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Abstract: Research on LDPC codes is in the ascendant nowadays. OQur paper has done some work on the proposition of
“performance of different codes in the same family constrained by weight distribution polynomials” . Different codes of the same
weight distribution are listed, and the results indicate the upper performance bound is determined by density evolution theory and the
lower performance bound by the Fill-Shift construction method . Furthermore, the codes in the set of elementary matrix transforma-
tion share the same error-correction performance but different coding complexity. We can get a conclusion that codes constrained by
weight distribution polynomial can be divided into many groups, performance among different groups is not the same, it depends on
the loops length and distribution, and performance in the same group is identical. What we can do now is that to find the best group
and do suitable transformations if given weight distribution polynomials. Through this paper, we can see that a new idea for code
constructing is also presented. If the relations between big girth of LDPC codes and weight distribution polynomial are discovered,
new codes can be achieved only by the weight distribution polynomial, the currently used method given in references for code con-
structing will-be less useful. We can think that we have found a completely different method to construct LDPC codes.

Key words:  low density parity check(LDPC) codes; density evolution; code family; elementary transformation; weight distri-
bution polynomial

T RLZAT BT B FEPERE A SO0k — kAT 1020

1 5

i

ILDPC(Low Density Parity Check) i & — Fh £& ¥ /3 41
5, i Gallager 75 1962 4E42 Hi 1996 4F , MacKay Fil Neal
RO 2 B . R A LDPC 05 0] LAk 2] Turbo 5 [R]AF 1)
PERED T fe B BF 98 22 0, A A6 T B9 JE B LDPC
T HES 3 . Turbo T BE 47 iy MERED .

k(448 FE A —E i o A N R RS EE &
SR AR, S e i P Re 45 A1 22 5%, OF Lk
— PR T AR ARG R IR B

Wik H 497 :2006-12-25; & 81 H 9 : 2007-06-05

W5, 4950 TR E P45 6 - 2 b AL B e v] LAAS 3] &
R LDPC WP BE A HIIE R AR 4 i)
S -B 3l (Fill-Shift) A] LS 200 45 A 1M BE T B
Xof A 56 4 A AR A5 W AR 4545 21 1Y) LDPC B 1 RE AR 15
AL R XX S S5 HEA T A

2 LDPC BBREHEFEHNEEN AR

K E R AR AR LDPC A (1) 8 56 45 4 . 7] —
25 LDPC 5% 56 45 [ 1 5 #5343 A A1) DL 20 A R



2136 L S N 2007 4F
A = m, + (= Dm{ Y (5)
Alx) = 2 A (1) 7E SRR Z
SR A, R T 80 T T2 A T R o 48t b(x) = [1 , ijtanhgc W )

FE, d, 9 R R A EE iR 0 R OR(EL. AR [7]—2€ LDPC %
AR A 1) A 7 i A AT LR R o «

p(x) = Z; o' ! (2)
o o TR E RN ;AT I FE B TR R M P T 1 4 i
Eb, d, AR R AT TR R Y S R E.

A E A A 2 (1) T (2) FIF 5 3 %) LDPC A% 4 4
A5 B AN 22 (0[] B AR 7R, 4 4 HP 1 A [ A 750
MEESAER T HEEH A, XA &
A7 TR R 3k — [ R A 543 #r
3 ZFEHUEBEREMEESHRXAERL LDPC B

Eikae LR

ARk—fgetk, ZEmN (O MR Q) AR (4, d.)
FUN LDPC 1, d, 2% 7 AV s B a5 3% 2 10 A 361 05 4K
H, d, 2R AR s B B S8 H  AE &
(RGP RAE DU A5 B s R 565 5 26 0 Hh
L FIPE B R S NS HGE W d, - LAME T
SEAEEE BB AL RS R AR T I B — A5 BT
LGB SN S HEER d, - 1 AR AR
BB AN S 3R A AR T I 5 — A T A

