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566008 '

W P ERARE  (FHX AR BEARTEANANBRER TR AKX T ERAAKE
)

ERIBE > AL A THBITILAEYOBEBERTELSHBR -
BB —HERIERXABELESTRFT AU HEHSERE

R S BEAPHBRESE LA HETE S EARAMW
UBE - ARTH F2AEAATELEESBAFHSERE

2 > LA T BT EHRDEZARABLEB R R E R - F
$ Bz % B EE Mg REEESMBAMSR (cycle) #

B AR Rk 2BEAXZHE - -&kmEHE2X (NK) 8
HE 5 EX A ELSMBSREB KL LHT MR .
EmaABMIN  HARt REINEREZIYHESREAAR ‘
B Rk % (FFM) » R AAFA RSB RBE (FF1) 27 K%
HEELWABE - E AT FE o EMEALIIL 0+4 1B
% % SEIFNAFRAIFIZ A K G A B MO EHRLTH

B EARKE (B2 44 Apparatus for Solving Key Equation Polynomials in
Decoding Error Correction Codes)

[t is an object of the present invention to
provide a method and apparatus for solving key
equation polynomials in the decoding of codewords.
Based upon the Euclidean algorithm, it can be “
implemented with minimal hardware circuitry and
provide a method and apparatus for solving key
equation within a t-step iterative decoding
procedure while the prior art architectures require
at most 2t iterations. It is yet another object of
the present invention to provide a method and

LJN LU lIII |llll '.l
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W PXEARE (BAXILE BEHERITEERAURBARIEA S AR I T EREEE
)

7 AR E B & R@LEuclidean B E 2 E mF 2 F -
koo S TR B ZEMHRETARK BForney % k % 1A
XN ABFHALFIARAREELETREZREANELEERLA B E &
Bk BE2ZRS#AHWBCH#A > 6 B EERRHEBREEZF
oo

RXHEAHE (A2 L4 Apparatus for Solving Key Equation Polynomials in
Decoding Error Correction Codes)

apparatus for solving key equation polynomials
without decreasing the overall decoding speed of
the decoder. Briefly, in a presently invention, a
method for computing error locator polynomial and ‘D"
error evaluator polynomial in the key equation
solving step of the error correction code decoding
process 1s presented whereby the polynomials are
generated through at most t intermediate iterations
that can be i1mplemented with minimal amount of

|

hardware circuitry. However, depending on the
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W PXBERAEE (BAXLE BEHRITEANAMALR TR BRI T ERALEE
)

HXEAHE  (BAZ L4 Apparatus for Solving Key Equation Polynomials in
Decoding Error Correction Codes)

selected (N,K) code, the number of cycles required
for the calculation of the polynomials would be
within the time required for the calculation of
upstream data. Additionally, a presently invention ..
for computing the error locator polynomial and the
error value polynomial employs an efficient
scheduling of a small number of registers and ’
finite-field multipliers (FFMs) without the need of
finite-field inverters (FFIs) is illustrated. Using
these new methods, a new area-efficient

A
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W PUEARE  (BAX LR BEARITESTAURLR RS AXITERELE
)

BXHARKE  (BAZ 44 Apparatus for Solving Key Equation Polynomials in
Decoding Error Correction Codes)

architecture that uses only 4t+2 p+4 registers and
three FFMs and no FFIs 1s presented to implement
the inversionless Euclidean algorithm. This method

and architecture can be applied to a wide variety “
of RS and BCH codes with suitable code sizes.

il
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566008

& HARH (1)
%ggaﬁ;lb_ﬁ_

BBEIEARAEN dHERERLEEZERMEEZE NG
WA BRERE R () N ARAETHERZIBENR > &
B RMEHM TN #R Bt BHFHRE L ME KR
ZEMHMBE - BATHEBREHIHERALT > THERERLE A
HHFEREH O O AURBABFTEZWHREN  FEX— A A
Ao REHG (AR EXEMHN) o FH/HHRHL (parity
part » #HE A F 4 RITE X1 B ) &9 F 4 (codeword) -
EAXY FHLHHBEHEHRRBRITHBENADF - F 45
EAR—HBKX AoeENBEFEEE L > £ & KA S % %
B OE K maN-KBEBFEEAAETBEMESR -

