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L.A. Zzdeh and E.H. Mamdani have proposed methods fer a Mamdani {2}, and R_, R_, R__and R_ _ are new methods
fuzzy reasoning in which the antecedent involves a fuzzy proposed here. s & sg gg
conditional proposition '"If x is A theny is B", with A

and B being fuzzy concepts. _
This paper points ocut that the consequences inferred Rn = (A xB) v (A x V). 4
by their methods do not always fit our intuitions, and _
suggests several new methods which fit our intuitions Ra = (FAx V) 8 (Ux35). )
under several criteria such as modus ponens and modus A ‘ 6
tollens. R, = Ax3B. (6)
1. FUZZY CONDITIONAL INFERENCES Rg=AxV->UxB )
We shall first consider the following form of inference = J [uA(u) - uB(V)]/(u,v),
in which a fuzzy conditional proposition is contained. Uxv
Ant 1: If x is A then y is B. where 1o wg (W) 00,
Ant 2@ x is A'. : K () uA(u) F§—> uva) =
0 ... uA(u) > uB(v).
Cons: y is B'.
where x and y are the names of objects, and A, A', B and R =AxV—>UxB (8)
B! are the labels of fuzzy sets in yniverses of discourse E
v, u, Vv and V, respegtiveiy. . ] = J [“A(“) —_— uBcV)}/(u’v)’
An example of this form of inference is as follows: UxVv g
Ant 1: If a tomatc is red then the tomato is Tipe. where 1 e uA[U} = uB(V)’
Ant 2: This tomato is very red. uACUJ g > ”B(V) = .
: uB(V) uA(UJ > “B(V)‘
Cons: This tomato is very ripe. ‘
This form of inference may be viewed as a generalized R
modus ponens which reduces to a modus ponmens when AT = sg '
A and B' = B. = (AxV - UxB)n {7JAxV —E—o U x 7B). (9

Moreover, the fallowing form of inference is also
considered which also contains a fuzzy conditional pro- R
position. This inference can be viewed as a generalized gz

modus tollens which reduces to a modus tollens when B' =
Tot B and A' = n;t AL en = (AxV -E;é UxB)n (7AxV —E—> U x 7B). (10)
Ant 1: If x is A then y is B, Then the consequence B' in Cons of (1) can be deduced

from Ant 1 and Ant 2 using the max-min composition "o

Ant 2: is B'.
v (2) of the fuzzy set A' in U and the fuzzy relation obtained
Cons: x is A'. above., Thus, we can have
1= =
For these forms of fuzzy conditional inferences, By = AT o R Al o ((Ax B)u (TAx V)], (11)
several methods are proposed. _
let A and B be fuzzy sets in U and V, respectively, B, =A'oR = A o ((7Ax V) & (UxB)), (12)
which are represented as
. and so on,
. ' . Similarly, the consequence A' in Cons of (2) can be
= B = E
A uA(u)/u ' uB(v]/v ! (3 deduced using the composition "o of the fuzzy set B!
] v P

in V and the relation given before. Namely, we have
and let x, u, n, 7 and @ be cartesian product, union,

intersection, complement and bounded-sum for fuzzy sets, A' =R oB'=((AxB)u (7JAxV)) oB', (13)
respectively. Then the following fuzzy relations can mom : ‘
be derived from a fuzzy conditional proposition 'If x is A; = Ra oB'=((7JAxV)e {UxB)) oB', (14)

A then y is B" in Ant 1 of (1) and (2). The fuzzy rela-
tions Rm and Ra are proposed by Zadeh {1], Rc is by - and so on.



-2 has the consequence different from that of Relation II
-1, but if there is not a strong casual relation between
"x is A" and "y is B" in Ant 1 (that is, "If x is A then
y is B"), the satisfaction of Relation II-2 will be per-
mitted. Relation IV-1 asserts that when x is net A, any
information about y can not be deduced from Ant 1. The
satisfaction of Relation 1V-2 is demanded when the fuzzy
proposition "If x is A them y is B" means tacitly the
proposition "If x is A them y is B else y is not B".
Relation V corresponds to modus tollens. Relation VITI
is discussed as in the case of Relation IV,

In Tables I and II, it i noted that very A is defined
as A2_,more or less A as A not A as 7A, not very A
as 7A, mnot more or less A as '7 , and unknown as Vv
{for U 1n Table II).

