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HiPEAC

· HiPEAC was a European Network of Excellence (now a CSA) 

on High Performance and Embedded Architecture and 

Compilation

· Created in 2004, HiPEAC gathers over 449 leading European 

academic and industrial computing system researchers from nearly 320 

institutions in one virtual centre of excellence of 1700 researchers.

HPC          Embedded Systems

Academia          Industry

Architecture (HW)          Compilation (SW)

· Coordinator: Koen De Bosschere (UGent)
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Associated members: 76  Total: 1496

449 members, 86 

associated members, 

379 affiliated 

members and 803 

affiliated PhD 

students from 318 

institutions in 39 

countries.

Membership is free of 

charge.

hipeac.net/members/stats/map
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To join, simply email 

membership@hipeac.net

mailto:membership@hipeac.net


HiPEACmission:

HiPEACencourages computing innovation in Europe by 
providing:

ÅSupport for projects (job portal, communication)

Å the semi-annual computing systems week,  

ÅThe ACACES summer school, 

Å the yearly HiPEACconference. 

The 11th HiPEACconference took place in Prague, Czech Republic, January 
18-20, 2016 and gathers more than 650 people
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HiPEACconference
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Computing System Week



Highly skilled candidates for specialist roles

ñIf youôre looking for skilled PhD engineers in 

processor design, system architecture, compilers 

and tools, look in HiPEAC first, the best ones are 

there.ò

Christian Bertin, STMicroelectronics

ÅRecruitment portal and events

ÅJobs shared via LinkedIn and Twitter

ÅPhD directory

ÅPool of 800+ PhD students

ÅInternship programme ïsupporting

SMEs and larger businesses
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HiPEAC communications
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@hipeac hipeac.net/linkedin



HiPEAC structure

Community structuring

Result dissemination

Vision
Building

Consituency
Building

Management

ÅRecruitment
ÅIndustrial internships
ÅIndustrial exhibition
ÅIndustry talks
ÅInnovation stimulation

ÅCommunications
ÅRoad show
ÅAwards

ÅHiPEAC Conference
ÅComputing Systems Weeks
ÅACACES Summer School
ÅCollaboration Grants
ÅConcertation meetings

ÅCoordination
ÅFinancialmanagement
ÅMembershipmanagement

ÅHiPEACVision
ÅImpact Analysis
ÅConsultation Meetings
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HiPEAC Vision



2009 20112008

http:// www.hipeac.org/vision/

2013

The last HiPEAC Vision Document was published in January 
2015. The next one is scheduled for 2017
One of its aim is to help defining the next European calls in ICT.

2015

The HiPEACVision

?

http://www.hipeac.org/vision/


You want to help us?
Fill-in the survey!

https:// www.surveymonkey.com/r/hipeacvision2025



Structure of the HiPEAC vision 2015
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HiPEAC 
Recommen-

dations

Course 
of 

actions

Society

Market Technology

SWOT 
Europe



Highlights of the  HiPEACVision 2013
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Highlights of the HiPEACVision 2015

For the first time, we have noticed that the 
community really starts looking for 

disruptive solutions, 
and that incrementally improving current 
technologies is considered inadequate to 
address the challenges that the computing 
community faces:

άThe End of the World 
As We Know Itέ

20



The End of the World As We Know Ité

From the technologyé

A little bit of history an the impact of 

technology on softwareé
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aƻƻǊŜΩslaw: increasein transistor density

Source from Kunle Olukotun, Lance Hammond, Herb Sutter, 

Burton Smith, Chris Batten, and Krste Asanovi­ 
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aƻƻǊŜΩǎ ƭŀǿ ǎǘƛƭƭ ƻƴ ƎƻƛƴƎΧ
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M3D principle

CMOS/CMOS: 14nm vs 2D:

Area gain=55%

Perf gain = 23%

Power gain = 12%

LETI, DAC 2014 24
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The end of DennardScaling

Parameter

(scale factor = a)

