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Abstract — Cyber-physical systems show their impacts in many
areas including industrial automation. Design and analysis of
cyber-physical automation systems requires an integral model
that takes into account tight coordination of control,
communication and physical plants dynamics, thus creating a
new research domain, namely industrial cyber-physical systems.
This paper proposes a new execution semantics for the IEC
61499 standard that is based on the concepts of discrete-event
systems augmented with timestamping of events to guarantee
real-time constraints for industrial cyber-physical systems. The
proposed execution semantics is implemented in an IEC 61499
execution environment and a case study on building automation
systems is used to verify the results.

Index Terms — Industrial Cyber-Physical Systems; Discrete
Event Systems; Timestamp, Execution Semantics, Deterministic,
IEC 61499 Function Blocks;, Real-time Constraints;, Building
Automation Systems.

I. INTRODUCTION

Cyber-physical systems (CPS) is a popular research topic
both in academia and industry motivated by tight integration
between computation, control, communication and social
interaction that is observed in many modern applications of
information and communication technologies (ICT).
Industrial automation is certainly one of such applications. In
a nutshell, the CPS approach to systems design and analysis
stipulates  integrated view on computation, control,
communication and physical processes dynamics. Since
computing can reside within every physical component [1], it
is not sufficient to understand properties of physical and
computational components individually, it is important to
understand their interaction [2].

Industrial automation systems experience high influence of
advancements in ICT. With boosted memory size,
computational performance, and network bandwidth,
industrial automation systems are capable of handling
complexities, which could not even be imagined a decade
ago. More importantly, wide adoption of the Ethernet
technology gave a strong boost to distribution of industrial
automation logic [3]. Distributed control software asks for an
adequate model that could cover the diversity of industrial
CPS. The IEC 61499 standard has been developed to address
many related challenges [4]. The IEC 61499 standard
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increases the modelling abstraction level by encapsulating
control logic into function blocks and providing support for
nested function blocks. Furthermore, IEC 61499 models are
direct executable where extra steps must be taken for other
modelling languages (e.g. SysML [5] and AutomationML
[6]).

From an execution perspective, two characteristics are
indispensable in industrial CPS. Firstly, execution semantics
must address the real-time constraints of industrial CPS. In
existing industrial automation systems, real-time performance
largely relies on hardware capabilities. Hence, in such
systems, identical programs could result in various system
behaviours as execution times vary from platform to platform.
Secondly, execution semantics must be deterministic.
Deterministic execution means that with given initial states
and sequences of input values, system status shall be
predictable at a specified elapsed time and system operations
could be repeated identically for identical initial states and
input value sequences. Overall, the aim for this paper is to
introduce an execution semantics that is deterministic and
totally independent from deployment platforms.

The rest of the paper is organized as follows: In Section II,
existing IEC 61499 execution semantics and models of
computation investigated in CPS are revised. An execution
semantics for industrial CPS based on discrete-event systems
is introduced in Section III. In Section IV, the model of
computation introduced is extended with real-time
capabilities. Following that, the semantic rules for the
computational model are defined in Section V. In Section VI,
the implementation of the computational model for IEC
61499 function blocks is illustrated and experiences with this
computational model are summarized in Section VII. Finally,
conclusions and topics for future investigation are presented.

II. RELATED WORKS

In CPS research, Eidson et al. [7] proposed the PTIDES
programming model, which is designed as a coordination
language for CPS. PTIDES provides robust distributed real-
time software models, which are independent of hardware
deployment. The PTIDES semantics is based on a tagged-
signal model, which provides deterministic temporal



semantics [8]. When presented with identical sets of input
events with timestamps, an actor is required to deliver an
identical set of output events with the same timestamps every
time.

There also exist other works in industrial systems research

regarding time-triggered systems and event-triggered systems.

