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SOURCES RELATING TO AEROSPACE PRODUCTION ORGANIZATION 
 

The subject of this research is ontology-oriented approaches to extracting business information from unstruc-

tured web sources. The aim of the article is to analyze the effectiveness of modern ontology-oriented approaches 

for extracting business information from unstructured web sources and to substantiate their feasibility for deci-

sion support systems. Such approaches are particularly important for the information and analytical support of 

aerospace enterprises, where activities require processing significant volumes of heterogeneous external infor-

mation on cooperative relations, supplies, technical product support, regulatory requirements, and the market 
environment. Tasks include: analyzing the main challenges of collecting, mining, and processing business in-

formation from unstructured web sources; determining the feasibility of using ontologies to extract and integrate 

business information; and performing a comparative analysis of modern ontology-oriented approaches and 
identifying promising areas for future application. The study employed methods for analysis and generalization 

scientific sources, systems analysis, and comparative analysis, along with approaches to semantic and ontolog-

ical modeling. The findings establish that the main factors complicating web-based business information extrac-

tions are the heterogeneity of data formats and structures, the ambiguity of natural language, the dynamism of 

the information environment, and the incompleteness or inconsistency of information. It is demonstrated that the 

use of ontologies enables the semantization, structuring, logical coordination, and integration of business infor-

mation within a corporate knowledge base, while providing a foundation for improving the quality of analytical 

data processing. Modern ontology-oriented approaches are categorized into template-based methods, deep lin-

guistic analysis, and machine learning. A comparative analysis reveals that hybrid approaches, which combine 

the advantages of various methodologies to ensure greater completeness, flexibility, and semantic consistency, 
are the most promising for decision support systems. Conclusions. The scientific novelty of the obtained results 

lies in the generalization and comparison of modern ontology-oriented approaches to extracting business infor-

mation from unstructured web sources, considering their suitability for semantic data coordination, the for-

mation of corporate knowledge bases, and their application in decision support systems. 
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1. Introduction 

 

Digitalization of economic processes and rapid 

growth of data volumes in the web space lead to an in-

crease in the role of business information as a strategic 

management resource. In the modern information envi-

ronment, information that is significant for enterprises is 

formed not only in internal information systems, but also 

in the external digital circuit, which includes corporate 

web resources, news platforms, open reports, industry 

portals, electronic documents and other sources of busi-

ness communication. Under such conditions, the problem 

of obtaining, structuring and interpreting business infor-

mation becomes interdisciplinary and combines the tasks 

of information search, natural language processing, se-

mantic data integration and knowledge management [1, 

2]. This problem is especially relevant for aerospace 

companies, since decision-making in such organizations 

depends not only on internal production and technical 

data, but also on external sources, including supplier no-

tifications, technical bulletins, regulatory documents, an-

alytical market reviews, materials on cooperative rela-

tions and maintenance of complex equipment. Under 

such conditions, timely detection, semantic coordination 

and integration of external information become an im-

portant prerequisite for supporting managerial, logistical 

and technological decisions. 

A significant feature of business information com-

ing from the web space is its predominantly unstructured 

or semi-structured nature. In most cases, relevant infor-

mation is not presented in a form directly suitable for au-

tomated analytical processing, but is distributed between 

text fragments, tables, web elements, PDF documents, 

dynamic pages and other types of content that require 

prior extraction, normalization and semantic alignment. 

Under such conditions, traditional approaches based on 
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lexical search or template extraction of fragments do not 

provide a sufficient level of accuracy, completeness and 

semantic consistency of results, especially when it comes 

to identifying entities, events and relationships in hetero-

geneous sources [3, 4]. 

In this context, ontologically oriented approaches to 

information extraction are of particular relevance, which 

allow us to move from superficial syntactic detection of 

text elements to the construction of formalized models of 

the subject area. In this approach, ontology serves as a 

conceptual framework that defines classes of entities, 

types of their relationships, attribute characteristics, in-

terpretation constraints, and rules of logical agreement, 

creating the prerequisites for transforming disparate text 

information into structured knowledge. This, in turn, 

opens up opportunities for the formation of corporate 

knowledge bases, increasing the interpretability of ana-

lytics results, and using extracted information in decision 

support systems. From the standpoint of software engi-

neering, this approach also creates a basis for building 

software systems in which the processes of collecting, in-

tegrating, updating, and using business information can 

be implemented as a coordinated interaction of functional 

components and multi-agent means of managing infor-

mation and intellectual resources [2, 5]. 
 

1.1. Motivation  
 

The motivation for the study is that in modern con-

ditions, the effectiveness of decision-making support 

largely depends on the timely receipt, interpretation and 

integration of business information from a large number 

of external web sources. However, such information, as 

a rule, is distributed between disparate platforms, differs 

in presentation format, structure, completeness and relia-

bility, which significantly complicates its use as part of 

corporate information and analytical systems. Under 

these conditions, the problem of creating software solu-

tions that are capable not only of collecting data, but also 

of ensuring their further semantic coordination and inte-

gration into a single knowledge environment becomes 

particularly relevant [1, 6]. 

