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Abstract. An intelligent hybrid model and a multi-source feature space are presented for Named Entity Recognition (NER)
in Karakalpak electronic texts. The agglutinative morphological structure of the Karakalpak language, multilayer affixation,
inconsistencies between Latin and Cyrillic writing systems, and limited availability of electronic language resources may
lead to entity boundary detection errors during subword tokenization in multilingual Transformer models (MBERT and
XLM-RoBERTa). To address these challenges, an architecture is proposed that integrates contextual Transformer rep-
resentations, morphological affix features, and domain-specific gazetteers through a Confidence-Guided Gated Fusion
mechanism. A Conditional Random Fields (CRF) layer is employed to constrain invalid transitions between sequence
labels. The mathematical formulations of the model, the multidimensional feature space, and the software implementation
process in the PyTorch environment are described in detail.

Keywords: Karakalpak language, Named Entity Recognition, intelligent hybrid model, gated fusion mechanism, morpho-
logical features, Transformer, gazetteers, Conditional Random Fields.

Annotatsiya. Qoraqgalpoq tilidagi elektron matnlarda nomlangan obyektlarni aniglash (Named Entity Recognition — NER)
uchun intellektual gibrid model va ko‘p manbali belgilar fazosi taklif etilgan. Qoraqgalpoq tilining agglutinativ morfologik tuz-
ilishi, ko‘p qatlamli affiksatsiyasi, lotin va kirill yozuvlaridagi nomuvofigliklar hamda elektron til resurslarining cheklangan-
ligi ko'p tilli Transformer (MBERT, XLM-RoBERTa) modellarida subword tokenizatsiyasi jarayonida obyekt chegaralarini
aniglash bilan bog‘liq xatoliklarni yuzaga keltirishi mumkin. Mazkur muammolarni bartaraf etish magsadida kontekstual
Transformer tasvirlari, morfologik affiks belgilari va sohaga oid gazetteer lug‘atlarini ishonchlilik darajasiga asoslangan
eshikli birlashtirish mexanizmi (Confidence-Guided Gated Fusion) orqgali integratsiyalovchi arxitektura ishlab chigilgan.
Ketma-ketlikdagi ruxsat etilmagan teglar o‘rtasidagi o‘tishlarni cheklash uchun shartli tasodifiy maydonlar (Conditional
Random Fields — CRF) gatlami go‘llangan. Modelning matematik ifodalari, ko‘p o‘lchamli belgilar fazosi hamda PyTorch
muhitida dasturiy amalga oshirish jarayoni batafsil yoritilgan.

Kalit so‘zlar: gqoragalpoq tili, nomlangan obyektlarni aniglash, intellektual gibrid model, eshikli birlashtirish mexanizmi,
morfologik belgilar, Transformer, gazetteer lug‘atlari, shartli tasodifiy maydonlar.

AHHoTaums. lNpeacTaBneHbl UHTENNeKTyanbHas rmbpyuaHas Mogenb U MHOTOKOMMOHEHTHOE NPOCTPaHCTBO NPU3HAKOB
ONng pacnos3HaBaHusA MMeHoBaHHbIX cyuiHocTer (Named Entity Recognition — NER) B 9nekTpoHHbIX TekcTax Ha
Kapakannakckom $3blke. ArrnioTuHaTVBHas Mopdonornyeckas CTpyKTypa KapakamnmnakCKoro sidblka, MHOrOypoBHeBasi
adpdmkcaums, HecornacoBaHHOCTb UCMOMb30BaHUA NMATUHCKON M KUPUNMMYECKOW rpadukn, a Takke OorpaHUY4eHHOCTb
SMEKTPOHHbIX A3bIKOBbLIX PECYPCOB MOrYT MPMBOAUTL K OWMBKaM onpedeneHns rpaHuL, UMEHOBaHHbIX CYLLHOCTEW Mpw
cy6CrnoBHON TOKEHM3ALMN B MHOTOs3bI4HbIX Mogensix Transformer (MBERT, XLM-RoBERTa). [Ins pelueHus ykazaHHbIX
npobnemM npeanoXxeHa apxuTekTypa, MHTErpupytoLlas KOHTEKCTHble npedctaBneHus Transformer, mopdonormyeckme
adpdukcanbHble NpU3HakKM W NPeOMeTHO-OPUEHTUPOBAHHbIE CMOBapyM WMEHOBaHHbIX CyluHocTel (gazetteers)
NnocpeacTBOM MexaHu3Ma ynpaenseMoro obbeaMHeHUs Ha ocHoBe YpoBHsi goctoBepHocTu (Confidence-Guided Gated
Fusion). [ns orpaHuyeHns HegoMyCTUMbIX MEPexodoB Mexdy MeTkaMu B MOCrnedoBaTeNbHOCTU MPUMEHSIETCA CION
YCMOBHbIX criydanHeix nonen (Conditional Random Fields — CRF). MNogpo6Ho paccMoTpeHbl MaTeMaTU4eCKME BbIPaXKEHWS
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Mogern1, MHOroMepHoe NMPOCTPaHCTBO MPU3HAKOB 1 NMPOLECC NporpaMMHoii peanusauum B cpege PyTorch.

