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Abstract. The main purpose of this study was twofold. First, it adopted the
theory of task ontology to build up a two-level mediating representation for a task
analysis and the task of “Risk Management” served as an example. Five phases,
task analysis, task ontology, IDEFO model, Petri net model, and PNML. are
displayed for domain experts and can further transfer for computer to generate
code. Second, from modeling standpoint, a methodology, called TTIPP, was
provided to systemically analyze the process of the task and subtask, in terms of
the inputs, outputs, mechanisms, controls, using IDEFO and Petri net. It is hope
that the results of task knowledge on risk management for project management
domain, represented by ontology, can give valuable and reusable problem
solving process knowledge for person with the similar goals.
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1 Introduction

During the past few decades, rapid technology advances has witnessed the rise of a
service sector, which provides knowledge-personnel to work on IT or ICT projects.
Currently, technology play the vital role in every branch of the corporate value creation
system, that IT projects have poorly defined goals but well-defined methods further
underlines the need to investigate how these complex, high-cost, high-risk
sglution-based projects can be managed effectively and efficiently. Therefore, a fully
view of the discipline in the PMBOK Guide (Project Management Body of Knowledge,
PMBOK) that is generally recognized as good guideline, and one more in line with
managing for stakeholder success and value creation. From the view point of practice,
PMBOK emphasizes the importance of project delivery effectiveness as well as ‘on
time, in budget, to scope’ efficiency.

In essence, it is a challenge for any project organization to identify of critical
knowledge and the ability for utilization. Projects are variously defined but the key
element is that it is a one-off task that has a finite completion. Otherwise the task is
termed a program. As a result of this change in management practices there are a huge
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variety of project managers in both the public and private sector who are managing
projects that can range across the organizational spectrum.

In project developing stage, may with the complex and dynamic nature of problem
solving methods, as PMBOK [22] defined, a project is a temporary endeavor
undertaken .to create a unique product, service, or result. Furthermore, progressive
elaboration is a‘characteristic embedded in projects; it means developing in steps, and
continuing by increments. Therefore, knowledge reusing and concept sharing are
coming to the surface. Given the strike progress of project development technology
associated with the continued rapid growth in knowledge management, it is imperative
that we investigate the property of problems solving knowledge of the requirements of
each stage in PM operations and try to design its ontology, that is, task ontology,

accessible by different project teams in order to reduce the inconsistent on project
development.

2 Related Work

2.1 Knowledge Management

In the past decade, perhaps, the most dramatic evolution, a new agenda, in business is
the dawn of the new economy [9]. A hallmark of the new economy is the ability of
organization to increasingly recognize that in the post-industrial era, an organization
success is determined mainly by economic value from their collection of intellectual
assets as well as their assets of information, production distribution, and affiliation.

In order to achieve competitive sustainability, many organizations are launching
extensive knowledge management efforts and relying heavily on knowledge creation.
Unfortunately, due to lack of absorptive capacity, many knowledge management
projects are, in reality, information projects [24]. Musen [19] pointed out that one of the
major shortcomings of the current technology for knowledge based building is lack of
reusability and sharability of knowledge. This makes it difficult to build knowledge
bases, since one always has to build them from scratch, “what he/she believe” and
ignore the actual and potential resources embedded within, available through, and
derived from the “justified true believe”. Clearly, facilitating knowledge usable and
useful thus should contribute to making it easier to build knowledge bases and to fit to
the use-context. In order to achieve this, Mizoguchi et al. [18] indicated that expertise
could be decomposed into a task-dependent but domain-independent portion and a
task-independent but domain-dependent portion. The former is called task knowledge,
formalized the knowledge for problem solving domain-independently.

2.2 Task Ontology

At the end of the 20th century and the beginning of the 21th, ontologies have emerged
as an important and increasing interest research area in a variety of academic setting.
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This phenomena stem from both their conceptual use of organizing information and
their practical use in communicating about system characteristics [8].

