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ABSTRACT

The goal of this projed is to increase students interest in Artificial Intelligence, as well as to
promote leaning d the topics that comprise the subjed. We describe the development of a
web-based multimedia delivery method to acamplish this goal. The highlight of the course
material is an integrated simulation environment that alows gudents to develop and test Al

algorithmsin a dynamic, uncertain, visual environment.

In this paper we describe the multimedia goproac to teading Artificial Intelligence dasses
that we have developed and focus on the smulation tod. We present a series of homework
assgnments and projeds that make use of the tool, and evaluate the d@fed of the smulation

environment on students' interest level and confidencein the dassmaterid.

Keywords: Agent design, Java gplicdion, Multimedia delivery, Simulation environment,

Coll aborative environment



INTRODUCTION

Artificia Intelligence (Al) is a field of study that draws from many dsciplines including
Computer Science Mathematics and Information Theory, Cogntive Psychoogy, and
Philosophy. Teading the subed to students from just one of these disciplines therefore
presents a dhallenge. Ensuring that students can apply the ideas presented in class poses an

additional challenge.

In the Department of Computer Science d the University of Texas at Arlington, we have
developed a multimedia delivery method for the foundational classes in Artificia Intelligence
Our classorganizdion centers aroundthe demonstration d Al techniques in an integrated visual
simulation environment. In this paper, we will present the integrated smulation tod, describe
the development of projeds and experiments that use the tod, and evaluate the dfedivenessof
the multimedia gproach toward increasing students interest and undrstanding o the murse

materials.

BACKGROUND

The founditional classes in Artificial Intelligence d the University of Texas at Arlington are
divided into Artificial Intelligence 1 and Artificial Intelligence2. These dasss are offered eath
yea to upperclass undergraduate students as well as graduate students. Students who are

interested in Al must take these dasses before erolling in advanced Al clases.  Students



intending to pusue related Computer Science disciplines aso take these dasses as breadth
requirementsin arder to lean abou the Artificial Intelli gence techniques that pervade Computer

Science disciplines and appli caions.

ACTION

Figure 1: Rational agent design.

Material in the Artificia Intelligence dasss is introduced by describing the ideaof a rational
agent, and then presenting techniques for creaing such these gyents (Rus=ll, 95). A rational
agent is one that uses intelligence to interad with the world in order to maximize epeded
performance. As iown in Figure 1, rational agents operate by receving a percept, or set of
sensory information that the agent can deted abou the environment. A percept represents the
explicit values of external sensors, and therefore does nat necessrily provide dl of the

information an agent would like in arder to make dedsions. A rationa agent must employ



reasoning tedhniques to understand the environment and formulate an appropriate adion, and

change the environment by exeauting a seleded adion.

Studentsin the Al classes lean abou the goals of rational agents, and lean current techniques
for creding these agents. In particular, students need to learn methods of internally representing
information abou the external world. They aso learn methods for problem solving by seaching
through large spaces containing psble environment states, and for generating gdans (or
sequences of adions) to achieve desired gaals. Natural language processng, uncertainty
reasoning, computer vision, and speet processng are dl essential comporents of rational agent
design, and madhine leaning tedniques are introduced so that the aent can improve

performance on any task with experience
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Figure 2: Al classhome page.



Many studies have been conducted that indicate the value of computer-based multimedia and
simulation tods to leaning (Clark, 1997 Graham, 1998 Reinhardt, 1995. Thisis perhaps no
more important than in Computer Science airricula, where students perform a majority of their
work in front of a computer screen. In resporse, we ae developing an environment in which
students can eledronicdly accessal class material. We introduce atod in this environment
which simulates and tests ideas presented in ledures in a dynamic, competitive, and complex

simulated environment.

Figure 2 shows the home page that students use to read hanework problems and solutions,
view online ledure notes and demonstrations, and accessthe rational agent simulator. The focd
point of the dass materia is an oljed-oriented Wumpus World Simulator, which can be
retrieved from http://www-cse.uta.edu/~hoder/wumpus. The Java smulator can be ealy
modified to produce different types of worlds. Using this smulator, students aaquire hands-on
experience with Al techniques and dscover their usefulnessfor intelligent tasks. Because one
common environment is used for a maority of student homework assgnments and projeds,
students can compare the performance of an intelligent agent with and withou eah o the
tedhniques introdwced in class Becaise the environment is objed-oriented in design, eat
student projed adually adds to the caabiliti es of the tod and thus the fedures that can be

leaned by studentsin ather classes.

