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O que é um SOC (System-on-a-chip)?

« Todo sistema integrado em um Unico circuito integrado
(desempenho)

* Projeto modular

* Reuso de IPs

Um SOC pode conter:

= Modulos de propriedade

intelectual reutilizaveis

e = Processador(es) embarcado(s)
= Memodria embarcada

=  Software

= Interfaces com o mundo externo
(USB, PCI, Ethernet)

= Blocos analdgicos
= Hardware programavel (FPGAs)



Porque SoCs?

x [Ime-to-market!
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Design Evolution

| _ASICs:
Dedicated hw
1 algorithm

Single microprocessor SoC:

Bus-based MPSoC
= Platform design
= Target multiple applications

NoC-based MPSoC
Many applications

Dynamic behavior
100’s PEs

M-Shield™ Security Technology: SHA-1/MDS,
DES/3DES, RNG, AES, PKA, secure WOT, keys

Vibrators

uuuuuuuu
Ampifiers

microphone




MPSoC — Multiprocessor system-on-chip

= Sistema multiprocessado integrado como um SoC

= Elementos de processamento + |Ps + Infra-estrutura de
Comunicacao

= Evolucao de Clusters (+ recursos = + desempenho)

_a ;_L' twa Chip da Intel
nesem 65nM
2‘.: 80-Cores

Core Duo Technology
Cluster

(10-100 CPUSs) (2-4 CPUs) (10-100 CPUSs)



Previsao da evolucao dos MPSoCs
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Organizacoes basicas de MPSoCs

= A forma como a comunicagao entre os processadores €
realizada define a organizacao do MPSoC

= Modelo de comunicacao com a memoria
Memoria Unificada — UMA / NUMA

Troca de mensagens

= Modelo fisico de comunicacao
Barramento

Rede intra-chip, ou NoC (Network-on-chip)



MPSoC conectado por barramento

= Numero tipico de processadores: 2-32
= Espaco unico de enderecamento

s Coeréncia de cache ¢é simples (protocolos snoop)

Processor Processor Processor
t t i cache coherency Consistency
Y L in the value of data between the
Cache Cache . Cache versions in the caches of several
y processors.
! i
Y Y i
Single bus
|
Y I
Memory VO

Programacdo mais simples, mas nao escalavel




Barramentos e hierarquia de memoria

ARM11 MPCore

Intel Core Duo
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CPUCore1 |***| CPUCoren
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L3 cache

|
main memory

(c) Shared L2 cache

|
main memory

(d) Shared L3 cache

AMD Opteron

Intel Core i7

No shared

Shared
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Barramento

¢ Complexidade crescente da interconexao por barramento

(PR3940)
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MPSoC conectado por rede (NoC)

= Arranjo de roteadores conforme uma topologia
= Abaixo uma rede malha (mesh)

= Elementos de processamento, memorias, |IPs conectados
aos roteadores (redes diretas)

= Comunicacao por troca de mensagens

12



Organizacoes basicas de MPSoCs

e N [—

Message passing 8-2048
Communicationmodel Shared NUMA B8-256

addrass UMA 254
Physical connection Motwork 8-256

Bus 2-36

Logo:

1) Utilizar comunicacao por troca de mensagens
2) Utilizar redes intra-chip (NoCs) ao invés de barramento




MPSoC - tipo de processamento

= Homogéneo
= elementos de processamento (PEs) idénticos

= Pros
« tarefa de programacédo — mesma aplicacao pode executar em
qualquer PE
= mapeamento das aplicagcdes no MPSoC
= Cons

« tarefas mais intensivas podem néo ter seus requisitos de desempenho atendidos

n (I:I
= Heterogéneo 5
O
= PEs distintos (GPPs, DSPs, NPUs) H
O
= Pros 0
« PEs dedicados para tarefas especificas E
= Cons u
A : O
= geréncia do sistema =
n programagéo Imaging Video Radio/modem
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Principios basicos de paralelismo

CPU Multiciclo

Ciclo1 Ciclo2 Ciclo3 Ciclo4 Ciclob
[ 7 = L4 L] 1

Inst Busca [Dec/Reg| Exec Mem Escrita

CPU com pipeline

Ciclo1 Ciclo2 Ciclo3 Ciclo4 Ciclo5 Ciclo6 Ciclo7 Ciclo8
(M =J =J I °J L4 L1 1

Inst 1 Busca [Dec/Reg| Exec Mem Escrita
Inst 2 Busca [Dec/Reg| Exec Mem Escrita
Inst 3 Busca [Dec/Reg| Exec Mem Escrita
Inst 4 Busca [Dec/Reg| Exec Mem Escrita

Execucdo em paralelo!

f

f
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Execucao Superscalar

Reg

Reg

Reg

Reg
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Maquina VLIW

Instrugao 1 Instrugao 2 Instrugao 3
Banco de Banco de Banco de
Registradores| | Registradores| | Registradores
+ %* +

Crossbar
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Como processadores ficaram mais rapidos?

