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series, when a fast-forward reproduction operation, such as queuing or
review, is performed, a problemoccurs in that sone franes are dropped and
the continuity of the frames is lost. That Is, the ClL pointer is used to

i ndi cate the presence of errors in the one frane before and after the point
of the :




di scohtinuity, however, the Cl pointeronly indicates the absence of the
errors in the otherframe. On the ¢plo2ysspdmd, the interleave I ength of the
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er'ror gorrectl on of the CIRC correction code, wherein the maxi mum error
correcting capability_Is obtained by the erasure correction nethod, there
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for exanpl e, ec |ngJ fojl owed by C2 decoding, followed by Cl decoding,
and f okl owed by C2 dgapding. In the first C2 decoding, erasurg correction
is per- formed using the Cl pointer obtained by the C1 dedddi n& at the
front stage and the erroneous correction that may occur at this erasure
correcti oMhara v50dR&Rt ed by the second Cl decoding and the C2 decoding,
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The code length of the c2 code is 28. In the case where the error vector Y exists in W,. with respect to
85  the received symbols Wy to W7, then it is seen thgt
Wo = Wo
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(XX2 + X2X +XSXI) Sl +Xi X2XSSO (X4 + X)T Y« X) Xa + X4) Y3 = S3+0(1+

X2+X4) S2+( XX2+X2X4+X4X 1+Xi X2X4S0 593X r5(;2’x+x2 Xa +X4) 35

= 3+o(sx1wh ”f. %i?ﬁ a:!!:;m; :’%i‘ " g’sgq)g fmbo;g ﬂgg@zﬁ ‘&< ‘?5)(2 +
X4) y1 s ' 9 Yo Vo7
ng(y+ °:g°"5i"3° R@%‘f" ;k%?? “erasure correction nethod,

there are a total of eighty- four calduf "lf) operations necessary to obt ain

the ergorvectors Yl to Y4, nore spewsf Lq#l t he ei ghty-four cal cul ations
are conprised of addition: 40 ting} ..r’rWtJ,,pI |3;1t|on 40 times, and

divi si on: afid fultBR Sssutliigiatt e for egO| ng pr ®ocesses are repetiti veI y performed

for all of thg,£p3g=8€K]=L0, X 124 tRonWhéh the éMdtsBRBt infthebur byRbolB, HENEwWIRG syndromes
arithneti gre@efledt | ONS i Nncreases greatly, and the decoding tine is
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ef f ecti vel y Whed theearror Ignations ¥cth Xerere knasin fram thetpointer isfringtiani then the error vectors Y, to Yy
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, According to the foregoing erasure correction method, there are a total of eighty-four calculation operations
W necessary to obtain the error vectors Y, to Y, more specifically, the eighty-four calculations are comprised of
addition: 40 times, multiplication: 40 times, and division: 4 times.

When the foregoing processes are repetitively performed for all of the code series, there are problems that
the number of arithmetic operations increases greatly, and the decoding time is correspondingly prolonged.
One methed of solving such problems has been disclosed in U.S. patent application serial number 767,783.
According to the erasure correction method disclosed therein the number of necessary arithmetic operation
in the erasure correction for the product code can be effectively reduced, but such method is not so effective
for cross interleave codes, such as the foregoing CIRC correction code.

OBJECTS AND SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide a method of decoding a Reed-Solomon code
in which, even in the case of the cross interleave code, the number of times an arithmetic operation is per-
formed for the erasure correction method can be reduced, as compared with that of the conventional decoding
method, the decoding time can be reduced, and the necessary hardware can be simplified.

According to the present invention, this object is accomplished by a method of decoding a Reed-Solomon
code for correcting errors by use of known error locations, whereby the errors are corrected by:

sequentially performing product sum arithmetic operations of syndromes S, {(v= 0 to n-1) and esror lo-
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for cross interleave codes, such as-the foregoing CIRC correction code. 50
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‘ode series of a cross-nterl eave Reed- Sol onon code, as known in the
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

An embodiment of the present invention is described in detail hereinbelow in accordance with the following
45 items:

A. Fundamental decoding method;

B. Erasure correcting method of a Reed-Solomon code; and

C. Decoding apparatus of a Reed-Solomon code

50 A. Fundamental decoding method:

Fig. 1 is a block diagram showing a sequence for decoding a CIRC correction code to which the present

invention can be applied.
The reproduced signals from a compact disc are EFM demodulated and the 32 symbols forming one frame,
&5 16 bits for each of the two channels of audio data, are supplied to a time delay stage 1, in which only the even
numbered symbols are delayed by an amount equal to one frame. Thus, the delay that was provided by the
delay circuit on the encoder side {not shown) is effectively cancelled. The 32 symbols output from time delay
1 are supplied to a C1 decoder 2, in which the actual decoding of the (32, 28) Reed-Solomon code is executed.
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t hree or preses irvention i sé¥p to dimprbved lover the kncasin systesre On the othechacd) $he pwibahility Werdd e
errors wewrengeorrgctientaschirs iy this embodiment ofsiecprésgnt nveriipn ie ghown gtinel 2Ad whenehe the probo  a
dei nt er | eabifity whergeavonp jon gesuis inthaqonveptional deqeder isishown af ling 128 Thusca comparisorg

Synmbolfd  chetweeplines 12A ang, 128 shewp that Sie\pepbatilitythat he\peesent invastiveiwiltnake a weong emras cor-
second CXe¢liag i§aimost equal to or slightly better than that of the conventional decoder.

