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CONFERENCE PAPERS IN ENGLISH 

 

SECTION 1.  

TECHNICAL SCIENCES 

 

A MODEL AND ALGORITHMIC APPROACH  

TO RESOLVING LEXICAL AMBIGUITY  

IN ENGLISH–KARAKALPAK MACHINE TRANSLATION 

Allanyazov Rustem Baxavedinovich 

Independent PhD Researcher, 
Tashkent University of Information Technologies (TUIT), 

Lecturer in Tashkent state university of oriental studies, 
Uzbekistan, Tashkent 

 

ABSTRACT 

This paper presents a formal model of morphological analysis and 

synthesis aimed at resolving lexical-semantic ambiguity in English–Karakalpak 

machine translation. The proposed approach takes into account the typolog-

ical differences between English and Karakalpak and integrates corpus data, 

Universal Dependencies annotation, WordNet, and semantic models. The 

formalization of the algorithms ensures accurate sense selection and the 

generation of grammatically correct target word forms. 

 

Keywords: machine translation, lexical-semantic ambiguity, morpho-

logical analysis, agglutinative languages, Karakal-pak language, WordNet, 

Universal Dependencies. 

 

I. INTRODUCTION 

One of the key challenges in machine translation is lexical-semantic am-

biguity, particularly when translating between languages of different typological 

structures. English is characterized by an analytic structure, whereas Kara-

kalpak belongs to agglutinative languages, which entails increased com-

plexity in morphological synthesis and the selection of appropriate target 

word forms. 
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The correctness of translating polysemous lexical units depends not 

only on the selection of their appropriate sense but also on the alignment of 

morphological and syntactic features in the target language. In this regard, 

there is a need to develop formalized algorithms for morphological analysis 

and synthesis that take into account the typological characteristics of the 

languages involved. 

The aim of this study is to develop a formalized algorithmic model of 

morphological analysis and synthesis aimed at resolving lexical-semantic 

ambiguity in the English–Karakalpak machine translation system. 

II. CORPUS AND LINGUISTIC BASIS 

Parallel bilingual and multilingual corpora play an important role in 

the creation and improvement of statistical machine translation systems 

within the global research environment. 

Corpus linguistics studies large collections of electronic texts used for 

linguistic analysis and the development of natural language processing sys-

tems.The importance of corpus-based methods for translation studies was 

demonstrated by Baker[1]. Particularly important is the definetion of a cor-

pus proposed by John Sinclair: a corpus is “a collection of text excerpts in 

electronic form designed to represent linguistic reality” [2]. 

Corpora may differ in structure and purpose; however, for machine 

translation tasks, bilingual parallel annotated corpora are of the greatest 

importance. The English–Karakalpak corpus be-longs precisely to this type, 

which ensures the possibility of aligning translation units and training algo-

rithms for the analysis and synthesis of word forms. 

Corpus statistics provide information about word frequency, contextu-

al usage, and collocations, which are essential for probabilistic sense selec-

tion in machine translation. 

Multilingual corpora are typically divided into aligned (parallel) and 

non-aligned corpora. Parallel corpora contain explicit correspondences be-

tween translation units, usually at the sentence level[3]. Alignment facili-

tates the training of algorithms for establishing structural correspondences 

between English and Karakalpak sentences, making it possible to identify 

patterns of changes in word order, morphological markers, and syntactic 

dependencies. 

The formal basis of the morphological analysis algorithms relies on a 

word structure model of the form w ::= p + r + a, which consists of a prefix, 

a root, and an affixal chain, reflecting the agglutinative nature of the Kara-

kalpak language. For syntactic–morphological annotation, the Universal 

Dependencies framework is employed, in which each token is assigned a set 

of morphological and syntactic features [4]. These features form a scoring 
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matrix ,which is subsequently transformed into a weight matrix 𝑊 deter-

mined by a regression model. 

To eliminate semantic ambiguity, lexical-semantic networks such as 

WordNet are employed, where words are organized into synsets represent-

ing conceptual relations [5]. Fillmore’s theory of case grammar introduces 

semantic role structures (“agent,” “patient,” “instrument”), enabling the 

algorithm to select appropriate word forms according to their semantic roles 

[6]. Within the Meaning–Text Theory, developed by A.K. Zholkovsky 

and I.A. Mel’čuk, the transformation of deep semantic representations into 

surface syntactic structures is formally described [7]. Knuth’s attribute 

grammar formalizes the correspondence between syntactic structures and 

the semantic attributes of expressions [8]. 

