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Allongement du pipeline

<I>cIock period = ¢Iogic + <I>Iatch + d)skew + ¢jitter

Clock en # FO4 (fan-out
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Die reachabk (%)

Accroissement du degré superscalaire
Délai de propagation
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* Plusieurs cycles pour traverser la puce
= Partitionnement nécessaire



Accroissement du degré superscalaire

Complexité
taglW tagl
= Accroissement des délais VV
et de la complexité ~ ~
~ OR N £~ OR
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e restructuration &
clustering pour réduire
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Accroissement du degré superscalaire
Consommation

Power density will increase
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= Consommation/Dissipation: premier facteur limitatif
= Consommation statique & dynamique
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Processeurs multithreads
Exemple : Alpha 21464 (EVS8)

Simultaneous Multi-Threading

(S M T) Fetch Decode/ Queue Reg Execute Dcache/ Reg Retire
Map Store Write

Plusieurs processus Buffer

s’exeécutent en méme temps
Partage des ressources

Meilleure utilisation/rentabilité
des ressources

Mais mémes limitations que
superscalaires en scalabilité

D LR 1 111 B

250% Decodef Queue Reg Execute Dcache/ Reg Retire
Map Store Write
] ] Buffer
200% ] —
150% o
’ il
100% | |03
041

50%

0% -

Specint SpecFP Mixed Int/FP



Processeurs multithreads
Exemple : Intel Xeon Hyper-Threading

Uop Register Register

Queue Rename Queue  Sched Read  Execute L1Cache Write Retire
Store
! i ! ! I N g ! i !
+
—-» - » i» +»
W T+ % ﬁ > E W
> i
Re-Order
Registers > { L1 D-Cache Registers Buffer

= 2 flots (contre 4 flots pour Alpha 21464)
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Architectures en clusters

= Alpha 21264

e Six unités de calcul
regroupeées en 3

CCCCC

clusters iz ez
= Banc de registres P |

duplique; plus de Alpha 21264

ports; 1 CyCIe NEXT MEMORY LEVEL

supplémentaire pour [radwowi[walWa[ Wl W We[w] e I

synchronisation wemory buses

registres, caches

= VLIW en clusters -
o |
| Ree mue |

e séparation FUs,
CLUSTER1 | | CLUSTER 2 CLUSTER 3 CLUSTER4

Register-to-register buses

E. Gibert, J. Sanchez and A. Gonzalez, ICS 2002
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Chip Multi-Processors (CMP)

Principes & modeles existants

Atouts
e Simplicité de conception
= Scalabilité
e Plus faible consommation
e Fréquence éleveée
Faiblesses

e Programmation parallele de
codes « irréguliers »

e Bande passante mémoire en

modele partagé
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Chip Multi-Processors (CMP)

Principes & modeles existants

= |IBM Power 5
e 2 processeurs
e SMT (2 threads)
e 249 surface additionnelle
pour SMT
= Autres multicores
e Intel (P4+HT)
e AMD (Opteron)

e nombreux processeurs
embarqués (ARM, Philips)

IBM Power5
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RAW
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= Buts

e spécialisation variable d’une architecture (ASIC«»>processeur)
e exploiter ressources paralléles
e eviter les longs délais de propagation
e mieux exploiter les pins pour la bande passante
= Principes
e multicore + réseau d’interconnexion programmable
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Execution array <

Grid Processor Architecture (GPA)

Register banks

0

1

2

3

& TRIP

S

Global Ctrl

Branch Predictor

I-cache H

/

D-cache/ 0

I-cache O

D-cache/LSQ 1| |

I-cache 1

D-cachm:

I-cache 2

D-cache/LSOQ 3| |

Buts

I-cache 3

e Fréquence éleveée, ILP élevé

e Scalabilité

e Equilibre architecture/logiciel
Réduction de la complexité & consommation
Nouveaux problemes pour le compilateur

Prototype en cours de développement

Execution node

<y
—




Grid Processor Architecture (GPA)
& TRIPS

start

Out-of-Order Instruction Buffers
form a logical “z-dimension”
in each node

4 logical frames
Execution Node of 4 X 4 instructions

= Grille 2D d’ALUs, volume 3D d’instructions
= Volume exposé au compilateur
= Créer de larges blocs d’instructions
e Placer & ordonnancer blocs sur une grille
e Minimiser communications ALUs/caches
= Au sein d’'un bloc: dataflow
= Exécution séquentielle des blocs
= Exeécution spéculative de plusieurs blocs

= Prediction branchement et renommage entre blocs pas
a I'intérieur d’un bloc

end



Grid Processor Architecture (GPA)
& TRIPS

Execution Unit (E tile) TRIPS Prototype Chip Floorplan TRIPS Prototype Board
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Expected Prototype Chip Specs:
- IBM Cu-11 process
- 18x18 mm chip area
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- 500MHz clock
-2 16-wide processor cores Tiled ArChitectu re and F|00I‘p|an seer
- 1K instructions mapped per core R: Register file tile T T oot
- 128KB of L1 I and D storage per core E: Execution unit tile (integer and FP) 1 0%
- 2MB of L2 storage D: Data cache tile e !
- 60 GB/s off-chip bandwidth I: Instruction cache tile
\ J

