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Abstract- In this paper, the complexity on
dominating sets of the graph is suppose the G = (V, E) is
a subset D of V each head not in D is adjacent to one
member on the dominating number v (G) is the number
of vertices in the smallest dominant sets of G. The
dominant sets problem by testing whether y (G) <K of a
given graph is G and K input; It is an electronic card NP
machines decision problem in computational complexity
theory. Infographics, powerful infographics plus graphic
mapping. In each example, each white head is adjacent
to at least one red cape, and the white cap is said to be
dominated by the red cape. The graph in graph is 2: The
histogram is an example that illustrates the
histogram.Keywords— Boundary  Value Problem,
Convergence of the Method, Cubic Order, Finite Difference
Method, Non-uniform Step Length.
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l. INTRODUCTION

This study discuss the dominating sets on complexity
algorithms such as for group-forming, tracking, or
discovering nodes. In static or slow-developing groups, the
solution to this problem often involves the expense of a
dominant set of the groups. Dominant group of a grid
(diagram). And with the node group V is a subset of nodes S
C so that each node not present in S is adjacent to at least
one node in S. An example of problems showing that the
dominant group (or some of its variants) plays a role is
determining the optimal sensor position to detect Disease
outbreak, set control and social influence prevalence. The
smallest dominant set of a group is the smallest subset of
nodes[1,2].

Here the basic concepts, and let 6 = (V,E) be an
undirected simple graph, i.e., without loops and without
multiple edges. ForVO0O < V,G[V O]
denotes the subgraph of G inducedby Vo0 . The
vertex-set of G[V 0 ]is VO and the edge-set consists of
those edges of G with both end points in V 0 [3]. The open

neighborhood of a vertex v € V is denoted by N(v) = {u
€ V: {u,v} € E} and the closed neighborhood or simply
neighborhood of vis denoted by N[v] = N(v) U {v}. The
degree of a vertex v equals the cardinality of N(v). The
neighborhood of a setS < Vis defined as N[S] =Us €
SN[s]. For r € N, the rth neighborhood of v € V is defined
recursively as Nr[v] = N[Nr —1[v]], where N1[v] =
N[v]. The distance d (v, w) between two vertices v, w €
V is the number of edges (or hops) that must be traversed to
go from v to w on a shortest path. Similarly, the distance
between two sets A,B S V is defined as the distance
between two closest elementsa € A and b € B, i.e., d(A, B)
=min{d(x,y): x €A,y € B}, [7]. TwosetsS, T c V
are called 2-separated if and only ifd (S,T) = 3,[7]. A
set D € V of a simple graph G is called a dominating set if
every vertex v € V\D is adjacent to some vertex u € D.
The domination number of the graph G which is usually
denoted by vy (G), is the cardinality of a smallest dominating
set of G and such set is called a minimum dominating set of
G. The dominating set problem is to determine y (G) and to
find a dominating set of minimum cardinality[4]. Let P(V)
be the set of all subsets of vertices belonging to V.LetD :
P(V) -

P(V) be a function defined by: for every W €
P(V),D(W) is a dominating set having minimum
cardinality in G[W] and thus D(W) < W. Now, we
introduce the definition of the Las Vegas randomized
approximation algorithm for an optimization proble
m. The terms which are used in the description of an
optimization problem U are defined as follows, [2]. Let XI
and ZO be the set of input and output alphabets of U,
respectively.

The language of feasible problem instances is denoted
by L € Z« I, (all strings over XI with any length k, k >
0). LI < L is the language of the (actual) problem instances
of U M is a function from L toP(Zx
0) and foreveryx € L, M(x)iscall ed the set of
feasible solutions for x. For every pair (u, x), cost is the cost
function that assigns a positive real number cost (u, x),
where u € M(x) for some x € L. By goal, we mean either
minimum or maximum|5,6].
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Fig.1: Complexity of Dominating Sets

Il. LITERATURE REVIEW

Small set of size in dominating set is called a minimum
set and dominating number is known in its size.
A dominating setthat is not a proper subset of any
other dominating set is called a minimal dominating set.

