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Abstract. P opularit y and success of computational grids will dep end,

among others, on the a v ailabilit y of application soft w are. Maple2g is

a grid-orien ted extension of Maple. One of its comp onen ts allo ws the

access of grid services within Maple, while another one use of m ultiple

computational units. The latter comp onen t is discussed in this pap er.

It is based on a master-sla v e paradigm, and it is implemen ted using

Globus T o olkit GT3, mpiJa v a and MPICH-G2. Preliminary exp erimen ts

are rep orted and discussed. These are pro ving that a reasonable time

reduction of computational-in tensiv e applications written in Maple can

b e obtained b y using m ultiple k ernels running on di�eren t grid sites.

1 In tro duction

Computer algebra systems (CAS) can b e successfully used in protot yping sequen-

tial algorithms for sym b olical or n umerical solution of mathematical problems as

w ell as e�cien tly utilized as pro duction soft w are in large domain of scien ti�c and

engineering applications. It is esp ecially in the latter con text, when computation-

ally in tensiv e problems arise. Ob viously , suc h applications of CAS can b ecome

less time consuming if an e�cien t metho d of utilizing m ultiple computational

units is a v ailable. This can b e ac hiev ed in a n um b er of w a ys: (a) parallelisation

pro vided \inside" of a CAS or (b) parallelization facilitated b y the en vironmen t

in whic h m ultiple copies of the CAS are executing; furthermore, utilization of

m ultiple computational units can o ccur through (c) computations taking place

on a parallel computer, or (d) utilization of distributed resources (i.e. grid based

computing). Since coarse grain parallelism has b een pro v ed to b e e�cien t in

an in terpreted computation en vironmen t suc h as the CAS, in this pap er w e are

particularly in terested in the case of running m ultiple copies of the CAS w orking

together within a grid. T o b e able to facilitate this mo del of parallelism, a CAS

in terface to a message-passing library is needed and in our researc h w e ha v e

dev elop ed suc h an in terface for Maple.

Maple is a p opular mathematical soft w are that pro vides an easy to use in ter-

face to solv e complicated problems and to visualize the results of computations.

Our main reason for c ho osing Maple is that, despite its robustness and user

friendliness, w e w ere not able to lo cate e�orts to link Maple with grids. Se-

cond, it is w ell kno wn that Maple excels other CAS in solving selected classes of



problems lik e systems of nonlinear equations or inequalities [11]. F urthermore,

Maple has already a so c k et library for comm unicating o v er the In ternet. Finally ,

distributed v ersions of Maple ha v e b een recen tly rep orted in [6] and [9].

W e in tend to pro vide an en vironmen t where utilization of m ultiple computa-

tional units is p ossible within the Maple en vironmen t suc h that the programmer

do es not ha v e to lea v e the familiar CAS in terface. While sev eral parallel or dis-

tributed v ersions of Maple, men tioned in Section 2, w ere dev elop ed for clusters of

computers, our goal is to \p ort" Maple to the computational grid. Success of our

pro ject will allo w m ultiple grid users with Maple installed on their computers,

to p o ol their resources and form a distributed Maple en vironmen t.

W e ha v e therefore pro ceeded to dev elop Maple2g: the grid-wrapp er for Maple.

It consists of t w o parts: one whic h is CAS-dep enden t and another, whic h is

grid-dep enden t. In this w a y , an y c hange in the CAS or the grid needs to b e

re
ected only in one part of the prop osed system. The CAS-dep enden t part is

relativ ely simple and can easily b e p orted to supp ort another CAS or a legacy

co de. Maple2g should therefore b e p ortable to an y new commercial v ersion of

Maple, including the So c k et pac k age. The system only relies on basic in terfaces to

the Maple k ernel. More details ab out Maple2g arc hitecture are giv en in Section 3.

W e con tin ue b y describing, in Section 4, the prop osed approac h to distributed

computing. Finally , results of our exp erimen ts are presen ted in Section 5, while

conclusions and future impro v emen ts are en umerated in Section 6.

