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Abstract

CPPVM is a C++ classlibrary for message passing. It
providesan easy–to–useC++ interfaceto theparallel vir-
tual machine software PVM. CPPVM closesthe gap be-
tweenthe designof object-orientedparallel programs in
C++ and the underlyingmessage passingpossibilitiesof
PVM. AlthoughPVM can be useddirectly in C++ pro-
gramsdueto its C–functions,it doesnot supportC++ spe-
cific features. CPPVM enlarges PVM with such features
asclasses,inheritance, overloadedoperators,andstreams.
CPPVM alsohidessomedetailsof PVM fromtheuserand
thusmakesit easierto write parallel programs.

Thispaperdescribestheconceptsof CPPVM. Examples
explain how to apply two main message passingmethods:
thetransferof C++ objectsbetweenprocessesandtheuse
of distributed C++ objects. An extensionof CPPVM en-
ablesuserdefinedclasses.Thissimplifies,for example, the
transformationof existingC++ programsinto parallel pro-
gramsrunningon a computercluster.

1 Intr oduction

In thepastmostsoftwarelibrariesfor clustercomputing
like the Parallel Virtual Machine(PVM, [7]) or the Mes-
sagePassingInterface (MPI, [2]) focusedon procedural
programminglanguagessuchasFortranor C. As the pop-
ularity of object-orientedprogramminghasincreasedin the
lastdecade,severalprojectshavestartedto developclassli-
brariesbasedon existing messagepassingsoftware.Exam-
ples for PVM arePara++[5], PVM++ [3], andEasyPvm
[1]. Examplesfor MPI are Para++,OOMPI [9], and the
MPI-2 C++ bindingsfor MPI [4].

This paperdescribesCPPVM (C Plus Plus Pvm, [8]).
CPPVM is aC++ messagepassingclasslibrary built on top
of PVM. CPPVM enlargesPVM with C++featuressuchas
classes,inheritance,overloadedoperators,andstreams.

The fundamentalconceptof CPPVM is identicalto that
of PVM: aheterogeneouscollectionof hostswith heteroge-
nous architecturesand different operatingsystems(e.g.
Windows andthemostUNIX derivatives)hookedtogether
by a network canbe usedasa singlelarge parallelvirtual
machine.Processesrunningonthesehostscanbecomepart
of the virtual machinesystem.Additionally processescan
spawn otherprocessesoneveryhostin thesystemandthen
exchangedataamongeachother.

The main functionality of CPPVM is to enablethe ex-
changeof C++ objectsbetweenseveral processesrunning
in parallel (explicit messagepassing).Anotherpossibility
to sharedataamongprocessesaredistributedobjectswhich
areinstantiatedin severalprocesses.A largesetof classes
canbe usedfor thesekinds of messagepassing.However
an interestingfeatureof CPPVM is the possibility to write
user-definedmessageclasses.Theseclassescan be used
for explicit messagepassingaswell as for distributedob-
jects. Therefore,by enhancingexisting classes,a program
is easily transformedinto a parallelprogramrunningon a
computercluster.

2 Explicit MessagePassing

Explicit messagepassingis usedto transferdatabetween
objectsof differentprocesses.Usually, theprocesseswithin
CPPVM havea parent–childrelationship.Streamsareused
to passmessagesbetweentheprocesses.Datacanbesend
blockingornonblocking,i.e. thesendingprocesswaitsuntil
the objecthasbeentransmittedto the receiver or proceeds
withoutwaiting. Themodesof thereceivestreamareblock-
ing, nonblockingand”timeout receive”. A timeoutreceive
triesto receiveanobjectfor a specifiedtime,otherwisethe
processcontinueswithouthaving receivedtheobject.

Imaginetwo soccerplayerspassinga ball. Theparallel
programconsistsin two processes,forward and mid-
field (seefigure1).

The processforward is startedon the host klins-
mann and spawns the processmidfield on the host



matthaeus . midfield sendsa messageto forward .
forward prints themessageandthe PVM is halted.The
sourcecodeis thenthefollowing:

forward.cpp
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< �
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using namespacestd;

int
main()
{

string item;!�!#"�$&%('�)+*-,/.103254768.923:�.�;1032<4
!�!>=()?,
=9"/@A4B6C%D@�@-,
%
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cppvmSpawnConnectionchild( ”midfield” ,

”” , PvmTaskHost, ”matthaeus”);!�!+G/;�*�;�.-H1;I2
;("J*-G/.�$<@K=(G
!�!ML�N10�=
*(OJ.-)KPQGJ;�*�;�.-H/;
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cppvmReceiveStreamrecStrm( child,

