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Ofcourse,replaceversion-namebythereleaseversionname.Youmustrepeatthisoperationforallsvnmodule
thatneedtobetagged.

Publishing

Publishingmeanscopyingfilesinthewebdirectory.Thesync-to-www.shmovesthedocumentationsinthedoc/
subdirectory:

/doc
+--examples
+--html
‘--pdf

Compiler&enginesreleasesmustbecopiedbyhand.

10.3Thingstokeepinmind

Unlessyouknowexactlywhatyouaredoing(andwhy!),youshould:

•nevercommitu.v.b.userinterface.cli/src/main/java/u/v/b/userinterface/cli/Version.java
:itismodifiedwhenbuildingadistributionbutthesemodificationsshouldnevermaketheirwayintothecode
repository.

•nevercommitany.project,.classpathoranyothereclipsedot-files.Havinglocalmodificationsisalso
oftenasignofwrongconfiguration(butnotalways).Becarefultonevercommittheseasthiswillbreakother
developersetup.

•nevercommitDocuments/sphinx-doc/source/conf.pyifyou’veonlychangedtheversion/release
information.

120Chapter10.Developperreferenceforbuildingandpackaging



BIP2 Documentation, Release 2015.04 (RC7)

2 CONTENTS

BIP2 Documentation, Release 2015.04 (RC7)

Do not forget the leading . in the command above.

10.2 Publishing a distribution

Publishing a distribution must always includes the following steps:

1. compute a new version name. You must never reuse a previous version name. Never! If you have published
a distribution with a huge bug inside, it’s already too late, you need a new version. Commonly, a version has a
major part and a minor or revision part. The major corresponds to a new release, and the minor can be changed
when you want to distribute a new revision for the same release (eg. with bug fixes).

2. build the compiler using the previously computed version name

3. build the engines using the previously computed version name

4. build the document. The documentation should always match the distributed software. Never provide outdated
documentation. If you can’t update the documentation (it’s a shame), outdated part must be explicitly marked.

5. tag all the different parts of the software, script, documents in the SCM (ie. subversion).

6. publish !

The scripts presented in previous paragraphs can help for steps 1,2,3. Steps 4,5 and 6 must be done carefully by hand.

10.2.1 Manual steps

Building the documentation

Building the documentation is simple. 2 documentations can be built and published: APIs & user/dev documentations.
As of this writing, only the user/dev documentation is published though, as APIs still need some work (they are based
on javadoc & doxygen).

The user/dev documentation are using Sphinx.

First, you need to configure the documentation build to include the correct version number and release name. Edit the
file source/conf.py to include the matching version/name:

# The short X.Y version.
version = ’2012.04’
# The full version, including alpha/beta/rc tags.
release = ’2012.04 (RC3)’

Building is as easy as running:

$ make html latexpdf

The targets are self-described and produce static HTML pages and a PDF. The script sync-to-www.sh provides an
easy way to build and publish the user/dev documentations. The script also creates a tree-hugger-friendly PDF with 2
pages per side and publishes the example files.

Tagging

You must tag all parts (compiler, engines, documentation, distribution scripts), even the ones that have not moved
since the previous release. use the tag command:

$ svn tag version-name

10.2. Publishing a distribution 119



CHAPTER

ONE

INTRODUCTION

ThisdocumentstartsbyintroducingthemainconceptsoftheBIP2language:types,semanticsandofcourseitssyntax
(seeTheBIP2Language).Then,itpresentstoolsusedtocompileandexecuteBIP2programs.Thecompilerandthe
engine:theirinstallationsandbasicusage.AsthemainusecasesinvolvethegenerationofC++code,adedicated
partexplainsmoredeeplyhowtousetheC++codegeneratorofBIP2(seeMoreaboutC++codegenerator).A
step-by-steptutorialshowshowtousethemainfeaturesoftheBIP2language(seeTutorial).Finally,thefulllanguage
syntaxisincludedasareference(seeBIP2Grammar).

1.1Conventionsusedinthisdocumentation

1.1.1Shellcommands

Shellcommandareprecededby‘$‘:

$cd/etc/

Whenacommandneedstobeexecutedfromwithinagivendirectory,thisdirectoryismentionedbeforethe$:

/home/bla/$mkdirtoto

Ifacommandlineistoolong,thelineiscutbyescapingthelineendingcharacter:

$./bla--this--is="averylong"--command\
--line\
--that--is--cut=twice

3
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The-scanbeusedtoskipthecompilercompilation,whichisresponsibleformostofthebuildtime.Theremaining
stepsarestillexecuted.

Thelastparameter,-p,isusedtosetthecmakebuildprofileusedwhenbuildingtheengines.DefaultisRelease,
meaningthatthecodemaybeoptimizedanddebuggingsymbolsstripped.Ifyouneedtobuildadebuggingrelease,
usetheDebugprofile.Pleasenotethatthisprofileisonlyusedforbuildingtheengines,ithasnothingtodowiththe
buildofthecodethatmaybegeneratedbythebipcompilerlater.

10.1.2Whatwrap.shdoes

Itstartsbycleaningeverything:itsownbuilddirectoryalongwiththeseparatebuilddirectoriesforthedifference
partsofthecompiler.Andimmediatelystartsthebuildingofallpartsofthecompilers.Itdoesthatbyusingantwith
thefollowingtargets:

•clean:toremovepreviousbuildartefacts

•publish-local-all:buildthecompiler

Thepublish-local-alltargetisafrontendtargetthatusesivy.

Afterthecompilerhasbeensuccessfullybuilt,thewrapscriptcontinuesbycopyingtheresultingartefacts(jarfiles)
andthefrontendscriptthatwillbeusedbytheusers(ie.bipc.sh).

Atthispoint,thebipcompilerisready.ThewrapscriptnowcompilesthedifferentenginesfoundintheEngines/
directory.Theresultoftheenginecompilationisdirectlyaself-containedarchive.

10.1.3Whatwrap.shproduces

Aftereverythinghasbeenexecuted,youcanfindthedistributioninthebuild/directory:

build
+--bipc-2012.04.110853-DEV.FILES
+--bipc_2012.04.110853-DEV.tar.gz
+--BIP-optimized-engine-2012.04.110853-DEV_Linux-i686.tar.gz
‘--BIP-reference-engine-2012.04.110853-DEV_Linux-i686.tar.gz

The.FILESfileshouldbekeptasitcontainsallthefilenamesincludedinthecompilerdistributionarchive.Itis
useful,asthecompilercontainsseveralexternaldependencieswhoseversionsarenotencodedinthedistribution
version.

10.1.4Singlearchivedistributionusingsingle-archive-dist.sh

Foreveneasierdistribution,thesingle-archive-dist.shscriptcanbeused.Itproducesasinglearchivewith
thecompilerandtheenginesinside.Installationisonlyamatterofextractingandrunningascriptthatsetsupthe
environmentcorrectly.Itreliesonwrap.shandsimplyrearrangetheproductsofthelatter.Thescriptacceptsonly
-rand-vcommandlineparameters,whichareexactlythesameasforwrap.sh.

Theresultofrunningthisscriptisasinglearchivecalledbip-full_<ARCH>.tar.gz.Itcontainsthecompiler
andtheengines.Italsohasasetup.shscriptthatcanbeusedtosetuptheenvironmentcorrectly.Bydefault,the
scriptconfigurestheenvironmentforusingthereference-engine,butyoucangiveitanyengine(provideditisshipped
inthearchive)name:

$../setup.shoptimized-engine
Environmentconfiguredforengine:optimized-engine
$../setup.sh
Environmentconfiguredforengine:reference-engine

118Chapter10.Developperreferenceforbuildingandpackaging
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CHAPTER

TEN

DEVELOPPER REFERENCE FOR BUILDING AND PACKAGING

10.1 Building a distribution

Building a distribution consists of the building of both the compiler & the different engines. The distribution must
meet the following goals:

• contains only the code we want to distribute (ie. no source code)

• requires as less installation steps as possible for the user

• ability to keep track (version) of distributed files

The distribution scripts involve several steps:

• compute a distribution version number and inject it in all following steps

• compile the compiler: it uses ant/ivy

• compile the different engines (eg. reference engine, optimized engine)

• provide install/setup script

• package compiler & engines in archives to be distributed

All these steps are scheduled from the script called wrap.sh located, as everything related to the distribution, in the
distribution directory.

Important: Please be aware that all steps needed in the release process are not automated in scripts. You still need
to do manual steps (see below) in order to build a complete release. Failing to do so will lead to incoherence and most
probably headaches for solving problems.

10.1.1 Invoking wrap.sh script

The wrap script accepts several command line parameters:

-r When building a revision to release :)
-v Give the version name instead of it being generated
-p Build profile for engine (default: Release)
-s Skip directly to engine building, no compiler
-h This help

If the -r flag is used, then the version used throughout the build uses the pattern YYYY.MM. It has the nice property
of being easy to compute, to understand and is always increasing.

The -v allows the specification of the full version string. It has priority over -r.

If none of -v and -r are used, then the pattern used is YYYY.MM.HHmmSS-DEV.

117



CHAPTER

TWO

THEBIP2LANGUAGE

2.1Introduction

Figure2.1:Thethree-layeredBIP2representation.

BIP2(Behavior,Interaction,Priorityversion2)isacomponent-basedlanguageformodelingandprogrammingcom-
plexsystems.InBIP2,asystemisrepresentedby:

•thebehaviorspecifiedbyasetofcomponents

•asetofinteractionswhichdefinesthepossiblesynchronizationsandcommunicationsbetweenthecomponents;
theyarestructuredinconnectorsthatcorrespondstosubsetofinteractions(seeConnectors)

•asetofprioritiesusedforresolvingconflictsbetweeninteractionsorfordefininginteractionschedulepolicies
(seePriorities).

Withbehavior,interactionsandprioritieswecanbuildhierarchiesofcomplexcomponentscalledcompoundcompo-
nentsorcompoundsforshort.Acompoundcomponentiscomposedofasetofcomponents,connectorsandpriorities
(seeCompounds).Atomiccomponents,oratomsforshort,arethesimplestcomponenttype(i.e.nonhierarchical)
whosebehaviorisexpressedbyautomataorPetrinets(seeAtoms).

Inthefollowing,weusethetermcomponenttorefertoeitheranatomicoracompoundcomponent.Theports
andvariablesaccessibletoothercomponentsandconnectorsdefinethecomponentinterface.Portsareusedfor
componentcommunicationinasynchronizedmanner.Variablesstoreinformationaccessibletopriorityandtransition
guardexpressionstoresolveconflictsandnon-determinism.

TheBIP2compilerprocessesaninputfilethatcontainsapackagedeclaration.Intheprocessedfile,acompound
component,calledmodel,describesthesystemwewanttosimulate,analyze,verifyorjustexecute.

5
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2.2 Quick overview of the language

2.2.1 Preliminary notations

In the following sections we describe the main features of the BIP2 language. The language syntax is expressed by a
set of derivation rules that observe the following conventions:

• a rule begins with a name followed by the symbol ‘:=‘ and one or more terminal and non-terminal rules, e.g.:
non_term := ’term’ sub_non_term

• terminal elements are enclosed in ‘‘‘’‘‘’, e.g.: ’terminal’

Identifiers are used in many contexts to denote package names (package_name), variables (variable_name)
etc. In reality, those constructs are expressed by one rule in the grammar, but for readability we refer to them with a
descriptive rule synonym. You can find the full grammar in BIP 2 Grammar.

Examples of rules

sample_rule :=
’some text’ another_rule ’some ending text’

another_rule :=
’foo bar terminal’

2.2.2 Annotations

Annotations offer a mechanism for defining information that are used by tools other then the compiler. The compiler
examines the syntax of annotation directives but their content is ignored. BIP2 statements that accept annotations are
noted by the following notation:

• accepts annotations

The syntax for the annotations is given below.

Syntax

annotation :=
’@’ annotation_name [’(’ annotation_parameter (’,’ annotation_parameter)* ’)’]

annotation_parameter :=
annotation_key

| annotation_key ’=’ annotation_value
| annotation_key ’=’ ’"’ annotation_string_value ’"’

Example

@cpp(foo=bar, obj="foo.o,bar.o")
atom type MyAtom(int x)
...

end

6 Chapter 2. The BIP2 Language
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Middleends & Backends modifications

After the previous changes are working (you can run the compiler without executing any middlend/backend to check
that everything is fine), you can proceed with their modifications.

9.8.4 Updating dependencies

You should always try to stick to latest stable version of all dependencies. Not doing so may lead to big problems
when you will try to update from very old libraries. It’s easier to fix little API change from one version to the next
than fixing a large set of changes.

Usually, you should simply follow these simple steps. Beware that sometimes, some dependencies must be added or
can be removed. For a given compiler module:

• list jar files located in the ‘’external/” directory

• check if you have more recent version of these jar files inside your ‘’plugins/” subdirectory in your eclipse
installation.

• for all jar with more recent version, replace old version by the newest version

• run the ‘’Tools/helper-scripts/gen-ivy-deps2.py’‘:

externals/ $ ls *.jar | Tools/helper-scripts/gen-ivy-deps2.py

• copy the result inside the ‘’ivy.xml” file (first remove the old dependencies related to jar files)

That’s it. Always run all the test before merging. It is very important, as it has happened that some class moved from
one jar to another and the compiler crashes in very specific cases.

9.8. Tutorial 115
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2.2.3Packages

Apackageisaunitofcompilationcontainedinasinglefile.Itmayincludeotherpackageswiththeusedirective.In
BIP2,apackagemaycontain:

•constantdata(seeVariablesanddatatypes)

•externaldatatypes(seeVariablesanddatatypes)

•externalfunctions(seeVariablesanddatatypes)

•externaloperators(seeActions)

•porttypes(seePorttypes)

•atomtypes(seeAtoms)

•connectortypes(seeConnectors)

•compoundtypes(seeCompounds)

Constantsarereferencedintypedefinitionsorintheinitializationofotherconstantdata.Constantdataarevisible
onlywithinthepackagethatdefinesthem.

Important:BIP2permitsthedeclarationoftypenamesusedforsimpletypecheckingbutdoesn’tsupporttype
definitions(classes,structures,etc.).It’stheresponsibilityoftheback-endstoreallyinterpretthetypes(forexample,
theC++back-endwillmapthesetypestoC++typesdirectly).

Important:Torefertotypesdeclaredinotherpackages,prefixthetypenamewiththenameofthepackagewhereit
isdeclared(e.g.some.pack.name.SomeAtomType)

Syntax

•acceptsannotations

package_definition:=
’package’package_name

(’use’package_name)*

data_type*
(extern_function|extern_operator)*
bip_type+

’end’

data_type:=
’externdatatype’type_name

[’refine’type_name(’,’type_name)*]
[’as’’"’backend_name’"’]

extern_function:=
’externfunction’[type_name]function_name’(’[type_name(’,’type_name)*]’)’

extern_operator:=
’externoprator’[type_name]operator’(’[type_name(’,’type_name)*]’)’

2.2.Quickoverviewofthelanguage7
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–implementthecheck.Ifyouneedtocreateerrororwarning,dothefollowing:

*choosebetweenerrororwarningbychanger(orleaving)theDiagnostic.ERRORasthefirst
parameterofthecreateDiagnostic()methodcall

*the6thparameterisanarrayofObject.Addtheerrorcodecorrespondingtotheerror/warningin
secondpositionofthisnewarray.

•committhehandwrittencodeandadd[MODELCODEMODIF]inthecommitmessageandgiveasmuchinfo
asyoucan(whichconstraint,whichticket,...)

•implementanewunittest

Youcanseethiskindofhackincommitsr5062thoughr5068oftheBIP2subversionrepository.

9.8.3Changingthesyntax

Achangeinthesyntaxcanimpactthecompilerinvariousways:

•onlythefirstparserpass:mostlikely,thechangeissyntatic-suggarrelated.Thechangeisinvisibleafterthefirst
parser(ie.theASTstructuregiventothewalkerisunchanged).

•onlytheparser:theASTproducedisdifferent,andthewalkerneedstobeadaptedaswell,buttheresulting
modelstillusesthesamemetamodel(ie.stilldealingwithsyntacticsuggar).

•parserandmeta-modelareimpacted:thismeansthatyouneedtochangethegrammar,thewalker,themeta-
modelandalsoallmiddleends&backends.

Important:Donotforgettoaddcorrespondingtestsintheunittestdatabase!Runthesestestsasmuchaspossible
tocheckthatyouarenotbreakingsomething.

Grammarmodification

Changethe‘’Bip2.g”tomatchyoursyntaxchange.IfyourchangesdonotchangethekindofASTtheparserproduces,
it’sreallyeasyandquick:you’redone(runthe‘’gencode-for-eclipse”anttargetifyouneedthesechangestobevisible
inyoureclipse).

IfyourchangesDOchangetheproducedAST,youneedtoaddtheimaginarynodesatthetopofthe‘’Bip2.g”file
andproceedwiththenextsection.

Walkermodification

IfyouchangedtheASTproducedbythefirstpassorifyouneedtochangethemodelproduced,youneedtomodify
‘’Bip2Walker.g’‘.

Youneedtotakeextracareabouttheasumptions(oftenimplicit)madeattheinterfacebetweenthe2passes.Some
abstractionscanbesafelymadeinthewalker,butyourchangemaychangethis:beextra-careful.Forexample,inthe
firstpass,theruleswillforbidsomeexpressionsinsomecontext.Noindirectdatareferencecanbemadeinanatom
transition.Butthisrestrictiondoesnotexistinthewalker:thewalkertruststhefirstpass.

Meta-modelmodification

Ifyouneedtochangethemeta-model,youshouldmakethesechangesbeforechangingthewalker(youwon’tbeable
tochangethewalkerbefore...).

114Chapter9.DeveloperreferenceforCompiler



BIP2 Documentation, Release 2015.04 (RC7)

Example

package SomePackage
const data int my_const_int = 42

extern data type my_list

extern function int min(int, int)
extern function printf(string)
extern function display(my_list)
extern function int get(int i, my_list)

port type Port_t()
port type Port_t2(int i, my_list l)

end

2.2.4 Variables and data types

In BIP2, variables are used to store data values. Their declaration consists of a (data) type and a name. For example:

data int x

declares a variable named x of type int. The keyword data is ommited in the declaration of parameters of BIP2
types (i.e. port types, atom types, connector types, and compound types). Constant variables can also be declared in
packages using the keyword const data and the initialization operator =. For example:

const data float Pi = 3.1415926

at the beginning of a package declares a constant named Pi of type float with value 3.1415926.

Important: The constant variables of packages are the only ones that can (and must) be initialized when declared.
Other types of variables should be initialized after their declaration.

Types of variables are either native or external. Native types are known to the BIP2 compiler and are part of the
language. Currently, the supported native types are:

• bool for boolean values false and true

• int for integers (e.g. -100, 0, 32)

• float for floating-point numbers (e.g. 2.7182818)

• string for sequences of characters (e.g. "My name is BIP2\n").

Notice that the type int is considered by the compiler as a sub-type of float regarding compatibility of types,
which means each time the type float is accepted, the type int is also accepted.

Important: The exact encoding (number of bits, range) of the native data types is not specified by the semantics of
BIP2. Currently, the specialization is done in the back-ends. Typically, native data types are mapped to the usual types
of the target language, e.g. when using the C++ back-end the native types of bool, int, float, and string are
mapped respectively to the C++ types bool, int, double, and std::string.

Notice that constant variables of packages, as well as parameters of components, can be only of a native type.

Besides the predefined native types, additional types can be declared with the keyword extern. These types are
supposed to be externally defined and present when compiling the generated code. For instance, when using the C++
backend all the external types should be defined in additional C++ files included in the compilation process of the
generated code. An example of declaration of an external type named IntList can be found below.

8 Chapter 2. The BIP2 Language
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The templates startPackageCmake/endPackageCmake must be called respectively at the beginning/ending of
a package.

9.7.4 Misc

The C++ back-end includes 2 utility templates:

• traceBip.mtl: contains the needed queries/templates for injecting in the C++ code back-links to the BIP
code. Some templates can be used to drive the GNU Debugger (aka. gdb) so that it displays the BIP source code
instead of the generated C++ code. This features has been prototyped only and has been put on hold in favor of
other developments.

• gcc.mtl : used to store everything specific to the GNU Compiler Collection (aka. gcc). It is currently
nearly empty as it only includes a query for asking the compiler not to raise a warning when a specific variable
declaration is never used.

9.8 Tutorial

9.8.1 Debugging a Filter or a Backend

The way the compiler is built and configured by default in eclipse won’t let you use any of your filters or backend.
The compiler will load dynamically the classes for your filters/backends provided they are in the java classpath.

9.8.2 Adding a new constraint

You must always follow all the folowing steps. Do not leave some steps as todo tasks, you will always forget to do
them, leading to future bugs, longer misunderstanding, etc.

• add constraint in the meta-model. Choose a name as discriminant as possible. You should include ev-
erything possible in the name as the constraint name will also be used in error handling. Better use
ConnectorParameterHasBadType than BadType.

• commit the change in the ecore file.

• generate the code. This will create an empty method with a FIXME inside (look in the Tasks perspective in
eclipse, the new method should appear here).

– open the genmodel file, right click on Bip2 and run the Generate model code

• commit the generated code corresponding to the new constraint. In the comment, add explicitly that it is only
automatic code

• add the corresponding error message and error code in the u.v.b.error module:

– add a new enumeration item in the ErrorCodeEnum Enum type: item name must match the constraint
name

– if needed, add one more mapping in the ‘’ErrorCodeEnum.userFriendlyNames” map to map your newly
verbose name to some shorter names.

– add a new string in the error message file english-strings.properties. The new string name
must match the constraint name

• implement the constraint.

– add NOT after the @generated in the comment before the method.
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externdatatypeIntListrefineListas"std::list<int>"

ThisdeclarationstatesthatIntListisavalidtypename.ItalsospecifiesthatIntListisasub-typeofthe
(external)typeList,andthatIntListshouldbetranslatedintostd::list<int>bycodegenerators(e.g.in
thisexamplewetargetC++codegeneration).Codegeneratorsusethenameofthetype(inthisexampleIntList)
iftheinstructionasisnotprovided,e.g.whenusingthefollowingdeclarationcodegeneratorswillnottranslate
IntListanduseitsnamedirectlyinthegeneratedcode.

externdatatypeIntListrefineList

Important:Withoutanyadditionaldeclation,thecompilerassumesthatnooperationcanbeperformedonexternal
typesexceptassignments(using=).Thismeansthatassignmentsofexternaltypesshouldbeimplementedinthe
generatedcode,e.g.byadditionalfilesincludedinthecompilationprocess.

Asforexternaltypes,BIP2allowsthedeclarationofexternalfunctionprototypesthatareassumedtobeexternally
definedandpresentwhencompilingthegeneratedcode.Thedeclarationofanexternalfunctionconsistsofanoptional
returntypename,afunctionname,andalistoftypesnamesfortheargumentsofthefunction.Forexample:

externfunctionintrand()
externfunctionprintf(string)
externfunctionintgetElement(int,IntList)

declaresprototypesfor:

•theexternalfunctionrandhavingnoargumentandreturninganint

•theexternalfunctionprintfthattakesastringasargumentandhavenoreturnedvalue

•theexternalfunctiongetElementthattakesanintandanIntListasarguments,andreturnsanint.

Important:Externalfunctionprototypesmayinvolvedexternaldatatypes(thatmustbedeclaredproperlyobviously).
Therearenospecificrestrictionsinthedeclarationofprototypesconcerningoverloading:differentprototypesmay
havethesamefunctionnameeveniftheyhavethesamenumberofargumentsand/ordifferentreturntypes.Thismay
triggererrorswhencompilingexpressionsinvolvingcallstoexternalfunctions,asexplainedinActions.

2.2.5Actions

Actionsdefinecomputationsanddatatransformations.Intheconstantcontext,expressionsshouldnothaveside
effects.Noticethatthecompilerisunabletocheckwhetheranexternalfunctioninvolvedinaconstantcontexthas
sideeffects.Itistheuser’sresponsibilitytoensuretheabsenceofsideeffectsinsuchcontext.Inthenon-constant
contextanycomputationisallowed.Therearealsomixedcontextswheresomedatacanbechangedwhileotherscan’t
(seeConnectors).Wheneverpossible,thecompilerwillrestrictthepossibleactionstoenforcethe“const-ness”.

ComputationsanddatatransformationsinactionsareexpressedbyC-likesyntaxstatementsandexpressions.State-
mentsareassignments,functioncallsandconditionalif-then-elseconstructs.Noticethatthelanguagehasno
supportforloops.Expressionsinvolvedinstatementscancombinevaluesusingcomparisonoperators,arithmetics
operators,booleanoperators,andfunctioncalls(withreturnedvalues).Asusual,parenthesis(and)maybeusedto
groupexpressionsandenforceaspecificevaluationorder.Multiplestatementsinanactionareenclosedinbrackets
whileindividualstatementsareseparatedby;.Thefollowingoperatorscanbeusedfornativetypes.

Comparisonoperatorscanbeusedtocomparetwovaluesofthesamenativetypeandreturnavalueoftypebool.
Inadditionwealsoallowthecomparisonofinttofloatandfloattoint.Thelistofcomparisonoperatorsis
providedasfollows.

•==:equality

•!=:inequality
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Important:Thelimitationonlyexistsforsimplificationpurposes.ItiscompletelypossibletocompileonlyBIP
typesintoC++classesandpackagetheresultasalibrary,butourcurrentcompilationflowdoesnotsupporttheuseof
precompiledBIPpackage.Thisfeaturewillbehandledinlaterversion.

9.7.1Typecodegeneration

Alltypetemplates(ie.templateforanysub-classoftheBipTypeclassinthemeta-model)mustconformto
thefollowinginterface(notconformingtemplateswon’traiseanycompilationerror,butwillmostcertainlypro-
ducewrongcodeinanunspecifiedmanner),withXXXXTypethesub-classname.Theinterfaceisdefinedin
generateBipType.mtl:

•generateHeaderBody(anElt:XXXXType,disableSerialization:Boolean),
mandatory.Thecontentofthemainheaderfile.Noneedtohandlethemultiple-inclusionguards.Always
includeonlytheminimumsetoffiles:neverusetheincludeeverythingasit’seasiertoimplementstrategyas
you’llquicklyintroduceloops.

•generateImplemBody(anElt:XXXXType,disableSerialization:Boolean),
mandatory.Thecontentofthecppfile.Noneedtoincludethecorrespondinghpp.Onlyimplementclass’s
membersorstaticfunctions.Avoidnon-staticfunctionsasitviolatesthedesignprinciples.

•generateSubClasses(anElt:XXXXType,aCMakeList:String,
disableSerialization:Boolean),optional.Whenthegenerationprocessneedstoproduce
morethan1classforagivenBIPtype,youneedtohookyourothertemplatesinthistemplate.The
aCMakeLististhefilenametousetoappendcmakeinstructionsrelativetotheotherclassesproduced.

ThedisableSerializationparametercanbesettruewhenallserializationmechanismsshouldbeskipped.
Thisparametershouldbemovedtosomehigherglobalcontextinsteadofbeingpartofalltemplateinterfaces.

Examplesoftemplatesusingthesub-classgenerationinclude:generatePortType.mtland
generateConnectorType.mtl.

