B B RAM BASED KEY EQUATI ON SOLVER APPARATUS Q¥ Epﬂgo'fqt he
| nVention | The invention relates to apparatus for sol vi ngw()l&és M@Pf}”
equation in order to decode Reed- Sol onon encoded data containing errors.

Background of the Invention Reed- Sol onon codes are used to provide

error correction for blocks of data. For exanple, they are widely used in
communi cations and data storage applications. Much of the conputational
effort needed to decode a Reed- Sol onbn codeword received with errors is
spent in solving the so-called key equati on.

RAM BASED KEY EQUATION SOLVER APPARATUS

Field of the Invention
The invention relates to apparatus for solving the key equation in order to

decode Reed-Solomon encoded data containing errors.

Background of the Invention

Reed-Solomon codes are used to provide error correction for blbqks of data.
For example, they are widely used in communications and daita storage
applications. Much of the computational effort needed to decode a Reed-Solomon
codeword received with errors is spent in solving the so-called key equation.
There are sevéral well-known methods for solving the key equation. Among theée
is a method proposed byi Berlekamp. The Berlekamp method is often implemented
in hardware in order to meet speed requirements of the application. Previous
implementations of the method used individual registers to hold intermediate

vglﬁes required by the method.

Summary of the Invention
The present invention is a circuit for generating a plurality of coefficients of

an error locator polynomial and a plurality of coefficients of an error evaluator

I\'}



There are several well-known methods for sol ving the key equation. Anong
th&€e is a method proposed by Berlekanp. The Berl ekanp nethod is often
inplemented in hardware in order to nmeet speed requirenents of the
application. Previous inplenentations of the nmethod used indivi dual
registers to hold internediate values required by the nethod. Sunmary
of the Invention The present invention is a circuit for generating
plurality of coefficients of an error |ocator polynomal and a plurality
of coefficients of an error eval uator

- 2- polynomal in a systemfor correcting errors in a Reed-Sol onon
encoded datastream The system conprises a syndrone generator outputting
syndronmes of

polynomial in a system for comecting errors in a Reed-Solomon encoded
datastream. The system comprises a syndrome generator outputting syndromes of
the datastream. The present invention is coupled to the syndrome generator and
feceives the syndron.les. The present invention comprises an arithmetic unit
iteratively generating intermediate and final values of the plurality of coefficients
of an error locator polynomial and the plurality of coefficients of an error
evaluator polynomial; a random access memory, storing the intermediate and final
values of the plurality of coefficients of an' error locator polynomial and the -
plurality of coefficients of an error evaluator polynomial; and a control unit,’
controlling the arithmetic unit and the memory and. detecting when the
computation of the plurality of coefficients of an error locator polynomial and the

plurality of coefficients of an error evaluator polynomial has been completed.

Brief Description of the Drawings
Fig. 1 is a block diagram of a hard disk drive incorporating t_he present
irivention. |
Fig. 2aisa i)lock diagram of one embodiment of the present invention.
Fig. 2b is a block diagram of a controller 228 of Fig. 2a.
Fig. 3a is a flow diagram of a state ZZ 301 through a state E 307 of a

process 300 which is performed by the present invention.



t he datastream The present invention is coupled to the syndrone generator
an® receives the syndrones. The present invention conprises an arithnetic
unit iteratively generating internediate and final values of the plurality
of coefficients of an error |ocator polynom al and the plurality of
coefficients of an error evaluator polynom al; a random access nenory,
storing the internediate and final values é8-the plurality of coefficients
of an error |ocator polynomal and the plurality of coefficients of an
error evaluator polynom al; and a control unit, controlling the arithnetic
unit and the nmenory and detecting when _the conputation-of the plurality of
coefficients of an error |ocator polynomal and the plurality of

coefficients of an error eval uator polynom al has been conpl et ed. Bri ef
Description of the Ofigndtigsa flow diagramg of a state G 363 Buugh agetedlF0%0fitar d di sk
drive incorporating the present invention. Fig. 2a is a block

di agram of one eIV hich it perfarned by thopreset ivention Fig. 2bis a

bl ock diagram of a controller 228 of Fig. 2a.

Fig. 3¢ is a flow diagram of a state I 310 through a state N 315 of a process
300 which is performed by the present invention.

Fig. 3d is a flow diagram o_fa state O 316 through a state Q 318 of a
process 300 which is performed by the present invention. |

Fig. 3e is a flow diagram of a state AA 319 through a state AC 321 of a
process 300 which is perfonped by the present invention.

i Fig. 3fisa flow diagr;ctm of a state AD 322 through a state AG 325 of a

process 300 which is perforrlned by the present invention. . .

Fig. 3g is a flow diagram of a state AH 326 through a state AK 329 of a
i)rocess 300 which is performed by the present invention.

Fig. 3h is a flow diagram of a state BA 331 through a state BE 3350fa
process 300 which is performed by the present inﬁention.

Fig. 3iis a flow diagram of a state BF 336 through a state BI 339 of a
process 300 which is performed by the present invention. ..

Fig. 3jisa flow diagram of a state BJ 340 through a state BN 344 of a
process 300 wﬁich is performed by the present invention.

Fig. 3k is a flow diagram of a state BO 345 through a state BV 352 of a

process 300 which is performed by the ;iresent invention.



Fi g. 3a is a flow diagramof a state ZZ 301 through a state E 307 of a
pr.dcess 300 which is performed by the present inventign.

- 3- Fig. 3bis a flow diagramof a state G "308 through a state H
309 of a process 300 which is performed by the present invention.

Fig. 3cis a flow di agram of a state | 310 through a state N 3.15 of a

process 300 which is perforned by the prgsent invention. Fig. 3d
is a flow diagramof a state O 316 through a state Q 318 of a process 300
which is perfornmed by the present invention. Fig. 3eis a flow

di agram of a state AA 319 through a state AC 321 of a process 300 which is
performed by the present invention. _

Detailed Description of the Invention
In Fig. 1, major subsystems of a hard disk drive incorporating the present
invention are shown. The signal recorded on disk 102 is read by read head 104.
The analog signal 106 from read head 104 is input to read channel 108, which
extracts a diéital data stream 110. Digital data stream 110 is input to- syndrome
generator 112. Syndrome generator 112 computes syndrémes for digital data
stream 110. If the syndromes are all zero, an error free signal 114 is set and
syndrome generator 112 is prepared for the next sector. If some of the syndromes
are non-zero, this means that the sector contained errors and the key equation
solver is to be activated. When such an error occurs, error signal 116 is set. This
activates key equation solver 120, which takes the syndromes 118 as inputs. Key
equation solver 120 then generates signals representing an error locator polynomial
and an error evaluator polynomial, which are then used by other circuitry (not
shown), such as, for example, the well-known Chien search circuit, to correct the
errors in data stream 110.
-- The Berlekamp 'mefhod, in a form compatible with the presént invention, is

shown in detail in the pseudocode listing of Table A.



Fi g. 3 is a flow di agram of a state AD 322 through a state AG 325 of a

pr.8cess 300 which is performed by the present invention. Fig. 3gis
a flow diagram of a state AH 326 through a state AK 329 of a process 300
which is perforned by the present invention. ~ Fig. 3his a flow
di agram of a state BA 331 through a state BE 335 of a process 300 which is
performed by the present invention. Fig. 3i is a flow diagramof a
state BF 336 through a state Bl 339 of a5fprocess 300 which is perforned by
the present invention. Fig. 3j is a flow diagramof a state BJ 340
through a state BN 344 of a process 300 which is perforned by the present
i nventi on. Fig. 3k is a flow diagramof a state BO 345 through a
state BV 352 of a process 300 which is performed by the present invention.
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Det ai | ed Description of the Invention In Fig. 1, major subsystens of
a.fard disk drive incorporating the present invention are shown. The
signal recorded on disk 102 is read by read head 104. The anal og si gnal
106 fromread head 104 is input to read channel 108, which extracts a
digital data stream 110. Digital data stream 110 is input to syndrone
generator 112. Syndrone generator 112 conputes syndrones for digital data

stream 110. If the syndrones are all zero, an error free signal 114 is set
and syndronme generator 112 is prepared for the next sector. If sonme of the
syndrones are non-zero, this nmeans that the sector contai-ned errors and
the key equation solver is to be activated. Wen such an error occurs,
error signal 116 is set. This activates key equation solver 120, which
takes the syndrones 118 as inputs. Keyu,eguwgtion solver 120 then generates
signals representing an error |ocator g@gnial and an error eval uator

pol ynom al, which are then used by oth f iI'rcuitry (not shown), such as,

for exanple, the Il -kno ien search..ci,rcuit, ta.correct the errors in
dat a st me)am 110. n the mg\gxo descn eg in Tgble A, tthe additions and subtractions are

performed modulo two and the multiplications are performed under a Galois field.
In a preferred embodiment, the Galois field has 256 elements. The method dg,ﬁnes
four vectors, u, v, p, and g, each of length 7'+ 1, where T is the correction power of
the code. The u and p vectors are intermediate variables that are discarded at the

. completion of the process. At the completion of the process, the v vector holds the
coefficients of the error locator polynomial and the ¢ vector holds the coefficients
of the error evaluator polynomial. The prbcess also uses the variabie d, which is
used to control branch decisions, the variable k, which cc;u;lts iterations through
the main loop, and the variable e, the error term.

