
Routing in the Future Internet

Marcelo Yannuzzi

Graduate Course (Slideset 10b)
Institute of Computer Science

University of the Republic (UdelaR)

September 7th 2012, Montevideo, Uruguay

Research Topics and Ongoing Activities

Marcelo Yannuzzi and Xavi Masip

July 10, 2008

Marcelo Yannuzzi and Xavi Masip CRAAX — UPC

Department of Computer Architecture Institute of Computer Science

Technical University of Catalonia (UPC), Spain University of the Republic (UdelaR), Uruguay



Outline

1 Assignment of final works for course approval
2 Software Defined Networks (SDNs).
3 Open APIs:

OpenFlow
JUNOS SDK
Cisco ONE
OPENER
.....

4 Outsourcing to the Cloud and its impact on routing, etc.
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At present ...

Despite current trends and indicators...

The possibilities to innovate and experiment are still limited to a small
fraction of institutions and companies:

Vendor specific (e.g., JUNOS Space and SDK)
Monetary Costs (e.g., 4,000 US dollars for IP configuration
licenses in OpenFlow)
Limited functionality and interoperability (e.g., multi-layer
operations in OpenFlow have not been offered yet)

...so what if....

...an open API for the open source router Quagga becomes available....
enabling researchers and operators to run and test experimental
protocols and applications, which could integrate cross-layer
interactions (e.g., through SNMP, Web Services, or MTOSI in the future)
and would clearly avoid the dependency on propietary systems?
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OPENER (cont.)

At this stage...3 specific use cases...

Adding meta-info
IP offloading
PSP (Overaly on BGP)
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Adding Meta-info
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OPENER (example video)
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OPENER.mp4
Media File (video/mp4)



IP Offloading
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TEFIS
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' Stable Network: 
' 30 Gb/s backbone, 
' 1 Gb/s access FTTLab network

' +450 participants (250 students)
' +90 FTTLab laboratories
' +40 WebLabs in experimental sciences
' Grid Unesp

Dark Fibers 
KyaTera:     1050 km
Telefonica: 4950 km
Total:          6000 km 

Botnia Living Lab is an environment for 
human-centric research, and the deve-
lopment and innovation of new ICT-ba-
sed services. Botnia started in 2000 and 
has matured from a test-bed to a real-life 
laboratory, powered by more than 6000 
co-creative pilot users. Today Botnia is a 
world-leading environment for user-
centric research, development and inno-
vation (RDI), instrumented by methods, 
tools and experts and a web-portal (www.
testplats.com), for interaction with user 
groups. With its focus on advanced IT 
services and products, Botnia’s strategy is 
to be independent from (geographically) 

-
rimentation relying on readily available 
hardware and communication infrastruc-
ture. Botnia’s track record includes app-
lication areas such as: mobile marketing, 

and culture, e-democracy and security.
The Botnia Living Lab is constantly being 
developed further in close cooperation 
with end-users and stakeholders as 
well as researchers at Luleå University 

TEFIS TESTING FACILITY DESCRIPTION

End-users boosting Future Internet development

Botnia Living Lab

of Technology. One good example of 
Botnia’s assets, which has resulted from 
this collaboration, is the ”Form-IT met-
hodology” [1].

Added value for Facility users offered by 
Botnia Living Lab

from idea to market launch by end-
user involvement

innovative ideas and concepts

-
ness opportunities

By involving end-users in the early pha-
ses of the service development lifecycle 
our research has shown that the time for 
development from idea to beta-trial can 
be shortened by at least 50%. [2]!  
In addition research has proved that user 
involvement leads to innovative ideas 
and that customers generally assess 
innovative ideas differently from the 
enterprise [3][4].

Available services 

Botnia Living Lab offers the evaluation 
and testing of Future Internet-based 
ideas, concepts, and prototypes with 
end-users. By end-users is meant private 
individuals using IT-based services in 
their private lives.

Our service offers include:

new solutions

technology improvement
 -  independently and in situ!

methods and research expertise for plan-
ning and performing user-involvement 
activities.
 
