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Multiplas aplicacoes em um so dispositivo

Entao vocé eé o cara que tirou nossos
empregos!




O que é um SOC (System-on-a-chip)?

« Todo sistema integrado em um
unico chip

* Projeto modular e e

- Reuso de IPs de diferentes RUcepiEBEoke |
fabricantes | | s ERCAches

« Exemplo: Tegra 2 da Nvidia
(2011) s Video Decode

« Foco em smartphones brtex A9 § Cortex A9

Um SOC pode conter:

= Modulos de propriedade intelectual rOCesso
reutilizaveis

s Processador(es) embarcado(s) ;

= Memoria embarcada Displa ‘ 2

s Software :

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

= Blocos analdgicos
= Hardware programavel (FPGAS) Fonte: https://www.bdti.com/InsideDSP/ZOl1/10/20/NvidiaQuaIcomr§



https://www.bdti.com/InsideDSP/2011/10/20/NvidiaQualcomm

Porque SoCs?

= [ime-to-market!

Adoption Rates of Various Systems / Appliances
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E o0 IPAD? 28 dias para vender 1 milhao de unidades!
PS4 sells over 300,000 in first two days on sale in Japan



Evolucao dos Processadores

a Como ampliar o niUmero de transistores em um CI?
= Diminuir o tamanho dos transistores
= Aumentar a area do chip
= Aumentar a densidade (transistores/area)
= Fazer chips tridimensionais
= Usar varios dies (pedacos de silicio)
0 E quais problemas acompanham essas estratégias?
= Dissipacao de poténcia
= Consumo de energia
= Sincronismo (distribuicao do clock)
= Distribuicao da alimentacao
= Defeitos de fabricacao
= Falhas transientes



Evolucao dos Processadores

0 E os processadores possuem problemas adicionais!

= Explorar paralelismo de forma eficiente

= Controlar todas as tarefas das multiplas unidades

= Evitar paradas nas unidades de processamento

= Manter compatibilidade com arquiteturas anteriores
= Definir politica de geréncia da hierarquia de memoria

= Viabilizar comunicacao eficiente entre nucleos de processamento (...)



Principios basicos de paralelismo
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Pipeline

IF: Instruction Fetch

DC: Instruction Decode
RF: Register Fetch

EX: Execute instruction
WB: Write Result Register

INSTRUCTION
AW N

€ Purpose of pipelining:
m Reduce #gate levels in critical path

m Reduce CPI close to one (instead of a large number for the
multicycle machine)

m More efficient Hardware

€ Some bad news: Hazards or pipeline stalls
m Structural hazards: add more hardware
m Control hazards, branch penalties: use branch prediction
m Data hazards: by passing required



Execucao Superscalar
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Como processadores ficaram mais rapidos?

= superpipelining

= Superscalar execution

= dynamic scheduling

= multilevel memory caching
= aggressive speculation

= DSP specialization

= fabrication technology

_LIMITAGOES TECNICAS E
TECNOLOGICAS!
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42 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten

New plot and data collected for 2010-2017 by K. Rupp
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“1° MURO” - ILP WALL

= Influéncia do compilador!

= descobrir o paralelismo em maquinas
superescalar e VLIW

= a ordem das instrucoes (dependéncia) afeta o
desempenho

= “ILP wall”

Performance | JRYEL R R {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 13



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

Capacidade Velocidade
Logica: 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

15



“4° MURO” - MEMORY WALL
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MORE SOFTWARE THAN HARDWARE

IC Hardware & Software Effort
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Solutlon’? Probably one are many-
> cores/SMP/MPSoCs
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MPSoC — Multiprocessor system-on-chip

= Sistema multiprocessado integrado como um SoC

= Elementos de processamento + IPs + Infraestrutura de
Comunicacao

= Evolucao de Clusters (+ recursos = + desempenho)

% wwms Chip da Intel
ww 65nm
i itiem conectados via NoC
FiEeEl 1.28 TFLOPS @ 4GHz
55 275 mm?

Core Duo Technology
Cluster

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

19



Design Evolution

ASICs:
Dedicated hw
1 algorithm

it =0 === g
% e

Single microprocessor SoC:

Complete application

PPC 405

Bus-based MPSoC
Platform design
Target multiple applications

NoC-based MPSoC
Many applications
Dynamic behavior
100’s PEs

T
e«
aierty -nf‘mj;m};‘nrjawr;ﬁmrjsmr’svﬁmf szE:on
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Entao, porque utilizar MPSoCs ?

