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PREFACE 

In this book we construct special subset topological spaces 
using  subsets from semigroups or  groups or rings or semirings. 
Such study is carried out for the first time and it is both 
interesting and innovative. 

Suppose P is a semigroup and S is the collection of 
all subsets of P together with the empty set, then S can be 
given three types of topologies and all the three related 
topological spaces are distinct and results in more types of 
topological spaces. When the semigroup is finite, S gives 
more types of finite topological spaces. The same is true in 
case of groups also. Several interesting properties enjoyed 
by them are also discussed in this book. 

In case of subset semigroup using semigroup P we can have 
subset set ideal topological spaces built using subsemigroups. 
The advantage of this notion is we can have as many subset set 
ideal topological spaces as the number of semigroups in P. In 
case of subset semigroups using groups we can use the subset 
subsemigroups to build subset set ideal topological spaces over 
these subset semigroups. This is true in case of subset 
semigroups which are built using semigroups also. 

Finally these special subset topological spaces can also be 
non commutative depending on the semigroup or the group.  
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Suppose we use the concept of semiring or a ring and build 
a subset semiring, we can use them to construct six distinct 
subset topological spaces of which three will be non 
commutative; if the semiring or the ring used is non 
commutative. This study is developed and described with 
examples. 

We can use the notion of set ideals and build subset set ideal 
topological spaces over subsemirings of semirings or subrings 
of rings. 

In this case we have the notion of orthogonal topological 
subspaces. We can use the subrings of a ring or subsemirings of 
a semiring to construct subset set ideal topological spaces of the 
six types. This is described and developed in this book.  

We thank Dr. K.Kandasamy for proof reading and being 
extremely supportive. 

 
  

W.B.VASANTHA KANDASAMY 
FLORENTIN SMARANDACHE 

 



Chapter One 

INTRODUCTION 

In this book authors introduce the notion of special subset 
topological spaces of subsets from rings or semigroups or 
semirings or groups. These subset semigroups and subset 
semirings are given topological structures.  In case of subset 
semigroups we can give in general three topological space 
structures in which two of the spaces inherit the operation from 
the semigroup.  On these subset semirings we can have six 
distinct topological spaces of which five of them inherit the 
operations of the ring or the semiring. 

 The speciality about these topological spaces is at times 
when the basic structure used to build the subset semigroup or 
subset semiring is non commutative so will be the topological 
spaces Ts, T

  and T
 .  However Ts has no meaning in case of 

subset semigroups. 

For more about these subset structures please refer [22-3]. 

For more about special topological spaces please refer [19-20]. 
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 These topological spaces constructed using subset 
semigroups and subset semirings can be of finite or infinite 
order.  Further we can associate trees related with these spaces. 
Certainly these trees can find applications in several fields of 
technology and engineering.  

 The notion of non commutative topological spaces is 
interesting and these topological spaces have subset zero 
divisors also these topological spaces have distinct pairs of 
subspaces which annihilate each other.  

These concepts are new only in case of topological spaces 
Ts, T

  and T
 .  Finally set ideal subset topological semiring 

spaces and set ideal subset topological semigroup spaces are 
constructed and several of their properties are derived. This 
study leads to several topological spaces depending on the 
subsemigroups (or subsemirings). 



Chapter Two 

SPECIAL TYPES OF SUBSET 
TOPOLOGICAL SPACES USING 
SEMIGROUPS AND GROUPS  

In this chapter we build topological spaces using groups and 
semigroups.  These pave way to give more topological spaces 
using the inherited operations of these basic algebraic structures.  
Here we study them, describe them and derive several 
properties associated with them. 

DEFINITION 2.1:  Let S be a collection of all subsets of a 
semigroup (P, *); S is a subset semigroup under the operation 
*. We can define on S three types of topological spaces called 
the ordinary or usual or standard type of topological spaces of 
the semigroup P. 

 Let S = {}  S. 

 To = {S, , } is the ordinary or usual or standard type of 
topological space of a subset semigroup S. 
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 T = {S, , *} and T ={S, , *} will be known as the 
special type of topological spaces of the subset semigroup 
(S, *). 

 It is to be noted that T and T are non commutative if the 
semigroup (P, *) is non commutative. 

We will give examples of them. 

Example 2.1:  Let S = {Collection of all subsets from the 
semigroup (P, *) = {Z12, } be the subset semigroup.   

We see To = {S = S  {}, , }, T = {S, , } and 
T = {S, , } are the three topological spaces associated with 
(P, *) = {Z12, }. 

We just take A = {2, 6, 0, 7, 5} and B = {9, 8, 5, 3, 4} in S. 
Let A, B  To. 

 We see A  B  = {2, 6, 0, 7, 5}  {9, 8, 5, 3, 4} 
= {0, 2, 3, 4, 5, 6, 7, 8, 9} 

 and A  B  = {2, 6, 0, 7, 5}  {9, 8, 5, 3, 4} 
= {5} are in To. 

Consider A, B  T. 
 A  B  = {2, 6, 0, 7, 5}  {9, 8, 5, 3, 4} 

= {0, 2, 3, 4, 5, 7, 8, 9} and 

A  B  = {2, 6, 0, 7, 5}  {9, 8, 5, 3, 4} 
= {6, 0, 9, 3, 8, 4, 10, 11, 1} are in T.   

We see To and T are distinctly different as topological 
spaces. 

Now let A, B  T. 
 A  B  = {2, 6, 0, 7, 5}  {9, 8, 5, 3, 4} 

= {0, 3, 6, 9, 4, 8, 10, 11, 1} 
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and A  B  = {2, 6, 0, 7, 5}  {9, 8, 5, 3, 4} 
   = {5} are in T.   
 

T is different from T  and topological spaces.   
 
Thus using a semigroup we can get three different types of 

subset topological spaces.  All the three subset topological 
spaces of this semigroup is commutative as (Z12, ) is a 
commutative semigroup. 
 
Example 2.2:  Let S1 = {Collection of all subsets from the 
semigroup (P, *) = {Z11, }}  be the subset semigroup.   
 

We have three subset semigroup topological spaces 
associated with S1.   
 

Take A = {0, 5, 3, 4} and B = {1, 7, 9, 10}  S1. 
 
Let A, B  To = { 1S  = S  {}, , }; 
 
A  B  = {0, 5, 3, 4}  {1, 7, 9, 10}  

   = {0, 5, 3, 4, 1, 7, 9, 10} 
 

and A  B  = {0, 5, 3, 4}  {1, 7, 9, 10}  
=  are in To,  

 
the ordinary subset topological semigroup space of S1. 
 

Let A, B  T;  
 
A  B  = {0, 5, 3, 4}  {1, 7, 9, 10}  

= {0, 5, 3, 4, 1, 7, 9, 10} and  
 

A  B  = {0, 5, 3, 4}  {1, 7, 9, 10}  
= {0, 5, 3, 4, 2, 10, 6, 1, 8, 7} are in T. 

 
T is a different subset topological semigroup space from 

To. 
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Let A, B  T; 
A  B  = {0, 5, 3, 4}  {1, 7, 9, 10}  

= {} and  
 
A  B  = {0, 5, 3, 4}  {1, 7, 9, 10}  

= {0, 5, 3, 4, 1, 7, 9, 10} are in T.   
 

T is a different subset topological semigroup spaces from 
T and To. 

 
All the three spaces are commutative. 
 
However it is pertinent to keep on record the subset 

semigroup topological spaces given in example 2.1 and 2.2 are 
different. 

 
 For we see in the subset semigroup S of example 2.1 we can 
have for A, B  S \ {0}. A  B = {0} and this is not possible in 
the subset semigroup S1 of example 2.2. 
 
 For any A, B  S1 \ {0}  
 A  B  {0}. 
 
 Consider A = {4, 8, 0} and B = {0, 3, 9, 6}  S \ {0} in 
example 2.1, A  B = {4, 8, 0}  {0, 3, 9, 6} = {0}. 
 
 This is not possible in S1 given in example 2.2. 
 
 Inview of this we define the notion of subset topological 
zero divisors in T and T.   
 

However both the subset topological spaces T and T can 
have subset topological zero divisors in T and T.  To is free 
from subset topological zero divisors. 
 
DEFINITION 2.2:  Let  
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S = {Collection of all subsets from the semigroup (P, *)} be the 
subset semigroup.  T, T and To be the subset semigroup 
topological spaces of S. T and T is said to have subset 
topological zero divisors if for A, B  S \ {0};  A * B = {0}. 
 
Example 2.3:  Let S3 = {Collection of all subsets from the 
semigroup P = {C(Z16), }} be the subset semigroup of P.  
S3 has subset topological zero divisors.   
 

For take A = {8iF, 8, 4iF, 12iF} and B = {4iF, 8iF, 4, 0}  S3. 
 
 A  B  = {8iF, 8, 4iF, 12iF}  {0, 4, 4iF, 8iF}  
   = {0}. 
 
 Hence the claim. 
 Take A = {4iF, 4}  S3. 
 A  B = {4iF, 4}  {4iF, 4} = {0}. 
 
Example 2.4:  Let S4 = {Collection of all subsets from the 
semigroup P = {Z6  Z10, }} be the subset semigroup.  T and 
T the subset semigroup topological spaces of S4 has subset 
topological zero divisors. 
 
 Take A = {{(3, 5),  (0, 0), (3, 0), (0, 5)} and  

B = {(2, 2), (4, 0), (0, 4), (2, 4), (4, 2), (2, 0), (4, 0)}  S4. 
 
 Clearly A  B = {{(3, 5), (0, 0), (3, 0), (0, 5)}  {(2, 2),  

(4, 0), (0, 4), (2, 4), (4, 2), (2, 0), (4, 0)} 
     = {(0, 0)}. 
 
 Let M1 = {Collection of all subsets from the subsemigroup 
Z6  {0}} be the subset subsemigroup of S4 and  
M2 = {Collection of all subsets from the subsemigroup {0}  
Z10} be the subset subsemigroup of S4. 
 
 M1 and M2 be subset subsemigroups; we can have subset 
subsemigroup topological subspaces of M1 and M2. 
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 Further M1  M2 = {(0, 0)}, we define these topological 
subspaces as orthogonal subset topological subspaces of S. 
 
 Let N1 = {Collection of all subsets from the subsemigroup 
({0, 3}  {0, 5})} be the subset subsemigroup. 
 
 Now we can build the three types of subset topological 
subsemigroup subspaces 1 2 1M M N

o o oT ,T ,T ,  1 2 1M M NT ,T ,T ,    1MT ,  
2MT

1Nand T ; all the three subspaces are distinct and are of 
finite order.  
 

We also have trees associated with them; these trees will be 
subtrees of the trees associated with the subset topological 
semigroup spaces To, T and T respectively. 
 
Example 2.5:  Let  
S = {Collection of all subsets from the semigroup P = (Z24, )} 
be the subset semigroup. To = {S = S  {}, , }, T = {S, 
, }  and T = {S, , } are the subset semigroup topological 
spaces of S. 
 
 We see A = {0, 12, 6, 18}  and B = {4, 0, 8, 12, 16}  S. 
 
 A  B  = {0, 12, 6, 18}  {4, 0, 8, 12, 16} 
   = {0},  
hence T and T has subset topological zero divisors.   
 

We say the subset topological semigroup spaces has subset 
zero divisors. 

 
 All the five examples which we have seen are finite and are 
commutative. 
 
 We now proceed onto give examples of subset semigroup 
topological spaces which has infinite cardinality. 
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Example 2.6:  Let  
S = {Collection of all subsets from the semigroup (Z, )} be the 
subset semigroup. To, T and T  be the subset topological 
semigroup spaces of S.   
 

All the three spaces are of infinite order.  
 

Take A = {–5, 6, 8, –12, 7} and B = {0, –1, 5, 2, –3, 15}   
To = {S  {}, , }. 
 
We see A  B  = {–5, 6, 8, –12, 7}  {0, –1, 5, 2, –3, 15} 

= {0, –1, 2, –3, 15, 5, –5, 6, 8, –12, 7}  
 

and A  B   = {–5, 6, 8, –12, 7}  {0, –1, 5, 2, –3, 15} 
= {0} are in To. 

 
 To is a commutative subset semigroup topological space of 
infinite order and has no subset topological zero divisors. 
 
Let A, B  T = {S, , } 
 

A  B  = {–5, 6, 8, –12, 7}  {0, –1, 5, 2, –3, 15} 
   = {–5, 6, 8, –12, 7, 0, –1, 5, 2, –3, 15} and  
 

A   B  = {–5, 6, 8, –12, 7}  {0, –1, 5, 2, –3, 15} 
= {0, 5, –6, –8, 12, –7, –25, 30, 40, –60, 35, –10,  
    16, –24, 14, 15, –18, –24, 36, –21, –75, 90, 120,  
    –180, 105}  T. 

 
It is easily verified that T is a subset semigroup topological 

space which is commutative and of infinite order. T has no 
subset topological zero divisors. 
 

Let A, B  T where 
 
A  B  = {–5, 6, 8, –12, 7}  {0, –1, 5, 2, –3, 15} 

= {} and 
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A  B  =  {–5, 6, 8, –12, 7}  {0, –1, 5, 2, –3, 15} 
= {0, 5, –6, –8, 12, –7, –25, 30, 40, –60, 35, –10,  
    16, –24, 14, –18, 15, –24, 36, –21, –75, 90, 120,  
    –180, 105} 
 

are in  T. T has no subset semigroup topological zero 
divisors. 
 
Example 2.7:  Let S = {Collection of all subsets from the 
semigroup {R+  {0}, +}} be the subset semigroup.  To = S = S 
 {}, , }, T = {S, , +} and T = {S, , +} are the three 
subset semigroup topological spaces associated with S (or S). 
 
 All the three spaces are of infinite order and has no subset 
semigroup topological zero divisors.  
 
 Let A = {3, 7 , 5 , 10 + 3 , 8/3} 
and B =  {0, 1, 5 7 , 3 + 2 , 5/7}  To. 
 
 A  B =  {3, 7 , 5 , 10 + 3 , 8/3}  {0, 1, 5 7 ,  

3 + 2 , 5/7} 
 

   =  {3, 5 , 7 , 10 + 3 , 8/3, 0, 1, 5 7 ,  
3 + 2 , 5/7} and  
 

A  B  =  {3, 7 , 5 , 10 + 3 , 8/3}  {0, 1, 5 7 ,  
3 + 2 , 5/7} 

= {} are in To. 
 
 To is a commutative subset topological semigroup space of 
infinite order.   
 

Infact whatever be the structure of the semigroup over 
which the subset semigroup topological space To is built, To will 
always a commutative subset semigroup topological space of S.   
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Now for the same S we find for A, B  T = {S, , +} the 
union and sum  

 
A  B  =  {3, 7 , 5 , 10 + 3 , 8/3}  {0, 1, 5 7 ,  

3 + 2 , 5/7} 
 

=   {3, 7 , 5 , 10 + 3 , 8/3, 0, 1, 5 7 , 3 + 2 ,  
5/7} and  

 
 

A + B  =  {3, 7 , 5 , 10 + 3 , 8/3} + {0, 1, 5 7 ,  
3 + 2 , 5/7} 
 

=  {3, 7 , 5 , 10 + 3 , 8/3, 4, 1 + 7 , 1 + 5 ,  
11 + 3 , 11/3, 3 + 5 7 ,  7  + 5 7 ,  

5  + 5 7 , 10 + 3  + 5 7 , 8/3 + 5 7 ,  
6 + 2 , 3 + 7  + 2 , 3 + 2  + 5 , 13 + 3  +  

2 , 8/3 + 3 + 2 , 3 + 5/7, 7  + 5/7, 5  + 5/7,  
10 +  3  + 5/7, 8/3 + 5/7}  T.   

 
T is of infinite order commutative subset semigroup 

topological space and does not contain subset semigroup 
topological zero divisors.  
 

Let A, B  T = {S, , +}  
 
A  B  =  {3, 7 , 5 , 10 + 3 , 8/3}  {0, 1, 5 7 ,  

3 + 2 , 5/7} 
 

 =   is in T. 
 

A + B  =  {3, 7 , 5 , 10 + 3 , 8/3} + {0, 1, 5 7 ,  
3 + 2 , 5/7} 
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 =  {3, 7 , 5 , 10 + 3 , 8/3, 4, 1 + 7 ,  
1 + 5 , 11 + 3 , 11/3, 5 7  + 3, 5 7 +  

7 , 5 7  + 5 , 10 + 3  + 5 7 ,  
8/3 + 5 7 , 6 + 2 , 3 + 7  + 2 , 3 +  

2  + 7 , 13 + 3  + 2 , 8/3 + 3 + 2 ,  
5/7 + 3, 7  + 5/7, 5 + 5/7, 10 + 5/7 + 3 ,  
8/3 + 5/7} are in T. 

 
We see T has no subset topological zero divisors but is non 

commutative and is of infinite order. 
 
Example 2.8:  Let S = {Collection of all subsets from the 
semigroup P = {Z  I, }} be the subset semigroup. To, T 
and T be the subset semigroup topological spaces of S which 
will also be known as neutrosophic subset semigroup 
topological spaces.   
 

We see T and T has infinite number of zero divisors. 
 

 For take  
A = {I – 1, 3I – 3, 9I – 9, 10 – 10I, 6 – 6I, 12 – 12I} and  
B = {8I, 0, 9I, 15I, 112I}  T (or T). 

 
A  B  = {I – 1, 3I – 3, 9I – 9, 10 – 10I, 6 – 6I, 12 – 12I}  

 {8I, 0, 9I, 15I, 112I} 
=  {0}. 

 
Thus T and T have infinite number of subset semigroup 

topological zero divisors.  
 
However if Z  I in the above example is replaced by Z+ 

 {0}  I; To, T and T will continue to be a subset 
semigroup topological space but T and T will not have subset 
semigroup topological zero divisors. 
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Example 2.9:  Let S = {Collection of all subsets from the 
semigroup  
 
 
 
 
 
 
 
 
 
 
under the union operation ‘+’ so a1  a3 = a1 + a3 = a1} be the 
subset semigroup. To, T and T are subset semigroup 
topological space of the subset semigroup S. 
 
 Let A = {a1, a3, a4} and 
 B = {0, a6, a2, a1}  To = {S = S  {}, , }. 
 
 A  B  = {a1, a3, a4}   {0, a6, a2, a1} 
   = {0, a1, a2, a6, a4, a3} and  
 A  B  = {a1, a3, a4}   {0, a6, a2, a1} 
   = {a1} are in To. 
 
 A, B  T,  

A  B  = {a1, a3, a4}   {0, a6, a2, a1} 
   = {a1, a3, a4, 0, a6, a2} 
 and  
 A + B  = {a1, a3, a4} + {0, a6, a2, a1}  
   = {a1, 1, a3, a4, a2} 
 
are in T and To is distinctly different as subset semigroup 
topological space from T. 
 
 Let A, B  T,  
 

A + B  = {a1, a3, a4} + {0, a6, a2, a1} 
   = {1, a1, a3, a2, a4} and  
 







 a6 

a2
 a4 a1

0 

a5 a3 

1

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 A  B  = {a1, a3, a4}   {0, a6, a2, a1} 
   = {a1} are in T. 
 
 T is different from T and To.   
 

Thus we get three different subset semigroup topological 
spaces all are of finite order and commutative.  However T and 
T has no non trivial subset semigroup topological zero 
divisors.  

 
 Suppose in the above example ‘+’ that is ‘’ is replaced by 
 that is  we see for the same A, B  T or A, B  T we see  
 

A  B  = {a1, a3, a4}   {0, a6, a2, a1} 
   = {0, a6, a3, a1}  T (or T). 
 
 We see T and T have subset semigroup topological zero 
divisors given by;  
 
 A = {a3, a6} and B = {a5, 0}  T and T. 
 A  B  = {a3, a6}  {a5, 0} 
   = {0}  
is a subset semigroup topological zero divisor of T and T. 
 
Example 2.10:  Let S = {Collection of all subsets from the 
semigroup Z6(g) where g2 = 0 under ‘’} be the subset 
semigroup.  
 
 Let To, T and T be the subset semigroup topological 
spaces of S.   
 

Clearly T and T has subset topological zero divisors for 
take A = {3g, 3, 0, g} and B = {2g, 4g, 0}  T (or T).   
We see A  B = {3g, 3, 0, g}  {2g, 4g, 0} = {0}. 
 
 Inview of all these examples we put forth the following 
theorem. 
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THEOREM 2.1:  Let  
S = {Collection of all subsets from the semigroup (P, *)} be the 
subset semigroup. To, T and T be the subset semigroup 
topological spaces of S.  T and T has subset semigroup 
topological zero divisors if the semigroup (P, *) has zero 
divisors. 
 
 The proof is direct and hence left as an exercise to the 
reader. 
 
THEOREM 2.2:  Let  
S = {Collection of all subsets from semigroup (P, *)} be the 
subset semigroup. To, T and T  be subset semigroup 
topological space of S.  The subset semigrup topological spaces 
T and T have no subset semigroup topological zero divisors if 
(P, *) has no zero divisors. 
 
 Proof follows form the observations if A, B  T (or T)  
A * B   {0} if A  {0} and B  {0}. 
 
 We now give more examples. 
 
Example 2.11:  Let S = {Collection of all subsets from the 
matrix semigroup; (P, ) = {(a1, a2, a3, a4, a5) | ai  Z, 1  i  
5}} be the subset semigroup.  To, T and T be the subset 
semigroup topological spaces of S. 
 
 T and T  has subset topological zero divisors.  Further we 
have subset semigroup topological subspaces of T and T such 
that Mi  Mj = {0}; i  j where M1 = {Collection of all subsets 
from the matrix subsemigroup P1 = {(a1, 0, 0, 0, 0) | ai  Z}  
S, M2 = {Collection of all subsets from the matrix subsemigroup 
P2 = {(0, a2, 0, 0, 0) | a2  Z}  S; M3 = {Collection of all 
subsets from the matrix subsemigroup P3 = {(0, 0, a3, 0, 0) | a3  
Z}  S; M4 = {Collection of all subsets from the matrix 
subsemigroup P4 = {(0, 0, 0, a4, 0) | a4  Z}  S and  
M5 = {Collection of all subsets from the matrix subsemigroup 
P5 = {(0, 0, 0, 0, a5) | a5  Z}  S are the subset subsemigroup 
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and we have related with these subset subsemigroups the subset 
subsemigroup topological subspaces iMT  and iMT ; 1  i  5.  
We see Mi  Mj = {0}; 1  i, j  5.   
 
 We have other subset semigroup topological zero divisors 
also. 
 
 Take N1 = {Collection of all subsets from the subsemigroup 
P6 = {(a1, a2, 0, 0, 0) | a1, a2  Z}  P}  S and N2 = {Collection 
of all subsets from the subsemigroup P7 = {(0, 0, a1, a2, a3) | a1, 
a2, a3  Z}  P}  S are both subset semigroup topological 
subspaces of To, T and T such that N1  N2 = {0} (for N1, N2 
contained in T and T). 
 
Example 2.12:  Let S = {Collection of all subsets from the 
semigroup  

P = 

1

2

3

4

5

6

7

P
P
P
P
P
P
P

 
 
 
 
 
 
 
 
 
  

 pi  Q, 1  i  7}} 

 
be the subset semigroup P under the natural product n.   
 

To, T and T are subset topological semigroup spaces.  
Both T and T has subset semigroup topological zero divisors.   
 

Infact we have infinite number of subset zero divisors.  
Further T and T has subset semigroup topological zero 
divisors. T and T has subset semigroup topological zero 
divisors. 

 
 Take M1 = {Collection of all subsets from the subsemigroup  
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P1 =

1

2

p
p
0
0
0
0
0

 
 
 
 
 
 
 
 
 
  

 p1, p2  Q}}  S 

 
and  
 
M2 = {Collection of all subsets from the subsemigroup  
 

P2 =
1

2

0
0
p
p
0
0
0

 
 
 
 
 
 
 
 
 
  

 p1, p2  Q}}  S 

 
and  
M3 = {Collection of all subsets from the subsemigroup  
 

P3 =

1

2

3

0
0
0
0
p
p
p

 
 
 
 
 
 
 
 
 
  

 p1, p2, p3  Q  P}  S 

 
are the subset subsemigroups of S. 
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 We see Pi  Pj = 

0
0
0
0
0
0
0

  
  
  
  
  
  
  
  
  
    

; 1  i, j  3, i  j. 

 
 We see if Pi  T (or T); 1  i  3 are subset subsemigroup 
topological subspaces and are such that  
 

Pi  Pj = 

0
0
0
0
0
0
0

  
  
  
  
  
  
  
  
  
    

; 1  i, j  3, i  j; 

 
 
which is a product subset semigroup topological subspaces, is a 
zero divisor in T and T. 
 
 We have infinite number of subset zero divisors. 
 

 Take A = 

5 8 17 0
0 0 5/ 7 8/13
0 0 0 0

, , , ,0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

       
       
       
       
       
       
       
       
       
              

 

0 9 /19
5/ 2 0
0 0

,0 0
0 0
0 0
0 0

   
       
   
   
   
   
   
   
      
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   and B = 

0 0 0
0 0 0

3/ 7 11 9
, ,0 0 6

0 13/ 2 9 / 2
0 0 3/17

5/11 11/ 2 5/ 23

      
      
      
       
      
      
            
      
            

  S;  

 

 A  B = 

5 8 17 0
0 0 5/ 7 8/13
0 0 0 0

, , , ,0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

       
       
       
       
       
       
       
       
       
              

 

0 9 /19
5/ 2 0
0 0

,0 0
0 0
0 0
0 0

   
       
   
   
   
   
   
   
      

   

 
0 0 0
0 0 0

3/ 7 11 9
, ,0 0 6

0 13/ 2 9 / 2
0 0 3/17

5/11 11/ 2 5/ 23

      
      
      
       
      
      
            
      
            

 

= 

0
0
0
0
0
0
0

  
  
  
  
  
  
  
  
  
    

 is a subset zero divisor. 
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 S has infinite number of subset zero divisors.  Further T 
and T has infinite number of subset semigroup topological zero 
divisor subspaces.  Even if Q is replaced by Q+  {0} or Q  I 
or R or R+  {0} or R  I or C or C  I we have the same 
conclusions to be true.   
 

That is T and T has infinite number of subset semigroup 
topological zero divisors subspaces. 
 
Example 2.13:  Let S = {Collection of all subsets from the 
semigroup Z12  Z7  Z15} be the subset semigroup.  To, T and 
T are the three subset semigroup topological spaces.   
 

Clearly S has only finite number of subset zero divisors.  
Further T and T has only finite number of subset semigroup 
topological zero divisors. 
 
 Take A = {(4, 0, 5), (6, 0, 10), (8, 0, 0)} and  
 B = {(6, 0, 3), (0, 5, 0), (6, 5, 09), (6, 7, 3)}  T (or T) 
 
 We see  

A  B  =  {(4, 0, 5), (6, 0, 10), (8, 0, 0)}  {(6, 0,  3),  
(0, 5, 0), (6, 5, 09), (6, 7, 3)} 

   =  {(0, 0, 0)}. 
 
 We see T (and T) have only finite number of subset 
topological subspaces. 
 
Example 2.14:  Let S = {Collection of all subsets from the 
semigroup C(Z15) (g1, g2, g3); 2

1g  = g1, 2
2g  = –g2, 2

3g  = 0, gigj = 
gjgi = 0, i  j, 1  i, j  3} be the subset semigroup.  
 
 o(S)  < .  To, T and T are subset semigroup topological 
spaces of finite order.   
 

We have only finite number of subset zero divisors.  
 
 Let A = {5g1, 3g2, 10iFg1, iFg2, 10g1 + 6iFg2, 14g2} and  
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   B = {g3, 7g3, 6iFg3, 8iFg3}  T is such that  
A  B = {0} as gigj = 0 if i  j, 1  i, j  3. 
 
Let M1 = {Collection of all subsets from the subsemigroup 

C(Z15)g1}  S and M2 =  {Collection of all subsets from the 
subsemigroup C(Z15)g2}  S be the subset subsemigroup.   

 
1MT , 1MT , 2MT  and 2MT  are subset subsemigroup 

topological subspaces. 
 
We see M1  M2 = {0}, however we have only finite 

number of zero divisors, so only finite number of subset 
semigroup topological subspaces. 

 
Example 2.15:  Let S = {Collection of all subsets from the 
semigroup  
 

P = 1 2 3 4 5 6

7 8 9 10 11 12

a a a a a a
a a a a a a

 
 
 

 ai  C(Z19), 1  i  12}} 

 
be the subset semigroup.   
 

T and T are the subset semigroup topological spaces.   
 

We have only finite number of subset zero divisors and 
subset semigroup topological subspaces.  
 
Example 2.16:  Let S = {Collection of all subsets from the 
semigroup  
 

P = 1 2

3 4

a a
a a

 
 
 

 ai  Z(g), 1  i  4}} 

 
be the subset semigroup.   
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To, T and T are subset semigroup topological spaces of S.  
T and T have subset zero divisors. 
 
 Further M1 = {Collection of all subsets from the 

subsemigroup P1 = 1

2

a 0
a 0

 
 
 

 a1, a2  Z(g) }}  T (or T) and 

M2 = {Collection of all subsets from the subsemigroup  
 

P2 =  1

2

0 a
0 a

 
 
 

 a1, a2  Z(g) }}   T (or T) are the 

subset subsemigroup topological subspaces of T (or T).   
 

Clearly M1  M2 = 
0 0
0 0

   
  
   

.  Every element A  M1 is 

such that for every B  M2 we have A  B = 
0 0
0 0

   
  
   

. 

 
 Infact S has infinite number of subset zero divisors. 
 
Example 2.17:  Let S = {Collection of all subsets from the 
semigroup  
 

M = 
1 2

3 4

5 6

a a
a a
a a

 
 
 
  

 ai  Z15  Z24; n, 1  i  6}} 

 
be the subset semigroup.  To, T and T be the subset semigroup 
topological spaces of S. 
 

 Let A = 
(3,2) (4,5) (9,0) (2,2)
(0,1) (8,3) , (4,5) (7,3)
(7,3) (4,9) (0,5) (2,1)

    
    
    
        
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   and B = 

(3,6) (4,0)
(0,7) (1,2)
(3,5) (7,1)

  
  
  
    

  S. 

 

 A n B = 
(3,2) (4,5) (9,0) (2,2)
(0,1) (8,3) , (4,5) (7,3)
(7,3) (4,9) (0,5) (2,1)

    
    
    
        

 n  

 
(3,6) (4,0)
(0,7) (1,2)
(3,5) (7,1)

  
  
  
    

 

 

 = 
(9,12) (1,0) (12,0) (8,0)
(0,7) (8,6) , (0,11) (7,6)
(6,15) (13,9) (0,1) (14,1)

    
    
    
        

  T (T). 

 
 This is the way the operation of the semigroup is carried 
into the subset semigroup topological spaces. 
 
 

Let A = 
(3,6) (5,2)
(3,12) (10,8)
(0,4) (5,0)

  
  
  
    

 and B = 
(5,4) (3,12)
(10,8) (6,6)
(9,6) (3,19)

  
  
  
    

  S. 

 
 
We find  
 

A n B =  
(3,6) (5,2)
(3,12) (10,8)
(0,4) (5,0)

  
  
  
    

 n 
(5,4) (3,12)
(10,8) (6,6)
(9,6) (3,19)

  
  
  
    
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= 
(0,0) (0,0)
(0,0) (0,0)
(0,0) (0,0)

  
  
  
    

 is a subset zero divisors of S. 

 
Example 2.18:  Let S = {Collection of all subsets from the 
semigroup  
 

M = i
i

i 0
a x








 ai  Z12}} 

 
be the subset semigroup.  To, T and T are subset semigroup 
topological spaces.  
 
 To, T and T are of infinite order.  We have subset zero 
divisors. 
 Take A = {3x8 + 6x2 + 9, 6x5 + 3x3 + 9x + 6, 3x2 + 9} and  
 B = {4x3 + 8x + 4, 4x8 + 8, 4x2 + 8x3 + 8, 8x + 8}  S. 
 
 We see A  B = {0} is a subset zero divisors of S. 
 
Example 2.19:  Let S = {Collection of all subsets from the 
semigroup  
 

P = i
i

i 0
a x








 ai  Z+  {0}}} 

 
be the subset semigroup.   
 

To, T and T are the subset semigroup topological spaces. 
 
 S has no subset zero divisors. 
 
Example 2.20 :  Let S = {Collection of all subsets from the 
semigroup  
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 P = 

1 2 3

4 5 6

7 8 9

10 11 12

13 14 15

a a a
a a a
a a a
a a a
a a a

 
 
  
 
 
  

 ai  Z+  {0}; 1  i  15}} 

 
be the subset semigroup.   
 

