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Plan general

® |ntroduction sur les processeurs multicoeurs
® | a programmation avec OpenCL
® Utilisation de Matrix Studio

® Conclusion & Perspectives
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Plan de l'introduction sur
les processeurs multicoeurs

Terminologies et matériels concernes

Histoire, enjeux et interets des processeurs
multicoeurs

Architecture interne

Notions de programmation parallele




Terminologie
® Processeur (CPU)

® unhite centrale de traitement

® execute les programmes informatiques

b AR AR AR
Q=AM
> ) i) : $ 4 1 ,

Intel 80486D X2 - Scalaire (Src wikipedia) Processeur du Cray YMP - Vectoriel (Src wikipedia)
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Terminologie

® ) grands types de processeurs
® Processeurs Scalaire

® T[ravail sur des nombres simples

|0 9.4
® Processeurs Vectoriels

® J[ravail sur des vecteurs de nombres |

10| 4|12 102 | 65 9.4 | 54.3 | 32.8

® || existe d’'autres classifications : hyperthreading
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Terminologie

® Multiprocesseur
® Ordinateur utilisant au moins 2 processeurs
® Partage des ressources : memoire, disque...

® Utilisation en
parallele des
processeurs

® Permet d’'augmenter
la puissance de
traitement a vitesse
d’horloge constante
(limitee a 3.8 GHz
cause t° et |30 Watts)
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Terminologie

® Processeur Multicoeurs (multicore)

® Processeur contenant au moins 2 unites de calcul

PRI

® gravees sur la meme puce

® Memoire communes (RAM) + Wi==
meémoires separées (Cache) [

® Meme idee que le multiproc
mais solution plus elegante
(vitesse et economie par ex.)

Intel Dual-core Conroe. Src Wikipedia
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Terminologie

® Autre exemple de processeur Multicoeurs
® Processeur Cell d'IBM
® Possede 8 coeurs
® | coeur sclaire

® / coeurs vectoriels

IBM Processeur Ce
|00 GFLOPS
(Src wikipedia)

Sony Play Station 3 - Utilise un Cell (Src Wikipedia)
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Terminologie
® GPU : Graphic Processor Unit

® Processeurs vectoriels

® Systeme multicoeurs

NVidia GeForce GTX 280 ATl FirePRO V9800
933 GFLOPS 2.7 TFLOPS
(Src wikipedia) (Src wikipedia)
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Terminologie

® Cartes dediees au calcul vectoriel

® Cartes lesla de NVidia

- Tesla série C2070

- 515 GFLOPS

- 1.6 GHz / core

- 448 cores

- Taille vecteurs = 1024
- 6 GB de mémaoire

&

. Tianhe-I1A : super-ordinateur chinois (n°I)
m - 2.5 PFLOPS
s mE - Utilise des Tesla série S (2.5 TFLOPS)

- '
r
il
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Histoire

® Processeurs scalaires multicoeurs

® 995 pour Tl avec le TMS320C80 - 4 coeurs
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Src http://www.extremetech.com/

® [999 pour Sun avec le MAJC5200 - 2 coeurs

® 2005 pour Intel avec le Core Duo - 2 coeurs

® 2005 pour AMD avec I'Athlon 64 X2 - 2 coeurs
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Ristoire
® Processeurs scalaires multicoeurs (suite)
® 2010, Intel Core i7-980X Extreme Edition (6 cores)
® 2010,AMD Turion Champlain (2 cores)

R — T R

AMD ENG SAMPLE

Core i/ (Src wikipedia) AMD Turion (Src wikipedia)
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Histoire

® Processeurs vectoriels

® |960, Solomon Project (VWestinghouse), plusieurs
processeurs arithmetiques geres par un processeur.