Albert [9] compares event-triggered and time-triggered
concepts and concludes that if all distributed nodes are
synchronized to a global time then there is no jitter for event-
trigger systems. Event-triggered systems provide fast
reactions to asynchronous external events. On the other hand,
time-triggered systems lack of flexibility and scalability since
a small modification requires a complete redesign of the
system. A hybrid event-triggered and time-triggered system is
suggested to provide better performance with improved
flexibility and scalability. Van Den Heuvel et al. [10]
proposes a limited pre-emptive scheduling method by mixing
time-triggered and event-triggered tasks. A table is created
for dispatching both time-triggered and event-triggered tasks.
A synchronous protocol is designed for non-preemptive time-
triggered tasks to ensure that timing constraints are satisfied.
Scarlett et al. [11] evaluates event-triggered and time-trigger
systems based on applying an object-oriented paradigm in
industrial control systems. As a conclusion, time-triggered
systems are more dependable and event-triggered systems are
more responsive and flexible.

Pang et al. [12] propose a unified architecture for time-
driven and event-driven control models, which are the two
fundamental design paradigms applied in distributed control
systems for synchronizing decentralized activities. The
proposed time-complemented event-driven distributed control
model aims at improving the modularity and flexibility of
automation software with satisfactory control performance.

The majority of industrial automation systems are equipped
with programmable logic controllers (PLC). There exists two
international standard for PLCs: IEC 61131-3 [13] and IEC
61499 [14]. Execution semantics is clearly defined in the IEC
61131-3 standard, namely cyclical execution, in which PLCs
repeat the scan cycle indefinitely. For each PLC scan cycle,
PLCs read input values at the beginning of each scan, execute
assigned tasks sequentially and update output values by the
end of each scan. On the other hand, as execution semantics
is not limited in the IEC 61499 standard, several execution
semantics exist.

There is an IEC 61499 version of cyclical execution
semantics introduced by [15] and [16]. On each scan, each
function block is scheduled in a fixed order inside a function
block network. When this function block is activated, input
event and data variables are updated from its interface,
encapsulated logic is executed, and finally all output event
and data variables are written back to its interface.

The buffered sequential execution model [17] is based on
FIFO-queues. For each function block instance, a FIFO-
queue is used to store input events and events will be
consumed by the function block instance until no input event
is left in the queue. Multithreading execution consists of
several concurrent threads in which each thread consists of a

function block chain [18]. When a function block chain is
triggered by an input event, this thread execution cannot be
pre-empted once started. In this case, function block networks
could be scheduled into multiple concurrent sub-networks.

Li et al. [19] propose a synchronous execution semantics
for IEC 61499 function blocks in which all function block
instances execute once when a clock tick is generated. There
is no input event queue for each function block instance. If
there is more than one event received at a function block
instance during a tick, only one event will be stored for the
next tick.

To conclude, despite the extensive investigations described
above, there is not yet a comprehensive and well-accepted
model of computation for industrial CPS that integrates a
time-triggered mechanism with event-triggered systems.

III. DISCRETE-EVENT COMPUTATIONAL MODEL FOR IEC
61499 FUNCTION BLOCKS

Discrete event systems (DES) are widely adopted in
various domains. A DES is a discrete-state event-driven
system whose state evolution depends entirely on the
occurrence of asynchronous discrete events over time [20]. A
DES is frequently a combination of time-driven system and
event-driven system. A time-driven system is triggered by
clock ticks and state transitions are synchronized with the
clock. In event-driven systems, state transitions only happen
when events occur. Events are generated asynchronously
which means state changes may happen at various time
intervals.

The key characteristic of the IEC 61499 standard is event-
triggered function blocks. A function block will only be
activated when an event input from its interface is triggered.
On the other hand, time-triggered events can be generated in
various ways via SIFBs in IEC 61499 applications. For
example, SIFBs can poll data at a fixed interval from
industrial fieldbuses. Therefore, the DES concept could be
perfectly fit into an IEC 61499 computational model.