In general, an ontology can be viewed as an information model that explicitly
describes the various entities and abstractions that exist in a universe of discourse,
along with their properties [11]. Moreover, an ontology is a partial specification of a
conceptual vocabulary to be used for formulating knowledge-level theories about a
domain of discourse. From system standpoint, ontologies provide an overarching
framework and vocabula ; to describe system components and relationships for
communicating among architecture and domain areas [7]. Therefore, the more the
essence of things is captured, the more possible it is for the ontology to be shared [10].

There is a number of categorization of ontologies currently in place. Van Heijst et al.
[25] classified ontologies according to the amount and type of structure of the
conceptualization and the subject of the conceptualization. While, Guarino [12]
distinguished the type of ontologies by their level of dependence on a particular task or
point of view. Later on, Lassila and McGuinness [14] grouped ontolgies from the
perspective of the information the ontology need to express and the richness of its

internal structure.
Ontologies and problem solving methods (PSMs) have been created to share and

reuse knowledge and reasoning behavior across domains and tasks [10]. Benjamins and
Gomez-Perez [1] defined PSMs as a way of achieving the goal of a task. It has inputs
and outputs and many decompose a task into subtask, and tasks into methods. In
addition, a PSM specifies the data flow between its subtask.

Given the definition from Guarino [12], task ontology is an ontology formally
specifying the terminology associated with a problem type, a high-level generic task
which characteristics generic classes of knowledge-based application. Chandrasekaren
[5] also defined task ontology as  a base of generic vocabulary that organizes the task
knowledge for a generic task”. From the problem solving viewpoint, Newell [21]
illustrated that task ontology can be used to model the problem solving behavior of a
task either at the knowledge level or symbol level.

Thus, the advantage of task ontology is that it specifies not only skeleton of the
problem solving process but also context where domain concepts are used . In 1995,
Mizoguchi, Tijerino, and lkeda [17] developed a task analysis interview system,
MULTIS, which interacts with domain experts to identify the detailed task structure
based on two level mediating representations. Ikeda, Seta, Kakusho, and Mizoguchi
[13] indicated that task ontology can be interpreted in two ways: (1) Task-subtask
decomposition together with task categorization, and (2)An ontology for specifying
problem solving processes. They developed CLEPE, based on task ontology, to make
problem solving knowledge explicit and exemplify its availability. Rajpathak and
Motta [23] formalized task ontology by using the OCML which provides both support
for p.roducing sophisticated specifications, as well as mechanisms for operational
definitions to provide a concrete reusable resource to support knowledge acquisition.

; With the volumes of information continue to increase rapidly, the task of turning and
Integrating this resource dispersed across web resources into a coherent corpus of
interrelated information has become a major problem. The emergence of the Semantic
Web has shown great promise for the next generation of more capable information
technology solutions and marked another stage in the evolution of ontologies and PSMs
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[10]. Berners-Lee [2], inventor of the web and coiner of the term “Semantic Web”,
depicted that the Semantic Web is envisioned as an extension of the current Web in
which infonnat'lon is given well-defined meaning, better enabling computers and
people to work in corporation, effective inter-weaving human understanding of symbol
with machine processability. The way to fulfillment of the corporation can be paved by
using shared knowledge-components, and so ontologies and PSMs have emerged as a
core technology for developing the Semantic Web.Semantic Web with ontologies and
PSMs can solve some problem much more simple than before and make it possible to
provide certain capabilities they have otherwise been very difficult to support [6].

