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B npoLunbix cTaTtbsix 3TOr0 UMKIA Mbl paccmMoTpeny 6a3oBbii
MaTeMaTU4ECKMI annapar, Ha KOTOpbIN onuparoTcs kogel Puga-
ConomoHa, v nccrnegosanu NPOCTENLLMIA Kodep/oekogep, cno-
COOHbI MCNPaBASATb OAVHOYHbIE OLLMOKM 1 paboTatoLLmMiA ¢ ABY-
MSi CUMBOSIAMU YETHOCTW. [N151 NOAaBNAOLLErO 60SbLUMHCTBA
3aa4 TakoW KOPPEKTUPYIOLLIEN COCOBHOCTY OKa3bIBAETCA Ka-
TaCTPOHMYECKMN HELOCTATOHHO, M TOrAa NMPUXOZMTCS 3aayMbl-
BaTbCsA O peannsaumm 6oee MOLLHOMO Kofepa/aekodepa.

Kogep/nekomep, paccMatpmBaeMblii B HACTOSILLEN CTaTbe,
4ype3BblHaiHO KOHUrypabeneH 1 MOXeT ObiTb HACTPOEH Ha
paboTy C /I06bIM KONMYECTBOM CUMMBOJIOB YETHOCTM, a 3TO
03Ha4aeT, YTO NpY Pa3yMHOW N3BbITOYHOCTM OH CMOCOGEH UC-
npaBnaTb N060e MbICIMMOE KOTMHYECTBO OLWMOOK. [MogobHas
YHUBEPCANbHOCTb HE MPOXOAMT AAapOM, U KOHCTPYKLMSA Tako-
ro gekogepa ycnoxHatcs 6onee vem B cto (!) pas. CamocTo-
fTeNbHOe NpoeKkTMpoBaHue aekoaepos Puoa-ConomoHa Tpe-
6yeT rnyboKMX 3HAHWI BbICLLUEN MATEMATUKMN B LENOM W MpK-
POAbI KOPPEKTUPYIOLLMX KOLOB B HACTHOCTM, MOSTOMY HE CMY-
LaiiTechb, €Cnn faHHas cTaTbs MoHa4any Bam NoKaXeTcs He-
MOHATHON. OTO AENCTBUTENBHO CIIOXHbIE BELLM, HE JonycKa-
tOLLME NPOCTOro OOBACHEHUS.

C Opyrovi CTOPOHbI, AN NPaKTUYECKOro MCMONb30BaHMS
KOPPEKTUPYHIOLLMX KOLOB MOXHO M HE BHUKATb B UX CYLLHOCTb,
MPOCTO OTKOMMUAIMPOBAB MUCXOAHbIE TEKCThI Kogepa/aexkone-
pa Pupa-ConomoHa, npuBedeHHbIE B fA@HHOM cTaTbe. Takxke
Bbl MOXETE BOCMOb30BaTLCA NGO 3aKOHYEHHON BMOMNO-
TEKON, NOCTaBSAEMOWN CTOPOHHUMU pa3paboTymkamu. B kave-
CTBE aNlbTepPHATVBHOIO MpyMepa B 3ak/toHeHWe 3TON CTaTbu
6yOeT KpaTHO onncaH uHTepdenc 6menuotekn EIBYyECC.DLL,
paspaboTaHHon komnaHuen «Elaborate Bytes» un pacnpocT-
paHsaemow BMecTe C nonynspHsIM konmposLmkom Clone CD.
N3BecTHENLWNIA NpoXuMraTeslb AUCKOB BCEX BPEMEH M Hapo-
fos Ahead Burning ROM umeeT aHanormnyHyto 6M6anoTeKy,
pasmeLleHHyto B hanne NEWTRF.DLL.

Jlerenpa
HanomHum ynTaTento OCHOBHbIE YCIOBHblE 0603HAYEHMS, UC-
nonb3yemMble B 3TOW cTaTbe. KONM4ecTBo CUMBOJIOB Koaupye-
MOro coobLieHnst (Ha3blBaemMoro Takxe MHEOPMaLMOHHBIM
CIIOBOM) MO OBLLENPUHATOMY COrfaLLeHno 0603Ha4vaeTcs Oyk-
BOW K; nonHas onvHa KOQoOBOro Crosa, BKOYaoLLEro B cebs
KOAMpPYEeMbIe OaHHbIe ¥ CUMBOSIbI YeTHOCTH, — n. OTCoda, Ko-
NNYECTBO CMMBOSIOB YETHOCTM paBHO: N — k. 3a Makcvumarb-
HbIM KOIMYECTBOM MCTPABSEMbIX OLLMOOK «3aKpensieHa» byk-
Ba t. MNockonbky Ans ucnpaeneHus 0OHON OLIMOKK TpebyeTcs
[IBa CMMBOJIa YeTHOCTU, obLLiee KOMYeCcTBO CUMBOSOB YETHO-
cTv paBHo 2t. BoipaxxeHne RS(n, k) onuceiBaeT onpenene-
HYI0 Pa3HOBUOHOCTb KOppeKTUpyroLwmx kogos Puga-Conomo-
Ha, ONEepUpPYIOLLYI0 C N-CUMBOSIbHBIMK 6rioKamm, K-CMMBONOB,
3 KOTOPbIX NPEACTaBNsoT NonesHble AaHHbIe, a Bce ocTarb-
Hble 3a[1eCTBOBAaHbI MOf, CUMBOJbI YETHOCTM.

MonmMHOM, NOPOXAEHHbLIN HA OCHOBE MPUMMUTUBHOIO Yre-
Ha o, Ha3blBAETCA MOPOXAEHHBLIM MMM CreHepuUpPOBaHHbLIM
(generate) nonMHOMOM.

KoaupoBwuk (encoder)

CyuiecTByeT nNo MeHbLUeN mMepe ABa Tvna kogepos Pupa-
ConomoHa: HecucTemaTuyeckme 1 cuctemaTmyeckmne Koam-
POBLLMKMN.
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BbluncneHne HECUCTEMATUYECKMX KOPPEKTUPYIOLLMX KO-
poB Pupa-ConomoHa oCyLLECTBASETCH YMHOXEHNEM UHAOP-
MaLVOHHOrO CoBa Ha NOPOXAEHHbIA MOSIMHOM, B pe3yJbTa-
Te 4ero 06pasyeTcsi KOLOBOE CMOBO, MOMHOCTLIO OT/INYat0-
LLieecst OT UCXOAHOr0 MHEPOPMALIMOHHOTO CIOBA, @ NOTOMY ANs
HENOCPEACTBEHHOMO YNOTPEGNIEHNS KATEFOPUHECKN HEMPU-
rogHoe. 11 NpUBEREHNS MOMYYEHHbIX OAHHbIX B MCXOLHbIV
BUI Mbl JOMKHbI B 00513aTE€NbHOM MOPSIAKE BbIMOMHUTL pe-
CYPCOEMKYIO onepaLmio LeKOOMPOBaHUS, faXe eCnu faHHble
HE VICKaXeHbl N He TpebytoT BOCCTaHOBNEHUS!

Mpun cucTemMaTM4eCKOM KOQMPOBaHWK, HANPOTMB, MCXO[-
HOe MHOPMAaLMOHHOE CNOBO OCTAHETCS HEM3MEHHbLIM, a
KOPPEKTUPYIOLLME KOAbI (4acTO Ha3blBaEMblE CMMBONAMW
4eTHOCTM) [06aBNATCH B €ro KoHel, 6narogaps Yemy K
onepauuy 0eKoaMpoBaHMs NpUXoauTCa npuberaTb NLlb B
crnyvyae AefCTBUTENBHOrO PaspyLLEHNst AaHHbIX. Bbluncne-
HUWE HecucTemMaTU4eCKMX KOPPEKTUPYIOLMX KogoB Pupa-
ConomoHa ocyLLecTBAAETCA AefleHMeEM MHOPMAaLOHHO-
ro CoBa Ha MOPOXAEHHbIA NOANHOM. [pn 3TOM BCE CUM-
BOJIbl MHCPOPMALIMOHHOrO CI0Ba CABMratTCs Ha n — K 6anT
BN1IEBO, a Ha 0cBO6OMBLLEECA MECTO 3anucbiBaeTcs 2t 6anT
ocTaTka (cMm. puc. 1).