= superpipelining

= superscalar execution

= dynamic scheduling

= multilevel memory caching
= aggressive speculation

= DSP specialization

= fabrication technology

18



“1° MURO” - ILP WALL

= Influéncia do compilador!

= descobrir o paralelismo em maquinas
superescalar e VLIW

= a ordem das instrucdes (dependéncia) afeta o
desempenho

= “ILP wall”

Performance | JRYEL RN {eXe(o)

Superscalar/O00:
good ROI

Very little gain for
substantial effort

Scalar Moderate-Pipe Very-Deep-Pipe  “Effort”
In-Order  Superscalar/O00 Aggressive
Superscalar/O00

Source: G. Loh 19



“2°/3° MUROs”:
FREQ. WALL / POWER WALL
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“4° MURO” - MEMORY WALL

Capacidade Velocidade
Ldgica: 2X em 3 anos 2x em 3 anos
DRAM: 4x em 3 anos 2x em 10 anos
Disco: 4x em 3 anos 2x em 10 anos

¢ Fato: memorias grandes sao lentas, memoarias rapidas sao
pequenas

¢ Como criar uma memoria grande e rapida (pelo menos na
maior parte do tempo)?
— Hierarquia
— Paralelismo

21



“4° MURO” - MEMORY WALL

v uProc
1000 | --o-oorrrrrm s CPU 60%!yr.

“Moore’s Law”

100 | oo A Processor-Memory
Performance Gap:
(grows 50% / year)

10 | <o AT

DRAM
—a—a—" 7%lyr.

Time

http://www.ece.gatech.edu/academic/courses/fall2006/ece6100/Lectures/Module%2014%?20-%20Multicore/mcore.evolution.pdf



Mais um problema: Design Gap

= Capacidade de integracao ultrapassa a capacidade de projeto
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‘ Complexity outpaces design productivity I Courtesy, ITRS Roadmap
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MORE SOFTWARE THAN HARDWARE

24

IC Hardware & Software Effort
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Entao, porque utilizar MPSoCs ?

Quebram o “ILP wall”
Multiplas threads/tarefas executam simultaneamente
Paralelismo de grdo-grande (nao mais no nivel de instrugao)

Quebram o “frequency wall” e o “power wall”

Multiplos PEs mais lentos e mais simples

Escalabilidade obtida pelo aumento do numero de PEs e n&ao pelo aumento
da frequéncia

Uso de processamento heterogéneo pra aumento de desempenho/reducio
de poténcia
Quebram o “memory wall”
Hierarquia de memorias distribuidas e adaptadas as aplicacoes
Replicacao do sistema operacional nos PEs

Diminuem o “design gap”
Replicacdo dos PEs diminui os custos de projeto de verificacao

Aumenta a importancia da rede de comunicacao -5



Receita de MPSoC ©

Concepgao de circuitos
1 - Reuso de modulos
- Comunicagao

& |Multidao de
Engenheiros

SISTEMAS ®
OPERACIONAIS

PROJETO E IMPLEMENTAGCAO

Andrew §. Tanenbaum
Albert S. Woodhull

2

Conceito de SoC
- Tudo no mesmo CI
- Melhor desempenho
- Menor time-to-market

Sistemas Operacionais

- Geréncia de recursos

- Escalonamento de processos
- Mapeamento de processos

Tecnologia do Silicio
- Transistores menores
- Fios mais préximos

T—", \z
pe;
MPSoC
I — 12 64mm ]
Redes de computadores Conceito de cluster Gl Gl S
- Topologias - Replica recurso = maior desempenho
- Algoritmos de roteamento - Balanceamento de carga
- etc - Migragao de tarefas

Reusando conceitos antigos para novos cenarios

26



Exemplos industriais de MPSoCs (1/4)

MPSoC proposto pela IBM
" Ce" PrOCQSSOI' para o PlayStation3 (2006)
= Processador central s %' ) ESlsp::usxu Is%’;usxu |§Tp:l’sxu I‘sf::stu IS[::usxu I§I:§l{sxu I‘s;usxu Iégiljsxu ] |
= Power Processing Element Lok NEIFA F FA B3 F B3| B3
Vowee | MR | [ W | [ wrc | [ W | [ wrc | [ wrc | [ WG |
IBM PowerPC | ‘

