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Etepoyevr] YIOAOYLOTIKA ZuoTAUOTO

“In the past, performance
conventional
single-core processors has
been accomplished largely
through increases in clock
frequency (accounting for
roughly 80 percent of the
performance gains to date).”
S.Y. Borkar et al., 2006

Intel Corporation
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Tumkn KAipakwon CMOS
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o Nouog Tou Moore (OTIG TTPONYOUUEVES TEXVOAOYIEQ)
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Chip capability
o 2X TpavdioTop, 1.4x ouxvoTtnTta, idla KatavaAwaon
TTEPIOPIOPOG OTNV ETTIPAVEIQ

Tpéxouvoa KAipakwon CMOS
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o 2x TpavdioTop, idla cuyxvoeTtnTa, 1.4X KaTavaAwaon
TTEPIOPIOPOG OTNV KaTavAAwon

1-3



MNavemniotiplo MNetpatwe — TuApa MAnpodoptkic Etepoyevr] YTOAOYLOTIKA ZuoThApoTa
MMZ «Mponyuéva Zuoatruota MAnpodoptkig»

MapaAAnAn ummoAoyIOTIKN

ATTO TOug €TTEEEPYAOTEG JOVOU TTUPHVA OTOUG TTOAUTTUPNVOUG

Intel’s Nehalem

Nehalem Design Scalable Via Modularity
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ATTO080TIKOTNTA OTNV

KATAVAAwon
B

o [a Toug eTTECEPYAOTEC YEVIKOU OKOTTOU,
TTapattavw atro 1o 90% Tng evépyeiag
KATAVOAWVETAI O€ KTTEPITTEGH AEITOUPYIEC

Clock and Data supply
Control 28%
24%

Arithmetic___
6%
Instruction
supply
42%

Efficient Embedded Computing [Dally et al. 08]

2uykpion CPUs, GPUs,
FPGAs

Model Intel Nvidia Nvidia ATI Xilinx 65nm
Core i7-960 GTX285 GTX480 R5870 V6-LX760 Std. Cell

Year 2009 2008 2010 2009 2009 2007
Node 45nm 55nm 40nm 40nm 40nm 65nm

Die 263mm?2 470mm2 529mm2  334mm2
area

Clock 3.2 GHz 15GHz 14GHz 15GHz 03GHz -
rate

Matrix-Matrix Multiplication Compute-intensive, simple memory access pattern

Fast Fourier Transform Complex dataflow, low arithmetic intensity

Chung, E.S; et al., "Single-Chip Heterogeneous Computing: Does the Future Include Custom Logic, FPGAs, and
GPGPUs?," IEEE/ACM International Symposium on Microarchitecture (MICRO), Dec. 2010
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v
2Uuykpion CPUs, GPUs,
FPGAs

~ I N
actual norm. to 40nm norm. to 40nm
CPU-Core i7 0.50 1.14
2 GPU-GTX480 541 1.28 3.52
GPU-GTX285 425 2.40 6.78
2 GPU-R5870 1491 5.95 9.87
2 FPGA-LX760 204 0.53 3.62
Same RTLin 65nm 19.28 50.73
-—
CPU-Core i7 0.35 0.71
(q-\] GPU-GTX285 250 1.41 4.2
8 GPU-GTX480 453 1.08 4.3
— GPU-R5870 - -
& FPGA-LX760 380 0.99 6.5
Same RTLin 65nm 952 239 920
GPARUS3 ¥ IEEBIACM iamaional Syaposiim on Micromchacture (MIGRO). Dec. 2016 0T A and

To HEAAOV gival ETEPOYEVN
UTTOAOYIOTIKN)...

o AMD Fusion (Accelerated Processing Unit, APU)
CPU and graphics accelerator (GPU) on a single chip

Sony Playstation 4, Microsoft Xbox One: 8G game
consoles

A New Era of Processor Performance
Microprocessor Advancement v =

Single-Core
Era

Heterogeneous
. Computing

Homogeneous
Computing

Throughput Performance
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To HEAAOV gival ETEPOYEVN

UTTOAOYIOTIKN...

o Configurable Intel Atom: Intel Atom E600
processor with an Altera FPGA on a single chip

Introducing the Intel® Atom™ Processor E600C Series
A Configurable Intel Processor

Flexibility Simplicity
+ Configurable with application-specific o 5 i "
proprietary 10 and akjorithms ISﬂIgg:fP;l:ane fochices bpincees ek
> fﬁ\?‘e Designsupports multiple product « Ease of Design ith few chips and simplified
2 |\:mmes ) inventory
+ Multiple functions combine into 3 single package « Power of One with one supplier, one package,
for smaller form factor needs scd e sipportcall

To HEAAOV gival ETEPOYEVN

UTTOAOYIOTIKN)...

o Xilinx Zyng-7000: dual core ARM Cortex-A9 and
Programmable Logic on a single chip
1

Processing System

Multiport DRAM Controfler
DDR3, DOR3L, DOR2

NEON™DSPAPU Engine [ neonosespu Engine

Cortex'™ AS MPCore Cortex- AS MPCore
32/32KB I/D Caches || 32/32KB I/D Caches

Processor 1/0 Mux

.‘f

+ +
General Purpose
AXI Ports

XADC .
20000 o, Programmable Logic PCle Gen2

UZUTETES  (System Gates, DSP, RAM) ek it

Multi-Standard 1/0s (3.3V & High-Speed 1.8V) Multi-igabit Transceivers
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TeAeuTaia veéa (2015)

o H Microsoft mapouaiace o1o cuvédpio ISCA 2014 uia epyacia (*)
yia Tnv xprion FPGAs o¢ datacenters yia Tnv agloAdynon
ATTOTEAEOPATWY €UPECNG I0TOOEAIDWY TOU gpyaAgiou bing

