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Abstract— The proliferation of smart home technologies 
providing home users with digital services presents an 
interoperability problem. This paper asserts that the value of 
these services can be greatly extended by enabling 
technology-neutral compositions of these home services, and 
furthermore that the reliability of such composite services 
will be of paramount importance to ensuring widespread 
deployment. Therefore fault management capabilities must 
accompany the composition capabilities in order to increase 
the robustness and reliability of such services. This paper 
proposes a web services-based abstraction layer for home 
area network service composition and a semantically 
informed fault management system for composed services, 
which can assist in diagnosis and correction of problems 
with composite services in smart homes of the future. 
Prototyping work and use cases are also described and initial 
metrics are presented that investigate the overhead of 
introducing the technology neutral abstraction layer.  

Keywords - component fault management, composite 
services, UPnP, home area network. 

I.  MOTIVATION 
Applications in the smart home of the near future will 

be constructed as service compositions or mash-ups that 
combine capabilities offered by a wide range of device 
vendors and service providers. This is because no 
individual vendor or provider can ensure control of a 
personalized consumer-created environment based on 
hardware and software components, even where this is 
enabled by interoperability standards such as UPnP[6] and 
HTTP/SOAP web services. Thus smart home applications 
will increasingly cut across traditionally segmented 
domains such as white goods manufacturers, consumer 
electronics, domotics, telecommunications providers and 
internet-based services. Thus diversity is guaranteed. 

Given this wide array of components and the emerging 
ubiquity of service-oriented computing solutions, device 
and service compositions will play a key role in leveraging 
the value of individual service components in an ever 
expanding array of new and useful applications. This 
leverage of value includes activities such as support for 
chaining of components into composite services in order to 
provide richer user experience by introducing new 
applications from existing device services. It can also be a 
force multiplier in terms of effectiveness, for example a 
standalone a database service is of limited utility to most 

consumers but when coupled with social networking, 
accounting and appointment book applications it provides 
a vital part of many workflows that could be used to 
support home businesses or even weekly shopping trips. 
Thus the inherent value in the underlying services, 
normally only available to specialist technical users, is 
unlocked for end-users. 

For device vendors and service providers the value 
offered by their products will shift from being solely 
concerned with their use in isolation, to their ability to be 
used in concert with the rest of the digital home ecosystem 
of devices and services. Until now, such compositions  
have only been available to users through service 
compositions continuously being offered by innovative 
third parties. The developers of these components can 
therefore increase their attractiveness to consumers by 
maximizing their ability to be integrated with other 
components. However, this must be balanced against the 
integration costs incurred by third party service composers 
and the management costs incurred by composite service 
operators, which may deter them from actually including 
the component in future composite offerings. Support for 
recursive composition of atomic services means that 
service providers can expand their service offerings by re-
using their own atomic resources and services as parts of 
composite or specialized services that they then offer 
directly to consumers. Finally the ability to compose local 
services with other service providers facilitates the 
building and maintenance of strategic partnerships with 
other service providers in order to maximize the value (and 
hence demand) for the atomic services. 

Therefore if such compositions are going to be 
practical then it is insufficient to enable just the initial 
stage of integration, instead the composed service must be 
supported throughout its lifecycle i.e. from composition, 
through deployment, maintenance or modification and 
finally retirement. This is especially important for services 
deployed in a smart home as it is necessary to enable 
troubleshooting and corrective actions by non-technical 
users, who may themselves be the actor who initially 
composed the services, or to enable self-healing or 
corrective actions by intelligent services deployed in the 
home. 

There have been several promising technologies 
proposed for smart home device and service integration, 
these include UPnP[6], Jini [7], HAVi[8], OSGi[2] and 
DPWS[11]. All of these technologies enable, to a greater 



or lesser extent, interconnectivity between heterogeneous 
devices and services. While they generally provide useful 
abstractions for interaction with a particular device, these 
technologies are non-interoperable. This leaves vendors 
and consumers locked into spot solutions and ultimately 
not delivering on the promise of universal smart home 
device and service integration. Creating services with a 
richer user experience for home area networks requires 
underlying services that are composable in a way that 
enable flexible compositions of the services exposed by 
networked devices in the smart home.  