fo & 2 s BT E B/ ¢ > BCH 5
(Bose-Chaudhuri-Hocquenghen Codes ) 2t &RS %%
(Reed-Solomon Codes ) R A BWMA R ET HF 5 2 4 E A
o ﬁax}g/"%ﬁﬁﬁz@i}@la% (Block Codes ) - BCH #% & &RS
oz 2 A £ "TE.R. Berlekamp, Algebraic
Coding Theory, McGraw-Hill, New York, 1968 ;, 1 &
S. Lin and D.J. Costello, Error Control Coding:
Fundamentals and Applications, Prentice-Hall,
Englewood Cliffs, NJ, 1983  m A Z 4% ¥ A ¥ a2 B ¥
BRI

— 1 8 (N,K ) BCH &RS# A 5K18 R & & 3% =N 1@ &% % &

i

% 178
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B BHARSA (2)
% » A ¥BCH# = 4 5% B »GF (q) % & MRS #% = &% 3% B »

GF (q") & 4 - ENzZ‘“—l&N—K SnmtzxHBHTF o — @ =M
(N, K ) BCH #5 4t 37 Bt 18 4% 3% o mA£t= L(N-K-

p)/2 ; ZHEMT > — 18 (N,K)RSE.%?ILJ\aTitﬂﬂ.» e
% & o 18 3k (erasure ) 3% - # — # ;BCH#& ™ & > #
HE A BRI E > TRMEERITE — B &R AR -
HRS#H M 3T > AL AR B EAERF R IME RE &R
B> RITE—BSRERE - LS KR AFRAERSHE ¥ 2 E
£ 8 — O BB L2 BB BRGgER R EE AR
BT RITIE — 18 3% B &% -

1 A & ik RSB B EH - HFEREITESRER
- ~ 7»?557’]‘3‘%%%l/(‘!“@1@f BR . (1)\%?’?%%1?
i A B #k (syndrome) > (2) EF B # B 2B %

%ﬂ&%ﬁi%%%%ﬁ’(3)%%%&ﬁ&mﬁ’u
B (4) EF B #3BME  MBMEAEHRITEYNRABEBEAURAKR
F% o Alw@E S HEMSEELEw T @ (1) dABERZIFHR
KR B3 B BForney#t k> (2) FHEH#HBRAHKRE
RLHBEAUNREBRHEKBR KMES 3B KX (3)%"%%3%
ﬁﬁ&&ﬁ’u/&(zl)”r”»*"&#*F’\zorf_@.

A BEBET KRB BRE Y %%’izﬁﬁlA°ﬁﬁa‘§»4iz
X HR(x) # A £ %kt & IOU\éif"i k % B XS(x) » H 4
2 3z 4 m AKX o T HE T ES B o kA E KR —\i’

%

®e

1| ‘ (I

L

A

.

.!#.-'.I I:"I
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Z -~ HARA (3)

XmE > mEREHTFHML - HF > FHBAEEA— &
2 X A % (Key Equation Solver ) 12 » & 4 —

A B % B A o(x) > & —--»aa‘a{éééé’riﬁi‘iQ(x)"é%iﬁ
AL R 5 BAABE A HEEAHRIME > M4 ﬁxﬁ % & X
TR UARBERZME - F— B BB R Iéiiﬁé

Chien# F S4B F XK H KR TEHBRHFRZIM
E o B R A RBICBE AR AREBRKRKASZ 2B Q(x)
A A MBYEEMNRZHEBME -

EEmEIITRAMES (LHE2F5B) & A& A%
I L A S -
S(x) o(x) = Q(x) mod xM*¥ (1)
B oS(x) AR EAKX ox) BB EME % B
LA Q(x) & & :—,":Ti{a“’iﬁik % B BT IE 4% %A KB
B o (X)BP A BRAHEBR EMLE 2B MM Q(x) A 4 3
BAHBRAESR % EX ¢tﬂfr0(x)=l(x)A(x) A (X) Fo
A A BRERLE AN EAKBREIMALS £ AKX -
% B EIBR REFTRANITEHEBRREAAEABRSA R — KR E
B o ok E B20m 8 KR(x) A BEURKEBREH > B
A A Forney #t %k % 5 X T(x) - é}é?‘fﬁﬂﬁiﬁ 522 kR #BT(x)
tAEAHBBRAHKBRAS $3EKLQ(x) 3R KB A
BLHLEHBEAKXo(x) - BBFRKKBE 'fn%%yiﬁi‘&%)\Chlen&
B2 Al R M BHA BB LA ZHE MBEBRRKRBRLKMESR
BEAPHEBZRRABRLERF AN —BREAHKBMEAKRME

