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Abstract

The SNePSesearctgrouphashuilt severalimple-
mentationsof an embodiedcomputationalcogni-
tive agentcalled Cassie,basedon the Grounded
Layered Architecture with Integrated Reasoning
(GLAIR). In this documentwe describea new im-
plementationin which Cassies bodyandtheworld
aresimulatedn CrystalSpaceanervironmentfor
building 3-D games.We describetheimplementa-
tion of Cassiein a Crystal Spaceervironmentin-
cluding her currentsuite of actionsand her sim-
ulatedvision system. Crystal Cassieis a tool for
cognitive modelingandtestingcognitive theories.
We brie y discussour rst useof theresultingsim-
ulatedcognitive agentandour experiencesisingan
off-the-shelf3-D productto build acognitive agent.

1 Intr oduction

The SNePSesearchgrouphasbuilt severalimplementations
of anembodiedcomputationaktognitive agentcalled Cassie
[Shapiro, 1998; Shapiroet al., 2000; Shapiroand Ismail,
2001], basedon the Grounded_ayeredArchitecturewith In-
tegratedReasoning{GLAIR) [Hexmoor et al., 1993; Hex-
moor and Shapiro,1997; Shapiroand Ismail, 2003. There
hasbeenonemajor hardwareimplementatiorof Cassie us-
ing a commercialNomadrobot, and several simulatedver
sionsusingvariousgraphicaluserinterfacesfor hererviron-
ment and to display her behaior to humanobserers. In
this documentwe describea new implementationjn which
Cassies body andthe world are simulatedin Crystal Space
[Tybemgheinet al., 2004, an ervironmentfor building 3-D
games.In Section2 we brie y describethe architectureve
areusing.In Section3, we discusgheimplementatiorof the
architectureandhow the piecesof thesimulationt together
In Section4 we brie y describethe current rst useof this
simulationasatool for cognitive modeling.And in Section5
we discusour experiencesisingCrystalSpaceasan off-the-
shelf3-D gamingervironment.

2 The Architecture

The simulationis basedon the Grounded_ayeredArchitec-
ture with Integrated Reasoning(GLAIR) [Hexmoor et al.,

1993; Hexmoor and Shapiro, 1997; Shapiro and Ismail,
2003, a three-layerarchitecturefor cognitive roboticsand
modeling cognitive agents. It consistsof the Knowledge
Level, the Perceptuo-Motot.evel, andthe Sensory-Actuator
Level.

The Knowledge Level (KL) is the “conscious” level of
the cognitive agent. It is the location of symbolsaccessi-
ble to reasoningandto naturallanguagenteraction,includ-
ing the “abstract-leel representationsf objects” discussed
in [CoradeschandSafotti, 2001a;CoradeschandSafotti,
2001b;Shapiroandismail, 2003. Thatis, the KL is thelo-
cationof the conceptghatthe cognitive agenthas,including
its conceptof objectsin theworld.

The Perceptuo-Mototevel (PML) is the level of the cog-
nitive agents physicalrepresentationf objects.At thislevel,
theobjectsarerepresentetly n-tuplesof their physicalchar
acteristicssuchas shape,material,and size, ratherthan by
their KL concepts.The PML is alsothe locationof the cog-
nitive agents well de ned skills, including naturallanguage
understandingndgeneratiorandthe primitive actionsof the
KL—those skills which do not require consciousreasoning
from the agent. In practice,the PML is often separatednto
three parts [Shapiro, 1998; Shapiroand Ismail, 2003, re-
ferredto asthe PMLa, PMLb, and PMLc. Details of the
implementatiorareto befoundin Section3, below.

The Sensory-Actuatokevel (SAL) is wherethe low level
control of the cognitive agents motorsand sensorgreal or
simulated)s located.

