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ABSTRACT: Thiヽヽ tudy propoヽesthe algorithm to refine the rule base by pre団enting the 

inference re: ヽultヽ ofthe existing knowledge-base system as training aヽmplesafter the inference system 

waヽ compoヽedby meanヽ ofa versatile mutual linkage network. By so doing, rule base inference 

which is almoヽIthe same a: ヽ theexisting system becomes possible, and it is not only possible to 

obtain very easily in an explicit style the strength of the causal relation which will be coincident with 

the cases shown as training sampleヽ， butalso possible to allow the strength to develop into the 

unification of plural rule base yヽstems.The prop⑱ ed algorithm is applied, as an example for 

practical use, to the rule base for the purpose of inferring the damage cause of the road bridge 

RC floor system developed by Mikami, Tanaka, et al., to which the influence caused by the 

presentation method of the training samples to refine the rule base. Thus the effectiveness of 

this system was examined. 

KEYWORDS: expert systems, knowledge acquisition, case base, diagnosis、networksystems 

1.INTRODUCTION 

Expert yゞstems that have been constructed to now employ a wide variety of knowledge 

expression methods. and it is very important. from a point of view of sharing knowledge or reusing 

it , to establish a methodology theory making it possible to reconstruct the rule base reflecting 

very easily the inference results by means of the existing system [ 1,2,3). 

Keeping such a situation in mind, this study proposes the algorithm to refine the rule base by 

presenting the inference results of the existing system as training samples after the inference system 

was composed by means of a versatile mutual linkage network with the rule base. By so doing, rule 

base inference which is almost the same as the existing system becomes possible, and it is not 

only possible to obtain very easily in an explicit style the strength of the causal relation which will be 

coincident with the cases shown as training samples, but also possible to allow the strength to 

develop into the unification of plural rule base systems. The proposed algorithm is applied, as an 

example for practical use, to the rule base for the purpose of inferring the damage cause of road 

bridge RC floor systems developed by Mikami, Tanaka, et al. [4]. Thus the effectiveness of this 

system was examined. 

2.PROPOSED SYSTEM 

2.1 NUMERICAL EXPRESSION OF HYPOTHESES AND RELATIONS AMONG 

HYPOYTHESES 

In the inference system constructed in this study, the node composing the network and the linkage 
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Fig. I. Schematic Diagram of the Inference System Proposed 

show respectively the hypotheses and the relation between the hypotheses. The attributive 

values of these degrees are the possibility that the hypotheses are formed, which are hereafter called 
node values, and the strength of the relation between the hypotheses, which are hereafter 

called linkage coefficients. These are expressed with the real number values of the interval 
[O, I]. Furthermore certainty degrees are endowed with the node values and linkage coefficients、

and the certainty degrees thus provided are called the node certainty degreeヽ andrule certainty 

degrees, respectively. On the other hand, the re: ヽpectivenodeヽ canpoヽヽ esヽ the trainingヽ ampleヽ

obtainable from the caヽeヽ inthe paヽt.The training data poヽヽ eヽヽ the[node trainingヽamplevalue疇 node
training certainty degree] as attributive values correヽponding to the [node value. node certainty 

degreeヽ]as the attributive values of the individual hypotheses. 

2.2 INFERENCE ALGORITHM 

Fig. I illustrates a schematic diagram of the whole composition of the inference system m question. 
On the assumption that the individ叫 rulesare allowed to have plural condition partヽ， thenodes 

such as i1, i2, i1, etc. indicate the condition part of the i-th rule. Meanwhile the i。node

indicates the conclusion part of the same rule. The i-th rule is defined by the linkage 

coefficient W; and rule certainty factor cw_,. On the other hand, let it be understood that the 

individual rules are defined by the node value a,1 and node certainty factor c,1. Hereunder shown 

is the inference algorithm using these attributive values. 

First of all, let the node value and the certainty factor directed from a rule be obtained m 

accordance with the so-called minimum-operation in the equations (I) and (2), respectively. 