The preferred embodiment of the present invention has been optimized for
minimum hardware, at the expense of increaged execution time. In the prior art,
the elements of the four vectors used by the Berlekamp method are stored in
dedicated hardware registers. A considerable savings in hardware and cost is
realized in the present invention by eliminating the individual regiéters and storing
all the intermediate variables in a random access memory (RAM) or register file.
The saving is achieved through the climination of both the registers and the

multiplexors to route the register contents to the arithmetic units. Placing all



The Béri‘ekarrp method, in a formconpatible with the present invention, is

shdwn in detail in the pseudocode listing of Table A
TABLE A v -[00...,0 1] p-100, ..., 0, 1] u- 10,0, ..., 0, 1]
- [0,0,...,0, 1] d=0 for k =0 to 2-T-1 e - Slerr]

-7

intermediate variables in a RAM creates an execution bottleneck at the RAM.
Speed could be recovered by using a multi-port RAM, but a single-port RAM is
preferred due to cost considerations.

Fig. 2a is a block diagram of the preferred embodiment, which uses one
RAM 204 and other well-known subsystems. Controller 228 controls the
operation and timing of all other circuit elements. Control inputs of the various
circuit elements are connected fo outputs of controller 228. Status outputs of
various circuif elements are connected to inputs of controller 228. All input and
output connections are shown as control signals 230 in Fig. 2. The control signals
used are described in detail below. RAM 204 is a RAM with a single, bi-
directional port which an input mode and an output mode, controlled by control
inputs. When in output mode, RAM 204 is coupled to the inputs of multipléxer
(MUX) 206 and fo Operand Register 1 (OP1) 208. MUX 206 selects between the
output of RAM 204 and the output of OP1 208 to determine the input to Operand
Register 2 (OP2) 210. OP1 208 and OP2 210 are eight-bit registers with selectable
lda& functions controlled by controller 228. The outputs of OP1 208 and OP2 210
are coupled to fér'cing circuits 212 and 214, respectively. Forcing circuit 214
either passes the input to the output or drives the output to all zeros(0x00),
depending on the state selected by cbﬁu'oller 228. Forcing circuit 214 is

designated force 0x00 in Fig. 2a to represent its all zeros forcing function. Forcing

q
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i f (e=0) for I=Tdownto 1 [err]

[efr] Uerr]- 0 Plerr]- O else if
(2-d[err] k+1) - for I=Tdownto 1

[err] vierr]- v[err]-(e.uferr])

Plerr]- Plerr] g,- g, -(e.pf[err])

uferr]- O p[err] - O el se d - k+1-d
g- lle for =T domnto 1 -8- [err]-
g-v[err] vierr] - v-(e[err])

plerr] - g.q[err] qlerr] - gferr] -(eplerr])

circuit 214 includes eight two input AND gates. Forcing circuit 212 either passes
the input to the output or drives the output to binary one (0x01), depending on the
state selected by controller 228. Forcing circuit 212 includes seven two input
AND gates, one two input OR gate, and an inverter.

The output of forcing ﬁrcuit 212 fs coupled to multiplier 224. Multiplier
224 is a Galois field multiplier which generate; the product of two operands under
the Galoié field. Forcing circuit 212 supplies one operand. The other 6perand is
sﬁpplied by MUX 220, which selects among the output of forcing circuit 214, the
output of accumulator (ACC) 222 and the output of inverse read-only memory
(ROM) 226, as controlled by controller 228. The output.of multiplier 224 is
coupled to adder 202, as is the output of forcing circuit 214. Adder 202 and adder
216 are modulo two adders, that is,_ each is eight independent XOR gates.
Multiplier 224 éuppﬁes one operand for adder 202, forcing circuit 214 supplies the
other operand. The output of adder 202 is coupled to RAM 204 and data is input
into RAM 204 when controller 228 selects the input mode of RAM 204.

Inverse ROM 226 outputs the inverse, under the Galois ﬁeld, of its input.
The size of ROM 226 depends on the number of elements in the Galois field being
used. In a preferred embodiment, a 25.6 element Galois field is used and the size
of ROM 226 is 256 bytes. Since the invérse of zero is undefined, location zero of

the inverse ROM is not used in normal operation, but is loaded with 0x01 and used
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- 6- uferr]- g.v[err]

p[\grr]- g.q[err] In the nethod described in Table A, the additions
and subtractions are performed nodulo two and the nmultiplications are
performed under a Galois field. 1In a preferred enbodinent, the Galois

field has 256 el enents. The nethod defines four vectors, u, v, p, and q,
each of length T+ 1, where T is the correeti on power of the code. The u
and p vectors are internediate variables that are discarded at the

conpl etion of the process. At the conpletion of the process, the v vector
hol ds the coefficients of the error | ocator polynom al and the q _vector
hol ds the coefficients of the error evaluator polynomal. The process al so
uses the variable d, which is used tQ control hranch deci signs, the
variabl e k, whiselemsohzerojafthe® veesorn duiangthe tirptdtegation offhp maim pqpm elnverse
variable e, the error term The preferred enbodi nent of the present
i nvention has ROM 226t dctepdits diput fom: ACCT 222,0wiaick stoads the datippuse f The

i ncreased execution tine. In the prior art, the elenments of the four

vectors used by hnge BFEBR JHA0S by RIPX 218%rdh between the output of forcing
circuit 214 and adder 216, as controlled by controller 228. Adder 216 accepts as
operands the output of inverse ROM 226 and the output of ACC 222.

The size of the RAM depends on the maximum correction pm;ver that the
key equation solver must support. The size of the RAM is equal to 44-7+2-T+1
bytes, yf/here T is the maximum correction power of the code and [ is the degree of
the intérleave. In a preferred embodiment, the key equation solver is capable of

i

o handling interleaved Reed-Solomon codewords, thus, 7 indicates the interleave of
the codewords. The size of the rest of the hardware excluding the few gates used
to generate the address into the RAM is independent of the correction power of the

code. Table B gives the RAM size for various correction powers, with a three-

way interleave assumed.

Correction RAM Size
Power in bytes
%
1 15
2 29
3 43




dedi cated hardwar e regi sters. A considerable savings in hardware and cost
is* realized in the present invention by elimnating the individual
registers and storing all the internediate variables in a random access
menory (RAM or register file. The saving is achieved through the
elimnation of both the registers and the nultiplexors to route the

regi ster contents to the arithnetic units.;gR acing all

-7- intermedi ate variables in a RAM creates an execution bottl eneck at
the RAM  Speed coul d be recovered by using a nulti-port RAM but a
single-port RAMis preferred due to cost considerations. Fig. 2ais

a bl ock diagram of the preferred enbodi nent, which uses one RAM 204 and
ot her wel | -known subsystens. Controller 228 controls the
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Fig. 2b is a block diagram of controller 228 of Fig. 2a. State machine 240
accepts inputs, generates outputs and controls the process. State mac__hine 240 has
52 states, as described in greater detail in Figs 4a-k. Five counters are used to
control the execution f_lo§v. The size of these five counters depends on the
correction power of the code being used. In a preferred embodiment, the counters
have the stated sizes. KCount 242 is a four-bit counter used to track iterations
through the main loop of the process. DCount 244 is a foyr-bit counter used to
resolve branch conditions in thé main loop of the process.. LCount 246 is a three-
bit counter used as a genéral loop counter. Shiftindex 248 is a three-bit counter
that tracks how many times the # and p vectors have been shifted. Interleave 250
is a two-Bit counter that is used to keep track of which interleave is being
processed. Input signal TCount 276 indicates the correction power of the code to
state machine 240, Input signal StartKES 278 initiates the process.

