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Os-cusk

1 The Challenge and the Proposition of S-Cube

The rapid evolution of information and communication technology implies a growing number
of opportunities for new ways of computing and interacting. In this context one important
opportunity is the development of innovative systems through the composition of software
services, which are available over distributed computing infrastructures. Software services
have the power to provide software functionality to users in a much more dynamic and flexi-
ble way than traditional software technologies.

Service-based applications and their corresponding software services require fundamental
changes to the way software is developed, deployed, provided and maintained. Software that
constitutes service-based applications is no longer owned by a single organization but distrib-
uted and shared amongst many organizations. This distributed ownership and access opens up
a whole range of research challenges, including the design, evolution, adaptation and quality
assurance of service-based applications.

S-Cube was motivated by the fact that about five years ago, many research organisations in
Europe had developed or were in the process of developing individual research agendas on
service-based applications with no concerted effort to address broader services research and
technology requirements that cut across multiple research disciplines. Although the need for
cross-cutting research was frequently touted, it was not addressed at all as the challenges it
presented were well beyond the ability and means of a single group of researchers. As a result,
research activities prior to S-Cube have been very fragmented with each research group and
community predominantly concentrating on its own specific research techniques, mechanisms
and methodologies. Moreover, there was research replication, no transfer of knowledge and
only fractional alignment between research groups.

Fragmentation of research was especially visible when considering high-priority research
that focussed on the functional layers of service-based applications. These require a synergy
between sub-disciplines such as service infrastructure, software engineering, service composi-
tion and coordination and business process management. Service infrastructure issues were
mainly addressed by the grid community and there was neither much interaction with the
business process management nor with the software engineering communities. Similarly, top-
ics in service composition and business process management were mainly researched in isola-
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tion by quite separate communities. Due to this fragmentation, proposed solutions addressed
only very specific issues, lacked consistency and coherence, and there was no agreement con-
cerning the underlying theoretical dimensions nor the methodological perspectives employed
for services research. Transfer and accumulation of knowledge and further development of
the central concepts and synergy potentials were left untapped.

S-Cube, the Software Services and Systems Network, has set out to address these challenges
by bringing together researchers from various disciplines. As an EU FP7 Network of Excel-
lence its overall objective was to increase the effort toward synergy, cross-fertilization, and
synthesis of research results. The overall aim of S-Cube was to develop a coherent body of
knowledge for each of the identified core problem areas in services research by combining
insights from different target research groups and schools of thought. To this end, S-Cube
pursued the following key objectives:

1. Integration of Research Communities: This objective encompassed the integration of
research communities by re-aligning, re-shaping, and integrating research agendas of
key European research organizations in different research areas and by synthesizing
and integrating diverse knowledge, thereby achieving significant progress from the
state of the art.

2. Research on Engineering and Adaptation Methodologies and Service Technologies:
This objective encompassed the research on engineering, quality assurance and adap-
tation concepts and techniques for service-based applications, as well as research on
service technology foundations to realize service-based applications. To this end, S-
Cube aimed to jointly develop the next generation of engineering, quality assurance
techniques and adaptation approaches which, by combining different competences,
take a holistic view and empower service integrators, services providers and other rel-
evant stakeholders to compose, evolve and adapt service-based applications. Further-
more, S-Cube aimed to jointly design and develop realisation mechanism and technol-
ogies for the next generation of service-based applications which support seamless en-
gineering and adaptation across the business process, service composition, and infra-
structure layers.

3. Integration of Education: S-Cube aimed to inaugurate a Europe-wide common pro-
gram of education and training for researchers and industry that will support (and re-
ceive feedback from) the alignment and integration of European competence and
knowledge and will contribute to the durability of its impact.

4. Bonding of Research Staff: S-Cube aimed to provide a pro-active mobility plan which
supports the exchange of research staff and PhD students at the European level to fos-
ter a research alignment by achieving cross-fertilisation of knowledge and experience.

5. Community Outreach, Spreading of Excellence and Collaboration: As part of S-
Cube’s community outreach objective, the network aimed to established European and
international conferences and events to create awareness about S-Cube and to foster
the integration of research communities. S-Cube further aimed to establish strong,
long lasting links with European industry, preferably via ETPs (European Technology
Platforms) such as NESSI (Networked European Software & Services). S-Cube fur-
ther aimed at strong links with academic institutions and related EU FP7 research pro-
jects (specifically SSAIE and FIA projects) to establish collaborations and to gain
knowledge and insights that influence and drive the integration and future of the field.
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To reach the above objectives, S-Cube brought together over 120 researchers and Ph.D. stu-
dents from 16 full member and 17 associate member institutions that jointly carried out a
broad range of research integration and spreading of excellence activities over S-Cube’s fund-
ing period of four years.

2 Highlights of Achievements

This section highlights S-Cube’s main achievements accomplished during the network life-
time. The achievements are clustered along the five objectives introduced in the previous sec-
tion.

2.1 Integration of Research Communities

The S-Cube Integrated Research Framework

The S-Cube Integrated Research Framework was a key mechanism of S-Cube to guide its
research activities and to foster the consistent integration of research results (see 0 [1, 2, 9,
10]). The framework provides a clear separation of concerns, thereby allowing for the system-
atic and structured integration and alignment of research activities of the involved research
disciplines and research organizations.

Figure 1 provides a high-level view on the S-Cube Integrated Research Framework.
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Figure 1: S-Cube Integrated Research Framework

The specific concerns are reflected in six building blocks of the Integrated Research Frame-
work. The blocks are organized in two major categories: the service technology layers and the
service techniques and methods planes. This structure provides a clear distinction between
technology-focussed approaches of the service technology layers and the cross-cutting princi-
ples, techniques and methods provided by the techniques and method planes that together
exploit and integrate the capabilities of the technology layers.
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The technology layers consist of three building blocks:

Service Infrastructure: The Service Infrastructure layer represents the most basic layer
of the S-Cube framework. It facilitates services communication primitives and utilizes
service middleware and architectural constructs that connect heterogeneous applica-
tions, provide multiple-channel access to services, and introduces a run-time environ-
ment for the execution of services.

Service Composition & Coordination: The Service Composition & Coordination layer
encompasses the functions required for aggregating multiple services into a single
composite service offering.

Business Process Management: The Business Process Management layer provides
mechanisms for expressing, understanding, representing and managing service net-
works. Service networks comprise end-to-end processes which extend beyond organi-
zational boundaries and may be loosely defined as a large, geographically dispersed
complex networks of collaborating and transacting value-adding services.

The service techniques and method planes include:

Service Engineering and Design: The Service Engineering and Design plane provides
the principles, techniques and methods that interweave and exploit the mechanisms
provided by the technology stack with the aim of developing high-quality service-
based applications. The Service Engineering and Design plane provides requirements
engineering and design principles and techniques, which — in conjunction with con-
text, HCI and quality knowledge — help to create high-quality service-based applica-
tions.

Service Adaptation and Monitoring: Service-based applications should possess the
ability to continuously adapt themselves in reaction to context changes such as evolv-
ing user or customer requirements or the appearance of new services. The Service Ad-
aptation and Monitoring plane supports monitoring, predicting (together with SQ) and
governing the activities of a distributed services-system and performing control ac-
tions to adapt the entire services technology stack.

Service quality definition, negotiation and assurance: This plane involves principles,
techniques and methods for defining, negotiating and assuring end-to-end quality and
conformance to Service Level Agreements. It provides novel facilities to predict prob-
lems and deviations in systems before quality is impacted and triggers the adaptations
coordinated by the Service Adaptation and Monitoring plane to pro-actively respond
to these situations.

Further information:

7 http://www.s-cube-network.eu/about-s-cube-pages/irf

The S-Cube Life-Cycle Model

Where the Integrated Research Framework provided a static view, the S-Cube Life-Cycle
Model provides a dynamic view by defining the relevant activities for adaptation and evolu-
tion of service-based applications and their mutual dependencies. Figure 2 provides a high-
level view of the S-Cube Life-Cycle Model (see [11]). In contrast to traditional life-cycle
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models, the S-Cube Life-Cycle model considers the specifics of service-based applications,
particularly focusing on dynamic adaptation techniques during run-time. In order to take into
account design time as well as run-time aspects, the S-Cube Life-Cycle Model defines two
loops, which can be executed in an incremental and iterative fashion:

e The Evolution loop (right hand side) builds on the traditional development and de-
ployment activities, including requirements engineering, design, realization, and de-
ployment. However, it extends them with “design-for-adaptation™ steps, such as to
define and implement how the system should monitor and modify itself when entering
the left-hand side of the life-cycle.

e The Adaptation loop (left hand side) explicitly defines activities for autonomously ad-
dressing changes during the operation of service-based applications. The activities in
the adaptation loop follow the steps of the MAPE loop (Monitoring-Analyse-Plan-
Execute), which is typically found in autonomic systems.

