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SPERIL I - Computer-Based Structural
Damage Assessment System

IIIby M. Ishizuka , K. S. Fu , and J. T. P. Yao

1. Overview

SPERIL is a computer-based damage assessment system of existing struc-

tures, which are subjected to earthquake excitation. Its objective and under-

lying theory have been already described elsewhere [1-4]. To obtain an appro-

priate answer which is, in this case, the classification of damage state, SPERIL

can be used to interprete observation data including the results of analyzing

accelerometer records and on-site visual inspection.

The expert system approach, which allows us to decompose a complex decision-

making problem into several simpler hierarchical subproblems and to collect re-

lated useful knowledge as fragmentary rules, has been employed to achieve highly

effective utilization of experienced engineers' knowledge. This approach can be

used to provide the large capability of dealing with a great variety of struc-

tural conditions involved in the structural damage assessment problem. Because

the related knowledge often contains uncertainty and impreciseness of expression

range, a new inference procedure with uncertainty and fuzzy restriction has been

developed. The inference proceeds to obtain certainty measures at higher sub-

goals by using available rules and observed data, and eventually gives certainty

measures at final goal state, which suggest an appropriate answer. In SPERIL

version I, separate evidential observations are integrated on the basis of

Dempster & Shafer's theory for fuzzy subset.

In this report, the implementation of SPERIL program (version I) is out-

lined. It is noted that this program is a preliminary version. The rules as

written in rule-base are expected to be refined and updated with more accurate

and specific rules in subsequent investigations. This first version, however
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does show the feasibility of a systematic computer-based damage assessment

system. The program portion is written by using language C with some 800 state

ments. On the other hand, the rules in the rule-base are written in a format

close to natural rule sentences.

2. Rule Representation

Figure 1 shows the whole program configuration of SPERIL which consists of

three spearate files. Rule-base (file name: Rbase) is a completely separate

storage from control and inference process. Useful knowledge for the inference

purpose has been collected under the organization as shown in Fig. 2 and ex

pressed in a stylized rule format which will be described subsequently.

The rule format is designed as shown in Fig. 3 so that both human and com

puter can interprete it easily. First line of the rule is Rule and followed

with a 4-digit rule number, the first two digits of which are rule set number

corresponding to the node numbers as shown in Fig. 2. Following the first line,

rule statements are written in as many lines as it is necessary. As shown in

Fig. 3, each statement line has headers such as field-l. field-2 and field-3.

Eleven types of headers as listed in Table 1 are recognized by the computer.

The end of one rule is found by encountering unrecognizable header. The line

with header type -18 is premise statement; and the line with header type 9 and

10 is action statement. The fundamental function of production system, that

is, "if premise is satisfied then action is taken" is emphasized in rule inter

pretation. The action in this case is an updating process of short term memory.

In the field-I, the name of short term memory is written. The interpreta

tion of field-2 and field-3 is determined according to the type of header and

type of short term memory which will be described in detail in the following

section. In the present version of SPERIL, the combinations of Table 2 are de

fined and implemented for the processing. The interpretations of these state

ments are straightforward. As fuzzy subsets which represent the fuzzy grade
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of damage in this particular case. acceptable expressions are restricted to

six, namely, no, slig (slight). mode (moderate). seve (severe). dest (destruc-

tive) and uk (unknown). These fuzzy subsets are defined as shown in Fig. 4.

If the statement is premise and has "t" in position 21. the following four

positions perform as optional field-3. which is used to indicate a union sub-

set. Remaining positions are available for comments.

3. Short Term Memory

Short term memories are working memory spaces for inference in which the

input data or inferred data are stored. In SPERIL. the following four (in fact

13 because smd is an array) spaces are reserved in main program for each short

term memory:

char
int

float
char

smn
smt
smd
smI

[3]

[10]
(4 ]

:name of short term memory
:type of short term memory
:numerica1 data array
:linguistic data

(1-4)

(char. into float are language C definition indicating character.
integer, floating point. respectively)

Three characters name (usually upper case) is written in smn[3] to identify

the short term memory. Each short term memory is classified into four types

(1-4), one of which is indicated in each smt. Table 3 shows those types of short

term memory and the meanings of their memory contents. Each character memory sml

is initialized to "unan" to serve as an indicator showning that the short term

memory has not been written as yet. Whenever the premise is examined or action

is taken, the type of short term memory is referred to proceed to an appropriate

interpretation of the rule statement.

4. Control and Inference

Figures 5 and 6 show' the control and rule-based inference flow of SPERIL.

Because the inference network is not deep, no heuristic or sophisticated

strategy of rule invocation is adopted. The sequence of rule set invocation is

pre-assigned as follows:
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"05", "06", "07", "08", "09", "10", "02", "03", "04", "01".

This corresponds to bottom-up search rather than top-down or goal-oriented

research.

If a relating rule is found in the rule-base, it is processed according

to Fig. 6. When the premise is examined and the associated short t 7rm memory

is found to be unwritten or unanswered, a question is issued to get data. The

question is generated referring to a question file (file name: quest) in which

an appropriate question sentence is stored for each short term memory with

possibility of getting data from operator rather than the inference process.

To avoid the issue of annoying unnecessary questions, skip pass is pro-

vided for the case that there is no possibility for later action statements

to be taken. Thus only minimum necessary questions are issued for the purpose

of inference.

After one rule is processed, the resultant content of buffer memory is used

to update the short term memory indicated by field-l of the action statement.

For type-l short term memories, the Dempster & Shafer's theory extended to

fuzzy subset is employed for their updating or combining separate evidences.

Final decision is made according to Dempster & Shafer's lower probabilities

of the fuzzy subsets in final goal (FIN) which is damage state. If no fuzzy sub-

set has larger lower probability than a certain threshold (0.2), SPERIL selects

no appropriate answer. Therefore, the answer is one of the following:

1) no damage,
2) slight damage,
3) moderate damage,
4) severe damage,
5) destructive damage,
6) no appropriate answer.

SPERIL version I is currently working on a PDPll/45 which can be accessed

on the Purdue EE Unix network.
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Table 1. Defined header of rule statement.

Header Header Type

IF 1

OR IF 2

THEN IF 3

ELSE IF 4

THEN 9

ELSE 10

and 5 (in the context of 1. 2)
7 (in the context of 3.4)

11 (in the context of 9)

or 6 (in the context of 1.2)
8 (in the context of 3.4)
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Table 2. Defined rule statement in SPERIL.

Type of short
Header term memory Field-2 Field-3

(field-I)

1 is (fuzzy subset)
no, sligh, mode, seve,
dest, uk

Premise 2 is linguistic data

3 >=, >, <=,< numerical data or name
of short term memory
of type-3

4 is yes, no

1 (fuzzy subset) certainty measure
no, slig, mode,
seve, dest, uk

Action 2 = (substitute) linguistic data

3 =, -H- (accumurate) numerical data
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Table 3. Types of short term memories.

Type MeanIng of memory contents

1 Certainty measures of
no smd[O]
no slig smd[l]
slig smd[2]
slig mode smd[3]
mode smd[4]

fuzzy subsets
mode seve
seve
seve dest
dest
uk

smd[5]
smd[6]
smd[7]
smd [8]
smd[9]

2 Linguistic data (up to 4 characters) sm1

3 Numerical data smd[O]

4 Yes - no
yes
grey
no
uk

data
smd[O]=l
smd[O]-O.6,
smd[l]=l
smd[2]=1

smd[1]=O.2, smd[2]-O.2
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Fig. 1. Configuration of SPERIL-program.
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Rule**oo

1..- \:o IL...-__' II...-_'+[~~_~J(comment)

1:01 II I·
~=======

1
: 11 I I I I ,...----.,==========. l---J . .. +L J

~_1:0' 'I l
position # 0 6 8-10 12-15 17-202122-25

header field- I field-2 field-3 optional
field-3

Fig. 3. Rule format of SPERIL.

10



0.5

Membership

no slight moderate severe destructive
-----~----- -----~-----,'" .... .,' ...

