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AHHOmauyusi — [peactaBneHbl MPOEKTHbIE PELUEHUs WU
VHDL-mogynv nocrnepoBaTenbHOro kofgepa 1 aekogepa (koae-
ka) pacwupeHHoro koga Puga-ConomoHa. ekogep peanusyet
MoanuUMpoBaHHbIA anroputm EBknuaa aeneHnsi nonnMHOMOB.
B paboTte ygensietca ocoboe BHMMaHWE anroputMy ynpasre-
HUS GrokaMu peLLeHUst KNYeBOro ypaBHeHus. MpeacTaBneHsbl
pe3ynbTaThbl MPOEKTMPOBAHUS KOA4EKa ANs CKOpPOCTW nepenayvn
MHopMaummn 3/4 1 KoppekTupytoLLei cnocobHocTu paBHoM 32.

|. BBepeHue

C nosiBneHvemM nporpaMMUpPYEMbIX WHTErpanbHbIX
cxem (PLD) BbICOKOW CTEMmeHu WHTerpaumu, crana BO3-
MOXHOWM KOMMaKTHasa peanusauus B “AOMallHMX YCIOBU-
X’ TAKOro CHOXHOro YCTPOWCTBA, Kak Koaep-aekodep
(xopek) kopga Pupa-ConomoHa (PC). Hanbonee crnoxHbim
(C BbMMCIUTENBHON TOYKM 3PEHWUs) KOMMOHEHTOM KOAeka
sBnseTcs 6nok gekoampoBanus PC-kopa. U3 Tpex us-
BECTHbIX anropuTMoB aekoavpoBaHua PC-kogoB - Bepne-
kamna-Meccu, MutepcoHa-IopeHwTerHa-Livpnepa n EBknu-
na [1], ans annapaTtHoW peanu3auum 4Yalle BCero BblOu-
patoT anroput™m EBknuaa [2-4].

dupmbl, B TOM umcne npoussogutenn PLD, npegnaratot
nporpammHble HDL-npoToTunbl (MOAynu MHTENeKTyanbHom
COBCTBEHHOCTH), KOTOPbIE MO3BOSIAKOT FEHEPMPOBATL NPOEKTHI
PC-konekoB ¢ TpebyembiMu napameTpamun. Ho Bce npeana-
raeMble paspaboTKW OrpaHNIMBAaKOTCS ANMHON criosa n< 271,
Ha cerogHsIlHWN oeHb He m3BecTHbl HDL-npoekTbl 1 anna-
paTHas peanusauusi KOOEeKoB T.H. paclumpeHHoro PC-kopa
(XPC), T.e. koaa ¢ anvHon criosa n=2" n n=2"+1. A atn cny-
Yau SBMSHOTCS BaXKHbIMU C NPaKTUHECKOM TOYKM 3peHus!

B pabote npepnaraetca u aHanuaupyetcsa VHDL-
npoekt XPC-kogeka C €BKMMAOBBLIM LEKOAMPOBAHMEM.
PaccmoTtpeHbl  anroputmmnyeckne ocobeHHocTn 6Grnoka
peLleHns KIYeBOro YpaBHEHUs!, a Takke NpeacTaBrieHbl
pe3ynbTaThl NPOeKTHON peanu3aummn XPC-KkoaekoB.

Il. OcHoBHaA YacTb

[Npn aHanu3e PC-kogoB, Kak npaBusio, orpaHnyMBatoT-
ca anvHoii cnoea n< 2"-1, rae m — paspsaaHOCTbL CUMBO-
noB. Ho B KOMMYHMKALIMOHHBLIX CUCTEMAX, OCOBEHHO rae
ucnonb3yeTcs naketHasi obpaboTka AaHHbIX, TpebyoTcs
3HauYeHVst N KpaTHble cTeneHn Asonku, T.e. n=2". B us-
BECTHOM CTaHAApPTE MYNbTUMELUHOIO U TENEBU3NOHHOIO
BewaHua DBV-H paHHble obpabatbiBatoTcs no-6anTHO,
T.e. m=8, a KOppPEeKTMPYIOLLMIA KOA AormkeH obecneunTb nc-
npaeneHne 0o 32 ownBoYHbIX cMmBOnoB, T.e. t=32. MNpu
TaKUX orpaHuyeHusix, Npumem napameTpbl XPC-koga pas-
HbIMK (N, k, t)= (256, 192, 32).

