Simulation

C—

Simulation: Transactions of the Society for
Modeling and Simulation International
1-16

© 2014 The Author(s)

DOI: 10.1177/0037549714559608
sim.sagepub.com

®SAGE

Optimization via simulation of
catchment basin management
using a discrete-event approach

==
(5

J F Santucci and L Capocchi

Abstract

This paper deals with discrete-event simulation-based optimization of a catchment basin management. The integration of
optimization techniques into modeling and simulation relies on the evolution of the studied model using decisions based
on previous simulation results. Three different categories of optimization via simulation methods can be found in the lit-
erature: ranking-and-selection methods, discrete and continuous optimization via simulation methods. In this paper, we
explain how an iterative process allows us to integrate continuous optimization via simulation algorithms into a discrete-
event simulation in order to optimize the management of a catchment basin. We have performed a comparison between
optimization methods belonging to the three categories of optimization via simulation methods when they are applied to
the management of a catchment basin. An analysis of the comparison allows us to point out the benefits of continuous
optimization via simulation methods compared with rank-and-selection and discrete optimization via simulation methods
in the case of the optimization of a catchment basin management.
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small, R&S is often used because it provides a strong
optimality guarantee. When solution space is large, DOvS/
COVS can be used. We propose to use a COvS method
based on a discrete-event (DE) modeling approach applied
on a problem dealing with a large solution space.

In this paper we are interested in proposing an opti-
mized management of a catchment basin involving dams,
power station, pump station, valves, conducts, etc. This
management optimization is performed by an automatic
integration of optimization techniques into a DE modeling
using the DEVS (Discrete Event system Specification)"
formalism. This paper presents in detail how the behavior
of the management of such a complex catchment basin is
realized using the DEVS modeling leading to a DE simu-
lation. It describes then how an integration of a COvS
optimization technique into the modeling scheme allows

I. Introduction

Modeling and simulation (M&S) are widely used in
research and industry in order to study the behavior of
complex systems. These studies include tasks such as:
planning, prediction, forecast, computer-aided design, etc.
When people want to improve the performance of a stud-
ied system, the M&S phases are integrated with an optimi-
zation technique. The integration of optimization
methodologies into M&S relies on the evolution of the
model using decisions based on previous simulation
results.' Usually, the evolution is performed manually
by a specialist of the domain. Therefore, it is natural to try
to find the set of parameters that optimizes the system per-
formance. This process is called optimization via simula-
tion (OvS). Depending on the format of the parameters
(also called decision variables), three main categories of
OvS methods may be highlighted: (i) rank-and-selection
category (R&S):;*° (ii) discrete OvS category (DOvS);*’
(iii) continuous OvS category (COvS).* ' R&S and
DOVS deal with discrete/integer-valued decision variables
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to automatically obtain an optimized management of the
basin. Three different kinds of optimization methods have
been implemented based on the three OvS categories
pointed out previously. The R&S method optimization has
already been presented by Santucci and Capocchi,'? while
the DOVS optimization method has described by Capocchi
et al.,'* Farges et al.,'"* and Capocchi and Santucci.'

In this paper we detail the optimization of the catch-
ment basin management using a COvS method based on a
DE simulation approach. The optimized system has been
defined with the DEVS formalism and implemented using
DEVSimPy framework.'®

The rest of the paper is organized as follows. The next
section presents in detail the background of this study. The
OvS domain is introduced and the main commercial simula-
tion tools including an optimization module are presented.
Section 2 also introduces the DEVS formalism and the
DEVSimPy framework and why the DEVS formalism has
been chosen. Section 3 introduces the case study: the man-
agement of a catchment. The problem associated with the
management of a catchment basin is clearly stated. Then the
DEVS-based DE modeling of the case study is detailed. In
Section 4 we describe how we have realized the optimiza-
tion of the catchment basin management by developing a
COvVS approach. The DEVSimPy implementation and the
results based on the proposed optimization method are pre-
sented. The convergence of the proposed method is also illu-
strated through the obtained results. Section 5 is dedicated
to the analysis and discussion of the proposed approach. We
compare the results introduced in Section 4 with results
obtained when applying R&S and DOvVS approaches.
Finally, conclusions are given in the last section.

2. Background

In this section we introduce the OvS domain. We point out
the main categories of methods which can be found under
the name of OvS and we introduce a set of existing simula-
tion tools which include an optimization technique. We
also introduce the DEVS formalism which has been widely
used within M&S to design, verify, and implement com-
plex reactive systems.

2.1. Optimization via simulation

OvS is a structured approach to determine optimal settings
for input parameters (i.e. the best system design), where
optimality is measured by a function of output variables
associated to a simulation model.'” One of the main fea-
tures of simulation is that one can change the parameters
of a simulation model easily and try to observe the system
performance under different sets of parameters. Therefore,
it is natural to try and to find a set of parameters that opti-
mizes the system. This set is determined using an optimi-
zation model after evaluating an objective function.

Optimization model

objec@ive decision
function variables
value

Simulation model

Figure |I. Coordination between the optimization and
simulation models.

Figure 1 depicts the coordination between the optimiza-
tion model and the simulation model. Recent comprehen-
sive reviews of the research and practice of OvS are
available in the literature.'®'” Depending on the format of
the decision variables vector x, we may divide OvS prob-
lems into three categories.?’

® R&S category: the numerical decision variable set
has a small number of potential solutions. Then, we
may simulate all solutions and select the best
among them. This problem is known as the
ranking-and-selection (R&S) problem.”' R&S pro-
cedures evaluate exhaustively all members from a
given (fixed and finite) set of alternatives.’

® DOVS category: the set of decision variables is dis-
crete and integer ordered. This problem is known
as the DOVS problem. A set of algorithms based on
the principles of branch and bound (BB)’ approach
can be exploited when performing DOVS approach.
One of the best known is the dichotomy algorithm.
BB algorithms are based on a systematic enumera-
tion of all candidate solutions, where large subsets
of fruitless candidates are discarded, by using upper
and lower estimated bounds of the quantity being
optimized. However, even if it is known that locally
convergence DOVS algorithms tend to perform bet-
ter then globally convergent algorithms, new algo-
rithms combining local and global convergences
have been proposed in the recent past.”* *

® (COvS category: the set of decision variables is a
vector of continuous decision variables. This prob-
lem is known as the COvS problem. In this cate-
gory the decision variables are continuous and the
definition set of these variables is uncountable and
infinite. This optimization category has been widely
studied and several methods can be pointed out: (i)
stochastic approximation (SA);” (ii) metamodel-
based optimization algorithm.?®

A set of commercial simulation tools have integrated OvS
software modules.

e Arena simulation®® is the most widely used tools
for simulation of DE systems. It is an integrated
graphical  simulation environment including
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resources for modeling, design, process visualiza-
tion, statistical analysis. It integrates the OptQuest
for Arena package,?” which is an optimization tool
that is customized for analyzing and optimizing the
results of simulation runs, conducted in Arena.

