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BBegeHue: yMeHbLLEHUE KOJOBOr0 PACCTOSIHUS MPEACTaBASET CO60M BaXKHbI MHCTPYMEHT JJ1S1 PELUeHUs] HEKOTOPbIX 3afay B Teo-
pumn uHGopmaLmumn n Kpuntorpaguu. Hanpumep, B KpUNTOrpaguyeckux KoJoBbiX CUCTEMAX, TaKuX Kak cucteMa Mak-3nuca, CHuxeHne
KOZOBOro pacCTOsIHUS HanpsIMYyHo BUSIET HA YMEHbLUEHUE AJINHbI OTKPLITOrO KJI0Ya, YTO SIB/SETCS KPUTUYECKM BaXKHBIM (haKToOpoM
AJ151 NOBbILLEHNS IPHEKTUBHOCTU U TPUMEHUMOCTM KOAOBbIX KpUNTOCUCTEM. Ljesib: pa3paboTaTb anropuTM nocTpOeHNs MaTpul, Cro-
COGHbIN 3PEKTUBHO yMEHbLIATb PACCTOSIHUE KOZA. Pe3ynbTaTbl: MpessIoXeH UTepayUOHHbIA anroputM, KOTOPbIA GopMupyet psj
MacKu1pyrLMX MaTpuL, yCreLHO YMEHbLIAKLWMX PacCTOSAHUE 3aflaHHOro Koga. [l MpoBEPKU U3JTOXKEHHOr0 noAxoaa 6bin Bbi6paH
kog boysa — Yoyaxypu — XokBuHrxema v kpuntorpaguyeckas cuctema Mak-3nuca. [poBesieH psjfi 9KCNEPUMEHTOB, M0Ka3bIBaKOLMX
a(pexTMBHOCTb pa3paboTaHHOro anroputma. CyTb IKCNEPUMEHTOB 3aKJloyanach B npuMeHeHun K Kogy boysa — Yoyaxypu — Xok-
BUHIXeMa pa3paboTaHHOro ajiropuTMa, rocJsie Yero rnoJslyYeHHbIi Ko4 BHeApscs B cucteMy Mak-9nuca. [lonyyeHHas Kpuntocuctema
rnosBepranach atakaM Ha 0CHOBE J€KOAMPOBAHMUS 110 MHGHOPMALMOHHBIM COBOKYMHOCTAM. Pe3ynibTaTbl 3KCNEPUMEHTOB MOKa3au, YTo
K peo6pa3oBaHHbIM KOfaM HEMPUMEHUMA aTaka Ha OCHOBE JEeKOANPOBaHUS 110 UHGHOPMALMOHHbIM COBOKYMHOCTSIM, a BEC OPOXAato-
Lyest MaTpuLbl HOBOIO KOZA, KOTOpas AIBMSIETCA YaCTbto OTKPLITOro K/IKYa, CTan MeHbLue. [IpakTuyeckas 3HaYyuMoCTb: HEBOSMOXHOCTb
MPUMEHUTL J€KOAMPOBAHUE M0 MHHOPMALNOHHBIM COBOKYMHOCTAM M03BOJISET YMEHBLUNTL 06bEM OTKPbITOrO KJ1t0Ya B KPUNTOCUCTE-
Me, 4TO MPEeACTaBNAET 3HAYNTENbHBIN MHTEPEC A1 NPaKTUKM UCIO0Ib30BaHNA KOZOBbLIX KpunTocucteM. O6CyMAeHne: NpunoxeHue
asropuTMa He orpaHM4nBaeTcs ToJIbKo Kpuntorpaguei. OH MOXeT 6bITb MPUMEHEH A1 IPeo6pa30BaHNs KaHaloB rnepesjaym AaHHbIX,
o6nagarowmx namsTeto. OTMETUM, YTO A5 TOSIHOLEHHOIO BHEAPEHUS MATPUL, YMEHbLUAIOLMX PacCTOSHUE KOAa, B KpunTorpaguye-
CKMe cucTeMbl HEOBX0AMMa NPOBEPKa AEKOANPYEMOCTU BEKTOPA OLUMOOK 110C/Ie 06paTHOro Npeobpa3oBaHus], YTo SBSETCA Npegme-
TOM JlaJIbHeNLLINX UCCIIe[0BaHN.

