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Abstract—This article presents the results of calculations 

that allow us to visualize the connections of graphs of socially 

significant events, which are revealed through the tools of 

categorical logic as homomorphisms in the conditions of 

algorithmization of search mechanisms using combinatorial 

analysis and the principle of greedy maximization of 

information growth. The main result is a new method, which is 

based on the grouping of graph structures by highlighting their 

main ties in spirtah and creating their unique homomorphic 

image due to the greedy principle of maximizing the information 

gain in conjunction with combinatorial logic combinatorial 

analysis that allows the interpretation of socially significant 

events in the form of detail relationships creating its elements 

and forming them as an object and, subsequently, improve the 

accuracy of the algorithms. 
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I. INTRODUCTION 

 
Properties of graphs allow us to expand the limits of 

measurement in a variety of applications. The most common 
ones are Economics, logistics, chemistry, and many others. 
This article reveals the possibility of increasing accuracy in 
the field of search algorithmization by combining graph 
theory with various mathematical tools, such as set theory, 
game theory, and combinatorial analysis. 

 

II. SEARCH ALGORITHMS 

 

Initially, referring to the basics of graph construction as a 

theory, the graph is the preferred element for further calculus 

produced using it. Based on the conditions for organizing 

automated search, the connection between graphs is used as 

the basis for establishing relations between objects. Referring 

to objects and designating them as a system for further 

description, we present an array of statistics of ordered 

quantitative data of socially significant processes that can be 

disclosed in the criminalization of society and considered as 

a socially dangerous trend of each individual event in 

statistics.  

For example, such an element can be decomposed into 

separate types of crimes, and they, in turn, into the properties 

of each of the types of committed acts. The connection 

between all types and their resonance on society (which can 

also, of course, be considered as a connection, only for 

events), determines the preference for algorithmization of 

search in graph connection structures. The algorithmization 

condition shown in the flowchart (Fig. 1) is to follow the 

formulation rule until all exceptions are taken into account 

and the information void is reduced. Due to these rules, the 

accuracy of the calculations given below can be achieved. 

Let's assume that event statistics are Let's assume that event 

statistics are formulated as Cartesian sets based on parameters 

of conditional equivalence of set values  
 

 

Fig. 1. A block diagram of the algorithmic rules of search in the structures 
of the connections graphs. 
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on graphs as separate elements. Then the graph  G  with 
vertices H and arcs E  is considered as a signal in the form of 
nodal intersections by cause- and-effect connections between 
variables (signals) of the connection system. 

Establishing a functional connection involves reducing the 
complexity of the graph structure and converting graphs in 
topology if they are equivalent, and forms their homomorphic 
image and homomorphic connections for connected 
subgraphs of sets of preimages [1]. The graph-intersection of 
the selected connections contains vertices and arcs that are 
common for further multiplication of graphs, which can be 
assumed as a necessary element for the formation of Cartesian 
products of all sets of graphs 

(multiplication of topological spaces).  

Let the count 𝐺 = (𝐻, 𝐸) includes a set of vertices and a 
set of edges that are a subset of the Cartesian square of the set 
of vertices (i.e., each edge connects exactly two vertices). 
Then, conditionally, we have some relations 𝐺1=(𝐻1 ,𝐸1) и 
𝐺2=(𝐻2,𝐸2). Product of graphs 𝐺1 × 𝐺2 there will be such a 
graph G, for which it is feasible 

                                     𝐻𝐺 = 𝐻1 × 𝐻2                                
(1) 

what it represents cartesian product of the sets of nodes 

(links) of the original graphs as objects, and there is also an 

edge (v,w), where v=(𝑣1, . . . , 𝑣𝑘) and w=(𝑤1, . . . , 𝑤𝑘), when 

there is a family of edges 

 
                    𝐸1=[𝑣1; 𝑤1],...,𝐸𝑘=[𝑣𝑘; 𝑤𝑘]],𝐸𝑖⊂𝐻𝑖               

(2) 

Based on this, it becomes expedient to introduce the 
concept of the spectrum of graphs in the formed objects. The 
spectrum of a graph is the set of all eigenvalues of the 
adjacency matrix taking into account multiple edges, and the 
adjacency matrix is a square matrix of order n, in which the 
value is 𝑎𝑖𝑗  an element located in place (𝑖, 𝑗)  equal to the 

number of edges (arcs) starting at the vertex ℎ𝑖 , and ending at 
the top ℎ𝑗.  

