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Abstract

Developing a standad schemaat the abstiact syntax
treelevelfor C/C++ to beusedby reverseengineeringand
reengineeringools is a complex and difficult problem. In
this paper we presenta catalogue of issuesthat needto
be consideed in order to designa solution. Three cate-
goriesof issuesare discussedLexical structure is the first
categgory andpertainsto characteristicsof the souice code
sud as spacesand comments.The secondcategory, syn-
tax, includesboth the mundaneand hard problemsin the
C++ programminglanguage. Thefinal category is seman-
tics and covers aspectsud asnamingandrefeencereso-
lution. Examplesolutionsto thesechallengesare provided
from the Datrix schemafrom Bell Canadaand the Colum-
busschemafromUniversity of Szged. Thepaperconcludes
with a discussioroflessondearntandplansfor futurework
ona C/C++ ASTstandad schema.
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1 Introduction

Recently GXL (Graph eXchange Language) has
emeged within the reverse engineeringcommunity as a
standardexchangdormat(SEF)for data[3, 13]. In orderto
keeptheformatflexible, GXL doesnot prescribea schema
for softwaredata. Instead featureshave beenprovidedfor
usersto specifytheir own schemaseparatdrom instance
data. This conceptis analogougo databasesyhich have a
schemahatis distinctfrom instancedata. By schema, we
meana descriptionof theform of thedata,in termsof a set
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of entitieswith attributesand relationshipsthat prescribe
the form of the instancedata. A schemais derived from
a model, a descriptionthat relatesentitiesin the schema
to their real-world counterpartsthus providing a basisfor
meaningfulinterpretatiorof the data.

With a commonsyntaxfor exchangeestablishedwork
now proceeddo definingstandardschemador variouslev-
els of analysis. A standard schema is a schemahattool
builders have agreeduponto facilitate dataexchangebe-
tweentools. In this paper we presentresultsfrom work
towardsa standardschemdor C/C++atthe abstracsyntax
treelevel. Theseresultsarea catalogueof issuego becon-
sideredandsomesamplesolutions.By presentingnterme-
diate resultswe seekto advancethe sharedunderstanding
within the field andto provide a basisfor discussion.One
of the hallmarksin the developmentof GXL wasongoing
consultatiormandconsensubuilding with theendusercom-
munity, andwe planto follow in this tradition. Moreover,
the creationof a standardschemdaor C/C++is a complex
problemandit would bebeneficiato have anopenprocess.

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

1.1 Terminology

Grammarsare usedto definethe syntacticstructureof
a programminglanguage. For a given sentencehatis in
thelanguagethe grammarinducesa certainderivation (or
morethanoneif thegrammaiis ambiguous)characterized
by aparsetree. This parsetreeis determinedy theunder



lying grammarand may containunnecessargrtifactslike
chainrule derivations. The purposeof anabstract syntax
tree (AST) is to describethe syntacticdecompositionof
the representegrogram,which is basicallya tree-nesting
structure put without any unnecessargetail. What consti-
tutesan unnecessargetail dependsiponthe intendeduse
of theabstracsyntaxtree. Compilers for instancearegen-
erally not interestedn bracletsusedto specifyassociati-
ity within expressionsasthis informationis representedy
thenestingstructureof therepresenteéxpressionsOnthe
other hand, source-to-sourcéransformationtools have to
reproducethe codeastrue to the original as possibleand
thereforeneedto retaininformationaboutbraclets.

During the semanticanalysisphaseof front endsthe
ASTsareusuallydecoratedvith someadditionalinforma-
tion, suchasresolutionof namesThesalecorated\STsare
sometimegeferredto as abstractsemantiographs(ASG).
However, in this paperwe use AST for denotinga deco-
ratedabstracsyntaxtree.

1.2 Motivation

Building tools is expensve, in termsof both time and
resourcesAn infrastructurefor tool interoperabilityallows
tool designersandusersto re-purposedools,which helpsto
amortizethis cost. Consequentlyit is importantto design
anSEFthatusesarepresentatiothatis compatiblewith the
largestnumberof tools possible.

Flexibility is particularlyimportantwith a C++frontend
becauséts outputis the basisfor mary otherdownstream
analysessuchasdesignrecovery, clonedetectioncalculat-
ing metrics,architectureanalysis andcodetransformation.
Writing arobustandreliableC++front endis expensveand
is a projectwith little researchvalue. Neverthelesssucha
toolis neededo handleagrowing numberof industrialcase
studies.

