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Abstract. The rapid growth of digital resources in modern digital libraries has 
intensified information overload, particularly in collections dominated by periodi-
cal publications. Such materials are inherently heterogeneous, multi-thematic, and 
often noisy, which complicates document modelling, similarity assessment, and 
the delivery of personalized content. The purpose of this research is to design and 
empirically validate a multi-component document similarity measure that sup-
ports robust and interpretable personalization in periodical-heavy digital libraries. 
Existing similarity approaches are largely designed for short or single-topic docu-
ments and, therefore, struggle to capture the partial and localized thematic overlap 
that characterizes periodicals. To address this gap, this study proposes a multi-
component document similarity measure explicitly tailored to long, multi-topic 
periodical content. The proposed measure combines complementary perspectives 
on document relatedness by jointly accounting for global thematic orientation, 
localized content overlap, thematic distribution, and factual context within a uni-
fied and parameterizable formulation. By treating similarity as a composite phe-
nomenon rather than a single-dimensional score, the approach enables more stable 
and meaningful identification of related documents in heterogeneous collections. 
The proposed measure is intended to support similarity-based navigation by help-
ing users locate documents related to a specific document they are currently access-
ing or reviewing, thereby improving focused exploration within complex digital 
library collections. 

Keywords: Multi-component similarity measure · Document similarity · 
Multi-topic documents · Digital libraries · Periodicals 

1 Introduction 

In recent decades, digital transformation led to fundamental changes in the way cultural 
heritage is stored, organized, and used. The mass digitization of archives, periodicals and 
specialized collections, combined with the development of remote access services, has
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transformed digital libraries into integrated knowledge management systems that com-
bine information resources, infrastructure and services in a dynamic environment [1, 2]. 
Recent definitions [3, 4] emphasize that digital libraries integrate technological, organi-
zational, and social dimensions, and are increasingly viewed as environments in which 
intelligent technologies and artificial intelligence tools provide personalized access and 
improved user experience [5]. In this sense, a digital library can be understood as a struc-
tured information system that stores, indexes, and provides digital resources through 
network technologies while ensuring their long-term sustainability and accessibility [2]. 

However, the rapid expansion of digital collections and their growing thematic diver-
sity also introduces significant challenges. When collections contain large numbers of 
textual resources — particularly periodicals — users are confronted with information 
overload, as such materials are inherently multi-thematic [6]. A single periodical issue 
may include political analysis, cultural commentary, sports news, and advertisements that 
share a common publication context, but lack a unified thematic focus [6]. This internal 
heterogeneity complicates document modelling and makes it difficult to assess similarity 
between documents in a way that is both reliable and meaningful for periodicals. 

With the growing importance of personalization in digital libraries, numerous stud-
ies [3–5] have explored methods and system architectures for delivering personalized 
access to digital content. Despite this progress, two key challenges remain particularly 
relevant for periodical collections: identifying effective similarity measures for long, 
heterogeneous documents and supporting similarity-based access at scale. Given the 
volume and diversity of digital resources, there is a clear need for approaches in which 
computationally intensive document representation and similarity estimation are per-
formed offline, while interactive personalization relies on efficient lookup operations 
over precomputed similarity structures, such as document similarity matrices. In such 
architectures, similarity assessment must function as a stable and reusable analytical 
layer that can be computed independently of user interaction and reused across multiple 
access scenarios. This requirement places specific demands on the design of the similar-
ity model itself, which must be expressive enough to capture meaningful relationships 
in heterogeneous content while remaining suitable for large-scale, offline computation. 

Most existing document similarity models — including those that combine seman-
tic representations with thematic information, metadata, or entity-based features — are 
designed for relatively short or thematically homogeneous documents and often assume 
that similarity can be adequately captured through a single global representation. Such 
assumptions are poorly suited to periodical publications, where similarity frequently 
arises from partial and localized thematic overlap rather than from overall topical coher-
ence. As a result, relationships between periodicals may depend on limited, but semanti-
cally decisive fragments embedded within otherwise dissimilar content, a property that 
many existing approaches fail to model explicitly. 

