
разработка предлагает те же основные функции, что и системы-аналоги, но отличается тем, 

что подсчёт баллов будет вестись и по правилам АСМ ICPC для студенческих олимпиад по 
программированию, и по правилам 101 для школьных олимпиад по информатике. Разработка 
этой системы выводит проведение Республиканской олимпиады школьников по 

информатике в Кыргызстане на уровень международных олимпиад. 
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Abstract. This work is concerned with the development of the parser for automation of 
morphological markup of the texts of the Kazakh National corpus. The parser includes the lexical 
and morphological analyzers to perform the morphological markup of the texts. The task of а 
lexical analyzer is to determine the boundaries of sentences, to display words, identifiers and 
punctuation marks. The morphological analyzer performs the search for words in the dictionary 
(which is а separate database) and determines their morphological parameters. At the output of the 
morphological analyzer, we have а list of lemmas (а normal form of the word), affixes and 
morphological characteristics of the word. Morphological markup of the texts is а stage of 
automatic text processing, which allows to use the marked texts to solve the different proЬlems of 
Natural Language processing. This paper describes the application of morphological parser of the 
Kazakh language to automated filling of the ontology of factographic retrieval system. 

Keywords: Morphological Parser, Morphological Markup, Factogaphic Retrieval, Facts 
Extraction, Automated Ontology Filling. 
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Аннотация. Данная работа посвящена разработке анализатора для автоматизации 

морфологической разметки текстов корпуса казахского языка. Для осуществления 

морфологической разметки используются лексический и морфологический анализаторы. 

Задачей лексического анализатора является определение границ предложений, выделение 

слов, идентификаторов и пунктуационных маркеров. Морфологический анализатор 

выполняет поиск слов в словаре казахского языка и определяет их морфологические 

параметры. На выходе морфологического анализатора мы получим список лемм (нормальная 

форма слова), аффиксов и морфологических характеристик слова. Осуществляемая с 

помощью разработанного анализатора морфологическая разметка является 

этапом автоматической обработки текста, которая позволяет осуществлять поиск нужных 

пользователю слов, форм слова, лексических конструкций и т.д. В данной работе 

описывается применение модуля морфологического анализатора для автоматизированного 

наполнения онтологии фактографической поисковой системы. 

Ключевые слова: морфологический анализатор, морфологическая разметка, 

фактографический поиск, извлечение фактов, автоматизированное наполнение онтологии. 

Introduction 
In Turkic philology, there are quite many investigations on this proЬlem for cognate 

languages based on different conceptual approaches [1; 2; 3; 4; 5]. Analysis of the study on open 
puЬlications in the field of the technology of morphological analysis of the Kazakh language word 
forms shows that in this field there are practically few investigations. 

In the period from 1970 to 2000, the puЬlications in the field of the Kazakh language 
morphology were largely theoretical. Since 2006 there were the valuaЬle puЬlications in 
international journals: Jonathan North Washington (2006) "А Novel Approach to Delineating 
Kazakh's Five Present Tenses: Lexical Aspect"; G. Altenbek and Wang Xiao-long (2010) "Kazakh 
Segmentation System oflnflectional Affixes"[6]; Zafer H.R., Tilki В., Kurt А, Kara М. "Two-level 
description of Kazakh morphology" (2011) [7]. Particular attention should Ье given to the work of 
Sharipbaev А.А. "Intelligent morphological analyzer based on semantic networks" (2012) [8]. All 
the listed works deal with some aspects in the field of morphology and syntax of the Kazakh 
language and have а theoretical character of investigations. In this relation, creation of а module for 
morphological analysis ofthe Kazakh words at а high processing rate is actual. 

The remaining part of the article is structured as follows: Section 2 describes of 
development of the parser for automation of morphological markup of the Kazakh-language texts. 
Section 3 provides а detailed description of the technology of automated factographic retrieval 
system ontology filling. This technology contains extracting keywords from corpus of texts with 
similar topic for following using these keywords as possiЬle values of entity's attributes. Next, 
Section 4 describes the practical results. Finally, the article is completed Ьу а relevant discussion 
and further research directions. 
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Development of the parser for automation of morphological markup of the texts of the 
Кazakh N ational corpus 

Peculiarities of the Кazakh morphology 
The Kazakh language refers to the class of agglutinative languages and together with Uzbek, 

Kyrgyz, Bashkir, Tatar, Azerbaijani, Turkish and other languages forms а Turkic linguistic family. 
Agglutinative languages are characterized Ьу а consecutive addition of suffixes or ending bearing а 
grammatical meaning to an unchangeaЬle root or stem having а lexical meaning. 