2. COMPARISON BETWEEN FUZZY CONDITIONAL INFERENCE METHODS

In this section we shall make a comparioson between the
fuzzy conditional inference methods discussed above and
show that Zadeh's methods do not satisfy the relations
except Relations IV-1 and VIII-1 and that Mamdani's method
does not satisfy the relations except Relations I, II-2,
I11-2 and VIII-2. New methods given in this paper satis-

fy almost these relations cited in Tables I and II. + . 11/4 + 0/5 + .11/6 + .23/7
We shall now begin with the maximin method Ry in (4) + ,55/8 + 1/(9 + 10) ‘
using some examples.f unknown (= U, V} = 1/0 + 1/1 + .,. + 1/10
[1] The Case of Maximin Method Rp of (4): Then the consequence B will be obtained from (11) as
et UsV=0+1+2+ + 9 + 10 (15) (1) {‘ 045T0+1+2 + 6/3 + 8/4 1/5 8/6 + 6/7
A=1/0 + 0.8/1 + 0.6/2 + 0.2/3 (16) = 4/(3+9+103 . -8/3 + 1/5 + .8/6 + .
B=20,2/2+0.6/3+ 0.8/4+1/5 + 0 8/6 + 0.6/7 (17 £ B.
+0.2/8 ‘s y
Then, using Ry of (4) the fuzzy cenditional proposition (i1} Egng?(g+§T2) v 63 + .8/4 + 1/5 + .8/6 +
: If x is A then y is B + .36/(8+49+10)
translates into the matrix form as (3ii) ;0¥§I%}B{eg; AoR
ore or 1es53 m
= (AxB)u (TAxV) =¢-4i£§%gigfio; 6/3 + .8/4 + 1/5 + .8/6 + .
# more or less B, B,
{iv) not A o Ry
= 1/0 + 1/1 + ... + 1/10
t The precise proofs of the satisfaction or failure of = unknown.

each method are omitted because of limitations of space.

-Jﬁble I Relations between A'(Ant 2} ...d4 B'(Cons) Table 11 . Relations. :tween B'(Ant 2) and A'(Cons)
under Ant 1 for the Generalized Modus under Ant 1 for the Generalized Modus
Ponens in (1) Tollens in (2)
Al B! B? Al
Relation I . Relation V
{modus ponens) A B (modus tollens) not B not A
Relation II-1 very A very B Relation VI not very B not very A
Relation II-2 very A B Relation VII not more or less B | not more or less A
Relation III-1 | more or less A | more or less B Relation VIII-1 | B unknown
Reiation III-2 | more or less A { B Relation VI1I-2 | B A
Relation IV-1 not A unknown
c 1 2 3 4 S 6 7 & 9 10
Relation IV-2 not A not B ofo o0 .2 .6 .8 1 .8 .6 .2 0 0
11,2 ,2 .2 .6 .8 .8 .8 .6 .2 .2 .2
In the above forms of fuzzy conditional inferences, g ‘g 'g 'g ‘g 'g 'g ‘g ‘g 'g 'g 'g
it seems according to our intuitions that the relatioms 4 '1 '1 '1 '1 '1 '1 '1 .1 ‘1 '1 '1
‘between A' in Ant 2 and B' in Cons for the generalized - s!1 1 1 1 .1 1 1 1 1 1 1
modus ponens in (1) ought to be satisfied as shown in sl1 1 1 1 '1 1 1 1 1 1 1
Table I. Similarly, the relations between B' in Ant 2 +41 11 110111 1 1 1
and A' in Cons for the generalized modus tollens in (2) g1 1 t 1 1 1 1 1 1 1 1
ought to be satisfied as in Table II. 911 1 1 1 1 1 1 1 1 1 1
Relation I corresponds to medus ponens. Relation II i0l1 1 1 1 1 1 1 1 1 1 1

