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ABSTRACT

Language is rich in morphological variations but poor in linguistic computational resources. Ngoko
Javanese language is a morphologically rich language that has a different variant form of words. This paper
describes an algorithm by which a stem for Ngoko Javanese language. Ngoko Javanese language stemmer
is efficiently used in information retrieval. Through this algorithm, we can get a root from its actual word.
We use a hybrid rule-based and string matching algorithm. Special rules are created to remove the prefixes
and suffixes of the Ngoko Javanese terms. The algorithm has been tested on hundreds of Ngoko Javanese
words. Results reveal that the accuracy reaches to about 67%.
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1. INTRODUCTION

Recently, improved information retrieval has
become necessary because of the huge amount of
information people have. The Information retrieval
is the science of retrieving a subset of documents
that satisfy the user’s need from a collection of
documents [1].

The main objective of information
retrieval is to analyze and treat documents to
extract some measures and relevant data allowing
users for their information need. One of the first
steps in the information retrieval process is
stemming [2]. Stemming is a branch of
morphology. Morphology means a study of word
structure. Stemming is a process of extracting root
word from its actual word and separate the affixes
[3][4]. A stem is a combination of a root and
derivational morphemes to which an affix or some
affixes can be added [5]. The root word is
determined by removing the affixes that carry
grammatical or lexical information about the word.
In both cases, these affixes don’t modify the
concept of the word related to as the semantic
informality that has been proven in the literature.
Stemming plays a vital role in the field of Natural
Language Processing (NLP). It is important and
useful in the spelling check, translation machine
and especially information retrieval [3].

The main purpose of stemmer is to reduce
the inflected words into its root form or stem by
removing the affixes. By stemming, words in
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inflectional and derivational forms can be mapped
into the same concept [6][7]. The confusion of the
words sharing the same stem leads to a reduction
of the dictionary to be taken into account in the
process, as the whole vocabulary contained in the
input unprocessed collection of documents can be
reduced to a set of topics or stems. This leads to a
reduction of the space needed to store the
structures used by an information retrieval system
(like the index of terms-documents) and then also
lightens the computational load of the system [5].
In computational linguistics, a stem is the part of
the word that never changes even when
morphologically inflected. Stemmer research is
done on the scope of text retrieval. Stemmer in this
study aims to improve retrieval sensitivity by
increasing the ability to find words in relevant
documents. The main importance of stemmer is in
information retrieval application where a stemmed
query proportionally leads to increase in recall for
the given application.

Javanese language stemming has a
complex problem because of the many affixes to
its root word. The affixes are prefixes, suffixes and
infixes. In addition there are different types of
these affixes, so to get the root can not only be
done by a rule based method stemming. The
addition of string matching method is useful when
the root is not found by using the rule based
method. The similarity of the word becomes the
key to the string matching method. In this
stemming the word base is assumed to be the word
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that has the highest similarity to the word in the
dictionary. The addition of string matching method
will reduce the result of the wrong stem. In
addition, it can reduce over stemming and under
stemming.

This paper is organized as follows: In
Section 2, we give an overview of background and
related works. In Section 3, we present our
procedure or algorithm used to find the stem of
words used in Javanese Indonesian language. In
Section 4, we discuss the testing and evaluation
results. In Section 5, we talk about the conclusion.

2. BACKGROUND AND RELATED
WORKS

People’s attitude toward a language is different. It
is known as a variety of language. The official
language in Java Island is the Indonesian language;
meanwhile, the Javanese itself is used as a
communal language in sub-urban area of Java.
There are some differences among dialects of
Javanese Language in general because of many
factors. The factors that influence the dialect
differences are: 1. Geographical Aspect, 2. Age
and Gender, 3. Education Level, and 4. Social
Class. The different social class will produce
different utterances of dialect. In Javanese
language, it has a hierarchy of stratification which
is divided into three categories: 1. Ngoko Javanese
Language, 2. Kromo Javanese Language, 3.
Kromo Language. Ngoko Javanese Language is
used by people who are already close to each
other, to people in the same age or to those who
are lower in social status [8]. It is used as an object
of stemmer on this research.

