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Programmable Redundancy/Syndrome Generator

FIELD OF THE INVENTION

This invention relates generally to digital data communication
systems, particularly to the encoding and decoding of error correcting

codes.

BACKGROUND OF THE INVENTION

‘In a digital data -communication system (including storage and
retrieval from optical or magnetic media) in order to increase the transfer
rate of information and at the same time make the error rate arbitrarily low,
it is necessary to employ an error control systeni. For fixed signal-to-noise
ratios and fixed bandwidths, improvements can be made through the use of
error-correcting codes.

With error-correction cbding the data to be transmitted or stored is
mathematically proce'ssed to obtain additional data symbols called check
symbols or redundancy symbo!s. The data and check symbols together
make up a codeword. After transmission or retrieval the codeword is
mathematically processed to obtain error syndromes which contain
information about locations and values of errors.

For many error-correcting codes (e.g. polynomial codes such as, but
not limited to, Reed-Solomon codes) the codewords are formed by
appending a remainder polynomial (redundancy symbols) to a data
pblynofnial sb as to make the composite polynomial divisible by a generator
polynomial. The remainder polynomial is obtained by dmdmg the data

polynomial by the generator polynomial and keepmg the remainder
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PRIOR ART

FIG. 1 shows a circuit which can generate redundancy syrﬁbols by
performing polynomial division.

FIG. 2 shows a plurality of first-order dividers in which each can
generate one of the error syndromes.

Prior Art Limitations

One problém arising in the use of these codes is the significant
amount of circuitry needed in high-speed implementations of high-order
(capable of correcting many errors) generators for the redundancy symbols
and the error syndromes. For systems which require the ability to do both

“the encoding and decoding, albeit not simultaneously, it is a desirable trait
to have one circuit capable of generating both sets of symbols. It is also a
desirable trait for the encoder to be programmable so as to be able to
produce different order codes (codewords with different numbers of
redundancy bytes). The usual method has neither of these traits.

United States Patent number 4,777,635 entitled “REED-SOLOMON
CODE ENCODER and SYNDROME GENERATOR CIRCUIT” issued to
Neal Glover discl_oseé a circuit which can generate both redundancgy and
syndrome symbols but is not order-programmable.

The Berlekamp-Welch algorithm is a general decoding algoritﬁm
which does not use syndromes but instead uses the encoder circuit to
compute a remainder from the received polynomial. However the algorithm

is a bit more complicated than that which processes syndromes and it is not
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SUMMARY OF THE INVENTION

It is an object of the present invention to decrease the size of the cir-
cuitry in a hardware implementation of an error correcting encoder/decoder
by using a single circuit to generate check symbols during the transmit oper-
ation and to also generate syndromes during a receive operation.

Another object is to decrease the size of the circuitry in a hardware
implementation of an error correcting encoder/decoder by using a single cir-

cuit to generate check symbols for codewords containing differing numbers

of check symboils,

This Sheet Has Bee;

i



' [ t he fenarnder
‘ ' the generator polynom al and keeping (
: I ESL¥QFH1$Leberor gyndrones are obtained by dividing th§|rﬁgﬁléfd
pglynomal (a codeword pol ynom al which nmay have an errorOF ngnial
: dyd to it) by the individual factors of the generator poly amal -
ggl%R ART FIG 1 shows a circuit which can geng{éiezrghgms n y

formn ol ynomi al di vigsi on.

-Erg?g:?tsyof P?;st-ordgrpdividers in which each can generate one of the

error syndrones.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the prior-art solution for generating redundancy
symbols.

FIG. 2 shows the prior-art solution for generating syndromes.

FIG. 3 illustrates the basic principle utilized in the present invention.

FIG. 4 shows a block diagram of the preferred embodiment of the
present invention.

FIG. 5 shows a block diagram of an alternate embodiment of the
present invention.

FIG. 6 shows a block diagram of a further alternate embodlment of

the present invention.

FIG. 7 shows a block diagram of a still further altemate embodiment

of the present invention.
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Prior Art Limitations One problemarising in the use of these codes
Is the significant anount of circuitry needed in high-speed

i npl enent ati ons of high-order (capable of correcting nany errors)
generators for the redundancy synbols and the error syndrones. For systens
which require the ability to do both the encodi ng and decodi ng, al beit not
simul taneously, it is a desirable trai% to have one circuit capable of
generating both sets of synbols. It is™also a desirable trait for the
encoder to be programmable so as to be able to produce different order
codes (codewords with different nunbers of redundancy bytes). The usual

met hod has neither of these traits.

DETAILED DESCRIPTION OF THE INVENTION

This invention includes a method and apparatus capable of
generating redundancy symbols and syndromes and is order-
programmable. The theory of operation of this invention is as follows:
Polynomlal codes consist of codewords which are multiples of a generator
pqunomlal ‘A codeword, c(x), is formed by dividing a data polynomial, D(x),
of degree less than k bya geherator polynomial, g(x) of degree n-k to obtain
a redundancy polynomial, r(x), of degree less than n-k. Appending r(x) to
D(x) yields c¢(x) of degree less than n (i.e. there are k data symbols and n-k
redundancy symbols and rllnnt”otal symbols, each symbol having a

predetermined plurality of bits m).
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" Neal d over discloses a circuit
SYNDROVE GENERATOR CI RCUI T" issued to :
m?ch can generate both redundancy and syndrone synbols but is not
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'(I)'F\gerBePIrgE;?rpijv&I ch algorithmis a general decoding algorithm which does

' circuit to conpute a
not use syndromes but instead uses fthesencoderr et ol £ b
remai nder fromthe received polynom al.” Howeve

r(x) = D(x) xx" Fmod (g (x))

c(x) = D(x) Xa\;”_k+r(x)

The following explanation will show that it is possible to feed D(x) into
a cascade of first-order dividers (where each divider divides by one factor,
(x+1;) ) to generate r(x). These first order dividers can then be used to
generate syndromes during read-operations {decoding). |

FIG. 3 shows a cascade of first-order polynomial dividers followed by
a cascade of first-order polynomial multipliers. Each polynomial divider is
made of a register 200, a constant multiplier 201 and adder 202, each one
symbol wide. The output of each polynomial divider is the input polynomial
multiplied by x and divided by (x+r) Each polynomial multiplier multiplies its
input by (x+r;). At each step of operation (simultaneous clocking of all
registers and inputting a further symbol) the output of each divider matches
the input to the correspondiné multiplier, e.g. 203, matches 21 3. Also each

divider register matches the corresponding multiplier register, e.g. A;
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syndrones dumaichés BEGHe'SutpuPBF, criienldle(r)cascade 203, .1 is:

= _XED(x)  _ xn-kp(y
T - _

H (x-'!»rj.)
j=0

And

XKD (x) —q(x) x g (x) = xn-kp (x) mod (g (x))

Therefore

g(x) = D) 2"~ *D (x) mod (g (x))
g (x)

The output of the multiplier cascade is q(x) g(x). The first k terms
(symbols) appearing on 203, k.1 is q(x) and the first k terms (symbols)
appearing o'n.2130 is D(x). To obtain the rest of q(x) g(x), the input to the
mulitiplier cascade js éet to zero by the gate 214 and the circuit is clocked n-
k more times. During these clocks the output of the muitiplier Cascade, 213,,
is x”’kD(x) mod g(x), which is the series of redundancy symbols in a

polynomial code,
Implementation
Since the multiplier registers in FIG, 3 always match the divider
registers, the muitiplier cascade can be discarded and during the last n-k
clocks the divider can be connected as a multiplier cascéde' to yield the
redundancy symbols. This is illustrated in FIG. 4. Then when

REDUNDANCY TIME is OFF the MUXes 102 and 103 cause the registers
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?LL' :ofggeir pegHS ngﬁg ARl multipliers,to be connected so as to form a cascade of dividers
from left to right (the adders 106 add from left to right). When
REDUNDANCY TIME is ON the MUXes 102 and 103 cause the registers
and constant multipliers to be connected so as to form a cascade of
muttipliers from right to left (the adders add from right to left). The function
of the MUXes 101 is to form separate dividers (not in a cascade) for
syndrome generation.

During a write-operation (encoding) WRITE MODE is ON. For the
first k clock times REDUNDANCY TIME is OFF and the inpUt data bytes are
passed through to the output of MUX 105. For the last n-k clock times
REDUNDANCY TIME is ON and the redundancy symbols are present at the
output of MUX 105,

During a read-operation WRITE MODE is OFF and REDUNDANGY
TIME is OFF and the entire received polynomial consisting of data and
redundancy is input for n clock times, During the last clock time the
syndromes are available on the output of MUXes 103.

By holding the reset input to a register ON during redundancy
generation the corresponding root for that register is left out of the

| redundancy computation. This allows the selection of roots to be entirely
programmable, and in particular it allows the number of roots (code order)
to be programmable.

The generator shown in FIG. 4 ié for a Reed-Solomon code (i.e. the
roots as shown in the constant multipliers 104 are consecutive powers of
alpha, a primitive root of the field). However the invention applies to any
polynomial code With any selection of roots. The resets to the registers are

“ORDER <", which is the selection criterion for Reed-Solomon codes (i.e.
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ORDER consecutive roots are included and the remainder are left out,
where ORDER is the number of roots in the generator). However any
selection criterion may be used.

FIG. 5 shows an alternate implementation in which one set of MUXes
is removed from the adder chain of FIG. 4 and a second adder chain is
added. The upper adder chain 306 only adds from left to right (for data time)
and the lower adder chain 302 only adds from right to left (for redundancy
time). Tﬁis allows faster operation at the experise of more gates (trading
MUXes for adders). MUXes 303 switch between having a divider cascade
for data time or having a multiplier cascade for redundancy time. MUXes
301 switch between having a cascade of dividers/muitipliers for encoding
and having separate dividers for syndrome generation.

