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COMPUTATIONAL MODEL  
OF KAZAKH VOWEL–CONSONANT HARMONY

Abstract. This study presents a computational model of morphological generation based on the 
agglutinative nature of the Kazakh language and vowel–consonant harmony. In this work, we model 
the Kazakh vowel–consonant harmony system, which governs allomorphic selection of suffixes based 
on both vowel and consonant properties. Using a rule based approach, the model generates verb and 
noun forms across various grammatical categories (tense, aspect, case, possession). Experimental results 
demonstrate the model’s high efficiency and full compliance of the generated word forms with vowel 
harmony rules. Specifically, thousands of combinations were created for derivative words (DTL), pos-
session (POSS1, POSS2), and case (CASE) categories. This research makes a significant contribution to 
the development of natural language processing (NLP) morphological analysis and automatic translation 
systems for the Kazakh language.

Keywords: kazakh language, computational linguistics, morphological generation, vowel–conso-
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1. Introduction

The Kazakh language is an agglutinative lan-
guage belonging to a diverse language family, 
characterized by a rich morphological structure and 
a complex sound system. The main sound system 
is the law of harmony, ensuring vowel harmony 
within a single syllable. This rule underlies word 
formation, controlling the correct connection of suf-
fixes to the root [1], [2]. The rapid development of 
digital technologies has increased the importance 
of studying Kazakh natural language processing 
(NLP) performance. However, these features of the 
Kazakh language do not facilitate the ready use of 
natural language processing models, that is, special 
computers are needed to understand the language’s 
structure [3], [4]. Computational modeling of sylla-
ble and sound harmony is key for developing prac-
tical tools such as morphological analysis, filters, 
automatic translations, and text editors. Early stud-
ies relied on rule-based approaches, including finite 
state automata and two-level morphology [1]. While 
these models describe morphological regularities, 
creating them requires much work. Recent data in-
dicate that neural systems and statistical methods 
in hybrid models are well-developed. Such models 
can effectively handle deviations from the language 
norm, but require a large database to achieve high-
quality results. Still, creating generative models that 

preserve the regularities of syllable andsound har-
mony in Kazakh is an urgent problem.

The study aims to develop a computational 
model for Kazakh morphological rules and regulari-
ties of syllable and sound harmony and experimen-
tally assess its effectiveness.

The study’s objectives are: 1) Develop an algo-
rithm for forming Kazakh word class forms (nouns, 
verbs, pronouns, prepositions, moods). 2) Create 
rules considering syllable types, sound harmony, 
and inflectional differences, including solid-soft 
and labial variations. 3) Conduct generative-numer-
ical analysis for various grammatical categories. 
4) Identify the model’s strengths and weaknesses 
based on results.

Vowel–consonant harmony in the Kazakh lan-
guage is a complex phonological process that regu-
lates the harmony of vowels, and sometimes con-
sonants, in a word. This is a feature characteristic 
of Turkic languages, where all vowels in a word 
usually harmonize with the first vowel of the root. 
Such harmony ensures the phonetic integrity of the 
language and plays an important role in the aggluti-
native structure (i.e., the system of conveying gram-
matical meaning through affixes). McCollum (2018) 
examined the gradual and local nature of consonant 
harmony in Turkic languages and roposed a vari-
ance analysis utilizing the “Maximum Entropy Har-
monic Grammar” [5].
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There are two main types of harmony patterns 
in the Kazakh language: palatal harmony (solid-soft 
harmony) and labial harmony (lip harmony). Ac-
cording to the law of palatal harmony, all vowels 
in a word must be solid (/’а’, ‘о’, ‘ ū’, ‘y’, ‘u’/) or 
thin (/ä’, ‘ ö’, ‘ ü’, ‘е’, ‘і’/). There is also lip sync, 
but it is considered secondary and regulates the cor-
respondence of the lip features of vowels.

Zhusupov and Saparova (2024) divide syllable 
and sound sync in Turkic languages into four types: 
singarmolinguohard, singarmolinguosoft, singar-
molinguolabiohard, and singarmolinguolabiosoft, 
which indicates that it is a universal prosodic fea-
ture [6]. They conclude that the phonostylistics of 
the Kazakh language is mainly singarmolinguo, and 
labial syncharmonism is weak.

