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Abstract- Modern complex and flexible manufacturing sys-
tems require new types of control system architectures and de-
sign methodologies. An essential new applied architectural ap-
proach is the distributed control architecture and an essential
new methodology within automation is model-based engineering.
There is a wide range of modeling approaches available from
traditional automation, domain-oriented systems engineering,
and software engineering. Unfortunately, there are very few
reports on the pros and cons of these modeling approaches for
the practical design tasks along the engineering process for dis-
tributed control systems (DCSs). This paper gives a first evalua-
tion for the suitability of models for engineering DCSs to pro-
vide the researcher and practitioner with combinations of mod-
els that are well suited for their engineering projects.

I. INTRODUCTION

An essential trend within industrial control is Model-Based
Engineering (MDE) and the implementation of increasingly
distributed control systems (DCSs) [1,2]. MDE approaches
range from Model-Driven Development (MDD) to Model-
Based Verification (MBV). However, the modeling ap-
proaches used for different engineering tasks are often not
easy to combine in an effective and efficient way, since some
types of models are not compatible while others need signifi-
cant extra effort for content translation between model nota-
tions.

To enable a consistent model-based approach, at least for
DCSs, it is necessary to find a compatible and efficient com-
binable set of models that allows describing all relevant in-
formation for the desired model-based approaches. Since
MDE and MBV are particularly relevant for research and
practice, this paper focuses on these types of engineering
processes.

The aim of this work is to provide an overview on relevant
candidate model types and evaluate these model types for
their suitability to support MDE and MDV processes for
DCS. The remainder of the paper is structured as follows.
Section 2 defines the modeling needs for DCS engineering.
Within Section 3 follows a summary of the selected model
types for this analysis. Section 4 motivates the evaluation
criteria for model type suitability and explains the process for
model type selection. Section 5 presents the detailed results of
the analyses and gives a rating for the applicability of differ-
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ent types of models within the design process of DCSs this is
followed by a conclusion in section 6.

II. MODELING NEEDS FOR DCS ENGINEERING

The key research question of this paper is how to select a
set of models to support MDE and MDYV in a project with the
goal to design a DCS. To answer this question we derive 3
research issues: 1. Engineering process steps. Define the en-
gineering process steps and information sets that the models
are to support. 2. Model type definition. Motivate the set of
model types that need to be considered to support the engi-
neering process steps. 3. Evaluation procedure and criteria.
Evaluate the pros and cons of candidate model approaches.

Engineering Process Steps. The scope of application sce-
narios of models in the design process and the data needed for
MDE and MDV drive the selection of models and the model
evaluation.

With the progress of the design process of a DCS models
have to capture information on different levels of scope and
detail. On the one hand the scope of information coded within
one model decreases. On the other hand the level of detail of
the involved systems that is considered increases [3, 4].

Figure 1 shows the usual structure of an engineering proc-
ess of a manufacturing system. Initially the basic process
structure and its inherent sequence of manufacturing steps is
defined. Based on this process, the geometry and kinematics
of the required manufacturing components are designed
within the mechanical engineering including the cell and line
layout. Afterwards, the electrical engineering, the PLC and
robot, and the HMI programming are started exploiting the
results of the prior steps. Finally, the complete cell including
the geometry, kinematics, logic and I/O design can be passed
into a virtual commissioning environment.

In early design phases mainly the addressed manufacturing
process gets mapped to control activities on a high level of
requirements. Based on given Bills of Operation and Bills of
Material of the products to be produced and the physical lay-
out of the manufacturing system required control processes,
sequences of control activities, and sequences of input/output
combinations are developed for the complete system on a
global level. The sequences of control activities are used to
express the control system behavior in relation to the system
environment including the user and controlled system which
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Fig 1. Information content of models used along the DCS Design Process

are necessary for contract preparations including the func-

tional specifications and contract specification.

In later design phases the requirement specifications gets
detailed with respect to four main fields of interest:

e control system components and devices like PLCs, sen-
sors, actors, communication systems;

e sequences of control activities covering the necessary
data process and control decisions to ensure the relevant
manufacturing process;

e control activities for system safety and security prevent-
ing dangerous system behavior; and

e distribution of control activities, control decisions, and
communication activities within the system of applied
control components.

Within the model-based engineering processes (i.c., MDE
and MBYV) behavior models of the system describe the con-
trol-system behavior, the controlled-system behavior, the
uncontrolled-system behavior, and the closed-loop behavior
[16].

