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Abstract

Re-engineeringof legacysystemsmeansamongothersto
findoutasmuchaspossibleabouta specificsystem(reverse
engineering).Theinformationgathered in this part of re-
engineering, sometimesalso called systemunderstanding,
is a prerequisiteto any change to the system. In almost
anyapproach describedin the literature, the reverseengi-
neeringstartswith analyzingthesourcecodeusingparser
techniques. The reasonis that often the source code is
the only reliable source of information. But, additional
knowledge like domainknowledge, information about the
specificdevelopmentcycle, etc.playsa specialrole. During
our research activities in the E-CARESproject we found
out that domainknowledge is very importantwhenthe re-
engineeringprocessis designedto beinteractive. Theinfor-
mationextractedfromthesourcecodeandothersourcesof
information,its representation,and its visualizationhasto
meetboththedemandsof there-engineerandthedemands
of thesystemexpertsinvolved.Telecommunicationsystems
and the like are for exampleoften plannedand modeled
usingstatemachines.Thatis, systemexpertsthink in terms
of statemachinesandprotocols.Thispaperdescribeshow
statemachineextractionis realizedin caseof theE-CARES
project and how it helpsto understandtelecommunication
systems.

1. Intr oduction

The E-CARES1 researchcooperationbetweenEricsson
EurolabDeutschlandGmbH(EED) andtheDepartmentof
ComputerScienceIII, RWTH Aachen,dealswith under-
standingcomplex legacy telecommunicationsystems.The
subject of study is Ericsson’s Mobile-serviceSwitching

1The acronym E-CARES stands for Ericsson Communication
ARchitecturefor EmbeddedSystems.

Center(MSC) calledAXE10. Thecooperationaimsto de-
velopmethods,concepts,andtoolsto supporttheprocesses
of understandingandrestructuringthis kind of embedded
systems.

In contrastto businessapplicationsembeddedsystemsin
general,andtelecommunicationsystemsin particular, have
additionalrequirementsregardingfault tolerance,reliabil-
ity, availability, andresponsetime. Even the development
cycle differs. While modelingbusinessapplicationsnor-
mally involvestypical modelinglanguageslike theUnified
ModelingLanguage(UML), thereis modelingin termsof
protocolsrepresentedby interactingstatemachineswhen
it comesto telecommunicationsystems. This difference
hassignificant impact on the kind of information needed
from thecodeanalysis,ontheinterpretationof theextracted
information,on the internalrepresentationof the extracted
information in the re-engineeringtools used,and on the
visualizationof relevantinformationto there-engineerand
to domainexperts.

During our researchactivities in the E-CARESproject
we found out, that domainknowledgebecomesmore im-
portantthe morethe re-engineeringprocessis designedto
be interactive. In this case,the term interaction meansa
complex sequenceof informationprocessingandreaction
to this information.Therefore,just pressingtheOK-button
to confirm a splash-screendoesn’t meet the meaningof
interactivein thispaper. Successfulinteraction,with respect
to accomplishingacertaingoal,prerequisitesthatall parties
of aninteractiondospeakakind of commonlanguage.That
is, the informationavailablefrom a re-engineeringtool, its
visualizationto anexpertor re-engineer, andtheinterpreta-
tion by theexpertor re-engineerhave to becompatible.

In thecontext of theE-CARESprojecttherearedifferent
flavors of interaction:Thereis interactionbetweenthe re-
engineerandthere-engineeringtoolsheis usinganddevel-
oping.Thereis alsointeractionbetweenthedomainexperts
andthe re-engineeringtools to validateresults,give hints,



or justgetnew insightsfor themselves.But, thereis aswell
interactionbetweenthe re-engineerandthe expertsin the
expert groupto discussfindings,to evolve new ideas,and
to developnew requirementsfrom theresultsof thediscus-
sions.Thiscanleadinto problemsbecausebothpartieshave
different interestsconcerningthe re-engineeringtools and
judgethere-engineeringresultsfrom differentperspectives.
As both the re-engineerand the domainexpertsareusing
the samere-engineeringtools, thesetools have to provide
the appropriateinformation, visualization,and interaction
possibilitiesfor bothof them.

