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Traditional Computing Harare

.. JUST WHAT IS A COMPUTER ANYWAY? ‘ =i () 7—:



Unconventional Computing Hardware
BI“O- / PHYSICS / CHEMISTRY / NTURE INSPIR

h '\-;H o

microtubules chromatin

nuclear envelope
nuclear pore
nucleolus

mitochondrion nucleus

centriole .
Golgi complex

g lysosome
vesicle

cytosol
flagellum

plasma membrane

smooth
endoplasmic endoplasmic
reticulum

reticulum ribosomes



Bio-inspired Hardware

 Multi-reconfigurable systems

* Evolutionary hardware design

* Design optimisation

* Fault-tolerant systems
 Adaptive neuromorphic hardware
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Silicon “Primordial Soup”
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Computing Hardware

prediction

P(?)=1-¢
C(?) ="

computation

instantiation

decoding
v output

time goes by ...

H(p?) = p!
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Computing Hardware
T T—— prediction

may take a P(?)=1-¢
long time! C(?)=!
computation
instantiation 1\ high effort,/[ decoding
' difficult! output

time goes by ...

may be prone
to faults!

configuration g
unknown! X

H(p?) = p!
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Mutation

Evolutionary Configurable Hardware

Parent ’

selection

May take a long time!
 automated optimisation
High effort, difficult!

* configurable hardware in the loop Evolutionary
Prone to faults |OOp

 robustness part of fitness Fitness

: Crossover
evaluation

H(p?) = p!
Phenotype

mapping

Configuration unknown!

. black box P(?)="!-¢
C(?) =
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I'm in pipelining constructor! 00
I'm in ControlModule Constructor L]

Before construction of FPTAConfig: fsysclk = 48 MHz
I'm in CardManFPTA Constructor!

I'm in pipelining constructor!
I'm in ControlModule Constructor L]
I'm in EvaluatorFPTA Constructor! [ ]

Connected

Threads are started now

Now in PopMan.main

Now in CardManFPTA.main

Jetzt in EvaluatorFPTA.main

Nun in CardManFPTAConfig::readObject - reading file : Bx865819%e0

Vor fread: vsdac = 2.666000

Nach fread: vsdac = 2.455000
cmConfig.fdacSVequ = 2.766000
cmConfig.vfdac = @.000008

cmConfig.vsdac = 2.455000

I'm in GaMainFPTA constructor
I'm entering GaConfigFPTA Constructor
pTermConn[8] = 8.142857
pTermConn[1] = 8.285714
pTermConn[2] = B.428571
pTernConn[3] = 8.571429
pTermConn[4] = 8.714286
pTermConn[5] = 8.857143
pTermConn[6] = 1
sum = 7
I'm leaving GaConfigFPTA Constructor
Now gagtMainWin Constructor, created new GaqtProject, contains GAConfigFPTA Object

- GARstopd Event created

- Event created

Init

Before while{1) in PopMan.main
RN R RN RN RN RN RN NN AN RN RN NN NN AN Y]

- GARstopd Event created
- Event created

[1]+ Done JJdarkgagt -c=/home/mt548/EXP_SETUP/exper iments_diss/TGA_Gates/NOR_Basic.xml runRemote=@

[mtB48@FPTA-BOX :~/project /evolution/darkgaqt$

[mt54B@FPTA-BOX :~/project /evolution/darkgaqt$

mtE546@FPTA-BOX :~/project/evolution/darkgaqt$ ./darkgagt -c=/home/mt548/EXP_SETUP/experiments_diss/TGA_Gates/NOR_Turtlel.xml runRemote=8 &

~ = —
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Multi-reconfigurable Hardware

PROGRAMMABLE ANALOGUE AND DIGITAL ARRAY — PANDA

il i
JEiR configurable
il 1 .
devices
configurable L AR
analogue \ k
blocks i

“Heterotic”
Adaptive
FPGA
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Fault Tolerance & o York

PROGRAMMABLE ANALOGUE AND DIGITAL ARRAY — PANDA

e Evolution of fast hierarchical repair strategies

 Swap CLBs, CABs, Branches, CTs -
PMOS CT {[A
Conducting
Fault
PMQOS CT
BRANCH
e CT NMOS CT
BRANCH




Variability Mitigation

PROGRAMMABLE ANALOGUE AND DIGITAL ARRAY — PANDA
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Standard cell
optimization
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Variability Mitigation
PROGRAMMABLE ANALOGUE AND DIGITAL ARRAY — PANDA

