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Motivations

X MATLAB is widely used for several kinds of application (scientific computing, image processing,
...

X MATLAB provides a programming language suitable for ordinary scientist ( not programmers! )

* MATLAB is commonly used for heavy computations (simulations, image&signal processing)

K Multicore architecture is now a standard, with an increasing number of cores.

* MATLAB offers a built-in solution for parallel computing through additional packages.

: &

Providing a flexible way to consider parallelism in MATLAB
is really useful to easilly take advantage of this possibility.
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MATLAB Solutions for Parallel Computing (Tasks Feature)

We now state some important facts:

% Create one job object

j = createdob(); . . .
% Create tasks for job j e each task within a job 1s assigned to a unique MATLAB

createTask (j, @sum, 1, {U(1:4))}); worker, and 1s executed independently of the other
createTask(j, @sum, 1, {U(5:8)}); tasks
% Submit job j to the scheduler

. zgkl”é‘l;c(,i_) ;_ob completion o the maximum number of workers is specified in the
wait (3) ; local scheduler profile, and can be modified as desired,
% Get the outputs of job j up to a limit of twelve
v = fetchOutputs(j);
% Aggregate the partial sums e 1f a job has more tasks than allowed workers, the
. ge;e‘t’ilj}og ‘j'{ 2} scheduler waits for one of the active tasks to complete
delete(3) ; before starting another MATLAB worker for the next
task. In some cases, such an overloading will prevent
» jobs/tasks the entire job from being executed.

— Series of independent tasks; not necessarily iterations
— Workflow : Always scheduled
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MATLAB Solutions for Parallel Computing (Parfor)

- parfor
— Multiple independent iterations
— Easy to combine serial and parallel code

* The parfor construct is used, in place of a standard for statement, to specify that the
Corresponding loop should be executed in parallel.

loop variable
— femporary variable

p=1t=7; codel; parfor'i = 1:3
u = rand(20,1); code2; & P switch i
parfor i=1:20 | code3; case 1
X = 2*i“+ 1; codel;
——p = p*j_; case 2
— V(i) = u(i) + p; COdZZ;
- case
1‘F(p.<— t) code3;
end end
end
. Mapping a flow of instructions to a parfor
broadcast variable

sliced input variable
_sliced output variable
—reduction variable

Variable kinds within a parfor loop

Seamless Parallelism in MATLAB by Claude TADONKI & Pierre-Louis CARUANA
Parallel and Distributed Computing and Networks (PDCN 2014) — Feb 17-19, Innsbruck (AUSTRIA)



Our solution (MATLAN engine & Pthread)

1. Parse the associated string of each mput instruction in
MAIEAS order to get the list of all involved variables.
dopar(€I1’, €12, “I3’);Gm

2. Load the data of each right-hand-side variable from

SOpYNIPATY aoates the caller context into the current one.

8 % into the calling context
S &
S E U
S E C Mex-file 3. Launch as many POSLX threads as input instructions,
38 each thread executes 1ts associated MATLAB instruc-
- 9 . . .
3 Y Thread 1 Thread 2 Thread 3 tion using a call to the MATLAB engine [11].
S MATLABengine MATLABengine MATLABengine
S & Execute I1 Execute 12 Execute I3
Qo=
o 4. Copy back the data corresponding to each output vari-

able into the context of the caller.

. . Function Purpose
* We run a C mex-file which creates and launch the threads _
engCpen Start up MATLAB engine
and manages all data transfers. I e
engGetVariable Get 3 MATLAB array from the engine
X Each thread call a MATLAB engine which excutes the engPutvVarizble  SendaMATLABamaytothe engine
associated MATLAB inStrUCﬁon . engEval3tring Execute a MATLAB command
engOutputBuifer | Create a bufferto store MATLAB text output
. . engCpenSingleUse  Starda MATLAB engine, nonshared use
* On WINDOWS’ the /AUtomatlon mOde a”OW tO aVOId engGetVisible Determine visibility of MATLAB engine session

opening a new MATLAB each time we call the engine.

engSetVisible Show or hide MATLAB engine session
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lllustrations and Peformances

run || pthread(s) | task(s) | parfor(s) lyector || pthread(s) | task(s) | parfor(s)
1 6.8228 | 59950 9.4820 10° 0.144 | 0.687 0.122

2 49977 | 59581 04874 2 x 10° 0.640 1.407 0.898

3 59762 | 59286 9.0390 3 x 10° 0.946 2.114 1.607

4 49950 | 5.9685 8.9879 4 x 10° 1.332 3.777 2.205

5 49103 | 59410 9.0397 5 x 10° 1.713 6.604 2413
Table 1. Pure overhead of our mechanism Table 2. Time costs for data import&export

X The time overheads provided do not depend on how heavy is the associated task.
% Pthreads based solution has the lowest overhead and is more stable.

