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

I. INTRODUCTION

Marshalgenis a packagdor semi-automaticallynarshaling
objects.Marshalingis the procesof copying associatedelds
of anobjectinto a contiguoudbuffer in memory Thisis critical
for internetcomputing.lt is neededto copy an objectacross
the network. Its applicationsinclude parallel and distributed
computing.It alsoextendsto the computationalrid [1], [2].

Marshalgenis intendedto support marshalingof legacy
and comple software. The goal of Marshalgenis to simplify
human-computeinteraction.lt doesso by requiring the user
only to add annotationglcomments)to the include les. By
not requiring the modi cation of the sourcecode (otherthan
include les), Marshalgerprovidestwo bene ts.

1) It supportssoftware libraries distributed as binary only,

with include les to supportthe API.

2) It allows one to marshallarge, comple software by

minimally invasive modi cations to the existing code.
This resultsin more maintainablesoftware.

Version1 of Marshalgenwas previously reportedon else-
where|[3]. Loosely speaking,althoughversionl1 of Marshal-
gen was tamgeted toward C++, like most other marshaling
packagesMarshalgenprimarily addressednarshalingof an
isolatedclass.Classeswere marshaledn isolation. In cases
of inheritance and templates, marshaling was dif cult or
impossible.Version 2 of Marshalgenaddressesheseissues
of polymorphism.

Polymorphismconcernsitself with abstractionghat oper
ate uniformly on values of different forms. Polymorphism
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is supportedin object-orientedprogramming through two
main abstractionsinheritance(subtypeor inclusion polymor
phism [4]) and genericity (templates; parametric polymor
phism).

Our motivation was to have sufcient 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, where D is one of the
derived classeof 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 datamembers(What doesone do with a
datamemberthatis protectedor private?)

We speci cally do not addresanultiple inheritance.In mary
cases(including Geant4), C++ programmerstry to avoid
multiple inheritance.Where they do useit, they useit in a
restrictedcontext that can bestbe sened in Marshalgenby
userspeci ed annotationssuitablefor the speci ¢ context.

Cyclic datastructuressuchasdoublylinkedlists, represent
a specialissue.Thatissuewill be addressedh a future work.

Sectionll provides an overview of Marshalgen.The new
supportfor handlingpolymorphismandvisibility aredescribed
in Sectionlll. SectionlV concludesvith anexamplemotivated
by Geant4.

A. Taxonomyof Issuesfor any Marshaling Package

It is useful to provide a taxonomyof the casesthat ary
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
marshaledPointertypesare marshaledalong the samelines
asclassdatamemberghat are of pointertype.

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



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

class member: invoke the marshalingroutine for
the class

array member of declared array size:iteratively
marshaleachelementof the arrayusingthe appro-
priate marshalingroutine

dynamically allocated arrays: annotation in-
cludesa parametetto determinethe array size
userwritten stub functions: This is for casesot
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 furtherinformation.)

2) Shallow copying of data members:

a) transient member: Don't marshal.Setto default
value on unmarshaling(For example,if a pointer
is not usedby the remoteprocessthenit sufces
to marshalthe pointerto the null pointer An array
acts as a pointer in this case.If a classmember
is not used, the it sufces to marshalan object
producedby the default constructai)

pointer to data that is commonto 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 loaded at the samevirtual
memory addresson such homogeneousrchitec-
tures.

pointer to array of data that is common to all
processesCorvert pointer into index into array
Array is sameon sourceand destinationOnly the
index needbe marshaled.

Potentially ary casecanbe handledby a hand-codedstub
function (Casele above). Version 1 of Marshalgendirectly
supportedall casesexcept Caseld, which was handledas a
stub function. Version 2 includesdirect supportfor Caseld.
The newer, novel issuesof supportfor object-orientedpro-
grammingare describedn Sectionlll.

b)

c)

d)

b)

c)

B. Example:lssuesin Marshaling Geant4

The decisionto write an extensible,object-orientedsemi-
automatednarshalingpackagevas motivatedby the struggles
of the rst authorin parallelizingGeant45], [6], [1]. Geantdis
a C++toolkit for simulatingparticle-matteinteractionIt com-
prisesapproximatelyone million lines of code developedby
aninternationalconsortiumcenteredaroundCERN. Geantdis
used,amongotherpurposesto simulatecollider experiments,
in orderto determinewhereto placeparticle detectordor the
greatessensitvity. As atoolkit, Geantdincludeslibrariesonly,
similarly to mary otherscienti ¢ subroutindibraries,suchas
LinPACK [7]. It is up to the end-usetto write a main routine.

