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Abstract: In the task of coloring the vertices of a simple graph
G one come across innumerable number of challenges. Thereare
various graph coloring parameters availablein theliterature. The
concept of pseudo coloring is quite interesting. In this type of
coloring, we can allot same color to the adjacent vertices. The
maximum number of colors used in a pseudocoloring where for
any two distinct colors, one can always find at least one edge
between them is called pseudo achromatic number, y(G) of G. In
the paper we determinethis coloring parameter for some classes of
graphsthrough python code.
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I. INTRODUCTION

The graphs we dealt with here are al finite, simple and
undirected. Given a graph G = (V,E) with vertex set V and
edge set E , a function f: V(G) — {1,...,k} is called a proper
k-coloring ifv (u,v) € E(G), f(u)£f(v). If k is least , then we
call k, the chromatic number %(G) of G By a
k-pseudocoloring of the vertices of G we mean a coloring
using k-colors in which adjacent vertices can be allotted the
same color.If we impose afurther restriction that for any two
distinct colors used in such a k-pseudocoloring there must be
at least one edge in the graph with its end vertices colored
with these two colors. The greatest number of colors used
such a type of coloring is called pseudoachromatic number
Y(G) of G. It is trivial to note that x(G)<Y(G).For the
complete graph K, the two parameters coincide. For a
complete bipartite graph K, these two parameters differ.
That is y(Kn ) = 2 whereas ¥(K, ) = n+1.

For agiven graph G=(V ,E) the middle graph M(G) possess
V(G)UE(G) asits vertex set and the edge set E(M(G)) ={(u,
V) : either u, v €E(G) and u is adjacent withvin G or u €
V(G) and v € E(G) and v isincident with uin G. The total
graph T(G) also possess V(G)UE(G) as its vertex set and
edgeset E(T(G))={(u,v) :u,v € V(G) anduisadjacenttovin
Goru,v€eE(G)andu, vareadjacentinGoru € V(G) and ve
E(G) andvisincident withuin G}.
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The central graph C(G) of G is derived by subdividing
every edge of G only once introducing an edge between all
non-adjacent vertices of G
We now determine the WP(C(Sy)), Y(M(S,)) and ¥(T(Sy))
where S, = K; vnK ;. Note that K isagraph on one vertex and
nK is n copies of K;. By join operation v we mean the only
vertex of K, isadjacent with every vertex of nK .

II. RESULTS

Theorem 2.1%(C(Sy)) = n+1.

Proof : Let V(S) = {uuUyW,...,.u} and E(S)={(u,u) :
1<i<n}.Note that each vertex and u; of nK;, has degree n.
Now sub divide each edge uu; with the vertex v; for 1<i<n.
Then  V(C(S)) = {upu{ugUy,...,u} U{Vy,V>,...,vp}
andE(C(S,))={ (u,v)):i<i<n}U{ (v;,u): 1<i<n} U{ (ug, Up), . .., (u;,

Un),(Up,Us), - - -,(Uz,Un), . . .,(Un-1,Un)} - So[E(C(Sh))I =
n+n+(n(n-1)/2) = n+n(n+1)/2) = (n*+3n)/2. Observe that
Y(C(Sn))< ntl. It is easy to allot a(n+1)-pseudocoloring for
the vertices of C(S,) as follows: Allot the color g for
U;,1<i<n; the color en; fOr every v; , 1<i<n; the color e; to u,
Hence Y(C(S)) = n+1.

Theorem2.2 W(M(Sy)) = n+1.

Proof:: Let V(S)={u;u,U,,...,us} and E(S)= {(u, u) :
1<i<n}. By the definition of M(S,) we see that V(M(S,) =
{upu{u : 1<i<n}u{v; : 1<i<n} where each v; lieson the edge
(u,u) € E(Sy)and thereby subdividing each (u, u)) for 1<i<n.
Observe that the subgraph induced by {u\viVs,...,v}
namely, <{u\vy,Va,...,vo}>=K1and hence we see that
[E(M(S)| = n(n+1)/2+n = (n*+3n)/2. So W(M(Sy)) < n+1 as
n(n+1)/2 + n< (n+1)(n+2)/2. It is easy to allot a(n+1)-pseudo
coloring for the vertices of M(S,) as follows: For each u;,
2<i<n allot the color e ; allot to color e, to u, ; allot the color
e, 1<i<n to each v;; dlot the color e,; to u. So
Y(M(S,))=n+1.

