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Abstract—Operational risk management (ORM) is a process of 
critical importance to organizations. It refers to the systematic 
identification, assessment and mitigation of operational risks, 
i.e. risks stemming from processes, people, systems or external 
events. ORM is performed through different systems in the 
different business units of the enterprise – however a unified 
view of the operational risk management information is needed 
to enable its seamless exchange and horizontal expertise 
sharing. At the level of corporate governance this is already 
addressed but, at the technical level this issue is still open. As a 
solution in this paper we propose the development of an ORM 
ontology. The proposed ontology aims at facilitating ORM 
information sharing across organizational unit boundaries and 
at the enabling of computational inferences over the 
heterogeneous ORM applications of the organization.  

Operational Risk; Operational Risk Management; Ontologies 

I.  INTRODUCTION  
Operational risk management is the entire process 

of continuously and systematically identifying, analyzing, 
responding to, reporting on and monitoring operational risks 
[1, 2]. In order to effectively share the risk management 
information it is necessary to have a common understanding 
regarding the risk management knowledge domain that will 
ensure a consistent view of the risks across the organization. 
At the corporate governance level this is addressed by the 
adoption an organization-wide operational risk management 
framework that will ensure a consistent view of the risks 
across the organization [3]. But at the technical level the 

operational risk information sharing issue also needs to be 
addressed. 

As a solution to this issue this study proposes the creation 
of an operational risk management ontology. An ontology is 
a general conceptualization of a specific domain in both 
human and machine readable format. Thus, the proposed 
ontology will include the main concepts of the operational 
risk management knowledge domain, thus promoting a 
common understanding of operational risks and establishing 
a consistent risk management approach across the 
organization.  

The proposed ontology is expected to address the issue of 
sharing operational risk management information across the 
organization thus promoting the collaboration between 
business areas regarding the common as well as the 
horizontal operational risks.  Furthermore the proposed 
ontology will aid the operational risk management group in 
gathering heterogeneous information from all business areas 
and communicating it effectively to the enterprise 
management in order to support the decision making process 
the organization governance strategy regarding risks.  
Additionally the representation of the operational risk 
management ontology in semantic web languages will enable 
the computation and inference over information residing in 
heterogeneous risk management applications of the 
organization, leading to the emergence of operational risk 
knowledge that could not have been realized by the 
individual applications. 

The rest of this paper is organized as follows: section 2 
presents a review of the related research literature, section 3 
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provides an overview of the essential concepts of operational 
risks and operational risk management, section 4 presents the 
developed ontology and section 5 concludes with the main 
findings and future directions of this work.  

II. RELATED LITERATURE 
The related literature presented in the following, is 

divided into three parts: a) the studies devoted to operational 
risk management, b) the background on ontology definitions 
and c) the related work in enterprise ontologies. 

A. Operational risk management  
Operational risk is defined as the risk of negative 

financial, business and/or reputation impacts resulting from 
inadequate or failed internal governance and business 
processes, people, systems, or from external events [3]. 
Operational risk management is the entire process of 
continuously and systematically identifying, analyzing, 
responding to, reporting on and monitoring operational risks 
[1, 2].  

Operational risks occur throughout an institution, and the 
primary responsibility for management is in the business 
areas. Business areas perform self-assessments, collect event 
data, and measure and analyze risk drivers and indicators [4]. 
Although risks are managed across diverse businesses and 
risk types, senior management wants a consolidated view. 
The corporate operational risk management group's key role 
is to aggregate information from the business areas to inform 
senior management, conduct independent analyses of results 
and trends, and benchmark results, both across units 
internally and to external sources [5]. 

From the technical viewpoint, the various business areas 
use different information systems for the management of 
their operational risks. Due to the distributed, heterogeneous 
and autonomic characteristics, of these systems it is not easy 
for the operational risk management group to integrate them 
to provide a seamless communication of risk management 
knowledge [6, 7].  

