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Conventional micro-controls employ @ome form of memory to store the contral words and raad
the words sequentially to generate the desired control signals, Because af the gingle ge-
quence operation, these control structures are neither efficient nor functionally suitable
for the comtrol of parallel asynchronous compukters whers many loosely coupled parallel

iwetivicies may have to be controlied. This

baged on the Petri net model for representat

central for parallel ssynchronous computers,

amples to show how many emgential cantrol rask

paper ghows how an asynchruncus legic array

ion of parallel systems can he used s a micro-
We explain the gerwral approach and give ex-
8 zuch am sequencing, conditioral vperation,

tteration, parallel procesa coordination, reaource alloeatlon and priority schemes can be
easily i{mplemented, and we examine how the logic array and the coneral programs can be

structurad for efficient utilization of the array.

8ince =n agynchrenous lugic array i1s par-

allel in nature, the micro-control structureg implemented with the array vperate tn parallel,
allowing activities of parts which are independent to progeed In parallel without sny fntep-

ference,

INTRODUCTION

In this paper cur primary concern will be to ahow
how an asmynchromous logic array cepable of paral-
lel realization of Patrt nets can be usad to fm-
plement the miero-controls for asynchroncus par-
allel computsras. We shall presant Petri nets as
a means f£or the representation of control, die-
cuss the relation bektween Petri nets and the
agynchronous arcmy, briefly explain the natura of
the arrvay, and wich axamples show how wariouys
concrol tagks can be easily implemented.

Jump [9] has reparted on an asynchronous array
for realizing the subcleasa of Petri nets known
ag marked graphe {4], and the author hag also
Eound two different asynchranous arrays for the
realization of Pacri nets. One type of array,
called agynchronous cellular array [16), cen re-
alize tha subclass known as 3imple neta. and. the
other type of array, called Kolte array [17], can
redlize the class of all gate Petri neta. There-
fore in the Following discussions we will asgume
that the full class of Petrl nets can be reslized
by the arcays usad in the implementation of the
control, If the arrays are manufactured at an
economical price, we will have a suitable means
for realizing the micro-control of agynchronons
parallel computers. In chia regard the Koalte ar-
ray, which conatlats of o diode array with ter-
minating circultry om each row and earh column,
i8 most prowizing becauss it {s suitable for LSI
technology. :

—
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REPRESENTATION OF ASYNCHRONOUS CONTHOL

The Fetri net model for the ceprasantation of
parnllal systems is an excellsnt language for
the represencation of asynchrenous control struc-
turag, Dennie [5,6], Noa [10] and Petil [l1,13,
15]. 1In the following paragraphs we shall de-
scribe Petri nets and cheir use in the apecifica-
tion of comtrol structurea.

Petr{ nets consist of places and transitions
which are connected by directed arcs; a directed
arc conoeccd aithar & place to & transitiom or a
transition to a plece {7, 8, 11] (there 1¢ no arc
that direcrly commects a transition to anochsr
transicion or a placa ro another placa). The
places from which there ars arcs incident on a
transition are called the inpur places of that
tranaicion; the putput placas of a transition are
aimilarly definad to be those places which are
connected to the transition by srca which origi-
nate st rtha transitfon and terminate at the
places. A place may have a token or it my ba
empty. When there fs & token in each fnpue
place of a trangition, that transitlon 1g said to
be enabled because it 1a remdy to fire. The act
of Efring involves removing & toksn From each in-
put place and putting m taken in each cutput
placa. We will only deal with nars in which no
firing sequence for the net can lead to mors than
one token at & placea., Such nets are callad aafe
nets. The safe nets can represent all che finlte
state aystams, since an ungafe net with a bhound
on the number of tokens can always be translsted
intoe a4 safe net. A fact to remember about tren-
gition firing in & safe net is that vwhen two
transitions shere an input place, even if bath
are snabled, only ona of them can sctually fire
bacausa the aingle token at the shared place is
congumad in the firing of one transition and the
other transition is disabled for want of a token.



