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ABSTRACT

We detectinteractionpatternsn legag/ codecombining
staticanddynamicanalysesTheanalyseslonotdependn
codingor namingcorventions.We classifiedpotentialpat-
terninstancesaccordingto the evidenceour analysegro-
vide. We discussour approachwith the Obsener Pattern
asan example. Our Java implementationanalyzeslava
programs.We evaluatedour approactby self applyingthe
tool looking for Obsenersin its code. In general,our tool
detectsall Obserer Patterninstancesactuallycontainedn
thecodeascandidates, e.,we do notmissasinglepattern
instance. In the example,the candidatesour tool consid-
ersObsenerswith high evidenceinclude80% of theactual
Obsenrer Patterninstancesandno falsepositives.

INTRODUCTION

The tasksof componentevelopmentand systemsnte-
grationareoften performedby staf locatedin differentor-
ganizations Additionally, the processf componentevel-
opmentcannotin generalbe aware of all the systeminte-
grationrequirementsHence mismatchebetweencompo-
nentsaretherule, not the exception,makingadaptatioran
integral part of component-basesystemsdesign. This al-
mostalwaysaffectstheinteractionof componentandthus
thesystemarchitecturgHeuzerothetal., 2001).

In existing legag/ systems,we often have to identify
componentsfirst. To performthe necessarghangespro-
grammerdurther needto understandhe systemarchitec-
ture andbehaior. Sincethe systemarchitecturds almost
alwaysscarcelydocumentear even not available,discov-
ering or recovering designinformationfrom existing sys-
temsis crucialfor understandingndrefactoringthesesys-
tems. Therefore tools to automaticallyextract designand
architecturalnformationarerequired.

We proposeto retrieve staticaswell asdynamicinfor-
mation. Both arethencombinedto obtainthe desiredin-
formation on the patternto be detected. Thereare situa-
tions, whereneitherstaticnor dynamicanalysesaloneare
sufficient (or notwith acceptablexpenses)E. g., it is not
staticallycomputablewhich methodor attributeis actually
called or accessedt run time and how often. Even data
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flow analysesannotpredictall branchesaaindloops, espe-
cially whenthe programto beanalyzedrequiresuserinter-
actions.As objectsarecreatedatruntime, relationsamong
objectsaredynamicby nature.

Theideais to distinguisha staticanda dynamicpattern.
Theformerrestrictsthecodestructurethelattertheruntime
behavior. Analyzingwith the static patternresultsin a set
of candidateinstancedn the code. In practicethis setis
largeandprogrammersardlywantto screerall of themto
detecttheactualinstancesThereforewe testexecutionsof
theinstancecandidate$ound by the staticanalysiswrt. the
dynamicpattern.

The resultsof dynamic analysesdependon an execu-
tion of the candidateinstances. Methodsnot executedat
run time cannotbe evaluatedwrt. thedynamicpatternthus
providing no information. However, testingtechniquesand
ervironmentsguaranteghat eachreachableprogrampart
is executedwhile testing (of causenot every programse-
quence)Usingthesetechniquesywe mayconsiderdynamic
information available for eachcandidateinstance. More-
over, we arguethat partsthat are lessfrequently executed
are alsolesscritical for understandingnd for restructur
ing.

Ourapproactrequires
« thesourcecodeto beavailable,and
« the programsto be executableto obsene their dynamic
interactionaspects.

We explicitly excludedall dependencie® codingandnam-
ing conventions.Hence,our approactelsodetectdnterac-
tion patternsoccurringby chance.

In the remainderof the documentwe considerthe Ob-
sener Pattern(Gammaetal., 1995)(eventnatification)asa
specialarchitecturapattern.lt is frequentlyusedin frame-
works andapplicationgto realizeloosecouplingof objects
or components Supposehe following scenario:we tailor
the framework or applicationfor an ervironmentrequiring
efficient communicatioramongstatically known partners.
In sucha setting,the Obsener Patternwould be inappro-
priate. Thus,we needto detectit andreplaceit by a more
efficientsolution.

We needstatic and dynamicanalyseso detectthe Ob-
sener Pattern.The staticanalysiscomputesa setof classes



that fulfill the necessanpropertiesfor subjectand corre-
spondindistenerclassesThe dynamicanalysishenmon-
itors objectsof theseclassegluring executionand checks
whetherthe interactionamongthem satisfiesthe dynamic
Obsenrer protocol.

