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ABSTRACT
We detectinteractionpatternsin legacy codecombining

staticanddynamicanalyses.Theanalysesdonotdependon
codingor namingconventions.We classifiedpotentialpat-
tern instancesaccordingto the evidenceour analysespro-
vide. We discussour approachwith the Observer Pattern
asan example. Our Java implementationanalyzesJava
programs.We evaluatedour approachby self applyingthe
tool looking for Observersin its code. In general,our tool
detectsall ObserverPatterninstancesactuallycontainedin
thecodeascandidates,i. e.,wedonotmissasinglepattern
instance. In the example,the candidatesour tool consid-
ersObserverswith highevidenceinclude80%of theactual
ObserverPatterninstancesandno falsepositives.

INTRODUCTION

The tasksof componentdevelopmentandsystemsinte-
grationareoftenperformedby staff locatedin differentor-
ganizations.Additionally, theprocessof componentdevel-
opmentcannotin generalbe awareof all the systeminte-
grationrequirements.Hence,mismatchesbetweencompo-
nentsaretherule, not theexception,makingadaptationan
integral partof component-basedsystemsdesign.This al-
mostalwaysaffectstheinteractionof componentsandthus
thesystemarchitecture(Heuzerothet al., 2001).

In existing legacy systems,we often have to identify
components,first. To performthenecessarychanges,pro-
grammersfurther needto understandthe systemarchitec-
ture andbehavior. Sincethe systemarchitectureis almost
alwaysscarcelydocumentedor evennot available,discov-
ering or recovering designinformation from existing sys-
temsis crucialfor understandingandrefactoringthesesys-
tems. Therefore,tools to automaticallyextractdesignand
architecturalinformationarerequired.

We proposeto retrieve staticaswell asdynamicinfor-
mation. Both arethencombinedto obtainthe desiredin-
formation on the patternto be detected.Thereare situa-
tions,whereneitherstaticnor dynamicanalysesaloneare
sufficient (or not with acceptableexpenses).E. g., it is not
staticallycomputable,whichmethodor attributeis actually
calledor accessedat run time andhow often. Even data

flow analysescannotpredictall branchesandloops,espe-
cially whentheprogramto beanalyzedrequiresuserinter-
actions.As objectsarecreatedat run time,relationsamong
objectsaredynamicby nature.

Theideais to distinguisha staticanda dynamicpattern.
Theformerrestrictsthecodestructurethelattertheruntime
behavior. Analyzingwith the staticpatternresultsin a set
of candidateinstancesin the code. In practicethis set is
largeandprogrammershardlywantto screenall of themto
detecttheactualinstances.Therefore,wetestexecutionsof
theinstancecandidatesfoundby thestaticanalysiswrt. the
dynamicpattern.

The resultsof dynamicanalysesdependon an execu-
tion of the candidateinstances.Methodsnot executedat
run time cannotbeevaluatedwrt. thedynamicpatternthus
providing no information.However, testingtechniquesand
environmentsguaranteethat eachreachableprogrampart
is executedwhile testing(of causenot every programse-
quence).Usingthesetechniques,wemayconsiderdynamic
information available for eachcandidateinstance. More-
over, we arguethat partsthat are lessfrequentlyexecuted
are also lesscritical for understandingand for restructur-
ing.

Ourapproachrequires� thesourcecodeto beavailable,and� the programsto be executableto observe their dynamic
interactionaspects.
Weexplicitly excludedall dependenciesto codingandnam-
ing conventions.Hence,our approachalsodetectsinterac-
tion patternsoccurringby chance.

In the remainderof the document,we considerthe Ob-
serverPattern(Gammaetal.,1995)(eventnotification)asa
specialarchitecturalpattern.It is frequentlyusedin frame-
worksandapplicationsto realizeloosecouplingof objects
or components.Supposethe following scenario:we tailor
theframework or applicationfor anenvironmentrequiring
efficient communicationamongstaticallyknown partners.
In sucha setting,the Observer Patternwould be inappro-
priate. Thus,we needto detectit andreplaceit by a more
efficient solution.

