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Abstract order. On a sub sentential level, Myanmar word
order diverges from English mostly within the

Reordering is important problem to benoun phrase and verb phrase. In Myanmar, noun
considered when trans|ating between |anguag@hrase exhibits multitude of word orders. In
pairs with different orders. Our Language,chunk level, the noun chunk made up of
Myanmar is a verb final language anddeterminer (DT) and noun (NN) is translated as
reordering is needed when we translate oufany patterns such as “DT, NN" (original
language from other languages with differenEnglish order) and “NN, DT” (Myanmar order).
orders. In this paper, we focus on automatid/oreover, some function tags are missed and
reordering rule generation for English-Myanmarsome part-of-speech tags in some chunks are
machine translation. In order to generatecOmbined together as only one tag. For example,
reordering rules; English-Myanmar parallel formal subject (F-SUBJ) and verb chunk
tagged aligned corpus is firstly created. Therfontaining verb-to-be and adjective. Without
reordering rules are generated automatically byreordering, the correct word order can't be
using the linguistic information from this parallel Obtained. Therefore, reordering is necessary for
tagged aligned corpus. In this paper, functiorfranslation from English language to Myanmar
tag and part-of-speech tag reordering ruleLlanguage. In this work, corpus creation
extraction algorithms are proposed to generat@rocedure and reordering rules generation
reordering rule automatically. These algorithmsProcedures are proposed for English-Myanmar
can be used for other language pairs which neegfatistical machine translation.
reordering because these rules generation is only The plan of this paper is as follows. In the
depend on part-of-speech tags and function tagdlext section,_ related works WhiCh use reord_ering

Key Words: reordering, Eng“sh_Myanmar approaches In a preprocessing Step are reviewed.

translation, tagged aligned corpus. In Section 3, novel methods for reordering are
described. Section 4 presented the word order
1. Introduction differences in English and Myanmar. Section 5

describes analysis steps and corpus creation. In

The goal of statistical machine translation isSectlon 6, proposed reordering rule extraction

to translate an input word sequence in the sour °F'thm and reordering “.Jles are explalr_led In
language into a target language word sequend gtaﬂs. In the last two sections, the experiments
In order to improve the translation process, it i§re _reported and thgen we conclude the
possible to perform preprocessing steps befofgPeriments and  discuss  future  work
training and translation in both source and targéFSpeCt'Vely'

language sequence. In machine translation

reordering is one of the major problems, sincé- Related Work

different languages have different word order

requirements. When an English sentence is Different approaches have been developed to
translated to Myanmar sentence, the verb in tHéeal with the word order problem. First
English sentence must be moved to the end @Pproaches worked by constraining reordering at
the sentence in order to obtain the correct wordecoding time [7]. In [12], the alignment model



introducedthe restrictions in word order, which “cpg@:an”, the adjective “rich (jj)” must be
leads also to restrictions at decoding time. Anoved after the noun “man (nn)”. This can be
comparison of these two approaches can Iseen inthe Example (1).

found in [2]. They have in common that they do Example (1),

not use any syntactic or lexical information; nc[rich(jj) man(nn)]
therefore they rely on a strong language model or
on long phrases to get the right word order. Other ncloy (Nn)gé:00(jj)]

approaches were introduced that use more Myanmar is also modifier and adjunct
linguistic knowledge, for example the use ofproceeding language. Therefore, these adjuncts
bitext grammars that allow parsing the sourc@re necessary to move before the relative verb.
and target language [13]. In [10], syntactiowhen the English sentence “He runs quickly” is
information was used to re rank the output of &anslated into the Myanmar sentence
translation system with the idea of accounting fOfoRc\m8E$gm|§:ooé", the adverb “quickly” must
different reordering at this stage. In [11], aye moved before its relative verb “run” in order
lexicalized block-oriented reordering model sy fit the correct Myanmar order. Such adverb
proposed that decides for a given phrase whethg{oyement can be seen in the Example (2).

the next phrase should be oriented to its left or gxample (2),

right. . He(subj) runs(active) quickly.(advl)
The most recent and very promising

approaches that have been demonstrated reorder bk dvislcs i
op(subjrglgSgr(advilelgzoopd(active)
the source sentences based on rules learned from Moreover, auxiliary verbs (md) in verb chunk

an align_ed training corpus with a POS-tagge ) are necessary to move after the main verb in
source side [8, 9, 20]. These rules are then us ?j(:jer to get an appropriate word order
to reorder the word sequence in the most III(ehf'herefore, auxiliary verb movement also helps in
way. qIfnglish-Myanmar Translation. This auxiliary

In our approach we follow the idea propose erb movement can be seen in the Example (3).
in [20] of using a parallel training corpus with aExampIe 3)

tagged source side to extract rules which allow a

reordering before the translation tabkoreover, ve[can(md) go(vb)]
we use the lexical information for some part-of- :

speech (pos) rules to solve ambiguity problems. velog(vb)jEaopi(md)]

By doing this we hope to differentiate between Al .Of f[hese above necessmes, word
these pos rules. reordering is needed for English-Myanmar

statistical machine translation.

