28

Fuzzy Riemann Integrélls Based
on the Lower Cut Set .

Chen Tuyun®* Yu Bin* Yuan Xuehai*

% Department of Mathematics,Liaoning Normal University,Dalian 116029, P. R. China
#  Department of Basement,Dalian Navy Academy, Dalian 116018, P. R. China

ABSTRACT

In this paper,we build two new kind of fuzzy Riemann integrals based on lower cut set; (1)
fuzzy Riemann integral of classical function; (2) fuzzy Riemann integral of fuzzy value
function based on concave fuzzy numbers.
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1. Preliminary
Let X be a set and 2 (X) be power set of X and # (X) be a set of fuzzy subsets of X over
(0,13. For A€ # (X) and A€ (0,13,
Al={xeX|AIA) At={xEX|AGO<A}
are called as A—lower cut set and A—strong lower cut set of fuzzy set A respectively.
Let C be a subset of X,we define AC as a fuzzy subset of X and
Aif x€C
A0 (x) ={ )
1,if x&C

then,we have;

Decompeosition theorem (1) A= ) ]AA",i. e.» A(x)=inf{A]A€ (0,1],xE A*};(2)

A€ (0,1
A=Aeg DAA* vi. €. »A(X)=inf{A|AE (0,1]),xE Al}.
Let H: (0,112 (X),A—=H(X) be a mapping satisfying : A<p=>HQ) H(n). We
called H as a order set embedding over X. # (X) is denoted as a set of all order embedding
over X.

In % (X),we define operations U, () ,c as following,

('EJPH.) @) ='g_H.(k)
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(QHIW=YH M
(H) (V)= (HA—=N))*

then,we have;

Representation theorem Let T; # (X)—# (X),H=T({D=_ () AH®),i.e. ,T(H)
A€ (0,13 . c

(x) =inf{A|AE €0,1),xEH(A) } ,then T is a homomorphism from (# (X),U,N,c) to
= (X),U,N,e) and (1) TEDSHQSTH?,V AE (0,134 (DT = (| H(w),

TH)*=UH(a)
[T

Let f;X—Y be a function,then we have;

Extension principle Let {;:# (X)—# (Y) A*f(A)AlEQ l)M(A‘)

then f(A)(yD)= A A(.
f(x)emy

2. Fuzzy Riemann integral of classical function

Lemma 1 Let A€ # (X),Be ¥ (Y),we define.A@BA‘EQ l])\(A"XB‘).then (A®B)

x,y)=A)V 1}()’)
Lemma 2 Let f; XX Y-+Z be a function,we define,
f:7 (XOXZY)—>5(2)
(A,B)—>f(A,B)Af(AQB)

then f(A,B)(Z2) =“x'/5_.(A(x) VB(y))

Let R be real number field and f;R — R be a Riemann integrable function,then

b
J f(x)dx can be seen as a function,

I;R XR—R

(a,b) — I(a,b) 4 I:f(x)dx

By the use of extension principle and lemma 2,we have,
L#(® X # (R) > (R)

inf(x)\dx

B
A~ 1A,B a [ i 0

B*
where JA‘f(x)dx 2 {z|3 (a,b) € A* X B,z = jbf(x)dx}

then we have,

Theorem 1 (sz(x)dx)(z) = A (A VB(®m)

' I:l(x)dx-:



30

Definition 1 Formula ( I) is called fuzzy Riemann integral of function f over (A,B).

3. Contave fuzzy numbers and fuzzy Rlemann integral of contave fuzzy number.
Definition 2 Let A€ # (R),if for any A € (0,1),we have,
(1)A* = (al,a})(where a*,a € R and s> << a}.)
DA # &
then Ais called as a contave fuzzy number, Ris denoted as a set of all contave fuzzy numbers.
Theorem 2 A be a contave fuzzy number if and only if
0 x€ (mn)#gS
A (x) =<L&x) x<<m

R(x) x>n
where L (x) is a decreasing and left continuous function,0 <{ L(x) < 1 and 15_12 L(x) = 1,
R(x) is a increasing and right continuous function,0 << R(x) < 1 and 33'2 R(x) =1,
We denote A as A= (tmu,n,),LA,RL)
Let R= {(a,b]|a,b € R,a << b}, then we have,
Theorem 3 Let H;(0,1] = RA—HQ) = (m*,n*) (3 &) be a order set embedding
over (0,1],then

(1DA= N AHQ®) € R

A€ (o, 1)
@A =AHA &=+
(3)A= (Cmaynal,LA,R0)

where m, = lim m, D= limn,_ =1 %‘-)
Latxd)= A {(m<x}, Rix)= A {A|n,>x}
A€ (0,1) A€ 00,1 5=
Theorem 4 Let f;R" — R be a continuous function, Ay € R,then f(A,,A, ++ A)* =
f(A\onzly"' ’Anx)
Corollary Let A,B€ R,then for any A € (0,1),
A+B'=A"+B (A-B}=A'".HB

(A+B*=A*+B  (kA)*=kA* (k €R)

Definition 3 (1)Function f , Ca,b) = Ris called as a fuzzy value function over (a,b).

2OP&) 4 Cf (x)J* is called Qs A — lower cut function of ‘f
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Definition 4 Let ?,Ca,b] — R be a fuzzy value function and f*(x) = [fX (x),f4 (x)]

is integrable over Ca,b] (i.e. ,f*(x),f} (x) is a Riemann i‘ntegrable function). Integral of 1

over (a,b) is denoted as

b b b b
I.f wdxa ) N Paodx =xeg'uktf.f§(x)dx, I.fi (x)dx3
Theorem 5 If ? is a Riemann integrable over (a,b]),then I h‘? (x)dx € R and

[Tt =[P o =a+Ln
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