The M PI-Delphi Interface: A Visual Progra mming

Environ ment for Clusters of Workstations *

M. Acacio, P.E. López-de-T eruel, J.M. García and O. Cánovas

Dpto . de Ingenier ía y Tecnología de Computador es

University of Murcia

Campus de Espinardo, s/n 30080 Murcia (Spain)

{ meacacio, pedroe, jmgarcia}@ dit ec.um. es oca novas @fcu.um. es

* Thiswork hasbeen partiallysupported bythe Spanish CICYT under grant TIC97-0897-C04-03

Abstract The goal of a parallel programis stated as to reduce the execution time regarding the fastest sequential program solving the same problem. Pa r - allel programming isgrowing due to the widespread use of network of workstations in high performance computing. MPI hasbecome the standard for impl e - menting message-based parallel programs in di s - tributed-memory computing environments. On the otherside, visual programming environments try to make easier the task of developing applications.

Delphi constitutesone of the most popular visual programming environmentsnowadays in the Wi n - dows operating system environment. In this paperwe present MPI-Delphi, an implementation of MPI for writing parallel applications using Delphi. We e x - plain howMPI-Delphi has been derived, howit has been used in a cluster of workstations with a mixture of Windows and Linux operating systems, and what

MPI-Delphi is suitable for.

Keywords: Cluster computing, parallel programming environment, visual programming, MPI-Delphi

1 Intr oduc tion

In recent years, parallel distribut ed syst ems and parallel programming is doing a growing useof messagepassing paradigmfor solving complex computational problems. Current ly, net works of workstations ( NOWs) arebeing consider ed as a good alternativet o theuseof expensive, ded i - cated high-performa ncesystems. In fact, the incr easing perfor ma nceand availabilit y of ge n - eral-purposemicroprocessors has fostered t he spread of NOWs, eit her wit h shared or distri b - uted memor y, as an alternativet o customized

massively parallel syst ems ( MPPs). So, a cluster of powerful PCs int erconnect ed wit h a fast ne t - work could beseen as a reasonableand costeffectivealt ernativeapproach [1,10] for e x - ploding parallelism.

Traditionally, Unix/ Linux has been used as theoperating syst emin such clust ers of PCs.

However, Windows 95/98/NT is perhaps the most widely used operating syst emnowa days.

Moreover, theInt el Pent iumII (and III now), toget her wit h its Windows 98/NT operating syst em(t he Wint el model), provides enough overall capacity to displacealso theRISC/Unix workstation in t heengineer ing and scientific marketplace. This fact causes that progre s - sively mor eand moreclust ers of PCs exist wit h

Windows 95/98/NT as operating syst ems. These operating syst ems havet headvantageover L i - nux on thenumber of developed applications for themand on t he easeof usethat it offers.

Among t heseapplications, programming env i - ronments arenot an exception. Ther eis a great variety of progra mming environments available for Windows. Visual programming envir o n - ments constitut eoneof themost int er esting developing tools, becausethey ma kethecr e a - tion of applications easier to theprogrammer.

Wit h theadvent of theMPI [4] standard, parallel programming using themessagepassing stylehas reached a certain level of m a - turity. However, in ter ms of convenienceand product ivit y, this programming model suffers fromlow perfor ma nceof thegenerated code, dueto thelack of high-level development tools.

Although in thelast years a largevariety of this kind of tools has been developed, thesituation is still not satisfactory for users, sincemost of thesetools can only beused in isolation and cannot work in het er ogeneous envir onments. In addition, parallelismin a cluster of workstations with Windows 95/98/NT is possible, as some

MPI and PVM versions for Windows ha vebeen implement ed [9, 13].

Recent ly, several tools ha vebeen developed to impr ovet hesoft waredevelopment in highperfor mancecomputing. In [14] is described a set of int egrated tools dest ined to writ eparallel programs efficient ly; [8] describes anot her tool to managet hedistribut ed resources in a het er o - geneous NOW. Similarly, off-linetools for perfor manceanalysis (monitoring, tracedata, visualization) in NOWs haveappeared, as is described in [3]. Therealso exist several visual parallel programming la nguages, such as

HENCE 2.0 [2]. Theselanguages aremoreor i - ent ed to ther epresentation of parallel programs likea direct ed graph, in which nodes wit h ce r - tain icons represent sequentia l computations and thegraph as a wholerepr esents theparallel structureof theprogram. However, our a p - proach is morebased on thevisual progra m - ming of theuser int erface.

