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Abstract. W e shortly describ e a soft w are protot yp e allo wing the co op-

eration b et w een sev eral Maple pro cesses running on di�eren t pro cessors

of a cluster. Tw o examples, a graphical one, and another whic h is con-

cerning with the n umerical solution of a large mathematical problem,

sustain the idea of an impro v emen t of Maple's capabilities to deal with

in tensiv e computational problems.

Keyw ords: cluster computing, mathematical soft w are, PVM, initial v alue

problems.

1 In tro duction

V ery often scien ti�c applications need more computing p o w er than a sequen tial

computer can pro vide. A viable and cost-e�ectiv e solution is to connect m ulti-

ple pro cessors together and co ordinate their computational e�orts. In the last

decade there has b een an increasing trend to mo v e a w a y from exp ensiv e and sp e-

cialized proprietary parallel sup ercomputers to w ards net w orks of w orkstations.

The use of clusters to protot yp e, debug, and run applications is b ecoming an in-

creasingly p opular alternativ e to using sp ecialized parallel computing platforms.

An imp ortan t factor that has made the usage of clusters a practical prop osition

is the standardization of man y to ols and utilities (lik e P arallel Virtual Mac hine,

shortly PVM [5]) used b y parallel applications.

Originally , mathematical soft w are w as designed as educational aid and to ol

for protot yping algorithms whic h w ould then b e translated in to a programming

language. T o da y , mathematical soft w are o�ers an in teractiv e w a y of w orking,

programming and rapid protot yping for man y users �nding that a degradation

in sp eed b y a small factor is more than made up an impro v emen t of program-

ming easy b y a greater factor. T o impro v e the time p erformances of suc h a kind

of soft w are or to impro v e the capabilities b y coupling di�eren t mathematical

soft w are k ernels, sev eral user-in terfaces ha v e b een designed recen tly . F or exam-

ple, NetSolv e [1] is designed to solv e computational science problems o v er a

net w ork using a wide collection of mathematical soft w are, including Matlab and

Mathematica.

W e presen t in this pap er t w o examples of using the recen tly dev elop ed pro-

tot yp e of a user-in terface in Maple, PVMaple (P arallel Virtual Maple), allo wing
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the in ter-connection of sev eral Maple pro cesses running on di�eren t pro cessors

of a parallel computer, a cluster, or a net w ork of w orkstations. E�ciency tests

ha v e b een p erformed on a cluster of dual-pro cessor SGI Octanes link ed b y three

10-Mbit Ethernet sub-net w orks. Section 2 reviews shortly protot yp e's main c har-

acteristics and Section 3 describ es the t w o examples.

PVMaple w as presen ted for the �rst time in [10]. Sev eral tests with PVMaple

ha v e b een rep orted also in [13]. PVMaple is one the four basic to ol of P aViS (P ar-

allel Virtual Solv er, [12]) allo wing the in ter-connection of di�eren t mathematical

soft w are k ernels (at this momen t Maple, Matlab, Mathematica and EpODE {

ExP ert system for Ordinary Di�eren tial Equations { a n umerical solv er of initial

v alue problems [9]). Sev eral comparativ e tests done relativ e to the most closest

to ol, Distributed Maple [14], ha v e rev eal the adv an tage of using PVMaple in the

case of a net w ork of PC's and in the solving pro cess of some large mathematical

problems [11].

2 Protot yp e o v erview

P arallel Virtual Maple is an extension of Maple capabilities to distributed com-

putations for w orkstations group ed in to a parallel virtual mac hine, pro viding

also facilities for p ost-execution analysis of a distributed computing session.

PVMaple's aim is to in terface the 
exible pro cess and virtual mac hine con trol

from PVM system with sev eral Maple pro cesses, allo wing also the co op eration

b et w een Maple pro cesses. The main goals of the to ol are the follo wing ones: to b e

a public domain to ol designed for an y one who w an t to solv e a problem requiring

a large amoun t of computer resources (do wnload from h ttp://www.info.uvt.ro/~

p etcu/p vmaple), to b e faster than previous designed systems, and to allo w par-

allel programming within Maple (the user in teracts with the system via the text

orien ted Maple fron t-end).

