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ABSTRACT

This paper deals with the probliem of de-

scribing the behaviour of LSI components for
@ three-valued functional simuiation.

The proposed functional description uses a
set of predefined functional modules, named
primitives, for handling data signals, and
test blocks for handling control signals.

Some primitives with relative algorithms
are described and 2 procedure for test blocks
management with three-valued control signals
is proposed.

1. INTRODUCTION

The technological evolution of integrated
digital ecircuits, with the introduction of
LSI components, makes the use of gate~level
logic simulators highly inefficient, or rath-
er impossible, in terms of memory and time
requirements, hen large networks are to be
simulated for Zogic and desiga veriiication
and fault ana{ysis.

Hence 1t is necessary to develop a compo=
nent description method, with a lower detail
level than gate level description, which al-
lows to reduce memory and computing time of
the host computer [1,2}.

A functional description, viewed as a con-
nection of predefined functional wmodules,
named primitives, promises to meet the above
mentioned requirements.

The aim of this work is to propose a func-
tional description of IC's based on the use
of primitives for a three-valued simulation.
In fact the following reasons, even if with
different degrees of importance, make the in-
troduction of the third value X necessary in
a functional simulation:

a) necessity of assigning a value X to out-
puts and states at the initialization phase
of the simulaeted circuit;

b) necessity of stopping a recopnized oscil~
lation, by setting the oscillating signals
to X,

c) necessity of essigning unspecified values
to outputg and states, when inputs take
forbidden values;
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d) necessity of assigning unspecified value.
to signals during certain time inc:~vals.
due to timing tolerances.

2. COUFCHINT MODLLLING

In general, at any level of detail, a cor-
ponent can be described in terms ¢ i:iz struc-
ture (inputs, outputs, states and 80 on), of
its functionality .(input/output relations)

and of its timing. .

All these characteriscics must get rise
from descriptions with a detail level that is
fixed by a compromise hetween the necessity
of a simulation system able to treat sipnals
with a sufficient precision and the require~-
ments of efficiency in respec: of memory and
computing time.

From dur point of view only the following
features of a component must be known in or-
der to describe it completely:

4y inputfoutput signals;

b) internal states;

c) timing relastions among inputs;
d) functions and relative timing.

It is just worthy to mention that thes:
features are always piven be manufactures.

Considering these featuv=s, a component
can be modelled, in a suitable hardware de-
scription lanpuage, by a struccural descrip-
tion that defines inputs, with their timing
reiations, outputs and ttates, specifving
their type, dimensiocn and other similar at-
Ciarvutes, =y a functional doscription ~hat
represents the functions performed by the
component, with their propagation delays, ac-
cording to various input and state pagterns.

In a three-~valued simulation environment
the correct propagation of signals from input
to cutput can be obtained eithecr by a compar=
ison amonp all the resultes that may be got,
specifying input X's anyhow and using an al-
gorithm operating on two-vaiued dates and as-
eigning X to every output bit, whenever the
value of that bit is different in two vesulcs
at least, or by & specialized alpgorithm oper=
ating on three-valued data. liowever the ex-
haustive procedure would require an excesgive
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computing time and the development of algo-
rithms would be very inefficient, since an
alpgorithm for each component would be design-
ed, and very difficult, since the number of
the functions performed by a component and
the number of its inputs are normally quite
large.

For these reasons our approach to a func=
tional description of & component is & compro-
mise between the two solutions mentioned
above. It is based on the use of a number of
simpler three-valued functions, named primi-
tives, by which more complex functions can be
implemented, according to a modular technigque.
This choice generally produces less precise
outputs than an exhsustive procedure, since X
values may be assigned as results, whereas
these would be known. Bowever if a sipnal val=-
ue of the physical circuit is unknown, the
one of the simulated circuit is unknown as
well.

The functional description we propose con=
sists of executive blocks, within which therve
are only primitives to be executed in a pred-
efined order, altermnated to test blocks with=-
in which input sipnals, commonly named con=
trol signals, internal states and dummy sig=
nals are tested; test blocks are points of
the flow diagram at which the execution order
of executive blocks can be modified.

From this approach, that distinguishes
control signals from data signals, it arises
the possibility of processing the two types
of signals separately.

