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Abstract— While Internet traffic is currently dominated by
elastic data transfers, it is anticipated that streaming applications
will rapidly develop and contribute a significant amount of traffic
in the near future. Therefore, it is essential to understand and
capture the relation between stream and elastic traffic behavior.
In this paper we focus on developing simple yet effective
approximations to capture this relationship. We study, then, an
analytical model to evaluate the performance of elastic traffic
under Diffserv architecture. This model is based on the fluid flow
approximation. We assume that Diffserv architecture gives the
head of priority to real time traffic and shares the remaining
capacity between the elastic ongoing flows according to a specific
weight.

Keywords-- flow-level model, Diffserv, Quality of Service,
streaming traffic, elastic traffic

L INTRODUCTION

Traditionally, computer communication networks (Internet

for example) provide a "best-effort" service. By this, we mean
that the network is not able to provide Quality of Service
(QoS) to the data streams, either in time or in throughput [9].
All types of traffic passing through the network are, therefore,
treated by the same manner.
For applications that circulated at the beginning of the
Internet, these limitations were not troublesome for two
reasons: On the one hand, these applications are insensitive to
temporal variations (email or file transfer for example); on the
other hand, the load of networks was limited which left
enough bandwidth available for coming traffic [10].

Today, there has been interest in supporting real-time
communication  applications in  the  packet-based
environments, such as interactive voice, video applications,
online gaming, and videoconference applications. Therefore,
we shall distinguish two broad categories of Internet traffic:
stream and elastic. Stream traffic is generated by applications
such as Voice over Internet protocol applications (VoIP
applications), streaming video etc. These applications have
strict bandwidth, end-to-end packet delay and jitter
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requirements for reliable operation. Elastic traffic on the other
hand is generated by applications such as file transfer, web-
browsing, etc. Since these applications rely on the Transport
Control Protocol (TCP) for packet transmission, the traffic
generated is elastic in nature. This is because TCP's
congestion control adapts to the available capacity in the
network and results in an elastic packet transmission rate [20].

For these applications, the total amount of time required to
download the file or web-page is of importance. The end-to-
end delay experienced by each packet and the jitter are not of
relevance. A useful abstraction in this context is to view each
transfer file as a fluid elastic connection, whose rate adapts to
the evolution of the number of other flows that share the same
links [17], and this is the principle of the flow level modeling.

In contrast with the packet-level models, which define how the
packets are generated and transported during the
communication, flow-level models are an idealized models
that include random flow-level dynamics (arrivals and
departures of flows) and use highly simplified models of the
bandwidth sharing [1]. The complex underlying packet-level
mechanisms  (congestion control algorithms, packet
scheduling, buffer management...), at short —time scales, are
then simply represented by a long-term bandwidth sharing
policy between ongoing flows [4].

In general, a flow is defined as a series of packets between a
source and a destination having the same transport protocol
number and port number [18]. In flow level models, a flow is
seen like an end-to-end connection between two entities. We
refer to class of flows as all flows of the same service between
a source and a destination, having a common rate limitation
and the same resources requirements.

To support both stream and elastic traffic types the network’s
architecture has been evolved beyond the best-effort model.
The Diffserv architecture goes towards meeting the distinct
quality of service requirements of these two types of traffic
[19]. Many studies have been done to perform service’s
differentiation. Nowadays, several scheduling algorithms are
implemented to achieve this process, and are classified into



two categories: fixed priority policies and bandwidth sharing-
based policies like Weighted Round Robin (WRR) and
Weighted Fair Queuing (WFQ). The composition between the
two policies was considered by many telecommunication
equipment constructors like Cisco [8] and Huawei [11]. The
Low-latency queuing (LLQ), for example, is a feature
developed by Cisco to bring strict priority queuing (PQ) to
class-based weighted fair queuing (CBWFQ) [8].

This paper presents a fluid model to evaluate and qualify
performance characteristics of elastic traffic under multi-
queuing architecture. In the next section, we donate useful
results applying to a network whose resources are dedicated
for elastic traffic only. Section III is devoted to present our
analytical model to evaluate the performance of elastic traffic
in the existence of streaming flows. The results presented in
this manuscript are validated by simulations with NS2 in
section IV.