From the standpoint of software engineering, the 

main difficulty lies in the fact that existing solutions often 

implement only individual functions of working with 

business information: source search, fact extraction, 

knowledge graph construction or analytical interpretation 

of results. Such fragmentation complicates the construc-

tion of holistic systems in which the processes of 

knowledge collection, filtering, semantic analysis, inte-

gration, accumulation and updating should be organized 

as a coordinated interaction of components of a single ar-

chitecture. That is why there is a need to use ontological 

models as a formal basis for representing the subject area 

and corporate knowledge base, which makes it possible 

to reduce semantic ambiguity and ensure interoperability 

of subsystems [3, 4]. 

An additional motivating factor is the variability of 

the web environment, which requires the software system 

to be able to adapt to new sources, new types of entities, 

new data formats and new requirements for analytics. In 

such conditions, a promising combination of ontologi-

cally-oriented approaches with multi-agent tools that al-

low distributing the functions of collecting, analyzing, 

coordinating, updating and controlling knowledge be-

tween specialized components is promising. These cir-

cumstances indicate the constructiveness of the outlined 

approach to organizing effective management of infor-

mation and intellectual resources of an enterprise in con-

ditions of heterogeneity of sources and variability of the 

environment and determine the feasibility of further re-

search in this direction [5, 7]. 

In the context of the aerospace industry, these prob-

lems are exacerbated by the high complexity of coopera-

tion processes, dependence on component suppliers, the 

need to take into account technical and operational docu-

mentation, as well as increased requirements for the rel-

evance and consistency of knowledge used in decision-

making. That is why the development of tools for seman-

tic processing and integration of external information is 

important not only from the standpoint of general busi-

ness analytics, but also for the tasks of information sup-

port of aerospace enterprises. 

 

1.2. Publication Analysis 

 

Analysis of current research shows that in recent 

years the problem of extracting business information 

from unstructured web sources has been considered 

mainly within the framework of several interrelated ar-

eas: generative information extraction, ontology engi-

neering, semantic data integration, knowledge graph con-

struction, knowledge-based analytics and retrieval-aug-

mented generation. At the same time, most of the existing 

works focus either on separate algorithms for extracting 

entities, relationships and events, or on building semantic 

models for already prepared data. This does not allow to 

fully form a holistic software engineering approach to 

collecting, coordinating, integrating and further using 

business information in corporate decision support sys-

tems [3], [8]. 

In the article [3], large language models are consid-

ered as the basis of generative information extraction and 

approaches to solving the tasks of named entity recogni-

tion, relation extraction, event extraction and other forms 

of structured knowledge extraction from text are system-

atized. The authors show that the generative paradigm 

significantly expands the possibilities of processing un-

structured sources, but the main emphasis of the work is 

on the classification of models and subtasks of  
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information extraction. However, the work still leaves 

unresolved the issue of integrating the extracted infor-

mation into corporate knowledge bases and its coordina-

tion with the formalized model of the subject area. 

The article [5] considers the use of knowledge 

graphs to support descriptive business analytics, in par-

ticular to capture provenance, preprocessing stages, and 

the context of analytical procedures. The authors argue 

that knowledge graphs can serve as an environment for 

accumulating and explaining knowledge use in analytical 

systems. However, the article still leaves unresolved the 

issue of automated collection and primary extraction of 

business information from heterogeneous web sources, 

which is critically important for building corporate deci-

sion support systems. 

The work [8] contains a technology for semi-auto-

matic construction of ontologies from unstructured texts 

based on a combination of NLP procedures, knowledge 

graph and ontology version control tools. The authors 

demonstrate that even for non-expert users it is possible 

to significantly reduce the complexity of constructing a 

semantic model of a subject area by automating the 

stages of entity recognition, relationships and ontology 

enrichment. However, in this work, the issue of adapting 

such an approach to the continuous collection of business 

information from the web space and its further integra-

tion into the corporate knowledge base in conditions of 

source variability still remains unresolved. 

In the article [9], trusted knowledge extraction for 

operations and maintenance intelligence tasks is consid-

ered and 16 NLP tools and LLM solutions are evaluated 

on real data from the technical maintenance domain. The 

authors show that building a knowledge extraction pipe-

line for critical applications requires taking into account 

trust in the tools, confidentiality constraints and real read-

iness of technologies for implementation. However, the 

work still leaves unresolved the issue of formalized on-

tological representation of extracted knowledge and its 

integration into a single corporate model suitable for 

long-term use in business analytics tasks. 

In paper [10], the authors proposed a knowledge 

graph-driven framework for multi-party synergistic inter-

action of operation and maintenance participants in com-

plex products. The authors developed a formal ontologi-

cal method for representing heterogeneous data of sev-

eral stakeholders and supplemented it with a navigation 

model to reduce information ambiguities. However, it 

still leaves unresolved the issue of using such an ap-

proach specifically for collecting and extracting business 

information from the open web space, rather than from 

existing domain data. 

