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Abstract. This paper describes process of choosing the model for lexical selection for Kazakp
language as a source and target language. We will consider existing models and methods for solvin
problem of lexical ambiguity. In this paper we will show models which can be applied to Kazakh

language. We will consider to rule-based lexical selection and first works which be done to this time
for solving this type of problem.

Keywords: machine translation, Apertium, ambiguity, lexiacal selection, HMM, maximum entropy
model, MT.

1 Introduction

Today it’s important to create machine translation for Kazakh language. When we create
machine translation we faced with problem of ambiguity. The ambiguity is an open problem
of natural language processing and each machine translation system faces it. Solving the task
of ambiguity is a difficult task. Today, there are many algorithms and models of resolving it.
Linguists distinguish some kind of ambiguity. There are: lexical, morphological, synsathtic. We
will consider lexical ambiguity. Lexical selection is a, choosing one translation of the word it
target language by context of source language. Lexical selection is a main tasks of processiig
language. Kazakh language has a great number of ambiguity, when translating from English

For example, word ’bet’ can translated as ’face’ and 'page’. We solved this ambiguity by writing
rules, which we will consider at the next section [1],

2 The Apertium platform

o)

— Deformatter. It separates the text
tags are encapsulated ag 'superblan
remaining modules see them g reg

. g il
Morphological analyser. 'For each surface form (that is, for each lexical unit as it B»I)Pealsl]lﬁ
the text), the morphological analyser generates one or more lexical forms composed of: le!

(dictionary or citation form), lexic ; atiol
. ‘al category (or part- 3 : :on informat™
The morphological analyser executes g ﬁnith- part-ot-speech), and inflectio ling 4

. .. state tr by compi®
morphological dictionary for the source langu ansducer generated by han O
word (multiword lexica] units) are analyzed

-
to be translated from the formatting tags. Formatti’®

X  the
ks’ that are Placed between words in such a way that
ular blanks,

age. Lexical units containing more palys
3s a single lexical unit. Morphological #
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b uses a finite sta,te_ transducer based on two-level rules (in the case of Kazakh, apertium-

‘ kaz.kaz.lexc, apertium-kaz.kaz.twol). Thig module therefore separates lexemes and processes
morphological analysis, and then returng possible lexical forms.

_ Part-of-speech (POS) tagger. Apertium’s POS tagger is based on a statistical model based on

~hidden Markov models which processes the result of the application of on constraint-grammar

rules (Karlsson 2005), which are used to discard some analyses using simple rules (written in
apertium-kaz.kaz.rlx) based on context.

— Lexical transfer. This module uses a bilip
which has very simple structure. The mod
finds one or more corresponding target-
as a single word.

| — Lexical selection. It uses rules that select for th
one of the translations in the target language
file apertium-eng-kaz.kaz-eng.lrx . Lexiacal sel
described in section 3;

— Structural transfer. This module identifies sequences of lexical forms
which need syntactical processing (

gual dictionary (apertium-eng-kaz.eng-kaz.dix)
ule reads each source-language lexical form and
language lexical forms. Multiword units are translated

ose lexical words having many translations,
according to context. All rules are written in
ection is the focus of this paper, and will be

(phrases or segments),
handling of number, prepositions, etc.) to be translated.
It uses files with rules, which specify the syntactic transformation
Transfer rules, which transform lexical-form se

language, perform the work in this module.

— Morphological generator. From the sequence of target-language lexical forms produced by the

structural transfer, it generates a corresponding sequence of target language surface forms.
e The morphological generator executes a finite-state transdu

i morphological dictionary for the target language.
i3 — Post-generator. It takes care of some minor orthographical operations in the target language
ke (for instance, it generates the English form cannot from can and not). This module is
! generated from file with rules which are very similar in format to dictionary files.

as a cascaded process.
quences into a new sequences for the target

cer generated by compiling a

W 3 The lexical selection

. The lexical selection is an open problem of each translation system. One of the main tasks of

- word processing is the problem of lexical choice, which is associated with the task of word-sense
disambiguation. It is the correct choice of the word or term in accordance with the context in
which they are used. Word-sense disambiguation is used in different areas: to improve tl.]e quality
of machine translation, improve the accuracy of methods of classification and clustering texts,
information retrieval and other applications.

