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Abstract

The evolution of systems during operational lifetime
is becoming a core assumption of the design. This is
the case for resource constrained embedded systems.
Such an evolution may be driven by environment or the
execution context. The adequacy of the service delivery
with respect to the current operational conditions
depends on the ability to tune the software
configuration accordingly. This is true for application
services, but also for dependability services, in
particular the fault tolerance software. This paper
presents a design of fault tolerance software for its
runtime adaptation. This design relies on a reflective
framework and open component based software
engineering (CBSE) techniques. We demonstrate in
this paper the feasibility of adapting componentized
fault tolerance at a meta-level of the application.

1. Introduction

On-line evolution of software is becoming a
requirement for many types of systems in different
application domains, those being critical or not. This
problem is clearly of interest for large-scale systems
because evolution is a core assumption of their design,
e.g. service-oriented architectures. It is worth noting
however that it is becoming the case also for systems
in the small, e.g. embedded system, in the context of
ubiquitous computing, mobile systems, long living
space systems, for instance. Considering evolution, the
application software is often the target for adaptation.
However, changes may also regard threats, fault
assumptions, or resources. Then, the fault tolerance
software can be subject to adaptation with respect to
fault models (Context-aware  Fault  Tolerant
Computing) or resources (Resource-aware Fault
Tolerant Computing).

The adaptation of non-functional mechanisms raises
two major issues. The first one refers to the assessment

of a dynamic system, i.e. monitoring operational
conditions, to take the decision of adapting the system.
The second issue refers to the on-line modification of
the software devoted to fault tolerance.

In this paper, we focus on the design of the system
enabling the modification of its fault tolerance software
at runtime. This is a fundamental issue to perform fine
grain adaptation and to minimize space and CPU
resources. It is important to mention that coarse
reconfiguration is always possible at the expense of
global freezing of the system, resources (memory,
time) consumption overhead, and often the loss of past
execution history. An appropriate design for on-line
modification is mandatory to tackle fine-grain
adaptation. The proposed design relies on both an
architectural design and technologies providing both
separation of concerns and concepts for software
modification.

The overall approach relies on the recursive use of
the reflection paradigm to build the architecture. This
first implies the definition of an on-line model of the
functional software to separate fault tolerance and
functionalities in two different abstraction levels. Then,
we propose to decompose fault tolerance into small
components in order to modify the fault tolerance
software at runtime. This component technology relies
on a middleware implementing a reflective component
model. A case study will illustrate this design and
demonstrate the feasibility of the adaptation.

2. Problem statement, proposed approach

The problem is the following. Let S; and S, be two
fault tolerance configurations, how should we modify
S; using a set of algorithms switches and parameters
updates, in order to install S, maintaining system
correctness and availability.

From a design viewpoint, the fault tolerance
software has to be as independent from the application
as possible. In general, fault tolerance software is very



difficult to modify, because it is often merged with
functional algorithms. Substitution of fault tolerance
algorithms implies that they are separated from
functional ones. As far as on-line fault tolerance
adaptation is concerned, separation of concerns must
be effective at runtime, and not only at compile time.
Reflection [1] and more recently Aspects [2], have
shown their interest regarding separation of concerns,
i.e. mapping different software concerns to different
levels of a system. For example, in [3], reflection has
been used to separate fault tolerance and application in
a CORBA system.

The reflection principles rely on an ordered set of
meta-levels. The level associated to the functionalities
of the system is called the base level. A meta-level has
a representation of the lower levels called a meta-
model. This representation is synchronized, i.e.
causally connected, with the levels it represents. When
a modification is made to the representation, the
corresponding level is impacted. Conversely, the
evolution of the levels will be visible through their
representation. Reflective mechanisms are needed to
synchronize the representation and the implementation.
In practice, each level is implemented in a separate
software layer.

