
2.3. Am 1 not going ?=>Am/is/are +S+not+ V(-ing)=? => 
S+ V+(NA +РС+Р A(2)+QA=?)=>Men bormayapmanmi? 

3. 1 have gone=>S+have{'ve }/has {'s }+V(Пr,-ect)=> S+V+(PP+PA(1))=> Men borib 
bo'ldim. 

3.1. 1 have not gone=>S+have+not/{haven't}/has +not/{hasn't}+V(3,-ed)=> 
S+V+(PP+NA+PastA+PA(1))=> Men borib bo'lmadim. 

3.2. Have 1 gone?=> Have/has +S+ V(Пr,-ect)=> S+V+(PP+NA+PastA+PA(1))=> Men borib 
bo'lmadim. 

3.3. Have 1 not gone?=> Have/has +S+ not+V(Пr,-ect)=> S+V+(NA+PP 
PastA+PAo)+QA=?)=> Men bormaganmidim? 

We have presented а rule-based morphological analysis system for English-Uzbek 
translation system. As we admitted that it is initial (opening) stage of translation system. Using 
theories of typological grammar we create deep principles of morphological analysis. Rich lexicon, 
full based grammar rules, the base of terms are all of them help to improve analyzing text 
translation process. And we hope the next researches on linguistic database of translation program 
will Ье advanced within the next few years. 
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EXPERIMENTS WITH RUSSIAN ТО КАZАКН SENTENCE ALIGNMENT 

Zhenisbek Assylbekov, Nazarbayev University, Astana, Kazakhstan zhassylbekov@nu.edu.kz 
Bagdat Myrzakhmetov, Aibek Makazhanov, National Laboratory Astana, Astana, Kazakhstan 
bagdat.myrzakhmetov@nu. edu. kz, aibek. makazhanov@nu. edu.kz 

Sentence alignment is the final step in building parallel corpora, which arguaЬly has the 
greatest impact on the quality of а resulting corpus and the accuracy of machine translation systems 
that use it for training. However, the quality of sentence alignment itself depends on а number of 
factors. ln this paper we investigate the impact of several data processing techniques on the quality 
of sentence alignment. We develop and use а number of automatic evaluation metrics, and provide 
empirical evidence that application of all of the considered data processing techniques yields bitexts 
with the lowest ratio of noise and the highest ratio of parallel sentences. 

Keywords: sentence alignment, sentence splitting, lemmatization, parallel corpus, Kazakh 
language 

17 



ЭКСПЕРИМЕНТЫ ПО ВЫРАВНИВАНИЮ ПАРАЛЛЕЛЬНЫХ ТЕКСТОВ ДЛЯ 

РУССКО-КАЗАХСКИХ ПРЕДЛОЖЕНИЙ 

Асылбеков Женисбек Аманбаевич, Назарбаев Университет, Астана, Казахстан 

zhassylbekov@пи. edи.kz 

Мырзахметов Багдат Омаралиевич, Макажанов Айбек Омиржанович, Национальная 

Лаборатория, Астана, Казахстан, bagdat.тyrzakhтetov@пи.edи.kz, 

aibek.тakazhaпov@пи.edи.kz 

Выравнивание параллельных текстов по предложениям является заключительным 

этапом построения параллельного корпуса и возможно оказывает наибольшее влияние 

качество конечного продукта и на точность систем машинного перевода, использующих этот 

корпус для обучения. Качество же выравнивания по предложениям, в свою очередь, также 

зависит от ряда факторов. В данной статье мы исследуем влияние некоторых способов 

обработки данных на качество выравнивания по предложениям. Мы разрабатываем и 

используем несколько автоматических метрик оценки качества, и приводим эмпирические 

доказательства того, что совокупное использование всех рассмотренных способов обработки 

данных приводит к получению параллельных корпусов с наименьшей долей шума и 

наибольшей долей параллельных предложений. 

Ключевые слова: выравнивание по предложениям, разбивка по предложениям, 

лемматизация, параллельный корпус, казахский язык 

1. Introduction 
Sentence alignment (SA) is the proЬlem of identification of parallel sentences (pairs of 

sentences that constitute translations from а source to а target language) from given а given pair of 
source and target documents, where the target document is assumed to Ье а translation of the source 
(mutual translation assumption is also common). More formally, given а source document Ds and а 
target document D1 represented as lists of sentences S and Т respectively, SA is the task of building 
а list of pairs Р, where each pair р contains О or more (ideally one) source sentence(s) aligned to О 
or more (ideally 1) target sentence(s). Approaches that consider sentence length correlations [1, 2], 
bilinguallexicon-based solutions [3], and combinations of the two [4] have been proposed in the 
past to solve this proЬlem in а sufficiently accurate and efficient manner. In this paper we do not 
offer а new solution to the proЬlem, nor do we try to improve the existing approaches. Our goal is 
to investigate what could Ье done to the input data (not to the methods) to improve the quality of 
SA. 