MpoektupoBaHne PC-kofeka HauMHaeTcs ¢ onpeaene-
HUSA KOHTponbHoW MaTtpuubl H, kotopas ans XPC-kogos
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XPC-kogep dopmupyeT 2t KOHTPOMbHBLIX CUMBOMA,
KOTOpblE NPUCOEAMHSTCA K MHEOPMAaUMOHHOM 4YacTu

CrnoBa, N cogepXxuT knaccudeckui PC-kogep, Ha Bbixoae
KoToporo foGaeneH T.H. 6a30BbI NPOrpamMMHbIA 3ne-
meHT (BPE), BbInomHsAwwmMn onepauvio agauTUBHO-
MYTbTUMMIMKATUBHOTO aKKyMYNMpPOBaHUA MOPOXAaeMbIX
cumBornos (puc. 1).
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Puc. 1. Cxema scriomo2ameribHoz2o b6ioka XPC-kodepa.
Fig. 1. Diagram of the additional XRS-coder module

Ha puc. 1 cumeon O o3HavaeT anemMeHT namary,
cumBon @ - nobutosbin XOR-cymmatop, cumeon ® -
YHUBEPCArbHbBIA MYMbTUNNMKATOP, 8 COoYeTaHne o'® -
MYNbTUMAMKATOP Ha KOHCTAHTY.

Bnok Beluncnenus cuigpoma XPC-gekoaepa nocTpoeH
MO KrNaccu4eckon UTepaTUBHOW CXeMe, Ha OCHOBE COBUIo-
Boro peructpa tuna FIFO [1-4]. Ho k Bbixogy mnagLuen no-
3uummn FIFO nogkntoyeH mynbtunnekcop MUX, koTopbiv
kommyTupyeTcs Ha ‘0’ (GND) npu BbluMcrieHun nocnegHen
KOMMOHeHTbI cuHapoma S(x). Ecnn S(x)= 0, To nepexondr k
COCTaBIIEHMIO 1 PELLEHNIO KIMHOYEBOTO YPaBHEHMS.

B aHanusmpyemom npoekTe NpMMEeHsieTCs eBKN1AoB
anroputM BblMUCNEHNS HanbonbLuero obLero genuTens
OBYX MONMHOMOB. Ha puc.2 npeacraeneHa cxema bnoka
OeneHnst MONMHOMOB, KOTOPbIA COAEPXWUT ABa peructpa
- BEPXHUA M HWXHUI. BHayane npoueaypbl AenexHvs B
BEPXHUI PErNCTP 3arpy>KatoTcs KOMMOHEHTbl CMHApOMa
S(x), a paspsigbl HWKHEro perucrpa, Kpome camoro
cTapliero paspsiga, ycraHasnusatoTca B ‘0. Craplumn
pa3psa yctaHaBnmBaeTcsa B ‘1.

