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g?\/hat is a System -on-Chip ( SoC) ?

A A system-on-chip (SoC) is
an integrated circuit (IC) that
Integrates all components of
a Computer or Memory
other electronic systeminto a
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single chip . core
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A lt may contain analog, digital,
mixed -signal, and

often radio -
frequency functions.

SoC
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g?mt IS an Adaptive  SoC (ASoC) ?

ACompute (High -performance, Real-
Time)

AAdapt (Needs to run in dynamic
environments, where physical

context, network topologies, and
workloads are always changing

ALearn (No programming!)
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E?Nhy now & why we should care ?

1. Huge progress in IC technology

2. Emergence ofloT ,
Embedded/Ubiquitous/Pervasive
applications.

3. Large bandwidth, low power
requirements.

4. Data become moreknowledge intensive
(unstructured).

5. Current approaches do not efficiently deal
with such unstructured data
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g?Where can We Use SoCs/ASoCs?

A Hundreds of cores integrated on chip |

( )

i Technology scaling

i 3D integration 3D e .

I Many examples }\ (’f"
A STMicro P2012/STHORM 1
A picoChip |
A Tilera Tile GX, Tile Pro
A Intel Polari
A é

A Complex apps, strict/stringent constraints

[NATURE, VOL 539, 10 NOVEMBER 2016}

I Massively parallel applications
A Big-data Analysis, Pattern Recognition, Deep Learning
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SoC Design Challenges

The performance of ICs is limited by the Communication
Network rather than the Computation Logics.
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SoC Design Challenges

B

Given the huge aggregate data rates withincondti
(>100TB/s in 2017 (ITRS )pntinued scaling is bounded
by the energy requirements of IRtere communication
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E?Nhy now & why we should care ?

1. Huge progress in IC technology

2. Immergence of loT ,
Embedded/Ubiquitous/ Pervasive
applications.




Scalable Packet -Switched
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Network -on

Scalable Packet -Switched
-Chip (NoC)

(a0 }—{ a1 {2} H
20 — 21 22 23

- Layerl
|_

NM T Router addressed NM (in decimal)

Wire length reduction

memmmm | ateral link  (Imm ~ 4mm)
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3D- Network-on-Chip architecture

Footpnntreducﬂon
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Cc= dle thlckness (0.6 mm) + inter-die distance
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Scalable Packet -Switched
Network -on-Chip (NoC)

~Layerl

Y
[‘ T
00 —— 01 — 02 —— 03 H
X | \m

Router addressed NM (in decimal)
Wire length reduction

memmmm | ateral link  (Imm ~ 4mm)
mmmmmm  \/ertical link (10 >m ~2n 1 m)> c = die thickness (0.6 mm) + inter-die distance

3D- Network-on-Chip architecture

Footprint reduction
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Scalable Packet Switched
Communication Network
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3D- Network-on-Chip architecture
Packet energy reduction
Diameter reduction n =the number of flits, h=the number of hops

NM Router addressed NM (in decimal)

=F +E

between a (source, destination) pair. hop switch wire

The number of hops that a flit traverses in A
the longest possible minimal path _
|I Epackel - nz Ehop,j E
=
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Scalable Packet Switched
Communication Network

14 hops 13 12 11 10 9 8
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Scalable Packet Switched
Communication Network

Robust Soft-Hard Fault Tolerant Approach
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Look-Ahead-Fault-Tolerant example ->
1- The current owport Is read trom the tlit and the nextode address Is computed

2- The three possible directions are calculated: North, East, and Up

3- Verify the link status of the three directions, and eliminate the faulty path: East
4- Calculating the diversity value and select the highest one:

North=3 (North, east, and up); Up=2 (North and east)




Scalable Packet Switched
Communication Network

Robust Soft-Hard Fault Tolerant Approach

Switch Allocator

sw_cntrl

‘\\
7x7 Crossbar ’:Lo:al-ou!
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Data_Buff2Crss R ‘ St
Faulty_Cross o West-out
—> Up-out
BloD Down-out
- -
—
o =
Fault-control-module
Fault link —  Nabdditlon node
Source node cDa
~ Currentnode ™ | N Nextnode @

N
Current out-port - Next out-port

Look-Ahead-Fault-Tolerant example . ol
1- The current owport Is read trom the tlit and the nextode address Is computed

2- The three possible directions are calculated: North, East, and Up

3- Verify the link status of the three directions, and eliminate the faulty path: East
4- Calculating the diversity value and select the highest one:

North=3 (North, east, and up); Up=2 (North and east)
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3D -FETO: Fault
Highly -reliable 3D -NoC

Tolerant

Table 1: Simulation configurations.