2 P arallel and distributed v ersions of Maple

With the increasing p opularit y of parallel and distributed computing, researc hers

ha v e b een attempting at building supp ort for parallel computing in to Maple. W e

are a w are of the follo wing attempts to supplemen t Maple with parallel and/or

distributed computation features.

k Maple k is a p ortable system for parallel sym b olic computations built as an

in terface b et w een the parallel programming language Strand and Maple [10]. Su-

garbush com bines the parallelism of C/Linda with Maple [2]. Maple w as p orted

also to the In tel P aragon arc hitecture [1]. Fiv e message passing primitiv e w ere

added to the k ernel and used to implemen t a master-sla v e relationship amongst

the no des. The manager could spa wn sev eral w ork ers and async hronously a w ait

the results. Finally , F o xBo x pro vides an MPI-complian t distribution mec ha-

nism allo wing parallel and distributed execution of F o xBo x programs; it has

a clien t/serv er st yle in terface to Maple [3].

All these attempts to ok place in the 1990th and are all but forgotten. In

recen t y ears w e observ e a renew ed in terest parallel/distributed Maple.

Distributed Maple is a p ortable system for writing parallel programs in

Maple, whic h allo ws to create concurren t tasks and ha v e them executed b y

Maple k ernels running on separate net w ork ed computers. A con�gurable pro-

gram written in Ja v a starts and connects external computation k ernels on v a-

rious mac hines and sc hedules concurren t tasks for execution on them. A small

Maple pac k age implemen ts an in terface to the sc heduler and pro vides a high

lev el parallel programming mo del for Maple [9].



P arallel Virtual Maple (PVMaple) w as dev elop ed to allo w sev eral indep en-

den t Maple k ernels on v arious mac hines connected b y a net w ork to co op erate in

solving a problem. This is ac hiev ed b y wrapping Maple in to an external system

whic h tak es care of the parallel execution of tasks: a sp ecial binary is resp onsible

for the message exc hanges b et w een Maple pro cesses, co ordinates the in teraction

b et w een Maple k ernels via PVM daemons, and sc hedules tasks among no des [6].

A Maple library implemen ts a set of parallel programming commands in Maple

making the connections with the command messenger. The design principles are

v ery similar to those of the Distributed Maple.

The ab o v e men tioned parallel or distributed Maple pro jects mak e use of

message-passing for in terpro cessor comm unication and pro vide message-passing

in terfaces to the user. Commands, lik e send and r e c eive , are a v ailable so that

a user can write a parallel Maple program using the message-passing program-

ming mo del. These commands are implemen ted either in user written subrou-

tines callable b y Maple or in script �les written in Maple's nativ e programming

language. They utilize lo w lev el message-passing routines from the standard

MPI/PVM libraries, simple comm unication functions, or �le sync hronization

functions (in the case of a comm unication via a shared �le system). Actually , ex-

isting parallel/distributed v ersions Maple can b e regarded as a message-p assing

extension of Maple . A recen t more comprehensiv e description of the a v ailable

parallel and distributed v ersions of Maple can b e found in [9].

None of the attempts at adding parallel/distributed features to Maple, that

w e w ere able to lo cated tried to in tro duce Maple to the grids. It is the latter idea

that b ecame fo cus of our w ork. Our exp erimen ts with PVMaple sho w ed su�-

cien t e�ciency in solving large problems to follo w this design paths in Maple2g

dev elopmen t. As will b e seen b elo w, the later has similar facilities with PVMaple.

3 Maple2g arc hitecture

Rewriting a CAS k ernel in order to supplemen t its functionalit y with grid ca-

pabilities can b e a complicated and high-cost solution. W rapping the existing

CAS k ernel in an in terface b et w een the grid, the user and the CAS can b e done

relativ ely easily as an added functionalit y to the CAS. In addition, it can also b e

adapted on-the-
y when new v ersions of the CAS in question b ecome a v ailable.

In this w a y Maple2g is a protot yp e grid-enabling wrapp er for Maple.

Maple2g allo ws the connection b et w een Maple and computational grids based

on the Globus T o olkit. The protot yp e consists of t w o parts. A CAS-dep enden t

part ( m2g ) is the Maple library of functions allo wing the Maple user to in teract

with the grid or cluster middlew are. A grid-dep enden t part ( MGPr oxy ) is the

middlew are, a pac k age of Ja v a classes, acting as in terface b et w een m2g and the

grid en vironmen t. The m2g functions are implemen ted in the Maple language,

and they call MGPro xy whic h accesses the Ja v a CoG API [5]. A preliminary

description of fundamen tal Maple2g concepts is presen t in [7].

Maple2g has three op erating mo des: user mo de , for external grid-service ac-

cess, server mo de , for exp osing Maple facilities as grid services, and p ar al lel mo de

for parallel computations in Maple using the grid.