In the next sectionsg the necessity of such
s distinction is shown, with related problems
and advantspes; the criteria to implement
primitives and a heuristic ecriterion to proe-
ess control signals are also introduced.

3. THREE-VALULD PRIMITIVLES

Since MSI and LSI IC's have very frequently
a hieh paralilelism degree on input/output data,
it 1s convenien; to adopt computing methods
for three-valued functions that waintain such
a parallelism inorder to reduce computing time.

Three-valued functions can be computed
either by boolean equations or by tabular
methods, as well as by algorithms.

The first method is to be discarded bte-
cause bits of the same output must often be
valued by different boolean equations (for
instance consider the sum of two numbers, re=-
presented as binary vectors of n bits).

The second method, however interesting, ig
useful only if the number of function argum-
ents 18 small, because of memory occupancy.

Our choice for the implementation of pri-
mitives is to use algorithms. In a project
for a logic simulator design we are presently
developing, several relevant primitives have

been pieked out and thelr algorithms degipgned
end implemented.

The c¢hosen primitives can be grouped ac—
corcing to the classes of functions they re=
present:
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a) legic and comparison functions (sad, or,
not, .ete. )

b} arithmetic functions (addition, multiplica-
tion, et¢.)

c) count and shift functions
d) decodinpg and multiplexing functions
e) assignment functions

f) storage and bidirectional elements model=
ling

g) transition sensitive inputs modelling.
All the alporithms for these primitives
have been developed keeping in mind & three

logic values coding previously defined 3],
it represents a three-valued variable & by

‘two boolean variables a° and al and by the
following correspondence:
30-1, 31"0 iff a=Q
2%=0, al=1 PFf aml (1
2% 1, al=1 iff  a=

o i . .
a =, a =0 impossible

This coding allows us to represent a
three~valued function f by two bhoolean f and

fl, which are two-valued and are generated
from function f and itq dual E, both in &P
form, substituting esch argument ®; with
xi, if affirmed and‘with x?, if negated.
For example, let be

yaagébc+gz
then

;-Eb*;gc
and

y?ﬂalbo¢blcl+boc0

y°-c°b1+a°b°cl

According toe the coding, we shall represent
an n=bits three-valued variable, say ¢, with
two n=bit two-valued variables ¢ and ¢ ; for
example let ¢=10:110¥%, then

cf=0110011
eletoriion
In the next sections gome primitives and
relative algorithms will be described, in
order to show how different implementation
criteria are applied to cases of different
complexity.

3.1 Lopic and comparison functions

3.1.1 Lopic functions. Logic functions
are implemented making use of their equations
and their dual ones; for instence the *qun—
tione of & lopic AND are

11 1

e =a A D,

o ] [y
¢%a®vb {2}

where &, b are the two Linary vaeriables to
snded, ¢ the resul® the apenes have thc
previcusly mentioned meaniag.
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¢ 18 immediate to note that only two wa=
chine instructions, namsly son AND and an OR,
are necessary to implement the fuanction,
whereas other codes would veqguivre a larger
number of machine instructions.

Ian Tab. ! the equations and the number of
necessary machine instructions for several
lopic functions are shown:

function coded equations n® of instr.
ARD ¢“ea® 1% claglap!? 2
s o o 1 H
QR ¢ =a Ab , c"'=a Vb 2
o T
NQT b wg®, b mg 2
NAND |c%alAbl, clea®vp® 2
o o 1 1 1
wOR c =a Vb, ¢ =a Ab 2
o 1, .1 o . °
c ={a Ab 'YV {a Ab 3},
XOR 1,1, o o, .1 6
c'=(a Ab )V {(a Ab)

Tah. 1

3J.1.2 Comparison function. The comparison

function has been lmplemented b{ the algorithm
sitown in the flow-chart of Fig.l. Such an algo=

vithm arises from the following casy conside~
rations: i1t 1e sufficient to know only twe or=
der relations, namely equality and consequence,

to get all others;for the equality and consge-
quence relation between two variables,repre-
sented as Lirary vectors the bits of which can
assume values O,1,¥%, the correlations susma-
riged in Tab.2? can be established:
equality consequence
true false
false true
false

indeterminate

false
indetsrminate

indeterminate

Tab. 2

The notation of Fig. I has the following

meaning:

