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Abstract

Re-engineeringflegacysystemsneansamongothersto
find outasmud aspossibleabouta specificsysten{reverse
engineering). Theinformationgatheed in this part of re-
engineering sometimeslso called systemunderstanding
is a prerequisiteto any change to the system. In almost
any approac describedn the literature, the reverse engi-
neeringstartswith analyzingthe source codeusingparser
techniques. The reasonis that often the souice codeis
the only reliable source of information. But, additional
knowledg like domainknowledg, information aboutthe
specificdevelopmentycle etc.playsa specialrole. During
our reseach activitiesin the E-CARESproject we found
out that domainknowledg is very importantwhenthe re-
engineeringprocesss designedo beinteractive Theinfor-
mationextractedfromthe souice codeand other sourcesof
information, its representationandits visualizationhasto
meetboththe demand®f there-engineeandthe demands
of the systenexpertsinvolved. Telecommunicatiosystems
and the like are for exampleoften plannedand modeled
usingstatemadines.Thatis, systermexpertsthinkin terms
of statemadinesand protocols. This paperdescribeshow
statemadineextractionis realizedin caseof the E-CARES
projectand howit helpsto undestandtelecommunication
systems.

1. Intr oduction

The E-CARES researctcooperatiorbetweenEricsson
EurolabDeutschlandsmbH (EED) andthe Departmenof
ComputerSciencelll, RWTH Aachen,dealswith under
standingcomplex legag/ telecommunicatiorsystems.The
subjectof study is Ericssons Mobile-service Switching

1The acrorym E-CARES stands for Ericsson Communication
ARchitecturefor Embeddedsystems.

DominikusHerzbeg
EricssonEurolabDeutschlandsmbH
CNM —NodeProductUnit MSC

EricssonAllee 1, 52134HerzogenrathGGermalry

Dominikus.Herzbeg@eed.ericsson.se

Center(MSC) calledAXE10. The cooperatioraimsto de-
velopmethodsgconceptsandtoolsto supporthe processes
of understandingand restructuringthis kind of embedded
systems.

In contrasto businessapplicationembeddedystemsn
generalandtelecommunicatiosystemsn particular have
additionalrequirementgegardingfault tolerance reliabil-
ity, availability, andresponsdime. Eventhe development
cycle differs. While modeling businessapplicationsnor-
mally involvestypical modelinglanguagedik e the Unified
Modeling Languagg UML), thereis modelingin termsof
protocolsrepresentedby interactingstatemachineswhen
it comesto telecommunicatiorsystems. This difference
hassignificantimpact on the kind of information needed
from thecodeanalysispntheinterpretatiorof theextracted
information,on the internalrepresentationf the extracted
information in the re-engineeringools used, and on the
visualizationof relevantinformationto there-engineeand
to domainexperts.

During our researchactities in the E-CARESproject
we found out, that domainknowledgebecomeanore im-
portantthe morethe re-engineeringprocesss designedo
be interactive. In this case,the term interaction meansa
complex sequencef information processingand reaction
to this information. Therefore just pressinghe OK-button
to confirm a splash-screemoesnt meetthe meaningof
interactivein thispaper Successfuinteractionwith respect
to accomplishingcertaingoal,prerequisiteshatall parties
of aninteractiondo speakakind of commonlanguageThat
is, theinformationavailablefrom a re-engineeringool, its
visualizationto anexpertor re-engineerandtheinterpreta-
tion by the expertor re-engineehave to be compatible.

In thecontext of theE-CARESprojecttherearedifferent
flavors of interaction: Thereis interactionbetweenthe re-
engineelandthere-engineeringoolsheis usinganddevel-
oping. Thereis alsointeractionbetweerthedomainexperts
andthe re-engineeringools to validateresults,give hints,



or justgetnew insightsfor themseles.But, thereis aswell

interactionbetweenthe re-engineeiandthe expertsin the
expertgroupto discussfindings, to evolve new ideas,and
to developnew requirement$rom theresultsof the discus-
sions.Thiscanleadinto problemshecausdothpartieshave
differentinterestsconcerningthe re-engineeringools and
judgethere-engineeringesultsfrom differentperspecties.
As both the re-engineeiand the domainexpertsare using
the samere-engineeringools, thesetools have to provide
the appropriateinformation, visualization,and interaction
possibilitiesfor bothof them.