FIG. 6 shows an alternate implementation in which the set of MUXes
is removed from the upper adder chain in FIG. 5 and its function of allowing
syndrome generation is performed by including the set of adders 401 and
MUX 407. During read mode, MUX 407 allows read data to be the input and
adder chain 401 is enabled which causes the register output for each stage
to be addea to the next stage twice through adders 401 and 406. This
effectively decouples each stage, since in the finite field of GF(2™), addmg
an element to itself results in zero. This allows for the fastest operation, at
the expense of more gates (trading MUXes for adders), as the adder chain
406 no longer contains any MUXes.

FIG. 7 shows an alternate implementation in which the MUXes in
FIG. 6 have been eliminated. The sections remain in the divider
configuration during redundancy time but the input switches from data to

redundancy through MUXes 505 and 507. Because of the cancellation that
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?LVER%IELFSEﬂt In¥ﬁis i nvention includes a method and apparat us capaglg of
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Igﬁsfgfog¥ codeaords whi ch are_nyltlplesdoz ang;ﬁgﬁfg{ EngnonL?ldegree
d, c¢(x), is formed by dividing ata , , .

Fgggm?Lan k(bi a generator polynom al, g(x) of degree n-k to obtain a

- [ X) to
o) "o RSN 8 ke ERERE Rsoni ks s shnke . anc
n- k lower adder chain, which is equalto the sum of the contents of the registers,

to the input of the upper adder chain, has the same function and result as

éctually changing the configuration from left-to-right dividers to right-to-left

| multipliers as in the other implementations.
While the preferred embodiment and various alternative
embodiments of the invention have been disclosed and described in detail

herein, it will be obvious to those skilled in the art that various changes in

form and detail may be made therein without departing from the spirit and

scope thereof.
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We claim:

1. Apparatus for generating redundancy symbols during the encoding
of data comprising groups of binary bits into codewords of polynomial
codes, each codeword having data and redundancy symbols, each symbol
having .a- predetermined plurality of binary bits, and for generating
syndromes during the decoding of corresponding codewords which may

contain errors, comprising:
(a) cell set means where each cell comprises;
a resettable register,
an adder, and
a const.ant multiplier;

(b) connection means enabling each said cell to be connected as a first-
order polynomial divider in which the current output is the current input
added to the output of a register whose input is the current output multiplied

by a constant;

(c) connection means enabling each said cell to be connected as a first-
order polynomial multiplier in which the current output is the current input
added to the output of a register whose input is the current input muitiplied

by a constant;
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x+rerr to generate r(x). These first order dividers can t
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each polynomal divider is the input p® ynomal nultiplied by x an

(d) connection means enabling said cell set to be connected either as a
cascade of said first-order polynomial dividers or a cascade of said first-

order polynomial multipliers;

(e) connection means enabling the transmittal data to be connected to

the input stage of the divider cascade;

(f) connection means enabling the output of the output stage of the said
multiplier cascade to be output to an information channel as the codeword

redundancy symbols; and,

(g) connection means enabling each said cell to be connected as
Separate first-order polynomial dividers so that each said divider may be

used to divide the received data in order to generate one of the syndromes.

2. The apparatus of claim 1 wherein the constant multiplier of each cell

multiplies its input by one of the roots of a codeword generator.

3. The apparatus of claim 1 wherein the register of a cell is held reset

when the cell's root is not to be included in the desired codeword generator.

4. Apparatus for generating redundancy symbols during the encoding
of data comprising groups of binary bits into codewords of polynomial
'codeé, each codeword c(x) being formed by dividing a data polynomial D(x)

. of degree less than k by a generator polynomial g(x) of degree n-k to obtain
-
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I Vi x+r[err]). Each polynomal multiplier is m
ghgtgﬁ?]?g (congtan%)nultiplier 211[err] and an adder 212[err] and

iplies its input by (x+rferr]). At eac I
?1;! HJIOlt ;ﬁZous cl ogki ng of all registers aanH"m a furggglr rlzyn‘no )
t he out put of each divider matches the inp ’! ﬂﬁg Sealst er
multiplier, e.g. 203[err] matches 213[§r Wso €

mat ches t he correspondi ng rmltlpller re |:ter e.g. e,rAE]err] mat ches B[err].
i
The out put réHl}HO%%CYPO n%%%a ? ofdegree lessthannk and appending r(x) to

D(x) to yield c(x) of degree less than n, each symbol haviny a predetermined
plurality of binary bits m, and for generating syndromes during the decoding

of codewords which may contain errors, comprising:
(a) a plurality of cells, each cell having;
an m bit wide adder having first and second adder inputs and an output;

an m bit wide resettable register having its output connected as one

input to said adder;

an m bit wide finite field constant multiplier having its output connected

to said resettable register;

(b) c_:onneétion means for selectively t:on'necting each said cell as a first-
order polynomial divider in which the current output of each said m bit wide
adder is the current input to the respective said cell added to the output of
the respectlve said register whose input is the current output of the

respective said adder multiplied by a finite field constant;

(c) connection means for selectively connecting each said cell as a first-
order polynomial multiplier in whlch the current output is the current input
added to the output of a register whose input is the current input muttiplied
by a constant, sald cells being ordered in said cascade of first-order
polynomial multipliers in opposite order from their respective order in the
cascade of first-order polynomial dividers;

-_—
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(d) connection means for selectively connecting said cell set either as a
cascade of said first-order polynomial dividers or a cascade of said first-

order polynomial multipliers;

(e) connection means enabling the transmittal data to be connected to

the input stage of the divider cascade;

(f) a connection means enabling the output of the output stage of the
said multiplier cascade to be output to an information channel as the

codeword redundancy symbols; and,

(g) a connection means enabling each said cell to be connected as
separate first-order polynomial dividers so that each said divider may be

used to divide the received data in order to generate one of the syndromes.

5. The apparatus of claim 4 wherein the constant multiplier of each call
multiplies its input by one of the possible roots of a possible codeword

generator.

6. The apparatus of claim 4 wherein the register of a cell is held reset

when the cell’s root is not tb_ be included in the desired codeword generator.

7. Apparatus for generating redundancy symbols during the encoding
of data symbols consisting of groups of binary bits into codewords of

polynomnal codes, each codeword c(x) being formed by dividing a data
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gﬂllcgst he multiplier regi sters in FIG al ways mat ch the divider

' be .di scarded and during the last n-k
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degree n-k to obtaln a redundancy polynomial r(x) of degree 'ess than n-k,

and appending r(x) to D(x) to yield c(x) of degree less than n, each symbol

h'aving a predetermined plurality of binary bits m, comprising:

a plurality of cells having a register, a finite field muttiplier and an adder,
each cell being selectively connectable as a first order polynomial divider

and as a first order polynomial multiplier;

means for connecting each cell to form a first order po!ynomial divider,
and for coupling said first order polynomial dividers together to form a

cascade of first order polynomial dividers;

means for sequentially inputting data symbols for a codeword to the

cascade of ﬁrst-order polynomial dividers;

means for connecting each cell to form a first order polynomial
multiplier, and for coupling said first order polynomial multisliers together to
form a cascade of first order polynomial muttipliers, said registers being
ordered in said cascade of first-order polynomial mutltipliers in opposite
order from their respective order in the cascade of first-order polynomial

dividers; and,

means for holding the input to said multiplier cascade to zero and
clocking said resettable registers to clock out the redundaﬂcy symbols

associated with the data symbols
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redundancy synbols. This is illustrated in FIG_WANCY
TIME i-s OFF the MJXes 102 and 103 cause the registers and ¢ e oft
mul tipliers to be connected so as to forma casca Mﬂm migrt
to right (the adders 106 add fromleft to right) g g oV
ON the MJXes 102 and 103 cause the registers and consta

I pli fromright to left (the
d so as to forma cascade of nultipliers .
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I Vi ' drone generation. :
arate dividegs ot _in_.a cascade) for syn _ ‘ ’
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' SER ' d the input data bytes are passe
clock tines Oy YlLa IS CJ:Fr n o . f
through to the output _%%- kﬁ)&oﬁ%%r.'e ?ﬁ?g SHedioggs dunngtheddeadidingso
codewords which may contain errors comprising the apparatus of claim 7

and further comprising:

‘means for connecting each cell to form a separate first order polynomial

divider; and,

means for providing codewords that may have errors therein to the
separate dividers to divide the received code word by the generating

polynomial to generate one of the syndromes.

9. The apparatus of claim 7 wherein the register of a cell is held reset

when the cell's root is not to be included ir the desired codeword generator.

10. A method of generating redundancy symbols during the encoding
of data symbols consisting of groups of binary bits into codewords of
polynomial codes, each codeword c(x) being formed by dividing a data

- polynomial D(x) of degree less than k by & generator polynomial g(x) of
degree n-k to obtain a redundancy polynomial r(x) of degree less than n-k,
and appending r(x) to D(x) to yield c(x) of dsgree less thann, each symbol

having a predetermined plurality of binary bits m, comprising the steps of:

(a) providing a plurality of celis, each having an m bit wide resettable

register fqéVing a register input and a registsr output, and an m bit wide finite
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REDUNDANCY TIME is ON and the redundancy synbols are present at the output

of MJUX 105.
REPLACEMENT SHEET

_ 7 .
Buring a read-operation WRITE MODE is OFF and REmnm "Hﬁ"ﬂ’mm ___O:F_ andt
the entire received pol ynonmi al consisting of dat ! q . I's : nB:J
for n clock tines. During the |ast clock tinme the syndroftessar® avai | abl e
on the output of MJXes 103.

field constant multlplier having a muitiplier input, and having a multiplier

output connected to said register input;

- (b) connecting the register output of each of the plurality of cells as one
of two adder inputs of a respective m bft wide adder, and connecting the
input of said m bit wide finite field constant muitiplier so that the current
output of each said m bit wide adder is the current input to the respective
said adder added to the output of the respective said register whose input
~ is the current output of the respective said adder multiplied by a finite field
constant 16 form a first order polynomial divider, and coupling said first order
polynomial dividers together to form a cascade of first order polynomial

dividers;

