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Abstract
The Faculty of Automatic Control and Computers (Romanian name: “Facultatea de
Automatică şi Calculatoare”, A&C) is part of the largest technical university of Romania,
University “Politehnica” of Bucharest. A&C itself is the most important faculty in the
domains of Information Technologies and Control Systems Engineering in the country,
both by number of students and by its existing research potential. The Faculty of
Automatic Control and Computers is already well known as a national pole of excellence
in Intelligent Information Technologies. As a result, A&C has well established contacts
with many EU and international research units.
The idea of the ERRIC project emerged as a result of A&C's sustained efforts over the last
number of years to enhance the overall excellence of A&C research and education
activities. In today’s global economy, A&C now finds itself competing with other
universities and research entities across Europe to attract and retain the best students in the
face of both limited human resources and financing. Gaining a sustainable competitive
advantage in today’s research environment is intimately linked with both the quality and
visibility of the entity.
This report contains two distinct parts. In the former, we present the first research strategy
developed for A&C within the ERRIC project by the research manager and the research
council. The latter part is structured into 4 roadmaps for each of ERRIC’s main research
directions:
-

Agreement technologies

-

Adaptive and intelligent control

-

Large scale distributed systems and advanced grid technologies

-

Semantic and adaptive technologies on the Web
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1. Introduction
The Faculty of Automatic Control and Computers (Romanian name: “Facultatea de
Automatică şi Calculatoare”, A&C) is part of the largest technical university of Romania,
University “Politehnica” of Bucharest. A&C itself is the most important faculty in the
domains of Information Technologies and Control Systems Engineering in the country, both
by number of students and by its existing research potential. The Faculty of Automatic
Control and Computers is already well known as a national pole of excellence in Intelligent
Information Technologies. As a result, A&C has well established contacts with many EU and
international research units.
The idea of the ERRIC project emerged as a result of A&C's sustained efforts over the
last number of years to enhance the overall excellence of A&C research and education
activities. In today’s global economy, A&C now finds itself competing with other universities
and research entities across Europe to attract and retain the best students in the face of both
limited human resources and financing. Gaining a sustainable competitive advantage in
today’s research environment is intimately linked with both the quality and visibility of the
entity (Figure 1).
Faculty of Automatic Control and Computers (A&C)
Core/Internal

Interface

Goals and Values
Resources and Capabilities
Structure and Management

Mission and
Strategy

Environment/External
Competition
Users/Customers
Suppliers
Economic and
Potential
ERA, EHEA

Social

Driving forces
Enhancement of
Research
Excellence

Competition for
Talent/Human
Resources

Public Research
Funding

Private
Research
Funding

Academic &
Industrial
Partnerships

Figure 1. A&C Positioning in the World at Large
The construction of the European Research Area is a special process within the European
research policy subsequently realized and strengthened by various tools, i.e. Commission’s
Green Paper on “The ERA: New Perspectives” and Council conclusions as recently launched
in the Ljubljana process, followed by five identified initiatives for underpinning the ERA.
Moreover, the end of 2008 widened all these initiatives by “Vision 2020 for the ERA” and
Page 8
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underlined the importance of creating an area of intellectual freedom and exchange for
researchers so as to contribute to the sustainability of a Europe without barriers. In this
context, the objectives and key measures of ERRIC are a direct response to the creation of a
Europe without barriers and, in particular, to the FP7 call Research Potential 2010 Area: 4.1.
Unlocking and developing the Research Potential of research entities established in the EU´s
Convergence Regions and Outermost regions.
The empowering of A&C’s existing research excellence in IIT and achievement of
ERRIC specific objectives will strategically position A&C’s research teams for a
comprehensive integration in the ERA, including strengthening opportunities to participate in
internationally funded research such as FP7 and FP8. The objectives of ERRIC project are
also very well aligned with the general strategy of the EU Structural Funds financed
programme in Romania: “Increase of Economic Competitiveness”.
One of the most important characteristics of the ERRIC project is its integration with the
“Development of poles of excellence” operation within the Key Area of Intervention:
“Investments in RDI infrastructure and related administrative capacity”, Priority Axis 2:
“Research, Technological Development and Innovation for Competitiveness” of Sectorial
Operational Programme Increase of Economic Competitiveness 2007-2013, where priority
will be given to the best performing R&D bodies when granting public support under this key
area of intervention. The achievement of ERRIC objectives will position A&C to be able to
access this category of structural funds, aiming at a long term synergy between the outcomes
of ERRIC and future Priority Axis 2 programmes. The aimed role of A&C as a national
research pole of excellence will also help other Romanian universities to access these
structural funds, either in consortia with A&C or by themselves.
ERRIC proposal is well aligned with the strategic priorities in research of A&C parent
organization, University “Politehnica” of Bucharest. Representatives of the UPB Senate will
participate in the Steering Committee of the project.

1.1 Research at A&C
A&C is the leading Romanian research center in ICT as UPB has the highest number of
successful project participations in FP6 and FP7. About half of these projects have been
implemented within A&C. Thus, the Faculty of Automatic Control and Computers is already
well known as a national pole of excellence in Intelligent Information Technologies.
The strategy of the ERRIC project is based on a synergic combination of A&C's mission
and strategy to promote excellence in scientific research and the goals of the Region Potential
programme, aiming to stimulate the realisation of the full research potential of the enlarged
European Union by unlocking the research excellence of A&C and strengthening the A&C
capacity to successfully participate in research activities at Community level.
Aligned with the A&C strategy to exploit Strengths, eliminate Weaknesses, exploit
Opportunities, and avoid Treats, we can describe ERRIC main strategic ideas as a state
diagram, in which state transitions towards final states (goals and outcomes of the project)
are enabled by the key measures of ERRIC (Figure 2).

A&C, UPB
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Figure 2. ERRIC main strategic measures.
The key measures on which the ERRIC project is based are the following:
-

Strengthening our research and technological innovation capacities and reinforce our
research potential by supporting and mobilizing existing human resources through twoway secondments and participation to high quality scientific events, recruitment of
experienced researchers with strong international relationships (a1, a2);

-

Establish an ambitious research agenda to develop our research potential in the strategic
selected research areas in Intelligent Information Technologies (a4);

-

Expand the current research infrastructure by developing a new laboratory dedicated to
Ambient Intelligence research and upgrade the processing power of the National Center of
Information Technology cluster, enabling thus A&C personnel to adequately participate to
European projects in the area of IIT and strengthen the collaboration with national and EU
partners in the new emerging research area of AmI and in the domain of HPC (a1, a2)

-

Leverage existing relationships with 11 well established European research entities in 5
EU Countries to develop strategic partnerships and dramatically widen A&C’s existing
research network (a5);

-

Make A&C an international gateway to access IIT research and act as a node of spreading
research excellence at national level, in the selected research areas (a1, a3);

-

Enhance the dynamic research environment and collaborative links with high excellence
research units across the EU and leading IT companies to support wider socio-economic
impact of research results and user-driven innovation (a5);

-

Organize high quality scientific events focused on knowledge sharing and network
building to raise wider international awareness of A&C’s research capacity (a4);

-

Promote A&C scientific research excellence and disseminate A&C research results to
maximise visibility at regional, European and international level (a5).

The main domains and research teams, the network of collaborations are presented in
Figure 3 and 4.
A&C, UPB
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Figure 3. ERRIC areas of research excellence in connection with FP7 Challenges and
Objectives
Our strategic partners are:










“VU University” of Amsterdam
Department of Computer Science
Computer Systems Group

The

University Pierre et Marie Curie
Laboratoire d’Informatique de Paris 6
Département «Equipe Système Multi-Agents»

France

Utrecht University
Department of Information and Computing Sciences
Utrecht Institute for ICT Research
Intelligent Systems Group
Institut National Polytechnique de Toulouse
Institut de Recherche en Informatique de Toulouse
Université de Toulouse

The

Netherlands

Netherlands

France

Germany
High Performance Computing Center of University Stuttgart
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Ecole Nationale Supérieure des Mines de Saint-Etienne
Laboratory for Information Sciences and Technologies
ISCOD Team

France

Polytech Nantes, Ecole d’Ingénieurs de l’Université de Nantes
Laboratoire Informatique de Nantes Atlantique
Équipe COnnaissances et Décision

France



Tampere University of Technology
Department of Signal Processing



Université Lille 1 Sciences et Technologies
Laboratoire d’Automatique, Génie Informatique et Signal
École Centrale de Lille

Finland

France



University of Cassino
Laboratory of Robotics and Mechatronics

Italy



INRIA Rennes – Bretagne Atlantique
Team KerData: Scalable Storage for Clouds and Beyond

France

Figure 4. ERRIC research excellence in IIT in connection with EU strategic partners
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1.2 The objective
The increasingly open and competitive global economy and the shift to high value production
based on information and knowledge requires a strong and rapid response from Europe.
Higher education and research are vital ingredients in the European response to these
challenges. In the convergence region countries (including Romania), the level of investment
in universities is low by EU standards. This severely disadvantages centers of research
excellence, in particular in terms of international connections and exchange of know-how. On
the other side, Romanian universities have to some degree failed to exploit research results
and potential for excellence in three key aspects: in achieving full research potential and
resulting visibility at European and international level; not adequately focusing on industry
driven subjects and user-driven innovation; and preventing the "brain-drain". In the current
global economic climate, scientific research has a lot to offer in terms of fighting the
financial-economic crisis. High quality research-driven universities and units have the
potential to bring their scientific contribution to alleviate this crisis.
In this context, the ERRIC main goal is to leverage, support and further develop the
existing high quality human and material resources of A&C with the goal of achieving
international recognition for the Faculty as a world class research excellence pole in a
complex domain, Intelligent Information Technologies, which require the synergetic
gathering of several research areas converging to support the development and deployment
of such systems. Moreover, A&C blossom to its full research potential and promotion of its
excellence in research at European and international level have the capacity to attract high
quality international researchers, financial resources at national, regional and European level,
and make A&C an active contributor to the European Research Area (ERA).
Thanks to ERRIC project, A&C strives to become a high-level European Research
Center, surpassing the national barriers and having an increasing role in European ICT
research.

1.3 SWOT analysis
Having a tradition of more than 40 years, the Faculty of Automatic Control and Computer
prides itself on being both research intensive and student-oriented. With over 3000
undergraduate, M.Sc. and Ph.D. students, and 250 faculty members, the Faculty is both the
largest and the top-ranked ITC faculty in Romania. Achievements in both education and
research are high, and the Faculty aims for excellence in both.
The Faculty offers undergraduate (Bachelor) and graduate (Masters and PhD) programmes in
Computer Science and Information Technology, Automatic Control Engineering, Industrial
Informatics, recently aligned with the Bologna process. A&C comprises several research and
training centers, recognised as national centers of excellence: National Center for Information
Technology (NCIT); Center for Research in Industrial Informatics, Materials Engineering and
Robotics (CIMR), Center of Automatics, Process Control and Computers (APCC); Center of
Intelligent Control Techniques and Bioengineering; Linux Competence Center; Center for
Training in Distributed Informatics. A&C staff is constantly involved in many research and
development projects, in the framework of national and international programmes such as:
CEEX, IDEI (CNCSIS), PARTENERIATE (MCT), INOVARE (AMCSIT), World Bank,
RELANSIN, INFOSOC (national level), TEMPUS, FP5, FP6, FP7, Eureka, COST, AUF,
SOCRATES, MINERVA (international). A&C maintains a close relation with industry,
Page 13
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comprising several educational and research laboratories built in partnerships with companies:
Microsoft (Project Management), IBM (e-Business Academy), Oracle, CISCO, Rockwell
Automation, Altran, HP, and UTI.
The mission of A&C, aligned with the mission of University “Politehnica” of Bucharest is the
strategic combination of education, research and innovation, which are key to achieving a
knowledge based society and economy. Creating knowledge mainly by scientific research,
sharing knowledge through education and professional training, disseminating knowledge
using information technologies, and the using technical innovation are elements that define
A&C. The Faculty aims to design and optimize processes that lead to a sustainable knowledge
based society, to achieve sustainable economic growth, to secure better jobs and stronger
economic and social cohesion. These goals are aligned with the provisions of the 2002
European Council in Lisbon and the 2002 European Council in Barcelona.
The main strategic goal of the A&C is to build on A&C’s existing capacity and reputation to
create an internationally recognised research and learning environment, which will achieve
research excellence in selected areas of Information Technologies and Control Systems
Engineering, provide distinctive learning experiences, internationalize its staff and student
community, and enhance and promote its reputation. The strategic lines to be followed are:
- Achieve an international research profile which demonstrate the research excellence of the
Faculty in the strategic research areas of the project;
- Support and develop 3 interconnected research centers already recognised as leading in
the field (NCIT, CIMR, APCC)
- Invest in our research and academic base by diversifying our sources of income and
reducing our reliance on public funding;
- Recruit, develop and retain staff of the highest quality;
- Increase the number and proportion of postgraduate research students.
The SWOT (Strengths, Weaknesses, Opportunities and Threats) was one of the elements that
guided us to the design and evaluation of our strategy but also to the set-up of the specific
objectives of ERRIC. A SWOT framework distinguishes between two features of the internal
environment (Strengths and Weaknesses) and two features of the external environment
(Opportunities and Threats) (see also Figure 1, Section 1.1.1)
The A&C Planning Committee generated a list of what they perceive to be A&C strengths,
weaknesses, opportunities, and threats (SWOT). In Table 1, some of the most relevant items
connected to the internal environment features are presented.

A&C, UPB
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STRENGTHS
Most Prominent









Moderately Prominent

Quality of education and research
Nationally recognized
programmes
Excellence in ITC research
recognized at national and
regional level
Innovation as evidenced by grant
applications and research
High quality of human resources
Very high employment rate of
graduates
Willingness to recognize
weaknesses and make
improvements











Full-time staff teach most
classes
There is a strong bond and a
high level of interaction
between Faculty staff and
students
Success in bringing research
funding for the Faculty
Strong connections with the
EU and international research
and academic community
Strong connections with
industry (national and
international) in Romania
Richness of disciplines and
modes of thought and inquiry

Less Prominent








Faculty service to the
university and the wider
community
Interdisciplinary and
experiential education and
research
Atmosphere of success for
Faculty staff and students
High quality and up-to-date
research infrastructure
Diversifying sources of income

WEAKNESS
Most Prominent








Moderately Prominent

Ability to recruit and retain top
staff and graduate students,
preventing their departure abroad
Underfunding for research
Performance and amount of
existing durable equipment
Understaffing at some levels
Lack of financial support for
scientific missions
Inadequate resources for
promotion, recruitment, retention,
advising, and marketing –
everything needed to recruit and
retain top staff and graduate
students









International recognized
research programmes
Adequate management of
research activities
Commercial exploitation of
research results, innovation as
evidenced by patents and
technology transfer
Quality of facilities and lack of
its maintenance, making it
difficult to recruit top faculty
and graduate students
Long term research agenda

Less Prominent







Lack of consensus on what it
means to be a research driven
unit
Underutilization of and weak
organization for technology
Strong collaboration between
faculty and industry
Long-term planning
Research facilities at
international level

Table 1. Main strengths and weaknesses of A&C

This internal evaluation of A&C's current strengths and weaknesses helps position A&C,
as compared to other Departments, Faculties and Universities active in ITC areas, in the
following positions (chosen among Leader, Powerful, Favourable, Acceptable, and Low):


At national level A&C is Leader in Romania (thus positioning it to influence in a
positive way the performances of other universities through knowledge transfer and
good practices);

A&C, UPB
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At European level, A&C can currently be positioned between Favourable (it has a
competitive advantage compared with average universities/departments in the same
domain) and Powerful (it can adopt a new strategy without changing the position on
short-term).

It is the role of the ERRIC project to contribute at bringing the Faculty of Automatic
Control and Computers to a sustainable Powerful position at European and international level.
The analysis of the external environment of A&C are represented in two matrices
(Table 2): the Opportunity matrix, in which potential opportunities are associated with
probability of achievement and their impact on A&C, and the Threat matrix, in which the
threats are associated with the probabilities to take place and their impact on A&C.
A.
B.
C.

D.
E.

The elements in the Opportunity matrix are:
Existence of a competitive system for the financing and providing of higher education
and research and RDI activities, associated with public responsibilities.
Responsibility for the framework of higher education (through European Higher
Education Area) and research (through European Research Area).
Bringing universities to the core of the knowledge economy project, providing new
relevance to the university through a greater expectation of socio-economic impact
and responses to real world concerns.
Reformation of the evaluation system for higher education and research.
Involvement of the private sector in higher education and RDI.
Probability
high
Probability
low

C

A, B

D

E

Low
impact

High impact

Probability
high
Probability
low

Opportunity Matrix

F

A, B, E

D

C

Low
impact

High impact

Threat Matrix

Table 2. Opportunity and Threat matrix

A.

B.
C.

D.

E.

The elements of threats matrix are:
Universities must produce the right kinds of graduates to meet industrial demand.
More attention must be paid to research skills, interdisciplinary, international and
communication / team skills demanded by globally competing employers.
Global competition for mobile knowledge resources (students, researchers, managers,
businesses). Universities must be positioned to attract and retain talent.
Research results must be transferred into innovation processes and product
development, optimizing the flow of university knowledge into knowledge-based
creation.
Knowledge transfer and communication is increasingly integrated as a core function
of university processes. The university justifies its existence through its impact on
society but it also needs support from society.
Capital spending for education and research must be at the mean level of EU.

A&C, UPB
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F. Quantitative deficit and lack of competitiveness of doctoral programs.
As can be seen from Table 2, although there are significant opportunities, there are also a lot
of threats which must to be avoided to achieve the full mission and strategic objective of
A&C.