" .I,, '\ /'
I \ t', \ . \

I , I '
\

\
\
\
\
\ ,

O "
'--.....-:;;.----~-------~-£.._---"""'---._---~-"'"

-----4.... Damage Grade

Fig. 4. Fuzzy grade used in SPERIL.
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Begin

Initialize
short term
memory

Pre-assigned
invocation f
se~uence 0
rule set

End

,,>-.....:Y_--.tOutput result

Search a Rut
in Rule-base

N

Rule-based
inference
(see Fig. 6)

Update
short term
memory

Fig. 5. Main control flow of SPERIL.

12



Begin

Read one line

of a Rule

Classify header

End of one N

Rule. Return

premise

Identify STM

of field-I

N (skip pass)

action

Identify STM

of field-I

Issue a question N

and get data

Examine the
premise and
calculate degree
.of satisfaction

Fig. 6. Processing of one rule.
(STM: short term memory)
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For Research Purposes Only

printfC"Enter the name of bUilding. =U);
scanf("%s",bname)i
printf(IIEnter date. = U);
scanfCU%s",date);
printf{UDo you want to see rule sentences on display {y or n} ? =");
scanf CU%s", rsno); pp=rsnoCOJ i

printf("****************** SPERIL (Version I) ******************** \n
printfC" Rule-based Damage Assessment System for Existing Structure \n
printf(" subjected to EarthQ.uake Excitation \n U);
printfC u***********************************************************\n"
printf("Answer the following q,uestions. \n");
printf(UThen I can suggest a reasonable answer. \n\n");

l*name*1
l*type*1
I*numerical data*1

I*linguistic data*1
I*control of print-out*1

dateC10J;

I*rule set no.*1

*1
*1

smdCO-9J:certainty measures (Dempster & Shafer's
basic prob. ) o-P no, no-slig, slight,
slig-mode, moderate, mode-seve, severe,
seve-dest, destructive, unknown.

*sml : linguistic data.
smdCOJ :numerical data.

smdCO-2J:yes, no, unknown.

rule set invocation*/

2
3
4

NSTM 50
smnCNSTMJC4J
smtcNSTMJi
smd [NSTMJ C10J;
smlCNSTMJCSJ
pp;

initial{);

l'<Jomain loop*1
u:hile C*seQ.Ci) != '$')

{ rsnoCOJ = *seqCi]i
rsnoC1J = *(seq,CiJ+l);

/*sequence of
seqCOJ=uOSu;
seqC 1 )=u06" i

S eq,C2J=1I07 1l ;
seqC3J="09 u;
seqC4J=1l10" i

seqCSJ="02 u;
seq,(6)="04 u;
seq,C7J=1l01 u;
seqC8J=Il$$U;

char bnameC50J,
char *seqC1SJ;
char rsno C3J;
i lilt i=O;
e.tern int pp;

I. short term memory
1* smtciJ
1* 1

1=/•••*** speril. c SPERIL (version I) main program ******1
2=1* with files oT rbase(rule-base) and quest(questions) *1
3=
4=#include <stdio. h>
5=
6=
7=
8=
9=

10=
11=
12=
13=
14=
15=*define
16= char
17= int
18= f!loat
19= char
20= int
~!1=

~2=main()

23={
24=
25=
26=
27=
~8=

~!9=

:iO=
31=
32=
33=
~:i4=

35=
36=
37=
:i8=
39=
40=
41=
42=
43=
44=
45=
46=
47=
48=
49=
50=
~1=

52=
53=
54=
55=
56=
57:0:
58=
59=
60=

14



For Research Purposes Only

rsnoC2J = *(se~C1J+2)i

rbinfer(rsnO)i
i++;

sr.ln COJ="FIN/l;
sr.lnC 1 J="GLO";
s!7InC2J="CUM" ;
sj~nC3J="LOC" ;
snnC4J="STI 'f;

sr.mCS]="DAM/l ;
s,~mC6]="FAT" ;
sr.lnI:7]="VST";
$t~nI:8J="VNS"i

s"nI:9J="MAT" ;
snnl: 10]=" INS" i

smnl: 11 J=/lFLX";
snnC 12]="N01";
sr.lnl: 13]=/lN02";
Sl':ln[ 14]=/lN03";
smnl: lSJ="N04" i

snnl: 16]=/lN05";
smnl: 17J=/lNQ6" i

snn I: 18]=/lN07/l i

snn[ 19]=/lN08";
srnn[20]="N09" ;
srnnI:21J=/lNl0";
snn[22J="Nl1" ;
5,"lnI:23]=/l ISD/l;
snnI:24]=/lNST" ;
sf'1nC2S]=/lCNF/l ;
5nn(26J=,,---/l ;
s~nI:27]=/lCDI" ;
snnI:28]="CDD" ;
5mnC29J="SUM/li
snnI:30J="SOl" ;
5nnl:31 J=/lS02/l i

5nn (32J=/l803" i

snnC33J="S04" i

51"\n 1:34]=/lS05";
'inn (35J=/l806";
5nn(36]="S07 1t

;

5r.lnC37J=/lC01" i

end oT string*/

/l.,
II.,
/l.,
II.,
II.,
It.,
It.,
It .,
II.,
It .,
It.,
II.,
/I.,
u.,
II.,
It .,

, .,

1* '\0' :

I****rule-based inTerence****!

smtl:27J=3i
smtC28]=3i
smtC29]=3i
smtC30]=4i
smtl:31 ]=4;
smtC32J=4i
smtC33]=4i
smtI:34]=4i
smt C35]=4i
smtl:36J=4i
smtI:37]=4i

smtCOJ=1i sml COJ=/lunan/li
smtC1J=1i smlI:1J=" "i
5mtC2J=1i smlI:2]=It /li

smtC3J=1; smI1:3J=/l /l;
smtC4]=1i smIC4]=" /li
smtCSJ=l; smICSJ=1I II;
smtC6J=1i smlC6]=" /Ii
smtC7J=li smlI:7J=" IIi
smt C8J=1 i smlI:8]=/I /I i
smtl:9J=2i smlC9]=/l /li

smtl:10J=2i smlI:10J=/I
smtl:llJ=2i smlC11J=1I
smtC 12J=2i sml I: 12J=/l
smtl: 13J=2i sml C13]=11
smtl:14J=2i smlI:14J=/l
smtl:1SJ=2i smlI:15J=/l
smtl: 16J=2; sml C16J=/l
s mtI:l 7 J=2ism1 I: 17 J= /l
smtl:18J=2i smlI:18]=/l
smtl:19J=2i smlI:19J=/I
smt 1:20J=2; smll:20J=1I
smtC21 J=2i sml 1:21 J=/I
smtC22J=2i smll:22J=1I
smtC23J=3; smlI:23J=/l
smtl:24J=3i sml C24J=/l
smtI:25]=3i smlI:25]=/l

l*killed*1
smlC27]=/I
smlC28J=1I
smlC29J=/l
smlI:30]=/l
smlI:31]=/l
smlI:32]=/l
smlI:33]=/I
smlI:34]=/I
smlI:35]=/I
smlI:36]=/I
smll:37J=1I

short term memory ***1

*smneJi
smt e ];
smdC](10Ji

*smlCJ;
J;

char
int
Tloat
char
n,

)

extern
e~tern

e~tern

extern
int i,

61=
b2=
63=
b4=
&5=
&6=
67= result();
b8=}
69=
10=
71=
12=
73=
14=!~*~ initialize
75=initial()
76={
77=
78=
79=
80=
81=
H2=
83=
84=
85=
86=
87=
88=
89=
90=
91=
92=
93=
94=
95=
96=
97=
98=
99=

100=
101=
102=
103=
104=
105=
106=
107=
108=
109=
110=
111=
112=
113=
114=
115=
116=
117=
118=
119=
120=

15



For Research Purposes Only

~or(i=Oi i < NSTM ; i++)
{ for (J=Oi J<=4; J++) * (sml[ i J+ J) ::: * (smHOJ+ J );

for (J=O; J<=9; J++) smd [i) CJ )=0. Oi }

I.,
II.

