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ABsTRACT. We introduce (r, s)-intuitionistic fuzzy strongly preopen and

(7, s)-intuitionistic fuzzy strongly preclosed sets in intuitionistic fuzzy topological
spaces in Sostak sense. We investigate some properties of them. IF strong preirres-
olute, IF strongly preirresolute open and IF strongly preirresolute closed mappings
between intuitionistic fuzzy topological spaces are defined. Their properties and the
relationships between these mappings are investigated.

1. INTRODUCTION AND PRELIMINARIES

Sostak [13] introduced the concept of a fuzzy topological structure, as an ex-
tension of both of crisp topology and Chang fuzzy topology [6]. Kim et al., [10]
introduced the concept of r-fuzzy strongly preopen and r-fuzzy strongly preclosed
sets in Sostak fuzzy topology as an extension of fuzzy strongly preopen and fuzzy
strongly preclosed sets given by Biljana Krsteska [5].

As a generalization of fuzzy sets, the concept of intuitionistic fuzzy sets was
introduced by Atanassov [2,3,4]. Recently, Coker and his colleagues [7,8] introduced
intuitionistic fuzzy topological spaces using intuitionistic fuzzy sets. Samanta et
al., [11,12] introduced the intuitionistic gradation of openness as an extension of
intuitionistic fuzzy topology [8] and Sostak fuzzy topology [9,13].

In this paper, we introduced (r, s)-intuitionistic fuzzy strongly preopen and (r, s)-
intuitionistic fuzzy strongly preclosed sets in an intuitionistic fuzzy topological space
[12]. We investigate some properties of them. The classes of IF strongly precon-

tinuous, IF strongly preirresolute continuous and IF strongly preirresolute open
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(closed) mapping are introduced. We show that IF continuity implies IF strong
precontinuity and IF strongly preirresolute continuity implies IF' strong preconti-
nuity but the inverse of them is not true. Also, we obtain some properties of IF
strongly preirresolute continuous mappings.

Throughout this, paper, let X be a nonempty set I = [0, 1] and I, = (0,1]. For
a € I,a(x) = afor all z € X. All the other notations and the other definitions are
standard in the fuzzy set theory.

Definition 1.1 ([13]). A mapping 7 : IX — I is called an fuzzy topology on X if
it satisfies the following conditions:
(01) 7(0) = 7(1) = 1,
(02) 7(pa A p2) > 7(pa) A T(pz), for any pun, po € I
03) 7

(
(03) (\/iEF i) > /\ieF 7(pi), for any {p}ier C Ix.
The pair (X, 7) is called a fuzzy topological space (for short, fts).

Definition 1.2 [12]. The pair (7,7*) where, 7,7* : I — T is called an IGO on
X if it satisfies the following conditions:

(IGO1) 7(\) +7*(\) < 1, VA e IX,

(IGO2) 7(0) =7(1) =1, 7*(0) = 7*(1) = 0,

(IGO3) 7(A A X2) > 7(AM) AT(A2) and 75(A1 A Ag) < 7%(A1) V75 (A2), A; €
IX,i=1,2.

(IGO4) 7(V;ca Mi) = Niea 7(Xi) and 7°(V,ca Ai) < Viea 77( M), Xi € IXic
A.

The triplet (X, 7,7*) is called an intuitionistic fuzzy topological space (ifts, for
short).

Theorem 1.3[1]. Let (X,7,7*) be an ifts. Then for each r € I,,s € I;, A € I**

we define an operator C; ;« : IX x I, x I} — I* as follows

CT,T*()\7T7 5) = /\{,LL € IX DA < ,U,,T(T—,LL) > T’,T*(l _/“L) < 8}'

For \,p € I* and r,ry € I,,s,s1 € I, the operator C; ,« satisfies the following
conditions:

(C1) Cr++(0,r,5) =0.

(C2) A < Cr (A, 1y 5).

(C3) Cr e (A7, 8) VCr s (0,7, 8) = Cr pn (A V 1,1, 8).
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(C4) Crrv(A,1rys) < Crrv(Nr1,81) if r <rp,s1 > 8.
(C5) Cr 7+ (Cr o (A1, 8),1,8) = Cr (A, 1, 5).

Theorem 1.4[1]. Let (X,7,7*) be an ifts. Then for each r € I,,s € I;, A € I**

we define an operator I ;- : IX x I, x Iy — IX as follows

Lre(A\rs) =\/{p € I* t X > p, () > r,7" (1) < s}

For \,;n € I and r,r, € I,,s,s, € I, the operator I; -~ satisfies the following

conditions:
(1) I o+ (T = A\yry8) =1 — Crne (A, 1y 8).
(I12) I -« (1,r,s) = 1.
(I3) A > I 7« (A, 7, 5).
(I4) Iy -« (N7, 8) A Lr o (0,7, 8) = Lr re (A A 1, 8).
(I5) Ir 7« (A7, 8) > Lr oo (A, 71, 81) if r <ry,8 > s7.
(16) Ir 7+ (Lrrx (N1, 8),7,8) = Lr 7 (A, 1, S).

Definition 1.5. [12] Let (X,7,7*) and (Y, n,n*) be ifts’s. Let f : (X,7,7%) —
(Y,;n,n*) be a mapping.
(1) f is called intuitionistic fuzzy continuous (IF continuous, for short) iff n(u) <

F(F () and 7* () > 7 (F~ (1) for each i € IV,

(2) f is called intuitionistic fuzzy open (IF open, for short) iff 7(A\) < n(f(A)) and
7*(X) > n*(f(\)) for each \ € IX.

