RoboCup in Higher Education: A Preliminary Report

Elizabeth Sklar, Simon Parsorfs and Peter Storie

L Department of Computer Science
Columbia University
1214 Amsterdam Avenue, New York, NY 10027, USA
sklar@cs.columbia.edu

2 Department of Computer and Information Science
Brooklyn College, City University of New York
2900 Bedford Avenue, Brooklyn, NY 11210, USA
parsons@sci.brooklyn.cuny.edu

3 Department of Computer Sciences
The University of Texas at Austin
1 University Station C0500, Austin, TX 78712-1188, USA
pstone@cs.utexas.edu

Abstract. Since team-based projects have been proven to be an effective ped-
agogical tool, we have been using RoboCup challenges as the basiadsr c
projects in undergraduate courses. This paper unifies severakimdieqt efforts

in this direction and presents early work in the development of sharednees

and evaluation. We outline three courses and describe the related agssspr

in order to make the context of our investigation clear and to make it pogsible
others to replicate or extend our work, and contribute to the sharedreesou

1 Introduction

Educational roboticsthe use of robotics as a form of hands-on learning enviranme
is becoming increasingly common as robot kits are becomiageraccessible and af-
fordable [31]. Creative instructors are finding ways to kescience topics using these
technologies, organizing tournaments around the robbésghergy, enthusiasm and
motivation displayed by students of all ages is unsurpadsechave found RoboCup
— especially Soccer Simulation and the RoboCupJunior ehgts — to be particu-
larly conducive to college-level classroom use. The abtlit demonstrate theoretical
models and complex algorithms with a hands-on, accessibltium strengthens the
learning experience.

In this paper, we document our experiences incorporatingoRap activities into
undergraduate courses with the idea of uniting others wladaing the same. Our aim
is two-fold: one, to create a repository for related cuddacunaterials; and two, to build
a common instrument and database for evaluating the Roble@uging environment.
While we have found the link between RoboCup and traditionarsework in Intro-
ductory Robotics, Atrtificial Intelligence and Multiagentsfems to be a natural one, we
presume that this arises out of our familiarity with Robo@upugh longterm involve-
ment with the initiative. In developing our repository, we &oping to make the notion
of incorporating RoboCup into such coursework a relativesgy task for uninitiated
instructors, by providing syllabi, reading lists and padjdescriptions.



Others have experimented with the RoboCup paradigm in gnaidnate class-
rooms. Coradeschi and Malec used the RoboCup soccer samira course on Ar-
tificial Intelligence Programminig[11]. Birk has developed a course on Autonomous
Systems that uses the Small-Size RoboCup League for m@hesiercise Vidal and
Buhler [34] have developed a series of graduate level cewssemultiagent systems
using the RoboCup Simulation league.

We are also, of course, not the first to use robot kits in an ngmdduate classroom
as a hands-on learning environment. In 1989, Martin cretitedMIT Robot Design
project course (6.270) [16, 18]. Yanco [36] has adopted ¢higrse, ending the term
with a Botbalf tournament. Mataric’s “Introduction to Robotics” [20] tka hands-on
approach to the introduction of the basic concepts in the fi¢lrobotics and con-
cludes with a contest where robots play a ball game in a headld. There are
also courses using hands-on robotics that do not focus ohitegrobotics as the main
subject. Littman’s “Programming Under Uncertainty” [18pthes about methods for
programming under uncertainty and a variety of machineniagrtechniques.

Aside from constructing a shared repository of course riasemwe are interested in
conducting a comprehensive evaluation of the pedagogitaé\of educational robotics
in general and RoboCup activities in particular. Followioig the work of Sklar et
al. [30], we are interested in trying to pinpoint the edumadil value of robotics and
the RoboCup initiative at the undergraduate level. Unitimgtiple instructors means
that we can not only share experiences, but also collectseoevaluation data on a
grander scale, allowing us to perform analysis across aleraabhort, with a range of
academic as well as cultural backgrounds.

2 Robotics in undergraduate education.

Here, we describe three classes where we have successfatlyRoboCup challenges
as term projects.

