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Abstract

Rough sets theory and fuzzy sets theory research the unperfect problem in information systems. the com-
bination of them formed Rough fuzzy sets and Rough Fuzzy number in this paper, defines the Rough fuzzy
distance of the Rough fuzzy number. Then it discusses the nature of Rough fuzzy distance.
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1. FUNDAMENTAL CONCEPT

In this paper, R is the realnumber set, F(R)is all of the fuzzy subsets of the R.
Definition 1.1[2]  Assumea’e F(R), we calld a fuzzy number. let

(1) &is regular£that is,there existscg € R, for whicha(xg) = 1

(2)va €0, 1), a = {x|a(x) > 4} is a bounded and closed interval, noted for([y, a*(1)].
Definition 1.2 If bis a fuzzy numberdefined by the membership functi¢x). Assume_bb : R/S(=
Xq, -+ Xp) = [0,1], Let l(Xi) = infyex b(X), b(X.) = SUPy, b(X), (1,2...n), we call (hb) a Rough fuzzy
number and note it for RF number. B
Definition 1.3 fuzzyhunmer, A : R — [0, 1] Suppose £&X) = h(X;), A(X) = b(X;). x € Xi(i = 1,2...n),
we call A=(A, A) a Rough fuzzy number
Definition 1.4 A, = {XA(X) > a}, A, = {XIA(X) > a}, Aa = (A4 AY)

The properties and calculauonrules of the rough fuzzy number refer to the paf@r Buppose ARFN,

A, andA; is resPect|ver the confidence interval of Awith the speculation degrees afa € (0, 1)). We
Suppose_A = a)] A, [a(ga) a(a)] According to thedecomposition theorem [6] of the rough fuzzy
number, we hav&/-’c uae(o,lla.[a1 , El)], A= Uae(o,l]a.[aga), aff‘)].

We difine the partial ordex on the RFN as followe:VA,B € RFN, Va € (0,1]A, = [a?,a?)],
As = [aP,a?], B, = [B?,bP], Ba = [bD, b1, if and only if a® < b®(i = 1,2,3,4), A < B means that
A < B, and there existsa € (0, 1], which makes® < b®(i = 1,2,3,4)

Definition 1.5 Supposeais a fuzzy number, we cadl & convex fuzzy. le¥x,y € (0, 1],

a(Ax+ (1 - 2)y) = a(x) A afy)
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Theorem 1.1 Supposea’is a fuzzynumber, the necessary anflisient condition ofis a fuzzy convexity
is thatV1 € (0,1], a; = {x/a(x) > A} is a convex set.
Theorem 1.2 Supposeais a fuzzy number, then we have thés"a convex fuzzy.

2. ROUGH FUZZYDISTANCE

Definition 2.1 Suppose A, BRFN, RFN, = {AJA > 0, A € RFN}, the mapingp” RENX RFN— RFN.
is called the Rough fuzzy distance of the rough fuzzy numhesétisfies the conditions as follow:

(1) p(A,B)> 0, 5(A,B)=0 if and only if A=B;

(2) p(A.B)=p(B,A);

(3) YC € RFN, we havep(A,B)< p(A,C)+p(C,B).
Theorem 2.1 AssumeYA, B € RFN, (A, B) = ( p, p) where:

1 1
p= U A[o,E L (laa(@) — ba(a)| + [az(@) — ba(e)()da]

2€(0,1]

= Mlas(d) - bs(1)l. sup(ibs() - as()| v Iba(a) - aa(a))].
2(0.1] A<a<l

Then we have(A,B)is a Rough fuzzy Distance. _ _
Proof: according to A, BERFN, we get thex-confidence interval of speculation level of A B, B,
Yae (0,1]: _
Aa — [ag-a), a(za)], Aa — [a(ga)’ aga)], Ba — [bg_a)’ b(za)]’ Ba — [b(ga)’ bg'a)]’
Noting the definition of AA, B, B. thus, A, As, B, Ba are the convex. and A= [aga),aga)], A, =
2,89, B, = [b?,6P], B, = [b?,b?] are all bounded,closed interval. &, b (i = 1,2,3,4)
a € (0,1] are continuous, or there are jump discontinuities, moreover there are bounded. so, the integral:
1 . .