(3) f is called intuitionistic fuzzy closed (IF closed, for short) iff 7(1 — \) <
n(1T— f(A) and 7*(1 — \) > n*(1 — f(\)) for each X\ € IX .

2. (7”, S)—INTUITIONISTIC FUZZY STRONGLY PREOPEN AND
(7“, 8)—INTUITIONISTIC FUZZY STRONGLY PRECLOSED SETS

Definition 2.1. Let (X, 7,7*) be an ifts. For A € IX and r € I,,s € I;.
(1) A is called (r, s)-intuitionistic fuzzy preopen ((r, s)-ifpo, for short) iff

A< I; ++(Cr (N1, 8),1,5).
(2) A is called (r, s)-intuitionistic fuzzy preclosed ((r, s)-ifpc, for short) iff

A>Cr(Lr (A1, 8),1,8).
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(3) The (r, s)-intuitionistic fuzzy preinterior of A, denoted by PI. «(A,r,s) is
defined by

PIL; ;- (\7,5) = \/{I/ eI*:v<\vis (r,s) —ifpo}.

(4) The (7, s)-intuitionistic fuzzy preclosure of A, denoted by PC. ;«(A,7,s) is
defined by

PCr (A1, 8) = /\{1/ cI* :v>\vis (r,s) —ifpc}.

Theorem 2.2. Let (X,7,7%) be an ifts. For A € I and r € I,,,s € I;. Then,
(1) AV Cr o (Lr rx (N1, 8),7,8) < PCrrs (A1, 8).
(2) PLy 7+ (A, 1,8) S AN L 2+ (Cre (A, 1y 8), 7, 5).
(3) I+« (PCr (N1, 8),1,8) < Ir 1 (Cr e (A, 7, 58), 7, 5).
(4) I 7+ (Crpx (Lr e (A, 1, 8),7,8), 1, 8) < L oo (PCr 1+ (A, 1, 8), 7, 5).
(5) PC’TT (1 \ry8) =1—=PIL; (A1), Pl r«(1=\,7,8) = 1= PC, .«(\,1,5)

Proof. (1) Since, PC; +«(A,r,s) is (r, s)-ifpc, we have
Crroo(Lrr=(A1,5),1,8) < Crrx (I 7+ (PCr (N, 1, 8),1,8),7,8) < PCr (A, 1, 5).

Thus, AV Cr «(Lr 7« (A, 7, 8),7,8) < PCr (A, 1,8).
(2) It can be shown as (1).
(3) It follows from the relation PC .« (A, 7, s) < Cr (A, 1, 5).
(4) From (1) we have

L7+ (PCr o (AN1y8),1,8) > Lr 1o (AN Cr (L 7 (A, 1, 8),7,8)), 7, S)
2 IT,T*(CT,T*(IT,T*()HT? 8)7Ta 8),7“, 3)-

(5) straightforward.

Definition 2.3. Let (X,7,7*) be an ifts. For A € IX and r € I,,s € I;.
(1) A is called (r, s)-intuitionistic fuzzy strongly preopen ((r, s)-ifspo, for short)
iff
A< I +(PCr (A 1,5),1,5).
(2) A is called (r, s)-intuitionistic fuzzy strongly preclosed ((r, s)-ifspc, for short)
iff
Cr (Pl 7+ (N, 1, 8),1,8) < A
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(3) The (7, s)-intuitionistic fuzzy strongly preinterior of A, denoted by
SPI; +«(\,r,s) is defined by

SPI; «(\r,s) = \/{V eI*:v<\vis (r,s) —ifspo}.

(4) The (7, s)-intuitionistic fuzzy strongly preclosure of A, denoted by
SPC; -+ (A, 1, s) is defined by

SPC; (N1, 8) = /\{1/ cI* v > \vis (r,s) — ifspc}.

Theorem 2.4. Let (X, 7,7*) be an ifts. For \,u € IX and r € I,,s € I.
(1) If 7(A) > r and 7*(\) < s, then A is (r, s)-ifspo.
(2) If A is (7, s)-ifspo, then A is (7, s)-ifpo.

Proof. 1t follows easely from Theorem 2.2.

The following examples show that the coverse of the above theorem is not true

in general.

Example 2.5. Let X = {a,b,c}. Define the fuzzy sets A1, A2, 4 € I as follows

Ai(a) =0.3 ; A1(b) =0.2 ; Ai(c) =0.7
Ao(a) = 0.8 ; A2(b) = 0.8 ; Xo(c) =0.4
p(a) = 0.8 ; p(b) = 0.7 ; u(c) = 0.6.

Define the IGO (7,7*) as follows

(1, if A=0,1, (0, if A=0,1,

3, i A=Ay, 2,0 A=),

Lo A=)\, Lodf A=)\,
oy=¢2 " =9 T

3 if )\—)\1/\)\2, 3 if )\—)\1/\)\2,

2, 0 A=V Ay, 3, i A=AV Ay,

\ 0, otherwise, ( 1, otherwise.