Twelve co‘nﬁol signals are output from state machine 240. RAMAJddr 252
is the address into RAM 204. RAMRead 254, when active, causes a read cycle to
be performed from RAM 204. RAMWrité 256, when active, causes a write cycle

to be performed to RAM 204. LoadOpl 258, when active, causes OP1 208 to be



operation and timing of all other circuit elements. Control inputs of the
vatious «circuit elenments are connected to outputs of. controller 228.
Status outputs of various circuit elenents are connected to inputs of
controller 228. Al input and output connections are shown as control
signals 230 in Fig. 2. The control signals used are described in detai

bel ow. RAM 204 is a RAMw th a single, bi- .,di_rectional port which an input
node and an output node, controlled by control inputs. Wen in output

node, RAM 204 is coupled to the inputs of nultiplexer (MJX) 206 and to
Operand Register 1 (OP 1) 208. MJX 206 sel ects between the output-of RAM
204 and the output of OPl 208 to determ ne the input to Operand Register 2

(OP2) 210. OP and 2,210 are eight-bit.t.egisters wth sel egtabl
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210 are coupled to forcing circuits 212 and 214, respectively. Forcing
circuit 214 wheneactivaseanses NCCrRA2 to be loadeduFpreeOpl 264 whentacsive.ueanses t o

all zeros(0x00), depending on the state selected by controller 228.
Forcing cir cufdrcihbiciréuit 2921 @S 0x01 Céh ity Qlitput) Ottierwise,! fordifBrdiraiti 212 s

all zeros forcing function. Forcing

passes through its input to its output. ForceOp2 266, when active, causes forcing
circuit 214 to drive 0x00 on its output. 0thervvisé, forcing circuit 214 passes
through its input to its output. OMuxSelOpl 268, when active, causes-MUX 206
to select the input coupled to OP1 208 to be passed to the output. Otherwisé, the
input coupled to RAM 204 is passed to the output. AMuxSelOpZ 270, when
active, causes MUX 218 to select the input coupled to forcing circuit 2:14 to be
passed to the output. Otherwise, the input coupled to adder 216 is pass;:d to the
output. MMuxSelOp2 272 and MMuxSellnv 274 together control MUX 220.
When MMuxSelOp2 272 is active, it causes MUX 220 to select the input coupled
to forcing circuit 214 to be passed to the output. When MMuxSellnv 274 is active,
it causes the input coupled to inverse ROM 226 to be passed to the output. When
both MMuxSelOp2 272 and MMuxSelinv 274 are inactive, the input coupled to
ACC 222 is passed to the output. State machine 240 is designed nblé to allow both
MMuxSelOp2 272 and MMuxSellnv 274 to be active simultaneously.

Figs 3a-k are a flow diagram of a process 300 which is performed by the
present invention under the control of state machine 240. Each step in process 300

corresponds to a state of state machine 240 and are identified as states. The flow



circu?? 214 includes eight two input AND gates. Forcing circuit 212 either
passes the input to the output or drives the output to binary one (0x01),
depending on the state selected by controller 228. Forcing circuit 212

i ncl udes seven two i nput AND gates, one two input OR gate, and an

i nverter. The output of forcing circuit 212 is coupled to multiplier
224. Multiplier 224 is a Galois field md¥dplier which generates the
product of two operands under the Galois field. Forcing circuit 212
suppl i es one operand. The other operand is supplied by MJX 220, which

sel ects anong the output of forcing circuit 214, the output of accumul ator
(ACC) 222 and the output of inverse read-only nenory (ROM 226, as
controlled by controller 228. The output of rnmultiplier 224 is coupled to

adder 202, qfiabint RfidiRbieRUheCktaled 6f SEt€ mdcHire 240} thé WiRpurSignaROGRH State
machine 240 and the input signals to state machine 240. State ZZ 301 is the idle
or ambient state. Activation of the StartKES signal 278 causes state machine 240
to transition to state A 302. State A 302 initializes the counters and increments the
interleave count. The process returns to this state af the end of processing of the
first two interleaves. In state B 303, the computation of the error term e is begun.
State B 303 is also the first state of the main loop of the process and so is entered
2*TCount times per interleave. The computation of the error term e occurs in one
of three paths through the state machine. For the first two iterations of the main
loop, e is first syndrome zero, then syndrome one. The path is State B 303 to State
E 307. For the third iteration through 7Count, e has KCount terms and the path
includes State B 303, State D 306, State F 305 and State G 308. For the last
TCount-1 iterations, e has TCount+1 terms and the path includes Sfate B 303,
State C 304, State F 305 and State G 308. After e is computed, by any of the three
paths, State H 309 is entered.

) No computation 6§curs in state H 309 because the proces§ branches on the
value of e and e is loaded into ACC 222 concurrently with state H 309 being
entered. From state H 309, the process may branch to any one of eleven different
states. The first iteration of the main looi) is treated as a special case. Ife = 0,

then the execution path is state I 310, state J 311 and state K 312. Otherwise, the



216 are nodul o two adders, that is, each is ei ght independent XOR gates.
Muttiplier 224 supplies one operand for adder 202, forcing circuit 214
supplies the other operand. The output of adder 202 is coupled to RAM 204
and data is input into RAM 204 when controller 228 selects the input node
of RAM 204. | nverse ROM 226 outputs the inverse, under the Galois
field, of its input. The size of ROM 226ygepends on the nunber of el enents
in the Galois field being used. In a preferred enbodi nent, a 256 el enent
Galois field is used and the size of ROM 226 is 256 bytes. Since the

i nverse of zero is undefined, |location zero of the inverse ROMis not used
i n normal operation, but is |oaded with 0x01 and used

-9- as elenment zero of the p vector during the first iteration of the
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requires further explanation. If e = 0, which must be true to be in state K 312, the
. u and p vectors are shifted. The initial condition of the p vector is element zero is
one and all other elements are zero. In the first iteration of the main loop, element
zero is set to zero and is never changed thereafter. Thefefore, it is not necessary to
actually allocate space in RAM 204 for element zero. This non-existent element
zero is shifted into element one in state K 312. Since ACC 222 contains zero
when in state' K 312, the address into inverse ROM 226 is zero. Because the
‘ inverse of zero is not defined, this location in the ROM is not used in the normal
way. Rather, this location is programmed with 0x01. In.state K 312, it is this

value which is transferred into the RAM location for element one of the p vector.
After iteration zero has completed, control from state H 309 flows down
one of three main branches which correspond to the if, else-if, else structure
presented in the pseudocode listing of Table A. Each of these three main branches
has three entry points, one for KCount<TCount, one for KCount=ZCount and one
fof'KCoum>T Count. The three entry points to each branch are needed because
variables stored in RAM 204 are not initialized prior to starting -the key equation
solver. In iteration k, element k+/ of the q vector, element gx+; , must be assigned
a new value based on an assumed curreﬁt value of zero. The same is true for

element k of the v vector, vy . For the second else-if branch, py.7 and u; are



I n u-t"o‘*f ACC 222 is selected by MJX 218 from between the output of forcing
ci-rcuit 214 and adder 216, as controlled by controller 228. Adder 216
accepts as operands the output of inverse ROM 226 and the output of ACC

222. The size of the RAM depends on the maxi num correcti on power
that the key equation solver nust support The size of the RAMis equal to
4 -1-T+2-T+l bytes, where T is the maxi mnum correction power of the code
and | is the degree of the interleave. Inmi&-preferred enbodi nent, the key
equation solver is capable of handling interleaved Reed- Sol onon codewords,
thus, | -indicates the interleave of the codewords. The size of the rest of

the hardware excluding the few gates used to generate the address into the
RAM i s independent of the correction power of the code. Table B gives the

RAM si ée f R5aded WattS zERSS. ec[‘lie?é‘fd?@\’\ﬁf&'CdﬂnH”T@ozmr&en Gy Vit @l eaxed wuy
assunme

g:or recti Onmust bggreate& as special cases. If KCount=Tt Couné then oniy v and é;g

t es)
treated as special cases. For KCount>TCount, all variables have previously been
initialized and no special cases need be considered.

