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angaBITHOMY MOPSAAKY MPI3BUIL aBTOPIB.

Martepianu (Te3u AOMOBiNEH) JAPYKYIOTbCS B aBTOPCHKIM  pemaKiii.
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Po3xain 6.

Il TyyHunii iHTEJIEKT Ta AaBTOMATH3AIlIA
POOOTOTEXHIYHUX CHCTEM

UDC 004.822

TERMS CLUSTERING HYBRID SERVICE WITH WORD2VEC, K-MEANS, AND
MAJORCLUST ALGORITHMS FOR KNOWLEDGE PROCESSING SYSTEMS WITH
CLOUD-BASED ARCHITECTURE
MALAKHOV K.S. (malakhovks@nas.gov.ua)
Microprocessor technology lab, Glushkov Institute of Cybernetics
of the National Academy of Sciences of Ukraine

The article discusses the algorithm and software implementation of the research module for
distributional semantic analysis of natural language text documents in Ukrainian (extraction and
clustering of existing concepts or other defined entities) in a system for transdisciplinary research
support. The proposed approach to the natural language text processing uses an ordered set of
universal procedures that allows to identify the basic units of language (words, phrases, or other
defined entities), to classify them, to cluster them, and to define concepts in a text document.

Automated analysis of natural language texts continues to be an outstanding research
challenge. By concepts we are referring to noun terms, as well as noun groups that have definitions
in specialized dictionaries of domain knowledge or in the natural language text itself.

The architecture of the network tool component (in the form of a web service with an API)
is presented as a pipeline for processing electronic text documents containing natural language text
and consists of the following stages and components:

1. Extract text from .pdf, .docx, .doc documents.

2. Basic text normalization - the so-called linguistic preprocessing

3. Spell checking and automatic typos correction.

4. Lexical analysis — tokenization — it is the process of converting a sequence of characters into a
sequence of tokens.

5. Grammatical analysis — marking up the text with parts of speech, in general, this is the process
of assigning a syntactic category to each of the tokens.

6. Morphological analysis — this is the process of lemmatization. Syntactic analysis — parsing and
chunking, in general, is the process of analyzing sentences, which first identifies their constituent
parts and then associates them with higher-order units that have discrete grammatical meanings.
The selected nouns and noun groups are checked against specialized dictionaries of the domain
knowledge and against the availability of their definitions in the text sentences.

7. Formation of specialized XML and HTML text structures. To implement this stage, appropriate
functions and procedures have been developed that allow obtaining the results of the electronic text
document processing pipeline as output data.

8. Software and information utilities that define the functionality of the electronic text document
processing pipeline ensure the solution of the task of automated processing of natural language text
documents in Ukrainian based on linguistic and semantic analysis of the provided source data.

The next step is the choice of a clustering algorithm. While there are a few popular ones like
K-means and DBSCAN, MajorClust is somewhat less known, but has an important advantage: it
does not require stopping criteria like the number of clusters, the number of elements in a cluster, or
the maximum distance between elements within a cluster, to be pre-set in advance: in many NLP
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tasks such as word clustering these are very hard to guess, even though lots of experimentation. The
algorithm is described in [1] in application to document clustering (see p.4 for pseudocode and
explanation).

The algorithm begins by assigning every document to its own cluster. At each iteration, each
document gets assigned to the cluster, to which it has the biggest similarity. A document's similarity
to a cluster is calculated as the sum of the document's cosine similarities to each of the cluster's
members. Thus, a document can be re-clustered to other clusters at later iterations. Clustering stops
when no document changes its cluster.

However, | found that two modifications to this algorithm are necessary in my case. First, if
many elements in the matrix have non-zero similarities to many other elements (e.g., word vectors
have lots of non-zero values in the same columns, as is the case with word2vec vectors), then
MajorClust may end up putting all elements into one single cluster. Therefore, it was necessary to
introduce a threshold below which similarities get cancelled out, i.e., set to 0. After some
experimentation | found that good results can be achieved by removing up to 99% of the smallest
similarity pairs.

