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Abstract

The TRAMMS project (http://projects.celtic-initiative.org/tramms/) has carried out intensive
work in two convergent areas:

1.Developing hardware and software tools for IP traffic measurement

2.Analysing access traffic and developing models for analyzing user behaviour.

This newsletter summarizes the main achievements of the second of the two areas. Most of
these have been already shown in different workshops, including the CELTIC event, and dis-
seminated in conferences and journals. IP traffic from both Spain and Sweden has been ana-
lysed. Traffic models for residential traffic are presented as well as content locality and round
trip time analysis. Trends in the parameters of general traffic have been investigated and com-
parisons have been done between the different regions. Previous newsletters and public project
documentation from TRAMMS can be found on the project web site.

Description of networks and measurements

Two municipal access networks in Sweden have been studied. The first network consists of
more than 2000 FTTH households, spread all over the city, representing many social and eth-
nic groups.

The second Swedish municipal network provides Internet access, IP telephony, cable TV and
IPTV for the residential and business segment over DSL and fiber.

The traffic measurements in Spain were performed in several networks. The Spanish fixed
network is an optical fiber based network with a FTTC (Fiber To The Cabinet) approach using
coax and copper in the last mile (hamely CMTS (Cable Modem Termination System) and
ADSL (Asymmetric Digital Subscriber Line)). Additionally, the Spanish network infrastruc-
ture is used for aggregating mobile traffic as well.

Measurements of residential traffic using cable modem, as well as GPRS/UMTS traffic
(mainly enterprise traffic) have been collected. In this case TRAMMS had the possibility to
measure in two different CMTSs, each of them hosting 10.000 subscribers. Regarding the
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GGSN measurement point, Internet traffic from around 250.000 mobile subscribers has been
gathered.

RedIRIS is the Spanish NARN (National Academic and Research Network). This network
interconnects and allows Internet access to more than 300 Spanish institutions, mainly univer-
sities and R&D (Research & Development) Centers. This network has been used for network
traffic locality studies.

User behaviour and application traffic load

The daily traffic profiles in the different networks under study are quite similar except for
some slight variations in peak hours between Spain and Sweden. In the Spanish CMTS net-
work the traffic volume is stable throughout the week (Figure 1) whereas in the Spanish
GGSN network there is more activity during the weekend (Figure 2).
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Figure 1, CMTS daily profile (Spanish network measurements from March 2008 and
March 2009, 23 days each month)
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Figure 2, GGSN daily profile (Spanish network measurements from March 2008 and
March 2009, 23 days each month)

TRAMMS Public Newsletter No 7 2



A detailed analysis of the activity of the users shows that in the Spanish CMTS network the
number of subscribed users that had any activity has slightly increased when comparing
March 2008 and March 2009 (around 9%). However, in the Spanish GGSN network the in-
crease has been very significant, around 52%, reflecting the fact that the penetration of Inter-
net access in mobile broadband devices is ongoing. The average bit rate per active user re-
mains stable in the Spanish CMTS network (only 3% increase), in contrast with the GGSN
network, where an increase of 35% has been registered, probably due to the increasing popu-
larity of the flat rates and wider availability of 3G terminals.

Looking at the first Swedish municipal network, in Figure 3 you can observe that the outbound
traffic is substantially lower in Sep 2009 compared to Sept 2007 due to the IPRED directive as
discussed below while the inbound traffic has increased in 2009 compared to 2007.
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Figure 3, Daily profiles for September 2007 and September 2009. The traffic data has
been normalized to the number of active households.

P2P file sharing applications are still generating a huge amount of the traffic, although it is
decreasing in favour of streaming traffic (both audio and video streaming) and gaming. We
have shown how the traffic was affected by the Swedish enforcement of the European IPRED
directive, with a dramatic decrease in traffic on the 1st April 2009, and a slow growth after
that, resulting in the loss of approximately the equivalent of one year of traffic growth. Appli-
cations are grouped in categories, both for the Swedish (Figure 4) and Spanish (Figure 5) net-
works. The same trend can be seen in Spain as in Sweden, that the relative share of file sharing
traffic is going down, but is still dominant, giving more space to especially streaming multi-
media traffic.
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Figure 4, Traffic mix comparison in the Swedish network in the downlink direction, per-
centage of total traffic. Data for fiber customers is compared for September 2007 and
2009. Data for DSL customers is compared for May 2008 and 2009.
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Figure 5, Traffic volume comparison in the GGSN Spanish network for March 2008 and
March 2009 (23 days, “others” include the rest of the traffic excluding the category “un-
known”)

Subscribers have been clustered according to their usage of applications and their generated
traffic volume (Figure 6). The number of used applications per household is seen to be quite
large, and this number has increased dramatically over the course of the project. Top 10 % of
the households in the Swedish fiber network are totally dominant in bandwidth, and the 90 %
bound of households generate an amount of traffic equivalent to downloading 2 full length
movies per day on average, slightly more in uplink.
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Figure 6, Subscribers in the Swedish FTTH network 2009, number of used applications
(signatures in the sighature database) versus inbound traffic. Each circle represents a
measured household.

