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Abstract Even though these examples can be very conviniting,
is unlikely that students have the opportunity to
When teaching formal reasoning in Computer Sciencee€xperiment with any of them during their coursés. |
courses — e.g. in an Artificial Intelligence or @m  can be frustrating to some students to end up wgrki
Formal Logics course — it is challenging to find With highly abstract and/or highly simplified preiohs
compelling practical examples to motivate the stusle ~ that stay quite distant from the motivating exaraple
We introduce in the present article a system toigep ~ shown to them.
students with animations in virtual environment$f® |y the present article we propose artificial agents
interactions of multiple agents, in which the ia&fon — o5ylating virtual environments as an alternatieddf
protocols and the behavior of the agents are spdcif of gpplication of formal reasoning techniques. The
as logical theories. growing sophistication of software systems for @b
The system introduced here has been primarily €ntertainment — most remarkably pushed by the
designed as a teaching aid for undergraduate ssiden cOmputer games industry and interactive digital
enrolled in disciplines such as Artificial Intekigce  television —has made these systems akin to twtheof
and Formal Logics. We nevertheless envisage differe classes of examples mentioned above — they are larg
applications for this system, such as a visuabimati and complex, as well as very widely used. Hence, we
tool for research development in Artificial Intgilince, ~ shall see a growing utilization of formal methods t

and a high level specification tool for prototyping  Support their design and development. Moreovesethe
complex computer games. systems can be scaled down to fit into classroom

examples and exercises, and hence students can have

Keywords: artificial intelligence, games in education ~ the feel of working on such systems as well as the
satisfaction of seeing their own work completed and
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We introduce a software system specifically degigne

; to support the teaching of formal reasoning teatnsq
1. Introduction to Computer Science undergraduate students. The
system has been primarily designed as a teachihg ai
for undergraduate students enrolled in disciplisigsh
as Artificial Intelligence and Formal Logics. We
nevertheless envisage different applications fas th
system, such as a visualization tool for research
development in Artificial Intelligence, and a higgvel
specification tool for prototyping of complex conteu

When teaching formal reasoning to Computer Science
students — e.g. In an Artificial Intelligence or &
Formal Logics course — it is challenging to find
compelling practical examples to motivate the stisle

It is common that lecturers resort to examplestedla

to safety critical systems - for which formal
specification and formal verification are a basic
requirement — or to very large systems, such asesom games.

modern operating systems — whose design andThe use of computer games development to teach
implementation becomes unmanageable without thecomputer science has been advocated by many
disciplined employment of formal methods — or étse  researchers. Among the most remarkable initiatives,
widely used systems, such as search engines andve can mention the Alice project fjAN ET ALLI,
systems to support web-based transactions (e-2006], the MUPPETS project [BRRE ET ALLI, 2006]
commerce, e-banking, etc.) — which must be and the Age of Computing project ARvIG AND LINE,
permanently available, highly stable and highly 2004] for introductory courses. Game development is
reliable, and for which, as a consequence, a pfgvab an engaging activity for Computer Science students,
predictable behavior is most desired. because the end result of their work is appealimd) a



they can have quick feedback of their efforts tsigie extensively and well documented open source project
and implement a software system. and counts on a large and enthusiastic community of

There are indications that artificial intelligenead users and developers.

multiagent systems can improve significantly the SWI PROLOGis one of the most widely used open
quality of the interaction with computer games, source PROLOG implementations. It provides very
contributing to the design and implementation offeno  good quality interpreter and compiler for tRROLOG
believable computer-controlled charactereogBus ET language, wrapped in a high quality programming
ALLI, 2001]. Moreover, computer games have beenenvironment.

propo.sed as the ideal testbed for artificial ingelhce Both Ogre and SWI PROLOG are available under
techniques [RIRD AND VAN LENT, 2000]. LGPL license

Based on these c'on3|de!rat|ons,. we believe that 4rhe SWI PROLOG has a critical feature that allows us
system for prototyping of interactions among selvera to embed thePROLOG engine as a DLL into &

computer-controlled agents, in which the interactio licati h lowi del lIsi
rotocols and the behavior of agents could be fpdci application, thus aflowing us to delegate callsitto
P inside theC code. As an example, we can load a

using a high Ie\(el language — e.g. as close asiess PROLOGcode inC with the code snippet presented in
to first order logic — can be a useful tool. Figure 2:

We have developed a virtual world in which computer
controlled characters interact according to what is
specified in logical theories written aBROLOG

1 PITermv pt(1);

programs. 2 pt[0] = “someprologcode.pl”;
In section 2 we describe the general architectficp 3 PIQuery g = PIQuery(“consult”, pt);
system. In section 3 we present a sample applicatio 4 q.next_solution();

which a single agent interacts with the environment
looking for the shortest feasible path between its
present location and a goal location. In sectiowet

briefly describe some potential applications of our Figure 2: A code snippet for loadinP®ROLOG code file
system in the classroom. Finally, in section 5 we inside aC++ application using an embeddsv| PROLOG

present our conclusions and proposed future work. engine
The present article is a follow up to the project This snippet loads theomeprologcode.pl file
presented in [BvA AND CORREA DASILVA, 2005]. into memory and into th®ROLOG engine instance.