B. Erasura correcting method of a Reed-Solomon cade:

55 In this example it is assumed that the present invention is applied to the erasure correction in C2 decoder
4 and that the Hamming distance of the C2 code is (d=5). The erasure correction according to this embodiment
of the present invention is described hereinbelow.

The product sum arithmetic operations of the syndromes S, (v= 0 to n-1) and error locations X (j = 1 to n)



9. in which the decoding of the (28, :24) Reed- Sol onon code I's performed. In
C2 decoder 9, error correction up tgpopygsssEyl udi ng double errors is
executed by reference to the nunber and states of the O pointers. The 30

out put data from decoder i S jed t cranbl ocessing stage
10-ana probessiy A o ok el bk B 0688 o
on the encoderside (notshown). Theégpsﬁgnag q@ﬁkdtions whi ch are executed
odér

by second Ched EQ§I-7 and second ec are carried out In a nmanner
si mibar 4t o Tl obtainh {8,118 86l edebiing Gl prbes, @ inG A8 ik dRtindds 2
reproduci Nngu&dss CUl t 0 he”conpact disc” playback unit. As nentioned, the
quadrupl ex erasure correction is perfornmed in C2 decoder4 by use of the d
pointers 35 generated in O decoder 2. Thus, the nunberof error synbols
that can be corrected is incre®dd, and the error correcting capability is
i Nproveg relativg to evi oys ygﬁro%osed techni ques. Any m staken, that is,
i ncorrect, error morr J o+l Whi d ﬁu?r§ﬁ)mhen t he erasure correction was
performed is elimnated by thekL;peated exe- cution of the C qu C2
decodi ngs, and the possibility of such incorrect error correctitdn can be
reduced. Fig. 2 Is a graph representing a conparison of the error
correctng cASaperamplec despdingmethod {5 Sha Gage 3 eggpure prrecting four ammermymbals {pad) will b ex-
descri bed 8BB%Fhd of the conventional decoder of the CIRC correction
code, which is used In existing conpact disc playback equi pnent, for
exanpl e. The abscissa axis In Fi 2 is the synbol error probability P.

before &prrectioso O t xifiriﬁ axis is the word error probability P
before correction’’Tn this ®nbo

( nt, the probability in the case where
the uncor- recta$j e stlg ¥gcurd, ifs shown at line 11A whereas the
probability in the'case Where tHhe fonventional decoder 45 of the CIRC
correction code %m;gr% §nXumtdiydetabl e.state is shown at«bsh22L1 B. From
a conpags son between the probabi=fties represented by |lines 11A and 11 B,
the error correcting capability of the enbodi nent of the present invention
IS seen toale@bhimsd. Tvead over the known system On the other hand, the
probability where a wong correction occurs in this enbodi nent of the
present invention is shown at line , Whereas the prob- ability where a
wr ong c@rrectionsgc uesS nlthf-tdeqp i onal decoder Is shown at line 12B
Thus, a conparison'go befween |ines $2A and 12B shows that the probability
that the presentstgéﬁt$y91WKjI*rﬁggq wrong error cor- recti-dd3ds al nost
equal to or slightly better than th of the conventional decoder. B.
Erasure_correcting nethod of a Reed- Sol onbn code: 5d In this exanple It
i s assuffed &Qgﬁm&p@mﬁresent invention |Is applied to the erasure correction
in C2 decod®r and that the annﬁﬁg=gi g€ o&4the C2 code is (d=5). The
erasure coky, ' ndi %Eﬁg f ent invention Is
descri bed Ffesrg@{s}r‘lt%& %&%ﬂ#gﬂ%ﬁ) 'Stc?t @ﬁér% ar i {oﬁg'rré{nflg' tg%oge}'?g%%ﬁs of the
syndrongs S, (v= 0 to n-1) and error |locations ) 6=1 to n) 6 EP 0 278
38Q_Bl1 are sequentially perB8orned on . the basis of the following rule. The
lh answer is set¥gt& §ouB/ =Ee(§peti¥ibally, SN14 = SvVI- |1 + Sv. 1,1- 1

(1 SIrin- 1) (10) where (3,,0=9§ . s When obtaining So., | by
repetitively executing the abovesp[gcess, the error vectors Y, are obtained
as foll®ews: n-i Yn= U )" k-10...1 16 As an
exanpl e, a decoding méthod Falf¥e ta¥z’t¥actasure correctin _g?yf error

. synbols (n=4) will be ex- plained. First, So So X1 + % 11 S X1 +S2

is obtained. In this manner, the error vector Y, can be derived by performing only a relatively small number of
50 arithmetic operations compared with previously proposed procedures.
According to this invention, even in the case of obtaining the other error vectors, the number of arithmetic
operations can be reduced by combining the following processes.
Namely, the original syndromes are corrected to the syndromes at occurrence of triple errors by use of
the error vector Y,, as follows:
55 Sy +Ys~>S
Sy + X Yo Sy
S; + X2Y> S, (16)
The following calculations are executed with these corected syndromes, thereby obtaining the error vector

