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Abstract- soft set theory was introduced by Molodtsov in 1999 as a mathematical tool for dealing with problems that 
contain uncertainty. Faruk Karaaslan et al.[6] defined the concept of soft lattices, modular soft lattices and distributive 
soft lattices over a collection of soft sets. In this paper, we define the concept of soft ideals and soft filters over a 
collection of soft sets, study their related properties and illustrate them with some examples. We also define the 
maximum and minimum conditions in soft lattice. In addition, we characterize soft modularity and soft distributivity 
of soft lattices of soft ideals. 
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                 I. INTRODUCTION 

 
 Soft set theory was introduced by Molodtsov [9] in 1999 as a mathematical tool for dealing with 

uncertainty. Maji et al.[8]defined some operations on soft sets and proved related properties. Irfan Ali et al.[5] 
studied some new operations in soft set theory. Li [7], Nagarajan et al.[10] defined the soft lattices using soft sets. 
Faruk Karaaslan et al.[6] defined the concept of soft lattices over a collection of soft sets by using the operations of 
soft sets defined by Cagman et al.[1]. Nagarajan et al. [11] proved characterization theorems for modular and 
distributive soft lattices. Serife Yilmaz et al. [12] defined and discussed soft lattices (ideals,filters) using soft set 
theory. In this paper, we define the concept of soft ideals, soft filters, prime soft ideals, prime soft filters, principal 
soft ideals and principal soft filters over a collection of soft sets. We study their related properties with some 
examples. We define the notion of maximum and minimum conditions in soft lattice. We prove that the set of soft 
ideals is a soft lattice. Further, we prove that the soft lattice L  is modular if and only if the soft ideal lattice 

)(LI  is modular. We also prove that the soft lattice L  is distributive if and only if the soft ideal lattice )(LI  is 
distributive. 
 

 The readers are asked to refer [1,8,9]  for basic definitions and results of soft set theory and  [6,10,11] 
for  results on soft lattices. 
 

 Throughout this work, U  refers to the initial universe, )(UP  is the power set of EU ,  is a set of 
parameters and EA . ( )S U  denotes the set of all soft sets over .U  

                          
   II. SOFT IDEALS AND SOFT FILTERS 
 
        In this section we introduce the concept of 
soft ideals and soft filters with examples. We prove 
that every soft ideal and soft filter of a soft lattice 
L  is a convex soft sublattice of L  and 
conversely. We also study about prime soft ideals 
and prime soft filters. Throughout this work, the soft 
lattice L  means  the soft lattice  ),,( L  . 

Definition 2.1 A non - empty soft subset I  of  a 
soft lattice L  is said to be a soft ideal if   
 (I1) Iff BA ,  implies Iff BA    

 (I2) IfA   implies Iff XA   for every 

element Xf  of L  or equivalently IfA   and 

AX ff   implies .IfX    
Definition 2.2 A non - empty soft subset F  of a 
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soft lattice L  is said to be a soft filter if   
 (F1) Fff BA ,  implies Fff BA   

 (F2) FfA   implies Fff XA   for every 

element Xf  of L  or equivalently Ff A   and 

XA ff   implies .FfX    
  
Note 2.3 Every soft ideal of a soft lattice L  is a 
soft sublattice of .L   
Example 2.4 Let 

1 2 3 4 5 6 7 8 9

1 2 3 1 2 3

1 2 1 3 2 3

1 2 3

= { , , , , , , , , },
= { , , }, = { }, = { }, = { },
= { , }, = { , }, = { , },
= { , , }

U u u u u u u u u u
E e e e P e Q e R e
S e e T e e V e e
W e e e
where EWVTSRQP ,,,,,,  and 

)(},,,,,,,{= USffffffffL WVTSRQP   

with the operations ~  and .~   
Assume that,  =f  

})}{,{(= 11 uefP  

})}{,{(= 22 uefQ  

})}{,{(= 33 uefR  

})},{,(}),,{,{(= 522411 uueuuefS  

})},{,(}),,{,{(= 733611 uueuuefT  

})},{,(}),,{,{(= 933822 uueuuefV  

1 1 4 6 2 2 5 8

3 3 7 9

= {( ,{ , , }), ( ,{ , , }),
( ,{ , , })}

Wf e u u u e u u u
e u u u

 

Then )~,~,( L  is a soft lattice. The Hasse 
diagram of it appears in figure 1.  

