o6pa3oBaHue

NOJIMHOMUANbHAS APUDMETUKA
U NoNg ranya

VIcKycCTBO paccyxpats — 3TO UCKYCCTBO
obmaHbiBaTb camoro cebs

AHTtyaH ne CeHT-Ok3tonepu

«luranens»

WU UIHOOPMALUA, BOCKPECGLLAA
U3 NEMNA I

B npotwunoii ctatee 37010 UMKIa Mbl FOBOPUIN O TOM, YTO [IOMEXOYCTONYMBbIE KOAbI Puaa-ConomoHa
OCHOBAaHbI Ha [IByX (DyHAAMEHTANIbHbIX MAaTeEMATUYECKUX COCTABNIAIOLMX. MOSIMHOMMUATIbHON apugbmMeTnke
n apugpmetue nosen [anya. [Jo Tex nop, noka 3t Bonpocs! He 6yAyT HaMu BCECTOPOHHE PACCMOTPEHbI,
Mbl HE CMOXEM ABUraTbCs JalbLLe U [I0TOMY HA0EPEMCS 4yTOYKY TePeHNs, YT00bI COBEPLLNTh
PELLUNTENIbHbIN LITYPM MaTemMaTu4eckux BEpLUMH. [10C1e 46ro HaYHeTcs 41CToe nporpammmpoBaHme,
NPAKTUYECKN 063 NPUMECEN BCAKNX UHOPOLHbIX MATEMATHK.

KPHC KACIEPCKH



MonuHommnanbHaa apugmeTuka
MNonmHoMManbHon apuMeTnke NOCBSLLEH LUECTON pasfen
TpeTbero Toma «KckyccTea nporpamMmuposaHus» [oHanbna
KHyTa, roe nonvHoMy paetcs crefytolee onpefeneHue:
«@PopmarsibHO roBopsi, MOSMHOM Hag S npencTasiaseT coboi
BblpaxeHue Buga: u(x) = u x" + ...+ UX + U, [4e Koagp@uum-
eHTbI U, ... ,U,U, — /IeMEHTbI HEKOTOPOU anrebpan4eckom
cucTEMbl S, @ NepeEMEHHAsI X MOXET paccMaTpuBaTbCsl Kak
opmarbHbIi cuMBON 6e3 ornpepensoero 3Hadenus. by-
Jem nonarartb, 4T0 anrebpavyeckas cuctema S npegcrasnis-
€T co60¥ KOMMYTaTUBHOE KOJIbLIO C eAuHMLEeN. 310 03Ha4a-
€T, uTo S JonyckaeT onepauynm CrI0OXEHWs, BbIYUTAHUA U YM-
HOXeHWS1, yLOOBETBOPSIOLUME OObIYHBIM CBOVICTBAM: CIIOXE-
HUE W YMHOXEHWe ABJISIKOTCA accoumaTuBHbIMU M KOMMyTa-
TUBHBIMW GUHAPHBIMY OnepaUnsMn, ONpeaeneHHbIMA Ha S,
rpuyYeM YMHOXEHWNE QUCTPUOBIOTUBHO M0 OTHOLLEHUIO K CJ10-
XxeHnto. CyLecTByeT Takxe e[UHUYHBIN SNIEMEHT MO CrIoXe-
Ho 0 M eMHNYHBIV SNIEMEHT 10 YMHOXeHWo 1, Takue, 4To
a+0=awna' == a gna Bcex a n3 S. BeluntaHue sBnsercs
006paTHOVI 110 OTHOLLIEHMIO K CIIOXEHUIO onepayueit, Ho 0 BO3-
MOXHOCTV [ENeHUs1 KaK oriepaLmm, 06paTHOM o OTHOLLEHUIO
K YMHOXeHuo, Hnyero He npegnonaraercs. [lonvHom
0% o+ 0%+ UX"+ ...+ UX+ UypaccMaTpuBaeTcs
KaK MAEHTUYHBIA U X" + ... + U X + U,, XOTS Q0OPMaJsIbHO OH OT-
M4aeTcsl OT HEro».

TakvnM 06pa3om, BMECTO TOro, YTOObI NpedcTaBnsATh UH-
thopmanmoHHoe cnoso D, kogoBoe cnoso C u ocTaTok OT
penennsa R B BMAe Lesbix Yncen (kak 3To genanocb Hamm
paHee), Mbl MOXEM CBf3aTb UX C COOTBETCTBYIOLLMMU KO-
3puLMeHTaMm OBOUYHOIO NOIMHOMA, BbIMOSIHASA BCE NOC-
negyowe maTteMaTMYeCKMe MaHunynsauuM no npasmnam
MOSIMHOMMWASILHON apuUPMETUKIN. BbIMrpbIl OT TAKoro npe-
o6pa3oBaHuna Ha NepBbii B3rNag Aafieko He 04eBUAEH, HO
He 6yageM cnewuTb, a ny4ywe npeobpasyem nobdoe npu-
WefLlee Ham B ronoBy 4vcno (Hanpumep, 69h) B gBOMY-
HbIW nonnHoM. 3anycTus «Kanbkynatop» unm nioboe apy-
roe nogxofsilee NpuioXeHue no BallemMy BKYyCy, nepese-
LEM Hallle YXCO B ABOMYHBIA BUE (MPpW COOTBETCTBYIOLLMX
HaBblkax 3Ty OMepauuio MOXHO BbIMOMHWUTL U B YME, CM.
«TexHuka v unocodus xakepckux atak» Kpuca Kacnep-
ckn): 69h — 1101001.

Ara, KpanHuin npaBblii KOS(PMOULMEHT paBeH eguHuLe,
3aTeM crnefyloT [iBa HymNeBbIX KO3(dULUMeHTa, NOTOM eau-
HUYHBIA KO3UMLUMeEHT... Kopoye rosops, nosiyyaeTcs crne-
aytowee: 1#x8 + 1#x5 + 0#x* + 1x3+ 0#x2 + 0*x + 1. Mo cyTm
rosops, 6utoeas ctpoka «1101001» aBnseTca ogHON M3
opm 3anucy BbiLLeyKa3aHHOro MonvHoMa — HeHarnsgHou
C TOYKM 3PEHMS HEMOZrOTOBIIEHHOMO Ye/I0BEKA, HO YAOOHON
0N MalnHHOW 06paboTku. MocTonte, HO ecnn 69h yxe
npencTaenser co6on NOMMHOM, TO B YeM pasHula Mexay
CNOXeHnem NonMHOMOB 69h 1 27h 1 CNOXeHNEM LieNbIX Yu-
cen 69h n 27h?! Pa3Huua HecoMHeHHO ecTb. Kak eLe no-
Kasan Huule: akToB HeT, @ eCTb OOHU NULLL UHTepnpeTa-
umn. UHTepnpeTauums Xe 4ucen 1M noavHOMOB pasfnyHa, u
mMaTtemMaTU4YecKkne onepauun Hag HUMK BbINOMHAOTCA MO
COBEPLUEHHO HE3aBUCKMbIM MpaBuiam.

KoathdhmumeHTsl B NONMHOMUANBLHOM apumMeTrKe CTPO-
ro TUNM3MPOBaHbI 1 KOIPULMEHT Npu Xk UMEET NHOW TuM,
HEXenu nNpu X™ (KOHeYHo, NpW TOM YCrnoBuu, 410 K = m).

obpa3sosanue

A onepauuun Hag 4Mcnamu pasnnyHbIX TUMOB KaTeropu-
Yyeckun He ponyctumbl! Bece koadhduumeHTsl obpabartbia-
0TCA HEe3aBMCMMO, & BO3HMKAKOLLMIA NpU 3TOM NepeHoC B
cTapwwui paspsg (3aem 13 crtapLiero paspsiga) nonpocty
He y4duTbiBaeTcs. NokKaxem 9TO Ha MpUMEpE CIOXEHUs
yucen 69h n 27h:

JimcTuur 1. CioxeHue, BHIONHEHHOE IO NPaBMiIaM MOJNMHOMMAJEBHOM
[BOMYHON apupMeTmky (CneBa) M CIOXEHME, BHIIONIHEHHOE MO mpa-
BunaM OBmuYHON apupMeTmkM (cmpama) .

