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Abstract

Databasesystemsplay an important role in nearly ev-
ery modernorganization,yetrelativelylittle research effort
hasfocusedonhowto testthem.AGENDA, A (test)GENer-
ator for DatabaseApplications,is a research prototypetool
setfor testingDB applicationprograms.In testingsuch ap-
plications, the statesof the databasebefore and after ex-
ecutionplay an important role, along with the user’s in-
put andsystemoutput.AGENDA componentspopulatethe
database, generateinputs,andcheck aspectsof thecorrect-
nessof outputandnew DB state.
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1. Introduction

A databaseapplicationprogramcanbeviewedasanat-
tempt to implementa function, just like programsdevel-
opedusing traditional paradigms.However, consideredin
this way, the input andoutputspacesincludethe database
statesaswell astheexplicit input andoutputparametersof
theapplication.Thishassubstantialimpacton thenotionof
what a testcaseis, how to generatetestcases,andhow to
checkthe resultsproducedby runningthe testcases.Fur-
thermore,DB applicationprogramsareusually written in
a semi-declarative language,suchas SQL, or a combina-
tion of an imperative languageanda declarative language,
suchasaC programwith embeddedSQL,ratherthanusing
apurelyimperative language.Mostexistingprogram-based
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softwaretestingtechniquesaredesignedexplicitly for im-
perativelanguages,andthereforearenotdirectlyapplicable
to theDB applicationprogramsof interesthere.

2. AGENDA Tool Set

Ourgoalis to assistthedatabaseapplicationdeveloperor
testerin a usable,usefulway. AGENDA consistsof five in-
teractingcomponentsthat operatewith guidancefrom the
tester. Designand implementationdetailsof eachcompo-
nent are provided in [2]. Our approachleveragesthe fact
that the databaseschemais describedformally in the Data
DefinitionLanguageof SQL,in orderto ensurethatthedata
wegeneratesatisfiestheintegrity constraints,andallowsthe
userto provide additionalinformationto guidethegenera-
tion. We want to automatethe testingprocessasmuchas
possible,but not at theexpenseof usability. We don’t want
to burdenuserswith having to describetheirdataand/orap-
plicationsin yetanotherlanguage,asis requiredby existing
approaches.

AGENDA generatesdatathat are known to satisfy the
constraintsandthenpopulatestheDB with it. Furthermore,
thedataisselectedin suchawayasto includesituationsthat
thetesterbelievesarelikely to exposefaultsin theapplica-
tion or arelikely to occurin practice,to assurethatsuchsce-
nariosarecorrectlytreated.In orderto insurethat the data
are consistent,AGENDA takesadvantageof the database
schema,whichdescribesthedomains,therelations,andthe
constraintsthe databasedesignerhasexplicitly specified.
This informationis expressedin a formal language,SQL’s
DataDefinition Language(DDL), which makesit possible
to automatemuchof thetestingprocess.

To addresstheissuesdetailedin [1], we have developed
a tool set, AGENDA, to help test databaseapplications.
TheAGENDA architectureis shown in Figure1. AGENDA



Figure 1. Architecture of the AGENDA tool set

takesasinput thedatabaseschemaof thedatabaseonwhich
the applicationruns;the applicationsourcecode;and“an-
notation files”, containingsomesuggestedvaluesfor at-
tributes.The user interactively selectstest heuristicsand
providesinformationaboutexpectedbehavior of testcases.
Using this information,AGENDA populatesthe database,
generatesinputsto theapplication,executestheapplication
on thoseinputsandcheckssomeaspectsof correctnessof
theresultingdatabasestateandtheapplicationoutput.

Theapproachis looselybasedon theCategory-Partition
method[3]: theusersuppliessuggestedvaluesfor attributes,
partitionedinto groups,which we call data groups. This
datais provided in the annotationfiles. The tool thenpro-
ducesmeaningfulcombinationsof thesevaluesin orderto
fill databasetablesandprovide input parametersto theap-
plicationprogram.Datagroupsareusedto distinguishval-
uesthat are expectedto result in differentapplicationbe-
havior, e.g.differentcategoriesof employees.

Using thesedata groupsand guided by heuristicsse-
lectedby thetester, AGENDA producesa collectionof test
templatesrepresentingabstracttest cases.The testerthen
providesinformationabouttheexpectedbehavior of theap-
plicationon testsrepresentedby eachtemplate.

In order to control the explosion in the numberof test
templatesandto forcethegenerationof particularkindsof
templates,the testerselectsheuristics.Availableheuristics
includeoneto favor “boundaryvalues”,heuristicsto force
the inclusion of NULL valueswheredoing so is not pre-
cludedby not-NULL constraints,heuristicsto forcethe in-
clusionof duplicatevalueswheresodoingis not precluded
by uniquenessconstraints,andheuristicsto forcetheinclu-
sionof valuesfrom all datagroups.

Finally, AGENDA instantiatesthe templateswith spe-

cific testvalues,executesthetestcasesandchecksthat the
outputsandnew databasestateareconsistentwith the ex-
pectedbehavior indicatedby thetester.

The first component(AgendaParser) extracts relevant
informationfrom theapplication’sdatabaseschema,theap-
plication queries,and tester-suppliedannotationfiles, and
makesthis informationavailable to the other four compo-
nents.

The second component (State Generator) uses the
databaseschemaalong with information from the tester’s
annotationfiles, and populatesthe databasetables with
datasatisfying the integrity constraints.Heuristics,listed
above and detailedin [2], are usedto guide the genera-
tion of boththeapplicationDB stateandinputs.

The third component(Input Generator) generatesinput
data to be suppliedto the application.The data are cre-
atedby usinginformationthat is generatedby the Agenda
ParserandStateGeneratorcomponents,alongwith infor-
mationderivedfrom parsingtheSQL statementsin theap-
plicationprogramandinformationthat is usefulfor check-
ing thetestresults.

Thefourthcomponent(StateValidator) investigateshow
thestateof theapplicationDB changesduringexecutionof
a test.The StateValidatorautomaticallylogs the changes
in theapplicationtablesandsemi-automaticallychecksthe
statechange.

Thefifth component(OutputValidator) is similar to the
StateValidator tool. Whenthe applicationquery is a se-
lect statement,it is handledby theOutputValidator;oth-
erwise,it is handledby theStateValidator. TheOutputVal-
idator capturesthe application’s outputsand checksthem
againstthequerypreconditionsandpostconditionsthathave
beengeneratedby thetool or suppliedby thetester.

We believe that databaseapplication testing contains
threelevels: the query level, the transactionlevel, andthe
transactionconcurrency level [2]. Currently, oursystemop-
erateson the query level and the transactionlevel. Ongo-
ing work involvesaddingmorefeaturesto our existing sys-
tem, andextendingour tool set to the transactionconcur-
rency level.
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