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Abstract

Madurese is one of the regional languages in Indonesia. This is a cultural property that needs to be preserved. With various
uniqueness and word formation rules, the Madurese language can be used in Information Retrieval, namely stemming. The
Madurese language has a close relationship with the Javanese language, in several studies the stemming method is often used,
such as the modification of the Nazief & Adriani method which has good performance for the Javanese language, but there
has never been any research on the Madurese language and it has not been proven successful. Previous studies also have not
used morphophonemic rules that influence word formation in Madurese. Therefore this research was developed by modifying
Nazief & Adriani's algorithm for Madurese language based on Madurese language morphology by removing affixes, namely
ter-ater (prefix), panoteng (suffix), and morphophonemic rules. Corpus uses 1000 words from the Madurese language
dictionary which have received affixes. The accuracy of the algorithm is 89% with 890 words that match, the prefix has an
accuracy of 93.81%, the suffix has an accuracy of 83.78% and the confix has 80.07%. As for the overall performance, it
produces an accuracy of 89.0% with an error rate of 11%. the understemming is found in 104 words and overstemming in 6
words. the time it takes to compile is 31.31 seconds.

Keywords: stemming; morphophonemic; understemming; overstemming; madurese language

The rules for forming affixes in the Madurese language
can be used to develop Information Retrieval
applications. Information Retrieval is a method for
presenting, storing, and searching large data sets for
information mining purposes and access to find relevant
results that meet user needs in response to user requests

1. Introduction

The Madurese language is one of the regional languages
in Indonesia. It is used as an everyday language on the
island of Madura and other East Java horseshoe areas
such as Pasurauan, Probolinggo, Lumajang, Jember,

Sitobondo, Bondowoso, and Banyuwangi.

Morphology in the Madurese language has much
uniqueness. Morphology is a field of science that
studies language units as grammatical units.
Meanwhile, the morphological process is the process of
word formation originating from a basic form through a
process of affixes, repetitions, and composition [1].
There are several kinds of affixes (embuwen) in
Madurese, namely prefixes (ter-ater), suffixes
(panoteng), infix (sesselan), reduplication (oca'
rangkep) [2].

Morphophonemics is a field of science that examines
sound changes or phoneme changes caused by
morphological processes, both affixation, reduplication,
and compositional processes [3].

[4]. Research on natural language processing has
become a topic of interest in the fields of artificial
intelligence and computational linguistics. An
important part of natural language processing is the
actual process of identifying and removing
morphologically inflected words, commonly called
stemming, so that words with the same root can be
grouped together.

Stemming is a process of determining basic words by
removing the affixes contained in these words[5].
Research on the stemming of the Madurese language is
still very small. Stemming algorithm used for Madurese
[2], [6]. The Madurese language is related to the
Javanese language, namely West Austonesia. Two
languages or more that come from the same ancestral
language have good correspondence at the phonological
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and lexical level [7]. The Nazief & Adriani algorithm is
a basic word search algorithm in Indonesian using
Indonesian morphological rules by removing prefixes
and word endings according to the Indonesian
dictionary [8]. Nazief & Adriani's algorithm is often
used for stemming the Java language, as was done in
research [9]-[11], while other languages are used in
research [12]-[16]. In the stemming process will find
understemming, namely the reduction of words that are
too few than they should be understemming and
overstemming [17], namely the occurrence of
fragmentation of words that are more excessive than
they should be so that they have different meanings
[18].

Therefore, this study uses a modified Nazief & Adriani
algorithm for stemming the Madurese language by
taking into account morphophonemic rules that have
not been used in previous studies. The benefits of this
stemming can be used to build search engines,
preprocessing Madurese language documents, and
other search systems without changing the accents on
words so that the pronunciation of words doesn't
change, and the meaning of words doesn't change
according to the latest Madurese spelling[19].

2. Research Methods

The flow of this research methodology can be seen in
Figure 1.

Start

Study of Literatur

Data Collection

Prepocessing

Stemming
Process

Algerithm Performance

Testing

Figure 1. Flowchart of research methodology

2.1 Study of Literature

At this stage, do a literature search and study theories
related to the research topic. theses, books, and articles
on the Nazief & Adriani algorithm, as well as journals
published over the last five years [11].

2.2 Data Collection

This study uses 1000 Madurese words, with 2295 basic
words derived from the VI edition of the Contemporary
Indonesian Dictionary by Muhri, S.Pd, M.A. These
basic words will be input in this research.

