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Abstract: Aiming at the disadvantages of Bayesian network structure learned by heuristic algorithms, which were trap-
ping in local minimums and having low search efficiency, a method of learning Bayesian network structure based on hy-
brid binary slap swarm-differential evolution algorithm was proposed. An adaptive scale factor was used to balance local
and global search in the swarm grouping stage. The improved mutation operator and crossover operator were taken into
salp search strategy and differential search strategy respectively to renew different subswarms in the update stage.
Two-point mutation operator was adopted to improve the swarm’s diversity in the stage of merging of subswarms. The
convergence analysis of the proposed algorithm demonstrates that best structure can be found through the iterative search
of population. Experimental results show that the convergence accuracy and efficiency of the proposed algorithm are im-
proved compared with other algorithms.
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500 —1143.31 —1256.04 —1285.34 —1294.32 —1143.32
1 000 —2265.06 -2 653.03 —2294.76 —2310.48 —2265.85
3000 —6 825.32 -7 069.02 —6 898.79 —6 948.57 —6 894.61
5000 —11243.58 —12109.55 —11956.57 —11 789.65 —11678.23
%5 TEEAE CAR MEH R EHEE T BIC 5
AN BIC {4y
AR\
HBSS-DE MAK MMHC AESL-GA BEWCA-BN
500 -3392.34 -3 498.95 -3 405.89 —3425.87 -3 398.72
1 000 -7 083.95 —7393.02 -7 209.63 —7 298.65 -7 144.06
3000 —19930.82 -21970.46 —20446.78 —20324.85 —20 881.64
5000 -33965.16 —35461.82 —35192.46 —34780.25 —34455.11
6 FEIE A7 ALARM 4% s R [E 47 2 T B9 14 BIC T4
Sl BIC ¥4}
el A
HBSS-DE MAK MMHC AESL-GA BEWCA-BN
500 -5310.02 -5 680.04 —5792.48 —5852.14 —-5514.29
1000 —10180.08 —-10311.08 —10194.25 —10249.75 —10245.48
3000 —29 780.76 —30308.01 —29 894.56 -30014.25 —29 989.65
5000 —48 920.58 —49 259.15 —48 925.67 —49 652.37 —48 958.73
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WVZAMAK B MMHC

HBSS-DE

[CJIBEWCA-BN

[CJAESL-GA

.0

MAK B MMHC

C_JAESL-GA _IBEWCA-BN

HBSS-DE

3000

1000

.0

1

otetetetetetetetetetetetetetetetetetetetetetetetetetetets Rt

(=]

B R/
(d) RRFEER HE

BB
() AIRIFLRY TPRAE

gt b

TEEETE ASIA M4 R EETEE T BIMITESE

45

6 ALARM M4 AR $E i

=17

AT I /s

MAK MMHC AESL-GA BEWCA-BN

HBSS-DE

3.85

1.58

452

3.62

2.11

500

4.14

1

2

8

4.

74

2.37

1 000

4.69

8

5.62

432

2.85

3000

4.43

5

7.67

5.31

3.03

5000

TRIITEY )

EIH A7 CAR MEHRELEE

P

=8

Il Ti/s

17

G

Bl A

BEWCA-BN

GA

MAK MMHC AESL-

HBSS-DE

7.79

8.47

10.24

7.04

5.23

500

7.95

8.52

10.79

7.72

5.84

1000

9.82

9.72

11.58

9.57

6.08

3000

10.11

10.48

12.28

11.77

6.85

5000

TR A

ETHH

7£ ALARM W4 h R [EE1E
AT /s

7

FRE

z9

#

BEWCA-BN

-GA

MAK MMHC AESL

HBSS-DE

125.47

304.24

230548

314.16

118.37

500

139.84

325.49

2465.75

356.18

128.54

1000

505.57 3180.27 490.24 172.43

171.25

3000

195.48

578.59

4587.58

948.81

235.48

5000
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- 160 - wofF ¥ Ik W40 %5
e BIVF 43 SR AR DL 0 2 2 A, AE R IR R 5 v w0 w0 w2, LR R 4y LLAR B
ARSI MR RO B, SR T A, W0 4 i 4 2o 4 2™

A DR B AR S R S R, AR 22 A A [
2R, IRl DR OR R T R ) R
K5 RM R4, BEIEARRT NS RER,
EACG WA R R . RIS 2 AN Bl b A [
AT R 0578 S SRS 1 0 T AR E T 2 AR,
T b N R e Al o

