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KAMBIPBIMABIABIK, KOPbI

HALYK

CHARITY FOUNDATION

b «XAJDBbIK)»

B 2016 rogy mist pa3BUTHS U YAyYIICHUS Ka4eCTBa )KU3HHU Ka3aXCTaHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHBIH HOHT « XaTbIK». 3aTOIBI CBOCH IEATEITPHOCTH
Ha pealn3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001aCTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3alMThI, KYJABTYPBI, 3APaBOOXpaHEHUs] W cnopra, POoHA BBLACITHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuManHue brnarorBopurensHeli  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBas MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCHJIBHBIA BKJIaJ B pa3BUTHE KAuC€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMmbIM crmocoOCTBYSl pOCTy 4YHcia JIIO#EH, CIIOCOOHBIX
MEHSITh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIIOB B pa3MUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — mepBsrii B cTpane 6uzHec-nHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOPBIT
MIOMOTaeT Pa3BUBaTh HEOOXOAUMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha coelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI IPaHThI Ha 00yueHre B MextyHapoqHoH mkoie «Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM MIKOJIbHUKAaM NPHUHATH
ydactue B mpectmkHoM koHkypce «USTEM Robotics» B CLIA. Atopckue
paboTsl B pamkax npoekTa « Tomimrepy, koropomy DoHJ 0Ka3al NOAICPKKY, JICIIN
B OCHOBY y4yeOHOW MpPOrpaMMbl, Y4EOHHKOB M Y4€OHO-METOIMYECKHUX KHHI IO
npeameTy «OCHOBBI IpeIIPUHUMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO MOMOIIM IIKOJBHUKAM, YYaLIMMCSl KOJJIeIKeH u cryaeHtaM PoHx
CUUTAET BAXHBIM BHECTH CBOHM BKJIaJ B MOBBIIICHUE KBAJIM(HUKALNUU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHMK OyAyIIMX MOKOJICHHH Ka3axcTaHieB. [Ipu mommepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxHo#il MHUIMATHBOM CTaJl peaju3yeMblii MPOEKT M0 OOYYEHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH IpenojaBaTesied M3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBON
IPaMOTHOCTH M IPEAIPUHUMATEIBCKOTO MBILIJICHNS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluasbHON 3aIIWTBHl HACEJCHUS aKTHBHO
MpOBOAXTCS paboTa MO MOAJEPIKKE AETEeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei n
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOEB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 0OCCIICUCHHIO HYKAAIOMINXCS COLHMAIBHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIA/IKH U (PU3KYIBTYPHO-0310POBUTEIbHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Haulel crpaHe. JKu3HEHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHIEMUHU
COVID-19. Torma, B pasrap Tsukenoil 00psObl ¢ KOpOHaBUPYCHOW MHQeEKIuei
®onpx Bblenun cBbiie 11 MWIIMapIOB TEHre Ha MPHOOpETeHHEe HEO0OXOIUMOro
MEIUIUHCKOTO OOOPYIOBaHUS M JIOPOTOCTOSIIMX MEAWIUHCKHAX IpPEernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHUS U JCHEKHBIC
BBIMJIATHl MEJUIIMHCKUM PaOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH NPOEKTAaMH, HALICICHHBIMU Ha MOBBILICHUE
071aroCcOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH/ pelu yIeauTh 0co00e BHUMaHNE
HayKe, IOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBEHb €€
Pa3BUTHS OINIPEACISIET YPOBEHD Pa3BUTHUS TOCYIaPCTBa.

[Monnepxka @oHIoM BbIMycKa XypHanoB HamuonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponxHble (OHABI Scopus U
Wos 1 B KOTOPBIX IMYOJMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHHI
W HayYHO-HCCJIEIOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkeHnnewm,
BbaarorBopurenbHblii ®oHT «XaabIK»!
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NAMED ENTITY RECOGNITION FOR KAZAKH LANGUAGE
USING CRF AND RANDOM FOREST MODELS:
A COMPARATIVE STUDY

Abdikalyk Gulnazym — grad student of the Astana International University. 010000. Astana,
Kazakhstan

E-mail: gulnazymabdikalik@gmail.ru. ORCID ID: https://orcid.org/0009-0008-5216-0707;

Assel Mukanova — PhD, assoc. professor of the Astana International University. 010000. Astana,
Kazakhstan

E-mail: asiserikovna@gmail.com. ORCID ID: https://orcid.org/0000-0002-8964-3891;

Nazyrova Aizhan — senior lecturer of the Astana International University. 010000. Astana,
Kazakhstan

E-mail: ayzhan.nazyrova@gmail.com. ORCID ID: https://orcid.org/0000-0002-9162-6791.

