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Abstract
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1 Introduction

Topology is an important area of mathematics, with manyiaegpbns in the
domain of computer science and physical sciences. In 199ddlbdtsov [13]
initiated the concept of soft set theory as a mathematiaall fiar modelling
uncertainties. A soft set is a collection of approximatecdesons of an
object. Molodtsov/[14] applied the soft set theory in sevaraas of mathematics
such as game theory, probability, Perron and Riemann Irtegrand theory of
measurements. He has analysed that the soft set is useddtoageaproblems
occurring in the field of economics, social science, engingemedical science,
etc. Maji et al. [11] have further improved the theory of ssdts. N. Cagman et
al.|1] modified the definition of soft sets which is similartt@at of Molodtsov and
also Cagmarn [5] formulated the maximum decision making ntethyomeans of
soft matrix theory. Many researchers have worked on thelogeal structure of
soft sets. Bashir Ahmad et al.[4] have defined the soft topcédgtructures by
using soft points. B.chen![6] was the first one who studied teakiforms of soft
open sets and scrutinized soft semiopen sets in soft tojpalapaces and studied
some of its properties. Arockiarani and Arokialancy[3]etetined softG-open
sets and prolonged to study weak forms of soft open setstimcgmflogical space.
Gunduz Aras et al.[2] investigated some soft continuoustiaons for a fixed
number of parameters on the initial universe. Mahanta arsl [D@] classified
many forms of soft mappings such as irresolute, semicootiswand semiopen
soft mappings. Muhammad Shabir et al.|[15] introduced sgblogical spaces.
In 2002 A. Csaszar [7] introduced the concept of generalinpdlogy and also
studied some of its properties.

Soft generalized topology is relatively new and promisiogwdin wich lead to
the development of new mathematical models and innovagipecaches that will
give solution to complex problems in engineering and emritent. Sunil Jacob
John et al. |[8] introduced the concept of soft generalizgubhugical spaces in
2014. sunil Jacob John [9] also introduced some interegtiogerties of the soft
mappingr : S(U), — S(U), which satisfy the condition Fiz C 7F), whenever
Fp C Fp C Fj in softr-open sets in soft generalized topological spaces in 2015.
These concepts promote us in elaborating our further studpft -a-open sets
and softu-3-open sets in soft generalized topological spaces.

2 Preliminaries

Definition 2.1. [9] A soft setF4 on the universe U is defined by the set of ordered
pairsFy = {(e, fale)) /e € E, fa(e) € P(U)}, wheref, : E — P(U) such that
fale) =0if e ¢ A. Heref, is called an approximate function of the soft at
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The value off4(e) may be arbitrary. Some of them may be empty, some may have
nonempty intersection. The set of all soft sets over U witts Ehe@ parameter set
will be denoted by S(U) or simply S(U).

Definition 2.2. [9] Let F4 € S(U). If f4(e) = 0, for all e € E, thenF 4 is called an
empty soft set, denoted . f4(e) = ) means there is no element in U related
to the parameter e in E. Therefore we donot display such elennethe soft sets
as it is meaningless to consider such parameters.

Definition 2.3. [9] Let F4 € S(U). If f4 (e) = U for all ec A, thenF, is called
an A-universal soft set, denoted bY;. If A = E, then the A-universal soft set is
called an universal soft set, denoted Idy.

Definition 2.4. [8] Let F4 € S(U). Then, the soft complement af,,
denoted by (F,)°, is defined by the approximate function
fa(e) = (fale)), where(fa(e))® is the complement of the sgt(e), that is,
(fa(e)) =U\ fa(e), forallecE.

Definition 2.5. [8] Let F4 € S(U). A Soft Generalized Topology (SGT) dny,
denoted byu or ., is a collection of soft subsets df4 having the following
properties:

. Fp €
il. {FAZ.QFA/Z‘EJQN}Q,UiUZ-EJFAiEM

The pair(F4, 1) is called a Soft Generalized Topological Space (SGTS).
Observe that’y, € p must not hold.

Definition 2.6. [8] Let (F4, 1) be a SGTS. Then every elementofs called a
soft u-open set.

Definition 2.7. [8] Let (Fa,pn) be a SGTS and’y C F4. Then the soft
p-interior of Fiz, denoted by, (F5) is defined as the soft union of all seftopen
subsets of'z. Note thati,(F) is the largest soff-open set that is contained in
Fp.

Definition 2.8. [8] Let (Fa,pn) be a SGTS and’z C F4. Then the soft
p-closure of 'z, denoted by, (F'5) is defined as the soft intersection of all soft
p-closed super sets @fz. Note thatc,(F;) is the smallest soft-closed superset
of F.

