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The relationship between probability theory and fuzzy logic has long been an object of discussion
and some controversy. The position articulated in this article is that probability theory by itself is
not sufficient for dealing with uncertainty and imprecision in real-world settings. To enhance its
effectiveness, probability theory needs an infusion of concepts and technigues drawn from fuzzy
logic—especially the concept of a linguistic variable and the calculus of fuozzy if—then rules. In the
final analysis, probability theory and fuzzy logic are complementary rather than competitive,

Traditionally, probability theory has been viewed as the
methodology of choice for dealing with uncertainty and
imprecision. It is this view that has been called into ques-
tion by the advent of fuzzy set theory or, as it is commonly
referred to today, fuzzy logic.

The central point at issue is the sufficiency of probability
theory. The core of the position put forth in this article is
that probability theory by itself is not sufficient and that
it must be used in concert with fuzzy logic to enhance its
effectiveness. In this perspective, probability theory and
fuzzy logic are complementary rather than competitive.

‘What are the connections between fuzzy logic and prob-
ability theory? Is fuzzy logic subsumed by probability
theory or vice versa? Is there anything that can be done
with fuzzy logic that cannot be done equally well or better
by probability theory? Is fuzzy logic a disguised form of
probability theory? What are the shortcomings of prob-
ability theory as a methodology for dealing with uncer-
tainty? What can be done with fuzzy logic that cannot be
done with probability theory? These are some of the ques-
tions that have been discussed at length in the literature
(Buoneristiani 1980; Dubois and Prade 1993; Freeling
1981; Klir 1989; Kosko 1990; Nguyen 1977; Nurmi 1977;
Rapoport, Walsten, and Cox 1985; Stallings 1977, Sugeno
1977, Viertl 1987; Yager 1984; Zadeh 1968, 1980, 1981,
1983, 1984, 1988) since the appearance of the first article
on fuzzy sets (Zadeh 1965).

The earliest article to consider a connection between
fuzzy sets and probabilities was authored by Loginov
(1966). In his article, Loginov suggested that the mem-
bership function of a fuzzy set may be interpreted as a
conditional probability. Similar suggestions were made
later by Hisdal (1986}, Cheeseman (1986), and many oth-
ers. In this article, I shall return to Loginov’s suggestion
at a later point.
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In many of the works dealing with the questions just
cited, one finds assertions that reflect a lack of famil-
iarity with fuzzy logic or a misunderstanding of what
it has to offer. This does not apply to the article by
Laviolette, Seaman, Barrett, and Woodall in this issue of
Technometrics. The authors of the article under discus-
sion offer seasoned arguments and carefully worked out
examples. Nevertheless there are many significant issues
that are not addressed in their article. These izsnes affect
the validity of their analysis and lead to conclusions that
are quite different from those arrived at by the authors.

In what follows, I will argue briefly that (a) probability
theory and fuzzy logic are distinct, (b) that probability the-
ory is not sufficient by itself for dealing with uncertainty
and imprecision, and (¢) that probability theory and fuzzy
logic are complementary rather than competitive,

CONNECTIONS BETWEEN PROBABILITY
THEORY AND FUZZY LOGIC

Among the connections and points of tangency between
probahbility theory and fuzzy logic, the principal one is
centered on Loginov’s suggestion and the closely related
viewpoints involving voting and consensus models, ran-
dom sets, and the plausibility measure of the Dempster—
Shafer theory. These connections do not imply that fuzzy
logic is subsumed by probability theory or vice versa. In
tact, probability theory and fuzzy logic have distinct agen-
das and different domains of applicability.

Let us start with Loginov’s suggestion, which 1s closely
related to the approach used in the article under discussion.

Consider a fuzzy set A in a universe of discourse U—
for example, the fuzzy set young in the interval I/ =
[0, 100]. A is characterized by its membership function
pa: U = [0, 1], with pa(u) representing the grade of
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