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Extended belief rule base inference model based on rule clustering and
parameter learning

YANG Long-hao', CHEN Jiang-hong"', YE Fei-fei*t, WANG Ying-ming"*

(1. School of Economics and Management, Fuzhou University, Fuzhou 350116, China; 2. School of Cultural

Tourism and Public Administration, Fujian Normal University, Fuzhou 350117, China)

Abstract: The number of rules and parameter values in extended belief rule base (EBRB) affect the accuracy and
computing efficiency of the EBRB inference model. Therefore, this paper proposes an improved EBRB inference
method based on rule clustering and parameter learning, called RCPL-EBRB model. The principles of the proposed
model include: The density clustering analysis is firstly used to perform the rule clustering of the EBRB, so as to
identify invalid extended belief rules and improve the modeling process of the traditional EBRB. Then, the rule clusters
obtained by clustering, namely sub-EBRB, are used as basic units for parameter learning and rule reasoning, so as to
improve the accuracy and computing efficiency of the RCPL-EBRB model. Finally, the datasets of nonlinear function
fitting and benchmark classification problems are introduced to verify the effectiveness of the proposed model and carry
out parameters sensitivity analysis. Results show that the RCPL-EBRB model has higher accuracy than the existing
EBRB inference model and traditional machine learning methods.

Keywords: extended belief rule base; rule clustering; parameter learning; rule reduction; modeling; sensitivity
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Y R 2 02 20 Bt 4 Hh 200 26 i N i 4L
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step3: MR 25 2.4 5 f RCPL-EBRB #% 7 (1] i
VA 38 7 3, W] AR RGAH R B A CEL 43 0 R 2.209 5,
0.5729. 1.4803. 2.907 7. 1.1579. 3.099. 2.695 4; Jif
PR I G rpUCME, AR R E A AR 200 ZH 46 N i
Hm g HER S5 . B, AR DL b St 25 L n ) 1%
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ROR B, Xt — 25 % B T RCPL-EBRB #5 B4 75 fh 2k
FoLA5 I A A
3.2 UCIEUR&E X

N T 33— 25 # B RCPL-EBRB #1784 ) 45 % 14 Al
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AR NS B GiHnE | s, 48 B 58X sy 2K %
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1) R LT A8 OB AUE J5 32 %1 43 I 0 A0 Ik £ 4 45,
Bl #E 4 — 1 5840 A 80 % 1 B35 1E N VIl 45 B 8l 4
F120 % 1) 4 7R IR Hd 2, e rholl SR icdls S v
P83 1L — 20 4k 2R 75 % B0 FH T AR Ak
i B A PRI (BRI U] A s A £ ) R0 25 % 1) 5HE A
TSH0% ) (IS HCE TR ) 2) @ 2 A
KB BVE U N 3B 5 2.3 45 step 1 X HE Al 5 %
IRAE FEHE Liin F1 D 1 R 53471 55 2 1 2 350
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%5‘1'@& Lmin Dmax

Iris 150 4 3 1.0 4
Seeds 210 7 3 1.1 6
Wine 178 13 3 10.0 25
Diabetes 768 8 2 25.0 8
Cancer 569 30 2 30.0 10
Glass 214 9 6 1.7 12
Transfusion 748 4 2 250 50
Yeast 1484 8 10 0.5 4

1) 5845 EBRB HEHU L [ P A8 LAt

£ 5045 EBRB#E BRI R M RE L b, 5IN T
O-EBRB f521Y | J - 7)) 25 H 7% 1) EBRB #3445
A0 (1L /FE DRA-EBRB #EAY) , JE T~ £ 405 40,25 73 #r 1)
EBRB #fE # f #17) ({0 /F DEA-EBRB F:#Y) ., 3 T — 5
PR3 BT 0 (1) EBRB #3451 26] (12 /E CABRA-
EBRB #7) 13 T MVP # [ 4 B EBRB 2 #4111 (ig
YEMVP-EBRB LAY, DL KA FH 73 S5 1HERf 2 (ACC) . M
T 34 73 2 (VRR) VE A PEAN FE 5. S2ie 45 R ank 2 i
IR,