Definition 2.9. [9] Let (F'z, 1) be a SGTS. Then a soft sBt C F is said to be
a softu-pre-open set iff; C i,c,F¢ (i.e, the case when = i,c,). The class
of all soft -pre-open sets is denoted py,) or p,,.
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Definition 2.10. [9] Let (F, ) be a SGTS. Then a soft s, C F} is said to
be a softu-semi-open set |ﬁFG C cui ke (e, the case when = cuzu) The
class of all soff:-semi-open sets is denoted &y or J,.

Definition 2.11. [12] A soft mappingg : A — B is called softa-continuous if
the inverse image of each soft open subset of B is acsoften set in A.

Definition 2.12. [4] A soft mappingg : A — B is called soft3-continuous
(resp., softa-continuous, soft precontinuous, and soft semicontinuduthe
inverse image of each soft open set in B is sftpen (resp., soft-open, soft
preopen, and soft semiopen) setin A.

Remark 2.1. [1€] If {(G, A), | « € I} is a collection of soft sets, then
(i) Usint(G, A)aC 3int( U (G, A)a)
(i) U3cl(G, A)q C3cd(U (G, A)y)

Throughout this paper, we symbolize soft generalized twgiol space, soft
generalized topological subspace and the set of all gedemi-open sets,
soft u-pre-open sets, soft-a-open sets, sofi-a-closed sets, sofi-5-open sets,
soft u-p-closed sets, soft-interior and softu-closure in a soft generalized
topological spacel’;, ) by SGT5, SGT5S, Su-8O (F), Su-PO (Fz), Su-a0 (Fg),
Spu-aC (Fz), Su-pO (Fp), Su-pC (Fg), Sp-Int (Fgz) and Su-CL (F)
respectively.

3 Softu-a-open sets

Definition 3.1. [9] Let (F%, ) be a SGTS. Then a soft st C F is said to
be a softu-a-open set |ffFG C iucut e (i.e, the case when = i,c,i,). The
class of all soff:-a-open sets is denoted hy,,) or a,.

Definition 3.2. Let (Fz, 1) be asg7s. Then a soft sef; C F; is said to be a
soft u-a-closed set iff its complement is a sgfta-open set.

Example 3.1.LetX = {r1, ko, k3}, £ = {#1, %2} andp = {Fy, Fa, Fa,, Fa, Fa,,
Fa_, F, ,F%} where
F/qz - { 21 {’ilv ’%27’13}) ) (3?27 {’117 ’f2}>}

(@
Fa, = {(21, {1, k2}) , (To, {K1, k2}) }
Fa, = {(21,{r1}), (22, {r1})}
Fﬂ4 = {(aj {"{1”%3}) ) (an{"ilv"{'Q})}
Fa = {(21,{k2}), (T2, {K2})}
Fa = {(71, {2, K3}) , (T2, {K1, K2})}
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Then(Fz, i) is asGIs.

SM'O‘O (FE’) = {F(Dv FE’ {(fl’ {Klv K2, '%3}) ) (f% {'%17 52})} ) {(flv {'%17 "{2}) )
('f% {517 ’%2})} ) {(xAb {’%1}) ) (xA27 {’%1})} ) {(flu {"117 ’%3}) ) (*TAQ’ {’%17 "‘32})} )
{(#1, {ra}) , (2, {m2})} , {(21, {w2, K3}) , (Z2, {1, 2 }) } }

Remark 3.1. F and F'; are always softi-a-open and softi-a-closed.

Theorem 3.1. Every soft u-open set (softu-closed) is softu-a-open (soft
u-a-closed). But the converse need not be true.

Example 3.2. In the above example 3.3,{(71,{k1,k3}), (72, {K})},
{(21, {ke, k3}), (22, {K})} are softu-a-open sets but not soft-open.

Theorem 3.2. Arbitrary soft union of soffu.-«-open sets is a soft-a-open set.

Proof. Let {F,, /i € I} be a collection of softi-o-open sets in &GS (Fz, ).
Then by the definition of soft-a-open set,

Fa, C 8p-Int (8u-CL (Su-Int (Fa,))), Vi.

Now, U Fq, C U 8u-Tnt (Sp-CL (Sp-Int (Fy.))), Y.

By remark 2.13 (i)[J Fu, C Sp-Int (U 8pu-CL (Sp-Int (F,))), Vi

By remark 2.13 (i) Fia, C Sp-Int (Spu-CL (U Sp-Int (F)))), V.

By remark 2.13 (i)[J Fu, C Sp-Int (Sp-CL (Sp-Int (U Fu,))), Vi

Hencel F, C Sp-Int (Sp-CL (Sp-Int (U Fy,))), Vi. O

Remark 3.2. Finite soft intersection of softi-a-open sets need not be a soft
j-a-open set.

Example 3.3.In the above example 3.3Fc = {(21, {ka, Kk3}), (T2, {K1,K2})}
and Fp = {(21,{k1,kK3}),(@2,{kK1,K2})} are soft u-a-open sets but
FeN Fp = {(%1,{k3}), (£, {k1, ka})} is not softu-a-open.

