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ABSTRACT: In Natural Language Processing (NLP), the morphological analyzer plays an important role in
processing different forms of human language for formal writing and reading. Generally morphological
analyzer’s of natural languages provide information concerning grammatical properties of the word it analyses.
Malayalam is morphologically rich and agglutinative language, natural language processing like, web
searching, machine translation, speech recognition, speech synthesis etc. for Malayalam is complex in nature.
The proposed system identifies grammatical information of Malayalam, depending upon its word category using
string matching algorithm. Experimental results show that the proposed system provide an efficient tense
categorization, while comparing with the existing algorithms available in NLP.

Keywords: Morphological Analyzer, Natural Language Processing, Noun Analysis, Root Words, Sandhi, Verb
Analysis

l. INTRODUCTION

Natural Language Processing (NLP) is a subfield of Artificial Intelligence and Linguistics. In NLP, the
morphological analyzer plays an important role in processing different forms of human language for formal
writing and reading [1]. The morphological analyzer mainly deals with the study of the internal structure of the
words based on its grammatical features of any language. It will return its root/stem [1] (?1.!&)3@’] [2]) word
along with its grammatical information depending upon its word category. Morphological analysis is the
process of splitting the surface form of a word into its lemma and grammatical information. For example, the
word 'Cats' splits into its lemma 'cat' and grammatical information <noun><plural> [3].

Malayalam is a morphologically rich and agglutinative language. The design and implementation of
the Malayalam morphological analyzer is a promising research area for various applications in NLP. The
previous works carried out in the field of Morphological Analysis, is not complete. Eg: Brute Force Method [4].
As Malayalam requires many morphophonemic changes in the word formation, the above mentioned method is
not sufficient. The proposed work use a method called Suffix Stripping [1] which uses String matching
algorithm and Sandhi rules to find the root/stem (%.l&;é@'][z]) form, also it can identify tense with all
categories  [5] like  Simple Present (QUIADIM?CUA? AIM&ILIo), Present  Definite
(M? ®OIR? @dM&HIRlo), Present Continuous (OQSACUB?  AIMd:ILI0) , Present Immediate
(@RMV? QUDB? AIMB:ILl0), Simple Past((TUD@Dm?@é@cﬁaZ)&Io), Past Definite
((Tﬂ? WEJM&HIRIo), Past Conditional (GaDMCaODA? B3MdhORlo), Past Immediate
(@RM? BMdhIRIo), Past Indefinite (MV? 1?2 WEBJMd>IRlo), Past Perfect (nJ&(b? B0 dIalo),
Past Continuous (@gS@@é@&:DElo), Simple Future ((TDD@Z)(D?@DO_I’]&DQIO), Future Definite
(Mm1? @I l&drlo), Future Conditional (QU1®? al@d1®elo), Future Immediate
(@RM? @2 lMHdelo), Future Indefinite (MV? 1?2 WIS HdaI0), Future Continuous
(@O)S(b(éi)(lﬂcﬂsi)&lo) etc. This Malayalam Morphological Analyzer would help in automatic spelling and

grammar checking, natural language understanding, web searching, machine translation, speech recognition,
speech synthesis, part of speech tagging, and parsing applications.

1. LITERATURE SURVEY
2.1 Brute Force Method
Brute force search is a very general problem solving technique that consists of systematically
enumerating all possible candidates for the solution and checking whether each candidate satisfies the problem’s
statement. Brute force stemmers [4] employ a lookup table which contains relations between root forms and
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inflected forms. To stem a word, the table is queried to find a matching inflection. If a matching inflection is
found, the associated root form is returned. Brute force approaches are criticized for their general lack of
elegance in that no algorithm is applied that would more quickly converge on a solution. In other words, there
are more operations performed during the search than should be necessary. The algorithm is only accurate to
the extent that the inflected form already exists in the database. Given the number of words in a given language,
like Malayalam, it is unrealistic to expect that all words and inflected forms to be recorded manually. Brute
force algorithms are initially very difficult to design given the immense amount of relations that must be initially
stored to produce an acceptable level of accuracy.

2.2 Root Driven Approach

In the root driven approach, the stem of the word should be firstly found in a lexicon before starting the
morphological analysis. The major drawback of this approach is the cost of the searching process required to
find the stem. In the work done by Solak and Oflazer [6], the word itself and its subparts, which have been
obtained by removing the letters one by one from the end of this word, are looked up in a lexicon to find all the
possible stems. The real stem is discovered after the morphological analysis made by using these possible
stems. Even though there are different search methods improving the performance, the examining of each
subpart is obviously a very time consuming process especially for agglutinative languages.

