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HIPEAC

High-Performance Embedded Architecture and Compilation

| | QF Briksidn is to advance computing systems research
and development as a discipline in Europe.

Bridging the gap between:
Industry and academia
Hardware and software communities



What is the HIPEAC community?
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793 members

1484 affiliated researchers
485 institutions

50 countries

Membership is free of charge
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Objectives

U Secure and strengthen a leading position for Europe in
computing systems that support all aspects of modern society
by advancing computing systems as a discipline.

U Prepare the next generation of world -class computing systems
scientists and engineers in Europe by supporting their academic
and professional development.

U Build a dynamic ecosystem for the design and implementation
of computing systems in Europe by bringing together European
research, industry, SMEs, and policy makers.

U Align research efforts in computing systems and strengthen
research impact in Europe by identifying long-term challenges in
computing systems and articulating their impact on modern
society.
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The HIPEAC Vision Document is a deliverable of the coordination and support
action on High Performance and Embedded Architecture and Compilation.

It shows the trends, technology evolutions and limitations and position of Europe
in the domain of computing (hardware and software) and provides
recommendations to the HIPEAC community.

2008 2009 2011 2013 2015 2017 2019

January
2023

January 2021 version is available at:
http://hipeac.net/vision
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HIPEAC Vision 2023

The general theme of the vision 2023 is that we are in races
A Against time

A Because of external constraints i e.g. global warming

A Because evolution of technology is very fast (e.g. Al)
A Against the rest of the world

AOn multiple aspects (economy, redtu

The multiple races:

Race f or t hiethetantewxum of wampubing

Race for Artificial | nt el rhegamedelsoe) (
Race for innovative and new hardware (including quantum)

Race for cybersecurity

Race for (technological / products / contents) sovereignty

Race for sustainability

Too Joo T To To Do



The tremendous performance increase
of
computing systems
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Data Generation

Machines arevertakinghumansin generatingdata

A In 2018, 44% of the total data
was generated by machines

1 Zettabyte

=10 2! pyte '\“ l.-

<
= An 2022,

> 90%

IS generated
by machines

2010 2015 2018 2020 2025 2030 2035

Slide from Thomas Erndtet)
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Evolution of society

Remember: the iPhone was introduced just 15 years Ago




Exponential increase of performances in 33 years

—) 27 times the speed of light
Production car of 1985 Warp 3 ? P g
Max speed 300 Km/h (Year: about 2290)

Peta = 16°
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Exponential increase of performances in 33 years

Cray 21 1985 Summiti 2018
2 GFLOPS (2x10° FLOPS) X 100000 000 200 PFLOPS (2x10'7 FLOPS)
200 kW m—r 9 783 kW
X 49
Peta = 165 Energy efficiency x 2 000 000 in 33 yea
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Thisisit, we enter the exascaleera¢ in 2022
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Performance Development
http://www.top500.0rg (Jun. 2022)

4,415 PrUPIS

Top #1 in 2011 Top #1 in 2022
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Calculations per second per constant dollar
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What will be the next technoloqgy?

122 YEARS OF MOORE’¢ N3XT Computation Immersed in Memory
3D Resistive RAM (massive) A M ',,, No TSV

1D CNFET, 2D FET (logic)

MECHANICAL RELAY  VACUUMTUBE  TRANSISTOR

Ultra-dense,
fine-grained
WES

MRAM (quick access)

1D CNFET, 2D FET (logic)

1D CNFET, 2D FET (logic)

Silicon
compatible
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Increasing energy consumption of ICT (and Al) , and how to cope with it?

TWh
N
8,000 Andrae & Edler
2015
6,000 Predictions are not always correct..
LF 0KS& R2yQd dal
performance improvement
50T Andrae & Edler of computing systems!
2017
2,000
0 N\
| | 200TWh | L

2010 2015 2020 2025 2030




—"

J. Koomey

Every 10 year

More than x100 gain
in energy efficiency !!

Slide from Thomas Erndtet)
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Koomey's Law

1940 1960 1980 2000 2020

Compute Power
Efficiency doubles m

every 1.6 years Mobile

Materials
Eniac W Scaling Era

Tube/Bipolar Era Litho Scaling Era

Copyright © VLS| Research Inc. All rights reserved

D. Hutcheson, Proceedings Volume 10583, Extreme Ultraviolet
(EUV) Lithography IX
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e the Jevons

Price Improved technology doubles
W.S. Jevons the amount of Work produced
with a given amount of Fuel
costs | Demand for Fuel rises
falls by
half Elastic
Demand
0 » Quantity
Quantity Demanded

more than doubles

M. Lu et al, AnilOperRes (2017) 255:52546

par adoX

JEVONS PARADOX

FUEL EFFICIENCY GANS TEND TO INCREASE
NOT DECRESMSE | FUEL USE .

THESE. NEW CARS ARE. SO
EFFICENT EVERYONE'S

DRIVING EVERYWHERE.
THESE DAXS.

\

.... Jevons paradox is not a fatality .... But should be integrated in the picture !

NN I Theaee 77— ) ——o>>———— 1L TR B .



An Holistic Approach is needed for efficiency

Global co -design is required:
Algorithm Software Data coding Architecture Technology

Application
Algorithm

Programming langua

Software stack

Data coding

Connectvorld - AdobeStock 2 - !