2. A&C Research Strategy
2.1 Our vision
Based on our SWOT analysis of existing competence and experience, the main goal of the
ERRIC project is to empower A&C’s existing excellence in research by unlocking its
significant research potential and enhancing its national and regional leadership position in
selected areas of Intelligent Information Technologies (IIT): agreement technologies,
semantic and collaborative technologies for the web, advanced Grid technologies, large scale
distributed system services, and adaptive intelligent control. In order to achieve this main
goal, the following specific objectives have been put forth.
Strengthen Core Research Excellence
 Strengthen the research and technological innovation capacities of A&C in above
mentioned areas of Intelligent Information Technologies by:
- increasing the quality and number of published papers and participation of
A&C permanent staff to high quality scientific events: more than 60 scientific
papers on IIT, accepted for publication in journals and conference proceedings,
will be developed as a result of project’s activities;
- hiring of 6 experienced researchers to perform research in specific topics
relevant to IIT, and an experienced research manager;
- expanding the current research infrastructure: (a) develop a new Laboratory of
Ambient Intelligence: after 24 months the AmI Laboratory will be operational
with all necessary technical equipment installed and running flawlessly; (b)
upgrade the HPC resources of A&C by almost doubling the capacity of the
NCIT to reach an estimated performance in benchmarking of 2 TFlops.
 Reinforce the A&C research potential by supporting and mobilising A&C human
resources through 132 trans-national two-way secondments of A&C research staff by the
staff of the 11 EU partnering organizations, towards exchanging know-how and
experience, and building long-term cooperation relationships.
 Establish an ambitious research agenda and the Roadmap of A&C RTDI to significantly
develop its research potential in the strategic selected research areas and bring A&C
research activity to the highest European level.
 Improve A&C’s ability to respond to ICT related socio-economic needs in Romania and
Europe by orienting the research topics towards these needs, in interaction with the project
Advisory Board.
Networking, Community Building and Strategic Partnerships

A&C, UPB
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Make A&C an international gateway to access IIT research results through ERRIC
Knowledge E-Environment (KEE) and ERRIC portal; web traffic will be used to measure
the impact of these developed resources.
Establish and adequately resource strategic partnerships and wide-ranging collaborations
between A&C and high excellence research units across the EU through the European
Network of Excellence and Partnership in IIT, including common organisation of
scientific events, cooperation agreements between institutions, common R&D project
proposals, throughout the duration of the project and beyond.
Build the capacity of A&C for a better collaboration with high tech companies towards
valorisation of high potential research results, including the organisation of the A&C
Brokering events; more than 30 companies from Romania and abroad will be contacted
and invited to join the Network.

Promotion, Visibility and Dissemination
 Organize 18 high quality scientific events and 4 dissemination events, in cooperation with
the partnering organizations, focused on knowledge sharing and network building, to raise
international awareness of A&C research capacity.
 Promote A&C scientific research excellence and increase its visibility by the publication
of A&C research book and the elaboration of the A&C dissemination, promotion and
awareness plan and package (DPA package).
 Disseminate scientific information and results of A&C research by publishing a book with
selected research contributions of A&C staff, which were enabled by ERRIC activities, in
an internationally recognized publishing house.

2.2 Developing a more research oriented team
2.2.1 Guaranteeing ethical behaviors in research
Without a strong ethical engagement, there is no valuable research. As a leading research
pole in ICT, A&C is conscious about its mission to the scientific community, but also to the
society. Given this, a key point is to take care that all research activities are respecting ethics.
In a close future this could be the mission of a committee of ethics that should integrate
internal and external representative and being totally independent and free. Of course, its
missions is not limited to research, but to all activities of the faculty. Among his missions, let
us point out:


Forming and informing students and professors about ethical practices



Organizing regular audit on the practices in the Faculty



Validating, when it is pertinent, the research processes, in particular when they involve
people and trials, privacy of the data collected from participants to research
experiments, etc.
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2.2.2 Supporting/managing research staff
2.2.2.1. Financial supports
Even if the availability of financial resources is not the only factor for promoting research
it remains an important one. Therefore, A&C should dedicate a specific and comfortable
budget for its research policy. We exclude here the budget for materials and infrastructure that
needs a specific treatment.
This research budget should be mainly used for sustaining researchers that have very
good results, but do not have enough financial support, such as:






Conference participation budget: it is very important for the dissemination of
research results and development of national/international collaborations to have an
easy access to conferences since they constitute at international level good places for
interacting with other researchers and having an early access to new research results.
This is perhaps even more important in ICT than in other fields: results appearing in
journals are at least 1 or 2 years old and conferences give the possibility to present
/have access to rather new results (“the results of the year”). A&C should give the
possibility for its members to achieve high level international conferences. To this
aim, it will be a priority to launch fair rules for allocating travel expenses mainly
based on the quality and importance of the meeting and conditioned by a posteriori
real justifications of the impact for the researcher. Moreover, this budget will be
prioritized to fund participation to conferences where a researcher has an accepted or
invited paper and talk.
Internal call for projects: a research center has only the possibility to propose very
modest founds, but launching each year a call for project can be highly useful for
initiating new collaborations and facilitating the access to higher external calls, in
particular national and European ones. It gives the possibility to the institution to point
out some research priority by orienting the call to a dedicated domain. Nevertheless it
is also crucial to let a reasonable part to open projects giving the possibility to initiate
a new domain. To be efficient, such a call for projects needs to guarantee to
researchers a fair selection based on transparent criteria (quality of the project,
pertinence, involvement of young researchers, international orientation, annex found
applications ...) and a posteriori measure of impact.
Personal research budget: many international institutions propose personal research
budget that allows supporting expenses for travelling abroad visiting collaborators,
buying documentation, buying electronic devices, software, etc. In many cases this
budget is directly connected with the research achievements of the researcher. Besides
it can also be an efficient tool for incitation to research. It should be noted that
research activities are in concurrence with other activities offering to the researcher
possibilities to increase his/her own salary. This is particularly relevant in Romania
because of the very low level of salaries in higher education. Even if the system we
have in mind provides a budget for research expenses and not additional salary, we
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think it will have the power to give to researchers the possibility of reducing their
annex activities for increasing their weekly research time. To be efficient, such a
system needs to respect some basic rules:
o A clear and fair set of criteria and rules only based on the quality of research
o Very exigent system giving priority to quality vs. quantity
o Reasonable amounts guaranteeing for each staff member time allocation a fair
and equilibrated trade between all activities. Then making more research is
possible for the one who wants to
o Some specific rules for young researchers who have more difficulties to keep a
good research activity, in particular in Romania.
Strong visiting position policy: our last priority for allocating the research budget is
to launch and maintain after the end of ERRIC project a strong policy for proposing
research visiting positions of ½ months for international researchers. Such a system
would be very efficient for initiating and maintaining international collaborations. The
main rules it has to respect are:
o Sufficiently attractive conditions
o Clear and fair criteria for selection
o Research project based selection
o A posteriori short term/long term measure of impact.
The ERRIC project will allow us to continue and improve the actual policy since A&C
is still active in this direction. The main aim we have to focus on is to establish the
conditions for maintaining it after the end of the project.

2.2.2.2 Non financial support and services
This is in particular the case for personal research budget that can be divided in financial
and non-financial support. In particular, the easy access to infrastructure (computing power,
servers, robots, tools, etc.) does constitute a resource seen as of high importance and, still
right now, under-developed. Thus, proposing easier access to spaces, computing hours,
servers, automated production lines and robots to colleagues that are very performing in
research or for the best quality projects is a tool we need to integrate in the frame of the
research policy.
Besides, services offered to the research staff is a key point that contributes to building a
fruitful environment. Moreover, from the financial point of view it is possibly easier to
achieve this than direct financial supports because of the cost of labor in Romania. The main
services to be provided to research staff are:


Good and easy access to documentation and in particular to books and article
databases. This is nowadays a basic service offered by all the main institutions of
higher education and research. However, at this moment there is no access to
important scientific databases like ACM Digital Library, IEEE, SpringerLink
conference proceedings, etc. unless it is purchased by each individual researcher. So it
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is not a way of differentiation, but a lack of such access would be clearly a huge
weakness.
Editing and language correction: publishing in English is indeed a very important
point if we want to promote international publication. For colleagues who are not
fluent it can be a real handicap or at least highly time consuming. Providing some help
for editing, translating and correcting texts would be of great interest for improving
their potential of successful publications.
Creating a dedicate department for promoting, writing and coordinating activities
related to National and European Projects. It is indeed of high importance for us to
give our researchers and teams a better access to projects and in particular research
oriented ones.
Providing help and consultancy for all aspects dealing with law in research
organization (e.g. patterns, research contracts, etc.)

2.2.3 Improving the environment of research
2.2.3.1 Infrastructure
Maintaining and improving the infrastructure for research, space and material is of high
importance for A&C. Given our fields of excellence, a very good infrastructure is needed for
our research activities. The ERRIC project gives us the opportunity to improve our computing
capacities and to develop and upgrade the research equipment of the A&C. For this purpose,
we defined the actions that will enable us to support the strategic selected research areas and
research subjects of the proposal and bring the current infrastructure to a European level:



Develop the Ambient Intelligence Laboratory and update our pool of sensors and
actuators
Upgrade the network infrastructure and integrate it into current research facilities

The main aim of the upgrade performed through the project is to almost double the
existing capacity with an addition of 336 (2 x 6 x 28) hardware cores, based on six core (or
eight core) technology. The advantage of having multi core CPUs is obviously the high speed
of communication between parallel processes. Doubling the capacity will certainly not align
NCIT cluster to the clusters of other European universities (e.g., HRLS had more than 2000
and VUA more than 1000 in 2008) but will enable A&C to participate in some common
projects, both with the ERRIC partners and in other structures, e.g., the continuations of the
projects EGEE and SEE-GRID in which A&C was a partner until 2009, but in which A&C
would not be able to participate any more with the current infrastructure.
Our future strategy is to maintain it at international level for our researchers and also for
researchers from partner institutions. A&C would like to become a recognized technological
platform for high performance computing, in accordance to its recognized excellence in this
field. On the one hand it is needed for continuing our works and on the other hand it will
contribute to our attractiveness. Since such equipment is very costly, A&C considers its own
responsibility, as leading ICT pole, to propose to other researchers from external institutions
some access to the equipment.
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2.2.3.2 Animation of research
The animation for research is an important issue that contributes to a fruitful environment.
A&C needs to promote this dimension and incite its professors to be involved in this kind of
activities since they are of great importance for visibility, international exchanges and
collaboration development.




Organizing good and visible conferences. ERRIC project includes a very ambitious
program of scientific events. Since this part constitutes a WP by itself, the reader is
invited to refer to this part for more details. Of course, since it is strongly connected
with the research strategy we take care of maintaining permanent cooperation between
these 2 WPs. The main aim is to beneficiate of the support offered by ERRIC to
improve ourselves in organizing such events and being more involved, in a sustainable
way, in the international networks. Since organizing a conference is very time
consuming, to make it useful our priority is to focus on very good conferences
providing high level platforms for scientific exchanges. The priority is given to
selective conferences with visible proceedings.
The organization of regular seminars in the top domains of ERRIC is also an
important issue for the research environment. Such seminar needs to be balanced
between local and external speakers. On one hand it gives the possibility to colleagues
and in particular young researchers to present their recent works, but in the other hand
the capacity of inviting researchers from other institutions and in particular from other
countries is very important for the research environment. For limiting the costs, this
aspect should be closely related with the visiting position program. These seminars are
completely open and free and should be promoted among all universities and research
centers in the region together with a pool of companies. At the internal level they give
the possibility to colleagues from different research centers, but also to students, to be
informed on recent research works in the domains of excellence of A&C.

2.2.4 A coordinated management of research
2.2.4.1 Research committee
One of the objectives of ERRIC is to improve the management of research in a
sustainable way. A main issue will be to launch/improve a research committee. At first, it
shall be dedicated to the ERRIC project and shall cover the leading fields of the Faculty, and
later we plan to extend it to the whole Faculty at the end of the project.
Our objective is to define in a collaborative and transparent way the status and rules
associated to this committee since it can be useful only if it is accepted by all researchers. The
main missions of the committee is to propose orientations, promote opportunities, organize
the launch and follow-up of the research policy, supervise the services proposed to the
research staff, evaluate the research activities for integrating it in the HR strategy and
coordinate the communication of research results.
The key points for the successful organization and functioning of the research committee
are:
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The coordination is under the responsibility of a research manager. ERRIC project will
allow us to train one colleague to this mission for guaranteeing the sustainability after
the end of the project. But an even more important point is to clearly define the
position together with structure, status and rules of the research committee.
Involvement of the research committee/manager in key decisions dealing with
recruitment, evaluation and promotion of colleagues
Involvement of the research committee/manager in key decisions dealing with the
management of the Faculty
Guaranteeing a fair equilibrium between coordination and management of research
and academic liberty that is to our mind a mandatory issue in any research activity
Transparent organization and activities
Dissemination and explanation of decisions
To define very clearly the mission, power and rules of the committee and regularly
inform all the faculty about its activities
Guarantee a good and fair representation of all domains and research laboratories
Include representatives of researchers chosen by them
Include external representatives chosen for their competencies

2.2.4.2 Evaluation of research
This is a key point that initiates lots of work at international level and requires a particular
attention by the faculty management. Both personal research achievements and global
evaluation of the institution have to be addressed and coordinated. This evaluation needs to
take into account the rules at national level for evaluating institutions, but should not limit
itself to this. On the one hand, it is dangerous for institutions to be too much ranking sensitive
because of volatility and diversity of these rankings. On the other hand, A&C has the capacity
to adopt much stronger exigencies than the ones used for evaluating all Romanian institutions.
Moreover, its position of leader in the country gives the responsibility and power to show
good practices and influence national decisions. Our aims are:





To define a target achievement level for the whole faculty, but also for individual
researchers. This will be stronger than the average standard proposed at national level.
To establish and update a ranking of journals and best conferences in the domains of
ERRIC project and, after the end of the project, of all domains covered by A&C
research activities. To this aim, external and still existing rankings will be very useful
but need to be crossed over, verified and eventually adapted to the needs of the
Faculty and geographical context and the available finances. Most of the time, all
criteria used by several rankings are relevant and give pertinent information. However
it is dangerous to focus only on one or two of them. For independence of a specific
ranking and since rules and criteria need to be sustainable it is recommended to adopt
a large and diverse scale of criteria.
To launch a powerful tool for collecting/updating key data about research
achievements so as to being able to easily answer to any kind of request. It is indeed
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very important both at internal and external levels to have an easy access to pertinent
information about scientific realizations over the last 5 years.
To include it in the HR strategy for recruitment of new researchers and for regular
evaluation of each member of the Faculty (of course, research activity is only one of
the criteria).
Editing annual reports about the performance of each component of the Faculty.

2.3 Communication of research
The communication about research activities is a key-point for the visibility of A&C. We
focus here on some specific points directly linked with the research policy. However, in
ERRIC project, communication activities have their dedicated WP and the reader is invited to
refer to it for more details. Nevertheless we take care on strong and regular exchanges
between global communication and research. Towards the project, this will help us to
structure the communication of the Faculty, in particular in strong connection with the
research committee.
2.3.1 Identity of A&C
A key point of any communication strategy is to identify and/or define the identity of the
organization. This is important at both internal and external levels: at internal level for the
reinforcement of the group cohesion and each individual feeling of being member and actor;
at external level to design the image to promote in each action of communication. From the
research point of view, the main issues to be addressed are:






Values, mission statement: these issues have been widely discussed during the first
year of the project. The identified values that raised over these discussions were:
young people and their enthusiasm, very good professionals, high quality reaserch.
The research policy has to integrate these values, constituting the core of A&C
identity, in each activity and project. We still need to finalize a mission statement for
A&C, discussed with all the management staff. Research must be strongly pointed out
in it.
Unique signature: for the visibility of the Faculty and, more generally of the whole
institution, it is mandatory to adopt a centralized and unique way for signing research
papers. This is also a key issue for more and more rankings based on automatic data
collecting. This point still needs to be addressed and discussed at UPB level.
Indexation: for a better visibility of our research activities, we need to improve the
indexation of the scientific results and publications of the Faculty in standard search
engines, free bibliographic (e.g. Google Scholar) and citation (e.g. Citeseer) services
and presentation hosting platforms (e.g. Slideshare).

2.3.2 Organization of teams
Today, research teams are organized in several research centers. For a quick access to
information and a better understanding of the domains of expertise, we still need to work on a
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unified communication/presentation of the centers, their organization, their domains and their
achievements.
At this point, there are 4 research centers within A&C that are constituted of several
research laboratories. For example, the National Research Center for Information Technology
(NCIT) has over 20 research laboratories. Each of these has several areas of expertise and
each team has its own objectives and research projects. The communication between different
research laboratories and centers is done through monthly seminars where researchers from
A&C present their work and results to their colleagues. From the organizational point of view,
each center has its own manager and all the managers are part of the council of the Faculty
that can be used to coordinate their actions and work on common initiatives (such as large
projects).
2.3.3 Web pages of centers and of researchers
Currently, there are different websites for the Faculty, for each department and for each
research center. They are not unitary and do not follow any central guidelines. Moreover,
some research laboratories might also have their own website. One main point is the
improvement and updating of A&C’s webpage. In particular, in what concerns the research
we have to take care on:







A better visibility of the organization of research and of the fields of excellence
An easier access to information about research
A general presentation of the research strategy
Centralized and updated reports about research achievements for all the Faculty
A powerful search engine
Improvement of the intranet. In particular it should centralize all services accessible to
Faculty members.

Concerning individual webpage of researchers, the main points to be taking into account
are listed below and are designed to increase the visibility of the research results:






Updates and standardized presentation of research activities and in particular of list of
publications
An individual research statement
Easy access to full text of papers, respecting copyright contracts
Easy access to reference for papers (bibtex code, …)
Other information: projects, open-source software, patents, etc.

2.3.4 A&C publications
A&C’s publications need to be more visible and promoted. To this aim, recent
publications need to be quickly accessible on the web with the possibility to select them based
on key words, authors or domains.
For a good and copyright-free dissemination of A&C’s research production it would be
interesting to edit a collection of research working papers and index them in several
databases.
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2.3.5 Other media
Although it is not directly related to research capacity, it is important to have a good
presence in the press. Moreover, several documents should be available to be used by all the
professors and researchers: A&C’s general and research presentations, main research results,
etc.

2.4 Fund raising
Since research activities need an increasing of their budget for producing better results
and since these determine the basis of A&C’s expertise, the research policy is closely related
with fund raising.
2.4.1 Strategy for national / international research projects
A&C is still highly involved in national and international projects. At national level, it
beneficiates a great network and has a good success rate. Unfortunately, national projects are
decreasing in number and in amount (at least in the last 3-4 years) and for a good international
visibility the Faculty needs to improve its implication EU-funded research projects, either FP7
or ERA actions, but also structural funds for research and improving competitiveness.

