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Abstract

Developing a standard schemaat the abstract syntax
treelevel for C/C++ to beusedby reverseengineeringand
reengineeringtools is a complex and difficult problem. In
this paper, we presenta catalogue of issuesthat needto
be considered in order to designa solution. Three cate-
goriesof issuesare discussed.Lexical structure is thefirst
categoryandpertainsto characteristicsof thesourcecode,
such as spacesand comments.Thesecondcategory, syn-
tax, includesboth the mundaneand hard problemsin the
C++ programminglanguage. Thefinal category is seman-
tics andcovers aspectssuch asnamingandreferencereso-
lution. Examplesolutionsto thesechallengesare provided
from theDatrix schemafrom Bell Canadaand theColum-
busschemafromUniversityof Szeged.Thepaperconcludes
with a discussionof lessonslearntandplansfor futurework
ona C/C++ ASTstandard schema.
Keywords
Standardexchangeformat, C/C++ schema,GXL, parser,
extractor, front end, AST, reverse engineering,Datrix,
Columbus

1 Introduction
Recently, GXL (Graph eXchange Language) has

emerged within the reverseengineeringcommunity as a
standardexchangeformat(SEF)for data[3, 13]. In orderto
keeptheformatflexible, GXL doesnot prescribea schema
for softwaredata. Instead,featureshave beenprovidedfor
usersto specify their own schema,separatefrom instance
data.This conceptis analogousto databases,which have a
schemathat is distinct from instancedata.By schema, we
meanadescriptionof theform of thedata,in termsof a set

of entitieswith attributesand relationshipsthat prescribe
the form of the instancedata. A schemais derived from
a model, a descriptionthat relatesentities in the schema
to their real-world counterparts,thusproviding a basisfor
meaningfulinterpretationof thedata.

With a commonsyntaxfor exchangeestablished,work
now proceedsto definingstandardschemasfor variouslev-
els of analysis.A standard schema is a schemathat tool
builders have agreedupon to facilitate dataexchangebe-
tweentools. In this paper, we presentresultsfrom work
towardsastandardschemafor C/C++at theabstractsyntax
treelevel. Theseresultsarea catalogueof issuesto becon-
sideredandsomesamplesolutions.By presentinginterme-
diateresultswe seekto advancethe sharedunderstanding
within the field andto provide a basisfor discussion.One
of the hallmarksin the developmentof GXL wasongoing
consultationandconsensusbuilding with theendusercom-
munity, andwe plan to follow in this tradition. Moreover,
the creationof a standardschemafor C/C++ is a complex
problemandit wouldbebeneficialto haveanopenprocess.

In this introduction,we lay the groundwork for discus-
sion. We begin by definingthetermswe will beusing.We
then provide a motivation for our work and describethe
scopeof the problemwe areattemptingto solve. Finally,
we give a shortoverview of the remainingsectionsin this
paper.

1.1 Terminology
Grammarsare usedto definethe syntacticstructureof

a programminglanguage.For a given sentencethat is in
the language,thegrammarinducesa certainderivation(or
morethanoneif thegrammaris ambiguous),characterized
by aparse tree. Thisparsetreeis determinedby theunder-



lying grammarandmay containunnecessaryartifactslike
chainrule derivations.Thepurposeof anabstract syntax
tree (AST) is to describethe syntacticdecompositionof
the representedprogram,which is basicallya tree-nesting
structure,but without any unnecessarydetail. Whatconsti-
tutesan unnecessarydetail dependsuponthe intendeduse
of theabstractsyntaxtree.Compilers,for instance,aregen-
erally not interestedin bracketsusedto specifyassociativ-
ity within expressions,asthis informationis representedby
thenestingstructureof therepresentedexpressions.On the
other hand,source-to-sourcetransformationtools have to
reproducethe codeas true to the original aspossibleand
thereforeneedto retaininformationaboutbrackets.

During the semanticanalysisphaseof front endsthe
ASTsareusuallydecoratedwith someadditionalinforma-
tion,suchasresolutionof names.ThesedecoratedASTsare
sometimesreferredto asabstractsemanticgraphs(ASG).
However, in this paperwe useAST for denotinga deco-
ratedabstractsyntaxtree.

1.2 Motivation
Building tools is expensive, in termsof both time and

resources.An infrastructurefor tool interoperabilityallows
tool designersandusersto re-purposetools,which helpsto
amortizethis cost. Consequently, it is importantto design
anSEFthatusesarepresentationthatis compatiblewith the
largestnumberof toolspossible.

Flexibility is particularlyimportantwith aC++front end
becauseits outputis the basisfor many otherdownstream
analyses,suchasdesignrecovery, clonedetection,calculat-
ing metrics,architectureanalysis,andcodetransformation.
Writing arobustandreliableC++front endis expensiveand
is a projectwith little researchvalue. Nevertheless,sucha
tool is neededto handleagrowingnumberof industrialcase
studies.

Thesetwo factorstaken togetherillustrate the impor-
tanceof designinga robustschemafor C++ ASTs. Conse-
quently, we needto work carefullyon this standardschema
andto solicit feedbackthroughactivitiessuchasthediscus-
sionandpublicationof intermediateresults,aswedoin this
paper.