We introduce a reflective architecture composed of
three layers (cf. figure 1). Each layer focuses on a
separated crosscutting concern of the system. The base
level implements the functionalities of the system, the
first meta-level deals with fault tolerance of the system,
the second meta-level controls the adaptation of the
fault tolerance software.

| Meta-level 2 — Fault tolerance Adaptation |

| Base level — Functionalities |

Figure 1. System reflective architecture

The manipulation of the fault tolerance software at
runtime requires the software to be designed using
abstractions that enable the modification of the
software at runtime, both in terms of parameters and
algorithms. We propose to use a reflective component
model. This technology enables to represent the
software as an architecture of inter-connected boxes.
Then, it is possible to create new boxes, to remove
some existing boxes, to connect or disconnect boxes.
Such a model is provided by some component models,
which provide ways to manipulate software at runtime.
These boxes are sofiware components. A component
has several interfaces (represented by circles) and
receptacles (represented by half-circle). A receptacle is
connected to one or several interfaces. Components

interact through connexions. Component architecture
refers to a set of inter-connected components. The
componentization process consists in defining the
services provided by the components, i.e. their
interfaces.

The fault tolerance software can take advantage of
the representation of the functional layer provided by
the reflective component model. The switch between
two fault tolerance algorithms becomes possible for the
adaptation layer, and consists in the substitution of
some inter-connected boxes.

In the remainder of this paper, we show how the
link between the functional layer and the fault
tolerance software can be realized using the component
technology. Then, we propose a decomposition of fault
tolerance software into components, in order to enable
its modification at runtime.

3. Modelling application for fault tolerance

The meta-level for fault tolerance involves the
introduction of a structural and behavioural model of
the functional part of the system. A model has been
proposed in [3] for implementing replication protocols
on CORBA. We decided to reuse this model. It is
composed of four reflective mechanisms:

¢ Reification of an incoming interaction

¢ Reification of an outgoing interaction

e Intercession of method calls

o State handling of the component (save/restore)

The adaptation assumes the use of component
technology for the two lower layers of the system.
Thus, in order to be consistent with this assumption,
we use components to provide these reflective
mechanisms. The next two sub-sections detail the
implementation of these reflective mechanisms using
component technology.

3.1. State handling

The management of state information is mandatory
for most of the fault tolerance strategies. Saving the
correct state of the component before a failure occurs,
is essential for later recovery, and can be done using
checkpointing techniques. The recovery operation in
this case is also called rollback. The problem of the
checkpointing is a really difficult problem in complex
software architectures. When checkpointing is not well
designed, it may lead to serious problems and prevent
successful recovery. Moreover, the state is a very
complex notion. The state of a component is composed
of internal data structures, executions stacks but also of
the state of the opened channels such as sockets or
files. A part of this state is thus dependent of the lower
layers of the system (middleware layers, the kernel).



Such a complex state can be captured using multi-layer
reflective technology [4].

State handling can be realised in several ways. First,
the state save and the restore operations can be
delegated to a third party [5], provided by the
execution platform. Second, inheritance mechanisms
[6] can be use to delegate the implementation of the
operations to the application developer. Third,
reflective language (OpenC++ [7], Aspect] [8] or the
java.lang.reflect library of Java) can be used. We
propose to equip every component with the IState
interface, which provides save and restore methods that
can be implemented with any of the above mentioned
solutions.

3.2. Behaviour control

The capture of the behaviour of the functional
components synchronise fault tolerance mechanisms to
the base level of the architecture. This behaviour is
observable through interactions between components
by means of their connected interfaces. We consider
two kinds of interactions. The first one corresponds to
a call to the target component. They are called
incoming interactions. The second one corresponds to
interactions issued by the target component itself. They
are called outgoing interactions. In order to capture the
behaviour and apply fault tolerance processing, these
interactions have to be synchronously reified to the
fault tolerance layer.

Table 1. Reflective mechanisms

Reification of a incoming
interactions

Reification of a outgoing
interactions
Intercessionincominglnteractions  |[Enable to call a method of the
functional component

UReifyIncominglnteractions

[ReifyOutgoinglnteractions

[IntercessionQutgoinglnteractions  |[Enable to call a method of a
component connected to the

wrapper

We introduced the reflective model for fault
tolerance using a composite component called the
ApplicationController, which wraps each functional
component. The ApplicationController plays the role
of a meta-object protocol since it provides the
reflective mechanisms in order to link fault tolerance
level with functional level. It intercepts interactions
with the wrapped component, and reifies them at the
fault tolerance level. A component in charge of the
fault tolerance of C, can be connected to reflective
interfaces and receptacles of the ApplicationController,
which are detailed in the table 1.