I

/I.
I

... ;

5act=Oissatis,

I*undefined header*1

I*header classify*1

sm1C38J=/I
smlC39J=/I
smlC40J=/I
sml[41J="
sml[42J=/I
sml[43J="
smlC44J=/I
smI(45)="
smIC46J="

l*k=1 if rlue isfound*1
l*k=-9 if Ru 1 e$$.. is detec ted*1

I*loop until break*1

Rule Set .. == 1.5 \n/l,r5no)j

I*loop until break*1

I*find·associated rule in rule-base*1

5mtC38J=4i
smtC39]=4;
smtc40J=4;
smtC41 J=4;
smtC42J=4i
smtC43J=3i
smt(44)=3i
smtC45J=li
smtc46J=4;

hty=header(line,preh);
preh=h ty;
if(hty ".= 0) break;

k=Oi
while (k == 0)

k=findr(fprb,rsno)i
if(k <= -1) break;

do
{

1get(fprb, line);

for (i=O; i<=9; i++) bpCiJ=Oi
nact=Oi preh=l; dlil=1; 5kip=Oi

FILE *fprbj
e1tern char *smnC]1
extern int smt(Jj
extern float smdC][10Ji
e1tern char *sml(]i
e1tern int ppi
c hal" 1 in e[ 100 J i

char buf3[3J, buf4C4Ji
int hty, preh, nact, imi
int i, JJ' k, itype, skipi
float dd, dsatis, dfif, dsif,
float premise(), min(), mad)i
·H oat bp (6] i I*bas i c pro.

smnC38J="C02/1 i

$i'::nC39J==/lC03" ;
sr1nC40J=/lC04" ;
smn[41 J=="C05";
smn[42J==/lC06" i

smn[43J=/I INF";
smn (44)=" IFS/I i

smn[45J="DR I ";
st'ln[46J=IS08" ;
smn[47J=I$$$" ;

121=
122=
123=
1?4=
1?5=
126=
1:?7=
1?8=
129=
130=
131=
132=
133=
134=
135=}
1~"6=

187=
1:i8=
1.39=
140=/********** rule-based inference **********1
141=rbinfer(rsno)
142= char rsnoCJi
143={
144=
145=
1.46=
147=
148=
149=
150=
151=
152=
153=
154=
155=
156=
157=
158= if(pp=='t') printf("
159=
160= il p1" b= fop en ( "1" ba 5e ", "1"" ) i

161=
162= do
163= -(
164=
165=
166=
167=
168=
169=
170=
171=
172=
173=
174=
175=
176=
177=
178=
179=
1.80=

16



.ror Kesearcn .t'urposes (JUly
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'.Skipp:

I*THEN*I

'los", line);

I*THEN IF set first IF*I
I*THEN IF &&small first IF*I

I*reset for IF or OR IF*I
I*no OR IF in present rule base*1

I*premise clouse*1
I*deg. of satisfaction*1

if(hty==9 && (itype==l : I itype==3»
{

action(line, dsatis,&sac1;,bp);

if (hty <= 8)
dd=premise(line);

i., ( h t Y==1 : I h t Y==2 )
{dsatis=l; ssatis=O;

sk ip=Oi }

if(pp=='y' :: pp=='t') printf("

if(hty==3) dfif=dsatisi
if(hty==3 &'",- dfif<O. 1) skip=1;

if(hty==9 && nact==O) I*first action -identyfy stm*1
{ nac t++i

stmove(line,8,3,buf3)i
im=findstm(buf3)i
itype=smtCimJ; }

else if(hty==11 && itype==l)
{action(line,dsatis,&sact,bp)i

nact++; }

if(hty==l I I hty==2 II hty==5)
dsatis=min(dsatis,dd);

else if(hty==6)
dsatis=max(dsatis,dd);

if( (skip==1 && hty != 2 && hty!=10) II ssatis)0.99)
{ dsatis=O; I*skip examination*1

goto skippi }

else if(hty==3 : I hty==4) I*THEN IF or ELSE IF*I
<dsif=ddi I*deg. of second IF c 10uses*1
dd=min(dfif,dsif)i
dsatis=min(dd, (l-ssatis»i }

else if(hty==7) I*ELSE IF-and*1
<dsif=min(dsif,dd)i
dd=min(dfif,dsif)i
dsatis=min(dd, (l-ssatis»i }

else if(hty==8) I*ELSE IF-or*1
<dsif=max(dsif,dd)i
dd=min(dfif,dsif);
dsat is=m in ( dd, (1- s sat is) ) i }

if(pp=='t' && hty<=8)
printf(lIfunc. rbinfer: IF: hty=i.d dd=i.5.2f ssatis=i.5.2f dsatis='lo5.2f\n"

,hty,dd,ssatis,dsatis); 1***test***1

ssatis=ssatis+dsatisi
ii(pp=='t')
printf("func. rbinfer: THEN: dsatis=i.5.2fl ssatis=i.5.2f sact='lo5.2f \n"

, dsatis, ssatis, sact); 1***test***1
nact++i

}

181=
182=
183=
184=
185=
186=
107=
188=
lH9=
190=
191=
192=
193=
194=
195=
196=
197=
198=
199=
200=
201=
202=
203=
204=
205=
206=
207=
208=
209=
210=
211=
212=
213=
214=
215=
216=
21.7=
218=
219=
220=
221=
222=
22.3=
224=
225=
226=
227=
228=
229=
230=
231=
232=
233=
2:::i4=
235=
2~-{6=

237=
238=
239=
240=
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if (itype==l && ssatis)=O. 1) I*neglect small contribution*/
update(im,bp); I*Dempster's rule of combination*1

}

",bpCiJ)i

o-F ~atisfaction*/

smdCimJCi]);

I*.por numerical data*1

ssatis, sact);

I*ELSE*I
l*unknown*1

I*substitute linguistic data*1

printf(II%5.2f
II ) i

printf(II%5.2f",

deg3{), deg4{)i

******** --- return deg.

update short term memory*1

e I s e if ( i t y pe ==3 && s sat i s)O. 1)
-( smdCim]COJ=smdCim]COJ+bpCOJ;

5ml CimJ=llansw ll
; }

else i~(hty==9 && itype==2)
-( if(dsatis ) 0.99)

-( stmove(line, 12,3,"b~f3);

i.p(comp (bui!3, "= ",3)==1)
stmove(line, 17,4, smlEim]);
ssatis=ssatis+dsatis, nact++;
sact=sact+dsatis;

if(pp=='t') psml(); 1***test***1
} }

.he if(hty==10)
bpC5J=1-sacti

if«pp=='y' :: pp=='t') && ssatis)O. 1)
-( printf(1I %5 : II, smnCim)i

i.p(itype==l)
-( for (i=Oi i"(=5; i++)

print'("\n
for(i=Oi i<=9i i++)

i.p(itype==3)
{ printf("%8.3f\n ll ,bpCO)i

print-F(II %8.3-F", smdCim)CO)i }
if(itype==2) print-F("%s", smlCimJ)i
print-F(II\n\n"); }

}

wh i Ie (h ty ) 0);

extern int smtC]i
e~tern char *smlC)i
lintern int pp;
char b u-F3C3J i

int im, itype, unanSi
'f loa t de 9 s, de 9 1 ( ) , de 9 2 ( ) ,

if!(pp=='t' && dsatis)O. 1)
printf(lI~unc. rbin-Per: ssatis=%f sact=%~\n",

241
242=
243=
244
245=
246=
247=
248=
2'19=
250=
251=
252=
~53=

254=
255=
256= I.end of one rule.
257=
258=
259=
260=
261=
262=
263=
264=
265=
266=
?67=
268=
269=
270=
271=
27"2=
273=
274=
275=
276=
277=
278=
279=
280= }
281= uhile( k )= 0);
?£~2=

283= ;close(fprb);
284=}
285=
286=
287=
288=
289=/~••***** check premi5e
290=float premise(line)
291= char lineCJ;
292=-(
293=
294=
295=
296=
297=
2r"/8=
299=
300= stmove(line,8,3,buf3);

