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1. Puissance de calcul
Plus on pédale moins fort, moins on avance plus vite
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2. Précision
Ca casse pas des briques a un canard

Transistors

CUDA Cores

Double Precision Floating
Point Capability

Single Precision Floating
Point Capability

Warp schedulers (per SM)
Special Function Units
(SFUs) /SM

Shared Memory (per SM)

L1 Cache (per SM)

L2 Cache (per SM)

ECC Memory Support
Concurrent Kernels
Load/Store Address Width

681 million
128
None

128 MAD
ops/clock

1.4 billion
240
30 FMA ops / clock

240 MAD ops /
clock
1

%5
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3.0 billion
512
256 FMA ops /clock

512 FMA ops /clock

2
4

Configurable 48 KB or
16 KB
Configurable 16 KB or
48 KB
768 KB
Yes
Up to 16
64-bit

Conclusion : Généralisation de la DP, IEEE 754-2008

Source : http://www.canardpc.com/news-39869-

la_nouvelle_puce_nvidia_annoncee ou la_revolution_des_fermi.html
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3. Modele
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Conclusion : Loi de Moore appliquée au GPU / Multicoeur =

# de coeur x 2 tous les 18 mois
Source : http://pc.watch.impress.co.jp/docs/2008/0702/




4. Unités d’exécution

3 Hier
o PipelineS graphique$S
hyper spécialisés
3 Aujourd’hui

o PipelineS unifieS
avec encore quelques unités
spécialisées (MAD, FMA,
texturage, ROP, filtrage, ...)

2 Demain

o Quel ratio entre chaque
type de pipeline ?




5. Bande passante

a Data // . =
L Une architecture optimisée débit
o Peu de communication
Débit (Go/s) _
o Acces direct a la Intel Core 17 965
meémoire
2 Matériel

o Focalisé sur le débit

o Hiérarchie mémoire
‘inversée’ + scratchpad

' icalculd'adresse |
2 Demain T
o Dépend du marché
cible

1,253 10 40 Latence (ns)

Nvidia GT 200

Source : Sylvain Collange®©




6. Modele d’exécution

2 Interface logiciel d’acces au

materiel
1. Langages de haut niveau Programmes
(CUDA, OpenCL) Brooks+, StreamC, Intel Gt, CUDA
) ) TStreams, RapidMind, AccelerEyes, HMIPP
2 Comp||a’[|0n . pseudo_code Brook language, Sh library, Streamlt, OpenCL, DirectX 11
3. Interprétation : assembleur Bibliotheques
P math MiddleWares
d Fro StarPU, HMPP,
T CUBIE;'LL\JSF’FA%CML’ CUDPP, Thrust
o Optimisation, transparence MAGMA, LAPACK

lors des changements
architecturaux ou
microarchitecturaux

a Cons
o Effet boite noire

Driver




/. ISA et Modele de compilation
CUDA
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Source : « The CUDA Compiler Driver NVCC », Nvidia tech. Doc.




8. Débogage

a Hier
o Pas possible

a2 Aujourd’hui

o Decuda, GPUsim, Barra
compteurs

a Demain
o Intégration dans gdb

www.divemagazine.co.uk

J

http://gpapu.univ-perp.fr/index.php/Barra




9. Programmation

2 Hier
o OpenGL, Direct X

Flux Mémoire partagée Flux
d’entrée de s‘?rtie

a2 Aujourd’hui
o Langages dédiés

2 Demain 4 4 4
: ; Registres Registres Registres
o Outils automatiques ou locaux locaux locaux

o Langages dediés

« Data parallel algorithms », W.D. Hillis G.L. Steele, Communications of the ACM, 1986, 29--12




Le pourquol du langage dedié

(N'engage que moi)

2 Flux
o Notion de 1:1 entre Input : Output
o 1/O : opérations pipelinées
o Matériel cache les latences
o Lectures/écritures groupées

2 Mémoire

o Découpage en mémoires locales (registres, ...) et globales
(communication, stockage, ...)

0




Flux et taches

0 Taches vectorielles (kernel)

o Fonctions a appliquer sur chaque donnée
o Map, gather/scatter, reduce
o Utilisation de structures

o Kernel pipelinée
connexion par les données

o Gestion des dépendances inter-kernel :
o Exécution dans le désordre par le scheduler de kernel




10. Consommation

a Hier
o Pas de probleme

a Aujourd’hui
o GPU(GTX280):
4 SP GFLOP / Watt

o CPU(core i7 960):
0.8 SP GFLOP / Watt

2 Demain

o Power gating,...
o Green HPC (Green500)

“Power Consuption of GPUs from a Software Perspective”, S. Collange, D. Defour, and
A. Tisserand, in ICCS 2009, vol. 5544 of LNCS, pp. 922-931, Springer, 2009.




Prospectives
L'erreur est humaine mais un véritable désastre
nécessite un ordinateur.

@ MNumerical Precision How Much is Enough - Mozilla Firefox

Fle Edit Wiew History Bookmarks Tools Help

a 0 o ll:@_: http:/fwww scientificcomputing.com/article-hpe-Numerical-Precision-How-Much-is-Enough-063009.aspx
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Numerical Precision: How Much is Enough?

As we approach ever-larger and more complex problems, scientists will need to
consider this question

Rob Farb

The advent of petascale computers and teraflop-per-board graphics processors has raised the question of "how do
we know that anything we compute is correct?" Mumerical errors can quickly accumulate when performing a trillion
to thousands of trillions of floating-point operations per second due to approximations, rounding, truncation errors
and other concerns.

This problem confronts every scientist and applications developer because of the speed of current computational
hardware. In asking for even mors capable computational systems, we might be caught by the adage, "beware of
what you ask for because you might get it."

While not many people will gain access to a petascale supercomputer in the next few years, GPU computing is
becoming ever more ubiquitous. NVIDIA states they now have an installed base of over 100 million
CUDA-capable graphics processors. With teraflop-per-board capability, graphics processors have dramatically
increased the computational capabilities available for scientific calculations — and at a commodity price-point. &
challenge with GPU computing is that peak performance for the current generation of hardware can only be
achieved when using single-precision, 32-bit, floating-point arithmetic. The use of double-precision, 64-bit
arithmetic will result in a significant decrease in performance. As a result anyone planning to use the current
generation of graphics processors for scientific computation must consider the question "how important is single-
precision compared to double-precision (B4-bit) arithmetic for my application?" Happily, some GPUs have limited
B4-bit floating-point capability, which opens the p ty of performing multi-p 1 calculations where the
B4-bit operations are only used sparingly when the additional precision might make a difference — say to
calculate a sum of a vector or similar such operations.

Numerical accuracy is one of those opaque areas of scientific computing that people try to solve by using the
hammer of 64-bit arithmetic to fix the problem. Generally, the problem is caused by thinking that more bits of
precision are better and acknowlsdging that, unfortunately, any number of bits of precision is never really guite
enough. The very real fear behind this thinking is that too low a precision can introduce non-physical artifacts into
physical simulations, cause important criticality phencomena to be missed, or result in the application exhibiting
other undesirable or pathological behavior.

Compatibility with legacy software is also a significant problem. For these applications, producing the exact same
result as other computers is a paramount concern when evaluating newer hardware and compilers.

Alistair Rendell provided some nice examples at his SciDAC talk last summer "Build Fast, Reliable, and Adaptive
Software for Computational Science.” In his talk, he discussed Rump's example, a well-know demonstration that
illustrates how increasing finatina-naint nrecisinn doss nnt necessariv eauate to aeater accuracy. As can he seen
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