(c) sequentially inputting data symbols for a codeword to the cascade

of first-order polynomial dividers formed in step (b);

(d) connecting the register output of each of the plurality of cells as one
of two adder inputs of a respective m bit wide adder, and connecting the
input of said m bit wide finite field constant multiplier so that the current
output of each of the last named said m bit wide adders is the current input
to the respective said adder added to the output of the respective said
register whose input is the current input of the respective said adder
muitiplied by a finite field constant, and coupling said first order polynomial
multipliers together to form a cascade of first order polynomial multipliers,
said cells formed by the resettable registers and respective finite field
multipliers being ordered in said cascade of first-order polynomial muiltipliers
in opposite order from their respective order in the cascade of first-order

polynomial dividers; and, I
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t%e corregponding root for that register is |left out of the redgundancy

conputation. This allows the selection of roots :m m m’r"mﬂmr
pr ggr ammabl e, and in particular it allows the nu II H H"Hde order)
to be progranmmbl e. The generator shown in FIG 4 i5 fior sa Reed- Sol onon

le (i ltipliers 104 are
code (i.e. the roots as shown in the constant mult :
consegut ive powers of alpha, a prim ﬁve root of the field). However the

i [ h any selection of roots. The
i nvention appli norq al code wt
resets to the rZ‘Eﬁ b?%’?@a{q’@dn H"éo S@ﬂ:)ER"'p"QfGaSOMEémw@ar‘rcbcle@kmgsam

criterion fop, Reeiiol SIR 6983k bt fie re@undancy symbols associated with

the data symbols of step (c).

11. The method of generating redundancy symbols during the
encoding of data symbols and for generating syndromes during the
decoding of codewords which may contain errors comprising the steps of

claim 10 and further comprising the steps of:

(f) connecting each cell to an m bit wide adder, each cell forming a

separate first order polynomial divider; and,

(9) providing codewords that may have errors therein to the dividers of
step (f) to divide the received code word by the factors of the generating

polynomial to generate the syndromes.

12. The method of claim 10 wherein the adders used in step (d) are the

same adders as used in step (b).

13. The method of claim 10 Wherein the adders used in step (d) are

different than the adders used in step (b).

—_—
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P ! re ORDER
consecutive roots are included and the renmmi nder are |eft g;Jitbn\M;(r%i el on
T A PR sttt it posrer S LR AR
may be ‘used. FIG 5 shows an alte W w;mm'wﬁmecond

t to

[ hai n
set of MJXes is renoved fromthe adder c

ggger chain is added. The upper adder chain 306 o A At A
ight (for data tinme) and the |ower ag er chain 302 only AL
rlgI ft (for redundancy time). This alTows faster operation at e 5| "
t? o (ates (tygadt 33 for adders MJUXes 303 switch betvvfeen avi ng
g dlrrslrge? cascade for m(?gﬂgjx QT Pf geneyRting vedHpdaney symbloledukag tasle f or
redundancy t bﬁ@od%@%ﬁg g;ymbols and for generating syndromes during the

decoding of codewords which may contain errors comprising the steps of

claim 10 and further comprising the steps of:

(f) connecting each celito a pair of m bit wide adders so that the output
of each cell is added to the input to the next cell twice, each cell forming a

separate first order polynomial divider; and,

(9) providing codewords that may have errors therein to the dividers of
step (f) to divide the received code word by the factors of the generating

polynomial to generate the syndromes.

15. The method of claim 10 wherein the resettable register of a cell is
held reset when the cell's root is not to be included in the desired codeword

generator. -

16. A method of generating redundancy symbols during the encoding
of data symbols consisting of groups of binary bits into codewords of
polynomtal codes, each codeword c(x) being formed by dw:dmg a data
polynomlal D(x) of degree less than k by a generator polynomial g(x) of
degree n-k to obtain a redundancy polynomial 1(x) of degree less than n-k :
and appending r(x) to D(x) to yield ¢{x) of degree less than n, each symbol

~ having a predetermined plurality of binary bits m, comprising the steps of:

This Sheet Has Been Re
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| ers for encoding and
swi tch between having a cascade of dividers/mltipli EIG & Shows an

on.
havi ng separate dividers for syndrome generati s removed from the

alternate inplementation in which the set of I\/]EJXeisl.

upper adder chain in FIG 5 anld :j_tsgfungtlsgtn gf deﬂmnﬂlm IIHH'IH H“ﬁx 107
tion is perfornmed by includin e

'?'ﬁgelrgwer addeE chain 402 and MJXes 4%@ remain the sane a

(a) providing a plurality of cells having a register, a finite field multiplier

and an adder, each cell being selectively connectable as a first order

polynomial divider and as a first order polynomial multiplier;

(b) connecting each cell to form a first order polynomial divider, and
coupling said first order polynomial dividers together to form a cascade of

first order polynomial dividers;

(c) sequentially inputting data symbols for a codeword to the cascade

of first-order polynomial dividers formed in step (b);

(d) connecting each cell to form a first order polynomial muitiplier, and
coupling said first order polynomial multipliers together to form a cascade of
first order polynomial multipliers, said registers being ordered in said
cascade of first-order polynomial multipliers in opposite order from their

respective order in the cascade of first-order polynomial dividers; and,

(e) holding the input to said mulﬁplier cascade to zero and clocking said
resettable registers to clock out the redundancy symbols associated with

the data symbols of step (c).

17. The method of generating redundancy symbols during the )
encoding of data symbols and for generating syndromes during the
decodmg of codewords which may contain errors comprising the steps of

~ claim 16 and further comprising the steps of:

(f) connecting each cé'll to an m bit wide adder, each cell forminga

separate first order polynomial divider; and, _—
This Sheet Has Been R
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r adder chain 302 and MJXes 303 of Figure 5. During read node,
}\/B)e( lzlg\;\eal | ows read data to be the input and a@Wabl ed
whi ch causes the register output for each stage be added to Inexft ]
st age twi ce through adders 401 and 406. This ﬂ,’!ﬁﬂmmﬂlm rp ejsteaf:f
st age, since in the finite field of GF(2m), ¢ 10l Ias[ t*etOI se

i i " expense
results in zero. This allows for thg, fastest operation, .
of nore gates (trading MJXes for add%rs), as the adder chain 406 no

' I\/U@es FIG 7 shows an alternate inplenentation
! (rjln\?\,ﬁir cﬁotnL? %@ﬁr?‘w ng, codeyords, that may havierarress drereirho the clividers crfegralhn in
I Vi ' | ' ti but the input sw tches
]E he dh;l{ ge[ O%%Ggg% ﬁi&/{g%nthe rgc":'éi'vgg cggg ldv%qg rt]>(§l>fhe Ifarg?ors of the generpating
rom
polynomial to generate the syndromes. °

18. The method of claim 16 wherein the adders used in step (d) are the

same adders as used in step (b).

19. The method of claim 16 wherein the adders used in step (d) are

different than the adders used in step (b).

20. The method of generating redundancy symbols during the
encoding of data symbols and for generating syndromes during the
decoding of codewords which may contain errors comprising the steps of

claim 16 and further comprising the steps of:

(f) connecting each cell to a pair of m bit wide adders so that the output
of each cell is added t'o_ the input to the next cell twice, each cell forming a

separate first order polynomial divider; and,

(9) provid-ing codewords that may have errors therein to the dividers of
step (f) to divide the received code word by the factors of the generating

polynomial to generate the syndromes.

-—
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es 505 and 507. Because of the cancellation that occurs when
Eartra?rg?r?swg?(e added to thensel ves, adding the output—of the |ower ad;:lgrt
chain, which'is equal to the sumof the contents of _the re |sters o
input  of the upper adder chain, has the sane fun l um ’m.'ﬂm
actual ly changi ng the configuration fromleft-to* . o
right-to-left nmultipliers as in the other inplenentations. .

the preferred enbodi nent and vari ous af? ernative enbodiments of the

i ' | herein, it will be
i nventi on have heen_di scl osed and descri bed i n det ai
REPL ACENENT SHE%‘F r]The method of claim 16 wherein the resettable register of a cell is

held reset when the cell's roo_t Is not to be included in the desired codeword

generator.

22. Apparatus for generatlng redundancy symbols during the encoding
of data symbols con51stlng of groups of binary bits into codewords of
polynomlal codes, each codeword c(x) being formed by dividing a data
polynomial D(x) of degree less than k by a generator polynomial g(x) of
degree n-k to obtain a redundancy polynomial r(x) of degree less than n-k,
and appending 1(x) to D(x) to yield c(x) of degree less than n, each symbol

having a predetermined plurality of binary bits m, comprising:

a plurality bf cells having a register, a finite field multiplier and an adder,
said cells being selectively connectable to function as a cascade of first
order polynomial dividers and as a cascade of first order polynomial
multipliers, said registers being ordered in said cascade of first-order
polynomial multipliers to function in opposite order from their respective

order in the cascade of first-order polynomial dividers:

means for connecting said cells to function as said cascade of first order

polynomial dividers;

means for sequentially inputting data symbols for a codeword to the

cascade of first-order polynomial dividers;

means for connecting said cells to function as said cascade of first order

polynomial mulitipliers; and,
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obvious to those skilled in the art that various changes in form and

g;at ail- may be nmade therein w thout departing fromthe spirit and scqpe
th of . -
AR ST AR

23

means for holding the input to said multiplier cascade to zero and
clocking said resettable registers to clock out the redundancy symbols

associated with the data symbols.

23. Apparatus for generating redundancy symbols during the encoding
of data symbols and for generating syndromes during the decoding of
codewords which may contain errors comprising the apparatus of claim 22
wherein each said cell is selectively connectable to function as a separate

first order polynomial divider, and further comprising:

means for connecting each cell to form a separate first order polynomial

divider; and,

means for providing codewords that may have errors therein to the
separate dividers to divide the received code word by the factors of the

generating polynomial to generat the syndromes.

