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ABSTRACT: Prolog-BLF incorporating fuzzy logic and some 
useful functions into Prolog has been implemented as a 
basic language for building knowlegde systems with 
uncertainty or fuzziness. Prolog-EUF inher i ts a l l the 
preferable basic features of Prolog. In addit ion to 
assersions with a truth-value between 1.0 and 0.5 (0 
for an exceptional case), fuzzy sets can be manipulated 
very eas i ly to a cer ta in extent. An appl icat ion to a 
fuzzy logical database is i l l u s t r a t e d . 

1. INTRODUCTION 
As a basic language for bui lding knowledge 

systems, Prolog has many preferable features, such as 
pattern matching (un i f i ca t ion ) , automatic backtracking 
and r e l a t i n a l database. It has been chosen as the 
kernel language of Japanese f i f t h generation computer. 
Many Prolog-based knowledge systems have become to 
appear recently. 

Prolog, which is based on f i r s t - o r d e r predicate 
logic (more precisely, Horn l o g i c ) , deals with only a 
two-valued logic . Knowledge sometimes manifests 
uncertainty in real-world problems. Uncertain knowledge 
has played important ro le in many expert systems, such 
as Mycin[1], Prospector[2] , Casnet[3] , Sper i1 [4 ,5 ] , 
e t c . . When dealing with uncertain knowledge in Prolog, 
some special programming techniques are required [ 6 ] , 
which are annoying for us to bui ld a large system. 
Therefore, there exists a need for a basic language 
capable of dealing with uncertain knowledge. 

In fuzzy logic , the uncertainty of a fact or a 
ru le is expressed with a truth-value between 1 and 0. 
There are of course several other methods, such as 
Mycin's cer ta inty f a c t o r [ 1 ] , subjective Bayesian 
method[2], and Dempster-Shafer theory[5] . However, 
unl ike these methods, the fuzzy logic has a cer ta in 
kind of logical feature. This logical feature can be 
extended to a f i s t -o rder predicate logic , which provids 
us a r ich expressive power. 

This paper presents a language cal led Prolog-ELF 
[7] incorporating fuzzy logic in to Prolog. The 
Prolog-ELF is d i f fe ren t from ex is t ing fuzzy languages 
such as described in [ 8 , 9 ] , because the Prolog-ELF is a 
general-purpose language which inher i ts a l l the 
preferable basic features of Prolog. Moreover, several 
useful predicates are imbedded in the Prolog-ELF. Using 
these predicates, we can manipulate fuzzy sets very 
easi ly to a certa in extent. 

The Prolog-ELF is implemented on Pascal and 
completely operational on VAX-11. This paper describes 
some features and considerations on the Prolog-ELF and 
i t s appl icat ion to a fuzzy logical database. 

2. TOWARD FUZZY PROLOG 
Although fuzzy sets are considered in general 

fuzzy logic [10 ] , we w i l l at f i r s t consider logical 
formulae expressed with symbols in ordinaly sense. The 
certainty of the logical formula is expressed with a 
truth-value T, Where 1>T>0. in the fuzzy logic. (A 
d i f fe rent kind of fuzzy logic in which l ingu is t i c 
truth-values are used is presented in [ 1 1 ] . ) 

Most of logical laws, such as commutative, associat ive, 
d is t r ibu t ive and DeMorgan's laws, are hold in fuzzy 
logic , except excluded-middle law; that i s , T(P AND -P) 
and T(P OR -P) are not always 0 and 1, respectively. 

Lee[12] and Mukaidono[13] considered the 
resolution pr inc ip le as a mechanical inference of fuzzy 
logic . If we interprete P->Q as ("P OR Q) in fuzzy 
logic , the well-known inference ru les , i . e . , Modus 
ponens, Modus tol lens and syllogism, become the special 
cases of the resolution pr inc ip le . By introducing 
arguments attached to the logical symbol (predicate) 
and un i f i ca t ion , the fuzzy logic can be extended to 
fuzzy f i r s t -o rder predicate logic. 

Lee[12] has proved that , i f a l l the truth-values 
of parent clauses are greater than 0 .5 , then a 
resolvent clause derived by the resolution pr inc ip le is 
always meaningful and has a truth-value between the 
maximum and minimum of those of the parent clauses. 
Mukaidono[13] showed an interpretat ion that , even if a 
truth-value of the parent clause is less than 0 .5 , a 
resolvent clause is meaningful in the sense of reducing 
ambiguity. 

Expressions in Prolog are res t r ic ted to Horn 
clauses which have at most one posi t ive l i t e r a l , so 
that the e f f i c i e n t l inear input resolution can work as 
a complete resolut ion. If we define a Horn clause wi t rh 
a t ruth-value less than 0.5 in fuzzy Horn log ic , it is 
equivalent to the negation of the clause which goes 
beyond the scope of Horn clause. Therefore, in order to 
rea l i ze a fuzzy-Prolog, we basical ly r e s t r i c t our 
logical expression to the Horn clause with a 
truth-value greater than 0 .5 . The resul t of the 
resolution in th is case is guaranteed to be meaningful 
based on the Lee's paper[12]. 

