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ircu
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ro

te
ctio

n

Fast route from
 system

 specification to im
plem

entation

O
nly new

 technologies can im
prove design productivity –

m
o

re
 d

e
sig

n
 w

ith
 th

e
 sa

m
e

 size
 d

e
sig

n
 te

a
m

. A
com

parison w
ith the racing car is useful: revs/m

inute of
the engine have a lim

it, independent of horsepow
er. The

o
n

ly w
ay to

 ad
ap

t to
 th

e revs n
ecessary is to

 h
ave an

adequate gearbox and generate the right pow
er at the

right speed. From
 this analogy new

 tools have to aim
 at

both the softw
are engineer and the system

s designer if
th

e
y a

re
 to

 sp
e

e
d

 th
e

 p
ro

ce
ss fro

m
 sp

e
cifica

tio
n

 
via

 
sim

u
la

tio
n

 
a

n
d

 
ve

rifica
tio

n
 

to
 

so
ftw

a
re

 
a

n
d

 
hardw

are integration.  
N

ew
 to

o
ls are th

e o
n

ly an
sw

er, if th
e lim

its o
f existin

g
tech

n
o

lo
g

y h
ave b

een
 reach

ed
 an

d
 o

th
er variab

les are
kep

t co
n

stan
t. Th

e startin
g

 p
o

in
t is to

 accelerate th
e 

tim
e to

 first p
ro

to
typ

e. Th
e first p

ro
to

typ
e ru

n
n

in
g

so
ftw

a
re

 o
n

 th
e

 p
ro

to
typ

e
 h

a
rd

w
a

re
 is th

e
 cru

cia
l

m
o

m
en

t w
h

en
 b

o
th

 d
esig

n
s d

o
n

e b
y d

ifferen
t g

ro
u

p
s

have to w
ork together – and this is the m

om
ent w

hen
co

m
p

lex erro
rs sh

o
w

 u
p

. It o
ccu

rs late in
 a stan

d
ard

design cycle, after the extended tim
e required to generate

code, partition into hardw
are and softw

are. Errors found
late are costly to correct, even before considering the tim

e
lost. Instead a fast route from

 an executable C
 sim

ulation
to im

plem
entation in hardw

are w
ill find errors quickly, and the cost of

correction and re-testing and is kept to a m
inim

um
. 

Th
e o

p
tim

u
m

 d
esig

n
 flo

w
 w

o
u

ld
 h

ave an
 in

teg
rated

 to
p

-d
o

w
n

ap
p

ro
ach

 w
ith

 ju
st o

n
e to

o
l fo

r th
e w

h
o

le d
esig

n
 p

ro
cess, b

o
th

h
ard

w
are an

d
 so

ftw
are. Th

is is im
p

o
ssib

le to
 ach

ieve, as so
 m

an
y

different targets have to be m
et in different applications. The next best

approach is to im
plem

ent a fast parallel route to prototype and to use
the results to guide the rest of the team

 in their approved design flow
an

d
 to

 avo
id

 m
istakes th

at w
o

u
ld

 b
e m

o
re exp

en
sive in

 d
esig

n
tim

e/cost.  

R
an

g
e o

f to
o

ls
O

ut of the w
ide range three options are addressed here w

hich all start
basically from

 C
 code but are targeted at different areas of the design

flow
: the H

andel-C
 approach of C

eloxica, Bach – developed by Sharp,
now

 being im
plem

ented into M
entor G

raphics tools and C
ritical Blue

w
ith a co-processor approach starting from

 com
piled C

 code to speed
up selected tasks of the application.  
A

ll of these tools use C
 language as a com

m
on starting point, as this is

th
e H

LL lan
g

u
ag

e m
o

st w
id

ely u
sed

 in
 th

e em
b

ed
d

ed
 in

d
u

stry an
d

m
o

st en
g

in
eers kn

o
w

 it. V
ia d

ifferen
t ro

u
tes th

ey h
elp

 to
 g

en
erate

hardw
are descriptions that can be loaded into fpgas or be used via

V
H

D
L for asic/soc design. 

T
h

e
 o

b
vio

u
s a

d
va

n
ta

g
e

 o
f th

is a
p

p
ro

a
ch

 is to
 e

xte
n

d
 e

xistin
g

e
n

g
in

e
e

rin
g

 
re

so
u

rce
s 

a
n

d
 

ca
p

a
b

ilitie
s 

to
 

a
ch

ie
ve

 
b

e
tte

r
te

ste
d

/co
rre

cte
d

 co
d

e
 fa

ste
r. B

y k
e

e
p

in
g

 a
 co

h
e

re
n

t d
e

sig
n

environm
ent in C

 for as long as possible, iterations can be perform
ed

quicker. They are less prone to errors as translations by hand, e.g. from
C

 to V
H

D
L, are either left out com

pletely or com
e later in the design

cycle w
hen m

ore code has been generated already w
ith less errors.  

