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Ontology Modeling for Subak Knowledge Management System

Subak, as a Balinese traditional agricultural organization, has knowledge of cultural heritage, including
both explicit and tacit elements. This research aimed to develop ontology knowledge model for the
digital preservation of Subak culture in the form of Knowledge Management System (KMS). The
development of model was based on three main stages, including requirement analysis, ontology
development, and ontology assessments. Requirement analysis included data collection through field
observations, in-depth interviews, and document analysis, while ontology development consisted of
hierarchical classes, object and data properties, as well as individual entities. Furthermore, ontology
assessments were the stage of evaluating and testing the resulting ontology. Protégé software was used
to apply ontology model, generating Ontograph visualizations and producing Ontology Web Language
(OWL). Validation was carried out using both Ontology Quality Analysis (OntoQA) and expert comments.
The evaluation results showed a Relationship Richness (RR) value of 0.8, an Inheritance Richness (IR)
value of 0.78, and an Attribute Richness (AR) value of 3.89, showing that ontology captured a
comprehensive and representative body of knowledge. Expert comments stated that ontology model
created was worthy of being used to represent Subak knowledge as a form of cultural preservation. The
developed Subak ontology could serve as a foundational knowledge base for further research in related
fields such as agricultural management, social organization, and cultural preservation.

Ontology; Cultural Heritage; Knowledge Representation; Knowledge based; Knowledge Management
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knowledge, includling not only material artifacts but also tacit knowledge [contained in pFactices, traditions, an tise, as well as
explicit knowledge in the form of stories, literature, and official records] This study fond that there has been no research on the
development of ontology-based S ubal| knowledge, especially in the contexi of cultural p rvation. This study aims to build a Suba
ontology knowledge model for digitalization of cultural preservation in the form of a Knowledge Management System. Th
development of the ontology model goes through three main stages: requirement Analysis, namely data collecting through field
observations, in-depth interviews, and document analysis. Ontology Development defines hierarchical classes, object and data
properties, and individual entities. The ontology model is implemented using pro!f]gé. The ontology builds Ontografl and produces
OWL (Ontology Web Language). Then, ontology Assessments are the stage of implementing the evaluation and testing bf the oniology
duced. Validation is carried out with OntoQA] (Ontology Quality Analysis) and expert comments. The evaluation results show a
Relationship Richness (RR) valuj;bl‘ 0.8, an Inheritance Richness (IR) vaijlﬁl' 0.78, and an Attribute Richness (AR) value of 3.89. It
can be concluded that the ontology produced is guite rich and has repre tive knowledge. From the expert comments stated that
the ontology model created is worthy of being used to represent Subal| knowledge as a form of cultural preservation. The resulting
Subak| ontology can be a reference as a knowledge base for the devélopment of other ontologies in the domains of agricultural
management, social organization, and cultural preservation..

Abstract Subaki is an irrigation and agricultural management organizafion based on ialinese customs haq cultural heritage

Keywords ()ntolog}l, Cultural Heritaﬁ, Knowledge representation, Knowledge based, Knowledge Management System
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the importance of digitization efforts based on sustainability
I. INTRODUCTION principles, community participation, access to information,
and a comprehensive knowledge management tcm [4]
mainly provided for future generations. Knowledge
Management System (KMS) is a system that provides a
structured platform [5] that allows an organization to collect,
store, organize, and share knowledge efficiently.

The development of KMS requires a knowledge
representation model, where the implementation of ontology
1s one solution to capture knowledge [6] that has yet to be
documented. Ontology, as a formal model of knowledge,
provides a framework for defining concepts, relations,
properties, and rules in the knowledge domain[7]. This
enables consistency of organization and interoperability as
well as computer understanding of the context and meaning

Cultural heritage is increasingly fading [1] due to the
influence of globalization and social change, which shift
traditional values and a lack of attention to maintaining and
disseminating knowledge. Cultural heritage knowledge [2]
includes not only material artifacts but also tacit knowledge
contained in practices, traditions, and skills passed down
from generation to generation, as well as explicit knowledge
documented in the form of stories, literature, and official
records.

UNESCO calls for joint action in documenting,
preserving, and protecting ancestral cultural practices and
knowledge that are increasingly being degraded today, one
of which is through digitization [3]. UNESCO emphasizes




[8] of knowledge in an effort to use it more effectively for
various needs.

aSnbak 1s an organization that manages a traditional
irrigation system in Bali based on the principles of Tri H
Karana [9], which has been recognized by UNESCO [10] as
a world cultural heritage covering social, cultural, ecological
values and agricultural practices related to it. Subak has its
uniqueness in the creation of collaborative knowledge [11].
Traditional methods in transferring intangible heritage
knowledge [12] are often carried out through personal and
verbal exchange of information. The challenges of
modernization and urbanization [9] trigger a decrease in the
younger generation's involvement in direct Subak practices,
50 knowledge is vulnerable to erosion over time. Meanwhile,
in supporting the organization's existence, this knowledge
needs to be captured and shared with the next generation
through technological innovation[13], one of which is
through a knowledge management system.

Based on the initial observations, it was found that S'ubalj
knowledge, tacit and explicit, needs to be managed bette
and that the media should display it comprehensively. So, it
is essential to create an ontology model to represent the
knowledge base for developing the Suball knowledge
management system and support efforts to digitize cultural
preservation. In addition, the resulting Subak Ontology can
later be a reference for developing otherlontologies in
agricultural management, social organizations, and cultural
preservation. Ontology research and development have been
widely conducted based on various research methodologies
in various cultural preservation domains. Most cultural
preservation ontologies are formed from scratch [14]. This
causes the research methodology to be more adjusted to the
characteristics of data collection challenges and the scope of
the knowledge domain [15][16]. Previous research
conducted a literature study[17] in formulating the Subak
ontology development research methodology as a stage of
this research.

In the conceptual data stage, Ontology modeling [18] is
needed to represent knowledge. CIDOC-CRM [19] is an
ontology modeling developed to align the domains of
libraries, museums, archives, and cultural data collections.
To date, CIDOC-CRM has determined 99 classes and 198
properties. In this study, CIDOC-CRM is only used as a
modeling reference[20], and many adjustments are made
[21].[22] considering the complexity and characteristics of
specific Subak domains are very different from the
framework offered.

Ontology assessment involves external validation[23],
including Competency Questions-based[24] and Expert
confirmatory[7]. Internal consistency uses ontology metrics
[1][24][25][26]. Given the ever-growing knowledge,
knowledge sufficiency is overcome by continuous and
structured knowledge enrichment [17].

Many researches have been conducted about KMS in
heritage culture[4]. No research development of ontology-
based KMS Subak has ever been conducted through the
literature review[l14]. This study proposes developing
ontology-based knowledge model for the digitalization of
Subaj]culluml heritage preservation. So, the main problem
formulation of this study is how to create ontol¢i!
knowledge model that can represent Subal] knowledge in th

preservation of cultural heritage knowledge. The results of
this study are in the form of ontology-based knowledge
model for the representation of the Suball knowledge
management system.

II. METHODOLOGY

Ontology will show how the adequacy of knowledge is
presented. Ontology development activities are one of the
fundamental \au in supporting the knowledge management
process [27]. Therefore, it is necessary to pay attention to
how to design ontology in KMS. The adoption of ontology
in KMS is based on the KMS Life Cycle approach which
consists of seven stages of development. Based on the seven
steps of the KMS Life Cycle, ontology development will be
at the Knowledge capture stage[28], as shown in Fig 1. In
KMS, the Knowledge Capture stage consists of Knowledge
Acquisition, Knowledge Creation, and Knowledge
Evaluation, which are accordance with the framework in this
study.

| Evaluate Existing Infrastructure |

| Form KMS Team |
| Knowledge Capture 4| Kuowledge Creation

)

Lt
| Desain KMS Blusprint | Knowledge Evaluation

Iterative l

| Verify And Validate The KM$ System |

| Implement KM$ System |

l

| System Evaluation |

Fig. 1 KMS Life Cycle
The research methodology of this study references
CIDOC-CRM][19], with some aldjuslmclmmalde according
to the knowledge domain being built. As described in Fig. 2,
it consists of four main stages[17]. Ontology development is
an iterative process[29].

Requirement
Analysis

i

Ontology
Development

Ontology Ontology
™
Assessment Enrichment

Fig 2 Research Framework

A. Reguirement Analysis

Buildinﬂ a knowledge base begins with exploratory
research, with the aim of determining the facts that form
Subaklknowledge.

1) Objective Formulation: formulating general and
specific objectives in detail for creating ontology. This
objective formulation will form the basis for compiling a list
of CQs, which are questions designed to identify the
knowledge needed to achieve the purpose of creation[1]. By
formulating objectives first, ontology developers can ensure
that the CQs compiled will be relevant and focused on
achieving the goals that have been set. This stage produces a

list 0f CQs.




