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Belief rule base classification algorithm using MISA
multi-objective optimization

LIN Jin, HU Jiachen, LIU Wanling, WU Yingjie

(College of Mathematics and Computer Science, Fuzhou University, Fuzhou 350116, China)

Abstract: The efficiency and accuracy of a belief rule base (BRB) classification system are limited to the determination
of the systematic parameters and the structure of the rule base. In this study, we propose the usage of a BRB classifica-
tion algorithm, i.e., the multi-objective immune system algorithm (MISA), along with multi-objective optimization to
determine the optimal parameters and the structure of the rule base. This method simplifies the characteristic attributes
using a differential evolution algorithm to develop a training model and subsequently uses MISA to optimize the system-
atic complexity and the classification accuracy for identifying an optimal solution for the classification model. In the ex-
periment, we initially compare the results of the BRM-based MISA (MISA-BRM) and those of the BRB classification
system with respect to their complexity and accuracy to present the benefits of our method. Further, we compare the res-
ults with those of the existing classification methods to verify the feasibility and availability of the proposed method.
The experimental results denote that the proposed method can effectively optimize the accuracy and complexity of the
BRB classification system.

Keywords: belief rule base (BRB); classification system; multi-objective optimization; MISA; Pareto optimal; differen-

tial evolution; adaptive mesh; feature attribute reduction
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Table 1 Basic information regarding the test data

ACITE S B ER Ve Follfod Hdas
Iris 4 3 150
Wine 13 3 178
Cancer 9 2 683
Glass 9 6 214
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Table 2 The parameter setting information for DEBRM

- Bnse
DEBRMZ:#{
Iris Wine Cancer Glass
F 0.5 0.5 0.5 0.5
CR 0.9 0.9 0.9 0.9
eIV 100 50 50 50
BEARIEL 3000 3000 3000 3000
£33 MISASHIZERR
Table 3 The parameter setting information for MISA
MISAZ:%k
Iris  Wine Cancer Glass
A5 AR 05 05 0.5 0.5
Hehpyse R 05 05 0.5 0.5
RS GNEN 3 7 5 5

ANERFEFR N 20 20 20 20
RN ESTYNE] 15 15 15 15
AR UEL 8 8 8 8
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Fig. 2 The Pareto optimal curve for the Iris dataset
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Table 4 The Pareto optimal solution set of MISA—-BRM
for the Iris dataset
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Table 5 Comparison of the structural complexity and clas-
sification accuracy with respect to the Iris dataset

R
ik A0 WEENER % W% TR/ %
BRBCS 7' 96.67 96.67 96.67
DEBRM 3 100 100 100
MISA-BRM 3" 98.52 100 98.67

BISEEE R UIgRdE Mg S
N KB WERRY% WERR% R %
4 81 99.26 100 99.33
3 27 98.52 100 98.67
2 9 97.78 100 98.00
1 3 95.56 100 96.00
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Fig. 3 The Pareto optimal curve of the entire Wine dataset
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Table 6 The Pareto optimal solution set of MISA—-BRM
with respect to the Wine dataset

mrEErE RO YigsE K LE SR
A B WEIRERY% ERRRY% MERRR/Y%
6 729 100 100 100
5 243 100 100 100
4 81 100 100 100
3 27 98.38 94.12 98.88
2 9 94.41 82.35 93.26
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Table 7 Comparison of the structural complexity and clas-
sification accuracy with respect to the Wine data-

set
ik HEIU) (e MR 5 B
B ERRR/Y% WERRY% R %
DEBRM 3" 99.44 99.44 99.44
MISA-BRM 3 100% 100% 100%

Wt 7 A Hr A, M HF Liu 42 W
DEBRM 42K R 45, 3£ F MISA £ HFs ALy & (5
FIN 2R 53245 22 G0 m BN i e 31 2 RT3 34, 24
T 1594242 5%, AMUMCRIRIR T RGEE R E, H
R IREFRFIRT T 100%. 7] W, RG 0K UE
RS REE IR IEHOCR, A BRI
2, HEHREDR 2R S AR
3.3.3 Cancer ¥ 4% & E 3547

Cancer BI85 48 B0 A0 B4 80K, [ FE 4528 51
B o A AN 5] o AR SO H T f# Ut Cancer
4L Y Pareto L2k, 4n&l 4 fr7 . XJ Cancer
YRR IR e A SO A Bl 4 By 26
HERA AN 3R 8 TR o

0 50 100 150 200 250

HRE
Bl 4 Cancer ##3 & 1) Pareto & fiL B &
Fig. 4 The Pareto optimal curve of the entire Cancer data-
set

