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Abstract— Marshaling or serialization of objects is an impor-
tant componentof both distrib uted and parallel computing. Cur-
rent systemsimposea signi�cant burden on the programmer for
describing the marshaling of complex, recursive data structur es.
Marshalgen provides a semi-automatic processfor marshaling
in C and C++. Marshalgen avoids the need for complex IDLs
and auxiliary routines. It is basedon annotations of the existing
source code.

I . INTRODUCTION

Marshalgenis a packagefor semi-automaticallymarshaling
objects.Marshalingis theprocessof copying associated�elds
of anobjectinto acontiguousbuffer in memory. This is critical
for internetcomputing.It is neededto copy an object across
the network. Its applicationsinclude parallel and distributed
computing.It alsoextendsto the computationalgrid [1], [2],
[3].

Marshalgenis different in conceptfrom such well-known
marshalingpackagesas rpcgen[4], CorbaIDL [5], and Java
serialization[6]. Its purposeand designare distinguishedby
thegoalof providing marshalingservicesfor existingsoftware.
This provideseaseof maintenanceasthe existing software is
transformedthroughfrequentversionupgrades.

Marshalgenhasan annotation-basedstrategy, which allows
the original application sourcecode to be used unchanged.
Marshalgenrequiresonly theadditionof a few comment-based
directives.A consequenceof this designis that theapplication
writer does not need to learn a new Interface De�nition
Language (IDL). The applicationwriter also doesnot need
to createadditionaldata structuresor auxiliary code for the
objectsto be marshaled.In the simplestand most common
case,it suf�ces simply to write //MSH BEGIN andMSHEND
aroundthe data structureto be marshaled,and then run the
�le through the Marshalgenpreprocessor. In the more com-
plicatedandmostgeneralcase,Marshalgenprovidesa triple,
(FIELDMARSHAL, FIELDUNMARSHAL, FIELDSIZE), of
user-speci�ed codefragmentsto direct Marshalgenin writing
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themarshalingstubs.Suchtriplesarediscussedin SectionIII-
B.

A. Example:Issuesin MarshalingGeant4

The decisionto write an extensible,object-oriented,semi-
automatedmarshalingpackagewasmotivatedby thestruggles
of the �rst author in parallelizing Geant4[7], [8], [1], [2].
Geant4is a toolkit for simulatingparticle-matterinteraction.
It comprisesapproximatelyone million lines of code.It was
developedby RD44,a world-wide collaborationof about100
scientistsin Europe,Russia,Japan,Canadaand the United
States,participatingin more than 10 collider experimentsat
CERN. It is important,amongother reasons,for determining
in advancewhereto placedetectorsfor collider experiments
to maximizethe chancesof detectingeventsof interest.

The �rst author parallelizedGeant4using the high level
parallelizationtool, TOP-C [9], after someother groupshad
failed to parallelize Geant4. TOP-C provides support for
parallelization,but it views marshalingasan external library,
similar in spirit to the relation for the core C languagewith
theC stdio library. Parallelizingthetypical Geant4application
requiresmarshalingcomplex objects,suchas arrays,collec-
tions of dynamicextent, pointersto static objectspresenton
all machines(which thereforeshouldnot be marshaled),and
otherobjectsfor whichseparatemarshalingfunctionshadto be
written. Themarshalinghasaccountedfor 250of the450 line
parallelizationof Geant4.The marshalingcodeis now being
rewritten usingMarshalgenandabout20 lines of annotation.

Marshaling the complex Geant4data structuresinvolves
several real-world marshalingissues.For instance,one may
only want to marshalarray elementswith odd index if the
evenindex entriesarestaticdata.Thearraymayhavedynamic
content.In marshalingdatamembersof an object, one must
choosebetweendeepshallow copying. A datamembermay
be an index or offset into a static tableof de�nitions already
presentonall machines.Commontypesareoftenaliasedusing
the C++ typedefcommand.This requiresmarshalingroutines
to be aliased.Such real-world issuesgreatly complicatethe
useof traditional IDL-basedmarshalingpackage.

