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Motivation and Background



Success of Internet
1.4 Billion Users today



IP Bottleneck

“IP over everything and everything 
over IP”
Simplicity and Transparency

maximises number of usable networks
Properties of ubiquity & robustnessp q y
Maximise interoperability
Global addressing & reach
Minimise number of serviceMinimise number of service 
interfaces
Isolate end-to-end from network 
details & changesdetails & changes
Simplicity



Original Design vs Usage

Internet has outgrown Original design goals
Wide range of stakeholders and concernsWide range of stakeholders and concerns

End-users
Spam, trust, security concerns

Operatorsp
Address space depletion
Inter-domain routing limitations

Enterprises
Multi-homingMulti homing
Denial of Service Attacks

Developers
Middleboxes



Internet is Going Mobile



www.phonecount.com

PCs: 850M 
Fixed: 1.3B
TV 1 5BTV: 1.5B
Cars: 800M 
Credit Cards: 1.4B



Task-Specific Devices



iPhone



Skype Phone - Presence



EU Future Internet Initiative



Internet of Services, Service Web 3D Internet 

Trust

Security

Networks of the Future

Internet of Things





Bled Declaration

Defines the ambitions and opportunities for action 
at EU levelat EU level
Sets the broad design principles of a FI open to 
innovation and change
Creates the political momentum that will facilitate 
the mobilisation of the research constituency
Stimulate a coordinated debate on Future Internet 
and on what the European answer should be
Calls on MS to organise their activities on the 
Future of the InternetFuture of the Internet
Calls on MS to set up the R&D funding required to 
move Europe ahead 



Future Internet Assembly
95 Projects In Challenge 
1 have signed the Bled 
Declaration
= million 621 Euro= million 621 Euro

Call 5 will bring the 
budget to over 1B Euros Bled, April, 2008 Slovenian

Madrid, December, 2008
Prague, May, 2009
Stockholm, November, 2009
Valencia March 2010

S o e a
Minister

Valencia, March, 2010

Czech Viviane Reding, VP Bell Czech
Ministers Member of the European 

Commission
Information Society & Media

Labs



Networks



Fat IP Waist



Fat IP Waist



Network of the Future



Design for Tussle
Different stakeholders around Internet may have interests which are 
adverse to each other, and these parties each vie to favor their 
particular interests creating a “tussle”particular interests creating a tussle

“Tussle in Cyberspace: Defining Tomorrow‟s Internet”, Clark, 
Wroclawski, Sollins, Braden, IEEE/ACM TRANSACTIONS ON 
NETWORKING, VOL. 13, NO. 3, JUNE 2005, , ,

“design the playing field not the outcome”



Internet of Things



World’s Smallest Chip



Applications
• Ticketing• Ticketing

• 28 msec/ticket
• 0.002% reject rate0.002% reject rate

• Uniform Management
Sec rit and in entor• Security and inventory 

management
• Difficult to detect/remove tag

• Library Books 
• 1K -> 30K transactions/hour1K  30K transactions/hour







Trust and Security





4oD Terms and Conditions



Channel 4 Server

4oD uses peer to peer ("P2P") technology. This 
allows content to be transferred directly from theallows content to be transferred directly from the 
computers of users of the Service (rather than 
through a website or directory). If you download 
Content to your computer, during the Licence
Period, we may upload this from your computer 
( i t f t b d idth) f th(using part of your upstream bandwidth) for the 
purpose of transferring Content to other users of 
the Service Please contact your Internet Servicethe Service. Please contact your Internet Service 
Provider ("ISP") if you have any queries on this.
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Service Contractual Security (1/2)

Tell me what you do (and where you are)
Design software with security claims

Let me check it
Compliance of services Contracts with user’s Policies

Show me your evidence orShow me your evidence or
Check that the service actual fulfills its claims



Service Contractual Security (2/2)

Let me keep an eye on you
run-time monitor the servicesrun-time monitor the services

Let me vaccinate you
Inoculate Security Policy into softwareInoculate Security Policy into software

Assess globally how things are going
I di t f it dIndicators for security and assurance



Micro vs Macro Security

Analogous to Micro-vs-Macro Economics? 
Th G L l l d iThe Gas Law vs molecular dynamics

Most work to date on Micro-Security
Properties of security components (Crypto etc.)
Security design, verification, integration of 
componentscomponents