HHE 4~18 6 nJ%N, ASCHEIER TP {H7E ASIA
M % Fh E MAK. MMHC. AESL-GA. BEWCA-BN
FVT%2 T 149, 134, 1.02. 0.79, 7£ CAR ¥
S L ARSI 2 T 2.21. 171, 1.23.4 0.56,
7 ALARM M &5 b LA BV P2 T 741,411,
4.81. 3.65. ALEIEAE ASIA W45, CAR W44,
ALARM Mgt FP (R{ES/N T HABS L, HAE 3
AL IR TPR AEIA K T HABSR L . WiE w it 6
MHPEE N 500, 1000, 3 000, 5000 K, A
HEEHAREEARLG, F AP w0 o ik
W;OO . W;OOO . W;OOO . W;OOO , ',?)E )ﬁ %U }Eﬁ
W;OO-FW;OOO ZW;OOO+W;000 ‘bl‘ﬁ%gﬂjg%%%Eﬁ]\tKO
AL FAEAE ASIA W 2% 4t MAK.MMHC .
AESL-GA.BEWCA-BN S5 P8 T 22.54%-
17.89%- 15.17%-. 8.57%, ft CAR M %% Lb Al
HVE R T 25.74%4.19.29%.13.32%.9.64%,
/£ ALARM W 4% A L Hofh vk P 4t | T
24.71%. 15.19%. 10.91%. 6.36%. MAKITS,
HBSS-DE %512 R+ 21 58 HEAA 11 DU 17 193 25 25 44
X TR =M R 22 0 R g, B
FENMR A AT A RS R0 TR 2 A,
ik B3 S DR DR UE o 2 AT I ) 4 R 4 R e
DI [RS8 P R R e B R 1) 4
G, S0 T ARk R A e

2 7~3 9 7l 411, 24 ASIA W 4% 18k Bk 500
11 000 B}, AESL-GA iz47Hf[Alfzf, HBSS-DE
FFIZATI A EE AESL-GA WK —2%, X T
NEHER N HBSS-DE 5050 T e sk 4 /i
R, TSR TR PRI 4 R 2 AR A
A, R T RRE A AH [ )4 R FH P R A8 AR S g
KL RIVEH . BAREE T BN RS, H R
BN TIEAT A AR T, 4 BdE R 500,
1 000. 3 000. 5000 I}, HBSS-DE 5.2 5 HoAh 5%
FHEG,  BRAT B )~ 3 46 2 1) 7 43 bl a3l ok w2

, 28, 5 MAK 5%,

MMHC 5. BEWCA-BN 574, HBSS-DE
SVEAE ASIA W 4% T (118 AT I i) 7 38 46 5 T
15.25%- 21.77%- 5.32%. {E. CAR M %1, HBSS-DE
HEEE MAK. MMHC. AESL-GA. BEWCA-BN
B4R T 18.57% 13.26%. 15.18%- 5.12%.
1 ALARM M 25504 824 5 000 i, HBSS-DE 47i%
tt. BEWCA-BN HVEFER B, X2 T i £
(1) 9 28 4 2R (RTE R AOR, AEIRARI I R v 22 0 R
T AR K TR I, $em T AR A R
HHES)s B IEFRIRERS Y R A8 SR e ARG I T
FREEMZ AR, W T SEBR N R et (R 2
SR RS 5N A SR G N T SRR R R
i) . HBSS-DE 575:7E ALARM M 4% b MAK.
MMHC. AESL-GA. BEWCA-BN .y P45 1
28.23%. 92.63%. 19.04%. 1.42%. WAk,

HBSS-DE $73%: 75 K28 4 2% v bt HAh 5925 48 R 2%
FRPPEFA T Y o 3K DRI Ay AT A 4 2R SR (1) JRi 8
HREE ), Aets PO SR AR AR . T ISR
Rl DRk T ARSI R &, fem TR
oy [RINLE PR AN A I AT E B3 Ak 25038 1R 4 45
¥, D AE PR AN AR IV HE 1 JC FH I ]

4 LERIE

ARSCHEH T L TR AR A - 22 4 VR ) DL
Hr 94 4 4 1 2 =) 735 HBSS-DE o 1% 57530 i 30 &
BRI, K FIEERI > A 2 ASFR0EE, R R e e
T 98 2R R B 2 0 5 R SR W 43 i) SR AN TR 1 T
FREE, 0B T PRI ) P 0 A8 SCAR S 3 i e
(M ZREPE . 5 B UE W], HBSS-DE 534 RS 4k 21|
o FE PR DU 7 ) 25 54y, L RASE DR P-4 T i
MR EERMR, MRS T EIENS
e, 2RSS T ARSI E . 5
HABST LA L, HBSS-DE Sk ISR & 5 T3
HIH T
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