Other simulation environments exist which aso suppat artificial intelligence reseach and
teading For example, the TileWorld system (Pollack, 1990 suppats smulation d agent

design in a dynamic two-dimensional grid world in which oljeds can appea and dsappea at



spedfied rates. The Truckworld smulator developed at the University of Washington (Hanks,
1993 uses a graph structure to represent conredions between locaions along with trucks can
exeaute delivery plans and respond to urforeseen Stuations.  The Michigan Intelli gent
Coordination Experiment (MICE) testbed (Montgomery, 1990 is yet another smulator which

focuses on multi-agent interadion in atimed environment.

Our tod presents a number of new fedures beyond these other environments. Our system uses
a Java-based server design which fadlit ates visuaizaion d the environment, incorporation d
additional artificia intelligence dasses written in various programming languages, and multi-
platform use. The teading environment we ae developing povides not only the smulated agent
environment but a set of Al algorithms that operate within the environment, including tods for
knowledge representation, search, planning, leaning, vison, uncertainty reasoning, multi agent

coordination, and retural language processng.

THE WUMPUSWORLD GAME

The Wumpus World is based onan ealy computer game. The basis for the game is an agent
who explores an NxN grid world while asoiding a aedure known as the Wumpus. Other
elements of the world consist of obstades, battomless pits (which do nad affed the Wumpus),
and kars of god. The aent startsin the lower left cdl of the world with a single arow in his
arsenal. The objedive of the game is to colled the gald bars, return to the initial grid locaion

and exit the care. The Wumpus is afierce gedure, cgpable of killi ng the agent instantly. If the



agent stepsinto a square cntaining a Wumpus, he diesimmediately. If an agent walks into a pit,
he dies instantly. An example Wumpus World game is siown in Figure 3. This particular
implementation d the Wumpus World follows the description gven by Russll and Norvig

(Russll, 1990.

Gane Horld

Hunber of Trials: (1 Hax Steps/Trialz | 1000 E Start Ganel

=

O 0O

=
@ @ =

00
0

. £ &

Figure 3: Sample Wumpus World game.
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Figure4: Symbalsused by the Wumpus World simulator.

At the start of ead turn, the agent can percave his surroundngs. He has the potentia of
sensing any o five basic percepts and two extended percepts. A stench percept indicaes that a
Wumpus, which emits afoul oda, isin ore or more of the four squares adjacent to the player's
locaion. A breezeindicaesthat apitisin ore or more of the four adjacent squares, and a glitter
indicaes that agold ber is at the aent's current location. A bump is ®nsed whenever the ayent
attempts to move into a wall or an obstade. If a Wumpus is hit by an arrow, the player will

sense awoeful scream, indicaing the Wumpus' demise.

The player may perform any o the following adions: turn left, turn right, go forward, grab
some gald, shoa an arrow straight ahead, and climb ou of the cave. The player can orly climb

out of the care from the start location. The player receves a score of -1 for eat exeauted move.
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Gold bars are worth 1000 pants, but only if the player successully caries the gold ou of the

cave. The gent loses 1000 pants upon dyng, and any gdd that iscaried at thetime islost.

Since there may be more than ore aent in the world, agents are given ore minute to respond
with an adion. If the agent does not come badk with an adion, a NO_OP (no operation) is
asumed, agent loses 1 pdnt, and is ent a new percept. Actions are olleded from the agents,
and the adion d the agent with the highest priority is exeauted first. The priorities of agents are

establi shed by the order in which the agents establish a cnredionwith the simulator server.

One extended percept is a Natural Language Hint: an English sentence that gives ©me kind d
information abou the Wumpus World. Statements might indicae that a particular percept would
be sensed a a cetain gid locaion. On the other hand, hints might be more informative,
indicating the exad position d some objed or some other player in the grid. Grid locaions
mentioned in the hint can either be ésolute references, or relative to the player’s current

locaion and aientation.