All these, and possibly other factors as well, have 
resulted in growing numbers of books, articles and 
conferences being devoted to operational risk management. 
Due to Basel Committee standard [3] that is obligatory for 
the banking sector and connects operational risk with capital 
requirements there are many articles on the quantitative 
operational risk management methods (e.g. AMA). Despite 
the interest in risk management in the industry, very little 
academic research has been conducted to provide a better 
understanding of how operational risk management can be 
improved within organizations. As a result a relatively small 
number of operational risk management articles are 
published in peer-reviewed academic journals. In their 
survey on academic research on risk management in 
enterprises, [8], attribute the shortage of such articles mainly 
to the lack of a foundational framework, which makes it 
impossible to build from prior research. Another factor that 
limits this research is that organizations are reluctant to 
reveal information about their risk management practices. 

Nevertheless, recently a paper was published on the 
correlation between risk management quality and risk 

knowledge sharing [9], based on a questionnaire survey of 
risk management employees. This research indicated the 
importance of improving risk information sharing within 
organizations. Therefore the present paper contributes 
towards increasing risk information sharing through the 
creation of the ORM ontology. 

B. Ontology definitions  
The term “ontology” originating from philosophy, has 

been given plenty of definitions in computer-science [10]. 
For the needs of this paper the definition that better describes 
the case of the operational risk ontology is the following: 
“an ontology defines the basic terms and relations that 
compose the dictionary of the field of interest and the rules 
that combine the terms and relations so that the dictionary of 
terms is extended” [10]. The description of ontology in the 
field of interest includes the most important meanings, (the 
classes or concepts), the properties (or slots/roles) and the 
properties restrictions (or facets) [11]. The ontology and the 
instances of the relative classes compose a knowledge 
database. Often, the boundaries between ontology and this 
database are not clearly distinguished. 

Ontologies can be modeled by many techniques and 
expressed in many languages. They are divided in two 
categories: the highly informal if they are expressed in 
natural language and in semi-informal if they are expressed 
in a structure form of nature language, in semiformal if they 
are expressed in a technical and formally defined language as 
the OWL Ontology Language [12] and in firmly formal if 
they include absolute semantic terms, theories and proofs 
[13]. According to this discrimination, the operational risk 
management ontology that is presented in this paper is a 
semiformal ontology expressed in OWL 

C. Enterprise ontologies 
There are many ontology categorizations [14, 15]. By 

following the categorisation of Mizoguchi and his 
collaborators in this paper the ontology of operational risks is 
considered to belong in the category of Domain Ontologies, 
subclass Enterprise Ontologies [14, 16]. Most widely known 
in this category are the Enterprise Ontology (Uschold et al, 
1998) and TOVE (Toronto Virtual Enterprise) ontology 
(Fox, 1992). 

In the category of enterprise ontologies is included also a 
frame of ontologies known as Semantic Business Process 
Management (SBPM) [17], which attempt the complete 
corresponding of all processes of an organisation, from the 
administrative until the functional level. BusCo [18] is also 
an enterprise ontology, which attempts its differentiation 
from existing enterprise ontologies on issues such as the 
degree of analysis of significances, the description of 
resources of an organisation, the significance of 
organisational memory and the measurement of 
performance. The determination of risks and opportunities in 
strategy level is the objective of another research effort 
called STRATrisk [19]. 

Apart from the enterprise ontologies there has been 
development of ontologies that focus in concrete risk 
categories such information systems security risks, for which 



one may find extensive reviews [20], as well as complete 
approaches and applications to support the decision-making 
for the reduction of risks [21]. In addition, ontologies have 
been proposed that specialize the requirements of 
information security for specific domains such as electronic 
governance [22] and the electronic services of health [23]. 
An ontology has also been developed for managing the 
technological risks in enterprises of the banking sector [24]. 

Studying the above literature, it is understandable that 
there are quite developed enterprise ontologies that appear to 
have the following drawbacks: 

• They examine the risks in the level of enterprise 
strategy and not in the level of procedures, meaning 
that they have a top-down approach, which is not 
combined with an approach in lower level, i.e. the 
bottom up approach. 

• Even though some of these ontologies include the 
concept of process very often in the high level of 
detail, they don’t incorporate elements of operational 
risk management in the level of processes. 

• They focus on very specific risk categories (for 
instance on security) and they don’t cover other 
operational risk categories. 

• They focus on risks of particular enterprise fields 
(such as the banking sector) resulting in not giving 
the ability of generalizing in other sectors. 

