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Abstract

In this paper, we are interested in real-time flows
requiring quantitative and deterministic Quality of Service
(QoS) guarantees. We focus more particularly on two QoS
parameters: the worst case end-to-end response time and
jitter. We consider a non-preemptive scheduling of flows,
called FP/FIFO, based on fixed priorities. On each node,
packets are scheduled according to their fixed priority, if
several packets share the same one, they are scheduled
according to their arrival time on the node considered. The
fixed priority associated with a flow denotes the importance
of the flow from the user point of view. The scheduling
FP/FIFO is the most common implementation of FP. We
show how to take into account the FIFO arbitration in the
worst case analysis, based on the trajectory approach,
allowing to establish a bound on the worst case end-to-end
response time of any flow in the network. Finally, we
present an example illustrating our results.

Keywords: Fixed priority scheduling, QoS, real-time
scheduling, worst case end-to-end response time, trajectory
approach, deterministic guarantee, FP/FIFO.

1 Context and motivations

In this paper, we are interested in real-time applications
that require bounds on the worst case end-to-end response
times and jitters to have a behavior compliant with their
specifications (e.g. voice over IP and control-command
applications). That is why we focus on deterministic guar-
antees of end-to-end response times and jitters in a packet
network. We will show how to determine these times
depending on the flow scheduling used in the network.
With regard to flow scheduling, the assumption generally
admitted is that packet transmission is not preemptive.
Moreover, Fixed Priority (FP) scheduling has been exten-
sively studied in the last years [1, 2]. It exhibits interesting
properties. Indeed, the impact of a new flow is limited to
flows having equal or lower fixed priorities, it is easy to
implement and well adapted for service differentiation.

In a network, several packets can share the same fixed
priority: for example, if the number of fixed priorities is less
than the flow number, or if flows are processed by service
class and the flow priority is this of its class. In this paper,
we assume that such packets are scheduled according to
their arrival time on the node considered. More precisely,
we assume that packets are scheduled according to the
non-preemptive FP/FIFO scheduling. With FP/FIFO, packets
are first scheduled according to their fixed priority. Packets
with the same fixed priority are scheduled according to
their arrival order on the node considered. This corresponds
to the most common implementation of FP. Unlike the
state of the art, we take into account this FIFO arbitration
of packets having the same fixed priority to compute the
worst case end-to-end response times. In [3] we proved
that in a uniprocessor context, the use of FP/FIFO instead
of FP improves the schedulability of flows on each visited
node. In this paper, we show how to extend this analy-
sis to the distributed case, using the trajectory approach.

These results can be applied in a DiffServ architecture to de-
termine the worst case end-to-end response time granted to
flows belonging to the Expedited Forwarding (EF) class, as-
suming that routes of EF flows remain fixed, once assigned.

2 Problematic

We investigate the problem of providing a deterministic
guarantee (i.e. an upper bound) on the end-to-end response
time to any flow in a network. As we make no particular as-
sumption concerning the arrival times of packets in the net-
work, the feasibility of a set of flows is equivalent to meet
the requirement, whatever the arrival times of the packets in
the network. We assume that time is discrete. Reference [4]
shows that results obtained with a discrete scheduling are
as general as those obtained with a continuous scheduling
when all flow parameters are multiples of the node clock
tick. Moreover, we assume the following models.
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2.1 Models

Scheduling model All nodes in the network schedule pack-
ets according to the non-preemptive1 FP/FIFO algorithm.

Network model We consider a network where links
interconnecting nodes are supposed to be FIFO and the
network delay between two nodes has known lower and
upper bounds: and . Moreover, we consider
neither network failures nor packet losses.

Traffic model We consider a set of sporadic
flows. Each flow follows a path that is an ordered
sequence of nodes whose first node is the ingress node of
the flow. Moreover, a sporadic flow is defined by:

, the minimum interarrival time between two succes-
sive packets of flow ;

, the maximum processing time on node of a
packet of flow . By convention, if ;

, the maximum release jitter of packets of flow at
its ingress node. A packet is subject to a release jitter if
there exists a non-null delay between its generation time
and the time, called its release time, where it is taken into
account by the scheduler;

, the end-to-end deadline of flow , that is its maxi-
mum end-to-end response time acceptable. A packet of
flow generated at time must be delivered at ;

, the fixed priority of flow .