FRAFEEA n KGR B AR 0 IREEAR
W SR BT A SR A R HE 2 o Y £ 5 fid e )
B ARSI R PR Ginth 5K, DU T S5 BT A5 A
ANHEI DR e BT R A 5 B 5 R R A
AR ST A SR s A B AR R 0 A PR
XFFILT 545 Bl HLA 35 %9 LDPC f5 1 JLF- T A (% A
eV, I PEREHS 1 I T BRI S T iR g, B o
UEAR G V5 B BRI 19 o5 L ARAS B 251 T B

pu—— / :1 Y S5 - A i
S o= log L= e it

p(y/x=-1)
w=log L/ =1 e e L ARG

p(y'/x' = -1)
A, A

=Dy 3)

tanh % = U tanh %L (4)

uo A VE S 2 B OATH OB B A Y )L SR e, R A
N(2/a® 47V RGNS G m, . m, 1 m, 595

wv Mug BFEEL A, 20d 1 0GR UE X T —A
BOh o BAE B A

1
L5 L YA A BRI K B I B 2 2
3
(I‘
A= 20 AN 2mh) (7)
i=2
3 (7) 0 ARSI

U(I)

dr
] =05 D) (8)
TESE 1 AR, BRSSO Sar HE A

E[tanh

d;
m =41 (1-[1= 2 gm0 (9)
3 A RN 2,3, -, RSB 1 £, T L5 5

v

mi= DY ol ) Abm, + (- Dm )T

(10)
B, FRATRT LA B i 2 (1) A1 (2) 293 LDPC
i e LRI E e 5™ = m, = inf(R7), N* 2
m{P— 0 X4 > oo | Bl LDPC 5 BE 45 Z2 (9 e 75 77 2% | R
R2/st ARV, A (x) BT o (x) Y 438 LDPC
i MERR IR AT S T LA B M sy 22 BBy 2757,
M7 ZEART X AT TBR I, HZLE AR KL 98 £ |, 1R 65K
A LA A ST AR A B
4 Fill-Shift #3iEXFARBE S BE TR
AT IRATIA T — A sl A X R
LDPC A3 53 % Sk 5 T LDPC A A 85 RE Y T
B, B SR FRATTTCHE 25 A AT A 52 R B L T DA it
IR UNioR i SULLR
4.1 Fill-Shift #3i% LDPC f3 & ;%
Fill-Shift 553 B AR By SC 4 BEAT B B A0 A 2R 4 R
S e BR AT B YR B K I T o) A 6 A I 1 Bk — 4T
NAE B AT AT S, X it B A, AT 3 oA X
MER i 2 (R ARG 9 F oA A 2Kk
XF—PHEESMAMAX () (DA RD M= N1
WG FE R AT H i AT
H ,;=0,1<i<M,I<j<N (11)
M i=2,3,,d, I,
H ,=1,M(oy+ - +p,_ 1) +l<x<M(py+-+ 0,1 + 0;)
I<sy<i (12)
AR— ek, FHBENEEIN B’ vi<i<N,
EFR. 1S



o1

Pk TR A AR LDPC ASPERET 5% 2137

N+ Az+ 4+ 4 ) i< N(Ay+ A3+ + 4+ 4)
(13)
Wiz g By j, Ak AR ORI U AL E
AN KT A 17 WK A 3 B e X AT A
HH—D 0 MALE XA | P ol 8 A
AR5 SR AR A 1 R
2= M;
do while( Hy ; + Hy_y i+ + H, ;< j)lz= =3}
for [=1toz—1do|

it H =1
H; ;=0;
k=i+1;

do while H; ;1 |
H . =1;
kE+ +;
breaks; |}
& 1 Fill-Shift B A

T LA R B RS W AR B X R
A SRR N AL A& 4 (AR A SRS 43
Jis . AT LAE H, FIR Fill-Shift 2554403 (1 LDPC R 36
B (1) () BB LDPC I 4E 4 10 T4, B 1 21 45
PEBEA N T E A 22 R LDPC T 145 5. Rl e
i 18 T UE AL S 25 A RE B BR S [R] , Fill=Shift #4
WITEL T LDPC A5 PR RE T PR . AR A8 15 5 2
IR BEAR Y AL 7E S B 1 FH AT R A (AL, (LR X
HIA A48 X
4.2 Fill-Shift #33& &L R0 2 $E M A