In theexampleof Geant4,maintaininga correctIDL across
versionupgradeswould requirea tediousanderror-pronejob



#include MYCLASS.h //MYCLASS is a user defined application class

main() { //MARSHAL OBJECT FOR SENDING
MYCLASSobj1(); // Construct an instance, obj1, of MYCLASS
MarshaledMYCLASS mObj1(obj1); // Marshal it into marshaled object, mObj1
SendBuffer( mObj1.getBuffer() ); //Send the marshaled buffer to remote host
...

//RECEIVE A REMOTEMARSHALEDOBJECT
char *mbuf = ReceiveBuffer(); // recv marshaled buffer from remote host
MYCLASSobj2; // obj2 is uninitialized instance of MYCLASS
MarshaledMYCLASS::unmarshal(mbuf, obj2); // Unmarshal mbuf into obj2

}

Fig. 1. main.cpp (invocationof marshalingroutines)

of rewriting theIDL with eachnew version.In theMarshalgen
alternative, the programmerneedonly addsimpleannotations
from a small setof approximatelyten keywords.

A more subtle motivation for semi-automaticmarshaling
occurswhenonedoesnot have accessto thesourcecode.One
must then write additional marshalingroutines,without the
luxury of modifying the sourcecodeof the targetapplication.
For example, some vendorsdo not distribute sourcecode.
Such an application consistsof pre-compiledlibraries plus
include�les with the necessaryclassdeclarations.In the case
of Geant4,one prefersto usepre-compiledlibraries to avoid
the burdenof compiling a large package.The source�les of
Geant4,version5.1, consistof 8.25Megabytesof source�les
after compression.They also distribute pre-compiledGeant4
librariesconsistingof 16.77Megabytes.

B. Organizationof Paper

The paper is organizedas follows. SectionII brie�y dis-
cussesrelatedwork. SectionIII describesMarshalgenasseen
by the end user. SectionIV describesthe intermediateIDL
generatedby Marshalgen.This IDL is then usedto generate
the traditional stub or skeleton code for marshaling.Future
work summarizedin SectionVI.

I I . RELATED WORK

Previous well-known marshaling systems include rpc-
gen[4], CorbaIDL [5], andJava serialization[6] aspartof the
Java RMI (RemoteMethodInvocation)facility. The packages
rpcgenandCorbaIDL arebothIDL-based.(The.x �le of rpc-
genactsastheIDL �le.) Thepackagesarenot asextensibleas
Marshalgen.They allow theprogrammerto marshalcompound
datastructuresby specifyingthecomponents.However, either
all or noneof the datastructuremust be marshaled.Further,
thereis no provision for marshalingpointersto otherobjects.
In addition, thereare numerousmarshalingpackagestied to
a particularsoftwarepackage.Microsoft hasdesignedits own
marshallingpackages,suchas MIDL and DCOM [10]. With
theriseof XML, therearenow alsomany packagesto marshal
data into XML. Foremostamongtheseis XML-RPC [11], a
variationof RPCusingXML for themarshaledrepresentation.
OtherXML marshalingpackagesincludeJAXB, CastorXML
anda lot of others.

Much of the work on marshalinghasbeenconcernedwith
morehighly optimizedpackagesfor ef�ciency [12], [13], [14],
[15]. Suchpackagesare typically basedon marshalingall or
noneof a data type, and do not allow for pointer members.
The UniversalStub Compiler (USC) [15] optimizedcopying
basedon userspeci�cation.

I I I . OVERVIEW OF MARSHALGEN

We demonstratethe simplicity of the Marshalgenapproach
through a running example in marshalinglinked lists (see
Figures1, 3, 4 and5). For eachapplicationclass,MYCLASS,
Marshalgenproducesa new class, MarshaledMYCLASS ,
anda constructor, MarshaledMYCLASS() . An instanceof
MarshaledMYCLASS containsa marshaledbuffer of MY-
CLASS. The buffer canbe unmarshaledby calling a member
function MarshaledMYCLASS::unmarshal() . An intu-
itive C++ binding makes the usageeasyfor the end user. A
typical invocationfrom main() is shown in Figure1.

A. Marshalgen Framework

The layersof Marshalgenand the processfor building an
applicationusing Marshalgenare shown in Figure 2 (a) and
(b), respectively.