Emituyxavel 90% trepioodTepo throughput pe pévo 10% TrepioadTepn
evépyela

o H Intel avakoivwoe Tov loUvio 2014 4TI OKOTTEUEI VA KATAOKEUAOEI
éva uBpIOIkd CPU-FPGA ToITT TTOU Ba TTEPIEXEI TOV YVWOTO Xeon Kal
TTpoypapuaTigouevn Aoyikr (reconfigurable logic)

o OAol o1 500 uTtrep-uTTOAOYIOTEG TTOU BpioKovTal OTNV TTPOCPATN
NioTa TwV TTIO 1I0XUPWYV UTTOAOYIOTWV TTAYKOOWiwG TTEpIEXouv GPUSs

(*) Putnam, Andrew, et al. "A reconfigurable fabric for accelerating large-scale ]
datacenter services." Computer Architecture (ISCA), 2014 ACM/IEEE 41st International
Symposium on. |EEE, 2014.

TeAeuTtaia veéa (2016)

MICROSOFT SUPERCHARGES
BING SEARCH WITH
PROGRAMMABLE CHIPS

95% Query Latency vs. Throughput

: _ SW + EPGA
2x Increase in P
Throughput 4~

29% Latency

—

Reduction,v,v’ ; < 30% Cost
< 25 W Power
LATENCY (normalized) O HW Fal|Ul’€S

QUERIES PER SECOND (normalized)

Source: “Agile Co-Design for a Reconfigurable Datacenter’, Eric Chang,
ACM FPGA conference, Feb. 2016, CA, USA

Etepoyevr] YIOAOYLOTIKA ZuoTAUOTO
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TeAeuTaia veéa (2016)

Intel Completes Acquisition of Altera

$16.7 billion deal underscores Intel CEO's plan to expand chip maker’s business

J—

TeAevTaia veéa (2017)

o ETepoyevng uttodoyioTikA oTo VEQOG (cloud):

H Amazon Tpdo@aTta avakoivwae 0TI Ba TTaPEXEI UTTNPETIES
uttoAOYIOTIKAG VEQOUG (AWS, Amazon Web Services) pe
xpnon FPGAs (ue xprion GPUs trapéxel dn)...

Instance Type  VCPUz  Instance Memory (GiB)  SSD Storage (GB)  Enhanced Networking  EBS Optimized  FPGAs

11.2xdarge
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Meprexopevo padnuarog

2xediaon pe yA\waooa eplypa®ns UAikou (VHDL)
VHDL for synthesis

O

Field Programmable Gate Arrays (FPGAS)
FPGA architectures
FPGA design flow

[m]

2xediaon ouotnuatwy ye FPGAs

Digital design using FPGAs (EPTAZIA 1)

= Combinational circuits, sequential circuits, state machines, memories, etc.
Embedded system design using FPGAs (EPTAZIA 2)

= Embedded processor, peripherals

FPGA-based acceleration (EPFAZIA 2)

High-level synthesis

O

o GPUs
ApxitekTovikl GPU + tTpoypappatiopog e CUDA: ouvToun eloaywyn

EpyaocTnplaka padnuara/
Epyacia 1

o YAOTT0inOoN KUKAWUATWY PE TV XPAON TOU £pyaAgiou
Xilinx ISE o€ ekmmaideuTikf FPGA TTAaTt@Opua

EpyaoTrpio 1: e€oikeiwan pe 1o epyalcio, Tnv FPGA TTAaKETA Kall
oxediaon amAwy ouvdUACTIKWY KUKAWHATWYV

EpyaoTrpio 2: oxediaon akoAouBIaKWY KUKAWUATWY KAl JnXavwyv
TTIETTEPOACUEVWV KATAOTATEWY

o Epyacia 1 (20% PaBuou)
ATOUIKN
>xedioon ammAoU KUKAWUATOG
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EpyaocTnplaka padnuara/
- Epyacia 2

o YAOTTOiNON EVOWUATWHEVOU CUCTAPATOG PE TOV
emmegepyaoTr Microblaze kai o repIBaAAov Xilinx
Embedded Development Kit (EDK) o€ eKTTQIOEUTIKN
FPGA TTAatpopua

EpyaoTnpio 3: oxediaon eVOWPATWHEVOU CUCTAUATOG,
TIPOCONKN TTEPIPEPEIOKOU Kal AVATITUEN KWOIKA

o Epyacia 2 (80% Babuou)
Ouédeg epyaaiag
Mo TToAUTTAOKO TTPOT EKT
Emirdyxuvon alyopiBuou pe xprion FPGAs
= AvaTTTuén pia EQAPHOYNAG OTO EVOWHATWHEVO CUGTNHA
= Emtdyuvon Tng epappoyng pE Xpron UAIKoU Kal aUyKkpion

EmKoivwvia
| 22 |

o MT1TOpEiTE va pou oTeileTe e-mail:
mpsarak@unipi.gr

0 A va Je Bpeite oTO ypagEio:
p.Naptpdkn 126, yp. 302
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