The figure 2 illustrates these reflective mechanisms.
Three functional components are connected together.

We wrapped C,, to add fault tolerance service on it.
The wrapper reifies incoming interaction (1) to the
fault tolerance component (2). Then, the fault tolerance
processes verification for instance (3) and calls the
original method (4). The functional component
processes the call (5). Then the component starts a call
from its receptacle toward a connected component. It is
reified to the fault tolerance level (6). The fault
tolerance component processes the reification (7) and
returns to the base level for the outgoing interaction
(8). The outgoing interaction is then done (9). This
picture does not illustrate the return path of the
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Figure 2. Capture of the control flow

An ApplicationController was implemented using
the OpenCOM component model [9] in Java.

4. Component design for adaptation

In order to adapt the state component architecture, it
is necessary to deal with two fundamental issues. The
first one is to put the execution of the system in a state
where modifications of the component architecture are
possible without compromising the consistency of the
whole execution. This problem involves being able to
monitor the execution within the component
architecture. In a component architecture, the
execution is observable at the connection level. The
second one is to transfer the state of the component
architecture before adaptation to the component
architecture after adaptation. This problem involves
being able to introspect the state of component and
update it. This state transfer necessarily introduces
mapping functions, to convert the state before
adaptation, in a state compatible with components after
adaptation. There is a trade-off between the granularity
of the componentization and the complexity of
execution and state management.

The decomposition determines the elementary
blocks that can be modified. Now, the real question is
what has to be modified to go from one configuration
to another. The fault tolerance software is built from



generic services (algorithms and protocols) as well as
from specific fault tolerance mechanisms and
protocols. During adaptation, the generic services are
likely to remain unchanged, whereas, fault tolerance
mechanisms should be modified. These fault tolerance
mechanisms can be, for example, replication protocols
which depend on generic services. The fault tolerance
mechanisms are likely to contain a very simple state, or
even to be stateless.

Our decomposition process is two-fold: on the one
hand, we consider the generic services on top of which
fault tolerance mechanisms are developed, and on the
other hand, we analyse the differences and common
points between various fault tolerance protocols in
order to find the good elementary blocks for
adaptation.

4.1. Generic services

In our opinion, generic services are linked with
fundamental resources management. These services
can be classified into three main categories: time,
communication and storage services.

Time service provides both a local or global dating
service ([Clock interface) and an alarm service
(IAlarmMng and I4larmListener interfaces).

We limit our decomposition to high level
communication abstractions providing services such
as: the message send service (ISend interface), the
regular reception service (/Regular-Receive and
IInformationReceive interfaces), a listening message
reception service (IRegularReceive-Listener and
IInformationReceiveListener  interfaces), a peer
connection service ([Connect interface), a group
connection and management service (/Group
interface). The adaptation of communication protocols
is out of the scope of this paper (see [10, 11])

We introduce the storage service (IStorage) that
provides means to save and restore persistent data. The
implementation can range from a local disk to a safe
distributed storage.

4.2. Taxonomy-based componentization

We have used the fault tolerance’s taxonomy
proposed in [12] to guide the componentization of fault
tolerance. This taxonomy provides a semantic
decomposition of fault tolerance into several standard
mechanisms.

The error detection is in charge of detecting the
presence of an error in the system. The recovery is in
charge of transforming the erroneous state of the
system into a fault-free state. Recovery is decomposed
into error handling and fault handling. Error handling
aims at eliminating error from the system’s state using

rollback, rollforward or compensation techniques. The
fault handling prevents faults to be reactivated. It
contains diagnostic that identifies the causes of the
errors and isolation which excludes faulty components
in the future service delivery. It also includes
reconfiguration that reassigns tasks among non-faulty
components and reinitialization that updates the
system tables.

Reconfiguration in fault tolerant computing differs
from adaptation in two ways. Firstly, reconfiguration
refers to fault handling mechanisms, whereas
adaptation focuses on the modification of the fault
tolerance software due to operational conditions.
Secondly, the overall component architecture of the
system is not modified by the reconfiguration; that is
not the case for fault tolerance adaptation.

