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Abstract

The Celtic TRAMMS project (http://projects.celtic-initiative.org/tramms/) measures
and analyzes IP traffic in European access networks. The public newsletters give a
brief summary of the results. They are available to the public, by download from the
project website.

This newsletter summarizes the TRAMMS public deliverable D3.2 Traffic models,
which was released in April 2009. In this deliverable, traffic measurements performed
in two municipal networks in Sweden, in one Spanish residential network and in the
RedIRIS network in Spain are presented and analyzed. The usages of different appli-
cations in the four networks are described as well as the locality, the sources and the
geographical destinations.

Introduction

Internet usage is evolving, from the traditional WWW usage (i.e. downloading web
pages), to triple-play usage where households may have all their communication ser-
vices (telephony, data, TV) through their broadband access connection. The chal-
lenge is to design IP access networks so that they can deliver services with strict QoS
demands such as IPTV at the same time as having capacity for (from the operator's
perspective) unwanted traffic, for example file sharing, demanded by the users.

One important part in meeting this research challenge is to identify and monitor Inter-
net usage. The traffic patterns and applications need to be investigated and reported
on. The experience from earlier traffic measurements is that it is no longer sufficient
to investigate aggregated traffic at the IP level. In order to capture user behavior and
traffic patterns in IP access networks, the measurements need to be performed close
to the users and to be able to identify specific applications.
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It should be pointed out that we model user data traffic, i.e. traffic going to and from
subscriber clients. This includes application signaling traffic that is normally consid-
ered as user data from a network traffic handling point of view. Thus, there are many
traffic types not considered here such as link control traffic, mobility traffic for cellular
networks, operation and maintenance traffic, etc.

The main traffic descriptors aim at describing the traffic profile either of a sub-
scriber/subscriber line or at some aggregate level of subscribers/subscriber lines,
while the application level model describes the traffic characteristics of individual ap-
plications or application types/classes.

In the TRAMMS deliverable D3.2, Traffic Models, traffic measurements from four dif-
ferent networks were collected and analyzed. Two of the networks are in Spain, one
commercial and one university network, and two are in Sweden:

The first Swedish municipal network is an open fibre based network with ap-
proximately 2600 FTTH and 200 DSL customers. The FTTH customers repre-
sent many social and ethnic groups, while the DSL customers constitute a
more homogeneous group of Swedish middle class living in single family
houses.

The second Swedish municipal network is a FTTH network with 350 IPTV us-
ers. This was used only to study user IPTV behavior.

The commercial Spanish network contains both fixed and wireless access
networks. The wireline part consists of a fibre network to the cabinet (FTTC)
and the last mile consists of Cable Modem Termination System (CMTS) and
ADSL. The wireless access is a combined GPRS and UMTS system.

The Spanish university network RedIRIS interconnects and allows Internet ac-
cess to more than 300 institutions with 2.7 million users. The network is SDH-
based with link speeds from 2.5 Gbps up to 10 Gbps.

In this newsletter we have summarized two of the areas that are analysed in D3.2,
Network traffic location and an analysis of the traffic of the popular web based video
sharing website YouTube.

If you would like to receive the public deliverable D3.2 or other TRAMMS deliver-
ables, please indicate this in an email to tramms-info@celtic-initiative.org.

Network traffic location

Introduction

Analyzing the locations of end-to-end flows is increasingly important in order to un-
derstand the usage trends in Internet application usage. This knowledge is also im-
portant for e.g. performance management and optimization of networks. For opera-
tors, traffic exchange has direct impact on their business, making this kind of analysis
a crucial part of the business intelligence for network management.

The analysis of Geographical Network traffic Locality in this report has been per-
formed with measurements in the RedIRIS (http://www.rediris.es/index.php.en) network.
Traffic sent to and received from six universities within the RedIRIS network during a
month has been analyzed. The mapping of IP addresses with the related countries
made use of the public free database for IP addresses’ geographic localization of
MaxMind (http://www.maxmind.com/app/geolitecountry ), which has an accuracy of
99.5%.

The results are separated in three cases; incoming, outgoing and total traffic. In all
the cases three different parameters have been taken into account, namely packet
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count, byte count and flow count. Due to the similarities in the results of these three
cases, we only report here the results of the three parameters in the total traffic.

Results

In Figure 1, the countries that account for more than 1% of the total amount of pack-
ets are shown (in total there are 13 such countries). It can be seen that the majority of
the packets are sent to and received from Spain (more than 40% of the total). In sec-
ond place we find the United States, accounting for more than 20% of the total
amount of packets. In the third position we find the European Community countries,
accounting for between 4 and 6 percent of the packets. The Latin American countries
have a share of around 1 to 2 percent. The percentage of not classified countries is
negligible, and the countries not shown in the figure account for nearly 15% of the
packets.

Packets Percentage

M Spain H United States M Germany H Netherlznds
M United Kingdom M France M Mexico M (tely

i Argentina H Switzerland M Chile i Canada

M Venezuels d Not Classified W Remaining Countries

Figure 1: Percentage of packets per destination in both directions.

Figure 2 presents the most byte contributing countries after removing Spain and the
United States. The reasons for removing these countries are twofold. On one hand,
the shares of these countries are close to those presented in Figure 1. On the other
hand, these countries account for a large amount of the bytes percentage (nearly
70%) so they make it difficult to see properly the percentages of the other countries.
Comparing with Figure 1, it is worth noting that the order of the countries is not the
same (although it represents a different metric of the same traffic). Nevertheless, the
classification per groups as described for Figure 1 can also be applied to the results
presented in Figure 2.
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Figure 2: Percentage of bytes of the 15 most contri  buting countries after removing
Spain & USA.