®  Witness®® is a process simulation software com-
monly used for both educational and business pur-
poses, and it is one of the most suitable for
simulating plant layouts. The Witness simulation
package offers an optimization suite within its
experimental framework.

e Anylogic® is a simulation tool that supports all of
the most common simulation methodologies: sys-
tem dynamics, DE, and agent-based modeling.
AnyLogic optimization is built on top of the
OptQuest Optimization Engine.

e Simio™ is a powerful DE simulation platform. The
modeling aspects are easy to use thanks to a library of
intelligent 3D objects. With Simio, complex systems
can intuitively be modeled. OptQuest for Simio is
available as an add-on to the standard Simio products.

e AutoMod®' is used to create DE simulation models
of manufacturing systems, assembly lines, ware-
houses, distribution centers, airports, and equip-
ments. It is used to: (i) run “what-if”” scenarios in a
simulation environment to predict results; (ii) ana-
lyze and optimize alternate system design concepts
based on the AutoStat optimization package.

A review of the optimization packages found in commer-
cial simulation software (AutoStat, OptQuest and the
Witness optimizer) reveals that these packages are based
on multi-objective  optimization routine. AutoStat
approaches the multi-objective optimization problem using
the classical method in which multiple objectives are
aggregated to form a single objective using a weight-vec-
tor. The drawback of this method is that for different deci-
sion scenarios, different weight-vectors have to be used
and the same problem has to be solved repetitively.
OptQuest also employed a similar approach. In a same
way, Witness optimizer uses simulated annealing (SA)
and elements of Tabu search are incorporated into the SA
process. We can point out that most of the commercial
OvS packages implement robust meta-heuristics. For
instance, AutoStat uses evolution strategies; OptQuest uses
scatter search, Tabu search and artificial neural networks
and Witness optimizer uses SA and Tabu search. These
meta-heuristics are often robust and perform well on deter-
ministic problems. However they may face problems when
random aspects are present.

2.2. DEVS formalism and tools

The DEVS formalism introduced by Zeigler et al.'' pro-
vides a mean of specifying a mathematical object called a

input output
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Figure 2. The DEVS experimental frame.
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Figure 3. The DEVS atomic model.
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system. Basically, a system has a time base, inputs, states,
outputs, and functions for determining next states and out-
puts given current states and inputs. DEV'S provides a for-
mal representation of DE systems capable of mathematical
manipulation just as differential equations serve this role.
Furthermore, by allowing an explicit separation between
the modeling phase and simulation phase, the DEVS form-
alism is an efficient way to perform simulation of complex
systems using a computer.

The DEVS formalism procures an Experimental Frame
(EF)* that specifies conditions under which the system is
experimented and observed.

As illustrated in Figure 2, an EF has three components:
a Generator in charge of generating a set of inputs seg-
ments for the system; a Transducer in charge of observing
and analyzing the output segments of the system; and an
Acceptor in charge of selecting the desired data of the sys-
tem and verifying whether the experimental conditions are
fulfilled.

In the DEVS formalism, in order to model a system,
one must specify: (i) basic models from which larger ones
are built and (ii) how these models are coupled together in
hierarchical order. An atomic model allows specifying the
behavior of a basic element of a given system. Coupling
between different atomic models can be defined using a
coupled model (CM). An atomic DEVS (AM in Figure 3)
model can be considered as an automaton with a set of
states S and transition functions allowing the state change
when an event occurs or not.

When no events occur, the state of the atomic model can
be changed by an internal transition function (6;,;). When an
external event X; occurs, the atomic model can intercept it
and change its state by applying an external transition
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Figure 4. Hierarchical modeling using DEVS coupled models.
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function (,,,). The lifetime of a state is determined by a
time advance function (z,). Each state change can produce
output event Y; via an output function (A).

A coupled model tells us how to couple (connect) sev-
eral component models together to form a new model.
This latter model can itself be employed as a component
in a larger coupled model, thus giving rise to hierarchical
construction.

Figure 4 depicts an example of the hierarchy between
sub-models of a system. The CMO coupled model repre-
sents the system at the highest possible hierarchical level.
It has two output ports OUTO and OUT1, one input port
IN and it contains two atomic models AMO and AM1 but
also one coupled model CM1. The two atomic models
AMO and AMI1 are coupled with an input external cou-
pling relation with CMO and with an internal coupling
relation with CM1. The output external coupling relation
occurs between the two output ports of CM1 and the two
output ports OUTO and OUTI.

A simulator is associated with the DEVS formalism in
order to exercise instructions of the atomic model to actu-
ally generate its behavior. The architecture of a DEVS
simulation system is derived from the abstract simulator
concepts'' associated with the hierarchical and modular
DEVS formalism. One of the advantages of the DEVS
formalism is that the simulator is generated automatically
from the model.

There are many tools which provide a user interface
dedicated to help the user to define DEVS models and to
perform simulations. A non-exhaustive list can be provided
as follows: PowerDEVS,” DEVSim++,’* DEVSJAVA,*
VLE,*® DEVSimPy,'® CD++Builder,”” ATOMS3,*
MS4Me,*® etc. Special attention will be given to
DEVSimPy (stands for DEVS simulator in Python lan-
guage) which is a collaborative M&S software. It is used
in order to model and simulate complex systems based on
the DEVS formalism with the Python programming lan-
guage. In particular, DEVSimPy'® is an open-source proj-
ect with the aim of providing a GUI for the M&S of
PyDEVS*® models. The basic idea behind DEVSimPy is to
wrap the PyDEVS API with a GUI allowing significant

simplification of handling PyDEVS models (such as the
coupling between models or their storage).

Figure 5 gives an example of the window interface. We
can pointed out that the window is split into two parts: (i)
the left part (circle 1 in Figure 5) allows the user to visua-
lize the classes of DEVS models which can be instantiated
using a drag-and-drop; (ii) the right part (circle 2 in
Figure 5) is dedicated to the design of DEVS coupled
models (also called diagrams in the following) with a sim-
ple drag-and-drop of classes belonging to the left part of
the window. The created coupled model can be simulated
and saved under a specific format allowing it to be easily
reused and shared.

2.3. Why DEVS formalism for OvS approach?

A set of different formalisms can be used when modeling
complex systems. We can mention DAE, bond graphs,
Forrester system dynamics, Petri nets, finite state auto-
mata, DEVS, state charts, queucing networks, etc. The
choice of appropriate formalisms depends on criteria such
as the application domain, the background of the modeler,
the goals, and the available computational resources, etc.*’
The DEVS formalism has been chosen in the framework
of this optimization work for at least two reasons: (1) due
to the DE-based specification given by hydrologic experts
of the CAW agency, the choice of a DE formalism is obvi-
ous even though a traditional approach would have been
based on a discrete-time (DT) formalism; (2) it has been
highlighted*® that it is possible to map all formalisms,
including approximations of continuous ones, onto DEVS.
The DEVS formalism framework of M&S proposed by
Zeigler et al.'! offers concepts that are important for the
integration of optimization methods into a DE simulation
tool: (i) there is an explicit separation between the model
and the context under which it is experimented with; (ii)
there is a separation between the simulator and the simula-
tion model. This DEVS formalism framework is therefore
a good basis for the detailed formalization of the structural
relationships between simulation and optimization
techniques.