= Quebram o “ILP wall”

Multiplas threads/tarefas executam simultaneamente
Paralelismo de grdo-grande (ndo 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 nao 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
Replicagcao do sistema operacional nos PEs

= Diminuem o “design gap”
Design gap: capacidade de integragao ultrapassa a capacidade de projeto
Replicacdo dos PEs diminui os custos de projeto de verificagcao

Aumenta a importancia da rede de comunicacao ,
1



MPSoCs are here

Moore’s Law — The number of transistors on integrated circuit chips (1971-2018)

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are
linked to Moore's law.

50,000,000,000

OurWorld
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Moore’s Law started
as an extrapolation
from five data points.
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Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)

The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic.

Licensed under CC-BY-SA by the author Max Roser.
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INTEL — evolucao historica
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TOP 500

https://www.top500.0rg/statistics/treemaps/
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Transistor size continues to shrink

Public
Slide 21
20 March 2019
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Designs with one trillion transistors?

Transistor Count Trends
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3D NAND architecture

3D NAND is quantified by the number of layers stacked in a device. As more layers are added, the bit

density increases. Today, 3D NAND suppliers are shipping 64-layer devices, although they are now
ramping up the next technology generation, which has 96 layers. And behind the scenes vendors are racing

to develop and ship the next iteration, 128-layer products, by mid-2019, analysts said.
https.//semiengineering.com/3d-nand-flash-wars-begin/

3D NAND
Architecture

-

tact '
S———
=
=
=
2

v

= 2
5
Memory Holes Source Plate
Memory Cell
Year 2016-2017 2018-2019 2020-2021 2022-2023
Generation 3D L48 Lé4 L96 LI28 L256 512
Die size (3b/cell) 256-512 Gb 512Gb - ITb 512Gb-2Tb 1-3Tb 2-6 Tb 4-12Tb
Hole CD 65-100 65-100 65-100 65-100 65-100 65-100
Slit pitch (# holes) 4 4 4-8 8 8 8
Vertical pitch 50-70nm 40-60 40-60 40-50 40-50 40-50
BL CD 20 20 20 - 40 ~40 ~40 ~40
Multiple stacks No No No No Yes (2-4) Yes (4-8)




Cerebras — https://lwww.cerebras.net

CS-1is powered by the
Cerebras Wafer Scale
Engine - the largest chip
ever built

56x the size of the largest Graphics
Processing Unit

The Cerebras Wafer Scale Engine is 46,225 mm? with 1.2
Trillion transistors and 400,000 Al-optimized cores.

By comparison, the largest Graphics Processing Unit is

815 mm? and has 21.1 Billion transistors. A . -
e and has 1. Eon fransistors Consumo de poténcia maxima: 20 kW

Purpose-built for Deep

S ' . Learning: enormous
«  TSMC 16nm, 84 dies compute, fast memory

and communication
« The WSE (Wafer Scale Engine ) is bandwidth
215 mm by 215 mm

: 12 dies i chip

56x larger than the biggest GPU ever made

TR STTEIEY

315 M
| Z1o- M
I 1

78x more cores

m E
9 hE u
© LN [ | = H
iy \.—1 on-chip SRAM
Q / 3000x more on-chip memory
N
== == 17.1 mm interconnect . Ay
N 33,000x more bandwidth

29.7 mm

https://fuse.wikichip.org/news/3010/a-look-at-cerebras-wafer-scale-engine-half-square-foot-silicon-chip 29



https://fuse.wikichip.org/news/3010/a-look-at-cerebras-wafer-scale-engine-half-square-foot-silicon-chip

Previsao da evolucao dos MPSoCs
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OrganizacoOes basicas de MPSoCs

= A forma como a comunicacao entre os processadores é
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)
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MPSoC conectado por barramento

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

= Coeréncia de cache € simples (protocolos snoop)

Processor Processor Processor
t i i cache coherency Consistency
Y in the value of data between the
Cache Cache . Cache versions in the caches of several
processors.
i i
1 Y i
Single bus
A i
Y
Memory VO

Programacao mais simples, mas nao escalavel
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Barramentos e hierarquia de memoria

