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Bunnuyxui HayuonanvHulll mexuuieckuu yHusepcumem, Bunnuya

BbBICOKOITPOU3BOJAUTEJIBHBIE AJI'OPUTMbI J1JIS1 UCITPABJIEHUA
HE3ABUCHUMBIX OIIMBOK B IUK/IMYECKHUX KOJAX

Ipeonooicena MHo20yposHesas 2paghosas Mooenb YUKIUYECKo2o K0Od HA OCHO8e Meopuu TUHEHbIX NOC1e00-
samenvrHocmuvix cxem. C nomowpro epagoeoii moodenu Kooa paspabomarnsvl an2oPUmMmbsl UCNPABTIEHUS HE3AGUCUMBIX
OWUOOK, NPOBeOeHa OYeHKA KOppeKmupyrowel CnocoOHoCmu K00d, 88e0eH NOOKAACC 1e2K0OeKOOUPOBAHHBIX YUKTU-
Yeckux Ko00s, npeonodcer Kpumepuil 08 pacno3Haganus OwUOOK 34 npederamu MUHUMAILHO20 KOO08020 pac-
CMoAHUA, Komopble 00Hapycusaiomes u ucnpagisiomes. Ilposeden acumnmomuyeckuii aHAIU3 CIOAICHOCHU pac-
CMOMPEHHBIX ANROPUMMOS NPU UX NOCIEO08AMENLHOU U NAPATIENbHOU Peanu3ayiu.

Knwuesvte cnosa: yuxkiudeckue KO()bl, ucnpaenenue OWU6OK, JIUHEUHble NOCAe008AMEeNbHOCTIHbIE cxemol,

epagh, napainenvras obpabomxa.

BBeaenue

Paznuunble Kiacchl IMKIMYECKUX KOJOB (KOBI
CPC, BUX, Puna-ConoMoHa) HMEIOT ONTHUMAIILHOE CO-
OTHOIIEHHE MEXIY KOPPEKTHPYIOIIEH CIIOCOOHOCTBIO H
IIPOCTOTOM MPOTPaMMHO-AIIIAPATHON peanu3aluy, 4To
U 00yCJIOBWIO MX LIMPOKOE MCIOJIb30BaHUE BO MHOTHX
npaktuyeckux chepax [1, 2]. K coxanenuro, B ociue-
HHE TOJbl MaJlo BHUMaHUA yAEIIeTcs JalbHeHIIeH pas-
paboTKe TEOpHH 3TOr0 Kilacca MOMEXO0YCTOWYHMBBIX KO-
J0B. B pesymprare 10 CHX MOp B IMKJINYECKHX KOJAX
UCTIONB3YIOT aJTOPUTMBI (HarpuMmep, ainroput™ bepre-
KaMna-Meccu), mpennoxeHHele Oonee 40 ner Hazan.
OnmHaKo CTPEeMHUTEIbHOE DPa3BUTHE HAYKH W TEXHUKU
BBIJIBUTaE€T HOBBIC KPUTEPHUH W HOBbIE TpeOOBaHHSA K
BBIYHMCIIUTENbHBIM JITOPUTMaM, B YaCTHOCTH, Ha Iep-
BBII IUIaH BBIABHUracTcs 3aaaya 3(()EeKTHBHOrO 0TOOpa-
KEHUsI BBIYHCIUTEIBHBIX aJTOPUTMOB Ha apXUTEKTypy
COBPEMEHHBIX  BBICOKOIIPOM3BOANUTEIBHBIX BBIYHCIIH-
TETbHBIX cucTeM [3].

Heas padorhl. PaGoTta mocesmeHa pa3paboTke
METOJI0OB M aITOPUTMOB JIEKOJMPOBAHMS JBOMYHBIX
LIUKJIMYECKUX KOJOB MMHHMAJIBHON CIIOKHOCTH M IPHU-
TOJHBIX KakK JUIsl [IOCJIEA0BATENLHOM, TaK U AJs apall-
JeNBHOU 00pabOTKH.

1. IHocTaHOBKA 3a1a4H

CoBpeMeHHass TE€XHOJIOTUSI U3rOTOBJIECHUS BBIUUC-
JUTETHHBIX CHCTEM Ha OCHOBE CBEpXOONBIINX HHTE-
TPaNbHBIX CXEM BBIJBUTACT HOBBIC TPEOOBAHUS K apXu-
TEKType 3THX cucteM. Hambonee ymoOHBIMM Ul MUK-
pPO- ¥ HAHOAJIEKTPOHHOH peanu3alyy SBISIFOTCS OJHO-
POZHBIE BBIYMCIUTENBHBIE CTPYKTYPBI, COCTOSIILIUE HX
MaJIoro ynciia 6a30BbIX THUIIOB 3JIEMEHTapHBIX MOJYJICH,
COCIAMHEHHBIX MEX1y COOOH KOPOTKHMH U PeryJIsIpHbI-
MU cBa3sMU. IIpeuMyniecTBOM TakoW apXUTEKTYpbl
ABJIIETCS. BO3MOYKHOCTb OpraHU3allud KOHBEMEpPHOU u
CHUCTOJMYECKOW OOpaOOTKM MJaHHBIX. A I MakKcH-

MaJIbHOTO HCIIOJBb30BaHUS 3TOTO IPEHMYLIECTBa HEO0O-
XonnMa pa3paboTKa COOTBETCTBYIIMX ITapalICIbHBIX
QITOPUTMOB JJIs PEIICHUS PA3INYHBIX 3a]a4, B YaCTHO-
CTH, AT 3ajay JAEKOAMPOBAHHUI B CHCTEMax Iepenadyu
naHHbIX. O4YeHb NEPCHEKTHBHBIM IS PEIICHUS 3aaad
KOZONpeoOpa3oBaHMsl ABISIETCST  CHEUMANBHBIA  BHA
(UIBTPOB — JIMHEHHBIE TIOCIIEI0BATEILHOCTHBIE CXEMBI
(JITIC) [4]. JITIC MOXHO TakXe paccMaTpuBaTh M Kak
0co0yI0 pa3HOBUIHOCTh KOHEYHBIX aBTOMATOB, 00Ja-
JAIONIMX CBOWCTBaMHU JinHeHHOcTH. Ha ocHOBe Teopun
JITIC B pabote npeiaratoTcs HOBbIE Tpad)oBBIE MOJEIIH
1 pa3pabOTaHHBIE Ha UX OCHOBE AITOPUTMBI JKECTKOTO
JICKOIMPOBaHUsI LIMKIMYeCKUX KoxoB. HoBele anropur-
MBI 3()(peKTUBHBI HE TONBKO I TPAAUIIMOHHON peau-
3aIiM, HO U MaTPUYHO-KOHBEHepHOH 00paboTKH.
Bynem paccmarpuBath 1ukamdeckuii (N, K)-xox

Q wan monem anya GF(2) ¢ MUHHMAIBHBIM KOJTOBBIM

paccrosiHueM Konossrit

Z(x)=(z, 25, ...