Andréa AUBERT/CEA

Architecture

Global optimization is key for global efficiency
(a gain in one aspect can be killed by unoptimized other aspects) Technology

B
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Trend 1: The evolution of web

The Global y
Artificial Intelligence Web 3.0 IowESRe Brain ; PAgT”

A I
1 Networks
: Personal Intelligent Agents : Enterprise /2 PRESENT
Assistants . Minds . Smart / 2
l — i e 7 SFUTURE
! Semantic Web Webs Group The Metaweb ‘ & , qffhe Internet and
: Connects Knowledge | Minds Connects Intelligence » Al dlglta:z-::girtnyented
: : “The ‘ ! -
| Ontologies Knowledge : Lifelogs ‘ Relf\iﬁt’l:g"shlp -5 A:iPEAC Vision .
1 Knowledge Management 1 Decentralized
1 Bases ! Semantic Communities
y Taxonomies : v Weblogs
o = e e e et e - -
Search Engines Enterprise© | Marketplaces Wikis
| Portals - Auctions Community
i Content Portals . . Portals
i - Weblogs RSS
Web sites  Groupware _

! The Web i Social Software

: . 1
: Connects Information 1 Connects People
| ; PIM's :

I " Social
1 L IARER ou SP‘LS" . E-mail  USENET  Networks
| L 1

1

i File Servers —— 1 ‘ %
e e e e e o Seehttps://www.hipeac.net/media/public/files/46/7

/HIPEA€019ComiecBook.pdf



https://www.hipeac.net/media/public/files/46/7

Trend 2: The continuum of computing

Participating organisations

EDROPEAN TECHNOLOGY 7
PLATFORM FO8 HIGH "
PERFORMANGE CONPUTING =< 7r"

Jean-Pierre Panziera, ETP4HPC charman
ECS# LA

Luigi Rebutfi, ECSO Secretary General

A= 0
Y BDV !

EE A

Thomas Hahn, president of BDVA

Colin Wilicock, SGIA chairman

L
® Rk
« * MATHS
Wi Schilders, president of EU-MATHS-IN

Al Lt D

Philipp Slusallek, CLAIRE Co-Founder and
Member of he Board

H I ' vl ‘,'?‘,cw!u‘g

Koen De Bosschere, HPEAC coordnator

Alliance for 7
Internet of Things
Innovation ( §nmn

Jargen Sturm, Chairman of the Management Board

A This initiative at signature date involved:
A ETP4HPC, ECSO, BDVA, 5GIA,
A EUMATHS, CLAIRE, AloT, HIPEACé
A More to comeé

Big Data
and
Analytics

.\&\Q

Cybersecurity

Cyber
Physical
systems

-2\ \ntellj
\68\5 & ,qg/eo
50,

Smart
Networks
& Services

TransContinuum Initiative (TCI):

Smart
sensors
& 10T

Edge
platforms &
subsystems

A continuous
dynamic workflow

Between
Smart Sensors and IOT devices

and
HPC / cloud centers

passing through
Edge platforms & subsystems

as well as
Smart Networks and Services

executing
Simulation & Modelling,
Big Data Analytics and ML*

based on
Math. Methods & Algorithms incl. MSODE**

pervasively augmented by
Artificial Intelligence

protected and secured by
Cybersecurity

back to
Cyber-Physical Systems,

all based on

Data and compute platforms (hw and sw)

* ML: Machine Learning



Cyber
Physical
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compute
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Edge
platforms &
subsystems

The Trans Continuum Initiative

Press release

Eight European associations and projects commit to the Trans-
Continuum Initiative to promote cross-domain collaboration for
EU R&D programmes

The TransContinuum is the unison of related digital technologies which offers solutions for the operation of
complex data workflow systems. In this continuum, HPC plays a central role as the engine propelling Al, Big
Data, loT, C and i towork together.

The Transcontinuum Initiative, or TCI, is developing a
vision of the characteristics of the infrastructure re-
quired for the convergence of data and compute ca- B

pabilities in many leading edge industrial and scientific Tc I
use scenarios. A paradigm change is needed: we will

have to design systems encompassing millions of com-
pute devices distributed over scientific instruments,
IoT, supercomputers and Cloud systems through LAN,
WLAN and 5G networks.

TransContinuum Initiative

The ambition of TCl is also to become a meeting place of experts representing various disciplines in both
science and industry - an asset that Europe can apply in the resolution of its other challenges such as
healthcare, climate change or smart cities.

The TransContinuum Initiative will focus on collaboration towards five objectives:

1. Elaborate joint recommendations for R&D to be carried out in EU- or JU-funded work programmes

g in the digital
2. Engage with EU Research & Innovation funding entities to promote our recommendations.
3. and foster an i y network of experts in science and industry.
4. Contribute to Strategic Research [and Innovation] Agendas or any other road mapping documents

issued by participating partners, specifically on interdisciplinary technical aspects, with a view to
extend the concept of co-design to cover the entire continuum.

5. Contribute to the 5 Horizon Europe missions (adaptation to climate change including societal trans-
formation, cancer, healthy oceans, seas coastal and inland waters, climate-neutral and smart cities,
soil health and food.) One of the first pragmatic actions will be to design the contribution of the
Digital Twin enabler to the Horizon Europe missions.