% 4%4; ‘\S;

%
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WIIm

Ry

#9 R



566008

B RRAR (D)
BEORUELAHBFRRRMA

“E ALY ey ERZFHH A EBerlekanp-Massey
/,#/£’EUC11dean@%“£°ia;§vz Lk 2 T AKX AR
Bl B AR H R A RARARKBR AR Fag N 8T XL R &N
Fr #% > Blahut % 4 42 38 &9 30 A - Eﬁ?ﬁ&ﬂ"ﬂ&ﬂj TFHHE&
R # 5 # (inversionless decomposed ) Euclidean %

o ABRBFTREHAEABERET  ARBHRIEBRAEARAE

B 4o 3 HT 142 B A 1% % EuclideanyE B & » M 3 E 42 3
A4 B % R K A sz \/R{E"" AR UREEARERZ
A# oM B HEELHEERAREKEZYFE A
M3 REX (finite-field multiplier » FFM) - X & &
HEZ2AMFRHE B (finite-field inverter » FFI )
F— %7 S8 FFIMPFFIFF e % ARG R I T /H»HH
EB T Bk RMABAEEE —FRFx5AIAME B
BTRVERFEE LS RBEBR Z R (EHE) - ¥ FH
BAFFMx # B AKX ER B HER o2 HH - H Ft= L
(N-K-p)/2 5 » 8 EBtR on A&k TTURE X & B TR
BHEBHARBLBORKRMAE - R - ERBERITE (M ISR
BRHEBRITE) » BAERARNEEELRYE HE ~FFMFFFI
FroAe ¥R 8 & -

LB EL Ao 0 BEAF1E % 2Euclidean i & &

e

L] | ‘ ‘ 1l
1 1 '
¥ ]
1)
N
1 1
! il O 11
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A~ HFRRHA (H)

Reed &£ "VISI Implementation of A Pipeline
Reed-Solomon Decoder, IEEE Transaction on
Computers, vol. C-34, pp. 393-403, May 1985 , # #&
b —# R FE ZFF] - 2% 28t @ ¥ 57 %5 > 8t BFFM & & # -
1 ££ "An Efficient Architecture for Implementing
the Modified Euclidean Algorithm, the 9th NASA
Symposium on VLSI Design, Nov. 2000 , — x ¥ - Song
#BE-—HARAEEFF] > 2 & F Z26t+4 8 % &5 35 X A6t+2 8
FFM & B R & # -

A—F @ WumE s REREFXFTERZTI5 B Y # 8 &
T AR VFFM# B 2t+ T(t+1)/24 > KA miB A B A A8
¥ A% EXFF] - P2 EFHEEXBHEN "An
Area-efficient Versatile Reed-Solomon Decoder for

ADSL, IEEE International Symposium on Circuits and

Systems, May 1999 , - A L ZE# 2Z B A N 48 %= A KK IT
iE BF o Fﬁéﬁz%ﬁ%‘fsu&FFMﬁiEﬂ% T2 H -
B EEHFEEXS > —H&AEAFFIE TH Y

F B ARFFN 2 2t B % 2 &/ B ERAABERLHBRRER
BHBLEEZFENERBIEZRARELEAERIZIMAE -

A BB X 8 B &) LR A

AEAIREIZNEN AR/ —HATHBRBHET > A

i i

%11 7
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A BHRA (6)

A EE T RERXSE BRI ERELEE - £Euclidean &
Bh P AEBITUARIVZIBAELBRMWATH - A%
Mz A —BHARB - HEREZZE TR AT ERE
RE BREIPIELEZFRZtEEANTERTRAIREBEBRSB R
F o AHRH2ZX -~ B8R HERELE#E IS B
FEREEE O HEFA B EABZIEBRBRBERE