MCPHOCTbH K u mosBonser HCHPAaBJIATL BCC HE3aBUCU-

dmin - BEKTOD

,Zy) kKoma €) mMeeT mIMHY N, pas-

Mble OomMOKM KpaTHocTH 1, 2, ... ,  Tnin
T _dmin -1
mn=" |
2

Jlns mpencraBiIeHUS MUKIHYECKOTO koma ) Oy-
JIeM Hcronb3oBaTh Marematuueckuit ammapar JIIIC.
Cornacuo [4], JITIC A ¢ | BXxogamMu, M BBEIXOJAMH H
' 2JeMEHTaMU TaMsATH B JWCKPETHbIE MOMEHTHI Bpe-
MeHHu t 3amaercs pyHKUMEH cocTOsTHUH (IIEPEX0a0B)

S(t+1) =AxS(t)+BxU(t), GF(2), (D)
1 QYHKITUEH BBIXOIOB

Y(t)=CxS(t)+DxU(t), GF(2), 2
Tae A= "aij r<r’ B= "bij rxl’ C= ||Cij| mxr '

D=||dij||m | xapakTtepuctnueckne marpunsl JIIIC,
X
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Ingpopmauiiina 6e3nexa

S= ||Si ||r , U :||ui||I , Y= "yi ||m — BEKTOPBI COCTOSHHIA,

BXOJIHOM M BBIXOJTHOM.

Pasmepnoctu matpur JIIIC A u mapameTpsl IUK-
m4Yeckoro kozja ) cBs3aHbl yepe3 KOIPPUIUEHT I,
KOTOPBII UL KOJA PABEH YUCIy KOHTPOJIBHBIX pa3psi-
J0B KomoBoro Bektopa C(X) mpH cHCTEMaTHYECKOM

komupoBanuu (r=n—Kk). Ilpu anmaparHoii peanusa-
uuu JITIC ¢ ogHUM BXOJIOM M OJJHUM BBIXOJIOM yJOOHO
ucnons3oBath JIIIC ¢ TakuMU XapaKTEepPUCTHYECKUMHU
MaTpHLAMH:

00 0 - 0 g
100 - 0 g 0
PO I A 3 P [ P
0 0 0 92
0 0 0 1 g4 0
c=[lo o - 0 1J;
D=[0 0 - 0 0

DJIeMeHThI TMOCIEeIHEer0 CToN0na MaTpuibsl A U3
(3) npexacraBnsoT co00it KOIDDHUIHMEHTHI TOPOKIAIO-
1Iero MHOrouieHa koaa Q !

9(X) =go +9rX +gox? +...+g, X T+g,x" . (4)

2. MHoroypoBHeBasi rpajoBasi MojieJib
HUKJIHYECKNX KOJ0B

[Tockonbky HUKINYECKHE KOABI MOTYT OBITH OTH-
cannl ¢ momompio JITIC, sBisromielicss KOHCYHBIM aBTO-
MaTOM, IO3TOMY B KadecTBe rpadoBOi MOJETH TaKUX
KOJIOB €CTECTBEHHO BBHIOpaTh AWAarpaMMmy MEpPexoJI0B
(JIT) aBromara. {ns r -mepuoit JIIIC A Hag momem

GF(2) I

MpeACTaBIgeT COO00H OpPUEHTHPOBAHHBIN
rpad Gpa(Vea Epa), B xotopom 2" Bepmmm u3

r
MHOKECTBA BepIIUH Vpp COOTBETCTBYIOT 2 BHYTPEH-

HUM COCTOSIHMSAM aBTOMarta, a Ayr'd U3 MHOXECTBA AYT
EFA IMOKa3bIBAKOT HANPAaBJICHUA IICPEXOJ0B MCKIAY

BHYTPEHHHMH COCTOSHHSIMH. B 0Ommem ciydae u3 Bep-
wuHbl Vj (Vj € VEA) MOKET BBIXOAUTH HyJleBast Jiyra u

eIMHUYHAs JIyTa, 8 TAKKE MOTYT BXOJWTH HyJeBas Jyra
W eJIMHUYHAS JIyTa.

Hopoxnarommii mHorowreH g(X) u3 (4) ompene-
JISIET HE TOJIbKO KOPPEKTUPYIOIIME CBOWCTBA IUKJIHYE-
CKOTO KOJia, HO U CTPYKTYypy rpada Ggp . Eciu mopox-

naroruii MHOTOWIeH ((X) SBISIETCS HETPUMHUTHBHBIM

WIN paBeH NPOU3BEICHHIO HECKOJIBKMX MHOTOUJICHOB,
torga rpad Gpp COJNEPKHT HEKOTOPOE KOJIHMYECTBO

HyneBbIX nukioB (HLI) mouaEl HE Gonee N, oOpa3oBaH-
HBIX HyJeBbIMU ayramu. Oty HI[ MoXHO ynopsaouuTs
IO CIIEAYIOIINM YPOBHSIM.

Ha nyneBoM ypoBHe OyZIeT pacmoiaratbcs TPUBH-
anbHelil HI[ (THL), coctosimmii U3 OZHOW BEpIUHHBI

Vo, JUJIsL KOTOpOﬁ BXoJdmiass W BbIXOAsAIIlass HYJICBBIC

Iyrn oObeauHsIOTCS M oOpasyror mneriro. [lanee, Ha
mepBoM ypoBHe Haxoautcsi ocHoBHoM HII (OHLI) mm-
HbI N, KoTophlid cBa3ad ¢ THI] mapoil mpoTHBOIOIOXK-
HO HaNpaBJIEHHBIX EAMHUYHBIX Iyr. Bce ocranbHble
HII, xoropsie cormacuo [5],[6], Takxke Oymem umeHO-
Bath nepudepuitapivu HL (ITHLI), pacnpexnemnsroTes mo
CIIEIYIONIMM YpPOBHSAM TakuM oOpa3zoM. Ha BTOpoMm
ypoBHe pacnoisaratorcs e [THII, kaxkapiii U3 KOTOpbIX
cBsi3ad ¢ OHL exuaMgHBIME qyraMu (OOBIYHO IIBE Ta-
PBI IIPOTHBOIIOIIOKHO HANPABICHHBIX CIMHUYHBIX IYT).
Ha (t+1)-om ypoBHe kaxapiii [THL] umeeT eauHuYHbIC
ayru ¢ HII t-To ypoBHA M OTCYTCTBYIOT €JUHHUYHEIE
nyru ¢ HII ypoBmeit (t—1) u menee (1 =1,2,3, ...).
Takuwe enuHWYHBIE Ayru Oynem
“BepTHUKAIBHBIMU, TIprueM ayTy oT HI[ t-Tro ypoBHS K
HII (t+1)-ro ypoBHs OymeM UMEHOBaTh HPsAMOil “Bep-

TAaK)XXE€ HWMCHOBATh

THKaNbHOM”, a ayry ot HIJ (t+1)-ro yposus k HIJ 7 -
ro ypoBHs Oy/JeM HMMEHOBaTh OOpaTHON ‘“‘BepTHUKaJIb-
HOI”. Ilapbl IPOTHBOIIONOKHO HANpPaBIEHHBIX €IUHUY-
HBIX IyT MOTYT OBITh Takke U Mexxy HI[ onHoro ypos-
H#, OyJleM UMEHOBATh UX “TOPHU30HTAJIbHBIMK . Ecin u3

a—p . .