& 3.1 Rule-basged lexical selection

In rule-based free/open source platform Apertium [1] this Prf’blem IS;OIZeiby moliiule of lex1cai
selection (F.M. Tyers, M.L. Forcada 2013), where rules are yr’lt.ten by Tnh VS' you tnoz\; persi)naf
Pronoun ’ol’ from Kazakh is translated as 'he’, 'she’ anfi I Hilo: Mgt d? \go . llle r}l: 93
lexica) selection in which translation is taken by depending locatedtn:-ai-woin:thoilr;e;idy’moilnel;
Written rules do not cover the entire context. So, we want to 1tlse Se :e rlz tlssrule;s aizmafically
t solve this problem, which connected with training ?Orpora l(:af eng-kaz.Irx for language Pii:irs

Rule-based lexical selection is written in file apejrtlum—enli;y k.e;,z-egn g.lr;c s arn e Dae
from English into Kazakh, meanwhile in file a,pertlum—elng-in ;he translation ambiguous word
azakh into English language pairs.This lexical module ;
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d one lexical form of all possible with th
h the

ML-format. help
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target language s€
les are written in the X

input language to the

rules depending on the context. All the ru

The content of the lexical Tules:

<rule> - start of rule;

<match lemma="the word in english/kazakh" - defining word;

tags="part of speech" - tag of the word’s part of speech,

for example, noun - np", adjective - nadj", and etc.;

<select lemma="selected word" - selection of a particular ambiguous word t
I'ansl

tags="part of speech" - tag of the word’s part of speech;

</match>,
</rule> - closing of the relevant tags.

atig:.

Ezample of lezical selection rule for ’zhas’

<rule>
<match lemma="year" tags="n.pl">

<select lemma="zhyl" tags="n.*"/>
</match>
</rule>

<rule>
<match lemma="year" tags="n.pl">

<select lemma="zhas" tags="n.x*"/>
</match>
<match lemma="old" tags="adj
="adj.x*x"
</rule> ¢ ’ r

(Example from apertium-eng-kaz.eng-kaz.lrx)

3.2 Statistical-based lexical selection

Statistical-based lexical selection conn i
Sistioal- bused | scelectior e.cted with corpora by counti '
or wors. Wher t}v:r;:iru;:o;;c;tilﬁ‘z;:al lexical selection it meabxlls thztl%efl(‘;%l:)e;:{hzf;(Z)Iiicﬁliﬁs
One of the important part of. statisti
faree s, B of rt atlstl?al machine translatio i
gather the corpus of P)(t(xfglihd;ffgléll: t'aSk ke o, oF pararlll;yzzerr;lo;z t(i) m'ake C;)rgs)za ;)(f
il comu. avhich alrent Con:, corpus of the English. Presently, we ha\:'e E’ m guvelo i1;g a
books. Today we are training this a”-ls e oonienoee. We calleat t,his o e?n ef 'rpta]es,
receiving corpora-bhased lexical sel Flor e, Doceues Apattitm works wi i o al)f :
mention above, all Turkic 1¢ etas by o 2ligned corpora, whi w‘lth oy toin o
several words. , enetinge have & complex morphlogy S(; v:():lhe " n(:it can lfo dl?éliz ’
We want to use both ¢ i h e
not cover all cases for ar;fbtl};gll)l?t(;f lji)tﬂifll it s Wkl above. B v o -
we collect and develop bilinguai c o My Step of creating Statistic'.l l:cause, u.l ei gttt
is widely used. Corpus is main -IOE pus. Today, corpus-based techni - lex'lc’al Selectioll
depends on complexity of l'mgualjdr ot base, lecica] l qu.es i leXICfl | e
: P ge. As you know Kazakh has comspel ection. ir(;parmvgv CZollect
ex morphology. V¢
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corpus from books, fairytales. At the second step of our w k
words to monolingual dictionary of Kazakh o

We are training system by adding
kaz.eng.dix) language and adding to bilingu

(ap€?rti_um-kaz.kaz.lexc) and English (apertium-eng-
al dictionar y(ﬂPCrtium-eng—kaz.kaz—eng.dix).