XL FRATHE Fill-Shife 74 1% 535 @05 44 58 71 PEG J7
ek T MR REVEA T LA, AT LAAS B b A B Bl A 4 SR
ML 2 AT DL e, Fill-Shife 553565 25 14 3 Floid 4 fe #R AR
%, I T PEG g2 g5 ke , 3F B AR T — ik Bl Bl
T RE , 3 B AT 46 th ] 55 AN iR R AR T RS R
M LU Y b SRS SRS O B, T H 3 T AR
A IE HAR S SRR AL F — A e 7K F b X
MG AR WL H S, X P LDPC 5 H1 PEG 5574 44 1

10°
» gk
107" G qﬂ%g«:ewﬁ&ie«%ﬁ
i TOOTE A AR LAy vt -
8 Vo AL
&
3107 g %oy
i % N
X n o
0%k o
—&— PEG JvitERE 74K 1000,/5% 0.9
— »—- Fill-Shift7% 1t fg ,F51K 1000, 0.9
L| 9 PEG JPILtEAE K 1000,/ 0.8 Y
107 [ -+ Fill-Shift75: k% , 751K 1000,75% 0.8 V
--@-- PEG J7iktERE 191K 1000, % 0.7 |
--4-- Fill-Shift¥: A , 754 1000,75% 0.7 Y
-5 L L L L L L
1075 0.5 1 15 2 25 3 35

f5WBLL
B2 &N 1000 K as R

() LDPC t 1 7] J& - [a] — % 51 & 0 A X 2 o i 4
G X PG AT LME B LDPC i RER — N EE S
B-IRFEOR 3HT
Fill-Shift 77 B 763 LDPC 5% 1Y 3 T rp B % 18 30
B —FHE S MR, X — M5 7 A AR T R g
FIFRESECH , an il 4 JrR , T Lk 6 3R BRI
R4 TAR KA LL R, 28K, 3 e H AR ME A7 34
BeEFBORITRE  (HIRATAT L4y A WA FIE FE AT
FE ol WA 6 A B 1 TR, A T R 1 3 JR AT 1ok FE A
FISE ST (R AT RS 31 (Shift) , A& 4.1 T A 171
FEANEE B (H 38 i B R 8 AR R ), 6 — N
A(x)=0.3x2+0.322+0.25x* + 0. 15%"  (14)

o(x)=0.54x" + 0.46x° (15)
YT 50 60 1 56 ARG 1 SR e 18 A7 4% 3l 20 3l
P 3 R 4 Bz, 4 R RN 1 ST R BT LR B L
.
HR 4 LDPC A3A 8% 11
E SIS FE 5
15 96 J A Fg AT

REXCH WIS )y 4 20f
SR A0 F IR Go]
1B H R E ) 4 ss)
EPT S 1) |
REED 4 [9RB,  sol
K{Xﬁﬂlﬂﬂ,j&ﬁﬁ% nz=273

KB 6.8 & M3 Res RS

Wi B EAERBNA o I

10 20 30 40 50 60

I BOETFBORIE O T

HERKERN 41 ) ""’iiignz__

R0 AR 2 Fhe
25} o

ME M A Girth Y
E XA DL ARIX —  asf

AL 4B, fE ] o
BRI EE o .
j(ﬁ?}ﬁ//l‘,{ﬂ,ﬁi%% 0 10 20 nz=333 40 50 60

LT SR PN 4 RRIERTBEE

FBCE , AN, IR 3 M E RS 5K T R
5 A B, w0 H 3 AR B UM ey, i HaxX 5 M E
B R 3 AR AR A8 T 3 745 Tk i = 3 iE
VL2 FE VAL BRAE P BOR AN AR IR, B 2 T B
PEG J7 % IR EE S B T Jey B e KAk, IR Fill-Shift 53
Fa3 19 LDPC 75 A0 24 48 v BE fe 22 ik A5 31 T & B
.
5 KIEEBFEATHERENA

o B AT R4 TR A A 6 A A At 45 7 e 15 3]