18
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unans=ccomp( smlCim], "unan", 4);
1* 1 if unanswered *1

li(pp=='t') printf(lIfunc. premise: smIC%dJ=i.s$ unans=i.d\n", im, sml[imJ, '-'!",
li(unans==1) ask(im, itype); I*issue a Q.uestion*1

degsitype,im,degs=%7.3f \n ll
,itype=i.d

I*character -- search short term memory*1

convert( );

im=%d

I*find stm no.*/
I*read stm type (1,2,3,4)*1

satisfaction for type-3 **********1

satisfaction for type-2 **********1

degs=deg1<im,line);
degs=deg2<im, line);
degs=deg3(im,line);
degs=deg4{im,line)j

x=convert(buf6);

«buf6COJ )= '0' && buf6COJ <= '9') :: buf6[OJ == '-' )
I*nunurical data*1
I*convert char to float*1

e~tern int smtC];
extern float smdC]Cl0J;
extern char *smIC]j
char buf6C6J;
in t J J' i mm, i t loJ Pe;
iloat xdata, x, degs=O,

ii (i type==1)
else if(itype==2)
else if{itype==3)
else if(itype==4)

extern char *sml[Jj
char buf4C4Ji
int i. J' JJ;
float degsi

if(pp=='t')
pr intf ("func. premise:
return(degs)i

stmove (1 ine, 17,4, buf4);
tor( i=Oi i<=3; i++)

{ if(buf4(i]==~\n' :: buf4CiJ=='0')
for(J=i; J<=3; J++) buf4CJJ=' '; }

I.linguistic data*1
ii«JJ=comp(b IJf4, smlCimJ, 4» == 1> degs=l;
e 1sed e 9 s =0;
return(degs) ;

301= in=findstm(buf3);
302= itype=smt[imJi
303=
304=
305=
306=
307=
~-:l08=

309=
310=
311=
312=
813=
314=
315=
316=
:::H7=}
318=
:-:119=
320=
321=1*~.******* degree of
322=float deg2{im, line)
323= int imi
324= char lineC];
~-:l25={

326=
327=
328=
329=
::-:130=
331=
332=
333=
334=
335=
336=
337=
338=
339=}
::i40=
341=
342=/*4******** degree of
343=-f!loat deg3(im, line)
344= int im;
345= char lineC]i
346={
34·7=
348=
349=
350=
351=
352=
353=
354= stmove{line,17,6,buT6)j
355=
356= ii
357=
358=
359=
360= else

19
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s+;moveCline, 12,2, buf6)i
xdata=smdl:im)[OJi l*smdCimJLOJ is input numerical data*1

of fuzzy subset*/

degs=smd( imHOJi
1) degs=smd[imJC1Ji

-- 1)

}

/*lower prob.

l*degs=O.O or 1.0*1

"unan",4)·

0( imm=findstm(buf6)i
i type=smtC immJi
if (ccomp(smlCimmJ,

ask<imm, itype)i
x=smdCimmHOJi )

i'F (I ine C21 J == ,+')
{stmove(line,22,4,buf4)j
degs=degs+flow(buf4,bp)i

extern float smdClCl0li
char buf4C4Ji
int i i

float degs=O, bpCl0J, flow()i

for(i=Oi i<=9i i++) bpCiJ=smdCimHi)i
s'cmove<Iine, 17,4, buf4)i
degs=flow(buf4,bp)i

extern float smdCJCI0Ji
char buf4(4Ji
int JJi
float degsi

if «JJ=comp(buf4, "yes",3» == 1)

else if «JJ=comp(buf4, I1 no ",2» ==
else degs=Oi

iT (ccomp (buf6, ")=11,2) == 1)
{ if (xdata )= x) degs=li }

e I s e i f (c comp ( b u f 6, ") ", 2) == 1)
0( if (xdata :> x) degs=1i }

else if (ccomp(buf6, "-(=",2) -- 1)
{ if (xdata <= x) degs=1i }

else if (ccomp(bufl6,"-( ",2) == 1)
{ if (xdata <: x) degs=li }

361=
362=
363=
364=
365=
:i66=
367=
368=
369=
370=
371=
372=
373=
374=
37"5=
376=
377"=
378=
379= return(degs)i
:mo=}
::i81=
382=
383=1*~.******* degree of satisfaction for typ-4 **********1
384=float deg4( im, line)
385= int imi
386= char line[Ji
:i87={
388=
389=
390=
391=
392=
393= stmove(line,17,4,buf4)i
::'W4=
395=
396=
397=
398=
399= return(degs)i
400=}
401=
402=
403=1.~.******* degree of satisfaction for type-l **********1
404=1* certaimtlJ measures of no, no-slig, slig, ..... *1
405=float deg1<im, line)
406= il"lt imi
407= char line[Ji
408={
409=
410=
411=
412=
413=
414=
415=
416=
417=
418=
419=
420=

20
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Ip=bpCO]+bp(lJ;
1) Ip=bp(lJ+bpC2J+bpC3]i
1) Ip=bpC3J+bp(4)+bpCSJi
1) Ip=bpCSJ+bpC6J+bpC7Ji
1) Ip=bpC7]+bpCSJi

I*stored file is ll~uest"*1

I*search desired question*1

==
==

==

of fuzzy subset*****************1

e1tern char *smnC)i
extern float smdC]Cl0)i
extern char *smlC]i
extern int PPi
FILE *fpqi
c ha r 1in e C100 J , b u f 4 C4 J i

int i, J' JJ' Jki
~loat ddi

ii (ccomp(buf,"no ll ,2) == 1)
else if (ccomp(buf, "slig",2)
else if (ccomp(buf,lI mo de ll ,2)
else if (ccomp(buf," seve ",2)
else if (ccomp(buf,"dest",2)
else I p=Oi

extern float smdC]Cl0Ji
float llpi
i;(i==O) IIp=smdCim]CO]+smdCim]Cl]i
i;(i==I) IIp=smdEim]Cl]+smdCim]C2]+smdCim)C3)i
ii(i==2) IIp=smdCimJC3J+smdCimJC4J+smdCim][5J;
i;(i==3) IIp=smdCim]C5J+smdCimJ(6]+smd(im](7Ji
i;(i==4) IIp=smd(im](7J+smdCimJC8Ji
if(i==5) IIp=smdCim](9)i
return(llp);

J ~ =0;
'JJh i 1e ( J k==O) .

-(

1get(fpq,line)i
if (ccomp(line, "Q-",2) == 1)

{stmove(line,2,3,buf4)i
21

421=
422= return(degs)i
423=}
424=/~************** lower prob.
425=float flow(buf,bp)
426= char bU~C]i

427= ~loat bp(]i
42S={
429= iloat Ipi
430=
431=
432=
433=
434=
435=
436=
4~J7=

438= return(lp)i
439=}
440=
441=1********** lower prob. *******************1
442=float lp (im. i)
443= int im, ii
444={
445=
446=
447:
448=
449=
450=
451=
452=
453=
454=}
455=
456=
457=
458=/~·••******* issue a ~uestion and get data **********1
459=a s !< ( i m, it y p e )
460= in tim, i t y p e i

461={
462=
463=
464=
465=
466=
467=
468=
469=
470=
471= if «itype<=l) I I Citype)=5» return;
472=
473= fpq=-ropen("quest",lIr");
47"4=
475=
476=
477=
478=
479=
480=
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1) Jk=li l*find*1
1) Jk = -1i I*no quest*1

I*neglect small comtribution*1

I*convert written em to -Float*1

I*linguistic data*1

I*numerical data*1

1);

**********1

lineCiJ=='\O')
line(J]=' 'i

question setenee in Tile-quest\n")i

if (ccomp(buf4, smnCimJ, 3)
else i-F(ceomp(buf4, "$$$",3)