3 Research Methodology

In this section we present the TTIPP (Task analysis, Task ontology, IDEFO, Petri net,
PNML) framework, shown as Fig.1, to organize and model the task knowledge acquire
during the knowledge acquisition activity, using external resources and implement
XML-based languages in which the task ontology will be formalized and implemented.
TTIPP framework aimed at not only reducing the brittle nature of traditional
knowledge-based system, but also enhancing the knowledge reusability and sharability
over different applications. Furthermore, based on Rajathak et al. [23] suggestions,
three important issues, including appropriate level of generality, domain independent
knowledge representation, domain expert perspicuity, were considered while
developing the task ontology. Also, according to the analogy of natural language,
TTIPP was composed three layers and five phases. The top layer is called “lexical level
model” mainly deals with the syntactic aspect of the problem solving description in
terms of the task analysis phase and task ontology phase were presented. The middle
layer is called “conceptual level model” captures conceptual level meaning of the
description, IDEFO model phase and Petri net model were shown in this layer. The
bottom layer is called “symbol level model”, with PNML phase, corresponds to
runnable program and specifies the computational semantics of the problem solving.
Armed with the above mentioned points, this study can provide a core epistemology for
the knowledge engineer while developing the task ontology for the generic task. Now,
we present the research framework model for illustrating the important phases in the
development of the task ontology.

Phase-1: The Task Analysis. During the first phase of development the nature task
needs to be analyzed thoroughly at a fine-grained level with diverse information needs.
The structure, semi-structure, or even unstructured knowledge could be acquired and
elicited from the various sources such as, the available literature on the task, the test
cases specific to the problem area, the actual interview of the domain experts, the
previous experience in the field etc. Ikeda et al. [13] pointed out that task analysis is
made according to two major steps: (1) rough identification, and (2) detailed analysis.
Based on the various sources of knowledge, rough identification of task structure is a
classification problem and detailed task analysis however is to interact with domain
experts and articulate how they perform their task. Once the various knowledge
sources, in terms of a variety of forms (document, fact, record,...) are analyzed in detail

7
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then the important concepts from all the different classes of application can be a
heightened awareness in such a way that this knowledge provides enough theoretical
foundation for expressing the nature of the problem. According to this view,
concentrated on the most important concepts around which the task ontology needs to
be built is the initial focus of the task analysis.

Phase-II: Conceptualization of the Task Ontology. Detailed level of the concept is
indispensable for task knowledge description. Thus, this stage is generic in the sense
that it gives the fundamental understanding about the relations among different
concepts. Also, in according with the elicited concepts given in the previous phase, this
stage provides the knowledge or ontological engineer an idea about the important
axioms that needs to be developed in order to decide over the competence of the task
ontology. From the standpoint of granularity and generality, Ikeda et al.[13] suggested
that lexical level task ontology should consist of four concepts: (1) Generic nouns
representing objects reflecting their roles appearing in the problem solving process, 2)
Generic verb representing unit activities appearing in the problem solving process, (3)
Generic adjective modifying the objects, and (4) Other words specific to the task.

Phase-III: IDEF0 Model. During this phase, task ontology in the research framework
can be operationalized by using the formal modeling language tool. It transforms the
concepts described at the natural language level into the formal knowledge modeling
level in terms of structured graphical forms. Multi-level model with different classes
and relations can be created in order to formalize the complex problem into being
simple and more detailed to understand at each individual level based on its input
parameters. Thus, the input parameters, altered by the activity or function, identified at
each level can be modeled in such a way that the expected output to the problem can be
achieved. IDEFO is an activity-oriented and has been widely used modeling approach
[9]. Its diagram based on a simple syntax, as showed in Fig.3, contains of an ordered set
of boxes representing activities performed by the task. The boxes call ICOM’ Input —
Control — Output - Mechanism — are hierarchically decomposed continues until there is
sufficient in detail on the basic activities to serve the tasks [24].

Phase-IV: Petri net Model Broadly speaking, the IDEF0 has a number of
disadvantages in terms of its time-based function, including cumbersomeness,
ambiguity in activity specification, and perhaps most significantly, its static nature [6].
Petri nets (PN) has emerged over the last ten years as a powerful tool especially suitable
for systems that exhibit concurrent, conflict, and synchronization [15]. A Petri net
necessarily consists of three entries: 1) the place, drawn as a circle, 2) the transition,
drawn as a bar, and 3) the arcs, connecting places and transitions, as shown in Fig.4(a)
[7]. Generally, the PN is defined as follows [4]:

PN=(P, T, A, W, MO0) where,

P={Pl1, P2, ..., Pm} is the finite set of places;

T={T1, T2,..., Tn} is the finite set of transitions with P U T#@ and P N\ T= O;

