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Outline

-Onelab: facilitating experimentally driven
research in Europe (and beyond)

-Onelab wireless extensions
= Future internet research and experimentation

«N-crave: network coding based architectures
for the future internet

«OPNEX: system and optimization theory
based wireless network design
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OnelLab 1 & 2 Vision

OnelLab2: An Open Federated Laboratory Supporting Network
Research for the Future Internet

FP7 1P, 7 M Budget, 26 partners, lead: UPMC — S. Fdida
www.one-lab.org

- Develop and operate a large facility to support
networking research and evaluate design solutions

= Supports current and emerging architectures

- Takes a pragmatic approach:
- Evaluates challenges and proposed solutions
- Deploys incrementally
— Supports the federation concept

, — Builds towards a long-term objective
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OnelLab History
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ENEXT PlanetLab  PlanetLab OneLab  Onelab OneLab2
NoE Europe meeting in submitted funded as accepted as
Initiative Cambridge asIST  IST project IST project
Testbeds STREP  (Strep),  (IP),
2 years 2 years
$ 1.9/2.9Mi
NSF GENI
Initiative
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Onelab Design Principles

= Do not start from scratch

-~-Too Il ong to make the *“wutility f
medium term

= Initialize with existing testbeds
— PlanetLab (virtualization)
- Extend, Deepen, Federate

= Assess the usefulness of what is provided regularly
enabling a platform for research projects

= Include tools as they mature
— Validation, integration

=Tight | 1 aison with *“Pilot?
= International exposition
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OnelLab Operation and research

= OnelLab:

- Research project

- OnelLab Private: private experimental PlanetLab for
the project members

- PlanetLab Europe:
- European PLC administered by OnelLab (UPMC)
— Production testbed for Europe

- Federated with PLC in the USA at Princeton
University

- Ongoing migration for some EU-based PL sites
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Progress on Federation

= Jointly developed PlanetLab v4 with Princeton
- Allows PLCs (PlanetLab Centrals) to federate
- Any user is offered the illusion of a global platform
- And can thus create slices as if it was a single testbed
- Through a single interface

= Paradigm
- One-to-one peering (n-square trust relationship)
- Each PLC has its own database (nodes, users, slices..)
- And keeps data from other PLC’ s

— Slice attributes (grant of resources) remains local: PLE decides how
to use resources from its own nodes

= Running an embryonic PlanetLab Europe
- Peering PLE-PLC operational for about a year
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Developing the Vision

= OnelLab should be developed as a multi-year facility
-~ Onelab2 (9/08-9/10)

- Based on three pillars
- Platform (development, operations)
-~ Tools (monitoring)
-~ Customers (users and research targets)

- PlanetLab Europe (PLE) will grow over the years
- Tools found mature are integrated from OnelLab?2 into PLE

= Cooperation with PlanetLab US/ORBIT/VINI,
- Cooperation with PlanetLab Japan
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OnelLab?2 Innovations (partial list)

Provide embedded passive & active measurement
technologies

Support wireless integration and develop management
tools

Provide infrastructural support for large-scale data-centric
networking research (CDN, Pub-Sub, Routing in a slice)

Integrate Opportunistic Networking and DTN platforms
through the SAC Gateway

Establish methodology to compare networking experiments
in non controllable environments

Explore and implement resource management for a single
domain and the federation, as well as incentives for sharing

Of course: operations, integration and maintenance
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OnelLab2 Wireless Environments

Objectives

= To Integrate wireless technologies into a global large-scale
research infrastructure

= To define a common framework for conducting experiments in all
the various OnelLab wireless test beds.

Activities towards the following lines:

- Provisioning of new test bed resources, in order to properly
support experimentation activities

=  Development of management tools to configure and monitor
those wireless networks / support the experimenter

=  Development of a common test methodology that developers
can follow to validate their applications or protocols
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OneLab2 Wireless-Support

Support for emerging wireless networks and interfaces

An IEEE 802.11 (Wi-Fi) test-bed (50 nodes)
— Linux platform
- Commercial WiFi cards (Atheros, Intel, Intersil) with open source
drivers (MadWiFi, Intel, HostAP)
— Focuses on MAC and network layer implementation

An |IEEE 802.16 (WiMAX) test bed
-~ Two Base Stations, a number of mobile clients
- Focuses on WIMAX node configuration, evaluation of the behavior of
WIMAX in a mobile environment, handover scenarios

A multi-link test bed
- Based on PC nodes and different radio access technology devices
(HSDPA, WLAN, Bluetooth, ZigBee, 3GPP-LTE-like)
- Focuses on the modeling of the characteristics of cellular mobile
systems (bandwidth limitation, propagation delay, handover between
routers of different technology)
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OneLab2 Wireless-Management

Management of the wireless test-beds

= Configuration of the Wireless Networks
A unified, web-based software based on Orbit Management Framework OMF):

— allows for parameterization of the design and the implementation of the
experiments. (e.g. topology, MAC scheme etc.)

