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Abstract

Our work is devoted to the study of the maximum likelihood method for dividing heptagonal social
networks into two groups with opposite mentalities and views of the world. We estimated the
probability of connection between users and built an adjacency matrix to apply the maximum likelihood
method. The results showed that the maximum likelihood method can be an effective tool for separating
heptagonal social networks into two groups. We have identified conservative and liberal groups that
have opposite worldviews and mentalities. Our research can help to better understand how the mentality
of these user groups affects the social dynamics in general.
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I. Beenenne. Social networks are complex systems that consist of many nodes and links between them.
Social network analysis is an important tool for understanding social interactions and identifying
communities in networks. One of the methods for dividing social networks into communities is the
maximum likelihood method.

In this article, we will consider the application of the maximum likelihood method for dividing
heptagonal social networks into two communities. The maximum likelihood method is a statistical
method that allows you to determine the most likely network structure that divides it into two
communities.

The purpose of the article is to analyze and apply the maximum likelihood method for dividing
heptagonal social networks into two communities. We will consider the adjacency matrix for a social
network and determine the probabilities of links between nodes in the network. We then determine the
maximum likelihood for a network split into two communities and identify the most likely network
structure that splits it into two communities.

The results obtained can be used to define communities in social networks and understand the social
interactions between nodes within and between communities. A probabilistic approach, called the
maximum likelihood method, widely used in mathematical statistics, can be used to identify
communities in a network. Following the approach described in [1], we will write a mathematical model
for community detection based on the maximum likelihood method.

A probabilistic approach, called the maximum likelihood method, widely used in mathematical
statistics, can be used to identify communities in a network. Following the approach described in [1], we
will write a mathematical model for community detection based on the maximum likelihood method.

It is clear that the tightness of relations within society is higher than outside society. We consider the
following parameters: The probability of a connection between any two vertices within a team is p, , the

probability of a connection between two vertices from different teamsis p,, .
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Consider a network G =(X,Y) in which the set of vertices has the form X ={1,2,...,7} . The number of
edges of the network is m=m(Y). Let the connection between vertices i and j be as follows:

E (| )= 1, If there are connections between vertices i and j,
)= 0, If there is no connection between vertices i and j.
By a community S we mean a non-empty subset of network vertices, and by a partition IT(X) we mean
a set of non-overlapping communities whose union is exactly the set X: N:IT(X)={S,,S,}, where
2
USk -
k=1

Assume that the real partition of the network is IT(X)={S,,S,}. Let the variables n,=n(S,)and
m, =m(S, ) denote the number of vertices and edges in the community S, .,k =1,...,K , respectively. Then

K
n=7 and > m <m.
k=1

Let us express the conditions under which the division into teams is optimal.

Let's look at the community s, e11. The probability of creating m, connections between n, vertices in
the s, community is p,, .

Each vertex i in the community s, can have n-n, connections to the vertices of other communities, but
in fact it is connected to the vertices of other communities »' E(i, j) has connections.

eS¢

The probability of realizing a network with a given structure is

2 -m 72 1) n
H 1 pm 2 ‘ l_A[pOUJESk (1 pout) [7 < Jésk ] (1)

k=1 ieS,

Taking the logarithm of the likelihood function L, (1) and simplifying it, we get

o =loglL, Zm Iogpm+2(nk "~ mkjlog(l—pin)+
2
+£m—2mkjlogpout [ an 7-n) ( kajjlog(l Powt) ()
k=1

The partition IT" for which the function I, reaches its maximum over all possible partitions is called
optimal. Note that there is still uncertainty in the choice of probabilities p and p, . The function
Iy =1 ( Py, Pox ) depends on the arguments p, , p,,.. Maximizing 1, with respect to p,,, p,,., One can then
use these values in numerical calculations.