1. . .-

EIB (up to 96 bytes/cycle)

1 olld
1 Power ) !
| processor 16 bytes/ 16 bytes/ 16 bytes/ |
I element cycle cycle cycle :
1
1
1

Multithreaded (2 Threads)

Cache L1 (32kb | e 32 Kb D) ' Pover procssruni s ’ inar

! B ton
Cache L2- 512 Kb s I UH
F re q u é n CI a: 3 . 2 G H Z N \‘: 64-bit Power Architecture with vector media extensions Lol

Atua como controlador dos processadores periféricos

= Oito processadores periféricos

= Synergistic Processing Elements (SPE)

Baseados em Processamento Vetorial (SIMD)
256 Kb Local Storage

Controlados por software

= Dificuldades para codificar software

Desenvolvedores de SW sao responsaveis pelo gerenciamento dos dados
das Local Storages 27



CELL Processor

Synergistic processor elements

SPU SPU SPU SPU SPU SPU SPU SPU
sxu ||l sxu ||l sxu |lIlll sxu [|IlI| sxu ||[Ifl sxu |||l sxu ||| sxu
i i i i i i : i
Local Local Local Local Local Local Local Local
store store store store store store store store
| smF ||| swr ||| swmF ||| swmF ||| smF ||| swmF ||| swmF ||| swF |

16 bytes/cycIeT Y

!

iR

iR

!

T

iR

!

Element interconnect bus (up to 96 bytes/cycle)

A
Power
processor 16 bytes/cycle 16 bytes/cycle (2x)
element
Y
Power Memory Bus
controller controller
— o=
L2 cache L1 Power
cachel | gxecution
B - unit
32 bytes/¢ycle| | 16 byqes/cycle
Dual XDR Flex I/O
64-bit Power Architecture with vector media extensions Copyright © 2006 IEEE




IBM

Core ||| Core || Core M

HE =+ foop=tpt —

- sclo

HHHHITH R Fonte: IEEE Micro Marco/Abril
S e s e T e 2013
- cache control cache "C"

H S iR 1515 S
Core || Core ' Core C

GHz
Millions of transistors

Figure 1. The zEnterprise EC12 (zEC12)
microprocessor chip with six processor B e 5008 20103013
cores, 48 Mbytes of level-3 (L3) cache, and Z900 7990 z9 z10 z196 zEC12

|OgIC and interfaces connecting tC? the rest Figure 2. Frequency and transistor counts for the last six generations
of the system. The chip was fabricated of microprocessor chips used in IBM's mainframes. System z10 was

- B . [P i designed with a deep pipeline microarchitecture to operate at an
using 32-nm silicon-on-insulator (SOI) tech ultra-high frequency, allowing the next two generations, z196 and zEC12,

nology with roughly 2.75 billion transistors.  to continue their frequency improvements.
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Exemplos industriais de MPSoCs (2/4)

» UltraSparc T2 (Niagara 2)

8 processadores baseados no instruction set Sparc-V9
Cada processador € capaz de executar 8 threads
concorrentemente (total de 64 threads)

“Server on a Chip”

= PCl express
= Duas portas 10 Gigabit Ethernet
= 4 controladores dual-channel FBDIMM

Pipeline de 8 estagios (1.6Ghz)
Cache L2 4MB

R
8 Bancos e = e v
Associativa por conjunto 16 e

Aplicacoes
WebServers ms =

Database




Exemplos industriais de MPSoCs (2/4)

» UltraSparc TS
(Oracle)

" RS
LS

Fonte: IEEE Micro
Marco/Abril 2013

Figure 1. Sparc T5 die micrograph. The crossbar is in the center with the
L3 cache banks above and below it. On each side of the crossbar are

the memory control units with the cores above and below them. Below
the lower L3 cache banks are the coherence units, and above the upper

L3 cache banks is the I/O subsystem.
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Exemplos industriais de MPSoCs (3/4)

Tile GX- Tilera (100 Nucleos)
1[ 10

| S . S s

Memory Controller Memory Controller

Flexible

[o]

Network
110

Eight
10Gb

-0r-
321Gb

-0r-
Two 40Gb

P S S e N o S a SU

| NN BNN NN FEN NN BN BN S

= 100 cores on a single chip
= 40 nm technology

= 64-bit VLIW processors

= Up to 3 instructions/cycle
= 3-stage pipeline
= Up to total of 750 BOPS

= 32K L1i cache, 32K L1d cache,
256K L2 cache per tile

= 5 on-chip Mesh networks
= Over 200 Thps

= 1to 1.5 GHz clock
frequency

= Supports SMP Linux and
virtualization

=Other members: 16, 32, 64
tiles 32



Exemplos industriais de MPSoCs (4/4)

Intel — (80 Nucleos) N MPSoC proposto pela Intel
om— L (2007)

= MPSoC Homogéneo T R ¢ . A 2
= Baseado em NoC

= 1 trilhdo de operacgoes
de ponto flutuante por
segundo

= Consumo de poténcia:
62 Watts ‘single tile..