3. Word Order differences in English 4. Corpus Creation

L anguage and Myanmar L anguage. Corpus creation steps are described in Figure

i i 1. For corpus creation, plain text corpus is used
When English sentence is translated t&s a resource. For each sentence in the corpus,

Myanmar sentence, many differences of word,\ysis process is carried out by using Chunk-
order can be found. In this section, we describgagaq Syntax Analyzer [15]. This Syntax
some word order differences; adjectiveanayzer consists of two components: Chunker
movement, adverb ~movement, preposition,q ~ Grammatical Function Tagger. In this

movement and auxiliary verb movement. analysis process, there are three main steps.
S(_)me adjectives (jj) in noun chunk (nc) of_ (1) Morpho-lexical analysis
English sentence are necessary to move after its (2) Constituent analysis and

relative noun (nn) according to the translation. (3) Syntax analysis
For example, when the English phrase *ich prpho-lexical analysis and constituent
man” is translated into the Myanmar phrasgnaiysis are accomplished by the chunker and



syntax analysis is the role of grammaticalPPC” refer the relevant chunk type and “PP”,
function tagger. “VBP”, “TO” and “NN” are part of speech of
Morpho-lexical analysis contains tokenizingeach word. The numbers in the parentheses are
and part-of-speech tagging. Tokenizing splitalignment position of function tags and part of
input text into words by using token marker suclspeech tags. The first number before “/” indicates
as space, punctuation marks. Part-of-speethe position of tags in source language and the
(POS) tagging marks up the words in the textumber after “/” indicates the position of tags in
with their corresponding part-of-speech such afarget language. These are separated by target
noun, verb, and adjective and so on. For this PQ®sition with “/". Each chunk is separated by
tagging, TreeTagger is used. “H#
Constituent analysis consists of chunking and
merging some chunks that are necessary ®, Reordering Rule Extraction
merge. Chunking is done by generating CFG
rules based on part-of-speech (POS) tags. By using the linguistic information from the
In syntax analysis, Grammatical functioncorpus, two kinds of reordering rules are
tagger searches the functional relation betweejenerated automatically. They are function tags-
chunks based on dependency grammar by usipgsed reordering rules and part-of-speech tags-
Maximum likelihood Estimation and then pased reordering rules. The former is generated
identifies the function of each chunk. for using in chunk-level reordering and the latter
By aligning the analyzed text resulted fromjs for using word-level reordering. They are
Analyzer, parallel tagged aligned corpus isxtracted from corpus using the following rule

created. _ extraction algorithms.
Our tagged align corpus format can be seen
in Figure 2. function rule extraction algorithm

funSeq=NULL //sequence for function tags
aliSeq=NULL //sequence for alignment

208 e position

1. Load the sentences from Tagged

Aligned Corpus

2. Store all sentences i8.

Comeicd 3. for each sentences 0S do, where
—— /" i=1,2,3,..k
pgm [ 4. for each chunk g (1Cdo, where i
=1,2,3,..k
5 if (k>1)
6 extractf; for §
7. funSeq- funSeq ;
8 extract alignment positioa)
9. aliSeq- aliSea ¢

Figure 1: Corpus Creation Steps -
10. End if//line 5
SUBLNCURR(0R(LAACTIVE: VC e VER( 042 1 ADVLFRC]o TOMOE3 ) OBI-E NC schoc NN/ 11. End for//line 4

12. rule - funSeg#+ aliSe

Figure 2: Tagged Aligned Cor pus 13. writerule
As we can see in this figure, 14. End for//line 3
“SUBJ",”ACTIVE” , “ADVL” and “OBJ-P” are 15. End.

function tags of each chunk. “NC”, "VC” and



pos rule extraction algorithm

posSeq=NULL

aliSeq=NULL //sequence of alignment
position
1. Load the sentences from Tagged

2.
3.

© ® No

10.
11.
12.
13.
14.
15.
16.