The rst author parallelized Geant4 using the high level
parallelizationtool, TOP-C [8]. TOP-C provided supportfor
parallelization but it viewed marshalingasan externallibrary,
similarin spirit to therelationof the C stdiolibrary to the core
C languageThe parallelizationof Geant4originally included
manualcoding of the marshalingroutines. That hand-coded
marshaling code accountedfor 250 lines of the 450 line
parallelizationof Geant4.

The example of Geant4demonstrateswo motivations for
an annotation-baserharshalingpackagesuchasMarshalgen.

1) A common mode of distribution for a toolkit is to
provide userswith pre-compiledbinaries, along with
include les (.h les). (The pre-compiledbinariesfor
Geantdare larger than 15 MB, andit would be a great
incorvenienceto re-compileor maintaina separateset
of binaries.)

New releasesare frequent,and it is easierto modify
annotationof declarationsn include les thanto write
entirely new stub functions for each release.(New
releaseof Geantdoccurup to twice per year)

2)

C. RelatedWork

Previous well-knovn marshaling systems include rpc-
gen|[9], CorbalDL [10], and Java serialization[11] as part
of the Java RMI (Remote Method Invocation) facility. In
addition, there are numerousmarshalingpackagegied to a
particular software package Microsoft has designedits own
marshallingpackagessuchas MIDL and DCOM [12]. With
theriseof XML, therearenow alsomary packages$o marshal
datainto XML. Foremostamongtheseis XML-RPC [13], a
variationof RPCusingXML for the marshaledepresentation.
OtherXML marshalingpackagesncludegSQAP [14], JAXB,
CastorXML andmary others.In relatedwork, Grogonoand
Sakkinenhave proposedannotationsof C++ to distinguish
deep copying, shallov copying and gradationsbetweenthe
two extremes[15].

Il. OVERVIEW OF MARSHALGEN

Marshalgerhasan annotation-basesltratayy, which allows
the original applicationsourcecodeto be usedunchangedin
the simplestandmostcommoncasejt sufces simply to write
/1 MSH.BEG N and/ / MSH_END aroundthe datastructureto
be marshaledand then run the le throughthe Marshalgen
preprocessor

For each applicationclass, (Li nkedLi st in the exam-
ple), the user must annotatethe include le (add Marshal-
gen comments).Figure 2 illustrates some annotationsfor
Li nkedLi st . h. Someof the possibleMarshalgenannota-
tions arelisted in Tablel.

Marshalgen is invoked by calling marshal gen
Li nkedLi st. h. This generates C++ code and
an include le, MarshaledLinkdList.h, for a class
MarshaledLinkdList. The result is code for a
nevw class, Marshal edLi nkedLi st, along with
a constructor ~ Mar shal edLi nkedLi st (). An
instance  of Mar shal edLi nkedLi st contains



#i ncl ude MYCLASS. h

mai n() {
MYCLASS obj 1();
Mar shal edMYCLASS ntbj 1(obj1); // Marshal it
SendBuf fer( nmCbj 1.getBuffer() );

char *nbuf =
MYCLASS obj 2;
Mar shal edMYCLASS: : unnar shal ( nbuf,

Recei veBuffer(); //

obj 2);

into marshal ed obj ect,
//Send the marshal ed buffer to renpte host

/1 MYCLASS is a user defined application class

// MARSHAL OBJECT FOR SENDI NG
/1 Construct an instance,

obj 1, of MYCLASS

nobj 1

/| RECElI VE A REMOTE MARSHALED OBJECT

recv nmarshal ed buffer fromrenote host

/1 obj2 is uninitialized i nstance of MYCLASS
/1 Unmar shal

mbuf into obj2

Fig. 1.

mai n. cpp (invocationof marshalingroutinesby end user)