1101001
+0100111

1101001 (69h)
+0100111 (27h)

(69h)
(27h)

1001110 (4Eh) 10010000 (90h)

NpocTeniune pacyeTbl NOKasbIBaOT, YTO CIIOXKEHUE Mo-
NMHOMOB MO MOAYNI0 [Ba JaeT TOT Xe caMblii pesynbTar,
YTO MX BblYMTAHME, W «BOJILLEOHLIM» 06Pa30M COBMafaeT C
6utoson onepauvent XOR. Bnpoyem, coenagenne ¢ XOR —
yucrtas Cry4anHoCTb, HO BOT 3KBMBAIIEHTHOCTb CITIOXKEHUS U
BblYMTAHUA 3aCTaBNAET 3aHOBO MepecMarpvBaTtb MpuBbIY-
HYI0 NpUpOLY BeLLei, BCMOMMHAA 3afavyku U3 Cepun «y
MaLuwm 6b1no ogHO A6n0Ko, [eTa OTHAN Yy Hee ero, 3aTem en
nojapunu eLle ofHoO, CrpaLLnBaEeTCs: CKONbKO BCEro A6J10K
y Mawwm octanocb? A CKONbKO Y Hee 6b1n0 6bl, ecrin 6bl nep-
BOE S6J10KO OCTaN0oCh He OTHATbIM?». C TOUKM 3peHns apud-
METUKM MO MOZY/IO [iBa OTBET: OAWH U HOMb COOTBETCTBEH-
Ho. [a! He oTHUMK 6bl lNMeta y Mawwm a6noko, 1 + 1 = 0wu
6enHas Matua BoobLye octanach 6bl HA € 4eM. Tak 4To,
MasibyvKu, novalle OTHUManTe A6M0KN Yy AEBYLLEK — yyuTe
MX KOMMbIOTEPHON rpaMoTHoOCTw!

Bnpoyem, Mbl oTBRneknuceb. BepHemcs K PUKTUBHOMY
YneHy X Hallero nosiMHoma u ero koauumneHtam. bnaro-
Aaps Mx TUNu3auun 1 OTCYTCTBUIO B3aWMHbIX CBS3el, Mbl
MOXEM OCYLLECTBNATL 06pabOTKy CKOMb YrofHO AJIMHHbIX
uucen, npocto XOR cocTasnstoLLme nx 6uTbl Ha NOTOKe. ITO
N eCTb OfHO 13 TeX JOCTOMHCTB NONMHOMUANBHOW apudme-
TUKKW, KOTOPbIE HE BUAHbLI C NEPBOro B3rnsga, Ho 6narogaps
KOTOpbIM MONMHOMMASbHAs apudmeTrka ctana Tak LUMpo-
KO pacrnpocTpaHeHa.

OfHako B HalleMm crnyyae OgHOM JiLb NOSIMHOMMWANBHON
apuUMeTHKOM Oeno He 06XOANUTCS 1 ANa peanusaumm Koge-
pa/nekogdepa Pupga-ConomoHa Ham noTpebyeTcs akTuMBHas
MOMOLLb CO CTOPOHbI nonen Manya. Yto xe 370 3a nond Ta-
Kue, crnpocuTe Bbl?

Mons MNanya

B nanekux wecTtuaecaTblx, korga KoMmnboTepbl Ob1in 6051b-
wunmm, a 20 M6 BrHYeCTepbl HanoMmHanu cobomn ctTuparb-
Hble MalUWHbI, pOguack OQHa M3 KpacuBENLINX NereHs o
3e/IeHOM WHOMMIAHEeTHOM CYLLecTBe, NpuneTeBLlEeM CO
3BE3[ 1 3anvcasLleM BClO bputaHckyo 3HLMKNONeauno Ha
TOHKWUIN MEeTanIM4yecknin CTEPXXEHb HEXHO-cepebpucToro
LBeTa, KOTOPbIA CyLECTBO ¥ yBe3NO ¢ cobow. CerogHs,
Korpa rabaputbl 100 6 XeCTKMX OUCKOB COKpaTUUCL [0
pa3MepoB CUMrapeTHOM nayku, Takas naoTHOCTb 3anucu
MHOPMaLNK YXe He KaxXeTcs YOUBUTENbHON U Aaxe Bbl-
3bIBaeT ynbloky. Ho! Bce geno B ToM, 4TO MHOMNAHETHOE
CyLLeCTBO 06/1afano TEXHONOrnen 3annucm 6eCKOHEYHOrO
Konm4yecTea MHMopMaLnm Ha 6ECKOHEYHO KPOLLIEYHOM OT-
peske n BputaHckas sHumknonegus 6bina BoibpaHa nuLlb



o6pa3oBaHue

onsa npumepa. C TeM Xe yCnexom MHOMMAAHETAHUH MOT CKO-

nMpoBaTb COLEpPXMMOe Bcex cepBepoB WHTepHeTa, HaHe-

Cfl Ha CBOW MeTalfIM4eCKUn CTEPXEHb BCEro OfHY-enH-

CTBeHHyto pucky. He Bepute? A 3ps! MNepesogum BputaH-

CKYI0 SHUMKIIONeamio B LMMpoByto opMy, nomnyyas orpom-

HOe-NPeorpoMHOe 4ncio. 3ateM — CTaBUM BrNepeamn Hero

3anaTyto, npeobpasysa 3anucbiBaeMyo MHPOpMaunio B

LIMHHIOLLYIO [IeCATUYHYI0 Ap0o6b. Tenepb TONbKO OCTaeTcs

HanTK aBa ynicna A v B, Takux, 4to pesynerart geneHus A v B

Kak pas v 6yfeT paBeH QaHHOMY 4YMUCiy C TOYHOCTbIO [0

MOCrfieQHEero 3Haka. 3anucb 3TUX YMCEN Ha MeTannunyec-

KU CTEPXeHb OCYLLECTBNAETCA HAHECEHUEM PUCKK, fe-

nfwen nocnegHUn Ha Ba oTpeska C OJIMHaMK, KpaTHbIMK

Benn4mHam A n B cooTBeTCTBEHHO. [N CYUTbIBAHUSA WH-

hopmauum gocTaToyHO BCEr0 NULb U3MEPUTb OJINHbI

oTpeskoB A n B, a 3ateM — nogenutb OOQWH Ha LPYrou.

MNepBbIA ecATOK Yncen nocne 3anaton 6yaet 6onee unu

MeHee TOYeH, Hy a MoToM... [1oToM XecTokas npakTuka

OMyCcTUT abCTPaKTHYIO TEOPUIO MO CaMble NOMULOPbI, OKOH-

YyaTesIbHO NOXOPOHMB MOC/IELHIO MO TONCTbIM CIIOEM WH-

hopmaLMOHHOro Mycopa, BO3HNKAKLLErO U3 HEBO3MOXHO-

CTW TOYHOrO OnpefefieHns reoMeTpu4ecknx pasmepos

0OLEKTOB peasnibHoOro Mupa.

B umdposoM mMupe fena o6CcToAT elle xyxe. Kaxabin
NPOrpamMMmUCT 3HAET, YTO Ha [deNleHne LenblX U BeLeCTBEH-
HbIX YMCEN HaNOXeHbl JOCTATOYHO XECTKME OrpaHuyeHus.
MomMumo TOro, 4TO deneHve BecbMa NpPoXopsveas B nnaHe
MPOLIECCOPHbIX PECYPCOB Onepawums, Tak oHa eLle u Matema-
TUYECKN HeTo4YHas!

To ecTb, ecm ¢ = a * b, To ewe He dakT, 4yto a == c/b!
Takvm 06pa3om, Ans NpakTU4ecKon peanusauum kogos Pupa-
ConomoHa 06bl4Hast apumMeTka HeMpUrogHa U NPUXoauT-
cs npuberaTb K NOMOLLM 0COBOM MaTemMaTukM — MaTemMaTuku
KOHeuYHbIX rpynn anya.

Mopn rpynnoi 3necb NOHUMAETCH COBOKYMHOCTb LienblX
yucen, NocnegoBaTensbHO NPOHYMepoBaHHbIx oT 0 fo 2" — 1,
Hanpumep: {0, 1, 2, 3} unm {00h 01h, 02h, 03h, 04h, 05h, 06h,
07h, 08h, 09h, 0Ah, 0Bh, 0Ch, 0Dh, OEh, OFh}. I'pynnsl, co-
fepxaiime 2" 3feMeHTOB, HasbiBalTCcA noasamu [anya
(Galois Field) n o603HaqatoTes Tak: GF(2")'.