MockomnbKy paccMOTpeHne 060MX TUMOB KOAMPOBLLMKOB
3aHANo 6bl CINLLKOM MHOFO MeCcTa, COCPeloTO4MM CBOE BHU-
MaHWe Ha OfHMX NWLLb CMCTEMAaTMYECKMX Kodepax Kak Ha
Hambonee NonynspHbIX.

n CMMBOJIOB

" .

k crmmMBONOB 2t cMMBOJIOB

RS (n, k)

PucyHok 1. YCTpOHCTBO KOZOBOTO CJOBa

ApPXUTEKTYPHO KOOMPOBLUMK MPELCcTaBnseT coboi CoBO-
KYMHOCTb CABWUIOBbIX perncTpoB (shift registers), 06beanHeH-
HbIX MOCPEACTBOM CyMMAaTOPOB U YMHOXMUTENEN, PyHKLMO-
HUpYylOLWKX No npasunam apudpmeTtnkn Manya. CoBuUrosbin
perncTp (MHaye HasblBaeMbl PErMCTPOM CABMra) npeacras-
nseT NocnefoBaTenbHOCTb A4EeK NamsTH, Ha3blBaeMbIX pas-
psoamMm, Kaxmblii U3 KOTOPbIX COQEPXUT OAWH 3NEMEHT Mons
lanya GF(q). Cogepxaliumiics B paspsge CMMBOS, nokugas
3TOT paspsf, «BbICTPENMBAETCA» Ha BbIXOLHYIO NMHMo. Of-
HOBPEMEHHO C 3TUM pa3psif «3acacbiBaeT» CUMBOJSI, Haxoas-
LLMIACS HA ero BXOQHOW IMHUM. 3aMeLLeHne CUMBOSIOB NPo-
NCXOOUT OUCKPETHO, B CTPOrO ONpefeneHHbIe MPOMEXYTKU
BPEMEHW, Ha3blBaEMbIE TaKTamu.

Mpn annapaTHOM peanu3auuy COBUrOBOro perucTpa ero
371EMEHTbI MOTYT ObITb 06bedMHEHbI KaK NMOCNefoBaTenbHO,
Tak v napannensHo. Mpn nocnefosatensHOM 06beNHEHUN
nepeckblfika 0QHOr0 M-paspagHoro cuMBona noTpedyem m-
TakToB, B TO BPEMs Kak Npu napannesibHoM OHa OCyLLeCTB-
NAeTCs BCEro 3a OAVH TakT.

Huskas 3hheKTMBHOCTb NPOrpaMMHbIX peann3aumnin Ko-
pnepoB Pupa-ConomoHa 06bsicHAETCSt TEM, YTO pas3paboTymK
HE MOXET OCYLLECTBNATb napannesnibHoe o6beanHeHVE ane-
MEHTOB CLBUrOBOr0O PErncTpa u BblHYXOEH paboTaTtb C TON
LUMPUHON Pa3psdHOCTU, KOTOPYHO «HaBA3bIBAET» apXUTEKTY-
pa gaHHoM malmHbl. OgHako co3fath 4-9N1EeMEHTHbIN 8-6UT-
HbI PerucTp CABWra napannensHoro TMna Ha npoueccopax
cemencTea |IA32 BnosHe peanbHo.
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Llenu, ocHOBaHHblE Ha perucTpax chsura, o6bl4HO Ha-
3bIBaOT punsTpaMun. bnok-cxema unbTpa, oCyLLEeCTBA-
Lero AeneHve nonnmHomMa Ha KOHCTaHTy, npusefeHa Ha
puc. 2. [ycTb Bac He CMyLLAeT TOT PaKT, 4TO feneHne pea-
NN3yeTcs NOCPefCTBOM YMHOXEHUS W CNOXeHUA. [JaHHbIN
npvem 6a3npyeTca Ha BbIYMCIEHUN CUCTEMBI ABYX PEKyp-
PEHTHbIX PaBEHCTB:

(x) (r-1) (r-1) k-r
Q (x) =09 (x) +R
(x) (r-1) (r-1) k-r
R (x) =R (x) -R . X% g(x)

dopmyna 1. JleneHue nonmMHOMa Ha KOHCTAHTY HNOCPEACTBOM YMHO-
KEHUS U CIOKEeHUS

3peck: Q(x) n RO(x) — cooTBETCTBEHHO YaCTHOE M OC-
TaTOK Ha r-ware pekypcun. [MOCKOMbKY CroOXeHue W Bbl-
4yuTaHue, BbINOMHAEMOE N0 MOAYNI0 ABa, TOXAECTBEHHbI
APYr Apyry, Ana peanus3auuu Oenutens Ham JOCTaTO4HO
MMeTb BCEro fBa yCTpOWCTBA — YCTPOWCTBO CIIOXEHUSA U
YCTPOMCTBO YMHOXEHMWS, a 6€3 YyCTPOMCTBA Bbl4UTAHUSA
MOXHO 06OWTUCH.

lNocne n-coBuros Ha BbIXofe perucTpa nosiBseTcs vacT-
HOE, a B CaMOM PErNCTPEe OKaXKETCH OCTATOK, KOTOPbIN 1 npes-
CTaBnAEeT COO0M pPacCUUTaHHbIE CUMBOJSIbI HETHOCTM (OHM Xe —
kombl Puga-ConomoHa), a koahmumeHTsl yMHOXeHUs ¢ g0
no g(2t — 1) HanpsiMyt0 COOTBETCTBYIOT KO3(hPULMEHTAM YM-
HOXEHWSI MOPOXAEHHOro MOfIMHOMA.

feedback
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PucyHok 2. YCTpOiCTBO mpocTeimero kogmepa Pupma-ComoMoHa

MpocTenwnin npuMep NPOrpaMMHON peann3auny Takoro
bunbTpa npuBedeH Hnxe. OTO 3aKOHYEHHbIA Kogep Pupa-
ConomoHa, BnonHe NPUrogHbIN Ans NpakTU4ecKoro UCMosb-
30BaHusA. KOHEYHO, Npu XXeNnaHum ero MOXHO 6bIno Obl 1 ynyy-
WUWTb, HO TOrAa Heu3bexHo noctpagana Obl HArNAgHOCTb U
KOMMAaKTHOCTb JIMCTUHra.

m—sMT!ﬂ:M perucTp

JucTvHr 1. JICXORHENI TeKCT npocTeimero kogmepa Puma-ConoMoHa

xonupoBumk Puna-CoynoMoHa

KOAMpYeMile NaHHHE NepenawTcs uepes MaccuB data[i],

rge i=0..(k-1), a CreHepMpOBaHHEHE CHUMBOJH UYETHOCTH
BaHocaATCE B MaccumB b[0]..b[2*t-1].

JIcXOfHEe ¥ PesyNBTMpYUME FaHHHE NOJKHH OHTE MpPEefCTaBIEHH
B [ONMHOMMANBHOM QopMe (T.e. B OGHUYHON (QopMe MalMHHOTO
NpeACTaBleHNsT HaHHBIX) .

KomupoBaHMe NPOMBBOAMTCH C MCIONBBOBAHMEM CHBUI'OBOT'O
feedback-perncrpa, BanoJHEHHOTO COOTBETCTBYKUWMMY 3JIEMEHTaMyu
mMaccuBa g[] C NMOPOXAEHHEM MONMHOMOM BHYTPM, Npouegypa
TeHepauuu KOTOPOT'O yxe oBCyxmanack B NPEeNHAYyWe) CTaThe.
CreHepupoOBaHHOE KOJIOBOE CJIOBO OMMCHBAETCH CleAywien
@opuynou

c(x) = data(x)*x™™ + b(x)

¥ % ok 3k % ok %k % O % % Ok % ¥ F H ¥ *
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encode rs ()

int i, j;
int feedback;

// vHvuManusupyeM none 6UT UETHOCTM HyJNsiMU
for (i = 0; 1 < n - k; i++) b[i] = 0;

// obpabaTiBaeM BCe CHMBOJH

// WMCXOZHHX ZHaHHHX CIpaBa HaJeBo

for (i =k -1; 1> 0; i--)