CPPvmRBchild);!�!+G/;�*�;�.-H1;V.�@�;�6W:/GD=36W68.923:�.�;1032
recStrm>> item;

cout << ”received: ” << item << endl;!�!+,D%C0-@X@-,/;YH1.�G1@3EJ%C0Z6C%
*�,/.�)1;
child. halt();

return 0;
}

midfield.cpp
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< �
��� ���� >
using namespacestd;

int
main()
{

string item=”ball” ;!�!S*9=()�)1;�*�@V@K=T$1H(6
cppvmConnectionpvmConn;!�!#"J;-)D2X2
;("D*�G/.�$<@(=KG
!�!ML[)J=�)1N103=
*�OJ.-)9PW"D;-)J2
!�!\@K=]$8%KG/;-)^@_$CGD=
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cppvmSendStreamsendStrm(

pvmConn, CPPvmSNBparent);!�!#"J;-)D2?.�@�;`6
sendStrm<< item;

return 0;
}

In contrastto PVM thereis noneedto startthelocaldae-
monor to addthehostmatthaeus to thevirtual machine:
this is encapsulatedby CPPVM. Additionally CPPVM sup-
portsmoredatatypesfor messagepassingthanPVM does.
In the examplea C++ object of the standardtemplateli-
brary (STL) classstring is used.Othersupportedtypes
for explicit messagepassingare:

a predefinedCPPVM messageclassesderivedfrom the

string
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Figure 1. Pass the ball!

baseclasscppvmObject (seefigure2)

a the standardC++ types bool , char , double ,
float , int andlong aswell asconstants1

a the standardtemplate library (STL) classesbitset,
complex, deque, list, map, multimap, multiset, pri-
ority queue, queue, set, slist, stack, string, valar-
ray, andvector

* Compiler-Switch needed

* *

* *

* *

cppvmArrayData

cppvmArrayDouble

cppvmArrayFloat

cppvmArrayLong

cppvmArrayInt

cppvmArrayChar

cppvmArrayBool

cppvmStlBitsetbitset

cppvmStlListlist

cppvmStlSetset

cppvmStlSlistslist

string cppvmStlString

cppvmStlComplexcomplex

cppvmStlDequedeque

cppvmStlMapmap

cppvmStlMultimapmultimap

cppvmStlMultisetmultiset

cppvmStlQueuequeue

cppvmStlStackstack

cppvmStlVectorvector

cppvmStlValarrayvalarray
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Figure 2. CPPVM message classes.

1Constantscanof courseonly be sentandnot received becausethey
cannotchangetheir values.



3 Distrib uted Objects

DistributedCPPVM objectsareobjectswhichcanbeac-
cessedfrom every processconnectedto the PVM. A dis-
tributedobjectconsistsin a local objectwhich canbesyn-
chronizedwith anobjectin thePVM messagemailbox.

Here is an exampleof how to transferthe scoreof a
matchfrom thecontrol-roomto thescore-board:

panel.cpp
b�c�d�e�f
g�h�i�j�e�k�k�l�m�n�o�j
int
main()
{ p�p#q�r&s(t�u+v-w/x1y3z{rC|D}
v�~�q�q��[z
x(q�r�y�s(���

cppvmSpawnConnectionchild( ”display”, ”” ,
PvmTaskHost, ”score-board”);

cppvmIntteamRed;
cppvmIntteamBlue;p�pSv9}(u�u1~�v��V�K}���~(q�q
s-�^~T�Cs�x1y-�9}(�
teamRed. cppvmDistObj( ”red”);
teamBlue. cppvmDistObj( ”blue”);

int i;
for( i=0; i<500; i++){

teamRed= 0;
teamBlue= i;p�p���r8z�sD��~{�Cs
x1y��9}(�?}
�(�J~�v��
teamRed. cppvmWriteMboxInfo();
teamBlue. cppvmWriteMboxInfo();

}p�p+wDsCy-�X�-w/~Y�1x�|1�3�JsCyZ�Cs
v�w/x�u1~
child. halt();
return 0;

}

display.cpp
b�c�d�e�f
g�h�i�j�e�k�k�l�m�n�o�j
int
main()
{ p�pSv9}(u�u1~�v��V�K}Tr1�(�

cppvmConnectionpvmConn;p�p#qJv9}(|/~�}��(�J~�v��-q
cppvmIntteamRed;
cppvmIntteamBlue;p�pSv9}(u�u1~�v��V�K}���~(q�q
s-�^~T�Cs�x1y-�9}(�
teamRed. cppvmDistObj( ”red”);
teamBlue. cppvmDistObj( ”blue”);

int i;
for( i=0; i<500; i++){p�p���r8z�sD��~W�-w/~�y�}
v9sCy�z�sD�Ks

teamRed. cppvmReadMboxInfo();
teamBlue. cppvmReadMboxInfo();

}

return 0;
}

The processpanel spawns the child processdis-
play . Theprocesspanel registerstheobjectsteamRed
andteamBlue asdistributedintegerobjectsusingthekey
namesred andblue . The registrationis donewith the
methodcppvmDistObj . When calling this methodan

objectwith the given nameis addedto the messagemail-
box (if it doesnotalreadyexist). display connectsto the
PVM andregisterstwo integerobjectsusingthesamekey
names.Thereafterthelocal integerobjectsareconnectedto
eachothervia themessagemailbox.

