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Abstract

In this paper, we present an efficient architecture of a versatile Reed-Solomon (RS) decoder which can be programmed
to decode RS codes continuously with any message length k& as well as any block length n. This unique feature eliminates
the need of inserting zeros for decoding shortened RS codes. Also, the values of the parameters n and k, hence the
error—-correcting capability ¢t can be altered at every codeword block. The decoder permits 3-step pipelined processing
based on the modified Euclid’s algorithm (MEA). Since each step can be driven by a separate clock, the decoder can
operate just as 2-step pipeline processing by employing the faster clock in step 2 and/or step 3. Also, the decoder can be
used even in the case that the input clock is different from the output clock. Each step is designed to have a structure
suitable for decoding RS codes with varying block length. A new architecture for the MEA is designed for variable values
of the t. The operating length of the shift registers in the MEA block is shortened by one, and it can be varied according
to the different values of the t. To maintain the throughput rate with less circuitry, the MEA block uses both the
recursive technique and the over-clocking technique. The decoder can decodes codeword received not only in a burst
mode, but also in a continuous mode. It can be used in a wide range of applications because of its versatility. The
adaptive RS decoder over GF(2) having the error-correcting capability of upto 10 has been designed in VHDL, and
successfully synthesized in an FPGA chip.

Keywords : block codes, error-correcting codes, forward error correction, modified Euclid’'s algorithm,

Reed-Solomon Codes

T EARY A3Ey ALY R FEHE Engineering, Wonkwang University)

(Department of Electrical, Electronic and Information ¥ 2 dF s FEFBAE U ITETF4H &4, Ad
Engineering, Wonkwang University) Al e A7 dEzE FPEHYHFUG

Tt ABdEgw Ao A=F e

(Department of Control and Instrumentation HyLAF : 2003W3E28Y, FARAY/EYD © 2004934910¢

(187



30 Jp B2 20| $50j9 e
I.MN B
22 o] nd} WAR o] k7t TRH AR

2 qHRAA 58 (7 32D A5 ZE <2 Reed-Solomon

(RS) W% o243 (forward error correction; FEC)
718 Hot A9 Ad oA ddts HEd A%
& BEF 2A" 28y 22 38 Fobola Ad
o] Aot FEUNE FABE BHE ANH oz v$ Fe
2EE AAsnE, 0131?* A7) ’1‘1% tﬂ &

AsAE B ofyse}, 4
2ge 5 gt
FoiY HiojHe 1
g ZeHo oY
7o)l a7geh o= AW %
of webd HeHoz HY 25T
FEC (adaptive; AFEC) 719U We g o
© g 2847 MY Z8A4 Alold
3, Wshste el dg 8 < 4%
am BUTAFECE 718 de3A 59 (2
g RS $30] 98 789 & JYopoEd
A2 7Y RS Ba2|" B gjgk A7st ol
t} o W nd kS MR 250 iyt =
Agoay YA 58 15 WIANIIAY, B B
do] n& 2"-12 mA3T WAl do| frt
AogM dAA 59 & WA TE T
A7)0 mE VE 999 AE 2E v @
A F5Y RS H38 B33y 98 Basr) Ao
E5 dol& 2"12 U7 93 9& A4YE "en

_Orlz
2
i
i

fok
to
o, g o
—_ I e
re

(e

oy
L5
=
=3

=
o oy

1% e

ox,

38
rle

R )

=
i1
B

dg

i

Ho My g

2 o
o ok W dr

N
o

et WY

o

A
e

\1

]_

= 0
=

l?l U
X

Al

a3

o

1.2

=
22
pog—1 .
?

L
=
Z

AR o] k9 #e
T & 7H¥¥ RS £357]9
o7 U8 &
a4 337}

B e m\o A f
g 2,
émn?"
=
e
24
o
>

ofr
ka o

S (12
o
2
Y

N
>y
ta
[
2
X

5% $A9 wepq $7 Adol 448
iy;s ARQ A=9"s Agd 4+ k.

