Hindawi Publishing Corporation
Journal of Applied Mathematics

Volume 2013, Article ID 427250, 10 pages
http://dx.doi.org/10.1155/2013/427250

Research Article
Fuzzy Bases of Fuzzy Domains

Sanping Rao"? and Qingguo Li'

Hindawi

! College of Mathematics and Econometrics, Hunan University, Changsha 410082, China
2 School of Science, Nanchang Institute of Technology, Nanchang 330099, China

Correspondence should be addressed to Qingguo Li; ligingguoli@yahoo.com.cn

Received 21 November 2012; Accepted 26 April 2013

Academic Editor: Jianming Zhan

Copyright © 2013 S. Rao and Q. Li. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This paper is an attempt to develop quantitative domain theory over frames. Firstly, we propose the notion of a fuzzy basis, and
several equivalent characterizations of fuzzy bases are obtained. Furthermore, the concept of a fuzzy algebraic domain is introduced,
and a relationship between fuzzy algebraic domains and fuzzy domains is discussed from the viewpoint of fuzzy basis. We finally
give an application of fuzzy bases, where the image of a fuzzy domain can be preserved under some special kinds of fuzzy Galois

connections.

1. Introduction

Since the pioneering work of Scott [1, 2], domain and its gen-
eralization have attracted more and more attention. Domain
provides models for various types of programming languages
that include imperative, functional, nondeterministic, and
probabilistic languages. When domains appear in theoretical
computer science, one typically wants them to be objects
suitable for computation. In particular, one is motivated to
find a suitable notion of a recursive or recursively enumerable
domain. This leads to the notion of a basis (cf. [3]).

Quantitative domain theory has been developed to supply
models for concurrent systems. Now it forms a new focus on
domain theory and has undergone active research. Rutten’s
generalized (ultra)metric spaces [4], Flagg’s continuity spaces
[5], and Wagner’s Q)-categories [6] are good examples, which
consist of basic frameworks of quantitative domain theory
(ct. [7]).

Recently, based on complete residuated lattices, Yao and
Shi [8, 9] investigated quantitative domains via fuzzy set
theory. They defined a fuzzy way-below relation via fuzzy
ideals to examine the continuity of fuzzy domains and later
discussed fuzzy Scott topology over fuzzy dcpos. Zhang and
Fan [7] studied quantitative domains over frames. From the
very beginning, they defined a fuzzy partial order which is
really a degree function on a nonempty set. After that, they
defined and studied fuzzy dcpos and fuzzy domains. Roughly

speaking, the definition of a fuzzy directed subset in [7] which
is based on a kind of special relations looks relatively complex.
Furthermore, from the viewpoint of category, Hofmann and
Waszkiewicz [10-12], Lai and Zhang [13, 14], and Stubbe
[15, 16] studied quantitative domain theory.

It is well known that the notion of a basis plays an
important role in domain theory. The results not only are
handy in establishing certain equivalent characterizations
for domains but also are critical to study some properties
of domains. Then, how can we describe a fuzzy basis in a
fuzzy dcpo? And what is the role of it in fuzzy ordered set
theory? For this purpose, we are motivated to introduce the
notion of a fuzzy basis as a new approach to study fuzzy
domains. From the viewpoint of fuzzy basis, we try to build
a relationship between fuzzy domains and fuzzy algebraic
domains. Moreover, we investigate some applications of fuzzy
bases to examine the relationships of the definitions.

The contents of this paper are organized as follows. In
Section 2, some preliminary concepts and properties are
recalled. In Section 3, the concept of a fuzzy basis is proposed,
and an equivalent characterization of fuzzy bases is obtained.
Furthermore, the notion of a fuzzy algebraic domain is
proposed; it is proved that a fuzzy dcpo is a fuzzy algebraic
if and only if it is a fuzzy domain and the fuzzy basis
satisfies some special interpolation property. In Section 4, an
application of fuzzy bases is given, where we investigate some
special kinds of fuzzy Galois connections, under which the



image of a fuzzy domain is also a fuzzy domain. Conclusions
are settled in the last section.

2. Preliminary

A frame will be used as the structures of truth values in
this paper. Throughout this paper, unless otherwise stated, L
always denotes a frame. For more properties about frames, we
refer to 3,17, 18].

