o6pa3oBaHue

MOIYLIEGTBO KO40B PUAA-COJIOMOHA

OHTponus cnena, Ho Tepnenvsa. PaHo wv no3aHo,
obcTpenvBas HalLm rosuLmn 1o KBagpatam, oHa HaHecet
yaap no wwraby, ro LeHTpy cBsau. V1 Torga nepsas nvHus
060pOHbI YHUHYTOXEHA. V1 NpuxoanuTcsi OTXOAUTb Ha
3anacHele rnoauymu. VIHbiMmu crioBamu, 4ocTaBatb U3
MarHUTOTEKN NaKeT [VCKOB C Kornvew Toma.

* E. B. [lnwak
/ «Touauarts BTOPOV AeHb roja.

(Banmckn napacucTeMHOro rnporpaMmMmmIcTa).»

I
UHPOPMALUA, BOCKPEGLLAS U3 NEMJIA

Bce Bbl HABEPHSKA CIIbILLAIN O CYLLIECTBOBAHUN TOMEX03ALLUTHbIX KOZOB Puga-ConoMoHa, LNPpoKo
UCTIOMB3YHOLLMXCS B YCTPOVNCTBAX MEPEAAYY U XPAHEHNS [JAHHbIX [/15 0OHAPYXEHUS U NCTIPABIIEHNS KaK
OANHOYHBIX, Tak v rpynnoBbix (1) ombok. 061acTb uX MPUMEHEHWS] HEOObIHYaNHO LIMPOKA — KOAEPbYIEKOEpb!
Pupa-Conomora MOXHO HaiTH M B JIEHTOYHbIX 3aNIOMUHAKOLYNX YCTPOUCTBAX, U B KOHTPOJIIEpax
0r1epaTuBHOW NamsaTh, U B MOAEMAX, U B XecTkux anckax, n B CD-ROM/DVD-npusogax n 1. 4. bnarogaps
UM HEKOTOPbIE NPOABUHYTbIE apXNUBATOPbI 6300/1E3HEHHO NEPEHOCAT M10P4Y HECKOIbKUX CEKTOPOB
HOCUTEJISl, COAEPXALLEero apxus, a nog4ac v rosiHoe paspyLLeHne Lesoro Toma MHOroTOMHOIO apxXuBa.
Ewye kogel Puga-ConomoHa no3BosistoT 3aLYNTHOMY MeXaHU3My aBTOMAaTUY4eCKN BOCCTAHAB/INBATD
OaniTUKN, XakHyTble B3JTIOMLUNKOM WU NCKAXKEHHbIE B PE3Y/ibTaTe cO05 NPOrpaMmMHOro/annapaTHoro
obecrieyeHns. Kopo4e roBops, ecs BAafeHne TEXHUKON NOMEX03aLUNTHOIr0 KOANPOBAHNSA He NpeBpaLyaet
Bac B bora, 10, 1o KpaviHes mepe, nogHumaet Ha Onumn, rge cpeam 6ecLLyMHbIX BEHTUNIATOPOB

1 6€3rT1H0YHbIX 0NEPALNOHHBIX CUCTEM CHYIOT BEJIMKME KOMITbIOTEPHBIE TYPY.

KPHC KACIEPGKH
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B 10 Xe Bpems nuLb HEMHOrME MpPOrpamMMmUCTbl MOTYT MO-
XBacTaTbCsa COOCTBEHHOW peanusaunen anroputmos Pupa-
Conomona. a n 3a4em? [0TOBLIX 6MONMOTEK MOpPE: OT mpar-
MaTUYHbIX KOMMEPYECKMX NaKkeToB A0 6eCniaTHbIX MCXOAHU-
KOB, pacnpocTtpaHsembix no nuueHaun GNU. Kak rosopurcs,
6epn — He xody'. YTO X, B NCMONL30BAHUN BUBAMOTEK ECTb
BMOJIHE OMpefesieHHbIN NPakTUYECKNA CMbICST, HO HUKaKOW
XaKep He [OBEpUT ynpasneHne nporpamme [o TexX rnop, rnoka
He MOMMeT, KaK UMEHHO OHa paboTaeT (a 3Ta ny6nukauus
VMEHHO [N XaKkepoB W NpefHa3HaveHa, eCTeCTBEHHO, «Xa-
KEpOB» B XOPOLUEM 3HAYEeHWN 3TOrO CrioBa).

C opyroii CTOpOHbI, MPX aHanuae NporpamMHoro o6ecne-
YeHws, pacrnpocTpaHieMoro 6e3 UCXoAHbIX KOLOB, Bbl HE CMO-
XeTe npeHTuduumposats anroputv Puga-ConomoHa, ecnm
TONbKO 3apaHee He pas3bepeTecb BO BCEX €ro TOHKOCTSX.
[onyctvm, Bam BCTpeTUnach 3alumra, XMTpsiM 06pa3om ma-
Hunynupyrowas ¢ EDC/ECC-nonsMu Kno4eBbIX CEKTOPOB,
CYUTAHHBIX €10 C Na3epHOro AMCKa, N KaXAbI TAKOW CEKTOP
COAEPXMT [BE YMbILLMEHHO BHECEHHbIE OLWMOKM (NoC eLle
OLLUMOKWN, ECTECTBEHHBLIM MyTEM BO3HMKAIOLLME MPU HEOpex-
HOM o6patieHun ¢ CD), npuyem ofHa 13 3TUX OLUMOOK JIOX-
Hasl 1 UCNPaBNATL e He HYXHO. [Npy LWTaTHOM KOMMPOBaHWUK
3aLUMLLIEHHOr0 ucka MUKponpoLeccopHas HadmHka CD-ROM
aBTOMATUYECKW UCTIPABIIAET BCE OLLMOKM, KOTOPbIE OHA TOJb-
KO MOXET UCMpaBuTb, B pe3ynktaTte Yero NpoMCcXoamT 1cka-
XEHMe KITI04EBbIX METOK U, KaK CIIefCTBME, 3aLLMLLEHHAs Mpo-
rpamma nepectaHeT pabotatb. MOXHO, KOHEYHO, CKOMUPO-
BaTb AMCK B «CbIpOM» PEXUME, T.e. 6€3 UCTpaBIIeHNs OLLK-
60K, HO TOrfa Konus 6yLeT cofepXaTb Kak HenpenyMbiLLIeH-
Hble, TaK W MpefyMbILNeHHble OLUMGKW, B pe3ynbTaTte 4ero
[axe npu HesHaynTeNlbHOM MOBPEXAEeHUW opurMHana Kop-
PEKTUPYIOLLMX BO3MOXHOCTEN KogoB Pupa-ConomoHa yxe
OKaXeTcs HeJOCTaTO4HO, U OMCK NPOCTO NepecTaHeT YnTaTh-
Cs (a KaK Bbl XOTeNM? KOMMPOBaHWE AVCKOB B ChbIPOM PEXMU-
Me Be[ieT K HaKOMIEHMIO OLLMOOK 1 MOTOMY KpanHe Herpak-
TUYHO C NOOON TOYKM 3PEHNS).

Bnagenne 6a30BbIMM NpUHLMIAMY NOMEXO3ALLUTHOIO
KOZOMPOBaHWS MO3BOMUT BaM pasobpartbes C NOrMkon pabo-
Tbl 3aLUWTHOrO MeXaHn3ma W NOHATb, KaKne KOHKPeTHble
OLLUMOKW CriepyeT UCnpaBensTh, & Kakue Her.

K coxanenuio, nogaenstoLlee 605bLLIMHCTBO Ny6nmKaummn
Ha Temy KopoB Pupaa-ConoMoHa HanucaHbl Ha f3blKE BbIC-
LLer MaTemMaTuKi, Ans noCTVXKEHUS KOTOPOW U YHUBEPCUTET-
CKMX 3HAHMI nogyvac OKasblBAETCS HeJOCTaTOYHO (Oa v Bce
NN XaKepbl 3HAIOT MaTematvky?), B pesynsrarte Yero Bce 3Tu
CUJTbHO TEOPETU3NPOBAHHbLIE PYKOBOACTBA 3abpachkiBaloTcs
Ha MorKYy.

