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Abstract

Morphology is a concept used in Natural Language Processing (NLP) to de-
scribe the various forms a word can take. Stemming is the method of removing
the affixes from a word and extracting the stem. Malayalam is a highly ag-
glutinative language with hundreds of potential inflections for each word. In
Malayalam, an efficient stemmer has yet to be introduced. This paper presents

a Malayalam stemmer that conflates words by removing suffixes.
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1 Introduction

Programming computers to understand natural languages such as English, Hindi, and
Malayalam is becoming increasingly important, as Artificial Intelligence focuses on induc-
ing intelligence in computers so that they can act like humans. Subfields such as Natural
Language Processing, expert systems, and others have sprung up as a result of artificial
intelligence. Natural language interaction between the user and the device may take the
form of natural text or natural language expression. As a result, text mining has become
a common topic of study in the field of Natural Language Processing. Additionally, text
document processing has a number of sub-areas whose accuracy improves only when terms

are reduced to their stem form, a process known as stemming.

Stemming can be thought of as a linguistic normalization mechanism. Another technique

is lemmatization, which is close to stemming in several ways. Lemmatization produces a



lemma, while stemming produces a stem. The difference is that a meaningful stem is not
needed. It will not take into account the POS (Parts Of Speech)tag or the sense of the

expression, while the lemma will do so and generate a true and meaningful word.

Information retrieval systems use stemming to boost their efficiency. Documents are cat-
egorized as important or irrelevant in information retrieval. The basic assessment metrics
are recall and accuracy. Recall returns a percentage value indicating the amount of rel-
evant documents recovered from the total number of relevant documents. The recall
is improved by stemming. The terms in a document and the incoming query are usu-
ally stemmed in information retrieval systems. A Malayalam stemmer is an important
component of Malayalam computing because it paves the way for a variety of Natural
Language Processing applications in Malayalam. This demonstrates the applicability of
the proposed method. In Malayalam, inflections are generated by adding the root with
suffixes. Malayalam has very few prefixes or infixes. The proposed work would define the
suffix and, using the suffix stripping process, delete it, returning the root form or stem.
The work is done in Python, a high-level programming language that is both simple and

efficient.

2 Related Work

Porter Stemmer’s Spanish version is used as a preprocessing method for correctly extract-
ing text from each document picture [1]. This aids in the development of the bag-of-words
vector. The output of various page classifiers is compared, with stemming being a sig-
nificant module that affects the system’s accuracy. For word segmentation in Mongolian,
the process [2] took into account stems and suffixes. A paper written by [3] discusses
the use of a predefined pattern to extract stem terms. In any language, the existence of
affixes leads to a wide vocabulary. They addressed rule-based, direct, interlingua, trans-
fer, mathematical, example-based, knowledge-based, and hybrid translation methods, all
of which rely heavily on stems and affixes. The term must be stemmed for document
similarity calculations such as tree based, time series, vector based, and various text clus-

tering methods such as hierarchical, partitioning, mixture, and multilevel clustering [4].



As described in [5] stemming, or the removal of affixes, is used as a preprocessing activity
for calculating term frequency and is used in the Map Reduce system for text summariza-
tion. The authors of [6] discuss factoring words into morphological components, which

necessitates the extraction of the stem.

In Asian languages, such as Arabic [7] stemmers have been produced that eliminate both
the prefix and suffix of a given word. Since prefix words are uncommon in Malayalam, we
created an algorithm that only considers suffixes. Finite state automata are used in the
Indonesian Stemmer [8]. From a list of candidates, the best word candidate is chosen. [9]
contains a comprehensive survey on stemming that includes English, Czech, Bulgarian,
Turkish, Greek, German, Dutch, Portuguese, and French, among other languages. Some
approaches [10] address combining stemming laws and take both suffixes and prefixes into

account.

