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1 Introduction and motivation

In 1968, that is only 3 years after L. Zadeh has published his
famous work ”Fuzzy Sets”, thus laying down the principles
of what can be called Mathematics of Fuzzy Sets, his student
C.L. Chang [3] introduced the concept of a fuzzy topological
space thus marking the beginning of Fuzzy Topology, the con-
terpart of General Topology in the context of fuzzy sets. Now
Fuzzy Topology is one of the most well developed fields of
Mathematics of Fuzzy Sets, and there are published dozens of
fundamental works on this subject.

In 1982 Z. Pawlak [14] has introduced the concept of a rough
set which can be viewed as a certain alternative for the con-
cept of a fuzzy set for the study of mathematical problems of
applied nature. Pawlak’s work was followed by many other
publications where rough sets and mathematical structures on
the basis of rough sets were introduced, studied, and applied.

Although at the first glance it may seem that the concepts of a
fuzzy set, of a (fuzzy) topological space and of a rough set are
of an essentially different nature and “have nothing in com-
mon”’, this is not the case. Probably, the first one to start study-
ing the intermediate relations between topologies, fuzzy sets
and rough sets was J. Kortelainen [11], see also [12], etc. Fur-
ther a detailed analysis of different relations between fuzzy
sets, rough sets and some other related concepts was done in a
series of papers by Y. Yao (e.g. [20]), and other researchers.
The aim of this work is to present an alternative view on the
relations between fuzzy sets, fuzzy topological spaces and
rough sets and to develop a framework allowing to generalize
these concepts and corresponding theories. In order to real-
ize this aim we introduce the concept of an M-approximative
system (cf [19]) and thus come to the category ASM of M-
approximative systems. Properties of this category are studied
and connections between AS™ and its subcategories related
to fuzzy topology, fuzzy sets and rough sets are described.

2 The context

In our work two lattices will play the fundamental role. The
first one is a complete infinitely distributive lattice

IL‘ = (L7 §7A7 \/)7
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whose top and bottom elements are 1y, and Op, respectively.
Besides sometimes we will assume that the lattice L is
equipped with one of the following operations: a monotone
mapping ¢ : L — L or a binary operation * : L x L. — L.

Alattice L = (L, <, A, V,©) will be called adjunctive if the
pair (¢,°) is an adjunction

(¢¢) : L+ L,

thatisa < b° <= b<a® Va,bel,cfe.g [4]. Alattice
L = (L, <, A, V,°) will be called involutive if ©: L — Lisan
involution, that is if (a®)° = a Va € L. One can easily see
that in an adjunctive involutive lattice involution ¢ : . — L is
order reversing:

a<b = b°<a’Va,bel,

and conversely, if ¢ : . — L is order reversing involution,
then (¢,¢) : L F LL°P is an adjunction.

Concerning the second, binary operation * : L x L. — L
(conjunction) it will be assumed that . = (L, <, A, V, %) is a
commutative cl-monoid (see e.g. [2]), that is

* 1s commutative: a x b = b* a for all a,b € L;

x distributes over arbitrary joins:

ax (Viezbi) = Vierlaxb)VaeL, V{b; |ic T} CL
andax 1y =a, ax*x0p=0g.

It is well-known (see e.g. [2]) that in a cl-monoid a further
binary operation —: L. — L (residuation) is defined related to
conjunction * by Galois connection:

axb<c <<= a<b+— cVa,b,cel.

One can easily see that residuation is nonincreasing by the first
argument and nondecreasing by the second argument, and that
b* (b a) <aVa,b € L. In particular b x (b — 0) < 0, and
hence

b<(b—0) 0.

This allows to conclude, that by setting a® = a +— 0 we obtain
an adjunction (¢,¢) : L I L°?. Indeed, if a < b — 0, then

b<(b—0)—0<ar0.

A cl-monoid is called a Girard monoid [10]if (@ — 0) — 0 =
a Va € L. Hence in case LL is a Girard monoid, residuation —
induces an order reversing involution ¢ : L. — L.