In this papemwe focusontheextractionof statemachines
asthis domainconceptis usedto build andimplementthe
telecommunicatiosystenstudiedn theE-CARESproject.
Furthermorewe will briefly describehow the additional
information on statemachinescan be utilized to improve
systemunderstanding.

2. Extracting StateMachinesfrom PLEX Code

Theextractionof statemachinedrom PLEX codeis not
aseasyasit seemsThoughthemajority of PLEX programs
in the analyzedsystemwasoriginally modeledandimple-
mentedas a 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-
mentedn differentcasesThenwe hadto defineaheuristic
thatallowsto determinewvhethera programcontainsa state
machineor not. In thethird, stepwe developedanalgorithm
that allows to extract and re-assemblehe original state
machineon “architecturdevel” stepwise Thesethreesteps
arediscussedh moredetailin theremaindeof this section.

Manualanalysisof a coupleof PLEX programsshaved
thatthereis a commonsenseat Ericssonof how to imple-
mentstatemachinesn PLEX. Therefore we wereableto
formulatethe following list of factsindicatingthata PLEX
programimplementsa statemachine:

e Theprogramimplementdile sizealterationto dynam-
ically increaseanddecreas¢henumberof instance®f
this programat runtime?.

e The programcontainsa recordthat is storedpersis-
tently. This record containsa symbol variable of a
string-valuedenumeratiortype. The possiblevalues
of this statevariable representhe possiblestatesof

2Thoughit is not a featureof the PLEX programminglanguagethe
systemanalyzedcontainsa mechanismthat allows to create multiple
instancegprocessesf a single program. Theseinstancesare managed
by the control part of the programs code. The computationstateis kept
persistenby meansof a hugedatarecordperinstance.Theserecordsare
storedin afile.

the programor its instancegespectiely. Therefore,
the currentvalue of the statevariable representghe
currentstateof a programor programinstance.

e The nameof this statevariablecontainsthe substring
STATE.

e Thesetof possiblevaluesof this statevariableencloses
thevaluesl DLE andSE| ZED.

e Eachsignalentry is immediatelyfollowed by a case
statementvhoseconditionquerieghecurrentvalueof
the statevariable®. Eachbranchof this casestatement
triggersdifferentexecutionsn the program.

e A statechanges representethy an assignmento the
statevariable.

If all thesefactsapply to a certain programthen this
programcontainsthe implementationof a statemachine.
Therefore the heuristicin questionis just to checkfor all
theitemsin thelist above. But, this heuristicjust tells that
thereis a statemachinemplementedlt doesnt tell ushow
it lookslike.

Some more analysisof the interdependencef signal
reception,signal sending,and state changesshaved that
in eachpath of executionfollowing a signal receptionthe
programs/instances stateis changedat mosta singletime.
Normally, the stateis changedjust before the execution
controlis handedackto theruntimesystem.Thereforethe
algorithmfor stepwisestatemachineextractionin PLEX
programcouldbeformulatedasshowvn in figure 1.

The algorithm is divided into three functions written
down in pseudocode. The main function is ext r act -
St at emachi ne. It first checkswhetherthereis ary state
variablepresenin the programspecifiedby the parameter
bl ock. For this purposethe functioni dent i f ySt at -
eVari abl es is used. If the setst at eVari abl es is
empty the programto analyzedoesnot contain a state
machine(accordingto our criterion). In this case the state
machineextractionis terminatedimmediately If thereis
at leastone statevariable present,the state extraction is
proceeded. Now the function startswith the first signal
receptionstatement- a so-calledsignal entry — to trace
subsequenstatementsequencesccordingto the control
flow. For eachstatemensequencehatis reachablestarting
from the signal entry, the algorithm detectsstatechanges
within thesestatemensequencesThatis, it searchedor
assignments$o one of the statevariables. For every state
changedetecteda correspondingtatetransitionis addedto
theinternalrepresentatioof thestatemachinedn theextrac-
tiontool. In figure1, this partof thealgorithmis represented
by thefunctioncheck St at enent Sequence.