Instead of queuing events at each function block instance,
all events are queued in chronological order at resource level.
The event queue is based on a circular FIFO buffer with a
write pointer and a read pointer. Assuming transition time of
event and data connections is negligible during execution in
an [EC 61499 resource, events will be processed following
their order in the queue. As queue data are specific for each
resource, sets of these values must be stored which a process
can take during the execution.

When events are writing into the queue, execution process
checks whether any free slot is available in the queue, writes
the event into the next available slot and increments the write
pointer. When events are consumed from the queue,
execution process checks whether the queue is empty, fetches
the next event in the queue and calls the step function, and
finally increments the read pointer. Finally, execution process
takes current event queue, processes the active event, and
updates current state of execution.

IV. INTRODUCING TIME INTO DISCRETE-EVENT IEC 61499

FUNCTION BLOCK NETWORK EXECUTION MODEL



In the previous section, an event-triggered model of
computation is defined based on discrete-event systems
theory. In this section, this model will be augmented with
time-triggering concepts. As discussed previously, a time-
stamped event is introduced by Lee et al. [21] which contains
a data structure of current time and priority for CPS. The
proposed time-stamped event is also applicable for industrial
CPS. However, real-time constraints for industrial automation
systems must be considered.

In IEC 61499 applications, events are generated from
external sources via SIFBs, for instance, analogue and digital
inputs via industrial fieldbuses or messages from other PLCs.
Inputs and outputs on industrial fieldbuses are commonly
scanned periodically. PLCs must complete execution and
update outputs between two scans to ensure no task overlap
occurs. When task overlap happens, PLCs will be out of sync
with fieldbuses, which may lead to unexpected system
behaviours. In embedded systems, best-case reaction time is
usually the key index for performance measurement. For
industrial automation, worst-case execution time is constantly
monitored in order to avoid non-deterministic execution.

In order to take real-time constraints into considerations, a
real-time clock must be introduced for providing timestamps
in discrete-event based execution semantics. The premise is
made that all clocks in the same IEC 61499 system
configuration are synchronized. Synchronized clocks provide
a natural number that represents the time elapsed since a
system-defined reference time. An event Eln defined in (1) is
given a definition as:

Eln= (Tinits Tlasta P)

where T, is the original time when this event was created,
T} 18 the last time when this event was handled, and P is the
priority of this event.

The initial time T,;, refers to the first time when an event or
its source appears in an IEC 61499 resource. The value of the
initial time can only be set by event source SIFBs. An event
source SIFB could be event-related SIFBs such as
E RESTART, E CYCLE, or communication SIFBs for
accessing fieldbuses and exchanging external messages. Once
an initial time stamp is assigned, this value will be passed to
cascade events on the same event chain. Similar to the event
chain concept proposed in [18], an event chain starts from an
event source function block and terminates when no further
event output is generated from any function block connected
by this event directly or through intermediate function blocks.

Whenever a function block output event is emitted, the last
time stamp 7}, will be updated with the current clock time. It
is possible that more than one event is emitted from the same
function block simultaneously, which means those events
have identical values of last execution time 7},,. In order to
distinguish these events in the event queue, the priority P is
introduced for identifying simultaneous events emitted by the
same function block, and P € N.

Instead of following a simple first-in and first-out principal,
events are listed in the queue by chronological order. When a
new event is emitted, the input function will compare the last
time execution timestamp of this event with all events in the

queue in reverse order. This new event will be inserted into
the queue at the position where the last execution timestamp
of the previous event in the queue is earlier. If the last
execution timestamps of two events are identical, the input
function will terminate searching when the previous event has
a higher priority. As events are already ordered according to
the chronological order, the first event in the queue will
always be the event with longest waiting time. There is no
change required for the output function.

V. SEMANTIC RULES FOR TIME-STAMPED DISCRETE-EVENT
BASED EXECUTION SEMANTICS

Time-stamped discrete-event based execution semantics are
formally defined in previous sections. However, how to
handle events is yet to be investigated. The step function,
particularly event-handling function, will be described in this
section. The event-handling function consists of several
semantic rules. Those semantic rules aim to provide
deterministic system behaviour: given the same initial state
and sequence of input values, the system always produces
identical output values. In this section, only semantics not
covered in the IEC 61499 standard will be defined.