2.3 Preprocessing

In this stage, changing the form of unstructured text
becomes structured. The steps are: Filtering (It is taking
the letters of the alphabet in the Madurese language by
changing the accented alphabet to the regular letters of
the alphabet); Case Folding (Converts all letters in the
word to lowercase. What is processed is the letter "a" to
the letter "z.").

2.4 Stemming Process

Three basic principles
Adriani[20] :

Eliminate affixes according to the morphological rules
of the Indonesian language. There are three kinds of
affixes in Indonesian:

in stemming Nazief &

Inflectional Endings:
Particle (P) {"-lah ™, "-pun", "- tah ", "- kah"}

EEINT3

mu”, “-nya”}

LEINT3

Pronouns possessive (PP) {“-me”,
Derivation suffixes (DS) {"-i", "- ke ", "-an" }

Derivation prefixes (DP) :

DP morphology: {"me-", "be-", " te -", " pe -"}
Normal DP: {"di-", " ke-", "se-"}

The algorithm is highly dependent on the basic word
dictionary;  Supports  recording by  returning
overstemmed words.

In this study there are two modifications used, the first
is to eliminate the particle check stage because in
Madura language writing particles are not attached to
other words, the second is to remove the check for
prohibited affixes.

Modified by Nazief & Adriani for Madurese:

Eliminate affixes according to the morphological rules
of the Indonesian language. There are three kinds of
affixes in Indonesian:

Inflectional Endings:
Pronouns possessive (PP) {“-na”

Derivation suffixes (DS) {"-a," "-e," "-na," "-ana,
an," "-aghi,"}

Derivation prefixes (DP) :
DP morphology: {"'nya-," "

ma'," "nga'," "'na,"
NOI‘ma| DP: {u a _n’ " ta _n’ “ma-" “ka-”, “sa—”, “pa_”’

113 LR T3 LR T3

pe-”, “pre-”, “nga-", “ -e", "-epa", "-eka"}
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The algorithm is highly dependent on the basic word
dictionary.  Supports recording by returning
overstemmed words.

Based on the basic principles of Nazief & Adriani, this
research is modified for Madurese. Figure 2 explains
the pseudocode on the flowchart

. Mgorithn (Stemning to decide the root word from the affixes in Madurese)
. Declaration :

. Root word: string

. Result: string

. Description :

. Start

. Read (affixed Madurese word)

. Check the root word dictionary

. Write “kamus kata dasar” (“root word dictionary”)
18, If “root word is found” then

11, Print “root word”

12, Else If “root word s not found” then

13. Write “Jalankan Proses Stemming”

("Run the process of Nazief and Adriani algorithn®)
14. End.

e = V=S U NS,

Figure 2. Pseudo Code of System Flowchart

Figure 3 explains the pseudocode Stemming Root By
Using Nazief and Adriani

1. Algorithm (Stemming root word by using Nazief and Adriani algorithm)
2. Declaration :

3. Root word : string

4. Result : string

5. Description:

6. Start

7. Read (Madurese affixed word

8. Process of Nazief and Adriani Algorithm

9. Write “Hapus (Delete) Inflectional suffixes”
10. Write “Hapus (Delete) inflectional possessive pronoun suffixes”
11. Write “Hapus (Delete) Derivational Suffix”
12. If “root word is found” then

13. Print “root word”

14. Else If “root word is not found” then

15. Write “Hapus (Delete) Derivational Prefix”
16. If “root word is found” then

17. Print “root word”

18. Else If “root word is not found” then

19. Write “Recording”

20. Print “root word”

21. End

Figure 3. Pseudo Code Stemming Root by Using Nazief and Adriani

The rules for word fragments in Madurese language
affixes are seen in Table 1.

Table 1. Rule of the Decapitation Affix for the Madurese Language

ID Word Word Example words
Formats Fragments

1 eA eA eatore, ecokor, etapok

2 aA aA aghabay, alonca’, akemmor

3 taA ta-A tabaca, talebat, tapale'

