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Abstract

In this paperwe shov how to useRialto, an intermediatebehavioral languageo capturethe
semanticof UML behaioral diagrams.The Rialto languagehasa formal semanticgivenasstruc-
tural operationakulesandit supportssemantiovariations. It canbe usedto uniformly describethe
behaior of a combinationof severaldiagramsandasa bridgefrom UML modelsto animationand
productioncode.We show two differentapproachet codegeneratiorirom UML behaioral models
thataresuitablefor embeddedystems.

1 Introduction

The Unified Modeling Languagg(UML) [OMGa] canbe usedto modelthe architectureand behaior
of any kind of software project. This is dueto the factthat UML providesmary differentdiagramsor
views of asystem:class,componenanddeplgymentdiagramdocuson differentaspect®f the structure
of asystemwhile the behaioral diagramssuchasusecase statechartactiity andinteractiondiagrams
focusonits dynamics.

All the behaioral diagramsexceptusecasediagramsarecloselyrelated.We cancorvert a collabo-
rationdiagraminto a sequenceliagramandvice versa.Statechartareusedasthe semantidoundation
of the activity diagramsandit is possibleto representin execution(a trace)of a statecharbr an activ-
ity diagramasa sequence®r collaborationdiagram. However, at the formal level, we considerthatthe
UML standardacksa consistenandunified descriptionof the dynamicsof a systemspecifiedusingthe
previousdiagrams.

Many authorsare working towardsa formal semanticfor UML [KEE]. Formal semanticggive
anunambiguousnterpretationto UML usinga mathematicaformalism. Someof the recentworksin
this directionarethe semanticgor statecharte.g.[Kus0] and[vdB01] andactvity diagramgEWO1].
Althoughthesearticlesare soundandinspiring, they do not studythe semanticof multiple diagrams
combined.

In this papey we shov how we canformalize the behaior of UML diagrams,ncluding the com-
binedbehaior of several diagrams,usingRialto. Rialto is anintermediatdanguagethat canbe used
to describemultiple modelsof computation.A modelof computationis a domainspecific,often intu-
itive, understandingf how the computationsn that domainare done: it encompassethe designes
notion of physicalprocesseyr asEdward A. Lee putsit, the “laws of physics”thatgoverncomponent
interactions.UML statechartg¢a chapterin [OMGal) is anexampleof anasynchronousnodelof com-
putationwhile languagedike ESTEREL[BG92] or Harel's StatechartfHN96] have semantichasedn
thesynchronicityhypothesiga variantof the synchronougomputationamodel).

We have had as our startingpoint the obseration that mary languageconstructsare commonto
differentlanguageshut their semanticgliffer dueto the computationamodel. E.g. parallelismin UML



hasa very different semanticdrom parallelismin ESTEREL.In [Lee02, Lee touchesthe subjectof
decouplingan abstractsyntaxfrom the model of computation,i.e. he suggestghat a languagepor a
setof languageswith a given abstractsyntax, canbe usedto modelvery different things depending
on the semanticandthe modelof computationconnectedo the syntax. In the contet of UML, this
phenomenortanbe obsered e.g. with statechart@ndactivity diagrams.An actiity diagramcanbe
interpretedasa statechartvhereall computationis donein stateactivities andthetransitionsaretriggered
by completionevents. Therefore we cansaythatactiity diagramshave dataflow astheir underlying
model of computation. In Rialto, we definedifferent schedulingpolicies for differentcomputational
models. The policiesdefineatomicexecutionstepsand hencewe canfor instancemodel syncronicity
in way similar to that of SystemC.lt is this interactionbetweenlanguageconstructsand modelsof
computationthatis the focus of our researchand our motivation to introduceRialto asa languageto
describehebehaior of UML.

We arealsoapplyingthis new insighton the -
combinedbehaior of UML modelsto construct
tools to animatethe modelsand generateopti- X SMWP
mizedcode.Model animationenablesa designer
to validatea modelbeforethe designandimple- .
mentatiorhasbeencompletedRialtocanbeused .
asanexecutionenginefor UML modelsandis hencealsorelatedio thework onexecutabelUML [MBO02].
Rialto canalsobe usedto generateodefor differenttamgetlanguagesincludingC andvVHDL.

