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Abstract

A goVista is a web-basedsearchenginethat assistgprogram-
mersto nd algorithmsand implementationghat solve speci c
problems. The searchengineis not keyword basedbut ratherre-
quiresusergo provide (input=) output)sampleghatdescribehe
behaior of theirneededalgorithm.

A goVista is easyto use.To searcHor aparticularalgorithmor
classifya combinatoriakstructurea usersimply drawsthe queryin
adrawing paneon awebbrowser Theresultof the searchis alist
of links to webresourceslescribingor providing implementations
of thealgorithm.

A goVista hasmary interestingapplicationsin an educational
setting. The searchenginecanhelp researctstudentsclassify ob-
scureproblemsandlocatealgorithmsthatwould otherwisebe hard
to nd in textbooks. Studentsanalsoaddcallsin their own pro-
gramsto A goVista's databasef executableproblemspeci ca-
tions in orderto dynamically checkthe correctnesof their pro-
grams.Finally, instructorscanuseA goVista to setnovel assign-
mentsin algorithmsanddata-structurelasses.

This paperreportson the useof A goVista in two algorithms
andtheoryclassespneattheundegraduateandoneatthegraduate
level.

1. Introduction

A goVista is a novel, web-basedearchengineaimedat help-
ing programmerocatetheoreticaresultsfrom ComputerScience.
A programmercan simply draw an example of the behaior of
an algorithmthey arelooking for and A goVista will searchits
databasdor problemsthatmatchthis behaior. The databaseur
rently containssome350 problemdescriptiondrom thegraph,nu-
meric,andgeometricdomains.

Theexamplein Figurel shavs a situationwherea programmer
is looking for a problemthat “computesthe shortestpaththrough
all the cities on a map’? The queryis formulatedby drawing a
weightedgraphandindicatingthatthe functionthe programmeis
looking for shouldmap this graphto the number5. A goVista
repliesthatthis lookslike aninstanceof the Traveling Salesman
Problem andprovideslinks to relevantresources Any correctin-
stanceof TSPwould have worked equallywell. Furthermorethe
programmercould have expressedhe graphasan adjaceng ma-
trix, or couldhave mappedhegraphto alist of thenodegraversed,
thesubgraphthatmakesup thetour, etc.

A goVista is basedon a techniqueknown as program ched-
ing [4] developedin thetheorycommunityasanalternatve to test-
ing and proofs of correctness.The ideais for a programmerto
extend their programswith cheders to allow themto verify the
correctnesof the resultsthey compute. A goVista's database
of problemdescriptionds, in fact, populatedwith suchcheclers,
calledchedlets

A goVista hasmary usesin aneducationaketting[8] andwe
will exploresomeof themin this paper:

1. Studentscantesttheir own understandingf a particularalgo-
rithm by askingA goVista if aparticulardraving representan
instanceof a particularproblem. For example,a studentcould
draw thethequery

to ask“is the pathon theright of ==> atravelingsalesmariour
of thegraphontheleft?”

2. Studentsnvolvedwith algorithms-relatedesearctprojectswill
often nd thatthey arelooking for an algorithmfor a problem
thatthey have not coveredin ary of their classes.A goVista
provides a simple way of searchingfor and classifying such
problems For example,a studentcoulddrav the query
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Figurel: The A goVista userinterface. The top right frame is an appletinto which the usercanenter a graphical query. The applet
alsodisplaysthe textual and English languagequeriescorrespondingto the graphical one. The bottom frame shaws the result of the
search.

which asks“what is the nameof a problemthattakesthe graph
ontheleft asinput andproduceshelist of nodeson theright”.

A goVista would answer‘this couldbeaninstanceof themax-
imumindependensetproblem” andgive links to moreinforma-
tion aboutthis problem.

. StudentanuseA goVista to classifycombinatoriaktructures
thatthey encounteiin their studies.For example,a studentcan
draw thequery
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to ask“what kind of graphis this” to which A goVista would

answer‘this is a bipartite graph” andgive links to moreinfor-
mationaboultthis structure.

4. Studentswishingto checkthecorrectnessf theirown programs

can add calls in their codeto the checlersin the A goVista
database.

5. Finally, instructorscanuseA goVista to setnovel andinterest-

ing assignmenti classe®on algorithms,databasesandgeom-
etry.

In theremaindeof this papemwe will discusshow A goVista was
usedin two classest the University of Arizona,anundegraduate
classon algorithmsand data-structuresind a graduatetheory of
computatiorclass.



