Agenda

FIA – Prague “Management and Service-aware Networking

Architectures (MANA)” Session -12th May 2009

I. Introduction & Invited Talk

11.30 - 11.35 Introduction & Objectives of the MANA session –MANA Caretakers

11.35 - 12.30 Invited Talk “Lessons on Internet Developments – Key Challenges”

Peter Kirstein (UCL, UK)

Moderator: Rainer Zimmermann (Head of Unit D1)
II. Panel on MANA Scenarios on Future Internet

12.30-13.30 Panel (i.e. 10 min presentations from 4 panellists + 20 min Q&A)

Moderator: Marcus Brunner (NEC, Germany)

Panellists:

· Marcus Brunner (NEC, Germany) - "Problems with the current Internet Scenario”

· Fabrice Forest (Umanlab, France) - "Novel Mechanisms/Applications with user benefits Scenario”

· Syed Naqvi (Cetic, Belgium) - "Benefit for key actors (business perspective) Scenario”

· Klaus Wünstel (Alcatel-Lucent, Germany) - "New business opportunities (value chains) Scenario"

III. Panel on Future Internet Networking Architectures- Horizontal Topics

14.30-16.00; 16.15 -17.15 Panel (i.e. 10 min presentations from the panellists + 70 min Q&A)

Moderator: Henrik Abramowicz (Ericsson, Sweden)

Panellists:

· Peter Kirstein (UCL, UK) - clean slate and evolutionary approaches

· Philip Eardley (BT, UK) - evolutionary approach / TRILOGY project viewpoint
· Arto Karila (HIIT, Finland) - clean slate approach/ PSIRP Publish-Subscribe Internet Routing viewpoint

· Norber Niebert (Ericsson, Germany) - clean slate approach / 4WARD project viewpoint

· Serge Fdida (Lip6, France) - FIREWORKS / PLANET Lab Europe project viewpoint

· Emanuel Dotaro (Alcatel-Lucent, France) - evolutionary approach / Euro-NF project viewpoint

· Alex Galis (UCL, UK) - service-aware architectures - MANA / AutoI project viewpoint

IV. Panel on Future Internet Management Architectures – Vertical Topics

17.15 -18.15 Panel (i.e. 10 min presentations from the panellists + 20 min Q&A)

Moderator: Alex Galis (UCL, UK)

Panellists:

· Aiko Pras (University of Twente, The Netherlands) - Network Management approaches

· Hermann de Meer (Passau University, Germany) - Virtualisation approaches and System Management

· Joe Butler (Intel, Ireland) - Service Management approaches

· Joan Serrat (UPC, Spain) - System management

· Martin May (Thomson, France) – Service-aware networking approaches

V. Conclusions & Proposals for research directions for Future Internet – MANA future plans

18.15-18.30 MANA position statement presentation / MANA future plans

MANA caretakers:

· Alex Galis (UCL, UK)

· Marcus Bunner (NEC Research, Germany)

· Henrik Abramowicz (Ericsson, Sweden)

MANA Session Reporter: Martin Potts (Martel, CH)
Report

FIA – Prague “Management and Service-aware Networking

Architectures (MANA)” Session -12th May 2009

List of registered attendees

[image: image14.emf]

[image: image2.emf]Name Company Email

Mariann Unterlappouer OUF unterlappouer@ouf.at

Markus Eisenhaues Fraunhofe FIT markus.eisenhaues@fit.fraunhofer.de

Martin May Thomson martin.may@thomson.net

Martin Potts Martel martin.potts@martel-consulting.ch

Martin Serrano  WIT-TSSG jmserrano@tssg.org

Massonet Philippe CETIC philippe.massonet@cetic.be

Mauro Campanella GARR mauro.campanella@garr.it

Miguel Montarelo EC miguel.montarelo-navajo@ec.europa.eu

Mirko Presser University of Surrey m.presser@surrey.ac.uk

Neeli R. Prasad CTIF, Aalborg University np@es.aau.dk

Nigel Baker UWE Bristol nigel.baker@uwe.ac.uk

Nozomo Nishinaga NICT nisinaga@nict.go.jp

Olivier Festor INRIA olivier.festor@inria.fr

Panagiotis Demestichos UoPiraeus Research Center pdemest@unipi.gr

Paul Murray HP pmurray@hp.com

Paulo de Sousa EC paulo.desousa@ec.europa.eu

Pedro Malo UNINOVA pmm@uninova.pt

Pepa Sedo Atos Origin Mariajose.sedo@atosorigin.com

Philip Eardley BT philip.eardley@bt.com

Raimo Kantola TKK raimo.kantola@tkk.fi

Ranganai Chaparadza  Fraunhofer FOKUS ranganai.chaparadza@fokus.fraunhofer.de

Reijo Juvonen Nokia Siemens Networks reijo.juvonen@nsm.com

Renata Teixeira UPMC renata.teixeira@lip6.fr

Roberts Sabatino DANTE roberto.sabatino@dante.net

Sandra Collins Science Foundation Ireland sandra.collins@sfi.ie

Serge Fdida UPMC serge.fdida@lip6.fr

Sergi Figuerola IZCAT Foundation sergi.figuerola@izcat.net

Serkan Orcan Tubliak-Ulakbim serkan@ulakbim.qas.tr

Simon Delaere IBBT-SMIT (vub) simon.delaere@vub.ac.be

Simon Leinen Switch simon.leinen@switch.ch

Slajomir Gorniak ENISA slajomir.gorniak@enisa.europa.eu

Stanislav Sima CESNET sima@cesnet.cz

Stephan Haller SAP stephan.haller@sap.com

Steven Davy Waterford Institute Technology sdavy@tssg.org

Stuart Clayman UCL sclayman@ee.ucl.ac.uk

Susanne Kuhrer Telecom Austria TA AG susanne.kuehrer@telekom.at

Syed Naqvi CETIC syed.naqvi@cetic.be

Tanja Zseby Fraunhofer FOKUS tanja.zseby@fokus.fraunhofer.de

Thomas Springer TU Dresden  thomas.springer@tu-dresden.de

Ultan Mulligan ETSI ultan.mulligan@etsi.org

Vincent Boutroux Orangs Labs vincent.boutroux@orange-ftgroup.com

Werner Mohr Nokia Siemens Networks werner.mohr@nsn.com

Wolfgang Koenig Alcatel-Lucent wolfgang.koenig@alcatel-lucent.de

Yanghee Choi Seoul National University yhchoi@snu.ac.kr

Yvan Pointurier AIT yvan@ait.edu.gr


Executive Summary

This full-day meeting of the MANA group was organised in 4 sessions, which were attended by 125 participants in total.
The scope of the meeting was:

· Infrastructures: Connectivity-to-network, network-to-network services, network service-to-service computing clouds, and other service-oriented infrastructures,
· Deployment, interoperability and federation,
· Control Elements: The optimal orchestration of available resources and systems; interrelation and unification of the communication, storage, content and computation substrata,
· Management systems, including increased levels of self-awareness and self-management.
After the welcome and introductions, the opening session comprised an invited talk entitled “Lessons on Internet Developments - Key Challenges”, by Peter Kirstein (UCL, UK)

Peter illustrated the difficulty to make radical changes to the existing Internet by referring to the overwhelming amount of legacy equipment. Nevertheless, progressive changes will continue to be made to ensure that IP-based networks remain suitable for meeting the needs of Networks of the Future, including:

· Ensuring the safety of critical infrastructures,

· Supporting SLAs,

· Combating the attempts of some users to try and exploit the network for their advantage - at the expense of others,
· Meeting future application requirements for high availability, high bandwidth, low jitter, etc. without building a network capable of handling permanently the most stringent cases (which would be uneconomic),
· Being prepared for unforeseeable - even non-standardised (e.g. Skype) – applications.
He pointed out that convergence on IP-based networks is attractive in terms of limiting the number of networks, protocols, gateways CPEs, and commercial contracts to manage. However, other types of networks can better support specific features, such as multihoming, quality, security, etc.

There then followed 3 sessions, which were organised as panel discussions:

1. MANA Scenarios on Future Internet

2. Future Internet Networking Architectures- Horizontal Topics

3. Future Internet Management Architectures – Vertical Topics

These panel discussions took the format of a few short presentations by representatives of relevant FP6 and FP7 projects, followed by an open discussion with the audience.

The first panel session exposed some of the Future Internet scenarios that had been developed by MANA projects since the previous meeting. These scenarios have identified problems with the current Internet from the point of view of the services that users would like to have, but are unable to get today. It is therefore a top-down approach. The presentations highlighted that the Internet is used nowadays for every type of communication, which collectively require support for mobility, strict timing, large bandwidths, security, etc. This is extremely difficult to achieve cost-effectively on a single converged network. QoS has been essentially maintained up to now through a combination of advances in technology which have enabled higher bandwidths to be delivered over the existing legacy (access) networks, and upgrading the backbone with fibre. However, Marcus Brunner ("Problems with the current Internet Scenario”) questioned if the rate of technological progress (Moore’s Law) will be able to keep pace forever with the emergence of new (unforeseeable) services.
Fabrice Forest ("Novel Mechanisms/Applications with user benefits Scenario”) focused on scenarios related to environmental aspects mobility, e-healthcare and security, and suggested that different “flavours” of an Internet are needed to support different requirements, such as scalability, on-demand services, elastic services needing dynamic load-balancing, pay-as-you-use services, dependable services, and techniques to assure privacy and usability.

