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ABSTRACT

When providing end-to-end QoS (Quality of Servitkg provider of
the service states to each network provider theuainaf QoS traffic
in the form of traffic descriptor. Nonetheless, thefile of the QoS
traffic may deform by multiplexing in successive nuEins
invalidating the traffic descriptor. Therefore, dying traffic profile
deformation in the domains results crucial in QeSworks.

This paper presents an exhaustive study of Poisaffit within the
Géant network, when the traffic is sent as higloar priority traffic.
These studies try to give guidelines of the rande pmfile
deformation in large-scale core networks for Qo®lé@mentation.
The characteristic of the traffic studied is théf-semilarity of the
traffic, since self-similarity in Poisson-in-origitraffic indicates
burstiness for larger time scales, what may causexpected
dropping of packets in the policer.

Categories and Subject Descriptors
C.4 [Computer systems organizatiohPerformance of systems —
design studies, performance attributes.

General Terms
Network, Performance, Design

Keywords
QoS, self-similarity, Traffic descriptor, Poissaaffic, Performance
Evaluation

I. INTRODUCTION
The transmission with assured end-to-end QualitySefvice
(QoS) requires a Service Level Agreement betweens#rvice
provider and each one of the network providers, ctvhare
involved in the end-to-end transmission. We todk épproach in
the framework of the 6FP IST EuQoS project [7]. Theffic
descriptor (TD) tries to delineate the traffic plfand it is the
technical base of the negotiation between servitd r@etwork
providers. The network providers may check whethertraffic at
the entrance of the domain agrees with the negdtisg¢rvice. At
the network level, this is accomplished by intradgca policer in
the ingress router to discard the abusive traffic.
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Nonetheless, the profile of the traffic submitted successive
domains may change because of multiplexing witteottaffic;
consequently, the traffic profile may be not in @ence with
the original TD and the policer may unexpectedlypdpackets.
This increases the presumable Packet Discard RRD&R) [17]
and reduces the quality of the transmission hazgrdin this way,
the QoS expectations.

Whereas profile deformation has been well studiedaécess
networks [2], the core domain has not been geryecalhsidered.
In this paper we studied the Géant network, whidfills tasks of
core network in several European projects. Spedific we
analyzed the profile deformation within the Géargtwork
suffered by the aggregated traffic. Notice tha¢ Boisson model
is one of the traffic models for the aggregatedfitrd14], [16],
which is specially appropriate for high priorityffic.

The steps of the analysis were the followigetion Il presents
the measurements and analyzes the results of theriments
centering on self-similarity of the traffic as paweter of profile
deformation. For the analysis, we introduced a hawethod to
check stationarity of the samples. Section 11, the file with the
measured samples of the arrived traffic was useihinlations to
check whether this traffic provoke longer queuesitthe original
Poisson traffic. This was the final proof to chedkether packets
of the aggregated traffic may be unexpectedly dedpp the
policer. The paper is closed with the conclusionSection IV.

The Géant network

The Géant network has been used as an effectiletdorarry
traffic with QoS guarantees, since Géant networgléments a
QoS configuration based on DiffServ architectur@] dAnd almost
all the routers within the network are QoS cap§ble

With the aim of separately treating the differemds of traffic,
the Géant network implements the so-called servidgg
submitting the different flows to different serviceve expect that
the traffic will receive different level of transfédelay, loss ratio
and jitter) [11], [12]. Three different serviceseamplemented
into the Géant network. These are:

(1) Premium IP service provides relative QoS guarantees by

ensuring higher priority service in all the schexdlsl This service
is directed to real time traffic with requiremerts delay, jitter
and loss rate.

(2) Best effort service does not provide any QoS guarantees and

by using this service, the traffic is simply traarséd as well as
possible. This service is the default one and @dsgised for non-
real time traffic.