To, T and T are subset semigroup topological spaces.  T 
and T are subset topological zero divisors. 
 
 We see M1 = {Collection of all subsets from the 
subsemigroup  
 

P1 = 

1

2

3

4

5

0 a 0
0 a 0
0 a 0
0 a 0
0 a 0

 
 
  
 
 
  

 ai  Z+  {0}; 1  i  5}}  P}  T 

 
(or T) and M2 = {Collection of  all subsets from the 
subsemigroup  
 

P2 = 

1

2

3

4

5

0 0 a
0 0 a
0 0 a
0 0 a
0 0 a

 
 
  
 
 
  

 ai  Z+  {0}; 1  i  5}}  P}  T 

 
(or T) be two subset semigroup topological subspaces.  
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 We see P1  P2 = 

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

  
  
     
  
  
    

. 

 
 Infact T and T have infinite number of subset semigroup 
topological zero divisors. 
 
Example 2.21:  Let S = {Collection of all subsets from the 
semigroup P = Q+  {0} under ‘+’} be the subset semigroup.  
M = {Collection of all subsets from the subsemigroup  
P1 = Z+  {0} under +} be the subset semigroup.  Now if To, T 
and T are subset semigroup topological spaces of S. M

oT , MT  
and MT  are subset subsemigroup of To, T and T respectively.  
Infact To, T and T contain infinitely many subset 
subsemigroup topological subspaces. 
 
Example 2.22:  Let  
S = {Collection all subsets from the semigroup C(Z30)} be the 
subset semigroup. To, T and T  are the subset topological 
semigroup spaces.  
 
 Let M = {Collection of all subsets from the subsemigroup 
Z30}  S be the subset semigroup.  M

oT , MT  and  MT  are 
subset subsemigroup topological subspaces of To, T and T 
respectively. 
 
 However To, T and T have only a finite number of subset 
subsemigroup topological subspaces. 
 
Example 2.23:  Let S = {Collection all subsets from the 
semigroup P = {(a1, a2, a3, a4, a5, a6) | ai  Z42; 1  i  6} be the 
subset semigroup To, T and T be the subset semigroup 
topological spaces of S.  S has only a finite number of subset 
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subsemigroups.  To, T and T have only finite number of 
subset subsemigroup topological subspaces. 
 
Example 2.24:  Let S = {Collection of all subsets from the 
semigroup L = {L,  = }  
 
 
 
 
 
 
 
 
 
 
 
 
be the  subset semigroup. To, T  and T be the subset 
semigroup topological spaces. 
 
 Let A = {a1, a3, 0} and B = {a5, a2, 1, a3}  To 
 
 We see  

A  B  = {a1, a3, 0}  {a5, a2, 1, a3} 
    = {0, 1, a1, a2, a3, a5} 
 
and   A  B  = {a1, a3, 0}  {a5, a2, 1, a3} 
    = {a3} are in To 
 
 Let A, B  T 
  A  B  = {a1, a3, 0}  {a5, a2, 1, a3} 
    = {0, 1, a1, a2, a3, a5}  
 and  
  A  B  = {a1, a3, 0}  {a5, a2, 1, a3} 
    = {0, a1, a3, a5} are in T. 
 
 To and T are two different subset semigroup topological 
spaces. 
 

1




a3 

a2 a1 






0 

a5 a4 
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 Let A, B  T,  
A  B  = {a1, a3, 0}  {a5, a2, 1, a3} 

   = {0, a1, a3, a5} 
and   

A  B  = {a1, a3, 0}  {a5, a2, 1, a3} 
   = {a3} are in T. 
 
 We see T is different from To and T as topological 
spaces. 
 o(T) = 27 – 1  and o(To) = o(T) = 27.  
  
 If in the above example we use the lattice ‘’ as + we get 
T and T to be different for the + on S. 
 
 For the same A, B  T. 
 
 We get  

A + B  = {a1, a3, 0} + {a5, a2, 1, a3} 
   = {1, a2, a3, a5, a1} 
 
    A  B or A  B or A  B. 
 
 However To is the same be the semilattice L under  or . 
 
 We have subset subsemigroup topological subspaces of To, 
T and T. 
 
Example 2.25:   Let S = {Collection of all subsets from the 
semigroup Z2S(3) under product} be the subset semigroup.  
Clearly S is non commutative so the spaces T and T will be 
non commutative subset topological semigroup subspaces. 
 

For take A = 
1 2 3 1 2 3 1 2 3

,1
1 3 2 3 2 1 2 3 1

              
       

 and 

 

     B = 
1 2 3 1 2 3

1
1 3 2 2 1 3

          
     

  To. 
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 We see A  B = 
1 2 3 1 2 3 1 2 3

,1
1 3 2 3 2 1 2 3 1

              
       

  

 

+ 
1 2 3 1 2 3

1
1 3 2 2 1 3

          
     

 

 
    = {} = B  A and  
 

 A  B = 
1 2 3 1 2 3 1 2 3

,1
1 3 2 3 2 1 2 3 1

              
       

   

 
1 2 3 1 2 3

1
1 3 2 2 1 3

          
     

 

  

= 
1 2 3 1 2 3 1 2 3

,1 ,
1 3 2 3 2 1 2 3 1

            
       

1 2 3 1 2 3
1

1 3 2 2 1 3
        
   

 = B  A are in To. 

 
 Thus To is a subset semigroup topological space which is 
clearly commutative. 
 
 Let A, B  T = {S, , } we find  
 

 A  B = 
1 2 3 1 2 3 1 2 3

,1
1 3 2 3 2 1 2 3 1

              
       

   

 
1 2 3 1 2 3

1
1 3 2 2 1 3

          
     
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  = 
1 2 3 1 2 3 1 2 3

,1 ,
1 3 2 3 2 1 2 3 1

            
     

 

 
1 2 3 1 2 3

1
1 3 2 2 1 3

        
   

 and  

 

 A  B = 
1 2 3 1 2 3 1 2 3

,1
1 3 2 3 2 1 2 3 1

              
       

   

 
1 2 3 1 2 3

1
1 3 2 2 1 3

          
     

 

 

 =  
1 2 3 1 2 3 1 2 3
2 3 1 3 2 1 2 1 3

             
     

 

 
1 2 3 1 2 3

1
1 3 2 1 3 2
   

    
   

+ 

1 2 3 1 2 3 1 2 3 1 2 3
1 3 2 3 2 1 1 2 3 2 3 1
       

          
       

 

 
1 2 3 1 2 3
2 3 1 1 3 2

       
   

  … I 

 
and  
 

B  A =  
1 2 3 1 2 3

1
1 3 2 2 1 3

          
     

   

 
1 2 3 1 2 3 1 2 3

,1
1 3 2 3 2 1 2 3 1

              
       

 

 



Special Types of Subset Topological Spaces using …  37 
 
 
 
 
 
 

  = 
1 2 3 1 2 3 1 2 3 1 2 3

,
1 3 2 3 2 1 1 2 3 3 1 2

                 
       

 

 
1 2 3 1 2 3 1 2 3 1 2 3

,1
3 1 2 2 3 1 1 3 2 2 1 3
       

          
       

 

 
1 2 3 1 2 3 1 2 3
2 3 1 2 1 3 3 2 1

            
     

  … II 

 
Clearly I and II are different so A  B  B  A.  Thus T 

and T are non commutative subset semigroup topological 
spaces of finite order.  So by using a non commutative 
semigroup we get non commutative subset semigroup 
topological spaces.   

 
However T and T has subset subsemigroup topological 

subspaces which are commutative.  For take M1 = {Collection 
of all subsets from the commutative subsemigroup Z2P1 where  

 

P1 = 
1 2 3 1 2 3 1 2 3

1 , ,
1 2 3 2 3 1 3 1 2

             
       

  S3}  S;  

 
M1 is a commutative subset subsemigroup of S. 1MT  and 1MT  
are commutative subset subsemigroup topological subspaces of 
T and T respectively.  

 
In views of this we just give the following result. 

 
THEOREM 2.3:  Let  
S = {Collection of all subsets from the  semigroup (P, *)} be the 
subset semigroup.   
 

(i) To is always subset semigroup topological space 
which is commutative. 
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(ii) T and T are non commutative subset semigroup 
topological space if and only if the semigroup (P, *) 
is a non commutative semigroup.  

 
The proof is direct hence left as an exercise to the reader. 

 
Example 2.26:  Let S = {Collection of all subsets from the 
semigroup Z5A4 under } be the subset semigroup.  To is a 
subset semigroup commutative topological space but T and T 
are both non commutative subset semigroup topological spaces 
of S. 
 
 Now we proceed on to describe the notion of subset 
semigroup Smarandache topological space (subset Smarandache 
semigroup topological space) in the following. 
 
DEFINITION 2.3:  Let  
S = {Collection of all subsets from the semigroup {P, *}} be the 
subset semigroup.  Suppose (P, *) is a Smarandache semigroup 
then we know S is also a S-subset semigroup.  If S is a S-subset 
semigroup then we call To, T and T to be Smarandache subset 
semigroup topological spaces.  
 
 We will illustrate this situation by an example or two. 
 
Example 2.27:  Let S = {Collection of all subsets from the  
semigroup P = (ZS10, )} be the subset semigroup. To, T and 
T are subset semigroup topological spaces of infinite order.  
Both T and T are non commutative as subset semigroup  
topological spaces but To is a commutative semigroup 
topological spaces.   
 

We see T and T has several subset semigroup topological 
which are commutative.   
 
 We see To, T and T are all Smarandache subset 
semigroup topological spaces of infinite order. 
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Example 2.28:  Let S = {Collection of all subsets from the  
semigroup (P, ) = {(a1, a2, a3, a4 ) | ai  D2,7 = {a, b | a2 = b7 = 
1, bab = a}, 1  i  4} be the subset semigroup.   
 

S is a Smarandache subset semigroup. 
 
 Let A  = {(ab, a, 1, b), (b, b2, 1, a), (b, b, b, a)} and  
 

B  = {(a, a, 1, b), (b, ab, ab2, 1)}  To (T and T). 
 

Let A, B  T (or T). 
 
A  B =  {(ab, a, 1, b), (b, b2, 1, a), (b, b, b, a)}   

{(a, a, 1, b), (b, ab, ab2, 1)} 
 

 =  {(aba, 1, 1b2), (ba, b2a, 1, ab), (ba, ba, b, ab),  
(ab2, b, ab2, b), (b2 b2ab, ab2 a) (b2, bab, bab2,  
a)}  T (or T). 

 
It is easily verified A  B  B  A for A, B  T (or T) 

 
Further T, To and T are subset Smarandache semigroup 

topological spaces of finite order which is non commutative.   
 
However T and T has subset semigroup topological 

subspaces which are commutative. 
 
For take M1 = {Collection of all subsets from the 

subsemigroup P1 = {(a1, a2, a3, a4) | ai  {b | b7 = 1}; 1  i  7}} 
 S; M1 is a subset topological subsemigroup subspace of T 
and T. 
 
Example 2.29:  Let S = {Collection of all subsets from the 
semigroup  
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M = 

1

2

3

4

5

6

a
a
a
a
a
a

 
 
 
 
 
 
 
 
  

 ai  A4; n; 1  i  6}} 

 
be the subset semigroup.   
 

To, T and T be the subset semigroup topological spaces of 
S. 
 
 T and T are finite non commutative subset semigroup 
topological spaces.  
 

To, T and T are all Smarandache subset semigroup 
topological spaces of S. 
 

Take A = 

1 2 3 4
2 1 4 3

1 2 3 4
1 3 4 2

1
1
1

1 2 3 4
2 3 1 4

   
   
   

         
  
  
  
  
  
           

 and B = 

1 2 3 4
2 3 1 4

1 2 3 4
2 3 1 4

1
1
1

1 2 3 4
3 2 4 1

   
   
   

         
  
  
  
  
  
           

  S    

 

(where 1 = 
1 2 3 4
1 2 3 4

 
 

 
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 We find A n B = 

1 2 3 4
2 1 4 3

1 2 3 4
1 3 4 2

1
1
1

1 2 3 4
2 3 1 4

   
   
   

         
  
  
  
  
  
           

  n 

 
1 2 3 4
2 3 1 4

1 2 3 4
2 3 1 4

1
1
1

1 2 3 4
3 2 4 1

   
   
   

         
  
  
  
  
  
           

 

 

= 

1 2 3 4
3 2 4 1

1 2 3 4
2 1 4 3

1
1
1

1 2 3 4
2 4 3 1

   
   
   

         
  
  
  
  
  
           

   … I 
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Now B n A = 

1 2 3 4
2 3 1 4

1 2 3 4
2 3 1 4

1
1
1

1 2 3 4
3 2 4 1

   
   
   

         
  
  
  
  
  
           

 n 

1 2 3 4
2 1 4 3

1 2 3 4
1 3 4 2

1
1
1

1 2 3 4
2 3 1 4

   
   
   

         
  
  
  
  
  
           

 

 

= 

1 2 3 4
1 4 2 3

1 2 3 4
3 4 1 2

1
1
1

1 2 3 4
1 3 4 2

   
   
   

         
  
  
  
  
  
           

    … II 

 
 Clearly I and II are different thus A n B  B n A; so the 
subset semigroup topological spaces T and T are non 
commutative.   
 

However both T and T contain many subset semigroup 
topological subspaces which are commutative. 
 
Example 2.30:  Let S = {Collection of all subsets from the 
semigroup  
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(P, n) =
a b c
d e f
g h i

 
 
 
  

a, b, c, d, e, f, g, h, i  S3  D2,4}} 

 
be the subset semigroup.  S is of finite order.  S is a non 
commutative subset semigroup.   
 

Further To, T and T are finite subset semigroup 
topological spaces which are Smarandache.  T and T are 
finite subset subsemigroup Smarandache non commutative 
topological spaces. 
 

 Let A = 
1

2
2

3 3
3 2

(1,a) (p ,1) (1,b)

(1,1) (p ,1) (1,b )

(1,b ) (p ,1) (p ,b )

  
  
  
  
  

  and  

 

B = 
1 3

2
4

5 1

(p ,b) (p ,1) (1,a)

(1,1) (p ,1) (1,ab )
(1,ab) (p ,1) (p ,ab)

  
  
  
  
  

  T (or T). 

 
We show A n B  B n A. 
 
Consider  
 

A n B = 
1

2
2

3 3
3 2

(1,a) (p ,1) (1,b)

(1,1) (p ,1) (1,b )

(1,b ) (p ,1) (p ,b )

  
  
  
  
  

 n  

 
1 3

2
4

5 1

(p ,b) (p ,1) (1,a)

(1,1) (p ,1) (1,ab )
(1,ab) (p ,1) (p ,ab)

  
  
  
  
  
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(where {1 = 
1 2 3
1 2 3
 
 
 

, p1 = 
1 2 3
1 3 2
 
 
 

, p2 = 
1 2 3
3 2 1
 
 
 

,  

p3 = 
1 2 3
2 1 3
 
 
 

, p4 = 
1 2 3
2 3 1
 
 
 

 and p5 = 
1 2 3
3 1 2

 
   

. 

 

 = 
1 5

2 2
1

3 2 3
3 5

(p ,ab) (p ,1) (1,ba)

(1,1) (p ,1) (1,b ab )

(1,b ab) (p ,b ) (p ,b ab)

  
  
  
  
  

   … I 

 

B n A = 
1 3

2
4

5 1

(p ,b) (p ,1) (1,a)

(1,1) (p ,1) (1,ab )
(1,ab) (p ,1) (p ,ab)

  
  
  
  
  

 n  

 
1

2
2

3 3
3 2

(1,a) (p ,1) (1,b)

(1,1) (p ,1) (1,b )

(1,b ) (p ,1) (p ,b )

  
  
  
  
  

 

 

 = 
1 4

3
2

2 3

(p ,ba) (p ,1) (1,ab)
(1,1) (p ,1) (1,a)

(1,a) (p ,b ) (p ,a)

  
  
  
  
  

  …  II 

 
Clearly I and II are distinct so A n B  B n A, hence T 

and T are non commutative subset semigroup topological 
spaces. 

 
Next if we replace the semigroup by a group in the 

definition 2.1 then we define S to be a group subset semigroup.  
We also define To, T and T as group subset semigroup 
topological spaces of S. 

 
We will just illustrate them by a few examples. 
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Example 2.31:  Let  
S = {Collection of all subsets from the group G = R \ {0}, } be 
the group subset semigroup. To, T and T are group subset 
semigroup topological spaces of infinite order which is 
commutative. 
 
A = {4, 8, 3 , 7 1 , 0} and  
B = {2, 1/4, 19  , 3, 13 , 1}  S 
 

A  B  = {4, 8, 3 , 7 1 , 0}  {2, 1/4, 19  , 3, 13 , 1} 
=  {4, 8, 3 , 7 1 , 0, 16, 2 3 , 2+ 2 7 , 1,  

2, 3 / 4 , 7 1/ 4 , 4 19 , 8 19 , 57 ,  
7 19 + 19 , 12, 24, 3 3 , 3 7  + 3,  

4 13 ,8 13 , 39 , 7 13 + 13 }  T  
(and T). 

 
 All of the spaces are of infinite order and To, T and T 
have infinite number of subset semigroup topological subspaces 
and all of them are infinite order except. 
 
 W = {Collection of all subsets from the subgroup {1, –1}} 
 S.   
 
 W = {, {1}, {–1}, {1, –1}}  S is a subset semigroup. 

W
oT , WT  and WT  is a group subset semigroup topological 

subspaces of finite order. 
 
 
  
 
 
 
 
 
is the tree associated with W

oT . 
 


{–1} {1} 

{1,–1}

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Example 2.32:  Let  
S = {Collection of all subsets from the group S3} be the group 
subset semigroup.  Clearly S is non commutative. To, T and T 
are group subset semigroup topological spaces.  T and T are 
non commutative and all the three spaces are of finite order.  All 
the three spaces have group subset semigroup topological 
subspaces some of which are commutative. 
 
Example 2.33:  Let  
S = {Collection of all subsets from the group D2,9  S3  A5} be 
the group subset semigroup.  S is non commutative and is of 
finite order.  To, T and T  are group subset semigroup 
topological spaces of finite order.  However the spaces T and 
T are non commutative but both contain commutative 
subspaces.  
 
 Now having seen examples of group semigroup subsets of 
infinite and finite order and their related group subset 
topological semigroup spaces we can also define set ideals 
subset semigroup topological spaces of subset group semigroup. 
 
 We will illustrate this situation by some examples. 
 
Example 2.34:  Let  
S = {Collection of all subsets from the semigroup (Z12, )} be 
the semigroup.  
 
 Let B = {0, 3, 6, 9}  {Z12, } be the subsemigroup of  
{Z12, }. Now let  
M = {Collection of all set ideals of S over the subset group B}.   
 

M can be given a topology and B
oT , BT  and BT  will be 

known as the subset set ideal subsemigroup topological spaces 
associated with the subsemigroup B; where B

oT  = {M = M  
{0}, , }, BT  = {M, , } and BT = {M, , }. 
 



Special Types of Subset Topological Spaces using …  47 
 
 
 
 
 
 

 B1 = {0, 1, 11}  (Z12, ) is a subsemigroup of Z12. 
Collection of all set ideals of S over (or relative to B1) is  
M1 = {{0}, {0, 1, 11}, {2, 0, 10}, {3, 0, 9}, {0, 4, 8}, {0, 5, 7}, 
{0, 6}, {0, 1, 11, 2, 10}, {0, 1, 11, 6}, {0, 1, 11, 3, 9}, {0, 1, 11, 
4, 8}, {0, 1, 11, 5, 7},. {0, 2, 10, 3, 9}, {0, 2, 10, 4, 8}, … {0, 1, 
2, 3, 4, 5, 6, 7, 8, 9, 10, 11}}. 
 

Now 1M
oT , 1MT  and  1MT  are subset set ideal subsemigroup  

topological spaces relative to the subsemigroup B1 = {0, 1, 11}. 
 
Let B2 = {0, 4}   (Z12, ) be a subsemigroup of Z12. 
 
The collection of all set ideal of S over the subsemigroup B2 

be M2 then M2 = {{0}, {0, 1, 4}, {0, 2, 8}, {0, 3},  {0, 4}, {0, 5, 
8}, {0, 6}, {0, 7, 4}, {0, 8}, {0, 9}, {0, 10, 4}, {0, 11, 8} …, {0, 
1, 2, …, 11}}  S gives  2M

oT , 2MT  and  2MT  as the set ideal 
subset semigroup topological spaces relative to the 
subsemigroup B2 = {0, 4}.   

 
Suppose {0, 6}  Z12 is a subsemigroup of Z12.  We can 

have M3 to be the collection of all subset semigroup S over B3; 
M3 = {{0}, {0, 2}, {0, 3, 6}, {0, 4}, {0, 6, 5}, {0, 7, 6}, {0, 8}, 
{0, 6}, {0, 9, 6}, {0, 10}, {0, 11, 6}, … {0, 1, 2, …, 11}}  S is 
such that 3M

oT , 3MT  and  3MT  are the set subset ideal 
semigroup topological spaces of S relative to the subsemigroup 
B3 = {0, 6}. Take B4 = {1, 5, 0} the subsemigroup of S.  Let M4 
= {Collection of all subset set ideals from S relative to the 
subsemigroup}.  

 
M4 = {{0}, {0, 5, 1},{2, 10, 0}, {4, 8, 0}, {6, 0}, {7, 11, 0}, 

{9, 0}, {0, 1, 5, 9}, {0, 3, 9}, {0, 2, 10, 9} … {0, 1, 2, 3, 4, 5, ..., 
11} and 4M

oT , 4MT  and  4MT  are the set ideal subset topological 
semigroup spaces of S relative to the semigroup B4 = {0, 1, 5}. 

 
Similarly if we take B5 = {0, 7, 1}  Z12 to be the 

subsemigroup we take M5 = {Collection of all set ideals of S 
over the subsemigroup B5 = {0, 1, 7}} = {{0}, {7, 0, 1}, {2, 0}, 
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{3, 7, 1, 0}, {0, 7, 1, 4}, {1, 2, 7, 0}, {8, 0}, {0, 8, 1, 7}, {0, 3, 
9}, {0, 7, 1, 9, }, …., {0, 1, 2, 3. 4, 5, …, 11}}.  5M

oT , 5MT  and  
5MT  are subset set ideal semigroup topological subspaces of S 

relative to the subsemigroup B5 = {0, 1, 7}  Z12.  
 

Example 2.35:  Let  
S = {Collection of all subsets from the semigroup Z10, } be the 
subset semigroup. To, T and T be subset semigroup 
topological spaces of S.   
 
 Let P1 = {1, 9}  Z20 be a semigroup of Z10. 
 
 {{0}, {1, 9}, {2, 8}, {3, 7}, {4, 6}, {5}, {0, 1, 9}, {0, 2, 8}, 
{0, 3, 7}, {0, 4, 6}, {0, 5}, {0, 1, 2, 8, 9}, {0, 1, 9, 5}, …, {0, 1, 
2, 3, 4, 5, 6, 7, 8, 9}} = M1, the collection of all subset set ideal 
semigroup over the subsemigroup P1. 
 
 1M

oT , 1MT  and  1MT  be the subset set ideal semigroup 
topological spaces over the subsemigroup P1 = {1, 9}  Z10. 
 
 Take P2 = {0, 1, 9}  Z10 be the subsemigroup M2 = 
{Collection of all subset ideals of S over the semigroup P2 = {0, 
1, 9}  Z10}} = {{0}, {0, 1, 9}, {0, 2, 8}, {0, 3, 7}, {0, 4, 6}, 
{0, 5}, {0, 1, 9, 2, 8}, {{0, 2, 8, 1, 9}, {0, 5, 1, 9}, …, {0, 1, 2, 
3, …, 9}}  S. 
 
 2M

oT , 2MT  and  2MT  are the subset set ideal semigroup 
topological spaces over the subsemigroup P2.   
 

It is clear 1M
oT   2M

oT  or  1MT   2MT  or  1MT   2MT . 
 
 Take P3 = {6}  Z10, is a subsemigroup of Z10.   
 

Let M3 = {Collection of all subset ideals of S over the 
subsemigroup P3 = {6}} = {{0}, {6}, {0, 6}, {1, 6}, {0, 1, 6}, 
{2}, {2, 0},  {0, 2, 1, 6}, {3, 8}, {1, 3, 8, 6}, {0, 3, 8}, {4}, {0, 
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4}, {0, 1, 4, 6}, {5, 0}, {0, 5, 1, 6}, {0, 5, 6}, …, {0, 1, 2, …, 
9}}  S. 
 
 3M

oT , 3MT  and  3MT  are subset set ideal semigroup 
topological spaces related to the subsemigroup of Z12.   
 

Let M4 = {Collection of all set subset ideal over the 
subsemigroup P4 = {1, 6}  Z12}} = {{0}, {6}, {0, 6}, {1, 6}, 
{0, 1, 6}, {5, 0}, {0, 5, 6}, {0, 5, 6, 1}, …, {0, 1, 2, …, 9}}  S.  
Now 4M

oT , 4MT  and  4MT  are subset set ideal semigroup 
topological spaces over the subsemigroup {1, 6}. 
  

We see 4M
oT , 4MT  and  4MT  are distinctly different from 

3M
oT , 3MT  and  3MT  respectively.   

 
It is pertinent to keep on record that we can have as many 

subset set ideal semigroup topological spaces as that of the 
number of subsemigroup in the semigroup.  This is one of the 
advantages of using the notion of subset set ideal semigroup 
topological spaces. 
 
Example 2.36:  Let  
S = {Collection of all subsets form the semigroup {Z, }} be 
the subset semigroup. 
 
 Let To, T and T be the subset semigroup topological 
spaces of S.   
 

We have infinite number of subsemigroup in (Z, ) hence 
we can have infinite number of set ideal subset semigroup 
topological spaces over these subsemigroup in (Z, ). 
 
Example 2.37: Let S = {Collection of all subsets from the 
semigroup P = {(a1, a2, …, a10) | ai  A5, 1  i  10}}} be the 
subset semigroup.  Associated with S we have several subset set 
ideal topological semigroup spaces which are non commutative.  
Thus non commutative subset set ideal topological spaces  can 
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be got using non commutative semigroups and their 
subsemigroups. 
 
Example 2.38:  Let S = {Collection of all subsets from the 
semigroup  
 

P = 

1

2

3

4

5

6

a
a
a
a
a
a

 
 
 
 
 
 
 
 
  

 ai  Z; 1  i  6 under the natural product n}} 

 
be the subset semigroup.  To, T and T be the subset semigroup 
topological space.   
 

iP
oT , iPT  and  iPT  be the subset set ideal semigroup 

topological space over the subsemigroup Pi, 1  i  .  Thus we 
have infinite number of subset set ideal semigroup topological 
spaces relative to the subsemigroups of P.  
 
 Now having seen subset set ideal semigroup topological 
spaces we now proceed on to study and describe the topological 
spaces which are subset ideals.  
 
 Recall if Z12 is a semigroup under product, all 
subsemigroups of Z12 are not ideals, for P1 = {0, 1, 11}  Z12 is 
a subsemigroup but is not an ideal of Z12.  The ideals of Z12 are 
{0} = I1, I2 = Z12, I3 = {0, 2, 4, 6, 8, 10}, {0, 6} = I4, I5 = {0, 4, 
8} and I6 = {0, 3, 6, 9} are the only ideals of Z12. 
 
 We can give two operations on them  and .  Regarding 
 it is closed; we see Ii  Ij is the ideal generated by the two 
ideals Ii and Ij. 
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 Thus W = {Io, I1, I2, I3, I4, I5, I6 and so on}  S form a usual 
topological space under ‘’ and . 
 
 Now T = {W, , *} and T = {W, , *} are the other 
ideal subset topological spaces of S as W is basically a subset 
collection of S. 
 
 Now if we take I6 and I5 we see  
I6 * I5 = {0, 4, 8} * {0, 3, 6, 9} = {0} and I6  I5 = {0} and  
I6  I5 =  {0, 4, 8, 3, 6, 9} is an ideal of Z12. 
 
 I5  I4 = {0, 4, 8}  {0, 6} 
 = {0, 4, 8, 0, 6} is again an ideal of Z12.  
 
 Thus we have all the three topological spaces associated 
with ideals of Z12. 
 
 Suppose we take (Z6, ) the ideals of Z6 are {0, 3} {0}, {0, 
2, 4}, {Z6}, 0, 2, 4, 3.  So M = {{0}, {0, 3}, {0, 2, 4}, 0, 2, 4, 
3, {Z6}}  S has topological structure relative to ,  so To 
usual space T and T associated special spaces.  
 
 The tree associated with M is 
 
 
 
 
 
 
 
 
 
 
 
 Let A = {0, 2, 3, 4} and B = {0, 3}  M. 
 
   A  B  = {0, 2, 3, 4}  {0, 3} 
     = {0, 2, 4, 3}. 
 

 {0,3} {0,2,4} 

{0,2,4,3} 


{0} {0} 


Z6 
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   A  B  =  {0, 2, 3, 4}  {0, 3} 
     = {0, 3}. 
  

A * B  = {0, 2, 3, 4} * {0, 3} 
     = {0,  3}. 
 
 
 Let A = {0, 2, 4} and B = {0, 2, 4, 3} 
 
   A * B  = {0, 2, 4} * {0, 2, 4, 3} 
     = {0, 4, 2} and 
 
   A  B  = {0, 2, 4}  {0, 2, 4, 3} 
     = {0, 2, 4}. 
 
 So in this subset semigroup of the semigroup Z6. 
 
 We see To = T = T . 
 
 Consider (Z12, ) the ideals of Z12 are M = {{0}, Z12, {0, 6}, 
{0, 3, 6, 9}, {0, 4, 8}, {0, 2, 4, 6, 8, 10}, {0, 4, 6, 8}, {0, 3, 6, 9, 
4, 8}, {0, 2, 4, 6, 8, 10, 3, 9}}. 
 
 Let A  = {0, 3, 6, 9} and 
  B  = {0, 4, 8}  M. 
 
 A  B = {0}, A  B = {0, 3, 6, 9, 4, 8} and A * B = {0}. 
 
  A  = {0, 2, 6, 4, 8, 10} 
 and B  = {0, 3, 6, 9}  M 
 
 A  B  = {0, 2, 3, 4, 6, 8, 9, 10}. 
 A  B  = {0, 6}. 
 A * B  = {0, 6}. 
 
 Thus M

oT = MT  =  MT . 
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 Hence we leave it as an open problem whether if we take 
ideals of a subset semigroup; will M

oT = MT  =  MT ; where M is 
the collection of all ideals of the semigroup (P, *)? 
 
  Let S = {Collection of all subsets from the semigroup (P, 
) = {(a1, a2, a3) | ai  Z4, 1  i  3.  be the subset semigroup. 
 
 The ideals of (P, ) are {(0, 0, 0)}, {(0, 0, 0), (2, 2, 2)} {(0, 
0, 0), (1, 1, 1) (2, 2, 2)} {(0, 0, 0), (2, 0, 0)}, {(0, 0, 0), (1, 1, 1), 
(2, 2, 2), (3, 3, 3)}, {(0, 0, 0), (0, 2, 0)}, {(0, 0, 0), (0, 0, 2)} {(0, 
0, 0), (2, 2, 0)} {(0, 0, 0), (2, 0, 2)}, {(0, 0, 0), (0, 2, 2)} {(0, 0, 
0), (1, 0, 0), (2, 0, 0), (3, 0, 0)} and so on. 
 
 So we have a very large subset contributing for the subset 
topological space. 
 
 For instance if we take S = {Collection of all subsets from 

the semigroup (P, ) = 1

2

a
a

 
 
 

 a1, a2  Z3}} . 

 
 The ideals of P are 
 

 
0
0

   
  
   

, 
0 1 2

, ,
0 1 2

       
      
       

, 
0 1 2

, ,
0 0 0

       
      
       

, 
0 0 0

, ,
0 1 2

       
      
       

,  

 
0 1 2 1 2

, , , ,
0 2 1 1 2

           
          
           

 and 

 
0 1 2 1 2 0 0 2 1

, , , , , , , ,
0 2 1 1 2 1 2 0 0

                   
                  
                   

. 

 
 

 Now A = 
0 1 2

, ,
0 1 2

       
      
       

 and B = 
0 1 2

, ,
0 0 0

       
      
       
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A  B = 
0 1 2 0 1 2

, , , , ,
0 1 2 0 0 0

             
            
             

 and 

 

A  B = 
0
0

   
  
   

. 