                      

 
(1) Consider the soft set 

.~},,,{= LffffI SQP   Clearly .I   

It also satisfies the properties 1I  and .2I  Hence 

I  is a soft  ideal of .L   
(2) Consider the soft set

.~},,,{= LffffI WTSP   Clearly .I  It 

satisfies the property 1I  but IfT   and 

TR ff   implies Rf  does not belong to .I  
Hence I  is not a soft  ideal of .L   
(3)  Consider the soft set 

.~},,,{= LffffF WVSQ   Clearly .F   

It also satisfies the properties 1F  and .2F  Hence 
F  is a soft filter of .L   
(4)  Consider the soft set 

.~},,,{= LffffF TRP   Clearly .F  It 

satisfies the property 1F  but FfP   and 

SP ff   implies Sf  does not belong to .F  

Hence F  is not a soft filter of .L   
Theorem 2.5 Every soft ideal and soft filter of a soft 
lattice L  is a convex soft sublattice of .L  
Conversely, every convex soft sublattice of L  is 
the soft intersection of a soft ideal and a soft filter.   
 
Proof. Let I  be an soft ideal of .L  Let 

., Iff YX   Then by 

IffffIffI XXYXYX  ,,),( 1  

implies .Iff YX   Therefore I  is a soft 

sublattice of .L  Let Iff BA ,  and .BA ff   

Then BABXXB ffIffLff  .~}|{=](  

implies .~](~],[ Ifff BBA   Therefore 

.~],[ Iff BA   Hence I  is a convex soft 

sublattice of .L Similarly, [ , ] [ ) .A B Af f f F    

Hence F  is a convex soft lattice of .L  
Conversely, let K  be a convex soft sublattice of 

.L  Let VXX ffLfI  |{=  for some 

}.KfV   Clearly If   and hence I  is non 

- empty. Let ., Iff YX   Then there exist 

Kff VV 
21

,  such that 
1VX ff   and 

.
2VY ff   Since .,,

2121
KffKff VVVV   

Also since .,
21

Iffffff YXVVYX   

Suppose IfX   and .XY ff   Then there 

exists KfV   such that .VX ff   Since 

., VYXY ffff   Therefore .IfY   Hence 

I  is a soft ideal of .L Let 

XWX ffLfF  |{=  for some }.KfW   

Clearly Ff   and hence F  is non - empty. 

   Figure 1. 
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Let ., Fff YX   Then there exist Kff WW 
21

,  

such that XW ff 
1

 and .
2 YW ff  Since 

.,,
2121

KffKff WWWW   Also since 

.,
21

Fffffff YXYXWW   

Suppose Ff X   and .YX ff   Then there 

exists KfW   such that .XW ff   Since 

., YWYX ffff   Therefore .FfY   Hence 

F  is a soft filter of .L Let .KfX   Then 

XX ff   for some IfKf XX  ,  and 

XX ff   for some ., FfKf XX   Therefore 

.~ FIfX   Hence .~~ FIK   Let 

.~ FIfX  Then If X   and .FfX   

Therefore, there exists KfKf WV  ,  such 

that VX ff   and .XW ff   Therefore 

VXW fff   for some ., Kff WV   Since K 

is a convex soft sublattice, Kff VW ~],[ implies 

.Kf X   Therefore .~~ KFI   Hence 

.~= FIK    
Definition 2.6 A soft ideal I of the soft lattice L  
is said to be a prime soft ideal if and only if atleast 
one of an arbitrary pair of elements whose meet is in 
L  is contained in .I  That is, Iff YX   

implies IfX   or .IfY     
Definition 2.7 A soft filter F  is said to be a prime 
soft filter if Fff YX   implies FfX   or 

.FfY    
  

Definition 2.8 Let L  be a soft lattice. Let 
.LfA   Then }|{ AXX ffLf   is a soft 

ideal and is called the principal soft ideal generated 
by Af  and is denoted by ].( Af    
Definition 2.9 Let L  be a soft lattice. Let 