/lsequence of pos tags

Aligned Corpus
Store all sentences 8.

for each sentences U Sdo, where
i=1,2,3,...k
for each chunkg OC in
where i=1,2,3,...k
for each wordsy OWin ¢ where
i=1,2,3,...,k
if (k>1)
extractpos for w
posSeq- posSeq p
extract alignment position, for

5 do,

aliSeq- aliSeq ¢
End if//line 6
End for//line 5
rule=posSec+#+aliSeq
End for//line 4
write rule
End for//line 3

alignment extraction algorithm

Input: AP

Output:

A=NULL

position
1.

© ONO O~ DN

10.

11.
12.

/[Alignment Position Array
rule
/I Array for final alignment

for eachap from Array AP do
if (ap =ap_;) then
a_y =i-1+i+ ap
else
a =i+\+ap
end if
end for
for eacha; A do
if & # NULL then
rule=rule+a,

end if
end for

/I for actual alignment position

13. return rule

5.1. Reordering Rule Generation

In order to generate reordering rules for
English-Myanmar translation, two main cases are
needed to consider. In the first case, words can
be reorder in several ways if they have different
reordering rules. In this case, reordering in
several ways does not affect the translation
because Myanmar is free chunk order language.
In the second case, words are needed to reorder
according to the specific translation although
they have same pattern with different reordering
rules.

According to the first case, reordering can be
seen in the following Example (4).
Example (4),

(1)He (subj) bought (active) a book. (abj)

2p(subj) enmpbondapd (objJoudaogh(active)

(2)He (subj) bought (active) a book. (abj)

empbondepd (obj) of (INS) 2 (subj) cudFoophi(active)

From the above example, the English
Sentence “He bought a book.” has two different
reordering rules and both of these rules make
correct translation. Moreover, we can see that
word insertion (INS) is needed when this
sentence is translated in second way (2).

The second case suggests that, the use of
reordering rules mistakenly makes the translation
error if they are not reorder over the specified
translation. This can be seen in Example (5),
Example (5),

| (1) this(dt) flower(nn)

ofj(dt)oss(nn)

(2) a (dt) flower(nn)

08s(dt)oodyg(nn)

By studying this example, the POS rules
composed of determiner and noun have several
reordering patterns as shown in (1) and (2).
Although they have same pattern (dt,nn), they
must be reordered according to the identified



translation. If these patterns are not reordei§ood” (ACTIVE) in Myanmar language by
according to the specified patterns, there will bgombining it into the Function tag(ACTIVE)
error in translation. To solve this condition,containing the words am ,is are, was, were”
lexical information for determiner is needed toThis means that the two function tags F-SUBJ
consider in generating reordering rules for thisnd ACTIVE are become only ACTIVE and F-
pattern. Therefore, reordering rules are generat&UBJ is dismissed in Myanmar. Therefore, in the
automatically using part-of-speech tag, functionhird function tag rule described above, the string
tags and lexical information. after #, “0+1/3” means that the words at position
The generated reordering rule consists of twm"and “1” are move together into the position
sides: the left-hand-side (lhs), which is a funetio “3,
tags or POS tags pattern, and the right-hand-side The sequences “SUBJ, ACTIVE, OBJ” and
(rhs), which corresponds to a possible reordering@T, JJ, NN” are function and pos rule patterns

of that pattern. Different rules can share the Ih?: n) The strings of numbers in between the
in such cases, the same pattern can be reorde e%‘ )

in more than one way. Rules are weighted®YMpPoIs “#" and " represent suggested
according to statistics extracted from trainingeordering §"): each integer after /", ir

data. There are two kinds of reordering patterngepresents the new position of (the translation of)
function tag-based, which define reordering ap,. The two numbers after the colon (:) are
the clause and phrase level, and pos tag-basedilected from training data and are respectively
which defines reordering at the word level. Lethe number of times the rhs (reordering

us consider the following examples: suggestion) of the rule has been observed and
* Rulesusing function tag (inside brackets) the number of occurrences of
-SUBJ, ACTIVE, OBJ#0/0, 1/2, 2/1:7(10) the rule patternount g'). The probability of
-SUBJ, ACTIVE, OBJ#0/1, 1/2, 2/0:3(10) each reordering suggestion is computed as
-SUBJ, ACTIVE, ADVL#0/0, 1/2, 2/1:10(10) follows:
-F-SUBJ, ACTIVE, PCOMPL-S, ADVL, OBJ- ’
P# 0+1/3, 2/2, 3/1, 4/0:10(10) P(E"/ pf) = count(y") )
* Rulesusing postag count( @)
-the@ DT, NN#0+1/0:10(30) Moreover, some pos rules composed of
-this @DT, NN#0/0, 1/1:10(30) determiner (a, an, the, this... etc) have same
-2 @DT, NN#0/1, 1/0:10(30) pattern with different reordering rules according
-CD, NNS#1/0, 0, 1:10(10) to the kind of determiner used. To solve the