The authors of the article [11] propose a knowledge 

intelligence management method for manufacturing en-

terprises, which includes automatic knowledge graph 

construction, its refinement and a natural language inter-

action mechanism based on LLM. The authors show that 

the combination of LLM, knowledge graph and agent 

functions can improve the quality of knowledge manage-

ment within the enterprise and simplify access to 

knowledge in new business scenarios. However, the issue 

of transferring this approach to the task of semantic rec-

onciliation of business information from heterogeneous 

external web sources and its integration into a corporate 

knowledge base in a more general software engineering 

context remains unresolved in the work. 

The article [12] considers a framework that com-

bines knowledge graph construction and retrieval-aug-

mented generation for complex information support in a 

crisis environment. The authors demonstrate that the in-

tegration of knowledge graph with the retrieval-aug-

mented generation approach allows to increase the com-

pleteness and contextual relevance of answers, reducing 

the dependence on isolated text search. However, the is-

sue of building an ontological model of business infor-

mation and organizing a software system capable of sup-

porting its continuous replenishment, coordination and 

use in decision-making processes remains unresolved. 

Thus, the conducted analysis of publications gives 

grounds to assert that modern research confirms the fea-

sibility of using ontological models, knowledge graph, 

LLM and related tools to solve individual problems of 

information extraction and interpretation. At the same 

time, in most works, the issue of building a holistic soft-

ware system that would combine the collection of busi-

ness information from unstructured web sources, its se-

mantic coordination, integration into a corporate 

knowledge base and further use with the involvement of 

multi-agent tools for managing information and intellec-

tual resources remains insufficiently addressed. This is 

what determines the feasibility of further research within 

the chosen topic. 

 

1.3. State of the Art  

 

Despite the development of modern data processing 

tools, the problem of automated extraction of business in-

formation from unstructured web sources remains insuf-

ficiently solved at the level of building holistic software 

systems. The main difficulty lies in the fact that business-

significant information comes from sources that differ in 

structure, presentation formats, access methods, level of 

completeness and update speed. As a result, software 

tools built on the basis of only local search or isolated 

fact extraction algorithms do not provide proper con-

sistency of results and do not form a single environment 

for the further use of knowledge in decision support [1].  

Solving this problem is complicated by the fact that 

unstructured web sources contain semantically ambigu-

ous, fragmented, and context-dependent information that 
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cannot be directly integrated into corporate information 

systems. Even in cases where individual methods allow 

to detect entities, events, or relationships, the results of 

such extraction remain weakly connected to each other if 

the system lacks a formalized model of the subject do-

main. This reduces the interoperability of software com-

ponents, complicates the reuse of knowledge, and does 

not allow to ensure the proper level of semantic data con-

sistency [4]. 

From the standpoint of software engineering, the 

disadvantage of most existing approaches is their frag-

mented implementation, in which the modules for col-

lecting, analyzing, integrating, storing and updating in-

formation function as loosely coupled subsystems. Under 

such conditions, it is difficult to scale the system, adapt it 

to new sources, maintain the relevance of the corporate 

knowledge base and control the consistency of the accu-

mulated information. This necessitates the use of onto-

logical models as the basis for an integrated representa-

tion of business information and the use of multi-agent 

tools to coordinate the processes of collecting, semantic 

matching, updating and using knowledge [5]. 

Thus, the scientific and applied tasks is to develop 

ontological models, methods of collecting, extracting, se-

mantic matching and integrating business information in 

the web space using multi-agent means of managing in-

formation and intellectual resources, which ensure the 

formation and updating of the corporate knowledge base 

in the conditions of heterogeneity of sources and varia-

bility of the environment to increase the efficiency of de-

cision-making support processes, in particular in the in-

formation and analytical circuits of enterprises in the aer-

ospace industry, where the tasks of monitoring the exter-

nal environment, cooperative relations, supply, mainte-

nance of technical documentation and assessment of the 

state of production and operational processes are im-

portant. It is the solution of this problem that determines 

the logic of further research and the need to develop ap-

propriate models, methods and architectural solutions.  

 

1.4. Objectives and Tasks 

 

The purpose of the article is to analyze the effec-

tiveness of ontologically-oriented approaches to extract-

ing business information from unstructured web sources 

and to justify the feasibility of their use as a basis for 

building software systems focused on semantic data rec-

onciliation, the formation of a corporate knowledge base, 

and decision support. 

To achieve the goal, within the framework of this 

publication it is necessary to solve the following tasks: 

1. Analyze the main problems of collecting, ex-

tracting, and processing business information from un-

structured web sources. 

2. To identify the possibilities of using ontologies 

in the tasks of extracting and integrating business infor-

mation from unstructured web sources. 

3. To assess the effectiveness of modern ontology-

oriented approaches to extracting business information 

from unstructured web sources and identify promising ar-

eas of their use in decision support systems. 