7



S2el S2 X + S3 : .(12) 25 are

obt ai ned. Then, 30 SO .2 gpo2P9sg3Br<2 + Si, 71 S1,2 1S0,1 X2 +
82. ] * . (13) 35 are obtained. Then,
SO 3 = SO2X3 + SI.2 (14) is sequentially derived by product sumarithnetic
operations® Finally, the error vector K>  ~—————- 3 Y4

SO 3/ 11 (X4 + Xk) S0,3 45 (X4 + XI)(X4 + X2) X4

(15) i s obtained. aén\;éhi S ner, the error vector Y4 can be derived by
pe orgi ng onl m,:te'f 0 | nunber of 50 arithnetic operations
conmpared with Y I eff procedures. According to tly$y! nvention,
even In the cas oyséhl,p Q'p?h ot her error vectors, the ng?mzar of
arithnetic operatl ons can be r®0uced by conbining the foll owi ng processes.
Nanely, the original syndrones are corrected to the syndrones at occurrence
of tripl eamrobiined, hpgn,use of the error vector Y4, as follows: 55
So + Y4 - SO SI + X4YAT7S S2 + ) 4A8pd= 8032 + €46)(18®he fol | owi ng cal cul ati ons
ar e executsctitained. Ahyshese cor ect ed syndrones t hereby obtaining the error
vector 7 EP 0 278 383 Bl Y3-Y359 S02S0 X1 -(95 ~ 0lal Ox1+s71 6S '1
Xi + s2 K+ X)Ks + X (17) lo are obtained,
then, B 2isdgivedx2 + S1,1 (18) is obtained. Thus, YaS S+ A2
(19) 15 Is defmgenersimjer io the-abover the erFar yegiors Y apdt arabtpined by romesting e gyadremess Y2
and Y1 are obtained by correcting th§° §)gﬁd"r%mss. So + Y3 -SOSi + XY3 Y eSl
S0.1 = soXl + Si 20 * X Y5> S Y2 = S0, 1/ (X2 + X1)

(20) Q) the other hand, So + Y2 %O%’é fﬂ&o)are obt ai ned.

01/ + X4
\\/ On the other hand,
So + Y28,
=8 (21)
are obtained.
25 The number of times an arithmetic operation is necessary for the foregoing decoding method can be re-

duced fo atotal of 42 times; more specifically, addition: 22 times, multiplication: 17 times, and division: 3 times.
Thus, the number of times an arithmetic operation is required to be performed can be substantially reduced,
as compared with the conventional decoding method.

The following theorem is used to obtain the foregoing error vectors Y,

30
Theorem:
n
35
=) a)
i=1
\/ . 40 and X, are obtained, when S, are sequentially calculated by the algorithms of
= = 0 to n-1)
sv.o sv (v
® 5v,i " Sv,i-1 X; * Sve1,i-1

(i=1ton-1, v=20to n-1-i),

n i

N
voi " 4uier X3 Y5 xm2

56 ees (22)



25 " The nunber of times an arithirtetic operation is necessary for the

f oregoi ng decodi ng net hod can be. rgpogits@esisi 0 a total of 42 tines; nore
specifically, addition: 22 times, nultiplication: 17 times, and division: 3
times. Th .t he nunber of tinmes an arithmetic operation is required to be
performed can be substantially reduced, as conpared with the conventional
decodl ng rm,mm The followi ng theoremb used to obtain the foregoing error