Now we can use the services that are exposed by the
. engine to query the loaded code using BROLOG
2. General System Architecture unification mechanism and dynamically add and ogtra
facts or rules to the engine instance. This wayce®
Our system acts as a server that orchestrates theffectively delegate computing from the serverhe t
interactions between the 3D Engine, tRROLOG engine.
Engine and the studentfROLOGcclient code (Figure .
1). We've decided to use th@gre open source 3D The server and thePROLOG client FOde must
engine [SREETING 2006], and the open SourG@WiI cooperate through the enforcement of a ‘contrdttat

PROLOG engine [WELEMAKER 2006] to develop the is, the server will expose some functionality foet
system. client code to use when developing the agent’sclogi

The functionality of the server can be used indient

code through the writing dPROLOG predicates with

S T oS specific signatures. It's the client’'s responstgilio
write the predicates exactly as the server expects.

In our case, we want to give the client the pobsjtof
controlling an agent that lives in a 3D world. As a
example of interaction, a possible functionality
exposed by the server can be driving the agentigtro
the 3D world. The server will load tHRROLOGclient
Figure 1: Application Architecture code and will try to unify a specific predicate ttha

Ogre is a scene-oriented 3D engine. It is written in instantiates a list of ordered nodes. This list
C++ and it is designed to facilitate the development o corresponds to the path that the agent must travel
applications that require hardware 3D acceleration. through to reach his goal. We'll see this process |
Ogre abstracts away the details to use the graphicaldetail in the next section.

libraries DirectX andOpenGL, and can be compiled in  On the server we have built an infrastructure tal de
different platforms, inCIUding WindOWS, Linux and with the pr0b|em of orchestrating the System’s

MacOS. Ogre is not a game engine; rather it is & components. The class diagram is shown in Figure 3.
generic solution for real time rendering. It is an

Client Code




This problem becomes more interesting if we can add
L . some walls to the environment, thus building a maze
3. Path Finding as a Logical Problem for the robot to traverse on its way to find thersést

path between present and goal locations. One such

Consider a robot in an environment as depicted inmaze can be presented as in Figure 4. These walls a
Figure 3. The robot has information about its pnese constraints to the legal movements of the robot| an
location (as a pair of coordinates), and receivgeal ~ hence can be logically represented as some adalition
location (i.e. a second pair of coordinates). Togify axioms.

the computation of locations and the formulation of g
location-related problems, we assume that the
environment is discrete, and locations are giveseba [E
on a square grid. Our proposed problem — to thetrob
— is to find the shortest path between the presen
location and the goal location.

191.426

Figure 4: A robot traversing a maze to find thers#si path
between its present location and a goal location

Finding the shortest path between two points iteag
containing a maze can be explored in many different
ways in different disciplines within a Computer
Science course: it can be used to illustrate inaoort
Figure 3: A robot finding the shortest path betwien issues e.g. in the design and analysis of algosthm
present location and a goal location first order logic, formal software design and

This problem can be formulated in many different implementation, and artificial intelligence.

ways, depending on the language and the formalism t tpis problem can become much more compelling if the
be emphasized during a lecture presentation. FOrlstudents have the opportunity to appreciate the
example, we can formulate it as a problem in irsler «actical” results of their work. Our system allsuhe

logic: logical theory that characterizes the problem to be

Given a set of axioms that specify the legal partially specified through interactions with thietwal
movements of the robot, two axioms stating the ~ world inhabited by the robot — namely, the preseTd
present location and the goal location of the  goal locations and the geometry of the maze can be

robot, a set of axioms to capture the intended  drawn directly in the graphical representation foé t

meaning of apath between present and goal world. If the constructive proof is successful e. iif
locations (namely, a list of connected locations there exists a shortest path between the intended
with the present location as first location and locations — the shortest path triggers an animaiion
the goal location as last location), and the which the robot walks from its present locationit®
formalization of the notion dength of a path goal.

(namely, the length of the list representing the ¢ 5 jeft to the lecturer to specify what eventsthe
path), find a proof for the following first order virtual world update the logical theory ruling the
sentence: there exists a pathbetween present behavior of the agents in the environment, as asll
and goal locations, such that for all patips what theorems in the logical theory trigger aniimasi
between the same present and goal locations, i, the virtual world. The lecturer can then propose
the length of p; is greater than or equal to the his/her students the formulation and implementation
length ofpo. (as PROLOG programs) of algorithms / executable
These axioms can be encoded IRROLOG program. specifications / logical theories to connect axitima
Clearly, we are interested in a constructive prepfce  theories with constructive proofs of specified tiegos
we would like not only to know that there existpath ~ that generate corresponding relevant animations.
with the desired properties, but also what this st



Figure 5: Class Diagram of the System




In our example, whenever a block is added to aicell
the grid to constitute a mazeP&OLOGfact is added
to the theory, of the form:

obstacle(node(X, Y)),

which indicates that the node on position X, Y loé t
grid is an obstacle.