Second, after cancelling out low similarities, there will be many elements with no similarity
to any other element. l.e., each of them should either constitute a cluster of its own or be treated as
noise. MajorClust will merge two elements together even if the similarity between them is 0, thus
producing one large catch-all cluster with lots of unrelated words. So, the other modification is to
prevent assigning an element to a cluster if its similarity equals 0. My implementation requires that
all similarity values are equal or greater than 0O, so first the features in the vectors need to be scaled
to a range, e.g. (0, 1).

The development and training of predictive models of distributional semantics for the
Ukrainian language using the word2vec algorithm and others are described in [2]-[5]. We have
developed an experimental implementation of the MajorClust algorithm with word2vec models for
word clustering. The selected concepts form a network model for representing the knowledge of the
relevant domain.

The article discusses the algorithm and software implementation of the research module for
distributional semantic analysis of natural language text documents in Ukrainian as well as the
extraction and clustering of existing concepts using the word2vec and MajorClust algorithms.
Currently, the latest version of the service is available here and is free for use for research and
educational purposes: https://konspekt.ai-service.pp.ua/ua. An experimental implementation of the
MajorClust algorithm with word2vec models for word clustering is available here:
https://gist.github.com/malakhovks/a8b2e895a755419bc49b21e888267¢2f.

Important note: ken project and documentation are in active development. For any
technical clarifications and questions contact us via email: malakhovks@nas.gov.ua or via Issues
[6]. The recent Russian’s rocket shelling on critical infrastructure in Ukraine and Kyiv led to the
shutdown of the https://konspekt.ai-service.pp.ua server.
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SAFETY AND ETHICS IN THE USE OF AUTOMATED SYSTEMS
RYSBEK AKERKE (akerkerysbek98@gmail.com)
Turan University, Kazakhstan

The modern world is becoming more and more automated, and this leads to the emergence
of new security and ethics issues. Automated systems such as robots, drones, automated vehicles
and others are used in many fields, including manufacturing, transportation, medicine, military and
others. However, their use may cause certain risks and raise ethical issues that need to be taken
into account and addressed.

One of the main safety issues is the possibility of automated systems to cause harm to
people and the environment. For example, robots operating in production environments can cause
injury to workers if they are not provided with sufficient safety. Automatic vehicles can cause
accidents if their software does not take into account all possible situations on the road. Drones can
violate privacy if used unauthorized. In addition, the use of automated systems may raise ethical
questions. For example, the use of automatic vehicles can lead to the loss of drivers' jobs, which can
affect the economy and society as a whole. Robots replacing people in some jobs can cause
dissatisfaction among people who lose their jobs. Military robots may raise questions about what
level of control and responsibility the people controlling these systems should have. Addressing
these issues requires joint efforts from manufacturers, government agencies, the public and other
stakeholders. Manufacturers must guarantee the safety and reliability of their systems.

Nowadays, when we are more and more dependent on technology, the issues of safety and
ethics in the use of automated systems are becoming more and more relevant. First of all, we would
like to address the issue of security. Automated systems can be indispensable in operation, but they
can also pose a security threat. For example, hackers can use weaknesses in the system to break into
databases and obtain confidential information. Therefore, it is necessary to take all necessary
measures to ensure the safety of automated systems. This can be regular software updates, the
installation of strong passwords, as well as the use of a two-factor authentication system. In
addition, it is necessary to take into account ethical aspects when using automated systems. For
example, we need to make sure that the systems do not violate the rights and freedoms of people.
This may be a violation of privacy rights if the system collects and stores personal data without the
consent of users. It is also necessary to take into account the possibility of using our systems to
manipulate public opinion. For example, it may be the use of algorithms to spread fake news or
manipulate election results.

Another important aspect to consider when using automated systems is transparency.
Companies should be ready to communicate openly and transparently with users and the public
about how automated systems are used and what data they collect and process. This will help
establish trust on the part of users and protect companies from possible accusations of violating
privacy rights or ethical principles. In addition, it is necessary to take into account that automation
can lead to the dismissal of people and job cuts. Therefore, companies should be prepared for social
responsibility and the provision of alternative options for employees who may be affected by the

324