H1 5% 2 AT %0 5 B 7 15 AH G, RCPL-EBRB £ 7Y
7E bR B 45 P e R R UF R B st
Seeds. Wine. Cancer. Diabetes. Yeast. Cancer [ & %,
RCPL-EBRB #5584 [t 14 Aff 25 257 ey T HLAMABE Y, e Ak, 75
P R /2, RCPL-EBRB 5 Y () 1 fff 26 A i 2 Ik
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%2 S5HMEBRBHEERHECE ST
A S5 A Ei=2n Iris Seeds Wine Diabetes Cancer Glass Transfusion Yeast FIHES
O-EBRE ACC  9533(4) 9133(5) 8L.16(4) 7344(3) 9459(3) 67.85(6)  76.14(4)  45.61(5) 425
- VRR 100 (4) 100(2) 100 (4) 100(2) 100 (4) 100 (4) 100 (4) 100 (4) 35
DRAEBRE ACC  9550(2) 92.02(3) 83.76(3) 71.44(6) 9461(2) 69.65(4)  7657(3)  54.13(3) 325
i VRR 100 (4) 100(2) 100 (4) 100(2) 100 (4) 100 (4) 100 (4) 100 (4) 35
ACC  9520(6) 87.04(6) 9632(2) 7339(4) 9459(3) 72.90(1)  72.07(5)  52.70(4) 3.88
CABRA-EBRB  vrr  1008) 100(2) 100 (4) 100(2) 100 (4) 100 (4) 100 (4) 100 (4) 35
ACC  9540(3) 91.67(4) - 74.17(2) - 69.44 (5) - - 35
DEA-EBRB VRR 9226 (3) - 89.49 (3) 90.64(3)  92.26(3) - - 3
ACC  9587(1) 92.38(2) - 72.59(5) - 7206(3)  8036(1)  57.49(2) 233
MVP-EBRB VRR  81.88(1) - 69.52(2) 72.90(1) 81.88(1)  42.63(2)  41.76(2) 15
RCPLEBRE ACC  9533(4) 92.86(1) 97.22(1) 74.68(1) 9649(1) 72.092)  77.12(2)  59.10(1) 1.63
i VRR  8291(2) 58.88(1) 4530(1) 63.54(1) 8034(2) 8291(2)  3051(1)  3582(1) 137

T Ath 7 v anxd T Iris Z4E 45 : RCPL-EBRB 12 2 (1)
TERf 2R HE A 5 4. (H R AE 344 o, RCPL-EBRB
B b At 77 925 B8 vy B HE 48 8 0 D0 4 B R o R
1, RCPL-EBRB % % £ Iris . Wine . Diabetes 2 ¥4/ 5
BB 5 D 0 I B T AR R Btk
AL AR AL ] DLLE Uiy [ 5 /D000 P B Ok 2 B
(IHER 2, AR B 1 A AL E R0 U 24 6k T e 6 2 2
A BEIER.

2) 5H ML G 2 TR R LR,

N T N7 43 i RCPL-EBRB A AL 15 24
PE, AR SCE BTN T A& SALE 5 S BB g AT b, Hop
ALHE K48 (KNN) B SCRF R EAL(SVM) Bk A
T2 (ANN) B35 R 3R DL (NB) 5. Bk
P s Rk 3 fr .

*3 SRGENEFE RS LERRLI S0

LETES KNN SVM ANN NB RCPL-EBRB
Iris 93.33(3) 92.00(4) 97.33(1) 84.67(5)  95.33(2)
Seeds 85.24(3) 83.80(4) 70.00(5) 88.10(2)  92.86(1)
Wine 84.31(3) 55.56(4) 4222(6) 96.11(2)  97.22(1)
Diabetes 68.13(4) 69.20(3) 58.40(5) 73.20(2)  74.68(1)
Cancer 94.02(3) 62.74(5) 9631(2) 93.15(4)  96.49(1)
Glass 66.85(2) 49.91(5) 65.76(3) 57.74(4)  72.78(1)
Transfusion 76.20(3) 75.27(5) 76.34(2) 7540(4)  77.12(1)
Yeast 58.22(3) 43.26(5) 59.03(2) 57.61(4)  59.10(1)
SEYIHEA 3 438 3.25 3.38 1.13
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SRR, o 223 26 H B A R — 45 SR8 1 4 A X
BIEHE, 5 86.43 %, Bl ey 75 [0,0.3] LR EZRA
J[0.7, 1], PR R0 & (1 o0 RUER R LA B 5. 48
AT RN, AR RE B I Dy B, AT SE25 € — DM HIEG Y
D, R J5 B EEEI/NFIIE K Do I ISR RO 45
P Doy i SR SRR TE 22, MG 1 e PO UM PT 42 5
IrISHERIE; I, A N Do i TR B 22, T sk
/b ey THUAE P42 i 7 S AE R 1.
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