This work addresses this gap by proposing a multi-component document similarity 
measure explicitly designed for multi-thematic periodical collections. The novelty of 
the proposed approach lies not in the introduction of new similarity primitives, but in 
a similarity formulation that treats partial thematic overlap as a structural characteris-
tic of periodical documents and integrates multiple complementary signals — global 
semantic context, local fragment-level similarity, thematic distributions, and factual
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context — within a single, parameterizable model. By modeling document similarity 
through the controlled interaction of these components, the proposed measure enables 
stable and interpretable document-to-document similarity assessment in heterogeneous 
periodical corpora. From a practical perspective, this formulation supports document-
centered, similarity-based navigation in digital library environments, allowing users to 
locate documents related to the one they are currently accessing. 

The remainder of this study is organized as follows: Sect. 2 reviews related work 
on document similarity, thematic modeling, and similarity assessment in digital library 
environments. Section 3 presents the proposed multi-component similarity measure and 
its underlying design principles. Section 4 describes the experimental setup and evalu-
ation methodology and discusses the results and their implications for similarity-based 
navigation in periodical digital libraries. Section 5 concludes the study and outlines 
directions for future research. 

2 Related Work 

Digital libraries and information retrieval systems employ several fundamental 
approaches for identifying similar documents. The earliest and still widely used solutions 
are based on lexical similarity, where documents are represented by word or term fre-
quencies, and the proximity between them is measured by vector models and measures 
such as cosine similarity [7, 8]. Such approaches are relatively easy to implement and 
interpret but suffer from well-known limitations: sensitivity to morphological variations, 
synonymy and polysemy, as well as an inability to capture deeper semantic relationships 
between texts [9–11]. Furthermore, if digital resources are multi-thematic periodicals, 
it is difficult to represent the document through a single theme or short description, and 
the similarity between two issues often manifests itself locally – at the level of an indi-
vidual article, column or event – rather than globally across the entire text [5, 12]. The 
lack of clear relations between documents makes it difficult to navigate the corpus and 
limits the possibilities for finding similar or thematically related materials [1, 2]. In this 
context, similarity between documents is increasingly viewed as proximity in semantic 
space rather than simply as an overlap of lexical units [13–15]. However, even semantic 
approaches encounter difficulties with periodicals, where much of the content is noisy, 
repetitive, or strongly tied to specific events and contexts that are not always adequately 
captured by generalized language models [16, 17]. Along with purely content-based 
approaches, metadata is often used in practice to assist in the task of finding similar 
documents [18, 19]. Such metadata may include the date of publication, the edition, the 
section, the author or predefined thematic classifications. In periodicals, however, meta-
data is often incomplete, heterogeneous or incompatible between different periods and 
sources, which limits its reliability and applicability as a standalone source of similarity. 
Due to these limitations, modern digital libraries are increasingly looking for hybrid 
solutions that combine different sources of information – content-based, thematic and 
structured data (e.g. metadata). Particularly in periodicals, it is critically important to 
capture local thematic matches related to specific events, individuals or institutions that 
may only be present in limited fragments of the text but are decisive for the semantic 
proximity between documents.
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In this context, the task of finding “similar documents” can be viewed as a mul-
tifaceted problem in which similarity is not a one-dimensional quantity, but rather the 
result of the interaction between global themes, local matches, thematic distribution, and 
factual context (personalities, places, etc.). Especially in the case of multi-thematic peri-
odicals, the effective modelling of these aspects is a prerequisite for building sustainable, 
explainable and practically applicable navigation and recommendation services within 
digital libraries. 

3 Proposed Multi-component Similarity Measure 

3.1 Architectural Overview and Similarity Computation Workflow 

The proposed solution is designed to operate in a dynamic digital library environment 
in which textual resources are continuously added, modified, or removed. To support 
responsive user interaction over large and heterogeneous corpora, the architecture is 
organized around a clear separation between computationally intensive similarity esti-
mation and interactive access. In this organization, similarity computation is performed 
offline, while the interactive layer operates exclusively on precomputed results. 

This architectural separation allows similarity assessment to function as a stable and 
reusable analytical layer, independent of individual user requests. By relying on compact 
precomputed structures — most notably a document similarity matrix and a shared 
document index — the interactive layer can efficiently retrieve documents related to the 
one currently accessed, ensuring short and predictable response times as the collection 
grows. 

During the offline preparation phase, textual resources are processed through a 
unified workflow that transforms the evolving document collection into compact and 
reusable similarity structures, as illustrated in Fig. 1 and described in more detail in the 
following section. 

