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TECHNOLOGY OF THE STRUCTURAL MACHINE
TRANSLATION RULES GENERATION, BASED ON THE
COMPLETE SET OF KAZAKH ENDINGS

Ualsher Tukeyev, Aida Sundetova, Balzhan Abduali,
Karibayeva Aidana, Amirova Dina
ualsher.tukeyev@gmail.com, sun27aida@gmail.com,
balzhanabdualy@gmail.com, a.s.karibayeva@gmail.com,
amirovatdina@gmail.com

Al-Farabi Kazakh National University, Information Systems department

Abstract. In this paper we propose technology of generating a set of' mach}';e
translation rules, based on the system of the complete set of Kazakh endings. 1h¢
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proposed technology is based on the combination
types of the rich morphology source language
free/open-source Apertium platform and rule ée
transfer rules extraction is shown for English
translations systems.

Keywords: inferring, Apertium _
rules, en-;ings. &> platform, machine translation, chunk, transfer

of using a complete set of endings
such as the Kazakh language
neration application, Structura'l
-Kazakh and Kazakh-Russian machine

1 Introduction
akh language, as one i

Kaz . ﬁsgvowel X am:)f Tlll'klc. languages, belongs to an agglutinative
language, nony. Which means that translating text in Kas
language 1ntq other lgnguages with simpler morphology, such as English n a@kh
Janguages, with, for instance, statistical machine translation (SMT) Wi?l or Russian
quality loss because olt(‘ morphological segmentation. ’ cause some

In previous work [1] we already built application to extract ru
set of endings for Kazakh language, where application used only I}::pgferg ?mgi:g
template with morphological analysis. In this paper we propose full techho?ogv o;‘
generating 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 generation application. All examples will be shown for English-Kazakh and
Kazakh-Russian machine translation systems.

1Problem 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 considenng
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 complete set, wall bc
also complete and technology, where human's work will be less than 1n RBMT,
because of automatical rule generalisation. In the next section 3 we will show how
complete set of endings was created, in section 4 Improve
will be described, in section 5 some experiments and p
shown.

d process of rule extrachon
rogram realisation W ll be

2Related works _ InaAEe
In the previous work we considered how to wrap all the endings ({f one a“gi ‘%‘
and by automatic system fill in all the rules that you can write for all of these er‘u‘ u?,gs“
In the previous work, the chunk transfer rule logical templates for Kazakh-Enghish atc

Kazakh-Russian words with nominal base were constructed.

20
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from The question of automatic inferring of the structural rules of machine trang,
one language to another are rather actual for machine translation systemg |, o
On grammatical rules (RBMT). This is due to the time-consuming process of dra\?‘if‘.
up the rules for RBMT. !
The scheme of inference transfer rules based on the following: the sourc, .
complete set of endings types of the Kazakh language; for each types of f:ndilr\r1
(template of morphological structure types of endings) of the Kazakh 1angUage\£\,
constructed a equivalent grammatical structure logical template (pattern) in the fér,p
language (for example, Russian and English languages); on the basis of grammy,
structure logical template built template of program structure for transfer (s h
morphological structure of word’s endings into the equivalent grammatical Structy,
of the target language [1]. '
In this paper proposed the technology of generating rules from complete s¢: .,

Kazakh endings and example of how can work this system. This approach ajgy.

generating a complete system of morphological chunk transfer rules.

]
g

3 Technology of generating rules from complete set of Kazakh endings
As was described in the previous section, application for rules generation, basg
on the complete set of Kazakh endings, used templates in the following format:

<n><pl><nom>|<n><m><nn>< 1><nom>
p P

Where left side is source language and on the right side is target langug
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 generating rules was proposed: © &
morphological analysis will be used a free/open-source machine translation plater
Apertium. There are several reasons:
e Apertium is open source, which means that code of this project co
or modified to insert to previous extraction application.
e This project has morphological analyzer for Kazakh, Russian and
languages, monolingual resources, such like English, Kazakh, Russian dic

would be used in process to get template. g
New workflow of generating rules, based on the next schema (Fi& )

includes several steps:

uld be u

Engh
fionar®
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gC

I)

~

read entries from
TLoteamd SL tat
-

s |
- — ’
L |nolapnhao‘l’%?;cal ] \\
)

1

apply constraint
grammar rules

Apertnul:'l/

Creating template t=t
from SL.t<t and TL . t<t
CreateTemplate.jar

h
Create rule from
template.txt

Template jar

| - B
s

Fig. 1. New workflow of generating rules

oTwo files are created: first file, which contains part of phrase in source
language and in translation is of phrase is put to second file. | ‘
o Apertium platform is used to get morphological analysis of phrases from

created files. : fam 3 nts, such like
« Morphological ambiguity is also solved with Apertium 11_15trm(111§. tionally part-
constraint grammar module [3]. If phrase is translated frf)m English, additionally p
of-speech tagger, based on the hidden Markov model Wll! be used [4]. late.jar) was
¢ To create template from both analysis, simple script (CreateTemp ate.JarhraS;:
built. This script reads two analyses from source and target 1anguag}f P -
translations and creates another file with name of rule to be created and on the seco

line template itself, for instance:
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——