Abstract. The activity of recognizing and categorizing named items in text is
known as named entity recognition (NER), and it is essential to natural language
processing. However, due to morphological complexity and scarce linguistic
resources, NER for under-resourced languages like Kazakh presents distinct
difficulties. The performance of two well-known machine learning models,
Conditional Random Fields (CRF) and Random Forest, for NER in the Kazakh
language was thoroughly compared in this scientific work. The work addresses
feature engineering strategies catered to the morphological complexity of Kazakh
and makes use of a benchmark dataset generated specifically for Kazakh NER.
While Random Forest models manage high-dimensional feature spaces and
intricate interactions in the data, CRF models capture sequential dependencies
and contextual information. The efficiency of both the CRF and Random Forest
models for Kazakh NER is shown by experimental findings. However, the scarcity
of labeled data has an impact on how well these models work. Future research
directions include extending annotated datasets through partnerships with linguists
and native speakers in order to address this constraint. The study also emphasizes
how crucial it is to deal with Kazakh's complicated morphology in NER. Word
stems and part-of-speech tags are among the morphological qualities that CRF and
Random Forest models integrate, which enhances the recognition of named entities
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in a variety of inflections and variants. The comparison analysis sheds light on the
advantages and disadvantages of the Random Forest and CRF models for Kazakh
NER. While Random Forest models may manage complex linkages and feature
interactions, CRF models excel at capturing sequential dependencies and utilizing
contextual information. The NER task's specific needs and characteristics determine
the model to use. In conclusion, by offering information on the effectiveness of
CRF and Random Forest models, this comparative study advances the field of NER
for the Kazakh language. It shows the value of handling morphological complexity,
the necessity of annotated data, and directs future study aimed at enhancing Kazakh
NER systems.

