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The Multi-Valued Logic Elements Synthesis
Using the Fuzzy Approach
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Abstract — In the work developing the ternary and
quaternary logic elements with high quick-action
and noise stability using the fuzzy-logic approach
were proposed. The block-diagrams of the developed
logical elements are proposed. In the elements the
pulse-frequency coding is used.
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. INTRODUCTION

Nowadays the systems of automatics and computing
are being developed using logic algebra, not only binary
one, but also multi-valued and fuzzy those. It is
necessary to define the most convenient type of logic
for a system. Fuzzy logic is much more alike human
mind and works in uncertain cases providing very
accurate results. Multi-valued logic has some
advantages then using in complex systems. The more
logic values a system has, the higher quick-action it has.
But the less logic values a system has the higher noise
stability it has. So, the compromise between quick-
action and noise stability can be achieved by using
ternary and quaternary logic [1].

Il. THE FUZZY APPROACH

The presented in literature [2, 3] multi-valued logic
devices have either low quick-action because of a great
amount of blocks or low noise-stability because of
pulse-amplitude signals. So, there is a problem of
developing the multi-valued logic elements of high
quick-action and noise-stability.

In order to provide high noise-stability we propose to
use not pulse-amplitude signals but pulse-frequency
ones.

In order to provide high quick-action we propose to
use the fuzzy-logic approach. The point is, that multi-
valued logic operation of inversion, conjunction and
disjunction are alike the fuzzy-logic operation of
complement, minimum and maximum accordingly; the
fuzzy-logic elements performing these operations have
less blocks than the well-known ternary and quaternary
logic elements [4].

The ternary logic operation of inversion is:

X=2-X.
The quaternary logic operation of inversion is:
X=3-X.
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The fuzzy
performed so:

logic operation of complement is

My =1—py.
The ternary and quaternary logic operation of
conjunction is performed so
Xy A Xy =MiN(X,, %) .
The fuzzy logic operation of minimum is performed
SO
Happ = MiN(ty s 14)) -
The ternary and quaternary logic operation of
disjunction is performed so
Xa V Xy = MaXx(Xy, Xp) -
The fuzzy logic operation of maximum is performed
S0

Moy = MaX(y, fy) -
I11. THE TERNARY LOGIC ELEMENTS

In the proposed elements the pulse-frequency coding
of logical values is used. According to it, every
frequency is defined so f =nf, . So, when designing the

ternary logic elements we have:
Let the O-level responds to frequency of f, =4f,;

Let the 1-level responds to frequency of f; =57, ;

Let the 2-level responds to frequency of f, =6f,.

The auxiliary frequency equals f,, =10f, .

The inversion element is a frequency mixer (fig. 1).
The input pulse-frequency signal comes on its first input
terminal. The auxiliary signal comes on its second input
terminal. The output pulse-frequency signal comes from
the output terminal.

Thus, we get:

|f fm = fO )

then f,, = o — fo =101, —4f, =61, = 1,;

|f fm = fl’

then f,, = fox — T, =101, =51, =51, = 1, ;

|f fm = f2,

then f,, = f,— f, =10f, —6f, =4f =f,.
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Fig. 1. The inversion element

The conjunction element consists of three frequency
mixers and a frequency divider (fig. 2).
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The input pulse-frequency signal f, comes on the
first input terminal of the first mixer and on the first
input terminal of the second mixer. The input pulse-
frequency signal f, comes on the second input terminal
of the first mixer and on the second input terminal of the
second mixer. On the output terminal of the first mixer
one gets the (f, + f,) signal, it comes on the first input
terminal of the third mixer. On the output terminal of
the second mixer one gets the | f, — f,| signal, it comes
on the second input terminal of the third mixer. On the
output terminal of the third mixer one gets either the
2o = (T, + T,)—(f, — f,) =21, signal if T, > 1, or
the 2, =(f, + f,)—(f, — ) =21, signal if f, < f,.
The signal goes from the output terminal of the third
mixer to the input terminal of the frequency divider; on
its output terminal one gets the f,,; = f.,, signal.

The disjunction element consists of three frequency
mixers and a frequency divider (fig. 3).

The input pulse-frequency signal f
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Fig. 3. The disjunction element

first input terminal of the first mixer and on the first
input terminal of the second mixer. The input pulse-
frequency signal f, comes on the second input terminal

of the first mixer and on the second input terminal of the
second mixer. On the output terminal of the first mixer
one gets the (f, + f,) signal, it comes on the first input
terminal of the third mixer. On the output terminal of
the second mixer one gets the | f, — f,| signal, it comes

on the second input terminal of the third mixer. On the
output terminal of the third mixer one gets either the
2f4is =(fy + fy)+(f, — f,)=2f, signal if f,>f, or
The signal goes from the output terminal of the third
mixer to the input terminal of the frequency divider; on
its output terminal one gets the f,, = fys signal.

IV. THE QUATERNARY LOGIC ELEMENTS
When designing the ternary logic elements:
Let the O-level responds to frequency of f, =2f,;
Let 1-level responds to frequency of f, =4f,;
Let 2-level responds to frequency of f, =61, ;
Let 3-level responds to frequency of f; =8f,/
The auxiliary frequency equals f,,, =10f, .

The block-diagrams of the quaternary logic elements
correspond to those of the ternary logic.
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For the inversion element:

if f,=",,

then f,, = fo — fo =10, —2f, =8f, = f3;

if f,,=",

then f,, = o — T, =101, —4f, =61, = 1,;

if f,=",,

then f, = f,—f, =10f, —6f, =4f, =1;

if f,,="s,

then f,, = f,— f3 =10f, —8f, =2f, =1,.

The conjunction quaternary element acts the same
ways the conjunction ternary element does. At the
output terminal one gets either the

feon = (T + ) —(f, — T,) = T, signal if f, > f, or the
feon = (fa + ) —(f, — ) = T, signal if f, < f,.
fa .
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Fig. 2. The conjunction element

At the output terminal of the disjunction quaternary
element one gets either the
fais = (T, + Tp)+ (T, — ;) =21, signal if f,>f, or

V. CONCLUSION

Thus, using the fuzzy-logic principles it is possible to
develop the multi-valued logic elements with high
quick-action and noise stability. So, the operations of
ternary and quaternary inversion, conjunction and
disjunction are performed.
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