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Abstract

In the ancient Balinese Civillization, lontar is a way of Balinese people to preserving information.
Lontar as a medium of writing, still taught today as a way to preserving Balinese heritage among Balinese
youngster, but Lontar is struggling to survive in modern life of Balinese people ever since. One of the
problem is, mainly that the lontar are not well maintained lontar also a medium of writing also found to be
worn out soon so its not a good medium of storing information, lontar itself it doesn’t have good endurance
properties against times and natural weather. Author propose to digitize the experience of writing lontar
with the use of software. The digitalization process of each letter in Balinese alphabet can be done by
rewriting the script of that lontar in Balinese alphabet by using translation script powered by Rule Base and
assisted with Levenshtein Distance Approach. The touch of Digital technology will preserving the lontar
into a digital format thus making the problem of worn out lontar becoming obsolete making the information
that written in this digital lontar protected for a long time.
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1. Introduction

Ancient balinese people have their own linguistic and lettering system called aksara
Bali. Literally mean Balinese alphabet, aksara Bali was used since long time ago as a basis of
Balinese civilization and litelature [1]. If we divide aksara bali structure by its phonetics aksara
Bali letter can be devided into several ditict groups called warga aksara. This division method
is known as Panini’s principle. A way of phonetics division that are well known in ancient India.
According to Panini principle a balinese letter system would be divided into 5 big division that
consist of : warga kanthya, talawya, murdhanya, dantya and osthya [2].

Balinese lettering system or aksara Bali, find itself struggling in modern era. When the
uses of it is replaced by latin lettering system, endorsed by dutch colonication of Indonesia
archipelago. Balinese lettering system is found only in Bali traditional parypus like called Lontar.
Lontar is one of traditional writing medium that has been used by the ancestor of Balinese
people which their uses has been documented as old as long time ago. Lontar often described
as a ancient script by today modern balinese people often contains an old relogious scripture as
well as a legal and custom law, or ancient epic story of ancient balinese civilization [3]. Thats
one of many reasons why people of Bali is trying their best to preserving the lontar, even so far
to copy every lontar in existence .But this preservation initiative often faced a lot of challenge on
their way. First,is the nature of Lontar leaves itself that often worn out overtimes, that makes the
documentation effort kinda problematic. Two is the process of copying it is a very complicated
and time consuming task, as it requires an expert knowledge and a lot of manual work And
third is limited financing by the government to fund the initiative to take care all these
documents.

This inplementationn of balinese script writing with digital approach is in line with a
local goverment initiative. With the regional act that appointed on S.K. nomor 179 tahun 1995
and circulation letter no 01/1995 that dictate the uses of aksara Bali as a legal form of writing On
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the other side there is another efforts from the government in preserve the Balinese alphabet in
their native form of lontar. But this initiative sure comes with its own challenge as.

Preserving the Balinese culture in form of lontar only is not enough as we think the way
of aksara Bali written itself should become modern. Specially should get some kind of
computerization involved citing the initiative that has been done before in the papers explain
about translation had been done by using Syllabification Approach method [5]. And also the
other one that address some grammatical problem in the paper entitled Rule Base, Decision
Treedan Hybrid [6][7][8]. And this one with the similar approach that takes emphasis of
structural problem inherent in the language [9]. This paper combine the problem faced with 3
previou reseacher, point an improvement of the rule base aspect and also giving the addition of
spellchecker that powered with Levenshtein Distance method. This combined approach is used
to decrease the level of gramatical mistake that often faced during translation.

2. Fundamental Theory
2.1 Balinese Alphabet (Aksara Bali)
Balinese alphabet is one of the heritage of Balinese people, the uses of balinese

alphabet is as old as balinese society itself [10]. From the historical point of view, the uses of
balinese alpabet is having a close ties grammatically with the alphabet found in India. Expert
theories the india alphabet system fused into balinese culture when Hindu and Buddha came to
Indonesia [11]. Aksara (Alphabet) phonetically means a visual symbol system which used to
store a data on certain medium and has a role to aid people to express thought in Balinese
language back in the ancient times [12]. Based on its phonetics aksara Bali (Balinese alphabet)
is divided into some groups which is called warga akasara [2]. There is a local convention
called Pesamuhan Agung which is done in 1963 that have decided a set of characted that
formally used to be aksara Bali complement of latin alphabet in general, thus becoming the tools
to represent a latin text [13]. Aksara suara or a set of character that having a vocal similarity
with a latin text [14]. In warga aksara there is a special set of consonant only character also
called, Aksara Wianjana. Table 2 is the classification of Aksara Wianjana based on Warga
Aksara.