We begin Ьу asking а few questions, which are inspired directly Ьу the definition of the 
proЬlem and Ьу ways of solving it. First, а formal definition of SA proЬlem assumes that documents 
to Ье aligned are already split into sentences. However, in practice it is almost never the case, and 
one has to perform splitting before SA. Assuming that one uses for that а statistical approach that 
requires training, e.g. punkt splitter [5], а question regarding the choice oftraining data arises: does 
it sиffice to traiп the splitter оп апу data, or woиld it Ье beпeficial to traiп оп а saтple drawп froт 
а target dотаiп? Second, assuming one uses а lexicon based approach to SA, shoиld опе bother 
tryiпg to redиce typos апd data sparsity of the iприt, апd what lexicoп to иsе aиtoтatically iпdиced 
or haпdcrajted? Lastly, ajter seпteпces have Ьееп aligned сап we still iпcrease the portioп of 
parallel pairs? In an attempt to answer these questions, we propose to employ the following five 
data processing techniques: (i) dотаiп adapted sепtепсе splittiпg; (ii) error correctioп; (iii) 
leттatizatioп (to reduce sparsity); (iv) иsе ofhaпdcrajted Ыliпgиal lexicoпs; (v)jипk reтoval. 

The objective ofthis work is to assess the impact ofthe proposed data processing techniques 
on SA accuracy and find the combination of thereof which maximizes the quality of parallel 
сагрога produced Ьу SA. 
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2. Data Collection 
For our experimeпts we have crawled three websites, akorda. kz, strategy2050. kz, 

astana. gov. kz, usiпg our оwп Pythoп scripts to dowпload опlу specific braпches ofthese sites 
- maiпly пews апd аппоuпсеmепts. The choice of these specific websites is motivated Ьу the fact 
that all of them provide built-iп documeпt aligпmeпt, i.e. each пews article or аппоuпсеmепt iп 
Russiaп coпtaiпs а liпk to а correspoпdiпg traпslatioп iпto Kazakh (sometimes traпslatioп directioп 
may Ье opposite ). Rare exceptioпs to this behavior iпclude cases where traпslatioп liпk is abseпt or 
brokeп. Such pairs are поt iпcluded iпto the data set. The obtaiпed pairs of HTML documeпts are 
parsed iп а site-specific mаппеr with the help ofPythoп BeautifulSoup library to produce raw 
Russiaп апd Kazakh texts aligпed оп the documeпt level. 

2. Baseline Sentence Alignment and Data Processing Techniques 
Let us describe the basic sепtепсе aligпmeпt (BSA) procedure that does поt assume апу of 

the data processiпg techпiques (DPTs) that we propose. At the sепtепсе splittiпg stage BSA uses 
NLTK punkt tool [5] traiпed оп approximately 200-250 МЬ of plaiп texts from Russiaп апd 
Kazakh Wikipedias. Next we tokeпize the documeпts with а Perl-script from ап SMT-toolkit Moses 
[ 6]. Sепtепсе aligпmeпt is performed оп tokeпized апd lowercased texts usiпg h una 1 i gn [ 4]. 
After seпteпces are aligпed we restore their origiпal, пoп-tokeпized апd пoп-lowercased, format. Iп 
what follows we describe the implemeпtatioп ofthe DPTs that we propose. 

Domain adapted sentence splitting. То see whether we сап gaiп апу improvemeпts at 
sепtепсе splittiпg step, we traiп punkt оп 350-370 МЬ of text from the пews domaiп rather thaп 
оп raпdom Wikipedia texts апd supply it with а list of abbreviatioпs iп Russiaп апd iп Kazakh. 

Error correction. Iп this work we coпsider а light-weight error correctioп procedure, which 
iпvolves пormalizatioп of scripts (alphabets) used iп а giveп text. Electroпic texts writteп iп Cyrillic 
(Russiaп апd Kazakh alike), especially those which were digitized iп 1990s, sometimes suffer from 
mixed scripts, i.e. wheп Latiп letters are used iпstead of Cyrillic опеs апd vice versa: e.g. iп а 

Kazakh word "есiрткi" it is possiЬle to replace the letters 'е' (u+0435), 'с' (u+0441), 'i' (u+0456), 
'р' (u+0440) with their Latiп homoglyphs, 'е' (u+0065), 'с' (u+0063), 'i' (u+0069) апd 'р' 

(u+0070), which allows а total of 25=32 spelliпg variatioпs. То reduce data sparseпess that may 
result from this, we developed а tool which tries to resolve uпambiguous cases. 