4

24. The apparatus of claim 22 wherein the register of a cell is held reset

when the cell’s root is not to. be included in the desired codeword generator.

25. The apparatus of claim 22 wherein each cell is selectively
connectable to function as said cascade of first order polynomial multipliers
with said registers being ordered in said cascade of first-order polynomial

multipliers to function in opposite order from their réspective order in the
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CLAIMS W claim

1. Apparat us for generating redundancy synbol s

during the encoding of data conpri si ng groups of hi narv hitq into

codewords of pol ynom al codes, each c

synbol s, each synbol having a predeterm ned pI ur

for generating syndrones during

24

cascade of first-order polynomial dividers by connecting said cells to
function as said cascade of first-order polynomial dividers and applying the
sum of the contents of said registers to the input of said éascade of first-

order polynomial dividers.

26. A method of generating redundancy symbols during the encoding
of data symbols consisting of groups of binary bits into codewords of
polynomial codes, each codeword c(x) being formed by dividing a data
polynomial D(x) of degree'less than k by a generator polynomial g(x) of
degreé n-k to obtain é redundancy polynomial r(x) of degree less than n-k,
and appending r(x) to D(x) to yield ¢(x) of degree less than n, each symbol

having a predetermined plurality of binary bits m, comprising:

providing a plurality of cells having a register, a finite field multiplier and
an adder, said cells being selectively connectable to function as a cascade
of first order polynomial dividers and as a cascade of first order polynomial
multipliers, said registers being ordered in said cascade of first-order
polynomial multipliers to function in opposite order from their respective

order in the cascade of first-order polynomial dividers;

connecting said cells to function as said cascade of first order

polynomial dividers;

sequentially inputting data symbols for a codeword to the cascade of

first-order polynomial dividers:
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t he decodi ng of correspondi ng codewords which may contain errors,

L ses
conpri si ng: (a) cell set neans where eaeh—sel_l%

a const ant

- al i dder,
bl e register, an a ta
?rulrteisgﬂgr; ) (b) first connecti onI mcajansdg uljr"ﬂ 'ﬂﬂﬂmmﬂ chIt ot

s a first-order polynom al divi
gﬁdcgngﬁﬂ 2gt ai nput in which the currgnt output i s the current % nput added

[ [ [ ng an whose
to the output of a register in said utVIm(jIe'[l p][ Ihgdrggl Zt g(r)n;]?\a/llntg
I nputconpri si ngohfedify SHEERE 1o RIMLRYL as said cascade of first order

polynomial multipliers, and,

. holding the input to said multiplier cascade to zero and clocking said
resettable regrsters to clock out the redundancy symbols associated with

the data symbols

27. The method of generating redundancy symbols during the
encoding of data symbols and for generating syndromes during the
decoding of codewords which may contain errors comprising the apparatus
of claim 26 wherein each said cell is selectively connectable to function as

a separate first order polynomial divider, and further comprising:

connecting each cell to form a separate first order polynomial divider;

and,

providing codewords that may have errors therein to the separate
drvrders to divide the received code word by the factors of the generating

polynomial to generate the syndromes.

28. The method of claim 26 wherein the register of a cell is held reset

when the cell’s root is not to be included in the desired codeword generator.

29. The method of claim 26 wherein each cellis selectively connectable
to function as said cascade of first order polynomial multipliers with said

\
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(c) second connection neans enabling each said cell to be connected as a
first-order polynomal nultiplier having a current output and a current
i nput i'n which the current output is the current input added to the ouf put

of a register in said nultiplier the register havi nglﬂt"
conprising is the current input multiplied by a con ,\mlﬂlﬂ’”mmm, said
first and said second connection meansygenabling said cel I skt "tc be

connected either as a cascade of said first-order polynom al dividers or a

cascade of swgistéiy béingrdilﬁéreﬁ%%ﬁméaéca%lc}fIflPsltloerégr polynomial multipliers

to function in opposite order from their respective order in the cascade of

first-order polynomial dividers by connecting said cells to function as said
cascade of first-order polynomial dividers and applying the sum of the

contents of said .reglsters to the input of said cascade of first-order

polynomial dividers.

_—
This Sheet Has Been R

HIIIIH i



.(e) third connection neans enabling the transmittal data to be connect ed
to an the input stage of the divider cascade; (f) fourth
connecti on neans enabling the output of an X output-stage of the said
mul tiplier cascade to be output to an information channel as the codeword
redundancy synbol s; and, ' (g) fifth connection neans enabling each
said cell to be connected as separgge first-order polynom al dividers so
t hat each said divider nay be used“to divide the received data in order

to generate one of the syndr ones
rograrrmable Redundancy/Syndrome Generator

ABSTRACT
A hardware implementation of an error cofrecting encoder/decoder
for polynomial codes which uses a single circuit to generate check symbols
during the transmit operation and generate syndromes during a receive
operation is disclosed. The selection of roots for the code generator and

hence the code order is programmable.

Figure 3
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2. The apparatus of claim 1 wherein the constant nultiplier of each
a codeword generator

multiplies its input by one of the roots of
3. The apparatus of claim1 wherein the register of a
s not to be included

pol ynom al

cell is held reset when the cell's root of the cel

in the desired codeword generator polynom al. 4. Apparatus for
of data conprising

generati ng redundancy synbols during the encodi ng
groups of binary bits into codewords of polynom al codes,
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each codeword c(x) being formed by dividing a-data pol ynom al D(x) of
degree less than k by a generator polynom al g(x) of degree n-k to obtain a
redundancy pol ynom al r(x) of degree |ess than n-k,- and appending r(x) to

D(x) to yield c(x) of degree less than n, each synbol having a
by¢s m and for generating syndrones

predetermned plurality of binary
during the decoding. of codewords MAICh may contain errors, conprising:
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an mbit w de adder

(a) a plurality of cells, each cell having;
out put ;. an mbit w de

havi ng first and second adder inputs and an
resettabl e register having its output connected as one input to said
adder; an mbit wide finite field constant nultiplier having its
output connected to said resettable rdf ster; (b) first connection

means for selectively connectinggach said cell as a first-order
in which

pol ynomi al divider having a currqnt put and a current input
the current output [oi_ Tsard—mby. M-de is the current input to
t t Be respective said
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havi'ng an whose input conprising is the current
multiplied by a finite field constant;

sai d divider, the register
as a

out put of the respective said adder
(c) second connection neans for selectively connecting each said cel

first-order pol ynom al multiplier having a current output and a current
I's the current input added to the output

I nput, in which the current output
of a register in said nultiplier the resi%tber having an whose i nput
i nput multiplied by a constant, said cells being
ﬁultipliers in

conprising is —the current

ordered in a séLd__£§§g§Q§~91_i%fst order polynon1al

opposi te ordef’ fromthei esp ade of first-order
' ' \ Al @ gecond connecti on

pol ynomi al dﬁVlders
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set either as a cascade of said

connecting said plurality of cells cel
first- order polynom al dividers or a cascade of said first-order

polynom al rmultipliers; _
REPLACEMENT SHEET 13
(e) third connection neans enabling the ®r@nsnittal data to be connect ed

i nput stage of the divider cascade (f) fourth a
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connecti on neans emabl | Ng t he output—of—an—the n"tput,__
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stage of the said nmultiplier cascade to be output to an information channel
as the codeword redundancy synbols; and, (g) fifth a connection
means enabling each said cell to be connected as separate first-order

pol ynom al dividers so that each said divider nmay be used to divide the
received data in order to generate one of the syndrones. 5. The
apparatus of claim4 wherein the constant nultiplier of each cel
multiplies its input by one of the possibbgéroots of a possible codeword

gener at or ponnoMzg.
o5
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6. The g?)'f)‘arat us of claim4 wherein the register of REFELF

el %"f‘
when the cell's root of the cell is not to be in¢luded. | tp %g L opaoed‘i_.
codeword generator. pol ynom.al . _ 7. Appalf au 4 ge E‘ﬁ""? ng paged 2%,
redundancy synbols during the encoding of data syptbo. ; 1953;@56% g g
groups of binary bits into codevvords of pdl ynom al zbo gg el@g»(i §0“ma€tmgcdi;m
c(x) being forned by dividi ngia data pol ynom al i 3 ‘degr! €S .

i danc
by a 1 al g(x) of degree n-k to obtaln a redun
pgl yho Fﬁ'@éﬂ’pgﬂg eﬁree ess ﬁpe QBEHU anc{ﬂgg A HgOF (RECERPT x4, .

yi el E(x) of degred f[EQ9ramipa awim ned
pl urpl tQZ)ﬁUBlMy bijts m conpri sing:

FIELD OF THE INVENTION

This invention relates generally to digital data commumcatlon
systems particularly to the encoding and decoding of error correcting

codes.

BACKGROUND OF THE INVENTION

In a digital data communication system (including storage and
retrieval from optical or magnetic media) in order to increase the transfer
rate of information and at the same time make the error rate arbitrarily low,
it.is 'necessary to employ an error control system. For fixed signal-to-noise
ratios and fixed bandwidths, improvements can be made through the use of
error-corresting codes.

With error-correction coding the data to be transmitted or stored is
mathematically processed to obtain additional data symbols called check
symbols or redundency symbols. The data and check symbols together
make up a codeword. After transmission or retrieval the codeword is
mathematically processed to obtain error syndromes which contain
information about locations and values of errors.

For many error-correcting codes (e.g. polynomial codes such as, but
not limited to, Reed-Solomon codes) the codewords are formed by
appending a remainder polynomial (redundancy symbols) to a data
polynomial so as to make the composite polynomial divisible by a generator
polynomial. The remainder polynomial is obtained by dividing the data

. -—
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a Ihraf?f’ of cells each cell having a register, a finite field nultiplier
ang an addgr, each cel | being selectively connectabl e as a.flrst or der

pol ynom al divider and as a first order polynoni al nultlpller7 i
means for connecting each cell to forma first order polynom al divider,
and for coupling said first order polynom @ dividers together to forma
cascade of first order polynom al dividers;

polynomial by the generator polynomial and keeping the remainder
polynomial. The error syndromes are obtained by dividing the received
polynomial (a codeword polynomial which may have an error polynomial

added to it) by the individual factors of the generator polynomial.