% 8 Cancer ##E & £ MISA-BRM Pareto fx L fF &
Table 8 The Pareto optimal solution set of MISA-BRM
using the Cancer dataset

[ 70 S/ ][5 S HIjEES B
MO REC W% WERR% %
5 243 99.02 97.06 98.83
4 81 98.21 97.06 98.10
3 27 97.56 97.06 97.51
2 9 94.96 95.59 95.02

i I & 4 FnER 8 43 M A N, Cancer £ 4E I+
B 4~5 A~ Fi 2 8 2 i 7R U Gl 4 Y o 2R HERA
FAH2E 0.81%, MK E 5 09 73 BACR M A . 7T
1, £EXF Cancer £l 48, X BRI TERUE R G2 4%
FERATREAR MG L T, 3 REAT PR UE R G 1Y 4 2
HERA -

R T2 U B AR T R B A B, KA SO
%5 BRBCS . DEBRM 732677 i #k Cancer &4
BRI AT R 1) 53 28 R e 1Y 01 4% B RN 2R
HATXT L, W 9 frs .

R 9 Cancer HIEELEMEREMS R EREITL
Table 9 Comparison of the structural complexity and clas-
sification accuracy with respect to the Cancer
dataset
ok 7L B[22 S A S
FEC WERIEY% MERE% HERER/%
BRBCS 5° 99.82 99.74 99.20
DEBRM 3’ 99.82 99.54 99.56
MISA-BRM 3’ 99.02 98.06 98.83

i1 e 9 43 AT ] 1, A ELF BRBCS. DEBRM,
TF Cancer S %054 |, MISA-BRM 4328 7 - 19 1
TR BIREAR 0.37%. 0.73%. 15 Z G i B 455
WL T k. B, XRG4 ZE ZoR i
1= B, MISA-BRM 7 #E ff 2 F1 52 2% B 5 A4 A 1 1Y
B FC T N SRy SR E S
3.3.4 Glass %48 & L3047

Glass A 6 251, £ 20088 73 i A
5y, ELA B 2800 00 B0 B 5 S0 B B H R
/N AT IEH TR UE Glass B4 4E (1) Pareto ¢
oLk, s s frs.

X Glass B I 2550 P8 42 . I 3K 250 s 46 S 34>
Ba S L JEMER R AN 10 iR .
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Fig. 5 The Pareto optimal curve of the entire Glass dataset

% 10 Glass ##E & MISA-BRM £ Pareto 5 1L fF &
Table 10 The Pareto optimal solution set of MISA—BRM
with respect to the Glass dataset

Table 12 Comparison with other classification methods o/

AT R I RS S
M B WETRR% WERRY% HETRR%
5 243 80.21 77.27 79.91
4 81 78.65 77.27 78.50
3 27 75.52 68.18 74.77
2 9 70.83 54.55 69.16

N R
I3RITE: : :

Iris Cancer Wine  Glass

Naive Bayes 96.30 96.10 99.07 44.60

C4.5 95.33 94.80 96.26 68.40

AMO 99.27 98.48 9998 6543

Fuzzy-Gain Measure 99.28 99.04 99.62 73.83
Fallahnezhad 99.77 98.34 100 64.08
BRB-based-total 100 98.77 97.19 68.24

MISA-BRM-total ~ 98.67(3) 98.83(5) 100(4) 79.91(5)

B 73 J5 1 5 BRBCS. DEBRM 4328 77 1= fiig
T Glass £ 43 2K ) BB A 1 4 KRB E
2% L RIERG S HEAT XS 1L, I 11 R
R 11 Glass BIRELEHEREMS L EMEITL
Table 11 Comparison of the structural complexity and

classification accuracy with respect to the Glass
dataset

% 13 MISA-BRB FflH ft @2 #& F iXZ A LL &

Table 13 Comparison with other modeling methods o

Iris Wine Glass Cancer

GrT5 ik

NSGA-II-FRBCS

RA -2tk 987 983 — 98.1
MISA-BRM 98.67 100 79.91 98.83

96.67 98.88 71.50 —

ik o YIghgE hllym S SR
B OWETIR/% WERE/% HEE/%
BRBCS 5’ 94.77 71.84 90.18
DEBRM 3’ 83.04 72.09 80.84
MISA-BRM 3’ 80.21 77.27 79.91

SYHTEE 10 MR 11 Al RSO AR T2 )R
PEANECR 4 A58 5 AN R GE BB AR AT 5411 7 2%
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tt BRBCS 1 DEBRM 43 B FEE T 14.56% .
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