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This paper indicates that most of fuzzy translating rules for a fuzzy conditional proposition “If x is 4 then y is B” with
A and B being fuzzy concepts can lead to very reasonable consequences which fit our intuition with respect to several
criteria such as modus ponens and modus tollens. Moreover, it is shown that a syllogism holds for most of the methods
under the new compositions, though they do not always satisfy the syllogism under the max-min composition.

1. INTRODUCTION

In our daily life we often infer that

Ant 1: If xis A4 then y is B
Ant 2: xis A’
Cons: yis B’

where A, A’, B, B’ are fuzzy concepts. In order to
make such an inference with fuzzy concepts, Zadeh'
suggested an inference rule called “compositional
rule of inference’’ which infers B’ of Cons from
Ant 1 and Ant 2 by taking the max-min composition
of fuzzy set A’ and the fuzzy relation which is
translated from the fuzzy conditional proposition
“If x is 4 then y is B”. In this connection, he,'
Mamdani? and Mizumoto et al.** suggested several
translating rules for translating the fuzzy proposi-
tion “If x is 4 then y is B” into a fuzzy relation.

We pointed out® that the consequences inferred
by Zadeh’s and Mamdani’s translating rules do not
always fit our intuition; we thus proposed some new
translating rules which lead to the consequences
coinciding with our intuition with respect to several
criteria, such as modus ponens and modus tollens.
Moreover, we suggested* new translating rules
which are obtained by introducing implication rules
of many-valued logic systems, but these translating
rules were found not to lead to reasonable con-
sequences.

We have also shown?® that, although the translat-
ing rule by Zadeh, called “arithmetic rule”, does not
imply reasonable consequences in the compositional
rule of inference which uses the max-min com-
position, the arithmetic rule can lead to very reason-
able consequences when new compositions, termed
“max-( composition” and “max-A composition”,
are used in the compositional rule of inference,
where O is the operation of a “bounded-product”
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which accompanies the “Bound-sum” introduced by
Zadeh,' and A is the operation of the “drastic
product” Tw(x, y) introduced by Dubois.®

As a continuation of our study,’ this paper
investigates the inference results by all the trans-
lating rules proposed until now under the max-©
composition and max-A composition, and shows
that the majority of the translating rules can lead
to very reasonable consequences which fit our
intuition.

2. TRANSLATING RULES

We shall first consider the following form of infer-
ence in which a fuzzy conditional proposition is
contained.

Ant 1: If xis A then yis B
Ant 2: xis A’ )
Cons: yis B’

where x and y are the names of objects, and 4, 4,
B and B’ are fuzzy concepts represented by fuzzy
sets in universes of discourse U, U, V and V,
respectively. This form of inference may be viewed
as fuzzy modus ponens which reduces to the classical
modus ponens when A’ =A and B’= B.
Moreover, the following form of inference is
possible which contains a fuzzy conditional

proposition.
Ant 1: If xis 4 then yis B
Ant 2: y.is B’ Q)
Cons: xis A’

This inference can be considered as fuzzy modus
tollens which reduces to the classical modus tollens
when B’ =not B and A’ =not A.
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The fuzzy proposition “If x is A then y is B” of
(1) and (2) represents a certain relationship between
A and B. From this point of view, a number of
translating rules were proposed for translating the
fuzzy proposition “If x is 4 then y is B” into a fuzzy
relation in U x V.

Let 4 and B be fuzzy sets in U and V, respectively,
and let x, U, N, 7 and @ be Cartesian product,
union, intersection, complement and bounded-sum
for fuzzy sets, respectively. Then the following fuzzy
relations in U x V' are obtained from the fuzzy
proposition “If x is 4 then y is B”. Rm (maximun
rule) and Ra (arithmetic rule) were proposed by
Zadeh,! Rc¢ (min rule) by Mamdani,? and the others
are by Mizumoto et al.>* by introducing the impli-
cations of many-valued logic systems.