3 The Implementation of a GLAIR-based
Cognitive Agentin a Crystal Space
Environment

3.1 The Four Processesf Crystal Cassie

The CrystalSpaceversionof CassigCrystalCassie)s com-
posedof four separatgrocesses.Two of the processesx-
plicitly implementpartsof the GLAIR architectureone is
usedfor naturallanguagenteractionwith a humanuser and
thefourth containghesimulationof theagents physicalbody
andtheworld itself. The processeareconnectedisingstan-
dardIP soclets.Eachof theseprocessess describedn more
detailbelov. Figurel shavs thefour processesheir soclet
connections,and the parts of the GLAIR architecturethat
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Figure1: A schematioof the four processesshoving how
they communicatavith eachotherandwith theuser andhow
the variouspartsof the GLAIR architectureare distributed
amongthem.

they implement.The gure alsoshavs theinterfacebetween
CrystalCassieanda humanuser/interlocutor/obseer.

ProcessP1 implementsthe KL, andthe top two partsof
the PML. It is is written in Allegro CommonLisp. The KL
is identical to the FEVAHR knowledge level describedin
[Shapiroandismail, 2003 but with differentdomainknowl-
edge. It is implementedusingthe SNePSknowledgerepre-
sentatiorandreasoningsystem ShapircandRapaport1987;
Shapiroand Rapaport,1992; Shapiroand the SNePSIm-
plementationGroup, 2004. Symbolsin the KL are im-
plementedas terms in the SNePSlogic [Shapiro, 1993;
Shapiro,2004.

Proces<P1 also containspartsof the PML. The top sub-
level of the PML (the PMLa) is where the agents well-
de ned skills (KL primitive acts)areimplemented|t is also
the placewherenaturallanguageunderstandingand gener
ation occurs. Natural languageinteractionis implemented
usinga GATN grammai Shapiro,1982;Shapiro,1989.

The secondsub-level of the PML (the PMLb) imple-
mentsthe connectionbetweenthe PMLa andthe restof the
simulatedagent. In previous simulations,[Shapiro, 1998;
Shapiroand Ismail, 2003, the connectionwas madeusing
the Lisp foreign function interface. In Crystal Cassie,the
connectionsaare madeusing soclet connections.The PMLb
hasfour oneway connectiongo thePMLc (describedelow).
Theseconnectiongachrepresenbneof theagents cognitive
modalities[Shapiroandismail, 2003.

The rst connectionis a one-way naturallanguage(NL)
input connection(a “hearing” modality), over which sen-
tencesare sentasstrings. Thesestringsarethensentto the
GATN parserat the PMLa level, which translategheminto
the SNePXKR language.

The secondconnectionis a one-way NL outputconnec-
tion (the agents “speech”modality) from the PMLDb to the
PMLc. Sentenceandphrasegrom the GATN generatolare
sentthroughthis connection.

TheAction connectior(the movementmodality)is usedto
sendactionrequestsrom the PMLb to the PMLc/SAL layer.

The Vision connection(the vision modality) is a one-way

found the table.

Figure2: Theusersview of theNLI procesgluringasample
interaction.

connectionfrom the PMLc to the PMLD, over which is sent
a seriesof n-tupleswith therelevantfeaturesof all of the ob-
jectsthatarecurrentlyvisible to the agents simulatedvision
system.SeeSection3.4 for moreaboutthe simulatedvision
system.

Theremainingthreeprocesseall currentlyusethe Crystal
Spaceools[Tybemgheinetal., 2004 andarewrittenin C++.

Proces$2implementshe PMLc andthe SAL. ThePMLc
mediatedetweerthe PMLb andthe SAL. This procescon-
trols Cassies sensor@andactuatorsandconnectsll theother
processe$o eachother The PMLc hasthe four soclet con-
nectionsto the PMLb discussedabore. The SAL hasthree
more connectiongo the remainingprocessesEachof these
connectionsaandits functionis describedbelow in the para-
graphdevotedto theprocesst is connectedo.

The Natural Languagelnterface (NLI) process(P3) uses
the crystal spaceconsolewindow asa consolethat the user
usesto type naturallanguageext to the agent. This process
connectgo the SAL via a socket connectiorusingthe Crys-
tal SpaceC++ socletwrappers.TheNLI sendsonesentence
atatime, asa singleline, to the SAL, andlistensto its net-
work connectiorfor replies. It printsthefull text of any text
it recevesprependedvith the string “Cassiereplies:” to its
display Figure2 shavstheNLI display