CPUCore1 |e e o
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—
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——
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Intel Core i7 Block Diagram
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Barramento

¢ Complexidade crescente da interconexao por barramento

External SDRAM

MIES Memaory controller TriMadia
(FPR3940) = w (TMZ2Z)
CPU omis CFu
] % a
Int t controll a E 5 58 l =
| nterrupt controller I—u_E Egﬁ _ _ Eg
S Trifedia (s
| Enhanced JTAG |——| Fast C-Bridge Ii C-Bridge E
|MIF‘S bridge MPEG-2 _—| Interrupt controller |
video decoder ——
| Clocks = MIPS C-Bridge — —{  Audicl/O |
=l _ ~
| 1T debug I— High-performance Advanced image Sgn}ft;hll!gs
| 2D rendering engine composition  — igital
| CPU debug | processor = =
Expansion bus interface rar‘us%arl:ﬂ E ream
Univaersal serial bus unit PCIXI0 Video input [
slalel=lzi=taly -
- Inter-integrated cincuit l Gener&:ll_Dpurpose
Universal asynchronous !
Al | IEEE 1394 link layer controller Memory based | | Synchronous
serial interface
| IS0 UART | Cyclic redundancy chack MPEG
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| Reset I C-bridge
C-bridge Crossover bridge Pl Peripharal intearconnect X0 Extended /O
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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
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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 comunicacgao por troca de mensagens

2) Utilizar redes intra-chip (NoCs) ao invés de barramento
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MPSoC - tipo de processamento

= Homogéneo
= elementos de processamento (PEs) idénticos

= Pros
« tarefa de programacao — mesma aplicacdo pode executar em
qualquer PE
= mapeamento das aplicacbées no MPSoC
= Cons

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

= Heterogéneo

EDDDDDDDDDDDDDDDDE“
= PEs distintos (GPPs, DSPs, NPUs) 0 | Graphics
= Pros E — Crypto
« PEs dedicados para tarefas especificas = — Audio
O
| COI’]S E — Filtering
» geréncia do sistema E
= programag&o & | - " SIS )

Imaging Video Radio/modem

38



NoC-based many-cores

= Acquisitions
= Facebook bought Sonics (2019)

= https://www.eetimes.com/document.asp?doc_id=1334429#

= Nvidia bought Mellanox
= $6.9 bi (2019)

= Intel bought NetSpeed (2018)
= Qualcomm bought Arteris (2013)

= Google, Microsoft, Amazon, ARM, Samsung, etc.
are still missing. All of them involved in doing SoCs.
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IBM - Cell Processor

MPSoC proposto pela IBM

para o PlayStation3 (2006)

AT T T T T T T T T T T T T T T T T T T T T T T T T T T TS T T T T T T T T T T T T T T T i
SPE SPE SPE SPE SPE SPE
T T

I
jsPu SPU 'SPU SPU SPU SPU |
[ sxu Il sxu JI|\I[sxu ]Il (I sxuJ|(I"sxu sxu || 1

'
Local
store

= Processador central

=« Power Processing Element
IBM PowerPC
Multithreaded (2 Threads)
Cache L1 (32kb | € 32 Kb D)
Cache L2- 512 Kb
Frequéncia: 3.2 GHz
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 sdo responsaveis pelo gerenciamento dos dados
das Local Storages

[Cwro_] [ wre|| [ R [ W[ mre_]| W] |

g

EIB (up to 96 bytes/cycle)

cache+—=— execution
16 nit

bytes/
ole [l cyole

1
~ _ 1 64-bit Power Architecture with vector media extensions
~
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IBM - Cell Processor

Synergistic processor elements

SPU SPU SPU SPU SPU SPU SPU SPU
sxu ||l sxu ||l sxu |llIl sxu ||l sxu ||[Ifl sxu [lI| sxu ||[||| sxu
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 I swmF ||| smF ||| swmF ||| swmF ||| swF |

16 bytes/cycIeT Y

!

!

!

!

T

T

!

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
— e-
L2 cache L1 Power
cachel | gxecution
B - unit
32 bytes/¢ycle| | 16 byqes/cycle
Dual XDR Flex 1/O
64-bit Power Architecture with vector media extensions Copyright © 2006 IEEE
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Figure 1. The zEnterprise EC12 (zEC12)
microprocessor chip with six processor
cores, 48 Mbytes of level-3 (L3) cache, and
logic and interfaces connecting to the rest
of the system. The chip was fabricated
using 32-nm silicon-on-insulator (SOI) tech-
nology with roughly 2.75 billion transistors.