2)  Domain Acquisition: is the stage of acquiring S'ub(.'lj
knowledge. Because the Subak ontology has never beer
created, the acquisition is carried out fr()he beginning
(scratch)[14]. The data sources that will be used in the study
are primary and secondary data. Primeu‘)i data is obtained
from observation data and in-depth interviews with Suba

administrators and experts. While secondary data is obtained
from library/literature studies related to the research topic
and data from field observations. Knowledge formation is
carried out through ontology modeling, which produces a
vocabulary dataset.

B. Ontology Development:

The collected data is in the development stage of the
reference model in CIDOC-CRM conceptual modeling. It
consists of two stages, namely:

1) Knowledge Conceptualization

Knowledge will be modeled based on ontology. The concept
of knowledge ontology[30] has several main components,
namely:

o Classes: Explain the concept and general things of
knowledge in a domain. A class has subclasses
intended to express more specific concepts than the
superclass.

e Properties: are 2-way relations that connect classes
lh other classes to form knowledge/concept links.
There are two types of ontology properties: object
properties that connect objects with other objects and
data type properties that connect objects with data
type values (text, string, or number).

o Instance /particular things fobjects are individuals
/members, are actual objects of a class containing
facts/information from a concept / knowledge.

o Constraints or rules for the things

e Relationship is the concept of the relationship between
the things

o Functions are processes that involve things.

2) Knowledge Modeling: will be formed in OWL,
which allows users to define concepts, properties, and
relationships between these concepts in more detail and
formally. Protégé is used to help visualize the concept of
knowledge. This stage produces ontology class structure and
ontology| graph.

C. Ontology Assessments

This is the stage of implementing the evaluation and
validation of the ontology produced. This stage produces
recommendations for ontology enrichment. Validation is
done using OntoQA (Ontology Quality Analysis) [31] and
experts’ comments. UnluQAl) is one technique used to
evaluate ontology’s quality. 0@, provides ontology
characteristics as a description of the quality of the ontology
in terms of knowledge representation potential. The OntoQA
used in this study is the ()@A\m&lsur&mem scheme
category, which consists of Relationship Richness (RR),
Inheritance Richness (IR), and Attribute Richness (AR)
measurements.

1) Relationship Richness (RR): is a metric used to
describe the relationships used in ontology. Thid metric

measures how ontology utilizes various relationships
between existing concepts, inheritance, and non-inheritance
relationships. RR indicates whether ontology relies on
inheritance hierarchies or utilizes various types of non-
hierarchical relationships to represent kn()wa;e. The RR
evaluation will describe the ratio between the number of
inheritance (SC) and m)lt inheritance (P) relationships on a
scale of zero to one, formllated in equation 1.

7 (1)
R
RR provides important insights into the complexity and
flexibility of the relationship structure in an ontology and
can be used as one indicator of the quality of an ontology in
representing knowledge in a particular domain.

2) Inheritance Richness (IR): 15 a metric used in
ontology evaluation to measure the depth of the inheritance
hierarchical structure in ontology. This metric indicates how
much ontology utilizes inheritance relamships among its
concepts. Inheritance Richness (IR) is the ratio of the total
number of subclasses (H) in ontology to the total number of
classes (C) on a scale of zero to one. The IR formula is
presented in Equation 2.

1r @
A
k)] Artribute Richness (AR)

Attribute Richness (AR) is a metric used in ontology
evaluation to measure the extent to which ()m()logilizcs
attributes or properties in describing its concepts. Attribute
Richness (AR) measures the average number wmttributcs
(att) possessed by each class (C) in ontology. This metric
provides an overview of how rich the description of concepts
in an ontology is based on the number of attributes used. The
AR formula is presented in Equation 3.

att
ar = 3)

Ic]
D. Ontology Enrichment
This is the stage of completing and enriching concepts and
information data for the adequacy of the knowledge
population based on recommendations generated from the
previous stage. There are two types of enrichment[17],
namely:

1) Carried out at the beginning of ontology
development to obtain sufficient knowledge. This study will
carry out this type of enrichment. Ontology development is a
repetitive process until the targeted knowledge adequacy is
achieved for creation. This stage will return to the ontology
development stage, and it is possible to skip certain stages if
deemed unnecessary.

2) Enriches ontology by adding domains to an already
existing one, aiming to produce a new ontology or an
ontology with an expanded domain.

III. RESULT AND DISCUSSION

The development of knowledge management requires a
knowledge representation model, where the implementation




of ontology is one solution to capture knowledge [7] that has
yet to be documented. As a formal knowledge model,
ontology provides a framework for defining concepts,
relations, properties, and rules in the knowledge domain [5].
This allows for consistent organization and interoperability
and computer understanding of the context and meaning of
knowledge so that it can be used more effectively for various
needs. Following the research framework (Fig 2), four main
stages exist in developing the Subak ontology model[17].
The ontology was built using Balinese
representation, considering that many Subak Tews are terms
used by Balinese people in their traditional hife| The
following is a series of steps taken in ontology development.

language

A. Requirement Analysis

Determining the ontology's objectives, d(nmli:j., and scope
is the first step in focusing on the scope of knowlledge. This
is followed by determining the objectives of ontology
formulation and acquiring the knowledge dumelin|

1) Objective Formulation

The main objective of ontology formation is to represent
Subal] knowledge as a cultural heritage that must be
presetved. Furthermore, the limitations and scopg of
ontology are declared. This research focuses on the § halj
domain as depicted in Fig. 2, which shows the scope of
ontology, which is depicted in a Conceptual Data
Framework .

Management

-
Actuating Practices
Controlling

Fig 3. Conceptual Data Model of .S':dmil{m)wledge
Next, C()ITICI]C}’ questions are compiled to deepen

Tri Hita Karana

Desa Kala Patra

understanding| of the scope of the ontology domain being
developed. Inladdition, it will also be used in the ontology
validation stage. CQs in Table 2 are questions that must be
answered by the knowledge base built from the ontology
being developed. CQs are created based on observations,
documentation studies, and expert interviews.

The general definition of Subak is determined to be a
organization that manages traditional irrigation systems in
Bali based on the principles of Tri Hita Karana [30],
including social, cultural, ecological values and agricultural
practices related to it. Therefore, the compiled CQ must be
able to explore knowledge in related elements [31]. Table 1
is a list of the established CQs.

TABLEI
COMPETENCY QUESTIONS
El t C tency Questions

What is the Definition of Subal]in the

P'.l['.lh}\lﬂg;l[:l;l;_llcepl?

What is the inition of Subakfin the
Pill{)['{lilhil[jﬁon.cepl?

‘What is th¢ Definition of Subaklin the
Pawongan concept?

Who playy a role in the S‘ub(!f:ltrrganization?
‘What are the activities in the Jubea

Tri Hita K\u';mul

Pawongarf Social)
Pawon gard (Social)

organization?
Palehamar{Environment)  What infrastructure is involved in the Suba
irrigation system?

Palemaharg Environment) How is the Subui\l irrigation system

organized?

Palemaharg Environment)  What is the irigation patiern carried out by
Subakf?

Pamhyangaf Traditional ~ What pre the rtual elements associated with

Ceremonies) Subakf?

PamhyangarfTraditional ~ Wherd are the ritual ceremonies carried out

Ceremonies) by St hakf?

Pawongary Sacial) ‘What is the organizational structure of .S'ubuli
management?

PawongarSocial) ‘What is the pattem of communication and

coordination between .\'ubuﬂ] members?

2) Dnmcquu isition

This stage is'the stage of acquiring knowledge in the
knowledge domain. The data collected in the objective
formulation stage is mapped into the d;lamzlpping concept
relation depicted in Fig. 2. It begins with the Tri Hita Kam
Concept as the basic principle of Subc.'kLalctivilics. Eac
aspect of Tri Hita Karang has its Desa-Kala-Patra elements.
In each activity, thel Desa-Kala-Patra elements are
categorized in modern management activities based on
POAC (Planning-Organizing-Actuating-Controlling). These
management activities include defining activities and
artifacts.

Data collection methods through observation, surveys,
focus group discussions (FGD), and documentation studies.
Because the Suball ontology has never been created, the
acquisition is carried out from the beginning (scratch). This
stage begins by collecting all the vocabulary related to Suba
through document studies, field observations, and in-dept
interviews with several experts. The data collection
techniques used are:

o Document Study: Various documents and literature
have been studied, including lontar, awig-awig Subaﬁii
government regulations, Village Regulations, an
other documents obtained from online sources or
directly from sources.

s Observation: Participant observation is camried out on
Subaf] organizations, both internal and external, to
suppott the analysis carried out in the study.

o [n-depth interview: used to collect qualitative data. In-
depth interviews conducted with Subal] administrators,
farmers, community practitioners, andlexperts. Given
that understanding Subak requires a postmodern
approach[26], [27], which recognizes the complexity,
diversity of perspectives, and challenges in
maintaining  tradition amidst rapid social and
economic change, the selection of informants is
determined based on purposive sampling. The
essential criteria for informants are that they have
been involved in the SubaAL field for over two years.
The determination of experth consists of experts in the
fields of Subn:l., ecotourism, and socio-culture.