KnioyeBbie cnoBa — KOPpPeKTnpyrne Kogbl, KogoBoe pacCcTtosiHme, KpMI'ITOI'de)Mﬂ, cucrema Mak-9nuca, AeKkognpoBaHne 1o nH-
(I)OpMaUMOHHbIM COBOKYIMHOCTAM, YyMeHblIeHNe paaMepa KJjiro4a.
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BBenenune

B xpunrorpaduu ecth 1Ba OCHOBHBIX THIIA CH-
creM — ajrebpanyeckuie ¥ KoIoBbie. Airebpandeckue
KPHUIITOCHCTEMbI OCHOBAHBI Ha 3amade (paKTopu3sa-
muu [1] ¥ BEIYHCIeHUHY JUCKPETHOTO Jorapudma [2].
KomoBnble cucTeMbl 0CHOBAHBI HA OIIEPAIASIX THHEH-
HOH anre6phl ¥ METOJAX ITIOMEXOYCTOHYHBOTO KOMH-
poBauusd [3]. [Ipumepom Takoii CUCTEMBI SBIAETCSA
cuctema Maxk-dnuca — Kpunrorpadguieckas CUCTe-
Ma C OTKPBITHIM KJIIOUOM, OCHOBaHHAas Ha Ipobaeme
IEeKOAMPOBAHUSA KOIOB, KOPPEKTUPYIOIIUX OIIUOKH.
Wnes cucrembr Mak-Janca 3aKa09aeTCsa B TOM, YTO
BEKTOp OIIMOKK He MEeHSeT CBOero Beca II0Cie IPH-
MeHeHUA 00paTHOM MaTPHUIIbI IEPECTAHOBOK K Q-
porexcty. IlosToMy 3aKOHHOMY MOJIB3OBATENIO HE
HYJKHO 3HATh BEKTOP ONIHMOKH AJiA paciru)poBKH,
TIOCKOJIBKY JIF060H BEKTOp OIMMOKH C BECOM MEHb-
e II0JIOBHHBI KOJOBOTO PACCTOSHUS JIEKOAHPYET-
cA KOIOM C WCIIOJb30BAHUEM TOTO K€ aJTrOpUTMA.
darTuyecku 6€30IaCHOCTH CHCTEMBI OCHOBAHA HA
CTIOKHOCTH JEKOJAUPOBAHUA AJIA JUHEHHOTO KOmxa

C IPOU3BOJIBHOHN CTPYKTypoii. B pabore [4] mokasa-
HO, YTO J€KOJUPOBAHKE IIPOU3BOJHHOTO JUHEHHOTO
roma asasgerca NP-tpynuoit 3amaueit. Ogmnaxko, me-
CMOTPS HA TO, UYTO KOJOBbIE KPUIITOCUCTEMbI UMEIOT
HEKOTOpPbIE MPEUMYIIeCTBa, 0COOEHHO B TOM, UTO
KacaeTcs BBIUIPBINIA [0 BpPEMEHH MIuQpPOBaAHUSL/
nmemudpoBanus [5], a TaKkxKe yCTOHYUBOCTH K JIEKO-
IUPOBAHWIO B MOCTKBAHTOBBIN mepuoy [6, 7], oun
WMEIOT U HeJIOCTATKH.

OTKPBITBIA KJII0Y, HAIIPUMEDP IJIs CUCTeMbl Mak-
dnuca, KaK IPaBUIO, UMeeT OONBIIYI0 IJIUHY II0
CpaBHEHHIO ¢ ajrebpanyecKUMH cucTeMamu. bosee
Toro, cucrema Mak-Onuca MMOABEpIKEHA arakKam,
CBSI3AHHBIM C JEKOIWPOBAHUEM IT0 WH(OPMAIUOH-
ubiM coBokymHocTaM (Information-Set Decoding,
ISD) [8]. Cpengnee umcio MOOBITOK HAWTH WHQOP-
MAaIMOHHBIH HAO0P 6e3 OmKnb0K 3HAYUTEIHHO MEHb-
1re, YeM [Jisi TI0JTHOTO Imepebopa o BceM BeKTopaMm
omrubok. Takum o6pasom, Ay JOCTHKEHNUS HEOOXO-
IUMOTO AMANa3oHa 6e30IacHOCTH KPHUIITOCHUCTEMbI
Magk-9auca TpebyrTcs KOIabl ¢ 60IbINEH AJIUHOH .
B wactaocTu, Maxk-9mauc mpeaiioKuI UCII0Ib30BaATh
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rox [ommier (1024, 524, 101), ucupasiasionuii ¢ = 50
OLIKUOOK, /15 KOTOPOrO IJIWHA OTKPBITOTO KJI0Ya CO-
crasiser 536 576 [9].