YneHbl rpynn B 0693aTeNbHOM NOPALKE MOSUMHATCS
accoumaTBHOMY, KOMMYTaTUBHOMY U AUCTPUOBIOTUBHOMY
3aKoHaM, HoO 06pabaTbiBaOTCA JOBONBHO MPOTUBOECTECTBEH-
HbIM Ha NepBbIN B3rNIAL 06pa3oMm:

1) cymma AByx no6bIX YNEHOB rpynnbl BCEraa npuCyTCTBY-
€T B JaHHOW rpynne;

2) ONa Kaxgoro YfaeHa «a» rpynnbl CyLecTBYeT TOXAe-
CTBEHHbIN (identity) emy uneH, 06bI4HO 3anWCbiBAEMbIV
Kak «e», YyOOBNeTBOPALWNA cnegyoLlemy yCnoBuio:
a+e=e+a=g

3) Ons Kaxgoro YneHa «a» rpynnbl, CyLecTByeT 06paTHbIN
(inverse) emy 4neH «—a», TAKOW, 4TO: @ + (-a) ==

HauyHem ¢ nepsoro Teanca. He kaxeTcsi im OH Bam 6pe-
pom? Honyctum, y Hac ectb rpynna {0, 1, 2, 3}. 310 Ka-
KWM Xe B Aynesnb NbSHbIM HYXHO ObITb, YTOObI MPW BbIYKC-
NeHUn 3Ha4YeHns 2 + 3 NoYYUTb YUCIO MEHbLUIEE UNK paBs-
Hoe 3?! OkasbiBaeTcs, cnoxeHue B nonsx [anya ocyuie-
cTBNfETCA 6€3 y4eTa nepeHoca 1 Cymma ABYX YSIEHOB rpyn-

Mbl paBHa: ¢ = (@ + b) % 2", roe onepauns «%» 0603Ha4a-
eT B3ATUe ocTaTka. MpUMeHUTENbHO K HalleMy ciy4alo:
(2 + 3) % 4 == 1. Y matematkoB 3TO Ha3bIBAETCH «CIO-
XEHVEM MO MOJYNio 4».

EcTecTBeHHO, BacC MHTEPeCyeT: a NPUMEHAETCS N CIo-
XEHVEe Mo MOAYMIO Ha MPaKTUKe UIIM UCMONb3YeTcs NULLbL B
abCTPaKTHbIX KOHCTPYKLMAX TEOPETUKOB? XOPOLLMIA BONPOC!
CroxeHne no Moaynto Mbl MalIMHANbHO BbINOSHAEM LECAT-
KM pa3 Ha [HI0, Jaxe He 3aJyMbiBasiCb O TOM, YTO 3TO U
eCTb CNnoXxeHue 6e3 y4yeTa nepexoca. Bot, Hanpumep, npo-
CHYBLUWCb B LLECTb BeYepa Mno yTpy, Bbl NPOCUAENN 38 KOM-
MbIOTEPOM [AEBATb YacOB KPsQY, & MOTOM HEOXMOaHHO 6po-
CUIN B3MNAL Ha CBOW Hapy4Hble 4Yacbl. Kakoe rmonoxeHve
3aHMmana 4yacosas CTpenka B 3T0 Bpems, Mpu YCroBuK, 4To
yacbl MgyT TOYHO? VIckomMOe 3HayYeHue CO BCeN O4EBUAHOC-
Tbi0 MpefcTaBnseT cobor cymmy 6 1 9 no mogynio 12 n pas-
HO OHO: (6 + 9) % 12 == 3. BoT Bam HarnsigHbIn nNpumep
MpakKTU4eCcKoro ncnonb3osaHus apumetuku lanya. A Te-
nepb fasaiite B NMopsaake SKCNepuMeHTa Bbl4TEM 13 yucna 3
4ncno 6... (ecnu He forafplBaeTeCh, Kak 3TO NPaBUIbHO cae-
natb, — BO3bMWUTE B PYKW Yachl).

Tenepb camoe rmaBHOe: pa3 pe3ynsTart feneHns OfHo-
ro YrfieHa rpynnbl Ha ApPYrow, eCTECTBEHHO, HE PaBHbIN
HYJI0, YNeH B 063aTeNIbHOM MOpsAAKe HOJIKEH NPUCYTCTBO-
BaTb B JAHHOW rpynne, TO HECMOTPS Ha TO, YTO AeneHue
OCYLLIeCTBNAETCA B LieNbIX YMCnax, OHo 6yaeT TOYHbIM. Tou-
HbIM, @ He oKpyrneHHbiM! CnegoBatenbHO, ecnm ¢ = a * b,
To0 a == ¢/b. dpyrvmn cnoBamu, yMHOXEHNE U OeNeHNe He-
MPOTMBOPEYMBLIM 06pa30M ONpefeneHo Afis BCEX YNIEHOB
rpynnbl, KOHEYHO, 38 UCKIIIOYEHWEM HEBO3MOXHOCTU fe-
NeHNsA Ha HyMb, NPUYEM pacLUMpeHns PaspsgHON CETKM Npu
YMHOXEHWUM He npoucxoaut!

KoHe4HO, 3TO He COBCEM 0ObIYHOE YMHOXEHUE (1 pa-
NeKo He BO BCAKOM none lanya gsaxpbl Asa 6ynet paHo
4yeTblpeM), OQHAKO HWUKTO M He TpebyeT OT apudMeThKM
[anya ee COOTBETCTBUSA «34PABOMY CMbICIY» U «KUTENC-
KOMy onbITy». [NaBHOe — 4YTO OHa paboTaet, nNpu4em pa-
60TaeT xopowo. U cyliectBoBaHune xecTtkux guckos, CD-
ROM/DVD npuBogoB — ny4luee TOMy NOATBEPXOEHME, MO0
BCE OHM TaK MW MHa4ye UCMOMb3YIT 3Ty apuMeTuky B
CBOMX Lensx.

Kak yxe rosopunocb, B BbI4ACIUTENbHON TEXHWKE Hau-
6osbllee pacnpocTpaHeHne nony4unu nong anya ¢ ocHo-
BaHMEM 2, YTO 0OBACHAETCS €CTECTBEHHOCTBIO 3TUX NOMEN C
TOYKM 3PEHUS MaLUMHHOW 06paboTKM, ABOMYHON MO CBOEW
npupoge.

Ona peanu3aumu kogepa/gekopepa Pvga-ConomoHa Ham
noTpebytoTca YeTbipe 6a30BbIX apUEPMETUHECKMX OnepaLmm:
CIIOXEeHWe, BbluMTaHWe, YMHOXEHWe U feneHne. Huxe oHu
6yOyT pacCMOTPEHbI BO BCEX MOLPOOHOCTSAX.

CnoXxeHne u BblYUTAHUE

B nonsax Fanya

CnoxeHve no momynio ABa B nonsix [anya TOXAECTBEHHO
BblYMTaHUIO U peanuayeTcs 6utoson onepaumein XOR. StoT
BOMPOC Mbl Y>Ke 06CYXAanu npu N3y4eHun noanHoMmnansHom
apumMeTUKn, No3TOMy He 6yAEM IMLLHWIA pa3 NOBTOPSATLCS,
a npocTo npvBefeM 3aKOHYEHHbIW NpUMep NMpPorpamMmMHoON
peanu3auum yHKLUW CNOXEHWS/BbIYUTAHNS:



JicTunr 2. SyHKUMS, peanusywlast CIOXeHUe/BHUMTaHUE
B nonsx Tanya.

// byHKUMS BOSBpamaeT peSyNBTAT CHIOKEHMS (BHUMTAHMS)
// mByx nonmHOMOB a ¥ b mo Mogmymo 2
int gf sum(int a, int b)

return a * b;

VYmHoXxeHue B nonax Fanya

OTKpbIB y4ebHNK MaTeMaTUKL 3a TPETUI KNnacc (ecnv MHe
HE M3MEHSIET NamATb), Mbl HaWdeM, 4TO YMHOXeHWe npeg-
CTaBIAET COOOM MHOTOKPATHOE CITOXEHME U, KOJb CKOPO CI10-
XeHue B nonsax [anya Mbl BbIMOMHATbL YXXe Hay4unucb, Mbl
MeeM BCe OCHOBAaHUs CyuTaTb, YTO peanunsaums yHKLMK
YMHOXEHUS He co3pacT 0coboro Tpyga. Tak? A BoT u HeT! 4
BCErAa 3Has, 4yTo ABax[bl ABa paBHO YeTblipeM, A0 KOHUA
HWKOra He BEPUN B 3TO U, BriepBble CTONKHYBLUWCH C MONs-
Mu [anya, NOHAN, HACKONLKO 6bin MpasZ. BbIACHUIOCH, 4TO
CYLLIECTBYIOT ¥ Takve MaTemaTtuKku, rae Asaxmibl ABa He pas-
HO YeTblpem, a onepauus YMHOXEHWS OnpedensieTca He Ye-
pe3 CrioXxeHune, a COBCEM MO-APYromy.

[encTenTensHO, eCnm NoMbITaTbCs «06epHYTh» PYHKLMIO
gf_sum B LMKN, Mbl NOMIY4MM TO Xe caMoe CHOXEHWE TOSb-
KO B npochusib. a * b 6ygeT pasHO &, eCnvt b 4eTHO, 1 Hy"Io,
ecnu b HeveTHO. Hy 1 KoMy Takoe yMHOXeHue HyxHo? Cob-
CTBEHHO, PYHKLMS «HACTOALLEro» yMHOXeHua lanya Ha-
CTOJIbKO CJI0OXHA W PEeCcypcoemMKa, 4To AfiA ynpoLLeHus ee
peanusauuv NpuxoauTCs NPU6ErHyTb K BPEMEHHOMY npe-
06pa3oBaHui0 MONMMHOMOB B WHAEKCHYIO (hOpMYy, Mocneayto-
LLieMy CNOXEHWI0 MHOEKCOB, BbINONHAeMomy no mogyno GF,
n obpaTHOMY npeobpas3oBaHUo CyMMbl MHOEKCOB B NOMU-
HOMWAIIbHYIO hopMmy.

