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Abstract—Web service composition is a very important task in
service-oriented environments. The composition of services
has to be based not only on functional but also on non-
functional properties. In particular, the selection of the
services should be performed at run-time rather than at
design-time in order to adjust to changes in the environment
that are due to the volatile nature of service-oriented
environments. An optimization technique is necessary to
perform the composition of web services based on Quality of
service (QoS) parameters. Many different methods have been
used to address the service composition problem; in
particular, many linear programming methods have been
used to optimize the process of service composition. The
proposed work is different from related work in two aspects:
(1) two meta-heuristic methods based on Particle Swarm
Optimization (PSO) are introduced to address the
optimization problem, and (2) several workflow requests are
being processed simultaneously. The experimental results
show that the hybrid PSO method in particular performs very
well in service-oriented environments.

particle swarm optimization; quality of service; workflow
composition

1. INTRODUCTION

Services computing is a discipline combining science
and technology. In particular, it is a bridge for the gap
between Business Services and IT Services. The core
technology suite includes Web services and service-oriented
architecture (SOA), cloud computing, business consulting
methodology and utilities, business process modeling,
transformation and integration [1]. Services computing
covers the whole life-cycle of services innovation research.
It includes business componentization, services modeling,
creation, realization, annotation, deployment, discovery,
composition, delivery, service-to-service collaboration,
monitoring, optimization, as well as management. The
major goal of services computing is to enable services and
computing technology to perform more efficiently and
effectively [1].

Services are components that support the composition of
distributed applications, and are offered by service
providers/organizations  that  procure the  service
implementations, supply their service descriptions, and
provide related technical and business support. Since
services are offered by different businesses and

communicate via the Internet, they provide a distributed
computing infrastructure for both intra- and cross-enterprise
application integration and collaboration. Descriptions of
services are used to advertise the capabilities, interface,
behavior, and quality of the service. Service descriptions are
necessary for discovery, selection, binding, and composition
of services. The service capability description presents the
conceptual purpose and expected results of the service. The
service interface description publishes the service's input,
output, and message types. The service behavior description
describes the "expected" behavior of a service during its
execution. Finally, the Quality of Service (QoS) description
publishes important functional and non-functional service
quality attributes, such as cost, performance metrics,
security attributes, reliability, scalability, and availability.
Service clients, and service workflow aggregators utilize
service descriptions to achieve their objectives [2].

Authors in [3] have identified the following components
within service-oriented computing:

Service foundations: consists of service-oriented
middleware, which provides the runtime SOA infrastructure
connecting heterogeneous components and systems and
providing access to services over various networks such as
the Internet. The middleware allows application developers
to define basic service functionality describing, publishing,
searching and binding of services. The overall use of the
service-oriented architecture is for services to describe their
capabilities in a registry, so that a user can search and
discover the appropriate service based on the capabilities.

Service design and development: The design of services
is a very important component of a service-oriented
architecture. A well-designed infrastructure can increase the
efficiency of businesses by providing reusable, independent,
automated processes as services and mechanisms to
effectively use them.

Service  management and  moniforing:  Service
management is responsible for the installation and
configuration of metrics such as QoS during service
execution, in order for the system to be able to monitor the
events of the services. Service monitoring includes the
collection of information produced by the services and
business process, viewing the statistics of process instances
including the number of instances in each of the four states
(running, suspended, aborted or completed), in order to
intervene in the different states of the process instances.



Service composition: Most of the time a single service
will not provide the functionality needed. Therefore, the
composition of several services is necessary to produce the
needed functionality. In addition, in some domains complete
process flows, also referred to as workflows, are needed to
provide the envisioned capability.

The composition process can be performed -either
manually or automatically, i.e. the composition can be done
during the design time, which is also referred to as static
composition, or it can be done at runtime using a dynamic
composition process. This composition process involves the
creation of a composition schema in order to satisfy a series
of goals set by a user, which is a multifaceted problem,
since many different issues need to be dealt with at once.
First of all, an ever-growing service repository needs to be
searched in order to find the appropriate services that satisfy
the user’s requirements. Also, assuming that the services
have been found, the successful combination, any resolution
of potential conflicts and inconsistencies have to be
addressed given that most of the services have been created
by different vendors using different implementation
methods and systems. Furthermore, since inconsistencies
may occur at runtime, it might become necessary to predict
such events in order for the system to react and not fall apart
during such encounters. In addition, even after these issues
have been addressed, the system should be able to adapt to
the dynamic characteristics of service-oriented systems,
namely services going online or offline, new services
becoming available, or existing services changing their
characteristics.