BEPUIMHBL Vo ™, NPUHA/UIEKAIIEH O -MY HIT 1-ro
a—p

YPOBHS, BBIXOJUT CAMHHYHAS 1yra K BEpLIMHE Vg i,

npuHamexaieit -my HI[ j-ro ypoBHs, Torma Bep-

o—> v
LIMHY V) p OyzeM WMEHOBaTh HA4alIbHOWH “BEpTH-

eg
KaJmbHOH™ cBsi3pIBatommierd Bepmuaoii (BCB) o -ro HIJ

o—p

end KOHCYHOH

otHocutensHO 3 -ro HII, Bepuay V
BCB p -ro HIJ orHocutensHo o -ro HII (j=i—1 wunu

j=i+1). Onna u Ta e BepIIHHA B HEKOTOPBIX CITyda-

SIX MOKET OIHOBPEMEHHO OBITh HavadbHOH BCB 1 ko-
HeuHoit BCB otHocurensHo HII paznuuHbIX ypoBHEH.

MuoroyposHeBblii  rpadp Gpp  LMKIHYECKOrO
(n,k)-xoma ¢ MHHUMANBHBIM KOJOBBIM PACCTOSHHEM
dppin EMEET CIEAYIOLINE NapaMeTpsl:

1) Ha t-om ypoBHe konuuectBo HII paBHO:

CT
=>n/ - r=2.r .
N =", y T=2%Tmin »
rae Cj, — 4ucno coveTanuii u3 T mo N;

2) He COICPIKHUTCS
HbIX 1yr Mexay HII t-ro ypoBHs
(t=2+1min -1);

3) Ha T-oM ypoBHe B kaxxaoMm HIL] comepskurcs He

“rOpU30OHTANBHBIX €UHUY-

meHee T KoHeuHbix BCB  ortHocutensHo Bcex HIJ
(t—1)-ro yposus (t=1+Tmyip)
B rpadge Gpp BEpIIMHBI COOTBETCTBYIOT BHYT-

pennum cocrosiausiM JITIC. TlocnenoBarenbHOCTh BEK-
TOpoB BHYTpeHHUX coctosiHuil JITIC, koTophie coOTBET-
CTBYIOT BEpILIMHAM OAHOro Lukia B rpade Gpp , Taxoke

06pa3y}0T IIHUKIJI. HOCKOJ’IBKy COBOKYITHOCTb LHMKJIOB U3
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BEKTOPOB COCTOSIHUM MMEET TaKyl0 K€ CTPYKTYpY, UTO
WU COBOKYMHOCTbH ITUKJIOB W3 BEPIINH, TO3TOMY JUIs Xa-
PAKTCPUCTHUKH IMKIIOB M3 BEKTOPOB COCTOSIHUH Oynem
rcrnonp3oBath Te ke Tepmunsl: THL, OHLL u ITHLI. B
BeKTOpHOM mpenctaieHnu Iwkn THIL[ Oymer mpen-
CTaBJIEH B BUJE I -pa3psIHOTO BEKTOPA, COCTOALLIETO U3
Bcex HyJei, a octanbHble HII — MHOXECTBOM U3 N T -
Ppa3psaHbIX BEKTOPOB.

B aBTomMaTHOI MoOmenmM UL CBS3M MEXIy cOO0O0i
HII, obpa3oBannbIx BekTopamu coctosiauii JITIC, BBeiem
crneayromue 0003HAUCHHS: HAa4YaldbHOE ‘‘BEpTHKAIbHOE”

csspiBatoniee cocrosiaue (BCC) Sgeg B(t) o-roHILi-

ro ypoBHs oTHocuTenbHO [3-ro HI[ j-ro ypoBHs (coort-

BETCTBYCT BEpIIIMHE Vge_g) P, u xoneunoe BCC Sgng B(r)

B -ro HII i-ro ypoBHs otHocutenbHO o -ro HII j-ro

grg B ). B nanbHeii-

meM pasnuure Mexay HILI, oOpa3oBaHHBIX BepIIMHAMH
rpada, u HII, oOpa3oBaHHBIX BEKTOPAMH COCTOSHUH
JITIC, ompenensieTcsi KOHTEKCTOM: B TPadOBBIX MOJIEISIX
nozapazymeBatotcsi rpadosbie HII, a mpu maremarnue-
CKHX IpeoOpa3oBaHusix — aBToMaTHbie HI.

YPOBHSI (COOTBETCTBYET BEPIIMHE V

3. UuTepnperanusi oIMO0OK HA OCHOBE rpa-
(oBBIX MoIe/Ieli MUKJINIECKHX KOTOB
Ecnmu na Bxogs! JIIIC, Haxondimeiicss B HyJIeBOM
HavanpHOM coctostium S(0) , momaTh JBOMYHYIO MOCIIE-
noBatenabHOCTh L(X), Torma JITIC depe3 N BpeMEHHBIX
TaKTOB CHOBa Bo3Bparutcs B cocrosiune S(0) . MHoxe-
CTBO BCEX JBOMYHBIX MOcieaoBarenpHocredl L(X) mu-

Hbl N, nepeBoaauux JIIIC u3 HyneBOro HayalabHOIO
cocrosiauss S(0) cHoBa B cocrosame S(0), obpasyer

mukraeckuit (N,K)-kox Q wax monem amya GF(2).
Kaxxmas Takas mociemoBatenbHocTs L(X) ects Komo-
BbIi BekTop Z(X) tmkiamdeckoro (N,K)-koxa.

Takoe ompeneneHue MUKINYECKOTO KOAa C IMO3HU-
uuii Teopuu JIIIC SKBUBAJIEHTHO OMPENEICHHUIO 3TOTO
KOJa B ajrebpe MHOTOWICHOB (TTOJTMHOMOB), B KOTOPOI
KOJIOBBIH BEKTOP JIOJDKEH JAENUTHCs Oe3 ocTaTka Ha I10-
POKJAIOUINII MHOTOWIEH KOJA.