MmETx EBBETREGT B/~ — & £ 58 RITES
BB R 2IEIBABESTBRY AU EHRZEIMKS %
FAPBRELAARESEARXZI T X B LEFxztEF
Ml S Bm A A $BEKX > £ BETUAARDIEBZREBLEBR
e A B AE - Ao kmmEEZ (NK) @& 0 3+ & % 38
A E2EESFHABAHHE £ ELE»ETH (upstrean
data ) A E R M BN - 4 EBETHEB T > A XK
2RI IV BEZEESAARFEXSE (FFM) ™ & 4R
R ARBERESE (FFI) > At A4 BEtms % EK
ot B R EBS LB 2 BEFTEH L ABT - £ A B ®H
Fik o EH b £ R #BEuclidean B E sk mmE & 2 F 3k 0 —
EAEE AAt+2 p+4 B ¥ 57 B X RIEFFMN @ & AFFl &9 B &
BHE (FEAGEBREH) T EEHETAB T - 8 F %
BRE#HETREZMERNE AL A B L HSBKEZIRSH P
BCH# - % 3 & > A®BETHRB F > BELEITLEKX S BERX
ZHKEREEBLTURARMSELRANAN LB AHForney &%

k% B XT(x) - EFFTRERTEHBEFERERNEILE $3% F 5




566008

- FRRA (D
x4 HERRKRR T H

ABRHZL B HLARBE—FEIFEREE BUREFH
M e o MAsgE YA SER &Euchdean@;‘%/z’:q’ ’

Wuﬁyﬁéz&%ﬁ%%MM & - ARBE A2 B — 1B
ARE B IEREE K %1 -%@#@ B T L

T S - SV B L A : N N %4&%@1’% B X EHMEAER
B RAREAZLX - BB ARE BRSO T EZTREE KB
TTu@gEsa 2K 4%5EKX &T AR} EForney & k&
% 3B X -

AL BEELELTE  HAETHIEHEBFHED R E R
Z %K B & — zTﬁiﬁ%Na R LB E R R B
T EAFHMEB XM e 2 RP ok oo

BHXF @R A

EARABRAZH@RLATY > EAKRBETATATRET
B A RN EETEZEALEARESBRZIAR
#% (modified) BB RE F » I H R E ¥ H & R E
Euclidean g B % > A A A X A RAL M BR KK E LB
2 BERo0(x) PRRASRAKBRRAZ 238 KXQ(x) 7T
LR WEuclidean B E s 2 BB AHKB EMLE L2 BAKX O
(x) Fo R RHKKBRRKRES $2EXQ(x) B L 48R & &FMA

FF

R

AN AT . *'w
AR bt
! it et g ‘

=T

ey

%13 &
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5~ BARHA (8)

fr ERGRRKRITEML - PR ALAERZIHR A F
"' ZHF R Q(x) o (x) 13 B R 4Euclidean E & %
(EAR#E) » MmA"_"2/HFF Qx)Fo(x)4 3 A K
B #% & R #Euclidean /& & % -

i B E S AARE X E R #Euclidean 38 & %
Rk D AR R A E P EAt+2 p+4 1B H 5 B X BRI MAFFN
it A AR E XEHEKBForney#tk £ BRX - R 0 F OB &
XX ERTFTTERALEHZN K@ -

Euclidean # # £ 5 :

Z T 3% #HAEuclidean B E % » a2 32 X(1) £ 58
QCx) = MQ(x) + T(x) A (x) (2)
EFQ(x) T & A#m XT(x) A (x) X Ak A 2 & K
T(x)=S(x) A(x) BForney#t & % B X 5 o (x)=A(x) A (x)
%%ﬁ&ﬁ%*&“é AR LR AKBEMLE FEANXA
(x) L BERBESLARXAX)ZIRMHE - Bk TE&EH — @
*ﬁﬁ&Euclidean;"‘%—%;}‘aHﬂxNKLA&T(x)Zﬁ%K/Aiﬁé@ﬁ
FRAEABEREAEABRRKAES S2EXQX) HRBELF
T ow

Q(—l) (X)=XN-K

%

@9

-

;,I,.
Uy

|
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A~ HERHE (9)
QO (x)=T(x)
QM (x)= QD (x)- QO (x)QM (x)

Q(i)(x):Q(i-Z)(X)_Q(i—l)(X>Q(i)(X) (3)