In relation with the existing enterprise ontologies the 
ontology proposed in this paper should: 

• Be enough general so that it can be suitable for a big 
number of enterprise units. 

• Focus on enterprise processes and 
• Cover all the categories of operational risk in the 

organizational processes of each business unit. 
By this way, ontology will contribute in the improvement 

of the enterprise ontologies and in the more efficient 
operational risk management. 

III. OPERATIONAL RISK MANAGEMENT 
CONCEPTS 

A. Definition of Operational Risk 
Operational risk is defined as the risk of negative impacts 

on the economic situation, in the operation and / or validity 
of an organization as a result of inadequacy or failure of: 

• Internal Governance, and processes 
• People,  
• Systems, or 
• As result of external events [3]:  

 

B. Operational Risk Management 
Operational risk management is an important element of 

governance and administration, which aims to protect an 
organization from internal and external environment risks, 
which will negatively affect the operational targets of the 
organization. Operational risk management is characterized 
by its focus on business processes. Operational risk 
management in an organization tries to predict and prevent 
any event which could cause a failure in the achievement of 
operational procedures. Examples of such events are human 
errors, failures of systems or even external attacks. 

Operational risk management is a constant and 
systematic process which consists of the following stages 
(Figure 2) [25]: 

• Risk identification 
• Risk assessment 
• Risk treatment 
• Risk report and monitoring 
Risk management is an iterative process that must be 

performed firstly top-down, i.e. at a high level, in order to 
identify the key risks, and at the bottom-up, i.e. at a low 
level, to identify all risks in more detail. In both approaches 
the same steps are followed in the process of risk 
management, and the difference lies in the degree of 
thoroughness. 
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Figure 1.  Operational Risk 



Figure 2.  Operational Risk 

C. Operational Risk Management Process 
Below, the steps of the operational risk management 

process are described: 
Risk Identification: This step includes the identification 

of the major risk events that may negatively impact the 
performance of processes and of the organization in general. 
All the recognized risks must be properly documented. The 
documentation of risks includes the brief description of the 
risks, a clear definition of  their root causes, information 
regarding real available incidents, as well as a review of the 
control environment or a list of existing checks. 

Risk Assessment: For each risk that has been 
identified at the previous step the following activities 
take place: 
• Evaluation of the effectiveness of the existing 

controls/measures. 
• Assessment and documentation of the likelihood of 

occurrence of the operational risk event, using a 
predefined scale rating the likelihood of realization. 

• Assessment and documentation of the impact of 
operational risk event, using predefined scale of 
rating the impact.  

Also, at this point, the concept of the risk tolerance 
policy should be presented. This policy defines whether 
an individual risk needs to be treated or whether certain 
risks need to be accepted, mainly in case that their 
treatment is too expensive for the organization [1].  

IV. OPERATIONAL RISK MANAGEMENT ONTOLOGY: 
METHODS AND REALIZATION 

A. Ontology development methodology 
The process of ontology development and evolution has 

been studied in the ontology engineering context [26] and 
many methods have been proposed such as the CYC, the 
Uschold and King, the Gruninger and Fox, the KACTUS, 
METHOLOGY, SENSUS and On-To-Knowledge method  
[13]. For the particular requirements of operational risk 
management ontology development a methodology was 
selected which was proposed by Mizen, Dolbear and Hart 
[27]. This methodology has been established from 2004 as a 
standard methodology for the creation of risk management 
ontologies and has been applied for the development of risk 
management ontologies for natural catastrophes. 
Furthermore an important reason for the selection of this 
methodology is the fact that it makes the distinction between 
the conceptual and the logical part of an ontology, i.e. the 
high-level, human-understandable part and the part that is 
intended to be processed by information systems. 

Thus, the methodology stages for the conceptual 
ontology development are the following: 

Stage 1: Collection of the necessary data and definition 
of the ontology requirements 

Stage 2: Creation of a glossary of the basic concepts. 
Stage 3: Creation of the concept network, by connecting 

concepts based on their in-between relations. 

Stage 4: Assessment/evaluation of the conceptual 
ontology. 
Stage 1: Data collection and requirements definition 

The data collection regarding the concepts that are 
included in the operational risk ontology is based on the 
international risk management standards, mainly [25, 28, 29] 
and risk management methodologies [30]. 