Theorem 3.3. Arbitrary soft intersection of soffu-a-closed sets is a soft
u-a-closed set.

Proof. The proof is similar to that of theorem 3.7 by taking compleise [

Remark 3.3. Finite soft union of softu-a-closed sets need not be a soft
u-a-closed set.

Example 3.4.In the above example 3.3 = {(71,{r1}), (22, {ks})} and
Fr = {(®1,{K2}), (22,{K3})} are soft p-a-closed sets but
Fe U Fy = {(1, {Kk1, k2}) , (22, {k3})} is not softu-a-closed.

Remark 3.4. Let (F3, 1) be asG7s. Then every softu-a-open set is soft
u-pre-open, soffi-semi-open and soft-3-open. But the converse need not be
true.
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Example 3.5.In the above example 3.3{(¥,{k1,k2}),(22,{k3})} and
{(z1, {ka,r3}), (T2, {K1,Kr3})} are softu-pre-open sets but not soft-a-open

sets. Similarly{(2y, {r2, k3}), (@2, {r2})} and{(z1, {k1}), (Z2, {k1, k3})} are
soft u-semi-open sets but not sgfta-open sets. Alsof{ (21, {X}), (22, {k2})}
and{(z1,{0}), (22, {k1, k2})} are softu-[-open sets but not soft-c-open sets.

Definition 3.3. Let (F, ;1) be asg7s andF, C F.

(1) The softu-a-interior of £ is defined by
Sa, (Fy) = U {Fw: Py C FyandFy € 8u-a0 (Fj)}

(i) The softu-a-closure ofF is defined by
Saﬁu (Fz) =N {FW : Fy C Fy andFW c S,u-a@ (FE)}
(i.e.) Say, (Fy) isthe largest soft-a-open set contained ifi, andSa,, (Fy)
is the smallest soft-a-closed set containingy.

Theorem 3.4.Let (F, ;1) be asg7s and Fy;, F, be two soft sets oveF';. Then
() FuC Fy = Say, (Fu) C 8o, (Fy)
(i) FuC Fy = 8a,, (Fu) C 8a,, (Fy)
(iii) Sev, ( 8
(iv) 8a;, (FuN Fy
(

(Vi) 8, (Fu U Fy) 2 8, (Fy) USay, (Fy)

Proof. (i) Since F, is a softu-open set8a,, (Fy) C Fy C F, which implies
Sa;, (Fu) C Fy and8«;, (Fy) is the largest softi-a-open set contained ify,.
HenceSa,, (Fy) C 8o, (Fy).

(i) since F, C 8a,, (Fy) andFy C Sav, (Fy), Fy C Fy C 8o, (F). Hence
Fy C Sa,, (Fy). Also, 8a,, (Fy) is the smallest softi-a-closed containing,.
ThereforeSa., (Fu) C 8a,, (Fv).

(i) We have F, C Fy U Fy and Fy C Fy U Fy.  From (i),
Sa, (Fy) € 8oy, (Fy U Fy) and 8a,, (Fy) C 8a,, (Fy U Fy) which
implies S, (F) U 8a., (Fy) C 8a,, (Fy U Fy). SinceFy C Sa,, (Fy) and
Fy C8a,, (Fy), Fy UFy C8a,, (Fy) USa,, (Fy). SinceSa,, (Fy) USa,, (Fy)
is a softu-a-closed set containingy, U Fi, 8o, (Fyy U Fy) is the smallest soft
pi-a-closed set containingfy U Fy. ThereforeSa,, (Fy U F) C Sa, (Fu) U
8a,, (Fy). HenceSa,, (Fy U Fy) = Sa,, (Fu) U 8ay, (F).
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(iv) We have F, N Fy, C Fy and F, N Fy C Fy. From (i),
Say, (Fy N Fy) C 8ay, (Fy) and 8oy, (Fy N Fy) C 8ay, (Fy) which
implies 8o, (Fy N Fy) C Say, (Fy) N Sav, (Fy). SinceSa;, (Fu) C Fy
andSa,, (Fv) C Fy,8ay, (Fu) 0 8ay, (Fy) C Fy N Fy . As 8oy, (Fy) N
8oy, (Fy) is a softu-a-open set contained iy, N Fy, Sa, (Fy N Fy) is the
largest soff:-a-open set contained iR, N Fy. ThereforeSa,, (Fy) N Say, (Fy)
C 8ay, (Fy N Fy). HenceSa,, (Fy N Fy) = 8a, (Fy) N Sav, (F).

(v) We have Fy, N F, C Fy and Fy N Fy, C F, which implies
Sa,, (Fu N Fy) C 8a,, (Fy) and 8a,, (Fy N Fy) C 8a,, (Fy). Hence
Sa,, (Fy N Fy) C Sa,, (Fy) N Sa., (Fy).

