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Abstract—The traditional scriptio continua writing style of 

Javanese script poses significant challenges for automated 

transliteration and semantic word segmentation. To address this 

limitation, this study proposes an interactive human-in-the-loop 

framework designed for efficient corpus construction. The 

system integrates a deterministic rule-based transliteration 

engine with a web-based interface for manual curation. A 

specialized greedy alignment algorithm featuring a look-ahead 

mechanism is employed to automatically map curated Latin 

tokens back to the original Javanese characters. Experimental 

validation was conducted using a ground truth dataset derived 

from the 1927 Kejawen periodical. The results demonstrate that 

the framework achieved a 100% Alignment Success Rate and a 

negligible processing latency of 0.1 milliseconds per sentence. 

Additionally, the system successfully extracted 1,992 verified 

word pairs from 300 sentences. These findings confirm the 

efficacy of the proposed tool in generating high-quality dual-

layer parallel corpora, thereby facilitating the development of 

advanced neural models for low-resource languages. 

Keywords—Javanese Script, Parallel Corpus, Transliteration, 

Word Segmentation 

I. INTRODUCTION 

Javanese script is one of Indonesia’s traditional writing 
systems, widely used in historical manuscripts [1], [2], [3], [4] 
and educational materials [5], [6], [7], [8], [9]. As an abugida 
[10], [11], each character represents a consonant with an 
inherent vowel. Traditionally, Javanese texts are written in 
scriptio continua [12], meaning they are written continuously 
without spaces between words [10]. This characteristic 
presents a significant challenge when transliterating the script 
into Latin. A direct transliteration yields a lengthy sequence 
of Latin characters without clear word boundaries, rendering 
the output difficult to parse and comprehend for modern 
readers. 

Although automatic transliteration systems from Javanese 
to Latin have been developed [13], [14], accurate word 
segmentation remains a challenge. The primary limitation is 
linguistic ambiguity, where a sequence of characters can be 
segmented in multiple ways depending on the context. This 
task remains difficult for fully automated rule-based or 
statistical models. Consequently, human intervention is often 
required to resolve these ambiguities. This study proposes a 
human-in-the-loop crowdsourcing framework that leverages 
manual boundary annotation to produce readable text. 

Furthermore, this collaborative annotation process facilitates 
the creation of a high-quality parallel dataset, which is 
currently scarce for low-resource languages like Javanese. 

This study presents an interactive system designed to 
facilitate word segmentation in Javanese transliteration 
through user participation. This approach not only enhances 
text readability but also generates valuable linguistic resources 
for future research. The main contributions of this work are as 
follows: 

1. The development of an interactive tool for Javanese word 
segmentation, supporting the curation and alignment of 
Javanese-Latin parallel sentences. 

2. The creation of a verified parallel dataset of words and 
sentences, accompanied by a corpus of Javanese 
vocabulary. 

3. An experimental validation of the proposed alignment 
framework to ensure the accuracy and consistency of the 
generated parallel corpus against a ground truth dataset. 

II. LITERATURE REVIEW 

Word segmentation for Javanese text has been extensively 
investigated using various approaches, primarily categorized 
into rule-based and statistical methods. Deterministic and 
rule-based methods rely heavily on orthographic constraints 
and predefined syllabification algorithms [12], [15], [16]. 
While these methods are computationally efficient and offer 
high interpretability, they frequently struggle with the 
complex orthography of Javanese script. This limitation is 
particularly evident when dealing with ambiguous syllable 
boundaries and stacked characters, or pasangan, that are not 
covered by standard rules. To overcome these rigidity issues, 
statistical machine learning approaches such as Support 
Vector Machines (SVM) and Conditional Random Fields 
(CRF) have been introduced [17], [18], [19]. Unlike rule-
based systems, these approaches enhance flexibility by 
employing feature engineering strategies, such as character n-
grams and morphological markers, to handle unseen words. 
However, their reliance on handcrafted features limits their 
generalization capability, and they still experience significant 
performance degradation when training data is sparse or 
domain-specific. 