An important situation in our research will be the following.
Let L = (L, <, A, V) be a a lattice and X be a set. Then the
L-powerset LX =: IL becomes a lattice (L, <, A, V) by point-
wise extending the lattice structure from L to L. Besides LL is
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infinitely distributive whenever L was infinitely distributive.
Moreover, if L = (L, <, A, V,°) is an adjunctive (involutive)
lattice then by pointwise extending operation ¢ from L to L,
an adjunctive (resp. involutive) lattice L = (L, <, A, V,9) is
obtained. Incase L = (L, <, A, V, %) is a cl-monoid, by point-
wise extension of * : L x L — L to % : L. x . — L. we obtain
acl-monoid L = (L, <, A, V, %)

The second lattice belonging to the context of our work is de-
noted by M. At the moment we assume only its completeness,
however sometimes it will be requested that M is completely
distributive. The bottom and the top elements of M are Oy
and 1y resp. As different from I we do not exclude the case
when M is a one-point lattice and hence in this case Oy = 1.

3 Basic definitions

Definition 3.1 An upper M-approximative operator on L is a
mapping u : I x Ml — 1L such that

1. u(0,0) = 0 Vex € M

2. a <u(a,a)Va € L, Yo € M;

3. u(a Vb, o) =ula,a)Vulb a)

4. u(u(a, a),a) = u(a, o);

5. a< B0, €M = u(a, ) <ula,p).
Operator u is called (upper) semicontinuous (usc) if

o (usc) u(a, \V;cq i) = N\;ez ula, ai);
u is called (upper) weakly semicontinuous (uwsc) if

o (uwse) If u(a,a;) = aVoy,i € T and o = N7y,
then u(a,a) = a

Definition 3.2 A lower M-approximative operator on L is a
mapping | : I x Ml — L such that

1. I(1,a) = 1 Vo € M

2. a>l(a,a)Va € L, Vo € M

3. laAb,a) =l1(a,a) N(b, )

4. 1(l(a,a),a) = l(a, a);

5. a<fBa,peM = l(a,a) > (a, ).
Operator 1 is called (lower) semicontinuous (Isc) if

e (Isc) I(a, \/ieI ;) = \/ieIl(a,ai);
l is called (lower) weakly semicontinuous (lwsc) if

e (lwsc) If l(a, ;) = a® Vay,i € T and o = Vier @i,
then l(a,a) = a°

Definition 3.3 A triple (L, u, 1), where w : LXxM — L and [ :
L x M — L are upper and lower M-approximative oper-
ators on L, is called an M-approximative system. In case
when X is a set L is a lattice, . = L and (L,u,l) is an
approximative system, the quadruple (X, L, u,l) is called an
M-approximative space.
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Definition 3.4 An M-approximative system (L, u, ) is called
semicontinuous (s.c) if w is w.s.c. and l is Ls.c. An M-
approximative system (L, u,l) is called weakly semicontinu-
ous (w.s.c) if u is u.w.s.c. and l is L.w.s.c.

Definition 3.5 In case L is equipped with unary operation ©
L — L, an M-approximative system (L, u,1) is called self
dual if

u(a®, o) = (I(a, ) and

l(a®,a) = (u(a,a))® Va € L, Vo € M

Note that in case when (IL, <, A, V,%) is involutive, the sys-
tem is self-dual iff (u(a®, )) = I(a, ), and (I(a®, a))® =
u(a,a), Ya € L,Va € M

Remark 3.6 Sometimes we consider M-approximative sys-
tems in case of a one-point lattice Ml = {-}. Obviously, in
this case the use of the second argument in the notation of ap-
proximative systems is redundant and we write just u(a) and
l(a) instead of u(a, -) and I(a, -) respectively. Besides, in this
case we use the terms upper and lower approximative opera-
tor, approximative system, etc., omitting the prefix M.

4 Lattice of M-approximative systems on a
lattice LL

Let AS™ (L) stand for the family of M-approximative systems
(L, u,!) where I and M are fixed. We introduce an order <
on ASM(L) by setting (L, uy,l1) < (L, ug,lo) iff uy > uso
and ll S lg.

Theorem 4.1 (AS"(IL), <) is a complete lattice. Its top and
bottom elements are given respectively by

ut(a,a) =lv(a,a) = aVa € L, Yo € M
I ifa#0L
OL, ifa=0
O]L ifa;élL
1]L, ifa:l]L

The infimum of a family {(L,u;,1;) | i € T} € AS™(L) is
given by (ug, lo) = (\/,; wi, \; li) and its supremum 1L is given

by (u®,1%) = (N\;ui, V, i) -
Proof LetS = {(L,u;, ;) |ieZ} C AS™(L). Let

\/ul, lo —/\l

Since ug > u; and [y < [; for all ¢ € Z, to show the complete-
ness of AS™(IL), it is sufficient to show that uo and [y are
respectively the upper and lower M-approximative operators
on L. However this can be established by the direct verifica-
tion of the conditions (1)-(5) in definitions 3.1, 3.2.