MNporpamMmMHas peanusauns KOppPekTUPYLWMX KOAOB
Pvpa-ConoMoHa [encTBUTENBHO OYEHb CIIOXHA M OEeNCTBU-
TenbHO TpebyeT onpeneneHHo MaTeMaTU4eCcKon NoLAroToB-
KW, U3NOXEHNEe OCHOB KOTOPOWM MOXET NokasaTbCs CKy4YHbIM
M HEVHTEPECHBLIM [ «CUCTEMLLIMKOB» N «Kere3a4HNKOB»,

O6wee npeacTaBnexune

obpasoBanne

HO WHOTrO MyTW, BUOMMO, HET. B KOHLIe KOHLIOB HUKTO He obe-
LLian Bam, 410 6bITb MPOrpaMMMUCTOM — JIETKO, @ XOPOLLIMM po-
rpaMMUCTOM ObITh eLLe TpyaHee. Tak YTo He roBopuTe NMoToM,
47O 51 BaC He npepynpexpan! LLyTka! Paccnabtecs 1 pasroHu-
Te CBOW CTpax rnepep BbICLLEN mMaTemaTtvkoi npoyb. Mo xoay
OnmMcaHus Bam BCTPETUTCS Napa hopMmyn (Hy Kyaa xe B mate-
maTuke 6e3 hopmyn?), HO BO BCEX OCTasbHbIX Cilyyasx s 6yay
FOBOPUTL Ha MHTEPHALMOHANBEHOM MPOrpaMMUCTCKOM A3bIKe —
f3blke CK, NOHATHLIM NO6OMY cuCTeMLLMKY. B obluem, npu-
cTermeavite peMH1 1 NofHUManTe CBOW rofioBbl C Knaswary-
pbl —Mbl noexanu! KoHe4HOM Liesbio HaLLIero nyTeLLecTsus cra-
HeT nocTpoeHne otkasoyctonunsoro RAID-maccvsa 5 ypoBHs
Ha 6ase... HeCKONbKMX 06blkHOBEHHbIX IDE/SCSI-KoHTposnne-
POB XeCTKMX AMCKOB. 4/5 o6bema Takoro maccusa 6ygyT OT-
AaHbl HEMOCPEACTBEHHO MOL MONE3Hble AaHHble, a 1/5 — nog
N3OLITOYHYIO MHGOPMALMIO, MO3BOMAIOLLYI0 BOCCTAHOBUTL CO-
LEpX1MMOe JII060ro XEeCTKOro Aucka 13 natv AaHHbIX, Aaxe
€CIn OH BYAEeT MOMHOCTBLIO YHUYTOXEH!

Koppektupyowue Koabl
U NOMeXoycToiYuBoe KoguposaHue (asbl)
lNepcoHarbHble KOMMBIOTEPBI C MX BUTaMK 1 6anTamm HacToMb-
KO MPOYHO BOLLMM B HALLY XM3Hb, YTO MPOrpammMmucTbl BOOD-
LLie MepecTan 3agyMbiBaTbCs O TEOPUM KOQMPOBaHUS MHAOP-
Mauuu, NprHMMas ee Kak gomkHoe. Mexay Tem, 3aech Bce
HE Tak NPOCTO, KaK MOXET MoKa3aTbCs Ha NEepBbIN B3rNag.
daKTn4eckn KOQMPOBaHME eCTb HU YTO MHOE, Kak npe-
06pa3oBaHue CooObLLEeHUS B MNOCNEN0BATENBHOCTb KOOOBbIX
CUMBOJIOB, TaK Xe Ha3blBaeMbIX KOJOBbIMU crioBamu. Jlio-
60e OUCKPeTHoe COO6LLeHMe COCTOUT U3 KOHEYHOrO Yucna
3MEMEHTOB: B YAaCTHOCTU, TEKCT COCTOUT M3 BYKB, U306pa-
XXEHWE COCTOMT U3 NMKCENEen, MaLUHHas nporpamma CocTo-
UT U3 KOMaHA U T. f., — BCE OHU 06pasyloT angasuT UCTOY-
HUKa coobLleHus. [Npu KoOMPOBaHUM NPOUCXOAMT Npeobpa-
30BaHNE 3NEMEHTOB COOOLLEHUS B COOTBETCTBYIOLLME UM
yucrna — KOAOBbIE CUMBOSIbI, MPUYEM KaXLOMY 3[IEMEHTY CO-
O6LLEHNS MPUCBAMBAETCH YHUKANbHAs COBOKYMHOCTb KOLO-
BbIX CUMBOJIOB, Ha3biBaemas kogoBow kombuHaumen. Co-
BOKYMHOCTb KOZOBbLIX KOMOMHALMIA, 06pasyoLmnx coobLe-
HUE, N ecTb KOA. MHOXeCTBO BO3MOXHbIX KOLOBbIX CMMBO-
NOB Ha3blBAeTCA KOAOBLIM andaBnToOM, a UX KOSIMYECTBO
(hanee no TekcTy 0603HAYaEMOE Masiof IATUHCKOW m) —
OCHOBaHWeM Koga.

Bnpouem, Bce 370 Bbl yXXe HaBEepHsKa 3HaeTe (a ecnu He
3HaeTe, TO 6e3 Tpyha HanpeTe ncyepnbiBatoLLlee 0ObACHE-
HWe OCHOB KOAMPOBaHWA B JIIO60M y4ebHUKe No HdopmaTtu-
Ke), HO 3HaEeTe N Bbl, YTO TAKOe paccTosHne XeMmmHra? 370
MWHUManNbHOE KOMMYECTBO Pasnnyvin Mexzay AByMS pasnuny-
HbIMW LONYCTUMbIMU KOLOBLIMM CNIOBaMu 1 B TEOPWU MOME-
XOYCTOM4YMBOIO KOQMPOBaHMA pacCcTosiHMe XeMMUHra urpaet
OCHoBoOMonarawLyo ponb. Paccmotpum, Hanpumep, crnegy-
OLLIMIA 4-BUTHBIA KOA:

Kogel Pupa-ConomoHa — HelBOMYHblE COBEPLLUEHHbIE CUCTEMATUYECKNE JIMHENHBIE 6NOYHbIE KOAbI, OTHOCALLMECS K Knaccy
LIMKNIMYECKUX KOLJOB C YMCMOBBLIM MONIEM, OTAMYHbIM 0T GF(2), 1 aBnsioLmMecs NOJMHOXECTBOM kofoB Boysa-Yoyaxypu-
XokBUHrema. KoppekTupytoLume cnocobHocT kogos Pyupa-ConomoHa Hanpsimyto 3aBUCST OT KOSIMYECTBA KOHTPOSbHBIX GaiT.
[o6aBneHne r KOHTPOJIbHbIX 6aNT NMO3BOASET OOHAPYXMBATH I MPOU3BOSIbHBIM 06Pa30M UCKAXKEHHBIX 6ANT, rapaHTUPOBaHHO

BOCCTaHaBNMBas /2 6anT U3 HUX.
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o6pasosanue

JucTuar 1. [lpuMep npocTeimero 4-GMTHOTO KOfA C PaCCTOSTHMEM
XeMMyHra, paBHEM efuHume. Takoy KOJ WMPOKO MCIONLBYETCS B
BHUMCIMTENBHO! TEeXHMKE, HECMOTPS Ha er'0 HeBOBMOXHOCTB OGHa-
PYXUTE OWMOKM .

0 — 0000; 4 - 0100; 8 — 1000; 12 - 1100;
1 — 0001; 5 — 0101; 9 — 1001; 13 - 1101;
2 = 0010; 6 — 0110; 10 —» 1010; 14 - 1110;
3 - 0011; 7 — 0111; 11 —» 1011; 15 —» 1111;

3710 06bIKHOBEHHbIN [BOUYHBIA KOL, KOTOPbIA MOXHO
BCTPETUTb B HEKOTOPbLIX OJHOKPUCTANKax, BMeLLalLWmnii B
cBOM 4 6uTa 16 CMMBOIOB (T.€. C Er0 MOMOLLEI0 MOXHO 3aKO-
AvposaTb 16 6ykB andasuta). Kak HeTpyaHo y6eauTbcs, Asa
NoBbIX CUMBONA OTNIMYAKTCA MO MEHbLLEN MePe Ha OUH OUT,
CnepoBaTenbHO, paccTosiHWe XeMMUHra Ans Takoro Kopa
paBHO efuHuLEe (4TO YCNoBHO 0603Ha4aeT Kak d = 1).

A BOT gpyrov 4-6UTHbIN KOL;:

JucTurr 2. [puMep 4-6uTHOTO KOfa C pacCTosHMEM XeMMMHTa,
PaBHEM JBYM, CIOCOGHOTO OGHApYXMBATL OAMHOWYHEE OWMGKM.

