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Abstract: Suffix separation plays a vital role in improving the quality of
training in the Statistical Machine Translation from English into Malayalam.
The morphological richness and the agglutinative nature of Malayalam make it
necessary to retrieve the root word from its inflected form in the training
process. The suffix separation process accomplishes this task by scrutinizing the
Malayalam words and by applying sandhi rules. In this paper, various
handcrafted rules designed for the suffix separation process in the English
Malayalam SMT are presented. A classification of these rules is done based on
the Malayalam syllable preceding the suffix in the inflected form of the word
(check_letter). The suffixes beginning with the vowel sounds like @3, pos, eocd
etc are mainly considered in this process. By examining the check_letter in a
word, the suffix separation rules can be directly applied to extract the root
words. The quick look up table provided in this paper can be used as a guideline
in implementing suffix separation in Malayalam language.
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1 Introduction

Machine Translation is one of the budding applications in the field of Natural
Language Processing. A machine translation system clearly would save enormous
amount of human power and time for the translation of one language text into another.
In the past few years different methodologies are emerging in the field of machine
translation. One among them is the statistical approach where translation process is
carried out by acquiring word translations automatically from the parallel corpora that
contain large amounts of bilingual text documents. Most SMT systems today employ
linguistic knowledge and operate productively by incorporating the morphological
details of the source and target language. Many works, both in foreign as well as
Indian languages, are in progress in the field of Statistical Machine Translation
(SMT). A similar work of translating English into Malayalam using statistical
methods is discussed in [1].

As discussed in [2], morphologically rich languages need preprocessing in SMT.
Since Malayalam language is morphologically rich and is having an agglutinative



nature, preprocessing process helped in improving the quality of the translations and
the results are discussed in [1]. Experiments done on the Malayalam corpus proved
that separation of suffixes adds on to the quality of the training process in SMT. In
this paper certain guidelines which helps to speed up the implementation of suffix
separation phase is discussed. On exploring the structure of words and by studying the
sandhi rules in Malayalam, a number of rules to separate the suffixes from its root
forms are developed. A classification of these rules based on check_letters (CL) is
also done to simplify the task of suffix separation. The burden of building a suffix
separator from the scratch is definitely reduced by adopting these rules.

The rest of this paper is organized as follows: The related work done in this area is
presented in Section 2. In Section 3, the role of suffix separation in the field of
machine translation is discussed. The steps involved in the suffix separation process
in SMT from English to Malayalam are explained in Section 4. Section 5 presents the
details about the classification of the suffix separation rules. Some observations and
results obtained from the experiments conducted on a sample English/Malayalam
corpus is discussed in Section 6. Finally, the work is concluded in Section 7.

2 Related Work

Due to the morphological richness and complex nature of the language, thorough
preprocessing is needed for Malayalam. Suffix separation is the most important
preprocessing technique adopted in many of the NLP projects in Malayalam. Various
works in machine translation are in progress in different organizations all over India.
A morphological processor for Malayalam language is discussed in [3]. Here a
processor that deals with the processing of nouns, pronouns, verbs and modifiers is
explained. Another method of morphological analyzer for Malayalam based on suffix
separation is discussed in [4]. The method of incorporating suffix separation in the
works related to parts of speech tagging and morph analyzer is explained in [8] and
[9] respectively.

3 Necessity of Suffix Separation in Machine Translation

In the first phase of SMT, the parallel corpus of English Malayalam and the
monolingual corpus of Malayalam are subjected to training [5]. The result expected
from this phase is a set of English word translations for the different Malayalam
words in the parallel corpus. The requirement of a preprocessing step in the training
phase is solely attributable to the peculiar nature of Malayalam language. The
inflected form of a word in Malayalam can have various suffixes appended to its root.
This characteristic of Malayalam language reduces the probability of a word in the
corpus to be present in its root form. For example the word ‘e appears in the
corpus in different forms and is illustrated in Table 1.



Table 1. Word ‘e’ and its various inflected forms

Root word Different inflected forms

LIRS

SO e

Loy SDAVEWOZ

SOAONI@D

OO

EDMYQI6M’

On setting the word to word alignments in the English Malayalam sentence pair, the
inflected Malayalam word is aligned with the English word ‘India’. Fig. 1 highlights
three sentences of a sample corpus in which the alignment of the word ‘emy is
clearly depicted.