PVMaple w as created follo wing the ideas of the previously build-up to ol,

Distributed Maple. Therefore there are man y similarities b et w een these t w o dis-

tributed computing en vironmen ts. Sev eral b enc hmarks concerning Distributed

Maple and PVMaple can b e found in [11]. Other similar to ols are rep orted in

T able 1.

Note that DPT o olb o x [8] is also v ery close to PVMaple's idea to main tain

the PVM-function syn tax in to the user in terface within the CAS. It realizes

T able 1. P arallel and distributed Maple: di�eren t v ersions

V ersion Built up on T yp e P arallel Cluster Reference

Sugarbush Linda Maple extension + - [3]

k Maple k Strand Maple extension + - [15]

Maple for P aragon New k ernel New Maple + - [2]

F o xBo x MPI Maple extension + + [4]

Distributed Maple Ja v a Maple extension - + [14]
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T able 2. PVMaple comp onen ts and dep endencies

Comp onen t t yp e PVMaple

Comp onen t F ormat

CAS Maple V 4.0-6.0 binary

Comm unication p vmd binary

CAS library p vm.txt/p vm.m Maple text/in ternal

Binding commandm binary

P aths paths.txt text

a m ulti-instance approac h to supp ort a con v enien t dev elopmen t of distributed

and parallel Matlab applications. It uses PVM for pro cess comm unication and

con trol. Matlab instances are coupled via DPT o olb o x on heterogeneous computer

clusters and parallel computers.

The task sc heduler is the PVM daemon lying on eac h mac hine whic h partic-

ipates to the distributed computing. The applications cannot b e started in the

absence of the public domain soft w are whic h supp ort the sc heduler. The binding

b et w een the Maple pro cess and the daemon is done b y a sp ecial binary , namely

command-messenger. T able 2 presen ts more details ab out the to ol structure.

T ypical functions for message passing paradigm are pro vided inside Maple:

pro cess creation, send and receiv e primitiv es, pro cedure for stopping the parallel

virtual computing mac hine. T able 3 presen ts suc h functions. Details ab out the

function syn tax can b e found in [10].

In order to reduce the net w ork tra�c, the send and receiv e command in

PVMaple ha v e b een constructed in suc h a manner to allo w m ultiple commands

to b e send once to all or a sp eci�c remote task. The user m ust write a string of

commands (b y concatenation, for example). Moreo v er, using string of commands,

the describ ed Maple expressions will b e remotely ev aluated. A second application

of the fact that strings of commands are used for send/receiv e functions is that

the remotely Maple k ernels (sla v es of the master Maple pro cess whic h has started

them) can co op erate b et w een them b y sending and receiving data or commands.

The activ e time p erio ds are registered b y PVMaple in to some text �le whic h

remains in a temp orary directory after the virtual mac hine has b een stopp ed

T able 3. Pro cess con trol and in ter-comm unications via Maple function library p vm.m

Meaning PVMaple

Create lo cal or remote Maple pro cesses spa wn

Send commands to Maple pro cesses send

Receiv e results from Maple pro cesses receiv e

Stop distributed computing exit

Time measuremen t settime, time

Comp onen ts iden ti�cation Pro cID, Mac hID, T askId, T asks
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and can b e used also b y PVMaple time function or other programs in further

time diagram pro cessing.

3 Exp erimen ts

Numerous tests ha v e b een done in order to test PVMaple's e�ciency in solving

computational in tensiv e problems. W e presen t here only t w o di�eren t examples

of Maple's impro v emen t via PVMaple due to the in ter-connection b et w een sev-

eral k ernels. The tests ha v e b een p erformed on a cluster of dual-pro cessor SGI

Octanes link ed b y three 10-Mbit Ethernet sub-net w orks.

