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Trivial Logic Arrays
J. Bokr, V. Janes

This paper deals with matrix modelling of trivial logic arrays (PLA, PAL, ROM) and the design of the above array as structural models of
static and dynamic logic objects.

Keywords: cartesian product of matrices, PLA, PAL, ROM, canonical decomposition, states coding, states coding of Miller or Liu, substitute
mput variable.

- PAL (programmable array logic) with a program-

1 Introduction ! ; . .
mable input matrix and a given output matrix,

The trivial logic arrays dealt with here [1,2] (Fig. 1.) are: - ROM (read only memory) a given input matrix (is
- PLA (programmable logic array) with programma- given through an aFldress decoder) and a program-
ble input and output matrices, mable output matrix.
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Fig. 1: Trivial logic arrays: a) block diagram, b) labelling; examples of logic arrays: ¢) PLA, d) PAL, e) ROM, where X and O mean the
programmable and given positions, respectively
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The input matrix has either conjunctors (& - AND) or in-
verse disjunctors {3 = NAND). The output matrix has either
disjunctors {1 — OR) or inverse disjunctors (NOR).

The paper deals with matrix analysis and synthesis of triv-
ial logic arrays.

2 Cartesian product of Boolean
matrices
The Cartesian product M (OP) (op) M of Boolean matrices
M {12, g x {1,2,.., 0y > {0, 1}: (i, j) > my
M {L2 .k x {L2., p} > {01} : (i k) > m
denotes a Boolean matrix
M(OP)(0p) M:{1,2,...,q} x {L.2,..., p} = {0, 1} : (i, k) > pyy
where u;, = mij(op)m j, and (OP) and (op) are Boolean
operators.

Example 1: Let a system {y;, yo} of Boolean functions yy, yo
be given

({yl,k} < {o, 1}{0,1}4}

*1 X9 X3 X4 | N )2
1 0 0 1 0 1
0 1 0 0 1 1
1 0 0 1 1 0
0 0 0 0 0 0
0 1 1 1 1 0

Write the system {y,, y,} as matrices {cndf (y,), cndf (y,)},
where ¢ndf denotes a canonical normal disjunctive formula.

Note that (x =0) =x and (x =1) = x:

1 oo 17" fo1
01 00 11
Do e =[x, %0, x5, x4 J&=|1 0 0 1| v&|1 0]=
00 00 0 0
0111 10
0 1
10100
11
) w0 roo b
L= o | B
0 0
1 0101
1 0
(x1=1) (=00 (x3=0) (x4=1) 01
(x=0) (=D (x3=0) (x4=0) 11
=|(x =D (%=0 (x3=0) (x4=1) |v&|1 0]=
(01=0) (x%=0) (x3=00 (xq4=0) 00
(x=0) (x0=1) (x3=1) (x4=1]) 1 0

28

X Xo Xg X4 01
X x Xy Ny 11
=|x X X3 x4 |v&|1 Of=
X W Xy Ny 0 0
X Xo X3 Xy4 10

= [X1%9 X3 X4 VX1 Xo X3 X4 V X1 Xo X3 Xy, X1 Xo X3 X4 V' X] Xg X3 Xy |
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3 Structural model of a static logic
object

Let
A :{0, I > {0, 1 :(xp, 29, X, ) yj be a Boolean func-

tion and the literal x be x° =x0 v x0 (0 € {0,1}), where

x" =% and x' = x. Note that the function 4; can be expressed

as cnd
cndf(l]-) = Vv

<01’02’ ""am>
/1]»(01,02,...,01):1

(o o (o
X)Xy 2o 2,

or as ndf (a normal disjunctive formula)

O . o
j

. o
xﬂ’z...x-/" =VK

ndf(/lj) = \ X g /Ky

1
04,0 0,..,0 .
<J‘ 2 ﬂe>

where Kj; is a normal conjunct on

X ={xy, X, %o, Xp, ..., Xy, X} Or finally expressed as mndf(k;)
(minimal ndf). Let the symbol K denote a set of conjuncts K;;
from ndf(4;).