Let X be a nonempty set, an L-subset on X is a mapping
from X to L, and the family of all L-subsets on X will be
denoted by L. We denote the constant L-subsets on X taking
the values 0 and 1 by Oy and 1y, respectively. Let A, B € L*.
The equality of A and B is defined as the usual equality of
mappings; thatis, A = B & A(x) = B(x) for any x € X. The
inclusion A < Bis also defined pointwisely: A < B & A(x) <
B(x) for any x € X.

The following definitions and propositions can be found
in [7-9, 14,19-24].

Definition 1. A fuzzy poset is a pair (X, e) such that X is a
nonempty set, and e : X x X — L is a mapping, called a
fuzzy order, that satisfies for any x, y, z € X,

(1) e(x, x) = 1,
(2) e(x, y) Ne(y,z) < e(x,z),
(3) e(x, y) = e(y,x) = 1 implies x = y.

To study fuzzy relational systems, Bélohlavek [19] defined
and studied an L-order over complete residuated lattices. It
is shown in [25] that the previous notion is equivalent to
Bélohlavek’s one.

Definition 2. Let (X, e) be a fuzzy poset. An element x,, € X is
called ajoin (or meet) of a fuzzy subset A, in symbols x,, = LA
(or x, =NA)if

(1) forany x € X, A(x) < e(x,x,) (or A(x) < e(xy, x)),

(2) forany y € X, A\, x(A(x) — e(x,y)) < e(x,, y) (or
Niex(Alx) — e(y,x)) < ey, x)).

It is easy to check if x,, x, are two joins (or meets) of A,
then x, = x,. This means if A € L* has a join (or meet), then
it is unique.

Proposition 3. Let (X, e) be a fuzzy poset. Then

(1) x, = UA if and only if for any y € X, e(xq,y) =
Neex(A2) — e(z, y));

(2) x, = NA if and only if for any y € X, e(y,x,) =
Noex(A(z) — ey, 2)).

Example 4. Given a nonempty set X, the subsethood degree
mapping sub(—, -) : LX x L — L is defined by for each pair
(A, B) € L* x L%, sub(A, B) = \,x(A(x) — B(x)). Then
sub(—, —) is an L-partial order on LX. Moreover, if A < B,
then sub(A, B) = \,cx(A(x) — B(x)) = 1.
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Definition 5. Let (X, e) be a fuzzy poset. A € LX is called
a fuzzy upper set (or a fuzzy lower set) if for any x,y €
X, A(x) Ne(x, y) < A(y) (or A(x) Ne(y,x) < A(y)).

Definition 6. Let (X, e) be a fuzzy poset. For x € X, | x €
LX (or T x € L%) is defined as for any y € X, | x(y) =
e(y,x) (or T x(y) = e(x, y)). And | D is defined by for any
x €X, | D(x) =V ,exD(y) Ne(x, y).

Note that x = LI | x. When A =] x, by Proposition 3, we
have

e(x,y) =\ (e(z:x) > e(z.)). 4)

zeX

Definition 7. Let (X, ey) and (Y, ey) be two fuzzy posets. A
mapping f : (X,ex) — (Y,ey) is called a fuzzy monotone
mapping if for any x, y € X, ex(x, y) < ey (f(x), f()).

Definition 8. Let X,Y be two nonempty sets. For each
mapping f : X — Y, the L-forward powerset operator
f7 :LX — LY is defined by

forany yeY, AeLl®, £ (A)(y)= \/ AX). (9
fo=y

The L-backward powerset operator f; : LY — L¥isdefined
by

for any Be L", fi (B)=Bof. (3)

Furthermore, f can be always lifted as f~ : L* — LY,
which is defined by

for any y €Y, AGLX,

— 4
) =\amae ).

xeX

In the literature one can find several different fuzzy
versions of directed subsets. We will focus on one of them,
which is introduced in [8, 14].

Definition 9. Let (X, e) be a fuzzy poset. D € LX is called a
fuzzy directed subset if

(1) \/xeXD(x) = l)

(2) foranya,b € X, D(a) AD(b) < \/ 4exD(d) Ne(a,d) A
e(b,d).