B. Annotations

Marshalgenis distinguishedfrom othermarshalingsystems
in that the end user needonly annotatethe existing object
declarationin the included �les. A Marshalgenannotation
is speci�ed asa triple, (FIELDMARSHAL, FIELDUNMAR-
SHAL, FIELDSIZE), for eachdatamemberto be marshaled.
Eachelementof the triple is a codefragmentspecifyinghow
to marshala �eld, unmarshala �eld, or determinethe sizeof
the marshaled�eld. Conceptually, Marshalgenalreadyknows
how to marshalprimitive datatypes.So, it suf�ces to describe
how to marshalcompounddatatypes.Then Marshalgencan
marshalany objectby recursively marshalingeachdatamem-
ber.

Annotationsof a struct or class must be surroundedby
//MSH_BEGIN and //MSH_END. Real-world code often
usestypedef to provide a simple name,NEWTYPE, for a
commondatatype. Sucha casemust also be surroundedby
//MSH_BEGIN and //MSH_END in order for Marshalgen



Fig. 2. Overview of Marshalgen(a) The layeredview of marshalgen;(b) Building an applicationusingMarshalgen.

#include <stdio.h>

//MSH_BEGIN --- beginning of marshaled block
class LinkedList
{
public:

int head; //MSH: primitive
LinkedList *next; //MSH: predefined_ptr

public:
LinkedList(int = 0 , LinkedList* = NULL);
bool operator==(LinkedList l);
bool operator!=(LinkedList l);

};
//MSH_END --- end of marshaled block

Fig. 3. LinkedList.h : original application�le with Marshalgenannotations;The annotationsfor head andnext areoptional,sinceMarshalgenalready
knows how to marshalan int or to recursive call itself to marshala recursive datastructure

Default Annotations Explanations
//MSH: primitive For int, double,char, �oat andotherprimitive datatypes

Usebuilt-in marshalingroutines
//MSH: primitive ptr For int *, double*, andotherpoints to the primitive data

Usebuilt-in marshalingroutines
//MSH: prede�ned For instancesof a previously annotatedstructor class.

Usepreviously de�ned MarshaledMYCLASS
//MSH: prede�nedptr For pointersto previously annotatedstructor class

Usepreviously de�ned MarshaledMYCLASS
//MSH: array For arraywith elementtype from four casesabove

Usearrayof marshaledelements

TABLE I

OPTIONAL ANNOTATIONS: ONE OF FIVE DEFAULT CASES, DETERMINED BY PARSING DATA TYPES

to provide a marshalingclasswith the correspondingname
MarshaledNEWTYPE.All the annotationsare in the format
of //MSH: annotationtype. As new casesappear, it is easyto

addnew typesto the designof annotations.
Conceptually, eachdatamemberof theobjectfalls into one

of � ve categoriesbelow. These� ve categoriesare described



%{
#include <string.h>
#include "LinkedList.h"
%}

marshaling class MarshaledLinkedList (LinkedList *__obj)
{

int head;
// The triple (FIELDMARSHAL, FIELDUNMARSHAL, FIELDSIZE) is omitted
// for int, since mgen already knows how to marshal an int.

LinkedList *next;
// FIELDMARSHAL:
{ MarshaledLinkedList __m_obj(__obj->next);

memcpy($BUFFER, __m_obj.getBuffer(), __m_obj.getBufferSize()); }
// FIELDUNMARSHAL:
{ MarshaledLinkedList __m_obj($BUFFER);

__obj->next = __m_obj.unmarshal(); }
// FIELDSIZE:
{ MarshaledLinkedList __m_obj(__obj->next);

$SIZE = __m_obj.getBufferSize(); }
}

Fig. 4. LinkedList.msh : IDL generatedfrom annotatedLinkedList.h �le: The recursive de�nition of MarshaledLinkedList re�ects the recursive
de�nition of the original LinkedList class.

to provide a generalframework. The actualannotationsused
by Marshalgenare different, and are describedlater in Ta-
ble I. Simple datamembersneedno specialannotationsfor
marshaling.Thereis a default routinefor marshalingsuchdata
members.Hence,thelastfour of the� ve categoriesarepresent
to handlecertainreal-world issuesthataresometimesomitted
in simpledemonstrationsof marshaling.