This paper presents a modular approach for enabling 
the composition of smart home services. An 
implementation of this approach is presented whereby 
UPnP services are automatically wrapped as web services 
to take part in a declaratively defined service compositions 
based on the BPEL[10] standard for specifying executable 
composite processes. However, to support runtime fault 
management of the composite service we enhance this 
infrastructure using a  semantics-based approach. A 
knowledge model of UPnP events and faults expressed as 
an OWL[9] ontology was created. This facilitates 
machine-based reasoning about faults from atomic UPnP 
services in order to derive composite faults for the 
composed services. The semantics of a fault in a composite 
service are not simply the aggregation of the semantics of 
atomic faults but in fact need to take into account the 
interplay of atomic services in a composite service. For 
example the failure of a specific atomic service does not 
necessarily imply the failure of the whole composite 
service. Therefore, this approach significantly increases 
the manageability and hence reliability and suitability for 
self-healing and diagnosis of composite services for smart 
home applications. 

In section II we provide an overview of related work 
on smart home services composition and management. 
Section III presents the architecture approach for enabling 
composition of smart home services and our current 
implementation in terms of BPEL-based integration of 
UPnP-based smart home services wrapped in web service 
interfaces. Next, in section IV we describe a use case for 
this work based on an example composite smart home 
service. Our ongoing work on enhanced fault-management 
for composition of semantically annotated events is 
described in section V. Finally we present some 
conclusions and a summary of the status and applicability 
of our work. 

II. RELATED WORK 
In general while there has been a lot of work on 

enabling composition of smart home services, most of this 
has focused on the use of a single integration technology 
such as UPnP, here we discuss relevant related research 
that has specifically addressed the likely technological 
heterogeneity in the smart home. 

A middleware approach for enabling service 
composition for smart homes with BPEL is presented in 
[1]. The approach is based on marrying an OSGi platform 
[2] with the BPEL specification and a runtime engine. In 

this architecture a composite service is expressed as a 
BPEL process that orchestrates a set of OSGi services. The 
composite service is deployed in the OSGi platform as a 
virtual bundle and then can be accessed by other services 
as an ordinary OSGi service. This is equivalent to the way 
BPEL services have an ordinary WSDL based interface 
and can be accessed as web services. When a composite 
service is located and invoked, the implementation bundle 
calls the BPEL engine, which interprets the process 
specification and executes the process and can call back 
OSGi services. Smart home services are discovered and 
registered with the OSGi platform as services via 
technology related bundles (e.g. a UPnP bundle) and 
thereby can be invoked from composite services running 
on this platform. In contrast to our approach the OSGi 
platform rather than web services are used to abstract the 
individual technologies and there is no formal knowledge 
model used to capture cross-technology service event or 
fault semantics.  

Wen et al. [5] tackle the problem of interoperability 
and heterogeneity in smart homes. They discuss the 
different layers of interoperability and for each layer 
suggest their preferred solution. For connectivity 
interoperability they suggest an Ethernet cloud; for 
network interoperability – TCP; and for syntactic 
interoperability - XML/SOAP. The main difference from 
our approach is that we describe an open driver-based 
middleware that can be extended with “drivers” per 
technology as an adaptation layer from a protocol specific 
to protocol neutral web services interface.  

In [3] the problem of dynamic smart home services 
composition is discussed. They suggest an ontology-based 
approach for smart home service composition, specifically 
in the audio/video domain. A system architecture that 
allows dynamic service composition based on semantic 
technology is presented. They define a device and a 
capability ontology, which are used to assist with service 
composition to enable determining which device can 
perform which semantic task. 

 uMiddle [13] is a universal middleware for 
interoperability in pervasive environments. uMiddle uses a 
universal description language as a canonical service 
description thereby enabling developers to write 
applications that interact with devices with a technology-
neutral interface. uMiddle does not address declarative 
service composition and does not support fault 
management features.  