Moreover, we chose to provide a DE OvS approach
using the DEVSimPy tool for solving the problem of
catchment basin management optimization. We have
already pointed out the interest in choosing the DEVS
formalism and we have decided to use the DEVSimPy
environment in order to integrate a COvS method for the
following reasons: (i) the simulation model had already
been realized using the DEVSimPy framework, the basic
model which is used as a basis for optimization has been
realized using the DEVSimPy environment in collabora-
tion with the hydrologic experts of the CAW agency; (ii)
DEVSimPy is supported by the team of the SPE UMR
CNRS 6134 laboratory.
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Figure 5. The DEVSimPy general interface.

3. Case study: catchment basin
management

3.1. Problematic

Water is the vital resource to support life on the Island of
Corsica (an island in the Mediterranean area).
Unfortunately, it is not evenly distributed over the island
by season or location. Some parts of the island are prone
to drought making water a scarce and precious commod-
ity, while in other parts of the island it appears in raging
torrents causing floods and loss of life and property. The
Corsican Water Agency (CWA) is a governmental institu-
tion in charge of the distribution and quality of water
resources and water bodies, including manmade water
infrastructures. CWA manages a complex network of
dams, storage and pipelines to provide an adequate supply
of water to its customers. Furthermore, in addition to water
supply the benefits of this management include also
hydropower production. The difficulty when managing a
water network®' ™ involving dams, power stations, pump
stations, pipelines, valves is to ensure the water distribu-
tion to consumers while the production of electricity using
power stations is the highest possible and the use of pump
stations is as low as possible. It is the case actually in the
southeast of Corsica where a water network involves two
interconnected dams (Ospedale and Figari), a power sta-
tion (upstream to the Ospedale dam), a pump station (used
in order to send the water taken from Figari dam to the

consumers) and a set of valves allowing the water to be
sent from the Ospedale dam to the Figari dam or the con-
sumers (Figure 1). We have to point out that the south-east
region of Corsica has the following features: (i) a lot of
rainfall in winter while a drought period in summer; (ii)
the consumer population increases by a factor of 10 in
summer season (due to tourism) compared to the winter
season. Because of this dichotomy between summer and
winter, two different behaviors for the management of the
network have been defined by the CWA experts.

e The winter behavior: since the rainfalls are heavy
and the population is low, only the Ospedale dam
is used fulfill the water supply for the consumers
(since the use of the Figari dam requires electricity
consumption due to the pump station associated
with the dam) and the power station is able to pro-
duce electricity when the Ospedale dam is quite
full (since the water used by the power station is
lost for water supply).

® The summer behavior: the power station is no lon-
ger used; the Ospedale dam is first used to fulfill
the consumer water supply; when it is quite empty
the pump station is then used in order to send water
taken from the Figari dam to the consumer.

The hydrology experts belonging to the CWA have defined
a management strategy based on the definition of two dates

Downloaded from sim.sagepub.com at INRIA on July 7, 2015


http://sim.sagepub.com/

6 Simulation: Transactions of the Society for Modeling and Simulation International

(let us call them d1 and d2) allowing to perform the winter
behavior from date d2 to date d1 and then switch to the
summer behavior from d1 to d2. However, the difficulty
for the experts is to find the best dates (d1 and d2) as well
as the best amount of turbine water allowing the following
three constraints to be respected: (i) to respond to the water
demand of the consumers all along the year; (ii) to use as
much as possible the power station associated with the
Ospedale dam; (iii) to use as less as possible the pump sta-
tion associated with the Figari dam.

In this paper, we are interested in the management of
the hydrologic behavior of a catchment basin. The man-
agement consists in proposing a software approach based
on DE simulation in order to find the optimized dates
allowing to respond to the three main constraints: (i) ensur-
ing water supply all along the year; (ii) optimal use of the
power station; (iii) minimal use of the pump station.

Three different kinds of optimization methods have
been implemented based on the three OvS categories
pointed out in Section 2: R&S, DOvVS and COvS. The two
first categories have been presented respectively by
Santucci and Capocchi'? for R&S and by Capocchi et al.'?
for the DOvS method with a BB algorithm based on the
dichotomy algorithm. Each one of these three optimization
methods leans on three different models of a catchment
basin behavior that have been defined and implemented
using DEVSimPy. In the next section we introduced the
DE modeling scheme that have been defined in order to
model the management of a catchment basin and that will
be used by a COvS method presented in Section 4. An
analysis of results obtained using the three kinds of opti-
mization is given in Section 5.2.

3.2. DEVS-based DE modeling

In adopting a DE modeling approach, the study case can
be modeled and managed differently from the DT model-
ing scheme introduced by Santucci and Capocchi'? and
Capocchi et al."* Indeed, with the DT modeling, the sys-
tem behavior is overall considered for the definition of a
fixed simulation time step equal to 1 week. With DE mod-
eling, the system is seen as a set of components (atomic or
coupled DEVS models) having a set of states with finite
lifetime. In such a case the simulation time step is not
fixed and depends on the activity of the models. For the
simulation model, a dam model has been defined and it is
very important as it will play a primordial role for the
simulation step definition. Furthermore, the model design
depends on the DE or DT modeling scheme. The DE mod-
eling relies only on the definition of one atomic model
(dam model) although the DT modeling involves the defi-
nition of several atomic models (generators, dams, power
station, managers models). Another interesting approach is
to implement the dam model using ordinary differential
equations (ODEs) with the quantized state systems

water [m3]
A
supply
>
to t1 t2 t3
t' t"
- ,r.\ == ~ ~/ \ﬁl,_,._y /‘>
% % % % 9
2 % %% %, %
‘I’?Q % o e 9’7?9

Figure 6. DAM water profile for the supply and the intake.

(QSS)** method. The QSS method allows the ODE-based
modeling in the DEVS framework by proposing an inte-
grator DEVS model. The implementation of the integrator
model requires the definition of a quantum and an order
for the algorithm of the integration (QSS{1,2,3} for the
first, second or third order). Consequently, it is possible to
implement a dam model described by ODEs using a QSS
integrator which is setup correctly. In this paper, we pro-
pose to use a different approach consisting of implement-
ing a simple model of the dam just by knowing the textual
specifications given by the CWA experts.*

Assumptions Before defining the dam atomic model
with the help of the DEVS formalism, some assumptions
have been raised. In this paper, we are not dealing with
traditional approaches based on waterflows which should
have been expressed in cubic meters/{some unit of time}.
Instead, our approach relies on the use of quantities of
water expressed in cubic meters. In the following, the
water quantities are expressed in cubic meters in both fig-
ures and tables.

