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Abstract. In this paper, we introduce and study upper (lower) soft contra continuous multifunctions. Some characterizations 

and several properties concerning upper (lower) soft contra continuous multifunctions are obtained..The relationships between 

upper (lower) soft continuous multifunction and some known concepts are also discussed..  

Keywords: Multifunction, contra-continuous multifunction, soft continuous multifunction, soft topological spaces. 

Esnek Küme Değerli Fonksiyonların Alttan ve Üstten 

Contra Süreklilikleri 

Özet. Bu makalede, öncelikle esnek küme değerli dönüşümlerin alttan ve üstten kontra sürekliliği tanımlanmıştır. Sonra bu 

sürekliliğin bazı karakterizasyonları verilerek çeşitli özellikleri incelenmiştir. Sonunda ise esnek sürekli küme değerli dönüşüm 

ile arasındaki ilişki araştırılmıştır.  

Anahtar Kelimeler: Küme-değerli fonksiyon, contra-sürekli küme-değerli fonksiyon, esnek süreklilik, esnek küme düğerli 

fonksiyon, esnek topolojik uzay. 

 

1. INTRODUCTION 

Molodtsov [1] introduced the concept of soft sets. Soft set theory has rich potential for practical 

applications in several sciences such as economics, engineering, environmental science, social science, 

medical science etc. Pei and Miao [2] investigated the relationships between soft sets and information 

systems. Ça g


man et al [5] defined a soft topological space. Zorlutuna et al. [8] studied some concepts 

in soft topological spaces. Ça g


man and et al. redefined the operations of the soft sets and constructed 

a uni-int decision making method by using these new operations [7]. Then Akda g


 and Erol [3, 11,12] 

introduced the concept of soft multifunction and studied their properties. Many researcher studied on 

soft set theory [6, 9, 10] etc. One of the important and basic topics in the theory of classical point set 

topology and several branches of mathematics, which have been researched by many authors, is 

continuity of functions. This concept has been extended to the setting of multifunctions. In this paper 

we study to the concepts of soft upper and soft lower contra- continuous soft multifunctions and obtain 

some characterizations of such multifunctions. 

2. PRELIMINIARIES AND BASIC PROPERTIES 

 

Definition 1  [1] Let X  be an initial universe and E  be a set of parameters. Let )(XP  denote the 

power set of X  and A  be a non-empty subset of E . A pair ),( AF  is called a soft set over X , where 

F  is a mapping given by )(: XPAF   . In other words, a soft set over X  is a parameterized 

family of subsets of the universe X . For )(, eFAe  may be considered as the set of e -approximate 

elements of the soft set ),( AF  .  
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Definition 2  [7] A soft set ),( AF  over X  is called a null soft set, denoted by A , if =)(eF  for 

all Ae . If EA = , then the null soft set is called universal null soft set, denoted by .  

Definition 3  [7] A soft set ),( AF  over X  is called an absolute soft set, denoted by A
~

, if XeF =)(  

for all Ae . If EA = , then the absolute soft set is called universal soft set, denoted by .
~
X   

Definition 4  4] Let Y  be a non-empty subset of X , then Y  denotes the soft set ),( EY  over X  for 

which YeY =)( , for all .Ee   

Definition 5  [7] The union of two soft sets of ),( AF  and ),( BG  over the common universe X  is 

the soft set ),( CH  , where BAC =  and for all ,Ce   















BAeeGeF

ABeeG

BAeeF

eH

if,)()(

if,)(

if,)(

=)(  

We write ),(=),(),( CHBGAF   . 

Definition 6  [7] The intersection ),( CH  of two soft sets ),( AF  and ),( BG  over a common 

universe X , denoted ),(),( BGAF   , is defined as BAC =  and )()(=)( eGeFeH   for all 

.Ce   

Definition 7  [7] Let ),( AF  and ),( BG  be two soft sets over a common universe ),(),.( BGAFX   

, if BA  and )()( eGeF   for all .Ae   

Definition 8  [7] For a soft set ),( AF  over X  the relative complement of ),( AF  is denoted by 

cAF ),(  and is defined by ),(=),( AFAF cc
 , where )(: XPAF c   is a mapping given by 

)(=)(  FXF c   for all .A  

Proposition 1  [10] Let ),(),,(),,(),,( ATASAHAG  be soft sets in X . Then the following 

statements are true; 

i) If  =),(),( AHAG , then 
cAHAG ),(),(   

ii) XAGAG c ~
=),(),(   

iii) If ),(),( AHAG   and ),(),( ASAH   , then ),(),( ASAG   

iv) If ),(),( AHAG   and ),(),( ATAS   then ),(),(),(),( ATAHASAG   

v) ),(),( AHAG   if and only if .),(),( cc AGAH   
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Definition 9  [11] The soft set ),( EG  over X  is called a soft point in X , denoted by ,eE  if for 

Ee  there exist Xx  such that }{=)( xeG  and =)( 'eG  for all }.{eEe'   

Definition 10  [11] The soft point 


eE  is said to be in the soft set ),( EH  , denoted by ),( EHEe 


 , 

if )(eH  . 