The  Javanese language  is a
morphologically rich language that it has a
different variant form of words. Javanese dialects
add a set variation of dimensions in some fields
like natural language processing and information
retrieval. There is no stemming algorithm that
handles Ngoko Javanese dialect. Only a few
algorithms are available that handle only a singular
Ngoko Javanese dialect. The objective of this
paper is to describe an algorithm by which a stem
for Javanese dialect can be defined.

Many of the stemmers are aimed at and
evaluated with the English language. Some
researchers have modified existing approaches or
proposed a new technique to handle other
languages. Researchers have developed stemmer
in addition to English, for example Indonesian
stemmer [9], Finnish stemmer [10], Hungarian and
Czech stemmers [11], Portuguese stemmer [12],
Turkish stemmer [13][14], German stemmer [15],

French stemmer [16], Greek stemmer [17], Arabic
stemmer [18][19][20], and Urdu stemmer [3].

Each stemmer can use different methods.
This research was developed based on 5 key
papers summarized in Table 1.

Tabel 1: Key Papers for Research

No| Author | Method | Reseach Langua
Focus ge and
accuracy

1 | Ali Rule 1. Remove | Urdu,
et.al based prefix, 90 %
(2016) infix and

postfix 2.
Competent
to generate
the stem of
borrowed
words and
compound
words

2 | Pandey | Rule 1.Suffix Marathi
et.al based, removal.
(2016) | wordnet | 2.Inflecti

based on removal

3 | Meitei | Hybrid Reduce Manipuri
et.al method over , 86 %
(2015) | (Brute stemming

force and under
algorith stemming
m  and

Suffix

stripping

algorith

m)

4 | Gupta | Rule 1.Develo Urdu,
et.al based, ped 89 %
(2015) | dictiona | inflectional

ry based | and
derivatio
nal rule
based
stemmer,
2.Reduce
over
stemming
and under
stemming

5 | Abuata | Rule 1. Remove | Arabic
and Al- | based, suffixes Gulf
Omari | dictiona | and Dialect
(2015) | ry based | prefixes.

2.This
algorithm
applies
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word size
rules  (at
least 3

letters) and
the relation
ship
between
adjacent
letters.

The proposed method of this research
using hybrid method to improve stemming result.
The results to be achieved is to reduce over and
under stemming and improve precision and
accuracy. The hybrid method is rule based and
string matching.

3. STEMMING

The way to extract the root of Javanese word is to
identify what the excessive letters are in the word.
There are two points to be considered while using
a stemmer: 1. Morphological forms of a word are
assumed to have the same base meaning and
should be mapped to the same stem, 2. Words that
don’t have the same meaning should be kept
separate.

Stemmer is expected to be able to reduce
the dimension of data; so it will improve the
performance of the categorization process. The
diminishing dimension of the data causes the
smaller rules to determine a categorized document.
It can improve the categorization result. Reduction
of data dimensions using stemming is caused by
words that have the same root word classified into
one attribute. It causes the dimension of data can
be reduced.

The stemming algorithm for one language
is different from another language. The process of
stemming for Ngoko Javanese Language is more
complicated because there are variations of affixes
that must be removed to get the root word. The use
of appropriate stemming algorithms affects the
Information Retrieval (IR) performance. The
removing process of prefixes and suffixes in
stemming must be adjusted to the rules applicable
in the language.

3.1 Ngoko Javanese Language Stemmer Model
Language undergoes several processes,
namely affixation, repetition and compounding.
affixation can be done by prefixation, infixation
and suffixation.
Ngoko Javanese Language stemmer is
created using the morphological approach of
Ngoko Javanese Language.  Affix Removal
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method is used because it is flexible as a stemmer
of various languages with its characteristics. It is
more emphasis on the morphological structure of a
language. This method will remove prefix, suffix
and infix of a term and convert them to root.