The scenario presented by Syed Naqvi ("Benefit for key actors (business perspective) Scenario”) focused on the benefits for operators that could be achieved by attracting more customers into the market, through broadening the impact of the technical innovation for the general citizen (i.e. by enabling more services). Some of the challenges for operators and service providers include management (especially in self-organised wireless environments), resilience and robustness, automated re-allocation of resources, abstractions of the operations in the underlying infrastructure, QoS guarantees for bundled services and the optimisation of OPEX.

Finally, in this session, Klaus Wünstel ("New business opportunities (value chains) Scenario") presented 3 scenarios about business opportunities for:

1.
Network Providers in the Future Internet (“elephant vs gazelle”):

2.
Application/Service developers and ISPs (integrated wired/wireless/sensor networks in shopping malls, interconnected city dwellers with a mobile lifestyle, energy saving)

3.
Managing complexity through:

· Autonomic and Cognitive Wireless networking (50 Use Cases have been identified)
· Business modelling and assessment

· Market assessment

· Technology assessment 

The second panel session focused on the Future Internet architecture (Horizontal Topics). The presentations were guided by 10 questions relating to deficiencies in the current Internet and how these should be resolved in a Network of the Future. It initiated the discussion of whether a “clean slate” or more-evolutionary approach is best.

Phil Eardley expressed the opinion that “no clean slate is needed”, since the current Internet has coped with several orders of magnitude of increase in users (now billions), bandwidth, etc. without any “clean slate” changes so far. In any case, we cannot throw away what we currently have. We should “think of things in a “clean slate” way, but in practice the Internet will evolve. Indeed, it has already evolved many times (e.g. IP over TDM is now IP over MPLS), but the “hourglass” picture still stands”. Nevertheless, in a converged network, it is challenging to meet the demands of all users, which he illustrated with a picture showing speed-boats, water-skiers and swimmers in the same “pool”. The goal of the Trilogy project is to try and control the Internet (“unified control architecture”), through a form of weighted sharing, whereby people get what they want when they need it.

Arto Karila explained that the PSIRP project (Publish-Subscribe Internet Routing) vision is also one of a system that dynamically adapts to the evolving requirements of the participating users. The project’s approach is to make a “clean slate” design, but always keep in mind how the ideas can be integrated (“late binding”) into the existing Internet (e.g. through migration, evolution, overlay, replacement). He gave figures for how the amount of information on the Internet is predicted to increase over the next 10 years (through personalized video services, vision recognition, Internet of Things, etc.), and then discussed if it might be possible to route on information, rather than having to know where the endpoint is?

Norbert Niebert began by quoting from Mike O’Dell (UUnet Technologies Inc.) that “nobody changes basic technology for less than a ten-times improvement [over existing technology]”. This is a further argument against a “clean slate” replacement …. unless the potential rewards are sufficiently great. However, he raised the problem that by adding and patching we do not fix the fundamental problems … and we make the maintenance even harder. He posed the question: “Should we dare to think (again) of tailor-made networks; fit for the purpose and reliable?”, but acknowledged that such thinking goes against Metcalfe’s Law, that: “the value of a network is proportional to the square of the number of users of the system”. The 4WARD project sees network virtualization as a promising technique to enable the co-existence of diverse network architectures, the deployment of innovative approaches and new business roles and players. He further presented the need for novel transport and routing mechanisms, and particularly self-management features. In conclusion, Norbert stated that the 4WARD project envisages the Network of the Future as a family of networks.

Emanuel Dotaro expressed the opinion that the Internet “works satisfactorily for the usage of today”. He acknowledged that users experience the effects of packet loss/delay caused by congestion in some part of the network … but that this may not be a fundamental problem with the network, but rather that there are too few means to determine the location of bottlenecks (from where they could subsequently be fixed). He highlighted the trend towards so-called “polymorphic networks”, in which nodes, users, servers, machines, services, etc. are not identified by IP addresses, but rather Identifiers. Also, he anticipates that gateways will evolve to multi-technologies and networks will become more autonomous (i.e. will be composed at run time out of a variety of service components, with attributes such as QoS, mobility, security). He concluded that the Euro-NF project does not believe in simply over-provisioning, and that the network has value and therefore needs managing.

Serge Fdida introduced the FIRE concept of experimentally validating innovative research on large-scale testbeds. OneLab2 is one of the FIRE experimental testbed facilities. It comprises 118 nodes, 59 sites, 20 countries, 318 registered users, 65 active slices, and can be used either alone, or federated
 with others. It grows through building a community of researchers and practitioners dealing with similar (testing and research) problems. It builds on the proven basis of PlanetLab and PlanetLab Europe; work is done on benchmarking, measurements, etc. which go beyond just using the testbed itself. He described the advantages and challenges of federation; many of the challenges are non-technical (management of reservations, privacy, IPR, …). He concluded that building, maintaining and federating a testbed facility is a major challenge.
Finally, in this session, Alex Galis suggested that the reasons to change the current Internet are that it is a network of interconnected uncoordinated networks (Nx109 connectivity points, Nx105 services/ applications, Nx103 exabytes of content (and growing fast) and consumers are becoming prosumers. Furthermore, 80-90% of lifecycle costs are operational and management. This is becoming critical. He presented some changes that could be made, including:
· Virtualization of resources (networks, services, content, storage)

· Orchestration systems
· Programmability (new ways of writing software?)
· Increased self-manageability as a means of controlling the complexity and the lifecycle costs
He concluded that a first step is to investigate a new architecture model, and that the further goals for 2009 are to develop milestones and a roadmap to help plan and coordinate technology developments.
The third panel session also focused on the Future Internet architecture (Vertical Topics). The presentations were also guided by a set of about 10 questions relating to issues for management, interoperability, service enablers, etc. in the current Internet.
Aiko Pras presented some research challenges in Network Management as being:

· Management models (autonomic management – i.e. self* operation - is preferred),
· Distributed monitoring,
· Data analysis and visualization,
· Economic aspects of management,
· Uncertainty and probabilistic approaches,
· Ontologies.
Hermann de Meer identified other challenges as being the need to:

· Have architectural flexibility,
· Maintain and strengthen network resilience,
· Minimise energy consumption,
· Validate solutions in a real-world environment,
· Handle security issues with regard to abstraction and complexity.
He considered that virtual networks (i.e. virtual routers and virtual links) can be helpful, particularly for resilience and saving energy.
Joe Butler’s challenges for the Network of the Future included:

· Dependability, security,
· Transparency (trust),
· Scalability,
· Services: cost, service-driven configuration, simplified composition of services over heterogeneous networks, large scale and dynamic multi-service coexistence, exposable service offerings/catalogues,
· Monitoring and reporting, auditability,
· Accounting and billing,
· SLAs, and protocol support for:

· bandwidth (dynamic resource allocation)
· latency

· QoS
· Automation (e.g. automated negotiation/instantiation),
· Autonomics,
· Harmonization of interfaces.
The resolution of these challenges would bring benefits to:

· Infrastructure / network providers, in terms of:

· simplified contracting of new business,
· reference points for resource allocation and re-allocation,
· enabling flexibility in the provisioning and utilisation of resources,
· the ability to scale horizontally,
· a natural complement to the virtualisation of resources … setting up and tearing down composed services based on negotiated SLAs - simplifying accounting and revenue tracking.
· Service providers / consumers, in terms of:

· ready identification / selection of offerings,
· the potential to automate the negotiation of SLA Key Performance Indicators (KPIs) and pricing,
· reduced cost and time-to-market for composed services,
· scalability of composed services,
· flexibility and independence from the underlying network details.
Joan Serrat presented his list of limitations of the current Internet as being:

· Lack of support for user mobility (too little cooperation between networks for mobility), which also requires issues of scalability and security (trust) to be solved,
· Non-awareness of the services it supports,
· Disconnection between Internet governing policies at different levels (policy-based management),
· Interaction between different domains is predetermined or requires tedious manual negotiations,
· Lack of protection against intentional and non-intentional attacks (DDoS, trojans, misconfigurations, etc.).
He warned that trying to address the ever increasing number of requirements may cause the network to become too complex to be properly managed, resulting in unpredictable behaviour or even collapse. He concluded that a New Internet is necessary to tackle the above challenges. This New Internet should be founded on the principles of autonomic communications, with embedded self-management capabilities.
Finally, in this session, Martin May returned to the debate between “clean slate” and evolution. His opinion was that, in research, we need the freedom to come up with fresh ideas; we should not be limited by backwards compatibility and evolutionary paths. The research therefore has to be “clean slate”. However, this does not mean that the Future Internet will be “clean slate”, since it has to be integrated into the current Internet. He presented some features of the FIRE projects ANA and Haggle, which are based on autonomic communications. Martin also suggested that in new projects, we should not reinvent the wheel, but rather build on already-developed knowledge and platforms, tools and libraries.
The main conclusions from the MANA sessions were:
· Determining the needed functionality of the Network of the Future requires “clean slate” thinking, but an evolutionary path from networks that are extensively deployed today,
· Self-* features (especially self-management) are needed to handle the complexity of the Network of the Future,
· Virtualisation of resources and systems is a promising approach, since (amongst other benefits, such as resilience and energy saving), it offers the advantage of being able to separate a single physical infrastructure into a “network of networks”. It could therefore enable “Parallel Internets”,
· Given that the amount of information on the Internet is predicted to continue increasing, an “information-centric” infrastructure should be considered,

