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tact between Luis Moniz Pereira and Helder Coelho

in the Centro de Estudos de Cibernética (center for
studies in cybernetics) created in the Instituto Superior Téc-

The emergence of Al in Portugal results from the con-

\‘ nico (IST), now a school of Universidade de Lisboa. They
& then moved to Laboratério Nacional de Engenharia Civil
(National Laboratory of Civil Engineering) in the early

o 1970s where early work in Al was initiated, together with
0 O 2N Fernando Pereira (currently research director at Google).
‘ - Some of this work included problem solving and reasoning

using logic programming (Coelho 1982). They pursued
their Ph.D. degrees abroad (Luis Moniz Pereira at Brunel
University, London, and Helder Coelho and Fernando
Pereira at University of Edinburgh), as did most of the Por-
tuguese researchers of their generation. This early connec-

B This column explores the emergence of Al in tion with universities abroad contributed to a continued

Portugal, its blossoming Al community, high degree of internationalization of Al research in Portu-
including the association supporting it, and gal.

briefly surveys Al topics currently and histor- The association representing the Portuguese AI commu-
ically explored in the country. nity is called the Associagdo Portuguesa Para a Inteligéncia

Artificial (APPIA). It was founded July 31, 1984, and cur-
rently has 620 active members. Four of its members have
been awarded the ECCAI fellowship (Luis Moniz Pereira in
2001, Helder Coelho in 2002, Pavel Brazdil in 2008, and
José Julio Alferes in 2012). APPIA’s main scientific event is
a biennial international conference, the Portuguese Con-
ference on Artificial Intelligence (Encontro Portugués de
Inteligéncia Artificial) or EPIA. The first EPIA conference
was held in 1985 in Oporto. Since then, the conference has
grown from approximately 50 submissions at its launch to
150-200 submissions in recent years, with an acceptance
rate of about 30 percent (see, for example, Pereira et al.
[2015])).

Copyright © 2016, Association for the Advancement of Artificial Intelligence. All rights reserved. ISSN 0738-4602 WINTER 2016 107



Worldwide Al

Most of the funding for APPIA comes from public
sources, as technology transfer is not widespread
across Portuguese industry. However, there are a large
number of technology-based companies, (such as
university spin-offs), most of them founded by peo-
ple coming from academe. Public funding sources
include both European projects and national proj-
ects, managed by the Fundacado para a Ciéncia e a
Tecnologia (FCT), the national funding agency for
science and technology. About a decade ago FCT ini-
tiated a set of international partnerships connecting
Portuguese and North American universities, namely
with the Massachusetts Institute of Technology,
Carnegie Mellon University, the University of Texas
at Austin, and the Harvard Medical School. These
partnerships have contributed to further deepen the
internationalization level of the Portuguese research
community.

Current Topics

The Portuguese Al research community covers a
broad range of topics. It has strong connections to
industry, as well as other disciplines such as the social
sciences, biology, neurosciences, robotics, linguistics,
and mathematics. This column aims at providing a
brief (unavoidably incomplete) survey of some of
these topics.

The Centre for Artificial Intelligence (CENTRIA)
was the first Al research center in Portugal. Founded
by Luis Moniz Pereira — one of the pioneers of Al in
Portugal — CENTRIA research focuses on using logic
methods for knowledge representation and reason-
ing. CENTRIA has performed foundational research
on logic programming. Recently, besides advancing
the state of the art in logic-based reasoning, it has
studied related topics such as ethics, morality, and
tolerance in the context of Al (Pereira and Saptawi-
jaya 2016).

Another Al pioneer in Portugal is Helder Coelho,
who has made many relevant contributions to sever-
al Al areas, including foundational issues, distributed
Al, and its applications to biology, education, and
economy. He also has contributed significantly to the
dissemination of Al in Portugal, not only to the sci-
entific community but also to the general public
through his writings of 35 books of different kinds,
including those targeted toward general dissemina-
tion, education, and the scientific community.

Emerging from the Grupo de Inteligéncia Artificial
(GIA) group at the Instituto Superior Técnico (IST),
the SISCOG company, founded in 1986, is a software
company that provides decision support Al solutions
to transportation companies, helping with resource
planning and management. In the 1990s the group
developed a solution for train crew scheduling that
was implemented in the Dutch Railways (Morgado
and Martins 1998). The solution was honored with
an Innovative Applications of Artificial Intellligence
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award in 1997. Ever since, the group has been focus-
ing on providing innovative solutions to the trans-
portation industry.

In 1988 the Artificial Intelligence and Computer
Science Laboratory (LIACC) was founded at the Uni-
versity of Porto). The lab focuses on multiagent sys-
tems, machine learning, data mining, and met-
alearning, among other areas. One of the founders
was Pavel Brazdil, one of the ECCAI fellowship hold-
ers. This research center, which has now been inte-
grated into the Institute for Systems and Computer
Engineering, Technology, and Science (INESC-TEC)
at the University of Porto’s Faculty of Engineering,
has made relevant contributions in the previously
mentioned areas (Reis, Lau, and Oliveira 2000;
Brazdil, Soares, and Da Costa 2003).