Table 2. Fault tolerance services

IErrorDetectionNotification [Notification of error detection

IErrorHandling Error handling (rollback, rollforward,
compensation)

IErrorDiagnostic Diagnostic of error

IComponentlsolation Isolation of functional components

IReinitialization Application of records updates

[FunctionalReconfiguration Reconfiguration of functional
components

ILog Log of data

ICheckpointing
IInterReplicasProtocol
IInterReplicasProtocolListe
ner

IElection

Take a Checkpoint of the state
Protocol between replicas

[Election service

This decomposition can be improved for adaptation.
Some other abstractions of fault tolerance can be
added. In order to perform the rollback on a
component, it is necessary to previously save its state.
More mechanisms are needed: the Jlog and the
checkpointing services. Moreover, fault tolerance often
relies on the use of replication. In fault tolerance
strategies based on replication, replicas are
synchronized using a macro-protocol (notion of inter-
replicas protocol). In primary-backup or leader-
follower replication for instance, when an error is
detected, an election has to be launched in order to
determine which replicas will become the new leader
one. This election can rely on a predetermined order or
a distributed consensus algorithm. Election is an
additional possible service. The list of fault tolerance
services is given in the table 2.

This decomposition is very interesting from the
adaptation viewpoint. It offers the opportunity to
observe the key steps of the execution of the fault
tolerance software at the interface of the component.
For instance, an error has been detected if the
IErrorDetectionNotification service is called, or an
error handling is on-going if a call on the



IErrorHandling interface is not terminated. Thus, at
runtime, some information about the fault tolerance
execution can be captured.

5. Case study

To illustrate this decomposition, we propose to
consider a conventional problem of automatic control.
The controlled system is an inverse pendulum located
on a cart. The pendulum can rotate around a shaft,
which connects it with the cart. The cart can move on
rails using an electrical engine. A sensor measures the
angle of the pendulum and the position of the cart. An
actuator controls the acceleration of the engine. The
goal is to make the cart moving to a wanted position,
provided by a console, by keeping the pendulum in
equilibrium in the inversed position.
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The system is implemented as depicted in the
figure 3. The Controller contains a periodic task. This
task reads the sensor values, calculates the acceleration
to reach the position specified using the console, and
applies it using the actuator. Its period is 50ms. The
controller is naturally robust and can exceptionally
miss three consecutive deadlines before loosing the
system control.

Our objective is to tolerate the crash of the
controller using two fault tolerance strategies based on
distributed replication, namely the leader-follower
replication (LFR) and the primary backup replication
(PBR). Regarding resource usage, LFR uses more
memory and CPU since two replicas are running in
parallel, but less network bandwidth since no
checkpoints are required.

These strategies are detailed in the next two
sections. The section 6.3 provides the cost of these
strategies.

5.1. Leader Follower Replication

The Leader Follower Replication (LFR) is a semi-
active replication strategy: a replica has two modes of
operation, the leader mode in which the replica is
active, performing the normal service, and the follower
mode in which the replica processes input requests but
does not interact directly with other functional
components. One replica is leader, others are
followers.
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When the leader crash is detected, a follower is
elected as the new leader. The recovery consists in
sending all unacknowledged replies to clients and
sending requests for which replies has not been
forwarded by the leader. Then, the former follower
replica follows its execution in leader mode.

In our case, the sensor and the actuator can receive
the same request twice. This is not a problem since the
fresher is the data; the more relevant data is used for
controlling the process. In the same manner, the client
ignores replies that have been received several times.

In our implementation (cf. figure 4), we introduce
stubs and skeletons, to interact with the group
communication implementation providing reliable
atomic broadcast and group membership. The crash
detection mechanism leads the member to leave the
group of replicas.

5.2. Primary Backup Replication

The Primary Backup Replication (PBR) is a passive
replication strategy. The primary is the only active
replica. It processes requests, and periodically
checkpoints its state into a fault tolerant disk, shared
among the replicas. The backups receive the requests
and save it until the primary signals to the backups that
the result has been sent to the client.