Firstly, initial timestamp value of an event is set only when
it is emitted by event source SIFBs. As described in the
previous section, the initial timestamp can only be set by
event source SIFBs such as E RESTART, E CYCLE, or
fieldbuses interface FBs.

Secondly, for any FB type, the initial timestamp value of
an output event will be identical to that of its triggering input
event. For a BFB or an SIFB, the initial timestamp value of
an activated input event will be copied to the output event(s)
emitted. For a CFB, the initial timestamp value of an
activated input event will be carried by internal events
through the internal FB network (FBN) and duplicated at
output event(s).

Next, for any FB type, the last execution timestamp value
of an event is updated with current clock time and priority is
set when it is emitted from a function block. Last execution
timestamp of an event will be only updated at function block
right interface (output side). The last execution timestamp
retains its values during propagation via event connections.

<ECState Name="REQ">
<ECAction Algorithm="REQ" Output="CNF" />
<ECAction Algorithm="INIT" Output="INITO" />
</ECState>
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Fig. 1: BFB Simultaneous EC State Event Output

In a BFB, if there are two or more output events with
identical last execution timestamps emitted from the same EC
state, priorities for these events are set according to their
orders in the XML file. As illustrated in Fig. 1, an output
event that appears earlier in the XML file will be set with



higher priority. For instance, the priority of the first listed
output event will be set to the highest priority, zero.

<ServiceTransaction>
<InputPrimitive Interface="FB" Event="REQ" Parameters="" />
<QutputPrimitive Interface="FB" Event="INITO" Parameters="" />
<QutputPrimitive Interface="FB" Event="CNF" Parameters="" />
</ServiceTransaction=>
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Fig. 2: SIFB Simultaneous Service Transaction Event Output

In an SIFB, if there are two or more output events with
identical last execution timestamps emitted from the same
service sequence, priorities for these events are set according
to their orders in the XML file. As shown in the Fig. 2, an
event that appears earlier in the output primitives will be set
with higher priority. Again, priority of the first output event
will be set to the highest priority, zero.

In an FBN, if there are two or more output events merged
into one event input, events will be queued and processed by
chronological order. The downstream function block may be
invoked several times by upstream function blocks during one
fieldbus scan cycle. However, the downstream function block
is not necessarily activated continuously as there might be
other events scheduled between events from upstream
function blocks.

In an FBN, if there are two or more input events split from
same event output, input event from event connection which
appears earlier in the XML representation is set with higher
priority. As shown in the Fig. 3 below, when an event output
is connected to more than one FB event input, execution of
downstream FBs will be scheduled in order of event
connections placed in the XML file.

| E01 ———En J...—
- C (1.2,00 5

| ]
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<EventConnections>

<Connection Source="FB1.EQO1" Destination="FB2.EI1" />
<Connection Source="FB1.EQO1" Destination="FB3.EI1l" />
</EventConnections>

Fig. 3: FBN Event Split.

Overall, the determinism of the proposed time-stamped
discrete-event based execution semantics is built based on
sequential execution orders that are distinguished by
timestamps and priorities. The one-dimensional array event
queue introduced at the IEC 61499 resource level ensures that
there is only one event activated simultaneously. Parallel
execution is not limited in the IEC 61499 standard, as any
function block shall only be activated by single input event
simultaneously [22]. Although parallel execution would
provide Dbetter performance, from the determinism
perspective, the sequential execution is selected. The
proposed semantic rules provide guidelines for assigning
different priorities for simultaneous events ordered by time.

VL

As described in [23], an IEC 61499 runtime Function Block
Service Runtime (FBSRT) based on service-oriented
architecture (SOA) is developed for bridging flexibility and
interoperability. In FBSRT, each function block is running as
an individual software service that communicates with other
function blocks via messaging only. The proposed time-
stamped discrete-event executions semantics is implemented
in the FBSRT as illustrated in Fig. 4.