Thesetwo factorstaken togetherillustrate the impor-
tanceof designinga robustschemdor C++ ASTs. Conse-
guently we needto work carefully on this standardschema
andto solicit feedbackhroughactvities suchasthediscus-
sionandpublicationof intermediateesults aswe doin this
paper

1.3 Fundamental Issues

Whenundertakinga large and complex project,anim-
portantfirst stepis to defineits scopeby articulatingboth
whatwe aredoingandwhatwe arenot doing.

e \\k are creatinga standad schemafor C/C++ at the
ASTlevel.

e \\k are primarily workingon defininga schemarather
than specifyinga front end. However, we will also
male prescriptionsfor front endsthatimplementthe
schema.lt is difficult to completelyseparatehe two;
for examplereferenceresolutionis not a designde-
cision that affectsthe schemaput it doesneedto be

specifiedin orderto createa standardformat for ex-
change.

e The schema should be independentof any parsing
technology. This independenceould permitchanges
to the schemaand grammar without affecting the
abstractsyntax, e.g., the grammarfrom which the
schemais derived may needto be restructurednto
an LALR(1) grammarif yaccis usedto generateghe
parser This changeshouldnot affectthe schema.

e \\e are initially focusingon ANSIC++. We intend
to work on this languagsfirst and broadenlater We
areawareof the needto be compatiblewith otherlan-
guageqe.g. Ada, COBOL) andin particular dialects
of CandC++ (K&R, ANSI, Borland,Microsoft, etc.).

Finally, thereis onefundamentalssuethatwe have not
yet resohed: who are the end usersof this schemaand
whataretheir requirementsTlearly, the usefulnes®f this
schemawill dependon whereit will be used. Transforma-
tion toolsrequirea “sourcecodecomplete’representation,
i.e. onewith enoughdetailto allow regeneratiorof theorig-
inal source If this schemacouldsupportthislevel of detall,
would this formatevenbe usefulfor suchanapplication?

14 Overview

Theremaindeof this papemwill bea catalogueof issues
in creatinga standaraschemdor C++ ASTsandexamples
of solutionsfor thesassues Theschemashatprovidethose
examplesareintroducedn Section2.

Section3 discusseghree levels of Representations-
sues. This list of issuesextendsprevious work on devel-
oping an exchangeformat by Bowman, Godfrey, and Holt
[8]. Issueson the lowestlevel, Lexical Structure,include
the Line/ColumnNumber Problem,and the ProjectHan-
dling Problem.The secondevel, Syntax,encompassebe
basic mechanism®f how the format will representC++
AST. Finally, thehighestievel, Semanticsgealswith issues
suchasthe ResolutionProblemandthe Naming Problem.
A Discussionof lessondearntand alternative solutionsis
presentedn Section4, and followed by a Conclusionin
Section5.

2 Existing Schemas

Becausehe main purposefor ASTs s to representhe
syntacticstructureof the program,the abstractsyntaxis
derived from the grammar We can divide the methods
of derving the AST into two casesautomaticallyderived
schemasindmanuallyderivedschemas.

AutomaticallyderivedschemasThetranslatiorfrom the
parsetreeto the AST canbe formally specifiedby a setof
transformationswhich canbe automaticallyinterpretecto
carryoutthetranslatiorfrom parsetreeto AST. Sometrans-
formationsmay be appliedto reducethe sizeof thetree. A
typicaltransformationisto eliminatetreenodedor concrete



terminals.Changeso thelanguagesgrammaiinfluencethe
abstractsyntax. A key advantageof automaticallyderived
schemass thatcreationof theabstracsyntaxis completely
automatic,so schemador new languagescan be derived
quickly. Also, every syntacticdetail canbe capturedn the
ASTs with automaticallyderived schemas. For example,
Semantidesigng5] andthe Dutchresearclgroupat CWI
[23] derivetheirschemasutomaticallyfrom theunderlying
grammarnduseothertransformationso trim theresulting
ASTs.

Manually derivedschemas. The AST can be designed
manually In this casethetranslationis carriedout by soft-
ware engineers. Manually derived schemasare generally
more abstract becausénumanjudgmentis superiorin de-
cidingwhatis essentiain agivenlanguageTheDatrix and
Columhus schemaslescribedn this paperare both manu-
ally derived.

Schemaganbe language-specificthatis, applicableto
only onelanguageor language-independenapplicableto a
setof languagesThe Bauhausschemafor instance mod-
els C anda subsetof Ada in onejoint schemg18]. The
Datrix and Columhus schemadoth supporta form of gen-
eralizationacrosdanguageshataresimilarto C++. Multi-
languageand multi-platform compiler suitesgenerallyuse
a common intermediateformat to minimize the number
of interfacesbetweenfront- andback ends. For example,
the StanfordUniversity Intermediate~ormat(SUIF) works
with differentlanguagescurrentlyC andFortran[4].

Anotherwayto attainindependencéom thelanguages
grammaris throughan applicationprogramminginterface
(API) that provides traversaland query operationson the
AST. Onesuccessfubxampleis the Ada Semantidnterface
Specificatior{16].