We presentour approachcomprisingthe static and dy-
namicanalysesn SectionAPPROACH. This sectionalso
discussesmplementationdetails. In Section EVALUA-
TION we evaluatethe resultsof applying our analysego
the codeof ourtool. SectionRELATED WORK discusses
relatedwork. Finally, we concludeandshaw directionsof
future work in SectionCONCLUSIONSAND FUTURE
WORK.

APPROACH

In this sectionwe presentour approachto detectinter-
action patternsby combining static and dynamic analy-
ses.SectionCOMPONENTMODEL introducesour com-
ponentmodelto shav the goal of the analyses. Section
STATIC ANALYSIS discusseshe staticanalysis,Section
DYNAMIC ANALYSIS the dynamic analysis. Section
TOOL DESIGN sketchesthe designof our tool perform-
ing staticanddynamicanalyses.

COMPONENT MODEL

For the purposeof this paper we definecomponentgo
besoftwareartifactswith typedinputandoutputports. This
definitionfocuseson computationatomponentshut is suf-
ficiently generalto cover all other variants. Input ports
areconnectedo outputportsvia communicatiorchannels
calledconnectors.The notion of portsandconnectorsare
known from architecturesystemgShav andGraham 1996,
Bassetal., 1998).

Someconnectorsmay be as comple« as most compo-
nents,andthus requirethe sameamountof consideration
in design but they all baseon simplesynchronousr asyn-
chronouspoint-to-pointdatapaths. Figure 1 sketchesthis
basiccomponenmodel.

In general, ports and connectorsare implementedby
patternsusing basic communicationconstructslike calls,
RPCs,RMls, input outputroutinesetc. provided by the
implementationlanguageor the componentsystem. The
Obsenrer Patternis sucha port and connectorimplemen-
tationasit connectsan eventgeneratomwith somelistener
objects.Thenatificationgenerallyinvolvescallinganevent
handlingmethodof the listeners,wherethe subjectwaits
for every call to return. Although, the patterncanbe con-
sideredas asynchronougommunicationsincethe events
may occur arbitrarily, the notification itself constitutesa
synchronousction.

In contrasto suchanimplementationthe portsandcon-
nectorsthemseles abstractfrom details. A port defines
points in a componentthat provide datato its erviron-
mentand requiredatafrom its ervironment, respectiely.

A connectordefinesout-portand in-port to be connected
andspecifiesvhetherdatais transportedsynchronoushor
asynchronously

In orderto extractcomponent$rom a systemandadapt
themto anew ervironment,we preferaview onthesystem
containingabstraciportsandconnectors However, legag/
(source)codeonly containsport and connectoiimplemen-
tationsscatteredhroughouthe code.Thegoalof ouranal-
ysesis to computethe abstraciport andconnectowiew on
thesesystems. Implementationsof ports and connectors
follow communicatiordesignpatterns.In orderto retrieve
anabstractiew, we searctfor thepatterns Thestaticanal-
ysiscomputegotentialprogrampartsplayinga certainrole
in a communicatiorpattern. The dynamicanalysisfurther
examineghosecandidatesWe canthusconsiderstaticand
dynamicanalysessfiltersthatnarrov thesetof candidates
in two steps.Figure2 illustratesour approach.

In the subsequensubsectionsywe usethe Obsener Pat-
ternasarunningexample. Thefollowing namingcorven-
tionsreferto rolesof certainmethodsof the Obserer Pat-
tern. Figure3 sketchesanimplementation.Note that this
namingconventionis only usedfor explanationdn this pa-
per;the staticanalysisdoesnot referto thosename.

addListener: a methodresponsibldor addinglistenerob-
jectsto a subjectobject.

removelistener: a methodresponsiblefor remaoving lis-
tenerobjectsfrom a subjectobject.

notify: a methodresponsibldor notifying the listenersof
astatechangean thesubject.

update: amethodimplementedy thelistenerobjectscal-
led by the notify method.

We assumehat addListener, removeListener aswell as
notify arecontainedn asingleclassandarenotdistributed
amongdifferent hierarchies. This is not an unnaturalre-
striction, but reflectsobject-orientediesignprinciples.