町＝^［↑町1'wi) (I) 
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In the event that the node is the conclusion part of only a single rule, the values obtained by the 
equations (I) and (2) become the node value and node certainty degree of the conclusion part. 

In the event that a node is the conclusion part of more than two rules, let the values obtained from the 

those equations be unified with respect to these rules using the equations (3) and (4) shown 

below, and furthermore let the node value and node certainty degree of the conclusion part be 

obtained. 
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where + i:、a yヽmbol indicating a+ h =a+ b -a・h. and +(c ,,, ) rnd,cate: ヽ that ... for 
． 

c,,, +c,,, . .fin・'t/111, .Ill: E Ill 

2.3 REFINEMENT ALGORITHM 

By comparing the node certainty degree of the conclusion part of the i-th rule obtained by inference 
with the training certainty degree given to the、arnenode, let the node certainty value or the node 

value with lower node training certainty degree be renovated. First of all, let the differences 
hetween node value and the node training value and between the node certainty degree and the node 
training certainty degree be obtained in accordance with the equations (5) and (6): ヽhownbelow. 

Lia 
I 。==a. -t. 

I I 
0 0 

(5) ふ', = C, - C 

IO 10 い。 (6) 

In the event that the training data are regarded as the information with a lower certainty degree 

provided that~c~0, the node・ trammg value and node trammg certainty degree are renovated 

in accordance with the equations (7) and (8). 

r. ← r. +IJ・da. 
I 
() 10 

I 
（） 

(7) c,. i ← c +11 M. (8) 

゜
t i 
'Q / 0 

where n is a learning ratio. In the event that~c,,, < 0, and provided that what is adopted in the 

minimum-maximum operation in the executed inference is the node value of the m,-th node 
c;orresponding to the condition part of the m-th rule, the node value and node certainty degree 
corresponding to the said node are renovated using the equations (9) and (I 0) shown below. 

a_← a_ + 1/・ 凶. (9) 
m- m- 1 
l l 0 

c而I←C西+11ド。1
(10) 

Meanwhile provided that what is adopted by means of the min-max operation is a linkage coefficient 
of the m-th rule, the linkage coefficient and rule certainty degree of the said rule are 
renovated using the equations (11) and (t 2). 

wー← に +T]・da.
m m 1 

゜
(11) cw,m← cw, 所 +11・IMi。I (12) 

3. APPLIED RULE BASE 

The rule base applied is the damage-cause-estimation expert system of the road bridge RC 
floor system developed by Mikami, Tanaka, et al. (hereafter called existing system)[!]. The 
existing system is for checking to see from the state of the road bridge RC floor system what was the 
cause of the damage. To be concrete with this, the estimation of the damage cause is 
made by obtaining the types of the damage from the visible damage taking into account the 
obtained types of the damage, passing position of the traffic loads, applied specifications, and places 
of the damage. The damage cause taken up as objectives for the estimation are listed in Table I. 
Furthermore kinds of the input information presented for the existing system are listed in Table 2. 
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Table I. Damage Causes Taken up aヽ Objectivesfor Estimation[4] 

＃ Damage cau如

'.!H Iが<Cl'SSl¥'etraffic'"""" 

I ,(l,tdill~ ~•1 Imp叫 load111g

:m Helatrnn bet¥¥Cl'n pa~~rng JH1~1t1on ot'tiaffic、 load.... nnd g11 d('J 

arrangement 

:11 Insufficient stiffness caused b; tbin slab 

:12 Insufficient stiffness caused b,・111adequate rc111forcemcnt 

:n I nsuffic,ent distnhut,nn hars 

Design m :H Insufficient reinforcement caused hy inadequate hl'1Hlin;( 

pos1t10n 

Structural :15 Tensile stress caused h、 dry111~shnnkagc and constraints h; 

mam girders 

:36 Addit10nal bending moment caused by non-umform settlement 

;37 Tensile stress caused by negative bending moment uf slab 

:is Presence of load dぃtnbut10ncross beam 

39 Low quahty of concrete material 

40 Freezmg caused by placmg m Wmter 

Construction 41 Insufficient cunng 

42 Insufficient work of construction Jmnt 

43 Error of remforcement arrangement 

44 Insufficient covering for rn1nforcement 

15 Freezing and melting 

Others 16 Salt 

47 Dramage from the slab surface 

Table 2. Cases used as training samples.[4] 

