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10 N-state with 11 equal or greater than 2 modi?ed Linear Feed 
’ back Shift Re isters mLFSRs havin a non-reversible 

CLARK NJ 07066 US g g ’ ( ) n-state switching function have been disclosed. An mLFSR 
_ can also contain a device that implements an n-state logic 

(21) Appl' NO" 12/323’070 function of which one input is provided with a signal external 
. _ to the mLFSR. The mLFSR can be in Fibonacci or in Galois 

(22) Flled' NOV‘ 25’ 2008 con?gurations. N-state scramblers and corresponding 

Related U s A lication Data descramblers applying an mLFSR are provided. N-state cod 
' ' PP ing boxes apply non-reversible switching functions con 

(60) Provisional application No, 60/990,071, ?led on Nov nected to n-state scrambling or descrambling functions. 
26, 2007' Sequence generators and detectors are also disclosed. 
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NOVEL BINARY AND N-STATE LINEAR 
FEEDBACK SHIFT REGISTERS (LFSRS) 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/990,071, ?led on Nov. 26, 2007 
Which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to binary and n-state Linear 
Feedback Shift Registers (LFSRs). More speci?cally it 
relates to novel methods and apparatus to implement binary 
and n-state LFSRs using non-reversible switching functions. 
[0003] LFSRs inbinary form are knoWn in Fibonacci and in 
Galois con?guration. They are also knoWn in binary sWitch 
ing implementation and, as shoWn by the inventor, in for 
instance United States Patent Publication No. 2005/0185796 
A1, dated Aug. 25, 2005, entitled TERNARY AND MULTI 
VALUE DIGITAL SCRAMBLERS, DESCRAMBLERS 
AND SEQUENCE GENERATORS, Which is incorporated 
herein by reference, in different n-valued or n-state imple 
mentations. 
[0004] LFSRs are often used in scramblers and descram 
blers. The purpose of scrambling a message may be to enci 
pher the signal and to make reading the message dif?cult for 
an unauthorized party. LFSRs are currently using reversible 
binary or n-state sWitching functions. This makes the struc 
ture of an LFSR potentially predictable to an unauthoriZed 
party that Wants to decipher a scrambled message, as the party 
may assume that only reversible sWitching functions are used. 
[0005] Accordingly, novel and improved binary and n- state 
LFSRs are required that apply also non-reversible binary or 
n-state sWitching functions. 

SUMMARY OF THE INVENTION 

[0006] In vieW of the more limited possibilities of the prior 
art in creating binary or n-valued or n-state LFSRs and coders 
novel and improved apparatus and methods to create n-state 
symbol coders and decoders is required. 
[0007] The general purpose of the present invention, Which 
Will be described subsequently in greater detail, is to provide 
novel methods and apparatus Which can be applied in the 
creation of binary and multi-valued or n-state coders and 
decoders. Individual n-state symbols may be represented by a 
signal characteriZed by an independent instance of a physical 
phenomenon. Signals can be of an electrical or optical nature, 
but they may be of any valid distinguishable physical phe 
nomenon, including by an independent material such as a 
bio-chemical material. An n-state symbol may also be repre 
sented by a plurality of symbols. 
[0008] 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 or methods set forth in 
the folloWing description or illustrated in the draWings. The 
invention is capable of other embodiments and of being prac 
ticed and carried out in various Ways. Also, it is to be under 
stood that the phraseology and terminology employed herein 
are for the purpose of the description and should not be 
regarded as limiting. 
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[0009] Binary in the context of this application means 
2-valued or 2-state. Multi-valued, n-valued or n-state in the 
context of this invention means an integer greater than 2. 
[0010] One object of the present invention is to provide 
novel coding boxes applying a non-reversible sWitching func 
tion. 
[0011] In accordance With one aspect of the present inven 
tion, an n-state Linear Feedback Shift Register (LFSR) With 
n22 is provided, comprising a shift register of l or more shift 
register elements, a shift register element enabled to store an 
n-state symbol or a representation of an n-state symbol, and at 
least one non-reversible n-state sWitching function. 
[0012] In accordance With another aspect of the present 
invention, the n-state LFSR has n>2. 
[0013] In accordance With a further aspect of the present 
invention, an n-state LFSR is provided, Wherein the LFSR is 
part of a scrambler, the scrambler having a corresponding 
descrambler. 
[0014] In accordance With another aspect of the present 
invention, an n-state LFSR is provided, Wherein the LFSR is 
an LFSR in Fibonacci con?guration. 
[0015] In accordance With a further aspect of the present 
invention, an n-state LFSR is provided, Wherein the LFSR is 
an LFSR in Galois con?guration. 
[0016] In accordance With another aspect of the present 
invention, an n-state coder With n22 for coding a plurality of 
n-state symbols is provided, comprising a scrambling func 
tion being an n-state reversible sWitching function having a 
?rst and a second input and an output, the plurality of n-state 
symbols being provided on the ?rst input, an n-state coding 
box including an input and an output, the input enabled to 
receive an n-state symbol and the output enabled to provide an 
n-state symbol, the coding box including at least one non 
reversible n-state sWitching function, the output of the n-state 
coding box connected to the second input of the scrambling 
function, the output of the scrambling function providing a 
plurality of coded n-state symbols, and the output of the 
scrambling function being connected to the input of the cod 
ing box. 
[0017] In accordance With a further aspect of the present 
invention, an n-state coder is provided, further comprising a 
corresponding decoder. 
[0018] In accordance With another aspect of the present 
invention, an n-state coder is provided, Wherein the coding 
box includes a Linear Feedback Shift Register (LFSR). 
[0019] In accordance With a further aspect of the present 
invention, an n-state coder is provided, Wherein the LFSR is 
a Fibonacci LFSR. 

[0020] In accordance With another aspect of the present 
invention, an n-state coder is provided, Wherein the LFSR is 
a Galois LFSR. 

[0021] In accordance With a further aspect of the present 
invention, an n-state coder is provided, Wherein the coding 
box is recon?gured after processing at least 1 n-state symbol. 
[0022] In accordance With another aspect of the present 
invention, an n-state coder is provided, Wherein the corre 
sponding decoder is self-synchronizing. 
[0023] In accordance With a further aspect of the present 
invention, an n-state coder is provided, Wherein each of the 
plurality of n-state symbols only assume 1 of p states With 
p<n. 
[0024] In accordance With another aspect of the present 
invention, an n-state coder is provided, the coding box of the 
