Thus we can obtain the consequence Bf in Cons of (1)
using (11} and the consequence Aj in Cons of (2) using
(13) as follows when A' in Ant 2 of (1) is A, very A,
mere or less A or not A, and B' in Ant 2 of (2) is nct
B, not very B, not more or less B or B, where it is—
assumed that

very A = 1/0 + 0,64/1 + 0.36/2 + 0.04/3
more or less A = 1/0 + .89/1 + .77/2 + .45/3
not A = .2/1 + .4/2 + .8/3 + 1/(4 + 5 + ..
not very A = 7AZ = ,36/1 + .64/2 + .96/3
+ 1/(4+5+ .., +10)
not more or less A = 7A0.5 = [11/1 + ,23/2
+ ,55/3 + 1/(4 + 5+ ... +10)
very B-= ,04/2 + .36/3 + .64/4 + 1/5 + .64/6
+ ,36/7 + .04/8
more or less B = ,45/2 + ,77/3 + ,89/4 + 1/5
+ ,89/6 + ,77/7 + .45/8
not B =1/(0 + 1) + .8/2 + .4/3 + .2/4 + 0/5
4 .2/6 + L4/T + .8/8 + 1/(9 + 10)
not very B = 1/(0 + 1) + .96/2 + .64/3 + .36/4
+ 0/5 + .36/6 + .64/7 + .96/8
+ 1/09 + 10)

not more or less B = 1/(0 + 1) + ,55/2 + ,23/3

.+ 10)

(18)
(19)
(20)

(21)
(22)
(23)
(24)
(25)

(26)

@7
(28)



As for the generalized modus tolle. in

dtained from (13) as follows,
(v) Rm ¢ not B

= ,4/(0+1+2) +
# not A.

{2}, Ag is

J8/3 + 1/(4+45+,..+10)

-

are satisfied in case of arithmetic method R,.

[IITI] The Case of Mini Method R _of (6):
Let A and B be fuzzy sets in [16? and (17}, respectxvely,
then R of (6) becomes