Identify .
Adaptation —_— Requ‘lremt‘ents

Need (Analyse) |— | Operation& | |  Engineering
Management

/ (incl. Monitoring) \

Adaptation Adaptation
Strategy (Plan)
\ \ Deployment &
Enact Adaptation | | Provisioning ] Realization
(Execute)

Figure 2: S-Cube Life-Cycle

The S-Cube Life-Cycle Model builds on established practices from software engineering. The
life-cycle captures a highly iterative and continuous method for developing, implementing,
and maintaining services. Feedback is continuously cycled to and from phases in iterative
steps of refinement and adaptation which traverse the lifecycle. To that effect the method fa-
cilitates designing solutions as assemblies of services in which the assembly description is a
managed, first-class aspect of the solution, and hence, amenable to analysis, change, and evo-
lution. The method accommodates continuous modifications (through adaptation and evolu-
tion) of service-based applications and its quality (e.g., QoS and KPlIs) at all layers.

Continuous modifications are based on monitoring and measuring service execution against
Service Level Agreements (SLAs) and quality goals. In this way, the S-Cube Life-Cycle
Model allows to continuously a) detect new problems, changes, and needs for adaptation, b)
identify possible adaptation strategies, and c) enact them. These three steps are depicted on
the left hand side of the life-cycle model. Once service-based applications (or parts thereof)
have been adapted, they will be re-deployed and re-provisioned and put into operation.
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Further information:

7 http://s-cube-network.eu/about-s-cube-pages/jra-1.1/

The S-Cube Knowledge Model & Quality Reference Model

The S-Cube Knowledge Model provides an approach for capturing, managing and refining the
knowledge produced by the network and related research disciplines. Its main objective is to
assist in the consolidation of research and bridging the gaps between broad disciplines, The
Knowledge Model allows mapping, integration and synthesizing the diverse concepts and
knowledge from the different research areas and activities and provides a resource that can be
used as a reference point to help classify research results, to identify network member’s com-
petencies, and to illustrate the use of knowledge through associations with common scenarios,
case studies, and experimental tools.

The S-Cube Knowledge Model can be seen as a continuously updated on-line encyclopaedia
and reference library of research material for the Internet of Services, and is available via the
S-Cube web portal.

The network realised that the communities involved in S-Cube will not always be able to
agree on a common terminology, so the Knowledge Model is designed to provide interrelated
and contextual definitions such that researchers can translate between the vocabularies of the
various research communities involved in this research.

The S-Cube Quality Reference Model is part of the Knowledge Model and provides a consoli-
dated taxonomy of quality attributes for service-based applications, resulting from a thorough
analysis of quality models used in software engineering, grid computing, business process
management and service-based computing.

Figure 3 presents the top-level structure of the Quality Reference Model. The model can serve
as a starting point to understand the relevant quality attributes of service-based applications
and how these are related to each other.

Quality (77)
Dependa- Perfor- Usability (11 Network- & Data-
bility (20) mance (6) y Sl-related (7) related (7)
Quality of (Use) Config. & :
Context ) Cost (3) Mgt. (@ Security (9) Other (1)

Figure 3: Overview of S-Cube Quality Reference Model
(number in brackets are quality attributes per cluster)

Further information:

7 http://www.s-cube-network.eu/km
7 http://www.s-cube-network.eu/km/grm
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2.2 Research on Engineering and Adaptation Methodologies and
Service Technologies

Cross-Layer Monitoring and Adaptation

As visible from the S-Cube Integrated Research Framework (see Figure 1), service-based ap-
plications operate on different layers to implement their functionality and to provide their ex-
pected quality. However, the adaptations on those layers must be coordinated, since:

e Conflicting adaptations can arise, e.g., in cases where the individual adaptations can-
cel each other or interact in an undesired way (an anthology of cross-layer adaptation
hazards is given in [12]). In S-Cube, fundamental solutions and frameworks were pro-
posed to avoid the harmful side-effects resulting from independently acting adapta-
tions (see [13, 14, 15, 16]).

e |solated adaptations on a single layer might not be sufficient to compensate a problem
in a service execution. S-Cube identified scenarios in which the coordination of adap-
tations on the infrastructure and the composition layer significantly increase the
chance to avoid performance violations of the application based on an adaption of the
service composition with aligned adaptation of the service infrastructure such as a
cloud (see [17]).

Further information:

7 http://www.s-cube-network.eu/about-s-cube-pages/jra-1.2/

Quality Prediction and Proactive Adaptation

Ideally, a service-based application predicts quality problems and requirements violations
during run-time and proactively initiates adequate counter-measures. Proactive adaptation
addresses key drawbacks of conventional reactive adaptation approaches, which suffer from
costly repair and compensation activities. Within S-Cube, researchers investigated novel solu-
tions for service quality prediction. These include:

e Data mining approaches, which leverage machine learning capabilities to train predic-
tion models using historic monitoring data (see[18, 19]).

e Run-time verification approaches, which ascertain whether some predefined properties
are met at run-time, e.g., using model checking (see [20]).

e Online testing approaches, which test the services of the service-based application in
parallel to their normal use in order to gather additional evidence for failures (see

[21]).
e Static analysis approaches, which systematically examine models of service-based ap-
plications to infer approximations of their execution (see [22]).

e Simulation-based approaches, which execute dynamic models of the service-based ap-
plications to simulate their future behaviour (see [23, 24]).



S-Cube “Software Services and Systems Network® (215483) — Final Report

In order to align their efforts and to identify synergies between the different approaches,
S-Cube’s researchers have formed the Quality Prediction Working Group. The results of this
group are published on the S-Cube website.

Further information:

7 http://www.s-cube-network.eu/ap
7 http://www.s-cube-network.eu/about-s-cube-pages/jra-1.3/

Business Transactions Monitoring

In simple terms, business transactions can be defined as trading interactions involving multi-
ple parties, spanning many organizations, that strive to accomplish an explicitly shared busi-
ness objective according to a mutually agreed upon contract.

Current distributed computing technologies can merely support the implementation of busi-
ness transaction by simply composing software services into “static”, application-level pro-
cesses relying on standards such as the Business Process Execution Language (BPEL), and
then defining traditional, infrastructure-level ACID-like transactions on top of them using
standards such as WS-Transactions.

To address those shortcomings, one research line in S-Cube has produced the following out-
comes:

e A Business Transactions Monitoring Model — grounded on a novel business transac-
tion specification language — that allows correlating application-level critical business
activities and events, QoS requirements, and application significant business data to
system-level service-enabled processes at run-time (e.g. [25, 26]).

e A causal-tracking and monitoring approach to track the progress of business transac-
tions against multi-party business agreements, typically a Service Level Agreement

(e.g. [27]).

e A preventive business process adaptation framework that pre-empts end-to-end pro-
cess Service Level Agreement violations, and automatically adapts the transaction ex-
ecution in a way that meets the agreed end-to-end Service Level Agreements (e.g.

[28]).

The business transaction management model and prototype system that have resulted from S-
Cube work amalgamate existing service composition and monitoring techniques (e.g., BPEL)
with complex event processing technology. The proposed system is a first important step to-
ward effective support of end-to-end processes that can monitor their own performance by
sensing and interacting with the physical world, and repair, upgrade, or replace themselves
proactively.

Further information:

7 http://www.s-cube-network.eu/about-s-cube-pages/jra-2.1/

Chemical Computing

S-Cube researchers elaborated and developed an innovative technique for building novel ser-
vice infrastructures on the basis of chemical models. Such chemical computing abstracts the

10
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notion of computing as a chemical reaction. Data elements are molecules that are captured
and transformed by active molecules representing procedures (functions, activities, etc.) in a
single, atomic reaction as long as reactions are possible. As such, chemical computing is a
self-evolving and self-coordinating process governing by actual and local conditions, a nota-
ble similarity to many adaptation and optimization requirements.