ctors Y,: 30 Theorem n 35 Sq =
| sl 40 and Y4 are obtained, when S are sequentl ally cal cul ated by
the al gor i thevleft 3ide = gv s JUFON n-1) 45 S i
S X +S(|-1t8A1,v-°ol rw..q n i 50
SVi "o Xv"y. fI(k+X)65
~~~~~~~~~~~~~~~ . . (22) 50| X %,1 x v+l -2 EP 0 278 383 Bl
Proof: Mhen | = 1, 5 the KELt*8i d%3-%1 Yyl *isv. ¥9 x1 + s v+1.0 10
X Y X+ 2z X y 31 xi il Juliji n v Sal ~X (1X + X5)
16 Bi gv* yjs 4)5( * X~) 20~~~~~m~mmmm 25
(23) and the right S|de1'1 y | X | X. y (X
11 14XI j) 3 ** ( 24) Therefore, the left side
equals sthe right side. gsx “1!5; (ﬂ€ tions (23) and (24) are
correct for (I =1), then #j 50 55 6
20
U
25 000(23,

and the right side = % x.Vy 11! (xk . X.)

30 j=2 73 J x=)
T x.V
35
o ¥ - - .o (24)

Therefore, the left side equals the right side.
Now, assuming that equations (23) and (24) are correct for (i = 1), then when (i = i +1):

&5



EP O 278 383 Bi Sv V. il 'SV, 1llIxi+<el + Sv+l j 5

X+l J.;I X V | i . EPOS7lesIBEK + | +1 J yJ

at (xk + X J 10 n X vS mXs+l |

Xy + X (X + X v Il 1S '2 X; Y v

CX. 1 X) g J i k sl Kk J
20 25 ... t25)“8§*¥%en V-l iﬁﬁd i “ﬁiiiare substituted in equation (22)
above, 35 SO n-| jn X| Yh Jl QXk X) n-l jn ik (Xk

* XA 40 Therefore, 45X . 1 EXC)ﬂ ! I (X k n
X ) SO 40~~~~~m~~mmmmmeeEI2 i’**l (%6) %S kRY t he erro? vectors Yn can be
obtaned In thb nanner 10n EP Q¢(8383B1iC. Decodi ng apparatus of a

Reed- Sol onon code: gﬁi i t ac¥ rd Hg tbx he ksent Invention of the
decoder of the Reed- SoI ttc e is i.n F|g . in which an externa

RAM 221 s connected to anﬂlnternal bus 21 throughdia wite register 23 and a
read 5 regi ster 24% Aﬂ gt get?g bﬁgsgtfnﬁjf ff ﬁﬁkt (¥§ 25, a
syndrone register 26, and a morklng RAM 27 are al sO connected to internal
data bus 21. The decodi ng datﬁ Qroduced froma gonpact disc or the like
is stored in external Rﬁwf Jhe ge ﬂe; o]} f?g §( gn*b§ &onflgured as a
m cr op®gr amred (micropfo essor) systgng and nlcro- connand is read out
of a m croprogram ROM 28 ghat g nR*g sg ﬂ to each control
section through a 10" byb§ep ¥§g| fer ke i$ ®9htrol signal affects al

of the functional blocks of the decoder. A programcounter_ 30 is provided
in conjnction with the m croprogram ROM 28, and the internal state of each
section or functional block of the decoder is supplied to a deciding
Gipcuit 31. Ajunp destination address generator 32 generates a junp
destination address fed to the program counter 30 in response to an out put
signal fromdeciding circuit 31. 15 In the decoder shown in Fig. 3, the
syndronges are cal cul ated by the ALU 25 based on the data read out from
external RAM 22, and these syndronmes are stored into syndrone register 26.
ALU 25 can perform not

oo {25)
30 .
When v =0 and i = n-1 are substituted in equation (22) above,
n 0 n-1
= . X
% So,n-1 7 5En %5 Y50y Ykt X!
n-1
=Y, kgl (X, + X))
0 40 ) P (26
N )
Therefore,
45
v S0,n-1
" P s x
k =1 ( k n)
80
«ee (27)

55
and the error vectors Y, can be obtained in this manner.
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only the arithnetic operations requicred of the syndrones but also the
product-sum arithmetic operati.onsgplgatgsaggyr | n the erasure correcting
process. On the other hand t he error | ocations obtained by ALU 25 and t he

results (§ dthetl Iculatlons during the cal cul ating
processes a9°8°‘1£ 8?%353?8 %??B’ 2‘7 20 Fig. 4 is an enbodi ment of
an ALU t hat Aﬁ frhenfdcilrd Finfeiio e RébLsdidddh oddd id¥hé i ed
In ALU 25p, ﬁﬁﬁ& b rﬁlﬁzﬂfﬁ% A z%% ﬁé‘ﬁM&?egﬁQFiﬁﬁ&ﬁv%d
precess oeg.L mpm&mmet.é BpéRitig 104k dnt uae 25 Qwa]% istaF 5] Wi & Wtk i

oper at | ONgigo doifectBd o/ infrnal daith bu hﬁedaeoam Mgaﬁn%ﬁlta'c&ﬂpa%Qcé\'@heaﬂ i Btred
section i pekBmaddAs 220nnection. In Fig. 4 a log ROM 41 is connected to the

i nternal datre 8d¢6de? df Fiy1 8 cahlbelRdiffuredad 41l prograréli (iniclbblotessof) ¥étens, and & ro-

