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Step 1.
Determine all relevant n-valued functions

Step 2.
Determine all possible input states

Step 3.
Execute the expressions of table 300 in figure 4 for the selected logic
functions for all possible input states for all possible initial conditions for at
least two complete switching cycles.

Step 4.
Select the functions so that:
1. stable outputs exists.

ap, - a,_1=0 and
b,-b,.4=0
2. one or both outputs ‘@’
or ‘b’ generate a signal with
unique relation to the data
signal on the input

Figure 6.
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Step 1.
Determine all possible n-valued functions

Step 2.
Determine the correct switching model
and identify all possible input states of the switching model

Step 3.
Execute the expressions of the appropriate switching model for the
selected logic functions for all possible input states for all possible initial
conditions for a plurality of switching cycles.

Step 4.
Select the functions so that:

1. All outputs generate stable signals.

2. At least n combinations of output signals
are uniquely related to n combinations of
input signals

3. An (n+1)th combination of input signals,
different from any of the n combinations of
step 2, exists so that when the input signals
complying with 1 and 2 of step 4 are changed
to the (n+1)th combination, the output signals
remain unchanged.

Figure 25.
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MULTI-VALUED DIGITAL INFORMATION
RETAINING ELEMENTS AND MEMORY
DEVICES

STATEMENT OF RELATED CASES

This patent application claims the benefit of U.S. Provi-
sional Patent Application No. 60/575,948, filed on Jun. 1,
2004, entitled MULTI-VALUE CODING OF SEQUENCES
AND MULTI-VALUE MEMORY DEVICES and U.S. Pro-
visional Patent Application No. 60/599,781, filed Aug. 7,
2004, entitled MULTI-VALUED DIGITAL INFORMA-
TION RETAINING ELEMENTS AND MEMORY
DEVICES, both of which are incorporated herein fully by
reference.

BACKGROUND OF THE INVENTION

This invention relates to the retention of digital information
in logic devices which can be applied as or in multi-valued
digital memory elements. More specifically it relates to
applying logical functions and their configurations to achieve
digital information retaining effects.

The multi-valued digital memory elements can be applied
in digital circuit applications where the temporary storage of
multi-valued digital information is required.

There are known and different ways to retain binary digital
information. There are known physical effects that put a
material in one of two different physical states. A capacitor
holding an electrical charge may represent a binary 1 state,
while the capacitor without a certain electrical charge may
represent a binary 0. Different magnetic states (such as
applied in magnetic disk drives) are another example.
Another example is the optical reflective state of a material
such as applied in optical disks (such as CD-ROMs).

Other binary devices use logical effects. By applying
binary logical functions in feedback configurations, the
resulting (usually electronic) circuit retains information
about its previous switching state or states. Binary flip-flops
and latches are well known examples. The memory effect
depends mainly on the applied logical functions.

The related art in binary digital electronic circuits com-
prises two classes of logic devices: combinational logic in
which the output state of a logic device does not depend on its
own previous state and sequential logic where the result can
be influenced by its previous switching state. Binary logic
memory devices such as flip-flops are sequential devices.

An n-valued digit (with n an integer greater than 2) has
inherently more information content than a binary digit. Con-
sequently a memory device that can retain an n-valued digit
retains more information than a binary memory device.

Multi-valued sequential digital (memory) devices can also
facilitate the usefulness of other multi-valued logic circuits.

Multi-valued logic based information retaining devices are
not merely an extension of binary devices. There are currently
no known general rules or methods to identify the non-binary
multi-valued logic functions to create multi-valued informa-
tion retaining devices. The switching model according to one
aspect of the present invention will enable identifying the
appropriate n-valued logic functions.

Consequently, new devices and methods to realize multi-
valued information retention are required and new methods to
create or identify the enabling logic functions are required.
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2
SUMMARY OF THE INVENTION

In view of the more limited possibilities of the prior art in
creating non-binary sequential devices, the current invention
offers an improvement of the design and creation of n-valued
devices including n-valued memory and sequential devices.

The general purpose of the present invention, which will be
described subsequently in greater detail, is to provide meth-
ods of designing and testing of ternary, 4-valued and other
multi-valued digital sequential devices as well as the devices
themselves. Before explaining at least one embodiment of the
invention 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 fol-
lowing description or illustrated in the drawings. The inven-
tion is capable of other embodiments and of being practiced
and carried out in various ways. The described information
retaining devices are enabled by any switching mechanism
that realizes the truth tables that are part of the invention.
These switching mechanisms can be electronic, optical,
mechanical, quantum-mechanical, molecular or of any other
physical switching nature. 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-valued and n-valued in the context of this application
mean a number n, with n being an integer greater than two.
N-valued logic functions are assumed to have two input val-
ues and one output value determined by a truth table, usually
presented in a nxn matrix form, with input values shown in an
additional row on top of the matrix and one column to the left
of the matrix.

An object of the present invention is to provide a new
method for creating and testing multi-valued digital sequen-
tial and memory devices that will overcome the shortcomings
of' the prior art technology.

Another object of the present invention is to provide a
method to create and test n-valued sequential devices from
n-valued logic functions that achieve stable output states
reflecting the input state and do not require more than one
independent input.

Another object of the present invention is to provide a
method to create and test n-valued sequential devices that are
comprised of just one n-valued function and achieve stable
output states reflecting the input state and do not require more
than one independent input.

Another object of the present invention is to provide a
method to create and test n-valued sequential devices that are
comprised of just one n-valued function and achieve (n-1)
stable output states reflecting (n-1) possible input states, and
apply a n state to retain information reflecting the previous
state and do not require more than one independent input.