}

}

}

(JK == -1)
-Cprint-F(llno
returni }

iclose(fpq);
p1" i n t f ( "=== II ) i

stmove("an##",O,4,smlCim])i

1get(fpq, line)i
do { printf(lIr~s", line)i

1get(fpQ.' line); }
II:h i 1e ( c com p ( line, "Q-", 2) ! =

}

stmove(line,O,4,smlCimJ);
}

else if(itype==3)
{scanf("'l.f", &dd)/

smd (imJl: O]=d d i
}

else if(itype==4)
<scanf("%s", line);

i-F «JJ=comp<line, "yes", 1» == 1)
smdCimJCOJ=li

if «JJ=comp{line,"grey",l» ==1)
<smd Cim] COJ=O. 6;

smd CimJC 1)=0. 2; } I*sum is not 1. 0*1
if « J J =com p ( lin e, "n 0 ", 1 » == 1)

smdCimJC1J=1;
if «JJ=comp(line, "unknown", 1» ==1)

smd CimH2J=1 i

stmove(line,17,6,bufb)i
c~=convert(buf6)i

cn=cm*dsatisi

I~ * * data input * * *1
i,r(itype==2)

{seanf(ll%s",line)i
for(i=O; i<=3; i++)

{ if(lineCiJ=='\n' ::
for<J=ii J<=3i J++)

481=
482=
483=
4B4=
485= ii
486=
4Ei7=
4Cl8=
489=
490=
491=
492=
493=
494=
495=
496=
497=
498=
499=
500=
501=
502=
503=
504=
505=
506=
507=
508=
509=
510=
511=
512=
513=
514=
515=
51b=
517=
518=
519=
520=
521=
522=
523=}
524=
5:;?5=
52b=
5:;?7=
52e=/~~~******* action THEN clouse
529=action(line, dsatis, sact, bp)
530= char lineCJi
531= float dsatis, *sact, bpCJi
532={
533= char buf4C4J, buf6CbJi
534= float em, convert()i
535=
536= if (dsatis < 0.1) returni
537=
538=
539=
540=-

22
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I*Dempster's rule of combination for fuzzy subset*1

I*increase unknown*1

I*first update*1
I*simple insert*1

I*neglect small comtribution*/

-- 1)

== 1) I*not certainty measure*1
I*substitute numerical to smdCimJeOJ*1

== 1)
l*accumulate*1

-- 1)

-- 1)

== 1)

== 1)

-- 1)

== 1)

11,2)

11,2)

sum;

}

stmove(lI an$$1I,0,4,smICimJ);
}

I for(i=Oi i<:=4i i++)
{i i=2*i i

ppCiiJ=dbpCiiJ*bpCiJ+dbpC91*bpCiJ+dbpCiiJ*bp[5Ji

ii(ccomp(smICimJ, lI unan ", 4)
{for{i=Oi i<=5i i++)

{ i i = 2*i;
if(ii == 10) ii=9i
~md[imJeiiJ=bpeiJi

else
{

for(i=O; i<:=9i i++) dbpLiJ=smdCimHiJi

else if(ccomp(buf4,11=
bp(O] = em i

else if(ceomp(buf4,11++
bpCOJ = bpCOJ + cmi

sum=Oi
icr(i=Oi i<=5i i++) sum=sum+bpCiJ;
ii(sum<0.999) bpe51=bpe5J+(1-sum)i

extern float smdeJCI0J;
eJtern char *smIC]i
int i,ll, JJi
float dbpl:10J, ppClOJ,

(ecomp(buf4,"no ",2)
bpeO]=bpCO]+cm;

else if(ccomp(buf4," s lig",2)
bpI: 1 J =b pI: 1 J +c m;

else if(ceomp(buf4,"mode",2)
bp e2J=bp 1:2J+cm;

else if(ecomp(buf4," seve ",2)
b p (3]=b PC3]+emi

else if(ccomp(buf4,lIdest ll ,2)
bpe4J=bpe4]+cmi

else if(ceomp(buf4,lI u k 11,2)
bpC5J=bpC5]+cm;

541=
542= if (cm < 0.1) return;
543=
544= ~saet = *saet + em;
545= stmove(line,12,4,buf4);
546=
547= iT
548=
54·9=
550=
551=
552=
553=
554=
555=
556=
557=
558=
559=
560=
561=
562=
563=
564=}
565=
566=
567=
568=1.~~******* update short term memory **********1
569=1. Dempster's rule of combination for fuzzy subset *1
570=update(im, bp)
571= int im;
572= float bp(J;
573={
574=
575=
576=
577=
5-/8=
579= if(bpC5J) 0.95) return;
580=
581=
582=
583=
584=
585=
586=
587=
588=
589=
590=
591=
592=
593=
594=
595=
596=
597=
598=
599=
600=
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printf(lI\n\n****************************************************\n\n")

printf(lI\n*****************************************************\n\n")i

i-t ( I pma x -( o. 2)
printf(1I An appropriate anser is not obtained. \n");

unkown \n")destract

I*intersect fuzzy set*1

I*unknown set*1

severe

pp(iJ=pp(iJ/sum;

I*write to short term memory*1

slight moderate

l*normalize*1
sum=sum+pp Ci J;

I*no normalize if small certainty*1

no

0) print.f(1I There is no da ma ge. \ nil) ;
1) printf(lI The damage is slight. \n");
2) print;(" The damage is moderate. \n");
3) print.f(1I The damage is severe. \n");
4) printf(lI The damage is destructive. \n");

report the result **********1

==

==

==

}

for(i=O; i<=9; i++)
smdCim](iJ=ppCiJi

}

ppC9J=dbpC9J*bp(SJ;

sum=Oi
for(i=O; 1<=8; i++)
if(sum -( 0.05)

pp (93=1. O-sum;
else

{sum=sIJl1'l+PP (9]i
for(i=O; i<=9i i++)

}

for(I=O; 1<=4; i++)
{ii=2*i-l i

PP( ii J =0. 5* ( db p( i i -11* bp( i +11+db p( ii+1J* bP( i J ) ;
}

}

print.f(1I
printf(IIFIN");
~or(i=O; i<=5; i++) print.f(1l'Y.9. 4fll, Ip(im, i»;
in=findstm( "GLO");
printf(ll\nGLO");
~or<i=O; i<=5; i++) printf(Il'l.9. 4fll, Ip(itn, i»i
i!"l=findstm( "LOC");

else
{if(J
if(J
if (J

i-f!(J
i-f!(J

)

for(i=O; i<=4; i++)
0( i f ( I p ( i m, i) > I p ma x )

< lpmax=lp(im,i>i
J=ii }

601=
602=
603=
604=
605=
606=
/:>07=
608=
609=
610=
611=
612=
613=
614=
615=
616=
617=
618=
619=
620=
b21=)
622=
b23=
624=
625=1*~""******
626=result()
6';27=<
628= ~loat lp(), lpmax-O;
629= i n t i , J lim;
630=
631- ir.l=findstm( lI FIN");
6:'~2=

633=
634...
635=
636=
637=
638=
639=
640=
641=
642=
643=
644=
645=
646=
647=
648=
649=
650=
b51=
652=
653=
654=
655=
656=
657=
658=
659=
660=
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p1'int;(lC\n\n***************** End of SPERIL ********************\n'I)J

else i;(ccomp(line,~ and ll ,7) == 1)
{if(p~==l :: p~==2 I I p~==5 II pr==6) k=5i
else if(p~==3 II p~==4 I I p~==7 II p~==8)

line);'Y.s II ,

I*IF--ann*1
k=7;

I*ELSE IF--and*1
I*THEN--and*1

-9;

1) k=1J
1) k=2J
1) k=3J
1) k=4i

==

==

IFII,7)
IF",7)
IF", 7)
IF",7)

01'11,7) == 1)
p~==5 I I p~==6) k=6i

pr==10) k=11 i

pp=='t') && k==l) p~intil(lC

I*p~evious heade~ type*1

(ccomp(line, II

i f ( C com p ( 1 i n e, II OR
if(ccomp(line, "THEN
if(ccomp(line,"ELSE

}

i; ( ( p p == ' y' I I
~eturn(k);

it'
else
else
else

else if(p~==9 I I
}

else if(ccomp(line, It

{if(p~==1 I I p~==2 II

ii«JJ=lineEOJ) == EOF) k = -Ii
else

{

iil(ccomp<line, lCRulell,4) != 1> k=Oi
else

{~tmove(line,4,2,buT2)J

if(ccomp(buil2,~sno,2) == 1) k=li
else if(ccomp(buf2,1I$$1l,2) == 1) k =
else k=Oi