S-Cube envisioned adaptive and self-optimizing services in a chemical framework where the
nature inspired mechanisms can yield higher level of autonomy while maintaining the power
and efficiency of declarative programming and the clarity of mathematically well founded
chemical calculus. Specifically, the following results have been achieved:

e As part of S-Cube research on service infrastructures the network has developed a
model for dynamic selection of services and adaptation of service compositions based
on availability and QoS attributes (e.g. [29]).

e S-Cube has developed tools for chemical computing in order to make it more usable
(scheme interpreter, Java framework) and prototypes for interfacing these tools with
concrete Web services (e.g. [30]).

e S-Cube integrated a chemical engine into a service platform for service selection and
adaptation (e.g. [31]).

Further information:

7 http://www.s-cube-network.eu/about-s-cube-pages/jra-2.3/

2.3 Integration of Education

Virtual Campus

The S-Cube Virtual Campus offers differentiated curricula in the field of software services
and systems in connection with related research areas. The aim of the Virtual Campus is to
foster the integration of research by providing a distributed and flexible e-learning environ-
ment and by supporting the joint Masters and PhD programs of S-Cube. In addition, the Vir-
tual Campus will maintain the basis for further cooperation and integration in teaching in the
service community and related communities.

The Virtual Campus also provides a collection of freely available learning modules, which
provide teaching material based on the research themes of S-Cube. The material may be used
during lectures (such as S-Cube’s joint master programme) but can also be employed for self-
study.

Further information:

7 http://www.s-cubenetwork.eu/vc

11
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International Master in Service Engineering (IMSE)

The International Master in Service Engineering (IMSE) is a two-year Erasmus Mundus mas-
ter programme in service engineering. It has been established with the aim of addressing the
quickly growing need for new multi-disciplinary teaching programmes that are designed at
the interface of software services and new globe-spanning business processes.

Further information:

7 http://www.erasmusmundus-imse.eu/

2.4 Bonding of Research Staff

Bonding of Research Staff and Joint Supervision

During the course of S-Cube, the network researchers strengthened their joint research and
integration activities by using S-Cube’s dedicated mobility programme. In addition, a high
number of members were involved in jointly supervising PhD students leading to a number of
jointly supervised PhD theses.

Further information:

7 http://www.s-cube-network.eu/about-s-cube-pages/ia-2.1/

Summer School

The organisation of the annual Service and Software Architectures, Infrastructures and Engi-
neering (SSAIE) Summer School has brought together students from all over Europe to re-
ceive high-quality training from representatives from academia and industrial partners, such
as IBM, Ericsson and BOC.

Further information:

7 http://www.summersoc.eu/

2.5 Community Outreach, Spreading of Excellence and Collabora-
tion

Conferences and Workshops

S-Cube members organized or participated in the organization of over 40 high profile, inter-
national conferences, workshops, events sessions and summer schools including the two in-
ternational leading conference series ICSOC and ServiceWave, as well as workshop series
such as MONA+, PESOS, WESOA, SHARK, BSME, WAS4FI and many others.

Network members gave over 200 presentations at international conferences, EU related events,
companies, and national research bodies, including 50 keynotes and invited talks at prominent
international conferences and events.

Further information:

7 http://www.s-cube-network.eu/events

12
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Publications

S-Cube’s research and integration results have been published in over 250 papers that ap-
peared in international journals, books, conferences and workshops. A complete list of publi-
cations is available from the S-Cube web portal (see link below).

Three of S-Cube’s publication highlights are:

e S-Cube members established a Lecture Notes in Computer Science (LNCS) sub-line
together with ‘Springer’ to provide a shared dissemination channel for the results of
the EC’s FP7 research and development projects.

e S-Cube published a Springer book on Service Research Challenges and Solutions for
the Future Internet: Towards Mechanisms and Methods for Engineering, Managing,
and Adapting Service-Based System (see [1]). This book contains a series of surveys
on the state of the art in each research area of S-Cube.

e S-Cube members edited the Springer book on Service Engineering - European Re-
search Results (see [3]). This book covers the outcomes of the EC’s SSAIE Service
Engineering Collaborative Working Group (CWG).

Further information:

7 http://s-cube-network.eu/refbase/
7 http://www.springer.com/series/8680

IFIP Working Group on “Services-oriented Systems”

S-Cube members and collaborators have established a new IFIP working group on Services-
oriented Systems (WG 2.14/6.12/8.10). IFIP is the International Federation of Information
Processing. The new working group constitutes a joint effort of its technical committees TC2
(Software: Theory and Practice), TC6 (Communication Systems), and TC8 (Information Sys-
tems). This involvement of different technical committees is motivated by the multi-
dimensional nature of services-based applications. Indeed, a major goal of the new working
group is to organize and promote the exchange of information on both fundamental and prac-
tical aspects of service-based applications. The working group in particular aims to attract
people from the different communities of relevance.

Further information:
72 http://home.dei.polimi.it/baresi/ifip/

S-Cube Industrial Advisory Board

S-Cube members have actively contributed to the Strategic [Industrial] Research Agenda
(SRA) of the European Technology Platform NESSI and co-organized sessions during NESSI
Project Summit events.

Further, S-Cube has established and strengthened direct and lasting links with industry, spe-
cifically through S-Cube’s Industrial Advisory Board, which provided very helpful recom-
mendations on the alignment of S-Cube with industrial activities. The Industrial Advisory
Board included members from Engineering Ingegneria Informatica (Italy), HP (UK), IBM
Research (Israel), SAP AG (Germany), Siemens AG (Germany) and Thales (France). As tan-
gible result of this industry alignment, S-Cube presented its results during dedicated industry

13
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workshops. The results presented are available in the form of a “shopping list” at the S-Cube
web portal.

Further information:

7 http://www.s-cube-network.eu/shopping-list

Use Case Methodology and Repository

In order to provide and to establish a comprehensive and integrated approach for describing
use cases, S-Cube developed a methodology to capture significant information of use cases in
a structured way. The methodology suggests an approach for describing and classifying use
cases with the objective to make them comparable and reusable in the context of different
projects, compiling use case business goals and domain assumptions for instance.

S-Cube created and hosted a use cases repository which furnishes use cases descriptions
compliant to the proposed methodology. The driving aim behind the repository was to collect
and to provide use case descriptions that are used, or going to be used, by EU-funded research
projects. The repository includes use cases defined by S-Cube, as well as use cases published
by other FP7 projects including NEXOF-RA, PLAY and ALERT. This repository also hosts
the artefacts of the special session on “The Quest for Case Studies” organized by the ICSE
2012 Workshop PESOS.

Further information:

7 http://s-cube-network.eu/use-cases
7 http://www.s-cube-network.eu/pesos-2012

Collaboration with SSAIE and Future Internet (FIA) Projects

S-Cube collaborated with other EU projects in the SSAIE Collaboration Working Groups
(CWGs). Most notably S-Cube members co-organized four CWGs, namely Service Engineer-
ing, Service Architectures, Use Cases, and Dissemination. In addition, S-Cube members sig-
nificantly contributed to three other CWGs (QoS and SLAs, Repository, and Future Internet
Assembly).

S-Cube participated in Future Internet Assembly (FIA) activities and was amongst the first
projects to endorse the “Bled FIA declaration”.

Further information:

7 http://s-cube-network.eu/collaboration
7 http://www.future-internet.eu/publications/bled-declaration.html

14
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3 Main Results

This section provides a comprehensive overview on results of S-Cube organised along the
integration, the research and the spread of excellence activities performed in S-Cube. Due to
its integrative nature, each of those activities (listed in the top row) contributed to more than
one S-Cube objective (listed in the left column), outlined in Section 1 (see Table 3-1).

o Integrating _ Engineering o _
Contribution Knowled Integrating Intearati and Adap- | Realisation | Spreading
++: strong Fa?nvé eRegi]e Communit- Fnraeggvgorrll tation Mechani- | of Excel-
+: medium sources]* ies Methodolo- sms lence

gies
1. Integration
of Research Communities ++ ++ ++ ++ ++ +

2. Research on Engineer-
ing and Adaptation Meth-
odologies and Service ++ ++ ++ ++ ++ +
Technologies

3. Integration of Education

++ + + + + ++
4. Bonding of Research
Staff ++ ++ ++ ++ ++ ++
5. Community Outreach,
Spreading of Excellence

++ + + + + ++

and Collaboration

Table 3-1: Contribution of S-Cube’s activities to S-Cube’s objectives

3.1 Integrating Knowledge

To foster the integration of research and to ensure alignment between the various related re-
search disciplines, the S-Cube Knowledge Model was developed providing a method of cap-
turing, managing and refining the knowledge produced by the network. The Knowledge Mod-
el allowed the collection, analysis and management of research within and outside of S-Cube
and enabled the extraction and combination of the explicit, crosscutting knowledge required
for collaborative research.