The resulting document similarity matrix constitutes the core operational structure 
supporting document-centered similarity-based navigation. At runtime, the interactive 
layer operates exclusively on that precomputed similarity matrix. When a user accesses 
a document, the system retrieves the corresponding set of related documents by locating 
the appropriate similarity entries, excluding the active document, and applying simple 
selection criteria such as thresholds or top-k limits. Because all similarity values are 
computed in advance, response times remain short and predictable, while the structure 
of the similarity matrix supports interpretable similarity-based navigation. 

To support long-term operation in dynamic collections, document processing and 
similarity computation are coordinated through a shared system of a persistent docu-
ment index, which guarantees consistent representation of documents across all internal 
structures. Changes in the document collection — such as the creation, modification, 
or removal of resources — trigger updates to the similarity computation workflow. 
These updates are handled incrementally where possible and may be complemented by 
occasional full recomputation when necessary to restore global consistency. 

The following section presents the formulation of the multi-component similarity 
measure used to construct the document similarity matrix described above.
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Fig. 1. The process of generating a similarity matrix using a multi-component measure. 

3.2 Multi-component Document Similarity Measure 

The proposed approach models document similarity in multi-thematic periodical collec-
tions using multiple complementary similarity components derived from textual content 
and named entities extracted from the documents. This section presents the formulation 
of the multi-component document similarity measure, including document represen-
tation, individual similarity components, and their integration into a single similarity 
score. Named entities are treated as an additional input signal obtained through a sep-
arate extraction component of the system architecture; however, the extraction process 
itself lies outside the scope of the present work. 

Document Representation and Preprocessing. Reliable measurement of similarity 
between text documents is directly dependent on the way in which the text is prepro-
cessed, prepared, and subsequently vectorized, as artificial intelligence and machine 
learning approaches do not work with text, but with numerical values. In the context of 
digitalized documents that can contain errors from OCR, this requirement is particularly 
critical, as digitalized resources often contain texts of varying length, style, structure
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and quality of digitization. Therefore, the preparation of the data is not a trivial or just 
technical step, but a conceptual prerequisite for all subsequent document analysis and 
comparison operations. 

The initial text preprocessing step comprises noise removal, text normalization 
through register standardization, the elimination of special characters and semantically 
irrelevant elements (e.g., stop words), and lemmatization. Lemmatization reduces lex-
ical items to their base forms and thereby decreases the sparsity of the resulting text 
representations [20]. 

Once the text was cleaned to reduce volume and remove semantically uninformative 
elements (e.g., stop words), the next step is the selection of an appropriate vectorization 
approach, that is, the transformation of textual data into numerical representations. Clas-
sic vectorization approaches, such as “bag of words” and TF–IDF, represent documents 
as sparse vectors of frequencies or weighted terms and have long been the standard in 
information retrieval [11]. Despite their transparency and interpretability, these meth-
ods model text at a superficial lexical level and do not consider the semantic proximity 
between different lexical forms. Problems such as synonymy and polysemy lead to situ-
ations where documents with similar content are considered distant, and documents with 
formal overlap in terminology are considered close, regardless of their actual semantic 
context [11]. 

Modern natural language processing methods address these limitations by using 
vector embeddings that encode semantic and contextual information in dense repre-
sentations [14, 15]. In these models, each word or phrase is represented as a point in a 
multidimensional space, so that semantically similar units are located close to each other. 
Unlike static models, which associate the same vector with a given word regardless of 
its context [21, 22], contextual embeddings position words and sentences according to 
their specific meaning, allowing for a more nuanced understanding of the meaning and 
relationships between texts [17]. This property is particularly important when analyzing 
periodicals, where the meaning of a term often depends on the thematic context. For 
example, the same lexeme may have a different semantic emphasis in political news, 
economic analysis, or cultural reviews. Contextual models based on the “transformer” 
architecture have shown significantly better performance in tasks related to similarity, 
grouping, and recommendation of texts, precisely because of their ability to encode such 
dependencies [16, 17]. 

Therefore, this research uses an approach based on contextual embeddings with a 
compact representation size, which allows for both high semantic expressiveness and 
good computational efficiency. The choice of a model is a one published in the publicly 
available storage Hugging Face [23] with a fixed and relatively low dimension, which 
eliminates the need for additional dimension reduction techniques such as PCA or LSA 
[24, 25]. Due to the large volume of data, the texts are processed in batches, and as noted 
in [26], incremental processing of documents can lead to systemic bias and degradation 
of representations unless they are periodically retrained. And retraining the model on 
millions of records cannot be justified, considering the computational overhead involved. 
Therefore, the chosen model serves two purposes: vectorizing the data by preserving 
contextual information and reducing the dimensionality of the text. 

