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Abstract: This article analyses the theoretical and methodological foundations of interlingua-based machine
translation and its functional capabilities in the automatic translation process. Within this approach, the
mechanisms of transforming the lexical, syntactic, and semantic features of the source text into a language-
independent abstract representation and generating the target-language translation text on the basis of this
conceptual model are examined. The significance of lexical-conceptual structure, knowledge-based translation,
semantic representation, and automatic text generation in improving translation quality is also substantiated. The
capabilities of the interlingua approach to neutralize structural and grammatical differences between different
languages and to produce semantically adequate translations are revealed.
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Introduction: The first generations of machine
translation systems were developed within the
framework of the classical approach based on the
manual formulation of linguistic grammar rules. In this
approach, the linguistic basis of the translation process
is formed on the basis of bilingual dictionaries of the
source and target languages and grammatical rules
developed by experts. These rules cover the syntactic,
semantic, morphological, and orthographic regularities
of languages and constitute the linguistic knowledge
base necessary for carrying out automatic translation.
Since this methodology is highly dependent on
linguistic theory, it requires a considerable amount of
time, expert knowledge, and computational resources
in terms of creating, systematizing, and continuously
improving linguistic resources. Within rule-based
machine translation, rule-based translation, transfer-
based translation, and interlingua-based translation
models are of particular scientific and methodological
significance.

Rule-Based Machine Translation (RBMT) is an
automatic translation technology that operates on the
basis of a knowledge-driven approach relying on
linguistic knowledge. The linguistic resources of this
system consist of lexical databases, grammatical
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models, and formal linguistic rules developed and
refined by specialists over a certain period of time.
These components perform important functional tasks
at different stages of the translation process in
analysing source-language units, identifying their
equivalents in the target language, and generating a
grammatically normative translation text.

LITERATURE REVIEW

In an RBMT system, the translation process is carried
out through three closely interconnected main stages:
analysis, transfer, and generation. For the effective
functioning of these stages, three functional modules
are used, namely the source-language parser, the
source-to-target transfer module, and the target-
language generator. Such a modular architecture
makes it possible to process the linguistic structure of
the source text step by step and to form it in
accordance with the lexical and grammatical norms of
the target language.

At the first stage, analysis, the source-language
sentence undergoes an in-depth linguistic processing
procedure. In this process, important linguistic
parameters such as identifying the lexical-semantic
meaning of text units and resolving ambiguity (word
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sense disambiguation), assigning parts of speech (part-
of-speech tagging), identifying morphological features,
and recognizing named entities (named entity
recognition) are extracted. As a result, a structural and
semantic representation of the source sentence
necessary for subsequent translation operations is
formed.

At the second stage, lexical transfer, bilingual electronic
dictionaries and linguistic databases are used to
identify a semantically appropriate target-language
equivalent for the root or main lexical unit in the source
language. After that, corresponding forms in the target
language are selected for the affixal components of
words, in particular suffixes and other morphological
markers. This process is aimed at ensuring lexical and
morphological correspondence between the source

and target languages.

At the third stage, generation, the conformity of the
translated units with the grammatical system of the
target language is ensured. First, in languages that have
the grammatical category of gender, the corresponding
gender markers are coordinated, after which local and
long-distance agreement between the units within the
sentence is carried out. These operations are
performed through a special word form generation
module (word generator), and ultimately a translated
text corresponding to the morphological, syntactic, and
grammatical norms of the target language is produced
[1]; [2]. Thus, the functional mechanism of the RBMT
system includes a sequential algorithmic process
extending from linguistic analysis to lexical-
grammatical transfer and final text generation.

Figure 1. Functional Process of a Rule-Based Machine Translation (RBMT)
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moduli

Although SMT systems provide relatively fluent
translation results for low-resource languages, RBMT
(Rule-Based Machine Translation) is considered a
suitable approach under certain conditions because it
takes the semantic and linguistic details of the original
text into account more accurately [3]. The first-
generation translation systems developed at the initial
stage of machine translation were based on the Direct
Machine Translation approach. In the scientific
literature, this approach is also referred to as literal
translation, word-based translation, or dictionary-
based translation. In this model, the translation process
is carried out mainly on the basis of linguistic rules
developed for a specific source and target language
pair.

In the machine translation pyramid proposed by
Bernard Vauquois [8], the direct translation approach
constitutes the initial level of machine translation. This
method is relatively simple and effective, especially in
developing translation systems between languages
that are genetically and structurally close to each other.
One important example of rule-based machine
translation systems is SYSTRAN (Wheeler, 1984), which
was initially developed as a direct translation system
adapted for translation from Russian into English.
Later, this model was improved, expanded with other
language pairs, and had a significant impact on the
development of machine translation technologies.
PAHO and ANUSAARAKA [7] systems are also noted as
important examples of machine translation models
based on this approach.

The Direct Machine Translation approach operates
mainly at the level of lexical units. In this case, source-
language units are translated directly into their target-
language equivalents without using any intermediate
semantic or abstract representation. Such systems
require a large bilingual electronic dictionary, a
database of linguistic rules, and integrated software to
analyse and generate the target-language translation
variant. Therefore, this approach is characterized as a
bilingual and unidirectional translation model.