1 Types of Dominating Sets:

1.1 Minimum dominance: for graph G = (V, E), let V 'be the
dominant group of graph G, then for any peak u of the
graph, either it belongs to group V' or is connected to the
peaksinV '

After removing any elements in V', V' is no longer the
dominant group, then the dominant group V 'is the lower
dominant group. The dominant group with the smallest
number of peaks in all dominant groups in G is called the
dominant group smallest, and the number of peaks in the
smallest dominant group is called the dominant number[7].

9

Translate
—>

Minimum coverage of points: for graph G = (V, E), let V
'be the header of the graph G, then for any edge (u, v) in the
graph, either belongs to u or belongs to group V'.

After removing any elements in V', the V' is no longer a
crest cap, then V 'is the minimum point cap. The cap with
the fewest peaks among all points of coverage in G is called
the minimum cap.[14]

Maximum independent group: for graph G = (V, E), let
V 'be an independent set of graph G, then for any edge (u, v)
in the graph, u and v cannot belong to group V' in
Meanwhile, even u neither v nor v belongsto V.

After adding any element that does not belong to V 'in
V', V 'is no longer an independent group, then V' is a very
independent group. The independent group that has the
largest number of peaks in all the independent groups of
peaks in G is called the largest independent group[15].

U={12345)

S={{1,241{2,1,4,3},
{4,1,2,91,{3,2,9},
{0,4,3})

Fig.2: Minimum Dominating set

1.2 Minimal Dominating

Minimal dominating is that number of the data value that
is <=to all other values in dataset.
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S={i:z(i)=1}
D1: if (z(i) = 0) A (¢

i) incorrect)
then correct ¢(i
) A

) [rectify neighbor count]

D2: if (|[N({E)NS|=0)A(x(i)=0)A(ec(i) =0)A(A] € N(i): j < i,e(j)=0)
then x(i) := 1 lenter set]
D3: if ((IN(@E)NS|>0)A(x(i)=1)A(Vj € N(i)—S:c(j) =2)

then x(i) := 0 and
e )1, if |N(d
c(i) := { 2, otherwise

[leave set]

Fig.3: Minimal Dominating set Algorithm

S is denoted to sets, D1, D2, D3 denotes to dominating iterations.

2 Greedy Solution:

2.1 Lower Dominant Group: The strategy of greed is to
select a point as root first, have the traversal sequence
according to the traversal of the first depth, and greed in the
reverse sequence order of the resulting sequence. For the
point that is not in the dominant group or connected to the
point in the dominant group, if the parent node does not
belong to the dominant group, add the parent node to the
dominant group[8].

The ranking of greed in the greed strategy is very
important, according to the first depth traversal process to
get the reverse direction of the greed sequence, greed can
guarantee every point. Processing of this node will only be
processed after its sub-trees have been processed, ensuring
greedy health[8].

1 Find the entire tree with first depth point 1 and
find the number of each point in the first depth
traversal sequence and the parent node number
for each point

2  Check according to the reverse sequence of the
first sequence - depth, if the current point is not
in the dominant group or connected to the point
in the dominant group.

And the parent node does not belong to the dominant
group, add the parent node to the dominant group, and the
number of points in the dominant group plus 1. Tick the
current node. Parent node of current node and parent node
of current node parent node, because these nodes either
belong to the predominant set (parent node of current node),
either you connect to the point in the dominant group (the
current node and parent node of the current node)[8].

Algorithm 3 Greedy heuristic 1 (HEU,)
Input: Graph G = (V, E)

Output: k-dominating set ;.
1: sort vertices in V() in descending order of degree
2: forv e V(G) do
3:  isCovered[v] + False
4: end for
5. Dy 0
6: forv € V(G) do
7:  ifisCovered[v] = False then
8 Dy + DU {v}
9 for u € (v, k) do

10: isCovered[u] + True
11 end for

12:  endif

13: end for

14: return Dy

Fig.4: Greedy Solution Algorithm

The above algorithm explained how to inter an input
then generating output as a dominating set, firstly it’s
sorting descending order to degree then it’s checking
covered of vertices if correct to be dominating at end.