FedNet [14] is an intermediary based solution for 
transparent integration of applications with diverse smart 
objects by wrapping the interaction with the smart object 
and placing the FedNet intermediary between the 
applications and the smart devices. Smart devices are 
described via proprietary description documents. The 
interaction between the application and the smart device 
representation is made through a RESTful interface. The 
application description is declarative and proprietary and 
does not support specific fault management.  

Finally, in previous work on policy-based integration 
of multi-provider digital home services [12], the authors 



have addressed the issue of the federated distribution of 
management authority in a domain where device and 
service providers may wish to retain some control of their 
offerings, despite the composed service residing or 
executing largely within the smart home. 

III. ARCHITECTURE 

A. Background 
In order to facilitate composition of services in the 

smart home, we propose that an abstraction layer should be 
introduced between the low-level device/service 
technology, and the service composition layer. This 
abstraction layer should hide the differences in format, 
protocol, and network related details from the consumer 
and expose the device services in a common standard way. 
We adopt a web-service based approach, such that devices 
in the home area network are discovered and their services 
are exposed to the user as web based services. In addition 
to enabling the broadest method of standard access to all 
types of services, this approach enables the composability 
of such services using existing service composition 
standards, which is an important attribute desired for smart 
home applications.  

Business Process Execution Language (WS-BPEL or 
BPEL in short) [10] is an OASIS1 standard language for 
the orchestration of web services described via the web 
service description language (WSDL) to be called and 
controlled via control flow structural activities. An 
important attribute of BPEL is that the composite service is 
also rendered as a web service thereby making it 
interoperable and easily integrated with other web 
services. 

B. Proposal 
In this architecture we propose a framework to allow 

smart home service compositions to be defined using 
BPEL. In addition we suggest the dynamic and automatic 
creation of a web service proxy for each digital service, 
e.g. the capability offered by a UPnP-enabled device 
discovered in the HAN. This approach provides a common 
web service-based interoperable layer which can then be 
used in BPEL-based composition along with actual web 
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services. BPEL enables declarative service composition 
and allows for seamless integration with web based 
services.  Both BPEL and web services provide structured 
and declarative fault handling as part of the language 
which is considered essential for management of 
composite home services. In our future work we will 
consider more lightweight approaches both for service 
composition as well as for proxy service representation, 
e.g. RESTful services.  

In this abstract architecture (Figure 1) a “driver” 
module is loaded for each smart home service technology. 
Such a driver is required to abstract the interaction with the 
devices supporting the particular technology. It is expected 
to discover the technology-compliant devices, extract their 
services description, generate corresponding technology 
neutral web services and deploy them to the local web 
server. Finally it should be able to invoke operations on the 
device on-demand. By creating a proxy interoperable web 
interface, different smart home technologies could be used 
and composed in a uniform manner ignoring the 
underlying differences in protocol, data structure, platform 
and network. This architecture could ideally be deployed 
as part of a home gateway.  

Figure 1 shows the architecture with a driver for UPnP. 
This driver is implemented as a UPnP control point 
application that interacts with the UPnP devices in the 
HAN. The control point application has two main sub-
modules: 
 (i) Discovery sub-module – responsible for discovering 
UPnP devices and services in the home are network using 
the UPnP discovery protocol. Once a device is discovered, 
its services are investigated. For each service, its XML 
description is fetched, and based on this description, a 
corresponding web service proxy is generated on the fly 
using template-based code generation. For each service, a 
single web service is created, such that for each action 
there is a corresponding web service operation. The 
parameters of the operation match the parameters of the 
UPnP action. The web service returns a string and may 
throw an exception in case an error was returned from the 
UPnP service. Figure 2 shows a snippet from the 
AVTransport service of a UPnP media renderer, while 

Figure 1 Abstract Architecture 

<action>
   <name>Play</name> 
   <argumentList> 
      <argument> 
         <name>InstanceID</name> 
         <direction>in</direction> 
         <relatedStateVariable> 
               A_ARG_TYPE_InstanceID 
         </relatedStateVariable> 
      </argument> 
      <argument> 
         <name>Speed</name> 
         <direction>in</direction> 
         <relatedStateVariable> 
              TransportPlaySpeed 
         </relatedStateVariable> 
      </argument> 
   </argumentList> 
</action> 

Figure 2 UPnP AVTransport Service Description 



figure 3 shows an extract from the automatically 
generated WSDL file generated for the proxy 
corresponding that UPnP service.  