For the definition of the requirements and the data 
collection of the ontology at this point of the development 
methodology it is very helpful to pose certain questions that 
will be answered when using the ontology. These questions 
are known as competency questions [16]. 

Some of the competency questions of the operational risk 
ontology might concern the detail of the risk description: 

• Which are the risks of a specific process? 
• What’s the likelihood of a risk to occur? 
• How serious can the consequences of this risk be 

for the organization if this risk occurs? 
• What is the root cause of the risk’s occurrence? 
• What is the way of treating the risk? 

Also, questions about all the risks should be answered. 
For instance: 

• How many high risks have been identified in the 
whole organization? 

• Which are the processes that are affected by these 
risks? 

• What risks are provoked by a particular root cause? 
In order to be able to give answers to these questions 

operational risk ontology should include all the 
characteristics of a risk and give the opportunity of 
extracting information and categorizing all the risks 
according to these characteristics. The data that were 
collected at this stage are presented in the next paragraph. 
Stage 2: Glossary of concepts 

Based on the data that collected at the previous stages of 
the development methodology, the basic concepts and 
relations between them for the operational risk management 
were defined. These are presented briefly in the following: 

1. Process: The procedures that are performed within an 
organization. A process is described by characteristics as: in 
which operational unit it belongs, which kind of resources it 
requires, by which activities is consisted of, by which 
processes it collects input data, to which processes it 
provides output data etc. 

In the context of the operational risk ontology this class 
has not been specified in detail, mainly because this is not be 
part of risk management but a part of the enterprise business 
process management, and secondly because such an attempt 
would overlap with the already existing enterprise ontologies 
[16, 18] we have referred to in the related literature section.  

2. ProcessRisk: The most important concept of the 
ontology. It refers to a risk of a process (a process usually 
has many risks). ProcessRisk concept is significant for all the 
risk management stages. In the following, other concepts 
used to characterize a risk are described.  

3. Impact: The level of consequences of a risk. This 
concept is very significant for the risk assessment. With the 
aim of presenting the different levels of impacts of a risk we 



have created 3 subclasses: HighImpact, Me
LowImpact, which correspond to 3 rates of i

4. Likelihood: The possibility for a risk
concept is crucial for the risk assessment. A
class, we also here create 3 subclasses:  
MediumLikelihood and LowLikelihood.  

5. RiskEvent: The taxonomy of the r
concept is important for the stage of ri
during the operational risk management 
specific ontology we chose the creation 
Errors or Failures, Infrastructure disruptio
incidents, Frauds, Disasters, Attacks and Oth

6. RiskRootCause: The taxonomy of the
the risks and is divided in four subclasses 
(1) People, (2) Governance and busine
Systems and (4) External Events. The
subclasses is in accordance with the definiti
risk. Each one of the subclasses can be a
levels depending on the detail level we des
our risk root cause analysis. This root cau
useful in the stage of planning the action
risks.  

7. TreatmentPlan: The action plans of t
8. Incident: Real incidents of risks. 

crucial for the risk monitoring. 
In the following, we will describe the 

ontology classes. These properties could be 
or data properties. The first one, the obj
relate members of a class indicating a relat
them. The second one, the data proper
member of a class with a value. 

9. belongsToProcess: Data property. 
relationship between the class ProcessRis
Process. It symbolizes the fact that a risk
specific process. According to the approach 
in the specific risk ontology, due to the 
belongs to only one process, the property b
is functional. 

10. hasRisk:  Object property. It is
belongsToProcess and connects the classe
Risk and the process. The property hasRisk 
because a process may have many risks. 

11. hasImpact: Object property. It
relationship between the class ProcessRis
Impact. It is functional and characterized by
of impacts. 

 12. hasLikelihood: Object property. 
relationship between the class ProcessRis
Likelihood. It is functional because a risk is
only one likelihood of occurrence. 

13. isResultOf: Object property. It
relationship between the class ProcessRis
RiskEvent. Even if a risk could theoretical
many events, in this approach we accept tha
of one event, so the property is functional. 

