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1. Overview

We developTestEra(Khurshid& Marinov, 2001),a novel
framework for automaticgenerationof testdataandeval-
uation of correctnesscriteria for Java programs. As an
enablingtechnology, TestErausesthefirst-orderrelational
languageAlloy andits automaticanalyzer(Jacksonet al.,
2001). Checkinga Java programusingTestErarequires:
1.CreatinganAlloy modelof inputsto theprogram;2.Cre-
atinganAlloy modelexpressingthecorrectnesscriteriare-
lating inputs andoutput of the program;and3. Defining
concretizationandabstractiontranslationsbetweenAlloy
model valuationsand Java datastructuresfor inputs and
output.TestEragivesconcretecounterexamplesto violated
correctnesscriteria.Figure1showstheTestEraframework.

TheIntentionalNamingSystem(INS) (Adjie-Winotoetal.,
1999) is the proposednaminginfrastructurefor dynamic
resourcediscovery in the MIT Oxygenproject. In INS,
servicesare referredto by intentional names,which de-
scribe propertiesthat servicesprovide. An intentional
nameis implementedas a tree consistingof alternating
levelsof attributes andvalues, which make up theservice
properties.Nameresolversin INS maintainadatabasethat
storesamappingbetweenservicedescriptionsandphysical
network locations. Client applicationsinvoke a resolver’s
Lookup-Name methodto accessservicesof interest. Fig-
ure2(a)illustratesanexampleof invokingLookup-Name.

As acasestudyto evaluateour framework,TestEra,wean-
alyzedtheJava implementationof INS with TestEra.Here
wepresenttheflawsTestEraidentifiedin INS. Theseflaws
actuallyexisted in the INS design,andwe first corrected
thedesign.Thenwefixedthecodeandcheckedits correct-
nessusingTestEra. We believe TestErapresentsa novel
lightweightformalmethodfor checkingJavaprograms.

2. Checking INS using TestEra

Ourcheckingof INS usingTestErafocusesontheLookup-
Name method. Lookup-Name returnsthe set of services
from the input databasethat conform to the input query.
To investigatethecorrectnessof Lookup-Name, we testits
soundness(i.e., if it returnsonly conformingservices)and

completeness(i.e., if it returnsall conformingservices).
TheINS inventorsdid not statea formal definitionof con-
formance,but only certainpropertiesof Lookup-Name.

Due to spacelimitation, we do not presentherethe Alloy
modelof correctnessfor INS, and the concretizationand
abstractiontranslations,usedin TestEra’s analyses.They
appearelsewhere(Khurshid & Marinov, 2001). Table 1
outlinestheresultsof theanalysesexplainedbelow.

The publisheddescriptionof Lookup-Name claims: “This
algorithmusesthe assumptionthat omittedattributescor-
respondto wildcards;this is true for both the queriesand
advertisements.” TestErarefutesthis claim(Figure2(b)).

TestEraalsoshows thatadditionin INS is not monotonic,
i.e.,additionof anew serviceto adatabasecancauseexist-
ing servicesto erroneouslybecomenon-conforming(Fig-
ure2(c)). Thisflaw pointsout thatINS did not haveacon-
sistentnotionof conformance.Both precedingflaws exist
in theoriginaldesignandimplementationof INS.

We definea service� asconformingto a query � if � pro-
vides all the attributesand valuesin � in the right order
(sub-tree). TestEra’s analysisof the original implemen-
tation of Lookup-Name with respectto this definition of
conformancereportsseveral counterexamples. We modi-
fiedtheimplementationandre-evaluatedthecorrectnessof
Lookup-Name usingTestEra.This time TestErareportsno
flaws, increasingtheconfidencethatour changeshavecor-
rectedtheproblemswith INS.Thecorrectedalgorithmnow
formsa partof theINS codebase.
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Figure1. TestEraframework. A TestEramodelconsistsof Alloy andJava code. TestEra’s analysisproceedsin two phases:first, all
non-isomorphicinstancesof theAlloy inputmodel(up to agivenmaximuminputsize)areautomaticallygenerated,andsecond,testing
is automaticallyperformedusingappropriateconcretizationandabstractiontranslationsandverificationof correctnessproperties.
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Figure2. (a) Intentionalnamesin INS. &('*),+.- describesa cameraservicein building /10 - 243 . 57698:69;<6>=,) storesdescriptionsof two
services:service?A@ providesacameraservicein /10 - 2B3 andservice?DC providesa printerservicein /10 - 243 . Invoking Lookup-Name
on &('*),+.- and 576E8F69;G6H=,) shouldreturn ?A@ . (b) TestEra’scounterexampleto wildcardclaim. I9&J'K)L+M-N/POBQSR is thesameas I9&('*),+.- ,
exceptfor theomissionof thewildcardedattribute TU@ . Differentresultsof the two invocationsof Lookup-Name contradicttheclaim.
(c) TestEra’s counterexampleto monotonicityof addition. Both services?A@ and ?DC areconsideredconformingto I9&('*),+.- by the
semanticsof INS, but their co-existencein I9576E8F69;<6>=,) makesbothof themerroneouslynon-conformingto I9&('*),+.- .

Input size Phase 1 Phase 2
Property tested Val Att Ser # Tests t[sec] # Passed t[sec]
Published wildcard claim 3 3 2 12 9 10 (83%) 6
Monotonicity of addition 4 2 2 160 14 150 (93%) 9
Correctness (original Lookup-Name) 3 3 2 16 8 10 (62%) 6
Correctness (corrected Lookup-Name) 3 3 2 16 8 16 (100%) 6

Table1. Summaryof TestEra’s analyses.In all cases,TestEratakesa few secondsto completethe checking. All the propertiesare
refutedfor small input sizes.Theexhaustive checkingperformedby TestErauncoverssubtlebugsthatwentundetectedfor over a year
of useof INS.
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