Macro Security
But now will have a by-product of S&P-by-But now will have a by product of S&P by
Contract

“Users” have their security & privacy policiesUsers  have their security & privacy policies
“Services” have their security & privacy contracts
A “Market” is born…A Market  is born…

Macro-Security as experimental discipline of 
Future InternetFuture Internet

Can we study the Macro-security of users and 
services?
… without looking at individual components?
Can we discover global security laws? Which is the 



Trusted Architecture
… doesn’t mean that nothing can go wrong

we have to accept that vulnerabilities exist and bad guys are out 
therethere

… does mean that service consumers can make informed 
decisions about the risk that needs to be taken
… does mean that services and infrastructure functionalities are in 

place that allow to mitigate those risks
risk assessment and management methods and tools are key

taking into account the distributed nature of trust
i l t t h b t lti l ( li ti ino single trust anchor, but multiple ones (applications, services, 

service delivery platform, infrastructure, devices)



How to achieve trust?
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Increasing Trustworthiness
Need a trust and security “toolbox” that can be flexibly adapted 

to the given business / risk context
controls
protocols
policies
certificatescertificates
validation
many of them are readily available

Th “t l ” d l / titi (i l i ) /The “tools” are spread over layers / entities (incl. services) / 
domains

management
composition

Methods for assessing the effectiveness of a given selection  
and composition of tools are key



Managing Risk

Assessing the value of transactions over the Future 
Internet

capturing business context
semantics of (business) processes

h d i d i tienhanced service descriptions
Management methodologies and tools

ready to be used by the service consumer (servicesready to be used by the service consumer (services 
and users)
taking lifecycle and aggregation aspects into account
( dynamic risk evaluation)( dynamic risk evaluation)

Integration in a Future Internet architecture



Essentials of a trusted service 
architecturearchitecture 

Context-sensitive risk assessment and management
Flexible toolbox of controls
Distributed over services, service delivery platforms, 
and infrastructure
Accessible to services and users
Supporting compositional security and transparencySupporting compositional security and transparency



Media



Content-aware Networks and
Network aware ApplicationsNetwork-aware Applications

Architectures and technologies for converged and 
scalable delivery of Multi-Media content (content andscalable delivery of Multi Media content (content and 
context-aware, personalised…).
Delivery to home and mobility scenariosy y
Integrity and quality of the media - collaborative media 
creation, delivery scenarios (sharing, storage, 

t i l f i )retrieval, fusion…).
Multi-Media real-time and immersive applications
S l bl Vid C di M lti i i t di (2DScalable Video Coding, Multi-viewpoint coding (2D-
3D)…



3D video delivery



Immersive media experiences beyond 
TV and Electronic CinemaTV and Electronic Cinema

Higher frame rates contrast range colour gamutHigher frame rates, contrast range, colour gamut, 
surround sound, multi-viewpoint coding, 3D 
capabilities, immersive environments, network p , ,
architectures for E2E…



Film -> 4K Digital Imaging



4K Technologygy



Networked Search and Retrieval

Large-scale distributed digital Audio-Visual content in 
diverse scenarios (inc. nomadicity)
Interactive, scalable, multi-modal (and cross-modal) 
Media to network and device dynamic adaptation (P2P, 
mobile terminals)
Adaptation based on relevance feedback, user context



Broadcasting



What are the three most certain 
television changes?television changes?

Digital Switchover. The transition to digital terrestrial broadcasting 
should take place in Europe in the next four years. 
High Definition Television. In five years, the only TV programme
production equipment on the market will be HDTV. All TV receivers 
sold to the public will be HD-ready. Holiday videos will be better 
technical quality than normal TV. It must be done. Move to 1080p/50 
production.
Internet TV. By 20nn, Internet TV via broadband will have as many te et y 0 , e e a b oadba d a e as a y
viewers/users as broadcasting. Internet is becoming a „video based‟
medium. Services will include; Podcasting, Catch-up TV and Radio, 
iTunes, virtual worlds, and others not yet devised. The „YouTube y
Generation‟ is growing.
These three changes are all happening at the same time. 



What are the “possible”, but not certain, 
changes?changes?

IPTV (closed garden IP delivery of television). Business model 
based on pay services and subscription.based on pay services and subscription. 
Broadcasting to handhelds, using DVB-H, T-DMB, MediaFlo, etc. 
current business model are based on subscription. 
Services to portables using 2.5G, 3G, 4G. Business model based 
on pay services and subscription. 
All of these are based on subscription and/or pay service modelsAll of these are based on subscription and/or pay service models. 
They all need programmes/content that people are willing to pay 
for.
Their success is uncertain but possible.