(vij We have F, € Fy, U F, and F,y C F, U F, which implies
Say,, (Fu) C Sy, (Fy U Fy) and Say, (Fy) C 8ay, (Fy U Fy).
HenceSa,, (Fu) USay, (Fy) C 8a;, (Fyu U Fy).

(i.e.) S, (Fu U Fy) D 8ay, (Fy) U8ay, (Fy). O

Theorem 3.5. Let (Fj, 1) be asGZs and Fy be a soft set oveF;. Then
(i) Fis a softu-a-closed set.

(i) Sp-Int (Su-CL (Sp-Int (Fx)°)) 2 (Fx)C.

(i) Su-Cr (Sp-Int (Su-Cl (Fx))) C Fx.
(iv) (Fx)¢is a softu-a-open set.

Proof. (i) = (ii):
Since Fiy is a softy-a-closed set8u-Cl (Su-Int (Su-CL (Fy))) € Fx which
implies (F)¢ C Su-Int (Su-CL (Spu-Int (Fx)°)).
(i.e.) Sp-Int (Spu-CL (Sp-Int (Fx)%)) 2 (Fx)°.
(i) = (iii):
SupposeSyu-Jnt (Su-CL (Su-Int (Fx)°)) 2 (Fx)¢. Then by taking the
complement on both sides, we @et-C/ (Su-Int (Su-CL (Fx))) C Fh.
(i) = (iv):
The result follows from the definition 3.2.
(iv) = (i):

The result follows from the definition 3.1. O]

Definition 3.4. Let (F3, 1) and (Fz,n) be any twosg7s’s. A soft function
U, : (Fg,pn) — (Fg,n) is said to be softy, ,-continuous (briefly soffu,n)-
alpha-continuous), if the inverse image of each gefipen subset irf'; is soft
p-a-0pen inF.
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Theorem 3.6. Each soft(y, n)-continuous is softy(, , -continuous. But the
converse neednot be true.

Proof. LetW, : (Fz, 1) — (F5,n) be a soft(u, n)-continuous mapping. Left,
be any soft)-open set inF';. sinceV, is soft (s, n)-continuous, its inverse image
\If;l(F@) is a softu-open set inf; and every soffui-open set is softi-a-open,
W ' (Fp) is softu-a-open inF. Hencel, is softa, ,-continuous. O

Example 3.6.LetL = {(1,0>, 03}, P = {p1, po } thenu = { Fy, F, Fag, Fag, Fag,
FM4, For, Fo, } IS aSSTS where

p,{L}), (Pza{éhéz})}

={(n
FM2 Z{(P {51,52} 7(172 {51752})}
FM3 = P1,{€1,€3})7( {51752})}
Fay = p1,{€1 Ema{fl}gi
o = (p1, {la}) , (P2, {La}
FMG = {(Pl,{£2,€3 ), {51,52})}
and

LetD = {t{l,lfg,t{g},g = {thgAQ}thenn = {FQ)’FEJ’ FM’F%7F57\£37F57\[47F9\[5}
is a8GTS where
Fyy = (q1. {2, %}), qé,{rﬁ,cfg})%
Fry = {(q1. {2, &3}) , (@2, {1, do})
F9\£3 = 417{‘[27‘{3} ) qA%{{D})}
Fyy ={(q1.{D}) (@, {di, d}) }
Fro ={(a1.{%}). (2 {4})}

A mappingV : L — D is defined byl (¢1) = &y, V(ly) = &5, V(l3) = 4
andy : P — Qby x(p1) = @, x(p2) = ¢- ThenW, : (F5, ) — (Fg,n) is soft
a(um-continuous. But it is not sofi, )-continuous.

Theorem 3.7. A soft mapping¥,, : (Fz, 1) — (F%,n) is softay, ,-continuous
if the inverse image of each softclosed set inf';. is soft u-a-closed inF.

Proof. Let F; be any soft)-closed set infx. Then(F})° is a softp-open set in
F. SinceV, is softq(w)-continuous,\ll;l((F,)C) is a softu-a-open set inF.
Hence(V'((F;)%))" is a softu-a-closed set inF;. O

Theorem 3.8. Let (Fz, 1) and (Fz,n) be two SG7s's. If U, : (Fz,pu) —
(F,n) is a softa, ,-continuous mapping and’;, §) is a SGI5s of F, then the
restricted mapl, . : (Fy, &) — (Ff,n) is softae ,)-continuous.