For ifts (X, 7,7%), for 0 < r < % and % <s <1, pis (r,s)-ifspo set from
K < I‘Fﬂ'* (PCT,T* (M?ﬁ S),’f’, S) =1

For0<r<siand 2<s<1,7(p) <r 7%(p) >s
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Example 2.6. Let X be a nonempty set. We define IGO (7,7*) on X as follows

(1, if A=0,1, (0, if A=0,1,
2, if A=02, 3, if A=02,
%, if A=04, %, if \=0.4,
TA) =9 | — A =91 . —
bR if A= 05, bR if A= 05,
3. if A=06, 1, if A=06,
( 0, otherwise, ( 1, otherwise.

For 0 <7< 1 and 2 <s<1,0.7is (r,s)-ifpo set but it is not (r, s)-ifspo, from the
followings

0.7< I, .+(Cr(0.7,1,8),7,5) = 1.

0.7 > I -+ (PC; - (0.7,7,5),7,8) = I; 7« (0.7,7,5) = 0.4.

Theorem 2.7. Let (X, 7,7*) be an ifts. Forr € I,,s € I.
(1) Any union of (r, s)-ifspo sets is (r, s)-ifspo.

(2) Any intersection of (r, s)-ifspc sets is (r, s)-ifspc.
Proof. (1) Let {A\o : a € T'} be a family of (r,s)-ifspo sets. For each a € T,
Ao < Ir 7+ (PCr 7+ (Aqs 1y 8), 7, 5). Hence we have

\/ )\a S \/ ([7-,7-* (PC’T,’T* ()‘aara S),T,S))

acl acl’

S IT,T* (PCT,T*( \/ )‘aa T, S)a T, S)'
acl
S0, Vper Aa is (1, s)-ifspo.

(2) It is easily proved the same manner.

Remark 2.8. The intersection of two (r, s)-ifspo sets need not be (r, s)-ifspo. The

union of two (r, s)-ifspc sets need not be (r, s)-ifspc. We will show it from Example
2.9.

Example 2.9. If we consider the ifts (X, 7,7*) in Example 2.5. The fuzzy set p
defined as

pla)=04 ; pb)=0.2 ; p(c)=0.8

is ( %)—ifspo set, but A A p is not (%,

3 )-ifspo set. Also, (1 — X2) V (1 — p) is not
(1, 2)-ifspc of (X, 7,7%).
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Theorem 2.10. Let (X, 7,7*) be an ifts. For \,u € I*X and r € I,,s € I; the
following statements hold:

(1) Cr -+ (A, 1, 5) is (1, s)-ifspc.

(2) Ais (r,s)-ifspo iff A\ = SPI; «(\,1,s).

(3) Ais (r,s)-ifspc iff A = SPC; (A, 1, 5).

(4) Iy 7« (N, 7r,8) <SPPI« (A 1r,s) < Pl -« (A1, s) <A< PCr 1« (A1, 8)

< SPC; +(A,1,8) < Cr e (A1, 5).

(5) SPI; (1= X\r,s)=1—SPC; (A1 s) and

SPC..-(1=X\r,s)=1—SPIL. .« (\,1,5).

(6) Crrx(SPCr (A1, 8) = SPCr 1+ (Cr rx (A1, 8),7,8) = Cr rx (A, 1, 8).
Proof. (1),(2),(3),(4) it follows from the definitions.

(5) For all A € IX, r € I,, s € I, we have the following:

1—SPL ~(\rs)=1-— \/{V cv<\v is (r,s)—ifspo}
:/\{T—V:T—)\ST—I/,T—I/ is (r,s) —ifspc}

= SPC, (1= \1,s).

(6) From Theorem 2.10(1,3), SPC; +«(Cr (A, 1, 5),1,5) = Crrx(A,1,5). We
only show that
Crx(SPCr (N1, 8),1,8) = Cr o (A, 1, 5).

Since A < SPC; (A, 1, 5),
Crrx(SPCr (A1, 8),1,8) > Cr o (A, 1, 5).

Suppose that
Cr o« (SPCr (A, 1,8),1,8) £ Cr v (A, 1,5).

There exist x € X and r € I, s € I; such that
Cr o+ (SPCr (A1, s5),1,8)(x) > Cr rx (A, 1, 8)(2).

By the definition of C. .+, there exists p € IX with A < p and 7(1 — p) > r and
7*(1 — p) < s such that

Cr .+ (SPCr (A1, 8),1,8) () > p(x) > Cr e (A, 1, 8) ().
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On the other hand, since p = Cr ;+(p,7,s), A < p implies

SPCT’T* ()\, r, 3) < SPCT,T* (p; T, S)
= SPCT,T* (CT,T* (:07 T, 8)7 T, 8)

=Cr . «(p,7y8) = p.

Thus,
07-77-* (SPCT,T* ()‘7 Ty 8)7 T, 8) S P-

It is a contradiction. Hence C; ;«(SPC; (A, 1,5),7,5) < Cr e (A, 1, 5).

3. INTUITIONISTIC FUZZY STRONGLY PREIRRESOLUTE CONTINUOUS MAPPINGS

Definition 3.1. Let (X, 7,7*) and (Y, n,n*) beifts’s. Let f : X — Y be a mapping.

(1) f is called intuitionistic fuzzy strongly precontinuous (IF strongly precontin-
uous, for short) iff f=1(u) is (r, s)-ifspo set of X for each p € IV, r € I,,5s € I
with n(p) > r and n*(u) < s.

(2) f is called intuitionistic fuzzy strongly preirresolute (IF strongly pre-
irresolute, for short) continuous iff f=!(u) is (r, s)-ifspo set of X for each (r, s)-ifspo
pelv.

