~fu R In o B F AR R EO 5 f1o ~ fu
F 003 B 1) RS 4 SR A A [R]85 s I 5
S ANT] 43 BT KORIASE 4 Jmy A Ak ] R

FCA-G 5 & X b 5 12: 3%k A SaNSDE 1 2y
T4k 51 %, SaNSDE J& 22 43 iF fk (DE)™ i 48
B 1% o 76 E Ak ik B e AR ) RAS B 1) 4 i B Bl O
B SR AE SRR E T T BN FE A R BRI i
PR bl NGB AT 25 WL ARE SCHRC48 ., 50 TR dE L, A
SOW B KBEN B (Max_Fes) %8R 3 X 10°, fli i

W (R B Al B AT TRk R A A R M S T TR
(4 BIp ) 2E A SR TR AR 25

(3) DECC-GM™ B3k o 1 FH B HIL 5 s 52 3 43 401
g e sl i 2 10t .

(4) SHADE-ILS"" 8k, J& — Fp g i IR &
Bi Bk EE A T 2 o AL R R R R T
R TR AR,

(5) MOS“* Sk, 45 A 3h Ry B4~ SR BORIHE R B
Bikfm A EEENIRA Bk,

33 T &N (FCA-GLSaNSDE, CBCC3-
DG2 #il DECC-G) 7 CEC2013 LSGO 3 i I i pk %k
R e A A AR 3 SR A A B L FRATT AT A
FCA-G B3k 1 B (R PE R 0 T 3L & X 33 k. HR
H:FCA-G fE58 & nl 4y B sR B A 2/3 Ak
4= LA F SaNSDE fl CBCC3-DG2 44 . FCA-G 7
4 A 4 e i ek B0 3 A 7/8 BUIR L T X =
TR Lo B8 5. 76 58 28 AT 43 25 DR bR Bk FCA-G
e F X B CBCC3-DG2 il DEGCC-G.

& 3 FCA-G 5 SaNSDE .CBCC3-DG2 #1 DECC-G

B LB (W/T/L R R/ T/ SR 8O

W/T/L SaNSDE CBCC3-DG2 DECC-G
f1~f3 1/1/1 2/1/0 0/0/3
Si~/n 7/1/0 7/1/0 7/1/0
fi2~fua 3/0/0 3/0/0 2/0/1
f1s 0/0/1 1/0/0 1/0/0
Sum 11/2/2 13/2/0 10/1/4

ROk AR5 & B Ge i 1) S 5 5s i 1T
B — 25 X EL A #
4.1 BHELR
4.1.1 5 SaNSDE.CBCC3-DG2.DECC-G %
F AL TE Y FCA-G DL Bl F #0821
SR B (C“min” R i 4 LA “mean” IR
{H"std”FRIRbrifEZ). R 4 AT A1, DECC-G 5k AE
(] £y fo (58 4] 43 B 0 I3 ek 450 v 36 30 B 4f
WA T B B A, B 7EFB 43 0T 43 25 F0 TR & 00 D
BRI  DECC-G 345 28 B 4 31 R A g 34 ok 2 TR
HERHM SRR A ALE 5 BT o480 55
LRI 206 T A% B 2 (8] B 38 L. 78 I3k bR L £



7H Ty . TR M & 0 W 18 ML 2 )y Py ) o AL I AL 5 3% 1319

I fs b FRATHR A5k 5 B Bk i AL A 25 R A
P22 55/ sk g B T Fe AT T4 th Y BIA AR e A T
o3 BB RO A ) B AR A — i I RCR. R X
5 W 55 — AN ) B, AE CEC 2013 LSGO & i il
T2 bR FICh R 52 42T 438 1 LSGO [l U i, 78 A
WE—E W OL T - 7~ 2H i R ASE 55 00T X dc 28 A9 4
as A R A O R
#& 4 FCA-G.SaNSDE,CBCC3-DG2 #1 DECC-G 7£ CEC2013
LSGO B EH FIETMAR (BELRTETIMERT
function States SaNSDE CBCC3-DG2 DECC-G FCA-G
min  6.14E+03 3.08E-+04 7.59E—07 2.15E+04

fi mean 3.52E404 1.60E+05 3.59E—06 9.63E+04
std  2.62E404 2.59E405 3.18E—06 8.28E+04

min 8.70E+03 8.86E+03 1.29E+03 8.21E+03
Iz mean 8.98E403 9.61E4+03 1.31E4+03 8.51E+03
std  3.60E4+02 6.94E402 3.56E+01 3.75E+02

min  2.08E-+01 2.08E-+01 2.02E+01 2.08E+01
/3 mean 2.08E+01 2.08E+01 2.02E+01 2.08E+01
std  9.09E—03 4.40E—03 4.28E—03 8.66E—03