Q(n)(x): Q(n-Z)(X>_ Q(n—l)(X)Q(n)(X>

A+ H—MBEH S H (iteration) 8§ N — Rk B % &
B od% 3) XTw > FiAFEI2HBRKAEZR X5
WA FI-2ARFEE2H#AQVx)AFI-IEREEER
z2H£KXQVX) s mAe RE B RKQV) AKX QV(x) 2K
BAEAEAT—EARFEE nlEARFTELBEL > BREXMA
FE EnEREERE2HKAQVOR AR KIHEBEREKRB
KB B %$EKX > Q(x) - b4 » £ "Error-Control
Coding for Data Networks, Kluwer Academic, 1999 |
— Z ¥ AN L YEuclideanEF E X2 2z 2w B KX > TH — @
T RBMGEHS  HHETBETHEMLELEARBSEREASFZI T ERR
h#EREARBREME ZENX 0o(x) » LABREF L T A

T~ -

o®(x)=A(x)
oM (x)= @ (x)QM (x)

0-(2)(X): 0—(1)(X)Q(2)(X)+ 0—(0)<X>

%

%o

'l

-

% 15 B
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A~ HHERHA (10)
oW (x)= gD (x)QD(x)+ gD (x) (4)

O-(n)(X): O—(n—l)(X>Q(n)(X)+ O(n—Z)(X)

EF Ax)=O04+x;x) - HBEIRMLESZEAKX s A
EEH A2 HBRAEER > x, ATFHiBHKRBEMME
A B zQV(x)#%m & £ #HEuclideanE E & T M k& &
2B AXQV(x) - nBEESHEBE > AMEDL X oWV(x) B A
B R B BRAREKBEIERLBZESZEX o(x) - me &F (3) K _
BE (4) ATuEss - 3AXQVM R %5 Qg
Foo g F N % # > N-K+s o

XRBEBRBRRE

HaFARMNEFESBART A -—BHX > AR E
HOR AR T AT

A ¥ &

A (x)=x"E O (x)= QO (x)= T(x) "

a®(x)=0,m®(x)= 0@ (x)= A(x)
For( i=0 to t )

0=deg (A (x)), A=deg(MP(x))
if( deg( oW (x)) = A)

ok

% 16 B

v
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A~ AR HA (1D
qP= A,D/N,D
q,‘’=0 for &=A
q0(1>= [(MA(UA5_1(i>+MA_1(i)A6<i))]/MA(i) MA(D for & # A

QU (x)=AD (x) + x& AIND (x)q® (x) (5)
gD (x)=a® (x) + x4 1Ipd» (x)q® (x) (6)
if( deg( QD (x)) < A )

A(i+1)(X>: Q(i)(X), M(i+1)<X): Q(i+1)(x)
a(i+1)(X>: O'(i)<X), m(i+1)<X>= 0-(i+1)(x)

else

AGHD (x)= QU+D (x), MGD (x) =MD (x)
alith (x)= g (x), ni*D (x)=n? (x)
else
Q(x)=QW(x), 0 (x)= 0D (x) ¥ R

EF qPV(x)=qP+qPx 2~ FiBEELFBHE2ZH KX > A
s BM LD 3] BAD(x) 2 AN (x) 2 48 58 14 # - AD(x) &2
(1)<x)%T%T$m£14@ By FifA#EBRAKBR KA
B2 AKXQUVx) Wy EHE £ B BE > aD(x)fn?
(X) AT ABTREEIBIHRERY > FiBEBRRKKREZMLES
AN o) HYEELSL AN AHFETEHRE > 4 F
RAEREIEEHBAE (AAHKRRBRER T L) > LEHRKR R

S

e RAK)

- ;IHU el

..'}-. y A R ,.