Matrices are convenient for various permutations between 
iterations over relations. For example, the reachability matrix 
on graphs derived from it reveals the structure of graph 
connections. And the vertex connectivity and edge 
connectivity can be defined in order to create conditions 
specified sets of the graph as edge-connected. The main task 
will be to memorize the rules for selecting connections in 
graph tree structures and form them as a functional object 
(functor).  

Then we can Express the order of iterations with graph 
trees as the decisive rules under which it becomes possible to 
form features in graph spectra through the most prevailing 
connections, where the connections are nothing more than an 
input functor of a topological space. To form the main tree 
structure, you need to check the static influence of connections 
on the Hamiltonian paths of graph trees, which also allows you 
to double-check the complexity of the graph structure. 
Including the minimum number in the graph k of new vertices 
by the set influence, the graph becomes Hamiltonian ( 𝑖𝑓 𝑘 >
0). Let us denote the Hamiltonian cycle 𝑣1, 𝑣𝑘,…, 𝑣1  graph 
G´, if 𝑣1 ϵ V. Any vertex of the graph G´ is adjacent, with the 

exception of the reverse, to the vertex 𝑣к, which assumes the 
total number of 𝑛 + 𝑘 vertices and new vertices is at least  

                                      2 (
𝑛

2
+ 𝑘),                              (3) 

which makes the graph Hamiltonian and does not contradict 
ore's theorem. Before calculating the spectrum of graphs, the 
combinatorial apparatus of combination can be used first. The 
validity of the algorithm is achievable by induction over n, if 
we note that the algorithm generates first all subsets 

                                      𝐴 = {1,2, . . . ,𝑛 − 1},                           
(4) 

then repeats this sequence, adding n to each subset.the Last 
term in the sequence will be the set A itself, and the algorithm 
will automatically stop. The descriptive part of the algorithm 
is as follows 

                                   𝑎1 = 1, 𝑎2 = 2, . . . , 𝑎𝑟 = 𝑟 .                          
(5) 

If an r-combination is generated 𝑎1, 𝑎2, . . . , 𝑎𝑟  , then the 
largest one is defined 𝑎𝑖, such that 𝑎𝑖 + 1 it is not included in 
this combination. If there 𝑎𝑖  are none this only happens if, 
then 

                                   𝑎1 = 𝑛 − 𝑟 + 1, . . . , 𝑎𝑟 = 𝑛                              
(6) 

urther conversions are stopped [2].  

Additionally, a conjunction and disjunction check can be 
performed, after which the entire original structure is 
converted to a spectrum Sp(G),  reflecting the General 
properties of all graphs. To do this, you should translate the 
graph data G to the adjacency matrix A=(𝑎𝑣𝑖 ), where v - 
variable (next 𝑣𝑘 , k - graph vertex, k ϵ V ), but i - value of the 
neighboring vertex. In this case, we use the condition 

                                   𝜆𝑣 = 𝐴𝑣,                       
(7) 

where v - vector-column with elements 𝑣𝑘 , in which it is 
obvious 

                                       |𝜆𝐼 − 𝐴| = 𝑃𝐺(𝜆) = 0,                           
(8) 

where 𝑃𝐺 (λ) the preliminary result of permutations of 
adjacency matrices and the spectrum is defined as        

                                         𝑆𝑝(𝐺) = [𝜆1, 𝜆2, . . . , 𝜆𝑖]  ,                              
(9)          

In a spectrum with the same event sampling conditions, n-
links can be allocated as a separate structural unit, which, 
based on the General problem, must be described as a 
spectrum with conditionally assigned values by their weights 
[3]. In this case, the weight functions are fair                  

     𝐴 = {(𝑎𝑖𝑗), 𝑖 = 1, … , 𝑛;  𝑗 = 1, … , 𝑛; (𝑎𝑖𝑗) =  𝑓(𝑉𝑖 , 𝑉𝑗)},     

(10) 

where 𝑉𝑖 , 𝑉𝑗  – vertices of the graph, 𝑓(𝑉𝑖 , 𝑉𝑗)} – the weight 

function that determines the covariance of communication. 
Based on what, the wood frame T - homomorphic image or 
rule for conglomeration by relations 𝑉𝑖 , 𝑉𝑗  in 𝑆𝑝𝑛(G) and its 

corresponding allocation on the grounds of connections. In 
this case, it is excluded that the tree T has cycles, except for 
their image for the algorithm, but also has chains or, in other 
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words, trunks T, which are conditionally, two-way-infinite 
(Fig. 2). 