 

A * B  = 
0 1 2

, ,
0 1 2

       
      
       

 * 
0 1 2

, ,
0 0 0

       
      
       

 

 

= 
0 1 2

, ,
0 0 0

       
      
       

. 

 
 A * B  A  B. 
 
 Further A  B is not an ideal only A  B generated as an 
ideal is an ideal. 
 
 Thus we see in all case the three subset ideal topological 
semigroup spaces I

oT , IT  and  IT  need not be identical.  This 
is more so when the semigroup is constructed using a field like 
Z3 and so on.  
 
 Let (P, *) = {(a1, a2, a3) | ai  Z3, 1  i  3}} be the 
semigroup  
S = {Collection of all subsets form the semigroup (P, *)} be the 
subset semigroup.  The ideals of (P, *) are M = {(0, 0, 0)} 
 
 {(0, 0, 0), (2, 2, 0), (1, 1, 1), (1, 1, 0), (2, 2, 2), (0, 0, 1), (0, 
0, 2), (1, 0, 2), (2, 0, 2), (1, 0, 1), (2, 0, 1), (1, 0, 1)}, {(0, 0, 0), 
(1, 0, 0), (2, 0, 0)}, {(0, 0, 0), (0, 1, 0), (0, 2, 0)}, {(0, 0, 0), (0, 
0, 1), (0, 0, 2)}, {(0, 0, 0), (1, 1, 0), (1, 0, 0), (0, 1, 0), (0, 2, 0), 
(2, 0, 0), (2, 2, 0)}, {(0, 0, 0), (0, 0, 1), (0, 1, 1), (0, 1, 0), (0, 2, 
2), (0, 2, 0), (0, 0, 2), (0, 2, 2)}  {(0, 0, 0), (2, 0, 0), (0, 0, 2), (0, 
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0, 1), (1, 0, 1), (1, 0, 0), (2, 0, 2)} , {(0, 0, 0), (1, 0, 2), (2, 0, 
1)}and so on. 
 
 Several ideals of (P, *) are got and IT   IT  or IT   I

ST  or 
IT   I

ST . 
 
 Thus it is easily verified we get subset ideal topological 
semigroup spaces I

oT , IT  and  IT . 
 
 Study in this direction is very innovative and interesting for 
we see in certain semigroups I

oT = IT  = IT  in certain  cases 
I
oT , IT  and  IT  are distinct.  So it is an open problem to 

characterize those semigroups for which  IT  = IT  = I
oT .  Also 

when will A  B = A * B for all A, B  S. 
 
We suggest the following problems for this chapter. 
 
 
Problems:  
 
1. Find some special features enjoyed by subset semigroup 

topological spaces To, T and T of a subset semigroup S 
of finite order. 

 
2. Suppose S is a subset semigroup of finite order find the 

trees associated with the subset topological semigroup 
spaces To, T and T . 

 
(i) Are the three trees associated with To, T and T  

distinct or the same? 
(ii) Can all the three trees associated with To, T and T 

be identical?  Justify your claim. 
 
3. Let  

S = {Collection of all subsets from the semigroup S(3)}  
be the subset semigroup. 
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(i) Find o(S). 
(ii) Show T and T, the subset semigroup topological 

spaces are non commutative and are of finite order. 
(iii) Find all subset semigroup topological subspaces of 

To, T and T which are commutative. 
(iv) Find all subset semigroup topological subspaces of 

T and T. 
 
4. Let S1 = {Collection of all subsets from the semigroup  

P = {(a1, a2, a3, a4, a5, a6) | ai  Z20, ; 1  i  6} be the 
subset semigroup. 

 
(i) Study questions (i) and (iii) of problem 4 for this S1. 
 
(ii) Prove T and T contain subset topological 

semigroup zero divisors. 
 
(iii) Is To, T and T Smarandache subset semigroup 

topological spaces? 
 
5. Let S2 = {Collection of all subsets from the matrix  

 

semigroup P under natural product n; P = 

1 2

3 4

5 6

7 8

9 10

11 12

a a
a a
a a
a a
a a
a a

 
 
 
 
 
 
 
 
  

  

 
ai  Z6  Z10; 1  i  12}} be the subset semigroup.  

 
Study questions (i) and (iii) of problem 4 for this S2. 
 

6. Let S = {Collection of all subsets of the semigroup  
P = (Z24, )} be the subset semigroup. 
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(i) Find all subsemigroups Mi of P. 
(ii) Find all subset set ideal topological semigroup 

subspaces iM
oT , iMT  and  iMT  over the 

subsemigroup Mi. 
(iii) Find o(S). 

 
7. Let S = {Collection of all subsets from the semigroup 

C(Z24)}be the subset semigroup. 
 
 Study questions (i) to (iii) of problem 6 for this S. 
 
8. Let S = {Collection of all subsets from the semigroup 

C(Z19 I)} be the subset semigroup. 
 
 Study questions (i) to (iii) of problem 6 for this S. 
 
9. Let S = {Collection of all subsets from the semigroup   

 

M = 1 2

3 4

a a
a a

 
 
 

 ai  A4, 1  i  4}} under the natural  

 
product n. 

 
 Study questions (i) to (iii) of problem 6 for this S. 
 
10. Let S2 = {Collection of all subsets from the matrix  

 

semigroup (P, n) = 

1

2

3

4

5

6

7

a
a
a
a
a
a
a

 
 
 
 
 
 
 
 
 
  

 ai  Z10  Z15, 1  i  7}} be  
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the subset semigroup.  

 
 Study questions (i) to (iii) of problem 6 for this S2. 
 
11. Let S = {Collection of all subsets from the semigroup  

 

(M, n) = 1 2 7

8 9 14

a a ... a
a a ... a

 
 
 

 ai  C(Z8  I),   

 
1  i  14}}  be the subset semigroup.  

 
 Study questions (i) to (iii) of problem 6 for this S. 
 
12. Let S = {Collection of all subsets from the semigroup  

 

(M, n) = 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

17 18 19 20

a a a a
a a a a
a a a a
a a a a
a a a a

 
 
  
 
 
  

 ai  D2,7  A5;  

 
1  i  20, n}}  be the subset semigroup.  

 
 Study questions (i) to (iii) of problem 6 for this S. 
 
13. Enumerate any of the interesting properties associated 

with subset set ideal semigroup topological spaces of M
oT , 

MT  and  MT . 
 
14. Enumerate and differentiate between  MT  and  MT  for 

any non commutative subset semigroup of finite order. 
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15. Let S = {Collection of all subsets from the semigroup 
 

(P, *) = 

1 2

3 4

19 20

a a
a a

a a

 
 
    

 
 ai  Z48, n; 1  i  20}}  

 
be the subset semigroup. 

 
(i) Find o(S). 
 
(ii) Find all subset semigroup topological spaces To, T 

and T . 
 

(iii) Find the subset semigroup topological subspaces of 
To, T and T . 

 
(iv) Prove T and T has subset semigroup topological 

zero divisors. 
 

(v) Find all  subsemigroups of (P, *). 
 

(vi) Find corresponding to each of the subsemigroup Pi 
the subset set ideal semigroup topological spaces 

iP
oT , iPT  and  iPT . 

 
(vii) Can T (and T) have subspaces Wi and Wj such  
 

          that Wi  Wj = 

0 0
0 0

0 0

  
  
         

 
? 
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16. Describe the special features enjoyed by Smarandache 
subset semigroup topological spaces To, T and T. 

 
17. Let S = {Collection of all subsets from the semigroup  

 

(P, *) = 

1

2

3

4

5

a
a
a
a
a

 
 
  
 
 
  

 ai  (Z5, *); 1  i  6}} be the subset 

 
 semigroup (* is the n mod 5). 

 
(i) Find all ideals of the semigroup (P, *). 
 
(ii) Using the collection of ideals M of the semigroup 

(P, *) find M
oT , MT  and  MT . 

 
(iii) Is MT   M

oT ,  and  MT   M
oT  and  MT   MT ? 

 
(iv) Find o( MT ). 
 
(v) Compare MT  with T,  MT  with T and M

oT  with 
To. 

 
(vi) Find all subset semigroup topological zero divisors. 

 
(vii) Is S a Smarandache semigroup? 

 
(viii) Is MT , MT  and M

oT  S-subset ideal semigroup 
topological spaces? 

 
(ix) Find all subsemigroups of (P, *). 

 



Special Types of Subset Topological Spaces using …  61 
 
 
 
 
 
 

(x) Find all subset set ideal semigroup topological 
spaces over these subsemigroups. 

 
18. Let S = {Collection of all subsets from the semigroup  

 

(P, *) =

1 2

3 4

5 6

7 8

9 10

a a
a a
a a
a a
a a

 
 
  
 
 
  

 ai  Z13, *); 1  i  10}}  

 
be the subset semigroup.  

 
 Study questions (i) to (x) of problem 17 for this S. 
 
19. Let S = {Collection of all subsets from the semigroup  
 

(P, *) =
1 2 10

11 12 20

21 22 30

a a ... a
a a ... a
a a ... a

 
 
 
  

 ai  Z16, *); 1  i  30}}  

 
be the subset semigroup.  

 
 Study questions (i) to (x) of problem 17 for this S. 
 
20. Let S = {Collection of all subsets from the semigroup  
 

(P, *) = 

1

2

3

10

a
a
a

a

 
 
  
 
 
  


 ai  Z15 n Z24; 1  i  10}}  

 
be the subset semigroup.  
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  Study questions (i) to (x) of problem 17 for this S. 
 
21. Let S = {Collection of all subsets from the semigroup  
 

P = 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

a a a a
a a a a
a a a a
a a a a

 
 
    

 ai  Z8(S(4)) under  n,  

 
1  i  16}} be the subset semigroup.  

 
 Study questions (i) to (x) of problem 17 for this S. 
 
22. Let S = {Collection of all subsets form the semigroup  
 

P = 
20

i
i

i 0

a x





 x21 = 1,  ai  Z14  Z25, 0  i  20}}  

 
be the subset semigroup.  

 
 Study questions (i) to (x) of problem 17 for this S. 
 
23. Let S = {Collection of all subsets form the semigroup  

P = {(a1, a2, …, a7) | ai  C(Z30)  1  i  7}} be the subset 
semigroup.  

 
 Study questions (i) to (x) of problem 17 for this S. 
 
24. Let S = {Collection of all subsets from the semigroup 

 

(P, *) = 

1 2 7

8 9 14

15 16 21

22 23 28

29 30 35

a a ... a
a a ... a
a a ... a
a a ... a
a a ... a

 
 
  
 
 
  

 ai  C(Z24)  C(Z11);  
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1  i  35}} be the subset semigroup.  
 
Study questions (i) to (x) of problem 17 for this S. 
 

25. Let S = {Collection of all subsets from the semigroup  
 

(P, *) = 1 2 10

11 12 20

a a ... a
a a ... a

 
 
 

 ai  C(Z43); 1  i  20}}  

 
be the subset semigroup.  

 
 Study questions (i) to (x) of problem 17 for this S. 
 
26. Let S = {Collection of all subsets from the semigroup  

(P, *) = (Z+  {0}) S3} be the subset semigroup.  
 
 Study questions (i) to (x) of problem 17 for this S. 
 
27. Let S = {Collection of all subsets from the semigroup  

(P, *) = (R+  {0}) D2,7  S7) } be the subset semigroup.  
 
 Study questions (i) to (x) of problem 17 for this S. 
 
28. Let S = {Collection of all subsets from the semigroup  

(P, *) = (Z+  {0}) S(5)} be the subset semigroup.  
 
 Study questions (i) to (x) of problem 17 for this S. 
 
29. Let S = {Collection of all subsets from the semigroup  

(P, *) = (Z+  {0}) S3  D2,7} be the subset semigroup.  
 
 Study questions (i) to (x) of problem 17 for this S. 
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30. Let S = {Collection of all subsets from the semigroup  

 

(P, *) = 

1 2 3

4 5 6

7 8 9

10 11 12

13 14 15

a a a
a a a
a a a
a a a
a a a

 
 
  
 
 
  

ai  Z+  {0}) S7  D2,5,  

 
1  i  15}  be the subset semigroup.  

 
 Study questions (i) to (x) of problem 17 for this S. 
 
31. Let S = {Collection of all subsets from the semigroup  

 

(P, *) = 

1 2 3

4 5 6

7 8 9

10 11 12

13 14 15

16 17 18

19 20 21

a a a
a a a
a a a
a a a
a a a
a a a
a a a

 
 
 
 
 
 
 
 
 
  

ai  Z+  {0}) S9, 1  i  21}   

 
be the subset semigroup.  

 
 Study questions (i) to (x) of problem 17 for this S. 
 
32. Let S = {Collection of all subsets from the semigroup  

(P, *) = (M, *) = (Q+  {0})  Z+  {0} (S3  Z2,9) , 1  i 
 18}  be the subset semigroup.  

 
 Study questions (i) to (x) of problem 17 for this S. 
 
33. Let S = {Collection of all subsets from the semigroup 

(Z20, +)} be the subset semigroup.  
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 Study questions (i) to (x) of problem 17 for this S. 
 
 Does S have any special features when a group is used 

instead of a semigroup? 
 
34. Let S = {Collection of all subsets from the semigroup 

S3  D2,7} be the subset semigroup.  
 

(i) Study questions (i) to (x) of problem 11 for this S. 
 
35. Distinguish between subset semigroups when semigroup 

is used and when a group is used. 
 
36. Let S = {Collection of all subsets from the semigroups 

S(5)  (Z20, )} be the subset semigroup.    
 
 Can we see S is a S-subset semigroup?   
 
 What are the special features enjoyed by the topological 

spaces by using S-subset semigroup? 
 
37. Let S = {Collection of all subsets from the semigroup  

M={(a1,…,a9)|ai  S7, 1  i  9} be the subset semigroup.  
 

(i) Study questions (i) to (x) of problem 11 for this S. 
 
38. Let S = {Collection of all subsets from the semigroup  

 

M = 

1 2 6

7 8 12

13 14 18

19 20 24

25 26 30

a a ... a
a a ... a
a a ... a
a a ... a
a a ... a

 
 
  
 
 
  

 ai  D2,9, S12 , 1  i  30} be  

 
the subset semigroup.  
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(i) Study questions (i) to (x) of problem 17 for this S. 
 
39. Let S = {Collection of all subsets from the semigroup  

 

M = 

1

2

9

a
a

a

 
 
    


  ai  ZS7, 1  i  9}  

 
be the subset semigroup.  

 
(i) Enumerate all the special features enjoyed by S. 

 



 
 
 
 
 
Chapter Three 
 
 

 
 
SPECIAL TYPE OF SUBSET  
TOPOLOGICAL SPACES  
USING SEMIRINGS AND RINGS  
 
 
 In this chapter for the first time we introduce the notion of 
different types of subset topological spaces using semirings (or 
rings). However subsets of a ring have only the algebraic 
structure which can maximum be a subset semifield or a subset 
semiring. When we use rings to get subset semiring / semifield 
we call them as subset semiring of type I. 
 
 Let R be a ring, S the collection of all subsets from R.  S is 
the subset semiring of type I. 
 
 We give examples of them. 
 
Example 3.1:  Let  
S = {Collection of all subsets from the ring Z12} be the subset 
semiring of type I. 
 
Example 3.2:  Let  
S = {Collection of all subsets from the ring Z5S5} be the subset 
semiring of type I.  S is non commutative.  
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Example 3.3:  Let  
S = {Collection of all subsets from the ring Z15  Z36} be the 
subset semiring of type I. 
 
Example 3.4:  Let  
S = {Collection of all subsets from the ring Z15 (S3  D2,7)} be 
the subset semiring of type I.  S is non commutative but of finite 
order. 
 
Example 3.5:  Let S = {Collection of all subsets from the ring 
R} be the commutative subset semiring of infinite order. 
 
Example 3.6:  Let  
S = {Collection of all subsets from the ring ZS7} be the subset 
semiring of infinite order and is non commutative. 
 
Example 3.7:  Let  
S = {Collection of all subsets from the ring Z(S(3)  D2,5)} be 
the subset semiring of type I of infinite order which is non 
commutative. 
 
Example 3.8:  Let S = {Collection of all subsets from the ring 
M = {(a1, a2, …, a10) | ai  ZS6} 1  i  10} be the subset 
semiring of type I which is non commutative has zero divisors. 
 
Example 3.9:  Let S = {Collection of all subsets from the ring  
 

M = 

1

2

3

4

5

6

a
a
a
a
a
a

 
 
 
 
 
 
 
 
  

ai  Z8S7; 1  i  6}} 

 
be the subset semiring of type I which is non commutative of 
finite order. 
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Example 3.10:  Let  
S = {Collection of all subsets from the ring ZS(5)} be the subset 
semiring of type I.  S is non commutative and of infinite order. 
 
 
Example 3.11:  Let S = {Collection of all subsets from the ring  

 

(M, n) = 
1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

a a a a a
a a a a a
a a a a a

 
 
 
  

ai  Z12S(3); 

 
1  i  15}}  

 
be the subset semiring of type I of finite order which is non 
commutative. 
 
Example 3.12:  Let S = {Collection of all subsets from the ring  
 

M = 1 2

3 4

a a
a a

 
 
 

ai  Z36(S3  D2,11); 1  i  4}} 

 
be the subset semiring of type I of finite order and is non 
commutative. 
 
Example 3.13:  Let S = {Collection of all subsets from the ring 
R  I (g) where g2 = 0} be the subset semiring type I of 
infinite order and commutative.  
 
Example 3.14:  Let S = {Collection of all subsets from the ring 
C(Z10) (g1, g2, g3) where 2

1g  = 0, 2
2g  = g2, 2

3g  = –g3; gigj = gjgi = 
0; 1  i, j  3, i  j} be the subset semiring of type I of finite 
order .  
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Example 3.15:  Let S = {Collection of all subsets from the ring  
 

M = 

1 2

3 4

5 6

7 8

9 10

a a
a a
a a
a a
a a

 
 
  
 
 
  

ai  C (Z5  I)S7; 1  i  10}} 

 
be the subset semiring of type I of finite order which is non 
commutative. 
 
Example 3.16:  Let S = {Collection of all subsets from the ring.  
 

P = i
i

i 0
a x








  ai  CZ10  I (D2,9  S(4)}} 

 
be the subset semiring of type I of infinite order which is non 
commutative. 
 
Example 3.17:  Let S = {Collection of all subsets from the ring  
 

M = i
i

i 0
a x








  ai  Z  I S3}} 

 
be the subset semiring of type I of infinite order which is non 
commutative. 
 
Example 3.18:  Let S = {Collection of all subsets from the ring  
 

N = i
i

i 0
a x








  ai  Z4  Z3  Z7}} 

 
be the subset semiring of type I of infinite order. 
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 Now we just define the possible types of subset semiring 
topological spaces of type I.   
 

We will first denote by an example, then define. 
 
Example 3.19:  Let  
S = {Collection of all subsets from the ring Z} be the subset 
semiring of type I.  To, T

 , T
  T

 , T
  and Ts where 

 
 To = {S = S  {}, , }, T

  = {S, , +}, T
  = {S = S 

 {}, , +} 
T
  = {S, , }, T

 = {S , } and Ts = {S, , +}.   
 
We will test whether all the six topological subset semiring 

spaces are distinct are identical.  
 
 Take A = {4, 6, 5, 7, 1} and B = {3, 2, 0, 18, 6, 5}  To. 
 
 A  B  = {4, 6, 5, 7, 1}  {3, 2, 0, 18, 6, 5} 
   = {4, 6, 5, 7, 1, 0, 18, 3, 2} and   
 
 A  B  = {4, 6, 5, 7, 1}  {3, 2, 0, 18, 6, 5} 
   = {6, 5} are in To. 
 
 Let A, B  T

  = {S, , +}. 
 
 A  B  = {4, 6, 5, 7, 1}  {3, 2, 0, 18, 6, 5} 
   = {4, 6, 5, 7, 1, 0, 18, 3, 2} and   
 
 A + B  = {4, 6, 5, 7, 1} + {3, 2, 0, 18, 6, 5} 
 
   = {4, 6, 5, 7, 1, 9, 8, 0, 22, 24, 23, 25, 19, 10, 12,  

11, 13} are in T
 .   

 
We see To and T

  are distinct as ring subset semiring 
topological spaces. 
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Consider A, B  T
 . 

 
A  B  = {4, 6, 5, 7, 1}  {3, 2, 0, 18, 6, 5} 

   = {4, 6, 5, 7, 1, 3, 2, 0, 18} 
 
 A + B  = {4, 6, 5, 7, 1}  {3, 2, 0, 18, 6, 5} 
   = {0, 8, 12, 18, 15, 21, 3, 10, 14, 2, 72, 108, 90,  

   126, 18, 24, 36, 30, 42, 6, 20, 35, 5} are in T
 .   

 
Clearly T

  is different from the two subset ring topological 
semiring spaces To and T

 . 
 
 Now consider A, B   T

 = {S, , +}. 
 
 A  B = {6, 5} and  
 
 A + B  = {5, 4, 6, 7, 1, 9, 8, 0, 22, 24, 23, 25, 19, 10, 12,  

    11, 13} are in T
 . 

 
 Thus T

  is different from  T
 , T

  and To as topological 
spaces. 
 
 Consider A, B  T

  = {S, , }  
 A  B = {6, 5} and A  B = {0, 8, 12, 18, 15, 21, 3, 10, 14, 
2, 72, 108, 90, 126, 18, 24, 36, 30, 42, 6, 20, 35, 5}   T

 . 
 
 We see T

  is distinct from T
 , T

 , T
  and To as subset 

ring semiring topological spaces. 
 
 Finally let A, B  Ts = {S, +, }. 
 
 A + B and A  B  are given above.  Clearly Ts is different 
from the subset ring semiring topological spaces To, T

 , T
 , 

T
  and T

 .  
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Example 3.20:  Let  
S = {Collection of all subsets from the ring Z10} be the subset 
semiring of type I.  Let To, T

 , T
 , T

 , T
  and Ts be subset 

ring semiring topological spaces of S. 
 
 Let A, B  To = {S, , } where  

A = {2, 5, 6, 3} and  B = {5, 0, 1, 8, 7}  To. 
 

 A  B  = {2, 5, 6, 3}  {5, 0, 1, 8, 7} 
   = {2, 5, 6, 3, 0, 1, 8, 7}  and  
 
 A  B  = {2, 5, 6, 3}  {5, 0, 1, 8, 7} 
   = {5} are in To. 
 
 Let A, B  T

 ;  
 

A + B  = {2, 5, 6, 3} + {5, 0, 1, 8, 7} 
   = {2, 5, 6, 3, 7, 0, 1, 8, 4, 9} and 
 
 A  B  = {2, 5, 6, 3}  {5, 0, 1, 8, 7} 
   = {1, 2, 5, 6, 3, 8, 7, 0} are in T

 . 
 
 We have To is different from the subset ring semiring 
topological space T

 . 
 
 Let A, B  T

 ;  
 

A  B  = {2, 5, 6, 3}  {5, 0, 1, 8, 7} 
   = {0, 1, 2, 3, 4, 5, 6, 7, 8} and  
 
 A  B  = {2, 5, 6, 3}  {5, 0, 1, 8, 7}  

= {0, 5, 2, 6, 3, 8, 4, 1} are in T
 .   

 
T
  is different from T

  and To as subset semiring ring 
topological spaces. 
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 Let A, B  T

 ;  
 

A  B = {2, 5, 6, 3}  {5, 0, 1, 8, 7} = {5} and  
 
 A + B  = {2, 5, 6, 3} + {5, 0, 1, 8, 7}  

= {2, 5, 6, 3, 7, 8, 1, 0, 4, 9}  
 
are in T

  and T
 is different from T

 , T
  and To as subset ring 

semiring topological spaces.  
 
 Let A, B  T

 ; 
 A  B = {5}  and  
 

A  B  = {2, 5, 6, 3}  {5, 0, 1, 8, 7} 
   = {0, 2, 5, 6, 3, 8, 4, 1}  T

 . 
 
 We see T

  is distinctly different from T
 , T

 , T
  and To 

as subset semiring ring topological spaces. 
 
 Consider A, B  Ts,  
 

A + B  = {2, 5, 6, 3} + {5, 0, 1, 8, 7} 
   = {2, 5, 6, 3, 7, 1, 8, 4, 9, 0} and  
 
 A  B  = {2, 5, 6, 3}  {5, 0, 1, 8, 7} 
   = {0, 2, 5, 6, 3, 4, 8, 1} are in Ts.   
 

Thus Ts is different from T
 , T

 , T
 , T

  and To as subset 
ring semiring topological spaces. 
 
Example 3.21:  Let  
S = {Collection of all subsets from the ring C(Z17)} be the 
subset semiring of type I.  We have six different subset ring 
semiring topological spaces To, T

 , T
 , T

 , T
  and TS. 

  
All of them are of finite order. 
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Example 3.22:  Let  
S = {Collection of all subsets from the ring Z5S4} be the subset 
semiring of type I.  We have To, T

 , T
 , T

 , T
  and TS  are 

the six subset ring semiring topological spaces of S.  We see 
T
 ,  T

  and TS are the three subset ring semiring topological 
spaces which are non commutative. 
 
Example 3.23:  Let  
S = {Collection of all subsets from the ring (Z4  Z7) A4} be the 
subset semiring of type I.  To, T

 , T
 , T

 , T
  and TS  are the 

six different subset ring semiring topological spaces of S. T
 ,  

T
  and TS are the three non commutative subset ring semiring 

topological spaces of finite order. 
 
Example 3.24:  Let S = {Collection of all subsets from the 
polynomial ring  
 

M = i
i

i 0
a x








 ai  R}} 

 
be the subset semiring of type I. 
 
 
 Let A = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4} and  
B = {9x7 + 1, 8x5}  S if A, B  To. 
 
 A  B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4}  {9x7 + 1, 8x5} 
   = {5x3 + 6x  + 1, 3x2 + 1, 15x4 + 4, 8x5, 9x7 + 1}  
 

and  
 

 A  B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4}  {9x7 + 1, 8x5}   
   =  are in To. 
 
 So To is a subset ring semiring topological space. 
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 Let A, B  T

 ; 
 
 A + B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4} + {9x7 + 1, 8x5}   
   = {9x7 + 2 + 5x3 + 6x, 9x7 + 3x2 + 2, 9x7 + 15x4 + 5,  

    8x5 + 5x3 + 6x + 1, 8x5 + 3x2 + 1, 8x5 + 15x4 + 4}  
 

and  
 

 A   B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4}  {9x7 + 1, 8x5}   
   = {5x3 + 6x + 1, 3x2 + 1, 5x4 + 4, 9x7 + 1, 8x5} are  

    in T
 ; 

 
 To is different from T

  as subset semiring topological 
space. 
 
 A + B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4} + {9x7 + 1, 8x5}   
   = {9x7 + 5x3 + 6x + 2, 3x2 + 9x7 + 2, 9x7 + 15x4 + 5,  

    8x5 + 15x4 + 4} 
 

 and  
 

A  B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4}  {9x7 + 1, 8x5}   
   =  are in T

  and T
  are different as subset ring 

semiring topological spaces. 
 
 Let A, B  T

  
 
 A  B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4}  {9x7 + 1, 8x5}   
   = 40x8 + 48x6 + 8x5, 24x7 + 8x5 + 120x9 + 32x5,  

   (3x2 + 1) (9x7 + 1) (5x3 + 6x + 1) (9x7 + 1), (15x4  
   + 4) (9x7 + 1)} and 
 

 A  B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4}  {9x7 + 1, 8x5}   
   = {5x3 + 6x + 1, 8x5, 3x2 + 1, 15x4 + 4, 9x7 + 1}  

    and in T
 . 
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 T
  is different from To, T

  and T
  as subset ring semiring 

topological spaces. 
 
 Let A, B  T

 . 
 
 A  B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4}  {9x7 + 1, 8x5}   
   = {40x8 + 48x6 + 8x5, 24x7 + 8x5,  32x5+ 120x9,  

   45x10 + 54x8 + 9x7 + 5x3 + 6x + 1, 27x9 + 3x2 +  
   9x7 + 1, 4 + 15x4 + 36x7 + 135x11}  and 
 

 A  B  = {5x3 + 6x + 1, 3x2 + 1, 15x4 + 4}  {9x7 + 1, 8x5}   
   = {} are in T

 . 
 
 T

  is different from the subset ring semiring topological 
spaces T

 , T
 , T

  and To .   
 

Similar Ts = {S, +, } is also a subset ring semiring 
topological space of S.  All the six topological spaces are 
distinct and of finite order.  Further all the six spaces are 
commutative. 
 
Example 3.25:  Let S = {Collection of all subsets from the ring  
 

R = 

1

2

3

4

5

6

7

8

a
a
a
a
a
a
a
a

 
 
 
 
 
 
 
 
 
 
 
  

ai  Z; 1  i  8}} 

 
be the subset ring semiring.  
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To, T
 , T

 , T
 , T

  and TS  are the six subset ring 
semiring topological spaces of S. 
 
 We have subset zero divisors and subset ring semiring 
topological subspaces M1 and M2 such  
 
 

M1  M2 = 

0
0
0
0
0
0
0
0

  
  
  
  
  
  
  
  
  
  
  
    

. 

 
 

We have many such subspaces of T
  (or T

  or Ts).  
 
Consider M1 = {Collection of all subsets from the subring 

super matrix  
 
 

A = 

1

2

3

0
a
a
0
0
0
0
a

 
 
 
 
 
 
 
 
 
 
 
  

a1, a2, a3  Z}} 
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and M2 = {Collection of all subsets from the subring super 
matrix  
 

B = 

1

2

3

a
0
0
0
a
a
0
0

 
 
 
 
 
 
 
 
 
 
 
  

ai  Z; 1  i  3}} 

 
 
be the subset ring semiring topological subspaces of Ts (or T

  
or T

 ). 
 
 

We see M1  M2 = 

0
0
0
0
0
0
0
0

  
  
  
  
  
  
  
  
  
  
  
    

. 

 
 
Let N1 = {Collection of all subsets from the super matrix 

subring  
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C = 1

2

3

4

0
0
0
a
a
a
a
0

 
 
 
 
 
 
 
 
 
 
 
  

ai  Z; 1  i  4}} and  

 

N2 = {Collection of all subsets from the super matrix 
subring  
 

D = 

1

2

0
a
0
0
0
0
0
a

 
 
 
 
 
 
 
 
 
 
 
  

a1 a2   Z}} 

 

be the subset ring subsemiring topological subspaces of Ts 
(or T

  or T
 ) are such that   

 

N1  N2 =  

0
0
0
0
0
0
0
0

  
  
  
  
  
  
  
  
  
  
  
    

. 
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Example 3.26:  Let S = {Collection of all subsets from the 
super matrix ring   
 

M = 1 2 3 4 5 6

7 8 9 10 11 12

a a a a a a
a a a a a a

 
 
 

ai  C(Z8) ; 1  i  12}} 

 
be the subset ring semiring super matrix of type I.  
 
 We see all the subset ring semiring topological spaces To, 
T
 , T

 , T
 , T

  and TS are distinct. 
 
 S has subset ring semiring topological subspaces Mi in T

   
 

( T
  and Ts) are such that Mi  Mj = 

0 0 0 0 0 0
0 0 0 0 0 0

   
  
   

  

 
if i  j. 
 
Example 3.27:  Let S = {Collection of all subsets from the ring  
 

M = 

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15

16 17 18 19 20

a a a a a
a a a a a
a a a a a
a a a a a

 
 
    

ai  C(Z12 I) ; 1  i  20}}  

 
be the subset ring semiring of type I.  S has subset ring semiring 
topological spaces To, T

 , T
 , T

 , T
  and Ts.   

 
S has subset ring semiring topological subspaces Mi in Ts 

( T
 and T

 ) (i varies) such that  
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Mi  Mj = 

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

  
  
         

 if i  j. 

 
That is To ( T

 , T
 , T

 , T
  and Ts) has subset ring semiring 

orthogonal topological subspaces. 
 
Example 3.28:  Let S = {Collection of all subsets from the 
interval matrix ring {([a1, b1],  [a2, b2], [a3, b3], [a4, b4]) | ai, bi  
C(Z25); 1  i  4}} be the interval subset ring semiring of type I.   
 

S has several subset zero divisors and S has subset interval 
ring subsemirings say M1, M2 such that  

 
M1  M2 = {([0, 0], [0, 0], [0, 0], [0, 0])}.  S has subset 

interval ring semiring topological spaces of type I. 
  
Example 3.29:  Let  
S = {Collection of all intervals [a, b] where a, b  Z} be the 
subset ring interval semiring.  To, T

 , T
 , T

 , T
  and Ts are 

the 6 subset topological semiring space of type I. 
 