This paper addresses the service composition task
introducing Particle Swarm Optimization (PSO) to achieve
the selection. Given that this optimization problem was
mainly tackled with linear programming methods, as well as
some Genetic algorithm approaches, PSO has been
investigated in this paper. Most past literature only
considered one workflow request at a time, whereas our
approach serves several requests simultaneously. We make a
case for using a meta-heuristic method to this assignment
problem, considering also the scalability of the approach.

The remainder of this paper is structured as follows:
Section II reviews related work, in Section III the web
service composition model is outlined and an example
workflow is presented, as well as the discrete guaranteed
convergence particle swarm optimization approach, and the
hybrid particle swarm optimization approach are presented.
In Section IV an empirical study is conducted and results are
outlined and discussed, and Section V concludes this paper
with a critical analysis of the approaches applied to service
composition.

II.  RELATED WORK

Before focusing on different composition approaches a
description of the different composition models is provided,
which are orchestration, choreography, coordination and
component. Orchestration [4] is a description of how
services that participate in a composition interact at the
message level, including the order in which iterations should
be executed as well as the business logic. Therefore,

orchestration defines the interaction with the services it
orchestrates, before any actual execution takes place. One of
the languages for defining choreographies is the Web
Service Choreography Description Language (WS-CDL)
[5].

Service coordination groups a set of service instances
together based on a coordination protocol. This protocol
describes the way the participating services should interact,
what the outcome of the interaction should be, and whether
it was successful or not. The coordinator, which is a third
party, acts as the nexus between participants and is
responsible for the correct flow of the encounters, as well as
the decision and dissemination of the outcome once the
activity ends. OASIS has developed the Web Services
Composite Application Framework (WS-CAF [6], which
includes the Web Service Coordination Framework (WS-
CF).

The component model, also referred to as service wiring,
is concerned with the actual linkage of the services during
the composition. Service wiring is described in the Service
Component Architecture (SCA) [7], in which the service
components can be implemented in any programming
language, and are encapsulated in order for the components
to be able to share a similar description.

Automated web service composition approaches can be
grouped into workflow-based, model-based, theoretic-based
and planning-based approaches. An example of a workflow-
based approach is a framework that automatically constructs
a Web service composition schema from a high-level
perspective [8]. The input is fed to an abstract workflow
generator that attempts to create an abstract workflow that
satisfies the objective by either using already generated
workflows or subsets of them that are stored in a repository
or by performing backtracking to find a chain of services
that satisfy the objective. The identified abstract workflow is
then instantiated by either finding existing services through
a matchmaking algorithm that matches inputs and outputs
and binds them to the workflow, or by recursively calling
the abstract workflow generator if no service can be found
for an activity.

Model-based approaches are manifold. An e-service
composition tool [9] implements an automated service
composition using Finite State Machines (FSMs). The
behavior of a service is modeled using two schemata; an
external schema specifies its exported behavior and an
internal schema contains information on which a service
instance executes each given action that is part of the overall
service process. When the composition is synthesized, the
external FSM models of the available services, and target
services are transformed to modal logic formulas in
Deterministic Propositional Dynamic Logic (DPDL). If the
resulting set of equations is satisfiable, then a FSM for the
target service exists. The synthesized FSM can then be
converted to a BPEL process and executed in an engine.
Some recent work of the authors, replace the FSMs with
transition systems and use a simulation to virtually compute
all possible composition at once.

Theoretical-based approaches use process algebraic
languages, such as CCS (Calculus of Communicating



Systems) [10] or pi-calculus [11] since the process
specifications included in Semantic Web frameworks, such
as WSMO and SWSF, are formally grounded on process
algebras. Pi-calculus as described in [12], can be used to
describe, as well as compose Web services, and the
processes can be sequences of other processes, parallel
compositions, recursive executions, or choices between
operations, and is therefore able to express all basic
composition schemas. Information exchange is done
between processes as input and output artifacts, which are
exchanged on channels.