#i ncl ude <stdi o. h>

/1 MSH BEA N --- begi nning of marshal ed bl ock
cl ass Li nkedLi st
{
public:
i nt head; [IMBH:  primtive
Li nkedLi st *next; [//MSH. predefined_ptr
public:
Li nkedList(int = 0 , LinkedList* = NULL);
bool operator==(LinkedList I);

bool operator!=(Li nkedLi st

1);

end of marshal ed bl ock

}
// MBH_END - - -

Fig. 2. Li nkedLi st . h: original application®le with MarshalgerannotationsThe annotationdor head andnext areoptional,sinceMarshalgeralready
knows how to marshalan int or to recursvely call itself to marshala recursve datastructure

msh_huffer
Total | Fieldl Fieldl Field2 Field2
Siza Siza mhbytes | Sime in bartes

msh_cursor ” irooves as marshaling proceeds)

Fig. 3.

a marshaled buffer of LinkedList. The buffer
can be unmarshaled by calling a member function
Mar shal edLi nkedLi st:: unmarshal (). That code
is then compiled and linked with the application. Figure 1
shaws typical usageof the marshalingmethodsprovided by
MarshaledLinkedList. Finally, gure 3 illustrates the data
layout of the marshalecbuffer producedat runtime.
For more detailson the internalsof Marshalgenseel3].

I11. ISSUES AND SOLUTIONS
A. Polymorphism
In object-orientegorogramminganidenti er (variable)may
have compile-timetype B, but run-timetype D. Additionally,

aclassmaybeatemplateclass,parametrizedby atypeT. Yet,
marshalingoutinesmustbe preparedo handleary instanceof

Internal Architectureof the MarshaledBuffer

thetemplate The marshalingpackagamustbeableto correctly
distinguishanddynamicallydispatchto the propermarshaling
routine of eachtype.

1) Genericity (Templates): A classtemplate may be in-
stantiatedwith different types, and eachtype may requirea
separatemarshalingpolicy.

Considerthe exampleon the left of Figure4, the type of the
datamemberT dat a maybeinstantiatedo Bar 1 or Bar 2.
SinceBar 1 or Bar 2 may have different datamembersand
require different marshalingpolicies, the usershouldbe able
to specify the circumstancesinderwhich marshalingroutine
for a given class should be used. The annotationsfor that
mechanismare on right of Figure 4.

| sSanmeCl ass<T, Bar 1> is a userde ned C/C++ ex-
pressionspecifying the circumstanceunder which the user




Default Annotations

Explanations

/IMSH: primitive For int, double,chat oat and other primitive datatypes
Use built-in marshalingroutines

IIMSH: primitive_ptr | For int *, double*, and other pointsto the primitive data
Use built-in marshalingroutines

/IMSH: prede ned For instancesf a previously annotatedstructor class.
Use previously de ned MarshaledMYCLASS

/IMSH: prede nedptr | For pointersto previously annotatedstructor class

Use previously de ned MarshaledMYCLASS

/IMSH: array For arraywith elementtype from four casesabore
Use array of marshalecelements
/IMSH: ptr.asarray For pointersto an array with elementtype from rst four cases

TABLE |

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

/1 MSH_BEG N
tenpl ate <T>
public:

T dat a;
}s
class Barl1 { ... }
class Bar2 { ... }
/1 MSH_END
Foo<Bar 1> f1;
Foo<Bar 2> f 2;

class Foo {

/1 MBH_BEG N
tenplate <T> class Foo {
public:
T dat a; /* MSH: predefined

[ el enent Type:
(1 sSaned ass<T, Bar 1>)
| true => Bar?2]

=> Barl

*/
b
class Barl { ... }
class Bar2 { ... }
/| MBH_END

Foo<Bar 1> f1;
Foo<Bar 2> f 2;

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

wantsT dat a to be marshaledas an object of type Bar 1.
Note that the expressioninside (.. .) canbe ary boolean
C/C++ expression.The annotationin this exampletells Mar-
shalgento marshalthe datamemberT dat a asan objectof
type Bar 1 if | sSanmeCl ass<T, Bar 1> is true, otherwise
marshalit asan objectof type Bar 2.