2. Our Contrib ution

Coming up with novel assignmentdn algorithms and data-
structureclassess always challenging. Often, programmingas-
signmentswill askthe studentso implementa well-known algo-
rithm (suchasDijkstra's ShortesPathalgorithm)or data-structure
(suchas a Red-BlackTree). Unfortunately studentscan easily
“borrow” solutionsoff thewebfor suchproblemsasimpleGoogle
query"Dijkstra's Algorithm  Java" will leaddirectlyto
asolutionin sourcecode.

In two classestthe Universityof Arizonawe insteadasled stu-
dentsto write chedletsfor A goVista. This turnedout to have
severaladwantages:

A unique aspectof A goVista is that it is a “communal”
databasewhich meansthat aryone can uploadnew speci ca-
tions into the system. By extendingA goVista, studentscan
feel a senseof “lasting accomplishment’they have addedto a
knowledgedatabas¢hatothersonedaymayuse.Thisis in con-
trastto a standardassignmentvhich is throvn away onceit has
beengraded.

Checkletsare interestingto write. For example,a checkletfor
the TopologicalSorting problemis similar to, but yet very dif-
ferentfrom, the TopologicalSortingalgorithmgivenin analgo-
rithms textbook® Thus, studentsare requiredto comeup with
their own algorithmsratherthan copying themfrom their text-
book.

A checkletis anexecutablespeci cationof a particularproblem.
However, no specialspeci cation languageneedto be learned
sincecheckletsarewritten entirely in Jasa which moststudents
alreadyknow.

A goVista is a completelyself-containedweb-basedsystem.
Usersdo not needto downloador install ary specialsoftware.
Rather they uploadnew problemspeci cationsby lling out
formsin a standardveb-bravser

A goVista wasusedfor programmingassignment#n two dif-
ferent classesduring the Spring of 2002. “Foundationsof Com-
puting”, CS344,is an undegraduatecoursefocusingon the use
of mathematicainductionin problemsolving,in programveri ca-
tion, andin proofs.An assignmentequiredstudentso write check-
lets for the following graphalgorithmsand properties: Eulerian
cycle, Hamiltonian cycle, testingif a given graphis connected,
andtestingif a given graphis a tree. A secondclass,“Theory
of Computation"CS573,is a graduatecoursein compleity the-
ory, approximatiorandrandomizedalgorithms.Oneof the home-
work assignmentsequiredstudentso write checkletsfor the NP-
completeproblemsinteger Programming, Longest Path, Set
Partition, Max-Cut, andDominating Set.

3. Example Assignment

Hereis a descriptionof an assignmentisingA goVista. The
studentsaregiven a brief summaryaboutA goVista andencour
agedto try out examplesthat arealreadyin the database An ex-
amplecheckletis presentedn detail asfollows: Figure 2 shavs
a very simple classthat checksfor the rational addition prob-
lem. Whenyou write a checkletyou have to implementfour meth-
ods. Description()simply returnsa shortstring that describeghe
problem. ProtoExamples(returnsa set of examplesin a very

1f thechecklettomputesalist sortedn topologicalorderandcom-
parest with theinputinstancethis will notalwayswork correctly
sincetherecouldbedifferentlists thataretopologicallysorted.

simple query language. In the examplein Figure 2, the query
((4,7),(5,6))==>(59,42) saysthatthe resultof 2 + 2

is %. The References() = methodsreturnsan array of webre-
sourcesfor the problem. Finally, the Check() methodreturns
true if ((al,a2),(bl,b2))==>(01,02) In this case,
the checkletis said to accept otherwiseit fails. The aguments
to Check canvary dependingon whatthe structureof the queryis

thatit checksfor.

Typically, the assignmentvould requirethe studentsto create
severalcheckletsandto addthemto the databaseWe considemone
problem(thelongestpathproblem)in detailbelow:

A checkleffor thelongestpathproblemshould,for example,ac-
ceptfor thefollowing query:

Therearea coupleof thingsto noteaboutthis query:

Thereis morethanone possiblelongestpath,andthe checklet
shouldaccepffor all of them.

Marny otherqueriesfor the longestpath problemwould alsobe
possible.For example,the usermight chooseto mapthe graph
to theactuallengthof thelongestpath(4 in our case).Typically,
thiswill meanthatwe have to write morethanonechecklet.This
is notnecessaryor thecurrentassignment.