 In recent years, deep learning and transformer-based 
architectures have emerged as a superior alternative by 
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demonstrating a remarkable capability to capture global 
context and semantic dependencies for segmentation tasks 
[20], [21], [22]. For instance, transformer-based canonical 
segmentation can predict word boundaries by leveraging long-
range context from surrounding text, which effectively 
addresses the ambiguities inherent in scriptio continua. 
Despite their potential, these data-driven models require large-
scale and high-quality annotated datasets to generalize 
effectively. Unfortunately, such resources are severely limited 
for low-resource languages like Javanese, and this creates a 
bottleneck for deploying state-of-the-art models.  

Although existing studies have explored algorithmic 
solutions, there is a notable absence of interactive systems 
designed to facilitate the creation of such datasets. This study 
addresses this gap by integrating human expertise with 
automated processes to produce accurate parallel data while 
simultaneously improving segmentation quality. 

III. METHOD 

This section details the architecture of the proposed 
interactive system, designed to bridge the gap between 
mechanical transliteration and human readability. The system 
workflow consists of a two-stage pipeline: (1) an automated 
transliteration module that converts Javanese script into Latin 
character sequences based on orthographic rules, and (2) a 
human-in-the-loop curation interface that allows users to 
segment these sequences into meaningful words. The final 
output of this pipeline is a high-quality parallel corpus 
comprising aligned Javanese-Latin sentences and a verified 
lexicon of Javanese words. 

A. Automated Syllable Transliteration 

According to the official guidelines for Javanese 
orthography, the script comprises several groups of 
characters, each serving a distinct role in the formation of 
syllables and words [23]. The primary letters form the core of 
the writing system and can be written in subjoined forms to 
indicate consonant sequences within or across syllables, as 
outlined in Table I. In addition, certain final consonants are 
represented through dedicated markers. Their orthographic 
functions are summarized in Table II. Formal registers also 
employ a set of capital forms used in proper names and 
institutional terms, as listed in Table III. 

TABLE I.  AKSARA NGLEGANA (PRIMARY LETTERS) 

Letter 

(Aksara) 

Subjoined 

Form 

(Pasangan) 

Lati

n  

Letter 

(Aksara) 

Subjoined 

Form 

(Pasangan) 

Latin 

ꦲ ◌◌꧀ꦲ ha ꦥ ◌◌꧀ꦥ pa 

ꦤ ◌◌꧀ꦤ na ꦝ ◌◌꧀ꦝ dha 

ꦕ ◌◌꧀ꦕ ca ꦗ ◌◌꧀ꦗ ja 

ꦫ ◌◌꧀ꦫ ra ꦪ ◌◌꧀ꦪ ya 

ꦏ ◌◌꧀ꦏ ka ꦚ ◌◌꧀ꦚ nya 

ꦢ ◌◌꧀ꦢ da ꦩ ◌◌꧀ꦩ ma 

ꦠ ◌◌꧀ꦠ ta ꦒ ◌◌꧀ꦒ ga 

ꦱ ◌◌꧀ꦱ sa ꦧ ◌◌꧀ꦧ ba 

ꦮ ◌◌꧀ꦮ wa ꦛ ◌◌꧀ꦛ tha 

ꦭ ◌◌꧀ꦭ la ꦔ ◌◌꧀ꦔ nga 

TABLE II.  PANYIGEG WANDA (CONSONANTAL DIACRITICS) 

Name 
Javanese 

Character 
Function in the Orthography Latin  

Wignyan ◌ꦃ Indicates the sound h at the end 
of a syllable. 

h 

Layar ◌ꦂ Indicates the sound r at the end 
of a syllable. 

r 

Cecak ◌ꦁ Indicates the sound ng at the 
end of a syllable. 

ng 

Pangkon ◌꧀ Removes the inherent vowel 
from the preceding consonant 
so that it is realized without a 
vowel. 

- 

TABLE III.  AKSARA MURDA (CAPITAL FORMS) 

Name 
Javanese 

Character 
Function in the Orthography Latin  

Na Murda ꦟ Represents the uppercase or 
emphasized form of the consonant 
na. 

Na 

Ka Murda ꦑ Represents the uppercase or 
emphasized form of the consonant 
ka. 

Ka 

Ta Murda ꦡ Represents the uppercase or 
emphasized form of the consonant 
ta. 

Ta 

Sa Murda ꦯ Represents the uppercase or 
emphasized form of the consonant 
sa. 