Figure 3 shows a map with color intensities according with the percentage of flows for
each country. In this map we have also removed Spain and the United States in order
to enhance the visualization of the countries with lower contributions. The map shows
those countries that account for more than 1072 % of the flows. The results are quite
similar to those presented above, but here it is easier to see the grouping of the coun-
tries, as closer countries tend to have closer color intensities.

Figure 3: Map plot of flow Locality for total traff ic.
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Discussion

The majority of the packets are sent and received within Spain (around 40%). This is
reasonable because all the universities are located in Spain, and it is logical that most
of the Internet traffic is sent and received from Spanish sites. For instance email or
web services, which make up the majority of the Internet traffic (as in the RedIRIS
network the P2P is negligible), will be used between Spanish people in the first case
and will be visited by Spanish people in the second case.

In second place we found the United States (20% of the traffic). As the United States
hosts much of the activities in research and development and is the world leader in
the information society, it is understandable when looking for first hand information to
search within United States sites. Moreover, the majority of the most visited web
pages are hosted in the United States, which supports these results.

In third place comes a group of countries in the European Community. Thinking from
a research perspective (which is the main purpose of the RedIRIS network), the most
common kind of projects without taking into account national projects are the Euro-
pean projects, of which TRAMMS is an example. This stimulates the users of the Re-
dIRIS network to communicate and share information with these countries, explaining
the high percentage of traffic that accounts these countries (nearly 20% of the total
traffic).

In fourth position, we encounter the Latin American countries. As the official language
used there is the same as in the universities under study, it is usual to get directed to
a web page on these countries when looking for information in Spanish. Moreover,
there are a lot of researchers in Spain that come from Latin American countries, and
this also explains the percentage of traffic from this region (nearly 15% of the traffic)
as the researchers keep in contact with their mates in these countries.

Finally, we find that nearly all the countries are present in the study. Although their
percentages of the traffic alone are very small (less than 10 % of the traffic individu-
ally) jointly they account for nearly 5% of the traffic. This traffic is quite sporadic and it
is nearly negligible.

The next steps are to extend this analysis to the other networks in TRAMMS, and to
extend the analysis, to also analyze flows to and from e.g. cities and operator net-
works.

YouTube content popularity analysis

Introduction

One important network design parameter is the usage of caching of popular content.
This may help eliminate bottlenecks and reduce traffic in links with limited capacity.
There is also an important business aspect here, that traffic exchange may be costly
for operators, and it may be in the operator’s interest to keep the volume of ex-
changed traffic down.

The aim of YouTube content popularity analysis is to investigate popularity distribu-
tions for a widespread and popular video sharing network. The purpose of the analy-
sis is to be able to draw conclusions on caching gain, built on real user statistics. The
results so far are preliminary, and the final conclusions on caching gain can not be
drawn from these initial measurements, but they are very promising and they provide
a detailed picture of user activity, user behavior, traffic intensity and content popular-
ity. Naturally, we were not focusing on the content of the video itself, but on certain
properties (e.g., intensity, popularity distribution) of the videos.
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Results

By setting up a special firewall rule in the PacketLogic deep-packet inspector device,
we successfully extracted the 11 character long YouTube content ID from the re-
guests, which revealed which videos were watched by whom and when.

The Youtube content is identified by the string:
“http://www.youtube.com/watch?v=".

The equation sign is followed by the 11 character long YouTube content ID, which is
the subject of the investigation. The measurement device logged and stored all IP
packets containing the given pattern. By processing the trace, it is possible to extract
content IDs and times when the videos were viewed. The latter is determined by the
packet arrival time.

Figure 4 shows the number of viewed videos per hour throughout the 16 day long
measurement, which is an estimation of the user activity (and the traffic intensity).
The user activity seems more intense on weekdays and lower on the weekend (con-
firmed by Figure 5 as well).
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Figure 5, Weekly distribution of viewed YouTube vid  eos per day. November 2008

Figure 6 shows the daily distribution of the videos. Apparently, user activity is higher
in the afternoon and evening hours. The busy hours start at around 4 PM, which is
the typical time when people return home after working. The peak hours can be ob-
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served around 6-7 PM. It is known that the population mostly consists of home users.
Thus this kind of behavior was expected.

100 ¢

Number of YouTube videos viewed (per 15 mins)

6 AM

Figure 6, Daily distribution of viewed YouTube vide
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Figure 7 shows the popularity distribution of the YouTube videos. The videos were
ranked according to the number of times they had been watched. Figure 7 (left)
shows the popularity distribution on a linear-linear scale, while the right subfigure
shows the same on a linear-logarithmic scale. They suggest an exponential-like de-
crease in popularity. Consequently, the popularity of the content is definitely not even;
a limited number of videos are very popular, while others are watched rarely.
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Figure 7, Ranking of YouTube videos according to po  pularity
on linear-linear scale (left) and logarithmic-linea  r scale (right). November 2008
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Discussion

The content popularity analysis shows that there are a few videos that are very popu-
lar and that the popularity distribution is decreasing exponentially. Thus, local caching
of popular videos in this case would reduce bandwidth consumption for the operator.
The next steps are to expand the analysis to more networks, for comparison and vali-
dation. Issues like content lifetime and caching gain versus storage needed will be
investigated.

About these Measurements

The results in this report are part of the TRAMMS public deliverable D3.2 Traffic
models. If you would like to know more about the TRAMMS project, please have a
look at the public web site: http://projects.celtic-initiative.org/tramms/.

Here, you can download the previous newsletters and read about our other deliver-
ables. If you would like to receive the public reports about TRAMMS results via email
or receive a copy of any of the public deliverables, please indicate this in an email to
tramms-info@ celtic-initiative.org.
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