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Emerging Methods of Computing

Traditional Neurosynaptic
computers chips address
focus on the senses
language and and pattern
analytical thinking recognition
(Left brain) (Right brain)
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A million spiking-neuron integrated circuit with a scalable communication network and interface
Science 8 August 2014: Vol. 345 no. 6197 pp. 668-673



From brains to machines

~10'% synapses/cm? ~10° neurons/cm?  ~10%neurons/  ~5X10%long range Biological Brain
cortical column axons @ 1 Hz
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Source: DARPA Synapse project




Architectures
Parallelism
Memory Bandwidth
3D Integration

Heat Management
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Ultra-low power computational sensing for next generation
"Internet of Everything"” platforms
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Data of the Internet of Things

The digital universe
of fomorrow

10

In2016 1.3 ZB will
cross our digital networks daily

'|021
How much energy to process (1 op. per Byte) one BB?

The CERN LHC . .
generates 1 PB per second -| O 24 The digital universe today:

250 trillion DVD’s
'| 01 5

GigaByte '| O 18

10°
'| O'I 2
'| 06 At the moment, every day 1 EB of data is created on the infernet.
TeraByte - every day 500 TB That is the equivalent of 250 million DVD’s
MegaByte of datais added on Facebook The Square Kilomter Array Telescope will produce around 1 EB per day.

© - Big Data Startups
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PULP
pJ/op is traditionally the target of ASIC + uCntr e
=) Scalable: many-core + heterogeneity ; =
=) Programmable: OpenMP, OpenCL, OpenVX
=) Open: Software & HW {}Opencore S
= Best-in-class LP silicon technology (partner foundries!)

4 Strategic areas

AAAa " 1.Near-threshold operation

; 2.Instant-on-circuits

. 3.Heterogeneous Architecture
R 4. Volume (3D) integration

B
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= 4 Open RISC Cores

= 6 Dynamically
controllable Body Bias
islands.

= Both Reverse and
Forward Body Bias

» Functional 0.45V —
1.20V

= Tested and
Characterized (July-
August 14)

First-time Good silicon
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to low-latency
interconnect
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ETH ULP Phy for 3D Integration
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= A0.45-0.7V 1-6Gb/s 0.29-0.58pJ/bit Source Synchronous Transceiver
Using Automatic Phase Calibration in 65nm CMOS (0.15mm?)
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= 1GBps @ 2mW — one 10 word every cycle at
250MHz — SIP+die stacking option for large+low
cost memories + sensors becomes viable
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From Nano to Exa:
Re-thinking
Data Representations and Data Movement

Wayne Burleson
U. Massachusetts, Amherst Y.
AMD Research, Boston |IM 'ﬁ

Image courtesy nlp.stanford.edu

Image courtesy US Dept of Energy



Energy-efficient computing
across scales, parea
The UHPC* Challenge

*DARPA, Ubiquitous HPC Program -
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Exascale High Performance Computing

Scientific computation The Top Ten Exascale Challenges,

— Weather with Technical Approaches
— Combustion

— Materials 1. Energy efficiency

— Energy 2. Interconnect technology
— Genetics 3. Memory Technology
Evolving codebase 4. Scalable System Software
— Big-data 5. Programming systems

— Big-compute 6. Data management
Future computations 7. Exascale Algorithms

— Graphs 8. Algorith.m.s for discovery, design,
_ Multimedia and decision

) 9. Resilience and correctness
— Data Analytics

10.Scientific productivity

Images courtesy US Dept of Energy, Advanced Scientific Computing



Public-private partnerships
for Exascale Research (2014)

AMD will conduct research for an integrated exascale node
architecture. Particular areas of emphasis include near-threshold-

voltage logic and other low-power computing technologies. AMD
will investigate a new standardized memory interface

Cray Inc. will explore alternative processor design points, including
ARM microprocessor designs.

