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Abstract— Marshaling or serialization of objects is an im-
portant component of both distrib uted and parallel computing.
Curr ent systemsimposea signi�cant burden on the programmer
for describing the marshaling of complex, recursive data struc-
tur es. Marshalgen provides support for retro�tting legacy and
complex software with marshaling features.The original version
of Marshalgen provided a semi-automaticprocessfor marshaling
in C and C++, basedon annotations of the existing include �les.
The new version reported on here provides dir ect support for
class inheritance, templates and other important features of an
object-oriented programming style.

I . INTRODUCTION

Marshalgen is 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].

Marshalgenis intended to support marshalingof legacy
andcomplex software.The goal of Marshalgenis to simplify
human-computerinteraction.It doesso by requiring the user
only to add annotations(comments)to the include �les. By
not requiring the modi�cation of the sourcecode(other than
include �les), Marshalgenprovides two bene�ts.

1) It supportssoftware librariesdistributedasbinary only,
with include �les to supportthe API.

2) It allows one to marshal large, complex software by
minimally invasive modi�cations to the existing code.
This resultsin moremaintainablesoftware.

Version1 of Marshalgenwas previously reportedon else-
where[3]. Loosely speaking,althoughversion1 of Marshal-
gen was targeted toward C++, like most other marshaling
packages,Marshalgenprimarily addressedmarshalingof an
isolatedclass.Classeswere marshaledin isolation. In cases
of inheritance and templates,marshaling was dif�cult or
impossible.Version 2 of Marshalgenaddressestheseissues
of polymorphism.

Polymorphismconcernsitself with abstractionsthat oper-
ate uniformly on values of different forms. Polymorphism
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is supported in object-orientedprogramming through two
main abstractions:inheritance(subtypeor inclusionpolymor-
phism [4]) and genericity (templates;parametricpolymor-
phism).

Our motivation was to have suf�cient featuresso as to
automaticallymarshalGeant4,a packagefor particle-matter
interaction.For this purpose,we addressmarshalingissues
closely associatedwith object-orientedprogramming.Ver-
sion 2 addsmarshalingsupportfor four languagefeatures:

1) Genericity(C++ templates)
2) Polymorphic Access (An object has a compile-time

type B, but a run-time type D, whereD is one of the
derived classesof B.

3) Inheritance(A derived classD inherits data members
from a baseclassB. An objectof type D mustmarshal
data membersdeclareddirectly in D, and also those
additionaldatamembersdeclaredin B.)

4) Visibility of data members(What doesone do with a
datamemberthat is protectedor private?)

We speci�cally do not addressmultiple inheritance.In many
cases(including Geant4), C++ programmerstry to avoid
multiple inheritance.Where they do use it, they use it in a
restrictedcontext that can best be served in Marshalgenby
user-speci�ed annotationssuitablefor the speci�c context.

Cyclic datastructures,suchasdoubly linked lists, represent
a specialissue.That issuewill be addressedin a future work.

SectionII provides an overview of Marshalgen.The new
supportfor handlingpolymorphismandvisibility aredescribed
in SectionIII. SectionIV concludeswith anexamplemotivated
by Geant4.

A. Taxonomyof Issuesfor any MarshalingPackage

It is useful to provide a taxonomyof the casesthat any
marshalingpackage(not just Marshalgen)will encounterin
the real world in marshalingcompoundtypes.We illustrate
for a class,althoughthe ideasare also valid for an array. It
is assumedthat primitive types (int, �oat, etc.) are always
marshaled.Pointer typesare marshaledalong the samelines
asclassdatamembersthat areof pointer type.

1) Deepcopying of data members(default for Marshal-
gen): (Marshalgenannotationsareoptionalin this case.)



a) pointer member pointing to class, pointer, or
primiti ve type for which a marshaling routine
is available

b) class member: invoke the marshalingroutine for
the class

c) array member of declared array size: iteratively
marshaleachelementof thearrayusingtheappro-
priatemarshalingroutine

d) dynamically allocated arrays: annotation in-
cludesa parameterto determinethe arraysize

e) user-written stub functions: This is for casesnot
handled above. (Marshalgenprovides additional
supportfor this case,by requiring the application
writer only to annotatea triple of codefragments
for marshaling,unmarshalingand the size of a
�eld: (FIELDMARSHAL, FIELDUNMARSHAL,
FIELDSIZE). See[3] for further information.)