Thetranslationfrom UML modelsto Rialtois performedusingthe SMW toolkit [Por0Z asshavnin
thefigure. The SMW toolkit canbeusedto transformandextractinformationfrom UML models.SMW
canreadUML modelscreatedby ary XMI-compliant UML editor We have automatedhe processof
corverting UML modelscreatedby differentUML editorsinto Rialto andtheninto thetamgetlanguage
usingSMW scripts.

This articleis athoroughlyrevisedandimproved versionof [BLP0O1]. We have extendedthe scope
of the paperfrom UML statechartgo other UML behaioral diagrams,providing a unified view of
the dynamicsof UML models. This articleis divided into threeparts: We startby introducingRialto,
our intermediatdanguagethenwe explain how we representJML statechartsactivity diagramsand
collaborationdiagramsin this language. Finally, we closethe paperdescribingour stratgy for code
generation.

(¢}

2 TheRialto Intermediate L anguage

Rialto is a state-orientedliescriptionanguagewith formal semanticslt canbe usedasa stableplatform
for interfacingUML behaioral modelswith toolsfor codesynthesisanimation verificationetc. We do
notexpecttheaverageUML practitionerto useRialto. Insteadwe intendit to bebothatool to studythe
generatiorof efficient codeandatool for UML scholargo discusdifferentaspectof UML behaioral
semantics.The Rialto languagds more abstractthan usualprogramminglanguagessinceit supports
conceptdike traps(high-level transitions) suspensiomndresumingof threadsandeventqueues.The
languagehasbeenspecificallydesignedo describethe behaior of modelinglanguagesndit canbe
usedto combinemultiple heterogeneousodelsof computatioBL02b].

In this sectionwe shortly presentsomesyntacticelementsof the Rialto, give a semanticdor the
statement termsof structuraloperationalulesandshav how we canusedifferentschedulingoolicies
to give differentmeaningto the syntacticelements.

2.1 Syntax

Every statemenin a Rialto programhasa uniquelabel,which cane.g. correspondo the nameof some
UML element,or it canjust be a uniguenamegiven by the precompilerof the language.Thest at e



block,is thekey abstractiornn thelanguagelt canrepresentlifferententitiesin differentdomainsijt also
representa scopethatcanbeassigned schedulingoolicy, aswill bedescribedater. In thelanguageve
have includedsomeconceptghatarecommonto differentmodelsof computationput canhave different
semanticglependingon differentcomputationamodels. We will now give a shortdescriptionof some
of the conceptsaandshav how they arerepresenteih thelanguage.

State Stateis explicit in statechartgor example. In Rialto a statecanbe representedby a st at e

block. As in UML statechartsRialto st at es cancontainsubstateswhich canalsobe orthogonal. A
st at e blockis declaredasfollows:

state

# declarations, traps and policy
begi n

# substates, sequential code
end

If we planto usethe samestateblock in morethanone statewe candefinea stateType to avoid code
duplication.A st at eType is declaredasfollows:

typenane: stateType( ([in|out] port)*)
# state definition
end

Wherethe“statedefinition” is anormalst at e blockandthe portsarequeuesisedby thest at eType
to communicatewith other entities. The ports can be usedas normal queuesinside the block. A
st at eType isinstantiatedhs:

| abel : typenane( ql1 (, g2 )* ).

The portsdeclaredin the st at eType will be substitutedfor the queueinstancesyl, g2 etc. This
meanghatthefollowing two piecesof codeareequivalent:

1 nyType: stateType( in nyPort ) 1 state: main

2 trap nyPort.el do null 2 queue ql;

3 end 3 begin

4 4 Si: state

5 state: main 5 trap gl.el do null
6 queue ql; 6 end

7 begin 7 S2: state

8 S1: nyType( gl ) 8 trap gl.el do null
9 S2: myType( gl ) 9 end

10 end 10 end

Interrupts and transitions An interruptis an event of high priority. In our languageatrap
statemenis usedto monitor interrupts. Interruptscorrespondo t r ap in ESTEREL and transitions
goingupwardsin the statehierarchyin bothUML andHarel’s StatechartsThe got o statemenis used
to do transitionsfrom a stateto another A tr ap that monitorsan evente on a queueq anddoesa
transitionto astateA is declaredasfollows:trap g.e do got o(A).