Statement. For a fixed partition TT, the function |, = IH( Pins pout) reaches its maximum at

o - 2(m, +m,) ) :2(m—(ml+m2))
"o n)-7"" 49—(nf+nf)

. (3)

Substituting (3) into (2), we obtain an expression that depends only on the structure of the network. The
given values of the parameters also maximize the likelihood function (1).

If we divide social networks into two groups, we will study which one is more realistic.
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I1. Main part.

Numerical experiments. Let's look at different types of heptagonal social network. We divide the given
network into 2 groups and find the one that is most similar to the truth. When the heptagonal divides the
network into 2 teams, the following situations occur:

No 1st team 2nd team
1 2 edges 5 edges
2 3 edges 4 edges

First, let's look at the following graph:

Fig.1 is a network with 7 vertices (12 edges).

This network has 7 vertices and 12 edges. Let's calculate the value |, for division in the first case.
We obtain the probability function (2) for the partition
H:{ZLZ} u{3,4,5,6,7}

Fig. 2 division of the network into two parts

The total number of vertices is N =7, and the total number of edges is m=12, since there are 2 teams,
the first team has 2 vertices and 1 edge, and the second team has 4 vertices and 6 edges.

|, =7logp,, +4log (1- p,, )+ 5logp,,, +5l0g(1— P, )

We differentiate the function |, with respectto p,, and p,, and set the derivative to 0.
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Pin 1- Pin
5 B 5 0
pout 1- pout

7
Its maximum is reached at p,, = 1 and P, =— and is equal to -14.14177132.

1
2
Let's calculate the value of |, for dividing I'1= {

.3} U{4,5,6,7} in the second case.

Fig.3. dividing the network into two parts

The total number of vertices is N =7, and the total number of edges is m=12, since there are 2 teams,
the first team has 3 vertices and 3 edge, and the second team has 4 vertices and 4 edges.

l,, =7logp,, +2log (1~ p,, ) +5logp,,, +7log (1~ p,, )

We differentiate the function |, with respectto p,, and p,, and set the derivative to 0.

T2
Pin 1- Pin

DTy
pout 1_ pout

7 5
Its maximum is reached at p.. =— and P,, === and is equal to -12.91767498.
in 9 out 12

Now imagine all the divisions in the first case:

No Paznencuue ln Pin Pout
' I1=1{12}U{3,4,56,7} aaammmzz | Lo 2
1| 2

? I1={2,3}U{4,56,7,1} gz | L2
| 2

3 7 1
I1={3,4}U{5,6,7,1,2} wammz | o2

4 7 1
I1={4,5} L{6,7,1,2,3} wammz | oo 2

° ={5,6}{7,1,2,34} aaammmzz | Lo 2
1| 2

Volume: 02 Issue: 05 | 2023 Page | 644

https://univerpubl.com/index.php/horizon



Horizon: Journal of Humanity and Artificial Intelligence
ISSN: 2835-3064

6 _ ] 8 2
I1={6,7}U{12,3,4,5} 1317560547 | = | <
! M={7,1}U{2,3,4,5,6! aaammmzz | Lo 2
| 2

max 1317559547

This table shows that the maximum value of |, is -13.17559547.

When |, reaches its maximum value, its p,, is large compared to others and its p,,, is small compared
to others.

When dividing 3 by 4, i.e. when the 1st team has 3 vertices and the 2nd team has 4 vertices, the
maximum likelihood function, |, , reaches its maximum when dividing H:{1,2,3} u{4,5,6,7},
which has a value of -12.91767498.

we can do these calculations using the algorithm in the "maple™ program presented in [2].
CONCLUSION. If we compare the maximum value of I, in each state, we see that

|, =-12.91767498in division of 3 by 4 is greater than the rest, the p,, it gets is greater than the p,
in the other state, and P, we see that it is small compared to other cases.

To conclude, if the above network with 7 vertices and 12 edges is divided by two, its likelihood function
|, reaches its maximum value when dividing 3 by 4, that is, in the following case:

Fig.4. dividing the network into two parts
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