9.7.2Instancedeploymentcodegeneration

ThegenerateDeploy.mtltemplateisresponsibleforwalkingtheinstancemodel,thatcanbeseenasatreeif
youomittypereferencesthatpointtothetypemodel.Itusestherecursiveaspectofthecomponenthierarchytounroll
theinstancetreeandcreateC++objectdeclarationinanorderthatmeetsalltheclassesconstructorsrequirements(eg.
acompoundconstructorexpectsreferencestoallitsconnectors,priorities,components,exporteddataandexported
ports).Asmuchaspossible,thetemplateusesstaticinitializationstominimizeruntimeinitializationsandallowfor
betteroptimizationfromtheC++compiler.Itmeansthatthereisnonewcallsinthegeneratedcodefordeployment:
thesizeofthesystemcanbestaticallyknownaftertheC++compilerisdone(itdoesnotinclude,ofcourse,runtime
datalikeinteractionsobjects)andeverythingisallocatedintheheap.

ThegeneratedcodeincludesaComponent*deploy(intargc,char**argv);functionthatistheentry
pointthatstandardengineuse.Currently,argcandargvarenotused.Thisfunctionreturnsapointertotheroot
componentinstance.

9.7.3CMake

ThetemplategenerateMasterCMakeListsproducesthemainCMakeLists.txtfilethatwillbeusedto
configureandcompileallC++codeproducedbythecompiler(ie.packagesanddeployment).Itexpectsasetof
parametersfromtheuserinterface.Someoftheseparametersaredirectorylistsandshouldbegivenasabsolutepath.
Usingrelativepathmayormaynotworkdependingonthespecificsetup:itisnotsupportedandshouldnotbeused.
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• < : less than

• > : greater than

• <= : less or equal than

• >= : greater or equal than

Arithmetic operators provided below can only be applied to numbers, i.e. int and float data types. They return a
value of type int if all the arguments are of type int. They return a value of type float otherwise.

• / : division

• % : modulo

• + : addition or positive sign

• - : subtraction or negative sign

• * : multiplication

Logical boolean operators apply to boolean values only (of type bool), and return boolean values:

• && : logical and

• || : logical or

Boolean bitwise operators apply to int only, and return int:

• & : bitwise and

• | : bitwise or

• ^ : bitwise exclusive or

• ~ : bitwise not

• ! : logical not

The assignment operator may assign a value to a variable provided that the type of this value is compatible with the
type of the variable, that is, if it is of the same type or if it is of a sub-type. Notice that in contrast to previous operators,
by default the assignment operator applies also to external types.

• = : assignment

Important: The exact behavior data types and corresponding operations is not specified by the semantics (e.g.
min/max ranges of integer and floating point types, behavior of overflows, etc.). Currently, the specialization is done
in the back-ends (usually by mapping directly BIP2 types and operations to usual types and operations of the target
language).

In addition to the predefined operators, external functions can be call provided their prototype is declared, as explained
in Variables and data types. We say that a function call matches a prototype if it has the same function name and
the same number of arguments, and if its arguments are compatible with the ones of the prototype. We say that a
prototype is strictly more precise than another prototype if it has compatible arguments with at least one being a strict
sub-type. For example in the following the first prototype is strictly more precise than the third prototype, whereas it
is not comparable with the second prototype:

extern function float min(float, int)
extern function float min(int, float)
extern function int min(int, int)

A function call will not compile if one of the following assertions apply:

• it does not match any declared external function prototype (“no match prototype” error)
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9.6.4 u.v.b.backend.cpp

This back-end is the most complex (and used) available in the compiler. It uses both the type model and the instance
model to generate a set of C++ source file along with the cmake scripts used to build everything.

The type model is used to generate C++ classes. All these classes inherit from classes in the BIP engine interface.

The instance model is used to create the needed statements and variable creation for the deployment of the system.

Entry points for this back-ends are:

• the GeneratePackage class that is the interface between the java code and the acceleo engine that applies
the templates for the generation of classes corresponding to BIP types. From the outside (java world), it is
only possible to generate something from a package (ie. it is not possible to generate simply the C++ code
corresponding to an atom type).

• the GenerateDeploy class is the interface between java code and the acceleo engine for the creation of the
deploy code.

• the Cmake class is used to generate all the necessary files for cmake to build all the generated code.

More details are given in the separate C++ back-end.

9.6.5 u.v.b.backend.example

This back-end is empty and its only use is to be a starting point for creating new back-end.

9.6.6 u.v.b.backend.tests

All JUnit tests are stored in this module. As for the front-end tests:

• test classes must be named SomethingTests with Something being a descriptive name that does not start
with Abstract

• tests resources must be placed in sub-directories of src/tests/resources/. The current convention is to
store C++ backend related resources in a cpp/ subdirectory.

9.6.7 acceleo.standalone.compiler

A back-end is a black box that is used for generating something from a BIP-EMF model. Typical lifecycle of a
back-end:

• configuration (eg. output directory, optimization level, ...)

• if the back-end is able to generate something from a type model, then it is called with the type model at the end
of the compilation process

• if the back-end is able to generate something from an instance model and an instance model has been build
during compilation, the it is called with the instance model.

9.7 C++ back-end

The back-end must be fed with both the type model and the instance model. The type model is used to create C++
classes and the instance model to create a deployment script (ie. creates instances of previously created classes, in a
correct order).
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•itmatchesatleasttwoprototypeswithoutonebegingstrictlymoreprecisethantheotherone(“ambiguous
functioncall”error)

•thereturntypeofthemostprecisematchingprototypeisnotcompatiblewiththerestoftheexpressioninwhich
thefunctioniscalled(“incorrecttype”error)

•themostprecisematchingprototypehasnoreturntypeandthefunctioncallisinvolvedinanexpression(“no
returnvalue”error).

Consideringthattheprototypesforminarerestrictedtothefollowing:

externfunctionfloatmin(float,int)
externfunctionfloatmin(int,float)

thenthestatementx=min(0,0);willleadtoacompilationerrorsuchas:

[SEVERE]In/path/to/file/my_bip_file.bip:
Ambiguousfunctioncall’min’withparameter(s)oftype(s)’int,int’:cannotdecide
between’floatmin(float,int),floatmin(int,float)’:

38:
39:x=min(0,0);

--------------------^
40:
41:

Similarlytoexternalfunctions,externaloperatorscanbedeclaredbyusingexternoperatorfollowedareturn
type,thetargetoperator(insteadofthefunctionname)anditsarguments,e.g.:

externoperatorstring+(string,string)

Thesedeclarationsshouldalwaysincludeareturntype,andarelimitedtothenumberofargumentsagivenoperator
hasinthelanguagefornativetypes.Forexample,inthefollowingcodethefirsttwodeclarationsarenotpermitted
whereasthelasttwoonesareaccepted:

externoperatorComplex*(Complex)//notvalid:missingargument-ERROR!
externoperator*(Complex,Complex)//notvalid:missingreturntype-ERROR!
externoperatorComplex*(Complex,Complex)//OK
externoperatorComplex*(float,Complex)//OK

Noticethatdeclarationsofexternalcomparisonoperators(==,!=,<,>,<=,>=)arenotforcedtoreturnboolean
values,butforreadabilityofthecodewerecommendtoavoidsuchpractice.Similarly,logicaloperators(!,||,&&)
mayberedefinedfornonbooleanvalues,butagainwestronglyrecommendnotdoingit:

externoperatorint==(IntList,IntList)//allowedbutnotrecommended!
externoperatorIntList||(IntList,IntList)//allowedbutnotrecommended!

Example

{
a=a*(2+b);
g(d);
b=f(a);

}

Inaconstantcontext,anactioncontainsasingleexpressionsenclosedinparenthesisthatmustevaluatetoaboolean
value.

Important:Dependingonthelocationsoftheactions,thedatareferencecantakedifferentforms.Forexample,
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•anexample

Hint:Thepipelikesyntaxusedtochainthefiltersfromthecommandlineishandledinthecommandlineuser
interface,notinthismodule.

9.6Back-end

9.6.1u.v.b.backend

Thismodulecontains3elementssharedbyalltheback-endsandneededforinteractingwiththeotherpartsofthe
compiler:

•theBackendableinterfacethatback-endsmustimplement.

•theacceleoruntime,thatismeanttobeusedbyallback-ends(eventhoughaback-endcanbeinpureJava)

•someacceleotemplate/queriesthatareusefulforallback-ends(eg.extractinginformationfromannotations,
someothercommonoperations,...)

Important:Asofthiswriting,acceleohassomelimitation(bug)thatpreventtherealsharingofcommontem-
plates/queries.Thetemplates/queriesprovidedherearecurrentlycopiedinallback-endsmodulesthatneedthem.
Thisisawork-around.

9.6.2u.v.b.backend.aseba

Thisback-endisusedtogenerateAsebacode.ItishighlyexperimentalanddoesnotcoveralltheBIPlanguage.

9.6.3u.v.b.backend.bip

Thisback-endproducesBIPcode.Itisverysimple,astemplatesareusedtotranslatetheBIP-EMFtothetextualBIP
representation,withbothbeingbyconstructionveryclose.

Thereare6templates:

•4BIPtypes(ie.port,connector,atom,compound)

•1forthepackage

•1fortheportdeclarations

•1fortheannotations

Thisbackendcanbeagoodstartingpointforunderstandingtheinternalsofthebackendsusingacceleotemplates.

Warning:WhenwritingunittestforBIP,wemainlyusetheEMFequals()methodtocheckthatbip(bip(a-test-
source))==bip(a-test-source).EMFmodelsaresensitivetoorder,meaningthatevenifsomemodelareequivalent
fromtheBIPpointofview,theyarenotfromEMFpointofview.Forexample,thegeneratedcodewillalways
have:datatypes,porttypes,connectortypes,atomtypes,compoundtypes.Samegoesforatominternals,where
datacomesbeforeexportport,thatcomesbeforeinternalports.
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in Atoms, the data can be directly referenced by its declaration name whereas a connector action referencing a data
within a port must use a dotted notation (e.g. port_name.data_name).

There is currently only one control flow operation: if-then-else with the following syntax:

if ( boolean_condition ) then
statement1;

else
statement2;

fi

The else part is optional and may be omitted. The expression boolean_condition must evaluate to a boolean
value.

2.2.6 Port types

Ports are used to synchronize component and convey information in a synchronized manner between the components
of a model. The transferred information is accessible via the variables associated with the port. Port types are declared
with the port type keyword followed by the port type name and a possibly empty list of accessible variables. The
following example declares a port with type port_t which can access integer values from the x variable:

port type port_t(int x)

Syntax

• accepts annotations

port_type_definition :=
’port type’ (package_name ’.’)? port_type_name
’(’ data_param_declaration (’,’ data_param_declaration)* ’)’

2.2.7 Atoms

Atoms are the simplest components with a behavior described by an automaton or a Petri net extended with data. An
atom type is declared with the atom type directive which contains:

• a possibly empty list of variables for storing data. Data declarations may be exported to become accessible to
priorities.

• an optional list of port declarations that may reference variables. Exported ports are accessible to connectors.

• an automaton or a Petri net that defines the behavior of the atom. The behavior is described by a set of transitions
that change the state of the atom in reaction to enabled ports.

Data types and variables

In BIP2, (data) variables are used to store data. A declaration of a variable is data keyword. For example:

data int x

declares an integer variable named x.

Variables exported with the export directive can be used in guards of compound component priorities (see Com-
pounds).
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• resources needed by tests must be stored in sub-directories of src/tests/resources/. Name the sub-
directories so that it is easy to match the files to their corresponding test classes.

9.4 Common

9.4.1 u.v.bip

This module contains parts that may be shared by every part of the compiler. Currently, it only contains the needed
interface and library to parse command line arguments. The Configurable interface is used for plug-in after
command line has been parsed: arguments are passed to the plug-in so that it can configure itself.

9.4.2 u.v.b.error

The error module is the base of all error handling in the compiler. The main idea behind it is the following:

• an error type has a unique identifier across all compiler: all identifiers are defined in this module. This is a major
problem concerning modularity as a plug-in must have its specific errors defined in the base of the compiler.

• error messages are not hardcoded and are shipped as properties. Currently, only an English version is available,
but translating the few dozens of message is straightforward.

All errors must inherit from the GenericError class. This class defines the most common attributes needed to
handle error and display useful error message to the user:

• the error code

• when possible, the location in the BIP source file

The error identifiers are defined as an enumerated type in ErrorCodeEnum.

The class ErrorMessage must be used to get human readable error messages. Its getMessage() method takes
an error identifier and returns the corresponding error message from the property file used when starting the compiler
(by default, it uses the english-messages.properties file.

If you need the user to designate a given warning, you should use the helper mapping ‘’userFriendlyNames” provided
within ‘’ErrorCodeEnum’‘. It maps names that the user can easily understand to internal names that maybe too verbose
to be user friendly. This is what is used by the ‘’@SuppressWarning‘’ annotation.

Important: Having a pluggable system for error handling is completely possible. It has not been implemented yet
for simplicity and because of limited development resources. It may be fixed in future versions, if needed.

9.4.3 u.v.b.exception

This package only contains a single class called CompilerErrorException. This exception class is unchecked
and must be used if and only if a bug in the compiler has been found. This class is very minimalist and contains
members that could be useful to track the origin of the bug.

9.5 Middle-end

This module contains currently 2 elements:

• the common part that contains the interface between the middle-ends and the user interfaces: the Filterable
java interface and the necessary classes/enums for error handling.
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Ports

Atomshaveportsdeclaredwiththeportdirectivethatconsistsofatype,anameandanoptionallistofpreviously
declaredvariables.Itisanerrorifthetypesofthepreviouslydeclaredvariablesdonotmatchthetypeofthecorre-
spondingportparameters.Implicittypecastingisnotpermitted.Forexample,ifapreviouslydeclaredparameterisof
typefloat,aportparameteroftypeintisnotallowed.Inthefollowingcodeexcerpt,threevariablesnameda,b
andcareassociatedwiththethreeparametersoftheportwithtypePort_t:

porttypePort_t(intx,floaty,some_typez)

atomtypeSomeType()
datainta
datafloatb
datasome_typec

portPort_tp(a,b,c)
...

end

Portscanbeexportedwiththeexportdirectiveandbecomeaccessibletoothermodelcomponents.Exportedports
canbeaccessedindividuallyinthecomponentinterface(seeFigure2.2)ormergedintooneport(seeFigure2.3).In
thelatercase,theymustacceptthesamenumberandtypesofparameters.Themergedportprovidesaccesstoall
variablesoftheindividualports.

Figure2.2:Portsp,qandrareindividuallyexported.

InBIP2,portsp,qandrareindividuallyexportedusingthefollowingstatement:

exportportport_tp(x),q(y),r(z)

Figure2.3:Portsp,qandraremergedandexportedastheportexp.

Tomergeandexportportsp,qandrasasingleportexpweusethekeywordas:
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instantiate(*Declarationdeclaration)methodswhilebrowsingthetypesfoundforallsub-
declarations(eg.takinganinstanceofacompoundtriggerstheinstantiationofsub-components,connectors,priorities,
ports).

Moredetailsontheinstantiationofcomponent

Theentrypointoftheinstantiatoristhethe‘’instantiateTopLevel(ComponentDeclarationdeclaration)”method.The
componentdeclarationmustbeacompound,elseitwillfail.Thismethodwillsimplyunrollthehierarchystarting
fromtherootcompoundandbuildaninstancetree.Eachencountereddeclaration(port,data,connector,component,
priority,etc)willtriggerthecreationofaninstanceobjectinthetree(theinstanceobjectsmakeatree).Itisimportant
tonotethatcomponentsparametersneedspecialhandling.

Parametersforacomponentdeclarationcanonlyinvolvethefollowing:

•directvalues:3,18.5

•datareferencestocontainer’sdataparameters

•datareferencestoconstantdatadeclaration

Thereisaneedwheninstantiatingaparameterizedcomponentdeclarationtoresolvethedatareferences,inparticular
forreferencetocontainer’sparameters.Whatwedoisthatweduplicatetheexpressionsfoundinthedeclaration
(involvingonlyobjectswithinthetypegraph)andthenweresolvedatareferencestopointtoinstanceobjectsinstead
ofpointingtotypeobjects.

9.3.4u.v.b.userinterface.cli

Anyuserinterfaceisexpectedtoinstantiatecompiler’sbuildingblocksandassemblethemtocreateaworkingcom-
piler.Thismodulecontainsacommandlineinterface.

Itbasicallydoesthefollowingsteps:

•initializesthecommandlineparsingtool:

•withcommonarguments(package,verbosity,searchpaths,rootdeclaration,etc)

•withargumentsfromback-ends(thisisachievedbyintrospectingtheback-endsclasses)

•createsapackageloader

•loadsthepackagerequestedfromthecommandline

•ifarootdeclarationwasgiven,instantiateit

•executesallback-endsinturn.

AllstepsmayfailandshouldreportthecausebytransmittinganErrorobject.Theactualclassandmeanoftransmis-
siondependsonthestepfailing.

9.3.5u.v.b.frontend.tests

TestsareusingJUnitandfollowtheconventions:

•classeswithtestsarenamedSomethingTests,withSomethingbeingexplicitenoughaboutthecontent.
Theclassnamecan’tstartwithAbstract.

•teststhatneedthepackageloaderarelocatedinthepackageloader.Storeothertestsinseparatepackages:
keepteststidy!
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export port port_t p(x), q(y), r(z) as exp

Petri net

Petri nets implement the behavior of atoms. They consist of places and transitions. Places are used to store the current
control location of the atom given by a marking of the places, that is, a boolean function associating true to the marked
places. Places are declared in an atom using the keyword places followed by a list of place names, e.g. the following
code declares the places named START, SYNC and END:

places START, SYNC, END

Transitions change the current state of an atom and invoke associated actions that may alter the values of atom vari-
ables. A transition specifies:

• The set of triggering places that are required to be all marked at the current state for the transition to occur. They
are declared using the keyword from.

• The set of target places that are marked after its execution. They are declared using the keyword to.

• A boolean condition on values of (local) variables that must be fulfilled at the current state for the transition to
occur. This condition, called guard, is declared using the keyword provided. If no expression is provided,
the guard places no restrictions on the transition.

• An optional block of code after the do keyword that is evaluated when the transition occurs.

A transition of an atom is enabled if:

• it is enabled by the marking, that is, all its triggering places are marked at the current state and

• the associated guard evaluates to true or there is no guard associated with the transition.

Important: Notice that in BIP2 we target 1-safe Petri nets where the target places of an enabled transition are never
marked. This property for a Petri net of an atom is checked both at compile time and at run time, and leads to an error
if violated. Notice that since automata are a sub-case of 1-safe Petri nets, they can be used to define the behavior of
atoms. In automata, each transition has at most one triggering place and one target place.

We distinguish three types of transitions:

• The initial transition is responsible for initializing the marked places and atom variables. It is a mandatory
transition executed once during the model initialization. It has no triggering places and no associated guard.
Moreover, the initial transition can not be observed by other components nor synchronized with their transitions.
For example, the following code fragment specifies the initial transition of an atom that marks the place START
and initializes the variables x and y:

initial to START do { x=0; y=0; }

• Internal transitions are invisible to other components and take precedence over other observable transitions.
Their execution depends on the current state and associated guards. Internal transitions are declared using the
keyword internal, e.g. the following specifies an internal transition enabled in the START place that sets the
current state to the SYNC place restricted by an associated guard:

internal from START to SYNC provided (x!=0) do { x=f(); }

• Transitions labeled by internal port names are visible to other components. A transition labeled by an internal
port that is exported can be synchronized with transitions of other components using connectors (see _language-
connector-label). Such transitions are declared in atoms using the keyword on, e.g. the following specifies a
transition labeled by the internal port s, that changes the current state from SYNC to END:
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Parser

The parser is using the antlr tool. You can find many GUI for helping in the development of antlr grammar.

The BIP compiler follows the antlr recommended work-flow:

• Bip2.g: a regular grammar is used to read a BIP source code. This pass creates an abstract syntax tree (aka.
AST) by using antlr automatic tree building.

• Bip2Walker.g: a second grammar expressed on tree is used to recognize the AST created by the previous
pass. Rules embed the necessary java code for building a BIP-EMF model. This model describes only the types
found in the parsed BIP code; instances are handled later.

The goal of this split is to have the grammar part as language agnostic as possible: rules do not embed any java
code. The file grammar/Bip2.g could be used to build parsers for other languages supported by antlr (eg. ruby or
python).

Important: The previous statement is not 100% true, as we want to plug the compiler’s error management inside the
parser to be able to rewrap parser’s errors and display present them to the user in a coherent way. There are few lines
of java in the header of the grammar file: these lines can be safely removed if the grammar is to be used for a different
target language than java.

The java code generated by antlr from the previous two grammar files is not in the code repository. You need to
generate it first. Invoking the ant target gencode-for-eclipse should do the job are generate java code in
build/generated-src directory.

Important: When you change one of the grammar files, you must regenerate the code.

Important: You must not use directly the gencode ant target as it’s used for packaging the compiler. The generated
code won’t be in the correct location for eclipse developement.

Package Loader & Package registry

The package loader is a simple object that uses:

• a classloader to locate BIP files across different directories with the dotted package naming.

• a registry, that is nothing more than a hash table, used to store the BIP packages already loaded.

It is the package loader that takes care of running the parser when a BIP file needs to be parsed.

The loader has a very simple interface, mainly consisting of the method:

• Package getPackage(String package_name) : returns the type model corresponding to the pack-
age named after the package_name parameter.

9.3.3 u.v.b.instantiator

The instantiator is responsible for creating an instance model from a set of BIP packages and a root component
declaration. Its result is a DAG with instance of *Instance java classes as nodes. The entry point is the method:

• ComponentInstance instantiate(ComponentDeclaration declaration)

It reads the declaration, search for the corresponding type in the loaded types and returns a ComponentInstance
object describing an instance of a component. This call will recursively invoke other *Instance
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onsfromSYNCtoEND

ThefollowingfiguregivesanexampleofexecutionsequenceoftransitionsinanatomAinwhichtheinitialtransition
isfollowedbytheexecutionofaninternaltransition,thenatransitionlabeledbyportpisexecutedfollowedbythe
executionoftwointernaltransitions,andfinallyatransitionlabeledbyportqisexecutedleadingtoastateinwhich
notransitionisenabled.NoticethattheonlyvisiblestatesofAaretheonesprecedingtheexecutionsofpandqand
thefinalstate,theotherintermediatestatesareinvisible.

Figure2.4:Sequenceofinternalandvisibletransitionsinanatom.

Important:Onlyoneinternaltransitionisenabledatanytimesincenon-determinismisnotallowedforinternal
transitionsofatoms.Similarly,twotransitionslabeledbythesameinternalportnamemustnotbeenabledatthesame
time.

Priorities

Prioritiesareusedtoresolveconflictsortodefineanorderingbetweentransitionslabelledbyports:theselected
transitioncorrespondstotheportwithhighestpriority.Theymayalsoincludeabooleanexpressioncalledguardthat
specifiestheconditionswhenitisapplicable.Prioritiesdonotapplytotheinitialandinternaltransitions.Inthe
followingexample,portqhashigherprioritythanpprovidedthatvariablexequalstozero.:

prioritymyPriop<qprovided(x==0)

Thetransitiveclosureofsuchprioritiesdefinedinanatomisapartialorderrelationshipamongportsandassociated
transitions.Aportqhashigherprioritythanpifthereisapriorityrulespecifyingp<qwhoseguardevaluatesto
true,orthereareportsp1,p2,...,pNsuchasp<p1<p2<...<pN<qsuchthatalltheircorresponding
guardsevaluatestotrue.Noticethatitisnotrequiredforportsp1topNtobeenabled.Anenabledtransitionismaximal
ifithasthehighestpriority.

Important:Inconsistenciesinpriorities(e.g.a<b<c<a)aredetectedandreported.Iftheprioritiesdonot
includeguards,thechecksareperformedatcompiletime.Guardexpressionscannotbeevaluatedduringthemodel
compilationsointhiscasepriorityvalidationispostponeduntilruntime.

Enabledportsofatoms

Aninternalportisenabledifittriggersanenabledtransitionforthecurrentatomstate.Theportismaximalifits
correspondingenabledtransitionismaximal.Anexportedmaximalportisalsoenabledattheinterfacelevel.When
severalmaximalinternalportsareexportedthroughthesameport(i.e.mergedexport),theyareallvisibletoother
componentsthatcaninteractwithanyoftheinternalportsthroughtheinterface.Consequently,ifaninternalport
referencesvariables,thevaluesaccessiblefromtheinterfacearethevaluesoftheenabledmaximalinternalports.

Thefollowingfigureillustratesanexampleofamergedportnamedexpthatconsistsofthreeinternalportsp,qandr
andeachinternalportreferencesavariable(e.g.x,yandz).Portexpisenabledifatleastoneofthecorresponding
portsisenabled.However,onlythevariablesoftheenabledinternalportsareaccessiblefromtheinterface.For
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theElementWithAConstraint,
}
context));

Youmustaddanextrainformationtoidentifypreciselytheexacterrordetectedbytheconstraint(codesaredefinedin
ujf.verimag.bip.errormodule:u.v.b.error).ThiscodemustbeaddedinthearrayofObjectcreatednear
theendofthepreviousexcerpt:

diagnostics.add(createDiagnostic(Diagnostic.ERROR,
DIAGNOSTIC_SOURCE,0,
"_UI_GenericConstraint_diagnostic",
newObject[]{
"exportedDataListsSynchronized",
getObjectLabel(theElementWithAConstraint,context)

},
newObject[]{
theElementWithAConstraint,
/*
*BIPErrorcodecorrespondingtothisconstraint

*/
ErrorCodeEnum.constraintXYViolation,

},
context));

EMFallowstheuseofdifferentlevelforeachDiagnosticobjectcreated.IntheBIPcompiler,weonlyusethe
ERRORwhentheconstraintviolationisfatal(ie.thecompilermuststop)andWARNINGwhentheviolationisasign
ofpotentialerror(ingeneral,thesecanonlybedetectedatruntime).

Versionninggeneratedcode

Asweneedtoimplementourconstraintsinthegeneratedcode,weneedtoadditinthecoderepository.Inorderto
differentiatehandwrittencode(thatwereallyneedtokeeptrackof)fromautomaticallygeneratedcode(thousandsof
lines),splityourcommits!Usethefollowingsteps:

•addconstraintsinthemeta-model

–commitchangesin.ecoreand.ecorediagfileswithregularcomments.

•generatejavacode

–commitonlythegeneratedcodeandstatethatthisisgeneratedcodefornewconstraints

•implementtheconstraints

–commityourchangeswith[MODELCODEMODIF]withthenamesoftheconstraintsyou’vemodified.

Important:Whenaddinganewconstraint,alwaysalwayscreatethecorrespondingerrormessageandJUnittestat
thesametime.Nevercommittheconstraintcodeifyoudon’thavethetestsanderrorsready.Ifyoudoso,youwill
forgetaboutthemandhitproblemslater.Seecorrespondingsectionsforaddingerrorandtests.

9.3.2u.v.b.parser

Forhistoricalreasons(ie.norealtechnicalreasons),theparsermodulescontainsnotonlyaparser,butalsothe
codeforthepackageloaderanditspackageregistry.
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example, if ports x and z are enabled, the associated u and w values are accessible from exp. On the other hand, if
only port y is enabled, the value associated with port exp is v. This means that when other components interact with
A through port exp, depending on which of the internal ports is enabled, they interact with port p using value u, or
with port q using value v, or with port r using value w.

Figure 2.5: Example of a port enabled by an atom and the corresponding values of its variable.

