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from itertools import permutations

mainG=[

[051,03031,0311050301 3

A



#4

(1,0,1,0,0,0,0,1,0,0],
(0,1,0,1,0,0,0,0,1,0]1,
(0,0,1,0,1,0,0,0,0,17,
(1,0,0,1,0,1,0,0,0,0],
(0,0,0,0,1,0,0,1,1,0]1,
(1,0,0,0,0,0,0,0,1,1],
(0,1,0,0,0,1,0,0,0,1],
[0,0,1,0,0,1,1,0,0,0],
(0,0,0,1,0,0,1,1,0,0]
]

colors = [-1]*len(mainG)

def allPermutation():

return permutations(range(len(mainG)))

def newAdjacentMatrix(pattern):

newMatrix= [[0]*len(mainG) for i in range(len(mainG))]
for i in range(len(mainG)):

for j in range(len(mainG)):

newMatrix[pattern[i]] [pattern[j]l] = mainG[i] [j]

return newMatrix

def degree(i):

return sum(g[i])

def allDegree():

all=[]

for i in range(len(g)):
all.append((i,degree(i)))
return all

def adjacent(i):

k=0

adj=[]
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for j in glil:
if j==1:
adj.append (k)
k+=1

return adj

def properColor(i):

if colors([i]!=-1:

return

cols=[]

for j in adjacent(i):

if colors[j]l!=-1:
cols.append(colors[j])
minNum=1

while cols.count(minNum)>0:
minNum+=1

colors[i]=minNum

def method1():
global colors
colors = [-1]*len(mainG)

sortDegree = sorted(allDegree(),key=lambda x:x[1] ,reverse = True)

maxDegreelndex =0

while maxDegreeIndex<len(g):
maxDegree = sortDegree[maxDegreelndex]
for i in adjacent(maxDegree[0]):
properColor (i)

properColor (maxDegree[0])

maxDegreeIndex+=1
while maxDegreeIndex<len(g) and colors[sortDegree [maxDegreeIndex] [0]]!=-1

maxDegreeIndex+=1



\A

return (colors,sum(colors))

min=10000

minc=[]

maxc=10000

k=0

for pat in allPermutation():
if k%100000==0:

print k

k+=1

g= newAdjacentMatrix(pat)
(c,m)= methodl()

if m==min and max(c)<maxc:
minc=c

maxc=max (c)

continue

if m<min:

min=m

minc=c

maxc=max (c)

print minc,min
stk ook okokokokokokok sk sk sk sk sk sk sk sk sk sk ok skokokokok ok ko okokokokokosksk sk sk sk sk ok sk sk ok ok ok ok ok ook

color final=[2, 1, 3, 2, 1, 3, 1, 2, 2, 3] , sum final=20
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from itertools import permutations

mainG=[[0,0,1,0,0,0],
(0,0,1,0,0,0],
(1,1,0,1,0,0],
[0,0,1,0,1,1],
(0,0,0,1,0,0],
0,0,0,1,0,0]

]

>k >k >k 3k 3k 5k 5k 5k 5k 5k >k >k >k >k 3k 3k 5k 5k 5k >k %k >k >k 3k 3k 5k 5k 5k 5k >k >k >k 3k 3k 5k 5k 5k 5k 5k >k >k 5k >k 3k 3k 5k 5k 5k >k %k >k >k %k 3k >k 5k >k >k *k %k >k %k %k >k

color final=[1, 1, 2, 1, 2, 2] , sum final=9

B ey VT
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mainG=[

(0,1,0,0,1,0,1,0,0,01,
[1,0,1,0,0,0,0,1,0,0]1,
(0,1,0,1,0,0,0,0,1,0],
(0,0,1,0,1,0,0,0,0,17,
(1,0,0,1,0,1,0,0,0,0],
[0,0,0,0,1,0,0,1,1,01,



vy

(1,0,0,0,0,0,0,0,1,1],
(0,1,0,0,0,1,0,0,0,17,
(0,0,1,0,0,1,1,0,0,0],
(0,0,0,1,0,0,1,1,0,0]
]

g=mainG
def degree(i):

return sum(g[i])

def allDegree():

all=[]

for i in range(len(g)):
all.append((i,degree(i)))
return all

def adjacent(i):

k=0

adj=[]

for j in glil:

if j==1:

adj.append (k)

k+=1

return adj

def select(i):

adj = adjacent(i)

adjDegree = [(j,degree(j)) for j in adj]
sortDegree = sorted(adjDegree,key=lambda x:x[1])