· Security and trust is becoming increasingly important,
· The resources of the Internet could be used more efficiently if the underlying networks were more aware of the services being carried (“applications/networks glue”). However, this would impact on the complexity of the management (and consequently on the cost for the end user),

· The lack of interworking of silo solutions will slow innovation and development speed,

· Mechanisms for orchestration and control are needed to manage a “system of systems” (i.e. system of networking platforms: coordinated service networks),
· The Internet is becoming increasingly polymorphic (communication-centric, information-centric, resource-centric, content-centric, service/computation- centric, context-centric, storage-centric, ...).
Session I
Introduction & Invited Talk

Agenda for Session I

11.30 - 11.35 Introduction & Objectives of the MANA session – MANA Caretakers

11.35 - 12.30 Invited Talk “Lessons from the Past and Indications for the Future”

Peter Kirstein (UCL, UK)

Moderator: Rainer Zimmermann (Head of Unit D1)

I.1
Introduction

Alex Galis (UCL, UK) welcomed everyone to the meeting, explained the objectives of the sessions, according to the agenda, and introduced the other MANA caretakers: Henrik Abramowicz (Ericsson, Sweden) and Marcus Bunner (NEC).

I.2
Invited Talk - “Lessons from the Past and Indications for the Future” by Peter Kirstein

Rainer Zimmermann introduced Peter as being the only European researcher working (in 1974) on the US (DARPA) funded ARPANET. This 1st packet network developed into the Internet. He also stressed the fact that today’s communications landscape is complex and multi-faceted. This means that understanding - and potentially redesigning - the corresponding architecture is a difficult task.
Peter Kirstein’s presentation focused on how he has seen - and how he predicts - the evolution of the Internet. He explained how the Internet started, the issues with the migration to IPv6, its usage for critical infrastructures, and fairness of access. He acknowledged the quality of the MANA position paper, but did not address specific MANA issues of management and control of the Future Internet.
Some lessons from the past included the fact that the change of protocols to IPv4 was already difficult in the ’80s. The relatively small change today of IPv4 to IPv6 brings many desirable features, but this is requiring many orders of magnitude more effort, given the enormity of the legacy equipment and services.
	Item
	NCP(IP       
	IPv4(IPv6

	Nodes
	50+
	10s of millions

	Countries
	1+
	Hundreds

	Computers
	200+
	100s of millions

	Users
	Thousands
	Billions

	Services
	~ 10
	Hundreds

	Protocols
	Tens
	Hundreds

	Real-time, Security,  QoS, mobility, NAT support
	None
	Lots

	Time for the changeover
	Months
	decade?


The scale of the changeover

In Peter’s opinion, after IPv6, there will be no more radical changes to the Internet (c.f. the failure of the attempt to change the Internet protocol to GOSSIP). Only progressive changes will be made to fix urgent problems. 
Note that there has recently been (i) a dilution of some originally mandatory features within IPv6:

· MobileIP (Mobile Telephone Operators were unwilling to weaken customer control through the SIM card),
· IPsec (adds complexity, some countries do not permit encryption whilst others require key deposition),
· end-to-end communications (NATs will be allowed).
and (ii) new IPv6 features:

· NEMO (network mobility),
· MANEMO (for ad-hoc networks).
Multi-homing support remains both a technical and political problem (also with IPv4).
Likely routes for introducing IPv6 were identified as
· Where new protocols have only been defined for IPv6 (6LoWPAN, MANEMO, stateless address autoconfiguration, renumbering aids),
· Where new large-scale systems have to be introduced with new hardware. Examples are:

· crisis management
· smart metering, smart energy / green ICT
· Where ad hoc collaboration is needed:

· autoconfiguration, Internet of Things (sensor networks)

· Security,
· Mobility,
· Large-scale addressing.
Dual-stack is the preferred method of introduction/co-existence, but is only feasible where IPv4 addresses exist.
The rest of Peter’s presentation concerned general requirements for Networks of the Future, and the suitability of IP-based networks for the purpose.
Challenges for IP-based networks were identified as:
· The safety of critical infrastructure. Civil networks (telephone, power generation, all utility transmission, government information, industrial processes, …) are susceptible to being hacked, because the cost of full protection is very high and a complete validation is technically difficult,
· SLAs. The consequence of having no connection setup procedure in IP networks means that variable levels of queuing and congestion will occur (particularly in the access network, where no underlying time-synchronised infrastructure is deployed). This makes real-time services end-to-end difficult to guarantee. Also, providers may define them in ways that users cannot understand or envisage the effect on their applications. Furthermore, it is difficult to determine who is at fault if an SLA is not met
,
· Users are always trying to find ways to exploit the network for their advantage - at the expense of others. This type of behaviour was not anticipated when the Internet was first designed. How can we control “fairness”?,
· Meeting future user requirements. Applications have requirements of the network (high availability, high bandwidth, low jitter), but not all of these are needed all the time. Building a network for the most stringent cases will not be economic. Applications are becoming network-aware and networks are becoming application-aware,
· It is becoming increasingly difficult to make decisions on interfaces, protocols, features, etc. mandatory internationally, and if a product is particularly popular (e.g. Skype) standards are simply ignored.
Convergence on IP-based networks is attractive in terms of limiting the number of networks, gateways CPEs, and commercial contracts to manage. However, other types of networks can better support specific features, such as multihoming, quality, security, etc.
Comments from the audience included support for the statement that dual-stack is the best mechanism for IPv4 - IPv6 coexistence (but is only a solution for those having IPv4 addresses). Otherwise, users should migrate to an IPv6-only environment (and let the adaptation from IPv6 to IPv4 be done elsewhere in the Internet).
Session II
Panel on MANA scenarios on Future Internet

Agenda for Session II

12.30-13.30 Panel (10 min presentations from 4 panellists + 20 min Q&A)

Moderator: Marcus Brunner (NEC, Germany)

Panellists:

· Marcus Brunner (NEC, Germany) - "Problems with the current Internet Scenario”

· Fabrice Forest (Umanlab, France) - "Novel Mechanisms/Applications with user benefits Scenario”

· Syed Naqvi (Cetic, Belgium) - "Benefit for key actors (business perspective) Scenario”

· Klaus Wünstel (Alcatel-Lucent, Germany) - "New business opportunities (value chains) Scenario"

The presenters in this session had been asked to focus on:

1. Introduction / motivation for Future Internet scenarios
2. What are the driving scenarios for the Future Internet and why?
3. What are the non-functional aspects and benefits of Future Internet scenarios?
4. What are the key research or engineering challenges derived for the scenarios?
5. What are the research challenges in Future Internet testbeds?
II.1
“Problems with the Future Internet” by Marcus Brunner, or: “The Death of the Internet - Threats to a now critical Infrastructure”

Contributing projects: Trilogy, 4WARD, EFIPSANS, AutoI
Co-authors: Rolf Winter (NEC), Pedro Aranda (TID), Martin Vigoureux (ALU), Joan Serrat (UPC)

Marcus began by explaining that the Internet has become the critical communications infrastructure for the global economy; it is the basis on which most business and home entertainment activities depend. It must not be allowed to collapse.

Scenarios that could cause the “death of the Internet” are:

· Lack of investment. The current flat-rate model provides no incentive to invest in upgrading equipment and links, and un-bundling legislation threatens incumbents that any new access links (e.g. optical) they install will have to be made available also to their competitors,
· It is rumoured that are many open “back-doors” in Operating Systems, which - if detected - could be used by hackers to compromise the Internet,
· Accidental, or malicious, misconfigurations,
· Economic and political quarrels (e.g. peering, net neutrality),
· Deliberate attacks on critical infrastructure (e-government, banks, stock exchanges),
· Increasing complexity (many ad-hoc solutions, multiplicity of protocols above and below IP, potentially inconsistent policies),
· Last-minute fixes,
· Lack of innovation,
· A discontinuation of Moore’s Law,
· IPR issues,
· “Walled gardens”, leading to no interoperability and preventing innovation,
· New high-speed mobile protocols, attracting traffic away from the Internet and onto telco networks.
He suggested that what is needed is to:

· Create incentives to improve, invest and innovate,
· Educate,
· Perform research on those items that might otherwise cause the death of the Internet.
Comments from the audience included a suggestion to solve problems generally by considering their effect at each specific OSI layer, and - when analysing incentives to invest - to also keep in mind business models for the research community networks.
II.2
“Novel Mechanisms and Applications with User Benefits” by Fabrice Forest

Contributing projects: SENSEI, RESERVOIR, 4WARD, CHIANTI
Co-authors: Syed Naqvi (CETIC), María Ángeles Callejo Rodríguez (Telefonica), Hagen Woesner (TU Berlin), Thomas Kemmerich (TZI), Amine Houyou (Siemens), Katarina Stanoevska (Siemens)
Fabrice explained that this scenario depicts both technical and non-technical challenges for the Future Internet to support some key forthcoming short- and medium- term expectations of users and society.
The addressed challenges are:

· Environmental issues:

· The reduction of carbon emission and support of a better quality of life (not only in the applications, but in the way they are designed)
· Benefits in city planning, transport schemes and constructions.
· Environmental issues tackled through Future Internet applications: 
· energy: power consumption/energy efficiency/distributed harvested energy
· mobility: telecommuting, transport etc.