Keywords: Named Entity Recognition (NER), Kazakh language, Conditional
Random Fields (CRF), Random Forest, comparative study
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AnHoTanmus. MoTiHzeri atanran OOBEKTUIEP/l TaHy YKOHE CaHATTay OpeKeTi
aranran oObektinepai Tany (NER) nem arananpl skoHe TaOuFH TiNAl OHICY YILIiH
YJIKeH MaHbI3Fa ue. Anaiiia, MOp(OIOTHSHBIH KYPACITITiHE )KOHE TMHTBUCTUKAJIBIK
pecypcTapAbIH TalIIbUIBIFbIHA OaHIaHBICTHI, Ka3aK CHUSIKTBI PECYypCTaphl MEKTEYI
TUTAEPIET] aTaaFaH 00BEKTINep Il TaHy OeNTii O6ip KUBIHABIKTapMEH OaiIaHBICTHI.
Byt ¥pUTBIME KYMBICTa Ner YIIIiH MalTUHAIBIK OKBITYABIH €Ki OeNTi1i MOIeTiHIH —
mapTThl ke3aelicok epicrepain (CRF) skoHe ke3aeiicok OpMaHHBIH Ka3ak TUTIHIET]
TUIMATITIH caJbICThIpy Kyprizingi. XXympicTa Ka3ak TimiHIH MOP(OIOTHSIBIK
KYPACTUIIriH eCKepe OTBIPHII, OeNTiIep/i ipikTey CTpaTerusiapbl KapacThIpbLIa bl
JKOHE ner Kazak TUTl YIIH apHaWbl )KacajdFaH dTAJIOHIBIK JEPEKTEP >KUBIHTHIFBI
matimananeiaael. Random  Forest momembmepi skorapsl  emmieMii  Oenriyep
KCHICTITIH JK0HE IepeKTepleri Kypaeni e3apa opekeTTecymi Oackapca, CRF
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MOJIENBJIEP] AOUEKTI TOYEIIUTIKTep MEH KOHTEKCTIK aKmaparThl kepceteni. Kazak
NER ymrin CRF xone Random Forest MojienibiepiHiH THIMALTIT] 3KCIIEPUMEHTTIK
HOTIIKEJICPMEH pacTaiajipl. Aaiiaa, Oyl MOJENbISP/IIH THIMILTITiIHE TaHOAIaHFaH
JIEPEKTEPIIH KETICIECYIIUTr ocep eTedi. 3epTTeydiH Oojamrak OarbITTapbl OCHI
MOCeJIeHI MMMy VIIiH JHHTBUCTEPMEH JKOHE aHa TUTIHAC COWIeHTIHIepMEH
BIHTBIMAKTACTHIK apKbUIBl aHHOTAIWSJIAHFAH JIEPEKTEep >KUBIHTHIFBIH KEHEHTYI
KaMTHIBL. 3epTTey conbiMeH Karap NER-1e Ka3ax TitiHiH Kypaeai Mop¢doI0rusChiH
ecKepy KaHIIaIBIKThI MaHbI3Ibl ekeHiH kepceteni. CRF sxome Random Forest
MOJICTIBJIEPIH €CKepeTiH MOP(HOJIOTHSIBIK KaCHETTEPIIH IIH/E co3lepae coley
OemikTepiHiH cabakTapbl MEH TerTepiHiH OONyBIH aram eTyre Oojajsl, Oy
OpTYpIi ayBITKyJap MEH HYCKallap/ia aTalFaH HeICAHAAP/Abl TaHYAbl KaKCapTabl.
CanpicTeipMansl Tangay Kazakctaniaslk NER ymin Random Forest sxone CRF
MOJIETIbICPiHIH apTHIKIIBUIBIKTAPBl MEH KEMILLTIKTEpiHe *KapbIK Tycipeai. Random
Forest monenbaepi kypaeni OaiinanpicTap MeH OeNrilepiiH e3apa opeKeTTecyiH
Oackapa anarbiH Oosica, CRF mopenbaepl JoMeKTI ToyeNIUTKTEep/Il aHbIKTay/a
YKOHE KOHTEKCTIK aKmaparThl Mainananyna »akcel xymbic icteiini. NER Tamnceip-
MacCBIHBIH HAKThl KOKETTUTIKTEpi MEH cHIarTaManapbl MOJETh TaHAAyblH aHBIK-
taviael. Kopeiteiaasitaii keme, CRF sxone Random Forest momenbaepiHiH THIM-
JIUTITT Typajbl aKIapaTThl YChIHA OTHIPHII, OYJT CabICTRIPMAITBI 3epTTey Kasak Tismi
yirin NER namybIHa bIKIas eTeTiHiH aTarn eTKeH koH. O Mop(hOoIoTHsIIbIK KYpe-
JITIKNICH KYMBICTBIH KYHJIBUIBIFbIH, aHHOTAIIMSIAHFaH JCPEKTEP/IiH KOKSTTUIITTH
KepceTeni xoHe Kazak TutiHiH NER sxyiienepin skeTiiipyre OarbITTalIFaH oJlaH opi
3epTTeyNIepai OaFbITTal b,

