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Abstract

The performance of low-density parity-check codes is investigated via methods of statistical mechanics. Low-density
parity-check codes is first invented by Gallager, which was abandoned shortly after its introduction due to the limited
computational abilities and recently rediscovered by MacKay and Neal as MN codes. In these codes, a message is
encoded to the codeword which comprises products of the message bits selected by two randomly-constructed sparse

matrices. The typical case analysis of statistical mechanics indicates a practical property of the particular family

of the codes, which could not be found within the framework of worst case analysis. Further, decoding aspects are

considered by investigating solutions obtained by a mean field approach, which is identical to the commonly used

belief propagation.
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AHTiX, MacKay 2 X Y Bayes#EM7 70 —F TR
N, BRICHEB L Saad I & o TEHBELUDOEAIC BV
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p=l  i€l(w)  jEI(w)

E¥h. KUK T b bBA
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LB, ZOFRTIR, 2BEOAE VEKS;, o RER
HBRLTWVWAHDT, J, OBERSHLFMT S L XiCH 2
B OB RS A

N
P(SW{Jugu}) = [ P(Sil{Juru}) (5.7)
. i=1

M
Pri{dss)) = [T Pill0mad)  (59)
j=1
ETMATHLENDD. BEA(5SE) YAVE L, BES
#(5.7), (5.8) DHTAY VLM S D k SDIE Sy H°
B50LE, KYFOE uBASOMHEN J, THEEILL
SE5RDELN

West (Jul Sk, {Jvzu})

N M
= Y ws(dlS, ) [ PSil{Junu}) [T Ps1{Tumn})
{Sizx} i#tk j=1
(5.9)

EFHETE 5. WHLORMTIE, FHESH (AvE—Y
DINAT R)

Po(Si) = %(1 + tanh F, S) (5.10)

PERATHLINOT, AEVERS CHT HHERSHIIET
ficET

P(Skl{Jvu}) = curPo(Sk) H Wegt (Ju| Sk, {Jov})
v#ER
(5.11)

L&ED, F422C, HPMICEMAL ERSHICET
LREPTRSEEAL T

1+ SipmS, '

—T o = P(SH{umud) (5.12)
14+ Sps

T & Wer(JulSk, (D) (B13)

2

— 888 —



RELEET B, 2EL, ou G REBLETT

agt= 3" Po(Se) [] Wer(J. |Sk:{J0¢V}) (5.14)

Sp=+1 v;éu

g = Zwsuﬂls 7) HP(S I{Ju;eu})HP (i { s}
itk j=1
(5.15)

BWHZLTwAS, AEVERrICoWTHRBICHERL
T, mp by, FEETBIENTES. #E S
BRrLT

mﬁk = tanh ( Z

tanh™1 k3, + F) (5.16)
vEM(k)/p

m,, = tanh Z tanh™! 7, + F, (6.17)
veM()/u

a7
g =Ju II mu I ™

(5.18)
i€l(u)/k JEI (1)

=y I] mu [I 7, (5.19)
e ATV

85 (8- o). VWEITORRD L )T, MBIHYRHER
4% % AW AR OHIX Thouless, Anderson,
Palmer &£\ 3 AOYBEFEHEICL > THO TR SN E
Eiohb. ZOLd, TOBOFYHFERIE TAP K
BREMTh TV 5 [12].

BP Tik TAP }#3RX(5.16)-(5.19) B HEBLD 7
WTYXARZEBLTWS, 2Fh, 185 2 —%
mSy, My, oy, My Ay =T I AXDINAT AT
&T%%ﬁﬂ%%ﬁ&éﬁtﬁé&m%ﬁ BlziE

mS, = tanh(F,), m7; = tanh(F,), Moy = 0,77 =0

(5.20)

ICEREL, TAP FERXZEMMICERDELFERHL Tw(
CEILLoTIEERS, FLT, Ave—YOBRESMA
SRR IS

mﬁ = tanh ( Z tanh™? 'ﬁzﬁ,- + F,) (5.21)

pEM(3)
LEHEL, BRI A vE-JVOHEHELELT

Pt = sign(my) (5.22)

¥1B5. ZOLE, AYVER S 0BRSS HFEYDEM
fE(5.21) B R E RS HFHOMEB.1) C—HL Twh
¥, BPid Bayes e 25 LEEX 52T 5

72, FABEBTTTIIRLAVT ) IEICL 28
FRAOFME ARG THEL 7 BP ITLAHEIc L 3
BABREAROEBEZITo72. DEX, Xyt —Vid
N = 10000 DK% X T, TAP #RRi L 551k 10