S-K <n><p]><nom>|<n><m><nn><pl><n0m S

6,

g
J

e Finally, application(Template.jar), which will generate the rule, r,
’ ad.’i h

chunk and template from "template" file.
e All process ends with generating one file in .xml format containiy
Brulg

could be used in transfer stage of Apertium platform.
In the section 5 will be shown few results of this techn010gy reali,
Ao,

* Whi,

4 Example of program realization
To develop workflow, described above, was used Apertium ol
atf()m‘

installed apertium-kaz [5], apertium-rus [6], apertium-eng-kaz [7] mack; e
systems, application to create templates and application to extract ruleg lfne tfamlag,,;
itself. For instance, let's consider that we are going to build ryle for p;om temy,

ura| f, -

nouns, which chunk is named as "S-K". Firstly, as was mentioneq above ‘
USer h&:

prepare two files: file, containing phrase in source language(SL, txt) o U
translation of this phrase in target language (TL.txt). Then, content of SLT;:tﬁle W
' WﬂH¢
Table 1. Example of two files for build chunk of “S-K “
SL. txt TL.txt o
_in garden Oakiiaga S
in school MEKTeNTe
Afterwards, user will be start script to extract rules, which starts all the procsy
OWN Plege

c;gscglbed above. In the result, rule.xml file will be created. Below is sh
this file:

<secticn-rulies>
<rule cormrert="RULE;S-R">
<pattern>

<pattern-item rn="cat pr"/>

<patcern-iter :="cat~h"/>

</pattern> B
<action>

<0uT>
<chunk :amﬁ="__s~x;_“ ceg=="caseFirstWord">

<rags><ragdclit-tag v="NP"/></tag> </vags>
<lud
<Clip poe="2" arde=ng]l" Lart="len"/>
CCIip pc2="2" side="t1" part=" attr n "/>
<iit-tag v="loc"/> - T
</iud

</out>
</actiocnd>
drole>
</secticn-rules>
</transfer>

Fig. 2. The result, rule.xml file
Scanned by CamScanner



Cekuus 3. TeXHOJIOTHH HCKYCCTBEHHOrO HHTEJIIEKTA

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 — 6akmasa (bagshada):

sidagatda-HP-Pavilion-Notebook:
den lapertwun -d. eng-kaz-transfer

apertium-transfer: Rule 1 in<pr>/ garden<n><sqgs/6arwacns«-

S-K _<NP>{"baKuwa<n><loc>$ }S~def:

g
aultedefault>{~ -sent

LG e
aidacatida-HP-Pavilion-Notebook: : i
den” |apertium -d. eng-kaz
Hakwaaa

Fig. 3. Translating the phrase “in garden — 6akiana (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:~/apertiur-test
Teram” |apertium -d. rus-kaz

#Mmen TaTenepimiisre
aida@aida-HP-Pavilion-Notebook:~/zpertiur-testing/apert

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:

PR RN ' = ! s e < ‘
f=f rus b Bl L4y P kaz b B]«us‘x_ -J‘ <l
[ 1 x mown: TéTam i . TaTeyepiMe

2 K MouM OADAM 1 2 aranapemMa

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

After running generation script we got the rule:
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D —

i T~ - —
<rule comment="RULE:S-K-T-C"> —
<pattern> . ——
<pattern-item n :cat,pr ‘.\\ pr—— K.Thc pr_nl
<pattern-item n= ‘(zt_gfn ratenepiM Térn bt 2
<pattern-item n="cat_n /> ) H & .
patte TaTesIepMI3 TCTH pr_n2
</pattern> Tarenepre K téram pr_nl
<action> Taremcis Mos TéTa pr n2
<out> - -
<chunk name="__S-K-T-C__" case="caseFirstWord". Toremre TV{FEMC pr_nl
<tags><tag><lit-tag v="NP"/></tag> </tagss Tarecinaep Téra pr_n2
<lu> L R . TarenepiMcinaep TETH r n2
N Pos= 3 Seet S epen il TatenepiMe TaTenepime ey 1
<clip pos="3 s\d'e= t1" part="_attr_n_"/> X . X pr_n
<lit-tag v="px1sg"/> TatenepreMid TITENEPreMiH
<lit-tag v="dat’/> TorenHeHoi3 OT TBOEH TETH pr_n2
:t{):) </chunk> TotenepiHemis *TaTesnepiHeMi3
</out> Gapranaap #uaru KL
</action> GapraHbIM #moli #narn r-Koptik-barrr
:;;:( f:on -rules> GapraHMbIH #urn v-neg-past
</transfer> Hapranra K #uarmu -KL-SG
6apraHaapbiM #unru r-KL
. *
Fig. 6. The rule for structure “S-K-T-C” that were taken from generating GapraHnapMLI3 Gapratnapmers
6apranaapra K #uamu r-KL
. . . 6apraH1aMbI3 *GapraHaaMbI3
The translation could be seen on the following picture: Gagmﬂnapmm," ‘Gal;:,mpramm

S echo "k Moum

On the right column existed chunk names are shown. Empty cell means that there
§ echo "x moun is no rule for structure, for instance, “TaTenepreMin".