IIpu nepenadye JaHHBIX 110 KaHAILy CBSI3U BCJIEICT-
BH€ Pa3IMYHBIX MOMEX HEKOTOphIE Pa3psAbl KOIOBOIO
CJIOBA CIy4aiHBIM 00pa3oM MOTYT ObITh UCKaXKEHBI, T.€.

OyleT MoJIy4eH KOJIOBBI BEKTOD Zgg (X) ¢ neszaBucu-
MBIMH OIITHOKAMH KPAaTHOCTH T. B3anMOCBA3b MEKITy
KOJIOBBIMH BekTOpam Z(X) u Zg? (X) BBIpaxaetcs ge-
pes Bextop ommGox R (X) :
T T
RGN =200 +Z (x). GF(2).
B anrebpe MHOTOWICHOB pPE3yJIbTATOM JCIEHHS

KOJIOBOTO BEKTOpA Zg? (X) Ha MOpPOKAAKOIIUI MHOTO-

yien ¢(X) koma Oyaer HEHYJIEeBOW OCTATOK. AHAIOTHY-

HO, NPH IOJa4ye Ha BXOJbI KOJOBOTO BEKTOpa Zg? (x)

JITIC yepe3 N BpeMEHHBIX TAKTOB U3 HYJIEBOI'O Ha-
yaneHOro coctostaust S(0) mepeiiner B HeKoTOpoe He-

HYJIEBOE€ COCTOSIHUE, KOTOpoe OyAeM HMMEHOBAaTh CHH-
JPOMOM OIINOKH ng (n) xparHOCTH T.

[Tyt amuebl N 1o ayram rpada Gpp , KOTOpbIE
COOTBETCTBYIOT 3HaUCHUSM Pa3psIoB KOJOBOTO BEKTO-
pa Z(X), HAYUMHAETCA M OKAHYMBAETCS B BEPIIMHE V.
st K00BOTO BEKTOpa Zgz (X) koHeuHasr BepIlIHMHA
IyTH JUIMHEL N OyaeT NHOM.

TEOPEMA 1. Ilyte anueHel N 1o ayram rpada
Gpga , KOTOpBIE COOTBETCTBYIOT 3HAUCHHSAM pa3psoB
K0710B0ro Bextopa Z() (X), HauMHACTCS B BepUIMHE Vi
W OKaHYMBACTCA B BEPUINHE Vg , NpuHaIIexkamein HIT
ypoBHA T rpada Gpa,T=1+1yip, -

B rpade Gpp BepmmHa Vg COOTBETCTBYET CO-
crostanio S(0), a BepIIMHA Vg, — COCTOSHHIO sgﬁ(n)

JIIC. KonoBblil MyTh KOTOPBI HAYMHAETCSA B BEPILIUHE
V(o OmMOKH, ¥ 3aKaHYHBAETCA B BEPIIHHE Vg Oylem

Ha3bIBaTh NPSMBIM KOJOBBIM IyTeM &, , a TOT KOJO-
BBIH ITyTh, KOTOPBIH HAYMHAETCA B BEPLIMHE Vg OIIHO-
KU, U 3aKaHYUBAEeTCS B BepIIUHE V( OyldeM Ha3bIBaTb
oOpaTHbIM KomoBbIM myTeM &g, . Tor HII, xotopslii
COZIEP’KUT BEPLIMHY Vg, OyZeM B JajbHeliieM HMe-
HoBath HII ommbku.

Mexay CTpYKTypoil BeKTOpa OMIHOOK Rgg (X) u
KoHbHUTyparmei mytei &g u Epy CYWECTBYET B3aHMHO

OJTHO3Ha4YHOE cooTBeTcTBHE. KoH(urypaus HyneBsIx 1
€IMHUYHBIX YT B KOJOBBIX IYTAX MEXIY BEpUIMHAMHU
Vg U Vg TOYHO COOTBETCTBYET PACHOJIOKEHMIO €/1U-

HHI| B BEKTOpE OLIMOOK Rg? (x) . CnenosarensHo, oII-

pelnesieHne CTPYKTYPhl BEKTOpa ONIMOOK Rg? (xX) cBo-
IUTCA K ONpPENENeHUI0 MpAMOro &g MiIu oOpaTHOro
&y KOMOBBIX ImyTel 1o rpad)oBoii Mojenu. Jns nuknu-
YEeCKOro KOJa, CIOCOOHOTO WCHPAaBISATH T HE3aBHCH-
MBIX OIIMOOK, CYIIIECTBYET JBa MPSIMBIX KOJOBBIX ITyTeH
Est (COOTBETCTBYIOT BEKTOpaM Zg? (X) m Rgﬁz (X))u
O0paTHBIX KOMOBBIX IyTeH &p, MEXKAy yKa3aHHBIMH
BEPIIMHAMH V() U Vg . [IONCK OXHOTO M3 3THX IyTEH C

MTOMOIIBI0 pa3in4HbIX rpadossix mozaenei JIIIC u co-
CTaBJIIET CYTh HOBBIX METO/OB MCIIPABJIECHUS OIMINOOK B
LHUKIHMYECKUX KOJaX.

Ha puc. 1 mokasan oanH BapHaHT MPsIMOTO U 00-
patHoro mytei mo gayram rpaga Gpa Mexay BepuIu-

HOH V( M BepIIMHO# Vg, B HII ommOku Ha ypoBHE T .
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Puc. 1. KonoBsle mytu o ayram ¢parmenta rpadga Gpp :
= = = = = % _ [IpsAMOil KOJOBbI! MYTh;

ITouck npsimoro &g uam o6patHoro &y, KOJIOBBIX
nyrei no rpagy Gga npeamonaraeT HajaMyde 3TOrO
rpada. Onnako nocrpoenue rpadpa Gpp HpH KaxIOM

WCIIPABIICHUH BO3HUKIICH OIIMOKH 3aliMeT CIHIIKOM
MHOTO BPEMEHH, OCOOEHHO ISl KOJOB OOJNBIION pa3-
MepHOCTH. OYEeBHAHO TaK)Ke, YTO HE CAMBIM JIyYIIUM
pemeHneM 3Toi mpobieMbl ObLIO OBl ero mpenBapu-
TENbHOE HAXOXKAECHHUE M COXPAHEHUE B ITOJHOM 00BeMe.
IMockonbKy rpad) HYXKEH JIMILb JJIs TOUCKA ITYTH MEXIY
JByMs BEpLIMHAMH, OfHA U3 KOTOPBHIX (V() HM3BECTHa

3apaHee, 3Ha4MT Jiydie BMecTo Beero rpada Ggp co-
XPaHATH JIUIIb BO3MOKHBIC IIYTH K BEPIITUHE VO . O}IHa—

