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ABSTRACT | _
An extended relational model for fuzzy databases and its
manipulation language are desoribed. This model is an
extended version of Codd's relational model of data and
allows fuzzy sets and NULL as attribute values for
representing ambiguous data. ““fhe interpretation for such
ambiguous data is based on the concept of possibility
distribution proposed recently by L.A.Zadeh.

The data manipulation language provides QUERY, INSERT,
DELETE, DEFR (DEfine Fuzzy Relations) and DEFP (DEfine Fuzzy.
Predicates) statements and ©ap be embedded.in FSTDSL/FORTRAN.
‘Several examples using QUERY statements for a fuzzy database
are illustrated. ‘ ' .
~ This manipulation language is implemented in

FSTDSL/FORTRAN and 1t is currently runnlng on-a FACOM 230-45S
‘cqmputer.,"
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1. INTRODUCTION

Database systems have been vigorously studied since Codd (1970)

‘proposed the relational model of data in 1970. Such database systems

can only deal with well-defined and unambiguous data.  In the real
world, however, there ekist uncertain or ambiguous data and
information which cannot be defined in certain and well-defined form
by any means. Since in everyday life we often make decisions based on
such fuziy'data, the formulation and construction of a database which
can represent and manipulate fuzzy data will increase the application
areas of database systems and improve the interface for the smooth
communication between men and machines. We will refer to such a
database as a fuzzy databasea [Kunii (1976)].

Based on the theory of possibility distribution proposed by
Zadeh (1978a, 1978b), we formulate an extended relational model as a
data model of fuzzy database which is an extended version of Codd's
relational model, and design and implement a data manipulation
language for ssuch a fuzzy database [Fukami, Umano, Mizumoto and
Tanaka (1979)}. This language is implemented in FSTDSL/FORTRAN
[Umano, Mizumoto and Tanaka (1978)] and currently running on a FACOM
230-455 computer.

2. POSSIBILITY DISTRIBUTION

‘To understand the concept of possibility distribution ‘[Zadeh
(1978a, 1978b)], we shall consider initially a simple non-fuzzy

‘proposition such as

P,: Tom is 20 or 21 years old. (2:1)
The information we can obtain from this proposition is (a) &t is
possible that Tom's age is 20 or 21 years old, and (b) it is not .
possible that Tom's age is other than 20 or 21 years old. If we
denote the possibility by two values 0, 1}, with 1 and 0
representing the situation in which there .is possibility and ngv"
possibility, ~ respectively, them the prqppsitiqg Py induq?gfﬁifv
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| SRR {1 for u e .{20,21} ‘ | T
Poss{AGE(Tom)=u} ={ - o o, 2.2y

0 - for u ¢ {20,21}

AGE (Tom) denotes the AGE attribute of Tom and Poss{AGB(Tom)su}-
ossibility that AGE (Tom) may assume the value u in the numerigal.
tseﬂof discourse of age in the absence of any ipfdrmatipn
ding  AGE (Tom) other than P,. And corresponding to “the
ibility distribution, a function =

AGE (Tom) ?s,defined as follows:

1 for u.e {20,21}
nAGE(Tom)(u) = (2.3)
| 0 for u ¢ {20,21} |

h is called a possgibility distribution function, Next, let wus
ider a fuzzy proposition: '

P2: Tom is young. ' (2.4)
this case, we cannot express a possibility by only two values
. So we extend permitted values of possibility to the unit
rval [0,1], and we may have the possibility distribution

(Tom) * say, as shown in Fig.l.

possibility ‘ -

A
1.0 young
. 4 e i 2 >age
0 10 20 30 40

Fig.1. Possdbility dLAtnAbutiangunctLon “AGE(Tom)(u)
obtained from the phopo&&t&on@i
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More generélly, the possibility distribution functlan "A(x)
associated w1th an attribute A of an object x is defined as: -

U > {0,1], ‘ (2.5)

Tax) ©

where U is a universe of discourse of A(x). (u) represents the

i
A(x)
possibility that A(x) assumes the value u in U. . For the convenient
notation of possibility distribution QA(X) associated with an
attribute A of an object x, we use

= {n

HA(X) A(x) (ul)/ull "A(X) (uz)/uzl * ey

ooy ﬂA(x)(un)/un}p' (2.6)

where Ta (x) is an associated possibility distribution function and
u., i=1,2,...,n, represent the elements of U.