Proposition 2  [10] Let 


eE  be a soft point and ),( EH  be a soft set in X . If ),( EHEe 


 , then 

.),( c

e EHE 


 

Definition 11  [4] Let   be the collection of soft sets over X , then   is said to be a soft topology on 

X  if satisfies the following axioms.  

(1) X,  belong to ,  

(2) the union of any number of soft sets in   belongs to ,  

(3) the intersection of any two soft sets in   belongs to .  

The triplet ),,( EX   is called a soft topological space over X . Let ),,( EX   be a soft topological 

space over X , then the members of   are said to be soft open sets in X . A soft set ),( AF  over X  is 

said to be a soft closed set in X , if its relative complement 
cAF ),(  belongs to .  

Definition 12  [11] Let ),( EXS  and ),( KYS  be two soft classes. Let YXu :  be multifunction 

and KEp :  be mapping. Then a soft multifunction ),(),(: KYSEXSF   is defined as 

follows:  

For a soft set ),( EG  in )),,((),,( KEGFEXS  is a soft set in ),( KY  given by 

 







 

otherwise

EkpEkp
kGF

'eGu

,

)()(1
=))((

1))((

 

for )),,(.( KEGFKk  is called a soft image of a soft set ),( EG  . 

Moreover, )},(:)({=),( EGEEFEGF ee  
 for a soft subset ),( EG  of .X  

Definition 13  [11] Let ),(),(: KYSEXSF   be a soft multifunction. The soft upper (lower) 

inverse image of ),( KH  denoted by ),( KHF 
 and ),( KHF 

 respectively defined as follows; 

)},()(:
~

{=),( KHEFXEKHF ee  
  

}.),()(:
~

{=),(  KHEFXEKHF ee


 Also, )(=)

~
( 

eEFXF   . 

Definition 14  [12] Let YXGF :,  be two soft multifunctions. For XEe

~
 , the combination and 

intersection of F  and G  is denoted by  
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)()(=))(( 

eee EGEFEGF   , 

)()(=))(( 

eee EGEFEGF  . 

Definition 15  [11] Let ),(),(: KYSEXSF   and ),(),(: KYSEXSG   be two soft 

multifunctions. Then, F  equal to G  if )(=)( 

ee EGEF  for each .XEe 


  

Definition 16  [11] The soft multifunction ),(),(: KYSEXSF   is called surjective if p  and u  

are surjective. 

Theorem 1  [11] Let ),(),(: KYSEXSF   be a soft multifunction. Then, for soft sets 

),(),,( EGEF  and for a family of soft sets 
Iii EG ),(  in the soft class ),( EXS  the following are 

hold:  

(a)  =)(F  

(b) YXF
~

)
~

(   

(c) ),(U),(=)),(),(( BHFAGFBHAGF   in general ),(U=)),(U( EGFEGF iiii  

(d) ),(),()),(),(( BHFAGFBHAGF   in general ),()),(( EGFEGF iiii
  

(e) If ),(),( EHEG   , then ),(),( EHFEGF   . 

Theorem 2  [11] Let ),(),(: KYSEXSF   be a soft multifunction. Then the follows are true:  

(a)  =)(F  and  =)(F  

(b) XYF
~

=)
~

(  and XYF
~

=)
~

(  

(c) ),(U),(=)),(),(( KHFKGFKHKGF    

(d) )),(),((),(U),( KHKGFKHFKGF  
 

(e) ),(),()),(),(( KHFKGFKHKGF    

)),(),((=),(),(]f( KHKGFKHFKGF  
 

(g) If ),(),( KHKG   , then ),(),( KHFKGF    and ),(),( KHFKGF    . 