Parameter/System I Value
Matrix ER 4B
Transpose 4xdwd
Uniform 4344
; Hotspot 10% 4x4xd
Network Size (7 x y % x) I—SII,)264 3d w3
VEOD Ixixd
MWD Iw2w2
PIF Ix2wl
Matrix 10
Node’s Delivered Packets Transpose 10
per transmission session Uniform 123
Hotspot 10% 128
H264 2,400
Network’s Deliverad Packets VEROD 3,494
per trangmission session MWD 1,120
PIP 512
. o Hotapot 10% 10 flitz + 10% for hotspot nodes
Packet’s Size Others 10 flits
Flitz Size 44 hits
Header Size 14 bits
Payload Bit Baszeline, 3D-FTO 30 b%ts
Soft Error Tolerance, 3D-FETO 18 bits
Parity Bt Bazeline, 3D-FTO 0 bits
Soft Error Tolerance, 3D-FETO 12 bits
Buffer Depth 4
Switching Wormhole-like
Flow-control Stop-Go
Eouting LAFT

Table 3: Successful arrival-rate comparison results for a 5x5%4 system configuration under Transpose traffic.

[ Algorithm /Fault-rate | 1% | 5% | 10% | 15% | 20% |
XYZ 8% | 46% | 31% | 14% | 11%
Hybrid XYZ 09% | 68% | 42% | 25% | 20%
8 RW 03% | 82% | 62% | 44% | 36%
OddEven 97% | 84% | 33% | 42% | 32%
Hybrid-Odd Even 90% | 929 | 77% | 62% | 53%
AN-FIRST 06% | 86% | G8% | 50% | 37%
4NP FIRST 100% | 97% | 89% | 75% | 63%
T ARTAOARTS EATALEA NEATALA RATAT2A (a1 12 QAT

[3DFETO [ 100% | 100% | 100% | 99% | 98% |

Average Latency (cycles/packet)

Average Latency (cycles/packet)
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Figure 10: Average packet latency evaluation of the realistic benchmarks.
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Chip Implementation

TSV Area In%:‘:;v;:‘ort
Input_port
|nputJ)ort East
South
Crossbar
Input_port
Input_port North
West
Input_port
Input_port Local
oP Switch
i s : fio kL M ; allocator
OASIS-3DFTRV1 (Right) and OASIS-3DRV1 (left) Test-Chip Layouts
A Technology: 45nm CMOS Process
A Chip Size: 2.205X2.220 (micron)
A Frequency: 0.91 GHZ Confirmed
A Supply voltage: 1.1V
A Power Dissipation: 222.387 uW
A Number of Pins: 557
Khanh N. Dang, Michael Meyer, Yuichi Okuyama, Abder azek Ben Abdall ah, OReliability /AssessmRenst | amrdtQBdn MAERItSHEE eAsdiad nPaTodfntn offyf nBmd it v, 2018 T S 6
Abderazek Ben Abdallah, Mitsuhiro Nakamura, Akram Ben Ahmed, Michael Meyer, Yuichi Okuyama, fi F a -tolerant Router for Highly -reliable Many -core 3D-No C Sy st ems 0, Proc. of the 3rd IEngineeringand i on a

Applied Sciences (ISCEAS 2015), July 2931, 2015.
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g ASL Approach Il

Hiytisich & [Ebtrotro-
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g?Nhy now & why we should care ?