Concurrency Concurreng meanghatseveral statementgareexecutedin parallel. In our language,
concurreng is indicatedusingthepar statementwheretheargumentsarethelabelsof, usuallyst at e
statementsyhichshouldberunin parallel. However, the parallelismis interpretedifferentlydepending
ontheexecutionpolicy in effectin thecurrentscope.

Communication policy Thecommunicatiorpolicy stateshow differentmodulesof the systemcom-
municatewith eachother Thecommunicatiormechanisnwe usewith UML statechartss a simplefifo
gqueue.In statediagramsan eventis an occurrenceghat may trigger a statetransition. In UML state-
charts thereis animplicit global eventqueue;whereasin our languagesereralgueuesanbe declared
andthe scopeof a queuedeclaratioris thest at e block. Thenotationin ourlanguageor checkingfor
thepresencef aneventonaqueues ql. el, whereql is aqueueandel is anevent.
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Tablel: A subsebf theoperationafulesof thelanguage

2.2 Operational Semantics

To definethe operationakemanticof the languagewne needto formalizethe structureof a Rialto pro-

gram.Thelabelsof thestatementactasvaluesfor programcounters.Thesetof labelsY. is organizedn

atreestructureby the child relation]. (Thetuple (3, ) formsa label-tree).This reflectsthe scopingof

the program.We cantake theclosure|* of |: let/; andl, belabels;theni; |* I, meand; is adescen-
dantof Iy or in otherwords: [, is insidethe scopeof I,. The successorelation-C ¥ x X ordersthe

labelssequentiallylf 1,1, € ¥ andi; = [, thenly; succeed$; in theprogram.L : ¥ — statement is

atotalfunctionthatmapseachlabelto its statement.

We cannow identify a programby thetuple: ( ¥, |, =, £ ) The stateconfigurationof a programis
representetly atuple («, suspend, q) where:

e o C ¥ isthesetof active labels.

e suspend ¥ — X is a partialfunction. If suspend(l) = I’ thenl is a suspendedtateand!’ is a
substateof [ thatwasactive whenl wassuspended.

e gisthesetof eventqueues.

Theactive seta representshe currentvaluesof the programcounters We sometimesisethe abbrevia-
tion o for the statetuple. A subsebf the operationafulesthatupdatethe stateconfigurationis givenin
Tablel. Therulesdeterminehow the statementsipdatethe stateof the machinet.

Therearein total 18 rulesthat definethe semanticof the language.In this paper we only shav a
few dueto the spacdimitation. For acompletedescriptionof Rialto pleasereferto [Bjo01].

The par statement A par statementanactwhenits labelis actve; it addsall of its agumentgo
the active set. Note thatthe par statemenjust createmew threads.lt is the job of the policy to decide
how to schedulghethreads.

Goto Thegot o statements usedto switch from an active stateto anotherstate. The only way to
escapea stateblock, is by usingthegot o statementlt cantake mary labelsasparametersyhich allows
it to beusedto modelfork transitions.A got o is enabledvhenits labelis active; it removesthe subtree
containingthe sourceandtarget labelsfrom the active set,andactivatesthe taiget labels(belongingto
statestatementsalongwith ary labelsof t r ap statement®r entry actionsthat are ancestorof the
taigetlabels.

State A st at e statementanactwhenits labelis active. It will remove its labelfrom the active set
andaddary t r ap andentryactionsit may containalongwith its successoto the active set. It marks
thebeginning of a stateblock.