OpvH TakT caBura — 3TO BbIMOMHEHWE OAHOrO Luara
UTepaTMBHOIO AENEHUsi NONIMHOMOB, B pe3yrnbTaTe KOTOpo-
ro B HWKHEM perucTpe norydaercs ocTaTok r(x), a B Bepx-

a(X)=q0q1---4:

S(X)=S0S...5x

0 0] -4

Puc. 2. Cxema brioka 0eneHusi nosiuHOMoS.
Fig. 2. Diagram of the polynomial division module

HeM pernctpe — 4yactHoe q(x). OTMeTMM, 4YTO cTapLumi
pa3psf, BEPXHEro perncrpa AOMmKeH ObiTb BCeraa 3HaunmM,
4yTOObI Onepauns aeneHns umena cmeicn! MNocne kaxgoro
cOoBura, 3HaveHunst Ko3dULIMEHTOB r(X) LOMKHbI MoMe-
HATbCA MeCTamM CO 3HaYeHNsaMM KoadppuumeHToB g(x). Ho
nepen Tem, Kak BbIMOSMHWTL onepauuto obmeHa, Heobxo-
Avmo nposepuTb cTeneHb (Deg) octaTka r(x).

Onepaummn “copur-obmeH” NOBTOPSAOTCA A0 TEX Mnop,
noka He 6yaet pocturHyto ycnoeus Deg r(x)< t. lMpu
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3TOM KO3(hUUMEHTBI YaCTHOro ¢(X) NOCTynaKT rocrie-
dosamenibHO Ha BXof, Gnoka BbIYMCMEHWUS CBEpPTKW, a
KO3hpULUMEHTbI ocTaTka r(x) nopalrTcs rnapasnienbHoO
Ha Bxof Gnoka BblYMCMEHWS MONMHOMA OLWMBOK A(X).
3pecb, Takke, HeobxoamMMo 0becnevnTb BbipaBHUBAHWE
KoapdpuumeHToB ocTaTka r(x) No COOTBETCTBYOLLMM MO-
31ULUMSM HKHero peructpa!l

BebiwenepeymncrneHHble 0COGEHHOCTU CTanm OCHOBaHWEM
ons  paspabotkm astomatHonm (VHDL-) mogenu Gnoka
YNPaBMEHNS U KOHTPOSIS XOAOM BbIMOMHEHNST €BKIMOOBOIO
anroputma. OTnuumTensHasi 0coBeHHOCTb pa3paboTaHHON
Mopenu — ee yHMBEPCarbHOCTb.

Bce 6Gnokn XPC-kogeka paspaboTaHbl B BuAe Ha-
ctpanBaembix VHDL-mogynen. Ytobbl npocneavTts au-
HaMWKy WUMMNNEMEHTUPOBaHUS, ObINM CcreHepypoBaHbI
XPC-kopeku ckopoctn R=3/4 n grvHbl cnosa n=2" gna
pasnunyHbIX 3HavyeHun m. B Tabnuue 1 npepcraBneHbl
pesynbTaTbl MMMNIEMEHTMPOBaHMSA nNpoektoB Ha PLD
EP3SL70F484C2 cemelictBa Stratix 11l ompmbl Altera.

Tabnuua 1.
Pecypcbi, 3ampayerHbie Ha peanusayuto XPC-kodekos.
The resources required for implementation of XRS-codecs

Coder | Syndrome |Euclid| Convolu- [ Fmax, | Vmax,
Unit [Unit, ALUT| Unit | tion Unit | MHz | Mbps

37 182 79 87 220,46 | 881.8

69 578 168 302 179,4 | 897

287 4429 1064 | 4938 | 134,12 [938.8

4
5
6| 139 1649 417 1151 146,2 |877.2
7
8

595 11598 [2946 | 22136 95,2 |761.6

Fmax - MakcumaneHasi 4actota pabotbl XPC-koaeka;
Vmax - PE3YNbTMPYIOLLIAs CKOPOCTb Nepeaayn SaHHbIX.