1I. BANDWIDTH SHARING WITH ELASTIC FLOWS ONLY

We consider a single link with capacity C (Mbits/Seconde)
shared by a random number of elastic flow classes. Let E be
the set of these elastic flow classes. Class-i flows,i €EE,
arrive as an independent Poisson process with rate
Ai(e)(Flows/ Seconde) and have independent, exponentially
distributed volumes with means o;(Mbits/flow). We refer to
i(e) = Ai(e)ci (Mbits/Seconde) as the traffic
intensity of classi. Let 8(® = ¥ pi(e) be the total traffic
volume generated by all elastic flows. We assume that () <
C to ensure the stability of our system.

the product p

Each flow of a class i has a maximum bit rate di(e) < C. This is
the actual rate of each flow in the absence of congestion, it
means when ¥ x® d® < C, with x( is the number of
class- i flows. Congestion forces flows to reduce their rate and
thus to increase their duration. We refer to the vector

x® = (Xi(e))ieE as the network state.

The evolution of the system state defines a multidimensional
Markov process with transition rates Ai(e) from state x° to state
x®+¢ and d®(x®)/o; from state x° to state x° —e;
(provided x® > 0), where d®(x®) is the bit rate of class-i
flows in a state x°: d®(x®) < d.

Users perceive performance essentially through the mean time
necessary to transfer a document [3]. In the following, we
evaluate performance in terms of throughput, defined as the
ratio of the mean flow size to the mean flow duration in steady
state. Assuming network stability and applying Little’s
formula, the throughput of a flow of any classi € E is related
to the expected number of class-i flows in steady state,

(E[xi(e)]), through the relationship:

Yi = E[xi(e)] €]

As there are many class of flows with different transmission
rate, the evolution of the number of flows depends on how
link capacity is allocated. Most work has focused on so-called
utility based allocations, where bandwidth is shared so as to
maximize some utility function of the instantaneous flow rates
[3]. Examples of such allocations are classical max-min
fairness [14] and Kelly’s proportional fairness [13]. In general,
the analysis of a network operating under these allocations
scheme is quite difficult. One reason is that they do not lead to
an explicit expression for the steady state distribution, which
determines the typical number of competing flows of each
class [4]. It turns out that, for the flow-level dynamics we are
interested in, proportional fairness can be well approximated
by the slightly different notion of balanced fairness [2], [5],
[6]. The notion of balanced fairness was introduced by Bonald
and Proutiére as a means to approximately evaluate the
performance of fair allocations like max-min fairness and
proportional fairness in wired networks. A key property of
balanced fairness is its insensitivity: the steady state
distribution is independent of all traffic characteristics beyond
the traffic intensity [4]. The only required assumption is that
flows arrive as a Poisson process, which is indeed satisfied in
practice.

The performance of elastic traffic under Balanced Fairness
allocation is treated by many studies [2] [3] [4] [5] [6]. In this
section, we will suppose that all classes have the same

maximum bit rate di(e) =d for all i € E and we will donate a
simple and practical analytical expression for the mean
number of flows of each class. This expression will be used in
the next section .

Let N = |C/d] be the maximum number of flows that can be
allocated exactly d units on the link. Above this limit,
congestion occurs and flows equally share the link capacity C.
Our system will be identical to a "Processor sharing" queue.
For a single class case (with traffic intensity p), the arrivals
and departures of flows can be modeled by the following
birth-death process:
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Figure 1. Birth-death process describing the arrivals and departures of
connections

Where:
(2)
(3)

“':

=

(x: The number of flows in steady state).
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The stationary distribution of this Markov process is given by:

&

-1 (0 ifx <N
) = O = @
mﬂf(()) else
Wh . 0) = N-1 (%)X (g " - 5
ere: T[( ) = x=0 ", +Tc_—p ( )
p (g)N cC »
Therefore: E[x] = i Taan(o) (6)

Let B be the congestion probability on the link. It is written as
follows:

B =Pr[x>N] = @Ci_p 7(0) )
Thus: Ex] =%+B cpr )

In the case of many classes with identical maximum bit rate,
an aggregation of all flows can be done to have a single class
with total load 8(®). The average number of flows of this class

is donated by (8) and E[xi(e)] can be approximated as follow:

05
E[x(®] = £5Elx] ©)
As compared to the exact results given by a numerical
resolution of the multidimensional Markov chain. The relative

(e) (e)
‘E[Xi ]Exact_E[Xi ]Approximation
(e)
E[xi ]Exact
not exceed 2 %. This approximation is interesting in that it
simplifies the study of the performances of elastic traffic with

identical maximum bit rate: A simple aggregation of flows can
replace a somewhat complex resolution of the Markov chain.

error given by the ratio , does

All users have the same average transmission rate y; =y =
8(®) /E[x] . The average flow throughput depends on the traffic
intensity and the maximum rate per user. Fig.2 presents the
evolution of the ratio y/d in function of 8 /C for different
values of d/C.