=go] Igolx & 7hig RS B&7]e 72 st

Avd. 53] 7hiY RS 23718 AE U434 ¥

o

_ﬁ.rl-m

(188}

Bt 71HE Reed—Solomon £&7)

op
Ho
4
1o

AHoze) FAEE T BRI, 24 9 iaa) Az
3 sl Le}q) Bk sepnEe) W] e sy 2
5 &3, 2gx Wy R 53 5o EHEM A4
o oA 2o 43 243 298 Ho)x, IVF
oax A< Pert
Delay
axx) EBrror
magnitude +
evaluation
rome | S | Modified )
Received word mcien's al::::ihl:m AR z ofx)
olx) Trror
catason |99
Step (1) Step (2) Step (3)

L oVHE RS B30 *=E
. The structure of a versatile RS decoder.

I. 7I4¥ RS §&7|9| 1x

< 27-19] W9leA
dikd # Qg §3 = g1
(modified Euclid's algorithm; MEA)& 7]dte 2 (1)
NEF A, ) MEA, ) B3 B/ 8 o9
A4 o B8 39 dolze Mg FAwch

Z Al 2o SAHY 298 AMEEeE 47
Sdomg oA 2 ala/Ee 9A 36N a& 29
< ARgstd 2eA ﬁ}ol E}‘L HP2E 3 F 3
o ofed SHew < Fefo] Aold H+-
A& HHE AL&3tA 5718 A HeE 5
Atk

o]
T

ded

2]
EE

1. 837 X *57#

o edE ke 2 25g 23
7] e Agd ¢ Al (el 2709
NEE ASE FHFE JER u}%ﬁ!
M Jeg ga4 SeE A @0 48siel MEAS
olgste] ol ANzt k4 ax)F ol Hrixt oh



20044 38 MXBE3|=EX M 41 H TCH H 3 =

2w Al

wstate ole)dA 58 12 sk MEAS A% A
z2¢ 72"z AT MEA 2304 Ho) g
Bo 2 Aol sy #a=Hg oW, 1) METHE
of Wb WEHEE AT ad I==H 5%}
#4087 S8l MEA B AAH 7 o
71m& AR 28y 4 (151904 AHS
) 7 BrloA B AAL Fol:
r£7\ oA F& 7t oo £F doltrs
B BFEe} A7 deld BE u|agH

geld WElESY 78S s g

l.ﬂ
la
ol

LU -]

g
0,
e Tﬂi

E
>
[
e

}*Uo\ﬂ,'_g,_

o]

P
o,

E ICANE = TS e A ¥
iy
Ay

EofA 5 53

A (3l A o

\01
u -1~
3
olf
PL
O

43171 Y3t olleie] AR}
A7) AAtslor iy YA Chiend) &4 719
ol gate] T & glew, o9 ZA7]E Fomey?d
A &S olgdtd F& F Jrt ol E A3 MEA &
29 299 o Hrb ohd oot olg Hk
Tk w08 thadl Hrt B8 date] ztztel 4,
i=01, .., n-1d EHER alx), ®x), ()& Brigrt. o
7\M ae GF(28 o] YA YU(primitive element)©|T}.

A e A A o(x)— B71e 2349 o(d) = 0
o, o] Y A& 27FYE yEhdTh of HFHE&
o 92 & Chien?] &4 #A4ole} g} 189,
g ABoA oe] A7 eF WFEILEHA o] dHE
Aok et

32 o] A7) e Forneyd &aeFol ofs 247}
9 d i=01,.,nle dsM o)} d0E B
oM ANE £ 9tk F, ad) = 09 A5

12 4%

g}, o

}\

_....«

Lo
=

p=1 T
E;l—l_‘

L o<igsn-1 @
: () <i<n

AL a9 71 A (base)7t b=0%1 A5 A (1)
The g 7ol zhekstent

e, =— 2l ) 0<isn—1 @

0ad(0”")

2 @9le ADAM dde Adste Aol A

ol Ad&s ¢+ AUtk

(189)

31

bik start blk _start

[l ] - [o] [T o] Pl 20

Starting Starting Starting evaluation———*

(a)
2. Cheial gopsiz & /st =
2. A structure for polynomial evaluation.