{
// roroemm (data[i] + b[n - k -1]) k yMHOXeHM®O
// Ha g[i], T.e. CKnamHBaeM OYEPERHON «3aXBAYEHHHID»
// cuMBONM MCXOZHEX HAHHHX C MIAfUVUM CHMBOJIOM GUTOB
// dYeTHOCTM (COOTBETCTBYWmEro «permcTpy» b2t-1,
// cM. puc. 2) u nepeBOZUM ero B MHAEKCHYD (hopmy,
// coxpausis pesynerar B peructpe feedback, kak Mu
// yxe romopumu, cyMMa HBYX MHEEKCOB €CTb
// npousBefeHue NONMHOMOB
feedback = index of[data[i] * b[n - k - 1]];

// ecTb eme cumBOmH Ans OBpaBoTkM?
if (feedback !'= -1)
{
// ocymecTBnsieM CABMI Lemu bx-perucTpoB
for (j=n-k-1; j>0; j--)
/| ecau Texyumit ko3dpduumenT g -
// 3TO meMCTBUTENLHINA (T.e. HEHYJeBOU
// xosdduumenr, To ymuoxaem feedback
// Ha cooTEeTCTByKHUMI g-KO3bduLMEHT
// w cknamiBaeM ero co CleZRyKuuM
// >neMenTOM mHENmOUKM
if (g[jl'=-1) J
b[j]=b[j-1]*alpha to[(g[j]+feedback)%n];
else
/| ecnau Texyumit kos3dpduumenT g -
// @To HyneBol ko3dduumenT,
// BHNONHSEM ONMH NMUE CHBUT
/| 6es yMHOXeHMs:, mepeMeliass CUMBOJ
// u3 opHOTO m-permcTpa B APYTON
b[j] = b[j-1]1;

// BakonBLOBHBaEM BEHXOASUMII CHMBOJ B KPaiHML
// nesmit b0-perucrp
b[0] = alpha_to[(g[0]+feedback)%n];

else

{ // menenue B3aBepieHo,
// ocymecTBnsieM mocnemHMi CEBUI PETMUCTPA,
// Ha BhHxXOme permcTpa BymeT uacTHOE, KOTOpoe
// TepsieTcsi, a B CaMOM perucTpe — MCKOMENL
// ocrarTox
for (j = n-k-1; 3>0; j--) b[j] = b[j-1] ;

Hexopep (decoder)
Jekogmposanne kopos Pupa-Conomora npefcrasnseT co-
60V [OBOMBHO CMIOXHYIO 3afady, peLleHne KoTopon Bbinvea-
€TCA B rPOMO3OKMIA, 3anyTaHHbIA U YPe3BblHaHO HeHarnsa-
HbIW NPOrpaMMHbLIN KoL, TPeOyoLMii 0T pa3paboTynka 0b-
LUMPHBIX 3HAHWIA BO MHOIMX 06M1acTsX BbICLLEN MaTeMaTUKW.
TunoBas cxema [EeKOAMPOBaHWS, MOMy4MBLLAS Ha3BaHWeE aB-
TOPErpeccyoHOro CNEKTPanbHOr0 MeToda AeKOOMPOBaHNS,
COCTOMT U3 Cnefytowyx Luaros:
B BblYMCTIEHUS CUHOPOMA OLUMGKM (CUHAPOMHbIV AEKomep);
B nocTpoeHus nonvHOMa OLUMBKM, OCYLLECTBASIEMOE NGO
MOCPefCTBOM BbICOKOI(P(EKTUBHOIO, HO CIIOXHO pea-
nusyemoro anroputMma bepnekamna-Meccu, nu6o no-
CPefcTBOM MPOCTOro, HO MefaneHHoro Esknugosoro an-
ropuTMa;

CHCTEMHBIHAAMUHMCTPATOP



B HaxoXaeHUst KOpHeN JaHHOTO MONMMHOMA, OGbIYHO peLua-
foLeecs n060BbIM Nepe6opoM (anroputM Yews);

B onpepenexns xapakTepa OLWMOKM, CBOAsILLEECs K MOCT-
POEHMI0 BUTOBON Macku, BbIYMCNSEMON HA OCHOBE 06pa-
LeHusa anroputMa GopHY unu No60ro Apyroro anropuT-
Ma obpaLleHust MaTpuLbl;

B HakoHeL, 1cnpaBneHUsi OLUMGOYHBIX CUMBOJIOB NYTEM Ha-
NOXeHns GUTOBON Macku Ha MHGOPMAaLIMOHHOE CIOBO U
MoCneaoBaTensHOr0 MHBEPTUPOBAHMA BCEX MCKaXEHHbIX
6uT yepes onepaumio XOR.

CnepnyeTt OTMETUTb, YTO [laHHas CXeMa [EeKOANPOBaHNS He
€0MHCTBEHHAs W, BEPOSITHO, [iaXe He camas ny4Luas, Ho 3aTo
yHVBepcanbHas. Bcero xe CyLLecTBYET OKONO fecsiTka pas-
FIMYHBIX CXEM [EKOAMPOBAHUS aB6COMIOTHO HE MOXOXUX ApYr
Ha gpyra v BbIGUPaeMbIX B 3aBUCUMOCTU OT TOrO, Kakas 4acTb
LeKomepa peanusyeTcs NporpamMmmHo, a kakasl annaparHo.

RS(n,k) Komep/mexomep
Pupa-CONOMOHA , MCTIPD ABEJISTIAUMH
t = (n-k) /2 OUMBOYMHEX CHMBOJOE

k cuMMBONOB

HOCHTENb
OPHEMHHE

n CHMEOJNOB

CHHIPOMHER
nexonep
al

wzt CHHOPOM

JoKaTop
OUMEKK

(BepnexsmMn
JEBKINO)

HEeT
oumGoK

HOCHTENE HIH
NepenaTyHK

JIOKATOP OLMBKH
‘rcweneﬂhm n+1

KOPHH
NMoNMHECMA

{anr. Yens)
n-nonuHOMMAN b HELHA
KOpeHb JoKaTopa

V¥V

Xapakmep
OUMBKH

(anr. ®opHH)

v

e
-

BOCCTAHOBJEHHEIS
HaHHBIS

PucyHokx 3. CxeMa aBTOPEIPECCMOHHOTO CHEKTPalbHOTO HAeKofepa
KOPPEKTHUPYIUMX KOZOB Puma-ConoMoHa

[py6o rosops, CMHAPOM €CTb OCTaTOK AefIeHUs AeKoau-
pyemoro KofjoBoro cyioBa ¢(x) Ha MOPOXAEHHbIH NOIMHOM
g(X), n, ecnu 3TOT OCTATOK pPaBeH HyJ0, KOLOBOE C/IOBO CYM-
TAeTCA HeCKaXKeHHbIM. HeHyneBow 0CTaToK CBUOETENbCTBY-
€T 0 HanuM4uMmn No MeHbLUen Mepe OfHOM oLwn6kK. OcTaTok oT
[eNneHns faeT MHOTOYMEH, He 3aBUCSLLMIA OT UCXOQHOMO CO-
obLLEeHNa 1 onpepensaemMbin UCKITYUTENIbHO XapakTepom
OLLMGKM (Syndrome — rpeyeckoe crnoso, 0603HavarLLee co-
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BOKYMHOCTb MPU3HAKOB W/ CUMMTOMOB, XapaKTepU3yHoLLIX
3abonesaHue).

MNpuHsTOE KOAOBOE CMOBO V C KOMMOHEHTaMU V; =C; +€,
roe i =0, ... n — 1, npencraBnseT co6oM CyMMy KOLOBOro
CcrioBa € 1 BekTopa oLKn6oK e. Llenb fekoamposaHus cocTo-
UT B O4YUCTKE KOLOBOrO CrioBa OT BEKTOPA OLLUMOKW, OMUCHI-
Baemoro nosIMHOMOM CUMHAPOMA W BbIYMCNIAEMOro Mo dop-
myne S, = a!*1°-7), roe j namensietcs ot 1 fo 2t, a o npep-
CTaBNfET COO0M NPUMUTUBHBIN YNeH «anbga», KOTopbIv Mbl
yxe obcyxzanu B npedbigyien cratbe. [la, Mbl CHOBa Bbl-
paxaem yHKLMIO feneHns Yepes yMHOXEHWE, MOCKOSbKY fe-
neHve — KpaviHe Hea(PMEKTBHAA B CMbICNE NPOVU3BOAUTENb-
HOCTV onepauus.

