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A Study of the Generalized Triangular Norm Based on Weak Logic in
Compound Fuzzy Proposition

LI Ai-Ping WU Quan-Yuan

(School o f Computer Science, National University of Defense Technology . Changsha 410073)

Abstract  During the development of fuzzy expert system and fuzzy control systems, we should
deal with the aggregation atomic propositions in compound fuzzy propositions. Besides the com-
mon relationship of the atomic proposition, which is conjunction, disjunction and weighted aver-
age operator, there is an important weak logic operator. Firstly, the authors amend the definition
of f norms in the paper appeared by An Shi-Hu; point out the weak logic operator is a generalized
triangular norm, give the definition of weak logic generalized triangular norm operator and strict
weak logic generalized triangular norm operator, including both numerical value and interval of
numerical values, multi-dimension form operator are also discussed. The weights associated with
the atomic proposition are also considered in the forms. Then a proof of continuous generalized
triangular norm operator that associated with weak logic does not exist is provided. Secondly, the
detail form generalized triangular norm operator based on weak logic is given, four types of gen-
eralized triangular norm operator based on weak logic are brought forward. Characteristics of the
operators are discussed. Thirdly, two measures associated with the operators are defined, one is
marginal measure and the other is sensitive measure. Based on the measure, the relationships of
those operators and classical operators are evaluated and compared. The result shows that the op-
erators offer a new method to aggregation of fuzzy atomic propositions (multi-fuzzy inputs in fuzz-

y control systems) in fuzzy environments.
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T, (zyse s, 1T, (Y)).
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AIE L 4 FE 6.7 0, T LUAR Jy {6 b ik —
AT E L6 M 7 5 a2 4 U = A AR T
e W DG R T TE LA S IE B e 2 L 2%
M5 Al DLk — 20 SPEH B R,

EE 3. MFEWTIRR M BG X VX= (2,
) €EL0,1], T . [0,1]"—>[0,1],

Tr(X)=

X=r;(X)
(lfrnl_ax(a‘,»)) ,

X

max(x;)+A ¢

(VD a, €[0,0.5]H X#r,(X)

He

77 . mln(r,) s

min(x;) »
i

Horp 2, pe (0,1} i€ {1, m).
& m YER) 55 A = MARBE T

IE A .
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(D T3 (0,1)=0.

(2) Ty E e a2,

H e B3 Al AR L 2 Ay a3 il 0L 1 L AT RIAR
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AL DA T g

THE 4 FEWTIERMB X VX= (2,
) €EL0,1], T, [0,1]"—>[0,1],

Tr(X)=
X=r.(X);
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X

max(z;)+A

(VDx, €[0.5,1]H X#r,(X) ,
(VD x,€[0,0.5]H XF#r (X)

HE

7] . mm(r,) ’

max(x;),
;

H, A, € (0,1}, € {1, ,m}.
& m YL 55 B R = ARE T
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(D) T8 (0,1)=1.
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ATLAAR B 4 A4S m 4R 5532 A = MR T

P E TR E B 3,4 T DUAS L R a2 AR U =



6 1]

AT VA S A BN i A T 5 B R A U = A B T T 959

FARE TR, B EIEE W R (TS, (T.6),
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SO LR T A Y 55 32 RO TR A Y
5538 R = AR T

TS FEWNTIEAXMEG X VX= (2,
) €EL0, 1], TE. [0,1]"—>[0,1],

rri]iP(zr, )=0 HH]IZIIX(I, )=1

JA,
THX) = 11 = ,
i=1

HI,-JrH(l—x,-)

Hri,A=0 8% 1.
B om YRS 552 AR = AR T

TIE B s

B AR T T4 M

(D T T RE e,

(2) TI0,1)=0 5% 1.
AR, B 3 5 Al A8 . 25 A 4333 0, 1 fE, W LAAR
2 2 4> m dER RS 552 AL = AR T

KR 3~5 A F4uA T.00,1)=0
5 T,0, D=1, 582 R (FEER 0O 5% T
(AR D Wy is B H & 58 & o FL a8 & 0 iR, B4R
ALEARZEN TR REZE. (HE, AL
FLHRE T, (0,1)=0.5 XFEHE T B 58 & h B
(FLHN O 5584k (FAEN D W is BE 2 R
SEARE CEAE N 0.5), I 44 1 53X B 19 55 32 45 40
— AT

KL, FRE (2, vmbyz,  <0.5,2, >
0.5 B AEU T A8 #e s: [0,1]"—>[0,1]",

s(xy ez, = (2],
i A2 -

D al<al i€ {1,2,ym—1};

(i) 2, >>0.5,3F H xp 1 <<0. 5.

