Ncnonb3oBanne HopMaJjbHO dpopMbl CMura
s Kpasunukiandecknx LDPC konoB ¢
IIPOBEPOYHOI MATPUIIEN HEIIOJIHOTO paHra

. B. Anekcees (MI'V nm. M. B. Jlomonocosa, Mocksa)

Kompl ¢ mMasoii miorHocThio npoBepok Ha derHoctb (LDPC) 6b1-
Ji1 Buepsbie npeyiozkensl P. Taitarepom B [1], nosasee onu GbLin 1e-
peorkpeiTel JI. MakKeem u P. Hutom ([2]). Orn memoncTpupyroT Bo3-
MOKHOCTH II0 HCIPABJIEHUIO OMMUOOK, Oin3kue K mnpeneny lllenmnona.
Kpome Toro oHM 103BOJIAIOT PEATH3AINIO KOJEKA C BBICOKOH CTEIEHbBIO
rapaJuresiu3Ma, 9TO 0O3HAYAeT BO3MOYKHOCTD 3D MEKTUBHON IIPOrpaMM-
HO#l m ammapatHoit peasm3aruu. [losromy LDPC kompr ucmonb3yrorcs
BO MHOTUX OOJIACTSX: YKECTKUX JIMCKAX, OECIPOBOIHBIX KOMMYHUKAIIV-
ax u T.J. B manHoit pabore mpeiaraercs 3MQPEKTUBHBIN aJropuTM™
KOJIUPOBAHUS JIJIsI CJIydasi IPOBEPOYHON MATPHUILI OIIPEJIEJIEHHOI'O BH-
Ja, obsiajaommell HeloJHbIM paHroM. B paGore [3] upemnoxken apy-
roit 3 HEeKTUBHBIN aJrOpuTM, OCHOBAHHBIN HA KUTANUCKON Teopeme 00
OCTATKAX.

Kuarouesblie ciioBa: xkoguposanue, koyupl HIIITY, kBazunukimde-
cKue KOJipl, HopMaJsbHas dopma Cmura.

1. OcHoBHbIE OonIpeieIeHNs W MTOCTAHOBKA 33 IaYN

LDPC oz 3amaercs mpoBepounoii marpurnieit H. KogoBbiMu cjioBaMu siBJIsi-
FOTCSI T€ U TOJBKO Te BEKTOPHI X, s KoTopbix H -z = 0.

Onpepesienne 1. Marpuila Ha3bBaeTCs NUPKYJISIHTHOM (MM [UPKYJ/IsSTH-
TOM), €CJIM KAKJIblii ee PsiJi [OJIyIaeTCst IIMKJINIECKUM CJIBUTOM MIPE by TIe-
ro. To ecTh, MUKINYIECKas MATPUIA OTHO3HATHO OIMPEIEISIeTCS CBOUM IIEp-
BBIM PSIJIOM:
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B nammoit pabore momapasymeBaeTcs, UTO BCe a; HpuHaIex)aT Fo, X0Tsd, BO-
00111e TOBOPSI, PACCYXKIEHUsI OCTAIOTCA BEPHBI IJIsI JII0OOr0 MOJI XapaKTepu-
CTUKH 2.

Omnpenesienne 2. Marpuiia Ha3bIBaeTCsl KBA3UIUKIMUECKON, €C/In OHa 00-
pazoBana M x N GyioKaMu, KayKIblil 13 KOTOPBIX SBJISETCH IUPKYJISHTHOM.
YKazaHHble OJIOKM HA3bIBAIOTCH IUPKYJISTHTAMU.

Onpenenenue 3. [lupkyJsiHT Ha3bIBaeTCST POCTEUINM, €CJIM B KaXKJION
CTPOKE CONEP:KUTCSI POBHO OJHA eIuHuIla. lIpocTeimuii MUPKYJITHT IIpe-
cTaBJigeT cOOON eNMHUYIHYIO MATPUILY, CTOJIOIBI KOTOPOW CIBUHYTHI BIPABO
Ha, HEKOTOPYIO BEJIMUIUHY.

Omnpenenenne 4. Marpuita Has3bIBAETCA MPOCTeHIneil KBa3UINKITIECKOMN,
€CJIN KaxKJiasd MUPKYJISHT sIBJASIETCS JIMOO MPOCTEUIIUM IUPKYJISTHTOM, JIHOO
HYJIeBOI MaTpUIIEeH.

[Ipocreiinine KBa3UIUKINIECKIE MATPHUIIBI 9ACTO UCIOJIb3YIOTCH KaK [PO-
Bepounbie B LDPC-koj1ax, mOCKOJIBKY Jit0Dasi Takasi MATPUIA MOXKET ObITh
3a/1aHa HAOOPOM CJIBUI'OB, COOTBETCTBYIONMINX KaKJIOMy HUPKy/IdaTy. Kpo-
M€ TOTO, YMHOXKEHHUE Ha TaKyI0 MaTPHUILy MIPEICTAB/IsIET cODOI TpocTo HAbOp
CIABUTOB, 9TO obecrieanBaeT (PpHEKTUBHYIO ANAPATHYIO PEATH3AIINIO.

