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Heobxonumasi Teopust

Sa,zl;aqa HOMeXOYCTOﬁqHBOFO KOANpOBaHMUA

Paccemorpum 3asiauy mepegadn moToka 6uToBOi MHGOPMAIUN 110 KAHAJLY C IIYMOM C BO3MOYKHOCTHIO aBTOMATUIECKOTO
WCIIPABJIEHNUSI OIMMUOOK, MOIYINEHHBIX IIpH repejade. [lpu 610x060M KOIUPOBAHUN BXOALIINN MTOTOK MH(MOPMAIIH Pa3-
6uBaeTcs Ha 610Kku bukcuposanHoit AmmHbI k. O603HaYIM ouH Takoit 6,10k gepes u € {0, 1}*. Ilpexmonaraercs, 1o
BO BXOJIHOM ITOTOKE JTAHHBIX, BOOOIE TNOBOPs, HET M3OBLITOUHOCTH. [[09TOMY I peau3alii CXeMbl, CIIOCOOHOMN mC-
MIPaBJISATH OMMOKU, HEOOXOINMO 3aKOIMPOBATH OJIOK % B HEKOTOPOE KOTOBOE CJIOBO OOJIBINEH JITUHBI ITyTeM T00aBICHUST
u30BITOYHOCTH B IiepeiaBaeMble nanHble. OGo3HaYNM Kos10B0€e ¢I0BO uepe3 v € {0,1}", n > k. Jlns koqupoBaHus Bce-
BO3MOYKHBIX OJIOKOB % HEOOXOIUMO HCIIOIB30BaTh 2F KOMOBEIX CJIOB JMHEL 1. OIpeenM MEHIMAILHOE PACCTOSHIE
KoJia d KaK MHHHEMAJILHOE XSMMHHIOBO PACCTOSHEE JIIs BCEX PA3JIHUHBIX IIap KOAOBEIX cjoB. HazoséM muoxkecTso 2F
KOJIOBBIX CJIOB JIJIMHBI 1. ¢ MUHUMAJILHBIM paccrosaueM d (n, k, d)-6a0k06vim Kodom, a Besuauny r = k/n — ckopocmoio
xoda. Tlpu mepemade mo KaHATy ¢ ITyMOM KOJIOBO€ CJIOBO ¥ MIPEBpaIaeTcst B npuHsiToe cioso w € {0, 1}™, koropoe, Bo-
00111e TOBOPSI, OTJIndaeTcs or v. Jlajiee ajropuTM JeKOMPOBAHUSI IILITAETCS] BOCCTAHOBUTH IIEPEIAHHOE CJIOBO ¥ IIyTEM
ITOMICKA CPer BCEBO3MOXKHBIX KOJOBBIX CJIOB Ojimzkaiiniero K w. O603HaYnM pe3ysibraT paboThl ajJrOpuTMa JIeKOJIM-
poBanust yepe3 v. Ha mociemrem srare IeKOIUPOBAHHOE CJIOBO U IEPEBOJUTCH B JIEKOJUPOBAHHOE CJIOBO HMCXOIHOTO
coobmmenus @. OueBunno, 9ro (n, k, d)-6J10KOBBII KOJI CIIOCOBEH TapaHTHUPOBAHHO OOHAPYKUBAThH 10 d — 1 omubku u
uctpasysathb 10 |(d —1)/2| omubok.

KoaupoBaume ¢ momoripo (n, k, d)-JIUHEHOrO MUKJINIECKOrO GJIOKOBOTO KO/1a

Mmuoxectso {0,1}™ ¢ omepanusiMu CyMMBI U IIPOU3BEEHUST IO MOJYJIIO 2 00pasyeT JIMHEeHHOe MPOCTPAHCTBO HAaJl KO-
HeuHBIM noJieM . (1, k, d)-6JI0KOBBIH KOl HA3BIBAETCST AUHETHVLM, €CJIT MHOXKECTBO €ro KOJIOBBIX CJIOB 00pas3yer Jin-
HeifHOe MOIIPOCTPAHCTBO pa3MepHOCTH k obmiero JimHeiHoro npocrpadcTsa {0,1}". TakuM o6pasom, JUis JUHEHHO-
0 KOJia TPOM3BOJIbHA JTHHEHAS KOMOMHAIINS KOIOBBIX CJIOB SIBJISIETCSI KOJOBBIM CJIOBOM. MUHHMAaJIbHOE KOIOBOE
paccroginue d i JIMHEHOIO KOJ@ OUPEIEJISeTCst KAK MUHUMAJIBHBI X9MMUHIOB BeC (KOJIMYECTBO HEHYJIEBBIX OUT)
CPel HEHYJIEBBIX KOJOBBIX CJIOB. (M, k,d)-simHeiiHblil GJO0KOBbI KO/ HA3BIBAETCS UYUKAUMECKUM, €CIH JIIOOOH IUK-
JINYECKUI CIABUT KOJOBOI'O CJIOBA sIBJISIETCsI KOJOBBIM CJIOBOM. IlocTaBMM B COOTBETCTBHE IIPOM3BOJIBHOMY BEKTODY



