Introducao aos
Sistemas de Computacao (5)
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Estrutura do tema ISC

5. Evolucao da tecnologia e da eficiéncia
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Analise de componentes
num computador

Componentes (fisicos) a analisar:
— a unidade de processamento / o processador:

* 0 nivel ISA (Instruction Set Architecture):
tipos/formatos de instrucoes, acesso a operandos, CISC/RISC...

» CISC versus RISC

» melhoria de eficiéncia no processador: com paralelismo
» melhoramentos fora do processador (ou core)

» evolucao da arquitetura x-86 da Intel

— a hierarquia de memoaria:
cache, memoria virtual, ...
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CISC versus RISC

A “revolucao” dos Reduced Instruction Set Computers

Caracterizacao das arquiteturas RISC

— conjunto reduzido e simples de instrugdes

— formatos simples de instrucoes

— uma operacao elementar por ciclo maquina

— operandos sempre em registos

— modos simples de enderecamento a memoria

Exemplos de arquiteturas RISC: |&=
em todos os smartphones!
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Eficiéncia nos Sistemas de Computacao:
oportunidades para melhorar
Oportunidades para melhorar o desempenho / eficiéncia

— com introducao de paralelismo

* na execucao de instrucdes em binario (Instruction Level Parallelism)
— paralelismo desfasado ou execucado encadeada (pipeline)
— paralelismo nos dados (processamento vetorial, MMX/SSE/AVX...)
— paralelismo nas operacoes (VLIW, superescalar)
— com execucao de instrucdes fora de ordem (out-of-order execution)

* NO acesso a memoria
— paralelismo desfasado (interleaving)
— paralelismo "real" (maior largura do bus)

* ao nivel da aplicacao (sistemas concorrentes/paralelos/distribuidos)
— com fios de execucao (multithreading => multicore/multichip c/ mem partilhada)
— COM Processos (com memoaria distribuida)

— com hierarquia de memaria (para diminuir laténcia)
« cache ...
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Paralelismo no processador:

exemplo

N\
ININ

Exemplo de pipeline

S1 S2 S3 S4 S5
Instruction Instruction Operand Instruction Write
fetch ——| decode fetch ——| execution back
unit unit unit unit unit
(a)

S1: |1 2 4 5 6 F 4 8 9

S2: 1 3(141lI5116]||7]|8

S3: 2 3 4 5 6 7

S4: 1 2(1131(141]115]]|6

Sh5; 1 2 3 4 5

1 2 4 5 6 7 8 9
Time ——

(b)
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Hierarquia de memoria (1)
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A

Direct
Componentes
menores,
mais rapidos,
maior custo/byte

Indirect Access to CPU

Componentes
m_alores, Operating System
mais lentos, Assisted Memory
menor custo/byte  Management

Keyboard
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Access to CPU

CPU
Registers

Main Memory RAM

Physical RAM Virtual Memory

Secondary Starage Device Type

Network/
: Internet
Drives Storage

Removable

Input Sources

Scanners/

Removable @l Camera/

A

Temporary
— Storage
Areas

Remote
Media Mic/ Source

Permanent
Storage
Areas

Other
Source



Evolucao dos processadores da Intel

ate a familia Intel x86

4004: 1° processador
num unico chip

8008 e 8080:
1°% microprocessadores de 8 bits

8088 e 8086:
1°¢ microprocessadores
de 16 bits

(selecionados para o IBM PC)
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Evolucéao do Intel x86 : pré-Pentium
(visdo do programador) (1)

Nome Data N° transistores
8086 1978 29K

— processador 16-bits (registos + ALU); base do IBM PC & DOS
— espaco de enderegcamento limitado a TMIiB (DOS apenas vé 640Ki)

80286 1982 134K
— endereco 24-bits e protected-mode; base do IBM PC-AT & Windows
386 1985 275K - primeiro |1A-32 !!