In theremaindeiof this sectionwe briefly introducethe
Datrix schemaand the Columtus schemafor C++ ASTSs.
Thesetwo schemaswill provide samplesolutionsto issues
discussedn the next section. Unfortunately lack of space
preventsusfrom including othernotenorthy schemassuch
asonesfrom CIA, gen++, SemanticDesigns[5], Visual
Age C++[17], andcppML (Waterlooversion)[19].

2.1 Datrix Schema

TheDatrix GroupatBell Canadalevelopedaschemdor
representin@n AST for C/C++andJava programs.Their
goalwasto createa commonfront endfor anextensie set
of softwareanalysisandassessmertobols.

Schema documentation. The Datrix schemais spec-
ified in detail in a reportavailable via the web from Bell
Canaddl].

Source completeness. The Datrix schemarepresents
essentiallyall syntacticaland somesemanticinformation
aboutthe sourceprogram.Sourcecompleteness violated
in two aspects.First, the schemarepresentonly prepro-
cessectode,thereforeall macroandotherpreprocessaon-

formationis lost. Secondsemanticallymeaninglessetails,
suchasredundansemicolonsaindbracletsarenotretained.
Thefirst problemis hardto solve (seeSection3.1.1),while

it is relatively easyto overcomethesecondy extendingthe

schema.

Language independence. The Datrix schemawas de-
signedinitially to handleC++, C andJava. While this origi-
nal scheméhandlesalimited setof languagestheintention
wasto extendandspecializéheschemado handleotherlan-
guages.

Bell Canada | mplementation of Datrix Schema

TheDatrix teamat Bell Canadamplemented frontend
that parse<C/C++/Jaa andemitsinformationin VCG (for
visualization)22], andTA [14]. It hasbeenusedn produc-
tion to assessoftwarefrom vendorsaandsenesasa proofof
concepthattheDatrix schemas workable. Theimplemen-
tationis proprietaryto Bell Canadabut a binaryexecutable
is availableto researchnstitutionsfree of chage[2].

CPPX Implementation of Datrix Schema

In thefirst half of 2001, the teamof ThomasDean,An-
drew Malton andRic Holt built CPPX(C++ Extractor)[9].
This OpenSourcetool is basedon GNU’s GCC front end
and producesnformation accordingto the Datrix schema
for C++in VCG, TA, andGXL formats.

2.2 Columbus Schema

The projectteamat the University of Szeged(in a coop-
erationwith the Nokia ResearctCenter)createda C/C++
schemafor variousreengineeringand reverseengineering
taskssuchascreatingUML ClassDiagrams[20] and cal-
culatingmetrics[21]. ThelSO/IEC C++ standardbf 1998
senedasthebasisfor all designdecisiong15].

Schema documentation. A descriptionof the Colum-
busschemawith exampless availableontheweb[10].

Source completeness. In this aspect,the Columtus
schemads similar to the Datrix schemagxceptthatit cap-
turesredundanparentheses.

L anguage independence. The schemé&hasa language-
independenpartanda language-specifigart. The former
actsasa base-shemato provide acommonroot for mod-
eling otherprogrammindanguageslt consistsof abstract
classeghat offer languageindependentepresentationsf
languageelementgnode3, scopescomposite§12]), and
types. The language-specifischemas built on top of the
base-schemandextendsit with C/C++elements.

Implementation of Columbus Schema

The Columlusschemas usedastheinternalrepresenta
tionin the C/C++extractormoduleof theColumhusreverse
engineeringool. The schemaevolvedinto its currentstate
in parallelwith itsimplementatiorandis usedalsofor anal-
ysis(e.g. resolvingtype namesandscopespswell asdata
exchange.

The Columhus systemhasbeendevelopedin coopera-
tion betweerthe Nokia ResearciCenterandthe University



of Szeyed,Hungaryby theteamof ArpadBeszdes Rudolf
FerencFerendVlagyar, Tibor Gyimothy, Mikk o Tarkiainen
andGaborMarton. This tool implementsa genewrl frame-
work for combininga numberof reverseengineeringasks
and provides a commoninterface for them. It supports
projecthandling,dataextraction, datarepresentationdata
storage filtering and visualization[6, 11]. Extractorsfor

differentprogrammindanguageganbeintegratedinto the
Columlusframework usinga plug-in API. Thecurrentver-

sion hasa C/C++ extractor and a Java extractoris under
development.

During extractionthe systemproducesseparaténternal
representationfor eachprecompiledcompilationunit and
the linker plug-in memgestheseunits into a unified AST.
During linking, duplicatedelementssuchas declarations
in headeffiles, areremoved.

3 Representation Issues

In designingan AST-level schemafor a language we
needto decidewhat elementdrom eachof threelevels of
abstractiorwe wantto represent.

e Lexical Structue: tokens separatordayout,andcom-

pilation units.

e Syntax:featureof thelanguagespecifiedby thegram-

mar.

e Semanticsinterpretationglacedon the syntax,such

asnameresolution,controlanddataflow information.