(3) f is called intuitionistic fuzzy strongly preirresolute open (IF strongly preir-
resolute open, for short) iff f(\) is (r, s)-ifspo set of Y for each (r, s)-ifspo A € IY.

(4) f is called intuitionistic fuzzy strongly preirresolute closed (IF strongly preir-
resolute closed, for short) iff f(\) is (r, s)-ifspc set of Y for each (r, s)-ifspc A € I,

(5) f is called intuitionistic fuzzy strongly preopen (IF strongly preopen, for
short) iff f(\) is (r, s)-ifspo set of Y for each A € IV with 7(\) > r, 7%(\) < 5)).

(6) f is called intuitionistic fuzzy strongly preclosed (IF strongly precosed, for
short) iff f()) is (r, s)-ifspc set of Y for each A € IY with 7(1—)\) > r, 7*(1—)) < s.

(7) f is called intuitionistic fuzzy strongly preirresolute homeomorphism iff f is

bijective and both of f and f~! are IF strongly preirresolute continuous.

Remark 3.2. (1) Every IF continuous (resp. IF open and IF closed) mapping is

IF strongly precontinuous (resp. IF strongly preopen and IF strongly preclosed).
(2) Every IF strongly preirresolute continuous mapping is IF strongly precontin-

uous from Theorem 2.4(1). However, the converse of (1) and (2) may be false see

Example 3.3 and Example 3.4.
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(3) IF strongly preirresolute continuous and IF continuous mappings are inde-

pendent notions.

Example 3.3. We consider Example 2.5. If we put

1, if A=0,1, 0, if A=0,1,
nA\) =4 3 if A=p, 7O =14 2, if A=y,
0, otherwise, 1, otherwise,

then idx : (X, 7,7%) — (X,n,n*) is IF precontinuous but idx is not IF strongly

precontinuous. Also, if we put

1, if A= Q; 1 07 if A= Q; l?
c(A) =14 3, if A=y, c*A) =14 %, if A=y,
0, otherwise. 1, otherwise.

We obtain PC, ,+ : IX x I, — IX as follows

. 1 2
1 if A>r,0<r<s35<s<l1

A otherewise.

PCy o+ (A1, 8) = {

Moreover, for each A > v and 0 < r < %,% < s <1, Ais (r,s)-ifspo in (X, 0,0%)
and (X,n,n*). Thus, the identity mapping idx : (X,7,7*) — (X,0,0%) is IF
strongly precontinuous and IF strongly preirresolute continuous but idx is not IF

continuous.

Example 3.4. Let X = {a,b,c}. Define the fuzzy sets pi, o, s, s € IC as
follows

p1(a) =0.5 ; u1(b) =0.3 ; p1(c) = 0.6
pa(a) = 0.3 ; ua(b) =04 ; wa(c) = 0.3
ps(a) =05 5 us(b)=04 ;  pg(c)=06
pa(@) =05 5 (b)) =05 ;5 pa(c) =06
Define IGO’s (1,7*) and (n,n*) on X as follows
(1, it A=0,1, (0, if A=0,1,
Lo A=, 5, i A=,
Lo A= po, Lot X = po,
=42 0T =g T
3, if A= 1 A o, 3, if A= 1 A po,
%, if )\:ﬁblv;tg, %, if )\:HI \//1/2,
{ 0, otherwise, \ 1, otherwise,



vassia
-2-


L, if A=0,1, 0, it A=0,1,
NN =9 5 if A=ps, "N =9 3 if A=us
0, otherwise, 1, otherwise.

Then idx : (X, 7,7*) — (X,n,n*) is IF strongly precontinuous but not IF strongly
preirresolute continuous. Furthermore, idx is IF continuous mapping which is not

IF strongly preirresolute continuous, because

1.1

e < In,n* (Pcn,n* (,u4, g)a g) =1,

1.1 11
Ha ﬁ IT,T* (PCT,T* (,u4, g)y g) - IT,T* (l_ M2, 57 g) = H3.

Theorem 3.5. Let (X, 7,7*) and (Y, n,n*) be ifts’s. Let f: X — Y be a mapping.
For each A € IX, p e IV, r € I, s € I. The following statements are equivalent.

(1) f is IF strongly preirresolute continuous.

(2) For each (r,s)-ifspc p € IV, f~(u) is (r, s)-ifspe.

(3) F(SPCr (A1, 8)) < SPCy - (f(A), 1, 5).

(4) SPCy -« (f~H(w),r,s) < fTHSPC = (s 1, 8)).

(5) f=H(SPLy(p,7,8)) < SPL 7= (f~H (1), 7, 5).

(6) Cr e (PLyr (fH (1), 7y 8),m,8) < f7H(SPCyp- (s, 8)).
(7) f (SPInn (1,7,8)) < Lr e (PCroe (1 (1), 7, ).

(8) f(Crrx(PLr 7+ (N1, 8),1,8)) < SPCy n+(f(A),7,5).