MDE is a special way of exploiting sets of guidelines for
structuring specifications expressed as models within system
engineering and application. Thereby, MDE separates design
from implementation. Decoupling design from implementa-
tion allows system developers to choose from the best and
most fitting approaches in both domains. MDE exploits (im-
plementation) platform-independent models (PIM) and plat-

Design Process of Distributed Control Systems =——p

Test
ommissionin
Operation

. Process Mechanical Electrical Robot PLC HMI
Quotation R i o s i Al o

T |

Fig. 2. Scope of MDE and MBV along the DCS Design Process.

form-specific (dependent) models (PSM), where the PSM
usually implements the PIM [5].
Implementation technologies for control applications, par-

ticularly, distributed control applications are:

e programming languages IEC 61131-3, C, C++, Java;

e for devices PLCs, SoftPLCs, CNCs, RNCs, etc.;

e for the communication system field busses like Profibus,
Interbus, CAN; and Industrial Ethernet protocols like
PROFINET, EtherNet/IP, EtherCAT.
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MBYV exploits formal behavior models of the closed-loop
behavior and models of the intended system behavior for
formal comparison. Usually the intended behavior is coded
by specifications of intended and avoided system states and
behavior sequences while the closed-loop behavior is gener-
ated from the formal combination of models of the uncon-
trolled plant behavior and the control system behavior [17].

In the case of DCSs the models of the uncontrolled plant
behavior and the control system behavior have to reflect the
distribution of control decisions by combining behavior
model components and interaction structures in a proper way
resulting in modular and cooperative system models.

Modeling needs: information sets. In summary the infor-
mation models to be used within the engineering of DCSs
have to be able to cover the following sets of information:

1. Architecture: distribution of control decisions on
system components;

2. Processes of control decisions consisting of process
states and process state transitions;

3. Signals and states: logical combinations of input
signals, output signals, and internal states;

4. Communication: distribution of control-relevant in-
formation;

5. Control-relevant data structures; and

6. Interaction and communication processes between

control decision taking components and processes.

Section 3 provides an overview on types of models that
have at least some capabilities to model these 6 sets of infor-
mation.

I1I. MODEL TYPES FOR DCS ENGINEERING

Various types of models are needed to cover the informa-
tion needs along the DCS engineering process. Following [6,
7] here a set of model classes with some of its model types
will be considered. The applicable models can be classified as
follows.

A.  Cognitive models and natural means for description
This class of models summarizes mental and linguistic
models, natural and material languages, and taxonomies.
Mental and linguistic models are based on the application
of the activity of the human brains and the human languages
[13]. They exploit a layered structure starting with basic sig-
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nals which are combined to words and sentences while these
grammatical or syntactical objects will get a meaning on a
semantic layer.

Natural and material languages are based on the a cate-
gorical classification of objects, a collection of objects and its
meaning in dictionaries, and the analysis of information re-
garding grammar, words with meaning, and the structure of
sentences with respect to truth values [14].

Taxonomical systems are based on descriptive terms and its
classification structure [15]. They provide a hierarchy of de-
scriptions with semantics and relations among them.

B.  Algebraic-logical models

Algebraic-logical models subsume propositional logic and
Boolean algebra, Boolean Differential Calculus, Max-Plus-
Algebra, and further logics like first order logics.

Boolean algebra is based on the connection of logical val-
ues by logical operators to new logical terms. The Boolean
Differential Calculus extends this logic by means of differen-
tial equations over Boolean expressions.
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Max-Plus-Algebra is used to express processes. Therefore
it combines states with an existence interval with two types of
operators expressing process synchronization and process
time progression.

First-order logic expresses the relations among logic ex-
pressions. It enables the description of dependencies and in-
dependencies of logical facts as well as the validity of expres-
sions for sets of objects/expressions.

C.  Implementation-oriented models

The next class of models contains implementation-oriented
models. Within this class there is a subclass of structure-
oriented models. This subclass contains Ladder diagram,
Logic plan, Entity Relationship diagrams, Fault Trees, Class
diagrams, and Package Diagrams. The second subclass is
related to process-oriented descriptions and contains Gantt
charts, Sequential Function Charts, IEC 61499 function block
systems, Sequence diagrams, and Communication diagrams.

Ladder diagram is part of the IEC 61131-3 programming
languages. The Ladder diagram is based on electrical flow
sheets and enables the graphical representation of connections
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between logical values of inputs, outputs and internal vari-
ables of a PLC with means of circuit diagrams.