Nowada ys, ther efor e, most programming projects aredeveloped under visual enviro n - ments. Delphi * const itutes oneimportant visualprogramming environment. Unlikeother visual programming environments, Delphi is a real compiler, which generates very efficient e x - ecutablecode, wit h no need to distribut eru n - timeadditional files with t heapplication. So, wearever y int erest ed in implement ing parallel applications with Delphi, in or der to takea d - vantageof all theseprogra mming facilit ies.

Thefirst and most obvious problemt hat we found was that this environment uses Object

Pascal (an object-orient ed version of Pascal) as its nativeprogramming language, whileavai l - ableWindows MPI/PVM versions wer eacce s - siblejust fromVisual C++ # and Borland C++ * .

Our work has cent er ed in offering MPI funct ionality to this popular environment using oneof these existing Windows MPI impleme n - tations. So, it will bepossibleto develop para l - lel applications using Delphi and ma king good useof thefacilities that it supplies for applic a -

# Visual C++ is a trademark of Microsoft

* Delphi and Borland C++ aretrademarks of Inprise

Corporation Inc. (formerlyBorland Corporation)

tions wit h user int eraction and/ or complicated graphical r equir ements.

It is an accept ed fact that using Windows

95/98/NT theperfor manceof parallel applic a - tions oft en decreases wit h respect to wor kst a - tions running Unix/ Linux. As a possiblesol u - tion, wealso proposean execution environment that takes advantageof thebenefits of bot h

Unix/ Linux and Windows operating syst ems.

Wehavestructured this paper as follows:

first, weintroducehow MPI-Delphi has been created (what problems weha vefound in its creation and how t hey ha vebeen solved), and then wedescribethe execution environment that wepropose. Next, weshow t wo sampleappl i - cations creat ed using MPI-Delphi, along wit h thevisual results obtained for them. Finally, we exposetheconclusions of thework.

2 The M PI-Delphi e nvir onme nt

MPI-Delphi is thena meof theimplementation of MPI for Delphi weha vedeveloped. Wehave tried to keep our implementation as closeto the

C specification as possible, but someminimal modifications ha d to beintroduced. This sect ion describes thesemodifications and theway we carried out theimplementation.

Current ly, several MPI implementations for

Windows can befound. Themain problem we havefound is that thelanguagethey havebeen created for is C, and theenvironments they can beused from, Visual C++ or Borland C++.

Wehaveused W32MPI v.0.9b [9]as the basis to develop a mechanismto provideMPI funct ionality to Delphi. This implementation is freely availableat theweb pages of Coimbra

University. W32MPI v.0.9b is a full MPI sta n - dard implementation for Microsoft Win32 pla t - for ms. It is complet ely compatiblewit h MPICH

1.0.13 (an also freely MPI implementation of the ArgonneNational Laboratory) and it uses

P4 messagepassing as its underlying prot ocol.

Connectivit y bet ween WMPI and ot her clust ers running MPICH 1.0.13 with dist inct operating syst ems (several Unix and Linux versions, as well as Windows 32 bits platforms) is acco m - plished thr ough a common TCP/IP net wor k.

2.1 Some important aspects of the implementation of MPI-Delphi

In theimplementation of MPI-Delphi, wehad two main objectives:

1. To carry out an implementation in which thefunctionalit y of W32MPI wer eoffer ed to Delphi in an easy way. Delphi progra m - mers should makeuseof theMPI functio n - ality in a simple, transparent way, wit hout having to know theint ernal details of the implementation. Users should only know how to usetheMPI standard functions.

2. To carry out thenecessary adaptation b e - tween C or FORTRAN and Pascal for the

MPI functions, becauseMPI has been d e - fined for C and Fortran langua ges.

In order to copethefirst objectivet wo solutions wer eanalyzed:

1. Theuseof DDE (Dyna mic Data Exchange) to communicateW32MPI and Delphi. It would involvea server application writt en in C++, offering MPI functionality t o client applications writt en in Delphi. This server application should run beforeDelphi para l - lel progra ms.

2. Creating a DLL (Dyna mic Link Library) providing MPI funct ionalit y. This option also mea ns using C++ in order to cr eatethe

DLL.