 

2. Ontological Models, Methods and Tools 

for Extracting Business Information  

from Unstructured Web Sources 
 

2.1. Features of Collecting, Extracting  

and Processing Business Information  

from Unstructured Web Sources 

 

Automated collection and extraction of business in-

formation from the web space is a complex scientific and 

applied task, which is due to the fundamental properties 

of the web content itself. Unlike data stored in internal 

corporate systems according to relatively stable schemes, 

web sources form a dynamic, distributed and heterogene-

ous information environment [1]. For business analytics,  

this means that significant information about companies, 

markets, products, financial events, personnel changes or 

partnerships can be presented in different formats, in dif-

ferent contexts and with different degrees of complete-

ness [4]. As a result, the task of information extraction 

itself goes beyond the usual search for text fragments and 

requires a comprehensive approach to their detection, in-

terpretation, coordination and integration. This is espe-

cially true in the aerospace industry, where external in-

formation can relate not only to the market and partner-

ships, but also to product support, changes in regulatory 

requirements, the status of component supplies, and co-

operation between enterprises. 

One of the key problems is the heterogeneity of web 

data. It manifests itself both at the level of formats and at 

the level of structure and semantics of sources: 

1. Heterogeneity of formats: information can be 

presented in the form of:  

- HTML pages: news articles, press releases, cor-

porate blogs that require cleaning of markup, navigation 

elements, and advertising; 

- PDF documents: annual reports, analytical stud-

ies, official documents, which often contain complex ta-

bles and graphs; for the aerospace industry, such sources 

also include technical bulletins, test reports, certification 

documents, specifications, and component catalogs - ex-

tracting information from which requires specialized 

tools; 

- structured data: JSON responses from social 

media APIs (Twitter, LinkedIn), XML news feeds (RSS), 

microdata (Schema.org) for describing products or or-

ganizations; in applied tasks of the aerospace industry, 
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these can also be supplier registers, catalogs of compo-

nents and assemblies, as well as metadata of technical 

products; 

- plain text: comments on forums, reviews on 

websites. 

2. Structural heterogeneity: even within the same 

format, the structure can vary dramatically, for example, 

two news sites may have completely different HTML 

structures for presenting the same news content. This 

makes it difficult to create universal "wrappers" for data 

extraction. 

3. Semantic heterogeneity: the same concept can 

be expressed in different ways, for example, a company's 

profit can be called "revenue", "sales", "turnover" or "in-

come". The system must understand that all these terms 

refer to the same concept. 

4. Language heterogeneity: business information 

is global, for example, important news about a European 

company may first appear in German and then be trans-

lated into English. The system must be able to handle 

multilingual content. 

The next significant problem is the ambiguity of 

natural language, which is the main carrier of business 

information in the web space. Ambiguity manifests itself 

on several levels: 

− at the lexical level, a single word can have mul-

tiple meanings depending on the context, for example, 

the term “Apple” can refer to a technology corporation, a 

fruit, or a personal name. In the business domain, a typi-

cal example is the word “Ford,” which can refer to an 

automobile company, the actor Harrison Ford, or a geo-

graphical concept; 

− at the level of synonymy, different words and 

phrases can represent the same entity, as is the case with 

company names, positions or brands, for example, “In-

ternational Business Machines”, “IBM” and “Blue Gi-

ant” are designations of the same corporation. Similarly, 

the expressions “CEO”, “Chief Executive Officer” and 

“chief executive officer” designate the same managerial 

position; 

− at the level of anaphoric connections, instead of 

direct mention, pronouns (“he”, “she”, “company”) or 

descriptive constructions (“tech giant”, “the company 

from Cupertino”) are used to refer to previously men-

tioned objects. All this complicates the correct correla-

tion of textual mentions with specific entities of the sub-

ject area; 

− at the level of syntactic ambiguity, several pos-

sible interpretations of relationships between objects can 

be created, which directly affects the quality of the ex-

tracted facts. For example, in the sentence “Company X 

sold a division of Company Y with its assets,” it is  

difficult to unambiguously determine which party to the 

transaction the assets belong to. 

The problem of ambiguity is also closely related to 

the dynamism of the web environment. Unlike static text 

corpora, the web space is constantly changing: new com-

panies, products, technologies and events appear, the 

characteristics of already known entities change, re-

branding, personnel changes and transformation of mar-

ket relations occur. As a result, dictionaries, reference 

books and previously built knowledge resources quickly 

lose their relevance. In addition, the use of terms itself 

changes, that is, conceptual drift occurs when the previ-

ously established meaning of a certain token is trans-

formed under the influence of a new business context. 

This means that the business information extraction sys-

tem should be focused not only on one-time extraction of 

information, but also on constant updating of knowledge, 

adaptation to new entities and rethinking of existing de-

scriptions. 

Another important factor is incompleteness and in-

consistency of data. In a real web environment, infor-

mation about the same entity or event often turns out to 

be distributed among several sources, each of which con-

tains only a part of the necessary information. For exam-

ple, one message may record the fact of the appointment 

of a new manager, but not name the person, while another 

source provides a name, but does not specify the position 

or context of the appointment. To form a holistic picture 

of the event, it is necessary to integrate these fragments 

into a single knowledge structure. At the same time, dif-

ferent sources may provide incompatible or mutually ex-

clusive data, in particular regarding financial indicators, 

time characteristics of events or the status of corporate 

relations. Under such conditions, the system must not 

only extract facts, but also perform procedures for their 

coordination, assessment of reliability and resolution of 

conflicts between sources. 