An additional challenge when working with full-text periodical materials is the lim-
itation on the maximum length of the input sequence imposed by most language models
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[16, 17]. Due to the restricted context window of this class of models (typically up to 512 
tokens), direct vectorization of long documents using embeddings results in truncation 
and information loss, which is unacceptable for reliable text analysis. 

Although it may seem counterintuitive, providing the maximum-length text as input 
degrades both processing time and accuracy. To address this issue, each document is seg-
mented into overlapping fragments of controlled length. This widely adopted approach 
in long-text processing ensures robustness against boundary effects and guarantees that 
semantic context is preserved across fragment boundaries [16, 17]. Segmentation allows 
each fragment to be vectorized independently and described through its own semantic 
representation. In this way, the document is not reduced to a single vector but is modelled 
as a set of local semantic units that reflect different subtopics and content emphases. The 
overlap between fragments further mitigates the loss of context at the boundaries and 
ensures a more stable representation of the entire text [16]. 

This representation of the document as a set of semantic vectors creates the con-
ditions for defining different complementary similarity measures. On the one hand, by 
aggregating the fragment vectors, a global similarity can be calculated that reflects the 
overall thematic orientation of the document. On the other hand, the availability of frag-
ment representations allows for the capture of local similarities between documents, 
where similarity occurs only in limited parts of the text – a scenario typical for periodi-
cals. Thus, the choice of contextual embeddings in combination with segmentation is not 
only a matter of representation, but also a structural decision that lays the groundwork 
for a multi-component similarity assessment. 

In this sense, vectorization through contextual embeddings and the segmentation 
of long documents form a key transition between raw text and the multi-component 
similarity model. They provide the necessary flexibility for operation and create a stable 
basis for combining semantic similarity, thematic profiles, and structured signals into a 
unified assessment of “similar documents”, which will be discussed in the next section. 

Multi-component Measure for Document Similarity. The task of determining simi-
larity between text documents can rarely be reduced to a single measure. This is particu-
larly true for multi-thematic periodicals, where similarity between two documents may 
arise at different levels: through a shared overall thematic orientation, through localized 
overlap of specific articles or sections, through comparable thematic composition, or 
through references to the same real-world named entities. As noted in several studies 
on recommendation and retrieval systems [18, 19], relying on a single similarity sig-
nal often leads to unstable or difficult-to-interpret results when applied to noisy and 
heterogeneous corpora. 

For this reason, document similarity in this work is modeled using a multi-component 
measure that integrates several complementary perspectives on relatedness. The measure 
combines content-based similarity derived from textual representations with an optional 
factual layer based on named entities extracted from the documents. Each component 
captures a different aspect of semantic proximity, and together they form a balanced, 
interpretable, and adaptable similarity assessment. 

The content-based similarity between documents i and j, denoted as Scontent(i, j), 
is defined as a weighted combination of three components: global semantic similarity, 
local fragment-level similarity, and thematic similarity.
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The global component reflects the overall thematic orientation of the documents 
and is computed by averaging the fragment-level embeddings of each document and 
measuring cosine similarity between the resulting representations: 

Sglobal(i, j) = cos ‘ 
ci, 

‘ 
cj (1) 

This component provides a stable and robust estimate of similarity at the document level, 
capturing dominant topics and stylistic coherence [10]. 

While global similarity offers a useful summary, it inevitably smooths out localized 
matches that are particularly characteristic of periodicals. Two issues of a newspaper 
may be related because they share one or more thematically similar articles, even if the 
remaining content differs substantially. To capture such cases, a local semantic similarity 
component is introduced, defined as the maximum cosine similarity between all pairs 
of fragments from the two documents: 

Slocal(i, j) = max 
k,l 

cos ci,k , cj,l (2) 

This “best match” strategy privileges strong partial overlaps and has proven effective for 
long and unevenly structured texts, where similarity is concentrated in limited segments 
rather than distributed uniformly [19]. 

In addition to semantic similarity at the fragment level, a third component captures 
similarity in thematic composition through fuzzy clustering. Clustering is an established 
approach for revealing latent structure in large datasets and is often used as a means of 
thematically organizing text collections [12, 19, 27]. In its most common forms, it aims 
to group objects into clearly distinguished sets, with each object belonging to a single 
cluster [28]. Although such approaches (e.g., k-means) are widely used, they assume 
a rigid thematic distribution and clearly defined boundaries between groups, which is 
rarely the case in real text corpora, especially in periodicals with multi-thematic content 
[28]. 