% 17T &
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I~ RRA (12)
B % 38X Ax)E ] » BHForney # k& % 318 X T(x) % »
k % B X S(x) -

mE (3) KAA& > fhxBADKx) BNV (x) R & Fi-2
BrmrEE2HAQIVx)AEFI-1ER FTEFE 24K Q
D(x) s &R AERAD(x) AN () E R F1IBE R EEEL ZH
RRAXABRKX  c  BhAREZARABBREE > QUD(x)#
Q“)(X) B R F £2FNAV(x) BN (x) SR F £ 6 A >
TE "(6-AtD)/2 BEESHBERT AR EE (3) X F
ZHERAXQX) S BagFR  MHEHRERKXQID()ARBKXQ
Dx)RFYEB]  HHEEFZAREABRAFAH —BEELE
TERKRTUARETRE (3) X PWHFEIi AR EERE -

F QW (x)z2 kF (degree ) I » oD (x) 2 Kk F & >

TR B XL ARBEABERFEREE L oDV (x)B A
RISty B RREAHEBREZ/LE S BEAKX0(x) o £ Fsfl v 5
WA TFTEREBAIHBBRAARAEARRSARZIEBHE - &N @
(X)W R FEN KRB ERXLESLABAKXAX)IB RIS ) AR A

XEmasErY > oV R B HKsEIsty - & E (4

) A T EABRBBREY oDV(X) B RFE N oD (x)#ZQD
(x)#y R FH > B XQ(x)BRFED AL > B b ARE
ZHERRBEEBBEREFAEAERBOAFTRNT (FAQV(x) 8 R F #H
Bl B o-A=1l> TR BEER+*EELRETEZ2-—BEL LK
) EZ2 v EAEE SR c aNEFTBAZHEBRAEBEAHR Y L

g
e
1 l‘

% 18 B



566008

A~ EHRHE (13)

BNt ARBEZXIBRBABBEFR S T EZ2tEAEE S R
kiR % AKX -

&R B MBREF

SHAMRBZARAEBRESF  FEHEFTHRH

(inverse ) EHE % » — #¥F A XL BREMBEF o F A
.

AL W AR

A© (x)=x* MO (x)= Q®(x)= T(x)
a®(x)=0,m®(x)= @ (x)= A(x)

For ( i=0 to t )
6=deg(A(x)) A=deg(MP(x))

1f(C deg(C oW (x) ) = A )
q, D (x)=A,O0 D

3P (x)=0 for d # A

gom(X)ZMA(UA6_1(1—1>+MA_1(1>A6(1) for §= A

QU (x) =M, DON, D AD (x)+x 0 5 1ND (x) gD (x) (7)

o

=0

=

&

%19 B
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A~ #ERERA (14)

1f( deg QU (x) <

A(i+1) (X>:M(i)(x>

Q(HU <X>:m(i)(x>

else
A(iﬂ) (X)= Q(Hl) (X)

_Q(Hl)(X):MA(i)MA(i)Q(i)(X>+X 6- A-1 m(i)(x)g(i)(x)

(8)
A )
M(i“)(X):Q(iH)(X)

m(i”)(X): _O_(i”)(x)

M(i+1) (X>=M(i) (X)

at*D (x)= g+ (x) D (x)=mn (x)

else

Q((x)=QD(x) o (x)=0W(x) ¥ R

AP Q)RR A A THRREZBEBRAEAKB KA
P BAARNRARBLERRHEBREMSE $5BX o £ M T U
Bl Q(x)fFmo(x) TURREREE X IHBZREKR R
B 5 ERX (X)) HBEREAEBRREAS $EKXQ(x) 2444
Bl B2 RAKBR A EMERBRAREKRBRITIERE - Z#H©E
¥MABtk > A3 E 2 & R #Fuclidean B E % F ik % T &
MERABRBENORBEELE  LRHET B SEEF EtES
BT AR R BB REE

anl
o on

oa A

L )

% 20 R
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&~ BFHRHA (1)

A H R E 2 e R#@Fuclidean B HE % » &M 018 5 &
GBEEERRLEERY S EXEE  RE-—#58BEH -
o AT AR OEL 0 R E OFAD(x) BNV (x) a3 AR B F (3) KX F
FifEemzEE2HBR A QUDEX)RER KX QD) o R
2% (7)) XKBEBE (8) KX TUNEFH R

QWD (x)=Q ,D Q ,® QU-D(x)+x0- 241 QW (x)g®(x)(9)
g (x)= 9,0 9,0 g0 (x)+x°7 41 g0 (x)gV(x) (10) Ohgy
Ev oA ETFTHKBKX QUDEX)RER KX QV(x)

RF > BFEIBEESHBZH XdD(x)=q,PV+q,Vx &%

FHA QUDx)ZRFED AHO-2 - B ER KR F — &
HHHERLT » £ 06-A=1E 5B LERMEAHFZ LK TF
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