® [976,Cray |

® 2010, Tianhe-1A




Histoire

e GPU
® |984, IBM Professional Graphics Controller
e |98/, Blitter de ’Amiga (copy bloc mem)
e [987,IBM8514 (copy + affichage)
® |994 ATl Rage | (2D+3D)
® |995 NVI de NVidia (2D+3D+Son)

Amiga 500
(Src wikipedia)
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Histoire

e GPU

® 2010 NVidia GeForce GTX 280
e 2010 ATI FirePRO V9800
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Histoire

® Convergence / Melange de plusieurs technologies
® Processeurs Scalaires
=> CPU modernes

® Multicoeurs

® Processeurs Vectoriel => GPU modernes

S

Programmable en
OpenCL (2009)

e Affichage Graphique
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Architecture

® Processeur Scalaire

SISD Instruction Pool
E
o,
: +[PU|-
=
(-

(Src wikipedia)
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Architecture

® Processeur Vectoriel

SIMD Instruction Pool
o|PU |+
E > PU -—
>
= +|PU |+
> PU -—

(Src wikipedia)
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Architecture

® Processeur Multicoeurs

SISD Instruction Pool

PU |+

Data Pool

SIMD Instruction Pool

PU |+

* Pl |+

Data Pool

o|PU|

* Pl |

CPU Core CPU Core
and and
L1 Caches L1 Caches

Peut etre
Scalaire ou
Vectoriel

Bus Interface
and
L2 Caches

(Src wikipedia)
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Architecture

SISD MISD
SISD Instruction Pool MISD Instruction Pool
® (lassification
de Flynn - ~
(1966) p PU|« 5 [+ |PU[~ LslPU|-—
o o
(- -
Les 4 sont
utilisables en SIMD MIMD
OpenCL SIMD Instruction Pool MIMD Instruction Pool
/| PU[ —|PU[ =|PU|-—
E +|PU|~ S|—|PU|— —[PU|--
a +[PU| A|—|PU|— Ls|PU|-
-[PU|-- —[PU[ |PU|
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Notions de programmation
parallele

® Acces concurrent a des ressources partagees
® Protection par une section critique

® En pratique, utilisation de Semaphores

® Barriere et Rendez-Vous
® Synchronisation des processus entre-eux

® Encore a l'aide de Séemaphores
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Notions de programmation
parallele

® Risques
® Famine

® Dead Lock

® Gestion des Priorites

® Gere par le systeme d’exploitation

® Exemples : Lecteur / Rédacteur, Producteur / Consommateur,
les Philosophes chinois.
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Plan de la programmation
en OpenCL

® Obijectives

® OpenCL

® Connecting Java and OpenCL

® Connecting OpenGL and OpenCL
® BioDynOCL

® Conclusion & Perspectives




Objectives

® Use of streaming processors inside GPU to
increase computational speed

® Application to computational biology:
Cellular Automata & Multiagent Systems for
Cellular systems from100nm to 100um




Streaming processors

Kernel

; = function(args) {
E " treat(Matrix)
Matrix ofdata ¢ [ [ [ [ | [ [ [ [* ed

Green=sequential
Blue=quasi //
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OpenCL

o Open Standard (first developped by Apple, now hold by the Khronos group*)
® Version 1.0 released in may 2009
® Version 2.0 released in 2014

® Architecture + Language

*Founded in 2000 by 3DLab, AT, Intel, NVidia, SGI, Sun to create open standard API. See http://www.khronos.org/
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OpenCL

® Architecture

Synchronization between work-items
possible only within workgroups:
barriers and memory fences

Cannot synchronize outside
of a workgroup
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OpenCL

® Architecture

Private Private Private Private
Memory Memory Memory Memory

Work-1tem Work-Item Work-Item Work-Item

- — . . = GPU/ CPU
icavemay ] [ Locamemoy ]

Workgroup Workgroup

| Global/Constant Memory |

Compute Device

Host Memory Computer

lundi 23 septembre 13



OpenCL

® | anguage
Traditional loops Data Parallel OpenCL
volid kernel void
trad mul (int n, dp mul (global const float *a,
const float *a, global const float *b,
const float *b, global float *c)
float *c¢) {
{ » int id = get global id(0);
int 1;
for (i=0; i<n; i++) c[id] = a[id] * b[id]:;
Gld]l = QL] * DBlL])7 }
} // execute over “n” work-items
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OpenCL

® | anguage
® Based on C99

e without recursivity, function pointer nor
variable length arrays

® plus workitems, workgroups, vector types,
synhronisations, adress space qualifiers
(global, local, private)

“W OpenCL™ API 1.0 Quick Reference Card
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Connecting Java & OCL

® OpenCL can be called from numerous
languages: C, C++, Java, Python, SmallTalk...