2138 H +

S 1 2007 4F

MER LDPC RS BUR B 2, I 2 N A4S, BATE
SRR R B — N BRI LA TN 2 — A
LG A, ELR S BT G e Ak 22 A B Y 20 1 RE Y 22
S AR SRR B KR, AT B A Hrp g JLAS
AARERER AR R HED Lo ok S R M Be . T T TR
T3k 4 A & o A A R PE RIS A, 43002 - SCHR[ 7
FE SCHY SRR 5 BENLS) AR 40 | %) H e 3 HE S A R
AR .
5.1 REMEFFARYETIR
AR IR B A TR S5 1 R R B AR A T AR
KA AH = AT = 5 A A ]
A(x)=0.175x +0.45%% +0.375%° (16)
p(x) =’ (17)
PRI B TR T SCRIR [ 4 182 H Ay i R
5.2 REEFERIMERELLE
&5 45T 3a/4 T2 IDPC Y 3 Filt i 750 4] 46 75 $6
HPERE Fe 4, £ LR AWGN 518 , 15 & A FEAR (1) {5
it e B, JCRS ] BRI . T AR A4S R IR e N Y
I 4 B EIA LT 58 440 R 0 2 B pERe , LA 18 A s
A LDPC i A 2L 25 5L, 25 FE 3 W 75 1) AN 58 42 Bl
B A S B 1 i A BR M, FRATT AT Ak, A 3 B
W17 W 5 A5 2 R[] LDPC RS 7RG A ] Y 2 55 M BE
XSG IRATAE RIS 2 7 A B AR — 0 .

~4- origin
—+ colweight
5 102 —&- uptriangle
a 4 < rand
10°
i
10 1 I 1 I
0 0.5 1 1.5 2 25

5 MR LE (E4/No)
E5 ARIERSS LDPCHEMHRE

FIRZEIE AT\ LDPG A5 il 24 5 5 35 3 i 10
AT A FRAT A 2 W5 s ./ 0, FRATT AT DA A 55
KA AR e ANHE AR B AR R AR S R = A A5
XA AR AT DRI it 52 2% 5 5 e S B 2R 48 4 A 1 3
AR PERES . AN, TR AT AT LIRSS S TR 4 AT Y
S 6 0 o 7 14 £ B4 5 22 A A S R ) X — o, 4
8 6 4 0 A A0 2 A o, 0 B ) £ A 5 o T A
BRI, MBS T 2 A 00 00 e b A7 29 5, DT fef
X B BT SRR A 2 R e n TR
Pty F P g — e i DRSS B4

6 EENHRAFRH LDPC BBHIMRESLES

i BRI 3.4 F1 5 AT LUA 7R R — AN E R A
AR LDPC T N, A [R5 50 2 18] f) 1R BE A T e
AATR] , L n] BEZE IR . M BB AR [ A9 6 Y Ak T —

TR AR AT B R B 45 o, PR REAS R B0 % 4 0 4k
AR RS A rp . FRAT AT LI, b E 4 A 5K
ZYP Y LDPC A 415 14 BE W] LA 43 A ) R AR 2 41> 4E
A, X LEEE A R PR RE S AN [R] 1Y, PR 1 B e I A AT 2R
WU RS AT FER B E T 7E [7] — > 56 A AL RR 1A
()AL 7R 2 [ 1 R e AR [) 19 . DR g 7 2 78 o6 A1 5
FAFT , FHRASEERE R A LDPC 45, [, X 1%
FUR R EA T 5 B JE A0 2 A 48, A AT LS B AR 48
2 i R g o0 T A B Y PR AP, o AT A/ A 9 Y

S 3k

[1] Gallager R G. Low-density parity-check codes[J].IRE Trans-
actions on Information Theory ;1962,8(1) :21 - 28.