= Baseado em uma ‘
arquitetura VLIW

= Exploragao do ILP
via compilador

Simplicidade dos Cores:
Remocdo do HW superescalar

http://techresearch.intel.com/articles/Tera-Scale/1449.htm

21.72mm

kR VO Areg &

33



Intel Single-chip Cloud Computer (SCC)

n 24 “tiles” with two |A cores per tile

» A 24-router mesh network with 256 GB/s bisection bandwidth
= 4 integrated DDR3 memory controllers

= Hardware support for me

21.4mm

Technology | 45nm Process

DDR3MC

Interconnect | 1 Poly, 9 Metal (Cu)
Transistors | Die: 1.3B, Tile: 48M
Tile Area 18.7mm?

Die Area 567.1mm?

Signals 970

Package 1567 pin LGA package

Figure 5.7.7: Full-Chip and tile micrograph and characteristics.
=
PCle u\. [Oj

http://www.intel.com/content/www/us/en/research/intel-labs-single-chip-cloud-program-quide.html
http://communities.intel.com/community/marc
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System Architecture

m Processor

- Dual-core ARM® Cortex™-A9 MPCore™ processor

4,000 MIPS (up to 800 MHz per core)

NEON coprocessor with double-precision FPU
32-KB/32-KB L1 caches per core

512-KB shared L2 cache

m Multiport SDRAM controller
Up to 533-MHz DDR3 and LPDDR2
Up to 400-MHz DDR2

Up to 200-MHz Mobile DDR
Integrated ECC support

m High-bandwidth on-chip interfaces
- > 125-Gbps HPS-to-FPGA interface
- > 125-Gbps FPGA-to-SDRAM interface

m Cost- and power-optimized FPGA fabric
- Lowest power transceivers
- Up to 1,600 GMACS, 300 GFLOPS
- Up to 25Mb on-chip RAM

- More hard intellectual property (IP): PCle® and
memory controllers

© 2011 Altera Corporation—Public
35

Hard Processor System (HPS)

(1) Integrated direct memory access (DMA)
(2) Integrated ECC

ARM Cortex-A9 ARM Cortex-A9 UsSB Ethernet
NEON / FPU NEON / FPU oTG (x2) )
L1 Cache L1 Cache (x2) M
L2 Cache GPIO FE
(x2) -
v
(77}
Qs 64-KB ARG SPI CAN o
Flash RAM Debug / (x2) (x2) 7]
Control Trace ()
NAND e Timers DMA UART
Flash SDIO/
" @ MMC () (x11) (8 Channels) (x2)
Shared Multiport DDR HPS to FPGA C':):%Au
SDRAM Controller @ FPGA to HPS g
ration
*28LP process %
* 8-input ALMs g
* Variable-precision DSP o
* M10K memory and e
640-bit MLABs g
-
(=
3
o
(7]
< L =
{ (@]
Hard Multiport DDR Hard 3-, 5-, 6-, 9
SDRAM Controller @ PCle and 10-Gbps
. Transceivers .
T
Notes:




HeMPS Plasma-IP SL

0

HeMPS (PUCRS)

Hermes NoC

PLASMA

Plasma-IP

Task
Repository

MP

« MPSoC Homogéneo

* ComponenteS: Plasma-IP - N Plasma-IP
« Noc Hermes SL SL

* Plasma_lp Plasma-IP - _| Plasma-IP
 Mestre e Escravo: SL | sL

Plasma IP-MP: geréncia dos

recursos do sistema.
: executam as tarefas
das aplicagdes

» Repositorio de tarefas
« Externo ao MPSoC
» Permite mapeamento dindmico de tarefas
» Acessado somento pelo Plasma IP-MP

« (Cada processador executa um microkernel
« Suporte a mapeamento dinamico de tarefas
» Suporte a execucdo multitarefa — escalonamento round robin