Example 3.30:  Let S = {Collection of all subsets from the 
interval matrix ring  
 

M = 

1 1

2 2

10 10

[a ,b ]
[a ,b ]

[a ,b ]

 
 
    


ai, bi  Z I ; 1  i  10}} 

 
be the subset interval ring semiring of type I. 
 
 
 P1 = {Collection of all subsets from the subring  
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1

2

10

[a ,0]
[a ,0]

[a ,0]

 
 
    


ai  Z  I ; 1  i  10}}  S 

 
be the subset semiring topological subspaces of To, T

 , T
 , 

T
 , T

  and Ts.  
 
 Associated with S we have the subset interval semiring 
topological spaces To, T

 , T
 , T

 , T
  and Ts. 

 
Example 3.31: Let S = {Collection of all subsets from the 
interval ring {([a1, b1],  [a2, b2] | [a3, b3] | [a4, b4], [a5, b5] | [a6, 
b6]) | ai, bi  C(Z10); 1  i  6}} be the subset ring semiring.   
 

To, T
 , T

 , T
 , T

  and Ts are the subset ring semiring 
topological spaces of S.  All the six are distinct as topological 
spaces.   

 
All the six subset semiring topological spaces has subset 

semiring topological subspaces. 
 
Example 3.32:  Let S = {Collection of all subsets from the 
matrix ring  
 

M = 

1 1 2 2 10 10

11 11 12 12 20 20

21 21 22 22 30 30

31 31 32 32 40 40

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]

 
 
    

 ai, biZ12(g1,g2, g3); 

 
1  i  40; 2

1g  = 0, 2
2g  = g2,  2

3g = –g3, gigj =  
gjgi = 0, 1  i, j  3, i  j}}  
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be the subset ring semiring of infinite order.  
 
 To, T

 , T
 , T

 , T
  and Ts are the subset semiring 

topological spaces of S. 
 
Example 3.33:  Let S = {Collection of all subsets of the ring  
 

M = 

1 1

2 2

3 3

4 4

5 5

6 6

7 7

[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]

 
 
 
 
 
 
 
 
 
 
 

ai, bi  CZ16 I ; 1  i  7}} 

 
 
be the subset ring semiring of type I.   
 

To, T
 , T

 , T
 , T

  and TS are subset ring semiring 
topological space of type I. 
 
Example 3.34:  Let S = {Collection of all subsets from the 
interval matrix ring  
 
M = 

1 1 2 2 3 3 4 4 5 5 6 6

7 7 8 8 9 9 10 10 11 11 12 12

13 13 14 14 15 15 16 16 17 17 18 18

19 19 20 20 21 21 22 22 23 23 24 24

[a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ]
[a25 25 26 26 27 27 28 28 29 29 30 30,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ]

 
 
  
 
 
  

 

 
ai, bi  C(Z7 IS7; 1  i  30}}  

 
be the subset ring semiring which is non commutative.  
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To, T

 , T
 , T

 , T
  and TS are subset ring semiring 

topological spaces of S.  
 

T
 , T

  and TS are subset ring semiring topological space 
which is non commutative and of finite order.   
 

Clearly To, T
 , T

 , T
 , T

  and TS has subset ring semiring 
topological subspaces.  
 
Example 3.35:  Let S = {Collection of all subsets from the ring  
 

M = i
i i

i 0
[a ,b ]x








 ai, bi  R}} 

 
be the subset ring interval semiring of infinite order.  
 

To, T
 , T

 , T
 , T

  and TS be the subset ring interval 
semiring topological spaces.   
 

All the six subset semiring topological spaces has 
subspaces. 
 
Example 3.36:  Let S = {Collection of all subsets from the ring  
 

M = 
1 1 2 2 3 3

4 4 5 5 6 6

7 7 8 8 9 9

[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]

 
 
 
  

ai, bi  Z36; 1  i  9}} 

 
be the subset ring semiring of finite order.  
 

To, T
 , T

 , T
 , T

  and TS be the subset ring semiring 
topological spaces of S.  We see all the six spaces has subspaces  
 



86 Special Type of  Subset Topological Spaces  
 
 
 
 

Mi  Mj = 
[0,0] [0,0] [0,0]
[0,0] [0,0] [0,0]
[0,0] [0,0] [0,0]

  
  
  
    

, i  j. 

 
For instance take  
 

M1 = 
1 1

2 2

3 3

[a ,b ] [0,0] [0,0]
[0,0] [0,0] [a ,b ]
[0,0] [a ,b ] [0,0]

 
 
 
  

ai, bi  Z36; 1  i  3}}  

 
and P1 = {Collection of all subsets from the subring M1} be the 
subset subring subsemiring of S. 
   

 

M2 = 
1 1

2 2

3 3

[0,0] [a ,b ] [0,0]
[a ,b ] [0,0] [0,0]
[0,0] [0,0] [a ,b ]

 
 
 
  

ai, bi  Z36; 1  i  3}}  

 
 
and P2 = {Collection of all subsets from the subring M2} be the 
subset subring subsemiring of S.  
 
 M1 and M2 are subset ring semiring topological subspaces 
of To, T

 , T
 , T

 , T
  and TS such that  

 

M1  M2 = 
[0,0] [0,0] [0,0]
[0,0] [0,0] [0,0]
[0,0] [0,0] [0,0]

  
  
  
    

; 

 
hence M1 and M2 are orthogonal subset semiring topological 
subspaces of To, T

 , T
 , T

 , T
  and TS .   

 
We have seen examples of subset ring topological spaces.   
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Now we proceed onto describe other types of subset 
topological semiring spaces of type I. 

 
 Let S be the subset ring semiring.   
 

Suppose B = {Collection of all subset subsemiring of S}; 
then B can be given all the six topological structures Bo, B

 , 
B

 , B
 , B

  and BS. Bo = {Collection of all subset 
subsemirings of S} = {B  {}, , } is the usual or ordinary 
subset subsemiring  of S. 
 

B
  = {B, +, } be the subset semiring topological subset 

subspace. B
  = {B, +, } be the subset semiring subset 

subspace. B
  = {B, , } is again a subset semiring topological 

subspace and B
  = {B, +, } is again a subset semiring 

topological subspace of T
 . 

 
B

  = {B, , } is again a subset ring semiring topological 
subspace of T

 . 
 
Finally BS = {B, +, } is again a subset ring semiring 

topological subspace of Ts. 
 
Example 3.37:  Let S = {Collection of all subsets from the 
super matrix interval ring  
 

M = 

1 1

2 2

3 3

4 4

5 5

6 6

[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]

 
 
 
  
 
 
 
  

ai, bi  Z12; 1  i  6}} 

 
be the subset interval super matrix semiring. 
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 S has subset interval matrix subsemirings, subset interval 
idempotents, subset interval zero divisors and subset interval 
semiring ideals.   
 

Clearly S is under the natural product n of super matrices. 
 
Example 3.38:  Let S = {Collection of all subsets from the 
interval ring {([a1, b1] |  [a2, b2] [a3, b3] | [a4, b4]) | ai, bi  Z4;  
1  i  4}} be the subset super interval ring matrix semiring.   
 

S has subset interval idempotents, subset interval zero 
divisors and has subset interval units.  
 
 S has subset interval subsemirings and subset interval 
semiring ideals.  S is of finite order.   
 

All the topological space To, T
  and T

  exist. 
 
Example 3.39:  Let  
S = {Collection of all subsets from the ring C(Z18)} be the 
subset semiring. 
 
 S is of finite order, S has subset subsemirings and subset 
units. 
 
Example 3.40:   Let S = {Collection of all subsets from the ring  
 

M = 

1 1

2 2

3 3

4 4

5 5

6 6

[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]

 
 
 
  
 
 
 
  

ai, bi  C(Z7); 1  i  6}} 

 
be the subset super matrix interval semiring.  S has finite 
number of subset interval zero divisors, subset interval units and 
subset interval idempotents.  
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Example 3.41:  Let S = {Collection of all subsets from the ring 
C(Z5)  C(Z11)  C(Z17)} be the subset complex modulo integer 
semiring of finite order.  S has subset zero divisors, subset units, 
subset idempotents. 
 
Example 3.42:  Let S = {Collection of all subsets from the ring  
 

M = 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

a a a a
a a a a
a a a a
a a a a

 
 
     

ai  P = {The interval ring of 

C(Z18); ai = [xi, yi] xi, yi C(Z18); 1  i  16}}} 
 
be the subset super matrix semiring of finite order.  S has subset 
interval idempotents and subset interval zero divisors. 
 
Example 3.43:  Let S = {Collection of all subsets from the 
matrix ring  

 

M = 

1 1 2 2 3 3 4 4

5 5 6 6 6 6 8 8

41 41 42 42 43 43 44 44

[a ,b ] [a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ] [a ,b ]

[a ,b ] [a ,b ] [a ,b ] [a ,b ]

 
 
    

   
 

 
be the intervals from C(Z42)} be the subset interval matrix 
semiring under natural product n of matrices.   
 

The six topological spaces To, T
 , T

 , T
 , T

  and TS are 
distinct and all of them are only commutative topological 
spaces.  All the six spaces have finite number of subspaces.  
Further S has subset zero divisors and subset interval 
idempotents. 
 
 Now we proceed onto describe the new notion of subset 
semiring topological spaces using subset semiring of type II.  
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Just for the sake of completeness we recall a few examples of 
subset semiring of type II. 
 
Example 3.44:  Let S = {Collection of all subsets from the 
semiring L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring of type II. 
 

Clearly S is of finite order but a commutative subset 
semiring of type II. 

 
 Infact this S has several zero divisors and subset 
subsemirings.  
 
Example 3.45:  Let S = {Collection of all subsets from the 
semiring (Z+  {0}) (g1, g2) where 2

1g  = 0, 2
2g  = g2, g1g2 = g2g1 

= 0}} be the subset semiring of type II. 
 
 S is of infinite order and S is commutative and has subset 
zero divisors. 
 
 Also S has infinite number of subset subsemirings of 
infinite order. 
 







 a8 

a6 




 a7 a5

a4 

a9 a10 

1





 a2a1 

 a3 

0 
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Example 3.46:  Let S = {Collection of all subsets from the 
semiring C(Z20  I)} be the subset semiring.  S is of finite 
order known as the complex neutrosophic modulo integer subset 
semiring. 
 
Example 3.47:  Let S = {Collection of all subsets from the 
semiring; L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring of finite order which is commutative and 
has subset zero divisors as well as subset idempotents.   
 

It is pertinent to keep on record that every Ai = {ai}; 1  i  
15 are all such that Ai  Ai = Ai = {ai} and Ai  Ai = Ai; 1  i  
15.  
 
Example 3.48:  Let S = {Collection of all subsets form the 
semiring (Z+  {0}) (S7  D2,5)} be the subset semiring.  S is of 
infinite order but non commutative.  

 


1 

a7



a10 

a9 a8 





 a13 

a12 a11




0 

a15 a14





 a6 

a2 
 a3 a1

a5 a4 
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S has infinite number of both commutative and non 
commutative subset subsemirings. For instance take  
P = {(Z+  {0}) (P1  {1})} where  

 

P1 = 
1 2 3 4 5 6 7
2 3 4 5 6 7 1
 
 
 

 is a cyclic group of order 

seven.   
 
Hence P is a commutative subset subsemiring of infinite 

order. 
 
Example 3.49:  Let S = {Collection of all subsets from the 
semiring which is a lattice group LS4 with L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring of type II of finite order.   
 

S is non commutative S has no subset zero divisors but has 
subset idempotents. 
 
Example 3.50:  Let S = {Collection of all subsets from the 
semigroup lattice LS(5) where S(5) is the symmetric semigroup 
and L is the following lattice;  


 a4 
 a3 

a1 

0 

a6 

a5 

 a2 

 1 
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be the subset semiring of type II. 
 

S is of finite order but is non commutative. S has finite 
number of subset idempotents but has no subset zero divisors. 
 
 S has finite number of subset subsemirings and also S has 
some subsemirings which are commutative. 
 
Example 3.51:  Let S = {Collection of all subsets from the 
lattice L1  L2 = L where  
 


1 



a3

a2 a1 





a6

a5 a4 





 a9

a8 a7 



 a12 

a11 a10

 a14 a13

 a15 




0 

a17 a16

 a18 
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L1 =      and L2 =  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
be the subset semiring of finite order.  
 

S has only finite number of subset idempotents and a few 
subset zero divisors. 
 
 We can using the semirings give examples of subset matrix 
semirings. 
 
Example 3.52:  Let S = {Collection of all subsets from the 
matrix semiring  
 

M = 
1 2 10

11 12 20

21 22 30

a a ... a
a a ... a
a a ... a

 
 
 
  

ai  Z+  {0}; 1  i  30}} 

 
be the subset semiring of infinite order.  Clearly S has infinite 
number of subset zero divisors as well as infinite number of 
subset subsemirings.  However the operation is natural product 
n on matrices. 
 







 a6 

a2 
 a3 a1 

0 

a5 a4 

1 
 

1 



a3

a2 a1 





a6

a5 a4 





 a9

a8 a7 


0 
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Example 3.53:  Let S = {Collection of all subsets from the 

semiring M = 

1

2

3

5

d
d
d

d

 
 
  
 
 
  


 di   

 
L =  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the  subset semiring of finite order.   
 

This S has both subset idempotents and subset zero divisors.  
For every ai  L is such that ai  ai = ai, 1  i  90. 
 
 

 Take Xi = 

ia
0

0

  
  
         


  S; Xi n Xi = 

ia
0

0

  
  
         


 = Xi.   

 
Thus we have atleast 15 + 15C2 + 15C3 + 15C4 + … + 15C15 

number of subset idempotents.  
 







 a4 

a2 
 a3 a1

a5 a6 

a7









1 

0

a9 a8 

 a10
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 Now we will describe the subset zero divisors in S. 
 

Take X = 

1

2

a
a
0

0

  
  
     
  
  
    


 and Y = 

3

4

0
0
a
a
0

0

  
  
  
  
  
  
  
  
  
    



  S; 

 

we see X n Y = 

0
0

0

  
  
         


. 

 
 Thus we can have finite number of subset zero divisors. 
 
Example 3.54: Let S = {Collection of all subsets from the super 
matrix semiring  
 

M = 

1 2

3 4

5 6

7 8

9 10

11 12

13 14

a a
a a
a a
a a
a a
a a
a a

 
 
 
 
 
 
 
 
 
 
 

ai, bi  Z+  {0}; 1  i  4}} 

 
be the subset semiring of super matrices.   
 

S has infinite number of subset zero divisors but only a 
finite number of subset idempotents.  
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For take X = 

1 1
0 0
0 0
1 1
1 1
0 0
0 0

  
  
  
  
   
  
  
  
  
  
   

  S is such that 

 

X n X = 

1 1
0 0
0 0
1 1
1 1
0 0
0 0

  
  
  
  
   
  
  
  
  
  
   

 n 

1 1
0 0
0 0
1 1
1 1
0 0
0 0

  
  
  
  
   
  
  
  
  
  
   

 

 

= 

1 1
0 0
0 0
1 1
1 1
0 0
0 0

  
  
  
  
   
  
  
  
  
  
   

 = X. 

 
 One of the interesting problem is finding the number of 
subset idempotent in this case as they are only finite in number. 
 
Example 3.55:  Let S = {Collection of all subsets from the 
super matrix semiring  
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M = 

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

25 26 27 28 29 30

a a a a a a
a a a a a a
a a a a a a
a a a a a a
a a a a a a

 
 
  
 
 
  

ai  L = 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1  i  30}} be the subset semiring of super matrices.   
 

Clearly S has finite number of subset idempotents, subset 
zero divisors but has no subset units.   

 
This is also an interesting problem to find the number of 

subset idempotents of S.   
 
Now we can illustrate on similar lines the notion of 

neutrosophic subset semirings of infinite order but however we 
can get only finite complex modulo integer subset semirings as 
if we try to get complex subset semirings then it has to draw its 
entries only from the C which has infinite cardinality and its 





 d10

d8
 d9 d7

d11d12


0 









d3 

d6 

d5 d4 







1 

d2 d1 



Special Types of Subset Topological Spaces using …  99 
 
 
 
 
 
 
 

basic structure is a field or a ring and not a semifield or a 
semiring.  
 
 Now we proceed onto describe the 6 new types of subset 
semiring topological spaces by some examples. 
 
Example 3.56:  Let S = {Collection of all subsets from the 
lattice +,   
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring of type II of finite order which is 
commutative (Here + is max and  is min)}. 
 
 Let A = {a1, a2, a5} and 
 B = {a3, a6, 0}  To = {S = S  {}, , }. 
 
 We find A  B and A  B 
 
 Consider  
 

A  B  = {a1, a2, a5}  {a3, a6, 0} 
    = {a1, a2, a5, a3, a6, 0} 
 
and  

A  B  = {a1, a2, a5}  {a3, a6, 0} 
    = {} are in To. 
 
 To is the ordinary subset semiring topological space. 
 Let A, B  T

  = {S, , +}; 







 a6 

a2
 a3 a1

0 

a5 a4 

1

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 A  B  = {a1, a2, a5}  {a3, a6, 0} 
   = {a2, a5, a1, a3, a6, 0} 
 
and A  B  = {a1, a2, a5}  {a3, a6, 0} 
   = {a1, a2, a5, 1, a3}  T

 . 
 
 To and T

  are different as topological spaces. 
 
 Let A, B  T

  = {S, , } 
 
 A  B  = {a1, a2, a5}  {a3, a6, 0} 
   = {a1, a2, a5, 0, a3, a6} 
 
and  

A  B  = {a1, a2, a5}  {a3, a6, 0} 
   = {0, a5, a6} are in T

  and T
  is different from T

  
and To. 
 
 Now let A, B  T

  = {S = S  {}, , +};  
 

A + B  = {a1, a2, a5} + {0, a3, a6) 
= {a1, a2, a5, 1, a3, a6} and 

 
A  B  = {a1, a2, a5}  {0, a3, a6} 

=  are in T
 . 

 
 T

  is distinctly different from To, T
  and T

 . 
 
 Now take A, B T

  = {S = S  {}, , } 
 
 A  B  = {a1, a2, a5}  {a3, a6, 0} 
   =  and  
 
 A  B  = {a1, a2, a5}  {a3, a6, 0} 
   = {0, a5, a6} are in T

 . 
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 Thus T
  is a different subset semiring topological space 

from To, T
 , T

  and T
 . 

 
 Finally let us consider A, B  Ts = {S, +, } where + is max 
in L and  is min on L}. 
 
   A + B  = {a1, a2, a5} + {a3, a6, 0} 
     = {a1, a2, a5, 1, a3, a6} and  
   
   A  B  = {a1, a2, a5}  {a3, a6, 0} 
     = {0, a5, a6} are in Ts. 
 
 Ts the inherited subset semiring topological space of S and 
it is different from the other subset semiring topological spaces 
To, T

 , T
 , T

  and T
 . 

 
 Thus in general we have for a given subset semiring six 
types of subset semiring topological spaces associated with it. 
 
Example 3.57:  Let S = {Collection of all subsets from the 
semiring Q+  {0}} be the subset semiring of type II.  Let To, 
T
 , T

 , T
 , T

  and Ts be the six new types of subset semiring 
topological space associated with S. 
 
 Let A = {3, 7/5, 0, 4, 5, 10} 
 and B = {4, 0, 8, 7, 5, 1}  To = {S = S  {}, , }; 
 
 A  B  = {3, 7/5, 0, 4, 5, 10} {4, 0, 8, 7, 5, 1} 
   =  {0, 4, 5} and 
 
 A  B  =  {3, 7/5, 0, 4, 5, 10}  {4, 0, 8, 7, 5, 1} 
   =  {3, 7/5, 0, 4, 5, 10, 8, 7, 1} 
 
are in To, the ordinary subset  semiring topological spaces. 
 
 Let A, B  T

  = {S, , +}; 
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 A  B  = {3, 7/5, 0, 4, 5, 10}  {4, 0, 8, 7, 5, 1} 
   = {0, 3, 7/5, 4, 5, 10, 8, 7, 5, 1} and  
 
 A + B  = {3, 7/5, 0, 4, 5, 10} + {4, 0, 8, 7, 5, 1} 
   = {0, 1, 4, 5, 7, 8, 3, 7/5, 10, 4, 13/5, 6, 11, 8 + 7/5,  

    1, 12, 13, 18, 7 + 7/5, 17, 32 / 5, 9, 15} are in  
     T

 . 
 
 T

  is different from To as topological subset semiring 
spaces. 
 
 Let A, B  T

  = {S, , } 
 
 A  B  = {3, 7/5, 0, 4, 5, 10}  {4, 0, 8, 7, 5, 1} 
   = {3, 7/5, 0, 4, 5, 10, 8, 7, 1} 
 
and A  B  = {3, 7/5, 0, 4, 5, 10}  {4, 0, 8, 7, 5, 1} 
   = {0, 3, 7/5, 4, 5, 10, 12, 28/5, 16, 20, 40, 24, 56/5,  

    32, 40, 80, 21, 49/5, 28, 35, 70, 15, 7, 25, 50}  
 
are in T

  and T
  is different from To and T

  as subset 
semiring topological spaces. 
 
 Let A, B  T

 , now  
 
 A  B  = {3, 7/5, 0, 4, 5, 10}  {4, 0, 8, 7, 5, 1} 
   = {0, 4, 5} and  
 
 A  B  = {0, 12, 28/5, 16, 20, 40, 24, 56/5, 32, 80, 21, 49/5,  

    28, 35, 70, 15, 7, 25, 50, 3, 7/5, 0, 4, 5, 10} are in  
   T

  and T
  is a semiring subset topological space  

    different from To, T
 , and T

 . 
 

 Let A, B  T
  

 A  B  = {3, 7/5, 0, 4, 5, 10}  {4, 0, 8, 7, 5, 1} 
   = {0, 4, 5} and  
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 A + B  = {3, 7/5, 0, 4, 5, 10} + {4, 0, 8, 7, 5, 1} 
   = {3, 7/5, 10, 4, 5, 0, 8, 7, 1, 7, 27/5, 9, 14, 11, 47/5,  

   12, 13, 18, 42/5, 17, 14, 18, 17, 15} are in T
  and  

 
T
  is distinctly different from the topological subset To, 

T
 , T

  and T
 . 

 
 Let A, B  Ts = {S, +, } 
 
 A + B  = {3, 7/5, 0, 4, 5, 10} + {4, 0, 8, 7, 5, 1} 
   = {3, 7/5, 0, 4, 5, 10, 7, 27/5, 9, 14, 18, 13, 12, 11,  

    47/5, 42/5, 17, 8, 1, 32/5, 9, 15, 12/5, 6} 
 
 and  
 

A  B  = {3, 7/5, 0, 4, 5, 10}  {4, 0, 8, 7, 5, 1} are in Ts. 
 
 Ts is a subset semiring topological space different from  To, 
T
 , T

 , T
  and T

 . 
 
 We have seen examples of both finite and infinite subset 
semiring topological spaces both are commutative. 
 
 Now we proceed onto give examples of subset semiring 
topological spaces which are also non commutative. It is 
important to keep on record that To, T

 , T
  are always 

commutative as subset semiring topological spaces if the basic 
semiring used is commutative or otherwise. 
 
Example 3.58:  Let S = {Collection of all subsets form the 
semiring P = (Z+  {0})D2,8} be the subset semiring.  Clearly 
the semiring P is non commutative so S is also non 
commutative. 
 
 Let A = {1, ab, b, a, ab3,  ab5} 
 and B = {a, b2, b3 ab2}  To = {S = S  {}, , }; 
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 A  B  = {1, ab, b, a, ab3, ab5}  {a, b2, b3, ab2} 
   = {1, ab, b, a, ab3, ab5, b2, b3, ab2} 
 and  
 

A  B  = {1, ab, b, a, ab3, ab5}  {a, b2, b3, ab2} = {a}  
 
are in To the ordinary subset semiring topological space. 
 
 Let A, B  T

  
 
 A + B  = {1, ab, b, a, ab3, ab5} + {a, b2, b3, ab2} 
   = {1 + a, 1 + b2, 1 + b3, a + ab5, b2 + ab5, 1 + ab2, ab  

    + a, ab + b2, b3 + ab5, ab + b3, ab + ab2, ab2 + ab5,  
    2a + a + b2 a + b3 ab5 + b3 a + ab2, a + ab3, b2 +  
   ab3, b3 + ab3} 

 
 and  
 

A  B  = {1, ab, b, a, ab3, ab5}  {a, b2, b3, ab2} 
   = {1, ab, a, b, b2, b3, ab3, ab5, ab5, ab2} are in T

 .   
 
Clearly To and T

  are different as subset semiring 
topological spaces. 

 
 Let A, B  T

 ; 
 
 A  B  = {1, ab, b, a, ab3, ab5}  {a, b2, b3, ab2} 
   = {1, ab, a, b, ab3, ab5, b2, b3, ab2} and 
 
 A  B  = {1, ab, b, a, ab3, ab5}  {a, b2, b3, ab2} 
   = {a, aba, 1, ba, ab3a, b2, ab3, ab2, b3, ab5, ab7, ab3,  

    b3, ab4, b4, ab6, a, ab2, abab2, b2, bab2, ab3ab2,  
    ab5ab2} are in T

 . 
 
 T

  is distinctly different from the subset semiring 
topological spaces To and T

 . 
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 Let A, B  T
  we see 

 
 A  B  = {1, ab, b, a, ab3, ab5}  {a, b2, b3, ab2} 
   = {a} and 
 
 A + B  = {1, ab, b, a, ab3, ab5} + {a, b2, b3, ab2} 
   = {1 + a, ab + a, 2a, a + b, ab + b2, a + b2, ab3 + a,  

    ab5 + a, b2 + 1, b + b2, ab3 + b2, ab5 + b2, 1 + b3,  
    ab + b3, a + b3, b + b3, ab3 + b3, ab5 + b3, ab2 + 1,  
    ab + ab2, a + ab2, b + ab2, ab3 + ab2, ab5 + ab2}  
   are in T

  and T
 is different from To, T

  and   
    T

  . 
 
 Now we take A, B  T

 ; 
 
 A  B  = {1, ab, b, a, ab3, ab5}  {a, b2, b3, ab2} 
   = {a} and 
 
 A  B  = {1, ab, b, a, ab3, ab5}  {a, b2, b3, ab2} 
   = {a, b2, b3, ab2, aba, ba, 1, ab3a, ab5a, b2ab3, b3, ab2,  

   ab5, ab7, ab4, b4, ab3, ab6, a, abab2, bab2, b2, ab3ab2,  
    ab5 ab2} are in T

 . 
 

 We see T
  is different from To, T

 , T
  and T

  as subset 
semiring topological spaces. 
 
 Finally let A, B  Ts = {S, +, } we now find A + B and  
A  B are in Ts and Ts is a subset semiring topological space 
and it is different from the subset semiring topological spaces 
To, T

 , T
 , T

  and T
 . 

 
 We see T

 , T
  and Ts are non commutative subset 

semiring topological spaces where as  T
 , T

  and To are 
commutative subset semiring topological spaces of infinite 
order. 
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Example 3.59:  Let S = {Collection of all subsets from the 
lattice group (group lattice) LD2,5 where L is a lattice  
 
 
 
 
 
 
 
 
 
 
be the subset semiring. 
 
 Let A = {a + b, a3b2, a4b} and B = {a, b2, a1b}  To = {S = 
S  {}, , };  
 
 A  B  = {a + b, a3b2, a4b}  {a, b2, a1b} 
   = {a + b, a3b2, a4b, a, b2, a1b} and 
 
 A  B  = {a + b, a3b2, a4b}  {a, b2, a1b} 
   =  are in To the ordinary subset topological 
semigroup space of S. 
 
 
 Let A, B  T

  = {S, +, }. 
 
 A + B  = {a + b, a3b2, a4b} + {a, b2, a1b} 
   = {a + b, a3b2 + a, a4b + a, b2 + a + b, b2 a4b + b2,  

    a + b, a3b2 + a1b + a1b} 
 
 and  
 

A  B  = {a + b, a3b2, a4b}  {a, b2, a1b} 
   = {a + b, a3b2, a4b, a, b2, a1b} are in T

  and T
  is 

different from To as a subset semiring topological space. 
 
 Let A, B  T

 ; we see  


 a2 
 a1 
1 

0 
a4 

a3 
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 A  B  = {a + b, a3b2, a4b}  {a, b2, a1b} 
   = {a + b, a, b2, a3b2,a1b, a4b} and   
 
 A  B  = {a + b, a3b2, a4b}  {a, b2, a1b} 
   = {1 + ba, a3b2a, a4ba, ab2 + b3, a3b4, a4b3,  

     a1ab + a1b2, a3b3, a4a2} are in T
  and T

  is  
    different from T

  and To. 
 
 Let A, B  T

  = {S = S  {}, , +} 
 
 A + B  = {a + b, a3b2, a4b} + {a, b2, a1b} 
   = {a + b, a3b2 + a, a4b + a, a + b + b2, b2, a4b + b2,  

    a3b2 + a1 + a1b} and 
 

 A  B  = {a + b, a3b2, a4b}  {a, b2, a1b} 
   =  are in T

 . 
 
 Clearly T

  is different from To, T
  and T

  as subset 
semiring topological spaces of type II. 
 
 Let A, B  T

  = {S = S  {}, , } 
 
 A  B  = {a + b, a3b2, a4b}  {a, b2, a1b} 
   = {} 
 
 A  B  = {a + b, a3b2, a4b}  {a, b2, a1b}  
  =  {1 + ba, a3b2a, a4ba, ab2 + b3, a3b4, a4b3, a1ab + a1b2,  

 a3b3, a4b2} are in T
 . 

 
 We see T

  is different from  T
 , T

 , T
  and To. 

 
 Finally Ts = {S, +, } is a subset inherited semiring 
topological space of type II different from To, T

 , T
 , T

  and 
T
 .  All the 5 spaces are different for this S.  Further this space 

is non commutative and is of finite order.  
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Example 3.60:  Let S = {Collection of all subsets from the 
group semiring (Z+  {0}) D2,9} be the subset semiring of type 
II.  
 
 We see To, T

 , T
 , T

 , T
  and Ts are six distinct subset 

semiring topological spaces of infinite order.  
 
 T

 , T
  and Ts are six distinct subset semiring topological 

spaces of infinite order. 
 
 T

 , T
  and Ts are non commutative and of infinite order.  

However all these three subset semiring topological spaces has 
subspaces which are commutative. 
 
 Let A = {5a + 2b + 7, 20ab2 + 3a + 1} 
 and B = {5b3 + 7ab + 2, 8ab3 +9}  T

  (or T
  or Ts), we 

see  
 
 A  B  =  {5a + 2b + 7, 20ab2 + 3a + 1}   

{5b3 + 7ab + 2, 8ab3 +9} 
 

   =  {25ab3 + 10b4 + 35b3 + 35b + 14bab + 49ab +  
10a + 4b + 14, 100ab5 + 15ab3 + 5ab3 +  
140ab2ab + 21b + 7ab + 5b3 + 7ab + 2, 40b3 +  
16bab3 + 56ab3 + 45a + 18b + 63, 160ab2ab3 +  
24b3 + 8ab3 + 180ab2 + 27a + 9}  

 
   =  {25ab3 + 10b4 + 24a + 35b3 + 39b + 49ab + 14,  

100ab5 + 10b3 + 15ab3 + 140b9 + 14ab + 21b,  
45a + 18b + 63 + 40b3 + 16ab2 + 56ab3, 160b +  
24b3 + 8ab3 + 180ab2 + 27a + 9} …I 

 
 Consider  
 

B  A  =  {5b3 + 7ab + 2, 8ab3 + 9}   
{5a + 2b + 7, 20ab2 + 3a + 1} 
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   =  {25b3a + 35aba + 10a + 10b4 + 14ab2 +  
4b + 35b3 + 49ab + 14, 40ab3a + 45a + 16ab4 +  
18b + 56ab3 + 63, 100b3ab2 + 140abab2 + 40ab2  
+ 15b3a + 21aba + 6a + 5b3 + 7ab + 2,  
160ab3ab2 + 24ab3a + 8ab3 + 9 + 180ab2 + 27a} 
 

… II 
 
 Clearly I and II are distinct so in general A  B  B  A in 
Ts. 
 
 (or T

  or T
 ).  So the three spaces are non commutative.  

 
 Let S1 = {Collection of all subsets from the subsemiring P1 
= {(3Z+  {0})B1 where B1 = {g | g9 = 1}}  S, it is easily 
verified S1 is a commutative subset subsemigroup.   
 

Further the topological subset semigroup subspaces 
associated with S, are commutative.  All the six spaces 
associated with S1 is commutative and is of infinite order.  
Infact these spaces contain infinite number of subset 
subsemiring topological subspaces of S1  S. 
 