If a possibility distribution function only takes the

TA (%)
values of Oﬁand l, it is called non-fuzzzt OtherW1se it is called

fuzzy. i(ﬁx i ) )

In this Jjuncture, we can define a certain, uncertain-ggd
ambiguous information or data on the attribute A of an object x. The
information regarding (x) is:

(i) cextain if ﬁw\ave the only one value uy in the wuniverse of

discourse U such that . .
‘3. for u = u, :
ﬂA(x)(U) = (2.7)
0 for u # ug

(ii) uncertain if we have in U a non-fuzzy set S which contains
more than one elmentg}such that

1 for u € S
(u) = (2.8)
0 for u £ 8§

w

A(x)

(iii) ambiguous if A (x) is fuzzy.

These are shown in Fig.2. such terms as certain, uncertain and
ambiguous information and data are used according to the above

definition.
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. We' shall have two speczal possibility dlstrlbutlons, Ohe ig"

‘a possxbxlity dlstrlbutlon whose m is identical to unity, i.e.,

A(x)

ﬂA(x)(u) =1 for all u in U L (2.9)

which is called unknown since there is possibility that A(x) could be
any value in U and we cannot obtain no information about A(x) from

the possibility distribution L The other is a possibility
~@igtribution whose "A(#) is identical to 0, i.e.,
"A(x)‘u’ = 0 for all u in U (2.10)

which is referred to as undefined because there is no possibility

that the value of A(x) could exist in the universe of discourse U.

3. FPUZZY DATABASE

‘ We shall define an extended relational model for a fuzzy
database, which is an extension of Codd's relational model of data

[Codd (1970)].
A fuzzy database Df is defined as a set of extended relations

Ri' i=1,2,...,n, i.e.,

Df = {Rl' R2, cves Rn} - (3.1)

in which an extended relation Ri is defined as a subset of the

Cartesian product of a collection of possibility distributions, i.e.,

Ry £ (P(Ug;) U (WwLLh) x (P(ug,) U {wunn)) x ...

ee. x (P(U; ) U {NULL}) (3.2)

where the symbols x, |J] and ¢ denote the Cartesian product, the union
and the subset, respectively, in ordinary set theory; P(Uij),
j=1,2,...,m, are collections of all possibility distributions on a
uQEVerse of discourse Uys and NULL is a special value for

_ répresenting the sutuation that we do not know even whether the

attribute value is defined or not. The U, i3 and P(Uij) U {nuLL} are
called a basmc set and a domain, respectively.
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[Example 1} Let us consiaer an extended relatlonv PERSON whose

attributes are NAME, AGE and . CHILD _NAME. Let the basic sget U1 of

attrlbutes;NAME and CHILD NAME be a set of individual's names, e€.9g.,

practically a set of character strings, and U, of AGE be .a set of
numerical ages, e.g., the interval [0,150] of integesa Then, the
extended relation PERSON is defined as 4 '

PERSON < (P(uy) U {nurrl) x (P(u,) U {NULL})

x (P(Ul) U {NuLL}) (3.3)

and one of its occurrences is, for example, shown in Fig.3. Note that
attribute values which are not enclosed by { }p mean names of
possibility distributions which have been defined other than PERSON.
This extended relation PERSON represents the following meaning.
We know that Tom is 23 years old and has a child named Ted. Susan is
35 years old and has two children whose names are John and Mike,
whereas Richard's age is 40 and he has one child whose name may be
Judy or Anna. Note that Richard has only one child rather than two.
If he had two children, we would consume two rows fo:‘Rlchard like
Susan. Raymond's age is a possibility distribution young and‘jzﬁe
value unknown in the attribute CHILD_ NAME means that we know he has a
child but we don't know his child's name. For Victor, we do not know
his age and the value undefined in the attribute CHILD_NAME

‘-

PERSON |- NAME AGE CHILD_ NAME
{Tom}p {23}p |  {Tedip

{Susan}p {35}p {John}p
{Susan}p {35}p {Mike}p
{Richard}p {40} p {Judy, Anna}lp
{Raymond}p young unknown
{victorl}p unknown undefined
{Smith}p | {50,51}p NULL

Fig.3. Extended nelation PERSON.

e
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represents‘tﬁét he has no éhil@ren. : Flnally, Smi.th may be 50 or 51
“years o©0ld and the NULL value in the attribute CHILD NAME means that
we do not know even whether he has any childrep or not.

