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SPERIL I - Computer-Based Structural
Damage Assessment System

1
by 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. 1Its 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
accelarometer 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 uéeful 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 hncertainty and impreciseness of expression
range, a new inference procedure withruncertainty 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

1Visiting Associate Professor of Electrical Engineering, Goss Professor of Engi-
neering, and Professor of Civil Engineering, respectively, Purdue Univ., West
Lafayette, IN 47907,



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) 1is 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 Iinterprete it easily. First line of the rule 1Is 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-1, field-2 and field-3.
Eleven typés 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-1, 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



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 showm in Fig. 4,
If the statement is premise and has "t" in position 21, the following fgur
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 smn [3] :name of short term memory

int smt :type of short term memory (1-4)
float smd [10] :numerical data array

char sml [4] :linguistic data

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

Three characters name (usuélly upper case) 1is written in smn{3] to 1dentify
the short term memory. Fach 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:



"*os", "o0s6", "67", "gg", 'o9", 10", "O2", 03", "O04", "O1".
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 term memory
is found to be unwritten or unanswered, a gquestion is issued to get data. The
question is generated referring to a question file (file name: quest) in which
an appreopriate question sentence is stored for each short term memory with
possibility of getting data from operator rather than the inference process.

Te avoid the.issue of aﬁnoying 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 terﬁ memory indicated by field~1l 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 PDP11/45 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)




Tabie 2. ‘Defined rule statement in SPERIL,

Type of short

Header term memory Field-2 Field-3
(field-1)
1 is {fuzzy subset)
no, sligh, mede, seve,
dest, uk
Premise 2 is linguistic data
3 Suy >, <=0 & 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 =, ++ {accumurate) numerical data




Table 3. Types of short term memories.

yes : smd[0]=1

Type Meanking of memory contents

i Certainty measures of fuzzy subsets
no : smd[0] mode seve ! smd[5]
no slig : smd{l] seve + smd{6]
slig s smd{2]} seve dest : smd[7]
slig mode : smd[3] dest 3 smd[8]
mode : smd[4] uk : smd[9]

2 Linguistic data (up to 4 characters) : sml

3 Numerical data : smd[0]

4 Yes - no data

grey : smd{0]=0.6, smd[1]=0.2, smd[2]-0.2

no : smd[1]=1
uk smd[2]=1
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Fig. 1. Configuration of SPERIL program.
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'‘Rule set no.

r—.—m
Rule %0 o
r— """ :
. *1 ____iCcomment)
.
® = ———
° +1 I
| SN J
.
position # O - 6 8-10 I2-15 17-202122-25
header  field—! field—2 field=3 optional
field—3

Fig. 3. Rule format of SPERIL.
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Membership
|

moderate severe destructive

= Damage Grade

Fig. 4. Fuzzy grade used in SPERIL.
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Fig. 5.

‘ Begin }

Initialize
short term
memory

Pre—assigned
invocation
sequence of
rule set

£End of
ule set?

N

Y

Output result

in Rule—base

Search a Rule

Rule—based
inference

(see Fig. 6)

1

Update

short term
memory

Main control flow of SPERIL.
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i

Action:
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Iready
written
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b Y
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calculate degree
of satisfaction

Fig. 6. Processing of one rule.
(STM: short term memory)
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APPENDIX A SOURCE PRCGRAM

For Research Purposes Only

1=/4¢4s8¥ speril. c —— SPERIL (version I} main program ##ets/
2=/4 with files of rbase(rule-base) and quest(questions) ®/
3= . .

4=#include Lstdio. h>

5=

&= /4 shor{ term memory #/

7= /# smtli)d */

8= /¢ 1 smd{0=-3:. certainty measures (Dempster % Shafer’s
= basic prob.} of no, no—-slig, slight,
10= slig-mode, moderate. mode-seve, severe,
ii= seave—~dest, destructive. unknown.

i2= 2 #sml tlinguistic data.

13= 2 smdf0] :numerical data.

14= 4 smd[0Q0-2):yes, no, unknown. */

15=#define NSTM 30

16= char soniNSTMIL{4] i /#¥name*/

17= in§ smtINSTM]; fetypan/

18= +float smdINSTMIL101s /#numerical data#/

19= char smlINSTMILS] /#linguistic data#/
20= int PR /#control of print-outs/
dl=

“d2=main()

23={
D4=
25=
Db=
7=
o8=
9=
0=
31=
32=
33=
Q4=
35=
A=
a7=
ag=
39=
40=
41=
42=
43=
44=
45=
44=
47=
48=
49=
50=
91=
So=
53=
S4=
55=
Sé=
57=
58=
59=
60=

char bnamef 3503, datel 103

char #seql151;

char rsnol3); /#Trule set no. %/
int 1=0;

extern int ppi

/+segquence of rule set invocations/
seqLCI="03";
saql11="0&";
seql21="07";
saql31="09";
saqf431="10%;
s2ql%i="02";
seqléli="04";
saql71="01";
saqlB8l="%%";

printf("sesrrsrpprrrrrrsns SPERIL  (Version 1) ######sddstsstsrisss \n
printf(" Rule-based Damage Assessment System for Existing Structure \n
printf(* subjected to Earthquake Exciftation \n"};

PTrintf (“HAsd Rt Natt AR AR RARE R F R AR AR AR R AR R A RH R AR R AR AR R L F R\ D
orintf{"Answer the following questions. \n");

printf(“Then I can suggest a Teasonable answer. \n\n");

printf("Enter the name of building. =");

scanf("4s", bname}i

printf(“Enter date, = %},

scanf("%s*, date);

printf("Do you want to see rule sentences on display {y or n} 27 =%);
scanf{"%s", rsno}; pp=rsnci0l;

initial(}; /#initilizes/
/<main ioopx*/
while (#geqli] i= ‘8$7)

{ renof0) = #seqlil;
rsnofl] = #(seqlil+i};

14



ol=
&2=
63=
Hi=
Ho=
he=
L=
68=2
&9=
70=
7i=
72=
73=

rsnol2l =

#{seqfll+2);

rbinfer{rsno);

14+

>

result(};

/*

O\Of

For Research Purposes Only

end of string#/

/Enesruyle—hased inferencessun/

74=/4%4 initialize short ferm memory ##%/
79=initial()

76={
77=
78=
79=
§30=
fl=
He=
83=
g4=
g85=
B6=
87=
68=
89=
90=
91=
92=
93=
4=
5=
Fo=
97=
98=
99=
100=
101=
102=
103=
104=
1G5=
106=
107=
108=
109=
110=
111=
112=
113=
114=
115=
i16=
117=
118=
119=
120=

sml[QI="
smif11="
sml{23="
sml[{31="
sml[4])="
sml[5])="
smlf&l="
sml[71="
sml[8GI="
sml{9i="

unan';

extern char #smnll;
ertern int smel 1;
ertern float smd{lIC101;
extern char #smll2i

int i, n, j§;

sanfOI=“FIN"; smt{0I=1;
smanf11="GLO"; smtlfil=1;
sanl{23="CUM"; smt[2]1=1;
sen{31="LOC"; smtl[31=1;
san[41="ST1I"; smt{41=1;
snn{S1="DaM"; smt{S1=1;
sanl&I1="FAT", smtlé&l=1;
sanl73I="VETY; smt{71=1;
son[BI="YNS"; smtl8l=1;
sl I="MAT"; smt[91=2;
soanl103="INS"; smtL101=2;
sonf11I="FLX"; smti11)=2;
snl12]1="NO1": smt[i121=2;
smnl 13 ]="NO2"; smtf131=2;
son{ 14 1="NO3Y, smtl[141=2;
smanl{15]="N0O4"; smtl[151=2;

snanl1463="NC5";
smanl 17 3="NO&";
son{181="NG7Y;
smnl 191="NGQ",;
sanl{203I="NOF";
sanf21JI="N10";
soanf221="N11";
smnf{231="ISD";
smni24J="NST";
smn{25)1="CNF";
smni{2&6]="———;
snnl271="C0I1";
smn{281="CGDY,
san{ 2P 1="SUM";
smnl30]1="501",;
sanl311="202Y;
smanl321="803";
sanf331="804";
SANE341="505";
sAnf351="S046%;
sAnL3&1="S07";
snanl371="Co1";

smtl161=2;
smt(173=2;
sm4f181=2;
smsli91=2;
smtL201=2;
smEl21 1=2;
smtl221=2;
smt{231=3;
smtl241=3;
smtl251=3;

smE(271=3;
smtL281=3;
smEE291=3;
smt{301=4;
smtl{311=4;
smti321=4;
smt{33]1=4;
smtl341=4;
smt{351=4;
smtl361=4;
smti371=4;

smlifiol="
sml{i])="
sml[12]1="
sml{133="
smlfi4]1="
sml[151="
smll1&1="
sml{17])="
sml{iBI="
smli{1vl="
sml[2031="
smlf21]="
sml1[221="
sml23)="
sml{241="
sml{251="