Example

atom type MyAtom(int P)
data int x

export data int y

port Port_t r(x), s(y)

places START, SYNC, END

initial to START do { x=P; y=0; }
internal from START to SYNC provided (x!=0) do { y=f(x); }
on r from START to SYNC do { y=x; }
on s from SYNC to END

end

The above block of BIP2 code gives an example of atom type MyAtom that accepts one integer parameter P, and
consists of two integer variables x and the exported variable y and two exported ports r and s. Three places, START,
SYNC, END, are the states of the automaton that defines the behavior of the atomic component. An initial transition
leads to START, an internal transition changes the state from START to SYNC, an other transition triggered by r does
the same and finally a transition triggered by s modifies the state from SYNC to END. A graphical representation of
MyAtom is provided below.

Since internal transitions have higher priority than port transitions, the transition of port r is executed only if the guard
of the internal transition does not hold, i.e. the value of variable x is zero.

Syntax

• accepts annotations

atom_type_definition :=
’atom type’ atom_type_name ’(’ [ data_parameter (’,’ data_parameter)* ] ’)’

([’export’] ’data’ data_type
data_declaration_name ( ’,’ data_declaration_name )* )*
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• modify the meta-model by editing the ecorediag (or the ecore directly).

• generate Java code (see below)

• implement constraints (if needed)

Meta-model organization

The meta-model is split in two parts:

• the type model is used to describe a BIP source code and nothing more: collections of types organized in
packages.

• the instance model is used to describe a deployed system: instances of BIP types. This model points to the type
model.

The instance model lives under the instance package. Everything else is related to the type model.

Generating Java code from the meta-model

Open the bip2.genmodel file in Eclipse, right-click on the single line named Bip2 and select Generate Model
code. This will generate code in the src/main/emf-generated directory.

Important: The directory src/main/emf-generated is versioned, please review the changes before commiting
!

Constraints

A constraint is added on an element of the meta-model by adding an annotation:

• the source field for the annotation must be http://www.eclipse.org/emf/2002/Ecore

• then, an item with the key constraints contains a space separated list of constraint names.

When the java code is generated, EMF will create empty stubs that must be completed by the actual constraint code.
In order to keep these changes even when the code generator is executed again, you must modify the comment before
the constraint method. The convention adopted by most project is to add NOT (in capitals) after the @generated:

/**
* Validates the constraintName constraint of ’<em>Elt Name</em>’.

* <!-- begin-user-doc -->

* <!-- end-user-doc -->

* @generated NOT

*/

Omitting this will end up in the loss of your changes during the next code generation execution.

The default code for error handling (ie. when a constraint is violated) must be changed to integrate well with the
compiler error handling. By default, EMF produces the following code:

diagnostics.add(createDiagnostic(Diagnostic.ERROR,
DIAGNOSTIC_SOURCE, 0,
"_UI_GenericConstraint_diagnostic",
new Object[] {
"exportedDataListsSynchronized",
getObjectLabel(theElementWithAConstraint, context)

},
new Object[] {
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([’export’]’port’port_type
port_name’(’data_declaration_name(’,’data_declaration_name)*)’)’
(’,’port_name’(’data_declaration_name(’,’data_declaration_name)*)’)’)*
[’as’port_name])*

’place’place_name(’,’place_name)*
’initialto’place_name(’,’place_name)*[’do’actions]
((’on’port_name|’internal’)

’from’place_name(’,’place_name)*
’to’place_name(’,’place_name)*
[’provided’’(’transition_guard’)’])*
[’do’actions]

atom_priority_declaration*
’end’

2.2.8Connectors

Connectorsarestatelessentitiesthatenableinteractionsamongasetofcomponentsviatheirinterfaceports.Interac-
tionsdefinedbyaconnectorarestrongsynchronizations(i.e.arendez-vous)ofasubsetoftheconnectedcomponents.
Interactionsmayalsoincludedatathataretransferredbetweenthecomponents.Aconnectorishierarchicalifit
connectsportsexportedbyotherconnectors.

Connectedports

Aconnectortypeacceptsalistoftypedportsthatcorrespondtotheportsoftheentitiesitconnects(componentsor
otherconnectors).Connectors(i.e.instancesofconnectortypes)bindtheseparameterstoactualportsofthesame
type.

Important:Componentsorconnectorsmustbeconnectedatmostonceinaconnector,thatis,acomponentora
connectormustnotbereachablefromdifferentconnectedports.

Datavariables

Connectortypescandefinevariablesthatareusedforstoringintermediateresultsofcomputationsperformedintrans-
ferfunctionsassociatedwithinteractions.Thetemporarystoredvalueisaccessibleonlyduringtheassociatedinterac-
tion.Thesyntaxisshowninthefollowingexamplewherewedeclareanintegervariablenamedtmp:
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Whenthemoduleneedstodootheractions,youneedtooverridethecompiletarget.Thisisthecaseforthe
metamodel,asjavacodeislocatedintwodifferentdirectories:

<targetname="compile"depends="resolve"description="-->compiletheproject">
<mkdirdir="${classes.dir}"/>
<javacsrcdir="${src.dir}"destdir="${classes.dir}"

classpathref="lib.path.id"debug="true">
<srcpath="${src.dir}"/>
<srcpath="src/main/emf-generated"/>

</javac>
</target>

9.2.2Eclipse

Inorderforallmodulestobecorrectlyimportedineclipse,youneedtoinstallthefollowingplug-ins:

•EclipseModelingFramework(EMF):itspartofeclipseanddirectlyavailableintheplug-inslist.

•IvyIDE:youneedtoinstallthisplug-inbyfollowinginstructionsavailableontheprojectwebpage:
http://ant.apache.org/ivy/ivyde/

•Acceleo:alsoavailablefromtheeclipseplug-inslist

Then,yousimplyneedtousetheimportexistingprojectofeclipseandpointittothedirectorycontainingtheCommon,
FrontendandBackenddirectories.Eclipseshouldseeallsub-projectandimportthem.

Important:Ifyouimportprojectsfromafreshsourcetree,eclipsewillfailatbuildingthecompilerbecauseof
missingjavacodeintheparserproject.Indeed,youneedtobuildtheanttargetgencode-for-eclipse.Seethe
descriptionoftheparsermoduleformoredetails.

Important:Itisnormalthatundertheprojectstabinthebuildpathconfigurationwindows,thelistisempty.It
shouldalwaysbeempty,asprojectdependenciesarehandledbytheivypluggin.Theonlycasewhereyouneedtoadd
adependencyiswhendebuggingafilterorback-end.Thischangemustneverbepushedtothecoderepository.

9.3Front-end

9.3.1u.v.b.metamodel

ThismoduledefinestheBIP2meta-modelusedbyallpartsofthecompiler,asthemeta-modelistheintermediate
representationofBIPmodels.Itcontains:

•themeta-modelitself,asan.ecorefile

•theconstraintsonthemodelsofthismeta-models

Thebip2.ecorefileislocatedinthemodel/sub-directory.Thisisthefileyouneedtousewithtoolsdealingwith
EMFmodels.Itcomeswith2otherfiles:

•bip2.ecorediag:itistiedtotheecoreandallowsthegraphicaleditingofthemeta-modelwithEMF
editor.Openingthisfileandeditingthedisplayedmodelwillmodifyautomaticallytheecoreaccordingly.

•bip2.genmodel:thisfileisusedbytheEMFcodegenerator.InBIP,weuseonlytheJavacodegeneration
mechanism.

Theregularwork-flowwhentouchingthemeta-modelisgivenbelow:
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data int tmp

Exported port

A connector may export a single port that can be connected to other connector instances and form hierarchical con-
nectors, or it can be exported in the interface of compound components (see Compounds). A connector is top-level if
the exported port is not connected directly to another connector (i.e. it can be connected to other connectors only at
upper levels after being exported by the containing compound), or if it has no exported port. An exported port named
exp of type port_t, referencing a variable tmp, is declared in a connector type as follows:

export port port_t exp(tmp)

Defined interactions

Formally, an interaction of a connector type is a subset of its ports. A connector type explicitly define a set of permitted
interactions regardless of the status of the connected ports. The interactions are defined in terms of expressions
involving port names, according to the following grammar:

connector_port_expression :=
( sub_expression )+

sub_expression :=
( port_name | ’(’ connector_port_expression ’)’ ) [’’’]

That is, an expression is a list of either port names or nested expressions (expressions enclosed into parenthesis) that
can be optionally quoted. Quoted port names or nested expressions are called triggers, whereas unquoted ones are
synchrons.

An expression of the form p, where p is a port name, defines a single interaction ‘p‘. Interactions defined by an
expression of the form e’ are the ones defined by e. Interactions defined by an expression of the form e1 e2...eN
are computed recursively from the interactions defined by sub-expressions e1, e2, ..., eN, as explained as follows. An
interaction is defined by e1 e2...eN if both following rules apply:

• it can be written as a union of interactions defined by sub-expressions e1, e2, ..., eN

• it contains (at least) an interaction defined by a trigger sub-expression, or for each sub-expression eI,
I=0,...,N, it contains an interaction defined by eI.

In the following example we define one trigger sub-expression (p q), and two synchrons ports r and s:

define (p q)’ r s

Interactions permitted by such an expression are the ones containing (at least) both ports p and q, i.e. ‘p,q‘, ‘p,q,r‘,
‘p,q,s‘ and ‘p,q,r,s‘.

Guards and transfer functions

The set of defined interactions in a connector type can be further restricted by guards. Guards evaluate a boolean
expression that refers to variables of the ports involved in an interaction. The associated interaction is enabled only if
the guard evaluates to true.

Transfer functions are used for exchanging data between the components that participate in an interaction. They consist
of two instruction groups, the up and the down group.

The up instructions compute the values of the variables referenced by exported ports. Also, intermediate values used
in computations in the down section may be temporary stored in the connector’s variables. In the following example
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9.2.1 ivy

Ivy is used to define the dependencies between all modules and in conjunction with ant or eclipse, for the correct
building of the compiler. Each module contains the following files:

ivy.xml

This file simply contains information on the dependencies of the module. When a module depends on another module,
ivy automatically computes the transitive dependencies. When a module depends on an external library (eg. a jar file),
it simply declares this dependency and ivy will take care of not uselessly duplicating this jar file because of transitive
dependencies.

The following excerpt from ujf.verimag.bip module in Common shows the 2 types of dependencies:

<dependency name="joptsimple" rev="3.2">
<artifact name="joptsimple" type="jar"

url="file://${basedir}/externals/jopt-simple-3.2.jar" />
</dependency>
<dependency name="ujf.verimag.bip.error"

rev="latest.integration"></dependency>

It defines 2 dependencies:

• the first one, named joptsimple, at version 3.2. This dependencies is direct as we also provide the corre-
sponding artifact (a path to the jar file).

• the second one, named ujf.verimag.bip.error. As there is no more information, ivy will have to find
the provider for this dependency (in this case, the ujf.verimag.bip.error module).

A single dependencies can have several artifacts, as is the case of the EMF in ujf.verimag.bip.metamodel
module:

<dependency name="org.eclipse.emf" rev="2.7.0">
<artifact name="org.eclipse.emf" type="jar"

url="file://${basedir}/externals/org.eclipse.emf_2.6.0.v20110913-1156.jar"/>
<artifact name="org.eclipse.emf.common" type="jar"

url="file://${basedir}/externals/org.eclipse.emf.common_2.7.0.v20110912-0920.jar"/>
<artifact name="org.eclipse.emf.ecore" type="jar"

url="file://${basedir}/externals/org.eclipse.emf.ecore_2.7.0.v20110912-0920.jar"/>
<artifact name="org.eclipse.emf.ecore.xmi" type="jar"

url="file://${basedir}/externals/org.eclipse.emf.ecore.xmi_2.7.0.v20110520-1406.jar"/>
<artifact name="org.eclipse.emf.mapping.ecore2xml" type="jar"

url="file://${basedir}/externals/org.eclipse.emf.mapping.ecore2xml_2.7.0.v20110331-2022.jar"/>
</dependency>

The full documentation on ivy can be found at http://ant.apache.org/ivy/

build.xml

This file is used by ant to schedule the build. This includes the actual compilation of source files (acceleo templates,
antlr grammar, java code, ...) and the use of ivy to resolve each module’s dependencies.

Module with only java code in the src/main/java directory have a 3 liner as build.xml:

<project name="ujf.verimag.bip.FOO" default="compile">
<property file="build.properties" />
<import file="${distribution.dir}/common.xml" />

</project>

9.2. Generalities 103



BIP2Documentation,Release2015.04(RC7)

wedefinearendez-vousinteractionbetweentwoportswhereatemporaryvalueisstoredinthetmpvariable.To
preventdivisionbyzero,theinteractionisdisabledwhenthevalueoftheyvariableequals0:

onpqprovided(q.y!=0)up{tmp=p.x/q.y;}

Thedowninstructionsmayupdatethevaluesofthevariablesassociatedwiththeportsinvolvedinaninteraction.
Portvariablesareassignedwithvaluescomputedfromconnectorvariablesandvariablesoftheexportedport.Inthe
followingexample,theinstructionsswapthevaluesofvariablesxandyofportspandq:

onpqdown{tmp=p.x;p.x=q.y;q.y=tmp;}

Noticethattransferfunctionsupanddowncanbesimultaneouslydefinedforaconnectorinteraction.upfunctions
correspondtodatamovingupwardsintheconnectorandcomponenthierarchy,thatis,fromvaluesofvariablesof
theconnectedportstothevaluesofvariablesoftheportexportedbyaconnector.Onceaninteractionischosenand
executed,downfunctionscorrespondtothedownwardflowofdata,thatis,fromvariablesoftheexportedportto
variablesoftheconnectedports.

Important:Foragiveninteraction,thetemporaryvaluesofconnectorvariableswhenexecutingthedowninstruc-
tionsarecomputedbythecorrespondingupinstructions.However,thesevaluesarenotaccessiblebetweendifferent
executionsofthesameinteractionorbetweentheexecutionofthetransferfunctionsofdifferentinteractions.They
areonlystoredbetweentheexecutionofupanddowninstructionsofthesameinteraction.

Example

connectortypeConnectT(Port_t1p,Port_t2q,Port_t3r)
datainttmp
exportportPort_texp(tmp)

definep’qr

onpup{tmp=p.x;}down{p.x=tmp;}
onpqup{tmp=max(p.x,q.y);}down{p.x=tmp;q.y=tmp;}
onprup{tmp=max(p.x,r.z);}down{p.x=tmp;r.z=tmp;}
onpqrup{tmp=max(p.x,p.x,r.z);}down{p.x=tmp;q.y=tmp;r.z=tmp;}

end

InthepreviousBIP2codeexcerptweprovidedacompletedefinitionofaconnectortypenamedConnectTthatcon-
nectsthreeportsp,qandr.Wehavealreadyseeninpreviousexamplestheenabledinteractionsandthecomputations
performedbythetransferfunctions.Anoticeabledifferenceisthatvariabletmpisaccessibletootherconnectorsthat
interactwithportexp.Hence,thevalueoftmpmaydifferfromthecomputationperformedbyupsinceitmaybe
alteredbythetransferfunctionsofconnectorsconnectedtoexp.AsimplifiedgraphicalrepresentationofConnectT
isprovidedbelow.

Figure2.6:Connectortypeexample

2.2.Quickoverviewofthelanguage19

BIP2Documentation,Release2015.04(RC7)

9.1.1Middle-end

Themiddle-endonlycontainstheneededmechanicssothatfilterscanbeexecuted.Onesimpleexampleisprovided.

9.1.2Common

•ujf.verimag.bip:containselementssharedbyeverypartsofthecompiler(mainlyajavainterfacefor
plug-inmechanism)

•ujf.verimag.bip.error:thebaseoftheerrorhandlinginallthecompiler

•ujf.verimag.bip.exception:containsasingleuncheckedCompilerErrorExceptionexcep-
tion.Thisexceptioncanberaisedwithouthavingtoexplicitelydeclareit.Itmustbeusedonlywhenabug
inthecompilerhasbeendetected.Norecoverymechanismispresent.Theonlyhandlingdoneistodisplaya
messagetotheuserwiththebareminiuminformationtoprovidethedeveloppers.

9.1.3Front-end

•ujf.verimag.bip.metamodel:definestheBIP2meta-modelusedineverybitsofthecompiler.

•ujf.verimag.bip.parser:definestheBIP2grammarandtherulestobuildaBIP-EMFmodelfroma
BIPsource

•ujf.verimag.bip.instantiator:buildsaninstancemodelfromatypemodelandarootcomponent
definition

•ujf.verimag.bip.userinterface.cli:interactswiththeuserandinstantiateallpartsofthecom-
pilerandbindthemtogethertoformacoherentcompiler

•ujf.verimag.bip.frontend.tests:JUnittestsforthepreviousparts

9.1.4Back-end

•ujf.verimag.bip.backend:containscodesharedbyallback-ends(eg.someacceleotemplates,back-
endspecificerrors)

•ujf.verimag.bip.backend.aseba:ASEBAback-end

•ujf.verimag.bip.backend.bip:BIPback-end

•ujf.verimag.bip.backend.cpp:C++back-end

•ujf.verimag.bip.backend.example:anexampleback-end,intendedtobecopiedandusedasabasis
fornewback-enddevelopment

•ujf.verimag.bip.backend.tests:JUnitforthepreviousparts

•acceleo.standalone.compiler:acceleostandalonecompilerusedtobuildtheBIPcompileroutside
eclipse

9.2Generalities

Beforedescribingeveryinternalpartsofthecompiler,weneedtodescribehowthebuildsystemworksandhowto
setupacorrectdevelopmentenvironment.
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Enabled interactions and ports exported by connectors

The set of ports defined by an interaction is restricted at run time based on the status of the involved ports and the
evaluated guards. Let us consider an example of interaction involving ports p, q and r:

define p’ q r

Based on the definition above, the permitted interactions are (‘p‘, ‘p,q‘, ‘p,r‘ and ‘p,q,r‘). To determine which
of the combinations are valid in a model execution, we first remove all combinations that contain a disabled port and
then we evaluate the associated guards to further restrict the possible combinations.

An exported port of a connector is enabled if there is at least one enabled interaction. Notice that the value visible
at the interface through the exported port is derived by the set of values of ports participating in an interaction. The
values accessible from an enabled interaction are in turn computed by the instructions of the up transfer function.

The notions of enabled interactions and corresponding values of the variables of exported ports of connectors are
illustrated by the following example. Consider an instance C of the connector type ConnectT presented above.
Assume that ports p, q, r are enabled, and that variable x of port p has three possible values u1, u2, u3, variable y
of port q has three possible values v1, v2, v3, and variable z of port r has only a single value w. Then, interactions
‘p‘, ‘p,q‘, ‘p,r‘ and ‘p,q,r‘ are enabled. Moreover, there are 24 possible values for variable tmp of the exported
port exp, corresponding to the application of up to all combinations of values for the 4 enabled interactions:

• The values corresponding to interaction p are the values of x, that is, u1, u2 and u3.

• The values corresponding to interaction p,q are oIJ- = max(uI, vJ), such that I=1,2,3 and
J=1,2,3.

• The values corresponding to interaction p,r are oI-* = max(uI, w), such that I=1,2,3.

• The values corresponding to interaction p,q,r are oIJ* = max(uI, vJ, w), such that I=1,2,3 and
J=1,2,3.

Figure 2.7: Enabled interaction of a connector and the corresponding values of variable tmp.

Syntax

• accepts annotations

connector_type_definition :=
’connector type’ connector_type_name ’(’ port_parameter (’,’ port_parameter )* ’)’
(’data’ data_type data_declaration_name ( ’,’ data_declaration_name )* )*
[’export port’ port_type

port_name ’(’ data_param_declaration (’,’ data_param_declaration)* ’)’ ]
’define’ connector_port_expression
connector_interaction*
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CHAPTER

NINE

DEVELOPER REFERENCE FOR COMPILER

9.1 Compiler design

Goals:

• users/devs usually write different code generator : adding a new code generator should be as easy as possible

• users/devs usually enrich the input language for driving the code generator. Avoid the burden of changing the
core grammar as this is very often overkill.

Big picture:

• front-end : any to BIP-EMF transformation. Takes any source code in a given language and translate it to
BIP-EMF

• middle-end :BIP-EMF to BIP-EMF. Apply operations on a BIP-EMF input (operations can be read and/or
write).

• back-end : BIP-EMF to any. Generates source code in a given language from a BIP-EMF input.

The current BIP compiler is developed with eclipse, but this is not a hard requirement. Not using eclipse can be a
bit hard because of the compiler use of some eclipse technologies (in particular, EMF). The compiler is composed of
more than 10 different modules, each module being a single eclipse project. The layout must be the following one:
.
÷-- Middleend
| ÷-- ujf.verimag.bip.middleend
| ‘-- ujf.verimag.bip.middleend.example
÷-- Backend
| ÷-- acceleo.standalone.compiler
| ÷-- ujf.verimag.bip.backend
| ÷-- ujf.verimag.bip.backend.aseba
| ÷-- ujf.verimag.bip.backend.bip
| ÷-- ujf.verimag.bip.backend.cpp
| ÷-- ujf.verimag.bip.backend.example
| ‘-- ujf.verimag.bip.backend.tests
÷-- Common
| ÷-- ujf.verimag.bip
| ‘-- ujf.verimag.bip.error
‘-- Frontend

÷-- ujf.verimag.bip.frontend.tests
÷-- ujf.verimag.bip.instantiator
÷-- ujf.verimag.bip.metamodel
÷-- ujf.verimag.bip.parser
‘-- ujf.verimag.bip.userinterface.cli

We give here a very brief description of each module. Full description is given in the following sections.
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’end’

connector_interaction:=
’on’(port_name)+
[’provided’’(’connector_guard’)’]
[’up’’{’(statement’;’)+’}’]
[’down’’{’(statement’;’)+’}’]

connector_port_expression:=
(port_name[’’’]|’(’connector_port_expression’)’[’’’])+

(aconnectorinteractionmusthaveatleastoneof’up’,’down’or’provided’)

2.2.9Compounds

Compoundsarecompositecomponentsconstructedbyatomiccomponentsandothercompoundcomponents.Justlike
atomiccomponents,compoundsprovideasetofportsattheinterfacelevel.Inthissense,componentsareusedinthe
samewayregardlessoftheirstructure(compoundsoratomic).Acompoundtypedefinesthefollowing.

•asetofcomponents,eitheratomicorcompound,declaredwiththekeywordcomponent.

•asetofconnectorsdeclaredwiththekeywordconnectorthatconnectthecontainedcomponents.

•asetofpriorityrulesdeclaredwiththekeywordpriority.

•asetofexportedportsthatdefinetheinterfaceofthecompounddeclaredwiththekeywordexport.

Noticethatacompoundcomponentcanexportportsofcontainedcomponentsaswellasportsofconnectors.

Priorities

Prioritiesareusedtofavortheexecutionofasubsetofenabledinteractionscalledthemaximalinteractions(seebelow
foradefinitionofmaximalinteractions).Theycanbeusedtoresolveconflictbetweeninteractionsortoexpress
particularschedulingpolicies.

Prioritiesofacompound,formapartialorderrelationshipthatcorrespondstothetransitiveclosureofthedefinedpri-
orityrules.Onesetofpriorityrulesisautomaticallyderivedbasedonthemaximalprogressprinciple,i.e.interactions
thatinvolvemoreconnectorshavehigherpriority.

User-definedpriorityrulesareoftheformI<J,whereIandJareinteractionsofconnectorsexpressedinoneof
thefollowingforms:

•C:A1.p1,A2.p2,...,AN.pNwhereCisaconnectorandA1.p1,A2.p2,...,AN.pNisasubsetofthe
connectedportsthatcorrespondstoadefinedinteractionofC.

•C:*,whereCisaconnectorrepresentsallthedefinedinteractionsofC.

•*:*representsallthedefinedinteractionsforallconnectors.

Important:User-definedpriorityrulescanonlyinvolveinteractionsoftop-levelconnectors.

Theuseof*inpriorityrulesisashortcutforsetsofrules.Noticethat*:*cannotbeusedforbothsidesofapriority
rule,(e.g.*:*<*:*isnotallowed).Theuseof*:*inonesideofapriorityruleisashortcutforallinteractions
definedinallconnectorsexceptthoseinvolvedintheothersideoftherule.
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:(and_expression)
(BWISE_XOR_OPexclusive_or_expression)?

;

and_expression
:(equality_expression)

(BWISE_AND_OPand_expression)?
;

equality_expression
:relational_expression((EQ_OP^|NE_OP^)relational_expression)?
;

relational_expression
:additive_expression((LT_OP^|GT_OP^|LE_OP^|GE_OP^)additive_expression)?
;

additive_expression
:subtractive_expression

(PLUS_OPadditive_expression)*
;

subtractive_expression
:multiplicative_expression

(MINUS_OPsubtractive_expression)*
;

multiplicative_expression
:unary_expression((DIV_OP^|MOD_OP^|MULT_OP^)unary_expression)*
;

unary_expression
:(MINUSpostfix_expression)
|(bwise_unary_operator|logical_unary_operator)?postfix_expression
;

postfix_expression
:primary_expression
|function_call_expression
;

function_call_expression
:fully_qualified_nameLPARENargument_expression_list?RPAREN
;

argument_expression_list
:logical_or_expression(COMMAlogical_or_expression)*
;
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User-defined priority rules may include guards declared with the provided keyword. A rule is enabled only if its
guard evaluates to true. In the following code excerpt we show a priority rule named myPrio that is enabled only if
the values of the x and y variables of the atomic components A and B are not the same:

compound type Compound_T()
component Atom_T A()
component Atom_T B()

connector RDV C(A.p,B.p)
connector RDV D(A.q,B.q)

priority myPrio provided (A.x != B.x) C:A.p,B.p < D:A.q,B.q
end

Important: Since priorities define a partial order relationship between interactions, priority rules enabled at a state
of a compound must not form a cycle.

An enabled interaction I of a connector C has lower priority than an enabled interaction J of a connector D if D is
reachable from I in the lattice of the defined priority rules, that is, if C:I < D:I is an enabled rule or if there exists
interactions C1:I1, ..., CN:IN such that rules C:I < C1:I1, C1:I1 < C2:I2, ..., CN-1:IN-1 < CN:IN,
CN:IN < D:J are enabled. An interaction is maximal if it has the highest priority among the enabled interactions.

Exported ports and variables

Compound types export ports and variables in a similar fashion with atoms . The following statement makes the x
variable accessible from the interface of the A component and renames it to y:

export A.x as y

Ports of components and connectors can be exported individually or through a single port using a merged export, in
the same way as atoms. To determine if a port of a compound component is enabled we check if the underlying port
(component or connector port) is enabled. If a port of a component is enabled and exported, then the corresponding port
at the interface is enabled. If a (maximal) interaction is enabled in a connector that exports its port to the interface of a
compound, then the interface port is enabled. Moreover, values visible at the interface are the values corresponding to
all its maximal interactions. As for atoms, for merged exported ports the union of the values is visible at the interface.

compound type Compound_t()
component Atom_t A(), B()
connector Connector_t C1(A.p, B.p)
connector Connector_t C2(A.q, B.q)

export C1.exp, A.r, B.r as s

priority myPrio C1:A.p,B.p < C2:*
end

In the above example, the port s of an instance of the compound type Compound_t is enabled if the connector C1
has a maximal interaction (i.e. if no interaction is enabled by C2), or if port r of A is enabled, or if port r of B is
enabled. Moreover, if these ports have variables, the values visible from s are the union of the values corresponding
to the maximal interactions of C1 and the values visible from ports r of A and B.