It should be noted that for small access rated , flow’s
throughput is approximately insensitive to offered load,
provided 8® < C. In other words, the link is virtually
transparent to the users, who perceived QoS depends much
more on the access rate d.

In general, the flow’s throughput deteriorates for high values
of 8(®, and this degradation increases when the ration d/C
become higher. However, we can say that for a stable system,
users always have a good transmission quality, because for
links designed to support the connections of hundreds of
subscribers, the ratio d/C is lower than 0.1 [7].

We conclude, therefore, that y depends essentially on the
traffic intensity. This can be a way to correctly dimension a
link. In fact, Network dimensioning rules can be developed
based on traffic intensity forecasts only, independently of the
complex traffic structure which is continually evolving as new
applications gain popularity [3]. Insensitivity is the key to
simple and robust performance results.
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Figure 2. Evolution of the ratio y/d in function of 8 /C for different
values of d/C.

III. INTEGRATION OF STREAMING AND DATA TRAFFIC
UNDER DIFFSERV ARCHITECTURE

Little work has been devoted to evaluate the performances of
elastic traffic in the existence of streaming flows. In [12],
Bonald and Prouti¢re offer an insensitive upper bound for the
performances of TCP flows in a network where streaming
flows are TCP-friendly and fairly share the bandwidth with
elastic flows. In practice, as there is different requirements in
term of quality of service, the two types of traffic cannot have
the same amount of resources.

The authors of [21], and [22] interested in the performance
evaluation of elastic flows in a network where streaming
traffic are priority and non-adaptive. In [16] and [19] the
authors justified the need for an appropriate admission control
mechanism for streaming flows to guarantee a minimum rate
for elastic flows.

In [20] Malhotra proposed a model with priority queues giving
the high priority to stream traffic. He assumed that stream and
elastic traffic have the same peak rate and the capacity left
over from serving stream flows is equally divided among the
elastic traffic flows. The approximation given by Malhotra to
evaluate the average number of low-priority flows focus
basically on the total workload and it is sensitive to the
detailed characteristics of traffic. In practice, the network



traffic have not the same peak rate, which make this
approximation inapplicable in a real context.

Although that many operators use nowadays the composition
between priority queues and bandwidth sharing-based queues
to handle the requirements of all traffic in term of quality of
service, the existing work on flow-level modelling of such
integration (integration between stream and data traffic) did
not treat this case. In this context, we propose a flow-level
model to evaluate the performance of elastic traffic under such
multi-queuing system.

A. Model

We consider a flow level model of both stream and elastic
traffic. Our capacity C is shared now by a random number of
streaming and elastic flow classes. Let E be the set of elastic
flow classes and S the set of streaming flow classes.

Elastic traffic is defined in the same way as the previous
section. Streaming flows are principally defined by their rate
and their mean holding-time. For each streaming class-j flows
(j € S), we define:

e Tj: The mean holding-time of flows (Seconde).

. dj(s): The rate of each flow (Mbits/Seconde).

Streaming flows arrive as an independent Poisson process

with rate )\]-(S)(ﬂows/Seconde). We refer to the product

pj(s) = Aj(s)di(s)rj (Mbits/Seconde) as the load of a streaming

classj € S. We note by 8® = ¥ p].(S) the streaming load
offered to the link capacity.

Let X]-(S)

the vector x° = (

be the number of class-j flows in progress .We note by

NS

i ) the state of streaming classes.
jes

To maintain the stability of the system, we assume that:
8=0©+00 < (10)

At the entrance of the link, there is a LLQ queue combining a
priority queue with a number of M  WFQ queues.
Let 9, ,1 < m < M the weight of the WFQ queue number m.
We assume that YM_, 9, = 1.

The priority queue is devoted to streaming flows, which have
strict bandwidth and delay requirements that can be met if the
requested capacity is allocated to them completely. Streaming
flows whose requirements cannot be met will be blocked
rather than allow them into the system and jeopardize the
performance of real time traffic.

Elastic traffic is distributed throughout the WFQ queues in
such that all elastic flows with the same maximum bit rate
pass on the same queue. We note by E, the set of elastic flow
classes passing on the queue number m and by d, the
maximum bit rate of these flows.