Fekilleds+/

sml{271="
sml{281="
smli29I="
smlE301="
smlE3131="
smll32]="
smlE333I="
smli341="
sml[351="
smli3s1="

smlL{371="
15

"

My me My e M Wy M e e mE m. wm ML e e owme

B T e . T T



121=
122=
123=
124=
125=
12&6=
127=
128=
129=
130=
131=
132=
133=
134=
135=}
138&6=
137=
i8g=
139=

sanl381="C0a";
soanl391="C03";
sanl4031="C04";
smn{413="CO3",

smn[423="C04"Y;

sanf43I="INF";
smnl{4431="1IFS",;
smni45)="DRI";
sman{4461="808";
smn{471="$%4";

smt(381=4;
smt[3F31=4;
smt[401=4;
smt{411=4;
smtL421=4;
smt[431=3;
smilA441=3;
smt[453=1;
smt{4461=4;

for{i=0;1 < NETM i i++)

{ for(y=0; ji=4; g++) #(smllil+y) =

sml{381="
sml{3el="
smif401="
smil41]="
smll42i="
smlf431="
smil443="
smlE453="
smlE441="

far(§=0; 4<=9; y++) smdlilL3=0. O;

For Research Purposes Only

#(smlfQl+;);

140=/#sts4utu%® ryle—based infersnce #strisiss/
i4i=rbinfer(rsno’

142=
143=+
144=
145=
146=
147=
148=
149=
150=
161=
152=
153=
154=
1595=
156=
157=
158=
159=
160=
161=
1&2=
163=
1&4=
165=
16b=
167=
148=
149=
170=
i71=
172=
173=
174=
175=
176=
177=
178=
179=
180=

char rsnolJ;

FILE #¢fpvbi
extern char
extern int
extern float
extern char
extern int

char bu$3C31,
int hty,
int i, 32 k.
+loat dd,

#loat bpldl:

if(pp=="t’} printf("

preh,

dsatis.
float premise(),

#smnl ]
smt (1
smd{301013;
#gmll 3
ppi

char linef1001:
bufd4l4l;

nact, im;:
ltupe '

dfif,
min{(),

skipi
dsif.
max{};

ssatis.,

sact=0;

/#basic pro. of no,slig: mode,seve, dest, uk#/

fprb=fopen("rbase", “r");

do
<.

k=0;

while (k ==

Rule Set #

=

“s \n",rsnol;

/#loop until breaks/

/#find associated rule in rule-basex/

O}

k=findr(fprb:,Tsno};

f#k=1 if rvlue is foundx/

/4k=~9 if Ruless$. .

skip=0;

if(k <= -1} break;
for (i=0; i<=9; i++) bplil=0;
nact=0; preh=1; dfie=1,
do
{

Iget(fprb,line};

hty=header(line,preh};

preh=hty,;

if{hty <= O} break;

/% 1 line

is detected*/

/%loop until break=/

get#/

/rheader classify#/

/#undefined header®/

16



ror mesearcit rurposes Unly

i81i= if(hty==3) dfif=dsatis; F#THEN IF set first IF«#/
i82= if(hty==3 2% dfif<0. 1) skip=1; /#THEN IF &%%small first IF%/
183=

184= if({skip==1 &% hty != 2 %% hty!=10) || ssatis>0. 99}

185= { dsatis=0; ' /#skip examination#/

1846= goto skipp;

107=

1R88= if(pp==7y’" {1 pp==7%") printf(" %s*, line):

169=

190= if (hty==1 {! hiy==D2)

i91= {dsatis=1; ssatis=0; /#¥reset for IF or OR IF#/
192= skip=0; } /#no DR IF in present rule basex#/
193= ;

194= if (hty <= B) /#premise clousex/

195 dd=premise(line); /#deg. of satisfaction#/

17246=

197= if(hty==1 1! hty==2 {{ hty==5) /#1F, IF-and%/

198= dsatis=min{dsatis,dd};

199= else if(hty==6) : /#IF-oT#/

200= dsatis=max(dsatis, dd)});

201=

202= else if(hety==3 i hty==4) /#THEN IF or ELSE IFx/
203= {dsif=dd; /#dag. of second IF clouses%/
204= _ dd=min(dfif. dsif); ,

205= desatis=min(dd, (1-ssatisi): J

206= galgse if(hty==7) /2ELSE IF-and#/

207= {dsif=min(dsif, dd}; )

208= dd=min(dfif, dsif);

209= dsatis=min{(dd, (1-ssatis}); ¥

210= else if(hty==8) /#ELSE 1F-ar»/

2il= {dsif=max(dsif, dd); :

2ig= dd=min(dfif,dsif),

213= dsatis=min(dd, {1-ssatis}); »

214= i#(pp=="t’ 4% hty<d{=8)
213= printf(“func. rbinfer: IF: hty=4d dd=%5 2f ssatis=¥%5 2¢f dsatis=%5 2f\n"

2i6= +hty,dd, ssatis.dsatis); /adsfestana/

#17=

218= skipp: i

219=

220= it(hty==9 %% nact==0) /#first action -~ identyfy stms/
221= { nact++i _

222= stmove{line. 8, 3, butf3);

223= im=findstm{buf3);

e24= itype=smtlimd}; 2

229=

224= iflhty==9 %24 (itype==1 |1 itype==3)) /¥THEN/
227= {

228= action{line,dsatis, &sact, bp); /taction#/
209=

230= ssatis=ssatis+dsatis;

231= if(pp=='t’)
232= printf{"func. rbinfer: THEN: dsatis=%5. 2¢f ssatis=%5. 2f sact=%5 2¢# \n"

233= +dsatis, ssatis, sact); Frsutestrn/

234= nact++;

&35= }

d3b=

237= else if(hty==11 %% itype==1) [ #*THEN-and#/
238= {action{line,dsatis, %sact.bp);

239= nact++; 2

240= 17



241i=
242=
243=
244=
245=
246=
o47=
248=
249=
2950=
251=
252=
?53=
254=
255=
256
297=
298=
299=
260=
2&1=
2be=
2&63=
264=
245=
2bb=
2h7=
268=
2469=
270=
271=
272=
273=
274=
279=
276=
277=
278=
279=
280=
281i=
2H2=
=#83=
284=2}
2{H5=
286=
PET=
288=

289=/4+es44#% check premise *¥#%####3% —w- veturn deg.

eise if(hty==9 %% itype==2)

{ ifi{dsatis > 0.9%)
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/#substitute linguistic datax/

{ stmove(line, 12,3, but3};

if{comp(but3, "=

", 3

==1)

stmova({line. 17,4, smlliml);

ssatis=ssatis+dsatis,

sact=sact+dsatis;
iflpp=="¢t‘) psml ()i
)y }
else if(hty==10)
bpLSl=1-sact;

