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Abstract

CPPvM is a C++ classlibrary for messge passing It
providesan easy—to—us€++ interfaceto the parallel vir-
tual madine softwae PVM. CPPvM closesthe gap be-
tweenthe designof object-orientedparallel programsin
C++ and the underlyingmessge passingpossibilities of
PVM. AlthoughPVM can be useddirectly in C++ pro-
gramsdueto its C—functionsjt doesnot supportC++ spe-
cific featues. CPPvM enlames PVM with sud featules
asclassesinheritance overloadedoperators, and streams.
CPPvM alsohidessomedetailsof PV M fromtheuserand
thusmalesit easierto write parallel programs.

Thispaperdescribegheconceptof CPPvM. Examples
explain howto apply two main messge passingmethods:
thetransferof C++ objectsbetweerprocessesindthe use
of distributed C++ objects. An extensionof CPPvM en-
ablesuserdefinedclassesThissimplifies,for example the
transformatiorof existing C++ programsinto parallel pro-
gramsrunningon a computercluster

1 Intr oduction

In the pastmostsoftwarelibrariesfor clustercomputing
like the Parallel Virtual Machine(PV M, [7]) or the Mes-
sagePassinglInterface (MPI, [2]) focusedon procedural
programminganguagesuchasFortranor C. As the pop-
ularity of object-orientegorogramminghasincreasedn the
lastdecadeseveralprojectshave startedo developclassli-
brariesbasedn existing messag@assingsoftware. Exam-
plesfor PVM are Para++[5], PVM++ [3], and EasyPvm
[1]. Examplesfor MPI are Para++, OOMPI [9], and the
MPI-2 C++ bindingsfor MPI [4].

This paperdescribesCPPvM (C Plus Plus Pvm, [8]).
CPPvM is a C++messag@assingclasslibrary built ontop
of PVM. CPPvM enlagesPV M with C++featuresuchas
classesinheritancepverloadedperatorsandstreams.

The fundamentatonceptof CPPv M is identicalto that
of PVM: aheterogeneousollectionof hostswith heteroge-
nous architecturesand different operating systems(e.g.
Windows andthe mostUNIX derivatives)hookedtogether
by a network canbe usedasa singlelarge parallelvirtual
machine Processerinningon thesehostscanbecomepart
of the virtual machinesystem.Additionally processesan
spavn otherprocessesn every hostin the systemandthen
exchangedataamongeachothet

The main functionality of CPPvM is to enablethe ex-
changeof C++ objectsbetweenseveral processesunning
in parallel (explicit messaggassing). Another possibility
to sharedataamongprocessearedistributedobjectswhich
areinstantiatedn several processesA large setof classes
canbe usedfor thesekinds of messagepassing.However
aninterestingfeatureof CPPvM is the possibility to write
userdefinedmessagelasses. Theseclassescan be used
for explicit messageassingaswell asfor distributed ob-
jects. Therefore by enhancingexisting classesa program
is easilytransformednto a parallel programrunningon a
computercluster

2 Explicit MessagePassing

Explicit messag@assings usedto transferdatabetween
objectsof differentprocessedJsually, the processewithin
CPPvM have a parent—childrelationship.Streamsareused
to passmessagebetweerthe processesDatacanbe send
blockingor nonblockingj.e. thesendingorocessaitsuntil
the objecthasbeentransmittedto the recever or proceeds
withoutwaiting. Themodef thereceve streamareblock-
ing, nonblockingand timeoutreceve”. A timeoutreceive
triesto receive an objectfor a specifiectime, otherwisethe
procesontinueswithout having recevedthe object.

Imaginetwo soccemlayerspassinga ball. The parallel
programconsistsin two processesforward and mid-
field (seefigurel).

The processforward
mann and spavns the processmidfield

is startedon the hostklins-
on the host



matthaeus . midfield sendsa messagéo forward Parallel Virtual Machine

forward printsthe messagandthe PVM is halted. The
sourcecodeis thenthefollowing:

forward. cpp forward { midfield ]

#include "cppvm.h"
#include <string>

" [— [—
using namespacestd klinsmann, LINUX ‘ matthaeus, Windows ‘
int Message i
main() ——= Passing O ga?;ge ””” = gﬂ]"cdess

Stream

string itent

// spaun child ’midfield’ Figure 1. Pass the ball!