The Intelligent Agents and Synthetic Characters
group (GAIPS) at the Instituto de Engenharia de Sis-
temas e Computadores — Investigacdo e Desenvolvi-
mento (INESC-ID) in Lisbon has been very active in
the area of intelligent agents, namely in the area of
synthetic characters, serious games, and affective
computing (Prada and Paiva 2009; Dias and Paiva
2005). One of the group’s applications was featured
in the EXPO’98 international exhibition in Lisbon.
The group has been involved in many European proj-
ects and has strong ties with many international part-
ners. The group has extended its area of research out
from purely virtual agents toward real physical
robots. One of its research projects, for example, is an
empathic social robot, based on the iCat platform,
that plays chess with kids. This research has been
evaluated in a series of long-term experiments (Leite
et al. 2014). Recently, the group has extended its
areas of interest to reinforcement learning in the con-
text of social agents.

Also from INESC-ID, the Software Algorithms and
Tools for Constraint Solving group (SAT) led by Jodo
Marques-Silva and Inés Lynce has produced extensive
research in the area of Boolean satisfiability (includ-
ing MaxSAT problems). The well-known GRASP
solver was pioneered by Jodo Marques-Silva (Mar-
ques-Silva and Sakallah 1999). Since that pioneering
effort, the group has contributed to the state of the
art on efficient SAT solvers (Lynce and Marques-Silva
2005), as well as their applications, namely in the
area of computational biology (Lynce and Marques-
Silva 2006).

With strong connections to robotics, the IEETA
research center, based in Aveiro, has targeted a broad
range of areas, namely biomedical informatics, intel-
ligent robots, and information systems. It should be
noted that it has been quite successful in interna-
tional RoboCup scientific events. The CAMBADA
team achieved top ranks in several leagues (Lau et al
2011).

Estela Bicho, from the University of Minho, has
been involved in many European projects focusing
on the problem of cognitive robotics. She has done



relevant contributions in this area, in
particular exploring the wusage of
dynamical systems and dynamical
neural field theories (Bicho, Mallet,
and Schoner 2000).

Research in AI at the Institute for
Systems and Robotics (ISR-Lisboa), one
of the research centers of the Instituto
Superior Técnico (IST) of the Universi-
ty of Lisbon, holds strong connections
with the fields of robotics and systems
and control theory. ISR-Lisboa was a
partner in the European project Robot-
Cub from which the well-known iCub
humanoid robot was developed, and it
has participated in many subsequent
projects, always with a strong compo-
nent on cognitive robotics (Montesano
et al. 2008). They have participated in
RoboCup events since the second edi-
tion of the RoboCup in 1998. This
involvement included not only the
participation in robot soccer, robot res-
cue, and @Home leagues, but also in
the organization of RoboCup 2004 in
Lisbon. The institute’s research
includes decision-theoretic methods
under uncertainty, multirobot systems,
cognitive robotics, and emotion-based
agents (Spaan and Lima 2009; Custo-
dio, Ventura, and Pinto-Ferreira 1999).
The institute holds strong connections
with other disciplines, namely neuro-
sciences, philosophy, and linguistics.

Conclusion

This column has provided a brief sum-
mary of some of the current research
activity in Al in Portugal. There is a
strong, internationally connected
research community that has been
growing since the early 1970s. The
community has conducted research
that crosses the borders of multiple dis-
ciplines including robotics, cognitive
science, linguistics, and philosophy,
among others. Some of this research
has been adopted by industry, leading
to successful companies. Nevertheless,
the vast majority of the AI research
community is supported by public
funding, at both the national and
European levels.

References
Bicho, E.; Mallet, P.; and Schoner, G. 2000.
Target Representation on an Autonomous
Vehicle with Low-Level Sensors. The Inter-
national Journal of Robotics Research 19(5):

424-447. dx.doi.org/10.1177/02783640022
066950

Brazdil, P. B.; Soares, C.; and Da Costa, J. P.
2003. Ranking Learning Algorithms: Using
IBL and Meta-Learning on Accuracy and
Time Results. Machine Learning 50(3): 251-
277. dx.doi.org/10.1023/A:1021713901879

Coelho, H. 1982. Man-Machine Communi-
cation in Portuguese: A Friendly Library
Service System. Information Systems 7(2):
163-181. dx.doi.org/10.1016/0306-4379
(82)90027-8

Custodio, L.; Ventura, R.; and Pinto-Fer-
reira, C. 1999. Artificial Emotions and Emo-
tion-Based Control Systems. In Proceedings
of the 7th IEEE International Conference on
Emerging Technologies and Factory Automa-
tion volume 2, 1415-1420. Piscataway, NJ:
Institute for Electrical and Electronics Engi-
neers. dx.doi.org/10.1109/etfa.1999.813155