The �rst example is concerning with the recursiv e pro cess of constructing

a computer image of a kno wn fractal curv e, the sno w
ak e. The initial curv e is

presen ted in the left part of Figure 1. The result of the �rst lev el of segmen tation

Fig. 1. Sno w
ak e recursiv e generation using Maple's plotting commands

is the curv e from the middle. The n um b er of curv e p oin ts increases dramatically

with the recursion lev els: 3 � 2

2 n � 1

p oin ts where n is the recursion lev el. After

n = 6 lev els of segmen tation the curv e image is similar to that from the righ t

part of Figure 1. The plot structure can b e constructed in the curren t v ersion of

Maple, only for n � 7 (unreasonable time requested in the case of a greater n

v alue). T o construct a more re�ned image, for example for n = 8, w e can divide

the plot structure construction in to smaller tasks, starting from the initial curv e.

In our case, w e can easily divide the initial curv e in to three segmen ts (di�eren t

thic kness v alues for eac h segmen t, in Figure 1). Using PVMaple to compute the

curv e p oin ts on three di�eren t pro cessors of the cluster, for n = 7, the mean

time (mean of sev eral tests) necessary to generate and dra w the sno w
ak e w as

T

3

= 18 : 08 s, while the mean time to generate it on one pro cessor without task

division, w as T

0

= 36 : 93 s, i.e. a sp eed-up of 2.04. F or n = 8 it w as p ossible to

dra w the sno w
ak e in the mean time T

3

= 79 : 81 s using three Maple k ernels on

di�eren t pro cessors, while it w as imp ossible to dra w it using one Maple k ernel

within at least 5 min utes. F or n < 7 the usage of sev eral Maple k ernels is not

justi�ed since the time necessary to exc hange the Maple's commands and results

dominates the computation time of the curv e p oin ts.
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The second example is concerning with the sim ulation of a plate loading

due to the mo v emen t of a car passing o v er it whic h is necessary for example in

a plate design pro cess. The mathematical mo del is describ ed b y the follo wing

partial di�eren tial equations [6]:

u

tt

+ ! u

t

+ � ��u = f ( t; x; y ) ;

where u

�

�

@ 


= 0 ; �u

�

�

@ 


= 0 ; t 2 [0 ; T ] on x -axis, u

t

(0 ; x; y ) = 0 ; where ( x; y ) 2


 = [0 ; l

x

] � [0 ; l

y

], and the load f is the sum of t w o Gaussian curv es on y -axis,

with four wheels mo ving in the x -direction. More precisely w e tak e the follo wing

particular v alues for the problem parameters:


 = [0 ; 2] � [0 ; 4 = 3] ; ! = 1000 ; � = 100 ; t 2 [0 ; 7]

f ( t; x; y ) =

�

200( e

� 5( t � x � 2)

2

+ e

� 5( t � x � 5)

2

) if y = 4 = 9 or y = 8 = 9,

0 otherwise.

The basic pro cedure for the classical �nite-di�erence, �nite-elemen t or �nite-

v olume metho ds for PDEs starts b y establishing t w o grids, on t and x . The

partial deriv ativ es are replaced with algebraic appro ximations ev aluated at dif-

feren t grid p oin ts. In the metho d of lines (MOL) t is treated as a con tin uous

v ariable. Th us the partial deriv ativ es u

x

; u

xx

; : : : are replaced with algebraic

appro ximation ev aluated at di�eren t x -p oin ts, but the deriv ativ e u

t

is k eept un-

mo di�ed. W e construct an equidistan t grid ( x

i

; y

j

) and w e apply MOL in order

to obtain the discrete appro ximativ e solution u

ij

� u ( � ; x

i

; y

j

). This pro cedure

lead to an ODE system with indep enden t v ariable t . W e use

��u ( � ; x

i

; y

j

) �

1

�

2

x

1

�

2

y

[20 u

ij

� 8( u

i � 1 j

+ u

i +1 j

+ u

i j � 1

+ u

i j +1

) +

+2( u

i � 1 j � 1

+ u

i +1 j � 1

+ u

i � 1 j +1

+ u

i +1 j +1

) + u

i � 2 j

+ u

i +2 j

+ u

i j � 2

+ u

i j +2

]

If w e tak e the step size �x = �y = 2 = 9, w e ha v e a 8 � 5 grid p oin ts and 80