· Green technology: how the Future Internet will be developed and deployed by minimizing its impact on environment (low power, recyclable materials, minimising/optimising wireless radiation)

· Mobility (multihoming)
· Improving user mobile access to Future Internet applications
· Overcoming the limitation of current networks: mobility and multihoming should be addressed jointly 

· Delay-tolerant networks need extra infrastructure to store and route information objects through network infrastructure.

· Mobile devices are very personal, and will become more location - and context - aware 

· The different addresses (human being, machine, non-communicating object) are network-wise organised in overlays that map and constantly may change these mappings.

· Developing robust communication protocols 
· Implementing and adapting existing protocols 

· Developing proxy-systems as service implementations for ISPs, transparent for the users

· Openness of the Future Internet
· Users will be connected any time from different devices over different access networks. 

· Users will ask for different applications with different traffic profiles. The network must be able to manage all applications with guarantees

· Networks should be able to manage in an efficient way any application type taking into account that this traffic can come/go from/to any source/destination.

· Different flavours of an Internet are needed to support:
· Scalable on-demand services
· Elastic services, needing dynamic load-balancing
· Pay-as-you-use services 

· Dependable services (and associated reliability metrics)
· Techniques to assure privacy 

· Usability

· e-Healthcare. To support the ageing society needs in terms of healthcare applications, the Future Internet must enable:

· Highly reliable and available residential services. 

· Plug and Play devices in the home network (to facilitate usage by elderly people)

· Security
· Security matrices for dynamic and scalable environments, forensics techniques for these environments, social awareness, legal and judicial issues across borders 

· The development of methodologies for embedded information security

· Creating a balance between freedom and total security

· Privacy Enhancing Technologies (PETs) for dynamic and virtual environments

· Certification and Audit issues: how to record and maintain lower level details in absolute abstraction of virtual infrastructures

· Real World Internet. Information and services on the Internet will have a relation to physical entities (objects, people, places) in the real world. These should be linked to the respective physical entity and vice versa. This link can enable advanced new applications, especially in the area of mobile Internet access. Challenges are that:
· Mobile information access is currently mainly limited to mobile surfing using a mobile Web browser. Mobile surfing is often not appropriate as it is too cumbersome and significantly interrupts the user's workflow. 

· A general infrastructure that enables such services on a large scale does not exist at all (SENSEI is working on this). A consequence is problems with addressing (large number of sensors)

Comments from the audience included questions about the degree of scalability that are being considered. It was remarked that the features “quality” and “performance” depend upon the location, context (car/home), device, …)  and the way that the service is provided. In many cases transcoding is needed to adapt applications to different devices, resulting in some inevitable loss of quality.
II.3
“Benefit for key actors (business perspective)” by Syed Naqvi
Contributing projects: RESERVOIR, 4WARD, EFIPSANS
Co-authors: Giorgio Nunzi (NEC), Frank-Uwe Andersen (NSN), Ranganai Chaparadza (Fraunhofer-Fokus)
This scenario focuses on the benefits for existing operators by attracting more customers into the market, through broadening the impact of the technical innovation - for the general citizen (more services).
The Future Internet should bring benefits through reduced management costs and new business opportunities to support value creation efficiently (e.g. virtual operators, global connectivity, community-like services: people, friends across Europe).

Key drivers are the dynamic instantiation of service and the integration of pervasive wireless access for business and home networking. An example that was presented was a gardening tele-community.
Challenges to address are:

· Self-organised wireless femtocell administration and management

· Decentralised, highly-scalable network management system
· Resilience and fast re-configuration

· Automated re-allocation of resources

· Abstractions of the operations in the underlying infrastructure
· QoS guarantees for bundled services

· Management of complexity (e.g. multiparty teleconference)

· Interfaces to translate business goals into network-level objectives

· Optimising OPEX (e.g. using flat rate charging)
· Generic design principles are required for an evolvable Generic Autonomic Network Architecture (GANA)

· Guaranteed performance and robustness of the network

The key actors for the business market were considered by Syed to be the operators and service providers. They should provide their customers with a broad range of cost-effective services.

The key technological challenges to address to realise Future Internet applications are:

· To be able to predict the Future Internet network behaviour

· Self-management features within a distributed architecture

· Resilience and fast reconfiguration in the network

· Automated re-allocation of resources according to varying conditions
II.4
“New business opportunities (value chain)” by Klaus Wünstel

Contributing projects: 4WARD, SENSEI, E3

Co-authors: T. Banniza (ALU), O. Lavoisy (Upmf), M. Smirnov (Fraunhofer-Fokus), María Ángeles Callejo Rodríguez (Telefonica)
Many of the new business opportunities will come from non-technical innovations, i.e. social, economic and political trends
The main drivers could be:

· The aging society

· Environmental protection

· Security privacy trust

· Evolution from consumers to prosumers

3 scenarios were identified to indicate some of the challenges:

1.
The role of Network Providers in the future Internet (from 4WARD):
1.1
There are 2 extreme positions: Elephant (try to preserve a given market, and allowing changes to take place only slowly) vs Gazelle (co-existence of many players, and a highly dynamic market). These can be characterised as follows:

	Elephant scenario
	Gazelle scenario

	Some big players (vertical)
	Many players (horizontal)

	Walled garden
	Unbundling, network neutrality

	Borders, limits
	Openness

	Regulated
	Chaotic?, free?

	Global regulation
	Local, regional

	Technically homogeneous
	Heterogeneous


1.2 Virtualisation approach:

· The Network Provider provides the infrastructure and slices,
· Disruptive concepts can be tested on a slice,
· Service Providers can offer services on slices.
2.
The Real World Internet:

2.1
Integrated wireless sensor networks (from SENSEI):

· In shopping malls (services in a close “smart place”),
· For interconnected city dwellers with a mobile lifestyle,
· Full integration in larger area (e.g. integrated sensor and actuators for energy saving).
3.
Managing complexity (from E3), through:

· Autonomic and Cognitive Wireless networking - 50 use cases identified, e.g.:

· Spectrum management (incl. spectrum sharing and use of unlicensed bands)

· Multi-homing

· Femtocells

· Self-x capabilities, …)
· Business modelling and assessment,
· Market assessment,
· Technology assessment.
Challenges coming from the scenarios are how to:
· Support safety-critical applications,
· Support “networked everyday life”,
· Support mass-market customer requirements (satisfactory QoE for the average customer and high QoE on-demand),
· Be a green technology,
· Support existing and emerging business models (let new players into the market, without disrupting existing services and without jeopardising their evolution),
· Follow the “Internet Community Style” (decentralised and collaborative processes, open standards, …),
· Incorporate virtualisation,
· Meet the demands of scalability, horizontalisation, privacy, security, heterogeneity, simplicity, manageability, service differentiation, continuity, viability.
Session III
Panel on Future Internet Networking Architectures - Horizontal Topics
Agenda for Session III

14.30-16.00; 16.15 -17.15 Panel (10 min presentations from the panellists + 70 min Q&A)
Moderator: Henrik Abramowicz (Ericsson, Sweden)

Panellists:

· Peter Kirstein (UCL, UK) - clean slate and evolutionary approaches

· Philip Eardley (BT, UK) - evolutionary approach / TRILOGY project viewpoint

· Arto Karila (HIIT, Finland) - clean slate approach/ PSIRP Publish-Subscribe Internet Routing viewpoint

· Norber Niebert (Ericsson, Germany) - clean slate approach / 4WARD project viewpoint

· Serge Fdida (Lip6, France) - FIREWORKS / PLANET Lab Europe project viewpoint

· Emanuel Dotaro (Alcatel-Lucent, France) - evolutionary approach / Euro-NF project viewpoint

· Alex Galis (UCL, UK) - service-aware architectures - MANA / AutoI project viewpoint

Introduction by Henrik

 “If evolution goes fast enough, then it is (R)evolution”
In the world of mobile networks, major new developments occur approximately every 10 years. e.g.: analogue –> GSM –> UMTS –> HSPA -> LTE,  which represent not only significant increases in wireless capacity, but also technology changes from analogue -> digital -> WCDMA ->  packet (as denoted by the terms “1st Generation” through to “4th Generation”).
The questions for Session III: "Future Internet - Networking Architectures - Horizontal Topics" are:

1. What are the main bottlenecks in the current Internet?

2. What are the first 3-5 key challenges/problems to be fixed? What can we learn from the last 40 years of evolution of the Internet? What should be avoided?
3. Better & different support of services/applications
4. Trust and privacy is crucial - how to provide trust models; how to design network elements/components which can be trusted?
5. How to test new functions? How to deploy novel features? Economically viable solutions for changing networking systems?
6. How to interwork the Future Internet with the Current Internet? Will there be Parallel Internets?
7. New Transport / New forwarding capability / programmability of the forwarding plane / programmability of the control plane
8. Should there be more(?) or less(?) intelligence in the networks
9. Information centric networks vs connectivity networks
10. Virtualization of networks
11. How to design energy efficient networking systems

III.1
Trilogy: Phil Eardley (BT)
Q1.  Main bottlenecks

“No clean slate is needed! We have coped with several orders of magnitude of increase in users (now billions), bandwidth, etc. without any “clean slate” changes. In any case, we cannot throw away what we currently have. We should think of things in a “clean slate” way, but the Internet will evolve. We have already changed many times (IP over TDM is now IP over MPLS), but the “hourglass” picture still stands. The underlying layers CAN change, but the IP-layer has not changed, even though there are 5’000 IETF specifications (and even more BGP specifications)”.

Q5.  “The Internet is not about computing systems, but about economics. It is a mirror of society and commerce. Things change fast; therefore, the Internet has to be able to allow “tussle” between competing requirements (at runtime). The instantaneous requirements may be either economic or social (e.g. reward, power, etc.)”.
Q6.  Meeting the requirements of all users is difficult.

The fact that the available resources are shared between all users (consider boats, water-skiers, swimmers in the same “pool”) is one reason why the Internet is successful (convergence rather than divergence). However, it creates difficulties, when trying to determine the causes of problems in the network (e.g. is it due to high bandwidth bursts, coincidence of events, manual misconfigurations, …?).
Solutions that have been proposed are:

· Limit all traffic to the same speed (this is what TCP does),
· Cap the volume (size of the boat, in the “pool” analogy),
· Check what traffic is flowing in the network (deep packet inspection),
· Associate different traffic types to different “lanes” (virtualisation),
· Increase the bandwidth (build a bigger “pool”).
The answer from Trilogy is to try and control the Internet (“unified control architecture”), through a form of weighted sharing, whereby people get what they want when they need it.

This requires end systems to be more flexible and accountability for network usage (maybe there is only a need to pay when resources are scarce? - otherwise Internet access is for free).

Some ideas for further Future Internet research are:

· Deployability,
· Assume that parties are competitive (even if only competing for a share of “Best Effort” bandwidth),
· Inter-domain vs intra-domain,
· Accountability for network usage (e.g. charge for forwarding a packet) - charge more when networks are congested?,
· Resource pooling is simple and fair, but how do we keep it this way?
III.2
PSIRP: Publish – Subscribe Internet Routing Paradigms: Arto Karila (Helsinki Institute for Information Technology)
The PSIRP vision is of a system that dynamically adapts to evolving requirements of the participating users. It mostly relates to Q2, Q3, Q5 and Q9.
· The publish–subscribe based internetworking architecture restores the balance of network economics incentives between the sender and the receiver,
· You only get what you subscribe to (i.e. if you do not subscribe to SPAM, then you should not receive it),
· The recursive use of the publish-subscribe paradigm enables the dynamic change of roles between actors.
The general approach is of a “clean slate” design (all fundamentals can be questioned), but always keeping in mind how the ideas can be integrated (“late binding”) into the reality of the existing Internet (migration, evolution, overlay, replacement). 
“It's all about information”:
	Internet today
	Internet tomorrow

	· In 2006, the amount of digital information created was 1.288 X 10^18 bits 

· 99% of Internet traffic today is information dissemination & retrieval (Van Jacobson)

· HTTP proxying, CDNs, video streaming, …

· Akamai’s CDN accounts for about 15% of traffic 

· Between 2001 and 2010, information will increase 1 million times from 1 petabyte (10^15) to 1 zettabyte (10^21)
· Social networking is information-centric

· Most solutions exist in silos

· overlays over IP map information networks onto endpoint networks
	· Proliferation of dissemination & retrieval services, e.g.:

· context-aware services & sensors

· aggregated news delivery

· augmented real life 

· Personal information will increase tenfold in the next ten years (IBM, 2008)

· Increase of personalized video services

· e.g., YouTube, BBC iPlayer

· Vision recognized by different initiatives & individuals

· Internet of Things, (Van Jacobson, D. Reed)
· Lack of interworking of silo solutions will slow innovation and development speed


If it is “all about information”, why not route on information, rather than having to know where the endpoint is?
The main design principles would be;
· Information is organised in a multi-hierarchical way 

· Information semantics are constructed as Directed Acyclic Graphs (DAGs)

· Information scoping 

· Mechanisms are provided that allow for limiting the reachability of information to parties

· Scoped information neutrality (scope can be geographic, community (e.g. people working on the same topic))
· Within each information scope, data is only delivered based on a given (rendezvous) identifier. Publish that you have some information available at a rendezvous point

· The architecture is receiver-driven 

· No entity shall be delivered data unless it has agreed to receive those beforehand
· Information is everything and everything is information
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III.3
Clean slate approach / 4WARD project viewpoint: Norbert Niebert (Ericsson, Germany
The issue of “clean slate” vs evolution addresses most of the questions posed for this session.

The argument for a “clean slate” approach is that: "nobody changes basic technology for less than a ten-times improvement [over existing technology]“ (Mike O’Dell). However, we then have to consider what improvement are we looking for (cost?, capacity?, bandwidth?, reliability?).
· Do we need all of these? 

· Can we do it? 

Again, the same message was given that we need “clean slate” thinking, but in practice, the solution must be an evolution from what we have.
Considering the questions Q2 and Q6: Network (R)Evolution – How?

· Is it just a new version of IP (IPv7) or do we have to create an alternative to IP?

· By adding and patching we do not fix the fundamental problems … and we make the maintenance even harder 
· Should we dare to think (again) of tailor-made networks; fit for the purpose and reliable?

· But this revolution against convergence goes against Metcalfe’s Law, that ”the value of a network is proportional to the square of the number of users of the system”  
· How do we solve this?
Q10: Network Virtualisation:
· Virtualisation enables us to exploit the benefits of a meta-architecture in a commercial setting. It:
· Enables the co-existence of diverse network architectures

· Enables the deployment of innovative approaches

· Enables new business roles and players by:
· allowing a split of infrastructure-/network-/service-providers

· lowering the barriers of entry

· providing a “Market place” for shareable network resources

· Provisioning a virtualised management framework

· On-demand instantiation of virtual networks at large scale

· Virtualisation of diverse resources in a common framework

· Routers, links, servers – this can all be done today, but it needs a unifying e2e approach

· Extension on the virtualisation concept to the wireless infrastructure and spectrum

· Folding points providing interworking between virtual networks 

Regarding the current 4WARD status, the project has:

· A draft architecture
· Scalable mapping algorithms using data mining technology

· An initial definition of signalling and control interfaces

· A first version resource description language

· Modelling of resources and networks

· XML-based 

· Used for request and offer

· Additional query language for complex requests

· Early prototyping and testbeds

· Controlled Interworking concept

· Virtual Radio concept

The presentation of the draft architecture included the following aspects :
· A new view on interconnecting information (Van Jacobsen)
· The Future Content Centric Internet
· NetInf compared with p2p overlay networking

· Common dissemination infrastructure for all applications (peer-to-peer, IPTV, Voice, etc.), including network support for caching and transcoding
· Network awareness of application needs

· Can use several underlying network technologies

· “Cloud of networks” – that knows what services you are using

Q7: How to transport?

· Will the “IP hourglass” model continue to hold true? (wireless is already challenging the IP hourglass concept as being just another underlying network), and why is it efficient to do transport innovations only as overlays?

· What can be gained with a completely fresh view on transport mechanisms?