el ement s éomniafd igdad bitof dtpitragrogidim ROM 28 biives &contrél sigiiabto dhRbit@sedtion Hifoughlalr ess
I nput . 70 Theufferregistér 20.fThis ocntrioEigsl Affects al bt furtiortabblarks af the décodér. A prdgeatrecoartdrgit i N
turn i s sisppvideidn ¢opjusctioregjthsheamicrddtograniROM 28, pud thepiitemelglatstof eacH Saclicn os fupgtionabd t 0
an i nver sbodkofthéufsiobdedis supdlied ltasadepiding cinduit 84 cAjumpdestinatiantaddressigensrator 32 geneidtes a 42,
Adder 42 jumopdestination sddressFed tojtherpragfam dountér36 imresponseriol ap outpytsignal from deddingcirayit of

a. Wien t#k index | is suprlled as the address Inputto inverse | og ROM 44,
the owfput anthede Eﬂ?&’@& ath%smawleﬂcﬁawdéglt@tw zﬁ?aseq\ﬂ'b@%d%{e “tl s

suppl i ed f"?!“ a’ﬁe" stoggg mtw

adder . iyﬂ "ngfg)u I lgqs t%
whose out th m 8'1“ ?ut
'e oo 6 aél ﬁf %’ g 5;‘50 p Il,el d
Lochni G¥Bintion is er-
{echni que | T  on
%fgcan ALqﬁﬁhﬁibi%c@ﬁhf sg:‘ggte & er éjsdaﬁgqé% ccl)tEpirg’gbct I on an%%dnhd’!s\é h

forerrordet g QNd I6PROAAY Is%nneéb&: tb Ehe‘ir!?éina@&di@ﬂis % BrldQutplts @n index | Right BRE)-#Hes UM
ari thrgt i ghe QIBIMENME &I (ghEhif dats) bn the GEIes B aleYupbiiddQs Wis inpul. Thel d@pu 3f logPROM

regi st er 43 is sipplidd (CarERidérad, vitiobs clifput iR tur® 8 isGpfiddAd a redidte LT ThESIutpat dPdgister 434

48, and asuppligd SlanlinvérSe IodIROM UL and als0 B\ batk 1o thE bihdrinputsof addeck20adder 42 @kattted the
error | ocadditiomof the indéx, tamely; the rindtiplibatidnlof.. Whernthe indax tissnppliedastife atidrass Rpat thiveds® noN
code. ConlegROMM44, thl olithbt of is pmdysedand saatandsl ira tegigted7 awhoss/outdatis supplied &ranexdusive nput
bit pawt eORcircnit 48, whichtfingtions arandyo AeldenArtkutputohaexciesive ORTinewit 49 is supplied tpagegister | 0g
ROM 44 antP. whese odiput in tuintis fiad) baok m/emotherdnputcof exstyshee OR ejrcuitd8 and ispalso fedfonto internal

r egi st er 49pta bus 31.d\gdition on thef Galpin Fieldipperformedihy exduaiye OB girpult dfhin pecordance with knewe:ct or
46. Sel eclee}n'qw selects t he out put of inverse | og ROM 44 when t he pr oduct
sum ar i t hmeffi8cdt %hereaw °"9'1’9é°'€? %YS%?P'@“’E’B'P’F ‘258'!‘!"-6’6"’6?““??1‘@9

execut®d, o '°f§ '”"|9|'lt mﬁ!§°P‘1‘\atT%ose
pr edet er WE i st?f 00 ve ne e 83 to equa IOI'I in
%Or rectio edm |on ed Io I Icarray that
eed- Sol oggi?mgg n Xﬂ
manner,si %8@{ G the é &fﬁ& Wa% L/Q:{ban Sﬂle& e
exAsure Cglal Géb&r%‘ SefdcthrAk &4l £ WH&FT%% ot édﬂm Jriti‘nﬁ:etuc oper-

ari t himet i gioRds? indletaSite sbn8&tioh etﬁmﬁ@ara e;ehﬁeqeamsue&&% Seiettst butpiit oPédh

repetiti vag iy theseRradoleintned c@pE Wien swnﬁtbﬁﬂw&maamn@mheﬁ&mrﬂa&nnurrber of
times the ammhé presvhi ifventidn il beCiRid applisd tolaMother IR ed-SBiihof @bdelhavifig dBanithing didtaticd Y

r educes | stheréian(d=5)in 4 Marinkcsinilants enetabeveal er asure correction net hod. 60 :
On t he ot heAcdoating to thy presegtinventionl when the erasusé canrgetipinis perfandedytine termi of tingnumemtoer r or
vect or s ainthearithmeticl aperation usesl taohthiritiie ereor vestoragea besobtaineth by repetitively @sasnting product

cor r ect i ngpmeayithineticpperafinns. il bemnmberof timess the arithielic gperatianranustbe ppriormed combe sybstan-

per f or nedtialaieducedin raiation i thetrepventiophl eraspre cppreation methoddecodi ng time can be
reduce® and Onite gther baRgby seqwpntiBlly comepting the gyadrompes uging,thagrror vedtars nd egeriqcalions on
met hod es @Y@Fﬂ:‘g"gﬁ@éﬂ“’@%a‘ eyagyre gargecting symbis<he nympey offineg the athmet| thjatm?
correctin n QYpn pp Tyrher megucedh Thys, e figopding time cap bp faduqeq and;the Hardwa i ng
appar at us i3 'ad Reed- Sol onon code: An enbodi nent according to the present

i nventjon of the decoder of the Reed-Sol onon code is shown in Fig. 3, in