}

int JJ' ki
cha~ lineCl00J, buf2C2Ji
e)'te~n int ppi

p1' intf (lC\nLOC II) i

':O~(i=Oi i<=5i i++) pl'intf(Il'Y.9. 4fll, Ip(im, i»;
661=
662=
663=
664=
b65=}
b66=
b67=
668=
669=/~~******** ;ind ~ule **********1
670=/4 return 1 :find*1
671=/~ -1 :EOF *1
672=/~ 0 : otherwise *1
673=;indr(fp,rsno)
67'4= FILE *;p;
675= char rsnoCJi
t:>76={
677=
678=
679=
680=
681 = I get ( ; p, lin e ) i

682=
683=
604=
685=
686=
687=
688=
689=
690=
691=
692=
693=
694=
695=
696=}
697=
698=
699=
700=/~.******** header classification **********1
701=1* retu~n type=1,2,3,4,5,6,7,8,9, 10, II, 12 *1
702=heade~(line,p~)

703= cha~ lineC]i
704= int P~i

7'05={
706= i T1l t J J' k = -9 i

707=
708=
709=
710=
711=
712=
713=
714=
715=
716=
717=
718=
719=
720=
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I*insert 11 blank at tail*1

II pr==8) k=8;
I*ELSE IF---or*/

1) k=9;
1) k=10;

1/, 7) ! "'" 1)

I*getc is in stdio. h *1

THEN",?) ==
ELSE",?) ==

J<=10; J++) lineCi+JJ=' '; )-

else if(pr===3 II

(i=O; i<n; i++)
{ if(sCi)!=ssCi) &~ sCi)!=' , && ssCiJ!=' ')

< if(sCiJ!='\n' I I sCi]!='\O')
<k=O; brea k; )- )-

}

int i, k=l;

Tor( i=O; i<ni i++)
if (s CiJ ! = s s CiJ) <k=0; b r ea k; )-

i++;
iT< i < 50)

< for ( J=O;

else if(comp{line, 1/

{ k :: -10;
printf(I/** undefined header -- miss writing of rule base **\n");

wh i 1e (c ! = ' \n ' )
{ c=g etc ( of p ) i

lineCiJ=c;
i++; }

lineCiJ = '\0';

else if(ccomp<line,"
else if(ccomp<line,"

721=
7~'2=

7~3=

7?4=
725=
726=
7';;'7=
728=
729=
730=
7::'11=
732= return (k);
733=}
7~~4=

735=
736=
737=1•••******* get one line from file **********1
738= I get ( f p, lin e )
739= FILE *fp;
740= char liner);
741=<
742= int i=O, J;
743= i n t c='a ' ;
744=
745=
746=
747=
748
749=
700=
751=
752=
753=
754=}
755=
756=
757=
758=1<~~******* string compare **********1
759=1* return 1 i~ coincide *1
760=comp(s,ss,n)
761= char sCJ, ssCJ;
762= int n;
763=<
764= i n t 1, k= 1;
765=
766= T-or
767=
768=
769=
770= }
771= return(k);
772=}
773=
774=ccomp(s,ss,n)
775= char sCJ, SSe]i

776=<
777=
778=
779=
780=
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-liim =

J++)

i++)

i. not in short term memory. -- error\n", na)ii.s

}

return(k)i

i of! ( bu f CO J == '-') < s i 9n == -1;

i; ( b u f Ci J == -". ')
< for(J=i+li bufCJJ)='O' && bufCJJ<:='9'i

y=y+(buf[J]-'O')/C10.0*<J-i»;

wh i 1e ( J J ! = 1)
< if«JJ=comp(smnCJJ,na,3» == 1) im=Ji

else if«JJ=compCsmnCJ],It$$$1t,3» ==1)
J++;

Tor(i=iii bufCiJ)='O' && bufCiJ<='9'i
~=10.0*x+(bufCiJ-'O')i

}

ifCim == -1)
printfCIt

return(im);

781=
782=}
783=
784=
785=1·:f~'lIJo****·)t** string window move **********1
786=st~oveCs, ist,n,ss)
787= char s(], sst];
788= int 1st, n;
7"89=<
790= int I;
791= for (i=O; i<ni i++) ssCiJ=sCist+iJi
792=}
793=
794=
795=
796=1.~******** find short term memor~ **********1
797=1* return im (stmClmJ) */
798=findstm(na)
799= char nat Ji
000=<
801= extern *smnCJ;
802= i nt im, J=O, J J=O;
003=
804=
805=
806=
007=
008
809=
810
811
812=}
813=
814::1
815=
816=1••******** convert chartJ to float **********1
817=float convert(buf)
818= char buftJ;
819=<
820= float ~=O.O, y=O.O;
821= int it J' i i=O, sign=1i
822=
823=
824=
825=
826=
827=
828=
829=
830=
831
8::-'2
833= ~=(x+~)*signi
834= return (x) i
835=}
836-
837=
838=
839=/*••******* min **********/
840-float min(~,y)
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if(x)y) return(x);
else return(y);

extern *sml(Ji
int ii
Tor(i=Oi i<NSTMi i++)

printf(U smlC'l.dJ='l.su, i, smlCiJ);
printf(U\n");
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841= float x, yi
842={
843= iT(X)Y) return(y);
844= elge return(x);
845=}
B46=
847=/~~~******* max **********1
848=float max(x/Y>
849= iloat x, yi
850={
851=
852=
853-}
854=
e55=/~.******** ptintf smlCimJ fa test ****************1
856=psf':l1()
857={
858=
859=
860=
861=
862
863=}
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61= THEN:GLO seve 0.6
62=ELSE IF:DRI is mode
63= THEN:GLO mode 0.6
64=ELSE IF:DRI is slig
65= THEI\l;GLO slig O. 6
66=ELSE IF:DRI is no
67= THEN:GLO no 0.6
68= ELSE:GLO uk
69=
70=Rule0205
71= IF: INS is careful
72=THe~ IF:VST is dest
73= THEN:GLO dest 1
74=ELSE IF:VST is seve
75= THEN:GLO seve 1
76=ELSE IF:VST is mode
77= THEN'. GLO mode 0.9
78=ELSE IF:VST is slig
79= THEN:GLO slig O. 8
80=ELSE IF:VST is no
81= THEN:GlO no 0.8
82= ELSE:GLO uk
83=
84=Rule0206
85= IF: INS is ml=more-or-less
86=TH~~~ IF:VST is dest
87= THEN:GLO dest 1
88=ELSE IF:VST is seve
89= THEN:GLO seve 1
90=ElSE IF:VST is mode
91- THEN:GLO mode 0.9
92=ELSE IF:VST is slig
93= THEN:GLO slig 0.7
94=ELSE IF:VST is no
95= THEN:GLO no 0.6
96= ElSE:GlO uk
97=
98=Rule0207
99= IF: INS is rough

100= or: INS is uk
101=TH~r~ IF:VST is dest
102= THEN:GLO dest 1
103=ELSE IF:VST is seve
104= THEN:GLO seve 1
105=ELSE IF:VST is mode
106= THEN:GLO mode 0.8
107=ELSE IF:VST is slig
108= THEN:GLO slig 0.6
109=ELSE IF:VST is no
110= THEN:GlO no 0.4
111= ELSE:GLO uk
112=
113=Rule0401
114= IF:VNS is dest
115= THEN:LOC dest O. 7
116=ElSE IF:VNS is seve
117= THEN:lOC seve O. 7
118=ESL'= IF:VNS is mode
119= THEN:LOC mode O. 7
120=ELSE IF:VNS is slig
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121- THEN:LOC slig O. 7
122=ELSE IF:VNS is no
123= THEN:LOC no O. 7
124= ELSE:LOC uk
125=
126=Rule0402
127= IF:DRI is dest
128= THEN:LOC dest O. 7
129=ELSE IF:DRI is seve
130= THEN:LOC seve O. 7
131=ELSE IF:DRI is mode
132= THEN:LOC mode O. 7
133=ELSE IF:DRI is slig
134= THEN:LOC slig O. 7
135=ELSE IF:DRI is no
136= THEN:LOC no O. 7
137= ELSE:LOC uk
138=
139=Rule0501
140= IF: MAT is ric
141=TH€N IF: ISD .,'- -8.9',-
142= THEN:DRI uk 1
143=ELSE: IF: ISO .(= 0.4
144= THEN:DRI no 0.9
145=ELSE IF: ISD .(= 0.8
146= THEN:DRI slig 0.9
147=ELSE IF: ISO <..= 1.3
148= THEN:DRI mode 0.9
149=ELSE IF: ISD .",,-- 2.0'.-
150= THEN:DRI seve 0.9
15I=ELSE IF: ISD :> 2.0
152= THEN:DRI dest 0.9
153= ELSE:ORI uk
154a