Rather than solving this system exactly under Markovian
assumptions (this would only lead to complex calculations),
the performances of TCP flows will be studied under a quasi-

stationary assumption: The ratio ?\]-(S) / Ai(e) (jES,i€E), is
assumed small enough so that, in every state of x°, the

number of elastic flows evolves rapidly and attains a
stationary regime.

B. Analysis
Let n the quantity of the capacity C used by streaming flows:

n=Yies xd> (11)

The steady distribution of x* is donated by:

p]'(S) %
®
%) = 1 (0) [Tjes~—~F— (12)
X771
)]
Where:
NONSE
(@
a®
T[(S)(O) = ZosnsCHjeS]X(T (13)
;>

Forn = 0..C, we define the two following notations:
e The remaining capacity for elastic traffic:

C’(n) =C—n (14)
e The steady probability of having n quantity of
capacity link C used by streaming flows:

= )
A(n) = ZXS:Zjesxj(s)dj(s):nﬂ (x%)  (15)

C€(n) can be viewed as a concatenation between M virtual

links of capacity 9;C¢(n), 9,C¢(n), .., 9yCE(n).

Let Gf,el) =ik, pi(e) be the load offered to the virtual link m
(e)

and Y = max;<m<m :ﬁ.

It is important to note that for C — { < n < C, there is at least

one virtual link whose capacity is not enough to handle its

load. Thus, if the probability Piysapiliy = A(C— P <n < C)

is not negligible, it will make our model “unstable” and the

performance of elastic traffic unpredictable.

In the IP network design phase, we must take into account this
“local instability”. Remove definitely this instability requires
high capacity links, or resources are expensive, so we can
tolerate a local instability threshold € that does not affect
network performances. Let C™™ is the minimum value of
capacity that meets the constraint: Ppgeapilicy < € . Therefore,



our capacity must satisfy C > C™" and C™" can be donated
by the following algorithm:
1. Ad® =GCD(A™,j €S)
2. CMin=9® 49O 41
3. do
{Cmin — Cmin + Ad(s)}
until {Plnstability < 8}

The virtual link of capacity Cj,(n) = 9,,C¢(n) is dedicated to
flows whose maximum bit rate is equal to d,, , but it can be
shared among the other elastic flow classes if it remains

empty. Let7(n) = {1 <m < M:Cy(n) <03} andS(n) =

{1 <m < M: Cp(n) > 6,(?} . We assume that ifm € 7(n),

this virtual link seems to be always occupied. If 7(n) = @ we
say that there is a «local instability » on the link. Thus, the
mean capacity left for a virtual link m is approximately given
by:

—(e) 9
Cm (n) = = C¢(m) (16)
" ﬂm"'ZkES(n)Bk(l_“l((E)(O'n))"'zkej(n)‘(jk
k#m k#m
n]((e) (0,n) is given using (5) as follows :
-1
X Nk
) (%)
© _ | ¢Nk-1\ %k k Cx(
T, (0,n) = ZX=0 " + Ny! c;(n)—eff) (17)
With:
_ |Gk
-5 v

For reasons of simplicity, we assume that if a virtual link m

satisfies Gr(,f) > Ef?(n) in a state x° then all flows passing
through this virtual link have an instantaneous throughput
equal to zero. This assumption admits that our capacity is
really divided into different independent links and the quality
of service seems to be very bad for all elastic flows traversing
a specific virtual link when the local instability occurs on this
virtual link.

Let p be the virtual link satisfying d,, = di(e) withi € E. For

C o —(e)
every state n satisfying ege) < Cpe (n) , the average number
of class-i flows is donated by:

(e
(e) _ P
E[Xi |n] - d_(e
1
Nj(n)
@\ P
eL) ©
d —(e
P Cp (n)

* —(e)
Np(@)! Cp (n)_eée)

(19)

) p_(e)
+B,(n) ———=
) p E;e) (n)_el(ne)

By(n) = (

m,(0,n) (20)

—(e)
N3 (n) = [dep( )] @1

Np ()
z:N;;(n)—1 dp N dp 2w

mp(0,n) =1 X2 X! Np(n)! E;e)(n)—e](f) (22)
The mean flow throughput of class-i flows is:
Vi = Zn vi(n) A(n) (23)
With:
(e
Pi @ ~ T©
Yi(n) — E[Xi(e)ln] if Gp < Cp (n) (24)
0 else

The approximation proposed is completely insensitive to both
the service time distribution of stream traffic and the file size
distribution of elastic traffic. This is an extremely useful
property in that it suggests that provisioning does not depend
on the precise characteristics of applications which can change
quite radically over time.