KO BBIYHCJIICHHUE U COXPAaHCHUEC BCEX BO3MOKHBIX HyTeﬁ
110 I€PEBY paBHO3HAYHO COXPAaHCHUIO BCEX BO3MOKHBIX

sressrsssesssesn B OOPATHBIA KOJOBBIH Ty Th

CHHIPOMOB HCIPABJISIEMbIX HE3aBUCHUMBIX OIIHNOOK, YTO
TaKKe JI0JDKHO OBITH OTBEprHyTO. PaccMoTpum BHavaie
peIIeHne 3THX 331a4 B TEPMUHAX IpadoBOH MOJIEIH.
Buytpu xaxnoro HII koneunas BCB cBsa3aHa Hy-
JIEBBIMU JAyTraMu ¢ JIpyrumu BepmmHamu 3toro HII u
MaKCUMajlbHasi JIMHA IIyTH K JAPYTUM BEpIIMHAM HeE
mpeBbimaer N. MoXHO cka3aTh, 4yTOo KoHeuHas BCB
OJIHO3HAYHO OIIPEIENISIET BCE OCTAIbHBIE BEPIIHUHBI 3TO-

ro HII. Muoxectso Mpcg ={Varg P} Komeunsix BCB
Bcex HII ogHO3HAYHO OMNpenenuT BCe BEpPIIMHBI rpada
GEa ¥ 1IpH 5TOM MOIIHOCTb MHOXeCTBA Mpcc Oyzer
B N pa3 MEHbIIE MOIIHOCTH MHOXeECTBA Vpp BCex
BEPIIMH 3TOro rpada.

MuoxecrBa Mpce # Mpgy Moryt ciyxuts Ga-

3011 JUT TIOCTPOCHUSA 11100010 06paTH01"O KOAOBOT'O IyTHU
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ot mo6oii BepuuHsl rpada Gpp . [ MammHHON pea-

JM3alUK 3TOW 3a1adu, c(HOPMYJIHPOBAHHOW BHINIC B
TepMHUHaX TpadoBOH MOIETH, JTydIle IepedopMyInpo-
BaTh B TEPMUHAX aBTOMATHOH MOJIEIIH.

MHoxkecTBo Mpcp ={vgrg P} koneunsix BCB n
—g:(0 >

MHOXeCTBO Mg _{E-’path} 0a3uCHBIX myTeH B rpado-

BOM Mojenu OyAyT OSKBHBAJICHTHBI COOTBETCTBCHHO

MHOXeCTBY Mpce ={ gn_d) p (t)} xomeunsix BCC wu

={R base}

omKOKH B aBTOMaTHOW Mozenu. Takum oOpazom, eciu
copmupoBath MHOXecTBA Mpce M Mgy, TOTIa MBI

MHOKECTBY Mgy = 0a3MCHBIX  BEKTOPOB

CMOXEM HalTH TpeOyeMblil BEKTOp ONIMOKH IS KaxK-
ol KOHKpeTHOW ommOku. OgHaKo, i KOJOB OOJb-
II0H pa3MEpHOCTH TIOTPEOYIOTCS 3HAYUTEIbHBIE 00Be-
MBI IaMATH OJ14 XpaHeHI/Iﬂ 9TUX MHO>XKECCTB.
HccnenoBanust mokasany, 9To MHOxkecTBa Mpcc

u Merr MOTyT OBITH CYLICCTBCHHO COKpALICHBbI, a IJIA

JIEKOJJUPOBAHMS HEKOTOPBIX MOAKIACCOB UKIMIECKHUX
KOJIOB OT HUX MOYKHO BOOOIIE OTKA3aThCs.

OIPEJIEJIEHUE 1. Koneuroe BCC S% P (1)
o-ro HI[ t-ro ypoBHs orHocutensHO [3-ro HII

(t—1)-ro ypoBHs Ha3bIBaeTCs PETYISAPHBIM, €CIH OHO
COJCP)KUT T €IUHHI, OHA U3 KOTOPBIX PacIlojioXKeHa B
miazumeM, (mepBom), paspsne (T=1+Tpi, )

B xaxnom HI[ t-ro ypoBHA cpeau T KOHEYHBIX
BCC wmoxer copepxaTbcsi TOJIBKO OJHO PETyJspHOE
kxoneunoe BCC. B obmem cirygae MHOxkecTBO Mpcc

COCTOUT M3 JABYX TOAMHOXKECTB!: IOAMHOXKCCTBA

MBCC’ COJIEPKAIETO TOJBKO PETYISPHBIE KOHEUHBIE

BCC, u nogMHoxecTBa Ngrce% , COJIEpXallero Bce oc-

tanpHble KOHeuHble BCC. PaccMoTpuMm cooTHoOlIeHHE
MEXAY HEpPEeryJSIpHBIMH W PETYSIPHBIMA KOHEUHBIMH
BCC ms xaxgoro yposas rpada Gpp .

YTBEPXJIEHUE 2. B mpenenax KOppeKTHPYIO-
et cocobHOCTH muKIYeckoro (N, K)-koxa xapakTre-

PUCTUYICCKOE MHOXKECTBO MBCC COACPIKUT TOJIBKO

peryisapabsle koHeunsle BCC s 1T-ro ypoBHS rpada
GEgp » €CIIH BBIIOIHACTCS YCIOBHE:

T
Tzlk—l> C% w t=1.Tmin ®)

rae | | — OkpyrieHne 10 1enoro B MCHBIILYIO CTOPOHY.

O6byHO perymsipHble KoHeunble BCC cBs3aHBI
MEXAy co0Ol MO COCETHUM YPOBHSIM NPOCTHIMH Marte-
MaTHYECKUMH COOTHOIIEHHSIMH M OT PETYJISPHOrO KO-
negnoro BCC u3 HIJ t-ro ypoBHS JI€TKO TOIYyYUTH BCE
ocTanmbHbIe peryisipHble koHeunble BCC g0 camoro
THII. B Takom cny4yae oTnamaeT HEOOXOAMMOCTH B
MpeIBAPUTEIFHOM HAaXOXICHUHM W XPAaHCHUU 0a3WCHBIX

BEKTOPOB OIIMOKH KPAaTHOCTH T ¥ MEHeEe, IOCKOJIBKY
TaKHue BEKTOPBI OIIMOOK MOXKHO OyIeT reHepHUpOBaTh B
TIpoIiecce MCTIPaBICHHS OMIHOOK.

OIIPEAEJIEHUE 2. Huxkaudeckue (N,K)-xompl,

JU1sL KOTOPBIX MHOkECTBO Mpcc ana HII ¢ nepsoro no
Tinin -1 YPOBHU COIEPKUT peryispHble koHeunsle BCC,

HA3bIBAIOTCS JICTKOJICKOTUPYEMBIMH B TPEJe/iaX MUHU-
MAaJIbHOTO KOJIOBOTO PACCTOSIHUSL.
U3 (5) MOXHO TOYHO OIPENEeNUTh KOJIMYECTBO

Ngr(e:% HeperyJsipHbIX koHeuHbIX BCC, koTopble He00-

XOJIUMO TIPEIBAPUTENLHO OMPEIENATh U COXPAHSTh IS
MTOCTIE IYFOIIETO MCIIPABIICHUS OIINOOK:

Nre C
NEc = / —Ct o t=loty,.