Let
(0" 1" A)
be a finite automaton model of a binary static logic object

" ]

where A is the vector output function| A e ({O, l}n ){ o
A:{O, l}m{(), l}n :<x1, X9,eens xm> [ <y1,y2,..., yn>
represented by a system {/1 ]-}7;:1 of components, output
functions

501" - {0,1(xp, Xor s ) 5 9

Let M;, (M, be the input (output) matrix of the given
static object, i.e.:

M;,: {1,2,..., K‘}x {,2,....2m} > {0,1}:

<r,s> = 0 for x9s £ K, <r,s> — 1for x?s € Ky,

M e {1,2,...,

K‘}x {,2,...,n} > {0,1}:

(ros) = Ofor Kij gndf (4 ), (r,s) > 1for Kjj € ndf ().
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irx’. {1,2,....2m} > X5 > x fors =2k +1,

st X fors =2k (k=0,1,2,...,m —1), then for the trivial logic
array M the following are valid

(91 90eves 9 1 = (M & & X)T v & Mgy,

(905 Foseees Ty 1 = (M & 8 X)T v & Moy,

where X = [X], %1, X9, ﬁz,..., Xy ym]
The total capacity (area) C(M) (bit) of trivial logic array M
can be written as

C(M) =C(M;y,) + C(M o) =(2m + n) |K|.

Example 2: Design a PLA (M;,,, M) modeled system of out-
put functions

=6 @ %)% v (x) = x9) x5 =EX5 v Exg
Yo =X1Xo V (X] @ Xo)Xg =X Xo V EX?)
and determine its capacity

(g = X1X9 V il@;g:%1x2 \ Xl@)

Hence
n XN X X oxy Xy & &
1 01 0 0 0 0 0]xg x
01 0 1 0 0 0 0|x %
01 1 0 0 0 0 0|x %
My =1 0 0 1 0 0 0 0x X%
00 0 0 0 1 0 1[|E x4
00 0 0 1 0 1 0& «x3
(00 0 0 1 0 0 1[E x
R &
0 1 1|x x
0 0 1|x %
0 0 0fx x
My, =0 0 0|x %
1 0 0| Xy
1 0 0]& x4
0 1 0]& x5
and Fig. 2 can be constructed.
X1 X2 X3
— o e
T T T T Mout
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% — |
| et |
| o |
| T !
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L (OISO 1
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Jr )2

Fig. 2: PLA from Example 2
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Since
_ _ _ - N\
X X X Xy x3 X3 & & X
1 01 0 0 O 0 O X
o 1 0 1 0 0 0 O Xo
o 1 1 0 0 0 0 O Xo
Deye&l=l[1 0 0 1 0 0 0 0&y |[v&
000 0 0 0 1 0 1| |5
o 0 o0 o0 1 0 1 0 3
100 0 0 1 0 0 1] g
N oy &
0o 1 1
0 0 1
0O 0 0
V&[0 0 0|=[X3EV x3&, %% v X3&, X% vV X X
1 0 0
1 0 0
0o 1 0

and C(M) =2 x 4 x 6 + 3 x 6 =66

The starting point for designing M;, and M, trivial logic

array matrices is a system of tables {/1 j }’;_1 (ROM) or a com-

pressed form [2] (PLA, PAL) of it, including the correspond-
ing record of the cndf ({/'L]-}) of the group function or the
ndf (14;}) of the component functions of ;.

Example 3: The following system of functions

X1 X9 X3 )1 )2 J3
0 0 0 1 1 0
0 0 1 1 0 0
0 1 0 1 1 0
0 1 1 1 0 0
1 0 0 - - -
1 0 1 - 0 1
1 1 0 0 0 0
1 1 1 - 0

can also be written as )*

X1 X9 X3 B Yo )3
0 - 0 1 1 0
0 - 1 1 0 0
1 1 0 0 0 0
1 - 1 - 0 1

including the group cndf or ndf:

endf

(1> Y2, ¥3) = X1 X% X5(91 Yo) v X1 Xo X3(31) v X)X X5() Jo) V
VX X x5(31) VX1 Xo X3(Y3) v X1 X9 X3()3)
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or ndf

(1 Y2, ¥3) = X1 X3(31 o) v X1 x3(y) v X1 x3()3)-

)* Note that the undetermined values of function arguments
need to be interpreted as both zeroes and ones, whereas the
undetermined values of functions are very difficult, uninter-

esting, or even impossible, to determine and their delivery is
motivated by the maximal rate of their utility.