The sequence order of affixes is strict. For example, for nouns first а suffix is added to the 
stem and then the ending of the plural followed Ьу а possessive ending, then comes а case ending 
and finally the ending ofthe conjugation form (which is only added to animate nouns) [9; 10]. 

In the Kazakh language, there exists the law of vowel harmony: harmony between vowels 
and consonants of affix and the sounds of root. Vowels harmonize according to the hardness -
softness principle and, as far as consonants are concerned, there is harmony between the final sound 
of root and the first sound of affix. 

Apart from the three main rules of vowel harmony, it is necessary to take into account the 
following rules of exclusion: 

1. The rule of removing а voiceless consonant in the affix being added if there are two 
voiceless consonants in the word ending. For example, журналист + тер (zhиrnalist + ter) ~ 
журналистер (zhиrnalister), экстремист+тер (ekstreтist + ter) ~ экстремистер 

(ekstreтister). 

2. The law ofvowel harmony is not observed in the following cases ofthe following affixes: 
а) for affixes мен, пен, бен (теп, реп, ben): ~ламмен (qalaттen); нiкi, дiкi, тiкi (niki, 

diki, tiki): баланiкi (balaniki); 
Ь) for loan words with ending: : рк, н к, к с, кт (rk, nk, ks, km ): - пукнте (pиnkte ). 
The law of omitting vowels "i", "ы" ("i", "у") in the root, when adding а possessive affix 

"i", "ы" ("i", "у"). For example: apin- apni (arip- arpi), ~ойын- ~ойны (koiyn- koiny). 
The structure of а linguistic parser 
Figure 2 presents the developed Ьу us linguistic parser consisting of four analyzers (lexical, 

morphological, syntactic and semantic). The analyzers are successively arranged one after other, the 
output flow of one analyzer serving as an input for the following one. 

Query in naturallanguag~ С File ~ 

С texical analyser 

с texical analyser ~ 

г Lexical analyser 
~ 

Fig. 2. The structure of linguistic parser 
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The task of а lexical aпalyzer is to determiпe the bouпdaries of seпteпces, to display words, 
ideпtifiers апd puпctuatioп marks. The morphological aпalyzer performs the search for words iп the 
dictioпary (which is а separate database) апd determiпes their morphological parameters (e.g., part 
of speech, пumber, case, etc.). А syпtactic aпalyzer coпstructs а syпtactic graph of а sепtепсе. Iп 
this work, we study two aпalyzers- а lexical апd morphological aпalyzer. 

А lexical aпalyzer is а program of iпitial aпalysis of а пatural text preseпted iп the form of а 
chaiп of Uпicode symbols. The output iпformatioп is пeeded to Ье processed further Ьу 
morphological апd syпtactic aпalyzers. 

The tasks of а lexical aпalyzer iпclude: 
Divisioп of the iпput text iпto words, пumbers, disjuпctives, etc. 
Isolatioп of idioms поt haviпg word chaпgiпg variaпts; 
Isolatioп of proper пames, FNP (family пате, пате, patroпymic) wheп the пате апd 

patroпymic are preseпted Ьу iпitials; 
Isolatioп of e-mail addresses апd file пames; 
Isolatioп of seпteпces from the iпput text. 
The procedure of isolatioп of words, пumbers апd puпctuatioп marks is quite evideпt. After 

readiпg - out the пехt paragraph iп tum, the graphematic aпalyzer parses tokeпs апd assigпs the 
correspoпdiпg graphematic characteristics to them. At this stage, tokeпs are isolated accordiпg to 
Ьlaпks апd puпctuatioп marks. However, ofthe greatest difficultly is determiпatioп ofthe begiппiпg 
апd the епd of sепtепсе. А lexical aпalyzer coпtaiпs а heuristic mechaпism for determiпatioп of the 
sепtепсе bouпdaries апd the result of lexical aпalysis is поt опlу ап array of lexemes, but also 
iпdicators of the begiппiпg апd епd of the curreпt sепtепсе iп the text. 