A
n im

portant aspect of hardw
are design is gate efficiency. But this is

not necessarily im
portant at the beginning of the design cycle, since, if

the prototype hardw
are runs on an fpga, then only tw

o aspects are
relevant: does it run fast enough and does it fit into the fpga.
For asic design other options have to be considered. H

ow
 m

uch w
ill a

g
ate co

u
n

t red
u

ctio
n

 ach
ieve o

r, m
o

re im
p

o
rtan

tly, w
h

ere is th
e

balance betw
een design tim

e and design cost com
pared to entering

production early w
ith a less w

ell-optim
ised design and optim

ising as
soon as volum

e actually ram
ps up.  

D
esig

n
 scen

ario
M

any projects start w
ith a specification im

plem
ented as a C

 program
 

for sim
ulation or to generate a C

-executable for sim
ulation (figure 1). 

A
n easy route from

 C
 to gates to give short route to hardw

are, even 
for parts of the softw

are, m
ay reduce sim

ulation tim
e by a factor of 

1
0

0
0

 o
r m

o
re co

m
p

ared
 to

 sim
u

latin
g

 in
 so

ftw
are. Sp

eed
y lo

catio
n

 
of design errors allow

s for a quick change and increases the rate of
iterations considerately.  
A

lg
o

rith
m

 
ve

rifica
tio

n
, 

fo
r 

e
xa

m
p

le
 

ca
n

 
b

e
 

a
 

ve
ry 

slo
w

 
p

ro
cess, esp

ecially if m
u

ltim
ed

ia featu
res su

ch
 as M

P3
 o

r im
ag

e 
files have to be included. The fastest solution here w

ould be to take
th

e alg
o

rith
m

 in
 C

, co
m

p
ile it to

 an
 fp

g
a an

d
 ru

n
 it at accelerated

speed or even in real-tim
e. 

A
fte

r h
a

vin
g

 d
e

fin
e

d
 a

n
d

 sim
u

la
te

d
 a

ll o
f th

e
 fu

n
ctio

n
a

lity, 
the partitioning process into hardw

are and softw
are can take place. 

A
s m

u
ch

 as p
o

ssib
le o

f th
e C

 co
d

e w
ill h

ave to
 ru

n
 o

n
 th

e system
p

ro
cesso

r to
 save o

n
 ad

d
itio

n
al h

ard
w

are. A
s p

ro
cesso

r u
sag

e 
reach

es 1
0

0
 p

ercen
t execu

tio
n

 tim
e, an

y ad
d

itio
n

al fu
n

ctio
n

ality
required has to be im

plem
ented elsew

here, for exam
ple as additional

gates in the fpga or asic.  A
s softw

are and hardw
are designers have 

co
-o

p
erated

 in
 th

e d
eb

u
g

 p
ro

cess, th
e start o

f th
e fin

al p
ro

to
typ

e 
w

ill be quicker.

H
an

d
el-C

C
eloxica’s H

andel-C
 is probably the best know

n w
ay to cover the w

ide
area of converting C

 language program
s to hardw

are, co-sim
ulation

and co-verification. The developm
ent kit (D

K
) has been shipping since

2
0

0
1

. B
u

t h
o

w
 d

o
e

s H
a

n
d

e
l-C

 w
o

rk
?

 T
h

e
 b

a
ck

g
ro

u
n

d
 is C

S
P

(C
om

m
unicating Sequential Processes), an approach used a long tim

e
ag

o
 w

ith
 tran

sp
u

ters to
 ru

n
 so

ftw
are as p

arallel p
ro

cesses w
h

ere

co
m

m
u

n
icatio

n
 b

etw
een

 d
ifferen

t p
ro

cesses w
as taken

care of autom
atically. A

s all of the ‘inputs’, ‘outputs’ and
‘connections’ of any piece of code w

ere connected via a
sp

ecial co
m

m
u

n
icatio

n
 p

ro
to

co
l, it w

as n
o

t im
p

o
rtan

t
w

here the code w
as running.  