PRIOR ART

FIG. 1 shows a circuit which can generate redundancy symbols by
performing polynomial division.

FIG. 2 shows a plurality of first-order dividers in which each can
generate one of the error syndromes.
Prior Art Limitations

One problem arising in the use of these codes is the significant
amount of circuitry needed in high-speed implementations of high-order
(capable of correcting many errors) generators for the redundancy symbois
and the error syndromes. For systems which require the ability to do both
the encoding and decoding, albeit not simultaneously, it is a desirable trait
to have one circuit capable of generating both sets of symbols. It is also a
desirable trait for the encoder to be programmable so as to be able to
produce different order codes (codewords with different numbers of
redundancy bytes). The usual metl';od has neither of these traits.

United States Patent number 4,777,635 entitled “REED-SOLOMON
CODE ENCODER and SYNDROME GENERATOR CIRCUIT” issued to

Neal Glover discloses a circuit which can generate both redundancy and

syndrome symbols but is not order-programmabie. REPLACEMENT SHEET

02 AUG 1999
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| s 7 ' ' ' deword to the

s for sequentially inputting data synbols for a co _
(r:rzgtr:]ade of fﬂrst-order pol ynom al dividers; . means for connecH Rg
each cell to forma first order polynomal nmultiplier, "and for cgup f g
said first order polynomal rnultipli ersdt qu?'t hter tob f(r)lgm grggfgg ienosai |

. : o . o
first order polynomal nultipliers, said re@isters n¢ rdered in said
of first-order polynomal multipliers in opposite rde :
fgzggg?i ve order in.th c?slgade' of first-order polynom al .dl vi ders; and,
means for hol ding t e?ﬁﬁ'iﬁ grap-Welghalgerithm @ramﬁieealeifoogwg 3lg§gg1brg .
[ [ | e registers to clock out the redunda y s

clocking said I;N%sl(ﬁ'tl E:!ggs %ot uge syndromes but instead uses the encoder circuit to

compute a remainder from the received polynomial. However the algorithm
is a bit more complicated than that which processes syndromes and it is not
order-programmable. It is also possible to convert the remainder to

syndromes but this requires significant additional circuitry.

SUMMARY OF THE INVENTION

It is an object of the present invention to decrease the size of the
circuitry in a hardware implementation of an error correcting
encoder/decoder by using a single circuit to generate check symbols during
the transmit operation and to also generate syndromes during a receive
operation.

Another object is to decrease the size of the circuitry in a hardware
implementation of an error correcting encoder/decoder by using a single
cireuit to generate check symbols for codewords containing differing

numbers of check symbols.

BRIEF DESCRIPTION OF THE DRAWINGS
=Er UoobLnlF1ION OF THE DRAWINGS

FIG. 1 shows the prior-art solution for generating redundancy
symbols.

FIG. 2 'shows the prior-art solution for generating syndromes.

FIG. 3 illustrates the basic pi'inciple utilized in the present invention.

FIG. 4 shows a block diagram of the preferred embodiment of the

present invention. REPLACEMENT SHEET
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associ ated wth the data synbol s. 8. Apparatus for generating
redundancy synbol s during the encoding of data synbols and for generating
syndrones during the decoding of codewords which nmay contain errors

conprising the apparatus of claim7 and further conprising: means
for connecting each cell to forma separage first order polynoma
di vi der; and, 15

FIG. 5 shows a block diagram of an alternate embodiment of the
present invention.

FIG. 6 shows a block diagram of a further alternate embodiment of
the present invention.

FIG. 7 shows a block diagram of a still further alternate embodiment

of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

This invention includes a method and apparatus capable of
generating redundancy symbols and syndronies and is order-
programmable. The theory of operation of this invention is as follows:
Polynomial codes consist of codewords which are muitiples of a generator
polynomial. A codeword, c(x), is formed by dividing a data polynomial, D(x),
of degree less than k by a generator polynomial, g(x) of degree n-k to obtain
a redundancy polynomial, r(x), of degree less than n-.k. Appending r(x) to
D(x) yields c(x) of degree less than n (i.e. there are k data symbols and n-k
redundancy symbols and n.total symbols, each symbol having a

predetermined plurality of bits m).

ke REPLACEMENT SHEET
gx)=II (X+rj)
=0 02 AUG B9

r(x) = D(x) x x"kmod(g(x))

c(x) = D(x) x xPK4r(x)

The following explanation will show that it is possible to feed D(x) into

a cascade of first-order dividers (where each divider divides by one factor,
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S ) i di herein to the
means for providing codewords that nay have errors t
separate deiders to dividé the received codewrd code word by the

[ ' = 9. The
eneratin olynom al to generate one of the syndromes.
gpparatusgof cYain17 wherein the register of a cell is held reset when the
cell"s root of the cell-is not to be includgd in the desired codeword
gener ator pol ynom al . 10. A nethod of generating redundancy

[ [ i sti f binary
nbol s during the encoding of data synbols consi sting of groups o
Eiytsoi nt o codg\ﬁﬁrfﬁé tergenssaler(x)i These tiest orderadividertewdr thet b ubsd ke f or ned

by dividing a data . )
generate syndromes during read-operations (decoding).
FIG. 3 shows a cascade of first-order polynomial dividers followed by
a cascade of first-order polynomial multipliers. Each polynomial divider is

made of a registeraoozooi, a constant muttiplier 264 201 j and adder 202

202j, each one symbol wide, where again, | ranges from 0 to n-k-1. The

output of each polynomial divider is the input polynomial multiplied by x and
divided by (x+r;). Each polynomial multiplier js made of a register 210;, a

constant multiplier 211 j-and an adder 212:. and multiplies its input by (x+1;).

At each step of opération (simultaneous clocking of all registers and
inputting a further symbol) the output of each divider matches the input to the
corresponding multiplier, e.g. 203, matches 2134. Also each divider register
matches the corresponding multiplier register, e.g. Aj matches B;. The output

of divider cascade 203, is:

xn—k D(x) _ xk D(x)

203n—k—1 = n_k_1 = q(x)
RN CES
J=
REPLACEMENT SHEET
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x"KD(x) - q(x) x g(x) = x-kD(x)mod(g(x))

Therefore

_ x"KD(x) - x"-k D(x) mod(g(x))
)= g(x)
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polynom‘al D(x) of degree less than k by a generator polynom al g(x) of
degree n-k to obtain a redundancy polynom al r(x) of degree |ess than n-k,
and appending r(x) to D(x) to yield c(x) of degree |less than n, each synbol
having a predetermned plurality of binary bits m conprising the steps of:
(a) providing a plurality of cells, each @&l | having: an m
bit wide resettable register, each resister having a regi ster input
and a register OUtRh and an mbit wide finite field

<]

constant mul tipli efhaoutpit of themuliipliascascade is qxhp(e). The firet ki tegma
mul tiplier output connected to said register input; (b) connecting
the register (symbolspappearingen 208,plisai(k} gndthefist k tarns (symbols)

appearing on 213; is D(x). To obtain the rest of q(x) g(x), the input to the

multiplier cascade is set to zero by the gate 214 and the circuit is clocked n-k

more times. During these clocks the output of the multiplier cascade, 213, is

xn-kD(x) mod g(x), which is the series of redundancy symbols in a polynomial
code.
Implementation

Since the multiplier registers in FIG. 3 always match the divider
registers, the multiplier cascade can be discarded and during the last n-k
clocks the divider can be connected as a multiplier cascade to yield the
redundancy symbols. This is illustrated in FIG. 4. Then when REDUNDANCY
TIME is OFF the MUXes 102 and 103 cause the registers and constant
multipliers to be connected so as to form a cascade of dividers from left to

- right (the adders 106 add from left to right). When REDUNDANCY TIME is

ON the MUXes 102 and 103 cause the registers and constant multipliers to
be connected so as to form a cascade of multipliers from right to left (the
adders add from right to left). The function of the MUXes 101 is to form
separate dividers (not in a cascade) for syndrome generation.

During a write-operation (encoding) WRITE MODE is ON. For the first
k clock times REDUNDANCY TIME is OFF and the input data bytes are
passed through to the output of MUX 105. For the last n-k clock times
REDUNDANCY TIME is ON and the redundancy symbols are present at the
output of MUX 105.

REPLAGEMENT SHEET
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one Bf tmb adder inputs of a respective mbit w de adderz and conneﬁtin?he
the input of said mbit wide finite field constanh nultlplle{nzatptg i
[ [ i dder is the curren .
current output of each said mbit wide a _ b Lhe
[ [ t of the respective said regis
&Esggc}h;ﬁt ?gld adder added to the outpu 5 p oard register
o

out put of the respective said adder nultiplied by a finite field constant

: - : . . der
i rst dar .pol ynoni al divider, and coupling said first orde
Itog| ;ﬁm ZI flolir \S/i dg: sBPHBS%(&aerPQra?m WRBHE MRDEfis OFfs and REDUNDANOY al

TIME is OFF and the entire received polynomial consisting of data and
redundancy is input for n clock times. During the last clock time the
syndromes are available on the output of MUXes 103.

By holding the reset input to a register ON during redundancy
generation the corresponding root for that register is left out of the
redundancy computation. This allows the selection of roots to be entirely
programmable, and in particular it aliows the number of roots (;:ode order) to
be programmable. |
The generator shown in FIG. 4 is for a Reed-Solomon code (i.e. the roots as
shown in the constant multipliers 104 are consecutive powers of alpha, a
primitive root of the field). However the invention applies to any polynomial
code with any selection of roots. The resets to the registers 100 are “ORDER
<J", which is the selection criterion for Reed-Solomon codes (i.e. ORDER
consecutive roots are included and the remainder are left out, where ORDER
is the number of roots in the generator). However any selection criterion may
be used.