1.3 Fundamental Issues
Whenundertakinga large andcomplex project,an im-

portantfirst stepis to defineits scopeby articulatingboth
whatwearedoingandwhatwe arenot doing.

� We are creatinga standard schemafor C/C++ at the
ASTlevel.

� We areprimarily workingondefininga schemarather
than specifyinga front end. However, we will also
make prescriptionsfor front endsthat implementthe
schema.It is difficult to completelyseparatethe two;
for examplereferenceresolutionis not a designde-
cision that affectsthe schema,but it doesneedto be

specifiedin order to createa standardformat for ex-
change.

� The schema should be independentof any parsing
technology. This independencewould permitchanges
to the schemaand grammar without affecting the
abstractsyntax, e.g., the grammarfrom which the
schemais derived may needto be restructuredinto
an LALR(1) grammarif yacc is usedto generatethe
parser. Thischangeshouldnot affect theschema.

� We are initially focusingon ANSI C++. We intend
to work on this languagefirst andbroadenlater. We
areawareof theneedto becompatiblewith otherlan-
guages(e.g. Ada, COBOL) andin particular, dialects
of C andC++ (K&R, ANSI, Borland,Microsoft,etc.).

Finally, thereis onefundamentalissuethatwe have not
yet resolved: who are the end usersof this schemaand
whataretheir requirements?Clearly, theusefulnessof this
schemawill dependon whereit will beused.Transforma-
tion tools requirea “sourcecodecomplete”representation,
i.e. onewith enoughdetailto allow regenerationof theorig-
inal source.If thisschemacouldsupportthis level of detail,
would this formatevenbeusefulfor suchanapplication?

1.4 Overview
Theremainderof thispaperwill beacatalogueof issues

in creatinga standardschemafor C++ ASTsandexamples
of solutionsfor theseissues.Theschemasthatprovidethose
examplesareintroducedin Section2.

Section3 discussesthree levels of RepresentationIs-
sues. This list of issuesextendsprevious work on devel-
oping an exchangeformat by Bowman,Godfrey, andHolt
[8]. Issueson the lowest level, Lexical Structure,include
the Line/ColumnNumberProblem,and the ProjectHan-
dling Problem.Thesecondlevel, Syntax,encompassesthe
basicmechanismsof how the format will representC++
AST. Finally, thehighestlevel,Semantics,dealswith issues
suchasthe ResolutionProblemandthe NamingProblem.
A Discussionof lessonslearntandalternative solutionsis
presentedin Section4, and followed by a Conclusionin
Section5.

2 Existing Schemas
Becausethe main purposefor ASTs is to representthe

syntacticstructureof the program,the abstractsyntax is
derived from the grammar. We can divide the methods
of deriving the AST into two cases,automaticallyderived
schemasandmanuallyderivedschemas.

Automaticallyderivedschemas.Thetranslationfrom the
parsetreeto theAST canbeformally specifiedby a setof
transformations,which canbeautomaticallyinterpretedto
carryoutthetranslationfrom parsetreeto AST. Sometrans-
formationsmaybeappliedto reducethesizeof thetree.A
typicaltransformationis to eliminatetreenodesfor concrete



terminals.Changesto thelanguage’sgrammarinfluencethe
abstractsyntax. A key advantageof automaticallyderived
schemasis thatcreationof theabstractsyntaxis completely
automatic,so schemasfor new languagescan be derived
quickly. Also, every syntacticdetailcanbecapturedin the
ASTs with automaticallyderived schemas.For example,
SemanticDesigns[5] andtheDutchresearchgroupatCWI
[23] derivetheirschemasautomaticallyfrom theunderlying
grammaranduseothertransformationsto trim theresulting
ASTs.

Manually derivedschemas. The AST canbe designed
manually. In thiscase,thetranslationis carriedoutby soft-
ware engineers.Manually derived schemasare generally
moreabstract,becausehumanjudgmentis superiorin de-
cidingwhatis essentialin agivenlanguage.TheDatrix and
Columbusschemasdescribedin this paperarebothmanu-
ally derived.

Schemascanbe language-specific, that is, applicableto
only onelanguageor language-independent,applicableto a
setof languages.TheBauhausschema,for instance,mod-
els C anda subsetof Ada in one joint schema[18]. The
Datrix andColumbusschemasbothsupporta form of gen-
eralizationacrosslanguagesthataresimilar to C++. Multi-
languageandmulti-platform compilersuitesgenerallyuse
a common intermediateformat to minimize the number
of interfacesbetweenfront- andbackends. For example,
theStanfordUniversity IntermediateFormat(SUIF) works
with differentlanguages,currentlyC andFortran[4].

Anotherway to attainindependencefrom thelanguage’s
grammaris throughan applicationprogramminginterface
(API) that provides traversaland query operationson the
AST. Onesuccessfulexampleis theAdaSemanticInterface
Specification[16].