They compare this to non-syntactic languages, 
such as Russian, and show that, in addition to vow-
els, сonsonant harmony also plays an important role 
in the morphophonemic structure of the Kazakh lan-
guage. This includes phenomena such as progres-
sive and regressive assimilation, in which conso-
nants adapt to neighboring sounds and adopt their 
articulatory properties. Such сonsonant consonance 
patterns impose strict morphophonemic constraints 
on the combination of roots and suffixes in addition 
to vowel consonance [7].

The choice of a particular affix form is often de-
termined by these phonological rules, i.e., it corre-
sponds to the sounds preceding the affixes to which 
it is attached. If the root contains thick and thin vow-
els, then the vowel in the final syllable determines 
the type of consonant. These patterns are often ir-
regular and do not fully obey the law of consonance.

The complexity of the Kazakh language’s syl-
labic and phonetic harmony—its agglutinative na-
ture, the coexistence of several types of harmony, 
and the processes of mutual assimilation of vowels 
and consonants—poses significant challenges for 
computational linguistics. Therefore, any effective 
computational model for the Kazakh language must 
not only accurately reflect these complex phonolog-
ical patterns, but also take into account the difficul-
ties arising from the writing system.

The first and most fundamental approaches to 
computationally modeling vowel–consonant har-
mony in Kazakh are based on rule-based systems. 
Boundary state modifiers (BSTs) and two-level 
morphology are often used. Such models are espe-
cially useful for agglutinative languages such as Ka-
zakh, since morphological processes can be system-
atically and accurately described by boundary rules 
and state transitions. 

Tukeyev (2015) used finite-state automata-
based models to formally describe the morphologi-
cal structure of the Kazakh language [8]. The study 
examined the problems of morphological analysis 
of words and checking the completeness of conjuga-
tions using an automatic approach, and proposed ef-
fective ways to formalize morphological processes 
characteristic of agglutinative languages.

The work of Kessikbayeva and Chichekli (2014) 
[9] is based on two-level morphology implemented 
using Xerox boundary state tools. This analyzer de-
scribes in detail the patterns of suffix change and 
suggests rules for using different suffix forms ac-
cording to compatibility. Similarly, Kairaqbay and 
Zaurbekov (2013) proposed a boundary state-based 
approach to analyzing the noun paradigm in Kazakh 
[10]. Their model takes into account the morpho-
phonemic constraints (vowel-consonant and voice-
less patterns) specific to the Kazakh language.

Due to the limitations of rule-based systems, da-
ta-driven and hybrid approaches are currently being 
actively developed. These models combine the ac-
curacy of rule-based methods with the flexibility of-
fered by statistical and machine learning techniques.

Zhetkenbai et al. (2025) proposed a hybrid com-
putational model for formatting and predicting the 
morphological inflection of Kazakh nouns based on 
the new Latin alphabet [11]. This model integrates 
rule-based grammatical formatting with a Bayesian 
regularized backpropagation neural network (BR-
BPNN). The BR-BPNN model showed high accu-
racy (91.5%) and specificity (89.4%).

Stoyer et al. (2023) conducted a study to de-
scribe vowel harmony from an information theory 
perspective [12]. They suggested an approach based 
on neural recurrent language models (LSTMs). 

Overall, the literature emphasizes the critical 
role of rule-based approaches (FST, two-level mor-
phology) in accurately modeling synchronization 
for Kazakh morphological production, alongside 
the growing importance of hybrid and neural mod-
els (BR-BPNN, Transformer, LLM) in enhancing 
flexibility and accuracy. The current work continues 
this tradition by presenting a precise computational 
model for syllable and sound harmony generation.

2. Materials and methods

The proposed computational model uses a rule-
based approach to implement the morphological 
formation of the Kazakh language. This approach is 
based on the regularity of morphological processes 
in agglutinative languages and formally implements 



32

Computational model of kazakh vowel–consonant harmony

the generative aspect of the concept of finite-state 
transducers (FST) [1] [3]. The primary objective of 
the model is to generate the correct word form for a 
given root and set of grammatical categories, strictly 
adhering to the laws of syllable and sound harmony.

The architecture of the model is based on the in-
teraction of the following main components:

- Phonetic-lexical resources: Phonetic groups 
based on the classification of vowels and consonants 
and the intralinguistic features of the root, for ex-
ample, the thickness/thickness of the root.

- Morphotactic rules: A set of rules that deter-
mine the order and permissible combinations of 
roots and suffixes.