Sa 

Pa Murda ꦦ Represents the uppercase or 
emphasized form of the consonant 
pa. 

Pa 

Ga Murda ꦓ Represents the uppercase or 
emphasized form of the consonant 
ga. 

Ga 

Ba Murda ꦨ Represents the uppercase or 
emphasized form of the consonant 
ba. 

Ba 

Syllables that begin with a vowel are represented by 
aksara swara (independent vowel characters), which also 
help clarify the pronunciation of loanwords and proper 
names. Their functions are detailed in Table IV. Variations of 
the inherent vowel carried by consonant letters are shown 
through dedicated sandhangan swara (vowel diacritics), 
which are presented in Table V (Sandhangan Swara). 

TABLE IV.  AKSARA SWARA (INDEPENDENT VOWEL CHARACTERS) 

Javanese 

Character 
Description Latin 

ꦄ Independent vowel representing /a/. a 

ꦆ Independent vowel representing /i/. i 

ꦈ Independent vowel representing /u/. u 

ꦌ Independent vowel representing /e/. e 

ꦎ Independent vowel representing /o/. o 

ꦄꦼ Independent vowel representing the schwa /ə/. ê 

ꦉ Independent vowel representing rhotic schwa 
/rə/ 

rê 

ꦊ Independent vowel representing /lə/. lê 

ꦇ Independent vowel representing nasalized /ĩ/. ĩ 

ꦍ Independent vowel representing nasalized /ũ/. ũ 

ꦋ Independent vowel representing /lɤ/ or /ləu/. leu 
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TABLE V.  SANDHANGAN SWARA (VOWEL DIACRITICS ) 

Name 
Javanese 

Character 

Phonetic 

Value 
Transliteration 

Wulu ◌ꦶ /i/ i 

Suku ◌ꦸ /u/ u 

Taling ꦺ◌ /e/ e 

Taling Tarung ꦺ◌◌ꦴ /o/ o 

Pepet ◌ꦼ /ə/ ê 

Distinct from the final consonant markers, the script also 
utilizes a specific set of diacritics known as sandhangan 
wyanjana to represent medial consonants or consonant 
clusters. These markers function similarly to ligature cues in 
other Brahmic scripts, indicating that a liquid or semivowel 
is embedded immediately after the initial consonant. The 
usage of these cluster-forming markers is detailed in Table 6. 

TABLE VI.  SANDHANGAN WYANJANA (MEDIAL CONSONANT MARKERS) 

Javanese 

Character 
Description Latin 

◌ꦿ 
Marks an “r” element attached to the 
preceding consonant 

-r- 

◌ꦾ Marks a “y” element attached to the 
preceding consonant 

-y- 

◌ꦽ Represents the vowel form “rê” in 
Javanese orthography 

-rê 

◌◌꧀ꦮ Pangkon followed by “wa”, forming a 
consonant cluster 

-w- 

◌◌꧀ꦭ Pangkon followed by “la”, forming a 
consonant cluster 

-l- 

Based on the orthographic definitions provided in the 
tables, the transliteration process is implemented using a 
systematic character-wise mapping algorithm. In this 
mechanism, the system processes each Javanese character 
sequentially to determine its corresponding Latin 
representation based on the surrounding orthographic context. 
The algorithm initially recognizes a consonantal character and 
maps it to the Latin equivalent without immediately assigning 
the inherent vowel. To determine the correct vocalization, the 
system inspects the subsequent character for any modifying 
attributes. In cases where no diacritic is present, and the 
following character is not a subjoined form or pasangan, the 
system automatically appends the inherent vowel ‘a’ to the 
consonant. Conversely, if the next character is a pasangan or 
a vowel-canceling marker, the consonant retains its bare form 
to reflect the closed syllable structure. 

Furthermore, if a specific diacritic or sandhangan is 
detected, the algorithm applies the corresponding vowel 
modification directly. This iterative procedure applies to all 
character types, including Murda letters, to ensure that capital 
forms and consonant clusters are transliterated accurately. 
Through this comprehensive examination of diacritics and 
orthographic markers, the algorithm produces a precise Latin 
transliteration that preserves the phonetic integrity of the 
original text. The systematic logic of this character mapping 
is formalized in Algorithm 1. 