Resource Manager
(with Service Repository)

IMPLEMENTATION

Basic FB Composite
Service FB Service
FBTypeList
FBInstancelist
FIFOMessageQueue
EventQueue
CreateFBType() -
DeleteFBType() Service
CreateFBInstance() Interface
DeleteFBInstance() FB Service
ChangeFBStatus() Timing Service
RunFBInstance()

StartExecution()
StopExecution()
QueueEvent()
ProcessEventQueue()

\*TimestampNow

GetCurrentTime()
SyncTime()

Fig. 4: FBSRT Implementation for Time-stamped Discrete-
Event Execution Semantics.

In the resource manager, a new event queue is introduced as
well as read and write pointers for the queue. As introduced
in previous sections, two new functions are implemented:
event input function QueueEvent() for queuing events by
chronological  order and event output function
ProcessEventQueue() for process next event in the queue.
The event output function will be invoked continuously until
there is no more events left in the queue.

There is a new service inserted in the FBSRT known as
timing service. The timing service offers current time for all
other services in FBSRT by implementing the IEEE 1588
precision time protocol (PTP) [24]. The IEEE 1588 PTP is a
precision time synchronization protocol for networked control
systems based on a master-slave configuration. The IEEE
1588 PTP is capable of synchronizing all slave clocks in
nanosecond level. However, due to time precision limitation
on PLCs (on most x86, x64, and ARM architectures, the
minimum time scale is one millisecond), time of IEC 61499
resources could be synchronized at millisecond level. If more
precise time is required, IEEE 1588-enabled hardware could



be used for providing more accurate master clock time.

T T

PLC

Ballast Ballast

H Workshop 2

DALI
Master

g

Ballast Ballast

| Workshop 3

Fig. 5: Lighting Subsystem: Network Diagram.

The implementation is verified with a building automation
system, in particular lighting subsystem of a manufacturing
plant. As shown in Fig. 5, four workshops are located on this
floor and each workshop has four ballasts. Ballasts in each
room could be adjusted individually or by groups (2 or 4 in
this case). The DALI protocol [25] is used for connecting
ballasts with PLCs. For each workshop, a separated PLC is
used and PLCs are inter-connected by standard Ethernet
connections.

The IEC 61499 system configuration for this
manufacturing plant is given in Fig. 6 below. For each
workshop, a ballast control function block FB Ballast is
deployed for providing features supported by the DALI
fieldbuses. For example, direct on/off and step up/down by
time etc. A control panel is placed in each workshop that is
represented by a SIFB FB_CP. Two SIFBs FB_DALIIN and
FB DALIOUT are used for accessing the DALI fieldbuses. A
BFB FB_Scenario is designed to coordinate all workshops to
perform a particular lighting scenario.

VII. DISCUSSIONS

During the implementation processes, there are several
findings need to be shared. First of all, as the proposed
execution semantics affected by orders in XML file (for
instance, orders of BFB EC state output events and SIFB
service sequences), indication of different priorities must be
provided by IEC 61499 tools in order to avoid confusion of
users during design, development, and testing stages. Users
shall be allowed to modify priorities (orders) in IEC 61499
tools for deterministic.

Secondly, as events are no longer pure notification, the
data structure embedded in an event could be used in BFB or
SIFB algorithms. In existing IEC 61499 software design
processes, timers must be placed separately outside BFBs and
once timer is up, an extra event must be used for notification.
Alternatively, timestamp can be passed into function blocks
as input variables, but this requires huge manual works. By
applying the proposed approach, the initial timestamp and the
last execution timestamp of an event could be used as
variables directly. Also the current timestamp is available for
algorithms by invoking timing services. This will bring
benefits for time-related features using IEC 61499.