2.3 Stemming Algorithm

A stemming algorithm is a process of linguistic normalization, in which the variant forms of a word are
reduced to a common form. Affix removal conflation techniques are referred to as stemming algorithms and
can be implemented in a variety of different methods. All remove suffixes (A 1@ ?®@o [5]) and/or prefixes in

an attempt to reduce a word to its stem. Suffixes that are concatenated to words are often done so in a certain
order, such that a set of order classes will exist among suffices. An iterative stemming algorithm will remove
suffixes one at a time, starting at the end of the word and working towards the beginning. A stemming
algorithm, a procedure to reduce all words with the same stem to a common form, is useful in many areas of
computational linguistics and information retrieval work.

2.4 String matching algorithms

String matching or searching algorithms try to find places where one or several strings (also called
patterns) are found within a larger string (searched text). The single string matching problem is to search for all
the occurrences of a string p, called the pattern, in the text T = t1 t2 t3...tn on the same alphabet S, where n is
the length of the text. Multiple string matching extends the problem to search for the pattern set P = {p1, p2 ...,
pr} simultaneously in the text. During the search, a search window of the pattern length is moved along the text,
and the pattern is searched for within the window. Pattern matching can be exact or approximate. An exact
matching algorithm stipulates that the pattern and the matched text should be exactly the same, while an
approximate matching algorithm allows a limited error between the pattern and the matched text.

Exact string matching algorithms can be categorized in various ways. One way of categorization is
grouping them into three general approaches: prefix searching, suffix searching, and factor searching, depending
on which part of the pattern is searched for within the search window. A string X is the prefix, suffix, and factor
of XY, YX, and YXZ, respectively, where Y and Z are also strings.

Po-Ching el. [7] categorizes the algorithms into four categories to emphasize the data structure that
drives the matching. These categories are automaton-based, heuristics-based, hashing-based, and bit-
parallelism-based. An automaton-based algorithm builds a finite state automaton from the patterns in the pre-
processing stage and tracks the partial match of the pattern prefixes in the text by state transition in the
automaton. A heuristics-based algorithm allows skipping some characters to accelerate the search according to
certain heuristics. Some algorithms require a verification algorithm following a possible match to verify if a true
match occurs. A hashing based algorithm compares the hash values of characters in the text segment by segment
with those of the characters in the patterns. If both hash values are equal, a possible match may occur. The
characters in the text and those in the patterns are then compared to verify if a true match occurs. A bit-
parallelism-based algorithm simulates the operation of a non-deterministic finite automaton that tracks the
partial match of the prefix or the factor of the pattern by means of the parallel bit operations inside a computer
register word in which the state transition status is encoded.
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2.4.1 Automaton-based

The Aho-Corasick (AC) algorithm [8] was proposed for multi-pattern matching. A finite automaton
that accepts all the strings in the pattern set is built in the pre-processing stage. Each character in the text is then
fed sequentially to the automaton that tracks partially matched patterns through state transition. If one of the
final states is reached, a match is claimed. Although the AC algorithm is theoretically independent of the pattern
set size in efficiency, it will become slow for a large pattern set in practice because of the worse cache locality
in accessing a large transition table. Effectively compressing the transition table to reduce the memory
requirement and enhance the cache locality becomes active research in the implementation of the AC algorithm.

2.4.2 Heuristics-based

The Boyer-Moore (BM) algorithm is a single string matching algorithm. It allows skipping over
characters that cannot be a match in the text according to two heuristics: the bad-character heuristic and the
good-suffix heuristic [9]. Two shift functions are pre-computed according to the two heuristics before the
search. The characters within the search window are searched backward from the last character for the longest
suffix that is also a suffix of the pattern. The two shift functions are referred to only when a character mismatch
is found. The maximum of these two function values is the shift distance of the search window. If no mismatch
is found, a pattern match is claimed. The BM algorithm has the best performance when the shift distance is close
to the pattern length.

2.4.3 Hashing-based

The Rabin-Karp (RK) algorithm [10] is designed to handle single string matching. During the search,
the hash value of each segment of m characters in the text, h(t,  sm 1), is compared with the hash value of the
pattern, h(p), for s = 1...n—-m + 1, where m is the pattern length and h is the hash function. If h(t,_ sm 1) =h(p), a
possible match may occur at the position of s. The pattern is then compared with this segment character by
character to verify whether a true match occurs or not.