To address this limitation, the fuzzy C-means algorithm is employed, allowing frag-
ments to belong to multiple thematic clusters with graded membership coefficients in 
the interval [0, 1] [29]. Instead of forcing a document into a single category, this app-
roach represents documents as mixtures of themes, reflecting their internal heterogeneity 
[30]. This property is especially important for periodicals, where a single document may 
combine political analysis, economic news, cultural commentary, and other genres with 
varying intensity. Fuzzy clustering allows for precisely this type of interpretation, in 
which thematic profiles reflect the internal multilayered structure of the content [31]. 

In the literature, the fuzzy k-means method is considered a suitable tool for work-
ing with data characterized by overlapping classes, noise, and uncertainty, such as text 
corpora in real information systems [28, 31]. Its application in areas such as recommen-
dation systems, user behavior analysis, and social networks shows that “soft” thematic 
distribution leads to more stable and interpretable models compared to hard classification 
schemes [29]. 

In the proposed architecture, fuzzy clustering is not used as a standalone thematic 
classification tool but as an intermediate analytical layer contributing to similarity
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assessment. Fragment-level membership degrees are aggregated into a document-level 
thematic profile ti, and thematic similarity is computed using cosine similarity [30, 31]: 

Stopic(i, j) = cos ti, tj (3) 

This component captures the similarity in the distribution of thematic weights and allows 
documents that share a combination of themes to be marked as similar, even when none of 
them is dominant [29, 30]. This thematic profile is used as a complementary component in 
calculating the similarity between documents, along with semantic proximity and factual 
signals. In this way, thematic information does not dominate the assessment but acts as 
a stabilizing and explanatory factor that helps to distinguish between documents with a 
similar overall style but different thematic distribution, as well as between documents 
that share a combination of topics without matching entirely in content [28, 29]. 

The use of fuzzy clustering as part of a multi-component similarity measure is par-
ticularly suitable for multi-thematic periodicals, where the goal is not strict classification 
but rather the capture of partial, and contextually conditioned similarities. In this sense, 
the method provides a conceptual framework that allows the thematic structure of the 
corpus to be integrated into a broader model for content analysis and recommendation 
[29–31]. 

The influence of the individual similarity components is controlled through an 
explicit parameterization, allowing the contribution of each aspect of similarity to be 
adjusted independently. The three content-based components are combined linearly: 

Scontent(i, j) = αSglobal(i, j) + βSlocal(i, j) + γ Stopic(i, j), α + β + γ = 1 (4) 

These parameters regulate the relative influence of global context, localized overlap, and 
thematic composition. Increasing α emphasizes dominant themes and stylistic coherence, 
higher values of β prioritize strong partial matches between specific fragments, and γ 
controls the contribution of thematic structure. When thematic modeling is not applied, 
γ is set to zero.

Semantic similarity models may overlook relationships driven by rare or specific 
named entities such as persons, institutions, or locations, which often carry decisive 
informational value in periodical texts. To address this limitation, an additional factual 
similarity component based on named entities is introduced. For each document i, a set 
Ei of extracted named entities is defined, and similarity is measured using the Jaccard 
coefficient: 

SNER(i, j) = 
| Ei ∩ Ej | 
| Ei ∪ Ej |

(5) 

The final similarity score is obtained as: 

Sfinal(i, j) = (1 − λ)Scontent(i, j) + λSNER(i, j), 0 ≤ λ ≤ 1 (6) 

The parameter λ controls the balance between semantic and factual similarity. When λ 
= 0, similarity is determined exclusively by content-based signals, while increasing λ 
strengthens the influence of shared named entities. In periodical collections, this param-
eter acts as a corrective and explanatory factor, reinforcing similarity when documents 
refer to the same real-world objects even if their semantic framing differs.
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This formulation creates conditions for experimental calibration of the parameters 
depending on the specifics of the corpus [18, 29, 30]. Overall, the proposed multi-
component formulation allows similarity to be modeled as the interaction of multi-
ple interpretable signals rather than relying on a single dominant signal [28–30]. This 
structure enables explicit control over different aspects of document relatedness and is 
particularly well suited to multi-thematic periodicals, where similarity is often partial, 
contextual, and factually grounded. 