— controls the network behavior and gives access to the built-in monitoring
facilities
= Monitoring of the Wireless networks
— A centralized tool for monitoring information and analysis of network behavior

- APl interfaces for applications to allow them to self-adapt to the network
characteristics. (mesh ad hoc, Relay Wimax).

= OnelLab 2 Wireless Toolkit
— Atoolkit that can be used for the development of a small or mid-size test bed.

— Three parts of the toolkit: hardware, software, support
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OnelLab2 Wireless-Research

The research that will be conducted using the mentioned test beds will be twofold:

Research conducted by the research community in the fields of:

Routing: Study new routing algorithms and cross-layer design (routing and MAC)

MAC layer: Study new MAC protocols including security, handoff, association,
QoS provisioning, management and cooperative MAC mechanisms

Network coding: Study of existing and new network coding algorithms

Multi-Path: Develop new protocols to increase the reliability, to improve network
utilization and to better support the mobility.

LAN-WAN inter-working

Research conducted by the project partners:

Investigation of particular techniques/components used in the testbeds as the
setup of the test bed, the hardware, the operating system, the software that
iImplements the higher layers etc.

Investigate of the limitations of the testbeds

Developing of 'best practices' and tutorials to make it easier for experimenters to
perform similar research on the test beds.
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Future Internet Research

Ngravg-  Opnex

= Network Coding for
Robust Architectures
In Volatile
Environments

= Optimization-driven
Multi-hop Network
Design and

Experimentation
WWW.N-crave.eu

WWW.opnex.eu
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http://www.telefonica.com/home_eng.shtml

Motivation

Network Coding: >

= The novel paradigm of Network Coding is
leveraged in architecting and controlling

communication networks in performance- >
challenged and resource-constrained _
environments. Network Coding:
= Revolutionary Paradigm Simple, yet Disruptive idea
- Changes the way we percelive, - Not only forward but
architect, organize & control networks process and mix
- Deep Impact to iIncoming flows
Areas:

Tasks:

- Content Delivery

« Network Monitoring
« Security

« Network Topology Formation
« Error Resilience

- Resource Sharing

« Flow Control Interactions

- Content Delivery

15
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Objectives

- Deliver a Proof-of-Concept for NC as a Major Enabler
- Dynamic wireless network environments
— Multiple communicating peers
- Robustness: key challenge
= EXxploit the Inherent Robustness of NC
- Design complexity-aware communication protocols

- Perform reliably under wide range of
Wide range of medium access
Network optimization
Security constraints

= Develop peer-to-peer profiles & solutions
Emphasis on application-driven performance metrics

Quality-of Service
—- Delay-Sensitivity
16 - Fairness.
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OPNEX - Partners

Duration: 3 years
E EU Contribution: 4 1.4M
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Description & Motivation

= First principles approach to the design of architectures
and protocols for multi-hop wireless networks.

- Founded on:
- Systems and optimization theory
- Algorithms that provably achieve full transport capacity

= Abstract network model algorithms converted into
practical protocols
— Validation via experimentation in real test-beds.

= Wireless Is the fastest growing component of Internet:

the Least understood for the designer due to
_ Mobility - radio link unpredictability

18 — Rapidly changing topology — volatile load distribution
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ODbjectives

Radically rethink the Wireless Network Protocol Stack

Design Algorithms for multi-hop wireless based on
- Back-pressure traffic forwarding

- Max weight scheduling

- Optimization based edge rate control

Deliver Plan for converting the abstract Algorithms to
Protocols and Architectures

- Realize full transport capacity in real dynamic multihop
wireless environments

- Remain amenable to decentralized low-complexity and
low-overhead implementation.

Implement the theory-driven protocols

- Experiment & demonstrate performance improvements in
19 realistic wireless testbeds
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