0 — 0000; 4 — 1001;
1 - 0011; 5 — 1010;
2 - 0101; 6 - 1100;
3 - 0110; 7 — 1111;

Ha 3T0T pa3 faBa npou3BOMbHLIX CUMBOJIA OT/IMHAKOTCA Kak
MUHUMYM B [BYX MO3MLMSAX, 32 CHET Yero MHGopmaLMoHHas
€eMKOCTb TaKoro Kofia cokparunacs ¢ 16 no 8 cumsosnos. «[o-
CTOWTE-NOCTONTE! — BOCKNMKHET MHOW YnTaTenb. — Y10 3T0 3a
6pen? Kyoa penack kombuHauus 0001 v 0010, Hanpumep?».
Her, 310 He 6pef, 1 yKa3aHHbIX KOMOUHALMIA OUT B JAHHOM KOfie
LECTBUTESNIBHO HET, TOYHEE, OHU eCTb, HO OObABIIEHBI 3arpe-
LLleHHbIMW. Bnarofaps aToMy 06CTOATENLCTBY HALL MOLOMNeY-
HbIA KOZ, CNOCOGEH OOHAPYXMBaTh M0Oble OQUHOYHbBIE OLLIOKM.
Bosbmewm, Hanpumep, cumson «1010» 1 nckasum B HEM Npom3-
BOMbHbINA BUT (HO TOMbKO oauH!). MNycTb 3T0 ByOeT BTOPOW criesa
OUT, TOrAa UCKaXKEHHbIN CUMBOM CTaHET BbIrMaaeTb Tak: «1110».
Mockonbky kKom6uHaums «1110» aBnaeTcs 3anpeLleHHon, ge-
KoZep MOXeT 3aCBMIETENbCTBOBATb Hauyme OLNOKK. YBbI,
TOMbKO 3aCBUAOETENLCTBOBATb, HO HE UCMPaBUTb, T.K. ONs UC-
rMpasrieHnsl faxe OfHOro-eAMHCTBEHHOMO COOMHOrO HanTa Tpe-
6yeTCs YBENNYUTL PACCTOSHNE XEMMUHIA KaK MUHUMYM [10 TPEX.
MockonbKy 4-6UTHLIN Ko ¢ d = 3 cnocobeH BMeLaTh B cebs
NVWb ABa PasfnyHbIX CUMBOSA, TO OH KpalHe HeHarnsgeH u
MOTOMY HaMm JydLle BbIGpaTh KoL C 60sbLUen PaspsfHOCTbIO.
XopoLwuo, nycTb 3710 6ynet 10-6uTHLIN kKog cd = 5.

Jucturr 3. lpumvep 10-6uTHOrO KOfma, C PpacCTOsHMEM XeMMMHTa,
PaBHEM NSTY, CHOCOGHOT'O OBHapyxuBaTh 4-GUTHEE OWMOKM,
a MCHpaBnATbL 2-6UTHEE.

0000000000 0000011111 1111100000 1111111111

Bosbmewm, k npumepy, cumsos «0000011111» 1 nckopexum
LBa nbblx 6uta, NOMy4YMB B UTOre 4TO-TO Hanogobue:
«0100110111». MockonbKy Takas komMbuHaLma ABngeTca 3arn-
PeLLieHHOW, fekodep NOHUMAET, YTO NpousoLLna owwmoka. Joc-
TATO4YHO OYEBMOHO, YTO €CNM KONMYECTBO COOMHBIX OUT MEHb-
LLIe paccTosHWs XeMMUHra xoTs Obl HarosnoBuHy, TO fekofdep
MOXET rapaHTMPOBaAHHO BOCCTAHOBUTb MCXOLHbIN cuMBon. [den-
CTBUTESIBHO, ECIIM MeXY ABYMS JTI0ObIMU pa3peLLeHHbIMU CUM-
BOSIAMW CYLLIECTBYET HE MEHee NATW Pasnuynin, TO UCKaXeHMe
LBYX OUT BCAKOro Takoro CMMBONA NPUBELET K 06pa30BaHMIo
HOBOrO cumMBoNa (0603Ha4MM ero k), mpuyem paccTosiHue Xem-

MUHra Mexay K 1 opuriHanbHbIM CYMBOSIOM PaBHO YUCHY He-
MOCPEACTBEHHO UCKaXEHHbIX OUT (T.€. B HALLEM Cy4ae AByM),
a paccTosiH1e [0 6nmxanLLIero cocefHero cumeorna pasHo: d —k
(T.e. B Hawlem cny4ae Tpem). Opyrumm cnosamu, noka d — k > k
AeKodep MOXET rapaHTMpPOBaHHO BOCCTAHOBUTb WCKaXXEHHbIN
cvumeon. B Tex criyyasix, korgad > k >d — Kk, ycrielHoe BoccTa-
HOBJIEHWE YXe He rapaHTVPYeTCs, HO NPW YOAYHOM CTEYEeHWn
06CTOATENBCTB BCE-TaKM OKa3bIBAETCA B MPMHLMMNE BO3MOXHbIM.

BosspaLuasce K Hawemy cumsony «0000011111», nasan-
Te Ha 3TOT pa3 WcCKasuMm He fABa 6uUTa, a YeTblpe:
«0100110101» v nonpobyem ero BOCCTaHOBUTL. 306pasum
MpoLiecC BOCCTaHOBIIEHWS rpadonyecKu:

JnctuHr 4. BoccTaHOBNeHMe 4-6MTHOM OWMBKN.

0000000000 0000011111 1111100000 1111111111
0100110101 0100110101 0100110101 0100110101
5 omnmumit 4 omnnuns 6 oTmmuni 5 ommmuni

py60 rosopsi, 06HapPYyXuB OLLNOKY, AeKOLEep nocnenosa-
TerNbHO CNUYaeT UCKaXXEeHHbIN CUMBOM CO BCEMU pa3peLLeH-
HbIMW CMMBONaMu andgasuTa, CTPEMACL HaWTV CUMBOS Hau-
6onee «MOXOXUi» Ha UCKaXeHHbIN. ToYHee, CUMBOST C Hau-
MEHbLLUVM YUCIIOM Pasfinyni, a eLle To4Hee, CUMBOJI, OT/U-
YarLLMICs OT MCKaXEHHOTO He 6osee yem B (d — 1) moanum-
X. Jlerko BMAeTb, 4TO B JAHHOM CJly4ae Ham rnosesno, 1 BOC-
CTaHOBJIEHHbIV CMBON COBNan ¢ UCTUHHBbIM. OpHako ecnu
6bl YeTblpe MUCKaXeHHbIX 6uTa pacnpefenunuck 6bl Tak:
«0111111111», To gekopep npuHan 6bl 3TOT CMMBOS 3a
«1111111111» 1 BocCcTaHOBIEHME 0KA3as10Cb Obl HEBEPHBIM.

Takvim 06pasom, vcrpasnatoLLas Croco6HOCTL Kofja ornpeae-
nAeTca no cnepytoen doopmyne: 41 06HapYXeHus r OLLIMGOK
paccTosiHMe XeMMUHra JOMKHO ObITb 60SIbLLE MW PaBHO I, a 18
KOPPEKLMU I OLLIMOOK paccTosiHue XeMMUHra [OSMKHO OblTh MO
KpanHen Mepe Ha efuHuLYy 6osbLLe YABOEHHOrO KONMYeCTsa .

JincTvar 5. KoppeKTupyloupie CHOCOBHOCTM MPOCTOr'O kKofa XeMMuHra.
oBHapyxeHre OWMBOK: d

MCIpaBJIeHKe OmMBOK : d
uHbOpMamMOHHas eMKoCTE: 2°/¢

Vv

r
2r

TeopeTnyeckn KONMM4ecTBO OBHApPYXMBAEMbIX OLUNGOK
HEOorpaHn4eHo, NPakTUYECKN Xe NHPOPMaLMOHHAA EMKOCTb
KOZOBbIX CIOB CTPEMUTENLHO TaeT ¢ pocToM d. [Jonyctum, y
Hac ecTb 24 6aunTa JaHHbIX, U Mbl XOTenu 6bl UCNPaBNAThL 0
[BYX OLUMOOK Ha KaxAbli Tako 6nok. Torga Ham npugetcs
[06aBUTL K 3TOMY 6nOKy elle 49 6anT, B pesynsrate 4ero
peasnbHas MHPOPMaLMOHHAsA eMKOCTb 6510Ka COKpaTUTCS BCe-
ro... 0o 30%! XopolueHbKkas nepcnekTuea, He Tak im? CTonb
nnadveBHbIVi pesynsTaT 0ObACHAETCA TEM, YTO GUTbI KOLOBOro
CrioBa M30MMpoBaHbl ApYr OT Apyra U U3MEeHeHVe OOHOro 13
HUX HVKaK He CKa3bIBaeTCs Ha OKpyXaroLwyx. A YTO ecnu...

MNycTb BCE GUTBLI, HOMEpPA KOTOPbIX €CTb CTEMNEHb ABOWKY,
CTaHyT Mrpatb porib KOHTPOIbHLIX BUTOB, a ocTasLUMecs u 6y-
BYT 06bI4HBIMU («MH(OPMALIMOHHBIMW») BUTaMW COOBLLIEHUS.
Kax bl KOHTPOMbHbIA 6UT [OKEH 0TBEYATh 38 YETHOCTb CYM-
MbI? HEKOTOPOI MPUHAANEXaLLEl eMy rpynnbl GUTOB, MPUYEM
OLMH W1 TOT Xe UH(OPMALMOHHBIN BUT MOXET OTHOCUTLCS K
pasnuyHbIM rpynnam. Torga oguH UHGOPMALMOHHBIN GUT CMO-
XET BIIUATL HA HECKOJSTbKO KOHTPOJIbHBIX M MOTOMY MHDOpMa-
LIMOHHasl EMKOCTb Cl0Ba 3HA4YMTENbHO (MOXHO JaXe cKasartb,

CHCTEMHBIIAAMUHUCTPATOP



4y[oBULLHO) Bo3pacTeT. OcTaeTtcs ToNnbKO BbibpaTh Havbonee
onTMMasnbHoEe pasfenieHne cgep BAMSaHUA.