— estendido para 32-bits: registos + op. inteiros + enderecamento
— memoria segmentada+paginada, capaz de correr Unix

486 1989 1.9M

— integragcdo num unico chip: 386, co-proc 387, ate 16KiB cache L1
— poucas alteragbes na arquitetura interna do processador
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Evolucéao do IA-32: familia Pentium
(visdo do programador) (2)

Pentium 1993 3.1M (= P5 , aka i586)
— arquitetura superescalar, com 2 pipelines de inteiros (de 5 niveis)
PentiumPro 1995 5.5M ( = P6 , aka i686)

— out-of-order execution, 14 niveis pipeline, 3-issue superscalar
— enderego 36-bits, cache L2 on-package

Pentium/MMX 1997 4.5M
— SIMD: opera com vetores de 64-bits, tipo int de 1, 2, ou 4 bytes

Pentium Il 1997 7.5M (= Pro + MMX)
Pentium Il 1999 8.2M ( +Celeron, +Xeon)

— “Streaming SIMD Ext”, SSE: vetores 128-bits, int/fp 1/2/4 bytes
Pentium 4 2000 42M ( = NetBurst, aka i786)

— trace cache, pipeline muito longo (20 ou 31 niveis), suporta multi-threading
— SSE2: mais instrugbes e com dados fp de 8-bytes

Pentium M 2003  77M (=P-M)

— arquitetura mais proxima do Pentium Il (eficiéncia energética)
AJProenca, Sistemas de Computagdo, UMinho, 2020/21 9



Evolucao do IA-32 para Intel 64
(visdo do programador) (3)
* |A-32 ou x86 open architecture cresce para 64-bits
— HP e Intel propbem arquitetura incompativel ¢/ I1A-32: I1A-64 (ltanium PU)
— AMD anuncia em 1999 extensdo do x86.: x86-64
— Intel seque AMD: IA-32¢e (Fev-04), EM64T (Mar-04), ou Intel 64 (2006)
— AMDG64 e Intel 64 diferentes, mas compiladores usam sub-set comum

IA32 General Registers x86-64 Integer Registers
‘ %eax ” %ah _ | %al H‘ %rax ‘ %eax %r8 ‘ $r8d
‘ %ecx [ %en %JX %ol | ——— ‘ e %79 ‘ 5
r(j;eir;zraslfr:;p;]sye ‘ %edx ” %dh T %dl |H
) = o %rx — $rcex | secx %r10 [sr10a
‘ %esi %si ‘ $rdx I $edx $rll ‘ %rlld
‘ %hedi | %di H Srsi ‘ o $rl2 ‘ %rl2d
Special purpose J ‘ i | = H Siek polbter
S L ‘ %ebp | %bp H Frame pointer %rdl ‘ ded %r13 ‘ sxi3d
) $rsp | sesp $rld | sr14d
eax (32 bits) ax (16 bits)
ah (bits) | al (@ bits) srbp I %$ebp %$rlb ‘ $r15d
11011110101011011011111011101111 * Twice the number of registers

= Accessible as 8, 16,32, 64 bits
AJProenca, Sistemas de Computagdo, UMinho, 2020/21 10



Intel 64 # IA-64 (Itanium): nos registos
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x86-64 Integer Registers

[txax EE
| 5rbx sebx [sx0
= [+x10
[sax =D
[est [er12
B EE IA-64 Regi S
[ [ -64 Register et
Sxbp b 3 |%r15 Genaral regsters Floating-point regsters Pradioates Branch regmsters
= Twice the number of registers 63 0 NaTs 81 0 63 ]
= Accessible as 8, 16, 32, 64 bits 0 0 frO +0.0 prO |1 brO
r fr1 +1.0 pr bri
[ fr2 pr2
§ : : . o ' '
[ [ ' [
» 1 : 1 : [ : 1 pnsE be7 | ]
v 51 1r31 prié
4 @32 A 132 :,,
g ! : : ! ' : g ": Instruction pointer
g | - | |o: g‘ ! . ' = pi 63 0
% : . L = : . ' e p&d | P |
g { - | .0| e ¥ - 1
| & i !
v (L 1
1 A 1 1 Currentframs marker
v 27| | 53 v 1127 | 37 0
CFM
Usar mask
5 0

]
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Arquiteturas Intel 64 com maior integracao
(visdo do programador) (1)
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 arquitetura Core surge em 2006 (151M transistores)
— desenvolvida pela mesma equipa que o P-M (Israel)
— 14 niveis de pipeline (como P6), mas 4-issue superscalar
— 2 niveis de cache on-chip
— multi-core on-chip e virtualizagcdo por h/w
— suporta fusédo de instrugcbes RISC (u-ops na terminologia Intel)
— arquitetura Core 2 € integralmente 64-bit (Intel 64)

 arquitetura Nehalem anunciada em 2008 (731M transistores)
— inspirada no NetBurst (com multi-threading e maiores frequéncias de clock)
— 2 a 8 cores por chip, com cache L3 on-chip
— com conex&o ponto-a-ponto inter-CPU_chips
— Iintegra controlador de memoria, rumo a servidores com arquitetura NUMA
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Xeon Nehalem
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Intel Hex-Core Nehalem (1.17 mil milhdes de transistores)

