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The present paper contains a simple method of synthesis of switching circuits
according to a given many-valued truth-table. It is shown that, in order to design
circuits realizing any n-valued truth-table, only two basic logical elements, namely,
{ “and” and “or’ gates are necessary.
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Fig. 1. Two-valued truth-table

‘Let A, be a truth-table 4 with values 0, 1,...,n— 1 and let G (4,) denote the
corresponding truth-function. We shall introduce the two-valued function Ji (G (4a)
(0 < k < n) which will be defined as follows (see [1]):

i Je(G(An) =Tif G(da) =k
ii. Je(G(dn) =F if G(4dn) # k.

[655]
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The function Ji (G (4,)) may be read as “G (A4,) has the truth-value k”. Similarly,
we define the function Ji (X) which may bs read *“Variable X has the truth-value k.
Instead of Ji (X) we shall often write X (k).

To each function G (4,) containing p independent # valued variables X1, X3, ..., Xp
we may associate the sequence [Jy (G (44x)), J1 (G (4n)), .., Jn—1 (G (An))], where
forallk 0 <k <n—1)

BGUN = U AT
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and the sum (_J is taken for all such values ky, ky, ..., kp of variables X1, X5, ..., Xp
for which G (4,) = k. It is easy to show that functions Ji (G (4x)) form a distributive
lattice (see [2]). that is the following axioms hold (lower case italic letters denote
two-valued variables):

l.xNnx=x,

2.xUx=x,

J.xNny=ynx,

4. xVUy=yUx,
S5..xNn(yNnz)=xNy)nz,

6. xU(yU2)=(xUy) Uz,
T.xN(xVy =x,

8. xu(xnNy)=ux,

9. xNnyuz)=xNyYuxnz),

—
<

L xU(ynN)=xvUy)nxyvz),

L xauinNUiEznN)=GuUNU)N(zUx),

L XONXMN..NnX(n—1)=F,
B.XOuvuXDHu..uX(n—1D=T.

Examples. Consider the following three, two-valued truth-tables

—
N =

M X Y|Z XY|Z
0|1 0 010 0 0}0
110 0 111 0 1(0
0 01 1 00
1 11 1 11

and let the corresponding truth-functions be denoted by X, X+ Y and X- ¥, respecti-

vely. Then we have:

Jo(X) = X (1),
L) =X©,
or

X=[X(1), X O] |
Jo(X4+Y) = X(0)n Y (0), 2
X+ =XOnNnYU)uEXMNnYONUEXQNY)=XQ)v T,
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or
X+Y=[X0)nY(©0), X1V Y(D]

X Y)=XO0nYO)uUEXDNnYO)UX@NYI)=X0O) U Y(0),
N(X)=X1HnYQ),

or
> XY =[X©0)v Y(©0),X(1)n Y1)
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Fig. 2. Three-valued truth-table
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Consider now two examples of three-valued functions X+Y and XY defined
by the tables:

\\X 012 \\ 0127

REAN LERN

0 002 0000
g 1 002 1 1000

2 222 2 {002

Jo(X+Y)=XONYOPUEXDHNYOPUEXONYID)HUEXDNYI)=
=X O uUXM)n (Y0 v Y1),
Ji(X+Y)=F,
XY= (XO0)nY2)UX(1)NTYQ2)UXQR) N YQ) U X2 N
NY()UEDNYEO) =X U ¥Q),
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That is
X+Y=[(XOQuXNn(Y(HuY©),FXQuU/Y2)
Similarly for X.Y we have:
SH((XN=XONnYI) UuEONnYD)HUEO AN Y2)uXI)n
NYOHUEX Do YIHUEX D YQQUEXQnY@@)v
VXD nYD) =X OQuUXAYVU IO UYL,
h{X-Y)=F,

LX-Y)=X2) Y (),
or
XY=[(XOUXD)uFOuUYW),FXQ2nYQ2]

Of course, the realization of a table which does not contain all the values, that
is of an incomplete table, is also possible. Schcmes of corresponding example are
given in the figures, where the “and” gate and tke “or” gate are represented in the
usual manner. Values Fand T are to be represented as the presence and the absence

of a pulse, respectively, or else as a wide and narrow pulse.
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