The stemming is used to remove the
prefix, suffix and infix contained on the word and
then processed to become a root word. Ngoko
Javanese words consist of prefixes, infixes,
suffixes, repeated forms, and confixes. Ngoko
Javanese stemming has some very specific
problems with the language. One of those problem
is the different type of affixes. Prefixes may
change depending on the first letter of the root
word. For example, prefix ‘ng’ changes into ‘k’
when the first letter of the root word is ‘g’, e.g.
‘ngetok’ (root: ketok). Another rule in which
prefix can be changed into ‘ng’ is when the first
letter of the root is ‘k’, for example ‘ngethok’
(root:kethok). ‘Ketok’ and ‘kethok’ have different
meanings. In English, ‘ketok’ means visible and
‘kethok’ means cut. If there is more than one affix
that is attached to a word then the sequence of
steps to remove the affixes becomes very
important. If not paying attention to the sequence
of removal steps then the root word is not found in
the dictionary. Limitations of this stemmer are 1.
words that have no affixes will not be stemmed
process. 2. The same affix is never repeated. 3.
The character will be returned after the prefixing
process. In this stemming process, the first step is
to check affixation. Affix that becomes the input
stemming first checked on the dictionary data
base. If the word is found in the dictionary then the
word has become the root word. If the word is not
contained in the dictionary then the word will be
cutting process. If the base word has not been
found after going through the rule based stemmer
then the next step through string matching.
Matching of words is done to find the highest
similarity with the word in the dictionary. If all the
stages have been passed without generating the
root word then a word that has a high similarity is
assumed to be the root word. The block diagram of
the proposed stemming process can be seen in
Figure 1.
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Rule based
Stemming

String
Matching

Root of Ngoko Javanese Word

Figure 1. Diagram of Proposed Stemming Process

Ngoko Javanese Language stemmer is
adopted from the Porter stemmer algorithm. It uses
rule-based analysis to find the root of a word. The
stemming algorithm of Ngoko Javanese language
uses a rule-based stemming algorithm which has
several steps as follows:

1. Eliminate prefixes (prefix-4, prefix-3, prefix-2,
and prefix-1).
2.1If a rule has been done,the next steps are:

a. Eliminate the suffixes (suffix-3, suffix-2, and
suffix-1)

b. If a rule has been done, remove the prefix and
infix, otherwise the stemming process is
completed.

3.1f no rule is done, run the following steps:

a. Eliminate prefixes,

b. Eliminate suffixes,

c. Eliminate infixes,

d. The stemming process is completed.

The stemming process is designed to
replace omitted prefix with the corresponding
letter. The process of removing prefixes, suffixes
and replace infixes are done in one stage. Figure 2
shows the flowchart of stemming.

The design of Ngoko Javanese language
stemmer user interface is displayed word-by-word.
Each word will do through word separation
process with prefix and suffix. The stemmer
design can be seen in Figure 3.
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Figure 3. User Interface Performance of Stemmer

3.2 Eliminating Prefixes

The process of removing the prefix aims
to get the word by separating the prefix with its
root word. In Ngoko Javanese language, the
number and the type of prefixes can be seen in
table 2.
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Table 2: Types of Prefixes
};iig;igsf Prefix Examples
Prefix kuma- | kuma + wani = kumawani
4 characters kapi- | kapi + lare = kapilare
dak- | dak + gawa = dakgawa
kok- | kok + jupuk = kokjupuk
pan- | pan + gayuh = panggayuh
Prefix pra- | pra+ lambang = pralambang
3 characters tar- tar + buka = tarbuka
tak- tak + antem = takantem
tok- | tok + simpen = toksimpen
di- di + pendhem = dipendhem
ka- ka + boyong = kaboyong
ke- ke + thutuk = kethutuk
Prefix
2 characters ma- ma + gawe = magawe
pa- pa + warto = pawarto
pi- pi + wulang = piwulang
sa- sa + wiji = sawiji
Prefix a- a+ gawe = agawe
1 character

3.3 Eliminating Suffixes

The process of eliminating the suffix aims
to get the root word by separating the suffix with
its root word. Some suffixes in Javanese with
examples of their usage are shown in table 3.