An executionenginepickslabelsfrom the setof active labelsandthenexecutegherule correspond-
ing to the statemenbf thatlabel. An executionpolicy decideson the orderin which labelsare picked
from the active list. We describeheissueof policiesmorein depthin section2.3.

!We usethe domain/rangeestrictionoperators<i /> asdefinedin Z to operateontherelations:Let S beasetandR a
relation,thenR < S is arestrictionof R, whereevery elementin thedomainof R is amemberof the setS.



2.3 Scheduling Semantics

In the previous section,we presentedhe concretesyntaxandthe executionsemanticof the language.
However, thereis still freedomin how theactive labelsarescheduledTo specifythisaspectyeintroduce
anexecutionpolicy for eachdifferentmodelof computation.

An executionpolicy connectedo a st at e block, scheduleghe substatesaccordingto a given
algorithm.A programis executedby repeatedlyrunningthe policy of thetopmoststatein the hierarchy
Thetopmostpolicy will thenschedulghestatesdownn in thehierarchywhich canhave differentpolicies
assignedo them. The entity thatcallsthe schedulingpolicy of thetop-level statecanbe thoughtof asa
globalclockin the system.

To defineaschedulingpolicy we needsomehelperfunctions.A labelthatbelonggo a simplestate-
mentis enablediff the premissof therule thatcorrespondso the statemenholds;if alabelbelongsto
a st at e statementit is enablediff it is active or hasdescendantthat areenabled.A label canalso
becomeblocked by theschedulerandis thennotenabled Theboolearfunction1S_ENABLED(l, o, B)
returnstrue if label ! is enabledwhenthe programis in statec andthe labelsin setfg are blocked:
(premiss(l, o) returnstrueif the premissof therule for [ holdsin stateo)

IS_ENABLED(I, 0, 3)

1 if L[l] # state

2 return premiss(l,o) N1 ¢ 3

3 dse

4 return ENABLED(l,0,8) # 0

The ENABLED(I, 0, 3) functionreturnsthe setof enabledabelsthataredescendantsf {:

ENABLED(!, g, 3)
1 return{l;:label | IS ENABLED(l;,0,8) AL 1* 1;}

We will usethesefunctionsin the actualdefinition of the schedulingpolicies. A schedulingpolicy
function acceptsasparametershe currentstateof the programe andthe blocked set8 andreturnsthe
next stateof the program.As an example,thefollowing algorithmimplementsa stepschedulingpolicy
thatexecutesall enabledstatementén the samestep. Notethat sel f refersto thest at e block whose
RU N functionwascalled.

RUN(a, B)

1 p+ ENABLED(self,o,p)
2 for each I; in pdo

3 o' < ;. RUN(o,0)

4 returng’

In the next sectionwe will shaw how differentschedulingpoliciescanmodelthe behaior in UML
behaioral diagrams.

3 Representing UML modelsin Rialto

In this sectionwe describehowv we translatea UML modelinto Rialto code. This transformatiorhas
to dealwith the factthat UML is a family of languagesboth at the semanticand the syntacticlevel.
It is possibleto createdifferenttranslatordor differentsemantidnterpretationof UML. We currently
supportstatechartsactivity diagramsandcollaborationdiagrams.

We shawv asanexamplethetranslatiornof a collaboratiorof objectswhosebehaior is modeledusing



Philosopher 1 Philosopher: stateType(out left,out right)
<<events 2 event eat, sleep;
eat 3 begin
sleep 4 # behavi or of Phil osopher
5 end
+left +right 6
7 Fork: stateType( in phil )
Fork 8 event get, rel ease;
<<event>> 9 begin
get 10 # behavi or of Fork
release 11 end

Figurel: A UML classdiagramandRialto code

statechartsr actiity diagramsFigurel shavs a UML classdiagramwith two classe$hi | osopher

andFor k alongwith the Rialto translationconsistingof two correspondingt at eTypes. Thereare
two associationsonnectinghetwo classesindicatingthata Phi | osopher hasaleft andaright fork.
Thisis reflectedn the Rialto codeby thetwo outgoingportsof thePhi | osopher typeandtheincom-
ing onein theFor k type (we only useoneincomingeventqueuefor all connections)Thebehaiors of
thetwo classesvould be modeledusingstatecharteindthe Rialto translationsof the statechartsvould
appeatinsidethest at eTypes.