RFRE ) 7 4 BT O SRR

BITOFYTMEL 7. T/, BREIBEDTIEVOTE
ERIEHLE. HT1TRAYE-—VDONATAf, %
BALS 2 &I, AR (ES LA BT T 5 K08) &
RN (EFT R T 21K8) 0 1 REBISEI 54
BREFMLI:. NATAFRVEE (+) L HDHE (o)
O TAP AR LB INR T, X1 7T A¥H L5
OBEFBROFE (O) HLh T b, 72RL, Hi
HADF| X AAEBUIFEHICNE , BB LZLICZO
BRERET A LRERMCRTRICZ > TWS, 7.2
TRAYE—=TDNATANRNE & (f, =05), HFL
IS L 7o RE 2 SRR I I R TR E 2 SRR
BT AR (AE ) =T V#R) 2 BEHER (o) & TAP 5%
R KCEoTHFMELA, RE TV (0) KVETT
i, MEEBRIHE-EETH 5O THHEECHEDLLT,
TAP FBRC Lo T OMEERT A ENTES, 2
h, AP EHLOESILORREER S,

BP 2N T % F T4 2 FHERIZEERINC O(N) T,
+HERCHA I ESETHI LIS, TOFHIX
ORI LHIRIZ, REYER S OBHRI FY LR
BICTFEL R TH B,

1

Shannon bound —
°

RS(biased)
08 ‘TAP(non bissed) +
TAP(biased) O

0.6

RH(fs)

04

02

0

0 0.1 0.2 03 04 0.5
4

R71 AvE—=YDNALTRf, 2F{tsgit
BiC, MM (ESLATRT T 5 R08) & BRH
A (HSARET 2R1E) © 1 REBARE 515
FEFMHBLA. NATADPLBZVHE (+) LD I2HE
(0) @ TAP FRRUC X 2 3EICHIA T, /84 7 Ad¢
b 5 BEoBRNFEAOFE (O) M HErhTna.

Shannon bound —
08| RS ¢

TAP +
06

04 »

02 *

0

0 0.1 0.2 03 04 0.5
4

72 Xve—VONATANRWVEE (f, =
0.5), WHLICHIEL - R E2 AR ICIZ THE
RELREMERIHRAT IR (R ) -V LK) £ &
EFBR (o) & TAP HBR (+) I & o TEHMEL 7

X7 BP

— 889 —



Ml SZA

52 EU—7-70O15F—3 30 &5

BIMiOERD S, BP ik TAP 518X (5.16)- (5.19) % (F
BN B &R 72) /35 A — & O L %2 A ED S F
BIEHFL TV TAVT YV AATHAH I ENEBTES,
Zhk %, TAP 5185 (5.16)-(5.19) A5 BAMICHER L 72
I h oY —HE(4.42) DB EHERN(4.43)-(4.46) & —HK
LTWAEEIREICET S, 43HOBREYSECTH
i, LDPCHF5 DL 7Y AT (FH5HER) & TAP 512
ROKFE (FHEHEM) D5 X HHRIIF—TH 5 L
FHETES. L 7Y HEEITH Bayes B2 B 5 bikic&o
WTWBZ L FBWHSE, TAP FERIC L - TH#%

ML CEHE RN RSN YT/ BP I3, BHEHERT

Bayes BB IS —H T A LI 5., EBE, M7 BP
OEDTHVWEEZRLTWAS, 2%, BPIZERNER
BRIV BEET 5 ERALRET R ZDOTHS.

o7}
f

nnh
]}

AR TIF, BEE/S) T 1 RESS (LDPC #5) D
Bayes BB 2 H 5L BRI S HHEEH L HOFMAE
VT ADBERBREFICRET AT LICEEL, V7Y
Ak RICTGER T EHETSHIET, 595 LDPC
HEDMEEL FOBRBMLGEITTHEST 5 Z L ITEIIL 7.
Z DR, KEROBERBITTIERTEE 572 K=222
L=2 2B} 250 BN 2 EBEHIBHEN, 2008
BLHBL CEANEAFILZEESH S Z LB .
ZOFEERVGE, BRCES LR OL, Ay e-T
DEBALA LB T AHERINT L AL BV I LARETHITR
ENIDTHL. SHICFELAFARSG L, ZOFFOEK
LRI BERERISEL, TORBLLLEINT
WRWERETHBROTEBRELASTH S Z 25 ho
7o, 86U, BEMLEFTLOHEMN L L T Bayes HaT DI
BrLERENAE Y —7 - Fusy — ar (BP) 7,
METHEONBHTIZT V¥ AZROFPELE L TEAZ
N5 TAP FERC L - TEBNTON D T LICERL 7.
ZDEE, VL7 hEETE TAP FRER B L FHE
ELOBERC BT 5 ERESHED S, BP A Bayes &#
ZIESLECE T AR EANET BN TH L &
PREEL 2. F72, ATl 227225, LDPCHH
DAL /B ELDOBBICITFHEEN L —F SIS FEET
5., IO, LDPCHFTEFIHL - AR5 H A
BETH D, BREVEETH LD, FRXOFE,SEB
LTLEIBATORVOT, BFBICEGERLTBLIC
o5,

B

MM EORBRAMNEEIIZ, LY HESL TAP 5
ARE S VY LAROYEEDRBHRER LR D ik HgH
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