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Mooreds Law Evol

Continuously increasing number of transistors per chip

A Scaling problems with ASI€ghe best cost/performance in higiolume products but
increasing development /verificatiotosts

A Staticpower increases with processcaling Smalleisilicon geometries result iimcreased
leakagecurrents resulting imigher staticpower

A Dynamic Power increasevoltage scaling flattening around 1Volt

A Increasingdemand of bandwidth requirements while reducing cost and pow&PGA
vendors, ha\{e prog,ressgd frorrl preyious s,ilicon processing techrlologmsnmto
LINE ARS UKS o&aWSTAUA 2F azz2NbQa

A FPGAs move to latest process very eaffpundries use FPGAspascess
drivers. Regular structuretelp shake out systematic FAB issues.

A MPSo@: from fat/complex cores tonulti-core architecturesand multicore
programming SMP Symmetric Multiprocessingultithreaded architectures,
SIMDBs andMPPAsSMassively Parallel Processor Arrays

A Era of GPU computidgthin cores in large quantity. CPU has exhausted its

potential.
1 ChienPing Lu,nVidia, 2010
2P.Paulin TowardsMulticore Programming, 2011
3LaPedus2007
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Cor e ltaw

Cores inSoQoroducts: 2x every 2 years (embedd&b(
A Parallelism from sequentialprogramming toparallel (a huge leap forwark)

A Derivative from processing elements tustersof configurable cores &
customizable tiles Domain oriented.

A Scalability Frombus interconnectiorto NoC More resources and performance.
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1 P.Paulin TowardsMulticore Programming, 2011
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Platforms

C o r e ltaw Evolution

Multi -processorSoC Scalable Tile
A Multi-core fabric regularand heterogeneousplatforms CISR RIS

A ComponentbasedProgrammingModels: Higher productivity &latform
iIndependence

4 )
CISP RISP
(Complex Integrated (Regular Integrated System
System Platform) Platform)

RISC

(mcu J{

(LML

1 P.Paulin TowardsMulticore Programming, 2011

M

Session 4b: Design Requirements for Multicore Reconfigurable ‘ UMONSI P POLYTECH'
& MONS




ARTEMIS in 2006
Multicore Processing

ARTEMISAdvancedResearch &lechnology folEnmbeddedintelligence
and Systems

MPSOCon-chip clusters o€oncurrent heterogeneous distributed
functionality
A Roadmap

A Reference designs and architectures,

A Seamless connectivity and middleware and

A System design methods and tools

A Transparencyplatformabstractionfor SW designers (from application
to HWlayery

A Parallel programming languagesvolution of Gbasedprogramming
paradigms

A Portability: addressed byniddleware layers

Multicore Processing and ARTEMFIAN incentive to develop the European Multiprocessor research, 2006
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ARTEMIS in 2006
Requirements

A Application: unified modelsthat captureconcurrencywill enable efficient and
flexible mappingonto various platformsDecompositioninto tasksand
concurrentcompositionat run-time. Performance constraintsthroughput,
power, size, etc.

A System self-organization Selfawarenessor context-awarenesguser
demands or environment)\ersatility, adaptability, responsiveness

A SW. concurrent paradigm®volution towards themultiprocessorapproach.
Compiler technologiesoveringfirmware layers(adaptability, static/dynamic,
recompilation, reconfiguration replacement, repairing).

A HW: provision ofabstraction(transparency, raitilization, adaptation at
application requirements)granularity, dynamic reconfiguratiorand
standardized acced® resources

A Tools systematic support fatoncurrency synchronization communication,
global time representation, consistencysifared data structures

Multicore Processing and ARTEMFEAN incentive to develop the European Multlprocessor research, 2006
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Embedded

Requirem

Embedded Application Characteristics

ents

Throughput-intensive

{

Architectural Approaches:
1. Heterogeneous CMP
2. Tiled Multi-core
Architecture
3. 3D Multi-core
Architecture
4. Composable Multi-core
Architecture
5. Transactional Memory
6. Cache Partitioning
7. Cooperative Caching
8. Interconnect Topology
9. Interconnect Technology

/

Hardware-Assisted
Middleware Approaches:

1. Speculative Approaches
2. Hyper-Threading
3. Helper Threading

/

Software Approaches:

1. Data Forwarding
2. Task Scheduling
3. Task Migration

Thermal-constrained

v

Architectural Approaches:
1. Smart Caching
2. Interconnect Topology
3. Interconnect Technology
4. Leakage Current Reduction

Reliability-constrained

'

Architectural Approaches:
1. Stochastic Processors
2. Interconnect Topology
3. Interconnect Technology

5. Short Circuit Current Reduction

6. Peak Power Reduction

7. Interconnection Length Reduction

8. Instruction & Data Fetch
Energy Reduction

Hardware-Assisted
Middleware Approaches:
1. DVFS
2. ACPI
3. Power Gating
4. Per-Core Power Gating
5. Split Power Planes
6. Clock Gating
7.DTM