When the primary replica crashes, a backup is
elected to be the new primary replica. The most recent
checkpoint is rolled back. Then, the functional
component is started. The replica behaves as the new
primary.

The figure 5 shows the corresponding configuration.
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6. Implementation of adaptation
6.1. Modification of fault tolerance software

The comparison of the two component-based
designs, leader follower replication and primary
backup replication, shows that several components
belong to both software configurations. However,
some components differ between the leader follower
replication and the primary backup replication, such as
the inter-replica protocol or the semi-active replication
manager which has to be replaced by the passive
replication manager. In addition, new components in
primary backup replication are needed to perform the
checkpointing.

The representation of the component architectures
depicted in the figure4 and 5 is available on-line
thanks to the component model, i.e. OpenCOM in our
case. This representation is the architectural meta-
model of the component based software. The
component model enables to manipulate at runtime this
model by creating, removing connecting and
disconnecting components. The script shown in 6
modifies the leader-follower component architecture,
to obtain the primary-backup component architecture.
In brief, components to be replaced are stopped; new
components are created, inserted into the software
configuration and finally started. The later implies
taking care of the state of the computation in the small,
i.e. the components itself, and in the large, i.e. the
whole software configuration (see section 6.2).

IOpenCOM runtime = null;

// deletion of the useless components

// this action stops, disconnects and destroys the components
IUnknown comp_ to delete =

runtime.getComponentPIUnknown ("Semi-Active Replication
Manager") ;

runtime.deletelInstance (comp_to_delete) ;

comp_to_delete = runtime.getComponentPIUnknown ("LFR Inter
Replica Protocol") ;

runtime.deletelInstance (comp_to_delete) ;

// creation of the new components

IUnknown iUnkStorage =

runtime.createInstance ("services.storage.SafeSharedStorage",
"Storage") ;

[..]

IUnknown iUnkAlarm =

runtime.createInstance ("services.time.PeriodicAlarm",
"Alarm") ;

// we get some identification of existing components

// in order to connect them with the new inserted ones
IUnknown iUnkController =

runtime.getComponentPIUnknown ("Application Controller") ;
[..]

IUnknown iUnkCommunication =
runtime.getComponentPIUnknown ("Group Communication") ;

// connection of the newly inserted components
runtime.connect (iUnkAlarm, iUnkCkptClt,
"services.time.IAlarm") ;

[..]

runtime.connect (iUnkRepMng, iUnkStrategy,
"ft.recovery.IErrorHandling") ;

// start the new components

((ILifeCycle) iUnkRepMng.QueryInterface ("opencom.ILifeCycle"))
.startup() ;

[..]

((ILifeCycle)iUnkAlarm.QueryInterface ("opencom.ILifeCycle")) .
startup() ;

// start the controller if primary
if (isPrimary)
((ILifeCycle)
iUnkController.QueryInterface ("opencom.ILifeCycle")) .startup (
)i

Figure 6. Reconfiguration script

6.2. Synchronization of adaptation

In order to use this script for adaptation, it is
necessary to deal with two problems: synchronisation
of the replicas execution with respect to adaptation (i.e.
the script execution) and state transfer.

The first issue implies putting the execution of the
system in a state where modifications can be done
consistently. Indeed, the fault tolerance software is
composed of parallel executions of the replicas. These
executions are synchronized to keep the consistency of
the replicas. For being able to adapt the system, we
have to tackle two major problems. On the one hand,
the components to be changed are concurrently
accessed by system tasks and the tasks devoted to
adaptation (namely the execution of the script). When
replacing a component, all receptacles connected to
services are disconnected, leading to potential errors to
current execution. It is thus important to prevent such
situation. A sort of critical section must be set around
the modified sub-architecture to ensure that there is no
execution in progress within it when modifications are
applied. On the other hand, replicas are maintained
synchronized using the inter-replicas protocol. Indeed,
the replicas state might be inconsistent and then lead to




errors in the fault tolerance software, i.e. bad state of
the replicas after changing their mode of operation.