.LfA   Then }|{ XAX ffLf   is a soft 
filter and is called the principal soft filter generated 
by Af  and is denoted by ).[ Af    
Example  2.10  Let  

 
1 2 3 4 5 6 7 8 9 10

1 2 3 1 1 2

1 3 1 2 3

= { , , , , , , , , , },
= { , , }, = { }, = { , },
= { , }, = { , , }

U u u u u u u u u u u
E e e e A e B e e
C e e D e e e

 

where EDCBA ,,,  and 

)(},,,,{= USfffffL DCBA   with the 

operations ~  and .~  Assume that,  =f  

})},{,{(= 211 uuef A  

})},{,(}),,,{,{(= 6523211 uueuuuefB  

})},{,(}),,,{,{(= 8734211 uueuuuefC  

1 1 2 3 4 2 5 6 9

3 7 8 10

= {( ,{ , , , }), ( ,{ , , }),
( ,{ , , })}

Df e u u u u e u u u
e u u u

 

Then )~,~,( L  is a soft lattice. The Hasse 
diagram of it appears in figure 2. 

 

                       
 
     Figure 2. 
 

(1)  Consider the soft ideal }.,,{= BA fffI   

Now, Ifff ACB  =  implies IfB  . 

Hence I  is a prime soft ideal of .L   
(2)  },,{=]( BAB ffff   is a principal soft ideal 

generated by .Bf   

(3)  Consider the soft ideal }.,{= AffI   Let 

., Lff CB   Then, Ifff ACB  = . Hence 

I  is not a prime soft ideal of .L    
Example 2.11 Let 

1 2 3 4 5 6 7 8 9 10

1 2 3 1 2 1 2

1 2 3

= { , , , , , , , , , },
= { , , }, = { }, = { }, = { , },
= { , , }

U u u u u u u u u u u
E e e e A e B e C e e
D e e e
 where EDCBA ,,,  and 

)(},,,,{= USfffffL DCBA   with the 

operations ~  and .~  Assume that,  =f  

})},{,{(= 211 uuef A  

})},{,{(= 432 uuefB  

})},,{,(}),,,{,{(= 64325211 uuueuuuefC  

fD 

fA 

fB fC 

fϕ 
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1 1 2 5 7 2 3 4 6 8

3 9 10

= {( ,{ , , , }),( ,{ , , , }),
( ,{ , })}

Df e u u u u e u u u u
e u u

 
Then )~,~,( L  is a soft lattice. The Hasse 
diagram of it appears in figure 3. 

 
 

                      
                   Figure 3. 

(1)  Consider the soft filter }.,,{= DCA fffF  

Now, Ffff CBA  =  implies .Af F  

Hence F  is a prime soft filter.  
(2)  Consider the soft filter }.,{= DC ffF  Let 

., Lff CB   Then, Ffff CAB  = . Hence 

F  is not a prime soft filter.  
(3)  },,{=)[ DCAA ffff  is a principal soft filter 

generated by .Af   
Theorem 2.12 Every soft lattice has almost one 
minimal and one maximal element. These elements 
are at the same time the least and greatest element 
of that soft lattice.  

  
Proof. If possible, let there be two minimal elements 

Lff NM , , then .MNM fff   Since Mf  

is a minimal element, MNM fff <  is 

impossible. Therefore MNM fff =  and hence 

.NM ff   Similarly we take ,NNM fff   

then .MN ff   Therefore .= NM ff  Hence the 

soft lattice L  has atmost one minimal element and 
it is the least element of the lattice. By the principle 
of duality, every soft lattice has atmost one maximal 
element and it is the greatest element of that soft 
lattice.   
Definition 2.13 An element Af  of a soft lattice L  

is called a greatest element of the soft lattice L  if 

AX ff   for all .LfX   Similarly an element 

Af  of a soft lattice L  is called a least element of 

L  if XA ff   for all .Lf X    
 
III. THE MAXIMUM AND MINIMUM 
CONDITIONS 
 

 In this section, we define the maximum 
and minimum conditions in soft lattice. We also 
obtain a necessary and sufficient condition for a soft 
lattice to satisfy the maximum condition. we also 
define   and   of two soft ideals and we prove 
that the set of all soft ideals is a soft lattice. 
Definition 3.1 Let 0C  be any element of a poset 

