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ABSTRACT

We analyze the behavior of multimedia IP traffic
running over an ATM network following the CIOA
(Classcd IP and ARP over ATM) approach. We propose
to apply the oncept of Expedited Forwarding Per Hop
Behavior (EF PHB) within the Internet segments. EF is
one of the medanisms proposed by the IETF for
Differentiated Services on the Internet. In our proposal,
EF is applied within the Internet routers at the IP layer
combined with the ABR feedback information from the
ATM network. In this gudy we are using redigtic traffic
model s to achieve more acaurate results and conclusions.

1. INTRODUCTION

oday, the accderated Internet development and the

much more demanding services required by the
network users have driven usto look for ways to provide a
better service than the best-effort service traditionally
offered by the Internet. Usually these new services are
requested by multimedia applicaions, which have srict
requirements for delay, lossratio and bandwidth.

In this gudy we analyze the behavior of multimedia IP
traffic, running over an ATM network. We use the
approach described in the CIOA (Classcal 1P and Address
Resolution Protocol over ATM) proposal [10]. This work
focuses on a Virtual Private Network with users running
multimedia gplications. Since we are dealing with red-
time traffic, we propose to apply the concept of Expedited
Forwarding (EF) Per Hop Behavior (PHB) [6] within the
Internet segments. EF is one of the mechanisms proposed
by the IETF for Differentiated Services (DiffServ) on the
Internet. We sdeded this DiffServ approach in order to
build an end to end service for the aggregate traffic with
low losses, low latency, low jitter, and assured bandwidth
through a private network.
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2. MODEL DESCRIPTION

We are asaiming the presence of |P traffic streamswith
different QoS requirements, represented by voice video,
and data (FTP). EF in our modd, as an addition to the
CIOA, consigs of a mechanism a the IP level that
controls what kind of traffic goes first into the ATM
network. As CIOA indicates, the traffic between two
Logical IP Subnetworks (LIS) neeals to go through an
intermediate Internet router, which will be the one to
perform the address resolution function. This means that
the end wsers cannot use ATM connedions aone. Thisin
turn implies that the bandwidth guarantees given by the
ATM connedions are lost on those non-ATM links. Thus,
we ae applying EF to al eviate this weaknessin the CIOA
and to increase our chances of satisfying the multimedia
traffic requirements.

ABR-compatible ATM switches work by sending
feedback information to the service users natifying of the
maximum rate & which they should transmit information
(known as the Available Cell Rate — ACR) in accordance
with the arrent switch state [5]. That is ACR is
dynamically changed between Minimum Cell Rate (MCR)
and Peak Cdl Rate (PCR), according to the available
bandwidth in the network after servicing the background
(VBR and CBR) traffic. As shown in Figure 1, EF is
applied within the router at the IP layer combined with the
ABR feedback information from the ATM network.
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Figure 1. Model implementation



We pursue the foll owing dbjectives.

* Anayze the behavior of a Clasdcd IP over ATM
network when there ae multimedia gplications
running on it.

» Determine the minimum bandwidth requirements for
the ATM connedions to satisfy the demands from the
applications, based on delays, losses and throughput.

e Show how applying the Expedited Forwarding
medhanism at the IP layer can improve the service for
applications with very dtrict time @nstraints and loss
ratios, such asthose in multimedia gopli caions.

» Useredligtic traffic models to achieve accurate results
and conclusons. We mmpare the use of alpha-gable
sdlf-similar VBR background traffic againg Poison
VBR background traffic.

EF proposes that the minimum departure rate for the
high-priority traffic needs to be independent from the
intensity of other traffic [6]. In order to accomplish this,
and aiming at keegping our proposal as simple as posshle,
we use Priority Queuing Schedule. To avoid the starvation
of the lower-priority traffic (as requested in [6]), we ae
implementing a threshold mechanism to limit the damage
that the EF traffic could inflict on the competing traffic.