(3) Less than Best effort service is the last and lowest priority User A generated Poisson traffic directed to Usése® Fig. 11.1)
service. The traffic submitted to this service uke network with rate equal to 100 packet/s and packet sizalequl00 bytes.
resources (bandwidth), which have been not usatidogther two The traffic was marked a®remium IP traffic and, in the
services. Théess than Best effort service is used for traffic with following test, asBest effort traffic. Remark that, before using
low priority and large amount of information. Premium IP service, we were obliged to send the requestédo th
In the proposed scenario for the tests, we sentraffic by using system and, after affirmative response, the tratff@msmission
the Premium IP service and th8est effort service. When we sent could initiate. User A transmitted the packets bing UDP as the
the traffic by theBest effort service, this traffic was mixed with transport protocol. Although the self-similarity shabeen
the rest of traffic transferring the Géant netwdrkthe case when especially studied with TCP traffic, it has beesoadtood out that
we sent the traffic aBremium IP traffic, then the traffic received the burstiness experienced at short time scalesldmgsrange
a better treatment against the rest of best effaffic in the dependence even when the traffic is carried byub® protocol
network. [15].

The study of self-similarity requires a big quantitof
measurements to investigate the traffic at differfime scales.
Because of this, the experiments counted, at ld&tarrived
packets. The tests lasted several hours.

The self-similarity we studied by calculating therkt parameter
H of the series of measurements. Values of Hursameter
between 0.5 and 1.0 shows self-similarity, the muear to 1.0,
the more self-similar is the traffic [8]. In thisse, the traffic is
long-range dependent (the values of autocorreldtioincreasing
lags tend to zero so slowly that their sum doe<onverge).

To calculate the parametkelr of the measured traffic, we applied
the graphical R/S analysis, which determines if theasures
asymptotically behave as self-similar traffic [9]he graphical
R/S analysis is used to support the behavior sHoyhe graphs,
which indicate the self-similarity. The R/S anaty&iases on a
heuristic graphical approach [13]. In fact, to cédte the value of
H, it would be necessary the complete time seridsctwis not
possible.

Even when we did not know the traffic conditionstibé Géant
network, we assume that the Poisson traffic subthitb the
Premium IP service would suffer considerably fewer deformatio
than this one submitted to tlBest effort service. The differences
in traffic profile deformation should increase whie best effort
II. END-TO-END MEASUREMENTS traffic increases in t_he_ ne'Fwork. Anyway, t_he ctiotis on the
As mentioned above, we were interested in invettigathe network should t.’e S|r.n|lar.|n both the experimeliie goulq not
traffic profile deformation of aggregated traffigbsitted to high be sure about this point since we do not contmltthffic within

and low priority service in the Géant network. Waniered on the_lGea_\rnt net\f/_vorktht_)ut V\.’et Etlﬁsulmle; that t_he Coggltenzeeta
Poisson-in-origin, i.e., the ingoing traffic to tBant network is simiar. ot(t:k?n |tr)m tis pomf, eh T tvvasdplngl-sl; ith tc;L
generated by a Poisson process. service) at the beginning of each test and we iedrithat the

Fig. I.1 presents the measurement test bed wlinhects access results were very similar confirming _the same nemnditions.
networks of two research centers, namely Universitditecnica Moreovgr, the tests were repeated in dlffe_re_nt c(éylx_;mes) and
de Catalunya (UPC) and Warsaw University of Techggl we realized that the results were very similars tleads us to
(WUT). The access networks were connected by thanGéthinkthat the tests are independent of the networiditions.
Network and the National Research Networks (NRN)Sain In Fig. 1.2 one may observe the self-similarityerid of the
and Poland Premium IP service traffic. As we may see, there is no redeon
We avoided any other traffic in the peace of pdtilraged in the suspect self-similar behavior, SO we did not pmdhe RIS
universities (WUT and UPC) during the tests. Thiaywthe analysis and accepted that this traffic has nonfaror) self-

traffic profile deformation was solely due to theaffic similar behgvior aﬂertraqsferring the_ network._ ) .
multiplexing in the Géant Network (except for thétle The behavior of théremium IP traffic shown in the figure is

smoothing in the profile due to links at the acam®ains). very near to the Poisson traffig. We may C(.)ndlmn the tr.aff.ic

profile does not suffer excessive deformation wtten traffic is
212191224142 04.88.811 carried byPremium |P service.