We needstaticanddynamicanalysesto detectthe Ob-
serverPattern.Thestaticanalysiscomputesasetof classes



that fulfill the necessarypropertiesfor subjectandcorre-
spondinglistenerclasses.Thedynamicanalysisthenmon-
itors objectsof theseclassesduring executionandchecks
whetherthe interactionamongthemsatisfiesthe dynamic
Observerprotocol.

We presentour approachcomprisingthe staticanddy-
namicanalysesin SectionAPPROACH. This sectionalso
discussesimplementationdetails. In SectionEVALUA-
TION we evaluatethe resultsof applyingour analysesto
thecodeof our tool. SectionRELATED WORK discusses
relatedwork. Finally, we concludeandshow 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-
ponentmodel to show the goal of the analyses. Section
STATIC ANALYSIS discussesthe 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 definecomponentsto
besoftwareartifactswith typedinputandoutputports.This
definitionfocusesoncomputationalcomponents,but is suf-
ficiently generalto cover all other variants. Input ports
areconnectedto outputportsvia communicationchannels
calledconnectors.The notion of portsandconnectorsare
knownfrom architecturesystems(Shaw andGraham,1996,
Basset al., 1998).

Someconnectorsmay be as complex as most compo-
nents,andthus requirethe sameamountof consideration
in design,but they all baseon simplesynchronousor asyn-
chronouspoint-to-pointdatapaths. Figure1 sketchesthis
basiccomponentmodel.

In general,ports and connectorsare implementedby
patternsusing basiccommunicationconstructslike calls,
RPCs,RMIs, input output routinesetc. provided by the
implementationlanguageor the componentsystem. The
Observer Patternis sucha port andconnectorimplemen-
tationasit connectsan eventgeneratorwith somelistener
objects.Thenotificationgenerallyinvolvescallinganevent
handlingmethodof the listeners,wherethe subjectwaits
for every call to return. Although, the patterncanbe con-
sideredasasynchronouscommunication,sincethe events
may occur arbitrarily, the notification itself constitutesa
synchronousaction.

In contrastto suchanimplementation,theportsandcon-
nectorsthemselves abstractfrom details. A port defines
points in a componentthat provide data to its environ-
mentandrequiredatafrom its environment,respectively.

A connectordefinesout-port and in-port to be connected
andspecifieswhetherdatais transportedsynchronouslyor
asynchronously.

In orderto extractcomponentsfrom a systemandadapt
themto anew environment,wepreferaview on thesystem
containingabstractportsandconnectors.However, legacy
(source)codeonly containsport andconnectorimplemen-
tationsscatteredthroughoutthecode.Thegoalof ouranal-
ysesis to computetheabstractport andconnectorview on
thesesystems. Implementationsof ports and connectors
follow communicationdesignpatterns.In orderto retrieve
anabstractview, wesearchfor thepatterns.Thestaticanal-
ysiscomputespotentialprogrampartsplayingacertainrole
in a communicationpattern.Thedynamicanalysisfurther
examinesthosecandidates.Wecanthusconsiderstaticand
dynamicanalysesasfiltersthatnarrow thesetof candidates
in two steps.Figure2 illustratesour approach.

In thesubsequentsubsections,we usetheObserver Pat-
ternasa runningexample.Thefollowing namingconven-
tionsrefer to rolesof certainmethodsof theObserver Pat-
tern. Figure3 sketchesan implementation.Note that this
namingconventionis only usedfor explanationsin this pa-
per;thestaticanalysisdoesnot referto thosename.�	�
����
��������
��� : a methodresponsiblefor addinglistenerob-
jectsto asubjectobject.�����������
��
������������ : a methodresponsiblefor removing lis-
tenerobjectsfrom a subjectobject.�
����
� "! : a methodresponsiblefor notifying the listenersof
a statechangein thesubject.#
$ �
�	��� : amethodimplementedby thelistenerobjects,cal-
led by the �
����
� "! method.