EE 6. MFEWTIBA B X VX= (2,
) €E0, 1], T [0,1]"—>[0,1],
T, (X)=

’ ’ ’
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1—27 e [ Q=2 (Vi€ {1l ump)a,=0.5
i=1
(Vle {19"'977’1})1‘,£O. 5 .

m
2/1171 . | | T
i
i=1

pt+r—1 +1
I1—min(1—2¢,27—1)

= Hp
2’ /\b

-
Hp=2t"2 [[alsy=1—2""* ] Q—aD+1,
i=1 i=k

X = 5 (X) = (X1, sxp 1 saps " san)s 20 >0.5,
<05, R, S o =0, ¥ =1 [}, 4T (X)=0.5.
& om YEI PG 558 R = AR T

E H

BRET T, AR

(DT (xyy)=0.5,Y4 x4+ y=1 B, 555 #1,
T;(0,1)=0.5;

(DT, HyEmeabn.

T 1 H T g RAE[0.1 P X ] E
— S il R A f 38 25 SRR AT H . o, min T max
B0 A& BUNFBUR S T mean 551 2 AT 2
BF B 0] 5ol v=(0.5,0.5).

1 BETHEHLARIER
T min Tma TH
LN min max mean A= A=0, A=1 A=1, = A=0, A=1, 2A=1 1—0 A—1 T
= =1 7=0 7=1 = =1 7=0 n=1
(0,0.2) 0 0.2 0.1 0 0 0 0 0 0 0 0 0 0 0
(0,0.5) 0 0.5 0.25 0 0 0 0 0 0 0 0 0 0 0
(0,0.7) 0 0.7 0. 35 0 0 0 0 0.7 0.7 0.7 0.7 0 0 0
0,1 0 1 0.5 0 0 0 0 1 1 1 1 0 1 0.5
(0.2,0.3) .2 0.3 0. 25 0 0.2 0 0.2 0 0.2 0 0.2 0.08 0.08 0.12
(0.2,0.5) .2 0.5 0. 35 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
(0.2,0.8) 0.2 0.8 0.5 0.2 0.2 0.2 0.2 0.8 0.8 0.8 0.8 0.5 0.5 0.5
(0.3,0.9) 0.3 0.9 0.6 0.3 0.3 0.3 0.3 0.9 0.9 0.9 0.9 0.75 0.75 0. 83
0.2, 0.2 1 0.6 0.2 0.2 0.2 0.2 1 1 1 1 1 1 1
(0.5,0.7) .5 0.7 0. 65 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
(0.5, 1) .5 1 0.75 1 1 1 1 1 1 1 1 1 1 1
(0.7,0.8) 0.7 0.8 0.75 0.8 0.8 1 1 0.8 0.8 1 1 0.9 0.9 0. 88
0.7, 0.7 1 0. 85 1 1 1 1 1 1 1 1 1 1 1
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Background

This paper is based on the first author's doctor thesis
which aimed enhancing the key techniques of new generation
expert system.

Information fusion techniques and aggregation operators
are commonly applied into several fields of fuzzy information
systems. Because different fields imply different require-
ments, a large number of aggregation operators exist today.
For example, triangular norm operator, triangular conorm
operator, weighted mean operator, Ordered Weighted Avera-
Ordered Weighted Geometric

weighted operator and so on.

ging operator, operator,

For T-norm and T-conorm are emphasized particularly
on local detail information source, it may lose the global in-
formation. WM operator consider the global information, it
will lose the local source information. The OWA operator
generalized minimum and maximum and WM operators
through permutation the truth-value of information source.
But it does not solve considering the source global and local
information at the same time, because the existent operators
have not different aggregation method when the information
source are all trend to true or all trend to false. For example,
there is such situation, when the two source are trend to

true, the aggregated value is not less than either of the
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source truth value; otherwise, when the two source are trend
to false, the aggregated value is not greater than either of the
source truth value either. When one source is trend to true
and the other is trend to false, the aggregation value is be-
tween them.

When define the identy of generalized triangular norm to
0 or 1, T-norms or T-conorms can be got. It is found that
find when define the identy of generalized triangular norm to
0.5, a new kind of aggregation operators can be got, named
to harmonic triangular norm. It can aggregate the source
when they have weak logic relation, and it can solve consid-
ering both the information sources’ global property and local
property. To strengthen the monotonic in the definition, the
authors defined strict harmonic triangular norm. The proper-
ties of the aggregation operators is discussed. The authors
prove the continuous harmonic triangular norm operator does
not exist. Four type detail (strict) harmonic triangular norm
operators are given. Two measures associated with the oper-
ators are defined, one is marginal measure and the other is
sensitive measure. The result shows that the operators offer
a new method to aggregation of fuzzy information sources in

fuzzy environments.