Intel will use this award to continue to advance research in energy
efficient node and system architectures, including software
targeted at developing extreme-scale systems.

NVIDIA will build on its work in FastForward 1, with a strong focus
on energy efficiency, programmability, and resilience.

IBM will investigate next-generation standardized memory
interface.



Data representations

Modeling the analog world
— Physics -
— Chemistry
— Biology

Modeling the virtual world
— Graphs, Relationships,

— Social, Behavioral, Economic
— Metrics, Costs, Risk

Modeling the observed world
— Media and Signal Processing
— Neuromorphic
— Approximate

Combustion turbulence

Financial Risks (2008)

Data representations
— Data types, Floating point,... Graphics, Integer,
— Standards: IEEE 754
— Sampling: Adaptive Mesh, Compressive sensing
—  Arithmetic and Numerical effects
—  Software development and validation
— Libraries: BLAS, LINPACK, MATLAB, Speech processing




D a t a m Ove m e n t Intranode/SMP Internode/MPI

Communication Communication
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ASCR FEzrascale Programming Challenges Workshop , 2011
Figure 5: With new scaling rules and massive growth in parallelism, data locality is increasingly
important. This diagram shows the cost of a double-precision multiply-add at different levels of
the memory hierarchy (from the cost of performing the flop to the movement of data operands
from registers, different distances on-chip, and distances off-chip.) The model or FPU and register
access is based on the Tensilica LX2 core energy model, the energy consumed for cross-chip wires
uses the Orion2 power model which is based on Balfour’s model [6], memory access is based on the

JEDEC DDRzx memory roadmap, and cross-system is based on projections for VCSEL-based optical
transceivers.



Data movement

On-chip interconnect

— Caches: L2 and L3 on-die, CPU-GPU shared memory,
coherence,

— Networks on Chip (circuits, architecture, protocols)
Off-chip

— Fast interfaces: electrical/optical

— Non-volatile memory, Multi-level memory

— Die-stacked memory, 2.5D, 3D

— Compression, encryption, coding,...

Memory allocation, management

— Interprocessor communication - MPI

Work-flow management, avoid disk/file system where
possible...

— eg HPC: combine simulation, analysis, visualization



Vision: Heterogeneous Systems Era

Heterogeneous

Multi-Core Era Systems Era

Single-Core Era

Enabled by: Constrained by:
v" Moore's

Law
v Voltage

Scaling

Enabled by: Constrained by:

¥ Moore’s Law Power

v SMP Parallel SW
architecture Scalability

—

Enabled by: Temporarily

7 Abundant data Constrained by:
parallelism Programming

v Power efficient models
GPUs Comm.overhead

Shader » CUDA» OpenCL
» C++ and Java

?

©
3
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Throughput
Performance

Modern Application
Performance

=

Time (Data-parallel exploitation)




Heterogeneous System Architecture
(HSA) Open Ecosystem!
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The HSA Vision...

THE HSA FUTURE

Architected heterogeneous processing on the SOC

Programming of accelerators becomes much easier

Accelerated software that runs across multiple hardware vendors

Scalability from smart phones to super computers on a common architecture

GPU acceleration of parallel processing is the initial target, with DSPs
and other accelerators coming to the HSA system architecture model

Heterogeneous software ecosystem evolves at a much faster pace

Lower power, more capable devices in your hand, on the wall, in the cloud



CPUs, GPUs, and Accelerators:
Apple A8 SoC

SDRAM Interface

SRAM Cache
Memory

Quad-Core GPU
Dual-Core CPU

# of Accelerator Blocks

N
ul

N
o

[y
ul

Jury
o

ul

0

A4 A5 A6 A7 A8

| J L1
Maltiel Consulting Our estimates
estimates

From David Brooks, Harvard, 2014
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Lessons Learned