The data collected is then mapped according to the data
mapping conccp[l relation domain depicted in Table 2.

TABLEII
ONTOLOGY SCOPE

Tri Desa POAC
Hita Kala

Karan 1‘ulr+
a

Identification




Supervision of management o oflorgar
sacred places ; iti

involved
Implementation of organizational
management activities and parties
involved

Supervision of the implementation
nizational management
Jand parties involved

Actuating

Controlling

B. Ontology Development Missifrgdd

This stage is the development stage of the ontology model

referring to CIDOC-CRM conceptual modeling. It consists
stages, namely:

1) Knowledge conceptualization
This stage produces entity classes, ()bjccli and data
properties, and individuals from each entity. Ontdlogy Suball.

consist of 18 Super Classes, 76 Sub Classes, 21 Objec
Properties and 366 Data Properties. Object properties define
the relationship between classes, where Subclass is ar
inheritance relationship. Data Properties is properties of dat:
that represent atribuff of the class.
2) Ontology Modelling
The modeling stage is performed by the Prulrgé. The
structure of the Subaﬂ ontology class is shown In Fig 31
Meanwhile, Fig 4 id an onmgrﬂprrthat describes al
otégé that can map

Supervision of management of supercl | Ontographfis a feature in
migation structures T ntology. Fil 5 illustrates an ontograph ot~all

Desa Planning Planning the construction and
(Place) maintengnce of sacred places
Organizing  Management of sacred places
Actuating Use and maintenance of sacred
places
Controlling
Kala Planning Planning of traditional ceremony
m \ (Time) schedules
g Organizing l\'vialmgement of traditional ceremony
| times
= Actuating Time of implementation of
g traditional ceremonies
E Controlling  Supervision of management of
g- traditional ceremony times
g Palrul Planning Planning of traditional ceremony
& (Activity) activities and ceremonial equipment
Organizing Management of traditional ceremony
activities and ceremonial equipment
Actuating Implementation of traditional
ceremonies and ceremonial
oc.quipnmu{i.l
Controlling  Supervisidn of implementation of
traditional ceremonies and
ceremonial equipment
Desa Planning Planning of constmction and
(Place) maintenance of irrigation structures
Organizing Management of irrigation structures
Actuating Use and maintenance of irrigatior
structures
Controlling
Kala Planning Planning of schedule for
= (Time) implementation of irrigation
= management
o Organizing Management of irrigation
E management time
E Acluating Time of implementation of irrigation
g management
= .
= Controlling  Supervision of management of
_g irigation management time
g Palni Planning Planning of irrigation management
3 (Activity) activities and irigation equipment
A Organizing Management of irrigation
management activities and irrigation
equipment
Actluating Implementation of irrigation
management and irrigation
equipment
Controlling  Supervision of implementation of
irigation management and irigation
equipment
Desa Planning Planning of construction and
(Place) maintenance of organizational
management places
Organizing Management of organizational
management places
Actuating Place of implementation of
= organizgtional management
-% Controlling 'Supcr\.'ision oj lglace of
= implementatioh of org al
05“ management E&
IS Kala Planning Planning of schedules
= (Time) implementation of organizational
2 nmmlgcnmut\g0
“ Organizing Mmmgcmcutluf orsanizational
g management|impl ion time
& Actuating Implementation of organizational
g management
& Controlling  Supervision of organizational
management implementation time
Pami Planning Planning of organizational
(Actjvity) management activities and parties
involved
Organizing Management of organizational

management activities and parties

superclass, and Fig 6 des s the Palemaman| class and its
relations. Protégé also has a feature to geherate L
(Ontology Web Language). OWL is a form of ontology
designed for use by applications.
Class hierarchy:
(%]
v ‘ owl:Thing
- @ Alat_Ukur
»- @) Bahan_Bangunan
» - @) Bangunan_irigasi
v ) DesaKalaPatra
- @ Desa
i @ Kala
©® patra
- Kegiatan_Subak
) Krama_Subak
@ Lokasi_Administratif
- Peraturan_Subak
© POAC
- @ Actuating
@ Controling
@ organizing
. Planning
@ Pola_Tanam
@ Prajuru_Subak
@ sekaa_Subak
- @ TempatSuci
~ @ TriHitaKarana
i @ Palemahan
@ Parahyangan
‘@ Pawongan
@ TriMandala
@ upacaraSubak
- ) Waktu_kegiatan
) wilayah_Subak

4V TVY 4T VTY

YYTY

Fig 4 SubakjOntology Class Structure




§ Haaea bk
§ Waki jegatan Py
"9 Tibiatama
# Peratuan Suan
g pouc i .
" J " § Lokas Admit
¥ L=
e — ~ I
P - - - - - -___'_'—.' |
Tymr— - i 179 Tamsai
" At Uar
" § UpanSibak
el " P Sutek
Brgnas iges

: | P B ] 7Y
¥ Wiy Subek 8 Ted

Fig 5 OntoG mpli of SuperClass

Fig. 6 Onltﬁr:lpl1 of SuperClass P:Llchumuli

C. Discussion of Ontology Assessments and Enrichment

Ontology alssesm using OntoQA] which measures
three key aspects: Relationship Richnessl (RR). Inheritance
Richness (IR), and Attribute Richness (AR). The result of
the assessment will be a recommendation for the enrichment

stage.

1) Relationship Richness (RR)

This metric helps identify the diversity of relationships in
an ontology, which indicates the complexity and similarity
of knowledge representation. As describe in knowledge

conceptualization, the developed ontology contains 76 non-
inheritance relationships and 21 subclasses (inheritance
relationships).

TABLE III
RELATIONSHIP RICHNESS
Inheritance Relationships Non-inhertance Relationship
(SC) Relationships (P) Richness(RR)
21 6 0.8

Table 3 presents the calculation based on equation 1,
which result of RR value ()1'8 for Sf.rbutml()l()gy. With
range from O to 1, RR values close to 1 inditate that most of
the relations are non-inheritance relations. RRLvaIuc of 0.8
indicates that Subal] ontology is relatively knbwledge-rich,
containing more non-inheritance relationships. Ontologies
with a higher proportion of non-inheritance relationships
represent more information than those dominated by
inheritance relationships[32]. The S'ubc.*’i ontology utilizes
various types of non-inheritance relationships to represent
knowledge. This indicates that Su!}{f:i ontology is more
complex and flexible, and can capture rdlationships between
concepts to hierarchical structures.

Meanwhile, RR values close to zero mdicate that most of
the relations in the ontology are inheritance relations,
meaning that the ontology structure relies heavily on
hierarchy. The ontology focuses more on inheritance or
hierarchy relationships between concepts, which can be
suitable for domains that require a strong hierarchical
structure but may be less able to describe more complex and
contextual relationships[31].

2) Inheritance Richness (IR)

Ontology Sm‘mi consist of 94 Classes with 76 are
subclass. Using equiation 2, which result of IR value of 0.78
for Subuki Ontogoly|(Table 4).

TABLE IV
INHERITANCE RICHNESS
Sub-Class (H) Class (C) Inheritance Richness (IR)

6 94 078

The ontology utilizes hierarchy and inheritance between
concepts moderately in the ontology structure to organize
knowledge better, allowing for a more structured and
detailed knowledge representation[33]. Telbl:i4 presents the
calculation IR based on equation 2, which résults in an IR
value of 0.78 for Subc.iﬂl()nt()l()g y. With values ranging from
0 to 1, IR values close to 1 indicate that most classes in the
ontology have subclasses. ]RJ value of 0.78 indicating that
Subak] ontology has a more ¢omplex and deep hierarchical
structdre. for more structured and detailed knowledge
representations. Meanwhile, IR values close to zero indicate
that most classes in the ontology are independent classes,
with few or no related subclasses[34].

3) Attribute Richness (AR)
Telblj 5 presents the calculation based on equation 3.

which rdsult of AR value of 3.89 for Subﬂ[i ontology.
TABLE V
ATTRIBUTE RICHNESS
Attributes (Att) Class(C) ATTRIBUTE RICHNESS

366 94 3.89

This AR value of 3,89 indicates that Suba ontology
provides fairly| rich description of attributes with tach class




having an average of 3 to 4 attributes. High AR indicates
that the ()m()l()gmr()v ides a rich description of attributes for
each class[33]. This allows for a deeper understanding of the
concepts b)L;)r()vidiug more c@xluall and descriptive
information. IMeanwhile, low AR indicates that the ontology
has a simpler description of the concepts, with fewer
attributes that may only cover basic information. Attributes
are usually used to describe specific characteristics of a
concept, such as color, size, location, or relationships with
other concepts[35]. Attributes are essential elements in an
ontology because they provide additional information or
features that enrich the definition of each concept[5]. In
some cases, this may be sufficient for specific domains, but
in other domains, the lack of attributes can be a limitation in
knowledge modeling.