Rm=(AxBUTA4 x V)

<[ u) A pg@)] V[ — p(u)] 3)
Ra=(74 xV)Y®(U x B)

< A= p () + ps(v)] 4
Re=AxB

<> (u) A pg(v) (5)

Rs=AxV=S>UxB

{01 e e ©

Rg=AxV=UxB8B
{or e Z e 0
i

Rsg =(A x V=U x B)

N4 x V=U x1B) ®)
Rgg = (4 x V=U x B)

N(@TA xV=>U x1B) 9)
Rgs = (4 x V=U x B)

N(74 x V=U x TB) (10)
Rss=(Ax V=U x B)

N(74 x V=U x 1B) (11)
Rb = (74 x V)U(U x B)

<1 — W)}V pp(v) (12)

R,=4xV=UxB
A

1 e pa(u) = pglv),
N (13)
T > o).
Ro=4x sz UxB
pp() 1 — p,(u)
1A A .
pau) 1 — pp()
pa(u) >0, 1 — pg(v) >0,
1., uu)y=0o0r 1 —pus(w)=0. (14)
R,=A4x V?U x B
<1 — p(u) + p(u)ps). (15)
R#=AXV?UXB (16) -

=1 —p,(u) V pp(v)]
Alpg(u) V1 — p(u)]
Alus(@) V 1 — pg(v)].
Ry=4xV=UxB
<:’{l...,u,‘(u)<l or ug(v) =1
0. uu)=1, ugv) <1

In the fuzzy modus ponens of (1), the consequence
B’ can be deduced from Ant 1 and Ant 2 by taking
the max-min composition “O” of the fuzzy set A’
and the fuzzy relation obtained above (the compo-
sitional rule of inference). For example, we have for
the method of Rm of (3) :

Bm’' = A"QRm
=A"0O(A4 x B)U(T4 x V)] (18) -

The membership function of the fuzzy set Bm’ in V
is given as

Ham (©) =V { e () N prn(ut, v)}
= Y{NA'(V) A Cuau) A pp(v))
V(1 = p ()]} (19)

Similarly, in the case of fuzzy modus tollens of (2),
the consequence is given by A’

Am'=Rm OB’ (20)

As simple examples, let 4’=A4 in (18) and
B’ = not B in (20), then we can have such inference
results [4] as

Bm’'= A QO Rm< g, (0)=0.5V ug(v)
Am’ = Rm Qnot B, u)=0.5V{l — u,u))
Similarly, for the arithmetic rule Ra of (4)

(17)

Ba’'= A O Ra<puy, () = 1++”(”)
1 —p(u)

Aa’= Ra Onot B<>p (1) = >
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These consequences B’ and A’ are found not to be
equal to B and not A, respectively. In other words,
these translating rules cannot satisfy the modus
ponens and modus tollens which are quite reasonable
demands in the fuzzy conditional inference. There-
fore, it seems that these rules are not suitable

If xis 4 then y is B

xis A (modus ponens) (21)
yis B

If x is A then y is B

y is not B (modus tollens) (22)
x is not B

_ methods for the fuzzy conditional inference. In the
next section, however, we shall show that not only
these rules but also other translating rules in
(5)-(16) can satisfy the modus ponens and modus
" tollens and infer the consequences which fit our
intuition, if, instead of the max-min composition
usually used in the compositional rule of inference,
we use two kinds of new compositions called *“max-
© composition” and “max-A composition’ in the
compositional rule of inference.

3. FUZZY CONDITIONAL INFERENCE
UNDER NEW COMPOSITIONS

We shall first give the operations of ‘“bounded-
product” © and “drastic product” A in order to
. define new compositions of “max-© composition”
- and “max-A composition” to be used in the com-
positional rule of inference. The more detailed prop-
erties of these operations are found in references
6-8.
For any x,y¢ [0, 1]

Bounded-Product: x Oy =0V (x+y —1) (23)

x...y=1
Drastic Product: x Ay=<y...x=1 24)
0...x,y<1

Using these new operations we can easily define
new compositions called max-© composition “[1”
and max-A composition “A” in the same way as
the max-min composition of “O” of (18) by re-
placing A with © and A in (19). Therefore, it is
possible to obtain consequences by using these
compositions. For example, using the max-© com-
position “[J”, we can obtain the consequence in the
same way as (18) and (20).