Finally, the existing approach for the time-stamped
discrete-event execution semantic is based on sequential
execution: there is always one event being processed at any
time in an IEC 61499 resource. Parallel execution provides
better performance by dividing event chains into multiple
concurrent threads that utilizes maximum hardware resources.
However, from the determinism perspective, there are two
issues: first, the proposed event queue is a 1-D array, which
cannot hold two or more simultaneous events; second, it is
impossible that all concurrent threads could complete
execution at same time. Varying in execution time of multiple
threads will cause non-determinism. For event queues,
increasing dimension from 1-D array to 2-D array will be a
feasible solution. For the non-determinism issue, one feasible
solution is to force other threads to wait until all threads
terminate execution. However, the compensation to this
solution is again performance.

FBO
on FB1
INITO
OFF| EB2
TUNE CNF - :
MAX :INIT ‘
: RE
MIN &
UPm | Panel_Ballast |
DOWM FB1.5tatus ®ON1
—1 FB1.0utputValue \!ALUEI
Panel_BallastControl S ——
LevelValue|® FB1.LevelValue DEV1.RES1 ~ |
MaxValue|® FB1.MaxLevelValue Ballast
MinValuels FB1.MinLevelValue FBO.LevelValue »jLevelValue OutputValue|® FB2.VALUE]
B —— FBO.MaxValue »MaxLevelValue Status|w FB2.0N1
DEV1.RES1 ~ | FBO.MinValue »MinLevelValue

DEV1.RES1 ~ |

Fig. 6: Lighting Subsystem: IEC 61499 System Design.



VIII. CONCLUSIONS AND FUTURE WORK

One typical characteristic for industrial CPS is diversity:
various PLCs cooperate with each other via networks to
provide control for complex industrial processes. A time-
stamped discrete-event based IEC 61499 execution semantics
is proposed for covering real-time constraints and
deterministic execution behaviours in industrial CPS
execution. The proposed execution semantics embeds
timestamps with discrete-event systems and schedules
function block network execution by chronological order. The
deterministic execution is guaranteed by time-based event
handling mechanism defined in the semantic rules.

For the future work, the time-stamped discrete-event based
model of computation will be experimented with parallel
execution semantics. How to measure real-time constraints
needs to be investigated. Furthermore, performance analysis
for the proposed execution semantics needs to be performed
to compare with other execution semantics.

REFERENCES

[1] R. Baheti and H. Gill, "Cyber-Physical Systems," IEEE Control
Systems Society, 2011.

[2] E. A.Lee and S. A. Seshia, Introduction to Embedded Systems,
A Cyber-Physical Systems Approach, First ed.: LeeSeshia.org,
2011.

[3] V. Vyatkin, "Software Engineering in Industrial Automation:
State-of-the-Art Review," [EEE Transactions on Industrial
Informatics, vol. 9(3), pp. 1234-1249, 2013.

[4] A. Zoitl and H. Prahofer, "Guidelines and Patterns for Building
Hierarchical Automation Solutions in the IEC 61499 Modeling
Language," IEEE Transactions on Industrial Informatics, vol.
PP(99), pp. 1-1, 2012.

[5] P. Pihlanko, S. Sierla, K. Thramboulidis, and M. Viitasalo, "An
industrial evaluation of SysML: The case of a nuclear
automation modernization project," in 18th IEEE International
Conference on Emerging Technologies & Factory Automation
(ETFA 2013), Cagliari, Italy, 2013, pp. 1-8.

[6] R. Drath, "Let's talk AutomationML What is the effort of
AutomationML programming?," in 17th IEEE International
Conference on Emerging Technologies & Factory Automation
(ETFA 2012), Krakow, Poland, 2012, pp. 1-8.

[7]1 J. C. Eidson, E. A. Lee, S. Matic, S. A. Seshia, and Z. Jia,
"Distributed Real-Time Software for Cyber-Physical Systems,"
Proceedings of the IEEE, vol. 100(1), pp. 45-59, 2012.