ThelastprocessP4,implementghesimulationof Cassies
body, andthe simulationof the ervironmentthat Cassiein-
teractswith. P4 displayswhat Cassiecansee,shaving the
resultsof her interactionswith the ervironment. SeeFig-
ures3 and6 for views of what P4's displaylookslike. The
simulatedbody connectsto the SAL with two soclet con-
nections. The Action Connectionis a two-way connection.
The simulatedrobot body recevesactionrequestgrequests
to turn motorson or off, forwardor backward)from the SAL.
Cassies bodywill thenacton thoserequests.Theseactions
may or may not producea changein the world. (e.g. ask-
ing Cassieto move forward when sheis up againsta table
will not accomplisharything.) In orderto bettermodelac-



Figure 3: The P4 display shaving a sampleview of what
Cassiecansee:a computeidab with two peoplein it.

tual robots,thereis someuncertaintybuilt into the simulated
robot. Whenthe simulatedbodyrecevesactionrequeststhe
actualdistancetraveled may or may not be the amountre-
guestedy thehigherlevels. Whenanactionis nished (with
eithersucces®r failure)the simulatedbodysendghe SAL a
short‘actioncomplete’messagevertheAction Connection.

The Vision Connectionis a one-way socket connection
from thesimulatedobotbodyto the SAL. Thebodysendsi-
sioninformationin theform of a stringconsistingof a space-
deliminated4-tuple of {material, shape |ocation, size} val-
ues. The SAL translateghis simulatedsensordatainto the
“physical-level representations{Coradeschiand Safotti,
2001a;Coradeschand Safotti, 2001b;Shapiroandlsmail,
2003 appropriatgo the PML.

Cassies simulatedvision systemcanonly seeandsendvi-
sualinformationaboutobjectswhich appeaiwithin her rst
persomerspectie of theworld. SeeFigures3 and6 for sam-
plesof whatCassiecansee.Cassies PML only recevesfea-
ture tuplesfor thoseobjectswithin hervisual eld, thatis,
thoseshavn on P4's display

Togethey thesefour processesmplementa working cog-
nitive agentbasecn the GLAIR roboticarchitecture.

3.2 Crystal Cassies Environments.

Crystal Spaceervironmentsare de ned in a Crystal Space
speci c XML text le format. The le de nesthegeometry
of all of the objectsin theervironment,includingtherooms,
andmaterialsassociatedvith thoseobjects.

Objectsare rst de ned by a seriesof verticesgiven by
<X, Y, z>world-space&oordinatesthex, y andz valuesof the
coordinatesare each oating point numbers.Thesevertices
are then usedto de ne polygons. In Crystal Space,as an
optimization,only onesideof apolygonis visible: thevisible
side is the one de ned by the list of verticesin clockwise
order Polygonsarethengroupedtogetherto form objects—
eitherroomsor objectsin therooms.

In orderto bevisible, eachpolygonmustalsohave a mate-
rial associateavith it. Materialsareimagesof thevisible fea-

Figure4: The oor planof thesmallersuiteof interconnected
rooms.

turesof objectsin theworld. Forexample,in Figure3“wood”

is amaterialonthetableobject. A materialis generatedrom

animage le in a CrystalSpacedatalibrary . Most standard
image le formatsaresupportedCrystalSpacedatalibraries
areimplementedhszip archivesreferencedn a CrystalSpace
speci c con guration le. The heightandwidth of material
imagesmustbe somepower of two, thoughthe heightand
width neednotbe equal.CrystalSpacewill thentile the ma-

terial acrosghe associategholygons.The syntaxallows ma-

terialsto be scaledbeforebeingtiled on the polygon,sothat
userscancreatebetterlooking worlds.

Crystal Spacecalls objectsin roomsmeshes.Meshesare
prototypedonceas a group of vertices,polygonsand asso-
ciated materials,and canthen be usedin ary or all rooms
de nedin the le. Meshesandroomscanbothhave “keys”
associatedvith them. Thesekeys areignoredby the Crys-
tal Spaceengine,but canbe queriedby userprograms.This
way objectsin the world canhave customizeduserdataas-
sociatedwvith them.Eachobjectin our ervironmentshastwo
keys associatedvith it, onefor shapeandone for material.
We usethesekeys in our simulatedvision routinediscussed
in Section3.4.