A,B input dats variables

U work variasble

OUTl,OUTZ output bits with the meaning:
OUTl'l Aw=B
OUT, =0 A#D
OUTl-X indeterminate equality
ouT,=1 A>B '
0uT,=0 AFB
OUTZ-X indeterminate consequence

3.2 Arithmetic functions.

Among the four srithmetic functions, only
the addition has been chosen to be described

here, because adders are very commonly used
IC's.
The procedure to perform the sum of two

numbers & and b follows these stapss
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{ COMPARISON ;

OUT;*O

OUTLMI B

!

vlem (%A Yy v (a1 A B%)

WCe— (&1A BY) v (a%A B%)

=0

YES Ul
NO

YES

GUTL¢w-X

G

YES
OUT _+—
5 X
END
FIG. 1
a) the maximum and the minimum values of ape
ands are obtained, by substituting the X°
with 1 and O respectively(®);
b) the sums bhetween maximum values and betw.
minisum values ave perforimed, let they bo
and § .
max min
(=)

With our coding the maximum and
wum value of & variable ¢ are ¢
®

¢ . =¢ respezotively.

wan

P



PUIPEUTIVERSRN

o v oo 0

C e m e, S . o .

PRI

the resuls is o

I¥]
St

if the ¢

value 1 ( r
are both 1

5 and 3.
max min
the value X if the corvespouding bits in

S and S are different or if at least
max min

[~

Lng b

cne of the corresponding bitsin the oper=~
ands has value X.

For example, let a=0X0X01,
»=0X0010 then =
a .~ =000001, b

=010i01L, b =01
s Pax 0010
g + &
HMaKr Wax max

nin min
1001il, § . =a ., +b . =00001l1; from this we
min min  min

have: S=XX0X11.

The above procedure can be justified with
the following considerations:

1) if at least a bit of an opevand has the
value X, ! the corrvesponding bit of the sum
is X, because 0+X=X, leXaX, XKe+Xw¥;

2y 1f 8 and &

ma R B 1]
that bit¢ must be ¥, since there are ac
least two different palrs of operand con-

figurations, L.e. & s b and & . ,b .
max max min' @mia

that produce different vyesults in the sum
for that bit;

differ far & cevtain bit,

3y if S and S

S . re equal for & cevtaln
max min

[

bit and in the corresponding bit of the

cperands there are no X, the valuve of that

it in S ¢y S . is the correct value
max min

for the sum. In fact, if the above hypoth-

esis holds, since the pairs of operands
(a ) are equal for

max® Crax’ Swin® “win
that bit, also the carries musti be equal.

It follows that the carries are equal also
for any other configuration obtained spec-

ifying the coperand X's anyhow.

The algorithm for the addition is shown in
the flow-chart of Fig. 2. It has been drawn
making explicit reference to the adopted
coding. The notation used in Fig. 2 has the
meaning:

A, B opevands

I caryy output

R vector contalning one's anywhere at
lcast one operand has value X

Sy vector containing one's anywhere
S and S5 are different
max min

From the described procedure it is easy to
recognize that it allows to perform the
three~valued sum between two numbers of n bite
in parallel, requiring & number of machine
instructions much lower than an equivalent
gate level procedure.

3.3 Count and shift functions.

3.3.1 Count function. In order to implement
a procedure describing the three-valued count
function correctly, it is necessary to take
into account the correlation between the X's
number that arrive at the input and the X'sg
present in the current coﬁfigur&tion(*)

(x)Let us consider a counter with initial val=
ue equal to zero and at the first step let the
input take value X:the counter will take the
configuration 0..0X;at the next step with input
zqual to X,the counter teakes the configuration
0..X¥,which would mean 0..00 ¢¢ 0..01 or 0..10,
but not O..11.
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P —— i,
<iADDIfiSS“~;>
e

.8 & Al-‘rB1 i
max
i o JR—
C” e CARRY :; C #~ CARRY

R (arA 2% v ta 8%

FIG. 2

ki

In fact, if the count function is imple-
mented making use of the addition algorithr
iteratively, the counter will comnfain n bigs
with value X after a sequence of n X at the
input, while the sum of n X is & vector con>
taining [lgynl X; in facc the maximum value
of that gum 18 n, and the minimum is zero.