In thispaperwefocusontheextractionof statemachines
asthis domainconceptis usedto build andimplementthe
telecommunicationsystemstudiedin theE-CARESproject.
Furthermore,we will briefly describehow the additional
informationon statemachinescan be utilized to improve
systemunderstanding.

2. Extracting StateMachinesfr om PLEX Code

Theextractionof statemachinesfrom PLEX codeis not
aseasyasit seems.Thoughthemajorityof PLEX programs
in theanalyzedsystemwasoriginally modeledandimple-
mentedasa statemachine,thereis no strict designrule of
how to implementsuchstatemachines.Neither, thereis a
dedicatedsupportfor statemachineimplementationfrom
the underlying programminglanguagePLEX. Therefore,
we first had to find out how statemachineswere imple-
mentedin differentcases.Thenwehadto defineaheuristic
thatallows to determinewhetheraprogramcontainsastate
machineor not. In thethird,stepwedevelopedanalgorithm
that allows to extract and re-assemblethe original state
machineon“architecturelevel” stepwise.Thesethreesteps
arediscussedin moredetailin theremainderof thissection.

Manualanalysisof a coupleof PLEX programsshowed
that thereis a commonsenseat Ericssonof how to imple-
mentstatemachinesin PLEX. Therefore,we wereableto
formulatethefollowing list of factsindicatingthata PLEX
programimplementsastatemachine:

� Theprogramimplementsfile sizealterationto dynam-
ically increaseanddecreasethenumberof instancesof
thisprogramat runtime2.

� The programcontainsa record that is storedpersis-
tently. This record containsa symbol variableof a
string-valuedenumerationtype. The possiblevalues
of this statevariablerepresentthe possiblestatesof

2Thoughit is not a featureof the PLEX programminglanguage,the
systemanalyzedcontainsa mechanismthat allows to createmultiple
instances(processes)of a singleprogram. Theseinstancesaremanaged
by the control part of the program’s code. The computationstateis kept
persistentby meansof a hugedatarecordper instance.Theserecordsare
storedin afile.

the programor its instancesrespectively. Therefore,
the currentvalue of the statevariablerepresentsthe
currentstateof aprogramor programinstance.

� The nameof this statevariablecontainsthe substring
STATE.

� Thesetof possiblevaluesof thisstatevariableencloses
thevaluesIDLE andSEIZED.

� Eachsignal entry is immediatelyfollowed by a case
statementwhoseconditionqueriesthecurrentvalueof
thestatevariable3. Eachbranchof this casestatement
triggersdifferentexecutionsin theprogram.

� A statechangeis representedby anassignmentto the
statevariable.

If all thesefacts apply to a certain programthen this
programcontainsthe implementationof a statemachine.
Therefore,the heuristicin questionis just to checkfor all
the itemsin the list above. But, this heuristicjust tells that
thereis astatemachineimplemented.It doesn’t tell ushow
it lookslike.

Somemore analysisof the interdependenceof signal
reception,signal sending,and statechangesshowed that
in eachpathof executionfollowing a signal receptionthe
program’s/instance’sstateis changedat mosta singletime.
Normally, the stateis changedjust before the execution
controlis handedbackto theruntimesystem.Therefore,the
algorithm for stepwisestatemachineextraction in PLEX
programcouldbeformulatedasshown in figure1.

The algorithm is divided into three functions written
down in pseudocode. The main function is extract-
Statemachine. It first checkswhetherthereis any state
variablepresentin the programspecifiedby the parameter
block. For this purposethe functionidentifyStat-
eVariables is used. If the setstateVariables is
empty, the programto analyzedoesnot contain a state
machine(accordingto our criterion). In this case,thestate
machineextraction is terminatedimmediately. If thereis
at least one statevariable present,the stateextraction is
proceeded. Now the function startswith the first signal
receptionstatement– a so-calledsignal entry – to trace
subsequentstatementsequencesaccordingto the control
flow. For eachstatementsequencethatis reachablestarting
from the signal entry, the algorithm detectsstatechanges
within thesestatementsequences.That is, it searchesfor
assignmentsto oneof the statevariables. For every state
changedetectedacorrespondingstatetransitionis addedto
theinternalrepresentationof thestatemachinein theextrac-
tion tool. In figure1, thispartof thealgorithmis represented
by thefunctioncheckStatementSequence.