The RK algorithm can be extended for multiple string matching by storing the hash values of the
patterns in the pattern set in an ordered table. The comparison of the hash values becomes binary search in the
ordered table, to find whether the hash value of a text segment is equal to that of some pattern in the ordered
table.

2.4.3.1 SHA 256

An n bit hash is a map from arbitrary length messages to n bit hash values. An n bit cryptographic hash
is an n bit hash which is one way and collision- resistant. Such functions are important cryptographic primitives
used for digital signature and password protection. The SHA (Secure Hash Algorithm) is a cryptographic hash
function. A cryptographic hash is like a signature for a text or a data file. SHA-256 algorithm generates an
almost unique, fixed size 256-bit (32-byte) hash value. The result is represented as 64 hex digits. SHA-256 is the
strongest hash function available. SHA-256 function operates on a 512 bits message blocks and generates a 256
bits message digest.

2.4.4 Knuth—Morris-Pratt (KMP) algorithm

The KMP algorithm searches the occurrences of a word within a text by sliding the window of length
m (word) over the text (of length n) from left to right. Compare successive characters within the window from
left to right until a mismatch occurs. If a mismatch occurs then the word itself realizes sufficient information to
determine where the next match could begin, thus bypassing re-examination of previously matched characters.

The idea behind KMP [11] approach to pattern matching is perhaps easiest to grasp if we imagine
placing the pattern over the text and sliding it to the right in a certain way. Consider for example a search for the
pattern “abcabcacab” in the text “babcbabcabcaabcabcabceacabe”; initially place the pattern at the extreme left
and prepare to scan the leftmost character of the input text:

abcabcacab
babcbabcabcaabcabceabcacabe

The arrow here indicates the current text character; since it points to “b”, which doesn’t match that “a”, shift the
pattern one space right and move to the next input character:
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abcabcacab
babcbabcabcaabcabceabcacabe

Now have a match, so the pattern stays put while the next several characters are scanned. Soon come to another
mismatch

abcabcacab
babcbabcabcaabcabceabcacabe

At this point the first three pattern characters have matched but not the fourth, so the last four characters of the
input have been a b ¢ x where x # a; there is no need to remember the previously scanned characters, since the
position in the pattern yields enough information to recreate them. In this case, no matter what x is (as long as
it’s not a), the pattern can immediately be shifted four more places to the right; one, two, or three shifts couldn’t
possibly lead to a match.

Soon get to another partial match, this time with a failure on the eighth pattern character:

abcabcacab
babcbabcabcaabcabceabcacabe

The last eight C/Earacters were ab c ab c ax, where x # c. The pattern should therefore be shifted three places to
the right:

abcabcacab
babcbabcabceaabcabeabeacabe

Then try to m;[\ch the new pattern character, but this fails too, so we shift the pattern four (not three or five)
more places. That produces a match, and continues scanning until reaching another mismatch on the eighth
pattern character:

abcabcacab
babcbabcabceaabcabeabceacabe

Again shift the pattern three places to the right; this time a match is produced and eventually discovers the full
pattern:

abcabcacab
babcbabcabceaabcabeabceacabe

1. OBJECTIVE
The proposed  system, "Malayalam Morphological Analyzer", specifically aims to return 'root/stem'’
(?1.!&))3@'] [2]) of a word along with its grammatical information [5] depending upon its word category without

the need of a database to store root/stem words. This work extracts information like gender (&ﬂo(f)o), number
(e} 2lMo, NlaO)L.2lMo), case (fl@? ) information for nouns (MO@A? d) and all
categorization of tense (& JRlo) is identified in case of verbs (?ﬁ;](Q)) for a given sentence.

V. PROPOSED METHODOLOGY
The existing systems available for Malayalam morphological analyzer deal with whether the word is
noun or a verb. But the tense categorization is not completely achieved.
Apart from identifying noun and verb in the given sentence, the proposed work categorizes tense. If
the word is noun, then it will identify case, number and gender information [12].
If the word is verb, then it will identify tense with all categories [5] like Simple Present
(MUOAIM?UB? @M ILIo), Present Definite (M1? @OUR?  AIMdHIRIo), Present Continuous

(@SACUD? AIMdHIRlo) , Present Immediate (@QYMV? UDB? AIMdHILIo), Simple Past
(MUOAOM?BMd:IAI0), Past Definite (m1? WEBYMdIRlo), Past Conditional (GaDMYCAOOA?
B@dhIRlo), Past Immediate (GRMV? BJMHIAIo), Past Indefinite (TV? T? WEMdhIRIo), Past
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Perfect  (add@? BJ@&HIRI0),  Past  Continuous  (OSABIMdHORI0),  Simple  Future
(MoAdM?@I\ddelo),  Future  Definite  (M1? @@dQf1l®delo),  Future  Conditional
(®? at@dfl®delo), Future Immediate (@QMV? @I 1HdRlo), Future  Indefinite

(M? 1? wedfl&delo), Future Continuous(@)SAE@INOSddal0) etc.