Hence to compute the counter value after
k steps, in h of which the input has wvalue
X (hgk), these h steps are assumed to be the
last ones and consecutive and the addition
alporithm is executed, takinpg the counter con=
figuration after k-h steps 2s an operand, and
a vector contsining the g=[lg;hl least sig-
nificant bits of valuc X as the other oune.
The maximum and the minimum values of the
latter operand are equal to 28-1 and to zero
respectively.

Let c; be the initial content of the count=
er, ¢ the current content and 1 the input;
the following implewentation of the alporithm
takes into account that the initiasl configu=-
ration may contgzin any number of X's and it
is 80 summarized:



[P

o -5 =1 N
=c., r =s=c Ay (preset step)

£ i=w0 then no operation;

B

I

besin

pae
(a4
[

[ ]
-

then

l

. =me ., +l,
mifn min

mia X min max

if jeX then bepin
8 @g ¢l

r *rXV 8,

c se . Vr Ve . &€ Y.
% i1 max

¢ =¢ Vi yle . &c
win max

The above procedure, as well as the addi-
tion one, is able to compute the relative
function exactly, without introducing movre
indeterminateness than it is necegsAavry, at &
low cost in terms of time and memory.

3.3.2 Shift functions. As fawv as shift
functions are concerned, they can be imple=-
mented very easily using shift instructions
of the host computer. Only the relation he~
twcen word lenpth of the host computer and
the length of the operand is needed to be
caken into consideration, in order to define
the implementation procedure.

4.4 Read/Write funcrtions in Memory.

Unlike the fuftctions so far described, the
primitive for memory modellinp would require
a very larpe amoupt of computinmg time, Lo
perform the thpeervalued read/write functions
with a correct propapation of the third value

ience our approach 1is a probabilistic one
and the consequent procedures may give more
indeterminateness than it is required.

Consider a storape device, having a capac-
ity c=2N, where N is the bit number of the
address a and assume that esch address bit
can take the value 0,1,X with the same prob=
ability, while assume that each bit of
input/output data can take only the values O
and 1 with the same probability; in vespect
to the problem of introducing more indetermi~
nateness in data this is the worst case hypo=
theslis.

3.4.1 llemory vead. The procedure to imple-
ment the read function follows the below de=
scribed criteria:

-~ 3+f address a does not contain X's, the con=~
tent ie immediately read outg

- if address 2z cowtains only one ¥, the out«
put is piven by a comparison between the
contents of the words addressed gpecifying
the X in the address as zeyro and as one.
Note that with our coding one address ig &

and the other is a”;
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- 3§ address & contalins oy more A

result is completely terminate.
reason is that, under this hypothesis, &
probability P that one o the four or more
sddressable words differ from the cthevs

for a certsin bit, iL.e. hrat the corrvespond-
ing bit of the regult mssume the vaius X,

is P=0.88.

i

3.4.2 Memory write. According to hypothesis
and notation of paragraph 3.4, the number of
different address vectors with n bite of vaiuc
X is:

N
Cx(n)-< v (23
hR 13
The probability that n bits have value *
at the spame time iz:
N N I 5
. . -0 s
plrysc () /3 € (m=(2/37 . >.z (4
n=l n

From (4) the probability that at most I3
bits have value X at the same time 16°%

P
x
—

nw ne=Q [

Fquation (5} was tabulated atd results
were drawn in the graph o§ Fig. 3: it shows
that for N >6 and keN/2(%) it is p(k)>0.9.

p (k) 4
l 4

.98

.96 +

PR

FIG. 3

(x)lf the value K has a lowex prabability to
appear in an address than the values O and
1,the probability plk} increases,any sehet
condition being equal.



The procedure to implement. the write funec-

tion i8 the following:

< if the number Ny of X's in the address is
Ny <[N/7] ,a11 the possible addresses are spec-
ified and the configuration coming out from
the comparisoh between the input datum and
the content gf each addressed word is stored
in each of them;

- if it is Nx>fN/f] a completely undetermined
datum is stored at all the specifiable ad-
dresses. °*

In the former case the propagation of the
third value 1s correct, while in the latter
it 18 a conservative one, but at most it con=
cerns a l0Z1 of cases.

