
P
ow

er-efficiency,P
erform

ance,P
rogram

m
ability:

A
rchitecture

and
D

esign
in

B
ristol

D
avid

M
ay,B
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niversity
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M
icro

-electro
n

ics
in

B
risto

l

B
ristol’s

m
icroelectronics

activity
started

in
1979

Inm
os

-
backed

by
B

ritish
governm

ent

S
ingle-chip

m
icrocom

puters
know

n
as

transputers

Inm
os

becam
e

partofS
T

M
icroelecronics

atthe
end

ofthe
1980s

S
T

M
icroelectronics

has
continued

to
develop

advanced
m

icroprocessors
in

B
ristol

D
avid

M
ay
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B
risto

lm
icro

electro
n

ics
in

d
u

stry

S
T

M
icroelectronics:

consum
er

-
D

V
D

Infineon:
autom

otive
B

roadcom
:

com
m

unications
-

D
S

L
P

icochip:
high

perform
ance

D
S

P
-

base-stations
E

lixent:
configurable

logic
Q

uadrics:
high

speed
interconnect

C
learspeed:

low
-costsupercom

puting
Icera:

low
-pow

er
w

ireless
...

D
avid

M
ay
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B
risto

lC
o

m
p

u
ter

S
cien

ce
C

ollaboration
w

ith
industry

m
icroelectronics

design
com

panies
com

puter
com

panies
including

H
ew

lettP
ackard

anim
ation

and
gam

es
design

com
panies

O
ur

currentresearch
includes

A
rchitecture,D

esign
and

V
erification

M
obile

and
W

earable
com

puting,D
igitalM

edia
M

achine
Learning

and
D

ata
M

ining
C

ryptography
and

S
ecurity,Q

uantum
C

om
puting

You
can

find
m

ore
inform

ation
atw

w
w

.cs.bris.ac.uk.

D
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M
o

b
ile

an
d

w
earable

co
m

p
u

tin
g

N
ew

technologies
-

and
how

they
can

be
used

M
any

collaborators
including

universities
and

industry

Trials
involve

novelcontentand
m

any
m

obile
users

Technologies
include

W
ireless

com
m

unications
Location

system
s

-
G

P
S

,ultrasound
A

ccelerom
eters,gyroscopes

and
com

passes

D
avid

M
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S
o

u
n

d
scap

es

W
ith

headphones,location
and

orientation
inform

ation
w

e
can

position
a

sound
in

space

T
he

sounds
to

the
ears

are
continually

adjusted
so

thatthe
sound

appears
to

stay
in

the
sam

e
place

W
e

can
cover

an
area

w
ith

a
collection

ofsounds
a

soundscape.

W
e

have
developed

technology
to

supportsoundscapes
and

an
authoring

package
to

create
them

D
avid

M
ay
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M
o

b
ile

co
m

p
u

tin
g

W
e

are
currently

planning
new

projects

M
obile

vision
-

tracking
and

objectrecognition

Interaction
betw

een
m

obile
com

puting
and

ubiquitous
com

puting
aim

to
carry

as
little

as
possible

on
the

person
rely

on
com

puters
throughoutthe

environm
ent

C
hallenges

and
opportunities

for
electronic

design
pow

er-efficientprocessing
and

com
m

unications
integrated

sensors

D
avid

M
ay
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Issu
es

in
electro

n
ic

system
s

d
esig

n
C

om
puting

w
ithoutpow

er
-

processing
and

com
m

unication
using

pow
er

derived
from

the
surroundings

batteries
w

hich
lastas

long
as

the
product

S
ingle

chip
supercom

puters
for

use
in

em
bedded

com
puting

high
perform

ance
com

puting

O
ur

research
on

architecture
and

languages
aim

s
to

m
inim

ise
com

plexity
m

axim
ise

pow
er-efficiency,perform

ance,program
m

ability

D
avid

M
ay
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In
d

u
stry

evo
lu

tio
n

Increasing
costs

ofnew
designs

-
and

design
verification

A
pplications

S
pecific

designs
are

becom
ing

too
expensive

M
ore

design
by

program
m

ing
or

configuring
standard

products
F

P
G

A
s

single
chip

processor
arrays

E
m

ergence
ofcom

panies
w

hich
use

applications
expertise

to
program

and
configure

standard
products

D
avid

M
ay
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C
o

m
p

u
tin

g
w

ith
o

u
t

p
ow

er
M

inim
ising

pow
er

use
in

ubiquitous
and

m
obile

system
s

process
technology

circuitdesign
or

logic
design

‘low
-pow

er’m
odes

ofoperation

O
ur

w
ork

focuses
on

architecturaltechniques
efficiency

ofprogram
and

data
representation,

use
ofphysicalresources

-
registers,caches,execution

units

E
xisting

architectures
do

notoptim
ise

pow
er

efficiency
inefficientinstruction

representations
large

register
files

and
caches

D
avid

M
ay
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C
o

m
p

u
tin

g
w

ith
o

u
t

p
ow

er
-

E
ven

ts
M

ostofthe
interface

requirem
ents

are
low

-speed
interface

controland
data

transfer
can

be
done

by
softw

are

E
vent-driven

system
s:

pow
ered-offm

ostofthe
tim

e
w

aiting
for

specific
environm

entalconditions
m

essages
from

another
device

S
om

e
ofthese

system
s

w
illuse

m
ultiple

processors
butthey

w
illbe

sw
itched

offm
ostofthe

tim
e

W
e’d

like
to

collaborate
in

these
areas

on
sensing,processing

or
com

m
unications

D
avid

M
ay
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S
in

g
le-ch

ip
S

u
p

erco
m

p
u

ters
W

e
can

fita
lotofprocessors

on
the

sam
e

chip!