Further, let

V-

To show that (u”,1°) is the supremum of S it is sufficient
to notice that u° and " are resp. the upper and lower M-
approximative operators. However the validity of properties

/\S = (L, wo,vo) where ug =

(L, u®,1°) where u® = /\ui, V= \/l7
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(1),(2),(4),(5) in definitions 3.2, 3.1 is obvious while the va-
lidity of property (3) can be established referring to the dis-
tributivity of L.

One can easily establish also the following

Theorem 4.2 1. The family (SCAS™(L), <) of semicon-
tinuous M-approximative systems is a complete sublat-

tice of AS™(IL).

2. The family (WSCAS™ (L), <) of weakly semicontinu-
ous M-approximative systems is a complete sublattice of

ASM(L).

3. The family (SDAS™(L),=) of self-dual M-approxi-
mative systems is a complete sublattice of ASM(L).

5 Category AS" of M-approximative systems

Let M be fixed and let AS™ be the family of all M-
approximative systems (L, u,v). To consider AS™ as a
category whose class of objects are all M-approximative

systems we have to specify its morphisms. Given
(L, u1, 1), (Lo, ug, lo) € Ob(AS™) by a morphism

[ Ly, un,ly) — (Lo, ug, la)
we call a mapping f : Lo — IL; such that

1. f : Ly — Ly is a morphism in the category LAT®P
where LAT is the category of complete infinitely dis-
tributive lattices;

2. ur(f(b), ) < fua(b,)) Vb € Lo, Var € M
3. fla(b,@)) < L(f(b),a) Vb € Ly,Va € M

A morphsim [ : (Ly,u1,l1) — (Lo, us,ls) is aslo referred
to as a continuous mapping between the corresponding M-
approximative systems

Theorem 5.1 AS™ thus obtain is indeed a category.

Proof Let f (Ll, Uy, ll) — (LQ, Uz, lg) and ¢
(La,us,l3) — (Ls,us,l3) be continuous mappings and let
go f:1L; — Lg be their composition in LAT°P. We have to
verify that g o f satisfies conditions (2) and (3) above. Since
it is sufficient to verify these conditions for a fixed @ € M,
to simplify the reasonings we omit the second argument in the

notation of the approximative operators. Let ¢ € Ls. Then

u1(f(9(c))) < flua(g(e))) < flg(us(c))),

In a similar way we can show that f(g(l3(c))) < l1(g(f(¢))).
Thus the composition g o f : (Lq,u1,l1) — (Ls,us,l3) is
continuous whenever f and ¢ are continuous. We conclude
the proof noticing that the identity mapping f : (L, u,l) —
(L, u, 1) is continuous.

O

In the sequel, when discussing categorical properties of AsM
and other categories we refer to the monograph [1].

Theorem 5.2 Every source f; : Ly — (IL;,u;,1;),i € T has
a unique initial lift f; © (L1, u1,l1) — (Lo, ug, l2).
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Proof Taking into account Theorem 4.1 it is sufficient to
consider the case when the source contains only one morphism
f : Ll — (LQ,’U,Q,ZQ) in LATP.

Define upper approximative operator u; : Ly x M — L; by

ui(a, ) = /\{f(uQ(b, )| f(b) > a} VaelLy,a € M.
Note first that the condition
ur(f(b), ) < fluz(b,a)) Vb € Ly Yoo € M

is obviously fulfilled. We verify that u; thus defined is indeed
an upper approximative operator. As in the previous theorem
in our reasoning we fix &« € M and omit it in notation of
approximative operators when verifying the properties (1) -
4).

The first two properties are obvious: uq(0r, ) = Or,; ui(a) >
ava € L.

To verify property (3) let aq, as € Ly, then

ui(ar Vaz) = A{f(u2(b)) | f(b) = a1 Vaz} <
A{f(u2(br V b2)) f(b) > ay, f(b2) > a2} =
A{f(uz(b1)) V f(ua(b2)) | f(b1) > ay, f(b2) > az} =
Vici2 (A{f(u2(b:)) | f(b:) = ai}) = ui(ar) V ui(az).

The converse inequality is obvious.