A={Px T}V {T x P} is the set of arcs between The places and transitions,

W:A — {1,2.3...} is the weight function on the arcs;
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MO :P — {0, 1, 2, 3, ...} is the initial marking.
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Fig.3 Component of the IDEFO  Fig.4 Component of Petri net Model

Cassandras and Lafortune [4] further pointed out that a transition is enabled if each
input place P of T contains at least the number of tokens equal to weight of the directed
arc connecting P to T. Where an enabled transition T1 fires as shown in Fig.4(b), it
removes the token from its input place and deposits it on its output place. Known as
condition/event nets or place/transition nets, PN models are suitable to represent the

structure of systems in an extensive use of hierarchical level that exhibit concurrency,
conflict, and synchronization [15].

Phase-V: Petri Net Markup Language. The Petri Net Markup Language (PNML) is
an XML-based interchange format for Petri nets. It is designed to be a Petri net
interchange format that is independent of specific tools and platforms. Moreover, the
interchange format needs to support different dialects of Petri nets and must be
extensible. Thus, PNML should necessarily include the following essential
characteristics [3], (1)Flexibility means that PNML should be able to represent any
kind of Petri net with its specific extensions and features.(2)Ambiguity is removed
from the format by ensuring that the original Petri net and its particular type can be
uniquely determined from its PNML representation.(3)Compatibility means that as
much information as possible can be exchanged between different types of Petri nets.

Even with a mature development on Petri net technology, it is difficult to know what
is possible in the future. Certainly, PNML should shed light on the definition of Petri
net types to support different versions of Petri nets and, in particular, future versions of
Petri nets. Due to the above mentioned, PNML is adopted as a starting point for a
standard interchange format for Petri nets.

4 Modeling PMBOK Task Ontology

Project development and management is a complex problem especially it requires
collaboration and participation from strategical level to operational level staff in
organization. Hence, the primary purpose of the PMBOK guideline is to identify the
subset of the project management and development body of knowledge. It is a general
overview which means the knowledge and practices described are applicable to most
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projects most of the time, meanwhile, the guideline can lead the correct application of
these skills, tools and techniques can enhance the chances of success over a wide range
of different projects.

Based on the discipline of PMBOK task knowledge of project management and
development, we adopt these as the lexical level task ontology. Overview, they are nine
project management processes and knowledge areas: Project Integration and
Management (A1), Project Scope Management (A2), Project Time Management (A3),
Project Cost Management (A4), Project Quality Management (A5), Project Human
Resource Management (A6), Project Communications Management (A7) Project Risk
Management (A8), and Project Procurement Management (A9), Due to the complex
and dynamic nature of problem solving methods for project management, risk
management (A8) of debris flow was chosen to serve as an example for presenting the
TTIPP framework.

At the modeling stage, the IDEFO model is built for describing the function of the
risk management. From a functional point of view, the present risk management has six
activities as shown in Fig.6. The six activities are “Risk Management Planning”
(A81),”Risk Identification” (A82),”Qualitative Risk Analysis” (A83),”Quantitative
Risk Analysis” (A84),"Risk Response Fianning”(A85) and “Risk Monitoring and
Control” (A86) as shown in Fig.6. The different mechanisms support the different
sub-activities as shown in Fig.6. After obtaining the functional IDEFO model, we can
then develop the Petri net model for behavior analysis at next stage.

According to the six activities in the IDEF0 model built at previous stage, the PN model
is constructed. The PN model consists of 29 places and 12 transitions, of which the
corresponding notations for “Risk Management”(A8) are described in Table 1 and

Table 2.
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After gonstrpcting the PN model, we performed the model validation of the dynamic
behavior using reachability tree. It revealed that the PN consisted of the liveness,
boundedness, reversibility, and reachability. At symbol level model, PNML was
adopted as a starting point for a standard interchange format for Petri nets. The

XML-bgsed interchange format for the above-mentioned Petri net model is generated
automatically :
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Fig.7. The PN model of the “Risk Management " (A8)