Planning is introduced in traditional workflow-based
services composition [13]. Planning techniques to concretize
the workflow are used given an abstract BPEL flow. OWL-
S service descriptions are translated to the Planning domain
and problem description languages. PPDL descriptions are
then fed to IBM’s Planner4J planning framework containing
many planning algorithms, including the classical planning
ones. At runtime, a concrete service is requested from the
planner module given each task in the abstract BPEL flow.
If a service is not found, the planner attempts to solve a
planning problem with the available services as input.
However, this approach is only semi-automatic since the
creation of the abstract flows is manual.

Another classical planning approach is proposed in [14].
A formulation of service composition as a goal-directed
planning problem is described, which takes three inputs that
are a set of domain specific service composition rules, a
description of a business objective or goal, and a description
of business assumptions. An ontology represents these
concepts and a three-step composition schema generation is
conducted. The composition rules are exploited to create a
chain starting from the business objective and moving
backwards until there are no more rules or the initial state is
reached as the first step, which is also referred to as
Backward-Chaining. The second step, called Forward-
chaining, follows the opposite direction and attempts to
complete the composition schema produced by adding
services that may be required by the results of some tasks.
The final step is the data-flow-inference phases, which adds
a data flow to the composition schema.

Related work in the area of composition of workflows
with particular focus on Quality-of-Service (QoS) is
multifaceted. In [15], complex workflow patterns are used to
address the service selection problem. Linear programming
is used to solve the optimization problem using an
aggregation function for different QoS attributes.

A framework for QoS-based web service contracting is
proposed in [16]. The framework consists of an extensible
model that defines domain-dependent and domain-
independent QoS attributes, as well as a method to establish
the contract phase is proposed. A matchmaking algorithm
ranks the services that are functionally equivalent based on
their ability to fulfill the requirements.

A dynamic web service selection and composition
approach is described in [17]. The approach determines a
subset of web services to be invoked during runtime in order
to orchestrate a composite web service successfully. A finite
state machine model is used to describe the permitted

invocation sequences of the web service operations, and a
reliability measure is aggregated for the web service
operations.

In [18], a quality-driven web service composition
approach is outlined applying linear programming. A global
planning approach is employed to optimally select
component services during the execution of a composite
service.

Given that linear programming approaches do not scale
very well with increasing problem sizes (increasing numbers
of workflows and services), approximate techniques are
necessary. In this work, we propose the use of PSO and
implement one basic PSO and one hybrid PSO in order to
compare their performance on the workflow composition
problem. Furthermore, we process and optimize several
workflow requests simultaneously.

III.  'WEB SERVICE COMPOSITION MODEL

We have devised a web service composition model as
outlined in Figure 1. As we are primarily interested in the
optimization of the incoming user requests, we make the
following assumptions. The workflow database is in place
and provides several options of the service flow if these
exist. Also, we are assuming that the users’ requests are
being simultaneously processed in certain time intervals, i.e.
we are optimizing several workflow requests at the same
time. In addition, we assume that more services are
available than requests, i.e. every request can be satisfied in
terms of available services.

Select Execute
optimized ELG
services monitor

Compose
abstract
workflow

Users’
requests

Figure 1. Web Service Composition Model.

The figure shows that the users’ requests are entered and
the system starts composing abstract workflows using the
workflow DB. The workflow DB contains all possible
abstract workflows for the specific requests, i.e.,
compositions based on functional requirements are
provided. Given the preferences on QoS criteria by the
users, the concrete service instances for the different
workflows are optimized. An optimization method is run to
satisfy the users requests together with the workflow
instantiations, in order to return the users’ workflows, which
satisfy their needs. These instantiations of the services are
then executed, and are monitored for the event an error or
failure occurs. The type of failures that can occur during
service execution are services not being available anymore,
services not providing the promised QoS any longer,
services not providing the functionality anymore, etc. For



these events there needs to be a fall back method in order to
use a different instantiation of services within the workflow.
In the following, we only focus on the optimization
component.

A. Workflow Example

In order to show how abstract workflows are provided
with the help of the workflow DB and the user’s input
request, the following sample workflow as shown in Figure
2 is provided, displaying the abstract as well as the concrete
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Figure 2. Example of an abstract image processing workflow.

The figure displays an example of the processing of an
image [19]. The process is as follows: the image is first read
in (AS;), and converted to Grey scale (AS;), then it is
thresholded (AS;), i.e., image pixels less than a certain
amount is set to black and everything higher is set to white.
The difference is then taken between this image and an
image where the white lines are thinned out, i.e., detail is
taken away (AS4). The resulting image is produced, by
taking the difference between the detail of the white parts,
which were pruned by the ShrinkWhite unit resulting in an
outline of an image, and saved as a new compound
component (ASs).