Somedecisionscan be madeeasily For example,we
definitely want the syntax. We also needsomesemantic
aspectslike nameresolution(including resolutionof over-
loading). Whenmultiple compilationunits are linked, we
alsoneedsomekind of global nameresolution. Other se-
mantic information such as control and dataflow are not
intrinsically partof the AST, but othertools shouldbe able
to computehesdlowsusingthe AST. It isthesekindsof se-
manticanalysisandnot parsingthatmakeswriting a C++
front enddifficult.

3.1 Lexical Structure

In C/C++,it is straightforvardto identify the lexical to-
kens;it is lessstraightforwardto decidewhich onesshould
be storedin the schema.Sometokensarenot syntactically
significant,suchas spacesand line breaks,so somefront
endselectnot to storethem. Theseandotherlexical prob-
lemsarediscussedh this sectionandwe shav how they are
solvedin thetwo schemas.

The Datrix andColumhus schema$andlelexical struc-
ture similarly; both dealwith preprocessedodeandmain-
tainall (or almostall) lexical informationin the AST.

3.1.1 Preprocessing

Both the Datrix andColumtusschemaslealonly with pre-
processeaode. Macrosin C/C++ area complex and ex-
pressie programminganguageon their own. They canbe

usedto setup conditionalcompilationandevento tamper
with the syntaxof C/C++. Due to this flexibility, it is dif-
ficult to represent{and subsequentlyeconstructiarbitrary
preprocessaartifacts.

3.1.2 Line/Column Number Problem

This problemconcernghe recordingof locationinforma-

tion for entitiesin the schemaand hasbeendiscussedy

Bowman, Godfrey, and Holt in Section3.3 of their paper
[8]. They notedsomecomplicationswithin this problem:

1) the pathin a mangledfile nameneedsto be invariant
over differentinstallations;2) locationrangesfor a single

entity arenot alwayscontiguougexamplesareC++ classes
andconditionalcompilationunits);and3) thelevel of detail

requiredvariessignificantlybetweenools (someneedline

numbers,othersrequirecolumnnumbersaswell, andyet

othersusefile offset).

Datrix Schema

The Datrix schemaecordsthe line andcolumnposition
of mostitemsin the AST. Eachnodeusesthe beg (begin)
andendattributesto recordline andcolumnnumbers.For
example,the attributesbey: 24.8andend: 25.13indicate
thatanelementeginsatline 24, column8 andendsonline
25, column13.

File namesarestoredin specialnodeswithin the AST, at
thepointwherethefile is included. This approactassumes
that includedfiles containsub-treeof the AST, which is
sometimesottrue. Dueto this difficulty, the CPPXimple-
mentatiorhasadoptedanalternateapproachmuchlik e the
oneusedin the Columtusschema.

Columbus Schema

Every scopeelement(e.g. class,variable,function) has
an attribute called path for storingthe pathandfile name
of its declaration/definitiorandline, endline col andend-
col attributesfor saving the exactlocationin thefile. Lan-
guageelementsare organizedaccordingto scopegnames-
paces.classeshndfile informationis storedin the mem-
bers. The schemadoesnot have an entity for representing
files/compilationunits.

3.1.3 Project Handling Problem
A software project, or system,consistsof a setof source
codefiles (compilationunits). The languageslementsn a
projectcanbeorganizecdierarchicallyby compilationunits
or by namespacesThesetwo hierarchicalstructuresoffer
two differentways of constructingan AST for the entire
project;thuswe have the ProjectHandlingProblem.Some-
timesknown asthe Linking Problemthis issueis alsore-
latedto the NamingProblemin Section3.3.1.

Datrix Schema

The Datrix schemausesmanglednamesfor externally
visible symbolsin the sameway that standardcompilers
and linkers use manglednamesto allow linkage between
separatelycompiledpartsof a whole program.The graphs



for eachseparatecompilationare linked to form a single
large graph,in which commonparts,e.g.,headeffiles, are
combined.At the time of writing, neitherthe Bell Canada
northe CPPXimplementationperformthis linkage.

Columbus Schema

The Columhus schemagives namespacacopesprece-
denceover file scopes.Theremustalwaysbe at leastone
namespacebject,the global namespacewhich represents
the top-level namespacef the projectfiles. Pathinforma-
tion is storedin the memberobjectsandcanbe usedto re-
constructfiles. Similarly to Datrix, the Columkus schema
usesmanglednamesfor externally visible symbolsto help
link separateompilationunits.

3.2 Syntax

Now we turn our attentionto Syntax,the raisond’étre
of the AST. We will useacommonexampleto explain how
theDatrix andColumhusschemasepresenC++templates,
types,functions,andstatementsThe codefor the example
isin Figurel, while theASTsfor thetwo schemasiregiven
in Figures2 and 3, respectiely. We have simplified both
diagramdor clarity by omitting nodesandattributes,such
asline numbersthatarenot necessaryor our discussion.