3.1 Statecharts

A statein astatecharis representetly ast at e block; hierarchicacompoundstatesarenaturallywrit-
tenasnestedst at e blocks.Thefirst st at e blockin acompoundstateis theinitial state. Transitions
canberepresentedsingthet r ap statementfor monitoringaneventor valueof aguard,andthegot o
statemento take thetransition.We have sofar concentratedn controlin the Rialto languageandhave
ignoreddata,thusthe statechartranslationsarealsolimited to binary events,i.e. they cannot have val-
ues.Also orthogonal regions arerepresentetby st at e blocks,with apar statemenspecifyingthat
the stateqregions)areto berun orthogonally Fork pseudostatearesimply achiezed by providing the
got o statemenwith several statelabelsasparameterg¢got o( a, b) doesatransitionto thetwo states
a andb, which arerun orthogonally).History pseudostates arerepresentethy suspend statements,
thatstorethe stateof a block until it is re-enteredWe have notyet dealtwith syncpseudostates.
Thesemanticof UML statechart$s basedon a run-to-completionRTC) step. The RTC algorithm
firestransitionan the statecharbasednthe eventonthequeue anddispatched attheendof the RTC
step. In additionto the translationdescribedabore, we needto provide a schedulingpolicy that runs
thecodeaccordingto the RTC algorithm. A stateexecutingthe RTC policy runsuntil no morerunnable
labelsexistsin its scope.Thealgorithmis shavn below. It first runsall the enabledstatementsandthen
checksif thereappearecry newv enabledabels,addingary labelsthatarenot ancestor®f the original
enabledabelsto the blocked set(line 5). If thereareenabledhon-blocled labels,it runsagain.By this

blocking,we ensurghatwhena statetransitionis takenduringa RTC step thenewly activatedstatewill
notbe executedduringthatsamestep.

Py

UN(a, B)
p < ENABLED(self,o,[3)
for each [; in p do
o« ;. RUN(c,0)
p < ENABLED(o',self,p)
B {l; € p' | Ll;] = state Al ¢ (ran(p < 4*))}
if p'—pB" #0then
return sel f.RUN (o', 8")
dequeue(q);
returno

O©CoOo~NOULA, WNPE

In Figure2 a) we shav asimplestatechanvith acompositestatedividedinto two orthogonategions.



1 top: state
2 policy rtc;
3 queue gl; event el, ez,
4 S: state
5 trap gl.e2 do goto(d)
,?l 6 begi n
.\ Sl: S92 ; gi\r( S1, S2)
| : state
| 9 a: state
a I ql.e? 10 trap gl.el do goto(b)
1l.el I 11 end
g Y : 12 b: state end
( b ) | 13 end
I 14 S2: state
15 c: state end
16 end
17 end
18 d: state end
19 end

Figure2: a) An exampleUML statecharb) the correspondingdrialto codegeneratedby thetool

activity: state
policy step; queue qi;
begi n
A: state begin # code block for A
goto(B, O
end
B: state begin # code block for B
got o(j oi n)
end

|" : C. state begin # code block for C

1
2
3
4
5
6
7
8
9
10
N 11 got o(j oi n)
12 end
13 join: state
14 trap !B and ! C do goto(D)
15 end
16 D state end
17 end

Figure3: A simpleActivity Diagram

The correspondingRialto codeis shavn in Figure 2 b). This code hasbeengeneratedy a tool as
describedn Sectiond. Theschedulingpolicy for thetop-level st at e blockin thecodeis setto RTC in

line 2, andthe queueql, andthe eventsaredeclaredn line 3. The S statelistensto evente2 on queue
gl andfiresthe transitionto stated if it is presenf(line 5). Thepar statementn line 7 activatesthe
regionsS1 andS2 orthogonally If statesa andc areactive andthe currenteventis el, bothtransitions
will fire in the samestep.