OpHako mcciaenoBaHMe KOMOBBIX KPHUIITOCHCTEM
MMO3BOJIMJIO CYIIECTBEHHO yMEHBIIUTH pasMep OT-
KpbiToro kiato4a [10, 11], a paspaboTka HOBBIX METO-
IOB pelieHus 3agadyu daxropusanuu [12] npusena
K TOMY, YTO pasMep OTKPBLITOTO Kjao4a anrebpande-
CKHX CHCTEM yBeju4wmici. B pesynbrare pasMepsl
OTKPBITHIX KJIIOYEH JJIs PAsHOr0 THUIIA CHCTEM CTa-
au cousmepumbiMu [13]. Tlomumo sTOroO, KOmoBbie
KPHUIITOCUCTEMBI BBIMIOJIHIIOT MEHbIIE OIepPaIlHi
¥ ONMHUPAIOTCSA HAa JUHEHHY0 aarebpy, Koropas pe-
anusyerca 3QdeKTHBHee, YeM apudMeTHIeCcKue
omeparuu. Takum 00pas3oM, KOMOBbIE KPUIITOCH-
CTeMBI JIyYIlle MOAXOAAT I Pealnu3alun «JIeTKOU
kpunrorpadguu», KoTopas crmocobHa o06ecrmeduThb
IOCTATOYHBIA yPOBEHb 0E30IACHOCTH B YCJIOBHIX
OTPaHWYEHHBIX BHIYUCIUTENBHBIX cucTeM [14, 15].

CyllecTByeT MHOKECTBO IOIXOI0B K YMEHbIIIe-
HUIO KJIIO4Yel KOMOBOM KpunrtocucremMbr [16-18],
OJTHUM M3 BO3MOKHBIX CIIOCOOOB CIIY:KHUT HCIIOIB30-
BaHUE IPeobpasyoIuX MATPHI], HEe SBJIAIOIIUXCS
mmepecTaHoBKaMHu. B 9TOM ciiydae paccTosHue Ipe-
06pa30BaHHOI0 KOJa MOYKET ObITh MEHBIIIE, YEM Y HC-
XOJIHOTO, ¥ TOTfa MpeobpasoBaHHBIA KO He Oyaer
HWCIOPABJSATH T€ OIMUOKH, KOTOPHIE MOT HCIPABUTH
ucXomHbIi. B crarbe mpemsiaraercsa ajaropuTM Io-
Jy4eHus MMPeobpasoBAHWM, MO3BOJISIOIINX yYMEHbB-
AT PACCTOIHUE UCXOTHOTO0 Kozxa. Mnesa ymenbiie-
HUS MHUHHMAaJIbHOTO KOJOBOTO PACCTOSHUS MOKET
OBITH II0JIE3HA CPasy II0 HeCKOJbKUM HAIPABIICHH-
sAM: BO-IIEPBBIX, YMEHBIIIEHHE pasMepa OTKPBITOTO
KJII0Ya, BO-BTOPBIX, 3AIIUTA OT aTakK, OCHOBAHHBIX
Ha [EKOJWPOBAHWK METOAOM WH(OPMAIMOHHBIX
COBOKymHOCTeH. PaspaboTaHHBIN WTEepaAIlMOHHBINA
aJrOPUTM MACKHUPYIONIUX MaTPHUIl (DOPMHUPYET Ma-
TPUILY, KOTOpas MIPH YMHOMKEHHUHM HA MOPOKIAI0-
I[yI0 MaTPHUIly KOIA AeslaeT BeC HEKOTOPBIX CTPOK
MaibiM. [Ipu MOMBITKE TEKOAHUPOBATDH MOy YeHHBIH
KO MeTOAOM HH(OPMAIIMOHHBIX COBOKYITHOCTEH
OyzeM II0Jy4YaTh OIIHOKH, 0COOEHHO €ClId KOJIHYe-
CTBO YMEHBIIIEHHBIX CTPOK BEJIHUKO.

AnropuT™ MOKeT 6BITh IPUMEHEH He TOJIbKO JJIs
KpunrorpauyecKux CUCTEM, HO ¥, HAIIPUMep, JJIT
IIOCTPOEHUs 6oJiee HANMEKHBIX KAHAJOB C TAMATBHIO
[19], a Takxe B Apyrux samadax, TPeOyIOIIHX CO-
KpaleHus nepegasaeMoi nHopMaIuu 6es moTepu
KOPPEeKTHPYIOIIuX cBoucTB [20].

dopMHupoBaHNE MAaCKUPYyIOMIEH MaTPHUIIBI
M BHEIPEHHE aJropurMa B cucremy Mak-
Jdiauca

3amady yMeHBIIEHUS MUHHUMAJbHOTO KOZOBOTO
PacCCTOSIHUSA 10 BEJIUYUHBI [ MOKHO PEIIUTh, YMEHb-
IIUB B OPOXKAAIOIIEeN MaTpuIle OGHY HUJIN HECKOIb-

KO cTpok 1o Beca [. ITocie hopMupoBaHUsA TOPOIK-
narome#t marpunsl G, xkoga Boysa — Yoyaxypu —
XokBuarxema (BYX) npuMeHUM HTepalUOHHBIN
aJITOPUTM, KOTOPBIH YMEHBIITUT CTPOKH.