2.2 Cover the Lower Point: The greedy strategy is that if
the current point and the parent node of the current point do
not belong to the headgear group. Then add the parent node
to the headdress group, mark the current node and the parent
node of the current knot does not belong to the headdress
group, then add the original knot to the headdress set, mark
the current knot and the original knot to be covered.
Maximum Independent Cluster: The greedy strategy is to
add the current node to the independent cluster if the current
node is not replaced, and tick both the current node and the
parent node to be replaced[9].

int p [maxn]; // Parent node number
bool select [maxn]; /
/ is used for deep first judgment
int newpos [maxn]; /
/ newpos [i] denotes a point ith the first depth sequenc
int now; /
/ indicates that the current first depth sequence conta
intn,m;

void df's (int x)
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newpos [now + +] = x;
for (intk = head [x]; k! = —1; k
= edge [k] .next) {
if (! select[edge [k].to]) {
select [edge [k] .to] = true;
p [edge [k] .to]
dfs (edge [k] . to);

}
int greedy ()

{
bool s [maxn]
= {0}; // If s [i] is true,then s [i] has been replaced.
bool set [maxn]
= {0}/
/ set [i] indicates that the point i belongs to the desired
intans = 0;
for(inti = n—-1,i>= 0,i—){
intt = newpos [i];
if O sth{
if (Uset[p[t]D{
set [p [t]] = true;
ans + +;
}
s [t] = true;
s[p [t]] = true;
s[plp[tll] = true;

}

return ans;

}
int greedy ()

{
bool s [maxn] = {0};
bool set [maxn] = {0};
intans = 0;
// The root node cannot be verified

for(inti =n—-1i>= 1,i —){

intt = newpos [i];

if (s ft]&&! s [p[t]D {
set [p [t]] = true;
ans + +;
s[t] = true;

s[p[t]] = true;

}

return ans;

}
int greedy ()

{
bool s [maxn] = {0}
bool set [maxn] = {0};
intans = 0;
for(inti =n—-1i>= 0,i—){
intt = newpos [i];
if Csth{
set [t] = true;
ans + +;
s[t] = true;

s[p[t]] = true;

}

return ans;
}
int main ()
{ memset (select, 0,sizeof (select));
now = 0;
select [1] = true;
pli] = 1
dfs (1);

return0;}

I1l. TREE DP SOLUTION

Basic algorithm is since this is the problem of finding the
largest value on the tree, it is clear that dynamic
programming can be used in the form of a tree, but the case
design is more complex. In order to ensure the correctness
of dynamic programming, three nodes are designed for each
point, as follows[10]:

I.  pdp[i] [0]: shows that point i has a place to the
dominating set, and the minimum number of points
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in the dominant group is covered when all the sub-
tree is covered by point i as root.

Il. dp][i] [1]: | do not belong to the dominant group,
the sub-trees with i as root are covered, and they
are covered by at least one sub-node, which is the
minimum number of points in the dominant group.

I1l. dp [i] [2]: | do not belong to the dominant group,
and the sub-trees with i as root are completely
covered, and they are not covered by sub-nodes,
take points in dominating set as minimum number.

For the first case, dp [i] [0] is equal to the sum of the
minimum values for the three states of each son node
(whether or not its son is covered) plus 1, that is, as long as
each of them has a root of son i the sub-trees are covered,
plus point i Current, minimum number of points required,
the equation is as follows:

dp [i] [0]
= 1 4+ Zmin (dp [u] [0],dp [u] [1],dp [u] [2]) (p [u]
= I).