Assets

and testing

end-user involvement

(individuals) from 18 years of age 
and older in Sweden and access to 
end-users around the world via 3rd 
parties.

Tools and methods for end-user evaluation 
and engagement

For the process of user involvement we 
have developed the Form-IT methodo-
logy. This is an iterative and interactive 
process in several steps for user-enga-
gement in all phases of the development 

launch. Different methods and tools are 
used for professional support for user-

-

-

Bontia Living Lab Contact: Annika Sällström, Botnia Living Lab manager. Centre for Distance-spanning Technology. Luleå University of Technology. annika.sallstrom@cdt.ltu.se

Bontia Living Lab Contact: Annika Sällström, Botnia Living Lab manager. Centre for Distance-spanning Technology. Luleå University of Technology. annika.sallstrom@cdt.ltu.se

a bigger user-group and observations 
and interviews to go into depth around 

and how. For user-involvement, it is very 
important to recruit the right users mat-
ching the purpose of your experiment. 
With the support of our expertise we will 
select the right users for your purpose. 
When running a user investigation we 
also trigger different motivators to get 
different users onboard and to stimulate 
their actions together with easy commu-
nication and clear descriptions on what 
they should do, when and how.  

Track-record

Since we started, we have been enga-

activities. Examples of technology areas 
for end-user experiments have included: 

Sensor technologies, Delay-tolerant 

Heterogeneous networking technologies, 

TEFIS TESTING FACILITY DESCRIPTION

Botnia Living Lab

Accumulated results by our User panel 
2005-2009:

Trials >50
User studies > 100
Services and products available on the 
market today >10

You are welcome to learn more about just 
one of our cases here: 
The Form-IT handbook “Race to scale” 

Organisation

Botnia is a part of the Centre for  
Distance-spanning Technology,  
CDT at Luleå University of Technology.  
www.cdt.ltu.se 

Botnia is founder and member of the 
European Network of Living Labs.  
(www.openlivinglabs.eu)

References:
[1] Ståhlbröst, A, and B Bergvall-Kåreborn. (2008). 
FormIT – An Approach to User Involvement. In 
European Living Labs – A new approach for 
human centric regional innovation, edited by J. 
Schumacher and V.-P. Niitamo. Berlin:
Wissenschaftlicher Verlag
 
[2] Kristensson, P., Magnusson P. and Matthing, J.  
(2002) Users as a hidden resource for creativity: 
Findings from an experimental study on user in-
volvement, Creativity and Innovation Management, 
vol.11, no.1, pp.55-61.
[3] Kristensson, P., Gustafsson, A. and Archer, 
(2004) harnessing the creativity among users, 
Journal of Product Innovation Management, 
vol.21, no.1. pp.4-15.

[4]  Holst, M., A. Ståhlbröst, and B Bergvall-Kåre-
born, (2010). Openness in Living Labs – Facilita-
ting Innovation. Paper read at IRIS33 – Information 
Systems Research Conference in Scandinavia, at 
Aalborg, Denmark, 556, K. Kautz, P. 
A. Nielsen, H. Westh Nicolajsen, J. S. Persson, L. 
Heeager and G. Tjørnehøj
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PACA Grid is a set of machines accessible 
via Graphical Interactive interfaces based 
on the ProActive Parallel Suite (http://
proactive.inria.fr). This Cloud aggrega-
tes dedicated machines, both Linux and 
Windows, and spare desktop machines, 
dynamically added during the night and 
at week-ends. The facility mainly targets 

-
lations, parallelize and distribute large 

computations and so on.

Today PACA Grid aggregates a dedica-
ted cluster of 60 computing nodes. This 
computational infrastructure is currently 
deployed within INRIA Sophia Antipolis 
(France) networks and is directly and se-
curely accessible from outside the INRIA 
Sophia Antipolis labs.

PACA Grid has been used up until now 

Examples of applications that have 
leveraged the PACA Grid infrastructure 

-
mance analysis applications, Matlab 
simulations, Monte Carlo simulations, 
large scale algorithms evaluation, distri-
buted multi-disciplinary optimizations, 
etc. 

