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Abstract. In this paper we propose technology of generating a set of machine
translation rules, based on the system of the complete set of Kazakh endings.
The proposed technology is based on the combination of using a complete set
of endings types of the rich morphology source language, such as the Kazakh
language, free/open-source Apertium platform and rule generation application.
Structural transfer rules extraction is shown for English-Kazakh and Kazakh-
Russian machine translations systems.
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1 Introduction

Kazakh language, as one of Turkic languages, belongs to an agglutinative language,
and it uses vowel harmony. Which means that translating text in Kazakh language
into other languages with simpler morphology, such as English or Russian languages,
with, for instance, statistical machine translation(SMT), will cause some quality loss
because of morphological segmentation.

In previous work [1] we already built application to extract rules from complete set
of endings for Kazakh language, where application used only prepared, by hand, tem-
plate with morphological analysis. In this paper we propose full technology of extract-
ing rules from the original phrases, based on the system of complete set of endings.
Phrases will be processed by Apertium platform's morphological analyzer and rules
extracting application. All examples will be shown for English-Kazakh and Kazakh-
Russian machine translation systems.
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2 Problem of creating rules for Kazakh language

The problem of creating rules is hidden in the methods of their building. In rule-based
machine translation (RBMT) systems usually rules are created by humans, which
could cause some questions, such as: is set of rules, created by humans, complete or
full? In case of SMT, "rules" to translate are applies by considering probabilities of
the translations and in fact, it does not guarantee that in particular case phrase with
low probability will be translated correctly [2].

In this paper we propose our solution of the problem: usage of complete set of
Kazakh endings, which gurantees that rules, are built from this system, will be also
complete and technology, where human's work will be less than in RBMT, because
of automatical rule generalisation. In the next section 3 we will show how complete
set of endings was created, in section 4 improved process of rule extraction will be
described, in section 5 some experiments and program realisation will be shown.

3 Related works

In the previous work we considered how to wrap all the endings of one language
and by automatic system fill in all the rules that you can write for all of these endings.
In the previous work, the chunk transfer rule logical templates for Kazakh-English
and Kazakh-Russian words with nominal base were constructed.

The question of automatic inferring of the structural rules of machine translation
from one language to another are rather actual for machine translation systems based
on grammatical rules (RBMT). This is due to the time-consuming process of drawing
up the rules for RBMT.

The scheme of inference transfer rules based on the following: the source is a com-
plete set of endings types of the Kazakh language; for each types of endings (tem-
plate of morphological structure types of endings) of the Kazakh language is con-
structed a equivalent grammatical structure logical template (pattern) in the target
language (for example, Russian and English languages); on the basis of grammatical
structure logical template built template of program structure for transfer of the mor-
phological structure of word’s endings into the equivalent grammatical structure of
the target language [1].

In this paper proposed the technology of extracting rules from complete set of Ka-
zakh endings and example of how can work this system. This approach allows gener-
ating a complete system of morphological chunk transfer rules.

4 Technology of extracting rules from complete set of Kazakh
endings

As was described in the previous section, application for generalization of rules,
based on the complete set of Kazakh endings, used templates in the following format:



<n><pl><nom>|<n><m><nn><pl><nom>
Where left side is source language and on the right side is target language phrase's
morphological analysis.
This template has some disadvantages:

e To get morphological analysis user has to use additional application;
e Template should be build by hand,;
e Only one phrase could be used in one time.

To fix these issues new technology of extracting rules was proposed: to do morpho-
logical analysis will be used a free/open-source machine translation platform Aperti-
um. There are several reasons:

e Apertium is open source, which means that code of this project could be used or
modified to insert to previous extraction application.

e This project has morphological analyzer for Kazakh, Russian and English lan-
guages, monolingual resources, such like English, Kazakh, Russian dictionaries
would be used in process to get template.

New workflow of extracting rules, based on the next schema:
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Fig. 1. New workflow of extracting rules

As can be seen from the schema, workflow includes several steps:

e Two files are created: first file, which contains part of phrase in source language
and in translation is of phrase is put to second file.



e Apertium platform is used to get morphological analysis of phrases from created
files.

e Morphological ambiguity is also solved with Apertium instruments, such like con-
straint grammar module [3]. If phrase is translated from English, additionally part-
of-speech tagger, based on the hidden Markov model will be used [4].

e To create template from both analysis, simple script(CreateTemplate.jar) was built.
This script reads two analysis from source and target language phrase translations
and creates another file with name of rule to be created and on the second line
template itself, for instance:

S-K
<n><pl><nom>|<n><m><nn><pl><nom>

o Finally, application(Template.jar), which will generate the rule, reads name of
chunk and template from "template™ file.

e All process ends with generating one file in .xml format containing rule, which
could be used in transfer stage of Apertium platform.

In the section 5 will be shown few results of the this technology realization.