H
an

d
el-C

 is b
ased

 o
n

 th
e sam

e C
SP ap

p
ro

ach
 an

d
 th

e
to

o
l D

K
 co

n
verts C

 fu
n

ctio
n

ality to
 lo

g
ic b

lo
cks in

h
ard

w
are, co

n
n

ected
 via latch

es, an
d

 o
p

tim
ises th

e
resulting netw

ork to generate an ED
IF output directly for

fpga tools from
 A

ltera/X
ilinx. A

dditional Register Transfer
Logic (RTL) in V

H
D

L or V
ERILO

G
 can be generated to feed

in
to

 
a

n
 

e
xistin

g
 

d
e

sig
n

 
ch

a
in

 
fo

r 
a

sic 
o

r 
fp

g
a

im
plem

entation.  
T

h
e

 m
o

st im
p

o
rta

n
t fa

ct is th
a

t H
a

n
d

e
l-C

 is fu
lly

syn
ch

ro
n

o
u

s, th
ere is o

n
ly o

n
e m

aster clo
ck. C

h
an

g
es

p
ro

p
ag

ate at each
 risin

g
 clo

ck fro
m

 b
lo

ck to
 b

lo
ck.

B
etw

een
 tw

o
 clo

ck cycles th
ere is tim

e fo
r th

e d
ata to

settle, u
n

til th
e n

ext clo
ck cycle p

ro
p

ag
ates th

e d
ata

further. The w
hole design is by definition fully synchronous.

A
ll of the code is translated into blocks that execute based

on this clock, w
here latches m

ake sure that everything is
running in lock-step. O

n the basic level this executes like
sequential execution (sim

ilar to softw
are but faster).  

The real speed-up com
es w

ith the PA
R statem

ent, w
hich defines pieces

of code that w
ill sw

itch blocks of gates in parallel.  The designer w
ill

first define the obvious independent functions to execute in parallel
and refine if the required speed cannot be achieved. 
If th

e sp
eed

 req
u

ired
 fo

r th
e d

esig
n

 is n
o

t ach
ievab

le w
ith

 a sin
g

le
clock dom

ain (one m
aster clock) then m

ultiple clock dom
ains have to

be used, w
here the output of one clock dom

ain w
ill trigger another

b
lo

ck o
f g

ates. Th
e sam

e ap
p

ro
ach

 h
as to

 b
e ap

p
lied

, if p
erip

h
eral

functions are tied to specific clocks.
T

h
e

 g
e

n
e

ra
l d

e
sig

n
 a

p
p

ro
a

ch
 ca

n
 b

e
 co

m
p

a
re

d
 to

 so
ftw

a
re

d
e

ve
lo

p
m

e
n

t in
 C

 a
n

d
 A

sse
m

b
le

r: First, d
e

sig
n

 a
n

d
 ve

rify th
e

algorithm
/application. If execution tim

e in C
 is then not fast enough,

find critical code and optim
ise in A

ssem
bler (w

hich m
eans introduce

m
o

re p
arallel execu

tio
n

 o
f H

an
d

el-C
). Th

e aim
 in

 H
an

d
el-C

 is n
o

t
necessarily to find the fastest im

plem
entation from

 the beginning, but
to

 ach
ieve a w

o
rkin

g
 d

eb
u

g
g

ed
 an

d
 tested

 so
lu

tio
n

 as q
u

ickly as
possible and then optim

ise until the required execution speed for the
application is achieved w

ith an acceptable am
ount of gates.  

A
 m

ain advantage of H
andel-C

 is that a top dow
n design can be used

from
 the beginning, but im

plem
entation of code in fpga is possible

fro
m

 th
e b

eg
in

n
in

g
 as w

ell (fig
u

re 1
). Fp

g
a b

o
ard

s an
d

 in
teg

ratio
n

to
o

ls w
ith

 all th
e n

ecessary su
p

p
o

rt so
ftw

are are availab
le, so

 a
designer can start w

ith a standard solution w
ithout having to build

their ow
n boards or interfacing code. A

s result the design team
 can get

an im
pression very early in the design cycle about speed of execution in

softw
are or hardw

are.  
Partitioning into hardw

are and softw
are w

ill be a lot easier, as code
that took long to sim

ulate w
ill have been ported and debugged in fpga

already, so ‘hot-spots’ are know
n. It is im

portant to understand, that
the H

andel-C
 code w

ill basically stay the sam
e all the tim

e. ED
IF for

fpga tools of A
ltera and X

ilinx can be generated directly from
 H

andel-C
and recoding into a H

ardw
are D

escription Language like V
H

D
L is not

necessary, unlike the norm
al route from

 C
 through V

H
D

L to fpga. The
sam

e approach applies to the application code and to any test benches
that have to be generated for softw

are and for hardw
are.