Theorem-2.3 ¥(T(S,)) = n+2

Proof: Let V(S,) = {uuyUy,...,u} and E(S)={(u, u) :
I<i<n}. By the definition of T(S,) we see that
V(T(Sy))={ u} U{v;: 1<i<n}U{u;:1<i<n}. Observe that
<{v,....vn}>=Kn1. Moreover [E(T(S)| = (n*+5n)/2 <
(n+2)(n+3)/2.S0 W(T(Sy))<nt2. Also it is easy to allot a
(n+2)-pseudocoloring to T(S,). Allot the color g, 1 <i<n to
each v; allot the colore,.; to U ; €y, 1<i<n to each u; So ¥
(T(S)) =n+2

1. ALGORITHM

In this section we give a pseudocode to determine the ¥ for
each of C(S;), M(S,) and T(S,)
STAR GRAPH

Algorithm StarGraph(n)

Pre: nisthelast subscript of u
and v verticestype
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Post : Edges, Vertices and number of minimum colors

required are printed

/IPRINTING VERTICES
1.print “Vertices="
2. printvandsetitol
3. loop(i lessthan n+1)
1 printvi
2. incrementi
4. end loop
5.setitol
6. loop(i lessthan n+1)
1 printui
2. incrementi
7. end loop
8. print number of verticeswhich is (2*n+1)
/IPRINTING EDGES
9. create empty list a
10.setito 1
11. loop(i less than n+1)
1. create tuple with (0,i)
2. append tupleto a
3. incrementi
12. end loop
13. setitol

14. loop(i less than n+1)
1. create tuple with (i,i)
2. append tupleto a
3. incrementi
15. end loop
16. setitolandjto(i+1)
17. loop(i less than n)
1. loop(j lessthan n+1)
1. create tuple with (i,j)
2. append tupleto a
3. increment |
2. end loop
3. incrementi
18. end loop
19. print length of a as the number of edges
20. setito O
21. loop(i less than 2*n)
1. print (u,v) with &i]
2. incrementi
22. end loop
23. loop(i less than length of &)
1. print (u,v) with &i]
2. incrementi
24. end loop

/IALLOCATION OF COLOUR TO EACH VERTEX

25. create two empty listsuand v
26. append Ltovandotou
27.setjto2
28.setito 1
29. loop(i less than n+1)
1. appendj tou
2. increment both j and i
30. end loop
3l.setitol
32. loop(i less than n+1)
Lif(uli] ==n+1)
1. append2tov
2.else
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1. append 1 to u[i]
3. end if
4. incrementi
33. end loop
/IPRINTING OF VERTEX COLOURS
34. setitol
35. loop(i lessthan n+1)
1 printui=Culi]
2. incrementi
36. end loop
37.setito 0
1. printvi=CVi]
2.incrementi
38.end loop
/I[CHECKING THE MINIMUM NUMBER OF
COLOURS
CONDITION
39. set countto O
40.stitolandjtoi+l
41. loop(i less than n+2)
1. loop(j lessthan n+2)
lif(iisinvandjisinu)
1. Make tuplel with (index of (i) in v,
index of (j) inu)
2. endif
d.if(lisinuandjisinv)
1. Make tuple2 with (index of (i) inu,
index of (j) inv)
4. end if
5.if(lisinvandjisinv)
1. Make tuple3 with (index of (i) inv,
index of (j) inv)
6. end if
7. if(tuplel or tuple2 or tuple3isin a)
1. increment count
8. increment j
2. end loop
3. incrementi
42. end loop
43. if(count equalsto (n+1)*(n/2))
1. print maximum number of colours as n+1
44. end if
End StarGraph

T T T ]
MIDDLE GRAPH

Algorithm MiddleGraph(n)

Pre: nisthelast subscript of u and e verticestype

Post : Edges , Vertices and number of minimum colours
required are printed

/IPRINTING VERTICES

1.print “Vertices="

2. printuandsetitol
3. loop(i lessthan n+1)
1 printui
2. incrementi

4. end loop

5.setitol

6. loop(i lessthan n+1)
1. printei
2. incrementi

7. end loop

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication Exploring Innovation



OPEN aACCESS

8. print number of verticeswhichis (2*n+1)