The seaond extended percept is a @lor image, showing the contents of the cdl one step away
from the ayent along hsher current orientation. The overall image is a square image in the
ASCII PRV format, and provides visual representation d obstades, Wumpi, agents, pits, and

gold barsfor agiven cdl locationin the Wumpus World.
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The smulation may be set up for multiple trials. Each trial is over when al the agentsin the
grid are ather dead or victorious, or have been in the game for more than 1000steps, where a

new step starts ead time the agents percepts are sent to them.

SIMULATOR DESIGN

Our Wumpus World smulator is designed to provide asimple interfacefor intelli gent agent
design. The smulator suppats multi ple independent agents in the Wumpus World, ead with its
own separate logic and pesbly separate hardware platform. The smulation employs a dient-
server architedure so as to completely separate the smulation code from the agent design. The

simulator uses an oljed-oriented design and can be exeauted onavariety of platforms.

To suppat platform independence and an oljed-oriented design, a Java-based environment
was sleded, and the simulator was implemented using jdk version 12. This language dso
suppats transfer of objeds such as command seledions and sensed percepts between the dient

(agent) and server (Smulator) using Objed Seriali zation.

The smulator consists of five Java Packages. The Action padkage provides interpretation o
valid agent adions, the Client padkage provides the basic agent cgpabiliti es and medanisms for
communicaing between the ggent and the server. The Inpu padkage ntains classes that are
useful for the most frequent 1/O operations, the Percept class contains functionality to pass

percepts between the server and client, and the World padage forms the heat of the smulation.
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The Wumpus World smulator behavesin the foll owing manner:

1. The server isinitialized.

2. The server waitsfor a spedfied number of clientsto conred to it.

3. The dients conred to the server.

4. The server assgns priority to eat agent depending ontheir time of connedion.

5. The server startsthefirst trial.

6. The server sends out an Initial Percept to ead client. This percept is displayed for
ead agent, as srown in Figure 5.

7. The server waitsfor the dientsto respondwithin a cetain time limit.

8. Theserver cariesout the adions pedfied by ead client.

9. If a dient spedfies no adion, the server caries out a default adion (SIT) for that
client.

10. If the agent dies or victoriousy comes out of the cave the game has ended and the
server sends a final percept for that client. If the trials have nat ended, it starts the
next trial, and repeds from step 6. If the trials have ended, then it cdculates the
statistics for ead agent. If the game has not ended, the server sends the next percept
to the dient and repeds from step 7.

Command-line options can be usedto spedfy the world size the number of game trias to
simulate, the number of agents that will be entering the simulator together, the time to wait for
ead agent command, and a port number for the simulator server. A file can be spedfied that
contains world information. In this file, the first line defines the world size Eacd subsequent

line defines an ojed (Wumpus, gald, or obstade), itslocdaion and cktail s abou the objed.
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E‘g Percepts & Status for AGENT: O

PERCEPT INFORMATION

Stench: Ifalse Breeze: Itrue
Glitter: Ifalse Burmp: Ifalse
Screarm: Ifalse

HATURAL LANGUAGE HINT

Hint: a stenchis in square (2,1}

STATUS INFORMATION

Last Action; ITURN_LE FT Anent State; |1
Score: |-1 ArrOws: |1
Gold Fieces: IIZI

Figure 5: Percept information dsplayed for Agent O.

In ou simulator, we provide the Wumpus with a number of strategies. The agent will have to
rely on its reasoning capabiliti es to oumaneuver the Wumpus. Possble Wumpus movement
strategies that can be spedfied include sit, spin, randam, walk, move-to-gad, and move-to-pit.
Using the stay strategy, the Wumpus does not move from its initial position. In the spin mode
the Wumpus exeautes a dockwise drcling movement, and in random mode the Wumpus
exeautes arandam walk. In the move-to-gold and move-to-pit strategies, the Wumpus sleds the

neaest gold (pit) locaion, moves to that location and waits for the agent from that location.
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ASSIGNMENTSAND PROJECTSUSING WUMPUSWORLD SIMULATOR

The Wumpus World smulator provides an excdlent media for demonstrating Al techniquesin
the dasgoom. The simulator also provides a method for students to implement and test their
own versions of these dgorithms. We have developed a padage of assgnments with solutions
that allow studentsto lean abou a variety of artificial intelli gencetechniquesin the context
of the Wumpus World smulator. Eadh projed builds on the foundation o the todl and enhances
the student's previous addition. As a result, much of the overhead involved in designing
Artificial Intelligence programs is eliminated, and students can see how performance of a

rational agent can improve with the introduction o ead new techndogy.