Asnropurm:

1) dopmupyem mackupyromyio matpuiy M; nia
3aslaHHOH cTPoKH Gy;

2) nepemHoxaem marpurnel G, u M;, momyuaem
GpM;;

3) bopmupyem Mackupyionryo marpuny My mra
sagaHHOM cTpokn GpM;;

4) nepemuoxaem maTpunsl GpM; u My u 1. 1.

AropuT™M IPOHOJIKAETCA 0 TeX IOp, IOKA He
OyserT MOCTUTHYT JHUMHT Ha yYMEHbBIIEHHE CTPOK
60 He OyAeT JOCTUTHYTO TpedyeMoe KOIUYECTBO
«KOPOTKHX» CTPOK B MOPOKAAIOIIEIH MaTPHUIIE.

YMHOKEHHEe HA MACKUPYIOIIYI0 MATPHUILY IIOPOK-
IaeT HOBBIH KOA C YMEHBIIEHHBIM PACCTOTHUEM.
Yewm 6osblille B MOPOKAAIOIIEH MaTPUIE KOIA CTPOK
MHHUMAJIbHON [IJIHUHBI, T€M OOJbIlEe CI0B MHUHU-
MaJIbHOTO Beca IM0Jy4YaeM B CIIEKTPe BCeX CJIOB MJId
9TOrO KOJa.

Anroput™m dopMHUpOBaHUSI MACKHPYIOIIEH Ma-
TPUIILL:

1) ompemenseM TO3UIMK €NUHUI 3aJaHHOU
CTPOKH KOJa;

2) ueM IO TO3UIUSIM MOPOKIAIOIIEH MATPUIIBI
KOZa: ecji HOMEp CTPOKH M HOMep croJibra (60sb-
IINY WX PABHBIM HOMEpPY CTPOKH) €CTh B BBI/I€JICH-
HBIX IIO3UITUAX, TO CTABUM Ha HTY MIO3UIIUIO eIHHU-
11y, B IPOTHBHOM Cjiy4yae — HOJIb. KonmdecTBo exu-
HUII B CTPOKE OTPAHUYEHO 3aIaHHBIM ITapaMeTpoM;

3) Ha OCTAIbHBIX MTO3UITUAX CTABUM CTPOKH, KaK
B eIUHUYHOU MaTpHUIle.

AunropurMm paspaboraH TakuM 00pasoM, 4TO Ma-
TpUIA, IOJyYEeHHAS Ha KaKI0W UTepalnuu, He SB-
ngerca BeIpokAeHHOM. CremoBaTenbHO, AJA BOC-
CTAHOBJIEHUS HCXOJHOTO KOJA IOCTATOYHO HAUTHU
marpuiisl, obparasre M;, M, u 1. 1.

Buenpenue anropurmMa B KPUIITOCUCTEMY ITPOKC-
XOIHT CJIEMYIOIAM 00pasoM:

1) rak kax SG, maeT TOT sKe HA6OP KOJOBLIX CJIOB,
gT0 1 G, TO MaTpunei S MO:XHO IpeHeOpeds;

2) matpunia P 3aMeHsercsa Mackupyroiieid ma-
Tpunei M.

Ilonygaem kpunTocucTeMy Buaa

y=xGM + e.

Marpuna M nmonyueHa urepaioHHBIM aJITOPUT-
mom: M = M\M,,...M,,, rie k' — KOIHYeCTBO CTPOK,
BEC KOTOPBIX HEOOXOIUMO U3MEHHUTD.

Ecau Bec BexTOpa omubOK € 6paTh Kak IMOIXO-
namui n1a xoxa G, To HoBEIH Ko GyM mpu ycmo-
BuH, 4ro Mmarpura M yMmeHbIIaeT BeC JAOCTATOUHO
6ombIIOro KomuyecTBa cTpok G, ¢ BHICOKOM Bepo-
ATHOCTBIO HE CMOKET UCIPABUTH BCE HAJOKEHHBIE
omrrOku. ToabKO eraabHbBIN IOIH30BATENE, 3HATO-
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muit pasznoxenue G,M, cmoxeT KOPPEKTHO JeKOAH-
POBATh U BOCCTAHOBHUTb X.

