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SINGLE AND COMPOSITE BINARY AND
MULTI-VALUED LOGIC FUNCTIONS FROM
GATES AND INVERTERS

BACKGROUND OF THE INVENTION

This patent application is a continuation-in-part of U.S.
patent application Ser. No. 10/935,960, filed on Sep. 8, 2004,
entitted TERNARY AND MULTI-VALUE DIGITAL
SCRAMBLERS, DESCRAMBLERS AND SEQUENCE
GENERATORS, which is hereby incorporated herein by
reference in its entirety, and which claims priority to U.S.
Provisional Application No. 60/547,683, filed Feb. 25, 2004.

This invention relates to the realization of binary and
multi-valued digital (non-binary) logic devices by imple-
menting binary and multi-valued two input/single output
functions. More specifically, it relates to realizing these
functions by applying externally controlled conducting and
non-conducting gates and binary and multi-valued inverters.

The foundation of digital binary electronics lies in the
translation of binary logic into 2-valued switches. This
translation can be performed in such a way that with a
limited set of binary logic functions all possible binary logic
functions can be realized.

It is well known that with a set of two binary switching
functions (the NOT and the NAND function) all other binary
functions can be realized. The NOT and NAND functions
are said to form an adequate set of connectives.

All 16 binary (two inputs/single output) functions can
thus be created from the NOT and the AND function. Those
functions include the well known AND, OR, NAND, NOR,
NOT and XOR functions.

Using the NOT and NAND function to create other logic
functions is not always the most economical way to do so.
For instance, implementing the exclusive or (XOR) function
this way will require 3 NAND and two NOT functions.
There are better, more economical ways to implement this
function.

A similar theory can be applied to ternary and multi-
valued logic. In multi-value logic, a logic state can assume
one of x values where x is greater than or equal to 3. One can
find adequate sets of ternary connectives. Unfortunately,
creation of the rest of the ternary functions from the set of
adequate ternary connectives may not be efficient. Another
disadvantage may be that the ternary functions in the
adequate set may not be easy to realize.

The approach of applying the ternary set of adequate
connectives (and of any multi-valued connectives) may not
be an economical or even a possible way to realize all other
ternary (or multi-valued) functions. While it may be possible
to find a limited set of multi-valued connectives, it may take
too many of these connectives to realize desirable functions.
It may also be very difficult to find physical switching
mechanisms that can realize the individual connectives.

The current way of realizing binary or in general digital
switching circuits is by first finding a mathematical logic
expression that describes the functions that have to be
realized. In general, the selected functions represent realiz-
able logic devices. An important mathematical property of
these expressions is the associative property, which affects
the way how they can be grouped. This combined with the
causal property (which means that an expression has to be
executed before its result is available) determines largely
how a logical expression is realized with logical devices.
These properties become apparent in circuits such as digital
ripple adders. Several approaches exist to minimize the
number of logic functions and execution steps in what is
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2

generally called multi-level logic expressions. The overall
speed of executing a multi-level logic expression is gener-
ally limited by its level of complexity and the related
propagation delays of the individual functions.

Accordingly, there is a need for providing for and improv-
ing the implementation of ternary and multi-value functions.

SUMMARY OF THE INVENTION

The present invention provides gates or switches for use
in circuits implementing ternary and multi-value functions
are disclosed. The gates can be optical, mechanical or
electrical. The gates can conduct or not conduct when a
control input assumes one of multiple states, or when a
control input assumes two or more of multiple states.

Circuits and methods for implementing ternary and multi-
value functions are also disclosed. The circuits and methods
preferably use gates and inverters to realize the functions.

Corrective design techniques that can be used when a
logic expression is incorrectly realized are also disclosed.

Circuits that use inverters and gates to realize logic
expressions are also provided. These circuits use the vari-
ables in the logic expression to control the gates.

In view of the more limited possibilities of the prior art in
use of adequate sets of connectives in ternary and multi-
valued logic, there is a clear need for a simple and easy to
implement method to create ternary and multi-valued func-
tions based on a limited set of ternary and multi-valued
functional components.

There is also a need to create faster methods to execute
binary logic expressions.

The general purpose of the present invention, which will
be described subsequently in greater detail, is to provide
methods of creating devices which will have functions
described by binary and multi-valued truth tables.

Before explaining at least one embodiment of the inven-
tion in detail it is to be understood that the invention is not
limited in its application to the details of construction and to
the arrangements of the components set forth in the follow-
ing description or illustrated in the drawings. The invention
is capable of other embodiments and of being practiced and
carried out in various ways. Also, it is to be understood that
the phraseology and terminology employed herein are for
the purpose of the description and should not be regarded as
limiting.

Multi-value and n-value in the context of this application
mean a number n, with n being a positive integer greater than
two.

A primary object of the present invention is to provide a
new method for creating devices that will realize binary and
multi-valued logic functions described by binary and multi-
valued truth tables.

An object of the present invention is to provide a method
to realize any binary two inputs/single output logic device
described by a binary truth table by applying binary indi-
vidually enabled gates and a binary logic inverter.

Another object of the present invention is to provide
circuits comprising a plurality of similar or different indi-
vidual binary logic devices applying binary individually
enabled gates and binary logic inverters.