G

Proof. Let (F5,) be anyn-open set inf. SinceW, is soft ¢, ,-continuous,

U L(Fy,) is & softu-a-open set inF. ThenW, ! (Fy) = Fy () UM (Fy,),
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whereF N U (Fy,) is asoftg-open setinF; which impIiestIJXl}lg(F@i) is a soft
§-open setin;. Hencel, ;. : (Fy, &) — (Fi,n) is softa,,)-continuous. [

Theorem 3.9. A soft mappingV,, : (Fz, 1) — (Fg,n) is softo, ,-continuous
iff for every softu-singleton sef’; in F'z and every soff-open set, in F; and
U, (Fy) € Fy,Fasoftu-a-opensefyin F > : Fy C FycandW, (Fy) C Fy.

Proof. Let I, be any soft)-open set inFz. SinceV, is soft«, ,-continuous,
\If;l(Fq/) is soft u-a-open inFz. By hypothesisW, (Fy) C F, which implies
Fy C UL Y(Fy). TakeFye = U (Fy) whichimpliesFy, C Fycand®, (Fi) C F.
Conversely, LetF, be any softy-open set infz and ¥, (Fy) C Fy,3 a soft
p-a-open set Fy in Fz such that F, C Fy and U, (Fy) C Fy.
HenceFy C Fy C U N (Fy) = U (Fy) € Sp-a0 (Fy). Hencel, is softay,,,)-
continuous. O

Definition 3.5. Let (F3, 1) and (Fz,n) be any twosg7s’s. A soft function
U, : (Fg,pn) — (Fg,n) is said to be sofp, ,-continuous (briefly soffu,n)-
pre-continuous), if the inverse image of each spfipen subset inf; is soft
p-pre-open infz.

Definition 3.6. Let (Fz, 1) and (Fz,n) be any twosg7s’s. A soft function
U, : (Fz,n) — (Fz,n) is said to be soft, ,)-continuous (briefly softu,n)-
semi-continuous), if the inverse image of each spfipen subset irF'; is soft
p-semi-open infz.

Remark 3.5. Every softo, ,,-continuous is sofp,, ,)-continuous and soff,, ,,)-
continuous. But the converse neednot be true.

Example 3.7.LetL = {{, 05, (3}, P = {p, o } thenu = { Fy, F, Fag,, Fagy, Fagy,
Far, Fog, Fag } 1S aSSTS where

Foy = Ep ALY (B {61,62})}

For, = (Pt {£17£2}) P2, {61,62} }

Fay ={(p1, {51,53})7(}72,{&%2 }

Foy = {(Plv{gl ) (P27{€1 )}

Fog, ZEEP ALY) (B {62}) )

Fog = { (51l 15}) . (P, {00, £2) }
and

LetD = {d,d, 5}, Q = {q1, o} thenn = {Fy, F, Fag, Frg, Frg, Fog } is @
8GT8 where
F?\[l = {(‘]:17{‘{2}) ) (‘fZ, {A‘{b ‘[5})}
Fp = %gq},{tﬁ, @}g : qu, {d, d3}) }
= ql;{‘{lydé} ) 427{9})}
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Frg ={(4.{o. &}), (2. {1, &}) }

A mappingV : L — D is defined byl (¢1) = &y, V(ly) = &5, V(l3) = 4
andy : P — Qby x(p1) = @, x(p2) = q1. ThenW, : (Fy, 1) — (Fg,n) is soft
p(um)-cONtinuous. But it is not soft, ,y-continuous.

Example 3.8.LetV = {11,013}, € = {é, &} thenu = {Fy, F, Fa,, Fa,, Fa,
Fa,, Fa,, Fa} is a857T8 where

Fﬂl = {(élv{v})v(é%{VlaVQ})}
Fa, = {(élv{VhV?})7(627{7/17”2})}
F,q3 = {(élv{ylyyii})7(627{1/17”2})}
Fa, ={(a,{n}), (e {n})}

Fay ={(a, {r2}), (&, {12})}

Fﬂﬁ = {(élv{y27y3})’(627{V17V2})}
and

LetW = {wy, wn, un}, 2 = {2, 2} thenn = {F@7F2,FQ;I,F@2, Fgg,Fm} is
a8978 where
Fy, = {(21, {mwn, ms}) , (22, {W})}
{<217 {w27 w3}) ) (527 {w27 ZU3}>}
}Eﬁlv {w3}) ) (22’ {wh w3})}

517 {wlv ZU3}) ) (527 {wla ZU3})}

Fy,
Fy,
F,

A mapping¥ : V — Wis defined by (1) = wn, V(1n) = w3, Y(13) = wy
andy : &€ — Z by x(e) = 2, x(&2) = z1. ThenV¥, : (F;z, u) — (Fz,n) is soft
d(u,m-continuous. But it is not soft, ,-continuous.

Remark 3.6. The composition of two soft, ,y-continuous function neednot be
soft oy, -continuous.