4) Enrichment

From the results of discussions with experts, it was found
that the representation of knowledge in the Sub(.'ki:ul()lc)gy
that was built was quite feasible. In addition, from the results
of the ontology assessment that has been built, this study
will be continued with knowledge enrichment to obtain the
expected knowledge adequacy and then implement it into
KMS-based knowledge. Enrichment will be done by
enriching instances, and it is also possible to include data
and object properties. The adequacy of ontology knowledge
is intended to answer CQs whose suitability will be
confirmed by experts

TV.CONCLUSION

The Su.‘m{i()n@y model will be implemented as a
knowledge bhse for the SubatLdkn()wledgc management
system, The ontology is built based.on Subak's aprifaich as
an organization based on traditional philosophy (Tri Hita
Karana_and, Desa-Kala-Patra) and the application of modern
management (POAC). The ontology model consists of class
hierarchy, object properties (relations), data properties
(attributes), and instance (individual entities).

The Subalf ontology was evaluated using Ontology
Quality Analykis and focus group discussions with experts.
The evaluation results show that Relationship Richness (RR)
value is 0.8, Inheritance Richness (IR) value is 0.78, and
Attribute Richness (AR) wvalue is 3.89. The ontology
produced is quite rich and carries knowledge with specific
characteristics, with not too many attributes for each class.
Experts' comments stated that the ontology model created is

worthy of being used to represent knowledge in the Subak ™~

Knowledge Management System.

The resulting framework can be a reference for further
similar research in developing ontology from scratch related
to heritage cultural preservation. The resulting Suba
ontology can be a reference as a knowledge base for th
development of other ontologies in the domains of
agricultural management, social organization, and cultural
preservation. This study supports the preservation of SubuLi
culture so that it is known to future generations.
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E?a Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

ETS) Missing "," You may need to place a comma after this word.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Missing "," You have a spelling or typing mistake that makes the sentence appear to have
a comma error.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

PAGE 5




@ Missing "," You may need to place a comma after this word.
@ Dup. You have typed two identical words in a row. You may need to delete one of them.
@ Missing "," You may need to place a comma after this word.

E?a Prep. You may be using the wrong preposition.

E Proofread This part of the sentence contains a grammatical error or misspelled word that
makes your meaning unclear.

Missing "," You may need to place a comma after this word.

/ﬁ) Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Dup. You have typed two identical words in a row. You may need to delete one of them.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Article Error You may need to use an article before this word.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

fﬁ’ Confused You have used an in this sentence. You may need to use a instead.

Missing "," You may need to place a comma after this word.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

P/V You have used the passive voice in this sentence. Depending upon what you wish to
emphasize in the sentence, you may want to revise it using the active voice.

P
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Article Error You may need to use an article before this word.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Proofread This part of the sentence contains a grammatical error or misspelled word that
makes your meaning unclear.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Prep. You may be using the wrong preposition.
Prep. You may be using the wrong preposition.
Prep. You may be using the wrong preposition.
Dup. You have typed two identical words in a row. You may need to delete one of them.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.




Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Article Error You may need to use an article before this word.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Article Error You may need to use an article before this word.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Article Error You may need to use an article before this word.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.



Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Article Error You may need to use an article before this word. Consider using the article
the.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Article Error You may need to use an article before this word.

SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Article Error You may need to use an article before this word. Consider using the article
a.

Prep. You may be using the wrong preposition.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

P/V You have used the passive voice in this sentence. Depending upon what you wish to
emphasize in the sentence, you may want to revise it using the active voice.

Article Error You may need to use an article before this word. Consider using the article
the.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.
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Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.

Article Error You may need to use an article before this word. Consider using the article
the.
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Abstract— Subak is an irrigation and agricultural management organization based-enrooted in Balinese customs-that. It has
cultural heritage knowledge, including net—enlyboth material artifacts but-alseand tacit knewledge—eontained—in—clements,
particularly practices, traditions, and expertise;-as-wel-as-. Knowledge is conveyed through explicit knewledge-in—theform-of
forms such as stories, literature, and official records. Iha&studyfouneuhatl-lowever there has been no research-eninvestigation
into the development of ontology-based Subak knowledges-espeeially model, particularly in the context of cultural preservation.
This—study—aimsTherefore, this research aimed to bmld—a—SubaJedevelop ontology knowledge model for digitalization—of
eulturalthe digital preservation of Subak culture in the form of a-Knowledge Management System: (KMS). The development of
the-entology-model goes—threughwas based on three main stages:, including requirement Analysis;namelyanalysis, ontology
development, and ontology assessments. Requirement analysis included data eeHeetingcollection through field observations, in-
depth interviews, and document analysis—OntelegyDevelopment-defines, while ontology development consisted of hierarchical
classes, object and data properties, andas well as individual entities. The-ontology-medel-is—implementedusingprotégé.—The
ontology—buildsFurthermore, ontology assessments were the stage of evaluating and testing the resulting ontology. Protégé
software was used to apply ontology model, generatmg Ontograf v1suahzat10ns and pmmm%wgolnology Web
Language)-TFhen;ontole n are_the stase_of implementing_the evaluation_and ho o ontolosy_pro d. (OWL).
Validation iswas carrled out w*th—@nteQA—(mgMOntology Quallty Analys1s (OntoQ ) and expert comments The
evaluation results shewshowed a Relationship Richness (RR) value of 0.8, an Inheritance Richness (IR) value of 0.78, and an
Attribute Richness (AR) value of 3.89—Jt—ean—be—conecluded, showing that the-ontology preduced—is—quite—riehcaptured a
comprehensive and has-representative body of knowledge. Erem-the-expertExpert comments stated that the-ontology model
created iswas worthy of being used to represent Subak knowledge as a form of cultural preservation. The resultingdeveloped
Subak ontology ean-be-arefereneecould serve as a_foundational knowledge base for the-development-eof-other-ontologies-in-the
demains-effuture ontology in related fields such as agricultural management, social organization, and cultural preservation.
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Management System
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Cultural heritage is increasingly fading [1] due—to—the
1. INTRODUCTION influeneeas a result of globalization and social change,



which shift traditional values and lead to a lack of attention
totoward maintaining and disseminating knowledge. Culturat
heritage—knowledgelt [2] includes net—enlyboth material
artifacts but-alseand tacit knowledge contained in practices,
traditions, and skills passed down frem—generation—to

generationthrough generations, as well as explieitknewledge
documented knowledge found in—the—form—ef stories,

literature, and official records.

UNESCO  calls—for—joint—action—in—documenting.
preserving,—and—proetectingrequests collaborative work to
document, preserve, as well as protect ancestral cultural
practices and knowledge that are increasingly being
degraded—teday,—one—eof—whieh—is, particularly through
digitization [3]. UNESEO-emphasizesThe organization also
shows the importance of digitization efforts based on
sustainability principles, community participation, access to
information, and a comprehensive knowledge management
system_(KMS) [4] mainly provided for future generations.

Knewledge Management—System—(KMS)—is—a—system—that
previdesHowever, KMS is a structured platform [5] that
allows an organization to efficiently collect, store, organize,
and share knowledge-efficiently.

The development of KMS requires aan effective
knowledge  representation  model, wherewith  the
implementationintegration of ontology is—eneoffering a
solution to capture undocumented knowledge [6]-thathas-yet
to—be—decumented—Ontology,—as. As a formal model of
knowledge, ontology provides a framework for defining
concepts, relations, properties, and rules in the-knowledge
demaincontext [7]. This enablespromotes organizational
consistency ef-erganization—and interoperability, as well as
enhances computer understanding of the context and
meaning [8] of knowledge in an effort to use it more
effectively for various needspurposes.