The number of tokensa in a4 net is not necesaarily
conzerved because a transition does nat neceassar-
ily have an equal number of input and sutput
places. In this paper we shall use an extended
Eorm of Petri nets in which a Boolean condition,
expresaed as a product of some Boclean variablea,
may be aggociated with & tranaikion. In these
nets a transltion ie enabled only when Iin mddi-
tion co the presence of a token at each input
place, the Boolean condirion associated with the
tranaition 18 Aatlsfied,

In this paragraph we describe the operation of
the Petri net of Figure la; those who are famil-
iar with Petri pets and are able ta vead the con-
trol process specilied by this net may safely
proceed to the next pavagraph. In the Petri net
of Figure la, initially tramsition t; ig the ouly
transiticn which is enabled to fire. When thia
transition fires, place p) becomes empry and
places py and Py Eet tokens. At this point both
transitiona tp and &y are enabled but because of
the shared place 5, only one of them can be Fired.
Say transition ty fires, in which case place f,
gets a tokan and the operation £{x} + x which La
controlled by transitiom f 18 {nitiated; because
plece S no longer hes a token, traneition €y will
have to wait wntil cransition t; fires after the
firiug of [ (execution of E{x) =+ % ) {a complaced.
Say t, has fired placing tokens in p; and 5. At
this puoint t, and, depending on the Boolesn value
of the variable xg, either tg or £y will be an-
abled, Since ty and tg {or ty and t3) do nat
have any common input placea, thelr execution
(Eiring) will proceed independently of easch other.
If %y is ak level I, then tg fires and places a
token in py. 1f by this time t4 has fired, then
ty; will not be enabled for Firing umtil tg has
fired after cperation g(y) + y has been complated.
Thus we see that this Petrl net specifies a c¢yclic
contral process where in each cycle oparation
g{y) 4 y is performed once, and cperation f(x) +x
is performed {terstively until =0, and, Ffur-
thermore, even though the execu:?on of £ and g
may take place in eny sequence, they never ovar-
lap. Tn Pigure lh we have expressed the mgme
prucess as the one specified by the Perri nat af
Figure la, but in a programming language with the
fork, fuin and the semaphore primitives so that
by comparison one can gain en appreciation of how
varivus control primitives have bean realized in
the Petri net. For exmmple, tranaition t) per-
Eorms the fork operacion and tranaition tg, the
Jjoin operation. Place & acts as a semaphore;
transitions t; and t, as P[5] ingtructions; and
transitions b, end tg as V[S] inserucrions.
Tramsition E repregents the exscution of f{x}-x,
place fr i3 ussd to initiate this operation and
fy sarves am a point where the control (demoted
by a token) la returned mfter the execution of
the said function. Place p; together with tran-
sitiuns tg and ¢y implement the conditional in-
stentetion,

The plivaicel control structure that the net of
Figure la speclFfles has bwo outpukb links, cne to
contrel operator £ oand another to control g {(see
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Figure i. Representatiom of che cantrol

Figure 1c). We are assuming that asynchronous
apérators are controlled by two-wire ready-
ecknowledge linke; a aignal on the ready link in-
itiates the execution of the operation end a aig-
nal on the acknowledge link indicates the comple-
tion. Meore detaila on control structures may he
found 1o other pepers [1, 2, 3, 5, §, 11, 13, 15].
Flaces f, and f,. are considered input/output
places hecruse the operator E fs congldered to be
cuteide of the control structurs. Theae two
places correspond to tha two wiree of the contral
link which commects operator £ to the control
structure, and the passage of tokens through these
places cacresponds to the pessage of signals on
the corresponding wires; cthe input-output places
of the net represant the control wires and the
tokeans reprasent the contyol gignals.



Matrix Representation for a Petri E_g,{

A Petri net can ba reprassnted by 2 metrix in
which the rows repreaent the transitions and the
columna reptesent the places and the tegt vari-
ables whose Boolean value control cthe firing of
dome transitiong puch aa the transicions 1in rhe
net implementing the conditionmal statement., The
connectivity of the net, that iz, how the places
and transitions are connected to each other, ia
indicated by means of two aymbols, tha dot ()
and the crosg {X). A dot in the cell at the in-
terconpection of 2 colum representing a place
and a row representing a tranajition Lndicetes an
are from the place to the tranaition, and a croga
in the cell indicates an arc from the transition
to the place. We shall essume that the nera do
not have placea which have both kinds of arcs to
a transition so that a call in the matrix may
have either a dot or a croas but not bath; this
essumpticon doeg not restrict the clase of systems
under consideration becauwe Petrl nets which do
not satisfy our assumpeion can be rranaformed in-
to equivalent nats which do satisfy the aasump-
tion,