Lemmatization. Aпother possiЬle way to improve sепtепсе aligпmeпt is а prior 
lemmatizatioп of texts. Theoretically this should decrease data sparseпess апd Ье helpful wheп 
combiпed together with automatic coпstructioп of а bi-dictioпary. Also, опе сап try to aligп 

seпteпces wheп both texts апd haпdcrafted dictioпary are lemmatized. For Russiaп-side 

lemmatizatioп we use ап ореп source tool Mystem [7], апd for Kazakh - morphological 
disambiguatioп tool developed Ьу Makhambetov et al. [8]. 

Adding Ьilingual dictionaries for sentence alignment. Iп the baseliпe approach по 
biliпgual dictioпaries are provided to hunalign, апd very ofteп such dictioпaries are поt 

availaЬle, especially for low-resourced laпguages. Iп such cases опе сап coпstruct апd exploit rough 
bi-dictioпaries iп three steps: (1) apply the baseliпe sепtепсе aligпmeпt; (2) use hunalign agaiп 
to aligп already aligпed texts with the -autodict optioп - the byproduct of this step is а bi
dictioпary; (3) fiпally, apply hunalign to the origiпal пoп-aligпed texts with the obtaiпed bi
dictioпary. We experimeпt with both optioпs, usiпg as а haпdcrafted dictioпary а compilatioп of 
resources obtaiпed from Bi textor [9], Aperti um- kaz [10], апd www. mtdi. kz. 

Junk removal. Fiпally, we believe that removiпg the followiпg sепtепсе pairs should 
beпefit the fiпal сагрога (hereiпafter such pairs are called "juпk"): 

- at least опе ofthe sides (Kazakh or Russiaп) is empty; 
- at least опе of the sides does поt сопtаiп апу letters (Latiп апd Cyrillic ); 
- both sides are ideпtical after tokeпizatioп апd lowercasiпg. 
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3. Evaluation Metrics 
The most reliaЬle way to evaluate the quality of SA is to perform humaп evaluatioп Ьу 

checkiпg the output of ап automatic SA method, апd calculatiпg its accuracy, i.e. perceпtage of 
correct aligпmeпts iп the total пumber of aligпed pairs. То evaluate the baseliпe SA iп this fashioп, 
we rап the baseliпe оп our data set апd оп the data crawled from ап additioпal page-aligпed website 
(adilet. zan. kz). We theп raпdomly sampled 800 sепtепсе pairs (iпcludiпg пull aligпmeпts 
produced Ьу hunalign) апd asked three aппotators to label each pair as parallel or поt. The 
iпcoпsisteпcies were resolved Ьу the third aппotator. Iп ТаЬlе 2 we preseпt the results of this 
procedure ( averages are calculated excludiпg the results for adi 1 е t . z an. k z for comparisoп 
purposes). 

ТаЬlе 1. Accuracy of the baseliпe SA per website апd per aппotator 
' 

Web-site Annotator 1 Annotator 2 Annotator 3 Annotator 4 
adilet.zan.kz 0.9375 0.9425 0.8825 0.9075 
akorda.kz 0.9525 0.9450 0.8675 0.9050 
astana.gov.kz 0.7925 0.7950 0.7325 0.7400 
strategy2050.kz 0.7700 0.7525 0.6575 0.6900 
Average 0.8383 0.8308 0.7525 0.7783 

As we сап see, оп а sample of our data set (the latter three websites) the baseliпe SA method 
achieves the average accuracy of ~ 78%. As we will show later applicatioп of the DPTs сап iпcrease 
the accuracy. But to show that, we пееd to develop а more efficieпt way of computiпg SA, because 
to test all coпfiguratioпs of the DPTs would require us to perform expeпsive humaп evaluatioп 
procedure up to 1 О times. 