Student submissons are tested and gaded based ontheir performance using dfferent Wumpus
world configurations. Each agent is given multiple trials for ead world, with the knowledge
gained abou the world cumulating from one trial to the next. The agent's performance is
reported as the maximum, minimum, and average performance over multiple trials for eah

world. Here ae the basic assgnmentsthat are given.

Agent 1

Students are initially asked to creae asmple reflex-driven agent that reals the sensor inpu

and makes a dedsion d which adion to seled and exeauite. Because this agent is not looking
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beyond the airrent move, performance will be low. However, this provides a base for

comparison with more sophsticated agents.

Agent 2

Students augment the capabiliti es of Agent 1 by adding state information. The state structure
contains al i nformation the agent has gathered abou the world to this point in the game, and can

be used in seleding the next adion.

Agent 3

In order to lean properties of various sach and problem-solving techniques, students are then
asked to implement a seach engine for the Wumpus World agent. A variety of seach
tedhniques can be explored and their properties compared. Because this agent has the aility to
look ahead at the result of sequences of moves, Agent 3 will in general outperform Agents 1 and

2 but will require more processngtime.

Agent 4

Planning a sequence of moves for the agent can be acomplished using a seach engine, but
many seach agorithms exhaustively consider al combinations of moves and thus require
substantial processng time and computer memory. Al planning techniques are taught in this

class that use principles of logic and constraint satisfadion to more dficiently generate a
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sequence of adions to achieve agoal. In this case, the goal is to grab the god withou being

kill ed.

Agent 5

This agent is cdled DT_Agent, because unlike the other agents, this one has the caability to
reason abou uncertainties in the environment using techniques from dedsion theory. Pieces of
evidence including sensing lreeze (meaning a pit is neaby), stenches (meaning a wumpus is
neaby) and ditter (meaning gdd is neaby) contribute to the probability that a pit, a wumpus, or
gold isin agiven locdion. These probabiliti es are combined with associated rewards (or costs)
to alow the agent to make adedsion that will yield the greaest utility. In this assgnment,
students use astructure cdled a belief network to represent al of the fedures of the environment
andtheir associated probabiliti es, to updete the probabiliti es ead time evidenceis colleded, and

to dedde upona rrespondng adion.

Agent 6

This agent makes use of madine leaning techniques to improve dedsion making with
experience There ae many ways that madine leaning can be used to improve the performance
of the agent. In this assgnment, agents use atednique known as reinforcement leaning to
lean the value of eat adion from a given locaion in the world. Values of the adions are
leaned from past experiences with similar situations, and the values get increasingly acairate &

the number of completed games increases.
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Agent 7

Until this point, agents use only the five basic percepts (stench, breeze glitter, bump, scream) to
deade upon the best adion. Now we aede an arade in the Wumpus World. The orade
provides natural language statements that ad as hints, if the agent is able to parse and undrstand

the statement. Examples of such hintsinclude:

“thewumpusisinsquare1 2’
“thereisapit insquare2 3’
“thegaddisinsquare5 2’

“the wumpus is behind the agent”
“the agent isfadng the wumpus’

“the size of the world is 8x8’

The ayent must parse the sentence (reagnzing the parts of speed) and extrad the information

necessary to aid the agent in dedding uponan adion.

Agent 8

This agent uses additional artificial intelligence capabiliti es to aqquire information. In this

case, agents use their vison system to determine what objeds are in the grid square they are

currently fadng. The agent “looks’ in a spedfic square and receves a PRV image such as the
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one shown in Figure 6. To acarately refled the inacarades vison systems hande due to
shadows, naise in the digitization process and sensor wegknesses, a few random symbals are

placel in pixelsthroughou the image.