Bm’'=A'O0Rm
< g (©) =V {1g (1) © prn(t; v)} (25

Am’=Rm OB’ (26)

Similarly, under the max-A composition “A”, we
have

Bm’ = A’ A Rm
g (W) =V { o) A pgp(u,0)} - (27)
Am’ = Rm A B’ (28)

The same ways are applicable to other translating
rules Ra, Re, . . ., R, of (4)-(17).

In the fuzzy modus ponens, we shall show what the
consequences B’ become under new compositions
“IJ” and “A” when A’ is

A=A

A =very A =A?

A’ = more or less A = A*®

A ' =not A =TA4
which are typical examples of 4.

Similarly, in the fuzzy modus tollens of (2), we
show what the consequences A’ is when B’ is

B =not B=17B

B’ = not very B =18’

B’ = not more or less B =71B%

B'=B.

We shall begin with the fuzzy modus ponens in (1).
It is assumed in the discussion of the fuzzy modus
ponens that u,(u) takes all values in [0, 1] according
to u varying all over U, that is, u, is a function onto
[0, 1]. Clearly, from this assumption, the fuzzy sct 4
is a normally fuzzy set.

We shall first discuss Rm and obtain the con-
sequence Bm’ of (25) at A’ = A* which is a general
case of 4, very 4 and more or less A. From the above

assumption that u, is a function onto [0, 1], (25) can
be rewritten as

b’ = V{xOUx AB)V (=] (29)

and
fx)=x*Olx Ab) V(1 —x)] (30)

by letting
p)=x, up0)=>b, pp,()=bm’. (31)

From the definition of bounded-product © of
(23), we have f(x) of (30) as

fxX)=0V{x*+[(x Ab)V( —x)] -1}
SOV 4t x— DA +b— D]V (x*—x)
(32)

Caseof = 1: Whena =1, x*—x =0 is obtained.
Thus, f(x) reduces to

f)=0V[x*+x —DAX*+b—1)]
Figure 1(a) shows partly the expressions x* +x — 1
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(a) Case of az]

and x*+ b — 1 by using a parameter 5. When 5 is
equal to, say, 0.2, f(x) is indicated by the broken line
and thus bm’ = V[f(x)] of (29) at b = 0.2 becomes
0.2 by taking the maximum of this line. In the same
way, at b =0.7, f(x) is shown by the line “— -
whose maximum value is 0.7. Thus we have
bm’=0.7 at b=0.7. In general, we can have
bm’ = b for any b, that is, bm’ = b at x’ = x*(a = 1),
which leads to pg, (v) = up(v) at u,(u)=u,(4)"
(@ =1) from (31). Namely, Bm'=B at A’ = A"
(a 2 1). Therefore,

A*oRm=B... 021 (33)

Case of a = 1: f(x) is given by (32) and is drawn
in Fig. 1(b). The expression y*—x (x <1) has
the maximum value

‘47&(&-1) (=MAX) at x = ' /.

From Fig. 1(b) it follows that sm’=MAX at
0= b £ MAX, that is,

bm’ =V f(x)= '\/&G - 1)

On the other hand, when MAX £ b <1, we have

bm’ =b.
Hence,
/(1
bm’ = ﬁ(&_ I)Vb
Namely,

uam,(v)='17&<§h1)v;za(v) at a<l. (34)

Therefore, the consequence Bm = A*[7] Rm under
the max-© composition “[]” is given by

(0 = '{/&G—l)vyﬁ(u)...agl
o (V) =

1

(33)

1\

uz(v) S

PPX
o

o

(b) Case of as<]
FIGURE 1 f(x) of (32).