Thetwo schemagndtheir diagramsusesomecommon
corventions. Both schemasiseintegersas uniqueidenti-
fiersfor nodes,sothekey of thetopmostnodein bothfig-
uresis “1”. The classof eachnodeis givento theright of
the key number;for example,in Figure2, the classof node
1is Generic Both schemasisea nameattribute in nodes
to give the nameof the sourceitem beingrepresentedfor
example,in both figures, the nameattribute of node 1 is
Array.

Edgesin the basic AST are drawn using thick lines,
while otherrelationshipssuchasreferenceso declarations,
aredrawn usingthin or dottedlines. Sometimesdgesare
orderedandthis is shovn in the diagramsusing parenthe-
sizedorder numbers for example,in Figure 2, ArcSon(2)
from nodel to node3 indicatesthatthis is the secondArc-
Sonedgeleaving nodel.

We will now usethe commonexampleto explain how
thetemplatetypes functionandstatementsarerepresented
in thetwo schemas.

321 Templates
C++templatesarewell known for beingcomplex anddiffi-
cult to handle.In the example,the templatehastwo kinds
of parametersatype(classT) andavalue(int Siz§.
Datrix Schema
The Datrix schemarepresentdemplatesby a straight-
forward encodingof their syntacticstructure. For exam-
ple,in Figure2, the Array templateis representedy node
1, togetherwith its four descendenhodes,numbered to
5. Thesefour representemplateparameteim, templatepa-
rameterSize private memberarr, and public memberget

template <class T, int Size>
class Array {
T arr[ Size];
public:
virtual const T& get(int
T& t = arr[idx];
return t;
}
[* set()...*/
b

i dx) {

QOWO~NOURMWNEPER

=

Figure 1. The common example

The source code excerptimplementsa generic (template)
array, which expectstwo parametes (thetypeof the stored
elementandthesizeof thearray) andhasa publicfunction
getthat returnsthe stored element. Thelanguage featules
in this examplewere chosento illustrate key decisionsin

designinghe two schemas.

Theedgedrom nodel to its descendentare ArcSonedges
(they arearcsto sons).Node2 is a TemplRramTypeobject,
whichindicatesthatT is atypetemplateparameterAnalo-
gously node3is a FormalFctRaramobject,whichindicates
Sizeis a value parameterThe contentsof thetemplateare
locatedby the third and fourth ArcSonedgesdescending
from Array's nodel, which connectthe nodesfor arr and
get

Columbus Schema

There are two kinds of templatesin C++: class-and
function templates. The schemamalkes no differencein
representingdhemby separatinghetemplaterepresentation
from the actualtemplateobject. This templaterepresenta-
tion is acompositenodecalledTemplRegnode2 in Figure
3). Thetwo templateclassesare ClassEmpl(nodel) and
Funcemplthat representhe classtemplateandthe func-
tion template respectiely.

Templatescanhave threekinds of templateparameters:
the“usual” type namecalled TemplRramTypeName&node
3), the non-typeor value (node 4), and anothertemplate.
The non-type parameteris modeledwith the class Tem-
plParamNonVpethatcontainsa Parameter(nodeb) object.
A non-typetemplateparameters syntacticallythe sameas
a function parameter Finally, the parametetthat is itself
a templateis representedby the classTemplRramTempl
which simply storesthe parametertemplate recursvely
composedvith a ClassEmplor Funcemplclass.

The schemahandlesboth classand function templates
in the sameway by separatinghe templaterepresentation
from theactualtemplateobject. Consequentlythetemplate
representationanbe treatedasa moduleseparatdérom the
restof theschema.
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3.22 Types

Liketemplatestherepresentationf typesis alsoacomplex

anddifficult taskfor the C/C++ language.ln the common
exampletherearethreeelementghat have types: anarray
(T arr[Size]), a function (virtual constT& get(int)) anda
functionparamete(int idx).

Datrix Schema

Thegeneralpatternfor representingypesin Datrix is to
usea nodefor the elementandto add nodesand edgesto
shaw its typeandvalue. In theexample, T arr[Size] is rep-
resentedstartingat node4 in Figure2. Thearray arr has
anlnstanceedgeconnectingt to ArrayType(node6). From
there,aninstanceedgeindicateghatthearrayelemenis of
typeT (node2), andanArcArrayDimedgepointsto thear-
raysize,Size(node3). ThereferenceypeT& is represented
with the classReflype(node7) andthe function parameter
int idx is representedith a FormalFctRaram (node9).