L (laz(@) — by(@)| + |az(@) — ba(a)|)da is meaningful.

obviouslyo(A,B)> 0, (1) letp(A,B)=0, we haveva € (0,1], |ai(a@) — bi(a)l + |az(a) — bo(a)| = O,
lag(@) — ba(a)] = 0. SUP¢, < {las(@) — ba(@)] V las(@) — ba(@)]} = O. thus,a® = b®(i = 1,2,3,4)

Hence A=B. inverse, letA=B, we haveva e (0, 1], a® = b®(i = 1,2, 3, 4), thusp{A,B)=0.

(2) obviouslyp(A,B)=p(B,A); (YA, BERFN) _

(3) letVCeRFN, C,.C, is respectively the confidence interval ofCwith a € (0, 1] speculation level,
Suppose that:

C.=[CP.CP, Ca=[CP.CP
lag (@) = bi(a)| < las(a) — c1(a)| + [ca(@) - by(a)l.
[az2(@) — ba(a) < az(a@) — Cc2(a)| + |C2(a) — ba(a)l,

we haveay(a) - bi(a)| + [ax(@) — ba(a)| < ay(@) — ci(a@)| + [Cr(a) — bi(a)| + [@z(@) — Ca(@)| + |C2(@) — ba(a)|,
and,lag(a) — bs(@)| < [ag(@) — c3(a@)| + |c3(@) — ba(a)l, laa(@) — ba(@)| < [ag(@) — ca(@)| + [cs(@) — ba(a)l,
we havelas(a) — ba(a)| < lag(a) - ca(@)| V [ag(a) — ca(@)| + |cz(@) — bs(a)] V [ca(a) — ba(a)l, and,| as(e) -
ba(a)| < |az(a) — c3(a)| V [ag(@) — ca(a)| + |cs(a) — ba(a)| V [ca(a) — ba(e)l, thus, Ve € [1,1], (4 € (0,1])
lag(@) — bs(a)| V las(a) — ba(@)| < |ag(a) — ca(@)l V |as(@) — ca(@)] + Icz(@) — ba(@)| V Ics(a) — ba(e)] <
SUP<,<1l@s(@) — C3()] V [ag(@) — Ca(@)] + SUP < <1lCs(@) — bs(@)] V [Ca(@) — ba(@)l, Hence,VA € (0,1]
SURi<a<1 |a3((;x) - b3(a')| \ |a4(a) - b4(a')| < Suplsaﬂ'aS(a) - CS(Q')| \ |a4((;x) - C4(a)| + SUQISQ51|CS(Q') -
b3(@)| V |cs(@) — ba(@)l, hencep(A,B)< p(A,C)+p(C,B).

Theorem 2.2 AssumeVA, B € RENG(A,B)=(p, p), where

1 1
P = UaeoA[0, max(j; g (@) - b1(a)|da,ﬁ laz() — b2(a)|de)]
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p=|J Al sup lag(e) - bs(a)l, SUPc,<las(@) — ba(@)] v sup Jas(e) - b(@)]

A€(0,1] O<a<a O<a<l

Then we have(A,B)is a Rough fuzzyDistance.
Proof: similar to Theorem?2.1.
Combining Definition 2.1, Theorem 2.1 or Theorem 2.2. we can obtain
Theorem 2.3 A,B,C,De RFN, K € R. we have:
(1) p(A+B,A+C)=p(B,C).
(2) p(B-A,C-A)=p(B,C).
(3) p(A-B,A-C)=p(-B,-C).
(4) If K > 0, then we havp(KA, K B)=Kp(A,B).
If K <0, we havep(KA, KB)=|K|o(-A, —B).
(5) If A<B<C, we havep(A,B)< 5(A,C). o(B,C)< p(A,C).
(6) If A<C<B, A<D<B, we havep(C,D) < p(A,B).
Proof: we will proof (4), (6), the others can be Proofed similarly.
(4) If K € [0, +00), we haveKA = Ugcpaja. [Kal?, Kal’], KA = U ja [Kal, Kal']. KB=Uago1ja
[Kb®, Kb®] KB=Uaora [Kb?, Kb@]. thus.s(KA, KB)=(K p, Kp)=K( p, p)=Kj(A,B) where

1
pP= U,lg(o,l]ﬂ[o, E f (|a1(a) - bl(a)| + |a2(a) - bg(a)l)da/]
p = Uicp.nAllas() — ba(2)l, sup(lbs(e) - as(@)| v [bs(a) — as(a)l)].

A<a<l

In the same way we can proof that:Kf <0, we havep(KA, KB)=|K|a(-A, -B).
(6) let A<C<B, A<D<B, thus¥a € (0, 1] we havelc® — d®| < |b® — a®@|,(i = 1, 2, 3,4)
Hencep(C,D)< p(A,B).
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