Subak is an organization that manages a traditional
irrigation system in Bali based on the principles of Tri Hita
Karana [9];-whiehhas. The principles have been recognized
by UNESCO [10] as a world cultural heritage covering
social, cultural, and ecological values-and-, as well as related
agricultural practices—related-to-it.. Subak has—its-uniqueness
in-the-ereation—ofembodies unique collaborative knowledge
[T ] s s b e e
knewledge that is traditionally transferred [12] are—eften
earried—out—through personal and verbal exchanse—of
information—Theexchanges. However, the challenges
ofposed by modernization and urbanization [9] trigger a
decrease in the younger generation's
invelvementengagement in direct Subak practices, seleaving
this knowledge is—vulnerable to erosion over time.
Meanwhile,—in——suppertingln _order _to  support the
organization's existence, this—knowledge needs to be
captured and shared with the next generation through
technological innovation_[13], ene—ef—which—is—threugh—=a

knowledge-managementsystemsuch as KMS.
Based on the initial observations, it-was—feund-that-Subak

knowledge, particularly tacit and explicit, needs to—be
managed—better—improved management and that-the—media
should—display—it—comprehensively—Sea comprehensive
platform for its appearance. Therefore, it is essential to
ereate—andevelop ontology model to represent thea robust

knowledge base for developing the—Subak—knowledge

management—systemKMS and support efforts to digitize
cultural preservation. in—additiens—theThe resulting Subak

Oantelegyontology can later—beserve as a foundational
reference for developingcreating other entelogiesontology in
related fields such as agricultural management, social
organizations, and cultural preservation. Ontology research
and development have been widely conducted based
enacross various research-methodelogies-in-varieuscontexts,
with most cultural preservation demains—Mest—eultural
preservation—ontologies—areontology being formed from
seratehthe preliminary stage [14]. This causes the research
methodology to be more adjusted to the characteristics of
data collection challenges and the scope of-the knowledge
domain [15],[16]. Previous researchinvestigations have
conducted a literature studyreview [17] in—fermulatingto
refine the methodology for Subak ontology development
research-methodelogy-as, forming a preliminary stage efin
this research.

IaTo represent knowledge at the conceptual data stage,
Oantelegyontology modeling [18] is needed—to—represent
knewledge-essential. CIDOC-CRM [19] is an—ontology
modeling developed to alignunify the demainsconcepts of
libraries, museums, archives, and cultural data collections.
To date, CIDOC-CRM has determinedidentified 99 classes
andwith 198 properties—In-this-study,-CHOC-CRM and it is
only used as a-modeling reference_[20];—and—many. Many
adjustments are made [21],[22] eensideringsince the
complexity and characteristics of speeifie-Subak domains-are
very-differentvary significantly from the framework offered.

Ontology assessment #rvelvesincludes external validation
methods  [23], ineluding—Competeney—Questions-
basedparticularly CQs [24] and Expertexpert confirmatory
[7]3nternal, as well as internal consistency useschecks using
ontology metrics [1][24][25][26]. Given the eves-
grewingcontinuous expansion of knowledge, knowledge
sufficiency is evercome—by—centinuous—addressed through

ongoing and structured-knewledge enrichment [17].

Many-researehesAlthough numerous investigations have
been-conducted-abeutexplored KMS inwithin the context of

cultural heritage eulture[4]—Ne—+researeh—, no investigations
have focused on the development of ontology-based
KMSknowledge model, specifically for Subak has-everbeen
eondueted—through thea literature review_[14]. Fhis—stady
proposes—developingTherefore, this research aimed to
establish ontology-based knowledge model for the
digitalization and preservation of Sw#bak—cultural heritage
is-hew. It also aims to create entelogy-knewledge-model that
can accurately represent Subak knowledge in the
preservation of cultural heritage—knewledge. The analysis
results efthis—study—are in the form of ontology-based
knowledge model designed for the representation of the

Subak knowledse management systemKMS.

II. METHODOLOGY

Ontology will—shewshowed how the—adequaey—of
knowledge  isadequacy  was presented—@ﬂ{elegy
development—activities—are—eone—of—the, serving as
fundamental stepsstep in supporting t—he—kﬂew-}ed-ge

management—proeessKMS  [27].  Therefore, it iswas
necessary to pay attention to how to design ontology in



KMS. The adoption of ontology #n¥kMS-iswas based on-the
KMS Life Cycle [28]-appreach, which eensistsconsisted of
seven stages of development, as shown in FigFigure 1.
Based on the seven steps—ef—the KMS—LifeCyelestages,

ontology development will—be—at—theoccurred during
Knowledge eaptareCapture stage_ [29]. In KMS, the
Knowledge—Capture—stage eensists—ofincluded Knowledge
Acquisition, Knowledge Creation, and Knowledge
Evaluation, which arewere in accordance with the
framework #nof this stadyresearch.

| Evaluate Existing Infrastructure |

| Form KMS Team |

¢ Knowledge Acquisition
| Knowledge Capture F_ Knowledge Creation

| Desain KMS Blueprint | Knowledge Evaluation
Iterative l

| Verify And Validate The KMS System |

——

| Implement KMS System |

l

| System Evaluation |

| Evaluate Existing Infrastructure |

)

| Form KMS Team |

¢ Knowledge Acquisition

| Knowledge Capture k_ Knowledge Creation
>

| Desain KMS Bluprint | Knowledge Evaluation

Iterative| $

I Verify And Validate The KMS System I

——

| Implement KMS System |

l

| System Evaluation |

Fig. 1 KMS Life Cycle

The  research  methodology efin  this  study
refereneesresearch was based on CIDOC-CRM[19], with
some adjustments made—aceordingtailored to the specific
knowledge domain—being—built-context. As described in
Eig-Figure 2, #—eonsists—ofthe methodology covered four
main stages_[17], they—areincluding requirement analysis,
ontology development, ontology assessment, and ontology
enrichment. OsntelegySpecifically. ontology development
iswas structured as an iterative process_[30].

Requirement Ontology Ontology Ontology
Analysis Development Assessment Enrichment

Requirement N Ontology Ontology Ontology |
Analysis Development Assessment Enrichment

Fig 2 Research Framework

A. Requirement Analysis

Building a-knowledge base beginsstarted with exploratory

research;—with_aimed at identifying the aim—ef-determining
thefoundational facts that-fermof Subak knowledge.

1) Objective Formulation: fermulating—general—and
speettic—objeetives—in—detat—tor—ereating—ontotogy—This
objective formulation will—fermformed the basis for
compiling a list of competency questions (CQs;), which
arewere questions designed to identify the—knowledge
needed to achieve the purpose of creation_[1]. By
formulating objectives—first, ontology developers ean
ensureensured that the CQs compiled wiltwould be relevant
and focused on achieving the predetermined goals-that-have

2)  Domain Acquisition: isDomain acquisition was
considered the stage of acquiring Subak knowledge. Beeause
theSince Subak ontology hashad never been created, the
acquisition iswas carried out from the beginning
{seratelypreliminary stage [14]. The-datasourees-that-wilbe
used-in-the-study-areln this research, primary and-secendary

data—Primary—data—isdata _was obtained fremthrough
observation data—and in-depth interviews withconducted

among Subak administrators and experts. While

seeondarySecondary data is—ebtainedwas sourced from a
library/_or literature studiesreview related to the research
topic and data from field observations.
KnowledgeFurthermore, knowledge formation iswas carried
out through ontology modeling, which predueesproduced a
vocabulary dataset.

B. Ontology Development:

The collected data iswas currently in the development
stage of the reference model inwithin CIDOC-CRM
conceptual modeling. It eensistsconsisted of two main
stages,-namely:

1) Knowledge Conceptualization

Knowledge willwould be modeled based on ontology. The
following were the main components of the concept of
knowledge ontology_[31]—has—several-main—components;
P

o Classes: ExplainThis particular component explained
the concept and general thingscharacteristics of
knowledge—in—a—demain. A class hashad subclasses
intended to express more specific concepts than the
superclass.

e Properties:  are—2Properties  were _two-way
relationscomponents that eenneet-elasses-connected a
particular class with other classes to form knowledge/
or concept links. There arewere two types of ontology
properties:, including object and data. Object
properties that-connect ebjeetsa_specific object with

other—ebjeets—andanother, while data type properties
that-connect objects with data type-values—, such as

text, string, or number)-.
o Instanee—/nstances or particular #hings—objects are
individuals—/represented individual members;—are

actual—objeets—of within a class eentainingthat




contained facts/information derived from a concept /or
body of knowledge.

e Constraints erdefined the rules fergoverning the
thingsobjects.

o Relationship is—the—coneept—of—established the
relationship between the thingsobjects.

o Functions arerepresented the processes that invelve

thingsincluded objects.

2) Knowledge Modeling: witt-beKnowledge modeling
was formed in Ontology Web Language (OWL;). which
allewsallowed users to define concepts, properties, and
relationships between-these-coneepts—inwith more detail and
formallyformality. Protégé issoftware was used to help
vistalizein visualizing the concept of knowledge. This stage
predueesproduced ontology class structure and entelegy
graph.