X The cost for data import&export suggests that we better use them intensively
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lllustrations and Peformances

Matrix-Product
e00

4 cores 8 threads ) 2 cores 4 cores 4 threads 4 cores 8 threads

2 cores 4 cores 4 threads

|Pthread  Tasks Parfor ‘\ Pthread  Tasks Parfor

' : | 1000000 142 121 113

g 400400 0.12 0.16 0.12 B 2000000 163 132 132
800800 0.74 0,82 0,69 ; ‘

_g 12001200 134 122 125 3000000 1,66 1,33 1,32

» mieodd ' ' = 4000000 1,61 1,28 1,28
X 1600"1600 1,64 1,62 16 ~ s L 2 1.2

200072000 1,81 1,68 176 , | 82 143 43

\

' Pthread  Tasks Parfor i ‘ Pthread  Tasks Parfor

4007400 0,11 03 0,19 1000000 1.94 194 1.79
g 800800 0.89 1,27 1,06 8 2000000 231 222 2.09

120071200 167 1,95 18 3000000 257 214 2,06
2 16001600 242 242 256 4000000 2,55 2,03 2,14
< 2000°2000 2,79 2,58 2,76 < 5000000 2,88 228 2,38

, , |

| | . ,

: Pthread  Tasks Parfor } [ Pthread  Tasks Parfor

400400 0.1 03 0.36 1000000 262 1,94 2,27
v  800'800 0.99 1.27 148 w 2000000 31 2,14 248
3’ 12001200 2,13 1.91 2,18 g 3000000 3.25 217 2,52
£ 16001600 3,01 242 2,84 £ 4000000 347 213 241
o 200072000 3,01 2,65 291 o 5000000 348 222 275
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Introduction

% Gestionnaire des taches de Windows o[-E @
Fichier Options Affichage 2

| Applications l Processus | Services | Performance | Mise en réseau | Utilisateurs

UC utilisée Historique de lutilisation du processeur
? I 1 I 7 ‘ ’7
Historique d'utilisation de la mémoire physique

Mémoire

Mémoire physique (Mo) Systéme

Totale 16340 Handles 30887

En mémoire cache 5956 Threads 957

Disponible 11918 Processus 51

Libre 6049 En activité 0:05:41:24
valider (Go) 4/31

Mémoire pour le noyau (Mo)

Paginée 374

Non paginée 93 | 1% Moniteur de ressource... ]

% Gestionnaire des tiches de Windows

Fichier Options Affichage ?
[ Applications I Processus I Services | Performance | Mise en réseau [ Uﬁlisaheursl

[E=1 HoR =3

UC utilisée Historique de l'utilisation du processeur

Mémoire Historique d'utilisation de la mémoire physique

Mémoire physique (Mo) Systéme

Totale 16340 Handles 28322

En mémoire cache 6293 Threads 874

Disponible 12410 Processus 52

Libre 6224 En activité 0:06:13:57
Valider (Go) 4/31

Mémoire pour le noyau (Mo)

Paginée 415

Non paginée 99 || [IMoniteur de ressource... ||

Processus: 51 UC utilisée : 100% Mémoire physique : 26 %

CPU-cores load with Pthread

Processus : 52 UC utilisée : 50% Mémoire physique: 24 %

% Gestionnaire des taches de Windows

o/ o=

Fichier Options Affichage 2

Applications I Processus | Services | Performance | Mise en réseau | Utilisateurs

UC utilisée

Historique de |utilisation du processeur

Historique d'utilisation de la mémoire physique

Mémoire

Mémoire physique (Mo) Systéme

Totale 16340 Handles 24130

En mémoire cache 6084 Threads 759

Disponible 13109 Processus 47

Libre 7116 En activité 0:06:07:20
Valider (Go) 3/31

Mémoire pour le noyau (Mo)

Paginée 410

Non paginée 98 [ “p Moniteur de ressource... l

Processus : 47 UC utilisée: 11% Mémoire physique:19 %

CPU-cores load with Tasks

CPU-cores load with Parfor
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END

THANKS FOR YOUR ATTENTION!
QUESTIONS ?
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