(vi) Ry o not very B . o
L6/(0+1+2) + .8/3 + 1/(4+5+...+10) R,~AxEB
£ not very A,
(vii) Ry o not more or less B 1 2z 3 4 5 6 7 8 910
= L 237(0F1) + .4/2 + .8/3 + 1/(4+5+,..+10) o[-0 0 .2 .6 .8 1 .8 .6 .2 0 0]
# not more or less A. 1 o 0o .2 .6 .8 ,8 .8 .6 .2 ¢ 0
(viii) Rp o B 2 0 0 .2 .6 .6 .6 .6 .6 ,2 0 O
= 1/0 + .8/1 + .6/2 + .8/3 + 1/(4+5+...+10) 3 o o .2 ,2 .2 .2 ,2 .2 .2 ¢ O
# umknown, A. . 4 o 0 0 0o o o o 0 0 0 O
Hence it is found from this example that Relations = 5 o o 0 0 0 0 0 0 0 0 0
except Relation IV-1 are not satisfied in the case of 6 6 o ¢ o0 o 0 0 ¢ 0 0 0
maximin method Rp. 7 o 0 0 0 0 0 0 0 0 0 0
8 0 9 c o o .0 0 O 0 0 0
[TI] The Case of Arithmetic Method R_ of (5}: 3 6 ¢ 0 0 0o 0 ¢ 0 0 0 0
In the same way as shown in maximin method Ry of [I], we lop o ¢ 0o 0 0 0 0 0 0 0 0]
shall indicate that the Relations except Relations IV-1 h btain the following: '
and VIII-1 do not hold in the case of arithmetic method e?i?eAcgnRo ain the rollowing:
Ry of (5) by the use of the same example of (15)-{17). c
Let A and B be the fuzzy sets given in (16) and (17), f é2/2 +.6/3 4 .B/4 + 1/5 + .3/6 + .8/7 + .2/§
respectively, then the fuzzy conditional proposition trans- (ii)';er‘ Ao R
lates into the fuzzy relation such as :HT§72 . .8/3 s B/4 + 1/5 + .8/6 + .6/7 + .2/8
_ = B,
= UAxV) & (UxB) (iii) more or less A o Re
o 1 2 3 4 5 6 7 8 9 10 - éz Z+ .6/3 + .B/4 + 1/5 + ,8/6 + .6/7 + .2/8
cfo o .2 .6 .8. 1 .8 .6 .2 0 0) (vi) not A o Rg
11.2 .2 .4 .8 1 1 T .8 .4 .2 .2 = L2724 A/ (344, L 4T) ¢+ L2/8
2(.4 .4 .6 1 1 1 1 1 .6 .4 .4 # unknown, not B.
3{.8 .4 1 1 1 1 1 1 1 .8 .8 W Rc'onots_
4/1 1 1 1 1 1 1 1 1 1 1 = . 4/(0+1+2) + .2/3
= 5 1 1 1 1 1 1 1 1 1 1 1. # not A.
6 1 1 1 1 1 1 1 1 1 1 1 {vi) Rg o not very B
71 1 1 1t 1 1 1 1T 1 1 1 =,6/(0+1+2) + .2/3
811 1 1 1 1 i 1 1 1 1 1 # not_very A.
1 1 1 1 1 1 1 1 1 1 1 (vii) Rg = not more or less B
1011 1 1 1 1 1 1 1 1 1 1 = ,23/(0+1+2) + .2/3
. : # not more or less A.
Hence the consequence B} will be obtained as follows {viii} R; o B
using (12). = 1/0 + .8/1 + .6/2 + .2/3
(i) Ao R, = A _
= L, 4/{0+1) + .6/2 + .B/(3+4) + 1/5 + .8/(6+47) This shows that Relations I, II-2, I1I-2 and VIII-2 are
+ .6/8 + .4/(9+10) satisfied in the case of min methed Re.
£ B.
(ii) very A o Ra ) [IV] The Case of Ry of (73:
= ,36/{0+1) + .4/2 + .64/3 + .84 + 1/5 + .8/6 When A and B are fuzzy sets as in (16) and (17), Rg is
4+ .64/7 + .4/8 + _36/(9+10) : derived from (7} as follows
# very B, B,
(iii) more or 1e55 Ao Ry R sAxV—>UxB
= AST(0FT) + .6/2°+ .8/3 + .89/4 + 1/5 + ,89/6 8 s
+ .8/7 + .6/8 + .45/(9+10)
# more or less B, B, 61 2 3 4 5 6 . 7 8 910
(iv) not A o Ra ofo o o 0 0 1 0 0 0 0 0)
= 1/0 + 1/1 + ... + 1/10 1o o o 0 1 1 1 0 0 0 O
= unknown. 2l¢ o o 1 1 1 1t 1 4 O ¢
1 3|0 0O 1 1 1 1 1 1 1 0 0
In the case of A} of (14), we have 11 1111 11011 11
(v) Ry o not B = 5 1 1 1 1 1 1 1 1 1 1 1
= .4/70+1) + .6/2 + .8/3 + 1/(4+5+...+10) 6 1 1 1 1 1 1 1 1 1 1 1
£ not A. 7{1 1 1 1 1 1 1 1 1 1 1
(vi) R; o not very B 8{1 1 1 1 1 1 1 1 1 1 1
= .6/0 + ,647(1+2) + .96/3 + 1/(445+...+10}) 9 1 1 1 1 1 1 1 1 1 1 1
# not very A, ’ i0{1 1 1 1 1 1 1 1 1 1 1]
{vii) R; o not more or less B
= ,23/0 + .4/1 + .55/2 + .8/3 + 1/(4+5+.,,+10) Then we have
# not more or less A. :
(viii) R; o B (i) A o Rg ; /7 278
=1/0+1/1+-..+1/10 =.2/2+-/3+.8/4+1/5+.8/64',/ +./
= unknown, can B.
—_— (ii) very Ao Rg ) ‘
Thus, this example shows that RelationsIV-1 and VIII-1 = 0472 + ,36/3 + ,64/4 + 1/5 + .64/6 + .36/7 + .04/8

3

very B.