v = [Upn_1,Vn_2,...,01,00] € {0,1}" momumom Buma v(T) = vy 12" + vy 22" 2 + .-+ + vix + vy. Torma MoXKHO
[OKa3aTh, 4T0 st (1, k, d)-JIMHEHOro IUKJINIeCKOro GJIOKOBOIO Koja Haiijercs noiuHoMm ¢(x) cremenu m = n — k
TaKOM, 94TO

e Bce konoBble cioBa v(x) MOryT 6bITh IpeacTasieHsl Kak ¢(z)u(z), rae u(x) — HEKOTOPBIl OJIMHOM CTEeHH, He
npesbimatomeit k — 1;

e ITosmuoM g(x) siBaIsieTcs jesnnTeneM nosuHoMa ' — 1.

Takoii moauHOM ¢() HA3BIBAETCSI NOPOHCOUOULUM TNOAUHOMOM YUKAUMECK020 K00a. JIF0BON NMOJMHOM, SIBJISTIOIIUNCS
gesqmreseMm " — 1, SIBJISETCS MOPOXKTAIOIIUM J[JIsi HEKOTOPOT'O ITUKJIMIECKOTO KOIA.

KomupoBanue HA3BIBAETCS CUCTEMATNUYECKUM, €CJIA BCE OUTHI UCXOIHOTO COODIEHNS U KOMUPYIOTCS B HEKOTOPBIE
OuTHI KOMOBOro cjaoBa v. IIpu cucremMaTnaeckoM KOAUPOBAHUN OOPATHBIN MPOIEce MPeodpa30BaHns U3 JIEKOIMPOBAH-
HOT'0 KOJIOBOT'O CJIOBa ¥ B JIEKOJAMPOBAHHOE CJIOBO COODIIEHMST U CTAHOBUTCS TPUBHAJIBHBIM. st IUKIMIecKoro Koja,
38/1aBAEMOT'0 TIOPOXKIAIOIIAM TIOJMHOMOM ¢ (), IIPOIIECC CUCTEMATHIECKOTO KOJIUPOBAHNSI MOXKET OBITh Pean30BaH Kak

v(z) = z™u(x) + mod (z™u(z), g(x)).

3aecs wepes mod (f(z),g(x)) obosnadena oneparys B3sATUS OCTATKA OT JieJieHUs] MHOrOWIeHa f(2) HA MHOTOYIEH
g(z).

Koapt BYX: KoampoBanue

IosmuaoM Mg () € Folz] Ha3BIBACTCA MUNUMAALHBIM NOAUHOMOM IJId d1eMeHTa o € FL, ecom on aBigerca Henmpuso-
29

JAMUMBIM ITOJIMHOMOM MHHHM&HBHOﬁ CTeHeHI/I, JIJISL KOTOpOFO . dBJIdAETCA KOpHel\l. B I‘IaCTHOCTI/I7 I\/II/IHI/H\JaJ'IbeII‘/JI IIOJIMHOM

JJIsI IPUMUTHBHOTO 3JIEMEHTa, (¢ HA3bIBAETCS NPUMUMUCHBILM NOAUHOMOM. MOXKHO TIOKa3aTh, YTO KOPHSIMUI MUHUMAJIb-

HOTO IIOJIMHOMA M, () SABJISIFOTCS
{a,0?,a, ..., 0% }.

Janublil HAGOD /71€MeHTOB 13 10JIst Fa HA3BIBAETCS YUKAOMOMUNECKUM KAGCCOM CMEHCHOCTIU JUTsT dJeMeHTa «. Ko-
JINIECTBO 3JIEMEHTOB B CMEYKHOM KJIacce JInbO PaBHO ¢, MO0 siBiisieTcs JenurtesieM ¢. lukioroMmdeckne Kacchl,
TOPOXKJAEHHBIE PA3IUIHBIMEI JJIEMEHTaMU I10JIs, MO0 COBIAIAOT, OO0 He mepecekaroTcsi. MOoXKHO MMoKa3arh, ITO I0-

JIMTHOM
s

i
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nmveer Kodddbunnentst n3 Fy 1 ABII€TCH MEHIMAJIBHBIM IIOJMHOMOM JUIST (¥, & TAKZKE [l BCEX JIIEMEHTOB I0JIs, BXO-
JIAIINIX BMECTE C (¢ B OJIMH IIUKJIOTOMIYeCKHiT Kyacc. OTCroa BEIBOJUTCH METO, TIOCTPOEHUS MUHUMAJIBHOTO IIOJIHOMA
JUIsT 33IHHOTO 9JIEMEHTA [0St

1. TlocTpouTh NUKJIIOTOMUYECKHI KJIACC, TIOPOXK/IEHHBIN 3JIEMEHTOM (]
" 21 :
2. Haittu xoadbduimenTsr ognHOMA M, () MyTeM IepeMHOKEHNsT MHOTOWIEHOB & + o 1yist Beex ¢ = 0,.. ., S.