(b) (c)
2y

Fig.

ov] ¥ vhst 2| Chiensl B4} Fomey %l
A3 ANE S84 olel Bk BgA atost ol
P7ha Al w0 22T ol Wob g e} wR
g o0 59 P DS Frtstelol Bk 0%
slsh 2 20] BQ) wpsh o] THEH Wk AR 3
A FR 727t EAE,

WA 7 (@)= 97 v A5 FA7E AMEE
O:} _137}- E-]a é-‘/ff?,

%%ﬂiﬁ} o] 7|4 RS B3&
e 11/]. o] Hlu—l
ez Zol7t n
a ool A7LS

71 A 74 de *}%51
L& A Aozt 27-1¢
< 2M-19 ©EY v‘?"i«] B35

71% (b)

ojtt. 11
%9
9l

\_‘

Q] 3]
o E
24 B7hE s 23
7'4

.|_,

g]

B,
=
Z}

2
O, e

€5 2ol nit F2

o

qu o>
e

btz o n
g8k o] /IHE 7Y (a)NAAHH
17)0he Abgslng FEo] grasith 1
& Red B35 it v HESE
Zheth 2ol deog wAHY] i o
o} 2 E2l3]7] -,—]‘6]— Bl BAE
stAl "} 21 Ay A [4)e1448 25 A
¥ AR5 HAbee AT l 2 9l exatE o2
g oY ojde] F4 2 A7) T]sﬂ
F7HAQ v Aregel & .
o2 ol thad EBE Frist ¥ B3I AdE
ANz B3] AuE gakehe 1% ofFAol of
o= BEEAE o7|E F o)t}
1Y @ st 7 wAv1E F718
o] n#t 9T F9 2¥L AEATh
Z 2440 719 (o7t BEy 374

e
5
A)
in
(o]
A

Lo om
1o

ox.

A S

oH
>
ol
e

rrn

2

_ra
T
o

2
ro,

=

rlr

it mlo PN
i
X

=
:“L\.O

L

i
fo
-+

ﬂl

AN



32 7t

N

L=}
=

o}

N

e fEiMEe Mg B3 FEE o O}X]
(@r ZF& Hrt AIHS ARG E3 o] 1
7 289 ¢4 & o 3] YA FHE
£ 48= 31X Fe2E 7Y (bR
AIZHe a3 mEA 7Y (OF ¢
gsle /M BE5 Zol|9 RS R E §
4 A Ao M=o

% 32 009 T HUME A% A2EY o
o] 322 BT ax)% g9 T3 HiHE siA
T 5U% FRE AR

]

e mE«

o
3 A

U

]

Mo X & oE

J{N' ny

o B
-
§ %
7]

o] =

—v—'
2
=
N
-

B33

2. A Az

gA (DA A=
289k @A QA T
As7] 8l ne) 2ol
Ne AE g9 g2 g

oA (294 MEAE

F< AN Slal n A2 2o

B7te B3 A A
289t 28 @A Q)
o] 2488 4 ok

Fdst7] 3 27HT A9

Ake nRAT F Wl St ol AFT 2A
A gk ARHA 39S Sl FxolH MEA B 4@

A AXE] YA F 202t+1)9) o) 2891
2ol 2t Hol HAA2H R7F S 27 A=
ALz 27138 ¥ S F2AF AFe MEA
A&7 A 7HF 2 8% #A2HZ Heold.
o] HAL &M Q2209 FYo) sagrh 273}
Al Se] JuAF AF-E R 71 LEF #HAL
Elo] mjBahd o] A7+ 2AE F A& Rt Rk
o] A5 degR #*e 210N 2t-12 2718 & 7
$ 2 A AR ds Zag Ao gy ol
YA 2 R 27135 AT wjado] vF B8
stmz 9o AAdA o3 ALE HEHA= ¥
%t

0] 60 -
ey |

=
=]

=
=

50

I—’

O —0O
a(e?), o(@).... o)
a8 3 o2 XX chEA "®ILE 98 AlAEE
oizol
Fig. 3. A systolic array structure for polynomial

evaluation of error location polynomial.