Most commercialgameengineshave a graphical“world
editor” for usersto designtheir ervironments.CrystalSpace
doesnot yet have a native world editor, althoughthe Crystal
Spaceprojecthassuppliedserseral programgo corvert ervi-
ronmentles generatedby somecommerciaworld editorsto
CrystalSpacdormat. At thetime we weredesigningour en-
vironment,however, thesetools did not make useof mary of
the Crystal Spacefeaturessowe built our ervironment les
usingatext editor.

We did usethe automatedoolsin oneinstance.Thevery
complex shapesf the robotsand peoplein the world (See
Figures3, 6, 7, and 8) were generatedrom public domain
andfreely availableQuale Il model les. Thesemeshesare
eachcomposedf several hundredtriangles. We usedCrys-
tal Spacecorversiontoolsto corvertthe Quale Il formatto
crystal spaceformat and then memgedthe resulting le into
our environmentde nition le.
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Figure5: The oor planof the larger suite of rooms,with a
garageattachedht the bottom.

We arecurrentlyusingtwo differentervironmentswith the
Crystal Cassiesimulation. The rst is a small suite of four
interconnectedoomswhose oor plan canbe seenin Fig-
ure 4. The secondervironmentis a much larger suite of
roomswhose oor plancanbeseenn Figure5.

Theroomsin thesmallersuitecontaintables chairs drink-
ing glassesbottlesandsometimesobots. Thelargersuiteis
intendedto resemblea wing of an academidouilding. It in-
cludes:two classroomsvith chairs,tablesandwhite boards;
a computerab with chairs,tables,computersmonitorsand
keyboards;a loungewith a stove, tableand Pepsimachine;
and a secondlab with bulletin boards,a table with a large
machineon it, anda ling cabinet. The larger suiteis con-
nectedo a parkinggaragewith asinglecarin it. Eithersuite
canalsohave peopleor robotswanderinghroughit. Figure3
shavs a view of the computerlab in the larger suite, con-

tainingsomechairs,tables,computerandmonitors,andtwo
people.Figure6 shovs aview of aroomin thesmallersuite,
containinga tablewith a bottleandseveralglasse®onit, and
two robotsroamingabout.

3.3 Crystal Cassies current suite of actions

Currently Crystal Cassiehasa small repertoireof primitive
actswhich shecanuseto build more complex behaior by
reasoningandplanningatthe KL. At the mostbasic,Cassie
canbetold to turnleft or right, or to go forwardor backward.
Essentiallyin this way shecanbetele-operatedhroughnat-
ural language. Cassiealso hasa primitive act for looking,
whichis usedto invokethesimulatedvision (seeSection3.4).

Findinganobjectthatis in the currentroomis alsoa prim-
itive act. Cassiewill look andthenturn andthenlook again,
repeatingthis sequencauntil eithershe nds the object, or
completesa 360degreerotation.If shecannotnd theobject
in thisroom,shemustreasorattheKL abouthow to look for
it in anotheroom.

Currently Cassies nal primitive actis to go to an ob-
ject. In orderto go to an objectshehasto be looking at it,
which meanghatshehasfoundit. Whengoingto anobject,
Cassieusesthe locationandsizevaluesin thevision 4-tuple
(seeSection3.4) of the PML descriptionof the object. The
locationis the object's centerof gravity. The sizeis the ob-
ject's largestradiusin the <x,z> plane. When Cassiegoes
to anobject,sheplotsa straightline coursefrom hercurrent
positionto a positioncloseto the object. This new position
is calculatedusingthe locationvaluefor the objectandthe
sumof the sizevalueanda small constant.Cassiewill then
move alongthis straightline until shereacheshe new point.
(Obstacle-aoidances plannedfor the nearfuture.)

Unlike previousversionsf Cassiefollowing amaoving ob-
jectis notaprimitiveactin CrystalCassieln orderto follow
amoving object,Cassiemustreasorthrougha seriesof nd-
ing andgoing-toacts.

