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METHODS AND SYSTEMS FOR
PROCESSING OF N-STATE SYMBOLS WITH
XOR AND EQUALITY BINARY FUNCTIONS

STATEMENT OF RELATED CASES

[0001] This 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 claims priority to U.S. Provisional
Patent Application No. 60/547,683, filed Feb. 25, 2004, and
of U.S. patent application Ser. No 11/042,645 filed on Jan. 25,
2005 which are all incorporated herein by reference in their
entirety. Furthermore, this application claims the benefit of
U.S. Provisional Patent Application No. 60/943,682 filed on
Jun. 13, 2007 which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates to the processing of multi-
valued or n-state (non-binary) signals with n>2. More in
particular it relates to the scrambling, descrambling, genera-
tion and the detection of multi-valued (non-binary) or n-state
signals representing sequences of multi-valued (non-binary)
or n-state symbols such as n-valued pseudo-noise sequences.
Multi-valued signals also referred to as n-valued or n-state
signals, can assume one of n states, wherein n is greater than
or equal to three.

[0003] The n-state scramblers and descramblers are imple-
mented by using a Linear Feedback Shift Register or LFSR.
Well known is the binary LFSR based scrambler and the
corresponding self synchronizing LFSR based binary
descrambler.

[0004] Its potential application is in telecommunication
systems, control systems and other applications. Specific
examples of utility where the invention can be used include
spread-spectrum technologies, signal scrambling, CDMA,
QAM-2 modulation, multi-state symbol modulation, line-
coding and scrambling application in video and other signal
modulation and distribution.

[0005] LFSR based scramblers are used to change the
appearance of a digital signal in such a way that during
transmission the signal is different from the original signal.
The original signal can be recovered from the scrambled
signal at the receiving end by a descrambler. LFSR scram-
blers are one-to-one coders, coding one symbol on an input to
one symbol on an output. LFSR scramblers are commonly
used as streaming coders, which are different from word or
block coders. Most commonly in today’s telecommunica-
tions, the scramblers relate to binary signals.

[0006] Scrambling of a binary signal can be achieved by
combining the binary signal to be scrambled with a second
known binary signal through a digital circuit that has the
characteristics of a reversible function. A known signal is
commonly known as a key and may for instance be derived
from a prime number, which may be a large prime number.
[0007] In the case of scrambling with an LFSR scrambler
there is no real known signal. A second signal that is used for
scrambling comes from the LFSR. Such a signal is essentially
unknown. However, the nature of the LFSR allows the signal
from the LFSR to be reconstructed at the receiving side.
Though the signal from the LFSR is still unknown, it can be
reconstructed and thus can be applied to recover the original
signal from a scrambled signal.
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[0008] Theinventor has provided the rule for an n-valued or
n-state LFSR based descrambler corresponding to an n-val-
ued LFSR based scrambler. This has been disclosed in U.S.
patent application Ser. No. 10/935,960 filed Sep. 8, 2004
entitled Ternary and multi-valued digital signal scramblers,
descramblers and sequence generators and in U.S. patent
application Ser. No. 10/912,954 filed Aug. 6, 2004 entitled
Ternary and higher multi-valued digital scramblers/descram-
blers, which are both incorporated herein by reference in their
entirety.

[0009] There are two known binary functions that can per-
form this reversible function: the Exclusive Or (XOR) and the
Equal or EQUALITY function (=) in a binary scrambler and
descrambler. However the XOR function is commonly used
exclusively in scramblers and coders. The XOR function is
also known as the modulo-2 adding function.

[0010] Telecommunication markets such as wireless com-
munications and Internet communications demonstrate an
ongoing increase in demand for higher information transmis-
sion rates. This demand in increased information transmis-
sion rates in wireless communications is addressed by
increasing bandwidth of communication channels, by com-
pression of the information and by moving into much higher
radio spectra (such as Ultra Wide Band in the 5 GHz area).
Eventually, new technology has to be applied to obtain better
performance from existing bandwidth, starting with highly
congested spectrum areas. Current transmission technology
predominantly uses digital binary signals. One technology
that provides better bandwidth usage is the application of
multi-valued or n-state signals on a much broader scale.
Scrambling, descrambling and signal sequence generation is
an important element of signal processing technology, espe-
cially in wireless communications. Currently, very little tech-
nology exists that can perform multi-valued digital scram-
bling, descrambling and sequence generation. Most of
existing solutions in scrambling, descrambling and sequence
generation only performs binary functions, as previously dis-
cussed.

[0011] It is possible to generate non-binary signals with
binary switching means, by temporarily transferring non-
binary signals or symbols into words or a plurality of binary
symbols. This allows the binary signals to be processed by
involving fairly standard binary circuitry in novel configura-
tions. After processing the binary signals or symbols one may
then transform the binary words or plurality of binary sym-
bols into non-binary symbols. However, there is currently no
easy method available to perform n-valued scrambling,
descrambling, sequence generation and sequence detection
with n-valued technologies that are easy to perform with
binary means.

[0012] Accordingly, new and improved methods and appa-
ratus for LFSRs to perform n-state scrambling, descrambling,
sequence generation and sequence detection on multi-valued
or n-state signals with binary technologies are required.

SUMMARY OF THE INVENTION

[0013] Inview of the more limited possibilities of the prior
art in binary and multi-valued scrambling and reversible logic
functions, the current invention offers an easier design as well
as a greater variety in multi-valued scramblers and in LFSR
based sequence generators. It also provides improved perfor-
mance.