In the curren t v ersion of Maple2g w e ha v e implemen ted a minimal set of

functions allo wing the access to the grid services:

m2g connect(): connection via Ja v a COG to the grid;

m2g getservice( c; l ): searc h for a service c and retriev e its lo cation l ;

m2g jobsubmit( t; c ): job submission on the grid based of the command c ;

m2g results( t ): retriev e the results of the submitted job lab eled t .

More details ab out the implemen tation of the grid services access pro cedures

from Maple illustrated b y sev eral examples can b e found in [8]. Let us no w

pro ceed to presen t some details of utilizing Maple2g in parallel on the grid.

4 Coupling Maple k ernels o v er grid - Maple2g approac h

The computational p o w er of a CAS can b e augmen ted b y using sev eral other

CAS k ernels (the same or di�eren t CASs) when the problem to b e solv ed can

b e split b et w een these k ernels or a distributed-memory parallel metho d is used

in order to solv e it. The usage of a standard message-passing in terface for in ter-

k ernel comm unication allo ws the p ortabilit y of the parallel v ersion of a CAS in

particular an easy deplo ymen t on clusters and grids (Figure 1).

The t w o extreme approac hes to design the in teraction with the message-

passing in terface are minimal, resp ectiv ely full, access to the functions of the

message-passing in terface. In the �rst case the set of functions is restricted to

those allo wing to send commands and receiv e results from the remote k ernels.

In the second case it is p ossible to enhance the CAS with parallel or distributed

computing facilities, allo wing the access of the CAS to other parallel co des than

the ones written in the CAS language (the message-passing in terface can b e used

as in terpreter b et w een parallel co des written in di�eren t languages). The �rst

approac h has b een follo w ed in our Maple2g protot yp e.

P arallel co des using MPI as the message-passing in terface can b e easily p or-

ted to grid en vironmen ts due to the existence of the MPICH-G2 v ersion whic h

runs on top of the Globus T o olkit. On other hand, the latest Globus T o olkit GT3

is built in Ja v a, and the Ja v a clien ts are easier to write. This b eing the case, w e

selected mpiJa v a as the message-passing in terface b et w een Maple k ernels.

In Maple2g a small n um b er of commands ha v e b een implemen ted and made

a v ailable to the user, for sending commands to other Maple k ernels and for

receiving their results (T able 1).

Fig. 1. Coupling CAS k ernels o v er the grid using a master-sla v e approac h



T able 1. Maple2g functions/constan ts for remote pro cess launc h/comm unications

F unction/const. Description

m2g maple( p ) Starts p pro cesses MGPro xy in parallel mo des

m2g send( d; t; c ) Send at the destination d a message lab eled t con taining the command

c ; d , t are n um b ers, c , a string; when d is "all", c is send to all k ernels

m2g recv( s; t ) Receiv e from the source s a message con taining the results from the

a previous command lab eled t ; when s is 'all', a list is returned with

the results from all k ernels whic h ha v e executed the command t

m2g rank MGPro xy rank in the MPI W orld, can b e used in a command

m2g size Num b er of MGPro xy pro cesses, can b e used in a command

Fig. 2. F rom a m2g command to a grid request

Maple2g facilities are similar to those in tro duced in the PVMaple [6]. The

user's Maple in terface is seen as the master pro cess, while the other Maple k ernels

are w orking in a sla v e mo de. Command sending is p ossible not only from the

user's Maple in terface, but also from one k ernel to another (i.e. a user command

can con tain inside a send/receiv e command b et w een sla v es).

Figure 2 sho ws ho w the m2g maple command is translated in a grid request.

MGPro xy is activ ated from user's Maple in terface with sev eral other MG-

Pro xy copies b y m2g maple command. The cop y with the rank 0 en ters in user

mo de and normally runs in the user en vironmen t, while the others en ter in serv er

mo de. Comm unication b et w een di�eren t MGPro xy copies is done via mpiJa v a.