Since CIOA proposes the use of the ABR service to
transport IP traffic, we follow that indication. This
proposal is due to the fact that ABR has a feedback
congestion control and minimum-cdl-rate guarantees, and
because it has a lower cost than VBR and CBR services.
The UBR serviceis not considered as an option because it
does not have minimum-bandwidth guarantees or a
congestion control mecdhanism, which can result in a very
poar performance

In order for our study to be more redigic, we are
performing tests using background VBR traffic in the
ATM segment to see how it affects the behavior of the
multimedia traffic that is using the ABR service ABR is
inevitably affeded by the intensity of the VBR traffic,
sincethe latter has ahigher priority.

Fird, we are going to determine the minimum amount
of resources (bandwidth) that a multimedia gplication
would neeal from an ATM connedion aloneto achieve the
corred levels of delay, lossratio (for voice and video),
and throughput (for FTP data).

Then, we run simulations with the whole CIOA
configuration, adding the EF functiondity, and using the
parameters oltained in the first part of the experiment. In
this gep, the network is composed o two Logica IP
subnetworks. Our goal hereis to test how the presence of
the intermediate router affeds the behavior of the different
applications, and to see if the values for minimum
bandwidth okltained in the firs part were suitably
determined.

We are using realistic traffic models for the multimedia
traffic (voice video and FTP data) and aso for the
background VBR traffic in order to achieve more accurate

results and conclusions. For video we use a source that
reproduces real MPEG traces [2][13]. Our voice traffic
generator is based on [8][12], and consigts of a two-state
Markovian modd usng G.729A compresson. For FTP
traffic, we implemented a Pareto-modul ated ON/OFF data
source from [11]. Finaly, for aggregate VBR traffic, we
are using an alpha-stable saf-similar traffic model taken
from [3]. For comparison purposes, we aso include
smulations using VBR traffic modeled as a Poison
process It is important to say that, bath the self-similar
and the Poison VBR background traffic have the same
mean rate, 17 Mbps, to make afair comparison of how
both sources affed the performance of the ABR
connedions.

3. MODEL CONFIGURATIONS
To anayze the first scenario, we ae using one of the
standard ABR test configurations defined by the ATM
Forum. We ae using the two-node configuration since we
nedl to have a battlened in which the network bandwidth
changes dynamicdly, according to the demands from the
background VBR traffic, as shown in Figure 2.
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Figure 2. Two node configuration

In this part of our work, we consider the case of a
router concentrating traffic from different sources (video,
voice and control and FTP data) and sending them as a
single traffic stream through an ATM ABR connedion.

The users run video over IP, voice over IP and data
over IP. They ask for a minimum service rate, based on
the corresponding traffic characteristics.

As mentioned above, the oljective of this experiment is
to seewhat is the minimum amount of resources that need
to be reserved in order to cary the traffic across the
network without violations. At the same time, we want to
compare the performance achieved with and without using
EF.

Wewill fallow threedifferent approaches:

(@ All the types of traffic receive the same treatment at
the IP layer withou any discrimination.

(b) The Expedited Forwarding medchanism is applied at
the IP layer, giving two dfferent priorities: higher
priority for voice and video, and lower priority for
FTP traffic.

(c) The Expedited Forwarding medchanism is applied at
the IP layer, giving dfferent priorities to each traffic
flow (voice, video and FTP data).

We are running the above-mentioned scenarios for
threedifferent cases, each asaiming respedively:



(1).  No VBR backgrourd traffic in the network.

(I1). Poison dstributed VBR background traffic in the
network.

(I11). Alpha-stable self-similar VBR background traffic in
the network.

As the semnd step, we propose the @nfiguration
depicted in Figure 3 as our basic CIOA network,
according to [10]. The objedive here is to test the
applications  behavior between two Logica I[P
Subnetworks with arouter in between to seeif the overall
behavior is improved hy applying the Expedited
Forwarding mechanism.