2.4.2 Connections with companies
The domains of expertise of A&C and in particular of ERRIC project are strongly
connected with industrial applications. As a consequence, strong connections with companies
are very important. On the one hand it contributes to the dissemination of A&C’s research
results and expertise. On the other hand, the needs of the industry are very stimulating for the
emergence of new research problematic. Note also that the mission of such a leading
University is to contribute to the development of national economy and in particular to the
competitiveness of companies. To this aim, A&C needs to present itself as a leader for
guaranteeing to economic actors the access to the best level of knowledge. Last but not least,
we should also keep in mind that it also gives a substantial possibility for raising funds.
2.4.2.1 Research contracts
A&C has very strong contacts with lots of companies (some of them very famous in
Romania). But the connections are for the moment still for students exchange and internship
programs and pedagogical activities. The faculty should use these connections and little by
little initiate true research contracts with the industry. Knowing the Romanian context, A&C
should have a proactive role in looking what kind of research the companies are looking for
and proposing joint projects. Involving the companies in FP7 projects could be a start.
The main short and medium term objectives from the cooperation with the industry
should be focused on promotion, management, investment in research vs. financing people.
2.4.2.2 Research entrepreneurship
A&C should also be promoting the connection between research and entrepreneurship,
and should investigate the possibility of launching an incubator for start-ups in computer
science and automatic control.
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In October 2008 a study was concluded by a consortium to survey Entrepreneurship
Education on Higher Education in Europe. The study of NIRAS Consultants, FORA, ECON
Pöyry covered in total 31 countries, including the 27 EU member states, Iceland,
Liechtenstein, Norway and Turkey. The study concludes that in most European countries the
stated policy commitment to promote entrepreneurship has not resulted in making it a
widespread subject in higher-education systems. Also that entrepreneurial activity at
European universities is significantly lagging behind when compared with the United States
and Canada. Even if in academic world entrepreneurship and innovation are considered as
new topics there is an interesting potential of very active worldwide recognized researchers in
EU.
Everybody agrees that entrepreneurship and innovation are the two engines of the society.
Yet they are linked only in the policy-makers speeches.
ENTREPRNEURSHIP AND HIGHER-EDUCATION
Entrepreneurship refers to an individual’s ability to turn ideas into actions. The important
role of education in promoting more entrepreneurial attitudes and behaviors is now widely
recognized. Entrepreneurship education should not be confused with general business and
economic studies; its goal is to promote creativity and self-employment. Research in
Entrepreneurship is very present in Europe. Most of the international EU Business Schools
have their own entrepreneurship pole, with think-tanks generating reflexions and studies
about the evolution of entrepreneurship in the global economy. All these poles already
understood that entrepreneurship is a powerful thematic studied but also lived. Effective and
sustainable entrepreneurial education needs besides a research center supportive institutional
infrastructures (such as entrepreneurial centers, departments, incubators etc.).
Promoting entrepreneurial spirit in higher education is and will be one of the strongest
priorities of the EU Commission. Financing entrepreneurial education initiatives in the Higher
Education Institutions is enhanced by: the use of EU structural funds; initiate an EUprogramme dedicated to entrepreneurship; promoting entrepreneurship and technological
transfer in research project founded by EC.
INNOVATION in HIGHER EDUCATION RESEARCH
Innovation is the process of improving or creating a new product/service. The term
derives from the Latin innovationem, the noun of action from innovare. Most of the best well
known science universities have innovation poles, with the strong mission of facilitating the
know-how transfer. The scientific groups of the innovation pole are generally composed from
well known academic to whom technological transfer became a militant topic. EU strongly
promotes innovation and technological transfer in particular in FP initiatives.
Looking at the definitions, innovation is improving and entrepreneurship is taking the
ideas into action. This generates between them a strong two-ways link but not always very
good exploited. Higher education has the benefit of having both concepts in their structures,
many scientific well known universities have a business schools and many international
business schools have strong partnerships with well known scientifically higher education
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centers. Yet nowhere the two centers communicate. Stimulating innovative and growthoriented entrepreneurship is a key economic and societal challenge to which higher education
research centers have much to contribute.
THE IDEA
Creating at A&C a platform which purpose is to have a complete and realistic overview
of the role that research centers institutions are currently playing in economy, how they
integrate entrepreneurship, transferring knowledge and innovation and defining potential
models in close dialogue with decision makers, specialists in entrepreneurship and policymakers.
BENEFITS
-

GENERATING A FLOW OF WORK IN RESEARCH

By creating the INMO action we hope that in the frame of the new context we will create
brainstorming, in order to generate a clear added value from knowledge exchange and that a
common research approach is applicable in all the countries in Europe.
-

CONTRIBUTING IN FACILITATING THE KNOW HOW TRANSFER AND
TECHNOLOGICAL PROGRESS AND DEVELOP AND IMPLEMENT NEW
ORGANIZATIONAL STRUCTURES IN ORDER TO HELP SOCIAL
DEVELOPMENT

By stimulating the implementation of new organizational structures in order to facilitate the
creation of new innovative products or services.
OBJECTIVES, DELIVERABLES AND EXPECTED SCIENTIFIC IMPACT
The platform’s main goal is to increase entrepreneurship spirit in higher education at
A&C, realizing new organizational structures as well as steering and controlling models as
incubators and innovation poles.
2.4.3 Involvement of alumni
A&C beneficiates of a very strong alumni network, but the Faculty’s link with its alumni
is quite under-developed at this moment. However, the alumni can be very powerful if united
as many of them are in key positions in international well known universities, Romanian
successful companies, the Romanian Government or are very successful entrepreneurs.
Creating a functional strong alumni network, deeply involved in A&C activities could be
a big advantage of the Faculty and could contribute to sweep the disadvantage of low
investment in research by the Romanian Government.
2.4.4 Towards a A&C-research foundation?
The idea will be to create a strong network animated by A&C who could help in the
increasing of research founding, the development of entrepreneurship (creating of an
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incubator) and the increase of research contracts with companies. A&C could use the alumni
for showing and opening the links that an international class university needs.
As the contribution and help for research from the Romanian Government is low, A&C
could create a foundation with the help of alumni and other parties that are interested in the
future of ICT education in Romania, whose mission will be to complete and encourage the
research politics at a true international level.
The role of the foundation could be:
‐
‐
‐

research fundraising
help in projects writing
stimulating entrepreneurship and innovation
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Roadmap of A&C RTDI
3. Roadmap of A&C RTDI in Distributed Systems
Over the last 35 years, computer science researchers have built many distributed systems
and studied issues such as concurrency, failure recovery, and naming. The theory is also
supplemented by growing body of experience from industry, commerce, and government.
Distributed Computing theory continues to be one of the most active research fields in
theoretical computer science today (Aspnes, 2006). In the last five years the trends in
distributed systems research address topics which include principles of naming and location,
atomicity, resource sharing, concurrency control and other synchronization, deadlock
detection and avoidance, security, distributed data access and control, integration of operating
systems and computer networks, distributed systems design, consistency control, and fault
tolerance. This roadmap of research and innovation in distributed systems is based on the
book “Large-scale Distributed Computing and Applications: Models and Trends” by Valentin
Cristea, Ciprian Dobre, Corina Stratan, Florin Pop, Alexandru Costan (Cristea, 2010).
Many today's applications follow the distributed computing paradigm in which parts of
the application are executed on different network-interconnected computers. Examples
include Web browsing and searching, Internet banking, enterprise applications (for
accounting, production scheduling, customer information management), and grid applications
(for data intensive or compute intensive processing). The extension of these applications in
terms of number of users or size led to the unprecedented increase of the scale of the
infrastructure that supports them in terms of number and geographic dispersion of resources,
number of services supported, number of administrative organizations involved, etc. The open
issues and research problems in large scale distributed computing, which encompasses the
concepts, models, patterns, technologies, systems, platforms, and applications, is the subject
of this section.
Several motivations for using distributed systems exist: reducing the program execution
time, increasing systems’ reliability and fault tolerance, realizing the functional specialization,
and exploiting the inherent parallelism of applications. There are some other advantages of
using distributed systems such as price/performance ratio (it is cheaper to share common
resources than buy equipment and software for exclusive use), easier user access to remote
resources (the network supports the interconnection of users and resources), incremental
growth (permits adding to existing infrastructure rather than completely replacing the existing
resources with more powerful ones).
Distributed computing refers to concepts, models, methods, and technologies used in
producing integrated computing facilities as collections of autonomous networkinterconnected computers. Large scale distributed computing has the additional constraint of
scaling, which means that computing facilities' performance doesn't degrade with the increase
in the number of computers and users, network size, and volume of datasets they process
(Dikaiakos, 2009). Well-known large scale distributed systems are the Internet, the Web,
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large Enterprise Information Systems, Peer-to-Peer Systems, Grids, Utility and Volunteer
Computer Systems, Pervasive Systems, and others.
The general presentation of Large Scale Distributed Computing and Applications can be
done from different perspectives: historical, conceptual, architectural, technological, social,
and others. This Introduction takes a pragmatic approach. It starts with a short presentation of
definitions, goals, and fundamental concepts that frame the subjects targeted in the book: the
Internet, the Web, Enterprise Information Systems, Peer-to-Peer Systems, Grids, Utility
Computer Systems, and others. Then, each of these actual large scale distributed system
(LSDS) categories is characterized in terms of typical applications, motivation of use,
requirements and problems posed by their development: specific concepts, models,
paradigms, and technologies. Also, the ever-ending stimulating relationship between users,
who require better computing services, and providers, who discover new ways to satisfy them,
is the motivation to introduce future trends in the domain, which pave the way towards the
next generation Cyber infrastructure.
Large scale distributed computing is used in numerous applications with high QoS
requirements in terms of performance, cost, availability, ease of use, reliability and others.
Similar new solutions, conceptual approaches, models, architectures, and design
methodologies are required by all these application types to cope with common problems
such as: the integration of diverse technologies used in different parts of the distributed
systems that must inter-operate; tolerance to faults, which have a higher occurrence
probability in large systems than in usual, smaller scale computer systems; assurance of
confidentiality and protection; efficient use of resources, and scalability. In addition,
compute-intensive applications require more processing power, data-intensive applications
have specific demands for storing and retrieving data in large repositories, while collaborative
applications need the ability to share and co-create knowledge in large organizations and cope
with social issues that influence their design and implementation. In this context, Loutas et al
(2011) introduce a reference service model that closes the gap between two phenomenally
contradictory service annotation paradigms: traditional semantic service frameworks and the
emerging social annotation of services.
Distributed systems can be classified in two broad architectural categories, client-server
and peer-to-peer, in which components can play the role of client, server, or both. Both
categories share common characteristics: they use centralized, decentralized and distributed
solutions; components can be part of the business structure (that perform the tasks specific to
the application) or of the management structure (that perform monitoring and control tasks);
common approaches (such as service orientation) are used as response to similar demands.
Despite the success registered so far, the large scale distributed computing is a young
field of research, with promising results, but very complex at the same time. It is difficult and
challenging to predict the impact solutions that we design for, and evaluate in smaller test
systems we are familiar with, will have on the large user community of large scale distributed
computer systems.
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3.1 Open Research Problems in Distributed Computing
Distributed computing offers a natural approach to solving complex data and computation
intensive problems. Many approaches to distributed computing have been developed over the
past decades. We start the presentation of open problems in distributed systems with
conceptual aspects like communication, resource and data management, dependability that
opens the gate to integrity, availability, reliability, safety, maintainability and other topics.
Communication in large scale distributed systems has a major impact on the overall
performance and widely acceptance of such systems. In this section we analyze current
existing work in enabling high-performance communications in large scale distributed
systems, presenting specific problems and existing solutions, as well as several future trends.
In communication models, a consensus protocol is a distributed algorithm where n
processes collectively arrive at a common decision value starting from individual process
inputs. A protocol in an asynchronous shared-memory system is wait-free if each process
terminates in a finite number of its own steps regardless of scheduling. The open question that
then arises is the complexity of solving consensus, measured by the expected number of
register operations carried out by all processes (total work) or by any one process (per-process
work).
For example, all collaborative P2P systems share the problem of locating and addressing
peers. In contrast to other types of applications, however, communication here is mostly
synchronous amongst an identifiable group (although in some cases systems may provide
anonymity to end users). Hence, the addressing problem is related to addressing issues in
group and multicast communication.
However, in order to provide communication support for modern peer-to-peer application one
research issue today is finding good addressing and routing solutions.
This should work for highly dynamic group models and also guarantee some degree of
anonymity. P2P DHT-based overlay systems are also highly susceptible to security breach
from malicious peers’ attacks, such as man-in-the middle and Trojan attacks (Lua, 2004).
Despite the high computing performance orientation of Grid systems an open problem
can be formulated as follows:
A communication delay between grid computing nodes is a big hurdle due to geographical
separation in a realistic grid computing environment.
Communication schemes such as broadcasting, multicasting and routing should,
therefore, take communication delay into consideration. Such communication schemes in a
grid computing environment pose a great challenge due to the arbitrary nature of its topology.
Rapid increases in both the quantity and diversity of data stored on secondary and tertiary
storage systems, and in the raw capacity of wide area networks, make it both desirable and
feasible, in principle at least, to move large amounts of data across wide area networks. In
practice, the orchestration of such transfers is technically challenging.
One key issue is the frequent need to exploit parallelism in multiple dimensions, including
(depending on context) storage systems, network interfaces, and backbone network trunks.
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Another is dealing with failures of various sorts. Firewalls, parallel file systems, and other
specialized devices can also cause difficulties, as can the need to transform data before and/or
after transfer. For these and other reasons, rapid, efficient, and robust wide area end-to-end
transport requires the management of complex systems at multiple levels.
The resource management is an important component in LSDS implemented for a variety
of architectures and services. This section considers the management of distributed resources,
virtual resources and provides the requirements for resource management in large scale
distributed systems. A resource management system is defined as a service that is provided by
a distributed network component system that manages a pool of named resources that is
available such that a system- centric or job-centric performance metric is optimized.
Due to issues such as extensibility, adaptability, site autonomy, QoS, and co-allocation,
resource management systems is more challenging in large scale distributed computing
environments.
The taxonomy of resource management systems (RMSs) for very large-scale network
computing systems presents the variety of requirements for this problem. The taxonomy could
be used to identify architectural approaches and issues that have not been fully explored in the
research. The resource management system could support different users constrains, so the
multiple policies is provided. In general, requiring the RMS to support multiple policies can
compel the scheduling mechanisms to solve a multi-criteria optimization problem. The open
research problems for virtual resources in distributed environments are:






Isolation, enhanced security, audit forensics
Fine-grain enforcement potential
Customizable software configuration: library signature, OS, maybe even 64/32-bit architectures
Serialization property: for example, VM images (include RAM), can be copied.
The ability to pause and resume computations is support for migration.

In order to use the shared resources provided in a distributed environment and to enable
high-performance computing, the monitoring service plays an essential role in a scheduling
system. The resource allocation algorithms are difficult to implement because the resources
are owned by different organizations that have their own policies and charging mechanisms.
The complexity of the applications increases when the users specify constraints like deadlines
and time limitations. An agent platform designed for the scheduling process offers a reliable
and fault tolerant communication system for task scheduling according to the users'
requirements and resources' constraints. This decentralized scheduler adapts to the changes in
the system, such as load and resource availability changes, using monitoring information.
Also, it ensures the quality of offered services. The communication model based on
negotiation offers the possibility to minimize the costs associated to task execution and
maximize the provider profits.
Due to the distributed nature and the large number of participants or application entities,
reliability and performance of specific applications become critical issues.
The wide geographical distribution and large interaction of such applications may
sometimes increase the possibility of failures/errors or performance bottlenecks. Unlike
centralized or isolated applications, large scale systems are likely to deal with different
environments that may be dynamically changing. For these reasons, observing the run-time
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behavior is essential to discover reliability and performance problems and initiate the proper
reactions to alleviate these problems. These actions are performed either at run-time such as
fault recovery and applications steering or at development-time such as fixing bugs and
design enhancements. The system developers or managers (could be human or software
components) require feedback information on the system behavior for testing and debugging
purposes or for fault recovery and performance tuning procedures.
Monitoring distributed systems is an effective means to observe applications at run-time
and provide this feedback information to the system developers and system managers in order
to improve reliability, robustness and performance of large scale systems. In general,
monitoring is essential to improve the quality of any process (e.g. management process and
production control process). Similarly, in software systems, the process of developing,
maintaining and operating distributed applications can be complex. An efficient monitoring of
these applications is an essential mechanism to produce good quality applications (e.g.
reliable, robust, secure, and high-performance). The necessity of monitoring significantly
increases when using large-scale distributed systems since they are more susceptible to many
issues such as reliability and performance and also more difficult to debug and steer. The
following aspects describe the requirements for a monitoring system that are very important in
the context of large scale distributed systems. MonALISA, which stands for Monitoring
Agents using a Large Integrated Services Architecture is designed as an ensemble of
autonomous multi-threaded, self-describing agent-based subsystems which are registered as
dynamic services, and are able to collaborate and cooperate in performing a wide range of
information gathering and processing tasks (Legrand, 2009). The MonALISA system
responds to the following monitoring requirements:
Monitoring requirements
Scalability

The monitoring system should scale with the number of nodes in the
system.

Extensibility

The monitoring system should be extensible in the types of parameters that
are monitored and the parameters collecting process.

Portability

The monitoring system should be portable to a variety of clusters
architectures.

Overhead

The system should guarantee a low per-node overhead in monitoring
system.

Robustness

The monitoring system should recover from node and network failures of
various types: network errors, timing errors, response errors, byzantine
errors, physical errors, life cycle errors, interaction errors.

Accuracy

The monitoring system must provide real-time and history, correct
information, up to date offering global views of how large systems perform.

Performance

The meta-scheduling environment changes dynamically due to the variable
load on the system and the network. The monitoring system could be an
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Tuning

effective means for performance tuning and application steering.

Performance
Evaluation

The monitoring information can also be used to evaluate the scheduling
performance in real-time mode.

Fault
Recovery

A monitoring system can be used effectively to classify and report all
failures during the application scheduling and execution, so recovery
procedure can be manually or automated initiated.

Correctness
Checking

A monitoring system can be used as a verification technique to ensure the
consistency with a formal specification, for example enabling interaction
with various scientific workflow specification languages.

Resource
Utilization
Accounting

The monitoring information is essential for recording resource (hardware,
- software, network etc.) usage at all levels.

Debugging
and Testing

A monitoring system could offers information about a centralized scheduler
or isolated system.

There are a number of fundamental challenges associated with monitoring of distributed
systems (especially for large systems like Clouds and Grids or for P2P systems), which we
review in brief:











No single point of observation as well as the need for no single point of failure
Diversity of hardware and software systems, different policies and decision making mechanisms
as a distributed monitoring infrastructure can be extended outside the border of a single
organization and span multiple administrative domains across the Internet, as it is often the case of
large scale collaborations
Scalability - large number of event producers and consumers which need to be handled: the high
volume of events which is generated continuously in real-time may easily swamp the monitoring
system.
Correlated events may be concurrent and distributed
Delays in transferring information from the place it is generated to the place it is used means that
it may be out of date. This means it is very difficult to obtain a global, consistent view of all
components in a distributed system. Variable delays in reporting events may result in recording
events as having occurred in the incorrect order and so some form of clock synchronization is
necessary to provide a means of determining causal ordering. However, this is not considered a
major issue in some monitoring applications such as debugging and and performance tuning
because they are not time-sensitive application such as performance evaluation or instantaneous
reactive control mechanism which require monitoring interaction in order of ms (milliseconds).
Updates are frequent. Unlike the more static forms of “metadata” dynamic performance
information is typically updated more frequently than it is read. Since most existent informationbase technologies are optimized for query and not for update, they are potentially unsuitable for
dynamic information storage.
Performance information is often stochastic. It is frequently impossible to characterize the
performance of a resource or an application component by using a single value. Therefore,
dynamic performance information may carry quality-of-information metrics quantifying its
accuracy, distribution, lifetime, and so forth, which may need to be calculated from the raw data.
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Monitoring Intrusiveness. The monitoring system may itself compete for system resources (i.e.
computation or network resources) with the monitored objects.