Thus, the collection and extraction of business in-

formation from unstructured web sources is complicated 

by the combined effect of several interrelated factors: the 

heterogeneity of formats and structures, the semantic am-

biguity of natural language, the dynamism of the infor-

mation environment, as well as the incompleteness and 

inconsistency of data (Fig. 1). All this indicates that an 

effective solution to such a problem is impossible within 

the framework of only traditional search or template ap-

proaches. It is necessary to transition to models and meth-

ods that provide semantic interpretation, integration of 

information from different sources and the formation of 

a consistent representation of knowledge suitable for fur-

ther use in decision support systems. 

 

2.2. Using Ontologies in Business Information 

Extraction and Integration Processes 

 

The ontology of the subject area acts as a formal 

model of knowledge, which creates the basis for the tran-

sition from syntactic processing of text to its semantic in- 
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Fig. 1. Classification of problems in gathering and extracting business information from unstructured web sources 

 

terpretation. In the tasks of extracting business infor-

mation, this is of fundamental importance, since it allows 

working not only with individual words or fragments of 

text, but with formalized entities, relations, attributes and 

events relevant to the subject area [13]. If unstructured 

text is a stream of symbols and language constructs, then 

the ontology defines a conceptual scheme through which 

the system can interpret this stream as an ordered 

knowledge environment. That is why it is advisable to 

consider ontologies as one of the key means of semantiz-

ing business information in the web space [14]. 

The formal nature of an ontology is determined by 

its structural components. These include classes that rep-

resent types of objects in the domain; properties that de-

scribe relationships between objects or their attributes; 

individuals as specific instances of classes; and axioms 

that specify logical rules and constraints. Unlike tradi-

tional directories or classifiers, an ontology not only fixes 

a list of concepts, but also determines the way they are 

linked within a single knowledge space [15]. This creates 

the conditions for the formation of a coherent model of 

the domain, in which business entities can be linked not 

only by the fact of mentioning them, but also on the basis 

of logically justified semantic relations. 

One of the most important tasks solved with the 

help of ontologies is the elimination of ambiguity during 

the interpretation of textual references. In business infor-

mation, this problem arises constantly, since one and the 

same lexical unit can have several meanings, and one and 

the same entity can be denoted by different names,  

abbreviations or descriptive constructions [16, 17]. In 

this context, an important role is played by the grounding 

procedure, or entity linking, which consists in comparing 

the mention of an entity in the text with its unique identi-

fier in the knowledge base. Such a process involves first 

generating a set of possible candidates, and then choosing 

the correct option based on the context. Thanks to this, 

the system is able to establish that different forms of men-

tion can refer to the same company, person or product, 

and therefore correctly integrate information from differ-

ent sources. 

After disambiguation, ontology performs the next 

important function - knowledge structuring. It is not just 

about the accumulation of facts, but about the organiza-

tion of these facts in the form of a logically connected 

system [18]. Taxonomic relations allow you to build hi-

erarchies of concepts, which creates the opportunity to 

carry out search and analysis at different levels of gener-

alization. At the same time, relations of the “part–whole” 

type allow you to model the internal structure of complex 

objects, in particular companies and their divisions, and 

the characteristics of properties in ontological description 

languages expand the expressive capabilities of the 

model. Thanks to this, ontology becomes not just a means 

of ordering terms, but a full-fledged tool for formalizing 

complex relationships between entities, which is espe-

cially important in the business domain. 

Another fundamental advantage of ontologies is the 

support of logical inference. Based on already recorded 

facts and defined rules, the system can automatically ob-

tain new, previously implicit knowledge [19]. This al-

lows not only to classify objects by indirect features, but 

also to detect logical contradictions and establish indirect 

connections between entities. In the business analytics 

context, this possibility is especially valuable, since real 

data often comes in fragmented form, and important  

conclusions are formed not from a single message, but 

from a set of several facts. Thus, logical inference turns 

the ontological model from a passive knowledge reposi-

tory into an active tool for analytical interpretation.  
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The final and most applicable aspect of using ontol-

ogies is data integration through a common semantic 

model [20]. In a real web environment, facts about the 

same entity or event can be distributed across multiple 

sources, expressed in different words, and presented in 

different formats. An ontology allows these facts to be 

associated with the same concepts and relationships, re-

sulting in a single, consistent knowledge base. This 

means that disparate messages, reports, tables, and tex-

tual references can be integrated into a common semantic 

representation that is machine-readable, structured, and 

amenable to further analysis. 

Thus, ontologies perform a complex function in the 

processes of working with business information: they 

provide semantics of text data, disambiguation, 

knowledge structuring, logical inference and integration 

of information from various sources. This makes them 

not just an auxiliary tool for describing a subject area, but 

a fundamental basis for building corporate knowledge 

bases and software systems focused on supporting deci-

sion-making. In the context of this article, this gives 

grounds to consider ontologies as a key element of ontol-

ogy-oriented approaches to extracting business infor-

mation from unstructured web sources. 

