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Executive Summary

Information and Communication Technology (ICT) is playing a key role in driving the transformation of the
European economy; it is both an essential driving force for innovation and a core enabler of economic
growth.

There is a close interaction between the software and ICT service sector and its influence on productivity
and innovation for nearly all areas of the European economy. The ICT sector alone generates 6% to 8% of
the European Union's GDP. In areas such as the automotive and medical industries, logistics and retail,
more than 80% of innovations come from ICTs. Moreover, investments in this area contributed half of
Europe's productivity gains between 1995 and 2002.

Today there is a clear trend towards employing flexible and agile approaches based on service models. This
is happening throughout all the sectors of the economy, including the service sector and manufacturing. At
the same time citizens have become used to find information, to navigate to an address or to execute a
financial transaction without buying a dictionary, using a map or going into a bank. But even more important,
these transformations have gone along with a complementary social transformation. That is marked by the
emergence of new ways of social interaction, community communication and problem solving leading to the
co-creation of content, services and information up to the co-creation of software itself.

The vision, for the next coming ten years, is that all electronic devices, human beings may think of, will have
interaction capabilities enabling new services within continuing changing scenarios according to different
business needs and situations in a continuum which de-facto creates a new global system.

This new global system is not any longer purely computer-based and not any longer existing with the
purpose of exchanging information as we are used now; indeed in this system the ICT is there to dynamically
and proactively serve in a natural, and “normal’, way the everyday life of citizens and businesses of
organisations. The main peculiarities of this system are: openness, scalability, dynamicity and proactiveness,
no central control and uncoordinated governance, and not fully predictable.

Prominent amongst the research challenges immediately to be addressed, in order to move closer to
creating the “Internet of Services”, are:

¢ Interaction with the service which is: permanent (always available), seamless (available through all
modes of communication), transparent (hiding the details of the technology) trustworthy (confidence that
the service can be relied upon), and adaptable across a wide range of applications.

e Management of services in a world which is open, dynamic, without centralised governance, and
behaves in an unpredictable manner. This includes all the aspects of lifecycle management: operational
management, service design, service development and deployment, and service delivery assurance.

To fully succeed, technology research cannot be performed without a clear understanding of the evolution of
the applications serving business needs in real contexts. European society challenges that attract major
research and development efforts are health and government, but other sectors such as transport and
mobility or energy efficiency show that the list can well be extended and that service technologies are indeed
fundamentally impacting many applied areas. Our recommendation is:

to address these challenges in a multi-facetted way through technology research, development
and integration as well as research on holistic service systems and their influence factors,
research on the user perspective and finally explorative large-scale and long-term test-bed
activities that will drive a new quality of European services enabled by ICT.
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1 Foreword

This document, part of the NESSI SRA Volumes series, is submitted as input to the services of the European
Commission in charge of drafting the FP7 Work Program 2009-2010. This document has been created using
a fast-track process, parallel to the development of the NESSI Strategic Research Agenda. Focus is
specifically placed on the topics to be addressed in the short term (first year calls of the FP7 Work
Programme). New issues of this document, addressing topics for further calls of the FP7 Work Programme,
are planned to be released corresponding to the FP7 calls schedule.

The structure of the NESSI SRA Volumes series is as follows:

e Volume 1: “Framing the future of the Service Oriented Economy”, available at http://www.nessi-
europe.eu, introduces the NESSI Holistic Model which defines NESSI in the context of a holistic
approach to an ecosystem in which all the parties involved coexist and which can develop into a new
economic model. This holistic model embraces the whole service area and foresees NESSI as a key
element in the EU economy. It illustrates the three main constituents of the context of NESSI: NESSI
Framework, NESSI Landscape, and NESSI Adoption.

e Volume 2: “Strategy to build NESSI”, to be published, which defines the NESSI set of solutions and
describes principles, paths and evolution steps in the construction of NESSI.

¢ Volume 3.x: “NESSI Roadmap”, which is a series of documents dealing with different domains to
plan the short, mid and long term phases in the execution of NESSI. This “NESSI input for FP7 — WP
2009-2010” document is part of Volume 3.x series.
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2 Market Trends: more industrial sectors are adopting the
service model paradigm

Information and Communication Technology (ICT) is playing a key role in driving the transformation of the
European economy; it is both an essential driving force for innovation and a core enabler of economic
growth. The Networked European Software and Services Initiative (NESSI) aims to create and evolve a
unified agenda, based on a multidisciplinary approach, for European research in Services and their
foundations. This agenda defines and promotes the wide adoption of technologies, strategies and
deployment policies fostering new, open, industrial solutions and societal applications that enhance the
safety, security and well-being of citizens.