C. Ontology Assessments

This iswas the stage of —implementingwhere the
evaluation-and-validation-eftheproduced ontology predueed:

This—stage—produceswas_evaluated and validated, thereby
producing recommendations for ontology enrichment.
Validation is—derewas carried out using OnteQA—(both
Ontology  Quality  Analysis__ (OntoQA) [32] and
experts’expert comments. OntoQA iswas one techniqueof
the methods used to evaluate—entelogy’s—quality—OnteQA
previdesprovide ontology characteristics as a description of
theits quality—ef—the—entoelogy in terms of knowledge
representation potential. The-OnteQA—used-inln this study-is
theresearch, OntoQA measurement scheme category, which
eonsistsconsisted of Relationship Richness (RR), Inheritance
Richness (IR), and Attribute Richness (AR) measurements,
was used to evaluate the quality of ontology.

1) Relationship—Richness<(RR)}—is: RR was a metric
used to describe the relationships used—that occurred in
ontology. This metric measuresmeasured how ontology
utilizesused various relationships between existing concepts,
including inheritance; and non-inheritance-relationships:. RR
indieatesshowed  whether  ontology  relesrelied on
inheritance hierarchies—or utilizes—varieus—types—ef—non-
hierarchical  relatienships—hierarchies to  represent
knowledge. FThe RR-evaluation-will-Furthermore, the metric
was used to describe the ratio betweenof the number of
inheritance (SC) and non--inheritance (P) relationships on a
scale of zero to one, formulatedas expressed in
egquatienEquation 1.

_ M pro P )
(scl+[p) — (sq+[Ph
RR provides—impeortantprovided valuable insights into the
complexity and flexibility of the relationship structure in-an
ontelogy-and eancould be used as-ene-indicator-ofto assess
the quality of am—ontology in representing knowledge in a
particular demainfield.

2) Inheritance Richress{IR}—s: IR was a metric used
in—ontology—evaluation—to measure the depth of the

inheritance hierarchical structure-#. The metric showed the
extent to which ontology—TFhis—metrie-indicates—how—muech
ontology—utilizes_relied on inheritance relationships among
its concepts. InheritaneeRichness-dR)}isOn a scale of zero

to one, IR was defined as the ratio of the total number of
subclasses (H) in ontology to the total number of classes (C)
on-a-seate-of zero-to-one—The HRformulais), as presented in
Equation 2.

o H g H @)
Ici |

3) S b
AR)-s was a metric used-in-entelogy—evaluationadopted to

measure the extent to which ontology utilizesused attributes
or properties in describing its concepts. AttributeRichness
AR)-measuresThis metric measured the average number of
attributes (att) possessed by each class (€)-in-entelogy—This
metrieprovidesas well as provide an overview of how rich
the description of concepts in an-ontology iswas based on the
number-of attributes used. The AR formula is presentedatt,
as expressed in Equation 3.

AR \‘aét‘\ AR = \‘an‘\ ®3)

D. Ontology Enrichment

This #swas the stage of completing and enriching concepts
and information data for the adequacy of the—knowledge
population based on recommendations generated from the
previous stage. There-are-The following were the two types

of enrichment [17];namely:
Carried-out.
1) Conducted at the beginninginitial phase of ontology

development to obtain sufficient knowledge. Fhis-stuedy—wilt
earry—outThe current research adopted this type of
enrichment. Ontology development iswas considered a
repetitive process until the targeted knowledge adequacy
iswas achieved for creation. FhisThe stage will—had the
tendency to return to the-ontology development stage, and it
is—pessible—tocould be skip eertain—stages—if-deemedwhen

considered unnecessary.

2) Enriches—Expand an existing ontology by adding
domains to an-already-existing-one,aiming-to-produce a new
ontology or an—entelogy—with—an—expandedto broaden the
scope of the current domain.



III. RESULT AND DISCUSSION

The development of knewledge—management—requires
aKMS required knowledge representation model, where the

implementationuse of ontology iswas considered one
selutienof the solutions to capture_ undocumented knowledge
[7]-that-has—yet-to-be-documented-. As a formal knowledge
model, ontology prevides—aprovided a structured framework
for defining concepts, relations, properties, and rules in-the
knowledge domain [5]. This aHews—for—econsistent
organizationframework promoted organizational consistency
and interoperability—and, as well as enhanced computer
understanding of the context and meaning of knowledge se
thatin an effort to use it ean—be—used—more effectively for
various needs—Eoleowingpurposes. According to the research
framework—(Fig, as shown in Figure 2}, there were four
main stages exist-in-developing the development of Subak
ontology model [17]. Fhe-entelogyOntology was built using
Balinese language representation, considering that many
Subak terms are—terms—ased—by—were deeply rooted in
Balinese peeple—in—theirculture and traditional life. The
following is—a—series—efoutlined the steps taken in ontology
development.

The integration of ontology and Knewledse Management
Systems(KMS)-plays played a vitalcrucial role in the digital
preservation of cultural heritage by systematically
organizing knowledge systematieatly-and ensuring its long-
term accessibility. Ontology eapturescaptured the meaning,
relationships, and context of cultural elements, while KMS
managesefficiently managed the storage, retrieval, and
sharing of this knowledge—efficiently—These. The two
technologies also faeilitatefacilitated the dissemination of
cultural knowledge to younger generations through
interactive, particularly educational platforms. Furthermore,
a_modern system design ensuresensured that interfaces
remataremained relevant and user-friendly;—enabling to
enable continued engagement with cultural heritage through
evolving technologies, thuspotentially preserving knowledge
for future generations.

A. Requirement Analysis

Determining the-ontology's objectives, domain, and scope
iswas the first step in focusing on the seepeconcept of
knowledge. This iswas followed by determining the
objectives of ontology formulation and acquiring the
knowledge domain.

1) Objective Formulation

The main objective of ontology formation iswas to
represent Subak knowledge as a—cultural heritage that must
be preserved. Furthermore.the limitations—and scope—of
ontology-are-deelared—This research feeusesfocused on the
Subak domain-as—depieted—inFig—2-, which shewsshowed
the scope of ontology;—which—is—depieted in a Conceptual
Data Framework, as detailed in Figure 2.

EremAccording to the literature study—ecenduetedreview,
Subak isrepresented an irrigation and agricultural
management organization based—enrooted in Balinese
customs that has—ahad cultural knewledge—heritage;
ineluding, Knowledge included not only material artifacts
but also tacit knewledgeelements contained in practices,
traditions, and expertise, as well as explicit knowledge #+-the

form—eofmanifested through stories, literary works, and
official records_[33]. The philosophy of Tri Hita Karana is
the-philesephy—underlyingthe-showed Subak organization,
where Subak-activities inelide-activitiesinrelation—to-were
categorized into three, comprising relationships with God
(Parahyangan), aetivities—in—relation—teinteractions with the
environment (Palemahan), and aetivities—in—relation—te
etherconnection among Subak members (Pawongan). In its
implementationpractice, Parahyangan is—in—the—form—of
comprised religious; and customary ceremonies, Palemahan
iswas in the form of agricultural irrigation activities, and
Pawongan is—in—the—implementation—of —Subakincluded
organizational activities:_within Subak. Each Subalk-activity
ineladesconsisted of planning-aetivities(Planning);, division
of tasks (Organizing), implementationintegration and
regulation ef—aetivities—(Actuating), and supervision by
Subak administrators (Controlling). AMl-implementationThe
execution of all these activities invelveswas influenced by
the place—ef-aetivitylocation (Desa), time—ef-aetivitytiming
(Kala), and definition of Subak activities (Patra), wherewith
each activity eensists—efcomprising specific procedures
(Practices) and tools used (Artifact). The everaltotal concept
of Subak activities isserved as the basis for the—Subak
ontology data—mapping, as detailed in Figure 3. The
conceptual framework;—as—depieted—in—Fig—3—TFhis—data
coneept-framework -has-also-been-contirmed-by-Subak was
validated by experts, who stated that—it—is—feasibleits
feasibility and ean—be—applied—teapplicability for the
builtdevelopment of ontology data mapping.

Tri Hita Karana
Desa Kala Patra

Umverse\ Desa (Space)
QOrganizing
Artefact
Palemahan i> Kala (7e) f> q>
(Environment)
Actuating Practices
vongan
(Social)

Tri Hita Karana

Palemahan 9
= T‘me)
ongan
(Social)

Fig 3. Conceptual Data Model of Subak Knowledge

Next,—competeney—questions—areCQs_were compiled to
deepenenhance understanding of the-seope-of-the-ontology
domain being-developed—In—addition;—it—-willand would also
be-usedplay a crucial role in the entelegy-validation stage.
€Qs—areFurthermore, they were questions that must—be
answered—by—the—knowledge base built from the—ontology
being-developedmust address. CQs are-ereated-based-enwere
generated using observations, documentation—studies, and
expert interviews.

The selection of competeney—questions—isCQs was based
on the primary needs of the—subakSubak managers
ferregarding the representation of knowledge that they want

to displaypresent in the system. Referring—teln light of the

Subak
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Controlling
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needobjective to provide information te-the-next-generation
of —young—peeople;—thefor future generations, knowledge
presented by KMS must be comprehensive—and—provide
infermation, providing insights about Subak-itself.