.Memory Controller
: ,VDDQ, V-Uncore

e ed sess sevs mess

S50 EIE mn omnm

-y e 1
.
L3 ::‘.:’. oo Ry N Ry,
. " : '
- i B B = o Cache

' 2 N

e &

™™™ ™ V. OhcoreG™ {™ ™Sy V:OhcoreG™ ™M™

sT 3

|
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Arquiteturas Intel 64 com maior integracao
(visdo do programador) (2)
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 arquitetura Sandy Bridge anunciada em 2010 (>7,000M transistores)
— ensaio de arquitetura hibrida multicore, integrando o processador grafico
— interface com o processador grafico através da cache L3
— processamento vetorial de fp estendido para 256-bits (AVX)
— Iintegracao no chip do interface PCle 16x
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Xeon Sandy Bridge

Last l:e;/él . 2
; Sandy Bridge
.;.Caghf‘ﬁVlthce-. de c

ore

Arquitetura NUMA

eSS i | g i [
intel Xeon® 'y ' Infel Xeon® 4/LL Cache Slice }"LL Cache Slice
2.5MB 2.5MB

E5-2600 QPI 1 E5-2600 : 7= - :
g b 8 - AL - .,...».,.T..-.‘:._..A.-- -
Core 2 Core 1 ’ Core1 Core 2 o | NSRS RS g :
O s . ' : -
Core 4 or Y 2 Core 3 Core 4 " 1 ’ - T LL lice LL
Core 6 Core 5 Core 6 C b S 1| 113

Core 8 Core7 Core 8

El?ri_ oy 5M s T
i . AR o GORRCE ) ; - aisn ey
(3 -Channel$s S ee gl & = 5.0 o it 3 s 2-Channel
s Ry gl ¢e S =
Y- E FE G e |
: : B3

= DDR3 /O

Memory agent Siaiis PHY2
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Arquiteturas Intel 64 com maior integracao
(visao do programador) (3)
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 arquitetura Haswell anunciada em 2013 (>5,500M transistores)
— nivel adicional de cache para u-ops (formato RISC)
— processamento vetorial integral com 256-bits (AVX2)
— 2 unidades vetoriais para operagées com inteiros
— até 22 cores e 55 MiB de cache L3 (Xeon)
— introducéao de cache L4 de 128 MiB , eDRAM (off-chip, on-package)
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Lancamento da Intel em 2013:
8 configuracoées para ib & i7 Haswell
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Haswell Family Die Layout
4+3

eDRAM
1Gbits
(128MB)

6MB L3 4MB 3MB 4MB 3MB 3MB
Die 177 mm2 14x mm2 Die 19x mm2 Die 181 mm2 130 mm2 13x mm2 10x m}uz
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Lancamento da Intel em 2016:

18-core Xeon Haswell
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Haswell-E Family(EP/EX) 18 Cores Die Layout

18 Haswell CPU cores
45 MB LL Cache
%an Bulk FinFET Process

mm
5.69B Transistors
-145W

Haswell-E Family 18Cores

Home Agent

Memory Controller

4-Channel DDR4 DRAM IF
8 DDR4 Channels /w Memory Buffer?)
0 lanes QPI

nks
0 lanes PCI Express 3.0
4 lanes DMI

Home Agent

Memory Controller

18



Intel 18-core

Xeon Haswell

s X16 || X16 || X8
X4 (ES
Link Link =L deoud
rRaoPl  |[ || RePCI |
o % 0APIC
> [[—[[> e S =
Come Cache| LLC | | LLC |Cache Core Com Cacte| LLC | | LLC |Cache
Core| 5, B0 _l25v8| |25ve |2 8o [COr®| (Core| s, B0 {25u8| |25ue|- 2 Core
Com LLC| | LLC Core Con Lwe| | LC
Core Ba ) 265m8| |2.5v8 30 o Core Cm) Bo ) 2.5v8| |25w8 () Core
Core| "™ Cache| LLC | | LLC |Cache Com|aorel |Corel ™ Cacta| LLC | | LLC |Cache Core
Ba 73 et B i 7 Bo Ba | 20ve| | 25ve R
CBO CBO
Com LLC| | LLC Core Com LwC| | LC
Core Ba 25m8| |25v8 o Core |Core Bo 2.5v8| |25w8 Core
<[l 1L [cpoe
20we |88 Core