 

2.3. Comparative Analysis  

of Ontology-Oriented Approaches  

to Extracting Business Information  

from Unstructured Web Sources 

 

Modern ontology-oriented approaches to extracting 

business information from unstructured web sources 

should be considered as a set of methods that combine 

natural language processing tools with formal domain 

knowledge models [21, 22]. In general, such approaches 

can be divided into three main groups: template-based 

methods, methods based on deep linguistic analysis, and 

methods based on machine learning. Each of these 

groups has its own advantages, limitations, and areas of 

effective application, and their comparison allows us to 

assess the suitability of the corresponding solutions for 

use in decision support systems. Hybrid approaches 

should be distinguished separately, which combine the 

strengths of several groups of methods [7]. A generalized 

classification of such approaches is presented in Fig. 2. 

The main groups of ontologically oriented ap-

proaches include: 

− template-based methods; 

− methods based on deep linguistic analysis; 

− methods based on machine learning. 

Template-based methods are among the first in the 

development of information mining. They involve the 

use of predefined linguistic or syntactic templates that are 

associated with ontology concepts and allow the detec-

tion of certain types of facts in the text. Such approaches 

can be implemented through manual rule creation by do-

main experts or through semi-automatic pattern training 

using bootstrapping procedures. In the first case, the sys-

tem receives highly accurate but rigidly fixed rules; in the 

second, the share of manual work is reduced, but the risk 

of accumulating errors increases during the iterative ex-

pansion of the set of templates. 

The advantages of template methods are as follows: 

− high accuracy within well-formalized scenarios; 

− complete transparency and clarity of the sys-

tem's operation; 

− the possibility of expert control of extraction 

rules. 

 

 
 

Fig. 2. Classification of ontology-based approaches to business information mining 
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The main disadvantages of template methods: low 

completeness of results; high complexity of develop-

ment; fragility regarding changes in language formula-

tions; weak adaptability to new domains and sources.  

In contrast to template-based approaches, methods 

based on deep linguistic analysis rely on detailed mor-

phological, syntactic and semantic parsing of the text. 

They allow to obtain formal representations of sentences, 

which are then compared with ontological structures. In 

practice, this means that the system not only records the 

sequence of words, but also tries to determine which ob-

jects are subjects of an action, which are its objects, what 

attributes accompany the event and how these elements 

can be related to the relations defined in the ontology. 

This approach provides greater flexibility and allows 

working with more complex language constructs than is 

possible within the framework of rigid templates.  

The methods of deep linguistic analysis are charac-

terized by: 

− medium or high completeness of extraction; 

− better ability to work with variable sentences; 

− taking into account the grammatical and seman-

tic structure of the text; 

− higher context sensitivity compared to template 

methods. 

However, such methods also have significant limi-

tations: high computational complexity; dependence on 

the quality of parsers and language resources; sensitivity 

to errors in previous stages of analysis; the difficulty of 

scaling in a multilingual environment. 

Machine learning methods treat the problem of in-

formation extraction as a classification or sequential la-

beling problem. It is this group of approaches that today 

demonstrates the best quality indicators in the problems 

of named entity extraction, relationship classification and 

event detection. Starting from classical statistical models, 

such as CRF, the development of this direction has led to 

the use of neural networks of the BiLSTM-CRF type and 

transformer architectures, in particular BERT-like mod-

els. The advantage of these methods is the ability to take 

into account a wide context, generalize to new texts and 

effectively work with large volumes of data in which 

events and relationships are described by various linguis-

tic means. 

Strengths of machine learning methods:  

− high accuracy; 

− high completeness; 

− good ability to generalize; 

− suitability for automating the processing of large 

amounts of text. 

The main limitations of these methods are: the need 

for large training samples; significant computational 

costs; limited interpretability of results; difficulty of use 

without additional semantic control. 

A comparison of the above groups of methods 

shows (Table 1) that none of them can be considered a 

universal solution. Template approaches are the most 

transparent, but the least flexible. Deep linguistic analy-

sis methods better reflect the structure of the text, but re-

quire a complex linguistic infrastructure. Machine learn-

ing methods provide the best results in terms of accuracy 

and completeness, but at the same time reduce the level 

of explainability and require significant resources for 

training and support. That is why it is advisable to evalu-

ate the effectiveness of modern approaches not by a sin-

gle indicator, but by a set of characteristics, among which 

the key ones are accuracy, completeness, complexity of 

implementation, requirements for input data, adaptability 

and interpretability. 

In view of the above, the most promising ap-

proaches for decision support systems are hybrid ap-

proaches that combine the strengths of different classes 

of methods. In such systems, machine learning models 

can be used for the initial extraction of entities and rela-

tions, deep linguistic analysis tools for specifying struc-

tural dependencies, and ontology and rules based on it for 

typing, filtering, validation, and semantic matching of re-

sults. It is this organization that allows combining high 

completeness of extraction with interpretability, logical 

consistency, and suitability for integration into a corpo-

rate knowledge base. Therefore, promising areas for fur-

ther use of modern ontologically oriented approaches in 

decision support systems are primarily associated with 

the development of hybrid software solutions, in which 

the ontology acts as a semantic framework for collecting, 

integrating, and using business information. 

