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Abstract: Among the numerous examples of application areas of algorithms for solving the 

problem of determining graph isomorphism, we note the problem of syntactic and structural 

pattern recognition, some problems of mathematical chemistry and chemoinformatics (study of 

the molecular structures of chemical compounds), problems related to the study of social 

networks (for example, linking several accounts of one user on Facebook).  

Keywords: Graph isomorphism, non -isomorphic graphs, and graph invariants, and isomorphism 

testing algorithms, adjacency matrix, incidence matrix, spectral analysis of graphs, graph theory. 

 

 

The presented work considers the problem of checking graph isomorphism and various 

approaches to its solution. The isomorphism relation between two graphs (undirected and 

without vertex and edge weights) is a bijection between the sets of graph vertices that preserves 

vertex adjacency. If the isomorphism relation holds between two graphs, then such graphs are 

called isomorphic. For undirected and directed graphs, the problems of determining isomorphism 

are practically identical. When determining isomorphism for directed or weighted graphs, 

additional restrictions are imposed on preserving the values of weights and arc orientations. 

An example of one of the possible algorithms for determining the isomorphism of two directed 

graphs is described in the article. In this algorithm, using the graph distance matrix (a matrix in 

which each element represents the length of the shortest path between two graph vertices), the 

search tree for possible correspondences between vertices is limited when determining the 

isomorphism of two directed graphs. 

It is easy to show that the isomorphism relation between graphs is reflexive, symmetric, and 

transitive, i.e., it is an equivalence relation. Therefore, the class of all graphs can be divided into 

nonempty and pairwise disjoint subclasses, called isomorphism classes or classes of isomorphic 

graphs. Two arbitrary graphs belong to the same isomorphism class if and only if they are 

isomorphic to each other. On In practice, for most cases, partitioning graphs into isomorphism 

classes is an unsolvable problem. 

The isomorphism testing problem has wide practical application and is an important problem in 

algorithm complexity theory. This problem belongs to the class IR, but it is unknown whether it 

belongs to the class P - if we assume that P ^ NR. At present, it is unknown whether this problem 

is NR-complete [9], but, for example, it is known that the problem of finding an isomorphic 

subgraph in a graph is NR-complete (the input data for this problem are graphs O and H, it is 

required to determine whether graph O contains a subgraph isomorphic to graph H) [12]. Thus, 

the studies currently being conducted that are aimed at solving the isomorphism testing problem 

for both arbitrary graphs and graphs of a special type are relevant (in practice, both exact and 

heuristic algorithms can be used for such studies, examples of which are given in Chapter 1). 
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To solve many practical problems, it is often necessary to show that the graphs under 

consideration are not isomorphic. This makes it possible to cut off obviously non-isomorphic 

graphs in the set of graphs under consideration. The problem of checking the non-isomorphicity 

of graphs, studied in the presented work, can be considered equivalent to the problem of 

checking the isomorphism of graphs. It is just as relevant and has just as wide practical 

application. 

Level of development 

One of the common approaches to the problem of checking the isomorphism of graphs is the use 

of heuristics. Heuristics for solving the isomorphism problem usually consist of attempts to show 

that the graphs in question are not isomorphic [57]. To do this, a list of different invariants is 

compiled in an order usually determined by the complexity of calculating this invariant. Then the 

values of the parameters of the presented graphs are sequentially compared. If two different 

values of the same parameter are found, it is concluded that the presented graphs are not 

isomorphic. Such an algorithm for establishing the isomorphism of two 

graphs is called heuristic. An example of a heuristic algorithm for checking graph isomorphism 

is given in Chapter 1. The approach described in this paper can be considered as an improved 

version of the heuristic algorithm. 

Another area of research is the solution of the problem of determining isomorphism for certain 

classes of graphs. It is currently unknown whether the problem of checking graph isomorphism 

is solvable in polynomial time [11, 31], but it is known that this problem can be solved in 

polynomial time for some classes of graphs. For 

 planar graphs; 

 graphs with limited degree of vertices; 

 graphs with limited multiplicity of eigenvalues from the spectrum of the adjacency matrix as 

well as some other classes, efficient algorithms for solving this problem are known. 

These algorithms exploit specific structural characteristics of graphs, which limits their scope of 

application. Therefore, there is a need for an algorithm that would find a solution to the graph 

isomorphism problem for as wide a class of graphs as possible, while remaining polynomial in 

both time and memory. An example of an isomorphism testing algorithm for a class of graphs 

defined by spectral characteristics is given in Chapter 1 . 

More recently, at the end of 2015, the famous mathematician Laszlo Babai presented a new fast 

algorithm for solving the graph isomorphism problem [17, 55]. The proposed algorithm allows 

one to establish the isomorphism of two graphs in a smaller number of steps (compared to the 

methods currently used). Laszlo Babai promises to publish a more detailed description of this 

algorithm in the near future. If its successful operation is confirmed, this algorithm will allow 

one to more effectively operate with a large array of data. 

related to natural sciences. And it may also contribute to the revision of the principles of data 

encryption, since the process of decrypting data encrypted with factors (when instead of a certain 

number or group of numbers, when transmitting information, the factors of this number or group 

of numbers are transmitted) will be significantly simplified. 

The purpose and objectives of the study 

The object of study of the presented work is graphs, as well as graph characteristics that are their 

invariants. 

The subject of the research is algorithms for calculating graph invariants, as well as graph 

generation algorithms. 
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The main objective of the work is to develop a method for solving the problem of checking the 

non-isomorphism of graphs and its study based on the use of random graph generation 

algorithms. 

As the main result of the work, we consider obtaining algorithms for checking the non-

isomorphism of graphs, which are some sequences of comparison of the values of invariants. To 

test various algorithms for checking the non-isomorphism of graphs, sets of input data are 

needed. In most real situations, the storage of input data is limited by the size of the system 

memory. One of the methods that allows solving this problem is random data generation. In this 

paper, it is assumed that for the discrete optimization problem under consideration, the optimal 

algorithm for solving it depends on the method of generating input data. To conduct 

computational experiments, it is assumed to use a set of graphs obtained using certain generation 

algorithms (including graph generation algorithms developed by the author). 

Main objectives of the research. 

1. Develop a method for solving the problem of checking the non-isomorphism of graphs based 

on the selected assumption about the applied generation algorithm. 

2. Describe the new graph invariant introduced by the author - the second-order degree vector. 

3. Develop an algorithm for generating graphs from a given vector of first-order degrees using 

the branch and bound method with additional heuristics. 

4. Develop an algorithm for generating graphs from a given vector of second-first-order degrees 

using the branch and bound method with additional heuristics. 

5. Develop a software system for organizing computational experiments to evaluate the 

effectiveness of using various algorithms that represent certain sequences of invariants for 

determining the non-isomorphism of graphs. 
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