3.2 Activity Diagrams

The translationof actiity diagramsfollows a similar schema.The activity states are representedby
st at e blocks,forks aredealtwith asin the statechartshowever, join pseudostategsuallyneedto be
explicitly modeledusingast at e block for synchronizinghetwo incomingtransitions.

The RTC schedulingpolicy is not suitablefor actvity diagrams. Instead,we usethe steppolicy
introducedn the previous sectionwhich for eachinvocationrunsall the enabledabelsandreturns.

As anexample weshav asimpleactiity diagramandits translatiorinto Rialtoin Figure3. After the
actiity in a is completede take aforkedtransitionto b andc (line 5). Thistransition(got o( b, ¢) )
activatesbothb andc thatis they will run concurrentlywithout usingthe par statementWhenthe b
andc statesarefinished,they take transitiongto thejoin state,in which the controlremainsuntil bothb
andc becomanactive (line 14).



dinner: state

policy interleaving; queue ql, g2;
begi n

par (j ohn, paul , fork1, f ork2)

john: Phil osopher(qg2,ql);

paul : Phil osopher (g1, q2);

forkl: Fork(ql);

fork2: Fork(g2);
end

john: Philosopher|

forkl: Fork fork2: Fork

paul: Philosopher,

CO~NOUITRWNEF

Figure4: Objectsandlinks instantiated

3.3 Collaboration Diagrams

Statechartandactivity diagramsnodelthebehaior of objectswhile collaborationshav aninteraction
betweenobjects. We can useRialto to capturethe behaior of systemsmodeledusing collaboration
diagramswherethe objectscanhave behaior describedy eitherstatechartsr actvity diagrams.

Theobjectsarerepresentetly st at e blocks(orinstantiation®f st at eTypes),whicharedefined
to run concurrentlyusingthe par statement.The objectscancommunicatehroughqueues.The de-
fault schedulingpolicy for a collaborationdiagramis interlearing. This meansthat eachobjectin the
collaborationrunsin its own taskandis schedulechondeterministically The interleaiing policy picks
alabelfrom the enabledsetnondeterministicalljunderthe fairnessassumptior(The:€ in line 2 in the
algorithmbelon denotesiondeterministi@ssignment).

RUN(o, B)
1 p+ ENABLED(l,s,B)

2 1l; :ep
3 returnl;.RUN (o, 0)

Alternatively, thesteppolicy canbeusedwhich allows for active objectsto executeatthesameime
duringonestep.

The behaior of an objectcanbe describedusinga statecharbr an actvity diagram. Theinternal
behaior of thatobjectwill thenbe RTC or step. As an example,we canmodela collaborationof two
philosophersaindtwo forks asin Figure4. The portsareconnectedo eventqueuesvhenthetypesare
instantiatedTheassociationfrom theclassdiagramarealsoinstantiatedslinks connectingheobjects.
In the correspondindrialto code,we shav how the st at eTypesareinstantiated.Thepar statement
activatesall the objectsin parallel. Two queuesare declaredin the top-level st at e block di nner .
They are connectedo the portsof the objects. This actually meansthat queueql is the event queue
of the statecharof f or k1 while g2 is the queueof thef or k2 object. The Rialto programis run by
repeatedlycalling the top-level schedulingpolicy. In this caseit is thei nt er | eavi ng policy of the
di nner state. Thatpolicy will pick oneof the parallelblocksandcall its schedulingpolicy, whichin
thismodelwill beart c policy.

3.4 Automatic UML to Rialto Trandation

Thetranslationfrom UML modelsto Rialtois performedwith the helpof the SMW toolkit [Por03. This
toolkit is basedon the PythonprogramminganguaggPyt] andit canbe usedto transformandextract
informationfrom UML models. It canreadXMI [OMGDb] files createdby ary XMI-compliant UML
editor Oncea modelis loaded,we cannavigate it usingquerieslike in OCL and transformit using
Pythonimperatve statements.