Iyere n=29—-1,¢ < |(n—1)/2|. Torna xodom BYIX HaswiBaercs (n, k)-IuHEHHBIN TMKIXIECKAH KO, B KOTOPOM
OPOXK A0l MHOTOUJIH ¢(7) onpejiesisieTcst KakK MUHUMAJBHBIH MHOTOYIEH JIs 3JeMeHToB a, o’ a3, ... o u3
nosist F, e o — mpom3BoIbHBI TpUMUTHBHBI 3jement noist Fa. Habop sinementos o, o, .. ., o' naspiBaercs nyasmu
L YX-x00da. Moxuo moka3arh, 9T0 MUHUMAJIbHOE KOoBOe paccrosuue koga BUX d ne menbine, gem Bemuanaa 2t + 1.

B pesyabrare BUX-KOBI 10 TOCTPOEHUIO CIIOCOOHBI UCIIPABJISATH He MeHee t OmMOOoK.

Koapt BYUX: nekogmpoBaHnue

[locTaBUM B COOTBETCTBUE TO3UIUAM IPHHSTOTO CI0OBA W = [Wy_1, - . . , Wo] daementsl o1, ... o Ilpu nepeaue mo
IITyMOBOMY KaHaJly KOJIoBoe cioso v(x) nmepexomut B cioso w(x) = v(z) + e(x), tae e(z) = a9t + - -+ + z9v — nomuHoM
OmubOK, a ji, ..., j, — HO3HUIMYU, B KOTOPBIX nponsonum onmbku. Hazosem cundpomamu npuHATOrO coobmenus w(x)
sHavenus nojunoma w(z) B Hyasx BYX-koma, e. s; = w(a?), i = 1,...,2t. Ecim w(x) sB/sieTcst KOJIOBBIM CJIOBOM,

TO Bce cuuapomsel s; = 0. Pacemorpum noaurom aokamopos owubok

A(z) = H(l +adiz) =Nz o+ Az 41

i=1



Hanubiii nosmaoM umeer Kopau o 7i. MoxKHO moka3arh, 4r0 Ko duimenTs! noauHoMa A(z) yIOBI€TBOPSIOT CJIeLy-

romeit CJIAY:

S1 So ce Sy AV Sut1
S9 S3 ‘e Sy+1 Ay—l E
= : (1)
A s
Sy Sy+1 .- S2v—1 1 2v
Orcrozia mojryd4aeM CJIeIyIOILy o o0Iyto cxeMy nekoaupoBanus bYX-koma:
1. Jlna npunsaToro cioa w(z) BHMUCIATL cHHAPOMBI 8; = w(at), i = 1,...,2t. Ecm Bee s; = 0, To BepHyTh w(T)

B Ka4eCTBE OTBETA;

2. Haiitu KOJIMYeCTBO JOIYINEHHBIX OMMUOOK U U KOI(MMUIMEHTHI TOJUHOMA, JIOKATOPOB OMAOOK IIyTEeM peIleHus

CJIAY (1);

3. Haiitu Bce kopuu nosmuoma A(z) myrem nosHOro nepebopa, o HalJeHHBIM KOPHSM BBIYUCIUTD HOMEPa, [IO3UIuii
J1s+++5Ju, B KOTOPBIX TPOUBOIILIA OIIHOKH;

4. VcupasuThb ommbKYU B MO3UIUAX J1, . .., ], IyTeM UHBEPTUPOBAHUS COOTBETCTBYIOIIUX OUTOB B w(T).

Paznauunbre anropurmbl gekomupoanus bUYX-KOmoB mMo-pasHoMy pemraioT 3aady Ha mare 2 obINero ajropurMa
JIEKOJINPOBaHMsA. PACCMOTPUM JIBE CXEMBI JIEKOIUPOBAHUSI.