14. hasRootCause: Object property. 
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of RiskRootCause. Even if a risk could be a
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be more than one event for a risk. 
Stage 3: Conceptual network of the 

The conceptual network operati
on the information gathered in the 
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Figure 3. 
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Stage 4: Assessment/evaluation 
In the context of this paper, the 
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3. Taxonomy 
4. Axioms 
As it may be observed in Figure 4, the average ratings for 

the above factors of the ontology content dimension ranged 
from 1.4 to 4.6 and the standard deviation ranged from 0.5 to 
0.8, which gives an overall positive rate for the ontology 
content. The average of 1.4 for the factor axioms is attributed 
to the fact that essentially the ORM ontology contains no 
axioms at this point.   

Evaluation result: The content of the ORM ontology was 
rated positively by the participants regarding the concepts, 
their relations and the taxonomy. The participants expressed 
the opinion that the ORM ontology contains all the necessary 
concepts, relations and taxonomies required for performing 
all the ORM tasks, in a simple and yet complete approach. 
The absence of axioms at this point was not considered to 
affect the ontology, although should be addressed in the 
future. Taking into consideration that it was a prototype, the 
participants indicated that in future versions the ORM 
ontology has to be enriched with concepts that will act as 
links with other domain ontologies. 

 
 
Figure 4.  Average and Standard Deviation for the Factors of Dimension: 

Ontology Content 

Dimension: ORM specific capabilities 
This dimension examined the capabilities of the ontology 

in serving more specific needs of the ORM process. In this 
context, the following four content factors were examined: 

1. Coverage of all RM phases 
2. Facilitation of self assessment 
3. Appropriateness for all organizational levels 
4. Connection with other domain ontologies 
As it may be observed in Figure 5, the average ratings for 

the factors of ORM Specific Capabilities dimension ranged 
from 2.9 to 4.3 and the standard deviation ranged from 0.8 to 
1, which gives an overall good rate for the ORM Specific 
Capabilities. The average of 2.9 for the factor 4: Connection 
with other domain ontologies was discussed with the 
participants. This low rate, relatively to the other factors of 
this dimension, is attributed to the fact that in its current 
status the ORM ontology is connected to the Process 
ontology in a rather implicit way. In the future this 

connection and also connections to other business 
ontologies, such as for example a business continuity 
ontology should be made more explicit. The standard 
deviation of 1 in the factor: Appropriate for all 
Organisational Levels indicates that this issue should be 
further researched and assess the cost of adding the 
necessary functionalities versus the benefit of making the 
ORM ontology appropriate to all organisation levels. 
Nevertheless, the ORM ontology was created with the 
objective to be useful primarily to the ORM unit of an 
organisation. The fact that this unit supports all the 
organisational levels of the organisation makes the ORM 
ontology indirectly useful to all the organisation. 

Evaluation result: The ORM specific capabilities of the 
prototype were generally appreciated by the participants. In 
particular it was considered appropriate for the facilitation of 
self-assessment by the organisation units for ORM, because 
of its simplicity and completeness as it covers all risk 
management phases. It was also thought as being very useful 
for the specialised risk management units, since it helps 
though reasoning and inference capabilities to categorise the 
risk information from organisational units and create 
meaningful reports for the top management. Therefore, 
regarding the top management of the organisation the use of 
the ORM ontology is considered to be very useful but rather 
indirectly through the consolidated reports created by the risk 
management unit. A very important feature that looks very 
promising for the organisation as a whole, but will become 
more apparent in the future versions of the ORM ontology, is 
the connection with other enterprise ontologies with concepts 
related to corporate governance, like to business processes 
management, business continuity and audit. 