I[TPUMEPBLL I'pad Gpp aus (23,12 )-xona Iomes,

KOTOpI)If/II 3a1acTCA MOpOoXKAArIUM  MHOT'OYJICHOM

g(x) =1+ X2 +x* +x% +x8 +x10 4 x1, COJICPIKUT

THII, OHLI mmuast 23, 11 [THII BTOpOTo YpOBHS JIIHHEL
23 u 77 TIHI] tperbero ypoBHs anuHbl 23. B aToM ko€
JICCATH JBOMHBIM OIIMOKAM COOTBETCTBYIOT DEryJisip-
Heie BCC ¥ TOJBKO OHOW IBOWHOM OIIMOKE — HEpery-
nsipaOe koHeuHoe BCC, a u3 77 TpoiHbIX omuboK — 32
HeperysapHbix koHeuHbXx BCC. CregoBarenbHO, HYX-
HO 3apaHee OMpeIeNUTh 33 HeperyIsIpHBIX KOHEUHBIX
BCC, 4ro cocraBuser okoi0 1,5 % OT BCeX BO3MOXKHBIX
CHHJIPOMOB HE3aBUCHMBIX OO0k Koja I"onest. MoxHO
COXpaHATh Bce 89 pPeryysIpHBIX U HEperyJsapHbIX KO-
Heudslx BCC, uTo coctaBuT MeHee 5% BceX BO3MOXK-
HBIX CHUHAPOMOB. MOXHO CpPaBHUThH MOJy4YEHHBIE pe-
3yJIBTaThl C W3BECTHBIM JeKojaepoM koma lones [7],
KOTOPBIM MCHONB3YyeT MaMaTh eMKocThio 12K mst xpa-
HEHHS BCEX BO3MOKHBIX CHHIPOMOB.

I'pad Gpp mma (15,7)-xkoma BUX, xotopsrit 3ama-

€TCA MHOT'OYJICHOM

g(x) =1+ x4 +x OHI]
qmunel 15, 7 TIHL Broporo ypoBus juunst 15, 8 TTHI]
qusbl 15 u 3 [THI anussr 5 Tpersero ypoBHs. OTOT

KOJI SIBJIICTCS JIETKOJCKOUPYEMbIM JJISi OJWHOYHBIX H
IBOMHBIX OIIHOOK.

MTOPOKTAFOIITIM

6 7 8

+X" +X~ couepxur THII,

4. lekoaupoBaHue MUKIHYECKUX KOI0B
3a rpaHulleil MUHUMAJILHOTO
KO/I0BOT'0 PACCTOSIHUS

PaccMoTpuM B3anMOCBSI3b KOPPEKTHPYIOIIEH Ccro-
COOHOCTH HEKOTOPBIX OCHOBHBIX KJIACCOB IUKIMYECKUX
KOJIOB € UX Tpad)OBO MOJIENBIO.

[{uxiyeckne KoJbl ¢ IPUMHUTHBHBIM MOPOXKAAI0-
UM MHOTo4YJIeHOM umeroT tobko THI[ u OHII u mo-
9TOMY MOTYT HCIIPABISITH TOJIBKO OJMHOYHbIC HE3aBH-
CHMBbIe OIIMOKM M OOHapy)XUBaTh BCE OLUIMOKM YETHOU
KpPaTHOCTH.

CylIeCTBYIOT IUKIMYECKHAE KOJbI C HENPHUMHUTHB-
HBIM TIOPOKIAIOIIMM MHOTOWIEHOM M KOJOBBIM pac-
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crosiHueM 0, , KOTOpBIe UMEIOT B rpade Gpp TOIBKO
Tmin YPOBHEH U obmiee konudecTso N, BepiuH:
—(cl 2 Tmin
N, =(C, +Cp +...+Cmin)
Takue nUKIMYEeCKHe KOIbI HA3BIBAIOTCA COBEP-
HICHHBIMH.

BonpmmHCTBO IUKINYECKUX KOOOB C HENIPUMHTH-
BHBIM NOPOXJAAOIUM MHOTOYJICHOM U KOIAOBBIM pac-

Tmax™® Ypo-
BeHb U KonndecTBO N BepIIUH ( Tyay = Tmin +1):
1 2 Tmi
N; > (G +Cj +...+Cmin)

VmenHo Hanmu4ue (T, +1)-ro ypoBHS M I03BO-

crosHneM d,j, uMeroT B rpade Gpp

JSIET COOTBETCTBYIOIIEMY IMKIMYECKOMY KOIy OOHa-
PYXMBaTh M HCHPABIATh HEKOTOPOE KOJIMUYECTBO HE3a-
BUCHMBIX OIIMOOK 3a rpaHHLEil MHUHHMAJIBHOTO KOZO-
BOro paccTosHust d i, - O4eHb BaXHBIM SIBISIETCS pa3-

JIMYEHUE MEXIy OOHapyKMBAaeMbIMU U HCIIPABISIEMbIM
OMHUOKaMH KPATHOCTH Tpay - IMEHHO MHOTOYPOBHEBAsI
cTpyKTypa rpada Ggp MO3BOJIAET MOIYYUTh YETKUH U

MIPOCTOI OTBET HA ITOT BOMPOC.

YTBEPXJ/IEHUE 3. He3zaBucumas ommbOka Mak-
CHManbHOH KPaTHOCTH Ty OYIET HCIIPaBIsIEMOH,
ecnu cooTBercTByromuit e HI[ ommbOku, wmMeroniuii

amuHy M (M<n), OyaeT HAaXOmUThCS Ha Tmax “M
yposHe rpada Gpa u obmee xomnuectBo Nggq map

COCEIHUX “‘BEPTUKAJIBHBIX” €OUHUYHBIX IyI MEXIY
stum HIT u Bcemu HII (T —1)-ro ypoBms Oyzmer

paBHO Negq = (r%)'fmax :
Jis  ompeneneHusl BceX HE3aBUCHMBIX OIIMOOK
MaKCUMAaJbHOW KPAaTHOCTH Tpax HEOOXOJAMMO HOCTpO-

uth Bech rpap Gpp M IPOBECTU IONAPHOE CONOCTaBIIE-

Hue Bcex HII ypoBHA T, co Bcemu HII yposnA

(Tmax —1)- Ota 3amaya TpeOyeT 3HAYUTEIBHBIX BBIUHC-

JIMTENbHBIX PECYPCOB, OJHAKO JUI KaXKJOTo Koja OHa
BBITIOJIHSIETCS TOJBKO OAMH pa3. CyliecTBylomue cripa-
BOYHBIE TAOJIUIIBI IIMKIMYECKUX KOJOB MOXKHO JIOTIOJI-
HUTh MH(pOpMAIKEH O TOM, KaKue U3 KOJOB IO3BOJISIOT
UCTIPABJIATH (a HE TOJIBKO OOHApY)KUBATH!) HE3aBUCHMBIE
OmMMOKM 3a TpaHWIEH MHHHUMAILHOTO KOJIOBOTO pac-
CTOSTHMSA M yKa3aTh TOYHOE KOJIMYECTBO 3TUX OIINOOK.