[l
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Arquiteturas Intel 64 com maior integracao
(visdo do programador) (4)
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 arquitetura Skylake anunciada em 2015 (>8,000M transistores)

— mais 1 unidade vetorial para operagbes com inteiros (total: 3)
— AVX-512 para topo de gama Xeon (Skylake-SP)

 arquitetura Xeon a seguir: Sunny Cove, anunciada a 6-abr-21
— Xeon Ice Lake, reducéo de 14nm para 10nm, com 2 anos de atraso...
— caches de maior dimenséo
AJProenca, Sistemas de Computagdo, UMinho, 2020/21
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Intel 4-core
Skylake
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GPU integrado
com 24 EU’s

Chip layout
anotado
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Intel® Xeon® Processor E5 v4 Product Family HCC

AR et W
P [oree |

From Broadwell to Skylake (server):

EE=EN [l the move from ring to mesh

n 1
_—

LLLLL

<.
Core[Te" B ONEEK 822" 1| [==wey

. core Core caen
Core [ = |core| [core| < L

core cacne| Lic | | tic [eaene core cacne LL
G 2 2sme == 28

. Core o
Core |2 o |core| |core| S

UPI required for dual-socket
(Ultra Path Interconnect)

n Pkg
PCle x16

I 1x UPI x20

'nterconnection

gbes not scale for

-------

am tms
SKX Core
Oigg o
CHA/SF/LLC__‘ .:‘(
o g
SKX Core
| ] |
CHA/SF/LLC
inimis)

DORA

] | —
O//OWS KNL) ‘—: DORA
: {| cHa/sFuC

SKX Core
(1 1]
CHA/SF/LLC
inigis)

SKX Core

CHA/SF/ULC
- (L1
SKX Core
| | |
CHA/SF/LLC
am
l!l.!_‘ i
SKX Core

CHA/SF/LLC

CHA/SF/LLC

SKX Core SKX Core SKX Core

SNC Domain 0 SNC Domain 1

5ifsi = 15im]
| CHA/SF/ULC I CHA/SF/LLC T CHA/SF/LLC
]

CHA/SF/LLC
CHA/SF/LLC

CHA/SF/LLC

1x16/2x8/4x4
1x16/2x8/4x4 PCle @ 8GT/s 1x UPIx20 @ 1x16/2x8/4x4
PCle @ 8GT/s x4 OMI 10.4GT/s PCle @ 8GT/s

SKX Core

DDR4

DDR4

SKX Core

SKX Core

SKX Core

3x DDR4 2666

https://software.intel.com/en-us/articles/intel-xeon-processor-scalable-family-technical-overview



Pre:;‘cott \' NetBurst (HT) NetBurst (x2)

Prescott-2M — Smithfield

Released
Canceled
Future
Microarchitecture Name

oo ]
............................................ *..........

Cannonlake

[ 10nm

AJProenca,

https://en.wikipedia.org/wiki/Template:Intel _processor_roadmap/doc



Novo modelo da Intel
no desenvolvimento de processadores
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« Segmentos de mercado: desktop, mobile, server
* Modelo Tick-Tock foi substituido em 2016 por novo modelo:

Process-Architecture-Optimization model

From Wikipedia, the free encyclopedia

Process—architecture-optimization is a processor development model adopted in 2016 by Intel. Under this three-phase model, every die
shrink is followed by a microarchitecture change and then by an optimization. It replaced the two-phase Tick—tock model, adopted by Intel in
2006, because according to Intel the previous model was [and still is] no longer sustainable.['I[2I31[4]

Scaling | Process Architecture

14 nm | Broadwell Skylake

Cannon
Ice Lake
Lake .
10 nm ) (mobile +
(mobile
server)

only)

Optimizations

Mainstream Desktop: Kaby Lake, Coffee Lake, Coffee Lake Refresh, Comet Lake, Rocket Lake

Mobile: Kaby Lake, Kaby Lake Refresh, Coffee Lake, Whiskey Lake, Amber Lake, Coffee Lake
Refresh, Comet Lake, Rocket Lake

Workstation/Server: Kaby Lake, Cascade Lake, Cooper Lake

Tiger Lake



Roadmap dos Xeons

de ultimas geracoes
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Processors
Fabrication Micro- Code Corei Release
. . 2P 4P/8P
process architecture names generation date Enthusiast/WS
............. Server/WS Server
S 6 2015-08-05 Skylake-X[34] Skylake-SP

Skylake kylake [33] Skylake-W (formerly Skylake-EP/-EX)[35]