2.1 Introduction to Robotics.

This introductory course looks at robotics from severakatg technically, historically
and socially. Many of the technical aspects are based onrldataourse described
above. The course is designed for non-engineering studemsin a hands-on expe-
rience with technology, as well as a basic understandingneffield of robotics and
the challenges facing the field today. Part of the coursegaatsgading and discussing
classic material that relates to robots — including normwézal aspects such as sci-
ence fiction, psychology, cognitive science and educalibe.remainder of the course
takes a hands-on approach to introducing the basic conioepisotics, focusing on au-
tonomous mobile robots. LEGO Mindstorms roldaise used, and students must com-
plete two projects with them. First, they must build rob@txecute a line-following
task culminating in a maze contest. Second, they constolctts to play soccer and
perform in a RoboCupJunior style two-on-two tournament.
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(a) Line-following maze (b) Soccer

Fig. 1. Robot contests.

The course begins with an introduction to robotics and abesed artificial intel-
ligence [28]. Then we cover some history and the basics ddliibgi and programming
with LEGO Mindstorms [17, 19], using Not Quite’@4, 5]. The robots are used as ex-
amples for the remainder of the topics, which introduce theegal areas in robotics:
effectors, sensors and control [18, 23]. The area of comrobvered in more depth,
discussing various architectures including deliberatieactive, hybrid and behavior-
based [1, 6, 8, 22]. Learning is also discussed [13, 21, 38]eCtopics presented in-
clude artificial life [3, 10], edutainment [14, 32], cognii science and psychology [7,
24] and science fiction [2].

The course is taught over a 14-week semester. There is orérithe lecture and
one 75-minute lab per week. There are two exams, and studehitsit written lab
reports documenting their software and hardware develomn&hey are encouraged
to record results of tests made and changes to their deSigrdents also prepare aterm
project, presented both written and orally.

Sklar taught this course in Spring 2001 at Boston CofieGienty-seven students
were enrolled, three of whom were female. All were undergadels, and there was
a mix of ages: first year (1 student), second year (3), thia y&0) and fourth year
(13). The Computer Science Department at Boston College isé School of Man-
agement and there is no engineering school in the univessitthe hands-on technical
experience of these students was limited. Sixteen memlbéns class were Computer
Science or Information Technology majors. The rest came flBiochemistry (1 stu-
dent), Communication (1), Economics (4), History (2), Matikg (1), Mathematics (1)
and Physics (1).

The students were placed in groups of three for working orrabetics projects.
Since the experience levels of the class was so diverse;; &d#gned the groups, at-
tempting to balance each group with an equal number of bagjrand advanced stu-
dents. Students were given some lab time during the schitdolerse period in order
to work on the projects. However, this was not enough timeetéegt robots to perform
well in the contests, so many of the students met outsideastdime to work on the
robots. Each student was required to submit a lab reponithdilly, which included
an assessment of the contribution of their teammates. Toebf team members are
never balanced, however the inequities were obvious irwakg the lab reports, even

5 http://www.baumfamily.org/nqc/index.html
6 http://www.cs.columbia.edu/"sklar/teaching/spring20 01/mc375/default.html



without the peer assessment component. Students’ grade$ased on the lab reports,
not on their robots’ performance in the contests.

The two contests were held in a public space and studentsenecgiraged to invite
their friends to watch. The excitement of the crowd and tlsaility of the event moti-
vated students to work harder after the first (maze) contgsteparing for the second
(soccer) contest.

The term projects presented a major challenge for thesemstsidwho were not
typically asked to do any writing in Computer Science clas3éey were required to
submit a brief project proposal several weeks prior to thal fitue date, in order to
get them started and also to provide feedback about the @@ nature of the topic.
The range of topics chosen was quite broad, from the use oteamology in surgical
robots to the history of robots dating back to ancient GreEeeh student gave a ten-
minute oral presentation on their chosen topic. This wdidlf for many students who
were not used to speaking in front of a class. Although disionsfollowing the presen-
tations was encouraged, very little actually occurred aveisl students skipped class
on presentation days when they were not speaking. Coursgatiea results (below)
confirmed that the motivation surrounding the term projeas winimal.

Students were given a survey at the end of the course. Foutygercent of the
class responded. The survey collected demographic datalsmdjueried the students
about their learning experience. They were asked to idemtifich elements of the
course were helpful in learning the material and which eleinef the assessment were
valuable in helping them to solidify and demonstrate theiowledge of the subject.
The results are shown in Figure 2.
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Fig. 2. Survey Results from Introduction to Robotics course, Spring 2001.