Example 3.61:  Let S = {Collection of all subsets from the 
interval semiring [a, b] where a, b  Z+  {0}} be the subset 
interval semiring.  To, T

 , T
 , T

 , T
  and Ts the six spaces 

are commutative and of infinite order.  Infact all these six 
spaces contain subspaces which are infinite in number.  Take P1 
= {Collection of all subsets from B1 = {[a, 0] | a  Z+  {0}} 
and P2 = {Collection of all subsets from B2 = {[0, b] | b  Z+  
{0}}} both P1 and P2 are subset subsemiring of S.   
 

Also P1 and P2 are subset semiring topological subspaces of 
To, T

 , T
 , T

 , T
  and Ts.  Further P1  P2 = {[0, 0]} so P1 

and P2 are orthogonal subspaces of To, … and Ts.  We also keep 
on record all these topological subset interval spaces contain 
infinite number of subset interval topological zero divisors.  
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Example 3.62:  Let S = {Collection of all subsets from the 
interval semiring P = {([a1, b1], [a2, b2], [a3, b3], [a4, b4]) | ai, bi  
R+  {0}}} be the subset interval semiring of infinite order S is 
commutative.   

 
All the six subset semiring topological interval spaces To, 

T
 , T

 , T
 , T

  and Ts all are of infinite order, commutative 
and contain infinite number of subset interval topological zero 
divisors. 

 
 We wish to state these subset interval semiring topological 
spaces contain infinite number of subset interval orthogonal or 
annihilating subspaces.   
 

We just say two subset semiring topological subspaces A 
and B of Ts ( T

 , T
 ) are orthogonal if A  B = {(0)} and A and 

B are said to be annihilating subspaces of Ts (or T
  or T

 ). 
 

 At this point of juncture we define two subspaces A and B 
of Ts or T

  or T
  to be a direct sum of Ts = A + B and A  B = 

(0). 
 
 We first give a few illustrations before we discuss a few 
relevant properties. 
 
 Let A = {Collection of subsets from A1 = {([a1, 0],  [a2, 0], 
[a3, 0], [a4, 0]) | ai  R+  {0}, 1  i  4}  To ( T

  or T
 ) and 

B = {Collection of all subsets from B1 = {([0, b1], [0, b2], [0, 
b3], [0, b4]) | bi  R+  {0}; 1  i  4}}  To ( T

  or T
 ).   

 
We see A and B are subset semiring topological subspaces 

and A  B = {([0, 0], [0, 0], [0, 0], [0, 0])} and A + B = To (or 
T
  or T

 ). 
 

 Suppose in A and B if we replace R+  {0} by Q+  {0} or 
Z+  {0} or nZ+  {0}; n  N \ {1}  then  A + B  Ts (or T

  or  
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T
 ) only A + B  Ts (or T

  or T
 ) but  

A  B = {([0, 0],  [0, 0], [0, 0], [0, 0])}. 
 
 In view of this we have the following theorem. 
 
THEOREM 3.1:  Let S = {Collection of all subsets from a 
interval matrix semiring M with entries from Z+  {0} or Q+  
{0} or R+  {0} or Z+  I  {0} or Q+  I  {0} or R+  I 
 {0}} be the subset interval semiring.  Let To, T 

 , T 
 , T 

 , T 
  

and Ts be the subset interval semiring topological spaces of S. 
 
 If A, B  Ts (or T

  or T
 ) be subset subsemiring 

topological subspaces of Ts (or T
  or T

 ) such that A  B = 
{(0)} then in general A + B  Ts (or T 

  or T 
 ). 

 
 The proof is direct hence left as an exercise to the reader. 
 
 However we give criteria under which the annihilating 
subspaces is a direct sum. 
 
 Let  
S = {Collection of all subsets from a interval semiring P} be the 
subset interval semiring.  If P = A + B where A and B are 
subsemiring of P such that A  B = (0) and by taking SA = 
{Collection of all interval subsets of the subsemiring A}  S 
and SB = {Collection of all interval subsets of the subsemiring 
B}  S then SA  SB = {0} with S = SA + SB. 
 
 Now for SA and SB if we get subspaces of Ts, T

  and T
  

then as subset interval topological subspaces we get them to be 
both orthogonal, annihilating and a direct sum.   
 

However all annihilating subspaces or orthogonal subspaces 
will not lead to direct sum. 
 
 For if we take A = {Collection of all subsets from the 
subsemiring PA = {([a1, 0], [a2, 0], [a3, 0], [a4, 0]) | ai 5Z+  
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{0}}  S and B = {Collection of all subsets from the 
subsemiring PB = {([0, b1],  [0, b2], [0, b3], [0, b4]) | bi  13Z+  
{0}, 1  i  4}  S are annihilating subspaces (or orthogonal 
subset subsemiring or subspaces of Ts or (or T

  or T
 ) for  

A  B = {([0, 0], [0, 0], [0, 0], [0, 0])} but A + B  S (or Ts or  
T
  or T

 ).   
 

So we cannot always attain a direct sum of orthogonal 
spaces. 
 
Example 3.63:  Let S = {Collection of all subsets from the 
semiring  
 

P = 

1 1

2 2

10 10

[a ,b ]
[a ,b ]

[a ,b ]

 
 
    


 ai, bi  Z+  {0}, 1  i  10}} 

 
be the subset interval matrix semiring.   
 

To, T
 , T

 , T
 , T

  and Ts be the six subset interval matrix 
semiring topological spaces associated with S.   
 

These topological spaces T
 , T

  and Ts have infinite 
number of subset topological zero divisors.   

 
Also these three spaces have infinite number of annihilating 

subspaces (orthogonal subspaces) however all these orthogonal 
subspaces may not lead to direct sum of spaces. 

 
 In view of all these we give a few more examples. 
 
Example 3.64:  Let S = {Collection of all subsets from the 
interval semiring  
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M =  

1 1 2 2 10 10

11 11 12 12 20 20

21 21 22 22 30 30

31 31 32 32 40 40

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]

 
 
    

 ai, bi  Z+  {0},  

1  i  40}} 
 
be the subset interval semiring of finite order.  Let To, T

 , T
 , 

T
 , T

  and Ts be the subset interval semiring topological of S.  
Clearly T

 , T
  and Ts have infinite number of topological zero 

divisors and also these three spaces contain infinite number of 
subset interval subsemiring topological subspaces which are 
orthogonal (or annihilating) but may not in general lead to direct 
sum. 
 
 We can have several subset interval subsemiring topological 
subspaces say A1, A2, …, An such that Ai  Aj = {(0)} if i  j,  
1  i, j  n and Ts ( T

  or T
 ) = A + … + An and A1 + … + An 

 Ts (or T
  or T

 ). 
 
 We will illustrate this situation using some examples. 
 
Example 3.65:  Let S = {Collection of all subsets from the 
interval matrix semiring  
 

M = 1 1 2 2

3 3 4 4

[a ,b ] [a ,b ]
[a ,b ] [a ,b ]

 
 
 

 ai, bi  Z+  {0}; 1  i  4}} 

 
be the subset interval matrix semiring.  To, T

 , T
 , T

 , T
  

and Ts be the subset interval matrix semiring topological spaces. 
 We know T

 , T
  and Ts pave way to subset interval matrix 

topological spaces which has subset interval matrix topological 
zero divisors.  
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 Let A1 = {Collection of all subsets from the subsemiring  
 

P1 = 1 1[0,0] [a ,b ]
[0,0] [0,0]

 
 
 

 a1, b1  Z+  {0}}  S, 

 
A2 = {Collection of all subsets from the subsemiring  
 

P2 = 1 1[a ,b ] [0,0]
[0,0] [0,0]

 
 
 

 a1, b1  Z+  {0}}  S, 

 
A3 = {Collection of all subsets from the interval matrix 
subsemiring  
 

P3 = 1 1[0,0] [a ,b ]
[0,0] [0,0]

 
 
 

 a1, b1  Z+  {0}}  S 

 
and A4 = {Collection of all subsets from the interval 
subsemiring  
 

P4 = 
1 1

[0,0] [0,0]
[a ,b ] [0,0]

 
 
 

 a1, b1  Z+  {0}}  S 

 
be the subset interval matrix subsemiring of S.  These are also 
subset interval subsemiring topological subspaces of Ts, T

  and 
T
 .   

 

These subspaces are such that Pi  Pj = 
[0,0] [0,0]
[0,0] [0,0]

   
  
   

,  

i  j, 1  i, j  4.  Further Ts = P1 + P2 + P3 + P4 is the direct sum 
of orthogonal or annihilating subspaces of Ts or T

  and T
 . 

 
 Now consider the subset interval subsemiring topological 
subspaces of Ts or T

  and T
 . 
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 Let B1 = {Collection of all subsets from the interval 
subsemiring  
 

M1 = 1 1 2 2

3 3

[a ,b ] [a ,b ]
[0,0] [a ,b ]

 
 
 

 ai, bi  5Z+  {0}; 1  i  3}}  S. 

 
B2 = {Collection of all subsets from the interval subsemiring  
 

M2 = 
1 1

[0,0] [0,0]
[a ,b ] [0,0]

 
 
 

 a1, b1  3Z+  {0}}}  S 

 
we see B1 + B2  S  
 

but B1  B2 = 
[0,0] [0,0]
[0,0] [0,0]

   
  
   

. 

 
 Consider B3 = {Collection of all subsets from the interval 
semiring  
 

M3 = 
1 1

[0,0] [0,0]
[a ,b ] [0,0]

 
 
 

 a1, b1  13Z+  {0}}}  S, 

 

we see B3 + B1  S but B1  B3 =
[0,0] [0,0]
[0,0] [0,0]

   
  
   

.   

 
Infact we can find infinite number of Bj  S such that  
 

Bi  Bj = 
[0,0] [0,0]
[0,0] [0,0]

   
  
   

 but B1 + Bj  S; j  N \ {1}.   

 
Thus B1 is orthogonal (or annihilator) of Bj for j  N \ {1}. 

 



116 Special Type of  Subset Topological Spaces  
 
 
 
 
Example 3.66:  Let S = {Collection of all subsets from the 
interval super matrix semiring  

 
 

M =  

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]

 
 
 
 
 
 
 
 
 
 
 
  

 ai, bi  R+  {0}, 1  i  8}} 

 
be the subset interval super matrix semiring of infinite order.   
 

S has infinite number of subset interval super matrix 
subsemirings some of which are orthogonal but may not lead to 
direct sum.   

 
However we have atleast a finite number of subset 

topological semiring subspaces which lead to direct sum. 
 

 We however illustrate a few of them. 
 
 

Take A = 

1[a ,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

 
 
 
 
 
 
 
 
 
 
 
  

 a1  R+  {0}}, 
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A2 = 

1[0,b ]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

 
 
 
 
 
 
 
 
 
 
 
  

 b2  R+  {0}} and so on. 

 

  A16 = 

16

[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

[0,b ]

 
 
 
 
 
 
 
 
 
 
 
  

 b16   R+  {0}}  

are subsemiring of S. 
 
 We see S = A1 + A2 + … + A16 is a direct sum and  
 
 

Ai  Aj = 

[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

  
  
  
  
  
  
  
  
  
  
  
    

 if i  j, 1  i, j  16. 
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 Now associated with each Si we can have subset semiring 
topological 16  8 subspaces all of which are orthogonal and 
lead to direct sum. We will describe one of them fully. 
 

1To =  S1, 2To = S2, …, 16To = S16. 
 

Similarly iTs, 1  i  16. 
 
i i i iT , T , T and T   

     pave way to subset semiring 
topological subspaces. 

 
To = 1To + … + 16To , 
Ts = 1Ts + … + 16Ts , 
T
  = 1T

  + … + 16 T
 , 

T
  = 1T

  + … + 16 T
  

T
  = 1T

  + … + 16 T
  and  

T
  = 1T

  + … + 16 T
  with  

 
 

i T

   j T


  =

[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

  
  
  
  
  
  
  
  
  
  
  
    

  

 
 
1  i, j  16, i  j. 
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iTs  jTs = 

[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

  
  
  
  
  
  
  
  
  
  
  
    

 i  j, 1  i, j  16. 

 

i T

   j T


  =

[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

  
  
  
  
  
  
  
  
  
  
  
    

 1  i, j  16, i  j. 

 
  

i T

   j T


  =

[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

  
  
  
  
  
  
  
  
  
  
  
    

 i  j, 1  i, j  16. 

 
 We see T

 , T
  and Ts give way to annihilating subspace.  
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 T

  = 
16

i
i 1

T



 , 

 

T
  = 

16

i
i 1

T



  and Ts = 

16

i o
i 1

T

  are all direct sum of subset 

subsemiring topological subspaces of T
 , T

  and Ts. 
 
However we see S has subset subsemirings which lead to 

subset subsemiring topological subspaces which are orthogonal 
but does not lead to direct sum. 

 
Let iTs = {Collection of subsets from the subsemiring  

 

Pi = 

[0,0]
[0,0]
[0,0]
[a,b]
[0,0]
[d,c]
[0,0]
[e,f ]

 
 
 
 
 
 
 
 
 
 
 
  

 a, b, c, d, e, f  5Z+  {0}}, 

 
jTs = {Collection of all subsets from the subsemiring  
 

Pj = 

[a,b]
[c,d]
[e,f ]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

 
 
 
 
 
 
 
 
 
 
 
  

 a, b, c, d, e, f  3Z+  {0}} 

are subtopological subspaces of Ts and  
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iTs  jTs = 

[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

  
  
  
  
  
  
  
  
  
  
  
    

; however iTs + jTs  Ts 

 
so only they are orthogonal but not a direct sum. 
 

Similarly as iTs = i T

  =  i T


  and jTs = j T


  = j T


  and none 

of them is the direct sum but they are only orthogonal or 
annihilates. 
 
Example 3.67:  Let S = {Collection of all subsets from the 
interval polynomial semiring  
 

M = i
i i

i 0
[a ,b ]x








 ai, bi  Z+  {0}}} 

 

be the subset semiring To, T
 , T

 , T
 , T

  and Ts be the subset 
semiring topological spaces.   
 

We see T
 , T

  and Ts can be written as a direct sum of 
topological subspaces which are orthogonal or annihilates each 
other.   

 
Take L1 = {Collection of all subsets form the subsemiring 

i
i

i 0
[a ,0]x








  ai Z+  {0}}}  S and L2 = {Collection of all 

subsets from the subsemiring i
i

i 0
[0,b ]x








  bi Z+  {0}}}  S  

be subset subsemirings of S. 
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 Clearly L1 + L2 = S and L1  L2 = {[0, 0]}.  
 
 Further if L1Ts, L2Ts, Li T

 , L2 T
 , L1 T

  and L2 T
  are 

subset subsemiring topological subspaces we see  
 

L1Ts  L2Ts = {[0, 0]} 
   L1 T

   L2 T
  = {[0, 0]} and  

   L1 T
   L2 T

  = {[0, 0]}. 
 
Example 3.68:  Let S = {Collection of all subsets from the 
polynomial ring  
 

M = i
i i

i 0
[a ,b ]x








 ai, bi  L =       

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
be the subset interval semiring. 
 This subset interval semiring is of infinite order has infinite 
number of subset interval zero divisors. 
 
 However S has only a finite number of subset interval 
idempotents.  No subset non trivial interval. 







 a4 

a2 




 a3 a1

1 

a5 a6 

a8

 a12a11



 a7

 a10 

0 

 a9
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Example 3.69:  Let S = {Collection of all subsets from the ring  
 

M = 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

17 18 19 20

21 22 23 24

25 26 27 28

29 30 31 32

a a a a
a a a a
a a a a
a a a a
a a a a
a a a a
a a a a
a a a a

 
 
 
 
 
        

 [xi, yi] = ai  C5  C5 

 
a chain lattice, 1  i  12}} be the finite subset interval 
semiring.   
 

This has subset interval zero divisors and has no subset 
interval units.  
 

This has all the six types of subset topological spaces To, 
T
 , T

 , T
 , T

  and Ts, all of them are of finite order.   
 
We have the following theorem which is true in case of both 

subset interval semirings using ring or semirings. 
 

THEOREM 3.2:  Let S = {Collection of all subsets from an 
interval ring or interval semiring}  be the subset interval 
semiring.  To, 

T , 
T , 

T , 
T  and Ts  be the associated 

topological spaces. Ts, 
T  and 

T  has a pair of subspaces A, B 
in Ts (or 

T  and 
T ) such that A  B = {zero space}. 

 
Proof is direct and hence left as an exercise to the reader. 

 
 Now we proceed onto suggest a few problems to the reader. 
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Problems 
 
1. Discuss by interesting features enjoyed by the six 

topological spaces To, T
 , T

 , T
 , T

  and TS. 
 
2. Let S = {Collection of all subsets from the ring C(Z7)  

C(Z11)} be the subset semiring of type I.  
 

(i) Show S has a subset subsemiring P ( S) such that 
P is a subset ring. 

(ii) Find o(S). 
(iii) Can S have subset zero divisors? 
(iv) Can S have subset S-zero divisor? 
(v) Can S have subset idempotents? 
(vi) Can S have S-subset idempotents? 
(vii) Find all the subset semiring topological spaces To, 

T
 , T

 , T
 , T

  and TS . 
(viii) Find atleast two subspaces of each of these 

topological spaces. 
(ix) Find atleast a pair of subspaces A, B in each of the 

three spaces To, T
 , T

  so that A  B = {(0, 0)}. 
 
3. Let S = {Collection of all subsets from the ring R = Z12  

Z30  Z49} be the subset semiring.   
 
 Study questions (i) to (ix) of problem 2 for this S. 
 
4. Let S = {Collection of all subsets from the matrix ring  

 

M = 

1

2

3

4

5

6

7

a
a
a
a
a
a
a

 
 
 
 
 
 
 
 
 
  

ai  C(Z5  I); 1  i  7}} 
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 be the subset semiring of the ring M.   
 
 Study questions (i) to (ix) of problem 2 for this S. 
 
5. Let S = {Collection of all subsets from the ring M = {(a1, 

a2, a3, a4) where ai  C(Z6  I) (g1, g2, g3) where 2
1g  = 0, 

2
2g  = g2 and 2

3g  = –g3, gigj = gjgi = 0 if i  j, 1  i j  3, ; 1 
 i  4}} be the subset semiring.  

 
 Study questions (i) to (ix) of problem 2 for this S. 
 
6. Let S = {Collection of all subsets from the ring  
 

 M = 

1 2 6

7 8 12

13 14 18

19 20 24

25 26 30

31 32 36

37 38 42

a a ... a
a a ... a
a a ... a
a a ... a
a a ... a
a a ... a
a a ... a

 
 
 
 
 
 
 
 
 
  

 ai  Z2  C(Z5)  C(Z7  I);  

 
 1  i  42}} be the subset semiring. 
 
 Study questions (i) to (ix) of problem 2 for this S. 
 
7. Let S = {Collection of all subsets from the ring  
 

 M = 
1 2 8

9 10 16

17 18 24

a a ... a
a a ... a
a a ... a

 
 
 
  

 a  Z14  C(Z10)  (Z7  I);  

 
 1  i  24}} be the subset semiring.  
 
 Study questions (i) to (ix) of problem 2 for this S. 
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8. Let  
 S = {Collection of all subsets from the group ring Z12S7} 

be subset semiring. 
 

(i) Study questions (i) to (ix) of problem 2 for this S. 
(ii) Show S is non commutative. 
(iii) Prove To, T

  and T
  are non commutative 

topological spaces. 
 
9. Let S = {Collection of all subsets from the group ring 

Z5(D2,7  S(3))} be the subset semiring. 
 

(i) Study questions (i) to (ix) of problem 2 for this S. 
(ii) Show S is non commutative.  
(iii) Prove Ts, T

  and T
  are non commutative as 

topological spaces. 
 
10. Let S = {Collection of all subsets from the ring (Z12  Z5) 

(S7  D2,5)} be the subset semiring.  
 

(i) Study questions (i) to (ix) of problem 2 for this S. 
(ii) Show S is non commutative. 
(iii) Prove Ts, T

  and T
  are non commutative as 

topological spaces. 
(iv) Can S have right subset semiring ideals which are 

not left subset semiring ideals? 
 
11. Let S = {Collection of all subsets from the neutrosophic 

group ring C(Z7  I) S5} be the subset semiring. 
 

(i) Study questions (i) to (ix) of problem 2 for this S 
(ii) Prove S is non commutative. 
(iii) Can Ts, T

  and T
  have subspaces which are 

commutative? 
(iv) Get at least one right subset semiring ideal of S 

which is not a left subset semiring ideal of S.  
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12. Let S = {Collection of all subsets from the ring  

 

M = 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

a a a a
a a a a
a a a a
a a a a

 
 
    

 ai  C(Z7  I) S5;  

  
1  i  16}} be the subset semiring. 

 
(i) Study questions (i) to (ix) of problem 2 for this S. 
 
(ii) Prove S is non commutative. 

 
(iii) Find all subspaces which are commutative in Ts, 

T
  and T

 . 
 
13. Let S = {Collection of all subsets from the ring  

 

 M = 
1 2 3 4

5 6 7 8

9 10 11 12

a a a a
a a a a
a a a a

 
 
 
  

ai  Z12(S4D2,9); 1  i  12}}   

 
 be the subset semiring. 
 

(i) Study questions (i) to (ix) of problem 2 for this S. 
 
(ii) Prove S is non commutative. 

 
(iii) Find all subset topological semiring subspaces for 

Ts, T
  and T

  which are non commutative. 
 

(iv) Find all subset semiring right ideals of S which are 
not subset semiring left ideals of S. 
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14. Let S = {Collection of all subsets from the matrix ring  

 

    M = 

1

2

3

4

5

6

7

8

a
a
a
a
a
a
a
a

 
 
 
 
 
        

ai  Z7(S3  D2,5); 1  i  8}}  

 
 be the subset semiring. 
 

(i) Study questions (i) to (ix) of problem 2 for this S. 
(ii) Study questions (i) to (iv) of problem 13 for this S.  

 
15. Let S = {Collection of all subsets from the ring M = {(a1 | 

a2 a3 | a4 a5 a6 a7) |  C(Z10  I)D2,10; 1  i  7}} be the 
subset semiring. 

 
(i) Study questions (i) to (ix) of problem 2 for this S. 
(ii) Study questions (i) to (iv) of problem 13 for this S. 

 
16. Let  
 S = {Collection of all subsets from the ring Z  Z  Z} be 

the subset semiring. 
 

(i) Find the six spaces To, T
 , T

 , T
 , T

  and TS  
associated with S. 

(ii)  Find how many pairs of subspaces A, B in Ts, T
  

and T
  exist such that A  B = {(0, 0, 0)}. 

(iii) Find atleast 5 subspaces for each of these six 
topological spaces. 
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17. Let S = {Collection of all subsets from the ring  
 

   M = 
1 2 3 4

5 6 7 8

9 10 11 12

a a a a
a a a a
a a a a

 
 
 
  

 ai  R  C; 1  i  12}  

 
 be the subset semiring. 
 

(i) Study questions (i) to (iii) of problem 16 for this S. 
(ii) Find if S has S-subset zero divisors.  
(iii) Is S a S-subset semiring? 
(iv) Are the 6 topological spaces To, T

 , T
 , T

 , T
  

and TS  Smarandache topological spaces? 
(v) Does these topological spaces have S-topological 

subspaces?  
 
18. Let S = {Collection of all subsets from the ring  
 

 M = 

1 2

3 4

5 6

7 8

9 10

11 12

13 14

15 16

a a
a a
a a
a a
a a
a a
a a
a a

 
 
 
 
 
        

ai  R  R I; 1  i  16}}  

 
 be the subset semiring. 
 

(i) Study questions (i) to (iii) of problem 16 for this S. 
 
(ii) Study questions (i) to (v) of problem 17 for this S. 
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19. Let S = {Collection of all subsets from the ring  

 

M = 1 2 9

10 11 18

a a ... a
a a ... a

 
 
 

 ai  C  I (g1, g2); 2
1g  = 0,  

 
  2

2g = g2, g1g2 = g2g1 = 0; 1  i  18}} be the subset 
semiring. 

 
(i) Study questions (i) to (iii) of problem 16 for this S. 
 
(ii) Study questions (i) to (v) of problem 17 for this S. 
 

20. Let S = {Collection of all subsets from the ring  
 

 M = 

1

2

3

4

5

6

7

8

9

10

a
a
a
a
a
a
a
a
a
a

 
 
 
 
 
 
  
 
 
 
 
 
 
  

 ai  ZS4, 1  i  10}}  

 
 be the subset semiring. 
 

(i) Study questions (i) to (iii) of problem 16 for this S. 
(ii) Study questions (i) to (v) of problem 17 for this S. 
(iii) Prove S is non commutative.  
(iv) Find all subset right semiring ideals of S which are 

not subset left semiring ideals of S. 
(v) Find all subset semiring left ideals of S which are 

not subset right semiring ideals of S. 
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(vi) Find all subset semiring paris A, B of subspaces of 
To, TS, T

 , T
 , T

  and T
   which are such that  

 

A  B = 

0
0
0
0
0
0
0
0
0
0

  
  
  
  
  
  
     
  
  
  
  
  
  
    

. 

 
21. Let S = {Collection of all subsets from the ring  

 

M = 

1 2 3 4 5 6 7 8

9 10 15 16

17 18 23 24

25 26 31 32

33 34 39 40

a a a a a a a a
a a ... ... ... ... a a
a a a a
a a a a
a a a a

 
 
      

 ai   

 
Q  I, 1  i  40}} be the subset semiring. 
 

(i) Study questions (i) to (iii) of problem 16 for this S. 
(ii) Study questions (i) to (v) of problem 17 for this S. 
(iii) Study questions (i) to (vi) of problem 20 for this S. 

 
22. Let S = {Collection of all subsets from the polynomial 

ring (R  I)[x]} be the subset semiring. 
 

(i) Study questions (i) to (iii) of problem 16 for this S. 



132 Special Type of  Subset Topological Spaces  
 
 
 
 

(ii) Can To, TS, T
 , T

 , T
  and T

  have subset 
topological zero divisors? 

 
(iii) Can S have subset idempotents? 
 
(iv) Prove S has infinite collection of subset semiring 

ideals. 
 
23. Let S = {Collection of all subsets form the ring M = {([a1, 

b1], [a2, b2], …, [a5, b5]) | ai, bi  Z; 1  i  5}} be the 
subset semiring. 

 
(i) Study questions (i) to (iii) of problem 16 for this S. 
 
(ii) Study questions (i) to (v) of problem 17 for this S. 

 
(iii) How many subset pair wise subtopological 

subspaces A, B in To, TS, T
 , T

 , T
  and T

  exist 
such that A  B = {([0, 0], [0, 0], [0, 0], [0, 0],  
[0, 0])}. 

 
24. Let S = {Collection of all subsets from the ring 

  

M = 

1 1 2 2 5 5

6 6 7 7 10 10

21 21 22 22 25 25

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]

[a ,b ] [a ,b ] ... [a ,b ]

 
 
    

  
 ai  R  I  

 
(g1, g2, g3) where 2

1g = 0, 2
2g  = g2, 2

3g  = –g3, gigj = gjgi = 0, 
i  j, 1  i, j  3; 1  i  25}} be the subset semiring.  

 
(i) Study questions (i) to (iii) of problem 16 for this S. 
 
(ii) Study questions (i) to (v) of problem 17 for this S. 
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(iii) How many subset pair wise subtopological 
subspaces A, B in To, TS, T

 , T
 , T

  and T
   

exists such that A  B = {([0,0])55}. 
 
25. Let S = {Collection of all subsets from the ring  

 

M = 
1 1 10 10

11 11 20 20

21 21 30 30

[a ,b ] ... [a ,b ]
[a ,b ] ... [a ,b ]
[a ,b ] ... [a ,b ]

 
 
 
  

 ai  Z  IS3;  

 
 1  i  30}} be the subset semiring. 

 
(i) Study questions (i) to (iii) of problem 16 for this S. 
(ii) Study questions (i) to (v) of problem 17 for this S. 
(iii) How many subset pair wise subtopological 

subspaces A, B in To, TS, T
 , T

 , T
  and T

   
exists such that A  B = {(0)}? 

 
26. Let S = {Collection of all subsets from the interval matrix  
 

      ring M = 

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]

 
 
 
 
 
         

 ai, bi   R (S3  D2,7); 1  i  9}} 

 
 be the subset semiring.  
 

(i) Study questions (i) to (iii) of problem 16 for this S. 
(ii) Study questions (i) to (v) of problem 17 for this S. 
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(iii) How many subset pairwise subtopological 
subspaces A, B in To, TS, T

 , T
 , T

  and T
    

exist such that A  B = {(0)}? 
 
27. Let S = {Collection of all subsets form the interval matrix 

ring {([a1, b1], [a2, b2], [a3, b3], …, [a9, b9]) where ai, bi  
Z  I (D2,4  S7); 1  i  9}} be the subset semiring. 

 
(i) Study questions (i) to (iii) of problem 16 for this S. 
 
(ii) Study questions (i) to (v) of problem 17 for this S. 

 
(iii) How many subset pairwise subtopological 

subspaces A, B in To, TS, T
 , T

 , T
  and T

    
exist such that A  B = {(0)}? 

 
28. Let S = {Collection of all subsets from the ring  

 

M =  
1 1 2 2 3 3

4 4 5 5 6 6

7 7 8 8 9 9

[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]

 
 
 
  

 ai, bi    

 
R  I (S(9)); 1  i  9}} be the subset semiring. 

 
(i) Study questions (i) to (iii) of problem 16 for this S. 
 
(ii) Study questions (i) to (v) of problem 17 for this S. 
 
(iii) How many subset pairwise subtopological 

subspaces A, B in To, TS, T
 , T

 , T
  and T

    
exist such that A  B = {(0)}. 
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29. Let S = {Collection of all subsets from the ring  

 

M = 

1 1 2 2 3 3 4 4 5 5

6 6 10 10

11 11 15 15

16 16 20 20

[a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ]
[a ,b ] ... ... ... [a ,b ]
[a ,b ] ... ... ... [a ,b ]
[a ,b ] ... ... ... [a ,b ]

 
 
    

 ai, 

 
 bi  Q  I (S3  A4  D2,15); 1  i  20}} be the subset 

semiring. 
 

(i) Study questions (i) to (iii) of problem 16 for this S. 
(ii) Study questions (i) to (v) of problem 17 for this S. 
(iii) How many subset pairwise subtopological 

subspaces A, B in To, TS, T
 , T

 , T
  and T

  
exists such that A  B = {(0)}? 

 
30. Let S = {Collection of all subsets from the ring  
 

 M = 

1 1 2 2 3 3

4 4 5 5 6 6

7 7 8 8 9 9

10 10 11 11 12 12

13 13 14 14 15 15

16 16 17 17 18 18

19 19 20 20 21 21

[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]

 
 
 
 
 
 
 
 
 
  






 ai, bi  Q  I  

 
 (S(5)  A7); 1  i  21}} be the subset semiring. 
 

(i) Study questions (i) to (iii) of problem 16 for this S. 
(ii) Study questions (i) to (v) of problem 17 for this S. 
(iii) How many subset pairwise topological subspaces 

A, B in T
   (or TS, T

 ) exist  such that  
A  B = {(0)}? 
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31. Obtain some special features enjoyed by the annihilating 

subset topological subspaces and subset topological zero 
divisors of TS, T

  and T
 . 

 
32. Obtain some special features enjoyed by the four types of 

subset semiring topological spaces of type II when the 
spaces are finite and non commutative.  

 
33. Let S = {Collection of all subsets from the semiring  

Z+  {0}} be the subset semiring. 
 

(i) Find the 6 topological subspaces To, TS, T
 , T

 , 
T
  and T

  and find atleast 3 subspaces in each of 
them. 

(ii) Can these topological spaces have subset 
topological zero divisors? 

(iii) Can S have subset units? 
(iv) Prove all the six spaces have infinite number of 

subspaces. 
 
34. Let S = {Collection of all subsets from the semiring  

Z+  {0}  Z+  {0}  Z+  {0}} be the subset semiring.  
 
 (i)  Study questions (i) to (iv) problem 33 for this S. 
 
35. Let S = {Collection of all subsets from the semiring  

Q+  {0}  Z+  {0}  R+  {0}} be the subset semiring.  
 
 Study questions (i) to (iv) problem 33 for this S. 
 
36. Let S = {Collection of all subsets from the semiring  

Z+  I  {0}  Z+  {0}  {0}} be the subset 
semiring. 

 
(i) Study questions (i) to (iv) problem 33 for this S. 
(ii) Can S have subset idempotents?  
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(iii) Prove TS, T
  and T

  have pairs of subspaces A, B 
such that A  B = {(0, 0)}. 