Table 3: Types of Suffixes

Type of Suffix Example
Suffixes
Suffix -ana silih + ana = silihana
3 character -ane | jupuk + ane = jupukane
-ake buka + ake = bukaake
-an tulis + an = tulisan
Suffix -na gambar + na = gambarna
2 character -ne rayi + ne = rayine
-ku omah + ku = omahku
-ke turu + ke = turokke
Suffix -a tuku + a = tukua
1 character
- dhuwit + e = dhuwite
-i pakan + i = pakani

4. TESTING AND EVALUATION

The Ngoko Javanese language stemmer
testing needs a basic word listed in the dictionary
to get a good stemming result. The dictionary is
needed to check the truth of the basic word
resulted from the stemming process. The prefix ‘a-
¢ and ‘dak-* cannot be eliminated in the stemming
process of the Ngoko Javanese language stemmer
test. The test result for other prefixes generates the
correct root word. There are 16 prefix types
successfully removed in this stemming process.
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The result of stemming test for the purpose of
removing the suffix has been done. There are eight
types of suffixes that can be properly processed.
They are ‘-i°, ‘-ake’, ‘-ane’, ‘-ana’, ‘-na’, ‘-ku’, ‘-
mu’, and ‘-en’. In addition, there are three types of
suffixes that fail in the stemming process. They are
‘-¢’, ‘-ke’ and ‘-a’.

The test data used in this research are
sentences in Javanese language magazine namely
“PenjebarSemangat”. The tested data consisted of
1511 raw terms that included affixes and single
words.

Testing was done by entering Ngoko
Javanese language articles. They consisted of
thousands of words. The first process was a
tokenizing process. It separated word by word. The
next process was a filtering process that removed
the unused characters in the articles. Unused
characters were punctuations, numbers or other
special characters. After being a clean word
through a filtering process, these words were ready
for stemming process. The stemming process was
based on prefix, suffix and infix rules. The
adjective may contain allomorph. Allomorph
occurs on words that have an additional character
‘n’ or ‘m’. Checking was done by matching the
existing allomorph on the adjective word as input
on the stemming process and then proceed the
character smelting process.

After testing, the stemming process
produced the correct and wrong outputs. Some
outputs produced an error on the root word. The
output of the Ngoko Javanese language stemming
system can be seen in Figure 3. The stemming
process in this study was less successful to remove
infix. The wrong word stemmer results can not
eliminate infix.

We also want to know that accuracy of
this system. It means how much we get an accurate
result. This research uses F-Measure technique to
measure the performance of the proposed model.
Measurement of F-Measure is based on Precision
and Recall values. Recall is the proportion of root
words that can be generated in the stemming
process. Precision is the proportion of the number
of root words produced in the stemming process
and is true [21]. The supporting tables shown in
Table 4 are used to help calculate recall, precision,
F-Measure and accuracy values.
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Table 4. Guidelines for Calculating Recall, Precision,
F-Measure and Accuracy

Relevant | Non Relevant
Retrieved tp Fp
Not Retrieved fn tn

Tp (true positive) is the number of root words of
true value and is the result of stemming, fp (false
positive) is the number of words of wrong value,
fn (false negative) is the number of words affixed
and no stemming and tn (true negative) is not a
word affixed and not stemmed

The value of recall, precision, f-measure
can be calculated by the following formula:

Recall m ;fm (1)
Frecision = 2
golsion e ¥
R _ & xfecadt x Frecision 4
" Recalf + Precizian 8
. g =+ in
ﬁwwﬁ.t}-"i'f‘?-hf‘ni'm L

Each document is done stemming process
The evaluation of stemming system results using
formulas (1), (2), (3) and (4) can be seen in table 5.

There are other ways to calculate the
accuracy of the system in percentage, we also use
equation 5.