Software Approaches:

1. Task Scheduling
2. Task Migration

TOPADS perfoimgrite energy efficient multicore embedded mp ut i ng o,

'UMON

Hardware-Assisted
Middleware Approaches:
1.DTM
2. N-Modular Redundancy
3. Dynamic Constitution
4. Proactive Checkpoint
Deallocation

CMP: Chip Multiprocessor

DVFS: Dynamic Voltage and Frequency Scaling
ACPI: Advanced Configuration and Power Interface
DTM: Dynamic Thermal Management

Session 4b: Design Requirements for Multicore Reconfigurable

Real-time

v

Architectural Approaches:

1. Heterogeneous CMP

2. Composable Multi-core
Architecture

3. Cache Partitioning

4. Cooperative Caching

5. Interconnect Topology

6. Interconnect Technology

y

Hardware-Assisted
Middleware Approaches:
1. DVFS
2. ACP1
3. Speculative Approaches
4. Hyper-Threading
5. Helper Threading

y

Software Approaches:
1. Data Forwarding
2. Task Scheduling
3. Task Migration

Université de Mons

Alatforms
—
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Parallel & Distributed

y

Architectural Approaches:

1. Heterogeneous CMP

2. Tiled Multi-core
Architecture

3. Composable Multi-core
Architecture

4. Transactional Memory

5. Cache Partitioning

6. Cooperative Caching

7. Interconnect Topology

8. Interconnect Technology

/

Hardware-Assisted
Middleware Approaches:
1. DVFS
2. ACPI
3. Power Gating
4. Per-Core Power Gating
5. Split Power Planes
6. Clock Gating
7. Speculative Approaches
8. Hyper-Threading
9. Helper Threading
10. DTM

» POLYTECH
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Embedded
Requirements

Architecture
¢ Heterogeneous CMP, Tiled medbre, Composablenulticore

¢ Transactional memory, Cache partitioning, cooperative caching
C Interconnect topology

Middleware

¢ Hyperthreading, Helper threading

Software

¢ Data forwarding, task Scheduling, task Migration

TOPADS perfoimgrite energy efficient multicore embedded mp ut i ng o,
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ARTEMIS In 2006

Requ

rements

System developers

(application)

A Algorithm modeling

A Concurrency
extraction

A Execution scenarios

A benchmarks

SW Frameworks
A 0Os

A Compilers

A Scheduling

- B\
Matlab, SystemC, Programming
etc.. languages
Standard P
exchange P
Java
Others
J \

oY

fan)

Standard
2xchange

/

SW Firmware FW+ HW technology
A OS+ (platform providers
aware) A Platform frameworks
A Compiler+ (platform A Placement
aware) SC+ A Reconfiguration
A Reconfig policies A Scaling
A Middleware A Communication
A Drivers DR
A Scheduling
(time+space)
oS MPSOC,
+
’\ ) Standard
exchange
g MPSOC,
Standard
exchange MPSOC,
o ﬁ
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FPGA Status

Field Programmable Gate Array

Programmable

A Two-dimensionakrray of programmable logic Function /
elements connected witprogrammable . Logi;‘
switches nt Element /o

Pad
(connections) N

A LatestlCtechnology. alwaysin synch witHatest

availabletechnology (from 130 nm to 40 nm, 28 njn s i L
High volume production % —d nt
A Prototype oriented re-programmable hardwargone
FPGA cagserve every customerlath to ASIQRTL
programming, IP providers)owerproject cost(No programmable

NRE).

A FPGAs/ASI@itio of silicon ared: onaverage20-40x
areaand9-12x power(circuits withonly combinational
logic and flipflops)OtherwiseStructured ASICgone
time mask programmable (HardCopy, EasyPath, eASIC).

L I. Kuon, Measuring the Gap Between FPGAs and ASICs, 2006
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FPGA Evolution

Customization/Specialization/ Increasegranularity/Area-efficient
and lowest system latency

A Complex and specialized new featurdegic elementsRAM Embedded
multipliers. HighthroughputDSP

A Domainspecific architectureshigh-speed serial I&nd memoryinterfaces.
HardIP. Increased performancePCleGen3x8. 40G/100G Ethernet hard IP
variants.

A Reconfigurable interconnectiondNoC

A Additional processing capabilities

A Software in theflow: Processor FPGAPreserveprocessor integrity (both
concentrate on their respective product differentiators)

A Partial Reconfiguration

A Lowering cost and power EmbeddeddardCopyBlocks (6% reduction in
power and 2x performance improvement versus s$offic),Programmable
Power, Physical Synthesis férming

\ wf

1 1. Kuon, Measunn the Gap Between FPGAftland ASICs, 2006

o Session’ 4b: DeS| n Requirements for Multicore Reconfigurable UMONS » POLYTECH
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FPGA Evolution