In previous versions of the NESSI Strategic Research Agenda we have already highlighted the close
interaction between the software and ICT service sector and its influence on productivity and innovation for
nearly all areas of the European economy. The ICT sector alone generates 6% to 8% of the European
Union's GDP. In areas such as the automotive and medical industries, logistics and retail, more than 80% of
innovations come from ICTs. According to the OECD, investments in this area contributed half of Europe's
productivity gains between 1995 and 2002.

More in particular, according again to OECD, other service sectors — including banking and insurance,
telecommunication or energy supply — were second after ICT companies itself when it came to employing
ICT specialists. This trend of employing the service model is nowadays expanding the traditional service
industry as it is embracing new sectors. In fact, industrial automation itself is looking for new ways of
engineering the production based on new flexible and agile approaches. Nevertheless all of these statistics
can only incompletely describe the transformative impact the adoption of the service model is having, even
that, more limited, of ICT on service industries as well as on service provisioning combined with products —
and finally on the transition of products into services.

Citizens have become used to find information, to navigate to an address or to execute a financial
transaction without buying a dictionary, using a map or going into a bank. But even more important, this
industry transformation has gone along with a complementary social transformation. That is marked by the
emergence of new ways of social interaction, community communication and problem solving leading to the
co-creation of content, services and information up to the co-creation of software itself.

There are several striking characteristic of this service transformation — that can be observed in the rise in
such diverse areas as governmental services, health care or personal mobility.

1. The service transformation is shaping around the service user and his/her needs. This provides a
break with the current practice of imposing limitations that arise from the way a service is organized
on the user. Soon users will only accept seamless, personalized and fully user-centric services.

2. Traditional mechanisms of providing the service and related business models are thereby
transformed — some may become even obsolete as can be observed e.g. in the music and media
industry.

3. New intermediaries are created — in return former intermediaries might vanish depending on their
capabilities to adapt. This also goes along with new partnerships e.g. ICT companies entering into
health care service provisioning.

4. The dividing line between the providers and consumers of a service is blurring — in community
provided services this may even fade to exist.

Whereas these characteristics are not primarily technical, they have important ICT implications. The first is
the need to integrate services and electronic devices seamlessly and to dynamically tailor services on the
specific demands and conditions of the user. This goes along with the need to care (e.g. including prevention
and defence) for increasingly exhaustive private and personal information. Secondly this calls for an
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interaction of service providers with other complementary providers as well as with the wider community of
service participants and users.

On the other hand this is posing increasing demands on the manageability, scalability, performance and —
new in discussion - energy efficiency of the distributed ICT environments supporting these services (ICT
currently consumes between 2% and 4% of global energy, the same amount as the airline industry).

Europe should aim to extend its successful leadership in mobile communication and computing to drive both
the necessary architecture and open standards as well as European centres of activity and information
according to the new service paradigm. That should be based on a convergence of networks — being it
mobile or fixed. The fact that many of the upcoming services are integrating mobile devices — from phones
up to sensors or RFID - puts Europe in a natural leading position.

On the other hand, Europe needs to preserve openness and prevent new types of market failures as well as
off-shoring losses to other geographic regions that may arise in the new global service environment. There is
already a fierce competition on key information elements such as electronic identities or geographical
information up to the recent rise of providers of personal genetic data. Distributed and open approaches are
still evolving in parallel, leaving a wide possibility for firms and organisations of all sizes to participate —
including the large body of European small and micro sized businesses. Here, Europe is left with no other
choice than to compete distinctively in this development.

Apart from the technology implications, European -cultural diversity provides a fertile ground for
complementary social developments and indeed European countries such as Finland or the Netherlands are
already top on the list when it comes to digital community activities or contributions. However, still these
mechanisms are poorly understood — in the same way as the user perspective and user interaction in many
services.