FIG. 5 shows an alternate implementation in which one set of MUXes
is removed from the adder chain of FIG. 4 and a second adder chain is
added. The upper adder chain 306 only adds from left to right (for data time)
and the lower adder chain 302 only adds from right to left (for redundancy
time). This allows faster ope_ration at the expense of more gates (trading
MUXes for adders). MUXes 303 switch between having a divider cascade for

data time or having a multiplier cascade for redundancy time. MUXes 301

REPLACEMENT SHEET
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di vi aers- - (c) sequentially inputting data symbols for a g;)_deword to
t he cascéde of first-order polynonial dividers forned :ptstef E:elis i

(d) connecting the register output ;)f eachb?)I ;[thepggzigrl ng comnect | ng
one of two adder inputs of a respective m . @ gnnecting

' ' ' te field gonstant nultiplier _
the input of said mbit wde fini ( _ Lipler sothal
| ast naned said mbit w de
et o o pach o E:vae sai d adder added to the output of the

current input tgQ t&br@ttéffeagﬁ g arqascade of WividersimultiplieveUor ehcdiifig and

ive sai & of | _
;gggggtive said adder multiplied by a finite field constant to forma

first order pol'?¥H\3 SfParate dividess forasyndromel gergeration.

FIG. 6 shows an alternate implementation in which the set of MUXes
is removed from the upper adder chain in FIG. 5 and its function of allowing
syndrome generétion is performed by including the set of adders 401 and

MUX 407. The lower adder chain 402 and MUXeé 403 remain the same as
e Lail 2Ye and MUXes 403 remain the same as

the lower adder chain 302 and MUXes 303 of Figure 5. During read mode,

MUX 407 allows read data to be the input and adder chain 401 is enabled
which causes the register output for each stage to be added to the next stage

twice through adders 401 and 406. This effectively decouples each stage,

since in the finite field of GF(2m), adding an element to itself results in zero.
This allows for the fastest operation, at the expense of more gates (trading
MUXes for adders), as the adder chain 406 no longer contains any MUXes.
FIG. 7 shows an alternate implementation in which the MUXeé in FIG.
6 have been eliminated. The sections remain in the divider configuration
during redundancy time but the input switches from data to redundancy.
through MUXes 505 and 507.' Because of the cancellation that occurs when
elements are added to themselves, adding the output of the lower adder
chain, which is equél to the sum of the contents of the registers, to the input
of the upper adder chain, has the same function and result as actually
changing the configuration from left-to-right dividers to right-to-left multipliers
as in the other implementations. |
While the preferred embodiment and various alternative embodiments

of the invention have been disclosed and described in detail herein, it will be
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sai d firs% order polynomal nmultipliers together to forma cascade of first
order polynomal nultipliers, said cells fornmed by the resettable

regi sters and respective finite field multipliers being ordered in said
cascade of first-order polynomal multipliers in opposite order fromtheir
respective order in the cascade of first-d@der polynom al dividers; and,
(e) holding the input to said nmultiplier cascade to zero and cl ocki ng

said resettabl e, reqgisters to ﬁlogk out the redundancy synbol s associ at ed
with the data 99W3F3°3£'°§ﬁ glilled n the art that various chaingesnin forth afd gletsr at i ng

redundancy symbol s duri(Pg the encoding of data synbols and for generating
syndr omes dur i mjaytl'ﬁ%ma e therein without departing from the spirit and scope thereof.
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17 aecodf ng of codewords which nmay contain errors conprising the steps of

cel 1 to an m bi | NEPACANGN] SHEBER| cei | formng a separate first order

pol ynom al dividen; and, g) providing codewords that may have |

errors therein o]t E2R/YG 9999 | of step (f)i0to divide the received codewor

code word by th actors of the \
CLAIMS AR R

We claim:

1. Apparatus for generating redundancy symbols during the encoding
of data comprising groups of binary bits into codewords of polynomial codes,
each codeword having data and redundancy symbols, each symbol having
a predetermined plurality of binary bits, and for generating syndromes during
the decoding of corresponding codewords which may contain errors,
comprising: |

(a) cell set means where each cell comprises; ;

a resettable register,
an adder, and
a constant multiplier;

(b) first connection means enabling each said cell to be connected as
a first-order polynomial divider having a current output and a current input, in
which the current output is the current input added to the output of a register
in said divider, the redqister having an whese input comprising is.the current
output multiplied by a constant;

(¢ _se;co_n‘_c_:lr connection means enabling each said cell to be connected

as a first-order polynomial multiplier having a current output and a current

input. in which the current output is the current input added to the output of a

register in said multiplier, the reqister having an whese input gcomprising is-

the current input multiplied by a constant;
(d) said first and said second connection means enabling said cell set
to be connected either as a cascade of said first-order polynomial dividers or

a cascade of said first-order polynomial multipliers;
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gene’r ati nlg pol ynomi &l RERLAOEMENBISHEE'D syndr ones. 12. The met hod
of claim 10 wherein]t e |n step (d) are esarre

' t hod of clalmlo ers .
boed in sten ta he adders used |n ”)"!ﬁmr
ndancy sympol s during the €enco

used in step (d)far
L o e e hod aof generating syndrjomes during the decoding of codemords
he steps of

data synbols and fo
ans enabling the transmittal data to be

whi ch may contain e

(e) third connection me
connected to an the input stage of the divider cascade;

(f) fourth connection means enabling the output of an the output stage

of the said multiplier cascade to be output to an information channel as the
codeword redundancy symbols; and,

(9) fifth connection means enabling each said cell to be connected as
separate first-order polynomial dividers so that each said divider may be

used to divide the received data in order to generate one of the syndromes.

2. The apparatus of claim 1 wherein the constant multiplier of each

cell multiplies its input by one of the roots of a-cedeword generator

polynomial.

3. The apparatus of claim 1 wherein the register of a cell is held reset

when the sels root of the cell is not to be included in the desired-codeword
generator polynomial.

4. Apparatus for generating redundancy symbols during the encoding
of data comprising groups of binary bits into codewords of polynomial codes,
each codeword c(x) being formed by dividing a data polynomial D(x) of
degree less than k by a generator polynomial g(x) of degree n-k to obiain a
redundancy polynomial r(x) of degree less than n-k, and appending r(x) to
D(x) to yield c(x) of degree less than n, each symbol having a predetermined
plurality of binary bits m, and for generating syndromes during the decoding.

of codewords which may contain errors, comprising:
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clafm 10*and further conprising the steps of: (f) connecting each
cell to a pair of mbit w de adders so that the outpw
added to the input to the next cell tw ce, each cell f ) a separate
first order polynom al divider; and, (g) provi dilw \",ﬂm,ﬂm’
may have errors therein to the dividers df step (f) to ved
codeword codeword by the factors of the generating pol ynom al_ to gsene‘T ate

the syndrones. _ AMENDED SHEET
(a) a plurality of cells, each cell having;

an m bit wide adder having first and sécond adder inputs and an
output;

an m bit wide resettable register having its output connected as one
input to said adder;

an m bit wide finite field constant multiplier having its output
connected to said resettable register; |

(b) first connection means for selectively connecting each said cell as
a first-order polynomial divider having a current output and a current input. in
which the current output of each said m bit wide adder is the current input to
the respective said cell added to the ‘output of the respective said register in_
said divider, the register having an whaesse input comprising is-the current
output of the respéctive said adder multiplied by a finite field constant;

(c) second connection means for selectively connecting each said cell

as a first-order polynomial multiplier having a current output and a current

input, in which the current output is the current input added to the output of a
register in_said multiplier, the register having an swhkese input comprisingis
the current input multiplied by a constant, said cells being ordered in a said
cascade of first-order polynomial multipliers in opposite order from their
respective order in the cascade of first-order polynomial dividers;

(d) said first and said second connection means for selectively
connecting said plurality of cells cell-set either as a cascade of said first-
order polynomial dividers or a cascade of said first-order polynomial

multipliers;
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15. The method of claim 10 wherein the resettabl e register of a cell is
hel d reset when the cell's root of the cell is not to—be—LILCJ_lde
desired codeword generator pol ynom al . q nmet hod of

gener ati ng redundancy synbol s during the encodi ng ﬂﬂlﬁﬂmﬂlﬁmﬂlﬂl}

consi sting of groups of binary bits into cda@words of

(e) third connection means enabling the transmittal data to be
connected to an the input stage of the divider cascade; |

(f) fourth & connection means enabling the output of an the output
stage of the said multiplier cascade to be output to an information channel as
the sedewesd redundancy symbols; and,

(9) fifth a-connection means enabling each said cell to be connected
as separate first-order polynomial dividers so that each said divider may be

used to divide the received data in order to generate one of the syndromes.

5. The apparatus of claim 4 wherein the constant multiplier of each

cell multiplies its input by one of the possible roots of a possible -cedewerd
generator polynomial.

6. The apparatus of claim 4 wherein the register of a cell is held reset

when the -eefs root of the cell is not to be included in the desired -cedeword
generator polynomial.