Yo Takoe nHpekc? 310 — nokasatesnb CTENEHU Npu oc-
HOBaHWM OBa, JatoLwnii ICKOMBIA NonuHoMm. Hanpumep, uH-
Lekc nonuHoma 8 paeeH 3 (2% = 8), a MHOeKC nonuHoma 2
paBeH 1 (2! = 2).Jlerko nokasatb, 4toa * b = 2i x 2i = 2(4),
B yactHoCcTH, 2 * 8 =23 « 21 = 2(3+1) = 24 = 16. CocTaBum
cregyoLyo Tabnnyky ¥ HEMHOIO MO3KCNEPUMEHTUPYEM
C Heil:

Tabnuua 1. Tabnuua [DONMHOMOB (JIeBasi KOJIOHKA) M COOTBETCTBY-
KIMX MM CTeNeHey ABOMKM (mpaBas KOJOHKA) .

i alpha offi]
001 0
002 1
004 2
008 3
016 4

[Jo cux nop Mbl onepuvpoBann MOHATUAMU NPUBLIYHOWM
HaM apudMETUKK, 1 NOTOMy [OOpbIe iBe TPEeTH rnonen Tab-
NWUbI OCTaNMChb He3anonHeHHbIMK. B camom gene, ypasHe-
HUA TMNA 2* = 3 B LeNbIX YMCIax He paspeLunMbl U psag vH-
LEKCOB He COOTBETCTBYET HUKaKuUM nonvHomam! Tak-To OHO
TaK, HO B CWJTy TOrO, YTO KONIMYECTBO MONMHOMOB BCAKOMO
nons anya paBHO KONMYECTBY BCEBO3MOXHbIX MHLOEKCOB,
Mbl MOXEM OnpefeneHHbIM 06pa3om COMoCTaBuUTb X OpYr
OPYry, 3aKpbiB rnasa Ha T0, Y4TO C TOYKM 3peHust 0ObIMHON
mMaTeMaTuKW Takoe AeNCTBME HE MMEET HUKaKOro CMbicha.
KOoHKpeTHas cxema COmnocTaBlieHUss MOXeT OblTb MHOOOMH,
rnaBHOe — YTOObl OHA Oblia BHYTPEHHE HENPOTUBOPEUNBON,

obpa3sosanue

TO eCTb YAOBNETBOPSANa BCEM MpasufiaM rpynmn, nepeyuc-
NeHHbIM Bbie (CM. «Mong Manya»).

EcTecTBeHHO, NOCKOSIbKY OT BbIGPAHHOW CXeMbl COMOC-
TaBlIEHNs HaNPsAMYI0 3aBUCUT M KOHEYHbIN pesynbTat, obe
cTopoHbl (kogep u gekogep Pupa-ConomMoHa) fOmKHbI CO-
6ntogatb onpefenexHHble JoroBopeHHocT. OgHako pasnuny-
Hble kogepbl/gekodepsl Puga-ConoMoHa MOryT Ucnonb3o-
BaTb pasfnyHble CXeMbl COMOCTABMEHUS, HECOBMECTUMbIE
Apyr ¢ apyrom.

B yacTtHocTu, gekogep Pupa-ConomoHa, BCTPOEHHbIN
B CD-ROM npwvBog, BbINOMHAET YMHOXEHWE NO crepyto-
wen Tabnuue. Bectpetus Takylo Tabnuuy B ausaccembriep-
HOM NIUCTUHre UccrnegyeMon Bamu Nporpammbl, Bbl CMO-
XeTe BbICTPO M HAJEXHO OTOXAECTBUTL UCMONb3YIOLWKE ee

pyHKLMN:

Ta6nmua 2. Lock-up-Tabmuua mns GF(256) . llepBast cneBa KOMNOH-
Ka - NONMHOME/MHEeKCH (0BHYHO OB0BHauaeTCst, Kak i), BTO-
past - Tanuua CTeneHel NPUMMUTMBHOTO NoiuHOMa 2 (OBHYHO 060-
BHavaeTcss kak alpha of), TpeTes - MHEEKCH, COOTBETCTByWUHMe
naHHOMY nojuHOMy (oBmuHo oBosHauaercs kxak index of) .

i i [alp i |alp i |alp i |alp i

000|001 | -1 |043 (119|218 |086|177 219|129 |023 112|172 [123 |220 |215|239|170
001002 | 0 |044 238|240 |087 127|189 130|046 192|173 | 246|252 |216 | 195 | 251
002004 1 |045|193| 18 | 088|254 | 241 | 131|092 | 247 [ 174 | 241|190 | 217 | 155 | 96
003|008 | 25 | 046 (159 | 130 | 089 | 225|210 | 132 | 184 | 140 | 175 [255| 97 |218 | 043 | 134
004|016| 2 [047[035| 69 (090|223 | 19 |133|109|128 | 176|227 | 242 | 219 | 086 | 177
005|032| 50 048 (070 | 29 (091|163 | 92 |134|218| 99 |177 (219 | 86 |220 172|187
006|064 | 26 | 049|140 181|092 (091 | 131 135|169 | 13 |178 171|211 221|069 | 204
007|128 | 198 | 050 [ 005|194 [ 093 | 182 | 56 | 136|079 |103 | 179 (075|171 | 222|138 | 62
008029 3 |051|010|125|094|113| 70 [137|158| 74 [180|150| 20 | 223|009 | 90
009 | 058 | 223 | 052 [ 020 | 106 [ 095 | 226 | 64 | 138|033 | 222 | 181 (049 | 42 |224 | 018|203
010|116 | 51 [053 {040 | 39 (096217 | 30 | 139|066 |237 | 182|098 | 93 | 225|036 | 89
011|232 {238 |054 | 080|249 (097 |175| 66 | 140|132 | 49 | 183|196 | 158 | 226 | 072 | 95
012|205| 27 |055[160 | 185|098 | 067 | 182 | 141 | 021 | 197 | 184 [ 149 | 132 | 227 | 144|176
013 [135[104 | 056 | 093 | 201 | 099 | 134 | 163 | 142 | 042 | 254 | 185 [ 055 | 60 | 228 | 061 | 156
014|019 199 | 057 [ 186 | 154 | 100 | 017 | 195|143 | 084 | 24 | 186 (110 | 57 |229 | 122|169
015]/038| 75 |058 [105| 9 [101|034| 72 |144|168|227 | 187 (220 | 83 |230 244|160
016|076| 4 |059(210|120 (102|068 | 126 | 145|077 | 165 | 188 165 | 71 |231|245| 81
017|152 {100 | 060 185 | 77 [103 | 136 | 110|146 | 154 | 153 | 189 [ 087 | 109 | 232 | 247 | 11
018 | 045|224 | 061 [ 111|228 | 104 | 013 | 107 | 147 | 041 | 119 | 190 (174 | 65 |233 | 243 | 245
019090 | 14 | 062|222 |114 105|026 | 58 | 148|082 | 38 | 191 [ 065 | 162 | 234 | 251 | 22
020 (180 | 52 | 063|161 166 | 106|052 | 40 | 149|164 | 184 | 192 (130 | 31 | 235|235 |235
021117141064 (095| 6 [107|104| 84 |150| 085|180 | 193 | 025 | 45 | 236|203 | 122
022]234(239|065 (190|191 | 108 | 208 | 250 | 151 | 170 | 124 | 194 [ 050 | 67 |237 |139|117
023 201|129 |066 (097|139 (109 | 189|133 | 152|073 | 17 | 195|100 | 216|238 | 011 | 44
024143 | 28 | 067|194 | 98 |110(103 | 186 | 153 | 146 | 68 | 196 200 | 183 | 239 | 022 | 215
025|003 | 193|068 [ 153 | 102 | 111|206 | 61 |154 | 057 | 146 | 197 | 141 | 123 | 240 | 044 | 79
026|006 | 105|069 [ 047 [ 221 [ 112|129 202 | 155|114 217 | 198 | 007 | 164 | 241 | 088 | 174
027|012 (248|070 (094 | 48 [113 |031| 94 | 156|228 | 35 | 199 (014 | 118|242 176|213
028|024 200|071 [ 188 | 253 | 114 | 062 | 155|157 | 213 | 32 | 200 | 028 | 196 | 243 | 125|233
029|048 | 8 |072[101 226115124159 158|183 |137|201[056 | 23 |244 250|230
030[096| 76 | 073 202|152 (116|248 | 10 |159|115| 46 [202 112 | 73 | 245|233 | 231
031192113074 |137| 37 |117[237| 21 | 160|230 | 55 |203 [ 224|236 |246 | 207 | 173
032|157| 5 |075[015(179 [118 199|121 161|209 | 63 |204 221 | 127 | 247 | 131 | 232
0331039138076 (030 | 16 (119|147 | 43 |162|191[209 205 (167 | 12 |248 | 027|116
034|078 101|077 [ 060 | 145|120 | 059 | 78 | 163|099 | 91 | 206|083 | 111|249 | 054|214
035[156 | 47 | 078|120 | 34 | 121|118 |212 | 164 | 198 | 149 | 207 [ 166 | 246 | 250 | 108 | 244
036|037 | 225|079 [ 240 | 136 | 122 | 236 | 229 | 165 | 145 | 188 | 208 | 081 | 108 | 251 | 216 | 234
037|074 | 36 | 080|253 | 54 [123 197 172|166 | 063|207 |209 (162 | 161 | 252|173 | 168
038|148 | 15 | 081 [ 231|208 (124|151 | 115|167 | 126 | 205|210 (089 | 59 | 253 | 071 | 80
039|053 | 33 | 082|211 |148 |125)| 051|243 | 168|252 |144 |211 178 | 82 | 254|142 | 88
040|106 | 53 | 083 [ 187|206 | 126|102 | 167 | 169|229 |135|212 121 | 41 |255|000 175
041|212 | 147|084 [ 107 | 143 (127 | 204 | 87 | 170 | 215|151 | 213 [ 242 | 157
042 (181 (142085214 (150|128 133 | 7 [171[179|178 (214 (249 85