UPC Fig. 1.3 shows self-similarity behavior of the iaed traffic

transmitted without priority Best Effort service). The graphics

show possible self-similar behavior of the trafidecause of this,

we applied the graphical R/S analysis, which deiteem if the

measures asymptotically behave as self-similaficri].

Self-similar traffic

The measured characteristics of tReemium and Best effort
Poisson-in-origin traffic were related with thefsahmilarity. We
are interested in self-similarity because it hasnbdemonstrated
that the queue length is very sensitive to thesatflar behavior
of the traffic [15]. As known, the Poisson traffi bursty for a
time scale of range equal td\Jdnd it is not bursty for other time
scales. Whereas, if the Poisson-in-origin traffie.(traffic that
originally was Poisson and whose pattern changesr af
transferring the network) is self-similar, thensthraffic is also
bursty for other time scales different té.1More bursty traffic
may cause, in the policer, more losses than exgpeitte the
original Poisson traffic described by the TD.

The self-similarity has been largely investigatédhe first of the
nineties [3], [4]. The studies, which resulted vencouraging at
the first time, have fallen into oblivion due tackaof valid and
simple models, which introduce self-similar behavidoreover,
some studies have contradicted the most interestiesjs of the
early studies of self-similarity returning modifiesld network
traffic models [14]. Anyway, understanding wheradfic is self-
similar results very interesting to forecast ithdaor within the
network.

Mgenv.4.2

User 2 Ajl thelinks in UPC and WUT have 100 Mbps UserB

Fig. 11.1 Scenario for measurements
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Fig. 1.2 Synthesized arrived traffic submitted to Premium
| P service

As known, for a given set of measuremertis iE1.N), with
averageh(N) and standard deviation I the value of R/S is
given by the formula (1):

R _ max{0,w,..,wy} —min{0,w,..,w}
S S(N)

Wherew is defined by (2):
=(h+h, +..+h)-kxa(N), 2

The Hurst parametet is determined by the tendency ofREH
whenN increases, as indicated in the formula (3):

E[R/S]ON",

1)

k=1..,N

asN - o« 3)

For our measurements, the value of REj as N increases is
presented in Fig. 11.4. We calculated the two pastems A, H) in
the functionf(N)=AxN" as follows:

200

—
——

150

100 -

50

Arrived packets[pkts ]

0 1 1 1 1 1
13:37:35 13:37:45 13:37:55 13:18:05 13:38:1513:38:251 [hh:mm:ss]

2000

1500

1000

500

Arrived packetsjpkts.]

o 1 1 1 1 1
13:35:10 13:36:50 13:38:30 13:40:10 13:41:50 1343:30t [hh:mm:ss]

20000

15000

10000

5000

Arrived packetgpkts.]

0
13:00

200000

T T T T T
13:17 13:33 13:;50 14:0€  14:23t [hh:mm]

150000

100000

50000

Arrived packetqpkts.]

0
12:10

14I:57 17I:44 20I:30 23::12 02I:04 t [hh:mm]
Fig. 11.3 Synthesized arrived traffic submitted to Best

effort service

The measurement samples make up a function, wherseative
may be approximated for each valueMfas the tangent of the
straight line between adjacent measurement samglbese
values of the derivative (for each measuxeexcept the last one)
make up a function which should be similarf toN)=AxHxN"".
We used the method of least squares to find the rappropriate
parameters. The other necessary function to finth bibe
parameters we found equalifi@l=1.2x16)=104.43, which is the
first measurement sample.

The results showed a valtieequal to 0.67 for traffic carried by
the Best effort service.

The low priority traffic had more stressed self-#&mbehavior.
This is in accordance with other studies that 8et-similarity in
best effort traffic [5]. Self-similarity is not

observed in high priority traffic since this traffis not influenced
by the longeBest effort queues.

