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Abstract. This paper examines the paradigm shift from traditional keyword-based
information retrieval to semantically driven search systems. By analysing the
theoretical foundations, developmental milestones, and real-world applications of
semantic search, the study demonstrates how advances in natural language processing
(NLP), deep learning, and vector space modelling have fundamentally transformed the
way humans interact with information systems. Special attention is given to
transformer-based architectures such as BERT, which represent the current state of the
art in understanding query intent and contextual meaning.
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The exponential growth of digital information has exposed the fundamental
limitations of conventional keyword-based search. When a user submits a query, a
traditional retrieval system simply matches the submitted terms against an index — an
approach that frequently fails to capture what the user actually needs. Semantic search
addresses this shortcoming by shifting the focus from lexical matching to the
understanding of meaning, context, and intent. Rooted in the vision of the Semantic
Web first articulated by Tim Berners-Lee, the field has evolved into one of the most
active research areas at the intersection of artificial intelligence and information science.
This paper traces that evolution, identifies the core advantages of semantic approaches,
and surveys the domains in which they are now indispensable.

Semantic search can be defined as a method of information retrieval that interprets
not merely the surface form of a query but its underlying meaning, context, and
communicative intent. This stands in sharp contrast to Boolean and TF-IDF-based
systems, which treat documents and queries as bags of words and consequently miss
synonymous, paraphrased, or conceptually related content. The theoretical impetus for
semantic search can be traced to Berners-Lee’s concept of the Semantic Web — an
extension of the existing web in which information is given well-defined meaning so
that both humans and machines can cooperate effectively in processing it. Ontologies,
linked d
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phase, retrieval systems relied exclusively on exact string matching, returning only
documents that contained the precise terms submitted by the user. The introduction of
statistical models — most notably TF-IDF and Latent Semantic Analysis (LSA) —
marked a significant step forward, as these methods captured co-occurrence patterns
and latent topical structure in large corpora. Nevertheless, they remained incapable of
modelling true linguistic meaning. The decisive breakthrough came with the rise of
neural language models. Word2Vec and GloVe demonstrated that words could be
embedded in continuous vector spaces such that geometric proximity reflected semantic
relatedness. The subsequent emergence of transformer-based architectures, culminating
in models such as BERT and its successors, enabled context-sensitive representations
in which the same word is encoded differently depending on the surrounding text — a
capability that finally brought machine understanding of language into practical reach.

Semantic search confers several decisive advantages over its keyword-based
predecessors. Because the system operates on meaning rather than form, it handles
synonymy, morphological variation, and paraphrase with equal ease, dramatically
reducing the proportion of irrelevant results returned to the user. Query intent
classification — the ability to distinguish between informational, navigational,
transactional, and research-oriented queries — allows the system to tailor its response
to the actual goal behind the submitted text. Personalisation is a further strength: by
modelling user behaviour and preference over time, semantic search engines can surface
results that are not merely topically relevant but individually appropriate. Finally,
semantic approaches scale effectively to very large data repositories, maintaining
retrieval quality even as collection size grows into the billions of documents.

Semantic search has moved well beyond the general-purpose web search engines
where it first gained public visibility. Major platforms such as Google, Bing, and
Yandex have progressively incorporated semantic ranking signals into their core
algorithms, and the results are perceptible to everyday users. In academic and scientific
contexts, digital libraries and citation databases now leverage semantic retrieval to help
researchers navigate vast bodies of literature more efficiently. Corporate knowledge
management systems benefit from the technology’s capacity to surface institutional
expertise and documentation that might otherwise remain buried. Perhaps most
critically, high-stakes domains such as medicine and law have adopted semantic search
precisely because the cost of missed or irrelevant results in those fields can be severe;
the precision and recall improvements offered by semantic systems are therefore not
merely convenient but, in some contexts, ethically significant.

Conclusion. Semantic search represents a qualitative leap in the long endeavour to
make mformatlon retrieval genumely useful to human bemgs The trajectory from exact

The history of semantic search unfolds across three broad phases. In the earliest,
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" As multilingual capabilities mature, real-time personalisation deepens, and multimodal,

retrieval — combining text, image, and structured data — becomes mainstream,
semantic search will increasingly function as the invisible but indispensable interface
between human knowledge and the machines entrusted to manage it. Continued
interdisciplinary research at the confluence of linguistics, machine learning, and
information science will be essential to realising that potential responsibly.
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