Columbus Schema

Thetype representatiois modeledwith the classType-
Rep(node8 in Figure3) thatcontaingwo compositenodes
called Typeformsthat standfor the type prefix and suffix
(nodes9 and 10, respectiely). The type prefix represents
the partof thetypebeforethe nameof thetypedobject(vir-
tual constT&), while the type sufiix representshe partaf-
terit; typically arrays([Size] andfunction parametergint
idx).

The type prefix and suffix consist of small building
blockscalled Typeforms(nodesl1-13). Thesecanbe sim-
pleonedik e pointerg(TypeformPtr), arrays(TypeformArr)
andparenthese§lypeformPrth); or compositedik e decla-
ration specifierlists (TypeFormSpecsandfunction param-
eterlists (TypeFormParamg. Thefirst compositgnodel1)
storesreferencego primitive specifiersmodeledas Prim-
Speobjects(nodesl6-18)or to objectsthatarerepresent-
ing typessuchasclassestypedefsandenums.The second
composite(node13) storesthe function parametersNote,
thatthis flexible typerepresentatiocanencodeanarbitrar
ily deepnestingof parameterthatarepointersto functions.

Similar to the templaterepresentationthe type repre-
sentations alsocompletelyseparatdrom the typedobject
(e.g. avariable). This way a unified type representatioins
achieved andenforcedin the schemawhich contributesto
themodularizatiorof the schemaaswell.

3.2.3 Functions
TheAST for afunctionneeddo recordthefunction’sname,
its parametersits returntype and body. In the common
example(Figurel), thefunctiongethasoneparameteridx,
areturntypeof T&, andabody containingtwo statements.
Datrix Schema
Eachfunction is representedy a sub-treerootedat a
nodeof type Functionwith the functionnamestoredin the
nameattribute. Thereare edgesfrom this nodeto func-
tion parameter(sthebodyof thefunction,andreturntype.

In Figure 2, the sub-treefor the get function is rooted at
node5. Fromthere,thefirst sonarc, ArcSon(1) locatesits
parameteidx (node9) andthe secondsonarc pointsto a
Block objectstartingthe function body sub-tree(node10).
An Instanceedgeconnectsts returntype T& in node7.

Columbus Schema

In the Columhus schemaall memberobjects(variables,
functions, typedefs,etc.) are representedxactly in the
sameway: they are derived from the abstractbaseclass
calledMember which hascommonpropertiedor all mem-
bers like visibility and location information. Individual
memberclassesre: Variable (hode6), Typedef Function
(node7), Parameter(nodess, 14), Enum Enumeator, Us-
ing and NamespaceAlias Theseclassesalso contain at-
tributes(virtual, default value,etc.) specificto theelements
they arerepresenting.

Functionparametersare treatedas part of its type rep-
resentation(seeSection3.2.2), so parameterf function
pointersarehandledthe sameway.

3.24 Statements

The AST needsto representstatementsand also expres-
sions.Theseareillustratedin the commonexample(Figure
1), by thetwo statementsnlines6 and7 in thebodyof the
get function.

Datrix Schema

In the Datrix schemastructuredstatementssuchasfor-
loops and if-statementsare representedising specialized
nodeclasses. Expressionsare representedby an operator
nodewith an attribute that recordsthe particularoperator
and edgesto its operands.Simple statementsnotably as-
signmenistatementsareconsideredo be expressions.

Statemen® in the exampledeclaredocal variablet and
initializesit. Thisis representeth Figure?2 startingatnode
11. An Instanceedgeindicatest’s type, T& (node7). An
ArclnitVal edgepointsto an expressionrootedat node 13
that givest's initial value. In this BinaryOpeator node,
the op (operatorattributeis array-ref to representhe sub-
scripting expression,arr[idx] . Its operandsare found by
following the ArcOpd edgesto its children (nodes15 and
16).

Columbus Schema

The Columhus schemadoesnot cover statementset,
but this is ongoingwork. Designdecisionsandexperiences
from the Datrix schemawill beusedto make theschemaas
usefulaspossible.

The elementsdiscussedn this subsectiorgive the fla-
vor of how the two schemasgleal with syntax. For more
informationabouthow they handleotherlanguagédeatures,
consulttheir respectie documentatiorschemasl, 10].

3.3 Semantics

In this sectionwe discusssomeof thesemantidnforma-
tion to beincludedin the schemajn particularnamingand



resolution.While thisinformationis not strictly partof the
abstracsyntax,it is neededy downstreamanalysigtools.

3.3.1 Naming Problem

Thisproblemwasdiscussedyy Bowman,Godfrey, andHolt
in their paper[8]. Whenstoringandexchangingdatawith
GXL, eachentity musthave auniqueidentifier While auto-
maticallygenerateddentifierssuffice, they makeit difficult
to combinedatafrom differentcompilationunits (and dif-
ferenttools),andto comparedifferentversionsof the same
softwaresystem.Someapproachesisethe nameof theen-
tity itself plussomepathinformationto generateéheunique
identifier UnfortunatelyC/C++ allows differentelements
to usethe samename. For example,labelsand variables
cansharenamedecausehey arestoredin differentsymbol
tables.