Since the measurements were performed during atéyng (until
15 hours for one test), one could ask if the resale not the



product of non-stationarity. It means that nonistetry behavior
of the network might provoke, by oneself, burststraffic. For
example, in an European quasi-closed environmethea&éant
network, the night traffic is smaller and the peaKstraffic
decrease. Other causes for non-stationarity maythbesame
source, but the source’s computer is only dedic&tedenerate
traffic and no other processes are active; so wer@o reasons to
suspect non-stationarity in such source.

To investigate whether the results might be prodofctnon-
stationarity due to cyclic nature processes (as beyight and
day traffic), we proceeded as follows: we generafdd-OFF
traffic, which was sent from User A to User B (sEig.

traffic found much emptier queues. So, we may aaielthat the
presented results were non stationary due to dgytriyclic
process.

This conclusion might raise doubts about the setftarity of the
traffic. Nonetheless, the self-similarity is alsbserved for only
day hours (see Fig. I.3), it means that, if wektamly day
measurements, the traffic would behave also witlfisgmilar
characteristics. In the previous section, we cated the Hurst
parameteH considering samples from both day and night times.
When we calculated the Hurst parameter consideoiny day
traffic (the measurements during 5 hours, from Q2i6til 17:00),
then the value ofH decreased only untiH=0.63, i.e. self-

11.1) by theBest effort service. In the User B, we measured thaimilarity remains.

length of the ON periods, If there is no statiotyarin the
network, then the length of the ON periods remaosstant in
time. If cyclical processes exist in the netwoher the length of
the queues along the path are more variable dheagily loaded
periods of time and the length of the ON periodsults more
variable.

ERY
1.85x1¢
1.7x16
Measure E[R'%le_
15516 *f(X)=0.08N "
1.4x16
6 246 346 46 546 N

Fig. 1.4 E[R/S] asN—w and calculation of
Hurst parameter H

The OFF period should be much greater than the &fbgs to

clearly distinguish, in the arrived traffic, whehet ON period
finishes. In our case, the ON and OFF periods weterministic
and equal to 1 and 5 seconds, respectively.

To calculate the variability of the length of theN@eriods, the
following steps were taken: we measured in the Bstre length
of each ON period and grouped these measuremeitigls of

100 samples, which arrived to the User B duringrifutes (the
length of ON periods together with OFF periods vasaverage,
6 seconds). Afterwards, we calculated the varidnsele these
trials. Fig. 1.5 shows the variance of the trials.
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Fig. 11.5 shows that the variance changed in titnethe night
hours, the variance of the ON periods decreasealisecthe night

. SIMULATION RESULTS

In this paragraph, we investigate whether the burssipeovoked
by the profile deformation in the Géant network vsigessed
enough to provoke unexpected drop of packets byptieers
situated at the ingress of the next domain. Fa thirpose, we
introduced the file with the measurement sampRreniium IP
andBest effort traffic) in a simulation scenario with one proaass
with deterministic service timetp, and infinite queue. We
compared the queue length with the M/D/1 systerh wie same
service timetp and arrival rate.=100 packet/s (as the measured
traffic). If the queue length distribution of theeasurement file
scenario was longer-tailed than the M/D/1 systémentwe should
conclude that the policer would drop more packeds texpected.
In the simulationsf, could take any value but it had to be the
same for all the simulations. We choge 0.008 s/packet to
obtain a value of load in the systepr0.8. The queue was
“observed” when a new packet arrived to the qu&tese are the
values presented in Fig. Ill.1, which shows queargth values
for the Best effort traffic, Premium IP traffic and M/D/1 system.
The two sub-figures of Fig. Ill.1 represent the sadiistribution
curve, but the top sub-figure shows the low valokthe queue
length (until 20 packets), instead the bottom sgbré represents
the tail of the distribution (more than 40 packagigue length).