4 Experimental Setup, Results and Discussion 

The empirical evaluation of the proposed multi-component similarity measure is non-
trivial, as real-world systems typically lack a predefined gold standard specifying which 
documents should be considered similar. Consequently, there is no direct reference 
against which the generated similarity matrix, produced by the measure, can be sys-
tematically validated. This is particularly true for corpora of periodicals, where the-
matic boundaries are blurred, and similarities are often partial and context dependent. 
Such limitations are widely discussed in the literature on recommendation systems and 
information retrieval, where the need to combine quantitative and qualitative evaluation 
methods is emphasized [18, 19]. 

In view of these peculiarities, experimental validation is organized as a multi-step 
process that combines parametric optimization, ablation analysis, and qualitative inter-
pretation of the results. The main goal is not to achieve a maximum value for a spe-
cific metric, but to assess the robustness, interpretability, and practical usefulness of the 
similarities generated by the model in the context of a multi-thematic and noisy corpus. 

As mentioned, there are no explicit similarity labels, so a reference matrix (“gold 
standard”) is constructed that combines two independent signals: 1) overlap of lexical 
units after lemmatization and synonym enrichment, and 2) overlap of named entities 
extracted from the documents. Such a multi-component reference approach is in line 
with practices for internal validation of similarity models, which use weakly supervised 
or proxy metrics instead of manual annotations [9, 10]. 

To assess the robustness of the results with respect to corpus size and diversity, all 
experiments are conducted on samples of increasing scale: small corpora (5 × 200 doc-
uments), medium-sized corpora (2 × 500 documents), and a control corpus comprising 
a larger volume of documents (1,000). This experimental design enables an analysis of 
how model behavior evolves as the amount of data increases, and whether the optimal 
parameter configurations remain stable across scales — an essential consideration for 
systems intended to support incremental corpus expansion [17]. 

Although formal statistical significance testing is difficult in the absence of explicit 
relevance judgments, this experimental design provides an indirect assessment of result 
stability. By repeating the evaluation across independent samples and progressively 
larger corpora, it becomes possible to observe whether performance differences persist 
consistently or fluctuate due to random variation. The consistency of observed trends 
across scales is therefore treated as an indicator of robustness rather than relying on 
single-run measurements.
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The first step of the experimental procedure for validating the effectiveness of the 
multi-component measure involves a systematic investigation of the parameter space , , , 
and , which determine the relative weight of the individual components in the final score 
of similarity. Such an approach, known as grid search, is a standard method for calibrating 
parameterized models when there is no analytical solution for the optimal values [18]. 
For each parameter configuration, a similarity matrix is computed and subsequently 
evaluated with respect to the extent to which it reproduces the expected inter-document 
relationships, as defined by the constructed gold standard. 

The results of the parametric optimization show a clearly distinguishable role for 
the individual components. The parameter , which controls the balance between content 
similarity and similarity by named entities, reaches an optimal value of around= 0.5. This 
means that the semantic and factual signals contribute with approximately equal weight 
to the final score. The result can be explained by the specifics of periodicals, in which 
the informational value is often concentrated around specific individuals, institutions, 
and events that are not always captured reliably enough by purely semantic models [10]. 

The analysis of the parameters , , and , which determine the internal structure of the 
content component, reveals additional systematic patterns. Notably, the optimal parame-
ter values are invariant with respect to sample size, with identical configurations observed 
across all experimental settings. The highest weights are consistently assigned to global 
semantic similarity ( = 0.47) and thematic similarity through fuzzy clustering ( = 0.47), 
whereas the contribution of local similarity () remains relatively low. This shows that 
the overall thematic context and distribution of topics are more reliable indicators of 
similarity between documents than individual fragment matches, which can often be the 
result of noise, standard headings, advertisements, or repetitive wording in periodicals
[30, 31]. 

As a second step, the marginal contribution of each component is assessed through 
an ablation analysis (see Table 1), in which the individual components of the multi-
component measure are sequentially removed. Such analyses are widely used for 
diagnosing complex models and enable the identification of essential architectural 
components as opposed to secondary ones [29]. 