Figure 6 represents the curves of the water supply and
the water intake for a dam over the 52 weeks. If the system
is analyzed between a time period going from 70 to 3, the
two dates ¢1 and #2 are identified by the two intersections
between the curves (intake and supply in Figure 6). The
approach presented in this paper depends on these two last
dates. If the curves are not crossing, the approach cannot
be applied. However, in our case, it is most unlikely that
the two curves do not cross because of the nature of the
two rivers Asinao and Orgone.

Due to the previous assumptions and Figure 6, the beha-
vior of the dam has been translated in this way.
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Depending on its initial level of the water, the dam
will be in a filling phase until #'. Then, from #' to
t1, the dam may be in an overflowing phase. It is
possible that #* is equal to #1 and then the overflow-
ing phase does not exist. In the same way, if 7 is
close to 70, the filling phase could not occur.
Between ¢1 and 72, the dam is generally in a dis-
charge phase (also called release). Of course, it can
be in a drought phase if the supply curve is too high
according to the intake curve.

After £2, the dam is in a filling or drought phase
until #”. Then, from " to 3, the dam goes in an
overflowing phase. The same previous remarks for
t' can be stated for ¢”.

DEVS modeling Due to the adopted DEVS-based DE
modeling and previous assumptions, the dam model can
be summarized as in Figure 7.

supply > L—»overflowmg
AM ®—>release
command ——»| drought
intake DAM F >level
—> command

Figure 7. The DAM atomic model.

The DAM atomic model has three input ports: supply,
command and intake. The port denoted supply allows to
receive the curve (according to COvS approach) of the
water consumption of the population. The port denoted
command can receive a positive (respectively negative)
value corresponding to a water quantity for the filling
(respectively the discharge) of the dam. Finally, the port
intake allows to receive the curve corresponding to the
water intake of the dam.

Five output ports are planned in order to: (1) send the
overflow value for the overflowing port, (2) send the dis-
charge value for the release port, (3) send the Boolean
value that informs if the dam is drought for the drought
port, (4) send the water level value of the dam for the level
port and, finally, (5) send the command value (positive or
negative) for the command port. Concerning the output
command port, positive value is used to inform that a quan-
tity of water is available and negative value to inform that
the dam needs a quantity of water.

Figure 8 depicts a simplified state graph of the DAM
model. This representation is useful to understand the
behavior of the dam without getting into the textual DEVS
specifications. The dam behavior can be represented using
eight states (circles in the Figure 8). A state is a combina-
tion of a status which can be Filling, Overflowing, Release
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Figure 8. The state graph of the DAM model.
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or Drought with the lifetime of status o and with the last
level (Q;) and the next level (Qy) of the dam water level.
Here Qg is the initial value of the level, Q7 is the target
quantity of water occurring on the command port (positive
or negative), O, and Q,,;, respectively the minimum and
the maximum capacity of the dam. The messages occurring
on the ports are denoted as msg; with 7 the port number.

Initially, the DAM model may be in the Filling or
Overflowing state depending on its water level (Qy). Then,
its state may change only by receiving external messages
depending on the next level Oy computed according to the
water supply curve included in msg,. Whatever the initial
state, if Oy = O,uar the new state of the DAM model is
Over flowing until ¢; and messages are sent on the output
ports. Then, the internal transition computes the new state
which becomes first Release until t,, second becomes
Filling or Drought depending on the Qy value. If the dam
reaches its minimum water level (Oy < Oin), the
drought is stated and the DAM model goes back to the ini-
tial Filling state. Otherwise, if the dam does not reach its
maximum water level, the Filling state is set until ¢” fol-
lowed by the Overflowing state until #3. If a command
occurs on port 1 (msg;) and the target value required
(QOr < 0)is not possible (Qny > |Q7]), the state remains
the same. Based on the previous description of the DAM
atomic model, the model to be optimized (simulation
model) can be considered as an interconnection of two
kinds of these dams: Figari and Ospedale.

Figure 9 depicts the DEVS coupled model correspond-
ing to the simulation model under study. The coupling
allows the communication of the Figari dam with the
Ospedale dam. When the Figari dam needs water, it asks
(by sending a negative value on its command output port)
to the Ospedale dam. Then, if the Ospedale dam has the
capacity to answer, it sends on its command output mes-
sage the desired positive value asked by Figari.

4. Optimization of catchment basin
management model
4.1. Optimization problem formalization

An optimization problem concerns the minimization or
maximization of an objective function f{x) where x is a
vector x = {xi,...,x,,} of n decision variables. A solution of
the optimization problem is an assignment of specific val-
ues to x. All solutions form a set X of solutions (x € X).
When decision variables are continuous, x € R".

There are a number of important subclasses of optimi-
zation problems depending on the ability to define con-
straints on the decision variables. When there is no
constraints on the decision variables, the unconstrained
maximization formulation can be used as follows:

maximize f(x)
xeR

Simulation model
Ospedale ———» Ospedal > ?evlzl;ﬂso:ing
supply —> o drou
ght
Asinao AM DAM ‘ > level
Figan overflowing
supply Figari < aerlcsfgsr%
Orgone ———»| AM DAM > |evel

Figure 9. DEVS simulation coupled model of the catchment
basin.

with the objective function f: R"—R. The decision vari-
ables are used to construct object criteria as a mathemati-
cal function. By formulating them and depending on the
problem description (see in Section 3.1), we can get a
mathematical model relating the variables and the objec-
tive function:

S(x) = (1, x2) — ya(x1,x2))y3(x, x2)ya(xi, x2) - (1)

where:

o x={x, x,} € R* with x; and x, are two decision
variables for the water consumptions of the popula-
tion insured by the Ospedale dam (x;) and the
Figari dam (x;); these decision variables (annotated
by Ospedaley,,,;, and Figariy,,,;, in Figure 9) are
represented by two curves and the problem can be
considered as a COvS problem;

® y; = Overflowingospedale 15 the quantity of water
turbined by the Ospedale dam between 70 and £3
(see Figure 6);

® v, = Releaseyig,; is the quantity of water dis-
charged by the Figari dam using the pump between
10 and 3 (see Figure 6);

® y3 = Droughtogedare and y4 = Droughty;g,,; respec-
tively the drought flag (Boolean value) for the
Ospedale and Figari dam.