Hexonep PGZ (Peterson—Gorenstein—Zierler)

Hanubiii gekogep npefnosaraer Henocpeacrsennoe pemenue CJIAY (1). OcHoBHas TPYAHOCTH 31€Ch — ITO OIPEJE-
JINTH KOJIMYIECTBO (PAKTUIECKH JOIYINEHHBIX IPU Iepemade omubok v. B nekomepe PGZ npoucxomut mepebop mo BceM
3HavYeHusAM v, nadunas ¢ t. [Ipu rexymem v nenaercsa nonbitka permutb CJIAY (1). Ecau marpuna CJIAY asisiercs
HEBBIPOXKIEHHOMN, TO TEKyIlee ¥ MPU3HAETCS KOJIMIECTBOM JIOMYIIEHHBIX OIMMHUOOK, a KO3MMUIMEHTH OJNHOMA JIOKA~
TopoB ommubok Haxogarcs u3 pemenus CJIAY. Eciu marpuna CJIAY asiasiercs BuIpoxKaeHHoi, To A, = 0, BeaudnHa,
vV yMEHBIAeTCs Ha €JUHUILY, U nporecc nosropsercsa. Eeiau CJIAY pemurh He yaaercs HU Ha OJHON UTepaluu, TO
BBIJIAETCA OTKA3 OT JIEKOAUpoBanus. TakKe 0TKa3 OT JEKOJUPOBAHUS BBIIACTCS B CJIyUYae, €CJIM [MOCJe UCIPABICHUS
CUHIPOMBI U(x) He paBHBI HYJO (KOIOBOE CJIOBO HE HANIIEHO).

Hexonep Euclid

Pacemorpum cundpommsili nosurom Buga, S(z) = 82t22t + szt,lz%_l 4+ .-+ 4+ 812+ 1, e s; — BLIYUCJICHHLIE paHee
cungpomMbl. Torma MOXKHO OKa3aTh, 910 S(2) u A(z) YIOBIETBOPSIOT CJIELYIONIEMY YPABHEHHUIO:

2 A(2) + S(2)A(2) = 7(2).

Bnech r(z) — Hekoropblit MHOTOWIeH U3 Fi[z], cremenp KOTOporo He mpeBbimaer t. PemeHne JaHHOrO ypaBHEHHsI
A(2), A(2),7(2) nst 3asarEBIX MHOTOUIEHOB 22171 1 S(2) MOXKeT GBITH HaliIEHO ¢ TIOMOTITHIO PACIIHPEHHOTO AJTOPUTMA
Eskinga. 3aech urepanuu ajaropurMa EBKINIA IPOBOAATCA 10 T€X IIO0P, IIOKa CTEIEeHb TEKYIIEro ocrarka r(z) e
craner Menbine i pasaa t. Crenens Haiizennoro A(z) pasHa KosmdecTBy (baKTUIECKU JONYIIEHHBIX [IPU II€PeIade
omu6ok v. Eciiu kosmgecTBo KopHedi y A(z) He coBlaziaer ¢ v, T0 BbLAAETCS OTKA3 OT JEKOIUPOBAHUSI.

DopMyIMPOBKA 3aJaHUSI

B 3amarnm BBIIAETCS CIUCOK BCEX IMPUMUTHBHBIX MHOTOYJIEHOB CTeleHW ¢ Haj mojeMm Fo s Bcex ¢ = 2,...,16.
B srtoM crimcke Kakblit MHOTOYJIEH MPEICTABIICH JECATUIHBIM THCJIOM, IBOMYHASI 3aIUCh KOTOPOI'O COOTBETCTBYET
KO3 purmentam moauHoMa HaL Fo, HAUWHAS CO CTapIeil CTeleHN .

st BBITIOJTHEHUS 3aIaHusT TPEOyeTCs:

1. PeanmszoBarh OCHOBHBIE onepanun B nose Fi: cioxkenue, ymHOXKeHue, nenenue, pemterne CJIAY, nonck munu-
MaJIbHOro MHOrouteHa u3 Falz] i samannoro Habopa KopHeit n3 mosst Fi;

2. PeanmzosaTh OCHOBHBIE OIEpAIUK JJTst PABOTHI ¢ MHOrOYJIeHAME U3 [F4[x]: NpOU3BeIeHNe MHOTOWICHOB, JIeJICHIe
MHOT'OYJIEHOB C OCTATKOM, PACIIMPEHHBIH aJropuTM EBKIMIA Jjis Tapbl MHOTOYJIEHOB, BBIYUC/ICHUE 3HAUCHUS
MHOTOUJIeHa JIjTsi Habopa 3/71eMeHToB n3 Fa;


https://drive.google.com/file/d/0BzJRWGauOsXTT0hFLXFBbnlWd3c/view?usp=sharing

3. PeasimzoBath mporeaypy cuCTeMaTHIecKOro KOAMPOBAHUS JJIsi IMKJIMIEeCKOrO KO/Ia, 33 IaHHOTO CBOMM ITOPOXK 1A~
IOITUM MHOI'OYJICHOM;

4. PeanmuzoBaTh IpOIEIypy MOCTPOEHUS MTOPOK/Iaionero MuaorodaeHa mis bYX-koaa npu 3aJaHHbIX 1 U t;

5. IMocrpouts rpaduku 3aBucumocT ckopoctu BUX-kona r = k/n 0T KosimuecTBa UCIPABIISIEMBIX KOIOM OILIMOOK
t jutst pa3nuyaHbIX 3HadeHuit n. Kakune snadenus ¢ ciaemyer BIOMPATDH Ha MPAKTHKE JJIs 33JIAHHOTO 17