Bnok-cxema ycTponcTBa, OCYLLECTBAOWEro BblYuce-
HWe cuHOpoMa, NpuBeAeHa Ha puc. 4. Kak BuaHo, oHa npeg-
cTaBnseT co60M TUNUYHbIA PUNLTP (CpaBHUTE ee CO CXe-
MOV pucC. 2), @ NOTOMY HW B KakuxX LOMOSHUTESNbHbIX MOSC-
HEHWSIX He HyXJaeTcs.

MONyYSHHES CHMHEpOM 8§ _

T aHHeE

permcTp

Pucynox 4. Bnox-cxeMa ueny BHYMCIEHMSI CHUHIAPOMA

BblyncneHve cuHgpoma oLwmnbKU NPOUCXOAUT UTepaTyvs-
HO, TaK YTO BbIYMCIIEHWE PE3YNbTUPYIOLLEro NofMHoOMa (Tak-
)€ Ha3bIBAEMOr0 OTBETOM OT aHITIUICKOr0 «answer») 3aBep-
LLIAeTCcs HenocpeACTBEHHO B MOMEHT MPOXOXAEHWs mnocrne-
[IHero cMmBOna YeTHOCTU Yepe3 hunstp. Beero Tpebyetca
2t UMKNOB «MpPOroHa» [EeKOQMPYEMbIX AaHHbIX 4Yepes
unbTp, — MO OQHOMY MPOrOHY Ha KaXAblA CUMBOI Pesyrib-
TVPYIOLLLEro MOnHOMA.

MprmMep npocTon NporpamMmMHoON peanu3aLlmmy CUHAPOMHO-
ro Aekofdepa COLEPXWUTCA B NIUCTUHIE 2, U OH HAMHOMO Ha-
rMsigHee ero CNoBECHOrO OMMCaHus.

[ofly4eHHbIA CUHAPOM OMUCLIBAET KOH(MIYPaLMIO OLLMOKM,
HO eLle He roBOPWT HaM, Kakne UMEHHO CUMBOSbI MOMYyYeH-
HOro COOOLLEHNS ObINN UCKaXKEHbI. [1eMCTBUTENBHO, CTENEHb
CUHIPOMHOMO MOMMHOMA, paBHas 2, MHOro MeHbLUe CTene-
HU NONMHOMA COOBLLIEHNS, PaBHOW N, U MEXIY UX KO3pdu-
LUMEHTaAMM HeT NpsIMOro cooTBeTCTBMSA. lNonuHoM, Koadou-
LIMEHTbI KOTOPOrO HampsiMyt0 COOTBETCTBYHOT KOI(MLIMEH-
Tam WCKaXEeHHbIX CMMBOJIOB, Ha3bIBAETCA MOJIMHOMOM Ji0-
Karopa oLUMOGKM 1 NO OOLLENPUHATOMY COrnaLleHnio 0603Ha-
yaeTca rpeyveckon 6ykBow A (nsméga).

Ecnmn Konn4ecTBO NCKaXEHHbIX CUMBOSOB He MPEBbILLIAET t,
Mexzy CMHOPOMOM W JIOKaTopoOM OLUMOKM CyLLECTBYET crie-
QytoLiee OfHO3HAYHOE COOTBETCTBUE, BbIPAXAEMOE Cheay-
towlert chopmynoit HOA[x"-1, E(x)] = A(X), 1 BblunCneHue no-
KaTopa CBOOMTCS K 3afaye HaXOXAEeHUs HauMmeHbluero ob-
LLLero OennuTens, yCnewwHo peLleHHon ewe Esknngom un ane-
MEHTapHO peanu3yemoi Kak Ha nporpaMMHOM, TaK 1 Ha arn-
napaTtHoMm ypoBHe. [MpaBga, 3a NpocToTy peanu3aumu Ham
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MPUXOAMTCA pacnnavvMBaTbCs NPOM3BOANTENBHOCTLIO, TOYHEE
HENPON3BOAUTENILHOCTBLIO JAHHOMO anropuTma, ¥ Ha npakTu-
Ke 06bI4HO MPUMEHSIOT 60riee 3PPEKTUBHLIN, HO 1 Bonee
CNOXHbIA Ana noHumanus anroputMm bepnekamna-Meccu
(Berlekamp-Massy), nogpo6Ho onucaHHbI KHYyTOM BO BTO-
poM ToMe «VICKyccTBa MPOrpaMmMMpoBaHms» (CM. Takxe «Te-
OpYsi 1 MpakTuKa KOLOB, KOHTPOIMPYIOLMX OLLUMGKW>» Bren-
XyTa) ¥ CBOOALLMIACA K 3adade MNOCTPOEHWs Lienu perncTpoB
chaBura c nNMHenHon 06paTHOW CBA3LIO U MO CYTW CBOEN ABNS-
lOLLIerocs pa3HOBUOHOCTLIO aBTOPErpeccnoHoro unsTpa,
MHOXWTENN B BEKTOPAX KOTOPOro 1 3a4atoT MOSIMHOM A.

[ekonep, NOCTPOEHHbIN MO TaKOMy anropuTtMmy, Tpedyert
He 6onee 3t onepaumn YMHOXEHUS B KaXO0W U3 UTepauuu,
KOJIM4YECTBO KOTOPbLIX He npesbillaet 2t. TaknuMm o6pasom,
peLLieHre NOCTaBNEHHON 3afjadu YKNaasIBaeTcs BCero B 6t2
onepauuin yMHOXeHus. DakTU4YeCKu NMoUCK JlokaTtopa CBOAUT-
CSl K PELLEeHNIo CMCTEMbI U3 2t ypaBHEHWU — MO OJHOMY ypas-
HEHWIO Ha Kax[bl CUMBOMN CUMHOPOMA — C t HEM3BECTHLIMMU.
HensBecTHble YneHbl M eCTb NO3ULMN UCKAXKEHHBIX CUMBO-
NOB B KOOOBOM CrnoBe V. Jlerko BupaeTb, eCnv KONM4ecTso
OLUMOOK MpeBbILLaeT t, cMcTeMa ypaBHEHUI CTAHOBUTCS He-
paspeLuvma 1 BOCCTAHOBUTL paspyLUEeHHY0 Hdopmaumio B
3TOM criy4ae He npepcTaBifieTcs BO3MOXHbLIM.

Bnok-cxema anroputma bepnekamna-Meccu npusegeHa
Ha puc. 5, a ero 3aKOH4YeHHas mporpaMma peanvsauus co-
LEPXUTCA B NUCTUHIE 2.

[

nesssxu (discrepancy)

VIIPOWEHHEI aJITOPUTM
BepinexsMmna-Meccu

n-1
(r—1)
Ap= 2 A5 Sty
j=0

EBEMMCTeHMIe BErucTeHMe
b(x).x t(x) =A- b(x).x

meracTeHMe
b(x) = b(x).x

EBEravCTIeHIe
b(x) =A/b(x).x

It
Errvcrene
A= t(x)

ma

paGora
saBepuena

Pucynox 5. CTpykTypHas cxemMa anropurMa Bepneksmna-Meccu

Konb ckopo MonvHOM JioKatopa OLIMOKU HaM W3BECTEH, ero
KOPHW ONpefenstoT MEeCTOMONOXEHNE UCKaXKEHHbIX CUMBO-
NOB B MPUHATOM KOJOBOM cioBe. OCTaeTcs 3TU KOPHW Han-
TW. Yalle Bcero Ana 3Toro Mcronb3yetca npouegypa Yews
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(Chien search), aHanornyHas no csoen npupoge o6paTtHOMy
npeobpasoBaHuio Oypbe N HakTUYeCKN CBOAALLAACA K Ty-
nomy nepe6opy (brute force, exhaustive search) Bcex Bo3-
MOXHbIX BapuaHToB. Bce 2™ BO3MOXHbBIX CYMBOJIOB OAVWH 3a
APYruM NOACTaBASATCA B NMONMHOM loKaTopa B NMopsifke Co-
LManmnCTMYeCKON oYepean 1 3aTeMm BbINOSHAETCA pacyeT no-
nvHoma. Ecnu pesynestaTt obpallaeTcs B HOMb — CYUTAETCH,
YTO WCKOMble KOPHU HaMOeHbI.