Table 1. Aksara Suara Table 2. Aksara Wianjana
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2.2 Lontar

A old ways of writting in Bali, insted of using a stone tablet or other hard medium. Old
Balinese people using a lontar instead. Lontar (Java: ron tal, “daun tal”(tal leaf)) is siwalan leaf
or tal (Borassus flabellifer atau palmyra) that had been dried. Lontar tree (Borassus flabellifer) is
a kind of palma (palm) which grow in South East and South of Asia. In Indonesia Archipelago,
the relic of lontar usually been found in some area such as in Bali, Java, Lombok and Sulawesi.
That Lontar is used as place for writing before paper [15].
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BABAD BRAHMANA
Pusat Dokumentasi
Dinas Kebudayaan Provinsi Bali

Figure 1. Capture Lontar Babad Brahmana

2.3 Transliteration

Transliteration literally meaning a progress of changing words in one language into the
other language and still have the same structure [9]. Transliteration can be as a words
conversion progress which is written in one language into another language too by keeping the
pronunciation. In this case, you will hear about transliteration and translation. A lot in this paper
Transliteration is the more advanced form of translation as translation will simply just meaning
interpret from the text or communicate the same message from original language.

2.4 Tokenizing

Tokenizing is a process of dividing a text to become some kind of “token” token
means the structure of characters which represent the certain word and a product of tokenizer
[16]. Tokenizer divide a string into some tokens based on the certain characters. In tokenizing
progress, the characters usually divided as guidance for doing the segmentation sentence
become token such as space, tab, new row (white space character). This is the example of
tokenizing in the sentence “ida sampun ngerayunan ”

Input : ida sampun ngerayunan

Output : [ida] [sampun] [ngerayunan]

2.5 Spell Checker

Spell checking or spell correction is some kind of additional module that usually found in
text processing application that query used as an input will be corrected the spelling/writing
depending on the dictionary used. Algorithmm used with the spellcheker that included in ths
paper is using a Levenshtein Distance, that is basis are the sets of calculation of edit distance
from a certain matrix which is later used to count the total between two string [17].

2.6 Rule Base

Rule Base method is a algorithm that we used to build a language machine in this paper
and govern the rules in doing the transliteration progress [9]. Other than rules, involved a
dictionary data that create sets or corresponding word set for every word in the two languages.
So, every word is translated one by one, and then arranged again based on the basic language
rule. The system depends on the linguistic knowledge provided before in the database. This
approach had. Their own benefits of being able to analyze the bevahiour of the program in
every input scenario till syntaxes level and semantic. The weakness is the need of domain
expert in order to write the rule based machine, thus limiting the machine translation quality to
be just as good as what expert provided.

3. Research Method
3.1 Design And Implementation

The working scheme of the system is divided into 3 big subroutine there are Latin text
input progress, the saving progress of the tokenization data, spell checker and finally the
transliteration subroutine that would be showing the result of translation in aksara Bali. Picture 2
is visualize the inner working which happen in the program transliteration Latin text become
aksara Bali in the form of simple block diagram.
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Input Balinese Tetx

Latin

Preprocessing

Spell Checker DB
(Levenshtein Distance) Special Word

Tokenizing

Combine Word

Transliteration With
Rule Base Approach

Output
Aksara Bali

Figure 2. Block Diagram of System

3.2 Tokenizing Process

Tokenizing progress which is fall into the preprocessing subroutine in the transliteration
Latin text becomes aksara Bali. In this subroutine Latin text which is inputted will be read by
system. When all texts have have been read by the system then that texts will be divided into
some groups based on certain delimiter, in general the space will be deleted. And every words
which have be processed earlier to delete the space between word will be given its own unique
sign. That sign will be used to arrange word and the result will be saved to be later used later in
the next progress