 
37. Let S = {Collection of all subsets from the semiring  

 

M = 

1

2

3

4

5

6

7

8

a
a
a
a
a
a
a
a

 
 
 
 
 
        

ai  Z+  I  {0}; 1  i  8}}  

 
 be the subset semiring. 
 

(i) Study questions (i) to (iv) of problem 33 for this S. 
(ii) Study questions (i) to (iii) of problem 37 for this S. 
 

38. Let S = {Collection of all subsets from the semiring  
(Z+  {0}) S(5)} be the subset semiring. 

 
(i) Study questions (i) to (iv) problem 33 for this S. 
(ii) Prove S is a non commutative subset semiring. 
(iii) Prove TS, T

  and T
  are non commutative 

topological spaces.  
(iv) Find all subsets topological subspaces of TS, T

  
and T

   which are commutative. 
(v) Find those subset right semiring ideals which are 

not subset left semiring ideals. 
(vi) Can S have S-subset units? 

 
39. Let S = {Collection of all subsets from the semiring  

(Z+  {0}) (S(7)  D2,5)} be the subset semiriing. 
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(i) Study questions (i) to (iv) problem 33 for this S. 
(ii) Study questions (i) to (vi) problem 38 for this S. 

 
40. Let S = {Collection of all subsets from the matrix  
 

 semiring M = 

1 2 3

4 5 6

13 14 15

a a a
a a a

a a a

 
 
    

  
 where ai  (Z+ {0})  

 
 S(4) ; 1  i  15}}.  
 

(i) Study questions (i) to (iv) problem 33 for this S. 
(ii) Study questions (i) to (vi) problem 38 for this S. 
(iii) Find any other special property enjoyed by S. 

 
41. Let S = {Collection of all subsets from the matrix 

semiring M = {(a1, a2, …, a10) | ai  (Q+  I){0})D2,5; 
1  i  10}} be the subset semiring. 

 
(i) Study questions (i) to (iv) problem 33 for this S. 
(ii) Study questions (i) to (vi) problem 38 for this S. 
 

42. Let S = {collection of all subsets from the semiring  
 

 M = 
1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

a a a a a a
a a a a a a
a a a a a a

 
 
 
  

 ai  (Q+  I)   

  
 {0}); 1  i  18}} be the subset  semiring.  
 

(i) Study questions (i) to (iv) problem 33 for this S. 
(ii) Study questions (i) to (vi) problem 38 for this S. 
 
 
 



Special Types of Subset Topological Spaces using …  139 
 
 
 
 
 
 
 

 
 
 
 
43. Let S = {Collection of all subsets from the matrix  
 
 

 semiring M = 

1 2 7

8 9 14

43 44 49

a a ... a
a a ... a

a a ... a

 
 
    

  
 ai  (Q+  I)   

  
 
 {0}) (S4  A5)}} be the subset semiring. 
 
 

(i) Study questions (i) to (iv) problem 33 for this S. 
 
(ii) Study questions (i) to (vi) problem 38 for this S. 

 
44. Let S = {Collection of all subsets from the matrix  
 

 semiring M = 

1 2 3 4

5 6 7 8

41 42 43 44

a a a a
a a a a

a a a a

 
 
    

  
 ai  (Q+  I)   

 
 {0})D2,11; 1  i  44}} be the subset semiring.  
 

(i) Study questions (i) to (iv) problem 33 for this S. 
 
(ii) Study questions (i) to (vi) problem 38 for this S. 
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45. Let S = {Collection of all subsets from the super matrix  
 

 semiring M = 

1

2

3

4

5

6

7

8

9

10

11

12

13

a
a
a
a
a
a
a
a
a
a
a
a
a

 
 
 
 
 
 
 
 
 
            

 ai  (Z+  I) S7; 1  i  13}} be  

 
 the subset semiring.  
 

(i) Study questions (i) to (iv) problem 33 for this S. 
 
(ii) Study questions (i) to (vi) problem 38 for this S. 

 
46. Let S = {Collection of all subsets from the semiring  

M = {(a1 | a2 a3 | a4 a5 a6 | a7 | a8 a9 a10 a11) | ai  (Q+  I) 
 {0}) D2,7; 1  i  11}} be the subset semiring. 

 
(i) Study questions (i) to (iv) problem 33 for this S. 
 
(ii) Study questions (i) to (vi) problem 38 for this S. 
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47. Let S = {Collection of all subsets from the semiring  
 

 P = 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

17 18 19 20

21 22 23 24

a a a a
a a a a
a a a a
a a a a
a a a a
a a a a

 
 
 
 
 
 
 
 
  

 ai  (R+  I)  {0})  

 
 (D2,5  A4); 1  i  24}} be the subset semiring. 
 

(i) Study questions (i) to (iv) problem 33 for this S. 
 
(ii) Study questions (i) to (vi) problem 38 for this S. 

 
48. Let S  = {Collection of all subsets from the polynomial 

semiring [R+  I  {0}] [x]} be the subset semiring. 
  

(i) Find To, TS, T
 , T

 , T
  and T

  of S. 
 
(ii) Can TS, T

  and T
   have subset topological zero 

divisors? 
 

(iii) Find any other special property enjoyed by S. 
 

49. Let S = {Collection of all subsets from the polynomial 
ring (R+  {0}) (S3  A4  D2,7)[x]} be the subset non 
commutative semiring.  

 
(i) Study questions (i) to (iv) problem 33 for this S. 
 
(ii) Study questions (i) to (vi) problem 38 for this S. 



142 Special Type of  Subset Topological Spaces  
 
 
 
 
 
50. Let S = {Collection of all subsets from the semiring  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 be the subset semiring.  
 

(i) Find o(S). 
 
(ii) Find To, TS, T

 , T
 , T

  and T
  of S. 

 
(iii) Find all subset zero divisors of S. 

 
(iv) Find all subset idempotents of S. 

 
(v) Can TS, T

  and T
   have subset topological zero 

divisors? 
 

(vi) Find subtopological spaces A, B  TS (or T
  or 

T
 ) such that A  B = {0}. 





 a5 

a9 




 a10
a8

a11

a6 a7 

 a4 

a12

 1 
 a13 



 0 

a3 a2 

 a1 
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51. Let S = {Collection of all subsets from the semiring P =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  be the subset semiring.  
 
 
  Study questions (i) to (vi) problem 50 for this S. 



 a11 

a12a13

 a16


1 

 a15

 a14

 a4 

 a3 



a7

a8 a9 



 a5 a6 




0

a2 a1 

 a10 
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52. Let S = {Collection of all subsets from the semiring L1  

L2 where  
 
 

L1 =        L2 =  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  be the subset semiring.  
 
  Study questions (i) to (vi) problem 50 for this S. 
 







 a4 

a12 

a2 
 a3 a1 

a5 a6 

1 
 







 a16 

0 

a14 
 a15

a13 

a17 a18 

 a7 

  a10a9 

 a8 

 a11 


1 



a3

a2 a1 





a6

a5 a4 





 a9

a8 a7 



 a12 

a11 a10





a14 a13

a15 




0 

a17 a16
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53. Let S = {Collection of all subsets from the semiring LS4 

where L =  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 be the subset semiring. 
 

(i) Study questions (i) to (vi) problem 50 for this S. 
 
(ii) Prove S is non commutative.  

 
(iii) Find all left subset semiring ideals which are not 

right subset semiring ideal of S. 
 
54. Let S = {Collection of all subsets from the semiring L(S3 

 A4) where L =  







 a4 

a12 

a2 
 a3 a1

a5 a6 

1 








 a16 

0 

a14
 a15

a13 

a17a18 

 a7

 a10a9

 a8 

 a11 
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  be the subset semiring. 
 

(i) Study questions (i) to (vi) problem 50 for this S. 
 
(ii) Prove S is non commutative.  

 
(iii) Find all subset units in S. 

 
(iv) Find all left subset semiring ideals which are not 

right subset semiring ideals of S. 
 

55. Let S = {Collection of all subsets from the semiring  
 

 

 M = 
1 2 3 4

5 6 7 8

9 10 11 12

a a a a
a a a a
a a a a

 
 
 
  

 ai  LS4  

 
 
 where L is the lattice  


 a2 
 a3 

a5 

0 

a1 

 a4 

a6 

1 
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  1  i  12}} be the subset semiring. 
 

(i) Study questions (i) to (vi) problem 49 for this S. 
(ii) Find the number of subset zero divisors in S. 
(iii) Can S has S-subset zero divisors? 
(iv) Is it possible for S to have subset units? 
(v) Find all subset right semiring ideals which are not 

left semiring ideal of S. 
(vi) Find the number of subset idempotents in S. 
(vii) Can S have subset Smarandache idempotents? 
 

56. Let S = {Collection of all subsets from the matrix 
semiring  

 

a





 a5 

a4

a9




 a10
a8 

0 

a6 a7 





 a2 a1 

 a3


1 





a15 a16

a14 

 a12 a13

a11 
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 M = 

1 2 3

4 5 6

28 29 30

a a a
a a a

a a a

 
 
    

  
 ai  LD2,11; 1  i  30 and L = A  

 
 Boolean algebra of order 32} be the subset semiring. 
 

(i) Study questions (i) to (vi) problem 50 for this S. 
(ii) Can S have subset S-zero divisors? 
(iii) Can S have S-subset idempotents? 

 
57. Let S = {Collection of all subsets from matrix semiring M 

= {Collection of all 8  8 matrix with entries form (L1  
L2) A5} be the subset semiring;  

 
 where L1 =     and L2 =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(i) Find all subset zero divisors of S. 
(ii) Can S have subset idempotents? 
(iii) Can S have S-subset zero divisors? 
(iv) Can S have S-subset idempotents? 

 a7 a8 

 a9

 a4 a5 

 

 a6 

a3 

 a10 

 a11

 a12


1 

 a2 a1 

 
0 







 a4 

a2 




 a3 a1

1 

a5 a6 

a7







 a13

a11
 a12

a10

a14
a15

0 

 a8

 a9
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(v) Study questions (i) to (vi) problem 50 for this S. 
(vi) Find all subset units of S. 
(vii) Is it possible S contains S-subset units? 

 
58. Let S = {Collection of all subsets from the super matrix 

semiring M = {(a1 | a2 a3 a4 | a5 a6 a7 a8 | a9 a10) | ai  L (S6 
 D2,5); 1  i  10}} be the subset semiring where L is a 
Boolean algebra of order 64. 

 
(i) Study questions (i) to (vi) problem 50 for this S. 
(ii) Can S have S-subset units? 
(iii) Can S have S-subset idempotents? 
(iv) How many subset idempotents of S exist? 
(v) Can S have S-subset zero divisors? 
(vi) Can S have S-subset ideals? 
(vii) Find the number of subset zero divisors of S. 

 
 
59. Let S = {Collection of all subsets from the super matrix  
 

 semiring M = 

1 2

3 4

5 6

7 8

9 10

11 12

13 14

15 16

17 18

19 20

21 22

a a
a a
a a
a a
a a
a a
a a
a a
a a
a a
a a

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ai  LA6, 1  i  22} be the  

 
 subset semiring.  The lattice L is the chain lattice C25. 
 
 (i) Study questions (i) to (vii) problem 58 for this S. 
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60. Let S = {Collection of all subsets from the semiring  

P = 

1 2 3 4 5 6 7 8 9

10 18

19 27

28 36

37 45

46 54

55 63

64

a a a a a a a a a
a ... ... ... ... ... ... ... a
a ... ... ... ... ... ... ... a
a ... ... ... ... ... ... ... a
a ... ... ... ... ... ... ... a
a ... ... ... ... ... ... ... a
a ... ... ... ... ... ... ... a
a ... ... ... ... ... .. 70

73 74 75 76 77 78 79 80 81

. ... a
a a a a a a a a a

 
 
 
 
 
 
         

 ai 

 L(S3  D2,7); 1  i  81} where L is a lattice which is as 
follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


1 



a3

a2 a1 





a6

a5 a4 





 a9

a8 a7 



 a12 

a11 a10

 a14 a13







 a19 

0 

a17
 a18

a16

a20a21 

a15

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  be the subset semiring. 
 

(i) Study questions (i) to (vii) problem 58 for this S. 
 
61. Let S = {Collection of all subsets from the semiring  

 

P = 
1 2 3 4 5 6 7 8 9 10

11 20

21 30

a a a a a a a a a a
a ... ... ... ... ... ... ... ... a
a ... ... ... ... ... ... ... ... a

 
 
 
 
 

 ai  

 
 L(S3  D2,11); 1  i  30} where L =  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  be the subset semiring. 
 

(i) Study questions (i) to (vii) problem 58 for this S. 


1 



 a11 a12 







 a6 

a3

a7 




 a8 a9

0 

a5 a4 

a10

 a2 a1 
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62. Let S = {Collection of all subsets from the semiring  

 M = 

1 2

3 4

5 6

7 8

9 10

11 12

13 14

15 16

17 18

19 20

a a
a a
a a
a a
a a
a a
a a
a a
a a
a a

 
 
 
 
 
 
  
 
 
 
 
 
 
  

 ai  (L1L2)D2,10 where L1 =    

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 and L2 is a Boolean algebra of order 64, 1  i  20}} be 

the subset semiring. 
 

(i) Study questions (i) to (vii) problem 58 for this S. 









a2 

 a8 

a7 

a3 

a9 

a4 

 a10 

 a5 



 a12 

a11 

a13


0 

 a6 

 1 

 a1 
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63. Let S = {Collection of all subsets from the lattice 

polynomial semiring P = i
i

i 0
a x








  ai  L where L = 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  be the subset semiring which is commutative. 
 (i)  Show S is of infinite order. 
 (ii)  Study questions (i) to (vii) problem 58 for this S. 
 
63. Let S = {Collection of all subsets from the semiring  

P = i
i

i 0
a x








  ai  LS5 where L is a Boolean algebra of 

order 64}} be the subset semiring. 
 
 Study questions (i) to (vii) problem 58 for this S. 
 
64. Let S = {Collection of all subsets from the semiring B = 

i
i

i 0
a x








  ai  L (S(3)  D2,5) where L is a lattice 







 a9 

a7 




 a6 a5

a4

a10a8 

a12

 a11


0 

 a2 a1




1 

a3 
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 be the subset semiring.  
 
 Study questions (i) to (vii) problem 58 for this S. 
 
65. Let S = {Collection of all subsets from the interval 

semiring P = {[a, b] | a, b  Z+  {0}} be the subset 
semiring. 

 
(i) Find all subset subsemirings of S which are not 

subset semiring ideals. 
(ii) Can S be a S-subset semiring? 
(iii) Can S have subset zero divisors? 
(iv) Show S has infinite number of pairs A, B of subset 

semiring ideals such that A  B = {[0, 0]} = (zero 
of S). 









1 

 a6 

a4 

a2 

a5 

a1 

 a7 

 a3 



 a9 

a8 

a10

 a11 



 a13

a12 

a14


0 
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(v) Find all the six interval subset topological semiring 
spaces To, T

 , T
 , T

 , T
  and TS  and show T

 , 
T
  and TS has infinite number of pairs of 

topological subspaces C, D such that C  D = {[0, 
0]} = (zero of S). 

 
 
66. Let S = {Collection of all subsets from the interval matrix 

semiring M = {([a1, b1], [a2, b2], [a3, b3]) | ai, bi  Q+  I 
 {0}, 1  i  3}} be the subset semiring.  

 
(i) Study questions (i) to (vii) problem 58 for this S. 
 
(ii) Can S have subset idempotents? 

 
(iii) Can S have S-subset idempotents? 

 
 
67. Let S = {Collection of all subsets from the interval matrix 

semiring  
 
 

   M = 

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]

 
 
 
 
 
         

ai, bi  LA4   

 
 where L is the lattice given  in the following L =  
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  be the subset semiring. 
 

(i) Study questions (i) to (v) problem 65 for this S. 
(ii) Study questions (i) to (iii) problem 66 for this S. 

 
68. Let S = {Collection of all subsets from the interval matrix  
 

 semiring M = 

1 1 2 2 10 10

11 11 12 12 20 20

21 21 22 22 30 30

31 31 32 32 40 40

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]

 
 
    

 ai, bi  

 
  L (D2,7  A5): 1  i  40} be the subset semiring, where 

L is as in problem 67.  
 







 a9 

a7 




 a6 a5

a4

a10a8 

a12

 a11

 a2 a1




1 

a3 

 0 

 a14a13

 a15
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(i) Study questions (i) to (v) problem 65 for this S. 
(ii) Study questions (i) to (iii) problem 66 for this S. 
 

69. Let S = {Collection of all subsets from the interval matrix  
 

 semiring P = 

1 1 2 2 6 6

11 11 12 12 12 12

31 31 32 32 36 36

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]

...
[a ,b ] [a ,b ] ... [a ,b ]

 
 
    

  
 ai, bi  

 
  L1  L2 D2,13 where L1=  
 
 
 
 
 
 
 
 
 
 
 
 
 
  and L2 =     1  i  36} 
 
 
 
 
 
 
 
 
 
 
 
 
  be the subset semiring.  


 a2 
 a3 

a5 

0 

a1 

 a4 

a6 

1 







 a9 

0 

a5 
 a6 a4 

a8 a7 

a3 


1 

 a2 a1 


 a2 
 a3 

a5 

0 

a1 

 a4 

a6 

1 
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(i) Study questions (i) to (v) problem 65 for this S. 
(ii) Study questions (i) to (iii) problem 66 for this S. 

 
70. Let S = {Collection of all subsets from the interval 

polynomial semiring  
 

 P = i
i

i 0
a x








  ai  L where L =      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  be the subset semiring of infinite order.  
 
 

(i) Study questions (i) to (v) problem 65 for this S. 
(ii) Study questions (i) to (iii) problem 66 for this S. 

 
 
71. Let S = {Collection of all subsets from the interval 

polynomial semiring  
 

 M = i
i i

i 0
[a ,b ]x








 ai, bi  LA6 where L =  





 a10 

a8 

a9


0







1 

a3 

a2 a1 

 a4 

 a5 

 a6 

 a7 
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  be the subset semiring infinite order. 
 

(i) Study questions (i) to (v) problem 65 for this S. 
(ii) Study questions (i) to (iii) problem 66 for this S. 

 
72. Let S = {Collection of all subsets from the interval 

polynomial semiring M = i
i i

i 0
[a ,b ]x








  ai, bi  Q  I 

{0}} be the subset semiring.  
 

(i) Show S has infinite number of subset interval 
polynomial subsemirings which are not ideals. 

(ii) Can S have subset ideal semirings? 
(iii) Prove S has pairs A, B of subsets semiring ideals 

(subsemirings) such that A  B = {[0, 0]}. 







 a4 

a2 




 a3 a1

1 

a5 a6 

a7







 a17

a13
 a12

a14

a16
a15

0 

 a8

 a11 

 a9

 a10 
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(iv) Prove TS , T
  and T

  have infinite collection of 
pairs of subspaces C and D with C  D = {[0, 0]}.  

 
73. Let S = {Collection of all subsets from the interval 

polynomial  
 

P = i
i i

i 0
[a ,b ]x








  ai, bi  Z  I {0} S6}} 

 
  be the subset semiring. 
 

(i) Prove S is non commutative. 
 
(ii) Find subset semiring right ideal in S which are not 

subset semiring left ideals of S. 
 

(iii) Find two sided ideals of S. 
 

(iv) Study questions (i) to (iv) problem 72 for this S. 
 

(v) Show the topological semiring spaces TS , T
  and 

T
  are all non commutative.  

 
(vi) Can the three spaces TS , T

  and T
  have 

commutative subspaces? 
 
74. Let S = {Collection of all subsets from the interval 

polynomial semiring  
 

 M = i
i i

i 0
[a ,b ]x








  ai, bi  R  I (S6  A5)}}  

 
 be the subset semiring. 
 

(i) Study questions (i) to (vi) problem 73 for this S. 
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75. Let S = {Collection of all subsets from the interval 

polynomial semiring  
 

 M = i
i i

i 0
[a ,b ]x








  ai, bi  Q+  I (S(5)  D2,11)}}  

  
 be the subset semiring. 
 

(i) Study questions (i) to (vi) problem 73 for this S. 
 
76. Is it possible to have a subset interval non commutative 

semiring which has no subset interval non commutative 
subsemiring? 

 
77. Is it possible to have a subset  non commutative semiring 

which has no subset interval non commutative 
subsemiring? 

 
78. Is it possible to have a subset semiring which has no 

subset subsemiring? 
 
79. Is it possible to have a subset non commutative semiring 

which has all its subset subsemirings to be non 
commutative? 

 
80. Develop some applications of the six topological spaces 

To, TS, T
 , T

 , T
  and T

  of subset semirings. 
 
81. Find some special and striking features enjoyed by subset 

semiring topological spaces To, TS, T
 , T

 , T
  and T

 . 
 
82. Can an infinite subset semiring have finite subset 

subsemirings? 
 
83. Can one say if the semiring used is a Boolean algebra of 

order greater than two the subset semirings will have 
subset zero divisors? 
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84. Characterize those subset semirings which has S-subset 

zero divisors. 
 
85. Characterize those subset semirings which has no subset 

idempotents. 
 
86. Characterize those subset semirings in which every subset 

idempotents is a S-subset idempotent. 
 
87. Characterize those subset semirings which has S-subset 

units. 
 
88. Characterize those subset semirings which has no subset 

units. 



 
 
 
 
 
 
Chapter Four 
 
 

 
 
SUBSET SET IDEAL TOPOLOGICAL 
SEMIRING SPACES 
 
 
 
In this chapter we for the first time study the set ideals of a 
subset semiring over a subset subsemiring as topological spaces.  
This study is innovative and interesting.   
 

We proceed onto define this new notion and illustrate them 
with examples. 
 
DEFINITION 4.1:  Let S = {Collection of all subsets from a ring 
R (or semiring P)} be the subset semiring.   
 
 Let A  R (or A  P) be a subring of R (or a subsemiring of 
P). 
 
 Let AT = {Collection of all subset set ideals of S over the 
subring A of R (or over the subsemiring A of P)}.   
 

AT can be given any of the six topologies A oT , A ST , AT 
 , 

AT 
 , AT 

  and AT 
  and these topologies will be known as 

subset set ideal semiring topological spaces of S over the 
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subring or the subsemiring over which the subset semiring S is 
built.   

 
We now proceed onto give examples of them. 

 
Example 4.1:  Let S = {Collection of all subsets from the ring 
Z6} be the subset semiring.  The subrings of Z6 are P1 = {0, 3} 
and P2 = {0, 2, 4}.   
 

The collection of all subset set semiring ideals of P1 be 
denoted by 

1P T = {{0}, {0, 3}, {0, 2}, {0, 4}, {0, 2, 4}, {0, 2, 
3}, {0, 3, 4}, {0, 3, 2, 4} {0, 2, 3, 1}, {0, 2, 4, 3, 1}, {0, 3, 4, 1}, 
{0, 3, 1}, {0, 1, 5, 3}, {0, 5, 3}, {0, 5, 3, 2}, {0, 5, 4, 3} and so 
on}.   

 
We have the six topological spaces 

1P oT  = {
1P T   {}, , 

}, 
1P ST  = {

1P T , +, }, 
1P T

  = {
1P T , , } , 

1P T
  = {

1P T , , 

+} , 
1P T

  = {
1P T   {}, , }, and  

1P T
  = {

1P T   {}, , +} 
which are set ideal subset semiring topological spaces of S over 
the subring P1. 

 
 Let 

2P T  = {Collection of all subset set ideals of S over the 
subring P2 = {0, 2, 4}} = {{0}, {3, 0}, {0, 2, 4}, {0, 2, 4, 3}, {0, 
5, 4, 2}, {1, 0, 2, 4}, {0, 1, 2, 3, 4}, {0, 5, 2, 4, 3}, {0, 2, 4, 5, 
3}, {0, 5, 1, 2, 4}, {0, 5, 1, 2, 3, 4}}. 
 
 Clearly 

2P oT , 
2P ST , 

2P T
  , 

2P T
 , 

2P T
  and 

2P T
  are the six 

subset set semiring ideal topological spaces of S over the 
subring P2. 
 
 Thus we have only two sets of topological spaces. 
 
 Let A = {0, 2, 4, 3} and B = {0, 1, 2, 5, 4}  

2P oT . 
 
   A  B  = {0, 2, 4, 3}  {0, 1, 2, 5, 4} 
     = {1, 2, 3, 4, 5, 0} 
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and   
 

A  B  = {0, 2, 4, 3}  {0, 1, 2, 5, 4} 
     = {0, 2, 4} are in 

2P oT . 
 Now  
 

A + B  = {0, 2, 4, 3} + {0, 1, 2, 5, 4} 
     = {0, 1, 3, 5, 4, 2} 
  and  

 
A  B  = {0, 2, 4, 3}  {0, 1, 2, 5, 4} 

     = {0, 2, 4, 3} are in 
2P ST . 

 
   Let A  = {0, 2, 4} and B = {0, 3}  
   A + B  = {0, 2, 4, 3, 5, 1}.  
 
 This is the way operations are performed on 

2P oT , 
2P ST , 

2P T
  , 

2P T
 , 

2P T
  and 

2P T
  .  Some of them are distinct and 

some of them are identical. 
 
Example 4.2:  Let  
S = {Collection of all subsets from the ring Z} be the subset 
semiring.  Clearly P1 = 2Z be a subring of Z.   

1P T = {Collection 
of all subset set ideal of S over the subring P1}, {{0}, 2Z, 3Z, 
4Z, 6Z, 5Z, …, Z are all set ideals}. 
 
 It is easily verified spaces 

1P oT , 
1P ST , 

1P T
 , 

1P T
 , 

1P T
  and  

1P T
   are all subset set ideal semiring topological spaces which 

are distinct.   
 

Infact Z has infinite number of subring so S has infinite 
number of subset set ideal semiring topological spaces of S. 
 
Example 4.3:  Let  
S = {Collection of all subsets from the ring Z15} be the subset 
semiring of the ring Z15. 
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 The subrings of Z15 are P1 = {0, 5, 10} and P2 = {0, 3, 6, 9, 
12}.   

1P T  and 
2P T  give way to subset set ideal semiring 

topological spaces of S over P1 and P2 respectively. 
 
 

1P T  = {{0}, {0, 5, 10}, {0, 2, 5, 10}, {0, 1, 5, 10}, {0, 4, 5, 
10}, {0, 6, 5, 10}, {0, 8, 5, 10}, {0, 12, 5, 10}, {0, 14, 5, 10}, 
{0, 3, 5, 10}, {0, 9, 5, 10}, {0, 1, 2, 5, 10}, …, {0, 2, 1, 3, 4, 5, 
6, …, 14}} be the collection of all subset semiring set ideal of S 
over the subring P1 = {0, 5, 10}. 
 
  Let A = {0, 2, 5, 10} and B = {0, 13, 5, 10}  

1P oT . 
 
 Now  
 

A  B  = {0, 2, 5, 10}  {0, 13, 5, 10} 
     = {0, 5, 10, 13, 2} and  
 
   A  B  = {0, 2, 5, 10}  {0, 13, 5, 10} 
     = {0, 5, 10}  are in 

1P oT . 
 
  Consider A, B  

1P ST . 
 
   A + B = {0, 2, 5, 10} + {0, 13, 5, 10} 
     = {0, 13, 5, 10, 2, 8, 3, 7, 12} 
 

and  A  B  = {0, 2, 5, 10}  {0, 13, 5, 10} 
     = {0, 10, 5, 11} are in 

1P ST . 
 
 Clearly 

1P oT  is different from 
1P ST  as subset set ideal 

semiring topological spaces of S over the subring P1. 
 
 Let A, B  

1P T
  

 
   A + B  = {0, 10, 5, 2} + {0, 13, 5, 10} 
     = {0, 2, 3, 5, 7, 8, 10, 12, 13} 
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 and  
 

A  B  = {0, 10, 5, 2}  {0, 13, 5, 10} 
     = {0, 10, 5, 13, 2} are in 

1P T
 .   

 
We see 

1P T
  is different from 

1P oT  and 
1P ST  as subset set 

ideal semiring topological spaces of S over the subring P1 of 
Z15. 

 
 Consider A, B  

1P T
  

 
   A  B  = {0, 2, 5, 10}  {0, 5, 10, 13} 
     = {0, 5, 10, 2, 13} 
 

and  
 

A  B  = {0, 2, 5, 10}  {0, 5, 10, 13} 
     = {0, 10, 5, 11} are in 

1P T
 . 

 
 We have 

1P T
  is different from 

1P oT , 
1P ST  and  

1P T
  as set 

subset semiring ideal topological spaces of S over the subring P1 
of Z15. 
 
 Let A, B  

1P T
 . 

 
 A + B  = {0, 5, 2,  10} + {0, 13, 5, 10} 

     = {0, 2, 5, 3, 7, 8, 10, 12, 13} 
 and  

A  B  = {0, 5, 2,  10}  {0, 13, 5, 10} 
     = {0, 5, 10} are in 

1P T
 . 

 
 

1P T
  is different from 

1P T
 , 

1P oT , 
1P ST  and 

1P T
 as subset 

set ideal semiring topological spaces of S over the subring P1 = 
{0, 5, 10} of Z15. 
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 Let A, B  

1P T
 , 

 
   A  B  = {0, 5, 2, 10}  {0, 5, 13, 10} 
     = {0, 5, 10, 11} 
 
 and  
 

A  B  = {0, 5, 2, 10}   {0, 5, 13, 10} 
     = {0, 5, 10} are in 

1P T
 . 

 
 

1P T
  are different from 

1P T
 , 

1P oT , 
1P ST , 

1P T
  and 

1P T
 .  

We see all the six subset set of S over P1 ideal semiring 
topological spaces are  different. 
 
Example 4.4:  Let S = {Collection of all subsets of the ring Z24} 
be the subset semiring.  The subring of Z24 are {0, 12}, {0, 6, 
12, 18}, {0, 4, 8, 12, 16, 20}, {0, 2, 4, 6, 8, …, 22}, {0, 8, 16}, 
and {0, 3, 6, 9, 12, 15, 18, 21}. 
 
 Thus using these 6 subrings we can have 36 subset set ideal 
semiring topological subspaces of S over subrings of Z24. 
 
Example 4.5:  Let  
S = {Collection of all subsets from the ring Z7} be the subset 
semiring.  Z7 has no subrings.  So S has no subset set ideal 
topological semiring spaces over the subrings. 
 
 We call such subset semirings as subset simple semirings. 
 
Example 4.6:  Let S = {Collection of all subsets from Z23} be 
the subset semiring.  S is a subset simple semiring. 
 
Example 4.7:  Let  
S = {Collection of all subsets from the semiring Z79} be the 
subset semiring.  S is a subset simple semiring.  
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THEOREM 4.1:  Let  
S = {Collection of all subsets from the ring Zp; p a prime} be the 
subset semiring.  S is a subset simple semiring. 
 

Proof follows from the simple fact Zp the prime field of 
characteristic p has subrings hence the claim. 
 
Example 4.8:  Let  
S = {Collection of all subsets from the ring Z5S4} be the subset 
semiring.  S is not subset simple for S has subset subsemirings.   
 
Example 4.9:  Let S = {Collection of all subsets from the ring 
Z7(g1, g2) with 2

1g  = 0, 2
2g  = g2 g1g2 = g2g1 = 0} be the subset 

semiring.  S is not a subset simple semiring for Z7(g1, g2) has 
subrings.  Hence associated with S we have subset semiring set 
ideal topological spaces of all the six types. 
 
Example 4.10:  Let S = {Collection of all subsets from the ring 
Z4 = {0, 1, 2, 3}} be the subset semiring.  The only subring in 
Z4 is {0, 2} = P1.  The subset set ideals of S over P1.   
 

1P T  = {{0}, {0, 2}, {0, 1, 2}, {0, 3, 2}, {0, 1, 3, 2}} is the 
collection of all subset set ideals of S over P1. 
 
 

1P oT , 
1P ST , 

1P T
 , 

1P T
 , 

1P T
   and 

1P T
     are subset ideals 

of S over P1. 
 
 The trees associated with 

1P T  is  
 
 
 
 
 
 
 
 
 
 









 {0, 3, 2}{0,1,2} 

{0, 1, 2, 3} 

{0}

{0,2} 

 {0}

{2,0} 
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Example 4.11:  Let  
S = {Collection of all subsets from the ring Z9} be the subset 
semiring. 
 
 The only subring of Z9 is P1 = {0, 3, 9}.  
 