5. CJI0:KHOCTB MOCJIe10BATEIbHOM
U Napa/uleJIbHOH peasm3anuii
AJITOPUTMOB MOMCKA OIIHOOK

s peannzanyuy pacCMOTPEHHOTI'O METO/1a ITOHCKA
omuOOK Ha OCHOBE rpa)oBON M aBTOMATHOW Mojeneit
JITIC pa3paboTaHbl TpH aIrOpUTMA.

Anroput™ 1 mpenHasHaueH s (HOPMHPOBaHUS

MHO)KecTBa Mprc koHeunsix BCC u MHOXecTBa

Mgy 6a3UCHBIX BEKTOPOB OIIMOKM B TEPMHHAX aBTO-

MaTHO# Mozenu (MHoxkecTBa Mpep koHeunslx BCC un
MHOXeCTBa Mpa, 0asHCHBIX IyTell B TepMHUHAX rpa-

¢oBoit momemn). Cytpb AnroputMa 2 COCTOHWT B IIO-
CTPOEHHH OOPaTHOTO KOJOBOTO ITyTH II0 aBTOMAaTHOMH
mozenu JIIIC Ha OCHOBE HEpPETYNSPHBIX KOHEUHBIX
BCC, BpibupaeMbIx u3 MHOXecTBa Mpcc . Anropurm 3

TaKXkKe CTPOUT OOPATHBIN KOMOBBIN MyTh 110 aBTOMATHOM
mozenu JITIC, HO ¢ MOMOIIBIO PETYSIPHBIX KOHCUHBIX
BCC, xoTOpbIe BBEIUUCISAIOTCS B MpOIecce IEKOINPOBa-
HUSL.

B Hacrosime#t paboTte mpeiiaracTcs MpoIeIypy
MTONCKa HE3aBUCHMBIX OIIHOOK Pa3/IeIuTh Ha J1Ba HTAIla.
Ha mepBoMm »Tare (10 Havana JEeKOTUPOBAHMS) BBIIOI-
HieTcsT ANroput™M | s HAXOXKACHUS BCIIOMOTATEIb-

HBIX MHOXECTB Mprc U Mg, a Ha BTOpOM dTame

(9Tame JNEeKOAMPOBAaHUS W HWCIPABICHUS OIIMOOK) BbI-
MOJIHAETCA AJTOPUTM 2 WA ANTOPUTM 3 HaXOXKACHUS
MO3UNHK OIMUOOK B KOJOBOM BEKTOpe. AJroput™M 2
OoJiee MEIJICHHBIM, OIHAKO OH BCErJa ONPEIeNIUT I03H-
LMY HE3aBHCUMOIl OIIMOKK B INpeesax KOPPEeKTHUPYIO-
el crmocoOHOCTH KoAa. ANroputM 3 paboTaer O4YeHb
OBICTPO, HO TOJBKO ISl OTAENBHBIX YIaCTKOB KOJJOBOTO
nytd. Haunmyumieil crpaterueil siBiseTcss UX 1oo4epe-
HOE WJIM IapaJuIeIIbHOE BHITTOJIHEHHE.

ITpoBeneM acHMOTOTHYECKHH aHAIU3 CIOXHOCTH
yKa3aHBIX aJTOPUTMOB IPU HUX IMOCIEJOBAJIbHON U Ta-
pajuieNnbHOM peanu3alnui. B ocHOBe Bcex ajaropuTMOB
JISKUT OTEpalys PeKYypPCHBHOTO BBIYMCICHHS OdYepen-
Horo cocrosiaust JITIC mo dhopmyse (1), koTopas MOxeT
OBbITh 3aMEHEHA Ha ONpENeNICHHOE KOJIMYECTBO JIeMEH-
TapHBIX OIlepalMii CPaBHEHHS WM CIIOKEHHUS 10 MOAY-
a0 2 mexay (N —K) -paspsimabiMu OyaeBbIME BEKTOPa-
Mmu. Ilpu oreHke BepxHeW TIpaHUIBI CIOXXKHOCTH AJro-
putMa OyneM YYWTBHIBaTh KOJIMYECTBO TaKUX 3JIEMEH-
TapHbIX OIEPaLUi.

Anroput™ 1 gBIseTCST caMbIM TPYIOEMKHM, €ro
CJIOKHOCTBh TPH TOCIIEI0BATENIFHOM pean3aniy paBHa

O(n2 xC},), OJIHAKO OH BBITOJIHSETCS TOJNBKO OJIMH Pa3
I71s. BBIOPAHHOTO IHUKINYECKOTO Koja. Berumcnenus B
Anropurme 2 cBOAATCA K 3ajayaM IOMCKa B M-
JJIEMEHTHBIX MHOXecTBaXx Mpce 1 Mg, 1

_ nynreg
M= Npce CIEN0BATENBHO, CIOKHOCTh ITOrO  AIro-

puTMa OyAeT MOJTHHOMHUAIILHON MPU MOCIIEA0BATEILHOM
noncke, u auHeiHo# (T.e. O(log,(mM)) ) npu OunapaoM
HOHCKE B 3apaHee OTCOPTHPOBAHHOM MaccuBe Mpcc .
Boruncienust B AIropurMe 3 CBOJIATCS TOJBKO K BBI-
yrcnenuto odepennoro cocrosaus JIIIC mo dopmyne
(1), moaTOMy CJIOKHOCTH ITOTO ANrOpPUTMA OYIET JIH-
HelHoi, T.e. O(N) .

[Mpu mapayuienbHON peann3alii YKa3aHHBIX ajro-
PHUTMOB € MOMOIIBKD N TPOIECCOPHBIX DIEMEHTOB, BbI-
MOJIHSIOIIAX ONEPalii CPABHEHHUS WM CJIOXEHHS T10
moymo 2 mexay (n—K) -paspsaHsiMu OyJIeBBIMU BEK-
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TOpaMH, CIIOKHOCTh pC€aln3alui KaXXJIbIM aJIrTOPUTMOM
YMEHBIIUTCS COOTBETCTBEHHO B N pas.
BaxxHOo OTMETUTH B3aMMOCBS3b MECKIAY CKOPOCTBIO

Kozaa R Z% U CJIOKHOCTBIO €ro JCKOAUPOBAHUA.