The concrete services (CS) for each abstract service
provide the same functional, but different non-functional
properties; i.e., QoS attributes. Selecting the services of a
workflow based on QoS parameters requires an algorithm
that can optimize the assignment of concrete services for a
workflow for a given abstract workflow description.
Furthermore, we are considering that multiple requests are
being served at the same time. Given that performance in a
service-oriented environment is of essence, we argue that
we do not need to have optimal assignments, but close to
optimal assignments should be found within a reasonable
time.

B.  Quality of Service Metric and Objective Function

There are many measures available for different QoS
criteria, however, we consider the following five generic
quality criteria for single services, also referred to as QoS
parameters: reliability, availability, reputation, execution
duration, and execution price.

The reliability q,(s) of a service is the fraction of
requests correctly responded to within a maximum expected
time frame. Reliability is a measure related to the hardware
and software configuration of Web services and their
network connections. Reliability values are computed from
past data measuring the successful executions in relation to
the overall number of executions.

The availability q,(s) of a service is the fraction of time
that the service is accessible. It basically measures the
fraction of the total amount of time in which the service is
available during the last defined period of time (threshold is
set by administrator).

The reputation q,(s) of a service is a measure of its
trustworthiness and depends on the end user’s experience of
using a service. The value of reputation is defined as the
average ranking given to a service by different end users.

The execution duration q,(s) denotes the expected
delay in seconds from the moment a request is made until
the moment when the results are returned. Services advertise
their processing time or provide methods to inquire about it.

The execution price qs(s) represents the amount of
money a user has to pay for executing a service. Web
service providers usually advertise the execution price
directly or they provide methods to inquire about it.

The QoS vector ¢(s) of a service s is defined as
follows:

q(8)=1(q;(5),9,(5),q5(5),q44(5),q5(5))

However, in this study we are concerned not only with
single services but with complete workflows, and therefore
the QoS parameters of the single services have to be
aggregated. We assume in our study that we are only using
sequential workflows. Therefore, the availability Q,(wf)
and reliability Q,(wf) of a workflow wf is calculated as the
product of each single service’s availability and reliability
respectively. The reputation Q;(wf), execution duration
0,(wf), and execution price Qs(wf) of a workflow wf is
the average of each single service’s reputation, execution
duration and service cost respectively.

Therefore, the QoS vector Q(wf) of a workflow wf is
denoted as:

Owf)=(Q; Wf),Q, W[ ),03(wf),04 (Wf),05(wf))

Our goal is to maximize the overall QoS not only for one
workflow, but for N workflows simultaneously. The overall
objective function for the optimization of the workflows is
the following:

Sopj =max w; - j -
oo QPO T 00

whereby we define Q;; to be the value for workflow i
and the j™ QoS parameter, and we define Q7™ to be the
maximum score any of the considered services achieves for
the j ™ QoS parameter as defined above, i.ec.,
07 =maxsq;(s) where S is the set of all possible
min

services. And similarly, QF

" to be the minimum score any



of the considered services for the ;™ QoS parameter
(O™ =min g q;(s)).

Note that the individual QoS parameters are treated
differently depending whether its value is to be minimized
or maximized. Normalized scores are used and each QoS
parameter can be weighted differently by parameter w ;.

C. Particle Swarm Optimization Approach (PSO)

PSO, as introduced in [20], is a swarm based global
optimization algorithm. It models the behavior of bird
swarms searching for an optimal food source. The
movement of a single particle is influenced by its last
movement, its knowledge, and the swarm’s knowledge. In
terms of a bird swarm this means, a bird’s next movement is
influenced by its current movement, the best food source it
ever visited, and the best food source any bird in the swarm
has ever visited.

PSO’s basic equations are:

xi(t+1)=xi(t)+vij(t+1)

vy (t+ D) =w()v, (1) +cr;; ()(xBest ()= x;(1))

+y1y, (1)(xGBest; (1) = x; (1))

where x represents a particle, i denotes the particle's
number, j the dimension, ¢ a point in time, and v is the
particle's velocity. xBest is the best location the particle ever
visited (the particle's knowledge), and xGBes: is the best
location any particle in the swarm ever visited (the swarm's
knowledge). w is the inertia weight and used to weigh the
last velocity, ¢, is a variable to weigh the particle's
knowledge, and ¢, is a variable to weigh the swarm's
knowledge. r, and r, are uniformly distributed random

numbers between zero and one.