C nomoLublo JaHHOW TabnuLbl Bbl NErKO CMOXETE OCY-
LLEeCTBNATL NpeobpasoBaHve M3 MOMMHOMUAILHON (POPMBI
B MHOEKCHYI U HAo60poT. Kak nonb3oBaTtbCcs 3TON Tabnu-
uen? [onycTum, Mbl XOTUM YMHOXMWTb MOSIMHOMbI 69 1 96.
Haxogum B nepeon KonoHke 4ncno 69. Emy cootseTcTByeT
alpha 47, 3anomvHaem (3anucbiBaem ero Ha 6ymMaxke) v ne-
pexogum K yucny 96, alpha kotoporo paseH 217. Cknagbl-
BaeM 47 n 217 no momynio 256, nony4yas B pesynsrare:
(217 + 47) % 256 = 8. Tenepb NepeBOAVM pe3ynbTaT Mnpo-
N3BEAEHUA U3 UHOEKCHOW (DOPMbl B MONMHOMMUASIBHYIO: Ha-
XOAMM B NMEPBON KOMOHKE Y1CNO 8 U B TPETLEN KOJIOHKE BU-
OVM COOTBETCTBYIOWMIA eMy nonuHoM: 3. (Ecnu xe Mbl Bbl-



o6pa3oBaHue

MONMHUM 06paTHYyto onepauuio, pasgenus 3 Ha 69 — Mbl no-
ny4um 96, 4TO JOKa3biBaeT HEMPOTUBOPEYMBOCTb OnepaLimii
LeneHns 1 YMHOXeHWS, a Takxe Bcer apudmeTukmn anya B
uenom). beIcTpo, He npaBpa /i, x0T MECTAMU U HE COBCEM
MOHSATHO, NoYemy Tabnuua COCTaBNeHa UMEHHO Tak, a He
nHa4ve? Xyxe BCEro, 4To [OCTOBEPHOCTb peaysnbraTta Henb3s
MOYYBCTBOBATb «BXWBY», MOCKOSIbKY BCE 3TO — abCTpak-
LMK YnCTeNLe BOLbl, YTO CEPbE3HO OCIIOXHAET OTnagky
nporpammbl (CI0XKHO OTNaXuBaTtb TO, YeW NPUHLMN padoTbl
[0 KOHL@ He MOHMMaeLlb).

Bnpoyem, Tabnmuy yMHOXeHUS He 06s3aTenbHO Habwu-
BaTb C KNnaBuaTypbl BPYYHYIO U €€ BMOSIHE MOXHO reHepw-
poBaTh U Ha NeTy, Mo xody McnosHeHus nporpammsl. OauH
13 NPUMEpPOB peanusaumm reHepaTopa BbIrnaguT Tak:

JiucTuar 3. Ipouesypa reHepauuy look-up TaGamusl GEHCTPOTO yM-
HOXEHMSI TOJIMHOMOBE .

// creness RS-nommeoMa (cormacHo Cranmapra ECMA-130 - BoceMs)
#define m 8

// n=2*m-1 (@nuMHA KOZOBOI'O CJIOBA)

#define n 255

// xonuuecTBO OWMBOK, KOTOPHE MEH XOTMM CKOPPEKTMPOBATH
#define t 1

// k = n-2*t (gnMHA MHOOPMAUMOHHOTO CNOBa)

#define k 253

// HecoKpaTMMEHi NOPOXTANWMAA IONUHOM
// cormacmo Crammapry ECMA-130: P(x) g

2
=x
int p[m+l]={1, 0, 1, 1, 1, 0, 0, O, 1 };

+xt 241

// mabnuua cTeneHey NPUMUTMBHOTO dYJeHa

int alpha to[n+l];

// vHEexcHas Tabmuua ANs GHCTPOTO YMHOXEHMS
int index of[n+l];

e
// rTenepupyem look-up Tabmmy mns GHCTPOro yMHOxemus mms GF (27)
// Ha ocHOBe HECOKPaTMMOTO NOPOXZAKWEro NOJMHOMAa PO

// or p[0] mo p[m].

// look-up Tabmmua:

// index -> polynomial us alpha to[] comepxmr j=alpha’i,
// rTme alpha ecTb NPUMUTMBHEN UJEH, OBHYHO PaBHHN 2

// a * - onepauus BO3BefieHMss B cTemneHb (He XOR!);

// polynomial form -> index ms index of[j=alpha’i] = i;

// © Simon Rockliff

generate gf()
{

int i, mask;
mask = 1; alpha to[m] = 0;
for (i = 0; 1 < m; i++)

{
alpha to[i] = mask;

index_of[alpha to[i]] = i;
if (p[i] '= 0) alpha_to[m] = mask;
mask <<= 1;

} index of[alpha_to[m]] = m; mask >>= 1;

for (i = m+l; i < n; i++)
{
if (alpha_to[i-1] >= mask)
alpha to[i] = alpha to[m] * ((alpha_to[i-1]"mask)<<1);
else
alpha to[i] = alpha to[i-1]<<1;

index of[alpha to[i]] = i;

} index of[0] = -1;
}

Cama xe (PyHKLMS YMHOXEHWS BbIFMSIAUT TPUBMASIBHO,
yKnafblBasicb BCero B NSTOK CTPOK. B GonblunMHCTBE Mpo-

rpaMMHbIX peanu3auui kogepa/pekopepa Puga-Conomona,
KOTOpble MHe TOJbKO JOBOAUNOCH BUAETb, Onepaunst yMHO-
XEHMUSA fiaXe He BbIHOCUTCS B OTAENbHY0 NpoLeaypy, a pea-
Nn3yeTcs HemoCpenCTBEHHO MO MECTY BbI30Ba.

JiucTyHr 4. ®yHKUMS GHCTPOTO TaGMMYHOTO YMHOXEHMS NOJMHOMOB
B nonsx Tanya.

// byHKuUMs BoSBpamaeT pesyNbTAT YMHOKEHUS OBYX NOJNMHOMOB
// a Ha b B nonsx Tanya
int gf mul (int a, int b)
{
int sum;
// HeMHOTO onTMMMBAUMM HE NOBPEIUT
if (a==0 || b == 0) return 0;
// BhuMCnsieM CyMMy MHIEKCOB MOJMHOMOB
sum = alpha of[a] + alpha of[b];
// npuBommM cyMmy k Momymo GF
if (sum >= GF-1) sum -= GF-1;
// nepeEomuM peSyNBTAT B NONUHOMUANBHYH (OpPMY
// » BosBpamaeM pesynbTaT
return index of[sum];

Nlenenue B nonsx Manya
[enenve B nonsax anya ocyLLecTBAAETCA NPaKTUHECKM TOY-
HO Tak, Kak U YMHOXEHWe, C TOW NULLIb pasHULei, YTO WH-
LEeKCbl He MpUOaBNATCS, a BblYMTAKOTCA Apyr M3 gpyra. B
camoM fene: a/b == 2/2i == 2("). [Ins nepesofa n3 nonu-
HOMWAIbHOW B MHOEKCHYIO (DOPMY M HA06GOPOT MOXET UC-
NoJfib30BaTbCS YXe npueogumas Bbille look-up Tabnuua.
EcTtecTBeHHO, He 3abbiBaniTe O TOM, 4YTO KakuMu Obl U3-
BpaLLeHHbIMK ronsa [anya Hu 6bIKn, @ Ha Hynb faxe B abCT-
PakTHON apuMeTuKe OenUTb HeNb3 U PYHKUUA OeneHus
LOMKHA ObITb CHabXeHa COOTBETCTBYIOLLEN MPOBEPKON.

