
An Ontology for Resource Sharing 
Kurt Rohloff, Joseph Loyall 

BBN Technologies 
Cambridge, MA 

{krohloff,jloyall}@bbn.com 
 
 

Abstract — We describe an ontology for resource sharing in inte-
grated systems.  We call this ontology the “Resource Sharing 
Ontology.” This ontology addresses one of the main challenges 
for system and service integration: the management of resource 
sharing interactions.  These interactions, whether explicit or im-
plicit, are difficult to model and manage, but they are critical for 
safe and efficient system designs.  Our resource sharing ontology 
also covers performance assessments on resource sharing for 
online and offline control and diagnosis.  We discuss ontology 
extensions for specific resource sharing scenarios such as the 
assessment of resource sharing complexity.  We provide examples 
of using the ontology to model applications, such as an RLC cir-
cuit and for the assessment of a resource contention complexity 
metric for the maintenance of a prototype hybrid vehicle. 

Keywords- ontology; system integration; performance 
assessment 

I.  INTRODUCTION 
One of the main challenges, if not the main challenge, for 

system and service integration is the management of sometimes 
complimentary, sometimes antagonistic subsystem interactions 
through resource sharing.  Systems, whether cyber, physical, 
cyber-physical, or otherwise, are comprised of resources and 
system actors that interact with and through the resources.  
Shared resource interactions, whether explicit or implicit, are 
difficult to model and manage, but they are critical for safe and 
efficient system designs.  These interactions must be consi-
dered in the design, development, and testing phases of system 
creation. 

Although there has been a tremendous growth in the use of 
ontologies to facilitate systems and service integration in gen-
eral [1][5][9][10][11][15], there has been little work on general 
ontologies for the key challenge of resource sharing as needed 
for offline or online resource allocation and reallocation 
[4][13][14].  When resource sharing interactions are not consi-
dered early in system creation, e.g., during the design phase, 
then they must be tested for during the system verification and 
validation phase, which is costlier, or there is a risk that they 
will be discovered after system deployment, where unantici-
pated resource interactions and contention that affect the sys-
tem operation or performance can lead to even more costly 
system failure or retrofitting. 
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In this paper we describe an OWL ontology [8] for resource 
sharing in integrated systems.  We call this ontology the “Re-
source Sharing Ontology.”  We design our ontology to be suf-
ficiently general to cover cyber, physical and cyber-physical 
systems.  Resources may include, for example, engine power, 
fuel, communication bandwidth and cooling capacity in mod-
ern automobiles which are classic examples of cyber-physical 
systems.   

The design of our resource sharing ontology is motivated 
by prior work designing automated resource allocators for dis-
tributed computing systems [12] and developing methods to 
reduce the design time for large cyber-physical systems. 

We identify general classes of system actors that provide, 
consume or regulate resources.  We identify general categories 
of attributes of shared resource languages that should be cap-
tured in the ontology.  We design the ontology to be extensible 
and discuss ontology extensions for specific resource sharing 
scenarios such as the assessment of resource sharing complexi-
ty.  This resource sharing ontology and its context-specific ex-
tensions are used to build composed models of systems com-
ponents that interact both through directed communications and 
implicit and explicit resource sharing.   

Although there has been work on ontologies for interopera-
ble system design [10], there has been little specific focus on 
shared resource interactions and assessments for distributed 
systems.  A formal ontology intended as the basis for building 
interoperable and reusable knowledge systems is provided in 
[1].  This work is generally more qualitative than quantitative 
and provides a vocabulary for modeling the structure and beha-
vior of systems without discussion of performance assessment 
necessary for diagnosis, reconfiguration, tuning, etc.  The work 
in [3] is more qualitative and provides an ontology for engi-
neering mathematics without a focus on resource interactions.  
Similar work on ontologies for integration of manufacturing 
systems that incorporates resource sharing concepts is dis-
cussed in [5], [7], [9] and [15], but generally at a higher level 
than the ontology discussed herein.  The ontology in [5] dis-
cusses resources with a focus on human, machine and tool re-
sources for manufacturing without focusing on resource con-
sumption.  Machines and materials are considered as resources 
in [9]. 