In wvur uge of Petrl nets we have allowsd a Boolean
pruduct of Boclean variablas to be associated with
a trangition. 1In tha macrix notation, we shali
thersfore allow two additiomal pymbols, a O and &
1, to express the Boolean condition associatad
with che tramsition. A I in a cell will indicate
that the value of the Boolean variable amscclated
with the column must be & 1 in order For the tran-
sition to be emabled; the meaning of cell T is
similarly defined. These cell symbols may slso
be used in columms which represent placesa. The
Boolean veriable in this case correspondas to the
predicate which tests whather there is a token In
that place represented by the ¢olumn; 1Ff the place
has a token then fts walue g a 1, otherwise its
value in & 0O,

A matrix representation for tha net of Figure la
appeare in the matrix of Figure 2a. Row ty indi-
cates which places need tha initial tokens and
roms t, -ty indicate how the transitions relate
to the places of the net and the Boolean value of
input x5. For axample, row ty indicates that
transition t; has an input from p; and output to
pa, and it can fire only when input xp iz a 1.

fﬂur matrix notetiom is en extansion of a marrix
notation that Dr. Holr haa veed for many years
ta repreaseat large neta on & piece oF graph pa-
per. Our natation reduces to that of Holt 1f we
reatrict the use of gymbole to only the dot and
the cross.
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flgure 2. Tha amynchromous logic array

THE ASYNCHRONOUS LOGIC ARRAY

In this saction we shall briefly describa an
asynchronous logic array cmlled Kolte array [16].
Tha bulk af this array consists of a diode array
which is subdivided into rows and coluvma each
maede up of three wires (Figure 2a). The cells st
the intersection of the rows and columns are pro-
vidad with one of tour dioda configuraticns de-
pending cn the symbol in the correaponding cell of
the matriz repreaentation For the net beilng im-
plemented f(see Figure 2b): 1f the cell ia unmarked
then the intersection doeg not contain any diocdes.

Along the top and on one side of the array the
wires of the ¢olumn and row are connected to ap-
propriate terminating circelts. The circuiecs at
the top, called place circulte, carey cuk the
function of the places and the circuits at the
gide, callad transfrion circuits, make rhe rows
behave like transitions in the net; the input
placa circult also serves an s means for connec-
ting a wire representing a Boolean varlable in-
put to a columm. Tf there are tranaitione in the
net that might be in conflicr, becaume they share
common input placea, an arbiter [14) is placad in
betwesn che array and the traneitlon circuits con-
nected to the rows representing thoss tranasitions
(Figure 2a)}. The place circuits for an output
place have & wire coming out of it and the place



eircuit for an input place has a wire incident on
LE; the place cireuit for a column rapreasnting

a teat input ie the same aa the one for an {nput
place. A place circuit can be in one of two
states, ON or OFF. Except in the casa of a place
circislt for an cutpst place, the ON condition
cepresents a token mnd the O0FF conditionm the ab-
gence af a token. HNote that hecause we ave cnly
considering safe nacte a2 place has only ewo posai-
ble states. In the case of an cutput place cir-
cult only the change in the state hasg any meaning;
the change takes place each time a traneition puts
4 token fntoc the outpur place. The level of the
cutput wire of the output place civcuit reflects
the state of the clrcuit: a signal baing defined
&5 a change in level, each time a token in placed
into the cutput place, 4 signal is sent out,
Similarly a signal received on the input wire of
the input plece circuit changes the state of that
eircuit. If the input wire is the acknowledge
wire of a4 control link then, since the net is
safe, the circuit will be OFF before the eignal
errives and it will turn ON when the signal ar-
rivea. If the input wire is a wire whose level
is to be tested in the array then the state of
the circuit will be the game as the state of the
wire; when a signal (change in state of the in-
put wire) is received the circuilt will change

Les srate to reflect the change in the state of
tha inputbt wire.