1) default: A treetraversalstrategy basedon memberdata
types is employed for marshaling.Refer to Table I for
details.

2) transient: Don't marshal. Set to default value
(e.g.NULL) on unmarshaling.

3) ptr shallow copy: Copy pointer only. This works only
on homogeneousarchitectures.It assumesthat the ex-
ecutableis loadedat the samevirtual memoryaddress
on suchhomogeneousarchitectures.

4) ptr to static table(TYPE TABLE): Convert pointer
into index into static table. The table and its type are
speci�ed as a parameter. Table is sameon sourceand
destination.

5) manual(FIELDMARSHAL, FIELDUNMARSHAL,
FIELDSIZE): This is for special application-speci�c
cases not handled above. Code fragments are pro-
vided for FIELDMARSHAL, FIELDUNMARSHAL
andFIELDSIZE.

The source�le Marshalgenis a C++ �le with appropriate
annotations.As shown in Figure 3, the class is declaredin
some�le, MYCLASS.h. Here, we assumethat MYCLASSis
a classfor de�ning linked lists. The Marshalgenannotations

aredescribedin Table I.
Marshalgenalsohasa variationof thesyntaxof Figure3 for

marshalingmorethanoneoriginalobjectasasinglemarshaled
object.Marshalgenthenproducesa new marshaledclasswith
eachmarshaledobjectas its �eld.

IV. INTERMEDIATE LANGUAGE

Marshalgencurrentlytranslatestheannotationsinto a .msh
�le. This .msh �le is thentranslatedinto C++ stubcode.We
directly generateC++ stub codefor easeof experimentation.
A future version may translateinto an IDL �le, and data
structuresandauxiliary functionsfor any of rpcgen,CORBA
or Java serialization.

Thegrammarof the intermediatelanguagefor speci�cation
of singleobjectmarshalingis as follows.

%{
//anything to be included or defined
INCLUDE\_MACROS
%}

marshaling class MTYPE (TYPE OBJ) {

TYPE1 FIELD1;
{ FIELDMARSHAL}
{ FIELDUNMARSHAL}
{ FIELDSIZE }

TYPE2 FIELD2;



class MarshaledLinkedList : public MarshaledObj {
MarshaledLinkedList(LinkedList source);
˜MarshaledLinkedList();
void unmarshal(MarshaledLinkedList m_obj, LinkedList dest);

}

class MarshaledObj {
public:

char *msh_buffer; // same as $BUFFER
char *msh_size; // same as $SIZE
char *msh_cursor;
...
inline int getBufferSize() { return msh_size; }
inline char *getBuffer() { return msh_buffer; }

}

Fig. 5. MarshaledLinkedList.h and MarshaledObj.h : MarshaledLinkedList.h and MarshaledLinkedList.cpp are stub �les generatedfrom
LinkedList.cpp by mgen.The classMarshaledObjis not generated.It is a �x ed classin the Marshalgenpackage.

Fig. 6. InternalArchitectureof the MarshaledBuffer

{ FIELDMARSHAL}
{ FIELDUNMARSHAL}
{ FIELDSIZE }

...
}

Here,TYPE is theoriginal type(or classor struct)that is to
be marshaled.MTYPE is the nameof the classthat contains
the marshaledobject. By convention, if TYPE is Foo, then
MTYPE is MarshaledFoo.

The MarshalgenIDL is easilyreadableby a non-expert,al-
lowing for easycustomizationby theend-user. Figure4 shows
a sampleIDL �le for a linked list. It correspondsto a Corba
IDL �le or to a .x �le in rpcgen.The variable $BUFFER
is of type (char *) , pointing to a marshaledbuffer, and
$SIZE is a variablespecifyingthe sizeof the marshaleddata.
FIELDMARSHAL and FIELDSIZE must set $BUFFER and
$SIZE, respectively, while FIELDUNMARSHAL may read
from $BUFFERand$SIZE.

