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ASYNCHRONOUS ~ MODULAR  SYSTEMS

PaoLo CorRSINI . GRAZIANO FROSINI®

Istituto di Elettrotecnica, Universiti di Pisa, Pisa, Italy

xlstituto di Elaborazione dell'Informazione,C.N.R.,Pisa,ltaly

Syslems consfifuted by Lntenconnected asynchronous sequential cincuits are examined, on
the hypothesis that the neaction time of every circuii L5 unknown, and delays of arbitrany
size are present on Zhe dnferconnectdion wirnes., Three system properties are considened, i.e.
the well-dniveness (the inpui state of every cincudif changes only when the cirncudt is An-
tennally slable), the pernsisitence leverny sdignal is always absonbed by the unit to which if
L6 dinected] and the Liveness (no sdtuation is reached sfanting from which a sdignal i nev-
en send dn a gdven infernconnection wine]. An absinact model of a cincuil and of a system

4 given in o

<

L4 den to analyze the system properties. The synthesis problem {s approached 4in
teams of hules that allow us £o obtain a Largen sysfem by intfercenneciing smallen ones,
preseaving the consddened propenties,

INTRODUCTION
The trend in digital system design is to- while & datum consists of a bimary level in
wards structures in which mutually asyn- a datum wire.

chronous blocks operate concurrently. In
$

i ; N s 5 ,
ystems, not controlled by a master A block can not know if a new datum has

4 . C . reached its input by examining the datum
ciock, the activity of every block is regu~- Py Y g

) . . 5 . val nly. Therefore, & control signal must
tated by signal exchanges with the other ue oniy : g

be generated when a new datum has been pro-

ocks. Asynchronism can improve the hard- )
ware utilizatior ince as soon as one ac duced, and when such signal reaches the in-
wWare wet gl FCION . SN -
& o~ ] - L, -

tivity terminates, another activity can in- put of a block, the block must be guaranteed
. L s . ! n w datum has also arrived. This
itiate, without waiting for the end of a that the ne tum ha '

mo 1 1e 5 4§ -
given time interval, as in the synchronous can be accomplished by generating the con
The information exchange among the trol signal slightly later than the new da-
of two types: control signalh tum value, and by designing the datum path
A control signal consists so that the control signal precedes the da-
L S 9% § & - L3

s . . C . . . tum.
of a binary transition in a control wire,



e want to investigate the behaviour of 5YS -
cems constituted by blocks whose operation

peed is unknown, and on the hypothesis that
lelays of arbitrary size are present on the
interconnection wires. The delays on
lata wires must be properly rvelated to Lfhose
in the control wires, in order to allow a

orrect data notification.

entrol

noa system we shall consider axplicit
nly the control

)

¥
information flow am@mg

{i’)

th
locks, that is, the set of all the control
ignals and the set of those part%cuiar et
gafa éz&&}

o

that condition such control

u;")
m

Fhe system behaviour will be ex-
mined %m@@@@ndent%y from the actual data
aiues, and, therefore, the law that deter-
ines the parametfer values is not explicitiy

rad, and the parameters are regarded
s independent input variables of the

et us suppose that & block, in rel
he control

ation to
information flow, is an asyn-

hronous seguential circuit,
nd critical

without hazards
races. In order to have a de-
erminate behaviour of every circuit, an
nput variable of a circuit must switch only
hen the circuit is internally stable (well-
niveness) [2] . Moreover, to assure a cor-
@ct behaviour, no signal must be sent on

n interconnection wire before the previous

3

fgral on the same wire has been absorbed
¥ the circuii to which it was directed
peasistence) 3.4

ust be reached starting from which no sig-

al g

. Finally, no situation

(c

&%

ever sent on a given interconnection
N . '
tre {(Liveness) aﬁ»5§

work the structural model of an

ous circuit is discussed, in order
asynchronous circuits that are
asynchronous systems, and

is deduced, that allows

2
w us to obtain a larger
m two smaller ones, pre-
servirng the previcus properties

Let us consider an asynchronous seguential
circuit in which each output variable coin-

cides with an internal variable (see Fig.1).
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Fig.,1

tach asyncrhonous sequential circuit and
each combinational cirecuit can be reduced
to this particular schema, by regarding
the output variables as internal variables.
Let us suppose that in a transition from a
stable internal state to another stable in-
ternal state, &1l the variables which must
change are allowed to change simultaneously
without critical races. Let us also suppose
that the circuit is free of any types of
influent hazards. If at a given time, due
to an input state change, the circuit be-
comes internally unstable, the civcuit is
internally stable again after a time { ae-

action time)

)

= ) Sy maxn (T,
TS max{TX; + max(T@g max(T,

where:



(98]

]

is the time required by the combinational
network to evaluate the new value of an
internal variable;

-3

is the time employed by the new valye of

d

an internal variable to propagate from
the ocutput to the input of the combina- eter
tienal network, through the feedback As the svsten ies are analyzed on the
path; hyothest time is

Ty 185 the timez emploved by the new value of unknown a cir-
an internal variable to propagate through cuit 1 ter the

o

values, is to

che new ocutput

t variable

the correspond-
cireuit. This

r which an
produces an
considered., If
erything happens
rk and the

and at each
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circuit

are parti- An ddeal wmodel of & circuit will cover the

contnok vaniables

4s suppose that an in-
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time. Then let us suppose that the delays
associated with the cutputs of the ideal
model have an arbitrary but finite size. In
the considered systems an output terminal of
a circuyit Ch is connected to only one input
terminal of another circuit ka by means of
a wire having a delay of arbitrary but fi-

nite size. The connection of an output ter-

ou

minal with more than one input terminal can

be accompliished too, by considering a fork

of wires as a circuit. The delay intreoduced

by the interconnection wire can be t&k?n as
~h

a whole with the delay associated to &7 at
the considered cutout terminal.

in order to analyze the system properties,

atize the system as an interconnec-

=tements. Such interconnection wili
ef. The behaviour of a net will
the vehaviour of the corresponding
1y if the net is self-regulating
initien 7).In fact such condition

assures that each c¢ircuit in the system is

well-driven. In the next section, elements
and nets will be precisely defined.

ELEMENTS AND NETS

Pefdnition 1. An element i1s a device with n
input variables XisXoseoesX o m internal
variabies Yys¥pseo ¥y p pavameters PPy
,ﬁgmps ¢<m output variables Z}gzzﬁéﬁhgzqs
that realizes

i1} m Togical functions

?’] = f‘é{}(z5}{/‘15&»:»5}{&,39{/{}'&{P{!)g?“°"’9€ﬁ

Z p’
y.wyzw..sym} i=21,2,...,m;

e

jable to switch is neifth

bounded, but finite.
Tinked with one or
the senss that its
when the value of

put variables changes.

Degdadlddion 2. An element is
)

it switches, becomes le, and each
stable internal variable remainsg sta-
ble the value least one
input variable

i1} every time some internal wvariables

i ey yorr : - o P o o e . gl >
become unstable, atl least one output

variable becomes axcited when such

internal variables

Iin the following, we shail

normal elements. In Fi

ments are described.

Defindtion
of elements
minal of

one output

ment. No de

the previous definition, 1f the external

E LN vy o o~ e I v 5 T e e
world is regarded as one or more elements,

-

[%

& e < P
a net. Sy 1

edinition 5.
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