Datrix Schema

Entitiesin the Datrix schemaave uniqueidentifiersthat
are positive integersassignedarbitrarily by the front end.
Theapproactdoesnotusemanglednamesorthefull path
name;rather it simply usesthe namesas they appearin
the sourceprogram. Nodeswith the samenameare dis-
tinguishedby their uniqueidentifiers. Sinceneitherimple-
mentationof the Datrix schemacurrently performsglobal
linking, manglednamesarenot (yet) needed.

Columbus Schema

The Columhus schemausesthe sameapproachas Da-
trix to identify the nodes. Besidesthe uniqueidentifier, a
so-calledmangled/decatednameis createdor eachfunc-
tion in a mannervery similar to compiler systems. Since
C++ allows function overloading,multiple functionswith
the samename can exist within the samescope. This
manglednameallows usto distinguishthemby including
the nameandreturntype of the function togethemwith the
namesandtypesof its parametersFor example,the func-
tion get in the commonexamplewould have the mangled
name:get@virtuafcons$THE@ (int)).

Differentidentifiersassignedo the sameentity in differ-
entcompilationunits (e.g. includedfrom the sameheader
file) arereconciledduringthelinking phase.The front end
re-assignsheseidentifiersandall referenceso theoriginal
identifiersarechecledandcorrected.Lik e Datrix, scoping
informationis not partof thename becausé& canbeunam-
biguouslydeterminedrom the hierarchicalstructureof the
AST.

3.3.2 Resolution Problem

Bowman, Godfrey, and Holt also discussedhis problem
[8]. They wrote, “Fact extractorsdetectwhen one source
codeentity refersto anothey andrecordthis asa relation.
The algorithmthe extractorusesto determinewhich entity
is referredto depend=on the sourcelanguageandthe im-

plementatiorof the extractor” (Page96). They gave four

catgyoriesof resolution:

1. Notresolved.

2. Resolvedo declamation. Typically, compilersonly re-
solve to this level. An identifier may have multiple
declarationsbut only onedefinition.

3. Resolvedo staticdefinition. Typically, alinkeris used
to resolwe all referencedo global variablesandfunc-
tionsto the appropriatedefinition.

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

Datrix Schema

The Datrix schemaesolhesthe useof anidentifierto its
correspondingleclarationaspercategory two in theabove
list.

Columbus Schema

Not all referencesreresolhedin the Columlusschema,
becausestatementsre not yet represented However, the
linker in the front endresohesreferencego forward dec-
larations(e.g. globalvariablesandfunctions)to their static
definition,aspercatejory three.

4 Discussion

In this section,we will considersomeof the lessons
learntfrom attemptingto designa standardschemdor C++
ASTs. We begin with acomparisorof thetwo schemasnd
thencritically examineour approacho solvingthis dataex-
changeproblem. This discussioralsoconsidersalternatie
approachessuch as sourcecodetagging, standardAPls,
andmodularschemas.

4.1 Comparison of the Two Schemas

Not surprisingly theindependentlylevelopedColumius
andDatrix schemaave alot in commonsincethey areboth
derived from the C++ grammar However, they differ in
their terminologyanddetails. Sincethe Columlus schema
is not yet complete,we cannotcomparetheir handling of
statementsand expressions put we can comparethemin
otherrespects.

One significantdifferencebetweenthe two schemass
therepresentationf types. The type representationf the
Columhusschemalirectly reflectsthe syntacticdecomposi-
tion of thetypedeclaratiorwhereaghe Datrix schemaasa
morestraightforvard semantiaepresentationThe Colum-
busschemaeparateprefixandsuffix partsfor declarations
and capturegtype qualifiersand specifiersas nodeswithin
the prefix andsuffix parts. Thoughthis modelingeasese-
generatingthe original code, it complicatestype compar
isonsbecauserefix and sufiix partsneedto be combined
to getthefull typeinformation.

The Columlus approachappearsto be more detailed,
moresymmetricandusesadditionalnodesandentity types
to encodestructurethanthe Datrix approachConsequently



theDatrix schemaequireghereadetto have greateiknowl-
edgeof the sourcelanguagdanformation. For instancethe
Columlusschemalearlydistinguisheshetemplateparam-
etersfrom themembedeclaration®f thetemplateby adis-
tinguishableedgeand a node TemplRepthat containsthe
templateparametergnode 2 vs. nodes6 and7 in Figure
3). In contrastthe Datrix representatiomasonly ArcSon
edgesleadingto both templateparametersand members
(seeedgescomingfrom nodel in Figure2). Consequently
edgeshecomemoreor lessuntypedsincethey referto in-
comparablenodes: to parametergnodes?2 and 3), andto
membergnodes4 and5). As a hegative consequencene
hasto traverseall outgoingArcSonedgesof atemplate(in-
cluding thosethat lead to parameters)n orderto find the
membersof a template. Also, the Datrix schema‘over
loads” edgetypes, e.g., the Instanceedgedoesnot mean
justadirectinstance.