Overwhelmingly (83%), the students felt that the labs ,(beilding and program-
ming the robots) was helpful for learning the material, véaaronly 33% said that the
reading was helpful. Seventy-five and sixty-seven percespgonded that the two con-
tests (maze and soccer, respectively) were valuable ifmggipem solidify and demon-
strate their knowledge of the material. This confirms ouuitidn that the hands-on
components provide more effective learning experiencas tither aspects of course-
work, particularly at the introductory level. We speculdtat the readings chosen were
perhaps too advanced for most of the class.

Student comments were overall quite positive, includirgftilowing statements:



— “Great course... loved the lax atmosphere and hands-omierpe. I'd recommend
the course to any CS major.”

— “I'think the class idea is great. It is a great hands-on egpee to try out. The labs
were very fun times.”

There were many comments that the mixed age group was hétpfall students, as
the inexperienced students learned from the more advaanddn assisting others, the
advanced also learned more themselves. Negative remareseg around requests for
more lab time and less time spent on oral presentations.

2.2 Artificial Intelligence.

The modern view of Artificial Intelligence (Al) [28] is that is the study of intelligent

agents — autonomous computing systems that perceive thdioements and act upon
them in a way that both responds to changes in their enviratsrend works towards
underlying goals. Robots are prototypical agents that bawaove around, and react
to, their environments in pursuit of their goals. Thus itighty appropriate to explore
areas of a typical artificial intelligence syllabus usingaotics projects.

This course is designed to give a broad understanding of dki lbechniques in
use today for building intelligent computer systems. Thiégabys broadly follows the
outline of Nilsson'sAtrtificial Intelligence: A new synthes|25]. Students learn about
state-space representations, problem reduction, meaharalysis, and reinforcement
learning. They study search methods including depth-firgtadth-first and best-first
search, as well as hill-climbing and alpha-beta pruningdiate calculus is introduced,
along with various methods of theorem proving. The courgalght over a 14-week
semester, with two 75-minute lectures a week, two examswaddbotics projects.

Parsons taught the course for the first time at Columbia Wsityein Spring 2002.
Thirty-five students were enrolled, of whom 6 were femalesfEhwas a wide range of
students taking the course — the bulk were undergradua88s (6 the 19 for whom
we have this data), but there were also 6 graduate studexksMaster’s students and
PhD students, and even within the undergraduate studesrswias a mix of ages from
first year (1 student), second year (1), third year (8) andtiogear (4). The majority of
the undergraduates were Computer Science majors (74%Yye$heere from biology
(1 student), economics (1), electrical engineering (1)raedhanical engineering (2).

The students formed themselves into groups of three to fodrhad to program
LEGO robots in the Not Quite C programming language to perftwo tasks — a
RoboCupJunior style line-following rescue task (in whitle robot had to follow a
convoluted line, detect an obstacle and back-up, climb @sdehd a gradient, and fi-
nally detect and head towards a light source) and to play alsied version of the
RoboCupJunior soccer task (the robot started at one endtahdasd RoboCupJunior
two-on-two soccer pitch, with the ball at the halfway poiatd the robot had to ma-
noeuvre the ball into the opposite goal, rather like a pgriattk into an empty goal).
The culmination of the project was a contest in which thed#sicompetition was the
cumulative time taken to complete both tasks, and the stad#so wrote a report on

7 http://www.cs.columbia.edu/"sp/4701-2.html



the project. Students were also given the option of an exdit project of building a
dancing robot exactly as in the RoboCupJunior dance cotigeti

Two course evaluations were administered. One was an b#icéduation done by
the engineering school. The other was an informal papeipandil survey given out
in class. The results of the engineering school’s evalnatmwed that 55% of the 33
students who responded gave the robotics project they toudea rating of 5 (on a 5-
point scale) for interest, and two-thirds gave it a rating of 5. Twenty-one percent of
the same cohort of students gave the project a rating of :idbamount learned during
the project, and 58% rated it 4 or 5.