To verify the fourth condition notice that wq(ui(a))

up (N{f(u2(0)) | f(b) = a}) < A{wa(f(u2(0))) | f(b) =
a} < A{f(ua(uz(d))) | f(b) > a} = ui(a). The converse
inequality is obvious

Vo

To verify property (5) for u; note that
(6% S ﬁaa7ﬁ eEM = Ul(d,&) S ul(aw@)

is guaranted by the analogous property of the operator uy :
Ly x M — Ly and the definition of wu;.

Define lower M-approximative operator I; : Ly x M — L
by

h(a, ) = \/{f(l2(b),@) | f(b) < a}Va € LaVa € M.
Notice first that
F(la(b,a)) < 1L (f(b), ) Vb € Ly, a € M.

We show that [; : L.y x M — IL; thus defined is an lower M-
approximative operator. Again, we omit in notation & when
it is fixed. The first two conditions from Definition 3.2 are
obvious. To verify the third condition let a;, as € L. Then
li(a)Ali(az) = V{f (b)) Af(I1(b2)) | f(I(bi)) < aiyi =
L2} < V{f(l(br Ab2) | f(br) A fb2) < a1 Aas}t =
V) | £(b) < a1 Aaz} =li(a1 Aa),

The converse inequality is obvious, The idempotence of the
operator [ : Ly — IL; is establihed as follows:

L(li(a) = L (V{fU20) | £(b) <a}) = V{lif(2(0) |
f(b) < a} = V{f(l2(b)) | f(b) < a} =li(a).

The opposite inequality is obvious.

Finaly, the condition « < (3,a,8 € M = [1(a,a) >
ly(a, ) is guaranted by the analogous property of the oper-
ator l5 : Ly — Lo and the definition of [;.

Letg : (L, us,l3) — (Lo, ug, I2) be a morphism in AS™ and
h : Ly — IL; be a morphism in LAT? such that f o h = g.
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Then from the construction it is clear that h : (Lg, us,l3) —
(L1, u1,!q) is a morphism in ASM. Thus [ (Ly,ug,ly) —
(La, usg, l2) is indeed the initial lift of f : L; — (Lo, ug, l2).
The uniqueness of the lift is obvious.

Let AZLAT denote the category of adjunctive involutive
complete infinitely distributive systems.

Theorem 5.3 Let L1, Ly be adjunctive involutive lattices and
f : Ly — Ly be a morphism in AZLAT?. If M-
approximative operators ls : us : Lo x M — 1Ly are self-
dual, then Ml-approximative operators l1,uq : L1 x Ml — 1Lq
constructed above are self-dual as well.

Indeed, let @ € L. Then

li(a®) = V{f(l2(0)) | F(b) < a} = (A{(f(12(0)))° |
f0) < b = (M) | f) <ah) =
(A{S (u2 (b)) | f(b9) = a})" =
(A{f(uz(d)) | f(d) = a})® = (ur(a))°.

Theorem 5.4 If approximative system (us,l2) on Ly is semi-
continuous (weakly semicontinuous), then the approximation
system (u1,ly) constructed in the previous theorem is semi-
continuous (resp. weakly semicontinuous), too.

Indeed, if (ug,l2) is semicontinuous, then wy(a,\/; «
N fluz(b, V; oi) | f(b) = a} = A, A{f (ua(b, i) | f(B)
at = \;u(a, o), and li(a,V; ;) = V{f(l2(b,V; i)
fb) <a} =V, V{f(la(b,os) | f(b) < a} =V, (b, ).
In a similar way one can establish weak semicontinuity of
(u1,1y) in case (ug, l2) was weakly semicontinuous.

B
~—

IV

Theorem 5.5 Every sink f; : (L;,u;,l;) — Lo, i € Z has a
uniqueﬁnal lift: fz : (]]_,Z-7ui, ll) — (]LQ,UQ, 12) 1e€T.

Proof . Taking into account Theorem 4.1 it is sufficient to
consider the case of the sink consisting of a single morphism
f o (Ly,u1,ly) — L. We define an upper M-approximative
operator uy : Ly x Ml — Ly by:

= /\{c €la|ec>b, f(c) > ui(f(b),a)}.

It is obvious that uy (f(b), ) < f(uz(b,a)) Vb € La. We
show that us : Ly x Ml — ILs is an upper M-approximative
operator. We omit notation o when it can be fixed.