Initialization of the arruy has the following ef-
fect: (1) a apecial imterral place circuit which
is to be the source of che initial token, {g

placed in ON state, (11} all other internal place
circuite and output place circults are placed in
the OFF state and (ii1) all input place circuits
are get to the zame state as the lnput wires,

When we say the gtate of a calumn we mean the
atate of the place clrcuit connected to tha col-
um., A transition is ready to fire whan all col-
umsz which have the marking - i{n it are ON snd the
atates of the columne that have 0 and 1 markings
carrespond o thess markings. A transition fires
ta two stepa: first 1t turns OFF the place clr-
cults of all che colwrme which have marking « ip
the Tow repredenting the transition and then it
changea the state of the place circuity of all
the colums with marking x in the row, Tha two
step firing sequence ensures that the tokena from
the input places of the transition ars remaved
before tokens are placed in the output places.
Firfay e transition procaeda independently of
other transit{ons except in the case whan tha row
renresenting the tranaition is connectead to an
arhiter, in which case the tranmitiona connected
to the achiter fire one &t a cime; the arbiter ia
hinked o that 1t favora the transition clossat
te the top in making deciafons about the naxe
tegnglcion to be fired,

More details of the arcay Llocluding the details
of circults can be Eound 1in another paper [l6].
It will suEfice here to eay Lhat the array coper-
ates asynchronougly with esch enabled tramsition
independently proceeding to fire as soon as pog=
dible. Wher the cell comfigurations of the array

are chosen in accordance with the matrix represen-
tation of the Pacri net, then the Array produces
contral signals in accardance with the specifica-
tien of that net.

MTCRO-CONTROL

In an sarlier section we have seen how sequencing
of control, fork and join oparations, conditlonal
branch, iteration and gemaphore oparatians can be
eagily expressed with Petrl nets, and how the netc
can be used In the specification of the cemtrol
Atructuresd {or digital systems. These are the
basic comtrol primitives one needsz to express the
control of a computer. Furthermore, we have
briafly discussed an asynchronous array which can
implemant the Petri net in hardware. Thus we have
the basic ability to realize the mlera-control
provided we have a large enough array to implement
the Petri net specificetion of rhe control, Tn
thig sacrion we shall examine the micro-eontrol ta
2es how some of the concepts of the comventrional
micro-control, such as organization of words into
flelds to save on the width of the words, are also
valid for the micro-control based om the AaAsyn -
chronous ervay. We shall alao present some typi-
cal examples of econtrol structures oma would en-
counter in realizing a micro-control far a com-
puter. The examples alsc illustrate gome general
prtinclplas for efficient (economical) uge of the

CarTay.

Organization of Columne into Fislda

The concept of s field iz uesful when among

a number of control paints, only one la activated
8C & time. [F one of eight registecs of a aya tem
is transferred to the data bus at a time, then a
three bie field could indicate which one of the
trenafers is to be performed, aml a contral link
could indicate when the transfer ig tc be per-
formed. In the 1llustration shown in Figure 3,
the field consists of the columna representing
placea P1s Pz and pq, and che columna repreasenting
the control link L. The tokenm distribution in the
places py, pg, pq indicates the choice of the parc-
ticular tranafer. If the transfer X - A is to be
performed, tokens are placed in P1 and p, fand py
1a left blank) ao that the bir pattern 101, which
carreaponds to the choice of the desired transfer,
is genarated, and then a ready signal is sent on
link L to initiate the transfer. Whan rhe trans -
fer 18 completed, an acknowledge aignal is re-
ceived on link L. ‘Then tranaitien t; empties
places p; and Py, 8¢ that the Fiald 1 free to be
uped again, and puts a raken in place ta efg~
nal chat the transfer aperation hae been com-
pleted.

Instryction iecoding

In & miero-control it Ls often nacesaary to
decode the bit patterne of m Eleld, such as the
operation cude of a computer ingtruction, sa that
the contral sequence can be trensferred to the
appropriate part of the micro-control. While the
abliity to perform a cond{ticnal traunsfer based
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on a single bit is adequate to perform thise task,
the abilicy to tranefer the comtrol to ona of
several locstiona basad on a single teamc which
aimultaneoualy examlnes all the bits ls very can=
venient, The O and 1 cell configurations of the
arvay provide ug with this capasbility. The 11-
lustration in Flgure 4 shows a control skructure
which decodes an operation code field conmisting
aof colums by, by and b;. If we examine transi-
tion to we will notice Fhat it has an fnput from
place P and has the cell econfiguration 101 irn
the colums of the operation code, Purthermore,
no other transicion which has the zams input
placea has the aame call configuration. There-
fure, LF the operation field of the inetructicn
regleter conteine the bit pattern 101, t; la the
unly transition that {¢ enahled when a token is
nlacee Iln place py. It may be recalled that in
vrder for a tranwition to he enabled, i{n addition
to having tokens in all input places, the bit pat-
tern applied to the test columna muat match the
call configurations of that tranaitian, There-
fore, tramsition tg is the ounly transition which
fires. 1In the process of firing, t; removes the
token from p; and puts cokens in appropriate
places to begin the execution of the inatruction.
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Efficient Utilization for Testirg

in testing a flald, thare are times whan we

are only interested in finding out Lf the field
containa a few of the many poseihle bit config-
urationg. This sicuation can be handled more af-
fletently {n a miero-control based on the asyn-
chrenous array than in the conventional micro-
control as fllustrated in Figure 5, which shows
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Plgure 5. An efficlent decoding structurs