The foundations of the work to be carried out by the TCI have now been defined in a Vision document
signed by eight organisations:

* 5GIA, the 5G Infrastructure Association,

« BDVA, the Big Data Value Association,

e CLAIRE, the Confi ion of L ies for Artificial Research in Europe,
e ECSO, the European Cybersecurity Organisation,

«  ETP4HPC, the European Technology Platform for High-Performance Computing,

* EU-Maths-in, the European Service Network of ics for Industry and

«  HIPEAC project (High Perfi Archi e and C

Quotes

“The TransContinuum Initiative has the ambition to bring global solutions encompassing a number of digital
technologies with the aim to support any digital use cases and to offer a ‘single door’ to any vertical sector.
The 5G IA fully supports this goal and approach and is therefore a partner of the TransContinuum Initiative.
Digital infrastructures are one of the main pillars of the Digital Economy and our sector has to work to-
gether with other domains to maximise impact to the benefit of the economy and society at large”, said Dr.
Colin Willcock, Chairman of the Board of the 5G 1A.

“AIOTI is working on several initiatives that are at the heart of the connectivity, loT, data, edge and cloud

and Al { Our efforts will shed light on how the TCl can be smoothly inte-
grated into practical applications across sectors and across Europe.” explained AIOTI Chairman of the Man-
agement Board Jurgen Sturm.

"The future competitive position of Europe will be based in the capability to extract data insights from next-
generation digital infrastructure ining c ications networks, HPC, Cloud,
loT, Big Data, Cybersecurity, Edge Computing and Al. A holistic view is needed in Europe to develop a strong
Al and Data-driven ecosystem. Europe can build on strong industries (small and big, established and new)
and excellence research. After years working with ETP4HPC in the convergence of data and compute capa-
bilities, we very much welcome this wider c ion with other in the context of the
TransContinuum initiative aligned with BDVA mission and objectives, the upcoming Al, Data and Robotics
partnership and key cloud/data initiatives such as Gaia-X" stated Thomas Hahn, President of BDVA.

“ECSO is proud to be part of such ani initiative which to g inter-di: linary
and provide across European R&D& priorities including cybersecurity. The
launch and i of this ion sets an imp i in the of a com-

mon European vision for capability building”, said Luigi Rebuffi, Secretary General of ECSO.

“We are delighted that the collaborative work initiated with five other associations to prepare the latest
edition of our Strategic Research Agenda now lives on and develops into the TransContinuum Initiative.

This is a first step towards the necessary synchronisation of European efforts across domains.” said Jean-
Pierre Panziera, chairman of ETP4HPC.

“We live in an era of Its influence iic and social activity and its influence
and impact are profound. Yet its role is not well understood, we are not using it as well as we could and
should, and we are investing too little. We are delighted to be on board of the TransContinuum Initiative
where, together with the other seven associations, we can work on strengthening the role of Europe in

al ing and i as well as the HPC, IA, and Data area using mathematics as a key
enabling technology.” said Prof. dr. Wil Schilders, President of EU-MATHS-IN.

“HIiPEAC s the premier network for researchers and industry in computing systems. Our members are de-
veloping computing systems for the whole i and the TransCi concept is famil-
iar to us. We are very pleased to see that the TransContinuum initiative will enhance the collaboration be-
tween eight associations and strengthen the position of Europe in computing systems.” said HIPEAC coordi-
nator Koen De Bosschere.

Contact

Pascale Bernier-Bruna (ETP4HPC Communication Manager)

pascale@office.etpahpc.eu




Trend 3: The evolution of Apro

More natural and contextual interfaces (Al)

Computing is more intertwined with the world

a2NB ayl ddz2N> t¢ AYUGSNFI OSay
Aware of the environment

Adapt input and output to the situation

Overflow of service -specific apps

(e.g. App from a hotel tbook a roon)
Aggregatorapps to select a service (e.g. booking)
Even aggregators of aggregators (e.g. Kayak)

X

Overflow of information, choices, interfaces, etc.

A o e AL W
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P DBE fo D . a S via libraries, orchestration

0 8 languages (e.g., Python), voice,

= E P , 9 8 ﬂ e specifications, graphical interfaces No-code/Lowcode

or even by example
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Remark 4. Compu,ting systems were not designed for intgracting
gAUK U0KS aORbsystemg 2 NI R€
In nearly all hardware and software systems:
ATime Is abstracted or not present at all

A Very few languages can express time or timing constraints linked to real -world applications

A Average -not predictable - performance is the goal

A Caches, out of order execution, branch prediction, speculative execution
A (Hidden) compiler optimizations, call to (time) unspecified libraries

AEnergy and virtually all other resources are also left out of scope

A This can have impact on data movement, optimizations, etc.

A Interactions with external world are second order priorities

A Done with interrupts (introduced as an optimization , eliminating unproductive waiting time in polling
loops), which were designed to be exceptional events

A etc. « L A -

C2Y2NNRgQa aeaisSvya O6SEdP @OSKAOf Sao
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THE SPATIAMEB

&IEEE

SPATIAL WEB
FOUNDATION

Hyperspatial Transaction Protocol (HSTP) & Hyperspatial Modeling Language (HSML)

First Draft Specification Unanimously Approved by IEEE Spatial Web Working Group December
2021

“Public Imperative”
WG P2874

90+ International participants and growing

CNBY t KA ANStalrsd, $patial IVEL Wed 3.0 for industry and the new sédBiweek2022
N I Moy ) oL LR TR B e —
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The Spatial WEB

HSTP allows queries and smart contracting

HSTP or Hyperspatial Transaction Protocol enables IoT sensors to identify, localize and update the state of objects in space, over time. By supporting credentialed search of
objects within spatial ranges over multiple coordinate systems (lat/ion, xyz, t, etc.) across multiple dimensions (0D-4D etc.) and hyperspatial vectors (physical, purpose, policy)