(iii) more or less A o R (iv) not Ao g

ool S R
= 4572 + 77/3 + .89/4 + 1/5 + ,89/6 + .77/7 + ,45/8 = 1/0 + 1/1 + ... + 1/10
= more or less B. : = unknown,
(iv) not A o Rg (v) Rg o noet B
=170 + 1/1 + ... + 1710 = 4/(0+142) + .8/3 + 1/(4+5+,..410)
= ynknown . ) # not A.
(vl Rg o not B (vi) Rg o not very B
= ,2/T + .4/2 + .8/3 + 1/(4+5+.,.+10) = 6/ (0+1) + .64/2 + .96/3 + 1/(4+45+...+10)
= not A. : # not very A.
(vi) Rg o not very B (vii) Rg o not more or less B
= ,36/1 + .64/2 + .96/3 + 1/(4+5+,,.+10) = ,23/(0+1+42) + .55/3 + 1/(4+5+...+10)
= not very A, # not more or less A.
(vii) R, o not more or less B (viii) Rg o B
= ,11/1 + .23/2 + .55/3 + 1/(4+5+,,.+10) =1/0 + 1/1 « .., + 1/10
= not more or less A. = unknovn. -
(viii) Rg o B )
=1/0 + 1/t + .., + 1/10 Thus it is found that Rg satisfies Relations I, II-2,-IIi
= unknown. -1, IV-1 and VIII-1.

Thus, this example shows that the method Rg satisfies + [VI] The Case of Rsg of (9):
Relations I, II-1, III-1, IV-1, V, VI, VII and VIII-1 in

Tables I and II. ng=(AxV—S—>UxB)n(7AxVT>Ux7B)
[V] The Case of Rg of (8): c 1 2 .3 4 S 6 7 8 910
R, is obtained from (8), with A and B being the same as ofo o 0o o o t o 0 o o 0]
(f6) and (17). 10 o 0 0o 1 0 1 0 0 0 o0
2j]0 o 0 1 ,2 0 .2 1 0 0 o0
Rg'= AxV —E—& UxB k] 0 o 1 .4 .2 0 .2 .4 1 0 (o]
441 1 .8 .4 .2 0o .2 .4 .8 1 1
o 1 2 3 4 S 6 7 8 9 10 = 5[1.1 .8 .4 .2 0.2 .4 .8 1 1].
r : 6|1 1 .8 .4 ,2 0 .2 .4 .8 1 1
ofo 0 .2 .6 .8 1 ,8 6 ,2 0 0] 7{1 1 .8 .4 .2 0 .2 .4 .8 1 1
1 ¢ 0 .2 .6 1 1 1 .6 .2 0 0 8 1 1 .8 .4 .2 0 .2 .4 .8 1 1
210 o .2 1 1 1 1 1 .2 o o0 9 1 1 .8 .4 ,2 0 .2 .4 .8 1 1
3170 O 1 1 1 b 1 1 1 ¢ 0 10 | 1 1 .8 .4 .2 o .2 .4 .8 1 1,
4 1 1 1 1 1 1 1 1 1 1 1
= 5|1 1 1 1 1 1 1 1 1 1 1]. (i) A o Rsg =
6f1 1 1 1 1 1 1 1 1 1 1 {ii) very A o Rsg = very B.
71 +¥ ¥ 1 1 1 1 1 1 1 1 (111) more or less A = more or less B.
g1 1 1 1 1 1 1t 1 1 1 1 (iv) not A o Rsg = not B. .
9 1 1 1 1 1 1 1 1 1 1 1 (v) Rsg 0 not B = not A,
ic{1 1 1 1 1 1 1 1 1 1 1; (vi) Rsg o not very B = not very A.
(vii) Rsg o not more cor less B = not more or less A.
Then (viii) Rsg o B
i ’ = 1/0 + .8/1 + .6/2 + .4/(3+4+_._+10)
(i) A # A, unknown
= .2/8 + [6/3 + .8/4 + 1/5 + .8/6 + .6/7 + .2/8 » unknown. _
(ii) : f} A ' Thus we find that Relations except Relation VIII are
TR §/3 + .8/4 + 1/5 + .8/6 + .6/7 + .2/8 satisfied by the method Rsg.
= B.