2.2 Notations

We consider any flow , , following a path and
focus on the packet of generated at time . We then
define the three following sets:

, the set of flows having a
fixed priority strictly higher than this of flow ;

, the set of flows dis-
tinct of having a fixed priority equal to this of flow ;

, the set of flows having a
fixed priority strictly lower than this of flow .

Definition 1 Let be the packet of flow generated
at time . Let be the packet of flow generated at
time . On any node , priority of packet
is higher than or equal to this of packet if and only if:
( ) or ( and arrives before on node ).

We also adopt the following notations:

1The scheduler of the node considered waits for the completion of the
current packet transmission (if any) before selecting the next packet.

, a sporadic flow of the set ;

, the worst case response time of flow ;

, the packet of flow generated at time ;

, the latest starting time of packet on node ;

, the first node visited by flow in the network;

, the last node visited by flow in the network;

, the path followed by flow ;

, the number of nodes visited by flow ;

, the slowest node visited by flow on path :
, ;

, the first node visited by flow on path ;

, the last node visited by flow on path ;

, the slowest node visited by on path :
, ;

, the minimum time taken by a packet of flow
to go from its source node to node ;

, the maximum time taken by a packet of flow
to go from its source node to node ;

, the maximum delay incurred by a packet of flow
directly due to non-preemption when visiting path ;

, the node visited by just before node ;

, the index of the flow which packet belongs to;

stands for ;

.

By convention, if . More-
over, Figure 1 illustrates the notations of , ,

and when flows and are (1) in the same
direction and (2) in reverse directions.

Figure 1. , ,

Moreover, we assume, with regard to flow following
path , that any flow , following path
with and never visits a node of
path after having left this path.

Assumption 1 For any flow following path , for any
flow , , following path such that

, we have either or
.

To achieve that, the idea is to consider a flow crossing
path after it left as a new flow. We proceed by it-
eration until meeting Assumption 1.
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Definition 2 The end-to-end jitter of any flow , ,
is the difference between the maximum and minimum end-
to-end response times of packets, that is equal to:

.

3 Related work

Deterministic and quantitative guarantees can be provided
by at least three approaches, that compute the worst case
end-to-end response time of any flow:

The holistic approach [5, 6]. This approach, the first
introduced in the literature, considers the worst case sce-
nario on each node visited by a flow, taking into account
the maximum possible jitter introduced by the previous
visited nodes. The minimum and maximum response
times on a node induce a maximum jitter on the next
visited node that leads to a worst case response
time and then a maximum jitter on the following node
and so on. This approach can be pessimistic as it consid-
ers worst case scenarios on every node possibly leading
to impossible scenarios. Indeed, a worst case sce-
nario for a flow on a node does not generally result
in a worst case scenario for on any node visited after .

The network calculus approach [7]. Network Calculus is
a powerful tool recently developed to solve flow prob-
lems encountered in networking. Indeed, considering
a network element characterized by a service curve
and all the arrival curves of flows visiting this element,
it is possible to compute the maximum delay of any
flow, the maximum size of the waiting queue and the
departure curves of flows. Results of such analysis
are deterministic, provided that the arrival and service
curves are deterministic. As bounds are generally used
instead of the exact knowledge of the arrival and service
curves, this approach can lead to an overestimation of
the bounds on the end-to-end response times.

The trajectory approach. This approach considers the
worst case scenario that can happen to a message along
its trajectory: the sequence of nodes visited. This ap-
proach is described in Section 4.

4 Worst case analysis: the trajectory approach

Unlike the holistic approach, the trajectory approach is
based on the analysis of the worst case scenario experienced
by a packet on its trajectory and not on any node visited.
Then, only possible scenarios are examined. For instance,
the fluid model is relevant to the trajectory approach. More
precisely, we consider any flow , , following
a path consisting of nodes numbered from to . We
focus on the packet of generated at time .