It is obvious that u2(0) = 0 and b < ws(b) for every
b € Lo. Further, let bl,bg € LLy. Then UQ(bl) \Y u2(b2) =
(Mer € Ly | ¢4 > by, fler) = w(f)D) v (Adez €
Lo [ co > b2, fe2) > ui(f(b2))}) = NMer Ve | ¢
b, fei) = ui(f(bi),i = 1,2} = A{e| ¢ < by V by, f(c)
bi Vb, f(e) = wi(f(b1)) Vur(f(b2))} = A{c | ¢
b1 \/bg, f(C) Z bl \/bg, f(C) Z ul(f(bl \/bg))} = u2(b1 \/b2
The opposite inequality is obvious.

ua(ua(8) = Me | = us(8), ur(f(ua(8))) < F(c)}. Notic-
ing that ug(b) is among the elements ¢ satisfying the above
conditions, we conclude that us(u2(b)) < us(b). The oppo-
site inequality is obvious and hence us(u2 (b)) = ua(b).

us (b, @)

NIV IV

Property (5) for uy is guaranted by the analogous property of
the operator uy : Ly x M — LL; and the definition of us.

Define lower approximation operator 5 : Ly x M — Ly by

la(ba) =\/{c €Ly | ¢ < b,11(f(c), ) < f(D)}.
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The validity of the first two conditions for s : Ly X M — Lo
is obvious. To verify the third property let b1, b2 € Lo. Then
la(b1) Ala(ba) = V{c1 Aea | e1 < bi,ea < ba,li(f(er) <
f01), li(f(e2)) < f(b2)} < V{er Aea | er Ao < by A
ba, Li(f(cr)) Ala(f(c2)) < f(br) A f(b2)} < Ve | e <
bl A bg, ll(f(C)) S f(b1 A bg)} = lg(bl AN bQ)

The opposite inequality is obvious.

To show the fourth axiom note that

=\/{cle <), hi(f(0) < flla(b))}

and since I2(b) is one of ¢ appearing in the above formula, it
holds l2(I2(b)) > I2(b). The converse inequality is obvious.

Property (5) for [y is guaranted by the analogous property of
the operator /1 : L; x M — Ly and the definition of I5.

Theorem 5.6 If approximation system (uy,l1) on Ly is self-
dual, and f : 1.y, — Lo is a morphism in the category of
adjunkctive involutive lattices, then the approximation system
(ug,l2) constructed in the previous theorem is self-dual.

Indeeed, given b € Lo, we have

(l2(0))" = (V{d | d < b,l1(f(d)) < f(b )}) =/Md° | d <
b, L(f(d)) < f(O)} = N\{d° | d° > b°, (L(f(d))® >
FOO)} = Md® | d° > b, ui ((£(d)9) > F(b)} = AM{a” |
&° > b, ((f(d) = F(9)) = Ne | e 2 1, m(f(e) 2

FQ°)} = ua(6%).

One can easily establish also the following

Theorem 5.7 If M-approximation system (u1,l1) on Ly is
semicontinuous (weakly semicontinuous), then the approxi-
mation system (uz, la) constructed in the previous theorem is
semicontinuous (resp. weakly semicontinuous).

From theorems 5.2, 5.5, we obtain the following important

Corollary 5.8 Category AS™ is topological over the cat-
egory LATP lattices with respect to the forgetful functor
3 :ASY — LAT.

Besides, taking into account theorems 5.3, 5.6, 5.4, 5.7 we
have

Corollary 5.9 The category SDAS™ of self-dual M-
approximative systems is topological over the category
ATLAT? with respect to the forgetful functor §
SDASY — ATLATP.

Corollary 5.10 The categories SCAS™ and WSCAS™ of
semicontinuous and weakly semicontinuous M-approximative
systems are topological over the category LATP with respect
10 the forgetful functor § : (W)SCAS™ — LATP.

6 Categories AS" (L) of M-approximative
L-spaces

An important subcategory of the category ASY s the category
whose ojects are L-powersets L~ of arbitrary sets (where L is
a fixed lattice) and whose morphisms are induced by mappings
of the corresponding sets X . Here are the details:

Let L be a fixed complete infinitely distributive lattice and
let the objects of ASM(L) be approximation systems of the
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form (LX,u,l) where LX are L-powersets of arbitrary sets
X. Sometimes it is more convenient to interpret objects of
this category as the corresponding quadruples (X, L, u, ). To
define a morphism F : (L*% uy, ;) — (L%, ug, l3) consider
a mapping f : X; — X, and let f~ : LX2 — L% be the
backward powerset operator induced by f [16]. Now as mor-
phisms in AS™(L) we take F := f="" : (LY uy, ) —
(LX2 g, l3) in case it is a morphism in the category AsM
An important special case is a two point lattice L. = 2: in this
case we come to the category of M-approximative structures
on ordinary sets (of course, for this one has to interpret a sub-
set A of a set X as the characteristic function x4 : X — 2).
In particular, if M is a one-point lattice we come to the con-
cept of an approximation system as it was considered by some
authors, see e.g. [20].

