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A Method of Inductive Machine Learning in Knowledge Base for Bridge Rating Expert System

EARXRE FINE- 3 A R — R HES "
By Ayaho MIYAMOTO, Hidenori MORIKAWA, Ichiro MASUNARI and Masanori FURUKAWA

Machine learning has been a goal of Al reserchers since
the beginning of Al. The aim of this paper is to discuss a
method of machine learning in knowledge base including
subjective information related to bridge rating for Bridsge
Rating Expert System. In this system, a concept of fuzzy set
theory was adopted to deal with subjective information. We
defined that there are essentially two major forms of
machine learning in knowledge base, that igs,increasing their
knowledge(knowledsge acquisition) and improving their skills
(knowledsge refinement). In this paper, two methods of
knowledge refinement based on inductive learning are briefly
discussed. One deals with the membership functions trans-
planted to the system as expert knowledge. The other deals
with the effectiveness function which consists of some
specific values. Moreover, these methods have been verified
to be effective for this system as a result of having input

some examples.
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AMPLE 1) 5 (EXAMPLE 6)iz oW T ik, Ml
ABEREREFREW L TR BHFRIEAN
P -y%E A, (EXAMPLE 72\ T i3 LERNE
WHIHIA N 925 A Tv5, i, BRO
BERET BT 5oV Ty (EXAMPLE 1)
BLELEMNE 85 LS. (EXAMPLE 2)&
U(EXAMPLE TR bEEEMNE L LB Lok,
# 1T (EXAMPLE 3)75 (EXAMPLE 6)iz 2o
TRIRRRCERT OO LRI T 57 %
EXTENERAN L, RIBZINhEDAN
F— 7 OWE LR, FhR4G)~(dDiE, Ay
MDA L MIA GG ER—E L, 20
BOGID S OBME T 2EEL2BLARE
A1z (#38M) (EXAMPLE 1)5 & (EXAMPLE ¢
YETOHIERON, —B1& L T(EXAMPLE
1)~(EXAMPLE ) E TR Z LD TRLEDODT
BB, Rdb o\ —Hl& UCENTTE LW
RT3 OBRELTCET N5 ME
MeE LT, OBBOBBGETZ AN -5
2R NS U (BXANPLE 213, AR
P30 UAEE RS 2 T80 (EXAM-
PLE 3~B)DH R L v g2 fllic M I hT
V5, @(EXAMPLE 8)id. WBREHEON. My
VCUDLNOBREEI AJIU. (EXAMPLE 4)13
EAMOUDhOBEZRERLANILIZSDT
b8, EBOBRCOTEMMMEREL T
B\ WIHOUC TN &V E&REOHHERMI
FMMINBBERDBEEZIONBR b
H 53, (EXAMPLE ) ®J5A(EXAMPLE 3) & ©
DHLULHEMANCTME TV B, HHD 3,
COXIBBWIGICEL AMEEAERAL
FERERER, PLTRZOFERER TV
AHE 20T L HTH B,

OFsub goal CORBEEBOEGORE
P &sub goal TORBEEIIZ, Fhigoald
BohDRBE B Dewpster DEEARIE A
WCHALTWRBREVBEERS, 2L
Ty _kfIsub goal (it o WA TDHK
sub goal DRWIHERICRIETHELEZRITA
NELDREHE « EEEO2o>0MHEE2A
WZsub goal DWbHWAEZfHF 2T - TV
5, LMLy Lfisub goal TOBESMTE

#4 (a) (EXAMPLE DZ AN U iR R
(e d B 2RI & L efil)