4.1 Noun Analysis: The general format of input and output of the morphological analyzer of Malayalam is as
follows: Word —> stem + suffixes

Nouns are linguistic categories [5], which takes Cases [12] (O_n@? r](ﬁo(fb), Number
(a0l 2lMo, af)dlalMo) and Gender (Maflodo, @R(lovo, Mal)omdeilovo)
information. The categorical information in noun is listed in Table 4.1 [5].

Table 4.1: Categorical Information in Noun

fle? Tood
me? s o
210 12a0 16 )
MoCIE o 07
06?0 ?2° 2
2 e d G
Moonu? N 0? , ©6s
@RWID 1 @, H@

Nla0)alMo

HUd

aele)

@0

4.2 Verb Analysis: Verb is a grammatical category, which takes tense with it. Many markers [5] are present in
the Tense is listed in Table 4.2.

Table 4.2: Categorical Information in Past Tense

onalleonend (o @ 9avan Mo
MUO@OM | &) ML . ) 210w, @ang
- . i Dem) e o oy,
Mwa)mees: @ oo, 3 0403

0o o))

(0533 M dh Dl

ez oy my

0 811280 0 6N 1 0}
IO 5TOe s D ang Iy oy

@R TUINE) Mk IRl

s 6nE

Eang g ) ang

) 6B MR e

ENCHUDE
ens anzo lm) oy

Cu Iy amy,
2100 @) oy

Aanglg) snzowloyom

r*ur*ﬂ"lm”w@g@@:) Bl

ens enz0ang |a a6,

n6ng 15 sns0@ T lee)c
O s 15 enso @ 1 lde

BaNTEANDAM B)Mdh eI

)o@ 1o )

& Dem o o my
L@@ @) oMy

National Conference in Emerging Technologies’14

93 | Page



IOSR Journal of Computer Engineering (IOSR-JCE)
e-ISSN: 2278-0661,p-ISSN: 2278-8727,

PP 89-99

www.iosrjournals.org

Table 4.3: Categorical Information in Present Tense

9alafleon? 0 A IO?®o ©BaNPEMo

MOAOM?2CUAR?  AOM&ILl |97 $:06MY? 2, alO@)? )

? ? ? ?
? ®AIR? @dm®ele  |@R®)? )67 BIMBWI? |, alOWIBDIE?

5? 082? 101?72 ),

©SAUB?  @OMEHILl0 0?1812 3?7 ) 0?7 e@2? 1617 22 )

v v

GRL? QUR? @Ml (@7 Q? :06MY? 7

v

s adO@? ?

Table 4.2: Categorical Information in Future Tense

oalafleon? AIO?®o ©B2aNP6Mo
mo2dm?@fledele 9o 826M)0, a lO®)0
8? 1@1? o,
m? wedallsdel en@1? o

10?  1@1? Yo

87? )082? 1017 o,

ms@ed01@oele 02?1017 Qo
n10?  2083? @12 Yo
HI6MIMEa DO HWI?
GRM? @dfl®delo @R + GaldLYHWI?
A IO@IMEaIdRSHWI?

8:26M)AOWIB1? o,
m? 1?7 wedalledele  |ERWIC? o
alo@ao1e1? Qo

ON? aledfledelo  [WQ? o, af)? Do BHC? ? 20,al06? ? Jo

V. SYSTEM DESIGN
5.1 SYSTEM ARCHITECTURE

Morphological Analyzer identifies the root word from the user input. The processing is continued
under the assumption that user input is a valid Malayalam word. Suffix of input is extracted using Malayalam
grammatical rules. The suffix dictionary is searched for the identified suffix, based on hash values. Finally
validity of user input may be verified using stem dictionary.

In this method each word is scanned character by character from right to left. The Unicode [13]
decimal value for the substring is formed during each iteration and verified whether it represents a valid suffix
in Malayalam. If it is a valid suffix, the corresponding hash value is generated using SHA-256 hash function
and compared with the hash values present in the suffix dictionary. Inclusion of hashing techniques improves
the system efficiency by reducing the search time. If a matching hash value is identified, the related grammatical
information is conveyed to the user.

