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o "~ ABSTRACT :
au'..‘ ; INPUTS ;
KA IThe action of computer control OUTPUTS . ' ‘
3& systems on continucus-time discreta-state LF
“ processes Ccon bs occurctely represssnted by
L asynchronous finite-stots maochines, ond,
in particuler, o subcloss of these
v machines termsd "simple asynchronous
N mochines”, or SAMs, To understand thes DFC
[} role that praocticol signal processing
¥ constraints moy ploy in chorocterizing SAM — . — STATE
; behavior, a simulotor copable of . MUX
b incorporating such constraints has bean p— hd —
o written. The orchitscture of this DFG
P simulator and examples of its use are
.h«' presented.
(P
AN SIMPLE ASYNCHRONOUS MACHINES (SAfts)
e\\ FIGURE 1. TEF SAM ARCEITECTURE
O The SAM represssnts o© departurs from
D] troditional representations of
asynchronous finite automata (1], which i
" ors typicolly circuit-bosed (2), (3], (%) SIMULATOR ARCHITECTURE —_
‘gt and {s more in concert with svent-driven
§ models of finite-state mochines (S). It The simulator stores all asynchronous
: has o finite number of inputs and outputs patterns as hybrid stocks, i.e. sets of

consists (Figurs 1) of thres main (representing input, stots ond output

§' and o finite number of stotes. It two arrays, one with integsr entries
£ components: o sat of digitsl function levels), the othsr with non-negotive recl

generators (DFGs], which gensrate volues corresponding to the “"start times”
Wy osynchronous potterns of stote volues with of thesea intsger levels.
'Q respect to time; o multiplexer (MUX), The simulaotor admits twec options.
»?ﬂ which for o given sst of input levels and The first, continuity of stote, is
dﬁ ca given stots volus, sslscts one of thess obtainad by requiring that the first state
fqﬁ potterns, ond o recdout mop, colled o level of the DFG triggered in is squal to
;qh logic function (LF), which assigns output the staote straobed into the MUX's select
— values for every combination of input lines. Physicol processing constraints
e level and stote volue. The input to the can be modeled {in the simulator os well.
fﬂﬂ MUX's select lines is triggered by changes These constraints model the time it takes
ﬂﬁh in the input levels; ths stote volus thus for a system to recover from input
pﬁ strobed in is the most rscent stote volue changes, and {s simuloted  using o
'l prior to the input changes. Continuity of "masking” interval of length T. Any input
any stote is not ossumad, but is ovoiloble os change occurring within time T of another __
S an optionsl restriction of the simulator. is ignored for tha duration of the masking
iy when © SAM is in a given state and is interval. Thus if the chonge persists for
) activated by o "atart” signal, the ot least time T it will be recognized; Ei
:"'t specific input values pressnt trigger an otherwise it will be ignored. This option 0
o asynchronous pattern of stote voluss and is extremely volucble as o meons of O |
;9 output values with respect to time. As reprasanting synchronization srrors in
" inputs change, various asynchronous = input functions.
o) patterns of state values and output volues The simulotor is complately svent- ——
W occur . driven; hence when thers are no Ffurther
- ®—This work 1% supported, in part, by the chaonges in the {input lines, the state® .
\?i United Statss Air Force Office of valus and output wvalue become constant as
-uﬂ’ Scientific Resescrch, AFsc, Contract soon as the asynchronous pottern in the —
?q, F49620-62C-0080. ©*  laost-triggersd-in DFG does. s
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DISCUSSION T

To demonstote the capobilitiss of the
San simulator, © 74LS83 4 bit binary
ripple counter is modeled. To kesp the
illustrotions os simple as possible, only
3 of the 4 bits ors used.

Figurs 2 is a typicol
(The time scale is much Ffiner
subsaquent plots).

Figure 3 is the
simulated ripple counter. Note that the
input is on csynchronous signal with
pulsas of vaorious widths, The effect of a
non-zero (T=-0.5) masking interveol on the
input seen by the simulotor is also shown.

Figure 4 is a plot of the state of
the simulated ripple counter with a
masking interval, T=0. Inputs are
immadiotely recognized and processad by
the SAM simulotor. Nete thot state
chonges are triggered only by the falling
sdge of the input waveform. Also note
that after the falling edge of the input,
it tokes some time for the stocte to reach
o stable volus. This occurately models
the ripple counter bshavior.

The output of the simulator is not
shown, but for this simple exomple, is
assumad to bes identicol to tha stote
function.

In Figure § is the staots Ffunction
generated by the simulator for a masking
intervel T1-=0.5. Observe thaot the stote
function ia much different from Figure ‘.

DFG waveform.

input to the

CONCLUSIONS

The SAM architecture presented is
capabls of simulating a varisty of
asynchronous fFinite-stote machines (o UART
has clso bsen modelsd) ., The ripple

counter axample desmonstrates how the
simulator con be used to explore the !
effeocts of wvorious physicol processing

constraoints on the behavior of a SaM.
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