We can note in the formula 1 that the values of the y; (i
€ 1..4) functions are obtained by simulations of the simu-
lation model (Figure 9). Indeed, optimizing the simulation
model consists in finding the best couple {x;, x,} of curves
among a theoretical infinite set which maximizes the
objective function value. In summary, the optimization
problem can be formulated as: using DE simulation
through the DEVS formalization, to find the best combina-
tion of two curves (decision variables) which maximizes
the objective function value. Usually, the algorithms used
to solve unconstrained optimization problem are:*® descent
methods, line search, gradient descent method, steepest
descent method, Newton’s method, conjugate gradient
method or quasi-Newton’s methods. In this paper, the
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4 Optimization model A

Decision
(nb. iteration)

Generator

o Ospedale
Figari_supply + supply
ospedale_supply
Overflowing_ospdeale
Release_figari t
Drought_ospedale s
Drought_figari Figari

I supply
t

Figure 10. Ospedale-Figari DE simulation and optimization
model.

Simulation model

proposed algorithm is inspired by the descent methods and
starting from a particular point x,, a strategy-based algo-
rithm gives a set of value (x;).ex such that:

fOx+1) = f(xx) forallk eR

It is therefore for each iteration £, to find a point x4
toward a direction defined by strategies based on: (i) a
gain defined by |y; — y|; (ii) a Boolean condition defined

by y3.y4.

4.2. Proposed simulation-based
optimization algorithm

Figure 10 depicts the optimization for the simulation of the
Ospedale-Figari simulation model in the context of COvS.

The aim of the Generator model is to generate couples
of curves Ospedales,,,; and Figariy,,,, from the total
water consumption of the population. The model Decision
analyzes the system performance (objective function
value) and decides if an additional simulation is possible.

Due to the infinite number of possible solution X, the
proposed approach cannot guarantee to find the optimal
solution. However, we are sure to find the best solution
included into a subset of X corresponding to the number of
iterations. The proposed algorithm allows to drive towards
the best solution by analyzing the shape of the curves
(Ospedaley,,,, and Figarig,,,,) according to the engineers
requirements.

Engineers of dam management are only considering the
water consumption of the population. This means that, they
only give the sum of the Ospedales,,,; and Figarig,,,,
quantities. Therefore, only this sum must be taken into
account by the optimization model and it must be divided
to obtain two curves representing the two decision vari-
ables. Moreover, the curves represent the water consump-
tion of the population and they can be considered as a
trapezoidal profiles (see Figure 11). The trapezoidal pro-
files are often used to model natural phenomenons present-
ing an evolution with three stages (growth, stability and

water
base
height
a b t
Figure I 1. Trapezoidal profile template for the water

consumption.

declination) characterized by a duration and a specific
form.*” This kind of profile is a good candidate to reflect
the population’s water consumption behavior and is espe-
cially suitable for the presented modeling approach.
Figure 11 shows that a water consumption curve depends
on four parameters: (i) base which allows the control of
the duration of maximum water consumption, (ii) height
that represents the maximum level of water consumption,
(iii) @ and (iv) b the two dates controlling the water con-
sumption period. Modifying a consumption curve leads to
change these parameters.

The model in charge of finding a couple of decision
variables is called Generator and its behavior has been
resumed in Algorithm 1. The strategies used by the
Generator model to effectively guide the modification of
the curves during the optimization process represents a
key of the proposed method. The model in charge of acti-
vating the simulation model through the Generator model
is the Decision model (see Figure 10). It receives a mes-
sage from the simulation model and analyzes the objective
function value.

This paper presents strategies for the Generator model
which depends on a parameter € defined by the user as
follows.

e Strategy sl or s2: increasing or decreasing the
height parameter (height = height=e).

e Strategy s3 or s4: moving on the left or on the right
the base of the curve, i.e. changing the middle m of
the trapeze without changing the base (m = m=e).

® Strategy s5 or s6: increasing or decreasing the base
parameter (base = base=e).

There are two ways to combine strategies in order to guide
the modification of the curves. If the Figari,,,, curve is
chosen, then the repeated sequence s2 —s4 —s6 has to be
employed. Otherwise, if the Ospedaley,,,,;, curve is cho-
sen, the repeated sequence s1 —s3 —s5 has to be consid-
ered. The two scenario are equivalent since the two curves
are linked by the total consumption that is an initial data
given by the engineers of dam management as explained
previously.
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Algorithm 1. Generator model algorithm.

Constants:

e C is the curve of total consumption given by the engineers of dam management;
e Nb = 5000 is the number of iterations defined by the modeler.

Variables:

e k is the current iteration;
e 5 is the current strategy;

Output:

o x* = (Figarig,,,,. Ospedale

1. k= 0; s = s2; Figari
curve C.
2. As long as k is not equal to Nb:

*

upply) 18 the best solution.

supply 18 generated randomly from a trapezoidal shaped (see Figure 11) and it fits into the total

(a) Deduct the Ospedaley,,,,;, curve by performing the difference between C and Figariy,,,,pp;

(b) Send the two curves to the simulation model for new simulation;

(c) Analyze the results of the previous simulation (input message from the model Decision) and compute the
objective function f (see Equation (1) according to the simulation results y,, y,, y3 and yy). If f decreases or is
null, the current strategy s is changed in an order determined by the repeated sequence s2 —s4 —s6. If f
increases, s does not change. In any case, a new Figarig,,,;, curve is proposed for a new simulation according

to the current strategy s and the previous Figari
(d) k=k+1;
3. Return the best solution x* = {F 1garis,, i,
the Nb iterations.

*

Ospedale

supply

supply

curve.

} which is deduced among the solutions computed during

Algorithm 1 is based on the choice of the Figariy,,,
curve and allows the cyclical switching between the
ordered strategies 52, s4 and s6 depending on the objective
function value. In this algorithm the following process is
proposed: to increase the turbine of overflowed water for
the Ospedale dam, change the parameters for the
Figarig,,,, curve as follows: decreasing the height para-
meter (strategy s2) or moving to the right the base (strat-
egy s4) or decreasing the base (strategy s6). If the user
want to interact with the Ospedales,,,,; curve instead of
the Figari,,,;, curve, it must decrease the pumping of the
water within the Figari dam by increasing the height para-
meter (strategy s1) or to move to the left (strategy s3) or
to increase the base parameter (strategy s5) of the
Ospedaley,,p,,, curve.

In practice, a stopping test should be selected to ensure
that the algorithm always stops after a finite number of
iterations and the last iteration guarantees a value of x
close to x*. Consider the factor of precision @ > 0, this
test consists of a combination of criteria which can be
based on:*°

stagnation of the solution, ||x;+1 — xzl| > albxll;
stagnation of the current value, |fix.+1) —
fool > alfixl;

e number of iterations that exceed a threshold estab-
lished in advance, k < [terMax.

In this paper, a stopping step based on the total number of
iteration is proposed (see step 2 in Algorithm 1). However,
considering the previous criteria, it is possible to imple-
ment a new condition to stop the algorithm before reaching
the final iteration.