It is поt simple to fiпd the епd of а sепtепсе either, as it may seem. Ап exclamatioп or 
questioп mark is sure to iпdicate the епd of а sепtепсе, but а poiпt may Ье put after ап abbreviatioп 
апd iп the middle of а decimal fractioп. Опе must also take iпto accouпt complex uпits of 
measuremeпt (кв.м, км/час), iпtemet- addresses (http://yaпdex.ru), ordiпal пumbers writteп out iп 
figures (1917- ж), markup пames (Kassymov К.S). Let us coпsider the followiпg fragmeпt: 

1917 ж. 21-26 шiлдеде Покровский СИ. Орынборда болган «Букiл~за~тьпр> съезде 
(1917 zh. 21-26 shildede Pokrovckiy S.I Orynborda bolghan "Bukilqazaqtyq" syezde). 

There are four poiпts апd опlу the fourth poiпts iпdicates the епd ofthe sепtепсе. Therefore, 
special test uпits are iпtroduced iпto the aпalyzer. Iп particular, the simplest the simplest check: а 
lexeme just before the poiпt must сопtаiп at least опе vowel. This test makes it possiЬle to choose 
тапу abbreviatioпs used with а poiпt iп the епd: ж., т.г.к., тг., ф.-м.г.д., ~· (zh., t.g.k., f-m.g.d, 
q.). 

Of course, suck а test does поt guaraпtee the correctпess of the result. Оп the опе haпd, ап 
abbreviatioп or а пumber with а poiпt сап Ье at the епd of а sепtепсе. Nevertheless, the experieпce 
iп the work with documeпts coпfirms the efficieпcy of such testiпg. Опlу after aпalysis of poiпts, 
which are поt sепtепсе markers, we сап divide the paragraph iпto seпteпces апd the further aпalysis 
is performed withiп опе sепtепсе. 

Description of the algorithm of а morphological analyzer 
The work of а morphological aпalyzer is as follows. At its iпput, we have ап array ofwords, 

puпctuatioп marks апd пumbers marked from the iпput text at the stage of lexical aпalysis, with 
lexical characteristics [11]. For every word, the aпalyzer performs the search for words iп the 
dictioпary loaded iпto memory. All the stems the word beiпg aпalyzed сап begiп with are looked 
for. If а stem iп tum satisfies this coпditioп, а liпe coпtaiпiпg all possiЬle affixes for this stem is 
extracted from the dictioпary of affixes. Each affix from this liпe is added Ьу tums to the stem апd 
the result is compared with the word beiпg aпalyzed. Iп case of their exact coiпcideпce, а пеw 
record is iпtroduced iпto the list ofthe search results: accordiпg to the ordiпal пumber ofthe affix iп 
the liпe of affixes, variaЬle morphological parameters of the word are determiпed (for example, for 
а поuп - the пumber апd case ), апd Ьу the lexical iпformatioп of this stem its coпstaпt parameters 
(поuп, verb, adj ... ) are determiпed. If as а result of such search поt а siпgle successful variaпt if 
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found, the user is requested to enter а new stem into the dictionary. In case he refuses to do it, 
performance of the morphological analysis is stopped. If the new word is introduced into the 
dictionary, the procedure of searching is repeated. At the output of the morphological analyzer, we 
have а list of lemmas (а normal form of the word) + affix + morphological characteristics of the 
word (part of speech, case, number). 

Thus, the results of the morphological analysis in total are presented in the form of а 
dynamic array. The number of its elements is equal to the number of its lexemes in the sentence. 
The elements of the array are other arrays each of which retains all possiЬle interpretations of its 
lexemes homonyms. А dictionary of word stems, а dictionary of geographic names, а dictionary of 
names, а dictionary of affix conjunctions are used as initiallexical materials. 