CornacHo MeToay NMOMEX03aLLMTHOrO KOAVPOBaHWS, Npeano-
XXEHHOrO XEMMWHIOM, [715 TOrO YTO6bI ONPefennTb, Kak1e KOHT-
POSIbHbIE BUTLI KOHTPONMPYIOT MHGPOPMALIMOHHBIA GUT, CTOALLIMIA
B No3vuwmn K, Mbl JODKHbI PA3NoXuUThb K Mo CTENEHSM ABOWKM:

Ta6mmua 1. PaspeneHue GMT Ha KOHTPOJNBHEHE M MHOOPMAUMOHHEE.

TO3HIHA | gaypivp GHTAMH KOHTPOIHPYETCS

1(A) A=il 9TO KOHTPOJIBHEIH OUT, HUKTO €r0 He KOHTPOIHPYET
2(B) =2 9TO KOHTPOJIbHbIH OUT, HUKTO €r0 He KOHTPOJIHPYET
3 2%42'=1+2=3 KOHTpOJMpyeTcs 1 U 2 KOHTPOJIBHBIMH OHTaMU
4© 22=4 9TO KOHTPOJIBHEIH OUT, HUKTO €r0 He KOHTPOJIHPYET
5 2%4+22=1+4=5 KOHTPOJIMPYETCs 1 ¥ 4 KOHTPOJILHEIMH OGHTaMK

6 21422=2+4=6 KOHTPOJIMPYETCs 2 U 4 KOHTPOJIBHBIMH OHTaMH

7 2°+2'4+22 =1+ 2+ 4 =7 | konTpommpyercs 1, 2 1 4 KOHTPOIHHEIMU GHTAMH

8 (D) Da= 3TO KOHTPOJILHbIN OUT, HUKTO €r0 He KOHTPOJIMPYeT

[aBsaiTe B nopsgke 3akpenneHws marepvana nornpooy-
eM noLuynatb Kogbl XeMMUHra «BXMUBYIO» W BPYYHYIO pac-
CYUTAEeM KOHTPOSbHYIO CymMMmy 4-6utHoro cumeona «0101».
Nocne pesepBMpoBaHNs «KBAPTUP» AJ1 KOHTPOSTbHLIX GUTOB
(BblAENEHHBIX B TEKCTE XMPHBIM LLPUETOM) HaLl cumMBon 6y-
ZeT Bbirnsagets Tak: ABOC101D. Tenepb ocTaeTcs TOMbKO pac-
cunTath 3HaveHus 6utos A, B, C n D:

B But A, KOHTPONMPYIOLLMIA GUTbI 3, 5 1 7 paBEH HYIIO, T.K.
nx cymma (0 + 1 + 1) yeTHa.

B But B, KOHTpONMPYHOLLMiA 6UTLI 3, 6 1 7 paBEH OLHOMY,
T.K. ux cymma (0 + 0 + 1) HeveTHa.

B But C, KOHTpONMpyHoLWiA 6UTLI 5, 6 U 7 paBeH HyrHo, T.K.
nx cymma (1 + 0 + 1) yeTHa.

B But D HUKaKoW poru He UrpaeT, T.K. OH KOHTPOSIUPYET NNLLb
Te OUTbI, KOTOPbIe PACMOIOXeHbI CripaBa OT Hero, a HUKa-
KvX GUTOB Cripasa OT HEro yxe 1 HeT. Y npyvBeaeH OH nniLlib
3aTeM, YTOObI NMONy4UTb 8 BUT — OBLLEMNPUHATBLIN GaNT.

Takvm 06pa3oM, «HOBOWCMEYEHHOE» KOJOBOE CIOBO Oy-
net Bbirnagetb Tak: «0100101», roe XupHbIM LUIPUGTOM BbI-
[eneHbl KOHTPOMbHbIE BUTHI.

JucTvHr 6. KomoBoe cnoBO BMecTe C MHOOPMALMOHHEMM OuTaMu.

AB0C101D
12345678

[onyctm, npu nepefade Hatle CrioBo 6bIN0 UCKaXEHO B
0[HOV no3uumn 1 ctano BeirnsaeTb Tak: 0100111, Cmoxem nu
Mbl 0OBHapYXWTb Takylo OwmMOKy? A BOT ceivac u nposepum!
Tak, 6uT A ponxeH 6bITb paseH: (0 + 1+ 1) % 2 =0, 4To COOTBET-
CTBYET UCTUHE. BrT B fomkeH 6bimb paBeH (0+1+1) % 2=0,a
B HalLLleM CNOBe OH paBeH eanHuLe. 3arnoMHUM HOMep «Hempa-
BWNbHOr0» KOHTPOSIbHOMO 61Ta M NPoJoXuM. but C gomkeH
6biTb paBeH (1 + 1+ 1) % 2 =1, a oH paseH Hynto! Ara, 3HauuT,
KOHTPObHblE 6UTbI B No3uumsx 2 (6uT B) u 4 (6ut C) o6Hapyxu-
BAIOT PaCXoXaeHVe ¢ OeNCTBUTENBHOCTLIO. VX cymma (2 + 4 = 6)
¥ OaeT no3vumio cO0MHOro outa. JencTBUTeNnsHO, B JAHHOM Crly-
Yyae HOMEp WCKaXEeHHOro 6uTa paseH 6, MHBEPTUPYEM ero, TeM
CaMbIM BOCCTaHaB/MBas Halle KOLOBOE CI0BO B UCXOAHbINA B,

A 4TO €Crim UCKaXEHWEe 3aTPOHET HE MHGOPMAaLMOHHBIN,
a KOHTPOJbHbIM 6MT? [NpoBepka NokasbiBaeT, YTO MO3MLMS
OLLMOKK YCreLLHO 06HapYXMBAETCA U B 3TOM Cny4ae, 1 KOH-
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TPOMbHbIA BUT NPY XeNaHUM MOXET ObITb NErko BOCCTAHOB-
NeH No MeTOAMKe, YXKe ONUCaHHOW BbiLe (TOMbKO eCTb N B
3TOM CMbICN? BEAb KOHTPOSbHbIE 6UTbI BCE PABHO «BbIKYCbI-
BalOTCS» B MPOLECCe OeKOOAMPOBaHMA KOLOBOrO CfOBa).

Ha nepBbIvi B3rnag KaxkeTes, YTo Koabl XeMMUHra XYTKO He-
3(pdeKTUBHBI, BeAb Ha 4 MHAOPMALWOHHBIX 61UTa Y HAC MPUXO-
LMTCA 3 KOHTPOSBHBIX, OOHAKO MOCKOJIbKY HOMEpa KOHTPOSTbHBIX
OUT NpefCcTaBnAoT co60M CTeneHb OBOMKKW, TO C POCTOM pas-
PAOHOCTU KOLOBOIO CroBa OHW HaYMHAKOT pacrnosnaratbCs Bce
pexe n pexe. Tak, 6rvxanwmn K 6uty C KOHTPOnbHbIA 6UT D
HaxoguTes B NO3uLMK 8 (T.e. B TPEX Luarax), 3aT0 KOHTPOSbHbIA
6uT E otaenex ot 6uta D yxe Ha (2 - 2°-1) = 7 «waroe», a
KOHTPOMbHbI 61T F 11 BoBce Ha (2° -24- 1) = 15 «waros».

Takum 06pa3om, € yBenu4eHrem paspsapHoCcTH obpabarbl-
BaeMOro 6510ka, 3hheKTUBHOCTb KOJOB XEMMUHra CTPEMUTESTb-
HO HapacTaeT, YTO M MoKasblBaeT crefytoLas nporpaMma:

JucTvar 7. Pacuer sbdexTMBHON MHOOPMALMOHHON E€MKOCTM KOJOB
XeMMMHTa QJIsI CJIOB PaBIUYHON [JIMHSI.

main ()

{
int a;
int _pow = 1;
int old pow = 1;
int N, old N = 1;

printf( "* * * hamming code efficiency test * * * .
by Kris Kaspersky\n"\

""BLOCK SIZE  FUEL UP  EFFICIENCY\n"\

for (a = 0; a < MAX POW; att)
N = pow - old pow - 1 + old N;

printf("%8d  %8d %8.1f%%\n",_pow, N, (float)
N/_pow*100) ;

// NEXT

old pow = pow; pow = pow * 2; old N = N;

I T T (e e \n") ;
}

JucTyHr 8. PesyneTaT pacuera sddexTmBHOM MHOOPMALVOHHOM
EMKOCTM KOJOB XeMMMHTa [Jsi CJIOB DPaBJMYHON HINMHS.