(iii) more or less A o Rg [VI{] The Case of Rgg of (10):
= 4572 77/3 + .89/4 + 1/5 + (B9/6 + [I7/7 + ,45/8

Rgg = (AxV—>UxB)n (JAxV —E—b U x 7B)

moTre OT less B. g
+ It is assumed in the method Rg that fuzzy sets A and , 6 1 2 3 4 5 6 7.8 9 10*
B in (3) satisfy the conditions in the discussion of Rela- |0 ¢ .2 ,6 .8 1 .8 .6 .2 0 0
tions I-IV: 110 o0 .2 .6 1 0 1 .6 .2 0 0
o .2 . .2 W2 1 .2 0 0
)y fuetda fuo]vev, A R S - T S - 0
(i1) du e U uA(u) =0;3u" €U UA(U') =1, g i i .2 .: .g g .g .2 .g i i
(1) dveV w) = 03vi eV plv) = 1. 611 1 .8 .4 .2 0 .2 .4 .8 1 1
But in the discussion of Relations V-VIII, we use the 7{1 1 .8 .4 .2 0 ,2 .4 .8 1 1
condition (i') instead of (i)}. 8 1 1 .8 .4 .2 o .2 .4 .8 1 1
. . 911 1 .8 .4 .2 0 .2 .4 .8 1 1
1) e lueevtcbpmivev, 0Ll 1 .8 .4 .2 0 .2 4 .8 1 1
The same holds for the methods Rg and R,y discussed .
later. Thus, if we introduce the fol%ow1ng condition (1') (i) A o Rgg =
satisfying both (i) and (i'), the R; can satisfy all the (ii) very A o Rgg =
Relations I, II-1, III-1, IV-1, V, VI, VII and VIII-1 (iii) more or less A o Rgg = more or less B.
at the same time, The fuzzy sets A and B in (16} and (17) (iv) not A o Rgg = not B.
are shown to satisfy the conditions (i), (ii) and (iii). =~ (v) Rgg o not B
Thus, it follows that we have discussed the methods Rp, = L4/(0+1+2) + .8/3 + 1/(4+45+...+10)
Ry and R, by Zadeh and Mamdani under the same coditicns. # not A,

1y, ) Juet = (u &) |vev).



Table II1 Satisfacti of Each Relation in Tables I and 1T \der Each Method

Ant 2 Cons Rm Ra Rc R5 Rg ng -
(ﬁiéi:lgznins) K B X X 0 0 0 0 0
Relation II-1 very A . very B X X X 0 X 0 X
Relation II-2 | very A s X X 0o X o X o
Relation I1I-1 | more or less A more or less B X X X 0 0 0 0
Relation III-2 | more or less A B . X X 0 X X X. X
Relaticon IV-1 not A unknown 0 0 X ¢} o X X
Relation IV-2 | not A not B “tx x x x x o o
(Esészi:glgens) not B not A X X X 0 X o] X
Relation VI not vexy B not very A X X X 0 X 0 X
Relation VII not more or less B | not more or less A X X X 0 X 0 X
Relation VIII-1| B unknown X o X o o X X
Relation VIII-2 | B . A X X 0 X X X X
(vi) Rgg o not very B - For example, let fuzzy sets A, B and C be-given as

= .6/ (0+1] + .64/2 + .96/3 + 1/(4+5+...+10)