In the example, panel updatesthe mailbox objects
(seefigure 3). This is doneby calling the methodcp-
pvmWriteMboxInfo . The processdisplay readsthe
objectsfrom themailboxwith themethodcppvmReadM-
boxInfo . Thesemethodshave no effect if theobjecthas
not beenregisteredasa distributedobject.Theregistration
of anobjectasdistributedobjectdoesnot excludeexplicit
messagepassing. The objectcan still be sent/received as
describedin section2.

4 UserDefinedClasses

In thescore-boardexampleabovetwo variables(team-
Red andteamBlue ) areusedto transferdataamongpro-
cesses.In orderto show how CPPVM is enhancedby user-
definedclasses,a scoreclassis definedwhich encapsulates
thescoreof the redandblue team. The implementationis
givenbelow:

score.h
b�c(�Kd1h�i��

_ �J���-��� _ �-�/���1�����b�h�i(�Jc�d1i
_ �J���-��� _ �-�/���1�����p�pS�9s9qJ~Wv1y3s9q�q���v�r�r^�(�/�/���J~�v��&�

b�c�d�e�fDg9h�iSjBk�l�m
_ ���3  n�o�j

class score : public cppvmObject{
public:

score() : cppvmObject() {
teamRed=0;
teamBlue=0;

}
virtual ˜ score(){}

int teamRed;
int teamBlue;p�pX�8~(q�q�s-�C~W�Ks-�#z�~�v1y3sK|
sD��x9}(u
CPPvmMethodsDeclaration( 123)p�pA�-|Ds(u�q-¡8~�|��8~���wD}�z
virtual void cppvmTransfer(){

cppvmTransferInt(& teamRed);
cppvmTransferInt(& teamBlue);

}
};b�i�d1h�c(�
Theclassscore is derivedfrom theclasscppvmObject.

Therefore,pvm obj.h hasto beincluded.Theconstructor
of score calls the constructorof its baseclasscppvmOb-
ject in orderto initialize theCPPVM facilities.Themessage
tagof theclassis setto 123(macroCPPvmMethodsDec-
laration ). This tag is usedto determinethe typeof in-
comingmessagesandshouldbeuniqueto avoid misleading
messages.ThemethodcppvmTransfer definestheclass
variablesto be transferedduring messagepassing.Within
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Figure 3. The score of the match.

this methodthefunctioncppvmTransferInt is usedto
transferthevariablesteamRed andteamBlue .

Thescore classcanthenbeusedfor all kindsof CPPVM

datatransfer: for explicit messagepassingas well as for
distributedobjects(seeexamplesin 2 and3).

5 Conclusion

CPPVM was designedto supportobject-orientedpro-
grammingin C++ for clustercomputing. As shown, CP-
PVM enlargesPVM with C++ featuresas classes,inher-
itance, overloadedoperators,and streams. CPPVM also
hidessomedetailsof PVM (e.g. startingPVM daemons
or addinghosts)from the userandthusmakesit easierto
write parallelprograms.

Beside the describedexplicit messagepassing, dis-
tributedobjects,anduserdefinedclasses,CPPVM contains
many more conceptsfor parallel programming. Message
mailbox objects,for example,area supersetof distributed
objects. Mailbox objectsallow to generatemorethanone
instanceof anobjectin theglobaldatabase.Whenusingex-
plicit messagepassingincomingmessagescanbe directly
forwardedto otherprocesses.CPPVM includesan imple-
mentationof the semaphoreconceptproposedby Dijkstra
[6]. Broadcastto processgroupsis availableaswell asmul-
ticast to selectedprocesses.The outputof a child process
canberedirectedto cout/cerr of themasterprocessor
into a file. Processescanbespawnedinto aspecialcontext.
Messagessentwithin onecontext cannotbereceivedin an-
othercontext. Thereforea context canhelp to avoid mis-
leadingmessages.CPPVM usesC++exceptionsto indicate
internalerrors,whichcanbecaughtby theuserandhandled
individually. Notificationclassesprovideinformationabout

modificationsof thevirtual machine.CPPVM alsosupports
messagepassingfor C++ templateclasses.A completede-
scriptionof all featuresis givenin adetaileddocumentation
in severalformats(Postscript,PDF, andHTML; [8]).

CPPVM is basedontheParallelVirtual Machine(PVM)
andis publishedundertheGNU Library GeneralPublicLi-
cense(LGPL) [8]. CPPVM is availablefor many architec-
tures,from Windowsto severalUNIX derivatives.
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