A fuzzy ideal is a fuzzy lower directed subset. We denote
the set of all fuzzy directed subsets and all fuzzy ideals on X
by 2, (X) and J(X), respectively. A fuzzy poset is called a
fuzzy dcpo if every fuzzy directed subset has a join.

Definition 10. Let (X, eyx) and (Y, ey) be two fuzzy dcpos. A
fuzzy monotone mapping f : (X,ex) — (Y, ey) is said to
be fuzzy Scott continuous if for any D € 2;(X), f(uD) =

uf (D).
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We now introduce one of the most eflicient tools in
dealing with fuzzy poset, which were extensively studied in
[8, 13, 14, 19, 20, 25]. One reason for this great efficiency is
that the pairs of mappings of the kind we are about to single
out exist in great profusion.

Definition 11. Let (X,ex) and (Y,ey) be two fuzzy posets,
f:Xex) - (Yyey)and g : (Y,ey) — (X, eyx) two fuzzy
monotone mappings. The pair (f, g) is called a fuzzy Galois
connection between (X, eyx) and (Y, ey) provided that

foranyx € X, yeY, ey(y,f(x))=ex(g(J’))x)a (5)

where f is called the upper adjoint of g and dually g is called
the lower adjoint of f.

Proposition 12. Let (X,ey) and (Y, ey) be two fuzzy posets.
(f> g) is a fuzzy Galois connection on (X, ex) and (Y, ey) if and
only if both f and g are fuzzy monotone mappings, and (f, g)
is a crisp Galois connection on (X, sex) and (Y, <e, ), where ey
is defined as follows: ex(x},x;) = 1 © x;<, X;.

The crisp Galois connection is defined as follows: y <
f(x) & g(y) < xforany x € X,y € Y, and its relative
properties can be found in [3].

Proposition13. Let (X, ex) and (Y, ey) be two fuzzy posets, f :
(X,ex) = (Yyey)and g: (Y,ey) — (X, ex) two mappings.

(1) If f is a fuzzy monotone mapping and has a lower
adjoint, then for any S € L* such that NS exists,
fS) =nf,"(S).

(2) If g is a fuzzy monotone mapping and has an upper
adjoint, then for any D € LY such that UD exists,
g(uD) = ug; (D).

The fuzzy visions of way-below relations were extensively
studied in [7, 8, 10-14]. Hofmann and Waszkiewicz [11] pre-
sented a systematic investigation of such relation in quantale-
enriched categories.

Definition 14. Let (X, e) be a fuzzy dcpo. For any x,y € X,
define || x € L* by

Lx(»)= A (etxun—1(y). ©6)

Ie7 (X)

It is a fact that in the crisp setting, the way-below relation
can be defined by ideals and directed subsets, respectively.
And in this case, the two way-below relations are equivalent.
Then, does the equivalence of such relations also hold? Here
we present a proof to confirm it.

Lemma 15. Let (X,ex) and (Y, ey) be two fuzzy posets, f :
(X,ex) — (Y,ey) a fuzzy monotone mapping. Then for any
D eI (X), f (D) e FLY).

Proposition 16. Let (X, e) be a fuzzy dcpo. Then for any x, y €
X,

/\ (e(x,I_ID) — (\/D(d)/\e(y,d)))
DeD,(X) deX

= /\ (e(x,ul) — I(y)).

Ie7,(X)

7)

That is, | x(y) = /\D@L(X)(e(x,l_lD) = (VgexD(d) A
e(y,d))).

Proof. Obviously, for any I € J;(X), I € 2;(X). On the
one hand,

/\ (e(x,I_ID) — (\/D(d)/\e(y,d)))

DeZ; (X) deX

< /\ <e(x,|_|I)—><\/I(d)/\e(y,d)>>
Ie7 (X) deX (8)

< A <e(x,uI)—>\/I(y)>

Ies (X) deX

= /\ (e(x,u) — I(y)).

Ies (X)

On the other hand, for any D € 9 (X), it is routine to
check that | D € ., (X). Then

N (e(xuD —I(y))

Ie7 (X)

< A\ (etxulD)—|D(y) (9)

De®, (X)

= A (e(x,uD) e (\/D(d)Ae(y,d)»-
)

DeZ (X deX

O

By Proposition 16, for all statements, it is valid for the
fuzzy way-below relation over fuzzy directed subsets if and
only if it holds for the one over fuzzy ideals.