In order to select a goal location in the grid, theer
has to click on the desired spot on the gfidis adds a
PROLOGfact to the theory, of the form:

goal(node(X, Y)),

which indicates that the node(X, Y) is the goall@of
the agent. The present location of the robot iseds
through thePROLOGgoal clause of the form

findpath(From, Path),

which is triggered whenever a new goal location is

selected. Her&rom is the robot's current position in
the form node(X, Y). Path will represent the
instantiation of a list of nodes.

Depending on the logical theory that is implemerited
the rest of thePROLOG program, a path is found
connecting the present location with the goal liocat
This path is then passed to the animation engihé&hw
effectively takes the robot from its present logatto

Thus, even if we have two exactly equal robot agent
according to the proposed scenario in section 3, we
would have to change the predicates because each of
the robots must have its own goal predicates. For
example, we could use a goal predicate of the form:

goal(node(X, Y), Agentldentifier),

and we would have to change tHendpath
predicate implementation to deal with the new
parameter.

The second consequence is that the dynamism brought
by new agents into the environment has to be taken
into account by the student when he is designisg hi
logic. A shortest path found by a computation few
seconds ago has a chance of not being the shpsttst
anymore as of now because of the new position
assumed by other agent in the nearby surroundings.

The third consequence is that dynamic possibilities
collision come into play allied with the problem of
correctly managing the continuity and discrete atpe
of the environment. The animation aspect of the
simulation is continuous, the agent will incremdigta
move from square to square, frame by frame. But the
agent, and hence the student coding his behawes s
the world as a grid formed by squares, a discrete
perception. This brings synchronization problems

the goal location. Then the cycle can be restarted:when dealing with collision between many agents.

blocks can be added or deleted from the maze aste |
goal location becomes the new present locatiorgva n

goal location can be selected, fIROLOGgoal clause

is triggered, a new path is generated and the robo

walks from present location to goal location.
We provide the class diagram of the system in &dur

The collision problem is illustrated in figure et
agent al calculated his path pl from square sBto s

twhile the agent a2 calculated his path p2 from sgua

S6 to s4. We can see clearly a possibility of sih
between the two agents on the square s5, depeading
their individual speeds. Neither of the agents ksiow

The invocation of the client code happens on aabout this possible collision because they do not

concrete subclass BfathFindStrategy

4. Virtual Worlds in the Classroom

The simulation described in section 3 certainly repe

up for interesting opportunities for lectures in Al

courses. But while it is interesting to hav@ROLOG
interface to program a virtual agent, the systemois

limited to simulate an environment with only oneeW
can have multiple agents dwelling in this virtual

scenario.

A simulation with multiple virtual agents brings
first
consequence is the problem of how do you say to do
server which set of predicate maps to which agent i

important problems into the system. A

the simulation in the client code.

precisely know each other trajectories.

Figure 6: Multiple Agents Collision Problem

We can also have one square discarded by an agent

calculating his path, because the square is clyrent
occupied by other agent. To illustrate this, we lcank

at figure 7, and assume that agent al and a2 have t
same speed. We can see that even though the sfuare

For example, if we have two types of agents in the will be available by the time the agent al arrives,
environment and we would like each one of them to because of the path p2 chosen by a2, agent ahafill
have different algorithms for path finding, we’dvea  be able to calculate his path pl due to the temihpra
to design two different signatures for the square s5 occupied by a2.

findpath(From,Path) predicate. This happens

because thPROLOGengine loads different code files

into the same program space while each agent irestan

must have its own scope, or view of the world.
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Figure 7: Multiple Agents livelock problem SiLva, F. C. L., CORREA DA SiLva, F. S. Um Ambiente

This situation has the ingredients for a liveloakere
agent al and a2 keep changing their positions and
effectively blocking each other way.

Virtual Baseado em Jogos para o Aprendizado de
Inteligéncia Artificial. IV Simpésio Brasileiro ddogos
para Computador e Entretenimento Digital. BragiD®

STREETING, S. OGRE: Object Oriented Graphics Rendering

5. Conclusions and Future Work

Engine.http://ogre3d.orgroos.

In the previous section, we exposed the probleras th WIELEMAKER, J. SWI Prolog. http:/swi-prolog.org

arise when turning our system into a multiple agent
simulation environment. The next step in our wak i
to work on these problems with a concrete example,
that we think it is interestingly enough to be take

the classroom. That would be the problem of theghe
the shepherd and the starving wolf.

In this scenario we have three types of agentsact
one has one specific long term goal. The objeabive
the shepherd is to take the sheep from one canrti®
side of the scenario to the other, while tryingtotect
the sheep from the wolf. The objective of the shisep
trying to survive the wolf. The objective of thasting
wolf is to survive, according to the food chain.

This allows for some interesting interactions among
the students. We could have one group of students t
code the logic for the shepherd, and other groulingo

the logic for the wolf. We could explore
communication problems between the sheep, and also
the problem of walking in formation.

We have shown that our system poses as an integesti
approach for teaching Al because it builds a bridge
between the algorithms and its application witheal r
example. With the multi-agent version we hope that
system turns out to be a great tool for educatrsse

in Al courses in order to build a motivational leiag
environment.
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