A= 171 + ,8/2 + .6/3 + .4/4 + .2/5, (30)
# not very A.
(vii) RgZ o not more or less B g = '2/3 + ‘3/5 + iB£6 + é/;’ 276 (31)
= .23/(0+1+2) + 5573 + 1/(445+...+10) = .4/2 + .8/3 + 1/4 + .8/5 + .2/6, . (32
# not_more or less A, - ‘ with U=V =W=1+24+34+ ... +6+ 7. Then we have
(viiij Rgg o B .
=170 + L8/1 + .6/2 + 4/ (3+a+...+10) Rp(hs B) o R, (B, ©)
- # A, unknown, 1234567 1234567
s s ; . 1fo 0 0.2 .4.8 1 if1 111111
R R I1-2, III- Iv-2. '
Thus, Rgg satisfies Relations I,‘I » 1 and IV-2 2l2.2.2.2.4.8.8 2l1 111111
The satisfaction (0) or failure (X) of each Relation = 31.4 'g -4 'g“g 'g 'g o z ; ; ; 1 é é ;
in Tables I and IT under each method is summarized in 41.6 .6 .6 .6 .6 .6 . -8 .8 .8 .8 .8 .8
Table LII. /.8 .8 .8 .8 .8 .8 .8 51.6 .6 .6 .6 .6 .6 .6
/1 1 1 1 111 6/.2 .4 .8 .8 .8 .2 .2
70011111 1) 7{0o.4.81.8.20
3. PROPERTIES OF EACH METHCD "l 2 3 4 5 6 71 1 2 3 4 5 6 7
In this section we shall discuss some interesting proper- 1 'Z ': 'g é ‘g ‘j 'i ; g ‘: 'g é g '3 g
ties (syllogism and contrapositive) under each methed i "4 '4 .6 '6 .6 ‘4 '4 3 '4 ‘4 .6 .6 P '4 '4
for fuzzy conditional inference. =4l6 6.6 .6.6.6.6/"4/.6.6.6.6.6.6.6
A tad : : 5{.8 .8 .8 .8 .8 .8 .8 5/.8 .8 .8 .8 .8 .8 .8
Let fuzzy conditional p109051t1?ns be given as sll1 11111 sl'1 11111
Py i If xis A theny is B, 7¢1 1111311 701111111
: i is C
P2 If y is B then z is C, (29) (= R_(A, ©)).
P3 : If x is A then z 1is C, n
where A, B and C are fuzzy sets in U, V and W, respecti- Thus, Rm(A’ Cy ¢ Rm(A’ B) o Rm(B' ).
vely. [I1] The Case of Arithmetic Method R_:

: a
[I] The Case of Maximin Method Rp: Using the same fuzzy scts A, B and C in (30)-(32), we have

Let R (A, B} o R (B, C)
Ry (A, B) = (A x B) v (7A x V), *fo 0 0.2.4.8 (111111
Rm(B,C)=(BxC)u(7BxW), 2.2.2.4.6 1.1 P 111111
Ry(A, ©) = (A x O v TAXH), N R ST I PR R RO -
be fuzzy relations which are translated, respectively, 'f '? ‘g i i i i 'g é } i i 'i 'g
from the propositions Py, Py and Pz using (4). .Then the 1111111 ‘0 :4 8 1.8 :2 'O

syllogism does net hold. Namely,
R (A, €) # Rm(A, B} o Rm(B, ).



4.6 .8 1.8 .4 .4‘ 0 .4.8 ..8.2 0
6.6 1 1 1.6.6 2.6 1 1 1.4.2
6.8 1 1 L .8 .6 4.8 1 1 1.6.4
=81 11 1.8,8/#4/.61 1 1 1.8.6
4 1 1 1 1 1.8 841111 1.8
1111111 l 1111111
1111111 1111111
(= Ra(a, Q).
[I11] The Case of Min Methed Re:
Rc(A, B) o Re(B, C)
@ 0 0.2 .4 .8 1} 0000 00 O
0 0 0.2 .4 .8.8 000 0 D000
0D 0 0.2 .4.6.6 0 0 0 0 00O
= lo o 0.2.4.,4.40j0.2.2.2.2.20
0 0 0.2 .2.2.2 0.4 .4.4.4.2 0
0o 00D OO OO b .4 .8 .8.8.2 0
0 000000 0.4.8 1.8.2 0
0 .4 .8 1.8 .2 0]
0.4.8.8.8.20
0.4 .6 ,6 .6 .2 0
= |0 .4 .4 .4 .4 .2 0| =Rec(A, C),
0.2.2.2.,2.20
000 0 0 0 ¢
o 0 0 0 0 0 O
[IV] The Case of Rs:t
Rs (A, B) o Rs(B, C)
6 0 0 0 0 0 1) 1111111
o 0o ¢ 0 0 11 1111111
0 00 0 0 1 1 1111111
= o g 00 11 1lo4p 1 1 1 1 10
o 000 1 1 11 0111108
1111111 0o 01 1100
11111 1 1 0 00 1 0 00
fo 0 01 0 0 O
0011100
0 011100
= lop 1 1 1 1 0 0f =Rs(A, Q).
p 1 11110
1 111 111
{1 11 1 1 1 1
[Vl The Case of Rg:
Rg(A, B) o Rg(B, C)
6 0 0.2 .4 .8 1) i 111111
00 0.2.4 11 1111111
0 0 0.2.4 11 1111111
= dp 0 p.2 11 1lofo 1 1 1110
0 0 0 1 1 1 1 0 1 11 1.2 0
1111111 c.4 1 1 1.2 0
1 11 11 1 1 0.4.8 1.8.2 @
(0.4 .8 1.8.2 0
0.4 111.20
0.4 1 1 1.2 0
= lg 11 1 1.2 0| =Rg(a, Q).
D 11 11 10
1 111111
1111111