SPLEX programsandtheirinstancesommunicatdy meansf signals.



extract St at emachi ne(bl ock) {

Variabl e stateVariables[] = enpty;
State states[] = enpty;
St at eChange conpl et eSet Of St at eChanges[] = enpty;

identifyStateVariabl es(bl ock, out stateVariables);
if not(enpty(stateVariables)) then
for each (signal entry in block) do
if (CASE-statenent follows) then
if (CASE condition queries elenent in stateVariable) then
for each (CASE-branch) do
states = states in current branch guard;
checkSt at ement Sequence(sel f.-goto->, states, null,
out conpl et eSet Of St at eChanges) ;
end for
end if
end if
end for
for each (elenment in conpleteSetCf StateChanges) do
addToSt at enachi ne(el ement) ;
end
end if

identifyStateVariabl e(bl ock, out stateVariables) {
Vari abl e synbol Variable[] = enpty;

for each (record in block) do
if (record contains symbol variable) then
if ( (variabl e nane contains substring ' STATE )
and (variable is string val ued)
and (variable is dynam cally stored)
and (possible values contain 'IDLE and 'SEIZED))
then
synbol Vari abl es = (synbol Vari abl es + synbol Vari abl e);
end if
end if
end for
stateVariabl es = synbol Vari abl es;

}

checkSt at ement Sequence( st at ement Sequence, states, set Of StateChanges,
out conpl et eSet Of St at eChanges) {
St at eChange nySet O St at eChanges[ ] ;
St at eChange t npSet Of St at eChanges|[];
St at enent Sequence set Of Subsequent St at enent Sequences|[];
Condi tion condition = enpty;

mySet Of St at eChanges = set Of St at eChanges;
for each (statement in statenentSequence) do
if (isStateChange(statenent)) then
for each (state in states) do
addToSet (nySet Of St at eChanges,
new Tupl e(state, signal,condition, newState));
end for
else if (isCGotoStatenent(statement)) then
addToSet ( set Of Subsequent St at enent Sequences, st at enent . got oTar get ) ;
else if (islfStatenent(statement)) then
condition = (condition AND statement.condition);
end if
end for
for each (statenmentSequence in setOf Subsequent St at enent Sequences) do
checkSt at ement Sequence( st at ement Sequence,
nySet O St at eChanges,
out tnpSet O St at eChanges) ;
nmySet Of St at eChanges = tnpSet Of St at eChanges;
end for
conpl et eSet Of St at echanges = nySet Of St at eChanges;

Figure 1. Extraction Algorithm

Summarizedthe algorithm presentecherere-createsa
statemachineon the“modelinglevel” by extractingit tran-
sition by transition and stateby statefrom the code that
implementsit. Note, if there are several state variables
detectedn the codeof a singleprogramthe corresponding
statemachinesreextracted‘simultaneously”.

3. Benefitsfrom State Machine Extraction

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

a step towards a domain compliant abstractionfrom the

plain sourcecode. In combinationwith the multi-level

abstraction/visualizatioof the analyzedsystemsstructure,
control flow, and dataflow provided by the E-CARESre-

engineeringrototype[2] the understandingf telecommu-
nicationsystemss improved.

Additional improvementcan be reachedf information
on the runtime behaiior of the analyzedsystemis avail-
able. The E-CARESprototypecontainsa tracesimulation
tool that extractsand processesnformationon a systems
dynamics[1]. This informationis visualizedasa kind of
collaborationdiagramor sequenceliagramwith respecto
UML [3]. Thestatemachinegxtractedby ouralgorithmare
now usedto annotateéhe currentstateof aprograminstance
at runtime to its representatiorduring trace simulation.
Furthermorewe canusethe dynamicinformationto verify
the transitionsof the extractedstatemachines.Thatis, we
cando consisteng checks.

4. Future Work

Currently weareimplementinghestatemachineaxtrac-
tion algorithmfor ourre-engineeringoolkit. In parallel,we
arepreparingthe integrationof the resultingstatemachine
graphswith the structuregraph and the trace simulation
facility. First attemptsto apply the algorithm manuallyto
someselectedprogramshave shavn that the techniqueis
feasible.But, we arestill lackinga complex casestudywith
(semi)automatedtatemachineextraction. Therefore such
a casestudyis plannedfor thenext stageof our work. This
casestudywill include an evaluationof the resultingstate
machinedy domainexperts.
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