IBM

Fonte: IEEE Micro Marco/Abril
2013

GHz
Millions of transistors

0
2000 2003 2005 2008 2010 2012
Z900 7990 z9 z10 z196 zEC12

Figure 2. Frequency and transistor counts for the last six generations

of microprocessor chips used in IBM’s mainframes. System z10 was
designed with a deep pipeline microarchitecture to operate at an
ultra-high frequency, allowing the next two generations, z196 and zEC12,
to continue their frequency improvements.

42



ORACLE

» 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

| L] i
& SPARC
Core ¥ Lotk 5°

8 Bancos
Associativa por conjunto 16

Aplicacoes -
WebServers g hw

Database
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ORACLE

» UltraSparc T5
(Oracle)
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IEEE JOURNAL OF SOLID-
STATE CIRCUITS, 2014

A 3.6 GHz 16-Core SPARC
SoC Processor in 28 nm




ORACLE

https://www.best.de/wp-content/uploads/T8M8_Architecture_ WP_20170914-1.pdf

TABLE 2. SPARC M8, SPARC M7, SPARC M6, AND SPARC T5 PROCESSOR FEATURE COMPARISON.

Feat SPARC M8 SPARC M7 SPARC M6 SPARC T5
eature

Processor Processor Processor Processor
CPU frequency 5.0 GHz 4.13 GHz 3.6 GHz 3.6 GHz
Out-of-order execution Yes Yes Yes Yes
Instruction issue width 4 2 2 2
Datal/instruction prefetch Yes Yes Yes Yes

SPARC core Fifth generation Fourth generation Third generation Third generation
Cores per processor 32 32 12 16
Threads per core 8 8 8 8
Threads per processor 256 256 96 128
Sockets in systems Upto 8 Upto 16 Up to 32 Upto 8

Memory per processor

Up to 16 DDR4 DIMMs

Up to 16 DDR4 DIMMs

Up to 32 DDR3 DIMMs

Up to 16 DDR3 DIMMs

32 KB L1 four-way
instruction cache

16 KB L1 four-way data
cache

16 KB L1 four-way
instruction cache

16 KB L1 four-way data
cache

Shared 256 KB L2

16 KB L1 four-way
instruction cache

16 KB L1 four-way data

16 KB L1 four-way
instruction cache

16 KB L1 four-way data

Shared 256 KB L2 ) : cache cache
Caches four-way instruction four-way instruction ) )
Yy cache (per quad cores) 128 KB L2 eight-way 128 KB L2 eight-way
cache (per quad cores) cache cache
. Shared 256 KB L2
128 IZaBCIr_]i ?lir:t‘-;vc\::z) data eight-way data cache (per Shared 48 MB L3 twelve- Shared 8 MB L3
p core pair) way cache sixteen-way cache
Shared 64 MB (L3) cache | o - od 64 MB (L3) cache
Large page support’ 16 GB 16 GB 2GB 2GB
Power management Half of the chip A quarter of the chip Entire chip Entire chip
granularity
Technology 20 nm technology 20 nm technology 28 nm technology 28 nm technology
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ORACLE SPARC M8

https://www.best.de/wp-content/uploads/T8M8_Architecture_ WP_20170914-1.pdf

C9 |C10[C11[C12|C13|C14|C15

[ Y Y U IS A O O

L2D L2D L2D L2D L2D L2D L2D L2D D L2D L2D L2D L2D L2D L2D L2D
L21 L21 L21 L21

2 L3 Banks 2 L3 Banks

Coherency
Links (CL

Coherency
Links (CL)

Coherency Coherency
Unit 0 Unit 2

Coherency Coherency
Unit 1 Unit3

Coherency
Crossbar0

Coherency
Crossbar 1

1/0 Links
(IL)

1/0 Links

(IL)
2 L3 Banks 2 L3 Banks

L2-L3 Interconnect
L21 L21 L21 L21
L2D L2D L2D L2D L2D L2D L2D L2D L2D L2D L2D L2D L2D L2D L2D LZD
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Figure 3. The SPARC M8 processor features 32 cores, which are grouped in two partitions, four memory controller units (MCUs),
and eight Data Analytics Accelerators (DAX) units.