* Ring-oscillator frequency optimisation
e Substrate homogeneisation
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Frequency

 Temperature-controlled setup
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Cell Mapping in VLSI EDA Flow & o ork

OPTIMISING DRIVE STRENGTH MAPPING IN INDUSTRIAL EDA FLOW

, 3led | __log2D8 |

MOEDA * Log?2 Circuit
4 % xxx Survived Seeds | * 32k complex gates
51\ xE — Syn Frontier ] * Multi-objective
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-~ * Custom-built many-core systems
e RISA (180nm TSMC)

e Centurion (Xilinx Virtex-7)

e Graceful (Xilinx ZYNQ-7020)

%

RTM of Many-core Systems

RUNTIME MANAGEMENT OF DISTRIBUTED SYSTEMS

% E E :\ lnngess-, . .; E :
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Social-insects Inspired Behaviour

RUNTIME OPTIMISATION, ONLINE LEARNING, FAULT TOLERANCE

Very chemically
Phgr omone sensitive antennae
emission
Poor eyesight

Small brain of

Several ganglia provide ~100,000 neurons

instinctive reactions
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Social-insects Inspired Behaviour & o York

RUNTIME OPTIMISATION, ONLINE LEARNING, FAULT TOLERANCE




Social insects-
inspired Behaviour

ANT-INSPIRED RUNTIME MANAGEMENT
AND FAULT TOLERANCE
IN MANY-CORE SYSTEMS

e Self-organization
* Distributed decision making
e Autonomous fault tolerance
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Artificial Neural Microcircuits

NEURAL MICROCIRCUITS AS EMBEDDED “NERVOUS SYSTEM”

Crayfish tail reflex




Making Neural Microcircuits

EVOLUTIONARY NOVELTY SEARCH AND TASK SEARCH

Characterisation
Stimulus
. 4 .
| | | | |
Spiking Bivariate
Randomly ‘ Prospective ‘ Neural » . . » SPIKE » Distance
Initialise Microcircuits Network Spike Trains Distance Matrix
Simulator L — Calculator L

1 ) : :

1

Population . o

[ Update ]— [ '§Z‘;fl‘.¥ ]» Microcircuit H

Function Catalogue
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Embedding Neural Microcircuits

NEORV32 RISC-IV CPU
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Neural Microcircuit Responses

RESPONDING TO “IRRADIATED” MEMORY / PROGRAMS
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System-level Learning with SNNs

SPIKING NEURAL NETWORKS WITH RESERVOIR COMPUTING

Input layer Regervoir Readout layer

s e emmm
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Nervous Systems On Chip @

NEUROMORPHIC FAULT TOLERANT HW — LEARNING WHAT IS AN ANOMALY

System on Chip Spiking Neurons / Small-world SNNs Nervous System on Chip
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Fault Anomaly 00 A= 0|,/
Power “C “c detection M AM 00 — Tg Qoo CO»— 0000
> : anager (AM) = 3883 113I\¢?91]
anagemen GPU Fault pattern o/ex , (R
— analysis - PO000Q _ pl \} “O“‘O~OO 1B
d o. j ,oéoo\ “'; U!} — A—l
Small SNN —» Fault Case 1 SUp ‘OOOO {1y AM [* oéé. 00
CPU CPU \ | —» FaultCase 2 ... - s () — 1
X Ethernet MAC N - \ o~ VAN
' : Fault —T L N h— Sy
classification oo~ ||| Ola; =190 0—)
SRAM !t S - RN = am 25 ] o= /|
oQ o — 1
GPIO ) Sensor Neuron |/ | | e o 2] 725
/ , o ’-"', O,.. N T ~ ==
MIRAK X Transceiver [ | T, ; / /// / | Actuation — 4ty Z I3anst
npu utpu : ~ 1 1 X
e el i ™ gy , P o )
O~/ Bus Controllé | N, | =~
Flash ——o b3 Reset RS ANV B
O, Re- - wll 0| Q9QQq
Bus Controller . / O = =] am OSSN
"'I JTAG : | send g9 Ulos e —
»O Internal Logic ’ : ’ il e

\ WP1 A WP2 N WP3 / WP4 )

o A ' T o e

C. elegans Leech Lobster Fruit fly Honeybee Zebrafish

Invertebrate cardiac  Crayfish startle Leech muscle
control pathways pathways control pathways

Behavioural complexity of nervous systems
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