6. PeasinzoBaTh nporie/ypy BBIMHUCJIEHNS HCTHHHOIO MUHAMAJBHOIO PACCTOAHUS ITUKIMYIECKOro Koja d, 33 JaHHOTO
CBOMIM ITIOPOYKIAIOIIMM MHOTOUJIEHOM, ITyTeM MOJIHOro mepebopa 1o BceMm 2F — 1 xomoseiM ciosaM. IIpusecTn
npumep BUX-koma, 111 KOTOPOro NCTUHHOE MUHUMAJIBHOE paccTosinue 0oJibiie, yem Bejguwdusa 2t + 1;

7. PeanmuzoBars npouenypy gekogupoBanus bYX-koma ¢ momornisio Meroga PGZ u Ha OCHOBE PaCIIMPEHHOIO aJi-
ropurMma EBkimga. [IpoBecTtn cpaBHeHMe IBYX METOIOB JEKOAMPOBAHUS 110 BPEMEHH PabOTHI;

8. C moMOIIpI0 METO/1a CTAT. UCOBITAHAN PEAN30BATEH IIPOIEIYyPY ONEHKU JIOU IIPABUILHO PACKOINPOBAHHBIX CO-
OOIIeHnit, J0JIM OMMUOOYHO PACKOSUPOBAHHBIX COODIIEHMI 1 J0JIM OTKA30B OT JAekoauposanus mis BUYX-kona. C
ITOMOIIIHIO TOM TMPOIEAYPhl YOeTUThCA B TOM, uT0 BYX-K0/1 MeficTBUTEILHO TO3BOJISIET TAPAHTUPOBAHHO UCIIPa-
BUTH 710 t ormmbok. Moxer ju BUX-kox ucnpasuth 6obire, dem ¢ ommbok! Kak BegayT cebst XapaKTepUCTUKH
KOJ[a [IPU 9HCJIe OMUOOK, IPEBBIIIAIONIEM t7

9. Cocrasuth otdyer B (popmare PDF 060 Bcex mpoBeI6HHBIX MCCIIEIOBAHUSIX.

Pexomenganum 1o BBIIIOJTHEHUIO 33 IaHUS

e Jl1s1 peasu3saliuyl Olepaliii yMHOXKEHUsI W JIeJIeHUsI HEHYJIeBbIX 5JeMeHTOB B mose Fa yno0HO 1OJIB30-
BATbCA TPEJICTABICHUEM 3JIEMEHTOB MOJs KaK CTeleHeil HeKOTOPOro IPUMHUTUBHOIO 3jeMeHTa a: Fi =
{0,0,02,0%, ..., 0?2, a*"~1 = 1}. Torma npoussemeHme mByX 3JeMeHTOB moias o' u o pasmo
afrtka mod 29=1 " Aga orano YacTHOE STHX JBYX 3JeMeHTOB papHo oft—k2 mod 2°—1 " Jqg Grierporo mepexo-
J1a, OT JIECATUIHOTO IPEJCTABIIEHNS SJIEMEHTOB II0JIsI K CTEIIEHHOMY U 00paTHO YI00HO 3aBecTu TabJuily pasmepa
(29 — 1)x2. B mepBoit KoJIOHKe 9TOH TaGIUIB B MOZUITUE i OYJIeT HaXOAUTCS YHCIO j : o’ = i, a BO BTOpOil
KOJIOHKE B IIO3UIINY i — 3HAYeHHe o',

o [Ipu peanuzanuu aJropuTMOB 33 IaHUsT PEKOMEH/IYETCsI, IOMIMO ITPOYEro, UCIO/Ib30BATh CJIEIYIONINE ITPOBEPKU
Ha KOPPEKTHOCTD:

— nopoxgatonuit moauaoM BYUX-koma mosKeH ObITh genaureseM MHOrowieHa x't — 1 (unade kom He Gyuer
[UKJITYECKHUM );

— poU3BOJIBHOE KO0BOE ciioBo BUX-koma v(2) JMOMKHO JeuThest 6€3 0CTATKa Ha MOPOXK AN MHOIOUJIeH
KoJa g(x), a TakyKe obpaaTbcst B HOJIb Ha HYJISAX KOJa (BCe CHHIAPOMBI KOJOBOIO CJIOBA DABHBI HYJIIO);

— MUHMMAJBHBIH MHOTOWIEH Mg (Z) i dmementa « € 3. BBIMHC/IsEMBIH KAK MHOIOWIEH € KOPHIMH

q
a, 0?0, ..., a?, nomken uMers Ko3bdumenTs! u3 Fa;

— MHUHHMAaJIbHOE KO/10Boe paccrosane BUX-koma d, HaliieHHOe TOTHBIM IepebOpPOM, HOJIXKHO OBITH HE MEHBIIIE,
qeM BeqmunHa 2t + 1.