2. Koiblio IUMPKYJASHTOB MATPHUIL U HOpPMAaJbHasl
dopma Cmura

HecmoxkHo 11okazaTh, 9TO MAKJINIECKIE MATPUIIBI 00Pa3yI0T KOMMYTATHBHOE
KOJIBIIO C €MHUIIEH, B POJIT KOTOPOI BBICTYTAET €IWHUTHAS MaTPHILA.
HupKyITHTHI MOXKHO TaK?Ke IIPEICTABUTh B MTOJTUHOMUAILHOM Bue. Ecin

n—1
nocraBuTh B coorBeTcTBre C(0, A1, ...y Q1) > Y Q; - L', TO YMHOXKEHUIO
i=0
[UPKYJISHTHBIX MATPHIL Oy/IeT COOTBETCTBOBATH YMHOYKEHIE MHOIOYJICHOB 110
moayiio p(z) = ™ + 1. Takxke, yjn06HO paccMarpuBarh 3ameHy Z = © + 1,
KOTOpasi MO3BOJISET PACCMATPUBATH yYMHOMKEHHE MHOTOYWICHOB 110 MOJLYJIIO
P(Z) = 2"
Onpepenenne 5. ([2]) Marpunia H ¢ sjeMeHTaMu U3 KOJIbIa [OJIMHOMOB
Z[z]/x™ + 1 nasbiBaeTcs yHuUMOYIsApHO, ecau det(H) = 1.

VHUMO/Ty/IsIPHbIE MATPHILBI BCEra OOPATHMEI, TO €CTh cylecTByer H !
C 9JIeMEHTaMI U3 TOIO K€ KOJIbIA.

Ounpenenenne 6. Hopmanbaas dopma Cyura ([2]). [Tycrs 3amana marpu-
na H = (h;ij)ij=12n, S7EMEHTBI KOTOPOil IPHHAJIEKAT HEKOTOPOMY KOJIb-
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ny K siemenrtapHbix Jlesuresieil (Hanpumep, KoJiblly MHOroWwieHoB). To-
rIa MOXKHO BbIOpaTh MaTpulbl-eauHuilbl L mw R Tak, uro L X H X R =
diag(g1,92,---,9p,0,...,0), npuaém g; 41 genurcst Ha g; npu i = 1,...,p—1
(31€Ch MOIPa3yMEBAETCsI, YTO JUATrOHATbHAS MATPHUIIA JONOTHEHA /10 IPSIMO-
YTOJILHOI MATPHIILI HYJISIMH ).

B [3] nmokazano, 4T0 B KOJIBIO IUPKYJISHTOB TOXKE SIBJISETCS KOJIBIIOM
3JIEMEHTAPHBIX JICJIATETICH.

3. CraEgapTHBIN aJITOPUTM KOAWPOBAHUS

By,ZLGM paccMaTpuBaThb HpOCTefIIlII/Ie KBaSUIUKJ/IMIECCKHE MaTpPUIIbI, KOTOPbIE
nyTeM IepeCTaHOBKU IUPKYJ/IAHTOB MOXKHO IIPUBECTU K CJIEAYIOIIEMY BUIY

m o o HuY
2
H= @( ) [(2()) Hpy Hug )
1 2
Hp21 Hp21 Hp2,2 Hug
Bnecy IM u I?) — equnmanble MaTpuIp pasmepa mgl) -Cu m§2) -C, coot-
BETCTBEHHO.

Uudopmarmonnasi 9actb (T0 €CThb OHTHI, COOTBETCTBYIOIINE MOJb30Ba~
TEJIbCKOMY COODIIEHNIO) HoMedYeHa OYKBOIl u, IIPOBEepOYHast YacTh (KOTOPYIO
HAJI0 BBIYUCJIATE) oMedeHa GyKBOii p.

Taxkum obpasom, poBepoOYHAsT YacTh pa3bmBaeTcs Ha 3 9acTH: p =

", pa).

[TpoBepounbie ypaBHeHusT Oy/IyT 3aIIUCAHBI B CJIEIYIOIIEM BUJIEC:

pgl) + Hugl) X U =0

p§2)+Hpg2)><p2+Hu§2)><u =0

Hpéll) X pgl) + Hpgi) X p§2) + Hpoa X po+ Hug xu =0

[Tpeobpasyem sty cucremy meromom [aycca K Buiy

pgl) + Hugl) X U = 0;
p?) + Hpi2 X p2 + Huﬁ” Xu =05 (1)
ﬁ[pgxpg—i—lrluxu =0,

re Hp = Hpéll)XHp12+Hp§12) u Hu = Hpgll)xHugl)—&-Hpéll) ><Hu§2)+Hu2.
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(1)

3aMeTHM, YTO YacThb IPOBEPOYHBIX OUTOB — p; ' — MOXKeT OBIThL BbI-
YHCJIEHa HE3aBHCHUMO OT OCTaJbHBIX, U3 IepBoro ypasHenus B 7. Cie-

(2)

Jylomas 9acTb — P  — MOKeT OBITh IHOJIydeHa U3 BTOPOIO ypaBHEHH:
2 1 ..
pg — g praXp2 + H ug ) % U, HO JJIsl 9TOTO CHadaJja HeOOXOAUMO HAWTH Po.
B knaccudeckom ciiydae, TO ecTb KOTja ucxomuas marpunia H obsamaer

[OJTHBIM paHroM, MaTpuia Hp spiserca obpaTuMoOil u, CJIe0BATEIBHO, P2

- N1
MOXKeT ObITh TIOJTyYeHA U3 IIOCJIEIHETO YPABHEHUS KaK Py = (H p) X Hu xu.