0] #3509 AL 23 E gt JHHE Reed—Solomon

(190

op
Ho
44
o

8557

MEA #AE vd 3 Ho| HA2E RS M09
g8 thge e 3o dAE 93 XA A
Az Adsolol gt} o]E Y3 ¢ 2Yo] 288

wetd $-89 FRAAM MEA Aks 1hx7] )
£ typa = A0+t+2tw 709 E8o] 289t}

3. mojZalel S
B357)9 dojzael 525 45 MEA &
FeE Ay Ae g2 dAN 2 FHE A Az
OJ n A8 285 FAY Zole} gtk F AN=F o
ol n AL Zgrid =248 et Jonz ¢
olmalel HEEEA A& NEF Ty
A7) QA n = 48++2nS BAT} BHEE o)
3717t 788 5 Qe HaY 25
= 4f+t+2ty0) BTk
Zo 1 Pnin®] AC++2ty BT FOW, o] AT
o] @A el q4Hds MEA €39 wi=
FARE AEF gae] lEd.

ZoA &

.ol A%

e

Zol
B
=

o
=
=

[«

=
=]
5

23 (15l B AMYE k] MEA 718 4E€

< S X MEA (Cell 1) y )

P (48412 0ux)lp n
(_s ( c >
n (@200l _] n

(s WA(Ceul) )( j

_n (4r+t+2:m_,()/p n
'l I

<

(@
X mEa X ¢

('4 £H2 00 )Ilp

4 SJ(MEA c
n

1
[P
<€

ith codeword

(#+1)-th codeword < MEA (Cell 2)

(#+2)-th codeword

()
>

i-th codeword

(s

(#+1)-th codeword

\4 >

Y

(4r1+.+2 Ly VP

s

'
-0
€

(i+2)-th codeword MEA

(¢

«—
<

>

@A+, )

A

(b)
ag 4. mlojzz2el HalE £ist AlZF AL (a) tMEA
> n; (b) tMEA < n, tMEA = (4t02+0+2tM)/p
4. Timing relationship among the pipelined step;
(@ tMEA > n; (b tMEA < n, tMEA =
(4t02+0+2tM)/p, where tMEA is (4t02+0+2tM)/p.

Fig.



20044 38 TXIBEtE =

HEE AN, e BE U+r20/kn B35
Sk mekAl BErih £48 5 A BE dole)
Ae e EdYE A8 AH82 MEA A9 59 v
A o @& oz S3dn a2y o)t HEE
A 71 AAAD AP AT tpad Fol] o
A DA ] GRS Z2AZ 5 Ao,

MEA ES0l4 42 Feud 2 W she s
€ 9% AHE3lEE dAsHd, 28 4158 &
5 Aol ¥ ol Ml AE A 29 4 Utk

He 29ud py) e T2 Agad, MEAY)
ALE A tga = @+ 200)/p AE A7ko] 24H
9, nnind T @H20)po oA, vy po)
gl Aol slchy, o] nke) Mg 29 AL B
234 749 @ 482 5 A o A n -
A+t 200)/pk2 28 Aoln), MEAZ 91§ A4
T tuead (46+t+2t)/p AR AZEe] F Aolt). o714

= ZHIUYS fd AHEE MEA 718 A9 &
Uehlim, pe A& ZYe g MEA B34 AL&
H dE& 299 v}, ko) po] Fo] E42 B35}
5 Zolx Folith & AE &

7= MEA A9 7} Zade
2 Bguel 498 2AE Ag 4 ok

a9 4% FolZeel HEE A% 3 wAS Aolg
AZE BE 82 Rolth ofu
& =Y ZFYPomw Tm

&, oE

|

2

¢

558 F Yt
& %o

\’—H 7]\:!

B
=
53l A
At}

e
Al
b
M
o,
B
2
)
i

T AEE AAHUL
39 44 @A (D A4 3)e ZF AE 29
sk, 9A % pil 1% FYL AL AS
Mo gt a2gdde 72 @A 87
A AE A1z g9l® gkt

tupa = (Uf+t+2bg)p AE N7kl n AE N7kEG
A3, GAF golxEkel Azl $e8 ALH Acg
< A7 AsA k (= [tuan 1) 7HS] MEA
HE E '3}‘:‘10? gk k= 2 7l MEA Ao
‘—’E? 4(a)el Relt},

A Bel AAY TAEAYE A8 gobe A

wepx BEEUY S flo) ngel Ag FY sy

=X M 41 H TCH H 3 & 33
ith codeword { S \ MEA X C
1] 1 1 ]
\on i Lony
< > > >
(4’ 2‘“0"'2'\1(‘ Vp
(#+1)-th codeword S ; MEA C
5 ) S
: ¢ n 3 : ¢ ) §E i :
I l(4t, 4,421, Yp , !

i-th codeword

(#+1)4h codeword s X wea c_»
i !
: .