SP1: India is my country
DY af)oR @IZMIEM’
SP2: We live in India
mend DOl @oamiesmo
SP3: NewDelhi is the capital of India

mén»w&o(ﬂ HIMQYOS RITVAIMo @R’

Fig. 1. Alignments of word ‘saoy’

These alignments add on to the total alignment weight and in effect reduce the
probability rate of the translation of ‘India’ as ‘eoamy’. The word ‘India’ in an unseen
English sentence, when subjected to decoding, produces a translation that definitely
mismatches the expected results. All predictions of ‘India’ getting translated as 'y
prove to be wrong since the word ‘India’ has probability to get translated as eocoyia3,
encomyes and so on. The word translation chosen by the decoder, by analyzing the
translation probabilities of different English Malayalam word pair, may not be an apt
one to fit into the context of the newly translated sentence. To resolve this issue,
suffix separation is brought into picture and the corpus with root words is subjected to
training. A post editing technique of rejoining the suffixes, as discussed in [6], is also
applied to fill up the missing suffixes thereby bringing back the right meaning
expressed by a sentence.



4 Suffix Separation in SMT

Various sandhi rules are defined in Malayalam for joining two words to form a new
one. On applying these rules, the original appearance of the words taking part in this
process is altered. Rules are applied by observing the ‘sounds’ of the end syllable of
the first word and the start syllable of the second word. In Malayalam grammar, a
classification of sandhi rules is done based on whether a word ends with a vowel
(swaram) or a consonant (vyanjanam) and is discussed in [7]. This classification of
sandhi rules along with an example is listed in Table 2.

Table 2. Types of sandhi rules

Category Type of sandhi Rule Example
I Swarasandhi swaram + swaram o + 9 = aeqer’
Swaravyajana . + &g =
I Y4 swaram + vyanjanam @one T @8
sandhi ®ODRERSo
Vyanjanaswara .
111 . vyanjanam + swaram @ + = i
sandhi yan o T ey T sorhy
. . . . om®d + a6l =
v Vyanjana sandhi ~ vyanjanam + vyanjanam

emaer

Out of this broad classification, words belonging to category I and III are of major
concern and splitting up such words have more significance in the training process of
SMT from English to Malayalam. The words under category II and IV are split into
meaningful units prior to the suffix separation phase.

Table 3. List of Suffixes

Malayalam suffixes

20S G00S 988 COH® G af) o @mn o 608’

0 @)@ @ @ney ey a6 O @Rem’ @R

Separating the suffixes from its base form is a reverse process of ‘sandhi‘ where
the essence of sandhi rule is applied in the reverse direction. For implementing suffix
separation in Malayalam, the word structure is thoroughly analyzed to identify the
check_letter. Based on these check_letters, suffix separation rules are drafted to split
the words. Suffixes starting with vowel sounds are considered in this process and are
listed in Table 3.

The inflected form of a word doesn’t have the suffix present in its original form.
To implement suffix separation, the category of suffix to be separated has to be
identified. In the example 'eeaid + pos = @oages’, the suffix ‘ees’ is present in an



3

abbreviated form as ‘ces’. These abbreviated forms are the keys to identify the
suffixes and a few examples of these suffix_keys are listed in Table 4. The suffixes
are grouped together based on the vowel sound of the start syllable. The suffixes @resg,
and erem starts with the same vowel sound 'en’. Since the vowel sound in these two
suffixes is same, the advantage is that a common rule can be applied to this category
in the suffix separation process. Various labels are identified for this category by
observing the vowel at the beginning of the suffix. Table 5 illustrates some examples
of the suffix labels.