Regarding the task scheduling in LSDS, many models and algorithms were developed
using classic algorithms for traditional systems. Three heuristics are used for scheduling of
tasks with precedence orders in heterogeneous parallel and distributed systems: list heuristics,
duplicated heuristics and clustering heuristics. Almost all algorithms in the current literature
refer to list algorithms. The ideas behind the latter two categories have many advantages in
the LSDS scenario. Since all of these heuristics consider complex application models, where
tasks can be fine granular and with data and control dependency, there is great potential for
using these heuristics in LSDS computing.
The dynamism in the LSDS requires the assumptions approximation algorithms
optimizing. To deal with performance variation, resource information and prediction are
recently used. As the techniques in this field develop, better performance knowledge prior to
the task scheduling stage can be expected. Current scheduling algorithms consider a snapshot
value of the prediction when they make the estimate, and assume that value is static during the
job execution period. This might be a waste of the prediction efforts which can actually
provide continuous variation information about the system. So, heuristics that can exploit
multiple stage prediction information should be designed.
Another issue is to reestablish approximating for make-span optimization based on
performance predictions. For example, if we know the range of performance fluctuation is
bounded, we can find a bound for the ratio of real make-span to optimal finish time
accordingly.
The problem with current rescheduling algorithms is high cost and lack of consideration
of dependent tasks. For jobs whose make-spans are large, rescheduling for the original static
decisions can improve the performance dramatically. However, rescheduling is usually costly,
especially in DAGs where there are extra data dependencies among tasks compared to
independent applications.
In addition, many other problems also exist, for example when the rescheduling
mechanisms should be invoked, what measurable parameters should decide whether a
rescheduling is profitable, and where tasks should be migrated. Current research on DAG
rescheduling leaves a wide open field for future work.
QoS is the concern of many Grid applications. Most current research concentrates to the
following issue.
In the scheduling process, it is necessary to guarantee the QoS requirements of the
applications under the resources constrains.
Scheduling algorithms in traditional computing paradigms barely consider the data
transfer problem during mapping computational tasks, and this neglect will be costly in the
Grid scenario. Only a handful of current research efforts consider the simultaneous
optimization of computation and data transfer scheduling, which brings opportunities for
future studies.
Although the LSDS have the characteristics of heterogeneity and dynamicity, these
features are not flatly distributed in resources, but are rather distributed hierarchically and
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locally in many cases, due to the composition of the resources. Current resources are usually
distributed in a clustered fashion. Resources in the same cluster usually belong to the same
organization and are relatively more homogeneous and less dynamic in a given period.
Scheduling optimization is an open problem in distributed systems.
Inside a cluster, communication cost is usually low and the number of applications
running at the same time is usually small. These distribution properties might bring another
possibility for new algorithms to deal with the challenges. For example, by taking multiphase
or multilevel strategies, a scheduler can first find a coarse scheduling in the global and then a
fine schedule in a local cluster.
This type of strategy has the following advantages: At the higher level, where fine
resource information is harder to obtain, the global scheduling can use coarse information
(such as load balancing, communication delay of WAN links) to provide decentralized load
balancing mechanisms (Mehta, 2011). At the lower level, it is easy for local scheduling to
utilize more specific information (such as information from a local forecaster) to make
adaptive decisions.
Current storage facilities in LSDS are developed to address scientific communities’
rapidly advancing needs, while taking advantage of the equally rapid evolution of network
technologies in order to provide the most effective solutions with adequate up-to-date
performance. As these systems are architected and operated to guarantee full performance to
support both large-scale data management and real-time traffic, one of the main concerns are
the high demanding requirements expected to be dealt with. We outline in the following the
main challenges addressed by distributed storage systems.
Providing high availability proves to be the main issue in such environments: the storage
should remain available, in a transparent fashion to the users, whenever any single or multiple
storage units (disks, servers, tapes, etc.) fail.
This translates into high resilience levels expected from the storage infrastructure, i.e. the
fail of a large number of storage units is tolerated without affecting the overall system’s
availability and consistency. The resilience level is closely coupled to the manner in which the
distributed storage system handles corruption of the storage units or even users: this can take
various forms ranging from hardware faults, software bugs to malicious intrusions or
behavior. The term used in literature for these issues is arbitrary (or byzantine) faults and if
not treated accordingly, affected systems can deviate from their implemented behavior.
Approaches include the use of fault thresholds for long-term storage with service splitting
(Chun et.al., 2009) and also algorithms that combine strong consistency and liveness
guarantees with space-efficiency (Dobre et.al., 2008).
Another issue which needs to be addressed by a reliable distributed storage system is
asynchrony. As users interface with the storage through heterogeneous networks, access
delays are likely to incur and difficult to predict. These delays are further increased by storage
latency. One approach is to access data in the file system cache or high-speed storage first,
and consequently the total I/O workloads can be reduced and performance improved. To
achieve these, one needs latency data estimations, which allow users and applications to make
better data access decisions based on those retrieval time estimates. Such approaches doubled
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by efficient concurrency control (Ermolinksiy et.al., 2009) improve the overall application
performance with more predictable behavior in the presence of asynchrony and even failures.
Fairness is also desirable in such environments, allowing many users to access a storage
system in a distributed fashion while conserving efficiency. Solutions make use of local
latency estimates at hosts to detect overload or try to limit the host issue queue lengths to
provide fairness across hosts (Gulati et.al., 2008). Access control should further be supported
and also mapped to the traditional storage model: with many readers and eventually fewer
writers. Moreover, the system has to take into account the inherent intermittence of the
communication and the transient nature of the clients.
The importance of fault tolerance is today widely recognized and many research projects
have been initiated recently in this domain, the existing systems often offer only partial
solutions that follow a particular underlying distributed architecture. The characteristics of
large scale distributed systems make fault tolerance a difficult problem from several points of
view. A first aspect is the geographical distribution of resources and users that implies
frequent remote operations and data transfers. These lead to a decrease in the system's
capability to detect faults, to manage correct group communications and consensus. Another
problem is the volatility of the resources, which are usually available only for limited periods
of time.
The system must ensure the correct and complete execution of the applications even in the
situations when the resources are introduced and removed dynamically, or when they are
damaged.
Solving these issues still represents a research domain. In this we present problems and
innovative solutions that aim to solving the many requirements involved in obtaining fault
tolerant large scale distributed systems.
A future trend relates to the combining of fault tolerance approaches with security
solutions designed for large scale distributed systems. In this context more and more people
are talking about dependable distributed systems, instead of just fault tolerant distributed
systems.
Dependability introduces under the same concept several properties: reliability, availability,
security and maintainability. Dependability is an open research problem in distributed
systems.
In this context security breaches are envisioned as particular cases of faults, as they usual
result in the disturbance of the normal accepted behavior of the distributed system. However,
in large scale distributed systems fault tolerance and security were long seen as two different
domains, having their own directions of research. The bridge between these two domains has
recently been introduced and work to combine their solutions is still in its early stage.
However, it should be expected that in the near future we will have various proposed intrusion
tolerant architectures. Such architecture would integrate various defense-in-depth layers to
achieve intrusion-tolerance (meaning having all the components required to ensure avoidance,
prevention, detection followed by diagnosis, isolation, recovery, reconfiguration and
response).
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For dependability we also need adequate models. As seen before, research in this
direction was already started; however work still needs to be done. We expect in the near
future to see some interesting new models that consider both security and fault tolerance. We
believe that such models will be based on fault tolerance models, which will be augmented
with security sub-models.
Several trends were already also established for implementing automatic detection of
failures. However, work still needs to be done to design appropriate failure detector solutions.
The important problem with today’s failure detectors is their incapacity to scale well, an
important aspect when designing large distributed architectures. There are two important
aspects to consider. First, the local failure detectors are limited by the resources they have at
their disposal. This influences the number of nodes that they are able to monitor. Also, at a
larger level, the problem of communicating fast the known faults to the entire system is still a
problem even today. Adequate grouping solutions of the failure detectors and improved
communication scheme could lead to performances that would be acceptable for Internet scale
distributed systems, however we are not there yet and work still needs to be done in this
direction too.
Today service-based development is widely used for large scale applications. However,
they manifest specific properties that are not completely researched. The vast majority of fault
tolerance solutions were designed to be generic, for use in a majority of large scale distributed
architectures. However, one possible future trend could be the development of specific
solutions for different cases of scenarios. For example, in case of Grid services, their statefull
property was not very well exploited in terms of fault tolerance. In this case instead of looking
into single packets for failures we could consider an entire data stream and compare its
behavior against predefined failure patterns.
Also, failure patterns are not very well investigated. Large scale distributed systems are
complex by their nature, so providing automatic sets of patterns for all possible types of
failures is a tremendous effort. However, another possible future trend would be to exploit
monitoring data to identify automatic pattern for particular types of faults. For example, the
monitoring of the data streams could result in the identification of several useful patterns that
could be further exploited by automatic failure recovery instruments.
Adaptive failure detectors are fast catching up the interest of researchers. An identified
future trend consists in the proposal of various new algorithms that accurately and faster adapt
to changing environment conditions. Also, accrual failure detectors represent a promising
solution that combines fault detection with QoS requirements coming from the applications.
In the future we expect to see new ideas on how such detectors are designed and possible their
adoption by the large scale distributed systems communities.
Byzantine types of failures are the most difficult to cope with. Recovery in the presence
of such failures represents an issue. Most of the current research in fault tolerance
concentrates on the problem of detecting fail-stop crash failures. Detecting Byzantine failures
in distributed systems is a difficult problem that did not yet yield a general solution. In the
particular case of local components of the distributed system there are results in detecting and
correcting Byzantine failures using special mechanisms such as redundancy and
retransmission, which are covered in greater depth in the next pages. However, the Byzantine
failures handling at the generic distributed system level generally require detailed knowledge
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about the underlying components and this, coupled with the aspect that such failures are most
often masked at the component level, complicates even further the research in founding a
general solution to this problem. One solution is represented by the use of a primary-backup
design. However, two backups that use the same code could results in simultaneous errors, so
work still needs to be done in this direction also.
An alternative approach, one that is catching up really fast, is represented by the selfhealing systems. Such solutions start from the premise that faults are imminent, and, just like
the humans do handle viruses by learning to defend against them in time, so such systems
could dynamically learn to bypass faults. We consider this to be an interesting approach that,
in the future, could catch the attention of more and more researchers. Such systems should be
able to restore the system capabilities to full functionality following an event, should
automatically reassess success and failure of all actions before, during and after an event and,
in the end, should autonomously incorporate the lessons learned into the systems layers.
Several immune algorithms were already proposed on smaller scale. They are though
characterized by highly decentralized local optimization strategies that achieve some complex
desirable global behavior. What is needed, are solutions to use such algorithms in complex
systems such as the Internet.
Today there are many solutions being proposed when it comes to detecting or handling
faults. Several new efforts were started towards standardization. We expect in the near future
to see several standards being adapted by the vast majority of fault tolerance communities, as
a result of mature fault tolerance solutions being developed around the world. The challenge
for the fault-tolerance community is to define “best practice” solutions for building fault
tolerant large scale distributed systems, but to also provide supporting evidence to sustain
this.

3.2 Theoretical Open Problems in Distributed Systems
Based on Aspnes et al paper’s (2006) some theoretical open problems in distributed
systems were identified. These problems are enumerated below:










Complexity of solving consensus (Aspnes, 2010).
Examine the circumstances in which congestion and stretch can be optimized simultaneously
(Paul, 2011).
Find classes of networks where the congestion and stretch are minimized simultaneously
(Aspnes, 2006).
Determine the most stable (consensus) function to use, given flexibility in deciding on the
output of the system.
Considering non geodesic input path changes that are useful to separate the performance and
to evaluate consensus functions.
Bridging the gap between the lower bounds and the best known upper bounds.
Proving better lower bounds for the time complexity of UPDATE or designing more efficient
algorithms (in terms of the UPDATE time complexity).
The identification of tradeoffs between the number of registers used in an implementation, the
time complexity of SCAN, and the time complexity of UPDATE.
Finding efficient randomized implementations for multi-writer snapshot objects.
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Closing the gap between the lower and upper bounds on work, and with the development of
work-optimal algorithms that use the largest possible number of processors in order to achieve
high speed-up in solving the problem of distributed cooperation.
The distributed complexity (i.e. number of rounds to achieve a good approximation) of the
general integer-linear programs.
Finding
distributed
solutions
to
the
selfish
optimization
problem.

3.3 Conclusions
We presented in this section the most important open research and theoretical problems
regarding distributed systems. All this problems were identified in literature and publish in
Cristea (2010). The problems presented address the architectures for large scale distributed
systems, communications models, resource management and task scheduling, data storage,
retrieval and management, monitoring and controlling large scale systems, fault tolerance and
security.
Dependability in LSDS represents a new and important research subject today. The key
element for achieving scalable and maintainable distributed software systems is dependability,
because otherwise the complexity of distribution would leave the system uncontrollable.
Despite the fact that many projects obtained valuable results in this domain, no acceptable
solution was yet found that could integrate all the requirements for designing a dependable
system and that could exploit all the capabilities of modern systems. A unitary and aggregate
approach to ensuring reliability, availability, safety and security of distributed systems is an
open research problem.
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4. Roadmap of A&C RTDI in Agreement Technologies
4.1 Introduction
The term “agreement technologies” came from the COST Action IC0801. According to
the action:
“ Agreement Technologies (AT) refer to computer systems in which autonomous software agents negotiate with one another,
typically on behalf of humans, in order to come to mutually acceptable agreements. …. the concept of agreement between
computational agents. An entity may choose whether to fulfil an agreement or not, and it should fulfil it when there is an obligation
to do so derived from the standing agreements. Autonomy, interaction, mobility and openness are the characteristics that the
paradigm will cover from a theoretical and practical perspective. Semantic alignment, negotiation, argumentation, virtual
organisations, learning, real time, and several other technologies will be in the sandbox to define, specify and verify such systems.
Both functional and non-functional properties are to be studied. Security on execution will be based on trust and reputation
measures. These measures will help agents to determine with whom to interact and what terms and conditions to accept.”

We have chosen different aspects of research on multi-agent systems and agreement
technology to investigate and make a general overview and roadmap, namely: argumentation
in multi-agent systems (MAS), negotiation in MAS, coordination among multi/agent systems
and agents in ambient intelligence, the last one being the applied research direction identified
in this project and which is to be implemented in our new ambient intelligence laboratory.

4.2 Argumentation and MAS
This section discusses the use of argumentation with multi-agent systems, starting from
the recent survey in (Rahwan and Simari, 2009) and continuing with even more recent works.
The use of argumentation to support intelligent agents is discussed in (Toni, 2010), both
in general and in the context of two European projects: the EC-funded ARGUGRID and the
COST-funded Agreement Technologies action. The ARGUGRID project developed a gridbased platform populated by rational decision-making agents associated with service
requestors/providers and users. Within agents, argumentation as envisaged in ABA
(assumption-based argumentation) (Dung et al., 2009) is used to support decision making,
taking into account (and despite) the often conflicting information that these agents have, as
well as the preferences of users, service requestors and providers. In the ARGUGRID
platform, argumentation is also used to support the negotiation between agents on behalf of
service requestors/providers/users. This negotiation takes place within dynamically formed
virtual organisations.
Argumentation in MAS is generally presented with a focus on the added value that it can
provide with respect to one or more features of the system. For example, argumentation can
be used for reasoning with and about trust, as proposed in (Parsons et al., 2011b) and (Parsons
et al., 2011a). The trust values come from direct trust relations and their combination using
generic operators. Arguments can be constructed for reasoning about the propagation of trust
values. At the same time, trust values can be used in the reasoning process so that new
information can also be assigned a trust value. The paper illustrates the approach with an
example and sketches the direction of future research. Another approach is that in (Matt
et al., 2010), where statistical information about the past behavior of an agent is combined
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with arguments about the agent’s expected behavior in order to yield a trust value. The authors
show that their model extends a standard computational model that relies only on statistical
information, but offers an increased predictive performance when the evaluating agents are
only moderately cautious. Furthermore, the proposed model is shown to have a greater impact
on motivating the agents to honour their contracts.
Practical reasoning, or the general question of what to do, is usually seen as a two-step
process consisting in a deliberation step when the agent establishes its desires and a meansends reasoning phase when it is looking for plans for achieving those desires. (Amgoud
et al., 2011) propose a system that uses argumentation for practical reasoning and performs
both tasks in a single step, avoiding the drawbacks of existing systems. The approach is based
on constrained argumentation frameworks, which add constraints to the extensions provided
by the usual argumentation semantics.
The idea of using argumentation for planning is also approached in (Emele et al., 2011).
The paper presents a decision-making mechanism where models of other agents are refined
through evidence from past dialogues and these models are in turn used for guiding future
argumentation strategy. The authors evaluate their approach empirically and show that it
significantly improves the utility of the dialogues and also helps reduce the communication
overhead.
(Medellin Gasque et al., 2011) take a slightly different approach and define an
argumentation scheme and critical questions for creating and justifying plans that consist of
several actions that need more that one agent for executing them. The purpose of the approach
is to enable agents that share a common goal to reason about possible plans for reaching the
goal.
Arguing from experience is also discussed in (Wardeh et al., 2011), but with respect to
multiple groups of collaborating agents. The proposed framework is an extension of the PISA
multi-party arguing from experience framework. The original version of PISA
allowed n participants to promote n goals (one each) for a given example. The described
extension allows individuals with the same goals to pool their resources by forming groups.
The framework is fully described and its effectiveness illustrated using a number of
classification scenarios. The main finding is that by using groups more accurate results can be
obtained than when agents operate in isolation.
Argumentation can also be used for negotiation, for example it can augment the
alternating offers protocol, as proposed in (Hadidi et al., 2010). The proposed mechanism uses
a preference-based argumentation framework that accounts for both epistemic and practical
arguments. The framework clearly shows how offers are linked to practical arguments that
support them and how practical arguments are in turn influenced by epistemic arguments. It is
also shown in the paper that the evolution of the argumentative theories of the involved agents
has an impact on the negotiation outcome.
Another approach for negotiation using argumentation is presented in (Amgoud and
Vesic, 2011), where the possible negotiation outcomes are part of the framework and there is a
distinction between local solutions, which are optimal at a given step in the dialogue, and
global solutions. Arguments are used for building a preference relation between the possible
outcomes.
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Another approach is that of argumentation-based agents, described in (Kakas et al., 2011).
The paper develops the concept of a fully integrated argumentation-based agent architecture.
Under this architecture, an agent is composed of a collection of modules each of which is
responsible for a basic capability or reasoning task of the agent. A local argumentation theory
in the module gives preferred decision choices for the module’s task in a way that is sensitive
to the way the agent is currently situated in its external environment. The inter-module
coordination or intra-agent control also relies on a local argumentation theory in each module
that defines an internal communication policy between the modules. The paper lays the
foundations of this approach, presents an abstract agent architecture and gives the general
underlying argumentation machinery minimally required for building such agents, including
the important aspects of inter-module coordination via argumentation. It presents the basic
properties that we can expect from these agents and illustrates the possibility of this type of
agent design with its advantages of high-level of flexibility and expressiveness.