 

3. Results and Discussion 
 

As a result of the conducted research, it was found 

that the extraction of business information from unstruc-

tured web sources is a complex multi-component task, 

the quality of the solution of which is significantly af-

fected by the heterogeneity of formats, the semantic am-

biguity of natural language, the dynamism of the web en-

vironment, as well as the incompleteness and incon-

sistency of data. Unlike traditional information retrieval, 

in this case it is not enough to simply identify relevant 

text fragments, since the further use of such information 

in decision-making support systems requires its normali-

zation, semantic coordination, integration and structured 

representation within a single knowledge environment. 

This gives grounds to consider the task of extracting busi-

ness information not as a separate NLP procedure, but as 

an element of a broader software engineering problem as-

sociated with the construction of integrated information 

and analytical systems. 
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Table 1 

Comparative characteristics of modern ontology-oriented approaches to business information mining 

No. Criterion 

Template-

based  

methods 

Methods based on 

deep linguistic  

analysis 

Machine learning-

based methods 

Hybrid ap-

proaches 

1 Basic principle Using rules 

and templates 

related to on-

tology 

Morphological, syn-

tactic and semantic 

analysis of the text 

with subsequent com-

parison with the ontol-

ogy 

Training models for 

recognizing entities, 

relationships, and 

events 

Combining ML 

models, linguistic 

analysis, rules, 

and ontology 

2 Precision High in nar-

row scenarios 

Medium or high High High 

3 Completeness Low Medium High High 

4 Interpretability High Medium Low Medium or high 

5 Adaptability Low Medium High High 

6 Resource require-

ments 

Expert rules 

and manual 

support 

Linguistic resources, 

parsers, dictionaries 

Large training sam-

ples and computa-

tional resources 

Combined re-

sources 

7 Implementation 

complexity 

Medium High High High 

8 Suitability for in-

tegration into the 

knowledge base 

Limited Moderate Moderate High 

9 Suitability for se-

mantic matching 

Limited Moderate Moderate High 

10 Feasibility for de-

cision support sys-

tems 

Partially Moderate High Highest 

 

The analysis showed that the use of ontologies is 

appropriate for solving the above problems, since it is the 

ontological model that allows us to move from fragmen-

tary processing of textual references to a formalized rep-

resentation of business entities, events, attributes and re-

lationships between them. The paper summarizes that on-

tologies provide several fundamentally important func-

tions: eliminating ambiguity by matching textual refer-

ences with specific entities, structuring knowledge using 

taxonomies and formal relations, supporting logical in-

ference, and integrating facts from disparate sources into 

a common semantic model. It is thanks to these properties 

that ontologies can be considered as a basic tool for form-

ing a corporate knowledge base suitable for further use in 

analytical and management tasks. 

The study also systematizes modern ontology-ori-

ented approaches to business information mining and 

compares them. It is found that template methods provide 

high accuracy and transparency in well-formalized do-

mains, but are inferior in completeness and adaptability. 

Deep linguistic analysis methods better take into account 

sentence structure and context, but are difficult to imple-

ment and depend on the quality of language resources. 

Machine learning methods, especially transformative 

models, demonstrate the best results in terms of accuracy 

and completeness, but are characterized by high data re-

quirements and limited interpretability. Therefore, none 

of the considered approaches is universal, and their prac-

tical value is determined not only by the quality of ex-

traction, but also by their suitability for integration into 

decision support software systems. 

Comparative analysis allows us to assert that the 

most promising are hybrid approaches that combine the 

strengths of different groups of methods. In such solu-

tions, machine learning models can provide the initial de-

tection of entities, relations and events, linguistic analysis 

methods can specify structural dependencies in the text, 

and ontology can perform the functions of normalization, 

typing, logical validation and integration of results into 

the corporate knowledge base. It is this organization that 

allows us to coordinate the requirements for accuracy, 

completeness, interpretability and suitability of results 

for further use in decision support systems. Thus, the 

work substantiates that the further development of onto-

logically oriented approaches should be associated not 

with the isolated improvement of individual methods, but 

with the construction of hybrid software solutions capa-

ble of integrating heterogeneous web sources into a  
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single, homogenized knowledge environment. In the ap-

plied aspect, the obtained results can be used in the crea-

tion of information and analytical subsystems for enter-

prises in the aerospace industry. In particular, we are talk-

ing about the tasks of monitoring the external environ-

ment in order to determine the market situation, analyze 

cooperative relations, assess the status of component sup-

plies, maintain technical documentation, identify critical 

changes in the regulatory framework, and support man-

agement decisions based on integrated knowledge. This 

allows us to consider ontologically oriented and hybrid 

approaches not only as theoretically justified, but also as 

practically relevant for the information support of com-

plex high-tech industries. 