/IPRINTING EDGES
9. create empty list a
10. setito 1
11. loop(i less than n+1)
1. create tuple with (0,i)
2. append tupleto a
3. incrementi
12. end loop
13. setito 1
14. loop(i lessthan n+1)
1. create tuple with (i,i)
2. append tupleto a
3. incrementi
15. end loop
16. setitolandjto (i+1)
17. loop(i less than n)
1. loop(j lessthan n+1)
1. create tuple with (i,j)
2. append tupleto a
3. increment |
2. end loop
3. incrementi
18. end loop
19. print length of a as the number of edges
20. setito 0
21. loop(i less than 2*n)
1. print (u,e) with &[i]
2. incrementi
22. end loop
23. loop(i less than length of &)
1. print (e,€) with &[i]
2. incrementi
24. end loop
/IALLOCATION OF COLOUR TO EACH VERTEX
25. create two empty listsuand e
26. append Oto e
27.setito 0
28. loop(i lessthan n+1)
1. appendi+ltou
2. increment i
29. end loop
30.setito 1l
31. loop(i lessthan n+1)
lappendi+ltoe
2.incrementi
32. end loop
/IPRINTING OF VERTEX COLOURS
33.setito 0
34. loop(i less than n+1)
1. printui=Cu[i]
2. incrementi
35. end loop
36.setitol
37.loop(l lessthan n+1)
1. print Ei = CVJi]
2.incrementi
38.end loop
/ICHECKING THE MINIMUM
COLOURSCONDITION

NUMBER OF

39. set count to O
40.setitolandjtoi+l
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41. loop(i less than n+2)
1. loop(j less than n+2)
lif(iisinuandjisine)
1. Make tuplel with (index of (i) inu,
index of (j) ine)
2. end if
3.if(iisineandjisinu)
1. Make tuple2 with (index of (i) ine, index of
() inu
4. end if
S.if(iisineandjisine)
1. Make tuple3 with (index of (i) inv , index of (j) inv)
6. end if
7. if(tuplel or tuple2 or tuple3disin a)
1. increment count
8. increment j
2. end loop
3. incrementi
42. end loop
43. if(count equals to (n+1)*(n/2))
1. print maximum number of colours as n+1
44, end if
End MiddleGraph

T T
T-GRAPH
Algorithm TGraph(n)
Pre: nisthelast subscript of u and e vertices type
Post : Edges , Vertices and number of minimum colours
required are printed
/IPRINTING VERTICES
L.print “Vertices="
2.printuandsetitol
3. loop(i less than n+1)
1. printui
2. incrementi
4. end loop
5.setitol
6. loop(i lessthan n+1)
1 printei
2. incrementi
7. end loop
8. print number of verticeswhichis (2*n+1)
/IPRINTING EDGES
9. create empty list a
10. setito 1
11. loop(i lessthan n+1)
1. create tuple with (0,i)
2. append tupleto a
3. incrementi
12. end loop
13. setito 1
14. loop(i less than n+1)
1. create tuple with (i,i)
2. append tupleto a
3. incrementi
15. end loop
16.setitolandj to (i+1)

17. loop(i less than n)
1. loop(j less than n+1)
1. create tuple
with (i.j)
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2. append tupleto a
3. increment j
2. end loop
3. incrementi
18. end loop
19.set b to length of a
20. loop(i less than n)
1. loop(j lessthan n+1)
1. create tuple with (i,j)
2. append tupleto a
3. increment j
2. end loop
3. incrementi
21. end loop
22. print length of a as the number of edges
23.stito0
24. loop(i less than 2*n)
1. print (u,e) with &[i]
2. incrementi
25. end loop
26. loop(i lessthan b+1)
1. print (e,e) with &[i]
2. incrementi
27. end loop
28. loop(i less than length of &)
1. print (u,u) with &i]
2. incrementi
29. end loop
/IALLOCATION OF COLOUR TO EACH VERTEX
30. create two empty listsuand e
31. append otoe
32.setito0
33. loop(i less than n+1)
Lif(iisequa to 1)
1. append ltou
2. else
l.append n+2tou
3.end if
4.incrementi
34. end loop
35.setitol
36. loop(i less than n+1)
lappendi+ltoe
2.incrementi
37. end loop
/IPRINTING OF VERTEX COLOURS
38.setito 0
39. loop(i less than n+1)
1. printui=Cu[i]
2. incrementi
40. end loop
4]1. setito 1
1 print Ei=CV[i]
2.incrementi
42.end loop
/ICHECKING THE MINIMUM
COLOURSCONDITION
43. set count to O
44 setitolandjtoi+l

NUMBER OF

45. loop(i less than n+3)
1. loop(j lessthan n+3)
Lif(lisinuandjisine)
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1. Make tuplel with (index of (i) in u,
index of (j) ine)
2. end if
.if(iisineandjisinu)
1. Make tuple2 with (index of (i) in e,
index of (j) inu)
4. end if
S.if(iisineandjisine)
1. Make tuple3 with (index of (i) in e,
index of (j) ine)
6. end if
7.if(iisinuandjisinu)
1. Make tuple4 with (index of (i) in u,
index of (j) inu)
8. end if
9. if(tuplel or tuple2 or tuple3 or tupled isin &)
1. increment count
10. increment j
2. end loop
3. incrementi
46. end loop
47. if(count equals to ((n+2)*(n+1)/2))
1. print maximum number of colours as n+2
48. end if
End TGraph