>
whileChty > 0}

/+end of one rule.

if(pp=="t’ &% dsatis>0. 1}

printf{“func. rbinfer:

if (itype==1 %% ssatis>x=0.1)
update(im. bp);

else if(itype==3 &% ssatis>0.1)
{ smd{imIl{O)=smdLimli0OI+bp{0I;

smlfimI="answ"; »

if((pp==‘y" !
{ printf("
iflitype==1)

r2-

€ for(i=0i i<=5; i++) print#(“%5. 2f
Y

for (i=0; i<=9; i++} printf("%5. 2+#",

printf(“\n

if{itype==3)

{ printf("%8. 3f\n", bplL0I);
%8. 3¢% smdl{imd[0)); 1}
printf{(“%sY, smlliml); '

printf("
if(itype==2)
printf{*\n\n"); 2>

>
while( k 2= 0};

feclose(fprb )i

2?0=float premise(line}

271i=
292={
293=
274=
2785=
2F6=
297 =
278=
99=
300=

char lineld;

extern int smtl3;
extern char #smlil1;
extarn int pp;
char butf3L31;

int im, itype, unans;

float degs. degl(), deg2(), deg30),

stmove(line, 8,3, buf3); 18

[arttestnn/

ssatis=%Uf sact=%Uf\n",

nact++i

/*ELSE+/
/Hunknown*/

update short term memoryx/

ssatis, sact); /Htestuniu/

/#neglect small contributionx/

/#Dampster ‘s rule of combination®/

/#for numerical datax/

pP=='%t‘) %% ssatis>0. 1)
smnliml);

",bpLill;

smdLimICil); 2

of satisfaction #/

degd(};



301i=
302=
303=
304=
3095=
30&=
307=
J308=
309=
310=
3ii=
3iz2=
313=
314=
315=
31é6=
d17=}
3ig=
319=
320=
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in=findstm(buf3); /#find stm no. #/
itype=smtliiml; /#read stm type (1,2,3,4)%/
unans=ccomp{ smlliml, “unan", 4};

/% 1 1if unanswered #*/
if{pp==°t’} printf{“func. premise: smilAdI=%s% unans=Ud\n", im, smlliml, un
if(unans==1) ask{im itype); /#*issuye a questioni/

if{itypa==1) degs=degli{im, line);
else if(itype==2} degs=deg2{im, linel;
else if(itype==3) degs=deg3(im, line’;
else if(itype==4) degs=degd(im:line);

iflpp=="%7')
printf("func. premise: im=%Ud itype=id degs=%L7. 3f \n", im, itype, degs
return{degs);

F2l=/4dennunu4% degree of satisfaction for type-2 ##wsssusus/
d22=¢10at deg2{(im, line)

323=
d24=
H25={
326=
327=
328=
329=
330=
331=
Jaz2=
333=
334=
335=
334=
337=
338=
339=}
340=
341=

int imi
char linel]:

extern char #smlfl;
char bufdfd];

int i, . g4

tloat degsi

stmove(line, 17,4, bufqy};
for(i=0; i({=3; i++}

{ 1f{(bufdalil=="\n’ || bufdlil=='0Q"}

far(y=1i; JC=3i j++} butdll=" *; >

/+linguistic data#/
it({yy=comp(butd, smiliml, 4)) == 1) degs=1;
else degs=0;
returni{degs):

d42=/2e4s3anuut dagree of satisfaction for type~3 Hadssrssss/
343=Ffloat deg3(im, line)

344=
3459=
aas=4{
347=
J4B=
349=
350=
351=
352=
353=
354=
355=
3596=
357=
358=
359=
340=

int  im;
char linell;

egxtern int smtl 1;

extern flocat smdL1L101;

extern char #smlfil;

char butéblé&d;

int 33, imm, itype;

tloat xdata, x. dege=0, convert(};

stmova(line, 17. & bufh};

it ((buf&lC] 2= ‘07 &% but&lOd €= ‘@) ! bufblO] == "=+ )
/enunurical data#/
xzconvert{bufd); /#convert char to float#/
else /#character ~- search short term memory#/

19
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3&61i= { imm=findstm(bufb}i

362= itype=smtLimml;

363= it (ccomp(smllimm], “ynan",4) == 1)
364= ask(imm, itypel; ‘
365= x=smdlimm3f{03; }

3b66=

3&67= stmove(line, 12/2,bufb);

368= xdata=smdLiml{Cl; /#smd{imlCLC) is input numerical datak/
3469=

370= it {(ccomp{bufé, ">=",2) == 1}

371= { if (xdata 2= x) degs=1; }
372= else if (ccomplbu#d, "> ¥, 2) == 1)
473= { if (xdata > x) degs=1; %}

374= else if (ccomp(bu#$d, "{=",2}) == 1}
375= { if (xdata <= x)} degs=1; }
G74= else if (ccompi{bufe "< ", 2) == 1)
377= { if (xdata <« x) degs=1; 2}

478=

37%9= return(degs); /#degs=0.0 or 1. 0%/
380=)

Gi=

aG2=

3683=/#+teutnuiut degree of satisfaction for typ—4 srsdseusss/
384=Float degd4(im, iine}

385%= int im;

386= char linell;

387={

388= extern float smd{3(103;

389= char buf4l41;

390= int gy

3%21= +loat degs;

a9as=

373= stmove(line, 17, 4,bufd};

J394=

395= it {({(jy=comp(bufs, "yes",3})) == 1) degs=smdliml{0];

A%4= else if ({jj=comp(buf4d, "na",2)) == 1) degs=smdliml{1];
377= else dags=0;

398=

399= returni{degs);

400<Y}

401i=

402=

403=/+t4u%unndn degree of satisfaction for type—1 ##dxessnis/
4O4=/4 certaimty measures of no, no-slig, slig...... *#/
405=Ff1loat degli(im, line)

40b= int im;

407= char linel):

408={

409= extern float smdCIC101;

410= char bufdL4l;

411= int i;

412= +Float deges=0., bpL103, Fflow(l:

413=

414= for(i=0; i4<=9; i++} bplil=smdlimILil:

415= stmove(line, 17.4,bufqd);

4146= degs=flow(bufd, bp); /#lower prob. of fuirzy subsetw/
417=

418= if (linel21] == '+7)}

419= {stmove(line, 22,4, bufq);

420= degs=degs+flow(but4, bpli 2
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421=

422= return(degs};

f§23=}

424=/aentntaantadtarssr lower prob. of fuziy subscotbHddtaitrtiardtiins/
425=F1o0at flowl(butf, bp)

426= char bu#flli

427= float bpl1l;

428={ ,

42%9= +¢loat lpi

430=

431= if {(ccomp(buf,"no™, 2} == 1) lp=bp{OI+bpl 1]

432= else if (ccomp{buf, "slig", 2}
433= else if {(ccomp(buf, “mode", 2)
4348= alse 1f {(ccompl(buf,"seve', 2)
435= else if {(ccomp(buf, "dest", 2}
436= else 1p=0i

U7 = _

438= return(lp),

4439=1}

440=

4a4l=/t4nuusndtt lower prob. #363388880aaaiEns/
442=+1oat lplim., i}

443= int im, i

444=1

44%= extern float smdlJ(101;

4446= float llpi

447=  iFf(i==0) llp=smdlimiI[O)+smdlim]CL];

448= if(i==1)} llp=emdlimIlil+smdlimll2]+smdlimIL3];

449= (#(i==2) llp=smdlimI{3I+smdlimlC4]+smd(imIL3];

450= i¢f(i==3} llp=smdliml(Sl+smdlimIlé6I+3mdlimi{7];

451i= jf(i==4) llp=smdCLimIl(7]I+smdlimlIL8);

452= iF(i==3} lip=smdlim3{?1; /Huk#/

453= return(llpl;