The if =0 branch is the simplest to implement. For the case
KCount>TCount, execution passes from state H 309 to state O 316 where
Shiftindex 248 is incremented and control is passed to the next iteration. For
KCount=TCount, State Q 318 is entered. In state Q 318, v is set to zero before
going on to the nekt iteration of the main loop. For KCount<TCount, gi.+; 1is set
to zero in state P 317, then v; is set to zero in state Q 318. . ,

The else-if 2*DCount * KCount+1 branch is handled in state AA 319
through state AL 330. For the case KCount>TCount,.all variables have previously
been initialized. Elements ShiftindexEthrough TCount of the v vector need to be
updated. Elements zero through Shifilndex-1 are not modified because the
corresponding elements of the u vector are known to be zero. Similarly, elements
Sh’iﬁfndexﬂ through TCount of the ¢ vector must be updated. (5ﬁe less element .
of the g vector th'éﬁ the v vector is updated because pp 1is always zero after the
first iteration of the main loop. The path that handles the normal updating of the v
and q vectors is a loop from state AB 326 through state AG 3235, with the entry

point through state AA 319 and the exit point through state AC 321. For the case
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JI* 0 - : 4 57

6 85 Fig. 2b is a block diagramof controller 228 of
Fig. 2a, State machine 240 accepts inputs, generates outputs and controls
the process. State nmachine 240 has 52 states, as described in greater
detail in Figs 4a-k. Five counters are usegsto control the execution flow
The size of these five counters depends on the correction power of the
code being used. In a preferred enbodi nent, the counters have the stated
sizes. ‘KCount 242 is a four-bit counter used to track iterations through
the main | oop of the process. DCount 244 is a four-bit counter used to

of KCoumt=TCount, v is not yet initialized and must be handled as a special case
before dropping into the usual execution flow. The special handling is performed
in state AL 330 and state AK 329. For the third case, XCount<TCount, both vi
and gz+; are uninitialized and must be handled as special cases. Entry for this
path is through state AH 326.

The final branch, the else branch, of the main loop is handled by state BA
331 through state BV 352. This branch is considerably more complicated because
all for vectors require updating over different ranges of elements. For the case
KCount>TCount, ur.; through ug, vr through vsyiimdex+1 , pr.1 through p; , and
qr through qsuifimdex+2 must be computed. For the case KCount=TCount, the
same variables must be updated and in addition vy must be initialized. For the
case KCount<ITCount, uy through ug, vy through vspjpmdex+1 , pr+1 through p; ,
and g+ through ggpifimdex+2 require updating. In addition, v¢ and gz+/ must be
initialized and #; and pr+! must be set to zero.

The circuit of Fig. 2a, as controlled by Figs. 3a-k implements the process
de&:ﬁbed in Table A above. For example, Table C describes tﬁe interaction of
circuitry and contrbi signals which implement the sfep qg-q9~e:p):

TABLEC



resakve branch conditions in the main | oop of the process. LCount 246 is a

t hY ee-

shifted.

bit counter used as a general
three-bit counter

I nterl eave 250

causes a wite cycle
causes OPl 208 to be

State Machine Action
State AD:
RAMAJdr = q[Interleave]{LCount]
RAMRead
LoadOp2

State AE:
RAMAddr = p[LCount-Shiftindex]
RAMRead
LoadOpl

State AF:

RAMAJdr = q[Interleave][LCount]
RAMWrite '
Not active:

MMuxSelOp2 and MmuxSellnv

OmuxSelOp1

| oop counter.
that tracks how many tinmes the u and p vectors have been
is a two-bit counter that
which interleave is being processed.
correction power of the code to
278 initiates the process.
state machi ne 240. RAMAddr 252
when active, causes_a read cycle to
256, when active,
258, when active,

| nput si gnal
state machi ne 240.
Twel ve "ééntr ol
s the address into RAM 204. RAVRead 254,
be perforned from RAM 204. RAMNite
to be perfornmed to RAM 204. LoadOpl

Shiftlndex 248 is a

Is used to keep track of
TCount 276 indicates the
| nput signal StartKES

signals are output from

Result
Fetch g, :
Address of g,
Read g; from RAM
Store g, in OP2

Fetchp,: .
Address of p,

Read p; from RAM
Store p; in OP1

Multiply, subtract and store in
qr: .
Address of g,

Write 9,~-q-(e;p)

MUX 220 selects ACC as one

- operand to multiplier (¢ was

previously stored in ACC).
Multiplier operands are OP1: p,
and ACC: e. Qutput from
multiplier is e, p,

MUX 206 selects RAM output
to be passed to OP2. Operands
to adder 202 are multiplier
output: e;p, and OP2: g, . Adder
outputs q(e;p;) which is written
to RAM

All the steps of the process described in Table A are implemented similarly,

as will be seen by one of skill in the art.



Ioaded LoaonZ when active, causes OP2 210 to be | oaded. LoadAcc 262,
whén active, causes ACC 222 to be | oaded. ForceOpl 264, when active, causes
forcing circuit 212 to drive 0x01l on its output. Ot herwi se, forcing circuit
212 passes through its input to its output. ForceQp2 266, when active,
¢auses forcing circuit 214 to drive 0x00 on its output. O herw se, forcing
circuit 214 passes through its input to i.ts output. OVuxSel Opl 268, when
active, causes MJUX 206 to select the inp4f-coupled to OP1 208 to be passed
to the output. OGtherwi se, the input coupled to RAM 204 is passed to the
out p'. AMuxSel Op2 270, when active, causes MJX 218 t 0 sefect the input
coupled to forcing circuit 214 to be passed to the outp , e
i nput coupled to adder 216 is passed to the output. M’@’ﬂ [iEdH.'T
MWuxSel | nv 274 together control MJX 220 CLAMES MVUxSeI QO IS r
causes MJX 220 to select the input coupled to forcing circuit 214 to be
passed to t t . xSellnv 274 is active, it causes the input
coupled to W@ﬁg _ YEER 35he passed to the output. When both

MWUxSel Op2 272 and MVuxSel I nv 274 are inactive, the input coupled to ACC
222 is passed to Inha systeptfor Sonateetingarrors i 40Reed-Selomoe énvoded datastream,
both MwvuxSel Op2 272 and MMuxSel I nv 274 to -be active sinultaneously.

comprising a syndrome generator outputting syndromes of the datastream, a

circuit, coupled to the syndrome generator and .receiving the syqdromes, for
performing a computation of a plurality of coefficients of an error locator
polynomial and a plurality of coefficients of an error eva]ua-tor polynomial;
comprising;
an a{rithmeﬁd unit iteratively generating intermediate and final values of the
plurality of coefficients of an error locator polynomial and the plurality of
coefficients of an error evaluator polynomial ;
a random access memory, storing data elements representing intermediate
and final values of the plurality of coefficients of an error locator
polynomial and the plurality of coefficients of an error evaluator
polynomial; and
a control unit; controlling the arithmetic unit and the 'membty and detecting
when the fc'omputation of the plurality of coefficients of an error locator
polynomial and the plurality of coefficients of an error evaluator

polynomial has been completed.



Figs:3a-k are a flow di agram of a process 300 which is perforned by the
present invention under the control of state machi ne 240. Each step in
process 300 corresponds to a state of state nmachine 240 and are identified
as states. The flow diagramindicates the states of state

machi ne 240, the output signals fromstate machine 240 and the inpu
signals to state nmachine 240. State ZZ 301 is the i ranbi ent state.
Activation of the StartKES signal 278 causes state maghy m““\“\
transition to state A 302. StateA302initiaIizesth; ﬂ& “
increnents the inter)eave count. The process returns 't© thi & stat® at the

end of processing of the first two interleaves. In state B 303, the
conputation of the error terme is begun. State B 303 is also the first

state of the grai nRoRrRhLitt 6F cP4ifs &S Swhoerkis ehé¢ Tarddmr sstess memory is a static

random access memory.