min  3.85E+09 5.05E+07 5.43E+10 2.32E+07
f1 mean 4.14E409 7.17E407 9.61E+10 3.69E+07
std  2.65E4+08 3.21E4+07 5.07E+10 2.19E+07

min 2.75E+06 1.65E+06 7.30E+06 1.45E+06
fs mean 3.36E406 1.67E+06 7.95E+06 1.61E+06
std  5.67E405 1.55E405 1.05E+06 1.91E+05

min  1.05E+06 1.05E+06 1.05E+06 1.05E+06
f6 mean 1.05E+06 1.05E4+06 1.06E+06 1.06E+06
std 4.77E403 1.91E4+03 3.21E+03 1.48E+03

min  2.41E+06 2.12E+04 1.76E+08 1.46E+03
Nii mean 2.99E406 4.10E4+04 2.26E+08 1.71E+03
std  6.78E405 3.31E4+04 6.17E+07 3.00E+02

min 1.29E+12 7.55E+09 1.09E+15 3.50E+09
fs mean 2.56E+4+12 4.01E+10 2.18E+15 1.85E+10
std 1.19E4+12 3.12E4+10 1.08E+15 2.53E+10

min  2.52E+08 1.06E+08 3.99E+08 8.35E+07
fo  mean 2.64E+08 1.46E+08 5.50E+08 1.26E+08

std 1.24E+07 3.03E4+07 9.46E-+07 2.90E+07
min  9.29E+07 9.28E+07 9.27E+07 9.27E+07
fio mean 9.31E4+07 9.36E+07 9.29E+07 9.28E+07
std 1.59E+05 8.43E+05 1.56E+05 1.17E+05

min 1.14E+08 1.16E+07 3.08E+10 4.25E+06
S mean 1.88E408 6.99E+07 5.53E+10 8.29E+06
std  6.76E4+07 1.95E4+08 2.70E+10 4.05E+06

min  1.43E4+04 1.41E+05 3.66E+03 4.44E+03
Sz mean 7.93E404 5.73E4+05 4.84E4+03 4.53E+03
std  9.80E+04 4.52E+05 2.68E+4+03 8.85E+01

min  7.99E+07 2.87E+08 5.73E+09 S5.51E+07
f13 mean 1.55E408 3.61E+08 7.11E+09 6.76E+07
std 1.21E408 8.85E407 1.46E+09 1.37E+07

min 7.03E+07 1.33E+08 4.62E+10 2.82E+07
S mean 1.54E408 1.89E+408 8.72E+10 3.73E+07
std 1.22E408 4.00E+407 3.45E+10 1.30E+07

min  3.15E+06 3.95E+06 7.59E+06 3.84E+06
fis mean 3.68E+06 4.29E+06 1.68E+07 4.19E+06
std 6.07E+05 3.66E+05 1.51E+07 2.63E+05

FEFR 43 0] 43 25 (I eR AR (o~ i) L AT
JIT 4t B SRR B B0 T B =R A O
CBCC3-DG2 3. CBCC3-DG2 SR F ¥R B 1£ 4 18 2%
KW AL HE R R AR /2R —F A X T
PR fooki, B FCA-G SHE=MEEHE X
HAZE WAL ROR. 856 18 5 (f) . AT a LLFE 3]
FCA-G Sk AE Ak 00 0 A 35 B B - 1) 350CR S B
AR HEAT 76 DU Fh 53 3 vh 8 20 IR B 4 1 R B
FCA-G £ B 3L Srsfos fulh B fa L E FH AR
FEIL WSSO B DL B U SIME 3 3k B e AR AR B S DA K
S8 A AN AT 43 5 0 4t ok AR L FRATTAR 1 0 AR 1k T
FERIUL . AE fr2~ fr X =AW g b, FCA-G
FE e A A0 DA B R R T T 8 2 B T AR 47 i
fig s DL RO Gt F 3L B X B k. FCA-G 7 pR 4K
Fis AL R WA T CBCC3-DG2 Al DECC-G.

FCA-G B A LR R H 24 T &
FIF R B 43 2H S AR . FCA-G ¥ 0% e 22 6] 45 18 2052 |
R FR I e S CHV YR 2 ) 8 o 4 0 F 45 48 2% 1 1)
AR50 X5 F [F A4 A0 B Z [k 57 CRPAS A7 78
2 ) B AR B o 58 B AR R AN TR 4.
BRE 2 4 3K ORI T 7E ] — T 41 1 A8 2 A0 B
AN I o S N1 R = [ N R 0 S e
FEAZZ A5G 10 45 8 S Ak S 7 — 2 1 TE A
RN TR B f A . B4R SaNSDE, CBCC3-DG2 Al
DECC-G Bk i F T 43 4L sk ms . (2 2 B AT 43 41
SRR 2 = N RAREE G 0 R 0 B AT PRI [R]
—FH NS R R YR B B R, HIE, X
S5y 2 SR WA B 1 7 4L N B DR SR AR BN R DA B 5E
WM. X s T SaNSDE, CBCC3-DG2 il
DECC-G W/ #H 45 R A B &3, 52 m | F 4 itk
S5 Kt =z 18] Dy A8 OO AR S R A AE [A] —
T2 (A5 2L ) ) AR R A X G T AL N AR
WA DL A8 B 58 490 $ 45 40 10 S5 PR 2 R ATT 1
P LSGO [a] i & i - & FCA-G JIL % L.
4.1.2 5 SHADE-ILS.MOS H.%

