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A There is no Outline today!!!
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A Prior to that:

i DavidY A Yy V A ¥e&sirch Qraisyngprocessor
designs andnetastabilityand synchronsersn the 60s
& 70s (Manchester)

I My research orasynadesign, models, interfaces in the
80s (St. Petersburg)

I 198485 joint work (with Harry Whitfield, Albert
Koelmansand Martin McLaughlin) on CAD fasync
(Newcastle) plugteractions with Brian Randell and
MaciejKoutnyon concurrency and dependability




Three main research threads

Theory of Models and Tools
concurrency algorithms
Circuits Silicon

Physics of
time, power
and faults

Models and

: Characterisations
experlments
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The key element for success

A Work of a team where all aspects of talent have a
chance to develop and flourish

A The teanmc both locally (Newcastle) and globally
(worldwide)

A Asynaesearch is a wonderful area which
combines the three main threads and different
people can exploit the three main categories of
strengths:

I Computer programming
I Electronic (Circuits and Systems) design
I Analytical



1990s: Logic Synthesis of
Asynchronous Control

A Formalisation of STGs and relation to sthtessed models;
theory, models and tools fasynccontroller synthesis,
asyncprocessor prototyping

A Projects: ASAP, ASAGCIBWG

A People: JordCortadella Luciand-avagnoAlexKondratyey
Mike KishinevskyAlexandeiTaubin AlbertKoelmans
AlexelPetrov Alex Semeno¥nricPastor, Lee Lloyd, Marta
PietkiewiczKoutny

A Some highlights: synthesis flow, monotonic cover, CSC
solving, regions foasyng Orcausallty, relatlvetlmlng
OWt 1T e&Q I LiLBEsedodificationdiych riefs R A
withreadk NDa0vz (22f tSUNARTFeT |
counterflowpipeline design
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Complete State Coding (CSC)



Example: counterflow pipeline

Mo | n a tstate TSH Solution:

Split a state (E) and insert
a silent action (d),
preserving behavioural
(observational)
equivalence




Example: counterflow pipeline

Mo | n a rstate TSH




Example: counterflow pipeline

Minimal set of regions:

rl ={E1,E2,I} <-pre(AR), post(PR)

r2 = {E1,E2,R} <- pre(Al), post (PI), co(d)
r3 ={R,F,C} <- pre(PR), post(AR), co(G)
r4 = {l,F,C} <- pre(Pl), post(Al)

r5 ={E2,l,C} <- pre(Pl,AR), post(G,d)

ré = {E2,R,C} <- pre(PR,Al), post(G,d)

r7 = {E1,l,F} <- pre(G,d), post(PR,Al)

Semi-elementary TS



Example: counterflow pipeline

r4

r5

rl
@ AR

Semi-elementary TS Semi-elementary Petri net



CFPP Implementation
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1990s: Arbiter design

A Design of circuits with internal conflicts, all kinds of arbiters,
modelling and analysis of arbiters asynchronous
communication mechanisms

A Projects: HADES

A Highlights: method for factorisingutexes new priority
arbiters, 3 and 4 slot ACMs withutexes

A People: DaviKinniment FeiXia, AleBystroy Delong Shang,
lan Clark, Bo Gao, Mitrani, Tony Davies, Hugo Simpson and
Eric Campbell (MBDA)

A First VLSI chipHADIC (0.6um CMOB ropracticé
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What HADIC had

athree-way ordered arbitercomprising a threavay mutexelement, based on a
three-stableFF

aone-hot pipeline FIFO bufferand a request mask circuit, to demonstrate the effect
of requestordering in avoiding secondamyetastabilityeffectsdiscussed,

aneight-way ordered arbiter with a lowlatency treearbiter anda low-latency cyclic
FIFO buffer, to demonstrate the role of low latency techniques in ordered arbitratior
with large numbers ofhannels,

aneight-way static priority arbiterwith a nonconventional (nortopological) priority
allocation mapping to demonstrate the effect of static prioritisation defined as an
arbitrary function,

an eight-way dynamic priority arbiterwith four priority levels (the priority data
encoded in dual rail code) to study the variations of arbiter latency against different
conditions of issuing prioritised requests and effects of early control signal
propagation in the priority logic with a trestructure,

aneight-way token ring arbiterwith a onelevel cascaded buffer, to study the effects
of improved doneto-grant and practical fairness Mniffering,

acomparator with a latch for an A/D convertetto study themetastabilityeffects in
value/time domains,

anon-chip tester, for arbiters and asynchrono®mmunciationmechanisms
containinga number of original Circuits to experiment with syst@m-chip testing



Eaxmple Multiway Arbiters (tree)
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Example: static priority arbiter
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Arbitration: HADIC14000, CMOS).6um) ¢ asynchronous
arbiters, ADCAsynccommunication mechanism

TimemeasurementTMC 2003 CMO3).2um, collah with Sun)
time amplifierandtime-to-digital converter

SynchronizationSYRINGE2{06 UMCO0.18um), SYRINGE2
(2008 UMC0.13um) metastabilitymeasurement, robust
synchromzer

Security:SCREEN2{05 AMS0.35un), SCREEN2{06 AMS
0.18um) AES cores with power balanci&JRE2008 UMC
0.13um), Galois Encoded Logic, Scriptl 210 TSM®0nm)

Networks on ChipNEGUS12007, UMCO0.13un), phase
encoding signallindyeuroNOG2009 TSM®0nm)
reconfigurable neural network3D-chip (2011, MIT Lincoln
Labs,150nmwith TSV}