- Syllable and sound harmony control logic: 
Conditional logical operators that control the choice 

of a solid/soft or labial/non-labial version of a suf-
fix. This logic depends on the characteristics of the 
vowel in the final syllable of the root.

This structure allows for computationally accu-
rate and efficient modeling of the morphophonemic 
processes of the Kazakh language.

Below are the subsets of letters that play an im-
portant role in the rules of vowel harmony of words 
with nominal roots [13].

vsolid = [‘а’, ‘о’, ‘ ū’, ‘y’, ‘u’]; vsoft = [‘ ä’, ‘ 
ö’, ‘ ü’, ‘і’, ‘е’, ‘u’, ‘i’]; cdeaf = [‘p’, ‘k’, ‘q’, ‘t’, 
‘s’, ‘ ş’, ‘һ’]; cvoiced = [‘b’, ‘v’, ‘ g’, ‘ ğ’, ‘d’, ‘j’, 
‘z’]; cv1 = [‘b’, ‘v’, ‘g’, ‘ ğ’, ‘d’]; cv2 = [‘j’, ‘z’]; 
cvoiced1 = [‘b’, ‘v’, ‘g’, ‘d’]; csonor = [‘l’, ‘m’, ‘n’, 
‘ ñ’, ‘r’, ‘ı’, ‘u’]; cs1 = [‘m’, ‘n’, ‘ñ’]; cs2 = [‘l’, ‘r’, 
‘ı’, ‘u’]; cs3 = [‘l’, ‘m’, ‘n’, ‘ñ’]; cs4 = [‘r’, ‘ı’, ‘u’].

Table 1
Rules for forming words with plural endings

LAR/LER rules ТAR/ТЕR rules
if stem[-1] in (vsolid or vsoft or cs4):
 if stem[-1] in vsolid and ending[1] in vsolid:
 if ending[:3] == ‘lar’:
 endingtl = ending
 #print(‘11.а solid’)
 if stem[-1] in vsoft and ending[1] in vsoft:
 if ending[:3] == ‘ler’:
 endingtl = ending

if stem[-1] in (cdeaf or cv1):
 if stem[-2] in vsolid and ending[1] in vsolid:
 if ending[:3] == ‘tar’:
 endingtl = ending
 #print(‘11.а solid’)
 if stem[-2] in vsoft and ending[1] in vsoft:
 if ending[:3] == ‘ter’:
 endingtl = ending

Table 1. A brief explanation of the rules for 
the plural endings (-lar/–ler, –tar/–ter). This table 
provides phonetic rules that automate the correct 
selection of plural endings. The rules are based on 
the final sound of the word and the vowel harmony 
[16].

– LAR / –LER
If the word ends in a vowel or a voiced/voiced 

consonant: The last sound is thick → lar.
The last sound is thin → ler. The code checks 

the consonance of the ending using ending[:3].
– TAR / –TER
If the word ends in a hard consonant: The pre-

vious sound is thick → tar. The previous sound is 
thin → ter. This rule is fixed by the conditions end-
ing[:3] == ‘tar’/’ter’. The algorithm automatically 
selects the correct form of the plural ending, taking 

into account the law of consonance in the Kazakh 
language.

These 2 tables provide consonant rules that de-
termine the correct version of the possessive con-
junction when the final sound of the word is a vowel. 
The algorithm makes a choice taking into account 
the thickness or thinness of the final and preceding 
sounds of the root, as well as the presence of the last 
letter “u”. The algorithm checks the correspondence 
of the possessive conjunction (1st person, 2 nd per-
son singular/plural) to the thickness or thinness of 
the consonant and the final sound of the root, and 
automatically selects the correct conjunction.

This rule automatically generates classified 
forms of the present tense depending on whether the 
vowel in the final syllable of the verb stem is thick 
or thin.
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Table 2
Rules for forming words with possessive endings