The informal survey probed more into the students’ peroeptif the value of the
project as opposed to other aspects of the course. In partistudents were asked to
identify which aspects of the course most contributed tpihglthem learn the material,
and which aspects were most helpful to them in demonstr&tiogrledge of the mate-
rial. The results are given in Figure 3. These show that tindesits felt that the project
work was not as helpful in learning as some of the more tiaufti aspects of Computer
Science courses, but was more useful than the textbook alitibaal reading material
(which no students felt were useful). The picture is muchsidume for the demonstra-
tion of knowledge, with students rating the contest as meitpftl than the final, but
less helpful than the homework and midterm. The report wesdriast useful of all
(they really hated having to write a report). Despite théeatunencouraging figures
from this second survey, the very obvious enjoyment thatribgrity of the students
took in the projects encouraged us to repeat the experirneribiowing semester.
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Fig. 3. Survey Results from Atrtificial Intelligence, Spring 2002.

The second offering of the course was given by Parsons akBmo&ollege, City
University of New York (CUNY) in Fall 2002 With the exception of the absence of
Masters and PhD students, the cohort was broadly simildratoat Columbia in terms
of the factors we measured. Eighteen students were enrofl@chom 7 were female.
Again there was a wide range of students taking the coursel wea¢ undergraduate
students but there was a considerable mix of ages with 2 dgear students, 3 third
year, 10 fourth year and 2 fifth year studéniBhe majority of the undergraduates were

8 http://www.sci.brooklyn.cuny.edu/"parsons/courses/c is32-fall-2002/
91t is common for CUNY students to take more than four years to complete sirany study
part-time.



Computer Science majors (16 students). The remaining istsicdeere from Political
Science and Business.

In this offering, the project was given much later (due tobbpemns with access to
the robots) and while the teams were the same size (3 styddreroject took the
form of just the line-following exercise described abovgah the project ended with
a contest and there was an extra-credit option to build aidgmobot.

Once again, an unofficial survey was administered, and thatseare presented
in Figure 4. These results are a little more encouraging thase from Columbia.
This time the project was still felt to be less helpful in leiag than lectures or lecture
notes, but on a par with homework and more helpful than amititireadings or the
textbook. In terms of demonstrating knowledge, the stuxlégit that the project was
more helpful than either midterm or final. While gratifyindpese figures should be
viewed with some suspicion. First of all, these studentsdefiselected to do robot
projects (students were allowed to do a non-robotics prajstead if they preferred).
Second, as a result of the other project, these figures agee basa very small sample of
just 11 students. Finally, it seems that some of the reaiibacause it is so unusual for
students at Brooklyn College to get to do project work (indpen comment part of the
survey several confessed that this was the only projecthhdyever done). The effect
of this influence is supported by the fact that broadly simisults were generated by
students who did the non-robotics project (though the varglsnumber of students in
this category makes the results extremely unreliable atldesoare not presented here).
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Fig. 4. Survey Results from Atrtificial Intelligence, Fall 2002.
Comments from the student surveys from both offerings otthese include:

— “When working with the robot, | learnt that nothing is perfécthe real world. A
lot of times the outcome is very unexpected.”

— “It reminded me of why | want to stay away from hardware as magipossible.”

— “It helped immensely! It helped me understand some of theepits covered in the
lecture.”

2.3 Autonomous Multiagent Systems

Autonomous agents and multiagent systems (AAMAS) is ondeffields to which
RoboCup participants have contributed consistently amdnprently over the years.
Despite being the basis for a large subfield of Al, there iseregally accepted defini-
tion of artificial intelligenceagents In loose terms, agents are programs that (i) sense



their environment, (ii) make decisions about how to act dasethese sensations, and
(i) then execute these actions. Autonomous agents dbiiaéetof these steps on their
own, i.e., without a human in the loop. Multiagent systenesaollections of multiple
agents that interact with one another. The field of AAMAS c¢ewewide variety of re-
search foci and applications, including software-baséatination processing, robotic
control of multiple agents, entertainment agents and ingagents [12].

This course provides a broad introduction to autonomoustageith an empha-
sis on multiagent systems. Topics include agent architestinter-agent communica-
tion, agent teamwork, distributed rational decision mgkagent modeling, multiagent
learning and entertainment agents. In addition to teacabaut AAMAS, the course
aims to introduce undergraduates to the full spectrum afaneh activities engaged
in by professional computer science researchers, empmgdize difference between
these activities and the activities of a typical undergeadstudent [33]. As such, the
course includes an open-ended programming project, rgadliom the research liter-
ature, public speaking and writing requirements, and dppdfes to collaborate with
peers. In order for students to succeed, they need to attaastery of the AAMAS
subject. However assessment is based primarily on thdityatsi engage in the full
range of activities required of researchers.