The remainder of this paper is organized as follows. In the 
section immediately following we introduce the resource shar-
ing ontology’s design objectives.  Section 3 introduces the on-
tology, its classes, object properties and data properties.  Sec-
tion 4 discusses the extensibility of the ontology for domain 
specific use with a resource contention metric.  In Section 5 we 



discuss two application examples using the ontology for re-
source sharing in RLC circuits and a hybrid HMMWV model.  
We close with conclusions in Section 6. 

II. ONTOLOGY OBJECTIVES 
Our ontology design is motivated by our understanding that 

actors operate through integrated systems and services to either 
consume, provide or regulate resources.  These system actors 
include resource consumers, resource providers and resource 
allocators.  Resource consumers use resources – for example an 
internal combustion engine consumes fuel, or network cards 
use bandwidth. 

Resources may be transformed and disappear due to con-
sumption (such as fuel), or resources may be used, but not dis-
appear due to use (such as bandwidth). Resource providers 
generate resources that are consumed, e.g., an alternator at-
tached to an engine generates electrical energy or a sensor may 
provide information about object detections.  Resource alloca-
tors decide which resources are used by which consumers.  For 
example, an engine control module determines the rate of fuel 
flow to an engine and a TCP implementation determines the 
use of bandwidth used by nodes communicating on an intranet. 

System actors often need to make measurements of system 
conditions to assess the behavior and performance of resources 
and actors.  These assessments are used by the system actors to 
alter their behavior, or by users to assess system health.  For 
example, a resource allocator such as an engine control module 
uses measurements including engine speed, temperature, and 
atmospheric density to assess engine performance and allocate 
fuel to an engine.  Similarly, TCP uses measurements of packet 
sequence numbers to assess congestion.  In an example we 
discuss below in Section 5, we assess a metric called resource 
sharing complexity over various measurements to assess the 
propensity for resource contention. 

The system actors, measurements, and assessments do not 
necessarily operate continuously like a centrifugal governor 
operating on a steam engine.  Most often system actors, mea-
surements, and assessments are implemented digitally and up-
date either on a clock cycle or when driven by external events.  
As such, system interactions, measurements and assessments 
need to be modeled and coordinated with respect to event oc-
currences which may include clock ticks. 

Depending on application, system actors (such as resource 
consumers, resource providers, and resource allocators) primar-
ily interact through more than shared resources.  Components 
could interact through directed communication, but these kinds 
of engineered/designed interactions are implemented through 
resource sharing interactions such as the use of communication 
buses.  Our insights in this document are driven primarily by 
experience and published reports on developing and using re-
source sharing models to architect component interactions in 
information management systems [2], [4], [6].  Based on our 
experience [12], [13], [14], (explicit or implicit) shared re-
source interactions are difficult to capture and express. We see 
the need for a resource sharing interaction language that would 
be extensible and compatible with component modeling lan-
guages.  

Selecting the attributes for a component model language for 
shared resources requires the selection of an appropriate level 
of abstraction.  Although users of modeling languages may 
sometimes want or need to understand the inner operations of 
components, it is often sufficient to exclusively model aspects 
of component interactions, even when these interactions do not 
occur through explicitly specified interfaces.  Furthermore, it is 
necessary to abstract from many of the details of the inner op-
erations in order to reduce and manage the complexity involved 
in system modeling, design, and development. Since compo-
nents at a given level of abstraction interact explicitly and im-
plicitly through shared resources, a component model language 
for shared resources needs to capture the relevant properties of 
resource interactions.  We focus on resource interactions be-
cause many component interactions can be described as inte-
ractions by the components through shared resources.   