Once a proxy web service has been generated it is built 
and packaged as a web application and deployed to a local 
web server. The discovery application is dynamic and as 
soon as a UPnP device or service is added to the network it 
is automatically detected, and its corresponding web 
service proxies are generated and deployed to the web 
server. As soon as the device or service disappears from 
the network, its corresponding web service proxies will be 
immediately undeployed from the web server and 
removed. The implementation of each web service 
operation delegates the call to the corresponding UPnP 
device or service via the control point execution module 
described below. 

(ii) Invocation sub-module – responsible for invoking 
home service actions and extracting the results, errors and 
events. When an action is invoked through the execution 
service, the corresponding device action is called and the 
result or error code is returned to the caller. In case an 
error occurs, the UPnP error code generates a UPnP 
exception which is thrown back from the web service to 
the caller. An evaluation of the performance overhead for 
the web service proxy approach for UPnP services is given 
in section V.  

Once a proxy has been deployed to the web server, a 
composite service can then be defined in BPEL involving 
the proxies, and indeed may include other arbitrary web 
services. Such a composite service may be deployed in a 
BPEL runtime engine and be executed in the home 
environment, either as part of a client application, or 
indeed as part of another composite service. 

The advantage of a web service proxy based approach 
is that it enables standard seamless composition of web-
based services with home services with no additional 
effort. Another advantage is that a similar approach can 
also be applied on types of home services other than UPnP. 

IV. USE CASE 
In this section we describe a sample service 

composition use-case where generic UPnP services, 
wrapped as web services are composed into a composite 
service for use within the smart home. In this case we 
envision a scenario where a smart home user may wish to 
stream video from a UPnP media server to a UPnP media 
renderer (display device), and when the user changes 
rooms, to have the media stream displayed on another 
UPnP media renderer in the other room if appropriate. 
Figure 3 shows a snippet from the WSDL conversion for a 
UPnP media renderer AVTransport service, shown 
previously in figure 2. A similar automatic conversion can 
be created for other media devices and services available 
in the smart home.  

The composition of the service can then be easily 
performed, making extensive use of easily procured 
flexible web service composition tools. Figure 4 shows a 
screen shot of a composition defined graphically using the 
Netbeans IDE2 service composition tool. Once assembled, 
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Figure 4 Multi Renderer Composite Service 

Figure 3 Media Renderer AVTransport Service WSDL



the WSDL of the two constituent UPnP services, and a 
service to provide contextual location information about 
the user, are composed together to automatically produce a 
standards-compliant BPEL process. This is then deployed 
to a BPEL engine, and made available as a WSDL 
compliant web service to be directly used by a client 
application, or reused in an even more sophisticated 
composite service. 

This composition has been implemented. In this case a 
UPnP compliant XBMC 3 media server was used with two 
XBMC UPnP media renderers, while the location tracking 
information was provided via a simulation service. The 
composite service executes as expected, with the video 
stream smoothly transitioning from one media renderer 
instance to another.  

However, a more challenging issue arises if an error 
occurs at one of the constituent services in the 
composition, for example, where a malformed media 
location URL is passed into a media renderer. UPnP 
devices and services can be considered state machine 
based, where state changes are signaled via status updates, 
which can be modeled as events. Where an operation 
causes an error, rather than have the faulting operation fail 
instead it succeeds, with the state transitioned to an error 
state and signaled with a state change event. When this 
model is mapped to the synchronous request/response web 
services approach, all operations appear to succeed. Out of 
band error checking becomes more complicated, especially 
where some events signal normal operation, some signal 
warnings, some signal resource-level issues that may be 
independent of any operation being performed, and finally 
only some events signal errors.  