WTak, Mbl 3Haem, Kakue CMMBOJbI KOLOBOrO CIioBa UCKaxe-
Hbl, HO MOKa eLLe He rOTOBbI OTBETUTL Ha BOMPOC: KakK MMEH-
HO OHM UCKaXeHbl. MIcnonb3ys NOMMHOM CUHOPOMA M KOPHU
MonnHoMa nokaropa, Mbl MOXeEM ONpefenuTb XapakTep pas-
PYLUEHWIN KaXA0ro U3 UCKAXKEHHbIX CMMBONIOB. O6bIYHO Ans
aTon uenu ucnonbayetca anroputm ®opHu (Forney), cocto-
ALLUMA M3 OBYX CTagui: cHavana nyTeM CBEpPTKM NosMHOMA
CUHApOMA MOMMHOMOM JloKaTopa A Mbl Mosiy4aem HekoTo-
PbIi NPOMEXYTOYHbLIN MOSIMHOM, YCNOBHO 0603HaYaeMbli
rpeyeckon 6ykBon Q. 3aTeM Ha OCHOBE Q-MOSIMHOMA BbIYKC-
nseTcs Hynesas no3uuma owmbkK (zero error location), Ko-
TOopas B CBOK O4epefb LENUTCA Ha NPOW3BOLHYIO OT A-no-
nuHoma. B pesynbTaTe nonyvaetcs 6UTOBasf Macka, Kax-
LbIA U3 YCTaHOBNEHHbIX BUTOB KOTOPOW COOTBETCTBYET UC-
KaXeHHOMY OUTY W AJ19 BOCCTaHOBIIEHNSA KOLOBOIO C/I0Ba B
NCXOLHbIV BUL BCE UCKAXEHHbIE BUTbI AOMKHbI ObITb MHBEP-
TUPOBAaHbI, YTO OCYLLECTBIETCA NOCPEACTBOM JIOr14YeCKOow
onepaumn XOR.

Ha atom npouepypa LekogMpoBaHus MPUHATOrO KOJOBO-
ro CroBa cyMTaeTcsl 3akoH4eHHon. Octaetcs oTcedb n — K
CMMBOJIOB YETHOCTM, W MONYy4YeHHOe MHAOPMAaLIMOHHOE CIIo-
BO rOTOBO K YNOTPEO6IIEHNIO.

Hwxe npuBoaUTCA UCXOOHBIN TEKCT MOMHOLEHHOro AeKone-
pa Pnpa-ConomoHa, CHa6XeHHbIi MAHUManbHO pasyMHbIM
KONMYeCTBOM KOMMEHTapmeB. K coxaneHuio, B pamkax Xyp-
HanbHOW CTaTby NOAPOOGHOE KOMMEHTMPOBaHMe Koda LeKo-
Liepa HEBO3MOXHO, MOCKOMbKY NOTpe6oBasno 6bl O4eHb MHO-
ro mecra.

Npn BO3HWKHOBEHWUWN TPYOHOCTEN B aHanuae 3Toro Jimc-
TUHra obpaLLanTecs K 6510K-Cxemam, MPUBELEHHBIM Ha pUC. 3,
4 15 — OHM NOMOTYT.

JIucTMHD 2. JICXOZHENI TEKCT mHpocTeimero mexogmepa Puma-ComoMoHa

nexomep Pupa-Conomoxa

Npouienypa AEKOAMPOBaHMS KOJOB Pupma-CoJoMOHa COCTOMT

“3 HEeCKONBKMX WATOB: CHayana Ml BHUMCIsSIEM 2t-CHMBOJBHEIL
cuMHOpoOM nyTeM nocraHoBku alpha**i B recd(x), rme recd -
MONyYeHHOe KOZOBOE CJIOBO, NPEeABapUTENLHO IepeBefieHHOe

B MHAEKCHy©O ¢opMy. [lo dpakTy Bhumcnenuss recd(x) Ml BamMchHBaeM
ouepesHOV CUMBON CMHApoMa B s[i], rme i npuHmMMaeT BHaueHMe
or 1 mo 2t, ocraBnss s[0] paBHEM Hymw. 3aTeM, MCHONB3YS
WTEpaTUBHEI anropuTM BepiekaMna, Ml HAXOfUM MOJNMHOM JIOKATOpa
omn6xy - elp[i]. Ecau cremeHp elp npeBmmaeT COGOM BENUUMHY
t, M BeCCMIBHH CKOPPEKTMPOBAaTB BCE OWMOKM ¥ OT'PaHMUMBAEMCS
BEIBOIOM COOGWEHMsI O HEeyCTPaHUMO} oumMbke, MOCHE Yero
CoBepllaeM aBapuMifHE BEIXOR M3 Hekomepa. Ecmm xe crenens elp
He mpeBmmaeT t, Mi mojcraBisieM alpha**i, rme i = 1..n B elp
LS BHYMCIIEHMSI KOPHeM mnonmHoMa. O6palleHre HalfeHHBIX
KOpHeJ) JaeT HaM NOBMUMM MCKaXEHHHX CHMBOJIOB.

¥ % Ok ¥ O Ok ¥ % Ok ¥ F Ok ¥ F F ¥ * * *
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ECny KONMMYECTBO ONpPEfeNeHHHX NOSMUUMI MCKaXeHHHX CHUMBOJOB
MeHBIle CTeneHM elp, MCKaXeHMw NOABEPIVIOCH Gonee ueM t
CMMBOJIOB ¥ M He MOXeM BOCCTAHOBUTBL MX. BO BCeX OCTaNbHHX
CIly4asix BOCCTAHOBIIEHME OPMIVHANBHOTO CONEPXVMOTO MCKAXEHHBIX
CHMBOJIOB BIOJIHE BOBMOXHO. B ciyuae, Korfia KOJMYECTBO OUMBOK
B3aBEJIOMO BENMKO, AN MX MCIOPaBNEHUs] NEKOZUPYEMbe CHMBOJIH
NPOXOASAT CKBOSE JeKkofep 6e3 Kakux-nmGo MBMEeHEeHM.

Ha OCHOBE MCXORHHX TEKCTOB
Simon Rockliff, or 26.06.1991,
PacnpocTpaHsieMsx o JauueHsum GNU

&

decode rs ()

int i, j, u, q;
int s[n-k+1];
int elp[n - k + 2][n - k];

// nonuHOM cMHApOMa OmMBKM
// nonmzOM noxaTopa oumMBKM
// nsmbpa

int d[n-k+2];

int 1[n-k+2];

int u lu[n-k+2],

int count=0, syn error=0, root[t], loc[t], z[t+l], J
err[n], reg[t+l];

// nepeEomuM monyueHHOe KOZOBOE CIOBO B VMHEEKCHYW QopMy
// nns ynpomweHMss BHYUCIIEHMI
for (i = 0; i < n; it++) recd[i] = index of[recd[i]];

// BhHuMCnsIeM CHUHEPOM

for (1 =1; 1i <= n - k; i++)
{

s[i] = 0; // wmEMupanMsamms s-perucTpa
// (Ha ero BXOm HO yMONUaHMIO
// nocrynaer Homb)

// Bmmonusiem s[i] += recd[j]*ij
// T.e. BepeM ouepepHON CHMBON HEKORMPYEMBIX NAHHEIX,
// yMHOXaeM ero Ha NOPSIAKOBHN HOMEpP HAHHOT'O
// cuMBoNa, YMHOXEHHEII Ha HOMEP OYEpemHOTo oBopoTa
// w cknaniBaeM NONYYEHHH PESYNBTAT C COXEPXMUMEIM
// s-perucTpa no (aKTy MCuepnaHMsT BCEX HEKOAMPYEMSIX
// cvMBOMN, MB MOBTOpSIEM BeChb UMKJ BEUMCIEHUI ONSTH —
// no omHOMy pasy ANs KaXgoro CHMBONA YeTHOCTH
for (§=0; j<n; j++) if (recd[j]'=-1) J

s[i]*= alpha to[(recd[j]+i*])%n];

if (s[i]'!'=0) syn_error=1; // ecan curzpoM
// He paBeH Hymo,
// BsBOmMM dnar
// oumbxu

// npeoBpasyeM CHUHOPOM M3 NOJMHOMMUANBHOM (HOPME!
// B unpexcHyno
s[i] = index of[s[i]];

}

// xoppexumst ommbox

[} jemmmmmemesssomoemasesemomsesesesossessesossesmsesoms
if (syn_error) // ecnu ecTh oumbku, mHHTaEMCS
// ux cxoppexTMpOBaTB

{

// BHuMCNeHMe HONMHOMA JOKaTOpa JsMBaa

// BHuUMCNSIeM NONMMHOM JOKaTopa OowMbky uepes

// wrepaTuBHmy anropurM Bepneksmna. Crnegys

// mepwuuomormu Lin and Costello (cmM. "Error

// Control Coding: Fundamentals and Applications"
// Prentice Hall 1983 ISBN 013283796) d[u]

// npegcraBnsier coBoi | («Mo»), BHpaxawuyo

// pacxoxgmenue (discrepancy), rme u = p + 1 un p
// ecTb HOMep mwara us guanasoHa oT -1 mo 2t.