3. The circuit of claim 1, wherein the random access memory is a single-port
random access memory.
4. The circuit of claim 1, wherein the random access memory is a multi-port

random access memory.

5. The circuit of claim 1, wherein the arithmetic unit comprises:
a first operand means, coupled to the memory, outputting a first operand;
a second operand means, coupled to the memory, outputting a second
operand; and
a multiplier, coupled to the first operand means, the second operand means,
and the memory, outputting a Galois field product of the first operand and

the second operand for storage in the memory.

6. The circuit of claim 5, wherein the first operand means comprises:
a first means for outputting as the first operand a data element read from the

memory;



2 *TCount tinmes per interleave. The conputation of the error terme occurs
it one of three paths through the state machine. For the first two
iterations of the main loop, e is first syndrome zero, then syndronme one.
The path is State B 303 to State E 307. For the third iteration through
TCount, e has KCount terns and the path includes State B 303, State D 306,

State F 305 and State G 308. For the last TCgynt-I |MS
TCount+| ternms and the path includes State B 303, Sta St ate F?OS
and State G 308. After e is conputed, by any of the thaﬁ@ g{w MF"

309 is entered. No conputation occurs in state ﬂ

process branches on the value of e and e is |oaded into ACC 222'
concurrently with state H 309 being entered. Fromstate H 309, the process

may branch to any, goeqd Jngbﬁsvf& &l&rpﬁﬁfrgﬁsmémémﬂaeamﬁkeaé@m gk

the main loop is treate spectl a I'f e then the execution

path is state | 310, state, J 311 and state K 312 O herwi se, the
element; an

means for selecting either the output of the first means or the second means

as the output of the first operand means.

7. The circuit of claim 6, wherein the secbnd operand means comprises:
a third means for outputting as the second operand a data element read from |
the memory;
a fourth means for outputting as the second operand a second
predetermined data element; ..
an aécumulator, outputting a data element representing the accumulation of
a plurality of data elements input to the accumulator;
a fifth means for outputting as the second operand the data element output
from the accumulator;
an inverse ROM, outputting a data elément representing ;he _ Galois field

) inverse of the data element output from the accumulator; |

a sixth meéns ;?or outputting as the second operand the data element output

from the inverse ROM;



-13+ path is state L 313, state M 314 and state N 315. The operation of
state K 312 requires further explanation. If e = 0, which nust be true to
be in state K 312, the u and p vectors are shifted. The initial condition
,of the p vector is element zero is one and all other elenments are zero. In
‘the first iteration of the main |oop, elenent zero i-s—set—to zero and 1s

‘never changed thereafter. Therefore, it_pg-not necessa
al l ocate space in RAM 204 for elenent zero. This non-e ﬂﬁigmm mnlzéro

is shifted into elenent one in state K 312. Since ACC S szZero
when in state K 312, the address into inverse ROM 226 is zero. Because the
t nverse of zero is not defined, this location in the ROMis not used in the

normal - way. Rat e, khi Sole0GAE B8 ot U BT WifdinR4Rd. theTobi®l meting12

err |nto the ocation for element
one of the p vector. After iteration zero has conpleted, control
from state H 30ahel fifth tweans omthesiith meanssas, the aupyL © vﬁhFc?F epsd 1 o
the if, else-if, else structure
means.
8. The circuit of claim 7, wherein the control unit comprises:

a counter, outputting a count of an iteration of 'the'computation;u

a finite state machine, having a plurality of inputs, including the count of
the iteration of the qomputation and the corrqction power of the code, and
having a plurality qf outputs, controlling opierﬁﬁon of the arithmetic unit

and the memory, ..

9.  The circuit of claim 5, wherein the control unit comprises:
a counter, outputting a count of an iteration of the computation;
a finite state machine, having a plurality of inputs, including the count of
the iteration of the computation and the correction power of the code, and
having a plurality of outputs, controlling operation of the arithmetic unit

and the memory,

10. In a system for correcting errors in a Reed-Solomon encoded datastream,

comprising a syndrome generator outputting syndromes of the datastream, a



presénfed I n the pseudocode listing of Table A Each of these three main
br-anches has three entry points, one for KCount<TCount, one for

KCount =TCount and one for KCount>TCount. The three entry points to each
branch are needed because variables stored in RAM 204 are not initialized
prior to starting the key equation solver. In iteration k, elenment k+1 of
the g vector, elenent gk+1, nust be assigpned a new value based on an
assuned current value of zero. The sane is true for f

vector, v[err] . For the second else-if branch, p[errﬂmmgﬂﬂ"“@r"!ll"glg

- 14- | oaded with zeros. Therefore, if KCount<TCount* then qk+I1s err],
pk+1 and uk nust be treated as special cases. |If KCount=TCount, then only
vk and uk nust be treated as special cases. For KCount>TCount, all

variabl es hay&iPr 84h9Idd! Yo AB&"syndrome generator and receiving the syndromes, for

performing a computation of a plurality of coefficients of an error locator

polynomial and a plurality of coefficients of an error evaluator polynomial,

comprising:

(&) an arithmetic unit performing arithmetic and logical operations on
- portions of the received syndromes, comprising: |

a random access memory, having a bidirectional port selectably
operable as an input or an output, storing a plurality of signals
representing a plurality of data elements,
a first operand register, having an input coupled to the port of the
memory and an output, storing a data element output from the
memory,
al first forcing device, having an input coupled to the output of the
first operand register and an output, selectably outputting either the
input data element or a predetermined fixed data element,
a first mulﬁplexer, having a first input coupled to tfne output of the
first '<'>perand register, a second input coupled to the port of the
memory and an output, selectably outputting either the data element
output from the first 'operand' ;'egister or the data element output from

the memory,



initialized and no special cases need be considered. The if e=0
bfanch is the sinplest to inplenent. For the case KCount>TCount,
execution passes fromstate H 309 to state O 316 where Shiftlndex 248 is
i ncremented and control is passed to the next iteration. For

KCount =TCount, State Q 318 is entered. In state Q 318, vk is set to zero
before going on to the next iteration of_jihe main |oop. For KCount<TCount,

glerr]+1 is set to zero in state P 317, then vierr] ﬂmm umnﬁ Huull
state Q 318. The else-if 2*DCount [err] KCount + ed

in state AA 319 through state AL 330. For the case KCodn>Tcotint” &l |

vari abl es have previously been initialized. Elenments Shiftl ndexEt hrough
TCount of the v vector need to be wupdated. Elenments zero through
Shiftindex-1 are nota seminidi eperandaegmster) avingrancinpuhdoupjed|tortbatontpat ofie u
vector are known to be zero. Sinilarly, el errents Shi ftlndex+1 t hr ough

TCount of the g vectp, ﬁggﬁhgﬁﬁ) % g vector
than the v vector is update ecause al ways zero atfter the first

iteration of the main |oop, The p diﬁ that handl es the nor&? updati ng of
the v and q vector & secand Sercing et Bavig ﬁﬁolmcﬂl}ﬂ) doethecsesond v t h
the entry point through state AA 319 and the exit point through .state AC

321. For the case operand register and an output, selectably outputting either the input

data element or a predetermined fixed data element,

a second multiplexer, having a first input. coupled to the second
forcing device, a second inmput, a third input and an output,.
outputting a data element selected from among the data elements
present at its inputs, |

a multiplier, having a first input coupled to.the output of the first
forcing device, a second input coupled to the output of the second
multiplexer and an output, generating a data element representing the
Galois field product of the data elements present at its inputs,

an accumulatt)r, having in input and an output coupled to the second
input of the second multiplexer, outputting a data element
representing the accumulation of a plurality of data elentents input to
the accltxitulator,

an inverse ROM, having in input coupled to the output of the

accumulator and an output cou;tled to the third input of the second



of KCount=TCount, Vk is not yet initialized and nust be handled as a
speci al case before dropping into the usual execution flow The speci al
handling is perforned in state AL 330 and state AK 329. For the third
case, KCount<TCount, both vk and g[err]+1 are uninitialized and nust be
handl ed as special cases. Entry for this path is through state AH 326.