In bot h cases, a DCU (Delphi Compiled Unit) has to beused to access to theMPI funct iona l - ity.

Our final choicewas based in t er ms of v i - abilit y, scalability and facility. Thus, weco n - cluded that option 2 represent ed themost sui t - ablesolut ion, becausetheprogra mmer would simply usethefunctions contained in t heDCU just theway hewould do when using any ot her

DCU. Figure1 shows theelements implicated in thefina l solut ion.

Figure 1 . Relation between elementsof MPI-Delphi.

Theother objectivewas related to theMPI specification. C programming languagecould beconsider ed nearer to Pascal than FORTRAN, so weused MPI specification for C as our basis, but introducing t wo small modifications:

1. MPI_Init ( int argc, char * argv) : the arg u - ments argc and argv arepassed dir ect ly i n - sidet heDCU, so wefreet heDelphi pr o - grammer of this task.

2. Somemodifications on thedata types.

Many MPI-C functions return a valuere p - resenting a boolean as an int eger value(i. e.

MPI_Test ). In Object Pascal, boolean data

typeis available, so it was used as ther e - turned typein this kind of functions.

Besides, communicators havebeen omitt ed in this first version of MPI-Delphi. Thereason was that thefirst goal of t his version was to det e r - minet hepossibilit y of parallel progra mming in

Delphi, mor ethan to implement thewhole funct ionality of thestandard. Ther efore, and in thesakeof simplicity, thecommunicator arg u - ment was eliminated in theimplement ed fun c - tions in theDC U.

2.2 Our working environment

MPI-Delphi ca n beused in a cluster of wor k - stations using Windows 95/98/NT in each PC of thecluster. But this involves a loss of speed perfor mancein communications, as Windows sockets usually aremuch slower than TPC/IP sockets on Linux/ Unix environments [13].

W32MPI v.0.9b, and ther eforeMPI-Delphi, is compatiblewit h MPICH v.1.0.13 for L i - nux/ Unix, so it is possibleto combineprocesses in execution in all theseoperating syst ems. We proposea solution for taking advantageof bot h aspects: speed perfor manceof Linux/Unix (in both communication and processing tasks), and programming facilit ies of Windows.

This working environment uses two kinds of processes:

1 A uniqueWindows process constituting the user int erface, and that would contain all thegraphical part of theparallel application.

This process should bewritt en using Delphi and MPI-Delphi.

2 Some Linux processes writt en in C la n - guage, used to performt hecomputations.

They would haveto send periodically r e - sults of their computations to theWindows process.

Not ethat this wa y of developing applications involves using two differ ent programming la n - guages: Object Pascal and C. However, observe that theproposals of bot h kind of processes are very differ ent: Thefirst one(Delphi pr o - grammed) has to mana gethegraphical int erface and theuser int eraction, whilet herest of pro c - esses (C programmed) ma nagethehea viest computational loa d (and ther eforesusceptibleof parallelism) of t heconcret ealgorit hmimpl e - ment ed. So, it is even appropriateto develop themin differ ent languages, each onesuitable for each kind of task. Figure2 shows thed e - scribed working environment.

Delphi´s

Parallel

Application

MPI-Delphi DCU Dynamic link lib rary

(DLL)

Message

Passing

Network

WMPI

(. lib)

(C++ 5.0)

Library

Figure 2 . Working environment

3 Using M PI-Delphi

This sect ion presents two exa mples of useof

MPI-Delphi. Firstly, weshow an easy exa mple:

theimplementation of thewell-known Jacobi relaxation met hod, applied to solvetheproblem of theheat diffusion in a body [5]. Wecalled this programVisual Jacobi, as it incorporates a niceuser int erface, in which wecan easily modify thevalues of theinput paramet ers, as well as observet heevolut ion of thestatein the body. Secondly, westudy theuseof MPI-

Delphi to develop a scientific application: the parallel visual version of theEDR algorit hm

[6], a new met hod for estimat ion of probabilit y density funct ions fromuncertain samples.

3.1 The visual Jacobi relaxation method

Jacobi relaxation met hod is an it erativealg o - rithmfor solving differ ent ial equations. An exa mpleof theapplication of this algorit hmis to consider a body repr esent ed by a twodimensional array of particles. This body is in direct contact wit h a fixed valueof temperature on thefour boundaries; all four boundaries can havediffer ent temperatures, and each particlein thebody has an init ial valueof t emperature.