Table 4. Suffix_keys

Suffix_key Suffix

ZAod @
:06m’ @6’
mes os8s
e’ o6mE’
e ol
@08’ 6305’

Table 5. Suffix_labels

Suffix_ label Suffixes
AA @6, @OEL, @R
EE o®d, Wb, e
uu D61, 288, DT
EI o), o, afy’
00 &0, 696S, 60

With check_letter, suffix_keys and suffix _labels the suffixes are separated from the
roots. To implement suffix separation in SMT a lexical database which is a depository
of noun and verb roots in Malayalam is used. Also, certain Malayalam words which
are not in root form still have equivalent meaningful translations in English. The word
‘enaiedy’is semantically equivalent to the word ‘his’ in English. Even though ‘eraed’
has a suffix appended, it need not be suffix separated. Numerous words in this
category are identified and are listed in the split exception category. Table 6 shows the
words belonging to the split exception category.



Table 6. Split Exception Category

Split Exception Category

dled @nales mmes
@OAIeM Q@D SO
250D OBYMMI@  ODETHOTD

SH00A CH09IeHm0S ool

Algorithm of suffix separation

begin
for all words in Malayalam corpus
choose a new word from the corpus to analyze
check whether the word is in the lexical database or in the split exception

category
if present
exit
else
a. scan the word from right hand side
b. look up the suffix_ key table and identify the suffix present in the word
c. look up the suffix _label table to get the suffix_label
d. identify the check_letter that precedes the suffix_key in the word
e. choose the suffix separation rule from the look up table with check_letter

and suffix_label as index

apply the suffix separation rule and remove the suffix
re-initialize the word and exit if it is a root word
repeat steps a to g until the root word is encountered.

E

end

5 Classification of Suffix Separation Rules

The rules classified based on the check_letter's are listed in Table 6. For any word W,
the term prev_(x) denotes a substring that starts from the first syllable of W and ends
on the syllable preceding x when scanned from the right hand side of W. In the word
‘paiwogmosm’, prev_(a) denotes the substring ‘aeiog’. The suffixes considered in each
category in the example in Table 6 are listed below.

e AA : eoer

* EE : o3

e UU: oss

e EI :ag

e 0OO: aog
For each category of the suffix_label, the suffix rules along with its functionality are
explained in Table 7.



Table 7. Look up table

Check_let . .
Rule - Suffix Suffix .
ter Examples . Function
No. (CL) Label separation rules
AA QIo8sen’
EE anglad prev_g *ct
suffix Can retrieve
words ending
1 8 uu aoges with 3
Roots extracted :
EI v prev_ecs +ut+ QIOU3, @RQIUB
e suffix
00 @RAICSIS prev_sgot ot
suffix
AA MBI’
EE caI@d prev_m *a+
suffix Can retrieve
words ending
2 ™ Uu ) with @
Root extracted :
ElI GEM prev_atad co®
suffix
00 COEMOS’ prev_amo +ad
+ suffix
AA alopIoemy’
EE w00l prev_es ¥ et
suffix Can retrieve
words ending
3 e uu ala)es with @
Root extracted :
EI - prev_eert @+ alo@d
al .
suffix
00 oealos’ prev_seit et
al

suffix




Check_let

Rule Suffix Suffix .
ter Examples . Function
No. Label separation rules
(CL)
AA SO’
I + a3+
EE FSwlelle] p eV_O. @ .
suffix Can retrieve
words ending
4 0 Uuu HQS8 with @
Root extracted :
T + @+ HOA
EI HOEO P eV_G(? ¢
suffix
rev_coot @ +
00 HDE0G prev_eoo
suffix
AA &IEO6MO6TTY
rev_em+emd+
EE SSleom6rTI@d P safﬁx Can retrieve
words ending
with em
5 uu 3
em &SI I6NMOBE3 ROOt
ot extracted
I
EI oSleomoeem prev_sem 1 &SleT006Md
suffix
rev +erd+
00 BeTI0EEMO P —gerno
suffix
AA GRUIEM,
Alwoem’
flad, .
EE 6200w prev_w + suffix .
Al Can retrieve
words ending
5 1618} emﬁqgg ’ with @p and e
()]
pYiQes sound.
. Roots extracted :
EI GOEUD pl‘eV_. W o
Aslew suffix
00 GQUBEWOS’ prev_ G +
digleog suffix