We assumethat �	������
������������ , �����%�����&��
��������
��� aswell as�
����
� "! arecontainedin asingleclassandarenotdistributed
amongdifferent hierarchies. This is not an unnaturalre-
striction,but reflectsobject-orienteddesignprinciples.

STATIC ANALYSIS

Theprogramsourcecodeis thebasisfor thestaticanal-
ysis; it is representedby an attributedabstractsyntaxtree
(AST) ascomputedby commoncompilers. A static pat-
tern is a relationover AST nodeobjects. It is definedby
a predicate' usingthe information in the attributedAST
asaxioms.Namesof variables,methodsandclassesnodes
may be comparedwith eachotherbut not with constants,
thusmakingthepatterndefinitionsindependenton naming
conventions.

The staticanalysisreadsthe sourcesof the programin
questionandconstructsan attributedAST. Then, it com-
putesthepattern' relationon theAST nodesandprovides
theresultasasetof ( �	���

����	����� , i. e.,patterninstanceswith
the appropriatestaticstructure. This set is a conservative
approximationto the actualpatternsin the code. The dy-
namicanalysis,cf. SectionDYNAMIC ANALYSIS,refines
this approximationlateron.
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An ObserverPatterncandidateis a tupleof methoddec-
larationsof theform:

)�*,+ �	������
������������.- *,+ �/���%�����
��
��0�����
����- *,+ �
����
� "!�-1� + #�$ �
�	���12
where

*
is theclassdeclarationof thesubjectof observation

and � theclassor interfacedeclarationof thecorresponding
listeners.

In practice,thecandidatesetis large. Brute forcemeth-
ods,e. g. Prolog like resolution,are thereforenot appro-
priatefor usein practicaltools. Thesearchshouldbemore
directed.

To producethe candidatesetfor our example,the static
analysisiteratesover all programclassesand their meth-
ods. For eachmethod � of a class 3 , we first assumeit
plays the �	�
�4��
��0�����
��� or �����������
��
������������ role. Therefore,
we considereachparametertype $ of method � a poten-
tial listener, provided $ is neitheridenticalto norasuperor
a subclassof class3 ( $657 3 ). Sucha relationwould con-
tradict thedecouplingof subjectandlistenersasdefinedin
the Observer Pattern. We thereforedetermineall method
callsissuedfrom insidemethodsof class3 to somemethod# definedin thepotentiallistenerclass$ . Themethodsof
class3 containingthecalls to $ + # areconsideredaspoten-
tial �
����
� "! methodsandthemethod$ + # as #�$ �
�	��� method.
To testwhethermethod 3 + � might be a ������
� "! methodwe
usethepredicate
��98:����
� "!&��
��0�����
��� ) 3 + �;- $ + # 2 : returnstrueif f 3 + � calls $ + # and$ is not a parameterof 3 + � .
Theresultof theiterationis a set < of tuples:)/*,+ �	�
�4��
��0�����
���>=&�/���%�����
��
��0�����
���.- *,+ �
����
� "!�-1� + #�$ �
�	���12 +
To computethe final setof candidates,we iterateover the
tuplesof set< . Wecombinecorresponding�	�
����
��������
��� and�����%�����&��
������������ methodsinto onepatterncandidate.If the�	�
�?=��/���%�����
��
��0����������� entryof < satisfiesthe �	������
������������
predicatedefinedbelow, wecombineit with all othertuples
of < that have the samenotify andupdateentriesto asso-
ciateit with thecorresponding�����%�����&��
������������ candidates.
We also considerthe casethat a �/���%�����
��
��0�����
��� method
neednot be implementedandthusalwaysconstructtuples
with the �����%�����&��
��������
��� entrysetto � #
@�@ . The �	������
������������
role is definedby thepredicate
��0A>������
������������ ) �&2 : tests,whetherthe method � potentially
storesthe passedargument for future use, i. e., checks
whethertheargument� is usedon the right handof an assignmentstatement,
i. e.,storingtheargumentlocally in theobject,� or is passedas an argumentto anothermethod,i. e.,
potentialcall of astoremethod.