Both schemashave room for improvement. Both use
flagsin somenodesto encodesubtypingandtheseshould
be changedo usereal subtyping. For instance Datrix has
just an abstractclassfor operatorsand the exact operator
subtypeis encodedasan additionalattribute op. Similarly,
in the Columhus schemayeferencesand pointersare both
of the sameclassTypeormPtr and are distinguishedby a
flag kind.

Finally, neitherschemancludestyping information for
subepressions. Type inferencein the presenceof over-
loadedoperatorandfunctionsis a difficult task. If wewant
to take advantageof a front endthat givestyping informa-
tion, the schemaneeddo have placeholdergo capturethis
information. It would be goodif implicit type corversions
wererepresentedxplicitly. Otherwisethe resulting AST
would containtypeerrors.

4.2 Other Approachesfor Exchange

Given all of the difficulties and problemsthat we have
identifiedin this paper onequestionthatarisesis: Are we
usingthe right approach?Are the complicationsa conse-
guenceof the solutionwe have choseror thebasicproblem
itself? We canattempto answetthis questiorby examining
otherapproacheto sharingdataaboutsourcecode.

Ratherthan using XML to encodeextracteddataas a
graph(as GXL does),anotherapproachis to encodethe
AST itself usingthestructureof XML documentsTheHar
moniaframework for building CASE tools[7] andcppML
developedat University of Waterloo[19] both usethis ap-
proach.While Harmoniaaddstagsto sourcecodeasmeta-
datato achieve this structure,cppML only usestagsand
recordsthe additionalinformationasattributeson the tags.
Althoughthis approachs more consistentvith how XML
tools handledocumentsj.e. translatingnestedtagsinto a
hierarchy the problemthey are solving is not inherently
simpler

Anotherapproactis to provide an API (applicationpro-
gramminginterface)to anin-memoryrepresentatioof the
parsedsourcecode. IBM’s VisualAge C++ compiler pro-
videsan API to its internaldatastructureq17]. As men-
tioned earlier the Ada community has a standardAPI,
called ASIS, to allow othertools to usethe intermediate
representationsmside compilers[16]. It shouldbe noted
that ASIS follows a previous unsuccessfukffort (DIANA)
to promotetool interoperabilityby standardizingASTs for
internalrepresentation.

A majordifficulty of attemptingo standardizeeschema
for C++ASTsisto bringtoolsinto compliance This signif-
icanteffort of modifying toolsto produceandusethe new
informationformat may not be acceptabldor tool builders
and vendors. One possiblesolutionto solve this problem
would be to develop a framework for modular schemas
with well-definedinterfacesbetweemmodules.Eachmod-
ule would containthe subsebf theschemaelatingto apar
ticular problem, for example,templates projects,or type
handling. The framework would allow peopleto pick and
chooseamongdifferent predefinedsub-schemdplug-ins”
andshouldbe extensibleso thatthe usersmay definetheir
own sub-schemaolutions. The framevork may include
predefinedransformatioralgorithmsthatmapbetweerdif-
ferentschemassimilarto onesdiscussedyy Bowman,God-
frey, andHolt in Sectionst.2-3of their paper[8].

Consider for example,the type representatioportions
of theDatrix andColumlusschemasThesearequitesepa-
ratefrom the otherpartsof the schemaandcould easilybe
two alternatve type representatioplug-ins. It would also
be possibleto definea generalsub-schemawhich covers
several possiblesolutions. However, such generalization
may not always be possiblewhen solutionsare quite dis-
tinct, asis the casewith thetemplatehandlingin Datrix and
Columhusschemas.

5 Conclusion

We plan to continueour work on creatinga standard
schemdor C++ atthe AST level. In doing so, we hopeto
adwancethestateof tool interoperabilityin thereverseengi-
neeringandreengineeringommunitythroughthe useof an
SEF, GXL. Whetheror not a standardschemaprovesto be
thefinal answeirfor exchangingow-level softwaredata,we
believethelessondearntandthe schematself will bevalu-
ablein future efforts. Indeed,we have learneda lot about
our own schemasndwaysthey canbeimproved.

We invite othersto participatein this effort to definea
standargschemaln particular we arelooking for designers
of analysistoolsto testandcritique our schemasswe re-
finethem. Anyoneinterestedn this problemshouldcontact
oneof the authorsdirectly or join the mailing list (instruc-
tionsareavailableat:

http://rgai.inf.u-szged.hu/mailmafiistinfo/gxIl-cpp).
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