3PLEX programsandtheir instancescommunicateby meansof signals.



extractStatemachine(block) {
Variable stateVariables[] = empty;
State states[] = empty;
StateChange completeSetOfStateChanges[] = empty;

identifyStateVariables(block, out stateVariables);
if not(empty(stateVariables)) then

for each (signal entry in block) do
if (CASE-statement follows) then

if (CASE condition queries element in stateVariable) then
for each (CASE-branch) do
states = states in current branch guard;
checkStatementSequence(self.-goto->, states, null,

out completeSetOfStateChanges);
end for

end if
end if

end for
for each (element in completeSetOfStateChanges) do

addToStatemachine(element);
end

end if
}

identifyStateVariable(block, out stateVariables) {
Variable symbolVariable[] = empty;

for each (record in block) do
if (record contains symbol variable) then

if ( (variable name contains substring ’STATE’)
and (variable is string valued)
and (variable is dynamically stored)
and (possible values contain ’IDLE’ and ’SEIZED’))

then
symbolVariables = (symbolVariables + symbolVariable);

end if
end if

end for
stateVariables = symbolVariables;

}

checkStatementSequence(statementSequence, states, setOfStateChanges,
out completeSetOfStateChanges){

StateChange mySetOfStateChanges[];
StateChange tmpSetOfStateChanges[];
StatementSequence setOfSubsequentStatementSequences[];
Condition condition = empty;

mySetOfStateChanges = setOfStateChanges;
for each (statement in statementSequence) do

if (isStateChange(statement)) then
for each (state in states) do

addToSet(mySetOfStateChanges,
new Tuple(state,signal,condition,newState));

end for
else if (isGotoStatement(statement)) then

addToSet(setOfSubsequentStatementSequences,statement.gotoTarget);
else if (isIfStatement(statement)) then

condition = (condition AND statement.condition);
end if

end for
for each (statementSequence in setOfSubsequentStatementSequences) do

checkStatementSequence(statementSequence,
mySetOfStateChanges,
out tmpSetOfStateChanges);

mySetOfStateChanges = tmpSetOfStateChanges;
end for
completeSetOfStatechanges = mySetOfStateChanges;

}

Figure 1. Extraction Algorithm

Summarized,the algorithm presentedherere-createsa
statemachineon the“modelinglevel” by extractingit tran-
sition by transitionand stateby statefrom the code that
implementsit. Note, if there are several statevariables
detectedin thecodeof a singleprogramthecorresponding
statemachinesareextracted“simultaneously”.

3. Benefitsfr om StateMachine Extraction

Onceall the statemachinesare extractedthe question
ariseshow to use this information and how to combine
it with other informationavailableto gain additionalben-
efit. First of all, the possibility to extract and visualize
the statemachinesimplementedby a PLEX programis

a step towards a domain compliant abstractionfrom the
plain sourcecode. In combinationwith the multi-level
abstraction/visualizationof theanalyzedsystemsstructure,
control flow, anddataflow providedby the E-CARESre-
engineeringprototype[2] theunderstandingof telecommu-
nicationsystemsis improved.

Additional improvementcanbe reachedif information
on the runtime behavior of the analyzedsystemis avail-
able. The E-CARESprototypecontainsa tracesimulation
tool that extractsand processesinformationon a systems
dynamics[1]. This information is visualizedasa kind of
collaborationdiagramor sequencediagramwith respectto
UML [3]. Thestatemachinesextractedbyouralgorithmare
now usedto annotatethecurrentstateof aprograminstance
at runtime to its representationduring trace simulation.
Furthermore,we canusethedynamicinformationto verify
the transitionsof the extractedstatemachines.That is, we
cando consistency checks.

4. Future Work

Currently, weareimplementingthestatemachineextrac-
tion algorithmfor ourre-engineeringtoolkit. In parallel,we
arepreparingthe integrationof the resultingstatemachine
graphswith the structuregraph and the trace simulation
facility. First attemptsto apply the algorithmmanuallyto
someselectedprogramshave shown that the techniqueis
feasible.But,wearestill lackingacomplex casestudywith
(semi)automatedstatemachineextraction.Therefore,such
a casestudyis plannedfor thenext stageof our work. This
casestudywill includean evaluationof the resultingstate
machinesby domainexperts.
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