ALGORITHM 1: (Rule-Based Javanese Transliteration) 

Input: 

Source string of Javanese characters  

Output: 

Transliterated Latin string  
1: �������� 	
��
��	�
�	��
� 
2: � ← ����� ������ 

3:    � ← 0 
4:    � �!" � < $����ℎ�
� &� 
5:       ' ← 
(�) 
6:       '*+,- ← 
(� + 1) 
7:  
8:       ⊳

 1234 5: 1��7��8��7 �9:!":8�8� & 18<��8! =�>?7 �@�>&8� 
9:       �� ��AB��B�C���'� �> ��DE�FC�'� � "� 
10:          GC�� ← DC��C���HC���'�  ⊳  �. �. ,  LℎCL,  L�CL 

11:          ��F�C$ ← ����� 
12:          MBN�$ ← a 
13:  
14:          ⊳ Aℎ�'P QB� DC�P����ACP�C, R����, S���PC$� 
15:        �� ��T��ℎB��C�ℎ�'DC�P���'*+,-� � "� 
16:             ��F�C$ ← U��DC�P��
BE�F�'*+,-� ⊳ �. �. , ′�′, ′�′ 
17:             � ← � + 1;  'next ← 
(� + 1)  ⊳  �FMC�'� & �BBP Cℎ�CF C�C�� 
18:             "�& �� 
19:  
20:          ⊳  Aℎ�'P QB� \BN�$� B� SC��PB� 
21:           ]� ��
C�FℎC��C�
NC�C�'*+,-� � "� 
22:             MBN�$ ← U��\BN�$
BE�F�'*+,-�⊳e. g. , ‘i’, ‘u’, ‘ê’ 
23:             � ← � + 1 
24:          "!7" �� ��SC�C��C��'*+,-� �> ��SC��PB��'*+,-� � "�    
25:             MBN�$ ← ����� ⊳  
E������ MBN�$ �'$B��F ��$$CG$�� 
26:          "�& �� 

27:  
28:          � ← � + GC�� + ��F�C$ + MBN�$ 
29:  
30:       ⊳ 1234 d: ]�&"<"�&"�� e��"!7 �2f78>8 3�8>8� 

31:       "!7" �� ���P�C�C
NC�C�'� � "� 
32:          � ← � + DC�
NC�C�'� ⊳ �. �. , ‘�’, ‘�’ 
33:  
34:       ⊳ 1234 g: =��8!1��7��8��7�h8�i�:": j8�&8� 

35:       "!7" �� ��SC�������'� � "� 
36:          � ← � + DC�k��C$�'� ⊳ �. �. , ‘��’, ‘�’, ‘ℎ’ 
37:  
38:       ⊳  1234 l: h878�:8� ����>>��: ?�& − 7�>"8?    

39:       "!7" �� ��SC�C��C��'� � "� 
40:          � ← � + DC�SC�C��C��'� 
41:       "�& �� 

42:  
43:       � ← � + 1 
44:    "�& � �!"    

45:    >"��>� � 

46: "�& �������� 

As formalized in Algorithm 1, the logic explicitly 
distinguishes between core consonants (including aksara 
murda), medial consonant markers (sandhangan wyanjana), 
and final consonant markers (panyigeg wanda). By 
distinguishing these categories, the algorithm ensures that 
complex syllabic structures found in formal Javanese texts are 
accurately preserved in the Latin output. 

B. Interactive Word Segmentation Interface 

To facilitate the human-in-the-loop curation process, a 
web-based interactive interface serves as the intermediate 
layer between the automated transliteration and the final 
dataset generation. While the core transliteration engine 
described in Algorithm 1 generates a strictly continuous 
phonetic string to preserve orthographic fidelity, the user 
interface augments this output by applying a preliminary 
syllabification heuristic. Specifically, the system visualizes 
the text as a sequence of hyphenated syllables, such as 
rendering the sequence for bapak as “la-jeng-bo-tên”, rather 
than a continuous stream of characters. This visualization 
layout, which is depicted in Fig. 1, is designed to aid the 
annotator in rapidly parsing phonetic structures before making 
semantic decisions. 
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Fig. 1. Proposed Human-in-the-Loop Segmentation Tool. 