Thealgorithmis solved by setting thet emper a - tureof each particleto bethemea n of thet e m - peratures of thefour boundary particles. This calculus is carried out for each oneof thepart i - cles, until a stabilit y situation is reached.

Visual Jacobi implements theclassical pa r - allel Jacobi relaxation algorit hm(body division by rows, wit h thesegroups of rows being ca l - culated by differ ent processes), but, besides, it also shows graphically t heevolut ion of the body. Figures 3 shows thetwo parts of thea p - plication code, bot h in MPI: First, written in C language, themain codeto implement thepa r - allel Jacobi relaxation algorit hm, in a

Unix/ Linux environment; second, writt en in

Pascal langua ge, thecodeof t heprocess that

starts theparallel execut ion and shows graph i - cally ther esults.

C PROCESS

MPI_ Init (& argc,&argv);

MPI_Comm_ rank (MPI_COMM_WORLD, & myra nk);

MPI_Comm_ size (MPI_COMM_WORLD, &size);

RowsAssign ( size,myra nk,&nRows);

CreateMatrix (& A,myrank,nRows);

CreateMatrix (& B,myrank,nRows); /*Auxiliary matrix*/

/* It receives configuration from Delphi*/

MPI_ Bca st (confActual,7,MPI_FLOAT,0,

MPI_COMM_WORLD);

InitMatrix ( A,myra nk,nRows,size,confActual);

InitMatrix ( B,myra nk,nRows,size,confActual);

AllConverged = 0 ; Nu mIterations = 0;

while (! allConverged) {

NumIterations++;

DoIteration (A, B, nRows); /*Calculate temperatures*/

AllConverged = Converge( A,B,nRows, confActual[6]);

Comu nicateSharedRowUp ( myrank,A);

Comu nicateSharedRowDown ( myra nk,A);

MPI_ Allreduce (& allConverged,&convAux, 1,

MPI_INT, MPI_LAND , MPI_COMM_WORLD);

AllConverged = convAux;

/*It sends submatrix calculated to Delphi in order to print*/

SendMatrix ( A,nRows);

}

FreeMatrix (& B,nRows);

FreeMatrix (& A,nRows);

MPI_ Finalize ();

DELPHI PROCESS

MPI_Init;

MPI_Comm_rank(@myrank); (*myrank=0 for Delphi process*)

MPI_Comm_size(@size);

Matrix0 := FullMatrix.Create;

CreateConfiguration(confActual);

(* confActual[6] == ConvergenceLimit*)

MPI_Bca st(@confActual,7,MPI_ FLOAT,0);

NumIterations := 0;

InitPicture;

While (allConverged = 0) do Begin

Inc(nu mIterations);

AllConverged:= 1;

MPI_ Allredu ce(@allConverged,@ConvAux,

1, MPI_INT,MPI_LAND);

AllConverged:= ConvAu x;

Matrix0.ReceiveMatrixs;

PrintPicture(Matrix0);

End;

Matrix0.Free;

MPI_Finalize;

Figure 3. Theparallel Jacobi relaxation algorithm coded in our MPI-Delphi interface.

Themain advantageof theDelphi process is that int eraction is user-friendly, allowing to observet heevolut ion of thepartial results o b - tained through it eration of thealgorithmwhen implement ed in parallel. In this wa y, wecan easily debug theMPI parallel implementation.

Moreover, theuser can introducever y kindly thevalues of thet emperatures on thefour boundaries, theinitial t emperatureof thebody and theconver gencefact or. Periodically, the temperatureof each int ernal point of thebody will bedisplayed. To mana geit, weintroduced

Problem

Problem

Problem

Res ults Res ults

Res ults

...

Dependent

Data Dependent

Data

a new paramet er, l , that represents thenumber

of it erations bet ween t wo successiveint er med i -

ateresults displaying. This paramet er was used

to avoid thedisplaying of thet emperatures of

thebody in each it eration, as doing it so would

causea great loss of perfor mance: theit erative

visualization of theresults implies an additional

communication to send to thevisual process the

values of thet emperatures that therest of the

processes calculat e. If wewant to takea look at

thepartial results morefr equent ly, then wewill

havet o decrement thevalueof l. If, on the

ot her hand, wewant thesimulation to operate

faster, then weca n incr ement this value, but

then thegraphical animation will contain less

frames (int er mediateima ges). Figure4 illu s -

trates thefirst and last windows of theapplic a -

tion. Higher values of thet emperaturearedi s -

played wit h bright er light int ensity values.

