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A study on the fuzzy simulation for real world system

o2z - 24
Eun-Soon Lee - Sung-Ok Kim

T AbStl‘dCt ‘ T

Fuzzy simulation predicts the behaviors of real system based on a model by qualitative
reasoning methods and simulates the representation of ambiguous values on the real system
variables using the theory of fuzzy sets. During the simulation, however, unnecessary behaviors

due to the fuzzy representation are created, and the number of states of system variables
. changing temporally in the time axis is drastically increased.

In this paper, we present a new algorithm which eliminates the spurious behaviors from |
the great number of result values due to the results of the fuzzy operation, and reduces the
number of the states by transforming the complex state transition rules. This paper also shows
the easy implementation of the simulation by using the existing package while it is difficult 1
on the PC due to the complexities of the calculation. ‘
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procedure REVISE(Q(X,, . . . X))
begin CHANGED < 0
for each argument Xi do
begin S ~— REFINE(Q, X;)
if S = 0 then halt /+ the original constraints were inconsistent */
else if S * S; then
begin S, < S;
add Xi to CHANGED
end
end
return CHANGED
end
procedure WALTZ
begin QUE < a queue of all constraints
while QUE * 0 do
begin remove constraints Q from QUE;
CHANGED - REVISE(Q)
for each Xi in CHANGED do
for each constraints Q' * Q which has X; in its domain do
add Q' to QUE
end

end

A At (A F2
Qo 2= o] =

[s]
HEEs X, X, . ... X, . °]

| My Xl g w2 A% TEse JAs S &
& of thgak 2o ol o3te Z7te) Alzw W
of gk 44 grol AR A7 A g 7HAA
A,
4. Algefo|Me| A3
71&9] AT WHolA Aleeo] e e g
ol

o] A A AlAEe) gro] Wk ettt B
ool tate] et SukE Al
7VE AAAtsliof 87wl $]=L2H o] H(SUN, Prolog
Language)o]’d e} HFFElIM Aol 7hsatdct. w3t
*3_ S AT 2279 FEo] go

TeA o] e oelo] mE A
1-‘?0124% skl o5 ARbARI
C)E }zﬂ?‘% 39 AAIZE 22
LR U R
2% shvtel *JEHZJOI—% Skl *]Zjﬂ]*&ﬂ zhzte) 7S
of gt TEHYS stofop st 17N 287129
AZtel AEjA At ol HE et F ¢ 4
=R es w2 gl *‘Bﬁ*lﬂ 7] Slsked A
Y uk E.‘:_o] Wol H

7o

2 EERRES
LA 22dE HE HAA A4 o8 A
#oldateich. 94} Mz 7)52 ol gate} A B
oMol 7t elE mEER Tete] A Ao
RESS FUS A%E ST EH 4o o
# 2t mEd AN 408 44 292E FEsE
dolHz AET 4 AT $4 L2 BAE 2
A4l TS, 7 BAMEE (D27 A2
5 el Y Q1B E g o] 3y BIAFA o
& 2 HA DATAA Sl g ol o

41 ofdl(Aa=>ol g2l Fo| AlZo|M)

o] el Zo] )3t FEL HA A B oM
sl 8l W1 ,v?—-‘_/\]/\Eiu Lﬂ)\ m_‘ﬂ
A A 7k W4 27z A, §A v 3

H
_);“
o
kY



HMA AlA-S mx| AlEfofMof &

Bt 113

o7

I S R NS N N R NSRS AT

¥E BT oo} Erh
D N2d we
X AEH gy 3o HXZYEE AY
v:39g £9
o] MEE
@ WA A% ¥

Q= {n_top, n_medium, n_smail, zero, p_small, p_medium, p_top}

[}

{-, -06, -s, 0, s, 06, t}

i

[0.1, 05, 0.1, 0.1, {06, 06, 0, 0], (0.7, 1, 0.1, Q1)
Q@ WsgEe 273

(x, v, a) = (06, 0), (0, -06), (<06, O)
® AnA
deriy x = v
denvv = a
® A4 #AE
e [ [os [ [0 T Tos [
- I AN bl
e I B O !
s Lo o o o [ e
% A AR A I
0 0 0 VR T T 0 {0
S — 1 — ,,,4,,", e e e e *.1 N ,!. R
0.6 oobor o l 0 |0 o0
Los oo R 0 0
T 1 ! o | 0 10 0 0