4 decoding struzture which sanda tha control to
placa py if the code is 011, to place py if the
code 1s 101 and to place py Lif the code 1ls any of
ths six remaining possihilities. This structure
makad use of the fact that the acbiter wssigns
higher priority teo the transitions closer to the
top. Transition L, is selected only when nons of
the tranaicionsg shdve Lt are engbled, thus ts
takas care of all configurationa that do not ap-
pear in the other transitions controllied by the
arbitar. Thue we save on the number of rowa
neaded to perform the decoding operation. 1In the
conventional contxol one would have had to teat
the bice of the fleld one at a time or use a
mulkipie=branch micro-ingtructlion which would
have required at leaamt elght mlcro-worda te ac-
count for all the poseible locations tu which khe
contrel could go as a result of the execution of
that branch inetruction.

Coptrolled Accass to Shared Resources

Suppose there are six users who could place
requeaks for a commom resource. To control ac-
cess to the rescurce, we will arrange the control
in such a way that the token in a place, pp,
{Figure &), will represent the resource. There
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will be one inpur place for #ach uder and the
trangirion which allocates the resource to g user
will have ivpurs from place p; and the input place
of rhat user. Firing of any allocating tranaition
will remove the tokaen from place Pl making the re-
gource unjuailable to the other users. The fact
thar the aliccation hag basn made to a particular
user will be conveyed to the ourgide by setting
appropriate bits in a thres-bit Field and then
sending a controi signal on a contrel link. Whan
the uge of the reacurce is completed, an acknow-
ledge signal will be returned om the control link.
T™is acknowledgs slgnal will lead ta the firing

of the necesaary transitions to clear the field,
When the field {s cleared, tranaition th will pur
8 token Ln plece P; to indicacte rthat the Ta&pource
is Eres.

The conflicts over rhe tegource (the tohken gt
place plj are reeclved by an arbiter which arbi-
trates smong all of tha allocating transitiona,
If more than one uger is walting for the regource,
the one which has the highaat priority, the one
whose allocating ctransition 1s clogest to the top
will be granted the regource by the arbiter,
Neadleas to aay, thias simple priority structure
doas not achieve Fair allocation hecause a low
priority user may be indefinitely diseriminasted
sgainst if soma higher priority users ara always
waiting.

Fajir Allocation

The fairnsss of sllocatfon sntirely dapends

an what 15 considered fair: to obtain a fair al-
locator ome must apecify the criteria of fairneos
and then devise an appropriate allocator with
Places, transitions and arbitere to realize the
characteristics of the fair allecation. For ex-
ample, an interesting round robin allocator ig
showm in Figurs 7. TIn this allocater the slloca-
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Flgure 7, A round robin allocator

tion proceeds from uger 1 Lo yser 4. If the ar-
biter that resolves the conflict is of the kind
that operates imparallel, than becguse of the as-
8ociative nature of the array there ig nmo dequen-
tial hunting of the uaers invalved in determining
the next user,

Places . Py, Py and P; ilodicate the lag: uger
who used the TEE0UrCce ; Py, for example, indicatea
that user 1 was the Lggs user. A token in place
B5 repressants the avaflability of the FEREOUr ce .
Yraneitions ty, ..., ty perform the allocation,
and transitiona . . t15 update tha record
about who wae the laag user. The cell cunFigura-~
tions of the cells at the intergsctions of tran-
sitions €1, ..., t7 and pluces B1. Pz, Pq. P; are
arranged guch that {if place Py haa & token ipdi-
cating that user 1 was the last user then umer
1+1 modulo 4 has the highest priority in the ekt
allocation,

An Efficient Program Lo Clear a Field

Traneitions t7, Egs tg and g 1o Pigure € per-
perform the tagk of ¢ earing o field and chat of
putting a token in place P Eo afgnal the comple-
tion of the task. Thig vontrel program yges anly
n-bi rowg where n ie the number of bits in the
fiald,

Multiple Regource Allocator

in Figure 8 we show a six-user two-server alloca-
tor. Tokens in places p; and P; Tepresent the
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avallability of cthe two servers. The allocator
actually conaists of two parca, one which doan
the allocation for aerver | and another which
doea mllocation for server 2. The cantrel in the
allecator oscillates hetween these Ewo units)

the presence of a token in place p, indicates
that urit 1 is operating and a token iIn p; Lndi-
cates that unit 2 i3 operating. After the opers-
ticn of & unit, with or without allocation, the
control passes to rthe other unit.