Odopmiaenne 3amanust

Brrmosimenmtoe 3aanme ¢ 0TYETOM U BCEMU MCXOMHBIME KOJAMU HEOOXOINMO IIPUCIATDH Ipernofasaresio. laee ciaemy-
€T OIKCAHNEe IIPOTOTUIOB peasn3yeMmbix dyukiuii. [Ipu kemanun crynenTa U nNpu JOMOJTHUTEIHHOM COIVIACOBAHUU C

[IpeIoIaBaTesieM Pa3peliaeTcs Peajin30BaTh 3a/JaHue ¢ JIPyTIMHU IPOTOTUIIAMHE C UCIo/b30BaHneM Kjaccos PYTHON,
[IepPerpy3Koil OIepaTopoB, BBEJIEHHEM JIONOJHATEIBHOTO 0Aa30BOTO THUIA B numpy ¥ npod. VIHTepecHbIE pean3annun
OYIyT MOOMIPSTHCS OOHYCHBIMY OAJIJIAMIE.

1. Monynb gf.py ¢ peanmsanueil OCHOBHBIX omepalfuii B KOHeYHOM mojte F4 n omepaimii Hajl MHOTOYIEHAMH W3
Fi[x]:

(a) gen_pow_matrix(primpoly)
Omnwmcanne mapaMerpoB:



(f)

()

e primpoly — NIPUMHUTUBHBIA MHOTOYJIEH, NECATUIHOE UUCJIO0, TBOMIHAS 3AMUCH KOTOPOTO COOTBETCTBYET
Ko durmenTaM moauHoMa Hal Fo, HAUMHAS CO CTapIieil CTereH .

QyHKIMS BO3BPAIIACT MATPUILY COOTBETCTBUS MEXKIY JECATHIHLIM IPEJICTABJICHIEM W CTEIEHHBIM IIPe/I-
CTABJIEHUEM HEHYJIEBBIX JIEMEHTOB IIOJIA IO CTAHJAPTHOMY MPUMUTHBHOMY 3JIEMEHTY (v, NUMPY.array-
MaTpuia pasmepa 29 — 1x2, B KOTOpOi B I€pBOil KOJIOHKE B IIO3WIME { CTOUT CTEIeHb j : &’ = i, a BO
BTOPOif KOJIOHKe B MO3UIINHI § CTOUT 3Hauenue o', i = 1,...,29 — 1.

add(X, Y)

Ornucanne napamMerpos:

e X, Y - JBe MATPUIBLI OJIMHAKOBOrO PasMepa U3 3JIEMEHTOB noJs Fi, numpy.array-MaTpuIpl, Kazxkblit
9JIEMEHT B MATPHUIAX IIPEJCTAB/ISET CODOIl NeCSITUYHOE YHC/IO, JBOMYHAsI 3AIMCh KOTOPOrO COOTBET-
cTByeT KO3bMUIMEHTAM TOJIMHOMa HAJ 1oJjeM o, MepBBI pa3psi COOTBETCTBYET CTAPIIEl CTEIEHN
[TOJIMHOMA,;

QyHKIMS BO3BpAIlaeT NUMPY .array-MaTpuily pa3Mepa X, sIBJISIONIYIOCT MOJIEMEHTHBIM CyMMHUPOBAHUEM
marpur X u Y.
sum(X, axis=0)
Onucanne nmapaMerpoB:
e X — MaTpHUIA U3 3JIEMEHTOB O IFg, numpy . array-MaTpHUIa, KazkK/Iblil 3JIEeMEHT B MATPUIIE IIPEJICTABIIACT

cO0OIi JIECATUIHOE YUCJIO, JIBOUYHAS 3aIMCh KOTOPOI'O COOTBETCTBYET KO3 pUImeHTaM IOJNHOMA HAJ
rosieM [y, epBbIit pa3psiji COOTBETCTBYET CTAPINEil CTEIEHH ITOJTMHOMA,

OyHKIMS BO3BPAIIAET PE3yIbTaT CyMMHUPOBAHNSA MATPHUIIHI X IO Pa3MEPHOCTH, OIIPEIe/IIeMOl TapaMeTpOM
axis.

prod(X, Y, pm), divide(X, Y, pm)

Onwmcanne mapaMerposB:

e X, Y — aBe MaTpulbl OAUHAKOBOI'O pa3Mepa U3 JIEMEHTOB I10JI Fg, numpy . array-MaTPUIbl, KazKIbIik
3JIEMEHT B MaTpHUIAX IPEJCTABISET COOON JecATUIHOe YUCJI0, JBOWYHAsI 3aIlMCh KOTOPOTO COOTBET-
cTByeT KO3hDUIMEHTaM TOJMHOMa, HAJ ToJjeM o, MepBBIf pa3psil, COOTBETCTBYET CTAPIIEl CTENeHN
MIOJIMHOMA,;