IV. SIMULATIONS AND VALIDITY OF ANALYTICAL RESULTS

To validate our results, we apply the approximation proposed
in the previous section to a specific case where a capacity C is
shared among two streaming flow-classes and five elastic
flow-classes. TCP flows are generated by each source node
according to a Poisson process. Each flow is used to transfer a
stream of 1Kbyte packets representing a document of a certain
size and then terminated. The application that we chose to be
implemented for elastic traffic is FTP (File Transfer Protocol).
Streaming traffic is generated in the form of UDP flows
(UDP: User Datagram Protocol). Flow duration is drawn from
an exponential distribution. We used in this level a CBR
traffic model which characterized by a fixed constant rate.
Table (I) donates the parameters values of traffic traversing
this system.

Table I. Traffic Parameters values

Streaming Classes

A® T d®
Class 1 0.1 10 10
Class 2 0.1 20 5

Elastic classes

A© o d®
Class 1 1 1 1
Class 2 1 1 3
Class 3 1 1 3
Class 4 5 1 2
Class 5 2 1 1




To analyze the effect of local instability on the accuracy of our
results we took C variable. At the entrance of the link there is
a LLQ queue combining a priority queue with three WFQ
queues. We assume that d; < d, < d; and we took 9; = 0.2,
9, = 0.3 and 93 = 0.5. Fig. 3, Fig. 4 and Fig. 5 show the
evolution of the relative error between the analytical result and
the exact result of the average flow throughput as a function of
Pinstabitity for the three WFQ queues respectively. The
probability  Pygrapiity 1S expressed  in  percentage
(Pinstabitity (%) = 100 * Pipseapility) and the relative error is
defined as:

Simulation Result—Analytical Result
r=100" y '

Relative Erro (25)

Simulation Result
We can note that for values of Pyseability inferior to 5%, the
error rate does not exceed 3.5% for all queues, and it seems a
little bit inferior to 1% when Pyygiapility is less than 1.5%. That
confirms our results and proves that in a stable system, where
Pinstability remains negligible, this approximation estimates
very well the performance of the elastic traffic under multi-
queuing system. The local instability affects badly the mean
flow throughput of elastic traffic. The capacity C can be then
fixed according to the total load of the network and the level
of QoS that we aim to provide for elastic traffic.

In practice, link bandwidth is not shared as precisely as
assumed in the fluid models. TCP uses some algorithms (Slow
Start, Congestion Avoidance...) to control congestion inside
the network and restrict the throughput of flows. We maintain
however that fluid models provide “very valuable insight into
the impact on performance of traffic characteristics” [7]. The
insensitivity of average performance to the detailed statistical
properties of connections is of great importance for network
engineering. This property is likely to be maintained
approximately even when accounting for disparities due to
packet level behavior [7].
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Figure 3. Relative error of the first WFQ queue in function of Ppneapisiey
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Figure 4. Relative error of the second WFQ queue in function of Ppnseapiicy
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Figure 5. Relative error of the third WFQ queue in function of Preapisiey

V. CONCLUSION

A key design objective of traffic control schemes in
communication networks is to ensure maximum stability.
Performance is generally much better and more predictable if
the system is uniformly stable, having no or negligible periods
of local instability. In this sense, we have proposed a fluid
model to evaluate the average end-to-end throughput of elastic
traffic under multi-queuing system using a quasi-stationary
approximation.

Assuming priority service for streaming traffic, the remaining
capacity is shared between the elastic traffic according to a
specific weight. This amount of capacity can be viewed as a
concatenation of a set of virtual links, and every virtual link is
related to elastic flows with same maximum bit rate. Studying
the performance of each elastic flow is, therefore, equivalent



to studying a single aggregated flow class passing on a link.
So that, the result (8) is useful here in that it donates simply
the mean number of flows for a single class. We had shown
also that (8) can be a useful formula to approximate the mean
number of flows for each class where many flow classes with
identical transmission rate share a link. Detailed packet level
simulations of TCP and UDP flows show that the proposed
approximations work satisfactorily.

Another key result is that flow level performance metrics are
insensitive to detailed traffic characteristics. This is
particularly important for data network engineering since
performance can be predicted from an estimate of overall
traffic volume alone and is independent of changes in the mix
of user applications. We expect results such as those presented
in this paper to eventually lead to simple and robust traffic
engineering rules and performance evaluation methods that are
lacking for data networks.