Check_let

Rule Suffix Suffix .
ter Examples . Function
No. (CL) Label separation rules
AA agaloem’
EE agalwd p I'eV_'(').I " .
suffix Can retrieve
words ending
7 a uu agqes with o sound
Root extracted :
prev_ e t ¢
El gl suffix
. prev_ ean +
(0]6] 0QEAIOS suffix
EE aleiooilcd
o EI aloeIcOm P rev_«m' Tt .
suffix Can retrieve
words ending
8 00 Al0RIEOmOS’ with @r. sound.
Root extracted :
aldBlo
AA alogimoem’
) prev_a + o +
suffix
uu aloriss
AA BHOMOETY
EE soicd prev_ CL +r Can retrieve
+suffix words ending
Consonant with consonants
9 like & v, Uuu HIDES followed by
o,etc... 'chandrakkala’
prev_ e:(CL)+ | Root extracted :
El 06O CL +o +suffix SO
00 206005 prev_ e:o(CL)+

CL+ur +suffix




Rule Check_let Suffix Suffix .
ter Examples . Function
No. Label separation rules
(CL)
AA B0
EE oo prev_ f(fJL +or
tsutiix Can retrieve
Coniunct words ending
onjunct 1 gy oopes with conjunct
consonant consonant
10| like o, gy prev_e:(CL) | followed by
‘HfC@’%g EIl @ + CL + 'chandrakkala'
+suffix Roots extracted :
B
prev_e:o(CL
00 SHEERIG )+ CL+r
+suffix

6 Observations

Most of the words in Malayalam confine to the rules discussed in the previous
section. But a few numbers of exceptions are also identified in the making of suffix
separation rules. Words with check_letter ‘@’ on splitting is changed into '@’ or '@ .
The word '2aide?' is split as aaid where e is changed as '@ and in words like andla? it is
transformed as '@"'. In the former case, the rules designed for ‘o’ is also applicable for
‘@’ and rule no. 4 is applied to extract the root words. But when the same rule is
applied to the word 'ande?, it is split as awad + e which is not the required form. For
the latter one, rule no.9 is applied to retrieve the root word as awe. The ambiguity in
choosing the rule is resolved by by making an appropriate selection with human aid.
Similar issue arises in the case of '¢'. Words with check_letter '¢' can be spit as words
ending with '«®3' and ¢:

The check_letters arand oo in a word are used to retrieve roots belonging to rule
no. 7 and 8 respectively. But certain words like 'aoale? and 'sewi@d’ are split into
meaningless units when this suffix rule is applied. On applying rule no. 7 and 8 ,
‘2ol becomes 'mo+ @@ and 'sovl®’ becomes 'so+ o' respectively. Since
check_letters aand oo are consonants and conjunct consonants respectively, rule no.
9 and 10 should be applied to retrieve the correct form of root words. Consonants and
conjunct consonants that act as check_letters of other rules serve dual role and is
termed as dual_check_letters. While splitting words with dual_check_letters,
appropriate rules are chosen with human intervention.




Another issue is related to words with check_letter‘s’ . Words like 'eogla?’, 'moglas’
etc. are some examples of words belonging to this category. On encountering these
words, rule no.10 is applied to extract the roots and as per the rule so0g5and mog are the
roots extracted. Here, @05 and mos’ are the correct form of the roots required. Also,
certian words in this category abide by rule no. 10, for example ‘anga’ on splitting
gives awg'which is the correct form of the root. So in the case where check_letter ‘s’ is
used the roots retrieved after applying the rule is searched in the lexical database. If
the root is not present, it is not a valid one and to obtain its correct form the syllabe 's'
in the root is replaced with 's'.

By the application of the suffix separation rules in the Malayalam corpus, better
translations for English words are obtained and it has enhanced the final outcome of
the SMT. These results are evaluated using WER, F measure and BLEU metrics and
is discussed in [1].

7 Conclusion

Suffix separation using sandhi rules have a crucial role in bringing good translation
results in SMT from English to Malayalam. To simplify the task of implementing the
suffix separator a scheme has been put forward in which various hand crafted rules
are applied to separate the suffixes of Malayalam. A quick look up table that
summarizes the classification of the suffix separation rules is provided. The work
proposed here can be utilized as a guideline to separate suffixes beginning with vowel
sounds from any word in the Malayalam language. This work can be further extended
by incorporating rules to separate words beginning with consonants as well.
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