Example

compound type Compound_t()
component CompT1 K1()
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annotation
: AT ID (LPAREN annotation_param (COMMA annotation_param)* RPAREN)?
;

annotated_type_definition
: annotation* type_definition
;

type_definition
: atom_type_definition
| compound_type_definition
| port_type_definition
| connector_type_definition
;

primary_expression
: fully_qualified_name
| INT
| FLOAT
| STRING
| TRUE
| FALSE
| LPAREN! logical_or_expression RPAREN!
;

statement
: assignment_expression
| postfix_expression
;

if_then_else_expression
: IF LPAREN logical_or_expression RPAREN

THEN ((statement SEMICOL)|if_then_else_expression)+
(ELSE ((statement SEMICOL)|if_then_else_expression)+)?
FI

;

assignment_expression
: postfix_expression ASSIGN_OP^ logical_or_expression
;

logical_or_expression
: (logical_and_expression)

(OR_OP logical_or_expression)?
;

logical_and_expression
: (inclusive_or_expression)

(AND_OP logical_and_expression)?
;

inclusive_or_expression
: (exclusive_or_expression)

(BWISE_OR_OP inclusive_or_expression)?
;

exclusive_or_expression
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componentCompT2K2()
componentCompT3K3()

connectorBRDXPC(K1.p,K2.q)
connectorRDVXPD(C.xp,K3.t)
connectorRDVE(K2.q,K3.s)

exportportC.xpasu
exportportF.xpasv
exportportK3.tasw

exportdataK3.xasx
end

TheaboveexampleshowsthesyntaxfordefiningacompoundtypeCompound_tthatconsistsof:

•thecomponentsK1,K2andK3

•theconnectorsC,DandE,suchthatCandDareconnectedandformahierarchicalconnector

•theexportedportsxpofCandFandtheexportedporttofK3

•theexportedvariablexofK3.

Agraphicalrepresentationofthecompoundtypeisprovidedbelow.Noticethatalltheenabledinteractionsofcon-
nectorCarevisiblefromconnectorDthroughtheportxpofC,e.g.ifpandp,qareenabled,therearebothvisible
fromD.Sinceprioritiesareappliedwhenexportingportstotheinterfaceofacompound,onlymaximalinteractionsof
Carevisiblefromtheinterfaceportuthoughxp,e.g.ifinteractionpandp,qareenabled,onlyp,qisvisiblefrom
uduetothedefaultpriorityruleofmaximalprogress:p<p,q.Noticealsothataportcanbeconnectedtoseveral
connectors(e.g.portqofK2),orcanbeexportedandconnectedtoconnector(s)(e.g.portsxpofCandtofK3).

Figure2.8:Exampleofacompoundtype.

Syntax

•acceptsannotations
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:LPARENconnector_port_expressionRPARENQUOTE?
;

connector_port_expression
:(port_primary_expression|port_nested_expression)+
;

port_type_param
:fully_qualified_namesimple_name
;

fragment_port_declaration
:simple_nameLPAREN(simple_name(COMMAsimple_name)*)?RPAREN
;

multi_port_declaration_with_modifiers
:annotation*

(EXPORT)?multi_port_declaration(ASsimple_name)?
;

multi_port_declaration
:PORTfully_qualified_namefragment_port_declaration

(COMMAfragment_port_declaration)*
;

single_port_declaration
:PORTfully_qualified_namefragment_port_declaration
;

connector_provided_expression
:LPARENlogical_or_expressionRPAREN
;

connector_action
:((statementSEMICOL!)|if_then_else_expression)+
;

connector_interaction
:annotation*

ONsimple_name+
(PROVIDEDconnector_provided_expression)?
(UP_ACTIONLBRACEconnector_action?RBRACE)?
(DOWN_ACTIONLBRACEconnector_action?RBRACE)?

;

connector_type_definition
:CONNECTORTYPEsimple_name

LPAREN(port_type_param(COMMAport_type_param)*)RPAREN
multi_data_declaration*
(EXPORTsingle_port_declaration)?
DEFINEconnector_port_expression
connector_interaction*
END

;

annotation_param
:ID(ASSIGN_OP(ID|TRUE|FALSE|STRING))?
;
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compound_type :=
’compound type’ compound_type_name ’(’ [data_parameter (’,’ data_parameter)*] ’)’
component_declaration+
connector_declaration*
compound_priority_declaration*
inner_port_export*
inner_data_export*

’end’

inner_port_export :=
’export port’ port_reference (’,’ port_reference)* ’as’ exported_name

inner_data_export :=
’export data’ data_reference ’as’ exported_name

compound_priority_declaration :=
’priority’ priority_name

(’*:*’ | compound_interaction) ’<’ (’*:*’ | compound_interaction)
[ ’provided’ compound_priority_guard ]

compound_interaction :=
connector_name ’:’ (’*’ | (port_reference (’,’ port_reference)*))

2.3 Execution sequences

A BIP2 model is equivalent to a labeled transition system (LTS) that defines all the allowed execution sequences. The
model state is stored in the state of atomic components represented by variable values and the marking of the Petri
nets. An execution sequence is a sequence of transitions or interactions that modify the global state. The transitions
and interactions that are available in a certain state are defined as follows.

• A transition of an atom A is executed from a state if it is enabled, is maximal and is not labeled by an exported
internal port.

• An interaction of a connector C is executed if it is enabled, is maximal and connector C does not export a port.

In a given state, only the non exported maximal transitions and interactions are allowed. During their execution, non
maximal exported transitions or interactions are executed according to the hierarchy of connectors in the model.

The execution of an enabled transition modifies the current state as follows:

• marking of Petri nets are modified according to the triggering and target places of transitions, i.e. marks are
removed from triggering places and are set in target places

• variables are modified by the code associated with the transition.

Important: If a place is both a triggering and a target place for a transition, its mark remains unchanged.

An interaction ‘p1,p2,...,pN‘ of a connector C, considering a particular combination of values for its ports,
modifies the model state as follows.

First, the instructions associated with the down transfer function are performed for the values of the involved ports
p1, ..., pN. Then, the state is modified according to the execution of ports p1, ..., pN.

• The execution of an atom port is equivalent to the corresponding transition.

• The execution of a compound port corresponds to the execution of the corresponding port.

• The execution of a connector port corresponds to the execution of the corresponding interaction.
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;

compound_type_definition
: COMPOUND TYPE simple_name

LPAREN (comp_type_data_params)? RPAREN
multi_component_declaration+
multi_connector_declaration*
compound_priority_declaration*
export_inner_port*
export_inner_data*
END

;

native_data_type_name
: CT_INT
| CT_BOOL
| CT_FLOAT
| CT_STRING
;

data_type_name
: fully_qualified_name
| native_data_type_name
;

native_data_type_param
: native_data_type_name simple_name
;

any_data_type_param
: data_type_name simple_name
;

multi_data_declaration_with_modifiers
: annotation*

EXPORT? multi_data_declaration
;

multi_data_declaration
: DATA data_type_name simple_name (COMMA simple_name)*
;

port_type_data_params
: any_data_type_param (COMMA any_data_type_param)*
;

port_type_definition
: PORT TYPE simple_name

LPAREN (port_type_data_params)? RPAREN
;

port_primary_expression
: simple_name QUOTE?
;

port_nested_expression
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Important:Theexecutionofaninteractioncorrespondstotheexecutionofatmostonetransitionofeachatomof
themodel.Sinceatomshavedisjointsetsofvariablesandplaces,thestateofthemodelresultingfromtheexecution
ofaninteractionisindependentfromtheorderofexecutionoftheinvolvedatoms.
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comp_type_data_params
:native_data_type_param(COMMAnative_data_type_param)*
;

atom_priority_guard
:LPARENlogical_or_expressionRPAREN
;

port_name_wildcard
:simple_name|MULT_OP
;

atom_priority_declaration
:PRIORITYsimple_nameport_name_wildcardLT_OPport_name_wildcard

(PROVIDEDatom_priority_guard)?
;

atom_type_definition
:ATOMTYPEsimple_name

LPAREN(comp_type_data_params)?RPAREN
(multi_data_declaration_with_modifiers)*
(multi_port_declaration_with_modifiers)*
places_declaration
initial_transition
transition+
atom_priority_declaration*
END

;

fragment_component_declaration
:simple_name

LPAREN(logical_or_expression(COMMAlogical_or_expression)*)?RPAREN
;

multi_component_declaration
:annotation*

COMPONENTfully_qualified_namefragment_component_declaration
(COMMAfragment_component_declaration)*

;

fragment_connector_declaration
:simple_name

LPARENfully_qualified_name(COMMAfully_qualified_name)*RPAREN
;

multi_connector_declaration
:CONNECTORfully_qualified_namefragment_connector_declaration

(COMMAfragment_connector_declaration)*
;

export_inner_port
:annotation*

EXPORTPORTfully_qualified_name(COMMAfully_qualified_name)*ASsimple_name
;

export_inner_data
:annotation*

EXPORTDATAfully_qualified_nameASsimple_name
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LPAREN data_type_name RPAREN
;

data_types_params
: data_type_name (COMMA data_type_name)*
;

annotated_const_data_declaration
: annotation*
CONST DATA native_data_type_name simple_name ASSIGN_OP logical_or_expression

;

places_declaration
: PLACE simple_name (COMMA simple_name)*
;

transition_action
: LBRACE! ((statement SEMICOL!)| if_then_else_expression)* RBRACE!
;

transition_guard
: LPAREN logical_or_expression RPAREN
;

transition
:
annotation*
(ON simple_name | INTERNAL)
FROM simple_name (COMMA simple_name)*
TO simple_name (COMMA simple_name)*
(PROVIDED transition_guard)?
(DO transition_action)?
;

compound_interaction
: simple_name COLON (fully_qualified_name (COMMA fully_qualified_name)*|MULT_OP)
;

compound_interaction_wildcard
: compound_interaction | MULT_OP COLON MULT_OP;

compound_priority_guard
: LPAREN logical_or_expression RPAREN
;

compound_priority_declaration
: PRIORITY simple_name

compound_interaction_wildcard LT_OP compound_interaction_wildcard
(PROVIDED compound_priority_guard)?

;

initial_transition
: INITIAL TO simple_name (COMMA simple_name)* (DO transition_action)?
;
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THREE

COMPILERANDENGINESPRESENTATION

3.1Thecompiler

Thecompilerconsistsofthreepartsthatwillbepresentedinmoredetailsinthefollowingsections:

•thefront-end:itinteractswiththeuserofthecompiler.Itreadsuserinputandtransformsitinaformsuitable
forthefollowingprocess(ie.internalrepresentation).

•themiddle-end:appliesoperationsontheinternalrepresentation(eg.optimizations,architecturaltransfor-
mations,...).Onesuchoperationiscontainedintoasmallblockinthecompilerthatwewillcallfilterlater
on.

•theback-end:producesthefinalresultfromtheinternalrepresentation.Usuallyintheformofasourcecodein
aprogramminglanguage(eg.C++).Severalback-endscanbeusedatonce.

Figure3.1:OverviewofCompilerdesign

Atypicalcompilationconsistsofthefollowingsteps:

•first,thefront-endexecutesandcreatesaBIP-EMFmodel

•thenthefiltersinthemiddle-endareexecutedinturn.TheresultisapossiblymodifiedBIP-EMFmodel.

•finally,allback-endsareexecutedinturn.Theirresultsarethecompilationresults.

3.1.1TheFront-End

Thispartisresponsibleforreadinguserinput(ie.BIPsourcecode&commandlineargument)andtransformingit
intoanintermediaterepresentationthatwillbeusedthroughouttheotherpartsofthecompiler.Thecurrentfront-
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:BWISE_AND_OP|BWISE_OR_OP|BWISE_XOR_OP
;

bwise_unary_operator
:BWISE_NOT_OP
;

logical_binary_operator
:AND_OP|OR_OP
;

logical_unary_operator
:NOT_OP
;

fully_qualified_name
:ID(DOTID)*
;

simple_name
:ID
;

bip_package
:annotation*

PACKAGEfully_qualified_name
(USEfully_qualified_name)*
annotated_const_data_declaration*
annotated_extern_data_type*
annotated_extern_prototype*
annotated_type_definition*
END

;

annotated_extern_prototype
:annotated_extern_function_prototype
|annotated_extern_binary_operator_prototype
|annotated_extern_unary_operator_prototype
;

annotated_extern_data_type
:annotation*EXTERNDATATYPEsimple_name

(REFINEdata_type_name(COMMAdata_type_name)*)?
(ASSTRING)?

;

annotated_extern_function_prototype
:annotation*EXTERNFUNCTION

data_type_name?simple_nameLPARENdata_types_params?RPAREN
;

annotated_extern_binary_operator_prototype
:annotation*EXTERNOPERATORdata_type_namebinary_operator

LPARENdata_type_nameCOMMAfully_qualified_nameRPAREN
;

annotated_extern_unary_operator_prototype
:annotation*EXTERNOPERATORdata_type_nameunary_operator
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end contains a parser for the BIP language and a BIP meta-model that describes the intermediate representation. An
instance of a BIP model represented in the BIP meta-model is called a BIP-EMF model (because it is a BIP model
expressed using the Eclipse Modeling Framework (EMF) technology) in the following text. For more details on the
internals, see Front-end.

Type model versus Instance model

The BIP language only deals with types. There is no support for running entities, even if the final result should be
a running system. This missing information is usually filled by specifying a root component at compile time. The
compiler (ie. the front-end) is then able to build both a type model (ie. a representation of the BIP source code given
as input) and an instance model that represents the system you want to run. The distinction between the two can be
subtle, especially when the concept of declaration is mixed in between:

• a component type describes the shape of an instance of that type

• a component declaration instructs the creation of an instance of a component type

• a component instance is a running entity

These notions are similar to class/instance/object declaration that can be found in object oriented language. For
example, in Java:

• a component type = a class:

public class MyClass { ... }

• a component (instance of a component type) = an object (instance of a class):

new MyClass();

• a component declaration = an object declaration:

MyClass m;

Beware that a component declaration can trigger the creation of more than one instance. A component declaration
usually is not a discriminant component identifier within the whole system.

3.1.2 The Middle-End

The middle-end hosts all the BIP to BIP transformations. It acts on the BIP-EMF model by means of operations (but
are not limited to):

• architectural modifications (eg. flattening, component injection, ...)

• petri net simplifications

• dead code removal

• data collection

The compiler currently does not have any such operation: the middle-end is empty. See Middle-end for more details.

3.1.3 The Back-End

The back-end gets the BIP-EMF model and is only allowed to read it and produce something, most probably some
source code in another language (eg. C, C++, Aseba, ...) or even in BIP. Currently, the main back-end used is the
C++ back-end that produces C++ code suitable for standard engine (see Installing & using available engines for the
definition of a standard engine).
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| ’\\’ (’0’..’7’) (’0’..’7’)
| ’\\’ (’0’..’7’)
;

fragment
UNICODE_ESC

: ’\\’ ’u’ HEX_DIGIT HEX_DIGIT HEX_DIGIT HEX_DIGIT
;

LT_OP : ’<’;
GT_OP : ’>’;
LE_OP : ’<=’;
GE_OP : ’>=’;
EQ_OP : ’==’;
NE_OP : ’!=’;
AND_OP : ’&&’;
OR_OP : ’||’;
NOT_OP : ’!’;

PLUS_OP : ’+’;
MINUS_OP: ’-’;
MULT_OP : ’*’;
DIV_OP : ’/’;
MOD_OP : ’%’;

BWISE_AND_OP : ’&’;
BWISE_OR_OP : ’|’;
BWISE_XOR_OP : ’^’;
BWISE_NOT_OP : ’~’;

ASSIGN_OP : ’=’;

binary_operator
: comparison_operator
| arithmetic_binary_operator
| bwise_binary_operator
| logical_binary_operator
;

unary_operator
: arithmetic_unary_operator
| bwise_unary_operator
| logical_unary_operator
;

comparison_operator
: EQ_OP | NE_OP | GT_OP | GE_OP | LT_OP | LE_OP
;

arithmetic_binary_operator
: PLUS_OP | MINUS_OP | MULT_OP | DIV_OP | MOD_OP
;

arithmetic_unary_operator
: PLUS_OP | MINUS_OP
;

bwise_binary_operator
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Severalback-endscanbeusedatonce;forexample,youmayneedtogetaBIPversionofyourinputaftersome
optimizationshavebeenappliedalongwithitscorrespondingC++version.Compilerdesignforbidsback-endsto
interact(whenthereareseveralback-endstoexecute,thecompilerdoesnotspecifyinwhichordertheywillberunor
iftheexecutionswillbeinparallelornot).

3.2Theengines

AnenginetakessomerepresentationofaBIPmodelandcomputescorrespondingexecutionsequencesaccordingto
theBIPsemantics.Usually,therepresentationusedisaC++softwarethatislinkedagainsttheengine’sruntimeto
createanexecutablesoftware.Typically,enginestargetoneormoreofthefollowingmaingoals:

•Executionofthemodelcorrespondstothecomputationofasingleexecutionsequencethatisintendedtobe
executedonthetargetplatform.Inthiscase,theenginerealizestheconnectionbetweenthemodelandthe
platforminordertoensureacorrectbehavioroftheexecutionwithrespecttotimingandinput/outputdata
(throughsensors/actuators).

•Simulationofthemodelcorrespondstothecomputationofasingleexecutionsequencethatisintendedtobe
executedonthehostmachineforsimulationpurpose,thatis,timeisinterpretedinalogicalway.

•Explorationofthemodelcorrespondstothecomputationofseveralexecutionsequencescorrespondingtomul-
tiplesimulationsofthemodel.Model-checkingofthemodelrequiresafullcoverageoftheexecutionsequences
definedbytheapplicationofthesemantics,butapartialcoveragecanbesufficientforvalidationorstatistical
model-checking.

3.3Theinteractionsbetweentheenginesandthecompiler

Typically,aback-endgeneratessourcecodefromaBIPmodel.Thissourcecodeisthenassociatedwitharuntime,
calledanengine,thatisresponsibleforthecorrectexecutionoftheBIPmodelwithrespecttotheBIPsemantics.

ThegeneratedsourcecodecouldbeseenasyetanotherrepresentationoftheBIPmodel(withnothingaddedto
theinformationcontainedintheBIPsourcecode)suitableforagivenengine(thatimplementsthesemanticsofthe
language).
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RBRACE:’}’;
COMMA:’,’;
QUOTE:’\’’;
DOT:’.’;
SEMICOL:’;’;
COLON:’:’;
AT:’@’;

IF:’if’;
THEN:’then’;
ELSE:’else’;
FI:’fi’;

ID:(’a’..’z’|’A’..’Z’|’_’)(’a’..’z’|’A’..’Z’|’0’..’9’|’_’)*
;

INT:’0’..’9’+
;

FLOAT
:(’0’..’9’)+DOT(’0’..’9’)*EXPONENT?
|DOT(’0’..’9’)+EXPONENT?
|(’0’..’9’)+EXPONENT
;

COMMENT
:’//’~(’\n’|’\r’)*’\r’?’\n’{$channel=HIDDEN;}
|’/*’(options{greedy=false;}:.)*’*/’{$channel=HIDDEN;}
;

WS:(’’
|’\t’
|’\r’
|’\n’
){$channel=HIDDEN;}

;

STRING
:’"’(ESC_SEQ|~(’\\’|’"’))*’"’
;

fragment
EXPONENT:(’e’|’E’)(’+’|’-’)?(’0’..’9’)+;

fragment
HEX_DIGIT:(’0’..’9’|’a’..’f’|’A’..’F’);

fragment
ESC_SEQ

:’\\’(’b’|’t’|’n’|’f’|’r’|’\"’|’\’’|’\\’)
|UNICODE_ESC
|OCTAL_ESC
;

fragment
OCTAL_ESC

:’\\’(’0’..’3’)(’0’..’7’)(’0’..’7’)
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CHAPTER

EIGHT

BIP 2 GRAMMAR

The full grammar is given with antlr syntax. The Java code & some header have been omited for readability.

grammar Bip2;

CT_INT : ’int’;
CT_BOOL : ’bool’;
CT_FLOAT: ’float’;
CT_STRING: ’string’;

TRUE : ’true’;
FALSE : ’false’;
REFINE : ’refine’;
EXTERN : ’extern’;
EXPORT : ’export’;
FUNCTION : ’function’;
OPERATOR : ’operator’;
DEFINE : ’define’;
DATA : ’data’;
PACKAGE : ’package’;
END : ’end’;
USE : ’use’;
AS : ’as’;
ATOM : ’atom’;
COMPOUND: ’compound’;
COMPONENT

: ’component’;
ON : ’on’;
INTERNAL : ’internal’;
DO : ’do’;
PROVIDED: ’provided’;
INITIAL : ’initial’;
PLACE : ’place’;
FROM : ’from’;
TO : ’to’;
PRIORITY: ’priority’;
CONNECTOR

: ’connector’;
UP_ACTION : ’up’;
DOWN_ACTION : ’down’;
PORT : ’port’;
TYPE : ’type’;
CONST : ’const’;
LPAREN : ’(’;
RPAREN : ’)’;
LBRACE : ’{’;
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CHAPTER

FOUR

INSTALLING&USINGTHEBIPCOMPILER

4.1Requirements

BIPcompileriscurrentlyonlytestedonGNU/Linuxsystems.ItisknowtoworkcorrectlyonMacOSX,andprobably
otherUnices,butwedonotsupportthemcurrently.

Beforeinstallingthecompiler,youmustinstall:

•JavaVM,version6(orabove)forthecorecompiler.WehavemainlyusedOpenJDK.

Tip:OnGNU/DebianLinuxanditsderivative(eg.Ubuntu),youcaninstallthisdependencywith:

$apt-getinstallopenjdk-6-jre

Warning:Thesesinstructionscoverstheinstallationofthecompiler.Thecommonusageinvolvesthegeneration
ofC++codeandneedtheuseofanengine.Thequickinstallationcontainstheengines.Ifyouarenotusingthe
quickinstallationprocedure,seeInstalling&usingavailableenginesforengineinstallationinstructions.

4.2Downloading&installing

4.2.1Gettinglatestversion

GotothedownloadpagefortheBIPtools.YouareofferedtwosolutionstoinstalltheBIPcompilerandengines:

•thefirstiseasierandquickerbutmaynotfitallsystems.Compilerandenginesarepackagedinthesamearchive
andsetupscriptsareprovided.

•separatearchivesforcompiler&enginesarealsoprovided.Theinstallationofthecompilerusingthesearchives
isexplainedinasecondstep.

Quickinstallationusingself-containedarchive

Forusingthequickinstallation,youneedtodownloadthebip-full_<ARCH>.tar.gzarchive.Replace<ARCH>
withyourownarchitecture(eg.i686).Thensimplyfollowthefollowingsteps:

•createadirectorywhereeverythingwillbeinstalled:

$mkdirbip2

•extractthearchive:
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my_print("HelloWorld",somedata);
}

end

compoundtypeHelloCompound()
componentHelloAtomc1()

end
end

Andthetwoexternalsfiles.HelloPackage.cpp:

#include<iostream>

voidmy_print(constchar*message,int&adata){
std::cout<<"Someonesays:"<<message<<"withdata="<<adata<<std::endl;

}

voidmy_modify(int&adata){
adata=999;

}

andHelloPackage.hpp:

voidmy_print(constchar*message,int&adata);
voidmy_modify(int&adata);

YoucanaskGDBtoaddabreakpointonanytransationguard/actionbygivingthefile+linenumber,asyouwould
withregularC/C++debugging(youcanusefilecompletion):

(gdb)bHelloPackage.bip:16
Breakpoint1at0x805f649:

qfile/path/to/debug_bip_level/HelloPackage.bip,line16.(4locations)
(gdb)r
Startingprogram:/path/to/debug_bip_level/build/system

Breakpoint1,AT_HelloAtom::initialize(this=0x8082de0)at
/path/to/debug_bip_level/HelloPackage.bip:16

Currentlanguage:auto
Thecurrentsourcelanguageis"auto;currentlyc++".

GDBdisplayscorrectlythepositionwithinBIPsourcecode:

|12onpfromSTARTtoSdo{
|13my_modify(somedata);
|14}
|15onpfromStoENDdo{

B+>|16my_print("HelloWorld",somedata);
|17}
|18end
|19
|20compoundtypeHelloCompound()
|21componentHelloAtomc1()

Youcanofcoursesetbreakpointinyourexternalcode:

(gdb)bHelloPackage.cpp:8
Breakpoint2at0x80665a8:file/path/to/debug_bip_level/ext-cpp/HelloPackage.cpp,line8.
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$ cd bip2 ; tar zxvf /path/to/bip-full_i686.tar.gz
bip-full/
bip-full/BIP-reference-engine-2012.04_Linux-i686/
bip-full/BIP-reference-engine-2012.04_Linux-i686/include/
...

• setup the environement (works only in a bash shell):

$ cd bip-full
$ source ./setup.sh
Environment configured for engine: reference-engine

By default, setup.sh configure the installation for the reference engine. If you wish, you can also
select the optimized engine or the multithread engine by passing respectively optimized-engine or
multithread-engine to setup.sh, e.g. to select the optimized engine use:

$ cd bip-full
$ source ./setup.sh optimized-engine
Environment configured for engine: optimized-engine

Using separate archives for compiler

The archive name should resemble bipc_2012.01.tar.gz, the version number being dependent of the latest
version at the moment you are downloading it.

The compiler is a self-contained archive that you need to extract in a dedicated directory, for example
/home/a_user/local/bip2:

$ mkdir /home/a_user/local/bip2
$ cd /home/a_user/local/bip2
$ tar zxvf /path/to/the/bipc_2012.01.tar.gz
bipc-2012.01/
bipc-2012.01/lib/
bipc-2012.01/lib/org.eclipse.acceleo.common_3.2.0.v20111027-0537.jar
bipc-2012.01/lib/lpg.runtime.java_2.0.17.v201004271640.jar
...
bipc-2012.01/bin/
bipc-2012.01/bin/bipc.sh
...

Then, you need to add /home/a_user/local/bip2/bipc-2012.01/bin to your PATH environment vari-
able.

In bash:

$ export PATH=$PATH:/home/a_user/local/bip2/bipc-2012.01/bin

In tcsh:

$ setenv PATH ${PATH}:/home/a_user/local/bip2/bipc-2012.01/bin

4.2.2 Quick tour of installation

After installation, you should get something similar to the following setup:
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return o;
}

Compile the code without the --gencpp-no-serial:

$ bipc.sh -I . -p HelloPackage -d "HelloCompound()"\
--gencpp-output output \
--gencpp-cc-I $PWD/ext-cpp

$ mkdir output/build
$ cd output/build
$ cmake ..
[...]
$ make
[...]

We can check that our serialization code is correctly use by reading the execution trace:

[BIP ENGINE]: initialize components...
Data for: 1 = 2,8
Data for: 2 = 4,16
Data for: 3 = 6,24
[BIP ENGINE]: state #0: 1 interaction:
[BIP ENGINE]: [0] ROOT.connect: ROOT.c1.p({d}=[2, 8];) ROOT.c2.p({d}=[4, 16];) ROOT.c3.p({d}=[6, 24];)
[BIP ENGINE]: -> choose [0] ROOT.connect: ROOT.c1.p({d}=[2, 8];) ROOT.c2.p({d}=[4, 16];) ROOT.c3.p({d}=[6, 24];)
Data for: 1 = 6,24
Data for: 2 = 6,24
Data for: 3 = 6,24
[BIP ENGINE]: state #1: deadlock!