REFERENCES

[1] Brun, Olivier, Ahmad Al Sheikh, and J. Garcia. "Flow-level
modelling of TCP traffic using GPS queueing networks." Teletraffic
Congress, 2009. ITC 21 2009. 21st International. IEEE, 2009

[2] T. Bonald, L. Massouli’e, A. Prouti'ere, and J. Virtamo, “A
queueing analysis of max-min fairness, proportional fairness and
balanced fairness,”Queueing Syst. Theory Appl., vol. 53, no. 1-2,
pp. 65-84, 2006

[3] Bonald, Thomas, and Jorma Virtamo. "Calculating the flow level
performance of balanced fairness in tree networks." Performance
Evaluation 58.1 (2004): 1-14.

[4] Bonald, T., Haddad, J. P., & Mazumdar, R. R. (2011, September).
Congestion in large balanced multirate links. In Proceedings of the
23rd International Teletraffic Congress (pp. 182-189). International
Teletraffic Congress.

[5] T. Bonald and A. Proutiere, “Insensitive bandwidth sharing in data
networks,” Queueing Syst. Theory Appl., vol. 44, no. 1, pp. 69-100,
2003.

[6] L. Massouli'e, “Structural properties of proportional fairness:
Stability and insensitivity,” Ann. Appl. Probab., vol. 17, no. 3, pp.
809-839, 2007.

[7] Bonald, Thomas, and James W. Roberts. "Congestion at flow level
and the impact of user behaviour." Computer Networks 42.4 (2003):
521-536.

[8] http://www.cisco.com/en/US/tech/tk543/tk544/tk399/tsd_technolog
y_support_sub-protocol_home.html

[9] Toumi, L. (2002). Algorithmes et mécanismes pour la qualité¢ de
service dans des réseaux hétérogenes (Doctoral dissertation, Institut
National Polytechnique de Grenoble-INPG).

[10] Fred, S. Ben, et al. "Statistical bandwidth sharing: a study of
congestion at flow level" ACM SIGCOMM Computer
Communication Review. Vol. 31. No. 4. ACM, 2001.

[11] http ://www. enterprise.huawei.com

[12] Bonald,T., & Proutiére, A. (2004, June). On performance bounds
for the integration of elastic and adaptive streaming flows. In ACM
SIGMETRICS Performance Evaluation Review (Vol. 32, No. 1, pp.
235-245). ACM.

[13] F. Kelly, A. Mauloo, and D. Tan, “Rate control for communication

networks: shadow prices, proportional fairness and stability,” J. of
Oper. Res. Soc., vol. 49, no. 3, pp. 237-252, 1998.

[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

D. Bertsekas and R. Gallager, Data Networks (2nd ed.), Prentice
Hall, Englewood Cliffs, 1992

Kaufman, Joseph. "Blocking in a shared resource environment."
Communications, IEEE Transactions on 29.10 (1981): 1474-148]1.

Delcoigne, Frank, Alexandre Proutiere, and Gwénaél Régnié.
"Modeling integration of streaming and data traffic." Performance
Evaluation 55.3 (2004): 185-209.

Bonald, T., Proutiere, A., Roberts, J., & Virtamo, J. (2003).
Computational aspects of balanced fairness. Teletraffic Science and
Engineering, 5, 801-810.

Niculae, Alexandra Mihaela. Mécanismes d'optimisation multi-
niveaux pour IP sur satellites de nouvelle génération. Diss. 2009.

Benameur, N., Fredj, S. B., Delcoigne, F., Oueslati-Boulahia, S., &
Roberts, J. W. (2001, January). Integrated admission control for
streaming and elastic traffic. In Quality of Future Internet
Services (pp. 69-81). Springer Berlin Heidelberg.

Malhotra, R., & van den Berg, J. L. (2006, November). Flow level
performance approximations for elastic traffic integrated with
prioritized stream traffic. InTelecommunications Network Strategy
and Planning Symposium, 2006. NETWORKS 2006. 12th
International (pp. 1-9). IEEE.

Key, P., Massouli¢, L., Bain, A., & Kelly, F. (2004, November).
Fair Internet traffic integration: network flow models and analysis.
In Annales des Telecommunications (Vol. 59, No. 11-12, pp. 1338-
1352). Springer-Verlag

Queija, R. N., Van den Berg, J. L., & Mandjes, M. R. H. (1999).
Performance evaluation of strategies for integration of elastic and
stream traffic




<<
  /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