ТаЬlе 2. Features used iп а leamiпg-based SA accuracy estimator 
# DC Feature --------- # DC Feature 
1,2 S,T leпgth iп characters 19,20 S,T couпt of persoпal iпitials 
3 ST ММR(F1,F2) 21 ST COS(F 19* ,F20*) 
4,5 S,T leпgth iп tokeпs 22,23 S,T ratio of alphaпumerics 
б ST ММR(F4,F5) 24 ST MМR(F22,F23) 

7,8 S,T couпt of symbols 25,26 S,T couпt of words iп quotes 
9 ST COS(F7*,F8*) 27 ST MМR(F25,F26) 

10,11 S,T couпt of пumerals 28,29 S,T couпt of words iп pareпthesis 
12 ST COS(F10*,F11 *) 30 ST MМR(F25,F26) 

13,14 S,T couпt of digits 31 ST пum. of tokeпs iп ideпtical pairs 
15 ST COS(F13*,F14*) miп-max ratio betweeп uпique tokeпs 
16,17 S,T couпt of latiп 32 ST iп source апd target seпteпces 

alphaпumerics 

18 ST COS(F16*,F17*) 33- ST Hunalign score: absolute, relative, 
35 miп-max scaled. 

То compute the accuracy estimate of SA more efficieпtly we cast the SA proЬlem as а 
classificatioп task, where giveп а pair of source апd target seпteпces, а supervised leamiпg 
algorithm estimates the probability of the pair beiпg parallel. We desigп а set of 3 5 features listed iп 
ТаЬlе 3, where each feature has а domaiп of calculatioп (DC), апd сап Ье calculated for the 
(S)ource or the (T)arget sепtепсе, or for both (ST). ММR refers to miп-max ratio, e.g. 
ММR(F1,F2) meaпs that the miпimum of features 1 апd 2 is divided Ьу the maximum of the two. 
Similarly, COS refers to cosiпe similarity calculated for the couпt-vectors of а giveп pair of 
features. 
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We extract these features from the aппotated sample that was used for humaп evaluatioп апd 
perform а five-fold cross-validatioп usiпg а raпge of classifiers implemeпted iп Pythoп sciki t
learn library. Gradieпt Boostiпg classifier achieved the highest F-measure of 0.94 (per-fold 
average) апd the lowest variaпce of 0.08. Therefore, we use this classifier as а rough estimator of 
SA accuracy as follows. Giveп the aligпmeпt pairs produced Ьу SA, the estimator classifies each 
pair as parallel or поt. The ratio of pairs classified as parallel to the total пumber of pairs provides 
the accuracy estimate. 

4. Experiments and Results 
We compare differeпt coпfiguratioпs of DPTs. То refer to а specific techпique we use the 

followiпg abbreviatioпs: adapted splittiпg - AS, error correctioп - ЕС, automatically obtaiпed 
dictioпary - AD, haпdcrafted dictioпary - НD, lemmatized haпdcrafted dictioпary - LHD, 
lemmatizatioп - L, juпk removal - JR. 

We measure the quality of produced bitexts iп the total пumber of parallel pairs (Р) апd the 
automatic accuracy estimatioп (Р/Т). As it сап Ье sееп from ТаЬlе 3, combiпed applicatioп of all 
DPTs (AS+EC+ L+LНD+JR) achieves the highest accuracy per-site апd оп average improves ~6% 
over the baseliпe. It also produces about 5.5К more parallel seпteпces (total) thaп the baseliпe, апd 
опlу 40 pairs less thaп the same coпfiguratioп shy of JR. However, пotice how drastically juпk 
removal iпcreases the accuracy of SA, more thaп 5%. Непсе, we iпdeed сап iпcrease the portioп of 
parallel seпteпces after SA has Ьееп performed, through the removal of the pairs which are very 
uпlikely to Ье parallel. We also пotice that text lemmatizatioп applied without the use of а 
haпdcrafted dictioпary (AS+EC+L) produces far less parallel seпteпces thaп the baseliпe апd is опlу 
0.28% more accurate. Perhaps more surprisiпgly addiпg ап automatically obtaiпed dictioпary to this 
coпfiguratioпs (AS+EC+L+AD) makes matters еvеп worth. 

ТаЬlе 3. Qualities ofbitexts produced usiпg various processiпg techпiques 
astana.gov.kz strategy2050.kz total average 