In theremainderof this section,we briefly introducethe
Datrix schemaand the Columbus schemafor C++ ASTs.
Thesetwo schemaswill provide samplesolutionsto issues
discussedin the next section.Unfortunately, lack of space
preventsusfrom includingothernoteworthyschemas,such
as onesfrom CIA, gen++, SemanticDesigns[5], Visual
AgeC++ [17], andcppML (Waterlooversion)[19].

2.1 Datrix Schema
TheDatrixGroupatBell Canadadevelopedaschemafor

representingan AST for C/C++ andJava programs.Their
goalwasto createa commonfront endfor anextensive set
of softwareanalysisandassessmenttools.

Schema documentation. The Datrix schemais spec-
ified in detail in a report availablevia the web from Bell
Canada[1].

Source completeness. The Datrix schemarepresents
essentiallyall syntacticaland somesemanticinformation
aboutthesourceprogram.Sourcecompletenessis violated
in two aspects.First, the schemarepresentsonly prepro-
cessedcode,thereforeall macroandotherpreprocessorin-

formationis lost. Second,semanticallymeaninglessdetails,
suchasredundantsemicolonsandbracketsarenotretained.
Thefirst problemis hardto solve (seeSection3.1.1),while
it is relatively easyto overcomethesecondby extendingthe
schema.

Language independence. The Datrix schemawasde-
signedinitially to handleC++,C andJava. While thisorigi-
nalschemahandlesa limited setof languages,theintention
wasto extendandspecializetheschemato handleotherlan-
guages.

Bell Canada Implementation of Datrix Schema
TheDatrix teamatBell Canadaimplementedafront end

thatparsesC/C++/Java andemitsinformationin VCG (for
visualization)[22], andTA [14]. It hasbeenusedin produc-
tion to assesssoftwarefrom vendorsandservesasaproofof
conceptthattheDatrix schemais workable.Theimplemen-
tationis proprietaryto Bell Canada,but abinaryexecutable
is availableto researchinstitutionsfreeof charge[2].

CPPX Implementation of Datrix Schema
In thefirst half of 2001,theteamof ThomasDean,An-

drew Malton andRic Holt built CPPX(C++ Extractor)[9].
This OpenSourcetool is basedon GNU’s GCC front end
andproducesinformationaccordingto the Datrix schema
for C++ in VCG, TA, andGXL formats.

2.2 Columbus Schema
Theprojectteamat theUniversityof Szeged(in a coop-

erationwith the Nokia ResearchCenter)createda C/C++
schemafor variousreengineeringandreverseengineering
taskssuchascreatingUML ClassDiagrams[20] andcal-
culatingmetrics[21]. The ISO/IECC++ standardof 1998
servedasthebasisfor all designdecisions[15].

Schema documentation. A descriptionof the Colum-
busschemawith examplesis availableon theweb[10].

Source completeness. In this aspect,the Columbus
schemais similar to the Datrix schema,exceptthat it cap-
turesredundantparentheses.

Language independence. Theschemahasa language-
independentpartanda language-specificpart. The former
actsasa base-schemato provide a commonroot for mod-
eling otherprogramminglanguages.It consistsof abstract
classesthat offer languageindependentrepresentationsof
languageelements(nodes), scopes(composites[12]), and
types. The language-specificschemais built on top of the
base-schemaandextendsit with C/C++elements.

Implementation of Columbus Schema
TheColumbusschemais usedastheinternalrepresenta-

tion in theC/C++extractormoduleof theColumbusreverse
engineeringtool. Theschemaevolvedinto its currentstate
in parallelwith its implementationandis usedalsofor anal-
ysis(e.g. resolvingtypenamesandscopes)aswell asdata
exchange.

The Columbus systemhasbeendevelopedin coopera-
tion betweentheNokiaResearchCenterandtheUniversity



of Szeged,Hungaryby theteamof ÁrpádBesźedes,Rudolf
Ferenc,FerencMagyar, Tibor Gyimóthy, Mikko Tarkiainen
andGáborMárton. This tool implementsa general frame-
work for combininga numberof reverseengineeringtasks
and provides a commoninterface for them. It supports
projecthandling,dataextraction,datarepresentation,data
storage,filtering andvisualization[6, 11]. Extractorsfor
differentprogramminglanguagescanbeintegratedinto the
Columbusframework usinga plug-inAPI. Thecurrentver-
sion hasa C/C++ extractor and a Java extractor is under
development.

During extractionthesystemproducesseparateinternal
representationsfor eachprecompiledcompilationunit and
the linker plug-in mergestheseunits into a unified AST.
During linking, duplicatedelements,suchas declarations
in headerfiles,areremoved.

3 Representation Issues
In designingan AST-level schemafor a language,we

needto decidewhat elementsfrom eachof threelevels of
abstractionwewantto represent.

� Lexical Structure: tokens,separators,layout,andcom-
pilationunits.

� Syntax:featuresof thelanguagespecifiedby thegram-
mar.

� Semantics:interpretationsplacedon the syntax,such
asnameresolution,controlanddataflow information.