# E M B | PHELMm | DANGER | SLIGHTLY | NODERATE | SLIGHTLY |  SAFE FUZZINESS
DANGER SAFE
@ # 6.1 0.0 0.0 0.184 0.571 0.235 0.382
e T 50.0 0.139 0.241 0.241 0.241 0.133 1.0
B OE R oR 88.4 0.0 0.0 0.003 0.48¢ 0.532 0.072
Bl & A & & 31,8 0.0 0.0 0.0 0.329 0.871 0.108
REOKIEO A 94.0 6.0 0.0 0.0 0.198 0.802 0.030
MRV OUDR
XERMEOCDN
KEHROUDR 58.8 0.238 0.158 0.013 0.304 0.287 0.441
AN R CE T 87.1 0.167 0.142 0.084 0.293 0.335 0.339
AR 6.3 0.007 0.078 0.254 0.293 0.367 0.312
KIRBAY 86.5 0.0 2.0 0.024 0.492 0.484 0.259
RIER AT 89.8 0.0 0.0 0.015 0.387 0.598 0.080
® ¥ 80.1 0.0 0.027 0.554 0.377 0.042 0.236
] I 50.0 0.139 0.241 0.241 0.241 0.139 1.0
El# A R o® 11.3 0.0 0.0 0.172 0.587 0.241 0.362
o Tbh 85.0 0.0 0.0 0.057 0.480 0.463 0.283
tABOU DR
Bavvbh
HBavUbLN
Wi | HioSHnER 85.0 0.0 0.0 0.057 0.498 0.447 0.221
NG 68.2 0,039 0.230 0.131 0.292 0.308 0.331
ERRALE 79.0 0.0 0.0 0.086 0.682 0.231 0.198
EH RS 83.4 0.0 0.0 0.016 0.845 0.339 0.135
%4 (b) (EXAMPLE 2)% AJ) U 2 iy
(BbREEL2EL LRHD
$ O B B | VXML | DANGER | SLIGHTLY | NODERATE | SLIGHTLY |  SAFE FUZZINESS
DANGER SAFE
¥ 8 6.1 0.0 0.0 0.194 0.571 0.235 0.382
® T 94.6 0.0 0.0 0.0 0.180 0.820 0.641
[ 83.4 0.0 2.0 0.008 0.464 0.532 0.072
K| & B R =& 65.2 0.0 0.118 0.387 0.269 0.228 0.498
BEOEIEO R 39.4 0.181 0.473 0.188 0.038 0.161 0.474
WV O U bR 39,1 0.193 0.468 0.145 0.037 0.157 0.489
¥ERMEO DI 38.8 0.199 0.467 0.138 9.037 0,158 0.485
FREROUDR 42.3 0.133 0.503 0.143 0.041 0.173 0.430
B| EEos RS 39.0 0.187 9,396 0.161 0.055 0.190 0.299
B AR A 52.3 0.132 0.297 9.188 0.161 0.22{ 0.579
BR RS 1.3 0.151 0.328 0.096 0.250 0.180 0.594
KRR W 5 4.2 0.144 0.372 0.068 0.191 0.225 0.240
® 14 §0.1 0.0 0.027 0.554 0.377 0.042 0.236
" T 94.5 0.0 0.0 0.0 0.180 0.820 0.041
E| # B R & 71.3 0.0 0.0 0.172 0.587 0,241 0.382
#FOTbN 42.3 0.266 0.426 0.0 0.059 0.248 0,319
¢LBOCDR 40.0 0.301 0.405 0.0 0.056 0.237 0.341
RAVUDLH 39.3 0.269 0.448 0.015 0.051 0.218 0.376
v von 40.3 0.305 0.397 0.0 0.087 0.241 0.334
G EL ALY OET 2.3 0.288 0.313 0.104 0.048 0.247 0.886
ERRA 59.4 0.134 0.253 0.115 0.175 0.323 0.378
EX 3178 10.2 0.113 0.036 0.085 0.480 6.286 0.385
EHRAL 72.3 0.162 0.024 0.013 0.410 0,391 0.135
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y (320180 2AVAI LT, REEMKE
LCRETH3D0TH%, L L. ZHOT-
MIBHEHHRBESWCTREEIN SN 52-%a, by ¢
OEOHIIE. BFROERPERAEC L
TEREDA-TBOREENTVAHEMRERED
B, ChoDOERAHE LUCBMRBIEbh
Tetid. ARIBFEZMA B VIRV IAFARTHE)
RIEBEEIN B2 &RV,

OHEN BB R, Wath mAH Ol
2T A, Bsub goal DIRAEA R IR E
BEGBREAKORERZRIABEMBRER T
A2DOBMTH Y, sub goa OBERIEL T
ZNETNIEE (1. BEWNEI V.2, BEBIPE
BTda.3.BERKENW) OI55 EhhiER
FTELIBEINRTVDS, COXIRLTER
ZFhOsub goal DFROREHTERE X 588
ORERIECLEAEMNT LI LB TV,
LA L, BlZEEN s s TET] & TOU
bhl Osub goalD &I, 3. HEERKEW)
ZEBLINREHTH-THy TRTHOIHH
HEBOHRLORM 5 BB OEARMY
RRZE-TCVBEEILNE, O, &
sub goal IKBEEE ORMM 25 X 5B,
b0 &S BIEEORMMON, Mok
Bsub goalTHh - Thy ZNZFNMPD IS
BEEZZEICLEANEYTCHRLEILN
%,