P
>+ €
@074142 0, Vp

i-th codeword

'
‘
= 79 D
! 1 (
i ‘ '
i n [ (" i

(#+1)th codeword

gu'ard time (4:. +042y, ) '
; i

(s X mea X c

] t !

1 n [ 1 ny |

{#2)-th codeword

b '
(@0,7+0+21,,, Yp

a3 5. 7t m2in|E{E Zte o4 235 (3) £E0|
LSIX) e P (o<
Bt= AR (o=n); 0 S22 8l
23 A AR (o=m)

Fig. 5. Continuous decoding with variable parameters;
(@ no collision {(ne<nt; (b) collision (no=ny);
(c) guard time insertion for avoiding collision
me=m).

S
N

&
H
JL)
R=]
m
i

N

49 599 Gl ol 2= Lol v 5 9 2
$ 9% 23F 93 o) Zekel ANe BAT Aboje)
N7 BAE Fe) QA nFk Gk 7 wAoIH A

2 nolu} o] ol ojE@Ly,

A Bad 250l B2 3} ro] e 27t et
B30 22| W3t 3} ro] %e 247

m noleh s ohe ghgol @A wTuT A



34 7 E8 0| #350{9 H& £5E 98 7HHE Reed-Solomon 537 £827 ¢
Step (1) Step (2) o sep®
) L Se® sep@® Sep®)
) L S S Step )
o LU LMUrorururruriryyuyuy Uy
Write_addr ] HEIRIE BEREIE BEIEKE 1T [rc1] 0 1
Received data - T T 1o ¥ A '

Write_enable_even I |

RAM even(addr:0) =

Write_enable_odd |

RAM _odd(addr : 0)
Read addr
Read data
Output_enable
Decoder output
a8 6. RAME T o|lz2|9 Elo|g Clojol I
Fig. 6. Timing diagram of RAM-type buffer memory.
Aarkd, 23 5@ B AAE 9540 E5E H Fgoje] EE Zojolt}t. F3oolA AHE FAE
FES BARA gttt a8y 234 gL Fede AES (n-DHA A&l vk A 4ES 0
a9 5byell B RAAF o]d EFo tig Aol o} A JEolet 8712 3tk
] By Aol 2L FL 3o E20] ©A Q= T3t (@t A (DAA A=Ego| AdHe
482 ¢ J2BE FE AT 7 Ud wEkN A FAE F3ols B HEId ZISdAY. FA9E F5
& BE3E A4 mIF o A FECl mot ©ol oA ol @A (29X MEAZF AMHE 73 (b) &< H
FEED FH& drit R3] EFE A9 Hel AZEh 73 (M AFE F3o e AE
(no-m)+ (-t ){d(tort)+1)/pk A8 A 7E) BE A7ho) 2 WHRRY HHAA @A QoM ez FHE
a78Y 289, 18 509 B AME FES I Al AHEE ORI Wl 3 @A TholZaEel F |
g 4 Joh B AR A 2E ghge] ¢ ZE wolnt A A% B3 E A @A (U3 SAQ7 AdEe 7
878E F9siet (@9 7 (b) T FAE FEES AHsof 5t
o2 270 8399 A% 5495 2t RAM #=2g7t
5. Hy mjze| LTE

Wy Wras a7t AR Ad a4 B
A&37) fetd AMg€th 7hEE RS Ezﬂoi]
Zole Mol g FIFO¥ viEe wrl RAM
v =7} HAs}c},

1Y 62 RAME ¥y dxee] g ADEE
o} o] 28N e FA AE, o= AR A

Btk o714 i =0, 1, ..,

oﬂ, = fole
L e @
J

Q

LN

e
4+ %
= Lo

cat
2

n-1 °]1, n

(192)