IIpumepsl NpuMeHEHHU aIropuT™Ma
MaCKHPYIONINX MAaTPHIL

Jlnss mpoBepku paboThI aaropuTMa IIPOBEIEM
HECKOJIBKO SKCIIEPHMEHTOB U IIPOAHAIU3UPYEM pe-
3yJIbTATHI.

3a ocuoBy Opasu kox BUX ¢ moposxmaromieir ma-
tpunei G,. Xapakrepuctuku koga: n = 63, k = 18,
t = 10, rme n — mymMHA Koja, B — IJIMHA KOZOBOTO CJIO-
Ba, ! — KOJHUYECTBO UCIIPABIIAEMBIX KOIOM OITHOOK.

Ircnepumenm 1.

YcooBHe: TPH CJIOBA IJIHHBI 1 HA HEPBBIX TPEX
MMO3UIIUSX MATPHUIIBI KOZA.

Pasmepnocts crpok marpuner GoM: [1, 1, 1, 26,
20, 21, 23, 26, 28, 26, 28, 27, 27, 23, 22, 27, 23, 24]

JaHHBIH pe3yabTaT MAOCTHUTAETCA IyTEM IIO-
clle[0BaTeIbHOTO0 yMHOxeHHa MaTpunbl G, Ha
M = M;M,M,, xoropasd yMeHBIIaeT PasMepPHOCTH
1, 2 u 3-#1 CTPOKU COOTBETCTBEHHO 10 €IHHUIIBI.

CnexTp 1o cimoBam myisa koga BUX ¢ mackupyro-
me# marpurei: (1, 3,3,1,0,0,0,0,0,0,0,0,0, 0,
0,1, 3,6, 16..]

I/I3 cr[eIcha BHJIHO, YTO MHHHMAJbHaAd OJIHHA
cioBa, momuMo HyJs, paBua 1. KomwuecTBo cios,
HUMEIIuX MI/IHI/IMaJIBHyIO AJIUHY, paBHO TpeM.
CrnenoBarenbHO, KOPPEKTHUPYIOIIAsd CIIOCOOGHOCTH
HOBOT'0 KOJja cTaja paBHa 1.

IIpobyem nmerommpoBaTh MO WHGPOPMAITMOHHOH
COBOKYITHOCTH.

Kogupyewmoe cioso x: [0,0,0,0,0,1,0,0,0,0,0,
0,0,0,0,0,0,0]

Kogogoe cmoso y: [0,0,0,0,0,1,0,0,1,0,1,0, 1,
0,1,0,0,0,0,0,0,0,0,1,0,0,0,0,1,1,0,0,0,0,0,
0,0,0,0,0,0,1,1,1,1,1,0,0,1,0,1,0,0,0,0,0,0,
0,0,0,0,0,0]

ekrop omwubok err: [1,1,1,1,0,0, 0,0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,
0,0,0,0,0,0,0, 0]

CioBo, osrydueHHOe TIociie feKoaupoBanud: [1, 1,
1,0,0,1,0,0,0,0,0,0,0,0,0,0,0, 0]

Mo:xHO yBUAETD, YTO CJIOBA OTIAMYAIOTCI B TPEX
ourax (1, 2 u 3-m).

Ircnepumenm 2.

YcnoBue: Tpu ciioBa AJUHBI 1 HA CAyYalHbBIX T10-
3UITUAX MATPUIIBI KOJa.

Pasmepnocts crpok matpunsl GoM: [31, 1, 24, 1,
20, 25, 23, 27, 27, 30, 24, 1, 25, 24, 26, 23, 23, 26]

Hocruraercsa mocienoBaTeIbHBIM YMHOKEHHEM
maTpunsl G, sa M = M;M,M;, uTo ymenbIIaeT pas-
MEPHOCTH 2, 4 1 12-1 CTPOKY J0 € TUHUIEI.

CuexTp 1o cimoBam aia koxa BUX ¢ mackupyio-
meu marpunei: [1, 3, 3,1,0,0,0,0,0, 0,0, 0,0, 0,
0, 2,8, 20..]

IlepBble yeThbIpe MOSHIUK ITOJYYEHHOIO CIIEK-
Tpa COBHALAIOT CO CIEKTPOM M3 IIEPBOT0 SKCIIEPH-
menTa. CiiemoBaTe/IbHO, MUHHMAIbHOE PACCTOSTHUE
TaKoe Je.

IIpo6yem nmerxomupoBaTh MO0 HH(QPOPMAIMOHHOH
COBOKYITHOCTH.