JiucTyHr 5. ®YHKUMS OHCTPOTO TaBMMYHOTO MENeHUS B NOJMHOMOB
B nonsx Tamya.

// byHKUMs BoSBpamaeT pesyNBTAT HENEHUS IBYX MONMMHOMOB
// a Ha b B nonsix Tanya, npy HOMBITKE HENEHUS HA HONb QYHKOMS
// BosBpamaer -1
int gf div(int a, int b)

int diff;

// HeMHOTO onTMMMBAUMM HE NOBPERUT

if (a == 0) return 0;

// Ha HOmMb menuTL Henbss!

if (b == 0) return -1;

// BHUMCNSIEM PaBHOCTE MHEEKCOB

diff = alpha of[a] - alpha of[b];

// npuBOmMM paBHOCTE Kk MOZYNN GF

if (diff < 0) diff += GF-1;

// nepeEomuM peSyNBTAT B NONUHOMUANBHYH (OpPMY

//  BosBpamaeM pesynbTaT

return index of[diff];

Hpocreﬁmwe npakKTuYecKue peann3auuun

XopoLwwmm nprmMepom BOMJIOLLeHNS Kogepa/aekoaepa Puga-
ConomoHa aBnsTCA OPEBHWE MOLENN XECTKUX OUCKOB,
paspaboTaHHbIx B Hegpax upmbl IBM. Mogens IBM 3370
“Mena nNpocToi M HarnsgHbIn Kopep/aekopep Puga-Cono-
moHa Tuna (174,171) B none Manya GF(256). Opyrumu cno-
BaMu, OH onepuposan 8-6UTHbIMU a4venkamn (28 = 256), un
Ha 171 mHdopMaLmMoHHbIN 6anT Npuxoaunocs 3 6anta cym-
Mbl YETHOCTHW, 4TO B pe3ynbTaTe gaBano KOJOBOE CNOBO C
pasmepom 174 6anT, Npuyem, Kak Mbl yBUOMM fanee, Bce
Tpy 6anTa KOHTPOSIbHON CYyMMbI PACCHATLIBANUCH COBEPLUEH-
HO HE3aBMCUMO ApYr OT Apyra, No3ToMy (hakTU4eckn Ko-



nep/nekopep Pupa-ConomoHa onepvposan ogHUM 6anTom,
YTO 3HAYMTENBHO YNPOLLAN0 ero apxuTekTypy.

B coBpemeHHbIX xe BUHYeCTEpax kKoaep/aekoaep Puga-
ConomoHa cTan CnuWKOM HaBOPOYEHHbIM, & KOIMHYECTBO
KOHTPOMbHbIX 6aNTOB MHOrOKpPaTHO BO3POCSIO, B pe3yrib-
Tare 4Yero npuLINOCL pabéotarb C Yyucramu NpoTUBOecTe-
CTBEHHbIX pa3psgHocTen (nopagka 1408 6uT n 6onee).

Kak cnegcteue — nporpamMMHbIii KO OLLETUHUICS TOS-
CTbIM CNOEM [OMOSTHATENbHBIX MPOBEPOK, LMKMNOB U (PYHK-
LMW, Ype3BblYaHO 3aTPYLAHSAIOLLMX ero NOHUMaHue (K Tomy
Xe 60MbLUMHCTBO MPOU3BOAMTENEN Xenesa B nocrefHee
BpeMs nepeLunn Ha annapaTHble Koaepbl/aekogepbl Pupa-
ConomoHa, Lenvkom peann3oBaHHble B OJHOW MUKPOCXe-
me). B o6Liem, nporpecc nporpeccom, a gns nsyyeHus 6a-
30BbIX MPUHLUMMOB paboTbl NyyLLe UCMONb30BAThL [PEBHNE
MOfenu.

Huxe npuBeneH parMeHT opurMHanbHOM MPOLLUBKM
XecTkoro aucka IBM 3370 (Tonbko He cnpaluvsanTe: oTKyda
OH Y MeHs B3A/Cs):

JiucTuHr 6. KmoueBoi ¢parMeHT komepa Pupa-ComoMoHa, BHPBaH-
HEf u3 npoumskyu IBM 3370.

for (s0 = sl = sml =i = 0; i < BLOCK SIZE; ++i)
s0 * input[i];

GF mult by alpha[ sl * input[i] ];
GF mult by alpha inverse[sml * input[i] ];

2]
ey
nun

Jiucruur 7. KmoueBoit (parMeHT nekomepa Pupma-ConoMoHa, BHp-
BaHHET u3 IBM 3370.

// BhuMCNsIeM CHMHOpOM OUMBKY

err i = GF_log base alpha[ GF divide[sl][s0] ];

// wcnpaBnsieM cOouHNI 6anT

input[err i] "= s0;

Hy yT0, cna6o Ham pa3obpaTbCs: Kak OH paboTaet? Yto
KacartenbHo nepemMeHHon sO — ¢ Hel BCe NpefenbHO ACHO:
OHa XPaHUT KOHTPOJIbHYIO CYMMY, PacCUMTaHHyl Mo Tpu-
BManbHOMY anroputmy. Kak Bbl, HABEPHOE, MOMHUTE, CNO-
XeHune B nongx [anya ocyLlecTBNAeTCA NOrnyeckom orne-
pauven XOR, n notomy: sO += input[i].

HaszHadveHvie nepemeHHon S1 BbIICHWUTL CIOXHEE, 1 HYTOObI
MOHATb CYTb Pa3BOpa4MBaIOLLErOCa BOKPYr Hee MeTabonvama,
Mbl JOIKHbI 3HaTb copepxmmoe Tabnuusl GF_mult_by_alpha.
HecmMoTps Ha TO, 4TO MO COOBPAXEHNAM IKOHOMUK ByMax-
HOro NPOCTPaHCTBA OHa 3[eCb He MPUBOAMNTCS, €e UMS o-
BOPUT camo 3a cebd: cofepxumoe s1 cyMMUpyeTcs ¢ o4e-
pelHbIM 6a¥iTOM KOHTPONMPYEMOrO NOTOKA OaHHbIX U YM-
HOXaeTCs Ha TakK HasblBaeMbl NPUMUTUBHLIA YfieH, 060-
3Havaemsbl Kak alpha, v paBHbIi fByM. [lpyrumun cnosamu:
s1 =2 = (s1 + inputfi]).

HonycTtum, oguH 13 6anToB NOTOKA AAHHbLIX BNOCnem-
CTBUM BYLET NCKaXKEH (0603HA4YUM Ero MO3ULMIO Kak err_i),
TOrga UHOEKC UCKaXXEHHOro 6anTa MOXHO ONpPeaennuTb Tpu-
BuanoHbiM genennem s1 Ha s0. Moyvemy? Tak Befb Bbipa-
xeHue s1 =2 = (s1 + inputfi]) no cBoel cyTn ecTb He 4TO
MHOEe, KaK 3aByanuMpoBaHHOE YMHOXEHWE UHGOPMAaLMOH-
HOrO CfI0Ba Ha NOPOXAEHHbIV MOMIMHOM, OUHAMUYECKM re-
HEpUpyeMmbii Ha OCHOBE CBOEro MPUMMUTUBHOIO YfieHa
alpha. A KOHTponbHasi cymma MHGOPMAaLMOHHOMO CNoBa,
XpaHaLasca B nepemeHHon s0, hakTM4eckn npepcrasns-
eT cobon TO Xe caMoe MHAOPMaLMOHHOe CNOBO, TOMbKO

obpa3sosanue

npencTaBfieHHoe B 6onee «KomnakTHOW» dpopme. W, Kak
y>Xe roBopunochb B npenbigyLlein ctatbe: ecnu ownbka
npousoLuna B No3uuum X, TO OCTATOK OT AENEHUs KOJO0BO-
ro Crnosa Ha NMOPOXAEHHLIN MONMMHOM OyheT paseH k = 2%,
OcTaeTcs nuLLb N0 U3BECTHOMY K BbIYMCAUTD X, YTO B AaH-
HOM Cly4ae OCyLLeCTBNAETCA NyTeM obpalleHuns K Tabnu-
ue GF_log_base_alpha, xpaHswei napbl COOTBETCTBUN
mexay k n 2*. Kofib CKOpo nosuums c6orMHoro 6amnta Ham-
LieHa, ero MoxHo ucnpasutb nytem XOR ¢ paccymTaHHON
KoHTponbHon cymmoit sO (inputferr_i] A= s0). KoHe4Ho, cka-
3aHHOE CrnpaBefdnunBO TONMbKO 4151 OAMHOYHbLIX OLUMOOK, a
NCKaXeHus OBYX 1 6onee 6aT Ha 650K JaHHbIA anroputm
ncnpaenTb He B cunax. CO6CTBEHHO, AN 3TOrO MU NPUCYT-
CTBYET TPETUN 6ANT KOHTPOIILHON CYyMMbl — sm1, 3aLyumia-
IOLWNA AEKOAEP OT «MONMUTHEKOPPEKTHbIX» MOMbITOK UC-
npasfieHns owmnboK, korga ux 6onblue ogHon. Ecnu Beipa-
xeHne s1/s0 == sm1 * SO CTAHOBWTCA JNIOXHbIM, KOHTPOSI-
nep BMHYeCTepa MOXET 3acBMAETeNbCTBOBATL (PAKT Ha-
NNYNA MHOXECTBEHHbIX OLLMOOK, KOHCTATUPYsl HEBO3MOX-
HOCTb WX UCNpaBMEHNS.