I 3= 8fd X &8

B =R e =102 2t 713 RS 53718 A

Asti dA3st4ct A9 71¥¥ RS £37]= VHDL
2 T35 FPGA st 488 F }‘11 Hzst
1, A& o2 &(symbol error rate; SER)S A& 3t



2004 3% MXSHE=FX K 41 A TCH X 3 &

1. 8|29 &

Hol ty=10719] 7FAE RS &
3718 4Aske] APEX EP20KIS00EBC652-1X ol
FEstHh 29 F§44E 3l Leonardospectrums
AHE-8t99 3L, P&R(place and routing)® Elol A&
o]AE 93 Quartus 119} Modelsims AHE-3F51t). 3
7o) 34 Ad 8792718 23 A3 49,000 HIES] v
227t AL EAT B [16]9] o8 238 A & 12
AClE, HRZE HEY 4 AoE# 7PHEH,
301,504 AlolEC sFet & 1& 3719 7 4
fadz A9 24 Ay vrg vE $£5 59 A
olth, ¥ 1A @A (3)NA FP= & thak HrHg-d
22 W2 HEZ AHEHARE & F U T ol
T B =EY BaTdA oA #rtE A 99
% 29 71 (9] FRAA F3ol EE do| ngtd
H 5}of] LE}E 7HE #FA719 deE Altetr] HaiA
AREEE B9 HeolEd 7%t 2y e kst

it
3o
9— zozé]'é‘a'é‘ 77%“5_‘

ol&

2o o] FzE Bz Ade WA HA BF Aol

£ 2= RS B37)9 AAE 93l 7P Agsid)

E® 1. 287 2t 2E2Y 49 =23 Mo o2z -
Es

Table 1. Logic elements and memory bits required in

each block of the decoder.

257 74 84 22 A fryg ¥Ee
AEF ALk 603 0
MEA 3% 1,880 0
oe] =2} v FIHE | 3215 22,440
el Brkak oA Hrbe | 2877 20,400
el 27] AL 2 BAHR 103 2,048
A A5 114 4112
2. 257|9 | S& Fhip
AAE B3] sl28 F4% A AE 29E AME
e B39 A AZE 28284nso|H, 1159 AL &
gg AHEshE E59 9A FA2E 26114nsdS 4
Atk o] #e SARE 3t 3BMHzF-E 40MHz7HA
)

NEHoIAE FAT AT, A%
2es % F9e 247 A BMHz 2 3BMHzoA

(193)

35

(=4 +t+2tr1 /p«l Jdr?#la ko H°¥ gt o714 nd @

A B3 F9 F3ojo] EE o] = A H o9
e B357)9 AR 58 e 379 HY 9
HAA T8 pe AE Y7 1£59 AL 29 1Y

FaH| S YEeldTh

RS E£37]% AR 21 §-309 A8 299
ol F2stH, 7PHE RS HolY A 3 A& &
He dA 2004 AHEE 149 HE FEY A
Falo] olg] Add) A F38 FAFE fom LE
o} A& 28 FAFE fuerl® 9 p = faelfomOl 2
2 fym < W¥fwed (AE+¢42627) O] BHEFOJOF B} 3|
o} 34 A fer = 38MHzO| VR, n=255, =109 A%
A& Bo7t 7bed 7H¥E RS REV|AA AE €9
of Hof Fu4& 225Mspse] €k

ol9} zko] /bHE RS Ho7|e A 54 HE €Y
Fore dA BoE 3o BE9 depvH ndt g
3719 Hd L/5A4ATY ty, 18l 159 HE
2 FIF fuerol 8 AGAT &9 HE FYo
AA A2 Aol o) AstEER Frte] MEA 4
of &) W& FYE AEste AY 537 AR 2
2o Ao 53 FurEs v MEA 48 HEEY
gt 71HoiM R A 4+ ok 2y 87 HE
Fol AE Z¥o] o] gun} 2 A g B
o] FHAAM HuE e A7 A Aol

p=R
=

_L?_'L

=]
T

Aatha & 4 ek
3. 48 Ay
4A% NE RS Ba7]9) 4¢ AHoR A%
71 1A PCS A8dlel AWGNALE F +4
€ RS REolE A4sel o8 237 Ashy, %