* From Exa to Nano

— Heterogeneous Compute, GPU-compute, Co-design

— Data Movement: New Memory archs, NoC, Resiliency

— Open SW Systems, MPI + X,
* From Nano to Exa

— Dedicated DSP, GPU and other accelerators

— Customized data representations

— Low-power design: Near-threshold, Leakage control, DVFS
* Software development (HW/SW “contracts”)

» Data representations: types/arithmetic
* Memory models, Parallel programming
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Computing goes 3D

Fabien Clermidy, PhD



Technology versus application

m Scalable m Energy efficient
m Flexible ®m High performance
» Adaptable » Small area

B Low NRE cost

¥V o -1 ¥

General “ - Dedicated
purpose Units

s Computing goes 3D Dec. 2014 | 32




3D Technologies

m 3D stacking
== Heterogeneous integration
== Yield improvement
== Servers, big data

= 3D Integration =

® Monolithic 3D Integration

= Reduce Silicon footprint

= Reduce routing wirelength
== LOW-power & high performance

Emerging 3D Technologies

{ deancgd F

== LOgiC in memory designs Nonvotle_—»__
== NoOn-volatility for normally-off loT

© CEA. All rights reserved Com ut'ng goes 3D Dec_ 2014 I 33




FROM RESEARCH TO INDUSTRY

sed=ecn 3D Stacking

Cost Comparison

$250
$200
$150 —@—2D die
@
S
$100 3D-CHIPLET (Passive
W 65nm)

. - - $50 )
High Yield, time-to-market, —@— 3D-CHIPLET (Active 65nm)
new functionalities $0

é& (’” é& o” é& ég ég é& é& é& =—@—3D-partitionning (Active
. . %Q\ bf”\ b‘Q\ ’b<°\ ,))Q\ 'f?\ ,]9\ \<;,\ ,\9\ 0<,,\ 65nm-20%)
3D integration RN IR NN

o

High inter-die bandwidth

Ultra-short reach interconnects

Memory and 1/O Energy an
MB"}H “=». bandwidth thermal
DATASTURAQ[ 0 »
=]
Memory Type LPDDR3 - [1] WidelO - This work ©
Package PoP / Discrete 3D-IC qél)
BW (Gbyte/s) 6.4 GB/s 12.8 GB/s 9
Total power 293 mW* Q9
MPSoC power 121 mwW* 3
Memory Power 81 mW* 5
1/0 power 91 mW"* =
1/0 power efficiency 3.7 pJ/bit** 0.9 pJ/bit”

© CEA. All rights reserved Comeuﬁns goes 3D

Defect Density (28nm)

4x 1Watt Hot
spots are ON

e

0s 60s 120s 180s

240 s

MBIST pattern pass |

\

MPSoC on-die
temperature
stabilized around
90°C

. Time

300s 360s 420s

Dec. 2014 | 34



FROM RESEARCH TO INDUSTRY

Ceatech 3D many-core interposer

Chiplet FDSOI 28nm Chiplet FDSOI 28nm
= 2% 12$ - = 2% 2% o
LI L1 L1l L1l L1l L1l L1l L1l
L13$ ——PEO | PE1— —— PEO|PE1 [—— I8ls 13$ — PEO|PE1 |—| — PEO |PE1 |— 13$
= = [L1D L1D L1D Lip| L = = =t [L1D L1D L1D L1D| =
= L1l L1l LI L1l = L1l L1l L1l L1l
= —{PE2|PE3— | —PE2|PE3|—] & —{PE2|PE3(— | —{PE2|PE3|—
< L1D L1D L1D L1D < L1D L1D L1D L1D
0
s s
v = w
EE a 12$ 2% o X6 §§ n 2% 12$ -
13$ il PN P U peo|pea |2 13$ chiplets 13$ il P P S peo |pen | 13$
FLLY ) L [up L1D L1D 110| b ] | | [REEY L 1 Lo 11D 11D L1D| f o
l P P l P P il PO P M o | pea
el el B el e — el el I el
:Ex. AR L1D L1D L1D L1D L1D L1D L1D L1D
I .
TG TG
s | 58 = — = ==
o | | | | | | |
£ p-buffers + BSR p-buffers + BSR
_g [ |
3