// on host ’matthaeus’

cppvmSpawnConnectiathild( "midfield”,

", PvmTskHost “matthaeusy;

// receive descriptor baseclasscppvmObject (seefigure 2)

// (blocking receive

// from child process) e the standard C++ types bool , char , double ,

cppvmReceiveS&amrecStrnf child, .

CPPVmRBhild); float ,int andlong aswell asconstants

// receive item from midfield
recstrm>> iteny e the standardtemplatelibrary (STL) classesbitset,

complex, deque, list, map, multimap, multiset, pri-
ority_queue, queue, set, slist, stack, string, valar-
ray, andvector

cout << "received:” << item << endkt

// halt the virtual machine

child. halt();
return O;
}
e
mldfleld.cpp
#include "cppvm.h" T / oppumtong ]
#include <string> ‘
using namespacestd,
_ LeppymOblect """~~~ " ¢—{cppvmType [copvmsting
int —
main()
string item="ball”; sTL
itset” — cppvmStiBitset ChpvvAnieyDaa cppvmArrayLon
// comnect to pum ’ . D:i . e
i ook _
cppvmConnectiopvmConn 5 — £ pomArayEl
e =
// send descriptor list i cppvmStiList
// (nonblocking send ek i [T —
// to parent process) mtimap -
cppvmSendStam sendStrrt muibset =
pvmConn CPPvmSNBpan); prioiity_queue i
. queve [copvmStiQueve |
// Se'ﬂd 2 t em set [cppvmstiSet
sendStrm<< iter
s CEEa—
return 0; stack T —
} g CEEr—
ey T m—
H vector — cppvmStiVector
In contrasto PV M thereis no needo startthelocaldae- lopmomversy ]
mpnlor to addthehOStmatthaeus to theV|rtUaI maChIne: [ Jclass ] | Abstract Class @Messagec\ass External Class ~ » Compiler-Switch needed
thisis encapsulatetly CPPvM. Additionally CPPvM sup-
portsmoredatatypesfor messag@assinghanPVM does. Figure 2. CPPVvM message classes.

In the examplea C++ object of the standardtemplateli-
brary (STL) classstring  is used. Othersupportedypes
for explicit messag@assingare:

) ] 1Constantsan of courseonly be sentand not receved becausehey
e predefinedCPPvM messagelassederived from the cannotchangeheir values.



3 Distrib uted Objects

DistributedCPPvM objectsareobjectswhich canbeac-
cessedrom every processconnectedo the PVM. A dis-
tributedobjectconsistsn a local objectwhich canbe syn-
chronizedwith anobjectin the PV M messagenailbox.

Here is an example of how to transferthe scoreof a
matchfrom the control-roomto the score-board:

panel.cpp

#include "cppvm.h"

int
main()
{ . .
// spawn child process ’display’

Pvm®skHost "score-boardy,

cppvmintteamRed
cppvmintteamBlue

// connect to message mailboz
teamRedcppvmDistOl "red”);
teamBlue cppvmDistOL| "blue”);

int i;

for(i=0; <500, i++){
teamRed= 0;
teamBlue= i;
// update mailbozx object
teamRedcppvmWriteMboxInfgQ;
teamBlue cppvmWriteMboxInfQ;

// halt the virtual machine
child. halt():
return O;

}
display.cpp
#include "cppvm.h"

int

main()

// connect to pum
cppvmConnectiopvmConn

// score objects
cppvmintteamRed
cppvmintteamBlue

// connect to message mailbozx
teamRedcppvmDistOl "red”);
teamBlue cppvmDistOHL| "blue”);

int i;
for(i=0; i<500; i++){
/ update the local data

teamRedcppvmReadMboxIny
teamBlue cppvmReadMboxIn€y

}

return 0;

}

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

objectwith the given nameis addedto the messagemail-
box (if it doesnotalreadyexist). display  connectgo the
PVM andregisterstwo integer objectsusingthe samekey
namesThereaftethelocalintegerobjectsareconnectedo
eachothervia the messagenailbox.

