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I. INTRODUCTION 

 

A semigraph S  is a pair ),( XV where V  is a 

nonempty set whose elements are called vertices of S

and X is a set of ordered n-tuples 2n  of distinct 

vertices called edges of S  satisfying the following 

conditions : 

 

i.   any two edges have at most one vertex in 

common. 

ii. two edges ),......,( 211 muuuE  and 

),....,( 212 nvvvE 
 
are said to be equal iff 

a. nm   and 

b. either 
ii vu   or 1 ini vu  for 

ni 1 . 

 

Semigraphs are introduced by E. Sampath kumar [9] 

in the year 2000, since then it has been an interesting 

field of research in graph theory. B. D. Acharya [1] 

discussed construction of semigraph from square 

matrices. B. Y. Bam and N. S. Bhave [2] have studied 

different types of degree sequences in semigraphs. S. 

P. Subbiah [10] have studied the relationship between 

topologies and discrete semigraphs. 

 

There are different types of adjacency defined between 

two vertices in a semigraph. Two vertices u  and v  in 

a semigraph S  are said to be e adjacent if they are 

the end vertices of an edge. The basic concepts relating 

semigraphs are discussed in [4]. The properties of 

various types of adjacencies between vertices are 

deeply discussed in [5]. 

 

A subset D  of V  is said to be e dominating set if 

for every DVv   there exists an vertex Du  

such that u  and v  are end vertices of an edge. The 

minimum cardinality of such a set D  is called e

domination number of the semigraph S . It is denoted 

as  Se . 

A path semigraph  XVS ,  is a 

semigraph with the following properties. 

i. it has no middle – end vertices. 

ii. it has exactly two end vertices each with edge 

degree one. 

iii. the edge degree of all other end vertices (if 

they exist) are exactly two. 

 

Note that a path semigraph with no middle 

vertices is simply a path. The certain energies of path 

semigraphs have been studied in [6].  Charecteristic  

polynomial of path semigraphs have been studied in 

[7].  N. Murugesan and D. Narmatha  [8] discussed 

ca domination of Cartesian product of path 

semigraphs. 

In this paper, we discuss the e domination 

number of cartesian product of path semigraphs. 

 

II. CARTESIAN PRODUCT OF PATH 

SEMIGRAPHS 

 

Let  111 , XVS   and  222 , XVS   be 

two semigraphs. The Cartesian product of 1S  and 2S  

denoted by 1S □ 2S  is defined as follows : 

Vertex set of 1S □ 2S  is 21 VV   and the edge 

set is as given below: 
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i. For any vertex 1Vu  and any edge 

 rvv ,....,,vE 21  in 2X , 

      rvuvu ,,......,,,vu, 21  is an edge in S1□S2.      

ii. Also, for any edge  suu ,....,,uE 21  in 

1X  and for any vertex 2Vv ,  

      vuvuv s ,,......,,,,u 21  is an edge in S1□S2. 

It has been discussed that cartesian product of 

two semigraphs is also a semigraph [3]. 

 

2.1 Example 

Consider the following two semigraphs. 

            

 

     

 

            Fig. 2.1 two semigraphs 1S , 2S
 

The cartesian product of  the above two semigraphs is 

given in fig. 2.2.       

                                     

 
       

  Fig. 2.2  cartesian  product  S1□S2 

 

In this paper, we study the e domination 

number of the cartesian product of simple path 

semigraphs. A simple path semigraph means, the path 

semigraph in which every edge contains exactly one 

middle vertex. A simple path semigraph with n  edges 

is represented by  nsP . In this paper, we  study e

domination number of   nsP □  msP ,  for 

2,....1,n   and  m = 1,2,3,…,10.
  

 

2.2 Theorem 

γ e [  nsP □  1sP ] = 

 














,..3,2,1,0;2312

,....3,2;1361
3

5

,....3,2,1;322

kknifn

kknifn

kknifn

 

Proof: 

First let 0k , then the cartesian products Ps(1) □ Ps(1)   

and Ps(2)□ Ps(1)
are given in fig 2.3.                                 

 

 

 

                  Fig. 2.3   Ps(1) □ Ps(1)  ;  Ps(2)□ Ps(1) 

            Then the set of vertices 

        33231312 ,,,,,,, vuvuvuvu  and 

          3323141312 ,,,,,,,,, vuvuvuvuvu  

form minimal e dominating sets for Ps(1) □ Ps(1)  and 
 

Ps(2)□ Ps(1) respectively. Hence, lemma follows for 

0k . Similarly we can easily verify the theorem 

for 1k  .
  