Tyiin ce3mep: Aranran oObekrtinepai tany (NER), kazak Timi, mapTTs
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AHHOTauMs. JleATenbHOCTh 1O  pAacloO3HABAaHUIO U KATErOpU3aluu
MMEHOBAaHHBIX OOBEKTOB B TEKCTE HA3BIBACTCS PACIO3HABAHHEM HMMEHOBAaHHBIX
o0bekToB (NER) m umeer Oonblioe 3HaueHue st 0OpabOTKM €CTECTBEHHOI'O
s3pika. OMHAKO M3-3a CIIOKHOCTH MOP(HOJIOTHH M CKYJHOCTH JIMHTBHCTUYECKUX
PECYPCOB pacIio3HaBaHUE MUMEHOBAHHBIX OOBEKTOB B SI3bIKAX C OMPaHUYCHHBIMH
pecypcaMu, TaKUX Kak Ka3aXxCKUil, CONMPSHDKEHO ¢ ONPEICICHHBIMU TPYIHOCTSIMHU.
B nanHoli Hay4yHO#l pabore mpoBeneHO cpaBHeHHE S()HEKTHBHOCTH IBYX
M3BECTHBIX MOZEJICH MAIIMHHOTO OOYyYeHHS - YCIOBHBIX ciiydaiHbix noneit (CRF)
u cirydaitHoro eca — st NER Ha kazaxckoM si3p1ke. B pabote paccMmarpuBaroTces
CTpaTeruu Toja0Opa TPU3HAKOB C YyYeTOM MOPQOIOTHUECKON CI0KHOCTH
Ka3aXCKOTO sI3bIKA WM WCTONB3YeTCS OSTAJIOHHBIH HAOOp NaHHBIX, CO3IAaHHBIN
cnermanbHO it NER ka3zaxckoro si3eika. B To Bpems kak monienu Random Forest
YIPaBISIIOT BBICOKOPA3MEPHBIMH MPOCTPAHCTBAMM MPU3HAKOB M CIOKHBIMHU
B3aUMOJICHCTBUAMH B JHaHHBIX, Mmojenmu CRF orpaxaior mociemoBareabHbIC
3aBHCHMOCTH M KOHTEKCTHY uH(popmarmio. DddexruBHocTs Mogaeneii CRF u
Random Forest mis ka3zaxckoro NER momaTBepskmaercss SKCIIEpUMEHTATHHBIMA
pesynbratamu. OnHako Ha APQPEKTUBHOCTH pabOTBl ATHX MOJCIICH BIHSET
HEXBaTKa IOMEUEHHBIX JaHHbIX. byayline HanpaBieHNs UCCIEI0BaHUI BKIIOYAIOT
paciImpeHne aHHOTHPOBAHHBIX HAOOPOB MJAHHBIX 3a CYET COTPYJHUYECCTBA
C JIMHTBUCTAMH W HOCHTEISMH S3bIKa U pelIeHUs 3Tol mpoliieMbl. B
HCCIIEIOBAaHUN TAKXE IOJUEPKHBACTCS,, HACKOJIBKO BaXHO yuuThIBaTh B NER
CJIIOKHYIO MOP(OJIOTHIO Ka3axcKoro si3bika. Cpenu MopQOIOTHYEeCKHX KauecTs,
kotopsie yuuteiBatoT Mojsienin CRF 1 Random Forest, MoykHO BbIIETHTE HaTM4me B
cJIoBax CTeOJICH U TEroB YaCTeH peuu, uTo yIy4IlaeT paclio3HaBaHUE UMEHOBAHHBIX
HMeHoBaHHBIX 0OBEKTOB B Pa3TUYHBIX CKIIOHEHUSX U BapuaHTax. CpaBHUTEIbHBIN
aHaJIM3 TIPOJIMBAET CBET Ha MPEHMYIECTBA M HEAOCTaTKH Momeneii Random
Forest u CRF ans xa3zaxcranckoit NER. B to Bpems kak monenu Random Forest
MOTYT YIPABJIATh CIOKHBIMU CBSI3IMM U B3aUMOJICHCTBHEM NPU3HAKOB, MOJEIIH
CRF nyure cropaBisitoTCsl C BBISIBICHHEM IOCICAOBATEIBHBIX 3aBUCHUMOCTEH U
WCIIOJhb30BaHUEM KOHTEKCTHOW wuH(popmaruu. Crenududeckne MTOTpeOHOCTH
n xapakrepuctuku 3amaud NER ompenenstor BeiOop Momenu. B 3akmoucHme
CJIeyeT OTMETUTh, UTO, Tpeiaras uHpopManuo 00 3PPEKTUBHOCTH MoeIei
CRF m Random Forest, manHoe CpaBHUTEIBHOE HCCICIOBAHUE CIOCOOCTBYET
pazButuio NER nmns kazaxckoro sizbika. OHO IMOKa3bIBae€T LEHHOCTH PabOTHI C
MOP(}OIIOTHYECKON CIIOXKHOCTHI0, HEOOXOMMMOCTh aHHOTHPOBAHHBIX TaHHBIX U
HaIpaBisieT JalbHEHIINe UCCIeIOBAaHMUS, HAIIPABICHHBIE HA COBEPIIICHCTBOBAHNE
cucteM NER ka3zaxckoro si3pika.