If the process of wrapping UPnP services as web 
services to support their agile integration with other web 
services is to be semi automated, and the composition 
process made easier, this raises a number of further 
concerns. Firstly, there is a requirement to capture the 
semantics or meaning of different events, so they can be 
mapped to the individual operations and underlying 
resources of individual UPnP devices and services. While 
this information can be determined by reading the UPnP 
specifications, they are not formally encoded. Secondly, 
given the focus on event-based feedback, the composition 
process needs to be extended to support not just the 
synchronous data-flow approach, but also support the 
composition-level combination of asynchronous events in 
a holistic manner. These issues and a proposed approach to 
address them will be further discussed in the next section. 

V. ONGOING WORK 
 In this section we provide more details on our ongoing 

work on semantics-based composite fault management and 
current prototyping experiences. 

A. Composite Service Fault Management 
Fault management is a sub area of service 

management that aims to enable the user or service 
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provider to identify a problem with a service as soon as it 
occurs. Traditionally in telecommunications networks, 
implementing fault management functions is a very high 
priority for any new deployments since service outages 
directly affect revenue. Improving fault management is 
also an essential step towards enabling automation in 
composite service management. Composite service fault 
management in general deals with detection, isolation, 
correlation and correction of events that affect the 
composite service. In composite services, failures can 
occur in a number of ways: within the services themselves 
– application related faults, during the interaction with 
services, e.g. communication problems or versioning 
problems; or composition related faults – such as 
incompatible parameters. Identifying faults enables a user 
or manager to respond quickly and appropriately to 
failures, thereby increasing the reliability of the composite 
service. Holistic composite service management should 
consider event information coming from atomic services 
in addition to other available context information such as 
the model of the composition and its execution state. This 
leads us to the next topic. 

B. Semantic Modeling For Composite Events 
Comprehensive end-to-end aware composite service 

fault management requires composing management 
information coming from multiple sources to report 
accurately about the state of the composite service and 
how it is affected by events or faults in constituent 
services. A gap exists between the level of a fault 
management interface that is exposed by atomic services 
and the fault management interface we desire to have for 
the composite service. For example, atomic service events 
may be batched, suppressed, or mapped to composite 
service faults depending on the execution state and the 
model of the composite service. 

The event interface of atomic services can be enriched 
with formal semantic models, with such a semantic fault 
interface can support composite fault management. In this 
paper the authors propose a framework that can be used 
by the composite service designer. By using declarative 
rules, enriched with formal semantic models, the faults of 
constituent atomic services can be mapped to those of a 
composite service, aligning the fault management of the 
composite service with the end-to-end management goals 
of the composition. 

C. A Framework For Composite Service Fault 
Management 
Figure 5 describes a conceptual framework for a 

composite service fault/event detector. The purpose of this 
architecture is to describe rule-based composite service 
fault management, deploy this management interface, and 
identify composite faults and events during the composite 
service runtime. The framework has three main 
subsystems: 



(i) Fault composer – This tool allows the fault 
management designer for the composite service to leverage 
the knowledge present in the composite service model. It is 
proposed to implement the fault composer tool as a plug-in 
extension to an existing BPEL design tool. Fault 
management interface composition will be done using an 
IDE GUI (e.g. an Eclipse or Netbeans plug-in) that would 
enable the user to compose fault information from the 
various available sources and in addition it will be able to 
automatically suggest to the user composite event patterns 
based on an analysis of the composite service model and 
constituent atomic services fault management interfaces. In 
order to enable such an automatic suggestion mechanism, 
the composite service model is inspected in conjunction 
with the atomic services fault management interfaces. For 
example, if there is no alternative path, all atomic service 
faults are promoted by default to be composite service 
faults. Another option is to merge semantically equivalent 
faults to their common parent concept. 
(ii) Composite service runtime – there are three interaction 
points between the composite service runtime and the fault 
management system: 
• When a composite service is deployed to the 

composite service runtime engine, its corresponding 
management interface (i.e. the composite events/fault 
rules) is deployed to the composite service event 
detector. However this is an incremental process and 
management can be deployed at a later time, or 
upgraded after the composite service has been 
deployed.  

• The composite service event detector needs to receive 
from the composite service runtime engine 
information about runtime events/faults coming from 
atomic services, process models, process execution 
state changes, input/outputs, composition related 
faults 

• When an event/fault is identified, the composite 
service event detector must be able to send the 
event/fault back to the composite service runtime 
engine so it can be relayed as a fault/event coming 
from the composite process that raised it.  