STATIC ANALYSIS

The programsourcecodeis the basisfor the staticanal-
ysis; it is representedby an attributed abstractsyntaxtree
(AST) ascomputedby commoncompilers. A static pat-
tern is a relationover AST nodeobjects. It is definedby
a predicateP usingthe informationin the attributed AST
asaxioms.Namesof variables methodsandclassesiodes
may be comparedwith eachotherbut not with constants,
thusmakingthe patterndefinitionsindependenbn naming
corventions.

The static analysisreadsthe sourcesof the programin
questionand constructsan attributed AST. Then, it com-
putesthe patternP relationonthe AST nodesandprovides
theresultasasetof Candidates, i. e.,patterninstancesvith
the appropriatestatic structure. This setis a consenative
approximationto the actualpatternsin the code. The dy-
namicanalysiscf. SectionDYNAMIC ANALYSIS,refines
this approximatioriateron.



An Obsenrer Patterncandidatds a tuple of methoddec-
larationsof theform:

(S.addListener, S.removeListener, S.notify, L.update)

whereS is theclassdeclaratiorof thesubjeciof obsenation
andL theclassor interfacedeclaratiorof thecorresponding
listeners.

In practice the candidatesetis large. Brute force meth-
ods, e. g. Prologlike resolution,are thereforenot appro-
priatefor usein practicaltools. The searchshouldbe more
directed.

To producethe candidatesetfor our example,the static
analysisiteratesover all programclassesand their meth-
ods. For eachmethodm of a classc, we first assumat
playsthe addListener or removelListener role. Therefore,
we considereachparametetype p of methodm a poten-
tial listener providedp is neitheridenticalto nora superor
a subclasf classc (p # c). Sucha relationwould con-
tradictthedecouplingof subjectandlistenersasdefinedin
the Obsenrer Pattern. We thereforedetermineall method
callsissuedfrom insidemethod=f classc to somemethod
u definedin the potentiallistenerclassp. The methodsof
classc containingthe callsto p.u areconsideredaspoten-
tial notify methodsandthe methodp.u asupdate method.
To testwhethermethodc.n might be a notify methodwe
usethepredicate
isNotifyListener(c.n, p.u): returnstrueiff c.n callsp.u and
p is notaparametenf c.n.

Theresultof theiterationis asetY of tuples:

(S.addListener | removelistener, S.notify, L.update).

To computethe final setof candidateswe iterateover the
tuplesof setY. We combinecorrespondingddListener and
removel istener methodsinto one patterncandidate.If the
add | removel.isterner entry of Y satisfiesthe addListener
predicatedefinedbelan, we combineit with all othertuples
of Y that have the samenotify andupdateentriesto asso-
ciateit with the correspondingemoveListener candidates.
We also considerthe casethat a removeListener method
neednot be implementedandthusalwaysconstructtuples
with the removeListener entrysetto null. The addListener
roleis definedby the predicate
isAddListener(a): tests,whetherthe methoda potentially
storesthe passedargumentfor future use,i. e., checks
whethertheargument

« is usedon the right handof an assignmenstatement,
i. e.,storingtheargumentocally in the object,

« Or is passedas an agumentto anothermethod,i. e.,
potentialcall of a storemethod.

Figure4 shaws the staticanalysisalgorithmwe obtain.
Althoughthe candidatesetis computedquite efficiently

by the directedsearchalgorithm,we still facethe problem
of beingtoo conserative with our approximationthecan-
didatesetis large comparedo the setof actualpatternin-

stancesand not appropriatefor providing it to the system
designemasit is. Therearethreepossiblesolutions:
UseExpertKnowledg Many approachesrequire expert
knowledgeto further restrict the candidateset. It often
refersto namingcornventionsof methodsandclassesSuch
approachesely on codingdiscipline,which is hardlya re-
alisticassumptionn legagy codes.

In our example,we couldtry to eliminatemethodswithout
prefix add from the addListener candidatesHowever, this
would alsoexcluderegister methods.
DynamicAnalysesexecutethe programand checkif the
sequencef valuesof variablesor contentsof containerss
appropriatej. e., matcheghe dynamicpattern.This is the
approachwe pursuein SectionDYNAMIC ANALYSIS.
For the Obsener Pattern, we check if the addListener
methodin a candidatdupleactuallyregistersthe objectthe
notify methodin the sametupleis calledon.