The importance of implementing and analyzing this
configuration lies on the fact that we are testing all the
elements used in the Clasdcal IP and ARP over ATM
approach. This is a modified version of the two-node
configuration mentioned above, in which the router
spedfied by [10] has been added between the two
subnetworks, and the number of users has been increased.
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Figure 3. Two-LIS configuration

Similar to above, for this configuration we ae going to
run three @ses:

(d) All the types of traffic receive the same treatment at
the IP layer withou any discrimination.

(e) The Expedited Forwarding mechanism is applied at
the IP layer, giving two dfferent priorities. higher
priority for voice and video, and lower priority for
FTP traffic.

() The Expedited Forwarding medchanism is applied at
the IP layer, giving dfferent priorities to each traffic
flow (voice, video and FTP data).

4. SIMULATIONSPARAMETERS
We use the values shown in Table | for the
reguirements on delay and loss rate for voice and video,
according to [9][4][8][ 7].

Table I. Video and voice restrictions

Delay L osses
Voice 112ms 10°
Video 150ms 10

We asaime al100-kilometer distance between the end
systems and the switch, so we apply a delay of 0.0005
seconds. The distance between the switches is asaumed to
be 1000 klometers, so thereisadday of 0.005 semnds.

In our simulations, ABR and VBR traffic share a20-
Mbps link. That link capacity is assimed to be available
after servicing CBR users.

Since we use long-range dependent traffic sources
(such as the Pareto-modulated ON/OFF and the sdlf-
similar sources), for which the statistics converge slowly,
we use a 1000-seaond simulation time.

All of our models were aeated and exeauted using the
OPNET damulation tod.

5. RESULTS

(). NoOVBR BACKGROUND TRAFFICIN THE NETWORK

Fird¢ we ae going to discuss the results obtained
without using background traffic on the network. The next
two graphs $ow the voice and video losses versus the
Minimum Cell Rate requested for the ABR connedion.
The losses in these tests are due to packet rejedion at the
recever because of an excessve end-to-end delay. We @n
seein the ase of voice (see Figure 4) that a 1-Mbps MCR
is enough to satisfy the voice loss requirements if we
apply the threepriority EF medanism, but we need more
than 1.3 Mbps to achieve the required performance
without using EF. For video, we @n notice in Figure 5
that, due to a dricter requirement for losses, we need 12
Mbps to carry the video application through the network
without violations when ether verson of the EF
medhanism is applied. We can adso doserve that, without
using EF, we ned at least 1.5 Mbps as the MCR for the
ABR connedion. Thus, the minimum bandwidth required
to have both appli cations (voice and video) work properly
interms of lossesis 1.2 Mbps.
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Figure 4. Voice losses vs. bandwidth
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Figure 6. Voice mean delay vs. bandwidth
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Figure 8. FTP Throughput / offered load vs. bandwidth

The Expedited Forwarding mechanism, as shown in
Figures 6 and 7, deaeases the mean delay by up to ~12%
for voice and up to ~4% for video packets. This
improvement in the mean delay may not be particularly
gred, but the alvantage of using ER, as described above,
is the obtained reduction in the number of packet losss by
abating the existence of individual packets with excessve
delay.

A very important result is that FTP (data) traffic is not
being dramatically affected by the applicaion of the EF
medhanism. The metrics used to evaluate the service given
to the data traffic are i) the ratio of the throughput to the
offered load, and ii) the goodpu, defined as the ratio of
the number of useful packets (excluding retransmissons)
to the total number of successfully transmitted packets.
Thus, we @n seein Figures 8 and 9 that, despite the
preferential treament given to the real-time traffic, the
data performanceis not greatly degraded.

From here we @n observe that the overall number of
packets transmitted, with and without EF, is roughly the
same (a few packets are actualy lost because of buffer
overflow). What changes, mostly, is the order in which
packets are serviced, which introduces an additional delay
to the data packets. The data traffic is essntialy
insensitive to these etra deays, except for the
(fortunately few) cases in which they cause TCP timeouts
and retransmissons.