Over the horizon
3D Television. No one knows yet how to make a 3D TV system 
that does not hurt your eyes after watching for a time. But a lot of 
labs are working on this today so there may be breakthroughslabs are working on this today, so there may be breakthroughs. 
3D is fashionable in Hollywood. 
Digital cinema but directly to the home. Warner Bros is 
negotiating with TV manufacturers to make near CinemaScopenegotiating with TV manufacturers to make near CinemaScope-
wide TV sets for the home, for Blu-Ray HDTV play-out. 
Internet/satellite delivery?
Quality beyond HDTV –including SuperHiVision. SHV will 
have pictures with 32 times as much detail as current HDTV, 
rather like “I-Max”. This is practical technology, but its use is 

b bl ti Hi h f t d “ dprobably some time away. Higher frame rates, and “surround 
view” may be interesting.



Super Hi-Vision



World Expo, Aichi Japan in 2005



Internet today for EBU broadcasters
Over 90% of EBU broadcasters have advanced webOver 90% of EBU broadcasters have advanced web 
sites. Virtually all are in the top 100 sites in their 
countries
Over 70% of EBU broadcasters do streaming of TV or 
radio programmes, and on-demand
Over 60% Podcast radio or TV programmes
Over 80% assume 500kbit/s availability or higher 
About 50% of EBU members provide services to IPTV 
networks
B d S t EBU T h i l A bl MBased on Survey at EBU Technical Assembly May 
2008



What’s happening on the Web?

800-1000 million people (world population 6.5 billion) use the Web. Note that 
globally the Web is popular, but not nearly as popular as TV or Radio (more 
than 4 5 billion) todaythan 4.5 billion) today.
There are tens of millions of web sites available.
But less than one hundred reach more than 93% of the worldwide audience
Less than ten reach more than 90%. The so called “long tail” is very thin tail.
The top nine web worldwide companies are: Google, Microsoft, Yahoo, Time 
Warner, EBay, Wikipedia, NewsCorp, Amazon, and Apple. All of them are big y g
American companies. 
In reality, the web is becoming dominated by “media giants”.Will the top ten 
even reduce to five? 
“Every web user in the world is now working for Google”



Demand v Capacity Problem

Demand and capacity on transatlantic routes



Rich Communications Suite



IP interconnection: an alternative to the 
open Internetopen Internet



IP Interconnection Issues



Services



Standard Web Service Scenario

61



WSDL



WSDL Simplified

Web serviceWeb service

Operation 1
input

i t
output

Operation 2
input

output.
Operation N

input
output

...



The Internet of Services is made of.. 
Ser ice platformsService platforms

automatic service discovery, description, composition, 
negotiation; SLA QoS; access rightsg g

Service engineering
methods and tools for faster development 
higher-quality lower-cost services.

Virtualised service delivery platforms
abstraction over different platformsabstraction over different platforms

Semantics
describe worlds and map between themdescribe worlds and map between them

Non functional requirements



In the Future Internet services are 
ubiquitousubiquitous

Software-as-Service
Resource as ServiceResource-as-Service
Interoperability-as-Service
(partial) Service Construction as Service(partial) Service-Construction-as-Service
Unify business processes and services
Business ApplicationsBusiness Applications 
as utilities
Anything you wantAnything you want



Service Edges
What is in the service layer?
What is in the network layer?y

• Users and Service front ends
• Wide range of user types, tasksg yp ,
• High-level, functionality-aware, network-
agnostic infrastructure

• On-the-fly, context-aware, 
personalised service creationp



iPhone Apps
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Semantics
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Semantics = Machine Readable Web 
PagesPages



Semantics = Machine Readable Web 
Pages

εδυχατιον

Pages

name

education

<          >

< >

< ναμε >

<εδυχατιον>

εδυχατιον
ωορκ
πριϖατε

CV

education

<      >

<                >

< Χς >

<εδυχατιον> πριϖατε...

work

private

<        >

< >

<ωορκ>

<πριϖατε>private<            ><πριϖατε>



Billions of Machine Readable 
StatementsStatements

72



Billions of Machine Readable 
StatementsStatements
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BBC Backstage
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Semantics in Downing Street

1123 data 
sources



Semantic and Service Projects in the 
Future Internet

78



Theme 
introduction

Conflict 
introduction

Resolution
attempt

Success

Partial 
success

Postcompletion
event
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Theme 
introduction

Conflict 
introduction

Resolution
attempt

Success

Partial 
success

Postcompletion
event

Narrative
FailureFailureFailure

Narrative 
Coherence in 
Tiny Planets





Internet TV in Social Web 

Friends following this 
event
Friends following this 
event
Friends following this 
event

That was 
never a 
corner..