Let us estimate the mean vaeluea E(I) of the
instruction number needed to specify all the
addresses from en address containing 0,1 ,X
with the same probability:

N N
B(D- F i.2%c () /¥ c (m=ia/nY (8
nw( nwQ

where O« ngN denotes the number of X's in the
address and 1 is the number of instructions
per address.

The procedure for address specification can
be the following; let Inc be & vector contain=

ing 1 in the least significant X position and

o -
0 elsevhere; Am. = A the minimum address value:

in
!
‘o, =1
Bx“? NA V Ing
C A,
min
Li . C =Cvine C vontaine sn address
C =C+DB
x

1f €C=0 then goto L2

C =CA A1

C =0V A, C containsg an address

L2 v

It is immediately seen that three instruc“
tions per address are required to specify X's,
so that, if N=10, equation (6) yields
E (1) = 50.

3.5 Transitin® Modelling.

Since in peneral component inputs are
sensitive, apart frow levels, also to transi™
tions,as f[or ingtance timing inputs are, it is
necessary to provide tools able to recognize
1f a signal undergoes a transition and the
sense of froasition.

The solution we propose ia & primitive
that compares two signal levels vp and v, at
two consecutive simulation steps and that
translates the transition into & dummy varis=

ble Trans which hae & meaning according to
Tab. 3:
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v v Trans ; i
b s Heaning
— - 1
0 O 00 no travsition occurred .
0 1 10 low=to-high transition
o X X0 uncertain low-to~high transi
tion
]
1 0 01 high~to-low framnsition ;
- e - o -Al
1 1 00 no transifion occurred |
1 X 0% uncertain high-to~iow transi-
tion
X 0 0x uncertain high-to-low transi
tion
X 1 X0 uncertein low-to~high tran
tion
. . . £
X X XX uncertain low-to=high pr
high-to-low trangsition

Tab. 3

4. CONTROL VARIABLES MANACEMENT

4,1 Definition.

Although control inputs snd states can be
handled as any other signals, the following
onsiderations show the opportunity to distin=
guish between controls and data.

fir can per-—

For example, suppose that a o
,f} and EA'

¢
form four boolean functions f,ifz
1

selected by twe variables & z2nd b: thea in
the whole the behaviour of the chip can he
described by the relation:

feabf +abf +abf_ +abf

2 3

1 4

If the number of functionz to hbe ecxccuted
and input sigez: numwber are large or if the
function is to be described by algorithms to
take advantage of parasllelism on output, it
is not convenient to describe the function £
by & single primitive operating on three-val-
ued data, because storage reguivements for
tables or machine code would increacs zxces-~
sively.

It is possibie to consider control iaputs
and states to be a vectocr address polnting to
the function to be selected and to compare all
the results that mav be pof in & thuvree~valued
simulation environment, whea 4 contrul
signals have the value X. [f the numjar of
control signale sssuming the value X 15 large
an exhaustive comparison needs &N E€XCRB88LVL
computing time. On the oth when com=
plex chips are to be described, it is cften
flecessary to test some intermediate results
of the function. For these reasons we extend
the definition of contrai: variasbles and
propocee & heuriscic solution te their proc-

esging.

v hand.

The behaviour of a cowmponent ig described
by a flow diagram &, ,s8 defined 1a seqtion 2.



We define vontrol veriable of s component
each variable appearing in a test block of A ,
at least. In the following for the sake of
simplicity we assume that all the control va=
riables are one bit-variables; however the
proposed procedure can be easlly extended to
n bits-variables.

4.2 The heuristic procedure.

Each solution simplifying the evaiuatiaﬂ
of chip outputs in terms of time and memo
even if it renounces a correct propagatxon of
X's, weuld Zave the following points:

1) it would not yield specified valuee fovr
variables that surely would be undetermined
with a correct propagation of X's in con-
trols;

2) it would not modify variables not involved
in zny operation selected by specifying the

X's in coatvrols anyhow.

The lzvter condition is especially lmpov=
tait at the inicialization phase of component
stute when N 1€ many X's ave ent, @l
ready spec, nd qot inwolwes T

ed to be

1

cur soluiion cie
n

in ocrdcz a N
i eed to be introduced

§0QinC
here.