5 T est results

W e ha v e tested the feasibilit y of Maple2g approac h to dev elopmen t of distributed

Maple applications on a small grid based on 6 Lin ux computers from t w o lo ca-

tions: 4 PCs lo cated in Timisoara, Romania; eac h with a 1.5 GHz P4 pro cessor

and 256 Mb of memory , connected via a Myrinet switc h at full 2Gb/s and 2 com-

puters lo cated at the RISC Institute in Linz

5

; one with a P4 pro cessor running

at 2.4 GHz and 512 Mb, and a p ortable PC with a 1.2 GHz PI I I pro cessor and

512 Mb, connected through a standard (relativ ely slo w) In ternet connection.

Note that the one of the p ossible goals of using the Maple k ernels on the grid

is to reduce the computation time (it is not to obtain an optimal run time, lik e

5

In the frame of the IeA T pro ject supp orted b y Austrian Ministries BMBWK pro ject
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>with(m2g); m2g_MGProxy_start();

[m2g_connect,m2g_getservice, m2g_ jobst op,m 2g_j obsub mit, m2g_m aple ,m2g _rank ,

m2g_recv,m2g_results,m2g_sen d,m2 g_siz e,m2 g_MG Proxy _end ,m2g_ MGPr oxy_ start ]

Grid connection established

>p:=4: a:=1: b:=2000: m2g_maple(n);

Connect kernel 1: successful

Connect kernel 2: successful

Connect kernel 3: successful

Connect kernel 4: successful

>m2g_send("all",1,cat("s:=NU LL:a :=",a ,":b :=", b,": for i from a+m2g_rank",

" to b by m2g_size do if isprime(i*2^i-1) then s:=s,i fi od: s;"):

>m2g_recv("all",1);

[[81,249],[2,6,30,362,462,822] ,[3, 75,1 15,12 3,75 1],[3 84,5 12]]

>m2g_MGProxy_end();

Grid connection closed

Fig. 3. Maple2g co de and its results searc hing all the W o o dall primes in [ a; b ]

on a cluster or a parallel computer. When a grid user executes a parallel Maple

program, other computers t ypically b ecome a v ailable as \sla v es". T aking in to

accoun t the p ossible relativ e slo wness of the In ternet (and unpredictable con-

nection latency), it w ould b e costly to pass data frequen tly among the computa-

tional no des. This b eing the case, the b est p ossible e�ciency for em barrassingly

parallel problems; for example, when eac h sla v e no de receiv es a w ork pac k age,

p erforms the required computation, and sends the results bac k to the master.

In what follo ws w e presen t t w o examples of suc h computations, whic h therefore

can b e treated as the \b est case" scenarios.

There are sev eral co des a v ailable on In ternet to solv e in parallel op en pro-

blems lik e �nding prime n um b ers of sp eci�c form [4]. F or example, curren tly

the W o o dall n um b ers, the primes of the form i 2

i

� 1, are searc hed in the in ter-

v al [10

5

; 10

6

]. Figure 3 presen ts the Maple2g co de and its results searc hing the

W o o dall primes in a giv en in terv al [ a; b ] using p = 4 Maple computational units.

A second example in v olv es graphical represen tation of results of a computa-

tion. Giv en a p olynomial equation, w e coun t the n um b er of Newton iterations

necessary to ac hiev e a solution with a predescrib ed precision and starting from a

sp eci�c v alue on the complex plane. If w e compute these n um b ers for the p oin ts

of a rectangular grid in a complex plane, and then w e in terpret them as colors,

w e ma y obtain a picture similar to that from Figure 4. The same �gure displa ys

the Maple2g co de in the case of using 4 k ernels; v ertical slices of the grid are

equally distributed among these k ernels.

W e ha v e run our exp erimen ts on t w o basic com binations of a v ailable compu-

ters. First, using 4 mac hines clustered in Timi � soara and, second, using 2 mac hines

in Timi � soara and 2 in Linz. W e ha v e exp erimen ted with a n um b er of p ossible

approac hes to the solution of the t w o problems, where b oth problems come in t w o

di�eren t sizes represen ting a \small" and a \large" problem. T able 2 summarizes

the results and the notations used there refers to the follo wing case studies:

Sequential: the W o o dall prime list and the plot w ere constructed without an y

splitting tec hnique and the results come form one of the PC's in Timi � soara.



>with(m2g): m2g_MGProxy_start(); no_procs:=4;

>m2g_maple(no_procs): d:="all";

>m2g_send(d,1,"f:=x->x^7+x^ 6+5* x^5+3 *x^4 +87* x^3

+231*x^2+83*x+195:"):

>m2g_send(d,2,"newton:=proc (x,y ) local z,dif,m;

dif:=1; z:=evalf(x+y*I);

for m to 30 while abs(dif)>0.1*10^(-8) do

dif:=f(z)/D(f)(z); z:=z-dif od; m end:");

>m2g_send(d,3,"plot3d(0,-5+ 10*m 2g_ra nk/m 2g_s ize..