Another object of the present invention is to provide
circuits and methods realizing composite binary logic
expressions with minimum propagation time by applying
binary individually enabled gates and binary logic inverters.
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Another object of the present invention is to provide a
ternary switching device that is controlled by a ternary
signal that conducts a signal if the controlling signal has
state 0.

Another object of the present invention is to provide a
ternary switching device controlled by a ternary signal that
does not conduct a signal if the controlling signal has state
0.

Another object of the present invention is to provide a
ternary switching device controlled by a ternary signal that
does conduct a signal if the controlling signal has one of
three designated states.

Another object of the present invention is to provide a
ternary switching device controlled by a ternary signal that
does not conduct a signal if the controlling signal has one of
three designated states.

Another object of the present invention is to provide
circuits comprising a plurality of similar or different indi-
vidual ternary logic devices applying ternary individually
enabled gates and ternary logic inverters.

Another object of the present invention is to provide
circuits and methods realizing composite ternary logic
expressions with minimum propagation time by applying
ternary individually enabled gates and ternary logic invert-
ers.

Another object of the present invention is to provide an
n-valued (with n an integer greater than 3) switching device
(method) controlled by an n-valued signal that does conduct
a signal if the controlling signal has one of n designated
states.

Another object of the present invention is to provide an
n-valued (with n an integer greater than 3) switching device
controlled by an n-valued signal that does not conduct a
signal if the controlling signal has one of n designated states.

Another object of the invention is to provide a method
(device or apparatus) to realize any ternary 2 inputs logic
function from ternary inverters and ternary signal controlled
conducting and non-conducting switches.

Another object of the invention is to provide a method
(device or apparatus) to realize any 2-inputs n-valued logic
function from n-valued inverters and n-valued signal con-
trolled conducting and non-conducting switches.

Another object of the present invention is to provide
circuits comprising a plurality of similar or different indi-
vidual n-valued logic devices applying n-valued individu-
ally enabled gates and n-valued logic inverters.

Another object of the present invention is to provide
circuits and methods realizing composite n-valued logic
expressions with minimum propagation time by applying
n-valued individually enabled gates and n-valued logic
inverters.

Another object of the present invention is to provide
circuits and methods realizing composite binary or 2-valued
logic expressions with minimum propagation time by apply-
ing binary or 2-valued individually enabled gates and the
binary or 2-valued logic inverter.

Consequently the present invention provides a method to
create any n-value logic function, thus enabling the practical
use of n-valued logic in the field of electronics and optics
and their related applications.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features and attendant advantages
of the present invention will become fully appreciated as the
same becomes better understood when considered in con-
junction with the accompanying drawings.
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FIG. 1 illustrates a gate that conducts when its control
input is 0.

FIG. 2 illustrates a gate that conducts when the control
input is 1.

FIG. 3 illustrates a gate that conducts when its control
input is 1.

FIG. 4 illustrates a gate/inverter implementation of a
binary XOR function.

FIG. 5 illustrates a gate/inverter implementation of a
binary AND function.

FIG. 6 illustrates another implementation of a binary
AND function.

FIG. 7 illustrates an implementation of another binary
function.

FIGS. 8 to 12 illustrate implementations of various binary
functions.

FIGS. 13 to 20 illustrate embodiments of the present
invention to solve logic equations.

FIGS. 21 and 22 illustrate an aspect of the present
invention related to corrective design.

FIG. 23 is a diagram of a binary AND switch.

FIG. 24 is a diagram of a binary NOT inverter.

FIG. 25 is a diagram of a binary NAND switch.

FIG. 26 is a diagram of a binary XOR switch.

FIG. 27 is a diagram of a ternary logic switch and its truth
table.

FIG. 28 is a diagram of a realization of the ternary switch
as shown in FIG. 23.

FIG. 29 is a diagram of a realization of a ternary switch
applying gates and inverters.

FIG. 30 is a diagram of a gate that conducts when the
control input state is O.

FIG. 31 is a diagram of a conducting/non-conducting
switch with an inverter in its control input that conducts
when the control input state is 0.

FIG. 32 is a diagram of a gate that is switched into
conducting state by a control input in state 1.

FIG. 33 is a diagram of a gate that is non-conducting when
the control input state is 0.

FIG. 34 is a diagram of a conducting/non-conducting
switch with an inverter in its control input that is non-
conducting when the control input state is 0.

FIG. 35 is a diagram of a gate that is switched into
non-conducting state by a control input in state 1.

FIG. 36 is a diagram showing a realization of a ternary
logic function by applying gates and inverters.

FIG. 37 is a diagram showing a realization of a ternary
logic function by applying gates and inverters.

FIG. 38 is a diagram of a ternary logic device with its truth
table.

FIG. 39 is a diagram showing a realization of a ternary
logic function by applying gates and inverters.

FIG. 40 is a diagram of a 4-value logic device with its
truth table.

FIG. 41 is a diagram showing a realization of a 4-value
logic function by applying gates and inverters.

FIG. 42 shows a single column of a 4-value truth table.

FIG. 43 is a diagram showing a realization of a single
column of a 4-value truth table of a 4-value logic function
by applying gates and inverters.

FIG. 44 is a diagram showing a realization of a single
column of a 4-value truth table of a 4-value logic function
by applying gates and inverters.

FIGS. 45 to 49 illustrate various realizations of the circuit
of FIG. 45.

FIG. 50 is a diagram of an N-channel switch.

FIG. 51 is a diagram for an NMOS switch.