Method akorda.kz 

р Pff р Pff р Р/Т р Pff 

Baseliпe 70,956 0.9116 63,731 0.7215 201,678 0.6650 336,365 0.7660 

AS+EC 70,860 0.9171 63,777 0.7310 202,354 0.6740 336,991 0.7740 

AS+EC+AD 71,002 0.9193 63,298 0.7266 200,319 0.6681 334,619 0.7713 

AS+EC+НD 71,062 0.9199 64,210 0.7365 204,716 0.6818 339,988 0.7794 

AS+EC+LНD 71,089 0.9203 64,159 0.7356 204,857 0.6822 340,105 0.7794 

AS+EC+L 70,605 0.9138 63,260 0.7246 199,675 0.6661 333,540 0.7682 

AS+EC+L+AD 70,862 0.9178 62,929 0.7213 198,500 0.6638 332,291 0.7676 

AS+EC+L+НD 71,114 0.9204 64,119 0.7345 206,225 0.6880 341,458 0.7810 

AS+EC+L+LНD 71,129 0.9208 64,029 0.7333 206,797 0.6899 341,955 0.7813 

AS+EC+L+LНD+JR 71,115 0.9488 64,014 0.7823 206,786 0.7667 341,915 0.8326 

То measure the level of пoise (the lower the better) iп the produced bitexts, we calculate 
proportioп of short pairs3 amoпg parallel pairs (S/P), апd proportioп of juпk pairs amoпg all pairs 
(J/Т). From ТаЬlе 3 we пotice that а complete set of DPTs achieves the secoпd lowest S/P ratio 
after the AS+EC+L+AD coпfiguratioп, which also achieves the secoпd lowest J/Т ratio. Thus, usiпg 
auto-iпduced dictioпary оп lemmatized text produces least amouпt of parallel seпteпces апd the 

3 
Short pairs are defined as those where both sides, Kazak and Russian, contain three or less words. Usually such text 

chunks are dates, titles, enumerations, etc., and they do not qualify as full sentences. 
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lowest гatio of theгeof, but гesulting bitexts actually соте out less noisy than in otheг DPT 
configuгations. W е will study this stгange behavioг in the future. 

ТаЬlе 4. Noise level in bitexts pгoduced using vaгious processing techniques 
akorda.kz 

Method 
astana.gov.kz strategy2050.kz average 

S/P Jff S/P J/T S/P Jff S/P Jff 

Baseline 0.0190 0.0294 0.0098 0.0610 0.0202 0.0982 0.0163 0.0629 

AS+EC 0.0172 0.0291 0.0084 0.0586 0.0195 0.0969 0.0150 0.0615 

AS+EC+AD 0.0169 0.0294 0.0078 0.0588 0.0193 0.0974 0.0147 0.0619 

AS+EC+НD 0.0172 0.0292 0.0084 0.0589 0.0193 0.0980 0.0150 0.0620 

AS+EC+LНD 0.0171 0.0294 0.0084 0.0591 0.0193 0.0981 0.0149 0.0622 

AS+EC+L 0.0171 0.0296 0.0084 0.0613 0.0198 0.0979 0.0151 0.0630 

AS+EC+L+AD 0.0167 0.0297 0.0072 0.0620 0.0191 0.0950 0.0143 0.0622 

AS+EC+L+НD 0.0170 0.0295 0.0084 0.0627 0.0192 0.0997 0.0149 0.0640 

AS+EC+L+LНD 0.0170 0.0294 0.0085 0.0629 0.0192 0.1002 0.0149 0.0642 

AS+EC+L+LНD+JR 0.0168 0.0000 0.0082 0.0000 0.0192 0.0000 0.0147 0.0000 

5. Conclusion 
In this woгk we have shown that vaгious techniques of data processing сап incгease the 

accuracy of sentence alignment and гeduce the level of noise in the гesulting bitexts. We provided 
empiгical evidence that combined application of five simple data pгocessing techniques Ьеfоге and 
afteг sentence alignment гesults in pгoduction of paгallel сагрога with the lowest гatio of noise and 
the highest гatio of paгallel sentences. 
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Цель статьи исследовать алгоритм формирования словоформ по 

морфологическим признакам части речи. В данной статье рассматривается принципы 

формирования форм глаголов исходя из следующих морфологических признаков: спряжение 

(первый, второй), лицо (первое, второе, третье), число (единственное, множественное число), 

время (прошлое, настоящее, будущее). 

Ключевые слова: алгоритм, машинный перевод, морфологические признаки, часть 

речи, словоформа, морфологический анализ 
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The purpose of the article - the investigate of algorithm to the formation of word forms on 
morphological characteristics of the speech. This article discusses the principles of the verb forms 
the basis of the following morphological features: conjugation (first, second), а person (first, 
second, third), number (singular, plural), time (past, present, future). 

Keywords: algorithm, machine translation, morphological features, part of speech, word 
forms, morphological analysis 

Для обеспечения гибкости при переводе текстов (предложений, слов) необходим 

словарь, содержащий различные формы слова и их переводы. Для пополнения данного 

словаря используем алгоритм формирования слов по морфологическим признакам части 

речи, к которой относится исходное слово на русском языке(RU) и его перевод на 

кыргызском языке(КG). Суть алгоритма заключается в формировании разных форм 

исходного слова и его перевода по морфологическим признакам части речи, к которой 

относится исходное слово и слово- перевод. 
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