Logic plan is also part of the IEC 61131-3 programming
languages. It is a graphical expression of logical relationships
between inputs, outputs and internal variables within PLC
programs. They are used to encode logical dependencies
among sets of Boolean values.

Entity Relationship diagrams provide a graphical notation
for relationships among objects covering especially contain-
ment relations and Is-Type-of Relations. They can express
hierarchical structuring of systems.

Fault Trees express a logical combination of events and
states to enable special types of system behavior.

Class diagrams are one element of the UML/ SysML set of
models [12; 18]. They are used to model relationships among
objects as well as their internal behavior, the data, and the
interfaces. Class diagrams enable the expression of object
dependencies, object containment hierarchies, object speciali-
zation, etc. Thereby, class diagrams enable the description of
the complete modular structure of larger systems.

Package Diagrams are part of the UML/ SysML [12; 18].
They describe the hierarchical structure of systems (espe-
cially the containment relations of software components).

Gantt charts describe the timing of processes and process
steps. They depict the execution order of processes over a
timeline and can be used to represent logical relations among
process steps.

Sequential Function Charts (SFC) is a programming lan-
guage of [EC 61131-3. It provides a process-oriented descrip-
tion of systems consisting of half-ordered sequences of steps
and transitions and activities attached to steps. Within the
activities variables can be manipulated, which are used within
the transitions as firing conditions. Initially, SFCs were in-
tended to provide a means for step-chain programming. But
the temporal conditions attachable to an activity enable its
execution scheduling widely independent from steps.
Thereby, SFCs can be seen as an extended implementation of
automaton execution systems.

IEC 61499 function block systems (FBSs) have been de-
fined in IEC 61499. FBSs provide a modeling means for
communication automatons based on data and event flows.
Initially, FBSs were intended to describe DCSs. With the
development of IEC 61499 Function Block Network execu-
tion environments FBSs start to become a programming lan-
guage.

Sequence diagrams are a model type of UML/ SysML [12;
18]. They express the sequential communication structure
between entities, especially covering the exchange of infor-
mation and the call of object functionalities.

Communication diagrams are also a model type of UML
[12]. Similar to sequence diagrams they express the data and
function call exchange between objects. In contrast to se-
quence diagrams they concentrate on the interaction structure
instead of the sequence of interactions.
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D.  Programming-oriented models

The fourth class of models is programming-oriented mod-
els. This class consists of program flowcharts, data flow dia-
grams, collaboration diagrams, and programming languages.

Program flowcharts are used to model the partially half or-
dered sequence of procedures and decisions taken within a
program within information sciences. They can be exploited
to describe each type of complex process consisting of differ-
ent process steps and decisions.

Data flow diagrams (DFDs) enable the description of func-
tional dependencies among different processes/ functions by
the exchanged data. DFDs provide means for the modeling of
information flows and information storing among and within
information processing functions of a system.

Collaboration diagrams are a diagram type of UML [12].
They are used to depict role-based structural dependencies
among system components. Especially, they are applied for
the description of design patterns.

Strictly speaking, textual programming languages are no
real modeling means. But several programming languages
(especially textual PLC programming languages of IEC
61131-3 like Instruction List or Structured Text) can be for-
mally analyzed based on their internal grammar. Hence, they
can be seen also as models.

E.  State-and-behavior-oriented models

The last class is related to state- and behavior-oriented
models. It covers the models coded in Automatons, Activity
diagrams, State diagrams, Petri Nets, Net-Condition/Event-
Systems, Impulse/Timing diagrams, and Use Case diagrams.

Automatons are formal models. Most familiar automatons
are the Moore automaton, Mealy automaton [8], and the State
charts of Harel [9]. They are all used to express global system
states and their state change dependencies including incoming
events triggering state changes and outgoing events signaliz-
ing the reached states. In addition State charts provide means
for modeling of hierarchical states and parallel states to en-
able modularity, concurrency, and composability.

Activity diagrams are a diagram type of UML/SysML [12;
18]. They depict the network of basic activities a system unit
is able to execute. Thereby, they can represent the involved
data and control flows as well as state-dependent decisions.

In contrast to activity diagrams, state diagrams, also a
model of UML/SysML, depict dependencies of system com-
ponent states [12; 18]. They are based on State charts.