Classic

Scaling

Current

Scaling

Dimensions 1/a 1/a

Voltage 1/a 1

Current 1/a 1/a

Capacitance 1/a >1/a

Power/Circuit 1/a2 1/a

Power Density 1 a

Delay/Circuit 1/a ~1

Source: Krisztián Flautner From niche to mainstream: can critical systems 

make the transition?
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Everything was 

easy:

ÅWait for the next 

technology node

Å Increase 

frequency

Å Decrease Vdd

->Similar increase of 

sequential 

performance

-> No need to 

recompile (except if 

architectural 

improvements)



Limited frequencyincrease->more cores
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Source from Kunle Olukotun, Lance Hammond, Herb Sutter, 

Burton Smith, Chris Batten, and Krste Asanovi­ 



Why using several compute cores?

1. Using several cores is an answer to the Law of 
Diminishing Returns [PollackΩs Rule]:

ïEffectiveness per transistor decreases when the size of a 
single core is increased, due to the locality of computation

ïControlling a larger core and data transport over a single 
larger core is super-linear

ïSmaller cores are more efficientin ops/mm2/W

2. Large ŀǊŜŀ ƻŦ ǘƻŘŀȅΩǎ ƳƛŎǊƻǇǊƻŎŜǎǎƻǊǎ ŀǊŜ for best 
effort processing  and used to cope with 
unpredictability (branch prediction, reordering 
buffers, instructions, caches).

28



Less than 20% of the area for execution units

Source: Dan Connors, άOpenCLand CUDA Programmingfor Multicore and GPU 
Architectures» ACACES 2011

29



Limitation by power density and dissipation

GP CPU = 200 W (45  nm)

Consumer SoC = 10W

Mobile SoC = 1 W

30

Source from Kunle Olukotun, Lance Hammond, Herb Sutter, 

Burton Smith, Chris Batten, and Krste Asanovic┌ 



Energy consumption of ICT

Source: European Commission DG INFSO, Impact of Information and Communication Technologies on Energy Efficiency, final report, 2008

Servers

PCs and 

displays

Television

·Estimated consumption 410 TWhin 2020, 25% for servers

= 10 Nuclear 
Power Plants
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The energy challenge for HPC

Source: Timothy Lanfear, « GPU computing and the future of HPC »
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Power limits the active silicon area

=>  ñDark siliconò

=> More efficient specialized units

33



Specialization leads to more efficiency
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Source from Bill Dally (nVidia) « Challenges for Future Computing Systems » 

HiPEAC conference 2015

Type of device Energy / Operation

CPU 1690 pJ

GPU 140 pJ

Fixed function 10 pJ
FPGA with HLS

ñsoftware programming

space and not only timeò



Example of specialization: big-LITTLE 
architecture from ARM, extended by 

Mediatek to 3 clusters

35

Big 
(for heavy loads)

LITTLE
(light loads)ig



Å Fully Depleted ςSilicon on Insulator

Á Improved performance-per-watt

Á Adaption to variability of loads 
under software control

UTBB-FDSOI performance gain versus conventional Bulk CMOS 
technology.
Blue: no body biasing, Green: FBB = +1V. Á Demonstrated by CEA tech  and 

STMicroelectronics (ISSCC 2014)

Á Ultra-Wide Voltage Range (UWVR) 
operations:  VDD=[0.39V ς1.3V]

Á High-frequency: 
Fclk> 2.6GHz @ 1.3V
Fclk> 450MHz @ 0.39V
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Energy efficient technology: FDSOI



Cost of moving data

Source: Bill Dally, « To ExaScale and Beyond »

www.nvidia.com/content/PDF/sc_2010/theater/Dally_SC10.pdf 
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Exemple:  WIDEIO memory  stacked on top 

of a MPSoC in the same package

Å Partnership between CEA-LETI, STEricsson, 

STMicroelectronics and Cadence

Å High bandwidth: WideIO provides more 

than 34 Gbytes/s (Currently:  17 GBytes/s)

