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I-INTRODUCTION

In this paper digital systems constituted by mutually asyn-
chronous units are examined. In a unit only the portion of the
control part that regulates the information exchange with other
units (control node) is considered . A control node is seen

as a device that correctly realizes an asynchronous sequential
function between input states and output states. Some input vari
ables of a control node are regarded as parameters, whose values
are determined by some agents, independently from the control
information flow among the units.

A set of several interconnected control nodes constitutes a
control network. The operation speed of every control node and
the size of the delays associated with the interconnection wires
are unknown. In order to assure that a control node is correctly
driven, synchronizers [1] are supposed to be inserted, if neces-
sary,-at its input terminals.

Two important properties of a control network are persistence
[2] and activity [3] . A control network is persistent if no in-

formation is lost. A control network is active if there are not
rm:m:Cﬁ,mwﬂ:wﬁwomm.

The problem of obtaining a larger persistent and active con-
trol network by interconnecting two smaller ones is explicitly
considered in this work. For this aim a model for describing
control networks is utilized, that uses state diagrams {2] as a
means of description of network behaviour.A two-way relation is
established between the states of two control networks Bl mnm,mN
to be interconnected, and the states of the resulting control

network C. Such 2 relation allows us to determine conditions on
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the state diagrams of p! and B” that assure that C ic persistent
and/or active.

1I-THE MODEL

The portion of a control network beginning at the input termi-

nals of a control node zr and ending at the input terminals of

the control nodes to which zr is connected, is considered asz a
whole, and its behaviour is schematized by means of an abstract

device called element.

Definition 1. An element is a device with D contreol input vari
ables X13XgseuusX, P vmﬂmsmﬁmwmﬁw.ﬁw....,ﬁf. m internal variables
Y1:¥g5+++5Yys 4<m output variables NH.NN.....NQ‘ that realizes i)
m logical asynchronous functions

%wﬂMMANH.NN..-,QNbaﬁwuﬁN....uﬁﬁ.%an'Nw...v\Eu .wnM.N-...vE H '
possibly excluding some sequences of input variable values, and
ii) gq transfer operations

Nunlov\u. » u"H.N-....D.
Each logical function mwA.u gives the new value of the internal
variable ¥ When <wwwwu the variable Yi is unstable, and the time
required for the variable to attain its new value (to switch) is

supposed to be egual to zero. Each output variable mu takes the

value of the corresponding variable %u. When Num%u‘ the variable
N“w is excited, and the time required for the variable to switch

is neither constant nor bounded, but finite. The <m~wmvww Nu. if
excited, actually switches only if the value of %u does not

change while N.,w is excited.

Definition 2. An element is normal if i) each unstable inter-

nal variable becomes stable as it switches, and ii) each stable
internal variable remains stable until the value of at least one
control input variable changes.

In the following, we always refer to normal elements. In Fig.
1 some simple elements are described.

Definition 3. A net is an interconnection of elements, where

each control input (ocutrut) terminal of an element is connected
to exactly one output {control input) terminal of another ele-
ment. No delay is present on the interconnection wires among the
elements.

The connection of an output terminal with more than one con-
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nets of the "semimedularity" introduced in [2].

Definition §. A net is active with respect to a st

no state mvm mmhwmv is stable.
Note that in a active net a part of the net may ha
the net as a whole may not. The concept of active net

to the concept of "well-formed contreol network" used

An example of a persistent and active net with res

state wH is given in Fig. 2. In each state of the 4
2b, the i-th symbol represents the value of the i-th
ﬁ%wwmwvu i=1,2,3,4. Another example of a persistent

with respect to its state mH is given in Fig. 3.

III-MODULAR NETS

In the following, we consider those nets (modular

stituted by several parts (modules) interconnected by
e

paim of wires that are obtained by merging
n

Not elements of two proper smaller

Definition 9. A net constituted by a set M of elements

Delay elements and by s-Nct elements {r or s car be equui to O

is called block. The set M is called module.

Definition 10. Let wH and wu be twe blocks, and let zww and
mMN be, respectively, their initial states. Let mw he sonsti-
tuted by a module Zu. by r' Delay elements m“‘ i=1,2,...,r", and
by s' Not elements ZW. i=1,2,...,8". Let g’ wm constituted by =z
module ZN. by M. Delay clements @N and by r' Not elements zm. 11
there are two states mwum mmﬁmWHu w:a Mm mmwﬁmMuv..om wM and wu

respectively, such that, for all i and for all j:
i) the value of the control input (output) variable

elerent i3

note ocur

are S i€
a

no-ugp, but

is simila:

nwm. (Zhd )

of DW in mww ww wp:mw to the meco of the output Anouﬂwow wschu
variable  zbn, (Zfn)) of N in mMN,
ii) the value of the control input (output) variable mw:. Amwn.v
of ZW in mMH wm equal to the value of the output Anonaaow ws@cwu
variable  zbd, (z3d.) of D’ in S%2,

3 j 3 d
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then wu and mN m«m ﬁzo connectible wwonrm with respect to the

pair of states mm 1 maNJ The :mn obtained d< connecting the con-
trol input AOCmnCnv wire of c with the output (control input)

i1
wire of zw. the control wnncﬂ (output) wire of N:
i 2 . 1 11 2 2 £
(control input) wire of @u, and by removing oM~ 7u. cu~ 7w. or
all‘i and for all j, is & modular net, and it is denoted by C =
= Zur\zN. The initial state of C (connection state) is denoted

1
by mmn = mer\mMN. The variables of C obtained by merging Zad.