[0014] The general purpose of the present invention, which
will be described subsequently in greater detail, is to provide
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new scrambler/descrambler systems and LFSR based genera-
tors of multi-valued signal sequences.

[0015] 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. 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.

[0016] Multi-valued, n-valued and n-state in the context of
this application mean a number n, with n being a positive
integer greater than two. As a matter of habit, one currently
may use the name multi-valued logic or multiple-valued logic
for the technology of non-binary logic. In binary logic tech-
nology one applies signals which may assume one of two
states. These states are usually represented as 0 and 1. Fur-
thermore, in binary logic one logic state (usually the 0) is
represented physically by ‘absence-of-signal’. The binary 1 is
usually represented by a signal, for instance an electrical
voltage, not equal than 1. Such a representation of logic states
by magnitude based signals is not a requirement for perform-
ing n-state switching. For instance two logic states may be
represented by two optical signals of two different wave-
lengths, for instance green and red. A state represented by a
signal in that case has to be determined by distinguishing
between wavelength of signals, and not by magnitude or
intensity.

[0017] A state in an n-state signal may be represented by a
magnitude of a signal, such as a voltage or a light intensity. It
may also be represented by other characteristics of a signal,
such as wavelength, or a presence of a certain material. The
absence of signal may represent a state; it may also not rep-
resent a state. The term multi-valued, n-valued, multi-state or
n-state herein means that a signal may assume one of n states,
usually with n>2, without limiting the way how a state is
represented. While the term valued is used, it may not be the
actual value of a signal that determines a state represented by
the signal.

[0018] A primary object of the present invention is to pro-
vide new multi-valued scrambler/descrambler systems that
will overcome the shortcomings of the prior art devices.
[0019] In accordance with an aspect of the present inven-
tion, a method is provided for scrambling and descrambling a
sequence of n-valued symbols using LFSR methods using
reversible n-valued functions and n-valued reversible invert-
ers.

[0020] In accordance with a further aspect of the present
invention, a method is provided for binary implementation of
functions and multipliers over an binary extension field
GF(2™) in n-valued LFSR based scramblers and descram-
blers.

[0021] In accordance with another aspect of the present
invention a method is provided for detecting n-valued
sequences generated by an LFSR circuit using addition and
multiplier functions over GF(n).

[0022] In accordance with a further aspect of the present
invention, apparatus is provided for scrambling and descram-
bling a sequence of n-valued symbols using LFSR methods
using reversible n-valued functions and n-valued reversible
inverters.
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[0023] In accordance with another aspect of the present
invention, apparatus is provided for binary implementation of
functions and multipliers over an binary extension field
GF(2™) in n-valued LFSR based scramblers and descram-
blers.

[0024] In accordance with another aspect of the present
invention, apparatus is provided for detecting n-valued
sequences generated by an LFSR circuit using addition and
multiplier functions over GF(n).

[0025] In accordance with a further aspect of the present
invention, systems are provided applying the scrambling and
descrambling methods of the present invention.

[0026] In accordance with another aspect of the present
invention, a method is provided for processing a sequence of
n-state symbols in binary form with a Linear Feedback Shift
Register (LFSR), the LFSR having a plurality of inputs and a
plurality of outputs, each input enabled to receive a signal
representing a bit, comprising applying the LFSR for process-
ing the sequence of n-state symbols in binary form, an n-state
symbol able to assume one of n states with n=2# and p=2 and
an n-state symbol being represented by at least p bits, the
LFSR having at least one device which implements an n-state
truth table with at least p reversible binary logic functions;
and selecting the processing from the group consisting of
scrambling, descrambling and maximum length sequence
generation.

[0027] Inaccordance with yet another aspect of the present
invention, a method for processing a sequence of n-state
symbols with an LFSR is provided, wherein at least one of the
at least p reversible binary logic functions is an EQUIVA-
LENT function.

[0028] Inaccordance with yet another aspect of the present
invention, a method for processing a sequence of n-state
symbols for n=2¢ with an LFSR is provided, wherein p>2.
[0029] Inaccordance with yet another aspect of the present
invention, a method for processing a sequence of n-state
symbols for n=2¢ with an LFSR is provided, the LFSR further
comprising at least one device implementing in binary form a
multiplication with a constant over GF(n=2%).

[0030] Inaccordance with yet another aspect of the present
invention, a method for processing a sequence of n-state
symbols for n=2¢ with an LFSR is provided, the LFSR further
comprising at least one device implementing in binary form a
zero-based n-state reversible inverter in binary form.

[0031] Inaccordance with yet another aspect of the present
invention, a method for processing a sequence of n-state
symbols for n=2¢ with an LFSR is provided, the LFSR further
comprising at least one device implementing in binary form a
non-zero-based n-state reversible inverter in binary form.
[0032] Inaccordance with yet another aspect of the present
invention, a method for processing a sequence of n-state
symbols for n=2¢ with an LFSR is provided, wherein the
LFSR is an LFSR in Fibonacci configuration.

[0033] Inaccordance with yet another aspect of the present
invention, a method for processing a sequence of n-state
symbols for n=2¢ with an LFSR is provided, wherein the
LFSR is an LFSR in Galois configuration.

[0034] Inaccordance with yet another aspect of the present
invention, a method for processing a sequence of n-state
symbols for n=27 with an LFSR is provided, wherein the
LFSR is applied for scrambling and further comprising
applying a second device implementing an n-state truth table
with at least p reversible binary logic functions and having a
first plurality of inputs each enabled to receive a bit from a



















