KuroueBbie ciioBa: PacioznaBanme nveHoBaHHBIX 00bekTOB (NER), ka3axckuit
sI3bIK, ycioBHbIe ciydaiiHbie nons (CRF), ciydvaiiHblid Jiec, CpaBHUTEIBHOE
HCCIIEI0BaHNE.

Oma paboma 6Oviia punancoso noodepaucana Komumemom  nayxu
Munucmepcmea nayku u evicuieco obpazosanusi Pecnyonuxu Kazaxcman (epanm
AP19577922).

10



ISSN 1991-346X 3. 2023

Introduction

The task of identifying and categorizing named entities, such as names of people,
companies, places, and times in text that is unorganized, is known as named entity
recognition (NER) (Sang et al., 2003). It is important in many applications, such
as text mining (Cheng et al., 2020), information retrieval, and question-answering
(Aliod et al., 2006). Despite the fact that NER has been thoroughly explored for
major languages, the lack of linguistic resources and the intricacy of morphology
make extracting named entities from under-resourced languages particularly
difficult.

The Kazakh language, which is a Turkic language with limited resources and
is mostly spoken in Kazakhstan and its nearby territories (Eryigit et al., 2013), is
the subject of this research article. The Kazakh language possesses a wide range
of morphological traits, such as intricate inflections, agglutination, and different
grammatical constructions. Given that named entities can differ greatly in form and
context, these linguistic complexities make it difficult to effectively identify and
categorize them.

This study examines the performance of Conditional Random Fields (CRF) and
Random Forest, two well-known machine learning models, to address the NER
difficulties in the Kazakh language. A sequence labeling approach called CRF
uses contextual data to accurately identify entities while also capturing sequential
interdependence. The Random Forest ensemble learning method, on the other hand,
mixes various decision trees to generate predictions, managing high-dimensional
feature spaces and capturing complicated relationships in the data.

The objective of the comparison study is to assess the effectiveness of Random
Forest and CRF models for NER in Kazakh. Comparing the models is part of the
study, which also covers other NER-related topics including entity detection. We
evaluate the precision of named entity extraction from Kazakh texts using these
models on a benchmark Kazakh NER dataset.

The results of this study, which specifically focused on the Kazakh language,
help us comprehend NER in languages with little resources. They provided
information on the effectiveness and applicability of CRF and Random Forest
models for NER tasks in Kazakh, as well as their advantages and disadvantages.
The findings will aid researchers and practitioners in selecting suitable models for
NER in the Kazakh language and provide a foundation for further improvements in
NER methods for languages with limited resources.

In the parts that follow, we will go over the methodology for the comparative
analysis as well as a summary of similar work in NER for languages with limited
resources. Following a presentation and analysis of the experimental findings,
we will talk about the implications and potential future developments for NER in
Kazakh.

Ner challenges in Kazakh language. The activity of recognizing and categorizing
named items in text is known as named entity recognition (NER), and it is
essential to natural language processing. However, due primarily to the language's
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morphological complexity, extracting named items from under-resourced languages
(Yeniterzi, 2011) like Kazakh presents special difficulties. We go into the special
difficulties posed by morphological complexity in NER for the Kazakh language
in this section.

The Kazakh language possesses a wide variety of grammatical features, such
as intricate inflections, agglutination, and rich morphological traits (Tolegen et
al., 2019). The morphological intricacy that makes accurate NER challenging
is exacerbated by these linguistic traits (Yergesh et al., 2016). Named Entity
Recognition (NER), also known as named entity identification and classification in
text, is a crucial problem in natural language processing (Nadeau et al., 2007). The
scarcity of annotated data, however, is one of the biggest obstacles to NER for the
Kazakh language.