The final branch, the el se branch, of the main loop is handl ed by state BA

because all for vectors requi re updating over differ
el ements. For the case KCount>TCount, u[err]-1 through”u[®err], "v[&rr]

t hrough v[err] , p[err]-1 through p[err] , and qg[err] through glerr] nust
be conputed. For the case KCount=TCount, the

multiplexer, outputting a data element representing a Galois field

inverse of the data element present on its input,
output from the accumulator,
a first adder, having a first input coupled to the output pf the
accumulator,. a second input coupled to the output of the multiplier
and an output, generating a data element reﬁresenting a Galois field
sum of the data elements present at its inputs,
a third multiplexer, having a first input coupled to the output of the
second forcing device and a second input coupled to ﬂxe output of
the multiplier, outputting a data element selected from between those
present at its inputs, and |
a second adder, having a first input coupled to the output of the
multiplier, a second input coupled to the output of the second forcing
device and an output coupled to the port of the memory, outputting
to the memory a data element representing a Galois ﬁelt_i sum of the
data elements present at its inputs; and
(b) a controlief, controlling the sequence of operations performed by the
arithmetic unit, comprising:

a first counter outputting a count of iterations of the computation,



sangs'vari abl es nust be updated and in addition v[err] nust be initialized.
For the case KCount<TCount, Uk through u[err], vk through v[err] , pk+
through p[err], and gk+1 through g[err] require updating. In addition, vk
and gk+1 nmust be initialized and uk and pk+1l nust be set to zero.

The circuit of Fig. 2a, as controlled by Figs. 3a-k inplenents the process
described in Table A above. For exanple, ‘?éble C descr|heq t he | nteraction
of circuitry and control signals which inplene

Jiate Machine Attion  Result Hlllllllllllﬂm HIR -

Fetch qg[err]: RAMAddr = q[Interl eave] [ LCount] Addfess of q[ err]

a second counter outputting signals allowing branch conditions to be
resolved,
athhd<xnnncrouqnuﬁngaloépcounn
a fourth counter outputting the count of shifts of data elements stored
in the memory,
afﬁﬂlcoun&romgnuﬁnganinkrkaw;and
a finite state machine, having as inputs the outputs of the five
counters and having a sixth input accepting a signal indicating the
correction power of the code and a seventh input accepting ‘a signal
indicating the state machine is to begin pracessing, and having .
twelve outputs, comprising:
a first output for the address of the data element to be
accessed in the memory,
a second output which causes a data elemgnt to be output
from the memory,
a third output which causes a data element to be input to the
zﬁémory,
a fourth output which causes the first operand register to store

a data element output from the memory,



RAMREad Read ¢, from RAM LoadOp2

Store g[err] in OP2 State AE: Fet ch
p[err]: RAVAddr = p[ LCount - Shi ft | ndex] Address of p[err]

RAMRead Read p[err] from RAM LoadOpl
Store p, in OP1 State AF: Mul tiply,
subtract and store in -25-

glerr]: RAVAddr = g[ I nterl eave] [ LCount] Addr es l“'
i e oo UMM NAL
Not acti ve: MWUxSel Op2 and MruxSel | nv gsel ects ACC*as
one operand to multiplier (e
was previously stored in
ACC) . a fifth output which causes the secondilopefindefegister aods
are OP 1: pferr] and ACC. e.
Qut put from |tiplier is
e[err]pl[err] sto%@& agax&cntoutputﬁomtheﬁrstmultlp% 206 sel ects
RAM out put to be passed to
OP2. (Oper ands a sixth output which causes the accumulator to storadddata20?2
are multiplier out put :

e[err]p[err] and OP2: q,
outputs q[err]-(e[err] pfeglﬁ?g‘?f\ﬂ%)uthﬁlrsnt\}\lﬁelsecondmuluplexer

to RAM Al'l the steps of the process described in Tagble A are
i npl emented sinmilarly, @sseyenth m@%m@yﬂm thq,fﬂ’st?‘ &qu to

output a predetermined fixed data element, |

én eighth output which causes the second forcing device to
output a predetermined fixed data ¢lement, |

a ninth output which causes the first multiplexer to select the
‘data element stored in the first operand register to be output to
the second operand register,

a tenth output which causes the second multiplexer to select
the output from the second forcing device to be output to the
accumulator,

an eleventh output which causes the third multiplexer to
select the output from the second forcing device to be output
to the multiplier, and

a twelfth output which causes the third multiplexer to select
the output from the inverse ROM to be output to the

multiplier.



CLAINé VWHAT IS CLAIMED |IS: 1. In a systemfor correcting errors in a
R&ed- Sol onon encoded datastream conprising a syndrome generator

out putting syndronmes of the datastream a circuit, coupled to the syndrone
generator and receiving the syndrones, for performng a conputation of a
plurality of coefficients of an error |locator polynomal and a plurality
‘of coefficients of an error evaluator polyyam al, conprising: an
arithnmetic unit iteratively generating internediate and final val ues of the

plurality of coefficients of an error | ocator po_;mgm_al__a.nd_uqe—pl—urality

of coefficients of an error eval uator

access menory, storing data el ements representl ng H“ﬂ“rumnlﬂqlm“l“l

11. The circuit of claim 10, wherein the random access memory is a static

random access memory.

12.  The circuit of claim 11, wherein the random access memory is.a single-

port random access memory.

13. The circuit of claim 12, wherein the random access memory is & multi-

-‘ port random access memory. f



and fmnal values of the plurality of coefficients of an error |ocator

pel ynom al and the plurality of coefficients of an error eval uator

. pol ynom al ; and a control wunit, controlling the arithmetic unit and
“the nmenory and detecting :7  when the conputation of the plurality of
.coefficients of an error |ocator ' pol ynom al and the plurality of

- coefficients of an error eval uator 20l ynom al has been conpl et ed.

2. The circuit of claim1l, wherein the random access nenory is a static
_random access menory. RAM BASED KEY EQUATION SOLVER APPARATUS

ABSTRACT

A circuit for calculating coefficients of an error locator polynomial and
coefﬁcients of an error evaluator polynomial for correcting errors in a Reed-Solomon
encoded datastream, comprising a syndrbme generator (112) outputting syndromes of the
datastream. The circuit is coupled to the syndrome generator (112) and receives the
syndromes. The circuit (120) comprises an arithmetic unit iteratively generating
intermediate and final values of the coefficients of an error locator polynomial and the
coefficients of an error evaluator polynomial; a random access memory (204), storing
the intermediate and final values of the coefficients of an error locator polynomial and
the coefficients of an error evaluator polynomial; and a control unit (228), controlling
the arithmetic unit and the memory and detecting Wheﬁ the computation of the
coefficients of an error locator polynomial and the coefficients of an error evaluator
polynomial has been completed.

Fig 1



The circuit of claiml1, wherein the random access nenory is a
S|06Ie port random access nenory. 4, The circuit of claim1, wherein
the random access nenory is a multi-port random access menory. ° 5. The
circuit of claim1, wherein the arithnetic unit conprises: a first
‘operand neans, coupled to the nenory, utting a first operand, a
second operand neans, coupled to the ﬁbﬁﬁf out putting a second
oper and; and a multiplier, coupled to the first operand neans, the
second operand neans, and the nenory, outputting a Galois field
product of the first operand -and t he second operand for storage in
the nmenory. 6. The circuit of claim5, wherein the first operand neans
conpri ses: a first neans for outputting as the first operand a data
el ement read fromthe nenan:l(:; 1_

108
C> Read

Channel

114

\ Y .. 110
112 /
Syndrome

Generator |
116 118
120
Key
Equation

Solver




-19° a.second neans for outputting as the first operand a first
pr edet erm ned date el enent; and nmeans for selecting either
thie output of the first nmeans or the second neans as the output of
the first operand neans. 7. The circuit of claim6, wherein the second
operand neans conpri ses: a third neans for outputting as the second
operand a data elenent read from 4 ey menory; a fourth nmeans
for outputting as the second operand a second F'G p éeterm' ned dat a

el enent ; v +
: 202
Adder
Y 228
204 Controller
SRAM
' l ; 230
206 /
MUX
v Y
208 210 -
OPR 1 OP2
Y Y } {
212 214 216
Force 0x01 Force 0x00 Adder

L
v U o
2 1

222
ACC

Y

224 : 226
Multiplier Inverse Rom




an accunul ator, out putting a data el enent representing the accumnul ati on of

a plurality of data elenents input to the accunul ator; a fifth neans
for outputting as the second operand the data el ement out put from

t he accunul at or; an inverse ROM outputting a data el enent
representing the Galois field i nverse of the data el ement out put
fromthe accunul ator; a sixth meand’#%r out putting as the second
operand the data el enent out put F‘szm i nver se ROM

means for selecting the output of one'of~th ird means, the fourth neans,

the fifth neans or t.he sixth neans as the output of the second operand

means. 208
N

242 > 240
KCount State Machine

244 -
DCount

246 -
LCount '

248 -
IndexShift

250 -
Interleave

276 TCount

Y

278 StartKES

Y

252 SRAMAddr

254 SRAMRead

256 SRAMWrite

258 LoadOp1

260 LoadOp2

262 LoadAcc

264 ForceOp1

266 ForceOp2

268 OMuxSelOp1

270 AMuxSelOp2

272 MMuxSelOp2

274 MMuxSelinv

A*A*AAA*AAA?