                   Next, let us take n = 3k,  k = 2,3,4,…. 
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The minimal e dominating set D is 

   

  

       

       
 

  



























































1,2

13

1

21611616336

236136146126

,123

1

1

,,,,,,,

,,,,,,,,

3,2,1/

vu

vuvuvuvu

vuvuvuvu

jvu

l

k

l

kkkk

kkkk

jl

k

l





 

Now  

         

   

22

2
3

6

26

33833

13813



















n

n

k

kk

kkD

  

Hence γe [  nsP □  1sP ] = 22 n , when 

,...3,2,1;3  kkn  

Let ,...3,2;13  kkn  . The minimal e

dominating set D is  

  

     

   
          

          








































































31621612611616

336236126136146

1,16

1131211312

1

1

,312

1

1

,,,,,,,,,

,,,,,,,,,

,,,

3,2,1;

vuvuvuvuvu

vuvuvuvuvu

vu

vuvu

jvu

kkkkk

kkkkk

k

ll

k

l

jl

k

l









   

6
3

1
5

65

112233

111213








 








n

k

kk

kkD

 

Finally, let ,...3,2,1,0,23  kkn  . The 

corresponding minimal e dominating set is       

       

  

     

 











































































16
1

1131211312

1

1

,312

1

1

,

,,,

3,2,1;

vu

vuvu

jvu

D

l

k

l

ll

k

l

jl

k

l







    
and  

        

   

12

56

1213







n

k

kkkD

 

         Hence the theorem. 

2.3  Theorem        

        γe [  nsP □  2sP ] = 

,.....2,1,0

237
3

2
8

135
3

1
8

33
3

8
























 








 










k

knif
n

knif
n

knif
n

 

 Proof :             

The cartesian product Ps(1) □ Ps(2)  and Ps(2) □ Ps(2)  is 

given in the following fig.       

                    

                            Fig. 2.4  Ps(1) □ Ps(2)   
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Fig. 2.5;  Ps(2)□ Ps(2) 

              First let us assume 0k . The set of vertices 

          3231433323 ,,,,,,,,, vuvuvuvuvu  and 

              34325343332313 ,,,,,,,,,,,,, vuvuvuvuvuvuvu  

form a minimal e dominating sets for Ps(1) □ Ps(2)  ;  

Ps(2)□ Ps(2)  respectively. Hence the lemma is true for 

0k . Similarly we can verify the theorem for 

1k .  

             Next, let us take ,....3,2,3  kkn The 

minimal e dominating set is 

             

  

 

  .4,3,2/,

,

.5,4,3,2,1/,

16

32

3

1

123
1












jvu

vu

jvuD

jk

l

k

l

jl

k

l







 

Now  

           

3
3

8

38

335















n

k

kkD

 

Hence γe [  nsP □  2sP ]= 3
3

8 






 n
, when 

,....3,2,3  kkn . 

Let us take ,....3,2,13  kkn The minimal 

e dominating set is 

             

  

 

  .4,3,2/,

,

.5,4,3,2,1/,

16

32

13

1

123
1














jvu

vu

jvuD

jk

l

k

l

jl

k

l







 

           

 

5
3

1
8

58

31135








 






n

k

kkD

 

Finally, let us take ,....3,2,23  kkn  

The minimal e dominating set is 

             
  

 322

13

0

123

1

1

,

.5,4,3,2,1/,

vu

jvuD

l

k

l

jl

k

l



















 

Now  

           

   

7
3

2
8

78

2315








 






n

k

kkD

 

2.4  Theorem            

γe [  nsP □  3sP ] = 

 

 

 

























,...2,1,0

2311
3

213

138
3

113

35
3

13

k

knif
n

knif
n

knif
n

 

 

Proof : 

              First let us assume 0k . The set of vertices 

                7372633231433323 ,,,,,,,,,,,,,,, vuvuvuvuvuvuvuvu  
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and 

           

          







7363523432

545343332313

,,,,,,,,,

,,,,,,,,,,,,

vuvuvuvuvu

vuvuvuvuvuvu
 

form a minimal e dominating sets for Ps(1) □ Ps(3)  ;  

Ps(2)□ Ps(3)  respectively. Hence the lemma is true for 

0k . Similarly we can verify the theorem for 

1k .  

             Next, let us take ,....3,2,3  kkn  

The minimal e dominating set is 

             

  

 

  .6,5,4,3,2/,

5,3/,

7,......,2,1/,

16

2

3

1

123
1














jvu

jvu

jvuD

jk

jl

k

l

jl

k

l







 

Now  

           

5
3

13

513

567















n

k

kkD

 

Hence γe [  nsP □  3sP ]= 5
3

13 






 n
, when 

,....3,2,3  kkn . 