Another object of the present invention is to provide a
method to create and test an n-valued sequential digital
device, comprised of two n-valued functions with feedback,
applying separate Data and Reset signals, that can retain the
original n-valued Data information after the original Data
signal has been removed.

Another object of the present invention is to create signal
delay for an n-valued signal by applying at least two revers-
ible n-valued logic inverters.

Another object of the present invention is to create an
n-valued controlled gating device that passes on a first of two
signals when the control signal is in one of two states and
passes a second of two signals when the control signal is in the
second of two states.
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Another object of the present invention is to create an
n-valued memory device from inverters with feedback and
individually controlled gates.

Another object of the present invention is to create a con-
trolled n-valued memory device that reads an n-valued signal
for one value of a control signal and stores it on a second value
of the control signal.

Another object of the present invention is to create an
n-valued latch which retains the previous input states when a
specific new set of input states is entered.

The single or two n-valued function devices described for
illustrative purposes as part of this invention are in description
and explanation focused on applying identical (in the case of
2 function devices) and commutative n-valued logic func-
tions. The methods that are part of this invention and are
applied for creating and testing the correct and stable n-val-
ued single and two function devices will also enable non-
commutative n-valued functions in those configurations. The
methods can also be applied to design and test two function
devices with different and non-commutative functions.

Inversion of logic states in binary logic is often associated
with the perceived value of a binary symbol. The inventor has
recognized that inversion of logic states (in particular in
n-valued logic with n greater than 2) at the input and/or the
output of a logic function is equivalent with transforming the
functional behavior (or truth table). A method to apply rules
of transformation is part of the invention. Consequently the
application of n-valued logic inverters in combination with a
logic function in effect creates a new equivalent logic func-
tion. This enables the reduction of the number of different
devices in n-valued logic applications. The possibility to
reduce functions that are combined with inverters is recog-
nized. Inverters that are applied in the present invention have
been left in for illustrative purpose. It is recognized that in
certain cases circuits and diagrams may be reduced in com-
ponent count by eliminating the inverters. However, as will be
explained as one aspect of this invention, the use of inverters
may be required to extend the delay time in circuits, rather
than for logic reasons.

This invention addresses the shortcomings and limitations
in present and prior information retaining devices.

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, and wherein:

FIG. 1 is a block diagram of an n-valued information
retaining device having a first independent input that provides
an n-valued digital signal and a second input that provides a
signal derived from the first input by way of a reversible
inverter.

FIG. 2 shows a diagram of an n-valued information retain-
ing device with a first independent input and a second derived
input comprising two n-valued logic functions with feedback.

FIG. 3 is a diagram of an n-valued information retaining
device with two independent inputs, comprising two n-valued
logic functions with feedback.

FIG. 4 shows the symbolic expression of the switching
model in a table and the time line of the switching model in a
graph.

FIG. 5 is a diagram of an n-valued information retaining
device with a first independent input and a second and third
derived input comprising three n-valued logic functions with
feedback.
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4

FIG. 6 is the flow diagram explaining the steps to apply the
switching model of FIG. 4.

FIG. 7a is a diagram of two serial reversible inverters
creating a signal delay.

FIG. 7b is a diagram of three serial reversible inverters
creating a signal delay.

FIG. 7¢ is a diagram of an n-valued memory device real-
ized from n-valued inverters with feedback and individually
controlled gates.

FIG. 8 is another diagram of an n-valued information
retaining device with a first independent input, comprising
two n-valued logic functions with feedback.

FIG. 9 is a diagram of a single n-valued function informa-
tion retaining device with feedback.

FIG. 10 is a realization of a single function information
retaining device with feedback applying individually con-
trolled gates.

FIG. 11 is another realization of a single function informa-
tion retaining device with feedback applying individually
controlled gates.

FIG. 12 is another diagram of a single n-valued function
information retaining device with feedback.

FIG. 13 is a diagram of an n-valued memory device com-
prising a gating device and an n-valued information retaining
device.

FIG. 14 is a more detailed diagram of an n-valued gating
device.

FIG. 15 is another diagram of an n-valued gating device.

FIG. 16 is a diagram of an n-valued memory device com-
prised of a gating device and an n-valued information retain-
ing device with a single independent input.

FIG. 17 is a diagram of an n-valued memory device with an
(n+1)th state to control the device.

FIG. 18 is a diagram of an n-valued memory device with
two independent inputs comprising two n-valued functions
with feedback, of which the first input provides a Data signal
and the second input provides a controlling Reset signal.

FIG. 19 shows a diagram of a 3-function information
retaining device with feedback.

FIG. 20 shows the symbolic expression of the switching
model of the 3 element device of FIG. 19 in a table and the
time line of the switching model in a graph.

FIG. 21 shows a diagram of a 3-valued signal translation
device.

FIG. 22 shows a block diagram of a 3-valued latch.

FIG. 23 shows a diagram of a 4-function information
retaining device with feedback.

FIG. 24 shows a diagram of a 4-valued signal translation
device.

FIG. 25 is a flow diagram of the method to create true
n-valued latches.

DETAILED DESCRIPTION OF THE INVENTION

One aspect of the present invention provides apparatus and
methods for designing and realizing retaining information
devices relating to multi-valued signals by applying multi-
valued logic functions. Such multi-valued signals can assume
one of X states wherein x is greater than or equal to three.

Method for Creating Two Function Stable Sequential Multi-
valued Devices

In accordance with one aspect of the present invention,
there are two n-valued logic function devices with feedback,
such that a single n-valued signal is inputted and the output
signal is directly related to the input in such a way that the
value or state of the input signal can be derived from the































