AHETE LB MESORRE
VTRBEMBRCEEEOZORER Laik
OEFFLEERET 5,

3.2 RBEMBcMHT 5T
3.2.1 7 BABN Ay O EH
TUr-MRER & o TRE L EMR OB R
T EERCSEE (D, @FK) 2HVCREE

#4 ()

(EXAMPLE )% AN L el R
(T o UDbhoBEL2EBIE LD

FUZZIKESS

W ¥ A B |WHM4L® | DANGER | SLIGHTLY{ NODERATE | SLIGHTLY | SAFE
DANGER SAFE
% 13 6.1 0.0 0.0 0.184 0.571 0,235 0.382
] T 94.6 0.0 0.0 0.0 0.180 0.820 0.041
% W OR O 88.4 .0 0.0 0.008 0.484 0.532 0.072
# A R & 66.2 0.0 0.116 0.387 0.289 0.228 0.496
BEOKIEOHA MK 39.4 0.191 0.473 0.138 0.038 0.181 0.47¢
MRV OTbR
XERMEOUDR
ERHROF DN 42.3 0.138 0.503 0.143 0.041 0.173 0.430
1| KIEO L HEER 43.0 0.142 0.378 0.212 0.089 0.182 0.284
PR 52.2 0.104 0.314 6.213 0.158 0.211 0.812
R AR WA 51.3 0.151 0.328 0.036 0.250 0.180 0.594
KA A 50.4 0.122 0.373 0.074 0.208 0.226 0.235
£ b 60.1 0.0 0.027 0.554 0.377 0.042 0.238
# bt 94.6 0.0 0.0 0.0 0.180 0.820 0.041
E| # A R OB 77.8 0.0 0.0 0.172 0.587 0.241 0.362
@O Tbh 42.3 0.266 0.426 0.0 0.059 0.249 0.319
HAROUDR
WROUDLR
ff#vvbh
¥ | EH oL HNEAK 42.3 0.233 0.408 0.0 0.055 0.303 0.096
EfimALE 53.4 0.127 0.357 0.095 0.148 0.275 0.465
EfRA 8.9 0.126 0.248 0.060 9.338 0,283 0.523
EFIRA T 57.7 0.120 0.306 0.008 0.262 0.305 0.128

#4 (d

) (EXAMPLE )% AU fefEim#s B
(BABOCOhORGE2EES &6

W O R OH | PHELE | DANGER | SLIGHTLY | KODERATE | SLIGHTLY |  SAFE FUZZINESS
DANGER SAFE

® #* 8.1 0.0 0.0 0.194 0.571 0.235 0.382

® I 94.6 8.0 0.0 2.0 0.180 0.820 0.041

#® W OR oK 88.4 0.0 0.0 0.003 0.464 0.532 0.072

Kl #& B R & 66.2 2.0 0.116 0.387 9.269 0.228 0.496

BREORRORIE 9.4 0.191 0.478 0.138 0.038 9,181 0.474
MERWO U DR

XEMEOCDN 38.8 0.199 0.467 0.138 0.037 0,158 0.485°
RE#ROUDR

M RO 2GR 40.8 0.21t 0.341 0.154 0.101 0.194 0.414

B R 53.2 0.173 0.241 0.170 0.175 0.240 0.526

AR A 51.3 0.151 0.323 0.096 0.250 0.180 0.594

RAEM AR 50.1 0.159 0.343 0.087 0.198 0.234 0.262

% i 60.1 0.0 0.027 0.554 0.377 0.042 9.236

. T 94.8 0.0 0.0 0.0 0.180 0.820 9.041

| & A R & 71.3 0.0 9.0 0.172 0,587 0.241 0.362
myorbh

¢AWHOT DR 40.0 0.301 0.405 0.0 0.058 0.237 0.341
BROUDD
HEOVUDLN

K EHiofénng 50.3 0,420 0.042 0.0 0.158 0.380 0.078

EH R 56.0 0.174 0.222 0.108 0.191 0.304 0.413

EHHAE 65.9 0.156 0.014 0.077 0.497 0.257 0.364

EHR A% 65.2 0.233 0.015 0.0 0.382 0.370 0.187
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ZORBEBUHERRCIATT LI 5RBEEMATOLRTTH 5. B\ O &5 RHBXBHTMOEFGAE
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