The operational workflow proceeds through three distinct 
stages. First, upon receiving the Javanese script input, the 
system executes the transliteration algorithm and passes the 
result to a segmentation module. This component 
automatically inserts hyphens between syllables based on 
orthographic markers, such as pangkon or final consonants, to 
create distinct, readable units. Second, the user interacts with 
the generated Latin text in a dedicated editor panel. The 
primary task involves establishing meaningful word 
boundaries by modifying the hyphenated string. Users replace 
hyphens with spaces to separate words, for instance, changing 
“la-jeng-bo-tên” to “lajeng botên”, or remove hyphens to 
merge syllables within a single word. Finally, once the user 
confirms the curation, the interface captures the verified text 
and pairs it with the original script. This action initiates the 
background alignment process described in the subsequent 
section, which maps the manual edits back to the specific 
Javanese characters for corpus construction. 

C. Dataset Construction and Word Alignment 

The proposed framework generates a dual-layer parallel 
corpus designed to address data scarcity in low-resource 
language research. The data is organized into two distinct 
repositories, each targeting a specific linguistic granularity. 
The first dataset, archived as sentence_corpus.csv, comprises 
aligned sentence pairs where the source Javanese script is 
mapped to its Latin transliteration, verified by a human 
annotator. This resource is critical for training sequence-to-
sequence models, such as machine translation systems. 

Complementing the sentence-level data, the system 
automatically derives a granular word-level lexicon, stored in 
word_corpus.csv. Since the annotators provide input at the 
sentence level, a dedicated alignment mechanism is required 
to segment the continuous script into discrete lexical units. 
This process employs a greedy matching strategy, formally 
defined in Algorithm 2, which systematically maps the 
continuous Javanese character stream to the corresponding 
Latin tokens identified during the curation phase. 

ALGORITHM 2: (Greedy Matching Word Alignment) 

Input: 

Javanese string Sjav, Human-Anotator Latin string Slat 

Output: 

List of aligned P 

1: �������� ���U�_oT
p
q
rst, 
us-v 
2: S ← ����� $��� 

3: 	C����oB�F� ← 
�$���
us-, “ ”� ⊳ 
�$�� ℎE�C� C�B�C�B� ��y� G� ��C'� 

4: �Fy ← 0 ⊳ SB����� QB� zCMC���� ������ 

5:  

6:  ��> "8�  NB�F �� 	C����oB�F� &� 

7:    GEQQ��rst ← “” 

8:    GEQQ��us- ← “” 
9:    �C�'ℎ_QBE�F ← =8!7"    

10:  

11:    ⊳
 �BB�: AB��E�� zCMC���� �������� E���$ �� �C�'ℎ�� �ℎ� �C���� NB�F 

12:    � �!" ��� �C�'ℎ_QBE�F &� 

13:       ⊳  U�� ��y� ������� E���� �B��' Q�B� �$�B���ℎ� 1 

14:       ���us-, ��N_�Fy ← 	
��
��	�
�	�_
�UD��	q
rst, �Fyv 

15:       ���rst ← 
EG������q
rst, �Fy, ��N_�Fyv 

16:  

17:       GEQQ��rst ← GEQQ��rst + ���rst 

18:       GEQQ��us- ← GEQQ��us- + ���us- 

19:       �Fy ← ��N_�Fy 

20:  

21:       ⊳ Aℎ�'P �C�'ℎ N��ℎ �B$��C�'��
�$��� − { & �B��C$�|C��B�� 
22:       �� ��DC�'ℎ�GEQQ��us-, NB�F� � "� 

23:  

24:          ⊳  1}]~]12�: h""f − 2 "8& ��:�� 

25:          ⊳ �Q��y� 'ℎC� �� C '$B����SC��PB�/
SC������oC�FC�, 'B����E� $BB� 

26:          �� ��
�$$CG$�A$B���q
jav(idx)v � "� 

27:              c������" 

28:          e�& �� 

29:  

30:          �����FqGEQQ��rst, NB�Fv �� S 

31:          �C�'ℎ_QBE�F ← ~>�" 

32:  

33:       ⊳  
CQ��� 'ℎ�'P: �Q GEQQ�� �y'��F� �C����, C$������� QC�$� 

34:       "!7" �� �����ℎ�GEQQ��us-� � �����ℎ�NB�F� � "� 

35:       
��E�� 4>>�> “�$������� D���C�'ℎ” 

36:       "�& �� 

37:    "�& � �!" 