7 Categories of fuzzy topologies as
subcategories of AS"

7.1 Category of (L, M)-fuzzy topological spaces

We start with interpreting the category FTOP(L,M) of
(L, M))-fuzzy topological spaces see, e.g. [17], [13], [18], [7]
as a subcategory of AS™. In this section M is assumed to be
completely distributive.

Definition 7.1 A mapping T : LX — M is an (L, M)-fuzzy
topology on X if

1 T(0x) = T(1x) = 1
2. TWUAV) > T(WU)AT(VIVU,V € LX;

A pair (X, T) is called an (L, M)-fuzzy topological space and
the value T (U),U € LX is interpreted as the degree of ope-
ness of a fuzzy set U. A mapping f : (X, Tx) — (Y, Ty) is
called continuous if Tx (f~*(V)) > Ty (V)) YV € L.

Let (X, T) be an (L, M)-fuzzy topological space. By setting
int7(A,a) = \/{U e LX |U < A, T(U) > a},

we define the s.c. interior operator int7 : LX x M — LX.
The relations between (L, M)-fuzzy topologies and lower
M-approximative operators are described in the theorem;

Theorem 7.2 The interior operator int is a weakly s.c. lower
M-approximative operator on . = LX. Conversely, if | :
LX x M — L is a weakly s.c. lower M-approximative op-
erator, then by setting

T(U) = \/{a | U(U,0) > U}

we obtain a mapping T; : LX — LX satisfying conditions (1)
and (3) of Definition 7.1. Besides Tiny, = T and l7; = L.

Further, assume that L is an adjunctive involutive lattice and
let ¢ : L — L be the corresponding involution. Then by setting

cdr(A,e) = N\{B|B > A,T(B) > a}

a closure operator cl : LX x M — L¥X is defined. One can
easily show that cl is a weakly s.c. upper M-approximative
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operator and prove a theorem establishing relations between
weakly s.c. upper M-approximative operators and (L, M)-
fuzzy topologies via closure operators, analogous to Theorem
7.2. Besides the M-approximation system (LX, cl7,intr) is
self-dual.

Thus in case of an involutive adjunctive lattice L an (L, M)-
fuzzy topological space (X, 7") can be interpreted as a weakly
s.c. M-approximative self-dual system (L, cl, int) where L =
LX.

This allows us to identify the category FTOP (L, M) with the
subcategory TopAS™ (L) of the category AS™ whose ob-
jects are self dual weakly s.c. M-approximative systems of
the form (LX,int, cl) and the morphisms are F = f="" :
(LX,intx,clx) — (LY,inty,cly), where f= : LY — LX
are powerset operators induced by (see e.g. [9]) by coninu-
ous mappings [ : (X,7x) — (Y, 7y) (cf also the previous
section).

7.2 Category of Chang-Goguen L-topological space

To obtain characterization of L-topological spaces (see [3],
[5]) by means of approximative systems we can restrict the
theory developed in 7.1 by taking the two-point lattice 2 =
{0,1} in the role of M. Then the category of Chang-
Goguen L-topological spaces can be identified with the sub-
category TopAS(L) of the category TopAS?(L). In par-
ticular TopAS?(2) can be identified with the classical cate-
gory TOP of ordinary topological spaces and continuous map-

pings.
7.3 Category of L-fuzzifying topological space

To obtain characterization of L-fuzzifying topological spaces,
originally defined by U.Hohle [6] and then independently dis-
covered by Mingsheng Ying [21], by means of approxima-
tive systems we restrict the theory developed in 7.1 by tak-
ing the two-point lattice 2 in the role of L (thus L = 2%)
and the lattice L in the role of M. Then the category of L-
fuzzifying topological spaces can be identified with the cate-
gory TopAS"(2).