SPATIAL RANGE QUERY MULTI-COORDINATE (lat, long, x, v, z, t,)

........ . . g x: { min, max, count },
* y:{ min, max, count }, Building location
1D HEPS67 Antude
)

: . /f‘\-\ . : : ZhimeNlation: { min, max ),
D% : : S : H Lat(12.23) | Longtude I Lastudo
: : : Long (42,72)
: e O 3 . AR(12.13) \-—4&:«(?5
Q g - . Owner: X
= : Taleleeiate * : : H : : = s Rules: Y /
Q-G |- =

5 1.0 o
ool 4 X X Muls-dimensional range 1D DEF456
i AR i I Q, (HSTP) X (4, 4)
/u ® : S . . {valua, min, max, count, Y{2,3)
& AP : & : Inputs{1D:-weigh), Z(4.-2)
packing, subamray) o X
Rules: Y

MULTI-VECTOR (spatial/semantic/social state)

MULTI-DIMENSIONAL (0D, 1D, 2D, 3D, 4D)
Space

Time

Can occupy during Transport from, to Trade ownership of
this time and at time these items.

22 VERSES

Copyright © 2022 VERSES Inc. All Rights Reserved

t KAf ANStaifrse, $patidl vl Web 3.0 for industry and the new sédiBiweek2022
|1l

CNR2Y
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Distributed Intelligence via Sharing and Coordination of Resources Across
Heterogeneous, Connected, Locally Managed Devices

Dynamic construction of applications from i *OS:OrchestratingSystem
distributed services (local or remote) monitor J/ manage
Taking into account non-functional create - e -3 j Cyber world

requirements (time, latency, locality,
energy, privacy, cost,
Using high level abstractions

Services (and resources) where they are the
most efficient

Built on top of existing technologies

(eg.lIP, REST, | EEE co

S
Data Actions
/// Secure Exchange

Build on a trustable, distributed, smart

Local, distributed, decentralized
resources
(swarm, federated, fog, ..)

*

Everything
asa Service

Trusted

meta-l e v e | nOS* o

m&ﬁb@o XXX G

Physical World

All sectors @ } |

of the b e

econom Cross sector$, @2 A R A y(Eomman interdp@rable technology
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Distributed Intelligence via Sharing and Coordination of Resources Across

Heterogeneous, Connected, Locally Managed Devices
*0OS.:OrchestratingSystem

The bases of the Cyber world

Industrial metaverse

Local, distributed, decentralized
resources
(swarm, federated, fog, ..)

e

Everything
asa Service

0060\

Build on a trustable, distributed, smart
meta-l e v e | nOS* o

— QO0QO©O0DO0OGO00

Physical World

All sectors i

of the e Ul

econom Cross sectors, @2 A R A y(ébmmcmeerap@raEIﬁ technology
l




Example: Trustable, distributed, smart OS (Orchestration System)
for software defined vehicle

A Automotive E/E architecture will become increasingly modular and service -oriented, making it easier to
reuse various software components, even cross silos (e.g. for energy management, traffic, emergency,
| ¥

AQ+& ,1%$5&1'6& 2 %' 7! $2// &$7&% '520 9&+, $velickv 6 &
processing to preserve bandwidth, privacy. Each sensor, actuator, specialized ECU will be considered as
a service for interoperability and ease of management.

A The Orchestration System will have to manage mixed -critical tasks (from safety critical to low priority
tasks) in real-time and find the best compromise according to resources (processing power, memory,
power, latency), functional and non -functional requirements 1.

A Safety (often linked to response time) and security are becoming first priority for in vehicle electronics
and software.

A The in-vehicle software will continuously evolve, and new services will be added or updated during the
lifetime of the vehicle.

A Digital twins will allow to dynamically optimize the efficiency of the various parts of the vehicle, under
the supervision of the Orchestrating System.

C2Y2NNR 6 Qa OSKAOES aeaiasSvya oaft
1The orchestration system could use trustable Al techniques to achieve thii—hﬁmeal
N I Ve LR TR | B Ti—
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Use case: Trustable, distributed, smart OS (Orchestration
System) for software defined vehicle

*0OS.:OrchestratingSystem

A Taking into account non-
functional requirements
(time, latency, locality,
energy, privacy,

: Cloud service
Digital twins
Trustgd

Everythlng
asa Service

Build on a trustable, distributed, smart
meta-l e v e | nOS* o

ﬁ 71{;;‘33 7 A = / /i ) B N
) e «‘/-‘7‘ \ o)
g Y "L 0—2V

: o Traffic,  Engine All car elemen
Home Car tOX Energy City  urgencies 9
-
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Next Web and the metaverse

loT + Cloud + Al + CPS = Metaverse
GC2NXYAY3I (KS F2dzyRIFiUA2Y 6A0K

Metaverseapps are the culmination of thatelligent cloudandintelligent edge working

in harmonytogethert at their foundation is digital twins Digital twins enable you to

create rich digital models of anything physical or logical, from simple assets or products
complex environments. These environments can be energy distribution grids, warehoust
orfactories Y@ 0 KAY 3 (KI 1Qa AYLRNII Yy G braught td lHedzd
and synchronized with the physical world using tweay 0T connectionsThis initial

binding of the physical and digital is foundational to enabling metavetsd.JLJa ®¢€

From https://fazure.microsoft.conizh-tw/blog/convergingthe-physicaland-digitalwith-digitattwins-mixedreality-and-metaverseapps/



Which evolution of the Web?