Energy harvestinddolisticl 2011, UMC90nm), selftimed
SRAM, Holistic 2012, UMCO0.18un), reference free voltage
sensor

Power proportionality Async8051(2013 STM CMPR.13urm)
SAVVIE and A4Aips to be reported




20002005: Synthesis and Testing

A Synthesis line: visualisation, unfoldibgsed synthesis,
direct synthesis, negative gate synthesis, generalised OR
causality; regions, ACM synthesis

A Projects: BREACH, MOVIE, BESST, STELLA

A People:MaciejKoutny Agnedviadalinskj Victor
Khomenko, DanilSokoloy Frank Burnd)eepaliKoppad
NikolaiStarodoubtseyJosepCarmonafeiHaq Kyller
Gorgonyo

A Highlights: Core maps for visualization, Tradkeuncer for
direct mapping, Lots of ToolSonfResPUNF/MPSAT,
Verisyn Optimist, PN2DCs; application of direct mapping to
S.C dzNDbdapieRiaterface design; online testing fagync
protocols; generalised regions synthesis



CSC Core visualisation usumdoldings

1
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BESST Design Flow
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Example: GCD using Optimist flow

peqé peqs peqd peq3 peq2 peq|

|J_‘| poto pets potd pet2 patl 1

sub_gt_req+ pgtd ol ack- CInp_reg— 2 ot _ack+
sub It reg+ It_ack- cmp_reg—3 It_acx+

plté plis pli4 plt2 pli2 pltl

Range of Optimisations for latency and size could be applied
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Example: GCD using Optimist
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Direct mapping: David cell circui
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20002010:Metastabilityand Event
Processing

A Synchronisation, time to digital conversion, time amplification,
robust synchronization, speculative synchronization, dynamic
systems models of analogue circuits

A Projects: COHERENT, STEP, SYRBIGE|,

A People: Gordon Russell, Graeme Chester, Msgysky Amir
Abbas, Nikos Minas, Keith Heron, Jun Zkaikiaq Yuan Chen,
StanGolubcovsGhaithTarawnehloannisSyranidis Ahmed
Alahmad] MohammedAlshaikh James Guido; collaboration with
Charles Dike (Intel), lan Jones (Sun/Oracle) IRar@audin
(Grenoble)

A HighlightsMetastabilityphysical measurements, RNG, TD
converters, time amplifier, FPG&nchronsersspeculative
synchronizers; reconfigurable synchronizers, soft arbiters; Several
Chips (viduropracticeand Sun)



Time difference amplifier
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Dynamic feedback control

Vdd

Robust synchronizer

—

0. 5u

&

=
.

Data

Clock‘|>:-

22/07/2016

é i
11

Measurement Results (ps)

vdd(v) | Jamb Latch B Robust
Synchronizer

>10%s | <10ts | >1014s | <10%s
1.8 19.44 35.55 15.27 34.92
1.7 21.75 37.29 16.53 35.76
1.6 25.64 40.93 19.38 38.25
1.5 28.77 52.36 20.29 43.07
1.4 36.22 66.17 23.75 50.36
1.35 45.43 75.35 28.51 58.19

t (metastability
time constant)vs

vdd

27




Multiway ar

iters: general approach

—idona’

locked ™

.

// "'x

granting

iy granted 1

£
granti—

synchronization (-{
may N = . {3 lock:
request 1 ; | l"»- 7 =
(@)— requesti— J TS| requested d f
r1..—"' I T '}
AW
ma FATERT
req..egt2 r2"{{_,L lll. l requested 2 |

may
request 3

(@)—reguestz -

grant?

O

! granted 2

L —
=

::;|5|1l"

i granted 3

@-—-— requestd

Ireq-w-lock;
ITegwlocki

DATA

w1 m
H red
— — lack
trl
LWt ’
i J
wORt : 1 Hock
—————— ook |: I Tock
I_ _——
ME1
Bi?

Input channel 1

req

ack

—L>

XOR2

Treqw- lock!

l?q wlock

DATA2

“done (wl + w2)t —

Input channel 2

donel

lock

aoneg

COMPUTE

comp

al

08—

Grant controller

dane

GC

LOCKER

Grant controler

—L=

>

grant1

grankt

28



20042009: Security

A Asynchronous circuits for powaittack
resistance, mixed radix synthesis

A Projects: SCREEN, SURE, STRIP

A People: Julian Murphy, AshRafiey Atmel
people EwartGrey, Russell Hobson, Steve
Pickles)

A Highlights: Automatic translation from single
to dual rail; Toolsverimap RMMixed Many
Chips: SCREEN1/2, SURE, STRIP1/2




Some Security Chips

SCREENAES
encryption core design
using alternating spacer
dual-rail signalling for
power balancing
(generated from
synchronous RTL using
In-house toolVeriMap)

22/07/2016

SCREEN 2:
different
(synchronous
singlerail and
power-balanced)
versions of AES-S
box.

Asynchronous Workshop

SURE:

GaloisEncoded Logic AES
128 IPcore. Implements
side-channel secure "high
radix" AES128 encryption
in a fully parallel
architecture to investigate
the security and study the
market feasibility of the
technology.
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Verimap Dual spacer and negative
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ExampleVerimapAES design

Single Rail current trace Dual Rail alternating spacer trace

Key property of dualail alternating spacer logic:
For every operational cycle of the circuit all logic nodes fire => maximum power balancing
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