Somedecisionscan be madeeasily. For example,we
definitely want the syntax. We also needsomesemantic
aspects,like nameresolution(includingresolutionof over-
loading). Whenmultiple compilationunits are linked, we
alsoneedsomekind of global nameresolution. Otherse-
mantic information suchas control and dataflow are not
intrinsically partof theAST, but othertoolsshouldbeable
tocomputetheseflowsusingtheAST. It is thesekindsof se-
manticanalysis,andnot parsing,thatmakeswriting a C++
front enddifficult.

3.1 Lexical Structure
In C/C++,it is straightforwardto identify thelexical to-

kens;it is lessstraightforwardto decidewhich onesshould
bestoredin theschema.Sometokensarenot syntactically
significant,suchasspacesand line breaks,so somefront
endselectnot to storethem. Theseandotherlexical prob-
lemsarediscussedin thissectionandweshow how they are
solvedin thetwo schemas.

TheDatrix andColumbusschemashandlelexical struc-
turesimilarly; bothdealwith preprocessedcodeandmain-
tainall (or almostall) lexical informationin theAST.

3.1.1 Preprocessing
Both theDatrix andColumbusschemasdealonly with pre-
processedcode. Macrosin C/C++ area complex andex-
pressive programminglanguageon their own. They canbe

usedto setup conditionalcompilationandeven to tamper
with the syntaxof C/C++. Due to this flexibility , it is dif-
ficult to represent(andsubsequentlyreconstruct)arbitrary
preprocessorartifacts.

3.1.2 Line/Column Number Problem
This problemconcernsthe recordingof location informa-
tion for entitiesin the schemaandhasbeendiscussedby
Bowman,Godfrey, andHolt in Section3.3 of their paper
[8]. They notedsomecomplicationswithin this problem:
1) the path in a mangledfile nameneedsto be invariant
over different installations;2) locationrangesfor a single
entityarenotalwayscontiguous(examplesareC++ classes
andconditionalcompilationunits);and3) thelevel of detail
requiredvariessignificantlybetweentools (someneedline
numbers,othersrequirecolumnnumbersaswell, andyet
othersusefile offset).

Datrix Schema
TheDatrix schemarecordstheline andcolumnposition

of most itemsin the AST. Eachnodeusesthe beg (begin)
andendattributesto recordline andcolumnnumbers.For
example,the attributesbeg: 24.8andend: 25.13 indicate
thatanelementbeginsat line 24,column8 andendson line
25,column13.

File namesarestoredin specialnodeswithin theAST, at
thepoint wherethefile is included.This approachassumes
that includedfiles containsub-treesof the AST, which is
sometimesnot true.Dueto this difficulty, theCPPXimple-
mentationhasadoptedanalternateapproach,muchlike the
oneusedin theColumbusschema.

Columbus Schema
Every scopeelement(e.g. class,variable,function)has

an attribute calledpath for storing the pathandfile name
of its declaration/definitionand line, endline, col andend-
col attributesfor saving theexact locationin thefile. Lan-
guageelementsareorganizedaccordingto scopes(names-
paces,classes)andfile information is storedin the mem-
bers. The schemadoesnot have an entity for representing
files/compilationunits.

3.1.3 Project Handling Problem
A softwareproject, or system,consistsof a set of source
codefiles (compilationunits). The languageelementsin a
projectcanbeorganizedhierarchicallyby compilationunits
or by namespaces.Thesetwo hierarchicalstructuresoffer
two different ways of constructingan AST for the entire
project;thuswehavetheProjectHandlingProblem.Some-
timesknown asthe Linking Problem,this issueis alsore-
latedto theNamingProblemin Section3.3.1.

Datrix Schema
The Datrix schemausesmanglednamesfor externally

visible symbolsin the sameway that standardcompilers
and linkers usemanglednamesto allow linkage between
separatelycompiledpartsof a wholeprogram.Thegraphs



for eachseparatecompilationare linked to form a single
largegraph,in which commonparts,e.g.,headerfiles, are
combined.At the time of writing, neithertheBell Canada
nor theCPPXimplementationsperformthis linkage.

Columbus Schema
The Columbus schemagivesnamespacescopesprece-

denceover file scopes.Theremustalwaysbe at leastone
namespaceobject,theglobal namespace, which represents
the top-level namespaceof the projectfiles. Path informa-
tion is storedin thememberobjectsandcanbeusedto re-
constructfiles. Similarly to Datrix, the Columbusschema
usesmanglednamesfor externallyvisible symbolsto help
link separatecompilationunits.

3.2 Syntax
Now we turn our attentionto Syntax,the raisond’être

of theAST. We will useacommonexampleto explainhow
theDatrix andColumbusschemasrepresentC++templates,
types,functions,andstatements.Thecodefor theexample
is in Figure1, while theASTsfor thetwo schemasaregiven
in Figures2 and3, respectively. We have simplified both
diagramsfor clarity by omitting nodesandattributes,such
asline numbers,thatarenot necessaryfor ourdiscussion.

Thetwo schemasandtheir diagramsusesomecommon
conventions. Both schemasuseintegersasuniqueidenti-
fiers for nodes,so thekey of the topmostnodein bothfig-
uresis “1”. Theclassof eachnodeis given to the right of
thekey number;for example,in Figure2, theclassof node
1 is Generic. Both schemasusea nameattribute in nodes
to give the nameof the sourceitem beingrepresented;for
example, in both figures, the nameattribute of node1 is
Array.