4.3. DEVSimPy implementation and results

The DEVS EF insures the ideal conditions for the control
of the OvS process. The DEVS EF can be exploited to
guide the simulation with the callback managing of the
simulation model depending on the activity of the optimi-
zation model. This last one analyzes the simulation model
results (through the Decision model in Figure 10) and
decides, depending on the number of iterations if a new
activation for the simulation model is possible. In this lat-
ter case, the optimization model (through the Generator
model in Figure 10) is in charge of the generation of a
new solution which will be validated by the simulation
model. Figure 12a shows the implementation of the opti-
mization model in DEVSimPy coupled with the previously
described simulation model. The total_consumption,
Asinao and Orgone are three curve generators instantiated
from the curveGen model in order to provide respectively
the total water consumption by the population, the intake
for the Ospedale and the Figari dam. The Decision model
(in Figure 12b) has four input ports according to the
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Figure 12. Modeling of the optimization_model coupled model with DEVSimPy.
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(a) Figari dam state trajectory. (b) Ospedale dam state trajectory.

Figure 13. States trajectories for the dams.

previous description (see Figure 10) in order to receive the
following  signals:  Overflowing,spedates  Releasesgyy,
Drought,speqaie and Droughtsg,,.;. The Generator model
(see Figure 12b) receives the decision message on port 0
and the total consumption on port 1. It is then able to gen-
erate the two curves Ospedaley,,y,,;, and Figari,,,,.

Figure 13 depicts the state trajectories for the Figari and
Ospedale dams obtained after a simulation with 5000 itera-
tions. According to Figure 13a for the Figari dam, the tran-
sition of summer/winter occurs at week 21 (d1) and for
winter/summer at week 38 (d2). In the same way accord-
ing to Figure 13b, for the Ospedale dam, the transition of
summer/winter (d1) occurs at week 24 and for winter/sum-
mer (d2) at 41.

The results presented in Figure 13 correspond to the
best solution which is illustrated in Figure 14 (respectively
Figure 15) by the Figarig,,, curve (respectively
Ospedaley,,,,;, curve).

Figure 14 shows three curves representing the two tra-
pezoidal shapes the total consumption (the largest) and the
Figarig,,,, curve (the smallest) and for the third the
Orgone river intake. In the same way Figure 15 depicts
the curves for the total consumption (the largest trapezoi-
dal curve) and the Opedaley,,,,;, curve (the smallest trape-
zoidal curve) and, finally, the Asinao river intake.

Table 1 resumes the simulation results with the
obtained best solution. These results have been obtained
with 5000 iterations and 6.125 s system CPU time. In
Table 1 Fig. (respectively Osp.) stands for Figari (respec-
tively Ospedale) dam. Moreover, we can recall that the
overflowing (respectively release) column resumes the tur-
bine (respectively pump) value for the Ospedale (respec-
tively Figari) dam.

It is suggested that readers consult the video https://
code.google.com/p/devsimpy/wiki/Videos to see an exam-
ple of the simulation run.
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Figure 14. The best solution for the Figari dam.
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Figure 15. The best solution for the Ospdale dam.

Table I. DEVSimPy DE simulation results with COvS method.

Release (m®) Overflowing (m°) Level (m°) dl (week) d2 (week)
Osp. 2,902,127 3,844,223 2,353,038 24 41
Fig. 1,933,506 550,247 1,300,956 21 38

The convergence of the algorithm presented in Section
4.2 is illustrated by the curve in Figure 16. The abscissa
expresses the number of iterations and the ordinate the
value of the objective function which is defined by the dif-
ference between the amount of the quantity of turbine
water minus the quantity of pumped water.

Algorithm 1 as described in Section 4.2 consists of
applying alternatively the three strategies called 52, s4, s6.
As soon as a strategy does not provide any improvement
(increment) of the objective function value, the algorithm
allows to switch to another strategy. In the considered
example we can notice in Figure 16 that the strategy s2 is
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Figure 16. Evolution of the objective function based on the number of iterations.

applied from iteration 1 to iteration 158, then strategy s4
is applied from 158 to 515, the strategy s6 is then applied
from iteration number 315 to iteration 474, etc. This pro-
cess allows to convergence toward a good solution since
at each step the objective function value is incremented.

5. Analysis and comparison

In this section we present an analysis of the DE modeling
and simulation approach (presented in Section 4) used for
implemented a COvS method presented in Section 4.3.
This analysis is performed by comparing the approach
described in this paper with the two approaches (respec-
tively belonging to the R&S and DOVS categories) already
developed and presented by Santucci and Capocchi'? and
Capocchi et al."?

5.1. Context of the experiments and results

The context of the experiment is given by the inputs of the
simulation models (both involved in the three OvS meth-
ods): the Orgone and Asinao intakes water and the water
supply of the consumers (respectively shown in Figures 14
and 15).

The R&S and DOVS optimization of the Figari—
Ospedale model is presented in Figure 17. We can point
out that two decision variables are used: d1 and d2 while
two objectives functions values are highlighted in
Figure 17: the Gain (the difference between the turbine
and the pumping) and the Drought variable. In the case of
DOVS optimization a third decision variable is added: the
Turbine corresponding to the quantity of water which is
going to be sent to the power station.

The solutions obtained by the three methods are sum-
marized in Table 2. Table 2 presents the final results
where: Method represents the name of the optimization
method; d1 (respectively d2) the date corresponding to the

Optimization model

Generator

R&S
DOvS

=

d1
d2
Turbine (if DOVS)

/

~
Gain

Drough[}
b

Figure 17. R&S and DOVS for the Ospedale—Figari simulation
model.

-

Simulation model

switch winter/summer (respectively summer/winter);
Turbine represents the quantity of water which has been
turbined by the Ospedale power station; Pump represents
the quantity of water which has been pumped using the
Figari pump station; CPU represents the time spent by the
processor when performing the corresponding method;
Iteration represents the number of iterations involved in
the method. Concerning the COvS method, the number of
iterations is much greater due to the fact that the CPU time
required during each iteration step is much lower than
with a R&S or DOvS method. The stopping condition of
the optimization algorithm (Algorithm 1) is the number of
iterations. In Table 2, the R&S method requires 1763
iterations to obtain a best solution for d1 and d2. This
number of iterations is given by the number of possible
combinations (52 X 52) less the non-eligible couples (d1,
d2) as d1 > d2 and d1 = d2. For the DOvS method, the
required number of iterations to reach a local convergence
is smaller than 500. Concerning COvS method, we can see
that in the given example the best solution is found after
more than 2000 iterations (see Figure 16).

We can point out that using COvS we are able to dis-
connect the behavior of the two dams. Indeed, in the Table
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Table 2. Comparison of solutions for the three optimization methods.