Based on the above motivation, we identify four general 
categories of attributes for shared resource model languages 
that should be considered in a resource sharing ontology:  

1) Resource provisioning attributes: these attributes cov-
er how the resources are allocated. 

2) Resource availability attributes: these attributes cover 
how the availability of the resources may change after provi-
sioning. 

3) Resource consumption attributes: these attributes cov-
er how the resources are consumed by component operation. 

4) Resource assessment attributes: these attributes cover 
how the consumption of the resources are typically evaluated. 

In the subsections immediately following we describe these 
categories.  The attributes and categories we discuss are in-
tended to be representative, and are by no means exhaustive or 
exclusive for all application domains.  Our goal is to provide an 
ontological framework that is sufficient for large classes of 
systems.  We intend for our taxonomy of attributes and the 
ontology to be further extended and customized for specific 
applications and systems. 

All of the attribute categories we list include some aspect of 
resource constraints.  In fact, most of the attributes describe 
some aspect of constraints on the behavior and use of the re-
sources that need to be expressed in the resource models.  
These constraints limit the behaviors that need to be accounted 
for in composing model components through resource interac-
tions. 

A. Resource Provisioning 
The resource provisioning attribute category contains 

attributes that describe how resources are allocated.  These 
attributes include: 

1. Resource Shared: This attribute captures whether the 
resource is shared or private. 

2. Allocation Decider:  This attribute captures who de-
cides on the allocation of resources.  Possible values include 
the system designer, system user, or the system for autoconfi-
guring systems. 



3. Allocation Mechanism: This attribute captures how 
the allocation is decided, whether by directed allocation from a 
human-in-the-loop (such as a designer or user), a supervisory 
controller, or a collaborative resource allocation system in 
peer-to-peer environments. 

4. Allocation Dynamism: This attribute captures whether 
the allocation is performed only once, or whether reallocation 
occurs during runtime. 

5. Reallocation Trigger: When resource allocations are 
dynamic, this attribute captures how reallocation is triggered – 
whether from a clock tick, a feedback control mechanism, or 
driven by an external event like changes in missions. 

B. Resource Availability 
The resource availability attribute category contains 

attributes that describe how resource availability changes over 
time and how resource consumers and allocators observe those 
changes in availability.  These attributes include: 

1. Resource longevity: This attribute captures whether 
the resource has permanence (like physical space), it is con-
sumed constantly (like time), or its consumption is a function 
of usage properties (like how fuel is consumed based on per-
formance demands.) 
 

2. Resource availability observability: This attribute cap-
tures whether the resource availability is directly observable, 
partially observable, or unobservable to various entities includ-
ing consumers, providers and allocators. 

C. Resource Consumption 
The resource consumption attribute category contains 

attributes that describe how resource consumption occurs. 
These attributes include: 

1. Resource consumption predictability for consumer: 
This attribute captures how predictable resource consumption 
is for consumers – whether it is schedulable (such as fuel avail-
ability due to consumption), partially schedulable (such as 
ammunition for weapons), or unschedulable (such as armor 
plating.) 

2. Resource consumption predictability for allocator: 
This attribute captures how predictable resource consumption 
is for allocators. 

3. Resource consumption controllability:  This attribute 
captures whether the resource consumption is fully controlled 
(like fuel usage), partially controlled (like heat dissipation ca-
pability), or uncontrollable (like time.) 

4. Resource usage correlation: This attribute identifies 
when consumption of particular subsets of resources are posi-
tively or negatively correlated. 

D. Assessment of Resource Usage 
The resource assessment attribute category contains 

attributes that describe how resource consumers and allocators 
observe both the consumption and need for additional re-
sources. These attributes include: 

1. Uses for online resource usage feedback:  This 
attribute identifies the resource consumption assessments that 
are useful for runtime reallocation and tuning.  These assess-
ments include performance utility, control error terms, safety 
margins, etc. 