 (iii) Composite service event detector – this is the main 
runtime component of the system and its role is to identify 
patterns matching composite services faults/events. It is 
based on the following main concepts: 

• Semantic modeling – enrich the atomic services fault 
management interfaces with semantic annotations 
from a fault management ontology. This requires a 
high-level, domain independent fault ontology, a 
composition fault ontology, and a domain-specific 
fault ontology, e.g. a UPnP fault ontology (see Figure 
8 for an example based on our current work).  

• Semantic reasoning – given the ontologies described 
above, every instance of event/fault received from the 
process runtime is inserted to the knowledge base and 
can potentially trigger semantic reasoning rules 
associated with the fault management interface of the 
related composite service. Such reasoning can involve 
type based reasoning – e.g. checking if the fault type 
is a subclass of another ontology type. Instance based 
reasoning can be used to check the relation between 
two instances of faults and infer the existence of a 
third fault with a different or similar type.  

• Rule engine – expresses the fault management 
interface of the composite service as a set of rules 
mapping between atomic services semantic event 
information, composition related events (execution 
state and model), temporal constraints, and additional 
available context. Additional context can be anything 
that is known to the composite service fault 
management designer to be available in the 
deployment environment including network 
events/faults, application events/faults, and device 
events/faults.  

D. Prototype Implementation 
In order to demonstrate and evaluate the above 

approach, a prototype of the system has been 
implemented, tested, and has been shown to perform as 
expected for a small number of UPnP devices and 
services. The current prototype was implemented support 
for only one technology, UPnP, but as the architecture is 
open and modular, we would extend this as part of our 
future work. The architecture of this prototype, targeting 
composite service fault management in a smart home 
HAN, is given in Figure 6. During runtime, the UPnP 
control point application discovers UPnP devices, 
generates corresponding web service proxies, allowing 

Figure 6 Prototype Architecture 

Figure 5 Composite Service Fault Management 
Abstract Architecture 



services to be composed using a BPEL editor, and have 
these composite applications deployed and executed. The 
prototype uses Apache Tomcat4 as web server to host the 
proxy web services and Apache ODE5 BPEL engine as a 
web application deployed in it for hosting and executing 
composite services.  

In parallel the composite service fault management 
interface can be designed as a set of rules mapping atomic 
service events and faults, composite service execution 
state changes and temporal constraints into the fault 
management of the composite service. The prototype uses 
JBoss Rules 5 (formerly known as Drools) as a rule 
engine and rules are defined using the Drools DRL format 
(See figure 7). These management rules are specified in a 
when-then format, such that the when part defines a 
composite fault pattern, and the then part defines the type 
of composite fault that correspond to the pattern. The fault 
management patterns can refer to event semantics (as 
triples), composite service life cycle events, state changes 
and temporal constraints. A rule file may have multiple 
patterns of composite faults that correspond to a certain 
composite service. Once the rule file has been defined it is 
placed in the predefined rules directory and picked up by 
the rule engine. During runtime events and faults coming 
from atomic services, BPEL runtime, and UPnP devices 
are inserted to the rule engine as event/fault objects, as 
well as triples. Triple object are extracted from the 
ontology representation of the event/fault instance. Figure 
7 shows an example of such a composite fault pattern 
corresponding to the composite media renderer described 
in section IV. This rule identifies a fault (f1) whose type is 
one of the semantic subclasses of UPnPArgumentFault 
according to the ontology that was defined for this 
prototype. In case a match is found, a composite fault 
having a type “UPnPArgumentFault” is sent back to the 
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composite service and from there to the caller.  
For this prototype a high level fault ontology was 

created along with a UPnP Fault management ontology. 
The High level fault ontology defines the main generic 
types of events and faults, such as physical fault, 
communication fault, application fault, security fault, etc. 
It also defines a set of composition related events, such as 
process life cycle event, and activity state change event. 
For UPnP it defines a UPnP fault which is mapped from 
the error code that can be returned by a service action, and 
a UPnP event that corresponds to a device state variable 
change of state. For the prototype purposes only a small 
subset of the errors were modeled, specifically the focus 
has been on the general UPnP errors and on specific errors 
in media renderers. Events and faults in the UPnP fault 
ontology have an associated resource, which represents 
the device, and a fault type, which is the root of a 
hierarchy of fault/event types. Figure 8 shows a snippet 
from this ontology.  