Another conclusion that cen be drawn from these
results is that there is no significant difference between
using the EF medhanism with two o threepriorities.

Video Delay
0.045

0.040 +

)

0.035

o
=3
@
S

Delay (sec

0.025

0.020 T T T T
1 11 12 13 1.4 15 16

ABR Connection’s Bandwidth
---E}-- Using EF three priorities —a— Using EF two priorities — -0- — Without EF

Figure 7. Video mean delay vs. bandwidth
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Figure 9. FTP goodput vs. bandwidth

(I1). PoISsON DISTRIBUTED VBR BACKGROUND TRAFFIC.

Based on the previous results, we seled a MCR of 1
Mbps and a PCR of 1.5 Mbps for the ABR connedion.
We ran this simulation adding VBR background traffic
modeled as a Poison processwith a mean arrival rate of
17 Mbps.

As down in Figure 10, the performance of all three
packet-forwarding policies was acceptable for the voice
users in terms of losses, as expeded. However, we @n
also see that the use of EF dramaticdly improved the
voice performance in terms of this metric. Under these
conditions, no video losses were observed with any of the
packet-forwarding policies.

Figures 11 and 12 show the mean delay for voice and
video applications, respedively. It can be observed that
the values are notably below the respedive maximum
allowed values. It can also be seen that there is no
significant improvement when EF is used, similar to what
happened when no background traffic was running
throughthe ATM network.

As regards the FTP (data) traffic, our results revealed
that there is no important difference whether we apply the
EF mechanism or not, as shown in Figures 13 and 14 The
conclusion from these tests is that the IP red-time
applications are not sggnificantly affected by the asamed
load of Poisson VBR background traffic. To be more
spedfic, our results show that, in the worst case, the ABR
bandwidth (ACR) was reduced from 1.5 Mbps (requested
PCR) to 1.475 Mbps, which shows that the Poisson
background traffic only takes a very small amount of the
bandwidth from the ABR connedions.



Voice losses comparision, with Poisson background traffic
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traffic
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(I11). ALPHA-STABLE SELF-SIMILAR VBR BACKGROUND
TRAFFIC IN THE NETWORK.

In this part of our experiment, we assume that the VBR
background traffic behaves as an alpha-stable self-similar
process with the same mean arival rate as the one
asauumed in part |1 (17 Mbps). We a so use the same values
asuumed in part Il for MCR and PCR (1 and 1.5 Mbps,
respedively).

As Figure 15 shows, the use of EF dramaticdly
improved the performance of the voice applications,
deaeasing the losss. However, in this case the voice
application has an acceptable performance even without
the use of the EF mechanism. The voice mean delay is
marginally reduced by the use of EF, as siown in Figure
16.

Figure 17 indicates that there ae violations to the
acceptable number of video losses when we do not apply
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Figure 11. Voice delay using Poisson background
traffic
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Figure 13. FTP throughput / offered load using Poisson
background traffic

EF. With the EF medanism, on the other hand, either
with two o three priorities, the number of video losses
fals dramatically (down to 0), allowing the transport of
the video applicaion without violations. As for the video
mean delay, we noticea dight decrease when we apply the
EF medchanism (seeFigure 18).

Once again it is clea that, without the EF medianism,
when a large FTP burst goes into the network, it affects
diredly the video and voice packets that follow by greatly
increasing their delay and causing loses. The EF
mechanism, when used, causes a reduction in the voice
and video peak delay values at the expense of enlarging
FTP delays. The FTP packet transmisgon, however, is not
noticeably affeded by this procedure, as described below.