If the system {/l ]-}7;_:1 is also given by the system
{cndf (y f)}?zl , then it is to be decided whether to realise
ROM by means of the cndf ( y;) array or the ¢ndf (y;) array. If,
therefore, for the Hamming weight w,,(y) of the function, —
w(y;) < 2" /2 holds, then naturally we work with use endf (y,)
or otherwise we do with ¢cndf ()

Since cndf (y;) or endf (y;) are very complicated systems in
practice — the systems of (1) functions are systems consisting
of tens or hundreds of functions depending on tens or hun-
dreds of arguments — the classic minimisation procedures
are not applicable on ¢ndf (y;) or cndf (y;). With advantage,
however, the Quine and McCluske method of minimising
{mdf( yj)}y;:l systems can be used, under the condition that
the definition of the undetermined values of functions 4, of
system {/1 j}’;‘:l will be suitably defined and the covering
table [2] will be not constructed. In this way, we will obtain a
subminimal group ndf (y;, y,..., y,) — see Example 4.

The so called ‘Harvard’ approach to systems {/'L f}jzl (3,
4] can be applied with advantage in designing logic arrays.
Let us deal, without loss of generality, only on the system
{A1(x1, %95, %), Ao(X1, X9, %)} and regard one of the
functions as an argument of the other function and this, of
course, affects the complexity of the conception logic array.

For instance, let us write
Yo = Ao(V], X15 X, .+, Xy) = Ao( X, X9, .05 Xy) -
Example 4: Let y; =00010111and y =00010110, that is

Y =(%]V X9)Xg V XX and Yo = X1 Xo X5 V X1(Xo X5 V X9 X3)
or also yo = y; X1 Xg Xg since:

X3
X9
0 0 — 0
SIS
L— 1) 0 1
R LS
0 —_— J— —_—

X1 )1

30
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. 3
Example 5: Let us consider the system {/l j}j* from Exam-

ple 3. Then,
wy () =4, wy (o) =wy (y3) =2, i.e.,

Y1 =X XXy V X XgXg v X| X X3V X| A X,
23
Yo = X] Xo Xg V X] X9 X3, V3 = X| Xo X3 V X] Xo Xg, since;zél, and

S0
I =X
Yo =NV oAg,
V3 =)V X3

Example 6: Let there be a static logic object by means of a
product (input) matrix and a sum (output) matrix.

Xo Xo

X3 X4 X4

=X
=
©o

I1{o0 1. 1.0 00 0 0O 0 O
211 0 0 0 00O 0O O O O
310 0 0 0 O O 1 O O 1
410 1. 0 0 0 0 0 0 0 O
5(1 0 0 0 0 1 0 0O 0 O
My,=6|/0 0 0 0 0 0 0 0 0 1
711 0 0 0 1 0 0 0 0 O
80 1 061 0 0 O O 0 O
9{0 0 0 O 0O O O O 1 O
1000 0 0 001 1 0 1 0
11{0 0 0000 0 1 0 O]
X2 3 d4 X5 Je D7
1/0 1. 0 0 0 0 O
2/0 0 1 O O O O
310 0 1 1 O 0 O
411 0 0 O O 0 O
5(1 1 1 0 0 0 O
Myu=6/0 0 0 0 1 0 1
710 1.0 0 O O O
81 0 1 O O 0 O
90 0 0 1 1 0 O
01 0o 1.1 0 0 O
1o o o 1 0 1 0]

Let the rows of the input (output) matrix be compatible if
each of them contains at least one common input literal (one
common output function). Since the relation of compatibility
of rows is their relation of tolerance, on the set of rows of the

f . max (11 max (11
matrix it defines the covering Cy ({z Yic1 (C y ({z }izl))

with all maximal classes:

masy oy | 112.4,5,7,81.{3,6,9,10}
E ({Z})_{ {3,10,11},{5,7,10} }

(Cr™(fin) = {235,810}, {4,5,810}, {3,910,1 1}, {5,7}, {6,9}})

Since the rows within the input (output) matrix correspond
to the sets of input literals (output functions):

http://ctn.cvut.cz/ap/
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Rows Stimuli Responses
1 {xq, %o} {50}
2 {xq} {y5}
3 {xy, x5} 13,043
4 {xq} {1}
5 {xp, x5} I
6 {xg) s Y73
7 {xy, x5} {50}
8 {xp, xo} Opost
9 {xg ) 14 V51
10 { g, x40 x5} 01593 V4t
11 1y} D D)