While automatons describe global system states, Petri Nets
are designed to represent local states and state transitions and
its mutual dependencies. They are used to express processes
based on causal dependencies and concurrencies [10].

Net-Condition/Event-Systems have been derived from Petri
Nets and Condition/Event-systems [11]. They extend Petri
Nets by explicit signals enabling/disabling as well as enforc-
ing state transitions and, thereby, providing means for the
modularization of Petri nets based models.

Impulse diagrams and timing diagrams of UML are a mod-
eling means to express the temporal behavior of a system
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component states in combination with its dependencies and
exchanged signals [12]. They can be used to describe the sig-
nal and event between synchronized system components or
processes.

Use Case diagrams are part of UML/SysML developed to
express global dependencies of system functionalities [12;
18]. They are used to depict the functional dependencies of
global system behavior from involved system components
and system environment.

1V. EVALUATION CRITERIA AND PROCEDURE

Based on the criteria informally given defined in section 2
the 29 types of models will be evaluated with respect to the
following information and modeling capabilities. The evalu-
ated describable 6 information sets (see section 2) will cover
the expressive-ness of state systems with global states, global
state transitions, local states, local state transitions, timing,
and processes and activities within states respectively, modu-
larity including modules, hierarchies, interfaces, event sig-
nals, data signals, connection between events and data, and
composability, expressible data containing, local data, global
data, distinction of data types, connection between data and
local states, and connection between data and global states, as
well as ability to represent control flows including sequence
of control decisions, data flow among control decision taking
processes and entities respectively, and involved decision
taking entities. The evaluated model-based capabilities will
contain: the degree of formality, availability of analysis tech-
niques, availability of analysis tools, expressiveness of re-
quirements, and availability of exchange formats.

For each of this information the expressiveness has been
rated in a more high-level way as Table II represents. This is
due to the comparability problems of strongly different model
types and the problem to provide a fair rating with more lev-
els for differentiation. The basement of this rating was an
extensive literature survey and a Delphi research.

TABLE II DETAILED EVALUATION RESULTS

++ for very well expressible,
+ for well expressible,

0 for fair expressible, and
-- for not expressible.

The Table I shows the results of the evaluation.
V. EVALUATION RESULTS AND DISCUSSION

The evaluation results enable the conclusion of suggestions
for the application of model types within the two main phases
of engineering of DCSs.

1. In early design phases best fitting model types for
modeling of manufacturing process and its mapping to con-
trol activities on a high level of abstraction are Use cases,
Class diagrams, and IEC 61499 function block diagrams for
structuring and Gantt charts and IEC 61499 function block
diagrams for process description. Also well applicable are
Package diagrams, Collaboration diagrams, and Net-
Condition/Event Systems for system structuring and Sequen-
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tial Function charts, Sequence diagrams, and Communication
diagrams for process description.

2. In later design phases the following types of models
can be applied to describe the following information. For
modeling of applied control system components Class dia-
grams, IEC 61499 function block systems, and Net-
Condition/Event systems can be exploited best while Com-
munication diagrams can be used in a good way. For model-
ing sequences of control activities covering the necessary data
process and control decision and reflecting system safety and
security Sequential Function Charts, IEC 61499 function
block systems, State Charts, Activity diagrams, State dia-
grams, Petri Nets, Net-Condition/Event-Systems, and Im-
pulse diagrams / Timing diagrams can be used very well and
Boolean Algebra, Boolean Differential Calculus, First order
logic, and Sequence diagrams can be used well. For modeling
the distribution of control activities, control decisions, and
communication activities within the system of applied control
components Class diagrams, IEC 61499 function block sys-
tems, and Net-Condition/Event-Systems can be used best and
Communication diagrams ad Sequence diagrams can be used
good.

Based on this rating we can conclude the correlation of the

Algebaraic-logical
models
State and Behavior oriented models
Programming
oriented models

Implemetation
oriented models

Formality of Models

Cognitive models
and natural means,

Plant Planning

-
|

Functional Engineering Commissioning
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‘ Practical Usage in Manufacturing Control Engineering ‘

common unsual

Fig. 3. Formality of Model Classes.

degree of formality, the applicability within the different
phases of the design process, and the commonality of practi-
cal usage within the manufacturing control engineering proc-
esses by the different classes of model types. This is depicted
in the figure 3.