V. PHYTHON CODE

In this section we give a Python code for each of the
pseudo code of ¥(C(S,)) , Y(M(S,)) and WP(T(S,)).
def check(i,v):
ifi inv:
return True
else
return False
defcolorcheck(a,v,u,n):
count=0;
fori in range(1,n+2):
for j inrange(i+1,n+2):
if(check(i,v)==True and check(j,u)==True):
t1=(v.index(i),u.index(j))

if (check(i,u)==True and check(j,v)==True):
t2=(u.index(i),v.index(j))

if (check(i,v)==True and check(j,v)==True):
t3=(v.index(i),v.index(j))

iftlinaort2inaortdina

count+=1

if(count==(n+1)*n/2):

print("Maximum no of colorsrequired”,n+1)

else

print("Error occured")

def main():

print(" Star graph")

n=int(input("Enter n value\n"))

a=[];a1=[];a2=[]

a=[(0,i) for i in range(1,n+1)]

al=[(i,i) for i in range(1,n+1)]

a2=[(i,j) fori inrange(1,n) for j inrange(i+1,n+1)]

a—atal+a2
print("NO OF EDGES IN STAR GRAPH=" len(a));
fori in range(2*n):
print(‘(u,v):",ai])
fori in range(2*n,len(a)):

print('(v,v):".i])
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v=[];u=[];v.append(1);u.append(0);j=2;

fori in range(1,n+1):
u.append(j)
j+=1
fori inrange(1,n+1):
if(not(u[i]==n+1)):
v.append(u[i]+1)
else
v.append(2)
fori in range(1,n+1):
print("U",i,":C",u[i])
fori in range(0,n+1):
print("V*",i,":C" V[i])
colorcheck(a,v,u,n);
print("Middle graph");a=[];al=[];a2=[];
a=[(0,i) for i in range(1,n+1)]
al=[(i,i) for i in range(1,n+1)]
az2=[(i,j) for i in range(1,n) for j in range(i+1,n+1)]
a=atal+a?;
print("NO OF EDGES IN TNE MIDDLE GRAPH=" len(a));
fori in range(2*n):
print(‘(u,e):",di])
fori in range(2*n,len(a)):
print(‘(e,e):",di])
e=[];u=[];e1=[0];
u=[i+1 for i in range(0O,n+1)]
e=el+[i for i in range(1,n+1)]
fori in range(0,n+1):
print("U",i,":C",u[i])
fori inrange(1,n+1):
print("E",i,":C" €i])
count=0;
colorcheck(a,e,u,n);
print("T graph");a=[];al=[];a2=[];a3=(];
a=[(0,i) for i inrange(1,n+1)]
al=[(i,i) fori inrange(1,n+1)]
a2=[(i,j) for i inrange(1,n) for j in range(i+1,n+1)]
a=atal+a2
b=len(a)
a3=[(i,j) fori inrange(1,n) for j in range(i+1,n+1)]
a=at+a3;
print("NO OF EDGES IN THE T GRAPH=",len(a));
fori in range(2*n):
print(‘(u,e):",di])
fori in range(2* n,b+1):
print(‘(e,e):",di])
fori in range(b,len(a)):
print(‘(u,u):",di])
e=[];u=[];e1=[0];
fori in range(0,n+1):
if(i==0):
u.append(1)
else
u.append(n+2)
e=el+[i+1 foriinrange(1,n+1)]
fori in range(0,n+1):
print("U",i,":C",u[i])
fori in range(1,n+1):
print("E",i,":C" {i])
count=0;
fori in range(1,n+3):
for j inrange(i+1,n+3):
if(check(i,u)==True and check(j,e)==True):
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t1=(u.index(i),e.index(j))
if(check(i,e)==True and check(j,u)==True):
t2=(e.index(i),u.index(j))
if(check(i,e)==True and check(j,e)==True):
t3=(e.index(i),e.index(j))
if(check(i,u)==True and check(j,u)==True):
t4=(u.index(i),u.index(j))
iftlinaort2inaort3inaortdina
count+=1
if(count==(n+2)*(n+1)/2):
print("No of colorsinthet graph=",n+2)
else
print("Error occured")
main()

V. CONCLUSION

In this paper we have determined the exact value of
Y(E(Syn) , PM(Sp)) and P(T(Sy)). We have also given
the pseudo code and Python code to determine the exact
values. We propose to determine the parameter ¥ for
several other classes of graphs elsewhere.
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