Some basic properties of the fuzzy relation are listed in
the following proposition.

Proposition 17. Let (X, e) be a fuzzy dcpo. For any x, y,u, v €
X, then

M I x<lx
(2) e(u, x)N || y(x) Ne(y,v) <] v(u).

Definition 18. A fuzzy dcpo (X, e) is called a fuzzy domain or
continuousifforanyx € X, || x € 2;(X) (or || x € J(X))
andx =U || x.



The following theorem exhibits an important property
of the fuzzy way-below relation on fuzzy domains, the
interpolation property. It has been widely discussed in [7, 8,
11, 13].

Theorem19. If (X, e) is a fuzzy domain, then forany x, y € X,
U y(x) = Veex I y(@A I 2(x).

3. Fuzzy Bases and Fuzzy Algebraic Domains

In this section, we define a fuzzy basis in a fuzzy dcpo, and
we obtain some equivalent characterizations of fuzzy bases.
Moreover, we also study fuzzy algebraic domains from the
viewpoint of fuzzy basis.

Definition 20. Let (X, e) be a fuzzy dcpo. B € L is called a
fuzzy basis of X if

(1) for any x € X, BA || x is a fuzzy directed subset of X,
and
(2) forany x € X, x = U(BA || x).

Obviously, the previous definition is really a generation of
the notion of a basis in [3].

Proposition 21. Let (X, e) be a fuzzy dcpo. For any x € X, if
there exists a fuzzy directed subset A such that x = UA and
A <|| x, then || x is a fuzzy directed subset with x = Ll || x.

Proof. For any y € X, we firstly show that || x(y) <
VaexAld) A e(y,d). Indeed,

Ux(y)= /\ (e(x,l_lD) — <\/D(d)/\e(y,d)>>
)

DeZ (X deX

IN

e(x,UA) — (\/A(d) /\e(y,d))

deX

1 — (\/A(d)/\e(y,d))

deX

\/A(d) ne(y,d).
deX
(10)

Then for any a,b € X, we have

Lx(@nl x(®)
< \/ A(d)AA(dy) ne(ad)ne(b,d,)
dy,d,eX
< \/ VA@nre(d,d)ne(d,d)
d,d,eXdeX

Ne(a,d))Ne(b,d,)

< \/ VA@nre(@dned

dy,d,eXdeX
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= \/A(d)/\e(a,d)/\e(b,d)

deX

<\/ Ux@ne(ad rebd).

deX

(11)

Moreover, \/ cx || x(y) = 1 follows from 1 = \/ xA(y) <
Vyex U x(»). Hence || x is fuzzy directed.

It is easy to verify that Ul is fuzzy monotone. Since A <)
x,then 1 = sub(A, ] x) < e(UA,U | x) = e(x,u | x).
Meanwhile, 1 = sub(|] x,| x) < el | x,U | x) =e(L |
x, x). Therefore, x = U || x. O

Theorem 22. A fuzzy dcpo has a fuzzy basis if and only if it is
a fuzzy domain.

Proof. Necessity. Suppose that Bis a fuzzy basis of X, then for
any x € X, BA || x € 9 (X) with x = U(BA || x). Itis clear
that BA || x <|] x. Thus || x € 9, (X) withx = U || x follows
from Proposition 21. Therefore, (X, e) is a fuzzy domain.
Sufficiency. It is easy to check that 1y is a fuzzy basis of
X. O

Proposition 23. Let (X, e) be a fuzzy domain. For any z € X,
ifz = uD for some D € D (X), then || z = \/ ;cxD(d)A || d.

Proof. For any x € X, denote that A € L¥ as A(x) =
VaexD@A || d(x).