Rules for possessive endings (the last letter is a vowel)
if stem[-1] in vsolid and ending[1] in vsolid and stem[-2] in vsolid and stem[-1] == ‘u’:
 if ending == ‘m’ or ending == ‘ń’ or ending[:3] in (‘ńyz’, ‘myz’) or (ending[:2] == ‘sy’):
 endingtl = ending
 if stem[-1] in vsolid and ending[1] in vsolid:
 if ending == ‘m’ or ending == ‘ń’ or ending[:3] in (‘ńyz’, ‘myz’) or (ending[:2] == ‘sy’):
 endingtl = ending
 if (stem[-1] in vsoft and ending[1] in vsoft and stem[-2] in vsoft and stem[-1] == ‘u’):
 if ending == ‘m’ or ending == ‘ń’ or ending[:3] in (‘ńіz’, ‘mіz’) or (ending[:2] == ‘sі’):
 endingtl = ending
 if (stem[-1] in vsoft and ending[1] in vsoft and stem[-2] in vsoft and stem[-1] == ‘u’):
 if ending == ‘m’ or ending == ‘ń’ or ending[:3] in (‘ńіz’, ‘mіz’) or (ending[:2] == ‘sі’):
 endingtl = ending

Table 3
Verb (classified forms). Rule of the present tense (Present Simple)

Verb (classified forms). Rules for the present tense (Present Simple)
 if stem[-2] in vsolid: for ending in pres_spl_sg_vsolid: forms.append(stem + ending)
 for ending in pres_spl_pl_vsolid: forms.append(stem + ending)
 if stem[-2] in vsoft:
 for ending in pres_spl_sg_vsoft: forms.append(stem + ending)
 for ending in pres_spl_pl_vsoft: forms.append(stem + ending)

If the previous sound of the root is solid 
(vsolid):

– The list of suffixes for solid persons (pres_
spl_sg_vsolid and pres_spl_pl_vsolid) is added, and 
all classified forms are generated.

If the previous sound is soft (vsoft):

– The list of suffixes for soft persons (pres_spl_
sg_vsoft and pres_spl_pl_vsoft) is removed, and all 
forms are generated.

This rule automatically selects the pronoun forms –
ğаn/–gen/–qаn/–кеn, as well as the forms –аtyn/–еtyn, 
–ytyn/–ytyn, based on the final sounds of the root.

Table 4
Participle (PP) rules

Participle (PP). -ĞАN/-GЕN/-QАN/-КЕN, -АTYN/-ЕТІN, -IТYN/-IТІN rules
 if stem[-2] in vsolid and stem[-1] in csonor and ending[:3] == ‘gаn’:
 endingtl = ending
 if stem[-2] in vsoft and stem[-1] in csonor and ending[:3] == ‘gеn’:
 endingtl = ending
 if stem[-2] in vsolid and stem[-1] in cdeaf and ending[:3] == ‘qаn’:
 endingtl = ending
 if stem[-2] in vsoft and stem[-1] in cdeaf and ending[:3] == ‘kеn’:
 endingtl = ending
if stem[-2] in vsolid and stem[-1] in csonor and ending[:4] == ‘аtyn’:
 endingtl = ending
 if stem[-2] in vsoft and stem[-1] in csonor and ending[:4] == ‘еtіn’:
 endingtl = ending
 if stem[-1] in vsolid and ending[:4] == ‘ıtyn’:
 endingtl = ending
 if stem[-1] in vsoft and ending[:4] == ‘ıtın’:
 endingtl = ending
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–GАN / –GЕN / –QАN / –КЕN
Previous sound thick + last sound soft → –

ğan
Previous sound thin + last sound soft → –gеn
Previous sound thick + last sound hard → –qаn
Previous sound thin + last sound hard → –kеn
–АTYN / –ЕТYN
Last sound soft, root thick → –аtyn

Last sound soft, root thin → –еtyn
–IТYN / –IТYN
Last sound thick → –ıtyn
Last sound thin → –ıtyn
This rule ensures the automatic correct selec-

tion of the main adverb types (–а/–е/–ı, –yp/–ıp/–p, 
–qaly/–ğаly/–кеlı/–gеlı) based on the properties of 
the final sounds of the root.