Therefore, technology represents only one side of the NESSI challenge, the other is a more profound
understanding of service systems and their implicit interaction between service participants and technology.
Here, we also need to shed light on the real demands of service users and not only on the restrictions of how
services are provided today. In addition, restrictions — some of them being rooted in history, legal
requirements or regulatory context — need to be better understood.

Finally, a side effect of the society and economy centricity is that services need to be piloted in real usage
situations and increasingly complex, integrated test-beds. This is — in the same way as service infrastructure
development — a long-term activity. Here, forces should be combined so that new ICT and economical and
societal process are studied in synch to understand whether the ICT solutions are suited to the changes
occurring in the society and viceversa.

European society challenges that attract major research and development efforts are health and
government, but other sectors such as transport and mobility or energy efficiency show that the list can well
be extended and that service technologies are indeed fundamentally impacting many applied areas. NESSI
is addressing these challenges in a multi-facetted way through technology research, development and
integration as well as research on holistic service systems and their influence factors, research on the user
perspective and finally explorative large-scale and long-term test-bed activities that will drive a new quality of
European services enabled by ICT.

3 A New perspective for the Internet

3.1 Towards “Future Internet”

The evolution of the way people use Internet is transforming the concepts also behind the Internet itself: from
a mechanism to exchange information to a “global” system made up not only of the needed networking
infrastructure, but also of all the ICT stakeholders around it.
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This new thing is still evolving and it will embrace also the usage context itself, i.e. the consumers and the
providers of services in a unique and whole continuum where roles may continuously vary. We can think to
this continuum as a complex interaction of billions of different devices, billions of actions, and billions of
stakeholders all of them interacting also each other.

The vision, for the next coming ten years, is that all electronic devices, human beings may think of, will have
interaction capabilities with the aim of providing services to other devices or human beings within continuing
changing scenarios according to different business needs and situations in a continuum which de-facto
creates a new global system.

This new global system is not any longer computer based and not any longer existing with the purpose of
exchanging information as we are used now, this system is there to dynamically and proactively serve in a
natural, and “normal”, way the everyday life of citizens and businesses of organisations. We call this new
system the “Future Internet”. (Note: this name is just an example as it must be further discussed in a
wider community). The main peculiarities of this system are:

e openness, to ensure all the organisations and individuals to have the possibility to take advantage
of the available technologies offering and accessing any service;

¢ scalability, to ensure all size of organisation and business to be served;

¢ dynamicity and proactiveness, as services should smoothly adapt to different scenario providing
when needed and convenient support before it is actually invoked;

¢ no central control and uncoordinated governance, as the complexity and the size of the system if
so that any new approaches to management are needed in order to extract business value from its
executions;

¢ not fully predictable, as the multitude of items composing this new perspective (“billions of ...”)
does not allow the system to have a predictable global behaviour, nevertheless the behaviour
expected at the point of interaction should be guaranteed.

Before reaching that level, several steps are needed. For the next five years (FP7 Work Programme 2009-
2010) of research as NESSI we intend to concentrate on the realisation of the so-called “Internet of
services”. In this context the key goal is to pursue the achievement of “Continuity of services”. Continuity of
services has two main perspectives: the service consumer and the service provider perspectives.

Service consumers look for the “Perfect interactivity”. With “perfect” we mean here permanent (i.e. and
interactivity that has no time limits), transparent (i.e. the service consumer is only concentrated on the
benefits of the service he/she is using), seamless (i.e. the interaction is performed using the “typical” devices
of the context), and trustworthy.

Service providers requires new approaches to management where the central control principle is shifted to
the simplicity of the approach to keep the consistency of each service.

3.2 Example scenarios

The Future Internet that NESSI is addressing will lead to next generation electronic services as well as new
ways of creating, providing and consuming such services. Imagine the possibilities ...

Imagine future retail ...

You decide to open and run a new retail store. In order to evaluate a suitable location for the store you first
run a simulation. All information to run the simulation is retrieved from different providers, i.e. census data
from a public services authority, map data from a geographical information system, local market data from
a research institute. Even though you pay for the simulation only based on the time that you use it, it is
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highly personalized and you have all data services automatically matched to your specific business domain
as well as your geographic focus. In the store many logistics and retail processes will be automated using
dynamic pricing according to daytime and weekday, dynamic ordering of goods or inventory management.
Data is gathered from your products directly by reading their electronic identification. In regular intervals
you will now use the simulation as a strategic planning tool for your daily business — matching the real-time
information from your store with all necessary real-time information of the local market that you are doing
business in.