(a) A is a fuzzy directed subset as follows:

VA =\ \/D@Ald)

xeX xeX deX

-y (y o)

deX xeX

(12)

Furthermore, for any a,b € X,

A(a)NA (D)

= \/ D(d)ALd (@AD(d)Ald,(b)

dy,d,eX

< \/ \/D@~re(d,d)re(d,d)

dy,d,eXdeX
ANl dy(a)A | d,(b)
< \/ VD@Ald@nldp)

dy,d,eX deX

=\/D@ALd@nld®)

deX

< \/D(d)/\(\/ ud(c)/\e(a,c)/\e(b,c)>

deX ceX
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_ \/e(a,c) ne(bo) A ( \/D(d)/\ 1 d(c)) (1) Bis a fuzzy basis of X;
ceX deX
2 X, th ist. directed subset D <
RVREN Bt st
(13)
(3) forany x,y € X, | y(x) = \/pexBOA | y(B)A |
(b) LA = z. For any y € X, we have b(x);
N\ (AG) —e(xy)
xeX (4) ];or any %,y € X, | y(x) = VpexBOA | y(OIA |
(x).
- /g( ((d\/XD (dAld (x)) —e(x y)> Proof. (1) implies (2). It is evident from Definition 20.
* c (2) implies (3). Since (X,e) is a fuzzy domain, by
- D) — (Il d N , Proposition 23, for any z € X, if z = UD for some D €
x&d&( @ (46 () D (X),then || z = \/pexD(B)A || b.Indeed, forany x, y € X,
(14)
= /\ (D(d) — /\ Udx) — e(X’J’))>
deX xeX Ly@=\1ly@nrlz
zeX
=\ (D@ —e(ldy)
deX
= D (b b
- \P@ — <) Z\g{(M(z)AQ\E{( ®)AY (x))
= D,y).
e(ub.y) s\/Uy(z)A<\/(BAnz>(b>Aub(x)>
Hence LD = LA = z. zeX bex 17)

(©) | 2=V exD(d)A || d. On one hand, for any x € X,
~\/ VB®ALy@ALzB)ALb)

\/D@nldx)<\/eduD)Alld(x) eX bex
deX deX
(15)
<\ lzw=lz(. < \/ VBOALy®)ALb()
dex zeX beX
On the other hand, = \/B OALyBO)ALb(x).
beX
bz = N (e(z,I_IS) — <\/S(b)/\e(x,b)>>
SeD;(X) beX
(3) implies (4). For any x, y € X, we have
< e<z,u<\/D(d)A U d))
- Ly =\/BOALy®ALbX)
be
—><\/ \/D(d)/\ﬂd(b)/\e(x,b)) i
pexdex < \/BOAL y@®)ALb(x)
beX (18)
<e(z,UA) — (\/ \/D@nAl d(x)>
beX dex < \/B(b)/\ Ly
= \/D@A L d ). bex
aex (16) <lyX).
Therefore, || z = \/ ;cxD(d)A || d. O

Hence || y(x) = \/,exBBIA || y(B)A | b(x).
Theorem 24. Let (X, e) be a fuzzy domain. For B ¢ L%, the (4) implies (1). Assuming (4), we next show that B is a
following are equivalent: fuzzy basis of X. In fact, for any y € X,



6
(a) y =U(BA || »). Since y = U || y, then for any u € X,
e(y,u)

= /\ (I y(x) — e(x,u))
xeX

= A <<\/B(b)/\ Lyl b(x)) — e(x,u)>
x€X beX

=ANBOALyBALbE) — elxu)
xeX beX

= AN B®ALy®) — (e(x,b) — e(xu))
xeX beX

- /\ ((B(b)/\ I y®) — /\ (e (x,b) — e(x,u))>

beX xeX
=\ (BA L y) (b) — e(b,u))
beX

=e(U(BAL y),u).
(19)

Hence y = U(BA || y).
(b) BA || yisafuzzy directed subset. Firstly, for any a, b €
X)

(BA L y) (@A (BAL y)(b)
<ly@nl yb)
<\/ Ly@ne(@c)neb.o)

ceX

=\/ VB@ALy@dAld()re(ac)reb.c)

ceXdeX

<\/ \V/B@AL y(d) re(ad) Ae(b,d)

ceXdeX

= \/ (BA U y)(d) Ae(a,d)Ae(b,d).

deX
(20)

Moreover, note that \/ ..y | y(x) = 1 and | y(x)

VieexBOA | y(A | b(x). Then \/, .oy | y(x)

VpexBOA I y(B) AV cx | b(x). Hence \/,cx(BA | ¥)(b)
1. By Definition 20, (1) holds.

IR TR T

Proposition 25. If B is a fuzzy basis of X, then so is | B.