P  in the soft lattice. Let us form the subchain of 
P  in the following way: Let the greatest element of 
the subchain be .0C  Let 1)( kCk  be an 

element of P  such that .< 1kk CC  If each of the 

chains so formed, commencing at any 0C  is finite, 

then P  is said to satisfy the maximum condition.  
Definition 3.2 Let the least element of the subchain 
be .0C  Let 1)( kCk  be an element of P  such 

that .<1 kk CC   If each of the chains so formed, 

commencing at any 0C  is finite, then P  is said to 
satisfy the minimum condition.   
Result 3.3 If a poset P  in a soft lattice satisfies the 
minimum condition then for any ,Pf X   there 

exists atleast one minimal element Mf  of P  such 

that .XM ff    
  

Result 3.4 If a poset P  in a soft lattice satisfies the 
maximum condition then for any ,PfX   there 

exists atleast one maximal element Mf  of P  

such that .MX ff     
Corollary 3.5  Every soft lattice satisfying 
minimum (maximum)condition has a least (greatest) 
element.   
Note 3.6 By a soft ideal chain of a soft lattice ,L  
we shall mean a set of soft ideals in L  in which 
one of every pair of soft ideals includes the other.   
Lemma 3.7  The soft union of any soft ideal chain 
of a soft lattice L  is itself a soft ideal in .L   

  
Proof. Let C  be a chain of soft ideals of .L  Let 
I  denote the soft union of all soft ideals of L  in 

.C  Let ., Iff BA   Then there exists soft ideals 

1I  and 2I  in C  such that 1If A   and 

fC 

fϕ 

fA fB 

fD 
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.2IfB   Since ,, 21 CII   either 21
~ II   or 

.~
12 II   Let .~

21 II   Then .~
21 IIfA   

Therefore .2IfA   Since 

.,, 22 IffIff BABA   Hence 

.Iff BA   Let .LfX   Then 

.~
1 IIff XA   Therefore .Iff XA   

Hence I  is a soft ideal.   
Theorem 3.8  A necessary and sufficient condition 
for a soft ideal I  in a soft lattice L  to be a 
principal soft ideal is that the soft lattice L  
satisfies the maximum condition.  

  
Proof. Suppose the soft lattice L  satisfies the 
maximum condition. Then it is also satisfied in 
every soft ideal I  of .L  By corollory 3.5 the soft 
ideal I  includes a greatest element .Af  Then 

].(= AfI  Hence every soft ideal of L  is a 
principal soft ideal.Conversely, suppose that every 
soft ideal is a principal soft ideal. We have to prove 
soft lattice satisfies the maximum condition. 
Suppose not, then we can find an infinite subchain 
of the form .<<= 10 CCC  The set 

](~= 0= nn CI   being the soft union of the 
elements of the soft ideal chain is itself a soft ideal 
by lemma 3.7. Hence I cannot be a principal soft 
ideal since every one of its elements is less than the 
other of its elements.Therefore I  has no greatest 
element which is a contradiction.  
Theorem 3.9  Let I  and J  be soft ideals of a 
soft lattice .L  Define 

}~|{= JIfLfJI XX   and 

},,|{= JfIffffLfJI BABAXX 
 Then the set of all soft ideals )(LI  is a soft 
lattice.  

  
Proof. Clearly  JI  for If   and 

.Jf  Let ., JIff BA   Then, 

JIf A  ~  and .~ JIfB   That is, If A   

and .JfA   Also, IfB   and .JfB   

Therefore, Iff BA   and .Jff BA   

Hence JIff BA  ~  and hence 

.JIff BA  Let JIfA   and 

.AX ff   Then IfA   and .JfA   Since 

Ifff XAX   and 

.JIfJf XX   Therefore JI   is a 
soft ideal .Next we prove that JI   is a soft ideal. 