In the codebelaw, we useseveral functionsfor text manipulation: The vertical barsadd a string
to the final Rialto code. E.g. the statement 2+2=| 2+2 will addthe string" 2+2=4" to the output
code. Theindentationof the codeis controlledusing| - >>| and| <<-| . The* operatoron atext list
generates stringwith the concatenatiomf a list usingthe secondoperandasa separatorFor example



["a","b","c"] * " or "returnsa or b or c.

The following SMW script generatesRialto codefor a UML StateMachinemodel element. We
assumehatthereaderis familiar with the OCL languageandthe UML metamodefor statechartsThe
functionacceptsasparameteranobjectrepresentinga UML statecharmodelelementthe nameof the
outputRialto codeblock, andthe nameof the input queueto be used.The body of the functionis quite
simple,sinceit merelydefinesthe queue the schedulingpolicy anditeratesthroughall the subvertices
of the top state. It is necessaryo placethe initial stateasthe first stateof the Rialto block. This is
accomplishedby sortingthe subvertex collectionasdoneby sortBylntialState.

def StateChart2Ri al to(sc, nane, queue) :
name |: state|
| ->>| | policy rtc; queue | queue |;|]|<<-]|
| begin| [ ->>|
for s in sortBylnitial State(sc.top.subvertex):
St at eVert ex2Ri al t o('s, queue)
| <<-1]end|

The following function corverts a UML state. We usethet r ap statemento modelthe high-level
transitionsthat exit the state. The function is called recursvely in the caseof compositestatesthat
containotherstates.In concurrentcompositestates the subverticesare orthogonalregionsthat run in
parallelusingthepar statement.

def StateVertex2R alto(s, queue):
s.nanme|: state|
| ->>]
for t in s.outgoing:
|trap | queue |.| t.trigger.getDescription() | do | Transition2R alto(t)
| <<-|
if s.ocllsKindO(ConpositeState):
if s.subvertex.size()!=0:
| begin| | ->>|
if s.isConcurrent:
| par (] s.subvertex.name*"," |)]|
for subState in sortBylnitial State(s.subvertex):
St at eVert ex2Ri al t o( subSt at e, queue)
| <<-1]end|

We omit the implementationof the helperfunctionsdue to spaceconstraints. The full scriptis
availablefrom theauthors.

4 Animation and Code generation

Oneof theobjectivesof theRialtolanguagés to facilitatetheanimation codegeneratiorandverification
of UML modelscontainingcomplex behaior. Using Rialto andour codegeneratiorapproachwe can
modelthe systemusingobject-orientedechniquesaindthe UML, while beingableto generatesfficient
codein tamget languageshat may not be object-oriented.This makes our methodusefulfor designing
embeddedystemghatcanrun on simpleprocessorsvith limited memoryandlimited supportfor high-

level programmindanguagesWe arealsostudyinghow to generate/HDL hardwaredescriptiongrom

Rialto.

We planto develop animationcapabilitiesfor the SMW UML editor, usingRialto asthe execution
engine.Theusercanexecutethe model,emit eventsetc. from the editorwhile the currentstateconfigu-
rationis shavn in the UML model. Thiswill helpthe designeito gaina higherconfidencen the UML
modelin anearly stageof development.

Oncea modelis translatednto Rialto, we canproceedo the actualcodegeneration.We currently
have two stratgies for generatingcodefrom Rialto. The simplestone, which we have implemented
in C++, is an executionengineapproach. The code generatedusing this approachis not optimized,
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Figureb: a) A partof thelabel-treefor thecodein Figure2 b) A metamodefor Rialto

but reflectsthe structureof the Rialto model,i.e. the generatedcode hasone objectfor eachRialto
statement.Therefore this approacthis suitablefor animation. The secondstrategy for codegeneration
involvestranslatinghe modelinto finite statemachinesvhich arereducedusingS-Graphs.

4.1 Execution Engine

In this approachwe implementa small library containingdifferentfunctionsimplementingthe opera-
tional rule for eachstatementn Rialto, functionsfor eachschedulingpolicy aswell asdatastructures
for the active setandqueuesThis library formsanexecutionenginefor thelanguage.