Cascade Lake-X
Skvlak Cascade Lake-W

14 nm VIR Cascade Lake N/A 2019-04-02 Cascade Lake-SP
DLBoost Cascade Lake-
SP
Skylake + C Lake-
Ky Cooper Lake N/A 2020 9 ooperake
DLBoost SP
Sunny Covel*1] Ice Lake 10 2019-092l N/A Ice Lake-SP[43]
10 nm
) 47 Sapphire 48 ] )
Willow Covel*’] _ N/A 2021148l Sapphire Rapids-SP
Rapids

AJProenga, Sistemas de Comp  https://en.wikipedia.org/wiki/List_of Intel CPU_microarchitectures



Prototipos da Intel em 2010/11:
Single-chip Cloud Computer
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Inside the SCC

Dual-core SCOC Tile

8| 24Tiles

=1 - 24 Routers |
< |- 481A cores -
=1 B B ey o S I

+» 2D mesh network with 256
GB/s bisection bandwidth

* 4 Integrated DDR3 memory
controllers (64CB addressable)
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Xeon Phi
Knights Corner
KNC

(co-processador)
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Chips da Intel em 2016:

Xeon Phi ate 72 cores
como processador ou CO-pI’OCGSS&dOI’ )

12323

g.
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A concorréncia da Intel
nos servidores para HPC

Em compativeis com x86-64: AMD Epyc
— processo de fabrico: 10nm (Intel) vs. 7nm (AMD)
— max n° de cores: 56 (Intel) vs. 64 (AMD)

Em chips com design europeu: ARM V.8 (64-bits)
— varios fabricantes com dual-socket

Em chips chineses: Sunway, Huawei, ...
— mais de 256 cores
— coprocessadores com 128 cores

Em coprocessadores japoneses: PEZY-2 (~2Ki cores)

Recorde atual em #cores: Cerebras (400,000 cores)

AJProenca, Sistemas de Computagdo, UMinho, 2020/21
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14nm

“Rome”

“Naples” e 2~
7nm
IIZENH |

“Milan”

“ZEN 3"
7nm+

RO A 9 U
"\
8 Cores| |8 Cores| (& Cores 8 Cores)
L3 I I 13 «13 +13 9
[ I | ==
44
GMI-2 GMI2  GMI-2

Memory / |0 Die

Gmi-2 i i GMI2  GMI-2 i i GMmI-2

! ! GMI-2

AMD Epyc:

Zen 2 (Rome) & Zen 3 (Milan)

= 1 e 0] =
= KN =
el B
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I/0
I/O
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https://wccftech.com/amd-epyc-rome-7nm-server-cpu-official-launch-64-core-128-thread-128-pcie-gen4/



Intel Xeon vs. AMD Epyc
(ambos anunciados na 12 metade 2019)
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AMD EPYC 7742 (Rome)

7 nm, 1/0 14 nm
9-die package

2.25 GHz - 3.4 GHz
Cores / Threads 64c /128t

L2/ L3 Cache 512 KiB/core/ 256 MB

Max Memory/ga dwidth 4TB/190.7 GiB/s

Memory Channels 8

PCI-E Lanes 128x PCF-E4.0

AJProenca, Sistemas de Computagdo, UMinho, 2020/21

Intel Xeon Platinum 8280

14 nm
single-die, 2 SNC

2.7 GHz - 4.0 GHz
AVX512: 1.8 - 3.7 GHz

28¢c/ 56t
1MiB/core/ 38.5MB
1TB/131.13 GiB/s
6
48xPCHE3.0

(intel') 14 nm
2-die 82xx, 56 cores
Platinum 9200
Processor
31

Intel® Xeon® 12 memory channels




Processadores Intel vs. ARM
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Wikibon Smart Device Shipment Projections 2013-2022 (millions)

3,000 -

Shipments/Year (millions)

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

¥ Intel Smart Devices & ARM Smart Devices

Source: Wikibon 2013, 10C & Gornter 2012 shipments & Wikibon 2013-2022 projections. Assumption: Apple & Microsoft migrate to successful 64-bit ARM.
AJProenca, Sistemas de Computagdo, UMinho, 2020/21
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CICICI0] 0
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AMPERE.