During runtime, events and faults coming from the 
atomic constituent services are delegated through the web 
service proxy to the event receiver of the composite event 
detector. Additional events representing process life cycle 
and execution state changes are received though a listener 
implemented in the BPEL engine. The control point 
application listens to UPnP events and forwards them to 
the composite event detector.  

Once events and faults are inserted to the rule engine, 
the relevant composite service’s rules are triggered as 
appropriate whereby the rule engine attempts to identify 
composite fault/event patterns, informed by the semantics 
of the events, combined with semantic information 
modeling generic composite services. In case such a 
pattern is identified, an appropriate predefined composite 
fault template is instantiated and sent back to the 
composite service and from there sent back to the caller of 
the service. 
For testing the prototype a composite service as illustrated 
in section IV was used. Multiple XBMC clients were used 
as media renders and media servers on multiple desktop 
and laptops. The prototype was tested with a small set of 

rule "Semantic-Illegal-Argument" 
when 
        e1: ProcessInstanceLifeCycleEvent( 
            processName=="MediaComposite1" 
        ) 
        f1: Fault( 
            id==e1.id 
        ) 
        t1: Triple( 
            subject==f1.id, 
            predicate=="hasType" 
        ) 
        t2: Triple( 
            subject==t1.object, 
            predicate=="subClassOf", 
            object=="UPnPArgumentFault" 
        ) 
then 

sendCompositeFault(e1.getProcessId(),   
e1.getProcessName(),  
"UPnPArgumentFault"); 
 

Figure 7 Semantic Composite Fault Example

Figure 8 UPnP Fault Ontology 



rules corresponding to this service.  
Table 1 shows indicative performance overheads 

introduced by the prototype implementation for 3 media 
renderer AVTransport service operations (“Play”, “Pause” 
and “Stop”). The first column (UPnP) shows the time 
taken to directly invoke the operation using SOAP 
messaging. The second column shows the server-side time 
required to perform the same operation when it is 
wrapped in a web service interacting with the UPnP 
control point application, where the additional redirection 
overhead introduced by the server-side processing is 
approx. 5 milliseconds. Column three (Roundtrip) shows 
the time taken to invoke the operation from a Java web 
service client on the same host as the web service and 
demonstrates the additional overhead introduced by the 
client side processing to form the web service request, 
pass it to the web server, and then wait for the web service 
response. These metrics demonstrate the minimal 
overhead introduced by this approach, especially when 
offset against the added capabilities to easily compose 
these services, not just with other UPnP services, but 
potentially with any web service. 

 
Table 1 Performance Overhead 

VI. CONCLUDING REMARKS 
In this paper the authors envision that smart home 

functionality will be constructed as service compositions 
or mash-ups based on device and service offerings from a 
wide range of manufacturers and providers. In this paper 
an approach is presented where UPnP devices and 
services are wrapped as web services which then can be 
easily reused and composed with a wider set of devices 
and services. One of the major side-effects of this 
approach is a requirement to perform more sophisticated 
composite fault management in compositions containing 
UPnP devices and services. A design and prototype 
implementation of such a composite fault management 
framework, informed by formal semantic models of the 
services, faults and the application domain is also 

presented. Early experimental results indicate a low 
performance overhead for the approach. In future 
implementations we are going to look at RESTFul web 
services as a lightweight common interoperable 
infrastructure.  
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 UPnP Webservice 
wrapped UPnP 

Roundtrip 
(Client, 

Webservice & 
UPnP) 

Play 112.36ms 117.86ms 387.52ms 

Pause 365.46ms 370.98ms 614.85ms 

Stop 342.35ms 347.44ms 585.0ms 



<<
  /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 1.6
  /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