// V Brnelixyra Ta %e caMas BenMuMHa OBOBHauaeTcs
// A(X) («menbTa») ¥ HaBHBAEeTCS HEBSIBKOM.

// 1l[u] npencraBnsier coboit cTeneHs elp Ans FaHHOTO
// wara wurepauym, u_l[u] npepcraenser cobou

// pasHumuy Mexmy HOMepoM Wara M CTeneHsio elp,
// wHMLVANMSMpyeM BJeMEeHTH Tabuuus

d[0] = 0; / wnmexcHas popMa
d[1] = s[1]; // mumexcras dopma
elp[0][0] = 0; // wmupexcras popma
elp[1][0] = 1; // nomuzomuansHas popma

for (1 =1; i < n - k; i++)

elp[0][i] = -1; // wmupexcras ¢opma
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elp[l][i] = 0; // nonuuomMmanbHas dopma

}
1[0] =0; 1[1] = 0; u_lu[0] = -1; u 1lu[l] =0; u=0;

do
{
utt;
if (d[u] == -1)
{
1[u + 1] = 1[u];
for (i = 0; i <= 1[u]; i++)

{
elp[ut+l][i] = elp[u] [i];
elp[u] [i] = index of J

} [elp[u] [i]];

else

// noucxk cnos c nanGonemwm u_lu[q],
// maxux uro d[q]!=0

q=u-1;

while ((d[q] == -1) && (q>0)) g--;

// naiinen nepsmit Henyneron d[q]
if (g > 0)
{

j=q ;

do

if ((d[3]1=-1) ss J
(u_lu[q]<u_lu[j]))

q=73;
} while (3>0);
b

// xak Tombko Ml HaitmeM q, Takoi uro d[u]!=0

// w u_lu[q] ects Makcumym

// sanmmwem creneHs HoBoro elp mnomuHOMa

if (1[u] > 1[q]+u-q) l[u+l] = 1[u]; else
1[utl] = l[ql+u-q;

// bopmupyem HommIZ elp (x)
for (i =0; i <n - k; i++) elp[utl][i] = 0;
for (i = 0; i <= 1[q]; i++)
if (elplq][i]!=-1)
elp[utl] [i+u-q]=alpha to .
[(d[u]+n-d[q]+elp[q] [i])%n];

for (i=0; i<=1l[u]; i++)
elp[utl] [i] *= elp[u][i];

// npeoBpasyeM crapsit elp

// B umHmexcHyn bopmy

elp[u] [i] = index_of[elp[u] [i]];
}

}
u lufutl] = u-l[utl];

// topumpyem (u + 1) Hemssxy
if (u < n-k) // Ha mocnepHeit MTepauUM pacCXOXLEHUE
{ // He Bmno OBHapyxeHO

if (s[u + 1]!=-1) d[ut+l] = alpha to[s[utl]];
else d[u + 1] = 0;

for (i = 1; i <= 1[u + 1]; i++)
if ((sfu+ 1 - i] !'= -1) && J
(elp[u + 1][i]!'=0))
d[utl] *= alpha to[(s[utl-i] .
+index of[elp[u+l][i]])%n];

// nepeeoguM d[u+l] B MHEeKCHyn QopMmy
d[utl] = index of[d[ut+l]];

}
} while ((u < n-k) && (l[u+l]<=t));

// pacuer nokaTopa 3BaBepueH

utt ;
if (1[u] <= t)
{ // xoppexuust oumMbox BOBMOXHA
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// nepeeomuM elp B MHEEKCHy® (opMy
for (i = 0; i <= 1[u]; it++) elp[u][i] = I
index of[elp[u] [i]];

// HaxoxmeHMe KOpHE} NONMHOMAa JOKaTOpa OUMBKN

for (i =1; i <= 1[u]; i++) reg[i] = elp[u][i]; d
count = 0;

for (i = 1; i <= n; it++)
{

q=1;

for (j = 1; j <= 1[u]; j++)

if (reg[j] !'= -1)

{
reg[j] = (reg[j]+j)%n;
q *= alpha_to[reg[jl];

}

if (!q)

{ // BanmciBaeM KOpeHb M MHOEKC
// nosmuum oumbxu
root[count] = i;
loc[count] = n-i;
count++;

}

if (count == 1[u])
{ // HeT kopHeit - cTenes
// elp < t oumbok

// bopmupyeM nommHOM z (X)
for (i =1; i <= 1[u]; i++) // Z[0] Bcerma
// paBro 1
{
if ((s[i]'=-1) && (elp[u][i]'=-1))
z[i] = alpha to[s[i]] * J
alpha to[elp[u][i]];
else
if ((s[i]'!'=-1) && J
(elp[u] [i]==-1))
z[i] = alpha to[s[i]];
else
if ((s[i]==-1) && J
(elp[u] [i]!=-1))
z[i] = J
alpha_to[elp[u] [i]];
else
z[i] =0 ;
for (j=1; j<i; j++)
if ((s[jl!=-1) && (elp[u][i-j]!=-1))
z[i] *= alpha to[(elp[u] d
[i-3] + s[jl)%n];

// nepeeopgmm z[i] B MHOEKCHy® (QopMy
z[i] = index of[z[i]];

}

// Bmuucnenue 3BHaueHMss oumBox B nosuumsix loc[i]

err[i] = 0;

// nepeBoguM recd[] B monmMHOMMANBHYL (bopMy
if (recd[i]!=-1) recd[i] = alpha to[recd[i]];
else recd[i] = 0;

}

// cHauana BHUMCISIEM UMCIUTENb OWMOKM
for (i = 0; i < 1[u]; i++)
{
err[loc[i]] = 1;
for (j=1; j<=l[u]; j++)
if (z[j]'=-1)
err[loc[i]] “= alpha to J
[(z[j]+j*root[i])%n]7

if (err[loc[i]]!=0)
{

err[loc[i]] = index of[err[loc[i]]];
q=0 ;// bopMupyeM sHaMeHaTeNs
// xo3dpduumenTa oumbBxu
for (j=0; j<l[u]; j++)
if (j!=i)

gt=index of[l*alpha to[(loc[j]+root[i])%n]];

q=q % n; err[loc[i]] = alpha_to J
[(err[loc[i]]-g+n)%n];

// recd[i] pomxer 6mTB
// B nonmHOMMansHOM (popMe
recd[loc[i]] “*= err[loc[i]];

else // Her kopHei,
// pemenme cucTeMs ypaBHEHM! HEBOBMOKHO,
// T.x. cremenb elp >= t

// nepeBoguM recd[] B nonuHOMMANBHYH QOpMY
for (i=0; i<n; i++)
if (recd[i]!=-1) recd[i] = alpha to[recd[i]];

else
recd[i] = 0; // BHBOAMM MHOOPMAUMOHHOE
// cnoBo xak ecTn
}
else // crenens elp > t,

// pemeHve HEBOSBMOXHO

// nepesogum recd[] B nomMHOMMANBHY® (GopMy
for (i=0; i<n; i++)
if (recd[i]!=-1)

recd[i] = alpha to[recd[i]] ;
else
recd[i] = 0 ; // BuBOAMM MH}OPMaLMOHHOE
// cnoeo kak ecTb
}
else // oumBox He OBHapyxeHO

for (i=0;i<n;it+) if(recd[i]'=-1)recd[i]=alpha to[recd[i]]; J
else recd[i]=0;

WUntepdeiic ¢ 6ubnuorexoii EIByECC.DLL

MporpammMHas peanusauus kogepa/gekogepa Pvga-Conomo-
Ha, NpvBefeHHasa B MCTUHrax 1, 2, goctaTtoyHo HarnagHa,
HO KpanHe Henpou3BOAMTENIbHA U HYXAaeTCd B ONnTMMK3a-
LK. Kak anstepHaTVBHbIA BapyaHT MOXHO MCMONb30BaTh ro-
TOBble 6UBIIMOTEKMN OT CTOPOHHUX PaspaboTyMKoB, BXodsLLme
B COCTaB NPOrpamMMHbIX KOMMNIEKCOB, Tak UKW NHa4ye CBA3AH-
HbIX C 06paboTKON KoppekTupyowmx kogos Puaa-Conomo-
Ha. STO W YTUAWTBI NPOXUra/KONMPOBaHWUS/BOCCTAHOBNEHNS
nasepHbIX OVCKOB, U ApanBepa NEeHTO4HbIX HakonuTenewn (o1
cTpumepa fo Apeuia), U pasnuyHble TeNeKOMMYHUKALWOH-
Hble KOMMAEKChbl U T. 4.