whi ch an % &g nal RAM 22 is connected to an internal bus 21 through a wite
regi ster and a read

1. Ewmor-correction method especially designed for use in a Reed-Solomon decoder (Fig. 3-5) correcting er-
1 '




5 regi ster 24. An arithmetic operating Iogrc unrt (AI:LJ)—25——a——S—y—H€|—Feﬂ‘E——

regi ster 26, and a working RAM 27 are al so co

21. The decodi ng data reproduced frcﬁﬁ"anea?ﬁﬁ"ct d| sc or I Illialll “IﬂtlHlHed
in external RAM 22. The decoder of Fig. 3 can be confrgu

M cropr ogr acTDadodiryiappapgiusoaf @ Reed-olanesicads and a micro- command i's read out
of a m croprogram ROM 28 that gives a control signal to each control

secti on t hr oudin embddimenbagcérding tothgipsasent ingentiondf the deeodenobihe BeegrRoloman fade isshewn in
of the funcEig.Gniawhish arsdernsl RAME2 d corperted to an intetgh buar 2t Hpughey writgrepisten 3 Gpd eread
i N conj unct tegiferg4: An erfiametic epasting lggia HAIKIENY) 25, a SyRdrome eeaibtat 26y #ndla warldnacRAM 27eare,
section or ¥epfernegidic intreal getafusg éhﬁ@eeﬂmdae?p@ewpfr@aawpaddee?f&reﬂrge 'ss“"'ed

circuit 31. “‘ natron address enerator 32 enerat es

srzzgrarrzggaf?gg% s % 0 R Q&gr%% i -
@r

ot gﬁﬁgf 'Q*J‘— spniufc '°" i rc@ A .é fishely ootk il °§'§° i)
|
ALU 25 can & E"“.rgtfgc’i {ﬁ: r'ipsoq i s&whﬁﬁ?&ﬁf i gr:Ircmt

syndrones bgy he pro uct - s arr t netic operat I ons t hat occur I N
erasure 0rr e% maeedaaéasm in Ki§) 31 €syRlrbRés 416 Bfibulated By e MDD 26 Pdsdd mn&démtead .rued
by ALU 25 ofghs bl S o oart ed yaiieinda 1o bl el s55htes 2h ML a0 Sart bl
t he cal cul agriiytfe &HtiRetic Rtatidstreduirel of theisyhdrdriel but @lsbthdprdduct-8ihn arithmetiE-brigratidnsititat
an enbodi mesdcurds tha Bradurécdrfesting PRidess ST thé Bthérhand: KR rblocfidns @bthinad by NLURSE dhd the
that is pronebukss,jandAtielik@)of the nal¢ulations dixingitinaalkoulating Progesses. ardBt@eris working RAM 27.
er asur e 2¢or r e€lgi hig ap embaelinentdf at Al thateseperforrmthe etaswe carectjor procedone thatlis Ipgovided in
pr dYtguct s urds 25 inthecembodipent aft Fiigs A Becaupethp\prgsund caffiecfing Arobrss ofshernnésent iriveritingyis per-
.sect'i on andformedyierpdugt- mﬁhmﬁt-qoneretmemé\l-@efrﬁrsethasemulﬂplwnﬂegﬂonnnd aaarlwsrsam
41 is conne@%ﬁ@ﬂﬂ?@'q‘nt er naI data bus 21 and output's an index i (e

bits) when 25!Inkigd r?tthedP"P’"H'é’Pﬁ “%)?11 %‘Hé“t&%{?iﬂ '§d°F|' @Igﬂt béfF)é”he"-

suppl i ed® asthe alemeny ?‘éé@gﬂt H' )OIT .n t
adder 42, vrﬂ‘r §§“ ‘Erf" ‘1ng$ ug ﬁeglft 43, 4 f tq?
regi ster 43 033_' er

putc %D r“i{‘

,,@rz’*@ Ao &?vf‘ Q@'ﬁ b

t he ot her |
nanel y 9

pl aregister
Rddr ees ¥ npw &e omssr A m g A L Wi
stored in agdLelisDk Q(ddlﬁc?n on éﬁoi@ﬁ&l@i& peH&mS&’ &aér%ul?l%q hb%bMEnc?Qnth krlown

circuit 48, e¥fpiqeds. fUnctions as a nodulo 2 a er An out put of exclusive OR

circuit 48 is FiglsiParotherdnbodimériSdcoidng totd predbidmmntidhioPaHALU that ddh e Uséd thi@BthldRsdre
t o anot er ¢tofpétion iid et Rdrdatbotion/édrtettion. Al inthebthbodident of Fial 4 & prb®/dt siif afithrétic @ peidting
dat a bus 2lcircditisloimied By £iog RO 45ah srider 42 arbgistér 43, ar intedsd 1@ ROM/44cx@bisten 47 canekdiusive
circuit 48 ORcienit4s, dadecregistert4h, Howenat) caneerting RLAGS is nleedpd tdsolve the error location equation in
anot her enbottie dehle agaepukction df the Raei-$nlappe nedentuamerting PLAKS s prigidmimable bain aipay that
used for botdnvestsanr inpet b Battegrdntp anntliepeprmaspdnding bitpattasn. d eerefg@r lmmmgm/t 44and cois

i n&Re dfrbovrting RLA4S & egnnpcted totheeuiputobregisterdd.ianthautriuts obbatly ngd PkArdSiand supplied
formed by atoRggerendp-SelectaifCselags tho outept P@'@I@P @959”‘ 4érY"‘P'h\'FEP ‘4 Y5 apithpetioppery
regi st er 47, 8ps ‘éﬂ'&?le@ﬁ"ﬁ @’the PF‘E‘EJ'? "°°éﬁ? the fonverting PLA
converting ¥ ﬁ' S "\75“ '°é'F '8r° ‘1"691 F{;"n th