4.3 Negotiation and MAS
This section explores the use of multi-agent systems for negotiation. Approaches that use
argumentation for negotiation are presented in the section dedicated to argumentation. A
significant part of multi-agent research on negotiation is focused on negotiating with humans.
We review several such approaches below.
A very interesting approach is presented in (Gal et al., 2011), where the focus is on the
impact of cultural differences between countries on the outcome of the negotiation. In this
context, an agent that negotiates with humans should be able to adapt to the way behavioral
traits of the other participants change over time and vary across cultures. The paper describes
an agent for repeated bilateral negotiation that was designed to model and adapt its behavior
to the behavioral traits exhibited by its negotiation partner. The agent was deployed in a
strategic setting in which both participants had individual tasks to complete and needed to
reach agreements and exchange resources in order to complete them. The number of
negotiation rounds was not fixed and the agreements were not binding.
The agent negotiated with human subjects from U.S. and Lebanon in situations that varied
the dependency relationships between participants. There was no prior data available about
the way people would respond to different negotiation strategies in these two countries.
Results showed that the agent was able to adopt a different negotiation strategy for each
country. Its average performance across both countries was similar to that of people, but the
agent outperformed people in negotiations with U.S. subjects because it learned to make
offers that were likely to be accepted even though more beneficial to the agent than to its
negotiation partner. The agent was outperformed by people in Lebanon because it became
highly reliable and allowed people to take advantage of this. The results presented in the
paper provide insight for human-computer agent designers as to the importance of adaptation
in multi-cultural settings.
Another approach focused on agents that realistically simulate and interact with people is
presented in (Rosenfeld and Kraus, 2012). The results presented in the paper are based on
empirical evidence from experiments performed with humans and agents. The strategies
chosen by a group of people for solving two basic optimization problems were compared with
the strategies used by automated agents developed by another group of people for solving the
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same problem. The same comparison was performed on two realistic negotiation problems.
Negotiation strategies used by people against other people were compared to two state of the
art agents negotiating with people. The large majority of automated agents and people used
elements from Aspiration Adaptation Theory, even when other approaches were available for
solving the respective problems.
A different perspective is explored in (Peled et al., 2011), where negotiation between
agents and humans is analyzed with respect to information revelation. The experiments
involve revelation games, analogous to real-world situations in which people may have to
decide whether to disclose information such as medical records when negotiating over health
plans. An agent-design that is able to negotiate proficiently with people is presented in the
paper. The agent is shown to outperform both humans, as well as agents playing equilibrium
strategies. Furthermore, the paper shows that the proposed agent is more likely to reach
agreements.
While agents can be endowed with special abilities for negotiating with humans, they can
also improve human to human negotiations, as shown in (Lin et al., 2011). The paper
describes an automated mediator agent, aimed at increasing the social benefit of the
negotiating parties. The challenge for this agent is to avoid losing the focus and trust of the
negotiators by proposing relevant solutions and also to account for the diverse human
behavior with respect to negotiation. The results of the experiments conducted with 130
people negotiating with each other show a significant increase in the social welfare and the
individual utilities of both parties as compared with no mediation, another state of the art
automated mediator and also with respect to a reduced functionalities version of the proposed
agent.
The work in (de Melo et al., 2011) is based on the significant role that emotions play in
negotiation. For example, humans are more likely to make concessions when dealing with an
angry opponent. The experiments presented in the paper use agents that can express anger and
happiness through different modalities (text or facial displays). The human subjects involved
in the experiment knew that they were negotiating with computer agents, yet the impact of
emotions on the negotiation outcome was still observed. The paper further discusses the
implications of this fact for the fields of automated negotiation, intelligent virtual agents and
artificial intelligence.
Whereas the approaches presented so far are focused on bilateral negotiations with
humans, (Sanchez-Anguix et al., 2011) explores the idea of having teams of agents coordinate
as a single negotiating party for reaching a common goal. The paper analyzes how the
environment can affect the performance of various intra-team negotiation strategies.
Environmental conditions are assessed by the team members in order to select the proper
strategy.

4.4 Coordination and MAS
This section discusses several state of the art contribution related to coordination in multiagent systems. The review focuses on the most recent approaches published in the
proceedings of the 10th AAMAS conference.
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An interesting approach based on the idea that knowledge is power is presented in
(Agotnes et al., 2011), where the goal is distributed in the system in such a way that no single
agent knows it. Several groups of agent may get to know the goal formula together by
combining individual knowledge. In this context, the importance of an agent in such groups is
estimated using power indices developed in voting theory. The advantage of the proposed
framework consists in the fact that the power indices can be expressed in epistemic logic,
allowing standard model checkers to be used for quantitatively analyzing the distribution of
information.
The work in (Carvalho and Larson, 2011) deals with sharing a joint reward based on
subjective opinion of its peers concerning the agent’s contribution to the group. A mechanism
is proposed for eliciting and aggregating subjective opinions and also for determining the
agent shares based on these opinions. Under the assumption that agents are Bayesian
decision-makers and the population is sufficiently large, it is shown that the mechanism has
several desirable properties.
A common problem in coordination, reaching consensus, is tackled in (Cavalcante
et al., 2011), where two novel consensus acceleration methods are proposed. The main
advantage provided by these methods is that they can deliver good results even when only
little information about the network topology is available. The first method is based on the
Chebyshev semi-iterative method and maximizes worst-case convergence speed, but requires
synchronization. The second method is an asynchronous version that approximates the output
of the first algorithm.
Many multi-agent system applications involve agents that reason about the behavior of
other agents, especially when cooperation or competition is expected. A nonmonotonic
reasoning mechanism that allows agents to reason about observed behavior and infer others’
beliefs or goals is proposed inn (Sindlar et al., 2011). The approach is formally analyzed and
shown to exhibit desirable properties.
An efficient decentralized coordination algorithm for multi-agent systems is presented in
(Stefanovitch et al., 2011). The focus of the paper is not on computational complexity, but on
the actual running time of the coordination process. The approach accounts for the
computation and communication capabilities of the agents, considering a heterogeneous
system. The algorithm is compared with another state of the art approach and shown to be
even three times faster when resources are scarce.
Another decentralized coordination algorithm is proposed in (Delle Fave et al., 2011), but
the approach is focused on multi-objective optimisation problems. The algorithm is shown to
be optimal for acyclic constraint graph and problem dependent bounds are derived for the
approximation ration where these graphs contain cycles. The paper claims that the proposed
approach brings the problem of multi-objective optimisation within the boundaries of the
limited capabilities of embedded agents.
The evolution of cooperation in a society of self-interested agents is analyzed in
(Hofmann et al., 2011) using repeated games in graphs. The game consists in repeated
instances of Prisoner’s Dilemma played by neighbor agents. Because of the network topology,
cooperation is shown to evolve over time. The paper also investigates the dependence of
cooperation emergence on the actual topology of the graph, by considering several particular
networks: grid, random networks, scale-free networks and small-world networks. Update
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rules and the initial fraction of cooperating agents are also shown to have an impact on the
evolution of cooperation.
The concept of creating autonomous agents capable of exhibiting ad hoc teamwork was
recently introduced as a challenge to the multi-agent systems community. While previous
research was based on theoretically optimal ad hoc teamwork strategies in restrictive settings,
the approach in (Barret et al., 2011) is focused on more open and more complex domains. The
paper evaluates a range of effective algorithms for on-line behavior generation on the part of a
single ad hoc agent that is to collaborate with a range of possible team-mates.
The use of multi-agent systems for the smart grid is discussed in (Ramchurn et al., 2011).
Autonomous software agents are supposed to represent the consumers and optimize their use
of devices. Coordination of such agents is desirable, since otherwise the population of agents
may end up with overly-homogeneous optimized consumption patterns that may lead to
significant peaks of demand in the grid. These peaks, in turn, reduce the efficiency of the
overall system. The paper introduces a novel model of a Decentralised Demand Side
Management, to coordinate agents in a decentralized manner. It is shown that the peak
demand of domestic consumers in the grid can be reduced by up to 17% and carbon emissions
may be reduced by up to 6%.
Distributed cooperation in wireless sensor networks is discussed in (Mihaylov
et al., 2011). The paper presents a game-theoretic self-organizing approach for scheduling the
radio transmission, reception and sleeping periods. The proposed strategy only relies on local
interaction among neighboring nodes. This decentralized approach results in shorter
communication times and also a reduced data retrieval latency. The experiments are
performed using a simulator, for three distinct topologies: line, grid and random. The
approach is also shown to bring significant gains in terms of energy savings.

4.5 Agents in ambient intelligence
Ambient Intelligence is one of the most prominent future applications in the domain of
IT (Ducatel et al. (2001)). It integrates elements from many domains: Artificial Intelligence,
distributed and mobile computing, human-computer interfaces, sensor networks, and many
others (Satyanarayanan (2001)). Derived from the concept of Ubiquitous Computing
introduced by Weiser (1995), the term of Ambient Intelligence was coined at the beginning of
the 21st century to describe a ubiquitous electronic environment that would pro-actively, but
sensibly and non- intrusively support people in their daily lives (Ramos et al. (2008)).
It is hard to talk about Ambient Intelligence without mentioning context-awareness. Many
systems with ap- plications in Ambient Intelligence implement context- awareness as one of
their core features. One of the def- initions of context is that it is the set of environmental
states and settings that either determines an application’s behaviour or in which an application
event occurs and is interesting to the user Chen and Kotz (2000). In previous work in the field
of context-awareness there are usually two points of focus: one is the architecture for
capturing context information; the other is the modeling of context information and how to
reason about it. However, there is little mention of a generic way to use context information
when context information does not only refer to physical conditions.
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One other essential issue in AmI environments is scale. Many implementations proposed
in the literature make considerable use of centralized components, and many applications are
only demonstrated using a small number of devices. It is important to observe that in a realscale implementation of AmI, the number of devices and users will be outstanding, much
larger than the number of users and devices (including mobile ones) in the Internet today.
In the field of agent-based Ambient Intelligence platforms there are two main directions
of development: one con- cerning agents oriented towards assisting the user, based on
centralized repositories of knowledge (ontologies), and one concerning the coordination of
agents associated to devices, and potentially their mobility, in order to resolve complex tasks
that no agent can do by itself, also consid- ering distributed control and fault tolerance.
The first approach is closer to Intelligent User Interfaces and local anticipation of user
intentions, coming from the field of intelligent personal assistants. For instance, embedded
agents form an AmI environment in the iDorm implementation, by Hagras et al. (2004).
Agents are used here to manage the diverse equipment in a dormitory, resulting in the control
of light, temperature, etc. They learn the habits of the user and rules by which to manage
those parameters when context information does not only refer to physical conditions.
EasyMeeting, by Chen et al. (2004), is an agent-based system for the management of a
”smart” meeting room. It is centralized, and it manages all devices in the room by means of
reasoning on appropriate action. It is based on the Context Broker Architecture (CoBrA) and
uses the SOUPA ontology.
MyCampus (Sadeh et al. (2005)) is a much more complex system, in which agents retain
bases of various knowledge about their users, in what the authors call an e-Wallet. There are
also agents associated to public or semi-public services (e.g. printers). The e-Wallet manages
issues re- lated to security and privacy. It represents knowledge using OWL and accesses
resources as Web Services. The e-Wallet provides context-aware services to the user and
learns the user’s preferences. Other components of the system are the Platform Manager and
the User Interaction Manager, that offer directory and authentication services in a semicentralized way.
Other projects that use similar approaches are ASK-IT and DALICA, presented by
Spanoudakis and Moraitis (2006) and Costantini et al. (2008), respectively.
The second approach to agent-based AmI platforms con- cerns solving different issues
like user mobility, distributed control, self-organization and fault tolerance, having a more
global perspective on how an AmI platform should function.
The SpacialAgents platform (Satoh (2004)) employs mo- bile agents to offer functionality
on the user’s devices. Whenever a device (used by a user), which is also an agent host, enters
a place that offers certain capabilities, a Location Information Server (LIS) sends a mobile
agent to execute on the device and offer the respective services. When the agent host moves
away, the agent returns to the server. The architecture is scalable, but there is no orien- tation
towards more advanced knowledge representation or context-awareness, however it remains
very interesting from the point of view of mobile agents that offer capabil- ities to the user.
The LAICA project (Cabri et al. (2005)) brings good arguments for relying on agents in
the implementation of AmI. It considers various types of agents, some that may be very
simple, but still act in an agent-like fashion. The authors, also having experience in the field
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of selforganization, state a very important idea: there is no need for the individual
components to be ”intelligent”, but it is the whole environment that, by means of
coordination, collaboration and organization, must be perceived by the user as intelligent.
However, here the middleware itself is not agent-oriented and is not distributed.
The AmbieAgents infrastructure (Lech and Wienhofen (2005)) is proposed as a scalable
solution for mobile, context-ware information services. Context Agents man- age context
information, considering privacy issues; Con- tent Agents receive anonymized context
information and execute queries in order to receive information that is rele- vant in the given
context; Recommender Agents use more advanced reasoning and ontologies in order to
perform more specific queries. The structure of the agents is fixed and their roles are set.
The CAMPUS framework (Seghrouchni et al. (2008)) con- siders issues like different
types of contexts and decentral- ized control. It uses separate layers for different parts of an
AmI system: context provisioning is close to the hardware, providing information on device
resources and location, as well as handling service discovery for services available at the
current location; communication and coordination manages loading and unloading agents,
directory services, ACL messaging and semantic mediation, by using the Campus ontology;
ambient services form the upper layer, that agents can use in order to offer other services in
turn. The architecture is distributed, having only few centralized components, like the
directory service and the ontology.
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ontologies

context-awareness

learning

security - privacy

mobile agents

scalability

flexibility

centralized

Project Name
iDorm Hagras et al. (2004)
Spatial Agents Satoh (2004)
EasyMeeting Chen et al. (2004)
SodaPop Hellenschmidt (2005)
LAICA Cabri et al. (2005)
MyCampus Sadeh et al. (2005)
AmbieAgents Lech and Wienhofen (2005)
ASK-IT Spanoudakis and Moraitis (2006)
CAMPUS Seghrouchni et al. (2008)
Dalica Costantini et al. (2008)

knowledge representation

Table 1. Features of the systems described: the manner of representing knowledge; the
use of ontologies; implementation of context-awareness; learning capabilities;
consideration of security and privacy-awareness; use of mobile agents; support for
scalability; flexibility of the architecture; centralized vs decentralized system.

Ont.
CBR
CBR
Ont.
tuples

SOUPA
Yes
Yes
some
Yes
Yes

Yes
Yes
Yes
Yes
Yes
-

Yes
Yes
Yes
some
some
-

Yes
Yes
Yes
Yes
-

Yes
-

?
?
?
Yes
Yes
Yes
Yes
Yes
-

Yes
Yes
Yes
Yes
No
Yes
-

Yes
Yes
Yes
No
partial
Yes
partial
Yes
No
partial
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One other essential issue in AmI environments is scale. Many implementations proposed
in the literature make considerable use of centralized components, and many applications are
only demonstrated using a small number of devices. It is important to observe that in a realscale implementation of AmI, the number of devices and users will be outstanding, much
larger than the number of users and devices (including mobile ones) in the Internet today.
We have summarized some features as they are manifested by the systems that we have
reviewed above, in Table 1. It easy to observe that different agent systems consider different
aspects of Am- bient Intelligence and adopt different approaches to their implementation – for
instance regarding centralization of the system. It is also worth noting that few of the systems
address only the problem of the middleware, and many of them are trying to propose a
complete architecture, from the sensing level to the user interface.
Ever since the first works on context-awareness for pervasive computing Dey et al.
(1999), certain infrastructures for the processing of context information have been pro- posed
(Hong and Landay (2001); Harter et al. (2002); Lech and Wienhofen (2005); Henricksen and
Indulska (2006); Baldauf et al. (2007); Feng et al. (2004)), containing sev- eral layers:
sensors, processing, storage and management, and application. This type of infrastructures are
useful when the context information comes from the environ- ment and refers to
environmental conditions like location, temperature, light or weather. However, physical
context is only one aspect of context. Moreover, these infrastructures are usually centralized,
using context servers that are queried to obtain relevant or useful context information.
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5. Roadmap of A&C RTDI on Semantic and Collaborative
Technologies for the Web
5.1 Introduction
The subject of this chapter’s title can be reduced to two main topics related to the Web:
Artificial Intelligence (AI) and collaborative technologies. The first topic may be named by
the general syntagm “AI on the Web” and includes Semantic Web and Web Intelligence and
includes the extensive usage of cognitive science ideas and technologies, from which the most
important are Natural Language Processing (NLP), User Modeling and Intelligent User
Interfaces (IUI). Web intelligence domains which we consider in this roadmap are: the
Semantic Web; Data, Text and Opinion Mining; Intelligent Information retrieval; Adaptive
Web applications. It is not an agreement, but many researchers consider that these
technologies will be the characteristics of the future Web3.0.
The second topic, collaborative technologies, is specific to the actual Web2.0,
characterized as the “social Web”. Its leading paradigm is not the cognitive one, like in the
former case, but the socio-cultural one (Vygotsky, 1978), in which knowledge is considered
as socially built. Our roadmap is considering the both directions and also their integration.
The chapter continues with a section discussing the issues and roadmap of the Semantic
Web. Web Intelligence and collaborative technologies are the subjects of the following two
sections. The last section will discuss an application foreseen to be typical for the expected
Web3.0.