Dias, J., and Paiva, A. 2005. Feeling and Rea-
soning: A Computational Model for Emo-
tional Characters. In Progress in Artificial
Intelligence, Lecture Notes in Computer Sci-
ence vol. 3808, 127-140. Berlin: Springer.
Lau, N.; Lopes, L. S.; Corrente, G; Filipe, N.;
and Sequeira, R. 2011. Robot Team Coordi-
nation Using Dynamic Role and Position-
ing Assignment and Role Based Setplays.
Mechatronics 21(2): 445-454. dx.doi.org/10.
1016/j.mechatronics.2010.05.010

Leite, I.; Castellano, G.; Pereira, A.; Paiva, A.
Empathic Robots for Long-Term Interac-
tion. International Journal of Social Robotics
6(3): 329-341. ds.doi.org/10.1007/s12369-
014-0227-1.

Lynce, 1., and Marques-Silva, J. 2005. Effi-
cient Data Structures for Backtrack Search
SAT solvers. Annals of Mathematics and Arti-
ficial Intelligence 43(1-4): 137-152. dx.doi.
0rg/10.1007/s10472-005-0425-5

Lynce, 1., and Marques-Silva, J. 2006. Effi-
cient Haplotype Inference with Boolean Sat-
isfiability. In Proceedings of the 21st National
Conference on Artificial Intelligence, 104.
Menlo Park, CA: AAAI Press.

Marques-Silva, J. P., and Sakallah, K. A.
1999. GRASP: A Search Algorithm for
Propositional Satisfiability. IEEE Transac-
tions on Computers 48(5): 506-5219. dx.doi.
0rg/10.1109/12.769433

Montesano, L.; Lopes, M.; Bernardino, A.;
and Santos-Victor, J. 2008. Learning Object
Affordances: From Sensory-Motor Coordi-
nation to Imitation. EEE Transactions on
Robotics I 24(1):15-26. dx.doi.org/10.1109/
TRO.2007.914848

Morgado, E. M., and Martins, J. P. 1998.
CREWS NS: Scheduling Train Crews in the
Netherlands. AI Magazine 19(1): 25-38,
1998.

Pereira, F.; Machado, P.; Costa, E.; Cardoso,
A., eds. 2015. Progress in Artificial Intelligence:

Worldwide A

17th Portuguese Conference on Artificial Intelli-
gence (EPIA-2015), vol. 9273 of Lecture Notes
in Computer Science. Berlin: Springer.

Pereira, L. M., and Saptawijaya, A. 2016. Pro-
gramming Machine Ethics. Berlin: Springer.
dx.doi.org/10.1007/978-3-319-29354-7

Prada, R., and Paiva, A. 2009. Teaming Up
Humans with Autonomous Synthetic Char-
acters. Artificial Intelligence 173(1): 80-103.
dx.doi.org/10.1016/j.artint.2008.08.006

Reis, L. P.;; Lau, N.; and Oliveira, E. C. 2000.
Situation Based Srategic Positioning for
Coordinating a Team of Homogeneous
Agents. In Balancing Reactivity and Social
Deliberation in Multi-Agent Systems, Lecture
Notes in Computer Science vol. 2103, 175-
197. Berlin: Springer. dx.doi.org/10.1007/3-
540-44568-4_11

Spaan, M. T. ]., and Lima, P. U. 2009. A Deci-
sion-Theoretic Approach to Dynamic Sen-
sor Selection in Camera Networks. In Pro-
ceedings of the 19th International Conference
on Automated Planning and Scheduling
(ICAPS), 279-304. Palo Alto, CA: AAAI
Press.

Rodrigo Ventura received the Licenciatura
(1996), M.Sc. (2000), and Ph.D. degree
(2008) in electrical and computer engineer-
ing from Instituto Superior Técnico (IST),
Lisbon, Portugal. He is a (tenured) assistant
professor at Instituto Superior Técnico (IST)
of the University of Lisbon, and a member
of Institute for Systems and Robotics (ISR).
He has several publications in international
journals and conferences, on the topics of
field and service robotics (aerial and land),
emotion-based agent architectures, and
humanoid cognitive architectures. He is
founding member of the Biologically
Inspired Cognitive Architectures Society. He
is member of the editorial boards of the Bio-
logically Inspired Cognitive Architectures jour-
nal (Elsevier), International Journal of
Advanced Robotic Systems (Intech), and
Revista Iberoamericana de Inteligencia Artifi-
cial (IBERAMIA). He participated in several
international and national projects in the
areas of artificial intelligence and robotics.
His current research interests include
human-robot interaction and human-aware
navigation in service and field robots, deci-
sion making under uncertainty, and cogni-
tive robotics in general. He is also the coau-
thor of two national patents on innovative
solutions for robotic systems.

WINTER 2016 109