4 maA ma-A mataber, maalos, mapote

5 kaA ka -A kaator, katello,
kasebhut

6 saA sa-A saalam, saare,
sakampong

7 paA pa-A|pa-nV paloros, pakonéng,
patao

8 komaC koma-C komalancang

9 kameC kame-C kaméporon

ID  Word Word Example words
Formats Fragments
10  kapeC kape-C kapederreng
11 peA pe-A pétodhu, pétolong
12 an—nV  ntV|n-dVv namen, noghel, notop
13 any — ny-sV | ny- nyate, nyoro, nyotok
nyV cV | ny-jVv
14 am — m-pV | m- manceng, maghar,
mV bV maca, maba
15 ang — ng-V | ng- ngoca®“, ngoba,
ngV kV|ng-gVv ngakan, ngamar
16 panC pan-C panjai
17 pamC pam-C pambajar
18 pangC Pang-C panglépor
19 Aé A-e torag, kacae, péntaé
20  Vwi V-wi toghuwi, tabbhuwi
21 Vne Ve lakone, nemmone,
astane
22 Aa A-a éntara, ajara, toju”a
23 Aan A-an pekkeran, kakanan
24 Wan Vyan belliyan, gengséyan
25  Vwan V-nan kalakowan, robbuwan
26 Aen A-en péttengen, kacélleben
27 Vwen V-nen kabiruwen,
28 Vna Va robbuna, macana
29 CcCa C-Ca kaloarra, kasokanna
30 Vam V-ana mola“ana, mossa“ana
31 CCana C-Cana majarana,  nolésana,
malessana
32 Vwana V-wana noguwana,
ngataowana
33 Wam V-yana meléyana
34 Vahi V-aghi sala“aghi, baca“aghi
35  Vwaghi V-waghi kokowaghi,
nopowaghi
36 \Wadhi V-yaghi gajiyaghi, peleyaghi
37  Aepon A-epon rabuepon, soroepon,
toguepon
38  CCepon C-Cepon péccottepon,

C is a consonant, V is a vowel, A is a vowel or
consonant. P is a particle or fragment of a word.

2.5 Algorithm Performance Testing

Evaluation is calculated by dividing the number of
correct stemming words by the total number of words
multiplied by 100%. Meanwhile, the error rate is
calculated by subtracting 100% from the results of
accuracy .

3. Results and Discussions

This study uses python in the development of the model.
The input of this model is an affixed Madurese word.
There are 1000 words with words containing 631 prefix
words, 74 suffix words, and 293 confix words as seen
in Figure 4.

1000
500

Prefix Suffix Confix

Figure 4. Graph of Total Word

The data and their meaning are explained in Table 2.
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Table 2. Raw Data

3.3 Algorithm Performance Testing

Algorithm performance testing is done by calculating
accuracy using Formulas 1 and 2[21].

Correct Member of Word
Total Member of Word

Accuracy = x100% @

Error rate = 100 — Accuracy 2

From testing using Madurese words, the developed
algorithm can find basic words that have prefixes,
suffixes, and confixes . However, there are some words

that experience understemming or overstemming.

3.4 Discussions

ID word Meaning
Indonesian English
1 aata’ Beratap roofed
2 abaddha Berwadah have a
container
3 abagi Berbagi share
4 abai’ Berbiji seed
5 abajang Melaksanakan do Prayer
Sholat
6 abakto mempunyai Waktu  have a time
7 abala Memberitahukan tell
8 abalanjha Berbelanja shop
9 abéles membalas replay
10 abali kembali return
11 abali’ Berbalik turn around
12 ngoto’e Membisiki whispered
1000 Tabhaligghad kebalikan reverse

3.1 Preprocessing

The results of this stage can be seen in Table 3

Table 3. Result of Prepocessing

ID word Results

1 aata’ aata’'

2 abaddha abaddha

3 abagi abagi

4 abai’ abai’

5 abajang abajang

6 abakto abakto

7 abala abala

8 abalanjha abalanjha
9 abales abales

10 abali abali

11 abali’ abali’

12 abangbang abangbang
1000 Tabhaliggha tabhaliggha

3.2 Stemming Result

Words that have been preprocessed are then stemmed,
the result is 3 statuses, namely appropriate,
understemming and overstemming. The results of the
stemming process can be seen in Table 4.

Table 4. Result of Stemming

ID word Stemming Status

1 abukka’ bukka’ correct

2 abatek batek correct

3 abato bato correct

4 abato’ bato’ correct

5 abéu bau correct

6 abeddhd’ beddha’ correct

7 abeggha abek Overstemming
8 abelli belli correct

9 aberri’ berri’ correct

10 abhajang bhajang correct

11 abhala bhala correct

12 abhalik abhalik Understemming
1000  Tabhaligha bhalik correct

From testing using Madurese words, the developed
algorithm can find basic words that have prefixes,
suffixes, and confixes . However, there are some words
that experience understemming or overstemming. Table
5 is tabel of words that experience overstemming.