The “Generic Path” was proposed as an answer to these questions. It comprises:

· a much richer class of data flows, beyond TCP, UDP
· minimal state within the network
· common management interfaces, to set up and tear down flows and to query their status
· explicit identification, notably to facilitate control of multi-flow applications like videoconferencing

It was also mentioned that mechanisms are needed to assure performance and efficient operation, such as:

· using techniques like network coding and cooperative transmission
· choosing the "best" paths for the considered transport 
· ensuring that resource sharing is "fair" and meets application requirements
· managing the mobility of users, networks and information 

There are also more novel transport mechanisms:
· a coding and cooperation framework

· e.g. to realize the gains of "butterfly" coding
· with adapted signalling and flow routing
· coding of chunks in swarms, coding and cooperation for wireless 
· routing in a network of information
· choosing the "best" copy of a data object
· incorporating swarm-like transport
· using network caches to enhance performance
· multi-path, multi-layer and multi-technology routing

Q7: Should there be more(?) or less(?) intelligence in the networks. With respect to managament mechanisms:
· The most urgent need in a dynamic world is self-management
· The automation of management has been a research topic since many years, but its reliability still has to be proven
· In-Network Management (INM) is a scheme to build in management at design time, as opposed to adding management afterwards as a separate function. The reasoning is to: 
· avoid that the management functions are not supported by the network:(e.g. lack of test capability at different layers)
· ensure the appropriate parts of the network are accessible for management (e.g. congestion control of the transport layer)
· embed monitoring and organization functions into network components

· co-design the management, not retro-fit it.
4WARD sees the Network of the Future as a family of networks. Some open issues that they have identified are:

· The design of the network architecture. A balance has to be found between a (preferred) clean slate approach, but also re-using components … and ensuring interoperability,
· How to improve the efficiency of deploying new services that meet given requirements for QoS, mobility, security, …
· Minimisation of the operational costs.
III.4
Evolutionary approach / Euro-NF project viewpoint by Emanuel Dotaro (Alcatel-Lucent, France)
In response to questions Q2, Q3, and Q6, Emanuel stated that the Internet works satisfactorily for the usage of today. He acknowledged that users experience the effects of packet loss/delay caused by congestion in some part of the network … but that this may not be a fundamental problem with the network, but rather that there are few means to determine the location of the bottleneck (where it could be subsequently fixed).
Fault locating will get worse, as more disperse features (e.g. autonomous networks, virtualisation, new networking paradigms (DTN), … ) are integrated. The trend is towards so-called “polymorphic networks”, in which nodes, users, servers, machines, services, … are not identified by IP addresses, but rather Identifiers. But this will only shift the problem into one of how to manage the Identifiers.
Gateways will evolve to multi-technologies and networks will become more autonomous (i.e. will be composed at run time out of a variety of service components, with attributes such as QoS, Mobility, Security).
Related challenges are:

· Instantiating the “application/network” glue paradigm. This requires items like: architecture, languages (semantic definition), interfaces, etc.,
· Ensuring that the systems are distributed flexible, open and adaptive,
· Defining the knowledge plane and decision plane for component (self-) management,
· Expressing identity management as a specific case of the global information management issues,
· (inter) Networking paradigms,
· Allowing new net paradigm introduction (the IP “hourglass” figure will not be here forever),
· How to support applications? (consider the network as a part of the global service,
· Edge/middle: How to be future proof against requirements that we do not know?

· As we do not believe in big fat pipes, the network has value and needs managing

III.5
OneLab2: An Open Federated Laboratory Supporting Network Research for the Future Internet by Serge Fdida (UPMC)

Serge introduced the FIRE concept of experimentally validating innovative research by using large-scale testbeds. OneLab2 is one of the FIRE experimental testbed facilities. It can be used either alone, or federated
 with others. It grows through building a community of researchers and practitioners dealing with similar (testing and research) problems.
It builds on the proven basis of PlanetLab and PlanetLab Europe; work is done on benchmarking, measurements, etc. which go beyond just using the testbed itself.
He described the advantages and challenges of federation:
Advantages:
· Diversity, realism (geography, technology),
· Reproducibility of results (for those that need it), others may only need controllability of the conditions,
· Reach (research community, end users),
· Scale (number of nodes, resources),
· Multiplexing (more efficient resource usage) – many players are embracing this technique

· Best practices, develop a larger use of testbeds,
· Creation of a global research community,
· Creation of an early adopter community (e.g. through open provisioning) by building on the experience of a facility provider.
Challenges & Constraints:
· Complexity

· Technology

· Administration

· (resource) allocation policies and mechanisms

· Legal and trust issues

· Local privacy and public safety regulation

· IPR agreement

· Openness of results

· Policies

· How to define?

· How dynamic?

In the end, the customer has to weigh the benefits against the challenges

The federation vision:

[image: image4]
Some research challenges for the experimental facility testbeds are:
· Virtualization: Running concurrent experiments without interference,
· Providing support services for customers,
· Monitoring: Collecting data and making it available,
· Legal aspects: Responsibilities and liabilities, IPR, …

· Benchmarking: Assessment of the results produced (and achieving reproducibility),
· Providing a robust and secure facility,
· Economical aspects: Sustainability of the facility, for the users, the operators, the federation(s),
· The federation process itself:
· Inter-operability framework

· Data and resource representation

· Control plane, resource management policies, incentives
He then gave some facts and figures about the OneLab infrastructure
· 118 nodes, 59 sites, 20 countries, 318 registered users, 65 active slices,
· Based on PlanetLab: 

· >1000 nodes, 487 sites, 41 countries, 5030 registered users, 630 active slices
· Growth rate of 100 nodes per year

· New components

· WiFi links

· Emulated links (Dummynet boxes)

· NITOS

· WiFi testbed, 23 nodes, OMF based

· Open to the OneLab2 partners

· Low level driver programming

OneLab2 will become more polymorphic over the next 1.5 years:
· Access to SAC testbeds

· SAC cloud composed of mobile devices, incl. GPS

· ANA, Haggle, DTNRG

· Access to Wireless testbeds

· All based on OMF

· WiFi, WiMax, Mesh

· Open source wireless testbed toolkit

· Access to Computing Clusters

· Everlab: 6 clusters, 89 hosts, 265 CPUs

· Access to other testbeds

· Slice-Based facility Architecture (SFA)

· FEDERICA, G-Lab (a German National testbed)
· New Components

· Emulation, Monitoring

Dissemination:
· OneLab is highly visible worldwide:

· EU, US, JPN, China, AsiaFI, NZ, Brazil, Australia, Thailand, …

· OneLab develops many international cooperations

· NSF/GENI, PLC/Princeton, Orbit:OMF, Akari/NICT/Japan, JSPS/Japan, Korea, China, Glab/Germany, GRID’5000 …

Current status:

· Identification of Use Cases:
· Currently many experiments
· New Use Cases are appearing (Content/FEDERICA, CDN/Telecom Poland, …)
· Developing basic technologies and tools for others to use outside the facility:
· Monitoring, Wireless, …

Conclusions:
· Building a facility is a major challenge

· complex process, high risk, many non-technical issues (IPR, legal,)

· FIRE / OneLab is about:

· Supporting two complementary dimensions (Research & Experimentation)

· Enabling different federations – not one size fits all

· Basing on an existing ecosystem with an international community

· OneLab is already:

· Up and running!

· Independent and Federated

· Highly visible worldwide, seen as a peer

· Cooperating with « Pilot » projects (PSIRP, ANA, Haggle, 4WARD, FEDERICA) and is looking for new partnerships
· Aggregating tools from disperse communities

III.6
Service-aware Architecture – MANA by Alex Galis (UCL, UK)

Alex suggested that the reasons to change the Internet are that:
· Even though it works, there are only a few fundamental services,
· The current Internet is a network of interconnected uncoordinated networks (Nx109 connectivity points, Nx105  services/applications (and the number is growing fast), Nx103 exabytes of content (and growing fast),
· IPv6 may create another parallel Internet,
· 80-90% of lifecycle costs are operational and management. This is becoming critical,
· “Ossification” is reaching a crisis level; there are a lot of missing and interrelated features, missing enablers for the integration of networks, services, contents, storage,
· Consumers are becoming prosumers,
· The attempts made in the past to tweak the IP hourglass model (mainly by expanding the Control Plane at the IP layer) have not yet developed into products,
He suggested ways to make the change (enablers) are through:
· Virtualization of resources (networks, services, content, storage),
· Orchestration systems,
· Programmability (new ways of writing software?),
· Increased self-manageability as a means of controlling the complexity and the lifecycle costs,
· A first step is to investigate a new architecture model.
MANA Architectural model:
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MANA work scope:

In 2008, MANA produced:

· Networking infrastructures for
· Connectivity-to-network, network-to-network services, network service-to-service computing clouds, and other service-oriented infrastructures

· Cross-domain interoperability and deployment

· Optimal orchestration of available resources and systems; Interrelation and unification of the communication, storage, content and computation substrata

· Management systems covering FCAPS functionality, including increased levels of self-awareness and self-management (i.e. all self-* functions)
· Analysis of 4 groups of scenarios for the Future Internet,
· Identification of the research orientation & capabilities for the MANA system of systems,
· Initial Architectural Model.
Goals for 2009 are: 
· Milestones and a roadmap to help plan and coordinate technology developments,
· Proposals for integrating a set of essential and high impact research projects progressing the Future Internet capability sets / interdisciplinary priorities.
Panel discussion:

Panelists: Alex, Serge, Norbert, Emanuel, Phil, Peter

Q1: Dimiti : What is most important: simplicity or optimisation?