7.4 Category of Hutton fuzzy topological spaces

According to B. Hutton [8], a fuzzy topological space is a pair
(L, 7) where L is a completely distributive lattice and 7 C L
suchthat 0,1 € 7; a,b e T = aAbeT: a; € TVi €
T = \,cz a; € 7. The morphisms f : (L1, 71) — (L2, 2)
in the category H-TOP of Hutton fuzzy topological spaces are
mappings f : Ly — L; such that f(72) C 71. One can show
that the category H-TOP can be identified with the subcate-
gory HAS of the category AS™. whose objects are self dual
approximative systems (L, [, u) where L is a completely dis-
tributive involutive adjunctive lattice and M = {-}

7.5 Category of variable basis fuzzy topological spaces

In [15] S.E. Rodabaugh has introduced the notion of a
variable-basis fuzzy topological space and defined the corre-
sponding category R-TOP. Further the theory of variable ba-
sis fuzzy topological spaces and some related categories was
developed in a series of papers by S.E. Rodabaugh, P. Eklund
and other authors. The category of variable-basis fuzzy topo-
logical spaces also can be obtained as a subcategory of the cat-
egory AS™. However to describe it in this way and to give an
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explicite characterization by means of M-approximative sys-
tems we need more space than it is allowed here.

8 Categories related to rough sets

8.1 Rough sets

Let p € X x X be a binary relation on a set X and let
R(x) = {2’ | xpx'} be the right p-class of x € X. Given
Ac2Xletl(A) = AY = {z | R(z) C A}, u(Ad) =
A* = {z | R(z) N A # 0}. In case p is reflexive and tran-
sitive u : 2X — 2Xand!l : 2¥ — 2X are, respectively,
upper and lower approximative operators on 2%X = P(X) and
(X,2,Y,4) is an approximative space. Besides, one can eas-
ily see that the system (2%,7 4) is self dual: A“4 = AY¢)
for any A C X. Such operators and corresponding approxi-
mative spaces in case when p is an equivalence relation were
introduced by Pawlak [14] under the name “rough set”. Fur-
ther approximative operators operators induced by binary re-
lations, either general or satisfying special properties, were
studied by different authors, see e.g. [11], [12], [20], etc. Note
however, that in case p is not reflexive or transitive, this oper-
ators may fail to be approximative operators in our sense.

In case when p is only reflexive, J. Jirvinen and J. Kortelainen
[12] along with operators AY and A* consider also operators
u'(A) = A2 = {z | R"Y2)N A # 0}, I'(A) = AY =
{z | R7Y(x) C A} and show that (u,l’) and (u’,l) form
Galois connection: u(a) < b <= a <U'(b); I(a) <b<—=
a < u/(b). Thus in case p is also transitive, we obtain "Galoi-
connected” approximative systems (2%,Y,% )and (2%,7 4).

8.2  L-rough sets

Generalizing the previous situation let L. be a cl-monoid
(L,A,V,%), X beasetand p : X x X — L be an L-
relation on X. Further, assume that p is reflexive (that is
plz,x) = 1 Vx € X) and transitive (that is p(x,y) *
py,z) < p(z,z) Ve,y,z € X.) For every x € X we
define R(z) : X — L by R(x)(z') = p(x,2") Fur-
ther, given A € L¥ let lower and upper approximative
operators [(A) € L*, andu(A) € LX be defined by
I(A)(z) = infprex(R(x)(2') — A(z')) and wu(A)(z) =
sup,. e x (R(x)(a’) = A(z')) respectively. One can show that
(LX,u,1) is an L-approximative system. We refer to such
kind of an approximative system as an L-rough system in-
duced by the L-relation p. In case (L, A,V,x*) is a Girard
monoid, the system (LX,u, 1) is self dual. Further, if L = 2
is a two-point lattice we come to the situation described in the
previous subsection. In an natural way we define morphisms
for the category Rgh(LL) of L- rough systems and characterize
it as a category of approximative systems.

9 Defuzzification approximation operators

Finally we sketch how the concept of an approximative sys-
tems can be applied for fuzzy sets themselves.

Let L = (L, A, V, <) be a complete lattice, X be a set and
L=L%Defineuv:LxL—Land!l:LxL — L as follows:
Given A € LX let

u(A,a) = AVila,, l(Aa)=a 14, NA,

where A, = {x € X | A(z) > «} In this way we ob-
tain L-approximation operators on the L-powerset of a set

ISBN: 978-989-95079-6-8

X which can be interpreted as resp. upper and lower level-
defuzzification operators .
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