For more information visit  
http://proactive.inria.fr/pacagrid/

Added value for Facility users offered by PACA 
Grid

Users of the PACA Grid facilities may 
take advantage of:

scale computations

TEFIS TESTING FACILITY DESCRIPTION

Computing resources for 
Future Internet experiments

PACA Grid 
  

deploy and execute the distributed 
application, monitor the progress of 
computation and retrieve the compu-
tation results

This Grid is normally available for re-
search labs that need to accelerate their 

in the PACA region. In the context of the 
TEFIS project, the facility will be made 
available also to TEFIS Open call experi-
menters. 

Available resources and services

The PACA Grid infrastructure is made 
up of heterogeneous nodes and the 
PACA Grid middleware leverages this 
infrastructure offering users a uniform 
interface to execute distributed computa-
tions. Each node of the infrastructure is 
equipped with a dual-processor quad-
core AMD Opteron 2356 processing 
unit, or a quad-processor hexa-core Intel 
Xeon E4750 for a total of 688 cores. A 

Windows CCS cluster of 8 computing 
nodes is also available and each node has 
a dual-processor quad core Intel Xeon 
E5320, for a total of 64 cores. Several 
software packages are available on the 
machines and any library and software 
that may be required can be installed on 
the nodes on demand.

can be found at: http://proactive.inria.fr/ 
pacagrid/pacagrid-cluster.

Organization

PACA Grid is hosted and administered by 
INRIA Sophia Antipolis

Partner organizations: UNSA 
(http://unice.fr/), CNRS-I3S  
(http://www.i3s.unice.fr/I3S/).

Funding: European Community  
(http://europa.eu/) and the PACA  
Lander (http://www.regionpaca.fr/).

Specific details for TEFIS Open call proposers:

For TEFIS Open call experiments access 
to the PACA Grid resources and services 

constraint. Notwithstanding, depending 
on your application, there may be some 
practical constraints which need to be ta-
ken into consideration; a number of pos-
sible actions may be performed in order 
to satisfy your needs. So, when involving 
PACA Grid in your TEFIS Open call expe-
riments, it is suggested you consult the 
PACA Grid contact in order to discuss the 
kind of applications you would like to run 
and if you have any special hardware/
software/storage/communication/secu-
rity requirements.

PACA Grid Contact: Denis Caromel. Full Professor at University of Nice - Sophia Antipolis (UNSA), INRIA Sophia, CNRS. Scientific Leader of the OASIS Team, 
INRIA Sophia Antipolis. PACA Grid manager. denis.caromel@inria.fr

ProActive PACA Grid
an INRIA, UNSA, CNRS-13S, PACA Computing Cloud

TEFIS TESTING FACILITY DESCRIPTION

ETICS

ETICS Contact for TEFIS Open call experiments: Gabrielle Giammatteo. Engineering Ingegneria Informatica S.p.A. gabriele.giammatteo@eng.it
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-
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TEFIS
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Management Limitations in Multi-layer Networks
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Expected Impact
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PSP (Overaly on BGP)
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Prototype on Quagga (Cisco Systems, USA)

Improve BGP’s routing convergence

Seamless inspection and control of basic BGP operations → enabler for
enhanced security

Developments made in Quagga:

BGP Router
O

p
e
n

 A
P
I

Adaptation Layer

Overlay
Entitylib

P
S
P
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Software modules

Standalone process that can interact with BGP and other PSP entities

It can be executed in the same or in different equipment

Quagga Router

pspd
processbgpd

process

zebra
process

Router OS

port 2605

port 2606

port 1791

port 2601

Management Station

Kernel routing 
tables

Physical 
interface status
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Modularized approach

libPSP uses an “Open API-like approach" securely exposing internal
BGP features to PSP

Reduced set of changes in Quagga’s code
Changed only 88 LOC in BGP to interact with libPSP

Most of the processing is decoupled from BGP
This concept is extensible to other functionalities

No IPR issues with Cisco on the Quagga side

BGP Router
FIB/RIB

Management 
functions

lib
PS

P

route-map 
filtering 

subsystem

PSP Overlay Entity

Message 
validation and 
optimization

UPDATE 
processing 
subsystem
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Questions?
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