Let us take ,....3,2,13  kkn  

The minimal e dominating set is 

             

  

 

 

  .6,5,4,2,1/,

,

.5,1/,

.7,......,2,1/,

36

516

2

13

1

123
1


















jvu

vu

jvu

jvuD

jk

k

jl

k

l

jl

k

l









 

Now  

           

 

8
3

1
13

813

51267








 






n

k

kkD

 

Finally, let us take ,....3,2,23  kkn  

The minimal e dominating set is 

             
  

  .5,3/,

.7,....,2,1/,

2

23

1

123

1

1















jvu

jvuD

jl

k

l

jl

k

l





 

Now  

           

   

11
3

2
13

1113

4677








 






n

k

kkD

 

Hence the theorem. 

2.5 Theorem 

          γe [  nsP □  4sP ] = 


























 








 










,...2,1,0

2313
3

2
15

1310
3

1
15

36
3

15

k

knif
n

knif
n

knif
n

 

Proof : 

              First let us assume 0k . The set of vertices 

                    83737271633231433323 ,,,,,,,,,,,,,,,,,,, vuvuvuvuvuvuvuvuvuvu  

and   9,....,2,1/,3 jvu j  and 

  7,3,4,2/,  jivu ji form a minimal 

e dominating sets for Ps(1) □ Ps(4)  ;  Ps(2)□ Ps(4)  

respectively. Hence the lemma is true for 0k .              
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  Next, let us take ,....3,2,1,3  kkn  

  The minimal e dominating set is 

             

  

 

  .8,7,6,4,3,2/,

7,3/,

.9,......,2,1/,

16

2

3

1

123
1














jvu

jvu

jvuD

jk

jl

k

l

jl

k

l







 

Now  

           

6
3

15

615

669















n

k

kkD

 

Hence γe [  nsP □  4sP ]= 6
3

15 






 n
, when 

,....3,2,1,3  kkn . 

Let us take ,....3,2,1,13  kkn  

The minimal e dominating set is 

             

  

 

 
  .7,3/,

.8,7,6,4,3,2/,

.7,3/,

.9,......,2,1/,

36

16

2

13

1

123
1




















jvu

jvu

jvu

jvuD

jk

jk

jl

k

l

jl

k

l









 

Now  

           

 

10
3

1
15

1015

26269








 






n

k

kkD

 

Finally, let us take ,....3,2,1,23  kkn  

The minimal e dominating set is 

             
  

  .7,3/,

.9,....,2,1/,

2

23

1

123

1

1















jvu

jvuD

jl

k

l

jl

k

l





 

Now  

           

   

13
3

2
15

1315

4619








 






n

k

kkD

 

Hence the theorem. 

2.6  Theorem 

γe [  nsP □  5sP ] = 

 

 

 

























,...2,1,0

2315
3

217

1311
3

117

37
3

17

k

knif
n

knif
n

knif
n

 

Proof : 

              First let us assume 0k . Here 

  10,9,8,6,4,3,2/,3 jvu j  and 

  9,....,2,1/,3 jvu j  and

        92913231 ,,,,,,, vuvuvuvu  form a 

minimal e dominating sets for Ps(1) □ Ps(5).   And

  10,9,8,6,4,3,2/,3 jvu j

  9,3,5,4,3,2,1/,  jivu ji   form a 

minimal e dominating sets for  Ps(2)□ Ps(5)  

respectively. Hence the lemma is true for 0k .  

Similarly we can verify the theorem for 1k .  

            Next, let us take ,....3,2,3  kkn  

  The minimal e dominating set is 
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  

  

  .10,8,6,4,2/,

.10,8,6,4,2/,

.16,......,2,1/,

16

123
1

123
1















jvu

jvu

kivuD

jk

jl

k

l

li

k

l







 

Now  

           

7
3

17

717

55)16(2















n

k

kkD

 

Let us take ,....3,2,13  kkn  

The minimal e dominating set is 

             
  

   .10,8,6,4,2/,

.36,......,2,1/,

123

1

1

123
1














jvu

kivuD

jl

k

l

li

k

l





 

Now  

           

11
3

1
17

1117

55)36(2








 






n

k

kkD

 

Finally, let us take ,....3,2,23  kkn  

The minimal e dominating set is 

             
  

   .10,8,6,4,2/,

.56,....,2,1/,

123

1

1

123
1














jvu

kivuD

jl

k

l

li

k

l





 

Now            

 

15
3

2
17

1517

55562








 






n

k

kkD

 

Hence the theorem. 

2.7  Theorem 

 γe [  nsP □  6sP ] = 

 

 

 

























,...2,1,0

2319
3

222

1314
3

122

39
3

22

k

knif
n

knif
n

knif
n

 

Proof : 

              First let us assume 0k . The set of vertices 

  13,12,10,8,6,4,2/,3 jvu j  ,

  9,3,3,2,1/,  jivu ji  and
 

  132 ,vu  

form a minimal e dominating sets for  

  Ps(1) □ Ps(6)  .   13,12,10,8,6,4,2/,3 jvu j  

and   9,3,5,4,3,2,1/,  jivu ji , 

 134 ,vu  form a minimal e dominating sets for 

Ps(2)□ Ps(6)  respectively. Hence the lemma is true for 

0k .   Similarly we can verify the theorem for 

1k .      