® JOCL = Java bindings for OpenCL




Connecting Java & OCL

Creatlng a context => number of devices fct(type)

Creation d un context OpenCL sur GPU
—— context = chreateContextFromrype( null CL DEVICE TYPE GPU, null, null,| null);
" Creation d un context OpenClL sur GPL

context = chreateContextFromType( null CL DEVICE TYPE CPU, null, null, null); —
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Connecting Java & OCL

Creating a command-queue for a specific device in a context
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Connecting Java & OCL

Creating and building an openCL program

program = chreateProgramWithSource(context, 1, str src, null, null);

'

uint RND MAX = 65537; // 2716+1
uint rnd(__ global uint* Seeds)
{

uint p = get_global_id(0);

uint r = Seeds[p];

Seeds[p] = (75*Seeds[p])3%RND_MAX;
return r;

}

kernel void BioDynKernel( global uint dx, global uint dy
s__global uint t
__global uint mouseX, global uint mouseY, global uint mouseBtn
+__global uint *Alea)

/) TE® E.iC".’f:'i-D}.W your program nere
uint h = rnd(Alea);
A L

}

err = clBuildProgram(program, 0, null, null, null, null);
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Connecting Java & OCL

Creating a kernel function: name + args

kernel = clCreateKernel(program, , Null):

clSetKernelArg(kernel, 0, Sizeof.cl int, Pointer.to(new 1nt[]1{0})):;
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Connecting Java & OCL

Adding kernel functions to the command-queue

clEnqueueNDRahgeKernel(commandQueueT kernel, 1, null, qlobal;ﬁork_size, local work size, 0, null, null);

'

kernel fctl (args) {body:|

kernel fct2(args) {body

A

Scheduler

=> openCL execution
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Connecting Java & OCL

Enqueue read buffers to get results from openCL to Java

clEnqueizeReadBuffe-r(comal—linleue,'mémObjects[numCalques[i]], CL TRUE, 0, n * Sizeof.cl int, pt calqu

'

kernel fctl (args) {body}
kernel fct2(args) {body}

ReadBufferl
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Connecting Java & OCL

Releasing OpenCL resources

clReleaseMemObiect(memObiectslicl):
clReleaseKernel(kernel);
clReleaseProgram(program);
clReleaseCommandQueue(commandQueue);
clReleaseContext(context);
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Matrix Studio

Environnement de dévelobpement pour
simplifier la programmation en OpenCL

Pascal Ballet
pascal.ballet@univ-brest.fr

Universite de Bretagne Occidentale
Laboratoire d’Informatique des Systemes Complexes (EA3883)
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Plan

® Obijectifs et Historique

® |nterface

® Matrices, Schedule, Kernels, Librairies
® Compilation et Execution
® Pas a pas et Debuggage

® Export

® Sites web, Distribution & Licence
® Classes & Librairies du code java
® Exemples

® Conclusion & Perspectives
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Matrix Studio

® Obijectifs
® Masque la complexite d’OpenCL cote hote
® Permet de visualiser les matrices
® Permet de creer des ordonnancements
® Permet de coder directement en OpenCL
® des Kernels
® des librairies de fonction

® Faciliter 'export des resultats / simulations
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Matrix Studio

® Historique : ler prototype (06/2010)

BioDinOCL - (c) Pascal BALLET - LISyC - EA3883 - Universite de BREST - FRANCE
Matrices

RndAlea | { Ajouter \
i
ImgReaxels

NulMoll 1
NulMol2

NulMolljoli

NulMol3

(  Enlever )

Code openCL

Charger

Sauver

‘/, Inserer )

\_Compiler j
)
| 1 pas ,

. | Executer )

| —pm—
. Stop )

Sortie
\-Ulllpll“&'vll---

Taille des matrices: 512x256. m

Execution d'openCL sur GPU.