Important: In this example, we used a regular C struct type, but you can of course use C++ classes (which are
basically the same as structs).

7.6.8 Debugging at the BIP level

By using the gencpp-enable-bip-debug, it is possible to use the GDB on the BIP source code and not only on
the generated C++ code.

Let’s reuse previous example that makes use of external code and modify atom data:

@cpp(src="ext-cpp/HelloPackage.cpp",include="HelloPackage.hpp")
package HelloPackage

extern function my_modify(int)
extern function my_print(string, int)

port type HelloPort_t()

atom type HelloAtom()
data int somedata
port HelloPort_t p()
place START, S, END
initial to START do {

somedata = 0;
}
on p from START to S do {

my_modify(somedata);
}
on p from S to END do {
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.
÷--bin
|‘--bipc.sh
‘--lib

÷--acceleo.standalone.compiler_1.0-20120102155443.jar
÷--apache.tool.ant_1.8.0.jar
÷--backends
|÷--ujf.verimag.bip.backend.aseba_1.0-20120102155513.jar
|÷--ujf.verimag.bip.backend.bip_1.0-20120102155537.jar
|‘--ujf.verimag.bip.backend.cpp_1.0-20120102155558.jar
÷--com.google.collect_1.0.0.v201105210816.jar
÷--filters
÷--joptsimple_3.2.jar
÷--lpg.runtime.java_2.0.17.v201004271640.jar
...

•thebindirectorycontainsthecompiler’sexecutables.Usually,thereisonlythebipc.shscriptusedtorun
thecompiler.

•thelibdirectorycontainsalljavadependenciesforthecompiler.Thesub-directorybackendscontainsthe
back-endinstalledwiththecompiler.Thefilterscontainsthefiltercomposingthemiddle-end.Allfiles
outsidethissub-directoryarelibrariesusedbythecompiler(EMF,eclipseruntime,commandlineparsing,...)

4.3Front-endchecksforBIPmodelcorrectness

Thecompileralwayschecksifagiveninputisvalidwithrespecttothelanguage(eg.syntaxiscorrect,presenceof
cyclesinpriorities,correctdataflowinup/downofconnectors).Thesechecksareappliedtobothmodels(type&
instance).Thecompilermayemittwokindsofmessages:

•WARNING:apotentialerrorhasbeendetected,buttheitmaybeafalsepositivebecauseofruntimedependency.
Exampleofsuchwarningisacycleinprioritieswithatleastoneguardedpriority:iftheguardisfalsewhenall
rulesapply,thenthereisnocycle.Thesemessageareprecededby[WARNING]bythecompiler.

•ERROR:anerrorhasbeenfoundandthecompilerstopsassoonaspossible.Theinputisnotcorrect.Acyclein
priorityrulesandwritingtoboundport’sofaconnectorduringtheupphaseareexamplesofsucherrors.These
messageareprecededby[SEVERE]bythecompiler.

Tip:Thecompilercantreatwarningsaserrorsandstopcompilationwhen--Werrisused(verysimilartoregular
C/C++compilerbehaviorregarding-Werr).

Sampleoutputwithafatalerror(therootdeclarationreferencesatypethatthecompilercouldnotfind):

$bipc.sh-pASamplePackage-d"ThisTypeDoesNotExists()"-I.
[SEVERE]Typenotfound:ThisTypeDoesNotExists

Sampleoutputwithawarning(theremaybemorethanoneinternaltransitionfromthesamestate,dependingonthe
guards):

$bipc.sh-pASamplePackage-d"SomeCompoundType()"-I.
[WARNING]InASamplePackage.bip:
Transitionfromthisstatetriggeredbythesameport(orinternal)alreadyexists:

19:onticfromS1toS3do{c=c+1;tosend=tosend+1;start=1;}
20:internalfromS3toS2provided(c<=10)

----------^
21:internalfromS3toS1provided(c>10)
22:ontocfromS2toS1provided(c<10)
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Datafor:3=6,24
[BIPENGINE]:state#0:1interaction:
[BIPENGINE]:[0]ROOT.connect:ROOT.c1.p(-)ROOT.c2.p(-)ROOT.c3.p(-)
[BIPENGINE]:->choose[0]ROOT.connect:ROOT.c1.p(-)ROOT.c2.p(-)ROOT.c3.p(-)
Datafor:1=6,24
Datafor:2=6,24
Datafor:3=6,24
[BIPENGINE]:state#1:deadlock!

7.6.7Addingserializationsupportforcustomtype

Serializationsupportisusefulasthedatavaluesaredisplayedinexecutiontrace.Inordertosupportserializationfor
customtypes,youneedtoprovideafunctionforthe<<operator:

ostream&operator<<(ostream&o,constCustomType&value);

AlltheworkforaddingthesupporttakesplaceintheexternalC++code;theBIPsourcefileisthesameastheprevious
example.

Weprovidebelowthemodifiedversionoftheexternalcode.

HelloPackage.hpp:

#ifndefHP_HPP
#defineHP_HPP

#include<iostream>

struct__my_custom_type;

struct__my_custom_type{
intx,y;
friendstd::ostream&operator<<(std::ostream&o,conststruct__my_custom_type&value);

};

typedefstruct__my_custom_typemy_custom_type;

voidprint_data(intid,my_custom_type&adata);
voidinit_data(intid,my_custom_type&adata);

#endif

HelloPackage.cpp:

#include"HelloPackage.hpp"

voidprint_data(intid,my_custom_type&adata){
std::cout<<"Datafor:"<<id<<"="<<adata.x

<<","<<adata.y<<std::endl;
}

voidinit_data(intid,my_custom_type&adata){
adata.x=id*2;
adata.y=id*8;

}

std::ostream&operator<<(std::ostream&o,conststruct__my_custom_type&value){
o<<"["<<value.x<<","<<value.y<<"]";
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When you run the compiler, you need to provide at least the following parameters:

• a package name to compile: -p followed by the package name. The package name must match the file name
that contains it (ie. package Sample must be stored in a file named Sample.bip)

• one or more package search directories. This list of directories is used by the compiler to look for the package to
compile (and the potential other packages that are needed because of dependencies): -I followed by a directory.
Use the parameter several times to use multiple directories. The compiler will use the first correct match when
searching (order is important).

By using only these two parameters, the compiler will load the types contained in the package (and its dependencies)
and check them for validity. Nothing is produced by default.

You can also create an instance model along with the type model by giving the compiler a component declaration
using a type from the loaded package:

• -d followed by a declaration (eg. -p ACompound(1,2)). Beware that it may be required to enclose the
declaration by ” ” in order to protect it from being interpreted by your shell.

Example execution of the compiler:

$ bipc.sh -p SamplePackage -I /home/a_user/my_bip_lib/ -d "MyType()"

4.3.1 Silencing warnings

Some warnings can be silenced. This is useful when you are 100% sure that the warning is not a problem in your
specific case. You must never silence a warning because you don’t understand its presence !

To suppress a warning, you need to attach a ‘’@SuppressWarning‘’ annotation on the element that triggers the warning
along with the type of warnings you want to silence. For example, in case of possible non-determinism in a petrinet:

on work from a to a provided (x == 1) do { Max = 0; }
on work from a to a provided (x > 1) do { Max = 0; }

The compiler will output

[WARNING] In bla.bip:
Transition from this state triggered by the same port (or internal) already exists :

108:
109: on work from a to a provided (x == 1) do { Max = 0; }

---------^
110: on work from a to a provided (x > 1) do { Max = 0; }
111:

You can silence this warning by adding annotations:

@SuppressWarning(nondeterminism)
on work from a to a provided (x == 1) do { Max = 0; }
@SuppressWarning(nondeterminism)
on work from a to a provided (x > 1) do { Max = 0; }

The list of possible warning to silence is given below:

• nondeterminism

• unboundcomponentport

• unboundconnectorport

• missingup

• atomprioritycycle
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connector type ThreeRendezVous(HelloPort_t p1, HelloPort_t p2, HelloPort_t p3)
define p1 p2 p3
on p1 p2 p3 down { p1.d = p3.d; p2.d = p3.d; }
end

compound type HelloCompound()
component HelloAtom c1(1), c2(2), c3(3)
connector ThreeRendezVous connect(c1.p, c2.p, c3.p)

end
end

HelloPackage.hpp:

#ifndef HP_HPP
#define HP_HPP

typedef struct {
int x,y;

} my_custom_type;

void print_data(int id, my_custom_type &adata);
void init_data(int id, my_custom_type &adata);

#endif

HelloPackage.cpp:

#include <iostream>
#include "HelloPackage.hpp"

void print_data( int id, my_custom_type &adata){
std::cout << "Data for: " << id << " = " << adata.x

<< "," << adata.y << std::endl;
}

void init_data(int id, my_custom_type &adata){
adata.x = id * 2;
adata.y = id * 8;

}

As we don’t provide any support for serializing our my_custom_type data type, we need to turn off the generation
of serialization code in atoms:

$ bipc.sh -I . -p HelloPackage -d "HelloCompound()"\
--gencpp-output output \
--gencpp-cc-I $PWD/ext-cpp \
--gencpp-no-serial

$ mkdir output/build
$ cd output/build
$ cmake ..
[...]
$ make
[...]

When executing, we get the following trace:

[BIP ENGINE]: initialize components...
Data for: 1 = 2,8
Data for: 2 = 4,16
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•compoundprioritycycle

•uselessdown

•nointeraction

•missinginteraction

•modifiedvariabletransition

•modifiedvariableinteraction

4.3.2Hintsonusingpackage

Apackagenamed‘’a.b.c.D”mustbestoredinadirectoryhierarchy‘’a/b/c/D.bip’‘.Anythingelsewillnotwork.If
youwanttousepackageslocatedoutsideofyourcurrentworkingdirectoy,youmustusethe‘’-I”parametertoadd
thedirectoriesthatcontainthem.Forexample:

•youaredeveloppingin‘’/somewhere/myApp”aBIPpackagenamed‘’Foo’‘

•youwanttousethepackage‘’my.other.package.Bar”locatedin‘’/a/bip/repository”directory

Here’sthetreesnapshotandthecorrespondingcompilercommandtouse:
.
|--a
|‘--bip
|‘--repository
|‘--my
|‘--other
|‘--package
|‘--Bar.bip
‘--somewhere

‘--myApp
‘--Foo.bip

somewhere/myApp$bipc.sh-pFoo-I/a/bip/repository

4.4Usingmiddle-ends(aka.filters)

Filtersareresponsibleformodeltomodeltransformations.Afilterhasthesameinputandoutputtype:aBIPmodel
(typeorinstancemodel).Commonusecasesforfilters:

•flattening:removehierarchybyflatteningcompoundandconnectors.

•deadcodeoptimization:modifypetrinetbyremovingunusedparts.

•annotation:attachextrainformationonmodelelementusedbyotherfiltersorback-ends.

Afiltercanbeusedaloneorafilterchaincanbebuild.Thechainisspecifiedusingasimplesyntax:

filter1_namefoo=barfoo2=bar2!filter2_namebla=bar

Thiswillchainfilter1_nameandfilter2_name.Eachfilterwillbeconfiguredusingitscorrespondinglistof
key=valuepairs.

Thechainspecificationcanbegivendirectlyonfromthecommandlineusing-f(or--filter):

bipc.sh-f"filter1_namefoo=barfoo2=bar2!filter2_namebla=bar"
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$bipc.sh-I.-pHelloPackage-d"HelloCompound()"\
--gencpp-outputoutput\
--gencpp-cc-I$PWD/ext-cpp

$mkdiroutput/build
$cdoutput/build
$cmake..
[...]
$make
[...]

Whenexecuting,wecanseethatthetransitionforthepositivetransitionisfired:

[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1internalport:
[BIPENGINE]:[0]ROOT.c1._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.c1._iport_decl__p
[BIPENGINE]:state#1:1internalport:
[BIPENGINE]:[0]ROOT.c1._iport_decl__negative
[BIPENGINE]:->choose[0]ROOT.c1._iport_decl__negative
Someonesays:Positivedatawithdata=999
[BIPENGINE]:state#2:deadlock!

7.6.6Usingcustomtype

Wewillnowusecustomtypeinasimplerendez-vousexampleinvolving3atoms.Theexpectedbehaviorisvery
simple:

•eachatomcallstheinit_data()functiontoinitializeitsinternaldata.Allatomsgetdifferentvalues.

•theyallsynchronizeandtheconnectortakesthevaluesfromthe3rdatomandwritesitintheother2atoms.

Theatomsdisplaytheirdatabeforeandafterthesynchronization.

Forusingacustomtype,weneed:

•todeclarethetypeintheBIPsource

•todefinethetypeintheC++externcode

Inthisexample,wedon’tprovideserializationsupport(thiswillbedemonstratedinthenextexample).

Thesourcecodefilesaregivenbelow.

HelloPackage.bip:

@cpp(src="ext-cpp/HelloPackage.cpp",include="HelloPackage.hpp")
packageHelloPackage

externdatatypemy_custom_type
externfunctioninit_data(int,my_custom_type)
externfunctionprint_data(int,my_custom_type)

porttypeHelloPort_t(my_custom_typed)

atomtypeHelloAtom(intid)
datamy_custom_typed
exportportHelloPort_tp(d)
placeSTART,END
initialtoSTARTdo{init_data(id,d);print_data(id,d);}
onpfromSTARTtoENDdo{print_data(id,d);}

end
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Important: Do not forget to enclose the chain specification between ” or ‘, as the shell will most certainly interpret
the ! character, leading to unwanted behavior.

The chain specification can also be read from a file using --filter-file. This is useful when the chain is getting
complex as handling very long lines can be tedious work. You simply need to write the chain in a text file. To enhance
readability, you can use a 1 filter by line convention, as the line feed is ignored:

filter1_name foo=bar foo2=bar2 !
filter2_name bla=bar !
filter3_name some_very_complex_arg=something_very_very_long

And simply give this file to the compiler:

bipc.sh --filter-file filters.txt ...

4.5 Using back-ends (code generators)

4.5.1 General principles

A back-end (aka. code generator) defines a set of specific parameters. Usually, using one of them will enable the
corresponding back-end. For example, for the C++ back-end, you can see the following command line arguments (see
More about C++ code generator):

--gencpp-cc-I Add a path to the include search path
(used when calling the C++ compiler)

--gencpp-cc-extra-src Add an extra source file to the
compilation list

--gencpp-follow-used-packages Also generate code for used packages.
--gencpp-ld-L Add a path to the libraries search

path (used when calling the linker)
--gencpp-ld-extra-obj Add an extra object file to be linked

with the other parts
--gencpp-ld-l Link with this library (use several

times to add many libraries)
--gencpp-no-serial Disable the generation of

serialization code
--gencpp-output-dir Output directory for CPP backend
--gencpp-optim Set the optimization level (defaults

to none = 0). Each level includes a
set of optimization.

--gencpp-set-optim-param Set an optimisation parameter:
optimname:key:value

--gencpp-disable-optim Disable a specific optimization (can
be used several times)

--gencpp-enable-optim Enable a specific optimization (can be
used several times)

--gencpp-enable-bip-debug Generates extra code to enable GDB to
debug at the BIP level

Calling the compiler using any on these parameter will enable the C++ back-end.

You can use more than one back-end at once without any problem as back-end are meant to be independent. For
example, for generating both a C++ and Aseba source code in a single compiler run, you could use the following
command:
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7.6.5 Hello World with external code called from const context

When calling function from const context (eg. connector’s up, all guards), one must take extra care when interfacing
the external code using data. Again, we extend our HelloPackage by adding a guard calling an external function
called my_guard() that accesses the component’s data.

The new BIP:

@cpp(src="ext-cpp/HelloPackage.cpp",include="HelloPackage.hpp")
package HelloPackage

extern function bool my_guard(int)
extern function my_modify(int)
extern function my_print(string, int)

port type HelloPort_t()

atom type HelloAtom()
data int somedata
port HelloPort_t p(), positive(), negative()
place START, S, END
initial to START do { somedata = 0; }
on p from START to S do { my_modify(somedata); }
on negative from S to END

provided (my_guard(somedata))
do {my_print("Positive data", somedata);}

on positive from S to END
provided (!my_guard(somedata))
do {my_print("Negative data", somedata);}

end

compound type HelloCompound()
component HelloAtom c1()

end
end

Note that the new HelloPackage.hpp includes the declaration of const_my_guard() and not my_guard().
This is because our BIP calls my_guard() from a const context:

void my_print(const char *message, int &adata);
void my_modify(int &adata);
bool const_my_guard(int &adata);

The corresponding HelloPackage.cpp:

#include <iostream>

void my_print(const char *message, int &adata){
std::cout << "Someone says: " << message << " with data=" << adata << std::endl;

}

void my_modify(int &adata){
adata = 999;

}

bool const_my_guard(int &adata){
return adata > 0;

}

The compilation is still the same:
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$bipc.sh-pSamplePackage-I/home/a_user/my_bip_lib/-d"MyType()"\
--gencpp-output-dircpp-output--genaesl-output-diraseba-output

4.5.2BIPback-end

TheBIPback-endcanbeusedtogeneratebackBIPsourcecode.Itisverysimpleandusestwoparameters:

•--genbip-output-dir:tospecifythedirectorywherethegeneratedwillbecreated

•--genbip-follow-used-packages:toenablethehierarchicalgeneration.Bydefault,onlythepackage
beingcompiledisgeneratedbacktoBIPsourcecode.Whenthisparameterispresent,thepackage’sdependen-
ciesarealsogenerated.

Ifnotransformationarebeingexecutedinthemiddle-end,thenthisback-endshouldproduceasourcecodeequivalent
tothesourcecodecompiled(somecodereformatingandreorderingisverylikelytohappen):

$bipc.sh-pSamplePackage-I/home/a_user/my_bip_lib/--genbip-output-dirbip-output

Important:Thisback-endonlysupportstypemodelcompilation.Itwon’tusetheinstancemodelthatthecompiler
mayproduce(ifa-dparameterisused).

4.5.3C++back-end

Simplecase,forcompilingthepackageSomePackageandcreatinganexecutablebytakinganinstanceofthe
RootDefinitioncomponentusethefollowingcommand:

$bipc--gencpp-outputbuild-pSomePackage-d’RootDefinition()’

Thiscommandwillgenerateseveralfiles,mainlyC++sourcecode,butnotonly.Thiscodecan’tbecompiledasis,it
needssomegluecodefromastandardengine.SeeMoreaboutC++codegeneratorformoredetailsonthisback-end.
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externfunctionmy_print(string,int)

porttypeHelloPort_t()

atomtypeHelloAtom()
dataintsomedata
portHelloPort_tp()
placeSTART,S,END
initialtoSTARTdo{somedata=0;}
onpfromSTARTtoSdo{my_modify(somedata);}
onpfromStoENDdo{my_print("HelloWorld",somedata);}

end

compoundtypeHelloCompound()
componentHelloAtomc1()

end
end

ThenewHelloPackage.hpp:

voidmy_print(constchar*message,int&adata);
voidmy_modify(int&adata);

AndthecorrespondingHelloPackage.cpp:

#include<iostream>

voidmy_print(constchar*message,int&adata){
std::cout<<"Someonesays:"<<message<<"withdata="<<adata<<std::endl;

}

voidmy_modify(int&adata){
adata=999;

}

Thecompilationisstillthesame:

$bipc.sh-I.-pHelloPackage-d"HelloCompound()"\
--gencpp-outputoutput\
--gencpp-cc-I$PWD/ext-cpp

$mkdiroutput/build
$cdoutput/build
$cmake..
[...]
$make
[...]

Whenrunningtheexample,wecanseethattheintegeriscorrectlymodified:

$./system
[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1internalport:
[BIPENGINE]:[0]ROOT.c1._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.c1._iport_decl__p
[BIPENGINE]:state#1:1internalport:
[BIPENGINE]:[0]ROOT.c1._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.c1._iport_decl__p
Someonesays:HelloWorldwithdata=999
[BIPENGINE]:state#2:deadlock!
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data int somedata
port HelloPort_t p()
place START,END
initial to START do { somedata = 0; }
on p from START to END do {my_print("Hello World", somedata);}

end

compound type HelloCompound()
component HelloAtom c1()

end
end

The my_print() is changed to accept an extra int parameter. Note that this parameter is a C++ reference: the
function has access to the real data, not a copy.

HelloPackage.hpp:

void my_print(const char *message, int &adata);

HelloPackage.cpp:

#include <iostream>

void my_print(const char *message, int &adata){
std::cout << "Someone says: " << message << " with data=" << adata << std::endl;

}

The compilation is still the same:

$ bipc.sh -I . -p HelloPackage -d "HelloCompound()"\
--gencpp-output output \
--gencpp-cc-I $PWD/ext-cpp

$ mkdir output/build
$ cd output/build
$ cmake ..
[...]
$ make
[...]

When running the executable, we can see that the value for the data is correctly display:

[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 1 internal port:
[BIP ENGINE]: [0] ROOT.c1._iport_decl__p
[BIP ENGINE]: -> choose [0] ROOT.c1._iport_decl__p
Someone says: Hello World with data=0
[BIP ENGINE]: state #1: deadlock!

7.6.4 Hello World with data modified by external code

The previous example simply shows how to read data received from BIP inside external code. The external code can
also modify this code (if called from a context that allows the modification of the data). We add a new my_modify()
function in our external code that only modifies its integer parameter.

The new BIP code:

@cpp(src="ext-cpp/HelloPackage.cpp",include="HelloPackage.hpp")
package HelloPackage

extern function my_modify(int)
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FIVE

MOREABOUTC++CODEGENERATOR

5.1Presentation&prerequisites

5.1.1Presentation

TheC++back-endproducesasetofC++sourcefilesalongwithasetofCMakescriptsusedtocompilethegenerated
C++filesandlinkthemwithanengine.

5.1.2Prerequisites

InordertousethecodegeneratedbytheC++back-end,youneedtoinstallthefollowingdependencies:

•CMake,atleastversion2.8.2.Itmayworkwithearlierversions,butithasnotbeentested.

•GNUMake.

•AC++compilerthatsupportstheSTL.Inaddition,asupportforC++0xisrequiredwhencompilingwiththe
optimizedengine,andC++11forthemultithreadengine.WearecurrentlyworkingwiththeGNUcompilerg++
version4.8.2,andforABIcompatibilityissueswerecommendtouseg++version4.8orhigher.

Tip:OnGNU/Debianorderivatives,use:$apt-getinstallcmakemakeg++

5.2Usage

TogenerateC++code,extraparametersmustbeusedtodriveC++codegeneration.

Important:Ifyouarenotusingthestandardcompilerdistribution,thenyouneedtotakecareofthecorrectloading
oftheC++back-end:itsjarfilemustbeintheclasspathandthejavapropertybip.compiler.backendsmust
containthestringujf.verimag.bip.backend.cpp.CppBackend

ThecurrentC++codegenerationrequiresthepresenceofaninstancemodel,thusyoumustprovidearootdeclaration
(see-dintheabovesection).ToenabletheC++back-end,yousimplyneedtogiveanoutputdirectory:

•--gencpp-output-dirfollowedbythedirectorythatwillcontainallfilesgeneratedbytheC++back-end.

Example:

$bipc.sh-pSamplePackage-I/home/a_user/my_bip_lib/-d"MyType()"\
--gencpp-output-dir/home/a_user/output/
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•theimplementation(ie.HelloPackage.cpp)correspondingtothepreviousinterface.

Anydirectorylayoutcanbeused.Weproposethefollowingasexample:
.
÷--ext-cpp
|÷--HelloPackage.cpp
|‘--HelloPackage.hpp
‘--HelloPackage.bip

WiththefollowingcontentforHelloPackage.hpp:

voidmy_print(constchar*message);

AndforHelloPackage.cpp:

#include<iostream>

voidmy_print(constchar*message){
std::cout<<"Someonesays:"<<message;

}

Then,compileitusingthefollowingcommands:

$bipc.sh-I.-pHelloPackage-d"HelloCompound()"\
--gencpp-outputoutput\
--gencpp-cc-I$PWD/ext-cpp

$mkdiroutput/build
$cdoutput/build
$cmake..
[...]
$make
[...]

The--gencpp-cc-Iisusedtoincludedthedirectorycontainingour.hppfiletotheC++compilerincludepaths
list.

Andfinally,runtheproducedsystemexecutable:

$./system
[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1internalport:
[BIPENGINE]:[0]ROOT.c1._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.c1._iport_decl__p
Someonesays:HelloWorld
[BIPENGINE]:state#1:deadlock!

7.6.3HelloWorldwithdataandexternalcode

Inthisexample,wemodifyagainourHelloWorld,thistimetopasssomedatatotheexternalcode.

ThenewBIPcodeisnow:

@cpp(src="ext-cpp/HelloPackage.cpp",include="HelloPackage.hpp")
packageHelloPackage

externfunctionmy_print(string,int)

porttypeHelloPort_t()

atomtypeHelloAtom()
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The directory /home/a_user/output should contain several files & directories:
.
÷-- CMakeLists.txt
÷-- Deploy
÷ ÷-- Deploy.cpp
| ÷-- Deploy.hpp
| ‘-- DeployTypes.hpp
÷-- SamplePackage
| ÷-- CMakeLists.txt
| ÷-- include
| | ‘-- SamplePackage
| | ÷-- CT_MyType.hpp
| | ÷-- AtomEPort_Port__t.hpp
| | ÷-- AtomIPort_Port__t.hpp
...
| ‘-- src
| ‘-- SamplePackage
| ÷-- CT_MyType.cpp
| ÷-- AtomEPort_Port__t.cpp
| ÷-- AtomIPort_Port__t.cpp
...

You don’t need to dig into these directories, but it’s always better to understand how the compiler organizes the
generated files:

• a master CMakeLists.txt that will be used to compile and link everything (generated code and engine code)
together. Its use will be demonstrated later.

• a directory SamplePackage containing :

– a CMakeLists.txt with directives to compile the package

– an include directory with all header files (ie. .hpp files).

– a src directory with all implementation files (ie. .cpp files).

• a directory Deploy with a 3 files with the directives for the concrete deployment of the running system.

By default, the compiler won’t resolve dependencies and will fail in case of inter-package reference. You need to
provide --gencpp-follow-used-packages to resolve and compile dependencies.

5.3 Interface BIP/C++

5.3.1 Presentation

It is very common to interface BIP code with external C++ code (eg. legacy code, specific code, ...). The current
back-end provides you with several ways to interface your BIP code with external C++ code.

Both ways of interfacing may need to add directory to the C++ compiler include search path. This can be achieved by
using this command line argument:

• --gencpp-cc-I : adds a directory to the compiler search paths for include files (ie. this is the -I used by
most C++ compilers)

At the package/type level

You can add one or more source file (ie. .cpp file) or object file (ie. .o file) attached to a package/a type. These
source file will be compiled at the same time as the generated files corresponding to the package/type and the object
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end

compound type HelloCompound()
component HelloAtom c1()

end
end

The annotation instructs the code generator to include the stdio.h C standard library in the generated code for this
package. This allows the use of printf().

The compilation stays the same:

$ bipc.sh -I . -p HelloPackage -d "HelloCompound()" \
--gencpp-output output

$ mkdir output/build
$ cd output/build
$ cmake ..
[...]
$ make
[...]