Z7lolA B3d H 3ol JelE #Rlste SERS 7
5]":} RS E3.7]+ FPGA(APEX EP20K1500EBC652-
X)& g% DSP 70 8 =(development board)ol +
{86\'}5} o] APEX FPGA #Hdl= 7183 RS E37] 9
o PCete] <lElHlo]~E 9% AE FA(RS-2320) 7]
A= Z2ZAM(Nios)& 48t

=90 7F=
o= ;V\‘L‘



38

PColA wjAAE
WzE Fedc Adg
5dBol A 7dB7HA
AWGN &9 #7b3th ojs) go] Adg F2
oj Ad EaL Eslo) DSP Y BEo H
FPGA 'ldld 789 gtz Z2ANE 3
RFolE £43W, o] s1ME RS B3]
3, BEvje|A @ B2l #a4 Rsojsl BEEy, o

2 v PCel A@atn SERS Fakch

g 7€ RS (128 124), RS (128, 122), RS (285,
239), a8la RS (207, 18N¢) Afdl distd 77
100008]¢] 43S Fa¢ 23 429 SERH A 3ol
oste] AE olEHel o] HlmE B ol

BPSK

.9..}3}&.

3

s+ )y j[?)qj(l ~q)"

j=it+1

1wl -

RS {128,12¢8)

102
RS (128,122)

Symbol exror rate
g
4

8
ES

105

10

5 5
E/N, (dB)

a8 7., n2) RS B39 AE dEEg
AWGN)
7. Symbol error rate for (n,

{BPSK, AWGN)

{BPSK,

Fig. n-2f) RS codes

Hol, g AdolA i HE
A O]gﬂo] &9_ }é/\%a A
vrebdic}, 1%} 744 E-57)9] 3
&7 AL dAEgE Ak

49
o}

<l
L.
=2
X
2 7

v.ad g

g =RME ool 52

o] n3} wAjA] Hol k,

{194

O
"o
=1

7
ol
it
2

4
1:0;;

U

B
g2
F
i

=
B

ool
foi

de Mo

ko b L
)
fr

e

i)
-

ot
ol
olf
it
o~
1o,

39,

)
i)
i

4
i

23718 42
At 2% 47%}‘; 7}

(‘Ex

zan
W2

71HE AHg-E. xﬂe} o 7pay
71e HAE RE B
o8 B3% 4 9lon 1 7}W39_§ Qls) theket

ofoll A Ab2E & 2tk GR(Z) Aeld A 104 ol
A4 598 72+ 7pEE RS 23718 VHDLE A4
stdon, FPGA ol 43xoz PAsigc. &4 3
7 301504 AlES AHEEHA 7HEE RS 3719

Hoy £33 »gi S X foer/ A+ 20 B

2y Zy

a2 T
A E5d 01 &9 g n3t f, £E57]9
Huj Q.'rréé 4 g, 28D 140 AL 29 F9
'T‘fouer ] 4% }'E}'
AnEs

[1] M. A. Hasan, and V. K Bhargava, "Architecture
for a low complexity rate-adaptive Reed-Solomon
encoder,” IEEE Trans. on Computers, vol. 44,
no. 7, pp. 9387942, July 199%.

21 S. J Li, K F. Pan, J. S, Yuan, A. ] Vigil, and
Al Berg, "Adaptive Reed-Solomon Coding for
Wireless ATM communication”, in Proc IEEE,
Southeastcon00, pp. 2730, 2000.

f3] M. B. Pursley, and C. S. Wilkins, "Adaptive-



20044 33 MASYIH=ZAN A M A TCH X 3 =

Rate Coding for Frequency-Hop Communications

over Rayleigh Fading Channel,” IEEE Journ

Sel Areas Comvnun., vol. 17, pp. 122471232, July

1990.

S. Cho, A. Goulart, I. F. Akyildiz and N. Jayant,

"An Adaptive FEC with Provisioning for

Real-Time Traffic in LEO Satellite Networks,”

in Proc IEEE Int. Conf Commun ICC0I, vol.