(2) ek Mo) A7 dejde] & el Hol

(-1, -0.7, 0, 0.1, (06, -0, 0, 0], (<05, -0.1, 0.1, O.1], [0, O, O, 0},

wgte] = vo] A7 olojo) SRR ve] AVGE B

T 5ol g vl Wguy} -s7h obd el BF A
Hug 9 AEE (5-08 won, a2l ghollA (-0.6,0)
& 274 ¢ et ANEHER QAL FA
o vl (-5.-0.6)% AAFCE vpAuo 2 ve] (5,1, a8
(-t-s)3kE: voll tjgh 5 7He] AgHA oA -Z—‘i’i—ﬂﬂi v
of &t e (-5,-5), adl W& & (s9)E AHHCE
|9} o] Z}2tef 7hEdt ”bﬂé«l HEEdA U
el E Aolalr) gste] AlzElolA Hold oy
742 AFAES AESta} A 34& HEEhA] B 3
AAS D g FHE AG3c) wpA g, G
o 1—- zkzbe]l M7t A-g9 271Eot 2 FHE
ANE 7] GEo] o ol v Al E ANA =
r:}m] 2 270U ERE sHAE & FU|238 A
4 dhEsle] Alxdlo] MAE e otk ©AEE

H’f?ﬂ 143 AFE (G 4)ol AlZEAA wEl FA]
sHA ok

_r h=)

Q
=

e
T
Z
p4

S~

(3 Az gel 23 e Aol

33t (E e del ofsta} 74 Ayt
fi‘éﬂ Al 4o AedelE (19 delN HE
oh (28 DA p o s by 2] ASE S
7b qlele] Alzbrzhlol A 9o} HAZE fA8H
the el 2o Mok delglS ofrlatn], Fef A& Al
Hp, pr - PE Ar0]9] T 1% L*oEHOiW CH

11
1.0

o

el e AES 1 F09 e o SR A9 EF A 14S olelg
Aelze] Mol alo)A] Foi2 Aaadl ofdtal “xe]
(B 4 Azt Zgol ue MejEol
E;A/{b Ly t t, { t, t, ] 1, ( t, I t, t,
O s : —
weo T e T woe G T o606 | e 00 0.60)
x (5.-8) (0,-5) (-5,-1) \ (-0.6,-) {1.-5) (0,5) L (s.0.6) (0.6.5)
______ L wen (0.0) (5,-06) | (060) -060) | (0,06) 6O | (0606
0-06) | (5.5 (-0.6,-0.6) (ss o0 (5,5) 0.6.0) (ts) (0.-0.6)
v (-8,-1) L-0.6,%) (-1,-8) 0.5) (s,0.6) 0.6,5) (5.5} (0,-5)
_ (5-06) | 060 0600 | (006) | 0 | (0606 | 060 0.0 _
(-5,8) (0.0) (s.0) (0.6.0) (ts) (0.-0.6) (-5,-8) (-0.6,-0.6)
Lets) (0.5) | (s.8) (0.6,5) (s,-$) (0,-s) (-8,-1) (-0.6.-5)
4 L-0.60) 0.0.6) ; (< ()6 (0.6.0.6) (0.6.0) (0.0) {-5.-0.6) (-0.6,0)
a | 1 [ (-5.0)
§ 1 (55)
L & i I R R I




114 AR 0| MBS =2X| M6W, M235, 1997.12

M 2 Alzbol mE abejst
08 T i ,,,__,___P_".f#‘ﬁj:ﬁ'u'_
; TR "'Tﬁi':ff:::::::::ff:/f’fi:.___.
"_’ié H4-4-¢- -1-F-F - 4-1- ;. - - 4 ;
—1‘:1_ T I rTrverrieri g ‘;}‘fjj’ TITTTITT b
S - o SR R -t -1 1
- b 1- -+ 4\,5!»1_ -+
0.6 t{4- L 4 3 -\1» 4L b
AR HESRENY 1l L0
t t { A ZEETE 4 Lot Lt
L
WA vel Azl opE ezt
06 | R NP XA '
o aP5aRRRRRARRRRRI
<3 = ...\.'.\.:LN ;
= ! =]
w9 ] 1 4 it
-s : c-\;;- - - 4- F4
0.6 ‘H.A_,,.,_‘.__.,A4,.4';_,,._..,__V‘,.,,.,.A..A,A..,,_.A,;_
L t { Lo A zE gkt t 1,
W g0 A7kl mE AdeEsl
06 BNRNBRRRRETREN] 1 []
-y / Y .
A\ {- -} ’ NR F
e TR | i =
~ ”
H ,/F 3 311114 - [ 3 2 0 (2]
S »J/-» -{-1- 1 -t b4
06 T [ [INNANERRRERRRRARERNERRARE
i Ly, by, LA E { L.
(O 3> A28 Bio] AlZHf| THE AENHi3}
4. ZE 3 #FnA| she WbES Hola, w AAZ PCol|H el Bt
9o U nadel @ Yozt wud el &
AMA A2l o] ofe) 7R HAdE gk HA] A g /Ades d 5 9 H] %S SLAM 119} 7--e
ol E g SlojA 71EY W EREE H4 z2dg ©A9 sfto] %&6} ! BE AlZbe] Wglol u}
Agol&2o] 23k ko g Qe Uy @e 9 b CrEfEE B o4 QIR &l Y ovrl lrar
Aol 7t dojuA Ho g olFe] ik Al o] W 7}3he}.
A ol glolA o s BRek AFAE A A g
tholeldh W FRa| sl ¥ R Y Hnes
fotielE g Abgste] Beols vig Ao
OGS Folal We AT F oY WEsA (1] ol#d. 2UF, "wAolE W &8 19 23, §
TR, £ ol £HE PC BN oot st AL 1991,