2) Shallow copying of data members:

a) transient member: Don't marshal.Set to default
valueon unmarshaling.(For example,if a pointer
is not usedby the remoteprocess,then it suf�ces
to marshalthepointerto thenull pointer. An array
acts as a pointer in this case.If a classmember
is not used, the it suf�ces to marshalan object
producedby the default constructor.)

b) pointer to data that is common to all processes:
Copy pointer only. This works only on homoge-
neous architectures.It assumesthat the pointer
points to preinitialized constantdata. It assumes
that the executableis loadedat the samevirtual
memory addresson such homogeneousarchitec-
tures.

c) pointer to array of data that is common to all
processes:Convert pointer into index into array.
Array is sameon sourceanddestination.Only the
index needbe marshaled.

Potentially, any casecanbe handledby a hand-codedstub
function (Case1e above). Version 1 of Marshalgendirectly
supportedall casesexcept Case1d, which was handledas a
stub function. Version2 includesdirect supportfor Case1d.
The newer, novel issuesof support for object-orientedpro-
grammingaredescribedin SectionIII.

B. Example:Issuesin MarshalingGeant4

The decisionto write an extensible,object-oriented,semi-
automatedmarshalingpackagewasmotivatedby thestruggles
of the�rst authorin parallelizingGeant4[5], [6], [1]. Geant4is
aC++ toolkit for simulatingparticle-matterinteraction.It com-
prisesapproximatelyone million lines of codedevelopedby
an internationalconsortiumcenteredaroundCERN.Geant4is
used,amongotherpurposes,to simulatecollider experiments,
in orderto determinewhereto placeparticledetectorsfor the
greatestsensitivity. As a toolkit, Geant4includeslibrariesonly,
similarly to many otherscienti�c subroutinelibraries,suchas
LinPACK [7]. It is up to the end-userto write a main routine.

The �rst author parallelizedGeant4using the high level
parallelizationtool, TOP-C [8]. TOP-C provided supportfor
parallelization,but it viewedmarshalingasanexternallibrary,
similar in spirit to therelationof theC stdiolibrary to thecore
C language.The parallelizationof Geant4originally included
manualcoding of the marshalingroutines.That hand-coded
marshalingcode accountedfor 250 lines of the 450 line
parallelizationof Geant4.

The exampleof Geant4demonstratestwo motivations for
anannotation-basedmarshalingpackage,suchasMarshalgen.

1) A common mode of distribution for a toolkit is to
provide userswith pre-compiledbinaries, along with
include �les (.h �les). (The pre-compiledbinaries for
Geant4are larger than15 MB, and it would be a great
inconvenienceto re-compileor maintaina separateset
of binaries.)

2) New releasesare frequent,and it is easierto modify
annotationsof declarationsin include�les thanto write
entirely new stub functions for each release.(New
releasesof Geant4occurup to twice per year.)

C. RelatedWork

Previous well-known marshaling systems include rpc-
gen [9], Corba IDL [10], and Java serialization[11] as part
of the Java RMI (Remote Method Invocation) facility. In
addition, there are numerousmarshalingpackagestied to a
particular software package.Microsoft has designedits own
marshallingpackages,suchas MIDL and DCOM [12]. With
theriseof XML, therearenow alsomany packagesto marshal
data into XML. Foremostamongtheseis XML-RPC [13], a
variationof RPCusingXML for themarshaledrepresentation.
OtherXML marshalingpackagesincludegSOAP [14], JAXB,
CastorXML andmany others.In relatedwork, Grogonoand
Sakkinenhave proposedannotationsof C++ to distinguish
deep copying, shallow copying and gradationsbetweenthe
two extremes[15].

I I . OVERVIEW OF MARSHALGEN

Marshalgenhasan annotation-basedstrategy, which allows
the original applicationsourcecodeto be usedunchanged.In
thesimplestandmostcommoncase,it suf�ces simply to write
//MSH BEGIN and//MSH END aroundthe datastructureto
be marshaled,and then run the �le through the Marshalgen
preprocessor.