Finally, Marshalgen produces two stub
�les, MarshaledLinkedList.h and
MarshaledLinkedList.cpp (see Figure 5 below).
This is implementedusing GNU bison and �e x for parsing.
The correspondingclass is derived from MarshaledObj ,

which maintainsan internal buffer $BUFFER, as shown in
Figure6. The next sectiondescribesthe internalsfor writing
to that buffer.

V. INTERNALS

Internally, marshalingis doingnothingmorethanconverting
anobject(or a numberof objectsandvalues)into a bytearray,
which is suitableto besentover thenetwork or bewritten to a
�le. Several internal �les arepart of the Marshalgenpackage.
Two �les, marshalgen.y and marshalgen.cpp , are
there to read the marshalgenlanguage.There are two other
library �les. The �le genfiles.c is part of the compile-
time libray, while MarshaledObj.cpp is part of the run-
time library which, is a baseclassfor all marshaledobjects.

The �les MarshaledObj.h and MarshaledObj.cpp
contain code for the basic marshaling.The baseclassMar-
shaledObjcontainsa buffer that storesthe marshaledobjects.
This �eld of MarshaledObjis called msh buffer . Thereis
also a �eld called msh cursor , which points to the next
�eld of theobjectto bemarshaled.Thepointermsh cursor
movesalong msh buffer as the object or objectsare mar-
shaled.Figure6 is a diagramof msh buffer .

Thesequencein whichobjectsaremarshaledis not random.
In single-objectmarshaling,the sequencein which �elds of



an object are marshaledis the samesequencethe �elds are
speci�ed in the �eld speci�cation.In multiple-objectmarshal-
ing, the sequencein which objectsaremarshaledis the same
as the order in which objectsare listed in the parameterlist.

Thesequencein which objectsaremarshaledcanbeimpor-
tant.For example,supposeonewishesto marshalan arrayof
objects.The size of the array must be marshaledalong with
thearray. In this case,thesizeof thearraymustbemarshaled
beforethe arrayis marshaled,sincethesizeof thearraymust
beknown beforethearraycanbeunmarshaled.Therefore,the
sizeof the arraymustprecedethe arrayitself in the .msh�le
speci�cation.

Marshalgencan also gracefully handlemarshalingof mu-
tually recursive datastructures.This is a slight generalization
of the MarshaledLinkedList example.If an object of classA
containsapointerto anotherobjectof classB, thenmarshaling
of anobjectA dependson themarshalingof anotherobjectB.
But anobjectof classB maysimultaneouslycontaina pointer
to an object of class A. In the .msh �le, one can use
marshaledB to specify how A shouldbe marshaled.This
caseis marshaledautomaticallyusing our standardannota-
tions.

Theef�ciency of Marshalgenwith respectto CPUtime and
memorytendsto be excellent.This is becausethe marshaling
codeis generatedat compile time andtargetedspeci�cally at
theoriginal annotatedclass.So thereis no run-timeoverhead,
andno paddingis needein writing to the marshalingbuffers.

VI . FUTURE WORK

This paperpresentsa new semi-automaticand extensible,
object-orientedmarshalingpackagebasedon annotations.A
future version of Marshalgenwill further simplify the an-
notations.More types of annotationswill be optional, and
determinedby parsing.

Two particular issuesremain to be addressedbeforeMar-
shalgencan be applied to large, complex applications,such
as Geant4.Theseare (i) private datamembersand (ii) class
hierarchiescontainingtemplatesor derived classes.The �rst
issue would arise if the class MarshaledLinkedList had to
accessprivatedatamembersof LinkedList.The secondissue
of classhierarchiesis importantsincetemplateinstantiations
andderived classesneedinformation from a baseclass.

We foreseeMarshalgenasbeingaddedto existing systems.
Marshalgenhas a small footprint, and is trivial to bring up
in a new operatingsystem.Although the currentprototypeof
Marshalgenhasbeenwritten for homogeneousarchitectures,

it is easyto extendto heterogeneousarchitectures.Oneoption
is to usea packagesuchasXDR (eXternalDataRepresenta-
tion) [16]. Alternatively, Marshalgencan be basedon top of
CORBA, RPC,Java Serialization(RMI) to gain their support
for heterogeneousarchitectures.
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