From this result we can obtain the consequences
Bm’ at A" = A, very A (=A?) and more or less A
(=A%) by letting a = 1, 2, 0.5, respectively.

Bm'=ARm =B (36)
Bm’ =very A(1Rm =B 37
Bm’ = more or less AIRm <1V uy(v) (38)

Equation (36) indicates that a modus ponens is
satisfied by the method Rm under the max-© com-
position “[J”. It is noted that Rm does not satisfy
modus ponens under the max-min composition “Q”.

We shall next consider the inference result
Ba’ = A" A Ra under the max-A composition “A”. .
Ba’ is given by

par (@) =V {pae(u) ATUA (1 = py(u) + pp (@)}
ba' =V {x* A[LA(1—x +b)]}
Let g(x) be
gx)=x*A[LA(l—x +b)] (39)

then g(x) is shown by the solid line and the black
circle in Fig, 2. Namely,

x*...0ZxLbh
gx)=<b...x=1

0 ...otherwise
Thus,

ba'=Vgx)=V x*Vb=5*Vbh.
x 10,51

Therefore, we have Ba’ = A* A Ra as

,_[B*. . .a<l
sa= {25 (@0

which gives the inference results Ba’ at 4" = A, very
A and more or less A as follows.

Ba'=AARa=2B (41)
Ba’=very A ARa =B (42)

Ba’ = more or less A A Ra = more or less B (43)
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FIGURE 2 g(x) of (39).

which also indicates the satisfaction of modus ponens
under the max-A composition “A”.

In the same way, we can obtain the consequences
by other methods Rc, Rs, . . ., R,. Tables 1-4 list the
inference results by all the methods (3)-(17) under
the max-(© composition and max-A composition.

In the form of fuzzy conditional inferences (1) and
(2), it seems according to our intuition that criteria
between 4’ in Ant 2 and B’ in Cons of the fuzzy
modus ponens (1) ought to be satisfied as shown in
the left part of Table 5.** Similarly, criteria for the
fuzzy modus tollens (2) are shown in this table. The
right part of Table 5 indicates the satisfaction (®)
or failure (x) of each criterion by each inference
method by the use of the inference results in Tables
1-4. In order to compare the inference results under
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under the max-min composition is listed in the
table.*

From Tables 1-5 it follows that all the inference
methods except R, can satisfy so-called modus
ponens (21) under the max-Q® composition “[]” and
max-A composition “A”, but only the methods
Re, Rs, . .., Rss can satisty the modus ponens under
the max-min composition “Q”. The almost same
holds for the modus tollens of (22). Moreover, it is
found that the majority of the methods can infer
very reasonable consequences under the max-O
composition and max-A composition, though we
can not always get reasonable consequences under
the max-min composition as shown in Table 5.

4. SYLLOGISM UNDER NEW
COMPOSITIONS

In this section we shall investigate a syllogism by
each fuzzy inference method under new com-
positions of max-© composition “[]” and max- A
composition “A”, and shows that the syllogism
holds for many inference methods under the new
compositions, though a few inference methods sat-
isfy the syllogism under max-min composition “Q”.

Let P,, P, and P, be fuzzy conditional proposi-
tions in (44), where 4, B and C are fuzzy sets in U,
V and W, respectively. If the proposition P; is
deduced from the propositions P, and P,, that is, the
following holds, then it is said that a syllogism holds.