In generalthe syntaxof the option is asfollows:

[elementType: phrase jphrasej:::]
wherethe syntaxof eachphraseis:

phrase! (C_bookan_expression)\ =>%type

The phraseswill be evaluated from left to right, if the
C_booleanexpressionof a phraseis true, the evaluationter-
minatesimmediately and the datamemberwill be marshaled
accordingthe type of that phrase.

2) Polymorphicaccesgmultiple derivedclasses): Thereis
anothercasein which the run-time type of an objectis not
known at the time of generatingmarshalingcode.This is the
caseof union of classesAn 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 objectthat Base* ptr pointsto could be of

type eitherBase or Deri vedl, or Deri ved2. In orderto
dispatchto the marshalingroutinefor the propersubclassthe
usercanuseannotationssimilar to the templatecase(seethe
right of Figure5b).

On theright in Figure 5, the expressioninside(...) can
be ary booleanC/C++ expressionln this particularexample,
(dynam c_cast <Derivedl*>ptr!=NULL) is a
C++ expression equivalent to the (ptr instanceof
Deri vedl) expressionin Java. It testswhetherthe object
pointed to by ptr is an instance of class Deri vedl.
The annotation in this example tells Marshalgen to
marshalthe object pointed by ptr as an object of class
Deri vedl if dynam c_cast <Deri vedl*>ptr! =NULL,
as an object of class Derived2 if dy-
nam c_cast <Deri ved2*>ptr! =NULL, or as an object
of classBase otherwise.

Remarkl: Sincea goal of Marshalgens to marshalwith-
out modifying the original classhierarcly, it is not an option
to add marshalingand unmarshalingnethodsto the original
classes.Even the visitor pattern[16, pp. 331] cannot be
invoked, sincethat requiresthe additionof anaccept Vi s-

i t or method.

Remark2: An alternatve design is for Marshalgen



/1 VMsH_BEG N /1 MSH_BEG N

class Base { ... } class Base { ... }

class Derivedl : public Base { ... } class Derivedl : public Base { ... }

class Derived2 : public Base { ... } class Derived2 : public Base { ... }

cl ass Foo { class Foo {

public: public:

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

} [ el ement Type:

/1 MSH_END (dynami c_cast <Deri ved1*>ptr!=NULL) => Derivedl*
| (dynami c_cast <Derived2*>ptr!=NULL) => Derived2*
| true => Base* ]

*/
}
/1 MBH_END
Fig. 5. Annotationfor marshalingof union of classeqcodeon left is beforeannotationcodeon right is after annotation)

to implement MarshaledDexiedl and Marshaled- ForthatreasonMarshalgerdoesnotmarshaldatamembersof

Derived2 as derved classes of MarshaledBase. anancestorclassunlessexplicitly requestedy the annotation

Hence, given an identier, nobj, with compile- //MSHsupercl ass. An exampleof that annotationis on

time type Marshal edBase, one could then call
nobj - >mar shal (), and the call would be dispatched
automatically to Marshal edDeri vedl: marshal (),
Mar shal edDeri ved2: mar shal (), or Mar -
shal edBase: mar shal (). The  methods Mar-
shal edDeri vedl: nmarshal (), etc.,, would then call
Base: marshal () as part of their implementation. As
a result, thereis no needfor the case-by-caseode in the
annotationasin Figure5.

However, this alternatve design had to be rejected.
The dif culty in the alternatve design is that one still
has to assign the appropriaterun-time type to the iden-
tier nmobj . For example, given an object Base* obj
to be marshaled,one has to decide which of the follow-
ing constructorsto call: “Mar shal Base* nobj new
Mar shal Deri vedl1l(obj)”, “Marshal Base* nobj
new Marshal Derived2(obj)”, or “Marshal Base*
nobj new Mar shal Base(obj)”. As a consequence,
the case-by-caseode must be insertedbefore eachcall to
the constructorfor instantiatingnobj . It is clearly preferable
to embedthe case-by-caseode onceonly in the .h le as
in Figure 5, ratherthan at eachoccurenceof a call to the
constructorasin the alternatve design.

3) Inheritance (SubtypePolymorphism): A classmay in-
heritdatamemberdrom its ancestorclasseswhenmarshaling
anobject,oneusuallywantsto alsomarshathe datamembers
it inheritsfrom its ancestoraswell.