5o Iy ?":i';- - ARSI EmmEE

Svumerel GhenwaE ool
®)

From several tests that had been
conducted and with the calculation using the
equation 4, they obtained that the rule-based
algorithm had an accuracy of 67 %. Calculating
the accuracy of stemmer results using formula 5
yields an accuracy of 66.7%. The success of
testing stemming algorithm cannot reach 100 %
because of two reasons.

a. Similarities of word that have resemble affixes
lead to over stemming and under stemming. This
causes the wrong root word. When a word is
under-stemmed, it becomes more difficult to
identify if two words are related based on their
morphology, as their obtained stems are mostly
equal, but not totally the same because of a
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suffix that has not been deleted. The opposite
case takes place when over stemming is done.

b. The existence of a noun or person name that is
not on the dictionary or databases causes a
stemming error.

The test used 10 documents consisting of

2631 words. These words were processed on

tokenizing and produced 1511 words. There were

430 words ready as input in the stemming process.

This stemmer produced 335 true words and 78

wrong words. The result of Ngoko Javanese

language stemmer for 10 documents can be seen in

figure 4.

5. CONCLUSION

The paper describes a new algorithm to find the
roots for Ngoko Javanese Language. We use a
rule-based algorithm and string matching. Special
rules are created to remove the prefixes and
suffixes of the Ngoko Javanese terms. String
matching can minimize the wrong stem result.
String matching can improve root search if affixes
removal steps have not found the root word. The
algorithm is built on a set of predefined rules for
Ngoko Javanese Language. The algorithm has
been tested on hundreds of Ngoko Javanese words.
The proposed system can report an average recall
of 0,343, an average precision of 0,815, an average
f-Measure of 0,492 and an accuracy of 66 %. The
proposed rules have demonstrated an improvement
in terms of providing an appropriate representation
for the words. This system also ensures valid root
words as the output.

6. FUTURE WORK

Although a lot of research work has already been
done in developing stemmers there still remains a
lot to be done to improve recall as well as
precision. Required development of Java language
stemmer to improve recall precision results. In
future, we must do with the help of increasing
affix list and update the database.

Further hybrid system can be developed
using rule based and machine learning approaches
to tune the system to handle more unknown words
and generate more rules for the process of
stemming.
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10

PaBntangan : Ater-ater Tripuraca
Term - dakdbhudbuk

Frekuensi = 1

Anvalan - dak

Kata Dasar | dbhudhuk

Aldhsran - -

11

Pabntangan © Ater-ater Triparassa
Term - kejupuk

Frekuensi = 1

Axvalan : ko

Kata Dasar : jupale

12
Pakntangan - Ater-ater Tripurasa
Term - kogoreng

9
Palntangan - Ater-ater Tripurasa
Term - dakpangan

14
Palmtangan : Ater-ater Tnpurasa
Term : dibatin

Frekuensi = 1 Frelouensi = 1 Frekuensi = 1
Anvalan - ko Y ——— Anvalan : di

Kata Dasar | goreng Kata Dasar : pang Kata Dasar : batin
Akheran : - Akbian - as Alkheran - -

13

Pakntangan - Ater-ater Tripurasa
Term - diambuang

Frelkuoensi = 1

Asvalan : di

Kata Dasar : ambung

Figure 3. Sample Output of the System

Tabel 5:Calculating of Stemming Results

Doc 1 Doc 2 Doc 3 Doc 4 Doc 5 Doc 6 Doc 7 Doc 8 Doc 9 Doc 10

Recall 0.333 0.331 0.300 0.344 0.333 0.400 0.253 0.333 0.421 0.391

Precision | 0.811 0.877 0.851 0.801 0.811 0.862 0.651 0.811 0.862 0.822

F- 0.473 0.480 0.443 0.481 0.472 0.581 0.445 0.472 0.581 0.498
Measure

Accuracy | 0.654 0.671 0.648 0.683 0.654 0.701 0.640 0.654 0.701 0.683
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Figure 4. Testing of Stemming Results
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Figure 5. Distribution of Stemming Results
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