The usermight have chosento representhe graphasan adja-
ceng matrix ratherthanalinkedstructure.A goVista will au-
tomaticallytransforma querybetweerthesecommonrepresen-
tations,so this is somethingyou don't have to worry aboutfor
thisassignment.

Thegraphicalqueryabove canalsobe expressedextually:

Digraph([d,b,f,e,a,c],[b->d,a->b,b-> e,
e->f,a->e,c->e,a->c]) ==> [a, b, e, f

The rst part of this queryis the graph(expressedasa list of

nodesfollowedby alist of edges)thesecondartis ==> which

separatemput from output,andthelastpartis thelist of nodes
(the longestpath of the graph). The A goVista appletactu-
ally translateshe graphicalqueryto this textual counterparand
transferdt to the searclengineitself for processing.



4. Example Implementation
Studentsaregivendetailedinstructionshow to write andaddthe
checkletto the database:

1. First a student must go to the appropriate web page,
algovista.cs.arizona.edu

2. Next thestudentmustregisterin orderto contribute. Thisis not
usedto track the studentsbut ratherallows themto keeptheir
own setof checkletsseparatérom everyoneelse.

3. A templatefor the new checkletcan be dowvnloadedfrom the
webpage.

4. The studententersthe checkletname,suchasLongestPath
andentersa queryexample,suchas

Digraph([d,b,f,e,a,c],[b->d,a->b,b->e,
e->f,a->e,c->e,a->¢)) ==>[a, b, e, f]

for thelongestpathproblem.

5. Thisresultsin atemplateclasswhichis produced.The student
cannov modify anduploadto the sener. Thetemplateis pure
Java— the studentcando anything thatthey typically dowhen
they write Java programs.

Figure3 shaws the templatefor thelongestpath. The students
taskistoreplacethereturn  false statementwith codethat
determinesf olist  containsthe nodesof the longestpath of
theinputgraph.It is OK for thecheckletto thron anexceptionif
theinputis malformedn someway. AsfarasA goVistais con-
cerned,throwing an exceptionis identicalto returningfalse
(i.e.,notaccepting).

For NP-hardproblemslike Longest Path the studentsare al-

lowed to usean exact (exponentialtime) or an approximation
algorithm,sincetheinstancesrefairly small,andrunningtime

is notthemainpriority?. For problemsn P, ef ciency is required
or elsetheentiredatabasd&ecomeslower.

Every queryis aninstanceof theclassalgovista.server.
CL.Object The API for A goVista containsmary sub-
classesof algovista.server.CL.Object which are
usedto createquerieson graphstreesvectors.etc.

6. The studentis alsoresponsibl€or searchinghe web to locate
interestinginformationaboutthe LongestPath problem. These
links arethenaddedo the References()  method.

7. The studentthenuploadsthe checkletto the sener for testing
andcompilation. If the A goVista sener detectsary errorsin
the checklettheseare returnedto the studentwho will getthe
opportunityto correctthem,uploadagainetc.

8. After the checklethasbeensuccessfullyaddedto the database
the studentcan immediately try some querieson it. The
A goVista appletcan be instructedto only searchthe users
checkletsratherthanall the onesin the databaseThis is useful
duringdehugging.

2Notethatanoptimizationformulationof anNP-hardproblemsuch
as TSPis differentfrom the decisionproblemnormally found in
textbooks. In the decisionproblem TSPy = hG; k;Ti we are
asled to verify thatthe tour T is a hamiltoniancycle of G with
costof mostk. This cancertainlybe donein polynomialtime. In
the optimizationproblemTSP, = hG; Ti, on the otherhand,we
areasled to verify that T is a minimum costtour of G, which is
hard.

5. Related Work

Interactve World Wide Web (WWW)-basedearningtoolsarein
thefocusof researclior alargenumberof computerscienceeduca-
tors[5, 7]. Suchtoolsallow studentgo actively engagen thelearn-
ing processn andout of the classroom.Mary of these however,
quickly becomenbsoleteashardware/softvareplatformsandoper
atingsystemshange With theadwentof platform-independer#p-
plications therearefar greatempossibilitiesfor creatingmoreuseful
educationatools. While mary computersciencecourseffer on-
line accesgo handoutssyllabi, homevork assignmentsolutions
and other staticdocumentspnly a few have begun to exploit the
full potentialof the new technologyavailableto us.