5.2 Semantic Web; Ontologies; Ontology alignment
Since the article “The Semantic Web” appeared in 2001 in the “Scientific American”
(Berners-Lee, 2001), the semantic web knew a fast growth, although not as fast as the authors
expected. Languages like RDF, OWL, SPARQL were developed and reached maturity,
ontologies were published on the web, data started to be linked together in the Linked Open
Data project 1 (LOD). Linked Data is defined on linkeddata.org as "a term used to describe a
recommended best practice for exposing, sharing, and connecting pieces of data, information,
and knowledge on the Semantic Web using URIs and RDF."
The development of the Semantic Web is monitored and directed by the W3C and the
researchers are working in several workgroups. The summary of the developments in this
domain are presented on a W3C site 2 . In a 2011 presentation 3 posted on this site Ivan Herman
the Lead on Semantic Web Activity at W3C identifies the following topics to be followed in
the near future in the Semantic Web domain:

1

http://linkeddata.org/

2

http://www.w3.org/2001/sw/

3

http://www.w3.org/2011/Talks/0117-Paris-IH/Talk.pdf
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●

development of the SPARQL 1.1 - a version that allows nested queries, aggregation,
URI generation from variables, negations, inference enabled SPARQL engines,
possibility to update RDF knowledge bases through SPARQL queries.

●

development of RDFa 1.1 - needs to be adopted on a larger scale, needs to be easier to
understand by users who are not familiar with RDF, applications that output RDFa
need to be developed (like Drupal7 for example)

●

the R2RML language - a language to describe mappings from the relational databases
to RDF.

●

the development of the next version of RDF - that should allow graph identification,
improved inference rules, standard serialization - turtle and json, define alternatives to
owl:sameAs.

Herman also mentions other directions like Linked Data and Government data that need
to be followed. On the other hand, Tim Berners-Lee in two presentations held at TED Talk in
February 2009 4 and February 2010 5 identifies as priorities the Linked Data and the sharing
of Government data projects. In the 2009 talk he says the most important thing we have to
do now is to put Linked Data on the Internet that we need to share the databases in open
formats like RDF. We now have a growing Linked Data Cloud which has in its center
DBPedia 6 and our short term mission is to extend this cloud with more linked data and more
especially with data coming from social web applications like for example Open Street Map.
He also showed the United Kingdom’s portal for Open Data 7 as an example of government
data shared to the public. In the 2010 talk he showed how the socially created linked data can
be used in real life applications.
Besides the guidelines from these two important researchers we also consider the trends
from the most important Semantic Web conference - the International Semantic Web
Conference (ISWC). One of the components of this conference is the Semantic Web
Challenge - a competition between researchers to come up with the next generation of
semantic web applications. The requests for this application in 2011 are:
●

The application has to be an end-user application

●

The information sources used

●

○

should be under diverse ownership or control

○

should be heterogeneous (syntactically, structurally, and semantically)

○

should contain substantial quantities of real world data

The meaning of data has to play a central role.

4

http://www.ted.com/talks/tim_berners_lee_on_the_next_web.html

5

http://www.ted.com/talks/tim_berners_lee_the_year_open_data_went_worldwide.html

6

http://dbpedia.org

7

http://data.gov.uk
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●

Meaning must be represented using Semantic Web technologies.

●

Data must be manipulated/processed in interesting ways to derive useful information
and this semantic information processing has to play a central role in achieving things
that alternative technologies cannot do as well, or at all

As for the trends we have looked at the winners from the last years and we have observed
the characteristics summarized in figure 1.

Fig. 1. The evolution of the characteristics of the winners of the Semantic Web Challenge
We can observe that we reached a point where we have a rather large set of technologies,
some of them quite mature, we have a large data set and we need actual semantic web
applications. We believe that a larger number of semantic web applications will trigger a
iterative process where more semantic data will be produced and this will also make the
semantic technologies evolve.
From the point of view of what we can do in this field of research I would mention the
following areas:
●

enrich the Linked Open Data cloud with data from the social web based on the
experience from the FP7 LTfLL project (www.ltfll-project.org) in which we
participated. The social web produces more data than any other data source as there
are millions of people who generate new information every day. Our experience with
ontologies describing folksonomies and with development of e-learning tools based on
the social web offers us a strong starting point in this area.

●

transform government data into semantic linked data. Our eGovernment sector is
slowly but steadily growing and we could use our experience to help them develop
applications for publishing their data using semantic formats. The experience from the
EUNCIT project (Trausan-Matu et al., 2006) and also our center’s implication in the
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e-Caesar 8 project gives us also a strong competitive advantage over other national
research centers.
●

develop ontologies and share linked data on the job market domain. Older research in
this area (Posea et al., 2004) as well as some work performed in 2011 on the evolution
of the job market and on job ontologies can be used to elaborate a newer ontology of
IT jobs.

We also try to develop applications on the model of the Semantic Web Challenge since 2
years ago together with our master students. We consider this approach to be very useful for a
learning perspective as the students have a lot to learn in the domain and also from the
research point of view offers the possibility to see how the Semantic Web technologies can be
applied in different domains of activity.
Ontology alignment is probably the most difficult problem of the semantic web. It is
meanwhile one of the principal issues that limit its development. We consider that one
possibility to handle this problem is by combining semantic and collaboration technologies in
a semi-automatic regime, in which a debate among experts sustaining competing ontologies is
supported by groupware based on chat.

5.3 Web Intelligence; Data, Text and Opinion Mining; Intelligent
Information retrieval; Adaptive Web applications; Web3.0
In recent years, the notion of web intelligence (WI) appeared as a consequence of the
important advances in artificial intelligence, data and text mining, and distributed systems and
it emphasizes the need to combine a multitude of techniques on the data existing in abundance
on the web or in data warehouses, combined with a multi-phase distributed or parallel
processing. This is considered to be a key scenario for building the next generation of web
products and services that will also constitute the foundation of intelligent information
technologies (iIT). In this context, according to the definition provided by Zhong, Liu and
Yao (2010): “iIT can be regarded as the new generation of IT, encompassing the theories and
applications of artificial intelligence (AI), pattern recognition, learning theory, data
warehousing, data mining, knowledge discovery, grid computing, ubiquitous computing,
autonomous agents, and multi-agent systems in the context of IT applications (such as ecommerce, business intelligence, social intelligence, knowledge grid, and knowledge
community).”
The focus of this section will not include topics like grid, distributed systems and
distributed computing or (multi-)agent technologies as they are the subject of other sections of
this roadmap. Instead, the main objective is to present how intelligent processing techniques,
such as machine learning, data and text mining, information retrieval and knowledge
discovery can be used to develop solutions that can be implemented also as agents if needed
and run on distributed systems afterwards to develop new generation iIT software. With
regard to these aspects, several directions have been identified as key elements in the future
roadmap of intelligent web applications:
8

http://www.e-caesar.ro/
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1. Data abundance: Harvesting open (and private) data on the web; the problem of trust of
open data;
2. Infrastructure: Web widgets and components; communication between them;
3. Social data mining;
4. Opinion and Sentiment Mining
5. Natural language processing: Moving from syntax and lexis to semantics and
pragmatics; Considering texts with single and multiple authors, including conversations,
wikis, blogs and social networks;
6. Development of IR techniques and algorithms for social and semantic data and Web
2.0 / 3.0;
7. Adaptive web applications and personalization;
8. Personal learning and training environments;
9. Intelligent visualizations

5.3.1. Data abundance: Harvesting open (and private) data on the web; the
problem of trust of open data
The data available on the web is becoming more and more abundant. Therefore, a very
important characteristic of the iIT and WI applications will be on how to deal with this
information abundance or information overload in order to provide the user the most
relevant data. This is in contrast with the previous stage of the web, where a definitory trait
was exactly the scarcity of information that was available, especially of the public/open and
free of charge to access information. Nowadays, we have several huge resources of
information: Wikipedia has replaced all the previous encyclopedias (e.g. Britannica) due to
the fact that it has more information than all the previous ones all together. We have
Foursquare and other location catalogues that have replaced the Yellow Pages, we have
Google Maps for GIS services and maps and so on. The same situation arises for
presentations (Slideshare), education materials (open courses and learning objects),
conversations (Twitter), scientific publications (Pubmed, Mendeley), images, videos,
ontologies, etc. Moreover, there is also a lot of private data that is available online only to
specific users in social networks or companies. All this information has to be aggregated and
processed intelligently in order to provide the desired and most useful results to each
individual and company. Existing data mining and information retrieval techniques, although
they are useful, need to be reconsidered and improved to deal with more sources of
information, with real-time data, with trust and more important to be able to provide specific
processing in some cases, such as clustering, classification and automatic linguistic, image or
video processing (such as extraction of specific features). Opinion mining, which includes
also the consideration of the subjective aspects, is also an important domain considered in our
roadmap.
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An important aspect that needs to be taken into consideration in the following period is
that of trust and reputation of users that share content and quality of the open access (and
especially, open-edit) data overall. Although wikis are a good idea overall, there are some
aspects that need more research on: the quality of the articles, the quality of the editors, how
to detect vandalism and stop these kind of activities, how to manage disagreements between
users (especially on hot topics). This aspects shall extend to other open-data collaborative
technologies as well and can also be applied to normal content on the web (for example, in
order to determine informal and formal language usage, frequent grammatical mistakes, etc.)
5.3.2. Infrastructure: Web widgets and components; communication between
them
Intelligent web applications need to integrate data from various sources, but lately they
also are required to offer their results on various platforms (such as their own web platforms,
but also specific ones like iGoogle, Facebook, etc. in order to reach as many users as possible.
Thus, the research community has to develop new means of developing (small) web
components and services that could be integrated in several different existing applications
(such as a web site, a blog, a social network, a learning environment). One of the current
trends is the creation of web widgets that already have a W3C standard for widget
development. However, there are also other proprietary standards for developing widgets for
specific platforms (e.g. iGoogle, Yahoo) and there may be other technologies that arise for
deploying web components in different settings. In all the contexts, the components are using
web services for communication with the application server and to display the results.
Regardless of the standard that shall be used for developing these components, the problem of
communication between different components that may be created by different providers in
the same environment shall be a provoking problem. A direction of solving this problem is by
allowing communication between the web components (e.g. widgets) and a server container
(e.g. the Wookie widget container) that deploys and controls the interaction between these
components, including message passing.
5.3.3. Social data mining
The most intriguing aspect in developing intelligent web applications is the application of
a wide range of techniques from various fields of artificial intelligence: data mining, text
processing, information retrieval, etc. With the vast amounts of data available from social
networking websites, including specific professional (e.g. LinkedIn, BranchOut), learning and
teaching (e.g. TELEurope), games (e.g. Zynga), shopping (e.g. social shopping platforms),
places (e.g. Foursquare) networks, new applications can be developed using data mining
algorithms and technologies. These applications can be used to determine users with similar
profiles from one or more social networking websites or that have the similar interests or
background and maybe to cluster them in order to determine specific groups in each social
network. Looking from the other end, new algorithms and faster methods for computing
similar items using annotations (such as tags), ratings and other data (such as impressions,
check-ins, etc.) from users need to be developed. From rhis perspective, advances in
collaborative filtering and recommendation are needed to take full advantage of all the data
underlying in different social networks and maybe to aggregate it.
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5.3.4. Opinion and Sentiment mining
There are three research directions in which we could contribute in the future in opinion
and sentiment mining: the creation of a map of opposing opinions, the detection of opinion
poles, and the creation of better interaction models based on opinion shifts.
We understand by contrasting opinions identifying relevant conflicting opinions on
chosen subjects, for example, economy. The first direction of mapping contrasting ideas has
been anticipated by Murakami et al. (2009) but has not gained traction. Murakami’s
dictionary based methods can be replaced with opinion mining techniques based on the future
state modifier influence (Musat and Trausan, 2010) or verb importance (Gerow and Keane,
2011), which show more promising results. The latter also have the important advantage of
being suitable for the needs of a large scale system, where the important relations between
terms can be successfully extracted based on their occurrence patterns (Fader et al., 2011; Blei
et al., 2003). Furthermore static definitions of “truth” can be replaced with dynamic ones, that
account for source meta information.
Some non-trivial obstacles need to be overcome when extending the above idea from
economics to other sociopolitical fields. (Mullen and Malouf, 2006) hint at the difficulty of
processing political data - their political content and informality, multiple flavors and
viewpoints and the lack of a clear dichotomy. The investigation of the usage of the
heteroglossic and polyphony ideas (Trausan-Matu et al, 2006) is a direction we will consider
in the near future.
A side benefit of creating an opinion map is the ability to track the evolution of sentiment
on a given matter. A third related research sub track regards the factors that influence the way
information reaches its destination. The tabloidization of the press (Setmetko and Valkenburk,
2000) and the media biases towards presenting bad news are well known (Harrington, 1989).
A second research track in Opinion and Sentiment Mining, albeit closely related to the
first one, is the detection of opinion poles. Whereas in network theory the literature on the
matter is vast, there have been no links drawn between pole detection and opinion mining.
Given that almost all news and weblog articles have a source attached to them, their addition
to the initial opinion map is trivial.
The implications of having a record of opinion originators and opinion poles are
profound. It would allow us to differentiate market fundamentalists from trend followers
(Surowiecki, 2005), to establish the truthfulness of an allegation based on the sources’ track
record (Fader et al., 2011) and perhaps most importantly it would permit the study of the
evolution of opinion imbalances. This latter application leads us to the third research track,
concerning user interaction.
Many models have been proposed to express the way people interact in a given
environment, many borrowed from physics, such as the Ising magnetic model or the Curie
Weiss model (Ball, 2005). Model picking is hardly the most enticing application of finding
the conditions when people change their mind. Voting and the political landscape would be
perfect candidates for fine tuning the model. This environment can also be likened to a phase
transition and an application is to find the conditions when public opinion shifts along the
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political spectrum. We can probe the Schelling separation model (Clark, 1991) in a political
context and predict future states of the agents’ political affiliation.
Among the other applications of opinion shifts we could also mention the detection of
heightened regional instability, which can lead to crashes (Sornette, 2003) and crime
detection. Regarding the latter, apparently (Gladwell, 2008) there are only two crime levels –
high and low. As is the case with minimum distances between bars, we can find the threshold
of antisocial behavior that turns a low noise blog into one in which comments are discarded,
or more generally – the threshold of antisocial actions that turns the Internet into a crime
favoring environment.
5.3.5. Natural language processing: Moving from syntax and lexis to
semantics; Moving from normal text to conversation analysis
Currently, natural language processing is used only to a very low extent for web
applications due to the high requirements in computing time and processing power required
by most NLP techniques and algorithms, especially when talking about large quantities of
text. This is why most applications are using just simple text mining techniques that exploit
lexical similarities between words, by employing stemming or lemmatization and applying
TF-IDF or similar techniques for finding out the most relevant words in a text. However, due
to the advances in grid and distributed systems and the ever richer resources and techniques
for using the semantic information in a text, moving from syntax and lexis to semantics and
pragmatics shall be one of the most important directions in NLP for web intelligence in the
following years.
With regard to semantics, in the last years there have been several developments of
techniques and data repositories that include: linguistic ontologies for several languages (e.g.
WordNet), other linguistic resources (e.g. FrameNet, VerbNet), domain-specific ontologies
(e.g. for medicine, constructions, etc.), upper ontologies (e.g. DOLCE, Cyc/OpenCyc,
YAGO, etc.) and the so called weak semantics methods that extract relations between words
from large quantities of text: Latent Semantic Analysis (LSA), Latent Dirichlet Allocation
(LDA), Explicit Semantic Analysis (ESA) and others. Therefore, one important research
component will be how to efficiently combine all this semantic information sources in order
to build powerful web applications.
Another aspect relates to the current trend of mining semantic information from existing
web resources that are either semi-structured or follow some linguistic patterns. The most
used data source for this task is currently Wikipedia and other wikis and there are several
projects such as DBPedia that focus on this research topic. This way, semantic data
repositories shall enlarge and provide more information to be used for text mining.
The last point related to semantics is centered on improving semantics for existing data
on the web, by allowing semantic markup to be included in web pages in order to be easily
exploited by intelligent web applications. Without taking into consideration RDF and OWL
that are specific to the Semantic Web, the normal web starts to embed semantic information
by using simple elements such as microformats and the HTML 5 microdata specification. In
this category, we can also relate to current trends in developing semantic representations for
data present in existing web applications such as wikis, blogs, etc. The main representatives
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for this trend are semantic wikis (e.g. Semantic MediaWiki) and semantic extensions for blogs
(e.g. Zemata) and forums.
In parallel to moving to semantics, pragmatics-related applications shall also become
more powerful and used by a wider audience. This includes opinion mining and sentiment
analysis that shall make use of the large quantities of data present on the (normal and social)
web in order to present to users the polarity of the opinions and comments posted on the web
in relation to a specific product, brand, company, person, etc.
On another hand, due to the fact that the social web engages users in conversations (by
using Twitter, status updates, etc.), but also because of the increasing number of uses for
forums, chat conversations and dialogues in comments to news articles or blogs, there shall be
an increasing interest for conversation analysis techniques. As a large part of the web moves
to (multi-party) dialogue, there shall be a large interest to discover the most important users
and utterances/posts in a web conversation, as well as specific types of utterances that contain
some speech acts or specific argumentation. Moreover, as multi-party conversations are
different from normal face-to-face dialogue especially due to the fact the the floor can be help
at the same moment by multiple participants and thus several discussion threads are inherently
existing in parallel, new theories of discourse are needed to model and exploit these kind of
discussions.
5.3.6. Development of IR techniques and algorithms for social and semantic
data and Web 2.0 / 3.0
Information retrieval (IR) has been very useful to exploit the large amounts of
information in the normal web, especially by developing powerful search engines and
document retrieval techniques. However, the future developments of IR has to take into
account the new types of data existing in the social web, such as tags and folksonomies,
check-ins and check-outs, relationships between people and between people and objects
(places, items, products), etc. When developing algorithms for determining the most relevant
users in a social network that are similar to PageRank, such as FolkRank, all the underlying
complexity of the new data has to be taken into account and also tested on large datasets in
order to prove the results of the algorithms. Moreover, all these algorithms and techniques
need to be able to face very large amounts of data, taken from various sources if needed and
also for real-time data. One of the most important aspects is searching real-time data, that
has to take into account the source, the topic and key words, plus how recent the message is.
5.3.7. Adaptive web applications and personalization
As more information about each user exists on the web, such as user history with the
current web site, user interests, social networking profiles for the current user, information
about his friends and their behaviour and history if available, more and more personalization
features shall be present in most intelligent web applications. This way, personalization will
include features that are more advanced than the recommendations that are already present in
many web applications. Research in adaptive hypermedia and web applications has already
made the first steps in the direction of applications that provide (completely) different content
based on the user’s previous interactions with it and on their intentions or goals. Adaptive
educational hypermedia applications have constituted the most important advances in this
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direction and they employ providing different content for each user based on their learning
path and current progress.
5.3.8. Personal learning environments (PLEs)
Another aspect with regard to personalization is that the users should be more in control
of their experience. This is true for web applications, but also for learning. In this context,
personal learning environments (PLEs) are applications that allow the user to choose not
only the learning materials, but also the way of providing them in order to better suit their best
learning behaviour. It is well known that students have different learning styles and, thus a
one-size-fits-all learning environment is not perfect for anyone. PLEs are built in a fashion
that permits the user to choose which components to be present in his learning space at any
moment. This may be achieved by using web widgets that can be moved, enabled and
disabled my each user. Therefore, the learning space will be particularized by each user who
adds the widgets that are considered useful.
5.3.9. Intelligent visualizations
Due to the vast quantities of data that are generated at each moment on the web, as well as
ever-increasing quantity of different resources, it will become more and more obvious that
people need help in understanding, using and finding items in an interactive way, by using
complex and intelligent visualizations. Social networks, clusters of people and items, other
relations between people and items, as well as their evolution in time have more insight if
represented in an insightful manner (one example is the evolution of UN indicators over time
for each country that were developed recently). However, there are also other aspects that
need an improvement in visualizing them, such as conversations that might also lead to a
better user experience.