iy T Gotapos.

nt
doubl e %rblothe, tl :E(?’eg irra\ﬁméin:f milar oqz?
programa ventighy ﬁrﬁiﬁheae[?asm%ecﬁé ' éIan?o OfufhSfator
cor r espondi;pe, gfifhm 5‘3 b fhe eh&‘(,@ canid o t| Eérnﬁ
verting PL a%fhﬁaeﬁ&i% Eéné‘#h nib8Fof Bibdthd Htrinfetlé Sheftishs mu % %
ROM 44 and F&W&&@ﬂ@&ﬂ@btﬁ&o&ﬁn@on&%ﬁé%ﬂe@ﬁb metodCt Or 46 sel ects t
out put @ | NVehufe died hdRe\dybdquehlly dortBcting Bid eerdrorR using thd1eRRI betoR MG errél'tldcgtibﬁs
of the er asahd®y faldifgthd mambétiof dritsrel coltetiny symBIIs; thénBifiber Bftithes the afthAétic dPerftohs:ié S
t he out put mkforred ¢t évei be fikther4druced. THg Ike Jucaditgitiadercan BelreSiced andheliardwarean be
| ocat i ons asieplified.ai ned during the error correction. The present invention
can be al so applied to another Reed-Sol onon code having a Hanm ng di stance
45 oth& than (d=5) in a manner simlar to the above. According to the
present in/eamon, when the erasure correction is perforned, the term of
the nunerator in the arithmetic operation used to obtain the erraor vectors
can be obt al-ndrBferiegton methpd espocially designed fer ups i @ fReed-2qipmen deqeperifg. 8-5) correcting er-
operations. The nunber of tinmes the aritfameti c operations nust be perforned
can be substan- tially reduced in relation to the conventional erasure
correction nethod. 50 On the other hand, by sequentially correcting
the syndrones using the error vectors and error |ocations and by reducing
t he nunber of erasure correcting synbols, the nunber of tines the
arithnmetic operations are :




performed can even be further reduced. Thus, the decodi ngm'
reduced and the hardware can be si gpbhigggglm 55 Cdains 1 Ilm "Em WI")M,
nmet hod especi aIIy designed for use in a Reed- SoI onon decodér fFilg. *5 *

g;;{)gftsl Bg ﬁrgé"s Isgfyr78of 8 B]ﬁgﬁgce éu]i;:g 111]6 eﬁi’rlneondrat%s ws(:a ata
synbol s are é‘ffegvﬁﬂ'grveﬁt?m ebrmror C ors eg by a series

pehLorrgng pro c operations of syndrone to n-1)
and error |ocation y\,ig@;pqy(l}..s- L4.4o n, on the ba5|s sV, =
Sy, I xi + SV +1, %eréW@l’qum-ﬂanEnustﬁaﬁmie@fdmﬂsﬁrﬁolshﬂmua‘sw ®f error
symbol s and wher e foRselquentially obtdifig thesi®l iwer 53, hod feritinally bbtsioing $16.4 f h answer Sq,
and for finall ys)obthifihgeridevetions Y, bylperfériding the followingagithmeticperatioo byusse oféaidISy . 1 de-
performng therfedlid the\pregding stéghnet i ¢ operati on by use of said Son | de- 10
rived In the preceding step, O n-l 15 n

n-1 Jt (X n + Xk) k-i 20 - thereby correcting one-synbol errors. 2.
Error-correction method according to cl aiSiy Jn, icharacterlzed by the

addi tional steps of: (O corr$pt| ng_said syndromes SB, whereby v= 0 to n-2,
by use Bf said error vectors t herglyy pro- ducing syndrones in the case
of (n-1)-nmultiple errors; and 25 1 (RQx thexeafter, applying said
equation for SVJ to obtain the next a¥r véctor 1. Patent ansprfche 30
1. Fehl erkorrekturverfahren I nsbesondere far die Verwendung in el nem
Reed- Sol onon kode r durch di e Verwendung bekannter

Fehl er Xel | enDE'| heg '{e'sﬁ r’r%"ﬁqsen korriglert, bei damjewel- lige

fiehi erhaftg %ﬁ&?ﬁé&hﬁhﬂmé&%@&}diﬁb {8 ciMRY Bk Rz tb JiGtdnarsiepkfor en YN
korrigiert wer ggromsdiify sdidsgridromcs8,, Wherghy v 0 rS2, Iby udel of saiderivevecors Yethalehy pro-
dadur ch gekennaadiinglspitomeslmfhechass of g f-oltiplecbire asc hr i t t e auf wei st: S5

(A) Durghfi hr um) tibesaftérr applyikg safiLequation fBlo;, te nbtgie the nexh erem vertor Yden Syndronmen S,
(v=0 bis n-1) und Fehlerstellen ,q, mt j =1 bis n, auf der Basis: Syl =
SV - I X+ SV + 1J1- 1 mt i 5i 5n-1und n ist die Zahl der

Fehl er synbBatentansbriighse] S . O =S, ist; um sequentiell die i P Antwort Sv, zu
erhalten und um zum Schlug So,,. =zu erhalten; Er hal ten von

Fehl er vaekt br e'f?h'?fmffﬁ"t“!"@l’fshfm W&‘??F‘!DH‘P dig ¥prwepdu 'ﬁd@ﬂ“ &Pﬂ’é‘ﬁ%ﬁé %“]"6’ F'&r?f er