BLOCK_SIZE FUEL UP EFFICIENCY
1 0 0.0%
2 0 0.0%
4 1 25.0%
8 4 50.0%
16 11 68.8%
32 26 81.3%
64 57 89.1%
128 120 93.8%
256 247 96.5%
512 502 98.0%
1024 1013 98.9%
2048 2036 99.45%
4096 4083 99.7%
8192 8178 99.8%
16384 16369 99.9%
32768 32752 100.0%
65536 65519 100.0%
131072 131054 100.0%
262144 262125 100.0%
524288 524268 100.0%

W3 npvBeneHHO Bbille pacneyaTku BUGHO, 4TO npu 06-
paboTke 6110KOB, JOTArMBaOLWMXCS X0Ts 661 00 1024 6UT, Ha-
KagHbIMM pacxofaMmn Ha KOHTPOSbHbIE GUTbI MOXHO MOJHO-
CTbIO NpeHebpeYb.

K coxaneHuio, koabl XeMMWHra crocobHbl UCnpaBnaTh
MWL OQMHOYHbIE OLIMOKM, T.€. JOMYCKalT UCKaXEHUE BCEro
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NV 0OHOrO CO0MHOro 6uTa Ha BECb 06pabaThiBaeMblii GOK.
EcTectBeHHO, ¢ pocTOM pa3mepoB obpabaTbiBaeMbIX 6II0KOB
YBENUYMBAETCA U BEPOSATHOCTb OLLMOOK. [To3TOMy BbIGOP On-
TUMasbHOW ONWHbI KOJOBOMO CroBa ABMSAETCH BECbMa HETPU-
BManbHoW 3ajaven, Kak MUHUMYM TPebytoLLei 3HaHNA Xapak-
Tepa 1 4acToTbl BOSHMKHOBEHWS OLLMOOK MCMONb3YeMbIX Ka-
HanoBs nepefadv nHcopMaumu. B 4acTHOCTU, 41 NIEHTOYHbIX
HaKonuTenewn, nasepHbIX AUCKOB, BUHYECTEPOB 1 TOMY NMOL06-
HbIX YCTPOMCTB KOAbl XeMMUHra OKasbIBaKTCS Ype3BblHaiiHO
Heah(PeKTMBHbIMW. 3a4eM Xe Toraa Mbl UX paccMmaTpusanv?
A 3aTem, 4TO MOHATL NPOrPECCHBHbIE CUCTEMbI KOAMPOBAHMSA
(K KOTOpbIM B TOM 4nCrie OTHOCATCS M Kofdbl Puga-ConomoHa),
PUHYBLUXCL aTakoBaTb WX «C HYNS», MPAKTU4ECKN HEBO3MOX-
HO, M60 OHW 3aBfi3aHbl HA CITOXXHOW, [EVCTBUTENLHO BbICLLIEN
maremarvike, Ho Befb He boru ropLukm o6xuratot, BepHo?

Hpesn KofoB Pua-Conomona

Ecnv roBopuTb yNpoLLieHHO, TO OCHOBHAs naes MoMexo3aLUuT-
HOro kogmpoBaHusa Puga-ConoMoHa 3aknoyaeTcs B yMHOXeE-
HUM MHC(OPMALMOHHOrO CfioBa, NpefcTaB/ieHHOro B Buae
nosimHoma D, Ha HenpuBOLMMBIA MOSIMHOM G®, 3BeCTHbIi
06enm cTopoHaMm, B pesynsTaTte 4Yero nosiy4aetcs KojoBoe
cnoso C, onsATb-Takun NpefcTaBfieHHOe B BUAOE MONMHOMA.

[exonmpoBaHue OCyLLECTBNAETCA C TOYHOCTLIO [0 HA060-
pOT: ecrv npwv genexwnn kogosoro crnosa C Ha nonvHom G ge-
KoZep BHe3arHo nonyyaer 0CTaTok, TO OH MOXET parnopToBaTth
HaBepx 06 owwmbke. COOTBETCTBEHHO, ECIM KOQOBOE CMOBO
pas3fenunoch Haueso, ero nepefada 3asepLumiach yCneLuHo.

Ecnu ctenenb nonnHoma G (Ha3biBAEMOO Tak Xe NMOopoX-
ZaoLwym NoIMHOMOM) NPEBOCXOAMT CTEMNEHb KOJOBOrO Cho-
Ba N0 MeHbLLEe Mepe Ha [Be CTeneHu, To AeKogep MOXET He
TONbLKO 0OHApPYXMBaTb, HO U UCNPaBNATL OAMHOYHbIE OLIMG-
Ku. Ecnn e NpeBOCXOLCTBO CTENeHU NOPOXAAOLLEro nonu-
HOMa Haf KOQOBbIM CNOBOM PaBHO YeTblpeM, TO BOCCTAHOB-
NEeHWo NoJaalTCs U ABOVIHbIE OLLIMOKK. Kopoye rosops, cTe-
MeHb NonmMHoOMa K CBfidaHa C MakCMMasibHbIM KOSIMHECTBOM
ncnpasnseMbix OLWMOOK t cnepyrowmm obpasom: k = 2xt. Cne-
[oBaTenbHO, KOJOBOE CNOBO [OSHKHO cofepxarhb fiBa [ororn-
HUTESIbHLIX CMMBOSIA Ha OfHY WCMPaBNAEMYy0 OLWKOKY. B T0
Xe BpeMs MakcuMmalnbHOe KONM4YeCcTBO pacno3HaBaeMbIX
OLUMOOK paBHO t, T.e. U36bITOYHOCTb COCTABNSAET OOMH CUM-
BOJT HA KaXAY0 pacno3HaBaemyto OLLMOKY.

B otnume ot kogoB XemmuHra, kogel Puga-ConoMoHa mo-
ryT UCNpaensTb Nio60oe pasyMHOe KOMMYeCTBO OLLUMOOK Npu
BMOJSIHE NPUEMSIEMOM YPOBHE M36bITOYHOCTU. CrnpaluvBaeTe,
3a cyeT Yero 310 gocturaetca? CmoTpuTe, B KOgax XeMMuHra
KOHTPOJSIbHbIE BUTbI KOHTPOIMPOBAN NWLLIL TE€ UHDOPMALIMOH-
Hble BUTbI, YTO HAXOZATCA NO MPaBYH CTOPOHY OT HWUX W UMHO-
pUpOBaM BCEX «NIEBOCTOPOHHMX» ToBapuien. Obpatmmcst K
Tabnuue 1: fobasneHne BOCbMOro KOHTPOSbLHOro 6uta D Hu-
YyTb HE YMy4LIWIO NMOMEXO3ALLMLLEHHOCTb KOOMPOBaHWS, Mo-
CKOMbKY KOHTPOIIbHOMY 61Ty D 6b1710 HEKOro KOHTPONMPOBATb.
B kogax xe Puga-ConomMoHa KOHTPOIbHbIE BUTHI pacnpocTpa-
HSIOT CBOE BNWSIHNE HA BCE MHDOPMALMOHHBIE OUTHI U NOTOMY
C YBENUYEHVNEM KONMMYECTBA KOHTPOIbHBLIX OUT YBENMYMBAET-
C M KONMYECTBO pacno3HaBaeMbIX/yCTpaHsaemMbIX OLLUMOOK.
NmeHHo 6rnaropapsi nocnegHeMy 06CTOATENbCTBY, COOCTBEH-
HO, W Bbl3BaHa OLLENIOMASAOLLASA NOMYNAPHOCTb KOPPEKTUPYIO-
lwmx kogoe Pupa-ConomoHa.
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Tenepb 0 rpyctHom. Ansa pa6otsl ¢ kogamn Pupa-Conomo-

Ha 00bl4Has apuPMeETUKa, YBbI, HE NMOAXOAMUT U BOT Nnovemy. Ko-

LMpOBaHue NpeanonaraeT BblMUCIEHNS MO Npasunam gevicTems

Ha[, MHOro4IeHamK, € KO3thULIMEHTaMK KOTOPLIX HALO BbIMNON-

HATb OMepauumn CNOXeHWs, BbIYUTAHNUS, YMHOXEHUS 1 fieNeHus,

MPUYeM BCe 3TV [eViCTBUS He JOMKHbI COMPOBOXAATLCA KakvM-

NMB0 OKPYrNeHVeM MPOMEXYTOYHbIX Pe3ynbTaToB (gaxe npu
AeneHwun!), 4To6bl HEe BHOCUTL HeonpeneNneHHOCTb. [puyem 1

MPOMEXYTOYHbIE, M KOHEYHbIE pe3ynbTaThl HE UMEKOT npasa

BbIXOAMTb 3a Mpefenbl YCTAHOBIIEHHOW paspsanHov CETKM...