Cempeteney—questions{CQs)-areCQs were designed not
only to deepen understanding of the-seepe-of-the-ontology
domain being—developed-andbut also to serve as a tool for
validation of ontology competency. Ontelogy—competeney
The validation iswas carried out through agreement among a
group of domain experts, who are-asked-te-compilecompiled
a list of questions that the—ontology iswas expected to
answer;—knewn—as—ecompeteney—euestions. Ontology
engineers and—collaborated with domain experts weork
together—to formulate this list, which—eentainscontaining
direct questions that the-ontology system iswas expected to
be—able—te—answer—after—implementation—This. The list of
qrestions—is—usedwas instrumental not only #afor validation
but also infor the final evaluation of the—ontology.
Competeney—questions—areMoreover, CQs were critical
questions that the-ontology model must be able to answer
and—are—ereated—based on the observation results—ef
observations, documentation-studies, and in-depth interviews
with experts.

The general definition of Subak iswas determined to be an
organization that managesmanaged traditional irrigation
systems in Bali based on the principles of Tri Hita Karana
[9], including social, cultural, ecological values, and related
agricultural practices—related—te—it.. Therefore, the compiled
€QCQs must be able to explore knowledge in related
elements_[34]-, as presented in Table l—is—a—tist—ef—the

TABLE1
COMPETENCY QUESTIONS

Elements Competency Questions

What is the Definition of
Subak in the Parahyangan
concept?

What is the Definition of
Subak in the Palemahan
concept?

What is the Definition of
Subak in the Pawongan

Tri Hita Karana

concept?

Pawongan(Social) Who plays a role in the-Subak
organization?

Pawongan (Social) What are the activities in the
Subak organization?

What infrastructure is
invelvedincluded in te-Subak
irrigation system?

How is the-Subak irrigation
system organized?

What is the irrigation pattern
carried out by Subak?

What are the ritual elements

Palehaman(Environment)

Palemahan(Environment)
Palemahan(Environment)

Parahyangan(Traditional

Ceremonies) associated with Subak?
Parahyangan(Traditional =~ Where are the ritual
Ceremonies) ceremonies carried out by

Subak?

Pawongan(Social) What is the organizational

structure of Subak
management?

Pawongan(Social) What is the pattern of
communication and
coordination between Subak
members?

2) Domain Acquisition

This stage is-thestage-offocused on acquiring knowledge
in the-knowledge domain. The data collected induring the
objective formulation stage iswas mapped into the data
mapping eoneept—relation—depieted—in—Fig-conceptual

relations presented in Figure 2. H-beginsThe process started
with the Tri Hita Karana Concept, which served as the basic

principle of Subak activities. Each aspect of FriHitalarana
hasthe principle had its Desa-Kala-Patra elements—n—each
aetivity—the—DesatcalaPatra—elements—are,  which were

categorized #within modern management activities based on

POAC—(the _ Planning-Organizing-Actuating-Controlling
(POAC). These management  activities  ineclude

definingincluded the definition of both activities and
artifacts.

Data collection methods threughused in this stage
included observation, surveys, focus group discussions
(FGD), and documentation—stadies—Beeause—the. Since
Subak ontology hashad never been created, the acquisition
iswas carried out from the-beginning(scratch).. This stage
beginsstarted by collecting all the vocabulary related to
Subak through deeument—studiesdocumentation, field
observations, and in-depth interviews with several experts.
The data collection teehniquesmethods used are:included the
following.

o Docwment—StudyrDocumentations: Various documents
and literature have—been—stadiedwere examined,
including lontar, awig-awig Subak, government
regulations, Village Regulations, and ether-documents

seureesothers.

o Observation: Participant observation iswas carried out
on Subak organizations, both internal and external, to
support the analysis carried out in the—stadythis
research.

o—[n-depth interview: used-to-collect-qualitative-data—In-
depth interviews were conducted withamong Subak
administrators, farmers, community practitioners, and
experts—Given—that _to collect qualitative data. Since
the understanding of Subak requiresrequired a
postmodern appreachmethod [35], [36], which
reeognizesrecognized the complexity, diversity—ef
perspeetives, and challenges in maintaining tradition
amidst rapid social and economic change, the
enparticipants were selected using  purposive
sampling. The essential-criteria used for infermants
are—that—theythe selection included the participants
who have been invebved-in the-Subak field for over
two years. The determination of experts
consistsconsisted of expertsthose in the fields of
Subak, ecotourism, and socio-culture.

o The Furthermore, the data collected is—thenwas

mapped aeeerding—tein accordance with the data




mapping concept relation—related to the domain
depieted, as detailed in Table 2.

TABLE II
ONTOLOGY SCOPE

ng management activities and
irrigation equipment

Tri Desa POAC Identification
Hita Kala
Kara Patra
na
Desa Planning  Planning the construction and
(Place) maintenance of sacred places
Organizi  Management of sacred places
ng
Actuatin ~ Use and maintenance of
g sacred places
Controlli ~ Supervision of management
ng of sacred places
Kala Planning  Planning of traditional
(Time) ceremony schedules
> Organizi Management of traditional
4 ng ceremony times
E Actuatin  Time of implementation of
= traditional ceremonies
g Controlli ~ Supervision of management
%D ng of traditional ceremony times
2z Patra Planning  Planning of traditional
g (Activit ceremony activities and
~ y) ceremonial equipment
Organizi  Management of traditional
ng ceremony activities and
ceremonial equipment
Actuatin  Implementation of traditional
g ceremonies and ceremonial
equipment
Controlli ~ Supervision of
ng implementation of traditional
ceremonies and ceremonial
equipment
Desa Planning  Planning of construction and
(Place) maintenance of irrigation
structures
Organizi  Management of irrigation
ng structures
Actuatin  Use and maintenance of
~ g irrigation structures
= Controlli ~ Supervision of management
8 ng of irrigation structures
% Kala Planning  Planning of schedule for
£ (Time) implementation of irrigation
[5 management
= Organizi  Management of irrigation
= ng management time
E Actuatin  Time of implementation of
= g irrigation management
e~ Controlli ~ Supervision of management
ng of irrigation management
time
Patra Planning  Planning of irrigation
(Activit management activities and
y) irrigation equipment

Organizi

Management of irrigation

Actuatin  Implementation of irrigation
g management and irrigation
equipment
Controlli ~ Supervision of
ng implementation of irrigation
management and irrigation
equipment
Desa Planning  Planning of construction and
(Place) maintenance of
organizational management
places
Organizi  Management of
ng organizational management
places
Actuatin ~ Place of implementation of
g organizational management
Controlli ~ Supervision of place of
ng implementation of

organizational management

Kala Planning  Planning of schedules

. (Time) implementation of
5 organizational management
.‘é Organizi  Management of
'g ng f)rganizationgl me}nagement
o0 implementation time
9 Actuatin  Implementation of
-g g organizational management
3 Controlli ~ Supervision of organizational
g ng management implementation
& time
g Patra Planning  Planning of organizational
£ (Activit management activities and
y) participated parties-invelved
Organizi Management of
ng organizational management
activities and participated
parties-invelved
Actuatin  Implementation of
g organizational management
activities and participated
parties-invelved
Controlli ~ Supervision of the
ng implementation of

organizational management
activities and participated
parties involved

B. Ontology -Development

TFhis-stageis-the-developmentThe developmental stage of
the—ontology medel—referringreferred to CIDOC-CRM
conceptual modeling—H—eonsists, and it consisted of two
stages, namelyzincluding,

1) Knowledge conceptualization

FhisThe conceptualization stage predueesproduced entity
classes, object and data properties, andas well as individuals
from each entity. Ontology Subak eensistconsisted of 18

Super—Classessuper classes, 76 Sub—Classessub classes, 56
object properties, and 366 data properties. Object Properties




and-366-DataPreperties—Objeet-properties definedefined the
relationship between classes, where-Subelass-issubclass was

considered an inheritance relationship—Pata—Preperties—is
properties, and propertiest represented the number of data

that represent-atributattributes of the class.
2) Knowledge -MedetlingModeling

The—medelingModeling stage iswas performed by
theusing Protégé—The-strueture-of-the-_software, with Subak

ontology class isstructure shown in FigFigure 4. This
structure ereatescreated a hierarchy between superclasses

and subclasses, making—it—easier—to—greup—facilitating the
grouping of related concepts and makingenhancing data
more——aceessible—to——managemanagement and
understand-comprehension. The class structure
alewsallowed general knowledge to be reused across
domains, reducing redundancy and facilitating data
integration from different sources.