The main results achieved by the “integration of knowledge” activity are:

e The Knowledge Model includesover 450 terms and 723 definitions, which are publi-
cally available.

e The Knowledge Model integrates and synthesizes diverse definitions, terms, concepts
and knowledge from different research communities.

' Please note that the integration of resources had been planned as part of the European Distributed Services Lab
work in S-Cube. However, this work was closed in year one following the review recommendations.
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The Knowledge Model provides different ways of accessing its contents, e.g. brows-
ing by alphabetical order or by research area, as well as searching.

The Knowledge Model serves as reference point for the stakeholders addressed by
S-Cube, i.e., researchers, students, software service developers and providers, and in-
dustry.

The Knowledge Model gained wide acceptance among the network members, as well
as external stakeholders (as visible by the accesses to the web pages).

S-Cube’s experience in establishing the Knowledge Model has been published and
presented in different forums (see [32]).

Since October 2010, S-Cube and HOLA!” collaborate to employ the Knowledge Mod-
el to define a meta-data schema that provides the keywords attached to HOLA!’s In-
ternet of Services Digital Library.

Further information:

7 http://s-cube-network.eu/km/km-frontpage

7 http://s-cube-network.eu/about-s-cube-pages/ia-1/

3.2 Integrating Communities

The integration of the different research communities in S-Cube was facilitated by (1) an in-
tensive mobility programme which fostered the exchange of staff from all S-Cube members,
(2) a systematic collection of use cases to illustrate and validate S-Cubes results, (3) the
alignment with industry, specifically via the industrial advisory board, student internships
with industry and S-Cube industry workshops.

Among others, the following results have been achieved:

S-Cube researchers participated in over 105 research visits, covering a large variety of
research subjects such as engineering, adaptation, and evolution of software-based ap-
plications. The exchange of staff obviously fostered the creation of effective commu-
nication channels and the creation of lasting collaborations among members.

S-Cube established a structured approach for defining use cases for software-services
and service-based applications. This approach was proposed to EU projects running
concurrently to S-Cube with the aim of defining use cases unitarily. It has been adopt-
ed by at least three other FP7 projects. The use cases defined are hosted and made
public via the S-Cube use case repository. Moreover, S-Cube members chaired the use
cases working group session at the Collaboration Meeting promoted by the EU.

S-Cube compiled a “shopping list” comprising results that are expected to be relevant
for ICT industries and companies; an excerpt of these results was presented to re-
searchers and decision makers from industry in specific workshops.

Further information:

7 http://www.s-cube-network.eu/shopping-list

? http://www.holaportal.eu/node/12
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7 http://s-cube-network.eu/use-cases
7 http://s-cube-network.eu/about-s-cube-pages/ia-2/

3.3 Integration Framework for Service-based Applications

The main goal of this activity was the definition and the validation of a coherent and holistic
Integrated Research Framework (see Section 2.1) to foster the alignment of the research activ-
ities within S-Cube. Among others, the results include:

e The integration framework fostered the conceptual integration of principles, tech-
niques, methods and mechanisms developed and extended in the various S-Cube re-
search activities. Those results obviously have been widely published.

e The integration framework facilitated the definition of 24 concrete research challenges
for the key building blocks of the framework and researched within S-Cube. In addi-
tion, patterns which characterize different types of users involved in the design and
execution of software services and services-based systems have been identified and
defined.

e By employing high level scenarios (see also Section 3.2) S-Cube members validated
the end-to-end integration of S-Cube research results which in turn led to a continuous
revision and improvement of the integration framework itself.

e The Integrated Research Framework and its building blocks were empirically validat-
ed such as demonstrators, experiments, and case studies. Overall, approximately 50
different validations have been executed and reported.

e The research framework and the use cases significantly facilitated the successful
alignment of the short- and long-term research agendas of S-Cube members.

Further information:

7 http://www.s-cube-network.eu/irf

3.4 Engineering and Adaptation Methodologies for Service-based
Applications

The overall goal of this activity was to perform joint research and development for the next
generation of engineering, adaptation, and quality assurance concepts, techniques and meth-
ods. Overall, the results achieved enable service integrators, services providers and other rele-
vant stakeholders to compose, evolve, and adapt software services and service-based applica-
tions (detailed information on these objectives can be found in [1]). S-Cube’s results within
this activity can be classified into the following three key areas.

S-Cube produced an integrated, coherent and comprehensive set of principles, techniques and
methods for engineering service-based applications. Specifically and other than previous
work, those results considered human-computer-interaction issues and the context of service-
based applications. In more detail

e S-Cube developed a coherent life cycle for adaptable and evolvable service-based ap-
plications (e.g. [33, 34, 35]). This life-cycle was the first to fully incorporate adapta-
tion (and specifically design-for-adaptation activities) into the system life-cycle and to
incorporate guidelines for considering HCI and context aspects during design (e.g.
[36, 37, 38]);
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e S-Cube defined best practices to facilitate the migration of legacy systems to service-
based applications (e.g. [39, 40, 41]).

Complementing the engineering techniques, S-Cube devised novel principles, techniques and
methods for cross-layer monitoring of service-based applications. Those solutions — other
than the ones before — address the multi-layer characteristics of service-based applications and
are thus able to integrate and coordinate adaptations on different layers. In more detail

e S-Cube developed multi-level self-adaptation concepts and techniques for service-
based applications (e.g. [14, 42, 43]), which consider HCI-aware monitoring and adap-
tation (e.g. [38, 44, 45]);

e In close interaction with the third key area of this activity (see below), S-Cube re-
searchers created proactive adaptation and predictive monitoring techniques (e.g. [21,
24, 46)).

Finally, S-Cube produced new concepts, principles and techniques for specifying, negotiating
and assuring end-to-end quality provision and SLA conformance. As major novelties this in-
cluded performing quality assurance activities during run-time and leveraging those run-time
techniques for online quality prediction and proactive negotiation. In more detail:

e S-Cube delivered an integrated end-to-end quality reference model (e.g. [47, 48, 49])
and a rich and extensible quality definition language (e.g. [50, 51, 52]);

e S-Cube developed techniques exploiting user and task models for automatic quality
contract establishment (e.g. [36, 52, 53]), as well as techniques for proactive SLA ne-
gotiation and agreement (e.g. [54, 55, 56])).

e S-Cube researched and developed novel run-time quality assurance techniques, such
as online testing and run-time verification (e.g. [57, 58, 59]). Based on those tech-
niques and jointly with the second key area of this activity (see above), online quality
prediction techniques have been devised, allowing to forecast service quality, thus en-
abling proactive adaptation of service-based applications (e.g. [58, 60, 61]).

Further information:

7 http://s-cube-network.eu/about-s-cube-pages/jra-1

3.5 Realization Mechanisms for Service-based Applications

The major goal of this activity was to develop technologies, mechanisms and techniques for
realizing QoS-aware and adaptable service-based applications. The collaborative research of
this activity resulted in a stack of technologies and techniques. Both reflect the interdepend-
encies of the service-based application layers and will enable the development of service-
based applications according to the engineering principle and techniques as described in Sec-
tion 3.4. S-Cube’s results within this activity can be classified into the following three key
areas.

The research work in this activity led to developing models, notations and techniques for
business transactions and service networks, which are novel approaches towards allowing
businesses to view their applications in terms of business relevant characteristics, rather than
using exclusively IT metrics:
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S-Cube developed models and enabling technologies for business transactions (e.g.
[26, 62, 63]) and service networks (e.g. [64, 65, 66]).

S-Cube researchers identified interdependencies between the business process man-
agement, service compositions and service infrastructure, under consideration of QoS
characteristics, adaptation, and monitoring (e.g. [13, 66, 67]) and created models for
services, service compositions, and choreographies, including formal models, taking
into account behavioural and QoS characteristics (e.g. [51, 68, 69]).

The resulting models for QoS-aware and adaptable services and service compositions are an
additional advancement beyond existing approaches, comprising results in adaptation triggers
and approaches, monitoring, analysis, and prediction of QoS characteristics, SLA and KPI
violations:

S-Cube defined adaptation triggers for service composition in SBAs. The approaches
for identifying adaptation needs were closely related to monitoring of service compo-
sitions and their non-functional and QoS characteristics (e.g. [14, 70, 71]).

