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Abstract
This paper describes an implementation of a system for fuzzy sets manipulation
which is based on FSTDS (Fuzzy-Set-Theoretic Data Structure), an extended version
of Childs' STDS (Set-Theoretic Data Structure). FSTDS language is considered as a
fuzzy-set-theoretically oriented language which can deal with various kinds of
fuzzy sets. FSTDS system, 1in which 52 fuzzy set operations are available, is'
implemented in FORTRAN, and currently running on a FACOM 230-45S computer.

1. Introduction

In the real world, there exist many fuzzy things which can not or need not be
precisely defined. However, since Zadeh proposed the concept of fuzzy sets in 1965 })
it has been studied vigorously and applied to various fields such as automata theory,
formal languages, natural languages, logic, pattern recognition, learning theory,
decision making and the mathematical theory of computation?)

It is well-known that ordinary set theory is very useful. Some systems can deal
with ordinary sets; for example, STDS developed by Childs?) SETL by Schwartz and LOREL
by Katayama.

Since fuzzy sets are considered a generalization of ordinary sets, a system which
can deal with fuzzy sets is much more useful because of the wide applicability of
fuzzy set theory?)

In this paper, we describe an implementation of a system for fuzzy sets manipulation
which is based on FSTDS (Fuzzy-Set-Theoretic Data Structure), an extended version of
Childs' STDS (Set-Theoretic Data Structure). FSTDS language is considered as a fuzzy-
set-theoretically oriented language which can, for example, deal with ordinary sets,
ordinary relations, fuzzy sets, fuzzy relations, L-fuzzy sets, level-m fuzzy sets,
type-n fuzzy sets and generalized fuzzy sets.

FSTDS system, in which 52 fuzzy set operations are available, is implemented in

FORTRAN, and currently running on a FACOM 230-45S computer.

2. Fuzzy-Set-Theoretic Data Structure

FSTDS is a data structure for representing fuzzy sets so that they can be manipu-
lated conveniently and efficiently by fuzzy set operators. FSTDS is composed of eight
areas as follows (see Figs., 1-3):

(1) Fuzzy Set Area (FSA)

(2) Fuzzy Set Representation Area (FSRA)
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(3) Grade Area (GA)

(4) Grade Tuple Area (GTA)

(5) Element Area (EA)

(6) Element Tuple Area (ETA)

(7) Fuzzy Set Name Area (FSNA)

(8) Fuzzy Set Operator Name
Area (FSONA).

Example 1. The fuzzy Set F
and fuzzy relation R defined by

F = {0.1/a, 0.8/b, 0.9/d}
and

R = {0.3/<a,b>, 0.9/<b,d>},
respectively, are represented
by FSTDS in Fig.l.

Example 2. The L-fuzzy set X:
X = {<0.1,0.9>/a, <0.8,1>/b,
<0.9,0>/c}
and level-2 fuzzy set Y:
Y = {0.6/Y1, 0.1/Y2}
where Y1 and Y2 are defined by
Y1 = {0.3/a, 0.2/b, 0.9/d},
Y2 = {0.6/a, 0.1/b},
respectively, are represented
by FSTDS in Fig.2 and Fig.3,

respectively.

With FSTDS it is possible to
represent not only ordinary
fuzzy sets, L-fuzzy sets, level-
m fuzzy sets and type-n fuzzy
sets, but also more complex
fuzzy sets which we call "gener-
alized fuzzy sets", for example,
an L-type-3 fuzzy set, a level-5
type-2 fuzzy relation.

We can use FSTDS as a data
structure for representing fuzzy
sets. But it is somewhat trou-
blesome and a source of error
if a user has to manage and

manipulate many sorts of pointers
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Fig.l The representation of a fuzzy set F and a fuzzy
relation R by FSTDS
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Fig.2 The representation of an L-fuzzy set X by FSTDS
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Fig.3 The representation of a level-2 fuzzy set Y
by FSTDS

in FSTDS. We, therefore, give a method by which a user can define and manipulate fuzzy

sets without worrying about the pointers in FSTDS. This may be considered as a

programming language for the manipulation of fuzzy sets and fuzzy relations.



3. Fuzzy-Set-Theoretic Data Structure System

In this section,

programming language that enables a user to make use of FSTDS,

we shall describe FSTDS language,

interpretes and executes a program written in FSTDSL.

FSTDS system has 52 fuzzy set operators currently available.

present some éimple examples to illustrate FSTDSL.

FSTDSL for short,
and FSTDS system which
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which is a

(See Table 1.) We

Table 1 Fuzzy set operators available in FSTDS system

fuzzy set operators fopd| remarks fuzzy set operators ford| remarys

SET(uy sUpse-- o) n20| construct ordinary set EQ(X,,X;) 21 X) equal to X,?

FSET(1y/u; s bp/tige- - skt /uy) | n20| construct fuzzy set SUBSET(X; ,X,) 2| g X, a subset of X7

ASSIGA(Y,X) 2 | assign X to Y (same as V:=X) DISIOINT(Xy Xpse oo aXy) n22| are Xy +Xgsere kg disfoint from each
ther?