OR &

Game engines marshal the
most advanced accelerators
to deliver uncanny realism
often generated locally on
mobile  power  budgets,
largely replacing reality: only
need to use them right to
create public and private
Metaverses that primarily
profit consumers
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The challenge: Interoperability and Composability

(Orchestration)
Getting the complete picture by

(&F) putting the pieces together thanks to ~ Defragmentation of vertically-oriented, closed systems
hlgh Ievel abStractionS Move towards open platforms, frameworks, and standards
X ' _ Heterogeneity/lnteroperability _ ‘

&= =3

Scalability
Handling large numbers of connections, requests, and data flows across
heterogeneous networks and devices

|
s )
"
~

High level

abstractions and Dynamicity
SMartorchestrator Plug&play, self-configuration, self-management,
mat c hmaki nX € self
.Creatlng the next Web, Privacy
decentralized, b_ased Oln .Shared resources, Safeguarding confidential and/or proprietary data of
Intertwining companies, individuals, and stakeholders
Cyber and Physical worlds (WEB + loT/actuators) _ ___
for industrial and personal use _ _ Security
Protecting computing assets against viruses, hackers, and
Built on top of existing technologies other unwanted actions

IP, REST APIs, etce |
I
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Evolution towards Decentralized and Embedded Intelligence orchestrated
and secured by smart orchestrators interfaced with the world

r . T o 1)
! Cloud computing Cognitive Cyber-Physical Decentralized and Embedded

Systems Intelligence

—
—
Pre-processed
Data b 2130
ol

Knowledge,
Digital twins
& Serviges

Row Data
8
Analytics

el vl om

o

2>

4

{ Cooperation

Pre-processed Dat

Inference

Embedded 1w

Row Data
Command
: ;))))

= inteligence 9 o

[ — 4 p 9 & Natural programming

- ' & Modellin 3

TR o |

il = Do

- - _,#’
Federation of Distributed Connected to the

Currentmodel Smart & Trustable

world
Orchestrators

Slide inspired by a slide from Denis Dutoit (CEA)
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Recommendations for the fiinext We b 0O

1 Research and development actions should be launchexpdore the realization of
web-inspired reinterpretation of futurecomputingsystems.

1 Prootof-concept level effortshould be launched to develop agreed definitions of
functional and norunctional specificationand accompanying programming support
for execution and communicatiorevel interoperabilityacross the continuum of
computing.

T PromoteRSY2y aUN) GA DS GSaidosS Rranniggfon anyinmabia G S
device and appliance to serve the needs of safe, private, personalized and effective
service composition on the computing continuum.

1 Provide active suppotb standardizatiorefforts.

T 9EL) 2NB ¢ | Alatthé édgeS yiHywR S 1 9SS A0 gAlGK O
manner that provides for rapid feedback cycles to actions and events occurring in tl
compute continuum.



Race for the Artificial Intelligence

AT wiLL el
1o FiND A SoLuioN
FoR CLOBAL WARMING!
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Artificial Intelligence uses more and more (processing) power for training SOTA networks
G{AYyOS HnmuHI (GKS FY2dzyid 2F O02YLMziS dzaSR Ay GKNJ-
660 O2YLI NRaz2ys amchiNdabing pekiodyé KI R 'y wmy
Number of parameters in deep learning models (log scale)

10T
Beijing Academy of Al
Wu Dao 2.0

Google Gocole L

1T Gst;af d Switch-C
OpenAl
GP.T-3

Note: recently, the

1008
Microsof biggest models
University of Washington  Nvidia TNLG g9
108 Grover-Mega,  Megatron-LM have not necessary
el ot o O L the best
1B Allen ":_'-_slt,islj;e o; Al N B(é?qo'?.ﬁ r?;e » ;la.:ﬁeb:ol;ebmk p e rfo rm an C e
po % i r. =1
o /o ;g;_g::,V e (they are under
® Hugging Face
Carnegie Mellon University ~ DISUIBERT train ed)
10M XLNet

Jan 2018 Apr Jul Oct Jan 2019 Apr Jul Oct Jan 2020 Apr Jul Oct Jan 2021 Apr Jul

Note: Timeline designates when each model was announced

Sources: Company and developer websites; academic papers; news articles; blog posts; Bain analysis ! https://blog.openai.com/ai-and-compute/

2 https://lambdalabs.com/blog/demystifying-gpt-3/
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Artificial Intelligence uses more and more (processing) power for training SOTA network
G{AYyOS HnmuI GKS |Y2dzyd 2F 02YLJziS dzaSR Ay (KS af3.bN@Sdbibling tlme {
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Training compute (FLOPs) of milestone Machine Learning systems over time
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U

- AtinaSSELABO)
Rul

ompute (FLOPSs)
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! OasE. .
i
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Jan N
ansE NNsearch
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-

OKNS LM + RNN 400/10 (WSJ)  _ ~ ) _
- OWord2Vec (farge)

-
-

-~

Py g
1e+16 o ODropout (MNIST)
Ou:\/-.oe 10 + RT0S LMQUSDRY#N E‘)‘lcx

From https://arxiv.ordabs/2202.05924

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 1 https://blog.openai.com/ai-and-compute/
Publication date 2 https://lambdalabs.com/blog/demystifying-gpt-3/
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The large Language Models (LLM)
(generally based on Transformers)
KIS @OSNE AyUdSNBa
could be used as helper.