» e P: If xis A then y is B.
the max-© composition “[]” and max-A com- v . Y
G ; . P, If yis B then z is C. (44)
position “ A’ with those under the ordinal max-min
composition “(Q”, the satisfaction of each criterion P 1If xis A then z is C.
TABLE 1
Inference results under max-©® composition (Case of fuzzy modus ponens)
A very A more or less A not A
Rm B B Vo unknown
1 <l
Ra B B {i‘}“i“ o zﬂj 4 unknown
5 ---Hp=y
Re B B B ¢
Rs B very B more or less B unknown
Rg B B more or less B unknown
Rsg B very B more or less B not B
Rgg B B more or less B not B
Rgs B B more or less B not B
Rss B very B more or less B not B
Rb B B Vg unknown
R, B B more or less B unknown
R, B very B more or less B unknown
1
.
4(1 — pp)
B B K nknown
R { Hp - % “
R, B B Vo BUnot B
R unknown unknown unknown unknown
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TABLE 2
Inference results under max-(Q composition (case of fuzzy modus tollens)
not B not very B not more or less B B
Rni not A (l—pA)\/% not A AUnot A
1—u? st
Ra not A . 4 4 ? not A unknown
st —p) . opyzy
. s pa—#h . py S5 o y
¢
% CHa2 %
Rs not A not very A not more or less A unknown
Rg not A (1 —u?) \/% not more or less A unknown
Rsg not A not very A not more or less A A
Rgg not A (1—p?) Vi not more or less A A
Rgs not A (1 —p?) \/% not more or less A A
Rss not A not very A not more or less A A
Rb not A (1—p)Vv i not A unknown
R ot A {llui-umsﬁﬁ
N not more or less A unknown
— U222
4 Has= \/7
R, not A not very A not more or less A unknown
W\
R, not A (1 - 424‘) not A unknown
R, not A (1-pyVvi not A AUnot A
Looopg<l ooouy<1 L.y, <1
Ro {0...uA=1 {0...[1A=I 0. . iy=1 unknowrn

Let R(A4,B), R(B,C) and R(A4,C) be fuzzy
relationsin U x V, V x Wand U x W, respectively,
which are obtained from the propositions P,, P, and
P, If the following equality holds, the syllogism

holds under a composition v, where
*€{(J, A, O}.
R(4,B)% R(B,C) = R(4, C) (45)

That is to say,
P;: If xis A then y is B->R(A, B)
Py Ifyis Bthen zis C— R(B,C) (46)

Py If xis 4 then z is C«R(4, B)% R(B, C)

The membership function of R(4, B)w R(B, C) is
given by the following:

When Y =[], we have

Bria, mo R, ot W)
=V { a5t V) © s, o (0, W)} (47)

Similarly, when v = A,

I"'R(A,B)AR(B,C)(": w)
= \v/ {uR(A.B)(u’ v) A iu'R(B,C)(va W)} (48)

TABLE 3
Inference results under max-A composition (case of fuzzy modus ponens)

A very A more or less A not A
Rm B B B unknown
Ra B B more or less B unknown
Re B B B [
Rs B very B more or less B unknown
Rg B B more or less B unknown
Rsg B very B more or less B not B
Rgg B B more or less B not B
Rgs B B more or less B not B
Rss B very B more or less B not B
Rb B B B unknown
R, B B more or less B unknown
R, B very B more or less B unknown
Ry B B B unknown
R, B B B BUnot B
R unknown unknown unknown unknown
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TABLE 4
Inference results under max- A composition (case of fuzzy modus tollens)

not B not very B not more or less B B
Rm not A not A not A AUnot A
Ra not A not very A not A unknown
Re ¢ ¢ A
Rs not A not very A not more or less A unknown
Rg not A not very A not more or less A unknown
Rsg not A not very A not more or less A A
Rgg not A not very A not more or less A A
Rgs not A not very A not more or less A A
Rss not A not very A not more or less A A
Rb not A not A not A unknown
R not A not very A not more or less A unknown
R, not A not very A not more or less A unknown
R, not A not A not A unknown
R, not A not A not A AUnot A

| TR 1...u,<1 Tooopy<td

Rg {0...,&:1 {0---m:1 {04..;@4:1 unknown

Now we shall obtain R(A, B) 9% R(B,C) under
each fuzzy inference method and show whether the
syllogism holds or not under each of the com-
positons. It is assumed in the discussion of the
syllogism that the membership function u; of the
fuzzy set B is a function onto [0, 1].

We shall discuss only the case of Rb of (12)
because of the limitation of space, and begin with
the case of max-© composition “[]”. The fuzzy
relations Rb(A4, B) and Rb(B, C) are obtained from
the propositions P, and P, by using (12).