Table 1. Ablation study results 

Sample size Global similarity Content similarity Final similarity 

200 0.1022 0.0712 0.0959 

200 0.1109 0.0927 0.1061 

200 0.0884 0.0831 0.0918 

200 0.1021 0.08 0.0942 

200 0.0937 0.0665 0.0927 

500 0.1067 0.0808 0.0954 

500 0.0984 0.0772 0.0911 

1000 0.1025 0.0776 0.0895
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Across all corpus sizes and repeated samples, the relative ordering of configurations 
remains stable: the full multi-component configuration consistently outperforms both 
the global-only and content-only variants. While absolute metric values vary slightly 
between samples, the direction and magnitude of improvements are preserved, indicating 
that the observed differences reflect systematic effects of the model components rather 
than incidental fluctuations in the data. 

The results reveal a consistent and characteristic pattern in the behavior of the qual-
ity metrics. Specifically, increasing model complexity initially leads to a decline in 
the lexical overlap metric, followed by a marked recovery upon full integration of the 
different components. This trend indicates that the base model primarily maximizes 
coverage, whereas the complete multi-component configuration enhances precision and 
robustness. Consequently, the selected configuration, which assigns equal weight to the 
semantic and factual layers, is particularly well suited to periodic multi-topic docu-
ments, where the reliability and interpretability of inter-document relations are of pri-
mary importance. This recovery can be attributed to the incorporation of similarity sig-
nals derived from named entities, which reintroduce connections only when documents 
share a concrete factual context. Unlike purely semantic generalization, this component 
selectively restores links that are grounded in explicit references, thereby explaining the 
observed improvement in precision without a corresponding loss of interpretability [10, 
18]. 

Additionally, a controlled experimental verification was conducted on a synthetic 
corpus constructed to contain clearly defined thematic groups, partial overlaps, and 
shared named entities. This type of experiment allows for a deterministic definition of 
expected similarities and is an established approach for testing the sensitivity of models to 
different types of signals [9]. The results confirm that the full multi-component measure 
is more successful in detecting partial and contextual connections compared to the basic 
configurations. 

In the context of similarity-based navigation over large periodical collections, sim-
ilarity scores directly determine which documents appear among the top-k neighbors 
of a given document. Even small improvements can therefore result in different docu-
ments being included or excluded from recommendation sets, particularly near selection 
thresholds. In practice, this translates into fewer spurious links between unrelated docu-
ments and more coherent groupings of thematically related materials, which aligns with 
the qualitative behavior observed in the ablation analysis. 

In summary, experimental validation shows that the proposed multi-component sim-
ilarity measure is robust to data scale, sensitive to different aspects of similarity, and 
amenable to interpretable calibration through a limited set of parameters. The analysis 
of the parameters , , , and demonstrates that the balanced combination of semantic, the-
matic, and factual signals is particularly suitable for multi-thematic periodicals and pro-
vides a reliable basis for building practical services for finding “similar documents” for 
periodicals [29–31]. Importantly, these improvements remain consistent across corpus 
sizes and parameter configurations, reinforcing the practical reliability of the proposed 
approach for similarity-based navigation in periodical digital libraries.
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5 Conclusion and Future Work 

This study demonstrates that personalized access to digital library collections dominated 
by periodical publications requires document similarity models that explicitly accom-
modate thematic heterogeneity, partial overlap, and context-dependent relatedness. The 
proposed multi-component document similarity measure is well-suited to multi-thematic 
periodicals, as it models similarity as the combined effect of multiple complementary 
signals rather than as a single, one-dimensional score. By integrating semantic, thematic, 
and factual aspects of relatedness, the approach supports more stable and interpretable 
identification of documents related to a given item within heterogeneous collections. 

Beyond its immediate application, the work has broader implications for digital 
libraries and information retrieval research. Conceptually, it highlights the limitations 
of global, single-representation similarity models when applied to long and internally 
diverse documents and illustrates the value of treating document similarity as a composite 
phenomenon. From a digital library perspective, the results suggest that similarity-based 
navigation and personalization services can be made more robust by grounding them 
in similarity measures explicitly designed for the structural properties of periodical 
content. Practically, the formulation supports deployment in large-scale environments 
by enabling similarity computation to be performed offline and reused across multiple 
access and navigation scenarios. 

Future work will focus on extending the proposed measure with additional contex-
tual signals and exploring its integration with user interaction data to support adaptive 
personalization strategies. More broadly, the approach provides a foundation for devel-
oping sustainable similarity-based access services that remain effective as digital library 
collections grow in size, diversity, and thematic complexity. 
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