4 Models
4.1 Hidden Markov model

f:;j?elzii;a?;el;nn‘;iigf Iilo(iiz;li Malikov model (HMM-), whi.ch is. the. main model of statistical

= processing. In HMM model disambiguation is solved by assigning the
probability of Yvord. Knowing the most probable tags in context, translation system can decide
which translatlon' of word or collocation is adequate. This model requires a big corpus of Kazakh
langut?,ge to.recelve accurate translation. If a given possible translation appears aligned to a
word in a given context more frequently than other possible translations, then we generate a
rule which selects the aligned translation in that same context over other translations in that
context [3]. We know that the main source of knowledge are dictionaries and encyclopedias.
Linguists created thesauri, semantic networks and other specialized structures to establish the
relationships between the values. One of the most popular model based on knowledge is a hidden
Markov model . Methods based on different variations of hidden Markov model works much
better, since it takes into account the context.

The problem of solving the lexical ambiguity can be reformulated as a maximization problem
using the formalism of Hidden Markov Models. [16].

Hidden Markov model (Hidden Markov Model) - a statistical model that can be used to solve
the classification problem of hidden variables based on observable. A Markov model is a finite
state machine, the state transitions performed with a given probability. The process starts from
a special starting state, then through discrete points in time it can go into new States.

In a HMM model each state with a given probability corresponds to the observed state. In
accordance with the Markov assumption, the current state of the automaton depends only on
a finite number of previous, with the change of the law itself states does not change over time.
The number of states that need to remember to go to a new state, called the order of the model.
The model may be a first order (present condition depends only on the last), n-th order (the
current state is dependent on a predetermined number of preceding), and the alternating order
(the order is determined according to a certain law).

Hidden Markov models are used to solve three major problems:

— calculating the probability of a observations sequence;
— calculating the most plausible explanation for the observed sequence;
— training model parameters.

For solving the lexical selection problem the words meanings serve as a hidden states, words
from the text serve as observations. To use the model, you need to estimate the parameters - the
matrix of transition probabilities between states (probabi?ity that after a \.?Vf)l‘d with thfa value of
the test will met next) and probability matrix of observa.tlons. (the probability that a given w?rd
has a predetermined value). To estimate these parameterg using annotated corpus, dictionaries,
network documentation. First Order HMM have complexity O (N2T), easy to understand, but

for many situations receive insufficient accuracy.
4.2 Maximum entropy model

Second model is Maximum Entropy Markov Model (MEMM) that. is used to TSOIV(;
morphological ambiguity. Morphological ambiguity is the main study object of the problem o
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5 Results

Current version of system, namely English-Kazakh(and vica versa) can translate simple Phrases
with ambiguity. In English-Kazakh lexical selection rules and n Kazakh-English lexical selecti,

rules contain about 30 rules.

6 Conclusion

Current lexical selection rules translate some cases of phrases and solve problem of ambiguity
in some cases. We have presented a lexical module for Kazakh language on free/open-source
platform Apertium. A lexical selection problem is solved by writing rules for words. In the future
we would like to use statistical model for more effective solving the problem of lexical selection,
namely maximum entropy model. This model shows the high accuracy. So, now we are preparing
parallel corpora for English and Kazakh language, which are collected from fairy-tales and books.
Then we would train it as statistical machine translation system has a property of «self-learning
As a method we would use supervised learning. This method based on word-alignment from
corpora.

| We hope that the using of this model to the problem of disambiguation for Kazakh langué
will give us the opportunity to have a more accurate translation of texts.

In futm.'e work is planned to generate lexical selection rules automatically from bilingual
corpora to improve translation quality.
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