[11] investigates the stemmers produced in Indian languages. A rule-based strategy is
used by the Gujarathi stemmer [12] and the Bengali stemmer [13]. Stemming has lim-
ited the number of unique terms, and both understemming and overstemming have been
considered. They use the minimum stem set model of stemming in [14], which gives an
accuracy of 80 to 88 percent. They screened for Hindi, Marathi, Malayalam, and English,
among other languages. The system accepts a word list and a suffix list as inputs. There
are approaches that use a suffix list and a probabilistic approach[15]. [16] has developed

an Urdu stemmer.

Finite State Automata are used to stem in Malayalam stemmer [17]. Singular nouns,
plural nouns, and verbs have all been included in the development of FSA. The writers
of [18] used a recursive suffix stripping process that had an accuracy of 83.67 percent.
A term with three suffixes is processed three times. The device is a submodule of a
sentence parser, and its accuracy is determined by the dictionaries used. Rather than
root extraction, the morphological analyzer established by [19] extracts morphological

features such as noun/verb, number: plural/singular, and tense: past/present/future.



3 Comparison of Stemmers in Indian Languages

Author Language Method Accuracy
Vijay S R Malayalam Finite state automata 94.76%
Jikitsha S Gujarathi Substitution rules 92.41%
Das S Bengali Using hash table containing suffixes 96.27%
Vasudevan N Hindi Semi supervised stemming 84%
Ramachandran V.A Tamil Iterative suffix stripping 84.79%
Kasthuri M Tamil Imperative tense suffixes are stripped | 89.42%

4 Morphology in Malayalam

Since the Malayalam language has a lot of morphology, the stemmer we created has more
than 150+ suffix replacement laws. The morphology of the Malayalam language is so
complicated that a single word may have several meanings. The difficulty of the lan-
guage makes constructing a stemmer difficult. We may demonstrate this complexity by
using a simple word (mavu), which in English means mango tree. The word (mavu)
which is a noun can be attached with one preposition as (mavil), (mavulla), (mavinte),
(mavo), (mavaya), (mavakkiya), (mavennal), (mavundu), (mavilla), (mavum), (mavanu),
(mavinu), (mavalle) , (maville) etc. The same word can come with two suffixes as in
the words (mavilninnu), (mavillengil), (mavayathinal), (mavayirikkum), (mavanullathu),
(mavupayogichu), (mavileykkanu), (mavundengil), (mavanithu) , (mavilekkayi), (mavil-
lathayi), (mavilottu), (mavukalum) ,(mavinoduchernnu) etc. The word mavu can come
with three affixes as the cases (mavilninnukondu), (mavukalumayi), (mavukalumanu)
etc and also with four affixes as in the following cases (mavundayirunnappol), (mav-
ilekkayirikkum). Similar inflections happens in the case of verbs also.For example the
verb (varuka) can take one affix as in (vannal) , (vannilla), (vannittu) etc . The verb can
take two affixes as in the case (vannennal), (vannittundu), (vannittanu), (vannittilla) etc.

Some of the morphological forms of the mentioned word are:



Malayalam word Pronunciation in English Meaning
moallod Maavil On the mango tree
maoflmdonlord Maavininn From mango tree
maaflmdonlony Maavilninnu From mango tree
maafl@domilomosn Maavilninnanu It is from mango tree
maofl@mdonlom e ao8nE Maavilninnukondu Standing on mango tree
@MICUYBE Maavulla Has mango tree
macllad Maavinte Mango tree’s
maaflmomi] Maavinayi For mango tree
@MIECUD Maavo Is that a mango tree?
MU Maavaya Poetic version of saying mango tree
@I B Maavakiya Made from mango tree
@IS Maavund Has mango tree
maallg) Maavilla Has no mango tree
maalleg)elm Maavilengil If you don’t have a mango tree
@I} SMRomilE) oy Maavundayirunnu Had mango tree
moaflsel Maavile (On the mango tree
maalleelsa Maavilekk Towards mango tree
@I EalIRE] Maavupole Looks like mango tree
maallery Maavinu For mango tree
maallenms Maaviloode Between mango trees
@oCuDsT I Maavanith This is mango tree
maallg)moni] Maavillathayi Dead mango tree
@MUY B ) o Maavukalum Mango trees (plural)
lelel[e <] Maavalla Mot mango tree
moalleeng) Maavilottu Towards mango tree
monfleelngel Maavilottala Not towards mango tree
maalleelsa o] Maavilekkayi Towards mango tree
macuymomil Maavumayi With mango tree