38: "�& ��> 

39:  

40: >"��>� h 

41: "�& �������� 

As detailed in the algorithm, the system iterates through 
the target Latin tokens and re-processes the Javanese script to 
identify matching segments. This automated alignment 
ensures that complex orthographic features, including 
Pasangan and Sandhangan, are correctly associated with their 
Latin lemmas without requiring manual tagging at the word 
level. Consequently, the resulting corpora serve as a rigorous 
benchmark for evaluating automatic word segmentation 
models. 

The integration of the rule-based transliteration engine, the 
interactive segmentation interface, and the greedy alignment 
algorithm constitutes the complete framework proposed in 
this study. With the methodological foundation and data 
construction pipeline established, it is essential to validate the 
system’s efficacy in practical scenarios. The subsequent 
section presents a comprehensive evaluation of this 
framework, focusing on the accuracy of the automated 
alignment logic, the efficiency gains provided by the human-
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in-the-loop approach, and the quality of the generated parallel 
corpora. 

IV. RESULT AND DISCUSSION 

The efficacy of the proposed framework was validated 
through a rigorous automated experiment designed to assess 
the robustness of both the transliteration engine and the word 
alignment logic. By utilizing a curated ground-truth dataset, 
the evaluation measures the system’s capacity to generate 
accurate parallel corpora and reconstruct word boundaries 
consistent with human annotations. The reporting of this 
evaluation is structured as follows: Subsection A outlines the 
experimental design, dataset specifications, and the criteria 
used for success; Subsection B presents the quantitative 
performance data, specifically focusing on the Alignment 
Success Rate (ASR); and Subsection C provides a 
comprehensive analysis of the system’s robustness, 
computational efficiency, and its implication for low-resource 
language resource creation. 

A. Experimental Methodology and Setup 

The validation process utilized a ground truth dataset 
comprising 300 pairs of Javanese script sentences and their 
corresponding Latin transliterations. These sentences were 
curated from the historical periodical Kejawen, specifically 
Issue 6, published on February 10, 1927. This source provides 
linguistically rich content that adheres to standard classical 
Javanese orthography. The experiment was executed within a 
Google Colaboratory environment to ensure consistent 
computational performance and reproducibility. 

The experimental procedure functioned as an automated 
consistency test. The system processed the raw Javanese script 
from each pair through the proposed alignment framework. It 
then attempted to reconstruct the word boundaries to match 
the Latin ground truth. This process evaluates both the 
coverage of the transliteration rules and the flexibility of the 
alignment logic without human intervention. 

Performance evaluation relied on a strict binary metric 
based on the algorithm’s return value. An alignment is 
classified as a Pass only if it meets three specific conditions. 
First, the algorithm must consume the entire Javanese 
character string without any remainder. Second, every Latin 
word in the ground truth must find a valid match in the script. 
This matching process incorporates orthographic tolerance for 
the normalization of “e” and “ê”, as well as the optional 
presence of the initial consonant “h” regardless of the 
following vowel sound. Conversely, the system records a 
failure if it encounters mismatch errors, premature termination 
where Latin words remain unmatched, or leftover Javanese 
characters at the end of the process. 

To quantify the reliability of the proposed framework, the 
study employs the Alignment Success Rate (ASR) as the 
primary evaluation metric. This metric was selected to 
rigorously measure the system’s robustness in bridging 
sentence-level human annotation with word-level algorithmic 
segmentation. A high ASR indicates the algorithm’s 
capability to reconstruct valid lexical units without data loss 
consistently. The ASR is calculated using (1): 

 ASR =
�pass

�total
× 100% (1) 

where �pass denotes the count of sentences correctly aligned 

according to the criteria above, and �total represents the total 
number of sentences in the dataset (300). Additionally, the 
total number of successfully extracted word pairs is recorded 
to demonstrate the system’s efficiency in corpus 
construction. 

B. Performance Evaluation 

The automated consistency test yielded quantitative 
metrics regarding the system’s accuracy and computational 
speed. As summarized in Table VII, the proposed framework 
achieved a 100% Alignment Success Rate (ASR), 
successfully reconstructing all 300 sentences from the ground 
truth dataset without any algorithmic failures. 