The allocator discusaed above is & single se-
quence allocater. It i possible to realize a
parallel allocaror bur rhat calla for a much
larger contrcl program. Some fdeas on parallel
allocators can be found in 4 paper on a mulciple
zerver arbiter (Patil [12]).

Sharing Micru-gode

Lf a certaln arrangement of places and trensi-
tions repeats In the control structure meny
timen, then it can ba set aside as a sub-conerol
dtructure to be vaed ag & aubroutine if we know
that at any ouve {ime the sub-control structure
iz needed only st oma place. The illustration
in Figure 9 shows how a group of places and tren-
sitivns which gccount for the indirect sddreasing
feature in a computer are veed from rwo locariona
In the control, once to fetch vperand A and then
ta fetch operand B. A ! in the highest order bhit
of an address field indicates that this address
is: to be replaced by the address in the word that
is addreseed; the true address of the operand is
found when the highest order bit i1s a4 0. Io the
Petri net gpecification of the control, a place
which appears split into two halves Tepresenkts
a pair of Lioput-output placaa that corrsapond to
the control link whoae name appears basides the

DOALd boT
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comtbrel
Program

noatarfon:
IRead
—(—

Jhuring program
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Figure ¥,

place. This notatlon ig ean abbreviation which
makas the diagrem more readable; Lt does not add
any new capabilicy to the Parri neta.

Seruckuring the Arcey for EfEicient Utilization

We shall now turn cur actention to a problem thet
arises in congtructing a large micro-concrol 1if
every column in the array realizes only a single
place, As the control program becomes larger,
wmora internal places are necded in the control,
which calls for a wider array. Thus given a maxi-
mum width of the array, there i{s a limit to the
gize of the control program one cao realize, un-
leas a wuy Ls found for a column to he used for
wore than one place. For example, the columng
could be broken into segments which realize dis-
tinct places. This idea 18 very much Llike the
rsuse of varlable names in a block structured pro-
gram, and not too difficult to attain 1f the ar-
ray is provided with extra hardware es¢ that s col-
umn can be terminated with a place circuibt at a
row {n the array. It may be too expenslve to pra-
vide this facility at every row In the array, hut
the ability to terminace & columm at rows at se-
lactad intervalas could prove guite sacisfaccory.
Furtharmore, the columnas which are usad to con-
trol the linka, that {m the columa representing
cthe input and cutpub places, do not nesd cthis Fa-
cility because for a fixed number of econtrol
puints, the number of these columms remsins fixed
regardless of the size of the contral program.

In & micro-control ic is often necessary to Ae-
guence a number of ingrructions, which calla for
the transitions to be concected by a chain af
places. This specialized requirement can be very
efftciantly meat by thres columns that are divided
into overlapping segments which in effect realizes
a structure, which thome familiar with Electrical
Engineering will recognize as a three phase struc-
ture (Figure 10k}. This three phase gtructure
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provides placea which in addition to sequencing
the Instructions perform the task of remembering
the loentions to which the conkrol from s subrou-
tine {3 to ba recurned.

Concluding Remarksg

Through the numercus examples that we have pre-
sented In this paper we have tried to comvey our
Eeeling that Petri nets are well suited far rep-
reaenting micro-control of parallel computers,
egpecially when the computars are asynchronoug
computers, AR important reason why this topic de-
served attention is that now we have a systematic
meany of realizing the Petri-net specification of
a contrel uwsing a logic array based on L8I tech-
nology. The most Important properties of g con-
trol impiemented in thim manner is that it 1s Epu-
ly asynchronous and parallel in operation and is,
therefure, well-matched to the needs of parallel
compriters. A demonstration model of a micre-
contivl based nu these Ldeas has heen realized
ol g dluerete componenca.

We wonld ke Lo exprese our graditnde to the
Natiunal Science Foundation for thelir swpport of
the research reported in thia paper.
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