TILERA

Tile GX- Tilera (100 Nucleos)

DDR Controller 0 DDR Controller 1

BN

)
= plvimac
1 A N N O e A A -
Serialize
- ] [
P|F-,|$;§/|2C - = = = = = — = i Deserialize
e T L 0 QL 0 L
S — = = = = = =
Deserialize - — — — o o e e
uAR 1 S A e et A |
e = H H H H BH H & e
1 S A e et A A -
i
S | S O e A
BHY/MAC : — H H BH BEH HEH HFE [®¥ b0
e T L I L
Deserialize : — — — — = — — : Pmmlic
T T
- Deserialize

I 1 s s O s s

DDR Controller 3 DDR Controller 2

= 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 Tbps

= 1t0 1.5 GHz clock
frequency

= Supports SMP Linux and
virtualization

sOther members: 16, 32, 64
tiles 47



INTEL - POLARIS

Intel — (80 Nucleos)
= MPSoC Homogéneo
= Baseado em NoC

= 1 trilhao de operacoes
de ponto flutuante por
segundo

= Consumo de poténcia:

62 Watts
= Baseado em uma

arquitetura VLIW
= Exploracao do ILP
via compilador

Simplicidade dos Cores:

Remocao do HW superescalar

Y

21.72mm

e 12.64mm —
[ I CRARE R RN

‘single tile..

kY VO Areg &

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

MPSoC proposto pela Intel
(2007)




INTEL - Single-chip Cloud Computer (SCC)

m 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 message-passing

Technology | 45nm Process

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.
S
PCle K,&,&

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



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

INTEL

Intel Core X Series Processor Family Specifications:

CPU Name

CPU Process

Architecture

Cores/Threads

Base Clock

(Turbo Boost 2.0)

(Turbo Boost Max 3.0)

L3 Cache

L2 Cache
Memory
PCle Lanes
Socket Type
TDP

Price

i9-7980XE

14nm+

SKL-X

18/36

2.6 GHz

4.2 GHz

4.4 GHz

24.75 MB

18 MB

Quad DDR4

44

LGA 2066

165W

$1999 US

i9-7960X

T4nm+

SKL-X

16/32

2.8 GHz

4.2 GHz

4.4 GHz

22 MB

16 MB

Quad DDR4

44

LGA 2066

165W

$1699 US

i9-7940X

14nm+

SKL-X

14/28

3.1 GHz

4.3 GHz

4.4 GHz

19.25 MB

14 MB

Quad DDR4

44

LGA 2066

165W

$1399 US

i9-7920X

T4nm+

SKL-X

12/24

2.9 GHz

4.3 GHz

4.4 GHz

16.5 MB

12 MB

Quad DDR4

44

LGA 2066

140W

$1189 US

i9-7900X

14nm+

SKL-X

10/20

3.3GHz

4.3 GHz

4.5 GHz

13.75 MB

10 MB

Quad DDR4

44

LGA 2066

140W

$999 US

i7-7820X

14nm+

SKL-X

8/16

3.6 GHz

4.3 GHz

4.5 GHz

11 MB

8 MB

Quad DDR4

28

LGA 2066

140W

$599 US

i7-7800X

14nm+

SKL-X

6/12

3.5GHz

4.0 GHz

N/A

8.25 MB

6 MB

Quad DDR4

28

LGA 2066

140W

$389 US

i7-7740X

T4nm+

KBL-X

4/8

4.3 GHz

4.5 GHz

N/A

6 MB

4 MB

Dual DDR4

16

LGA 2066

112W

$349

i5-7640X

14nm+

KBL-X

4/4

4.0 GHz

4.2 GHz

N/A

6 MB

4 MB

Dual DDR4

16

LGA 2066

112W

$242



INTEL Core i19-7980XE - 18-Core

https://wccftech.com/review/intels-massive-core-i9-7980xe-18-core-reviewed/2/
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Core H-series de décima geracao (i9-10980HK)

Lancado em abril de 2020

Tecnologia de 10 nm

Densidade de 100,78 milhoes de transistores por mm?
Até oito nucleos e 16 threads

Frequéncia de até 5.3GHz

Cerca de 7 bilhoes de transistores (estimativa)