Thus, the algorithms for word analysis and synthesis integrate: 

(1) corpus data, 

(2) formal morphological models,  

(3) syntactic annotations,  

(4) semantic networks and role structures. 

Together, these components ensure effective semantic disambiguation 

and the selection of grammatically and semantically appropriate word forms 

in English–Karakalpak machine translation. 

III. FORMAL MODEL OF MORPHOLOGICAL PROCESSING 

The proposed system is implemented as a formal algorithmic pipeline 

for linguistic data processing.To ensure strict structural organization of the 

developed procedures, the algorithms for morphological analysis and syn-

thesis in this paper are presented as formalized models integrating linguistic 

and mathematical components. 

Classical machine translation systems include three main stages: mor-

phological analysis, feature transfer, and morphological synthesis [9]. Each 

of these stages contributes to the formation of a correct output word form 

and must be strictly aligned with the model of multivalued mappings. 

 

 

Figure 1.  

 

The morphological analysis algorithm begins with the tokenization of 

the input English text, followed by lemmatization aimed at identifying the 



131 

base form of the word and its set of grammatical features. Formally, the 

result of the analysis can be represented as a mapping 

 

𝑤ᵢ → (𝑙𝑒𝑚𝑚𝑎ᵢ, 𝐹ᵢ),                                          (1) 

 

where wi is the input word form, and Fi – is the set of its morphologi-

cal features (part of speech, number, tense, mood, etc.).For the English lan-

guage, a particular difficulty is posed by the presence of homonymous and 

multifunctional forms, which requires taking contextual features into ac-

count and using probabilistic estimates derived from the corpus. 

The selection of the correct morphological analysis is carried out on 

the basis of the word’s usage context and can be formalized as a problem of 

maximizing the posterior probability: 

 

𝐹𝑖̂ = arg max
𝐹∈ℱ

𝑃 ( 𝐹 ∣∣ 𝑤𝑖 , 𝑐𝑖 )                                  (2) 

 

where ci denotes the local and global context of the word within the 

sentence. The elaboration of the semantic sense selection mechanism is 

based on a probabilistic model. Such a probabilistic approach is widely ap-

plied in statistical and hybrid machine translation systems. 

3.1 Algorithm 1 – Morphological Analysis of the English Text 

Let the input sentence be: 

 

𝑆𝑒𝑛 = {𝑤1𝑤2, … . , 𝑤𝑛}                                        (3) 

 

For each token 𝑤𝑖  the following is performed: 

1. Lemmatization: 

 

𝑙𝑒𝑚𝑚𝑎𝑖 = 𝐿(𝑤𝑖)                                            (4) 

 

2. Determination of grammatical features: 

 

𝐹𝐼 = {𝑃𝑂𝑆𝐼,𝑡𝑒𝑛𝑠𝑒𝑖,𝑛𝑢𝑚𝑏𝑒𝑟𝑖 , 𝑟𝑜𝑙𝑒𝑖}                            (5) 

 

3. Construction of the morphological structure: 

 

𝐴𝑖 = (𝑙𝑒𝑚𝑚𝑎𝑖 , 𝐹𝑖)                                           (6) 

 

4. Algorithm output: 

 

𝐴 = {𝐴1, 𝐴2, … 𝐴𝑛}                                            (7) 
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3.2 Algorithm 2 – Semantic Sense Selection  

Semantic sense selection for a polysemous lexeme: 

 

𝑤𝑖 = {𝑠𝑒𝑛𝑠𝑒1, 𝑠𝑒𝑛𝑠𝑒2, … . . 𝑠𝑒𝑛𝑠𝑒𝑘}                             (8) 

 

The sense is selected according to the following formula: 

 

𝑠𝑒𝑛𝑠𝑒∗ = 𝑎𝑟𝑔 max
𝑠𝑒𝑛𝑠𝑒𝑗

𝑃 (𝑠𝑒𝑛𝑠𝑒𝑗|𝑐, 𝐹𝑖)                          (9) 

 

where 𝑠𝑒𝑛𝑠𝑒𝑗  – denotes the possible meanings of the word in the 

lexical-semantic database. 

Input: 

Word form 𝑤𝑖 , 

Set of morphological features 𝐹𝑖, 

Sentence context с. 