Table 1. The Notation of place for “Risk Management” (A8)

Place | Name IDEF0 Place| Name IDEF0

(A81 Risk Management Planning R16 PA8-C10-c4 IC10-c4 Data gathering and representation techniques

A82 Risk Identification 24 IPA8-C11-c4 [C11-c4 Quantitative risk analysis and modeling techniques
IA83 Qualitative Risk Analysis P18 PA8-C12-c5 (C12-c5 Strategies for negative risk or threats

IA84 Quantitative Risk Analysis P19 PA8-C13-c5

IC13-c5 Strategies for postive risk or threats

A5 Risk Response Planning P20 PAB-Cl4-cS g s Strategy for both threats and opportunities

(A86 Risk Monitoring and Control P21 PA8-C15-c5 [C15-c5 Contingent response strategy

PA8-Cl-cICl-cl Planning Meetings and analysis P22 |PA8-C15-c5 [C15-c5 Contingent response strategy

PA8-C2-c2/C2-c2 Documentation Reviews P23 [PAS-C17-c6 IC17-c6 Risk Audits

P24 PA8-C18-c6

IC3-c2 Checklist analysis IC18-c6 Variance and trend analysis

25 PA8-C19-c6

IC4-c2 Assumptions analysis IC19-c6 Technical performance measurement

P26 A8-C20-c6

IC5-c3 Risk probability and impact assessment IC20-c6 Reserve analysis

27 PA8-C21-c6

IC6-c3 Probability and impact matrix IC21-c6 Status meetings

P28 A8-M1-m2

IC7-c3 Risk data quality assessment IM1-m2 Information gathering techniques

-M2- : : z
IC8-c3 Risk Categorization 29 .  [PAS-M2-m2 IM2-m2 Diagramming Techniques

PA8-C9-c3|C9-c3 Risk Urgency Assessment
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Table 2. The Notation of transition for “Risk Management” (A8)

Transition| Name IDEFO Transition| Name IDEFO

Tl ITA81-1 A8 1 Star Risk Management Planning i r7 ITA84-1  [A84 Star Quantitative Risk Analysis
T2 ITA81-2 IA8 1 End Risk Management Planning T8 ITA84-2  |A84 End Quantitative Risk Analysis
T3 TA82-1 IA82 Star Risk Identification T9 ITA85-1 IA85 Star Risk Response Planning

T4 [TA82-2 A82 End Risk Identification T10 ITA85-2 |A85 End Risk Response Planning

Ts TA83-1 1A83 Star Qualitative Risk Analysis T ITA86-1 |A86 Star Risk Monitoring and Control
To A83-2  |A83 End Qualitative Risk Analysis LTl2 A86-2 |A86 End Risk Monitoring and Control

5 Conclusions and Future Works

To bridge the understanding gap between the computer and human, we presented the
TTIPP framework and its related methodologies. TTIPP consisted of three layers,
including lexical, conceptual, and symbol, level model and five phases: task analysis,
task ontology, IDEFO model, Petri net model, and PNML, for task analysis problem
and mediating representation based on task ontology. The IDEF0 model is used to
capture the requirements corresponding to the system specification at the stage of
functional analysis. Subsequently, at the stage behavior analysis, the Petri net model is
constructed according to the IDEFO model. Finally, at the implementation stage, the
obtained model can be realized by using Petri net marked coding languages.

Ideally, task ontology, produced by TTIPP, does not subscribe to any specific
problem solving approach it provides a sound ontological foundation for the different
problem solving approaches and can be used to support a great variety of task modeling
independently of the target shell or computational method. Therefore, it not only
enables better access to information and promote shared understanding for humans, but
also facilitates comprehension of information and more extensive processing for
computers. Project development is a complex problem, because projects are undertaken
at all levels of the organization and they can involve a single person or many thousands,
involve one or many organizational units, such as joint ventures and partnerships. Thus,
in future, we are planning to use this task ontology as a major building block for
developing the generic problem-solvers for understanding the space of the PMBOK as
well as advancement of the field in general.
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