Imagine future health-care ...

You are enjoying Paris as a tourist in your car and suddenly the unfortunate happens, an accident. The car
automatically alerts police and ambulance and reports the location of the accident. The closest available
ambulance picks you up and transports you to the best suitable hospital based on the initial diagnosis. While
you are being transported information is being shared between the ambulance and the hospital physicians
and your medical records are being downloaded, analysed, translated into French, and sent to the hospital
so after the first aid during transport the best medical treatment can be provided

Imagine future field working ...

You are arriving at the impressive construction site that your company has been working on for the past two
years in order to monitor progress. Now your phone gives you detailed technical information such as pipe
plans or electricity plans depending on exactly where you will be going in the building. You can mark
problem areas and the areas are immediately marked in all construction plans. Your back-office has instant
access in the same way as your colleagues in other areas of the building or the responsible subcontractors.

Imagine future service creation ...

You have been playing around with a business idea for a new electronic end customer service. Now you want
to make it real. Now imagine that you do not have to run your own small sized data-center for this or do
extensive custom IT development but will be able to a large extent to compose your service out of existing
basic services in the Internet. Luckily your business grows but you are not worrying about scalability or
seasonal peaks as the execution of your services will happen somewhere in the Internet and you are billed
only on actual usage.

Even though the above are just a few — non exhaustive — examples, several characteristics of the Future
Internet, that is largely based on services, shine through:

e The Future Internet will not only provide connectivity, it will also set the Infrastructure Foundations for
providing services:
0 High-speed connectivity based on various technologies;
0 Shared and distributed sensors, computing and storage resources;
0 Pooled massive computing resources to deliver basic services.

e The Future Internet will include mechanisms to ensure energy efficiency and full scalability of the
massive computing tasks that will arise from next generation services involving a skyrocketing
number of devices and amounts of data. (“Cloud Computing”).

e The Future Internet will provide besides classical information services access to things and their
characteristics. It will also allow to interact with these things. In return things can also become active
and trigger actions over the Internet (“Internet of Things”).

e The Future Internet will not only allow access to services based on technical characteristics such as
IP-location or web service identifiers but also based on contextual information (e.g. using
geographical context or business context). Services can be searched, identified and composed into
business process components. This will allow business processes to be flexibly adapted (“Internet
of Services”).
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e The Future Internet will enable interactions in massive multi-user communities and the formation of
social and business networks — without the need for specific social or business networking platforms.
It will also support componentized business models (“New Collaborative Models”).

e The Future Internet will provide means to exchange critical, protected and sensitive data between
countries, public and private organisations, and individuals. This sharing will be safe, secure,
complete and immediate: (“end-to-end Trust”).

3.3 Advancements over FP7 WP 2007-2008

The new Work Programme is an important mean to progress beyond what already promoted by the previous
one by:
e encouraging integrated research framework (e.g. Future Internet),

¢ instilling research topics (either fully new or in continuity of existing ones) in synergy with the ones
already proposed,

e promoting federating research challenges,
e enabling cross-fertilization among research areas, and

¢ promoting integration, consistency and coherence across multiple projects even launched on different
research programmes.

As a result of Call 1 NESSI is launching a number of strategic projects addressing different and
complementary research areas. Those projects were carefully designed and built to:
1. materialize the NESSI Vision around the key notion of the “Open Service Framework” (NEXOF), and

2. significantly contribute to NEXOF implementation.

As such the NESSI Strategic Projects, granted by the EC (FP7 Call 1) and at National level, are the first
wave of NESSI Strategic projects aiming at addressing some of the highest priorities in view of the strategic
goals of NESSI. These projects are:

e EzWEB, addressing the defining a reference architecture and implementation of an open platform
supporting the retrieval, combination (mashup) and utilization of front-end layer components in a next-
generation, global Service-Oriented Architecture;

