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Abstract. This paper presents a community-driven development framework for
large-scale ontology that offers intra- and inter-community communication, voting and endorsement system, and version control. Our system design addresses
three lacks in the traditional ontology development: (1) constructive communication among the relevant stakeholders, (2) consensual endorsement and voting
system for concept and structural augmentation, and (3) bookkeeping and version control. To cope with these shortcomings, we introduce three more tiers:
user management with technical profiles, knowledge augmentation via a webboard, and community collaboration via the vote and endorsement system, on
top of the existing Ontology-based Application Management Framework
(OAM) [1]. When applying the design to the task of Life Cycle Assessment, we
discover additional needs to partition a large ontology to modularize the users’
responsibilities and to provide thread-based conversation for keeping track of
the topics.
Keywords: ontology development framework, community-driven approach,
large-scale ontology, knowledge management, version control, Life Cycle Assessment
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Introduction

Life Cycle Assessment (LCA) is a kind of measures of environmental impact which is
used in environmental impact assessment (EIA). Offering opportunities to environmental decontamination, it quantifies energy and materials that are consumed in the

process and released to the environment, and assesses the environmental impacts of
human activities and industries. The comprehensive knowledge of LCA is large-scale,
voluminous, and industry-specific. It has to be acquired from the published standard
documentations (ISO 14040 [2] , 14044 [3], and 14048 [4]), and numerous relevant
case studies, resulting in a very steep learning curve for the novice users. Development and management of such knowledge are laborious and require a close collaboration among experts. Therefore, knowledge transfer in the relevant stakeholder community becomes non-trivial in this task.
For ease of knowledge transfer, parts of LCA knowledge have been elicited in
terms of ontologies such as CASCADE [5], LCAO [6], Semantic Oil [7], and O-LCA
[8, 9], and transcribed into several representations, such as Semantic Web [10] encoded as OWL [11], Predicate Logic, and Description Logic [12]. The notion of ‘ontology’ promotes common understanding among the experts, makes the knowledge scalable and reusable, and improves the interoperability between the experts and the users
and across relevant applications. Despite precise elicitation, the development of a
large-scale ontology is still an immense challenge because it requires effective
knowledge management when the entire community of experts are involved.
This issue can be alleviated by the notion of community-driven development approach. In this approach, it is assumed that every stakeholder is willing to participate
in the development and maintenance and contribute to the community with his expertise. We focus on multidisciplinary knowledge integration and cross-checking among
domain experts and relevant stakeholders. A large-scale ontology is constructed and
maintained on a common platform on which the community of experts, knowledge
engineers, and users controls the development and maintenance processes, where each
decision making is done based on the community’s consensus. The platform provides
a means to communicate, transfer tacit knowledge, and discuss the changes of the
worked ontology with respect to immediate needs. Community-driven development
has been used in several ways, such as ontology matching [13, 14] and knowledge
curation [15]. There have been attempts to large-scale ontology development [16–20].
The community-driven approach is suitable for the development of LCA ontology
because of the following reasons. First, the domain experts specialize in their particular subfields of LCA. Since these fields sometimes share common knowledge, crosschecking becomes necessary in a large-scale development project. Second, the development of the LCA ontology is operated by a group of experts in parallel. In practice,
they usually branch (or fork) the current version of the ontology to work on their own.
This causes problems in updating when the finished ontologies are to be merged back
to the main ontology; thus, the need of version control. Third and last, some parts of
the ontology have to be cross-checked by specialists from other relevant fields; for
example, some parts of the ontology regarding earth and water can also be validated
by geophysicists, chemists, and environmentalists.
We propose the use of the Ontology-based Application Management Framework
(OAM) [1] as a community-driven development platform of the LCA Ontology. The
current framework offers the following facilities:
1. an ontology management tool that allows the community to get involved in
the evolution of the ontology,

2. a sandbox toolkit with application templates for a semantic search engine and
a recommender system, where no programming skills are required, and
3. APIs and web service deployment for practical application development.
However, it lacks collaborative features that enables constructive communication
among the stakeholders. The contribution of this paper is: we introduce to OAM the
notion of modified webboard, where any concept and structural augmentations are
proposed by experts and they have to be endorsed by the community. This allows the
system and the knowledge to grow along with the users’ expertise.
In this paper, we will show that the OAM Framework does not fully support community-driven development of a large-scale ontology where constructive communication is needed (section 2). Then we will show that our modified webboard enables
such communication oriented by concept and structural augmentations and consensual
endorsement (section 3). We will also explain how to apply this technique to the field
of LCA (section 4).
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Problem Statement

OAM Framework [1] is a software platform that aims to simplify the development
and maintenance of a semantic web and an ontology as well as to automate the implementation of a semantic search and a web service. The architecture of OAM is
illustrated in Fig. 1.
Ontology development via OAM entails three fundamental steps and three user
roles: domain experts, a knowledge engineer, and application developers. First, a
domain expert designs his own ontology according to the task of interest and export it
in the OWL format. On OAM, the knowledge engineer maps the ontology designed
by the experts to the database schema and the vocabulary and imports it into the system. At this step, the knowledge engineer also maintains the current ontology according to the experts’ requests via personal communication.