3. Large bandwidth, low power
requirements




The Concept

F Replace wires Wlth\_
wavegwdes and :
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E? On -Chip Optical Networking

long haul (>50) :
‘1 W . ) Y -

“Toom*
""""""""""'ﬁ H - -
""""" '-““““““‘f. EEEEEEEEEEEEEEEA -~

board to board". - bbbk TP T PP PEPPPPPPRPEPEPEPEE

Photonic Communication.
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rid Photo -Electronic NoC

b il
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On-chip Electronic Communication

RX RX RX RX

TX RX

TX TX X X

To T I

Buffer, receive and rransmit at every switch
Off chip is pidimited
Large power/energy

: ‘ (1) Reserve the
. #  Photonic Path

- (2) ACK
I
i Ty (3) Transmit Data on
o the Photonic

Medium

BRI "“( Optical Router (OR)

(4) Release the Path

1 75 @) sty —— Veressie —— Coper Bsa ek szt

On-Chip Photonic Communication

g 00 aa
O oo o

A Modulate/receive ultrahigh
bandwidth data stream once per
communication.

A Switch routes entire multivavelength
A Low power switch fabric, scalable

RX

December 19, 2016
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Hybrid Photo -Electronic NoC

Mﬁi@o-ﬂi@ﬁﬂiﬁﬁ@é@'ﬂidﬂthﬁﬁtﬁt@cture
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[ ori TIA 5 «..._, Control signal
AR Lm_‘ 5 A Seri: Serializer
7 | Contraol Packet To/From
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(a) 3x3 Meshbased §&/stem, (b) 5x5 neblocking photonic switch, (c) Unified Title.
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Hybrid Photo -Electronic NoC

Electronic Layer

TSV

Optical Layers
P ¥ Electronic router

2D, 3D System Configuration.
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Process & Run -time Thermal
Variation

L L

T A vV

@ @ Wavelengths are modulated@ @
and detected properly.

MR, MR, PIOPEIY " MR, MR,

wAy3aQ NBaz2yl ypOS|{ KAFiISR
‘/L\A byp<duetotemperaturevariation.\/L
A A é v
MR; MR, MR; MR,

HR1 is permanently Off
‘/L due to process variation. \A(

X G O
MR; MR, MR; MR,
Modulators Detectors

Photonic Link affected by process and temperature variations.
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B?Hybrid Phaeibo-Eleattoonic NeC

Fig. 20 Perpendicular Redundant MRs

5 =
130

|

Fig. 19 Parallel Redundant MRs Fig. 21 Wavelength Spa(;ing
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7
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Model of a 5 Port FTTDOR Switch and a Wavelength Shifting Controller process
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Hyjdsicid Phetoo-Eleattoniaic No

2500
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— £ Xiangb4
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5 <20
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Fig. 10 Latency results of 2ach system as fanlts are introduced.,
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g? ASL Approach Il

Adaptive Neurochip
for Spiking Neural
Networks

Mimicking the Structure of the Human Brain.
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g? Adaptive SoC+ ASL Approach




g?««hyymm&&whylw&shmﬂdaﬂiec’ﬁrc ?

4. Data become more knowledge
Intensive  (unstructured).

5. Current approaches do not efficiently
deal with such unstructured data.
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glﬂ’iéf‘ [ History-ofdNeural Netwerksor s

Input
Output

“THopfield,1982]

1954
o~Forward (FFNN)

uDeconvolutional
Network (DN)

I: red flower
O: red flower image

2014

wGenerartiveadversarial

[Hayes, 2013]
2013

«Markov Chain (MC),
VAE, ELM

net(GAN, GRU, NTM
ol

o e
. . EL } d| o
LS =44
Acowstic /| B S '4
sesr gabges Py P ey

x= b B Bo By Dy [Goodfellow, 2015]

® o ..’
oo ©®°©

No connections within a layer
Input and Hidden Units
Stochastic Units

Fully Connected
Stochastic Units

A Boltzmann Machine A Restricted Boltzmann Machine

Hinton,1986]
1986

uBoltzmann, Restricted
Boltzmann RBM)

uEcho State Network
(ESN)

[Jaeger, 2004]

2015

uDeep Residual Net
(DRN), DCIGN,

[He, 2015]

gaussian
RBF units ()

uRadial Bagzung
Autoencoder(AE)

1998

«Conv. Neural Network
(CNN)

[CECTm, T998]

2015

uDeepConvol Inverse
graphics Net (DCIGN)

| — }

[Kulkarni, 2015] ...