Proposition 3  [11] Let ),(),(: KYSEXSF   be a soft multifunction. Then the follows are true:  

(a) )),(()),((),( AGFFAGFFAG    for a soft subset ),( AG  in X . If F  is surjectice 

then )),((=)),((=),( AGFFAGFFAG 
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(b) )),((),()),(( BHFFBHBHFF    for a soft subset ),( BH  in .Y  

(c) For two soft subsets ),( BH  and ),( CU  in Y  such that  =),(),( CUBH  then 

.=),(),(   CUFBHF  

Definition 17  [11] For a multifunction ),,(),,(:1 KYEXF    and a soft multifunction 

),,(),,(:2 LZKYF    , the soft soft multifunction ),,(),,(:12 LZEXoFF    , is  

defined by ))((=))(( 1212



ee EFFEoFF  for .XEe 


 

Proposition 4  [11] Let ),,(),,(: KYEXF    and ),,(),,(: LZKYG    be two soft 

multifunction. Then the follows are true:  

(a) FF =)( 
 

(b) For a soft subset ),( CT  in )),((=),()(, CTGFCTGoFZ 
 and 

)),((=),()( CTGFCTGoF 
 . 

Proposition 5  [12] Let YXGF :,  be two soft multifunctions. For a soft set ),( KH  in Y  the 

following statements are hold:  

(i) ),(),(=),()( KHGKHFKHGF    . 

(ii) ),(),(=),()( KHGKHFKHGF    

(iii) ),(),(),()( KHGKHFKHGF    

(iv) ).,()(),(),( KHGFKHGKHF    

Proposition 6  [12] Let YXF :  be a soft multifunction. Then the following are hold: (i) 

),(U),(=)),(),(( EHFEGFEHEGF    

(ii) ),(),()),(),(( EHFEGFEHEGF   

(iii) )).,(
~

(),()
~

( EGXFEGFXF   

Proposition 7  [11] Let ),( KG  be a soft set over Y . Then the followings are true for a soft 

multifunction ),,(),,(: KYEXF    :  

(a) ),(
~

=)),(
~

( KGFXKGYF    

(b) ),(
~

=)),(
~

( KGFXKGYF    . 
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3. UPPER AND LOWER SOFT CONTRA-CONTINUOUS MULTIFUNCTIONS 

 

Definition 18 A soft multifunction ),,(),,(: KYEXF    is called;  

i) soft lower contra-continuous multifunction if for any soft closed set ),( KH  in Y  with 

  ),()( KHEF e , there exists a soft open set ),( EB  in X  containing 


eE  such that 

.),(),(  KHEBF  

ii) soft upper contra-continuous multifunction if for any soft closed set ),( KH  in Y  with 

),()( KHEF e 
 , there exists a soft open set ),( EB  in X  containing 



eE  such that 

),(),( KHEBF   . 

Theorem 3 The following statements are equivalent for a soft multifunction 

),,(),,(: KYEXF    .  

i) F  is soft upper contra-continuous, 

ii) ),( KMF 
 is soft open for any soft closed set ),( KM  in ,Y  

iii) ),( KGF 
 is soft closed for any soft open set ),( KG  in .Y  

Proof. i ) ii=> ) Let ),( KM  be any soft closed set in Y  and ),()( KMEF e 
 namely 

),( KMFEe

  . By i )  , there exists a soft open set ),( EA  containing 


eE  such that 

),(),( KMEAF   . Thus, )),(( KMFInTEe

  and hence ),( KMF 
 is a soft open set in X. 

)iii=>)ii  Let ),( KG  be a soft open set in Y . Then ),(
~

KGY   is a soft closed set in Y . By 

ii), )),(( KGYF 
 is soft open set. Since ),(=)),(( KGFXKGYF    , then ),( KGF 

 is soft 

closed set in .X  

)ii=>)iii  Let ),( KM  be a soft closed set in Y. Then ),(
~

KMY   is a soft open set in Y . 

By iii), )),(( KMYF 
 is soft closed set. Since ),(

~
=)),(

~
( KMFXKMYF    , then 

),( KMF 
 is soft open set in .X  

)i=>)ii  Let ),( KH  be any soft closed set in Y  and ),()( KHEF e 
 . By (ii), ),( KHF 

 

is soft open set in X . Take ),(=),( KHFEB 
 . Then, ),(),( KHFEB   . Thus, F  is soft upper 

contra-continuous.  

Definition 19 The soft kernel of a soft set ),( EH  in a soft topological space ),,( EX   is denoted by 

),( EHKer  and defined as )}.,(),(:),{(=),( EGEHEGEHKer     
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Lemma 1 For a soft set ),( EG  in a soft topological space ),,( EX   , if ),( EG , then 

),(=),( EGKerEG  .  

Proof. Obvious from the definition 19.  