UNION(Xy s Xps. -+ s Xp) n22{ unfon of X.Xp,.... X, ELEMENT (w/u,X) 2 | 15 w/u an element of X2 orher

INTERSECTION(X, . X,.....X ) | n22[ intersection of X,.X,.....X, CUT(y, /132 X) 2 AL ™

PROD(X‘.XZ....,X") n22| product of x1.xz.....x" SOP(w/n,X) 2 | scalar operation of u and X

ASUM(X, %, X,) n22| algebratc sum of X;.X,,.... X, EXP{Wx.X) 2|

ADIF(X; X000 0X,) n22] algebrafc difference of X;,X,,....X, oIL(X) 1 | ditation

BSUM(X) ,Xps.. 00Ky ) n22| bounded sum of X,,X,,....X, CON(X) 1 | concentration

BD!F(X.‘.XZ....,X“) n>2| bounded difference of X .xz.....xu CINT(X) 1 | contrast intensification

UNIONA(X) 1 NORM(X) 1 | normalization of X

INTERSECTIONA(%) 1 co(x) 1 | cardinality of X

PRODA(X) 1 #(X) 1 | the nusber of elements of X

operate on all fuzzy sets over the

ASUMA(x) V1 ) domatn of ‘the operand set x MAXG(X) 1 | the maximm grade of X

ADIFA(x) 1 SF(X.X) 2 | support fuzzification of X by K

BSUMA(x) 1 6F(X,K) 2 | grade fuzzification of X by K

BDIFA(x) 1) BLT(X; Xy X)) 21 | delete X;,X,....,%, from system

COMPOSE(R) sRps -« oRy) n22{ composition of R;.Ry,....R, PRINT(X} X502 X)) n21 | print out Xy Xpsee. Xy

CONVERSE (R) 1 | converse relation of R PRINTB(X, Xps. o0 oX ) n2) | print out X;.X,,....X, in Boolean typq

IMAGE(R,X) 2 | image of X under R PRINTS(X; Xy -2 oX,) 21 | print out X;,Xs.....X, In set type

CIMAGE(R,X) 2 | converse imige of X under R PRINTN(X) X0 .0 -0X,) n21 | print out X;.Xy.... K, with names

DOMAIN(R) 1 | domain of R PRINTL(character string) 1 | print out character string

RANGE (R) 1 | range of R m(g‘,az,,_,,gn) 1 | dump areas in FSTDS

cv(x,.xz....xn) n22| Cartesfan product of x,.xz....xn SNAP(a) 1 | print out a1l fuzzy sets

RS(R,X) 2 | restriction of R to X pAm(g‘.gl 10p=Bypeee .,n-gn) n>1 | specify the options

t Tate level
RELATION(X) Ll Rt A Sl A EXD(X) Toro| evatuate X and halt

1. The symbols (with subscripts) in Table 1 represent the following meaning:

s se ee

PRRXIX D<XE C

2. For
3. For

a set of fuzzy sets

an integer

a real number

an alphabetical character
a kernel set

an option of PARA operator.

an element; that is, a real number, a character string or a fuzzy set, or an n-tuple of them
a grade; that is, a number in the interval [0,1] or a fuzzy set, or an n-tuple of them

an expression or a fuzzy set

a fuzzy set or a fuzzy set to be defined
a fuzzy relation

SET and FSET operator, SET() and FSET(), i.e. n=0, mean the empty set.

END operator, END can be used for END().
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Example 3.

In FSTDSL, we can write

FisFSET(0.1/As_048/Bs 0,9/0)3
RI®FSET(0+3/<AWB>y 049/<BsD>) i 01 Q9

to define the fuzzy set F and the fuzzy relation R a

in Example 1.

FSTDS system interprets above state-

ments and sets up FSTDS shown in Fig.l. Y 1

Example 4.

We can represent a fuzzy

directed 7

graph G shown in Fig.4 by FSTDSL statements:

VimsSET(X+YvZaW)}

AL=FSET(0:1/<XeYds 04T/<Y22>1 044/ <Hs T30 74

A7¢WVYYs 0437<X VW
G a8ET(CVaANY 1

Example 5.
have the following identity:
EUYYorR=(@XoR U (YoR
where | denotes the union of fuzzy
in this case, X and Y are unary
(i.e.,

8o XOR reduces to the

fuzzy relations ordinary

fuzzy sets),

image of X under R.

X and Y are defined by
X = {1/a, 0.9/b, 0.3/c}
Y = {0.1/a, 0.7/b, 0.9/c}

and R 1s defined in terms of rela-

Suppose that

tion matrix:

a b c

all 0.8 0

R= b[0.7 1 0.2
c! 0 0.50.1

Then we can write the program in
Fig.5(a) and the execution results
are shown in Fig.5(b).

Example 6. The fuzzy knowledge
shown in Fig.6(a) is represented in
FSTDSL by the level-2 type-2 fuzzy
set ANIMAL shown in Fig.6(b).