PSO is commonly used on real and not discrete
problems. In order to solve the discrete assignment problem
using the PSO approach, several operations and entities
have to be defined. This implementation follows the
implementation for solving the traveling salesman problem
as described in [21]. First, a swarm of particles is required.
A single particle represents a possible workflow, i.e., every
particle's position in the search space must correspond to a
possible workflow. The workflow, that is the position, is
implemented as a vector. Dimensions in the vector
correspond to workflows, and values correspond to single
services.

Velocities are implemented as lists of changes that can
be applied to a particle (its vector) and will move the
particle to a new position (a new workflow). Further, minus
between two particles, multiplication of a velocity with a
real number, and the addition of velocities have to be
defined. Minus is implemented as a function of particles.
This function returns the velocity containing all changes that
have to be applied to move from one particle to another in
the search space. Multiplication randomly deletes single
changes from the velocity vector, if the multiplied real
number is smaller than one. If the real number is one, no
changes are applied. For a real number larger than one,
random changes are added to the velocity vector. When a

velocity is added to another velocity, the two lists containing
the changes will be concatenated.

The PSO implemented uses guaranteed convergence,
which means that the best particle is guaranteed to search
within a certain radius, implying that the global best particle
will not get trapped in a local optima. Configurable
parameters in the implementation include numbers of
particles (size of the swarm), number of iterations, ¢, (the
weighting of the local knowledge), ¢, (the weighting of the
global knowledge), w (the weighting of the last velocity),
radius (defines the radius in which the global best particles
searches randomly), global best particle swarm optimization
(determines whether global best particle swarm or local best
particle swarm optimization is used), and neighborhood size
(defines the neighborhood size for local best particle swarm
optimization).

D. Hybrid Particle Swarm Optimization Algorithm

(Hybrid-PSO)

The challenge PSO as well as other meta-heuristic
algorithms face is the balance between exploration and
exploitation of the search space. Exploration describes the
behavior of the algorithm when searching a broader region
of the search-space, and exploitation describes a focused
search as to get closer to the optimum. This trade-off
between exploration and exploitation is thoroughly
discussed in [22-24] outlining the convergence and
parameterization of PSO. However, recent research of
hybrid approaches combining PSO with a local optimizer
such as hill-climbing have shown to improve the
performance [25]. Other examples of successfully applied
hybrid PSO approaches include a hybrid algorithm
combining PSO with Back-propagation [26], another hybrid
approach combines Euclidian distance based genetic
algorithm and PSO [27], and furthermore, a hybrid heuristic
model combines PSO with simulated annealing [28].

In this study, we combine the PSO algorithm with a
combinatorial optimization algorithm that was first referred
to as the Hungarian algorithm, and was developed by Harold
Kuhn in 1955 [29,30]. Kuhn named it "Hungarian method"
because two Hungarian mathematicians, Denes Koenig and
Jeno Egervary, were the first who worked on the algorithm.
In 1957, the algorithm was reviewed by James Munkres and
he observed its (strongly) polynomial behavior, and
therefore, the algorithm was given the name Kuhn-Munkres
algorithm or Munkres assignment algorithm [31,32]. The
time complexity of the original algorithm was O(n®),
however, it was later modified by Edmonds and Karp (and
independently by Tomizawa) to achieve a runtime
complexity of O(n’) [33]. As stated before, Munkres is an
optimal algorithm, however, it suffers from the cubic time
complexity.

Preliminary results conducted with the Munkres and
PSO algorithms resulted in a long runtime and optimal
workflow assignment for the Munkres algorithm, and a
much shorter runtime for the PSO algorithm however with
fitness values of only around 80% of the optimal value.
Therefore, the combination of both algorithms is a logical
step to achieve a reasonable runtime and a very close to



optimal assignment, i.e. fitness value. The PSO algorithm
was combined with the Munkres algorithm as follows. The
Munkres algorithm is applied after every PSO iteration. For
10% of the number of particles, one particle is randomly
chosen, and thereof 10% of the workflows are also
randomly chosen to perform the Munkres algorithm on this
selection. If after applying the Munkres algorithm an
improvement is achieved, then that particular particle is
updated with the optimized workflow and the next iteration
continues.