Class hierarchy:
(%)

v-- @ owl:Thing
@ Alat_Ukur
@) Bahan_Bangunan
@ Bangunan_irigasi
@) DesaKalaPatra
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© Kala
@ Patra
@ Kegiatan_Subak
@) Krama_Subak
@ Lokasi_Administratif
@ Peraturan_Subak
@ POAC
@ Actuating
@ Controling
@ Organizing
@ Planning
@ Pola_Tanam
@ Prajuru_Subak
@) sekaa_Subak
@ TempatSuci
@ TriHitaKarana
@ pPalemahan
@ parahyangan
@ pPawongan
@ TriMandala
@ upacaraSubak
© waktu_kegiatan
@ wilayah_Subak
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Fig 4 -Subak Ontology Class Structure

Fig 5 -OntoGraph of SuperClass




Meanwhite,—FigFigure 5 isshowed an ontograph that
deseribesdescribed all superclasses. Ontograph-of superelass
irln ontology development—aets, ontograph of superclasses
acted as a hierarchical knowledge structure that
conneetsconnected general concepts (superclass) with
specific eeneeptsones (subclass)-Ontegraph-is). As a feature
in Protégé—that—ean—map—relations—in, ontograph was

instrumental in mapping relationships within ontology.
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Fig. 6 -OntoGraph of -SuperClass Palehaman

EisFigure 6 deseribesdescribed the Palemaman class and
its relations. Pretégé—alse—hasFurthermore, protégé had a
feature to generate OWL(Ontology—WebLansuase)—OWEL
s, which was a form of ontology designed for use by various
applications.

C. Discussion of Ontology Assessments and Enrichment

Ontology assessment was performed using OntoQA,
which measuresmeasured three key aspects:i—Relationship
Richness, including RR}1rheritanee Richness{, IR);, and
AttributeRichness(AR).. The result of the assessment wilt
be—a—recommendationwould provide recommendations for
the enrichment stage.

J . . identifyRR

RR assessed the diversity of relationships #—anwithin
ontology, which indieatesshowed the complexity and
similarity of knowledge representation. As deseribedescribed
in knowledge conceptualization, the developed ontology

eontainscontained 56 non-inheritance relationships and 76
subclasses (inheritance relationships).

TABLE III
REEATIONSHIP RIcHNESSRR
Inheritance Non-inheritance Relationship
Relationships (SC) Relationships (P) Richness(RR)

76 56 0.4




Table 3 presentspresented the calculation based on
equationEquation 1, whichresult-ofresulting in an RR value
of 0.4 for Subak ontology. This RR value ef 04
indieatesshowed that Swbak—ontology iswas relatively
knowledge-rich, containing mere—a higher proportion of
inheritance relationships. The-Subak ontology wutilizesused

various types of inheritance relationships—to represent

knowledge.—This—indicates—that-Subak—ontologv—is—more
flexible;—and-ean—eaptare, which enhanced its flexibility in
capturing  relationships  between concepts tewithin

hierarchical structures.

With the range from 0 to 1, RR values close to 1
indieateshowed that most of the relations—arerelationships
were non-inheritance-relations—Ontelogies. Ontology with a
higher proportion of non-inheritance relationships represent
mere—captured a broader scope of information than—these
deminated-by-inheritancerelationships[37]. Meanwhile, RR
values close to zero indieateshowed that most of the
relations—in—the—ontology—arerclationships were inheritance
relations;—meaning—that—the, suggesting ontology structure

reliesrelied heavily on  hierarchy. The—entology
foeusesOntology focused more on inheritance or hierarchy

relationships between concepts, which—ean—be—suitable—for
demains—thatrequireshowing a strong hierarchical structure
suited for domains with well-defined hierarchies but
maymight be less able to describe more complex and
contextual relationships_[32].

2 LnheritanceRichress—IR)

2)  OntelegyIR

Subak eenststontology consisted of 94 Classesclasses with
76  are—subelass-designated as  subclasses. Using
equationEquation 2, whichresult-ofthe IR value efcalculated

for ontology was 0.78-fer-Subal-Ontogely—{, as presented in
Table 45-.

TABLE IV
INHERIFANCE RIcHNESSIR.
Sub-Class (H) Class (C) Inheritance Richness
ARIR
76 94 0.78

The—ontology—utilizesOntology used hierarchy and
inheritance between concepts moderately in the—ontology

structure to properly organize knowledge-better, allowing for
a more structured and detailed knowledge representation
[38]. Table 4 presentspresented the calculation of IR based
on equatienEquation 2, whichresultsresulting in an IR value
of 0.78 for Subak ontology. With values ranging from 0 to 1,
IR values close to 1 indieateshowed that most classes in the
ontology havehad subclasses. The IR value of 0.78
indieatingshowed that Swbak—ontology hashad a more

complex and deep hierarchical straeturerelationship for more
structured and detailed knowledge representations.
Meanwhile, IR values close to zero—indieate) showed that
most classes in the-ontology arewere independent—elasses,
with few or no related subclasses_[39].

3 AR

Table 5 presentspresented the calculation based on
eguationEquation 3, whiehresult-ofresulting in an AR value
of 3.89 for Subak ontology.

TABLE V
AFFRIBUTE-RIcHNESSAR
Attributes (Att) Class(C) ATTRIBUTERIcHNESSAR
366 94 3,89

This AR value of 3;.89 indicatesshowed that Subak
ontology previdesprovided a fairly rich description of
attributes, with each class having an average of 3 to 4
attributes. HighA high AR indieatesrepresented that the
ontology previdesprovided a rich description of attributes for
each class_[38]—Fhis—allews—for—a—deeper, enhancing
understanding ef-the-eenecepts-by providing more contextual
and descriptive information. Meanwhile, a low AR indieates
that-the—ontology—hasshowed a simpler description of the
concepts, with fewer attributes that maymight only cover
basic information. Attributes—are—usuallyusedto—deseribe
speeifie—charaeteristies—of-a—eoneeptSeveral attributes, such

as color, size, location, or relationships with other concepts,
were usually used to describe specific characteristics of a
concept [40]. Attributes-areAdditionally, attributes served as
essential elements in as—ontology—beeause, as they
provideprovided additional information or features that
enrich the definition of each concept [5]. ln-some-cases;-this
mayWhile limited attributes might be sufficient for specific
domains, butin-etherdemains;they could limit the taekscope
of attributes—eanbeatmitation—n-knowledge modeling_in
others.

4) Enrichment

Erem-theThe results of discussions with experts;—it—was
found showed that the representation of knowledge #within
the_developed Subak ontology that—was built—was—quite
feasible. In—additienrs—fremBased on the results of the
ontology assessment-that-has—been—built, this stady—will-be
contintiedresearch ~ would  proceed with  knowledge
enrichment to obtain the expected knowledge adequacy and
then—implement—it—intofor KMS-based knowledge
integration. Enrichment sil—be—denewas achieved by
enriehingenhancing instances, and it is—alse—pessible—te
ineludeincluded data and object properties. The objective
was to ensure the adequacy of ontology knowledge is

intended-to correctly answer CQs whese—suitability-will-be
eenfirmedvalidated by experts.

IV. CONCLUSION

Theln conclusion, Subak ontology model will—be
mp-}emeﬂtedwas used as a foundatlonal knowledge base for
the Subea
isKMS.

Ontologv model was bullt—b&sed—eﬂ—Su-ba-les

appreach-as-an-erganization based on traditional philosophy
(Tri Hita Karana and Desa-Kala-Patra) and the application of

modern management (POAC). The—entology—medel

eonsistsModel consisted of class hierarchy, object properties
(relationsrelationships), data properties (attributes), and
instaneeinstances (individual entities).

Fhe—Subak ontology was evaluated using Ontelegy
QualityAnalysisOntoQA and focus group discussions with
experts. The evaluation results shew—that—Relationship



Richness—(showed an RR) value isof 0.8, Inheritanee
Riehnessan IRy value isof 0.78, and Attﬂbuﬁed%iehﬂes%an
AR}y value isof 3.89-

earries, showing knowledge--rich ontology w1th well-defined
attributes _and specific characteristics;—with—net—too—many
attributes—_for each class. Experts' comments stated that the
ontology model created iswas worthy of being used to
represent knowledge in the SubakKnowledge Management
SysterKMS.

The resulting framework eanbeserved as a reference for
further similar—researeh—ininvestigations on developing
ontology from scratch-related—te—, particularly in heritage
cultural preservation. The—resulting—Subak ontology ean
becould also serve as a foundational reference as—a—for
developing knowledge base—for—the—development—of—other
ontologies—in—the—demainsbases within the fields of

agricultural management, social organization, and cultural
preservation. This study—suppertsresearch contributed to the
preservation of Subak—eultare—so—that—it—is—knewncultural
heritage, ensuring its legacy was accessible to future
generations.
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