Isisa

h(1) it
x(1) hit-1)

[Elman,1990]

[Hochreiter,1997]
1997

ol ong/Short Term
Mem (LSTM)BIRNN

Lol b Mgt =
Coman

)

|l .HVHPW}
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1

El e

Ereeear Dt
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Brain Features

A Ten billion (10°) neurons

A Neuron switching time >10-3secs

A On average, each neuron has several thousand connections

A Hundreds of operations per second

A Face Recognition ~0.1secs

A High degree of parallel computation, Distributed
representations

A Each neuron is connected to the others through 10000 synapses

A It can learn, reorganize itself
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E? Computer Vs. Brain

A Computer
I Calculation
I Precision
I Logic

A Brain
I Pattern Recognition
I Noise Tolerance
I Complexity

Thalamus
Corpus callosum

Hypothalamus

Hippocampus Cerebral cortex

Pituitary gland

Midbrain

Brainstem Pons
Medulla

Spinal cord

Cerebellum

December 19, 2016
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Computer Vs. Brain

cpu/_;\
ister fil

L W —

daplér controller

MOT Kgbeoarg bi tlay hello exécutable
; . “hello, wcrld\n ] stored an disk :
.......................... Stored program

- High Power
Storage and computation
are separated

- Poor at recognition

Storage

Neuro -inspired

Low Power

Storage and computation
are not separated

Good at recognition
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f(x) Firin g Xo Wi = b (bias)
1 A
Inputs A
X . We |ght5 X Acliva_u'on
\\‘Nl 0 | 9 Function
h] Output
« P —> 4y
X, W, Output

Summing
> f(x) Y . Junction l
oo .
Input Synaptic Threshold
— .. , — ignal Weight:
X, / Y f E XI'. VI/I 9 signals eights

iEn
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roo-inspiadAddepiiyeive SoC basediam
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Structure of one PE IE\/Iimi(E:kinggthe bio  -neuron
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po-inspiiadAddepiiyeive SoC basediam
Scalaliiée PackattSiithdded Ne©

.

19p02ad

Z0 1D

GO D €2

@)
o
S
=
=)
)
®

12 90

Structure of one PE Processing Stages in one PE
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po-inspiiectAdepiipeiSeSbasbd«anl on
ScalailiécPRakélicS WichtethddGloC

| Neuro -Packet
flit 1 flit 2 flit 3 flit 4 flit 5 flit 6 flit 7 flit8 flit9

H P |P|P|P|P|P|P|P|-




po-inspiiectAdepiiyeiSeGbased«anl on
ScalaliiécPRakéicd WicihtethNdGloC

FF-ANN NoC with 8L/8N

R
NININEN, .

INLUENLENLTN,

[(NMLNM NN ‘\l‘

NINININ

R 0 B\ U ]

Router Input layer Neuro Hidden layers Output layer
Processor
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Adegtipyeive SoC basediam

Po~-ispi
Scalaliiée PackattSuithdoed N

(5-7-3-7-5 neurons Wapping)

Pattern Recognition

(4-10-1-10-4 neurons Mapping)
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Adaptive Systems Laboratory

e Students Internal ASL News Contact

Adaptive Architectures and System

Our aim is o investigate innovative adaptive and self-organizing architecture and systems for embedded and mission critical applications in harsh
environment with high radiation (i.e. space missions)

ronments, such as an

Welcome &

The Adaptive Systems Laboratory (ASL) is affiliated with the Division of Computer Engineering, School of Computer Science and Engineering, the University of Aizu. ASL
members include 2 Faculty members, 3 Doctor, 3 M.S and 13 B.S students. ASL has for mission to develop research on adaptive computing system technologies. In particular, we
develop adaptive systems for incremental learning and adaptation in dynamic and harsh environments ...read more.

What

@ Oct 8-9, 2016: Open Campus (Autumn session)

@ Schedule for Matters regarding Graduation Thesis

@ August 10, 2016: Schedule for Pri ion Meetings of Research Plan/Progress Seminar in the 2nd quarter, AY2016.

June 27-29, 2016: 2nd year Doctor candidate Khanh N. Dang presented part of his research work at the IEEE Int. Conf. on Integrated Circuit Design and Technology
(ICICDT 20186), Jun. 27-29, 2016.
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Thank you!

AbderazelkBen Abdallah
benab@taizu.ac.jp

to Advance Knowledge for Humanity
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