Clearly  JI  for if If   and so 

.JIf  Let ., JIff YX   Then 

2211
, BAYBAX ffffff   where 

Iff AA 
21

,  and .,
21

Jff BB   Therefore, 

1 1 2 2

1 2 1 2

( ) ( ) =

( ) ( ).
X Y A B A B

A A B B

f f f f f f

f f f f

    

  
                                                     

 Since .,,
2121

IffIff AAAA   Since 

.,,
2121

JffJff BBBB   Hence 

.JIff YX  Suppose JIfX   and 

.XY ff   Then BAX fff   where If A   

and .JfB   Since 

., BAYBAXY fffffff   Thus, 

.JIfY   Hence JI   is a soft ideal. 
Therefore )(LI  is a  soft  lattice.  

Theorem 3.10 The set )(0 LI  of all principal soft 

ideals of a soft lattice L  is a soft sublattice of 
),(LI  soft isomorphic to .L   

  
Proof. We claim that ](=](]( BABA ffff   

and ](=](]( BABA ffff   holds for every 

pair of elements BA ff ,  of .L First to prove 

].(=](]( BABA ffff  Let 

](](~](=](]( AXBABAX fffffff 
 or AXBX ffff  ](  or 

].( BAXBAXBX ffffffff 
Thus ].(~](]( BABA ffff  Let 

].( BAX fff   Then BAX fff   where 

](],( BBAA ffff  (Since AX ff   and 

](],( AXAA ffff   and since BX ff   and 

].(](].)(],( BAXBXBB fffffff   

Hence ].(](~]( BABA ffff   Thus 

].(=](]( BABA ffff  Next to prove 

].(=](]( BABA ffff  Let 

](](~](=](]( AXBABAX fffffff 
 and AXBX ffff  ](  and 

].( BAXBAXBX ffffffff 
Therefore ].(~](]( BABA ffff  Let 

].( BAX fff   Then ABAX ffff   

and AXBBAX ffffff   and 

]( AXBX ffff   and  
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Therefore ].(](~]( BABA ffff  Hence 

].(=](]( BABA ffff  Let us define 

)(: 0 LIL   by ].(=)( XX ff Suppose 

).(=)( YX ff   Then ].(=]( YX ff  Since 

YXYXYXX fffffff  ](](=](  
and since 

.](](=]( XYXYXYY fffffff   
  
Therefore YX ff =  and hence   is one-one. 
For every ),(]( 0 LIf X   there exist an element 

LfX   such that ].(=)( XX ff  Therefore   
is onto.To prove   is a soft lattice 
homomorphism. 
 

( ) = ( ] = ( ] ( ]
= ( ) ( ) 

X Y X Y X Y

X Y

f f f f f f
f f and


 

  


  

( ) = ( ] = ( ] ( ]
= ( ) ( ).

X Y X Y X Y

X Y

f f f f f f
f f


 

  


 

Therefore   is a soft homomorphism. 

Hence the map )(: 0 LIL   is a soft 

isomorphism and ).(~)(0 LILIL   
 
Theorem 3.11 The soft lattice L  is modular if and 
only if the soft ideal lattice )(LI  is modular.  

  
Proof. Suppose )(LI  is a modular soft lattice. 

Then the set of all principal soft ideals )(0 LI  of a 

soft lattice L  is a soft sublattice of )(LI  and is 
soft isomorphic to .L  That is 

)().(~)(0 LILILIL   is a modular soft lattice 

implies its soft sublattice )(0 LI  is a modular soft 

lattice. )(0 LI  is a modular soft lattice implies its 

soft isomorphic copy L  is a modular soft lattice. 
Hence )(LI  is a modular soft lattice implies that 
L  is a modular soft lattice.Conversely, let L  be a 
modular soft lattice. To prove that )(LI  is a 
modular soft lattice.Let KJI ,,  be soft ideals of 
L  such that .KI   Clearly 

.)()( KJIKJI   It is enough to 
prove that ).()( KJIKJI  Let 

.)( KJIfX   Then JIfX   and 

.KfX   Since BAXX fffJIf  ,  

where ., JfIf BA   Since If A   and 

., KfKI A   Therefore .Kff XA   Let 

.= XAC fff   Then .KfC   Also 

.XAX fff   Therefore 

.)()()( CBAXABAX ffffffff 
Since L  is a modular soft lattice, 

).(=)( CBACBACA ffffffff 
 Therefore ).( CBAX ffff   Since 

JfB   and ., KJffKf CBC   

Therefore )( CBAX ffff   where 

., KJffIf CBA   Thus 

).( KJIfX   Therefore 
).()( KJIKJI   Hence )(LI  is a 

modular soft lattice.  
 