Nombre de materiel openCL : 2

Nombre de matrices: 6 - Info
Compilation reussie. v\ J/

/o
2L
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Matrix Studio
® Historique : 2em prototype (08/2010)

. Laboratoire d'Informatique des Systéemes Complexes | Version: 08/2010
B | O Dy n OC L UEB-UBO-LISyC-EA3883-France Author: P Ballet

‘ D! l {# Matrices % Program &9 Libraries |
T Matrices Display Pos=(0,0) Time=0 Drawing & render tools
| = |
il |+ A # | Inverse
l ’ J __ Reman.

‘E'"t| é @f] | Grid
‘%’ e value
b (1) )

Fill

)

a

Speed O

Tranparenc |
@ E 4 ‘ Ren... ‘
./ Superposition \ )

\ JButtonl J

Messages / Errors
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Matrix Studio

® Historique :autres contributeurs

J.C Roger (LISyC - ENSTA Bretagne) :

- Architecture de classe
- Librairie Basics
- Developpement

Séebastien Tripodi (LISyC - UBO) :
- Utilisateur intensif
- Detecteur de bug professionnel

Nicolas Glade (TIMC-IMAG Grenoble) :
- Geéneérateur d’idees a haute frequence




Matrix Studio
® Historique :version 1.0 (01/2011)

ano BioDynOCL

[ BioDynOCL simulator for biological systems

Pascal Ballet - LISyC - UBO+

| Jean-Charles Roger - LISyC - ENSIETA
|

Matrices *> Schedule [¥ Kernels o- Libraries

Foret &
Flammes
| Fumees porzemred
Decors 3 5 :
@Rendu  INA

| Alea

; RenduFuzzy

' SmokeBlur

&) Console Properties

i Compilation started at 20:01:25
OpenCL execution on GPU.

Number of openCL devices found: 2
Number of matrices: 8

Compilation finished at 20:01:25
Compilation successful.
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Matrix Studio

® |nterface : onglet Matrices

® Afficher / Charger / Organiser les matrices

ANO Matrix Studio
Matrix Studio - Version January 2011
Pascal Ballet - LISyC - UBO
Jean-Charles Roger - LISyC - ENSIETA
7] Matrices - ¢ Schedule [+ Kernels := Libraries &3
'CoresTypes 415264 : s .
Coresld
CoresEnergi
CoresAge
CytoTypes
Cytold
CytoQties
Moll
Mol2
Alea
&>
Name: Render Compil'ation started at 13:46:44
Obtaining platform...
Width: 512 Set plateform to Apple
TR | Device used:GeForce 9600M CT
Height: 256 Number of matrices: 11
Creating kernel: Kerlnit... OK.
SR Creating kernel: KerCytoProd... OK.
Creating kernel: KerCytoMvt... OK. y
Creating kernel: KerCytoDegrad... OK. v
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Matrix Studio

® |nterface : onglet Schedule

® Organiser I'exécution des taches

® Choix du decoupage vectoriel

® Choix du materiel a utiliser (CPU, GPU, etc)

] Matrices ¢ Schedule

(O 0N

P—{ Kerlnit

/] Kernels  c= Libraries

i

R

{ KerCytoProd

i

!_

{ KerCytoMvt

* {Ke rCytoDegrad

KerCoresMol }

)

[(erMoIDiffu sior

i

{Ke rMolDegrad

KerRender }

—

[KerCoresMitos+ '

KerCoresGC
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Matrix Studio

® |nterface : onglet Schedule (suite)