In this case, it is possible to use the output of the center of 
mass of the tree. Take the classical representation of tree 
weights for clarity. For a vertex v from the tree T, denote by 

                                      𝐸𝑖=[𝑣, 𝑤𝑖]                                        
(11) 

an arbitrary edge with the end of v. All edges belonging to 
chains from v with the first edge 𝐸𝑖 form a part of  

                                       𝐵𝑖 = 𝐵[𝑣, 𝐸𝑖],                                   
(12) 

which forms a branch, forms a branch defined by 𝐸𝑖 and v; in 
this case, the edge 𝐸𝑖 is included in 𝐵𝑖 . The number of edges 
in 𝐵𝑖 , is 𝑣𝑒(𝐵𝑖), so that 

                                   𝑣𝑒(𝑇) = ∑ 𝑣𝑒(𝐵𝑖)
𝑝(𝑣)
𝑖=1 .                             

(13) 

 

Fig. 2. The Hamiltonian path in algorithmization procedures. 

Numeric value               

                               𝑣(𝑢) = max
𝑖=1,2,..,𝑝(𝑣)

𝑣𝑒(𝐵𝑖)                          

(14) 

 is the weight of the tree in v, and any branch 𝐵𝑖  for which  

                                      𝑣𝑒(𝐵𝑖) = 𝑣(𝑢)                                   
(15) 

is true and is the definition of a branch with weight. Then the 
initial center of mass, from pre-conglomerated connections, is 
given 𝑚0 as the vertex with the minimum weight and also the 
weight of the tree T for which  

                           𝑢(𝑚0) = 𝑢(𝑇)                        
(16) 

is valid [4]. Now we propose a series of events as a 
phenomenon of 𝐾𝑛  in the description of 𝑆𝑝𝑛 (G) and the 
prevailing 𝑉𝑖 , 𝑉𝑗, then, when formulating a conditional feature, 

a set of logical connections formed earlier by disjunction is 
derived from the operations. The preparatory iteration for 
describing the further algorithm can be indexing the search 

steps. Let's assume that the search procedures are performed 
on a chain conditionally set as 𝑆0  and possible chains 

𝑆1,𝑆2, . . . , 𝑆𝑛.  

Let's consider a vertex of one of these chains (shown in 
Fig. 3), different from the initial and final. Since this vertex is 
already included in the chain using two arcs, it is obvious that 
all other arcs entering or exiting such a vertex can be removed 
from the graph. For any starting vertex of the above chains, 
you can delete all arcs that originate from it (except for the arc 
that includes this vertex in the chain), and for any ending 
vertex, you can delete all arcs that end in it. In addition, except 
for the case when there is only one chain (for example, 𝑆0) 
passing through all the vertices of the graph G (i.e., when 𝑆0 
is a Hamiltonian chain), any existing arc leading from the end 
of any chain to the beginning vertex of the same chain can be 
deleted, since such an arc closes non — Hamiltonian cycles 
and can only be considered when formulating the algorithm. 
Removing all these arcs will produce a graph with many 
vertices — all the vertices of chains-in which only one arc 
ends at each vertex and only one arc originates from it. All 
these vertices and arcs that are incident to them are removed 
from G, and instead a single arc is introduced for each chain, 
running from the chain's starting vertex to its ending vertex.  

 

Fig. 3. The resulting spectra of the translation data. 

As a result, we get a reduced graph 𝐺𝑘=(𝐻𝑘,𝐸𝑘), where к  
is an index that shows the step number of searching for 
informative links and partially solves the problem of reducing 
complexity, and also prepares the algorithm for greedy 
maximization of information growth (hereinafter) [5].The 
most important, at this stage, is the search for the Hamiltonian 
cycle itself, and this problem can be solved classically in the 
code of Listing 1.  

It follows that you need to rebuild the tree so that it is 
possible to search for the average and closest value in the 
spectrum of sets up to the conditions of the approximate value 
by weight [6]. The preferred solution here is to reveal the 
spectrum weights by comparing the tree weights, which is a 
connecting link and teaches search abbreviations. On the 
weight allocated to the categories of expressions can be 
enclosed in the test substitution by cycles.  

We have a set set of graph values, for example Nm, in the 
substitution of this set P, where is any element of the array am 

ϵ Nm. The desired condition for this problem is repeatable each 
cycle of links for each search pattern events which can be 
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characterized as allocated to the category provided a cyclic 
repetition on a set of similar events, and therefore can be 
confirmed in the grounds of a particular communication 
structure [7]. In this case, the tree structure can be formulated 
for further training and focused on the conglomeration of 
connections, as well as the subsequent formation of a 
knowledge base for search terms. 