Figure4 shows thestaticanalysisalgorithmweobtain.
Althoughthecandidatesetis computedquiteefficiently

by thedirectedsearchalgorithm,we still facetheproblem
of beingtoo conservativewith our approximation:thecan-
didatesetis largecomparedto thesetof actualpatternin-

stancesandnot appropriatefor providing it to the system
designerasit is. Therearethreepossiblesolutions:
UseExpertKnowledge Many approachesrequire expert
knowledge to further restrict the candidateset. It often
refersto namingconventionsof methodsandclasses.Such
approachesrely on codingdiscipline,which is hardlya re-
alistic assumptionin legacy codes.
In our example,we couldtry to eliminatemethodswithout
prefix �	��� from the �	�
����
��������
��� candidates.However, this
would alsoexclude ����B�
�������� methods.
DynamicAnalysesexecutethe programand check if the
sequenceof valuesof variablesor contentsof containersis
appropriate,i. e.,matchesthedynamicpattern.This is the
approachwepursuein SectionDYNAMIC ANALYSIS.
For the Observer Pattern, we check if the �	�
�4��
��0�����
���
methodin acandidatetupleactuallyregisterstheobjectthe�
����
� "! methodin thesametupleis calledon.
Data Flow Analysestry to statically approximatethe se-
quenceof valuesthatsomevariableshaveatruntime.Actu-
ally, we could formalizeall rulesfor thedynamicmatches
asdataflow problems.Unfortunately, dataflow equations
cannotbecomputedby a straightforwardsearch.Instead,
they requirea fix point iteration and are thereforemuch
moreexpensivethanthesimplesearch.Moreover, they can
only make very conservativeandthusmostlyworthlessas-
sumptionson dataprovidedby the userat run time. They
arealsoimprecisein approximatingobjectidsandaliases.
For our example, we need an alias analysis checking
whethertheparameterof the �	������
������������ methodin a can-
didatetuple is analiasfor theaccesspathto theobjectthe
corresponding������
� "! methodcalls #
$ ���	��� on.

DYNAMIC ANALYSIS

Thestaticanalysisprovidedtuplesof AST nodesascan-
didates.Thedynamicanalysistakesthis ( �	���

��
�	����� setas
its input. It monitorsthe executionof the nodesof every
tuple. It further trackstheeffectsof theexecutednodesto
checkwhetherthecandidatesatisfiesthedynamicpattern.
The dynamicpatternis a protocol (formal language)over
a setof events. Eventsarestatetransitionsof the system
to analyze,e. g., assignmentsor methodcalls. In caseof
a protocolviolation, the candidateis marked andan error
messageis attachedto it.

Eachnodeof acandidatetupleis containedin aclassdef-
inition or is a classdefinition itself. At runtimewe might
have many instanceobjectsof theseclasses.Eachset of
thoseobjectinstancesshouldconformto thedynamicpat-
tern. In our scenario,e. g., we might have morethanone
instantiationof theObserverPatterndefinedby thesubject
andlistenerclassesof acandidatetuple.

Moreover, patternsindicateCEDGF , H?DGC , or H?DIH rela-
tionsamongobjectsof theclassesimplementinga pattern.
For eachsingle candidatetuple, it could be requiredthat
thenumberof instanceobjectsof their classesis restricted.
TheObserver Pattern,e. g., requiresa HJD�C relationof the
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subjectinstancesandtheir listenerinstances.
Altogether, we traceasetof instancesfor eachcandidate

tupleof apattern.Eachsuchsetmaycontainseveralobjects
perpositionin thetuple. Consideringour ObserverPattern
scenario,we thusassignto everycandidatetuple

)�*,+ �	�
����
��������
����- *,+ �����������
��
�������������- *,+ ������
� "!�-1� + #�$ �
�	���12.-
cf. SectionSTATIC ANALYSIS,asetof instancetuples

K
)ML9+ �	�
�4��
��0�����
���.- L9+ �/���%�����
��
��0�����
����- L9+ ������
� "!1-K1NPOQ+ #
$ ���	��� +�+�+�NSR,+ #
$ ���	���1TU2�T
where

L
is aninstanceof

*
and

NPO4+�+�+�NSR
areinstancesof � . It

is not necessaryto storethesubject
L

threetimes. Further-
more,the �	�
����
��������
��� , �/���%�����
��
��0�����
��� , �
����
� "! , and #�$ �
�	���
methodsarealreadycapturedby thecandidatetuple.So,to
avoid redundancies,we only associatea set

K�).L - K1NPO,+�+�+�NSR T
2.T
with eachcandidatetuple.