Theorem 3.10.Let & : (Fj, u) — (Ff,n) be a softy, ,-continuous function
and ¥, : (Fg,n) — (Fp,&) be a soft(n,£)-continuous map. Then
Uy o (Fg, 1) — (F5,€) is a softa, ¢ -continuous map.

Proof. Let Fi, be any soft-open subset of ;. SinceV, is soft(r, £)-continuous,
W ' (Fy,) is a softn-open subset of . Also, we haved, is «,,,)-continuous,
@gl(_\lfgl(FQ)) is a softu-a-open set inf';. HenceW, o ®. is a softa,¢)-
continuous map. 0
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4 Soft u-G-open sets

Definition 4.1. [9] Let (F;, 1) be a SGTS. Then a soft set;, C F is said to
be a softu-3-open set |ffFG C cuiuc,Fe (i.e, the case when = cuzuc“) The
class of all soff:-3-open sets is denoted by, or 3,..

Definition 4.2. Let (Fz, 1) be asG7Zs. Then a soft set; C F; is said to be a
soft u-(g-closed set |ff |ts complement is a sepf{5-open set.

Example 4.1.In the above example 3.8y-50 (F {F@, Fr (21, {K2}) .
(T, {rwa})}, { (21, {K3}) , (@2, {r1})}, {(fh{@a'f?)}) (Z9, {K1,K3})},
{(flv{@})7(va{KlaK?})}’{(fh{@})’(an{/{Qaﬁ?’})}v{(flv{’ila'%3})7
('f%{@})}7{(3?17{53})7(f%{’%l?"%})}7{(1?1?{’%17’%3})7('7?27{52753})}’
{(a1, {K2}) , (22, {K2, Ks})} }

Remark 4.1. Both Fyy and F'; are softu-3-open and softi-3-closed.

Theorem 4.1. Every soft u-open set (softu-closed) is softu-5-open (soft
u-(-closed). But the converse need not be true.

Example 4.2. In the above example 4.3,{(%,{r1,k3}), (@, {0})},
{(z1,{k1,K3}), (T2, {Ko,k3})} are soft u-F-open sets but not soft
p-open.

Theorem 4.2. Arbitrary soft union of soffu-3-open sets is a soft--open set.

Proof. Let{Fy, /i € I} be a collection of soft-3-open sets in 8GTS (F, ).
Then by the definition of soft-3-open set,

Fu, € 8p-CL (Sp-Tnt (Sp-CL (Fa))), Vi

Now, U Fa, € U 8-CL (Sp-Tnt (81-CL (Fa,))), Vi

By remark 2.13 (i) U Fa, € 81-CL (U 8p-Tnt (Su-CL (Fa,))), V.

By remark 2.13 (i), F, C - Sp-CL (Sp-Int (U 8pu-CL (Fa,))), Vi

By remark 2.13 (ii)JJ Fia, C 8u-Cl (Sp-Int (Su-CL (U Fg,))), Vi.

Hencel Fia, C 8u-CL (Sp-Int ($u-CL (T F))), Vi 0

Remark 4.2. Finite soft intersection of soft-(3-open sets need not be a soft
1-(3-open set.

Example 4.3.In the above example 4.3Fc = {(21, {ko, k3}), (¥2,{K1,K3})}
and Fp = {(d1,{r1,r3}), (€2, {ra,k3})} are soft u-f-open sets but
FeN Fp = {(21,{krs}), (22, {r3})} is not softu-3-open.
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Theorem 4.3. Arbitrary soft intersection of soffu-3-closed sets is a soft
u-G-closed set.

Proof. The proof is similar to that of theorem 4.7 by taking its coerpénts. [

Remark 4.3. Finite soft union of softu-3-closed sets need not be a soft
u-(-closed set.

Example 4.4.In example 4.3, F, = {(71,{k2,k3}),(72,{kr2})} and
Fr = {(21,{Ks3}), (¥2,{Kk1})} are soft pu-g-closed sets but
F_g U Fr = {(.fl, {:‘ig, Hg}) (fg, {Hl, /4,2})} is not SOﬂ/L'ﬁ'Closed.

Definition 4.3. Let (F, 1) be asg7s and F, C Fj.

(i) The softyu-g3-interior of £, is defined by
88, (Fz) = U {Fyw: Fw C FrandFy € 8u-80 (Fz)}
(i) The softu-3-closure ofFy, is defined by
Sﬁcu (Fz) =N {FW : Fy C Py andFy e Su-ﬂe <FE)}
(i.e.) 83, (Fy)isthe largest soft-3-open set contained iRy, andS 3., (F)
is the smallest soft-3-closed set containing.