¢ MASTER, addressing the provision of methodologies and infrastructures that facilitate the monitoring,
enforcement, and audit of quantifiable indicators on the security of a business process, and that provide
manageable assurance of the security levels, trust levels and regulatory compliance of highly dynamic
service-oriented architectures in centralised, distributed (multi-domain), and outsourcing contexts;

e RESERVOIR, addressing the definition and introduction of a powerful ICT infrastructure for the reliable
and effective delivery of services as utilities. This infrastructure will support the setup and deployment of
services on demand, at competitive costs, across disparate administrative domains, while assuring
quality of service;

e SLA@SOI, addressing the definition of a holistic approach for the management of service level
agreements (SLAs) and to implement an SLA management framework that can be easily integrated into
a service-oriented infrastructure (SOI);

e SOAA4ALL, addressing the definition and implementation of a comprehensive framework and
infrastructure that integrates four complimentary and revolutionary technical advances (Web principles,
Web 2.0, Semantic Web, and Context management) into a coherent and domain independent service
delivery platform.
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In addition to the above projects there is NEXOF-RA which is the project in charge to define the Reference
Architecture of NEXOF leveraging research results and open contributions from the NESSI Strategic Projects
and any interested party (research projects/initiatives, organizations, individuals).

Trough advancements of these projects and refinement of NESSI Strategic Research Agenda we do expect
NESSI to not only deliver an Open Service Framework applicable to a broad range of various domains but
also significantly contribute to the Future Internet.

At the time of writing this contribution for FP7 WP 2009-2010, Call 1 projects are just at their starting,
nevertheless there are clear advancements of this proposal with respect to FP7 WP 2007-2008. From an
overall point of view there is a transition from research on services as such to research on putting and
operating services in relationship with their context of use. In particular:

Service-oriented utility: from adaptation of ICT infrastructures as a whole to differentiating specific
aspects for Hardware, Middleware and new programming models ranging from flexible allocation to
energy efficiency, and from new composite system designs to harmonized virtualisation;

Service and System Engineering: extending the notion of systems to hybrid-systems and
embedding in Service Engineering advanced practices as construction and management situational
based, quality-of-experience based, and sematically enriched;

Adaptive interactions: from service adaptation to embedding intelligence, situational-driven
personalisation and educating principles into hybrid service-based systems user interfaces;

Business process: from modeling to building business processes composing IT services;

Trust, security and dependability: from trust and confidence through policies, QoS, security and
so on to embedding persuasive tactics and intuitive security;

Services in the society: from the definition of the research area to build systemic foundations for a
Service Economy.

In addition to the above there are two new areas of research to be considered as pillars:

Public

Reference Architecture and Implementation: Define architectures to be independent of business
domain, business size and technologies and from those build reference implementation to serve the
large adoption;

Applicability of technology: Build specific collaborative service-based business systems for
targeted application domains (e.g. industry automation, education).
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4 The Strategy of NESSI

Transforming the Internet to service your life requires more than technology; this challenge can only be
achieved through a balanced approach addressing simultaneously all angles of this transformation. NESSI
models this transformation through a holistic view', in the context of an all-inclusive ecosystem in which the
new economic models are developed. This view highlights the following areas:

e NESSI Framework (“NESSI Core”): Software, ICT Architectures and ICT Infrastructures where data
evolves into knowledge, and which helps humans coordinate the execution of complex tasks. This
focuses on facilitating a cost-effective provisioning and seamless composition of services, supporting
pervasive and ubiquitous application scenarios.

e NESSI Adoption (“The Art of NESSI”): Socio-economic, human capital, public policy, and scientific
foundations of the transformation to a European services economy, tightly coupled with the
technology engineered in the NESSI Framework.

e NESSI Landscape (“Powered by NESSI”): Business services and business processes implemented
and deployed using the technology defined in the NESSI Framework, leveraging the socio-economic
models defined in the NESSI Adoption.

NESSI Holistic View

raining to boost he
adoption of services-
erented approache: n
conatmating busnee,

Architecture &
Emginpnring

Techricque: and
processes bo build
wirk ing inglances of
MESS] ervice-branad
sysdmers aned imngdement
processas in MESS

Regulstory Governunce
Legal ond regulaiony
ervirormmeent lor adoption
of seevice-arienied
Ewsiress processes;
inchedes contract law.

=1 B
- Bt | B | C b
B i Terve
Farant L] Yomger,

CENE DA R RIE COREmn e —
S AT

HESS Adapian HESS! Landscape
', Seevices mplementing
Prodices ond Usoge: the business-loge, pha
Cushural chifis and g bamanbstion of

birines: proceses and
hesizonkal opplications,

M ESS1 Froemework
5o ol mchnologie: 1o
develop, inegrae,
manage, host, and
ERCLIb TRV AT,
Inchedes infronpuchrs,
Service Inegrotion, and

Semanhes.