An implementation developed by Nedas in Java, which
is freely available at [34] was slightly adapted and combined
with the implemented PSO code as described in Section Illc.

IV. EMPIRICAL STUDY AND RESULTS

A.  Experimental Setup

PSO and Hybrid-PSO as introduced in the previous
section were implemented, as well as the Munkres
algorithm. Given that Munkres achieves an optimal
assignment, this assignment is used for both PSO algorithms
as the baseline for the fitness value (optimal assignment for
fitness calculation). Experiments were designed to measure
the overall fitness value and the execution time of all
approaches. The PSO and Hybrid-PSO were further
analyzed with regard to the number of iterations and the
particle size used. All measurement points shown are
average results taken from 30 runs in order to guarantee an
equal distribution and statistical correctness. The data sets
for the user requests and composed workflows were
randomly generated. We generated workflows consisting of
up to 5 services. Please note that we assumed that a
particular service can be used in several workflows. All
fitness values shown are normalized with respect to the
Munkres algorithm.

The following parameters have been chosen due to their
superior performance on previous runs of the workflow
selection problem, balancing between accuracy and
execution time, also with regards to scalability.

For the PSO and Hybrid-PSO, the parameters were set
to: number of particles = 100, number of iterations = 140, ¢,
=0.5, ¢, = 1.8, w = 0.05, radius = 5.0 and using global best
PSO. The Hybrid-PSO has some specific parameters set for
the local search component, which are particles selected set
to 10%, and the request-workflow pair selection was set to
10%.

The experiments were conducted on an Intel Core 2 Duo
(2.4GHz, 3MB L2 cache) running the Java Version 1.6.0
JDK Runtime Environment.

B.  Experiments and Results

First, the fitness values of all three algorithms using 100
workflows and 500 services were measured. As expected,
the Munkres algorithm achieves a fitness value of 100%,
whereby the Hybrid-PSO comes quite close with 94.7%,
followed by the PSO with 83.9%.

Secondly, the algorithms were tested in terms of
execution time. We chose the configuration of 100
workflows from 500 services to be selected. Munkres, being

an optimal algorithm, had the largest execution time,
followed by the Hybrid-PSO algorithm, then the PSO
algorithm. The execution time for Munkres was 210.7
seconds, for the Hybrid-PSO it was 7.0 seconds, and PSO
ran for 0.8 seconds.

For the next experiments both evolutionary algorithms
are compared in terms of increasing numbers of iterations,
as well as increasing particle sizes.

Figure 3 plots the fitness values against the number of
iterations. As can be seen, the PSO algorithm slowly but
steadily increases the fitness values with every iteration,
however, the Hybrid-PSO algorithm shows a large increase
at the beginning and is then flattening out with increasing
numbers of iterations when approaching a fitness value of
100%. At iteration 100, the fitness value of Hybrid-PSO is
99.0% and the fitness value of PSO is 87.8%. The reason for
the larger increase at the beginning is due to the local search
component of the Hybrid-PSO algorithm.
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Figure 3. Fitness value vs. number of iterations of the PSO and Hybrid-
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Figure 4. Execution time vs. number of iterations of the PSO and
Hybrid-PSO algorithms

Figure 4 shows a linear increase in time for increasing
numbers of iterations for the PSO and Hybrid-PSO
algorithms, whereby the Hybrid-PSO algorithm shows the



larger increase, due to the additional time needed for the
local search.

Figures 5 and 6 show the fitness value and execution
time for both evolutionary algorithms when increasing the
population size. In Figure 5, a slight increase in fitness value
for both algorithms is shown, whereby Hybrid-PSO
achieves a fitness value of 91.4%, and PSO scoring 84.7%
for a particle size of 200.
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Figure 5. Fitness value vs. population size of the PSO and Hybrid-PSO
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Figure 6. Execution time vs. population size of the PSO and Hybrid-PSO
algorithms

Figure 6 shows, as expected, a linear increase in time for
increasing population sizes, showing a larger increase for
the Hybrid-PSO algorithm.

Since this investigation is primarily concerned with the
scalability of the algorithms, the fitness value and execution
time with increasing numbers of request-workflow pairs is
explored, displaying the results in Figures 7 and 8. The
request-workflow pairs were increased up to 600 services in
steps of 50, and the workflows in steps of 10.