- 16 Gigaflops/ops peak G: Processor control tile
M: Memory tile
S: SDRAM controller

C2C: Chip to chip interconnect
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Application-Specific Hardware (ASH)

= Pas de contrble central,

Traduction de
programmes C en
hardware

controle distribué
Mais mémoire centrale

Memory

Computation » Dataflow

Program IR Circuits
a 7
x=a&7, \
. {:g_) 2
y=x>> 2; ‘R
xV ¢
(>>)
JE
Operations Nodes Pipeline stages
Variables Def-use edges Channels (wires)

No interpretation

Controle distribué

Y .
short, local wires



Application-Specific Hardware (ASH)

= Mediabench 4
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Espace & Facilité de programmation

ﬁ+ , -

Component
Multi-Core Program

= Scalabilité = grand nombre de composants

= Faciliter la programmation parallele
e Modele simple parallélisme (division)
e Encapsulation & Communications
e Expliciter structures de données

= ROle architecture ou run-time system:
= Exploiter informations utilisateur
e Gérer les ressources disponibles



Conclusions

Tres probablement utilisation de I'espace
Donc parallélisme sur puce

Sur puce = grande liberté d’architecture,
diverses structures

Principale difficulté: comment extraire le

parallélisme sur des applications complexes
?

Aujourd’hul effort sur architecture OU
compilation OU utilisateur

Réaliser une meilleure symbiose, un
meilleur partage des efforts



Stages & Theses

= Architectures CMP & programmation
parallele

= Approches itératives de I'optimisation
= Simulation rapide d’architectures complexes






Symbiotic Processing

= |ssues

e Scaling up processors based on frequency
~ Complex architectures

e Scaling up processors based on
parallelism
~ Complex compilers

e No much choice, look for (more)
parallelism beyond current ILP levels

e Strike right balance between architecture,
compiler and user effort

e Focus particularly (but not only) on codes
with non-regular control flow/data structures
(most difficult cases)



Self-Organized SMT (SOMT)

1 agent — 1 thread

Dynamic thread creation
(program enables, architecture decides)

Thread steering mechanisms (thread swapping)

II || | FP
. : ] - )
PC Q o)) registers )
PC J g 8 . I
‘ T . | Integer 0
v O GE) > registers Q
SOMT § g 7 . 3
Stack
Fetch Stage Register Access

Stage



Experiments

= Benchmarks = Baseline architecture
e QuickSort e Superscalar
e Dijkstra e 256 in-flight
e MxV, MxM Instructions
e |LZW e 8 integer ALUs
= Perceptron = SMT (8 threads)
- MCF  |[Count 4.4
= 3 versions e Shared issue, physical
- Superscalar registers, FUs
- Static parallel = SOMT
- Agent program e SMT + dynamic thread

creation & steering



Performance Evaluation
Dynamic Replication

Thread 2

Thread 1

Static Version (unbalanced parallelization)

=  Dynamic parallelism
exploitation in AP+SOMT

= Similar behavior for Dijkstra

140

120 +—

100 +—

80

Number of runs

40 -
20

0 4
O

B superscalar
@ static
B agent

60 -

KN

S

Execution time (cycles)

Q

@9 fﬂ’@

QuickSort: distribution of
execution time over 500
datasets




Performance Evaluation

= Slow down thread creation when agents die
too quickly (small parallel section)

2,2

B Static
| B Greedy Agent
B Agent

N

Parallel
Section

v

Speedup over superscalar

Time 1-
v v Perceptron LZW




Performance Evaluation
Scalability

12

10 . —Agent e

— Static /
g - — Superscalar _—

Speedup

1 2 4 8 16 32

Window size, number of registers... = o.T (number of threads)



Emulating Complex Software Memory
Optimizations

void matvec_multiply( int size,
double* C,
double* A,
double* B )
{
// AP divide
forC int J = 0; J < size; j++ )
{
// AP divide
forC int 1 = 0; 1 < size; 1++ )
{
CLi] += Al *size+i]*B[i];
by
by
+

Agent Programming MxV

void matvec_multiply( int size,

double* C,
double* A,
double* B )
{
for( int 11 = O; i1 < size; 11+=B )
{
for( int j = 0; j < size; j++ )
{
// loop below is parallelized
forC Int 1 = i0; 1 < il + B; 1++)
{
CLj]1 += A[J*size+i]*B[i];
by
by
by
+

Tiled and parallelized MxV



Emulating Complex Software Memory

Optimizations

BN | I

B [ I

= =

é 20 % 40 %

60 % 80 %

[] notstarted [ notcompleted Ml completed A matrix item computation

Tiling-like behavior with AP+SOMT

= Static optimization: privilege access that reuse data

Speedup
1.71

Speedup
1.55

= Dynamic thread steering: privilege cache well-behaved agents