The second issue is to transfer the state of the
system to the new configuration. In fact, the system
state is composed of the functional state of the
application and the state of the fault tolerance software.
Depending of the replication strategy, the replicas can
be or not in the same state regarding the processing of
requests. For instance, with the LFR strategy, the
replicas are supposed to be in the same state, assuming
their determinism and the fact that they have processed
the same ordered set of input messages. In a PBR
replication strategy, the primary is the only replica that
has an up to date state; the backup is waiting for a
recovery signal to upload the state from stable storage.
Regarding the fault tolerance software, the state of
inserted components has to be initialised with a value
that takes into account the past execution of the
system. This value may depend on the state of the set
of removed components. The mapping of the state of
removed components to newly inserted ones is a
complex issue we do not tackle in this paper. Solving
the problem in general is the subject of our current
research.

In our case study, the replication manager
component is the only one that contains a state that
depends of the past of the execution. This state is
composed of saved requests, requests received but not
yet processed, and replies for requests which have been
processed but whose replies have not been
acknowledged by the client. During adaptation, the
new replication manager has to be initialised with the
messages stored by the old replication manager.

As a proof of concepts of our proposed architecture
and approach, we propose to use an ad-hoc solution to
these two problems to perform the adaptation from
LFR to PBR in our case study. We assume that no
crash occurs during adaptation.

Ideally, the system must be in some particular
execution state where modifications can be applied to
the system without endangering consistency. Such a
state is called a Suitable Adaptation State (SAS). In our
case study, one SAS example is when the state of fault
tolerance software is empty: there is no waiting
message, and the replicas are synchronized. Such a
state for the LFR strategy is the following:

e Each replica has processed the same number of

cycles of the periodic task of the controller

e Each replica has processed the same number of

requests from the Console

e There is no execution on the each replica

In this SAS, no state transfer is necessary to adapt
from LFR to PBR. The adaptation process falls into
four steps:

1. Trigger the adaptation, providing the signal to

switch the configuration,

2. Put the system in the SAS, and maintain the

system in it using locks

3. Modify of the system using the script,

4. Let the system leave the SAS by releasing the

locks.

To reach the expected SAS, we publish the state of
the replica (number of cycles and messages) and
control its execution until all replicas have performed
the same number of cycles, and processed the same
number of input messages. This approach is sufficient
to reach this non-optimal SAS.

6.3. Early experimental measurements

The system owns five characteristic time values (cf.
figure 7): the task period (T perioq), the fault tolerant task
execution time (Tug) which includes functional
execution time and fault tolerance execution time, the
time taken to synchronize the execution before locking
the system (Tgynen), the adaptation script execution time
(Tseript), and finally the total time taken to react to the
trigger (Tagapt). Tadapt 18 important for the decision part
of the adaptation. It is the time needed for the new
configuration to be operational.
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v Script y
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Figure 7. Time slices of execution

A correct adaptation involves being able to freeze
the system without the fall of the pendulum. Because
the system can naturally miss three deadlines, this
constrains the script execution time to:

Tscript<4XTperiod'Ttask

The two configurations LFR and PBR with two
replicas have been tested on four distributed Pentium
1,5Ghz under Linux kernel 2.6.18 connected by an
Ethernet network. We have used the OpenCOM
component model. We measure the round trip time of a
request-reply seen by a client (the console) and by the
wrapped functional component (the controller).

The obtained measures are compared with two other
configurations, on providing locally connected
functional components (Default) and the other
providing distributed functional component. The
results are provided in table 3.



Table 3. Timing measurements

2,102 1,988
[2,312]2,513]

Target position request processing time average | 0,046 1,875

| Controller-system round trip time average | 0,051 | 2,040

We observe that distribution increases the
processing time (nearly 2ms in this example). On the
contrary, fault tolerance strategies make this value
increasing of less than 0.5ms. As far as the functional
component is concerned, the periodic task does not
take more than Tg=6ms to be achieved with the fault
tolerance strategies attached.

Then, the free time for executing the script is
194ms. In practice, the script execution time is less
than 100ms. Because the time constraints were fulfilled
during the experiments, the pendulum did not fall.