Koaupyemoe cioro x: [0,0,0,0,0,1,0,0,0,0,0,
0,0,0,0,0,0,0]

Koposoe cmoso y: [0,0,0,0,0,1,0,0,1,0,1,0, 1,
o,10,0,0,0,0,0,0,0,1,0,0,0,0,1,1,0,0,0,0,0,
0,0,0,0,0,0,1,1,1,1,1,0,0,1,0,1,0,0,0,0,0,0,
0,0,0,0,0, 0]

exrop omwubok err: [1,1,1,1,0,0,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,O0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,O0,
0,0,0,0,0,0,0, 0]

CroBo, mosryuenHoe mociie aekoguposanus: [0, 1,
0,1,0,1,0,0,0,0,0,0,0,0,0,0,0, 0]

Ecnu cpaBHUTH ABa CI0Ba, N3HAYAIBHOE U IIOJIY-
YEeHHOE, TO OHU OTIUYAIOTCA B HECKOJIBKUX TTO3UIIH-
ax. Takum o6pasom, ISD gaer omubxy.

Ixrcnepumenm 3.

YcioBue: Tpu CI0Ba MJHUHBI 1 HA Tpex MOAPAX
UAYIIHX TO3UIUAX MATPUIBL KOa, CMEIeHre COBO-
KYITHOCTH OT HadaJja.

Pazmepnocts crpok marpuner GoM: (22, 1, 1, 1,
26, 20, 21, 23, 26, 28, 26, 28, 27, 27, 23, 22, 27, 23]

IATOT pesynbTaT IOCTHUTAETCS II0CIeI0BaATeNb-
HBIM yMHOxeHHeM marpunsl G, za M = M;M,M,,
YTO YMEHBIIIAeT Pa3sMepHOCThb 2, 3 U 4-i CTPOKH A0
eIV HHUIIBI.

Cuextp mo croBam ajid koga BUX ¢ mackupyio-
me# marpuneu: 1, 3, 3,1,0,0,0,0,0,0,0,0,0, 1,
3, 6, 16...]

IIpencraBneHHBIH CIIEKTP MOJTHOCTHIO COBIAA-
er co crekTpoMm u3 sxcuepumenta 1. [Ipobyem mexo-
IUPOBATH 10 WH(POPMAIIMOHHON COBOKYIIHOCTH, HO
BO3bMEM JIPYyroe KOZUPyeMoe CJIOBO.

Koaupyemoe cioso x: [1,1,1,0,0,0,0,0,0, 0,0,
0,0,0,0,0,0, 0]

Komogoe cmoso y: [1,1,0,0,0,0,0,1,1,1,1,0, 1,
0,0,0,0,0,0,0,0,0,1,1,1,1,1,0,0,1,0,0,1,0,0,
0,1,1,1,0,0,0,1,1,1,1,0,0,1,0,0,0,0,0,0,0,0,
0,0,0,0,0,0]

ekrop omwmbok err: [1,1,1,1,1,1,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0]

CioBo, moJryyeHHoOe 1ocJje aekoguposanust: [1, 0,
0,10,0,0,0,0,0,0,0,0,0,0,0,0, 0]

Kax Bugum, mojy4yeHHOE CJIOBO OTIMYAETCS OT
M3HAYAJIBHOTO, ciemoBarenbHo, ISD BHOBB moIry-
CTHJIO OIIHOKY.

Ixcnepumenm 4.

YcaoBue: TpU CJI0BA AJUHBI 2 HA TPeX MOAPSII
UAYIIUX TO3UIUAX MATPUIBI KOIA.

Pazmepnocts crpox marpunsr GoM: (2, 2, 2, 24,
20, 17, 25, 24, 26, 24, 32, 23, 25, 30, 22, 25, 23, 21]
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JaHHBIH pe3yabTaT MAOCTHUTAeTCd IIyTeM IIO-
clle[0BaTeIbHOTO0 yMHOxeHHsa wMaTpunbl G, Ha
M = M;M,M,, uTo ymMeHBIIaeT Pa3MepPHOCTH 2, 3 U
4-# cTpOKH 10 Beca 2.

CnexTp mmo cimoBam myia koga BUX ¢ mackupyro-
mieit marpunei: [1, 0, 3,0, 3,0,1,0,0,0, 0,0, 0, 0,
0,5,5,26..]

I/I3 CIIEKTPpa BHOHO, YTO MUHHUMAJIbHASA AJHWHA
cjioBa, IOMUMO HyJIs, paBHa 2. BugHna pasuuiia co
CIIEKTPaM4 NpeabIAyIUX SKCIIEPUMEHTOB.

IIpob6yem npexogmpoBaTh 1m0 WHGPOPMAI[MOHHOIN
COBOKYITHOCTH.