Translations with symbols “#” and “*” mean that there no correct rule for this
structure. Also some structures do not have right endings and word order. To get right
Fig. 7. Translation the structure “S-K-T-C” translation we can use workflow for generate missed rules. .

e el So next step will be creation of files on source and target languages. Let’s create

“rus.txt” and “kaz.txt” files for “S-R-K” structure:

<sent>$)$

As could be seen from the screenshot, generated rule translates without any error,

as "#" sign, it means that rule is generated correctl ith oth .
. y and could work with other ' . P -
Apertium platform transfer's stage. Table 3. Missed sctructures for English-Kazakh language pai

To present how we are going to use complete system of Kazakh endings, firstly

Kazakh  Examples in Kazakh Examples in English Apertium-

we will check current state of rules in the language pairs, which we considered above, types of eng-kaz
tvlvle used example structures from the previous work (Table 1 and Table 2 in [1]). Duré eyxs:lin s
st:;lranSlatl@ of.thxs structures, it was detected, that the rules for following phrase SK-C.J Tarenep-re-Min/ T am to aunt-s Men "
ctures missed in some language pairs, for instance, for Kazakh-Russian pair: Tore-nep-re e-1i-M e
roblen. S (tate-ler-ge-min/ €
e 2. Structure translations with Apertii tate-ler-ge e-di-m) s chm
pertium platform SKT. Toenepinenis  weawtoyouwrasns  FL Ll
Examples in Kazakh ~ Translation with Apertium  Chunk name & (mte-ler—mg-ge-miz) i
iz #6ap
TaTeNep TéTH pr_n2 S-R-K-J 6ap-ran-1ap-Mbi3 Wears gooss l
TaTeM mos TéTd pr—n2 (bar-gander 2
TITEMIH #3 TETA nj)ers I
45
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3 eHin
S-R-T-C Gap-ran-HiM-HbiH of my gone (:pr'm
ST it o
(bar-gan-ym-nyng) ) Gianin .

~ one able
S-R-C-]  Gap-raH-1a-Mbi3 n our g 3 .
SR :aﬁ an-da-myz) Gapran '< Xample of two ¢

- i of my gone MEHIR for build chyy  fley
S-R-K-  Gap-raH-1ap-bIM-Hb Gapran R nk ofed
TC (bar-gan-dar-ym-nyng) Eabranr K
S-R-K-  Gap-raH-gap-fa-MblH I to gone Mez
C-J (bar-gan~dar-ga-myn) —

SL.txt — rus.txt TL.txt — kaz.txt
CXOJIMBLIHE 6apranaa
—_—
Script to generate that structure have to be updated:

et oo ha “target Longuege’ 'L

ipetdrefitrtveibn " ame o\ ¢a/ape tion testing] Directory where the source and conpiled Apertiun dictionaqes G iy

T T hrefta where Apertiun wan installed (default: fuse/local/) founa

16 DEFINE string ‘phrase 5Bk name of chunk

1B tering ohuse e name of chunk

5 s cor
27 PHRASE-SFLACS phrase]
78 ORNE=S(FLACS_chunk )

Fig. 8. Updated script for structure “S-R-K”

Generated rules was inserted to current apertium-kaz-rus system:

aidamalda-HP-Pav otebook: ~/apertium-testing/apertium-kaz-rus

Fig. 9. Generated rule’s translation of structure “S-R-K”

and Phrascem::n:): ?‘eﬁg’ﬁ(ﬁ? the Fig.9, generated rule uses chunk name “ S-R-K "
, these vari X : .,
MSIgion appeared without anyverr:::-).les were defined in the script. Output of the
Y using the same sequences of ste ) .
“ i, ps, let’s add :
3 for structure “S-K-C-J” 1o apertium-eng-kaz MT sysltnemlssed rale, according o Tabi

Table s, Example of two Siles for build chunk of “S-K-C-J”
SL.txt - eng.txt B
T TL.txt — kaz.txt

0 aunts Tarenepre exim

46
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Table § shows the input files for “S-K-C-J" generation, where English is source
Janguage and Kazakh is target. Translation of generated rule could be seen at Fig. 10

Fig. 10. Generated rule’s translation of structure “S-K-C-J”

The workflow of rule generation, which was performed above, shows that
application of rule generation provides automatic way to get rules for structures from
the complete system of Kazakh endings. Usage of Apertium system helps to reduce
amount of hand-work and human participation in whole process of generation. In the
next Table 6 was performed number of endings which are already covered by generated
and hand-written rules in Apertium English-Kazakh and Kazakh-Russian systems:

Table 6. Number of endings covered by rules in Apertium

English-Kazakh  Kazakh-Russian

Endings Total amount

Verbal 432 376 208
Participle 560 320 301
Nominal 768 723 577

5 Conclusion and future work )
In this paper we performed improved technology of construction the chunk

transfers rules, based on the complete set of Kazakh endings, for Kazakh-Russian and
Kazakh-English language pairs. Technology, beside using previous']y 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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