For each application class, (LinkedList in the exam-
ple), the user must annotatethe include �le (add Marshal-
gen comments).Figure 2 illustrates some annotationsfor
LinkedList.h. Someof the possibleMarshalgenannota-
tions are listed in Table I.

Marshalgen is invoked by calling marshalgen
LinkedList.h. This generates C++ code and
an include �le, MarshaledLinkedList.h, for a class
MarshaledLinkedList. The result is code for a
new class, MarshaledLinkedList, along with
a constructor, MarshaledLinkedList(). An
instance of MarshaledLinkedList contains



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

main() { //MARSHAL OBJECT FOR SENDING
MYCLASS obj1(); // 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 REMOTE MARSHALED OBJECT
char *mbuf = ReceiveBuffer(); // recv marshaled buffer from remote host
MYCLASS obj2; // obj2 is uninitialized instance of MYCLASS
MarshaledMYCLASS::unmarshal(mbuf, obj2); // Unmarshal mbuf into obj2

}

Fig. 1. main.cpp (invocationof marshalingroutinesby enduser)

#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. 2. LinkedList.h: original application®le with Marshalgenannotations;Theannotationsfor head andnext areoptional,sinceMarshalgenalready
knows how to marshalan int or to recursively call itself to marshala recursive datastructure

Fig. 3. InternalArchitectureof the MarshaledBuffer

a marshaled buffer of LinkedList. The buffer
can be unmarshaled by calling a member function
MarshaledLinkedList::unmarshal(). That code
is then compiled and linked with the application.Figure 1
shows typical usageof the marshalingmethodsprovided by
MarshaledLinkedList. Finally, �gure 3 illustrates the data
layout of the marshaledbuffer producedat runtime.

For moredetailson the internalsof Marshalgen,see[3].

I I I . ISSUES AND SOLUTIONS

A. Polymorphism

In object-orientedprogramming,anidenti�er (variable)may
have compile-timetype B, but run-timetype D. Additionally,
a classmaybea templateclass,parametrizedby a typeT. Yet,
marshalingroutinesmustbepreparedto handleany instanceof

thetemplate.Themarshalingpackagemustbeableto correctly
distinguishanddynamicallydispatchto thepropermarshaling
routineof eachtype.

1) Genericity (Templates): A class templatemay be in-
stantiatedwith different types,and eachtype may require a
separatemarshalingpolicy.

Considertheexampleon theleft of Figure4, thetypeof the
datamemberT data maybe instantiatedto Bar1 or Bar2.
SinceBar1 or Bar2 may have different datamembersand
requiredifferent marshalingpolicies, the usershouldbe able
to specify the circumstancesunderwhich marshalingroutine
for a given class should be used.The annotationsfor that
mechanismareon right of Figure4.
IsSameClass<T,Bar1> is a user-de�ned C/C++ ex-

pressionspecifying the circumstanceunder which the user



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
//MSH: ptr asarray For pointersto an arraywith elementtype from �rst four cases

TABLE I

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

//MSH_BEGIN
template <T> class Foo {
public:

T data;
};
class Bar1 { ... }
class Bar2 { ... }
//MSH_END
Foo<Bar1> f1;
Foo<Bar2> f2;

//MSH_BEGIN
template <T> class Foo {
public:
T data; /* MSH: predefined
[elementType:
(IsSameClass<T,Bar1>) => Bar1
| true => Bar2]

*/
};
class Bar1 { ... }
class Bar2 { ... }
//MSH_END
Foo<Bar1> f1;
Foo<Bar2> f2;

Fig. 4. Annotationfor marshalingtemplates(codeon left is beforeannotation,codeon right is after annotation)

wantsT data to be marshaledas an object of type Bar1.
Note that the expressioninside (...) can be any boolean
C/C++ expression.The annotationin this exampletells Mar-
shalgento marshalthe datamemberT data asan objectof
type Bar1 if IsSameClass<T,Bar1> is true, otherwise
marshalit asan objectof type Bar2.