7. Apparatus for generating redundancy symbols during #he-encoding
of data symbols consisting of groups of binary bits into codewords of
polynomial codes, each codeword c(x) being formed by dividing a data
polynomial D(x) of degree less than k by a generator polynomial g(x) 6f
degree n-k to obtain a redundancy polynorﬁial r(x) of degree less than n-k,
and appending r(x) to D(x) to yield c(x) of degree less than n, each symbol

having a predetermined plurality of binary bits m, comprising:

[ ReEPLACEMENT SHEET
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pol ;;nom' al codes, each codeword c(x) being formed by divi di ng a data

pol ynom al D(x) of degree |less than k by a generat or -potynomal g(Xx) of
degree n-k to obtain a redundancy polynomal r(x) of d I w”mk
and appending r(x) to D(x) to yield c(x) of degree Iesgmm‘“ ﬁ““a nbol
having a predetermined plurality of binaryldits m conprissng the Steps of:
(a) providing a plurality of cells, each cell having a register, a finite
field nultiplier and an adder, each cell being selectively connectable as a
first order pol ynord Bluralityiefsellsugachecell haviag agegister @l finilerfield multiplien i er ;
(b) connecting each cell to forma first order polynom al divider, and
coupl i ng sai d and an agddesreasnhl gelbbeing seladtivelyscanngetahde asa first ordercascade of

polynomial divider and as a first order polynomial multiplier;
" means for connecting each cell to form a first order polynomial divider,

_'and for coupling said first order polynomial dividers together to form a
ﬂcascade of first order polynomial dividers;

means for sequentially inputting data symbols for a codeword to the
cascade of first-order polynomial dividers;

means for connecting each cell to form a first order polynomial
multiplier, and for coupling said first order polynomial multipliers together to
form a cascade of first order polynomial multipliers, said registers being
ordered in said cascade of first-order polynomial multipliers in opposite
order from their respective order in the cascade of first-order polynomial
dividers; and,

means for holding the input to said multiplier cascade to zero and
clocking said resettable registers to clock out the redundancy symbols

associated with the data symbois.

8. Apparatus for generating redundancy symbols during e encoding
of data symbols and for generating syndromes during ke decoding of
codewords which may contain errors corhprising the apparatus of claim 7
and further comprising:

means for connecting each cell to form a separate first order

polynomial divider; and,
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first order polynom aBEﬁ-AﬂE&ENE;SHEET. (c) sequentially inputting data

nbols for a codewgrd to the castapef of first-order polynom al dividers
fsgrmed in step (b); 02 lj%h?ﬂ@on epting each cell to forma first order
pol ynomi al nultiplier andAc Ing paid first ordﬁwnﬁmmmmmll”m
mul tipliers togethe E e of 16i rst orude g

mul tipliers, said registers being ordered in said cascade of“ fFrsf-orgjer
polynom al nultipliers 1n oppostre-order fromtheir respecti ve order in
the cascade of firsieanssior providingi codewordsithat;maylave errors therein to the |

AVENDED SHEET - .
separate dividers to divide the received codeword code-wokd by the

generating polynomial to generate one of the syndromes.

9. The apparatus of claim 7 wherein the register of a cell is held reset

when the eelks root of the cell is not to be included in the desired -codeword
generator polynomial.

10. A method of generating redundancy symbols during +he- encoding
of data symbols consisting of groups of binary bits into codewords of
polynomial codes, each codeword c(x) being formed by dividing a data
polynomial D(x) of degree less than k by a generator polynomial g(x) of
degree n-k to obtain a redundancy polynomial r(x) of degree less than n-k,
and appending r(x) to D(x) fo yield c(x) of degree less than n, each symbol
having a predetermined plurality of binary bits m, comprising the steps of:

(a) providing a plurality of cells, each gglj having: |

an m bit wide resettable register, each reqister having a
register input and a register output, -and

an m bit wide finite field constant multiplier having a multiplier
input and having a multiplier output connected to said register input;

(b) connecting the register output of each of the piurality of cells as
one of two adder inputs of a respective m bit wide adder, and connecting the
input of said m bit wide finite field constant multiplier so that the current
output of each said m bit wide adder is the current input to the respective

said adder added to the output of the respective said register whose input is

e i
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(e) holding the input to said nultiplier cascade sai d

resettable registers to clock out the redundancy sy wth
the data synbols of step (c). 17. The mtlmﬂ&m iﬂ 'ﬁ m
redundancy synbols during the encoding of data synto rating

syndrones during the

the current output of the respective said adder multiplied by a finite field
constant to form a first order polynomial divider, and coupling said first order
polynomial dividers together to form a cascade of first order polynomial
dividers; |

(c) sequentially inputting data symbols for a codeword to the cascade
of first-order polynomial dividers formed in step (b);

(d) connecting the register output of each of the plurality of cells as
one of two adder inputs of a respective m bit wide adder, and connecting the
input of said m bit wide finite field constant multiplier so that the current
output of each of the Iast named said m bit wide adders is the current input to
the respective said adder added to the output of the respective said register
whose input is the current input of the respective said adder multiplied by a
finite field constant to form a first orde.r polynomial multiplier, and coupling
said first order polynomial multipliers together to form a cascade of first order
polynomial multipliers, said cells formed by the resettable registers and
respective finite field multipliers being ordered in said cascade of first-order
polynomial multipliers in opposite order from their respective order in the
cascade of first-order polynomial dividers; and,

(e) holding the input to said multiplier cascade to zero and clocking
said resettable registers to clock out the redundancy symbols associated

with the data symbols of step (c).

11. The method of genérating redundancy symbols during the

encoding of data symbols and for generating syndromes during the
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claim 16 and furtherf cp r|S|ng t

érrors_ggﬂp_;ﬁLﬂg_lhe st eps of
connecting eac

eps of:
cell to an mbit wide fad @rAUsap?9 dl1f formng: ME j “ lm";lﬂl/ or der
pol ynom al di vi der; g) I pfovi ding have

code word by the fa

syndr ones.
step (d) are

rating polynonial to generate the

gﬁgoglag@fé:@g@mr@% wihigkdmiay condgin (estiars comprising the steps of

claim 10 and further comprising the steps of:

(f) connecting each cell to an m bit wide adder, each cell forming a
separate first order polynomial divider; and,

(9) providing codewords that may have errors therein to the dividers
of step (f) to divide the received cbdeword code-word by the facters-of-the
generating polynomial to generate the syndromes.

12. The method of claim 10 wherein the adders used in step (d) are

the same adders as used in step (b).

13. The method of claim 10 wherein the adders used in step (d) are

different than the adders used in step (b).

14. The method of generating redundancy symbols during the

encoding of data symbols and for generating syndromes during the

‘decoding of codewords which may contain errors comprising the steps of

claim 10 and further comprising the steps of:

® cbnnecting each cell to a pair of m bit wide adders so that the
output of each cell is added to the input to the next cell twice, each cell
forming a separate first order polynomial divider; and,

(9) providing codewords that may have errors therein to the dividers
of step (f) to divide the received codeword cede-word by the factors-efthe

generating polynomial to generate the syndromes.

u AMENDED SHEET
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19. The nethod of claim 16 wherein the adders used in step (d) are
different than the adders used in step (b). T_”ZMDG_JIEUJQCL
generating redundancy symbols during encoding of data synbols and for
generating syndromes during the decoding of code\ﬁﬂmm‘m“mms“ “Ent ain
errors conprising the steps of claim16 am8 furt st eps
of :

15. The method of claim 10 wherein the resettable register of a cell is

held reset when the sells root of the cell is not to be included in the desired

sedewerd generator polynomial.

16. A method of generating redundancy symbols during the encoding
of data symbols consisting of groups of binary bits into codewords of
polynomial codes, each codeword c(x) being formed by dividing a data
polynomial D(x) of degree less than k by a generator polynomial g(x) of
degree n-k to obtain a redundancy polynomial r(x) of degree less than n-k,
and appending r(x) to D(x) to yield c(x) of degree less than n, each symbol
having a predetermined plurality of binary bits m, comprising the steps of:

(a) providing a plurality of cells,_each cell having a register, a finite
field multiplier and an adder, each cell being selectively connectable as a
first order polynomial divider and as a first order polynomial multiplier;

(b) connecting each cell to form a first order polynomial divider, and
coupling said first order polynomial dividers together to form a cascade of
first order polynomial dividers;

(c) sequentially inputting data symbols for a codeword to the cascade
of first-order polynomial dividers formed in step (b);

(d) connecting each cell to form a first order polynomial multiplier,
and coupling said first order polynomial multipliers together to form a
cascade of first order polynomial multipliers, said registers being ordered in
said cascade of first-order polynomial multiplieré in opposite order from their

respective order in the cascade of first-order polynomial dividers; and,
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(f) tonnect i ng each cell to a pair of mbit w de adders so that an the
out put of each cell is added to an the input to Wi ce, each

cell formng a separate first order pol ynom al “| (9)
provi di ng codewords that nmay have errors therein “ 'l ﬂmmn mnsl of step
(f) to divide the received codeword code wppd by actors of th

generating polynomal to generate the syndrones. 21. The met hod

of claim16 wherein the resettable register of a cell is held reSet_ when
the cell's root of {e&eholding the input te shie moltiplidedascadetie zbwsianedclocking

said resettable registers to clock out the redundancy symbols associated

with the data symbols of step (c).

17. The method of generating redundancy symbols during the
encoding of data symBoIs and for generating syndromes during tke
decoding of codewords which may contain errors comprising the steps of
claim 16 and further comprising the steps of: '

() connecting each cell to an m bit wide adder, each cell forming a
separate first order polynomial divider; and,

(g) providing codewords that may have errors therein to the dividers
of step (f) to divide the received codeword cede-word by the facters-ef-the

generating polynomial to generate the syndromes.

18. The method of claim 16 wherein the adders used in step -(d) are

the same adders as used in step (b).

19. The method of claim 16 wherein the adders used in step (d) are

different than the adders used in step (b).

20. The fnethod of generating redundancy symbols during the
encoding of data symbols and for generating syndromes during the
decoding of codewords which may contain efrors comprising the steps of

claim 16 and further comprising the steps of:
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codewor d ngnerat or pol ynom al . 22. Apparatus for generating

redundancy synbols during the encoding of dat a—s&n@gl-s_co.nsmu_ng_of
groups of binary bits into codewords of polynom each codevvord
c(x) being fornmed by dividing a data pol ynom al ' tlg' ss t han k
by a generator polynom al g(x) of degree 80k to y

pol ynom al r(x) of degree less than n-k, and appendi ng r(x) to D(x) to
yield c(x) of degre? | ess than n, each synbol_ having a predeterm ned
plurality of binary b@nﬁpﬂ%ﬁﬁﬁweﬂgoapalrofmablbw ddars sp tbat ag theach
cell having a register, a finite field nultiplier and an adder, said cells
bei ng sel ect i v@P&’%@ﬁﬁé@lﬂ sgll is added te.anshe inpus to the next cell twice, each cell

forming a separate first order polynomial divider; and,
(9) providing codewords that may have errors therein to the dividers
of step (f) to divide the received codeword code-werd by the facters-of-the

generating polynomial to generate the syndromes.