155=Rule0502
156= IF: MAT is T'/c
157= THEN:FLX = no
158=
159=Rule0503
160= IF: HAT is steel
161= and:NST )= 8
162= and:FLX is yes
163=TH€N IF: ISD ;'- 0.6'.-
164= THEN:DRI no 0.8
165=ELSE IF: ISD <= 1.2
166= THEN:DRI slig O. 8
167=ELSE IF: ISD ;'- 1.9'.-
168= THEN:DRI mode 0.8
169=ELSE IF: ISO ;'- 3.0',-

170= THEN:DRI seve 0.8
17I=ELSE IF: ISO :> 3.0
172= THEN:DRI dest 0.8
173= ELSE:DRI uk
174=
175=Rule0504
176= IF:NST ;' 8'.
177= OT':FLX is no +uk
178= and:MAT is steel
179=TH;::r~ IF: ISD .,'- 0.4'.-
180= THEN:DRI no 0.8
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181=ELSE IF: ISO <= 0.9
182= THEN:ORI slig 0.8
183=ELSE IF: ISO .(= 1.5
184= THEN:DRI mode O. 8
185=ELSE IF: ISO .,:= 2.3
186= THEN:DRI seve 0.8
187=ELSE IF: ISO "' 2. 3J'
188= THEI\l:DRI dest O. 8
189= ELSE:ORI uk
190=
191=Rule0601
192= IF: MAT is ric
i93=THE:~J IF:NST -(= 4
194= THEN: IFS = 2.0 (8.0INST)
195=ELSE IF:NST <:= 6
196= THEN: IFS = 1. 33
197=ELSE IF:NST "(= 8
198= THEN: IFS = 1.0
199=ELSE IF:NST <:= 11
200= THEN: IFS = O. 72
201=ELSE IF:NST .(= 14
202= THEN: IFS = O. 57
203=ELSE IF:NST <:= 18
204= THEN: IFS = O. 44
205=ELSE IF:NST {.= 23
206= THEN: IFS = 0.32
207=ELSE IF:NST ,,-- 30'.-
208= THEN: IFS = 0.27
209=ELSE IF:NST "(= 40
210= THEN: IFS = 0.2
211=ELSE IF:NST ) 40
212= THEN: IFS = O. 17
213=
214=Rule0602
215= IF: MAT is steel
216=THE:r4 IF:NST ,,-- 4'--
217= THEN: IFS = 1. 62 (6.5/NST)
218=ELSE IF:NST .(= 6
219= THEN: IFS = 1.1
220=ELSE IF:NST .(= 8
221= THEN: IFS = 0.81
222=ELSE IF:NST ,,-- 11'--
223= THEN: IFS = O. 59
224=ELSE IF:NST ·c= 14
225= THEN: IFS = 0.46
226=ELSE IF:NST <:= 18
227= THEN: IFS = 0.36
228=ELSE IF:NST .(= 23
229= THEN: IFS = 0.28
230=ELSE IF:NST .,:= 30
231= THEN: IFS = 0.22
:?32=ELSE IF:NST .(= 40
:?33= THEN: IFS = O. 163
234=ELSE IF:NST .(= 55
235= THEN: IFS = 0.118
236=ESLf:: IF:NST <:= 70
237= THEN: IFS = 0.093
238=ELSE IF:NST ) 70
:?39= THEN: IFS = 0.075
240=

32



For Research Purposes Only



<: -8.9
.-. -8.9'.
u~ 1
.-- 3 (no decrease)'.
.--- 10,--
no 0.8
.-- 3'-
4(= 40
slig 0.8
<:= 15
mode O. 8
.(= 40
seve 0.8
) 40
dest O. 8
uk

is ric
is yes
dest 1
is yes
dest O. 5
seve O. 5
is IJes
seve 0.8
is yes

is steel
is yes
dest 1
is yes
dest O. 5
seve O. 5
is yes
1S yes
is IJes
seve O. 9
is yes
mode O. 8
is yes
is yes
mode O. 5
slig O. 5
is no
is no
is no
is no
is no
is no
is no
is no
no 1
uk

301=ELSE IF:CNF ) 30
302= THEN:STl dest 0.9
303= ELSE:STl uk
304=
305=Rule0701
306= IF: COl
307= or: COD
308= THEN: DAM
309=ELSE IF:COD
310= and:CDl
31.1= THEN: DAM
312=ELSE IF":CDD
313= and:CDl
314= THEN: DAM
315=ELSE IF:CDD
316= THEN: DAM
317=ELSE IF:CDD
318= THEN: DAM
319=ELSE IF:CDD
3?0= THEN: DAM
3?1= ELSE: DAM
322=
323=Rule0901
324= IF: MAT
325=THSN IF:SOl
326= THEN:VST
327=ELSE IF:S02
328= THEN:VST
329= and:V5T
330=ELSE IF:503
331= or:S04
332= 01":505
333= THEN:VST
334=ELSE IF:S06
335= THEN:VST
336=ELSE IF:S07
337= or:S08
338= THEN:VST
339= and:VST
340=ELSE IF:SOl
341= and:S02
342= and:S03
343= and:S04
344= and:S05
345= and:S06
:i46= and:S07
347= and:S08
348= THEN:VST
349= ELSE:VST
350=
351=Rule0902
352= IF: MAT
353=TH::::N IF:COl
354= THEN:VST
355=ELSE IF:C02
356= THEN:V5T
357= and:VST
358=ELSE IF:C03
359= THEN:V5T
360=ELSE IF:C04
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(partial collaps)

(buckling of column)

(buckling of girder/beam)
(buckling of diagnal bracing)
(deformation or loosing of Joint)

(spalling/crack on shear wall)

(spalling/crack on exteria/interia wall)
(spalling/crack on floor)

(partial collaps)

(large spalling on column)

<large spa. on load-bear. /shear wall or girder/b

( sma 11 spa . on loa d- bear. / s hear wa 11 or gil" del" / b
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361= THEN:VST seve
362= and:VST mode
363=ELSE IF:COS is
364= or:C06 is
365= THEN:VST mode
366= and:VST slig
367=ELSE IF:COI is
368= and:C02 is
369= and:C03 is
370= and:C04 is
371= and:C05 is
372= and:C06 is
373= THEN:VST no
374= ELSE:VST uk
375=
376=Rulel001
377= IF: N01 is
378= THEN: SUM ++
379=ELSE IF:NOI is
380= THEN: SUM ++
381=ELSE IF:NOI is
382= THEN: SUM ++
383=
384=Rulel002
385= IF:N02 is
386= THEN: SUM ++
387=ELSE IF:N02 is
388= THEN: SUM ++
389=ELSE IF:N02 is
390= THEN: SUM ++
391=
392=Rvlel003
393= IF:N03 is
394= THEN:SUM ++
395=ELSE IF:N03 1S