Case~1 Case #2 Case #3 Case #4 

Crack Lengthw, se and Lengthw, se and Lengthw• se and Length● , se and 

Visible cross冑1se crosswise crosswise crosswise 

damage Splitting -

l叩U『,ty Free I ime Free 1 ime F『eeI ,me Free I ime 

PI ace of damage Haunch part Mid span Girder end Haunch part 

Design code llarch 1964 March 1964 March 1964 Sep. 1967 

Passing pos1t1on of Quarter of span Quarter of span 

t『aff1cloads 

Case #5 Case #6 Case #7 Case #8 

Crack Lengthiv1 se and Lengthw, se and Length● , se and Lengthw1 se and 

Visible crosswise crosswise crosswise cross胄1se

damage Splitting - R1s1ng of surface -

l叩U『ity Free I ,me Wate『 leakage

PI ace of damage Haunch part Ha叩 hpart Haunch part Haunch part 

Design code Feb. 1980 March 1964 March 1964 llarch 1964 

Passing position of Qua rte『 ofspan Quarter of span Quarter of span Qua『terof span 

1『aft,c loads 
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Table 3. Inference Results obtained using Existing System 

．――---- . 
Causes 28 i 29 l 30 ! 31 ! 32 : 33 ! 34 i 35 i 36 l 37 i 38 l 39 i 40 ! 41 l 42 ! 43 ! 44 i 45 i 46 i 47 
Cases : :'':  :':  : : , : : , : 

case #I 073;0.73/0.92/ 09 /088!092!085/ 0.4 /071 !077/074/032/032!032(055/038/0.38i0.24!0.18/0.58 
case #2 0.9 i O 77 ! 0.5 ! 0 73 i O 73: 0.6 ! 0.3 i 04 i 0.59 i 0.65 ! 0.6 i 0.4 ! 0 52 ! 0 56 ! 0 58 i 0.1 i 0.2 [ 0.1 ! 0 ! 0.05 

----------------------―ュ ー一------------------------------------・-------- -------------------------------------------------------・-・-・---・・- --・----------------・-------、
case#3 0.86!0.86:0.47!0.76i0.86i085! 0.3 !033i0.31i0.31:031!0.37! 0 l 0.5 l O :0、18l 0.54 1 o i o i o 75 

----------・-・--- --—•—-- ------------・---------,・------,---・-・-+-------・--------------------------・.-← ------,----------------,-・----. --------+-----+-,-------+------
case #4 073 ! 0 73 l 0.92 ! 0.9 ! 0 88 ! 0 89 ! 085 ! 0.4 ! 0 71 !0.77 ! 0.74 ! 0.32 ! 0.32 i 0.32 ! 0.55 ! 0.38 i 0.38 !0.24 ! 0.18 i 0.58 