S-Cube developed adaptation approaches for service compositions such as the use of
fragments, aspect-orientation, service infrastructure adaptation, on-line testing and
evolution of the business process (e.g. [72, 73]).

The network proposed fragmentation as an approach for improving reusability of ser-
vice compositions and choreographies, and for supporting adaptation of compositions
(e.g. [24, 74, 75]) and models for context-aware service compositions (enabled by a
framework for context-aware process evolution) and models for service compositions
based on human-provided services and social media approaches (e.g. [37, 45 76, 77])

S-Cube developed frameworks for multilevel and distributed service adaptation focus-
ing on event logs analysis to support service execution and adaptation and to allow
predicting violations of SLAs (e.g. [14, 49, 78]) and created a decision support for
service adaptation by monitoring run-time service discovery, preventing runtime SLA
violations (e.g. [18, 79,80]).

Moreover, S-Cube developed technologies for service provisioning, adaptation and monitor-
ing, and incorporated them into approaches for enabling self-* characteristics of an integrat-
ed service infrastructure:

S-Cube created novel approaches based on chemical model to build and adjust a new
service infrastructure (e.g. [29, 30, 31]).

S-Cube developed a SLA-based resource virtualization approach for on-demand ser-
vice provision and execution (e.g. [81, 82]) and contributed enabling self-* character-
istics of a service runtime environment incorporating both service registries and client
components (e.g. [47, 83]).

S-Cube created management and deployment approaches of services on Cloud infra-
structures including both provisioning and adaptation (e.g. [82, 84]).

Further information:

7 http://s-cube-network.eu/about-s-cube-pages/jra-2
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3.6 Spreading of Excellence

S-Cube was aware that the long term integration of research requires enhancing synergies,
pooling expertise in favour of clear strategic options that are the expressing of the needs and
objectives of research identified in S-Cube not only in conjunction with S-Cube beneficiaries
but also external communities. As a result, S-Cube members were highly committed to dis-
seminating and creating awareness of S-Cube results. This involved dissemination activities
within the academic and industrial research community, as well as communities of practition-
ers. In addition, this activity involved the set-up of a Virtual Campus on software services and
systems, to ensure the uptake and awareness of S-Cube results already during university
teaching and courses.

Results of the “spreading of excellence” activity include:

e S-Cube Web Portal: The web portal evolved to a valuable access point for research
on software services research. 453 users (including members) have registered for the
S-Cube Web Portal. At the time of reporting, the portal achieved a Google page rank
of 6/10.

Further information:

7 http://www.s-cube-network.eu/

e Publications: Throughout the course of the network, S-Cube members published over
250 papers in international conferences, journals, and workshops. The complete list of
papers is available on the S-Cube Web Portal (see link below). This includes over 30
journal papers published in journals such as IEEE Transactions on Software Engineer-
ing, ACM Transactions on Web, IEEE Software, Enterprise Information Systems, Au-
tomated Software Engineering, IEEE Internet Computing, Information and Software
Technology Journal, Automated Software Engineering.

Further information:
7 http://www.s-cube-network.eu/refbase/

e The S-Cube Book: The book — titled “Service Research Challenges
and Solutions for the Future Internet - S-Cube — Towards Engineer-
ing, Managing and Adapting Service-Based Systems” was devised in s Fishasais
response to the evolution of the Internet from a source of infor- g
mation to a critical infrastructure that underpins economies and eve-
ryday life. It presents the foundations, vision, first results and future
work in the area of software services as addressed by S-Cube in re-
sponse to the challenges presented by the Internet of Services.

e Service Engineering: European Research Results: S-Cube mem-
bers worked together on compiling a book to cover the outcomes of
the EC’s SSAIE Service Engineering Collaborative Working Group
(CWQG). The objective of the CWG was the development of a joint
research agenda for the area of Service Engineering through collabo-
ration in seven areas: the specification of services, service composi-
tion engineering, service engineering methodology, autonomic ser-
vice adaptation, service testing and simulation, service governance
techniques and engineering techniques for human provided services.
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e Springer LNCS: Service Science Subline: To promote the discipline of Service Sci-
ence, Management & Engineering, the S-Cube Network of Excellence together with
Springer has created a LNCS subline providing a shared dissemination channel for the
results of the EC’s FP7 research and development projects. Since the subline was con-
ceived at the start of the S-Cube, it has been responsible for ten publications.

Further information:

7 http://www.springer.com/series/8680

e International Leading Conferences: S-Cube was strongly committed to the organi-
zation of premier research conferences. S-Cube co-organized ICSOC and Service-
Wave, two international leading conferences on software services. ICSOC, the Inter-
national Conference on Service Oriented Computing, is the leading forum to report
and share progressive and guiding works in the domain of service oriented computing.
ICSOC brings together experts from a multitude of disciplines, for instance, business
process management, distributed systems, service science, and software engineering.
The ServiceWave conference series established the premier European forum for re-
searchers, educators and industrial practitioners to present and discuss the most recent
innovations, trends, experiences and concerns in Software Services (or the “Future of
the Internet of Services”) and related underlying network technologies.

e Organization of Workshops and Conferences: With the objective of offering oppor-
tunities to European researchers coming from academia, industry, and interested ap-
plication communities to communicate problems, requirements and solutions within
different areas, and to exchange working experiences, S-Cube members organized or
participated in the organization of over 40 high profile, international conferences,
workshops, sessions and summer schools including ICSOC and ServiceWave, as well
as workshop series such as MONA+, PESOS, WESOA, SHARK, BSME, WAS4F,
and industry workshops. S-Cube dedicated its last workshop, S-Cube@ICSE, to the
presentation of its achievements and the discussion on future research challenges.

e Presentations: The S-Cube network members gave over 150 presentations at interna-
tional conferences, EU related events, companies, and national research bodies. In ad-
dition, approximately 50 keynotes and invited talks were given at prestigious interna-
tional conferences and events. The comprehensive list is attached to this document as
Appendix 0.

e IMSE Program: S-Cube was aware of the quickly growing need for new multi-
disciplinary teaching programmes focussed on Service Engineering. Thus, S-Cube in-
stalled a new two-year Erasmus Mundus Master programme in Service Engineering,
named the International Master in Service Engineering (IMSE). The marriage between
the research-oriented Network of Excellence S-Cube and the educational programme
IMSE was highly synergistic. IMSE is a perfect vehicle for sharing S-Cube’s scientific
insights with the upcoming generation of new software service engineers. Additional-
ly, the combination of the S-Cube Knowledge Model and the S-Cube Virtual Campus
provides the knowledge backbone of IMSE: a virtual environment where scholars, lec-
turers and students share lecture slides, notes, articles, white papers, contacts, etc.
Last, but not least, the SSAIE Summer School becomes an essential educational com-
ponent in IMSE’s programme.

Further information:

7 http://www.erasmusmundus-imse.eu/

21



S-Cube “Software Services and Systems Network® (215483) — Final Report

e Collaboration with EC SSAIE Projects: S-Cube strongly contributed to collabora-
tion between EC funded projects (i.e., FP-6 and FP-7 projects), specifically by chair-
ing and contributing to the SSAIE Collaboration Working Groups (CWGs). CWGs are
considered by the EC as a main vehicle for achieving collaboration and durable links
between European projects in the area of software and services. S-Cube participated in
seven CWG working groups, and led three of them. In addition, S-Cube was among
the projects that actively shaped the Future Internet Assembly (FIA) and endorsed the
“Bled declaration”.

Further information:

7 http://s-cube-network.eu/collaboration

e Virtual Campus and Learning Packages: The Virtual Campus offers differentiated
curricula in the field of service-based computing in connection with distributed soft-
ware development, e-business, e-government and e-learning applications. It aims to
use a flexible combination of communication and collaboration technologies to en-
courage and facilitate knowledge exchange, news circulation, debate, feedback to sup-
port the interaction and dissemination in the community of Software Services and Sys-
tems. The Virtual Campus provides a wide collection of learning packages organized
along the S-Cube Integrated Research Framework. In total, there is a collection of 42
Learning Packages covering 12 research topics. S-Cube’s Virtual Campus is one of
the primary long-lasting artefacts of S-Cube to be exploited to foster a European-wide
professional learning society.

Further information:
7 http://s-cube-network.eu/vc

e Collaboration with Industry (specifically NESSI): NESSI is the Networked Euro-
pean Software and Services Initiative and European Technology Platform (ETP) dedi-
cated to Software and Services’. S-Cube established strong links with NESSI partners
through various mechanisms. The members of S-Cube’s Industrial Advisory Board
were representatives from NESSI partner organizations. In addition, S-Cube collabo-
rated with NESSI to organize sessions during NESSI Project Summit events. One ma-
jor session was held at the NESSI Project Summit co-located with the Future Internet
Assembly in Valencia, Spain.