Intelligent tutoring systemshave beenan areaof researchn ar
ti cial intelligencefor several decades.The primary application
of thesesystemsis providing feedbackand tutoring the student
ratherthan gradingresponses.Mary systems,suchasthe LISP
Tutor [2] andthe GeometryTutor [1], focuson abstractproblem-
solvingskills andthusaremorecomplicatedhanouraimshere.

Sinceour notionof answerspeci cationandcheckinginvolvesa
strongvisualizationcomponentit is alsorelatedto previous work
on the visualizationof algorithmsand datastructures.Thereis a
rich literaturethatdescribeshebene tsof conceptvisualizationin
educationsettings. Algorithm animationis a standardool to al-
low studentso visualizean otherwiseabstractoncept.Algorithm
animationhasbeensuccessfullyusedfor visualizing graphalgo-
rithms, sorting,andsearchingto namea few exampleg[11]. Sim-
ilarly, programcodeanimationalso helpsin the learningof new
programmindanguagesFinally, conceptanimationhasalsobeen
successfuin communicatingdif cult conceptsuchas nite state
automatg6]. Toolsfor creatinganimationsof datastructuresand
algorithmshave alsobeendeveloped[10]. Interactve tutorialshave
beendesignedandtheir positive impacton studentiearningevalu-
ated[3]. Electronicbookshave beenproposedanddeveloped,in
which hypertet, interactve animationsaudioandvideo partsare
integratedin aweb-basedtand-alon@ducationatesourcd5].

6. Summary and Future Work

We have shavn how the web-based,communal, A goVista
databaseof executableproblem descriptionscan be usedto cre-
ateinterestingprogrammingassignments theoryandalgorithms
classesThe systemwasusedfor the rst time duringthe Springof
2002. We will continueto useit in classegluringthefall semester
to gatherfurtherexperiences.

A goVista couldalsobeusedasatool for programveri cation
in a Software Engineeringor mid-level programmingclass. Since
thecheckletsn A goVista's databasareaccessiblever the net-
work they canbereferencedby ary students Javaprogramto check
the correctnessf their algorithmimplementation.For example,a
studentwriting a sortingroutine could addthe codebelow to their
programto checkthatit hasthe correctrun-timebehaior:
public  static int[] sort  (int[] input)  {

int[] output = ..;
if  ('AlgoVista.check(input,output,"Sorting")
System.err.printin("Sorting failed!");
}
InstructorscoulduseA goVista checkletsn asimilarway to ver-
ify programmingassignmentsiWe hopeto try theseapplicationsof
A goVista in futureclasses.

A goVista is operational at algovista.cs.arizona.
edu. Any educationalinstitution can useit immediatelyor can
chooseto downloadthe free sourceandinstall it on alocal sener.
Thesystemis describedn detailin [9].
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public class RationalAdd extends algovista.server.database.IntPair_IntPair2 IntPai r {

/I A short description of the Rational Number Addition problem.

public  String  Description() {return "Addition of Rational  Numbers";}

/I One or more accepting examples. These are used during checklet verification.

public  String[] ProtoExamples() {return new String[l{"((4,7),(5,6))==>(59,42)"}; }
/I References (consisting of a name and a url) to online resources.

public  algovista.server.database.Reference[] References() {

return  new algovista.server.database.Reference[|{
new algovista.server.database.Reference(
"Ask Dr. Math",
"http://forum.swarthmore.edu/dr.math/faq /fag.i nteger s.html ")

}

/I The checker for the problem. Returns true if the arguments form an instance of
/I of the Rational Number Addition problem. Returns false or throws an exception otherwise.
public  boolean Check(long allong a2long bllong b2long ollong 02) throws Throwable {
al *= b2 * o2
bl *= a2 * o02;
ol *= a2 * b2,

return  ((@l1 + bl) == ol);
}
Figure2: A simple checklet.
public class LongestPath extends algovista.server.database.Digraph2Vector {
public  String[] ProtoExamples () {
return  new String[|{
"Digraph([d,b,f,e,a,c],[b->d,a->b,b->e e->f, a>ec ->ea >c])== >[ab, ef]} ;
}
public  boolean Check (
algovista.server.CL.linked.Digraph in_G,
algovista.server.CL.Object olist[]) throws Throwable {
return  false;
}
}

Figure 3: A checklettemplate for the LongestPath problem. in _Gis the input graph and olist  the list of nodesin the (proposed)
longestpath.
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