-DT, JJ, NN#1/0, 2/1, 0/2“310(10”)” ., ambiguity problem of these pos rules, lexical
In the above rules, “SUBJ","ACTIVE" and hformation concerned with determiner is added

OBJ are function tags and pefore the rule pattern divided by “@” to obtain
“DT",’NN’CD"’NNS”  are POS'S tags. the correct order

Therefore, “SUBJ, ACTIVE, OBJ” is function

rule pattern and “DT, JJ, NN” is POS rule :
pattern. The string of numbers after “#” is5'2' Reordering rule Examples

position of source and target words and source In this section, we describe some of the

word position is divided by “/" target word deri | les for f : based
position. For example, in the rhs of the third poéeor ering rule examples for function tags-base

rule pattern“1/0, 2/1, 0/ 2", the 1/0 means that thand part-of-speech b_ased reordering rl_JIes. And
L then we also describe some reordering rules

pos tag at the position 1,"3J” is move to the . :
- . which have more than one reordering rule
position 0. In this model, we used array structurgu estions
to store the position and so the starting index S 99 '

0. Moreover, in the function tag rule, the formal
subject(F-SUBJJthere” in English is not in the
Myanmar Function tag and then it is translated as



Example (6) 6. Experiments
He(subj)goes(active)to(advl)school.(obj-p)
= These generated reordering rules are tested
sp(subfleonpésobj-p)op(advl)apooghiactive) on the English —Myanmar machine translation

In this above example, function tags arsystem. Our Experim_ent shows _that the use of
' eordering rules provide translation effectively.

aligned according to one-to-one correspondenc’E/I h deri | b q
In this example, there is only one word in eac oreover, these reordering rules can be used as a
le base for English-Myanmar machine

hrase and so there is no part-of-speech : . \ ,
?eordering rule P P translation. Besides, they can be combined with

mathematical Models to create reordering model
for English-Myanmar translation. By using these

rules as an embedded component, English-
She(subj) is(active)beautiful (ad-a) Myanmar translation system can perform

translation effectively and efficiently.

Example (7)

o@oa&é (subjegodaghi(active)

In  Example  (7), many-to-one 6.1. Accuracy of thereordering rules

correspondence alignment rule can be seen. As
can be seen in this example, the function tags The purpose of this experiment was to see
(active) and (ad-a) in English sentence arfow many reordering rules are accurate when
combined to only one function tag (active) inthey were applied to the test set. The test set was
Myanmar sentence. If the information ofghtained randomly from High School English
function tag (ad-a) is missed, the meaning of thigooks. In the test set, Lengths of the sentences
word is also missed and so translation of thigre between 3 and 20 words. Average length is
sentence to Myanmar sentence is meaninglessgé words. The test set was split into three
Therefore many-to-one correspondence is alsqpsets:
needed. _ _ « 500 simple sentences

As the function tag rule described above, , ggg compound sentences
part-of-speech  rules  have  many-to-one , ggg complex sentences

correspondence and many reordering pattern. In After reordering the test set by the reordering

thed part—of—ﬁpegch ruIle ccampor?ed of determrl]n(?[”es, the accuracy values of the reordering rules
anh noun, this s trat?_s a(tje nt reelways SUCN &gere collected for each subset on the test set. The
l)these are combined into only one Po$.q racy values were given in percentage form.
tag(noun), 2)jthey are translated according ,,an ‘evaluation was used for evaluating how

original order, and 3) they are translated reversg. ., aiely the reordering rules are applied to the
order. This reordering that contain same patter{ést set

with different reordering can be seen in Example 1 p1e 3 shows the accuracies of the

(8). reordering rules for each subset of English
sentences on the test set. The experiment showed
that the most common causes of errors of the
reordering rules are incorrect part-of-speech
tagging and function tagging.

Example (8),

(i)a(dt) booki{nn)

ooepd (nn)osdops (di)

@) this (dt) beok (nn) Table 3: Accuracy of Reordering Rules
o] (D) o=z (nn) English test subsets Accuracy
111) the (dit) book (nn) i 0,
GiD) ¢ \(: po- G Simple sentences 98.9%
eespdnn) Complex sentences 86.5%
Compound sentences 83.8%




7. Conclusions and future works language processing. Computational Linguistics,

22(1):39.
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