«[TocTolTe! — BOCKNMKHET BHUMATENbHbIN YiTaTens. — [a Bedb

3T0 HEBO3MOXHO! YTOOLI NPY YMHOXEHWUN N HE MPOMUCXOAMUIO

«pasnyBaHus» PesynbTaToB, KTO Xe B 3TOT 6pef, noBeput?!»
Bnpoyem, ecnu kak crnefyeT nofymaTb rofioBom, 4actuy-

HO MPW3BaB Ha NMOMOLLb U Apyrue 4actu Tena, MOXHO CO00-

pasuTb, YTO YMHOXaTb MHOPMALIMOHHOE CII0BO Ha MOPOX-

[AOLLMIA MONMHOM BOBCE He 06513aTENbHO, MOXHO MOCTYMNUTh
ropasfo XxuTpee:

B [o6aBnsieM K UCXOZHOMY MHDOpMaLMOHHOMY croBy D
cnpaea k Hynewn, B pesynbrare Yero y Hac nosny4aeTtcs crno-
BO /MHbI N = m + r 1 nonmHoM XD, roe m — anuHa uk-
¢hopmaLmoHHoro cnoea.

B [lenvm nony4yeHHbIn nonuHoM X'+D Ha NopoxparoLLmii no-
nmHOM G v BblYMCIISIEM OCTATOK OT Aenexus R, Takom YyTo:
X'+*D = G*Q + R,rge Q - yacTHoe, KOTOPOe Mbl 6rarono-
NY4YHO UrHOPUPYeM 3a HeHafoBbHOCTLIO, — Ceivac Hac WH-
TepecyeT TOMbKO OCTaTOoK.

B [o6asnsiem octaTok R K MHopmaLwoHHomy cnosy D, B pe-
3yrbTaTte Yero nosy4aem cumnaTuyHoe kogosoe cnoso C,
MHJOPMaLMOHHbIE BUTBLI KOTOPbIX XPAHATCH OTAENbHO OT
KOHTPOMbHbIX 61T. COBCTBEHHO, TOT OCTATOK, KOTOPLINA Mbl
Mony4unu B pesynsraTte feneHns, U eCTb KOPPEKTUPYIOLLIne
kogbl Puga-ConomoHa. Mexzay Hamm roeopsi, crnoco6 kogu-
pOBaHUsl, NMPX KOTOPOM MHDOPMALIMOHHBLIE N KOHTPOSbHbIE
CYMBOJbI XPaHATCA pa3feribHO, Ha3bIBAETCS CUCTEMATMYEC-
KMM KOOMPOBAHMEM 1 Takoe KOQUpPOBaHWE BeECbMa YAOOHO
C TOYKM 3pEHNsa annapaTHon peanusaumm.

B MbIcneHHO MPoKpyYvMBaeM NpembioyLUne MyHKTbI, MbiTasCh
06HaPYXM1Tb, HA KaKOW Xe CTaaumn BbIHUCIIEHNIA NPONCXOANT
BbIXO[ 32 Pa3psgHyto CeTKy W... Takon ctagum Het! OcTaeT-
€l NULLL OTMETUTB, YTO MHAPOPMALIMOHHOE CTOBO + KOPPEK-
TUpYIOLLME KOAbl MOXHO 3anmcatb kak: T = X'+D + R = G+Q.

JexoouposaHue nony4eHHoOro cnosa T OCYLLECTBAAETCH
TOYHO TaK Xe, KaK yxe v 6bIno onucaHo paHee. Ecnv npu ge-
neHwn T (koTopoe B OENCTBUTENBHOCTU ABNAETCA NPOM3BEae-
Huem G Ha Q) Ha nopoxpgatowmii nonnHom G 06pasytoTes oc-
TaToK, TO CMOBO T MUCKAXEHO W, COOTBETCTBEHHO, HA06OPOT.

Tenepb BOMPOC Ha 3ackInky. Kak Bbl cobupaeTech ocyLLe-
CTBNATb [ieNeHne NMonvHOMOB B paMKax OBLLENPUHATON anred-
pbl? B uenouvcneHHon apudmeTvke LeneHne onpeaeneHo He
Ans BCeX nap uucen (BOT, B YACTHOCTW, 2 HeNb3s PasgenuiThb
Ha 3, a 9 Henb3sa pasfenuTb Ha 4, 6e3 NoTepyu 3Ha4YMMOCTH,
€CTECTBEHHO). HYTO Xe KacaeTcs «MnaBy4yku», TO e TOYHOCTb
ele Ta (B CMbIC/ie TOYHOCTb KaTacTpouHeckn HegocTaTou-
Has ansa ahdeKTMBHOrO Mcnonb3oBaHusa Kogos Pupa-Cono-
MOHa), K TOMY )€ OHa JOCTaTO4HO C/IOXKHA B annapaTHow pea-
nu3aumu. JNagHo, B IBM PC ¢ npoueccopom Pentium 6bICTpo-
LeViCTBYIOLLMI MaTeMaTUYECKWA CONPOLIeCCop BCEM Ham AaH
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no AedhonTy, HO YTO AenaTth paspaboTymKam JIEHTOUHbLIX HaKo-
nuTenen, BuHyecTepos, CD-npmBogoB, HakoHew? MnuxaTb B HUX
4eTBepTbIv MeHb?! HeT yX, yBonbTe, nydlle BOCMONb30BATLCA
creumansHon apuMETUKON — apUPMETVKOM KOHEYHbIX rpyrmn,
HasblBaembIx nonamu lanya. [JJoCTOMHCTBO 3TOM apUMETUKN
B TOM, YTO OnepaLun CIOXeHUs, BblYUTAHUS, YMHOXEHUS U
LEeNEHNs OMpPefeneHbl Ans BCEX YIEHOB MONs (ECTECTBEHHO,
UCKMOYasi CUTYaLMIo OENEHNS Ha HOSb), MPUYEM HYUCNO, NONY-
YeHHOe B pesynbrare J60mn U3 3TUX onepawuin, 06583aTensHO
npucyTtcTeyeT B rpynne! T.e. npu geneHun moboro Lenoro
yucna A, npuHagnexatlero MHoxecTsy 0...255, Ha no6oe
uenoe yucno B n3 Toro xe MHoxecTBa (eCcTeCTBeHHO, B He
LOSDKHO ObITb PABHO HYMHO), Mbl mony4ynm 4ncno C, Bxogsilee
B JAHHOE MHOXECTBO. A MOTOMY MOTEPb 3HAYMMOCTU He Mpo-
MCXOZUT, U HUKAKOW HeonpeaeneHHoCT He BO3HMKaEeT!

Takum 06pa3om, koppekTupytowme kogsl Puga-Conomo-
Ha OCHOBAHbI Ha MOIMHOMMANbHBIX Onepaumsx B nonsx la-
nya v TpebyioT OT NporpaMMucTa BnageHus cpasy HecKosb-
KMMW acrnekTaMu BbICLLEN MaTemMaTuKu U3 pasfena Teopuu
yucen. Kak n Bce «BbICLLEE», MPUOYMaHHOE MaTeMaTKamu,
nonsa lanya ecTb abCTpakLms, KOTOPY HEBO3MOXHO HU Ha-
rMAgHO NpefcTaBuTb, HU «NoLlynaTtb» pykamu. Ee npocto
HaZO NPUHATb KaK Habop akCUMOM, He MbITasfiCb BHUKHYTb B
€ro CMblf, OCTaTO4HO BCEro N1LLb 3HaTb, YTO OHa paboTa-
€T, BOT 1 BCe. A ellle eCTb NOSIMHOMbI HEMEPSHbIX CTENeHewn
¥ MaTpuLibl B Nof-EBpOnbI, OT KOTOPLIX HOPMaSTbHbIN CUCTEM-
LMK HEe MpUEET B BOCTOPr (YBbl, MPOrpamMMMCT-MaTeMaTUK
CKOpee UCKITI0YEHWE, YeM NpaBuIio).

MoaToMy, Npexae 4em pUHYTLCA B HEMPOXOAUMbIE DXKYH-
rM MareMaTuM4eckoro neca abCTpakumin, faBanlTe CKOHCT-
pyvpyem MakeT kogepa/gekopepa Puga-Conomona, pabota-
tOLLMI MO npaBunamM 06bIYHON LienoymceHHon anrebpsl. Ec-
TECTBEHHO, 32 CHET HEU36EXHOro B 3TOM Cry4ae pacLuumpe-
HUS Pa3pPsALHOV CETKU TakOMy Kogepy/aekodepy 6y4eT O4eHb
TPYZHO HaNTU MPAKTUYECKOE MPUMEHEHUE, HO... 3aTO OH Ha-
FMSAOEH U NO3BOJSET HE TOMLKO MOHSATb, HO U MOYYBCTBOBATb
MPUHLMN paboTbl KOPPeKTUpYtoLwmX kopos Puga-ConomMoHa.

Mbi 6yaeM McxoamTb U3 Toro, Yto ecimg = 2" + 1, T0 ans
no6oro a n3 auanasoHa 0...2", npon3BedeHue axg = ¢ (fae
C — KOZOBOE CnoBo), 6ydeT NpeacTaBnsTh, N0 CyTW, MOSHYO
MeLLaHNHY 6UTOB 060MX UCXOQHbLIX YMCEN.