Data Flow Analysestry to statically approximatethe se-
quenceof valuesthatsomevariableshave atruntime. Actu-
ally, we could formalizeall rulesfor the dynamicmatches
asdataflow problems.Unfortunately dataflow equations
cannotbe computedby a straightforward search.Instead,
they requirea fix point iteration and are thereforemuch
moreexpensyethanthesimplesearchMoreover, they can
only make very consenative andthusmostly worthlessas-
sumptionson dataprovided by the userat run time. They
arealsoimprecisein approximatingobjectids andaliases.
For our example, we need an alias analysis checking
whetherthe parametepof the addListener methodin a can-
didatetupleis analiasfor the accesgathto the objectthe
correspondingiotify methodcallsupdate on.

DYNAMIC ANALYSIS

Thestaticanalysisprovidedtuplesof AST nodesascan-
didates.The dynamicanalysistakesthis Candidates setas
its input. It monitorsthe executionof the nodesof every
tuple. It furthertracksthe effects of the executednodesto
checkwhetherthe candidatesatisfiesthe dynamicpattern
The dynamicpatternis a protocol (formal language)ver
a setof events Eventsare statetransitionsof the system
to analyze.e. g., assignment®r methodcalls. In caseof
a protocolviolation, the candidates marked andan error
messagés attachedo it.

Eachnodeof acandidateupleis containedn aclassdef-
inition or is a classdefinitionitself. At runtimewe might
have mary instanceobjectsof theseclasses.Eachset of
thoseobjectinstanceshouldconformto the dynamicpat-
tern. In our scenariog. g., we might have morethanone
instantiationof the Obsener Patterndefinedby the subject
andlistenerclasse®f acandidatduple.

Moreover, patternsindicaten : m, 1 : n, or1 : 1 rela-
tions amongobjectsof the classesmplementinga pattern.
For eachsingle candidatetuple, it could be requiredthat
the numberof instanceobjectsof their classess restricted.
The Obsenrer Pattern,e. g., requiresa 1 : n relationof the



subjectinstancesndtheir listenerinstances.

Altogether we tracea setof instancegor eachcandidate
tupleof apattern.Eachsuchsetmaycontainseveralobjects
perpositionin thetuple. Consideringour Obsener Pattern
scenariowe thusassignto every candidatauple

(S.addListener, S.removelListener, S.notify, L.update),
cf. SectionSTATIC ANALYSIS, asetof instanceuples

{( s.addListener, s.removelistener, s.notify,
{li.update...l,.update} )}

wheres is aninstanceof S andl; . . . [,, areinstance®fL. It
is not necessaryo storethe subjects threetimes. Further
more,theaddListener, removelistener, notify, andupdate
methodsarealreadycapturedoy the candidatduple. So,to
avoid redundanciesye only associata set

{(s,{li...ln})}

with eachcandidateuple.

We monitor each node in a tuple of the candidates.

Wheneerwe dynamicallyexecutesucha monitorednode,
we retrieve all thecandidatduplesthenodeis containedn.
Dependingon the nodes uniguerole in eachsingletuple,
we executedynamictestactionson the objectsetsassoci-
atedto thecorrespondingandidatduples.

In the Obsenrer Pattern,we usethe subjectobjectasa
key to retrieve the affected object set of eachcandidate
tuple. To determinethe properobjectset, we distinguish
two cases:If the methodcomplieswith the addListener,
removel istener or notify roles,thenthe key subjectobject
is the objectthe methodis calledon. If the methodcom-
plieswith theupdate role,thenthekey subjectobjectis the
objectthe correspondingotify methodis calledon.

The dynamictestactionsfor the Obsenrer Patternare:
addListener: We addthe passedargumentto the subjects
list of listenerobjects. No protocol mismatchcan be de-
tectedhere.
removelistener: Weremovethepassedirgumentfrom the
subjects list of listenerobjects. A protocol mismatchoc-
curs, if the listenerto be removed hasnot beenaddedbe-
fore. This canalsobe causeddy a programmingerror. We
thereforeallow to turn off this criterion.
notify: We do not changethe setof subjector listenerob-
jects. A correctprotocolupdatesall or no listenerobjects
(atomicupdate).To checkthis protocol,we have to distin-
guish betweenthe methodentry and the methodexit. At
the methodentry, we mark all attachedistenerobjectsas
not-updatedAt themethodexit we checkwhetherall or no
listenerobjectshave beenmarkedasupdated.In this case,
theprotocolis satisfied.Theothercaseindicatesa protocol
violation.