Kogupyewmoe cioso x: [0,0,0,0,0,1,0,0,1,0, 1,
0,0,0,0,0,0,0]

Kogogoe cmoso y: [0,0,0,0,0,1,0,0,0,1, 1, 0,0,
0,0,0,1,0,0,0,1,0,1,0,0,1,0,0,0,0,0,0,0,0, 1,
0,0,01,00,0,1,0,1,0,1,1,0,1,1,0,1,0,0, 1,0,
0,0,0,0,0, O]

BexTop ommubox err: [1,1,1,1,1,1,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,
0,0,0,0,0,0,0,0]

CoBo, mosryueHHOe Tociie ieKkoaupoBanusd: [1, 1,
1,0,0,1,0,0,1,0,1,0,0,0,0,0, 0, 0]

Pesyabrar ot xe. [IpumeuarenbHo, 4T0 METOS
ISD maet omubKy Ha MO3UIUAX U3MEHEHHBIX CTPOK
TOPOKAAIOIIEed MaTPUIbI.

Ircnepumenm 5.

YcioBue: TPU CIIOBA IJIWHBI 2 PACIONOKUTL HA
TIePBBIX TPeX MO3UIUAX, TAK jKe KaK U Ha CIydai-
HBIX TO3HIIMAX MAaTPHUIIBI KOAA, HE ymaeTci. JTO
MIPUBOAUT K YBEJIUYEHUIO YIKE YMEHbBIIIEHHBIX CTPOK
Koja.

Ixcnepumenm 6.

YcnoBue: 7Ba cioBa AJUHBI 3 HA MEPBHIX MO3U-
IUSX.

Pasmepnocts crpok marpunsl GyM: [3, 3, 30, 28,
25, 27, 21, 26, 20, 21, 25, 26, 21, 23, 26, 23, 29, 24]

[lonyuuTh faHHYIO PA3MEPHOCTb MOKHO, ITOCIe-
moBaTenbHO yMHOKUB Marpunel G, za M = M;M,,
YMEHBIIAIONIYI0 pa3MepHOCTh 1-H u 2-i CTPOKHU 10
Tpex.

CnexTp 1o cimoBam misa koxga BUX ¢ mackupyro-
me# marpurei: [1, 0,0, 2,0,0,1,0,0,0,0,0,0, 0,
4,2,9, 33..]

W3 cmexrpa BHAHO, YTO MHUHUMAIbHAS JJIUHA
cii0Ba, IOMHMO HyJis, paBHa 2. KomuuecTBo cioB,
UMEIUX MHUHHUMAIbHYIO [JHWHY, PABHO IBYM.
Koppexkrupyioiasa crroco6HOCTH HOBOTO KO/ia cTaia
paBHa TpeM.

IIpobyem npexogmpoBaTh M0 WHGPOPMAIIHOHHOI
COBOKYITHOCTH.

Kogupyewmoe cioso x: [0,0,0,0,0,1,0,0,0,0,0,
0,0,0,0,0,0,0]

Kogogoe cmoso y: [0,0,0,0,0,1,0,0,0,1,0,1, 1,
1,0,1,0,1,0,1,1,1,1,0,1,0,0,1,0,0,1,1,1, 1, 1,
0,01,1,00,1,1,0,0,1,1,1,1,0,1,0,0,0,0, 0,0,
0,0,0,0,0,0]

Bexrop ommwuboxk err: [1,1,1,1,1,1,0,0,0, 0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0]

CroBo, mosryduenHoe mociie gjekoguposanus: [1, 0,
0,0,0,1,0,0,0,0,0,0,0,0,0,0,0, 0]

Mertoa nHpOPMAIIMOHHBIX COBOKYIIHOCTEH CMOT
WCIIPABUTH BCE OIIUOKH, KPOME OHON. ITO CBA3AHO
C yBeJIMYEHHEM MUHUMAIHLHOTO PACCTOAHMS.

Ircnepumenm 7.

YcioBue: TPHU CIOBA AJHHBI 3 Ha MEPBBIX TPEX
MO3UIUAX MATPHUIILI KOIa, KAK U HA CAYYaWHBIX I10-
BUIUSX, HE [T0JIy4aeTcs CIearh.

W3 npoBeneHHBIX KCIEPUMEHTOB JejaeM IBa
BBIBOJIA:

1) ISD me maet Hy:xHOro pesyiabrara, meron ISD
ommubaeTcsa Ha TeX Ke MO3UI[UAX, YTO W HOMepa
«YKOPOYEHHBIX» CTPOK KOJa;

2) nHaubonee 9(P(PEKTUBHLIM ABISIETCA COKpa-
[I[eHWe [JINHBI HECKOIbKMX CTPOK 10 Beca 1, Tak
KaK 5TO I03BOJIIeT IPUMEHATH METO HaubOoabIlee
KOJIMYECTBO pas 6e3 yBeJIHWUYEHWsd AJIWHBI APYTUX
CTPOK IIPW HOBOM COKPAIIEHWH, YTO JAeT BO3MOK-
HOCTh MHUHHUMH3UPOBATH MAKCHMAJIBHOE YHCIIO
CTPOK.