Regarding the FTP data packets, the achieved
throughpu is equal to the offered load (ratio is 1), as
shown in Figure 19. We also oltained very high values for
the Goadpu, as e in Figure 20. Again, these results are
dueto theresilience of FTP to longer delays, as compared
to video o voice applicaions, aslong as they do not cause
too many TCP timeouts. This is also an indication that,
under these mnditions, there is a friendly association
between TCP and the EF/ABR medanism.

If we compare the results from this sedion and sedion
II, we seethat the redlistic alpha-stable self-similar VBR
background traffic interacts much more strongly with the
ABR traffic than the Poison traffic. This shows us that
the common tendency of simplifying the traffic models to
achieve easier and faster results can cause for the obtained
conclusions to be completely inaccurate.



Voice losses comparision, using Alfa-stable traffic
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Figure 17. Video losses using alpha-stable background
traffic
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Figure 19. FTP throughput / offered load, using alpha-
stable background traffic

(IV). RESULTSWITH TWO LOGI CAL | P SUBNETWORKS

These results have been obtained in owr last scenario,
running five multimedia users on the network. Once again
we @n see how the requirements for voice are well
achieved, regardless of whether or not we apply the EF
medhanism. In Figures 21 and 22 we @n seethat the voice
losses and voice delay are within the permitted limits, and
we @n aso notice that there is an important deaease in
voicelosses when EF isapplied.

On the other hand, we notice that the EF medhanism is
esential to avoid violations of video requirements.
Without EF, the video losses exced the limit for a good
performance (seeFigure 23). We can dso seethat, in this
case, using two o three priorities in the EF medanism
works equally well for video applications.

In this case, asin most of the others, there is only a
small reduction in video delay when we use EF, as can be
appredated in Figure 24.
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Figure 16. Voice delay using alpha-stable self-similar
background traffic
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Figure 18. Video delay using alpha-stable background
traffic
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Figure 20. FTP goodput using alpha-stable
background traffic

FTPtraffic hasavery good performancein terms of the
ratio o the throughput to the offered load because of the
TCP eror-recovery actions, but we @n see how the
goodpu parameter deaeases to 96% (see Figures 25 and
26). Thus, we can say that EF affects marginaly the FTP
goodpu, but still within very acceptable limits.

6. CONCLUSIONS

»  We found that the EF mecdanism, which is applied at
the IP layer, improves the performance of voice and
video applications running on an ATM ABR
connedion, deaeasing packet losses.

» The EF mechanism does not reduce significantly the
mean delay for voice or video applications, but avoids
instead the existence of excessve delay for individual
packets. This is the main reason why voice and video
losses are deaeased, since itismuch morelikely for



Voice losses using two Logical IP subnetworks
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Figure 21. Voice losses using two LIS
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Figure 25. FTP throughput / offered load, using two LIS

the packets to arrive in time & the destination, thus
avoiding being discarded.

* Asexpeded, the EF mechanism marginaly affedsin a
negative way the FTP goodpu, but keeing an
acceptable FTP performance We can say that there is
a friendy assciation between TCP and the ABR/EF
medhanism.

* There is no significant difference between using EF
with two o three priorities. Thus, we reammend the
use of two priorities, becauseit issimpler.

* Theoverall conclusion isthat EF saves bandwidth and,
at the same time, improves the network performance
when transporting multimedia traffic.

* By comparing the system performance when the
background traffic behaves as an alpha-stable saif-
similar process and when it behaves as a Poison
process we @n see that there is a dgnificant
difference This in turn implies that simplifying our
models in order to oldain easier and faster results can
cause for the mnclusions drawn to be completely
inacaurate.
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Figure 22. Voice delay using two LIS
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Figure 24. Video delay using two LIS
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Figure 26. FTP goodput using two LIS

In the Classcal IP over ATM approach, in which
separate logical IP subnetworks need to use an
intermediate router in order to communicae, the
proposed ABR/EF mecdhaniam ill maintained a good
performance The goodpu for non-red-time
applications, such as FTP, was marginally affected, but
till within acceptable li mits.
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