[8] Y. Zhao, J. Liu, and E. A. Lee, "A Programming Model for
Time-Synchronized Distributed Real-Time Systems," in /3t
IEEE Real Time and Embedded Technology and Applications
Symposium (RTAS 2007), Bellevue, WA, US, 2007, pp. 259-
268.

[91 A. Albert, "Comparison of Event-Triggered and Time-
Triggered Concepts with Regard to Distributed Control
Systems," Embedded World 2004, pp. 235-252, 2004.

[10] M. M. H. P. Van Den Heuvel, R. J. Bril, Z. Xiaodi, S. Md
Jakaria Abdullah, and D. Isovic, "Limited preemptive
scheduling of mixed time-triggered and event-triggered tasks,"
in [8th IEEE International Conference on Emerging
Technologies & Factory Automation (ETFA 2013), Cagliari,
Italy, 2013, pp. 1-9.

[11]J. J. Scarlett and R. W. Brennan, "Re-evaluating Event-

Triggered and Time-Triggered Systems," in [Ith IEEE
International Conference on Emerging Technologies and
Factory Automation (ETFA 2006), Prague, Czech Republic,
2006, pp. 655-661.

[12] C. Pang, J. Yan, and V. Vyatkin, "Time-Complemented Event-
Driven Architecture for Distributed Automation Systems,"
IEEE Transactions on Systems, Man, and Cybernetics:
Systems, vol. PP(99), pp. 1-1, 2014.

[13] Programmable controllers — Part 3: Programming languages,
IEC Standard 61131-3, 2013.

[14] Function blocks — Part 1: Architecture, IEC Standard 61499-
1,2012.

[15] P. Tata and V. Vyatkin, "Proposing a novel IEC61499 runtime
framework implementing the Cyclic Execution semantics," in
7th IEEE International Conference on Industrial Informatics
(INDIN 2009) Cardiff, Wales, UK, 2009, pp. 416-421.

[16] V. Vyatkin and J. Chouinard, "On Comparisons of the
ISaGRAF Implementation of IEC 61499 with FBDK and other
Implementations," in 6th IEEE International Conference on
Industrial Informatics (INDIN 2008), Daejeon, Korea, 2008,
pp. 289-294.

[17] G. Cengic and K. Akesson, "On Formal Analysis of IEC 61499
Applications, Part B: Execution Semantics," IEEE Transactions
on Industrial Informatics, vol. 6(2), pp. 145-154, 2010.

[18] A. Zoitl, Real-Time Execution for IEC 61499, 2nd ed.:
International Society of Automation, 2009.

[19T L. H. Yoong, P. S. Roop, V. Vyatkin, and Z. Salcic, "A
Synchronous Approach for IEC 61499 Function Block
Implementation," [EEE Transactions on Computers, vol.
58(12), pp. 1599-1614, 2009.

[20] Introduction to Discrete Event Systems, C. Cassandras and S.
Lafortune, Eds., 2nd ed.: Springer US, 2008.

[21]1 E. A. Lee, "Modeling concurrent real-time processes using
discrete events," Annals of Software Engineering, vol. 7(1-4),
pp- 25-45, 1999.

[22] T. Strasser, A. Zoitl, J. H. Christensen, Su, X, and C. nder,
"Design and Execution Issues in IEC 61499 Distributed
Automation and Control Systems," [EEE Transactions on
Systems, Man, and Cybernetics, Part C: Applications and
Reviews, vol. 41(1), pp. 41-51, 2011.

[23] W. Dai, V. Vyatkin, J. Christensen, and V. Dubinin, "Bridging
Service-Oriented Architecture and IEC 61499 for Flexibility
and Dynamic Reconfigurability," [EEE Transactions on
Industrial Informatics, vol. in press, 2015.

[24] IEEE Standard for a Precision Clock Synchronization Protocol
for Networked Measurement and Control Systems, 1EEE
Standard 1588-2008.

[25] Digital addressable lighting interface — Part 101: General
requirements — System, IEC Standard 62386-101, 2014.




<<
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