H
ow

 can designers speed up their design process? H
igher speed is needed to go from

 specification via design to production
w

h
ile featu

re-rich
 im

p
lem

en
tatio

n
s in

crease d
esig

n
 co

m
p

lexity. Pressu
re is in

creasin
g

 – to
 b

e th
e first co

m
p

an
y to

 fin
ish

 
the design, start production and grab the m

ajor share of the m
arket. Jürgen Pintaske takes a look at the m

ajor hurdles.

Fig
. 1:Sim

plified system
 design flow

involving H
W

 and SW
Fig

. 2:Bach C
 design flow

 targeted at SoC
design

10
C

IE
 M

arch 2004



B
ach

S
h

a
rp

’s B
a

ch
 H

LL d
e

fin
e

s a
n

o
th

e
r ro

u
te

 
to

 
h

a
rd

w
a

re
, 

o
p

tim
ise

d
 

fo
r 

d
iffe

re
n

t 
d

e
sig

n
 

a
sp

e
cts, 

d
e

ve
lo

p
e

d
 

jo
in

tly 
b

y
Sh

arp
Lab

o
rato

ries o
f Eu

ro
p

e in
 th

e U
K

 an
d

Sh
arp

 C
o

rp
o

ratio
n

 in
 Jap

an
. Sh

arp
 h

as u
sed

B
ach

 o
n

 ab
o

u
t 2

0
 asics. Th

ese h
ave b

een
su

ccessfu
lly p

u
t in

to
 p

ro
d

u
ctio

n
 w

ith
 g

reatly
reduced design tim

e.  
So

o
n

 th
is tech

n
o

lo
g

y w
ill b

e availab
le fo

r
g

en
eral u

se. Last year M
en

to
r G

rap
h

ics an
d

S
h

a
rp

 a
n

n
o

u
n

ce
d

 th
a

t th
e

y a
re

 w
o

rk
in

g
together on building a tool for total system

 LSI
d

e
ve

lo
p

m
e

n
t 

su
p

p
o

rt 
fro

m
 

d
e

sig
n

 
to

verificatio
n

. B
o

th
 co

m
p

an
ies are w

o
rkin

g
to

g
eth

er to
 in

clu
d

e th
e B

ach
 tech

n
o

lo
g

y in
M

entor’s A
SA

P tool.  
B

a
ch

 
sta

rts 
fro

m
 

C
 

lik
e

 
H

a
n

d
e

l-C
, 

b
u

t 
in

stead
 aim

s to
 g

en
erate h

ig
h

ly efficien
t 

V
H

D
L 

fo
r 

th
e

 
sta

n
d

a
rd

 
a

sic 
a

n
d

 
fp

g
a

 
d

esig
n

 to
o

l ch
ain

s. In
 co

n
trast to

 H
an

d
el-C

,
w

h
ich

 
is 

fu
lly 

syn
ch

ro
n

o
u

s, 
B

a
ch

 
uses an ‘untim

ed’ (not asynchronous) approach
instead.  
Since the sem

antics of Bach C
 are untim

ed the
Bach synthesiser has m

ore freedom
 to generate

fast V
H

D
L code. U

nfortunately this m
eans that the relationship betw

een
code and execution tim

e is m
ore difficult to read. The designer cannot

tell easily from
 exam

ining the source code, in w
hich clock cycle any

particular operation w
ill happen. The Bach synthesiser ensures though

that data cannot get lost due to tim
ing differences.  

U
nlike V

H
D

L and System
C

 the parallelism
 is not restricted to the top

level. A
 par keyw

ord is used define sub-processes w
hich have to execute

co
n

cu
rre

n
tly a

n
d

 th
e

se
 su

b
-p

ro
ce

sse
s ca

n
 co

n
ta

in
 fu

rth
e

r p
a

r

statem
ents. A

t execution tim
e all of the sub-

processes are executed concurrently and the
p

ar statem
en

t fin
ish

es w
h

en
 all th

e su
b

-
processes have term

inated. 
C

om
m

unication betw
een different concurrent

processes can be defined as synchronous or as
asynchronous. D

ata transfer is via send and
receive constructs. Both sender and receiver
have to be ready for the transfer to happen.
Each

 ach
an

 (asyn
ch

ro
n

o
u

s ch
an

n
el) can

 b
e

w
ritten to and read by various threads, like a 

g
lo

b
al variab

le. Sin
ce it is an

 asyn
ch

ro
n

o
u

s
im

p
lem

en
tatio

n
, th

e exact tim
e o

f read
 o

r
w

rite cannot be predicted during sim
ulation. 