steps char aCt ¥§ EHQEH Ifts&rh'ﬁlt@n@%mﬁ%f dPhd St @g 0 ﬁ;tnelgﬁnd@rror I&ﬁﬁons Xj,

gf;; el>/t> wur d e:;,eder (:::z:;e Datens bole durc d:: :Ielg:«‘;n n: von n ﬂehvﬁva f@w 1] w?rg’ ewde|:
wodur ch Ei n- %}Eﬂ; 8ine Eqigepn $biitten gisialien werdpny dagurch gekenuzgiqinet, csh das vefanren die r"tet?l
nach Ans pr uc h A) nghfsm'unge em&ﬁl&t—ﬁ”ﬁnggéhgnm&kgﬂ :h.PJ%ﬁ gylﬁ&meh 5,:[ (p= 0 bis n-1) und

Fehlerstellen x;, mit j = 1 bis n, auf der Basis:

Svi = 8- 1 X * Syaq4-1
mit 1 =i = n-1 und n ist die Zah! der Fehlersymbole und wobei S, 5 = S, ist;
um sequentiell die it Antwort S, zu erhalten und um zum Schiu S . 4 zu erhalten;

40 (B) Erhalten von Fehlervektoren Y, mittels Durchflihrung der folgenden Rechenoperation unter Ver-
—/ wendung von S, 4, das im vorhergehenden Schritt erzielt wurde,
¢ so. -1
n =
® n-1
I +x)

k=1

50 wodurch Ein-Symbolfehler korrigiert werden.

2. Fehlerkorrekturverfahren nach Anspruch 1, gekennzeichnet durch die zus&tzlichen Schritte:
(C) Korrigieren des Syndroms Sy, mitv = o bis n-2 Unter Verwendung des Fehlervektors Y, wodurch in dem
Fall des (n-1)-Fach-Fehlers Syndrome erzeugt werden, und
(D) danach Anwendung der Gleichung auf 8,,, um den n&chsten Fehlervektor Y4 zu erhalten.
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(C) Korrigleren des Syndronms SB, mt'v = o bng- 2unterVerwendung des .

Fehl ervektors Y', wodurch in dem Fepld27gess B1n- 1) - Fach- Fegmlmmnm

erzeugt werden, und 55 (D) danach Anwendung der ummull
um den ni ?&ﬂbaﬁﬁﬁq ervektor Y,1l zu erhalten. 12 frrr* 1911 s o+
HE11111 | 1 Revendicatlons 1. Proc6de do correction d erreurs

parti cul I iyr epRBdde %@%ﬂr&l@oﬁ'ﬁﬁﬁ@,pUlttileilbrﬁljnerﬁl@&‘ﬁnéJQ 86 GILS Yins R dB5ABkr deHeBAION
(figures 3 AsqdmdaQfiures 3 aBPpduPfalcbrtidtidn dRkrbu!lieSsyboles)He B6HnBSSs pdPutfisiisHEden

ut i sation RheiR8EdnAs Y endurs, dans leqi® BésSsyMEYTEd éfrorids RSHERAINE 8o ddIAERE sonBEbniibs HHP Biti-
synbol es er r niatish deafweeirs idemsle Y oReme parsuns lsarfoQr stdpas; Sadétériséloh ce hieSlaprodsisde n
vect eurs d' econpreind 6 éas@uivetepar une serie d' etapes, caractefise en ce quo
| e procedi conpr'exédutiondopératiprearithmétiqasstpesiit €t Sgmmecsucdes syndomes S e+ B3 n-Oretdes
ari t hnbti ques epplachmentsdlerray ¥pmvesjr 1 Amsulvaptidrelatios S, (v = 0 A n-1) et des
enpl acrrents d' erreurXj, avec j Syl= 8unXidubmants | a relation: 10

SI = SJ, 1XA avecd =ig 1.0 étant lg pesebreidesymbales demmeur pt Spp 2 Ay, Puerohisntisn séqyentielle de
synrbol es d' erld rgponge Sgeipour I'apleniey finaledp Besemt | on sequentlelle de la is
reponse Sv. | &B)Igbention deyectaws Ferrpur Yirpfr exégnsionsde Fopération prjthmétigun syivariedl'gie de
vecteurs d' er rioepdépvé dans rétape prieéddente e | op6ratlon arithnbti que suivante A

| ' ai de®™de So,n 1 derive dans |'et ape precedente 15 vy S CS,n-1 Yn on-
n- Il (Xft + XX) k.1 20 pour |a cprrect iSgpa-xdes orreurs sur un synbole. 2.
Procede de correction d' erreurs sd& omkFa revendi cation 1, caractbrisb par

| es tapes suppl bnentaires sui- vant bs.nl‘z‘fi * X (O la correction des

syndroges S,, avec v = 0 a n-2, par ufllisation des veteours d' erreur Y,
avec pro- ductgogiie Stectiiidls eHEits Sfdsynboizas d erreurs A multfplicitb (n-1),
et, (B) |'"application ulterieure de I'"equation de Sy pour |obtentbon du
vect eur d2er Pechdé dacowestipn Kerfeurs s@ordrevidhdidadion () carbetériss parles étapss supplémentaires sui-
vantes : .
25 (C) la correction des syndromes S,, avec v =0 & n-2, par utilisation des vecteurs d’erreurY,, avec pro-
duction de syndromes dans le cas d'erreurs & muitiplicité (n-1), et
(B) Papplication ultérieure de I'équation de S, pour 'obtention du vecteur d’erreur suivant Yy, 4.
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