Problems of the Direct Machine Translation approach.
One of the main limitations of this approach is that it
carries out the translation process mainly at the lexical
level and does not sufficiently take into account the
syntactic, semantic, and structural relations between
units within the sentence. As a result, incorrect lexical
equivalents, disrupted word order, syntactic
inconsistencies, and semantic ambiguities may occur in
the translated text.
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Another important disadvantage of the approach is
related to its simplified linguistic and computational
model. This problem was identified in the earliest
studies of machine translation, in which the complex
nature of linguistic phenomena was not sufficiently
modelled. In addition, a direct translation system is
usually developed specifically for a particular language
pair. Therefore, the possibility of directly applying
linguistic and algorithmic mechanisms created for one
language pair to other language pairs is limited.

Interlingua-Based Machine Translation is located at the
upper level of the Vauquois pyramid, and its main
feature is the use of an intermediate, language-
independent representation that expresses the
meaning of the source text. In this approach, the
translation process is carried out in two main stages.

At the first stage, the source-language text undergoes
linguistic analysis, and its lexical, syntactic, and
semantic features are transformed into an abstract
conceptual representation called an interlingua, which
is independent of any particular natural language. In
this process, priority is given to modelling the semantic
content and conceptual structure of the source text
and the relations between its units rather than its
surface linguistic form.

At the second stage, the conceptual representation
formed in the interlingua is re-encoded on the basis of
the lexical, morphological, and syntactic rules of the
target language, and the final target-language
translation text is generated. Thus, unlike direct lexical
substitution between the source and target languages,
this approach uses a language-independent semantic-
conceptual model as the central component of the
translation process.

Numerous scientific research and experimental
development works have been carried out at different
periods to improve the quality indicators of interlingua-
based machine translation. Successful applications of
this approach include systems such as CETA,
TRANSLATOR [3], and ANGLABHARTI [10].

In addition, the BIAS analyser was developed to provide
a unified methodology for logical knowledge
processing and inference through the integration of the
interlingua  model [11]. Subsequent studies
investigated the design and development of the KANT
system based on the principles of knowledge-based
machine translation [12]. Furthermore, possibilities
were developed for using dictionary resources formed
on the basis of lexical-conceptual structure in
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computer-assisted foreign language tutoring (Foreign
Language Tutoring — FLT) and interlingua-based
machine translation systems [13].

In general, the interlingua-based approach differs from
direct machine translation by elevating the translation
process from the level of simple lexical correspondence
to the level of semantic-conceptual modelling. This
feature expands the possibilities of neutralizing
structural and grammatical differences between
different languages through an intermediate
representation, analysing the meaning of the source
text more deeply, and generating semantically
adequate translation variants in the target language.

DISCUSSION

The transfer approach is aimed at carrying out the
translation process on the basis of an intermediate
representation that models the semantic content of
the original sentence. Due to differences between the
structural and grammatical systems of the source and
target languages, transfer-based machine translation
systems are usually divided into three interconnected
stages. At the first stage, namely analysis, the source-
language parser determines the syntactic structure of
the input sentence and forms its formal-syntactic
representation. At the second stage, the resulting
syntactic representation is transformed into an
equivalent structural representation corresponding to
the linguistic characteristics of the target language. At
the final stage, the target-language translation text is
generated on the basis of this representation.

EUROTRA, METAL [15], and the SHAKTI machine
translation system [7] can be cited as examples of
machine translation systems based on the transfer
principle. Developing linguistic rules for rule-based
machine translation systems requires a considerable
amount of time, specialist labour, and linguistic
resources. Therefore, studies have been conducted to
automate the process of generating transfer rules. Such
rules include inflectional changes of words, patterns of
declension and conjugation, as well as interlingual
correspondence rules at the level of lexical units [6];
[16]. In particular, since agglutinative languages are
characterized by complex morphological structures,
sequential combinations of affixes, and the expression
of grammatical meanings through morphemes, the
formation and systematization of the necessary
linguistic data in a bilingual environment require
substantial resources. From this perspective,
approaches have been developed to generate transfer
rules automatically or semi-automatically using small-
and medium-sized corpora.

A number of theoretical, linguistic, and technological
problems are observed in the development of transfer-
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based and rule-based machine translation systems.
First, the process of creating electronic and bilingual
dictionaries may give rise to copyright-related
restrictions. The insufficient availability of high-quality
electronic dictionaries creates the need to develop new
lexicographic databases. Developing, verifying, and

regularly updating such dictionaries requires
considerable time and human resources.
Second, rule-based systems have relatively low

adaptability to new subject domains and face certain
limitations in rapidly acquiring new terms, concepts,
and communicative units emerging as a result of
technological development. In large-scale systems,
managing the interaction of linguistic rules, resolving
semantic and syntactic ambiguities, and adequately
interpreting idiomatic and phraseological units are
complex tasks. As a result, in some cases, the original
semantic content of the source sentence may be
partially altered or lost during the translation process.

CONCLUSION

In general, the evolutionary development of machine
translation technologies is characterized by the
transition from rule-based, example-based, and
statistical approaches to neural machine translation
and modern models based on the Transformer
architecture. The analysis of the study showed that
while traditional approaches carried out the translation
process on the basis of linguistic rules, parallel corpora,
statistical probabilities, and separately developed
translation templates, neural models made it possible
to model complex semantic-syntactic relations
between source- and target-language units in an
integrated manner. In particular, the introduction of
the encoder—decoder architecture, recurrent neural
networks, the attention mechanism, and Transformer
models increased the efficiency of identifying long-
range contextual dependencies, differentiating
context-dependent  meanings of words and
expressions, and automatically selecting translation
equivalents. On this basis, the modern development
paradigm of machine translation is characterized by the
transition from algorithmic processing of linguistic
knowledge to intelligent translation systems based on
deep learning of contextual-semantic representations
and their neural modelling.
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