Figure 4. Initial (top) and final (bottom) windows of

the visual Jacobi relaxation algorithm.

3.2 Visual P-EDR: Using MPI-Delphi in a

scientific application

P-EDR algorithmis a recent result of our R e -

search Group [12]. This algorit hmhas also an

it erativenature, as the Jacobi met hod described

befor e, though its theor etical foundations are

very differ ent.

Firstly, wearegoing to introducetheutility

of EDR. It was designed to solvea classical

statistical problem, that of density estimat ion fromsamples, but wit h an important ext ension:

thetreatment of uncertaint y. With this alg o -

rithm, traditiona l kernel density estimat ion

met hods are ext ended t o accept uncertain o b -

servations modeled by likelihood functions. A

variablekernel approximation scheme is d e -

rived, wher ethelocations and widt hs of the

components areobtained fromt helikelihood

funct ions of thesa mples in an it erativeproc e -

dure. Our algorit hmcan beconsider ed as an

improvement of theclassical rect ification

met hod proposed by Lucy [7] using a well-

known regularization tool, Parzen´s met hod.

Visual P-EDR is an implementation in pa r -

allel of theEDR algorit hmwit h a graphical

int erface, used to show how thealgorithmpr o -

gr essively conver ges wit hin each it eration, and

to supervisewhen thesolut ion has reached a

fixed (stable) point. Oneint er esting useof this

graphical version was to refinethealgorithm´s

heuristics quickly in thedevelopment stage.

Wit h thehelp of thegraphical int erface, we

could seewhen weobtained a good solut ion, in

order to establish thestop condit ion.

Figur e5 illustrates thefirst and last wi n -

dows of theapplication. True(origina l u n -

known densit y) and P- EDR´s est imat ed pro b -

abilit y densit ies areshowed. As weshow in the

figure, theproposed met hod was ableto eff i -

cient ly recover thetruedensit y of moderately

degraded data wit h a remarkably fast conve r -

gencerate. Thedetails of theparallel impl e -

mentation are exhaustively described in [6], but

they areout of thescopeof this article. Our

int erest is just to show how MPI-Delphi has

been used in thesolut ion of a real and comp u -

tationally expensiveproblem, in which graph i -

cal user int eraction was needed.

3.3 Hardware and software environment

Our research group has a cluster of PCs wit h a

mixtur eof Linux and Windows NT operating

syst ems. Wecarried out these experiments in a

clust er of Int el Pent ium200 MHz processors

with 32 MB main memor y and 256 KB cache

memor y. Weused a Fast Ethernet 3Com905-

net work adapter as thecommunication channel.

Windows NT v.4.0 was used as theoperating

syst emin oneof thePCs. Therest of themused

Linux 2.0.32 operating syst em.

Delphi programs wer ecompiled wit h the

best opt imization opt ions provided by theIDE

(Int egrated Development Envir onment), while

C programs wer ecompiled using theGNU gcc

compiler wit h ˘O2 optimization option.

Figure 5. Initial (top) and final (bottom) windows of

the visual P-EDR algorithm

4 Conclusions

Wit h theincreasing popularity of distribut ed

syst ems as a cost-effectivemea ns for high-

perfor mancecomputing, efficient and portable

visual programming int erfaces becomei n -

creasingly important. Our work has focused on

offer ing thepossibility of programming parallel

applications with a graphical int erfacein a fast

way. In t his way, theprogra mmer saves effort

and time costs when implements a parallel alg o -

rithm. Delphi visual progra mming environment

provides this possibilit y, but themain problem

is relat ed wit h thepossibility of cr eating parallel

applications within this environment as, until

now, therewas no implementation of standard

(PVM, MPI) parallel programming libraries for

Delphi.

MPI-Delphi constitut es, therefore, a first

approach for Delphi progra mmers to parallel

programming within a message-passing par a -

digm. Extending t heparallel programming t o a

visual programming environment entails many

advantages, such as high level debugging t ools

or automatic user´s int erfacecreation.