I some control wvariables take the value

X indenendently ¥ times during the
of t¢tne flow diapram, then it is not known

what function is performed amonpg the set F(N)

of all the functions, affecting the same out=
W

put, that can be defined specifying the H
occurrences of the value X anyway.

evecuiion

Let us assume that;

a} an output bit of a cowmplex functioa having
all r-c sperands specified has about a 0.5
probability of being 1 {0):

b) the results of ,F{E) distinect functions
cvaluated wirb tne same input configura-
tion have &8 very low probability of beinp
correlatced.

It follows that the probability that & bit
of the result, obtained by compatison awmsng
the outcomesg of ]F(N)\ functions, 18 O, 1 oy
X, as53umes the valueg shown in Table 4.

(b(Nﬂ [ Probabiiicy Probabilicy Probabilicy

E i vr vilue O of value 1 of value X

{ L ]

L | o3 Pym Py Fys 1728,

: 1 0.5 0.5 0

i ‘ § .25 Do 0.5

} 1 n125 o5 G.75

g 4 0.0625 0.0625 0.875

iLs 0.0312% | G.03125 0.9375
Tab. 4

llypotheses a) and b) zre not always stecicte
ly true, but in practicw they sve approximate=
ly truwe for the wmajority of chips.
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FrLerilg SOng

Baszing ourseclves on pv
ions, we intrvoduce an slgorithm wiich does
not compute the results by a comparison among
‘F(N)ﬂ possible resules, but which sets thse
value X into all ocutput bits when the numbor
[F()] is greater than a limit k and thus
makes a percent error decressing very g
as k prows.

Let V be the set of variu:

Hoand parcition it into two sub
Subset I contains 21) the input wvari:®’
i.e. Input signals and preceding states ta.
we supposSe nol appearing . result ia any
statement, and all the veviabic: obtained only
by the execution of stafene : ;
executive blocks and cont

variables and preceding #va

Note that the flow diagram & can be alvave

redefined, using dunny iables su~h g

way as each vary i cld o=
-

pram by the execut

[

meat of zhove ment d type appears in rhe
new diagvam in that siatement ouly, and thug
it belongs to I. Subse: L i{g defined az V-1
snd contaias, amon; the ot §, cutput varis-
tlez, .2, outpu¢ cignele and mext stxtes,
not contained in I

! state” of (he aigoviil-

We name ‘tot
after the zxecut
set of values ta
the name labelli

ion of each test blo
ken by wariables 1
ny the bBranch of & 2o be run.

&
Horeover we assocciate sxesut
P of A, that is a branch of 2 , with an ex
ecutive block ¢ forwed by a -

ments such that:

- & statement ia P sets an
soclated with a stazemsent
X into that vaviable

is a

tneg

= a statement p; iw P settimg an I
& is associated with a sta

E the cowmpa
set by the statement p; aud
i3 the

GER
1

i800 el

28 BLordd Lndd T

The alporithm is designed - 3
proceduie that controls Lhe execu rion I
and works accerding the T

- as long as the number of pessible exe
wns of [u, ~omins from any specification
of X's in test viecks. is iower than or
equal to k, all the DOSSibie . U nches are
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{(S3EE FIG. 5 FOR DETAILS)l

FIG. &
examined has a determined value, is reached, Ao
this value 1s made equal te X, if the wvar- cerned,
iable bezlongs to subset L; otherwise the sotant
branch pointed by the test is run and «lier- Phe vl
words, {f in any execution statement This Ch

variable takes & diffevent valuse, b
other branch beginning a2t the menticned test P oo

block is executed, E1onE ace

would be

hote that because of the characteristics o .
inte account

of sequences (, the same branch never neesds to
be run twice, since each statement like pq

, A “xample

always yields the same vesult, having ounly 4.3 An Example.

input variables as¢ arguments.The alggrithm is In order to illustyate briefly the heuris-
shown in more detazil by the flow-charts of tiec procedure progosed, i1t is shown -in Fig. 5
Figg. & and 5. 2 aimple example describing the bebaviour of
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a 15 AN INPUT
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YES

VARIABLE /

NO

THE NAME OF THE
DISCARDED BRANCH
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YES