Rb(A,B)= (74 x VU (U x B)
RB(B,C)=(TB x WYU(V x C)

The max-© composition of Rb(4, B) and Rb(B, C)

.18

Rb(A4, BY(ORb(B, C)
=[(7TA x V)UU x B)OITB x W)UV x C)]
and its membership function is as follows.

HRb(4, ByO RB(B,C)(B, C)(“, w)
= \v/ {[(1 — pg(u)) V pg(v)]

O [(1 = us@)) V pcW)]}- (49)

This expression can be rewritten as
d=V{[(1-a) VIO -x)Vel}  (50)
f)=[(0-a)Vx]O[1—-x)Vc] (51)

under the above assumption that uj is a function
onto [0, 1], where

d= ﬂRb(A.B)\:]Rb(B,C)(u, w),
a=p,u), x=upp), c=pcw) (52)

From the definition of bounded-product © of
(23), we have f(x) of (51) as

fE)=0V{(l-a)VxI+[Q-x)Vc]-1}

=0V(l—a—-x)V(x+c—1)V(c—a)
(53)

When ¢ — a > 0, the expression (53) is represented
by the solid line as shown in Fig. 3(a) with par-
ameters a and ¢. The maximum value of this line is
l—agatl—az=candcatl—a=c Thus, we have
d of (50) as

_Jl—a...l1—azc
d_{c o l—as<e

=(l-a)Ve (54)

On the other hand, when ¢ —a £0, f(x) of (53)
is shown by the solid line in Fig. 3(b) whose
maximum value is 1 —a or ¢. Thus,

d=(—-a)Vc atc—a=0
From (54) and (55), d is given by
d=(1—-a)Ve

for any a and ¢, which leads to

atc—a=>0

(35)

lle(A,B)DRb(B,Q(“a w)
=[1— p ()] V (W) = tgpa, (s w)  (56)
from the notations in (52). Therefore, we have
Rb(A, B)[IRb(B,C)= Rb(A,C) 57

which indicates the satisfaction of a syllogism of (45)
under the max-® composition “[1”.

Next we shall discuss the case of max-A com-
position “A”. The membership function of
Rb(A, B) A Rb(B, C) is given as

HRro4,B) & REB, ©) (u, w)

=V {[(1 = pau)) @) A (1 = @) V W)l

which can be rewritten as

d=V{(l-a)Vx]A[1—x)Ve]}  (58)

gx)=[1-a)Vx]A[(l—-x)Vc] (59)

by using the notations in (52). The expression
(1 —a)V x in (59) can be depicted in Fig. 4(a) by
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r r

c-al 1-a
2 A .
0 e, O I o
n 1-c 1-a 1 0 1-a 1-c¢ 1
(a) Case of c-a>0 (k) Case of c-a=0
FIGURE 3 f(x) of (51) (solid line).
using the parameter a, and the expression  Thus, d of (58) is obtained by
(1 -~ x)V ¢ is shown by using a parameter ¢ as in :
Fig. 4(b). d=Vgx)=c...atl-aZc (60)
When 1 — a £ ¢, the function g(x) of (59) is given
by the black circles in Fig. 4(c), i.e., On the other hand, when 1 —a 2 ¢, g(x) is given
l—a...x=0 by the black circles in Fig. 4(d). Thus,
gx)y=<c¢ ox=1
0  ...otherwise d=1—-a...atl—azc (61)
c:
a=0 ] 1
N .9
2 \\ .8
.3 .7
.4 \ .6
.51 .5
.6 .4
T .3
.8 .2
@ - A
J
X 9 _[> X
(b (1-x)vec
TN . N .
N, (1-x) ve e N, (1-x} ve o
A4 N y
N L e N, g
l/, \. 4
L ~ (1-a) vx
......... R B N
/# (1-a) v x / N
1-a 1-a . —. &€
\ . .
0 17 X 0 T X
(¢) a(lx) at 1-acec (d) a{x) at 1-azc