® pm — MaTPHUIla COOTBETCTBUA MEXK/IAY JECATUYIHBIM U CTEIIEHHbIM IIPDEJICTaBJICHUEM B I10JI1€ Fg,

OyHKIMT BO3BPAIIAIOT NUMPY .array-MaTpuIly pasmepa X, SBIAIONIYIOCS COOTBETCTBEHHO IO3JIEMEHTHBIM
MIpOU3BeJeHUEeM WM JeaeHueM marpull X 1 Y.

linsolve(A, b, pm)
Ommucanne mapamMeTpoB:
e A — KBaJpaTHAs MATPUIA U3 HJIEMEHTOB 10Js Fa;
® b — BEeKTOp U3 3/1eMEeHTOB nojs Fi;
e pm — MATPHIA COOTBETCTBHSI MEK/Ty JIECATUYHBIM M CTETIEHHBIM NPEJICTABIeHneM B 1ose Fi;

Oyukuus Bozppaiaer penterne CJIAY B ciyuae HEBBIDOXKJIEHHOCTH A ¥ numpy.nan nHade.
minpoly(x, pm)
Ornucanue napamMerpos:
® X — BEKTOD U3 3JEMEHTOB noJs Fi;
® pm — MATPHIA COOTBETCTBHSI MEZK/Ty JIECTUYHBIM M CTETIeHHBIM IPEJICTABIeHneM B 1oste Fi;
DyHKIUS OCYIIECTBIIsIET IONCK MUHUMAJILHOTO [OJINHOMA B Fa[x] sy HaGopa KopHeii, 3a1aBaeMbIx x. OyHK-
IUsT BO3BPAIAET KOPTEXK U3 NePEeMEHHBIX:
® HailJleHHbI{l MUHUMAJIbHBII [TOJIMHOM, NUMPY . array-BeKTOpP C OMHAPHBIMU YUCJIaMU;
® BCe KODHU MUHHUMAJBHOrO HOJuHOMa (HAOOp KOpHEHl X, a TaKXKe BCe CMEXKHbIE C HUM), MUmMpY . array-

BEKTOD U3 3JIEMEHTOB IIOJIA Fg

polyval(p, x, pm)

Ornucanue napamMerpos:
e p — mosmHOM U3 Fi[z], numpy . array-sekrop kK03bdUINEHTOB, HAMHAS CO CTAPIIEH CTENEeHN;
® X — BEKTOD U3 3JIEMEHTOB moJist Fi;

® pm — MaTPUILA COOTBETCTBUA MEXKAY JACCATUIHBIM U CTEHNCHHBIM IIPEJICTABJICHUEM B I10JI€ Fg,



(h)

(1)

OyHKIMsS BO3BpAINACT 3HAYEHHS [TOJUHOMA P i1 HAOOpa SJIEMEHTOB X.
polyprod(pl, p2, pm)
Ornncanne napameTrpos:
e pl, p2 — mosmHOMBI U3 Fi[z], numpy . array-sekrop Ko3dbdunnenToB, HaIMHAS CO CTAPIIEN CTEeleHN;
e pm — MaTPHIA COOTBETCTBHSI MEZK/Iy JIECSTUYHBIM M CTENIeHHBIM IIPEJICTaBIeHreM B 1oste Fi;
OyHKIMS BO3BPAIIAET PE3YIbTAT IPOU3BEICHNS JIBYX MOJIMHOMOB B BIJIE NUmMpy .array-BeKTopa Koddbdu-
NEHTOB, HAYMHAS CO CTAPIIEH CTEeHn.
)
polydivmod(pl, p2, pm)
Ornucanne napameTrpos:
e pl, p2 — nosmHOMBI U3 Fi[z], numpy . array-sekrop Ko3dbdunnenToB, HaMHAS CO CTAPIIEN CTEleHN;
e pm — MaTPHIA COOTBETCTBHsI MEZK/Iy JIECSTUYHBIM M CTENIeHHBIM IIPEJICTABIeHIeM B 11os1e Fi;
OyHKIMS OCYIIECTBISET JEEeHNe C OCTATKOM MHOTOWIeHa pl Ha MHOro4IeH p2. DyHKIMS BO3BpaIaeT
KOPTEXK M3 IIEPEMEHHBIX:
® YACTHOE, NUMPY-array-BeKTOp KO3 MUIMEHTOB, HAYNHAs CO CTapIIell CTeleH;
® OCTATOK OT JIeJIeHNUs], NUMPY-array-BeKTop KoM UIMEHTOB, HAUMHAS CO CTAPINel CTeleHN.
euclid(pl, p2, pm, max_deg=0)
Omnucanne napaMeTpos:
e pl, p2 — mosmmnombl u3 Fi[z], numpy . array-sekrop ko3 dunnenTOB, HaMHAS CO CTApIIEH CTENEHN;
e pm - MaTPHIA COOTBETCTBHsI MEK/Iy JIECATUYHBIM M CTETICHHBIM NPEJICTaBIenneM B moJe Fi;
e max_deg — MAKCUMAJIHHO JIOIYCTHMAasl CTEIIEHb OCTATKA, YHCJIO, €CJIN PABHO HYJIIO, TO aaropuT™M EBkimia

paboTaeT 0 KOHIA;

