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(57) ABSTRACT

N-valued scramblers, descramblers, sequence generators
and sequence detectors with Linear Feedback Shift Registers
(LFSRs) in Galois configuration are disclosed. Methods for
creating detectors and descramblers in Fibonacci configu-
ration corresponding to generators and scramblers with
LFSRs in Galois configuration are also disclosed. Methods
to calculate the content of a shift register in a sequence
detector in Galois configuration are provided. N-valued
scramblers and corresponding descramblers with LFSR in
Galois configuration are disclosed. Binary and n-valued
scramblers in Galois configuration and corresponding self-
synchronizing descramblers with Linear Forward Connected
Shift Registers are also disclosed. Systems applying scram-
blers and descramblers, or sequence generators and
sequence detectors in Galois configuration are also pro-
vided.
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BINARY AND N-VALUED LFSR AND LFCSR
BASED SCRAMBLERS, DESCRAMBLERS,
SEQUENCE GENERATORS AND DETECTORS IN
GALOIS CONFIGURATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/789,613, filed Apr. 5, 2006, which
is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to n-valued Linear
Feedback Shift Registers (LFSRs). More specifically it
relates to equivalency of n-valued LFSRs in Fibonacci and
Galois configuration.

[0003] Data scramblers, descramblers, sequence genera-
tors, detectors and coders based on shift registers with
feedback are important components in data communications
and data transfer in applications such as magnetic and
optical data storage. It is known that linear feedback shift
registers (LFSRs) can be realized in Fibonacci and Galois
configurations. LFSRs in Fibonacci configuration are easier
to analyze. Descramblers in Fibonacci are self-synchroniz-
ing. No prior art was found with sequence descramblers in
a first Galois configuration. However descramblers in a first
Galois configuration herein provided as an aspect of the
present invention are not self-synchronizing. LFSRs in
Galois configuration require fewer clock cycles for execu-
tion than Fibonacci equivalents.

[0004] LFSRs are also of interest in n-valued applications
with n>2. It is sometimes advantageous to design an LFSR
in Fibonacci configuration, while implementing it in Galois
configuration. It may also be advantageous to implement an
n-valued sequence generator in Galois configuration,
because it is fast. One may want also to create a matching
self synchronizing detector for such a generator, which may
be in Fibonacci configuration. The rules for creating corre-
sponding n-valued Fibonacci equivalent LFSRs in descram-
blers to Galois scramblers were not known prior to the
present invention.

[0005] Accordingly methods for designing corresponding
Galois and Fibonacci LFSRs and self-synchronizing
descramblers in Galois configuration are required and appa-
ratus implementing corresponding Galois and Fibonacci
devices are required.

SUMMARY OF THE INVENTION

[0006] In the context of the present invention the term
n-valued is used. In general n is intended to indicate a state
of a signal or a symbol with n>2, unless it is specifically
mentioned that n=2. Symbols may represent a signal. The
term symbol and signal may be used interchangeably. An
n-valued symbol or signal is able to assume one state at a
time, wherein the symbol or signal assumes one of n
possible states. In general states are indicated with values
from 0 to (n-1). A state signifies only that it is different from
another state. While a state of a symbol may represent a
signal, a state does not reflect the actual value of a signal. An
exception herein may be the state 0, which in certain cases
may reflect absence of signal. A symbol which is indicated
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as being able to assume one of n states, is intended to be able
assume at a time any of the n possible states. In some cases
a symbol may be able to only or at least assume a limited
number of states. In that case it may be mentioned that a
symbol can assume for instance a first or a second state.

[0007] LFSRs are widely used for coding and decoding.
Scramblers and descramblers differ from some coders that
they are first of all generally streaming, coding one received
symbol into another symbol and no symbols are added or
removed. This is different from for instance Reed-Solomon
coders, which use LFSRs. However those coders work on a
pre-determined number of symbols and form a codeword or
decode a codeword of finite length. Also for each codeword
the initial content of the shift register is reset. This is usually
different for scramblers and descramblers.

[0008] In accordance with one aspect of the present inven-
tion presents a novel method and system that implement
binary and n-valued with n>2 sequence generators, scram-
blers, descramblers and detectors in LFSRs and Linear
Forward Connected Shift Registers (LFSCRs) in fast Galois
configuration.

[0009] In accordance with another aspect of the present
invention binary and n-valued corresponding scramblers and
descramblers in Galois configuration are provided.

[0010] In accordance with a further aspect of the present
invention binary and n-valued scramblers, descramblers,
detectors and generators are provided which apply multi-
input switching functions.

[0011] In accordance with another aspect of the present
invention methods are provided for determining equivalent
LFSRs in Galois and Fibonacci configuration.

[0012] In accordance with a further aspect of the present
invention a method is provided to determine the content of
a shift register in Galois configuration.

[0013] In accordance with another aspect of the present
invention methods, apparatus and a system are provided for
detecting a maximum length sequence of binary or n-valued
symbols by using LFSRs in Galois configuration.

[0014] In accordance with a further aspect of the present
invention self synchronizing binary and n-valued descram-
blers in Galois configuration using a LFSCR are provided.