7. Conclusion

Fault tolerance adaptation is a two side problem.
First, on-line assessment has to be performed in order
to decide of adaptation. Then, the fault tolerance
software has to be modified in order to correspond to
the wanted configuration. This paper focuses on the
second aspect. It shows how fault tolerant systems can
be designed to enable the modification of fault
tolerance software at-runtime.

We proposed a reflective architecture with three
levels, which separate the functionalities, the fault
tolerance and the adaptation issues that enable fault
tolerance and adaptation to be addressed separately.
The component based design of fault tolerance
software offers opportunities to be adapted at runtime,
using the architectural representation provided by the
component model.

However component models are not sufficient to
solve the adaptation of the fault tolerance software. It
is necessary to deal with two other issues that are the
management of execution during adaptation and the
transfer of the state from old to new configurations in
order to maintain the replication consistency. We
demonstrate that these two problems can be solved
using ad-hoc solutions. The proposed solution consists
in freezing each synchronized replica in a predefined
Suitable Adaptation State (SAS). This type of ad-hoc
solution works fine on a case-by-case basis.

A significant improvement of fine grain adaptation
would be to identify possible SAS automatically. The
aim is to minimize the part of the execution that has to
be frozen during adaptation. This is possible using a
generic model of the behaviour of the software at
runtime, which is the focus of our current work.

8. References

[1]1P. Maes, "Concepts and experiments in computational
reflection", Conference on Object-Oriented Programming
Systems, Languages, and Applications, ACM Press, Orlando,
Florida, October 4-8, 1987.

[2]G. Kiczales, J. Lamping, et al, "Aspect-Oriented
Programming", European Conference on Object-Oriented
Programming, Springer-Verlag, Jyvéskyld, Finland, June 9 -
13, 1997.

[3]M.-0. Killijian, J.-C. Fabre, et al., "A Metaobject Protocol
For Fault-Tolerant CORBA Applications", 17th IEEE
Symposium on Reliable Distributed Systems, IEEE
Computer Society, West Lafayette, Indiana, USA, October
20-23, 1998.

[4]F. Taiani and J.-C. Fabre, "A multi-level meta-object
protocol for fault-tolerance in complex architectures",
International Conference on Dependable Systems and
Networks, IEEE Computer Society, Yokohama, Japan, June
28 - July 1, 2005.

[5S1J. S. Plank, M. Beck, et al., "Libckpt: Transparent
Checkpointing  under UNIX", USENIX Technical
Conference, USENIX, New Orleans, Louisiana, USA,
January 16-20, 1995.

[6]S. K. Shrivastava, G. N. Dixon, et al., "An Overview of
the Arjuna Distributed Programming System", IEEE
Software, vol. 8, pp. 66-73, 1991.

[7IM.-O. Killijjian, J. C. Ruiz-Garcia, et al., "Portable
Serialization of CORBA Objects: a Reflective Approach",
Conference on Object-Oriented Programming Systems,
Languages and Applications, ACM Press, Seattle,
Washington, USA. SIGPLAN Notices 37(11), November
2002, 2002.

[8]G. Kiczales, E. Hilsdale, et al., "An Overview of
Aspect]", European Conference on ObjectOriented
Programming, Springer-Verlag, London, UK, 2001.

[91G. Coulson, P. Grace, et al., "Towards a Component-
based Middleware Architecture for Flexible and
Reconfigurable Grid Computing", International Workshops
on Enabling Technologies, Infrastructure for Collaborative
Enterprises, IEEE Computer Society, Modena, Italy, Junes
14-16, 2004.

[I0]N. T. Bhatti, M. A. Hiltunen, et al., "Coyote: A System
for Constructing Fine-Grain Configurable Communication
Services", ACM Transactions on Computer Systems, vol. 16,
pp. 321-366, 1998.

[11]S. Lin, F. Taiani, et al., "Facilitating Gossip
Programming with the GossipKit Framework", Distributed
Applications and Interoperable Systems, Springer Berlin /
Heidelberg, 2008, vol. 5053, pp. 238-252.

[12] A. Avizienis, J.-C. Laprie, et al., "Basic Concepts and
Taxonomy of Dependable and Secure Computing", IEEE
Trans. Dependable Secure Computing, vol. 1, pp. 11--33,
2004.




<<
  /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 1.4
  /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