5.4. Collaborative technologies
Collaborative technologies on the web have known an extreme growth in the last years.
Web2.0, called also the Social Web, is based on the idea that knowledge is constructed
socially, by people collaborating using forums, chats, blogs, wikis, and social networks. Some
objectives that should be considered were already discussed above, in the context of the Web
Intelligence. In the remaining part of this chapter we will discuss about computer-supported
collaborative learning, one very important domain in which collaborative technologies can be
applied and further progress is expected. Meanwhile, in relation to it, creativity fostering in
small groups using collaborative tools is another important issue to be considered in the
future.
5.4.1 Computer Supported Collaborative Learning
Computer-supported collaborative learning or CSCL for short is a pedagogical process
wherein learning is done using social interaction through a computer and usually through the
Internet. This particular kind of learning is characterized by the construction and sharing of
knowledge amongst several participants using technology as their primary means of
communication or as a common resource. In other words, CSCL is about teaching and
learning the knowledge and skills required in a knowledge-based society.
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Currently, CSCL has many uses. It is used in very diverse learning environments,
ranging from primary school classrooms in which children are taught to write and use the
internet, and going as far as universities and scientific communities, where the tools it
provides enable the participants to analyze their discussion in various ways.
One important component of CSCL is what is usually called the "teacher", which can be
either a person or a program. In this context, the teacher is the one who analyzes the progress /
conversation of the users and offers valuable feedback based on the data it has collected. The
participants in turn use this information to improve their collaboration. The level and nature of
feedback offered depends on the purpose of the teacher. In some cases CSCL tools are used to
provide live feedback for a conversation, pointing out the apparent flaws and suggesting
numerous ways in which they can be fixed. In other cases, CSCL tools can be used for
grading the effort of the participants.
Our main focus should address the concentration on real-life needs, on providing
realistic environments and feedback. The classic perspective of a teacher as an all-knowing
entity fades out, but still remains a central element of the group. But peering relations grow
stronger, have a higher impact and fundament an analysis based on specific social network
metrics. Collaboration provides more personal gain than traditional cooperative techniques in
terms of the synergic effect of joining multiple ideas and perspectives.
On the other hand, inter-disciplinarity is now needed as Gerry Stahl emphasized the
need for different research approaches equally considered important and stressed. Besides
joining complementarity visions, the merge of different cultural environments can lead to new
ideas and approaches.
Unity can produce predictable outcomes as similarities between participants dictate an
approximation of the result as a possible summing of individual parts. But only by diversity
one can achieve extraordinary results, evade the bounding-box of one’s inner universe defined
in terms of perspectives and ideas. A key element in measuring this approach play well
defined and well balanced educational scenarios, with only a particular variable change in
order to thoroughly assess its impact. Moreover, reaching a common sense is crucial.
Awareness has grown in importance and is reflected in knowledge, interaction, social
awareness. Awareness has great influence in a collaborative environment as group cognition
and coherence are directly influenced by each member’s awareness level.
One of the first elements to be considered in an educational context is the environment
that defines the “playground” of the eco-system, depicted at individual, group, class, school or
even home levels. By encouraging social interaction, of collaborative learning and cognition,
our aim is to design and improve learning environments in order to enhance both productive
learning and cognitive performance.
Starting from the definition of multivocality, new meanings and values emerge in an
collaborative environment. The scope is to create and maintain mutual attention via different
means and tools, but the aspect that has to be closely monitored represents keeping the multivocality of the group. Similar to Bakhtin’s perspective of polyphony, new ideas can emerge
by intertwining different perspectives, depicted as voices, therefore stimulating creativity by
collaborative thinking and sharing of ideas.
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Additionally we can take into consideration in our analysis two overarching concepts –
scaffolding and mediating artifact. Scaffolding is an instructional technique whereby the
teacher models the learning task, then gradually fades away and shifts responsibility to the
students. Mediation, proposed by Vygotsky (1986), implies that technology for teaching and
learning first of all is a mediating and enhancing artifact by creating new opportunities for
education on the other (Andriessen, Baker & Suthers, 2003).
In the emerging context derived from all previous concepts, two tendencies must be
furtherly explored in our educational experiments (Ludvigsen & Morch, 2009). Firstly,
teachers and students need to engage deeply in specific problem-solving activities in order to
learn concepts that are part of their actual knowledge development. The second highlights the
aspect that such deep engagement often involves disagreement, problematizing, providing
explanations and negotiations.
Our aim is to improve the educational settings using scaffolding techniques for
collaborative learning and this includes pedagogical and technological support for
problematizing tasks, hypothesis generation, feedback and elaboration, interpretation of data,
evaluation of performance based also meta-cognition (expressed as verbalizations).

5.5 Web3.0; Personalization
Some researchers consider that personalization will be a main feature of Web3.0.
Nowadays society is knowledge-based: the companies are hiring the persons that know more
than the others, the remunerating is also corresponding to the amount of knowledge each one
has and people in general are appreciated according to their knowledge level. In such a
society, in which people have to acquire new skills quickly, the school has the obligation to
prepare their students for the ever changing requirements. Up until now, the school used to
provide a “one size fits all” model (Woolf et al., 2010) in which learning was seen as “the
acquisition of knowledge relevant to issues encountered in the world” (Kress and Pachler,
2007). In this framework, the authorities were the ones providing the right knowledge to the
students, unlike today when the students are the responsible ones “for obtaining and shaping
that knowledge for themselves” (Woolf et al., 2010), being able to search and collect the
information of interest. In this context, the role of teachers (or tutors) has slightly changed as
not only to provide the right learning materials, but also to guide the order in which these
materials are assessed and to indicate which materials are good and which are not. Starting
from this view of tutors, Intelligent Tutoring Systems have been designed and introduced to
education in order to facilitate learning in domains such as algebra, geometry, and computer
languages (such as PACT: Koedinger et al, 1997), physics (such as Andes: Gertner and
VanLehn, 2000; VanLehn, 1996), and electronics (such as SHERLOCK: Lesgold et al.,
1992).
However, this model is not adapted anymore to the current views of learning that
considers the knowledge construction to be a collaborative task (Bakhtin, 1973, 1981). As a
result, “one goal in applying technology to education is to address implications of cyberspace
as a collaborative and cognitively supportive learning space.” (Woolf et al., 2010). More than
that, multiple studies have shown that there is no optimal pedagogy or instructional medium
that is effective across every learner or subject (Shulman, 1983; Becher, 1987; Lampert, 2001;
Dede, 2009). Therefore, the technology has to be used to personalize education to reason
about a student as a human tutor might: monitoring each student’s activities, evaluating
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his/her learning and finding opportunities to help (for example by offering dynamic
assessment to student or personalized feedback). Monitoring students’ activities includes
tasks like “tracking cognitive and affective responses (perhaps using sensor readings) and
interpreting (categorizing) it without judging its “correctness” but merely understanding it in
terms of progress toward end states” (Woolf et al., 2010).
Up until now, the tools did not reach a decent level for this task and were not able to meet
some important educational objectives, such as enabling students to explore, solve problems
and learn, thus not having a big impact on education. According to Bredeweg and his
colleagues (Bredeweg et. al, 2009), in order to become essential tools for education,
nowadays tools will need improvements in several directions. We have chosen the following
ones to consider in the future:
-

Architectural and design of Active Learning Components - Active Learning
Components (ALC) are learning tools that should automatically adapt to the needs of
the learner, deciding how much and what kind of information to provide to the learner
depending of his/her level of knowledge, his/her goals, the requirements for external
stakeholders (such as parents, companies or governmental institutions). These ALCs
should be sensitive to learners’ characteristics (including cultural contexts or special
needs caused by disabilities) and they should be able to communicate and to compare
each other in order to establish a sequence of ALCs that will be responsible for the
learners’ education.

-

Compartmentalized knowledge and skill resources – there is a need to
compartmentalize knowledge and skill so that they could be easily retrieved and used
for assembling particular learning contexts. This direction includes:
o

The reorganization of the existing resources (ontologies such as CYC, SUMO,
WordNet, FrameNet and others or folksonomies such as Wikipedia) and the
development of new such resources for domains that are not well represented
in the existing ones, considering the fragmentation of the knowledge according
to the “dimensions such as type of Domain, Granularity, Perspectives,
Assumptions, etc., and probably also concerning task and problem types”
(Bredeweg et. al, 2009) and to the use-levels (information differentiated for
novice, intermediate, advanced or expert use);

o

The identification of ways to establish the quantity and type of knowledge
needed for solving a certain problem;

o The derivation of some ways of defining the relations used in some resources in
terms of the ones from the other resources, but also between different
representations (rules, frames, XML, OWL) so that to be able to interconnect
and use all the codified knowledge of the world from a single application.
-

Advanced learning modeling – the nowadays user models include only a few
information like the representation of what the learner knows, can do and has abilities
in. However, multiple other factors could be also considered, such as: information on
the cultural preferences of the learner, the membership to a disfavored group, their
personal interests, their goals, their personal characteristics, when and how they
acquired what knowledge and which the most effective method of learning was.

A&C, UPB

Page 68

15.09.2011

ERRIC Deliverable D2.1-Y1: Roadmap of A&C RTDI

-

Machine learning / Data mining – further research in these fields is also required,
since a lot of data will be available and systems for efficient storing, analyzing and
retrieving data will always be needed.

-

Pedagogy – further research is necessary for understanding what makes some
pedagogical approaches more effective than others, considering different styles, needs
and characteristics of different learners.

We believe that improvements in some of the directions presented above could also
improve the results obtained by other online tools. An example is represented by
recommender systems that could benefit from more of the above directions: an advanced user
model would allow for a better understanding of the users’ needs; a better understanding of
which kind of media is more effective given these needs would also help in recommending
the best resources for that user; the knowledge compartmentalization and advanced in data
mining and machine learning techniques would improve the retrieval results of a request for
recommendations; a standardized evaluation of the available resources could also improve the
recommendations by suggesting only the resources of high quality; and so on.
Besides the above directions of research that could improve the personalization of some
tools, we believe that advances in the Natural Language Processing (NLP) will also provide
for a better user experience: if NLP tools become good enough, then the human computer
interfaces of any web application could be developed as a conversational agent that could find
out more precisely the users’ needs; this agent could be further personalized as to use different
communication styles in order to “talk” to different persons (with different races, ages or
knowledge levels). Besides, the argumentation could also benefit from the development of
NLP tools, since it could be more fluent and therefore easier to understand by users. In the
same time, in the learning environment, the users could benefit from personalized feedbacks.
Nowadays there are tools engaging in conversations with the students for learning purposes
(Kumar et. al, 2008) but their results could be improved by better NLP tools. In the same
time, there are tools that analyze conversations between students in order to assess them and
to provide individual feedback (Trausan-Matu, Stahl and Sarmiento, 2006), but this feedback
could also be personalized depending on the user’s model of each participants and on their
needs.
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6. Roadmap of A&C RTDI in Adaptive and Intelligent Control
6.1 Introduction
Technology survey on CCIT_RM focused on the selected priority areas of FP7 and FP8
[Cognitive and Collaborative Robotics; Intelligent Manufacturing Systems; Distributed
Intelligence for Manufacturing Control; Intelligent Products]

6.2 Cognitive and Collaborative Robotics
The future research direction aims at developing a software interface for natural-like
interaction of humans with personal robots. Natural-like interaction will be considered for
communication (a model of hand gestures will be established that allow many natural gestures
to be interpreted by the personal robot) and emulation of human skills, routine tasks
(extracting reusable task knowledge from visual observation of human gestures, learning
operational activities from human demonstration). The development involves a number of
sections which will be integrated in this software system: (i) Spatial and temporal modelling
of communicative and manipulative gestures; (ii) Hand gestures analysis and recognition,
based on multiple-image processing); (iii) Reusable task knowledge extractor from visual
observation of human performance and action reproducer (human tasks emulator); (iv) Visual
servoing controller for environmental motion fine tuning. The OpenCV library will be used
for image processing; an open source library will be created for gesture modelling, analysis
and recognition.

Fig.1. Overview of the proposed software components

This research line attempts to develop a natural human-robot interface for programming
and operating in order to make personal robots more accessible to people without a vast
technical experience, allowing the robots to assist the humans in everyday tasks. The project
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consists of four sections, which focus on vision-based hand gesture modelling, analysis and
recognition, robot programming by demonstration, automatic learning of advanced skills from
the human operator and visual servo control for fine adjustments of the robot motion to a
continuously-changing unstructured environment. An overview of the technology sections of
this development is given in Fig. 1.
Spatial and temporal modelling of communicative and manipulative gestures

This section aims to develop a set of mathematical representations for human gestures, in
order to facilitate the process of recognition and/or imitation.

Fig.2. Communicative and manipulative gestures to be used for PR2 control

After separation from unintentional movements, human gestures can be divided in two
main classes: manipulative and communicative (Fig. 2). Manipulative gestures are the ones
when the user performs an action on objects in the environment, which can be imitated later
by the robot or can be used to teach new skills. On the other hand, communicative gestures
may represent commands given to the robot, like “Stop”, “Follow Me”, “Faster” or “Slower”,
may indicate the object of interest (pointing with the finger or gazing) or may indicate
approval or disapproval (yes/no) which is useful in the learning process.
From a recognition point of view, gestures can be classified in pose gestures (static
configurations of the arm or hand) or motion gestures, which are defined by specific motion
patterns of the arm or hand. However, static gestures can be easily mismatched especially in
cluttered backgrounds; it is not desirable for a robot to refuse to work just because there is a
picture on the wall with a hand symbolizing a “Stop” gesture.
Hand gesture analysis and recognition, based on multiple image processing

The problem of hand segmentation and gesture recognition in 2D images has been studied
extensively; however, a single 2D camera does not provide depth information, therefore it is
only suitable for communicative gestures.
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Fig.3. Proposed communicative gesture recognition loop

Since the personal robots which will be considered are equipped with two stereo camera
pairs, with both wide and narrow viewing angles, and a pan-tilt unit, a software module for
tracking the required features (in our case, the human hand) will be developed.
For improved robustness, all the gestures (including static ones) can be considered to be
composed of three phases, therefore regarded only as motion gestures:
- preparation (moving the arm from some resting position)
- stroke (the effective motion pattern which defines the gesture)
- retraction (return to the resting position or prepare for a new gesture)
For communicative gestures, it is desired that the robot reacts as soon as the user intent is
recognized; therefore, for certain gestures, such as the “Stop” command, the robot should stop
immediately, not after a few seconds or after waiting for the retraction phase to finish.
The first step in gesture recognition is locating the hand in the input images. Appearance
based models, like Haar classifiers or eigenfeatures, can be employed for an initial guess;
however, both face hand localization algorithms in a single image can give false positives,
therefore it is necessary to also consider the temporal coherence of the hand and face location
throughout a sequence of images.
Recognizing a communicative gesture implies comparing the gesture acquired by the
robot sensors against a database of known (previously learned) gestures. This can be
accomplished using a metric function.
The following difficulties have to be addressed when designing the metric function for
comparing a gesture acquired by robot with the models stored in the database:


The gestures may differ slightly in time, both globally (the total duration) or locally
(speed varies through the gesture execution). Dynamic Time Warping is a technique
which improves matching quality in this aspect.