% 2EAE AE AAE olSstel GANOL Y (2] AEE “HAWALT HATAL 1997



A\M’;“ A‘AE{’O' J_L

gefolMol 2kst o 115

(3] B. Kuipers, *
Laboratory for Computer Science, Cambridge, 1985,
pp.128-136.

[4] B.J Kuipers, “Qualitative simulation
Vol.29, 1986, pp.289-33%

[5] D.Waltz,
shadows”, The Psychology of Computer Vision, P.
Winston Ed., New York: McGraw-Hill, 1975

{6] D.Weld, 7'th  Nat. Conf.
Artificial Intell.,

[7] D.Weld, “Exaggeration”,
1990, pp.311-368.

[8] E.Davis, “Constraint propagation with interval labels”,
Artificial Intell., Vol.32, 1987, pp.281-331

(91 G.R.Guo and Q.Shen,
correcting estimation of radar signal”.
Vol.26, No.16, 1990, pp.1321-1324.

[10] J.de Kleer and D.G.Bobrow,
with high-order derivatives”, Proc.3'th Nat. Conf.
Artificial Intell., 1984, pp.86-91

[11] P.Fouche and B.J.Kuipers,

in qualitative simulation”,

", Anificial Intell..
“Understanding line drawings of scenes with
“Exaggeration”, Proc.

1988, pp.291-295

Artificial Intell., Vol.43,

“Fuzzy algorithm for error-
Electron. Lett.,

“Qualitative reasoning

“Reasoning about energy
IEEE Trans. Syst. Man

eIE

196614
1976
19861
198341 ~ & 7)
THal o}

o|l2=
1983

19961

\,H 'O}'

The limit of qualitative simulation”, MIT

o Az e

gt
19914 A= kgt
St stu -
A alo] A, 3

Cybern., Vol.22, 1992, pp.47-63

[12] P.Struss. “Global filters for qualitative behaviours”.
Proc. 7th Nat. Contf. Artificial Intell., 1988, pp.
275-279.

[13] Q.Shen, “Fuzzy intraframesmoothing of a Noisy
image”, Electtronics Letters, Vol.26, No.l3, 1990,
pp.908-910

[14] Q.Shen and R.R Leitch, “Application studies of fuzzy
qualitative simulation”, Mathematics of the Analysis
and Design of Process Control, P.Borne and S.G.
Tzafestas Eds.. New York: Elsevier, 1992,

[15] Qiang Shen and Roy Leitch. "Fuzzy qualitative
simulation”. IEEE Trans. Syst. Man and Cybem.,
Vol. 23, No. 4, 1993, pp.1038-1062.

[16] R.G.Simmons “Common-sence arithmetic reasoning”
Proc. 5'th Nat. Conf. Artificial Intell. 1986, pp.
118-124

[17] R.R.Leitch and Q.Shen,

fuzzy qualitative simulation™. Proc.

"Mode! dimensions within
13th IMACS
World Congress on Communication and Applied
Mathematics, 1991, Vol.3, pp.1212-1213, Dublin

AMfghar 48t &
University of Minnesota 1 2}7) %
QAT e e (b
Sl ek 713 E S
Aol M, 2Bl 4 W5k g)

Fa (44D

1

A A S (BHAh
14] ]ALG}_U}_ H}\})
13rH S (g )

RN

g

it