FPGA Fabric

A Embeddednultipliers & highthroughputDSP

A Programmable regions
A 1/0 & clock distribution
A Distributed memory

11

(=)

o] ) N
- G Altera Stratix
_ — Hard IP PCle x8
FPGA Fabric D icall
(logic elements, embedded _ Cg:f?;;rﬁé
multipliers, high-throughput phase-locked
DSP, Embedded memory, clock | [ loops (PLLs)
network)
~ flexible I/Os
High speed
- I tranceivers
N Ol @s6tps)

o I Session 4b: Design Requirements for Multicore Reconfigurable
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Session 4b: Design Requirements for Multicore Reconfigurable
Platforms

FPGA Evolution

FPGA Fabric

A Embeddedmultipliers & highthroughputDSP
A Programmable regions

A 1/0 & clock distribution

A Distributed memory |
I_I ﬂgjll A=) lllﬁfﬂ I_I Altera Stratix

A Bandwidth and performancBandwidth requirements are growing at a compound annu
growth of 40% due tbandwidth intensive applications[Cisco Systems]. audio/video
streaming to computers, televisions, and mobile phones and to internet applications fli

email, games, and file sharing.

= [l phase-locked

A Devices with 28Gbps transceiversntegratedpower-efficient transceiverscapable of 28
Gbpsand increase system performance by 50%. 66 transceivers capable Gbp&ahd
6 x72 800MHz DDR3 interfaces.

-

multipliers, high-throughput

_— e — — —




FPGA Evolution

FPGA-abric

Al f (1 SiEkx®@&: Bandwidth andperformance Highebandwidth

requirements while meeting cost and power budgets.

%r
0 I Session 4b: Design Requirements for Multicore Reconfigurable UMONS
P|atf0rms " Université de Mons

Enhanced ALM & Routing

Variable-Precision
DSP Blocks

600-MHz

Memory Blocks
Embedded
HardCopy Block
12.5-Gbps/28-Gbps
Serial Transceivers

800-MHz DDR3
DIMM

‘ poLYTECH | ‘
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FPGA Evolution

FPGA Fabric
Al t (i SiEkx®@&: Bandwidthand performance Highebandwidth
requirements while meeting cost armbwer budgets.

|mn s
A Highest system integratiorEmbeddedHardCopy® Blocks and integratethard
intellectual property (IP) in transceivers and core. PCI Express Gen3 and 40G/100
Ethernet. Highperformance, higiprecision DSP. Enhanced logic fabric with 1,100K L

53 Mb RAM, and 3,680 18x18 multipliers.

VariablePrecision

A Flexibility: Fine-grainedpartial reconfiguration (core) anddynamic reconfiguration
(transceivers) for multiprotocol client support and configuration via PCl Express

(CvPCle).

12.5Gbps/28Gbps

A Power Reduce total power by 30% compared to previgerseration devices.
="
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FPGA Evolution

FPGARabric
Al t 1 SiEkx®@&: domain/application oriented architectures

|| -
A Variants/FamiliesA distinct set of features optimized for diverse applications:
A Ultra-high bandwidth and performance 40G/400G A@8&Gbpstranceivers
A High-performance highbandwidth Apps12.5Gpbstranceivers+ backplanes + optical
modules).
A High-performance, variablprecision digital signal processing (DSP) apls5Gpbs
tranceiverst backplanes + optical modules .
A ASIC prototyping 1M Logic Elements (LEs) + highest performance logic fabric.

Embedded
HardCopyBlock

12.5Gbps/28Gbps
SerialTransceivers

800-MHz DDR3
DIMM

o | Session 4b: Design Requirements for Multicore Reconfigurable ‘ UMONS o, POLYTECH n—
Platforms - Université de Mons I ' M 0 N S "




FPGA Evolution

Interconnection architecture

A Internal data & logic connections
A Global& localinterconnections Asynchronoust& Synchronou}

A Data transport lines wire segment + connection box
A Programmable Switch boxeslata/logic connection

I/0 block

._ ._ ._ . Switch box
I"I'I"I'I"I:I

Connection box

I"l"l"l"l"l"l‘
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FPGA Evolution

Interconnection architecture

A Network topology with separatednetworks: command/service and
responséransport.

A Higherconcurrencyandlower resourceutilisation.

Processor DMA Controller PCI Express Onchip| | UART Memory
Mem Controller

5
=2 = = < »n8 = » 09 w8 PR % w8
82 188 || BE| B3 2| | | B2 28| |22 || 25 | | 22 53
g% @b ga @8 65 g8 55 53 53 53 33

3

= = = = =

2 |2 22| |5 2|57 |& v v 5

® ® ® ® 3 ° 3 3 3 3 3

z z z z Z z =z =z =z =z =z

\ A
Command Network Response Network

SEMI

L Altera, Qsys 2011
0 Ses&g’nQIg Design Requirements for Multicore Reconfigurable ‘ UMONSI & POLYTECH
& MONS
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FPGA Evolution

Interconnection architecture
A Protocolstack transaction/transport layer §acketencapsulation.
A Independent layerdesign andptimization:! f i $bykinGeiconnect?