Core principles andd ey
cheroscierithics whichs
pertain the whole

MESSI EcalSysierns.

5 Research Priorities for 2009-2010

5.1 Highlights of research priorities

The following table captures driving requirements for the full implementation of a service-based economy as
envisioned by NESSI. For each requirement the table shows the highlighted research items than assigned to
specific research area. The colours on the left column point to the main elements on the NESSI Holistic
Model as presented in NESSI SRA Volume 1 and briefly described in the next Section 4. This table does
not suggest any order of priority, as there is in fact no priority of research at this level of granularity.

' This view is described in details in “NESSI Strategic Research Agenda, Volume 1: Framing the future of the Service
Oriented Economy”, available at http://www.nessi-europe.com
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Requirement NESSI Research Research Area

Provide a flexible infrastructure to |Advanced infrastructure technologies |Service-oriented utility

support the networked economy  |in infrastructure

¢ HardWare (flexible allocation,
virtualization, advanced storage,
energy efficiency)

e Operating Systems (merge
physical- and virtual-machines
execution with service-oriented
application execution at OS level)

o Desktop Virtualization (access
private/secure desktops from
anywhere, over the web, )

e Middleware (new composite
system designs, harmonized
virtualization)

e Related programming models

¢ Related power-aware software
design methods

Provide coherence to the e Modelling, Construction and Service and System
composition of uncoordinated Management of hybrid service- |[Engineering
services across all layers and all based systems (situational,
providers spontaneous, goal-based)

2 e Mapping quality of experience of
the services to non-functional
properties of components

¢ Refining semantics to become
appropriate across hybrid service-
based systems

Add the dimensions of knowledge Collaborative business Adaptive interactions

to the interaction between user intelligence for hybrid service-

and (business and societal) based systems

services ¢ Knowledge- and situational-driven
personalization of interfaces and
services

¢ Embodiment of educating
principles in services

Pave the way towards the e Dynamic formation, formalization |Business process modelling

collaborative executable management and interaction of

4 enterprise business processes implemented
through services

e  Support for long-term and
transactional business
collaboration

Define open architectures for Harmonize SOA and SOI Reference Architecture and

intranet- to internet-scale service [|architectures to support all kinds of  Implementations

delivery e business and provisioning models

e applications and hardware
environments

o for all stakeholders
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Requirement NESSI Research Research Area
Materialize the ubiquitous service |¢  Turn devices into enablers of Services pervasiveness
availability services by embodying SOA
6 principles into embedded systems
e Link collaborative devices to
services
Provide end-to-end trustability in  |e  Provide a chain of trust across all [End-to-end Trust, security
hybrid service-based systems levels and trust zones and dependability
7 e End-to-end verification and
assurance

o Embed persuasive tactics and
intuitive security

Ensure social, economical, legal ¢ Make services accessible to all  [Systemic foundation for a

and cultural viability e Multidisciplinary research to build [Service Economy
a theory describing the
relationship between
organizations and social networks
in regards to hybrid service-based
systems

e  Support emerging business
models for innovation

e Understanding OS community
collaborative processes

e Understanding OS business
models and the impact on the
Service Economy

Provide the business contextfor |e  Build the specific collaborative Building NESSI

services in hybrid service-based service-based business systems

9 systems for targeted application domains
e.g. Industry automation,
education

¢ Identify specific and generic parts
supporting services in hybrid
service-based systems

5.2 Service oriented utility infrastructure

Objective: Provide a flexible infrastructure to support the networked economy.

(1) Advance infrastructure technologies in (i) hardware which needs to be virtualised and able to be
allocated flexibly, encouraging efficient hardware utilisation, in turn enabling energy efficiency; (ii)
middleware which needs to be designed on a multi-tier model, with virtualization at each layer and
the ability to replace components at each layer without disturbing the whole stack and (iii) related
programming models need to support flexible middleware and application software, and for loosely-
connected parallel execution environments.

5.3 Service and Systems Engineering

Objective: Provide coherence to the composition of uncoordinated services across all layers and all
providers.
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