Honyctum n =2, Torga g = 3. J1erko BMAeTh: Ha 4TO Obl Mbl
He yMHOXanu g —XoTb Ha 0, XOTb Ha 1, XOTb Ha 2, XOTb Ha — 3,
MOJSyYeHHbIN pesynbTar AeNUTCS HaLeno Ha g B TOM U TOJIbKO
TOM CIy4ae, eCfiM HUKaKon 13 ero 6UT He MHBEPTUPOBaH (TO
€CTb, MOMPOCTY rOBOPS, OQWMHOYHbBIE OLLUMOKW OTCYTCTBYIOT).

OcTatok OT feneHus OQHO3HA4YHO YKa3biBaeT Ha Noau-
LMIO OLUMGKM (NpW YCMOBMK, YTO OLMOKa OOMHOYHAs, rpyn-
MOBblE Xe OLWWOKWN [aHHbIA anroput™M UCMpaBnsiTb He Crho-
c06€eH). To4yHee, ecnm owmbKa Npom3oLua B No3nuum X, To
ocTaTtok oT aeneHusi k 6ymet paseH k = 2%, [na 6bICTpOro
onpegenieHns X nNo K MOXHO BOCMOSIb30BaTbCS TpUBUANb-
HbIM TabMYHbIM anroputMoM. Brpoyem, gns BOCCTaHOB-
NeHnsi CO0MHOro 6UTa 3HaTb Ero MO3MLMI0 COBEPLLEHHO HEO-
653aTenbHO, foctaroyHo caenatb R = e A k, roe e — vcka-
XEeHHoe kopoBoe cnoso, A — onepauus XOR, a R - BoccTa-
HOBJIEHHOE KOLOBOE CJI0BO.

B ofuiem, 3aKOHYEHHas peanu3auus kogepa/gekogepa
MOXET BbIMNAAETb Tak:
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JimcTurr 9. IlpocTelmmit npuMep peanusauuu kojepa/mexogmepa Puga-
ConoMHa, paGoTanmero no o6muHOM apudMeTuxe (T.e. C Heompas-
[aHHHM pacllMpeHueM PpaBpsfHONi CeTKM), ¥ MCHPaBISomUM JoGHe
OfMHOUHEE OWMEKM B ONHOM 8-6MTHOM MH)OPMALMOHHOM ClOBE (BmpoO-
yeM, NpoTpaMMy JeTrKO ajanTMpoBaTe ¥ nox 16-GairoBhe MHPOP-
MalyOHHHE CnoBa). O6paTmTe BHMMaHME, UTO KOAEpP peanusyeTcs
uyTh JM He Ha MNOPSAOK Mpole feKkofepa. B HacTosmeM mekofepe
Pupa-ConoMHa, CHOCOGHOM WMCNPAaBISATE IPYNHOBHE OmMOKM, 3TOT
PaspHB elle BHauUMTeNLHee.

// BHUMAHME! nauHmif KOAep/JeKojep MOCTPOEH Ha OCHOBE

// obmuHON apubmeTmxy, He apupMeruky noneir Tanya,

// B pesynbTaTe uero ero mpaxkTMYecKMe BOBMOXKHOCTM Bonee
// ueM orpaHMueHH, TeM He MeHee OH HAaTWIsfeH M yRobeH mus
// wmsyuenus

#include <stdio.h>

// umMpuHA BXOZHOTO MHDOPMAIMOHHOTO CMMBOJNA (6MT)
#define SYM WIDE

// Bxomume naHHse (omuH 6airT)
#define DATAIN 0x69

// HoMep 6uTa, KoTOpHif ByfeT paspymeH cboem
#define ERR POS 3

// HenpUBOZMMENL NONMHOM
fdefine MAG (1<<(SYM WIDE*1) + 1<<(SYM WIDE*0))

/] ==
// onpepenenne mnosuuuy ouMbKM X IO OCTaTKy k OT meneHus
// xomoBoro cnoBa Ha momuHoM k = 2%x, rme "“" - BOBBemeHue

// B creneHn; byHxums npuHuMaer k ¥ BoSBpamaer X
A e
int pow_table[9] = {1,2,4,8,16,32,64,128,256};
lockup (int x) {int a;for(a=0;a<9;a++)
if (pow_table[a]==x)return a; return -1;}

main ()

{

int i; int g; int c¢; int e; int k;

fprintf (stderr,"simplest Reed-Solomon endoder/decoder .
by Kris Kaspersky\n\n");
// BxomHme naHHEe (MHQOPMALMOHHOE CIOBO)

i = DATAIN;
// HenpuBOAMMEIL MONMMHOM
g = MAG;

printf("i = %08x DATAIN) \ng = %08x A
(POLYNOM) \n", i, g);

// KOIEP PUIA-COJIOMOHA (mpocTeimmif, HO BCe-TaKu Koe-Kak
// pa6oTammyit) .

// BsmumcnsieM KOZOBOE CJIOBO, MNpEefHASHAUEHHOE AJIS Nepefaun
c=1i*%*g; printf("c = %08x (CODEWORD) \n", c¢);
// xomen KOJEPA

// nepepaeM ¢ MCKaxeHUSMM
e = c * (I<<ERR_POS); printf("e = %08x A
(RAW RECIVED DATA+ERR)\n\n", e);
/% AAAA yckakaeM OfMH 6UT, MMMTMPYsI OUMOKY nepepaum */

// HEKONEP PUIA-CONIOMOHA

// npoBepsieM Ha HamMumMe ouMBOK nepefaun

// (daxTuuecku sTO mpocTeimmit mexomep Pupa-ComoMoHa)

if (e % q)

{
// oumbxu oBHapykeHs, NHTAaeMCs MCIPaBUTH
printf("RS decoder says: (%x)

error detected\n{\n", e % g);

// k = 2*x, rge x - nosuuus cBoKHOTO 6MTa
k=(e%q);
printf("\t0 to 1 err position: %x\n", lockup(k));
printf ("\trestored codeword is: %x\n}\n", (e *=k));

}
printf ("RECEIVED DATA IS: %x\n", e / g);
// KOHEL, NEKOLEPA

}

JncTuer 10. Pesysnerar paBoTH mpocTeiero kopepa/mexonepa Pupa-
ConoMora. OfpaTuTe BHMMaHMe: MCKaxeHHH# OMT YyAajoOCh YCIeWHO
JCNPaBUTE, OFHAKO AN STOTO K MCXOAHOMY MH)OPMAIMOHHOMY CIIOBY
npymnock FOBABUTH He ABAa, a LENHX Tpu 6uTa (ecnu BEH BOSBMETe B
KayeCTBe BXOJHOT'O CJIOBA MAKCUMAJBHO HONyCTMMOe 8-6uTHOe BHaue-
une OxFF, TO KofoBOe CiloBo Gymer pasHo 0x1FE00, a max xax 2 =
10000, To CBOBOAHEIX PaspsfioB yXe He XBaTaeT M NPUXOOUTCS yBEIu-
uMBaTE paspsmHyR cerky mo 2!, B TO BpeMs kak Miagmte GuTH
KOJIOBOT'O CNIOBa (aKTMYECKM OCTAlTCs HEeBafe/iCTBOBAHHEMKM ¥ '"mpa-

a3



o6pasosanue

BUIBHEN" KOZEp JHONXeH MX "BaKonbleBaTs",
obpaGaTiBaeMie paspsimgil Ha MaHep KOJbLA.

TPy6O TOBOPST BaMKHYB

i = 00000069 (DATAIN)

g = 00000200 (POLYNOM)

c = 00004200 (CODEWORD)

e = 00004208 (RAW RECIVED DATA+ERR)

RS decoder says: (8) error detected

0 to 1 err position: 3
restored codeword is: d200

}
RECEIVED DATA IS: 69

3aknueHue

BOT Mbl ¥ MO3HaKOMUICB C a3ammn KOOMPOBaHWS UHGOpMaLmK
n pa306panMCb C OCHOBHbIMU UOesaMK, fexxaLlnmMm B OCHOBE MO-
CTPOEHUS MOMEXO3aLLMTHBIX KOLoB. CnegyoLlas cTarbs 3Toro

Y10 yutath

HecmoTps Ha TO YTO OaHHbLIA LWKN CTaTeEN SABNSETCA BMOSIHE

CaMOAO0CTaTO4HbIM U BECb MUHMMANbHO HEOBXOAMMbIA MaTe-

MaTW4eCcKWiA annapat u3naraeT CaMoCTOSATENbHO 63 OTChINIOK

K CTOPOHHEN nuTepartype, XenaHwe yrnybuTb CBOM 3HaHWS

BMOJIHE ECTECTBEHHO M €r0 MOXHO TOMbKO MPMBETCTBOBATH. A

noTomy 6ymeT nyyLle, eciv Bbl He OrpaHNYUTECH OOHOWN 3TOW

CTaTbeN, a NEPEBEPHETE Lienble ropbl cneuvanu3npoBaHHoOM

NUTEPATYPSI, C KXXABIM Pa3om BCe 6osibLUe 1 GorbLLE yXaca-

iCb rNy6KHE TOM MPONACTM, YTO OTAENSET BaLLK MOBEPXHOCT-

Hble NPeLCTaBMIEHNS OT OEACTBUTENbHO HACTOSALLMX 3HAHWIA.