Since the extended relational model defined There treats
uncertain and ambiguous information, it is impossible to deal with it
in traditional two-valued and even multi-valued logic systems. So we
shall discuss a logic system which can deal with uncertain and
ambiguous information represented by a possibility d;strlbutlonl.

Assume that nA(x) and 1

A(y)
regarding an attribute A of objects x and y, respectively. Let 'us

are possibility dlstrlbutions

consider a proposition Q as follows:
Q: A(x) = A(y) (3.4)

in the two cases where
r&\(X) = {l/ui}P and nA(Y) = {1/UJ}P;

(b) T 4y = {O.S/ul. 1/u,}p and nA(y) = {1/u,, 0.6/u,}p.

Por the case (a), if ui=uj, then the truth value of the proposition Q
is 1, and otherwise 0. For the case (b), the problem 1is rather
complicated. Since the</

true value of A(x) may be u, or u, and that

of A(y) may be u, or u3,"it is possible that wé have not only
A(x)=A(y)=u2 but also A(x)#A(y).

We can not learn the fact more than the above from this
ambiguous information. We introduce thé pardmeter other than the
truth value for solving this situation. We represent the truth value

by an ordered pair <c,t> which is called a p-truth valuez. In the

p-truth value <c¢,t>, t is the same as the truth value in é‘ sense . of
multi-valued 1logic and takes a value in the unit interval (0,11, An
the other hand.c is a factor for reflecting the certainty of t and
takes a value of either P or T, which means that it is possible and
certain, respectlvely Thus by the p-truth value <T, t> t in [0,1],
we mean that the truth value for a proposition is certalnly t, and by

<P,t> we mean that the maximum of the truth value is t under the

—— s B M vy S d e e S S S G St IR MR S G W dp aae

1 Another logic system to deal with it will appear in the subsequent papér.

2 The tefm,p-truth value meéans a pair truth value or possibility truth value. -



uncertain or ambiguous informatiom. It should be noted that c-part
involves?ﬁoésibility distribution;,“yhereas_t—parﬁ does predicates in
the propositions. It is obvious that the p-truth values <T,0> and
<P,0> have the same meaning. Moreovér, we assume the ordexed relatibn
T>P between T and P.. X . | _ | '

In the above case (a), if u=uy, 'then we have p-truth value
<T,1> for the proposition Q, and if ui#uj, we have <T,0>, In the
case (b), the p-truth value is <P,1l>.. A

More generally, we have the following p-truﬁh values for the
proposition Q. ;

{i) If Ia (%) N HA(y) = ¢, the p-truth value is <T,0>. | ,
(ii) If JA(X)={ui}p and UA(y,n{ui}p, it is <7T,1>. ‘ (3.5)
(iii) Otherwise, it .is <P,1>. :

Note that the proposition Q contains the non-fuzzy predicate
equal{x,y) but not a fuzzy one, so the t-part in the above included
only 0 and 1. . When we use fuzzy predicates such as young(x),
about_?O_Years_pld(x) and approximately equal(x,y) which return a
value in the unit interval [0,1], the value other than 0 and 1
appears in the t-part. The t-part has no relationship to values of
possibility in the possibility distribution but involves a fuzzy
proposition. The processing for propositions which contains fuzzy
1’ tz, ceny tn be the evaluated truth
values of the predicate for all combinations of elements u and uy in
the possibility distributions Hh(x) and HA(y)'

predicates is as follows. Let t

(i) 1f tl=t2=...=tn, then the p-truth value is <T,t>.