The central focus of the course is a semester-long buildwards a class robotic
soccer competition in the RoboCup Soccer Server [26]. itisdae assigned a series of
four preliminary programming assignments designed tolgerntfamiliar with Soccer
Server and the CMUnited client code [27]. By the end of thesdirminary assign-
ments, they have created a fully functional team (althougthone that is particularly
competent). The students are then encouraged to proposgeasvement on this team
as the topic for their final projects For example, one student proposed to use machine
learning techniques to train a good goaltender withoutragitention to the rest of the
team.

The majority of the readings for this course are primary sesiichosen both to in-
troduce particular topics and to engender some contro\ergy, reactive [9]) versus
deliberative [29] agent architectures). To encourage tingesnts to complete the read-
ings in a timely fashion, they are required to submit a brigften answer to a single
question pertaining to the readings at least 2 hours beffierelass starts. The fact that
the responses are due two hours before class allows thadtmtto incorporate them
into the class discussion. Another effect of the questisitisat the studentdo come to
class prepared to discuss the readings. As a result theeetles@n many extended and
heated class discussions.

An important component of class participation is that eacldent is required to
moderate at least one class discussion pertaining to thek’sveeadings. They are in-
structed to either defend a controversial statement or pgsestion and be prepared to
defend either side depending on how the class reacts. Tigyturns out to be one of
the most difficult for the students to complete. Many of themret used to speaking in
front of a class, and they have rarely been put in the positfdacilitating discussions
as opposed to defending specific positions.

9 They are also given the option to propose a programming project in a gertialomain of
their choice, but typically few students choose to do so.



The course requires a good deal of writing from the studéssbove, the students
are required to provide weekly written responses to questielated to the readings.
They receive feedback pertaining to the clarity and soussinétheir responses. More
significantly, the students are required to write three duents pertaining to their final
projects. First, they write project proposals definingitigeials for their projects as well
as the proposed methods for achieving them. Second, thesertheir proposals and
add a section on their work in progress to create progressteep-inally, they write
final reports in the format of conference papers.

Students optionally work in pairs on the final project. Teamsst write their pro-
posals and reports individually, with clear indicationsadfat role each person played
in the collaboration; and as such, more is expected from them final product. The
robotic soccer project lends itself to such collaboratidgrely since there are many
different ways in which the students can divide up the work.

The class culminates in a simulated soccer tournament. tlidersts are told at the
outset that performance in the tournament will have no megahpact on their grades
(while a strong performanceanhave a positive impact). Nonetheless, the tournament
is a strong motivational factor for the students. Visitars iavited to the event and the
students present their approaches orally and field quastistheir teams are playing.
The performance spread among the teams is often very Isspecially given the fact
that some students do not focus on creating winning teanhslads champions have
been tested against a mid-range RoboCup entry and losfisanily: despite starting
with a fairly detailed client code base, the students areabf# to attain competitive
world-class levels. However, given their time limitatiainés fact is neither surprising
nor discouraging.

Stone has taught this course twice, first at New York Univgisithe Fall of 2001.
Fifteen students were enrolled, only one of whom was fenfdlestudents were Com-
puter Science majors. All were graduate students: 12 nsaatet 3 Ph.D. The second
offering of the course was at the University of Texas at Austiring Fall of 2002,
Again, fifteen students were enrolled, however none werafient his time, the cohort
were undergraduates. Fourteen were seniors (fourth yadrpae was a junior (third
year). Most students were Computer Science majors, witheahminder majoring in
Computer Engineering.

Course evaluations and surveys were administered at thedusoon of both courses.
At NYU, the course was rated 4.5 out of a possible 5 (higheistga At UT Austin, the
course was rated 4.6 out of a possible 5. Student commergsafsvprovided evidence
that the students appreciate the opportunity to be expasthe tvarious components of
scientific research. Both times the course has been rugsitdae student has described
the course in graduate school applications as a primaryatimn for going on to do
research. In addition, two students from the Fall 2002 oftpare actively contributing
to the UT Austin entry in the RoboCup 2003 competition. In oaee, the research is
leading up to the student’s senior thesis.