2. Uses for design-time assessment:  This attribute iden-
tifies resource attributes to be considered during design-time.  
These assessments include resource complexity, etc. 

III. RESOURCE SHARING ONTOLOGY 
We have designed an ontology to capture the above 

attributes and categories of attributes of a shared resource lan-
guage.  We followed general ontology design principles to 
make the ontology as simple as possible so that it is as extensi-
ble as possible and widely applicable [8]. 

The ontology incorporates the system entities such as re-
sources, system actors, measurements and performance as-
sessments.  These entities and several others are represented as 
classes in the ontology.  The ontology also incorporates object 
and data properties that represent the attributes and attribute 
categories we discussed above. 

A. Shared Resource Ontology Classes 
A schematic of the ontology class hierarchy can be seen in 

Figure 1. 

 
Figure 1: A Tree Representation of the Ontology Class 

Hierarchy. 



There are several main classes of entities in the ontology – 
Resource, SystemActor, Measurement, PerformanceAssess-
ment, Equation, and Event. 

The Resource class represents resources.  We define two 
subclasses – ExclusiveResource and SharedResource to 
represent resources that are used exclusively by one consumer 
or multiple consumers, respectively.  We expect that shared 
resources will be prevalent in applications that use this ontolo-
gy, but that representations of exclusive resources will be ne-
cessary for scenarios where some resources are exclusive as-
signed to safety-critical systems, such as life support in pressu-
rized-cabin air-vehicles. 

The SystemActor class represents the system actors.  Sub-
classes include ResourceAllocator, ResourceConsumer and 
ResourceProvider that represent, respectively, actors that allo-
cate, consume, and provide resources as discussed above.  Sub-
classes of ResourceAllocator include Controller, SystemDe-
signer, SystemInfrastructure, and SystemUser.  Subclasses of 
ResourceConsumer include SystemInfrastructure and Syste-
mUser.  SystemInfrastructure is also a sub-class of Resource-
Provider.  Controller represents resource allocation controllers 
such as the engine control module discussed above.  System-
Designer is the system designer and is used when the system 
designer allocates resources.  For example, a designer may 
decide that some engine designs have a restricted fuel flow to 
limit power output and increase longevity.  SystemUser 
represents possibly multiple system users which both allocate 
resources through command decisions and consume resources.  
For example, the driver of an automobile consumes engine 
power by accelerating the vehicle.  The driver also allocates 
fuel resources to the engine by adjusting the throttle.  Syste-
mInfrastructure represents the system which inherently allo-
cates provides, and consumes resources.  For example, modern 
computer motherboards allocate and provide electrical power 
to chip components, while also consuming electrical power. 

The Measurement, PerformanceAssessment, and Equation 
classes have no subclasses.  Although not introduced earlier, 
Equation represents mathematical expressions that are used by 
PerformanceAssessment objects, among others. 

The Event class represents discrete points in time that may 
drive the taking of measurements, running performance as-
sessments, changing allocations and so on.  These events may 
be repeated or not, hence the RepeatedEvent and NonRepeate-
dEvent classes.  Events could occur at clock ticks (repeated or 
not), or when a measured value or assessment passes some 
threshold, as is usually the case when using a performance as-
sessment to decide when to perform a resource allocation – 
when the expected benefit of a reallocation surpasses the ex-
pected benefit of not changing a resource allocation, a control-
ler should use this threshold passing to decide to perform a 
reallocation of resources. 

B. Shared Resource Ontology Object Properties 
A schematic of the ontology object property hierarchy can 

be seen in Figure 2. 

The identification of the property relationships should be 
fairly self-explanatory because of the naming conventions we 
used.  As such, we only describe a subset of these properties.  

Note that the object properties are generally broken into pairs 
to represent inverse relationships.  For example, consumes is 
used to identify which resources a consumer consumes, while 
isConsumedBy is used to identify which consumers consume a 
resource. 