Transaction Layer

Transport Layer

Slave
Interface

Master
Interface

Master
Interface

Slave
Interface

— Master Command Connectivity
— Slave Response Connectivity

LAIt 2011 q
o | Sesgg’ang Design Requirements for Multicore Reconfigurable ‘ UMONS A POLYTECH
Platforms I MONS
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FPGA Evolution

Design Platforms

A Xilinx Extensible Processing Platfor@yngu-7000

A Increasinghcomplex functionsindexploding demandor signatprocessing
performance '

A Reducingosts through im0 System
hardwareand software design “_’
reuseacrossa common 3 -
platform for multiple products

A Size power, throughput and ‘ ..:.’,'.'E:'.: m
costadvantagesn aflexible
singlechip architecture

A Xilinx7 seriesprogrammable
Logic

A AdefinedSW programming
Model.

g
]
3
:
g

o | Session 4b: Design Requirements for Multicore Reconfigurable ‘ UMONSI & POLYTECH ”
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FPGA Evolution

Unified Design Flow
A Xilinx ExtensibleArchitecture

A Softwarecentric developmenflow with parallel hardware design.

A Operating Systemd.inux VxWorks

+UuGOSIMIiCrium

A Processosystem:cachesmemory
controllers andperipherals
(dynamicallyreconfigurable)
available at poweuwup.

AMBA (advanced microprocessor bus architecture)

System Architect

Software Developer j I r Hardware Designer
Programming i

Custom IP

Xilinx IP

Partner IP

Integrate IP Integrate IP

http://www.xilinx.com/support/documentation/white_papers/wp369_Extensible_Processing_Platform_Overview.pdf

Session 4b: Design Requirements for Multicore Reconfigurable

Platforms
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ASIC Evolution

The highest performance available for embedded systems

AG2 A0K2dzi FdzNI KSNJ A Y LINRedodBmascy incieasEshBvy drdppetd
sharplyd 2 | 6 2dzi WYk LISNJ &S| NIpé

The best cost/performance in highiolume products

A & { Ay O SlevelopmenmtXost has been the limiting factdo actual ASIC design size, nc
available gates, causing#ardware Design Productivity Gapg

Verification prior tapeout is mandatory

A GVerification cost goes up much faster than design sieubling the number of gates
doubles the work per cycle, but also as mucr) as dqubles the number of verification cy
needed to cover all the possiblegat@3 I 1S NBt B UGA 2y aKALE dE

Serial software model

Adb2 2yS 1y26a KHBprotedsorRsS thélofhgr ogtion ipdrain all the
software developer$ €

1 M. Butts,Multicore and Massively Parallel Platforms and Moore's Law Scalability, 200
2@G. Smith, The Crisis of Complexity, Dataquest DAC Briefing, 2003

3J. Hennessy & D. Patterson, Computer Architecture: A Quantitative Approach, 2006.
4P.MagarshacklmprovingSoCDesign Quality through a Reproducible DeS|gn Flow, 2C

smn@
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ASIC Evolution

Productivity increase

A Abstraction level RTL (transistors and gates) + ESL (sylsteat)

A High Level Languagebardware System@nd HDLs) and software (serial software
model)

A EDAJ/ESL toolsverification, validation, synthesis (partition, synchronization)
Power consumption

A Power managementfrequency, voltage, technology.

Flexibility

A Regularity communication, interconnectiortomponents. Data very densely
structured in irregular and unpredictable ways.

A Software degree of freedomSDR, evolution of standards

High-performanceembedded systems aimed at streamimgedia

A Data flowing continuously at gigabytes per second processed in real ti&igaming
applicationssuch as videcodecs softwaredefined radio (SDR), reiine sensor

processing or image=cognition.

)
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Platforms MONS'




ASIC Evolution

ASSP (Application Specific Standard Proddict)

A TI OMAP 4Targetsmart phones and mobile interneievices. Low leakage
45 nm process technology. Supports fld80p multistandard HDvideo.

A Dual SMP processoR ARM CortexA9 cores 720 MHz and 1 GBHiz NEON
multimedia extensions

A Programmable vide@ngine(TI IVA3programmable C64RSRcore +videocodec
accelerators

A Graphicsengine Em.. AEED - B
Imagination Technologiés T_., E..“..".‘.‘:m ) ;3::5',&,.,., e

POWERVRGX540. OMAP44x -y s""“’"”"
A Image signal processing

TIISP
A Audio backendengine

TI ABE. = e

M-Shield™ Security Technology: SHA-1/MD5,
S DES/ADES, G, AES, PR, secore WOT, keys

REF/CLK eMMC/MMC/SD
CDC3S04 m.wsn
Platform pry eMMC &
driver
son

I)Iph‘
controller
parallel-serial

WUXGA

Q’; TEXAS
l\smum NTS

1Texas Instruments OMAP 44x family, 2009.
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ASIC Evolution

SMP (Symmetrid/ultiprocessing}

A Symmetric multiprocessareach processor has similar access to@mon
memory space

A Multiple processorsare connected tsharedmemories

ﬁ

DDR2 Controller 0 DDR2 Controller 1

11
L —
|||!'E ]
=

-
i
-
i
b

|||
b
1
—L

1Tilera, Inc., Tile64 Processor Fam

@ I Session 4b: Design Requirements for Multicore Reconfigurable
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ASIC Evolution

SMP (Symmetridlultiprocessing}

A TheSMP programming modédiastask-level andthread-level parallelism
(separatethreads ofexecution,andexplicitmanageof data sharing and
synchronization amonthe threads.