Parameters

Seed : 58862 | Scale : 7.5 | Steps : 25 | Img Width : 512 | Img Height : 512 | model_version : 1.5fp16
Trigger sentence: cute otter, disney pixar, detailled fur, lot of details
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Some results of ChatGPT: a fine-tuned version of GPT-3.5

t hat 6s essent-pudosexchatbotgener al
XOLISNF2NYa 0SGGSNI AY dzyRSNARGI YRAY3I GKS wO2yUGSEGQ o
gKATS aKIft dzOA y3kbasadyrddels. (Whereiit conéelng tagdderating Al, hallucination refers to an Al
writing inconsistent, factually incorrect statements.)*

Explain what will be the next breakthroughs in computing

G lsdifficult to predictexactlywhat the nextbreakthroughsn computingwill be, as
the field of computersciences constantlyevolvingand advancing However,some
areasthat are likely to see significant developmentsin the near future include
artificial intelligence, quantum computing, and the integration of advanced
technologiessuch as machine learning and natural language processinginto
everyday devices Additionally, there is likely to be continued progressin the
developmentof more efficient and powerful computing hardware, as well as the
expansiorof high-speednetworksand internet connectivityé

* https:// techcrunch.con2022/12/01/while-anticipationbuildsfor-gpt-4-openaiquietly-releasesgpt-3-5/
NN I Theaeews 77— ) ——o>————— UL TR B -



N i e—a =
The View of an Al (OpenAl) on the HIPEAC Vision Parameters

Engine: text-davinci-002
Max tokens: 150

. - T ture: O
BHuman: Do you know the HIPEAC vision document ? Tg[:)ng?;a e
- . . .. Frequency penalty: 0.0
WAI: Yes, | am familiar with the HIPEAC vision document. Presence penalty: 0.0

Stop sequence: \n

PHuman: Summarize the last HIPEAC vision document.

WAI: The HIPEAC vision document is a roadmap for the future of computing. It sets
out six key areas where computing will have a major impact:

1. Virtual reality and augmented reality
2. Artificial intelligence

3. The internet of things

4. Quantum computing

5. Blockchain technology

6. Cloud computing

Each of these areas is set to have a profound impact on the way we live and work in
the years ahead. HIPEAC is committed to driving innovation in these areas and
ensuring that computing remains a key driver of economic growth and social
progress.

NN I Theaee 77— ) ——o>>———— 1L TR B .
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Artificial Intelligences stilla tool used by humans.

Humans are responsible of its use or misuse for reaching a sustainable soci

Like most tools, it could have or a negativeeffect depending on its use
Humans should be aware of the conseguences of their use of Al.

Thenegativesaspects should be largely compensatedhby consequences

A global viewis required to get the correct assessment

(e.g. energy cost of Al must dargely) compensated by the application gains)
6SPID LIS2LIA S agdtededR b3 AFENB2FYRLO

Al hallucination refers to an Al writing inconsistent, factually incorrect statements.
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Common carbon footprint benchmarks
in Ibs of CO2 equivalent

Roundtrip flight b/w NY and SF CKAA ARK2002VI8F AYVAY

(1 passenger) | 1.984 It should be compensated by the
Human life (avg. 1 year) I 11,023 multiples gains

American life (avg. 1 year) . 36,156 of _using the train_ed DNN In inference
s carinslding el Em, 1 to improve sustainability!

lifetime)

Transformer (213M

parameters) w/ neural 626,155

architecture search

Chart: MIT Technology Review * Source: Strubell et al. - Created with Datawrapper

From https://www.technologyreview.com/s/613630/training-a-single-ai-model-can-emit-as-much-carbon-as-five-cars-in-their-lifetimes/




Two societal and economic challenges: Trust and Frugality

A lot of new
applications

Great promises

Massive data

Automation

challenge

lﬁdﬂ-
‘91@@

Autificialintelligencs { Machins lesmig

. Tralnlng asingle Almodel
Frugality

can emit as much carbon

I
ol . . . -
b=t as five cars in their

Deep learning ;3 . w' n: A lot of data, challenge JEiZnHT

computation e - - -

e N Learning and P
Inference in yber-Physical Systems

Raw Data % the Cloud S

Learning and

Inference at
the edge

Slide from Francois Terrier (CEA)




2017: Googleds Cusé& omi zed h

X required to increase energy efficiency
with accuracy adapted to the use (e.g. float 16)

D22 3t S Q4.5 getaflops, ofvnachine learning number crunching
6FyR 3IdzSaaAiy3d Foz2dwWwnnb Y2 XI mnnb DCf 2L1
Peta = 1&°
FromGoogle
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Googl e0s

Fromhttps:// www.nextplatform.conf2018/05/10/tearing-apart-googlestpu-3-0-ai-coprocessor/

C uT®W (W3nV4) reatware

Chip TPUV1 TPUV2 TPUV3
Announced 2016 May-17 May-18
Access Internal-Only Service Beta Undisclosed
Introduction 2015 Feb 2018 Undisclosed
Process 28nm 20nm est. 16/12nm est.
Die Size ~300mm2 Undisclosed Undisclosed
TOPS 92/23 45 90
Matrix Input INT8/INT16 bfloat16 bfloat16
Memory 8GB DDR3 16GB HBM 32GB HBM
CPU Interface PCle 3.0 x16 PCle 3.0x8 PCle 3.0 x8 est.
Power Consumption 40W 200-250W est. 200W/ est.