Method dl (week) d2 (week) Turbine (m?) Pump (m?) CPU (s) Iteration
R&S Osp. 21 Fig. 21 Osp. 35 Fig. 35 45,836 90,256 987.6 1763
DOvS Osp. 24 Fig. 24 Osp. 41 Fig. 41 3,562,791 1,800,228 9,351,512 500
COvS Osp. 24 Fig. 21 Osp. 41 Fig. 38 3,844,223 1,933,500 6.1 5000

2 the value for d1 (respectively d2) depends on the consid-
ered dam (see Table 2 where Osp. (respectively Fig.) for
Ospedale (respectively Figari) dam).

5.2. Discussion

The results presented in Section 5.1 point out several fea-
tures concerning the COvS optimization method presented
in this paper.

. The system CPU time involved by the COvS
method based on DE simulation is very low in
comparison with the system CPU time required
when dealing with the simulation involved in the
R&S and DOvVS methods.

2. The best solution obtained using COVS is better
than solutions obtained using R&S and DOvVS. The
quality of a solution is evaluated using the differ-
ence of the quantity of water turbine (Turbine col-
umn in Table 2) and the quantity of water which
has been pumped (Pump column in Table 2). The
reader can note that the highest difference (the best
solution) can be found for the COvS method in
Table 2.

3. The results obtained with the COvS method point
out that due to the modeling approach based on
DE modeling and simulation, we are able to pro-
pose to the user different dates for the two dams
which have to be controlled while the same d1 and
d2 are proposed for the R&S and DOvS methods.

4. The main difference between the COvS based on
DE simulation and the two methods (R&S, DOvVS)
is highlighted by Figures 17 and 10 where we can
observe that the decision variables of the COvS
method are two curves describing how each of the
dams are responding to the water consumption
while the decisions variables of the R&S and
DOVS simulation methods are integer values of the
dl, d2 and turbine (for DOvS) variables.

From these features we are able to propose the following
analysis.

1. Because the system CPU time is so low using the
COvS method proposed in this paper, we can
deduce that we have the possibility to enhance the

method by exploring several other strategies in
order to try other configurations for the water sup-
ply curves associated with each of the dams.

2. The fact that we are able to dissociate the dates d1
and d2 for the two dams, we are able to propose
the user a better management of the catchment
basin since the user will be able to change the
behavior of a dam independently form the other
dam.

3. The fact that the COvS method handles continuous
curves instead of discrete values as in the case of
R&S and DOvS facilitates the optimization mod-
ule. Therefore, the change of the repartition of
amount of water to send to the consumers between
the dams all along the year is realized just by mod-
ifying the decision variables (i.e. the two curves).
In contrast, such modification using DOVS requires
several simulations based on 52 weeks.

6. Conclusion

This paper has pointed out a case study requiring the use
of OvS methods applied to a system whose no mathemati-
cal specification is available. The case study concerns the
optimization of management of a catchment basin involv-
ing dams, electrical power station, pumping station, valves,
etc. The DEVS formalism has been used to model the case
study integrating three OvS methodologies (R&S, DOvS
and COvS). The simulation results highlight that the pro-
posed DEVS-based COvS provides a better performance
than the R&S and DOVS in the specific case of the man-
agement of a catchment basin. However, improvements
are to be introduced to the proposed optimization algo-
rithm: (i) a better stopping test has to be implement in
order to reduce the number of iterations and the CPU time
consumption; (ii) new strategies can be defined and tested
in order to explore new search path in the solution space;
(iii) new global approaches based on evolutionist algo-
rithms will be investigated. Concerning the future work,
we plan to implement a COvS method based on the use of
ODEs for a new hybrid simulation model using DEVS
QSS methods.

Funding

This work was supported by the RESMAR Marittimo European
project (http://www.maritimeit-fr.net/).

Downloaded from sim.sagepub.com at INRIA on July 7, 2015


http://sim.sagepub.com/

Santucci and Capocchi

I5

References

1.

10.

11.

12.

13.

14.

15.

Azadivar F. Simulation optimization methodologies. In
Proceedings of the 31st conference on Winter simulation:
Simulation—a bridge to the future - Volume 1 (WSC’99).
New York: ACM Press, pp. 93—100.

. Ferscha A and Tripathi SK. Parallel and Distributed

Simulation of Discrete Event Systems. Technical report,
College Park, MD, USA, 1994.

. Bachelet B and Yon L. Model enhancement: Improving the-

oretical optimization with simulation. Simulation Modelling
Practice and Theory 2007; 15(6): 703—715.

. Kim SH and Nelson B. Selecting the best system: theory and

methods. In Proceedings of the 2003 Winter Simulation
Conference, vol. 1, pp. 101-112.

. Kim SH and Nelson BL. Recent advances in ranking and

selection. In Proceedings of the 39th conference on Winter
simulation: 40 years! The best is yet to come (WSC’07).
Piscataway, NJ: IEEE Press, pp. 162—172.

. Nelson BL. Optimization via simulation over discrete deci-

sion variables. Tutorials in Operations Research. Hanover,
MD: INFORMS, 2010, pp. 193-207. DOI: 10.1287/
educ.1100.0069.

. Xu WL and Nelson BL. Empirical stochastic branch-and-

bound for optimization via simulation. //E Transactions
2013; 45(7): 685-698. .http://www.tandfonline.com/doi/pdf/
10.1080/0740817X.2013.768783.

. Box GEP and Wilson K. On the experimental attainment of

optimum conditions (with discussion). Journal of the Royal
Statistical Society Series B 1951; 13(1): 1-45.

. Dellino G, Kleijnen JP and Meloni C. Robust optimization

in simulation: Taguchi and response surface methodology.
International Journal of Production Economics 2010;
125(1): 52-59.

Angun E. A risk-averse approach to simulation optimization
with multiple responses. Simulation Modelling Practice and
Theory 2011; 19(3): 911-923.

Zeigler BP, Kim TG and Praehofer H. Theory of Modeling
and Simulation, 2nd edn. Orlando, FL: Academic Press,
2000.

Santucci J and Capocchi L. Catchment basin optimized man-
agement using a simulation approach within DEVSimPy
framework. In Proceedings of the Summer Simulation
Multiconference, Genova, Italy, pp. 28-36.

Capocchi L, Santucci J, Farges J, et al. Biblioteca DEVS dei
modelli ottimizzati. Technical report 5.3.1. Report European
Project RESMAR, Action G, 2012.

Farges J, Amoretti R, Capocchi L, et al. Specificazione dei
metodi di ottimizzazione basati sulla programmazione dina-
mica. Technical report 5.1.2. Report European Project
RESMAR, Action G, 2011.

Capocchi L and Santucci JF. Discrete optimization via simu-
lation of catchment basin management within the
DEVSimPy framework. In: WSC 2013, Washington, DC, pp.
205-216.

