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Further increasing performance?

ÂShrinking is not allowing this anymore
¸ Shedding light from General Purpose computingé
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Intel multicore 

Remember that good old fellow Pentium IV ? Intel Netbust architecture Family

- Initial plans:

- Phase1: 20 stages (Willamette and Northwood cores), target: 3.4 GHz.

- Phase 2: 31 stages (Prescott and Cedar Mill cores), target: 5 GHz

- Phase 3: 45 stages (Tejas core), to reach over 7 GHz. (never happened)
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Performanceé not the only challenge

ÂHitting ILP wall, the Power wall, what are the options?
¸ ILP reached a plateau, frequency cannot be scaled further upé

¸ éhow do we utilize the additional transistors Mooreôs delivers every 18 month?

Illustration: A. Tovey Source: D. Patterson, UCïBerkeley
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0- PRINCIPLES: 

Homogeneous, Distributed & Adaptive
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Shared memory / message passing

4 differentiated CPUs:

- ARM 11 (Application proc.)

- ARM 9 (modem)

- 2 DSPs (Audio + Modem)

2D/3D, Java Accelerators

ÂExample in the Embedded domain: Qualcomm MSM7200
¸ MPSoC + specialized ISPs + HW accelerators (1, 2, 3)

¸ 4 cores heterogeneous / shared memory design + a number of accelerators / IFs

¸ Packs up each and every possible accelerator,

¸ Customer pays royalties for using optional features (3D acceleration, USB host, etc.)
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Shared memory / message passing

ÂExample in the Embedded domain: Qualcomm MSM7200
¸ MPSoC + specialized ISPs + HW accelerators (1, 2, 3)

¸ 4 cores heterogeneous / shared memory design + a number of accelerators / IFs

¸ Packs up each and every possible accelerator,

¸ Customer pays royalties for using optional features (3D acceleration, USB host, etc.)
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Scaling performance: the modem

Â Baseband complexity from GSM to 4G

Standard
2G

GSM

2.5G

GPRS

3G

UMTS

3.5G

HSPA

4G

LTE

Débit (Mb/s) 0.01 0.1 1 10 100

Complexité (MOPS) 5 50 500 5000 50000

Consommation (mW) 100 200 300 400 500

Noeud Technologique 130nm 90nm 65nm 45nm 32nm

100 %
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graphics

graphics

media

radio
radio

media

application

mW GOPS

application

Radio Baseband

Å50 GOPS

Å500 mW

LTE: Long TermEvolution

Modem bande de base
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Scaling ïwhatôs at stake?

ÂDoes this template scale?
¸ Heterogeneity makes it difficult to increase processor count (TTM, progr.)

¸ And yields to decreased overall silicon usage (ex: 2D/3D seldom used)
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Scaling?

Â 180 U-turn: Homogeneous, distributed & adaptive systems

Â Homogeneous instrinsically less area and power efficient so é

¸ Performance scaling

¸ Power consumption

¸ Fault tolerance
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1- AN EXPLORATORY MPSoC: HS-SCALE
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HS-scale

ÂConcepts:
¸ A grid of tiny networked (Hermes XY NoC) PEs

¸ PE made of simplest RISC + RAM + µK + NI Ą

Private memories, message passing

¸ Distributed decision-making, in SW

Network layer (packet switching)

Hardware processinglayer

MIPS

R3000

RAM NI

Homogeneous

Adaptive

Distributed

PreemptiveµK w. 

Dynamic loader

OK ?!

20-30kB preemptive uK w. dynamic loader
Tasks
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Exception Manager

Memory
Management

Task
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Table
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Adaptation

ÂWhat are the main levers?
¸ Voltage/Frequency scaling (perf/power)

¸ Route reconfiguration

¸ Rescheduling

¸ Task migration

¸ Algorithmic reconfigurations

¸ é

ÂAnd what about decision making?
¸ Scenario-driven

¸ monitoring-driven

¸ Iterative

¸ Heuristic

¸ é

Adaptive

Action
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Task migration

ÂTask migration incurs a cost..
¸ Contrarily to shared / coherent memory MPSoCs, 

task code and context have to be migrated physically.. 

¸ Usually requires MMU HW / dynamic loader in SW

¸ Here implemented using Position Independent Code (PIC) w/o MMU

Prod.

VLD

IQ

IDCT

MJPEG

Mapping1

Mapping2

Mapping1 Mapping2
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Most Critical Task Least Critical Task 

Experiment

ÂNeigbor load balancing « hot / cold potatoe»

Adaptive
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Example decision making strategy

ÂUse of well-known feedback control-loop techniques..
¸ Frequency scaling for óboostingô performance whenever necessary (task 

migration) and revert to the lowest possible otherwise (saving power)

¸ All of this at task-level, overlaid network of PID controllers

DATA IN DATA OUT

THROUGHPUT 

MONITORING

PID 

CONTROLLER

FREQUENCY 

SCALING
FREQ

SYSTEM CLOCK

CONFIGURATION

NETWORK PROCESSING UNIT

TiTi-1 Ti-1

Adaptive
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Use of PID controllers
ÂStrategy:

¸ 1- model the process when exposed to a step

¸ 2- tune a controller / observe its behaviour

Adaptive
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Use of PID controllers

Â And then see how the system behaves when undergoing perturbations

¸ Audio/video decoder (MJPEG / ADPCM): 7 tasks

¸ Here an incoming task (task migration)

Adaptive
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II- CASE STUDY: 

GENEPY, a MPSoC for baseband processing
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State of the art

ÂMAGALI 
¸ Tuned for 3GPP-LTE telecom, 65nm ST CMOS process

¸ Powerful energy efficient solution
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Going homogeneous

ÂKeep the ingredients, change the recipe:
¸ Define a tile that embeds 2 DSPs and a SME

¸ Keep the ARM CPU for control purposes

¸ And instantiate as many tiles as necessary

SME DSP

DSP

SME DSP

SME

ARM CPU

DSP

SME

20 21 22 23 24

11 12 13 1410

ASIPTRX_OFDM

UWB_LDPCMC8051

RX_BITTRX_OFDM WIFLEX

21

DSP DSP

SME

21

DSP DSP

SME

21

Homogeneous



21

2007

Gilles SASSATELLI

Going homogeneous, distributed control

ÂDistributed control?
¸ Go a little further, remove the ARM and use a local control CPU

DSP

DSP

SME DSP

ARM CPU SME

21

DSP DSP

SME

21

DSP DSP

SME

21

MIPSMIPSMIPS

Distributed

Homogeneous



22

2007

Gilles SASSATELLI

Area

ÂST65nm - 400MHz

(mm²)

Routeur                 : 0,159  

DSP +NI : 0,483

SME+NI                :      1,323

TOTAL :    2,768

(mm²)

Routeur                 : 0,159  

2 DSPs : 0,792

SME :      1,226

Mover : 0,033

NI + CCC : 0,126

TOTAL :    2,303

(mm²)

Routeur                 : 0,159  

2 DSPs : 0,816

SME :      1,216

Mover : 0,033

NI + MIPS : 0,201

TOTAL :    2,392
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Performance

Â400MHz ï1 frame computation

Processing time    :    551 µs Processing time :    531 µs Processing time :    530 µs

NO PERFORMANCE OVERHEAD
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Power

ÂPost P&R extraction (w/o ARM)

Consommation      :    234 mW Consommation      :    209 mW Consommation      :    192 mW
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