ROk FATH FCA-G 55 Hrny SHADE-ILS
M MOS & 378 CEC2013 LSGO 3 o I 12t pf % 42
AT RS, T SHADE-ILS Al MOS % %
18 I s 52 3 B Al A A A RATTAE TACO (I Ak 4%
Al THAD Wl Eitfr T X, I S %
T SGCCHM 1 3t F SHADE-ILS fil MOS [ $ 4i%.
FCA-G #3: 5 SHADE-ILS F1 MOS ()%} H 45 5 n
5 B,
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% 5 Hik FCA-G 5 SHADE-ILS #1 MOS b . - SNSDE
(REHREETMEARRS 7 J 5
function FCA-G SHADE-ILS MOS
2 8. 01E+01 2. 69E—24 0. 00E+00 ~ 101
f2 8. 42E-+03 1. 00E-+03 8. 32E+02 ;i
fs 2. 08E+01 2. 01E+01 9.17E—13 -
£ 2. 87TE+07 1. 48E+08 1. T4E+08 ‘g
fs 1. 53E+06 1. 39E+06 6. 94E+06 i)
fs 1. 06E+06 1. 02E+06 1. 48E+05 = of
fi 1. 86E-+03 7. 41E+01 1. 62E+04
fs 7. 99E+09 3. 17E+11 8. 00E+12 L
fo 1. 05E+08 1. 64E+08 3.83E+08 T
fio 9. 28E+07 9. 18E+07 9. 02E+05 f L f L f f L f Lo fo Lo fu fa S
fu 7.61E-+06 5.11E+05 5. 22E+07 Test Function
fiz L96EF05 6 ISEAO1 2 ATE02 [ 4 FCA-G !5 SaNSDE DECC-G Al CBCC3-DG2 £ 4 L 4%
fis 6. 55E+07 1. 00E+05 3. 40E+06
Sfia 2. 07E-+07 5. 76E+06 2. 56E+07 75 ] 55 £ 1, DECC-G E‘J*%'ﬁf@%ﬁﬁﬂ:ﬁ:fﬂﬁf
fis 3. 81E+06 6.25E+05 2. 35E+06

B 32 5 1] 41, SHADE-ILS #y ¥ fE 32 ¥ W 4 —
e AR, FCA-G W RA M R Sy f5s f7s
fso foM f1 9 FCA-G BA [ MOS B8 8 (1 P Be
I EHAEREEE fos fo A fo A T HA P Fh 3 . (B
P9V RO X IR X LS A R IR 5 B SHADE-
ILS i FHE T AR SR LS & T 2 40 ik 5
TR R R 07 3k s MOS W 2x [ 3l 8 54> R B fn 14
R Bk B i 4 E B0k FCA-G UK I JE AR 43 41 5
W% F1 SaNSDE flifb#%. Pt a6 FCA-G 5 ix s
Jeit B AR A5 A WA AR K AT fig B4 5 48 1 A b
RBOR.
4.2 MHEELEE
4.2.1 FREVEIE

SRR bR o 22 R e T — 2R S O (E
F18) i 225 2 B85 0 1T P DA S W Bk i RS L IR Ut R
1158 3 e % FCA-G 83 5 SaNSDE, CBCC3-DG2
M DECC-G 5 2k 1% 52 36 %5 48 b 11 22 o 4 by HL A
PE. B RATT ARSI R Bk B E S BT T A5
R R ENE. B4 A T FCA-G.SaNSDE,CBCC3-
DG2 Fil DECC-G 5 3% 76 45 1~ W 3 oh B0 1 19 52 56
B —pdE 25, XL AT LLE ) FCA-G 1E
RV foofoofrsfos fros fros fra F0 o BRSO B 1
%(*%‘%‘@)Eﬁﬁ?/ﬁ;'zﬁf Hﬁ%/ﬁ 1 Sosfssfoo fo
Ffs [, 2 AN B I e MR R A A ). FCA-G
7E LA 13 R B A B AR MR R B AR
i LSGO [n] BIA B (1) 55 £ A1 FH A2 5 22 18] 19 4RO ¢
R LR e O o8 A FN S A N 1Y) A R )
F i —F4RE T W —FH N R A A xRS
(R 28 H. R FR o T AN J2 3 o 15 5 o) {1 5 220 W 728 o5t (i) PN
e Z2 1y 7 =S B A 4.