Theorem 4 Let ),,(),,(: KYEXF    be a soft multifunction. If  

)),(()),(( KHKerFKHFCl    for any soft set ),( KH  in Y , then F  is soft upper contra- 

continuous. 

Proof. Suppose that )),(()),(( KHKerFKHFCl    for every soft set ),( KH  in Y . Let 

),( KH . By Lemma 1, ),(=)),(()),(( KHFKHKerFKHFCl    . This implies that 

),(=)),(( KHFKHFCl 
 and hence ),( KHF 

 is soft closed set in X . Thus, by Theorem 3, F  

is soft upper contra-continuous.  

Definition 20  [11] A soft multifunction ),,(),,(: KYEXF    is called;  

i) soft lower continuous if for any soft open set ),( KH  in Y  with   ),()( KHEF e  there 

exists a soft open subset ),( EB  of X  containing 


eE  such that ),(),( KHFEB   . 

ii) soft upper continuous if for any soft open set ),( KH  in Y  with ),()( KHEF e 
 there 

exists a soft open subset ),( EB  of X  containing 


eE  such that ),(),( KHFEB   . 

Remark 1 The notions of soft upper contra-continuous multifunctions and soft upper continuous 

multifunctions are independent as shown in the following examples.  

Example 1 Let },{= 21 xxX , },{= 21 yyY , },{=},,{= 2121 kkKeeE , }),(,
~

,{=~ cEGX  and 

)},(,
~

,{=~ KHYv   where })}{,{(=),( 12 xeEG  and })}{,(}),{,{(=),( 2211 ykykKH . Then the 

multifunction ),~,(),~,(: KvYEX   where YXu :  is a multifunction defined by 

Yxuyxu =)(},{=)( 211  and KEp :  is afunction defined by 1221 =)(,=)( kepkep  is soft upper 

contra-continuous, but it is not soft upper semi-continuous. Because for a soft open set ),( KH  in Y  

),(=),( EGKHF 
 is soft closed set in X .  

Example 2 Let },{= 21 xxX , },{= 21 yyY , },{=},,{= 2121 kkKeeE , }),(,
~

,{=~ cEGX  and 

)},(,
~

,{=~ KHYv   where )},})({,{(=),( 221 XexeEG  and })}{,(}),{,{(=),( 2211 ykykKH . 

Then the multifunction ),~,(),~,(: KvYEX   where YXu :  is a multifunction defined by 

Yxuyxu =)(},{=)( 211  and KEp :  is a function defined by 1221 =)(,=)( kepkep  is soft 

lower contra-continuous, but it is not soft lower semi-continuous. Because for a soft open set ),( KH  

in Y  ),(=),( EGKHF 
 is soft closed set in X  .  

Theorem 5 The following statements are equivalent for a soft multifunction 

),,(),,(: KYEXF    :  
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i) F  is soft lower contra-continuous, 

ii) ),( KMF 
 is soft open for any soft closed set ),( KM  in ,Y  

iii) ),( KGF 
 is soft closed for any soft open set ),( KG  in .Y  

Proof. It is similar to that of Theorem 3.  

Theorem 6 For a soft multifunction ),,(),,(: KYEXF    , if 

)),(()),(( KHKerFKHFCl    for every soft set ),( KH  in Y , then F  is soft lower contra-

continuous. 

Proof. Suppose that )),(()),(( KHKerFKHFCl    for every soft set ),( KH  in Y . Let 

)K,H( . We have ),(=)),(()),(( KHFKHKerFKHFCl    . Thus, 

),(=)),(( KHFKHFCl 
 and hence ),( KHF 

 is soft closed in X . By Theorem 5. F  is soft 

lower contra- continuous.  

Definition 21 Let }::{ IiYXFi   be a family of soft multifunctions. Then the union 
iIi

F
 and 

the intersection 
iIi Fn  defined as follows:  

)(U=))(U(,:U 

eiIieiIiiIi EFEFYXF    and 

)(n=))(n(,:n 

eiIieiIiiIi EFEFYXF    . 

Theorem 7 If 
iF  : YX   are soft upper contra-continuous multifunctions for ni ,1,2,=  , then 

ii
n F1=  is a soft upper contra-continuous multifunction.  