3akjaroueHue

Paspa6oTka uTepanuoHHOrO ajJropuTMa MACKHU-
PYIOIIUX MaTPHUII, YMEHBIIAIOIETr0 KOJ0BOE PACCTO-
sSHUe, IPEeICTaBIIsIeT COO0M ITePCIIeKTUBHBIHN ITOIXO0]
K YCHJIEHHWI0 KPHUIITOrPA(UUECKON CTOHKOCTH CH-
crembl Mak-9nuca. AITOPUTM TaKKe MOMKET ObITb
YCIEIIHO MPUMEHEH B IPUIJIOKEHUIX, IIe Heo0Xo-
IVMO YMEHBIIIUTh pasMep IepeaasaeMoi nHpopMa-
1097078

OKCIEPUMEHTHI ¢ PaspaboTaHHBIM aATOPUTMOM
nokaszanu, uto ISD mioxo cpaBiageTcs ¢ moLydeH-
HBIM KOJIOM. JTO II03BOJIIET OOPOTHCA C MPOOIEeMOi
60JIBIIIOr0 pasMepa KJioda W CI0COOCTByeT pasBH-
THIO HAIIPABJIEHUS KOJIOBBIX KPUIITOCUCTEM B KPHII-
rTorpacun.

JlanpHelIne HWCCAEIOBAHUA 9TOTO aJrOPUTMA
MOryT OBITH HAIIPABIEHbI HA yTOYHEHUE IIapame-
TPOB, a TakKKe Ha PaspaboTKy HOBBIX METOIOB 3a-
IUTHI KOMOBBIX KPHUIITOCHCTEM, CIIOCOOHBIX O06e-
CIIEYUTh BHICOKMIH YPOBEHb 0E€30ITaCHOCTH B SIIOXY
KBAHTOBBIX BHIYUCIICHUM.

duHaHCOBAA MOJJIEPIKKA

Crarbhd IOArOTOBIIEHA B pesyjbTare IIpoBeje-
HHUs HCCIEJOBAHUA B paMKax [Iporpammsr ¢ymma-
MEHTAJIbHBIX uccienoBanuii HamwmonambHOro wuc-
CIIeJI0BATENbCKOT0 YHUBEpCcUTeTa «Bhicmas mkoia

sxkoHomMukn» (HWY BIITO).
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Algorithm for constructing matrices that reduce code distance

A. A. Vodnev?, Post-Graduate Student, orcid.org/0009-0002-3539-4292, vodnev.98@mail.ru
aHigher School of Economics, Tikhonov Moscow Institute of Electronics and Mathematics, 34, Tallinskaya St., 123458,
Moscow, Russian Federation

Introduction: Reducing code distance is an important tool for addressing certain problems in information theory and cryptography. For
example, in cryptographic coding systems such as McEliece, reducing the code distance directly affects the reduction of the public key length,
which is a critically important factor for increasing the efficiency and applicability of coding-based cryptosystems. Purpose: To develop a
matrix construction algorithm which is capable to effectively reduce code distance. Results: We propose an iterative algorithm that generates
a series of masking matrices, successfully reducing the distance of the given code. To validate this approach, we choose the BCH code and the
McEliece cryptographic system. We have conducted a series of experiments demonstrating the effectiveness of the developed algorithm. The
experiments involve applying the developed algorithm to the BCH code, after which the resulting code is integrated into the McEliece system.
The resulting cryptosystem is subjected to attacks based on information set decoding. The experimental results show that the transformed
codes are not susceptible to attacks based on information set decoding, and the weight of the generator matrix of the new code, which is
part of the public key, is reduced. Practical relevance: The inability to apply information set decoding makes it possible to reduce the
public key size in a cryptosystem, which is of significant interest for the practical application of coding-based cryptosystems. Discussion:
The application of this algorithm is not limited to cryptography. The proposed approach can also be applied to transforming communication
channels with memory. It is important to note that, for the full integration of matrices that reduce code distance into cryptographic systems,
verification of the error vector’s decodability after applying the reverse transformation is necessary, which is a subject for further research.

Keywords — error-correcting codes, code distance, cryptography, McEliece system, information set decoding, key size reduction.
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