454=%}

455=

456=

457 =

45B=/-+¢xutat4# issye a question and get data #u¥#asiNss/
459=ask(im, itype) '

440= int im., itype;

441=A

442= ertern char #smnll;

463= extern float smdl[IC101;

454= extern char #smll3;

455= extern int pp;

4&6b6= FILE #fpqi

4467= char lineli0Q01, bufd4l[4];

468=  int i, §r Fg. gKi

469= +float dd;

1) lp=bplil+bpl21+bp[31;
1) lp=bpl33+bpL4I+bpl 5]
1) lp=bplS3+bpl&l+bpl7];
1y lp=bpL73+bpi8I;

fonn
L (I |

470=

471= i# ({itype<=1} !! (itype>=5)) return;

472=

473= tpq=fopen(“quest™, "r"); /estored file is "quest"#/
47 4=

475=  jk=0; _
476= while( jk==0)" /#search desired questions/
477= £

478= lget(fpq, line);

479= if (ccomp(line, “G~*,2) == 1)

480= {stmove{line, 2,3, bufd};
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481=
402=
463=
4p4=
485=
404=
4G7=
4ng=
409=
490=
491=
492=
473=
474=
495=
494=
497=
498=
499=
500=
501 =
502=
503=
504=
505=
506=
507=
508=
509=
510=
511=
512=
513=
S14=
515=
514=
§17=
518=
519=
520=
S21=
So2=

Sa83=}

S24=
505=
S26=
He 7=
528=

930=
S31i=
532=
533=
534=
235=
936=
937=
538=
°239=
540=

/+ # % data

if (ccomp(but4d,

}
>
it (jk == -1)

smnliiml,
else if{ccomp(butfs, “$3%",3)

3)

Ha

1) jk=
1) 4k
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/Hfindx/
/¥no quest#/

1;

~-1i

{printf("no question setence in file—-quest\n");

return; 3}

lget{fpg - line};

do { printf(“"%s", line);

lget(fpg, lined; ¥
{ccomp{line, "Q-", 2}

while 1=
fclose(fpyg)i
printf (===},
stmove(“an##", 0, 4, smiliml};
input #* # #/
it{itype==2)
{scanf("%s", line);
for(i=0; i<=3; i++)
£ if(linalil=="\n"’ (! 1i
for( =1i; JC=3; y++} 1li
>
stmove(line, 0, 4:smllim]));
¥
else ifl{itype==3)
{scanf ("%XeY, 2Add);
smd[imlILCI=dd;
}
else if(itype==4)
{scanf("%s", line};
if ((yy=comp(line, yes", 1)
smdCim]LOI=1;

it ((jy=comp(line, "grey", 1))

{smdEimIl01=0. &;
smd{im3IC(13=0.2; >

if ((Jjy=comp(line, "nag*. 1))
smdlimlICii=1;

if {((Jy=comp(line, "unknown", 1)}

smdfimlC23=1;
>

/4tsntuanid action THEN clouse
S29=action(line;

dsatis:, sact,
char linell;

float dsatis,

bp)
#sact, bplLd;

char butd4(4],
float cm.

bufelbl;
convert();

if (dsatis < G 1} return;
stmave(line, 17,6, butd};
co=canvert{bufs);
Cn=cm#dsatis;

22

/#print que

13

/#linguistic

nelil=="\0")
nelyjl=’ “;

. /%*numerical

/#*yes, grey,

)y ==

/#gum is not
1)

-
==

==1)

433 363k 3 363 3 /

/#neglect

f#canvert

stion#/

data#/

data#/

no, uk#/

1. 0%/

small comtributions/

written cm to floats/
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541=

942= if (em < 0. 1) return; /#neglect small comtributions/
543 ’

S544= +sact = *sact + cmi

545= stmovel(line, 12,4, bufd);

546=

547= it {ccomp(bufs,“"no “,2) == 1)

548= bp[0I=bpl0Ql+cmi

549= else if{ccomp(bufd, "slig"”, 2} == 1)

. 550= bpl1l=bplil+cmi

951= alse if(ccompi{buféd, "mode", 2} == 1)

552= bpl21=bpl23+cmi;

503= else if{ccomp(bufd, "seve",2) == 1}

5h4= bpl31=bpl31+cmi

555= else if(ccomp(butd, "dest", 2) == 1}

o54= bpL&4l=bpl4i+cmi

557= else if{ccompl(butd, "uk ", 2) == 1)

558= bplLSi=bpl{Sl+cm;

259=

5&0= else if{ccomp(butd, "= “,2) == 1} /#not certainty measure#/
S6l1= bpl0l = cm /asubstitute numerical to smdlimlLOIx/
962= else if(ccompl(bufd, "++ ©,2) == 1)

S563= bpl0l = bpl03 + cmi /#accumulatex/

S&4=)

S9&45=

DGeE=

567=

S6B=/4ttnnntatt# vpdate short term memory sttt/

DEF=/4 Dempster’s rule of combination for fuziy subset #/
570=update({im, bp)

571i= int im;

372= +l1loat bpll:

573=1

574= extern float smd[3L107;

978= extern char #3mi{d;

57&6= int i, 1ii. Jy§i

S77= +float dbpL101, ppl101, sumi

57/8=

579= i¢(bpl351 > 0. %95) return; /#almost unknown#/
560= : ‘
281= sum=0;

282= for{i=0; i<=5;i++) sum=sum+bplil;

583= if(sum<O, 999! bp(SIi=bplSi+(1-sum); /#increase unknownd#/
5G4=

o85= if{ccomp(smlliml, "unan", 4} == 1) /#first updatex/

586= {for (i=0i i<=5i i++} /tsimple insertw/
S87= € ii = 2#i;

5a8= iflii == 10) ii=9;

509= smdCimICiid=bplil:;

9%70= b .

5?1= stmove("an$s", 0,4, smlfiml);

S2= >

993=

594= else /#Dempster s rule of combination for fuzzy subset#/
525= {

9?6= for(i=0; i<=9; i++) dbplil=smdEim3iLil;

997=

S98= . For{i=0; i<{=4; {++]}

279= {ii=2%1i; .

600= ppliil=dbpliil#bplil+dbplPI*bplil+dbpliil*bpl51;
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&50Li= >

&02= ppiR1=dbpl{?IxbplL351; /#unknown set#/
503= ’

&04= for(i=0; i<=4; i++) /t*intersect fuzzy set#/
&05= {ii=2%i-1;

LGb= ' ppliil=0. S#(dbplii—-1J#bpli+1I+dbplii+1IsbplLil);

&LHOT7= >

&H0B=

&509= sum=0; /#normalize#/

&H10= for{i=0; i4=8; i++) sum=sum+pplil;

&il= if{sum < O 03) /4no normalize if small certainty#/
H12= ppl2l=1. O—sumi;

&13= else

b14= {sum=sum+ppl1;

615= for(i=0; it=F; i++) pplil=pplil/sum;

blh= 3

b617= -

&ig= for(i=Q; {<=9; i++) /#urite to short term memorys/
619= smdlimlLil=pplil;

6H20= } '

&21i=)

622=

&23=

624=

E25=/4t41 %2 #%4%% report the result ##rwriasas/
626=result ()

&27={ ' :

628= +¢loat 1p(), ipmax=0;

629= int i, 5, imi

630=

&31= ins=findstm(“FIN"};

&£32=

633= for(i=Q; i<{=4; i++) f#search max#*/

L34 = { ifC 1pCim, i} > lpmax)

635+ { lpmax=lp(im,i};

&&= J=ii 7

&37= }

&£38=

H3F7  prIinG £ U NTNNE R I MR R R R R RN R R AR AR \O\D")
HAQ=

G41= it{lpmax < O 2} ‘

64 2= printf(" An appropriate anser is not obtained. \n");
H43=

H44= else

545= {if{j == 0) printf(" There is no damage. \n");

b44= if(y == 1) printf(" The damage is slight. \n");

aa7= if(y == 2) printf("* The damage is moderate. \n");