TPU v4 Speedups over TPU v3

All comparisons at 64-chip scale

B TPU v4 in MLPerf Training v0.7 B TPU v3 in MLPerf Training v0.6

ResNet-50  SSD Mask R-CNN GNMT Transformer
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Algorithmic improvement is a key factor riving the advance of Al

A A M A

G{AYOS Hnmu GKS IY2dzyd 2F O2YLWziS ySSRSR (2 (NI AYy |
has beemndecreasing by a factor of 2 every 16 months.
44x less compute required to get to AlexNet performance 7 years later (log scale) G P-F3: M ay 2020

s Meta OPT May 2022
1/7 of the CQfootprint of GPT3
Similar performances

A GoogleY X yS6 Y2RSft &
100GB of models in the cloud down
to less than half a gigabyte.

With these new models, the Al that
powers the Assistant can now run
locally on your phone.

L ]
GoogLeNet

°
MobileNet_v1

. Shuffienct v2.1.5 And it is often only inference at the edge.
ShuffleNet_v1_1x ® .
So orders of magnitude less compute
power is needed.

.
EfficientNet-b0

2018 2019

A 1https://openai.com/blog/aiand-efficiency/
A 2Google 10, May 7th 2019



https://openai.com/blog/ai-and-efficiency/

Applications that used to run on the cloud will run on the edge devices

Due to the global performance improvement of edge devices,
applications that used to run on the cloud will run on the edge devices.

A Voice recognition

A Automatic translation

A Interpretation of vital signs
A Xo

———— =
Crédits: adobestock © Prostockstudio

3D face reconstruction can now be made locally, see for example
https:// microsoft.github.idDenseLandmarksvhich can achieve 150 fps on a single CPU thread. This kind
work will allow to directly animate avatars in real time on edge devices (PC for now) without requiring

expansive GPUs or access to the cloud. However, it coulth@lsalanger, democratizing the possibilities of
making Deep Fakes in retime.
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CPS Enabled by Atrtificial Intelligence (and Deep Learning)

A Artificial Intelligences changing the mamachine interactiorg Adding more natural interfaces

A Image and situation understanding
A Voice recognition and synthesis
A Unstructured data pattern recognition, direct interfacing with the world

6 Addingd LIS ND St dibrptgis
A Creating thebridge between cyber and real worid
Enabling true Cyber Physical Systems

Al 2YLidzi SNI F NB y20 Fy&Y2NB | at/ é
A They get input from the real world with sensors, not anymore with keyboards
A They are everywhere, morph in our environment




An Holistic Approach is needed for AI energy efficiency
Global co -design is required:

Application Algorithm Software Data coding Architecture Technology

Preprocessing and pogirocessing
& Neural Networks processing
Compatible with mainstream SDIfis
(ex: ONNX format supported)
Efficient code generation &
Quantization Aware Trainin
Byte and Suibyte
guantization

Al accelerator architectur

Application
using Al
Al algorithm

Programming langua

Software stack

Data coding Near memory

Computing
Scalable architecturg

FDSOI technolog

Technology

¥



Energy-Efficiency thanks to HW/SW co-development

Full Operational Tool Chain enables an efficient conversion and porting to your Neural Network to
the specialized hardware programmable accelerator in a transparent approach

TRAINING SCaffe2 I chainer TS
. K + ? @xnet O PyTorch 3 radcteradae
@ NEDE TensorFlow MLNET <\ MathWorks  ¥GBoost

tf model format Q ONNX

QUANTIZATION Quantization Aware Training (QAT) Conversion

COMPILATION Deployable binaries & C code

| [

=z il 5



* Best-in-class
power efficiency

20x less power
consumption

Up to 2x faster
speech processing

85% lower
memory.usage

Amazon unveiled the AZ1 Neural Edge processor, a silicon module that will speed up

Alexa's ability to answer your queries and commands by hundreds of milliseconds per
response. The company built this module alongside MediaTek, and it will allow for on-device

neural speech recognition for new products

* Google assistant and Apple Siri can do the same

About 2W

)
S energy

About 60mwW

EO;V co;ggrgcgryill?r %blen nn aSyiaSyo0S:
Ultra-Low Power Neural Processing Uni
ML Commons benchmarks: ‘
A Keyword spotting: 121J
A Visual Wake Words : 32




« Neuromorphic» computing

Further energy gain can be achieved thanks to:
- Sparsity of data representation
- Derivative of the signalinformation codingtemporal, transmit and compute
only when there is a change in the data)
- Sparsityof coding: quantization down to 1 bit
Changing the information coding can simplify operations (no multiply)
-9 EFYLX SY O2RAY3 AY TFT2NXIFGAZ2Y AY Q&8
Using physics to make computationsy | v I £ 2 3¢ 02 Y LJzO Ay 30
-/ Yy dzaS St SOUNRBYAOASE 2LIWGA0AET | (12YA

A RRAM synapses —l_

Wei ghted input thanks to O mosllaw
n
A Analog neurons E 21 -
g xlwl
7=1

Inputs summation thanks to Kirchhoff's law
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Example of various neuromorphic processors

Technology
Supply Voltage
Design Type
Neurons per core
Core Area
Computation

Fan In/Out
Ortline Learning

Synaptic Operation / Second
Waltt

Energy per synaptic operatio

IBM
TrueNorth
28nm CMOS

0.7-1.05V

Digital

256

0.094 mn#
Time multiplexing
256/256
No
46 GSOPS/W

26pJ

Intel Loihi DynapSEL
e NeuRAM3':'
14 nm CMOS 28 nm FDSOI
0.51.25V 0.731V
Digital Mixed-signal
Max 1k 256
0.4 mn? 0.36 mn?
Time multiplexing Parallel processing
16/4k 2k/8k
Programmable STDP

300 GSOPS/W

23.6pJ




Managing complexity

ANontrivial software writt
and mutexes I s I ncomprehen:

Edward A. Lee

The future of embedded software
ARTEMIS 2006

Parallelism, muttores, heterogeneity,
distributed computing, seems to be too
complex for humans ?