OpHako, Kak XopoLLO U3BECTHO, AedeKTbl MArHUTHOM No-
BEPXHOCTU UMEIOT TEHLEHLMIO 06Pa30BLIBATL HE OAMHOYHbIE,
a rpynnosble owmnoKKn. W, 4ToObl XOTb Kak-TO KOMMEHCUPO-
BaTb CNaboCTb KOPPEKTUPYIOLLLEro anropmutma, napHu n3 IBM
npubernu K YepenosaHuio 6ant. BuHyectep IBM 3370 umen
yepeposaHue 3:1, To ecTb cHavana Lesn rnepsbi 6anT nep-
BOro 6510Ka, 3a HAM nepBbIi 6arT BTOPOro 6r1oKa, 3a HUM —
rnepBblii 6aNT TPETLErO M TONMBbKO MOTOM — BTOPOW 6anT nep-
BOro 6r0ka. Takon TPIOK yCuMBan KOPPEKTUPYIOLLYIO Cro-
COBHOCTb BUHYECTEpPa C OAHOW OAMHOYHOW OLUMOKK, [0 TPeX
MOCNefoBaTeNbHO UCKaXeHHbIX 6anT... OgHako, ecnu pas-
PYLLEHMIO MOABEpranuck He cocefHve 6anTbl, TO KOPPEKTU-
pytoLLias CnocobHOCTbL BHOBb OrycKasnach 40 3Ha4eHUi B OOMH
NCKaXeHHbIN 6anT Ha 60K, HO BEPOSITHOCTL TAKOro COOLITUA
6bina HeCPaBHEHHO MeHbLLE.

EcTecTBeHHO, 4TO JaHHbIN anropuTM MOXET 6biTb pea-
NN30BaH He TONIbKO B CaMOM XXECTKOM [IUCKe, HO U BHE €ro.
Bapbupys paamep 6110K0B 1 CTENeHb YepeaosaHus, Bbl obec-
neynte cebe NyyWY UK XYALIYIO 3aLUWLLEHHOCTb npu
60nbLUEN UM MeHbLIEN U3BbITOYHOCTU MHdopMaumn. Oen-
CTBUTESbHO, NYCTb Yy HAac ecTb N CeKTopoB Ha aucke. Toraa,
pa3bvB 1X Ha 6510KM Mo 174 cekTopa B K&XAOM W BbILENNB
3 cekTopa A/ XpaHEeHWs KOHTPOSTIbHOW CYMMbI, Mbl CMOXEM
BOCCTaHOBWTb MO MeHbLlei Mepe N/174 ceKTopoB AMcKa.
Wcxoms n3 cpepHent emkocty gucka B 100 6 (4TO cooTBET-
cteyet 209 715 200 cekTopam), Mbl CMOXEM BOCCTAHOBUTb
po 1 205 259 cekTopoB Aaxe npu 1x noHOM U3NHecKom
paspyLleHnm, 3aTpatus BCEro NuLlb 2% [OMCKOBOro npo-
CTpaHCTBA A1 XPaHEHUS KOHTPOSIbHbIX cyMM. Cornacurecs,
YTO pefKas «Cblfka» BUHYECTepa NpoXoauT CTOMb CTPEMU-
TENbHO, YTO6LI KOPPEKTUPYIOLLIMX CNOCOBHOCTEN Koaa Pvaa-
CornomoHa okasanocb HeJOCTaTO4HO AfiS €e BOCKpeLleHus
(KOHEYHO, ecnun 3Ty CbiMKy BOBPEMSA 3aMeTUTb U eCn KO-
3 duULMeHT YepegoBaHNs BbIGpaH NPaBUIbHO: TakK, YTO CeK-
Topa, NpuHaafiexatime ogHoOMy OUCKOBOMY ONUHY, o6Cny-
XWBaNuCb 6bl pPasHbIMU KOPPEKTUPYIOLWMMK 610Kamu, B
MPOTUBHOM Cny4ae npW MOBPEXAEHUN MOBEPXHOCTU OfHO-
ro 13 6JIMHOB BO3HMKHET rpynnoBas oLumnbKa, yxe Heucnpa-
BMMasi JaHHOW Nporpammon).



o6pa3oBaHue

A KakK OblITb, €CIN «HABEPHETCA» BECb XECTKUN OUCK Lie-
nnkom? Hawmbonee pasymHbI BbIXOR — CO3AaTb Maccus K3
HECKOJTbKMX QVCKOB, XPaHALLMX MONe3Hyto MHopMaLuio Brie-
PEMELLIKY C KOPPEKTUPYIOLLMMU Kogamu. [MaBHbIN MUHYC Ta-
KOro nogxofa — ero Heah(heKTMBHOCTb HA MaccuBax, CoCTo-
ALLMX 13 HEOONBLLOIO KOIMHYECTBA XECTKUX OMCKOB. Pasym-
HbIA MUHUMYM: YeTblpe NHGOPMALIMOHHBIX AMCKA U OOUH KOH-
TPOSbHBIN, TOrga noTeps Nodoro 13 MHPHOPMaLMOHHBIX OUC-
KOB KOMMEHCUPYETCA OCTaBLUMMCS B XMBbIX KOHTPOMbHbLIM.
Hy a noTepsHHbIN KOHTPOMbHBIA OUCK 3NeMeHTapHbIM o6pa-
30M 3aMeHSIETCA Ha HOBbIW, C NOCMEnyLWUM NepecyeTom
BCEX KOHTPONbHbIX KOLOB. lpaBfa, OQHOBPEMEHHbIN BbIXOA
LBYX AMCKOB M3 CTPOS — 3TO KpaHTbl. Maccus 13 naTtHaguaTm
AMCKOB, ABeHadLaTh U3 KOTOPbIX — MH(OpMaLMOHHbIe, a oc-
TaBLUMECA TPU — KOHTPOSIbHbIE, HAMHOIO 60Mee 0TKa30yCToN-
YMB M [OMNYCKAET OOHOBPEMEHHDBIN Kpax ABYX J0OLIX AUCKOB,
a npy 6naronpusaTHOM CTEYEHUN OOCTOATENBCTB — U TPEX.

Co6CTBEHHO, BO BCEM 3TOM HUYEro HOBOMO HET, U COOT-
BeTcTBylowme RAID-KOHTponnepsl MOXHO KynuTb GyKBasb-
HO B NI060M MarasuHe. OOHaKo... MHe TPYOHO MPeAcTaBuTb
cebe, ckonbko 6ynet ctout RAID-koHTposnnep ypoBHs 15 u
ygacTcs nm ero BoobLle 3acTaBuTb paboTatb (MO AMYHOMY
onbITy MOry ckasatb, 4to RAID-koHTponnepsl fgaxe Havanb-
HbIX YPOBHEN — BELLb KpanHe rMoYHas, kanpusHas n tTpebo-
BaTeslbHaa Kak K Xenesy, Tak U K ornepaLmMoHHOMY OKpYXe-
HuI0). HakoHeu, npakTtudeckn Bce RAID-koHTponnepbl Tpe-
OYIOT HanMuua abConMtOTHO UAEHTUYHbLIX, HY UM BIIU3KKX MO
CBOMM XapakTepucTMkam u/mnm uitepdericam guckos. A Komnm
TakoBbIX HET?