Kak npaBuno, Bce 3TV GUONUOTEKU ABNAIOTCA HEOTHEM-
NeMoN 4acTblo CaMoro MPOrpaMMHOrO KOMMiekca 1 noToMy
HUKaK He JOKyMeHTupyetcs. lNpuyem BOCCTaHOBMEHWE Npo-
TOTUMOB MHTEPENCHbIX PYHKLUMIA NpefcTaBnseT Becbma
HETpMBMANbHYIO 3agdady, TPeOYIOLLY0 OT uccrnegosartens He
TOMbKO HaBbIKOB AM3acCeMONNPOBaHUs, HO W 3HaHWA BbiC-
e MaTeMaTviku, MHaye CMbIC/T BCEX BUTOBbLIX MaHWMyNs-
LM OCTAHETCH COBEPLUEHHO HEMOHATHBLIM.

Hackonbko 3aKOHHO NOgo6HOE An3accembnnpoBaHve?
[a, pnsaccembnmpoBaHne CTOPOHHMX NMPOrPaMMHbIX MPOLYK-
TOB OENCTBUTENbHO 3anpeLLeHo, HO TeM He MeHee OHO 3a-
KOHHO. 34eCb YMECTHO MPOBECTW aHanornio Co BCKPbITUEM
Mnom6 Ballero Tenesns3opa, BreKkyLlee noTepto rapaHtum, Ho
OTHIOZb HE NPVBOASILLEE K YrONOBHOMY NpecnefoBaHuio. Tak-
)€ HUKTO HE 3anpeLuaeT Bbi3biBaTb PYHKLMM YyXOM 61OIN0-
TeKu 13 CBOEM NnporpaMmbl. HeneransHoO pacrnpocTpaHaTh 3Ty
6MONMOTEKY B COCTaBe BaLLIEro NPOrpamMMHoOro obecneveHus
AENCTBUTENbHO HENMb3f, HO YTO MeluaeT BaM NOMPOCUTb
nofb30BaTens yCTaHOBUTb JaHHY GUOIMOTEKY CamMOCTOS-
TenbHO?
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Hwxe npusoamnTcs onncaHve BaXHeWLLNX YHKLMA 61b-
nuotekn EIBYyECC.DLL, BxogsiLLen B cocTaB M3BECTHOTO KO-
MYPOBLLVMKA 3aluLLeHHbIX nasepHbix anckoe Clone CD, yc-
NOBHO-6eCnNaTHYIo0 KoM KOTOPOro MOXHO CKa4atb ¢ canTa:
http://www.elby.ch/.

Cawm Clone CD npopa6otaet BCero nuiwb 21 AeHb, a 3a-
Tem notpebyeT pernctpaLmm, 04HaKo Ha NPOLOIKUTENbHOCTb
ncnonb3osaHunsa 6ubnuotekn EIBYECC.DLL He HanoxeHo
HUKaKMX OrpaHn4eHui.

Moumu yeunuamm 6611 co3paH h-chaiin, cogepxalimmn
MPOTOTMMbI OCHOBHbIX (hyHKUMA 6mnbnunoTtekn EIBYyECC.DLL,
cneumansHas pefakuus KoToporo 6bina no6e3Ho npefoc-
TaBneHa ana xypHana «CUCTEMHbIN agMUHUCTPATOP».

Hecmotps Ha T0, 4To 6ubnunoteka EIBYyECC.DLL opuen-
TMpoBaHa Ha paboTy C cekTopamu nas3epHbIX OMCKOB, OHA
MOXET ObITb MpucnocodneHa v Anga Opyrux Lenew, Hanpumep,
MOCTPOEHUST OTKA30YCTONHMBbLIX AWCKOBbIX MACCBOB, O KO-
TOPbIX FOBOPMIIOCH B NpefblayLLen cTaTbe.

KpaTtkoe onvcaHne OCHOBHbIX (PYHKLMIA 6UBIMOTEKN NPpU-
BOOMTCS HUXE.

CyLuecTBYIOT N0 MeHbLUEW Mepe ABa cnocoba nomkmoye-
HUS OUHAMUYECKMX BMONMOTEK K BaLLMM nporpammam. Mpu
OMHAMWYECKON KOMMOHOBKE afpeca TpebyemMbiX PyHKLuUi
onpegensioTca nocpeactsom BbidoBa GetProcAddress,
npuyem cama 6mnbnuoteka EIByECC.DLL pgonxHa 6biTb
npenBapuTenbHO 3arpyxeHa yepes LoadLibrary. 310 mo-
XET BbIMALETb, HaNpumep, Tak (06paboTka oWMOOK LS
MPOCTOTbI OMYyLLEHA):

JucTuar 3. JiMHammueckas Sarpyska 6ubmmorexyu E1BYECC.DLL

HANDLE h;
int (__cdecl *CheckECCAndEDC Model)

char *header, char *sector);

(char *userdata,

h=LoadLibrary ("ElbyECC.d11l") ;
CheckECCAndEDC Model = GetProcAddress (h, "CheckECCAndEDC Model") ;

Cratuyeckasi KOMNOHOBKA MpefnofiaraeT Hannyme cne-
umanbHoro lib-panna, KoTopbIn MOXET 6blTb aBTOMAaTUYECKM
creHepuposaH ytunuton implib n3 naketa Borland C++ nto-
601 NoAXOAALLE Bepcum, NPeACcTaBnAOLLY0 COB0W yTUINTY
KOMaHHOW CTPOKW, BbI3bIBAEMYIO TaK:

implib.exe -a E1ByECC.lib E1ByECC.lib

OyHkuma GenECCANdEDC_Mode1 ocyllecTBnseT reHepa-
LMI0 KOPPEKTUPYIOLLMX KOLOB Ha O0CHOBe 2048-6aMTOBOrO
6510Ka MoNb30BaTENbCKUX AAHHBIX U UMEeT CriedyoLmni
npoToTHN:

Jmcruur 4. Npororun @ymxuuu GenECCAndEDC Model
// yxasarens Ha MaccuB u3 2048 Gairr
GenECCAndEDC Model (char *userdata src,

// yxasaTenb Ha BaTOJNOBOK

char *header_src,
struct RAW SECTOR MODE1 *raw_sector model dst)
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B userdata_src —ykasaternb Ha 2048-6aiAToBbIi 6JI0K NONb30-
BaTENbCKMX AaHHbIX, A5 KOTOPbIX HEO6XOAVMO BbIMOMHUTL
pacyeT KOppeKTMpytoLLmMx kogos. Camu nonb3oBaTenbckme
[laHHble B npoLecce BbINOMHEHNUS (PYHKLUMM OCTalOTCA He-
M3MEHHbIMM 1 aBTOMAaTUHECKW KOnupyroTes B Bydoep Le-
NeBOro CekTopa, rge K HuM pobaensetca 104 + 172 Gawnt
YeTHOCTU 1 4 6aiiTa KOHTPOSILHON CYMMBbI.

B header_src - ykasatenb Ha 4-6alToBbIM 610K, cofepxa-
LKA 3aronoBokK cekTopa. lNepsble Tpu H6anTa 3aHMMaeT
abCoNMIOTHLIN agpec, 3anucaHHbin B BCD-topwme, a yeT-
BEPTbIN 6aNT OTBEYaeT 3a TN CEKTOPa, KOTOPOMY Heob-
XOOMMO NPUCBOWUTL 3Ha4YeHWe 1, COOTBETCTBYIOLLMI pe-
XUMY «KOPPEKTUPYIOLLME KOfObl 3ae/CTBOBaHbI».