 

 
 

Figure 5.  Average and Standard Deviation for the Factors of Dimension: 
ORM Specific Capabilities 

B. Logical Operational Risk Ontology 
In the following, we present the representation of the 
ontology based on the syntax of description logic.  
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Process := ∃belongsToProcess. ProcessRisk ∩  ≥1 hasRisk. 
ProcessRisk 
 
ProcessRisk := ∃hasImpact. Impact ∩ ∃hasLikelihood. 
Likelihood ∩ ∃isResultOf. RiskEvent ∩ ∃hasRootCause. 
RiskRootCause ∩ ≥1 hasTreamentPlan.TreatmentPlan ∩ 
≥1 hasIncident.Incident 

 
High impact ⊆ Impact 
Medium impact ⊆ Impact 
Low Impact ⊆ Impact 
 
High Likelihood ⊆ Likelihood 
Medium Likelihood ⊆ Likelihood 
Low Likelihood ⊆ Likelihood 
 
Errors or failure ⊆ RiskRootCause 
Infrastructure disruption ⊆ RiskRootCause 
Attacks ⊆ RiskRootCause 
Occupational incidents ⊆ RiskRootCause 
Frauds  ⊆ RiskRootCause 
Disasters ⊆ RiskRootCause 
Other events ⊆ RiskRootCause 
 
People ⊆ RiskRootCause 
Governance and business Processes ⊆ RiskRootCause 
Systems ⊆ RiskRootCause 
External Events ⊆ RiskRootCause 
 

V. CONCLUSION AND FUTURE WORK 
In this paper, we present our initial work on the research 

issue of developing an ontology to serve the needs of the 
Operational Risk Management (ORM) business function.  

The proposed ontology targets at facilitating the diffusion 
of operational risk-related information across the different 
divisions of the organization, as well as at helping the 
communication and data sharing among the different ORM 
computational applications used within the enterprise. The 
paper includes a brief description of operational risk and the 
ORM process, the developed ontology from a conceptual and 
a logical perspective.  

Initial evaluation results, obtained through interviews 
with IT experts from academia and industry indicate that the 
developed ontology contains the necessary concepts and 
relations required to perform the necessary ORM tasks, 
while it was also considered appropriate for the facilitation 
of ORM self-assessment performed by the different 
organizational units.  

Future work will include an identification and definition 
of more relationships among the six main classes of the 
ontology, as well as its further fine-graining regarding 
specialized ORM corporate needs.  
 

REFERENCES 

[1] CSOTC, “Enterprise Risk Management-Integrated 
Framework,” Book Enterprise Risk Management-
Integrated Framework, Series Enterprise Risk 
Management-Integrated Framework, Committee of 
Sponsoring Organisations of the Treadway 
Commission, 2004. 

[2] G. Koller, Risk Assessment and Decision Making in 
Business and Industry, CRC Press 1999. 

[3] BCBS, “Sound Practices for the Management and 
Supervision of Operational Risk,” Book Sound 
Practices for the Management and Supervision of 
Operational Risk, Series Sound Practices for the 
Management and Supervision of Operational Risk, 
Basel Committee on Banking Supervision, 2003. 

[4] J. Sabatini and M. Haubenstock, “OR: management 
reporting of operational risk; a series designed to 
introduce readers to the tools used in the 
management of operational risk in today's financial 
services industry,” The RMA Journal, May 1, 2011 
2002; 
http://findarticles.com/p/articles/mi_m0ITW/is_10_8
4/ai_n14897145. 

[5] P. Collier, Risk Evaluation, Treatment and Reporting, 
In: Fundamentals of Risk Management for 
Accountants and Managers, Butterworth-
Heinemann, 2009. 

[6] R.J. Chapman, Simple tools and techniques for 
enterprise risk management, John Wiley & Sons 
2006. 

[7] F. Sallmann, Knowledge-based risk management, VDM 
Verlag 2007. 

[8] S.R. Iyer, et al., “Academic Research on Enterprise Risk 
Management,” Enterprise Risk Management, J. F. a. 
B. S. (Eds), ed., Wiley, 2010. 

[9] E. Rodriguez and J. Edwards, “People, Technology, 
Processes and Risk Knowledge Sharing,” Electronic 
Journal of Knowledge Management vol. 8, no. 1, 
2010, pp. 139-150. 

[10] R. Neches, et al., “Enabling technology for knowledge 
sharing ” AI Magazine vol. 12, no. 3, 1991, pp. 36-
56. 

[11] N. Noy, F. and D. McGuinness, L., Ontology 
Development 101: A Guide to Creating Your First 
Ontology,  Stanford Knowledge Systems Laboratory 
Technical Report KSL-01-05 and Stanford Medical 
Informatics Technical Report SMI-2001-0880, 2001. 