When running the example, you can see our printf() being executed when the transition is fired:

[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 1 internal port:
[BIP ENGINE]: [0] ROOT.c1._iport_decl__p
[BIP ENGINE]: -> choose [0] ROOT.c1._iport_decl__p
Hello World
[BIP ENGINE]: state #1: deadlock!

7.6.2 Hello World with external code

Let’s modify again our example. This time, we will also provide the code needed for printing the message to the
console instead of relying directly on a standard library.

Change the previous HelloPackage.bip by adding an extra annotation on the package definition:

@cpp(src="ext-cpp/HelloPackage.cpp",include="HelloPackage.hpp")
package HelloPackage

extern function my_print(string)

port type HelloPort_t()

atom type HelloAtom()
port HelloPort_t p()
place START,END
initial to START
on p from START to END do { my_print("Hello World!\n"); }

end

compound type HelloCompound()
component HelloAtom c1()

end
end

Along with the BIP file, you need to create the external code that will provide the my_print("....") function:

• the interface (ie. HelloPackage.hpp) that you need to put in a directory that will be included in the C++
compiler search path.
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fileswillbemergedwiththecompiledcodeinsidethelibrary(ie..afile)forthepackage.Youcanalsoaddinclude
directivesthatwillbeaddedtotype/packagegeneratedfiles.

YouneedtouseannotationsintheBIPsourcefile(seeDebugging).

Atthegloballevel

Youcaninjectsourceorobjectcodeatthegloballevelorforcethelinkingwithanexternallibrary.Sourcecode
injectedatthislevelwillbecompiledafterallpackageshavebeencompiled.Objectcodeorlibraryaresimplylinked
withalltheothercompiledcode.

Toachievethisintegration,youcanusethefollowingparameters:

•--gencpp-cc-extra-src:addsasourcefileinthecompilationprocess.

•--gencpp-ld-L:addsadirectorytothelinkersearchpathsforlibraries(ie.thisisthe-Lusedbymost
linkers)

•--gencpp-ld-l:addsalibrarytothelinklist(ie.thisisthe-lusedbymostlinkers)

•--gencpp-ld-extra-obj:addsanobjectfiletothelinklist

5.3.2Datahandling

ItispossibletousedatawhencallingexternalC++code.Therearetwoimportantfactstokeepinmind:

•Itisimportanttounderstandinwhichcontextthecallismadeasthefunctionbeingcalleddependsonthat.

•AfunctioncallisNEVERtype-checkedbytheBIPcompiler.ItmeansthatyoucaneasilywriteWRONG
code.Hopefully,yourC++compilerwillcatchbadcases(butdon’trelyonthat).Afunctioncallcantakedata
parametersandcanreturnasingledatavalue.

Forcontextwherethecalleecanchangethedata(ie.connectordown{}andpetrinettransitiondo{}):

•functioncallf()inBIPismappedtoaC++functioncallf().

•theBIPassignmentx=f()ismappedtotheequivalentC++corresponding_internal_data_var
=f().TypecompatibilitycheckedbyC++compiler.

•functioncallwithdataargumentf(a,b,c)witha,bandclocalBIPdatadeclaredinthecaller’sscope(atom,
connector)ismappedinC++tof(internal_data_a,internal_data_b,internal_data_c).
Expectedprototypeforf:f(T1&a,T2&b,T3&c).

•theBIPassignmentx=f(a,b,c)ismappedtoC++internal_data_x=f(internal_data_a,
internal_data_b,internal_data_c),withexpectedprototype:T1f(T2&a,T3&b,T4
&c).Bewarethatthereturntypeisnotareferencenorapointer.Ifyouneedtoavoiduselesscopy,you
canhavetheoutputvariablebeaparameterandmodifyitfromwithinthefunctionbody(ie.by-reference
parameter).

Forcontextwherethedatausedmustnotbemodified(ie.constcontext:up{}andprovided()),allfunctioncall
areprefixedbyconst_:

•functioncallf()ismappedinC++toconst_f()

•x=f()ismappedtocorresponding_internal_data_var=const_f().Typecompatibility
checkedbyC++compiler.

•f(a,b,c)witha,bandclocaldatadeclaredinthecaller’sscope(atom,connector),mappedto
const_f(internal_data_a,internal_data_b,internal_data_c).Expectedprototypefor
f:f(constT1&a,constT2&b,constT3&c).Theconstareonlyexpected.Ifconst_f()
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do{free=0;}

onutilizefromWAITtoFREE
do{free=1;}

onnotfreefromFREEtoWAIT
do{free=0;}

end

ThecorrespondingexecutioninvolvesbothcomponentsAandB.AcanonlybeexecutedwhencomponentBisin
placeFREE.
...
[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1interaction:
[BIPENGINE]:[0]ROOT.B_utilize_R:ROOT.B.utilize()ROOT.R.utilize()
[BIPENGINE]:->choose[0]ROOT.B_utilize_R:ROOT.B.utilize()ROOT.R.utilize()
[BIPENGINE]:state#1:1interactionand1internalport:
[BIPENGINE]:[0]ROOT.A_utilize_R:ROOT.A.utilize()ROOT.R.utilize()
[BIPENGINE]:[1]ROOT.B._iport_decl__notfree
[BIPENGINE]:->choose[0]ROOT.B._iport_decl__notfree
[BIPENGINE]:state#2:1interaction:
[BIPENGINE]:[0]ROOT.B_utilize_R:ROOT.B.utilize()ROOT.R.utilize()
[BIPENGINE]:->choose[0]ROOT.B_utilize_R:ROOT.B.utilize()ROOT.R.utilize()
[BIPENGINE]:state#3:1interactionand1internalport:
[BIPENGINE]:[0]ROOT.A_utilize_R:ROOT.A.utilize()ROOT.R.utilize()
[BIPENGINE]:[1]ROOT.B._iport_decl__notfree
[BIPENGINE]:->choose[0]ROOT.B._iport_decl__notfree
[BIPENGINE]:state#4:1interaction:
[BIPENGINE]:[0]ROOT.B_utilize_R:ROOT.B.utilize()ROOT.R.utilize()
[BIPENGINE]:->choose[0]ROOT.B_utilize_R:ROOT.B.utilize()ROOT.R.utilize()
[BIPENGINE]:state#5:1interactionand1internalport:
[BIPENGINE]:[0]ROOT.A_utilize_R:ROOT.A.utilize()ROOT.R.utilize()
[BIPENGINE]:[1]ROOT.B._iport_decl__notfree
[BIPENGINE]:->choose[0]ROOT.A_utilize_R:ROOT.A.utilize()ROOT.R.utilize()
...

7.6UsingtheC++back-end

7.6.1HelloWorldusingapreinstalledlibrary

TheinitialHelloWorldexampledoesnotdisplayanythingonitsown.Inthisexample,weaddsuchsimpledisplayby
usingthecommonprintf()fromstandardClibrary.

Changetheinitialexampletomatchthefollowing:

@cpp(include="stdio.h")
packageHelloPackage

externfunctionprintf(string)

porttypeHelloPort_t()

atomtypeHelloAtom()
portHelloPort_tp()
placeSTART,END
initialtoSTART
onpfromSTARTtoENDdo{printf("HelloWorld!\n");}
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does not take const argument, it will still work, but system data may be altered by error. The const-ness is not a
guaranty, it’s only a good guide that avoids making mistakes.

• x = f(a,b,c) mapped to internal_data_x = const_f(internal_data_a,
internal_data_b, internal_data_c), with expected prototype: T1 f(const T2 &a, const
T3 &b, const T4 &c). Beware that the return type is not a reference nor a pointer. This in order to avoid
useless copy.

Hint: C++ code generator uses different function names instead of relying on C++ dispatching mechanism between
const and non-const function because it doing so would imply that the compiler is able to type function parameters,
which is currently not the case.

Important: When using custom types, you may run into problems when using the reference engine as it tries to
display a serialized version of the data during execution. This serialization relies on the C++ stream mechanism. If
your data type does not support stream operation, the generated code won’t compile. You can disable serialization
when running the compiler with --gencpp-no-serial (no data will be displayed in execution traces).

The Using the C++ back-end has examples of BIP/C++ interfacing.

Handling component parameter

If you need to use a component parameter in an external function call, the parameter in the function prototype must
not be a reference. Treat component parameters as direct value or expression:

atom type AT(int x)
...
on p from S to T do {f(x);}
...

end

The function must look like:

void f(int x);

If you try to use a reference, the C++ compiler will fail.

Pass by reference/copy

When an external function takes a data variable (ie. atom data, component exported data, connector data) as parameter,
do not forget to use a reference in the function prototype. Even if omitted, the code will still compile flawlessly, but
the function will work on a copy of the data variable, not the variable itself. Any modification will be lost and strange
behavior can arise because of the unwanted use of the copy constructor.

If the function is given a data from a component type parameter or a direct value, then the corresponding function
parameter must not be a reference.

For example:

atom type AT()
data int x
...
on p from S to T do {f(x);}
...

end

f should have the following prototype:
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place WAIT, FREE

initial to WAIT
do { free = 0; }

on utilize from WAIT to FREE
do { free = 1; }

internal from FREE to WAIT
do { free = 0; }

end

connector type RDV(Port p, Port q)
define p q

end

compound type Model()
component Resource R()
component UserOfRessource A(), B()

connector RDV A_utilize_R(A.utilize, R.utilize)
connector RDV B_utilize_R(B.utilize, R.utilize)

priority scheduler A_utilize_R:* < *:* provided (B.free == 0)
end

end

When compiling and executing an instance of Model, we obtain an execution in which only component B is executing.
This comes from the fact that the transition from place FREE to place WAIT in B is internal, that is, it is the state of B
before the its execution is invisible. As a result, interactions of A_utilize_R can never executes since the visible
value of B.free is always 0.
...
[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 1 interaction:
[BIP ENGINE]: [0] ROOT.B_utilize_R: ROOT.B.utilize() ROOT.R.utilize()
[BIP ENGINE]: -> choose [0] ROOT.B_utilize_R: ROOT.B.utilize() ROOT.R.utilize()
[BIP ENGINE]: state #1: 1 interaction:
[BIP ENGINE]: [0] ROOT.B_utilize_R: ROOT.B.utilize() ROOT.R.utilize()
[BIP ENGINE]: -> choose [0] ROOT.B_utilize_R: ROOT.B.utilize() ROOT.R.utilize()
[BIP ENGINE]: state #2: 1 interaction:
[BIP ENGINE]: [0] ROOT.B_utilize_R: ROOT.B.utilize() ROOT.R.utilize()
[BIP ENGINE]: -> choose [0] ROOT.B_utilize_R: ROOT.B.utilize() ROOT.R.utilize()
[BIP ENGINE]: state #3: 1 interaction:
[BIP ENGINE]: [0] ROOT.B_utilize_R: ROOT.B.utilize() ROOT.R.utilize()
[BIP ENGINE]: -> choose [0] ROOT.B_utilize_R: ROOT.B.utilize() ROOT.R.utilize()
...

The problem can be fixed by using a transition labelled by an internal port instead of an internal transition. A correct
version of UserOfRessource is provided below.

atom type UserOfRessource()
export data int free
port Port notfree()
export port Port utilize()

place WAIT, FREE

initial to WAIT
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voidf(int&x);

Ifyouuse

voidf(intx);

Thecodewillrun,butallmodificationsofxwithintheffunctionwillbelostwhenthefunctionreturns.Itwillalso
haveanoverheadasdatawillbecopiedatinvocation.

Ifthefunctiontakesadatafromthetypeparameter,likethefollowing:

atomtypeAT(intx1)
datainx
...
onpfromStoTdo{f(x,x1,1+4);}
...

end

fshouldhavethefollowingprototype:

voidf(int&a,intb,intc);

5.4Parameters

•--gencpp-cc-I

•--gencpp-cc-extra-src

•--gencpp-ld-L

•--gencpp-ld-l

•--gencpp-ld-extra-obj

•--gencpp-follow-used-packages

•--gencpp-no-serial

•--gencpp-disable-optim

•--gencpp-enable-optim

•--gencpp-optim

•--gencpp-set-optim-param

•--gencpp-enable-bip-debug

5.5Optimisation

TheC++back-endcanapplysomeoptimizationtechniques.Youcanenablethemeitheronebyone,orbyusing
predefinedgroups.

Toenablealloptimizationsuptolevel2:

$bipc.sh...--gencpp-optim2

Toenabletheuseofapoolofinteractionobjectofsize200:
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...
[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1interaction:
[BIPENGINE]:[1]ROOT.brdDEF:ROOT.D.p()ROOT.E.p()ROOT.F.p()
[BIPENGINE]:->choose[0]ROOT.brdDEF:ROOT.D.p()ROOT.E.p()ROOT.F.p()
[BIPENGINE]:state#1:1interaction:
[BIPENGINE]:[0]ROOT.brdABC:ROOT.A.p()ROOT.B.p()
[BIPENGINE]:->choose[0]ROOT.brdABC:ROOT.A.p()ROOT.B.p()
[BIPENGINE]:state#2:deadlock!

Noticethatafterinitialization,onlyinteraction‘D.p,E.p,F.p‘islistedbytheengine,sinceitcanonlyexe-
cutesmaximalinteractions.ReplacingthepriorityruleschedulerbybrdABC:A.p,B.p,C.p<brdDEF:
D.pleadstothesameexecutionsequence.Thisisduetothefactthatprioritiesarecomputedasthetransi-
tiveclosureoftheunionofmaximalprogressandthepriorityrulesprovidedbyprioritystatements.Even
ifinteractions‘A.p,B.p,C.p‘isnotenabledbybrdABC,andinteractionD.pisnotenabledbybrdDEF,
priorityrulebrdABC:A.p,B.p<brdDEF:D.p,E.p,F.pisdeducedfrommaximalprogressthaten-
forcesbrdABC:A.p,B.p<brdABC:A.p,B.C.pandbrdDEF:D.p<brdDEF:D.p,E.p,F.p,and
frombrdABC:A.p,B.p,C.p<brdDEF:D.p.

Noticealsothatpriorityrulesmustonlyinvolveinteractionsthataredefinedbytheconnectors(i.e.bytheex-
pressionprovidedwiththestatementdefine).Asaresult,ifthepriorityruleschedulerisreplacedby
brdABC:A.p,B.p,C.p<brdDEF:E.p,anerrorisreportedwhencompilingthemodel:

[SEVERE]In/home/to/example/priorities_in_compound.bip:
Interactionnotallowedasnotdefinedbyconnectortype:

26:
27:priorityschedulerbrdABC:A.p,B.p,C.p<brdDEF:E.p

----------------------------------------------------^
28:end
29:end

Dynamicprioritiesandinvisiblestates

Inthefollowingexample,thecomponentsAandBrepresentpotentialusersofaresourcewhichisrepresentedbythe
componentR.WhenauserAorBreachestheplaceFREE,itsetitsvariablefreeto1whichisexportedtoinform
thatitisnotusingtheresourceR.ThevariablefreeorauserissettoOwhenitleavestheplaceFREEtoinform
thatitreachestheplaceWAITfromwhichitmayusetheresource.Topreventfromconcurrentuseoftheresource,a
schedulerhasbeenimplementedusingpriorities,asexplainedasfollows.ItgivesmoreprioritytoBprovidedBisin
placeFREE,thatis,itsvariablefreeequalstoO.Noticethatuseof‘*‘inthepriorityrule:itgiveslesspriorityto
interactionsofdefinedinA_utilize_RthananyinteractiondefinedinanyconnectorexceptA_utilize_R.

packagepriorities_invisible
porttypePort()

atomtypeResource()
exportportPortutilize()

placeWAIT

initialtoWAIT

onutilizefromWAITtoWAIT
end

atomtypeUserOfRessource()
exportdataintfree
exportportPortutilize()
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$ bipc.sh ... --gencpp-enable-optim poolci \
--gencpp-set-optim-param poolci:size:2

Currently, the following optimizations are available:

• rdvconnector (level : 1): generates specific code for rendez-vous connectors.

• poolci (level :2) : dynamically created interaction object can be reused. When released, an interaction is
placed in a pool. When a lot of interactions are involved, it lightens the burden on the memory allocator. The
cost is that some memory is never released.

• poolciv (level : 2): same as poolciv but for interaction value objects.

• ports-reset (level: 2): allows to reduce recomputation of interactions and internal ports after components
execution, based on static analysis of the code executed by transitions of atomic components. This optimization
is only exploited by the optimized engine (i.e. no gain when using the reference engine).

• no-side-effect (level: 3): improves other optimizations (currently concerns only optimization
ports-reset) by assuming that assignments of a variable v of an external type only modify v (e.g. no side
effect on any other variable due to aliasing), and that calls to external functions can only modify the variables
provided as parameters.

Both poolci and poolciv accepts an optional parameter size to set the size of the pool. Beware that a pool of
fixed size is created for every connector instance.

5.6 Debugging

BIP tools do not include a full featured debugger. Instead, we provide a mapping between the generated C++ code (on
which any C++ debugger can be used) and the BIP source code. To enable this mechanism, you need to compile the
code using --gencpp-enable-bip-debug.

The direct benefits are:

• use of breakpoints in BIP source code

• step by step execution in BIP source code

The direct drawbacks are:

• it is not possible to print data using BIP variable names, you need to dig into the generated code, which is less
easy since it is the BIP code that gets displayed.

• incoherences/unexpected debuger behavior can appear, as the mapping is not necessarily bijective (eg. a BIP
guard could be duplicated in two locations in the generated code)

Important: You need to compile the C++ with debugging support. Use the Debug profile included in the cmake
scripts:

$ cmake -DCMAKE_BUILD_TYPE=Debug .....

5.7 Annotations

5.7.1 @cpp(src="<file-list>")

• scope : package definition, any type definition
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on p provided (false)
end

compound type Model()
component MyAtom A(1), B(1), C(0)
component MyAtom D(1), E(1), F(1)

connector Broadcast brdABC(A.p, B.p, C.p)
connector Broadcast brdDEF(D.p, E.p, F.p)

end
end

In the above example, we synchronize components A, B, C, D E, F using two connectors brdABC and brdDEF of
type Broadcast. Since ports p of A is considered as a trigger in connector brdABC, brdABC defines (statically)
interactions ‘A.p‘, ‘A.p,B.p‘, ‘A.p,C.p‘ and ‘A.p,B.p,C.p‘. Similarly, brdDEF defines ‘D.p‘, ‘D.p,E.p‘,
‘D.p,F.p‘ and ‘D.p,E.p,F.p‘. Due to the guard false in Broadcast, interactions ‘A.p‘ and ‘D.p‘ are dis-
abled. Moreover, due to the guard (enabled == 1) in MyAtom and the parameter 0 of C, interactions A.p,C.p‘
and ‘A.p,B.p,C.p‘ are also disabled. As a result, interactions enabled after initialization are: ‘A.p,B.p‘ in
brdABC and ‘D.p,E.p‘, ‘D.p,F.p‘ and ‘D.p,E.p,F.p‘ in brdDEF.

In BIP2, maximal progress is considered as default priorities. Given a connector, maximal progress gives higher pri-
ority to larger interactions. In the above example, interactions ‘D.p,E.p‘ and ‘D.p,F.p‘ of connector brdDEF are
not maximal since a larger interaction—‘D.p,E.p,F.p‘—is enabled in the same connector. As a result, execution
sequences of instances of Model corresponds to the execution of ‘A.p,B.p‘ and ‘D.p,E.p,F.p‘ in an arbitrary
order, that is, either the following execution sequence if ‘A.p,B.p‘ is executed first:
...
[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 2 interactions:
[BIP ENGINE]: [0] ROOT.brdABC: ROOT.A.p() ROOT.B.p()
[BIP ENGINE]: [1] ROOT.brdDEF: ROOT.D.p() ROOT.E.p() ROOT.F.p()
[BIP ENGINE]: -> choose [0] ROOT.brdABC: ROOT.A.p() ROOT.B.p()
[BIP ENGINE]: state #1: 1 interaction:
[BIP ENGINE]: [0] ROOT.brdDEF: ROOT.D.p() ROOT.E.p() ROOT.F.p()
[BIP ENGINE]: -> choose [0] ROOT.brdDEF: ROOT.D.p() ROOT.E.p() ROOT.F.p()
[BIP ENGINE]: state #2: deadlock!

or the following execution sequence if ‘D.p,E.p,F.p‘ is executed first:
...
[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 2 interactions:
[BIP ENGINE]: [0] ROOT.brdABC: ROOT.A.p() ROOT.B.p()
[BIP ENGINE]: [1] ROOT.brdDEF: ROOT.D.p() ROOT.E.p() ROOT.F.p()
[BIP ENGINE]: -> choose [1] ROOT.brdDEF: ROOT.D.p() ROOT.E.p() ROOT.F.p()
[BIP ENGINE]: state #1: 1 interaction:
[BIP ENGINE]: [0] ROOT.brdABC: ROOT.A.p() ROOT.B.p()
[BIP ENGINE]: -> choose [0] ROOT.brdABC: ROOT.A.p() ROOT.B.p()
[BIP ENGINE]: state #2: deadlock!

Using priorities to enforce an order of execution

We can modify the previous example to enfore the execution of the interaction ‘D.p,E.p,F.p‘ of brdDEF before
the execution of the interaction ‘A.p,B.p‘ of brdABC. For this, we add the following priority rule in Model:

priority scheduler brdABC:A.p,B.p < brdDEF:D.p,E.p,F.p

This ensures that the model has a single execution sequence which is the following:

7.5. Priorities 77



BIP2Documentation,Release2015.04(RC7)

•argument:commaseparatedlistoffilenames

•role[thefilesspecifiedasargumentwillbeinsertedinthefilelist]usedduringthecompilationprocessalong
withfilesgeneratedwiththeobjecttowhichtheannotationisattached.

Tip:example:

@cpp(src="something1.cpp,something2.cpp")
atomtypeSomeAtom()

...
end

5.7.2@cpp(obj="<file-list>")

•scope:packagedefinition,anytypedefinition

•argument:commaseparatedlistoffilenames

•role[thefilesspecifiedasargumentwillbeinsertedinthefilelist]ofobjectstobelinkedwithobjectsobtained
bythecompilationofthegeneratedC++files(obtainedfromtheobjecttowhichtheannotationisattached).

Important:Youwillneedtogivethelinkerthepathscontainingyourobjectsfilesusing--gencpp-ld-L

Tip:example:

@cpp(src="a/path/something1.o")
atomtypeSomeAtom()

...
end

5.7.3@cpp(include="<file-list>")

•scope:packagedefinition,anytypedefinition

•argument:commaseparatedlistoffilenames

•role:eachfileinthelistwilltriggeranincludedirective(ie.#include<file>inthecorresponding
generatedcode.

Important:TheC++compilersearchpathmustbesetaccordinglyusing--gencpp-cc-I.

Tip:example:

@cpp(include="a/path/something1.hpp,stdio.h")
atomtypeSomeAtom()

...
end

5.8Whatyoushouldneverdo

Inthissection,wegiveexamplesofthingsyoushouldneverdo.Alltheseexampleswillcompileandrun,and
sometimeshavethebehavioryouexpected.ButtheyallbreakatleastonethestrongasumptionsonwhichBIPis
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Thiscyclecanonlyoccurifbothguards((i%2)==0)and((i%2)==1)evaluatestotrueforthesamestate,
whichcanneverhappen(otherwiseanerrorwillbereportedatrun-time).Theexecutionofthemodelcorrespondsto
theexpectedbehavior,thatis,thealternationoftheexecutionofpandq.Noticethatinthiscase,themodeldefines
alsoasingleexecutionsequence,asfollows:
...
[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__p
[BIPENGINE]:state#1:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__q
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__q
[BIPENGINE]:state#2:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__p
[BIPENGINE]:state#3:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__q
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__q
[BIPENGINE]:state#4:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__p
[BIPENGINE]:state#5:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__q
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__q
[BIPENGINE]:state#6:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__p
...

IfguardsofprioritiesmyPrioEvenaremyPrioOddareenabledatthesamestateofthemodelanerrorisreported
whenexecutingthemodel,e.g.ifbothguardsare((i%2)==0)theexecutionisasfollows:
...
[BIPENGINE]:initializecomponents...
[BIPENGINE]:ERROR:cycleinpriorities!(p<q<p)

7.5.2Prioritiesincompounds

Similarlytotheuseofprioritiesinatoms,whenseveralinteractionsareenabledatagivenstateofacompound,
prioritiescanbeusedtopreventsomeofthemfromexecuting.

packagepriorities_in_compound
porttypePort()

atomtypeMyAtom(intenabled)
exportportPortp()

placeSYNC,END

initialtoSYNC

onpfromSYNCtoEND
provided(enabled==1)

end

connectortypeBroadcast(Portp,Portq,Portr)
definep’qr
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based. This means that even if it looks ok at execution, you will most probably get incorrect result with other tools (eg.
model checking).

5.8.1 Non-deterministic external code

The most simple example of a non-deterministic code is the use of standard library’s random() function.

For example, consider the following package:

@cpp(include="stdio.h,stdlib.h")
package bad

port type Port_t()

atom type BadAtom()
data int d
port Port_t p()

place I,S1,S2
initial to I do { d = 0;}
on p from I to S1 do { d = random()%5; }
on p from S1 to S1 provided (d > 0) do { d = d - 1;}
on p from S1 to S2 provided (d <= 0)

end

compound type Top()
component BadAtom c()

end
end

The following assumption:

“From a given system state (here, atom c in state I and d equals 0), triggering a transition t always
transforms the system state in the same state (here, atom c in state S1 with d equals some value)”

is broken. Even if there is only one single transition possible in the petrinet from state‘‘I‘‘ to S1, the system state
remains unknown as the value for d is not always the same.

Even if this may be the expected behavior, this is a problem when verification tools are used. For example, the
exploration heavily relies on the assumption being broken and thus, will produce incorrect results for this example.

5.8.2 Side-effects in guards or up{}

As explained earlier, all guards and connector up{} must not have side effects on the system. This is very important,
as the engine may execute several times these methods or it may cache their results: you can’t predict how these will
be executed.

The BIP compiler prevents the user from writing wrong statements, but as always when using external code, it is still
possible to make mistake.

The following example illustrates both cases:

• the guard() method, that should not modify its data parameter will in fact modify them by calling
wrong_guard_ip()

• the up{} will also call a function wrong_up() that will modify data bound to the connector’s ports.

Such an example demonstrates both a wrong execution and incorrect verification results:

46 Chapter 5. More about C++ code generator

BIP2 Documentation, Release 2015.04 (RC7)

[SEVERE] In /home/to/example/priorities_in_atom.bip:
Cycle found in priorities in Atom type :

20:
21: priority myPrio1 q < r

------------^
22: priority myPrio2 r < p
23: priority myPrio3 p < q

Priorities may be also defined dynamically using guards involving variables. In this case, cycles are checked at run-
time. An example of dynamic priority can be found in the following section.