/ Memory controller

[ ) I D S

UART [
USB
JTAG
1°C, SPI

3 x PCle

Flexible
/0

MICA: Multistream iMesh Crypto Accelerator engine [ |

16 to 100 64 bits identical
processor cores (tiles)

mPIPE: Multicore Programmable Intelligent /v[
Packet Engine (Wire-speed packet engine) MICA

1Tilera, Inc., Tile64 Processor Family, 2008.

Platforms

interconnectedwith Ti | er
iMeshE
on-chip network
ﬁ_ﬁ

Université

Network /O
8 x 10Gb
32x1Gb
2 X 49Gb

» mPIPE

Session 4b: Design Requirements for Multicore Reconfigurable POLYTECH
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ASIC Evolution

SMP (Symmetric Multiprocessing)

A Eachprocessor has itewn singleor multi-level cache connected through
an interconnecto other processor cachesnain memory andexternal
devices

A An onchip packetswitchednetwork {.e. switch fabrid providesdirect
communication pathsCommunicatiorpaths and switcheare shared.

A 3-way VLIW pipeline (instruction level parallelism) /gvfﬁglﬁ ox
A 31 Tbpson-chip mesh interconnect ) ) }
A 50 Gbpsl/O bandwidth
Ve . b
A 5MB onchip cache | Processor us
A 15-22W@700MHz 02 [ p1 Il Po Terabit }
Cache S\E,v(;t; " <« |— 64-bit processor
| L2 | Cache L1 I+D
Cache L2D
L1l | L1D||DMA

1Tilera, Inc., Tile64 Processor Family, 2008.

o ‘ Session 4b: Design Requirements for Multicore Reconfigurable ‘ UMONS & POLYTECH ”
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ASIC Evolution

SMP (Symmetric Multiprocessing)

A Raw Tiled Processol6 scalar cores. shesh networks(2 static + 2 dynamic
I/O devicesvormholecommunication) Message passingpmmunication.

Networks
<< "
Processor pipeline

Mesh

CCACIC,
c I c I JI Compute

= -
o -
. I : I
o e
e REiEiE

<]

LA

A/D

o
[=} S -

I/O ports

IMIT RAW, 2007.

o ‘ Session 4b: Design Requirements for Multicore Reconfigurable ‘ UMONS ™ POLYTECH
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ASIC Evolution

SMP (Symmetric Multiprocessing)

A RawTiled ProcessotProcessor pipelineg-stage pipeline. ycle integer
mul. 4-cycle FPU. A RISC processor per tile.

Processor pipeline

=
$(‘Sti $€gl].l Decode/RF

RF ‘Wiriteback
@ o S
J‘ B Floating

$esto I?
-

Ex: 1b r25, 0x341(r26)
-
-

Network

-

-
T“\ T

[ANINR|

Network

4

Memory

output

input
FIFO buffers

Execute

R

s
E):

Execute

Memory

Ini
ru

Floating L. i D @ D @_,—»

‘Wiiteback " RF

LAAA]

-

E FIFO buffrs
[wi] [[m2] D
orEs ol S

W

DecodeRE  $egmi $esfi
=

F
IF Instruction fetch M2 Multiply 2
D Instruction decode A Address
RF Register fetch TL Tag lookup
E Execute TV Tag verify
M1 Multiply 1 WB Write-back stage
F, P, U, F4 Four stages of the floating-point unit

Processor switch
IMIT RAwW, 2uur.
Session 4b: Design Requirements for Multicore Reconfigurable
Platforms
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ASIC Evolution

SMP (Symmetric Multiprocessing)

A Raw Tiled Processo8tatic router. Single cycle latency. Mapping figein
ILP across tiles .

Static

/ Router

GDN

/ Router

l

]

—H —|I_=l : —b-—

_w-w_ur

MDMN
Router

__I..__

Compute
Processor

r—:ﬁ

Branch
Unit

Fetch

Instruction
Cache

> Operation

l[!