Theorem 4.4. Let (F3, 1) be asg7s andF,, Fy be two soft sets ovef;. Then
() Fo CFx = 86, (Fo) C 83, (Fy)
(i) FoC Fr = 88, (Fo) C8f,, (Fx)

80, (Fo) U8B, (Fy)

(i) 86, (Fo U Fy) =

(V) 88, (Fo N Fy) =83, (Fo) N8B, (Fx)
( )
(Fq U Fy) 2

(V) 85, C 80, (Fo) (186, (Fx)
(vi) 84, 85, (Fo) U8B, (Fy)

Proof. (i) Since F, is a softu-open set8g,, (Fy) C Fy C Fy which implies
80, (Fg) C Fy and 80, (Fg) is the largest soft:i-3-open set contained ify .
Hence$s,, (Fy) C 88, (Fx).

(i) since Fy C 88, (Fx) andFy C 88,, (Fx), Fo C Fx C 88,, (Fx). Hence
Fy C 803, (Fx) and83., (Fy) is the smallest soft:-3-closed containing”y.
Therefore83., (Fy) C 88, (Fx)-

(i) We have F, C F, U Fy and Fy, C Fo U Fy. From (ii),

8B, (Fq) C 8B, (Fy U Fy) and 83, (Fx) C 8B, (F, U Fy) which

Fo 1 Fy

I

0 Fy
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implies 88., (Fy) U 88., (Fx) C 8., (Fy U Fy). SinceFy C 83, (Fy)
and Fy C 83, (F), Fo U Fx C 88, (Fg) U 8B., (Fx). As 88, (Fy) U
83, (Fx) is a softu-(-closed set containingy, U Fx, 88, (Fq U Fy) is the
smallest soff:-3-closed set containingo U Fir. ThereforeSg,, (Fq U Fy) C
83, (Fo) U883, (Fx)whichimpliesSg., (Fo U Fy) = 80, (Fo) U803, (Fx).

(v) We have Fy N Fy C Fq and Fy N Fy C Fy. From (i),
86, (Fo N Fyg) C 86, (Fo) and 83, (Fy N Fy) C 803, (Fx) which
implies $3,, (Fq 0 Fx) C 88, (Fo) N 86, (Fy). Since8p,, (Fq) C F, and
86, (Fx) C Fx, 88, (Fo) N 8B, (Fx) C Fo N Fx . As 80, (Fp) N
803, (Fy) is a softu--open set contained ihy N Fy, 83, (Fq N Fy) is the
largest soffu-3-open set contained ifi, N Fy. Therefore3;, (Fo) N 8G;, (Fz)
C 88, (Fo N Fy). HenceSp,, (Fo N Fy) = 8B, (Fq) N 8B, (Fx).

(v) We have F, N Fyx C Fo and Fy N Fx C Fy which implies
86., (Fo N Fy) C 8B, (Fy) and 8B, (Fq N Fgr) C 83, (Fy). Hence
80, (Fo N Fx) C 86, (Fo) N 83, (F).

(vi) We have I, C Fy U Fg and Fy
861, (Fo) C 86, (Fo U Fy) and 883, (Fx)
86, (Fo) U8B, (Fx) C 8B, (Fo U Fy).

(i.e.) 80, (Fo U Fy) 280, (Fq) U8B, (Fy). N

C
C

F, U Fg which implies
88, (Fo U Fy). Hence

INAM?

Theorem 4.5. Let (F;, 1) be asg7s and Fy be a soft set oveF. Then
(i) Fyis a softu-(G-closed set.
(i) Su-Cl (Sp-Int (Sp-CL (Fy))) D (Fy)°.

(i) Sp-Int (Spu-CL (Sp-Int (Fy))) C Fy.

(iv) (Fy)©is a softu-3-open set.

Definition 4.4. Let (F3, 1) and (Fz,n) be any twosg7s’s. A soft function
U, : (Fzp) — (Fg,n) is said to be softy, ,,-continuous (briefly, softu, n)-
beta-continuous), if the inverse image of each sefipen subset if; is soft
p-3-open inF.

Theorem 4.6. Each soft(;:, n)-continuous is soft, ,-continuous.

Proof. LetV, : (F5, 1) — (F5,n) be a soft(u, n)-continuous mapping. Left,,
be any soft)-open set inf’z.. sinceW, is soft (., n)-continuous, its inverse image
\I/;l(Fw) _is a softu-open _set inF% and every soffu-open s_et is soft-3-open,
U (Fy) is softu-(-open inF. HenceV, is soft 3, -continuous. O

338



M. Supriya, Dr. R. Selvi

Example 4.5.LetR = {r, n, 1}, E = {4, &}, thenu = {Fy, F5, Fy,, Fa,, Fa,,
FQ[4, FQl5a FQ[6} is as8GgTs where
={(a,{n,n}),(&,{n,n})}

= {(t1, {n, }), (t2, {r1, = })}
:{(th{fz}) (&2, {n})}
={(tr, {n}), (&2, {n})}
={(a,{R}), (&, {n, n})}
F% {(a, {n,m}), (2, {n, n})}
and

Let H = {1, fo, fis} , K = {01, 2}, thenn = {Fy, Fx, Fs,, Fs,, Fs,, Fs, }
isa8GT8 Yvhere
Fyg, = { (i1, {1, hr}) , (22, {3}) }
Fy, = { (2. {1, hs}) . (22, {hs}) }

= {(i,{A1, fe}) , (2 { A, 2}) }

={(a.{m}) . (2. {fs})}

A function ¥ : R — H is defined byl (r) = hy, V() = A3, V() = K
andy : £ — K byy(t) = i, x(&2) = i. ThenW, : (Fz, u) — (Fg,n) is soft
B(um-continuous. But it is not soff, n)-continuous .