&£4g= if(y == 3J) printf{(" The damage is severe. \n"};

&649= if(y == 4) printf(" The damage is destructive. \n");
&50= }

b51=

E52= prin€f (M\ntsdes i da 0 0004 8 40 H 232 404 23 R I e R SRR AR RN A\NT )
&53= o
&54= printf (" ne slight moderate severe destract

655= printf("FIN"};

656= for(i=0; i<=5; i++}) printf ("% 4¢", lp(imi i}));
657= ia=findstm("GLO"};

&98= printfF{"\nGLO"};

&59= for(i=0; i<=5; i++} printf ("L 4#", 1p(im, 1)),
640= im=findstm{(*LOC"};

24

unkown \n"}



For Research Purposes Only

s61= printf(“\nLOC"};

L&62= For{i=0; i{=3; i++) printf ("% . 4F", 1p(im, 1) );
&L3=

253= print £ { " \n\n#dresieis iyt End of SPERIL #3#33#8aetaaduittti\nl);
L&5=)

L=

L&7=

L&B=

LAF=/A-44R%HHNdF Find rvule HEFAFFHIF®/S

&70=/+ retyrn 1 find#*/

b71i=/4 -1 EOQOF #/

Lr2=/< O :.:otherwise #/

&73=Ffindr{fp, rsno}

bd74= FILE *#£p;

&675= char rsnoll; /#rule set no. #/

H7Te=<

G?7= int 4. ki

&78= char 1linel1001, bu$2(2];

&79= extern int ppi

HR0=

&81= lget(fp,line): /#one line getx/

&E2= ,

683= i+({jy=1lin=f0]) == EOF) k = —1;

bB4= else

LES= {

hBh= itf(ccomp(line, "Rule", 4) = 1) k=0;

&37= else

&£B8= {stmove(line, 4,2, but2}; ‘

&89= iflccomp(buf2,rsne, 2} == 1} k=1;

&90= else if{ccomp(buf, "$%$",2) == 1) k = -9;
&P 1= else k=0;

&92= ¥

&73= }

&F4=  if{{pp==‘y’ (| pp=='t’) &% k==1}) printf(" %s", line);
475= return(k); : ’
L94=)

&97=

£98=

LF9=

700=/#4% 244 a4% header classification #ddiditssis/
701i=/4 return tqpe=1t 2:3:4:5.6:,7.8,9:. 10,11, 12 %/
702=haader{line, pr)

703= char linelCl;

704= int opri /*previous header typex/

705=¢

706= int jys k = =9

707=

70B= i+ {ccomp{line,® IF“,7) == 1) k=1;

709= else if(ccomp(line,* OR IF".7) == 1) k=2;

710= else if(ccomp(line, “THEN IF“,7) == 1) k=3;

;§é= else if(ccomp(line, "ELSE IF",7) == 1)} k=4;

713= else if(ccomp(line,* and“,7) == 1} .

714= {if(pr==1 !! pr==2 {{ pr==5 || pr==6) k=5; /#IF~~ann#/

71i5= elsae if(pr==3 i! pr==4 |{ pr==7 || pr==8) k=7;

716= /#ELSE IF-—and#*/

;ig= else if{pr==9 ! pr==10) k=11; /%*THEN--and#/
= b

719= else jf(ccomp(line,* or", 7) == 1)

720= {if{pr==1 ! pr==2 || pr==5 || pr==8) k=4; /#IF~-qr#/



721=
7e2=
723=
704
795=
7026=
707=
728=
729=
730=
7a31=
732=
733=}
734=
735=
736=

else if{pr==3 }!|
}

else
else

THEN", 7) == 1) k=9;
ELSE"Y, 7} == 1) k=10

if{ccomp(line, "
if(ccomp(line, "
else if{comp(line,"
k = -10;

.7y '= 1)

returnik);
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pr==8) k=8

/RELSE [F-~or*/

printf("##* yndefined header —— miss writing of rule base ##\n");

737=/4soxssssnr got one line from Ffile st/

738=lget(fp, line}

739= FILE #fp;

740= char lineld:

741=4{

742= int i=G, g

743= in% c=‘a’;

744=

745= while (c = ‘\n"’}

7446= { ¢=getc(fpl; fugete is in stdio.
747= linelil=c; ‘

748= i++; ) .

749= linelil = "\Q"‘;

750=

751= i+

792= 1if(i < 50)

753= { for(=0; y<=10; y++) lineli+yl=’ *; >
724=) .

755=

754=

757=

798=/atduninnnr string compare #dHFFFHFHR/

TS9=/% return 1 if coincide =/
760=comp(s, g5, N}

7&1= char s€l1, ssfl;

762= int n;

763=4{

764= int i, k=1:

765=

7hb&=  for (i=0; i<n; i++)

747= { if(sfili=gslil &% s[il!l=" * &% ssfil!=’
748= € if(s{idi='\n" {i sLid'='\0"}
7&F= {k=0; break; 3}

770= } .

771= return(k);

772=%

773=

774=ccomp (s, ss,n)

77 5= char sfl), ssil);

776={

PI7= int i, k=1;

778=

779= for(i=0; i<n; i++) ‘ -
780= if(sCi] = ssLil} {k=0; break: )
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781= returni(k};

782=}

783=<

784=

785=/t+aatsaritdt string window move H#iEkEFwtite/
78b6=stmove(s, ist, n, s5)

787= char L1, ssC3;:

788= int is%: n;

789={

7%0= int i;

7?91=  for (i=0; i<n; i++) sslil=slist+il;

7592=%

773=

774=

7?5=

THe=/ i ndnttnd find short term memory **********/
PRT7=7+ return im (stmliml} */
798=findstm(na)

7%9= char natl;

BO0={

B01= extern *smnll;

g802= int im, =G, jy=0i

H03=

B804= ghile(yjyy ‘= 1}
B05= { if({yy=compismnlyl,na, 3} == 1) im=y;

B06= else if((jy=comp(smnlj], "$$%",3)} ==1) im = -1,

B807= Jr+i

8308 ¥ :

809= i#{im == -1)

81Q= printf(" ¥s is not in short term memory. ~— error\n", na);
8l1= returnlim}i

B812=)}

813=

Bid=

31 5=

Blo=/<4ttuupnwsr convert charl(l to float #wssdawnss/
B17=float convert(bu#f)

B8igd= char bufld;

g19={

820= +{loat x=0.0, y=0.0;

82i= int ir §» ii=0, sign=1;

g22=

823= i¢ (buff0l == ’=*) { sign = —1; ii=1; }
370 £ .
B23= fordi=ii; buflil>=/0" 2% buflil<=9; i++)
B26= x=10. O#x+(buflil-"0");

Be7=

B28= jif(buflLi] == . 7}

829= { for(y=i+1; bufl I>=0" &% bufl I ="' j++)
830= y=y+(bufl y3=0"3/0(10. 0% j—i});

B831i= 3 .