. Capocchi L, Santucci JF, Poggi B, et al. DEVSimPy: A col-

laborative python software for modeling and simulation of
DEVS systems. In WETICE. Los Alamitos, CA: IEEE
Computer Society, pp. 170-175. http://code.google.com/p/
devsimpy/.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Swisher J, Hyden P, Jacobson S, et al. A survey of simula-
tion optimization techniques and procedures. In Proceedings
of the Winter Simulation Conference, vol. 1, pp. 119-128.
Fu MC. Feature article: Optimization for simulation: Theory
vs. practice. INFORMS J Comput 2002; 14(3): 192-215.

Fu MC, Glover FW and April J. Simulation optimization: a
review, new developments, and applications. In Proceedings
of the 37th Winter Simulation Conference (WSC’05), pp. 83—
9s.

Hong L and Nelson B. A brief introduction to optimization
via simulation. In Proceedings of the 2009 Winter Simulation
Conference (WSC). IEEE, pp. 75-85.

Swisher JR, Jacobson SH and Yiicesan E. Discrete-event
simulation optimization using ranking, selection, and multi-
ple comparison procedures: A survey. ACM Trans Model
Comput Simul 2003; 13(2): 134-154.

Hong L, Nelson B and Xu J. Speeding up COMPASS for
high-dimensional discrete optimization via simulation.
Operat Res Lett 2010; 38(6): 550-555.

Xu J, Nelson B and Hong J. Industrial strength COMPASS:
A comprehensive algorithm and software for optimization
via simulation. ACM Transactions on Modeling and
Computer Simulation 2010; 20(1): 3.

Xu J, Nelson BL and Hong LJ. An adaptive hyperbox algo-
rithm for high-dimensional discrete optimization via simula-
tion problems. INFORMS J Comput 2013; 25(1): 133—146.
Barton RR and Meckesheimer M. Metamodel-based simula-
tion optimization. In Henderson SG and Nelson BL (eds.),
Simulation (Handbooks in Operations Research and
Management Science). Amsterdam: Elsevier, 2006, pp. 535—
574.

Rossetti MD. Simulation Modeling and Arena. New Y ork:
Wiley, 2009.

Eskandari H, Mahmoodi E, Fallah H, et al. Performance
analysis of comercial simulation-based optimization
packages: Optquest and witness optimizer. In Proceedings of
the 2011 Winter Simulation Conference (WSC), pp. 2358—
2368.

Waller A. WITNESS simulation software. In Proceedings of’
the Winter Simulation Conference (WSC’12), pp. 436:1—
436:12.

Borshchev A. XJ technologies: AnyLogic 6. In Proceedings
of the 37th Winter Simulation Conference (WSC’05).

Pegden CD and Sturrock DT. Introduction to simio. In
Proceedings of the Winter Simulation Conference (WSC’11),
pp- 29-38.

Muller D. Automod: providing simulation solutions for over
30 years. In Proceedings of the Winter Simulation
Conference (WSC’12), pp. 434:1-434:15.

Lee H, Zeigler B and Kim D. A DEVS-based framework for
simulation optimization: Case study of link-11 gateway para-
meter tuning. In /EEE Military Communications Conference,
pp. 1-7.

Bergero F and Kofman E. PowerDEVS: a tool for hybrid
system modeling and real-time simulation. Simulation 2011;
87(1-2): 113-132.

Kim TG, Sung CH, Su-Youn H, et al. Devsim++ toolset for
defense modeling and simulation and interoperation. J
Defense Model Sim 2011; 8(3): 129—-142.

Downloaded from sim.sagepub.com at INRIA on July 7, 2015


http://sim.sagepub.com/

Simulation: Transactions of the Society for Modeling and Simulation International

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Sarjoughian HS and Zeigler B. Devsjava: Basis for a DEVS-
based collaborative M&S environment. Simulation 1998; 30:
29-36.

Quesnel G, Duboz R and Ramat E. The virtual laboratory
environment—an operational framework for multi-modelling,
simulation and analysis of complex dynamical systems. Sim
Modell Practice Theory 2009; 17(4): 641-653.

Bonaventura M, Wainer GA and Castro R. Graphical model-
ing and simulation of discrete-event systems with
cd++builder. Simulation 2013; 89(1): 4-27.

de Lara J and Vangheluwe H. AToM3: A tool for multi-
formalism and meta-modelling. In Proceedings of FASE 02.
London: Springer-Verlag, pp. 174-188.

Chungman Seo RC, Zeigler B and Kim D. DEVS modeling
and simulation methodology with MS4Me software. In
Theory of Modeling & Simulation Symposium, SpringSim
Multi-Conference (SpringSim’13).

de Lara J and Vangheluwe H. Computer aided multi-
paradigm modelling to process Petri-nets and statecharts. In
Proceedings of the First International Conference of Graph
Transformation (ICGT) (Lecture Notes in Computer Science,
vol. 2505). New York: Springer-Verlag, pp. 239-253.

Martin A, Klamroth K, Lang J, et al. Mathematical
Optimization of Water Networks (International Series of
Numerical Mathematics, number 162). Basel: Birkhéuser, 2012.
Mays LW. Water Distribution System Handbook. New Y ork:
McGraw-Hill, 2000.

di Pierro F, Khu ST, Savi¢ D, et al. Efficient multi-objective
optimal design of water distribution networks on a budget of
simulations using hybrid algorithms. Environ Model Sofiw
2009; 24(2): 202-213.

Kofman E and Junco S. Quantized-state systems: a DEVS
approach for continuous system simulation. 7rans Soc
Comput Simul Int 2001; 18(3): 123—132.

45. Giacobbi J and Palazzi JM. Consolidamento di un modello di
caratterizzazione e di gestione di un bacino idrico. Technical
report 4.1.1. Report European Project RESMAR, Action G,
2010.

Csiszar S. Optimization algorithms (survey and analysis). In
Proceedings of the International Symposium Logistics and
Industrial Informatics, pp. 185—188.

Dorp JRv and Kotz S. Generalized trapezoidal distributions.
Metrika 2003; 58(1): 85-97.

46.

47.

Author biographies

Jean-Francois Santucci has been a full professor in the
Department of Computer Science at the University of
Corsica since 1996. His main research interests are model-
ing and simulation of complex systems. He has been
author or co-author of more than 150 papers published
in international journals or conference proceedings.
Furthermore, he has been the advisor of more than 20
PhD students and the principal investigator for four
European research projects and more than ten national
industrial contracts since 1990.

Laurent Capocchi is with the SPE (Sciences pour I’en-
vironnement) UMR CNRS 6134 laboratory at the
University of Corsica. His main research concern the
modeling and simulation of complex systems using con-
current or sequential discrete-event approaches. He is
founder member of the DEVSimPy open source project,
and he contributes actively to its development.

Downloaded from sim.sagepub.com at INRIA on July 7, 2015


http://sim.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /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
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /Freestylescript
    /FreestyleScript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /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
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /NLD <>
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