3.3 Spell Checker

Spell Checker subroutine is there in the system to tackle the need of checking multiple
meaning and homonym across balinese dictionary Spellchecker subroutine is done by let the
program match every word in data base which is saved by the system. On the first step will be
done the initialization the total of words in the text which is inputted by the system. Those words
will be inputted into Levenshtein Distance algorithm to do counting the space between source
words and destination words in data base. The word which doesn’t have space will be showed
as suggestion word which become the purpose of the user and will be included with the
meaning of that suggestion word by using direct mapping. The suggestion word can be meant
as word that has more than one meaning or homonym, so, when it comes in to transliteration
progress, there will not happen mistake in theaAksara Bali output. This is because of the writing
of aksara Bali, the word which notabene has same writing and may different result in Balinese
language. Talking about spell checker, this progress will continue well from the checking word
or checking the space of word by Levenshtein Distance method till all words which has inputted
complete.

3.4 Levenshtein Distance

In this subroutine, there is a special subroutine that implement Levenshtein Distance
algorithm, which is looking for the equivalent matrix value in every word that has been inputed
compared with word that is inside the transliteration database system. Every word that come
into this subroutine will be faced with some preprocessing as stated in the software design
phase naming tokenization and other stuff. The one of the said preprocessing is Levenshtein
Distance algorithm that are implemented to change the character into the correct grammar to
make that thing to be done, there is a few operation in place, first increasing character and
second deleting character. In changing character operation, a character will be subtituted into
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other character. In increasing character operation the string will be added another character into
string. In deletion character operation is done by deleting character in the string. Based on that
condition, the prechecking iniative are put into place naming if the last word from the first text
more or less from the second text, the process would be skipped if the string on the first text and
second text has difference, so there will be the checking and changing progress. Said above
those progress will always done inside a loop until all string in second text which is equivalent
come into Levenshtein Distance algorithm sucess flag.

3.5 Rule Base Approach

The core algorithm in transliteration subroutine that running on this system is the
inplementation of so called rule base approach. Every character which is in the text present in
the user input bar will be checked by the set of rule which later decided how the program
willchange the latin text to gksara Bali. One character at the time when the first character come
into rule base algorithm, that character will be compared to the set of rule hardwritten in the
code . When that character is not in the first set of rule, that character will be hopped into other
rule in the system. When the latin character has come into one of the rule which has prepared
by the system and the flag comes out true, then that character will be saved in working memory,
and it will be changed into corresponding character.

4. Result And Analysis
An act of evaluating the transliteration system performance, which measures the result
of the system that has been built. The results of every tested which has been done such as.

4.1 Testing of Transliteration

The testing is about how the application which had been developed doing transliteration
process by using Rule Base method. The menu consist of execution process, importing, saving
the result, redo and exit. The general uses of the program would be presented in figure 3. In
figure 3 is seen that the result of translation latin text in lontar has been completed to do
transliteration or rewrite in aksara Bali form. To save the result of aksara Bali if you click the

save menu.

Figure 4. The Result of Rewrite Lontar in

Document Form

Figure 4 is the result of transliteration translation document that have a standard word
document but with a format of traditional lontar evalueate the accuracy of transliteration
application in using rule base method. In this testing is using 20 pieces of lontar documents to
match with the result of transliteration documents. The result of that testing is the accuracy
value which is produced from the result of transliteration by using rule base method and
supported with levenshtein distance method which result can be seen in section 4.2.

Figure 3. The Result of Translation

4.2 Accuracy Testing

Accuracy testing is done to the system as a way to test the accuracy of the inplemented
algothirm and solution. In the accuracy testing is used 20 sheet of manual translation lontar in
balinese latin text used as input of application. This manual transliteration document in balinese
latin text of lontar is obtained from Pusat Dokumentasi Dinas Kebudayaan Provinsi Bali. The
system would be tasked of transliterating every sheet on manual transliteration document in
balinese latin text to aksara Bali. The result of this Balinese script transliteration will be pressed
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with the original lontar script and also the transliteration result will be tested by expert user in
aksara Bali. The result would be populated below in the result table 3.
Table 3. The Result of Accuracy Testing

No Lontar Code ’\é%rgrt;irtgrf Tertrar?é?iltqération Tertre\l/XL(I)i?gration Acc(;or)acy
1 1B 498 487 11 97.79%
2 2A 491 488 3 99.39%
3 2B 483 481 2 99.59%
4 3A 545 545 0 100.00%
5 3B 503 501 2 99.60%
6 4A 549 548 1 99.82%
7 4B 509 508 1 99.80%
8 5A 546 539 7 99.72%
9 5B 524 521 3 99.43%