KntoyeBble crioBa: kapakanmnakCkui A3blk, pacno3HaBaHVe MMEHOBaHHbIX CYLLHOCTEW, UHTENMEKTyanbHas ruépuaHas
MoZenb, MEXaHu3M ynpaBnsieMoro o6beanHEHNs!, MOpdonorMiyeckme npuaHaku, Transformer, croBapy MMEHOBaHHbIX
CYLLHOCTEW, YCIOBHbIE CIy4aiiHble MOMsi.

INTRODUCTION

In the modern digital information society, Natural Language Processing (NLP) is one of the rapidly developing
fields of science and technology. The Strategy “Digital Uzbekistan - 2030” approved by the Decree of the President
of the Republic of Uzbekistan No. UP-6079' dated October 5, 2020, and the Resolution No. PP-357 2dated October
14, 2024, “On the Development of Artificial Intelligence Technologies,” established the creation of linguistic
technologies for related languages as a priority direction [1]. Artificial intelligence capabilities were also utilized
during the editing process of this text.

One of the initial stages of extracting semantic information from texts is Named Entity Recognition (NER),
which automatically extracts and classifies person names (PER), location names (LOC), organization names (ORG),
and temporal expressions (DATE) [2]. Belonging to the Kipchak group of the Turkic language family, the Karakalpak
language possesses an agglutinative structure where word formation occurs through affixation chains (for example,
the toponym “NoOkis” appears in the forms “Nokiste”, “Nokistegi”, and “Nokisten”) [3]. Furthermore, expanding
electronic resources, ensuring the balanced application of Latin and Cyrillic scripts, and standardizing spelling
consistency require continuous refinement of the tokenization process [4].

In multilingual Transformer models (mBERT, XLM-RoBERTa), subword tokenization (BPE, WordPiece)
provides opportunities to enhance the processing of Turkic affixes and improve entity boundary detection accuracy
[5, 6]. Alongside developing rule-based systems [7], creating a hybrid intelligent model that integrates contextual
semantics with morphological rules and domain-specific gazetteers based on confidence levels represents an
important and relevant task.

LITERATURE REVIEW

Named Entity Recognition (NER) is one of the key tasks in natural language processing. Modern research
extensively utilizes Transformer models such as BERT and XLM-RoBERTa, as well as approaches based on CRF and
morphological features [4-8, 11]. In low-resource languages, combining contextual features with morphological
and lexical knowledge proves to be an effective strategy [9]. The agglutinative structure and specific characteristics
of linguistic resources in the Karakalpak language necessitate incorporating additional morphological and lexical
features into NER systems [12]. Artificial intelligence capabilities were also utilized during the editing process of
this text. Based on these approaches, this study proposes a hybrid model integrating XLM-RoBERTa, morphological
features, Gazetteer dictionaries, and CRF components.

RESEARCH METHODOLOGY

The research employed a hybrid intelligent model to identify named entities in Karakalpak electronic texts. The
methodology comprises stages of text tokenization, contextual feature extraction using XLM-RoBERTa, formation of
morphological and orthographic characteristics, and matching with Gazetteer dictionaries. The extracted features
are fused into a unified vector via a Confidence-Guided Gated Fusion mechanism, and the final label sequence is
determined using CRF. The mathematical formulations and software implementation of the model were developed
in the PyTorch environment.