The same gesture can be described by more than one valid trajectory in the parameter
space, therefore statistical techniques are expected to give good results



The dimensionality of parameter space is very high; therefore automatic selection of
the features which can discriminate between gestures is desired. Techniques for
accomplishing this are: Principal Component Analysis and Cluster Analysis.
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A manipulative gesture is defined by the following spatial and temporal information,
which are obtained using the software model from Fig. 3:
–

the 3D position and orientation of the manipulated object

–

the joint angles of the human arm

–

location of the grasping points on the manipulated object

Fig.3. Proposed model for manipulative gesture analysis

Since the personal robot will be also equipped with a laser scanning sensor, the data from
the stereo camera will be fused with the data from the laser scanner in order to obtain a more
complete and accurate 3D data and for improved robustness.
Software libraries developed in this section include:
–

module for 3D data fusion from stereo camera and laser scanner

–

module for pan-tilt tracking of arbitrary objects, optimized for smooth hand tracking

–

module for joint angle estimation of body segments and fingers from stereo images

–

module for pose estimation of objects manipulated by the human arm

–

module for gesture analysis, classification and recognition

Reusable task knowledge extractor from visual observation of human performance and action
reproducer (human tasks emulator)

Personal robots assisting humans can become widespread only if they will be easy to
program by people without a technical background. This line of future research attempts to
teach the robot new skills in an intuitive way, by letting the robot watch human demonstrator
doing the task.
The simplest approach is to follow the trajectory of the human demonstrator blindly,
without any knowledge of the task. A more general approach is how to teach the robot to
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generalize the learned skill when the environment is dynamic, which is possible by using a
higher level representation of the skill, which allows generalization in new environments.
It is possible to learn a skill from watching a single demonstration performed by the
human teacher; however, the robot will have no means to know which components from the
skill are important to reproduce exactly and which components can be varied in order to
generalize the skill to a new environment. However, for simple skills, watching a single
demonstration may be sufficient.
Reusable knowledge can be achieved by watching multiple demonstrations (however, as
few as possible) of the human teacher and analyzing the patterns which were common across
all demonstrations, and also the patterns which were different. This process exploits the task
variability across the demonstrations in order to detect which parts of the skill should be
reproduced exactly and which parts do not.
Visual servo controller for environmental motion fine tuning

One important system architecture will be analyzed and implemented: dynamic look-andmove system (open loop robot-vision architecture Fig 2.). The generic task which will be
analyzed is the visual tracking of objects for robot grasping; solutions will be developed for
tracking and grasping stationary objects. A number of original, low time consuming
algorithms will be implemented and exemplified in case studies for: camera-robot calibration,
evaluation of TOOL transformations using the robot itself as measuring device, robot-object
calibration, modelling the grasping style and checking at run time for collision-free object
grasping.
Visual servo involves controlling the motion to manipulate the robot environment using
vision, as opposed to just observing the environment, like in active vision and structure from
motion.
Visual servoing of robots uses structural features extracted from images as form – and
contour image features for object recognition and locating or collision avoidance, context
features may be added to this data to simplify object search at run time.
The form and contour image features refer to the projection of a body – or hole physical
feature of an object (e.g. the part to be grasped, the gripper's fingers or the robot tool) onto the
virtual camera image plane. Typical image features are: edges and corners for contours,
respectively the shape, centre of mass, orientation of bodies and holes or contrived patterns
for form descriptors. Image features must be unambiguously located in different views of the
robot scene by different virtual cameras. Image feature parameters represent real-valued
quantities that are computed from one or several image features.
Hierarchical motion control structure, with the vision processor providing set-points as
reference input to the robot's joint-level controller – thus using joint data feedback to
internally stabilize the robot. This structure corresponds to the interlaced look-and-move
control schemes represented in Fig. 4, where motion tracking and image processing are
pipelined:
●

while the execution of an individual motion segment proceeds, no image is acquired
and processed, and
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●

while an image is taken and treated according to the specific needs of a robot task, the
motion controller does not start generating and tracking a trajectory

Fig.4. Image-based look-and-move servoing architecture for object tracking

Image-based control structures, represented in Fig. 1 use error signals defined directly in
terms of image features extracted from binary or greyscale object's images. In image-based
servoing, control values are computed at run time directly from image features, which
significantly reduces image interpretation and eliminates errors due to sensor modelling and
camera calibration. However it does induce an important challenge to motion controller
design, since the manipulator plant is nonlinear and strongly coupled.
The expected results of this sub-theme of research will be materialized in the following
libraries and databases:
●

an object model database used for visual recognition

●

a library used to extract different features from images

●

a library used for visual servoing

Open Source Plans

The libraries to be released for this development line will contain the following
functionality:



Modeling, analysis, learning and recognition of communicative hand gestures
Pan-Tilt tracking of arbitrary objects using the wide and narrow angle stereo cameras
mounted on the PR2 head
 Data fusion for 3D information from laser scanning and stereo vision
 Joint angle estimation of human body segments and fingers from stereo vision
 Pose estimation of objects manipulated by the human arm
 Task emulation, knowledge extraction and generalization functions from visual
observation of human performance
 An object model database used for visual recognition
 A library used to extract different features from images
Page 77
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 A visual servo control library for the PR2
Also, any functionality which may be needed during the project and are not yet
implemented into ROS or available as ROS packages will be released as open source libraries.
Development environments and libraries considered for use are primarily Octave, Python,
OpenCV. Additional open source libraries to be considered are:
-

TINA (3D machine vision toolkit for robotics and medical use)

-

lbimproved (Dynamic Time Warping implementation)

-

GVF (Gradient Vector Flow – improved Active Contours / Snakes)

-

AAM-API (Active Appearance Models for flexible/deformable object tracking)

-

ITK (Toolkit for image segmentation and registration; designed for medical use)

-

HandVu and visualgestures (Hand gesture recognition and tracking from single 2D
camera; both projects use OpenCV)

6.3 Intelligent Manufacturing Systems; Distributed Intelligence for
Manufacturing Control; Intelligent Products
The research line will follow the actual trends - application of Multi-Agent Systems
(MAS) in distributed, product-driven holonic manufacturing control:
• Semi-heterarchical, holonic manufacturing control systems for agile production
• MAS architecture for configuring / real-time updating the resource access model in
heterarchical agile shop floor production
• Agent negotiation and genetic decision-making algorithms for real-time heterarchical
production scheduling
• Service Oriented Architectures for integrated enterprise management and control
The research applies the MAS development in a new, open control paradigm for discrete
shop floor production, designed as a solution for agile manufacturing reengineering through
(a) multi-agent robot service reconfiguring and (b) implementing the robot service access
model (RSAM) in a distributed, semi-heterarhical production planning, scheduling and
execution control architecture.
This distributed architecture integrates two layers with generic functionalities: (1)
Dynamic reconfiguring of the resource (robot-vision) service access model RSAM through a
multi-agent system organization; (2) Holonic manufacturing scheduling (robot allocation),
control and tracking based on the PROSA holarchy and the Intelligent Product technology –
implemented through intelligent embedded devices (acting as Active Holon Entities) which
use OpenEmbedded Linux as real-time operating system. Production scenarios will be tested
on two shop-floor platforms of the Laboratories: CIMR (University Politehnica of Bucharest,
Faculty of Automatic Control & Computer Science) and AIP-PRIMECA (University Lille du
Nord, Valenciennes TEMPO Lab.).
Shop floor control / supervision reengineering agility can be achieved if manufacturing
systems are abstracted as compositions of modularized manufacturing components that can be
reused whenever necessary, and whose interactions are specified by reconfiguring rather than
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reprogramming. Consequently, a generic multi-agent system (MAS) will be designed to create
and automatically update the shop floor's service access model, because of its adequacy to
create cooperative environments of heterogeneous entities. Manufacturing components are
agentified to become modules that can be (re)used to compose complex systems. The
different types of manufacturing scenarios and batches will be thus represented by coalitions
or consortia of agentified manufacturing components, which are essentially societies of selfinterested and heterogeneous agents whose behaviour is governed by contracts; contract
negotiation is the configuration basis required whenever a control/ supervision system needs
to be changed or adapted.
Thus, a manufacturing component or module is seen as a physical piece of equipment that
can perform a set of specific functions or basic production actions on the shop floor such as
moving, transforming, fixing or handling. An agentified manufacturing component is
composed of a manufacturing component and the agent that represents it. The agent's skills
are those offered by the manufacturing component, which is connected to the agent through
middleware. A coalition or consortium is an aggregated group of agentified manufacturing
components, whose cooperation is regulated by a coalition contract, interacting in order to
generate aggregated functionalities that, in some cases, are more complex than the simple
addition of their individual capabilities. A shop floor cluster is a group of agentified
manufacturing components which can participate in coalitions and share some relationships,
like belonging to the same manufacturing structure and possessing some form of
technological compatibility. The different coalitions that can be created out of a cluster
represent the different ways of exploiting / operating a manufacturing system. A broker agent
is used to help the formation of coalitions to reduce the complexity of the individual agents in
terms of coalition formation.
Once the service access model of manufacturing resources configured and operational, 2layer holonic control architecture for optimizing production execution on both long- and short
term will be developed. This architecture is intended for shop floor environments affected by
perturbations like: resource performances altering, breakdown and recovery, exhausted part
stocks, variable processing and transporting times. The proposed planning, scheduling and
control models with their implementation frame are generic; the structuring of the decisional
entities (Active Entity Holons – Expertise and Order) and the distributed decision making do
not rely on specific or proprietary technologies. The method is based on: automatic switching
between the global "batch" planning and scheduling horizon and the local "packet" scheduling
horizon for resource (re)assignment – thus combining optimality, agility and fault-tolerance in
business-oriented scenarios, and embedding holonic characteristics – autonomy and
cooperation – in intelligent devices which assist products during their scheduling, execution
and tracking – thus bringing closer the physical and decisional parts of entities composing a
more performing, robust and agile control system.
The control part of the distributed system is composed of entities that are independently
responsible for one aspect of fabrication such as logistics (production order), technological
planning (product recipe) and resource capabilities. These components, being endowed with
information processing skills (except for the products) are encapsulated into autonomous and
communicative entities called holons, interacting according to a designed holarchy.
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This model, judiciously defined and used in real-time by the (holonic) manufacturing
control system (HMES), may solve myopia in resource allocation from the point of view of
both production cost and energy efficiency, thus contributing to sustainable manufacturing.
On the other hand, HMES use detailed information about resource behaviour, performances
and service capabilities to optimize globally (at batch level) or locally (at packet level)
production. Efficient holonic manufacturing execution systems should switch between
hierarchical control mode (to provide optimality) and heterarchical control mode (to provide
agility and fault-tolerance), triggered by a diversity of changes: (i) resource status or
performance change (breakdown / recovery / penalties / awards); (ii) rush orders; (iii)
accomplishment of a priori established power consumption programs. Manufacturing
sustainability will be addressed in the development line with respect to: fault-tolerance to
disturbances; energy efficiency at shop floor level; balancing resource usage; makespan/cost
efficiency; in line quality control of products. SOA and web services in manufacturing will be
addressed in two directions: (1) linking the business layer of the enterprise to the technical
layer at shop-floor level; (2) Object-Oriented modelling and design of control processes in
manufacturing and interoperability concerning: product execution recipes (external dataknowledge-base access), resource usage (legacy and integration aspects) and shop-floor
configuring for batch execution (constraining the topology of the transportation system,
defining I/O terminal points, setting up the relation: product circulation paths – access to
resources). In the above mentioned context, the "product-driven manufacturing", "intelligent
product" and "semi-heterarchical control" approaches are expected to be developed in the
future; the common concept in this respect considers active holon entities (AHE) extending
the product during its lifecycle with intelligent embedded devices, capable to communicate
wireless with other computing and control devices.

6.4 Roadmap for RTDI: main research directions in the CCIT_RM domain
1. Natural-like human-robot interaction systems for:
- human-personal robot (HPR) communication: assisting people in special, difficult
tasks; assisting aged / disabled people in everyday tasks;
- human-industrial robot (HIR) skills emulation: learning from visual modelling and
interpretation of gestures; cognitive learning for dexterous task reproducing
2. Intelligent control architectures for emergent types of robots: personal robots;
parallel high-speed industrial robots; multiple-arm robot systems
- data fusion for constrained robot motion control
- robot cooperation technologies
- visual robot servoing from feature-based description of environment
3. Robot sculpture:
- robot-driven 3D digital shape reconstruction
- surface generation through procedural tool motion: orthopaedic and surgery expert;
robot-based CARE
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4. Open manufacturing control with agile reconfiguring of robot services
- Agent-Oriented robot coordination; integration in Holonic Manufacturing Execution
Systems (HMES) and service orientation for global sustainable manufacturing
- Product-driven automation, semi-heterarchical production scheduling, intelligent
embedded products
5. Service-oriented technologies for cognitive and collaborative control in robotics
and manufacturing
•

Developments on theory, concepts, methods, frameworks and implementing issues
addressing trends in the service orientation of technology and management applied
to enterprise and robot systems. The unifying approach of these contributions relies
on the practice of disaggregating siloed, tightly coupled business process (at
enterprise level) and assistive, cognitive processes (at robot level) into loosely
coupled services and mapping them to IT services, sequencing and synchronizing the
execution of processes which encapsulate the software description of such complex
business processes related to agile production and inter-robot or human-robot
interaction.

•

From the design point of view, the contributions will approach distributed, open
automatic control architectures, based on: new concepts such as "intelligent
product", "product-driven automation"; distributed, collaborative Artificial
Intelligence- and Information- Technologies: Multi Agent Systems and Holonic
Manufacturing Systems; natural-like human-robot interaction through gestures
modelling and interpreting; collaborative technologies: semi-heterarchical
topologies, swarm intelligence, holonic organization, bio-inspired control strategies.

•

From the implementing point of view, there will included control and information
management solutions which are based on new ICT and services-oriented computing
technologies: infotronic devices and systems, RFID, Wireless Sensor and Actuator
Networks (WSAN), smart energy grids, Web technologies, cloud platforms and
virtualization.

•

Representative applications will be considered, in areas such as: agile, sustainable
manufacturing, robot cooperation, human-robot communication, smart traffic
monitoring and evolvable robotics.

•

Proposed R&D lines:

□ The Service Oriented Architecture (SOA) paradigm and implementing issues for the
manufacturing enterprise:
– Service choreography;
– Orchestration of services;
– Web services technologies;
– Integrating SOA and Multi-Agent Systems (MAS) - SoMAS: services in MAS
and agents in SOA;
– The service-oriented agent and SoMAS approach.
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□ The Open-Control paradigm: extending the hierarchical, master-slave explicit
control with implicit control: societal and environmental mechanisms optimizing
collective performances:
– Fine tuning of a collective property inside an entity, from a centralized level or
as a result of environment monitoring / tracking;
– Changing the dynamics / parameters of the inter-entity dialogue in the societal
optimization mechanism.
□ MAS for agile production reconfiguring through plug-and-operate approach.
□ Holonic Manufacturing Execution Systems (HMES) and semi-heterarchical
manufacturing control through highly distributed, autonomous, adaptable and
efficiently cooperating entities - the holons.
□ Intelligent products and distributed, product-driven automation.
□ Infotronic technologies: RFID, WSAN, EIS (Extended Information Systems) for the
implementing of client order management and product-driven automation.
□ HMS holarchies integrating the entire range of manufacturing activities, i.e. societies
of holons being organized in a hierarchical structure, collaborating to achieve a
global goal by combining their individual skills and knowledge.
□ Swarm intelligence in robotics and manufacturing tasks:
– Emergent collective intelligence;
– Self-organization (stigmergy) and self-adaptation
evolutionary strategies and genetic programming);

(genetic

algorithms,

– Selective application of bio-inspired theories for holonic manufacturing control
and evolutionary robotics.
□ Service orientation in robotics:
– Robot cooperation technologies in multi-arm tasks;
– Web-based remote configuring and control of multiple robot workstations
– Natural-like human-robot interaction systems for:
o Human-personal robot (HPR) communication: assisting people in special,
difficult tasks; assisting aged / disabled people;
o Human-industrial robot (HIR) skills emulation: learning from visual
modelling and interpretation of gestures; cognitive learning for dexterous
task reproducing
– Robot-driven 3D digital shape reconstruction for orthopaedic services

6.5 Established Partnerships
•

EU and ww innovation platforms: EUROP; Living Labs; Smarter Planet (IBM)

•

Interactions in the CCIT_RM domain with experienced researchers from the LARM
partnering institution and other research leading organisations:
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- ERRIC Partnering Institution [LARM, University of Cassino (Italy)]
- RAAD [European Scientific Organisation "Robotics in Alpe-Adria-Danube
Region"]
- GdR-MACS [Groupe de Recherche - Modélisation, Analyse et Conduite des
Systèmes, CNRS, France
- IFAC [International Federation of Automatic Control]: the Technical
Committees on Robotics [TC 4.3] and Manufacturing Plant Control [TC 5.1]
- INCOM [IFAC RTDI network on "Information Control Problems in
Manufacturing"]
- INSER@SPACE [INSEED cloud infrastructure fostering innovation in
service-oriented manufacturing enterprises]: a global collaboration was agreed
in the area of service orientation of enterprise management and control with
the 3-University Consortium [University "Transilvania" of Brasov, Academy of
Economy Sciences of Bucharest, University of Medicine "Carol Davila" of
Bucharest] in the framework of the INSEED national project "Innovation in
Services through Open, Continuous Education"
- EU Universities [research groups of the universities: Clermond-Ferrand,
Valenciennes, Metz (M6); Lyon, Bragança, Nancy (M9)]: common research
lines were defined and collaboration plans set up
• Enforce the identified common research topics with LARM [partner 10 in ERRIC]:
intelligent, high-speed vision-based motion control of parallel robots
• Explore new partnering opportunities with University of Clermond-Ferrand: hybrid
force-position control; adaptive control of constrained robot motion. Assistant
Professor Alexandru Dumitrache, Ph.D. student, spent 6 months (Feb. - July 2011)
for a scientific Ph.D. stage in the Robotic Res. Lab of the IFMA Institute in
Clermond-Ferrand.
• Identify new partnering opportunities in the framework of the ERRIC CCIT_RM
development line: Professor Theodor Borangiu spent 2 weeks in the TEMPO Res.
Lab. of the University of Valenciennes (FR). Collaboration established in the field
of Distributed Intelligence, Intelligent Product and Product-Driven Automation for
Manufacturing, Semi-Heterarchic Holonic Manufacturing Execution Systems.
• National network of excellence on CCIT_RM was set up in partnership with country
universities represented in the Romanian Society of Robotics: University of
Craiova, University "Transilvania" of Brasov, University Politehnica of Timisoara,
University "Gheorghe Asachi" of Iasi, Technical University of Cluj-Napoca
• Set up initial configuration of A&C's EU network on CCIT_RM in partnership with
RAAD, IFAC, INCOM, Smarter Planet affiliated universities:
–

University of Valenciennes (FR)

–

University of Nancy (FR)

–

Ecole Nationale Superieure des Arts et Metiers de Paris (FR)
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–

University of Metz (FR)

–

University OBUDA of Budapest (HU)

–

University of Bragança (PT)

–

New University of Lisbon UNINOVA (PT)

–

University of Porto (PT)

–

University of St Etienne (FR)

6.6 Scientific Documenting and Publishing Scientific Results
• Information on CCIT_RM for KEE was identified , collected and classified: research
papers of staff and PhD students, PhD theses, relevant national and international
projects, FP6, FP7 projects, links to partner sites & sites referring to publications,
conferences and academic departments in the domain.
• CCIT_RM-specific content search and retrieval components, rules and mechanisms for
the ERRIC KEE were carried out.
• Publishing the monograph: Robot Programming (in RO), AGIR Publishing House,
Bucharest, 2010; authors: Theodor Borangiu, A. Dumitrache, F. Anton
• Publishing the article: Image-based Milling Toolpaths with Tool Engagement Control
for Complex Geometry, in Engineering Applications of Artificial Intelligence (to
appear in 2011), authors: A. Dumitrache, Th. Borangiu
• Presenting the scientific paper: Knowledge-Based Adaptive Machining Concept for
Service Oriented Architecture, 1st Service Orientation in Holonic and Multi-Agent
Manufacturing Control SOHOMA'11, ENSAM de Paris, June 2011; authors: A.
Dumitrache, Th. Borangiu (A&C Bucharest), S. Pateloup, G. Gogu (IFMA de
Clermont-Ferand, FR).
• Publishing the article: Collision and proximity avoidance for robust behaviour of realtime robot applications (authors: Alexandru Dumitrache and Theodor Borangiu) in
the Special Issue RAAD of the International Journal of Mechanics and Control
(JoMaC)
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