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Duality of Fuzzy Composite Operators

Norio Mivacl, Rumiko Azuma and Hayao Mivacl

Abstract : There exist a number of operations in fuzzy relation equation or fuzzy reasoning, depending on the composite law of
fuzzy relation. Two of them, which are representative operators, are Max-min composite operation and Min-max composite
operation. The operation that is generally used well is the Max-min composite operation, but there is little literature that
explains the reason. Similarly, there is almost no research that shows the reason why Min-max composite operation is not
widely used in reasoning. In this paper, the mutual relation between both operators and their nature are studied, after which it
will be easier to judge the kind of problems each operation is suited to and to define a good operator according to a given
problem. Through this study, it can be concluded that Max-min and Min-max composite operators are dual. First, research is
done on the circuits through which Max-min and Min-max operators can be illustrated. Then both operators are proposed in
terms of mathematical nature, and it can be proved that they are completely dual. In addition to the above, the relations
between these operators and others are studied. It is also shown that the solution of fuzzy relation equation with some

composite operator can be derived from the solution for the dual composite operator.
Keywords : Max-min composite operation, Min-max composite operation, Duality, Fuzzy relation equation, Fuzzy reasoning
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INLERBEVATF ANOFELEANELT, @8R
DvEEOERIRATEE

rp v b

b(for r=<b)
={[0,5] (for r=i=b)

L[05] (for ru<B)
’ [OQE] (jbr ;j#k=5) (53)
[0,1] (for 7w>B)

i Bo (S3RMBTIIBIZY A7 L0 AT
HLF 2, COBBTE 4=N0 ) DRzt 5T
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77 Y1 ERBREF OB

300, CRICHBEARGHEIBETICLILL>T g
MKRED, CHhEMBYT 272012, HROGELIH
WEEHETIL

il

b(for r=>b) (6,11 (for res>b)
={[b,1) (for r==b) ,[b1]{for rw=b) (54)
¢ (for rm<b)

Ehh, GDROu FHEFLERYBOAL, Th
& h Max-max 87 7V 1 HRROBELHE-T
Min-min 87 7 V1 MR ROBELEH THI&HT
232 Edbasb,

5. BfEH

DFICMLBEM % #E->T, FREORMEL BD
BRI OWTHBAET 5,

5.1 Max-minII& Min-max BIEOFKRICH
3 e
Min-max 87 7 V1 MBERABRDL I 25260
7= & —3- % o
[0.8 0.5 0.3 a] [04]

0.6 02 0.7|Aa|=]03 (55)
103 0.7 1.0] |as] |0.6]

oL FQARMHELRAVTRERD S LRz

2] [0.8 0.6 03] [04] [06
a|=/05 02 0.7|@|03|=|03 (56)
as) |03 07 1.0] [06] (04

L h,

&Iz, (56 MDY Max-min F7 7 ¥ 1 BERX DR
ErRVCREET %,

GHRD7 7 1 HBhb, 77V 1 BHE ROERICH
MEFEHLHL, chrsERoERCRATIE

a| |08 06 03| (04
@|=|05 02 0.7|®|03 (57)
a| |03 07 10| |06

Lk, COBE, Ba OFRSHEMIIT

@ [(08 s 04)NW@6 s 03)N(03 s 06)
2|=|(05 s 04)N02 s 03)N(O7T s 0.6)
as] |03 s 04)N0T s 03)N(10 s 0_)_

(02 s 06)N(04 s 07)N(07 s 04)]
=05 s 06)N(08 s 07)N(03 s 04)
(07 s 06)N(03 s 07)N(0.0 s 04)

fo, 11 N[0, 11 N o4
=|fo, 11 Nn 07 n {o, 1]
L 06 N [o, 11 N [o, 1]

(0.4
=0.7 (58)
0.6

Ehd, CITHRa 2RDBDIZGHRD a DD
ICHERARSHEE*T ). THEMRald

a) 0.6
a|=]03 (59)
a 04

L, (S6)RD Minmax 887 7Y 1 ER OB L
BUERELR S,

5.2 Max-max BE & Min-min BEOBEKICH T
¥ ¥ b
Min-min &K 7 7 ¥ 1 BBER KD LI 252160
k¥ s,

0.8 05 0.3 a] [03
06 02 0.7(V|a:|=|0.2 (60)
0.1 0.7 1.0 as| |0.1

DL E, Minmin 87 vV 1 HHFEROBMET D
2QEeREE LAV TEOR LB &

a] [0.8 06 0.1 0.3
a|=|05 0.2 0.7|@|0.2
a3l 103 0.7 1.0 0.1

[03, 1]
=|[03, 1] (61)
[0.3, 1]

Lhib,
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BE-IRKEHRGEE $16% (2004)

OG6HFED Minmin K7 7 ¥ 1 BHEX DB % Max-max
BER77I1BABRROBRETHIOEHTE LM T
KB, ¥, GORD7TV 1 MFE RE7 TS 11
Db OBFIHBESHAERL, ChivilBOER
AL

| [08 06 01| [03
a;|=|05 02 07|®|02 (62)
a;| |03 07 10| (01

2185, CHEEHTEE

a| [0 v 03)N(W@06 v 02)NO1 v 0.1)
a|=[(05 v 03)NO2 v 02)N(D7 v 0.1)
a;| (03 v 03)N(0T v 02)N(T0 v 0.1)f

[(02 v 07)NO4 v 08)N(09 v 09)
=(05 v 07)N(08 v 08)N{03 v 09)
(07 v 07)N(03 v 08)N(00 v 09)

[0, 071 n [0, 081 N [0, 0.9]
=|[o, 0.7 N [0, 0.8] N [0, 09)
[0, 0.7] N [o, 0.8] N [0, 0.9]

To, 0.7]
=|[0, 0.7] (63)
[0, 0.7]

LB, B EN 7 (EHROHRIH UMBSIHA 2

f1o¢

[0, 07| |lo.3, 1]
[0, 0.7]|=|0.3, 1] (64)
[0, 0.7]] |l03, 1]

Enh, GDROQEREE WMo HEREBMLIZ S
B,

6. HehE

BRXTIR, 77 V103 HTHEDLRS, Max-min
& RIEE L Min-max SR EE OMFEICOVWTERL
2o TOEKER, Max-min KK HIEEIES MR T,
Minmax SR EHFIEB TRBRAT L LHNTE,
CHGIEEWIIRN MR CHL N bhol, £
72, Max-min A RIHE & Min-max & BRI BEGER
B, A\HOBESHLE»S bRMOMFETCHEIL &
~L7

E612, "BV LEFRTHEEE, 2005 b
—FEBLIENTERE, BHFORIIEEICES N
5" LWIHIRMBRERNRATA LT, bLHEHORE
v, MOMBOREHRMTE I LETEIIC L,
2O, Max-min GRE7 7 ¥ 1 BFER L Min-max &
775 1 REFEROMICIIZL L BtEd Abh, BiE
VAFLOARNEHDIHRGHENEEITIELETHY
DRFHH T I LMNTCELILERLE. —F,
Max-min S RiH3 & Min-min §RiEE, Min-max 85K
L Max-max SRR L b 85 8% Rtk
chy, BEVATFLAILIBWITHBRBROADLED %
BETAIILTCRFOBERDL LN TES, Ch
ik, HBB2—0DERT7 7 VAHRBEROBEERV
TEHEERIZEID 77V MHEREB JENHATRELE
%Y, BERCKH THRRAR OBELENICHBET S
LI EMELELILNTES,
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