According to "™ ({i}) (C (L })) we get to the cover-

ing on the set of input variables (output functions) of all maxi-
mum classes:

ci“ax({xj }i‘:l) = {1 %00 w5} {xg. 4. 35}

c‘}m( 7 ):{ JRUBISEY }
( RS D18, 34955 360 37}

i.e., we obviously obtain sparse matrices

X X Xo Xo X3 Xg X4 X4 X5 X5
2i1 0 0 0 OO0 O O 0 O
40 1 0 0 0O O O O O O
7/1. 0 0 0 1 0 0 O 0 O
501 0 00 O 1 O O O O
l1{o 1.1.0 0 0 O O O O

My,=8{0 1 0 1 0 0 0 0 0 O
10)0 0 0 0 0O 1 1 O 1 O
3]0 0 0 0 0 O 1 O 0 1
11y o 0 0 0 0 0 1 0 O
9]0 0 0 0 0O O O O 1 O
60 0 00 0 0 0 0 O 1]

o2 Y3 Y4 X5 Je N7
2/(0 0 1 0 0 0 O
41 0 0 0 0 0 O
7(0 1 0 0 0 0 O
5(1 1 1 0 O 0 O
1fo 1.0 0 0 O O

Myu=81 0 1 0 0 0 O
1001 0 1 1 0 O O

3]0 0 1 1 0 1 O
o o0 o0 1 0 1 O
9]0 0 0 1 1 0 O
60 0 0 0 1 0 1]

The matrices M;,, (M,,) are represented by submatrices

© Czech Technical University Publishing House
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X X X Xoo X3 Xy
°f'1T 0 0 0 0 0
40 1 0 0 0 0
7171 0 0 0 1 0
M=zl 1 0 0 0 0 1|
1101 1 0 0 0
801 0 1 0 0|
X% s
2l[0 0 1
41 0 0
710 1 0
Mow=511 1
1o 1 0
s[1 0 1
X3 X3 X4 Xy X5 %
0f0 1 1 0 1 0
30 01 0 0 1
My =110 0 0 1 0 0
90 0 0 0 1 0
60 0000 1

where y; =9} v y{ and y5 = y5 v y3 which leads to saving the
capacity of matrices Mj, 1, Mino (Moui1, Moye) compared to
the capacity of Mj, (M-

4 Structural model of a dynamic logic
object
Let us consider a trivial block diagram of canonic compo-
sition of a dynamic logic object — like that in Fig. 3, where

the substitute X [5] is a parallel register consisting of “mem-

ory ” modules M) (Fig.5.) modeled with finite automata
<{0, 1}, {0, 1}2, 0 k> where 9y, are the transition functions

Or 0.1 x 0,1 - 0,1y, erpear) P g

where ¢, and ¢, are the affiliate state and the substitute state,
respectively.

€1k qk

o) —m b—Jk

Fig. 3: “Memory” module M

Let [M]=M or {&}/[m] =m or &, where M is a set and
m its element (m € M). The finite automaton model or the

given binary dynamic object is to be an ordered sextuple
<{0, l}m, {0, 1}[7 , {(), l}n, A, A) where the vector of transitional

function A(A e ({0, 1}11 )({0, 1}17 x {0, l}m)) and the output

function are

31
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X1 X9 Xim
o o 0 9
1 —_——— -
92 Mout
Min 3 M gﬁ% M iOIlllt[ Z
K

Fig. 4: Block diagram of canonical composition on logic array

A(A € ({0, 1}"’ )({0, 1}7) X [{O, l}mD) , respectively
A: {01 x {o,11" — {o, 1}

(g1 g Gpe 31 %) o (Gl 3 )

Aoy < [{o.1"] > fo1y":
g1 qps [ %2 %0 ]) 2 (10230 )
when
A <ql G---qp> X xg...xm>|—>
> <51(111,€11y€21), 52((]2,512,522)»--’5;;(‘11)’@1;)752;; )>

having in mind that the vector exciting function £ sought for
¢ 0.1} x{o,1}"
Ee(fo 1}217)({ Vo))

E: {0,137 x {0,1}" — {o,1}:
: <q1 q2qﬁ, X1 xg...xm> = <€11€21 €19 €22...€]p €2p>

represented by the system {€]9,, }{;:1 of components driving

functions
Erop: {01 x 0,11 — (0,11 -
= <(11 g2---qp> %1 X2~--xm> = e e

found according to the function A, and A and is represented

by the system {/1]-}

n . .
- of the component input functions
]:

Ao [0 ] - oy
: <q1 G- qp> [xl x2...xm]> =RIE

ext int :
Let M;, (M out = [M out> M Om]) be the input (output, out-
put external, output internal) matrix, (respectively) of the

given dynamic object, i.e.,

32
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Min: {1,2,...,

K‘}x{1,2,...,2m}><{1,2,...,2p}—>{0,1}:
<r,s,t>r—>0 for xf-*‘,qf‘ zKj,

(ros,t) > 1 for 7+, ¢/ €K

MEE L2 K x {1220 - {1220} - {0,1}:
(r,s)— 0 for K endf (),
(r.s)>1 for K endf(4;)

MR L2,

out *

K‘}x {1,2,...,217} — {0,1}:
<’I’, t> =0 for KU eEndf(Elgk),

<r, t> > 1 for Ky €ndf (Eyg;).

If in addition, Q" :{1,2,...,2p} > Q :t — ¢, for t =2k +1,
t— g for t =2k(k=0,12,..., p —1) for the logic array M of
the given dynamic object there holds

X T
SR P ) B

X T
[on2:0 0] :[Min&&|:Q:|] V&M,

X 3 int
[611,621,812,822,...,61p,€2p]: Min&& V&MOUD

- X 3 int
[e11: cors 19, 99, se1pse0) | =| Min& & V& Moy,

_ _ _ qT
where X =[x}, X}, X0, X, ..., X, %, | and
_ _ _qr
Q =1 @40 @ 4p-4p ] -
It can be recommended to use reduced exciting matrices
of “memory” modules [2, 5], i.e., a matrix with actual state

transitions only (except for the delay element and D flip-flop
circuit):
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% | % D
0 0 0
0 1 1
1 0 0
1 1 1
R, Sy Dy L Jr Ky 1,

1 1 1 1 1 1 1
0 1 0 1 0 1 1
The total capacity (area) C(M) (bit) of the logic array M is
expressed as

C(M) =C(Myp) + CMEL) + CMIS) =(20m + p) +n + 2p)K]|

Example 7: Design a PLA by means of an operating table
(Table 1a) and use a synchronous flip-flop RS as a binary
substitutor. It seems suitable to modify the operating table
and add the excitation RS flip-flop (Table 1b).

Table 1: a) the operating table,
b) the modified operating table from Example 7

a)
G/
qge ¥ 0 1
00 01/1 00/0
01 01/1 10/0
10 00/0 01/1
b)
4142 X 714 y Ry, Sy
00 0 01 1 S
1 00 0 -
01 0 01 1 -
1 10 0 S1, Ry
10 0 00 0 R,
1 01 1 Ry, So

According to Table 1b) we obtain

Y= @XV (g XV q X

as well as
Ry =q1¢ Ry =q 40 x
S1=q1¢2 So=q1 XV Q1o x
Hence B B B
XX qnoqn 9 9
010 1 0 1|¢1 ¢ x
010 1 1 0|1 ¢ x
My =/1 00 1 1 0@ ¢ «x
101 0 0 0|g1 @ «x
001 0 0 1|a @

© Czech Technical University Publishing House
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y Ry S Ry Sy
1 00 0 1
1 0 0 0 0
MEL=|0 MP =0 1 1 0
1 0 0 0 1
0 1 0 0 0

Determine the capacity PLA: C(M) = (6 + 1 + 4)5 =55bits.

Since the number of logical array input ports is usually
markedly higher than the number of rows of input as well as
exciting columns, the area of the input matrix M;,, is unneces-
sarily large. Replace, therefore, the input variables by suitable
substitutes.

Example 8: Given a synchronous logic object (Table 2a) by an
operating table (Table 2b), create a table with a minimal num-
ber of columns denoted by substitution variables s(i =1,2, 3) —
Table 2c¢ [6].

Hence

si=a(p)v p@)v d(pB)v pi),

59 =c(pA) v pO)V e p v bp),

$3=¢
where p: {q}f;:l — {0,1}:¢ - 0 if the object is not in the state g,
in the opposite case ¢ — 1. “Substitution” variables define on
the alphabet state {q};j:l partition {{1, 2}, {3, 5}, {4, 6}} (the
permutations of row elements of Table 2c can also helpful).
If Miller’s state coding [7] transferred on synchronous logic
objects [2] is used, and if the elementary substitute will be D
flip-flop, we obtain w(l) =0 for the state.