Norbert: Simplicity always wins in the market, but the standards process can add complexity, since all solutions have to be included.
Phil: Simplicity beats optimised solution. As an example, BT has been working on a mechanism for making the level of network congestion transparent. This should be usable for several purposes, including optimisation (i.e. devices could send traffic at the time when the network is least congested). However, this is neither simple to implement, nor to incentivise devices to co-operate accordingly. 
Emanuel: Today’s traffic is not TCP friendly.
Alex: If something can be made to work and people can make money out of it, then why not do it?
Serge: Address efficiency first, then go for simplicity for the deployment. Complexity always comes at a cost.
Q2: Dimitri: How strong should be the coupling between applications and network resources?

Roberto: The focus has concentrated on what action the network should take when congestion is detected. Instead, we should encourage the building of bigger “pipes”.

Phil: This is the right solution, but who pays for this? 

Serge: If we increase the bandwidth it will solve the problem temporarily, but the new bandwidth will be rapidly taken up by the existing and new services.
Alex: Virtualisation gives more scope for moving resources around.
Edmundo: Isn’t virtualisation at the limits just circuits?

Latif: Virtualisation will have a further impact on the IP addresses shortage.

Norbert: Everything has its time - nowadays communication is packet-oriented, but this is not necessarily the best solution for optics and wireless.
Mauro: Yes, analogue is coming back in optics.

New topic: Costs:

Arto: UMTS is extremely expensive (typically, 4EUR per MB). Due to its simplicity, WiFi is much more cost-effective (even if the throughput is not guaranteed).
Mauro: Commercial companies have to make money, but it is also a fundamental requirement for citizens to be able to access information at a reasonable cost. Sending 1MB via SMS is 108 times more expensive than carrying 1MB on the backbone.
Arto: The price of technology is not coming down as it should. Capacity is made scarce artificially to keep prices high. Developing countries can only afford 1 USD per month.
Emanuel: The price of a 1Gbit/s optical line is 500 times what it costs in Helsinki than in the countryside, when self-installed.
Peter: The cost is not only for the transmission, but the cost of installing and maintaining the total system. 

New topic: Regulation:

Andreas Aurelius: The Internet could die if we shut people off the Internet. Politicians/regulators must not stop people accessing (there is a need to educate the policy makers).

Emanuel: Yes, people need access to the Internet, but do they have the right to illegally download content? 

Norbert: It is important to keep up the dialogue. We cannot apply the same laws on the cyber world as on the physical world. People know what is being carried in the bits.

Andrea Glorioso (policymaker from the EC). Telecom regulation across Europe (eCommerce directive) states that network operators are not liable for the content they transfer or host as long as they are not aware of the content – so if they start monitoring/measuring they might become aware of the content and then become liable.

Phil: It’s a political decision whether or not we want to keep track of every computer we interact with.
Peter: Regulators want people to keep using the Internet, as it is an easy way to collect information.
Emanuel: In some countries in Europe, one does not need a license to be a telecom operator, just the ability to filter illegal traffic.

New topic: Scalability

Dimitri: What are the plans to experiment with scalability? 

Serge: We envisage to experiment with billions of devices, but not all of them may be used at the same time. Today, we have almost 1’000 nodes and diversity at the edge, and can combine with other resources (e.g. emulab).

Alex: There are already commercially available service clouds (virtualisation of networks) which can bring the equivalent to a PlanetLab – scaling up networks and services feasibility. Virtualisation at the edge brings added problem of scale.

Peter: Operators and suppliers have facilities for large-scale simulations (50’000 - 100’000 node networks - and emulation facilities.

Phil: BT’s internal network is bigger than its commercial network.
New topic: Storage and transmission trends
Arto: These are becoming the same; if one develops faster than the other, then it will change the architecture. In principle they should evolve at the same rate.

Peter: Caching is a solution in developing countries to save precious international bandwidth – but it does not always work (i.e. if the content is not repetitive).

Other:

Mauro: We should decouple what is the development of evolutionary features (integration of wireless and wired, Internet of Things, etc.) from fundamental fixes. Note that many of the issues listed as challenges for today’s Internet are not technical.

Session IV
Panel on Future Internet Management Architectures - Vertical Topics

Agenda for Session IV
17.15 -18.15 Panel (i.e. 10 min presentations from the panellists + 20 min Q&A)

Moderator: Alex Galis (UCL, UK)

Panellists:

· Aiko Pras (University of Twente, The Netherlands) - Network Management approaches

· Hermann de Meer (Passau University, Germany) - Virtualisation approaches and System Management

· Joe Butler (Intel, Ireland) - Service Management approaches

· Joan Serrat (UPC, Spain) - System management

· Martin May (Thomson, France) – Service-aware networking approaches

Introduction by Alex Galis

The questions for this panel are:

1.
What are the first 3-5 key vertical challenges/problems to be fixed?

2.
What are the new Management problems of the Future Internet? What can we learn from the last 40 years of the Management of the Internet?
3.
Levels /layers of resources and protocols and systems vs. virtualisation of resources/virtual systems - parallel Internets

4.
Interworking and integration of networking clouds and computing clouds

5.
Service Enablers and Control and Orchestration in a context of multiple domain and administration; service interaction /interworking across multiple/federated domains and clouds

6.
Efficient management of resources including energy consumption.

7.
Interworking and integration of Management functions and Future Internet
· New management problems for the Future Internet

· Relationship between Management and Governance

· Accountability and responsibility in Future Internet

· The Relation between Management and Costs in Future Internet

· Management as a driver of the design, deployment and growth of the Future Internet

8.
Clean slate vs. evolution - parallel Internets

9.
MANA position paper presentation and discussions

IV.1
Network Management approaches by Aiko Pras (University of Twente, The Netherlands)
The following research challenges are identified in the IEEE Communications Magazine paper “Key Research Challenges in Network Management”, by Aiko Pras, Jürgen Schönwälder, Mark Burgess, Olivier Festor, Gregorio Martínez Pérez, Rolf Stadler, and Burkhard Stiller, October 2007:
· Management models (autonomic management - self* operation - is preferred). The idea has been around since the 90s, but there are still difficult issues to solve, e.g.:

· interaction between multiple control loops (different control loops at different layers of abstraction (device, network, …). Care has to be taken not to abstract too much – do not get detached from the real problems. There can be a lot of parameters to handle – we have to focus to on specific domains and on specific management tasks
· how to control the control loop?

· stability of the entire system
· correctness of complex control software

· Distributed monitoring,
· Data analysis and visualization,
· Economic aspects of management,
· Uncertainty and probabilistic approaches,
· Ontologies,
· Behaviour of managed systems.
IV.2
Virtualisation approaches and system management by Hermann de Meer (Passau University, Germany)
Overview

1. Future Internet Vision

2. Virtual Networks

3. Virtualisation and Resilience
4. Security issues
5. Virtualisation and Energy Efficiency
1. Future Internet Vision

Challenges are:
· Architectural flexibility is needed for the envisioned multitude of services,
· Network resilience has to be maintained and strengthened,
· Energy consumption has to be minimized.
2. Virtual Networks

Virtual networks provide a self-managing virtual resource overlay, service-aware network resources
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Virtual Networks are: Virtual Routers + Virtual Links

· Virtual Routers support different network technologies(e.g. IPv4 & IPv6),
· Virtual Links:

· Connect Virtual Routers
· May span multiple physical links
· Can be modified dynamically (e.g. bandwidth)

Virtual Network Issues

· The scalability of virtualization approaches is not really known. It is necessary to determine:
· the upper limits on VM creation

· the VM overhead

· how much virtualisation state do we need and can we afford
· Current networks are designed for peak loads; will virtualisation cause overload?

· How to do routing in virtual networks? (and making the verification on specialized router hardware

· What can be virtualized? What can’t?
· Moving virtual network equipment (VROOM).
3. Virtualization and Resilience 

· It should be possible to be able to migrate services that are about to fail, if a warning can be given in advance of the event occurring (options are either live or cold migrations). For example:

· Hard disk failure (warning by SMART tools)
· Power loss (warning by UPS)
· Large scale natural disaster (warning by weather forecast)

Virtual services experience increased resilience through the independence of hardware. It should also make it possible to shut down unused hardware.

4. Security Issues
[image: image9.emf]The increased level of abstraction imposes new threats:
· Virtual Resources
· [image: image10.emf]Misuse of virtual resource management, e.g. the creation of a high number of virtual machines (DoS) 

· Virtualization Layer

· Blue Pill

· SubVirt

The increased level of complexity imposes new threats
· New states might become possible (e.g. an Operating System might not be able to protect data),
· Basic assumptions may not hold any more (e.g. the Operating System does not have exclusive access to resources).
5. Virtualization and Energy Efficiency

Typically, the total lifetime energy consumption used costs more than the original purchases of the equipment.

New organization-wide energy efficient policies are possible:

· Reduction of CO2 emission,
· Minimizing energy consumption per company,
· Energy sharing between data centres,
· Redundancy for resilience and security,
· Shutting down unused equipment to save power, low power hardware, etc.