396= THEN: SUM ++
397=ELSE IF:N03 is
398= THEN: SUM ++
399=
400=Rulel004
401= IF:N04 is
402= THEN:SUM ++
403=ELSE IF:N04 is
404= THEN: SUM ++
405=ELSE IF:N04 is
406= THEN: SUM ++
407=
408=Rulel005
409= IF:N05 is
410= THEN: SUM ++
411=ELSE IF:N05 is
412= THEN: SUM ++
413=ELSE IF:N05 is
414= THEN: SUM ++
415=
416=Rulel006
417= IF:N06 is
418= THEN: SUM ++
419=ELSE IF:N06 is
420= THEN: SUM ++
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O. 5
o. 5
yes {small cracks on load-bear./shear wall or girder,
yes (spalling or large clacks on oter walls or floor
O. 5
o. 5
no
no
no
no
no
no
1

severe (nonstractural partition)
10
considerable
5
slight
2. 5

severe (windows)
10
considerable
5
slight
2. 5

severe (doors)
10
considerable
5
slight
2. 5

severe (ceiling and light fixtures)
10
considerable
5
slight
2. 5

severe (stairs)
10
considerable
5
slight
2.5

severe (elevator)
10
considerable
5
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mark .pOl' end of rules *****************

(water wOl'ks)

(communication)

(air coditioning)

(gas -flacility)

(electricity)

severe
10
considerable
5
slight
2. 5

severe
10
consideT"able
5
slight
2. 5

severe
10
considerable
5
slight
2. 5

severe
10
considerable
5
slight
2. 5

severe
10
considerable
5
slight
2. 5

slight
2. 5

<= 3
no O.B
-,"- 15'.-
sli9 O.B
<:= 35
mode O.B
<:= 60
seve 0.9
~) 60
dest 1
uk

is
++

is
++
is
++

is
++

destructive

421=ELSE IF:N06 is
422= THEN: SUM ++
423=
424=Rulel007
425= IF:N07 is
426= THEN: SUM ++
427=ELSE IF:N07
428= THEN: SUM
429=ELSE IF:N07 is
430= THEN: SUM ++
4::H=
432=Rulel00a
433= IF:NOB is
434= THEN: SUM ++
435=ELSE IF:NOB is
436= THEN: SUM ++
437=EL5E IF:N08 is
43B= THEN: SUM ++
439=
440=Rule1009
441= IF:N09
442= THEN: SUM
443=EL5E IF:N09 is
444= THEN:SUM ++
445=ELSE IF:N09 is
446= THEN: SUM ++
447=
4·48=Ru 1e 1010
449= IF:N10 is
450= THEN: SUM ++
451=ELSE IF:Nl0 is
452= THEN: SUM ++
453=ELSE IF:N10 is
454= THEN: SUM ++
455=
456=Rule1011
457= IF:N11 is
45B= THEN: SUM ++
459=ELSE IF:N11
460= THEN: SUM
461=ELSE IF:Nl1
462= THEN: SUM
463=
464=Rule1012
465= IF: SUM
466= THEN:VNS
467=ELSE IF:SUM
46B= THEN:VNS
469=ELSE IF:5UM
470= THEN:VNS
471=ELSE IF:SlJM
472= THEN:VNS
473=EL5E IF:SUM
474= THEN:VNS
475= ELSE:VNS
476=
477=Rule$$$$
47B=
479=
480= dest
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481= seve
482= mode
483= slig
484= no
485= u~

486= 1'lc
487=
488= FIN
489= OLD
490= CUM
491= LO:
492= DRI
493= STI
494= DA!1
495= FAT
496= l,,;ST
497= VNf
498= M..~T
499= ISO
500= cr":~

501= H.:;
502= IFS
503= COl
504= COD
505= FL(
506= INS
507= SUM
508=
509= SOl
510=
511= S07
512= COl
513=
514= C06
515= N01
516=
517= Nll
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seve1'e
mode1'ate
slight
no
unknown
1'ein~o1'ced conc1'ete

final goal -- damage state
damage of global natU1'e
damage of cumulative nature
damage of local natu1'e
damage due to drifting
damage of stiffness
damage oT damping
fatigue & creep
visual damage of stractural member
visual damage of nonstractural menber
material of stracture
interstory drift
change of. natural frequency of vibration
initial natural frequency
reference of natural frequency
change of damping increase
change of damping -- decrease
flexible design
careful visual inspection
buffer memory Tor calculation of VNS

check items of visual stractu1'al damage for steel

check items of visual stractural damage for RIC

check items of visual nonstractural damage
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(Q(almost no increase), -9(unknowT

APPE.1'JV''A.. C
1=Q-t1AT
2=What is the material of the building { r/c(reinforced concrete), steel }?
3=Q-INS
4=Was the visual inspection done craefully? Did you check even inside
5=the cover'i? {care(careful), ml(more or less), roug(rough), ukCunknown)
6=Q-FLX I

7=Is the building designed to be flexible? (y(yes), n(no), uk(unknown) }
8=Q-ISD
9=What was the maximum inters tory drift during the earthquake?

10={ drift/height*100 C'l.J, -9(unknown)}
11=Q-t\:ST
12=Enter the number of stories.
13=Q-It~F

14=What was the initial natural frequency CHzJ of the vibration? {-9(unknot
15=Q-Ct~F

16=What was the decrease C%J of the natural frequency during the eathquake?
17= { -9(unknown) }
18=Q-CDI
19=What was the increase ('l.J of damping?
20=Q-CDD
21=What was the decrease (%J of damping from its peak value?
22=IT no initial increase process was observed, use initial value instead
23=OT the peak value. (O(almost no increase), -9(unknown) }
24=0-801
25=ls there partial collaps observed? (y(yes), g(grey), n(no), uk(unknown)
26=0-802
27=ls there the buckling of column? { V, 9' n,uk }
28=0-803
29=Is there the buckling of girder/beam? {y, g, n, uk }
80=Q-804
31=15 there the buckling of diagnal bracing? {y, g, n, uk }
:'-{2=G-S05
33=15 there the deformation or loosing of Joint? {V, g, n, uk }
34=0-806
35=Are there considerable spallings/cracks observed on shear wall?
36= { y(yes), g(grey), n(no), uk(unknoum) }
37=G-S07
38=Are there considerable spallings/cracks observed on other exteria/
39=inreria walls? { y, 9' n, uk }
40=G-808
41=Are there considerable spallings/cracks obsered on floors? -( y, 9' n, uk
42=G-COl
43=Is there partial collaps observed? {y(yes), g(grey), n(no), uk(unknown)
44=G-C02
45=Is there large spalling observed on column? {y, g, n, uk }
46=G-C03
47=15 there large spalling observed on load bearing wall, shear wall, or
48=girder/beam? {y, g, n, uk }
49=0-C04
oO=Are there small spallings or large cracks observed on c~lumn,

51=load bearing wall or girder/beam'? {y, g, n, uk }
52=G-C05
o3=Are there considerable number of small cracks observed on column, load
54=bearing wall or girder/beam? {y, g, n, uk }
~/5=G-C06

56=Are there spallings or large cracks observed on other walls or floors?
~7= {y, 9. n, uk }
~,8=0-Nvl

59=How is the damage of nonstructural partitions?
60= { se(severe), co(considerable) sl<slight), no , uk(unknown) }
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sl(slight), no , uk(unknown) }

severe more than 10 ;. }
considerable: approximately 5 ;. }

•

•
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61= <
62= <
63=G-N02
64~Ho~ is the damage of windows? < set co. 51, no, uk }
65=G-N03
66=Ho~ is the damage of doors? < se, co, 51, no, uk }
67=Q-N04
68=HJU is the damage of ceilings including light fixtures?
69= < se. co. sl. uk }
70=Q-N05
71=How is the damage oT stairs? < se, co, 51, no, uk }
72=Q-t~v6

73-How is the damage oT elevators?
74= < se(severe), co(considerable),
75=Q-N07
76=Hou is the damage of electricity? < se, co, 51, no, uk }
77=Q-~-:08

'I8=How is the damage of air conditioning? < se, co. 51, no, uk }
79=Q-N09
80=How is the damage of waterworks? < se, co, sl, no, uk }
81=Q-Nl0
82=Hou is the damage oT gas facility? < '.ie, co, sl, no. uk}
83=Q t~11

84=HolJ is the damage oT communication Tacility? < se, co, sl, no, uk }
85=Q-$$$ this is the end mark of file-~uest accessed by speril .
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