1P T  = {Collection of all subset set ideals of S over the ring 
P1 = {0, 3, 6}} = {{0}, {0, 3, 6}, {0, 3}, {0, 6}, {0, 1, 3, 6}, {0, 
2, 3, 6}, {0, 4, 3, 6}, {0, 5, 3, 6}, {0, 7, 3, 6}, {0, 8, 3, 6}, {0, 1, 
3, 6, 2}, {0, 1, 3, 6, 4}, {0, 1, 3, 6, 5}, {0, 1, 3, 6, 7}, {0, 1, 3, 8, 
6}, {0, 2, 4, 36}, {0, 2, 5, 36}, {0, 2, 7, 3, 6}, {0, 2, 8, 36}, {0, 
4, 5, 3, 6}, {0, 4, 7, 3, 6}, {0, 4, 8, 3, 6}, {0, 5, 7, 3, 6}, {0, 5, 8, 
36}, {0, 7, 8, 36}, {0, 1, 2, 4, 3, 6}, {0, 1, 2, 7, 3, 6}, {0, 1, 28, 
36}, {0, 2, 4, 7, 3, 6}, {0, 1, 7, 8, 36}, {0, 1, 4, 8, 3, 6}, …, {0, 
1, 2, 3, 4, 5, 6, 7}} be the subset set semiring ideals of S over 
P1.   
 

Interested reader can draw the associated tree of the spaces 
or in particular 

1P T . 
 
Example 4.12:  Let  
S = {Collection of all subsets from the ring Z8} be the subset 
semiring.  The subrings of Z8 are P1 = {0, 4} and P2 = {0, 2, 4, 
6}.   
 

The subsets ideals set semiring of S over P1 is 
1P T  = {{0}, 

{0, 4}, {0, 2, 4}, {0, 3, 4}, {0, 2}, {0, 1, 4}, {0, 3, 4}, {0, 5, 4}, 
{0, 6}, {0, 2, 4}, {0, 6, 4}, {0, 7, 4}, …} be the collection of all 
subset semiring set ideals of S over the subring P1. 
 
 Let 

2P T  = {{0}, {0, 2, 4}, {0, 4}, {0, 6, 4}, {0, 2, 6, 4}, {0, 
1, 6, 2, 4}, {0, 3, 2, 4, 6}, {0, 5, 2, 6, 4}, {0, 7, 2, 6, 4}, {0, 2, 4, 
1, 3, 6}, {0, 2, 1, 6, 4, 5}, {0, 1, 2, 4, 6, 7}, {0, 3, 5, 2, 6, 4}, {0, 
3, 7, 2, 6, 4}, {0, 5, 7, 2, 6, 4}, {0, 1, 3, 5, 2, 6, 4}, {0, 1, 5, 7, 2, 
6 4} {0, 1, 3, 7, 2, 6 4}, {0, 357,  264} {0, 1, 2, 3, 4, 5, 6, 7}} be 
the collection of all subset semiring set ideals of S over P2. 
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 The tree associated with 

2P T  is  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

In view of all these examples we have the following 
theorem. 
 
THEOREM 4.2:  Let  
S = {Collection of all subsets from the ring Zn} be the subset 
semiring.  If Zn has t subrings associated with S we have 6t 
number of subset set ideal topological spaces of S may be 
distinct or identical. 
 
 The proof is direct and hence left as an exercise to the 
reader.  
 



{0,1,3,5,2,6,4} 

{0, 1, 2, 3,4,5} 

{0,2,3, 
5,6,4} 

{0,1,3, 
2,6,4} 


{0,3,4,
2,6,4} 

 

 

 

 

 

{0,1,3,7,2,6,4} 

{0,1,3, 
2,6,4} 

{0,1,7,
2,6,4}


{0,7,3,
2,6,4} 


{0,3,5,7,2,6,4} 

  


{0,1,5,7,2,6,4} 

  

   

   

 

 

         

{0,2,6,
4} 

{0,2,6,4} 

{0,4} 

{0} {0} 

{0,4} 

{6,4,0} 
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Example 4.13:  Let  
S = {Collection of all subsets from ring Z30} be the subset 
semiring.  The subrings of S are P1 = {0, 15}, P2 = {0, 10, 20}, 
P3 = {0, 5, 10, 15, 20, 25}, P4 = {0, 3, 6, 9, …, 27}, P5 = {0, 2, 
4, 6, …, 28} and P6 = {0, 6, 12, 18, 24}  are the subring of Z30.  
Associated with these six subrings we have 36 subset set ideal 
semiring topological spaces of the subrings P1, P2, …, P6. 
 
Example 4.14:  Let  
S = {Collection of all subsets from the ring Z45} be the subset 
semiring.  S has atleast 24 subset set ideal semiring topological 
spaces of S over the subrings of Z45. 
 
Example 4.15:  Let  
S = {Collection of all subsets from the ring Z} be the subset 
semiring.  S has infinite number of subset set ideal semiring 
topological spaces of S associated with subrings of Z. 
 
 If in the example 4.15;  Z is replaced by R or Z(g) or Z  
I or Q or Q  I or C or R  I or C  I or C(g) etc S  it / 
we get infinite number of subset set ideal semiring topological 
spaces of S.  All these subset semirings and their related subset 
set ideal semiring topological spaces of S over subrings are also 
commutative. 
 
Example 4.16:  Let  
S = {Collection of all subsets from the group ring Z7S4} be the 
subset semiring.  This has subset set ideal semiring topological 
spaces 

iP T
 , 

iP T
 , and 

iP ST  to be non commutative over any 
subring Pi of Z7S4 and all spaces have only finite number of 
elements in them. 
 
Example 4.17:  Let  
S = {Collection of all subsets from the ring Z4A4} be the subset 
semiring. 
 
 S is non commutative so S has subset set ideal semiring 
topological spaces over subrings which are non commutative.  
Clearly o(S) < . 
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Example 4.18:  Let  
S = {Collection of all subsets from the ring Z3D2,9} be the 
subset semiring.  We have subset set ideal topological semiring 
spaces over subrings which are commutative and some are also 
non commutative.  
 
Example 4.19:  Let  
S = {Collection of all subsets from the ring R = (Z6  Z9) (D2,7)} 
be the subset semiring. S has subset set ideal topological 
semiring subspaces of S over subrings of R.  We see S has 
subset set ideal topological semiring zero divisors. 
 
Example 4.20:  Let  
S = {Collection of all subsets from the ring R = (Z9  Z12  Z30) 
(D2,5  S4)} be the subset semiring. S has subset set ideal 
semiring topological spaces relative to subrings.  S has subset 
set ideal semiring topological subspaces in 

iP T
 , 

iP T
 , and 

iP ST  
which are orthogonal or annihilates each other and some of 
them are non commutative. 
 
Example 4.21:  Let  
S = {Collection of all subsets of the ring ZS7} be the subset 
semiring.  S has subset set ideal semiring topological spaces 
over subring such that 

iP T
 , 

iP T
  and 

iP ST  are non 
commutative.  
 
Example 4.22:  Let  
S = {Collection of all subsets from the ring (Z  Z) (S3  D2,5)} 
be the subset semiring.  S has infinite number of subset set ideal 
semiring topological spaces which are non commutative and of 
infinite order. 
 
Example 4.23:  Let  
S = {Collection of all subsets from the ring R = Q  IS5} be 
the subset semiring.  S has infinite number of subset set ideal 
topological semiring spaces of S over subrings of the ring R.  
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Example 4.24:  Let S = {Collection of all subsets from the ring 
R = (C  I) (S7  D2,5)} be the subset semiring.   
 

S has subset set ideal semiring topological spaces over the 
subrings Pi on R.  All of them are of infinite order. 
 
Example 4.25:  Let S = {Collection of all subsets from the ring 
P = {R  R  R  R) S(5)}} be the subset semiring.   
 

S has subset set ideal semiring topological spaces over 
subrings of P.  All of them are of infinite order. 
 
Example 4.26:  Let S = {Collection of all subsets from the 
matrix ring M = {(a1, a2, a3, a4, a5, a6) | ai  Z6, 1  i  6}} be 
the subset semiring.   
 

S has subset set ideal semiring topological spaces over the 
subrings P1 = {0, 3}   (or P2 = {0, 2, 4}). 
 
 We see 

iP T
 , 

iP T
  and 

iP ST  have pairs of subset set ideal 
semiring topological subspace such that their product is {(0 0 0 
0 0 0)}. 
 
Example 4.27:  Let S = {Collection of all subsets from the ring  
 

M = 

1

2

12

a
a

a

 
 
    


 ai  Z12, 1  i  12}} 

 
be the subset semiring.  S has subset set ideal semiring 
topological spaces over any subring of Z12.   
 

Clearly the subset set ideal topological semirings over 
subrings of Z12 has pairs of subspaces such that  
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A  B = 

0
0
0

0

  
  
     
  
  
    


. 

 
Example 4.28:  Let S = {Collection of all subsets from the 
matrix ring  
 

M = 

1 2 10

11 12 20

21 22 30

31 32 40

a a ... a
a a ... a
a a ... a
a a ... a

 
 
    

 ai  Z12  Z18, 1  i  40}} 

 
be the subset semiring.  S has subset set ideal semiring 
topological spaces over subrings of the ring {Z12  Z18}.  
Clearly every subset set ideal semiring topological spaces

iP T
 , 

iP T
  and 

iP ST  have pairs of subset set ideal semiring 
topological subspaces A and B and  
 

A  B = 

0 0 ... 0
0 0 ... 0
0 0 ... 0
0 0 ... 0

  
  
         

. 

 
Example 4.29:  Let S = {Collection of all subsets from the 
matrix ring  
 

M = 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

a a a a
a a a a
a a a a
a a a a

 
 
    

 ai  Z48, 1  i  16}} 
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be the subset semiring.  Clearly S has subset semiring 
topological pairs of subspaces of 

iP T
 , 

iP T
  and 

iP ST  such that  
 

A  B = 

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

  
  
         

. 

 
Example 4.30:  Let S = {Collection of all subsets from the 
matrix ring P = (a1, a2, a3, …, a7) | ai  Z6 S7; 1  i  7}} be the 
subset semiring.  S has subset set ideal semiring topological 
spaces over the subrings.  

iP ST , 
iP T

  and 
iP T

  are subset set 
ideal semiring topological spaces of S over the Pi which are non 
commutative.   
 

Infact 
iP T

 , 
iP T

  and 
iP ST  have pairs of subspaces A, B 

such that A  B = {(0 0 0 0 0 0 0)} 
 
Example 4.31:  Let S = {Collection of all subsets from the 
matrix ring  
 

M = 

1 2

3 4

13 14

a a
a a

a a

 
 
    

 
 ai  Z5 (D2,7  S(4)), 1  i  14}} 

 
be the subset semiring.  S has several subset semiring set ideal 
topological space 

iP T
 , 

iP T
  and 

iP ST  which are non 
commutative and they have commutative subset set semiring 
ideal topological subspaces as well as non commutative subset 
set semiring ideal topological subspaces. 
 
Example 4.32:  Let S = {Collection of all subsets from the 
matrix ring  
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M = 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

a a a a
a a a a
a a a a
a a a a

 
 
    

 ai  Z(S3  D2,7); 1  i  16}} 

 
be the subset semiring.  S have several subset set ideal semiring 
topological spaces over the subring Pi.  iP T

 , 
iP T

  and 
iP ST  are 

commutative.  
1P T

 , 
1P T

  and 
1P ST  have subset set ideal 

topological subspace pairs A, B such that  
 

A  B = 

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

  
  
         

. 

 
 Now in view of these examples we formulate the following 
theorem. 
 
THEOREM 4.3:  Let S = {Collection of all subsets from the 
matrix ring P with entries from R} be the subset semiring. 

iP oT , 

iP T , 

iP T ,  
iP T , 

iP T  and 
iP ST  are subset set ideal semiring 

topological spaces of S over the subring Pi of the ring R over 
which it is defined. 

iP T , 
iP T  and 

iP ST  have pairs of set ideals 
subset semiring topological subspaces A, B with A  B = {(0)}. 
 
Proof follows from the simple fact that  we have matrices such 
that the product is zero. 
 
Example 4.33:  Let S = {Collection of all subsets from the 
interval ring P = {([a1, b1], [a2, b2], …, [a7, b7]) | ai, bi  Z10; 1  
i  7}} be the subset semiring. 

iP T
 , 

iP T
 ,

iP T
 , 

iP T
 , 

iP oT  and 

iP ST  be the subset set ideal interval semiring topological spaces 
over the subring Pi  Z10. 
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iP T

 , 
iP T

  and 
iP ST  have pairs of subset set ideal interval 

semiring topological subspaces A, B such that A  B = {([0, 0], 
[0, 0], …, [0, 0])}. 
 
Example 4.34:  Let S = {Collection of all subsets from the 
interval matrix ring  
 

M =  

1 1

2 2

10 10

[a b ]
[a b ]

[a b ]

 
 
    


 ai, bi  Z4  Z6; 1  i  10}} 

 
be the subset semiring. 
 
 P1 = Z4  {0}, P2 = {0}  Z6, P3 = {0, 2}  Z6, P4 = {0, 2}  
{0}, P5 = {0, 2}  {0, 3}, P6 = {0, 2}  {0, 2, 4}, P7 = {0}  
{0,3} and  P8 = {0}  {0, 2, 4} be subrings using which the 
interval matrix subrings can be built.  We see the three subset 
set ideal semiring topological spaces T

 , T
  and TS have pairs 

of subspaces A, B which are orthogonal that is  
 

A  B = 

[0,0]
[0,0]

[0,0]

  
  
         


. 

 
Example 4.35:  Let S = {Collection of all subsets from the 
interval matrix ring  
 

M = 

1 1 2 2 6 6

7 7 8 8 12 12

31 31 32 32 36 36

[a b ] [a b ] ... [a b ]
[a b ] [a b ] ... [a b ]

[a b ] [a b ] ... [a b ]

 
 
    

  
 ai, bi  Z12  Z15;  

1  i  36}}  
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be the subset interval semiring. 
 
 P1 = {Collection of all 6  6 interval matrices with entries 
from the subring {0, 6}  {0, 5, 10}  Z12  Z15} be interval 
subring.  

1P T
 , 

1P T
  and 

1P ST  are subset set ideal semiring 
interval topological spaces of S.   
 

We have pairs of subspaces A, B in 
1P T

 , 
1P T

  and 
1P ST  

with A  B = {(0)}. 
 
Example 4.36:  Let S = {Collection of all subset from the ring  
 

M = 

1 1 2 2 3 3 9 9

10 10 11 11 12 12 18 18

19 19 20 20 21 21 27 27

28 28 29 29 30 30 36 36

37 37 38 38 39 39 45 45

[a b ] [a b ] [a b ] ... [a b ]
[a b ] [a b ] [a b ] ... [a b ]
[a b ] [a b ] [a b ] ... [a b ]
[a b ] [a b ] [a b ] ... [a b ]
[a b ] [a b ] [a b ] ... [a b ]

 
 
  
 
 
  

 ai, bi   

 
Z45S6; 1  i  45}}  

 
be the subset interval non commutative semiring.  
  
 

1P ST , 
1P T

  and 
1P T

  are subset set ideal semiring interval 
topological spaces which has subspaces both commutative and 
non commutative and has pairs of subspaces A, B with  
 
 

A  B = 
[0,0] ... [0,0]

[0,0] ... [0,0]

  
  
  
    

  . 

 
Example 4.37:  Let S = {Collection of all subsets from the 
super matrix ring M = {(a1  a2 | a3 a4 a5 | a6 a7 a8 a9) | ai  Z40; 1  
i  8}} be the subset super matrix semiring.   
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M is commutative so all the six set ideal subset semiring 
topological spaces of S over subring of M are commutative. 
 
Example 4.38:  Let S = {Collection of all subsets from the 
super matrix ring P = {(a1 | a2 a3 a4 | a5 a6 | a7 a8 a9 | a10) | ai  Z12 
(S3  D2,7); 1  i  10}} be the subset super matrix semiring of 
P.  Clearly the set ideal subset semiring topological spaces 

ip ST , 

ip T
  and 

ip T
  are non commutative over the subring Pi of P. 

 
Example 4.39:  Let S = {Collection of all subsets from the 
super matrix ring  
 

B = 

1

2

3

4

5

6

7

8

a
a
a
a
a
a
a
a

 
 
 
 
       

 ai  Z; 1  i  8}} 

 

be the subset semiring.  All subset set ideal semiring topological 
spaces of S over subrings of Z are of infinite order and are 
commutative. 
 
Example 4.40:  Let S = {Collection of all subsets from the 
super matrix ring  
 

B = 

1

2

3

4

5

6

7

8

9

a
a
a
a
a
a
a
a
a

 
 
 
 
 
        

 ai  Z  I; 1  i  9}} 
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be the subset semiring.   
 

Clearly the subset semiring set ideal topological spaces of S 
over the subrings Pi of Z  IS7, iP T

 , 
iP T

  and 
iP ST  are non 

commutative and are of infinite order.  
 
Example 4.41:  Let S = {Collection of all subsets from the 
super matrix ring  
 

B = 

1 2 3 4 5 6 7

8 9 10 11 12 13 14

15 21

22 28

29 35

36 42

43 49

a a a a a a a
a a a a a a a
a a
a a
a a
a a
a a

 
 
 
 
 
 
 
 
 
 
 

    
    
    
    
    

 ai  Z16;  

 
1  i  49}}  

 
be the subset semiring. S has subset  set ideal semiring 
topological spaces (all of which are commutative) over subrings 
of Z16. 
 
Example 4.42:  Let S = {Collection of all subsets from the 
super matrix ring  
 

B = 

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

a a a a
a a a a
a a a a
a a a a

 
 
    

 ai  Z12(S3  D2,7) ; 1  i  16}}  

 
be the subset semiring set ideal semiring topological spaces over 
subrings of Z12(S3  D2,7) of which , 

iP ST , 
iP T

  and 
iP T

  are  
non commutative. 
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Example 4.43:  Let S = {Collection of all subsets from the 
super matrix ring  
 

B = 
1 2 3 4 5 6 7 8

9 10 16

17 18 24

a a a a a a a a
a a ... ... ... ... ... a
a a ... ... ... ... ... a

 
 
 
  

 ai  Z  I S7, 

 
1  i  24}}  

 
be the subset super matrix semiring.  S has the three subset set 
ideal semiring topological spaces, 

iP ST , 
iP T

  and 
iP T

  to be non 
commutative but of infinite order over any subring of Z  IS7. 
 
Example 4.44:  Let S = {Collection of all subsets from the 
interval super matrix ring B = {([a1 b1] | [a2 b2] [a3 b3] [a4 b4] | 
[a5 b5]) | ai, bi  (Z13  Z16  Z45) S7; 1  i  5}  be the subset 
semiring.  S has  

iP ST , 
iP T

  and 
iP T

 , to the subset set ideal 
semiring topological spaces over the subring Pi of (Z13  Z16  
Z45) S7 which are non commutative and of finite order. 
 
Example 4.45:  Let S = {Collection of all subsets from the 
interval super matrix ring  
 

B = 

1 2 3 4 5

6 10

11 15

16 20

21 25

26 30

31 35

36 40

a a a a a
a ... ... ... a
a ... ... ... a
a ... ... ... a
a ... ... ... a
a ... ... ... a
a ... ... ... a
a ... ... ... a

 
 
 
 
 
 
 
 
 
 
 
  

 ai  Z10 (S3  D2,11); 

 
1  i  40}}  
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be the subset semiring. o(S) <  and all the three subset set 
ideal semiring topological spaces

iP ST , 
iP T

  and 
iP T

 , are non 
commutative over the subring Pi of Z10 (S3  D2,11). 
 
 Now we proceed onto give examples of polynomial subset 
semiring and interval polynomial subset semirings. 
 
Example 4.46:  Let  
S = {Collection of all subsets from the polynomial ring Z5[x]} 
be the subset semiring. S has infinite number or subset set ideal 
semiring topological spaces over subrings of Z5[x].  
 
Example 4.47:  Let  
S = {Collection of all subsets from the ring Z[x]} be the subset 
semiring.  S has infinite number of subset set ideal semiring 
topological spaces over subrings of Z[x] all of which are all 
commutative.  
 
Example 4.48:  Let S = {Collection of all subsets from the ring 
R[x] where R = Z12 D2,7} be the subset semiring.  S has infinite 
number of subset set ideal semiring topological spaces of which 

iP ST , 
iP T

  and 
iP T

  are non commutative. 
 
Example 4.49:  Let S = {Collection of all subsets from the non 
commutative polynomial ring R[x] where R = Q  I S5} be 
the subset semiring.  S has infinite number of subset set ideal 
semiring topological spaces of which 

iP ST , 
iP T

  and 
iP T

  are 
all non commutative and of infinite order. 
 
 Now we proceed onto study subset semirings using 
semirings.   
 

We will illustrate this situation by examples. 
 
Example 4.50:  Let  
S = {Collection of all subsets from the semiring Z+  {0}} be 
the subset semiring of type II.  S has infinite number of subset 
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set ideal semiring topological spaces over the subsemirings Pi of 
Z+  {0}. 
 
 We have nZ+  {0}; n  N, n  1, contribute to 
subsemirings of Z+  {0}.  All these 6 spaces are of infinite 
cardinality and are commutative. 
 
Example 4.51:  Let S = {Collection of all subsets from the 
semiring Z+  I   {0}} be the subset semiring.  S has infinite 
number of subset set ideal semiring topological spaces over 
subsemirings and all of them are commutative as S is 
commutative. 
 
Example 4.52:  Let S = {Collection of all subsets from the 
semiring B = (R+  {0}) (g1 g2); 2

1g  = 0, 2
2g  = g2 with g1g2 = 

g2g1 = 0}} be the subset semiring.  S has infinite number of 
subset set ideal semiring topological spaces over subsemirings 
of S. 
 
 Infact the semiring B has infinite number of subsemirings. 
 
Example 4.53:  Let S = {Collection of all subsets from the 
semiring B = (Z+  {0})S3} be the subset semiring.  S has 
infinite number of subset set ideal semiring topological spaces 
over subsemiring Pi of B all are of infinite order and 

iP T
 , 

iP T
  

and 
iP ST  are non commutative as topological spaces. 

 
Example 4.54:  Let S = {Collection of all subsets from the 
semiring (R+  I   {0})  (D2,7  S(4))} be the subset 
semiring.  
 
 All subset set ideal semiring topological spaces over 
subsemiring Pi are of infinite order and 

iP T
 , 

iP T
  and 

iP ST  are 
non commutative over the subsemiring Pi of  
(R+  I   {0}) (D2,7  S(4)). 
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Example 4.55:  Let S = {Collection of all subsets from the 
semiring  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring. 
 
 S has only a finite number of subset set ideal semiring 
topological spaces over the subsemiring Pi in B.   
 
Example 4.56:  Let S = {Collection of all subsets from the 
semiring B =  
 
 
 
 
 
 
 
 
 
 
 
 
 


1 



a3

a2 a1 





a6

a5 a4 





 a9

a8 a7 




0 

a11 a10


 a7 
 a8 
1 

a4 
a5 

a6 


 a3 

a2 
 a1 
 0 
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be the subset semiring, o(S) < .  S has only finite number of 
subset set ideal semiring topological spaces over subsemirings  
of B. 
 
Example 4.57:  Let S = {Collection of all subsets from the 
semiring L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring. 
 
 o(S) < .  All the six subset set ideal semiring topological 
spaces over the subsemirings of L are of finite order and are 
commutative. 
 
Example 4.58:  Let S = {Collection of all subsets from the 
semiring BS4 where B  =  







 a4 

a12 

a2 
 a3 a1

a5 a6 

1 








 a16 

0 

a14
 a15

a13 

a17a18 

 a7

 a10a9

 a8 

 a11 
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subset semiring. 
 
 o(S) <  but S is non commutative.  
 

iP ST ,
iP T

  and 
iP T

  are subset set ideal semiring topological 
spaces over subsemirings Pi of S are non commutative and all of 
them are of finite order. 
 
Example 4.59:  Let S = {Collection of all subsets from the 
lattice group (group semiring) BD2,7 where B is a Boolean 
algebra of order 27} be the subset semiring; o(S) < .   
 

All the six set subset ideal semiring topological spaces are 
of finite order over the subsemirings Pi of BD2,7 and 

iP ST ,
iP T

  

and 
iP T

  are non commutative over Pi. 
 
 







 a4 

a2 




 a3 a1

1 

a5 a6 

a8

 a11a10



 a7

 a9

a12

 a14a15



 a13

0 
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Example 4.60:  Let S = {Collection of all subsets from the 
semiring B (S3  D2,5) where B =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring. 
 
 o(S) < .   
 

S is non commutative and has subset set ideal semiring 
topological spaces over subsemirings and are of finite order. 
 
Example 4.61:  Let S = {Collection of all subsets from the 
matrix semiring M = {(a1, a2, a3, a4, a5) | ai  L =    
   









a1 

 a7 

a5 

a3 

a6 

a2 

 a8 

 a4 



 a10

a9 

a11


0

 1 
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1  i  5} 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring of finite order. 
 
 The subset set ideal semiring topological space over the 
subsemiring Pi of M is of finite order.   
 

Further the topological spaces 
iP ST ,

iP T
  and 

iP T
  have 

pairs of subspaces A, B such that A  B = {(0 0 0 0 0)}.   
 
Example 4.62:  Let S = {Collection of all subsets from the 
semiring  
 

B = 

1

2

3

9

a
a
a

a

 
 
  
 
 
  


 ai  









a7 

0 

a8 a9 

 1 







a1 

a2 a3 

 a4 

 a5 

 a6 
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1  i  9}}  be the subset semiring.  o(S) < .   
 

S has subset set ideal semiring topological spaces over the 
subsemirings of B. 
 
Example 4.63:  Let S = {Collection of all subsets from the 
matrix semiring  
 

B = 

1 2 7

8 9 14

15 16 21

22 23 28

a a ... a
a a ... a
a a ... a
a a ... a

 
 
    

 ai  L a Boolean algebra of order 

 
 
28 = 256} be the subset semiring. o(S) < .   
 

S has subset set semiring ideal topological spaces of finite 
order over the subsemiring Pi of B. 
 







 a6 

a7

a2




 a3 a1

0 

a5 a4 

1





 a9 a10 

 a8
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Example 4.64:  Let S = {Collection of all subsets from the 
semiring  
 

M = 

1 2 3 4 5

6 7 10

11 12 15

16 17 20

21 22 25

a a a a a
a a ... ... a
a a ... ... a
a a ... ... a
a a ... ... a

 
 
  
 
 
  

 ai  L = 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring. o(S) < .

iP T
 , 

iP T
  and 

iP ST  be three 
set subset ideal semiring topological spaces over the 
subsemiring Pi of B.   
 

All these three spaces contain subset topological zero 
divisors. 
 
 
Example 4.65:  Let S = {collection of all subsets from the 
semiring M = {([a1, b1], [a2, b2], …, [a7, b7]) | ai, bi  L =   
 







 a4 

a2 




 a3 a1

1 

a5 a6 

a8

 a11a10



 a7

 a9

0 



192 Special Type of  Subset Topological Spaces  
 
 
 
 
 
 
 
 
 

 
 
 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1  i  7} be the subset semiring o(S) < . 
 
 The three set ideal subset semiring topological spaces over 
semirings has topological subset zero divisors. 
 
Example 4.66:  Let S = {Collection of all subsets from the 
semiring  
 
 
 

M = 

1 1

2 2

14 14

[a ,b ]
[a ,b ]

[a ,b ]

 
 
    


 ai, bi  







 a4 

a2 




 a3 a1

1 

a5 a6 

a8

 a11a10



 a7

 a9

0 
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L =          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
1  i  14} be the subset semiring.   
 

We see the six subset ideal semiring topological spaces over 
the subsemiring of M. 
 
 Further  

iP T
 , 

iP T
  and 

iP ST  are topological spaces such 
that they contain pairs of subspaces A, B such that  
 
 

A  B = 

[0,0]
[0,0]

[0,0]

  
  
         


. 





 a4 

a2 




 a3 a1

1 

a5 a6 

 a9 a10

 a7

 a8

 a12a13



 a1 

0 
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Example 4.67:  Let S = {Collection of all subsets from the 

interval semiring M = 

1 1 2 2

3 3 4 4

5 5 6 6

7 7 8 8

[a ,b ] [a ,b ]
[a ,b ] [a ,b ]
[a ,b ] [a ,b ]
[a ,b ] [a ,b ]

 
 
    

ai, bi  L =  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1  i  8}} be the subset semiring 

iP oT , 
iP T

 , 
iP T

 , 
iP T

 , 
iP T

    
and 

iP ST  are the six subset set ideal semiring topological spaces 
over subsemiring Pi of M. 
  

iP ST , 
iP T

  and 
iP T

  are subset set ideal semiring 
topological spaces which have pair of subspaces A, B such that  

 

A  B = 

[0,0] [0,0]
[0,0] [0,0]
[0,0] [0,0]
[0,0] [0,0]

  
  
         

. 







 a4 

a2 




 a3 a1

1 

a5 a6 

a8

 a12a11



 a7

 a10

0 

 a9
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Example 4.68:  Let S = {Collection of all subsets from the  
 

interval semiring M = 

1 1 2 2 7 7

8 8 9 9 14 14

43 43 44 44 49 49

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] [a ,b ]

[a ,b ] [a ,b ] ... [a ,b ]

 
 
    

  
ai,  

 
 

bi  L =      1  i  49}}  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring.   

 
The three set subset ideal semiring topological spaces 

over the subsemiring Pi, iP ST , 
iP T

  and 
iP T

  are such that we 
have a pair of subspaces A, B which are such that  

 

A  B = 

[0,0] [0,0] ... [0,0]
[0,0] [0,0] ... [0,0]

[0,0] [0,0] ... [0,0]

  
  
         

  
. 

 







 a6 

a7

a2




 a3 a1

0 

a5 a4 

1





 a9 a10 

 a8
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 These spaces have subset topological zero divisors.   
 

We have also subset semiring which are built using super 
matrix semirings.  
 
Example 4.69:  Let S = {Collection of all subsets from the  
 

super matrix semiring M = 

1 1

2 2

3 3

4 4

5 5

6 6

[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]
[a ,b ]

 
 
 
 
 
 
 
 
  

 ai, bi   

 
 

L  =   
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
1  i  6}}. Clearly o(S) < .  S has subset set ideal semiring 
topological spaces over subsemirings of M some of them have 
subset topological zero divisors. 







 a4 

a2 




 a3 a1 

1 

a5 a6 

a7







 a14

a12




 a13
a11 

a10

a15
a16 

0 

 a8

 a9
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Example 4.70:  Let S = {Collection of all subsets from the 
super matrix interval semiring M = {([a1, b1] | [a2, b2], [a3, b3] | 
[a4, b4] [a5, b5] [a6, b6] | [a7, b7] [a8, b8]) | ai, bi  L =  
 
 
 
 
            1  i  8}}  
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring. 
 
 o(S) < .  This subset semiring has subset zero divisors and 
these set ideal subset semiring topological spaces have subset 
topological zero divisors. 
 
Example 4.71:  Let S = {Collection of all subsets from the 
super interval matrix semiring  
 
M =  

1 1 2 2 3 3 4 4 5 5 6 6

7 7 8 8 16 16

17 17 18 18 24 24

25 25 26 26 30 30

31 31 32 32 36 36

37 37 38 38

[a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] ... ... ... [a ,b ]
[a ,b ] [a ,b ] ... ... ... [a ,b ]
[a ,b ] [a ,b ] ... ... ... [a ,b ]
[a ,b ] [a ,b ] ... ... ... [a ,b ]
[a ,b ] [a ,b ] 42 42

43 43 44 44 49 49

... ... ... [a ,b ]
[a ,b ] [a ,b ] ... ... ... [a ,b ]

 
 
 
  
 
 
 
  

 

 


1 



a7 

a8 a9 





a4

a6 a5 





 a1

a3 a2 

 0
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ai, bi  L a Boolean algebra of order 25;  1  i  49}} be the 
subset semiring.  o(S) < .  S has subset zero divisors and 
subset idempotents. 
 
 Now we give examples of non commutative interval subset 
semirings. 
 
Example 4.72:  Let S = {Collection of all subsets from the 
semiring  
 
 

M = 

1 1 2 2 10 10

11 11 12 12 20 20

21 21 22 22 30 30

31 31 32 32 40 40

41 41 42 42 50 50

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]

 
 
  
 
 
  

ai, bi  LS3; 

 
 
L is Boolean algebra of order 26}} be the subset semiring. S is 
non commutative and o(S) < . 
 
 The three topological spaces 

iP ST , 
iP T

  and 
iP T

   are non 
commutative. 
 