3.6
{ii) Otherwise, it is <P,t>, where t=max(tl,t2,...,tn). ( )

Note that the definition (3.5) is a special case of this definition.
In what follows, we define logical operations; the conjunction

A, the disjunction v and the negation ~ for p-truth values.
(1) Conjuﬁction.

<q1,515 A <Cy,t,> = <min(cllc2),;min(tlyt2)> i ‘_¥ (3.7)

. where min(T,T)=T, min(T,P)=P and min(P,P)=P.

s

. (2) pisjunction.
: '1.”Fo:fbl$cz, we have

= ’ . R v LY v

A ]
Tl g T ' P R T
v o . ' I i
e L A g .
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<ci,ty> v <e, ty> = <e1.wmax(§ikt2)>w‘ e ’,;»e'_“KQﬂaW

2. For c,#c,, let c,=T and c,=P, and we have.

(i) t >t2, or t1<t and t >0 5:

1= 2

<T,t.> Vv <P,t, > = <T,t,>, : - (3.9)

1 2 T2

fad

(ii) otherwise:

<T,&;> Vv <P,t,> = {P,t2>. ‘ (3.10)
(3) Negetion.
1. “<T,t> = <T, 1l-t> (3.11)
2. “<p,1> = <P,1> | (3.12)

Note that we have given no definition of “<P,t>, t#1, since we do
not use it in the current version of our fuzzy database system.

This logic system has not been developed enough yet. We sheil
discuss several topics such as its properties and algebraic structure
.in the subsequent paper.

4. DATA MANIPULATION LANGUAGE

In this section, we shall describe a data manipulation 1anguage-9

for the fuzzy database defined in the previous section. Its syntax is

similar to DEDUCE language developed by Chang (1976).

Our language provides QUERY, INSERT, DELETE, DEFR (DEfige Fuzzy
Relation) and DEFP (DEflne Fuzzy Predlcate) statements and can be
embedded into FSTDSL/FORTRAN [Umano, Mizumoto and Tanaka (1978)].

The QUERY statement retrieves data frcm a fuzzy database. The

INSERT statement inserts and the DELETE statement deletes severaf;‘

tuples into and from the specified extended relat;on, respectxvely.
The DEFR statement declares extended Trelations togethex with its
attributes and their types before the INSERT statements lnse;t tuples

into them. The DEFP defines fuzzy predlcate in order to uge in a

- QUERY statement.
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. PERSON | NAME- | AGE | CHILONAME | . -

ToM | 23 ~TED
susaN [ 35 JOHN
SUSAN- | 35 OMIKE
RICHARD | 40 C$IA

RAYMOND $YOUNG ‘$UNkNowN
VICTOR | SUNKNOWN | $UNDEFINED
SMITH |  $A50 ~ $NULL

Fig.4. Extended netation PERSON
Ain the Language.

which can be written in FSTDSL as:

(4.4)

$JA := FSET(JUDY, ANNA);
(4.5)

$A50 := FSET(50,51);

where the symbol := means the assignment operator and F3ET is the

fuzzy-set construction operator in FPSTDSL.

QUERY STATEMENTS

The QUERY statement is a main feature in this language. The

QUERY statement has a general form as:

QUERY relation name (target list):
conditional_part (4.6)
QEND

By (4.6) we can obtain a set of tuples, whose attributes are seen in
the target list, which satisfy the conditional part. "

The conditional_part may consist of conditional expressions or

again other QUERY statements. The evaluation is based on the logic of

p—truth value. The conditional express;on and its evaluation are

defined as follows.

1. Pactors.
(i) A constant and a variable are factors.



(ii{ If-fl, f2,‘;;.,'fn are factors and F is a funCEion'name,» then
F(flf»fZ""“ fn) is a factor.
| A constant is classified into a character string, a number and a
relation name. We adopt the iﬁversé,gouté”notation. S0 a d¢haracter

string for a constant is not enclosed by the quotation marks ' '. A
relation name had to be defined by a DEFR or QUERY statement and only

. occurs in functions.