| | T -
T3 8 8 8 3 3 88 B romococumes S 33 8 8 3 8 883
I

weemesaie | Cusarensosn | L ee pe — pspin inks - passive | Ciremosn | [ _ _torm o
L
——-»-——— »‘ : L2 refill - ANOC router & links - active H— ——»————————
-————-"-——— L3 refill - SNOC router & links - active l ’. ———»‘——---
S ; LVDS-RX-TX
= LVDS-RX-TX
a8 LVDS-RX-TX
a LVDS-RX-TX
£
2 TSVs | @10um Active Interposer CMOS 65nm
<
© @) @) @)
LVDS links
. Clk, Rst, Test  1.2v supply 1.8v supply Package Substrate 1.8v supply 1.2v supply (x8 RX TX)
=
=+]
() O O O O O @

& o ce Alrightsreserved — Computing goes 3D Dec. 2014 | 35




1.1

. 14nm Normalized EDP
14 e=p=]TRS

nm Normalized Area —ITRS ]

2D 0.9

0.8 08

0.6 0.7

H 27% Intermediate

04 14% 40% Jom ] 06
N ]
3L

0.2 4L 0.4

0 0.3

m Case study: FPGA partitioning on 2/3/4 layers
m Comparison between 3DMI FDSOI 14nm (available) and ITRS

FINFET 10 & 7 nm (predictive)




»m Features:

== BEOL technology => low footprint
== Non-volatile => no leakage

m Applications

== Memory-in-logic => loT
== High density crossbars => Big data

VDD
i 100
Wrke alud
T _ 80 —=—apex2
X apex4
<60 —>—ex1010
8 —*—ex5p
—o—mi
OXRAM PCRAM CBRAM 540 e
[Chen.IEDM 2009] | [Servalli.lEDM 2009]| [Palma.TED 2014] %20 —seq
a ' == Average
10kQ 4.2kQ 0 ‘ ‘ ‘ ‘
100 80 60 40 20
Roff 100kQ 2MQ 10G6Q Activity rate (%)
Ileakage 15pA 0.75pA 0.15nA
& © CEA. All rights reserved Computin oes 3D

Dec. 2014 | 37



B INSTITUT

CARNOT
« M

CEA LETI

leti Llist

Centre de Grenoble Centre de Saclay
17 rue des Martyrs Nano-Innov PC 172

ContactdaCIG@Ceafr 38054 Grenoble Cedex 91191 Gif sur Yvette Cedex




Enrico Macii

Politecnico di Torino

-
_ : ®
nuLe
w»Centre Si
. ““ “‘ Integrated Systems Centre -
L)

ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE na nO'tera o Ch




Neuromorphic Computing Models:
Optimization of Multicore Neuromorphic Computing Platforms

%o, POLITECNICO
3% % DITORINO
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Neuromorphic HW devices/platforms (“artificial brains”):
— Densely interconnected multicores — brain emulation (NM-MC)

— New devices implementing HW neuron models
(e.g., memristors)

Potential:
— Innovative brain-inspired computing methods

— Real-time emulation of (part of) the human brain
(not achievable with SW neuron simulators)

Challenges:

— Brain simulation/emulation capability is currently limited to
a few thousands of neurons (fly’s brain)

— Support neural network features (e.g., plasticity)

Focus on NeuroMorphic-MultiCores (NM-MC)
— NMHW @ HBP:

 BrainScaleS (U. Heidelberg)
 SpiNNaker (U. Manchester)

ain-like Computing Systems
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i
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IT
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Enrico Macii (enrico.macii@polito.it)
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Define neuron models

— pyNN.spiNNaker
— pyNN.brian

Analog Signal

50 100 150 200
Time (ms)