FIGURE 4 g(x)=[(1 —a)V x] A[(1 — x) V ¢] (black circles).
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TABLE 6
Syllogism under max-© composition “[1” and max-A composition “ A"

R(4,B)OR(B,C)

R(A,B)AR(B,C)

Rm [ u)+pc(w) — 1]Vl —p,(u))]
Ra  Ra(4,C)
Re OV [pe(u) +pc(w)—1]

Rs Rs(A, C)
Rg Rg(4,C)
Rsg Rsg(A4, C)
Rgg  Rgg(4,.0)
Rgs Rgs(4, C)
Rss Rss(A, C)

Rb Rb(4,C)
RA(4,C)

R,  R.(4,0)
Ry  [I=p ANV pe(w)

(i) + pe(w) = 1TV (1 = () — pc(w)]

R, Vpew) — upu)]

Ry R.(4,C)

He(w) o pyw) =1
gA(u) VI —p @] .. udw) =1

... otherwise
Ra(4,C)
{MMWMWFI

ma(u). o opc(w) =1
0 ... otherwise

Rs(A, C)

Rg(A4, C)

Rsg(A, C)
Regg(4,C)
Regs(4,C)

Rss(4, C)

Rb(A4, C)

R, (4.C)
R,(4,C)

[1 = pa1 V s (w)
He(W) VI )] e
HeW) .

L= i) ()
pa) VI —p )] oope(w)=1
0 ... otherwise
R (A4.C)

Therefore, from (60) and (61) we have
d=(1—a)Vc
for any a and ¢, i.e.
Eroca, ) aros. ol W) = [1 — p )] V pc(w) (62)
which indicates
Rb(A, B) A Rb(B, C) = Rb(4,C) (63)

Therefore, the syllogism holds for Rb under the
max- A composition “A”.

It is found from the results of (57) and (63) that
the inference method Rb satisfies the syllogism under
the max-(© composition “[]” and max-A com-
position “A”. It is noted* that Rb does not satisfy
the syllogism under the max-min composition “0O”,
i.e. we have

Hroa, B0 Rb(8,0)(Hs W)
=0.5 V1 — p u)] V uc(w) # prya, ()

In the same way, we can obtain
R(A4, B)% R(B,C) by the other fuzzy inference
methods under the max-(© composition and max- A
composition, and thus the results are listed in
Table 6.

Using these results, the satisfaction (®) or failure
(%) of the syllogism by each fuzzy inference method
under the max-© composition and max-/A com-
position is listed in Table 7. This table also contains
the results under the max-min composition.*

It follows from Table 7 that the methods Ra, Rb,
R, and R, can satisfy the syllogism under the
max-©O composition and max-A composition,
though they do not satisfy it under the max-min -
composition. But the converse holds for Rc.

5. CONCLUSION

We have shown that, when new compositions of
max-© composition and max-A composition are
used in the compositional rule of inference, the
majority of fuzzy inference methods can get very
reasonable consequences, that coincide with our
intuition with respect to several criteria such as
modus ponens, modus tollens and syllogism.

It will be of interest to apply the new com-
positions to fuzzy inferences which are of the more
complicated form such as

If x is 4 then y is B else y is C.
xis A'.

yis D.

If x is A, then y is B, else
if x is 4, then y is B, else

if x is A4, then y is B,.
xis A’

yis B,



FUZZY REASONING 117

Satisfaction (®) or failure (x) of Syllogism under ma:ch]::)]fngosition, max-A composition and max-min composition
Rm Ra Rc Rs Rg Rsg Rgg . Rgs Rss Rb . RA R, R* B R, R,
Ic\:[)?rrl;gs)ition ® x ® ® ® ® ® ® ® ® ® x x ®
x?r;é\smon x ® x ® ® ® ® ® ® ® ® ® x x ®
(I:\;I)?xrp-)rc?siirtlion x ® ® ® ® ® ® & X X x x X ®

These results will be presented in subsequent
papers.
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