Further information:

7 http://s-cube-network.eu/collaboration

e Summer Schools: Summer schools and training activities constitute an important
means to spread excellence across communities. S-Cube has organized five summer
school and training workshops of an international and interdisciplinary character. The-
se workshops helped forge a new research community on Service Science Manage-
ment and Engineering (SSME). Through the participation of distinguished experts and
professionals from leading academic, research and industrial organizations in the
SSAIE summer schools, the summer school promotes the exchange of ideas and helps
participants — in particular young researchers and practitioners — to network and
start new cooperative research projects.

3 NESSI: http://www.nessi-europe.com/
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Further information:

7 http://www.summersoc.eu/

Figure 4: 5th Summer School on Service oriented Computing (June 27 - July 3, 2011)
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4 Lessons Learned and Roadmap

S-Cube established a unified, multidisciplinary, vibrant research community conducting re-
search on software services and service-based applications involving over 120 researchers and
Ph.D. students from 16 full and 17 associated members.

In order to ensure high quality outcomes and to optimize its efficiency, S-Cube continuously
reflected on the execution of its activities. Among others, S-Cube carried out self-assessments
in order to scrutinize the efficiency and effectiveness of its activities and to ensure their
alignment with the S-Cubes objectives. As a result, strongly supported by the reviewers’ rec-
ommendations, S-Cube’s activities have been reshaped and initially planned deliverables have
been streamlined and adjusted.

4.1 Key Experiences and Lessons Learned
Lessons learned during the execution of S-Cube include:

e S-Cube was successful in establishing a research community for exchanging research
ideas, integrating research results and for conducting joint research. In S-Cube, re-
searchers identified and understood research challenges from the specific perspectives
of different research communities, integrated a plethora of diverse views on research
problems, and leveraged exciting research paradigms across the different research
communities. Briefly, S-Cube facilitated significant synergies between the different
research communities. The network’s joint programme of integration, research, and
dissemination activities, as well as management structure, have proven to facilitate
the establishment of a rich and long lasting integration of heterogeneous research
communities. S-Cube’s researchers have established lasting bonds and will continue
joint research beyond the end of the funding period of the network. In fact, several
publications initiated within S-Cube will be finalised after the end of S-Cube.

e From its beginning, S-Cube enforced the differentiation between the engineering and
the adaptation life-cycle. The different research communities brought in different and
complementary skills. Together with a critical reflection on solutions outside of indi-
vidual research communities this led to important improvements and thus significant
progress from the state-of-the-art on adapting and engineering service-based applica-
tions. A key lesson learnt is that it has taken more time than expected to understand, to
align and to integrate the different perspectives. The highest productivity of research
was reached in year four and this momentum is still continuing. Thus, retrospectively
a four year funding for a network of excellence appears too short.

e As planned in the description of work, S-Cube assessed and readjusted its joint pro-
gramme of activities in the middle of the funding period. Equally important, very val-
uable external reviewer suggestions and S-Cube internal continuous analysis resulted
in helpful streamlining of the joint programme of activities and re-adjustment of ef-
forts. For example, the reduction of structural integrations and managerial work relat-
ed to the Integrated Research Framework freed resources which have been much bet-
ter spent in joint research activities. Without any doubt, those planned adjustments had
a significant positive impact on the collaborations between S-Cube members and thus
on the results achieved in S-Cube.

e S-Cube envisioned a Pan-European Distributed Lab to test, integrate, evaluate and
benchmark relevant emerging service technologies. However, in the first year of
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S-Cube it turned out that a decentralized approach much better fits the S-Cube needs.
With support of the reviewers, the Pan-European Distributed Lab workpackage was
consequently closed after year one. However, after achieving a joint understanding
and an integration of research, a more comprehensive integration on a technical level
would now foster and facilitated even tighter research integration and, especially, the
validation of joint research results.

e The approach of paper-based deliverables (a compact introduction relates and summa-
rizes publications attached to the deliverable) which was tried out in year one proved
to be very effective. In fact, from year two all research deliverables have been deliv-
ered following this model. In year three and four even other workpackages (such as
devoted to knowledge model and research framework validation) produced paper-
based deliverables.

e The integration of principles, techniques and methodologies for engineering and
adapting of software services and service-based applications significantly facilitated
consistency and harmonization of S-Cubes research results. Especially during the first
years, establishing a common reference framework was of topmost importance to ena-
ble effective collaborations between heterogeneous cross-workpackage and cross-layer
approaches. The Integrated Research Framework fulfilled this goal, by providing re-
searchers with a structured access to the S-Cube research challenges as well as re-
search results.

e The creation of the Knowledge Model in terms of consolidating and reconciling over-
lapping definitions originated in different research areas gained a large benefit from
S-Cube’s mobility programme and physical meetings. The network’s approach on
scheduling regular face-to-face meetings allowed researchers to understand each other
already during early phases of the network. Yet, S-Cube members realized early on
that between the communities involved in S-Cube, it will not always be able to agree
on a common terminology. So, the Knowledge Model did not force it but instead inter-
related the various definitions such that people can translate between the vocabularies
of the various communities. The meetings supported a shared understanding of the
S-Cube’s objectives, the development of joint research endeavours and the establish-
ment of long lasting research relations.

e The integration of the Virtual Campus Learning Packages with iTunes University was
considered by the S-Cube members as a promising direction to reach a large audience
with the S-Cube material and to foster sustainability. This included the integration of
the Learning Packages with iTunes University. The S-Cube research results can be
discovered and downloaded free-of-charge using a plethora of devices and applica-
tions, e.g., iPhones, iPads, Apple TV clients, and iTunes on Windows and Mac OS X.

e S-Cube had the ambition to collect and exploit running examples based on real-world
case studies. Getting industry involvement in terms of real world case-studies, real
world workflows and process data, turned out to be a challenge in its own right, possi-
bly due to the explorative nature of most work. However, S-Cube achieved to set up a
repository of use cases, which has been adopted also by other networks.

4.2 Long-term Research Challenges and Roadmap

During the final months of S-Cube, S-Cube researchers and invited scientists have met to
identify research challenges on engineering adaptive service-based applications relevant for
the next five (maybe ten) years. Those research challenges constitute the S-Cube future Re-
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search Roadmap to be presented and discussed with a broader audience at the S-Cube work-
shop organized in conjunction with ICSE 2012 and published in the proceedings of that event
(see [85, 86, 87, 88]). The research challenges are clustered along the S-Cube Integrated Re-
search Framework (see Figure 1):

Service and software engineering: Research challenges related to engineering and design of
software services and service-based applications include:

Techniques and mechanisms for ensuring real-time service provisioning (considering
cloud and mobile devices)

Techniques to include human services and user-provided services in service composi-
tions

“Social” service models and techniques to support global software and service engi-
neering

Migration of existing service engineering techniques and processes to incorporate de-
sign-for-adaptation activities

Concepts and techniques for retrieving and updating service descriptions exploiting
the notion of linked services

Principles and techniques to ensure that design activities remain efficient and effective
despite increased “design-for-adaptation” needs

Situational methods and (executable) modeling languages allowing to combine prac-
tices (method chunks) for software/service engineering

Service technology foundations: Research challenges related to the service technology stack,
including service infrastructures (such as grids and clouds), service composition & coordina-
tion, and business process management & service networks include:

Techniques for adaptable autonomous heterogeneous and “social” business processes
Adaptation patterns for service compositions based on quality attributes

Exploiting cloud solutions (IaaS, PaaS, SaaS) for service coordination

Formal languages and composition (“orchestration’) approaches

Novel architectural styles (beyond SOA & RESTful)

Techniques for reasoning about and analyzing properties that emerges due to the inter-
action of services and organizations

Employing nature-inspired computing as unconventional paradigms for service and in-
frastructure adaptation

Multi-layer and mixed-initiative monitoring and adaptation: Research challenges related to
monitoring and adapting software services and service-based applications across the whole
technology stack, considering triggers from the context of the system and supporting auto-
mated and human-in-the-loop adaptation include:

Decentralized models and techniques to monitor and predict service quality issues

Assurances for adaptation
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e Approaches for retrieving and analyzing context information to support individuals in
performing the right adaptation decisions in user-centric systems

e Techniques for combining and cross-correlating observations, predictions and events
from different sources and provided by different techniques

Online service quality prediction for proactive adaptation: Research challenges related to
assessing and predicting service quality during run-time to proactively respond to imminent
problems and issues include:

e Leveraging large event streams towards prediction
e Techniques for [aaS performance prediction beyond traditional workload prediction
e Metrics, techniques and tools for measuring the accuracy of online quality predictions

e Concepts, models and algorithms for quality prediction of heterogeneous (real-world
and IT) service-based applications

e Differentiating and correlating short-time predictions (for adaptation) with long-term
predictions (for evolution)

e Concepts and factors relevant for contextualizing accuracy
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5 Who can benefit from S-Cube

The S-Cube members have identified potential stakeholders and relevant S-Cube results from
which those stakeholders can benefit. Among others, various business and society stakehold-
ers can benefit from S-Cube as follows:

Researchers and Research Communities: S-Cube’s research results provide an un-
derstanding of open, multi-disciplinary research to be addressed for the Future Internet
and a baseline of novel techniques and methods for service engineering and adapta-
tion, e.g., through the S-Cube integrated research framework.