As we consider a non-preemptive scheduling, the process-
ing of a packet can no longer be delayed after it has started.
That is why we compute the latest starting time of on its
last node visited. For that, we adopt the trajectory approach,
consisting in moving backwards through the sequence of
nodes visits, each time identifying preceding packets and
busy periods that ultimately affect the delay of .

4.1 Study of the trajectory of packet m

To compute the latest starting time of packet , we proceed
as follows. We first determine , that is the busy period2

of level corresponding to the priority of in which is
processed on node . We define as the first packet pro-
cessed in with a priority higher than or equal to this
of . Due to the non-preemption, can be delayed
by at most one packet with a priority less than this of .
As flows do not necessarily follow the same path in the net-
work considered, it is possible that does not come from
node . We then define as the first packet pro-
cessed between and such that comes from
node . This packet has been processed on node
in a busy period of level corresponding to the priority
of . We then define as the first packet pro-
cessed in with a priority higher than or equal to this
of . And so on until the busy period, on node , of
level corresponding to the priority of packet in which
the packet is processed (see Figure 2).

Figure 2. Response time of packet m

For the sake of simplicity, on a node , we number con-
secutively the packets processed after and before
(with ). Then, we denote (resp. ) the
packet preceding (resp. succeeding to) . Moreover, we
denote the arrival time of on node and consider
that . By adding parts of the busy periods con-
sidered, we can express the latest starting time of packet
in node , that is: the processing time on node of packets

to the processing time on node
of packets to
... the processing time on node of packets to

.

2A busy period of level is defi ned by an interval such that
and are both idle times of level and there is no idle time of level
in . An idle time of level is a time such that all packets with a
priority greater than or equal to generated before have been processed
at time .
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We can notice that on any node , if there exists no
flow such that , then and
so . In other words, if ,
there exists a flow such that . In such a case,
by definition of , all the packets in
cross path for the first time at node . We can then act on
their arrival times. Postponing the arrivals of these packets
in the busy period where is processed would
increase the departure time of from node . Hence, in the
worst case, on any node . More-
over, in the worst case, on any node visited by , the fixed
priority of the packet is this of packet . Thus, we get:

.

Then, the latest starting time of packet , generated at
time , consists of three parts:

, the delay due to
packets having a priority higher than or equal to ;

, the delay due to the non-preemptive effect;

, the maximum network delay.

In the two following subsections, we evaluate and .

4.2 Delay due to higher priority packets

We now evaluate the maximum delay incurred by due
to packets with a priority higher than or equal to this of .
This delay is equal to: .
By definition, for any node , is the first
packet with a priority higher than or equal to this of ,
processed in and coming from node . Moreover,

is the last packet considered in . Let us show
that in this sum, if we count packets processed in and

, only is counted twice.

Lemma 1 For any flow , if there exists a node
with a packet , then for any node

, .

Proof: By induction. Let us consider any packet pro-
cessed in on node . By definition, we have

. As leaves node before
and links are FIFO, arrives on node before . Con-
sequently, on node , has a priority higher than .
Arrived before , starts its transmission before
on node . As on this node, the busy period starts with ,
the processing of is completed at the latest at the arrival
of . Hence . Similarly, we show that

, for any .

We now distinguish the nodes visited before ,
the node itself and the nodes visited after .

By definition, , is the first packet
with a priority higher than or equal to this of , processed
in and coming from node . Moreover, is
the last packet considered in . Hence, if we count pack-
ets processed in and , only is counted
twice. In the same way, , is the first
packet with a priority higher than or equal to this of ,
processed in and coming from node . Moreover,

is the last packet considered in . Thus,
is the only packet counted twice when counting pack-
ets processed in and . Hence, is equal to:

.

Moreover, for any packet visiting a node ,

. Then, as packets are numbered
consecutively from to , we get:

P “P ” P
P “P ” P

.