QyHKIMS peasin3yeT pacHinpeHHbIil ajaroput™ EBkimga mis napsl MHOrowieHoB pl u p2. DyHKIius BO3-
BpalllaeT KOPTEeXK U3 IIePEMEHHBIX:

® OCTATOK, NUMpy-array-BeKTop KoM DUIMEHTOB, HAINHAS CO CTapIneil CTerneHu;

o kovddurmenT npu pl, numpy-array-BeKTop Ko3(pOUINEHTOB, HAYMHAS CO CTAPIIell CTENEHH;

o k03 IUIMEHT TpU P2, NUMPY-array-BeKTop KoM OUINEHTOB, HAYMHAS CO CTAPIIell CTEIeHH.

2. Moaysib beh.py ¢ peanuzanueii oneparuit koguposanus/ nekoguposanus bUYX komos:

(a)

coding(U, g)
Ornucanne napamMerpos:

e U — HabOP MCXOJIHBIX COODITIEHUH JIJIsT KOJAMPOBAHUSI, NUMPY . array-MaTpulla, OMHApHAsT MaTPUIA Pa3-
Mepa <JIHCJIO _CcOoobIeHnii™> X k;

® g — IIOPOXKJAIOUIUI MHOI'OYJIEH KOJa, NUMpY . array-BeKTop JJIMHBL m + 1;

QyHKIMS OCYNIECTBIIAET CUCTEMATUIeCKOe KOIUPOBAaHIE MUKJINIEeCKOr0 KOJIa U BO3BPAIAeT numpy.array-
MATPUILY C 32KOJMPOBAHHBIMU COOBIIEHUsIMU pa3Mepa < 9IucJI0__ cooBImenuii> X (k + m).

dist(g, n)
Onucanue napaMerposB:

® g — TIOPOXKJAOIIKI MHOTOYWIEH KOJa, NUmMpY . array-BeKTop;

® 1 — JINHA KOJIa, IUCJIO;
OyHKIWs BO3BpaIaeT KOJIOBOE PACCTOsIHIE (YUCJIO), HaiiIeHHOE IIOJIHBIM 11epebOpOM.
genpoly(n, t)
Ornucanne napamMerpos:

® n — JINHA KOJIa, UUCJIO;

e t — ucupaBJsieMOe YUCJIO OH_II/I6OK, YUCJIO;

DyHKIWS CTPOUT TTOPOK pafomniit Muorodier bYX-koma mo 3aganabiv mapamerpaM. OyHKIHS BO3BPAIIAET
KOPTEK M3 IMEPEMEHHBIX:

® TIOPOXKTAIONIII MHOTOWIEH KOJa, NUMpY . array-BeKTop KoM UIMEHTOB, HAYMHAS CO CTAPIIeil CTEIeHn;

® HY/IN KOJa, Numpy .array-BeKTOpP JECATUIHBIX YNCEJI, COOTBETCTBYIOIUX dJIEMEHTaM U3 Fg,



® MATPHIA COOTBETCTBHS MEXKJy JECATHIHBIM U CTENEeHHBIM IIpeJIcTaBIeHneM B mose Fa.
(d) decoding(W, R, pm, method=’euclid’)

Ornncanne napameTrpos:
e W — HaOOp IPUHATHIX COODINEHNUI, NUMPY . array-MaTpPUIa pa3Mepa < JIHCJIO COODIIEHU > XN;
e R — HyJIM KOJIa, NUMpY . array-BeKTop;
e pm — MATPHIA COOTBETCTBHSI MEZK/Ty JIECATUYHBIM M CTEIIeHHBIM IPEJICTABIeHneM B 1oste Fi;
e method — anmropurm AekoaupoBanus, ‘euclid’ mwim 'pgz’;

Oyukims ocyiecTBisieT nekogupoBanne bYX koma 1 BO3BpalaeT numpy . array-MaTpHUILy C JEKOIUPOBaH-

HBIMH COODIIEHUSAMI pa3Mepa < aucjo_ coolIenuii > xn. B ciaydae oTkaza oT 1eKOIUPOBAHNS COOTBETCTBY-
oA CTPOKa MATPHUIIBI COCTOUT U3 NUMPY .nan.
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