8. The circuit of claim7, wherein the control unit conprises: a
counter, outputting a count of an iteration of the conputation; a
fiite state machine, having a plurality of inputs, including the count of
the iteration of the conputation and the correction power of the code, and
having a plurality of outputs, controlling operation of the arithnetic unit
and the nenory, 9. The circuit of clgiyp5, wherein the control unit
conpri ses: a counter, outputti Lteration of the
conput at i on; a finite state machine, dpaving a plurglity of inputs,

i ncl udi ng PFeI@gnB@ the iterati o8tad ZEhe conput dtion and the
correction power of the code, an Iftangavg =20 pl ur al i )y of out put s,
controlling operation of the arithnetic unit and the nmenory, 10.
In a systemfor correcting errors in a Reed- SoS8@tERncoded dat astream

~ 302 R
State A
KCount=0
LCount=0
DCount=0
Shiftindex =0
\ interleave++

'

303
State B
SRAMAddr = S{interleave][KCount]
SRAMRead
LoadOp2

Y v

( 304 h ( 306 A
State C . State D
SRAMAddr = V[interleave][TCount] SRAMAddr = V{Interleave][KCount-1]
SRAMRead SRAMRead
LoadOp1 LoadOp1
LoadAcc LoadAcc
AMuxSelOp2 AMuxSelOp2--
k DCount = TCount _J k LCount = KCount-1 J
From State G .
305 h 307
State F State E
SRAMAddr = S[Interieave][KCount- SRAMAddr = S[interieave][KCount]
LCount] SRAMRead
SRAMRead LoadOp2
LoadOp2
\_ LCount- 2
To State H

To State G



<

conprising a syndrone generator outputting syndrones of the datastream a
circuit, coupled-to the syndrome generator and receiving the syndromes, for
perform ng a conputation of a plurality of coefficients of an error |ocator

pol ynom al
pol ynom al ,

and a plurality of coefficients of an error eval uator

conpri si ng: (a) an arithnmetic unit performng

arithnetic and | ogical operations on  5/¥bbrtions of the received

syndr ones,

conpri si ng:

d
bi directional port selectably ?{@
output, storing a plurality of signals

om,access nenory, having a
rable as an input or an
: representing a

plurality of data el ements,

From State F

Y

é 308 )
State G _
SRAMAddr = S{interleave]{LCount]
SRAMRead
LoadOp1
MMuxSelOp2
\_ LoadAcc .

LCount>0 + LCount=0
To State F

_ From State E
309 ‘.
State H

KCount=0 KCount0

e=0 ex0

KCount> KCount= KCount<
To State 1 To State L TCount TCount TCount

ToStateO ToStateQ To State P

KCount> KCount= KCount< KCount> KCount= KCouni<
TCount TCount TCount TCount TCount TCount

To State AA To State AL To State AH To State BA To State BO To State BQ



a first operand regi ster, having an input coupled to the port of the
menory and an output, storing a data el enent output fromthe

menory, a first forcing device, having an input coupled to

t he out put of the first operand register and an out put,

sel ectably outputting either the | nput data elenent or a
predeterm ned fixed data el enent, a first nmultiplexer, having
a first input coupled to the output of t 4 first operand

regi ster, a second input coupled to the port of the menory

and an output, selectably outputting either the data el enent
output fromthe first operand register or the data el enent output from

t he nmenory, FIG 3C_22 -

From State H From State H
an 310 ([ 313 h
Statei State L
SRAMAddr = a[KCount] SRAMAddr = a[KCount]
SRAMWrite SRAMWIite .
ForceOp1 ForceOp1
ForceOp2 ForceOp2 .

L MMuxSelOp2 PAS ~ MMuxSelinv -
é 311 AV 314 h
State J : State M

i ISRAMAddr =g[Interieave][KCount+1} [SRAMAddr =q[Interleave][KCount+1]
SRAMWrite SRAMWIrite
ForceOp1 ForeeOp1
ForceOp2 ForceOp2
MMuxSelOp2 AR
( 312 N 315
State K State N
SRAMAddr = p[KCount+1] SRAMAddr = p{KCount+1]
SRAMWrite SRAMWrite
ForceOpt ForceOp2
ForceOp2 MMuxSelOp2
MMuxSellnv DCount = KCount+1-DCount
\_ KCount++ VAN KCount++ Y,

To State B " ToState B



a second operand register, having an input coupled to the output of the
first nmultiplexer and an output, storing a second operand, a second
fofcing device, having an input coupled to the second operand register and
an output, selectably outputting either the input data element or a
predeterm ned fixed data el ement, a second nultiplexer, having a first
input coupled to the second forcing device, a second input, a third input
and an output,” outputting a data elenent selected fromanong the data
elenents present at its inputs, a nultipli&r4 having a first input
coupled to the output of the first forcing device, a second._input coupled
to the output of the second nultiplexer and an output, generating a data
el ement representing the @Glois field er§ oj t;he data el ements present
at its inputs, an accunulator, having in |E€§t an out put coupled to
the second input of the second multiplexer, outputting a data el enent
representing the accunulation of a plurality of data elenents input to

From State H From State H
316 ( 317 )
State O State P
Shifindex++ ' SRAMAddr =q[Interleave][KCount+1] -
KCount++ SRAMWiIite
" ForceOp2
KCount< : MMuxSelOp2
2*TCount-1 \— _/
To State B From State H
KCount= +
i 2*TCount-1 & r ~
Interleave#3 318
' State Q
SRAMAddr =v{interleave][KCount]
Y SRAMWrite .
To State A ForceOp2
KCount= MMuxSelOp2
2*TCount-1 & Shiftindex++
Interleave=3 \_ KCount++ )
To State ZZ
KCount<
2*TCount-1
Y
To State B
KCount=
2*TCount-1 &
Interleave=3
Y
To State A
KCount=
2*TCount-1 &
interleave=3

Y
To State ZZ



the ‘accunul ator, an inverse ROM having in input coupled to the output of
the accunul ator and an out put coupled to the third i nput of the second

- 23- mul tiplexer, outputting a data el enment representing a Galois
field - - inverse of the data el enment present on its input,

out put fromthe accumul at or, a first adder, having a first input
coupled to the output of the accuguyhator, a second input coupled to
the output of the multiplier and an out put, generating a data

el enent representing a Galois field sum of the data el enments present
at its inpu i . O@a third nultiplexer, having a first input coupled to

t he output of the

From State H
~ 319 )
State AA
SRAMAddr = v[interleave][TCount]
SRAMRead
LoadOp2
LCount=TCount
Shiftindex++
\_ KCount++ y
'_I'Count<8hiftlndex & .
KCount<2*TCount-1 | TCount<Shiftindex &
B KCount=2"TCount-1 &
To State Interleave=3

| Y
TCount>=Shiftindex ToState A
TCount<Shiftindex &

KCount=2*TCount-1 & | .