-5+10*(m2g_rank+1)/m2g_size, -5..5, grid=[160/m2g_size,160],

style=patchnogrid,orientation=[ 90,0 ],col or=` newto n`); "):

>plots[display3d](m2g_recv( d,3) ); m2g_MGProxy_end();

Fig. 4. Maple2g co de and the graphical result in measuring the lev els of Newton ite-

rations to solv e in the complex plane a p olynomial equation of degree sev en

Ideal: the maxim um p ossible reduction of the time using p pro cessors;

Cycle: the W o o dall prime list or the plot w ere constructed in a sequen tial man-

ner, but in a cycle with p steps. The time p er step is v ariable. W e registered

the maxim um of the time v alue of eac h step (on a cluster's PC).

MPI-cluster: The co des from the Figs. 3 and 4 are used on p pro cessors of the

cluster; here mpiJa v a is installed o v er MPICH v ersion; Globus is not used.

G2-cluster: Same co des w ere used on p pro cessors of the cluster in Timi � soara,

here mpiJa v a is installed o v er MPICH-G2 using Globus T o olkit 3.0.

G2-net: Same co des w ere used on p di�eren t pro cessors running the mpiJa v a

based on MPICH-G2: in the case of p = 2, one PC in Timi � soara and the

faster mac hine in Linz are used; in the case of p = 4, t w o PC's in Timi � soara

and t w o computers in Linz are used. The parallel e�ciency is computed.

Ov erall, it can b e said that a reasonable parallel e�ciency for the larger problem

has b een ac hiev ed: for the W o o dall primes: 73% for 2 pro cessors and 44% for 4

pro cessors; for Newton iteration visualization: 75% for 2 pro cessors and 40% for 4

pro cessors. As exp ected, e�ciency is impro ving as the problem size is increasing.

A t the same time the results are somewhat disturbing when one considers

the curren t state of grid computing. On the lo cal cluster, the results based on

T able 2. Time results

Problem W o o dall primes Newton iterations

p Implemen tation [ a; b ]=[1,2000] [ a; b ]=[1,4000] grid=160 � 160 grid=300 � 300

1 Sequen tial 236 s 3190 s 208 s 1804 s

2 Ideal 118 s 1595 s 104 s 902 s

Cycle 122 s 1643 s 105 s 911 s

MPI-cluster 135 s 1725 s 123 s 1020 s

G2-cluster 153 s 1846 s 138 s 1071 s

G2-net 185 s 2197 s 160 s 1199 s

4 Ideal 59 s 797 s 52 s 451 s

Cycle 65 s 885 s 55 s 473 s

MPI-cluster 79 s 1027 s 73 s 654 s

G2-cluster 107 s 1263 s 94 s 784 s

G2-net 160 s 1831 s 138 s 1129 s



mpiJa v a and MPICH are substan tially b etter than these obtained when the

mpiJa v a and MPICH-G2 are used. This indicates a considerable ine�ciency

in the MPICH-G2 pac k age. F urthermore, our results indicate that curren tly ,

realistic application of grids o v er the In ternet mak es sense only for v ery large

and easy to parallelize problems (lik e seti@home). F or instance, when mac hines

residing at t w o sites w ere connected then the e�ciency dropp ed b y ab out 18%.

Ob viously , in this case this is not the problem with the grid to ols, but with

the In ternet itself. Ho w ev er, since the grid is hailed as the future computational

infrastructure, and since our t w o problems represen ted the b est case scenario,

it should b e clear to ev ery one that, unfortunately , w e are far a w a y from the

ultimate goal of the grid paradigm.

6 Conclusions and future dev elopmen ts

A t this stage, the prop osed extension of Maple exists as a demonstrator system.

Maple2g preserv es the regular Maple instruction set and only add sev eral new

instructions. F urther w ork is necessary to mak e it a more comprehensiv e pac k age

and to compare it with similar to ols build for clusters. In this pap er w e ha v e

sho wn that utilizing Maple2g allo ws dev eloping grid-based parallel applications.

Our initial test ha v e also indicated satisfactory e�ciency of Maple2g, esp ecially

when nativ e MPI to ols are used (instead of their Globus based con uterparts). In

the near future w e plan in tensiv e tests on grids on a large domain of problems to

help guide further dev elopmen t of the system. Among others, the master-sla v e

relationship b et w een no des will b e extended to allo w sla v es to b ecome masters

themselv es and th us facilitate the dev elopmen t of hierarc hical grid applications.
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