Table 5
Verbal Adverb (VA) rules

(Verbal Adverb, VA). -А/-Е/-I, -YP/-ІP/-P, -QАLY/-ĞАLY/-КЕLІ/-GЕLІ
if (stem[-2] in vsolid or stem[-3] in vsolid) and stem[-1] in cdeaf \
 and ending[:1] == ‘а’: 
 endingtl = ending
 if stem[-2] in vsoft and stem[-1] in csonor and ending[:1] == ‘е’: 
 endingtl = ending
 if stem[-1] in vsoft and ending[:1] == ‘ı’: 
 endingtl = ending
if (stem[-2] in vsolid or stem[-3] in vsolid) and stem[-1] in cdeaf \
 and ending[:2] == ‘yp’: 
 endingtl = ending
 if stem[-2] in vsoft and stem[-1] in csonor and ending[:2] == ‘ıp’: 
 endingtl = ending
 if stem[-1] in vsoft and ending[:1] == ‘p’: 
 endingtl = ending
if (stem[-2] in vsolid or stem[-3] in vsolid) and stem[-1] in cdeaf \
 and ending[:4] == ‘qаly’: 
 endingtl = ending
 if stem[-2] in vsolid and stem[-1] in cvoiced and ending[:4] == ‘gаly’: 
 endingtl = ending
 if stem[-2] in vsoft and stem[-1] in cdeaf and ending[:4] == ‘kеlı’: 
 endingtl = ending
 if stem[-2] in vsoft and stem[-1] in csonor and ending[:4] == ‘gеlі’: 
 endingtl = ending

 –А / –Е / –I
Root thick + final sound hard → –а
Root thin + final sound soft → –е
Final sound soft → –ı
–YP / –ІP / –P
Thick consonant + hard consonant → –yp
Thick consonant + soft consonant → –ıp
Final sound soft → –p
 –QАLY / –ĞАLY / –КЕLІ / –GЕLІ
Thick + hard → –qаly 

Thick + soft → –ğаly 
Thick + hard → –kеlı
Thick + soft → –gеlı
The rule analyzes the thick-thin, hard-soft, soft 

properties of the root and automatically selects the 
correct ending for the preposition.

These rules provide automatic selection of the 
correct form of the imperative and conditional mood 
endings depending on whether the vowel in the final 
syllable of the verb stem is thick or soft.
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Table 6
Rules of harmony of the imperative and conditional moods

Rules of harmony between the imperative and the conditional 
mood
if stem[-2] in vsolid and ending == ‘syn’:
endingtl = ending
if stem[-2] in vsoft and ending == ‘sın’:
endingtl = ending
if stem[-2] in vsolid and ending == ‘şy’:
endingtl = ending
if stem[-2] in vsoft and ending == ‘şı’:
endingtl = ending
if stem[-2] in vsolid and ending == ‘sа’:
endingtl = ending
if stem[-2] in vsoft and ending == ‘sе’:
endingtl = ending

Imperative case (-syn / -sın)
If the root is thick → –syn
If the root is thin → –сін
Imperative case -şy / -şy form
Root thick → –şy
Root thin → –şy

Conditional case (-sа / -sе)
Root thick → –sа
Root thin → –sе
Similar rules for calculating vowel harmony 

have been compiled for other parts of speech in the 
Kazakh language.

3. Results

To assess the derivational potential of the pro-
posed computational model, a quantitative mor-
phological analysis of word forms derived from the 
same root across the main word classes (noun, verb, 
preposition, adverb, and pronoun) was conducted to 
demonstrate the agglutinative-polysynthetic nature 
of the Kazakh language. This analysis allows us to 
determine the linguistic metrics of derivational pro-
ductivity.

Table 7 shows the quantitative distribution of 
word forms across the morphological paradigms of 
the main word classes. All variations of syllable and 
sound harmony were taken into account in the deri-
vational process.

Table 7
Quantitative indicators of word forms generated from the root word

№ Word classes (stem) Type of connections used Number of 
generated forms

1  Noun 108 plurality (larр/ler, tar/ter), dependency (-m, -ń, -sy/-sı), accusative 
(-nyń, -dy, -ğa, -mеn ...) 21709

2 Verb 108 tense forms (present, past, future), negative, participles 2 307667

3
Voice 

Verbal Adverb, VA 
Moods

100 self, otherness, involuntary, common 
-а/-е/-ı, -yp/-ıp/-p, -ğаly/-kеlı 844

4  Participle, PP 100 -ğаn/-gеn/-qаn/-kеn, -аtyn/-еtın, -uşy/-uşı, -аr/-еr 17141
5 Word classes 416 - 2 347361

The results of morphological generation for 
six word classes were calculated using a model 
based on the given rules, and the results were ob-

tained. Using the rules for each word class, all 
possible word forms were calculated fully auto-
matically. 
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Figure 1
Number of verb endings (past tense)

As shown in Figure 1, the results obtained were 
21,709 forms for nouns, 2,307,667 forms for verbs, 
17,141 forms for pronouns, and 844 forms for prep-
ositions and adverbs. A total of 2,347,3611 forms 
were obtained for the given word classes. This 
quantitatively proves the agglutinative nature of 
the Kazakh language and demonstrates the model’s 
generation ability.

