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function X_opt=SVNS_for_MSCP(X,A,k_max,r_max,itr_max,alfa)
Adc=cal_adjecency_list (A);

X=update_solution([],X,Adc);
[V,I]l=holder_vertex_value (X, Adc,0);

[0,~,~]=value_of_order_falling(V,I,X,Adc);
X=update_solution(0{1},X,Adc);
X_opt=X;
itr=1;
tic
while itr < itr_max && toc<=1000
k=1;

while k<=k_max
if rand<0.55

Xl=perturbationl (X, Adc);
else

X1=Shaking(X,Adc,k);
end
if rand<0.76

[X11,~]=Local_searchl (X1,Adc,r_max);
else

X11=Local_search2(X1,Adc,r_max);
end

if sum(X11) < sum(X_opt)

X_opt=X11;
toc
sum (X_opt)
end
d=rou(X,X11);
if sum(X11)-alfa*d< sum(X)

X=X11;
k=1;
else
k=k+1;
end
end
itr=itr+1;
end
end

function Adc=cal_adjecency_list (A)
n=size(A,2);
Adc=cell(1,n);
parfor i=1:n
Adc{i}=find (A(i,:)==1);
end
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function A=cal_adjecency_mat (Adc)
A=zeros(size (Adc,2));
for i=1:size(Adc,2)
for j=1:size(Adc{il},2)
A(i,Adc{i}(j))=1;
end
end
end

function k=what_miss(v)

if iscell(v)
v=cell2mat (v);

end

v=sort (v(v>0));

v(2:end+1)=v(1l:end);

v(1)=0;

s=size(v,2);

i=2;

while i<=s && v(i)-v(i-1)<=1
i=i+1;

end

k=v(i-1)+1;

end

function X=update_solution(0,X,Adc)
n=size (X,2);
itr=0;
i=1;
ver=1:n;
ver (0)=0;
vi=ver (ver>0);
v=horzcat (0,vl(randperm(size(v1,2))));
while itr < n
k=what_miss (X(Adc{v(i)}));
if X(v(i))<=k
itr=itr+1;
i=i+1;
continue
else
X(v(i))=k;
i=1;
itr=0;
end
end
end

function [V,I]=holder_vertex_value (X,Adc,k)
n=size (X,2);
V=cell(1,n);
I=cell(1,n);
parfor t=1:n
Vi=Adc{t}(X(Adc{t}) > X(t));
d=size(V1,2);
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if d==0
continue
end
for i=1:d
b=Adc{V1(i)}(X(Adc{V1(i)})==X(%t));
for j=0:k
if size(b,2)==j+1
V{t}=horzcat (V{t},V1(i));
b=setdiff (b,t);
I{t}=unique (horzcat (I{t},b));
end
end
end
end
end

function Y=Shaking(X,Adc,k)

a=rand;

if a >= 0.75
[~,S]=number_of_eight_structure(X,Adc);

elseif 0.35<=a && a<0.75
[~,S]=value_of_reduction (X, Adc);

else
[~,S]=number_of_edge_disjoint_2path(X,Adc);

end

S=S(randperm(k));

for i=1:k
X(S(i))= what_miss(horzcat (X(Adc{S(i)}),X(S(i))));

end

Y=X;

end

function [0,val,H,X]=traveling_vertex_from(S,I,v,X,Adc)
[dist,L,~]=graphshortestpath(-S,v, 'Method"', 'Acyclic' );
t=find(dist==min(dist));
L=L{t (1) };
0=L;
L1=L;
val=0;
while (size(L1,2)-1)~=0
i=size(L1,2);
S(L1(i-1),L1(i))=0;
[dist,L1,~]=graphshortestpath(-S,v, 'Method', '"Acyclic'
t=find(dist==min(dist));
Li=L1{t (1) };
for j=1:size(L1,2)
if ismember (L1(j),0)
continue
else
O=horzcat (0,L1(j));
end
end
end
if size(0,2)<=1
val=-inf;
H=[1;

)
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end
H=0(1) ;
for i=1:size(0,2)

H=horzcat (H,I{0(i)});
end
A=cal_adjecency_mat (Adc);
ACO(1),:)=0;

A(C:,0(1))=0;
Adcl=cal_adjecency_list (A);
for i=2:size(0,2)

h=what_miss (X(setdiff (Adc1{0(i)},I{0¢i-1)})));

val= val + X(0(i)) - h;

X(0(i))= h;
end
for i=1:size(H,2)

h=what_miss (X(Adc{H(i)1}));

val = val + X(H(i)) - h;