Proof. (1)<(2) It is easily proved from Definition 2.1, and f~1(1—p) = 1—f~1(u).
(2)=(3) Suppose there exist A € I and r € I,,s € I; such that

F(SPC; -« (N1, 5)) & SPCy - (F(N), 7, 8).
There exist y € Y and ¢ € I, such that
FSPCr - (A1, 8))(y) > > SPCy - (F(A),7,5)(y)-
It 1 ({y}
If =1 ({y}

) = ¢, it is a contradiction because f(SPC; ~(\,1,5))(y) =0.
) # ¢, there exists © € f~1({y}) such that

f(SPCr o (A;7,8))(y) 2 SPCr = (A1 8)(x) > 8 > SPCy - (f(A), 75 8)(f (). (A)
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Since SPC,, - (f(A),7,8)(f(z)) < t, there exists (r,s)-ifspc p € IY with f(\) < p
such that
SPCy (fN),75)(F(2)) < (F(2)) < t.

Moreover, f(\) < p implies A < f=1(u). From (2), f~1(u) is (r, s)-ifspc. Thus,
SPC; (A, 8)(z) < [ (w)(z) = u(f(z)) < t. It is a contradiction for (A).
(3)=(4) For all p € IV, r € I,, put A = f~1(u). From (3), we have

f(SPCT,T* (f_l(ﬂ)ﬂ“, S)) S SPCUJ?* (f(f_l(,u)),r,s) S SPC??J?* (:Uﬁ 7“,8).

It implies

SPCr - (f7H (1)1, 8) < fTHF(SPCroe (F7H (1)o7, 8))) < fTHSPCy e (1, 5)).

(4)=-(5) It is easily proved from Theorem 2.10(5).
(5)=(1) Let p be (r, s)-ifspo set of Y. From Theorem 2.10(2),
p=SPIy (7 5). By (5),

FHp) < SPL . (f (), ).

On the other hand, by Theorem 2.10(4),

FHp) > SPL .« (f (), ).

Thus, f~1(u) = SPL .+ (f~'(w),r,s), that is, f~(p) is (r, s)-ifspo.
(1)=(6) Let u € IY and r € I,,s € I;. According to the assumption
f7Y(SPC,, - (u,r,8)) is (r, s)-ifspc set of X. Hence,
f_l(SPCW?* (7, 8) = Cr7e (PI7 v (f_l(SPCn,n* (,7,8)),7,8),7,8)
> Cr o (Pl 7 (f (), 9).
(6) = (7) : It can be proved by using (4,5).
()= (8):Let \€ I andr € I,,s € I. Let us put u = f(\); then A < f~1(u).

According to the assumption

l - I’T,’T* (PCT,T* (l - )\; r, 3); r, 5) S l - IT(PCT,T* (f_l(l - ,u), T, S)a r, S)

IN

1- f_l(SPLW?*(l_ Ty S))
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Thus,

Cr (Pl (N1, 5),1,8) < Cr e (Pl 1 (f_l(,u), r,8),T,S)
< f_l(SPCn,n* (,Uu T, 5))

Hence,

f(CT,T* (PIT,T* ()\; T, 5): T, 5)) < ffil(SPCn,n* (M,T, S))
< SPCy - (py7,8)
= SPC, < (f(N),r,5).

(8) = (1) : Let r € Io,s € I1 and p be (r,s)-ifspc set of Y. According to the

assumption,

f(CT,T* (PIT,T* (f_l(,u)ﬂ"a s),1,8)) < SPCyp s (ff_l(,u)a T, )
< SPCy, p+ (p, 1, 8)

:M'

Then

Cr e (Pl 7 (f_l(:u): r,8),7,8) < f_lf(CT,T* (PI7 7 (f_l(ﬂ)vrv s),1,8)) < f_l(ﬂ)

. Thus f~1(u) is (r, s)-ifspc set of X, hence f is IF strongly preirresolute continuous.
The following theorem is similarly proved as Theorem 3.5.

Theorem 3.6. Let (X, 7,7*) and (Y, n,n*) be ifts’s. Let f: X — Y be a mapping.
For each A € IX, pe IV, r € I,,s € I,. The following statements are equivalent.

(1) f is IF strongly precontinuous.

(2) F(SPCrre(A7,5)) < Copr (FN,735).

(3) SPCrr(f~1 (1), 8) < f~HCpp= (11,7, 9)).

4) [~ Ly (17, 8)) < SPL 7= (f 1(M) r,s)).

(5) C (PITT (f~Hm),r,8),m,8) < fH Oy (1,1, 8)).
(6) ( (Pl (A1, 8),1,8)) < Cn,n*(f()\),T,S)-
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Theorem 3.7. Let f: (X, 7,7*) — (Y,n,1n*) be a mapping from an ifts (X, 7,7%)

into an ifts (Y,n,n*). If f is IF strongly preirresolute continuous, then

f_l(:u) S SPIT,T* (f_l(jnm* (PC"%W* (/L, T, S),’f’, S)),'I", 8)7
for each p is (r, s)-ifspoin Y and r € I, s € I;.

Proof. Let r € I,,s € I; and u be (r, s)-ifspo set of Y. Then,
f7Hw) < 7Ly (PCyye (s, 8), 7, 8)). Since f~1(u) is (r, s)-ifspo set of X, we
have

fHw) < SPIT,T*(f_l(Inm*(PCnm* (7, 8),1,5)),7,5).

Theorem 3.8. Let f: (X,7,7*) — (Y,n,n*) be a bijective mapping from an ifts
(X, 7,7) into an ifts (Y,n,7*). The mapping f is IF strongly precontinuous iff
Ly (f(N),7,8) < f(SPL; (A, 1,5)), for each A € I and r € I,,s € I;.