4. Discussion

The proposed rule-based computational model 
has shown high potential for fully preserving the 
morphophonemic processes and vowel–conso-
nant harmony patterns of the Kazakh language in a 
generative paradigm. As described in the method-
ological formalization, the precise classification of 
phonetic elements and the conditional logical rules 
based on this classification allow for high-accuracy 
computational modeling of palatal vowel–conso-
nant harmony and regressive assimilation of conso-
nants. This approach proves the effectiveness of di-
rectly translating linguistic rules into computational 
algorithms [14].

Advantages of the model:
1. Formal verification and interpretation: The 

main advantage of the rule-based approach is its 
high accuracy and interpretability. Each morpho-

logical generation process can be fully verified by 
applying linguistic rules. This property is very im-
portant for empirical verification of theoretical con-
clusions in linguistic research.

2. Data independence efficiency: The fact that 
the model does not require a large annotated data 
corpus to work makes it the most effective initial 
approach for rapidly developing NLP tools for low-
resource languages such as Kazakh.

3. Morphological space representation: As 
shown in the results, it is proven that the model can 
fully and systematically represent the agglutinative-
polysynthetic morphological space of the Kazakh 
language by generating 2,307,667 verb forms from 
a lexically given root.

As mentioned in the literature review, approach-
es such as rule-based FST models [1], [3] and hybrid 
BR-BPNN [2] are used to model vowel–consonant 
harmony in the Kazakh language. The proposed 
model is similar to FST, but is focused on genera-
tion and formalizes rules using simple conditional 
logic.

Comparative analysis with other computational 
paradigms:

- With finite automaton transformers (FST): The 
proposed model, while having the generative capa-
bilities of FST, implements its rules using simple 
conditional logic operators. This approach reduces 
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the complexity of building an FST and increases the 
speed of model development.

- With neural and hybrid models: Neural net-
works (Transformer, BR-BPNN) show flexibility in 
handlin large data-driven fluctuations and language 
variations [2], [15]. However, the main theoretical 
limitation of our model is that it cannot fully cap-
ture deviations from the law of voicelessness and 
secondary, sometimes unstable, manifestations of 
vowel–consonant harmony in imported words (e.g., 
“computer”, “institute”). To address these issues, 
future research should move to a hybrid architecture 
by incorporating lexical features (e.g., word origins) 
and statistical checks into the model.

The scientific significance of this study lies in 
the deep formalization of the morphological syllable 
of the Kazakh language from a computational per-
spective. Quantitative analysis of syllable produc-
tivity objectively proves the morphological richness 
of the Kazakh language and can serve as a basis for 
future NLP research [15], [16].

Practical applications:
- Morphological synthesizers: The model can be 

used to generate correct word forms in speech sys-
tems and machine translation systems at the syllabic 
stage.

- Educational tools: This will be the basis for 
creating interactive grammar simulators for Kazakh 
language learners.

- Spell check tools: A large corpus of syllabic 
forms will help create dictionaries for checking the 
correct spelling of words.

5. Conclusion

This study presents a rule-based paradigm for 
the computational formalization of the morphologi-
cal syllable of the Kazakh language. The proposed 
method systematically characterizes the agglutina-
tive nature of the Kazakh language, including vowel 
harmony, consonant assimilation, and the multilay-
ered structure of word formation and word inflec-
tion.

The main scientific novelty of the research is 
the development of a computational model capable 
of automatically generating hundreds of new word 

forms with syntactic and semantic meanings from a 
single lexical root in accordance with morphologi-
cal laws. The model fully covers the main morpho-
logical categories, such as plural, dependent, verb, 
pronoun, preposition, imperative, conditional, and 
present tense forms.

The experimental results show that it is possible 
to generate morphological paradigms of nouns and 
verbs in a complete and error-free manner. This not 
only quantitatively proves the morphological rich-
ness of the Kazakh language but also opens up new 
opportunities for automating linguistic resources.

Thus, the morphological generation model, 
which combines the structural features of the Ka-
zakh language with computational methods, lays the 
theoretical foundation for creating intelligent lin-
guistic systems for agglutinative languages and ex-
pands the possibilities of integration with machine 
learning and neural models in the future.
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