return sortDegree[0]

def select2(i):

adj = adjacent(i)

adjDegree = [(j,degree(j)) for j in adj]
sortDegree = sorted(adjDegree,key=lambda x:x[1])
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indx=0

while(indx<len(g) and (finalColors[sortDegree[0] [0]]1>0 or tmpColors[sortDegree [0] [
indx+=1

if (indx==1en(g)):

return -1

return sortDegree[indx]

def properColor(i):

if finalColors[i]!=-1:
return

cols=[]

for j in adjacent(i):

if finalColors[j]!=-1:
cols.append(finalColors[j])
else:

if tmpColors[j]!=-1:
cols.append (tmpColors[j])
minNum=1

while cols.count (minNum)>O0:
minNum+=1

finalColors[i]=minNum

finalColors = [-1]*1len(g)

tmpColors = [-1]*len(g)

sortDegree = sorted(allDegree() ,key=lambda x:x[1])
print sortDegree

indx=0

while(indx<len(g) and sortDegree[indx] [1]==0):
finalColors[sortDegree[indx] [0]]=1

indx+=1

if indx==len(g):

return

minDegree =[]



minDegreeValue = sortDegree[indx] [1]

d=indx

while(d<len(g) and sortDegreel[d] [1]==minDegreeValue):
tmpColors [sortDegree[d] [0]]=1

d+=1

finalColors[sortDegree[indx] [0]]=1
zarf= adjacent (indx)

(v,d) = select(sortDegree[indx] [0])
finalColors[v]=2

zarf.remove (v)

ret = select2(v)

if ret==-1:

pass

else:

(v,d)=ret

properColor (v)

while maxDegreeIndex<len(g) and colors[sortDegree[maxDegreeIndex] [0]]!=-1 :

maxDegreelndex+=1

return (colors,sum(colors))

colfinal=[]

somfinal=[]

min=10000

minc=[]

maxc=10000

k=0

for pat in allPermutation():
if k%100000==0:

print k

k+=1
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newAdjacentMatrix(pat)
(c,m)= method1()

[0)¢]
I

if m==min and max(c)<maxc:
minc=c

maxc=max (c)

continue

if m<min:

min=m

minc=c

maxc=max (c)

print minc,min
stk ook ofokokokokokokskokokokokok ok sk sk sk sk sk sk sk sk sk sk sk sk ok sk okskokokkokokokokokokokokok sk sk sk sk sk sk sk sk sk sk sk ok sk ok ok ok ook

color final=[1, 2, 1, 3, 2, 1, 2, 3, 3, 1] , sum final=19

(Y1) SIS 6y B s S oS sames

mainG=[[0,0,1,0,0,0],
(0,0,1,0,0,0],
(1,1,0,1,0,0],
[0,0,1,0,1,1],
(0,0,0,1,0,0],
0,0,0,1,0,0]

]

>k >k >k 3k 3k 5k 5k 5k 5k 5k >k >k >k >k 3k 3k 5k 5k 3k 5K >k >k >k >k k 3k 5k 5k 5k 5k >k >k >k >k 3k 3k 5k 5k 3k 5k %k >k >k >k 3k 3k 5k 5k 5k >k %k >k >k >k %k >k 5k 5k >k >k %k %k >k >k %k

color final=[1, 1, 2, 3, 1, 1] , sum final=9
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Aabstract

For graph G, a function ¢ : V(G) — N is called a proper coloring, if for every
wv € E(G) we have ¢(u) # ¢(v). Chromatic sum corresponding with ¢ coloring is defined
as equal to ¥ycy (gyc(u), and chromatic sum ¥(G) of G, is the minimum possible value for
chromatic sum, among all proper colorings of G. Also, the minimum number of colors for
which a coloring with chromatic sum of graph G can be found, is called vertex strength
s(G) of G.

In this thesis, in the first chapter, we review the previous literature and become familiar
with the topic of chromatic sum and its concept, then we show its applications in the
engineering and electronics known as "VLSI design”. In the second chapter, we review the
basic definitions and general theorems used in the next chapters. Concepts of minimal
coloring, chromatic sum and vertex strength of a graph are expressed in chapter three; we
also investigate some bounds for these concepts.

Finally, in chapter four, with the use of the concept of homomorphism of graphs, we
mention some bounds for chromatic sum. Chapter four will be ended by expressing two

algorithms for approximate calculation of chromatic sum values and vertex strength.

Keywords: Chromatic Sum, Vertex Strength, Minimal Coloring
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