21. The method of claim 16 wherein the resettable register of a cell is
held reset when the esli’s root _of the cell is not to be included in the desired

codewerd generator polynomial.

22. Apparatus for generating redundancy symbols during the-
encoding of data symbols consisting of groups of binary bits into codewords
of polynomial codes, each codeword c(x) being formed by dividing a data
polynomial D(x) of degree less than k by a generétbr polynomial g(x) of
degree n-k to obtain a redundancy polynomial r(x) of degree less than n-k,
and appending r(x) to D(x) to yield c(x) of degree less than n, each symbol
having a predetermined plurality of binary bits m, comprising:

a plurality of cells, gach cell having a register, a finite field multiplier

and an adder, said cells being selectively cohnectable to function as a
cascade of first order polynomial dividers and as a cascade of first order
polynomial multipliers, said registers being ordered in said cascade of first-
order polynomial multipliers to function in opposité order from their

respective order in the cascade of first-order polynomial dividers:
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cascade:of first order polynonial dividers and as a cascade of first order
polynom al multipliers, said registers being ordered in said cascade of
first- order polynomal multipliers to function in opposite order from
their respective order in the cascade of fi rst““["ﬁ"]ul ' di vi ders;
21 means for connecting said cell&tto f [ Mﬂnt ascade of
first- order polynom al dividers; oL ms

means for connecting said cells to function as said cascade of first
order | polynomial dividers;

means for sequentially inputting data symbols for a codeword to the
cascade of first-order polynomial dividers;

means for connecting said cells to function as said cascade of first
order polynomial multipliers; and,

means for holding the input to said multiplier cascade to zero and
clocking said resettable registers to clock out the redundancy symbols
associated with the data symbols. | |

23. Apparatus for generating redundancy symbols during the
encoding of data symbols and for generating syndromes during the
decoding of codewords which may contain errors comprising the apparatus
of claim 22 wherein each said cell is selectively connectable to function as a
separate first order polynomial divider, and further comprising:

means for connecting each cell to form a separate first order

- polynomial divider; and,

means for providing codewords that may have errors therein to the

separate dividers to divide the received codeword eode-word by the fasters

of-the- generating polynomial to generat the syndromes.

24. The apparatus of claim 22 wherein the register of a cell is held
reset when the eells root of the cell is not to be. included-in the desired

codeward generator polynomial.
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<

rreané forg sequentially inputting data synbols for a codeword to the

cascade of first-order polynom al dividers; nmeans—for_connect i ng

om al

. . . . q
d cells to function as said cascade of first or T
frﬁi tipliers; and, means for hol ding the input y 'mﬂmum,’te[‘e
cascade to zero and clocking said resettaBRe registe i 5o
redundancy synbols associated with the data synbols. :

[ dundancy synbol s during the _encodi ng of data
S mbol s and T or - gonepat TALAREARS-GLCIAMm 2Aguherein Sach cell i seloctvely

connectable to function as said cascade of first order polynomial multipliers
with said regisfers being ordered in said cascade of first-order polynomial
multipliers to function in opposite order from their respective order in the
cascade of first-order polynomial dividers by connecting said cells to function
as said cascade of first-order polynomial dividers and applying the sum of
the contents of said registers to the input of said cascade of first-order

polynomial dividers.

26. A method of generating redundancy symbols during the encoding
of data symbols consisting of groups of binary bits into codewords of
polynomial codes, each codeword ¢(x) being formed by dividing a data

- polynomial D(x) of degree less than k by a generator polynomial g(x) of
degree n-k to obtain a redundancy polynomial r(x) of degree_ less than n-k,
and appending r(x) to D(x) to yield c(x) of degree less than n, each symbol
having a predetermined plurality of binary bits m, comprising:

providing a plurality of cells,_each cell having a register, a finite field
multiplier and an adder, said cells being selectively connectable to function
as a cascade of first order polynomial dividers and as a cascade of first order
polynomial multipliers, said registers being ordered in said cascade of first-
order polynomial multipliers to function in opposite order from their
respective order in the cascade of first-order polynomial dividers;

connecting said cells to function as said cascade of first ordér

polynomial dividers;
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deeodi ng of

claim 22 whe
separate fir
nmeans for co
di vi der; and
therein to t
by the facto

y contain errors_conprising the apparatus of
| is selectively connectablresto function as a

di vi der, and fum" i 6k

‘to forma separ A “"ﬂﬂmﬂﬂwmm ynom al
provi di n@3codewot. ds* t Hat ®may have errors

he ders to divide the recei ved codeword code word

 REPLAGEMEN 2 SHEET|
5t forder pol ynoni

hn 3cbi TQWWC | |

neans

-

s of the generatj ng polynom al- to generat the sy'hdrggrcapﬁ.

24. The apparatUus sequehtially mputting data symbale firsa eedeword todhe ¢asca
reset when the cell's root of the cell is not to be included in the desired

first-order polynomial dividers;
| connecting said cells to function as said cascade of first order
polynomial multipliers, and,
holding the input to said multiplier cascade to zero and clocking said
resettable registers to clock out the redundancy symbols associated with the

data symbols.

27. The method of generating redundancy symbols during the
encoding of data symbols and for generating syndromes during the
decoding of codewords which may contain errors comprising the apparatus
of claim 26 wherein each said cell is selectively connectable to function as a
separate first order polynomial divider, and further comprising:

colnnecting each cell to form a separate first order polynomial divider;
and,

providing codewords that may have errors therein to the separate
dividers to divide the received codeword cede-woxd by the facters-okthe

generating polynomial to generate the syndromes.

28. The method of claim 26 whersin the register of a cell is held reset

when the selis.root of the cell is not to be included in the desired-codewerd

generator polynomial.

29. The method of claim 26 wherein each cell is selectively

connectable to function as said cascade of first order polynomial multipliers
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codewor d generator pol ynom al .
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25. The apparatus of claim22 wherein each cell is sel mym!)
connect ang to function as said cascade of first or de._r”i ’ 'H""””m
multipliers Wi th said registers being orﬂéred in said cascaden Ofs '«
first-order polynom al mul tipliers to function in opposite order from
their respective order in the . cascade of first-order polynom al dividers
by connecting \yghd; redisters baing: oregred in said cascade of first-order polynomial

multipliers to function in opposite order from their respective order in the
cascade of first-order polynomial dividers by connecting said cells to function
as said cascade of first-order polynomial dividers and applying the sum of
the contents of said registers to the input of said cascade of first-order

polynomial dividers.
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as said cascade of first-order polynon1al di viders and appl ying the sum of
the contents of said registers to-the input of said cascade of first-order
pol ynom al di vi ders. . 4 26. A nethod of generating redundancy
'synbol s during the encodi ng 1 of data synbol s consisting of groups of
binary bits into codewords of ‘pol ynom al 26odes, each codeword c(x) being
formed by dividing a data pol ynom al D(x) of degree less than k by a
generator polynom al g(x) of, degree n-k to obtain a redundancy pol ynom al
r(x) of degree less than n-k: and apABSTRACTx) to D(x) to yield c(x) of
degree |l ess than n, each synbol

)
()
b
v
D
»
»
)
»
(1)
1)
(p
)
»
»
»
»
)
»
»

An apparatus and method of generating redundancy symbols and

syndromes which is order-programmable is disclosed. The apparatus and

method involves the implementation of an error correcting encoder/decoder

for polvnomial codes which uses a single circuit to generate check symbols

during the transmit operation and to generate syndromes during a receive

operation. The selection of roots for the code generator, and hence, the code

order is programmable.
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having a predetermned plurality of binary bits m conprising:

providing a plurality of cells each cell having a register, a finite field
nultiplier and an adder, said cells being selectively connectable to
function as a cascade of first order polynom al dividers and as a cascade
of first order polynomal nmultipliers, said registers being ordered in
said cascade of first- order polynomal nultipliers to function in
opposite order fromtheir respective order in the cascade of first-order
pol ynom al dividers; connecting said cells to function as said
cascade of first order polynom al dividges;
REPLACEMENT SHEET
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sequentially inputting data synbols for a codeword to the cascade of
first-order polynom al dividers; connecting said cells to function
as said cascade of first order polynomal nultipliers, and,

hol ding the input to said nultiplier cascade to zero and cl ocking said
resettable registers to clock out the redundancy synbols associated with

t he
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data synbol s. 27. The nmethod of generating redundancy synbol s
during.the encoding of data synbols and for generating syndrones during
the decoding of codewords which may contain errors conprising the
apparatus of claim 26 wherei.n each said cell is selectjyely connectable to
function as a separate first order polynom al divider, , zﬁ”

conpri si ng: connecting each cell to forma sep LIS
- pol ynom al divider; and, provi di ng codeword
errors therein to the separate  dividerszfg divide thg
code word by the factors of the
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generating pol ynom al to generate the syndrones. 28. The net hod

of claim26 wherein the register of a cell is held reset , when _the cell's
root of the cell is not to be included in the 1 gener at or
pol ynom al 29. The nethod of claim 26 gf’ﬁﬂ%ﬂﬁ‘ﬂn K is _
sel ectively connectable to function as said jcgscade of firsy drder
polynom al multipliers ' 02 AUG 1999
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24 with said registers being ordered in said cascade of first-order
polynomal multipliers to function in opposite order fromtheir respective
order in the cascade of first-order polynom al di connecting said
cells to function as said cascade of first-order quymﬁgwﬁ s and
applying the sumof the contents of said registerls te Edf | sai d
cascade of first-order polynom al dividers.
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