[12] S. Bechhofer, et al., “OWL Web Ontology Language 
Reference,” Book OWL Web Ontology Language 
Reference, Series OWL Web Ontology Language 
Reference, 2004. 

[13] A. Gómez-Pérez, et al., Ontological Engineering, 
Springer, 2004. 

[14] O. Lassila and D. McGuiness, The Role of Frame-
Based Representation on the Semantic Web,  
Technical Report, Knowledge Systems Laboratory, 
Stanford University, KSL 01-02, 2001. 



[15] v. Heist, G., et al., “Using Explicit Ontologies in KBS ” 
International Journal of Human-Computer Studies 
vol. 46, no. 2, 1997, pp. 183-292. 

[16] P. Rittgen, Handbook of Ontologies for Business 
Interaction, IGI, 2008. 

[17] M. Hepp and D. Roman, “An Ontology Framework for 
Semantic Business Process Management,” Proc. 8th 
International Conference Wirtschaftsinformatik 
2007, 2007, pp. 423-440. 

[18] Y. Jussupova-Mariethoz and A. Probst, “Business 
concepts ontology for an enterprise performance and 
competences monitoring,” Comput. Ind. , vol. 58, no. 
2, 2007, pp. 118-129. 

[19] G.M. Allan, et al., “Risk Mining for Strategic Decision 
Making,” Proc. Adv. in Intel. Web ASC 43, 2007, pp. 
21-28. 

[20] C. Blanco, et al., “A Systematic Review and 
Comparison of Security Ontologies,” Proc. In 
Proceedings of the 2008 Third international 
Conference on Availability, Reliability and Security, 
2008, pp. 813-820. 

[21] A. Ekelhart, et al., “Automated Risk and Utility 
Management,” Proc. In Proceedings of the 2009 
Sixth International Conference on Information 
Technology: New Generations, 2009, pp. 393-398. 

[22] M. Karyda, et al., “An ontology for secure e-
government applications,” Proc. Proceedings of the 
First International Conference on Availability, 
Reliability and Security (ARES), 2006 pp. 20-22  

[23] S. Dritsas, et al., “A knowledge-based approach to 
security requirements for e-health applications,” The 
electronic Journal for E-Commerce Tools & 
Applications eJETA2006; 
http://www.ejeta.org/specialOct06-issue/ejeta-
special-06oct-4.pdf. 

[24] C. Atkinson, et al., “Concepts for an Ontology-centric 
Technology Risk Management Architecture in the 
Banking Industry,” Book Concepts for an Ontology-
centric Technology Risk Management Architecture in 
the Banking Industry, Series Concepts for an 
Ontology-centric Technology Risk Management 
Architecture in the Banking Industry, 2006  

[25] I. IEC, “ISO/FDIS 31000 Risk management-Principles 
and guidelines,” Book ISO/FDIS 31000 Risk 
management-Principles and guidelines, Series 
ISO/FDIS 31000 Risk management-Principles and 
guidelines, 2009. 

[26] P. De Leenheer and T. Mens, Ontology evolution State 
of the Art and Future Directions, Springer, 2008. 

[27] H. Mizen, et al., Ontology Ontogeny: Understanding 
How an Ontology is Created and Developed, 
Springer, 2005. 

[28] S. Australia, “AS/NZS 4360:2004 Australian/New 
Zealand Standard for Risk Management,” Book 
AS/NZS 4360:2004 Australian/New Zealand 
Standard for Risk Management, Series AS/NZS 

4360:2004 Australian/New Zealand Standard for 
Risk Management, 2004. 

[29] AIRMIC, “ALARM, IRM, A Risk Management 
Standard,” Book ALARM, IRM, A Risk Management 
Standard, Series ALARM, IRM, A Risk 
Management Standard, 2002. 

[30] ENISA, “Risk Management: Implementation principles 
and Inventories for Risk Management/Risk 
Assessment methods and tools,” Book Risk 
Management: Implementation principles and 
Inventories for Risk Management/Risk Assessment 
methods and tools, Series Risk Management: 
Implementation principles and Inventories for Risk 
Management/Risk Assessment methods and tools, 
2006. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