Students: The S-Cube results provide a solid baseline to train European students in
the relevant areas for service-based applications, including software engineering,
business processes, service-based computing and cloud computing. Students benefit
from S-Cube results, e.g., through the joint International Masters in Service Engineer-
ing (IMSE), the SSAI summer school on service-based computing, the S-Cube Virtual
Campus (see Section 3.6), and the S-Cube Knowledge Model (see Section 3.1).

Developers and Software Engineers: The research results provided by S-Cube sup-
port developers and software engineers in in developing and advancing service-based
applications required to operate in highly-dynamic environments more efficiently.

Service Providers and Service Integrators: S-Cube provided knowledge on how to
build and maintain composed services that are adaptive and context-aware. This
knowledge supports service providers and integrators in improving their user satisfac-
tion by better addressing user needs and dynamically responding to varying user con-
texts.

Industry (Large enterprises and SMES): S-Cube provided a catalogue of techniques
and methods that can be transferred to industry (such as the quality reference model,
knowledge model with key terminology, and learning packages).

EU Projects: S-Cube supported knowledge exchange, networking, and collaboration
(such as the methodology for use case definition defined within S-Cube). The poten-
tial expected impact is related to the increasing of the availability of up-to-date infor-
mation about novel trends in technology and techniques for services systems influenc-
ing the way systems can be built and planned.

Overall, S-Cube has contributed to a fundamental understanding of how to engineer adaptive
service-based applications. S-Cube’s research results thus provide a solid and sustainable
foundation for future research on service-based applications, especially for what concerns so
called Future Internet Applications, which are considered key to our future business and soci-
ety. Future Internet Applications constitute an evolution of current service-based applications
into systems operating on federated, open and trusted platforms, exploiting the Internet of
Content, Internet of Things and the Networks of the Future.
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6 Potential impact of S-Cube Results

In conjunction with the FP7 project SEQUOIA®, the potential socio-economic impact of
S-Cube’s research, integration and spreading of excellence activities has been assessed. This
assessment was performed by a team of experts in the socio-economic fields, through the use
of a structured questionnaire, dedicated focus group sessions, and direct interviews addressed
to Call 1 and Call 5 projects representatives. The methodology used for the assessment of 30
projects as well as the results are reported in a SEQUOIA deliverable’. It thus complements
the self-assessment as presented in 0 of this report.

According to the assessment, S-Cube is confirmed to be one of the five projects (out of 30)
that scored highest in terms of potential socio-economic impacts. A deeper analysis of the
socio-economic impacts S-Cube, together with that of the other four projects, is presented in
the SEQUOIA deliverable D3.2: “Best Practices Report”.

Below is a summary of the economic, social, scientific and technological impact on direct and
indirect beneficiaries of S-Cube for the assessment exercise performed jointly with SE-
QOUIA at the end of S-Cube?’.

6.1 Economic Impact

In terms of socio-economic impact, the network outcomes will produce different benefits on
stakeholders: improve the quality of the service, reach more users, improve scalability, ex-
pand the range and the typologies of research activities and services made available to re-
search communities, better target users’ needs, increment the optimization of resources, im-
prove efficiency and obtaining well trained and educated graduates.

Due to its very nature as an NoE, S-Cube did not identify a commercial exploitation of its
outputs and has not drafted a Business Plan (cf. 0). However, as mentioned in Section 3.2, S-
Cube members have provided a “shopping list”” of digestible results that directly address in-
dustrial researchers and thus may foster the uptake of those results into industrial trials.

With reference to the sustainability plan of the network output, S-Cube integrated 17 associate
members (from an academic context) and has jointly submitted over 20 project proposals.
S-Cube expects to realise the most substantial economic impact of its outputs five to ten years
after the end of the project which is the typical time-span for research to show impact in prac-
tice (see [4]).

Using different use cases in different sectors, such as wine production, automotive, eHealth
and eGovernment, S-Cube has provided indications that various economic impacts on stake-
holders can be expected, including improving the quality of business process and modelling
languages, increasing the revenues of services providers, infrastructure providers, industry
and SME:s.

* SEQUOIA Project: http://www.sequoiaproject.eu/

> SEQUOIA Deliverable 3.1 — Call 1 and Call 5 Project Assessment Report:
http://www.sequoiaproject.eu/index.php/documents/doc_download/43-deliverable-31

% Please note that parts of the text have been provided by SEQUOIA.
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6.2 Social Impact

The sectors on which the network will have the more impact in general are eLearning, ICT
support for efficient transport and ICT industry in general. In terms of eLearning, the S-Cube
Virtual Campus will be a central access point for training and education material on service-
based applications. With reference to transport and mobility, the S-Cube results will be ex-
ploited in the FI PPP project Finest®. The network will promote awareness for novel tech-
niques and methods, specifically on adaptive services and applications for the ICT industry in
general.

S-Cube contributes to the fulfilment of some of the 2020 European Digital Agenda’s goals.
S-Cube is mostly related to the political goal “Increase ICT related Services demand”. But it
will also work towards the fulfilment of some other goals: “Increment eCommerce”, “In-
crease interoperability at a more general level”, “Creation of content and borderless services”
and “Creation of a united market”. The network will have, in fact, an impact on all the aspects
related to services and commerce.

In terms of scientific production, the outputs are very positive. On the S-Cube website 304
documents (including articles, proceedings and reports) are available in the Literature Data-
base, and links to original documents are provided even if open access is not fully guaranteed.
The knowledge produced by the network has been shared and diffused not only through pub-
lications and training activities but also thanks to several exchange initiatives. In fact, S-Cube
members gave over 200 presentations, organised 105 exchange initiatives and established
joint teaching courses (Virtual Campus modules). Finally, knowledge diffusion used also the
training channel, which is in accordance with the identification of students and postgraduates
as important beneficiaries of the network. Not only have training courses been organised, but
the network has also organised an online training course and a summer school.

During its life, S-Cube sponsored a high number of PhD and post-doctoral scholarships,
thereby determining a positive benefit deriving from the potential exploitation of the resulting
highly-trained students by the new economy. In the future, the network expects to have an
impact on employment rate in various territories because it is training new professionals that
will be competitive on the labour market. The network will not have a high impact on work-
ing routine. The main impact regarding this aspect regards the way the researchers work: they
will benefit from more awareness for the need of cross-disciplinary work, a better integration
with other European researchers and richer collaborations and a wider access to research re-
sults. This will certainly have positive impacts on their research work.