1 . 21
with Zbn z aw with NWmM. Zan, with Zbd., and Nws with Zad,

p. . u HN NpuHN 3! i 3
are denoted, respectively, by Nm N: . Nsu z i

ﬂzo no::mnﬁuvwm blocks with Hmmvmnw no the pair of states
ﬁm =000000%, mH =0%*0*00) zre shown in Fig. 4a (this is the net

msoss in Fig. 3) and in Fig. 4b (this is the net shown in Fig.2).

with the output

The resulting modular net is shown in Fig. 4c.

&) ©bj

»

In the following, we always refer to the notations used in the

previous Definmition. Moreover, mH mN and mn. with subscript sym-
2

bols, denote a state of mu. of B® and om C, respectively.
Definition 11. Two states slie ss(s}1) and mNN*mmmﬂm 2) are

said to be correspondent, and are am:Oﬂmm by m le—s§ NH Hm. for
all i and for all j, i) the values of Nwa i Nwm Nw:.. quu
»w mww wwm m@gmw respectively, ﬂg the <mu:mm om Nma. Nm:w.

2bd;, 234, in siz, and i) mpw = 531, 822 = 522, or mwum es(s;1),
m N € nmﬁmvuu. where mver+mu~. .

In Table I are listed the pairs of correspondent states for
the blocks shewn in Fig.4, 2 and b . Superscripts 1 and 2 refer

to the states of blocks in Fig. 4a and 4b, respectively,

Table I
1.e2 ol o2 o1 .2 1s? | glog? 2 12
SISy Sysy L syest, shes? sles? sg—s? , sles? |
12 ol_2 52 L2 el 2 1 .2
S6757 » Sg=S7 ., sigs] , shs? sl g » Sg85 . Sp3Sy
1.o2 12 1 .2 ~r+ 2
513755 » S157Sg » ST 70110 5177812

Definition 12. Two states Sli e ss(sj1) ﬁm 2€ ss(5%2)) and

ST S m d

m ce mmﬁmanu are said to be congruent msa are amsoamm by m 1~
).mn mm 2~st nv. if each contrel input variable, each Hsﬁmw-
aww <mwwmd~m mma each output <w~wmﬁum of every element of xw
ﬁz ) has the same value in mwu mmﬁwu and in man.

IV-PROPERTIES OF MODULAR NETS

For two blocks B! and mm. persistent with respect ﬁo mww and

mNN; respectively, and connectible with respect to ﬁm 1, mMNV.
a:m Theorems of this section hold. "aeorem proofs are oa»nﬁma
and they can be found in [4].

c

Theorem 1. For every state mun mwmmﬁm nv. where mmn is the con-

. 1
nection state, n:mwm are exactly two nOﬂwmmﬂosamuﬁ states S_1 and

z ¢ 2 P
mwN such that mﬁu;\mnn and mhm;.mvns :
Theorem 2. For every pair of correspondent states me and mwm

491




- 1 C o<

; ] s iS¢ such that SSc~s'1 ana sSc~sfa,

there is exactly one state vvr such that mﬂn UUH and - , .
Theorems 1 and 2 establish a two-way relation between the pai

u,

of correspondent states of two connectible blocks on one side
and the states of the resulting modular net on the other mpmm.
Such a relation is the starting-point mo«.wﬂo<w3m the following

Theorems.

: 1,2 .
Theovem & In a modular net C = M UM™, the modules
cogmunigcate according to a veady-reply rule, i.e., if
T 3 . o
w: A:un switches,it does not become excited until In.
i ny

has switched, and viceversa.
Theorem 4. The modular net C is always persistent with respect

to mao, .
Theorem 5. The modular net C is active with ﬂ@mﬁ@%ﬁ to vmnwwm
- N o . £ ¢ ; 1o < 3 A
and only if, for each pair of powpmw@o:mvsﬂ states mvH ww& mHV ,
there 1s at least onme output variable of an element of M wrmm
is excited in ,NH or an output variable of an element of M° that
. R % 2N
is excited in wvr.
The wodular net shown in Fig, 4c is not active zpwr respect to
2 . . . A ,
mwfgmm as the pair of correspondent states mwm and S, does not

satisfy the hypothesis of the previous Theorem.

Note that a modular net constituted by several modules can
be ohtained itevatively, by considering two blocks at every step,
by c¢onstructing the corresponding modular net and by regarding it
as a block. At every step the state diagram of the obtained mod- -

ular net must be constructed. The following rule allows us to

. 2 et .
construct the state awmwﬂms om C = ?Hr\z by starting from the

state disgrams of Bl and of m

1 z

D% and d° be, respectively, the
. 1 " 2
state diagrams of B~ with respect to mmH. of B

mNN and of C with respect to mmm. D¢ can be obtained by perform-
a

Construction Rule. Let D
1

with respect to

ing the following steps. .
1) Construct the states of C by considering all :!¢ pairs of

correspondent states. The state of C associated by means OM

the two-way relation with a pair of correspondent states mvw .

and wNN is obtained by taking from me ﬁmmNu the value of

each w:ﬁOﬁzmH variable and the value of each output <mwwmcwm

of every element of ZH AZNU. This state 1s denoted by mmn =
-1 2

= vvwr\mvN.

b 5 i with
Connect,by means of a dirccted arc, the node associated
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a state mmm to the nede associared with a mﬁpﬁo mn if mwn =
1 - - d -
= mmyr_wmuu Sq¢ = mwwfgmmu. and mm ces(s) pl)s Sg2€es(s mN,.
3) Mark the directed arc noaqmrﬁyum the :oam mvameﬁo& with sS¢

p
to the node associated with SSc by the union of the markings

q
that, possibly, a appear in ot (on mrm directed arc connecting
the nodes associated with mH

1 and st ww and in D2 ﬁon the Qwa
rected arc connecting the soarm mmuonHaﬁoa with wvm and m 2).
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