Example 4.73:  Let  
S = {Collection of all subsets from the semiring L(S4  D2,7)}; L 
a Boolean algebra of order 25, be the subset semiring.   
 

S has non commutative set ideal subset semiring topological 
spaces over subsemirings of L(S4  D2,7). 
 
Example 4.74:  Let S = {Collection of all subsets from the 
semiring (L1 L2)A5 where  
 



Subset Set Ideal Topological Semiring Spaces  199 
 
 
 
 
 
 

 

 
  L1 =     and L2 =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring which is non commutative. 
 
Example 4.75:  Let S = {Collection of all subsets from the 
semiring L(S7  D2,5  A10)} where L is the lattice     
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S is a finite non commutative subset semiring. 





 a11 

a6 

a10 


0





 

1 

a3 

a2a1 

 a4 

 a5 







 a8 

0 

a6 




 a7 a5

a4 

a9 a10

1





 a2a1 

a3 







 a6 

a7

a2




 a3 a1

0 

a5 a4 

1





 a9 a10 

 a8
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 S has subset zero divisors.  The set subset ideal topological 
semiring spaces over subsemirings have subset topological zero 
divisors. 
 
Example 4.76:  Let S = {Collection of all subsets from the 
semiring LS (3) where L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
the subset semiring.  o(S) < .   
 

S is a non commutative subset semiring.   
 
The three subset set ideal semiring topological spaces 

iP 0T , 

iP T
  and 

iP T
   are non commutative over the subsemiring Pi of 

LS(3). 
 
 These topological spaces contain subset idempotents and 
has no subset topological zero divisors. 
 
Example 4.77:  Let S = {Collection of all subsets from the 
semiring (L1  L2) S7 where L1 is a Boolean algebra of order 25 
and L2 is the following lattice 
 


 a5 
 a4 

a2 

0 

a6 

 a3 

a1 

1 
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L2 =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring; o(S) < .   
 

S has subset zero divisors.  S is non commutative.   
 
S has non commutative subset set ideal semiring topological 

spaces of finite order.  
 
 
Example 4.78:  Let S = {Collection of all subsets from the 
semiring M = L(S(4)  D2,5)} be the subset semiring where L = 
 







 a4 

a2 




 a3 a1

1 

a5 a6 

a7







 a11
a12

a10

0 

 a8

 a9
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o(S) <  and S is non commutative.   
 

S has subset zero divisors and subset idempotents.   
 
Thus the subset set ideal topological spaces of S has subset 

topological zero divisors. 
 
Example 4.79:  Let S = {Collection of all subsets from the  
(L1  L2  L3) (S(4)  D2,7); where  
 







 a15

0 

a11




 a10
a12

a9 

a14a13

a4 





 a5a6 

a8 

a7 

a3 

a2 

a1 


1 
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L1 =       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
L2 =  
 
 
 
 
 
 
 
 



 a7 a6 

 a8







1 

a3 

a2a1

 a4 

 a5 

 a11 a10 

 0

 a9 


{1} 


a11 


a12 


a13 


a14 

a10  a9 a8 a7 a6 a5 


a1 


a2 


a3 


a4 


0 
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L3 =  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring; o(S) < .  S has subset zero divisors. 
 
 Now we proceed onto describe interval subset semirings of 
type II using interval semirings. 
 
Example 4.80:  Let S = {Collection of all subsets from the 
interval lattice M = {[a, b] | a, b  L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a





 a6 

a7

a2




 a3 a1

0 

a5 a4 

1





 a9 a10 

 a8





 a10 

a8 

a9

 0







a2 

a5 

a4 a3 

 a6 

 a7 

 a1 

 1 
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be the  interval semiring. o(S) < .  Clearly S has subset set 
ideal topological semiring spaces over subsemirings Pi of M 
given by 

iP oT , 
iP T

 , 
iP T

 , 
iP T

 , 
iP T

    and 
iP ST .   

 
We see all the six spaces are distinct and 

iP T
 , 

iP T
  and 

iP ST  have pairs of subspaces A, B such that A  B = {[0, 0]}.  
Also these three spaces have subset interval topological zero 
divisors which are of finite in number. 
 
Example 4.81:  Let S = {Collection of all subsets from the 
interval semiring M = {[ai, bi] | ai, bi  LS(3) where L =  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

be the subset semiring.  S is non commutative.  
 
 We see the subset ideal semiring topological spaces are of 
finite order and

iP ST , 
iP T

  and 
iP T

   are of finite order and non 
commutative. Also all these three spaces have pairs of 
subspaces A, B with A  B = {[0, 0]} and these  three spaces 
have subset topological zero divisors.  







 a4 

a2 




 a3 a1

1 

a5 a6 

a7







 a13

a11
 a12

a10

a14
a15

0 

 a8

 a9
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Example 4.82:  Let S = {Collection of all subsets from the 
interval matrix semiring M = {([a1, b1], [a2, b2], [a3, b3], [a4, b4], 
[a5, b5]) | ai, bi  L where L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1  i  5} be the subset interval semiring.  S has subset 
idempotents and subset zero divisors.   
 

Further if Pi is any interval subset subsemiring of M then 
the three topological spaces 

iP ST , 
iP T

  and 
iP T

   have pairs of 
subspaces A, B with A  B = {([0, 0],  [0, 0], [0, 0], [0, 0], [0, 
0])}.  However 

iP T
 , 

iP T
 and 

iP ST  contain subset topological 
zero divisors.   

 
Further o(

iP T
 ),  o(

iP T
 ) and o(

iP ST ) are finite. 
 
Example 4.83: Let S = {Collection of all subsets from the 
semiring M = {([a1, b1], [a2, b2] …, [a10, b10]) | ai, bi  LS5 
where L = 







 a4 

a2 




 a3 a1

1 

a5 a6 

a7







 a14

a12




 a13
a11

a10

a15
a16

0 

 a8

 a9
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1  i  10} be the subset interval semiring.  Clearly o(S) <  
and S is a non commutative interval subset semiring. 
 
 Now if Pi is interval subsemiring of the semiring LS(5)  
then 

iP T
 , 

iP T
 and 

iP ST  are of finite order and are non 
commutative. 
 
 These three subset set ideal interval semiring topological 
spaces have pairs of subspaces A, B with A  B = {([0, 0], [0, 
0], [0, 0], …, [0, 0])}.  Also these three spaces have subset 
interval topological zero divisors. 
 
 
Example 4.84:  Let S = {Collection of all subsets from the 
semiring  
 

M = 

1 1

2 2

12 12

[a ,b ]
[a ,b ]

[a ,b ]

 
 
    


 ai, bi  L  = 

 

a





 a6 

a7

a2




 a3 a1

0 

a5 a4 

1





 a9 a10 

 a8
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1  i  12} be the subset semiring.  
 
 S has subset set ideal interval semiring topological spaces 
over subsemiring Pi of L. 

iP T
 , 

iP T
 and 

iP ST  are all of finite 
order commutative and have subset topological zero divisors 
subset idempotents. 
 
Example 4.85:  Let S = {Collection of all subsets from the 
interval semiring M = {[a, b] | a, b  LS3  D2,11 where L is a 
Boolean algebra of order 26}} be the subset semiring.  o(S) < .  
S is non commutative.  S has subset zero divisors as well as 
subset topological zero divisors.  Infact the spaces 

iP T
 , 

iP T
 and 

iP ST ; the set subset ideal topological semiring spaces 
have pairs of subspaces A, B such that A  B = {[0, 0]}. 









1 

 a6 

a4 

a2 

a5 

a1 

 a7 

 a3 



 a10

a8 

a9 

 a11 



 a14

a12 

a13


0 
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Example 4.86:  Let S = {Collection of all subsets form the 

interval matrix semiring  M = 

1 1

2 2

12 12

[a ,b ]
[a ,b ]

[a ,b ]

 
 
    


ai, bi  LS(4); 1  i 

 12 where L =   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
the subset semiring.  o(S) < .  S is non commutative.  S has 
subset zero divisors. Also S has subset idempotents.  The set 
ideal subset topological semiring spaces 

iP T
 , 

iP T
 and 

iP ST  
have pairs of subspaces A, B such that  
 

A  B = 

[0,0]
[0,0]

[0,0]

  
  
         


. 







 a4 

a2 




 a3 a1 

1 

a5 a6 

a7







 a14

a10
 a9 a11 

a13
a12 

0 

 a8
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Example 4.87:  Let S = {Collection of all subsets form the 
interval matrix semiring  
 

M = 

1 1 2 2 3 3

4 4 5 5 6 6

28 28 29 29 30 30

[a ,b ] [a ,b ] [a ,b ]
[a ,b ] [a ,b ] [a ,b ]

[a ,b ] [a ,b ] [a ,b ]

 
 
    

  
 where ai, bi  LS7  

 
    where L =  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
be the subset semiring. o(S) < .  S is non commutative and S 
has subset zero divisors and topological subset zero divisors.  
 
Example 4.88:  Let S = {Collection of all subsets from the 
interval matrix semiring  









a1 

 a6 

a5 

a3 

a7 

a2 

 a8 

 a4 



 a10

a9 

a11

 a12 

 a13a14


0 

 1 
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M = 
1 1 2 2 3 3 4 4

13 13 14 14 15 15 16 16

[a ,b ] [a ,b ] [a ,b ] [a ,b ]

[a ,b ] [a ,b ] [a ,b ] [a ,b ]

 
 
 
  

     ai, bi  LD2,13  

 
where  L =  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
be the subset semiring o(S) < . 

iP T
 , 

iP T
 and 

iP ST  have 
subset topological spaces which has subset topological zero 
divisors. 
 
Example 4.89:  Let S = {Collection of all subsets from the 
super interval matrix semiring M = {([a1, b1] | [a2, b2]  [a3, b3] | 
[a4, b4]) | ai, bi  L (S3  D2,7); 1  i  4, L is a chain lattice 
C10}} be the subset semiring. o(S) < . 
 
 Inview of all these we state the following theorem.  
 







 a4 

a2 




 a3 a1

1 

a5 a6 

a7







 a14

a10
 a9 a11

a13
a12

0 

 a8
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THEOREM 4.4:  Let  
S = {Collection of all subsets from the interval semiring} be the 
subset semiring  
 

(i) S has subset zero divisors and subset topological 
zero divisors. (ii) 

iP T , 
iP T and 

iP ST  have pairs of subset set 
ideal semiring topological subspaces A, B with A  B = {([0, 
0])}. 
 
 The proof is direct and hence left as an exercise to the 
reader. 
 
 We now proceed onto propose  the following problem for 
the reader.  
 
Problems: 
 
1. Obtain some special and interesting results about the six 

subset set ideal semiring topological spaces over a subring 
of a ring. 

 
2. Characterize those rings in which atleast three of the six 

topological spaces are identical. 
 
3. Does there exist a ring for which all the six topological 

spaces are identical? 
 
4. Find conditions on the ring so that all the six topological 

spaces are distinct. 
 
5. Let S = {Collection of all subsets from the ring Z12} be 

the subset semiring. 
 

(i) Find o(S). 
(ii) Find all subset set ideal semiring special topological 

spaces; 
iP oT , 

iP T
 , 

iP T
 , 

iP T
 , 

iP T
    and 

iP ST  
over a subring Pi  Z12. 
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(iii) Find all set ideal subset semiring topological zero 
divisors of S. 

 
6. Let S = {Collection of all subsets from the ring Z19} be 

the subset semiring. 
 

(i) Study questions (i) and (ii) of problem 5 for this S. 
(ii) Can S have subset zero divisors? 
(iii) Is S a subset semifield? 

 
7. Let  

S = {Collection of all subsets from the ring M = Z15  
Z46} be the subset semiring. 

 
 Study questions (i) and (iii) of problem 6 for this S. 
 
8. What are the special features enjoyed by the subset 

interval semiring built using interval semiring? 
 
9. Let S = {Collection of all subsets from the ring Z5S7} be 

the subset semiring. 
 

(i) Find o(S). 
(ii) Find all the six subset set ideal semiring topological 

spaces over subrings. 
(iii) Show S is non commutative.  
(iv) Prove the set ideal subset semiring topological 

spaces 
iP ST , 

iP T
  and 

iP T
   are non commutative 

space over Pi the subring of M. 
(v) Find all subset set ideal semiring topological 

subspaces of 
iP ST , 

iP T
  and 

iP T
    which are 

commutative over the subring Pi.  
(vi) Does 

iP ST , 
iP T

  and 
iP T

    have subset topological 
zero divisors? 

(vii) Can 
iP ST , 

iP T
  and 

iP T
    have pairs of subset set 

ideal semiring subspaces A, B such that  
A  B = {(0)}. 
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10. Let S = {Collection of all subsets from the ring Z40D2,8} 

be the subset semring of type I.  
 
 Study questions (i) and (vii) of problem 9 for this S. 
 
11. Let S = {Collection of all subsets from the ring (Z12  Z35) 

(S(4)  (D2,5))} be the subset semring.  
 
 Study questions (i) and (vii) of problem 9 for this S. 
 
12. Let S = {Collection of all subsets from the matrix ring M 

= {(a1, a2, a3, …, a12) | ai  Z48 D2,8; 1  i  12}} be the 
subset semiring.  

 
 Study questions (i) and (vii) of problem 9 for this S. 
 
13.  Let S = {Collection of all subsets from the matrix ring  

 

 M = 

1

2

9

a
a

a

 
 
    


 ai  Z19, A5; 1  i  9}} be the subset  

 
semiring of type I.  

 
 Study questions (i) and (vii) of problem 9 for this S. 
 
14. Let S = {Collection of all subsets from the matrix ring 

  

M = 

1 2 10

11 12 20

21 22 30

31 32 40

a a ... a
a a ... a
a a ... a
a a ... a

 
 
    

 ai  (Z10  Z51) S3,  

 
1  i  40}}  
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be the subset semiring.   
 
 Study questions (i) and (vii) of problem 9 for this S. 
 
15. Let S = {Collection of all subsets from the matrix ring  
 

M = 

1 2 5

6 7 10

11 12 15

16 17 20

21 22 25

a a ... a
a a ... a
a a ... a
a a ... a
a a ... a

 
 
  
 
 
  

ai  (Z11  Z7) S7, 1  i  25}}  

 
be the subset semiring of type I.  

 
 Study questions (i) and (vii) of problem 9 for this S. 
 
16. Let S = {Collection of all subsets from the super matrix  
 

  ring M = 

1

2

3

4

5

6

7

8

9

10

11

a
a
a
a
a
a
a
a
a
a
a

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 ai  Z25 (D2,7  A5); 1  i  11}} be a  

 
     subset semiring of type I.   
 
 Study questions (i) and (vii) of problem 9 for this S. 
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17. Let S = {Collection of all subsets from the super matrix 
ring M = {(a1 | a2 a3 | a4 a5 a6| a7 a8 | a9) | ai  Z5 (A5  
D2,11); 1  i  9}} be the subset semiring of type I.  

 
 Study questions (i) and (vii) of problem 9 for this S. 
 
18. Let S = {Collection of all subsets from the super matrix  
 

    M = 

1 2 3 4 5 6 7 8

9 10 16

17 18 24

25 26 32

33 34 40

a a a a a a a a
a a ... ... ... ... ... a
a a ... ... ... ... ... a
a a ... ... ... ... ... a
a a ... ... ... ... ... a

 
 
  
 
 
  

 ai  Z15 

 

    (A4  D2,11); 1  i  40}} be the subset semiring.   
 
 Study questions (i) and (vii) of problem 9 for this S. 
 
19. Let S = {Collection of all subsets from the ring R} be the 

subset semiring.  
 

(i) Find the subset semiring set ideal topological 
spaces 

iP oT , 
iP T

 , 
iP T

 , 
iP T

 , 
iP T

    and 
iP ST  over 

the subrings Pi of R. 
(ii)    Find subspaces of the topological spaces given in 

(i). 
(iii) Show these spaces have subset topological zero 

divisors. 
(iv) Prove all the topological spaces are commutative.  
(v) Show on S we can have infinite number of set ideal 

subset semiring topological spaces defined over the 
subrings. 

 
20. Let S = {Collection of all subsets from the ring Q  I} 

be the subset semiring.  
 

Study questions (i) and (v) of problem 19 for this S. 



Subset Set Ideal Topological Semiring Spaces  217 
 
 
 
 
 
 

 

 
21. Let S = {Collection of all subsets from the ring C  IS3} 

be the subset semiring.  
 

(i) Study questions (i) and (v) of problem 19 for this S. 
(ii) Prove S is non commutative. 
(iii) Prove the set ideal subset semiring topological 

spaces 
iP ST , 

iP T
  and 

iP T
     over the subring Pi of 

C  IS3 are non commutative. 
 
22. Let S = {Collection of all subsets from the ring (Z  Z  

Z)S7} be the subset semiring.  
 

(i) Study questions (i) and (v) of problem 19 for this S. 
(ii) Prove 

iP ST , 
iP T

  and 
iP T

  has pairs of subspaces 
A, B such that A  B = {(0)}. 

 
23. Let S = {Collection of all subsets from the ring M = {(a1, 

a2, …, a9) | ai  Z  ID2,11, 1  i   9}} be the subset 
semiring.  

 
 Study questions (i) and (ii) of problem 22 for this S. 
 
24. Let S  = {Collection of all subsets from the matrix ring  

 

  M = 

1

2

3

11

12

a
a
a

a
a

 
 
 
 
 
 
 
 
  


 ai  ZS11; 1  i  12}}  be the subset  

 
  semiring.  

 
 Study questions (i) and (ii) of problem 22 for this S. 
 



218 Special Type of  Subset Topological Spaces  
 
 
 
 
 
 
 
 
 

25. Let S = {Collection of all subsets from the matrix ring   
 

M = 

1 2 3

4 5 6

28 29 30

a a a
a a a

a a a

 
 
    

  
 ai  Q  I D2,7; 1  i  30}} be  

 
the subset semiring. 
 
(i) Study questions (i) and (ii) of problem 22 for this S. 
(ii) Prove S has infinite number of subset zero divisors.  

 
26. Let S = {Collection of all subsets from the ring  

 

  M = 

1 2 3 4 5 6 7 8 9

10 18

19 27

28 36

37 45

a a a a a a a a a
a ... ... ... ... ... ... ... a
a ... ... ... ... ... ... ... a
a ... ... ... ... ... ... ... a
a ... ... ... ... ... ... ... a

 
 
  
 
 
  

ai   

 
  Z(D2,7  A5  S(3)); 1  i  45}} be the subset semiring. 

 
(i) Study questions (i) and (ii) of problem 22 for this S. 
(ii) Prove S has infinite number of subset zero divisors. 
(iii) Prove their exists infinite number of pairs of 

subspaces A, B with  
 

        A  B = 

0 0 0 0 0 0 0 0 0
0 ... ... ... ... ... ... ... 0
0 ... ... ... ... ... ... ... 0
0 ... ... ... ... ... ... ... 0
0 0 0 0 0 0 0 0 0

  
  
     
  
  
    

. 
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27. Let S = {Collection of all subsets from the super matrix  
 

     ring M = 

1 2 3 4 5 6

7 12

13 18

19 24

25 30

31 36

a a a a a a
a ... ... ... ... a
a ... ... ... ... a
a ... ... ... ... a
a ... ... ... ... a
a ... ... ... ... a

 
 
 
 
 
 
 
 
  

 ai   Z  I  

 
     (g1, g2, g3) S7; 1  i  36; 2

1g  = 0, 2
2g  = g2, 2

3g  = –g3, gigj = 
     gjgi = 0, 1  i, j  3}} be the subset semiring.  

 
 Study questions (i) and (iii) of problem 26 for this S. 
 
28. Let S = {Collection of all subsets from the interval ring  

M = {([a1, b1], [a2, b2], …, [a9, b9]) } ai, bi  ZS3  D2,11;  
1  i  9}} be the subset semiring.  

 
 Study questions (i) and (iii) of problem 26 for this S. 
 
29. Let S = {Collection of all subsets from the interval ring  

 

M = 
1 1 2 2 7 7

8 8 9 9 14 14

15 15 16 16 21 21

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]

[a ,b ] [a ,b ] ... [a ,b ]

 
 
 
  

ai, bi  (Z  Z  

 
 Z) S(5), 1  i  21}} be the subset semiring.  

 
 Study questions (i) and (iii) of problem 26 for this S. 
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30. Let S = {Collection of all subsets from the interval matrix  
 

  ring M = 

1 1 2 2 8 9

9 9 10 10 16 16

17 17 18 18 24 24

25 25 26 26 32 32

33 33 34 34 40 40

41 41 42 42 48 48

49 49 50 50 56 5

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b 6

57 57 58 58 64 64

]
[a ,b ] [a ,b ] ... [a ,b ]

 
 
 
 
 
        

ai, bi   

 
  C  I (S7  D2,8  A11)} be the subset semiring.  
 
 Study questions (i) and (iii) of problem 26 for this S. 
 
31. Let S = {Collection of all subsets from the polynomial 

ring R[x], R reals} be the subset semiring. 
 

(i) Show S has no subset zero divisors. 
(ii) Is S commutative? 
(iii) Show S has infinite number of subset set ideal 

topological semiring subspaces. 
(iv) Prove R[x] has infinite number of subrings. 

  
32. Let S = {Collection of all subsets from the ring  

R  I[x]} be the subset semiring.  
 

Study questions (i) and (iv) of problem 31 for this S. 
 
33. Let S = {Collection of all subsets from the ring R[x1, x2, 

x3] xi xj = xjxi = i  j, 1  i, j  3} be the subset semiring.  
 
 Study questions (i) and (iv) of problem 31 for this S. 
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34. Let S = {Collection of all subsets from the ring  

 

    M = i
i i

i 0
[a ,b ]x








 ai, bi  C  I }} be the subset  

 
   semiring.  

 
(i) Prove S has subset zero divisors. 
 
(ii) Study questions (i) and (iv) of problem 31 for this  
          S. 
 
 

35. Let S = {Collection of all subsets from the interval 
polynomial ring R = C  I  C  I (x1, x2)}  

 
(i) Study questions (i) and (ii) of problem 34 for this S. 

 
 
36. Let S = {Collection of all subsets from the groupring  

R  I S7  A4} be the subset semiring.  
 
 Study questions (i) and (ii) of problem 34 for this S. 
 
 
37. Let S = {Collection of all subsets from the interval matrix  
 

     M = i
i i

i 0
[a ,b ]x








  ai, bi  RS(5)}} be the  

 
    subset semiring.   

 
 Study questions (i) and (ii) of problem 34 for this S. 
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38. Let S = {Collection of all subsets from the semiring L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 be the subset semiring of type II. 
 

(i) Find o(S). 
(ii) Find all subsemirings of L. 
(iii) Find all set ideal subset semiring topological spaces 

of S. 
(iv) Prove S has subset idempotents. 
(v) Prove S has subset zero divisors.  

 
 
39. Let S = {Collection of all subsets from the semiring LS7 

where L is as follows: 
 







 a4 

a2 




 a3 a1

1 

a5 a6 

a8

 a11a10



 a7

 a9

0 
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  be the subset semiring.  
 
 

(i) Study questions (i) and (v) of problem 38 for this S. 
 
(ii) Prove the topological spaces

iP ST , 
iP T

  and 
iP T

  
are non commutative in general. 

 







 a4 

a2 




 a3 a1

1 

a5 a6 

a7







 a15

a13




 a14
a12

a11

a16
a17

0 

 a8

 a9

 a10
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40. Let S = {Collection of all subsets from the semiring L1  
L2,  where  

 
 
 L1 =    L2 =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 be the subset semiring of type II.  
 
 Study questions (i) and (v) of problem 38 for this S. 
 
 
41. Let S = {Collection of all subsets from the semiring LS(5) 

where L is a Boolean algebra of order 32} be the subset 
semiring of type II.  

 
(i) Study questions (i) and (v) of problem 38 for this S.   
 
(ii) Prove S is non commutative. 

 

 

 

 

a6 

a3 

a5 a4 

 a10 

 
1 

 a9 

 a8 

 a7 

 a2 

 
0 

 a1 







 a9 

a7 




 a8 a6

a5

a10a11

a13 

0 


 a12 

 a14 
 a15 

 a1 

a4 

 1 

 a2 
 a3 
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42. Let S = {Collection of all subsets from the semiring  

M = {(a1, a2, …, a6) | ai  L, where L is a lattice  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 be the  subset semiring of type II.  
 
 Study questions (i) and (v) of problem 38 for this S. 
 
43. Let S = {Collection of all subsets from the semiring  
 

M = 

1

2

10

a
a

a

 
 
    


 ai  L =  


1 



a3

a2 a1 





a6

a5 a4 





 a9

a8 a7 



 a12 

a11 a10




0 

a14 a13
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  where 1  i  10}  be the subset semiring.  
 
  Study questions (i) and (v) of problem 38 for this S. 
 
44. Let S = {Collection of all subsets from the semiring M = 

1 2 10

11 12 20

21 22 30

31 32 40

a a ... a
a a ... a
a a ... a
a a ... a

 
 
    

 ai  L, L a Boolean algebra of 

order 64; 1  i  40}} be the subset semiring.   









1 

 a13

a15 

a18

a14

a17

 a12 

 a16 



 a9 

a11 

a10

 a8 



 a6 

a7 

a5 

 a4 



 a2 

a3 

a1 


0 
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 Study questions (i) and (v) of problem 38 for this S. 
 
45. Let S = {Collection of all subsets from the semiring  
 

 

M = 

1 5 9 13

2 6 10 14

3 7 11 15

4 8 12 16

a a a a
a a a a
a a a a
a a a a

 
 
    

 ai  LS4 where  

 
 

L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  1  i  16}} be the subset semiring.  
   
 

(i) Study questions (i) and (v) of problem 38 for this S. 
(ii) Prove S is commutative. 
(iii) Prove the topological subset spaces, 

iP T
 , 

iP T
  and 

iP ST  are non commutative. 
(iv) Find atleast two subset topological subspace of 

iP T
 , 

iP T
  and 

iP ST  .  









a5 

a8 

a7 a6 

 a1 


1 

 a2 

 a3 

 a4 




0 

a10a9 
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46. Let S = {Collection of all subsets from the semiring  
 

M = 

1 2 3

4 5 6

7 8 9

10 11 12

13 14 15

16 17 18

a a a
a a a
a a a
a a a
a a a
a a a

 
 
 
 
 
 
 
 
  

 ai  L(S (5)  D2,7,  

 
 

L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   1  i  18}} be the subset semiring.  







 a4 

a2 




 a3 a1

1 

a5 a6 

a7







 a14

a12




 a13
a11

a10

a15
a16

 a8

 a9

a17 



 a20

a18 

a19


0 
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(i) Study questions (i) and (v) of problem 38 for this S. 
 
(ii) Prove 

iP T
 , 

iP T
  and 

iP ST  are all non commutative 
set ideal subset topological spaces of S over the 
subsemiring Pi of L(S(5)  D2,7). 

  
47. Let S = {Collection of all subsets from the semiring  

M = {(a1 | a2 a3 | a4 a5 a6 | a7 a8 a9) | where ai  L(S(4)  
D2,7); 1  i  9}} be the subset semiring (L is a chain 
lattice C20).   

 
(i) Study questions (i) and (v) of problem 38 for this S. 
 
(ii) Prove S is non commutative. 
 

48. Let S = {Collection of all subsets from the super matrix  
 

semiring M = 

1

2

3

4

5

6

7

8

9

10

11

12

13

a
a
a
a
a
a
a
a
a
a
a
a
a

 
 
 
 
 
 
 
 
 
            

 ai (L1  L2) D2, 11  
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where L1 =         and L2 =  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 1  i  13}} be the subset semiring.   
 
 (i) Study questions (i) and (v) of problem 38 for this S. 
 
 (ii) Is S commutative? 
 
 
49. Let S = {Collection of all subsets from the interval matrix 

semiring M = {([a1, b1], [a2, b2], [a3, b3], …, [a10, b10]) | ai, 
bi  L (S3  D2,7); 1  i  10}} be the subset semiring. 

 
(i) Study questions (i) and (v) of problem 38 for this S. 
 





 



1 

 a7 

a5 

a2 

a6 

a1 

 A8 

 a3 



 a11

a10 

a12 

 a13 



 a16

a15 

a17 


0 

 a4 

 a14 

 a9 

 a4 
 a3 







 a4 

a2 




 a3 a1

1 

a5 a6 

a7







 a13

a11
 a12

a10

a14
a15

0 

 a8

 a9
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(ii) Prove S is non commutative. 
 
(iii) Prove S has subset topological zero divisors. 
 
(iv) Show T

 , T
  and TS has pairs of subspaces A, B 

with A  B = {([0, 0],  [0, 0], …, [0, 0])}. 
 
50. Let S = {Collection of all subsets from the interval matrix 

semiring  
 

M = 

1 1 2 2 12 12

13 13 14 14 24 24

25 25 26 26 36 36

37 37 38 38 48 48

49 49 50 50 60 60

61 61 62 62 72 72

[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]
[a ,b ] [a ,b ] ... [a ,b ]

 
 
 
 
 
 
 
 
  








 ai, bi   

 
 
L(D2,13  S8); L = C15 a chain lattice,  1  i  72}} be the 
subset semiring.  

 
 Study questions (i) and (iv) of problem 49 for this S. 
 
 
51. Let S = {Collection of all subsets from the semiring  
 

M = i
i i

i 0
[a ,b ]x








  ai, bi  LS(5) where L is the lattice  

 
given in the following 
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 be the subset semiring. 

(i) Study questions (i) and (iv) of problem 49 for this 
S. 

(ii) Can S have infinite number of subset set ideal 
topological semiring spaces over the subsemiring of 
M? 

(iii) Can S have infinite number of commutative subset 
set ideal semiring topological spaces over 
subsemiring of M? 

(iv) Can M have infinite number of non commutative 
subsemiring? 







 a4 

a2 




 a3 a1

1 

a5 a6 

a8

 a11a10



 a7

 a9

a12







 a18

a16




 a17
a15

a14

a19
a20

0 

 a13
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52. Let S = {Collection of all subsets from the interval 

polynomial semiring M = i
i i

i 0
[a ,b ]x








  ai, bi  LD2,11 

where L =  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 a9 

a17 

a7 
 a8 a6

a10a11 

a5 







 a21 

a24 

a19
 a20

a18 

a22a23 

 a12

 a15a14

 a13 

 a16 

 1 

 a2 a3

 a1 

 a4 


0 
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 be the subset semiring. 
  
 Study questions (i) and (iv) of problem 49 for this S. 
 
 
53. Obtain some special and interesting features enjoyed by 

finite subset interval semirings of type II. 
 
54. Does there exist subset interval semiring which has no 

subset zero divisors? 
 
55. Can one prove all interval subset semirings will have 

subset zero divisors? 
 
56. Prove the trees related with the finite set ideal subset 

semiring topological spaces 
iP oT , 

iP T
 , 

iP T
 , 

iP T
 , 

iP T
    

and 
iP ST  over the subsemiring (or subring) can find 

applications in data mining.  
 
57. Find all the trees associated with the set ideal subsets 

semiring topological spaces subset semiring  
S = {Collection of all subsets from the ring Z5D2,7} over 
subrings of Z5D2,7. 

 
58. Find all trees associated with the subset set ideal semiring 

topological spaces 
iP oT , 

iP T
 , 

iP T
 , 

iP T
 , 

iP T
    and 

iP ST  over the subsemiring Pi of LS3 where L =  



Subset Set Ideal Topological Semiring Spaces  235 
 
 
 
 
 
 

 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
59. Find the basic sets of the spaces in problem 58. 
 
60. Find the basic sets of the spaces in problem 57. 
 
61. Let  

S = {Collection of all subsets from the semiring Z12D2,5} 
be the subset semiring of type I.   

 







 a16

a13

a18




 a17
a19 

a15a14

a20





 a11 a12 







 a6 

a3

a7 




 a8 a9

0 

a5 a4 

a10

 a2 a1 


1 

 a21 a22 
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 Find all subset set ideal semiring topological spaces of S 
over Pi, subring of Z12D2,5 and find all the trees associated 
with them. 

 
62. Let S = {Collection of all subsets from the semiring LS3 

where L =  
 
 
 
 
 
 
 
 
 
 
 
 be the subset semiring of type II. 
 

(i) Find all subset set ideal semiring topological spaces 
of S over the subsemiring Pi of LS3 and their 
associated trees.  

 
63. If L in problem 62 LS3 is replaced by Z8 so that Z8S3 is a 

ring find all subset set ideal semiring topological spaces 
of that S and the trees related with them.   

 
 Compare both the trees associated with the spaces in 

problem 62 and the spaces in problem 63.  
 







 a4 

0 

a2 
 a3 a1 

a5 a6 

1 

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