3.4 Simulated Vision.

Processe®1, P2, and P4 of Crystal Cassieall play partsin
the simulatedvision system.Vision informationis only sent
by the simulatedrobot body whenit recevesa look action
requestCassiebgginsthe simulationnotlooking atanything,
andwill only consciouslylook at the world if herreasoning
attheKL triggersanactionthatrequireslooking. Whenshe
doesthe PML actof looking, the requesis sentto the SAL,
which asksthe robotic bodyto look at the world andinform
it of the objectsthatarecurrentlyvisible.

At the level of the simulatedrobot body, the objectsvisi-
ble to Cassiearethosealsovisible to the userviewing P4's
display (seeFigures3 & 6) Oneexceptionto this is thatbe-
causeof a peculiarityin how Crystal Spacemarksthingsas
visible, Cassiecannotseethroughdoorsinto adjacentooms.
This limitation is discussedurtherbelovn. Cassiehasa view-
ing angleof about60to 70 degreesin asingledirection. The
view is similar to whatis visible in mostcommerciaimmer
sive 3-D computergames.

The look act, at the level of the simulatedrobot body; is
implementedasa P4 methodwhich is calledfrom the Crys-
tal Spacelibrariesvia the C++ callbackmechanism.When



Figure 6: A view of the smallerervironmentfrom the P4
display shaving a room containinga table, on which is a
bottleandseveralglassesandtwo robots.

requestedCrystal Spaces renderingalgorithmwill call this
methodfor every objectthat Crystal Spacemarksasvisible.
Thisincludesboththe mesheshatarevisible,andthevisible
rooms:the currentroom andnearbyvisible rooms. For each
object,the shapeand materialkeys (seeSection3.2) are ex-
tracted. We areusingthe key valuefor materialratherthan
thenameof theactualmaterialfor two reasonsThe rst rea-
sonis a limitation of the Crystal SpaceAPI in the version
we areusing. The nameof the materialis not availablefrom
the polygonobjectassociatedvith it. The secondreasorfor
usinga materialkey (shouldthe rst issuebe resohed)is a
simpli cation of the simulatedvision. Someobjects,suchas
the glassestable,andbottlesin Figure 6 have a single ma-
terial on all of their polygons. However, otherobjects,such
asthe computemonitorsin Figure3 have multiple different
materials;somepolygonshave one materialand otherpoly-
gonshave another In orderto simplify the simulatedvision
algorithm,we choseghe materialthatwe felt wasmostsalient
asthematerialkey value.This eliminategheproblemof rec-
ognizinganobjectfrom differentviewing angles.

In additionto the shapeandmaterialkeys, the vision call-
backalsoretrievesthe object's currentcenterpointin world
coordinatesndcalculategheradiusof theobject. Thesedata
pointsform the 4-tuple{material, shape ocation, size} for
thecurrentobject. Whenthe callbackhas nished with all of
the currentlyvisible objects the 4-tuplesof thoseobjectsare
sentto the SAL in P2.

The simulatedsensorcontrolsin the SAL currently send
the4-tuplesfrom thevision systemunchangedo the PML.

At thePMLain P1,avisiontupleis “parsed”to seewhat
kind of thing it is. In the PML thereis a datastructurecon-
tainingalist of “alignments”betweer{material, shape}pairs
and Cassies conceptf the categyoriesof thingssheknows
about(for example,the category of woodentables). Once
this kind of basicobjectrecognitionis doneat the PML, the
KL mustbe invokedto reasonaboutexactly which speci ¢
objectCassieis looking at. The KL usesthe locationinfor-

mationfrom the 4-tupleto reasoraboutwhich objectCassie
is looking at. It is impossibleto distinguishbetweemmary of
theobjectsin theervironmentusingonly their shapeandma-
terial. The glassesn Figure 6 cannotbe distinguishedwith
only shapeandmaterialnor cantherobotsin thesamegure.
However, Cassiecanreasorabouttheidentity of theglassshe
is looking at by reasoningaboutits location.