The inverse gquote notation makes a character string which begins
with 2?2 or * to be a variable. Variables with ? and * are called
variables in ?-mode and *-mode, respectively. A variable in *-mode
may appear in functions and relational terms and means its value,
which may generally be a fuzzy set representing a possibility
distribution. In the other hand, a variable in ?-mode occurs only in
a relational term. It will be described in the. explanation of a
relational term. -

For a function, COUNTS, SUM and AVG are currently available and
compute the number of elements and the sum and the average o0f the

" gspecified attribute in a relation, respectively.

2. Terms.
(i) If fl’ f2, cany fn are factors and P is a built-in predicate
symbol or a fuzzy predicate symbol, then P(fl, f
predicate term.
(ii) If fl' £
and R is an relation name and ay s

ot eees fn) is g

gr e fh are numbers, character strings or varxiables
az, ..., &, are a subset of its
attribute names, then R(a fl, =f . eny an=fn) is a relational
termn.

The built-in predicates SETEQ, DISJOINT, CONTAINS, EQ, GE, GT,
FEQ and FCONT are available now. The SETEQ, DISJOINT and CONTAIN take
two parameters of sets 3, and S, and return the p-truth value <T,1>
or <T,0> corresponding to Sl 27 S fl s =¢ and Slznsz, respectively.
The EQ, GE and 6T return the p-truth value <T,1>, <P,1>» or <T,0> for
two constants or variables in *-mode. The FEQ and FCONT compare two
fuzzy sets F1 and r of constants and variables in *-mode and return
the p-truth value tT t>, where t is in the unit 1nterval (0,11,
corresponding to Fl"Fz angd ¥ :>F2, respaectively.

A/fuzzy predicate is deflned using the DEFP statement by a user

:an& retuﬁhs the - p—truth value <T,t> or <P,t>, where t is in [0 l]

Currently, only unary fuzzy predicates are provzded.

o .



' As - for a  relational term, let the values of componenté in a
tuple in a relation R corresponding to the attribute§~al, Asr seey Ay
to be vy, Vo, .ol Vo, respectively, and the evaluated values of the

factors fl, fz,‘..., £, to be Wys Wour ..., W, respectively. Then the

n
p-truth value of a relational term as:

R(al=fl, a2=f2, cees an=fn) (4.7)

is defined as

(vl=wl) A (vomw,) A .. A (Vn=wh) (4.8)

where ViEW, i=1,2,...,n, can be evaluated by (3.5) and the 0peratioh
A by (3.7). If fj is a variable in ?-mode, the value vy is assigned
to the variable and the p-truth value always becomes <T,1>. The above
process continues until all tuples in the relation are exhausted.

3. Literals.
If t is a term, t and NOT(t) are literals.

NOT means the negation of t and the p-truth value of NOT(t)
is defined by (3.11) and (3.12).

4. Clauses.

{i) A literal is a clause.

(ii) If 21, 22, .oy 2n are literals which contain only predicate
terms, then OR(ll, 22, ceny 1n) is a clause,

OR coirespcnds to the disjunction and the p-truth value is
defined by (3.8)-(3.10).

5. Conditional expressions.
If Cyr Cyr +esys €, are clauges, C iCyi...ic 15 a conditional
expression, which means the conjunction C{AC A .. AC . The conjunction
is evaluated by (3.7).

[Example 3] We have an extendgd relation shown in Fig.4, where $YQUNG
is defined as in Fig.l, and $JA and $A50 are of (4.4) and (4.5),
respectively. Let us consider the following QUERY statement: *



QUERY. A (NAME = X): - . . .
PERSON (AGE = ?Y, NAME = ?X); ‘
GT (*Y, 25) '

QEND

We have the result as:

A@L=FSET (1/SUSAN, l/RICHARD, 1/SMITH) ;
A@2=FSET (1/RAYMOND, 1/VICTOR);

where A@l contains the elements whose p-truth values are;<ﬁ,t?, t>#8
and A@2 consists of the elements which have the p~truth value <P,t>,
t>6. In other words, A@l certainly satisfies the conditional
expression, whereas A82 possibly satisfies it. ® is a threshold
value, which can be specified by a user. If a user does not specify
it, the default value 0.5 is assumed. Note that although ‘the
information on Smith's age is uncertain, his age is certainly greater
than 2%. It is often the case that we can obtain certain answers for
ambiguous queries even based on ambiguous information or data.