842w

833= s=(x+yd#sign;

834= returnix);

835=)

SR6&=

837=

B838=

S3F=/tesustunans min FHFBFRRRER/
840=fjigat min(x, y}
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841= +{loat x. yi

B42={

843= if{x>y} returnly};

B44= else vreturnix);

845=}

g446=

BA7=/4 ¢4 % ¥R AFAF Max FFFBFEFFRFR/S
g848=float max(x:y} ‘
g49= tloat x, yi

350=4

B51= if{x>y) veturn(x)i

Boa= else return(yid;

853=)

854=

B55= /1 ¢33k 3t 4343 ptintf smifim] fo test ##AHdwHtwtdhsiin/s
85&6=psml ()}

857={
858= extern ¥smlll;
859= int i;

860= For(i=0; i<NSTM; i++)

861= printf (" smii¥Udl=%s", i, smlCid);
862= printf{"\n"),;

853=2

28



APPENDIX B
i=Ruledi(i
2= IF:GLO
3= THEN: FIN
4=l S5 IF: GLO
S= THEN: FIN
=ELEE IF:GLO
7= or: LUC
g= THEN: FIN
F=ELESE IF:L0C
10= THEN: FIN
11=ELEE IF:G6LO
12= and: LOC

13= THEN: FIN
14= ELSE: FIN
15=
146=Rule0201
17= IF: HMAT

18=THEN IF:S8TI
19= THEN: GLO
20=ELSE IF:STI
2i= THEN: GLO
22=ELSE IF:STI
23= THEN: GLO
24=ELEE IF:STI
Po= THEN: GLO
26=ELEE IF:STI
7= THEN: GLO
28= ELSE: GLO
29=
30=Ruled202
3l= IF: MAT
da=TH" IF:STI
a3= THEN: GLO
34=ELSE IF:STI
35= THEN: GLO
36=ELEE IF.STI
a7= THEN: GLO
38=ELESE IF.STI
39= THEN: GLO
40=ELSE IF.STI
41= THEN: GLO
42= ELSE: LD
43=
44=Rule0203
45= IF: Dam
L&= THENM: GLO
47=ELSE IF: DAM
48= THEN: GLO
49=ELSE IF: DAM
50= THEN: GLO
51=ELSE IF: DAM
o2= THEN: GLO
53=ELEE IF: DAM

54= THEN: GL.O
55= ELSE: GLO
hé=
S7=Rule(204
58= IF: DRI

99= THEN: GLO
60=ELSE IF:DRI

RULE - BASE : rbase
is dest
dast 1

is save
seve 1

is mode+slig
is dest+save
mode 1

is mode+slig
slig 1 '
ig no

is no

no i

uk

is rv/c
is dest
dest 0.6
is save
seve 0. &6
is mode
mode Q. &
is slig
slig O. &
is no

na 0. 4
uk

is steel
is dest
dest 0.8
is save
seve (. 8
is mode
mode 0.8
is slig
slig 0.8
is no

no 0.8
vk

is dest
dest 0. 4
is sgve
seve C. 4
is mode
mode 0. 4
is slig
slig 0. 4
is nag

no Q.4
uk

is dest
dest G. &
is save

29
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bil= THEN: GLO
62=ELESE IF:DRI
6&63= THEN: GLO
&4=ELCE IF:DRI
&5= THEN: GL.O
GO=ELSE IF: DRI
67 = THEN: GLO
&8= ELSE: 6LO
Hho=
70=Rule(205
71i= IF: INS
72=THeN IF: VST
73= THEN: GLO
74=E[ S5 IF: VST
75= THEN: GLO
76=ELSE IF:. VST
7= THEN: GL.O
78=EL.SE IF: ST
7%= THEN: GLO
BO=ELSE IF:vaT
Bi= THEN: GLO
82= ELSE: GLO
83=
84=RuleC20é
85= IF: INS
8&6=THEN IF: VST
g87= THEN: GLO
88=EL.8E IF: VST
89= THEN: GLO
O=ELSE IF: VST
Pl= THEN: GLO
P2=EL.SE IF: VST
3= THEN: GLO
P4=ELSE IF:VST
?5= THEN: GLO
Pb= ELSE: GLO
7=
98=RuleQ207
Q= IF: INS
100= or: INS
101=THZN IF. VST
102= THEN: GL.O
103=ELSE IF: VST
104= THEN: GLOD
105=EI.8E IF. VST
106= THEN: GLO
107=ELSE IF:.VST
108= THEN: GLO
109=ELSE IF. VST
110= THEN: GLO
111= ELSE: GLO
11i2=
113=Rulel401
114= IF:. VNS
115= THEN: LOC
1146=ELEE IF: VNS
117= THEN: LOC
118=ESLFE IF: VNS
119= THEN: LOC
120=ELEE IF: VNS

seve
is
mode
is
slig
isg
no
uk

is
is
dest
1s
sgve
is
mode
is
51ig
is
no
uk

is
is
dest
is
seve
is
mode
is
slig
is
no

is
is
is
dest
is
sevye
is
mode
is
slig
is
no
uk

is
dest
is
seve
is
modsa
is

careful
dest

i

sgeve

1

mode
0.9
slig
0.8

no

0.8

ml=more~or-less

dest
i
s8ve
1
maode
0.9
slig
C.7
no

0.4

rough
uk
dest

seve

mode
.8
slig
O &
no

C. 4

degt
0.7
save
0.7

mode
0.7

slig
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121= THEN: LOC slig 0.7
122=EL S5 IF: VNS is no
123= THEN: LOC no 0.7
124= ELSE: LOC uk

123=
126=Rule0402
127= IF: DRI is dast

128= THEN: LGC dest 0.7
129=ELSS IF: DRI is seve
130= THEN: LGC seve 0.7
131=ELSE IF:DRI is mode
132= THEN: LOC mode 0.7
133=ELSE IF: DRI is slig
'134= THEN: LOC slig 0.7
139=ELSE IF:DRI is ne
136= THEN: LOC nao c.7
137= ELSE: LOC uk

138=

139=Rule0501

140= IF:MAT is r/c
141=THrEN IF: ISD <= -8. 9
142= THEN: DRI wuk 1
143=ELSE IF: ISD <= c. 4
i44= THEN: DRI ne G.9
145=ELEE IF:ISD <= 0. B
146= THEN: DRI slig 0.9
147=EL.SE [F: ISD <= 1.3
148= THEN: DRI mode G 9
149=ELSE IF:ISD <= 2.0
1950= THEN: DRI seve 0.9
ig1=ELSE IF:ISD > 2.0
152= THEN: DRI dest 0.9
153= ELSE: DRI wuk

154=

155=Ruled302

156= IF:MAT is r/e
197= THEN: FLX = no
158=

159=Ry1e0503

160= IF: MAT is steel
161= and: NST >= a8
i42= and: FLX is yes
163=THEN IF: ISD <= 0. &
1&44= THEN: DRI no 0.8
1469=ELEE IF:ISDh <= 1.2
166=  THEN:DRI slig 0.8
167=ELEE IF:ISD <= 1.9
168= THEN: DRI mode . 8
169=ELSE IF: ISD <= 3.0
170= THEN: DRI seve . 8
171=EL.8E IF: {SD > 3.0
172= THEN: DRI dest (. 8
173= ELSE-DRI wuwk

174=

179=Rule(3504

176= IF: NST < 8
177= or.FLX is no +uk
178= and: MAT is steel
179=THzn IF: ISD 4= 0.4

180= THEN: BRI ne Q.8
31



181=EL 8K IF:ISD <

i82= THEN: DRI
183=EL.5E IF: ISD
184= THEN: DRI

185=ELEE IF:ISD <

186= THEN: DRI
187=€L.cE IF:ISD
188= THEN: BRI

189= ELSE: DRI
190=
1?1=Rule0s01
192= IF: MAT

193=TH=N IF:NST
174= THEN: IFS
195=ELSE IF:NST
19&= THEN: IFS
197=ELEE IF:NST
i98= THEN: IFS
199=ELSE [F:NET
200= THEN: IFS
201=ELEE IF:NST
202= THEN: IFS
203=ELSE IF:NST
204= THEN: IFS
205=ELSE IF:NST
20&= THEN: IFS
207=ELEE IF:NST
208= THEN: IFS
209=ELSE IF:NST
210= THEN: IFS
21 1=ELSE IF:NST
212= THEN: IFS
213=
214=Rul1e0602