"What does a BAT

belong to?" will be translated

The question

0.9/<¢weXd) s

Let X and Y be fuzzy sets in U, and R a fuzzy relation in UXV,

FSETC1/As Q49784 0s2/C) 4

Fig.4 A fuzzy directed graph G

Then, we

sets and O the composition of fuzzy relatioms. But

Xi=wFSET(1/Av 0.9/B4¢ 0:3/C)8

_Yi=FSET(0s1/As 0+7/84 0.9/C)8

RISFSETCL/CAsA> s 0¢8/CABYs 0.T/CBVADs 17<BeBYs
0:2/¢B+CYy_0+3/<CsBd>s 041/<CICIIS
PRINI(ASSIGN(Z.UNION(X'Y)))i
_PRINTCIMAGECRZ2)) &
{@IMAGECRsX)3  WImIMAGECRsY)§

-?Rl%ILQNLON(V'N))S

END
(a) Program in FSTDSL

FSET(1/As 049/Bs 0:9/C)3 ... x|Y
FSET(1/As 0.9/By 0:2/C)3 .,. (XUY)oR

. (XoR) |J (YoR)
(b) Output

Fig.5 Program and output of (X{JY)oR = (XoR) |J (YoR)

ANIMAL
i high \low
BIRD FISH
1 Qs \\\\ /////
CANARY SALMON

(a) An example of fuzzy knowledge

LOWI=FSET(1/0+ 0+870:14 0:47042)3
into FSTDSL statements as MIDDLE:=FSET(1/0¢5s _045/0+s64 0:5/0.4)3
1SA: =CONVERSE ¢ HIGHI=FSET(1/1¢ 0:8/04+9+ 044/0:8)3

RELATIONCANIMAL))
Xi=IMAGE (ISA+SET(BAT))}

where RELATION is a fuzzy set
operator by which a level-m

fuzzy set 1is translated into

BIRDI=FSET(1/CANARY s 045/BATYS .
MAMMAL { =FSET(HIGH/BAT
_FISH!=FSET(O+7/WHALEs_1/SALMON)
ANIMAL i =FSET(MIDDLE/BIRDs HIGH/MAMMALs LOW/FISH)}

048/WHALE) $

(b) FSTDSL statements for the fuzzy knowledge

Fig.6 Fuzzy knowledge and its representation by FSTDSL
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a fuzzy relation. Then the output of above X (i.e., PRINT(X);) is
FSET(0.5/BIRDs HIGH/MAMMA

{TGH/ L3

Thus, we have the answer "A BAT belongs to BIRDs with the compatibility 0.5 and to
MAMMALs with high compatibility".

As shown in Examples 3 -6, FSTDSL has a simple syntax and is designed to have no
labels and no control structures. This is because FSTDS system has another user inter-
face, that is, the connection of FSTDSL and FORTRAN. If a user wants to use a control
structure, he may make use of that of FORTRAN.

Example 7. A program in 1 E PARA (G=1)
—2_________N=5 o —
FSTDSL and FORTRAN shown in 3 F LARGE=USEMPTY
Fig.7(a) causes the result out- —. &% __ _ .. DO 10 I=1.N - — _.
S G=FLOAT (1) /FLOAT(N)
put in Fig.7(b). FSIDSL can be __6__ F  LARGE=UNIONCLARGEs FSETC11G/11))
T F UsUNIONCUSSET(11))
embedded in FORTARN like this. _ 8 _10 CONTINUE e
9 F PRINTN(ULARGE) T
One must put the character F 19 F  NOT_LARGE=ADIF(U+LARGE)}I__PRINTN(NQT-LARGE)
at the head of an FSTDSL state- i% ggp

ment to differentiate an FSTDSL - (a) FORTRAN program with FSTDSL
statement from a FORTARN state-— U=FSET(140/1s 1.0/2¢ 1:0/30 140744 1,0/5)3

ment and put one exclamation LARGE=FSET(0+2/1y 04472+ 046/34 048744 140/5)3

NOT.LARGE=FSET(0:+8/1¢ 046/2y 044734 0.2/4)}
(b) Output

FORTRAN -
ORTRAN integer and real varia Fig.7 FSTDSL embedded in FORTRAN

bles, respectively, indicating

its value inside an FSTDSL statement. This program shows how to define a universe of

discourse U and a fuzzy set LARGE, and compute the complement of LARGE and output them.

mark ! and two !! followed by

The connection of FSTDSL and FORTRAN greatly extends the capability and the appli-
cability of FSTDSL. From an opposite point of view, this allows the provision in
FORTRAN of facilities to define and manipulate fuzzy sets and fuzzy relations.

4. Conclusion

To solve a given problem, we can write a program in FSTDSL using the concept of
fuzzy sets. We can use FSTDS system to construct a falrly large scale system, for we
need not pay attention to the representation of fuzzy sets and the computations of
fuzzy set operations, and we can describe complex and detailed processing in FORTRAN.

As applications of FSTDS system, we are now implementing an Approximate Reasoning
System‘.)

FSTDS system will find various applications in the fields in which we have to deal

and a Fuzzy Graph Manipulation System.

with fuzzy information and fuzzy knowledge in nature.
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