= M=

Figure 6: Sample PAM image showing a cél | ocaion containing a pit.

Projects

The first artificial intelligence dassteadies the foundition techniques and is centered around
homework assgnments and examinations. The alvanced artificial intelligence dassincludes a
projed that the students must complete by the end d the semester. Student projeds use the
Wumpus World smulator as a testbed. Sample projeds implemented over the last two yeas

include the following:
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* The adility to make use of multiple agents playing the game as a tean. Agents communicae

information that is learned abou the environment and divide the work between them.

 The aility to navigate in an environment with moving Wumpi. The Wumpi move
acording to ore of a set of posshle strategies. Agents use uncertainty reasoning and
madhine leaning to recgnze the movement pattern and seled an adion based on pedicted

Wumpi locaions.

Becaise these projeds employ the objed-oriented Wumpus World tod, projeds are
incorporated into the simulator to provide more functiondity ead semester the dasss are

taught.

EVALUATION

To asessthe potential benefits of teaching with a visual integrated smulation environment,
we tested students use of the tod over the past three yeas. Student level of interest and
confidence level were tested on material using the smulator and materia that did nd use the
smulator. Additional questions regarding the value and wse of the smulator were dso pcsed

and results tabul ated.
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Mean
SimMateria Non-SimMaterial

Confidence in materia presented in this

4.27 4.17
sedion d the urse (O=nore .. 5=high)
Effed of Wumpus World smulator on leaning

3.59 N/A
(O=nore.. 5=large)
Effed of tod on student interest in materia

3.70 N/A
(O=nore.. 5=large)

We epeded that students would spend more time on smulator-related projeds than on

assgnments which did nd require integration with the smulator. This is becaise knowledge of

Javawas required in ealy versions of the system to work with the simulator, and many students

were leaning Java during this course. However, we dso predict that the confidencelevel with a

particular subjed would increase if hands-on experience using the smulator was obtained.

The results tabulated thus far, shown in Table 1, suppat our hypaheses. Student confidence

in the material employing the simulator was greder than for assgnments which dd na use the
simulator, despite the fad that these homeworks were frequently more difficult. The dfed of the

tod on interest in the material is aso qute postive. Student comments elicited duing

evauation d the dass and d the Wumpus World smulator indicae that the tod is

acomplishing itsintended purpose. A few of these momments are listed below.

*  “The gent shell and code isvery useful for the homework assgnments.”
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* “Thisgraphicd projed hasthe advantage of making it easier to seethe results of our work.”

e “This hands-on approad is a good way to lean material, [the gpproad] answers a lot of
pradicd questions.”

* “ Something very goodwas that we did nd have to implement the whaole environment, but

just insert our agent init. Everythingisarealy there, ready to use.”

Ancther indicaor of the success of this projed is the number of other programs that are
integrating the todl into their classes. The Wumpus World simulator has become so popuar that
the authors of a popuar Al textbook written by Russll and Norvig (Russll, 1999, have
included alink to ou site for our previous C++ implementation d the Wumpus World smulator
(they are aurrently updating the link to include our Java-based smulator, see
http://www.cs.berkeley.edu/~russll/ aima.html). This oftware is accessed an average of 13.22
times ead day (statistics colleded since April 25, 1999, and we have recaved many emall

messages from professors using the software in their classes.

CONCLUSIONS

In this paper we described a multimedia environment for teading Artificial Intelli gence
classes. This environment is built upon an integrated tool that simulates agent-based
techndogies including search, planning, leaning, vision, and language processng. Preliminary
results indicate that students benefit from using this tod in terms of subjed interest, confidence

in the material, and ability to understand and uili ze the presented techniques.
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The smulator can be enhanced in a number of ways. First, we would like to add an ogtion to
chocse between two modes of operation. In TimeOut mode, the server would gve eab client
one minute to respond lefore mlleding adions in a roundrobin fashion, exeauting adions in
order of agent priorities. To avoid unrecessrily biasing agents, the Continuous mode would
exeaute ggent adions asthey arereceved bythe server. We would also like to add fedures sich
as the aility to rotate and scde images for more redistic image processng, and audio

generation d hintsto suppat implementation d speed recognition algorithms.
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