In orderto usethis library we shouldstorethe Rialto modelin a certainway. We shaw in Figure5.a
apartof thelabel-treedatastructurefor the modelin Figure2, which canbe seenasaninstantiationof
themetamodebf Rialto. A partof ametamodebf Rialtois depictedn Figure5.h

The C++ codegeneratiornis straightforvard. A parserreadsa Rialto file andbuilds up the label-tree
(2, 1 ) for theprogram(SeeSection2.2 for anexplanationof thelabel-tree). Then,we write down the
datastructurefor thetreein C++ andlink it againstthe executionenginelibrary to obtainanexecutable
programthatrunsonthetargetmachine Eachnodein thelabel-treeis representedsa C++ object. The
implementatiorof the differentschedulerganusethe servicesof the operatingsystemsuchasthreads.
If atamet platform lacks an operatingsystem,or it doesnot supportthreads,we canimplementthe
scheduleoursehesfollowing e.g.thei nt er | eavi ng policy. This schedulewill executethe objects
in aroundrobinfashion.

4.2 Optimized Code Generation

The optimized code generationprocesdranslateghe Rialto programinto a FSM like representation,
which canbe reducedn away similar to thatof the POLIS approacB*97]. This methodis basedn
SoftwareGraphsor S-Graphsandit is describedn moredetailin [BLPO1] and[BL02a]. An S-Graphis
adirectedagyclic graphusedto describea decisiontreewith assignmentsyhich canbereduced From
the obtainedoptimizedlow-level representationywe caneasilygeneratdamgetlanguagecodein e.g. C
or a hardwaredescriptionlanguagesuchasVHDL. Compactassemblycodecould alsobe synthesized
directly for tamgetslacking higherlevel languagecompilers.

Thetranslationof a Rialto modelinto optimizedcodeproceedsn five steps:Translation(flattening)
of the Rialto codeto a simplefinite statemachine translationof the FSM into an S-graph optimization
of the S-graph translationof the S-graphinto a tamget languageand, finally, compilationinto machine
codeor synthesiof a hardwarenetlist.

We have achieredupto 30 percentodefootprintreductiorwhengeneratingC codeandcompilingit
into objectcode.We expectalsogoodresultsin areareductiorwhensynthesizinghardwarefrom VHDL
codegeneratedrom Rialto.



5 Conclusions

We have shawn in this paperhow we canuseRialto to describehecombinedbehaior of differentUML
diagrams.Rialto canbe corvertedinto programcodewith the purposeof modelanimationor asafinal
productioncodeto implementembeddedystemawith limited computationatesources.

The UML behaior diagramsncludemary conceptsuchasactions,events,statesgtc. thatarenot
presentin mostpopularprogramminglanguageslike C++ or Java. This meansthereis not a one-to-
onemappingbetweera behaioral diagramandits implementation Somemodelelementslik e history
statescanbeimplementedn mary differentways;this clearly contrastswith classdiagramsthatoften
canbe easilyimplementedin a programminglanguagesupportingconceptdike classesand objects,
compositionandinheritance.Rialto canbe usedasanintermediatdanguagebetweenmodelsandcode
andsupportssemantiovariationsthanksto our two-phaseapproacHor codegeneration.

An importantdecisionin a codegeneratiormethodis whetherthe programmemill be allowed to
edit the producedcodeor not. We have optedto hide the final implementatiorfrom the programmer
This implies that the codedoesnot needto be intelligible by a humanprogrammerandthatit is not
necessaryo reverseengineerthe codebackinto a UML model. However, this approachrequires,in
orderto bepractical thattheproducectodeis soefficient thatthe programmedoesnot needto tweakit
by hand.

We arecurrentlyworking on anextensionof the SMW toolkit for early simulationandanimationof
UML models.This will allow the designetto validateanddehug the modelsdirectly usinga modeling
tool insteadof examininganddehuggingthe generategrogramcode.
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