[2] D J C MacKay,R M Neal. Near Shannon limit performance of
low density parity check codes[J]. Electron Lett, 1996, 32
(18):1645 < 1646.

[3]SY Chung, G D Forney Jr, T J Richardson, R Urbanke. On the
design of low-density parity-check codes within 0.0045 dB of
the ‘Shannon limit[ J]. IEEE Commun Lett,2002,5(2):58 —
60.

(4] BARNK, 55 TEH 5% Sl {5 1 e (5 1 i AR [M].
JE AT AR L A2 iRt , 200468 - 70.

(5T BMNE AR %% A AR B A5 2 R A B R T I FR A5 [ D
deat: AR, 2005,

Yin Liu-guo. Coding Technique and Application Studies on
Low-Density Parity-Check codes[ D]. Beijing: Tsinghua Uni-
versity,2005. (in Chinese)

[6] Chung S-Y, Richardson TJ, Urbanke R. L. Analysis of sum-
product decoding of low-density parity-check codes using a
Gaussian approximation[ J] . IEEE Transactions on Information
Theory,2001,47(2) :657 — 670.

[7] IEEE STD 802. 16e, Air Interface for Fixed and Mobile Broad-
band Wireless Access Systems[S] .

[8] Bk, 55 —Fh AL TS FR R 11 LDPC T4y 38 Jr vk [T].
FSAb T, 2007,23(2) :288 - 292.

Yao Chun-guang, et al. One method for LDPC codes construc-
tion based on average-cycle [ J]. Signal Processing, 2007, 23
(2):288 — 292(in Chinese)

[9] T Richardson, R LUrbanke. Efficient encoding of low-density
parity-check codes[ J].IEEE Trans Information Theory, 2001,
47 (2):638 - 636.

[10] THASHH, 45 AR B LDPC 5 (1 A 55 55 1R A b vk RE A 52

(3] 3241, 2005,26(11) : 132 - 136.
Ma Pi-ming, et al.Research on unequal error protection of ir-
regular LDPC codes[ J] . Journal on Communications, 2005 ,26
(11):132 = 136. (in Chinese)

[11] ETSI EN 302 307-2005, Digital Video Broadcasting (DVB)



o1 W Pk TR A AR LDPC ASPERET 5% 2139

[s]. 1001.

[12] Mao Yong-Yi,Banihashemi A H. A heuristic search for good [14] J Campello, D S Modha, S Rajagopalan. Designing LDPC
low-density parity-check codes at short block lengths[ A ]. codes using bit-filling[ A] . IEEE International Conference on
IEEE International Conference on Communications [ C ]. Communications| C] . Helsinki, Finland: IEEE, 2001 .55 - 59.
Helsinki, Finland: IEEE, 2001 .41 — 44. [15]7J Campello, D S Modha. Extended bit-filling and LDPC code

[13] Hu Xiao-yu, Eleftheriou E, Arnold D-M. Progressive edge- design[ A]. IEEE Global Telecommunications Conference
growth tanner graphs[ A]. IEEE Global Telecommunications [C].San Antonio, TX, USA:IEEE, 2001 .985 — 989.

Conference[ C ] . San Antonio, TX, USA: IEEE, 2001 . 995 —

{EHE I B, 1964 AFEE T AL EK, MR L
BEX J,1975F 9 HAET ARG, [FE 0. SRR Sy TR AR | O3 15 0
BIRHE A TE e BE S A BE 5T 1 D TR T AR | (5 .
AL [FEREHARMFIE M4 ‘ :L
E-mail : ychg75 @163 com —

B B f,1972 A Wk, TORRIE . T RNESE T o TLA
{5 TCR U AT