INSERT AND DELETE STATEMENTS

‘The INSERT and DELETE statements in this language are so
restricted. They can only insert and delete several tuples into and
from the specified relation, respectively. ‘

The general forms of INSERT and DELETE statements are

INSERT relation name tuple_list IEND (4.9)

DELETE relation_name tuple_list DEND ‘ (4.10)

where the relation_name has to be defined by the DEFR statement and
the tuple_list is a finite times of tuples separated by the comma ,.
For example, we can obtain the extended relation PERSON in Fig.4 by

INSERT PERSON <TOM,23,TED>, <SUSAN,35,JOHN>,
| <SUSAN, 35,MIKE>,
<RICHARD,40,$JA>,
<RAYMOND , $YOUNG , SUNKNOWN >,
<VICTOR, $UNKNOWN , SUNDEFINED >, - ¢
<SMITH,$A50,$NULL> .. IEND '



i

where $YOUNG, $JA and $ASO must be defined before.

;

Examples of the DELETE statement is omitted because of the same

syntax as the INSERT statement.

DEFR STATEMENT

The DEFR (DEfine Fuzzy Relation) statement is wused
extended relation with attribute names and their types.
The general form is as follows:

DEFR relation name <a_name,:type;. a_name,:type,, .-

ceey a_namen:typen> DEFEND

where the a_name,, i=1,2,...,n, mean attribute names

i=1,2,...,n, are either CHAR (character strings), INTEGER

The PERSON in Fig.4 is defined by

DEFR PERSON <NAME:CHAR, AGE:INTEGER,
CHILD NAME:CHAR> DEFEND

DEFP STATEMENT

to

declare

(4.11)

and type, .

or REAL.

The DEFP (DEfine Fuzzy Predicate) is wused to define a fuzzy
predicate. The definition is similar to a fuzzy set definition.
Really, a fuzzy predicate js represented by a fuzzy gset in the
systemn. Unary fuzzy predicates can only be defined.

The general form is as follows:

DEFP f predicate_name = (tl/ul, tz/uz, ceos tn/qn) PEND (4.12)
where t j=1,2,...,n, are numbers in the interval (0,1}, and uy
i=1, 2,..., are elements in the universe of discourse.

For example, a fuzzy predicate as

(1 for u = 25
0.8 for u ¢ (24,26}
about25(u) = { (4.13)
0.5 for u.e {23,27}
L 0 otherwise

is defined by



DEFP ABOUT2S = (0.5/23, 0.8/24, 1/25,
| 0.8/26, 0.5/27) PEND

We have briefly described each statement provided in our
language. In the next section, we shall have several examples of the
QUERY statement to show some facilities of our language.: |

5. EXAMPLES OF QUERY STATEMENT

This section describes some facilities of our manipulation
language by writing several gqueries in it. -
First of all, we have three extended relations as:

CANDIDATE (NAME, SEX, AGE, SCAREER)
PROF (NAME, PROFES, INCOME)
BODY (HEIGHT, WEIGHT, NAME)

which have been defined by +the DEFR statements and insertions of
several tuples generate the occurrences shown in Figs.5(a)-{(c). A

basic set of the attribute SEX is {MALE, FEMALE}. The SCAREER means a
school career and its basic set is {U, H}, where U denotes a
university and H a high school., Basic sets of the attributes NAME,
PROFES are sets of names of individuals- and piofessions,
respectively. The AGE, INCOME, HEIGHT and WEIGHT take a set of
integers as a basic set. The fuzzy sets $An represent “about n",
which are defined as in AGE, HEIGHT and WE .GHT

$An = FSET(0.5/n-1, 1/n, 0.5/n+l); (5.1)
and in INCOME

$An = FSET(0.5/n-5, 1/n, 0.5/n+5); (5.2)

/
1. Retrieve the name of & person who graduates from a university.

