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Abstract— A new method, the Triple I method, is
proposed for solving the problem of fuzzy reason-
ing. The Triple I method for solving fuzzy modus
ponens is compared with the CRI method, i.e.,
Compositional Rule of Inference, and reasonable-
ness of the Triple I method is clarified. Moreover,
the Triple I method can be generalized to provide a
theory of sustentation degrees. Lastly, the Triple I
method can be bring into the framework of classic

logics.

Fuzzy Modus Penens (briefly, FMP) is the foundamen-

tal form of fuzzy reasoning. FMP answers the question of -

how to deduce a conclusion B* when a deduction rule “ A
implies B” is known and an input A* similar to A is given.
That is

suppose that A — B
and given A*
calculate B*

The most fémous method for solving the question of FMP
is the CRI (Compositional Rule of Inference) method pro-
posed by L.A.Zadeh!?). The basic idea of CRI method is
as follows:

(i) Choose X and Y as discourses of universe and
transform A, A* and B, B* to be fuzzy subsets of X and
Y respectively.

(ii) Transform the deduction rule A — B(major
premise) to be a fuzzy relation R(A(r). B(y)) on X xY by

means of certain implication operator R : [0.1]* — [0, 1].
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(iii) Define the conclusion B* to be the composi-
tion of the minor premise A* and R(A(z), B(y)), i.e.,
B*(y) = sup{A*(z)oR(A(z), B(y))|zr € X}y € Y), where

“O”

usually denotes minimum.

CRI method has been accepted and popularly used in
dealing with fuzzy control problems. But CRI method
seems differ from the methodology of Artificial Intelligence
(briefly, AI), because Al emphasizes symbolic manipula-
tion and rooted in logic, and very much neglected anything
pertaining to “number crunching”, and hence it seems that
there is a gap between FMP and AIlYl. The aim of the
present paper is to try to provide a new method, which
will be called the Triple I method, for solving the question
of FMP so that the above mentioned gap can be filled up
in certain sense. The main points of the Triple I method

are as follows.

(1) The procedure (i) of CRI method is preserved but
instead of (ii) and (iii) of CRI method the concept of tau-
tology in logic is employed. The basic idea of the Triple 1
method is that the conclusion B* should be deduced from
both A — B and A* jointly but not separately, i.e., based
on the major premise A — B the minor premise A* im-
plies the conclusion. In other words, A — B should fully
support the fact that A* — B* or in logic terminology,
(A — B) — (A* — B*) should be a tautology. Precisely,
(A(z) — B(y)) — (A*(z) — B*(y)) = 1 holds for every
pair (z,y) € X xY and B* is the smallest fuzzy subset of
Y.



(2) The implication operator — used in the Triple I
method is always accompanied by a corresponding t-norm
s such that a®b < cif and only if a < b — ¢. We say that
{®,—) is an adjoint pair, or briefly, — is adjoint. Diverse
adjoint pairs can be used to solve the question of FMP,
and the conclusion B* obtained by means of the Triple I

method possesses a universal form as follows:

B*(y) = sup{4"(z) ® (A(z) - Bly))}weY) (1)
For example, ® can be any one of the following ¢-norms:

a®Lb=(a+b-1)V0,

a®@gb=aAb,
a®n b= ab,

ahb, a+b>1,
a®gb=

0, a+b<1,

And the corresponding — are as follows:

a—-pb=_01-a+b)Al,

1, a<b,
a—gb=

b, a>b,

1, a=0,
a—>nb:

g/\l, a>0,

1, a < b,
a—*ob:

(1-a)Vd, a>b

They are called Lukasiweicz operator, Godel operator,

Product operator, and Rp-operator respectively.

(3) It is proved that ¢ — b = 1 if and only if a < b
whenever — is adjoint, and the popularly used implication
nperators are the Lukasiewicz operator Ry, the Gidel op-

erator K¢, the product operator Ry, and the operator Rp.

(4) The Triple I solution possesses reversibility prop-
erty whenever A is normal and Ry is used, that is, if the
nput A* equals A, and there exists zp € X such that
A(xo) = 1, then the output B* equals B. That is

suppose that A — B
and given A
then obtain B

(5) The Triple I method is easy to be generalized to
form the so called sustentation degree theory, i.e., when a
positive number a < 1 is given, the smallest fuzzy subset

B* of Y satisfying
(A(z) = B(y)) = (A*(z) > B*(y)) 2a z€X,yeY
can be calculated and

B*(y) = sup{a ® A*(z) ® (A(z) — B(y))|lz € X},y € Y.
(2)

It is clear that formula (2) turns to be (1) whenever a = 1.

(6) The Triple I method can be transplanted in
multiple-valued logic, even it can be transplanted in classic

mathematical logic.
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