HeMPS

= PLASMA-IP ﬁ CPU R
= Processador ) (NI i |~A4
= Plasma (opencores.org) I
. 32 bits MIPS R3000-like CPU ‘ DMA |
= No MMU / No cache — ot
= Suporta interrupcoes e timers \‘
= RAM i
= 64 KB
= Organizada em 4 pages (4 K 32-bit palavras por pagina) Task 3 0xC000
= DMA Task 2 0x8000
= Separa comunicagao de comunicacao
= Responsavel por receber tarefas, e realizar a Task 1 0x4000
comunicagao com a NoC

= NI — Network Interface
« Interface com a rede



HeMPS Framework Editor

Y

|"‘ Z O ‘!‘,:}() /
DA 4

(RIRIRIRINININ O
M

1 TYEEAan) U i
'1-’ v“:.“

m Design Flow
— Platform-based design
— Several steps covered by the HeEMPS Editor

Application Set

Specification ! '
/ \ i / NoC Generation Tool | |
Software Design/ Platform [¢ LdiCemponente E
Task partitioning i Specification Plasma, NI, RAM, DMA | |
h ! h
SW Components
Mapping ukernel, API, Drivers
- A
7 E HW-SW
<=\ i Integration
/T — I T
= Evaluation/
~ Validation
(HDL Simulator)
A
MPSoC
(RTL architecture) HeMPS Editor




Y

ol
DA, )0

b

INIRIRINIRININ O

| = HeMPS Editor

HeMPS Framework Editor

Application Set

Processor description
* RTL
155

Generate |
Debug |

— Processor 00 [Master)
V| Enable
* Master
" Slave

Remove |

— Processor 10

IV Enable
" Master
% Slave

Remove |

Specification
NoC Generation Tool
— Quick platform customization / <
Q p Software Design/ Platform  [q fWiComponsnts
. Task partitioning Specification v\ Plasma, NI, RAM, DMA
— Automates the platform generation N\ Z
SW Components
— Provides abstract models (Plasma/RAM) Mapping r/— koo, APL, Drvers
~5x o sw
Integration
Project 1
Applications: AppI|Cat|0n Set Evaluation] :
= T Validation | :
7 mpeiictc I—IAdd SpERCA — Processor 02 — Processor 12 (HDL Simulator) l
iquant.c Delete application | | V' Enable V' Enable !
MF.C Reset allocation | ® i £ Mastz o
. y -
Et"a’:tz & Slave # Slave (RTL architecture) HeMPS Editor
[=]- communication ® |2 3: Y: |3 =
sk 2= _Fenove | _Renove_|
taskB.c : b I?.
taskC.c Pege size (KB). |16 = — Processor 01 — Processor 11
taskD. — —
e Max Tasks/Slave: |3_ W' Enable ' Enable
" Master " Master
Memory size . -
@ G % Slave & Slave HeMPS
" 128KB _ Renove_| __Remove | configuration




HeMPS Framework Editor

Ow

DY )0

L U LR LI L ) O
| ?b " il = HeMPS Editor Pepicain s

(S IRINIRLR

— Quick platform customization _12151}
N

i Processor 02 — Processor 12
— Automates the platform generat|| wsace |usecn| e sottc 8|
. Communication task A started. 4] MPEG Task A start: Send block il
— Provides abstract models (Plasi| | 53 }
Communication task A finished. 8258
T2
10224
8 HeMPS Edit ks hd
o _.,—' o _>|—|
Project
Applications: r— Processor 01 — Processor 11
Smes - iie.c (1) | print.c (2)| taskD.c (4) |
mpe
g iiu antc Ml Processor 02— MPEG Task B start: MLC | Communication task D started. il
vles —Dllateivpplioati | &startc V' Enable ;153337 13110
[=]- confsgunication = " Master End Task B - MPEG 11
R 12 pr
" Slave 13

Remove | kil _.I’ Kl _l’ o

Processor 10
taskC.c (3) I idct.c (0) I

|

— Processor 01 — Processor 00 [Master)

' Enable
Master strikes again. = Communication task C started. |
N, " Master 9184
26338

" Slave Communication task C finished.

' B4KB
" 128KB

Remove
N LI > | X LI » | -
— Processor Descripionx Processor 00 [Master) A{
" RTL g'dct.c V| Enable taské.c IV Enable

Q int. taskB.
@155 piint.c ' Master askB.c " Master
" Slave % Slave

Remove | Remove I

Generate




HeMPS

« Operacional em FPGA
* Interface com o PC: ethernet
* Repositério em memoria DDR

HeMPS 2x3 em FPGA
Virtex 5 LX 300:

41
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Questions?