To acceptthe caseof not updatingary listenerobjectsasa
protocolmatchmakessensepecauseotify maybecalled,

althoughthe subjects statedid not change. Thenthereis
no needto notify the attachedisteners.

update: We donotchangehesetof subjector listenerob-
jects. If the update methodhasbeencalledby the notify
methodof the samecandidatetuple, we mark the listener
objectasupdated.To recognizethis, we needto detectthe
sourceof the methodcall, a functionalityto be providedby
thedynamicframeawork.

A call of update by the correspondingiotify methodis a
protocol mismatchif the listenerobject has not beenat-
tachedpreviously.

The dynamicanalysispartitionsthe candidatetuplesinto
thefollowing categories:

Full match: Tuplescontainedin this cateyory completely
confirmto the dynamicpattern(protocol).
Listenerobjectsareaddedvia the addListener method,op-
tionally removedwith theremoveListener methodandtheir
update methodis calledby the notify methodat leastone
time. We distinguishl : n and1 : 1 matches;the latter
conformto the protocolbut only onelisteneris detected.
May matd: At leastone of the tuplesnodesis executed,
but only a correctprefix of the protocolis detectedcould
be completedo acorrectprotocol).
E.g.,listenerobjectsareaddedvia theaddListener method,
but no update methodis called.

Mismatd: Tuple violatedthe protocolrequirements.The
violationis loggedvia anerrormessage.

No decision: None of the (monitored)nodesof a tupleis
executed.Note thatthis category remainsemptyif we use
atestervironment,which guaranteethe executionof each
singleprogrampart.

TOOL DESIGN

We implementedthe static algorithm using our Re-
coder (ABmanretal.,2001)library. Thelibrary constitutes
aJava framework for staticanalysesindprogramtransfor
mations.It consistsof acompilerfront-end,a pretty printer
asaback-endandalibrary of analysisprogramgenerators
andtransformationsCurrently the front-endtool supports
Java sourcesonly, but the architecturein generalcanbe
appliedto otherlanguagesiswell. Thefront-endperforms
syntacticand semanticanalysisincluding nameand type
analysisandprovidesan API to accesghe abstractsyntax
tree and the resultsof semanticanalysis,e. g. type and
inheritancanformation. It furtherprovidesfunctionsto de-
terminemethodcalls, usesof definitionsand muchmore.
In our exampleimplementationof the static analysis,we
usethis API to scanmethoddeclarationdor conformance
to the static Obserer Patternroles (cf. SectionSTATIC
ANALYSIS).

To obtainruntimeinformationtherearefour alternatves,
as shavn by (Ldwe et al., 2001): Codeinstrumentation,
annotationof runtime ervironments,post mortem analy-
sis, and on-line dehugging or profiling. We took into ac-
counttwo of the above alternatvesfor the dynamicanaly-



sis: theon-linedehuggerapproactwith the Java Debug In-
terfaceJDI andautomaticallyinstrumentingthe codewith
Recoder transformations.

JDI is part of the Java Platform DebuggerArchitecture
(JPDA) (JPDY), thedeluggingsupportfor the Java 2 Plat-
form. JPDA provides the infrastructureneededto build
end-usedehuggerapplications .t consistsof multiple lay-
eredAPIsfrom whichwe only usetheJavaDelug Interface
(JDI), a high-level Java programminglanguagenterface
with the possibilitiesfor launchingrun time ervironments
for a program,startinga dehugeeand controlling the exe-
cution of this dehugeeby anotherprogram. Additionally,
the control programcan accesghe stateof the dehugees
execution.

On top of Recoder and JDI, we use the VizzAna-
lyzer (Lowe,2001,Lowe etal., 2001),our framework for
the staticanddynamicanalysisof Java programsprovid-
ing a GUI to controlanalysesandvisualizingtheir results.

The JDI approachallows to leave the sourcecode un-
changed. However, we experiencedsevere performance
problems,sincethe dehugeelaunchests own virtual ma-
chine. This leadsto inter-proces<alls for obtaininginfor-
mation. Additionally, runningprogramsn debug modeal-
readyslows down performancesignificantly Sincewe aim
atinvolving userinteractiondn futureapplicationsthebad
performanceurnsthis approactunsuitable.