In the exampleon left of Figure 6, when&er we marshal
an object of type Deri ved, we may also want to marshal
the datamemberi nt i that classDeri ved inherits from
classBase. Marshalgendoesnot automaticallymarshalall
the ancestorclasseswith the targetedclass.The reasonis that
the classhierarcty may be very deepandtheremay even be
multipleinheritancesThis would causeMarshalgerto marshal
unnecessargncestoclassesAs aresult,themarshalingouffer
would be unnecessarilylarge and the marshaling process
would be inef cient.

right of Figure6.
The data membersof class Base to be marshaledare
speci ed by separateannotationsnside classBase.

B. Msibility of Data Membes

A goodobject-orientegprogrammingstyle would hide most
of the data membersfrom direct accessfrom outside by
declaring them pr ot ect ed/ pri vat e. Since we are not
allowedto addaccessor/modi emethodgo the original class,
we may needa mechanisnio accesgr ot ect ed/ pri vat e
datamembersof the targetedclassfrom outside.

a) Geneal solution (doesnot work).: First, we tried to
accesghe private datamembersof an objectby castingthe
objectto a“maskedclass”.Themasledclasshasthe samedata
membersas the targetedclass,with all of them are declared
public.

class Oiginal d ass{
private:
int i;
doubl e f;
b

Original dass* org

new Origi nal d ass();

/1 the new defined cl ass
cl ass Maskedd ass{
public:

int i;

doubl e f;
}

MaskedCl ass* m = (Maskedd ass*) or g;

/1 allows us to access private data nenbers
int a m>i;

double d m >f ;

The issuewith this approachis when we have the tamgeted
classinheritsdatamemberdrom several ancestorclassesthe



// MBH_BEG N
cl ass Base
{
public:
int i;
b

cl ass Derived :

/I MBH: primtive
Base

-
public:
Bar b; //MSH:. predefined

}s
/1 MBH_END

// MSH_BEG N
cl ass Base

1
public:
int i; //MSH primtive
3
class Derived : Base
public:
Bar b; //MNMSH:. predefined
/1 MSH_super cl ass: Base
3
/1 MBH_END

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

layout order of datamemberdrom ancestoriclassesnay vary
amongcompilers(we obseredthediscrepanciebetweergcc

and SunCC). It makes the constructionof the masled class
impossiblein general.

b) Conservativesolution.: Sinceour packageds asource-
to-sourcepreprocessomwe can not usethe masled classap-
proach which depend®n the datamembers layoutof speci ¢
compilers. Instead,we assumethat ary well-designedclass
should have accessor/modi ermethodsfor each signi cant
data members(the data membersworth being marshaled).
The accesdo pri vat e datamemberscan be donevia the
correspondingaccessor/modi emethods.

This assumptionof course,is not true for all programs,but
it is true for most programswe have encounteredo far. This
includesGeant4.

IV. AN EXAMPLE FROM GEANT4

The above issuesoccur when we use MarshalgenVersion
2 to marshal objects in parallelizing Geant4.In order to
do parallel computationin a distributed ervironment, we
needto be able to marshaland sendover network the ob-
jects representingevents (AHCof Thi sEvent and related
classesin Figure 7) and the objects representingsimulated
hits and particles(G4VHi t sCol | ect i on, its derived class
ATHi t sCol | ecti on andothercustomizectlassesn Fig-
ure 8).

The Geant4toolkit allows usersto de ne their own typesof

hits or particles.As a result, mostof the classesepresenting
collections of hits or particles are designedas templates,
allowing usersto “plug-in” (instantiate)thosetemplateswith
their customizedypes.The Marshalgerpackagehascorrectly
handledthe marshalingof templatesin Geant4,dispatched
accordingto the typesthe usersinstantiated.
Moreover, Geantdis a toolkit designedto allow as much as
generality for the users.As a result, the class hierarcly is
relatively deep.As an example, the classesrepresentinghe
hits are of 4-5 levels deep.Marshalgerhascorrectly handled
the marshalingof classedothwith mary ancestorclassesand
multiple potentialderived classes.
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Fig. 8. Hit Collectionsclasses

[17] C. Queinnec2Marshaling/demarshalings a compilation/interpretation
process,IPPS/SPDPR pp. 616—,1999.