/ tHE SELECTED

THE NAMES OF BRANCHES
COMING OUT OF TEST THAT

APPEAR IN L. ARE

DOES NOT 3

PUT INTO L,

{ BRANCH IS IN L3 /XES
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THE SELECTED BRANCH
IS PUT INTO L_

/
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L, A BRANCH IN L, NOT B IN L, CHANGED /
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SET. [ I !
7 | ‘ '
4 SEQUENCE Q OF & i k\V’/ .
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i
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N I L, AND § REMOVE f .
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4 \
AND(F3,F1) >0

; 5 a AC » ¢t t EVAC -+t 4
: [m e e e =y b e -
H tVAC"C i
I I 1 e T R
sVM +3 i ;
f b e o o = o ! * AND(F3.F2)*B gB\JAND(F:\),FZ)-'rBi
¥ [ = - ] b e e e - o J
A I+¢ 1oevVIte
! R[F I S RO !lvR[‘-Jwat
n-"3"727 1004 i
| L2
| R :
{
i
i pre oo e e e 1
? AC + s L I BVAC + 8 4
;
; oo e e e ]
; ————— Fswr»g T+ s
i X7’ frs e e o
' | i ¥
i i ]
! I Py
e e o 8+ (L AK)+CL ~vy I X +v
be v e d
| I
L}
v - T //\\ o RH[FB'FZ‘F“FO} o Ry !
o 1 0 0 l !
FooN 9]
0 I v B | |
b od
1 i
v + AC’ Py o+ ac
o ! i
. END ! ! / N
I i { { END )
e FIG. 6
Ce i Fle t SIGN S i . 2
'inFral Process ng F:Leme\ta I YETICQ.N 3(‘)(?2, Fegister Repister F3 F2 Fl l'n
timited to groun 2 functionsg, as defined in Croup
Tables 5,6, For the sake of simplicity, all
the control warrables in the example are one Ry 3 g o 0
bit~variables.
; IN ) ¢ 1
Croup 3 Functions 1 ‘ 0 0
Register o . I . E ; E _
Croup Fquation
A ] 0 ]
1 R, + (AC A K)Y + €1 - F:h P9 L
' T 1 : ‘ 0
11 Mo+ {(ACAK) + CI =~ AT
0 1
111 AT + (IAK) % CI —+AT Ac : :
T i o] i J
II
Tab. 5 AC 1 0 1 1
: T 1 1 1 a
In Tab. 5 47 dencifes vegisters AC or T, as ILT
specified by contiol variable Fo {see Tab., 6). AC 1 1 1 i

Tab .

R
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in the flow diagram the following vaviables [ﬂ
ppeav, forming set V:

a
FO...F3 input sinple-hit control vaviables

AC asccumulator {(precedine state)
AC? sccumulator {next state)

| M-bus dats

i I-bug date

K~bus date

L T
-

Input

T,Rn.iRginternaL regiscers (rroccuaing statal
Tlﬁé.unainternnl rerletern (next Btate)

¢, B,8,t,v dummy variebles

Set V is partitioned into two subsets I
and L as defimed in 4.2 composed as it fol=
lows
I:FQ,.FB,AC,W,i,KﬁCI,T,ROGoRgﬂa,a,Bwt
z‘:v‘A(,';r‘,Rég..Rgf
Hith cach ! execution block of the diapram,
the corvresponding 0 block is asssociated
(dotted blocks i1n Fipg. 6j.

The data structure for the heuristic
procedure propnsed ila 4.2 is now complete.

5. COACLUSIONS

The problem of describing the behaviocur of
LST components for a three-valued functiownal
simulation has been faced.

In a three-valued functicnal simulation
environment two ovbjects are to be pursued:

1} a caorrect propagation of 2 signals from
input to ocutput that does not yield results
with specified value if they would be un~
determined and does not introduce indetevr~
minateness if not necessary;

2) a low amount of memory and computing Cime
of the host computer.

The twe objects ave ward to be hoth veached,
as the first would require time-consuming al-
porithms and & great amount of memory for ex-
haustive proceduves taking into account inter=
dependernce between X values of different
signals.

The proposed functional description, based
on two different techniques for handling data
and control signals and on heuristic proce=
dures for three-valued processing, i8 a sat=-
isfactory precisgion-cost rradeoff.
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