215= IF: MAT
21&6=TH=rl IF:NST
217= THEN: IFS

218=ELSE IF:NST
219= THEN: IFS
220=ELSE IF:NST
a21= THEN: IFS
222=ELSE IF:NST
203= THEN: IFS
224=E{ SE IF:NST
225= THEN: IFS
2246=ELSE IF:NST
227= THEN: IFS
228=ELSE IF:NST
209= THEN: IFS
230=El C5 IF:NST
231= THEN: IFS
@32=E{ & IF:NST
233=  THEN: IFS
234=E_SE IF:.NST
235= THEN: IFS
236=ESLE IF:NST
237= THEN: IFS
238=ELSS IF.NST
23%=  THEN: IFS
240=

B ow

il

AU AN SN S S S
i [ [} il ]

il

i

IR | A BFA |

o
oW

A B IS A A AN
1} 1] 1l i 1] ] ] ] ]

[NV || .;;. AN IIFANE | IO

ONOND OO
CLwoLwono-o

0. 17

steel
4

1. 62
&

1.1

g8

0. 81

it

0. 59
i4

C. 44
ig

C. 36
23

0. 28
30

0. 22
40

0. 143
S5

0. 118
70

0. 093
70

0. 075

(8, O/NST}

(& S/NST)
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MAT
INF
CNF
STl

CMNF <
STI n
CNF <

571
CNF
871
CNF
871
CNF
STI
STI

MAT

241i=RuleQs03
242= IF:
243= and:
2448=TH~N IF:
245= THEN:
246=ELSE IF:
247 = THEN:
288=CLEE IF:
249= THEN:
230=E1L 85 IF:
251= THEN:
252=EL.SE IF:
293= THEN:
234=ELSE IF:
255= THEN:
254= ELSE:
257=

258=Rule404
259= IF:
260= and:

261=TiigN IF:
2&62= THEN:
263=ELEE IF:
264= THEN:
265=ELEE IF:
26&= THEN:
2&7=ELEE IF:

INF
CNF
STI
CNF
8TI
CNF
STI
CNF
8TI

: ONF

STl
ST1

MAT
INF

268= THEN:
2&9=ELEE IF
270= THEN:
271= ELSE:
272=
273=Rule&05
274= IF:
2795= and:
276=TH"N IF:

2?7= THEN:
278=ELSE IF:
279= THEN:
280=ELEE IF:
281= THEN:
2B2=ELSE 1IF:
<83= THEN:

284=ELSE IF

CNF
§TI
CNF
STI
CNF
STI
CNF
STI

: CNF
285= THEN:
286=ELSE IF:
287= THEN:

871
CNF
ETI
871

: MAT

INF

2a8= ELSE:
PE9=
270=Rulelb06
221i= IF
292= and:
293=THzN IF:

274= THEN:
299=ELEE IF:
2%4= THEN:
297=ELEE IF:
278= THEN:
299=ELSE IF:
300= THEN:

CNF <

STI

CNF <

STI
CNF
STI
CNF
STI

glig

mode
L -

=

save

-,
-

dest

I ow

3 PO IS N Vi Sl
® o ll—~HO ) x
a. .
D

<
L]

Pl
~
L)

[ ~ SN S
Y
<t

= m

T/cC
IFS
-8. 9

0.9
12
0.9
22
6.9
40
0.9
40
0.9

r/C
IFS
-8.9

6.2
15
0.9
30
c.9
30
0.9

steel
IFS
-8. 9

0.9
12
c. e
22
0.2
40
c.°
40
0.2

steel
IFS
-8.9

c 9
1%
c.9
30
0.9
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301=ELSE IF:CNF
302= THEN: STI
203= ELSE:STI
304=
305=Rula070]
304= IF. CD1
307= or: DD

308= THEN: DAM
309=ELSE IF:.CDD
310= and: CDI
3ii= THEN: DAM
312=ELSE IF:CDD
313= and: CDI

314= THEN: DAM
315=ELEE IF:CDD
316= THEN: DAM

317=ELSE IF:CDD

31i8= THEN: DAM
319=ELSE IF:CRD

320= THEN: DAM
3P1i= ELSE: DAM
aJ22=
323=Rule?01
324= iIF: MAT

325=THzN IF:S501
326= THEN: VST
327=ELSE IF:S502
328= THEN: VET

329= and: V8T
330=ELLSE IF:. 503
431= or: S04
332= or: 805

333= THEN: VGT
334=ELSE IF:S04&
335= THEN: VST
336=EL.EE IF:S07
337= or: S0B
338= THEN: VST
339= and: VST

340=ELESE IF:s501
341= and: S02
342« and: 503
343= and: S04
344= and: S05
345= and: S04
344= and: S07
347= and: S08

348= THEN: VET
349= ELSE: VST
350=
351=Rule?02
352= IF: MAT
353=THIN IF:.CO1
354= THEN: VST
355=ELEE IF:CQ2
356= THEN: VST
a57= and: V8T
358=ELEE IF.CO03
359= THEN: VBT
3&0=ELEE IF:C04

dest
uk

A

¥

-

Fatils BFL RPN =
0

I’ [] 3 I"‘l m l'.*l

m o it — )i
a. .
o w2

LT
<
[}

dest

[
£

is
is
dest
is
dest
seve
is
1%
is
sgve
is
mode
is
is
mode
slig
is
is
is
is
is
is
is
is
no
uk

is
is
dest
isg
degt
cseve
is
save
is

3 (no decrease)

10
0.8
3
40

.8

13
0.8
40
0.8
40
0.8

steel
yes

yes
G5
0.5
yes
yas
yes
0.9
yes
0.8
yes
yas
0.5
0.5
no
no
no
no
no
no
no

For Research Purposes Only

(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 aon floor)

{partial collaps)

(large spalling on column}

(large spa.

{small spa.
34
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Jb61i= THEN: VST seve 0.5

J62= and: VST mode 0.9 :
363=ELSE IF.COD5 is yes {small cracks on load-bear. /shear wall or girder.
364= or:C0& is yes {spalling or large clacks on oter walls or floor
343= THEN: VST moda (. 5

3b6b= and: VST slig €. 9

367=ELEE IF:C01 is no

368= and: C0O2 is no

369= and: €03 1is no

370= and:C04 is no

371= and: C03 is no

372= and: C04 is no

373= THEM: V8T no 1
374= ELSE: VST uk

3759=
376=RulelOO1
377= IF: NGt is savere {(nonstractural partition)

378= THEN: SUM ++ i0

J79=ELSE IF:NOL 1is congsiderable
360= THEN: SUM ++ S

381=ELSE IF:NO1 is ‘slight

3g2= THEN: SUM ++ 2.9

3B3=
384=Rulel002
385= IF:NO2 is severe {windows)

38e= THEN: SUM ++ 10

387=ELSE IF.NO2 is considerable
3B8= THEN: SUM ++ S '
389=ELL.SE IF:NO2 is slight

390= THEN: SUM ++ 2.9

IFi=
392=Ru1=21003
393= IF:NQ3 is sgvere {doors)

394= THEN: SUM ++ 10

3?5=ELEE IF:NGO3 1is considerable
376= THEN: SUM ++ S

397=ELEE IF:NG3 is slight

378= THEN: SUM ++ 2.5

379=
400=Rulel04
401= IF:NG4 is severe (ceiling and light fixtures)

402= THEN: SUM ++ 10 .
403=ELSE IF:NG4 is considerable
404= THEN: SUM ++ 3

A05=ELSE IF:NO4 is slight

404= THEN: SUM ++ 2.5

407=
408=Rulel(0S
q40F= IF: NGS5 is savere {stairs)

410= THEN: SUM ++ iC

411=ELSE IF:NOS is considerable
412=  THEN:SUM ++ 5

413=EL.SE IF:NC5 is slight

414=  THEN:SUM ++ 2.5

415=
4156=RulelQ0s4
417= IF:NQ& is severa {elevator)

418= THEN: SUM ++ 10
f419=ELEE IF:NO& is considerable
420= THEN: SUM ++ S
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421=ELEE IF:NOO6 is slight