In general,the syntaxof the option is as follows:

[elementType : phrase1jphrase2j:::]

wherethe syntaxof eachphraseis:

phrase ! (C boolean expression)\ = > 00type

The phraseswill be evaluated from left to right, if the
C booleanexpressionof a phraseis true, the evaluation ter-
minatesimmediately, andthe datamemberwill be marshaled
accordingthe typeof that phrase.

2) Polymorphicaccess(multiple derivedclasses):Thereis
anothercasein which the run-time type of an object is not
known at the time of generatingmarshalingcode.This is the
caseof union of classes.An object may be declaredin the
sourcecodeto have a type Base, but at run-time the object
may be a subtypeof Base.

Consider the example on the left in Figure 5. In this
example, the object that Base* ptr points to could be of

type eitherBase or Derived1, or Derived2. In order to
dispatchto the marshalingroutinefor the propersubclass,the
usercanuseannotationssimilar to the templatecase(seethe
right of Figure5).

On the right in Figure5, the expressioninside(...) can
beany booleanC/C++ expression.In this particularexample,
(dynamic cast<Derived1*>ptr!=NULL) is a
C++ expression equivalent to the (ptr instanceof
Derived1) expressionin Java. It testswhetherthe object
pointed to by ptr is an instance of class Derived1.
The annotation in this example tells Marshalgen to
marshal the object pointed by ptr as an object of class
Derived1 if dynamic cast<Derived1*>ptr!=NULL,
as an object of class Derived2 if dy-
namic cast<Derived2*>ptr!=NULL, or as an object
of classBase otherwise.

Remark1: Sincea goal of Marshalgenis to marshalwith-
out modifying the original classhierarchy, it is not an option
to add marshalingand unmarshalingmethodsto the original
classes.Even the visitor pattern [16, pp. 331] cannot be
invoked, sincethat requiresthe additionof anacceptVis-
itor method.

Remark2: An alternative design is for Marshalgen



//MSH_BEGIN
class Base { ... }
class Derived1 : public Base { ... }
class Derived2 : public Base { ... }
class Foo {
public:

Base* ptr;
}
//MSH_END

//MSH_BEGIN
class Base { ... }
class Derived1 : public Base { ... }
class Derived2 : public Base { ... }
class Foo {
public:

Base* ptr; /* MSH: predefined_ptr
[elementType:

(dynamic_cast<Derived1*>ptr!=NULL) => Derived1*
| (dynamic_cast<Derived2*>ptr!=NULL) => Derived2*
| true => Base* ]

*/
}
//MSH_END

Fig. 5. Annotationfor marshalingof union of classes(codeon left is beforeannotation,codeon right is after annotation)

to implement MarshaledDerived1 and Marshaled-
Derived2 as derived classes of MarshaledBase.
Hence, given an identi�er, mobj, with compile-
time type MarshaledBase, one could then call
mobj->marshal(), and the call would be dispatched
automatically to MarshaledDerived1:marshal(),
MarshaledDerived2:marshal(), or Mar-
shaledBase:marshal(). The methods Mar-
shaledDerived1:marshal(), etc., would then call
Base:marshal() as part of their implementation. As
a result, there is no need for the case-by-casecode in the
annotationas in Figure5.

However, this alternative design had to be rejected.
The dif�culty in the alternative design is that one still
has to assign the appropriaterun-time type to the iden-
ti�er mobj. For example, given an object Base* obj
to be marshaled,one has to decide which of the follow-
ing constructorsto call: “MarshalBase* mobj = new
MarshalDerived1(obj)”, “MarshalBase* mobj =
new MarshalDerived2(obj)”, or “MarshalBase*
mobj = new MarshalBase(obj)”. As a consequence,
the case-by-casecode must be insertedbefore each call to
the constructorfor instantiatingmobj. It is clearly preferable
to embedthe case-by-casecode once only in the .h �le as
in Figure 5, rather than at eachoccurenceof a call to the
constructoras in the alternative design.

3) Inheritance(SubtypePolymorphism): A classmay in-
herit datamembersfrom its ancestorclasses.Whenmarshaling
anobject,oneusuallywantsto alsomarshalthedatamembers
it inherits from its ancestorsaswell.