: 320 : —
State AB Interleave=3

SRAMAddr =u[LCount-Shiftindex]
SRAMRead To State ZZ

LoadOp1

321
State AC
SRAMAddr = viinterleave][LCount]
SRAMWrite
_LCount<=Shiftindex
KCount<2"TCount-1 LCount<=Shiftindex &
To State B KCount=2*TCount-1 &
7 Interleave=3
LCount>Shiftindex To State A
: LCount<=Shiftindex &
To State AD KCount=2"TCount-1 &
Intetleave=3

Y
To State 22



second forcing device and a second i nput coupled to the output of
.the multiplier, outputting a data el enent sel ected from between those

~present at its inputs, and a second adder, having a first input
~coupled to the output of the mul tiplier, a second input coupled to

t he out put of the second forcing devi ce and an out put coupled to the
port of the nenory, outputting to g menory a data el enent
representing a Galois field sumof the data el enents present at its
inputs; and (b) a controller, controlling the sequence of operations
performed by the arithnmetic unit, conprising: a first counter -

outputting a count of iterations of the conputati on,

e FIG. 3f

From State AC

SRAMRead

322
State AD
SRAMAddr = qfInterleave][LCount]
Load0p2

(o)

SRAMRead

323
State AE
SRAMAddr = p[LCount-Shiftindex]
Load0p1

o)

SRAMW ite

324
State AF
SRAMAddr = gfinterleave]{LCount]
LCount-

)

SRAMRead

325
State AG
SRAMAddr = v[Interleave]{LCount]
Load0p2

)

To State AB



a second counter outputting signals allow ng branch conditions to be
resolved, a third counter outputting a |loop count, a fourth counter
outputting the count of shifts of data elenments stored in the nenory, a
fifth counter outputting an interleave, and a finite state machi ne, having
as inputs the outputs of the five counters_ and having a siXxth input
accepting a signal indicating the correctiaa/%wer of the code and a
seventh input accepting a signal indicating the state nachine is to begin
processi ng, and having twelve outputs, conprising: a first output
for the address of the data elenment to be accessed in the nenory,

a second output which causes a data el ermpi dtateldg out put fromthe
menory, Fl@tlggl out put whi ch causes a, data elenment to be input to

t he . + :

4 326 )

State AH
SRAMAddr = p[KCount-Shiftindex]
SRAMRead
LoadOp1
LCount = KCount
Shiftindex++
\_ - KCount++ y

327
State Al
RAMAddr = gfinterieave]{LCount+1
- SRAMWirite
ForceOp2

¥

328
State AJ.
SRAMAddr = ufLCount-Shiftindex]
SRAMRead
LoadOp1

From State H

o "330 h * l

State AL
SRAMAddr = u[TCount-Shiftindex-1} 329
SRAMRead ~ State AK
LoadOp1 SRAMAddr = v[interieave][LCount]
LCount = TCount SRAMWrite
Shiftindex++ ForceOp2
\_ KCmimt++ y .
LCount>Shiftindex
To State AD LCount<=Shiftindex &
KCount=2*TCount-1 &
LCount<=Shiftindex & ' Interleave+3
KCount<2"TCount-1 LCount<=Shiftindex &
ToState A KCount=2*TCount-1 &
To State B Interleave=3

ToSt!teZZ '



a fourth output which causes the first operand register to

store

nmenor-y,
store a data el enent output fromthe nenory,
- 25- a fifth output which causes the second operand register to

- a data element output fromthe first nu
‘causes the accunulator to store a data
mul tiplexer, a seventh output which ca
output a predeterm ned fixed data el ene
the second forcing device to

l'tiplexer, a sixth output which
el ement output fromthe second

r

SRAMAddr = v|[Interieave]{TCount]

DCount = KCount+1-DCount

Lﬁtsle/smt he first forcing device to
nt>’ ~"an ei ght h out put which causes
From State H
331 h
State BA

SRAMRead
LoadOp1 .
LCount = TCount

KCount++ _J

TCount>=Shiftindex+1 |

TCount<Shiftindex+1

SRAMAddr = v[interleave][L.Count]

332
State BB
SRAMRead To State BJ
LoadOp1

333
State BC

SRAMAddr = ufLCount]

SRAMWrite
"ForceOp2
MMuxSel lnv

Y

-

_

SRAMAddr = u[LCount-Shiftindex-1]

334
State BD

SRAMRead
LoadOp1
LoadOp2

OMuxSel Op1

335
State BE

SRAMAGddr = v{Interieave][LCount]

SRAMWrite

L Count = TCount &

LCount >= Shiftindex+2

L.Count = TCount &
LCount >= Shiftindex+2

To State BF To State BJ



output a predeterm ned fixed data elenent, a ninth output which causes the
first multiplexer to select the data elenent stored in the first operand
regi ster to be output to the second operand register, a tenth output

whi ch causes the second nultiplexer to select the output fromthe second
forcing device to be output to the accunulator, an eleventh output which
causes.-the third multiplexer to select t2{&4output fromthe second forcing
device to be output to the multiplier, and a twelfth output which causes
the third nultiplexer to select the output fromthe inverse ROMto be

output to the nultiplier.
FIG. 3i

From State BE FromState H

PR

336
State BF
SRAMAddr = gfinterieave}{LCount]
SRAMRead
LoadOp1

LCount = TCount } - | LCount<TCount

337
State BG
SRAMAddr = p[LCount}
SRAMWrite
ForceOp2
MMuxSel Inv t e

| LCount> — -
; LCount<=
} Shlftlndex+1l l Loount=~
( 338 )
State BH
SRAMAGddr = p[LCount-Shiftindex-1)] ~ To State BJ
SRAMRead
LoadOpt

LoadOp2
L OMuxSelOp1 D

Y

339
State Bi
SRAMAGJdr = q[Interleave]{LCount]
SRAMWIite
LCount--

To State BB



11. *The circuit of claim 10, wherein the random access nenory is a static

random access nenory. 12. The circuit of claim1l, wherein the random
- agcess menory.is a single- port random access nenory. 13. The circuit
~of claim 2, wherein the random access nenory is a multi- port random
access nmenory. _
| 13/14

From States BA, BE, BG&H FIG 3_'

340 '
State BJ
AMAddr = v[Interieave]{LCount-1]{
SRAMRead
LoadOp1
LCount—-

State BK
SRAMAddr = ufLCount}
SRAMWrite
ForceOp2

MMuxSeIInv i,

§
=

SRAMRead
LoadOp1 y

Y

343
State BM
SRAMAddr = p[L.Count]

342 )
State BL -
SRAMAddr = q[Interiéave][L Count]

SRAMWIite
ForceOp2
MMuxSellnv

LCount = 1 +

( 344 )
State BN
SRAMAddr = ufLCount-1}
SRAMWrite
ForceOp1
ForceOp2
MMuxSellinv
\_ Shiftindex = 0 _J

LCount>1

KCount<= KCount> ' KCount>2*TCount-1 &
2*TCount-1 2*TCount-1 & Interleave=3
interieave=3

To State B To State A To State ZZ



14/14

From Tate H From State
(" 347 ) . * '
' ~\
At i StatsBO
SRAMAdr = pIKCount+1] SRAMAddr = u[TCount-Shiftindex-1]
- ForceOp2 SRAMRead -
MMuxSelOp2 LoadOpt
LCount = KCount LCount = TCount
DCount = KCount+1-DCount DCount = KCount+1-DCount
KCount-H- KCount++ ,
\_ _/ *
3 48 ‘ ™ 346 .
State BR : State BP
SRAMAGr = plLCount-Shiftindex] SRAMAddr = viinterieave][L. Count]
SRAMRead
ForceOp2
Load0p1 y -
LCOunt>= LCount<
Shiftindex+2 Shiftindex+2y.
349 ) To State BF To State BF
State BS
RAMAddr = q[interleave]{LCount+1]
SRAMWirite
Force0p2 -
350 Y
State BT s tast?BU'
SRAMAddr = u[LCount
SRAMWr[ite . SRAMAddr = v[LCount-Shiftindex-1]
ForceOp2 SRAMRead
MMuxSelOp2 Loaiom
352
State BV
SRAMAddr = v{Interleave][LCount]
SRAMWrite
ForceOp2 .
LCOunt>= LCount< :
Shiftindex+2 Shiftindex+2
To State BF To State BF .