Within MDE the best and good fitting model types are
Class diagrams, Package Diagrams, Gantt charts, Sequential
Function Charts, IEC 61499 function block systems, Se-
quence diagrams, Communication diagrams, Collaboration
diagrams, State Charts, Activity diagrams, State diagrams,
Petri Nets, Net-Condition/Event-Systems, Impulse diagrams /
Timing diagrams, and Use Case diagrams.

For MBV Boolean Algebra, Boolean Differential Calculus,
First order logic, IEC 61499 function block systems, State
Charts, Petri Nets, and Net-Condition/Event-Systems can be
exploited best or good. This is given in Table II1.
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According to Table III, the suitability of the single model
type classes for the use within MDE and MBYV respectively
can be deduced. This is depicted in figure 4.

VL CONCLUSION AND FURTHER WORK

The evaluation results indicate that several sets of model
combinations are suitable for MDE and MBV within the en-
gineering of DCSs.

One often executed process within MDE is the automatic
generation of control code based on uncontrolled plant mod-
els and specifications of the expected behavior. Following the
evaluation of section 5 one appropriate model set for this case
is Use Cases and Gantt charts for the high level specification
of the expected system behavior, Impulse diagrams and activ-
ity diagrams for the low level specification of the expected
system behavior, State diagrams and State charts for the mod-
eling of uncontrolled plants, and finally IEC 61499 function
block systems for modeling the control applications.

A common use case for MBV is the automatic validation of
control code based on models of the controlled plant and be-
havior specifications. Here the most appropriate models seem
to be State charts and Net-Condition/Event-Systems for mod-
eling of the controlled plant and first order logics for the
modeling of behavior specifications. Nevertheless, the speci-
fication models can be generated for example out of Gantt
charts and Impulse diagrams.

We see the contribution of this paper as initial step to pro-
vide an overview on modeling types and reasoning on their
suitability for DSC engineering to support researchers and
practitioners who need to select a working set of models for
their engineering projects. Further work will be to investigate

2009 7th IEEE International Conference on Industrial Informatics (INDIN 2009)

glue for seamless automation engineering;. 13th IEEE International
Conference on Emerging Technologies and Factory Automation, ETFA
2008, pp. 616-623, September 2008

PABADIS’PROMISE Consortium; White Paper - Structure and Behav-
iour of a PABADIS PROMISE System, www.pabadis-promise.org,
download area.

T. Stahl, M. Valter, S. Efftinge: Modellgetriebene Softwareentwick-
lung. Techniken, Engineering, Management. d.punkt Verlag, 2007

E. Schnieder: Methoden der Automatisierung, Vieweg verlag, 1999.
VDI/VDE 3681: Classification and evaluation of description methods
in automation and control technology, Verein Deutscher Ingenieure,
Verband der Elektrotechnik Elektronik Informationstechnik, , Beuth
Verlag, Berlin. Oktober 2005

John E. Hopcroft, Jeffrey D. Ullman: Introduction to Automata Theory,
Languages and Computation, Pearson; 2006

David Harel: Statecharts: A Visual Formalism for Complex Systems.
In: Sciene of Computer Programming. 8, 1984 (87), S. 231-274.

C. Girault, R. Valk: Petri Nets for System Engineering, Springer Publi-
sher, 2003.

H.-M. Hanisch, A. Liider: A Signal Extension for Petri Nets and its Use
in Controller Design, Fundamenta Informaticae 41, IOS Press, 2000,
pp. 415-431

B. Oestereich: Developing Software with UML, Addison-Wesley, 2002
A. Blank: Einfiihrung in die lexikalische Semantik. Tiibingen, 2001
Daniel Jurafsky, James H. Martin: Speech and Language Processing -
An Introduction to Natural Language Processing, Computational Lin-
guistics and Speech Recognition. Upper Saddle River, New Jersey:
Prentice Hall, 2000

Paul Michel: Ordnungen des Wissens. In: Ingrid Tomkowiak (Hrsg.):
Populire Enzyklopéddien. Von der Auswahl, Ordnung und Vermittlung
des Wissens. Chronos, Ziirich 2002, S. 35-85

R. Boel, G. Stremersch (Editors): Discrete Event Systems — Analysis
and Control, Kluever Academic Publisher, 2000.

H.-M. Hanisch, A. Lider: A Signal Extension for Petri Nets and its Use
in Controller Design, Fundamenta Informaticae 41, IOS Press, 2000,
pp. 415-431.

Tim Weilkiens: Systems Engineering with SysML/UML, Morgan
Kaufmann 2008

[15]

[16]

[17]

[18]

445




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