Theorem 3.12 The soft lattice L  is distributive if 
and only if the soft ideal lattice )(LI  is 
distributive.  

  
Proof. Suppose )(LI  is a distributive soft lattice. 

Then the set of all principal soft ideals )(0 LI  is a 

soft sublattice of )(LI  and is soft isomorphic to 

.L  That is )().(~)(0 LILILIL   is a 
distributive soft lattice implies its soft sublattice 

)(0 LI  is a distributive soft lattice. )(0 LI  is a 
distributive soft lattice implies its soft isomorphic 
copy L  is a distributive soft lattice. Hence )(LI  
is a distributive soft lattice implies that L  is a 
distributive soft lattice. 
 
Conversely, let L  be a distributive soft lattice. To 
prove that )(LI  is a distributive soft lattice.Let 

KJI ,,  be a soft ideals of .L  Clearly 
).()()( KJIKIJI   It is enough 

to prove ).()()( KIJIKJI    

Let ).( KJIfX   Then If X   and 

IfKJf XX   and CBX fff =  

where ., KfJf CB   Now 

= = ( )
= ( ) ( )

X X X X B C

X B X C

f f f f f f
f f f f

  

    

 
 
(Since L  is a distributive soft lattice). 
Since JIffJfIf BXBX  ,,  and 

since .,, KIffKfIf CXCX   
Therefore 

)()()()( KIJIffff CXBX   
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and hence ).()( KIJIf X   Thus 
).()()( KIJIKJI   Hence 

)(LI  is a distributive soft lattice.  
 
Example 3.13 Consider the soft lattice 

)(},,,,{= USfffffL DCBA   under the 

operations ~  and ~  whose Hasse diagram is 
given in figure 4. 

              
                       

                  Figure 4. 
 

which is a modular soft lattice. The soft ideal lattice 
)(LI  of L  is given in figure 5.                    

              
   
                       Figure 5. 
                                                                                          

Now },,,,{=)( 43210 IIIIILI  where 

0 1

2 3

4

= { } = ( ], = { , } = ( ],
= { , } = ( ], = { , } = ( ],
= { , , , , } = ( ]

A A

B B C C

A B C D D

I f f I f f f
I f f f I f f f
I f f f f f f

  

 



  

 
which is also a modular soft lattice under the 
operations  and .    
 
Example 4.14 Consider the soft lattice 

)(},,,,{= USfffffL DCBA   under the 

operations ~  and ~  whose Hasse diagram is 
given in figure 6.  

                       
              Figure 6. 
 

which is a distributive soft lattice. The soft ideal 
lattice )(LI  of L  is given in figure 7. 

                                             

                
              Figure 7. 
 

Now },,,,{=)( 43210 IIIIILI   where  

0 1

2 3

4

= { } = ( ], = { , } = ( ],
= { , , } = ( ], = { , , } = ( ],
= { , , , , } = ( ]

A A

A B B A C C

A B C D D

I f f I f f f
I f f f f I f f f f
I f f f f f f

  

 



 which is also a distributive soft lattice under the 
operations  and .    
 

I V. CONCLUSION 
 

 In this paper, we defined soft ideals and 
soft filters, discussed their properties and illustrated 
them with some examples. We have shown that the  
set of soft ideals is a soft lattice. We have 
established the theorem that the principal soft ideal 

I4 

I1 

I2 I3 

I0 

fD 

fA 

fB fC 

fϕ 

I4 

I1 I2 I3 

I0 

fD 

fA fB fC 

fϕ 
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lattice )(0 LI  is soft isomorphic to the soft lattice 

L . We proved that the soft lattice L  is modular if 
and only if the soft ideal lattice )(LI  is modular. 
We also proved that the soft lattice L  is 
distributive if and only if the soft ideal lattice )(LI  
is distributive. We are studying about these soft 
lattices and are expected to give some more results. 
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