Figure 7 displays the fitness value for increasing
numbers of request-workflow pairs showing relatively stable
fitness values for all algorithms, however, indicating a slight
decrease with larger request-workflow pairs.
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Figure 8. Scalability of algorithms in terms of execution time

Figure 8 shows the execution time of all algorithms,
highlighting the Munkres’ cubic time-complexity, whereas
both PSO algorithms perform much faster.

V. CONCLUSION

This paper addressed the service composition task using
PSO to achieve the assignment selection. These types of
optimization problems were mainly addressed in the past by
linear programming methods, as well as some Genetic
algorithm approaches. All the past approaches only
optimized one workflow request at a time, whereas our
approach serves several requests simultaneously. We argue
that in service-oriented architectures, several user requests
need to be satisfied at any given time. In addition, given that
scalability is a major issue in service-oriented environments,
an approximate method should be employed for this
assignment problem. Therefore, a PSO approach was
investigated for its suitability. Given that PSO suffers from
premature convergence, and taking the benefits from an
exact method into account, we also implemented a Hybrid-
PSO algorithm combining PSO with the Munkres approach.

As shown by the experimental results, the Hybrid-PSO
shows a good balance between fitness value and execution
time by achieving a fitness value of 94.7%; the PSO scores



83.9% for 100 workflows and 500 services. In terms of
execution time and scalability, the Hybrid-PSO algorithm
(even though taking extra time to perform the local search)
when compared to PSO, the Hybrid-PSO still shows a linear
behavior and is not much worse than the PSO (for 120
workflows and 600 services: Hybrid-PSO: 11.4 seconds,
and PSO: 1.1 seconds).

Future work will follow three directions. First of all,
since the workflow and concrete services were fairly similar
in terms of range, the effect of larger variations in the
request-workflow pairs will be investigated. Secondly, a
multi-optimization PSO will be investigated and compared
to the current approaches. Thirdly, different selection
matching functions will be experimented with.

ACKNOWLEDGMENT

This paper is based on research supported by North
Dakota EPSCoR and National Science Foundation Grant
EPS-0814442.

REFERENCES

[1] IEEE Computer
http://tab.computer.org/tcsc/scope.htm.

Society, Overview,

[2] M.P. Papazoglou, D. Georgakopoulos, Service-Oriented Computing.
Communications of the ACM, 46(10):25-65, 2003.

[3] M.P. Papazoglou, P. Traverso, S. Dustdar, F. Leymann, Service-
Oriented Computing: State of the Art and Research Challenges,
Computer, pp. 38-45, November, 2007.

[4] M. P. Papazoglou, P. Traverso, S. Dustdar, and F. Leymann.
Service-oriented computing: State of the art and research challenges.
IEEE Computer, 40(11):38-45, 2007.

[5] N. Kavantzas, D. Burdett, G. Ritzinger, T. Fletcher, Y. Lafon, and C.
Barreto. Web services choreography description language version
1.0. World Wide Web Consortium, Candidate Recommendation CR-
ws-cdl-10-20051109, November 2005.

[6] Organization for the Advancement of Structured Information
Standards (OASIS). Web Services Composite Application
Framework. Internet (http:/www.oasisopen.org/committees/), 2006.

[77 O. S. Collaboration. Service Component Architecture. Internet
(http://www.osoa.org/display/Main/Service+Component+Architectur
etHome), 2007.

[8] S. Majithia, D. W. Walker, and W. A. Gray. A framework for
automated service composition in service-oriented architectures. In
C. Bussler, J. Davies, D. Fensel, and R. Studer, editors, ESWS,
volume 3053 of Lecture Notes in Computer Science, pages 269-283.
Springer, 2004.

[91 D. Berardi, D. Calvanese, G. D. Giacomo, M. Lenzerini, and M.
Mecella. Automatic service composition based on behavioral
descriptions. Int. J. Cooperative Inf. Syst., 14(4):333-376, 2005.

R. Milner. Communication and concurrency. Prentice-Hall, Inc.,
Upper Saddle River, NJ, USA, 1989.

R. Milner. Communicating and mobile systems: the pi-calculus.
Cambridge University Press, fifth edition, 2004.

N. Milanovic and M. Malek. Current solutions for web service
composition. IEEE Internet Computing, 8(6):51-59, 2004.

R. Akkiraju, K. Verma, R. Goodwin, P. Doshi, and J. Lee. Executing
Abstract Web Process Flows. In International Conference on
Automated Planning and Scheduling (ICAPS), 2004.