MPI-Delphi int erfaceis mor esuitableto

somespecific kind of problems, such as mon i -

toring long execution timeparallel programs or

computationally int ensivegraphical simul a - tions. Current ly, weareworking in theapplic a -

tion of MPI-Delphi int erfacein several fields,

such as mediumand high level comput er vision

[11], memor y and calculus int ensivemachine

learning algorit hms and several classical stati s -

tical problems.

Besides, MPI-Delphi has revea led as a good

tool for research, becausethedevelopment of

new algorithms can bedonequickly and, ther e -

for e, timeinvert ed in thedebugging of such

algorit hms is reduced. TheP-EDR algorit hm

constitut es a nice exa mpleof this last affir m a -

tion.

References

[1] M. Acacio, O. Cánovas , J. M. García and

P. E. López-de-Teruel . An Eva luation of

Parallel Comput ing in PC Clusters wit h

Fast Ethernet. In Procc . of theACPC 99,

Salzburg (Austria), Feb. 1999.

[2] J. C. Browne, J. Dongarra , S. Hyder , K.

Mooreand P. Newt on. Visual Progra m -

ming and Parallel Computing. Technical

Report TR94-229, Universit y of Texas,

1994.

[3] M. Bubak , W. Funika and J. Moscinski .

Tuning theP erforma nceof Parallel Pr o -

grams on NOWs Using Perfor mance

Analysis Tool. In Procc . of Applied Para l -

lel Comput ing, LNCS, vol. 1541, pp. 43-

47, Springer-Verlag, 1998.

[4] W. Gropp , E. Lusk and A. Skjellum . Using

MPI: PortableParallel Programming with

theMessagePassing Int erface. TheMIT

Press, 1994.

[5] B. Lest er. TheArt of Parallel Progra m -

ming. Englewood Cliffs, New Jersey:

PrenticeHall. 1993.

[6] P.E. López-de-Teruel , J.M. García , M.

Acacio and O. Cánovas . P-EDR: An Alg o -

rithmfor Parallel Implementation of Pa r -

zen Densit y Estimation fromUncertain

Observations. In Procc . of the2nd Merged

IPPS/SPDP, IEEE Comput er Societ y

Press, 1999.

[7] L.B. Lucy. An It erativeTechniquefor the

Rect ification of theObser ved Distrib u -

tions. TheAstronomical Journa l. Vol. 79,

No. 6, pages 745-754, 1974.

[8] U. Maier and G. Stellner . Distributed R e -

sourceManagement for Parallel Applic a -

tions in Net works of Workstations. In

HPCN Europe1997, LNCS vol. 1225, pp.

462-471, Springer-Verlag, 1997.

True density

Initial density

Fina l density

[9] J. Meireles Marinho . WMPI HomePage.

http://dsg. dei.uc.pt/~fafe/w32mpi/.

[10] J. Piernas , A. Flores and J. M. García .

Analyzing theP erfor manceof MPI in a

Cluster of Workstations Based on Fast

Ethernet. In 4th Euro PVM/MPI Meeting,

LNCS, vol. 1332, pp. 17-24, Springer-

Verla g, 1997.

[11] I. Pitas . Parallel Algorit hms for Digital

ImageProcessing, Computer Vision and

Neur ona l Net works. John Wiley & Sons,

1993.

[12] A. Ruiz , P. E. López-de-Teruel y M. C.

Garrido . Kernel Densit y Estimation from

Het er ogeneous Indir ect Obser vation.

Learning 98, Madrid, Sept. 1998.

[13] P. S. Souza, L. J. Senger , M. J. Santana , R.

C. Santana . Evaluating Personal High P e r -

for manceComputing wit h PVM on Wi n -

dows and LINUX Envir onments. In 4th

Euro PVM/MPI Meeting, LNCS, vol.

1332, pp. 49-53, Springer-Ver lag, 1997.

[14] R. Wismüller, T. Ludwig, A. Bode, R.

Bor geest, S. Lamberts, M. Oberhuber, C.

Röder and G. Stellner. TheTool-set Pro j -

ect: Towards an Integrated Tool Enviro n -

ment for Parallel Programming. In Procc .

of 2nd Sino-Ger ma n Wor kshop APPT’97,

pp. 9-16, Germany, Sept. 1997.