We monitor each node in a tuple of the candidates.
Wheneverwe dynamicallyexecutesucha monitorednode,
weretrieveall thecandidatetuplesthenodeis containedin.
Dependingon the node’s uniquerole in eachsingletuple,
we executedynamictestactionson the objectsetsassoci-
atedto thecorrespondingcandidatetuples.

In the Observer Pattern,we usethe subjectobjectasa
key to retrieve the affected object set of eachcandidate
tuple. To determinethe properobject set,we distinguish
two cases:If the methodcomplieswith the �	�
����
��������
��� ,�����%�����&��
������������ or ������
� "! roles,thenthekey subjectobject
is the object the methodis calledon. If the methodcom-
plieswith the #�$ �
�	��� role,thenthekey subjectobjectis the
objectthecorresponding�
����
� "! methodis calledon.

Thedynamictestactionsfor theObserverPatternare:�	�
�4��
��0�����
��� : We addthepassedargumentto thesubject’s
list of listenerobjects. No protocolmismatchcanbe de-
tectedhere.�����%�����&��
������������ : Weremovethepassedargumentfrom the
subject’s list of listenerobjects. A protocolmismatchoc-
curs,if the listenerto be removedhasnot beenaddedbe-
fore. This canalsobecausedby a programmingerror. We
thereforeallow to turnoff this criterion.�
����
� "! : We do not changethesetof subjector listenerob-
jects. A correctprotocolupdatesall or no listenerobjects
(atomicupdate).To checkthis protocol,we have to distin-
guishbetweenthe methodentry and the methodexit. At
the methodentry, we mark all attachedlistenerobjectsas
not-updated.At themethodexit wecheckwhetherall or no
listenerobjectshave beenmarkedasupdated.In this case,
theprotocolis satisfied.Theothercaseindicatesaprotocol
violation.
To acceptthecaseof not updatingany listenerobjectsasa
protocolmatchmakessense,because������
� "! maybecalled,

althoughthe subject’s statedid not change.Thenthereis
no needto notify theattachedlisteners.#
$ �
�	��� : We donotchangethesetof subjector listenerob-
jects. If the #�$ �
�	��� methodhasbeencalledby the ������
� "!
methodof the samecandidatetuple, we mark the listener
objectasupdated.To recognizethis, we needto detectthe
sourceof themethodcall, a functionalityto beprovidedby
thedynamicframework.
A call of #�$ �
�	��� by the corresponding�
����
� "! methodis a
protocol mismatchif the listenerobject hasnot beenat-
tachedpreviously.
The dynamicanalysispartitionsthe candidatetuplesinto
thefollowing categories:
Full match: Tuplescontainedin this category completely
confirmto thedynamicpattern(protocol).
Listenerobjectsareaddedvia the �	�
�4��
��0�����
��� method,op-
tionally removedwith the �����%�����&��
������������ methodandtheir#
$ �
�	��� methodis calledby the �
����
� "! methodat leastone
time. We distinguish HVDWC and HXDYH matches;the latter
conformto theprotocolbut only onelisteneris detected.
May match: At leastoneof the tuplesnodesis executed,
but only a correctprefix of the protocol is detected(could
becompletedto acorrectprotocol).
E.g., listenerobjectsareaddedvia the �	������
������������ method,
but no #
$ ���	��� methodis called.
Mismatch: Tuple violatedthe protocolrequirements.The
violation is loggedvia anerrormessage.
No decision: Noneof the (monitored)nodesof a tuple is
executed.Note that this category remainsemptyif we use
a testenvironment,which guaranteestheexecutionof each
singleprogrampart.