Edgesin the basic AST are drawn using thick lines,
while otherrelationships,suchasreferencesto declarations,
aredrawn usingthin or dottedlines. Sometimesedgesare
orderedandthis is shown in the diagramsusingparenthe-
sizedordernumbers,for example,in Figure2, ArcSon(2)
from node1 to node3 indicatesthat this is thesecondArc-
Sonedgeleaving node1.

We will now usethe commonexampleto explain how
thetemplate,types,functionandstatementsarerepresented
in thetwo schemas.

3.2.1 Templates
C++ templatesarewell known for beingcomplex anddiffi-
cult to handle.In the example,the templatehastwo kinds
of parameters:a type(classT) anda value(int Size).

Datrix Schema
The Datrix schemarepresentstemplatesby a straight-

forward encodingof their syntacticstructure. For exam-
ple, in Figure2, theArray templateis representedby node
1, togetherwith its four descendentnodes,numbered2 to
5. Thesefour representtemplateparameterT, templatepa-
rameterSize, privatememberarr, andpublic memberget.

1 template <class T, int Size>
2 class Array {
3 T arr[Size];
4 public:
5 virtual const T& get(int idx) {
6 T& t = arr[idx];
7 return t;
8 }
9 /* set()...*/
10 };

Figure 1. The common example

The source codeexcerpt implementsa generic (template)
array, which expectstwo parameters (thetypeof thestored
elementsandthesizeof thearray)andhasa publicfunction
get that returnsthe stored element.Thelanguage features
in this examplewere chosento illustrate key decisionsin
designingthetwoschemas.

Theedgesfrom node1 to its descendentsareArcSonedges
(they arearcsto sons).Node2 is aTemplParamTypeobject,
which indicatesthatT is a typetemplateparameter. Analo-
gously, node3 is aFormalFctParamobject,whichindicates
Sizeis a valueparameter. Thecontentsof thetemplateare
locatedby the third and fourth ArcSonedgesdescending
from Array’s node1, which connectthe nodesfor arr and
get.

Columbus Schema
There are two kinds of templatesin C++: class-and

function templates. The schemamakes no differencein
representingthemby separatingthetemplaterepresentation
from the actualtemplateobject. This templaterepresenta-
tion is a compositenodecalledTemplRep(node2 in Figure
3). The two templateclassesareClassTempl(node1) and
FuncTempl that representthe classtemplateandthe func-
tion template,respectively.

Templatescanhave threekindsof templateparameters:
the“usual” typenamecalledTemplParamTypeName(node
3), the non-typeor value (node4), andanothertemplate.
The non-typeparameteris modeledwith the classTem-
plParamNonTypethatcontainsaParameter(node5) object.
A non-typetemplateparameteris syntacticallythesameas
a function parameter. Finally, the parameterthat is itself
a templateis representedby the classTemplParamTempl,
which simply stores the parametertemplate recursively
composedwith aClassTemplor FuncTemplclass.

The schemahandlesboth classand function templates
in the sameway by separatingthe templaterepresentation
from theactualtemplateobject.Consequently, thetemplate
representationcanbetreatedasa moduleseparatefrom the
restof theschema.



Figure 2. Datrix AST for the common example

Figure 3. Columbus AST for the common example



3.2.2 Types
Liketemplates,therepresentationof typesis alsoacomplex
anddifficult taskfor the C/C++ language.In the common
exampletherearethreeelementsthathave types:an array
(T arr[Size]), a function (virtual constT& get(int)) anda
functionparameter(int idx).

Datrix Schema
Thegeneralpatternfor representingtypesin Datrix is to

usea nodefor the elementandto addnodesandedgesto
show its typeandvalue.In theexample,T arr[Size] is rep-
resentedstartingat node4 in Figure2. The array, arr has
anInstanceedgeconnectingit to ArrayType(node6). From
there,anInstanceedgeindicatesthatthearrayelementis of
typeT (node2), andanArcArrayDimedgepointsto thear-
raysize,Size(node3). ThereferencetypeT& is represented
with theclassRefType(node7) andthefunctionparameter
int idx is representedwith a FormalFctParam(node9).

Columbus Schema
Thetyperepresentationis modeledwith theclassType-

Rep(node8 in Figure3) thatcontainstwo compositenodes
calledTypeForms that standfor the type prefix andsuffix
(nodes9 and10, respectively). The type prefix represents
thepartof thetypebeforethenameof thetypedobject(vir-
tual constT&), while thetypesuffix representsthepartaf-
ter it; typically arrays([Size]) andfunctionparameters(int
idx).

The type prefix and suffix consist of small building
blockscalledTypeForms(nodes11-13).Thesecanbesim-
pleoneslikepointers(TypeFormPtr), arrays(TypeFormArr)
andparentheses(TypeFormPrth); or compositeslike decla-
rationspecifierlists (TypeFormSpecs) andfunctionparam-
eterlists (TypeFormParams). Thefirst composite(node11)
storesreferencesto primitive specifiersmodeledasPrim-
Specobjects(nodes16-18)or to objectsthatarerepresent-
ing typessuchasclasses,typedefsandenums.Thesecond
composite(node13) storesthe functionparameters.Note,
thatthisflexible typerepresentationcanencodeanarbitrar-
ily deepnestingof parametersthatarepointersto functions.