® Configuration des taches

Kernel: ~ Kerlnit il
ND-Width: 512

ND-Height: 256

ND-Depth: 1

Position: 120.0,120.0

WorkGroup Size: 256

Hardware: v CGeForce 9600M CT

GCeForce 9400M
Intel(R) Core(TM)2 Duo CPU P8800 @ 2.66CHz

lundi 23 septembre 13



Matrix Studio

® |nterface : onglet Kernels

® Ecrire du code OpenCL executable dans les taches

- Yala Matrix Studio
Matrix Studio - Version 1.0 of 27th of January 2011 (OpencCL is ready)

>

Pascal Ballet - LISyC - UBO
Jean-Charles Roger - LISyC - ENSIETA

[ Matrices 't Schedule [+ Kernels - 5= Libraries o

Kerin t ' 7~ DG INL T RENUET, WINT RENQET_DA, UINL Renuer_>oT, uint nenuer_s., \7 /
; oy __global float * Mol1, uint Mol1_SX, uint Mol1_SY, uint Moll_SZ, (0

KerCytoProd __global float * Mol2, uint Mol2_SX, uint Mol2_SY, uint Mol2_SZ, =

KerCytoMvt - __global int * Alea, uint Alea_SX, uint Alea_SY, uint Alea_S2) “Q

KerCytoDegrad A m —

AB "

KerCoresCC . uint p = get_global_id0);

KerCoresMitose \'!' il((rand«#p)‘%S = 0) return;

KerCoresMol if(Coresid[p] == 0) return;

KerMolDiffusion int x = pXCytold_SX: —

KerMolDegrad inty = (p-x)/Cytold_SX: " -

KerRender if(x <= 0 || x >= Cytold_SX-1 || y <= 0 || y >= Cytold_SY-1) return; ~—

int de = rnd(Alea, p)%S5;
intdp = 0;

if(de == 0) return;

ifl(de == 1)dp = 1;

if(de == 2)dp = -1;

iflde == 3)dp = Cytold_SX;
iflde == 4)dp = -Cytold_SX

if(Coresld[p+dp] '= 0) return; v

Compilation started at 00:22:30
Obtaining platform...

Set plateform to Apple

No OpenCL device attributed to the tasks
Set default device to CeForce 9600M CGT
Device used:CeForce 9600M CT

Number of matrices: 11

Creating kernel: Kerinit... OK.

Empty

Creating kernel: KerCytoProd... OK. 4
Creating kernel: KerCytoMvt... OK. -
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Matrix Studio

® |nterface : onglet Librairies

® Ecrire du code OpenCL executable dans les kernels

aSNO Matrix Studio

Matrix Studio - Version 1.0 of 27th of January 2011 (OpenCL is ready)

»

Pascal Ballet - LISyC - UBO
Jean-Charles Roger - LISyC - ENSIETA

9

Matrices = Schedule ™’ Kernels o= Libraries

.‘. 7&%_
(TS in RND_MAX = 65537. "
uint rnd(__global int* Seeds, uint p) \ 0 /
{
uint r = Seeds[p]¥RND_MAX; )
Seeds[p) = (75*rXRND_MAX; i

return r,

}

float ME[3](3); .
[* ME[0)[0] = 14.0f; |

ME[0](1] = 12.0F;

ME[0][2] = 16.0F;

| ME[1][0] = 12.0F;
. ME[1][1] = 02.0f;
. ME[1][2] = 16.0F;
| ME[2)[0] = 16.0F:;
. ME[2](1] = 16.0f;
i ME[2][2] = 02.0F;
|

|
| float computeEnergyl(int idc, uint p, global int* Mat, uint Mat_SX) {
|

*/
ME[0][1] = 1.0f,
ME[1][0] = 1.0f;

Compilation started at 00:22:30
Obtaining platform...
Set plateform to Apple
No OpenCL device attributed to the tasks
Set default device to CeForce 9600M CT
Device used:CeForce 9600M CT
Number of matrices: 11
l Creating kernel: Kerlnit... OK,

Creating kernel: KerCytoProd... OK.
l Creating kernel: KerCytoMvt... OK.

ol ol aafMuusa

|
| Empty

~w
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Matrix Studio

® |nterface : compilation et execution

&2 ) Compiler

- ) Executer

"4 ) Exécuter | pas seulement

I Mettre en pause I'execution
Stopper I'execution et revenir a |'état initial

Augmenter le taux de rafraichissement

- ) Diminuer le taux de rafraichissement
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Matrix Studio

® |nterface : compilation et exéecution (suite)

Compilation started at 00:22:30
Obtaining platform...