Proof. We suppose that f is IF strongly precontinuous. For any A € IX and
r€ly,s €Iy, f71 (L, (f(N),r,s)) is a (r,s)-ifspo set. From Theorem 3.6(4) and

the fact that f is injective we have

P @y (FN), 1, 8)) < SPLyye (f71 (M), 7, 8)
= SPI; (A1, 5).

Again, since f is surjective, we obtain

Iy (f(N),r,8) = ff_l(In,n*(f()\),r,s)) < f(SPI; -« (A1, 8)).

(Conversely) Let p € IY and r € I,,s € I; with n(p) > r and n*(u) < s. Then

Ip (@, 7, s) = p. According to assumption,

FSPILr - (f 71 (1), 8)) = Ty (fF 71 (1), 7, 8) = Ly (o7, 8) = .

This implies that
U SPL o (f7 (), 8)) > f7H(w).

Since f is injective we obtain
SPI o+ (f7 (u)yrs) = TSP (F7H (1), 8)) > 71 (1)

Hence SPI. «(f~*(n),r,s) = f~1(u), so f~1(u) is a (r, s)-ifspo set. Thus f is IF

strongly precontinuous.
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Theorem 3.9. Let (X, 7,7*) and (Y, n,n*) be ifts’s. Let f : X — Y be a mapping.
For each A € IX, pe IV, r € I,,s € I,. The following statements are equivalent:
(1) f is IF strongly preirresolute open.
(2) f(SPILrr- (A1, 8)) < SPLyye (f(A),7,5).

(3) SPIT,T* (f_l(:u)?rv S) < f_l(SPL?W* (N?Ta 3))
(4) For any p € IY and any (r, s)-ifspc A € I with f=1(u) < ), there exists a
(r, s)-ifspc p € IY with p < p such that f~1(p) < \.

Proof. (1) = (2) : For each A\ € IX, since SPI, ,«(\,r,8) < X from Theorem
2.10(4), we have f(SPI; (A1, s)) < f(A). From (1), f(SPL; (A1, s)) is (1, )-
ifspo. Hence, f(SPIL; (X1, s)) < SPI, - (f(N),1,5).

(2)= (3):Forall peIY,rel,,s €I, put A= f1(u) from (2). Then

f(SPIT,T* (f_l(,u),r,s)) S SPI??J]* (f(f_l(,u)),r, S) S SPI??,U* (,U,T’, S)'

It implies SPL; - (f~1(u),r,s) < f7Y(SPL, (i, 7, ).
(3) = (4) : Let X\ be (r, s)-ifspc set of X such that f~'(u) < A. Since 1 — X <
711 —p) and SPL «(1— A7 8) =1— ),

SPIT,T* (l - )‘7T7 3) = l —A S SPIT,T* (fil(l - ,u)a’r? 3)-
From (3),
1-A<SPL-(f7H (1= p),r,s) < [7HSPLy-(L— 1, 9)).

It implies
A 2 l - f_l(SPI”r],n* (l — KT, 5))

fY 1= SPILy (1 — p, 7, 5))
f_l(SPCn,n* (,Ua T, 3))

Hence there exists a (r, s)-ifspc SPC,, ,(p,r,8) € IY with p < SPC, p«(u,7,5)
such that f=1(SPC, ,+(p, 1, 5)) < A

(4) = (1) : Let w be (r, s)-ifspo set of X. Put p=1— f(w) and A = 1 — w such
that A is (r, s)-ifspc. We obtain

) = A-fw)=1- 1 (fw) <l-w=A
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From (4), there exists (r, s)-ifspc set p with g < p such that f~1(p) <A =1—w.
It implies w < 1— f~(p) = f (1 — p). Thus, f(w) < f(f(1—p)) <1—p. On
the other hand, since u < p,

fwy=1-p>1-p.
Hence f(w) =1 — p, that is, f(w) is (r, s)-ifspo.
The following three theorems are similarly proved as Theorem 3.9.

Theorem 3.10. Let (X,7,7*) and (Y,n,n*) be ifts’s. Let f : X — Y be a
mapping. For each A € IX, € IV, r € I,,s € I;. The following statements are
equivalent:

(1) f is IF strongly preopen.

(2) F(Lr (7 5)) < SPLpe (FO),7,5).

(3) L= (f 1),y 8) < fHSPLy (1,1, 8)).-

(4) For any A € I'Y and any pu € IX with 7(1—p) > r and 7*(1—u) < s such that
f71(\) < p, there exists a (r, s)-ifspc p € IV with A < p such that f~1(p) < p.

Theorem 3.11. Let (X,7,7*) and (Y,n,n*) be ifts’s. Let f : X — Y be a
mapping. For each A € IX, r € I,,s € I;. The following statements are equivalent:

(1) f is IF strongly preirresolute closed.
(2) SPCT]J?* (f()‘)ara S) S f(SPCT,T* ()‘7 T, 8))

Theorem 3.12. Let (X,7,7*) and (Y,n,n*) be ifts’s. Let f : X — Y be a
mapping. For each A € IX, r € I,, s € I;. The following statements are equivalent:

(1) f is IF strongly preclosed.
(2) SPC??,U* (f()‘), T S) < f(CT,T* ()‘7 T, S))

Theorem 3.13. Let f: (X, 7,7%) — (Y,n,1n*) be a bijective mapping from an ifts
(X, 7,7*) into an ifts (Y,n,n*). For each u € I, r € I,,s € I;. Then the following
statements are equivalent:

(1) f is IF strongly preirresolute closed.