TOOL DESIGN

We implementedthe static algorithm using our Re-
coder (Aßmannetal.,2001)library. Thelibrary constitutes
aJava framework for staticanalysesandprogramtransfor-
mations.It consistsof acompilerfront-end,aprettyprinter
asaback-end,andalibrary of analysis,programgenerators
andtransformations.Currently, thefront-endtool supports
Java sourcesonly, but the architecturein generalcan be
appliedto otherlanguagesaswell. Thefront-endperforms
syntacticand semanticanalysisincluding nameand type
analysisandprovidesanAPI to accesstheabstractsyntax
tree and the resultsof semanticanalysis,e. g. type and
inheritanceinformation.It furtherprovidesfunctionsto de-
terminemethodcalls, usesof definitionsandmuchmore.
In our exampleimplementationof the static analysis,we
usethis API to scanmethoddeclarationsfor conformance
to the static Observer Patternroles (cf. SectionSTATIC
ANALYSIS).

Toobtainruntimeinformationtherearefouralternatives,
as shown by (Löwe et al., 2001): Codeinstrumentation,
annotationof runtime environments,post mortem analy-
sis, andon-line debuggingor profiling. We took into ac-
counttwo of theabove alternativesfor thedynamicanaly-
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sis: theon-linedebuggerapproachwith theJava Debug In-
terfaceJDI andautomaticallyinstrumentingthecodewith
Recoder transformations.

JDI is part of the Java PlatformDebuggerArchitecture
(JPDA) (JPDA), thedebuggingsupportfor theJava 2 Plat-
form. JPDA provides the infrastructureneededto build
end-userdebuggerapplications.It consistsof multiple lay-
eredAPIsfrom whichweonly usetheJavaDebugInterface
(JDI), a high-level Java programminglanguageinterface
with the possibilitiesfor launchingrun time environments
for a program,startinga debugeeandcontrolling the exe-
cution of this debugeeby anotherprogram. Additionally,
the control programcanaccessthe stateof the debugee’s
execution.

On top of Recoder and JDI, we use the VizzAna-
lyzer (Löwe,2001,Löweet al., 2001),our framework for
thestaticanddynamicanalysisof Java programs,provid-
ing a GUI to controlanalysesandvisualizingtheir results.

The JDI approachallows to leave the sourcecodeun-
changed. However, we experiencedsevere performance
problems,sincethe debugeelaunchesits own virtual ma-
chine. This leadsto inter-processcalls for obtaininginfor-
mation.Additionally, runningprogramsin debug modeal-
readyslows down performancesignificantly. Sincewe aim
at involving userinteractionsin futureapplications,thebad
performanceturnsthisapproachunsuitable.

Instrumentationon the other hand eliminatesthe lack
of performance. Moreover, all instrumentationsare per-
formedautomaticallywith Recoder. Although, currently
Recoder investigatesJava sourcesonly, theapproachand
the architecturecan be appliedto sourceswritten in any
typedlanguage.A drawbackis therecompilationof thein-
strumentedprogram.

EVALUATION

To survey 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 Observer Pat-
tern detection,it thereforeappliesthe 
��0A>������
������������ and
��98:����
� "!&��
��0�����
����� predicatesasmaincriteria. This reduces
the setof Z +\[^] H`_ OPa possiblecandidates1 to 28030tuples
containingall 5 Observer Pattern instances. The corre-
spondinganalysisphaseneedsabout70 secondson a Pen-
tium III, 500Mhz,256MB RAM, runningWindows NT 4
with JDK 1.3.

Table1 shows the resultsof the dynamicanalysis.The
”Detected” row lists the numbersof tuplesof the corre-
spondingcategorydetectedby our tool, whereasthe”Real”

b
It is cedefegf h cedefegi . Theformertermaccountsfor thecedefeg

methodsin the f possibleroles,the latter termmodelstupleswith emptyj\k.lIm�n	k.o�p q/r"k.s`k.j role.

row liststhenumberof tuplesof thecorrespondingcategory
thatrepresentrealObserveroccurrences.