  Next, let us take ,....3,2,3  kkn  

  The minimal e dominating set is 

             

  

  

 

  .13,12,10,8,6,4,2/,

,

.13,12,10,8,6,4,2/,

.16,......,2,1/,

16

132

3

1

123
1

123
1

















jvu

vu

jvu

kivuD

jk

l

k

l

jl

k

l

li

k

l









 

Now  
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   

9
3

22

922

317162















n

k

kkkD

 

Let us take ,....3,2,13  kkn  

The minimal e dominating set is             

  

  

 132

13

1

123

1

1

123
1

,

.13,12,10,8,6,4,2/,

.36,......,2,1/,

vu

jvu

kivuD

l

k

l

jl

k

l

li

k

l
























 

Now  

           

   

14
3

1
22

1422

1317362








 






n

k

kkkD

 

Finally, let us take ,....3,2,23  kkn  

The minimal e dominating set is             

  

  

 132

23

1

123

1

1

123
1

,

.1213,10,8,6,4,2/,

.56,....,2,1/,

vu

jvu

kivuD

l

k

l

jl

k

l

li

k

l
























 

Now  

           

   

19
3

2
22

1922

2317562








 






n

k

kkkD

 

2.8  Theorem 

         γe [  nsP □  7sP ] = 


























 








 










,...2,1,0

2321
3

2
24

1316
3

1
24

310
3

24

k

knif
n

knif
n

knif
n

 

Proof : 

              First let us assume 0k . The set of vertices 

  15,14,13,12,10,8,6,4,2/,3 jvu j  and 

          15292913231 ,,,,,,,,, vuvuvuvuvu
 
 

 132 ,vu  form a minimal e dominating sets for  

Ps(1) □ Ps(7)  . 

  15,14,13,12,10,8,6,4,2/,3 jvu j  and 

  9,3,5,4,3,2,1/,  jivu ji , 
 152 ,vu  , 

 154 ,vu
 
form a minimal e dominating sets for 

Ps(2)□ Ps(7)  respectively. Hence the lemma is true for 

0k .   Similarly we can verify the theorem for 

1k .      

  Next, let us take ,....3,2,3  kkn   The minimal 

e dominating set is             

  

  

 

  .15,13,12,10,8,6,4,2/,

,

.15,14,13,12,10,8,6,4,2/,

.16,......,2,1/,

16

152

3

1

123
1

123
1

















jvu

vu

jvu

kivuD

jk

l

k

l

jl

k

l

li

k

l









 

Now  

           

 

10
3

24

1024

839162















n

k

kkkD

 

Let us take ,....3,2,13  kkn  
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The minimal e dominating set is 

             

  

  

 152

13

1

123

1

1

123
1

,

.15,14,13,12,10,8,6,4,2/,

.36,......,2,1/,

vu

jvu

kivuD

l

k

l

jl

k

l

li

k

l
























 

Now  

           

   

16
3

1
24

1624

1319362








 






n

k

kkkD

 

Finally, let us take ,....3,2,23  kkn  

The minimal e dominating set is 

             

  

  

 152

23

1

123

1

1

123
1

,

.15,14,1213,10,8,6,4,2/,

.56,....,2,1/,

vu

jvu

kivuD

l

k

l

jl

k

l

li

k

l
























 

Now  

           

   

21
3

2
24

2124

2319562








 






n

k

kkkD

 

Hence the theorem. 

As we proved the above theorems, we can 

also prove the following theorems. 

2.9  Theorem 

i.        γe [  nsP □  8sP ] =    

                


























 








 










,...2,1,0

2323
3

2
26

1317
3

1
26

311
3

26

k

knif
n

knif
n

knif
n

 

ii.       γe [  nsP □
)9(P ] =    

                 


























 








 










,...2,1,0

2327
3

2
31

1320
3

1
31

313
3

31

k

knif
n

knif
n

knif
n

 

iii. γe [  nsP □
)10(P ] =        

                          


























 








 










,...2,1,0

2329
3

2
33

1322
3

1
33

314
3

33

k

knif
n

knif
n

knif
n

 

 

VI. CONCLUSION 

It has been interesting fact to study e domination 

number of  nsP □  .msP
 
In this paper, it has been 

discussed the e domination number of cartesian 

product graphs Ps(n) □ Ps(m) , m=1,2,…,10  but  for all 

values of n . 
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