B
o

th
 typ

e
s o

f ch
a

n
n

e
l ca

n
 b

e
 u

se
d

 fo
r

com
m

unication to external i/o as w
ell.  

Bach contains a behavioural synthesiser that
com

piles the parallel Bach code into several
co

m
m

u
n

icatio
n

 m
o

d
u

les an
d

 au
to

m
atically

g
en

erates th
e i/o

 in
terfaces b

etw
een

 th
em

.
The output is V

H
D

L RTL ready for use as input
to

 stan
d

ard
 V

H
D

L to
o

ls. M
en

to
rs’s A

SA
P,

in
co

rp
o

ratin
g

 B
ach

, is cu
rren

tly in
 b

eta-test
w

ith custom
ers and w

ill be released soon.

C
ritical B

lu
e

N
ew

com
er C

ritical Blue com
es from

 a different angle. H
ere the starting

point is com
piled application code w

hich is analysed and via autom
atic

generation of parallelism
 and output of V

H
D

L. The m
ain target is to start

from
 existing object code and to save slices of execution tim

e of the m
ain

processor by transferring selected functionality into the hardw
are of a

dedicated co-processor, com
m

unicating via the existing processor buses.
If th

e existin
g

 ap
p

licatio
n

 ru
n

s o
u

t o
f reso

u
rces o

r th
e n

ew
 d

esig
n

cannot execute fast enough on the processor system
, the ‘overspill’ is

offloaded onto an additional asic or fpga. H
ere the designer does not

start fro
m

 C
 b

u
t fro

m
 tested

 ap
p

licatio
n

 o
b

ject co
d

e. Th
e first

im
plem

entation of the tool is targeted at A
RM

 code.  
Th

e C
ascad

e To
o

l Su
ite o

p
erates o

n
 th

e co
m

p
iled

 o
u

tp
u

t o
f th

e
stan

d
ard

 so
ftw

are to
o

l ch
ain

. O
b

ject co
d

e an
alysis g

en
erates fast

feedback on how
 best to partition the existing application softw

are into
p

ro
ce

sso
r e

xe
cu

tio
n

 a
n

d
 co

-p
ro

ce
sso

r su
p

p
o

rt. T
h

e
 a

u
to

m
a

tic
generation of a cycle accurate C

 m
odel of the selected code allow

s for a
rapid analysis of the ‘extracted’ co-processor perform

ance.  
In a next step V

H
D

L RTL code is generated w
hich is processed via the

existing V
H

D
L design tool chain for im

plem
entation in fpga or asic.

Product availability is targeted for the end of 2003.  

So
ftw

are im
p

o
rtan

ce
It is a w

ell-know
n fact that the im

portance of softw
are has increased

co
m

p
ared

 to
 h

ard
w

are an
d

 th
e n

ew
 to

o
ls reflect an

 even
 fu

rth
er

ch
an

g
e. In

 th
e p

ast so
ftw

are an
d

 h
ard

w
are d

ep
artm

en
ts h

ave b
een

q
u

ite sep
arate. Pressu

re o
n

 ever sh
o

rter d
esig

n
 cycles is fo

rcin
g

 th
e 

u
se o

f n
ew

 to
o

ls th
at g

en
erate co

d
e faster. W

ritin
g

 m
o

re co
d

e 
faster w

ill be difficult: the only solution is to w
rite code on a higher level

of abstraction. 
H

andel-C
 starts w

ith C
 and helps w

ith rapid prototyping in fpga and in
p

artitio
n

in
g

 an
d

 verificatio
n

. B
ach

, im
p

lem
en

ted
 in

 M
en

to
r’s A

SA
P

product achieves a faster route to V
H

D
L and asic. C

ritical Blue’s C
ascade

solution is som
ew

here in betw
een, e.g. if a processor system

 needs a
tu

rb
o

 ch
arg

e via a co
-p

ro
cesso

r, b
u

t th
e rest o

f th
e system

 stays
unchanged. A

ll of these tools involve the softw
are designer m

uch m
ore

in hardw
are im

plem
entation. 

The m
ain hurdle w

ill be the design departm
ent. C

hanging an existing
d

esig
n

 flo
w

 is alw
ays a risk an

d
 in

 th
e p

ast a n
ew

 to
o

l h
as b

een
accepted only w

hen there is no choice. In such a case of a difficult
system

 d
esig

n
, so

ftw
are an

d
 h

ard
w

are, all h
ave to

 w
o

rk to
g

eth
er. 

Future w
ill tell how

 quickly designers w
ill accept this offer in a m

ore
general w

ay. 

Fig
. 3:C

ascade design flow
 for co-processor
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