X(H(i))=h;
end
end

function [num,I]=number_of_eight_structure (X, Adc)
n=size(X,2);
add=zeros (1,n);
omit=zeros(1,n);
for i=1:n
a=Adc{i}( X(Adc{i}) > X(i));
while size(a,2)
b=a(X(a)==X(a(1)));
if size(b,2)<=1
a=setdiff(a,b);
continue
end
add(i)=add (i) + 1;
a=setdiff (a,b);
end
end
for i=1:n
a=Adc{i}( X(Adc{il}) > X(i));
for j=1:size(a,2)
vec=Adc{a(j)}( X(Adc{a(j)})==X(i));

if size(vec,2)>=2

omit(i) = omit(i) + 1;
end
end

end

num=omit-add;
[num,I]=sort (num, 'descend') ;
end

function [num,I]=number_of_edge_disjoint_2path(X,Adc)
n=size(X,2);
num=zeros (1,n);
for i=1:n
a=Adc{i}( X(Adc{i}) > X(i));
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for j=1:size(a,2)
vec=Adc{a(j)}( X(Adc{a(j)})==X(1));
if size(vec,2)>= 3
continue
else
num(i)=num(i)+size(vec,2)-1;
end

end
end
[num,I]=sort(num, 'descend');
end

function [V,I]=value_of_reduction(X,Adc)
m=max (X) ;
k=1;
V=zeros(1,size(X,2));
for i=1:m
C=find (X==1i);
for j=1:size(C,2)
a=Adc{j}( X(Adc{j}) > X(§));
while size(a,2)
b=a(X(a)==X(a(1)));
kk=(X(b(1))-X(j))*size(b,2);
if V(k)<= kk
V(k) = kk ;
end
a=setdiff (a,b);
end
k=k+1;
end
end
[V,I]=sort(V, 'descend');
end

function X=perturbationl (X, Adc)

a=rand;

if a >= 0.85
[num,I]=number_of_eight_structure(X,Adc);

elseif 0.55<=a && a<0.85
[num,I]=value_of_reduction (X, Adc);

else
[num,I]=number_of_edge_disjoint_2path(X,Adc);

end

I=I(num>0) ;
r=size(I,2);
if r==
return
else
k=randi ([1 floor(r/1)]1,1);
I=I(randperm(k));
for i=1:k
X(I(i))= what_miss(horzcat (X(Adc{I(i)}),X(I(i))));
end
end
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end
function [X,key]=Local_searchl(X,Adc,r_max)
itr=1;
while itr<20
[Y,key]l=generate_random_sol(X,Adc,r_max);
if ~key
break
end
if sum(Y)< sum(X)
X=Y;
itr=1;
else
itr=itr+1;
end
end
X=Y;
end

function X=Local_search2(X,Adc,r_max)

value=1;

while value
[~,~,value,Z]=generate_random_reducer_set (X,Adc,r_max);
X=Z;

end

X=update_solution([],Z,Adc);

end

function [S,0,value,Y]=generate_random_reducer_set (X,Adc,s_max)
n=size(X,2);
O=cell(1,n);
value=0;
r=0;
S=[1;
Y=X;
while r<=s_max
[V,Il=holder_vertex_value (X, Adc,r);
[list_0,vec,H,XX]=value_of_order_falling(V,I,X,Adc);
if size(vec,2)*size(vec,1)>= 1
if rand <0.75
S=H{1};
0=1ist_0{1};
value=vec (1) ;
Y=XX{1};
else
t=randi([1,size(vec,2)],1);
S=H{t};
0=1ist_0{t};
value=vec (t);
Y=XX{t};
end
return
else
r=r+1;
end




28
29
30

O 01N LN b Wi~

o glaasls , VY

end
O=cell2mat (0);
end

function [Z,key]l=generate_random_sol (X,Adc,r_max)
key=1;
[~,0,value,Z]=generate_random_reducer_set (X,Adc,r_max);
Z=update_solution(0,Z,Adc);
if value==0 && sum(Z)==sum(X)

key=0;

return
end
end
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Abstract

In this thesis, we mainly consider sum coloring problem which is very close to the
classic coloring problem. This problem asks for the minimum possible summation of col-
ors assigned properly to the vertices of a given graph. There are generally two different
approaches dealing with this problem, which are namely analytic approach and algorith-
mic approach. To solve this problem, we introduce a meta-heuristic method, categorized
as in the second approach, which is called variable neighborhood search and is based on
a new structure of neighborhoods. To increase the speed of the neighborhood search pro-
cess, we present some new definitions of holder vertex and set. Tested on 23 commonly
used benchmark instances, our algorithm shows acceptable competitive performance with
respect to recently proposed heuristics.

Moreover, the edge-difference chromatic sum and the edge-sum chromatic sum of
graphs, as two generalizations of the chromatic sum, are introduced. In this regard, we
present some necessary conditions for the existence of homomorphism between two graphs
via these parameters. Furthermore, some upper and lower bounds for these parameters in
terms of the fractional chromatic number, are introduced.

Keywords: vertex sum coloring, variable neighborhood search, holder set, holder and
reducer set, vertex edge-difference chromatic sum, vertex edge-sum chromatic sum, non

homomorphism theorems, fractional coloring, kneser graph.
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