Switch Processor

IMIT RAW, 2007.
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ASIC Evolution

Multicore Fabric - Platform 2012ST RISP

A Massivelyparallel array ofclusters(configurable cores + optional Hw
processing elements) andemories

A GALS interconnectio(GloballyAsynchronous, Locally Synchronolis

A Globally distributedmemory

< Switch

A Locallysharedmemory box

- . . . 1
A Requires a programming model mapping
A control and audio/vide@pplications
A Up to 32 Clusters e
A AsyncNoC(GALS)
_ Processing]
A 1-16 configurable cores [VECx
A Optional Hw PEs extension]
A 100 GOPs to several TORS STxP70 M
[config I/S]
OCE | | \bus

1 p.Paulin TowardsMulticore Programming, 2011

o ‘ Session 4b: Design Requirements for Multicore Reconfigurable ‘ UMONS & POLYTECH ”
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ASIC Evolution

Single Instruction Multiple DatagIMD}

A Multiple data paths controlled by single instructionstream
A Singlechipforms: graphickJN2 OSaaAy 3 dzyAd&a 6Dt ! 0T L.
ProcessinginedbQa { G2 N)Y 5{t

[ ot |

l |

| Input Assembler | |3¢‘h.|p:‘Rslr.rZGull|

\ NVIDIA GeForce 8800

| VixThreadissue | | GeomThreadlssue | | Pixel Thread Issue |

) I R W S I ]
A 128 PEg 8 shadercores o ) e e e | [ ) )
00|o0| |[o0|00| |Eo|oa| |DElEo 00|00| |[oaE0| |[Ea|an
1 ) o o o e e 00|00| |00o0| [Eojoo
Oojog 00|00 (00|00

| | |

0ojoo | | | 00|00
RN G000 EEEW ERON GRG0 EeED
| I

| | | | | l | |

—| Thread Processor
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INVIDIA GeForce3800 unifiedshademrchitecture, 2006
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ASIC Evolution

Single Instruction Multiple DatagIMD}

A NVIDIA CUDACompute Unified Device Architectjre

A Generalpurpose graphic processing units functioning &s
parallel processing engines (stream processonger 120
handling single tasks

| NVIDIA Fermi

@
=]
o

T
@
w
[+]

T

CUDA Core

Dispatch Port
‘Operand Collector

GigaThead

1 NVIDIA Fermi, 2009 [multiple streaminguultiprocessor§Ms of 32 coreseach
SFU SpecialFunctionUnit
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ASIC Evolution

MPPA (Massively Parallel Procesgaray)?3

A MIMD (Multiple Instruction streams, Multiple Data) architecture,
distributed memoryaccessed locally (neharedglobally)
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i | i :\"T Mf Dprocessor @Switch matrix .!mg;g(i:%omray .Memon_.r
Ambric: Brics & interconnect \ PicoChip: PicoArray concept

2ywww.ambric.infdAMMPPAsTechnologyOverview2008
3 www.picochip.conmulti-coreDSP architecture 2010
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ASIC Evolution

MPPA (Massively Parallel Procesgaray)t
A Amassivelyparallel arrayof CPUsand memories interconnected by

2D Meshconfigurable interconnect ofvord-wide buses
A High throughput embedded systewith low cost, power efficiency, and

deterministicbehavior
_P _F _F B
.l- :.L ™ k -

[ / w,
I

Switch box

e ] e
R
— J

B=—0 L] CPU + RAM

1 M. Butts,Multicore and Massively Parallel Platforms and Moore's Law Scalability, 2008
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ASIC Evolution

Parallel Platform Characteristics for Embedded Applicatibns

A Suitability: How welsuited is its architecture for the full range loigh-
performance embedded computing applicatiofis

A Efficiency processor® LJ2 (p&fgrindntefichievedEnergyandcost?

A Development Effort architecture, programmingand debuggingeffort?

Keyelements in parallel computing are how the programming model
handles interprocessor communication and synchronization:

A Communication howeasily can processors padata and controlfrom stage to
stage, correctly and without interfering with each other?

A Synchronizationhow do processorgoordinate actionswith one another, to
maintain the correct workflow?

A Scalabilityasa 2 2 N Qa [ O2yGAydzSa Ada YI NI
and application development effodcale up to a massively parallsystem of
hundreds or thousands of processors?

1 M. Butts,Multicore and Massively Parallel Platforms and Moore's Law Scalability, 2008

@ Session 4b: Design Requirements for Multicore Reconfigurable UMONS » POLYTECH
Platforms I MONS ’

san




ASIC Evolution

Parallel Platform Characteristics for Embedded Applicatibns

SMP SIMD MPPA
Suitability Limited (GP) Limited (scientific) Good
(Embedded)
Efficiency Poor (expensive  Poor (only Good (very
comm.) regularity) flexible)
Development Poor Poor (only Good (testable &
(multithreading) regularity) reliable)
Communication Poor (cache) Good Good (direct)
Syncronization Poor Good (single Good (built-in)
thread)
Scalability Poor Poor (only data Good (both
flow) Hw/Sw)

1 M. Butts,Multicore and Massively Parallel Platforms and Moore's Law Scalability, 2008
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ASIC Evolution

Massively parallel processors: Who's stlive?