TheFull HtD,C match category shows thatall Observer
Patterninstancesusedin that programrun wereclassified
correctly. The Full HuDvH match columnrevealsthat del-
egationconfusesour analyses.The reasonis, thatdelega-
tion shows the samestatic anddynamicpropertiesas the
ObserverPattern.Theonly differenceis thatdelegational-
waysconstitutesa H%D4H relation.This is oneof thereasons
the staticalgorithmproducesa lot of falsepositives. The
following codeillustratesthis effect:

class Delegates w
X delegate;

// will be detected as xQy`y o�p qPr"k�s`k.j
void set( X x ) w delegate = x; z
// will be detected as s`mer"p { |
void internalAction() w delegate.provideFunctionality(); zz

A H}D~H relationis suspicious,but neednot bea mismatch,
sincethismaybeavalid configurationof theObserverPat-
tern. In casethe �0��� methodof � � @ ��B��	����� objectsis called
multiple times followed by a call of 
��
��������� @ A 3 ��
���� , our
algorithmdetects
��
�������
� @ A 3 ��
���� ’s violationsof the ������
� "!
role. In our case,all 6 tuplesin theFull HJD~H match class
wereactuallydelegations.

TheMay match classcontainsno Observer instance.In
over 70%of thetuples,eitheronly the �	������
������������ or only
the �
����
� "! methodwascalled,but thesemethodscannotpro-
vokea protocolmismatch.

The Observer Patterninstancein category No decision
hasnot beenexecutedand,therefore,not classified.If we
ensuredby employing testingtechnologythatevery candi-
datemethodgetsexecuted,we couldclassifyall tuplesand
thusachieveanemptyNo decision set.

All detectedmismatcheswerecorrect,i. e., thesetuples
did not representan implementationof the Observer Pat-
tern.

RELATED WORK

Otherapproachesto detectpatternsmostlyrestrictthem-
selves to static analysesusing rather strongstatic signa-
tures. Theseapproachesfail to detectbehavioral patterns
astheir staticpatternsarenot distinctive enough,but their
staticanalysesareneverthelessworth noting. We discuss
someof thesebelow.

The Pat system(Precheltand Krämer, 1998) detects
structuraldesignpatternsby extractingdesigninformation
from C++headerfilesandstoringthemasPrologfacts.Pat-
ternsareexpressedasrulesandsearchingis doneby exe-
cutingPrologqueries.TheGoose system(Ciupke, 1999)
givesagraphicvisualizationof C++programstructuresus-
ing a similar approachfor their detection.Additionally, it
detectspatternsindicatingdesignproblems.
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(Keller et al., 1999) presentstatic analysesto discover
designpatterns(TemplateMethod, Factory Method and
Bridge)from C++ systems.They identify thenecessityfor
humaninsight into the problemdomainof the softwareat
hand,at least for detectingthe Bridge patterndue to the
largenumberof falsepositives.

(Brown, 1997) additionally usesdynamic information,
analyzingtheflow of messages.His approachis restricted
to detectingdesignpatternsin Smalltalk,sinceheonly re-
gardsflows in VisualWorksfor Smalltalk.He thereforean-
notatestheSmalltalkruntimeenvironment.Anotherdraw-
backis, thathis approachgatherstype informationonly at
periodicevents.

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

CONCLUSIONS AND FUTURE WORK

The presentpapershows how to detectcommunication
patternsin legacy systems.Therefore,we filteredinforma-
tion gainedby staticanalysisusingthe resultsof dynamic
analysis.This approachimprovesthequality of theresults
tremendouslyasprotocolconformanceof a patterncanbe
checked. Moreover, we partitionedthe candidatepattern
instancesinto thecategoriesFull match, May match, and
Mismatch giving more differentiatedinformation to the
user.

One drawback of our currentimplementationconcerns
thedynamicanalyses:If a patterncandidateinstanceis not
executedduringaconcreteprogramrun,ourdynamicanal-
ysescannotprovideany evidencefor its conformanceto or
its violationof thepatternrules.Wewill avoid thisproblem
usingresultsfrom testingtheory. Theseensurethat every
point of a programgetsexecutedat leastonce. To further
improve our staticanalyses,we plan to integratedataflow
analysesandcheckingof namingconventions.