Proof. In fact, for any x € X,
(a) x = U(] BA || x).Itis clear that BA || x <] BA || x.
Then

1=sub(BA || x,| BA || x)
<e(U(BA | x),u(] BA | x)) (21)
=e(x,U(] BA ] x)).
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Note that | BA | x <]} x <| x. Then

1=sub(| BA | x,] x)
<e(( BAl x),u | x) (22)
=e(U(] BA ] x),x).
Hence x = U(| BA || x).

(b) | BA || x is a fuzzy directed subset. Since B is a fuzzy
basis of X, by Theorems 24, for any ¢ € X, we have || x(¢) =
VaexB@A || x(d)A | d(c). Then for any a,b € X,

(1 BA UL x) (a) A (L BA | x) (b)

<y x@A | x(b)
< \/ U x(c)ne(a,c)ne(b,c)

ceX

=\ VB@OAUx@nld(c)re(ac)neb,c)

ceXdeX

<\/ \/B@A I x(@ ne(ad) ne(bd)

ceXdeX

= \/ (BA Ul x)(d) Ne(a,d) Ane(b,d)

deX

<\/ UBALx) (@) Ae(a,d)ne(b,d).

deX
(23)

Furthermore, \/; cx(l BA || x)(d) = 1 follows from 1

ViaexBA | x)(d) < Vyex(l BA || x)(d). Therefore, | B
is a fuzzy basis of X. O

Since for any D € L%, | D is a fuzzy lower set. Then we
can deduce the following.

Corollary 26. If X has a fuzzy basis, then there exists a fuzzy
lower one.

Although the definition of fuzzy algebraic domain was
introduced by compact elements in [8], we next introduce
the notion of a fuzzy algebraic domain and discuss the
relationships between fuzzy algebraic domains and fuzzy
domains from the viewpoint of fuzzy basis.

Definition 27. A fuzzy dcpo (X, e) is called a fuzzy algebraic
domain if

(1) forany x € X, KA | x is a fuzzy directed subset of X,
and
(2) forany x € X, x = U(KA | x),
where K € L* is defined as follows: for any y € X, K(y) =

y(y). If no confusion arises, K always denotes the previous
definition in the sequel.
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Theorem 28. Let (X,e) be a fuzzy dcpo. (X, e) is a fuzzy
algebraic domain if and only if K is precisely a fuzzy basis of
X.

Proof. By Definitions 20 and 27, it suffices to show that for
anyx € X, KA [l x = KA | x.

It is clear that KA || x < KA | x. Conversely, for
any y € X, obviously, (KA | x)(y) < K(y). Meanwhile,

(KA L x)(y) =0 yOIA | x(y) <l x(y). Thus (KA | x)(y) <
K(y)A | x(y) = (KA || x)(y). By the arbitrariness of y,
KA | x < KA || x. Therefore, KA || x = KA | x. O

Theorem 29. Let (X, e) be a fuzzy dcpo. Then (X, e) is a fuzzy
algebraic domain if and only if

(1) (X, e) is a fuzzy domain, and

(2) forany x,y € X, | y(x) = \/,exKE@A | y(2)A |

z(x).

Proof. Necessity. Suppose that (X,e) is a fuzzy algebraic
domain, by Theorem 28, and K is a fuzzy basis of X. Thus
(X, e) is a fuzzy domain follows from Theorem 22. It remains
to show that for any x,y € X, || y(x) = V,exK(E@A |
y(z)A | z(x). On one hand,

VK@ALy@EALz(x)

zeX
=\ lz@Aly@Alz)
zeX (24)
<\/ly@nrlzx

zeX

<l y().
On the other hand,

Uyx)

- A

DeP,(X)

< (y,uD) — (Z\eéD /\exz))

<e(y,u(KA ] y)) — (\/ (K/\ly)(z)/\e(x,z))

zeX

=\/K@Arly@nrlzx).
zeX
(25)

Therefore, || y(x) = \/,exK(2)A | y(2)A | z(x).