Ambric

AM2000 family-344 Processors

Was shipping video chips, but backing dried

Aspex Semiconductor (U.K

Jinedancer 4,096 Processors

Silicon killed; now marketing IP for video

BrightScale

BA 1024 Video Processor

Was Connex Technology; now marketing IP

ClearSpeed Technologies

Multithread 96-element array processo

Mow selling as subsystems

Coherent Logix, Inc.

hx2100 HyperX-based DSP

Still in development

CPU Technology, Inc.

Acalis7 Field-Programmable MultiCore

fctively marketing

Element CXI

Reconfigurable Array

Showing silicon-actively marketing

Elixent/Panasonic (U.K.)

D-Fabrix Array

Now Captive; status unknown

IMEC (Belgium)

ADRES: Coarse Grain Array for VLIW'

d.icensable IP, actively marketing

Intellasys Scalable Embedded Array 24 processofsctively marketing
IP Flex (Japan) DAP/DNA-955 16-bit processors Now shipping for video
MathStar Field Programmable Object Array Out of business

Motorola Labs

Reconfig. Streaming Vector Processor

Development ceased

NEC (Japan)

Dynamically Reconfigurable Logic Engihevelopment appears to have ceased

PACT XPP Technologies

XPP 3C-64 processors

Actively marketing IP

PicoChip Designs (U.K.)

picoArray Massively Parallel Array

Shipping in volume

Plurality (Israel)

Hypercore Processor: 16-256 cores

In Development

Rapport Inc.

Kilocore KC-256 with 256 processors

Appears to have folded

Recore (Netherlands)

Montium Tile Processors

Licensable IP-status unknown

Silicon Hive (Netherlands)

Moustique Block Accelerators

Licensable IP-actively marketing

Stream Processors Inc.

Storm-1 Family-80 32-bit ALUs

Surveillance Video-actively marketing

Tabula

Unannounced

In Stealth Mode

Tilera

TilePro36 & 64

1st generation now shipping

1K.Williston Massively parallel processors: Who's still alive?, 2009
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Architectures

Computing
Performance
Flexibility
Power
Consumption
Compilation
Time
Application
Development
Time

Generalresearch guestion:
Can we improve the existent solutions in order to obtain a
flexible architecture for image processingthat can meetreal -time
performance with low power and low compilation & development times?
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Architecture Considerations

Platform-based design: generic infrastructure (flexible) + dedicated
CO-processors or accelerators

Derivative design: remove and keep only what is required
Multi-core regular (+ shared memory): flexible + easy to use

Multi-core irregular (heterogeneous or hybrid): dedicated +
performance

Parallel Pipeline: FPGA alternative

Offload Code: SW alternative

Shared Memory: slow but flexible

Tools: from sequential to multithread + ESL + HLS + LS

OO0 000 O
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Platform -based design

Single Core: standard processor + FPGA (accelerator)
Standardization due to High level tools & languages (gains in design
workflow)

ILP & loop-level parallelism (CISC & accelerators), VLIW (bundle), TLP (RISC)
SW flexibility: reuse existing code + libraries
SW common bus & standard 1/0
Extendibility due to dedicated HW

SW to HW code migration

HW determinism & reliability

HW performance + energy efficiency

SW instruction set extended (custom algorithms) o 110
HW basic interface (protocol, FIFO, synchronization)

Not parallel nor scalable (go for modular tile-based architectures)

processor FPGA o 10

> |/0

MEM

O 000000 000 )
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@ Session 4b: Design Requirements for Multicore Reconfigurable

Multli -core

Regular 11
C Scalability . . .
C Equal processing power & complexity (Amdahl+Gustafson)
C Processors optimal execution reduclpnl| |1l o
C Sequential parts slow down overall performance ' Homogeneous
C An intensive task will not receive additional resources
1
Irregular 2
C Heterogeneous processing power 1
& complexity (Pollack: performance 140 11111 11
roughly proportional to the square 120 ™™
gn’y prop o d ~ ' Heterogeneous
root of complexity increase) 100 > ~
C Higher performance for sequential g 80 = ~ \Regu|ar
tasks R T T ~
Balanced critical path 40-F B
¢ P - Single core Heterogeneous \“\--

~

0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100

Parallel portion of the application
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Pinaline

pre-processed
samples

stream of samples
A

-
Sensor

pre-processed
stream of samples samples

7
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General-Purpose } lO_W performance
Processor - high power

pre-processed
samples
A

OO0 = \

- low flexibility

stream of samples

image
—_—
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Single-Purpose
Processor

pre-processed
samples
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- high comp. time
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Pipeline

‘ Simple edge detection

Design Patterns

Dedicated IP

Reuse: find commonality
Locate memory requirements
Locate synchronization
Locate data flow

Partitioning
(memory+ processing

Plxel Reglsters

Line Buffer 1
Line Buffer 2

input

O O O O O

configuration

@
A

Allocation

Pipeline

output

[2] Reconfigurable
for real -time image and video
Belgium, 20013
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. Gaussian