Similar to the templaterepresentation,the type repre-
sentationis alsocompletelyseparatefrom thetypedobject
(e.g. a variable).This way a unified type representationis
achievedandenforcedin theschema,which contributesto
themodularizationof theschemaaswell.

3.2.3 Functions
TheAST for afunctionneedsto recordthefunction’sname,
its parameters,its return type and body. In the common
example(Figure1), thefunctiongethasoneparameter, idx,
a returntypeof T&, andabodycontainingtwo statements.

Datrix Schema
Eachfunction is representedby a sub-treerootedat a

nodeof typeFunctionwith thefunctionnamestoredin the
nameattribute. Thereare edgesfrom this node to func-
tion parameter(s),thebodyof thefunction,andreturntype.

In Figure 2, the sub-treefor the get function is rootedat
node5. Fromthere,thefirst sonarc,ArcSon(1), locatesits
parameteridx (node9) andthe secondsonarc points to a
Block objectstartingthe functionbodysub-tree(node10).
An Instanceedgeconnectsits returntypeT& in node7.

Columbus Schema
In the Columbusschemaall memberobjects(variables,

functions, typedefs,etc.) are representedexactly in the
sameway: they are derived from the abstractbaseclass
calledMember, which hascommonpropertiesfor all mem-
bers like visibility and location information. Individual
memberclassesare: Variable (node6), Typedef, Function
(node7), Parameter(nodes5, 14),Enum, Enumerator, Us-
ing and NamespaceAlias. Theseclassesalso containat-
tributes(virtual, defaultvalue,etc.)specificto theelements
they arerepresenting.

Functionparametersare treatedaspart of its type rep-
resentation(seeSection3.2.2), so parametersof function
pointersarehandledthesameway.

3.2.4 Statements
The AST needsto representstatementsand also expres-
sions.Theseareillustratedin thecommonexample(Figure
1), by thetwo statementson lines6 and7 in thebodyof the
get function.

Datrix Schema
In theDatrix schema,structuredstatements,suchasfor-

loopsand if-statements,are representedusing specialized
nodeclasses.Expressionsare representedby an operator
nodewith an attribute that recordsthe particularoperator
andedgesto its operands.Simplestatements,notablyas-
signmentstatements,areconsideredto beexpressions.

Statement6 in theexampledeclareslocal variablet and
initializesit. This is representedin Figure2 startingatnode
11. An Instanceedgeindicatest’s type,T& (node7). An
ArcInitVal edgepoints to an expressionrootedat node13
that gives t’s initial value. In this BinaryOperator node,
theop (operator)attributeis array-ref to representthesub-
scripting expression,arr[idx] . Its operandsare found by
following the ArcOpd edgesto its children(nodes15 and
16).

Columbus Schema
The Columbus schemadoesnot cover statementsyet,

but this is ongoingwork. Designdecisionsandexperiences
from theDatrix schemawill beusedto make theschemaas
usefulaspossible.

The elementsdiscussedin this subsectiongive the fla-
vor of how the two schemasdeal with syntax. For more
informationabouthow they handleotherlanguagefeatures,
consulttheir respectivedocumentationschemas[1, 10].

3.3 Semantics
In thissectionwediscusssomeof thesemanticinforma-

tion to beincludedin theschema,in particularnamingand



resolution.While this informationis not strictly partof the
abstractsyntax,it is neededby downstreamanalysistools.

3.3.1 Naming Problem
Thisproblemwasdiscussedby Bowman,Godfrey, andHolt
in their paper[8]. Whenstoringandexchangingdatawith
GXL, eachentitymusthaveauniqueidentifier. While auto-
maticallygeneratedidentifierssuffice,they make it difficult
to combinedatafrom differentcompilationunits (anddif-
ferenttools),andto comparedifferentversionsof thesame
softwaresystem.Someapproachesusethenameof theen-
tity itself plussomepathinformationto generatetheunique
identifier. UnfortunatelyC/C++ allows differentelements
to usethe samename. For example,labelsandvariables
cansharenamesbecausethey arestoredin differentsymbol
tables.

Datrix Schema
Entitiesin theDatrix schemahaveuniqueidentifiersthat

arepositive integersassignedarbitrarily by the front end.
Theapproachdoesnotusemanglednamesnor thefull path
name;rather, it simply usesthe namesas they appearin
the sourceprogram. Nodeswith the samenameare dis-
tinguishedby their uniqueidentifiers.Sinceneitherimple-
mentationof the Datrix schemacurrentlyperformsglobal
linking, manglednamesarenot (yet)needed.

Columbus Schema
The Columbus schemausesthe sameapproachasDa-

trix to identify the nodes. Besidesthe uniqueidentifier, a
so-calledmangled/decoratednameis createdfor eachfunc-
tion in a mannervery similar to compilersystems.Since
C++ allows function overloading,multiple functionswith
the samename can exist within the samescope. This
manglednameallows us to distinguishthemby including
the nameandreturntype of the function togetherwith the
namesandtypesof its parameters.For example,the func-
tion get in the commonexamplewould have the mangled
name:get@virtual$const$T$&@(int)).