Foco em laptops

O 0O 00000
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INTEL

INTRODUCING ICE LAKE: 10NM CPU

SUNNYCOVE CORES
Up to 4 Cores / 8 Threads
Up to 4.1GHz

CONVERGED CHASSIS FABRIC

High Bandwidth / Low Latency
IP and Core Scalable

MEMORY CONTROLLER
LP4/x-3733 4x32b up to 32GB
DDR4-3200 2x64b up to 64GB

INTEGRATED THUNDERBOLT 3
Full 4x DP/USB/PCle mux on-die
Up to 40Gbps bi-directional per port

Memofy Controller

‘DDR'10:

| Imagiﬁg

Core

Display

. Thunderbolt3 .. |

GENT1 GRAPHICS
Up to 64EU and 1.1GHz
SRLrLOP

2X MEDIA ENCODERS
Up to 4K60 10b 4:4:4
Up to 8K30 10b 4:2:0

JX DISPLAY PIPES

Up to 5K60 or 4K120
DP1.4,BT.2020

IMAGE PROCESSING UNIT 4
Up to 16MP
Up to 1080p 120, 4K30




CPU Cores:

Graphics:

Memory:

e B
LNedr

v}

Architecture:

Nm Process:

Arm-based

8-core CPU

5nm

Integrated 8-core GPU with 2.6 teraflops of throughput

8GB or 16GB of LPDDR4X-4266 MHz SDRAM

Asymmetric multiprocessing (AMP):
* 4 CPUs ‘Firestorm’: performance
* 4 CPUS ‘Icestorm’: low power
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Esperanto SOC - 2021

Accelerating ML Recommendation with over a Thousand RISC-V/Tensor Processors on Esperanto’s ET-SoC-1 Chip
https://doi.org/10.1109/HCS52781.2021.9566904

Summary Statistics of ET-SoC-1

The ET-SoC-1 is fabricated in TSMC 7nm
* 24 billion transistors
+ Die-area: 570 mm?2
* 89 Mask Layers

1088 ET-Minion energy-efficient 64-bit RISC-V processors
« Each with an attached vector/tensor unit
+ Typical operation 500 MHz to 1.5 GHz expected

4 ET-Maxion 64-bit high-performance RISC-V out-of-order processors
» Typical operation 500 MHz to 2 GHz expected

1 RISC-V service processor L

Over 160 million bytes of on-die SRAM used for caches and scratchpad memory ~ E75°¢ De Flet

Root of trust for secure boot
Power typically < 20 watts, can be adjusted for 10 to 60+ watts under SW control
Package: 45x45mm with 2494 balls to PCB, over 30,000 bumps to die

« Each Minion Shire has independent low voltage power supply inputs that can be
finely adjusted to mitigate V, variation effects and enable DVFS

Status: Silicon currently undergoing bring-up and characterization

ET-SoC-1 Package
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SoC FPGA

= 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

= Multiport SDRAM controller
= Up to 533-MHz DDR3 and LPDDR2
= Up to 400-MHz DDR2
= Up to 200-MHz Mobile DDR
= Integrated ECC support

= High-bandwidth on-chip interfaces

> 125-Gbps HPS-to-FPGA interface
> 125-Gbps FPGA-to-SDRAM interface

= 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

Hard Processor System (HPS)

ARM Cortex-A9 ARM Cortex-A9

NEON / FPU NEON / FPU
L1 Cache L1 Cache
L2 Cache
QSPI JTAG
Flash GI:AKMB Debug /
Control Trace
NAND SD/ Timers

Flash SDIO/
) @ MMC @ (x11)

Shared Multiport DDR
SDRAM Controller @

FPGA

HPS to
FPGA

er Ethernet
oTG ")
(x2) (x2)
12C
GPIO (x2)
SPI CAN
(x2) (x2)
DMA UART
(8 Channels) (x2)
FPGA
to HPS ration

*28LP process
* 8-input ALMs
* Variable-precision DSP

* M10K memory and

640-bit MLABs

- fPLLs

Hard Multiport DDR
SDRAM Controller ?

Hard
PCle

1

A

3-, 5-, 6-,
and 10-Gbps
Transceivers

SO/l SdH

sQ/l @sodind [eJauas yod4

Notes:

(1) Integrated direct memory access (DMA)

(2) Integrated ECC
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