Fig. 1 System architecture of OAM Framework [1]
Second, the domain experts design recommendation rules for the current ontology
in terms of Prolog-like first-order logic. The knowledge engineer then transcribes

these rules into JENA Language via the Recommendation Rule Management Module.
Finally, the knowledge users implement their own knowledge-enhanced applications
with the Application Configuration Module. At this stage they can deploy a semantic
search engine and a web service using the ontology developed by the domain experts.
The key struggle in this paradigm is the ontology development entirely relies on
personal communication. This method is prone to the loss of communication; i.e. it is
very hard to keep track of conversations and consensus as time goes by. The history
of development evolution, or version control, plays a crucial role in community-based
development, especially for a large-scale ontology, in which a group of domain experts, knowledge engineers, and knowledge users are involved. These lacks necessitate the use of a tractable communication means where conversations and consensus
are structurally organized for ease of bookkeeping, knowledge transcription, versioning, and deployment.
We are proposing an extension of the OAM Framework that incorporates the notion of thread-based webboard, version control, and status notification to solve the
aforementioned problems. These features allow the community with the three user
roles to co-create a large-scale ontology and maintain it by means of community endorsement. By doing so, the system and the knowledge grow along with the users’
expertise.
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System Design

In this paper, we design a community-driven ontology-based application management
framework (CD-OAM). We extend the canonical OAM Framework (shown as Data
Tier and Application Tier, all in dashed borders) with three more tiers: Collaboration
Tier, Knowledge Tier, and User Tier (all in solid borders). A system overview of CDOAM is illustrated in Fig. 2.

Fig. 2 System Overview

First, the User Tier facilitates the admin to manage domain expert members, including adding, deleting, and assigning to some of the communities. The users are
required to create a profile annotated with their expertises so as to classify them with
respect to their interests, technical backgrounds, and objectives. Our user policy is
merit-based [14]: the more a user participates in votings or change proposals, the
more merits he gets.
Next, The Collaboration Tier, the heart of this framework, encourages the community-driven development of a large-scale ontology. It contains three modules: community management, vote and endorsement system, and notification system. The
Community Management module allows the community’s administrator to manage
their members and their user roles. The Vote and Endorsement System prepares a
platform for voting and endorsement by the community when changes in the ontology
take place. Finally, the Notification System disseminates the voting results and
changes to the community.
Finally, the Knowledge Tier is composed of four modules that facilitates both intra- and inter-community communication in large-scale ontology development and
keep track of the evolution. We assume that a large-scale ontology can be separated
into parts and distributed to all involved communities. The Intra-community Ontology
Management Module [15] allows the community to manipulate the part of the ontology the community is responsible for. The Inter-community Knowledge Augmentation
Module facilitates the integration of each part of the ontology. Should modification is
necessary, this can be voted and endorsed by all relevant communities. All proposed
changes must be endorsed by the community. The Webboard Module organizes a vote
for intra- and inter-community changes in the ontology and approves the consensus.
For example, an expert may propose to augment some concepts or the hierarchy in the
Webboard. If changes are endorsed and committed, the history is kept in the Version
Control Module.
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Case Study: LCA

Ontology development for LCA is a very challenging task. Standardized by the ISO
into ISO 14040, 14044, and 14048, LCA is a family of best-practice procedures for
information sharing and guidelines for environmental impact evaluation. It minimizes
operations in the organization which affect the environment, to comply with laws,
regulations, and other environmentally oriented requirements and continual improvement. Figure 3 shows the ISO guideline for LCA that consists of four main phases:
(1) setting the goal and scopes (2) listing up life cycle inventory from a given supply
chain (3) assessing the life cycle impacts and (4) data interpretation. The ontology for
LCA is usually very large because there are numerous concepts and a complicated
hierarchy and relations between them in the product’s life cycle.

Fig. 3 ISO standards guideline of LCA
Due to its sheer scale, there are a number of stakeholders working side by side on
the ontology. We classify them into five categories with respect to their objectives:
1. Domain experts: experts and specialists on LCA
2. Domain beginners: beginners who just started in the field and are learning
the knowledge
3. Knowledge users: direct users of the knowledge via a recommender system
4. System developers: software developers who make use of the knowledge
5. Knowledge engineers
Complying with the community-based approach, these stakeholders have different
roles in developing the LCA ontology and they all need a means to communicate to
each other. Any requests of change in the ontology have to be endorsed by the entire
community. Moreover, version control becomes necessary as the ontology grows by
the community. Our system design fit all these requirements for the community-based
LCA Ontology Development.
Our system design has to be specialized as per the roles and interests of the users.
We envisage the following modifications in the following tiers when applied to the
field of LCA.
 User Tier: Each user should specify his objectives, role, interest, and technical backgrounds regarding LCA. These users are then assigned to a different part of the ontology according to their request or technical backgrounds.
 Collaboration Tier: To modularize the user responsibilities, the community
are able to partition (and repartition) the ontology via voting and endorsement.
 Knowledge Tier: There are at least two sources of knowledge in LCA: ISO
standards and field data collection. Knowledge integration becomes a nontrivial issue because domain experts may have different perspectives on the
received data. The webboard module has to offer a place for open discussion
before leading to voting and endorsement. To keep track of the decision, a
thread-based conversation is best suitable for this scenario.
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Conclusion and Future Work

We have presented a design for a community-driven development framework for
large-scale ontology, where all relevant stakeholders can participate in the evolution
of the ontology. Three additional layers: user management, knowledge augmentation,
and community collaboration, respectively, are put on top of the OAM Framework to
facilitate communications among the stakeholders, voting and endorsement, and version control. We also find that, in practice, ontology partitioning and thread-based
conversation are also needed for teamwork as found in Life Cycle Assessment.
Our future work remains as follows. First, we will implement the system closely
following this design and conforming to User Experience (UX). Second, we will incorporate the notions of conflict detection and concept similarity into the knowledge
augmentation module. This will help knowledge engineers and the community predetermine holistic conflicts in the ontology before committing any changes. Third and
finally, we will develop a data modeling module [21] which automatically maps input
databases with a different data scheme to the ontology.
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