ANALYSIS AND RESULTS

Formal Mathematical Model of Named Entities
A text sequence in the Karakalpak language consists of discrete tokens and is represented as follows:
X=(X1,X2 «vXn), XEV, i=1,2,..,N (N
Where is the input text sequence, is the -th token, is the number of tokens, and is the vocabulary.
The BIOES annotation scheme is utilized for sequence labeling:

Y = (Y1, y2; ey Yn); Yi € y (2)
In the BIOES system: B denotes the beginning of an entity, [ — inside an entity, E — end of an entity, S — single-

1 Decree of the President of the Republic of Uzbekistan, ot 05.10.2020 . Ne DP-6079 https://lex.uz/ru/docs/7008256
2 Resolution of the President of the Republic of Uzbekistan, ot 14.10.2024 . Ne RP-357 https://lex.uz/ru/docs/7157438
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token entity, and O — outside any entity. Artificial intelligence capabilities were also utilized during the editing
process of this text (Table 1).

Table 1
Main Classes of Named Entities3?

Class Meaning Example

PER Person Ajiniyaz, Berdaq

LOC Location Nokis, Amudaryo

ORG Organization Nukus STU, Murojaat.uz

DATE Date/Time 2024-jil, October 14

Class Meaning Example

Set of Entity Classes:

C ={PER, LOC, ORG, DATE, MISC} (3)

A named entity is defined by a formal tuple:
Ex= (S € Cio dx), 1<sg<ex<N (4)

Where and are the start and end positions of the -th entity, is its class, and is the domain (Media, Official, Education,
Medicine). Hierarchical relationships are taken into account for nested entities [8]. Artificial intelligence capabilities
were also utilized during the editing process of this text.

Multi-Source Feature Space

The model constructs feature vectors for each token across three independent linguistic channels. The primary
channels are summarized in Table 2.

Table 2
Primary Channels of the Multi-Source Feature Space*
Channel Feature Core Information Output
Dimension
Contextual he Context and semantics via XLM-RoBERTa d, =768
Morphological hy/moreh POS, affix, case, and orthographic features S
Gazetteer hge Matching with domain-specific dictionaries dqéz

Contextual Representation Vector
The contextual representation vector is extracted from the multilingual XLM-RoBERTa Transformer layer.
When a word is split into multiple subword tokens, their average vector is used:

h;** = (1/ M) Zm=1" U
(5)
hictxt € Rdctxt’ dctxt =768 (6)

Morphological and Orthographic Features
Due to the agglutinative nature of the Karakalpak language, morphological structure is modeled as an
independent feature channel:

himorph - [eiPOS ” eiAff " eicAsE " eiORTH] c ]Rdmorph (7)
Where denotes part-of-speech, represents affixes, indicates grammatical cases, and stands for orthographic
feature vectors; denotes concatenation.
Lexical Knowledge (Gazetteer) Vector
The third channel incorporates additional domain knowledge from gazetteer dictionaries. Token matches with
vocabulary items are identified using the Aho-Corasick algorithm:

higaz I= Rdgaz (8)
The gazetteer vector provides supplemental signals regarding match confidence and entity categories. This plays
a crucial role for low-resource languages, serving as a foundational feature layer. Artificial intelligence capabilities
were also utilized during the editing process of this text.
Confidence-Guided Gated Fusion Mechanism

3 Compiled by the authors based on sources [1, 2, 7, 8, 11].
4 Note: Compiled by the authors based on the developed model.
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Morphological and gazetteer vectors are first projected into a shared contextual space:
m; = tanh(Wy, h;"°"P" + b,) 9)

gi® = tanh(W#8 h;#?* + b8) (10)
Where are projection matrices, and are bias vectors. Subsequently, auxiliary features are merged into a unified
representation:

h;""& = tanh(W, [m; || g;#] + by) (11)
Where represents the unified morphological and lexical representation. The gate vector is then computed as
follows:

a; = O.(Wgate [hiCtXt " hiling] + bgate) (12)
Due to the sigmoid activation function, . Here, represents the confidence weight assigned to the Transformer
representation, while corresponds to the weight given to thelinguistic representation. The final token representation
is defined as:

zi=a; Oh™ +(1-a) O h;'"# (13)
Where represents element-wise multiplication. The resulting vector is forwarded to the CRF layer. The primary
advantage of this mechanism is that higher weight is assigned to the Transformer output when contextual signal is
strong, whereas linguistic features take precedence when morphological or gazetteer signals dominate.
Conditional Random Fields (CRF) and Loss Function
The final token representations are converted into globally consistent label sequences via the CRF layer. Unlike
standard token-wise classification, the CRF model evaluates transition probabilities between adjacent labels. The
overall score of sequence is defined as:
S(XY) = Zic1™ Piyi + Zico Ayipyisn (14)
Where is the local emission score for label at token, and is the transition score between consecutive labels. The
conditional probability of sequence given is expressed as:
P(Y|X) = exp(S(XY)) / Zy€Y" exp(S(X,1)) (15)
The objective is to maximize the log-likelihood of the gold-standard sequence . The loss function is formulated as
follows:

L(6) = -log P(Y*|X;0) + A[|6]|,* (16)

L(8) = -S(X,Y*) + log ZyeY" exp(S(X,Y)) + All6|| (17)
Where represents trainable parameters, is the true label sequence, and is the regularization coefficient. The
regularization term prevents model overfitting.
Software Module and Overall Execution Flow
The proposed confidence-guided gated fusion module is implemented in PyTorch as follows:
import torch

import torch.nn as nn

class ConfidenceGatedFusion(nn.Module):

def _init_ (self, d_ctx=768, d_morph=128, d_gaz=32):
super().__init_ ()
selfW_m =nn.Linear(d_morph, d_ctx)
selfW_g =nn.Linear(d_gaz, d_ctx)
self.W_ling = nn.Linear(d_ctx * 2, d_ctx)
self.W_gate = nn.Linear(d_ctx * 2, d_ctx)
self.sigmoid = nn.Sigmoid()
self.tanh =nn.Tanh()
def forward(self, h_ctx, h_morph, h_gaz):

h_m = selftanh(selfW_m(h_morph))
h_g =self.tanh(selfW_g(h_gaz))
h_ling = self.tanh(self.W_ling(torch.cat([h_m, h_g], dim=-1)))
gate = self.sigmoid(self.W_gate(torch.cat([h_ctx, h_ling], dim=-1)))
z =gate * h_ctx + (1.0 - gate) * h_ling
return z
In this module, h™™®" and h#” are first projected into a d  -dimensional space, integrated with h®* via the

gating mechanism, and the resulting z_i vector is passed to the CRF layer (Table 3).
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Table 3
Algorithmic Execution Pipeline of the Model®
Stage Primary Operation Output
Text tokenization X=(Xy,0 0%y )
2 Contextual representation extraction via XLM-RoBERTa hot
3 Morphological and orthographic analysis by moreh*
4 Lexical matching via Gazetteer h g2
5 Feature projection into a unified space m,,g?°
6 Fusion of linguistic features h,ng
7 Computation of Confidence-Guided Gate Q,
8 Extraction of final token representation z
9 Sequence label scoring via CRF Y
10 Optimization via loss function 0

In this pipeline, the Transformer provides global context, the morphological channel supplies grammatical
features, and the Gazetteer contributes lexical knowledge. The gating mechanism adaptively determines their
relative confidence, while the CRF layer ensures the global logical consistency of the final label sequence. Artificial
intelligence capabilities were also utilized during the editing process of this text.

CONCLUSION AND RECOMMENDATIONS

The mathematical and software architecture of an intelligent hybrid model for Named Entity Recognition (NER)
in Karakalpak language texts has been developed. The core concept of the model lies in integrating three distinct
information sources — contextual representations based on XLM-RoBERTa, morphological and orthographic
features, and domain-specific Gazetteer knowledge — within a unified feature space. Artificial intelligence
capabilities were also utilized during the editing process of this text.

The Confidence-Guided Gated Fusion mechanism adaptively determines the confidence ratio between
contextual and linguistic features for each token. This capability demonstrates high efficacy for morphologically
rich languages with distinct resource characteristics, such as Karakalpak. Furthermore, the application of a CRF
layer ensures the logical sequence consistency of BIOES labels. The implementation of the model in the PyTorch
environment establishes a robust computational foundation for subsequent experimental testing and integration
into practical information systems.

Based on the research findings, the following recommendations are proposed:

Construct an annotated Karakalpak text corpus and conduct experimental evaluations using Precision, Recall,
and F1-score metrics to assess model performance.

Continuously expand the morphological feature database and domain-specific Gazetteer dictionaries to
enhance named entity recognition accuracy.

Integrate the developed model into automated text processing, information retrieval, and electronic document
management systems in the Karakalpak language to advance its practical applicability.
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