10 6A 540 540 0 100.00%

11 6B 532 529 3 99.44%

12 7A 546 541 5 99.08%

13 7B 600 589 11 98.17%

14 8A 565 5569 6 98.94%

15 8B 560 553 7 98.75%

16 9A 565 551 14 97.52%

17 9B 546 539 7 98.72%

18 10A 540 540 0 100.00%

19 10B 600 589 11 98.17%

20 11A 565 5569 6 98.94%

Average 99.09%

The figure below show the inspection given by the domain expert of balinese language.
The result of the program is compared with the manual translation given by the group of expert
as control. The result of the test would be accumulated and given the average below. The
average translation yield 99.09 % result.

Accuracy Testing

600

400

300

200

100
0 - -
B8 24 28 3A 3B 4A 48 SA 5B 6A 6B VA 7B BA BB SA 5B 11A

10A 108

n
=]
=

Number of Character

Lontar Code

® Mumber of Character = Right Transliteration m Wrong Transliteration

Figure 5. Block Diagram of Akurasi Testing

The figure 5 populated the transliteration plot and added 3 data point the first one is
total character the wrong / mistranslated result and the correct translation. According to
accuracy testing the scripture code 9A has the most wrong charater to be translated. From a
group of 565 character it only wrong 14 out of 565 and best case scenario would be found on
scripture code 3A, 6A and 10A with no mistranslated character at all.
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In general the error that are found in the system can be divided into 3 major reasons the
first one is there is some kind of inconsistency found in the scripture. Experrt says that the
linguistic maturity of the balinese people is a major issue that caused this. The second one is
there is found a new character in the new scripture a character set that not yet defined by the
system database thus cant be translated correctly. And the thrid one is a human error that are
found in an achive data that given by balinese council of balinese text preservation comitte. The
human itself is caused with balinese grammar always evolves over time.

4.3 Usability Testing

The usability testing is given to meassure the quality of the system in the term of user
friendlyness. To meassure this we uses eight people of blind tester from balinese commite of
language preservation. Every tester would be given the set of task that has to been completed
after completing the task every tester should put up some quistionary with a set of predefined
question that are made based on Nielsen's Approach, which the 5 aspect explained is
learnability, efficiency, memorability, errors dan satisfaction. The result of the test would be
given in table 4.

Table 4. The Result of Usability Testing

No Question Average

System Aspect

1 Is the aplication is easily identified 3.75
2 Is the application easy to use 3.64
3 Is the color scheme okay dan easy to remember 3.38

User Aspect

4 Is the menu not confusing 3.75
5 Is there is a clear distinction between input and output form 3.88
6 Is the output application easy to understandable 3.50
7 Is the execution button easy to find 3.88
8 Is the icon is easy to understand 3.63

Interaction Aspect

9 Is easy to input latin text on this aplication 3.63
10 Is the output format given ( microsoft word ) helping much 3.88
11 Is the transliteration output in aksara Bali easy to find 3.50
12 Is the database given in this application easy to manage 3.25
13 Is the menu position memorable 3.75
14 Is the input and output form memorable and easy to spot 3.50
15 is the application suits to needs 4.00

Tabel 4 shown the result of the usability testing. It can be seen that all the attributes
contained in usability testing have satisfaction values above 3.00 and in point 15 of the table
giving the average of 4.00 and if we conclude the average would be 3.66 on all aspect which is
really good given the max scale is 4.00. The result would be making the effort that have been
put in place yield a very good result and for point 15 is demonstrated application developed is
needed by Pusat Dokumentasi Dinas Kebudayaan Provinsi Bali.
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5. Conclucion

The conclusion of the reseach on transliteration application of Latin text in Balinese
language into aksara Bali by using Rule Base method is able to rewrite the transaltation of latin
text of lontar into aksara Bali as like in the original lontar document with 99.09 % accuracy.
Based on the result of usability testing, the average user satisfaction of the application on all
aspect would be 3,66 which means the user is satisfied with the application. The next study can
be done the addition word data bank in Balinese language which has special writing in aksara
Bali or making the best method for higher result.
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