Husko-

(R<1))

JEKOJUPYEMBIMU, HO C POCTOM CKOPOCTH KOJa yBEJH-
YUBAETCS M0JI1 HeperynsapHeix koHeuHblx BCC, koto-
pBle HEOOXOANMO 3apaHee BBIYUCIUTE 1 COXPAHUTD.

U CPCAHECKOPOCTHBIC MNUKINYCCKUC KOAbI

SABJIIAIOTCA B OCHOBHOM JICTKO-

3akJjaroueHnue

I'maBHBIM KpHUTEpHEM TNPHUTOIHOCTH BBIYHCIH-
TEJIFHOTO aJITOpUTMa K HauboJjiee MPOU3BOAUTEIHHOMY
BU/ly Tapajulesiu3Ma — MaTpUYHO-KOHBEHEpHOMY — SIB-
JSIETCSl BO3MOXKHOCTH JAEKOMITO3HMIIMH BCETO IIpOIecca
BBIYHCIICHUH Ha TOIIaroBOE BHIMOJHEHUE OJXHOPOIHBIX
JENCTBUI OMHAKOBOMN JITUTENBHOCTH [8].

[Ipennaraemple adropuTMBI, KOTOpPBIE CTPOSIT KO-
JIOBBIE ITyTH B Tpa)oBOil MOJENH, OCHOBAaHBI HAa PEKyp-
CHUBHOM BbIUHCIIeHHE ouepenHoro cocrossaua JIIIC.
[TockonbKy OHHM OTBEYAIOT yKa3aHHOMY KPUTEPHIO, TO-
ATOMY MOTYT OBITh 3()()eKTHBHO OTOOpaKEHBI Ha apXu-
TEKTYPy COBPEMEHHBIX MATPUYHBIX BBIYHCIUTEICH B
BHUJI€ CBEPXOOJIBILINX HHTEIPAIBHBIX CXEM.

[Ipennaraembie anrOPUTMBI TAKKE MOYKHO HCIIONb-
30BaTh W MPH WX IOCIECIOBATEIHHON pealn3aium.
CH0XHOCTh peanu3alud ANropurMa 2 HE YCTyHaer
CJIO)KHOCTH pPEAIN3allMd U3BECTHBIX METO/OB, U IIPH
3TOM BCE€ €ro JIeHCTBHSA CTpOro (hOpMaIn30BaHBI U IO-
HSITHBIL.

st cpaBHEHHSI OTMETHM, YTO HamOoJiee W3BECT-
Helid anroput™ (beprekammna-Meccen [2]) mMeeT ciox-

HOCThb 0(612) orepanyii yMHOXKEHHsI OyJIeBBIX MAaTpPHUI]
pasmeproct (N—K)x(n—K), mpu stom ucrnonb3yer

HECKOJIKO Pa3HOTHITHBIX MPOLEAYp, OAHA U3 KOTOPBIX
(mpouenypa YeHs) BBINOJHSAIOTCS METOAOM Mpod H
OLIHOOK.

[Ipemnoxken meron BeAeNcHUs peryisipabix BCC
(T.e. CHHAPOMOB OIIMOOK PETYJISAPHON CTPYKTYPHI), YTO
JIaJI0 BO3MOXKHOCTB BBIIENINTHh TOAKIACC JIETKOJCKOIH-
PYEMBIX IUKINYECKUX KOJOB M MPOCTOH METOH WCIIPaB-
JICHUS OMIUOOK C MOYTH JIMHEHHOM CIIOXKHOCTBIO (AJro-
put™ 3). briaromapst MEOTOypOoBHEBO# TpadoBOit MoxeH
OUKJINIECKOro Koaa Ha ocHoBe Teopr JIIIC oueHs ner-
KO OIICHUTh KOPPECKTUPYIONIUE CIIOCOOHOCTH KOJa, pa3-
JIUYaTh OOHAPY)KUBAEMBIC M HCIPABJICMBIC OLIHMOKU 32
TIpeAeIaMi MUHAMAIBHOTO KOJIOBOTO PACCTOSTHUSL.

Hacrosimas paboTta MOCBSIICHA IUKIAYCCKUM KO-
nam Hag noieMm [anya GF(2), nanmpHeiimue uccieno-

BaHUS HalpaBJIeHbl HAa MPUMEHEHUE IpeAsaraeMbIX
MOAXON0B M U LUKJINYECKHX KOJOB B HEJBOMYHBIX
nosiax [anya.
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HAIMOHAJIBHBIN YHUBEPCHUTET PATUOICKTPOHUKH, XaphKOB.

BHUCOKOIMPOAYKTHUBHI AJI'OPUTMMU AJI51 BUITPABJIEHHS HE3AJIEXKHUX IOMMJIOK
B HUKJITYHUX KOJAX

B.I1. Cemepenko

3anpononosana bacamopisnesa spaghosa mMooenb YUKIUHO20 KOOY HA OCHOSE meopii ainiinux nocnioosHichux cxem (JIIIC).
3a donomozoio epadoeoi modeni KOOy po3podaeHi ANeopUMMU BUNPABIEHHS HE3ANEHCHUX NOMUTLOK, NPOBEOEHA OYIHKA KOPEKMy-
10401 30amuocmi Kooy, 66e0eH0 NIOKIAC 1e2K0O0eKOOOBAHUX YUKTTUHUX KOO8, 3aNnPONOHOBAHO Kpumepiil 0Jid pO3NI3HAGAHHS NO-
MUTOK 30 MedCamu MiHIManbHoi K00080i GI0cmatni, AKI BUAGTAIOMbCA MA 8UNPABIAIOMbCs. [Iposedeno acumnmomuunuil ananiz
CKIAOHOCMI PO32NAHYMUX AN20PUMMIE NPpU iX NOCII008HI ma napanenvriil peanizayii.

Knrwwuoei cnosa: yuxniuni Koou, UnpagieHHs NOMULOK, AIHIHI NOCTIO08HICHI cxemu, epagh, napanenvha oopooKa.

HIGH-PERFORMANCE ALGORITHMS FOR CORRECTION OF INDEPENDENT ERRORS
IN CYCLIC CODES

V.P. Semerenko

The multilevel count model of cyclic code is offered on the basis of theory of linear sequential charts. By the count model of
code the algorithms of correction of independent errors are developed, the estimation of correcting ability of code is conducted,
the subclass of lung-coded of cyclic codes is entered, a criterion is offered for recognition of errors outside minimum code dis-
tance, which are revealed and corrected. The asymptotic analysis of complication of the considered algorithms is conducted
during their successive and parallel realization.

Keywords: cyclic codes, correction of errors, linear sequential charts, count, simultaneous processing.
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