[0015] In accordance with another aspect of the present
invention self synchronizing binary and n-valued descram-
blers in Galois configuration using a LFSCR and corre-
sponding to scramblers with a Galois LFSR and one or more
inverters are provided.

[0016] In accordance with a further aspect scramblers,
descramblers, sequence generators, and detectors with
inverters being equivalent to the same without inverters are
provided.

[0017] In accordance with a further aspect of the present
invention systems including communication and data stor-
age systems are provided.

DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a diagram of an n-valued scrambler in
Fibonacci configuration.



US 2007/0239812 Al

[0019] FIG. 2 is a diagram of an n-valued descrambler in
Fibonacci configuration.

[0020] FIG. 3 is a diagram of an n-valued scrambler in
Galois configuration.

[0021] FIG. 4 is a diagram of an n-valued descrambler in
Galois configuration.

[0022] FIG. 5 is a diagram of a binary scrambler in
Fibonacci configuration.

[0023] FIG. 6 is a diagram of a binary descrambler in
Fibonacci configuration.

[0024] FIG. 7 is a diagram of a scrambler with a multi-
input function.

[0025] FIG. 8 is a diagram of a descrambler with a
multi-input function.

[0026] FIG. 9 is a diagram of a multi-input switching
function in accordance with an aspect of the present inven-
tion.

[0027] FIG. 10 is an implementation of a multi-input
function in accordance with an aspect of the present inven-
tion.

[0028] FIG. 11 is a diagram of a scrambler in Fibonacci
configuration.

[0029] FIG. 12 is another diagram of a scrambler in
Fibonacci configuration.

[0030] FIG. 13 is yet another diagram of a scrambler in
Fibonacci configuration.

[0031] FIG. 14 is a diagram of a descrambler in Fibonacci
configuration.

[0032] FIG. 15 is another diagram of a descrambler in
Fibonacci configuration.

[0033] FIG. 16 is a diagram of a multi-input switching
function.

[0034] FIG. 17 is a diagram of a sequence generator in
Galois configuration.

[0035] FIG. 18 is a diagram of a sequence generator in
Fibonacci configuration.

[0036] FIG. 19 is a correlation graph.
[0037] FIG. 20 is a cross-correlation graph.

[0038] FIG. 21 is a diagram of a sequence generator in
Fibonacci configuration in accordance with an aspect of the
present invention

[0039] FIG. 22 is a cross-correlation graph.

[0040] FIG. 23 is a diagram of a sequence generator in
Fibonacci configuration.

[0041] FIG. 24 is a diagram of a sequence generator in
Galois configuration in accordance with an aspect of the
present invention.

[0042] FIG. 25 is a diagram of a sequence generator in
Fibonacci configuration.

[0043] FIG. 26 is a diagram of a sequence generator in
Galois configuration in accordance with an aspect of the
present invention.
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[0044] FIG. 27 is a diagram of a sequence detector in
Fibonacci configuration.

[0045] FIG. 28 is a diagram of a sequence generator in
Galois configuration.

[0046] FIG. 29 is a diagram of a sequence detector in
Galois configuration in accordance with an aspect of the
present invention.

[0047] FIG. 30 is a diagram of a sequence generator in
Fibonacci configuration.

[0048] FIG. 31 is a diagram of a sequence generator in
Galois configuration.

[0049] FIG. 32 is a diagram of a sequence detector in
Galois configuration in accordance with an aspect of the
present invention.

[0050] FIG. 33 is a diagram of a system for sequence
detection in accordance with an aspect of the present inven-
tion.

[0051] FIG. 34 is a diagram of a sequence generator in
Galois configuration.

[0052] FIG. 35 is a diagram of a sequence detector in
Galois configuration in accordance with an aspect of the
present invention.

[0053] FIG. 36 is a table with consecutive states of a shift
register in Galois configuration.

[0054] FIG. 37 is another table with consecutive states of
a shift register in Galois configuration.

[0055] FIG. 38 is a diagram of a sequence generator in
Galois configuration.

[0056] FIG. 39 is another table with consecutive states of
a shift register in Galois configuration.

[0057] FIG. 40 is a diagram of a sequence generator in
Galois configuration.

[0058] FIG. 41 is a diagram of a sequence detector in
Galois configuration in accordance with an aspect of the
present invention.

[0059] FIG. 42 is a table with consecutive states of a shift
register in Galois configuration.

[0060] FIG. 43 is a diagram of a sequence generator in
Galois configuration.

[0061] FIG. 44 is a table with consecutive states of a
binary shift register in Galois configuration.

[0062] FIG. 45 is a diagram of a scrambler in Galois
configuration in accordance with an aspect of the present
invention.

[0063] FIG. 46 is a diagram of a descrambler in Galois
configuration in accordance with an aspect of the present
invention.

[0064] FIG. 47 is a diagram of a scrambler in Galois
configuration in accordance with an aspect of the present
invention.

[0065] FIG. 48 is a diagram of a self-synchronizing
descrambler in Galois configuration in accordance with an
aspect of the present invention.
















