Perform neuron activity simulation

Define neuron networks and populations

Hidden
Nodes

R Output
= S S Node

R ol
- = q
G

5 P
ST

i

‘SpiNNaker

7 T T
Allocate populations to cores
(max ~100 per core)

Enrico Macii (enrico.macii@polito.it)

OLITECNICO
| TORINO
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Conceptual Scheme

Spiking neural network

Splitting and Mapping Engine

Profile neurons activity

D Profile neurons communication
(e.g. spiking rate) optimization

activities (neurons connections)

Mapping neurons to maximize

Mapping neurons to reduce
neurons per core

packet transmission

-

Computation (fascicle)

Communication (spikes)

e Mapping of neurons on NM-cores depending on their activity (spiking rate)

We are currently looking at optimizing:

e Network usage by communication—aware neuron population splitting and allocation
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Discussion

Existing knowledge of brain functions is used to design an affordable
supercomputer that can itself serve as a tool to investigate brain

behavior...
...and that it can contribute to a fundamental, biological
understanding of how the brain works.

However, this research has possible impact outside brain simulation:
— Design brain interfaces for robotics
— Provide insights into specific properties of the different hardware architectures
— Explore non-von Neumann computing outside the realm of brain-science

— Develop resource optimization techniques (efficient on-chip/off-chip, energy
efficient computation) for densely interconnected multi-core systems
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VISION BEYOND IMAGING
Hybrid Cellular Architectures
for
High-Sensitivity, High-Speed, High-Resolution
Vision Systems
with
Reduced SWaP
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Trends of MicroElectronic Imaging Systems



Typical CMOS Image Sensor Architecture

e Single chip embedding

Lens o _
A Digital Image Sensor Chip

Image > Image
Processor Interface

Pixel Array LI

Vo

Datalnterface

Sensor
Control

v HEEEEEEN
[Column Amplifiers Control
Interface

¢

-—p Memory bank

Data Processing

Analogue References

'

Camera Control block -9

Control Interface

v FRAME-BASED CONCEPT; clear border between sensing and processing

» IS THIS ADEQUATE FOR VISION ??



Vision and Imaging have Different Goals !!

IMAGING MAIN OBJECTIVE: image quality

Capture

Demosaicing Exposure ctrl.|*
o

Object Feature
_ recognitiQn i description

Noise remova

>

.
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Data Reduction in the Vision Processing Chain

Conventional sensor border

l- / _ -~ Vision sensor
/ /~ border

/ /
/ /
/L
/

ess regular flow /

Lower demand /
‘ /
Image capture / /

Spatial filtering / Algorithm con

Fdge/Motioy - / i jcl;ﬁrr:gii

Decision making

Data dimensionality
(No. of objects)

Image s!gmentation
/ . Objecﬁabeling
Featfire extracti

Abst/action level
/ (D7a structure complexity)
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SmartImager

Vision co-processor Microprocessor

Low-level Mid-level High-level
tasks tasks = tasks

0
v
......
ot

Information Flow: F >> > f

% n m m n \\ Sensor || Memory
L]
==

n m m n \\ Mixed-signal
SIMD - Cellular Nonlinear Networks provide a
computation framework for that




Eye-RIS: A Representative Industrial
SIMD-CNN Vision Systems

EYE-RIS VSoC

In-pixel Image
M
emory Data and
program

Coordinates memory

Processor

Image post-
processing
and control
Image
Processor

Image In-pixel Image
Acquisition Processing

1/0 Interface

1/0 and
Communications
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Some Open Points for Discussion

» How to achieve convergence with mainstream industrial
approaches ??

Hardware-software standards

» Which can kind of data encoding will be used for
sensor-processor outcomes ??

only spatial-temporal events
data features

» Is it possible to derive a reduced set of data features
which constitute an universal basis for vision tasks ??

ad-hoc sensor design constraint industrial
deployment

» May conventional frame-based architectures confront
the challenges of vision ??
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Emerging Methods of Computing
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