 

Listing 1. Code of the Hamiltonian cycle search program. 

 This task can be solved by further algorithmization of the 
selected actions, which can be based on the principle of greedy 
maximization of information growth – at each step, the 
attribute is selected, when dividing by which the increase in 
information is greatest. Then the procedure is repeated 
recursively until the entropy is equal to zero or some small 
value, in order to avoid unnecessary retraining procedures. 
Similarly, each element selected by attribute is assigned a 
sufficient number of unique values, and not all thresholds for 
connections can be selected, but only those that give the 
maximum increase. That is, in fact, a tree of depth “1” is built 
for each threshold, it is calculated how much entropy has 
decreased, and only the most significant ones are selected, 
with which the attribute should be compared. In this case, the 
selected features are added to the units of functors.  

Then, let's assume that using functors, a correspondence 
was established between objects of different categories, each 
of which was interpreted as a General model of characteristics 
of socially significant processes. As indicated earlier, functors 
are allocated to establish connections between elements that 
were previously transformed as graphs connections 
(expressed as prevailing by weights in subsystems) and their 
corresponding models (systems). Take a functor translation 
from a graph given by some assumed binary relation  

                                   𝑟 = < 𝑥, 𝑅 >, 𝑅 ⊆ 𝑋 ∗ 𝑋                        
(17) 

(elements 𝑥𝑖 ∈ X, interpreted in the nodes of the graph, pair  <
 𝑥𝑖 , 𝑥𝑗  > ∈  𝑅  - as edges of a graph), in the category of 

dynamical systems. To ensure that the axiomatics of category 
theory is fulfilled, the graph is considered as transitive and 
reflexive (conditionally). Given this conclusion, the graph can 
be considered as a categoryR, then the vertices of the graph 
are objects of this category, the edges are morphisms, and the 
constructing functor 𝐺 ∶  𝑅 →  𝑟  set a match between 
vertexes 𝑥𝑖  ∈ R and built dynamic systems 𝐷𝑖  ∈ 𝑟𝑛  between 
the edges of the graph  

                                 < 𝑥𝑖 , 𝑥𝑗  > ∈  𝑀𝑜𝑟𝑅  (𝑥𝑖 , 𝑥𝑗),                      

(18)  

and their corresponding morphisms f: 𝑀𝑜𝑟𝑟  ( 𝐷𝑖 , 𝐷𝑗 ). 

Accordingly, the conditions that allow us to deduce a 
homomorphic object in the conditions of the previously 
selected operation on graph structure reduction and 
homomorphic image formation can assume the output of sets 
of vertices of two graphs, which maps adjacent vertices to 
analogous ones [4,8].  

One of the possible options for implementing the 
applications of the considered functor construction based on 
system logic is the dynamization of a set of processes 
expressed in the trend, in which each vertex of the graph can 
be interpreted as an operation of vector data processing, and 
the corresponding object in the category, conditionally r, - as 
a dynamic (acceptable deviation from approval) model for this 
operation. Under the condition of the described structuring, it 
is possible to introduce control functions as an object during 
General iterations over the system.  

From a meaningful point of view, a Cartesian closed 
category will be the smallest calculus whose formulas include 
the vertices of each graph taken and whose proofs include its 
arrows. A deductive category that is freely generated from a 
graph, by imposing restrictions in the form of identities 
between proofs, becomes valid for Cartesian closed deductive 
categories [9-16].  

III. CONCLUSION  

 
This will reduce in the smallest equivalence relation 

between proofs that fulfills the substitution laws and 
corresponding identities of a Cartesian closed deductive 
category, in which the functors preserve a Cartesian closed 
structure on the categories. In this case, it may be fair to use 
the functor in strict relation to the rules of axiomatics of 
category theory, taking into account the connections of the 
raised graph, transferred to the category of dynamical systems. 

The result of the calculations is the possibility of applying 
a new method to increase the accuracy and consistently 

Advances in Intelligent Systems Research, volume 174

258



exclude the properties of data insufficiency, expressed in the 
connections of graphs of socially significant events with the 
tools of categorical logic. The proposed method combines 
multi-level modeling based on the General principle of 
increasing accuracy and eliminating errors in the output data. 
An innovation in the given material is the allocation of graph 
connections to the object of categorical logic and the use of 
such an object as the main result [17-25]. 
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