Remark 4.4. The composition of two soft},, ,,-continuous function neednot be
soft 3., -continuous.

Theorem 4.7.Let & : (Fz, 1) — (Fg,n) be a softg, ) -continuous function
and ¥, : (Fg,n) — (Fp,&) be a soft(n,£)-continuous map. Then
Uy o ®¢: (Fg,pn) — (Fp,€) is asoftf, «-continuous map.

Proof. Let Fi, be any soft-open subset of ;. SinceV,, is soft(r, £)-continuous,
W ' (Fy,) is a softn-open subset of ;. Also, we haved, is j3,,,)-continuous,
@gl(_\lfgl(FQ)) is a softu-3-open set inf'z. HenceW, o . is a softf, ¢ -
continuous map. 0

Theorem 4.8. Any soft u-G-open set which is soffu-semi-closed is soft
(-semi-open.

Proof. Let /4 be any softu-3-open set. Thett’y € Su-50O (Fz) which implies
Fu C Su-Cl (Sp-Jnt (Su-CL (Fy))). Since Fy is a soft u-semi-closed set,
Fy € 8u-8€ (Fz) which implies 8u-Jnt (S8u-Cf (Fa)) € Fa.  Now,
Su-Jnt (Su-CL (Fa)) C Fu C Su-CL (Su-Int (Su-CL (Fy))).  Since
Su-Jnt (8u-CL (F4)) = Fy is a softu-open setFy; C Fiy C Su-CL (Fy).
ThereforeF 4 is a softu-semi-open set. ]
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Corollary 4.1. Any soft set which is both sofi-3-closed and softi-semi-open
is soft-semi-closed.

Theorem 4.9. The soft intersection of a soft-a-open set and a soft-5-open set
is a softu-(-open set.

Proof. Let Iy be a softu-a-open set and'y be a softu-5-open set. Then
Fy N Fy C Sp-Int (Sp-CL (Spu-Int (Fa))) N Su-Cl (Su-Int (Sp-CL (Fy)))

C Spu-Cl [Sp-Int (Sp-CL (Sp-Tnt (Fa))) N Su-Int (Su-CL (Fy))]
= Sp-Cl [Sp-Int [Sp-CL (Sp-Int (Fn)) | N Su-Int (Su-CL (Fin))]]
C Su-CL [Su-Int [Su-CL [Su-Int (Fa) O Sp-Int (Su-CL (Fis))]]]

= 8p-Cl [Sp-Tnt [Su-CL [Su-Int (Fa) N 8u-CL (Fp)]]]

C 8p-Cl [Sp-Int [Sp-CL [Sp-Tnt (Fa) O (Fip)]]]

C 8p-Cl [Sp-Ont [8p-CL [(Fa) O (Fip)]]]-

HenceFy N Fy is a softu-3-open set. O

Corollary 4.2. The soft union of a softi-a-closed set and a soft-3-closed set
is a softu-(-closed set.

Theorem 4.10.Every softu-3-open set which is soft-a-closed is a soft-closed
set.

Proof. Let [ be any soffu-3-open set. Thett’y; € Su-60O (F) which implies
Py C 8u-Cl (Sp-Jnt (Su-CL (Fy))). Since Fy is a soft u-a-closed set,
Su-CL (Sp-Int (Spu-CL (Fi))) C Fy which implies Fyy = 8u-Cl (Su-Int

(Su-Cr (F))).HenceF, is softu-closed. O

Corollary 4.3. Every softu-3-closed set which is soft-a-open is a soffi-open
set.

5 Conclusion

In the current work, we study some of the properties of gaitopen sets, soft
u-a-closed sets, softu-G-open sets and softu-g-closed sets in  soft
generalized topological spaces using seftv-interior, soft y-a-closure, soft
u-p-interior and soft p-G-closure respectively. We discuss the soft
continuous functions related to soffi-open sets and determine the
necessary and sufficient condition for the composition nragsin softu-open
sets. Also, we examine the inter-relationship between(goff)-continuous, soft
p(um-continuous, soft, ,y-continuous, softy, ,-continuous and softy,, -
continuous mappings with suitable examples.
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