Virtualization is key technology for energy efficient ICT:
· Virtualization of servers,
· Resource sharing in / across data centres (Cloud Computing).
Interesting research areas could be:

· The self-organizing management of virtual resources,
· The dynamic self-migration of load / heat to reduce the need for cooling efforts:
· across different time zones (i.e. between day and night)
· from places in Summer to those having Winter

· move the heat to cold places

Conclusion

The Future Internet vision poses some challenges regarding:
· Flexibility,
· Resilience,
· Energy efficiency.
Virtualisation provides solutions for some of them

Some remaining problems include:
· Validate solution in real-world environment,
· Handle upcoming security issues with regard to abstraction and complexity,
· Take consolidation of servers to the next step: consolidation between data centers.
Questions/Comments from the audience included:
Emanuel: Virtual network topologies are possible with GMPLs, OSPF, and Semantic routing

Dimitri: Virtualisation in the network adds address resolution problem and this is a key problem to resolve – resiliency is therefore solved in one respect, but not in others.

A member of the audience: Energy consumption issues need to be solved both by using more energy-efficient hardware and also evaluating what can be done within the network. Software problems (protocols) are the most challenging, but their resolution requires modifications to be made in the hardware.
Peter: A lot of work has been done at Berkeley trying to cut down on the spare spinning capacity in data centres, powering down machines when not needed, etc. … 

Aiko: Can the results be transferred to switching centres?

IV.3
Service Management approaches by Joe Butler (Intel, Ireland)
The key issues are:

· Dependability,
· Transparency (trust),
· Scalability.
Current underlying trends are:
· Outsourced IT,
· Computerised IT,
· Mobility,
· Social Computing,
· The Cloud,
· Everything as a service,
· Multiplay communications,
· Sensors and devices,
· Heterogeneity,
· Virtualisation,
· Mobile Internet Devices, 

· 3G/4G.
Other issues:

· Service lifetime,
· Service level,
· Service cost,
· Monitoring and reporting,
· Accounting and billing,
· Auditability,
· Security,
· Protocol support for:

· Bandwidth
· Latency
· QoS
· Automation,
· Autonomics.
New demands:
· External:

· Abstraction of the network landscape.

· Service-driven configuration

· Simplified composition of services over heterogeneous networks.

· Automated negotiation/instantiation

· Mappable SLAs / KPIs

· Enforceability

· Transparent Logging

· Internal:
· Exposable service offerings/catalogues
· Automated negotiation/instantiation
· Large scale and dynamic multi-service coexistence
· Dynamic resource allocation
· Harmonization of interfaces

Interfacing

[image: image7.emf]
Benefits to infrastructure / network providers are:
· Simplified contracting of new business,
· Reference point for resource allocation and re-allocation,
· Enabling flexibility in the provisioning and utilisation of resources,
· Ability to scale horizontally,
· Natural complement to the virtualisation of resources … setting up and tearing down composed services based on negotiated SLAs – simplifying accounting and revenue tracking.
Benefits to service providers / consumers are:
· Ready identification / selection of offerings,
· Potential to automate the negotiation of SLA Key Performance Indicators (KPIs) and pricing,
· Reduced cost and time-to-market for composed services,
· Scalability of composed services,
· Flexibility and independence from the underlying network details.
Edmundo Monteiro reminded the audience of the IPsphere/TMF approach to resource management.
IV.4
System Management by Joan Serrat (UPC, Spain)
Joan explained what he meant by system management, by means of an example of a ubiquitous multimedia streaming service.

Capacity is created as the device moves, or new people join. [image: image8.emf]Limitations of the current Internet:

1. Lack of user’s mobility experience

· Requirements

· Cooperation and mobility of networks

· Trends

· Look for more advanced (self)management systems

· Challenges

· [image: image11.emf]Scalability, security (trust)

2. The network is unaware of the services it supports

· Requirement

· Future Internet Services support

· Trends

· Service-driven, business-driven network management

· Challenges

· Refinement of service goals into network configuration commands

3. Disconnection between Internet governing policies at different levels (policy-based management)

· Requirement

· [image: image12.emf]Deployment of consistent policies

· Trends

· Work with the concept of a “continuum of policies” (interrelated policies)

1.  Interaction between different domains is predetermined or requires tedious manual negotiations

· Requirement

· Service coalition supporting mechanisms

· Trends

· Allow and define dynamic negotiation processes and mechanisms between domains

· Challenges

· Efficient and robust algorithms are needed

2.  Lack of protection against intentional and non-intentional attacks (DDoS, trojans, etc), (misconfigurations)

Threats to the current Internet:

· Trying to cater for current and future requirements of the Internet may lead to:

· A proliferation of coexisting incompatible protocol stacks

· Deployment of a plethora of ad-hoc solutions to control E2E QoS in mobile ubiquitous environments

· Emergence of independent sources trying to control the network (like the applications themselves)

· Deployment of more and more policies without the appropriate mechanisms to have a clear view of the consequences and impact on all the affected resources and supported services

· Allowing for complex mechanisms between parties involved in service offering
· The attempt to address the ever increasing number of requirements may cause the network to become too complex to be properly managed, resulting in unpredictable behaviour or even collapse

Conclusion

· A New Internet is necessary to tackle the above challenges
· In particular: an Internet laying on Autonomic Communications principles with embedded self-management capabilities
· But careful planning and design is needed (likely holistic) is required to avoid counter effects
IV.5
Service-aware networking approaches by Martin May (Thomson, France)
Future research challenges:
· Clean slate vs evolution

· In research we need the freedom to come up with fresh ideas; we should not be limited by backwards compatibility and evolutionary paths. The research therefore has to be clean slate 

· ---- but that does not mean that the future Internet will be clean slate, since it has to be integrated into the current Internet
· ANA:

· The ANA project framework is such a generic framework that is able to host multiple networks (stacks). It therefore fits in the middle portion of the IP hourglass
· ANA provides extension to the Linux stack that can dynamically recombine the networking functions. All protocols are written in C / C++.  ETSI is just starting work on Autonomic communication
· Security mechanisms are incorporated in ANA (off by default). One module can ensure there is no illegal combination of networking functions.

· The next step is to validate it experimentally (eg. using OneLab).
· Haggle:

· Haggle is Open Source.software for Opportunistic Communication. It has the same idea as ANA, but for the mobile world. It has a data centric approach – just send objects. It is a framework, which can be ported to different platforms. Also used in the US.
· Lessons learned:
· Building platforms and frameworks is challenging and takes time
· In new projects, we should not reinvent the wheel, but build on already developed knowledge and platforms
· Aim for sustainable platforms
· Provide tools and libraries, so that potential users can develop and deploy rapidly
Martin asked the audience if there is any application that does not run on the Internet (and if so, why is that?). This would give us a clue as to how the Internet must be changed. No-one could think of one.
Raimo Kantola: The use of multilayer nodes (i.e. nodes capable of both circuit- and packet- switching) on optical networks might be a good solution. Solve the polymorphism in HW?

Aiko: IP may become just an access protocol and all the switching will be done at the lower level.

Emanuel: Such products already exist.
Hermann: It seems best to do as much as possible in HW.
Martin: using IP as the identifier may be the worst idea (in the future).
Dimitri: There are no tools to test the impact of misconfiguration on the BGP stability. What problems might you incur - have you investigated this?

Martin: No.
Mauro: The Future Internet will be inter-domain, whereas most presenters seem to have focused on intra-domain issues. What importance do they place on inter-domain?
Edmundo: For bandwidth-on-demand, based on a Service-Oriented-Architecture, IPsphere has a solution for abstracting the resources of the network in a way that all domains can understand what resources are available from the others.
Session V
Conclusions & Proposals for research directions for Future Internet – MANA future plans
Agenda for Session V

18.15-18.30 MANA position statement presentation / MANA future plans

MANA caretakers:

· Alex Galis (UCL, UK)

· Marcus Bunner (NEC Research, Germany)

· Henrik Abramowicz (Ericsson, Sweden)

Alex Concluded the session by identifying some challenges for the next calls:

· Deployability,
· Progressive changes, parallel Internets,
· Resource pooling,
· …. and other topics that are explicitly mentioned as challenges in the MANA position paper.
The next steps are:

· To produce milestones and a roadmap to help plan and coordinate technology developments, containing proposals for integrating a set of essential and high impact research projects progressing the Future Internet capabilities set / interdisciplinary priorities,
· To elaborate proposals for:

· Evolutionary and clean slate approaches aligned with visions of other cross-domain topics or FP7 projects,
· Engineering multiple MANA systems-of-systems for parallel Future Internets, which include layered and non-layered approaches to provide the new control infrastructures,
· Mapping,
· Integration ….
· To work on the position paper,
· To formulate a proposal to link the ideas into solutions (coordinated proposals),
· To move from a list of challenges, towards solutions,
· To present the progress at the next FIA conference – Stockholm, 23-24 November 2009.
































































































































































































� Dictionary definition: A federation is a union comprising a number of partially  self-governing regions united by a central ("federal") government under a common set of objectives.





� A suggestion for a new research project was to investigate if there is any gap in SLAs between co-operating organisations





� Dictionary definition: A federation is a union comprising a number of partially  self-governing regions united by a central ("federal") government under a common set of objectives.
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