Using priorities to enforce an order of execution

We can also modify the previous example to execute both transitions labelled by ports p and q, but with imposing the
order of execution by using priorities. Assume we want to enforce that p and q are alternately executed, starting by p.
For this, we first add an integer variable i representing the state number of the atom, that is, it is initialized at 0 and
incremented every transition execution. We also give more priority to p for even state numbers, and more priority for
q for odd state numbers.

package priorities_in_atom
port type Port()

atom type MyAtom()
data int i
port Port p(), q()

place LOOP

initial to LOOP
do { i=0; }

on p from LOOP to LOOP
do { i=i+1; }

on q from LOOP to LOOP
do { i=i+1; }

priority myPrioEven q < p provided ((i%2) == 0)
priority myPrioOdd p < q provided ((i%2) == 1)

end

compound type Model()
component MyAtom a()

end
end

Notice that the compilation of the previous BIP2 code leads to the following warning due to the potential cycle in
priorities introduced by the rules myPrioEven and myPrioOdd:

[WARNING] In /home/to/example/priorities_in_atom.bip:
Cycle found in priorities in Atom type :

18:
19: priority myPrioEven q < p provided ((i%2) == 0)

------------^
20: priority myPrioOdd p < q provided ((i%2) == 1)
21: end
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@cpp(include="stdio.h,sideeffects.hpp")
packagesideeffects

porttypePort_t(intx)

atomtypeAtom_t(intx)
dataintid,dat
exportportPort_tep(dat)
portPort_tip(dat),ip2(dat)

placeI,IP,EP
initialtoIdo{id=x;dat=999;}
onip2fromItoIprovided(wrong_guard_ip(dat)&&0==1)
onipfromItoIPdo{printf("id:%d,data:%d\n",id,dat);}
onepfromItoEP

end

connectortypeLowC_t(Port_tp1,Port_tp2)
dataintd
exportportPort_tep(d)
definep1’p2’
onp1p2up{d=0;wrong_up(p1.x);wrong_up(p2.x);}
onp2up{d=0;wrong_up(p2.x);}
onp1up{d=0;wrong_up(p1.x);}
end

connectortypeHighC_t(Port_tp1,Port_tp2)
definep1p2
end

compoundtypeTop()
componentAtom_tc1(1),c2(2),c3(3)
connectorLowC_tlowc(c1.ep,c2.ep)
connectorHighC_thighc(lowc.ep,c3.ep)

end
end

Withsideeffects.hppcontaining:

staticvoidconst_wrong_up(int&px){
px=-1;

}

staticintconst_wrong_guard_ip(int&d){
d=-1;
return0;

}

Theassociatedexecutiontraceillustratesclearlytheproblemregardingthewrong_guard_ip().Eventhough
thetransitionlabeledbyip2isneverpossible,itsguardgetsexecuted,andso,internaldataismodified.Whenthe
transitionlabeledbyipistriggered,wecanseethatthedatahasbeenwronglymodified(nostatechangeshouldhave
beenmadesincetheinitializationofthesystem):

[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1interactionand3internalports:
[BIPENGINE]:[0]ROOT.highc:ROOT.lowc.ep({x}=0;)ROOT.c3.ep({x}=-1;)
[BIPENGINE]:[1]ROOT.c1._iport_decl__ip
[BIPENGINE]:[2]ROOT.c2._iport_decl__ip
[BIPENGINE]:[3]ROOT.c3._iport_decl__ip
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Inthiscase,onlythetransitioncorrespondingtotheinternalportpcanbeexecuted.Noticethatinthiscasethemodel
definesasingleexecutionsequence,whichisthefollowing:
...
[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__p
[BIPENGINE]:state#1:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__p
[BIPENGINE]:state#2:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__p
[BIPENGINE]:state#3:1internalport:
[BIPENGINE]:[0]ROOT.a._iport_decl__p
[BIPENGINE]:->choose[0]ROOT.a._iport_decl__p
...

Prioritiesinanatomisapartialorderbetweenitsinternalports.Itiscomputedfromtherulesprovidedbypriority
statements:itistheresultoftheapplicationofthetransitiveclosuretotherules.Wemodifythepreviousexampleas
follows.Weaddaninternalportrsuchthatnotransitionlabelledbyrisenabledduringtheexecution.Insteadofusing
thepriorityruleq<p,weuserulesq<randr<p.Duetothecomputationofthetransitiveclosurebefore
theapplicationofpriorities,onlytransitionlabelledbypcanbeexecuted,leadingtotheexecutionsequenceofthe
previousexample(seeabove).Evenifnotransitionlabelledbyrisenabled,thepriorityruleq<pisautomatically
deducedfromtherulesq<randr<p.

packagepriorities_in_atom
porttypePort()

atomtypeMyAtom()
datainti
portPortp(),q(),r()

placeLOOP,NON_REACHABLE

initialtoLOOP
do{i=0;}

onpfromLOOPtoLOOP
do{i=i+1;}

onqfromLOOPtoLOOP
do{i=i+1;}

onrfromNON_REACHABLEtoNON_REACHABLE

prioritymyPrio1q<r
prioritymyPrio2r<p

end

compoundtypeModel()
componentMyAtoma()

end
end

Noticethatasetofrulemaydefineacyclicrelation.AddingtheruleprioritymyPrio3p<qtoMyAtomin
thepreviousexampleleadstofollowingerrorraisedbytheBIP2compiler:
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[BIP ENGINE]: -> choose [1] ROOT.c2._iport_decl__ip
id:2, data:-1

The problem with the wrong_up() function is more subtle. The value changed is not the atom’s data but a port
value. This port value is used to compute interactions and evaluate guards of connectors. Modifying it will lead
silently to an undefined state (eg. some interactions may be executed even though their guards should have prevented
it).

5.9 Troubleshooting

The following is not an exhaustive list of errors with their explanations as most error messages should be self-
explained. We give details about more obscur messages that usually deal with low level errors where user friendlyness
is not the main concern.

5.9.1 Assertion ‘!_iport_decl__p.hasPortValue()’ failed.

If you get an output similar to:

system: somepath/HelloPackage/AT_MyAtomType.cpp:141: BipError&
AT_MyAtomType::updatePortValues(): Assertion ‘!_iport_decl__aport.hasPortValue()’ failed.

It usually means that an instance of the atom type MyAtomType has reached a state where two (or more) transitions
labeled by the same port (here aport) are possible. You should get a warning at compilation:

[WARNING] In path/to/HelloPackage.bip:
Transition from this state triggered by the same port (or internal) already
exists :

followed by an excerpt of the potentially faulty transition. Chances are that the guards on the transitions labelled by
aport are not exclusive as they should be.

5.9.2 XXXXX.cpp:000: error: ‘const_SOMETHING’ was not declared
in this scope

This error is the sign that you have at least of call to the SOMETHING function from a const context but the
const_SOMETHING function implementation could not be found by the C++ compiler.

Check:

• that the external code has the const_SOMETHING function, if not, add it.

• if the const_SOMETHING function is correctly defined, then check that the search paths given to the C++ are
correct (see --gencpp-cc-I)

If you think you are not using the function SOMETHING from a const context, then, check your BIP code (the XXXXX
in the C++ error message is a hint for a starting point).

5.9.3 error: no match for ‘operator<<’

If you get an error similar to:

path/to/AT_AType.cpp: In member function ‘virtual std::string AT_AType::toString() const’:
path/to/AT_Type.cpp:000: error: no match for ‘operator<<’ in ‘std::operator<<
[with _Traits = std::char_traits<char>] ... [C++ garbage]
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on q from LOOP to LOOP
end

compound type Model()
component MyAtom a()

end
end

The execution of the C++ code obtained from the compilation of an instance of Model shows that at each state the
two internal ports p and q can be executed. Thus, the model defines at infinite number of execution sequences. In the
standard execution mode of the engine, the choice of the port is made randomly. A typical execution for this example
is the following:
...
[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 2 internal ports:
[BIP ENGINE]: [0] ROOT.a._iport_decl__p
[BIP ENGINE]: [1] ROOT.a._iport_decl__q
[BIP ENGINE]: -> choose [0] ROOT.a._iport_decl__p
[BIP ENGINE]: state #1: 2 internal ports:
[BIP ENGINE]: [0] ROOT.a._iport_decl__p
[BIP ENGINE]: [1] ROOT.a._iport_decl__q
[BIP ENGINE]: -> choose [1] ROOT.a._iport_decl__q
[BIP ENGINE]: state #2: 2 internal ports:
[BIP ENGINE]: [0] ROOT.a._iport_decl__p
[BIP ENGINE]: [1] ROOT.a._iport_decl__q
[BIP ENGINE]: -> choose [0] ROOT.a._iport_decl__p
[BIP ENGINE]: state #3: 2 internal ports:
[BIP ENGINE]: [0] ROOT.a._iport_decl__p
[BIP ENGINE]: [1] ROOT.a._iport_decl__q
[BIP ENGINE]: -> choose [0] ROOT.a._iport_decl__p
...

Using priorities to inhibit the execution of port q

Wa can modify the following example to prevent from execution of the transition labelled by q by simply giving the
priority rule q < p in MyAtom. We could also use q < * which gives less priority to q than any other port:

package priorities_in_atom
port type Port()

atom type MyAtom()
port Port p(), q()

place LOOP

initial to LOOP

on p from LOOP to LOOP
on q from LOOP to LOOP

priority myPrio q < p
end

compound type Model()
component MyAtom a()

end
end
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Youareprobablyusingdatathatthecompilercan’t[de]serialize.Twosolutionsexistforfixingthis:

•disabletheserializationmechanismbyusingthe--gencpp-no-serialcommandlineargument.

•addserializationsupportforyourtypebyimplementingtheoperator<<.

5.9.4error:‘my_XXX’hasapreviousdeclaration

Withmy_XXXbeingacustomtypenameoranexternalfunctionname.Thisusuallymeansthatoneofyourexternal
headerfilegetsincludedmorethanonce,hencetheduplicateddeclarations.Youshouldalwaysincludeguards:

#ifndefMY_CUSTOM_FILE_NAME__HPP
#defineMY_CUSTOM_FILE_NAME__HPP

[theactualcontentoftheheaderfile]

#endif//MY_CUSTOM_FILE_NAME__HPP

5.9.Troubleshooting49

BIP2Documentation,Release2015.04(RC7)

do{printf("2:freeresource\n");}

onsyncfromSYNC1,SYNC2toGET1,GET2
do{printf("1&2:synchronize\n");}

end

compoundtypeHelloCompound()
componentHelloAtomA()

end
end

Initially,bothprocessesmayaquiretheresourcesinceplacesGET1,GET2,RESOURCEareallmarkedinitially.The,
oneofthetwoprocessaquirestheresourceleadingtoastateinwhichplaceRESOURCEisnotmarked.Thisensurethe
mutualexclusionbetweentheuseoftheresourcebythetwoprocesses:inthisstate,theotherprocesscannotaquire
theresource.OncetheresourceisreleasedbyaprocessitisblockedatplaceSYNC1orSYNC2,andtheotherprocess
aquire,useandreleasetheresource.ThenbothprocessesareinplacesSYNC1andSYNC2enablingthetransition
syncwhichleadstotheinitialstate.Anexampleofexecutionisprovidedbelow.Noticethatweusedthesilent
executionmodeoftheenginetoremovedebuginformation.

$./system--silent
1:getresource
1:freeresource
2:getresource
2:freeresource
1&2:synchronize
1:getresource
1:freeresource
2:getresource
2:freeresource
1&2:synchronize
2:getresource
2:freeresource
1:getresource
1:freeresource
1&2:synchronize
...

7.5Priorities

7.5.1Prioritiesinatoms

Thefollowingexampleiscomposedofasingleatomthatcan,ateachstate,eitherexecutesatransitionlabelledbythe
internalportp,oratransitionlabelledbytheinternalportq.

packagepriorities_in_atom
porttypePort()

atomtypeMyAtom()
portPortp(),q()

placeLOOP

initialtoLOOP

onpfromLOOPtoLOOP
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compound type Layer3()
component Layer2 L21(1), L22(5)

connector Plus plus12(L21.ep, L22.ep)
export port plus12.ep as ep

end

compound type HelloCompound()
component Layer3 A12345678()

connector Filter filter(A12345678.ep)
end

end

We provided for each exported port of compound the corresponding number of enabled interactions in the figure.
When executing an instance HelloCompound we obtain the following execution sequence:

[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: deadlock!

7.4 Petri nets

Most of the use cases of the BIP2 language consider automata for the behavior of atoms. In BIP2, it is also possible
to use 1-safe Petri nets (see Petri net). The following BIP2 code is an example in which the behavior of an atom
is a 1-safe Petri net representing concurrent accesses of two processes to a shared resource. States of the first (resp.
second) process is represented by places GET1, USE1, SYNC1 (resp. GET2, USE2, SYNC2). The state of the resource
is represented by place RESOURCE: its is marked whenever the resource is free.

Transitions represents actions of the system. With get1_res (resp. get2_res) the first (resp. second) process
aquires the resource and use it (places USE1 or USE2). Transition free1_res (resp. free2_res) corresponds to
the release of the resource by the first (resp. second) process. Transition sync synchronizes the processes and reset
them to their initial states (places GET1 and GET2).

@cpp(include="stdio.h")
package HelloPetriNet

extern function printf(string)

port type Port()

atom type HelloAtom()
port Port get1_res(), get2_res(), free1_res(), free2_res(), sync()

place GET1, GET2, RESOURCE, USE1, USE2, SYNC1, SYNC2

initial to GET1, GET2, RESOURCE

on get1_res from GET1, RESOURCE to USE1
do { printf("1: get resource\n"); }

on get2_res from GET2, RESOURCE to USE2
do { printf("2: get resource\n"); }

on free1_res from USE1 to SYNC1, RESOURCE
do { printf("1: free resource\n"); }

on free2_res from USE2 to SYNC2, RESOURCE
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SIX

INSTALLING&USINGAVAILABLEENGINES

6.1Requirements

ThereferenceenginedoesnotrequireanyspecialsoftwareasidefromastandardC++compilerandtheSTL(usually
installedalongwiththeC++compiler).Inaddition,asupportforC++0xisrequiredwhenworkingwiththeoptimized
engine,andC++11forthemultithreadengine.WearecurrentlyworkingwiththeGNUcompilerg++version4.8.2,
andforABIcompatibilityissueswerecommendtouseg++version4.8orhigherwhencompilingthegeneratedcode.

6.2Downloading&installing

6.2.1Gettinglatestversion

GotothedownloadpagefortheBIPtools.Asforthecompiler,youmayinstalltheenginesseparatelyusingspecific
archives,oryoucaninstalleverythingatonce(compiler&engines).Onlythefirstinstallationprocedureispresented
here.Fortheonearchiveinstallation,readtheDownloading&installing.

6.2.2Installationoftheengine

Thearchiveisaself-contained.Youneedtoextractitinadedicateddirectory,forexample
/home/a_user/local/bip2:

$mkdir/home/a_user/local/bip2
$cd/home/a_user/local/bip2
$tarzxvf/path/to/the/BIP-reference-engine_2012.01.tar.gz
BIP-reference-engine-2012.01/
...
...

Foreasieruse,setthefollowingenvironmentvariables:

•BIP2_ENGINE_GENERIC_DIR:absolutepathtogenericheaderfiles.

•BIP2_ENGINE_SPECIFIC_DIR:absolutepathtospecificheaderfiles.

•BIP2_ENGINE_LIB_DIR:absolutepathtolibrarycontainingenginelibrary.

Thiscanbedoneaddingthefollowinginyour~/.bashrc(ifyouareusingbash):

exportBIP2_ENGINE_SPECIFIC_DIR=/path/to/BIP-reference-engine-2012.01/include/specific
exportBIP2_ENGINE_GENERIC_DIR=/path/to/BIP-reference-engine-2012.01/include/generic
exportBIP2_ENGINE_LIB_DIR=/path/to/BIP-reference-engine-2012.01/lib/static

51

BIP2Documentation,Release2015.04(RC7)

Figure7.4:Structuringusingcompounds(namesofconnectorsoftypePlusarenotshown).

connectortypePlus(HelloPort_tr1,HelloPort_tr2)
dataintnumber_of_active
exportportHelloPort_tep(number_of_active)
definer1’r2’

onr1r2
up{number_of_active=r1.d+r2.d;}
down{r1.d=number_of_active;r2.d=number_of_active;}

onr1
up{number_of_active=r1.d;}
down{r1.d=number_of_active;}

onr2
up{number_of_active=r2.d;}
down{r2.d=number_of_active;}

end

connectortypeFilter(HelloPort_tr)
definer
onrprovided(r.d<=4)down{r.d=0;}

end

compoundtypeLayer1(intfirst)
componentHelloAtomA(first),B(first+1)

connectorPlusplus12(A.p,B.p)
exportportplus12.epasep

end

compoundtypeLayer2(intfirst)
componentLayer1L11(first),L12(first+2)

connectorPlusplus12(L11.ep,L12.ep)
exportportplus12.epasep

end
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6.2.3 Quick-tour of installation

After extracting the archive, you should have a similar setup:
.
÷-- generic/
| ‘-- include
| ÷-- AtomExportPortItf.hpp
| ÷-- AtomInternalPortItf.hpp
| ÷-- AtomItf.hpp
| ÷-- bip-engineiface-config.hpp
| ÷-- BipErrorItf.hpp
|
÷-- specific/
| ‘-- include
| ÷-- AtomExportPort.hpp
| ÷-- Atom.hpp
| ÷-- AtomInternalPort.hpp
| ...
‘-- lib/

‘-- libengine.a

• the generic directory contains the header files that should be common to all engines following the standard
API (see dev-doc-engine_std_API-label ).

• the specific directory contains the header files specific to the engine being installed (here, the reference
engine).

• the lib directory contains the compiled code of the engine being installed.

6.3 Using the reference engine

6.3.1 Compiling & linking with generated code

You need to generate code from your BIP source as explained in More about C++ code generator.

Quick-start : follow regular cmake procedure

• create a build directory, for example within the generated code. This directory will host all files created during
the compilation and the linking of the generated code. This directory can be wiped clean if needed without the
need to run again the BIP compiler.

• from this new directory, invoke cmake by pointing to the directory containing the generated code.

• still from this new directory, invoke make to actually compile and link everything together

Step-by-step guide

You need to create a build subdirectory where all the compiled code will be located. Usually, this directory is a
sub-directory within the generated code tree. For example, if the output directory contains all our generated code:

/home/a_user/output $ mkdir build && cd build

Then you need to invoke cmake from within this new build directory by pointing to the directory containing the
generated code (in our example, ..). If you did not set environment variables as detailed in the Installation of the
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[BIP ENGINE]: [58] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [59] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [60] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [61] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [62] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [63] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [64] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [65] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [66] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [67] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [68] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: [69] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: -> choose [21] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
I’m 1, active=0
I’m 5, active=0
I’m 7, active=0
I’m 8, active=0
[BIP ENGINE]: state #1: 1 interaction:
[BIP ENGINE]: [0] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
[BIP ENGINE]: -> choose [0] ROOT.filter: ROOT.plus12345678.ep({d}=4;)
I’m 2, active=0
I’m 3, active=0
I’m 4, active=0
I’m 6, active=0
[BIP ENGINE]: state #2: deadlock!

Notice that priorities—only maximal progress here—are applied globally to the hierarchical connector defined by the
four layers of connectors. Enabled interactions of the connectors of the first, second and third layers are all taken into
account, without applying maximal progress. The behavior would have been totally different if maximal progress was
applying locally: in this case, only the interaction involving all the atoms would be enabled by the fird layer, leading
to a deadlock due to the guard of filter. This happens if the example if modified by structuring the system using
compounds, as shown below.

7.3.2 Hierarchical components

The following example is a variant of the example of the previous section. We use a hierarchy of compounds instead
of a hierarchy of connectors, but the principle remains the same.

@cpp(include="stdio.h")
package HelloPackage

extern function printf(string, int, int)

port type HelloPort_t(int d)

atom type HelloAtom(int id)
data int active
export port HelloPort_t p(active)

place LOOP

initial to LOOP
do { active = 1; }

on p from LOOP to LOOP
provided (active == 1)
do { printf("I’m %d, active=%d\n", id, active); }

end
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engine,thenyouneedtoprovidecmakewithabsolutespathstoenginefiles:BIP2_ENGINE_GENERIC_DIRand
BIP2_ENGINE_SPECIFIC_DIRfortheengineinterfacecode(ie.headerfiles),andBIP2_ENGINE_LIB_DIR
forthecompiledenginecode.

Examplecmakeinvocationwithenvironmentvariablesset:

$cmake..
--TheCcompileridentificationisGNU
--TheCXXcompileridentificationisGNU
--CheckforworkingCcompiler:/usr/bin/gcc
--CheckforworkingCcompiler:/usr/bin/gcc--works
--DetectingCcompilerABIinfo
--DetectingCcompilerABIinfo-done
--CheckforworkingCXXcompiler:/usr/bin/c++
--CheckforworkingCXXcompiler:/usr/bin/c++--works
--DetectingCXXcompilerABIinfo
--DetectingCXXcompilerABIinfo-done
--Configuringdone
--Generatingdone
--Buildfileshavebeenwrittento:/home/a_user/output/build

Examplecmakeinvocationwithoutenvironmentvariablesset:

$cmake\
-DBIP2_ENGINE_GENERIC_DIR=/absolute/path/to/engines/BIP-reference-engine-2012.01/include/generic/\
-DBIP2_ENGINE_SPECIFIC_DIR=/absolute/path/to/engines/BIP-reference-engine-2012.01/include/specific/\
-DBIP2_ENGINE_LIB_DIR=/absolute/path/to/engines/BIP-reference-engine-2012.01/lib/static\
..

--TheCcompileridentificationisGNU
--TheCXXcompileridentificationisGNU
--CheckforworkingCcompiler:/usr/bin/gcc
--CheckforworkingCcompiler:/usr/bin/gcc--works
--DetectingCcompilerABIinfo
--DetectingCcompilerABIinfo-done
--CheckforworkingCXXcompiler:/usr/bin/c++
--CheckforworkingCXXcompiler:/usr/bin/c++--works
--DetectingCXXcompilerABIinfo
--DetectingCXXcompilerABIinfo-done
--Configuringdone
--Generatingdone
--Buildfileshavebeenwrittento:/home/a_user/output/build

Ifyouroutputmatchestheexamples,youcanproceedtotheactualC++compilation&linkingbysimplyinvoking
make:

$make

Theresultwillbeasingleexecutablefilecalledsystem.

6.3.2Runningtheresultingexecutable

Theresultingexecutableiscalledsystemandiscreatedinthebuilddirectorycreatedpreviously(seeprevioussection).
ItincludesboththecodegeneratedspecificallyfortheconsideredBIP2modelandthereferenceengine.Enginesare
runtimeusedforschedulingexecutionsequencesofBIPmodels.

Oncetheexecutableisbuilt,helpinformationisprovidedwhenexecutingsystemwithoption--help:
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[BIPENGINE]:[0]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[1]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[2]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[3]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[4]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[5]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[6]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[7]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[8]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[9]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[10]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[11]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[12]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[13]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[14]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[15]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[16]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[17]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[18]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[19]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[20]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[21]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[22]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[23]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[24]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[25]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[26]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[27]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[28]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[29]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[30]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[31]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[32]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[33]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[34]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[35]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[36]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[37]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[38]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[39]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[40]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[41]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[42]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[43]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[44]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[45]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[46]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[47]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[48]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[49]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[50]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[51]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[52]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[53]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[54]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[55]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[56]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
[BIPENGINE]:[57]ROOT.filter:ROOT.plus12345678.ep({d}=4;)
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./system --help
Usage: ./system [options]

BIP Engine general options:
-d, --debug allows debug of the system, i.e. diplays the state of the system
--execute execute a single sequence of interactions (default)
--explore compute all possible sequences of interactions
-h, --help display this help and exit
-i, --interactive interactive mode of execution
-l, --limit LIMIT limits the execution to LIMIT interactions
--seed SEED set the seed for random to SEED
-s, --silent disables the display of the sequence of enabled/chosen interactions
-v, --verbose enables the display of the sequence of enabled/chosen interactions (default)
-V, --version displays engine version and exits

BIP Engine semantics options (WARNING: modify the official semantics of BIP!):
--disable-maximal-progress disable the application of maximal progress priorities

Executing a single sequence

An execution sequence can be scheduled simply by running directly system without any option (execution of a single
sequence is a default mode):

$ ./system

Notice that the reference engine is in verbose mode by default. At each state, it displays the enabled interactions and
internal ports, and the chosen sequence , e.g.:
...
[BIP ENGINE]: initialize components...
[BIP ENGINE]: random scheduling based on seed=6
[BIP ENGINE]: state #0: 14 interactions:
[BIP ENGINE]: [0] ROOT.f1take1: ROOT.f1.take() ROOT.p1.take_left()
[BIP ENGINE]: [1] ROOT.f1take2: ROOT.f1.take() ROOT.p7.take_right()
[BIP ENGINE]: [2] ROOT.f2take1: ROOT.f2.take() ROOT.p2.take_left()
[BIP ENGINE]: [3] ROOT.f2take2: ROOT.f2.take() ROOT.p1.take_right()
[BIP ENGINE]: [4] ROOT.f3take1: ROOT.f3.take() ROOT.p3.take_left()
[BIP ENGINE]: [5] ROOT.f3take2: ROOT.f3.take() ROOT.p2.take_right()
[BIP ENGINE]: [6] ROOT.f4take1: ROOT.f4.take() ROOT.p4.take_left()
[BIP ENGINE]: [7] ROOT.f4take2: ROOT.f4.take() ROOT.p3.take_right()
[BIP ENGINE]: [8] ROOT.f5take1: ROOT.f5.take() ROOT.p5.take_left()
[BIP ENGINE]: [9] ROOT.f5take2: ROOT.f5.take() ROOT.p4.take_right()
[BIP ENGINE]: [10] ROOT.f6take1: ROOT.f6.take() ROOT.p6.take_left()
[BIP ENGINE]: [11] ROOT.f6take2: ROOT.f6.take() ROOT.p5.take_right()
[BIP ENGINE]: [12] ROOT.f7take1: ROOT.f7.take() ROOT.p7.take_left()
[BIP ENGINE]: [13] ROOT.f7take2: ROOT.f7.take() ROOT.p6.take_right()
[BIP ENGINE]: -> choose [1] ROOT.f1take2: ROOT.f1.take() ROOT.p7.take_right()
[BIP ENGINE]: state #1: 12 interactions:
[BIP ENGINE]: [0] ROOT.f2take1: ROOT.f2.take() ROOT.p2.take_left()
[BIP ENGINE]: [1] ROOT.f2take2: ROOT.f2.take() ROOT.p1.take_right()
[BIP ENGINE]: [2] ROOT.f3take1: ROOT.f3.take() ROOT.p3.take_left()
[BIP ENGINE]: [3] ROOT.f3take2: ROOT.f3.take() ROOT.p2.take_right()
[BIP ENGINE]: [4] ROOT.f4take1: ROOT.f4.take() ROOT.p4.take_left()
[BIP ENGINE]: [5] ROOT.f4take2: ROOT.f4.take() ROOT.p3.take_right()
[BIP ENGINE]: [6] ROOT.f5take1: ROOT.f5.take() ROOT.p5.take_left()
[BIP ENGINE]: [7] ROOT.f5take2: ROOT.f5.take() ROOT.p4.take_right()
[BIP ENGINE]: [8] ROOT.f6take1: ROOT.f6.take() ROOT.p6.take_left()
[BIP ENGINE]: [9] ROOT.f6take2: ROOT.f6.take() ROOT.p5.take_right()
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on r provided (r.d <= 4) down { r.d = 0; }
end

compound type HelloCompound()
component HelloAtom A1(1), A2(2), A3(3), A4(4), A5(5), A6(6), A7(7), A8(8)

connector Plus plus12(A1.p, A2.p)
connector Plus plus34(A3.p, A4.p)
connector Plus plus56(A5.p, A6.p)
connector Plus plus78(A7.p, A8.p)

connector Plus plus1234(plus12.ep, plus34.ep)
connector Plus plus5678(plus56.ep, plus78.ep)

connector Plus plus12345678(plus1234.ep, plus5678.ep)

connector Filter filter(plus12345678.ep)
end

end

The behavior of instance of HelloCompound is as follows. The first layer of connectors enables interactions ‘A1.p‘,
‘A2.p‘, ..., ‘A8.p‘, ‘A1.p,A2.p‘, ‘A3.p,A4.p‘, ‘A5.p,A6.p‘, and ‘A7.p,A8.p‘. These interactions are all
visible from the exported port of the corresponding connectors. The second layer allows:

• any combination between interactions ‘A1.p‘, ‘A2.p‘, ‘A1.p,A2.p‘ and interactions ‘A3.p‘, ‘A4.p‘,
‘A3.p,A4.p‘ due to connector plus1234, and

• any combination between interactions ‘A5.p‘, ‘A6.p‘, ‘A5.p,A6.p‘ and interactions ‘A7.p‘, ‘A8.p‘,
‘A7.p,A8.p‘ due to connector plus5678.