1. Complex Irregularities

The inflection system used in Kazakh is intricate and includes different verb
conjugations, noun declensions, and adjectival agreements. Each entity has multiple
word forms as a result of these inflections, necessitating the use of NER algorithms
to take these various inflected versions into consideration (Iskhakova et al., 2020).

2. Agglutination

In order to express grammatical information, affixes are frequently appended
to the root word in Kazakh, a process known as agglutination. The extensive and
complex word forms that result from this agglutinative nature make it difficult to
effectively identify and extract named items (Bilakhanova et al., 2023).

3. The use of language Features

A wide range of grammatical traits, such as case markers, tense markers, and
person markers, are used in Kazakh. The interplay between these markers and their
effects on named entity recognition must be taken into account because these traits
add to the language's morphological complexity (Tolegen et al., 2023).

4. Lack of Annotated Data

The availability of high-quality Annotated Corpora is crucial for the creation
of accurate and reliable NER models. Nevertheless, finding enough annotated
data for languages with limited resources, like Kazakh, is a considerable difficulty
(Bogdanchikov et al., 2022). The availability of Kazakh-specific annotated datasets
frequently restricts the range for developing and testing NER models.

Conditional random fields for kazakh ner. The activity of recognizing and
categorizing named items in text is known as named entity recognition (NER), and
it is essential to natural language processing. For sequence labeling tasks like NER,
Conditional Random Fields (CRF) is a well-liked and efficient machine learning
model that is frequently utilized.

A probabilistic graphical model called Conditional Random Fields is employed
for applications involving sequence labeling. It is a discriminative model that takes
into account the relationships between adjacent labels in a sequence, so capturing
the contextual data required for precise labeling (Lample et al., 2016). For NER
tasks, where the types and limits of named entities frequently depend on the context
of the words around them, CRF models are particularly well suited.
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Random forest for kazakh ner. A well-liked machine learning technique called
Random Forest is renowned for its capacity to manage high-dimensional feature
spaces and capture intricate relationships in the data (Belgiu et al., 2016). An
ensemble learning technique called Random Forest uses several decision trees to
produce predictions. It is frequently used for classification and regression problems
and is a member of the family of tree-based algorithms. The way Random Forest
works is by using various subsets of the training data to train a group of decision
trees, then combining those predictions to get the outcome.

A set of features taken from the input data are used as the basis for the Kazakh
Random Forest models for NER. Word IDs, part-of-speech tags, morphological
characteristics, and contextual information from nearby words are a few examples
of these features. Multiple decision trees are constructed during the training phase
utilizing various feature and training data subsets. To ensure variation among the
different trees, each decision tree learns to make predictions based on a random
selection of features.

Corpus structure. As a dataset were utilized part of the train data which is open
source in the website github (https://github.com/IS2Al/KazZNERD/tree/main),
training of the models was done on data in Kazakh. The dataset contained 132
phrases, 831 words, and 1489 characters in total. IOB2 tags (Sang et al., 1999) were
used to label the data, as seen in Figure 1. Tagger that uses the IOB format, where
chunks are labeled by their appropriate category, can be created that tags every
word in a sentence.

B - for the word in the Beginning chunk

I - for words Inside the chunk

O - Outside any chunk

Tokens o2

L] EvpazuAnuly, B-LAW

1 sEoHoMMESNBEE  -LAWY

2 onay  1-LAW
3 Typanes  1-LAW
4 LapTya [-LAWY

Fig. 1. Example of IOB2 scheme labeled data

Unexpectedly, the majority of words are categorized as not belonging to
any block. These words can be thought of as placeholders, and the classifier's
performance may be impacted by their use. Let's run a different test on the dataset
devoid of O tags, you can see this from Figure 2.
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Fig. 2. Words distribution without O tag

Modeling the data. In this section, we propose a comparison study to assess
Conditional Random Fields (CRF) and Random Forest, two well-known machine
learning models, for NER in the Kazakh language. We use a benchmark dataset
designed especially for Kazakh NER to conduct an extensive comparison. The
dataset comprises of Kazakh-language writings that have been annotated and span
a variety of topics and item kinds. In order to ensure a suitable distribution of
entities throughout the sets, we separate the dataset into training, validation, and
test sets.