Instrumentationon the other hand eliminatesthe lack
of performance. Moreover, all instrumentationsare per
formedautomaticallywith Recoder. Although, currently
Recoder investigatedava sourcenly, theapproachtand
the architecturecan be appliedto sourceswritten in ary
typedlanguageA drawbackis therecompilationof thein-
strumentegbrogram.

EVALUATION

To sunwey our tool, we apply it to the codeof the tool
itself (includingtheRecoder package) Statisticsaboutthe
tool aregivenin Table2.

The main task of the static algorithm is to reduce
the amountof candidates. In caseof the Obsenrer Pat-
tern detection,it thereforeappliesthe isAddListener and
isNotifyListeners predicatesasmain criteria. This reduces
the setof 9.7 x 10'3 possiblecandidatesto 28030tuples
containingall 5 Obsener Patterninstances. The corre-
spondinganalysisphaseneedsabout70 secondsn a Pen-
tium Ill, 500Mhz,256MB RAM, runningWindows NT 4
with JDK 1.3.

Table 1 shaws the resultsof the dynamicanalysis. The
"Detected” row lists the numbersof tuplesof the corre-
spondingcategory detectedy ourtool, whereaghe”Real”

6948 6948
4 )T 3
methodsn the4 possibleroles, the latter term modelstupleswith empty

removelistener role.

Litis . Theformertermaccountgor the6948

row liststhenumberof tuplesof thecorrespondingateyory
thatrepresenteal Obseneroccurrences.

TheFull 1 : n match categyory shows thatall Obsenrer
Patterninstancesusedin that programrun were classified
correctly TheFull 1 : 1 match columnrevealsthat del-
egationconfusesour analyses.The reasonis, thatdelegya-
tion shaws the samestatic and dynamicpropertiesas the
Obserner Pattern. The only differenceis thatdelegational-
waysconstitutesa 1 : 1 relation. This is oneof thereasons
the staticalgorithmproducesa lot of falsepositives. The
following codeillustratesthis effect:

class Delegates {
X delegate;
/I will be detected as addListener
void set( X x ) { delegate = x; }
/I will be detected as notify
void internalAction() { delegate.provideFunctionality(); }

}

A 1 : 1 relationis suspiciousput neednot be a mismatch,
sincethis maybeavalid configurationof the Obsener Pat-
tern. In casethe set methodof Delegates objectsis called
multiple times followed by a call of internalAction, our
algorithm detectsinternal Action’s violations of the notify
role. In our caseall 6 tuplesin theFull 1 : 1 match class
wereactuallydelegations.

TheMay match classcontainsno Obsenerinstanceln
over 70%of thetuples,eitheronly the addListener or only
thenotify methodwascalled,but thesemethodsannotpro-
voke a protocolmismatch.

The Obsener Patterninstancein cateyory No decision
hasnot beenexecutedand, therefore not classified. If we
ensurecby employing testingtechnologythatevery candi-
datemethodgetsexecutedwe couldclassifyall tuplesand
thusachieve anemptyNo decision set.

All detectednismatchesverecorrect,i. e.,thesetuples
did not representain implementationof the Obsenrer Pat-
tern.

RELATED WORK

Otherapproacheto detectpatternamostly restrictthem-
seles to static analysesusing rather strong static signa-
tures. Theseapproachegail to detectbehaioral patterns
astheir staticpatternsare not distinctive enough but their
static analysesare neverthelesswvorth noting. We discuss
someof thesebelow.

The Pat system(Precheltand Kramer, 1998) detects
structuraldesignpatternsby extractingdesigninformation
from C++headefilesandstoringthemasPrologfacts.Pat-
ternsare expressedasrulesandsearchings doneby exe-
cuting Prologqueries.The Goose system(Ciupke, 1999)
givesagraphicvisualizationof C++ programstructuresis-
ing a similar approactfor their detection. Additionally, it
detectgatterndgndicatingdesignproblems.



(Keller et al., 1999) presentstatic analysedo discover
design patterns(Template Method, Factory Method and
Bridge) from C++ systems.They identify the necessityfor
humaninsightinto the problemdomainof the software at
hand, at leastfor detectingthe Bridge patterndueto the
largenumberof falsepositives.