P
icoarray

150
m

illion
transistors

460
generalpurpose

processors
w

ith
D

S
P

instructions
on-chip

netw
ork

using
tim

e-division
m

ultiplexing
200

billion
instructions/second

K
ey

issues
for

these
architectures

m
axim

ise
the

pow
er-efficiency

ofthe
processors

m
inim

ise
com

m
unication

overheads
betw

een
them

event-driven
processing

and
com

m
unications

D
avid

M
ay
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S
u

p
erco

m
p

u
ters

-
P

ro
g

ram
m

ab
ility

It’s
im

portantto
supportseveralprocessing

techniques
pipelines
systolic

arrays
concurrency
and

ofcourse
good

sequentialprocessing!

W
e

think
it’s

tim
e

to
explore

flexible
architectures

W
e’d

like
to

collaborate
w

ith
people

w
ho

have
technology
applications

requirem
ents

D
avid

M
ay
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C
o

-d
esig

n
M

ore
use

ofF
P

G
A

s
w

ith
em

bedded
processors

B
utproblem

s
rem

ain
in

architecture
and

tools
difficultto

m
ove

functions
betw

een
hardw

are
and

softw
are

narrow
interface

betw
een

processor
and

hardw
are

O
ur

w
ork

in
this

area
addresses

both
aspects

express
designs

in
term

s
ofconcurrentprogram

s
provide

m
ultiple

paths
betw

een
processor

and
hardw

are

R
ecentevaluations

using
E

E
M

B
C

benchm
arks

are
prom

ising
w

e
are

now
interested

in
industrialcollaboration

D
avid

M
ay
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S
ecu

rity
an

d
C

ryp
to

g
rap

hy

W
e

also
w

ork
on

cryptography
elliptic

curve
cryptography

for
m

obile
devices

A
rchitecture

and
softw

are
w

ork
to

find
efficientlow

-pow
er

im
plem

entation
techniques

provide
defence

againstside-channelattacks

S
ecurity

is
a

m
ajor

issue
in

m
obile

and
ubiquitous

system
s

N
ew

projecton
secure,low

pow
er,low

-speed
com

m
unications

w
e’d

w
elcom

e
collaborators

D
avid

M
ay

15
P

P
P

O
ctober

4,2004



V
erifi

catio
n

E
arly

w
ork

on
form

alverification
ofm

icroprocessor
designs

w
as

done
in

B
ristolin

the
1980s

R
esearch

on
verification

m
ustinvolve

industry
collaboration

it’s
im

portantto
address

realproblem
s

R
ecentprojects

form
aldesign

techniques
for

processor
pipelines

autom
atic

generation
oftestprogram

s
for

m
icroprocessors

V
erification

has
becom

e
a

m
ajor

issue
in

design
w

e
look

forw
ard

to
m

ore
collaborations

D
avid
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C
o

llab
o

ratio
n

W
e

are
open

to
m

ostform
s

ofcollaboration:
w

e
have

visiting
industrialstaff

our
ow

n
staff-

and
students

-
visitindustrialcollaborators

w
e

have
projects

w
ith

both
academ

ic
and

industrialstaff
w

e
actas

consultants
on

industrialprojects

F
or

m
ore

com
plex

projects
w

e
have

3C
research

projects
involving

severalindustrialor
public

organisations
com

puting,com
m

unications,content:
w

w
w

.3cresearch.co.uk

Ifw
e

need
to,w

e
w

illform
new

organisations
-

or
com

panies

D
avid

M
ay
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E
xp

lo
itatio

n
W

e
exploitthe

results
ofour

w
ork

in
m

any
w

ays:
som

e
ofitw

e
publish

som
e

w
e

licence
or

sell
som

e
w

e
use

as
the

basis
ofspin-outcom

panies

W
e

have
supportfor

new
ventures:

U
K

governm
entinitiatives

high-technology
investors

In
2005

there
w

illbe
a

new
B

ristolscience
park

itw
illhave

an
innovation

centre
w

e
expectm

icroelectronics
to

be
one

ofthe
them

es

D
avid
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S
u

m
m

ary

B
ristolhas

a
concentration

ofexpertise
in

m
icroprocessordesign

In
the

U
niversity,w

e
aim

to
supportm

icroprocessor
design

by
research

projects
educating

students

W
e

are
interested

in
form

ing
collaborations

based
on

our
research

discussing
potentialnew

research
areas

D
avid

M
ay
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