9, pp. 2938 -2942, 2001.

[5] N. Nikaein, H. Labiod and C. Bonnet, "MA-FEC:
A QoS-Based Adaptive FEC for Multicast
Communication in Wireless Networks,” in Proc
IEEE Int. Conf Commu ICC00, vol. 2, pp.
954-958, 2000.

[6] A. Almulhem, F. El-guibaly, and T. A. Gulliver,
"Adaptive Error Correction for ATM communi-
cations using Reed-Solomon codes,” in Proc
IEEE Southeastcon’96, pp. 227-239, 1996.

[71 T. Tuan and K Park, "Multiple Time Scale

Redundancy Control for QoS-sensitive Transport

of Real-time Traffic” in Proc IEEE

INFOCOM 2000, vol. 3, pp. 1683-1692, 2000.

I. F. Akyildiz, I. Joe, H. Driver and Y. L. Ho,

"An Adaptive FEC Scheme for Data Traffic in

Wireless ATM Network,” IEEE Trans. on

Networking, vol. 9, no. 4, pp. 419-426, Aug.

2001.

[9] A. Shiozaki, K. Okuno, K. suzuki, and T.
Segawa, "A Hybrid ARQ Scheme with Adaptive
Forward  Error  Correction for  Satellite
communications,” IEEE Trans. on Computers,

(4]

[8]

(195)

37

vol. 39, no. 4, pp. 4827484, Apr. 1991.

[10] D. Cygan, and E. Lutz, "A Concatenated Two
Stage Adaptive(CTSA) Error Control Scheme for
Data Transmission in Time-Varying Channels,”
IEEE Trans. on Commun., vol. 43, no. 2/3/4, pp.
795-803, Apr. 1995.

[11] Andrew d. Preez, F. Swarts, and F. Agdhasi,
"A Flexible Reed-Solomon codec,” IFEE
Africon., vol. 1, pp. 93-93. 1999.

[12] Y. R. Shayan, and T. Le-Ngoc, "A Cellular
Structure for a  Versatile Reed-Solomon
Decoder,” IEEE Trans. on Computers, vol. 46,
no. 1, pp. 80-85, Jan. 1997.

[13] Y. R. Shayan, T. Le-Ngoc, and V. J. Bhargava,
"A  Versatile Time-Domain  Reed-solomon
Decoder,” IEEE Journ. Sel Areas Commurn.,
vol. 8 no. 8, pp. 1535-1542, Oct. 1990.

{14] M. K. Song, E. B. Kim, H. S. Won, and M. H.
Kong, “Architecture for Decoding Adaptive
Reed-Solomon Codes with Variable Block
Length,” IEEE Trans. on Consumer Electronics,
vol. 48, No. 3, pp. 631-637, Aug. 2002.

{15] Howard M. Shao, and Irving S. Reed, "On the
VLSI Design of a Pipeline Reed-Solomon
Decoder Using Systolic Arrays,” IEEE Trans.
on Computers, vol. 37, no. 10, Oct. 1988.

(16] Application note 112, Gate  Counting
Methodology for APEXZ20K Devices, ver 101,
Sep. 1999.

[17) Proakis, Digital Communications, McGraw Hill,
2001.



op
Mo
el
o

| ¥4 238 9§ 71HE Reed—Solomon £37|

g
Jtw
i
=]
I
]
<
i{e}

38 7HH

Stz )
001d 2¢¥ dRdTguw Hr71ee

&=

=)
T2

2003 29 fAdqE R AAASF
a7 F54A}

20033 3¥~-dA fFUEw A
AASF e} WA

SET(ENIL)

1988 29 e idn AxFE
% 4

19903 29 mydgn A=z}
7 F A

1994 29 nedign AAFE
¥} F-sfak}

[\~

ok
o

19949 34 ~&AA4 By A7NAALART <FHAEE UAE BFAANLY 47, AQ 23
Sy Ras >

19973 109 ~1998¢ 129 IFITAAZNATY

29aTg

1999 9% ~2000d 84 AUt W Eg o} i

AZ1LAFE T3 ADdus
<FBAROE FAZA OAE FAAL" A,
Ad HE33>

(196)