(Brown, 1997) additionally usesdynamic information,
analyzingthe flow of messagesHis approacthis restricted
to detectingdesignpatternsn Smalltalk,sincehe only re-
gardsflows in VisualWbrksfor Smalltalk. He thereforean-
notateghe Smalltalkruntimeervironment. Anotherdraw-
backis, thathis approachgathersype informationonly at
periodicevents.

(Carriereetal., 1999)alsoemploy codeinstrumentation
to extractdynamicinformationto analyzeandtransformar-
chitectures. The presentedapproachonly identifiescom-
municationprimitives,but no complex protocols.

CONCLUSIONSAND FUTURE WORK

The presentpapershavs how to detectcommunication
patterndn legag systems.Thereforewe filteredinforma-
tion gainedby staticanalysisusingthe resultsof dynamic
analysis.This approachimprovesthe quality of theresults
tremendoushasprotocolconformanceof a patterncanbe
checled. Moreover, we partitionedthe candidatepattern
instancesnto the catgyoriesFull match, May match, and
Mismatch giving more differentiatedinformation to the
user

Onedrawback of our currentimplementationconcerns
thedynamicanalysesif a patterncandidaténstances not
executedduringa concreteprogramrun, our dynamicanal-
ysescannotprovide ary evidencefor its conformanceo or
its violation of thepatternrules. We will avoid this problem
usingresultsfrom testingtheory Theseensurethat every
point of a programgetsexecutedat leastonce. To further
improve our staticanalyseswe planto integratedataflow
analysesndcheckingof namingcorventions.

Anotherdeficieny of our currentlyimplementedstatic
analysisconcerngObsener Patternsimplementedoy dele-
gation:If asubjectclassprovidesits functionality by dele-
gatingcalls to addListener, removelListener and notify to
the correspondingnethodsof anothersubjectclass, our
static analysiscurrently doesnot recognizeboth classes
assubjectcandidates.To dealwith this, we are currently
implementingthe following algorithmusingour Recoder
tool: Calculateall callsto the addListener, removeListener
andnotify methodsof a classalreadyconsideredh subject
candidate.If thesecalls origin from differentmethodsof
oneotherclassthenalsoconsidetthis classa potentialsub-
ject.

Another direction of future work is the framework ex-
tensionto supportmore patternsand anti-patterngBrown
etal., 1998),aswell. Sinceimplementingstaticand dy-
namicalgorithmsby handis a costly concernwe needto
develop a tool generatinganalysisprogramsfrom pattern

specifications.We alsolike to leveragethe benefitof our
approactby simultaneouslyletectingmultiple patterns.

Finally, we strive to improve visualizationof detected
patternsto increaseuser supportfor understandindarge
scalesoftwaresystems.
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Fig. 2. Process of detecting Communication Patterns.
public class Subject { interface Listener {
private Container ¢ = new Container(); public void update(Object 0);
private State s = new State();
public void addListener(Listener I) { public class MyListener
c.add(l); implements Listener {
public void removeListener(Listener I) { public void update(Object o) {
c.remove(l); doSomething(o);
}
public void notify() { }

if (s.notChanged()) return;
for each |in c: l.update(s);
}
}

Fig. 3. Pseudo code snippets sketching an implementation of the Observer Pattern

Candidates := 0

for each class c: {
Y = 0
for each method m in c:
for each parameter type p in m where (p % c):
for each call from c.n to p.u, n and u methods :
if (isNotifyListener(c.n, p.u))
Y = Y U {(cm, cn, p.u)}

for each (c.al,c.nl,pl.ul) € Y:
for each (c.a2,c.n2,p2.u2) € Y where

(e.nl = cn2 A plul = p2.u2):

if (isAddListener(c.al)) {
if (cal = ca2) {
Candidates := Candidates U (c.al, null, c.nl, pl.ul)
} else {
Candidates := Candidates U (c.al, c.a2, c.nl, pl.ul)
}

}

Fig. 4. Pseudo code sketching the static search for Observer Patterns



Table 1. Results

Fulll:n| Full1:1| May No Mismatch
match match | match| decision
Detected 4 5 67 18638 9316
Real 4 0 0 1 0

Table 2. Statisticsabout the surveyed system

classes| methods| obserers
Recoder 555 6734 2
Analyzer 43 214 3
TOTAL 598 6948 5

2No subjectsusingdelegationnor sub-classesf subjects.