Anotherdeficiency of our currently implementedstatic
analysisconcernsObserver Patternsimplementedby dele-
gation: If a subjectclassprovidesits functionalityby dele-
gatingcalls to �	�
�4��
��0�����
��� , �����������
��
������������ and ������
� "! to
the correspondingmethodsof anothersubjectclass,our
static analysiscurrently doesnot recognizeboth classes
assubjectcandidates.To dealwith this, we arecurrently
implementingthe following algorithmusingour Recoder
tool: Calculateall callsto the �	�
�4��
��0�����
��� , �����%�����&��
������������
and �
����
� "! methodsof a classalreadyconsidereda subject
candidate.If thesecalls origin from differentmethodsof
oneotherclass,thenalsoconsiderthisclassapotentialsub-
ject.

Another direction of future work is the framework ex-
tensionto supportmorepatternsandanti-patterns(Brown
et al., 1998), as well. Sinceimplementingstaticand dy-
namicalgorithmsby handis a costly concern,we needto
develop a tool generatinganalysisprogramsfrom pattern

specifications.We alsolike to leveragethe benefitof our
approachby simultaneouslydetectingmultiplepatterns.

Finally, we strive to improve visualizationof detected
patternsto increaseusersupportfor understandinglarge
scalesoftwaresystems.
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Löwe,W., 2001, “VizzEditor, VizzScheduler, andVizz-
Analyzer,” http://i44pc29.info.uni-karlsruhe.de/VizzWeb.
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Fig. 2. Process of detecting Communication Patterns.

public class Subject w
private Container c = new Container();
private State s = new State();

public void addListener(Listener l) w
c.add(l);z

public void removeListener(Listener l) w
c.remove(l);z

public void notify() w
if (s.notChanged()) return;
for each l in c: l.update(s);zz

interface Listener w
public void update(Object o);z

public class MyListener
implements Listener w
public void update(Object o) w

doSomething(o);zz

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

� x s y p y`x r"k.q������
{Sm�j�k xQ�.�u�.� x qPq � � w� �����{Sm�j�k xQ�.� l�k.r � m y l�p s � �{Sm�j�k xQ�.����x j x lIk.r"k.j�r | � k � p s�l�� � k.j\k?� �������� �{Sm�j�k xQ�.����x�� � {�j�mel �e� s�r"m �9� �9� s x s y�� lIk.r � m y q:�p {��"p q/ �mer"p { |	o�p qPr"k�s`k.j/� �e� s �¡�9� ���P�� ��� �M¢ w � �Q� l �J�Q� s ���	� ���Pz
{Sm�j�k xQ�.� � �Q� xQ£����Q� s £����`£�� �`£��¥¤ � �{Sm�j�k xQ�.� � �Q� xQ¦����Q� s ¦����`¦�� �`¦��¥¤ � � � k.j\k� �Q� s £ � �Q� s ¦¨§©�`£�� �`£ � �`¦�� �`¦�� �p {��"p q/ª y`y o�p q/r"k.s`k.j/� �Q� xQ£��P�twp {�� �Q� xQ£ � �Q� xQ¦���w� x s y p y�x r"k�q���� � x s y p y`x r"k.q ¢ � �Q� xQ£�� s �`� �����Q� s £�����£�� �`£��z k � q/k w� x s y p y�x r"k�q���� � x s y p y`x r"k.q ¢ � �Q� xQ£����Q� xQ¦��I�Q� s £����`£�� �`£��zzz

Fig. 4. Pseudo code sketching the static search for Observer Patterns
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Table 1. Results

Full 1:n Full 1:1 May No Mismatch
match match match decision

Detected 4 5 67 18638 9316
Real 4 0 0 1 0

Table 2. Statistics about the surveyed system

classes methods observers2

Recoder 555 6734 2
Analyzer 43 214 3
TOTAL 598 6948 5

«
No subjectsusingdelegationnorsub-classesof subjects.
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