In the exampleon left of Figure 6, whenever we marshal
an object of type Derived, we may also want to marshal
the data memberint i that classDerived inherits from
classBase. Marshalgendoesnot automaticallymarshalall
the ancestorclasseswith the targetedclass.The reasonis that
the classhierarchy may be very deepand theremay even be
multiple inheritances.ThiswouldcauseMarshalgento marshal
unnecessaryancestorclasses.As aresult,themarshalingbuffer
would be unnecessarilylarge and the marshaling process
would be inef�cient.

For thatreason,Marshalgendoesnot marshaldatamembersof
anancestorclassunlessexplicitly requestedby theannotation
//MSH superclass. An exampleof that annotationis on
right of Figure6.

The data membersof class Base to be marshaledare
speci�ed by separateannotationsinsideclassBase.

B. Visibility of Data Members

A goodobject-orientedprogrammingstylewould hidemost
of the data membersfrom direct accessfrom outside by
declaring them protected/private. Since we are not
allowedto addaccessor/modi�ermethodsto theoriginal class,
we mayneeda mechanismto accessprotected/private
datamembersof the targetedclassfrom outside.

a) General solution (doesnot work).: First, we tried to
accessthe private datamembersof an object by castingthe
objectto a“maskedclass”.Themaskedclasshasthesamedata
membersas the targetedclass,with all of them are declared
public.

class OriginalClass{
private:

int i;
double f;

};
OriginalClass* org = new OriginalClass();
...
// the new defined class
class MaskedClass{
public:

int i;
double f;

}

MaskedClass* m = (MaskedClass*)org;
// allows us to access private data members
int a = m->i;
double d = m->f;

The issuewith this approachis when we have the targeted
classinheritsdatamembersfrom several ancestorclasses,the



//MSH_BEGIN
class Base
{
public:

int i; //MSH: primitive
};
class Derived : Base
{
public:

Bar b; //MSH: predefined
};
//MSH_END

//MSH_BEGIN
class Base
{
public:
int i; //MSH: primitive

};
class Derived : Base
{
public:
Bar b; //MSH: predefined
//MSH_superclass: Base

};
//MSH_END

Fig. 6. Annotationfor marshalingin the caseof inheritance(codeon left is beforeannotation,codeon right is after annotation)

layout orderof datamembersfrom ancestorclassesmay vary
amongcompilers(weobservedthediscrepanciesbetweengcc
and SunCC). It makes the constructionof the masked class
impossiblein general.

b) Conservativesolution.: Sinceourpackageis asource-
to-sourcepreprocessor, we can not usethe masked classap-
proach,which dependson thedatamember's layoutof speci�c
compilers. Instead,we assumethat any well-designedclass
should have accessor/modi�ermethodsfor each signi�cant
data members(the data membersworth being marshaled).
The accessto private datamemberscan be donevia the
correspondingaccessor/modi�ermethods.
This assumption,of course,is not true for all programs,but
it is true for mostprogramswe have encounteredso far. This
includesGeant4.

IV. AN EXAMPLE FROM GEANT4

The above issuesoccur when we useMarshalgenVersion
2 to marshal objects in parallelizing Geant4. In order to
do parallel computation in a distributed environment, we
need to be able to marshaland sendover network the ob-
jects representingevents (G4HCofThisEvent and related
classesin Figure 7) and the objects representingsimulated
hits and particles(G4VHitsCollection, its derived class
G4THitsCollection andothercustomizedclassesin Fig-
ure 8).

TheGeant4toolkit allows usersto de�ne their own typesof
hits or particles.As a result,mostof the classesrepresenting
collections of hits or particles are designedas templates,
allowing usersto “plug-in” (instantiate)thosetemplateswith
their customizedtypes.TheMarshalgenpackagehascorrectly
handledthe marshalingof templatesin Geant4,dispatched
accordingto the typesthe usersinstantiated.
Moreover, Geant4is a toolkit designedto allow as much as
generality for the users.As a result, the class hierarchy is
relatively deep.As an example, the classesrepresentingthe
hits areof 4-5 levels deep.Marshalgenhascorrectlyhandled
themarshalingof classesbothwith many ancestorclassesand
multiple potentialderived classes.
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