The results obtained are also important in the 

broader context of future research, as they create a basis 

for the formation of an ontological model of integrated 

representation of business information, the development 

of methods for its collection, coordination and integra-

tion, as well as for further substantiation of means of 

managing information and intellectual resources. In this 

sense, the article serves as a conceptual basis for the next 

stages of research, in which the emphasis will already 

shift from comparative analysis to the construction of our 

own models, methods and architectural solutions. 

 

4. Conclusions 
 

The article analyzes the main problems of collect-

ing, extracting and processing business information from 

unstructured web sources. It is established that the com-

plexity of this task is due to the heterogeneity of data for-

mats and structures, the ambiguity of natural language, 

the dynamism of the web environment, as well as the in-

completeness and contradictions of information coming 

from different sources. It is shown that under such con-

ditions, traditional approaches to search and local fact ex-

traction do not provide the proper level of semantic coor-

dination and data integration necessary for further use in 

decision support systems. 

The possibilities of using ontologies in the tasks of 

extracting and integrating business information from un-

structured web sources are determined. It is substantiated 

that ontologies should be considered as a means of se-

mantizing text information, eliminating ambiguity, struc-

turing knowledge, logical inference and integrating facts 

within a single corporate knowledge base. It is the onto-

logical model that provides a formal representation of the 

subject area, which makes it possible to transition from 

fragmentary text references to a coherent knowledge en-

vironment suitable for analytical use. 

As a result of a comparative analysis of modern on-

tologically-oriented approaches to business information 

extraction, it was found that template methods, methods 

of deep linguistic analysis and machine learning methods 

have different advantages and limitations, and therefore 

cannot be considered as interchangeable universal solu-

tions. It is shown that the most promising for decision 

support systems are hybrid approaches that combine high 

completeness of machine learning, structurality of lin-

guistic analysis and semantic reliability of ontological 

matching. This gives grounds to consider hybrid ontolog-

ically-oriented solutions as the most appropriate direction 

for the further development of systems for extracting 

business information from unstructured web sources. 

The practical significance of the results obtained 

lies in the possibility of their use in the development of 

software tools for semantic coordination and integration 

of external information in information and analytical sys-

tems of aerospace enterprises. In particular, the proposed 

generalizations regarding the use of ontologies, 

knowledge graphs and hybrid approaches can be useful 

for building information and analytical subsystems for 

monitoring suppliers, analyzing cooperation relation-

ships, supporting technical documentation, processing 

messages about the technical condition of products and 

supporting decision-making in the management pro-

cesses of complex aerospace systems. 
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АНАЛІЗ ЕФЕКТИВНОСТІ ОНТОЛОГІЧНО-ОРІЄНТОВАНИХ ПІДХОДІВ ДО ВИДОБУВАННЯ 

БІЗНЕС-ІНФОРМАЦІЇ З НЕСТРУКТУРОВАНИХ ВЕБДЖЕРЕЛ 

С. О. Данов, І. В. Шостак 

Предметом дослідження є онтологічно-орієнтовані підходи до видобування бізнес-інформації з нестру-

ктурованих вебджерел. Метою статті є аналіз ефективності сучасних онтологічно-орієнтованих підходів до 

видобування бізнес-інформації з неструктурованих вебджерел та обґрунтування їх доцільності для викорис-

тання в системах підтримки прийняття рішень. Завдання: проаналізувати основні проблеми збору, видобу-

вання та оброблення бізнес-інформації з неструктурованих вебджерел; визначити можливості використання 

онтологій у задачах видобування та інтеграції бізнес-інформації; виконати порівняльний аналіз сучасних он-

тологічно-орієнтованих підходів та визначити перспективні напрями їх подальшого використання. У ході до-

слідженні застосовано методи аналізу та узагальнення наукових джерел, системного аналізу, порівняльного 

аналізу, а також підходи семантичного та онтологічного моделювання. У результаті встановлено, що основ-

ними чинниками, які ускладнюють видобування бізнес-інформації з вебпростору є гетерогенність форматів і 

структур даних, неоднозначність природної мови, динамічність інформаційного середовища, неповнота та 

суперечливість відомостей. Обґрунтовано, що використання онтологій забезпечує семантизацію, структури-

зацію, логічне узгодження й інтеграцію бізнес-інформації в межах корпоративної бази знань, а також створює 

підґрунтя для підвищення якості аналітичного опрацювання даних. Систематизовано сучасні онтологічно-

орієнтовані підходи. За результатами порівняльного аналізу встановлено, що найбільш перспективними для 

систем підтримки прийняття рішень є гібридні підходи, які поєднують переваги різних груп методів, забезпе-

чуючи гнучкість результатів. Висновки. Наукова новизна отриманих результатів полягає в узагальненні та 

порівнянні сучасних онтологічно-орієнтованих підходів до видобування бізнес-інформації з неструктурова-

них вебджерел з урахуванням їх придатності до семантичного узгодження даних, формування корпоративної 

бази знань та використання в системах підтримки прийняття рішень.  

Ключові слова: бізнес-інформація; неструктуровані вебджерела; онтологія; видобування інформації; се-

мантична інтеграція; корпоративна база знань; системи підтримки прийняття рішень. 
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