For the second case, if point i has no dependent nodes,
then dp [i] [1] = INF; Otherwise, it is necessary to make
sure that each sub-tree has a root in the son of i, each of
which is taken the sum of the minimum values for the first
two states of the son node, because at this stage | do not
belong to the dominant group and | cannot control the nodes
belonging to it, the node must be Sub-node is already
dominant, regardless of the sub-node's third state. If in the
currently selected case, not every son is selected to enter the
dominant group (it may appear that every v takes F [v] [1]
when combined, which means that we have finally
discovered that the sub-node v of u in the solution
represented by F [ u] [1] To cover other points! This

contradicts our definition of F [u] [1].) In the first two states
of each son, the first case is not the least needed, then in
order to meet the definition of the second case, you need to
redefine the state of the son when Point i as a first case.
Take the point at the lowest cost, i.e[13]. take the son node u
of min (dp [u] [0] -dp [u] [1]) and force it to take its first
state, and the other son nodes take the second state, the
conversion equation is:

If (I don't have dependent nodes) dp [i] [1] = INF
else dp [i] [1] = Zmin (dp [u] [0],dp [u] [1]) + inc

of between it:

If (Xmin (dp [u] [0],dp [u] [1]) in the above formula co
= 0;

elseinc = min (dp [u] [0] —dp [u] [1])

As for the third case, it’s do not belong to the dominant
group, and the sub-trees that have been rooted in i are
covered, and are not covered by sub nodes, it means that
there are no son points for point i and the point does not
belong to the dominant group, then point i for the third case
is only related In the second case for his son, the
equation[11,12].

dp [i] [2] = Xdp [u] [1]
dp [i] [0] = 1 + Zmin (dp [u] [0], dp [u] [1]) (p [u]
= 9.
dp [i][1] = Zdp [u][0]
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// the lower bound of the dominant group:
void DP(int u,int p)
{ dp[ul[2] = 0;

dpful[0] = 1;

bool s = false;

int sum = 0,inc = INF;

int k;

for(k = head[u]; k! = —1; k = edge[k].next)

{ intto = edge[k].to;

if (to == p)continue;

DP(to,u);

dp[u][0]+= min(dp[to][0], min(dp[u][1], dp[u][2]));

if (dp[to][0] <= dpto][1])

{ sum+= dp[to][0];
5 = true; }

else

{ sum+= dp[to][1];

inc = min(inc, dp[to][0] — dp[to][1]); }
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if (inc == INF&&! s)dp[u][1] = INF;
else { dp[u][l] = sum;
if(!s)dp[u][l]+=inc; }}
/[ cover the lower point:
void DP(int u, int p)
{ dp[u][0]=1; dp[u][1l]]=0: intk,to:
{ to=edgelk].to;
if (to == p)continue;
DP(to,u):
dp[u][0]+= min(dp[to][0]. dp[te][1]):
dp[u][1]+= dp[to][0]: 1} }
// maximum independent group:
void DP(int u,int p)
{ dpu][0]=1; dp[u][1l]]=0: intk,to;
{ to=edgelk].to;
if (to == p)continue;
DP(to,u);
dp[u][0]+= dp[u][1];

if (dp[to][1]! = INF&&dp[u][2]! = INF)dp[u][2]+= dp[to][1];

for(k = head[u]: k! = —1; k = edge[k]. next)

for(k = head[u]: k! = —1; k = edge[k]. next)

dp[u][1]+= max(dp[to][0]. dp[to][1]); } )

else dp[u][2] = INF; }

IV. Conclusion

Complexity algorithms and Techniques of the theory of
computation in the theoretical computer science field help to
solve mathematician problems on any models. Two main
theories of computation are (Computational theory and
computational complexity theory). Then in this paper
discussed the complexity algorithms on computation
dominating sets and the goal is understanding the
descriptive statistics. Also in this paper discussed types of
dominating (minimum and minimal dominating sets) with
their benefits to easy solving statistics problems. Finally,
complex sets have been clearly explained, and some models
have been presented in this paper about the understanding
and applying minimum and minimal complexity algorithm
and their benefits on networks and security.
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