Sufficiency. In fact, for any y € X,
(@) y =U(KA | y).Since y =U || y, then foranyu € X,

e(y,u)
= A\ Uy — e(xw)

xeX

= ((\/K(Z)/\ly(zw\lz(x)> —>e(x,u)>

xeX zeX

=ANN(K@ALy@E)—

x€XzeX

(e (x,2) — e(x,u)))

A\ ((K<z>A1y<z>)—> N (e(x.2) —>e(x,u>>>

zeX xeX
= N\ (Kr ] y)(2) — e(zuw)
zeX

—e(U(KA L y).u). .
26

Hence y = U(KA | y).
(b) KA | y is fuzzy directed. For any x € X, (KA |

Y(x) <l y(x) and | y(x) =V exK@A | y(dA | d(x).
Then for any a,b € X,

(KA L y) @ A (KA | y)(b)

sly@nl y®)
< \/ Jy()ne(a,c)ne(b,c)
ceX
=\/ VK@ALy@nld()nelac)rebc)
ceXdeX
<\/ VK@An|y@)ne(ad ne(bd
ceXdeX
=\ (KAl y)(@ Ae(a,d)ne(b,d).
deX
(27)
Furthermore, since \/,.x | »(x) = land | y(x) =
VaexK(@A | y(d)A | d(x), then
Viy@=VK@ALy@dna\ Ldx. g
x€X deX x€X
Thus \/ e x (KA | y)(d) = 1.
Therefore, (X, e) is a fuzzy algebraic domain. O

Remark 30. The main results of Theorems 24, 28, and 29
indicate that the definitions of the fuzzy basis and the fuzzy
algebraic domain are reasonable.

4. An Application of Fuzzy Bases

This section is mainly devoted to giving an application of
fuzzy bases. Our aim is to investigate some special kinds of
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fuzzy Galois connections, under which the image of a fuzzy (2) Since f is surjective, fg = idy. Note that for any S €
domain can be preserved. DY), g7 (S) € F.(X), and g is a lower adjoint of f. Then

for any x, y € Y, by Proposition 13, we have
Definition 31. Let (X,ey) and (Y, ey) be two fuzzy dcpos. A

fuzzy monotone mapping f : (X,ex) — (Y, ey) is said
to preserve fuzzy way-below relation if for any x,y € X,

U x(y) <l fCO(Sf (). Lgx)(g(y)
Proposition 32. Let (X,ey) and (Y,ey) be two fuzzy dcpos, _
(f, 9) a fuzzy Galois conne)c(tion from (})/(, ex) to (Y, ey). DEQ(X) <€x (g(x),uD)
— <\/D(b)AeX(g(y),b)>>
beX

(1) If f is fuzzy Scott continuous, then g preserves fuzzy
way-below relation.

< N\ | ex(g@ug™ )
SeP(Y)
(2) If f is surjective, then for any x,y € Y, |
9x)(g(y) <l x(y). =
—>( g (S)(b)/\ex(g()’)’b)>>
Proof. (1) For any D € 2;(X), by Lemma 15, f_’ (D) € beX

. (Y). Then for any x, y € Y, _ /\ (ex (99,9 WS) — 5~ () (9(»))

SeZ, (Y)
= , fg (LS
U x(y) sgé}uf) (ey (x, fg (LS))
i saé\m(ey = (ys e (y’d)>> — <\/S<d>AeX (9 (y),gu))))
’ dey
< (ey (x,uf (D)) = A (ey (x,L1S)
DeZ;(X) SeD(Y)
- (\/fﬁ (D) (d) Aey (y,d)>) - <d\/YS(d)/\ex (g(y),g(d))>>
deY
= /\ (eY (x, f (UD)) — f~ (D) (;V)) SSEQ/;\(y)<eY (x,US)
DeP(X) L
(29)
A (extow.n —(Vs@ner (). )
- ex\g\x) dey
De,(X) x

\/D®) rey(y. f 1)

( )) = /\ (ey(x,uS)—><\/S(d)/\ey(y,d)>)
N Sez(Y) dey

vex =0 x(y).
(30)
= /\ (eX (g (x),uD)
Dez(X) O
Db b Proposition 33. Let (X,ey) and (Y,ey) be two fuzzy dcpos,
— (z;\e{( ®)Aex(g(y) )>> (f,9) a fuzzy Galois connection from (X,ex) to (Y,ey). If

(Y,ey) is a fuzzy domain and g preserves fuzzy way-below
=1 gx)(g(»)). relation, then f is fuzzy Scott continuous.
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Proof. For any D € 9,(X), we need to show that f(UD) =
I_If_’ (D). Indeed,

ey (Uf ™ (D), f (UD))