Set plateform to Apple

No OpenCL device attributed to the tasks
Set default device to GeForce 9600M CT
Device used:GeForce 9600M CT

Number of matrices: 11

Visualisation de la compilation :
- Erreurs eventuelles

Creating kernel:
Creating kernel:
Creating kernel:
Creating kernel:
Creating kernel:
Creating kernel:
Creating kernel:
Creating kernel:
Creating kernel:
Creating kernel:
Creating kernel:

Kerlnit... OK.
KerCytoProd... OK.
KerCytoMvt... OK.
KerCytoDegrad... OK.
KerCoresMvt... OK.
KerCoresGC... OK.

KerCoresMitose... OK.

KerCoresMol... OK.

KerMolDiffusion... OK.

KerMolDegrad... OK.
KerRender... OK.

Compilation finished at 00:22:32
Compilation successful.

- Warning

- Recapitulatif de la configuration
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Matrix Studio

® |nterface : pas a pas et débuggage
1) Creéer une matrice DEBUG

)
c
e (8
)
) Matrices 2 Schedule | 7/ Kernels | 5% Libraries | 8
{ \ (7]
CoresTypes + ) "
Coresld — 4
CoresEnergies oy o __I_I__
CoresAge == — S
CytoTypes (1) - R
CY!Old‘ /T\. 8 | '
CytoQties Bf 5 —
Render 7)) U +
Mol1 ~—r §I<) i
4
Alea -~
DEBUC .

2) Ecrire le code OpenCL pour placer les valeurs souhaitees
dans la matrice DEBUG
void PlacerinfoDEBUG(uint p, global int* MatDEBUG, uint MatDEBUG_SX) {

if(p == 0) {
Mat[0] = 10;
} Mat{1] = 16; 4) Lire les données dans la matrice
) DEBUG a l'aide de la souris
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Matrix Studio

® |nterface : pas a pas et débuggage (suite)

Ou bien, choisir le CPU comme materiel pour I'exécution
et utiliser le pas a pas.

Attention :le choix|du materiel (CPU, GPU...) est
possible MAIS le pas a]pas dans le code n’est pas encore
developpe (pour cela ¢n mode CPU, gdb semble possible).

Kernel: Kerlnit T]
ND-Width: 512 |
ND-Height: 256

ND-Depth: 1

Position: 120.0,120.0

WorkGroup Size: '256

Hardware: v CeForce 9600M CT 3

CeForce 9400M
Intel(R) Core(TM)2 Duo CPU P8800 @ 2.66CHz
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Matrix Studio

® |nterface : export

o CXD)
— 00:00:00 -00:00:58

Enregistrement de |la matrice courante au format
avi (mjpeg).
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Matrix Studio

® Site web http://virtulab.univ-brest.fr

Matrix Studio | VirtuLab u ok

\ |Z| v virtulab.univ-brest.fr

® Infos VirtuLab

Home Research ~ Software ~ Li

® Jutoriaux

Home » Software » Matrix Studio

® Binaires Matrix Studio
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Matrix Studio

® Exemples

® GEcoBioDyn

e MC-Caell

® Australie en feu




Matrix Studio

® Conclusion +
® Simplification reelle

® Pratique a 'usage

® Conclusion -
® Debuggage difficile

® Plantage radical




Conclusion & perspectives

® Approche intéressante car
® utilise le hardware avec efficacite
® souple (SIMD, MISD, SISD, et MIMD)
® Mais complexe a mettre en oeuvre
® Cote hote (utiliser OpenCL avec C++, Java...)
® Programmation parallele difficile (car inhabituelle)

® Debuggage de qualite impossible pour le moment
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