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The paper presents a comprehensive analysis of the application of artificial intelligence methods for 

the optimization of information retrieval systems. The main problems of modern IRS are investigated, 

particularly the inefficiency of traditional algorithms in the context of exponential growth of unstructured 

data volumes. Key AI methods for search improvement are systematized, including natural language 

processing, vector semantic search, Learning to Rank models, personalization systems, and thematic 

modeling. Particular attention is paid to the analysis of the balance between the power of intelligent 

search and ensuring information security. Promising directions for further research are identified, among 

which are the development of multimodal systems, the implementation of proactive search mechanisms, 

and the integration of dynamic ontologies. 

 

Problem Statement. 

In today's information society, the efficiency of searching for relevant data has become a critical 

factor in scientific, professional, and daily activities [1-3]. Classical algorithms of information retrieval 

systems (IRS), based on statistical methods, are increasingly proving ineffective in the context of 

exponential growth of unstructured data, polysemy of language constructs, and individualization of users' 

information needs. 

A sharp contradiction arises between: 

1. The growing need for accurate, contextual, and personalized search. 

2. The limited capabilities of traditional IRS to adequately interpret complex queries, recognize user 

intent, and filter out information noise. 

The problem lies in the insufficient intellectualization and low adaptability of modern IRS, leading 

to the loss of valuable information, decreased user productivity, and inefficient use of information 

resources. 

This problem requires comprehensive research and implementation of innovative approaches, 

among which artificial intelligence (AI) methods and technologies occupy a key place, capable of 

fundamentally transforming the architecture and functionality of search systems. 

Another critical aspect of the problem is ensuring information security in optimized IRS [4-6]. The 

integration of AI for data processing, including confidential or personal data from IoT networks, raises 

new challenges regarding protection against leaks, unauthorized access, and malicious attacks on the AI 

algorithms themselves (adversarial training, data poisoning). Therefore, finding a balance between the 

power of intelligent search and security reliability is a key aspect of optimization [7]. 

 

Essence of study.  
The essence of this research lies in identifying and analyzing the potential applications of artificial 

intelligence methods and technologies for optimizing information retrieval systems. The study 

emphasizes the integration of intelligent algorithms into search, processing, and data interpretation 

processes with the goal of enhancing user efficiency amidst growing information flows. 

To understand the specific application points for artificial intelligence methods, it is necessary to 

examine the typical operational algorithm of a modern IRS. A classical IRS functions through several 

sequential stages (Figure 1). 
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Figure 1. General Scheme of IRS Functioning 

 

There are AI methods and technologies capable of fundamentally transforming the architecture, 

functionality, and security of search systems.  

 

Table 1. Main classes of methods for improving search systems 
Class of 

methods 

Main features Advantages 

Natural 

Language 

Processing 

(NLP, 

Transformer 

models) 

- semantic understanding of queries and 

documents (embeddings); 

- intent detection; 

- entity extraction (NER); 

- query reformulation (query rewriting / 

expansion). 

- more precise semantic relevance;  

- better handling of polysemy;  

- coverage of synonyms and error 

correction. 

Vector 

(semantic) 

search and 

vector databases 

- search by vector representations; 

- ANN algorithms (HNSW, FAISS); 

- supplementing / replacing the inverted 

index. 

- finding semantically similar 

documents; 

- working without exact keyword 

matching. 

Ranking Models 

(Learning to 

Rank) 

- gradient boosting (LightGBM, XGBoost); 

- neural rankers; 

- pairwise / triplet learning (pairwise / triplet 

loss); 

- feature combination (TF-IDF, PageRank, 

CTR). 

- optimization of result ranking; 

- consideration of multiple relevance 

factors; 

- improvement of quality metrics. 

Personalization 

and 

recommendation

s 

- user profiling; 

- collaborative filtering; 

- hybrid systems; 

- dynamic ranking. 

- individual relevance; 

- increased user satisfaction; 

- better conversion. 

Clustering, topic 

modeling 

- modern: BERTopic, Top2Vec, 

embeddings clustering; 

- classic: LDA (becoming outdated); 

- knowledge graphs/ontologies; 

- thematic analysis of collections. 

- content structuring; 

- topic navigation; 

- identification of semantic 

connections. 

Active learning, 

online learning 

- collection of labels «on the fly»; 

- adaptation of models to changes; 

- incremental updating. 

- quick adaptation to new conditions; 

- lower marking costs; 

- tracking trends. 

 

Query 

formulation 

Creating a search query profile 

Forming response to query 

IRS Memory 

Translation from 

natural language 

to the language 

of an 

information 

retrieval system 

Searching in the 

stored data array; 

matching stored 

search patterns with 

query search 

patterns 

Translation of information from natural 

language to IRS language; encoding 

and compression of information 

Recording search patterns; 

arrangement of information in a 

memory device 

Translation of response from IRS language to natural language 

Issuing a response 
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To gain a deeper understanding of the mechanisms behind this transformation, it is appropriate to 

systematize the key artificial intelligence approaches used in information retrieval systems. Table 1 

presents the main classes of methods and an analysis of their key capabilities. 

As can be seen from Table 1, modern artificial intelligence methods provide comprehensive 

improvements to information retrieval systems at all stages – from query understanding to final result 

ranking. Particularly notable is the shift from lexical to semantic search, which opens up new 

opportunities for more accurately meeting users' information needs. 

 

Conclusions 

The conducted research confirms that the integration of artificial intelligence methods into 

information retrieval systems represents a fundamental transformation of approaches to information 

search, processing, and interpretation. The systematization of key AI approaches has revealed their 

significant potential for solving critical problems of modern IRS. The main artificial intelligence methods 

for IRS optimization have been identified and classified. The advantages of implementing each of the 

defined AI technologies have been analyzed. It has been proven that the comprehensive application of 

these methods enables the transition from lexical to semantic search, ensuring more accurate relevance, 

better understanding of complex queries, and an individual approach to user needs. The most promising 

directions for further research include the development of multimodal IRS that integrate semantic search 

with visual and audio content analysis, as well as the implementation of mechanisms for proactive 

satisfaction of information needs based on predictive analytics and dynamic ontologies. A generalized 

scheme of IRS operation has been developed, allowing the identification of critical points for the 

integration of AI methods at each stage of the search process. 
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