The Crystal Spaceteamrecentlyreleaseda new version
of the Crystal Spacegraphicstools. The original callback
methodthatwe usedfor doingsimulatedvisionwasremoved
in this new version. The original versionusedto returna list
of objectsvisible in the currentroomonly. Thereplacement
mechanisnthatwe areusingnow, will returnall thoseobjects
markedas“probablyvisible” by the system.Objectsmarked
probablyvisible areall thosewith atleastpartof theirbound-
ing box within the view frustumof the P4 andeitherin the
currentroomor in a nearbyroom. Unfortunatelythis canin-
cludeobjectsthatarecompletelyoccludedby thewalls sepa-
ratingadjacentooms.As a simpleway of correctingthis, we
cull outall mesheghatarenotin the currentroom. However
doorsandthe adjacentoomsthemselesarestill visible. In
orderto seeobjectsin anadjacentroom, Cassiewill have to

nd adoorwayandgo throughit.

4 The First Useof Crystal Cassie.

The rst useof CrystalCassids asatest-bedor developing
a computationatheory of identifying perceptuallyindistin-
guishableobjects[Santoreand Shapiro,20024. Two objects
are perceptuallyindistinguishabldo a cognitive agentif the
agentcannotnd ary differencen theirappearancby using
its sensorsBy identifying perceptuallyindistinguishableb-
jectswe meanthe following: whenanagent nds an object
thatis perceptuallyindistinguishablérom oneit hasencoun-
teredbefore,the agentidenti es the objectif it successfully
decidesvhethertheobjectis thesameoneit encounteregre-
viously, or if it is anew object.If the objecthasbeenencoun-
teredbefore,and the agenthasencounteredanore than one
suchobjectbefore,the agentshouldalsoknow which oneit
is currentlyencountering.

We are developinga computationakheory of identifying
perceptuallyindistinguishableobjectsbasedon humanper
formanceat the task. We have usedthe sameervironment
that Cassieoperatesn to performa protocol-analysiexper
imentwith 69 subjectson a seriesof tasksthatrequirethem
to identify perceptuallyindistinguishableobjects. The data
from theseexperimentsarecurrentlybeinganalyzedandwiill
bereportedn [Santoreet al., Forthcoming.

Thetasksperformedby the humansubjectswhich Crystal
Cassiawill alsohaveto perform,arecountingperceptuallyn-
distinguishablestationaryandmoving objects,andfollowing
moving objects. The countingtasksare donein the smaller
suite of rooms. The following tasksare donein the larger
suiteof rooms.

Therearetwo conditionsin eachof the countingexperi-
ments. Whencountingstationaryobjects,in the rst condi-
tion, the roomsthemselesall have a differentmaterial,and
soareperceptuallydistinguishableln the secondcondition,
theroomsdiagonallyoppositeeachotherhave the samema-



Figure7: A robotusedin thetasksthathumansubjectgper
formed,andwhich Cassiemustperform.

terial and are thereforeperceptuallyindistinguishablehem-
seles. Thereare alsotwo conditionsin the experimentin
which the subjectmust count moving objects. In the rst

condition,all of the objectslook lik e therobotshown in Fig-
ure?. In the secondcondition,someof the objectslook like
therobotin Figure7 while therestlook like therobotin Fig-
ure8.

Thereare three conditionsin the following experiments.
In the rst, the objectto be followedlooks like the robotin
Figure7 andthereare several perceptuallyindistinguishable
robotswanderingrandomlyin the suite. In the secondfol-
lowing condition, the objectto be followed againlooks like
Figure7 andseveralperceptuallyindistinguishableobotsare
following their own pathsin the suite. The third condition
requiresthe subjectto follow a personwhile several percep-
tually distinguishablepeoplefollow their own pathsthrough
thesuite.A view from thislastconditionis shavnin Figure3.

The large suiteof roomsis complicatedenoughfor future
experimentawith othertasksfor CrystalCassie.

5 Experiencesusing Crystal Space

Whenwe decidedo useanexisting 3-D graphics/gamingn-
gine for the next simulatedrobotto be built on the GLAIR
architectureyve neededatool with a publishedAPI. We also
wanted,if possibleanenginewith publicly availablesource
code,sowe couldbuild the engineoursehesfor differentop-
eratingsystems. We had two possibilities,we could usea
commercialgameenginethat had releasedhe sourcecode
for its gameundera public license,or we could usea pub-
licly availableenginebuilt by a groupof hobbyistsfor their
own enjoyment.