In addition, as in the worst case, is a packet
coming from node , we have:

P P
P ˘ ¯

.

Hence, is bounded by:

P P
.

The term is maximized when the workload generated
by such flows is maximum. Then, we get Lemma 2.

Lemma 2 Let be the packet of flow generated at
time . When flows are scheduled FP/FIFO, the maximum
delay incurred by due to packets having a priority higher
than or equal to this of is bounded by:

P  $ %!

P  $ %!

P ˘ ¯
,

with: .
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Proof: Considering a packet of generated at time :

Packets of flow , , can delay if they are gen-

erated at the earliest at time

and at the latest at time ;

Packets of flow , , can delay if they are gen-

erated at the earliest at time

and at the latest at time ;

Packets of flow can delay if they are generated at
the earliest at time and at the latest at time .

The maximum workload generated by any flow in the
interval on node is equal to .

As ,

and , we get the lemma.

4.3 Delay due to non-preemption

We recall that packet scheduling is non-preemptive. Hence,
despite the high priority of any packet , generated at
time , a packet with a lower priority can delay process-
ing due to non-preemption. Indeed, if a packet of any
flow arrives on node while a packet belonging to

is being processed, has to wait until completion.
By definition of FIFO scheduling, cannot be delayed by
a packet belonging to due to the non-preemption.

It is important to notice that the non-preemptive effect is not
limited to this waiting time. The delay incurred by packet
on node directly due to may lead to consider packets
belonging to , arrived after on the node but before
starts its execution. Then, we denote the maximum delay
incurred by packet while following its path directly due
to the non-preemptive effect.

Property 1 Let , , be a flow following path
. When flows are scheduled FP/FIFO,

the maximum delay incurred by a packet of flow directly
due to flows belonging to , denoted , is bounded by:

“ ”

P “

”
,

where if
and if and otherwise.

Proof: By recurrence on the number of nodes visited. On
the first node visited, Property 1 is true. Assuming that
Property 1 is true at rank . We prove it at rank . Let
us consider packet of flow generated at time . Due
to the non-preemption, on any node , a
packet belonging to a flow , , can delay the
execution of if arrives on node while is being
processed. Then, we have to distinguish three cases:

Node is the first node of visited by flow
( ). Hence, the maximum delay incurred by

directly due to flow meets: ;

Node is not the first node of visited by flow
( ) and . Hence,
the maximum delay incurred by directly due to flow
meets: ;

Node is not the first node of visited by flow
( ) and .
Packet leaves node at the latest at time

. Then, ends its processing on node

at the latest at time . As
packet arrives on node at the earliest at time

, the maximum de-
lay incurred by directly due to flow meets:

.

Moreover, . Hence the property.

4.4 Latest starting time expression

From the previous two subsections, we can express the lat-
est starting time of packet on its last visited node.

Property 2 Let be the packet of flow generated
at time . When flows are scheduled FP/FIFO, the latest
starting time of packet on its last node visited, denoted

, is bounded by:

P  $ %!

P  $ %!

P ˘ ¯
,

with: .

Proof: By Lemma 2 and Property 1.
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The expression of is recursive. Let us consider the
following series for any node :

8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

P “ j k”
P ˘ ¯

P „ — �«

P  $ %!

P  $ %!

P ˘ ¯

with:

;

, the slowest node visited by on ;

, the first node visited by on ;

, the last node visited by on ;

, the slowest node visited by on ;

, the maximum delay incurred by a packet of di-
rectly due to non-preemption when visiting .

When the series converges, is its limit.

4.5 Worst case end-to-end response time

The worst case end-to-end response time of the packet of
flow generated at time is equal to: .
The worst case end-to-end response time of flow is then
equal to: . In order
not to test all times , we establish Lemma 3.

Lemma 3 Let us consider a flow following a path .
When flows are scheduled FP/FIFO, we have for any time

; , with:

.

Proof: We consider the series and prove this
lemma by induction.

Step 1 The lemma is proved on node . As
, , we have, for any

time , equal to:

P
“ j k”

P “ j k”
l m

.