Algorithm steps: 

1. Generation of a set of possible senses: 

 

𝑤𝑖 = {𝑠𝑒𝑛𝑠𝑒1, 𝑠𝑒𝑛𝑠𝑒2, … . . 𝑠𝑒𝑛𝑠𝑒𝑘}                        (10) 

 

2. Computation of the probability of each sense: 

 

𝑃 = (𝑠𝑒𝑛𝑠𝑒𝑗|𝑐, 𝐹𝑗)                                      (11) 

 

3. Selection of the optimal sense: 

 

𝑠𝑒𝑛𝑠𝑒∗ = 𝑎𝑟𝑔 max
𝑠𝑒𝑛𝑠𝑒𝑗

𝑃 (𝑠𝑒𝑛𝑠𝑒𝑗|𝑐, 𝐹𝑖)                       (12) 

 

4. Transfer of the selected sense to the semantic transfer module. 

Output: 

Semantically interpreted unit 

 

(𝑤𝑖 , 𝑠𝑒𝑛𝑠𝑒∗)                                            (13) 

 

In English–Karakalpak translation, this approach is applied at the 

stage of English text analysis in order to determine the correct sense of a 

word prior to transfer and morphological synthesis. The selected sense is 

then matched with the equivalent lexical unit in the Karakalpak language, 

taking into account its morphological and semantic characteristics. 
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3.3 Semantic Transfer 

After completing the morphological analysis and selecting the sense 

of the lexical unit, the stage of semantic transfer is carried out, which con-

sists in mapping the structural and semantic features of the source language 

onto the corresponding categories of the Karakalpak language. 

The transfer is formalized as a mapping: 

 

𝑇: (𝑟𝑒𝑛 , 𝐺𝑒𝑛,𝑠
∗) → (𝑟𝑘𝑘,𝐺𝑘𝑘)                                (14) 

 

where 

𝑟𝑒𝑛 – is the root of the source word, 

𝐺𝑒𝑛  – are the grammatical features of the English word, 

𝑠∗ - is the selected sense, 

𝑟𝑘𝑘,𝐺𝑘𝑘 - are the corresponding elements of the target language. 

The result of morphological analysis is the pair (lemmaen, Fen), which 

at the transfer stage is transformed into (lemmakk, Fkk) and used as input 

for the morphological synthesis algorithm. 

 

T: (lemmaen, Fen) → (lemmakk, Fkk)                         (15) 

 

where Fen and Fkk represent vectors of morphological features of the 

source and target languages, respectively. To demonstrate the operation of 

the proposed algorithmic pipeline, consider the following sentence: 

English: He booked the ticket. 

The word booked is polysemous and may be interpreted as: 

– “reserved”; 

– “recorded”; 

– “ordered”; 

– “registered.” 

At the stage of morphological analysis, the lemma book and the set of 

grammatical features are identified: part of speech – verb; tense – past; 

number – singular; person – third. 

At the stage of semantic selection, the meaning is уточняется using 

contextual features. The presence of the direct object ticket activates the 

WordNet synset associated with the action of reservation. The probabilistic 

model selects the sense corresponding to the act of booking. 

As a result of semantic transfer, a grammatical vector of the target 

language is formed, including features of past tense and agreement with the 

subject. 

The resulting lexico-grammatical set is transmitted to the morphologi-

cal synthesis module, where the correct word form in the Karakalpak lan-
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guage is generated, taking into account its agglutinative structure and mor-

phophonological rules. 

The stage of morphological synthesis represents the process of con-

structing the target word form based on the root and an ordered sequence of 

affixes. Given the agglutinative nature of the Karakalpak language, synthe-

sis can be represented as follows: 
 

𝑤𝑘𝑘 = 𝑟 ⊕ 𝑎1 ⊕ 𝑎2 ⊕ ⋯ ⊕ 𝑎𝑚                           (16) 
 

This approach corresponds to formal models of morphology based on 

finite-state automata, which are successfully applied to the processing of 

Turkic languages. 

The selection of specific affixes is carried out using corpus statistics 

and contextual features. For this purpose, a probabilistic model is employed 

to determine the most likely affix in a given context: 
 

𝑎̂ = arg max
𝑎∈𝐴

𝑃 ( 𝑎 ∣∣ 𝑠𝑡𝑒𝑚, 𝐹𝑘𝑘, 𝑐 ),                          (17)  

 

where is the set of permissible affixes, and 𝑐 denotes the context of 

word usage.Such models are employed in statistical and neural machine 

translation systems for languages with rich morphology. 
 