A high-level sketch of object property relationship between 
entities can be seen in Figure 3.  To simplify figure 3 and make 
it more informative and less confusing, we do not show inverse 
properties whose use can be easily inferred from naming con-
ventions.  For example, allocates is an inverse property of isAl-
locatedBy.  We also do not show some subclass entities whose 
specialized property usage can be easily inferred from naming 
conventions and the properties of superclasses.  For example, 
exclusivelyConsumes is a subProperty of consumes which is 
used with ExclusiveResource objects instead of normal Re-
source objects. We do not have many subProperty relationships 
in the shared resource object property hierarchy.  Most of these 
object properties are used to identify resource consumptions 
and availabilities with special exclusivity and observability 
properties.  For example, a monitor connected to a video card 
frequently exclusively consumes the information flowing from 
the card.  Similarly, in a ground vehicle such as a HMMWV, 

 
Figure 2: A Tree Representation of the Ontology Ob-

ject Property Hierarchy.



the engine control unit has the exclusive ability to observe at-
mospheric pressure in order to regulate the air-fuel mixture into 
the engine.   

We defined the sharesResourceWith property and its sub-
properties to identify resource consumers that share resources.  
This sharing may be implicit, explicit or coordinated, so we 
defined subclasses to capture these scenarios. 

We defined hasTrigger properties to identify events which 
trigger when events are allocated or consumed, or when per-
formance is assessed. 

C. Shared Resource Ontology Data Properties 
A schematic of the ontology data property hierarchy can be 

seen in Figure 4. 

The identification of the property relationships should be 
fairly self-explanatory because of the naming conventions we 
used.  Most of the data properties represent either times, or they 
represent strings to describe objects.  The time properties in-
clude time and period which respectively represent a time when 
an event occurs and the amount of time between events.  The 
description string properties include resourceDescription, re-
sourceDynamism and most others. 

IV. EXTENDING THE SHARED RESOURCE ONTOLOGY FOR 
CONTENTION COMPLEXITY 

As a demonstration of the extensibility of our shared re-
source ontology, we now discuss an extension of this ontology 
to cover the assessment of contention complexity metrics.   

Contention Complexity is a metric that assesses the propen-
sity for a resource to experience contention.  We define each 
resource to have its own resource complexity measure. We 

 
Figure 3: Class and Object Property Relationships. 

 
Figure 4: A Tree Representation of the Ontology Data 

Property Hierarchy. 



codify these and other motivating hypotheses of contention 
complexity as follows: 

1) Entities/subsystems/components in a system use mul-
tiple resources.  Entities have varying levels of criticality for 
using specific resources. 

2) Contention complexity is a function of the potential 
for contention due to more requests from entities to use re-
sources than can be accommodated by the limited resources. 

3) Contention complexity can be decomposed and ex-
pressed for specific resources.  Contention complexity is the 
sum of the contention complexities of resources.  The conten-
tion complexity of a resource is a function of the potential for 
contention of that resource from entities to use that resource. 

4) Contention complexity of a resource is a function of: 

 The number of entities that could request that re-
source.  (A resource with more consumers leads to 
more contention complexity.) 

 The level of usage required for use of the resource.  
This is measured in terms of % usage level * amount 
of time per usage.  (Higher usage level means more 
contention, more time per usage means longer queues 
and more contention.)  The higher this product is, the 
higher likelihood of contention. 

 More critical uses of limited resources imply more 
contention complexity. 

This metric is expressed as the following equation: ݕݐ݅ݔ݈݁݌݉݋ܥ݊݋݅ݐ݊݁ݐ݊݋ܥሺݎሻൌ ෍ ,ሺ݈ܿ݁ݒ݈݁%ሾܧ ,ሺ݈ܿ݁ݒ݈݁%ሺݎܽݒሻሿݎ ,ሺܿݕݐ݈݅ܽܿ݅ݐ݅ݎሻሻܿݎ ஽௘௣௘௡ௗ௦ை௡ሺ௥ሻאሻ௖ݎ  

 

We extended the shared resource ontology by defining a 
subclass of PerformanceAssessment called ContentionCom-
plexity.  We then defined three subclasses of Measurement: 
VariancePercentResourceUsage, ExpectedPercentResourceU-
sage and Criticality.  We defined a new object property forRe-
source that associates ContentionComplexity objects with spe-
cific resources.  Finally, we define a single individual, Conten-
tionComplexityEquation that expresses the above equation for 
contention complexity. 