Proof. Let ),( KH  be a soft closed set of Y. We will show that 

)},()(:{=),()( 1=1= KHEFXEKHF eii
n

eii
n   

 is soft open set in X . Let 

),()( 1= KHFE ii
n

e

  . Then ),()( KHEF ei 
 for ni ..1,2=  . Since 

iF  : YX   is soft upper 

contra-continuous multifunction for ni ,1,2,=  , then there exists a soft open set ),( EU  containing 



eE  such that for),()( KHEF Z

ei   all ),( EUE Z

e   . ),(=),(
1=

EUEGLeT
n

i  then ),( EG  is soft 

open set. Then ),()(),( 1= KHFEG ii
n   . Thus, ),()( 1= KHFii

n   is soft open and hence ii
n F1=  

is a soft upper contra-continuous multifunction.  

Theorem 8 If 
iF  : YX   are soft lower contra-continuous multifunctions for ni ,1,2,=  , then 

ii
n F1=  is a soft lower contra-continuous multifunction.  

Proof. Let ),( KH  be a soft closed set of Y . We will show that =),()( 1= KHFii
n    
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}),()(:{ 1=   KHEFXE eii
n

e  is soft open set in X . Let ),()( 1= KHFE ii
n

e

  . 

Then  ),()( KHEF ei


 and hence  ),()( KHEF e

o
i


 for an 

0i . Since 
o
iF  : YX   is soft 

lower contra-continuous multifunction, there exists a soft open set ),( EU  containing 


eE  such that 

 ),()( KHEF Z

e
o
i  for all ),( EUE Z

e   . Then  ),()(1= KHEF Z

eii
n

 and hence 

),()(),( 1= KHFEU ii
n   . Thus, ),()( 1= KHFii

n   is soft open set and 

hence ii
n F1=  is soft lower contra-continuous multifunction. 

Theorem 9 Let ),,(),,(: KYEXF    be a soft multifunction and }:),{( IiEUi   be a soft 

open cover for X . Then Fis soft lower contra-continuous if and only if ),(| EUF i
 is a soft lower 

contra-continuous multifunction for all .Ii  

Proof. (=>)  Let 


eE  be soft point in X  and ),( KH  be a soft closed set in Y  with  

),( KHFEe

  . Since }:),{( IiEUi   is a soft open cover for X , then ),( EUE
o
ie 


 for an Ii 0

. We have )(=)( 

e
o
ie EFEF  and hence ),( KHFE

o
ie


  . Since ),(\ EUF
o
i

 is soft lower contra-

continuous, there exists a soft open set ),(=),( EUGEB
o
i  in 

o
iU  such that ),( EBEe 


 and 

\=),(),(),(=),( FEUKHFEUGEB
o
i

o
i   ),(),( KHEU

o
i


 , where ),( EB  is soft open set 

in X . We have =),( EBEe 


 

),(),(),(=),(),(\),( KHFEUKHFKHEUFEUG
o
i

o
i

o
i

   . Hence, F  is soft lower 

contra-continuous. 

(<=)  Let 


eE  be soft point in X  and ),( EUE ie 


 . Let ),( KH  be a soft closed set in Y  

with ),( KHFEe

  . Since F  is soft lower contra-continuous and ))(,(\=)( 

e
o
ie EEUFEF  , 

there exists a soft open set ),( EU  containing 


eE  such that ),(),( KHFEU   . Take 

),(),(=),( EUEUEB i   . Then ),( EB  is soft open set in ),( EUi
 containing 



eE . We have 

),(),( KHFEB   . Thus F  is soft lower contra- continuous. 

Theorem 10 Let ),,(),,(: KYEXF    be a soft multifunction and }:),{( IiEUi   be a soft 

open cover for X . Then Fis soft upper contra-continuous if and only if ),(| EUF i
 is a soft upper 

contra-continuous multifunction for all .Ii   

Proof. It is similar to that of Theorem 9.  
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Theorem 11 If ),,(),,(: KYEXF    is an soft upper semi-continuous multifunction and 

),,(),,(:2 LZKYF    is a soft upper contra-continuous multifunction, then 12oFF  is soft upper 

contra-continuous.  

Proof. Let ),( LM  be a soft closed set in Z. We have )),((=),()( 2112 LMFFLMoFF 
 . Since 2F  

is soft upper contra-continuous, ),(2 LMF 
 is soft open in Y . Since 1F  is upper continuous, 

),()(=)),(( 1221 LMoFFLMFF 
 is soft open in X. Thus, 12oFF  is soft upper contra-continuous. 

4. CONCLUSION 

In this paper I study on soft multifunctions which defined between soft topological spaces. I give 

the definition of upper and lower contra continuous soft multifunctions. Then I obtain characterizations 

of these soft multifunctions and investigate properties of them. I expect that results in this paper will be 

basis for further applications of soft multifunctions in soft sets theory. 
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