(2) fHSPCy - (11, 8)) < SPCro«(f~1 (), 7, 5).
(3) f is IF strongly preirresolute open.
(4

) f~1is IF strongly preirresolute continuous.

Proof. (1) = (2) : Let f be IF strongly preirresolute closed. From Theorem 3.11(2),
f(SPCy (A 1,8)) > SPCy < (f(N),7,8), for each A € I* and r € I,,s € I;. For
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allpeI¥,rel,,sel,put \= f~1(u) from (1). Since f is onto, f(f~1(1)) = u.
Thus,

f(SPCT,T* (fil(:u)a T, 8)) > SPC?M?* (f(fil(:u))vn S) = SPC??J?* (M: T, S)'

Since f is injective, it implies
SPCrr(f7Hw),r,8)) = fTHF(SPCrr (fH (1), 7, 8))) = fH(SPChpe (1,7, 5)).-
(2) = (1) : From (2), put u = f(\) for each A\ € IX. Since f is injective
FTHSPCy - (F(N),7,8)) < SPCqrre(fH(f(N)), 7, 8) = SPCyrpe (A, 7, 5).

Since f is onto, SPCy, n-(f(A),r,8) < f(SPCr+«(A,1,5)). From Theorem 3.11(2),
f is IF strongly preirresolute closed
(2) < (3) : From Theorem 3.9(3) and Theorem 2.10(5), it is proved from:

f_l(SPC’nm*(,u,r,s
& A - SPI, (1 — s
1-

HSPLyy (L= por,s)) € 1= SPL- (/7 (L= p),1s).

I~
f- 1(SPLW* (1—p,rs

(2) < (4) : From Theorem 2.10(3), it is trivial.
From the above theorems, we easily prove the following corollary:

Corollary 3.14. Let f: (X, 7,7*) — (Y, n,1n*) be a bijective mapping from an ifts
(X, 7,7*) into an ifts (Y,n,n*). For each A € IX, u € IY, r € I,,s € I;. Then the
following statements are equivalent:

(1) f is IF strongly preirresolute homeomorphism.

(2) f is IF strongly preirresolute continuous and IF strongly preirresolute open.
(3) f is IF strongly preirresolute continuous and IF strongly preirresolute closed.
(4) f(SPI;+(\ 1, 8)) = SPL; - (f(N),1,5).

(5) f(SPCr - (A, 1,s5)) = SPCy = (f(N), 7, 5).

(6) SPIL r(f~ Y (w),r,8)) = f7HSPL, (i, ).

(7) SPCr e+ (f7H (1), 7, 5)) = fTHSPCy e (p1, 5).
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Theorem 3.15. Let f: (X, 7,7*) — (Y,n,n*) be a mapping from an ifts (X, 7,7%)
into an ifts (Y, n,n*). Foreach A € I, r € I,, s € I;. Then the following statements
are equivalent:

(1) f is IF strongly preirresolute open.
(2) F(SPIrz= (A1, 8)) < Iy (PCron (f(A), 7, 8), 7, 8).

Proof. (1) = (2) :Let A€ I andr € I,,s € I;. Then SPI, .~(\,r,s) is (r, s)-ifspo
set of X. By (1), f(SPI;+(\1,s)) is (r,s)-ifspo set of Y. Hence

f(SPIT,T* ()‘7 T, S)) S I77777* (f(SPIT,T* ()‘7 T, 8))7 T, 8)7 T S)
< Iy (PCy e (F(N), 7, 8), 7, 8).

(2) = (1) : Let A be (r, s)-ifspo set of X. From
fA) = f(SPIL ;«(\,r,s)) < Ly (PCy - (f(N),7,5),7,5) it follows that f(A) is
(r, s)-ifspo set of Y. Hence, f is IF strongly preirresolute open.

Theorem 3.16. Let f: (X, 7,7*) — (Y,n,n*) be a mapping from an ifts (X, 7, 7%)
into an ifts (Y, n,n*). Foreach A € I, r € I,, s € I;. Then the following statements
are equivalent:

(1) f is IF strongly preirresolute closed.
(2) C"]J]* (PI’U,T]* (f()\)a Ta S)) S f(SPCT,T* ()\7 T? 8))

Theorem 3.17. Let f: (X, 7,7*) — (Y,n,7*) be a mapping from an ifts (X, 7, 7*)
into an ifts (Y, n,n*). Foreach A € I, r € I,, s € I;. Then the following statements
are equivalent:

(1) f is IF strongly pre-open.

(2) frze (A7, 8)) < Ay (PO (f(A), 1, 8), 1, ).

Theorem 3.18. Let f: (X, 7,7") — (Y,n,n*) be a mapping from an ifts (X, 7,7")
into an ifts (Y, n,n*). For each A € IX,r € I,,s € I;. Then the following statements
are equivalent:

(1) f is IF strongly pre-closed.
(2) 077,77* (PITﬂ'* (f()‘)a Ty 8)7 Ty 3) < f(CTﬂ'* ()‘7 T, S))

Theorem 3.19. Let f : (X,7,7*) — (Y,n,n*) be a mapping. Then, f is IF
strongly preirresolute open iff for each v € IY and each (r, s)-ifspc set A\ € I¥,
r € I,,s € I, when f~1(v) < ), there exists a (r, s)-ifspc set u € IY such that
v<pand f~1(u) <A\
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Proof. Suppose that f is IF strongly preirresolute open mapping, v € IY and A
is (r,s)-ifspc set of X, r € I,,s € I; such that f~'(v) < A. Then, f(1 - )\) <
f(f7Y(1 —v)) <1—v. Since f is IF strongly preirresolute open, then f(1 — \) is
(r, s)-ifspo set of Y. Hence,

f(A=X) < SPIL, (L —v,7,8).