ARM

N

HUAWEI

LLLLLLLL

e 1. Marvell ThunderX product family

2. Fujitsu A64FX Arm chip

* 3. Ampere eMAG 8180 Arm Processor

4. Neoverse N1 hyperscale reference design

ﬂ 5. Huawei HiSilicon Kunpeng 920
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arm NEOVERSE

Arm Neoverse N1

Amazon (AWS) developed Graviton2 based on 64-core Neoverse

Hyperscale
Datacenter

arm
Neoverse® N1 CPU

150W and beyond CoreSight™ multicore debug and trace

64-128 core

Compute Socket NEoverae e NEON™ AdvSIMD

EE EE EN EN Armv8-A (v8.2)

32/64-bit CPU Crypto
EN EN EN BN

. 64KB |-Cache Parity 64KB D-Cache ECC
AN ER ER BN

EE EE EN ER 512kB/1MB Private L2 ECC

Direct-Connect to CMN-600 Mesh CHI

1x 256-bit AMBA® 5 CHI Direct-Connect

AJP 2020

https://community.arm.com/developer/ip-products/processors/b/processors-ip-blog/posts/arm-
neoverse-n1-platform-accelerating-the-transformation-to-a-scalable-cloud-to-edge-infrastructure



Sunway TaihuLight
(#1 in June’16 TOP500)

One card with two nodes
(two SW26010 chips)

SW26010: the 4x64-core 64-bit RISC processor (w/ 256-bit vector instructions & only cache L1)

/ Jvaln memoery lMlIn memory JM} n memory lMaln memary \
- i - -

[ MC I | Mazer cone J I \1?5' I MC I [ Master core I [ MPE] [ MC ] | Master core ] I MPEI I MO I I Master cove ] I M’EI
Shecome - L Sascawn ave conen Same o
“e e e e
-t L o (S0
aile 0 AW Wi e P \oO
Group Group Group Growp

http://www.netlib.org/utk/people/JackDongarra/PAPERS/sunway-report-2016.pdf
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/

SCCL.:
Super CPU cluster

SICL:
Super IO Cluster

CCL:
CPU Clusters
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9 he Huawei Kunpeng 920:
5 multi-chip 48-64 cores

o

SCCL

Jad:Chin

4 Al nsvee,
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i
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o [ i
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C|
a5 e
ore ore
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R s X P
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- o S
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4 H
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Cé Controller I
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O Chip specification

— 128cores

* 4 super-nodes (SN)

* 4 cores per cluster , | , |
PCIE DDR4 DDR4 DDR4 DDR4
 Core l l ! l

— Self-defined 256-bit vector ISA
— 16 DP flops/cycle per core

— Peak performance: 2.4576Tflops@1.2GHz
4 SN x 8 clusters x 4cores x 16 flops x 1.2 GHz = 2.4576 Tflops

— Peak power dissipation: ~240w

— Interface

* 8§ DDR4-2400 channels
e X16 PCIE 3.0 EP Port
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10,000 PEZY-SC2 + 1,250 16-cores Xeon="""1

19.84 M PEZY cores + 20 K Xeon cores Gyoukou

ZettaScaler-2.2

NS O I Ly | |y po

SO g Ty ety e

Nov’'17 Green500

5 4 Gyoukou - ZettaScaler-2.2 19,860,000 19,

EDR, PEZY-SC2 700Mhz ,
ExaScaler

20 immersion tanks
each tank 16 bricks
each brick 32 PEZY
each PEZY ~2K
8-way SMT cores

=>

each tank ~1M cores
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@ereb,.as Cerebras Wafer Scale Engine (WSE):
the largest chip ever built

chip

56x larger than the biggest GPU ever made

78x more cores

on-chip SRAM

3000x more on-chip memory

interconnect
33,000x more bandwidth

400,000

Sparse Linear Algebra
(SLA) cores
(Al-optimized)

AJProencga, Advanced Architectures, MiEI,



Aceleradores de computacao:
tipos de componentes (devices)

Hardware acceleration

From Wikipedia, the free encyclopedia
(Redirected from Hardware accelerator)

In computing, hardware acceleration is the use of computer hardware specially made to perform

Tipos mais comuns de componentes para acelerar funcdes especificas:

« DSP: Digital Signal Processor, para processar sinais elétricos 1D, codificados
em binario, por ex. para tim, TV, ...

 GPU: Graphics Processing Unit, também usado em computacao cientifica
(sem interfaces graficas), com milhares de unidades de FP

* NNP: Neural Net Processor, usado em aplicagdoes de Al, nomeadamente para
treino e classificagao com redes neuronais

- FPGA: Field Programmable Gate Arrays, blocos de unidades ldgicas
rudimentares que permitem construir qq circuito para executar uma operacao
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