We use feature engineering to gather pertinent data for NER in Kazakh for
both CRF and Random Forest models. Word identities, part-of-speech labels,
and contextual elements from nearby words are included in this. We use common
assessment metrics like precision, recall, and F1-score to evaluate the effectiveness
of the CRF and Random Forest models. These metrics reveal how well the models
are able to recognize and categorize named things in Kazakh texts. Before we
move on to the modeling portion, it is essential to understand the performance
indicators that will be used to evaluate the models. We will assess the models using
the precision (1), recall (2) and F1 score (3), metrics because we are dealing with
information extraction.

In order to generate the metrics described above, True/False positives and True/
False negatives are used, respectively.

* True Positives (TP) are successfully predicted positive values, which means
that both the actual and projected classes have the same value.

* True Negatives (TN) are successfully predicted negative values, which
indicates that both the actual and projected class values are negative.

* False Positives (FP) are when the expected class is present but the actual class
is absent.

* False Negatives (FN) are when the expected class is no when the actual class
is yes.
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.. t
Precision = —2—, (D)
tp+fp
Recall= 2 )
tp+fn
F-1 = 2% PrecisionxRecall
T Precision+Recall (3)

On the test set, we compute the metrics, and we contrast the outcomes of the
two models. The outcomes of the performance of the RF and CRF models are also
shown in the pictures below. (Shown in Figure 3.)

precisicn recall fl-score support
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Fig. 3. RF and CRF model performance

The experimental results demonstrate that both CRF and Random Forest models
compete favorably for Kazakh NER. While CRF is excellent at capturing sequential
dependencies, Random Forest does a better job of covering high-dimensional
feature spaces.

The model performed poorly even though it had a high average score with an
-1 score of 0.79. For the majority of the classes, precision and recall levels were 0.
It appears that the model lacks the characteristics required to make wise selections.
The methodology just calls for memory of words and tags, which is insufficient.
For the algorithm to produce more precise predictions, the context information
surrounding each word must also be supplied. As the scores increased and the
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f-1 score reached 0.96, the CRF classifier surpassed the Random Forest classifier.
For each class, the precision and recall measurements, however, have only slightly
increased. Perhaps the model is repeating words and not fully accounting for
context.

Limitations and directions for the future. Limitations of CRF and Random
Forest models include the necessity for annotated data and issues handling the
complicated morphology of Kazakh. Expanding annotated datasets, analyzing
deep learning models, and researching transfer learning and domain adaptation
techniques in Kazakh NER should be the key objectives of future research. Kazakh's
morphological complexity poses difficulties for NER since substantial changes and
inflections in named entities may not be properly captured by CRF and Random
Forest models. Future research should look at sophisticated feature engineering
techniques and Kazakh-specific language resources to increase morphological
complexity. As there are just a few annotated corpora developed specifically for
Kazakh NER, the availability of annotated data is a significant limitation. Future
research should concentrate on improving the usability of annotated datasets and
collaborating with linguists, academics, and native speakers to solve this problem.

Conclusion

The use of Conditional Random Fields (CRF) and Random Forest models for
Named Entity Recognition (NER) in the Kazakh language is examined in this
study. its performance is assessed, and its advantages, disadvantages, and potential
directions are covered in a comparison analysis. The results demonstrate that while
Random Forest models manage high-dimensional feature spaces and intricate
interactions in the data, CRF models excel at capturing sequential dependencies and
contextual information. Both models successfully extract named entities from texts
written in Kazakh. However, it is difficult to create reliable and accurate models
because there is a lack of annotated data for training these models.

To improve NER performance in Kazakh, future research should concentrate on
increasing the accessibility of annotated datasets, investigating domain adaptation
strategies, and applying deep learning models. The performance of NER systems
can be greatly enhanced by integrating linguistic resources and expertise particular
to the Kazakh language. The advancement of NER in Kazakh depends on using
unsupervised and semi-supervised learning methodologies and assessing models
on various domains and text genres. Overall, the comparison study offers insightful
information about the effectiveness of CRF and Random Forest models for Named
Entity Recognition in Kazakh.
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