Table 2: a) flow table, b) operating table, c) table of substitution
variables from Example 8

a)
g | x |y | 4
1 a a 2
¢ p 5
e y 6
2 a B 2
b 0 4
d a -
3 b a -
d p 5
4 c y 3
5 a p -
d p 4
6 c y
e a -

33
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b) Weights w(l) =0, w (3) =w(6) =L w(2) =w(4) =2, w(5) =3
91 92 93| S |31 Yo |qi ¢ q5) Dy w(q) = x (¢'), where % (¢') is the characteristic function of the
1 0 1| s |0 0[O0 0 1| Dy set {q’ X (q’)} of the state binary code
c 10 0l0o 0 0 _ {i}?zl—){0,1}315|—>000,3|—>100,6!—)011,4&—)010,
s 100 1 1|DyDy 2 0011 101,
hich i bl ise:
00 15 0000 1] D which is a reasonable compromise
s |1 1[0 1 0| Dy g3
— lo 1 - - 2
1 0 0] — |0 1 - — 0 5 4 6 2
s 10 010 O - 3 — _ 1
0
010 1 0/1 O D, Note, in addition, that the states of one and the same class
s 0 {1, 2}, {3, 5}, {4, 6} of the partition {{1, 2}, {3, 5}, {4, 6} } is
2 to be coded also with respect to the neighbouring coding,
000 -1]00 - - where a heuristic procedure lead to the reduction number of
5,10 010 1 0] Dy rows of the array matrices, i.e.:
=q¢oq3av @ q3d,
52 0 1 - -
— Sg =¢C,
0) So=(Q @RIV (19293) ¢ Q14293¢N 192930 =
q 5 59 53 =¢oq3¢V qigeq3 ¢V 142 g3 b.
1 a e ¢ Let the input binary code be
2 @ b - {a,bye,d} - 0,11 15 000,b 1 001, ¢ - 010,
3 d - _ d— 011l e~ 100
4 - c _ .
ie.
5 d - -
6 _ c _ S1=X1 X9 X3 4o 3V X1 X2 X3 2 G3,

S9 =X| Xo X3 qo g3 V X1 X9 X3 q1 g2 43 V X1 X9 X3 q] 4o q3;

X| X Xo Xo X3 X3 ¢ q1 G2 G2 43 3

— S1 S9

)
—
(=)

hence [s1,59]=

S = O O O
—_— O = =
S O = = O
— e O D -
- o o = O
O = = D
S = O O O
- o O O O
—_— e — O
S O O
—_——_— o o
S O = = <

IS

&

<

&

(e}
—_— e O

Il

=[x X X3 g0 g3V X Xo X3 Go G5 V X| Xo X3 41 Go 43V X] Xo X3 G} G q3 |-
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Let us code the responses according to Miller again. This can also be used with advantage in coding reactions of asynchron-
ous objects:

{a. B.y,0} > 0.1}
B 00,a 0Ly 10,011,

since the response weights are w (f8) =5, w(a) =4, w (y) =3 and w (d) =1. For excitation and reactions we can write:

Dy =41 92 q3 59
Do =(q19295 v 19243)S2 v G192 93 51 =92 9352V q1 92 q3 51
Ds=q1q29551V 01929352V 41929351 =42 93 51V 4192 43 52

N=(Q @93V Q004q3Y 1995V q19293)S2 =(q1 92V G2 q3) S2

Y =Rqs1V (@RI qGqsY 19293)52 =q1929351V (G195 V 1 G2 43) -

Hence
N % B g3 G3 St S S2 S "y o» D Dy Dy
060 1.1 00 0O0O0OT1 O a 1 0 0 0 O
0 0 0 11 0001 0 qQ 1 0 0 0 O
1 0 0 11 0100 O ¢ 0O 1 0 0 O
o 1 0 01 0 O0 01 O ¢ 0O 1 0 0 O
1 0 0 10 1 001 0 qs3 0O 1 0 0 O
DroeDubeDs]=l o 1 1 00 10 01 of*¥g [ V¢l 0 1 0 o
0 0 0O 10 01 01 0 ] 0O 0 0 1 0
0O 1 0 10 11 0O0 O 5 0O 0 0 1 0
0 0 0 11 01 00 O 59 0O 0 0 0 1
0 0 0O 11 00 01 0 5o 0 0 0 0 1
Example 9: Given an asynchronous logic object (Table 3a) - {{L 2, ?’}> {4’5’ 6}}’
by an operating table (Table 3b), create a table with a minimal - {{L 4},{2.3}, {5,6}},
number of columns denoted by “substitute” variable o, (i =1, _ {{L 2}, {37 4}, {5, 6}}