B raw_sector_mode1_dst — ykasatenb Ha 2352-6aiTOBbIN
6noK, B KOTOpbIA BYyAET 3anucaH CreHepupoBaHHbIA Cek-
Top, cogepxatymin 2048-6aT Nonb3oBaTENLCKUX AaHHbIX
1 104+172 6anT KOPPEKTUPYIOLLMX KOJOB BMecTe ¢ 4 6an-
TaMu KOHTPOJSIbHON CyMMbl U NPEeACTaBNEeHHbIN Creayto-
LLENn CTPYKTYpOWA:

JmcryHr 5. CTPYKTypa CHpPOTO CeKTopa

struct RAW_SECTOR MODEl
{

BYTE  SYNC[12]; // curxporpynna

BYTE  ADDR[3]; // aBcomoTHEN agpec cekropa
BYTE  MODE; // Tun cexropa

BYTE USER DATA[2048]; // nomsBoBaTensckue HaHHe
BYTE EDC[4]; // xouTponbHas cymMa

BYTE ZERO[8]; // wynm (He mcnombsyercs:)
BYTE P[172]; // P-BaitTs ueTHOCTM

BYTE Q[104]; // Q-BaitTsi ueTHOCTH

Mpu ycnewHomM 3aBepLueHnn PyHKLMS BO3BpaLLaeT He-
HyneBoe 3Ha4YeHWe 1 HOMb B NPOTVMBHOM Chny4ae.

®yHkuma CheckSector ocyLlecTBNseT NpoBePKY LieNoCcTHOC-
TW CEKTOpa MO KOHTPOSbHOW CyMME W Mpu HEOOXOQMMOCTH
BbIMOSIHAET ero BOCCTAHOBMIEHNE MO U36bITOYHbIM KOLAM
Pupa-ConomoHa.

JucTyar 6. Mpororun ¢ymxumm CheckSector

// yxasarens Ha CeKTOpHHI 6ydep
CheckSector (struct RAW _SECTOR *sector,
int DO); // monbko mpoBepka/neuenue

B sector —ykasaTenb Ha 2352-6aiiToBbI 610K JaHHbIX, COAEP-
XXalLLM NoJomMbITHLIA CEKTOp. JleveHne cekTopa OCyLLEeCTB-
NSETCA «BXVBYI0», T.€. HEMOCPEACTBEHHO MO MECTY BO3HMK-
HOBEHWS OLUMOKK. Ecnn KonmyecTBo paspyLUeHHbIX 6anT
MPEBbLILLAIOT KOPPEKTUPYIOLLME CNOCOBHOCTY KOLoB Pupa-
ConomoHa, ncxogHble JaHHble OCTaloTCA HEV3MEHHBIMY;

B DO - ¢hnar, HyneBoe 3HaAYEHWE KOTOPOrO YKa3blBAET Ha
3anpeT moaudmkaumm cektopa. Qpyrumu cnosamu, co-
otBeTcTBYET pexumy TEST ONLY. HeHyneBoe 3HaveHne
paspeLuaeT BOCCTAHOBNEHNE JaHHbIX, ECIIM OHW AEeVCTBU-
TeNbHO MOABEPrAINCH Pa3pyLLEHMIO.

Mpu ycnewHoM 3aBepLueHnn pyHKLMS BO3BpaLLaeT He-
HyneBOe 3Ha4YeHWe W HOMb, CIIN CEKTOP COAEPXMT OLUMOKY
(B pexxume TEST ONLY) mnum ecnm gaHHble BOCCTAHOBUTb HE
yoanocb (npu Bbi30oBe (MYHKUUM B pexume nedenus). Ons
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npefoTBpaLLeHNs BO3MOXHOW HEOAHO3HA4YHOCTHN PEKOMEHAY-
eTCs BbI3blBaTb AAHHY0 (MYHKUMIO B Ba npuema. epsbi
pa3 — B peXuMe TeCTUPOBaHWS LA NPOBEPKM LENOCTHOCTU
AaHHbIX, M BTOPOI pa3 — B peX1Me Ne4eHuns (ecnm 3To Heob-
XOAMMO).

Huxe npuBefeH 3aKOHYEHHbIA NPUMEM UCMONb30BAHUS KOP-
PEKTUPYIOLLMX KOLOB Ha MPaKTUKE, MPUTOLHbINA LIS PELLEHUs!
peasbHbIX NPaKTUYECKUX 3amay.

JucTuar 7. lpuMep BHSOBa OyHkumi E1BYECC.DLL #3 cBoOey mpo-

TpaMMsl
e
*

@ nmeMoxcTpauuss E1ByECC.DLL

*

*

* JlaHHas mporpaMMa J[eMOHCTpMpyeT pabBoTy c 6ubmmorexon

* E1BYECC.DLL, TeHepupys u36HTOuHEE Kkoms Pupma-ConoMoHa

* Ha OCHOBE MOJbBOBATENBCKMX NAHHEX, BaTeM YMBIIEHHO

* JCKaxaeT MX ¥ BHOBb BOCCTAHaBJIMBAET.

* KonmuecTBO paspymaeMix GaiT nepefiaeTcs B NEpBOM NapaMeTpe
* KOMaHAHOM CTPOkM (mo yMmonuanmo - 6)
_________________________________________________________ */
#include <stdio.h>

#include "E1ByECC.h" // mexoMOMIMPOBaHO aBTOPOM
// pyumTe HO yMONYaHMIO

#define DEF DMG 6

// cxonpkxo GanT pyumTs?

#define N BYTES DAMAGE ((arge>1)?atol (argv[1]) : DEF DMG)

main(int argc, char **argv)
{
int a;
// saronoEok cexTopa
char stub head[HEADER SIZE];
// ©0BnacTE NONBBOBATENLCKUX NAHHHX
char user data[USER DATA SIZE];

// cexTop mns MCKaxeHWi

struct RAW _SECTOR MODE1l raw_sector for damage;
// KOHTPONEHAst KOMMUS CEKTOpa

struct RAW SECTOR MODEl raw_sector for compre;
// TITLE

printf ("= E1ByECC.DLL usage demo example by KK\n");

// vEMDMAnNMBaUMS NONLBOBATENLCKMX NaHHHX

// user_data init

for (a = 0; a < USER DATA SIZE; at++) user datafa] =

// src header init

memset (stub_head, 0, HEADER SIZE); stub head[3] = 1;
printf ("+0K\n") ;

// reHepauus kofoB Pupa-ConoMOHAa Ha OCHOBe

// none30BaTENBCKMX HAHHEX

e

printf("RS-code generate................... ) 2

a = GenECCAndEDC Model (user data, stub head, .
&raw sector for damage)

if (a == ElBy SECTOR ERROR) { printf ("-ERROR!\x7\n"); J
return -1;}

memcpy (&raw_sector for compre, &raw sector for damage, .
RAW SECTOR SIZE) g

printf ("+0K\n") ;

// VYMBIIJIEHHOE MCKaXeHMe IOJE30BATENbCKUX HAHHBIX

printf("user-data %04d bytes damage........ 0,
N_BYTES DAMAGE) ;
for (a=0; a<N ] BYTES DAMAGE;a++)
raw sector for _damage .USER DATA[a]*=0xFF;
1f('memcmp(&raw sector for damage, Jd
sraw sector for _compre, RAW_SECTOR SIZE))
printf ("-ERR: NOT DAMAGE YET\n");
else printf("+OK\n");

// npoBepka ULENOCTHOCTY MNONBBOBATENBCKUX HAHHHX
printf("user-data check.................... T 8
= CheckSector ((struct RAW SECTOR*) .
&raw_sector for damage, E1By TEST ONLY);
if (a==E1By SECTOR OK){
printf ("-ERR:data not damage\x7\n");return .
-1;}printf(".data damge\n");

// BOCCTaHOBNEHME MNONBLBOBATENLCKMX HNAHHHX
printf("user-data recorver................. ) g
= CheckSector ((struct RAW SECTOR*) .
&raw_sector for damage, E1By REPAIR);
if (a == ElBy SECTOR ERROR) {
printf("-ERR: NOT RECORVER YET\x7\n"); return .J
-1; } printf("+OK\n");

// mnpoBepka YCHEWHOCTV BOCCTAHOBIEHNUS
printf ("user-data recorver check........... ) &
if (mememp (&raw_sector for damage, J
&raw_sector_ for _compre ,RAW_SECTOR SIZE))
prlntf("-ERR NOT RECORVER YET\x7Yh")
else printf("+OK\n");

printf ("+0K\n") ;
return 1;

CHCTEMHBIAAMUHUCTPATOP