We now show that if the property is true at rank , then it is
true at rank . Indeed, for any time , we have

equal to:

P  $ %!

P „ — �«

P „ — �«

P „ — �«

P l m

.

Hence, .

Step 2 By assuming that property is true on any node vis-
ited between nodes and , with , we
can prove in the same way as Step 1 that:

.
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From the worst case analysis given in this section and the
previous lemma, we get the following property.

Property 3 When flows are scheduled FP/FIFO, the worst
case end-to-end response time of any flow is bounded by:

, with:

P  $ %!

P  $ %!

P ˘ ¯
,

and

P l m
.

Proof: By Property 2 and Lemma 3.

4.6 Computation algorithm

To compute the worst case response times of a flow set, we
proceed by decreasing fixed priority order. We first compute
the response times of flows having the highest fixed prior-
ity. We then continue with flows having the highest priority
among those whose response time is not yet computed and
so on. Let be the highest priority of flows whose re-
sponse time has not yet been computed. Let , ,
be a flow of priority . We compute the set of flows
crossing directly or indirectly and apply Property 3 to
compute the worst case response time of . More formally,
we proceed as follows to determine :

;

crosses directly ;

such that crosses directly .

Notice that if a flow exceeds its deadline, we stop the com-
putation. We proceed in the same way for any flow having
priority .

5 Example

In this section, we give an example of bounds on the end-
to-end response times of sporadic flows, when these flows
are scheduled according to FP/FIFO. We assume that the
network meets: . Moreover, we con-
sider the set . All these flows have a pe-
riod equal to and enter the network without jitter.

The maximum processing time of any packet of flow on
node is assumed to be equal to . Table 1 gives the
fixed priority and the end-to-end deadline of each flow.

Table 1. Priorities and end-to-end deadlines

10 10 11 11 12
36 36 54 54 45

The path taken by each flow is defined as follows:

.

Applying Property 3, we obtain Table 2 giving the worst
case end-to-end response time of any flow , . We
notice that each flow meets its end-to-end deadline.

Table 2. End-to-end response times of sporadic flows

31 31 46 46 33

6 Conclusion

FP scheduling is used when flows have different importance
degrees. FP/FIFO is the most commonly used implemen-
tation of FP: packets having the same fixed priority are
scheduled according to their arrival order on the node con-
sidered. In this paper, we have shown how to compute worst
case response time of flows scheduled with non-preemptive
FP/FIFO. A possible application of these results lies in the
deterministic quantitative guarantee provided to the EF class
in a DiffServ architecture, assuming that the routes assigned
to EF flows remain fixed, once assigned.

References
[1] K. Tindell, A. Burns, A. J. Wellings, Analysis of hard real-

time communications, Real-Time Systems, Vol. 9, 1995.
[2] J. Liu, Real-time systems, Prentice Hall, New Jersey, 2000.
[3] S. Martin, P. Minet, L. George, Improving Fixed Priority

schedulability with Dynamic Priority as secondary criterion,
Journal of Embedded Computing, to appear in 2005.

[4] S. Baruah, R. Howell, L. Rosier, Algorithms and complexity
concerning the preemptive scheduling of periodic real-time
tasks on one processor, Real-Time Systems, Vol. 2, 1990.

[5] K. Tindell, J. Clark, Holistic schedulability analysis for dis-
tributed hard real-time systems, Microprocessors and Micro-
programming, Euromicro Jal, Vol. 40, 1994.

[6] M. Spuri, Holistic analysis for deadline scheduled real-time
distributed systems, INRIA Research Report 2873, 1996.

[7] J. Y. le Boudec, P. Thiran, Network calculus: A theory of
deterministic queuing systems for the Internet, LNCS 2050,
Springer-Verlag, September 2003.

Proceedings of the International Conference on Networking, International Conference on Systems and 
International Conference on Mobile Communications and Learning Technologies (ICNICONSMCL’06) 
0-7695-2552-0/06 $20.00 © 2006 IEEE 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 2.00333
  /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 1.00167
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