It is a problem if the truth-value of a clause 
including variables changes when the variables are 
instant iated by the un i f ica t ion . We take however a 
posit ion that the truth-value of the clause w i l l not 
change due to the un i f i ca t ion . 

One major dif ference in the inference process of 
fuzzy-Prolog from that of ordinary Prolog is that 
exhaustive search is often required at an OR-branch, 
since the maximum truth-value of a l i t e r a l is looked 
for at th is branch. 
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3. PROLOG-ELF 
Prolog-ELF has been implemented based on the 

above-sentioned principle and by adding some useful 
functions for a basic language of knowledge systems. 

The clauses in Prolog-ELF are expressed in the 
following forms. 

Definition clause: 
Goal clause 

The truth-value of the clause can be assigned as; 
0.7.+P-Q. or -assert(0.7:+P-Q.). 

When the definition of the truth-value is omitted, then 
the default truth-value is 1. If a l l the clauses have 
the truth-value 1, the behavier of the Prolog-ELF is 
essentially the same as that of ordinary Prolog. 

The reason why we have adopted above notation for 
a clause, i .e., +P-Q-R., instead of a popular notation 
such as P:-Q,R., is to avoid a question regarding the 
interpretation of implication. In fuzzy logic, P̂V Q is 
not only the interpretation of P->X); there are several 
other interpretations [10,14]. Using our notation, we 
can make it clear that our Prolog-ELF works starting 
from axioms defined in clause forms, some of which can 
be interpreted, if appropriate, into implication forms. 

A variable in Prolog-ELF is denoted as a character 
string headed by *. (Single * can be also a variale.) 
The result of the execution of a goal clause, if i ts 
truth-value is larger than a predetermined threshold 
(described later), is displayed in the form of, for 
example; 

0.75:-P(apple). 
Some of the system predicates characterizing 

Prolog-ELF are as follows. 
(1 )THRESH : This predicate sets a value given as i ts 
argument to a threshold. The clause with a truth-value 
less than this threshold is ignored or regarded as 
false, which initiates the backtracking during the 
execution process. The default of this threshold is 
0.5. A threshold below 0.5 is permitted only for 
exceptional cases, which suffer a risk of going out of 
the scope of Horn logic. (See a comment regarding a 
predicate NOT.) 
(2)Mode setting predicates There are three 
operational modes in Prolog-ELF. The following 
predicates perform as a switch to change the mode. 

(2-1 )N0-QUERY : The system searches and displays a 
first-encountered answer regardless of i ts 
truth-value. This is the default mode and the 
behavior is equivalent to that of ordinary Prolog. 
(2-2)QUERY All the answers are searched and 
displayed. 
(2-3)BEST(n) : The system displays top n answers 
according to their truth-values. In order to improve 
search efficiency, a dynamic thresholding strategy is 
adopted in this mode. The threshold is set 
dynamically to the value of the n-th truth-value from 
the top of already obtained answers. 

(3)USEVALDE This pridicate assigns a truth-value 
given as i ts argument to the associated clause. Using 
this predicate, we can represent fuzzy sets very easily 
as exemplified in Fig. l . 
(4)VALUE : This is a deterministic predicate which 
returns a truth-value of a clause given as i ts f i rs t 
argument to i ts second argument. For example, suppose 
that 

0.8:+P(a). 
0.6:+P(b). 

have been defined. Then, when 
-value(-P(+x)., *val). 

is executed, *x and 8val are at f i r s t unified to a and 
0.8, respectively. Once the backtrack occurs, *x and 
*val are then unified to b and 0.6, respectively. Fig.2 
shows an interaction exemplifying a usage of the 
predicate VALUE. 
(5)CHVAUJE : This predicate updates the truth-value of 
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(7)NOT : As in ordinary Prolog, NOT fai ls in the normal 
threshold setting of Prolog-ELF if there exists at 
least one answer. However, if the threshold setting is 
less than 0.5. the result of unification during the 
execution of NOT may remain in Prolog-ELF. For example, 
suppose that the threshold is 0.2 and the answer of 
dmaxcKP(x). ) is 0.7:dmaxcKP(a).), then not(P:>x). ) 
wi l l succeed with the truth-value of 0.3(-1-0.7) and 
with the unification that +x is a. 

4. APPLICATION TO A FUZZY LOGICAL DATABASE 
As an application of Prolog-ELF, a fuzzy logical 

database including fuzzy rules and fuzzy set concepts 
is illustrated in Fig.3, where a person who may 
possibly have a second house is retrieved from stored 
facts and heuristic rules. Several other applications 
including a production system have been written by the 
authors. 

5. CONCLUDING REMARKS 
Prolog-ELF incorporating fuzzy logic and related 

some useful functions has been implemented as a basic 
language of knowledge systems with uncertainty or 
fuzziness. 

One problem of the Prolog-ELF is i ts slow speed, 
since the exhaustive search is often required at the OR 
node. One way to avoide this problem is to set the 
threshold to an appropriatly high value. Some 
mechanisms to improve search efficiency are planned to 
implement in a future version; but it seems that 
ultimate solution may be a parallel processors like 
Japanese fifth-generation computer. A knowledge 
management mechanism using meta-predicates is scheduled 
to be added to Prolog-ELF. 
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