P B 3k A5 48 T8 i R 09 43 4 ik 72 D R Ak 5
W : DECC-G Kt iy 2 A% S5 B B o3 it J8 7 148 5 K/
M 2H SR J5 R B 38 L InAS SR s foff AR Ak 5 145 f 4k
BT 1) hE. Y F 4L B /N, DECC-G R AR 47
fifp T 5] R0, {FL 2 B 2 3 1 0 4 ) A A 5 4P
7K DECC-G 7N BB % /55 200 i fiff D[] . 36 4 FRE 4
3ol Ry DECC-G H Hif 76 - 48 5 1 i Fi g e 1
FHALTEAR JE 2 4b. DECC-G 7E £, F1 £, 132 b %5
FEHUBAT o AEE A Al 03K o B 1 BB — . 55 4h,
WE LB RN R E Mk E . DECC-G Mtk FHEH
B AR R HEA .

AR T H g 0 H B, CBCC3P Y J2 3 T 5Tk iy
PEALHEZE. DG2 J& — Fh Bt 3F 1) 13 43 43 41 (DG)HH
Rk e e A T AR RN R SR — AT
HERY A AR 5 A5 TR BE I et R R W AT oy AL AE
DG2 v, [SE /) K /N BE % Bifi & 1] 580 i) ok A% T 2l A2
LR A R A Sty 1 00 T o 23 3 B 1] — 5 A 5
OO UUAS A B A 6 ) 1 B T B Ak S B Y
RO 4 PR S 45 R B R CBCC3-DG2 &
e B o] I N e o NI 7 = S R
m) R, P RE AR AT AR .

4.2.2 YRSKE AR

WS SIS B i P R A IR ) T SR bR L
VL RE A PO A R I B B A . B S A 4G
T A BRAE 15 A0 R A i W Soth k. B SR8
iR 1 30 AN (] E ZRIBO #5833k 48 17 25 I
[ °F- (8.

Mox s St 26 vl LLE L FCA-G BEfE4a R
543003 R 5L e B B PR A A S B L 5 HL RSl
BNEACAE. R 5 & E R 53 7] 43 B B A (s~ 1)
L FCA-G 1y Wi 85 BE DL M SO 24 & 48 T el



7 i A . 3 T8 SUME & 4 B i SR BB 4 S B ) A AR A B ik 1321
~12 ~ 55 ~ 1.340
- ——SaNSDF, a — SN & NSDE
& 10 Loz = +%BLC3(JD(;2 S 1335 é%(u; DG2
S 8 —FCAG g o0 —FCA-G g
= 6 = 21330
= = s =
" 4 " 4.5 5 1.325
X !
A=) A=) = 1.320
i 0 £ 4.0 N Z
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grouping optimization. For small and medium-scale optimization
problems, the evolutionary algorithm has achieved excellent
performance in various industrial application systems. It can
effectively handle complex optimization scenarios such as
various nonlinearities, strong couplings. and mixed variables.
However. due to the limitation of search ability, evolutionary

algorithm is also difficult to obtain satisfactory results in
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terms of solution quality and convergence efficiency when
the scale of decision variables exceeds a certain order of
magnitude. Even if it uses an improved global optimization
operator strategy.

In the existing large-scale optimization method, cooperative
coevolution (CC) algorithm is the most popular frameworks
currently dealing with LSGO. The CC framework is an
effective method to deal with LSGO problems: any decision
variable can be statically or dynamically assigned to different
subgroups through a specific grouping method, and complex
problems can be decomposed into simple sub-problems. In the
grouping process, each sub-group represents an independent
sub-problem, and the optimization process of each sub-problem
does not affect each other. Finally, the solutions of all sub-
groups are combined to form the final optimization result.
According to this, the design of variable grouping strategy

has a significant impact on the final optimization performance.

In addition, there are explicit or implicit interdependencies
among a large number of decision variables in the LSGO
problem, which increases the difficulty of grouping. So far,
there have been many new CC algorithm have been proposed
and developed. They use different heuristic random grouping
strategy. It is worth noting that linkage learning works well
on partially separable problems, but not so well on indivisible
ones. In this paper, formal concept analysis (FCA) is introduced
into CC to solve the LSGO problem. The main idea is to treat
the set with the same extent and intent as a subgroup through
FCA technology and matrix operation to solve the grouping
problem between interacting variables. Experimental results
show that the proposed algorithm is effective in dealing with
LSGO problems.
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