ModulusH T }»output

Sobely
Kernel

el Coeffici

output

%%% % %555

low -latency architecture
processing, P. Possa, PhD Thesis,

Umons ,
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Parallel Pipeline

A large program partitioned and each piece assigned to a stage in
the pipeline
Each stage does its portion and then hands the packet on to the next stage

A stage will have as many parallel engines as required to meet throughput
requirements

Each engine in the stage will execute an identical program on a different packet
Particularly well suited to packet-processing data-plane applications

Load-balance: programmable & reconfigurable PEs (Processing
Elements)

OO0 00

~ o
stage simple pipeline
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Parallel Pipeline

Fork & Merge: pipelines may need to fork and merge, which allows
multiple pipelines to take on different tasks
Routing: many applications will require more than a simple pipeline (fork & merge)

Load-balancing considerations: when a packet needs to be sent to one of two
ports

Reconfigurable processing elements: stages are fed by a queue of tasks to be
executed

An OS is not needed to schedule tasks oot

Private/local memory ' Encapsulation Port

OO 0O OO0

‘ Decapsulation

IPv6

[1] Building Blocks Simplify Multicore in FPGAs, B. Moyer, Chip Design Magazine,
2007
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Parallel Pipeline

config. bus P2IP
[ confa. | 1] 3 > Control Path )
P2IP Architecture Interface PP |
) Controller |~
C Flexible: programmable ' - o
L 7 > 8| 8
C Global synchronizatiof SOS o HIIR
e — . . . =
C Global clock | N i ; "  —— S s B
Source .. . b Sink
C Global memory _,@ PET | IPE2 " PEN 3/Gto RGB——b
C Regular pipeline B
P*E PZE_cfg
Y Y Y
P2E Architecture 5 ~5 4 _ 3 A
g8 220 % 8o Q
C Cus’FomIP &&3&. %ég_,f%;%@' )
C Dedicated local memory
. . . A
C Reconfigurable interconnection $ $ t
o [:j;_;' Programmable Interconnection __';IZ]
C Irregular pipeline

[2] Reconfigurable  low -latency architecture

for real -time image and video  processing, P. Possa, PhD Thesis, Umons,
Belgium, 20013
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Parallel Pipeline

Programming Architecture Reconfigurable interconnection
PE 1 PE 2 PE 3

C Routing:
Simple edge detection programmable

PP Module MC Module SP Module

Sobel, N N
) G ; AMKernel |[- ) )
input Sobor 1. ouput  * dLiL Regular pipeline
Kernel B :ui;:: Module Crossbar »oAuxs
@ | IAUXS m— » =
Fork Merge Pipeline :: '“5-'1 | W PE 1
HEEaN bl
= ‘E : RGB Crossbar 6 Rl
G » .
Mapping: programmable input
pPpIng: prog
cnnflgﬂ;anen
o Q P?E-CD
e B T & PE 1 PE 2 PE 3

MC
1D:2
1D:3!

[
08 Module-CD Module-CD

(5]

EQ Z
Module-CD

.f//
/
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Parallel pipelines

[2] Reconfigurable  low -latency architecture for real -time image and video  processing, P. Possa, PhD Thesis, Umons , Belgium, 20013
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Shared Memory

Available memory: If shared memory is required, it can be built out of the
internal (raw RAM) or external memory

Required memory: the application determines whether shared memory is
needed as well as which engines need to access it

Bus arbitration: access to shared memory is a critical element for
ensuring high performance

Latency: because memory latency has a huge impact on throughput, each
access must be as fast as possible

O 0O O O
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Shared Memory

Memory access design patterns

Point
perato
\
o *
input image output image
Jxy) gx.y)
/
Spatial
window *1 1% Operator [T
il \ I
wiij) = >p
e o
input image output image
Jxy) g(xy)

i
/ ‘empora
perato ‘*—-——‘_,p,

input image

Jxeytar)
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input image
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tput image
gxy)
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- Arithmetic Functions

-Mul tiplication,

- Logic Functions

-AND, ORe

- Testing Functions

- Threshold, less-than, grater-t h a1

- Linear Filters

- Sobel, Ga
- Rank Filters
- Max, Min, Medi

Uus s.i

1an.

- Mathematical Morphology

-Er osi on

, Di

- Background Subtraction

- Motion Detection
- Optical Flow
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Offload Code

Tradeoffs can be made between Simple pipeline

performance, flexibility and the I-I |.| ﬁ.;

number of processors required ),
Stage

C Software (SW) provides flexibility

A Portions of the application that are
susceptible to change or

extension should be left in R —_——
software | Queue
. Microprocessor
C Hardware (HW) provides Code Store
processing power ME
A Well-established portions of the —
. ata Store

code (especially compute- MEM

intensive ones) can be offloaded
to an accelerator (HW)

. Arb

I/IF
—>
Offload
FPGA

[1] Building Blocks Simplify Multicore in FPGAs, B. Moyer,
Chip Design Magazine, 2007
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