Teopusi TOMEX0YCTONHMBOIO KOAMPOBaHMSA CTOMb O6LUMPHA, YTO

LS ee U3yveHnst NoTPebyeTcs Kak MUHUMYM Lienas Xu3Hb.

1. Blahut Richard. Theory and Practice of Error Control Codes.
Mass.: Addison-Wesley, 1983. — O4eHb xopoLuas KHUXKa
13 Kateropum «must have»; no cnyxam, ecTb B 3/1EKTPOH-
HOM BUOE B CETU, OOHAKO, K COXaNEHMIO, CaMON KHUXKM
1 TaK W HE HaLlesl, HO Ty4M CCbINIOK Ha Hee yoeamnTensHo
CBUAETENLCTBYIOT O BbICOKOM Ka4yecTBe MocneaHei. Tak-
XE VMEEeTCs ee PyCCKOA3bIYHbIA NEPEBOA, BbIMyLLEHHbI
n3gatensctBom «Mup» (CM. HUXE).

2. bnenxyT P. Teopusa 1 npakT1ka KOJOB, KOHTPOUPYHOLLMX
owmbkn. M.: Mup, 1986. — 576¢. — TexHU4eCkun rpamor-
HbIM 1 JOBPOTHLIA NEPEBOR YXE YNOMSHYTOW BbILLE KHU-
v bnenxyTa (ax, kakue B nsgatensctee Mvp 6binv nepe-
BOOYMKN!), SNEKTPOHHON KOMUW B CETH, K COXANEHWUIO, HET.

3. James Plank. A tutorial on Reed-Solomon Coding for fault-
tolerance in RAID-like systems. — Hennoxoe pykoBoAcTBO
o MCronb3oBaHuio kogoB Pupa-ConoMoHa ana noctpoe-
HUs oTKazoycTonumBblx RAID-NOJO6HbIX CUCTEM, OPUEHTU-
POBaHHOE HAa MaTEMATUHECKN HEMOArOTOBMEHHbIX CUCTEM-
HbIX MPOrPamMMMCTOB 1 [OXOAHYMBO OOBLACHSIOLLEE CYTb MO-
MEX0YCTOMYMBOrO KOAMPOBaHWS C MPUMEPaMM MCXOQHbIX
TekcToB Ha CU. DNeKTpoHHast KonWst JOCTYNHA Mo afpecy:
http://www.cs.utk.edu/~plank/plank/papers/CS-96-332.pdf.
HacTosTenbHO pekoMeHAyo MpoYnTaTh, JaXe ECAn Bbl U1
He cobupaeTech 3aHnmMaTbes coopkor RAID.

4. Joel Sylvester. Reed Solomon Codes. — MNpenenbHo Kpart-
HO€ onMcaHme NPUHLMMOB paboThl kogoB Prupa-ConomoHa ¢
610K-CXeMaMyt BMECTO MCXOAHbIX TEKCTOB. Ha mpakTuyeckoe
PYKOBOACTBO HE TAHET, HO OOLLYIO KapTUHYy BCe-Taku AAeT,
nouutavTe: http://www.elektrobit.co.uk/pdf/reedsolomon.pdf.

5. Tom Moore. REED-SOLOMON PACKAGE. (old tutorial). — Poc-
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LMKIa nogpo6HO PaccKakeT O MPEeBPATHOCTAX MONMHOMUASBHO
apumeTkmn 1 (0 yxac!) nonsx Manya. 3atem, Ha yHOameHTe
AaHHOr0 MaTemMaTnyecKoro annapara, Mbl CMOXEM BO3BECTU
[BopeL, oTkazoycTonumsbix RAID-cucteM, oa v He TOMbKO UX...

«...A3-3a ownboK B peanu3aummn SaHHbIA KOF BMECTO
ncrnpasnexHns owmboK [o6aBnseT HoBble. [103TOMY AaHHbLINA
KoL 60sbLUe HEQOCTYMNEH» — KOMMEHTAPUIA K UCXOLHBIM TEK-
ctam GNU kogepa/gexonepa Reed-Solomon. BoT v Bepb noc-
ne 3Toro B HageXxHocTb Linux B uenom n 8 GNU’ThIN 61bnmo-
TEYHbIA KOO B YaCTHOCTW.

2 Ecnn cymMMa NpoBepseMbIX BUT HYeTHa, TO KOHTPOMbHBIN
OWT paBeH HyIo 1, COOTBETCTBEHHO, HA0OOPOT.

3 MonmHOM, KOTOPBI He pa3naraeTcs B MPOU3BEAEHNE No-
NIMHOMOB MEHbLUEW CTENEHN.

KOLLHbIA COOPHMK PasHOO6pasHbIX PYKOBOACTB MO Kogam
Pupoa-ConoMoHa, HaBepHoe, NyHLLMA U3 BCEX, YTO S BUOEN.
Bkntoyaet B cebsi KpaTHOE OnvcaHWe OCHOB TEOPWUW MOMEN
lanya, 6a30Bble MPUHLMMLI NOCTPOEHNS KOOEPOB/AEKOLEPOB
Pupa-ConomMoHa 1 3aKOH4eHHbIe MPUMEPL! peanu3aunn ca-
MUX KOLEPOB/aeKkofepoB Ha s3blke Cu (MpaBaa, HefocTaTou-
HO JOBPOCOBECTHO MPOKOMMEHTMPOBaHHbIE). Cen stuff Heo-
[OHokpaTtHo npomenbkuean B GO v nocnegHUin pas nocTus-
5128 nexabpsi 1994 ropa B KOHEPEHLMM comp.compression.
Ero nerko Hantn B «Google» no Kto4esbIM crioBam «Reed-
Solomon+main+ECC». HacTosTensHo pekomeHayto.

6. Ross N.Williams. A painless guide to CRC error detection
algorithms. — Mopgpo6Hoe pykoogcTeo no CRC, nonesHoe fo-
CTaTO4HO BHSATHBIM M JOCTYMHBIM OMMCAHWMEM MONMHOMWASTb-
HOV apudmMeTUKYM, 6e3 koTopol paboTa ¢ kogamu Pupa-Co-
NIOMOHa NPOCTO HeMbICAMMA. JJOCTYMHO B SNEKTPOHHOM ¢hop-
Me o cregyrowiemy agpecy: fip://www.internode.net.au/clients/
rocksoft/papers/crc_v3.txt. Takoke MMEETCA ero Henmoxom ne-
PEBOA Ha PYCCKMI A3bIK, NETKO OTbICKVBALOLLWIACS B CETW MO
3anpocy «3neMeHTapHoe pykoBogcTeo no CRC-anroputmam
O6HapYXEHUs OLLMOOK». HacToATENbHO PEKOMEHLY!O.

7. ftape (ppaviBep NEHTOYHOrO HaKOMWUTENS U3 OUCTPUOYTMBA
Linux). — Hy kakas e 3anucb Ha MarHWUTHYIO JIEHTY 06X0-
anTes 6e3 KoppekTupyoLmx kogos? MNpeactasuts cebe Ta-
KOE, [OBObHO 3aTPYAHMTENBHO. M03TOMY aHanM3 UCXOAHbIX
TEKCTOB APaNBEPOB JIEHTOUHbIX HAKOMUTENEN AAET AOBOSIb-
HO-Takn 6oraTylo MULLYy Ans pasmbILLAEHWIA (MpU YCroBuUMK,
KOHEYHO, YTO McCnegyemblin gpanBep OeNCTBUTENBHO MC-
nonb3yet Kogbl Puoa-ConomoHa, a He YTo-HWbyab Opyroe).
[pariBep ftape kak pas n SBNSeTCs TEM ApaiBEPOM, YTO Bam
HY>KEH, a HEeMOCPEACTBEHHO CaM KOf, OTBETCTBEHHbI 3a KO-
OMpoBaHue/nekoanpoBaHme kogos Pupga-ConomoHa BbiHe-
ceH B chann ftape-ECC.c/ftape-ECC.h. 310 gocTaTo4HO ak-
KypaTHbIA, XOPOLLO CTPYKTYPUPOBAHHLIA U faXe MecTamm
Ccrerka KOMMEHTUPYEMbIN KO, TakxXe PEKOMEHAY!O.

8. James S. Plank GFLIB. C Procedures for Galois Field
Arithmetic and Reed-Solomon Coding. — Bubnuoteyka gns
pa6oTbl ¢ kogamu Pupa-ConomoHa. Cogepxut B cebe non-
Hble UCXOfHble TEKCTbI BCEX HEOOXOANMBIX (hYHKLMIA 1 pac-
MpocTpaHseTca no nuueH3nn GPL. Haitn ee MOXHO Ha nto-
60om GNU-cante, Hanpumep, 3gechk: http:/www.cs.utk.edu/
~plank/plank/gflib/gflib.tar.
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