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TECHNOLOGICAL BACKGROUND

Cluster -

Supercomputer

TERA1000 - CEA

Next to come:
Exascale = 10" Flop/s

a billion billion
operations per second

Leti’'s technologies to
enable heterogeneous
high-performance
processors
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bl HIGH-PERFORMANCE COMPUTING EVOLUTION

High-Performance m 10x energy efficiency improvement every 4 years
Computing
Compute PERFORMANCE
Analyze 100 EFLOPS

10EFLOPS

x10 every 4 years

1EFLOPS
Energy per

100 PFLOPS operation*

" TERA 1000-2

10PFLOPS  2nl/FLOP 3 il 95 Pflops pes
A | i
* Starting from high 1PFLOPS 200 p)/FLOP ~ ./,160 pJ{F_FOP
performance compute 100TFLOPS 20 pJ/FLOP ° .,‘-" 5'0&0"‘ & W,
only, HPC evolves ot /10 every 4 years -
towards: 10TFLOPs  2pl/FLoP g™ vyay J
* New workloads 1TFLOPS 0.2 pJ/FLOP
R EEEEEEEEEEEEEEEEEEEEE R
NN N N N N N NN N NN N NN SN NN NN N NN SN NN NN

* assuming 20 MWatt supercomputer
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WAl PROCESSOR ARCHITECTURE EVOLUTION

Ceatech

Moore’s law slow-down

End of Amdahl’s law Quantum

Heterogeneous Computing

architecture for
energy efficiency

End of Dennard’s scaling

Disruptive
architecture for
data management

Many-core

M SAG RS architecture for

architecture for

parallelism

Data Centric

single thread Interconnect
performance
i
o | ST | T | M
CPU In Memory Computing, Memory
Neuromorphic Computing. .
ache S ———— invades
logic

Bus

NIC  ~2006

(Network :
InterConnect)
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leti LETI’'S TECHNOLOGIES TOWARD HETEROGENEOUS PROCESSORS

Ceatech

=) Co-design, co-emulation, co-simulation with use cases

Advanced
architectures

1 - Integration with silicon interposer:
active or photonic

3- Processor design:
European processor initiative

S

Advanced CMOS

Parallel 3D

Sequential 3D

2- Advanced architectures
with accelerators:
In-memory computing Nano-technologies

New memory
technologies
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ISVLSI'2015

Symposium’2016 PN
A1l ACTIVE INTERPOSER FROM LETI @ELEC isvLsI20 SIS 2

Ceatech

m) 96 cores compute fabric with 6 chiplets stacked on an active interposer

Technology

System architecture

back

Metal
stack

p-bumps

TSV M-bumps
@ 10um @ 10 um
Height 100um Pitch 20 um

Cache Coherent Compute Fabric with:

« 96 cores (MIPS32), Heterogeneous 3D partitioning with: L
. 3levels of caches, - 28nm FDSOI chiplets (x6) Application
. i » Low power compute fabric Ongoing validation:
integrated power management *  Wide voltage range (0.6V — 1.2V) « To execute full Linux onto 96
* Body biasing for logic boost & leakage ctrl cores
Performance targets * 65nm active interposer
.« 100 GOPS *  Power unit (Switched Cap DC-DC conv.)
10 GOPS/Watt * Interconnect (Network-on-Chip)
» Test, clocking, thermal sensors, etc

e 25 Watts total
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leti

Ceatech

PHOTONIC INTERPOSER FROM LETI

B INSTITUT

NOCS’2015
‘ CARNOT ISSCC’2018
"

\ RRG1 .
Frsaes ~zzsss

oL [T

Optical Network-on-Chip

topology and power

optimization:

» 8-node optical NoC

« 576 Gbit/s aggregated
bandwidth

» 384 micro-ring resonators

» ~10 ns electro-optical
latency

Silicon Photonics
Y. Thonnart & al. ISSCC’2018

Electronic die:
Heater control,
Tx / Rx drivers _

oo

. . . Thermal tuning challenges
Referen_ce de:mgn with 6 chiplets, 8 demonstrated on silicon:
transceivers: * 1Tbps/mm? bandwidth density
» 96-core cache-coherent processor « Tight technology integration of
Advanced 3D stack E/O ring modulators within a 3D stack
* Integrated thermal tuning
robust to compute fabric heating

Wob.+Thermal tun gﬁled

No wobulaticl Wob+Thermal tuning deactivated

_
eee ‘I.l.l.l
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leti

2l IN-MEMORY-COMPUTING

* Preliminary results for kernels of algorithms from Leti’s exploration and simulation platform

m) Expected* gains: ~10x for energy reduction; ~100x on execution time

°* Heterogeneous compute

* Complex use of 2 programming languages
Data movement power consumption

° In-memory computing

* Single SW environment with compiler for
memory operations

\1 00oo1 goMoo1 goMoor pgoMood ° DraStIC redUCtIOH Of data movement
09, ,\000; ooy iy il iy 0o0Moo1
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R/W/Opp
Sequential Parallel Sequential Parallel
processing processing processing processing
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leti LETI IN THE HEART OF THE EUROPEAN EXASCALE EFFORT

Ceatech

1L & — e W -
i A YR % i
‘ b , -
D - b ! o4 > EuroHPC
European Processor Initiative —

2018-2021 2019-2026

Supercomputing Infrastructure
research & innovation actions

vvvvv
cccccc

Hzurich T & <SOL{Z Fraunhoer E] 25 founding .‘
: 4 members "

EGENGI (e #) JOLICH 6 kaLny

Cemidynamic® Ly @mam e &

UniverstTA i Pisa

23 partners to develop
microprocessors for future
supercomputers

Advanced §
Architecture 3 EuroHPC: a new legal and funding
& Designs 3 entity for deploying in Europe a
world-class supercomputing
infrastructure
https://eurohpc-ju.europa.eu/

3D Integration

Leti Devices Workshop | Dutoit Denis | Dec 2nd, 2018, Nikko Hotel, San Francisco |9




— The European Processor Initiative (EPI)

e
EUROPEAN APPROACH TOWARDS ENERGY EFFICIENT HIGH PERF ORMANCE

- » 23 partners, from research to industry
* from consortium to EU high-tech fabless

Lyy The 238 s EPI Common
@ een'!idynalmit:'j E'ﬁ"évup @ =@ - $~ ATEES - Platform
& S PCI card
_{’ EXToLL
%) 4 g EPI HPC Blade
S Ea 5}5* G @ e P
Ty Y T\ 2 WG canar - e o
a Bl .§ Cies)| % o = o I
w = 5 ' z -— |
@=__ European Processor Initiative ™ European Silicon Technologies EPI BMW
EU - FPA \_

Adas demo

ﬂf‘gg[m D1 Pisa
CHALMERS

F I \/
ﬁ F=3 Research % oueH /

= g Fabless company
ETH ziirich = nreter QT industrial hand of EPI OEM'’s
- FORTH =l incorporated by a
couple of EPI members N J
EPI Ecosyste™ .
i g w—
10| 06/12/2018| PN | © European Processor Initiative — Subject to change El P‘;'_’!
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Al CONCLUSION Compute

Ceatech

° A major evolution of high-performance processor
architecture is on the way to cope with data deluge and
energy efficiency

* Leti develops and demonstrates core technologies to enable
heterogeneous high-performance processors:

* Advanced integration with active interposer and photonic

interposer E—I e
* Disruptive technologies with In-Memory-Computing
° CEAis a major player in the European Processor Initiative to . 4
restore processor design in Europe . 4 ]
‘ e '
- )

European Processor Initiative
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Thank you for

your attention

Leti, technology research institute
Commissariat a I'énergie atomique et aux énergies alternatives
Minatec Campus | 17 avenue des Martyrs | 38054 Grenoble Cedex | France