QUERY A (NAME = X):
' CANDIDATE (NAME=?X, SCAREER=U);
QEND



CANDIDATE

PROF

NAME SEX | AGE | SCAREER
SMITH | MALE | 30 v
JOHN | MALE | $A28 H
RICHARD | MALE | $A25 | SUNKNOWN
ANNA | FEMALE | 22 H
MARY | FEMALE | $A25 u
LUCY | FEMALE | $A20 H
SUSAN | FEMALE | 23 v

(a) Extended nefation CANDIDATE

NAME PROFES INCOME
SMITH | PROGRAMMER 300
JOHN ENGINEER $A200

RICHARD | SUNDEFINED | SUNDEFINED
ANNA CLERK $A150
MARY TEACHER $A300
LUCY | SUNDEFINED | SUNDEFINED
SUSAN- | PROGRAMMER $A200

(b) Extended nelation PROF



BODY | HEIGHT | WEIGHT |  NAME
180 $A60 | SMITH

$A175 80 JOHN
165 $A60 | RICHARD

$A170 | $AS5 | ANNA

165 55 MARY

170 60 LuCY

$A175 | S$AS5 | SUSAN

(e) Extended nefation BODY

Fig.5. The extended nefations CANDIDATE, PROF and BODY.
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Result: A@1l=FSET(1/SMITH, L/MARY, 1/SUSAN);’
A@2=FSET (1/RICHARD) ;

This is one of the simplest dgueries in our language. In
relational algebra [Coad*(1972)], it restricts the relation CANDIDATE
to the value U in  the attribute SCAREER and projects them to the
attribute NAME. As for the result, SMITH, MARY and SUSAN satisfy the
condition in the p-truth value <T,l1>, whereas RICHARD's SCAREER is
unknown and he may graduate from a university, so he is in A@2, which
means that the p-truth value is <P,1l>.

2, (i) Retrieve the name and agemof a person who is 25 years old.
(ii) Retrieve the name and age of a person who is about 23 years
old.

(i) QUERY A0 (NAME=U, AGE=V):
CANDIDATE (NAME=?U, AGE=?V);
EQ(*V, 25);

QEND

Result: A0@1=EMPTY;
AQ@2=FSET (1/<RICHARD, $A25>, 1/<MARY,S$A25>);

(ii) QUERY Al (NAME=U, AGE=V): .
CANDIDATE (NAME=2?U, AGE=?V);
FEQ(*V, @A25);
QEND

Result: Al@1=FSET (0.7/<RICHARD,S$A25>, 0.7/<MARY,SA255):
Al@2=EMPTY;

The symbol @ followed by A25 in the third line in (ii) means
that the name A25 is a fuzzy set name. This fuzzy set is defined as

A25 := FSET(0.4/23, 0.8/24, 1/25, 0.7/26);

Note that this fuzzy set is diffarent from the £fuzzy set $A25
representing a possibility distribution in the extended relation
CANDIDATE. = Really, the fuzzy get $A25 is defined as

$A25 := FSET(0.5/24,.1/25, 0.5/26);

" In (i),’tﬁe‘predigatefEQ'éomﬁa;es two parameéters by elements.. In the

i
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other hand, the predicate FEQ compares by fuzzy sets. As is shown in
results, MARY and RICHARD whose AGE attribute value is $A25 are in. °"
A0@2 in (i) but in Al@l in (ii). The grade value 0.7 in Alel is the
compatibility of A25 with $A25, - ﬁ o

3. Retrieve the name of person who is young.

QUERY B (NAME = X):
CANDIDATE (NAME=?X, AGE=?Y);
YOUNG (*Y) ;

QEND

Result: B@1=FSET(1/ANNA, 1/LUCY, 0.8/SUSAN);
B@2=FSET (0.6/RICHARD, 0.6/MARY);

A fuzzy predicate YOUNG has been defined by the DEFP statement:

DEFP YOUNG = (If19, 1/20, 1/21, 1/22,
0.8/23, 0.6/24, 0.3/25) PEND

Using the predicate YOUNG, the truth value that ANNA and SUSAN is
YOUNG is obtained as 1 and 0.8, respectively. For LUCY, since her age
is |

L3

$A20 = {0.5/19, 1/20, 0.5/21}p | (5.3)

and the truth value of YOUNG for 19, 20 and 21 is 1, LUCY is in BGl.
This is the representative case where ambiguous data and ambiguous
query make a certain answer. For RICHARD and MARY, the grade value
0.6 is obtained from the maximum valueyof 0.6 and 0.3 which are truth
values of YOUNG for their possible ages 24 and 25, respectively.