At thetime, id Software* hadreleasedhesoftwarefor their
original Quale gameengine;they have sincereleasedhe
softwarefor someof their newer Quale enginesaswell. The
bene t of usingthistypeof enginewasthatthe APl would be
well de ned and x ed. The dravbackwasthatthe compary

http://mwwwidsoftware.com/

Figure8: A secondobotusedin thehumansubjects'andin
Cassiestasks.

was no longer supportingthe product,so we would have to
X ary bugsor addary new featuresve needed.

The3-D enginegproduceddy hobbyistshadacomplemen-
tary setof bene ts and dravbacks. Bugs are always being
x ed,andnew featuresare beingadded. However, this can
make the API quite unstable.On the otherhand,the origi-
nal designersare available to answerquestionsand provide
support.

Given theseconsiderationsand the tools available when
this projectstartedwe chosethe CrystalSpacesngine which
is a hobbyistproject. BecauseCrystal Spacedevelopmentis
ongoing,we haveto adjustour codewith everyreleasdo re-

ect APl changesTheCrystalSpacealeveloperdncludealist

of mostof the necessarghangeswith eachrelease.Recent
releasedhave reducedthe numberof necessarghangesira-
matically The communityof hobbyiststhat designanduse
the Crystal Spaceenginesupportsprojectsbuilt using Crys-
tal Spacetools by quickly answeringmost questions. The
chancesrefairly goodthatsomeonevill know which of the
hundredof C++ classegshatcomposeCrystalSpacewill be
thebestto usefor a particularneed.

We have usedCrystal Spacewithout modi cation asa set
of sharedlibraries, on both Linux and Solaris platformsas
anoff the shelfsolutionto our 3-D engineneeds.lt provides
enoughe xibility in building ernvironmentgo allow areason-
ably complex ervironmentfor our agentto explore.

Crystal Spacehas performedadequatelyas a library for
developing a simulatedcognitive agent. Crystal Spacestill
hasafew holesin its API, andtheCrystalSpaceDesignersare
workingto x them,andarecommittedto doing sowithout
creatingtoo mary incompatibilitieswith previous versions.
Overallwe have beenableto useCrystalSpacesuccessfully

6 Conclusions

Crystal Cassieis a simulated cognitive agent, built on
GLAIR, an existing architecturdor representinghe control
of cognitive agents SNePS a knowledgerepresentatioand



reasoningystemandCrystalSpaceanoff theshelf3-D en-
gine producedby a communityof hobbyists.CrystalCassie
canunderstandcindgeneratesentencefn a fragmentof En-
glish,andhasa smallsuiteof primitiveactswhichshecanuse
to performalargerrepertoireof actionsthroughtheinterven-
tion of herreasoningsystem.GLAIR is a three-layerarchi-
tecture themiddlelayerof whichis separateéhto threesub-
layers. These ve layersareimplementedn two processes,
written in different computerlanguagesthat communicate
over four soclet connectiongepresentinghe modalitiesof
speechhearing vision, andaction. ThelowestGLAIR layer
communicatesvith two additionalprocessesmplementing
Cassies sensorand effector organs,over two two-way, and
oneone-way socket connectionsfor naturallanguagenter-
action (two-way), action (two-way), and vision (one-way).
The processthat containsCassies vision organ and action
effectorsalsocontainsa programthatoperateghe simulated
world thatsheoccupies A humanuser/interlocutor/obseer
cantalk with Cassieusinga keyboardanddisplayconnected
to her natural-language-interactiggrocessandcanobsenre
the simulatedworld “through Cassies eyes” via a displayat-
tachedo theworld simulator

CrystalCassiewasdesignedandimplementedn orderto
develop a computationaltheory of identifying perceptually
indistinguishableobjects. We have designeda number of
tasksthat shewill have to performto demonstratéhis abil-
ity, and have recordedprotocolsfrom a numberof human
subjectsperformingthe sametasksusingthe keyboardand
world-simulationdisplayto “drive” throughtheervironment.
The data from theseexperimentsare currently being ana-
lyzed,andthetheoryis currentlybeingformulated.

We have found Crystal Spaceto be a satishctory set of
toolsfor implementingareasonablgomplex ervironmentfor
a simulatedcognitive agent.We arewilling to sharethis en-
vironmentwith otherinterestedesearchersyho shouldcon-
tactthe rst authorof this paper
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