Algorithm is automated filling of the ontology of factographic retrieval system 
The section describes the application of morphological parser of the Kazakh language to 

automated filling of the ontology of factographic retrieval system. The method of automated filling 
of the ontology is proposed in [12]. This algorithm allows to extract key words/ phrases from the 
text corpus of homogeneous subj ects. The extracted key words are used further as possiЬle meaning 
of attributes of matters described in the created ontology of the subject field designed for 
organization of factographic retrieval. The text preliminarily marked up with the help of а specially 
developed morphological analyzer is used as input data. То extract semantically related key words/ 
phrases, the method of random walks is used in the algorithm. А trained neural network with а 
hidden layer is used for the set of these phrases with the aim to assign а concrete phrase to the 
definite attribute of the matter described in the text. Owing to the neural network operation, 
ontology for а concrete document on the semantically related word pairs set is constructed and then, 
on the basis ofthe obtained ontology, factographic retrieval is organized. 

Experiments 
The biography of Kazakh poetess Fariza Ongarsynova is taken as an example of а complete 

cycle of the algorithm work. At the first stage, the text of biography is marked up Ьу parts of 
speech. For example: Фариза 01-f.гарсын~ызы 01-f.гарсынова- ~аза~ а~ыны, халы~ жазушысы, 

журналист. 1939 жылы 5 желто~санда Гурьев (~зiргi Атырау) облысы, Новобогат 

ауданына ~расты Манаш ауылында туган. In this form, the document is introduced in the 
database MongoDB which is oriented to store collections of JSON documents. 

Then, using the random walk method, key words and phrases are extracted, part of them are 
presented below: Фариза 01-f.гарсын~ызы 01-f.гарсынова, а~ьщ халы~ жазушы, 1939 жылы 5 
желто~санда, Гурьев облысы, Атырау, Новобогат ауданы, Манаш ауылы, etc. 

And in the last stage, the neural network places the data on the descriptors. 
"name": "фариза 01-f.гарсын~ызы 01-f.гарсынова" 
"position": "а~ын ", "жазушы" 
"date_of_birth": "1939 жыл 5 желто~сан" 
"date_of_death": "2014 жылдьщ 23 R;ан;тар" 

Conclusion 
The work proposes the technology of automated filling of the ontology of factographic 

retrieval system. The proposed technology allows to markup parts of speech in the text. The 
authors cover the progress of the work on supplying the corpus of the Kazakh language texts with 
scientific framework. While making morphological marking they considered the features of the 
Kazakh word form change, and created the models of variaЬle nominal and verbal word forms and 
the lists of their word changing affixes. In the future we plan to continue research to develop 
modules of syntactic and semantic analysers that expand opportunities for the filling of the ontology 
of factographic retrieval system. 
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PARSING AND ANNOTATION OF TURКISH-КYRGYZ DICTIONARY 

Kadyr Momunaliev, Kyrgyz-TиrkishManas University kadvr.тoтиnaliev@gmai.coт 

The case study described in this article is the first milestone on the way toward а full 
featured Text Encoding Initiative Р5 annotation standard. The paper outlines parsing and annotating 
workflow to obtain initial XМL-based structure of Turkish-Kyrgyz dictionary. Typography-based 
parsing techniques are implemented in procedural programming language environment; 
corresponding workflow charts are presented in form of pseudo code and Ьlock schemas. Resulted 
ХМL dictionary bases are verified and applied in desktop and web e-dictionary implementations. It 
is proposed that such kind of explicitly structured data representation is easier to manipulate and use 
as а basement for further deeper lexicographic annotations. 

Keywords: dictionary data, structured data, unstructured data, ХМL, human-computer, 
typography, semantics, syntax, parsing 

ПАРСИРОВАНИЕ И АННОТИРОВАНИЕ ТУРЕЦКО-КЫРГЫЗСКОГО СЛОВАРЯ 

Момуншzиев Кадыр Замирович, Кыргызско-Турецкий Университет «Манас» 

kadvr.тoтиnaliev@gmai. сот 

Данное тематическое исследование представляет собой один из пройденных этапов на 

пути к достижению полноценного стандарта аннотирования Text Encoding Initiative Р5. 
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