lIl. 3akno4yeHne

BbINoNHeHHbIE MPOEKTHblE paboThl ABMAKOTCS 3aKMio-
ynTenbHLIM 3Tanom MO MCCreaoBaHuo U paspaboTke
CpencTB KOOAMPOBaHWUS U AEKOAMPOBaHUS MaTPOUAHBIX KO-
noB [5]. Kak 6bino nokasaHo paHee [6], matpougHblie (M-)
Kodbl sBnsATCA 0000WweHnem kopos Pupa-Conomona.
Takke, B pabote [6] 6bin npeactasneH M-kogek ¢ naparn-
JienibHbIM (OAHOTAKTHBIM) OEKOAMPOBAHMEM, @ B AaHHOM
paboTe npeacTaBneHbl pe3ynbTaTbl NPOEKTUPOBAHUS 10-
crnedosamernbHo20 M-kopeka kak CrefcTBue pacLuMpeHus
CpencTB KoavpoBaHua-gekoapoBaHns PC-koaos.
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Abstract — Architecture and VHDL-entities of the sequential
coder and the decoder (codec) of the extended Read-Solomon
code are presented. Decoder implements the modified Euclid-
ean algorithm of polynomials division. In the present paper the
special attention is given to control algorithm of the key-
equation solution blocks. Results of codec designing for rate of
3/4 and correcting ability of 32 are presented.

I. Introduction

Programmable Logic Devices (PLD) allow implementing in
the “home conditions” such complex device as the coder-decoder
(codec) of the Read-Solomon (RS) code. The most complex
component of the RS-codec is a decoding block. Three algo-
rithms of RS-codes decoding are known: Berlekamp-Massey, Pe-
terson-Gorenstein-Zierler and Euclidean [1]. The Euclidean algo-
rithm is chosen to implement in hardware [2-4] more often.

The all-known RS-codec developments are limited to codeword
length n< 2™-1. For today, HDL-designs and hardware implementa-
tions of codecs of the so-called extended RS-code (XRS), i.e. a
code with code length n=2" and n=2"+1 are not known. But these
cases are very important from the practical point of view!

In this paper the VHDL-design of the XRS-codec with
Euclidean decoding is analyzed. Algorithmic features of the
Key-Equation Solver block are considered. Also results of de-
sign implementation of XRS-codecs are presented.

Il. Main Part

In the known standard of multimedia and television broad-
casting DBV-H, data are processed byte-by-byte, i.e. m=8, and
the error-correcting code should provide correction up to 32 er-
roneous symbols, i.e. t=32. So, further we shall accept parame-
ters of the XRS-code equal (n, k, ) = (256, 192, 32). It is easy
to calculate that the data rate R is equal to 3/4.

Designing of the RS-codec begins with definition of control
matrix H that for XRS-codes can be presented as in (1).

XRS-coder performs systematic encoding, i.e. generates 2t
control symbols, and contains the classical RS-coder with the
so-called base program element BPE (fig. 1) being attached. In
Fig. 1 symbol O designates a memory, symbol & means the bit-
wise XOR, symbol ® specifies the universal multiplier, and
combination o'® means the constant multiplier.

Euclidean algorithm is applied for computation the greatest
common divisor of two polynomials in the analyzed design. Fig.
2 presents the scheme of the division block, which contains two
registers called a fop and a bottom. Procedure of division be-
gins by loading components of syndrome S(x) into the top regis-
ter and the stages of bottom register, excepting the most sig-
nificant stage (MSS), are set in ‘0’. MSS is set up to ‘1’

One shift is a one step of iterative division of polynomials. As a
result in the bottom register the rest r(x) is obtained, and in the top
register — the quotient q(x). Operations "shift-exchange" will be re-
peated until the conditions Deg r(x) < t reached. All this features
became the basis for designing the universal Euclidean control unit.

Table 1 shows the results of XRS-codecs implementation
on PLD EP3SL70F484C2 of family Stratix 11l from Altera

lll. Conclusion

Carried out design work is the final stage of the research and
development of means of coding and decoding matriod codes [5].
As it has been shown earlier [6], matroid (M-) codes are generali-
zation of RS-codes. In paper [6] the M-codec with parallel (on-
shot) decoding has been presented, and in this paper results of
designing of sequential M-codec as extension consequences of
RS-codes coding-decoding means are presented.
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