Thus
l_)\ S f—l(f(l_)\) S f_l(SPL?ﬂ]*(l_ V)7T73)'

It follows that
A> fﬁl(l - SPIn,n* (l -, S)) = fﬁl(SPCn,n* (l/, r, S))

Thr result follows for u = SPC,) - (v, 1, s).

Conversely, let w be (7, s)-ifspo set of X. We claim that f(w) is (r, s)-ifspo set
of Y. From w < f~1(f(w)) it follows that 1 —w > 1 — f~1f(w), where 1 — w is
(r, s)-ifspc set of X. Hence there is v is (7, s)-ifspc set of Y such that v > f(1 — w)
and f~1(v) <1—w. Since v > f(1—w), it follows that v > SPC, . (f(1—w),r,s)
orl—v<1-SPC,,-(f(l—w)),r,s) = SPL, ,«(f(w),r,s). From f~'(v) <1-w
we obtain f~!(1-v)>worl—v > ff1(1—-v)> f(w). Since f(w) <1—v <
SPI, ,+(f(w),r,s), we have f(w) = SPIL, - (f(w),r,s). Thus, f(w) is (r,s)-ifspo
set of Y, hence f is IF strongly preirresolute open.

Theorem 3.20. Let f: (X, 7,7*) — (Y,n,1n*) be a mapping from an ifts (X, 7, 7*)
into an ifts (Y,n,n*). If f is IF strongly preirresolute open, then

(1) For each p € IY and r € Io,s € I, f~1Cy - (PLy(p,r,8),7,8) <
SPCqr+(f~H (1), ) 5).

(2) For each p is (r,s)-ifpo set of Y and r € Io,s € I1, f~H(Cype(py7,8)) <
SPCqr (1)1, 5).

Proof. (1) Let p € IY and r € I,,s € I;. Then SPC, .« (f~*(p),r, s) is (r, s)-ifspo
set of X. From Theorem 3.19, it follows that there exists r-ifspc set v of Y such
that p < v and f~1(v) < SPC; .« (f~(n),r,s). Thus

f_l(C"?ﬂ?* (PITM* (py7,8)) < f_l(Cn,n* (PIn,n* (v,r,s),1,5))
< fHw)
< SPCr e (f~1 (1), 7, 8).
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(2) It follows immediately from (1).
The following theorem is similarly proved as Theorem 3.20.

Theorem 3.21. Let f: (X, 7,7*) — (Y,n,n*) be a mapping from an ifts (X, 7, 7*)
into an ifts (Y,n,n*). If f is IF strongly pre-open then
(1) For each p € IY and r € Io,s € I, f~HCy - (PLy(p,r,8),7,8) <

CT,T* (f_l(u)v T 8)'
(2) For each p is (r,s)-ifpo set of Y and r € Io,s € I1, f~H(Cype(py7,8)) <

CT,T* (f_l (u)v T, S)‘

REFERENCES

1. S. E. Abbas,, Intuitionistic supra fuzzy topological spaces, Chaus, Solitons and Fractals (To
appear).
2. K. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and Systems 20(1) (1986), 87-96.
3. K. Atanassov, New operators defined over the intuitionistic fuzzy sets, Fuzzy Sets and Systems
61(2) (1993), 131-142.
4. K. Atanassov, S. Stoeva, Intuitionistic fuzzy sets, Proc. of Polish Symp. on Interval and Fuzzy
Mathematics, Poznan, August (1983), 23-26.
5. Biljana Krsteska, Fuzzy strongly preopen sets and fuzzy strong precontinuity, Mathematicki
Vesnik 50 (1998), 111-123.
6. C.L. Chang, Fuzzy topological spaces, J. Math. Anal. Appl. 24 (1968), 182—-190.
7. D. Coker and M. Demersi, An introduction to intuitionistic fuzzy topological spaces in Sostak’s
sense, Busefal 67 (1996), 67-76.
8. D. Qoker, An introduction to intuitionistic fuzzy topological spaces, Fuzzy Sets and Systems
88 (1997), 81-89.
9. U. Hohle and S.E. Rodabaugh, Logic, Topology and Measure Theory, The Handbooks of Fuzzy
Sets Series, Kluwer Academic Publishers, Boston (1999).
10. Y. C. Kim, A. A. Ramadan and S. E. Abbas, r-fuzzy strongly preopen sets in fuzzy topological
space, Mathematicki Vesnik 55(1,2), 1-13.
11. S. K. Samanta, T. K. Mondal, Intuitionistic gradation of openness: intuitionistic fuzzy topol-
ogy, Busefal 73 (1997), 8-17.
12. S. K. Samanta and T. K. Mondal, On intuitionistic gradation of openness, Fuzzy Sets and
Systems 131 (2002), 323-336.
13. A.P. Sostak, On a fuzzy topological structure, Rend. Circ. Matem. Palermo Ser.II 11 (1985),
89-103.


vassia
-2-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


