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A Knowledge Representation System with Fuzzy Constraints
and Its Implementation in ISLISP

TOSHIHIRO MORIYAt and TAKAYASU ITOf

Several sophisticated and efficient knowledge representation systems, such as KL-ONE and
LOOM, have been developed, integrating frames and production systems. We designed a
knowledge representation language, called the KRS-FZ, with the basic mechanisms realized
in the previous systems, enriching multiple constraints for knowledge representation. The
KRS-FZ processor is implemented using an ISLISP processor TISL on a high performance
PC. The KRS-FZ language is equipped with not only an extended set of definitive constraints
but also a set of fuzzy constraints to allow describing ambiguous knowledge and concepts. Use
of the classifier enables the KRS-FZ inference mechanism to be highly efficient in monotonic
and non-monotonic reasoning under multiple knowledge representations. Also, a recursive
specification of the classifier is given so as to allow an implementor to realize it easily into his
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knowledge representation system.
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Table 1 Definitive constraints in KRS-FZ language.

oo oo oo

OO0 (-atleast I R) R(i1)A ... AR(in) An > 1
(:at-most I R) R(i1)A...AR(in) An<I
(texactly I R) R(i1)A...AR(in) An=1

(:between I I R) R(il)/\ . /\R(in) A HE[IlJz]

00 (:all R C) vx (R(x) A x € C)
(:some R C) Ix (R(x) A x € C)
(:the R C) R(x) AxeC
000 xO000 100000
(:cond (?var) if q1(?var)
((a1 C1) then Vx (R(x) A x € Cq)
... (an Cn)) R) ... else if g,(?var)
then Vx (R(x) A x € Cy)
O (:filled-by R i) R()
(rel R N) R(x)A(x rel N) 0O O x
rel = <|>|<=|>=|=|/=
(:region (R1(x1)Ax1€[N11,N12])A
(R1 Ny1 Ni2) ... A(Rn (%) Axn €[Npn1,Nyp2])

... (Ry Np1 Ny2)) 000 (x1,...,%n)
ROODOODIDODOODOCOO0O0O0OqO0OO0DOO0O00ID00OOND
oo
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O00000:condd00000O00 :region 0 OKRS-
FzOOOOODOOOOOODOOOOOOOoOOoooo
O0O0O:between 0O O0OOOOO0O 35040000
goooooobDOoOoDOoooDoooboDbo
(:between 35 40 has-student)

000d0d0o0ooopoOoooooooooOooDoO
000000:cond00000D0O0DOOOOOO0OO
(:cond (?x) (((BoysSchool ?x) Male)

((GirlsSchool ?x) Female)) has-student)

O000O00O0OD?x0000D000O7x0BoysSchool
O00000O0OMaled OO0Ohas-student D OO0
OO00O0D00OD0GirlsSchool OO UODOMO Female
O0OOOhas-student 000 O0OO0O0OODOOOO
oogoooog
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gg8oooonooopoopoobo eovooboonog
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(:region (math-score 80 90) (science-score 60 70))
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00000000 TO (set-minimum 7) 0000
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Table 2 Fuzzy constraints in KRS-FZ language.
oo oo oo

00 (:fuzzy-number {v} F R)
(:fuzzy-between {vq} Fy
{v2} F2 R)

RGDA - AR(n) A Fy(m)>T
R@A1)A ... AR(in) A (Yy1,5y2 Fvi(y1)2T A Fya(y2)>T A n€lyi,yz])

00 (:fuzzy-all R {v} F C)
(:fuzzy-some R {v} F C)
(:fuzzy-the R {v} F C)
(:cond (?var)

((a1 {v1} F1 C1)
--- (an {va} Fn Cu)) R)

Vx (R(x) A Fy(Cmem(x))>T)

Ix (R(x) A Fy(Cmem(x))>T)

R(x) A Fy(Cmem (x))>T OO0 xOOO 1000000
if q1 (?var) then Vx (R(x) A Fy1(Cmem1(x))>T)

else if gy (?var) then Vx (R(x) A Fyn(Cmemn(x))>T)

O  (filled-by R f-val)

f-val ::= (:fuzzy-value {v} F)
(rel R f-val)
rel ::= <|>|<=|>=|=|/=

(:region (R1 f-valy1 f-vali2)

... (Rn f-valy f-valya)) ...

R(x) Ax € fval 000 x
fval = {x| Fy(x)>T}
R(x) A (Vy yef-val A (x rel y)) 00O x

(Ri(x1) A (Yy1,y2 y1€fvahiiA y2€f-valiz A x1€[y1,y2])) A
A (Rn(xn) A (vy17y2 y1€f-val,1 A y2Ef-valpa A Xne[y17y2])) ooo (xh ceey Xn)

00 (:fuzzy-quantifier {v} F R C)

(R(i1)A11 €C)A ... A(R(ik)Aik€C) A R(ik4+1)A ... AR(in) A Fy(k/n)>T
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classify[obj,H]
c-classify|[c,H]
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Fig.2 Specification of KRS-FZ classifier.
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Fig.3 Examples of concept hierarchy.
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Fig.4 Outline of KRS-FZ system.
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Fig.5 Structure of KRS-FZ packages.
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:response ((format (standard-output) "TOO MANY!->~A%"
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Table 3 Results of traveling salesman problem.
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Table 4 Results of mailing simulator in KRS-FZ.
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