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Abstract

Databasesystemglay an importantrole in nearly ev-
ery modernorganization,yetrelativelylittle reseach effort
hasfocusednhowto testthem. AGENDA, A (test)GENer
ator for DatabaseApplications s a reseach prototypetool
setfor testingDB applicationprograms.In testingsud ap-
plications, the statesof the databasebefore and after ex-
ecution play an importantrole, along with the user’s in-
put and systemoutput. AGENDA componentpopulatethe
databasegenemteinputs,andched aspect®f thecorrect-
nessof outputandnew DB state
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1. Introduction

A databasapplicationprogramcanbeviewedasan at-
temptto implementa function, just like programsdevel-
opedusing traditional paradigms However, consideredn
this way, the input and outputspacesncludethe database
statesaswell asthe explicit input andoutputparametersf
theapplication.This hassubstantialmpacton the notion of
whata testcaseis, how to generatdestcasesandhow to
checkthe resultsproducedby runningthe testcasesFur
thermore,DB applicationprogramsare usually written in
a semi-declaratie language suchas SQL, or a combina-
tion of animperative languageanda declaratve language,
suchasa C programwith embedde®QL, ratherthanusing
apurelyimperative languageMost existing program-based
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softwaretestingtechniquesare designedexplicitly for im-
perative languagesandthereforearenotdirectly applicable
to the DB applicationprogramf interesthere.

2. AGENDA Tool Set

Ourgoalis to assisthedatabasapplicationdeveloperor
testerin ausable usefulway. AGENDA consistof fivein-
teractingcomponentghat operatewith guidancefrom the
tester Designand implementationdetailsof eachcompo-
nentare provided in [2]. Our approachleveragesthe fact
thatthe databaseschemas describedormally in the Data
Definition Languagef SQL,in orderto ensurghatthedata
we generataatisfiedheintegrity constraintsandallowsthe
userto provide additionalinformationto guidethe genera-
tion. We want to automatethe testingprocessas much as
possible but not at the expenseof usability. We don’t want
to burdenuserswith having to describeheir dataand/orap-
plicationsin yetanothedanguageasis requiredby existing
approaches.

AGENDA generateslatathat are known to satisfy the
constraintandthenpopulategshe DB with it. Furthermore,
thedatais selectedn suchaway asto includesituationghat
thetesterbelievesarelik ely to exposefaultsin the applica-
tion or arelikely to occurin practice to assurghatsuchsce-
nariosarecorrectlytreated.In orderto insurethatthe data
are consistent AGENDA takes advantageof the database
schemaywhich describeshedomainstherelationsandthe
constraintsthe databaselesignerhas explicitly specified.
This informationis expressedn a formal languageSQLs
DataDefinition LanguaggDDL), which malkesit possible
to automatenuchof thetestingprocess.

To addresgheissuedetailedin [1], we have developed
a tool set, AGENDA, to help test databaseapplications.
The AGENDA architecturas shovnin Figurel. AGENDA
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Figure 1. Architecture of the AGENDA tool set

takesasinputthedatabasschemaf thedatabasenwhich
the applicationruns;the applicationsourcecode;and“an-
notation files”, containingsome suggestedraluesfor at-
tributes. The userinteractively selectstest heuristicsand
providesinformationaboutexpectecbehavior of testcases.
Using this information, AGENDA populateshe database,
generatefmputsto the application executesheapplication
on thoseinputsand checkssomeaspect®f correctnes®f
theresultingdatabasstateandthe applicationoutput.

Theapproachs looselybasedon the Category-Partition
method3]: theusersuppliessuggestedaluesor attributes,
partitionedinto groups,which we call data groups This
datais providedin the annotatiorfiles. The tool then pro-
ducesmeaningfulcombinationof thesevaluesin orderto
fill database¢ablesandprovide input parameterso the ap-
plication program.Datagroupsare usedto distinguishval-
uesthat are expectedto resultin differentapplicationbe-
havior, e.g.differentcategoriesof employees.

Using thesedata groupsand guided by heuristicsse-
lectedby thetester AGENDA producesa collectionof test
templatesrepresentingabstracttest cases.The testerthen
providesinformationaboutthe expectedbehaior of theap-
plicationon testsrepresentetly eachtemplate.

In orderto control the explosionin the numberof test
templatesandto force the generatiorof particularkinds of
templatesthe testerselectsheuristics.Available heuristics
include oneto favor “boundaryvalues”, heuristicsto force
the inclusionof NULL valueswheredoing so is not pre-
cludedby not-NULL constraintsheuristicsto force thein-
clusionof duplicatevalueswheresodoingis not precluded
by uniquenessonstraintsandheuristicgo forcetheinclu-
sionof valuesfrom all datagroups.

Finally, AGENDA instantiateshe templateswith spe-

cific testvalues,executeghetestcasesandchecksthatthe
outputsand new databasestateare consistentith the ex-
pectedbehaior indicatedby thetester

The first component(AgendaParsel) extractsrelevant
informationfrom theapplications databasschematheap-
plication queries,and testersuppliedannotationfiles, and
makesthis information available to the otherfour compo-
nents.

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

The third componen{input Geneator) generatesnput
datato be suppliedto the application.The dataare cre-
atedby usinginformationthatis generatedy the Agenda
Parserand State Generatorcomponentsalong with infor-
mationderived from parsingthe SQL statementén the ap-
plication programandinformationthatis usefulfor check-
ing thetestresults.

Thefourthcomponen{StateValidator) investigatesion
the stateof the applicationDB changesluring executionof
a test. The StateValidator automaticallylogs the changes
in the applicationtablesand semi-automaticallghecksthe
statechange.

Thefifth componen{OutputValidator) is similar to the
StateValidatortool. Whenthe applicationqueryis a se-
| ect statementit is handledby the OutputValidator;oth-
erwise,it is handledby the StateValidator The OutputVal-
idator capturesthe applications outputsand checksthem
againsthequerypreconditionandpostconditionshathave
beengeneratedby thetool or suppliedby thetester

We believe that databaseapplication testing contains
threelevels: the querylevel, the transactiorlevel, andthe
transactiorconcurreng level [2]. Currently our systemop-
erateson the query level andthe transactiorlevel. Ongo-
ing work involvesaddingmorefeaturego our existing sys-
tem, and extendingour tool setto the transactionconcur
reng level.

References

[1] D. Chays,S. Dan, P. G. Frankl, F. I. Vokolos, and E. J.
Weyuker. A framework for testingdatabasepplications Pro-
ceedingsof the 2000 International Symposiunon Softwae
Testingand Analysis pagesl47-157 Aug. 2000.

[2] D.Chays,Y. Deng,P. G.Frankl,S.Dan,F.I. V. olos,andE. J.
Weyuker. Agenda:A testgeneratofor relationaldatabasep-
plications.Journal of Softwae Testing\erificationandRelia-
bility, to appear

[3] T.J.OstrandandM. J.Balcer Thecateyory-partitionmethod
for specifyingandgeneratingunctionaltests. CommunACM,
31(6):676-686Junel988.