TABLE VII.  EXPERIMENTAL RESULTS 

Metric Value 

Dataset Size 300 Sentences 

Total Words Harvested 1,992 Words 

Successful Alignments 300 

Failed Alignments 0 

Alignment Success Rate (ASR) 100.00% 

Total Execution Time 0.04 seconds 

Avg. Processing Time 0.1 ms/sentence 

Regarding computational efficiency, the system 
completed the batch processing in a total of 0.04 seconds, 
which translates to an average latency of approximately 0.1 
milliseconds per sentence. Beyond sentence-level validation, 
the experiment successfully extracted 1,992 verified word 
pairs, demonstrating the algorithm’s capacity to derive 
granular lexical data from continuous text inputs. These 
quantitative findings establish a baseline for assessing the 
system’s robustness in large-scale corpus construction tasks. 

C. Discussion 

The experimental outcomes collectively validate the 
proposed framework as a reliable solution for bridging the gap 
between rule-based logic and human cognition. The 
attainment of a 100% Alignment Success Rate is primarily 
attributed to the greedy matching logic augmented with the 
look-ahead mechanism. By validating the subsequent 
character in the Javanese script before finalizing a segment 
match, the algorithm effectively prevents premature token 
consumption. Moreover, the integration of specific 
orthographic tolerances proved essential. Specifically, the 
system accommodates the optional initial consonant “h” 
regardless of the following vowel sound, as well as the 
normalization of ambiguous pairs like “e” and “ê”. This 
architectural flexibility ensures that the system accommodates 
natural variations in Latin transliteration without 
compromising the precision of the character-to-word 
mapping. These results confirm that a strictly defined rule-
based approach provides sufficient coverage for processing 
standard classical Javanese orthography. 

Regarding computational performance, the negligible 
processing latency of 0.1 milliseconds per sentence highlights 
the system’s suitability for real-time web applications. In a 
human-in-the-loop context, system responsiveness is crucial 
for maintaining user engagement. The low computational cost 
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ensures that the alignment process runs instantaneously in the 
background whenever the user updates the text. This 
efficiency supports the scalability of the tool, suggesting that 
it can handle larger datasets or concurrent users without 
requiring significant computational resources. 

From a resource generation perspective, the successful 
extraction of 1,992 verified word pairs demonstrates the 
framework’s capacity to alleviate data scarcity in Javanese 
Natural Language Processing (NLP). By automating word-
level alignment based on sentence-level human curation, the 
system eliminates the need for manual tag-by-tag annotation. 
This approach significantly accelerates the construction of 
granular lexical resources. Consequently, the resulting parallel 
corpus serves as a foundational asset for developing text-
centric downstream applications, particularly neural 
transliteration models and machine translation systems that 
require precise orthographic conversion for low-resource 
languages. 

V. CONCLUSION 

This study addresses the fundamental challenge of scriptio 
continua in Javanese script by introducing a human-in-the-
loop framework. This system integrates a rule-based 
transliteration engine with interactive human curation. By 
leveraging a deterministic “peek-ahead” greedy alignment 
algorithm, the system effectively bridges the gap between raw 
phonetic transliteration and semantic word segmentation. 
Experimental validation using a historical ground truth dataset 
demonstrated the robustness of this approach. The system 
achieved a 100% Alignment Success Rate (ASR) while 
maintaining a negligible processing latency of 0.1 
milliseconds per sentence. Furthermore, the automated 
extraction of 1,992 verified word pairs confirms the system’s 
capacity to streamline the creation of granular lexical 
resources without requiring manual, tag-by-tag annotation. 

In the broader context of low-resource natural language 
processing, this tool serves as a critical enabler for data 
digitization and resource construction. The resulting dual-
layer parallel corpus comprises both sentence-level and word-
level alignments. This comprehensive resource provides a 
rigorous ground truth essential for training next-generation 
neural models. Future work will prioritize scaling the dataset 
through wider crowdsourcing initiatives. Additionally, the 
generated corpus will be utilized to develop end-to-end deep 
learning models. These subsequent studies will specifically 
target automatic Javanese word segmentation, neural 
transliteration, and machine translation tasks. 
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