AL

yey

(D) (y) — ey (. f (D))

=A<<VDMA@me0—*WUJmm0

yey xeX

“ANA @ —

yeY xeX

— (ey (10 f () — ey (3, f (UD))))

xeX

=A@W%HA@@erawmﬂwm>

=\ (D@ — e (f (). £ D))

x€X

> A (D (x) — ex (x,uD))

xeX

> \ (D(x) — D(x) =1.
xeX
(31)
For the converse, let u = UD. Since (Y,ey) is a fuzzy

domain, f(UD) = f(u) =U || f(u). Notethatex(gf(u),u) =
1. Then forany v € Y,

L f@ <l gf @) (g)
=l gf () (g(V)) Nex (gf ), u)

< /\ <ex(u,|_IS)—><\/S(d)/\ex(g(v),d)>>
SeP(X) deX

<ey (u,UD) — <\/D(d)/\ex(g(v),d)>

deX

=1—><\/D(d)/\ex(g(")’d)>

deX

= \/D(d)AeX(g(v),d)

deX

=\/D@ ey (v, f ()

deX

=7 (D).
(32)

Thus 1 = sub(} f(), f~ (D)) < ey(U | f(w), Uf " (D) =
ey(f(UD), Uf ~ (D)). Therefore, f(UD) =Uf ~ (D). O

Definition 34. Let (X, ex) and (Y, ey) be two fuzzy dcpos. f:
(X,ex) — (Y, ey) is called a fuzzy morphism if f is a fuzzy
Scott continuous upper adjoint.

Theorem 35. Let (X, ey) be a fuzzy domain, and let (Y, ey) be
a fuzzy depo. If f = (X,ex) — (Y, ey) is a surjective fuzzy
morphism, then (Y, ey) is a fuzzy domain.

Proof. By Theorem 22 and Corollary 26, there exists a fuzzy

lower basis B of X. Now we show that f ~ (B) is a fuzzy basis
of Y.

Since f is a surjective morphism, then for any y € Y,
there exists a lower adjoint g of f and an x in X such that
y = f(x). For any u € Y, by Proposition 32 (2), we have

7 W gf )@
=\/ U gf @) ) Aey (u, f (v)

vex
= \64 U gf ) ) nex(g@),v) (33)
< \4 U gf () (g(w)
<l f () ().

Obviously, f~ (BA || gf(x)) < £~ (B).

Hence

FoBALagf )<~ BAFT (Ugf ()

<fTBALfR).

Furthermore, since B is a fuzzy lower set, then by
Proposition 32 (1),

(7~ BAL )W)

= (\/B(v)/\ey(u,f(v))>/\Jlf(x)(u)

veX

< (\/B(v) Nex (g (u),v)>/\ U gf (x) (g ()

veX
35
=B(gw) A U gf (x)(gw) o

< \/BMAL gf (x) v) Aex (g w),v)

veX

= \/BOA L gf (x) ) Aey (u, f (v)

veX

=f7 (BA L gf () ().
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Therefore, f ~ (BA || gf(x)) = f ~ (B)A || f(x). Note that f

is fuzzy Scott continuous and BA || gf(x) € 2, (X), then
U7 @BALy)=u(f" BAL @)

uf (BA L gf (%))

FU(BA L gf (x))) (36)

= f(9f )

= f(x)=y.

It follows from Lemma 15 that f_’ BN y = fﬁ (B)A |

fx) = f7BA | gfx) € D.(Y). Thus f(B) is a
fuzzy basis of Y. Therefore, by Theorem 22, (Y, ey) is a fuzzy
domain. O

5. Conclusion

In this paper, we propose the notion of a fuzzy basis in a fuzzy
dcpo, which generalizes the concept of an ordinary basis.
It provides a new approach to explore fuzzy domains. We
can extend this approach further; for example, we can define
a fuzzy complete basis on a fuzzy complete lattice [24] to
investigate fuzzy completely distributive lattices introduced
in [8,13]. Moreover, in crisp setting, the definition of a wight
is in close touch with the notion of a basis, and fuzzy Scott
topology on fuzzy directed complete posets was given in [9].
As a followup of this paper, we can further give a fuzzy vision
of a weight on fuzzy Scott topology and study its relative
properties.
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