MporpammHein RAID, akT1BHO nponaraHaypyemMbii HacTo-
ALLMM aBTOPOM, BCEX STUX HEOQOCTATKOB JMLLEH. Bbl MOXxeTe
1CMONb30BaTh OUCKM PasfMyHOV reoMeTpUmM 1N faxe pasnuy-
HOW €MKOCTW, MPUYEM HUKTO He 0653bIBAET BaC COCPenoTo-
ymBaTb UX B OQHOM MeCTe — [OCTYM K AUCKaM MOXET OCyLLie-
CTBRATLCA U MO CETU, MPUYEM COBEPLLEHHO Heobsa3aTenbHO
otBoanTb nof RAID-xpaHunuiie Becb gUCK Lenmkom! Bel
BOJbHbI MPON3BOJIbHLIM 06Pa30M BbIOENATb TY UIIN UHYIO
4acTb OMCKOBOrO MPOCTPaHCTBA.

Kak 310 MOXHO peasibHO MCrofb30BaTh Ha npakTuke? Mep-
BOE, YTO NMPWUXOAMT Ha YM, UCMOJb30BaTh YacTb EMKOCTM Xec-
TKMX OWUCKOB MOf, XpaHeHne n36bITO4HON MHGhopMaLmm, NoMo-
ratoLLen BOCCTAHOBUTL WX B Cryyae aBapuu. Ecnm HeCcKonbko
KOMMbIOTEPOB O6BEANHNUTL B CETb (4TO YXe AaBHbIM-AaBHO
COenaHo 1 6e3 Hac), TO NPy OTHOCUTENBHO HEGOSbLUMX HaKNag-
HbIX PacXOAax Mbl CMOXEM BOCCTAHOBUTb NOOOM U3 XKECTKMX
LVICKOB YJIEHOB CETW AiaXKe MW MOSHOM ero pas3pyLUeHUn NnLLib
3a CYeT OfHOM U36bLITOYHON MHG)OpMaLMK, pacnpeneneHHon
MEeXAy ocTanbHbIMM KOMMbloTepamun. bonee HagexHoro xpa-
HUNWLLA ONs BalMX AaHHbIX HeNb3a 1 npugymats! MNogobHas
cxema 6bla peann3oBaHa aBTOPOM 3TOW CTaTbU B NOKabHbIX
CEeTAX HECKOMbKMX rpM M JoKasana CBOK BbICOKYIO XMBY-
YeCTb, MMOKOCTb M (PYHKLIMOHANBLHOCTL. Heo6xoaMMoCTb B Mo-
CTOSIHHOM Pe3epBUPOBaHUM COAEPXKMUMOrO XECTKUX AWUCKOB
aBTOMATUYECKM OTMana, YTo B YCNOBUAX OJHOPAHrOBOW CETU
C OTCYTCTBYIOLLMM BbIfieNIEHHbIM CEpPBEPOM 60riee Yem aKTy-
anbHo! A Befb Takue noKasbHble CETU — He pedKocTb (HeT, A
He YyTBEPXAaro, 4TO Takme CEeTV XOpPOLUM, NPOCTO i KOHCTaTh-
Pyt (haKT, 4YTO OHM CYLLECTBYIOT B MPUPOAEe U B 0603PYMOM
6yOyLLemM BbiMMpaTb He COBMPatOTCS).

EnnHcTBeHHbIM MuHyc nporpamMmHoro RAID — ero HeBbl-
cokasl NpPoM3BOAMTENbHOCTb. B YacTHOCTU, NocTaBWB Npo-
rpammHbii RAID Ha cepBep, o6pabaTtbiBaloLwyi Thicsaym 3arn-
POCOB EXECEKYHAHO Y MHTEHCYBHO MOAMMULIMPYIOLLMIA 601Tb-
LLIOe KONMMYecTBO (halsioB, Bbl HE BbIMFpaeTe HUYero, Ho...
BEfib CaMO MOHATNE «TMPOU3BOAUTENILHOCTb» OYEHb OTHOCH-
TENbHO W MpY [OCTATOYHO BLICTPOM MPOLIECCOPEe KOAMPO-
BaHWe/O0eKoanpoBaHne nHgopMaLymn BrnosHe peanbHo OCy-
LLEeCTBNATL U Ha neTy 6e30 BCAKMX MOTEpb B MPOMYCKHON
crnoco6HocTw!

C ppyromn CTOPOHbI, €CNK onepaunmn YTEHUS [OMUHUPY-
0T Hapj onepayusMu 3anvcu, To CTaBUTb MPOrpaMMHbINA
RAID cam KpectHbin OTeL Benes, NOCKOMbKY KOHTPOb Lie-
NOCTHOCTM CYMTbIBAEMOWN MHOPMAaLMKU OCyLlecTBNseTCs
Ha «Xenes3HoM» YpPOBHE CaMWM MPUBOLOM W MPU UCMONb-
30BaHWN CUCTEMATMYECKOrO KOAMPOBaHUA (T.€. MHopma-
LIMOHHbBIE CNOBa — OTAENIbHO, 6aNThbl Y4eTHOCTU — OTAESbHO),
nekogepy Puga-ConoMoHa HeT HMKAKOW HYXAbl Kak-TO
BMeELUMBATLCA B 3TOT NPOLIECC M ero nomoLlb Tpebyertcs
nuLb Torga, Korga Yactb MHpopMaLumnm okasblBaeTcs 6e3-
HaeXHO paspyLleHa, YTo Cny4aeTcs NnpPsMO-Taku CKaxem
He 4acTo. TakK 4To, NpaBO Xe, He CTOMT nepekapmnveaTb
upmsbl, cneunanuampyrowmecs Ha soinycke RAID, Tem
6oree 4YTO Ha JOMALLHMI N MEeJIKOOQUCHBIN PbIHOK OHU BCE
paBHO He obpallaloT BHUMAHUS.

3aknioueHue

BoT Mbl 1 pa3obpanuch C HaLIUMM NepBbIM MONHOLEHHBIM KO-
nepom/gekopepom Puga-ConomoHa, BbINOMHEHHbIM Ha 6a3e
apupmeTnkmn Manya. Mbl Takxe 06CyannM OCHOBHbIE MOMEH-
Thl OpraHM3aummn OUCKOBbIX MacCUBOB 1 fiaxe COBMasHUInCh
HanvMcaHWem COOTBETCTBYIOLLIEro Apavisepa ans peanusaumm
nporpammHoro RAID. Bce, 4to Ham TpebyeTcs — 3TO Hay4UTb-
cs obpabdaTtbiBaTh KOPPEKTUPYIOLLME KoLkl 6OSbLLOW paspsa-
HOCTW, KOPPEKTMPYIOLLAsA CNOCOBHOCTb KOTOPLIX HE OrpaHu-
YMBAETCS OJHVMM NULLb OAUHOYHLIMM OLUIMOGKaMK, a MO3BO-
nseT UcrnpasnaTb Noboe Hanepeq BblOpaHHOE KONMMYecTBO
NCKaXKEHHbIX GawT.

BoT 06 3TOM Mbl 1 MOrOBOPUM B CnefytoLLen cTaTbe 3To-
ro uukna, rge 6yger faH 3aKOHYEHHbIA anroputMm padoTbl
COBpEMEHHbIX Koaepos/aekogepos Pnoa-ConomoHa 1 nones-
Hble COBETbI MO MX CAMOCTOSATENBHON peanusaumm.

' Ha camom pene, nonamu lanya HasbIBalOT NKOGbIE KO-
HeYHble Mons, HO B AaHHOM KOHTEKCTe Mbl 6ydemM roBopuUTb
NNLLb O TEX MONSAX, KONIMHYECTBO YIEHOB KOTOPbIX paBHO 2".

2 [lpyrumn crioBamu roBops, LLENKas BblKmloyaTenem, s
3Hal0, YTO cenyvac 3aroputca cBeT. Ho A He yBepeH B 3TOM
(MOHTep mepepesasn NPoBOAaA, Nammnoyka neperopena u T. 4.)
BoT Tak 1 ¢ Matematukon. Ta XBayka, KOTOPOW NMUYKaoT Hac
B LUKOME M NO3Xe B UHCTUTYTE, — 3TO He Matemartuka. 3910
Habop LUamMaHCKMX 06PSA0B, KOTOPbIA HAC 3acCTaBfstOT CO-
BepLUaTh, HO KOTOPbIN He NO3BONSET NPOHUKHYTL B Camyto
CyTb — B Jao MatemMaTtukn. MoXeT, OHO 1 K fy4LLEeMY, He 3Hato,
HO BO BCSIKOM Cfy4ae CuuTato JOSIrOM CKasaTb, YTO «mare-
maTviKa» npenogasaemMasi B CPeOHUX U BbICLUKX YHEeOHbIX 3a-
BEeAEHMAX, UMEET K MaTeMaTUKe He 6OJIbLLUE OTHOLLEHUS, YeM
MporpaMmmpoBaHmne K Tep3annto Mbiwm B Word 1 yctaHoBke
cuctembl Windows.