422= THEN: SUM ++ 2.5

423=

424=Rulel007

425= IF:NG7 is severe (electricity)
426= THEN: SUM ++ 10

427=ELSE IF:NO7 is considerable

428= THEN: SUM ++ S

429=EL.SE IF:NG7 is slight

430= THEN: SUM ++ 2.9

431=

432=Rule1008

433= | IF:NOB is severe (air coditioning)?
434= THEN: SUM ++ 10

435=ELSE IF:NOB is congiderable

A43&= THEN: SUM ++ 3

437=ELSE IF:NOB is slight

438= THEN: SUM ++ 2.5

439= \

440=Ruleal0? _

441= IF:NO9 1is severe (water works)
442= THEN: BUM ++ 10

443=ELSE IF:NOP is considerable

444= THEN: SUM ++ 5

445=El SE IF:NOF is slight

4446= THEN: SUM ++ 2.5

447=

448=Rulel1010

449= IF:N10O is severe (gas facility)
450= THEN: SUM ++ 10

451=ELSE IF:N1O is considerable

452= THEN: SUM ++ 3

453=EL.SE IF:N1O is slight

454= THEN: SUM ++ 2.9

455=

456=Rulel0tll

457 = IF: N1l is savere {(communication)
458= THEN: BUM ++ iC

459=ELEE IF:Nil is considerable

4460= THEN: SUM ++ )

461=ELSE IF:N1t1 is slight

4462= THEN: SUM ++ 2.5

443=

444=RylalQi2

4465= IF:SUM <= 3

44Hb6= THEN: ¥NS no 0.8

4457=ELSE IF:SUM <= 1S

448= THEN: VNE slig 0.8

449=ELSE IF: §UM <= 35

470= THEN: VM5 mode 0.8

471=ELSE IF:5UM <= &C

472= THEN: VNS geve 0.9

473=ELEE IF.SUM > &0

47 4= THEN: VNS dest 1

47 5= ELSE: UNS uk

476=

477=Rulessss mark fOor end of rules HHHFRBBEBRRIRELIS
478=

479=

480= dest ; destructive
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481=
4a2=
483=
434=
4085=
436=
407=
468=
449=
490=
4?1=
492=
493=
474=
495=
496=
497=
498=
499=
500=
501=
502=
503=
504=
505=
506=
507=
508=
509=
510=
Sii=
512=
§13=
514=
515=
516=
S517=

seve
mode
slig
na
Ul
r/¢

FIN

GLg

cuM
LoS
DRl
STI
DA
FAT
V3T
VT
MAT
I1SD
Crir
Iti-
IFS
CDI
CDD
FLX
INS
suM

501
807
cot
Co4
WOt

Nit
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severe

moderate

slight

no

gnknown

reinforced concrete

final goal -— damage state

damage of global nature

damage of cumulative nature

damage of local natuyre

damage due to drifting

damage of stiffness

damage of 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

Teference of natural frequency

change of damping -- increase

change of damping —— decrease
flexible design

careful visval inspection

buffer memory for calculation of VNS

check items of visual stractural damage for steel

check items of visual stractural damage for R/C

check items of visual nonstractural damage
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APPENDIX € QvESTION LIST : %ud‘f

~Sh:?Tzs the material of the building { r/c(reinforced concrete). steel )7
E:Saiuihe visual inspection done craefully? Did you check even inside
S5=the covers? { care(careful), ml(more or less), roug(rough), uvk(unknoun)
?;?sFt:e buxldxng designed to be flexible? { y(yges). n(neol), uklunknown) 3
g;ghiinwas the maximum interstory drift during the earthquake?

10=1{ drift/height#100 [4X]I . -2 {unknown} 2
11=Q-NST

i2=Enter the number of stories.

13=G~-IHF

14=What was the initial natural frequency [Hz]l of the vibration? { -F{unkno:
15=G-CHiF

i6=What was the decrease {4l of the natural frequency during the eathquake?
17= { -2{unknown? 2

18=G-CDhI

19=What was the increase L[%] DF damping? { Olalmost no increase), ~P{unknowr

20=G-C0D

21=khat was the decrease [4L] of damping from its peak value?

22=If no initial increase process was oObserved:, use initial value instead

23=o0of the peak wvalus. { O(almost no increase), -F{unknown) 2

24=Q-S01

25=1s there partial collaps observed? <{ ylyes), g(grey):; nino), vkl{unknown)
P6=G-502

27=1s there the buckling of column? { y, g, n. uk 2}

2B=G-523

£9=Is there the buckling of girder/beam? { y. g, n, vk %

30=6-524

31=Is there the buckling of diagnrnal bracing? { y, g, n. uk >

J32=G-505

33=1s there the deformation or loosing of joint? { y, g, n, uk 2}

34=G-506

35=Are there considerable spallings/cracks observed on shear wall?

6= { ylyes):, gi(grey):, nino), uvkl{unknown) )}

37=G~807

38=Are there ctonsiderable spallings/cracks ocbserved on other exteria/

d4%=inveria walls? { ¢, g, n: uk ¥

40=G~-508

41=Are there considerable spallings/cracks obsered on floors? { y, g; n, uk
42=Q-C01

43=ls there partial collaps observed? <{ yl{yes}, g(grey), nino), uk{unknown)
44=Q-C02

45=Is there large spalling aobserved on column?® <L y, g, n, vk >

A6=G-C03 :

47=1Is %there large spalling cbserved on load bearing wall. shear wall, or
48=qgirder/beam? { y, g, n:, uk }

49=(G-CQ4

50=are there small spallings or large cracks observed on column,

S1=locad bearing wall or girdersbeam? £ y. g. n. uk

2=G-C0%

23=4re there considerable number of small cracks observed on column, load
“4=bearing wall or givrder/beam? < y. g n, uk >

5=0-C0&

Sé=Are there spallings or large tracks observed on other walls or floors?
“7= {4 4. g. n. uk ¥

$8=Q-h31

S9=How is the damage of nonstructural partitions?

60= { se(severe), co(considerable) sl(slight), no , uvk{unknown) }.
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1= { severe
&2= { considerable:
63=3-No2

f4=How is the damage of
&H5=G-NG3

bé=How is the damage of
57 =Q-ND4A .

48=How is the damage of
69= { se:. co, sl. uk }
70=G-N0%

71=Hoyu is the damage of
72=Q-1i0&

73=How is the damage of
74= { se{severe),
75=G~n07

76=How is
77=6G-N08

78=How 1is
79=0-N0?

H0=How is
81=G-Ni0

g2=Hou 1is
83=G Nitl

d4=How 1is
B5=Q-$9%

the damage of

the damage of

the damage of

the damage of

the damage of

this 1is

cto{considerable),

more than 10 % }
approximately 5 % ¥

For Research Purposes Only

windows? <€ se, co:r sl:; no, uk }

doors? { se, cto., sl.,

no.,

uk ¥

ceilings including light fixtures?

stairs? { se, co, sl,

elevators?
sl(slight),
{ se,

electricity? co.

air conditioning? { se,

waterworks? { se, co,

gas facility? <€ se, co,

communication facility?

-39

no.

sl

uk ¥

no
sl, no.
co,
no,

sl

{ se,

sl,

no.,

vk

no
uk )
uk

co,

vk {unknown)

¥

JUk}
}

sl, no,

the end mark of file—-quest accessed by speril.

uk ¥
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80-3
20-9
80-10
20-1

80-12
80-13
80-14
80-15
80-16

' 80-17

80-18
30-19
80-20
8G-21
80-22
ap-23

80-24
80-25
31-1
8i-2

817
#1-8
g1-9
£1-10
81-1n

81-12

81-13
21-14

81-15
81-16
81-17
81-18
81-19
81-20
81-21

81-22
a1-23
81.24
21-2%
R1-256
81-.27
81-28
81-29
81-30
81-31

81-32
81-33
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