5 Methodology

The proposed method has a list of root words, has the rules that causes inflections and
then uses a suffix stripping algorithm to get the stem. A stem does not have to be
the word’s morphological root. When all of a word’s morphological variations conflate
to a single stem after stemming, the stemmer’s accuracy is high. Overstemming and

understemming are the two most common stemmer problems. Overstemming occurs



when words other than morphological variants conflate. When morphological variants do

not conflate, understemming occurs.

5.1 Inflections

Case markers accompany noun groups in Malayalam. In Malayalam, there are nine case
markers. Nominative, accusative, dative, genitive, sociative, locative, instrumental, ab-
lative, and vocative are the different types of nouns. They’re often inflected depending
on who’s speaking, how many people are speaking, and whether they’re male or female.
Verbs are grammatical units that have the ability to change tense (past, current, and
future). Grammatical rules like prathigrahika, somyogika, udheshika, prayochika, som-
bandhika, aadharika, sambhodana, verbs, numerals, and some miscellaneous special rules

are considered for stemming.

5.2 Suffix stripping algorithm

To improve the task’s efficiency, inflections must be converted to a stem in information
retrieval tasks. This is the job of a stemmer, and it can be accomplished with the help
of a suffix stripping algorithm, which removes suffixes from inflections and conflates them
into a single stem.

The algorithm presented in the paper takes word or sentences as input, fixes utf-8
encoding, removes punctuation and tokenizes the input. Each work in the list of tokens
is looped and is checked if the word is present in bag of words. If the word is present in
the bag of roots print the word itself as stem with empty inflections. If no root is found,
the initial letter from the word will be removed forming a suffix and the suffix will be
checked in for the grammatical suffix rules. If suffix matches, the rule will be applied and
corresponding inflections will be appended. Again the word with the applied rule will
be checked in the bag of roots and the loop continues until all the inflections are found
and the stem is generated. If no rules are matched, the word will be checked in for some
STOP rules. If any of the STOP rules get matched, then the word and inflections will
be printed. There is also an mechanism which will check if any rules has been assigned

to the entire length of the word. This is avoid the infinite looping situation. Words like



name of a person may not be in the bag of roots and there may be no rules to apply. So

to consider such cases this check is introduced. The algorithm used is shown below:

Y

Inout ) Yes Print the word as stem
p Normalize word and Check word in roots and provide the
remove punctuation inflections
No

\ A
Remove initial letter of the
word (forming suffix from Check suffix in rules
right to left)
A Yes No
A Y
( ) Check if STOP
Agplirs]g%gﬁoigd infections have
L pp reached Yes

No

Check if any suffix
rule has applied for
the entire length of
the word

Yes No

def stemmer(text):
words = text.split ()

(
roots = load_root ()
rules = load_rules ()
(

for word in words:

inflections = []

word_provided = deepcopy (word)



word = normalize (word. translate (str.maketrans(’’, )
string . punctuation)))
found = True
while found:
index =1
is_changed = False
if word in roots:
break
while index < len(word):
suffix = word[index :]
if suffix in rules:
word = word [:index] + rules[suffix][0]
inflections .append(rules[suffix][1])
found = True
is_changed = True
break
index +=1
if inflections and ”"STOP” in inflections|[—1]:
inflections .pop()
found = False
break
if not is_changed:
break
result_dict [word_provided| = {"stem”: word,

“inflections”: inflections}

return result_dict
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