2,3)~ (Table 3¢). Since 01 =a, 09 =band 0’3 =, letus discuss Hence for the separation state components [2] we obtain

. . 6 5 .
Just the parallel coding of states {‘1}(1:1 — {0.1}" according 0, spate code (Table 3d), again with an obvious effort to achive

Liu [2]. In the case of single stimuli a, b, ¢, the noncritical pairs the least possible number (Table 3€) of state components g

.. 6
of state transitions on the state alphabet {q }q:l define (7 =1 2, 3) and the least possible wy; (D j) exciting weight D;.

x|
=
.\5,;
Rl

=
o
)

1

|

S

Uy

X1 3 X .  n 0 «
01 1 0 0 0 o 10100
1 0 0 1 0 0 g 11000
Hence [£&nd]=/{0 1 0 1 0 0 && ;2 v&[0 0 0 1 0
01 0 0 0 0 2 00001
00 0 1 0 0 *3 00001
| X3
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a G @ @ g3 g3 § & & & npy ¥V kK iz D, Dy Dy
1 o 0 1 0 1. 1 00 0O0O0OO0OOO O] N 1 0 0]
1 0 1.0 0 1 1 OO0 O0O0OO0OO0OO0O0O0 ?2 1 0 0
o 1 0 1 o0 1 O 01 O0O0O0O0OO0O0O0 1 0O 1 0
o 1 1 o0 O 1 1 OO0 O0O0O0O0O0O0O0 ?5 0o 1 0
o 1 1 0 1 O 1 OO0 O0O0O0OO0OO0O0O0 13 0o 1 1
o 1 o0 1 1 O O O1 O0O0O0OO0OO0OO0OO0 § 0O 1 0

[DI’DQ,D?,]: 1 0 0 1 0 1 O OO0 010000 0|&& ‘g v&|0 1 0
1 0 1. 0 01 0 0O O0O0OO0OO0OO0OO0OO0 z 0o 1 0
o 1 0 1 0 1 O 01 O1O0O0O0O0O0 5 0o 0 1
o 1 1 0 O 1 O OO0 O0O1O0O0O0O0O0 Z 0O 0 1
o 1 0 1 0 O O OO0 O0O0O0OO0OO0OT1TO0 U 0O 0 1
1 0 0o 1.1 1 0 OO0 O0O0OO0OT1O0OO0OO0 ? 0O 0 1
1 0 1.0 1 1 O OO OO0OO0OT1O0OO0OO0 Z 0 0 1

_E_

Table 3: a) transition table, b) operating table, c) table of input “substitute” variables, d) state code table, e) state code table with a mini-
mum state code words from Example 9

a) b)

g | x | q Gigqs | Mi% | 615 Dy

1 a 1 000 00 | 000 -

b | 4 01 | 001 D;

¢ 2 10 | 010 D,

2 | a 1 010 00 | 000 -
3 01 | 011 | Dy Dy

¢ 2 10 [ 010 D,

3 | a 1 011 00 | 000 -
3 01 | 011 | Dy Dy
¢ 3 10 | 011 | DDy

4 | a | 4 001 00 | 001 Dy

4 01 | 001 D
¢ 3 10 | 011 | Dy Dy

5 | a 4 100 00 | 001 D
6 01 110 | Dy,Ds

¢ 5 10 100 D,

C) d) €)
9 1 01 | 9 | 93 X a b ¢ q 0| 92 | 93
1 a b ¢ q Q1 9293 | 4495 1 0] 0] 0
2 | a b ¢ 1 0 00 00 2 | o 1 0
3 | a b ¢ 2 0 01 00 31 0 1 1
4 | a b ¢ 3 0 01 01 410 ] 0 1
5 | a b ¢ 4 0 00 01 5 1 0| o
6 a b ¢ 5 1 1 - 1 - 6 1 1 0
6 1 1- 1 -
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5 Conclusions

In [8], we find exact, theoretically demanding and quite
elaborate optimization algorithms both according to state
coding (Miller’s economic coding and Liu’s parallel coding)
and by the number rows of matrices of the matrix structural
model of the dynamic logic object.

If the number of states of the dynamic object is large, it
is suitable to apply a simple block decomposition [2, 9] and
design the structural model of the matrix as a composition of
matrix structural models of individual blocks.
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