Dif ferentidentifiersassignedto thesameentity in differ-
ent compilationunits (e.g. includedfrom the sameheader
file) arereconciledduringthe linking phase.Thefront end
re-assignstheseidentifiersandall referencesto theoriginal
identifiersarecheckedandcorrected.Like Datrix, scoping
informationis notpartof thename,becauseit canbeunam-
biguouslydeterminedfrom thehierarchicalstructureof the
AST.

3.3.2 Resolution Problem
Bowman, Godfrey, and Holt also discussedthis problem
[8]. They wrote, “Fact extractorsdetectwhenonesource
codeentity refersto another, andrecordthis asa relation.
Thealgorithmtheextractorusesto determinewhich entity
is referredto dependson the sourcelanguageandthe im-
plementationof the extractor” (Page96). They gave four
categoriesof resolution:

1. Not resolved.

2. Resolvedto declaration. Typically, compilersonly re-
solve to this level. An identifier may have multiple
declarations,but only onedefinition.

3. Resolvedto staticdefinition.Typically, a linker is used
to resolve all referencesto global variablesandfunc-
tionsto theappropriatedefinition.

4. Resolvedto dynamicdefinition. This level of resolu-
tion requiresdynamicanalysistoolsandis only needed
for languagesthat use dynamic binding, which in-
cludesC/C++.

Datrix Schema
TheDatrix schemaresolvestheuseof anidentifierto its

correspondingdeclaration,aspercategory two in theabove
list.

Columbus Schema
Not all referencesareresolvedin theColumbusschema,

becausestatementsarenot yet represented.However, the
linker in the front endresolvesreferencesto forward dec-
larations(e.g.globalvariablesandfunctions)to their static
definition,aspercategory three.

4 Discussion
In this section,we will considersomeof the lessons

learntfrom attemptingto designastandardschemafor C++
ASTs.Webegin with acomparisonof thetwo schemasand
thencritically examineourapproachto solvingthisdataex-
changeproblem.This discussionalsoconsidersalternative
approaches,suchas sourcecodetagging, standardAPIs,
andmodularschemas.

4.1 Comparison of the Two Schemas
Not surprisingly, theindependentlydevelopedColumbus

andDatrix schemahavealot in commonsincethey areboth
derived from the C++ grammar. However, they differ in
their terminologyanddetails.SincetheColumbusschema
is not yet complete,we cannotcomparetheir handlingof
statementsand expressions,but we can comparethem in
otherrespects.

One significantdifferencebetweenthe two schemasis
the representationof types. The type representationof the
Columbusschemadirectlyreflectsthesyntacticdecomposi-
tion of thetypedeclarationwhereastheDatrix schemahasa
morestraightforwardsemanticrepresentation.TheColum-
busschemaseparatesprefixandsuffix partsfor declarations
andcapturestype qualifiersandspecifiersasnodeswithin
theprefix andsuffix parts.Thoughthis modelingeasesre-
generatingthe original code, it complicatestype compar-
isonsbecauseprefix andsuffix partsneedto be combined
to getthefull typeinformation.

The Columbus approachappearsto be more detailed,
moresymmetricandusesadditionalnodesandentity types
to encodestructurethantheDatrix approach.Consequently,



theDatrix schemarequiresthereaderto havegreaterknowl-
edgeof thesourcelanguageinformation. For instance,the
Columbusschemaclearlydistinguishesthetemplateparam-
etersfrom thememberdeclarationsof thetemplateby adis-
tinguishableedgeand a nodeTemplRepthat containsthe
templateparameters(node2 vs. nodes6 and7 in Figure
3). In contrast,the Datrix representationhasonly ArcSon
edgesleading to both templateparametersand members
(seeedgescomingfrom node1 in Figure2). Consequently,
edgesbecomemoreor lessuntypedsincethey refer to in-
comparablenodes: to parameters(nodes2 and3), and to
members(nodes4 and5). As a negativeconsequence,one
hasto traverseall outgoingArcSonedgesof a template(in-
cluding thosethat lead to parameters)in order to find the
membersof a template. Also, the Datrix schema“over-
loads” edgetypes,e.g., the Instanceedgedoesnot mean
justa directinstance.

Both schemashave room for improvement. Both use
flagsin somenodesto encodesubtypingandtheseshould
bechangedto userealsubtyping.For instance,Datrix has
just an abstractclassfor operatorsand the exact operator
subtypeis encodedasanadditionalattributeop. Similarly,
in the Columbus schema,referencesandpointersareboth
of the sameclassTypeFormPtr andaredistinguishedby a
flagkind.

Finally, neitherschemaincludestyping informationfor
subexpressions. Type inferencein the presenceof over-
loadedoperatorsandfunctionsis adifficult task.If wewant
to take advantageof a front endthatgivestyping informa-
tion, theschemaneedsto have placeholdersto capturethis
information. It would begoodif implicit typeconversions
were representedexplicitly. Otherwisethe resultingAST
wouldcontaintypeerrors.