5 Example of program realization

To develop workflow, described above, was used Apertium platform with installed
apertium-kaz [5], apertium-rus [6], apertium-eng-kaz [7] machine translation systems,
application to create templates and application to extract rules from template itself.
For instance, let's consider that we are going to build rule for plural form of nouns,
which chunk is named as "S-K". Firstly, as was mentioned above, user has to prepare
two files: file, containing phrase in source language(SL.txt) and file with translation
of this phrase in target language (TL.txt). Then, content of SL.txt will be:

Table 1. Example of two files for build chunk of “S-K*

SL.txt TL.txt
in garden Gaxmazna
in school MEKTENTE

Afterwards, user will be start script to extract rules, which starts all the process de-
scribed above. In the result, rule.xml file will be created. Below is shown piece of this
file:



<gzection-rules>
<rule comment="RUOLE:S5-EK">
<pattern>
<pattern-item :=”cat_pr”!>
<pattern-item n="ecat n"/>

</pattern>
<action»
<out>
<chunk name="__ 5-K " case="caseFirstWord":>
<tagsr<tagr<lit-tag v="NE"/></tag> </tags>
<lu>

<clip pos="2" side="tl1l" part="lem" />
<clip pos="2" =zide="tl" pa:t=“_attr_n_“f>
<lit-tag v="loc"/>
<,/ 1u>
<b/» </chunk>
</out>
<faction>
<frule>
</zection-rules>
</transfer>

Fig. 2. The result, rule.xml file

This rule could be easily integrated into first stage of structural transfer of Apertium —
chunker level [8], because in the generating script additionally user should add name
of pharse, for instance, noun phrase — NP. Below we show the how rule translated the
structure "in garden - 6akuraga(bagshada):

aida@aida-HP-Pavilion-Notebook:~/apertium-testing/apertium-eng-kaz$S echo "in gar
den" |apertium -d. eng-kaz-transfer

apertium-transfer: Rule 1 in<pr>/ garden<n><sg=>/6akKua<n><sg>

"~ S-K__<NP>{~bBakwa<n><loc>$ }$~default<default>{".<sent>$}$
aida@aida-HP-Pavilion-Notebook:~/apertium-testing/apertium-eng-kaz$S echo "in gar
den" |apertium -d. eng-kaz

Bakuwaga

aida@aida-HP-Pavilion-Notebook:~/apertium-testing/

Fig. 3. Translating the phrase “in garden - 6akuraga(bagshada”

We did experiment for Kazakh-Russian language pair with structure "S-K-T-C",
where source language is Russian. Below, in figure 3 could be seen translation with
original Apertium Kaz-Rus [9]:

aida@aida-HP-Pavilion-Notebook:~/apertium-testing/apertium-kaz-rus$ echo "k mownm
TéTaMm" |apertium -d. rus-kaz

#meH TaTenepimisre
aida@aida-HP-Pavilion-Notebook: pertium-testing/apertium-kaz-rus$ [

Fig. 4. Experiment for Kazakh-Russian language pair with structure “S-K-T-C”



By using complete set of the Kazakh settings, we were able to identify, that rule for
structure "S-K-T-C" does not exist in Apertium-kaz-rus machine translation system.
In files named "rus.txt" and "kaz.txt" were put structures to generate rule:

Eusee E 4 v = kaz b IﬂlEms.t;-:t l 10t
1  ® MOMM TETAM 1 Taremspimde
2 K MOMM OAOAM 2 avanaphmMa

Fig. 5. The structure “S-K-T-C” to generate rule

After running generation script we got the rule:

<rule comment="RULE:5-K-T-C"=>
<pattern=
<pattern-item n="cat_pr"/=
<pattern-item n="cat_prn" /=
<pattern-item n="cat_n"/=>

</pattern=
<action=>
=out=>
=chunk name="_ S-K-T-C__ " case="caseFirstWord"=>
<tags=<tag=<lit-tag v="NP" [=</tag= =/tags=
=lu=

=clip pos="3" side="tl" part="lem" />
<clip pos="3" side="tl" part="_attr_n_"/=
<lit-tag v="pxisg" />
<lit-tag v="dat" />
<flu=
<b/> </chunks=

=<fout=

=<faction=>

=frule=

=fsection-rules=
<ftransfer=

Fig. 6. The rule for structure “S-K-T-C” that were taken from generating
The translation could be seen on the following picture:

aida@aida-HP-Pavilion-Notebook:~/apertium-te
TéTAM" |apertium -d. rus-kaz
Tartenepime

aida@aida-HP-Pavilion-Notebook:~fapertium-te

TETam" |apertium -d. rus-kaz-transfer

n _S-K-T-C__<NP>{*Tarte<n><pl><pxlsg><dat>$ }S$"default<default>{
aida@aida-HP-Pavilion-Notebook: Ei -r

Fig. 7. Translation the structure “S-K-T-C”



As could be seen from the screenshot, generated rule translates without any error, as
"#" sign, it means that rule is generated correctly and could work with other Apertium
platform transfer's stage.

6 Conclusion and future work

In this paper we performed impoved technology of construction the chunk transfer
rules, based on the complete set of Kazakh endings, for Kazakh-Russian and Kazakh-
English language pairs. Technology, beside using previously developed application to
generate rules, is used morphological analyzer of Apertium platform, which helps to
do process of rule generation more easily.

In the future work is planned to improve rule generation program to use for verb
phrases and structures. Now generation application could be applied for noun phrases
only.
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