In the example, panel updatesthe mailbox objects
(seefigure 3). This is done by calling the methodcp-
pvmWriteMboxInfo . The procesdisplay readsthe
objectsfrom the mailboxwith the methodcppvmReadM-
boxinfo . Thesemethodshave no effectif the objecthas
not beenregisteredasa distributedobject. The registration
of an objectasdistributed objectdoesnot exclude explicit
messagegassing. The objectcanstill be sent/receied as
describedn section2.

4 UserDefinedClasses

In thescore-boar@xampleabore two variableqteam-
Red andteamBlue ) areusedto transferdataamongpro-
cessesln orderto shov how CPPvM is enhancedy user
definedclassesa scoreclassis definedwhich encapsulates
the scoreof the red andblue team. The implementatioris
givenbelow:

score.h

#ifndef _SCORE_INCLUDE
#define _SCORE_INCLUDE

// base class ’cppumObject’
#include "pvm_obj.h"

classscore : public cppvmObijedt
public:

scor() : cppvmObjed) {
teamRed0;
teamBlue0;

virtual ~ score(){}

int teamRed
int teamBlue

// message tag declaration
CPPvmMethodsDeclation( 123

// transfer method

virtual void cppvmTansfe(){
cppvmTansferin{& teamRel
cppvmTansferin{& teamBlug;

}

}#endif

Theclassscore is derivedfrom theclasscppvmObject.
Thereforepvm_obj.h hasto beincluded.Theconstructor
of score calls the constructorof its baseclasscppvmOb-
jectin ordertoinitialize the CPPv M facilities. Themessage
tagof theclassis setto 123(macroCPPvmMethodsDec-
laration ). Thistagis usedto determinethetype of in-
comingmessageandshouldbe uniqueto avoid misleading
messagesThemethodcppvmTransfer  definegheclass
variablesto be transferedduring messaggassing. Within
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Figure 3. The score of the match.
this methodthe functioncppvmTransferint is usedto

transferthevariableseamRed andteamBlue .
Thescore classcanthenbeusedfor all kindsof CPPvM

datatransfer: for explicit messageassingas well as for

distributedobjects(seeexamplesin 2 and3).

5 Conclusion

CPPvM was designedto supportobject-orientedpro-
grammingin C++ for clustercomputing. As shavn, CP-
Pvm enlagesPVM with C++ featuresas classesjnher
itance, overloadedoperators,and streams. CPPvmM also
hidessomedetailsof PVM (e.g. startingPVM daemons
or addinghosts)from the userandthus makesit easierto
write parallelprograms.

Beside the describedexplicit messagepassing, dis-
tributedobjects,anduserdefinedclassesCPPvM contains
mary more conceptsfor parallel programming. Message
mailbox objects,for example,area supersebdf distributed
objects. Mailbox objectsallow to generatemorethanone
instanceof anobjectin theglobaldatabaseWhenusingex-
plicit messageassingincoming messagesan be directly
forwardedto otherprocessesCPPvM includesanimple-
mentationof the semaphoreonceptproposedoy Dijkstra
[6]. Broadcasto procesgroupsis availableaswell asmul-
ticastto selectedorocessesThe outputof a child process
canberedirectedto cout/cerr  of the masterprocesor
into afile. Processesanbe spavnedinto a specialcontext.
Messagesentwithin onecontet cannotberecevedin an-
othercontext. Thereforea contet can help to avoid mis-
leadingmessagesCPPvM usesC++exceptiongo indicate
internalerrors,which canbecaughtby theuserandhandled
individually. Notificationclassegrovide informationabout

modificationsof thevirtual machine.CPPvM alsosupports
messag@assingor C++ templateclassesA completede-
scriptionof all featureds givenin adetaileddocumentation
in severalformats(PostscriptPDF, andHTML; [8]).
CPPvM is basednthe ParallelVirtual Machine(PV M)
andis publishedunderthe GNU Library GeneralPublicLi-
cense(LGPL) [8]. CPPvM is availablefor mary architec-
tures,from Windowsto several UNIX deriatives.
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