T: (lemmaen, Fen) → (lemmakk, Fkk)                      (18) 
 

where Fkk includes information about case, number, possession, tense, 

and other grammatical categories. 

3.5 Algorithm 3 – Morphological Synthesis of the Karakalpak Word 

Form. 

The Karakalpak word form is modeled as a path in an affixal graph: 
 

𝑤𝑘𝑘 = 𝑟 → 𝑎1 → 𝑎2 → ⋯ → 𝑎𝑚                          (19) 
 

where: 

 𝑟 – root 

𝑎𝑗 – affixes, 

The order is determined by the grammatical vector: 

 

𝐺𝑖 = {𝑐𝑎𝑠𝑒, 𝑛𝑢𝑚𝑏𝑒𝑟, 𝑝𝑒𝑟𝑠𝑜𝑛, 𝑑𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑜𝑛}                  (20) 

 

Synthesis is formalized as a function: 
 

𝑤𝑘𝑘 = 𝐺(𝑟𝑘𝑘,𝐺𝑖)                                         (21) 
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Input: 

root 𝑟 

semantically selected lemmatic equivalent 

 

𝑙𝑒𝑚𝑚𝑎𝑘𝑘                                             (22) 

 

Grammatical vector 𝐺𝑖 

Output:  

Correct word form 𝑤𝑘𝑘  

Step 1 

Determine the permissible grammatical categories from the vector. 𝐺𝑖 

Step 2 

Construct a valid path in the affixal graph: 

 

𝑃𝑎𝑡ℎ = {𝑎𝑗 ∈ 𝐴|𝑎𝑗  𝑖𝑠 𝑐𝑜𝑚𝑝𝑎𝑡𝑖𝑏𝑙𝑒 𝑤𝑖𝑡ℎ с 𝐺𝑖}               (23) 

 

Step 3 

Arrange the affixes in accordance with the morphological rules of the 

Karakalpak language: 

 

𝑎1 ≺  𝑎2  ≺ ⋯  ≺ 𝑎𝑚                                     (24) 

 

Step 4 

Check phonetic and morphophonological constraints (vowel harmony, 

assimilation).  

Step 5 

Generate the final word form: 

 

𝑤𝑘𝑘 = 𝑟 ⊕ 𝑎1 ⊕ 𝑎2 ⊕ ⋯ ⊕ 𝑎𝑚                         (25) 

 

Particular importance is given to the consideration of morphophono-

logical rules related to vowel harmony, consonant assimilation, and pho-

neme alternation characteristic of the Karakalpak language. These rules are 

applied at the final stage of synthesis and ensure the formation of a norma-

tive word form. 

IV. HYBRID AND NEURAL EXTENSIONS 

Modern machine translation systems often combine rule-based, statis-

tical, and neural approaches.Neural models make it possible to automatical-

ly detect morpheme boundaries and correct analysis errors, especially under 

conditions of limited corpus resources. 
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It should be noted that errors arising at the stage of morphological 

analysis may propagate to subsequent levels of processing and lead to dis-

tortions in syntactic and semantic interpretation. Therefore, analysis and 

synthesis algorithms are considered interrelated components of a unified 

machine translation system operating in an end-to-end data processing 

mode. 

Thus, morphological analysis and synthesis ensure the formal repre-

sentation and generation of word forms in English–Karakalpak machine 

translation. However, the correctness of morphological generation directly 

depends on the accurate selection of the sense of a polysemous lexical unit. 

V. SCIENTIFIC NOVELTY 

Scientific novelty of the study: 

• a formal model for the integration of corpus-based and semantic 

data is proposed; 

• an algorithm for morphological synthesis is developed, taking into 

account the agglutinative structure of the Karakalpak language; 

• a probabilistic mechanism for word form selection is formalized. 

VI. PRACTICAL SIGNIFICANCE 

The practical significance of the study lies in the possibility of inte-

grating the proposed model into hybrid and neural machine translation sys-

tems for low-resource agglutinative languages. 

VII. CONCLUSION 

This study proposed a formalized model of morphological analysis 

and synthesis for resolving lexical-semantic ambiguity in English–

Karakalpak machine translation. The model integrates corpus statistics, 

Universal Dependencies annotation, WordNet semantic networks, and 

probabilistic sense selection. The proposed approach enables accurate gen-

eration of Karakalpak word forms and provides a methodological basis for 

hybrid and neural machine translation systems for low-resource agglutina-

tive languages. 
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