+ It is assumed in the case of Rs, Rg, Rsg and Rgg that
fuzzy sets A, B and C in (29) satisfy the following con-
ditions:

{uA(u) Jueu} 2 {uB[v) vev) a {uc(w) | yEW}.
uey uA(uJ = 0; u'el uA(u‘) = 1.
veVu (v} = 0; vieV upv') = 1.
weW u.(w) = 0; WEW (') = 1

Note that fuzzy

sets in {30)-(32) satisfy these conditions.

‘©
Table IV Satisfaction of Syllogism and Contrapositive

Rm Ra. Rc Rs Rg Rsg Rpg
Syllogism X X 0 8] 0 0 Q

Contrapositive | X 0 X 0 X X X

[VI] The Case of Rsg:

Rsg(A, B) o Rsg(B, C)

0 o o 0 0 0 1) f1.6.2.0.2.8 1
6 000 0 1 O 1.6.2 0.2.8 1
0000 0.2 0 1.6.2 0.2.8 1

=0 c 00 1.2 0jof0.6.2 0.2 10
0 0 0 1.6.2 0 0 1.2 0.2 0 0
11 1.8.6.2 0 0010 10 0
1 1 1.8.6.2 0 00 0 1 0 0 0f,
00010 0 0
001 0100
0 0.2 0.2 0 0

=|p 1.2 0.2 0 0| =Rsg{A, ©).
0.6.2 0.2 10
1.6.2 0.2.8 1
1 .6.2 0.2.8 1

[VII] The Case of Reg:
Rgg(A, B) o Rgg(B, C)
‘fo 0 0.2.4.8 1) (1.6.2 0.2.8 1

0 6 0.2.4 10 1.6.2 0.2.8 1
0 0 0.2.4.20 1.6.2 0.2.8 1

=|loc 0 0.2 1.2 0lolo.6.2 0.2 10
000 1.6.2 0 0 1.2 0.2.2 0
1 1 1.8.6.2 0 0.4 1 0-1.2 0
(1 1 1.8.6.2 O 0.4.8 1.8.20
0 .4 .8 1.8 .2 0
0.4 1 0 1.2 0
0.4.2 0.2.2 0

=0 1.2 0.2.2 0| =Rgg(A, €).
0.6.2 0.2 10
1.6.2 06.2.8 1
Ll .6 .2 0.2 .8 1

The satisfaction of syllogism under each method is
listed in Table IV,

Finally, we shall investigate the contrapositive of
fuzzy conditional proposition under each method.

For a fuzzy conditional proposition Pi:

Py: If x is A then y is B
and its contrapositive proposition Pjp:
Pyt If y is pet B then x is not A

we have the following equalities in which Ra(A, B) and
Ra(78B, 7A) are obtaired from Py and Py, respectively,
using (4), and Ra(A, B) denotes the converse of Ra(A, B).

Ry (7B, 7A) = Ry(A, B,
R (7B, 74) = R (A, B).

The other methods can not satisfy the contrapesitive,
which is shown in Table IV.
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