With this very small set of changes, we were able to adapt 
our general shared resource ontology to a much more specific 
and still useful ontology for a specific metric that can be further 
refined. 

V. EXAMPLE APPLICATIONS OF SHARED RESOURCE 
ONTOLOGY 

We now explore the use and usefulness of the resource 
sharing ontology and its extension to Contention Complexity 
with two specific examples: an RLC circuit and a hybrid bat-
tery maintenance scenario. 

A. RLC Circuit 
We now consider the application of our contention com-

plexity ontology to the RLC circuit in Figure 5. 

In this circuit, the voltage source (VS) is a resource provider 
and provides a resource of electrical energy.  The RLC circuit 
(without the power source) is both a resource consumer and an 
allocator.  The RLC circuit consumes some energy and deter-
mines how much energy at each frequency to transfer to any 
consumer connected at the VO output port.  Anything that con-
nects to the output port VO is both a resource consumer and an 
allocator because it can influence how the power output of VS 
is allocated across the frequency domain and hence consumed 
by the RLC circuit. 

We designed an application-specific ontology for this ex-
ample that imports the contention complexity ontology.   

The amount of resource provided at a given frequency s is a 
function of the voltage VS(s) and the current through the vol-
tage source IS(s).  This provided electrical energy is allocated 
by the system designer to the RLC components and an output 
port which provides a voltage VO(s) and a variable current IO(s) 
that is a function of the systems connected to the output port.  
We assume that the voltage source has some max power output 
Wmax.  The power output at a given frequency is VO(s)*IO(s) 
and the integral of this product over the frequencies from 0 to 
infinity is the total power output. 

With this analysis, we designed the application-specific 
RLC ontology by adding just a few individuals to the imported 
contention complexity ontology.  We added: 

• The SourcePowerContention individual which is of 
type ContentionComplexity.  This individual uses measure-
ments of the source voltages and currents, the output voltages 
and currents, and the RLC circuit parameters to compute con-
tention complexity. 

• The SourcePowerOutput individual is of type Re-
source.  It is the resource consumed by the RLC circuit and any 
other consumer attached to the VO port. 

• The VoltageSource individual is of type Resource 
Provider.  It provides the SourcePowerOutput resource. 

 
Figure 5: A Tree Representation of the Ontology Da-

ta Property Hierarchy. 
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known to be explosive when engulfed in flames.)  But in this 
simplified example, the computation of the metric would show 
that the choice of the Lithium Ion battery with a depth of dis-
charge between 30% and 50% provides the minimal resource 
contention complexity (informally, the minimal maintenance 
cost over the battery’s lifetime).  Interestingly to us is that these 
preliminary results align well with real-world results that we 
discovered from automakers after performing these experi-
ments. 

VI. CONCLUSION 
In this paper we introduce a resource sharing ontology to 

address the challenge of modeling and reasoning about explicit 
and implicit resource interactions for integrated systems and 
services.  The resource sharing ontology is driven by the identi-
fication of various classes of system actors, resource attributes, 
measurements and performance assessments.  Using a conten-
tion complexity metric we discuss the extensibility of the on-
tology, and we discuss applications to examples. 

REFERENCES 
[1] L. Alberts. YMIR: an ontology for engineering design. Doctoral 

dissertation, University of Twente, 1993. 
[2] P. Chandra, A. Fisher and P. Steenkiste. A Signaling Protocol for 

Structured Rresource Allocation. In: INFOCOM '99. Eighteenth Annual 
Joint Conference of the IEEE Computer and Communications Societies. 
Proceedings. IEEE. Vol. 2, pgs 522-533, 1999. 