4. Aaroput™M KOJAWPOBAHUS JAJIS MATPUI] HEIIOJTHOTO
paHra
B nannoit pabore paccMmarpuBaeTcs caydaii, Korma marpuiia H HemosiHOro

panra, To ectb Marpuna Hp saBiserca neobparumoii. Kpome Toro, mnpemo-
JIaraeTcsd, YTO MUPKYJISHTHI IIEPECTABIEHBI B TAKOM IOPSJIKE, YTO

M 0o o0 M o o Hd

rank | O 1@ Hpio| =rank| 0 1% Hp Hu?)
1 2

HpS) Hp$) Hpao HpY) HpS) Hpss Huy

Taxum obpazom, HeoOx0UMO 3PHEKTUBHO PEIIATh yPABHEHUS BUIA

Hp X ps = q, (2)

re ¢ = Hu X 4 MOXKeT GbITb HOJIYHeHO OBBITHBIM CIIOCOBOM.

pexcrasum Hp B BUe MATPHIBL COCTABICHHON 13 MHOTOWICHOB B KOJIb-

hn(z) . th(Z)

e Zo[z] /2" H = . e . B masbueiiem 6y1em ncmosis-
hMl(Z) v hMN(Z)
30BaTh 00O3HadMeHne A IS MATPHII, SIEMEHTHI KOTOPOil — MHOTOWICHEI,
COOTBETCTBYIOITHAE IUPKYJIAHTAM KBA3UIIUKINIECKON MaTPUILl A.

Cy1ecTByer mpeicTaBIeHne TOI MATPHUIBI B HOpMaJibHOI (popme CvuTta
LxHxR=D,rne L uR— varpunpr-emununp, a ) — quaronanbHast.
Hogcrasus B (?7), momyanm: L= D-R™1.py = ¢, otkyna ps = R-D'.L-q.
3neck MaTpuipl L 1 R — KBasumukinueckue, a D1 — ncespoobparnas K
D, 6ouno-muaronanbuas marpuna. [lockonbky marpunia D HeobpaTuma, TO
D! me OyzeT, BOODIIE TOBOPS, KBASUITUKINIECKOH.

WNuTepecHBIM ¢ TOYKU 3pEHUs] MPUJIOXKEHUI SIBJIsIETCS CJIydaii, Korja
pPaHT IIPOBEPOTHON MaTPHUILI HA 1 MEHbBIE MAKCHMAJbHOIO PaHTa, TO €CTb
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rank(H) = M -n — 1. B srom cayuae marpuna D umeer Bum D =
diag(1,1,...,1,Z + 1). Torma nceBmoobpaTHasi MaTpuUIla, SIBJSIETCS OJIOTHO-
mmaronasbroit: D1 = Diag(I,1,...,1,Q), rae MaTpuna () nMeeT BUJT:

1 1 0 ... 0 0 0
0O 1 1 ... 0 0 0
O 0 0 ... 1 1 0
O 0 0 ... 0 0 0

B urore AJITOPUTM KOJIUPOBAHUA BBIIVIAIUT CJICAYIOIIUM o6pa30M:

q3 = Hpiz X pa;

qs = Huy” X u;
(2)

P1

1. pgl) = Hugl) X U
2. q=Hu X u;

3.1 =L xg;

4. g =D x qi;
5. p2 = R X q;

6.

7.

8.

=q3 + q4.

B nymkrax 77, 77, 77, 77 mpoucxoanT yMHOXKEHHE Ha pa3pe:KeHHbe, a B
nyakTax 77, 77 — Ha IUIOTHBIE KBA3UIUKIMIECKHE MATPUIbl. B myrkTe 77
MIPOUCXOUT YMHOXKEHIE HA MATPUILY ODIIEro BUIA, pasMep KOTOPOH COBITa-
JIaeT C pasMepoM IHMPKYJIsTHTA. Bce MATPHIIBI, HCIOJb3yeMble B AJITOPUTME
BBIUUC/ISAIOTCS 3apaHee W XPaHSTCSI B TTAMSITH.

Asrop BoIpazkaer 6iaromapuocts 1. A. [TanTeneeBy 3a MI00TBOpPHBIE
JIUCKYCCHUU, B XO/€ KOTOPBIX BO3HUKJIA UJiesl JJaHHOI CTaThU.
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