4.2 Other Approaches for Exchange

Given all of the difficulties andproblemsthat we have
identifiedin this paper, onequestionthatarisesis: Are we
usingthe right approach?Are the complicationsa conse-
quenceof thesolutionwehavechosenor thebasicproblem
itself?Wecanattemptto answerthisquestionby examining
otherapproachesto sharingdataaboutsourcecode.

Ratherthan using XML to encodeextracteddataas a
graph(as GXL does),anotherapproachis to encodethe
AST itself usingthestructureof XML documents.TheHar-
moniaframework for building CASEtools [7] andcppML
developedat Universityof Waterloo[19] bothusethis ap-
proach.While Harmoniaaddstagsto sourcecodeasmeta-
datato achieve this structure,cppML only usestagsand
recordstheadditionalinformationasattributeson thetags.
Althoughthis approachis moreconsistentwith how XML
tools handledocuments,i.e. translatingnestedtagsinto a
hierarchy, the problemthey are solving is not inherently
simpler.

Anotherapproachis to provide anAPI (applicationpro-
gramminginterface)to anin-memoryrepresentationof the
parsedsourcecode. IBM’ s VisualAgeC++ compilerpro-
videsan API to its internaldatastructures[17]. As men-
tioned earlier, the Ada community has a standardAPI,
called ASIS, to allow other tools to use the intermediate
representationsinside compilers[16]. It shouldbe noted
thatASIS follows a previousunsuccessfuleffort (DIANA)
to promotetool interoperabilityby standardizingASTs for
internalrepresentation.

A majordifficulty of attemptingto standardizeaschema
for C++ASTsis to bringtoolsinto compliance.Thissignif-
icanteffort of modifying tools to produceandusethenew
informationformatmaynot beacceptablefor tool builders
andvendors. Onepossiblesolution to solve this problem
would be to develop a framework for modular schemas
with well-definedinterfacesbetweenmodules.Eachmod-
ulewouldcontainthesubsetof theschemarelatingto apar-
ticular problem,for example,templates,projects,or type
handling. The framework would allow peopleto pick and
chooseamongdifferentpredefinedsub-schema“plug-ins”
andshouldbeextensibleso that theusersmaydefinetheir
own sub-schemasolutions. The framework may include
predefinedtransformationalgorithmsthatmapbetweendif-
ferentschemas,similarto onesdiscussedby Bowman,God-
frey, andHolt in Sections4.2-3of their paper[8].

Consider, for example,the type representationportions
of theDatrix andColumbusschemas.Thesearequitesepa-
ratefrom theotherpartsof theschemaandcouldeasilybe
two alternative type representationplug-ins. It would also
be possibleto definea generalsub-schema,which covers
several possiblesolutions. However, suchgeneralization
may not alwaysbe possiblewhensolutionsarequite dis-
tinct, asis thecasewith thetemplatehandlingin Datrix and
Columbusschemas.

5 Conclusion

We plan to continueour work on creatinga standard
schemafor C++ at theAST level. In doingso,we hopeto
advancethestateof tool interoperabilityin thereverseengi-
neeringandreengineeringcommunitythroughtheuseof an
SEF, GXL. Whetheror not a standardschemaprovesto be
thefinal answerfor exchanginglow-level softwaredata,we
believethelessonslearntandtheschemaitself will bevalu-
ablein future efforts. Indeed,we have learneda lot about
ourown schemasandwaysthey canbeimproved.

We invite othersto participatein this effort to definea
standardschema.In particular, wearelookingfor designers
of analysistools to testandcritiqueour schemasaswe re-
finethem.Anyoneinterestedin thisproblemshouldcontact
oneof theauthorsdirectly or join themailing list (instruc-
tionsareavailableat:

http://rgai.inf.u-szeged.hu/mailman/listinfo/gxl-cpp).
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Gyimóthy, “Columbus SetupandUser’s Guide,”
NokiaResearchCenter, 1998-2000.

[7] Marat BoshernitsanandSusanL. Graham,“De-
signinganXML-basedExchangeFormatfor Har-
monia,” presentedat Working Conferenceon Re-
verseEngineering,Brisbane,Queensland,Aus-
tralia,pp.287-289,November23-25,2000.

[8] Ivan T. Bowman, Michael W. Godfrey and Ric
Holt, “Connecting Architecture Reconstruction
Frameworks,” Journalof Information and Soft-
wareTechnology, vol. 42,no.2,pp.93-104,1999.

[9] Thomas Dean, Andrew J. Malton, Ric Holt.
“Union Schemasas a Basis for a C++ Extrac-
tor,” Proceedingsof Working Conferenceon Re-
verseEngineering,Stuttgart,Germany, October2-
5, 2001.

[10] Rudolf Ferenc. “A short introduction to the
Columbus Proposal for a standard C/C++
Schema,” http://www.inf.u-szeged.hu/� ferenc/
research/ColumbusSchemaShort.pdf, last ac-
cessedApril 17,2001.

[11] R. Ferenc,F. Magyar, Á. Besźedes,Á. Kiss and
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