ODEs of the follo wing form:

( U

( k )

)

t

= F

( k )

; k = 1 : : : 80

where

U

( k )

=

�

u

ij

; k = 5 i + j;

( u

t

)

ij

; k = 40 + 5 i + j;

i = 1 : : : 8 ; j = 1 : : : 5 ;

F

( k )

=

�

U

( k +40)

; k = 5 i + j;

� ! U

( k � 40)

� � ��U

( k � 40)

+ f ( t; x

i

; y

j

) ; k = 40 + 5 i + j:

If w e tak e the step size �x = �y = 1 = 9 w e ha v e 17 � 11 grid p oin ts and 374

sti� ODEs. The sti� prop ert y of this system mak e imp ossible the use of simple

in tegration metho ds lik e Euler's explicit rule or standard Runge-Kutta metho d;

w e m ust use step-b y-step implicit metho ds whic h are more complicated.

Solving ODEs obtained b y MOL can b e an in tensiv e computational problem

whic h cannot b e often dealt b y curren t sequen tial computers. A reasonable solu-

tion is to app eal to the more p o w erful net w orks of w orkstations or parallel com-

puters. There are man y theoretical w a ys to solv e ODE using m ulti-pro cessing.
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Here w e consider parallelism across the in tegration metho d. W e tak e for example

the Runge-Kutta metho d [7]:

U

n +1

= U

n

+ �t [ a ( k

1

+ k

2

) + (1 = 2 � a )( k

3

+ k

4

)]

k

1

= F ( U

n

+ �t ( ck

1

+ (1 = 2 � b � c ) k

2

)) ; a = 3 = 2 ;

k

2

= F ( U

n

+ �t ((1 = 2 + b � c ) k

1

+ ck

2

)) ; b =

p

3 = 6 ;

k

3

= F ( U

n

+ �t ( dk

3

+ (1 = 2 � b � d ) k

4

)) ; c = 5 = 12 ;

k

4

= F ( U

n

+ �t ((1 = 2 + b � d ) k

3

+ dk

4

)) ; d = 1 = 2 :

A t eac h in tegration step, the k

1

and k

2

v alues (v ectors) can b e computed on one

pro cessor and mean while, k

3

and k

4

, on another pro cessor.

The in tegration pro cess of the discretized plate problem using the ab o v e

describ ed Runge-Kutta metho d needs a time of min ute orders in the case of 80

ODEs and resp ectiv ely a time of hour orders in the case of 374 ODEs using either

Maple or a faster n umerical solv er than Maple (lik e EpODE [9]). The Maple

in tegration time can b e reduced using a supplemen tary and co op erativ e Maple

k ernel, for example to solv e the system in k

3

and k

4

at eac h step. Moreo v er,

in order to solv e the implicit equations w e can use Maple's n umerical solving

pro cedure giving an appro ximate solution with a guaran teed high precision. The

tests on the cluster system rev eal a sp eed-up closes to the ideal v alue: 1.68 for

32 ODEs, 1.92 for 80 ODEs. The n umerical solution in the case of 374 ODEs

can b e used for an animated sim ulation of the loading (Figure 2 sk etc hes three

frames of a suc h animation in Maple).

Fig. 2. Loading sim ulation: plate under the pressure of a car passing o v er it ( u � 0 in

the �rst picture, max

x;y

u (3 ; x; y ) � 0 : 0025 in the last picture)

F urther examples and test results concerning PVMaple can b e found in [10]

and [13].

4 Conclusions

The results of t w o di�eren t exp erimen ts sustain the idea that parallel virtual

extensions to kno wn computing en vironmen ts, lik e PVMaple, can impro v e the
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capabilities of the basic en vironmen ts, in our case Maple, at least b y extending

the domain of problems to b e solv ed or b y reducing the resp onse time of di�eren t

solv ers. PVMaple is p oten tially useful also for education in parallel programming,

for protot yping algorithms and for fast and con v enien t of easily parallelizable

computations on m ultiple pro cessors. It is an ev olving pro ject at an early stage

of dev elopmen t and there is de�nitely ro om for impro v emen t.
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