[3] T. Gruber and G. Olsen. An ontology for engineering mathematics. In J. 
Doyle, P. Torasso, & E. Sandewall (Eds.), Fourth International 
Conference on Principles of Knowledge Representation and Reasoning, 
Gustav Stresemann Institut, Bonn, Germany, Morgan Kaufmann. A well 
designed ontology, built to enable sharing and reuse of engineering 
models. 1994. 

[4] K. Krauter and R. Buyya and M. Maheswaran. A Taxonomy and Survey 
of Grid Resource Management Systems. Software Practice and 
Experience 32(2):135-164, 2002. 

[5] S. Lemaignan, A. Siadat, J. Dantan and A. Semenenko, "MASON: A 
Proposal For An Ontology Of Manufacturing Domain," Distributed 
Intelligent Systems: Collective Intelligence and Its Applications, IEEE 

Workshop on, pp. 195-200, IEEE Workshop on Distributed Intelligent 
Systems: Collective Intelligence and Its Applications (DIS'06), 2006  H.-
K. Lin, J. Harding and M. Shahbaz. "Manufacturing system engineering 
ontology for semantic interoperability across extended project teams" 
International Journal of Production Research 42.24 (2004). 19 May. 
2011 

[6] M. Maheswaran. Quality of service driven resource management 
algorithms for network computing. 1999 Int'l Conference on Parallel and 
Distributed Processing Technologies and Applications (PDPTA '99), 
June 1999, pp. 1090-- 1096. 

[7] M. Obitko and V. Marik. Ontologies for multi-agent systems in 
manufacturing domain. In DEXA ’02: Proceedings of the 13th 
International Workshop on Database and Expert Systems Applications, 
pages 597–602, Washington, DC, USA, 2002. IEEE Computer Society. 

[8] OWL. (2011) Web Ontology Language (OWL.) Retrieved from 
http://www.w3.org/TR/owl2-overview/ 

[9] L. Pouchard, N. Ivezic and C. Schlenoff (2000) "Ontology Engineering 
for Distributed Collaboration in Manufacturing". In Proceedings of the 
AIS2000 conference, March 2000. 

[10] S. Ray. "Tackling the Semantic Interoperability of Modern 
Manufacturing Systems" Proceedings of the Second Semantic 
Technologies for eGov Conference (2004) 

[11] A. Rector, G. Schreiber, N. Noy, H. Knublauch and M. Musen.  
Ontology Design Patterns and Problems: Practical Ontology Engineering 
using Protege-OWL.  Tutorial at the Third International Semantic Web 
Conference (ISWC 2004) November 7th, 2004 

[12] K. Rohloff, R. Schantz and Y. Gabay. "High-Level Dynamic Resource 
Management for Distributed, Real-Time Embedded Systems." Submitted 
to the 5th Symposium on Design, Analysis and Simulation of 
Distributed Systems, 2007. 

[13] K. Rohloff, J. Ye, J. Loyall and R. Schantz. A Hierarchical Control 
System for Dynamic Resource Management, 2006 IEEE Real-Time and 
Embedded Technology and Applications Symposium (RTAS 2006), 
Work in Progress Symposium. April 7, 2006, San Jose, CA. 

[14] K. Rohloff, J. Loyall, R. Schantz. Quality Measures for Embedded 
Systems and Their Application to Control and Certification, ACM 
SIGBED Review, Special Issues on Workshop on Innovative 
Techniques for Certification of Embedded Systems. Volume 3, Number 
4, October 2006. 

[15] C. Schlenoff, R. Ivester, and A. Knutilla. A robust process ontology for 
manufacturing systems integration. In Proceedings of 2nd International 
Conference on Engineering Design and Automation, 1998. 

 



<<
  /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