——•-—---· ← ---- ---·-·-•------—+—←ー――--•-·-·----・-------~—------•--------•--------,. —------•------·------·-• 一ー・--—--令-------···← --------------← --・ —• --'--------, —--··-··•··-·-—---------
case #5 0.73 i 0.73 : 0.92 ! 0.85 ! 0.83 l 0.89 / 0 78 ! 0 16 l 0.59 ! 0 77 / 0.63 i 0.32 i 0.32 i 0.32 i 0.55 i 0.38 i 0.38 l 0.24 ! 0.18 ! 0.58 
----- --------- -ヽ―`— -t---- ―___, ____→ー
case #6 0.73 i 0.73 i 0.9 l 0.88 l 0.86 i 0.9 i 0.85 ! 0.4 l 0.72 !0.73 i 0.73 ! 0.32 l 0.32 i 0.32 l 0.4810.38 i 0.38 :0 24 l 0.18 i 0.45 
-----------―--- -----—- ---―̀―-+-----・---------:-----ヽー,-------+-―-----:--―----+→---—•—: --―̀―̀―+-← -----, ―-----→ ,----一三・・:-------!--------:---・---+→----・+---一つ←―:--→・-・-+-------
case #7 0.72 i 0.72 i 0.88 i 0.85 l 0.85 i O 86 i 0.85 i 0.3 i 0.68 i 0.68 i 0.68 i 0.25 i 0.25 i 0.25 l 0.35 i 0.27 i 0.35 i 0.2 i 0.35 i O 18 
----・-------------------・----- ----—-•·· —←―------―っ―--- -------—~—`—----------- --・-----------・----← ___ .,_ ______ _ 
case #8 0.53 i 0.53 ! 0.65 ! 0.65 [ 0.65了065! 0.65 ! 0.3『o531 o s3ios31 o 12 i o 12 i o 12 ! o 12 i o 12 To 121 o 12 i o i a as 
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4. DAMAGE CAUSE INFERENCE AFTER THE RULE BASE REFINEMENT 

Presenting the inference results of the existing system which are regarded as secured 

information by taking them up as training samples, the rule base was refined. After that, the 

damage cause was inferred using the refined rule base. However to prevent the training samples 

from being changed in the course of the refinement of the rule base, all the node training 

certainty degrees are determined to be "1.0," and all the rule certainty degrees are settled as 

"0.1." Furthermore the rule certainty degree after the rule base refinement is used without any 

rectification in inferring the damage cause, and the node value and node certainty degree 

-1731-



are determined re: ヽpectivelyto be "0.5" and "0.1" in conヽiderationof the fact that the possibility of 

the damage cause iヽunknuwninformation. The training aヽmple:ヽare the inference reヽult:ヽofthe 

existing system listed in Tableヽ 2and 3. 

It iヽexaminedhow the inference results after the refinement of the rule base are uヽbjectedto the 

influence owing to the preヽentedcaヽeヽinthe event that plural caヽCヽ are iヽmultaneouヽlypreヽented

By preヽentingall the 8 caヽL'ヽヽimultancously彎 refinement uf the rule haヽeiヽ made.Arter that. the 

possibility of the damage cause complying with the in<liviJual caヽeヽ iヽ inferred. The 

inference results obtained in thiヽ manner are depicted in Fig. 2. In the figure, the inference re、ヽults
of the existing system and the results in the event that unique caヽeヽ arepre: ヽentedare concu1Tently 

sht!lwn for the sake of compariヽon.

When the rule base iヽrefinedby iヽmultaneously pre、ヽentingall the caヽeヽstandingon th心 ereヽults,

it is noted that the ratio that coincides with the training samples was lowered owing the refinement 

by to the unique cases. Thiヽ isbecause the inference accuracy for the individual caseヽ iヽlowered

owing to the fact that the rule baヽeis refined for the purpoヽe of being in agreement with all 

the training sample. However the rule base that is determined from the information obtained 

at a time should intrinsically be identified in a single piece, and the error is small despite the 

fact that just a single pair of the rule base is obtained with all the cases a、ヽ thetraining 
samples. Thus it can be safely be said that the effect of the rule refinement is remarkable. This 

suggests that the inference system into which the inference performance of the existing yヽ:ヽtemis 
incorporated can very easily be constructed. 

5. CONCLUSIONS 

In this study, construction is made with a versatile inference system attached with rule base 

refinement functions expressed by mutually-linked networkヽ takingup the relationヽ betweenthe 
hypotheses as compositional elements. The inference system in question not only can perform uヽual

inference by converting the knowledge of the expert system into a rule, but also can refine the rule 
base by using the inference results of the existing system for concrete cases as training sampleヽ
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