4. Retrieve the name of a female whose profession is a programmer.

QUERY C (NAME = X): ‘
CANDIDATE (NAME=?2X, SEX=FEMALE};

PROF (NAME=*X, PROFES=PROGRAMMER) ;
QEND

Result: C@1=PSET (1/SUSAN) ;
C@2=EMPTY;

This query means that the relational algebra joins'naturéiii‘ﬁﬁbp

) ) . .
o . b )
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relations CANDIDATE and PROF . on the attribute NAME, restricts to
FEMALE in the attribute SEX and PROGRAMMER in the attribute PROFES
and projects to the attribute NAME.

5. Retrieve the name and weight of a female who graduates from
only a high school and whose weight is greater than or egqual to ﬁbe
average of all persons. N o

QUERY E (NAME=U, WEIGHT=V):
QUERY W (X, Y):
BODY (NAME=?X, WEIGHT=?Y):
QEND
CANDIDATE (NAME=?U, SEX=FEMALE, SCAREER=H);
BODY (NAME=*U, WEIGHT=?V);
GE(*V, AVG(Wel,2));
QEND

Result: EQI=EMPTY;
E@2=FSET (1/<LUCY, 60 >) ;

AVG is a function which computes the average.. Its first
parameter W@l is a set obtained by the QUERY statement of the 2nd
line to the 4th line. If a relation does not need its attribute
names, e.g., it never appears as a relational term, we can omit the

attribute names like in this query.

6. Retrieve the name of a female who is 23 years old and graduates

from a university.

QUERY EEX (NAME=X, AGE=W):
QUERY FEMALE (N=XX, A=V, SC=¥):
CANDIDATE (NAME=?XX, SEX=FEMALE,
AGE=?V, SCAREER=?Y);.
QEND ‘ ‘
FEMALE@L (N=?X, A=?W, SC=U);
QEND |
QUERY EEY (NAME = X):
EEX (NAME=?X, AGE=23);
QEND

[

Result: EEY@L=FSET (1/SUSAN);
EEY@2=EMPTY; A
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This query can be written in more simplexqvéﬁtusﬁatQMent¢i“xBut
this shows that the relation obtained ' by- QUERY statement with.
attribute names can be used as if it is in the database, that is, 4t
can be used in another QUERY statement without the DEFR sﬁatement.

We have described some facilities of  our language by .
illustrating a variety of queries.

6. CONCLUSIONS

We have defined an extended relational model as a model for
representing and manipulating uncertain or ambiguous data’ . and
described a data manipulation language for sudh a fuzzy databasa.
This language is implemented in FSTDSL/FORTRAN and currently running
on a FACOM 230-45S computer. The preprocessor for a program embedded
lnto the host language FSTDSL/FORTRAN has been implemented in PL/I,
although we omitted its description. '

The extended relational model in this paper facilitates the
representation of uncertainty and ambiguity contained in data itself,
but cannot easily represent uncertainty and ambiguity in the
relationship between data. The data model which overcomes this
problem is defined in connection with a fuzzy version of relational
algebra by Umano, Fukami, Mizumoto and Tanaka (1979).

By the introductions of higher type possibility distributions
whose values of possibility may be again a possibility distribution
and higher level possibility distributions whose elements may be
possibility distributions, fuzzy databases can represent a
hierarchical fuzzy data and they can be used as a good tool for the
representation of complex fuzzy data and knowledge.

Fuzzy database systems will find a number of  applications in
such fields as natural language processing, question-answering and
artifitial intelligence where fuzzy data play an meortant role in
nature.
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