S-Cube has a positive impact in terms of social capital and researchers networking. The num-
ber of new partnership agreements with other universities, research centres, enterprises or
public bodies is an important indicator. The organisms of these new agreements have become
associate members of S-Cube. Another indicator of the importance of research networking
made by S-Cube is the number of new project proposals submitted thanks to the participation
in the network. The network has also been in contact with the NESSI project, which aims at
uniting a community of over 430 organisations from industry and academia in order to pro-
mote the Internet of Services through complementary activities Therefore, we can consider
that S-Cube has developed a large research network, which has a very positive impact on the
social capital of its members/participants. Moreover, considering that one of the objectives of
S-Cube is to elaborate joint research agendas and roadmaps, the members have taken many

¥ http://www.finest-ppp.eu/
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contacts with policy makers in the field of the Internet of Services. A white paper on the S-
Cube vision has also been produced, and published as part of the S-Cube Book (see [1]).
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7 S-Cube Members and Responsibilities

7.1 S-Cube Contacts and Members

Project Contact:

Address of the Public Website:

Contact Email Address:

S-Cube Full Members:

http://s-cube-network.eu/

Email: contact@s-cube-network.eu

Tel: +49 201 183 4660

Fax: +49 201 183 4699

Name Short Country | Main Contact
Name
University of Duisburg-Essen UniDue Germany | Prof. Klaus Pohl
Paluno klaus.pohl@paluno.uni-due.de
(The Ruhr Institute for Software
Technology)
http://paluno.uni-due.de/
Tilburg University Tilburg The Prof. Mike Papazoglou
Nether-
http://www.uvt.nl/infolab/ lands M.P.Papazoglou@uvt.nl
City University London CITY U.K. Prof. Neil Maiden
http://hcid.soi.city.ac.uk/index.html N.A.M.Maiden@city.ac.uk
Consiglio Nazionale delle Ricerche | CNR Italy Dr. Fabrizio Silvestri
http://www.isti.cnr.it/ fabrizio.silvestri@jisti.cnr.it
Center for Scientific and Technolog- | FBK Italy Dr. Marco Pistore
ical Research
pistore@fbk.eu
http://soa.fbk.eu/
The French National Institute for | INRIA France Prof. Jean-Louis Pazat
Research
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in Computer Science and Control

http://www.inria.fr/index.en.html

jean-louis.pazat@irisa.fr

Lero - The Irish Software Engineer- | Lero Ireland Prof. Ita Richardson
ing

Ita.Richardson@lero.ie
Research Centre
http://www.lero.ie/
Politecnico di Milano Polimi Italy Prof. Elisabetta Di Nitto
http://www.dei.polimi.it/ dinitto@elet.polimi.it
MTA SZTAKI — Computer and Au- | SZTAKI Hungary | Dr. Zsolt Nemeth
tomation

zsnemeth@sztaki.hu
Research Institute
http://www.lpds.sztaki.hu/
Vienna University of Technology TUW Austria Prof. Schahram Dustdar
http://www.infosys.tuwien.ac.at/ dustdar@infosys.tuwien.ac.at
Université Claude Bernard Lyon UCBL France Prof. Mohand-Said Hacid
http://liris.cnrs.fr/ mshacid@bat710.univ-lyonl1.fr
University of Crete uocC Greece Prof. Christos Nikolaou
http://www.tsl.csd.uoc.gr nikolau@tsl.gr
Universidad Politécnica de Madrid | UPM Spain Prof. Manuel Carro
http://www.ls.fi.upm.es:8080/index. mcarro@fi.upm.es
htm
University of Stuttgart USTUTT Germany | Prof. Dimka Karastoyanova
http://www.iaas.uni-stuttgart.de/ dimka.karastoyanova

(@iaas.uni-stuttgart.de
University of Hamburg UniHH Germany | Prof. Winfried Lamersdorf
http://vsis-www.informatik.uni- winfried.lamersdorf
hamburg.de/ @informatik.uni-hamburg.de
Vrije University Amsterdam VUA The Prof. Patricia Lago

Nether-

http://www.cs.vu.nl/en/sec/imse/ lands patricia@cs.vu.nl
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S-Cube Associate Members:

Name Country | Main Contact
Centre d'Excellence en Technologies de I'Infor- | Belgium Dr. Philippe Massonet
mation et de la Communication

philippe.massonet@cetic.be
http://www.cetic.be/index-en.php
Centre for Service Research, Manchester Business | U.K. Prof. Linda A Macaulay
School, The University of Manchester

linda.macaulay(@manchester.ac.uk
http://www.mbs.ac.uk/research/csr/index.aspx
Dipartimento di Informatica, Universita di Pisa Italy Prof. Marco Danelutto
http://www.di.unipi.it/

marcod@di.unipi.it
Faculty of Informatics, Universitd della Svizzera | Switzer- Prof. Cesare Pautasso
Italiana land
http://www.inf.usi.ch/ cesare pautassoirusi.ch
Institute of Computer Science, University of Miin- | Germany | Prof. Sergei Gorlatch
ster

gorlatch@uni-muenster.de
http://pvs.uni-muenster.de/
IT and Media Center & Department of Computer | Germany | Prof. Ramin Yahyapour
Science, Dortmund University of Technology

ramin.yahyapour@udo.edu
http://www.itme.uni-dortmund.de/
IT Innovation Centre, University of Southampton UK. Dr. Mike Boniface
http://www.it-innovation.soton.ac.uk/ mjb@it-innovation.soton.ac.uk
Karlsruhe Institute of Technology Germany | Prof. Rudi Studer
http://www.kit.edu/english/ rudi.studer@kit.edu
School of Software, Tsinghua University Peoples’ Prof. Chi-Hung Chi

Republic

http://www.thss.tsinghua.edu.cn/index_en.asp of China chichihung@mail.tsinghua.edu.cn
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Semantic Technology Institute Innsbruck, Universi- | Austria Prof. Dieter Fensel

ty of Innsbruck
dieter.fensel@sti2.at

http://www.sti-innsbruck.at/

Service & Information Systems Engineering De- | Spain Prof. Xavier Franch
partment, Universitat Politécnica de Catalunya

franch@]lsi.upc.edu

http://www.upc.edu/

SINTEF Norway Dr. Arne Berre

http://www.sintef.no/Home/

Arne.J.Berre@sintef.no

South East European Research Centre Greece Dr. Dimitris Dranidis

http://www.seerc.org/

dranidis@city.academic.gr

University of L’Aquila Italy Prof. Paola Inverardi
http://www.univaq.it/en/ paola.inverardi@di.univaq.it
Université Européenne de Bretagne / Université de | France Prof. Flavio Oquendo

Bretagne-Sud

Flavio.Oquendo@univ-ubs.fr

http://www.univ-ubs.fr/

University of Groningen The Prof. Marco Aiello
Nether-
http://www.rug.nl/corporate/index lands aiellom@cs.rug.nl
Universidad de Sevilla Spain Prof. Antonio Ruiz
http://www.us.es/ aruiz@us.es

7.2 Network Management

S-Cube’s Network Coordinator and Scientific Coordinator were responsible for an efficient
operational and strategic network management. The responsibilities included, amongst others,
the overall coordination, monitoring and supervision of the integration and joint research ac-
tivities. The S-Cube activities were organized and managed by one activity leader each. Fig-
ure 5 depicts the activity responsibilities of the scientific director and the network coordinator,
as well as the S-Cube members that acted as activity leaders.
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Scientific Director (SD) Network Coordinator (NC)
Mike Papazoglou Klaus Pohl
IA-1 JRA-2 SoE-1 1A-2 IA-3 JRA-1
Integrating Realisation Spreading Integrati‘n'g Integration Eng. &
Knowledge Mechanisms of Excellence Communities Framework for Adaptation
and Resources for Service- Service-based Methodologies
based Systems Systems for SBSs
CNR USTUTT Tilburg Polimi FBK UniDue

Figure 5: Scientific Director and Network Coordinator Responsibilities

The activities of S-Cube were broken down into workpackages, each organized and managed

by a workpackage leader. The workpackage leaders were, amongst other, responsible for the

technical and operational coordination and supervision of the work related to their workpack-
age and assessed its key performance indicators associated to the milestones and deliverables.
Figure 6 shows the S-Cube member organisations acting as workpackage leaders.

WP-IA-1.1: Convergence
Knowledge Model

Tilburg

WP-JRA-1.1: Eng.
Principles,
Techniques &Meth.

Polimi

WP-JRA-2.1: Business
Process Management

Tilburg

Researchers

WP-IA-2.1: Mobility of

UCBL

with European
Industry Practices

Polimi

WP-IA-2.2: Alignment

WP-JRA-1.2: Adap-
tation & Monitoring

FBK

Princ., Tech. & Meth.

WP-JRA-2.2: Adaptable
Coordinated Service
Compositions

USTUTT

WP-IA-3.1: Integration
Framework: Baseline
and Definition

FBK

and Personalisation

UniDue

WP-IA-3.2: Integration
Framework: Validation

SLA Conformance

UniDue

WP-JRA-1.3: End-to-
End Quality Provision &

WP-JRA-2.3: Self-
Service Infrastr.
& Serv. Disc. Support

INRIA

WP-SoE-1.1:
Virtual Campus

TUW

WP-SoE-1.2:
Community Outreach

CITY

Figure 6: Workpackage Responsibilities
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