The method used for analysis makes use of a stem dictionary (for identifying a valid stem), a suffix
dictionary containing all possible suffixes that nouns/verbs in the language can have (to identify a valid suffix),
morphotactic [1] rules (case, gender, number) and morphophonemic [1] rules or sandhi rules [5]. Even if the
item does not exist in the dictionary, the analyzer can identify the suffixes and stem (?,_lce;‘;@"l [2]). Once the

suffixes are identified, removing the suffixes and applying proper sandhi rules can obtain the stem. Suffix
stripping [1] algorithms do not rely on a lookup tables; instead, rules are stored to find the root/stem.
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Figure 5.1: System Architecture

5.1.1 Sandhi Rules
Sandhi [5] is classified as Elision, Augmentation, Substitution and Reduplication.

a) Elision: When two sounds join together one sound will be lost is called Elision.
H? Jrenei2s? er?

b) Augmentation: When two words join together one sound comes between these two words.
g Ha0el=-moglewdel

¢) Substitution: When two words join together, one phoneme is substituted by another
a0 l2+@RE=a0 100 %)

d) Reduplication: When two words combined together, the letter gets duplicated. This process is called
reduplication.

mel+ooa=mlal? 200

5.2 Algorithm
1. Accept Input Sentence.
2. Separate each word in the input.
3. Scan each word in the input from right to left character by character.
4. Check the Unicode Decimal value of each scanned character to form a Suffix
5. Check the validity of the formed suffix
If suffix not valid, scan the next character,
GOTO step 4
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Else:

a. Find the hash value of Suffix.
b. Separate Suffix from remaining portion.
6. The remaining input characters are considered as the root word by applying

Sandhi rules

7. Display the grammar

8. End

6. Experiment and Results
NetBeans IDE 7.2.1 and Java was used to implement the system. PostgreSQL is used to store root
words and suffixes required for processing. Some of the verified inputs and results are included in Appendix I

and II. For the input “@0? ?dafld 718827 al0?

2” has three words which are processed

separately. Each word is scanned character by character from right to left. The Unicode [13] for the substring
formed during each iteration is generated and verified whether it represents a valid suffix in Malayalam. Ifit is
a valid suffix, the corresponding hash value is generated and compared with the hash values present in the suffix
dictionary. If a matching hash value is identified, the related grammatical information is conveyed to the user.

So the output will be

Input :

LO2idbo : @07 ?Iafld> £)7166GI7 al0?
1.Qnals? loal ad? J&ud

T

Qo?

@0? ?Dadld

&) 786827

al0?

2. adle? 1 au@lewdwm

T

Qn? afle? Talleowo | wim?®@o
@0? alle | mMlde?wwle 2O?@a el
)7 1®egd? | MocwIE e &327?
3. BUaNU2IM? B80S al®16UdWMm
Qnald? Tleal | al@lewowle? 2 | aO)U2Iid | 21®?®@o
an? ” fNla0)U2IMo alBo | Afl@dno
@0? ?Jalld @0? ?Jalld alBUalMo | *wswsss
8) 7186807 &) 71 0d @railon H0d
eNla0)1al
Mo

4.Q0ald? lecimia?

QDal®? el ma? v

@0? ?Dadld

871
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5.U02ld? leel 8 1® al®1ewdWwm
QDal®? leel 26 1@ A 10?®o aflerno
al0? ) o) MOIAIM?EObIElo

6. 2O 1 QD? (D

Bl )\O |
@R? ?Jalld
&7

al0?

VI. CONCLUSION
The suffix stripping method proposed here for identifying the grammar from any of the agglutinative
word from Malayalam vocabulary gives a fine tuned result. The method also support fast convergence compared
with the existing brute force method and root driven method. Grammatically followed translation techniques
from English to Malayalam or from Malayalam to English is not available now. The proposed system can be
utilized for the implementation of the semantically followed translation, and an efficient web search using root
words.
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APPENDIX I
SAMPLE VERB INPUTS
QPald? 1eel 8 1® al®lewdwm
anais? lealan? * hIO?®o aflesno
Galof] ) MOAIM?EY &Rl
&? ) |@ MOAIM?EY &Rl
) ) MO@IM?EY &Rl
BHeM)BHWOIW]R)? eRWey? m? @EyOd:dal
AlO@)HWIW)? GRW1)? m? o8l
&? 082? 1? 052? g? OSBBOHIRI0
al0?  083? ©)? ) 0? 1)? ©SBBOEIRI0
®? 12?2 ° en?y? 7 @RI? B dhIAlo
alo? 1222 7 |@?g? ° GRM? BO Il
e®71?79? © |@?g? ° GRM? BO Il
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