]
Managing complexity

Cognitive solutions for
complex computing systems:
A UsingAl and optimization
techniques for computing
systems
A Creating new hardware
A Generating code
A Optimizing systems

“And that's why we need a computer.”
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Selecting the right architecture: Design Space Exploration for
the design of multicore processors(2010)

A NexvP project, Followup of theTriMediaVLIW

Calculated Performance versus Area

(https://en.wikipedia.org/wiki/NeXVP) wp P
A 1,105,747,200 heterogeneous multicores in the design | W T
space

A 2 millions years to evaluate all design points

A Al inspired techniques allowed to reduce the inductio
time to only few days

=>x16 performance increase

. Performance (1/secdnd)

Al techniques can be used to optimize/design efficient
Al accelerators! vl

Nb: the system discoverdd Y R Kt d2d  f I &/ : :

| L
L 7 L}

‘ Area (ﬁmmz)

GainD 16

near memory computing

IM.DurantonS G | f f @3 & wAwalk Besign S@aseyERplotibre for EmbedtheterogeneousMultiprocessats Ay t N OSadnhNp | yR { @&
Simulation, Ed. R.eupers 2010


https://en.wikipedia.org/wiki/Ne-XVP

Programming2.0: Let the computer do the job

A Describingvhat the program should accomplish, rather than describdogy to accomplish it as a sequence of
the programming language primitives.

A For example, describe trencurrencyf an application, not how to parallelize the code for it.

AoD22R0O O2YLMAESNE 1y29 06SGGSNI Fo2dzdi F NDKAGSOG dzN.

Declarative Programming

Slide from
HIPEAision 2017

Imperative Declarative




2021: Using Al to write codépenAlCodex, a successbr of GBT

OpenAI Codex High level coding becomes

Impossible with current
We’ve created an improved version of OpenAl Codex, our Al system that |anguages and tools: need

translates natural language to code, and we are releasing it through our API )
in private beta starting today. Codex is the model that powers GitHub better future |00k|ng

Copilot, which we built and launched in partnership with GitHub a month abstractions, tools and
ago. Proficient in more than a dozen programming languages, Codex can . ‘e
now interpret simple commands in natural language and execute them on Ianguages 1_:0 galn a Competltlve
the user’s behalf—making it possible to build a natural language interface to advantage In software because
existing applications. We are now inviting businesses and developers to that trend W|” never reverse

]

build on top of OpenAl Codex through our API. . . . .
only grow wider in application

https://www.youtube.comwatch?\=SGUCcjHTmGY ;
[Submirted on 7 Jul 2021 (vl), last revised 14 Jul 2021 aiis version, v2) d 0 m al n S

Evaluating Large Language Models Trained on Code

Computer Science > Machine Learning

Mark Chen, Jerry Tworek, Heewoo Jun, Qiming Yuan, Henrique Ponde de Oliveira Pinto, Jared Kaplan, Harrt Edwards, Yuri Burda, Nicholas Joseph, Greg
Brockman, Alex Ray, Raul Puri, Gretchen Krueger, Michael Petrov, Heidy Khlaaf, Girish Sastry, Pamela Mishkin, Brooke Chan, Scott Gray, Nick Ryder,
Mikhail Paviov, Alethea Power, Lukasz Kaiser, Mohammad Bavarian, Clemens Winter, Philippe Tillet, Felipe Petroski Such, Dave Cummings, Matthias
Plappert, Fotios Chantzis, Elizabeth Barnes, Ariel Herbert-Voss, Willlam Hebgen Guss, Alex Nichol, Alex Paino, Nikolas Tezak, Jie Tang, Igor Babuschkin,
Suchir Balaji, Shantanu Jain, William Saunders, Christopher Hesse, Andrew N. Carr, jJan Leike, Josh Achiam, Vedant Misra, Evan Morikawa, Alec Radford,
Matthew Knight, Miles Brundage, Mira Murati, Katie Mayer, Peter Welinder, Bob McGrew, Dario Amodei, Sam McCandlish, llya Sutskever, Wojciech
Zaremba

We introduce Codex. a GPT language model fine-tuned on publicly avallable code from GitHub, and study its Python code-writing capabilities, A distinct production
version of Codex powers GitHub Copilot. On HumanEval, a new evaluation set we release 10 measure functional correctness for symhesizing programs from docstrings,
our model solves 28.8% of the problems, while GPT-3 solves 0% and GPT-) solves 11.4%. Furthermore, we find that repeated sampling from the model is a surprisingly
effective strategy for producing working solutions to difficult prompts. Using this method, we solve 70.2% of our problems with 100 samples per problem, Careful
investigation of our model reveals its limitations, including difficulty with docstrings describing long chains of operations and with binding operations to variables. Finally,
we discuss the potential broader impacts of deploying powerful code generation technologles, covering safety, security, and economics.
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