An informal survey was administered in the middle of the téonthe UT Austin
cohort. Students were asked to rate the programming assigron a scale of 1 to 5.
Thirty-three percent gave it the highest rating; 57% gavbdtsecond highest, while

1 http://www.cs.utexas.edu/"pstone/Courses/378fall02



10% scored it average and no students entered low marksr8tualso rated the read-
ing assignments on the same scale. Twenty percent gavegheshirating; 60% gave
the second highest, 13% scored it average and 7% gave thstimatiag.

Some of the comments from students have included:

— “The discussions we have in class are quite unique, | havedtsuch involving
discussions in any class before;”

— “Format of the class is perfect. I've waited through threargeof college for a class
like this.. .. I like the class so much that my other classeg disappoint me;” and

— “The only thing | dislike about the class is that we are lidite our application of
our knowledge. Our education in Al is directed at implemagt RoboCup soccer
agent. | feel that if we were able to apply our knowledge teo#spects, we would
gain an even better understanding of artificial intelligehc

— “The simulator code was kinda tricky to understand.”

3 Discussion.

The three courses described above offer an interestingaasop, not only in terms of
content and presentation but also in regard to the cohodtudents enrolled. Collec-
tively, the courses have been offered five times at five diffeuniversities, providing
a broad range of backgrounds, demographics and experievels I— from first-year
undergraduates at a private, non-engineering collegeutthfeyear undergraduates at a
large state university, and including graduate students fsoth a public city university
and two large private universities. Thus the positive feetitacross the board in regard
to the robotics projects is an encouraging and significartbfa

Comments about the reading materials were typically letfsusiastic, as the fig-
ures presented in the previous section indicate. Stoneissepwhere students were
required to respond to the reading in short written assignsnand were then given
the opportunity to discuss the readings formally in claased better than the other
courses, where reading was assigned in a more traditionah@na— without written
reading responses and primarily the material was presémtdee instructors in lectures
where questions were encouraged (but infrequent) andstiEouwas not the central
theme. Comparatively, Stone’s classes had fewer studanitspre effective discussion
was possible. Nonetheless, several students from all theses® commented that they
wished there had been better connections between the gsaainl the project work.
This type of feedback is valuable to us and our colleaguempraving the existing
courses as well as designing new ones.

The challenge presented to students who were required te orak presentations
to the classes (in both Sklar’'s and Stone’s courses) is alsable. No matter what
career path is ultimately taken, students need to know haenemunicate their ideas.
The development of oral presentation skills is importard ahould be encouraged,
despite students’ dislike of this aspect of the courseshdper more creative ways of
oral reporting can be incorporated into all the courses.

The evaluations performed on Stone’s course so far is liritegeneralized ques-
tions about whether students liked the course and standastigns about the instruc-
tor and workload. While this level of information is useful @dministrators, we are



interested in gathering more specific data on the studesshing experiences. The
discrepancy in evaluation methodology from one courseriaffeto another is one of

the factors that has spurred us to create the repositornyionedthere. This will include

a standard instrument for measuring the effectiveness exfifsp coursework and the
general RoboCup learning environment.

4  Summary.

We have presented our development of a repository for eidmedtrobotics activities,
particularly focused on RoboCup challenges. Our goal isuitdtan on-line space for
sharing curricular materials and to develop a unified imsat and database for eval-
uating the RoboCup learning environment. As examples ofythe of information we
are seeking and archiving, we have presented an account cbbective experiences
incorporating RoboCup activities into undergraduate sesir

We will continue our efforts with the existing courses désed above as well as de-
velopment of new courses. The Autonomous Multiagent Systmurse will be offered
in Fall 2003 by Parsons at the CUNY Graduate Center and im§@004 by Stone at
the University of Texas at AusttA Sklar is currently adapting her course to an intro-
ductory computer science curriculum, using the robotica hasis for demonstration.
The survey instrument will be adapted to both courses andrastered at the end of
each term.

We hope to encourage others to join in this community ventOte on-line reposi-
tory can be found evolving &ttp://agents.cs.columbia.edu/er . We welcome
contributions and participants.
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