Å Low power: 4x power efficiency compared to 

LPDDR2/3

Å Compatible with FD-SOI

Å FBGA Package

ïSize 12x12mm, Ball Pitch 0.4mm, 1.2 mm 

thickness

Using the 3rd dimension: 3D stacking

Source:  Denis DUTOIT / CEA

Si - WIDEIO Memory

TSV

80µm Si -

SoC

Cu Pillar

WIDEIO Memory
MPSoC

38



>TBps

1 mW/Gbps

Assume 200 MHz 50K pins connected to SERDES to Photonics 

8 W

+

MUX-

DEMUX?

The data transfer challenge

Memory link, peak bandwidth and power consumption 

efficiency

Cost for 

1TBps
memory 

bandwidth

Interface 

power 

consumption

8.532 GBps

30 mW/Gbps

1066 MHz I/O bus clock, 32 bits, 1.5 V, Double Data Rate

240 W 

6.4 GBps

20 mW/Gbps

800 MHz I/O bus clock, 32 bits, 1.2 V, Double Data Rate

160 W

12.8 GBps

4 mW/Gbps

200 MHz I/O bus clock, 512 bits, 1.2 V, Single Data Rate

32 W

Multi-core

SoC
DRAMLPDDR3

Multo-core

SoC
DRAMWide I/O

Multi-core

SoC
DRAMDDR3

Ç Memory-interconnect density is becoming the bottleneck

Ç Bandwidth demand will increase (ñdata delugeò)

Multi-core

SoC
DRAMPhotonics

Source: Ahmed Jerraya CEA-Leti
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Off-chip photonics

Off board: AOC, 

optical modules
Off chip: Optical I/O Time

S1

Chip B

Chip C
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Chip D

IC
Si interposer or laminatesubstrate

Driver / 

TIA

IC

Micro-

pillars

PIC

Fiber
Ferrule

PCB

40



In-package photonics

Off board: AOC, 

optical modules
Off chip: Optical I/O

Optical network

in package
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Chip C

Chip A

Chip D

Chip B

RAM
Computing 

Cores

PhotonicInterposer

Tx/Rx Integr. 

Rx/Tx

Substrate

photo

diode
modul

Laser

Through

Silicon Via

RF Cu pillars

Power Power Power Power

Light source

Primary I/O

Cu pillars

Digital Cu pillars

& proximity lines

Thermal Dissipation

Thermal Dissipation

SignalSignal

S2

41



Limitation by power density and dissipation
Χ but not only

42

Source from Kunle Olukotun, Lance Hammond, Herb Sutter, 

Burton Smith, Chris Batten, and Krste Asanovic┌ 



The cost per transistors is not decreasing 
anymore
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And the development cost is increasing

44

Rockôs law: cost of IC plant doubles every 4 years

Reaching 10thof $ Billionsé
(Samsung will spend about $15 billion to open a new semiconductor 

factory in South Korea by 2017).



Increased Complexity and Cost

The initial product designs will need to 

generate high revenues to provide good 

buyback from the design and yield ramp-up 

costs.

Å Barrier for specialization to computing

Å Barrier for advanced feature 

monolithic dies

Source IBS, Aug. 2014

28nm 20nm 16nm 10nm 7nm 5nm

$38M $67M
$132M

$273M

$593M

$1348M
IC Design Cost

NRE ++

Wafer Cost

16nm 10nm 7nm 5nm

$9885

$11881

$14707

$19620

IC Design and Yield Ramp-up Costs

28nm 20nm 16nm 10nm 7nm 5nm

$59M $91M
$176M

$373M

$876M

$2243M



Specialization with interposer
Memory

Energy efficiency ҩ
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ĔLower cost:
Å Improved yield
ÅReduced NRE
ĔLower energy:
ÅHeterogeneity
ÅShorter wires
ÅPhotonic ready

46Source: Denis Dutoit, CEA