Billy

Friends following this eventFriends following this event



Internet TV in Social Web 

Friends following this 
eventTom

That was 
never a 
corner..

Billy

Friends following this event

Full screen

Friends following this event



NoTube Data Sources



SOA4All EU Project



Motivating Problem

The Web currently containsThe Web currently contains 
30 billion Web pages

Nearly 100M active sitesNearly 100M active sites 
10 million new pages added each day

Child t bChildren can create web pages
BUT the Web contains only 
28000 ‘true’ Web services (Seekda.com)



Overall Goals

SOA4All will transform the Web into 
a domain where billions of parties area domain where billions of parties are 
exposing and consuming services
in a seamless transparent fashionin a seamless transparent fashion 
SOA4All will integrate the service world 
of large enterprises, SMEs, and end-users 
enabling them to engage as peers
(i.e., service consumers as well as service 
providers) within a network of equals



Approach



Web Principles
OpennessOpenness
Decentralized management, evolution

Google is an abstraction rather than central control

Enabling n:m relationship
Anonymous distribution through publication
Serendipityp y

Statelessness
Common basis: URI HTTP methodsCommon basis: URI, HTTP methods



Web 2.0 Principles

Blurring the distinction between contentBlurring the distinction between content 
consumers and content providers
Moving from media for individuals towardsMoving from media for individuals towards 
media for communities
Blurring the distinction between service
consumers and service providers



Overall Architecture
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Overall Architecture
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Overall Architecture
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Overall Architecture
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Overall Architecture

94



Overall Architecture
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Overall Architecture
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WSDL



SAWSDL

But:
no predefined p
semantics!



Upper Service Ontology

Service rdf:type rdfs:Class
hasOperation rdf:type rdf:PropertyhasOperation rdf:type rdf:Property

Operation rdf:type rdfs:Class
h I tM df t df P thasInputMessage rdf:type rdf:Property
hasOutputMessage rdf:type rdf:Property
hasInputFault rdf:type rdf:Property
hasOutputFault rdf:type rdf:Property

Message rdf:type rdfs:Class



Unifying WSDL and REST

Minimal service
model



Sweet Editor



Goals for WSMO-Lite

Goal a rdfs:Class.
h F ti lC t    df P thasFunctionalCategory a  rdf:Property;
hasInput a rdf:Property;
h O t t   df P t   hasOutput a rdf:Property;  
hasPreference a rdf:Property;
h R i t   df P t   hasRequirement a rdf:Property;  
hasContextualSensitivity a rdf:Property.



SPARQL Generation Example: ordering 
a takeawaya takeaway

orderTakeaway a Goal;
hasFunctionalClassification unspc:OrderTakeaway.

SELECT DISTINCT ?service
WHERE {WHERE {

?service rdf:type wsl:Service.
?service sawsdl:modelReference ?function.
?function rdfs:subClassOf OrderTakeaway }?function rdfs:subClassOf OrderTakeaway.}



Context for reducing Information Space



Contextual Dimensions



















Future  Work
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Mobile Internet
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Augmented Reality
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Augmented Reality
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Wikitude “World browser”
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Layar “Reality browser”
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Sightseeing in Vienna
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I remember this from a movie…
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I remember this from a movie…
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Summary
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Research Challenges



Research Challenges



Future Internet Video
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Relevant URLs

EU Future Internet Portal - www.future-internet.eu
Ti Pl t P j t j t k i k/tiTiny Planets Project - projects.kmi.open.ac.uk/tiny-
in/
N T b P j t t b tNoTube Project - www.notube.tv
SOA4All Project - www.soa4all.eu
SWEET Editor - sweet.kmi.open.ac.uk
Future Internet Movie -
www.serviceweb30.eu/cms/index.php/service-web-
3-0-the-future-internet 128
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