[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

(321

[33]

[34]

L. Zeng, A. H. H. Ngu, B. Benatallah, R. M. Podorozhny, and H.
Lei. Dynamic composition and optimization of web services.
Distributed and Parallel Databases, 24(1-3):45-72, 2008.

D. Schuller, J. Eckert, A. Miede, S. Schulte, R. Steinmetz, QoS-
Aware Service Composition for Complex Workflows, Proceedings
of the 2010 Fifth International Conference on Internet and Web
Applications and Services, 2010.

M. Comuzzi, B. Pernici, A framework for QoS-based Web service
contracting, ACM Trans. Web, Vol. 3, No. 3. (2009).

S.-Y. Hwang, E.-P. Lim, C.-H. Lee, C.-H. Chen, "Dynamic Web
Service Selection for Reliable Web Service Composition," IEEE
Transactions on Services Computing, pp. 104-116, April-June, 2008.

L. Zeng, B. Benatallah, M. Dumas, J. Kalagnanam, Q. Z. Sheng,
Quality driven web services composition, Proceedings of the 12th
international conference on World Wide Web (2003).

A. Harrison, I. Wang, L. Taylor, and M. Shields, WS-RF Workflow
in Triana, International Journal of High Performance Computing
Applications (IJHPCA) Special Issue on Workflow Systems in Grid
Environments, 2007.

J. Kennedy and R. Eberhart, Particle swarm optimization,
Proceedings of IEEE International Conference on Neural Networks,
199s.

M. Clerc, Discrete particle swarm optimization - illustrated by the
traveling salesman problem, New Optimization Techniques in
Engineering, Springer, 2004.

K.E. Parsopoulos, M.N. Vrahatis, Recent approaches to global
optimization problems through particle swarm optimization, Natural
Computing 1 (2002) 235-306.

M. Clerc, J. Kennedy, The particle swarm explosion, stability, and
convergence in a multidimensional complex space, IEEE
Transactions on Evolutionary Computation 6 (2002) 58— 73.

I.C. Trelea, The particle swarm optimization algorithm: convergence
analysis and parameter selection, Information Processing Letters 85
(2003) 317-325.

Z. Michalewicz, D.B. Fogel, How to Solve It: Modern Heuristics,
Springer-Verlag, 2002.

J.-R. Zhanga, J. Zhanga, T.-M. Lokc, and M.R. Lyud, A hybrid
particle swarm optimization—back-propagation algorithm for
feedforward neural network training, Journal of Applied
Mathematics and Computation, Volume 185, Issue 2, 15 February
2007, Pages 1026-1037.

D. H. Kim, Ajith Abraham and K. Hirota, Hybrid Genetic: Particle
Swarm Optimization Algorithm, Journal of Hybrid Evolutionary
Algorithms in Studies in Computational Intelligence, 2007, Volume
75/2007, 147-170.

S. N. Sivanandam, P. Visalakshi, A. Bhuvaneswari: Multiprocessor
Scheduling Using Hybrid Particle Swarm Optimization with
Dynamically Varying Inertia. IICSA 4(3): 95-106 (2007)

H.W. Kuhn, The Hungarian method for the assignment problem,
Naval Research Logistics, 52(1), 1955.

H.W. Kuhn, The hungarian method for solving the assignment
problem, Naval Research Logistics Quarterly, 2:83, 1955.

J. Munkres, Algorithms for the Assignment and Transportation
Problems, Journal of the Society for Industrial and Applied
Mathematics, 5:32, 1957.

F. Bourgeois, J.C. Lassalle, An extension of the munkres algorithm
for the assignment problem to rectangular matrices, Commun. ACM,
14(12), 1971.

Wikipedia, Hungarian Algorithm, last retrieved December 2011,
http://en.wikipedia.org/wiki/Hungarian_algorithm.

K. Nedas, Munkres' (Hungarian) Algorithm, Java implementation,
last retrieved on December 2011 from
http://konstantinosnedas.com/dev/soft/munkres.htm.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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
    /blex
    /blsy
    /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
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /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
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /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
    /SimSun-PUA
    /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