=
=3

Histogram [% of measured sampl

0§ 4 M/D/1system
2 * B Premium IP traffic
10 [
% N Best effort traffic
0 2005 000sss00s0e |
it
0 5 10 15 20 Qjeue eng
[packets]
0.012
=%
£
©
0
8 0.009
=
=]
7]
©
2 # M/D/1system
£ 0.006
‘5 ¢ m Premium IP traffic
3 n
s * Best effort traffic
E 0.003 L
g t
=4 L]
g i,
L
T 0 ,‘,_,_,_‘_'—,7.7'7.4
Queue lengt
20 42 44 16 48 50 [packets]

Fig. 111.1 Queue length distribution of arrival packets



In Fig. lll.1 (bottom) we may see the long rang@etedence of
the Best effort traffic, since the distribution decreases morevlo
than exponential M/D/1 curve.

Table lIl.1 presents the values of mean queue lefigt each
traffic, as well as the values of queue len@hfor which the
queue was longer thapwith a probabilityp. The values op=10

% andp=10* are typical for QoS traffic.

TABLE Ill.1. MEAN VALUES OF QUEUE LENGTH AND QUEUE LENGTH FOR

WHICH THE QUEUE WAS LONGER THANQ WITH A PROBABILITY 10° AND 10*.
M/D/1 PremiumIP Best effort
Q [packets)  Q [packets] Q [packets]
Mean value 1.61 1.49 1.52
P(g>Q)=1C 14 11 12
P(>Q)=10" 40 34 37

For typical values of loss ratio in IP QoS networke valueQ of
the M/D/1 system is longer than for tBest effort or Premium IP
network. This means that fvemium IP and noBest effort traffic
would suffer unexpected drops in the policer, whics prepared
to accept Poisson traffic with the same rate. Nbs, for low
values ofp, we can approximate the val@to the value of the
policer's queue length (finite queue). The causesmay find in
the fact that the traffic transferring the netwoekperiences
smooth of the profile due to service time in thestecand link
capacities. This way, two packets cannot arriveth@ same
moment as it may occur in the pure Poisson traffitD/1
system). We may conclude that the smoothing expeeid by the
traffic in the links has more influence in the fiafprofile
deformation than the self-similar behavior of théa@t network.
In [6], Norros analytically compared the queue lbangf the
M/D/1 system with a model of one processor withedainistic
service time and arrival self-similar traffic. Thelf-similar traffic
was the fractional Brownian model for a Hurst cmééht equal
to %. Moreover, he provided formulae for the qudistribution
of this system SS/D/1 (SS is this particular cakeetf-similar
traffic). The mean of the queue length may be lorthan the
M/D/1 system depending on the parameters of thewBian
model. Anyway, Norros does perform a theoreticaldgtand
does not consider the practical effects of the ogtwinto the
profile deformation (smoothing and long-range dejggice). In
our measurement-approach, we may see the realt effethe
network in the profile deformation and we may cone that, for
typical (QoS-typical) values of policers, the aimiy traffic should
not experience more losses than expected.

IV. CONCLUSIONS

Before drawing inferences, we should warm that rémuilts are
taken from specific measurements in a concreteasiten

In our paper, it was demonstrated tRaemium IP traffic bears
fewer deformation in its profile than the traffiwhich transfers
the Géant network by using the low priority service

Other important conclusion is that the Poissorfitrafansferring

the network with théBest effort service, losses the Poisson shap&7]

and becomes self-similar. Self-similarity is notsetved for
Premium IP traffic, which preserves the short range depenelenc
By comparing the measurement samples with the MiDdtlel,
we wanted to understand whether the traffic aftemgferring the
network is more sensitive to dropping by the palidéne results
showed that the self-similar tendency of the teaficounteracted
by the smoothing of the network. A policer desigrieda drop

probability p in the case of pure Poisson ingoing traffic (for
values ofp in the range of work of QoS studies, i.e&nhd 1),
would not drop more packets when the ingoing traff the
traffic that transferred a network like Géant netye@ven if this
traffic was carried by thBest effort service.

Further studies should be directed to generalieerésults for
other networks and other Traffic Descriptors.
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