We have also studied social networking applications in the Spanish networks. It is shown that
Facebook is very popular among the users (Looking at one week, 50% of the users that had
any Internet activity had used Facebook) and is seen to be more popular in the Spanish mobile
network than in the fixed one. This leads to the conclusion that social networks like Facebook
may play a significant role in the mobile networks.
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Figure 7, Facebook session length in GGSN (session timeout threshold 30 minutes)

In the fixed network the Facebook users are accessing Facebook more frequently than in the
mobile network (more than double) and spending more time than in the mobile network (ap-
proximately four times). In the mobile network the session length is much shorter than in the
fixed one (nearly half) (Figure 7).
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Network traffic locality

The results from the network traffic locality study in Redlris network show that the majority
of the packets, around 40%, are sent and received within Spain (Figure 8).

2.50E+11
2.00E+11 ~+
1.50E+11 B 1stinterval
1.00E+11 B 2ndinterval
5 00E+10 L. 3rdinterval
W 4thinterval
0.00E+00 -~
N m 5thinterval
@ ¥ Q NS S SRS SR\ gl
F & L& CH L N & 6thinterval
) & & RS & ,_59 I X
X2 PANIEN Gl b‘\*
& @ S & )
N Q &
N >
le

Figure 8, Network sources day-night traffic pattern for the ten most contributing coun-
tries.

This is not unexpected since all the studied traffic comes from Spanish users and they natu-
rally connect mainly to Spanish sites or to sites with content in Spanish. The United States
comes in second place with 20% of the sent and received packets. As the United States is a
leading nation in research and IT, this is of course expected. Moreover, the majority of the
visited web pages are hosted in the United States. In third place we find some of the most im-
portant countries of the European Community such as United Kingdom, Germany, and France,
to mention a few. They account for between 2.5 and 6% of the total amount of packets per
country. In fourth position we encounter Latin American countries such as Argentina, Chile,
etc., accounting for between 0.5 and 1.5% of the total share. In these countries the main spo-
ken language is Spanish so it is common to get redirected to a Web page in Latin America
when browsing. Also, there are a lot of people from those countries involved in research in
Spain thanks to travel grants or other arrangements. Finally, we find that there is traffic going
to or from nearly all countries although their percentages of the total are very small (less than
10-3% of the traffic). However, their combined traffic accounts for nearly 5% of the total
amount.

Case study — Enterprise VolIP traffic

IMS VolIP traffic for enterprise users has been studied. There are five types of IMS Data; reg-
ister, notify,subscri be, Vol P call and unkn o wvgsons

(69%) and “Register” takes up ab anpléted @lK, %.

incomplete calls, rejected and cancelled. Completed calls make up the largest part of the VolP
calls, about 68%. The cancelled calls account for about 27%. The measurements also show
that the holding time has peaks in the morning and in the afternoon. The busy hour is from
10:00 to 11:00 in the morning which can be expected for enterprise users. The number of busy
hour VolIP calls account for about 14% in the total VVoIP calls. The number of calls succeeded
in conversation divided by total number of calls is almost 100% from 0:00 to 7:00 in the
morning but during daytime it decreases to 70% (Figure 9). This indicates potential quality
problems for VVolIP calls.
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Figure 9, Completed, rejected or cancelled VolP calls

Network performance

Round Trip Time (RTT) analysis is presented based on measurements in the Spanish commer-
cial network. The round trip time (RTT) is the time required for a packet to travel from a
source to a destination and back. In this analysis, the method of measuring RTT is via the TCP
SYN and SYN-ACK packets. Every packet has a timestamp and the RTT is calculated by the
time difference between a certain SYN packet and the corresponding SYN-ACK packet. This
is a method to measure delay, which has significant impact on user perceived quality of nu-
merous applications. Web experience of users or the online gaming experience is mainly de-
termined by the underlying data download times. It is also important that popular P2P applica-
tions are also sensitive to the underlying delay characteristics of the Internet. In case of these
P2P applications geographical locations can also significantly influence the delay-sensitive
system performance. In the area of wireless Internet the delay is an even more crucial charac-
teristic of the perceived quality.
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Figure 10, Average RTT and standard deviation to different countries from Spain
(CMTS)
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As a summary we can see that the wired part of the network (CMTS) gave RTT values be-
tween 30ms and 100ms measured between Spain and most of the European countries (Figure
10). We can see that the RTT is not higher than 100ms by reaching USA due to the high speed
transoceanic links between Europe and USA. The highest RTTs are found in between Spain
and Asian or South American countries having values around 400ms.

SUMMARY

The results in this report are part of the TRAMMS public deliverable D3.3 Traffic models. If
you would like to know more about the results from the TRAMMS project, please have a look
at the public web site: http://projects.celtic-initiative.org/tramms/.

Here, you can also download previous newsletters and read about our other deliverables and
product developments.
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