Table 5. Overstemming Word

ID Word Stemming
1 abarna abar

2 abeggha abek

3 apésa apes

4 ngalle kalle

5 masana mas

6 ngennengnge enneng

The error is like the word "abeggha" the stemming
result is "abek". The proper division is “a-bheggha”.
This happens because the last letter "a" at the end of a
word is read as a final affix so that the letter "ggh"
which is in front of the letter "a" is replaced with the
letter "k" according to the rules so that overstemming
occurs.

Errors also occur in the word "abarna" the stemming
result is "abar". The proper sentence fragment is “a-
barna”. This happens because the last letter "na" is read
as a suffix so that overstemming occurs.

The same error occurs with the word "ngallé" the
stemming result is "kalle". The correct word separation
is “nga-alle”. This happens because the last letter "nga"
is immediately changed to the letter "k".

Overstemming also on the word "apésa”. The suffix
should be "a-pésa”. In this process, the letter "a" at the
end of a word is read as a suffix so that the letter "a" at
the end of the word is removed to produce the word
"apes".

The next mistake occurred in the word "masana™ which
resulted in the word "mas", the word that should have
been broken was "masa-na". The letter "ana" at the end
of a word is read as the suffix "-ana" so that
overstemming occurs.
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The word "ngennengnge™ also has the wrong spelling,
it should be "kenneng", but it is changed to "enneng".
This happens because the "nge™ in front is considered a
suffix "ng" so removing it should be changed to "k".
Table 6 is tabel of words that experience
understemming.

Table 6 Understemming Word

ID Word Stemming

1 abhalik abhalik

2 abiluk abiluk

3 adharat adharat

4 adhungngeng adhungngéng
5 adhunnynya adhunnynya
6 aegghat aegghat

7 aghellang aghellang

8 ajelling ajelling

9 ajhudu ajhudu

..... akapo’ akapo’

104 akeka akéka

Understemming occurs in the word "abhalik" because
there is no stemming . The resulting word should be the
word " bhalik". Also the word "adhéarat" should produce
"dharat". Then the word "aghellang", should form the
word "ghellang". Of all the examples of these words,
stemming does not occur, so the resulting word is the
initial word. The table 7 of stemming trial results.

Table 7. Result of Trial

Over  Unders accurac
ID  Affix Correct stem  temmin
ming g
1 Prefix 591 3 36 93,81%
2 Suffix 62 1 11 83,78%
3 Confix 237 2 57 80,07%
All (Prefix,
4 Suffix,Conf 890 6 104 89,00%
iX)

Table 8 is the result of calculating the error rate from
the experiment

Table 8. Result of Error Rate

] Error
ID  Affix accuracy Rate
1 Prefix 93,81% 6,35%
2 Suffix 83,78% 16,22%
3 Confix 80,07% 19,59%
All (Prefix,
4 Suffix,Conf  89,00% 11,00%
iX)

This accuracy value indicates that Nazief & Adriani can
be used for stemming the Madurese language by
making several rule modifications according to the
morphology of the Madurese language. The highest
success rate is found in the prefix, the lowest is in
confix. This is caused by the lack of rules for
hyphenation in words that contain Confix.

The use of morphophonemic in this study can produce
basic words that have changed form after getting
affixes, such as the smelting of consonants from "ng" to

"k". This has not been done in [10]so that the word
"Nithik" fails to become "thihik"

In contrast to [22] using 219 Javanese words, the
accuracy is also greater, namely 93.6%. there are more
data is used than that study, namely, previously 400
words were also the same as a research [7] while for this
study 1000 words.

Algorithm modifications have also not been able to
resolve infixes and reduplications. So it is necessary to
add insertion and repetition rules according to the
morphology of the Madurese language.

4, Conclusion

The results of this study indicate that Nazief & Adriani
can be modified for Madurese language stemming by
adjusting the word formation rules in Madurese. The
accuracy obtained is 89%. For Prefix, an accuracy of
93% is obtained, Suffix is 83.78% and for Confix is
80.07% and error rate is 11%. Compiling this method
also takes a fairly fast time, namely 31.31 seconds for
1000 words,.

This study has used morphophonemic rules such as the
word "ngotore” becomes "kotor" and the word
"nolésaghi” becomes "toles" and the word "nyajhane"
becomes "jajhan". This study also maintains the accent
on the alphabet so as not to change the pronunciation of
the word so as not to change the meaning of the word.

Because this research has not been able to complete the
infix and repetition of Madurese words, in the future
you can continue this research by adding Madurese
language rules for infix and word repetition in
Madurese, as well as adding rules that can reduce
overstemming and understemming in decapitation. the
word prefix, suffix and confix. It is also necessary to
add an algorithm to calculate accuracy so that it does
not manually determine the stemming results obtained.
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