That is, the second layer allows any interaction between a subset of the atoms ‘A1.p‘, ..., ‘A4.p‘, and any interaction
between a subset of the atoms ‘A5.p‘, ..., ‘A8.p‘. Similarly, the third layer of connectors (i.e. plus12345678)
allows any interaction between a subset the height atoms. This corresponds to a total number of 255 interactions
visible from the port ep of plus12345678. We provided for each exported port of connector the corresponding
number of enabled interactions in the figure. Notice that the value exported through this port for a given interaction
corresponds exactly to the number of atoms involved in this interaction.

Due to the guard defined in filter, the last layer of connectors limits the enabled interactions to the one that involve
less than, or equals to, four atoms. The number of interactions enabled by filter is 162 = 70 + 56 + 28 + 8, where 70
is the number of interactions involving 4 atoms, 56 is the number of interactions involving 3 atoms, 28 is the number
of interactions involving two atoms, and 8 is the number of interactions involving only one atom.

The application of maximal progress to the enabled interactions of filter leads to only 70 maximal interactions
which correspond to the interactions involving exaclty four atoms. Once such an interaction is chosen an executed, the
integer value associated to the port ep of plus12345678 is set to 0 by the function down of connector filter.
This value is propagated recursively by down functions of connectors of type Plus to the variables active of the
atoms involved in the executed interactions, and thus disabled their transition after their execution. As a result, there
is only one maximal interaction at the next state of the model, which involves the four atoms that have not been
executed by the previous execution of interaction. Its execution leads to a deadlock since all the atoms are inactive
(i.e. active==1 is false for all atoms).

A example of execution is provided below. It corresponds to the execution of ‘A1.p,A5.p,A7.p,A8.p‘ first, and
then ‘A2.p,A3.p,A4.p,A6.p‘. Notice that when atoms execute their transition, the value of active is 0 even if
its value is 1 before executing. This comes from the fact that, in BIP2, guards of atoms are tested at their stable states,
that is, before synchronizing. The execution of an interaction may involve modification of the variables of the atoms
due to down functions.

[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 70 interactions:
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[BIPENGINE]:[10]ROOT.f7take1:ROOT.f7.take()ROOT.p7.take_left()
[BIPENGINE]:[11]ROOT.f7take2:ROOT.f7.take()ROOT.p6.take_right()
[BIPENGINE]:->choose[11]ROOT.f7take2:ROOT.f7.take()ROOT.p6.take_right()
...
[BIPENGINE]:state#26:2interactions:
[BIPENGINE]:[0]ROOT.f7take1:ROOT.f7.take()ROOT.p7.take_left()
[BIPENGINE]:[1]ROOT.f7take2:ROOT.f7.take()ROOT.p6.take_right()
[BIPENGINE]:->choose[1]ROOT.f7take2:ROOT.f7.take()ROOT.p6.take_right()
[BIPENGINE]:state#27:deadlock!

Interactionsorinternalportsarechosenrandomlyamongsttheenabledones.Thereferenceengineisbasedona
uniformdistributionofprobabilityforthechoiceoftheinteractionsorinternalports.Bydefault,theseedusedto
initializerandomizechoicesiscomputedfromthecurrentvalueoftime,butitcanbesettoagivenvalueusingoption
--seed.Theexecutionisstoppedifnointeractionandnointernalportisenabled,orifctrl-Dishit.

Exhaustiveexecution

Option--exploreallowstheexhaustiveexecutionofthesequencesdefinedbyamodel.Inordertoperform
back-tracking,thismodeofexecutionrequiresthegenerationofadditionalcode,whichisenforcedusingoption
--gencpp-enable-marshallingwhencompilingthemodel.

Important:Enablingoption--gencpp-enable-marshallinggeneratescodeforstoringandretrievingstates
ofatomiccomponents,whichrequiresstoring/retrievingtheirvariables.Forcustomtypes,suchcodehastobe
providedbytheuser(asthedefinitionofthetype).Foracustomtypecustom_t,thegeneratedcodeexpectthe
presenceofanimplementationforfollowingmethods:

•size_tcustom_t_sizeof(constcustom_t&v):returnsthenumberofbytesnecessarytoallocate
forstoringthecurrentvalueofvariablevoftypecustom_tprovidedasaparameter.Noticethatitcanreturn
nonconstantnumbersofbytesthatdependonthevalueofv(e.g.usefulforastring,alist,etc.).

•voidcustom_t_toBytes(char*b,constcustom_t*ptr_v)encodethevalueofavariable
oftypecustom_tpointedbyptr_vintoasequenceofnbyteswhicharestoredinalocationstartingfrom
b.Thenumberofbytesnmustsatisfyn=custom_t_sizeof(*ptr_v).

•voidcustom_t_fromBytes(custom_t*ptr_v,constchar*b):decodeasequenceofbytes
storedatbandassignthecorrespondingvaluetothevariableoftypecustom_tpointedbyptr_v.Notice
thatthismethodmustbeabletoguessthenumberofbytestoreadfromthesequenceitself,i.e.itistheuser
responsibilitytoprovideawayforkwowingwhentostopreadingbytesfromb.

Noticethattheexplorationmoderequirescomparisonofstates.Itassumesdeterministicexecutionoftheabovemeth-
ods,thatis,theymustprovidethesameresultsforthesameinputvalues.Obviously,theapplicationoffromBytes
tothesequenceofbytescomputedbytoBytesforavariablevmustassigntovthevalueithadwhencalling
toBytes.

Thecurrentversionoftheenginedisplaysdotseachtimeaninteractionoraninternalportisexecuted.Moreover,the
numberofreachablestates,deadlocks,anderrorsisdisplayed,e.g.:

$./system--explore
...
[BIPENGINE]:initializecomponents...
[BIPENGINE]:computingreachablestates:..............................................
.......................................................................................
.......................................................................................
.......................................................................................
.......................................................................................
...
....................found27303reachablestates,2deadlocks,and0errorin0state
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interactions‘AI.p‘,‘AJ.p‘and‘AI.p,AJ.p‘,andexportsthenumberofatomsparticipatingtotheinteraction
throughitsportep.

Thesecondlayerconnectstheconnectorsofthefirtlayertwobytwo,thatis,plus1234connectsplus12and
plus34,andplus5678connectsplus56andplus78.Sinceplus1234(resp.plus5678)isalsooftype
Plus,andexportsthenumberofatomsparticipatingtotheinteractionthroughitsportep.

Thefirstlayerconsistsofasingleconnectorplus12345678oftypePlusconnectingtheconnectorsoftheprevious
layer(i.e.plus1234andplus5678),andexportingthenumberofatomsparticipatingtotheinteraction.

ThelastlayeristheconnectorfilteroftypeFilter,connectingtheexportedportoftheconnectoroftheprevious
layer(i.e.plus12345678).Ithasaguardthatallowstheinteraction‘plus12345678.ep‘onlyifthevalue
visiblethroughtheportepofplus12345678islessorequalsthan4,anditsetthisvaluetozeroastheinteraction
‘plus12345678.ep‘isexecuted:

@cpp(include="stdio.h")
packageHelloPackage

externfunctionprintf(string,int,int)

porttypeHelloPort_t(intd)

atomtypeHelloAtom(intid)
dataintactive
exportportHelloPort_tp(active)

placeLOOP

initialtoLOOP
do{active=1;}

onpfromLOOPtoLOOP
provided(active==1)
do{printf("I’m%d,active=%d\n",id,active);}

end

connectortypePlus(HelloPort_tr1,HelloPort_tr2)
dataintnumber_of_active
exportportHelloPort_tep(number_of_active)
definer1’r2’

onr1r2
up{number_of_active=r1.d+r2.d;}
down{

r1.d=number_of_active;
r2.d=number_of_active;

}

onr1
up{number_of_active=r1.d;}
down{r1.d=number_of_active;}

onr2
up{number_of_active=r2.d;}
down{r2.d=number_of_active;}

end

connectortypeFilter(HelloPort_tr)
definer
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6.4 Using the optimized engine

Since the reference engine (presented in the previous section) can be very, very slow, we recommend to use the opti-
mized engine whenever performance is an issue. The optimized engine implements minimal optimizations required
for reasonable runtime performances in terms of both execution time and memory usage. It currently passes the same
tests as the reference engine, and it accepts the same general options.

For installing and using the optimized engine, proceeds as explained above for the reference engine (see Installation
of the engine), after downloading the optimized engine instead of the reference engine from download page. Perfor-
mances can be again improved when combining the use of the optimized engine and the activation of optimizations in
the code generator (see Optimisation).

To allow maximal optimization, combine the following:

• pass --gencpp-optim 3 to the C++ back-end when compiling your BIP model

• use the optimized engine

• pass -DCMAKE_BUILD_TYPE=Release to cmakewhen compiling the generated C++ code (i.e. use cmake
-DCMAKE_BUILD_TYPE=Release ..).

6.5 Using the multithread engine (beta version)

The multithread engine is proposed for increasing further the performance when running on multicore platforms. It
is available in a beta version that is experimental is and should not be considered as mature as the reference and the
optimized engine. It relies on the latest standard C++11 of C++, requiring version 4.8 or higher of GCC for compiling
the generated C++ code. Moreover, it may require additional library implementing threads, e.g. to use pthread add
the option --gencpp-ld-l pthread when invoking the BIP compiler.

The options proposed by the multithread engine are listed below:

BIP Engine general options:
(i.e. executes interactions in parallel, if obs. equivalent)

-d, --debug allows debug of the system, i.e. diplays the state of the system
-h, --help display this help and exit
-i, --interactive interactive mode of execution
-l, --limit LIMIT limits the execution to LIMIT interactions
--seed SEED set the seed for random to SEED
--threads NB set the number of threads (by default, use the maximal HW

parallelism or 8)
-s, --silent disables the display of the sequence of enabled/chosen interactions
-v, --verbose enables the display of the sequence of enabled/chosen interactions

(default)
-V, --version displays engine version and exits

The multithread engine does not support any exploration mode and can only execute sequences of interactions. It
executes components involved in interactions is parallel, based on the notion of partial state: interactions can start from
partial states, that is, even if some components are still running. The multithread engine guarantees that interactions are
always started in an order meeting the global state semantics which is implemented in the reference and the optimized
engine.

Option --threads can be used to control the total number of threads used for executing the model. Notice that
these threads are used not only for executing the atomic components, but also for computing the enabled interactions:
connectors evaluate enabled interactions in a parallel and concurrent way.

Important:
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follows.

Important: The behavior obtained when encapsulating a subset of components and connectors into a compound
component can be different from the one of the original model if guards are defined in connectors. This is due to the
fact that when the port of a connector is exported at the interface of a compound, the priorities are applied to the set of
interactions of the connector, that is, only the maximal interactions are visible from the port of the compound.

This execution sequence also shows a interesting point about data handling. At the beginning, we can see:

ROOT.rcvrs.p({d}=135038644;)

This value 135038644 shows that the corresponding data has never been initialized. Indeed, the compiler should
have given you several warnings similar to this one:

[WARNING] In path/to/HelloPackage.bip:
’up’ maybe missing: data associated with exported port won’t be "fresh" :

34:
35: on r1 r2 r3 down { r1.d = d; r2.d = d; r3.d = d; }

------------^
36: on r1 r2 down { r1.d = d; r2.d = d; }
37: on r1 r3 down { r1.d = d; r3.d = d; }

Please note that this is only a warning and not necessarily an error. As in this example, it can be completely valid to
omit up{} even with an exported port with data. As long as the entity bound to the exported port does not read port’s
data during the up{}, there is no problem. The engine still displays the value of the data, which has no meaningful
content.

Hint: As in almost every programming language, you should refrain from having uninitialized data: this practice is
very error prone and often leads to hard to detect bugs.

7.3 Hierarchy in BIP2

7.3.1 Hierarchical connectors

The following example shows interesting aspects of the use hierarchical connectors. It is composed of height atoms
A1, A2, ..., A8 that can execute only if they are active, that is, if their integer variable active equals to 1. They are
initially active.

Figure 7.3: Structure of the model: 8 atoms, 4 levels of connectors (names of connectors of type Plus are not shown).

We consider four layers of connectors. The first layer connects atoms two by two with the connectors plus12,
plus34, plus56, plus78 of type Plus. A connector plusIJ connects ports p of AI and AJ, and defines
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•Thepartialstatesemanticsexecutionimplementedbythemultithreadengineisequivalenttotheoneofthe
globalstatesemanticsiftheexecutionofcomponentsisside-effectfree(i.e.theexternalcodeexecutedbya
componentmodifiesonlyitslocalvariables).

•Duetothepartialstatesemanticsandtheconcurrentexecutionofconnectors,themultithreadenginecannot
guaranteefairnessoftheexecutionofinteractionsandinternalports.

Noticethatperformancesobtainedwhenusingthemultithreadenginedependonmanyfactors,andmaybeworsethan
theonesobtainedwhenusingtheoptimizedengine.Thisisduetotheoverheadintroducedbytheuseofthreadsand
threadssynchronizations,whichisinherenttotheconcurrentdesignimplementedbythemultithreadengine.

6.6Troubleshooting

6.6.1libengine_patherrorwhenrunningcmake

Ifyougetthefollowingerror:

CMakeError:Thefollowingvariablesareusedinthisproject,buttheyaresettoNOTFOUND.
PleasesetthemormakesuretheyaresetandtestedcorrectlyintheCMakefiles:
libengine_path

linkedbytarget"system"indirectory..../output

It’sprobablybecauseyouaretryingtousearelativepathfortheBIP2_ENGINE_LIB_DIR.Alwaysuseabsolute
paths!

6.6.2Atom.hpp:Nosuchfileordirectoryerror

Ifyouget:

Infileincludedfrom.../src/simple/AT_At1.cpp:3:
.../include/simple/AT_At1.hpp:6:20:error:Atom.hpp:Nosuchfileordirectory

It’sprobablybecauseyouaretryingtousearelativepathforoneorbothBIP2_ENGINE_GENERIC_DIRand
BIP2_ENGINE_SPECIFIC_DIR.Alwaysuseabsolutepaths!
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7.2.3Wrappingcomponentsinacompound

Supposewewanttowrapthe3receiversofthepreviousexampleintoasinglecompoundcomponent,whilekeeping
thesameglobalbehavior.Wesimplyneedtobuildacompoundcomponentincludingthethreereceiversandthe
connectorthatsynchronizesthem,andexporttheportoftheconnectorattheinterface:

@cpp(include="stdio.h")
packageHelloPackage

//[...]definitionsofHelloPort_t,HelloSender,HelloReceiver,
//SyncReceiversandOneToOne

compoundtypeRecvsCompound()
componentHelloReceiverc1(1),c2(2),c3(3)
connectorSyncRecvssync(c1.p,c2.p,c3.p)

exportportsync.epasp
end

compoundtypeHelloCompound()
componentHelloSenders(0)
componentRecvsCompoundrcvrs()

connectorOneToOnebrd(s.p,rcvrs.p)
end

end

Inthiscase,weobtainanequivalentexecutionsequence,thatis:
...
[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1interaction:
[BIPENGINE]:[0]ROOT.brd:ROOT.s.p({d}=0;)ROOT.rcvrs.p({d}=135034644;)
[BIPENGINE]:->choose[0]ROOT.brd:ROOT.s.p({d}=0;)ROOT.rcvrs.p({d}=135034644;)
I’m0,sendingHelloWorld....
I’m1,HelloWorldreceivedfrom0
I’m3,HelloWorldreceivedfrom0
[BIPENGINE]:state#1:deadlock!

Figure7.2:StructureofaninstanceofHelloCompound.

Noticethatintheaboveexample,onlymaximalinteractionsofsyncarevisiblefrombrd,sinceprioritiesareapplied
toexportedportofcompounds.Theresultingbehaviorisequivalenttotheoneobtainedwhenusingahierarchical
connectorwithoutencapsulatingthereceiversinacompound,butthisisnotthecaseingeneral,asexplainedas
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Figure 7.1: Broadcast from s using a single connector (left) or a hierarchical connector (right).

@cpp(include="stdio.h")
package HelloPackage

// [...] definitions of HelloPort_t, HelloSender and HelloReceiver

connector type SyncRecvs(HelloPort_t r1, HelloPort_t r2, HelloPort_t r3)
data int d
export port HelloPort_t ep(d)
define r1’ r2’ r3’

on r1 r2 r3 down { r1.d = d; r2.d = d; r3.d = d; }
on r1 r2 down { r1.d = d; r2.d = d; }
on r1 r3 down { r1.d = d; r3.d = d; }
on r2 r3 down { r2.d = d; r3.d = d; }
on r1 down { r1.d = d; }
on r2 down { r2.d = d; }
on r3 down { r3.d = d; }

end

connector type OneToOne(HelloPort_t s, HelloPort_t c)
define s’ c
on s c down { c.d = s.d; }

end

compound type HelloCompound()
component HelloSender s(0)
component HelloReceiver r1(1), r2(2), r3(3)
connector SyncRecvs sync(r1.p, r2.p, r3.p)
connector OneToOne brd(s.p, sync.ep)

end
end

The computation of the interactions in the hierarchical connector composed of brd and sync is as follows. First,
all the enabled interactions of sync are computed, that is, ‘r1‘, ‘r3‘, and ‘r1,r3‘. Then, from these interactions
the enabled interactions of brd are computed leading to the following enabled interactions for brd: ‘s‘, ‘s,r1‘,
‘s,r3‘, and ‘s,r1,r3‘. The application of priorities (i.e. maximal progress) to the enabled interactions of brd
leads to the following execution:
...
[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 1 interaction:
[BIP ENGINE]: [0] ROOT.brd: ROOT.s.p({d}=0;) ROOT.sync.ep({d}=135026452;)
[BIP ENGINE]: -> choose [0] ROOT.brd: ROOT.s.p({d}=0;) ROOT.sync.ep({d}=135026452;)
I’m 0, sending Hello World....
I’m 1, Hello World received from 0
I’m 3, Hello World received from 0
[BIP ENGINE]: state #1: deadlock!
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ThefollowingsectionsshowhowtouseBIPonverysimpleexamples.ThefirstpartpresentsgeneralBIPrecipesfor
commonlyusedpatterns.ThesecondpartshowsmorepreciselyhowtointerfaceBIPcodewithexternalC++code
withrunningexamplesusingthereferenceengine.

Important:Allexamplesinthischapterareavailableonline:http://www-
verimag.imag.fr/TOOLS/DCS/bip/examples.tar.gz.Everyexamplecontainsabuild.shscriptthatcanbe
usedtocompiletheexample.Amasterbuild_all.shisalsoprovidedtocompileallexamples.

7.1Helloworld

Thisexamplewillbethestartingpointforallotherexamples.InafilecalledHelloPackage.bip,writethe
followingBIPcode:

packageHelloPackage
porttypeHelloPort_t()

atomtypeHelloAtom()
portHelloPort_tp()
placeSTART,END
initialtoSTART
onpfromSTARTtoEND

end

compoundtypeHelloCompound()
componentHelloAtomc1()

end
end

Thispackagecontains3types:

•1porttypeHelloPort_twithnodataparameter;

•1atomtypeHelloAtomwith:

–1internalportdeclarationpoftypeHelloPort_t;

–2places:START,whichisalsotheinitialplace,andEND;

–1transitionlabeledbypfromSTARTtoEND

•1compoundtypeHelloCompoundwith:

–1componentdeclarationc1oftypeHelloAtom.

59

BIP2Documentation,Release2015.04(RC7)

exportportHelloPort_tp(myd)

placeSTART,END

initialtoSTART

onpfromSTARTtoEND
provided(id==1||id==3)
do{printf("I’m%d,HelloWorldreceivedfrom%d\n",id,myd);}

end

connectortypeOneToThree(HelloPort_ts,HelloPort_tr1,HelloPort_tr2,HelloPort_tr3)
defines’r1r2r3

onsr1r2r3down{r1.d=s.d;r2.d=s.d;r3.d=s.d;}
onsr1r2down{r1.d=s.d;r2.d=s.d;}
onsr1r3down{r1.d=s.d;r3.d=s.d;}
onsr2r3down{r2.d=s.d;r3.d=s.d;}
onsr1down{r1.d=s.d;}
onsr2down{r2.d=s.d;}
onsr3down{r3.d=s.d;}

end

compoundtypeHelloCompound()
componentHelloSenders(0)
componentHelloReceiverr1(1),r2(2),r3(3)
connectorOneToThreebrd(s.p,r1.p,r2.p,r3.p)

end
end

IntheconnectortypeOneToThree,theportscorrespondingtothesenderisatrigger,thatis,itcanexecutes
alonewithoutsynchronizingwiththeothercomponents.Sinceotherportsaresynchrons,OneToThreedefinesthe
followinginteractions:‘s‘,‘s,r1‘,‘s,r2‘,‘s,r3‘,‘s,r1,r2‘,‘s,r1,r3‘,‘s,r2,r3‘,and‘s,r1,r2,r3‘.

Toimplementthebroadcastofdatafromports,weusealistofonstatementsthatprovidedownblocksofcodefor
alltheinteractionsinvolvingatleastonereceiver.Noticethateveniftheinteraction‘s‘isnotincludedinthislist,it
isstillconsideredasapossibleinteraction,butnotransferofdataoccurswhen‘s‘executesalone.

Duetotheguardofthetransitionlabelledbysyncinthereceivers,theinteractionsenabledaftertheexecutionof
initialtransitionsarethefollowing:‘s‘,‘s,r1‘,‘s,r3‘,and‘s,r1,r3‘.AsexplainedinPriorities,theapplication
ofmaximalprogress(thedefaultpriorityrulesofBIP2)leadstotheexecutionofthemaximalinteraction‘s,r1,r3‘:
...
[BIPENGINE]:initializecomponents...
[BIPENGINE]:state#0:1interaction:
[BIPENGINE]:[0]ROOT.brd:ROOT.s.p({d}=0;)ROOT.r1.p({d}=0;)ROOT.r3.p({d}=0;)
[BIPENGINE]:->choose[0]ROOT.brd:ROOT.s.p({d}=0;)ROOT.r1.p({d}=0;)ROOT.r3.p({d}=0;)
I’m0,sendingHelloWorld....
I’m1,HelloWorldreceivedfrom0
I’m3,HelloWorldreceivedfrom0
[BIPENGINE]:state#1:deadlock!

Wecanobtainanequivalentbehaviorusingahierarchicalconnector.Inthiscase,receiversaresynchronizedusinga
connectorsyncoftypeSyncReceivers.syncallowsanysubsetofreceiverstoparticipatetothebroadcast.A
hierarchicalconnectorisbuildontopofsync.Forthis,weaddabroabcastbetweenthesenderandtheexportedport
ofsync.IntheblockofcodeprovidedbelowweomittedthedefinitionsoftypesHelloPort_t,HelloSender
andHelloReceiversincethereareidenticaltothepreviousexample.
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The expected behavior, when considering a system with a component of type HelloCompound as the root, is a
deadlock after the only transition labelled by p is executed in the atom c1.

For the sake of the example, we want to show an execution of this model and thus we use the C++ back-end along
with the reference engine. But this is not mandatory (but as of this writing, it’s the only option to execute BIP).

Compile it using the following commands for producing C++ code that is compiled and linked with the reference
engine:

$ mkdir output
$ bipc.sh -I . -p HelloPackage -d "HelloCompound()"\

--gencpp-output output
$ mkdir output/build
$ cd output/build
$ cmake ..
[...]
$ make
[...]

And finally, run the produced system executable:

$ ./system
...
[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 1 internal port:
[BIP ENGINE]: [0] ROOT.c1._iport_decl__p
[BIP ENGINE]: -> choose [0] ROOT.c1._iport_decl__p
[BIP ENGINE]: state #1: deadlock!

After the only transition is triggered, the system reaches a deadlock state, as expected.

7.2 Synchronizing components using interactions of BIP2

7.2.1 Rendez-vous between several components

We modify the example of Section Hello world so that we now have three instances of the atom type HelloAtom
instead of only one, and we force them to synchronize their single transition (i.e. the rendez-vous):

@cpp(include="stdio.h")
package HelloPackage

extern function printf(string, int)

port type HelloPort_t()

atom type HelloAtom(int id)
export port HelloPort_t p()
place START,END
initial to START
on p from START to END do {printf("Hello World from %d\n", id);}

end

connector type ThreeRendezVous(HelloPort_t p1, HelloPort_t p2, HelloPort_t p3)
define p1 p2 p3

end

compound type HelloCompound()
component HelloAtom c1(1), c2(2), c3(3)
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connector ThreeRendezVous connect(c1.p, c2.p, c3.p)
end

end

The annotation @cpp() is explained later on and allows us to use the printf() from the C standard library. In
this example, we add a connector type ThreeRendezVous with three port parameters of type HelloPort_t. It
defines exactly one interaction that synchronizes the three ports.

Compile it using the following commands to produce C++ code that is compiled and linked with the reference engine:

$ bipc.sh -I . -p HelloPackage -d "HelloCompound()"\
--gencpp-output output

$ mkdir output/build
$ cd output/build
$ cmake ..
[...]
$ make
[...]

When running the executable, you can see that the transitions of the three atoms are triggered simultaneously. The
execution of the three atoms is sequentialized in an arbitrary order, e.g.:
...
[BIP ENGINE]: initialize components...
[BIP ENGINE]: state #0: 1 interaction:
[BIP ENGINE]: [0] ROOT.connect: ROOT.c1.p() ROOT.c2.p() ROOT.c3.p()
[BIP ENGINE]: -> choose [0] ROOT.connect: ROOT.c1.p() ROOT.c2.p() ROOT.c3.p()
Hello World from 1
Hello World from 2
Hello World from 3
[BIP ENGINE]: state #1: deadlock!

7.2.2 Broadcasting data to several components

We now consider an example composed of one component—the sender—that broadcasts an integer variable repre-
senting its identifier to three other components, the receivers. The corresponding BIP2 code is the following.

@cpp(include="stdio.h")
package HelloPackage

extern function printf(string, int)
extern function printf(string, int, int)

port type HelloPort_t(int d)

atom type HelloSender(int id)
data int myd
export port HelloPort_t p(myd)

place START, END

initial to START do { myd = id; }

on p from START to END
do { printf("I’m %d, sending Hello World....\n", myd); }

end

atom type HelloReceiver(int id)
data int myd
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