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Abstract— The combination of the low-density parity-
check (LDPC) codes and the iterative decoding algorithm
has shown high performance. A well-known iterative decod-
ing algorithm, the belief-propagation (BP) decoding algo-
rithm, decodes all symbols in parallel at each iteration. An
improved BP decoding algorithm, the shufled BP decoding
algorithm, decodes each symbol in serial at each iteration.
To reduce the decoding delay of the shuffled BP decoding
algorithm, the group shuffled BP decoding algorithm di-
vides all symbols into some number of groups. It processes
each group in serial, and all symbols in a same group in
parallel. While it generates the groups in symbol positions
order, in this paper we propose a new symbol grouping algo-
rithm which generates group with respect to the structure
of a graph in Tanner graph of the codes. We show simula-
tion results which indicate that the decoding performance
of the proposed method is better than those of the shuffled
BP decoding algorithm and the group shuffled BP decoding
algorithm.

Keywords— low-density parity-check code, belief propa-
gation decoding, shuffled BP decoding, Tanner graph, sym-
bol grouping method

1 0000

00000oooo (LDPC) OO [1),[21 D O1962 0
O R.G. Galager 000000000 DODODOOOOODO
O000oooooooooooooooOooooon
O000D000oDoDOoooLbpCOOODOODOOOO
000000 belief-propagation (BP) U0 O O O sum-
product 000 0O00OO0OOOLDPCOOOOOOOOO
O0000ooooooooooooooooooon
000000000000 0D0oDO LbpCOO0OO
O0BPOOOOODOOOOOOO Shannon O OO
00000000000 0O0O 3L,4oooooooo
0000000 NOODOO O(N)ODOOooooooo
oo

BpOODOODOODOOOOODOOOODOOOODOOO
00000 BPOODOODOODOOOODODOOOOOO
O0000oooooooooooogooooooon

*0169-855 00 0000OO0OO 34-1000000000O0CODO
00000 00OSchool of Science and Engineering, Waseda Uni-
versity, Okubo 3—-4-1, Shinjuku-ku, Tokyo, 169-8555 Japan.
E-mail: yosiyuki@hirasa.mgmt.waseda.ac.jp

T0169-8050 0 DO0DDOOOO 1-6-1 00000000000
000000000 Media Network Center,Waseda University,
Totsuka-Machi 1-104, Shinjuku-ku, Tokyo, 169-8050 Japan.

Hideki YAGI

18

oooof gooo-

Shigeichi HIRASAWA

ooooOD0OO00O0b0DODOO0O0oOODO Shuffled BP
000 [5),[6),[7000000000000000 (00)
ggobobooobbooboobboboooobbo
gboooooooooobooobooboobooo
oobooooobooooobooooobooooboooon
Shufled BPOODODOODOOOOODOODOOOOODOO
goboooooboooobooooboboooooo
gboooobooboobooboobboooooo
ggogbbuoogoboboogbbuooooooboo
ggobbooobboooooobboooobooo
0000000000000 00 Group Shuffled BP O
00 [5],[6,[770 0000000 0OGroup Shuffled BP O
0000000000 Shufled BPOOOODODOOOO
0000000000000 0D000000dShuffled
BPOOOOOOOD [6],[8],[9],[7]0 000000000
o0ooooo0o0o00o0ooDOo0oO0ob0O0oO0o0o0nGroup
Shufled BPODOOOOOOOOODOODOOOOODOO
godoooobbobboooooooboobo

Group Shuffied BP 0O O [5],[6],[71 0000000
gogobbuooobbooobbooboooobooon
gboooooboooboooboobbooobooobooboog
goboboooooooooboooooooooobooooon
obooooboooooooboooboooooboooooo
ggobbooobbooboboooboooboobo
gboooooaoo

2 00
21 LDbpPCOOOOOODOODO

LDPCOO [1,2)0000000000000O0 MO
NODODOODOODO HOOOOOOOOOOo0oo0o0o0o00
000000 NOODODODOD KO 20 LbPCOOODO
000000000000 HOOOO 1000000
w,0000 1000000 w,O0OOO

LDPCOOO0O000 & = (z1,72,---,on5) € {0, 1}V,
ztHT =00000000001 — 100 — -0 00O
000000000000 TOOOODOO0O00000
0000000000000000000000 e =
(e1,e0,---,eny) 000000000 y= (y1,Y2, -, YN)
000000000000 yO0OD0000 000000



22 BPOOO
BPOUOO [1,)2]0 LbPCOOOOOOOOOOO
O00Osum-product 000000000 O0OBPOODOO
0oo0oooooooooooooo
000 y=(y1,¥2,.-.,yny) 0000 n=1,2,---,N
gboooooDoooon
Pr(y,|z, =0
Anzzlogfhézn:mi__lg (1)
g0oO0O00DbOOO0bOO000OOoO HOOmOOnOO
0oo0d H,,0ODODODODOO HOOOODOO 2000
gpooogoo

N(m) £ {n: Hyn = 13, (2)

M(n) 2 {m: Hy = 1} (3)
[BP O0OO] O

00000Hu,,=100000 (m,n)0000 29 :
A 0000i:=100000000000 Ipax O
0oQ

stepl-alln =1,2,--

-, NOOOOOoooooobgo

gdg
O000OOmeM(n)0O0O0O0OOOOOOOO
0= [ temh(l"/2), (4)
n’eN(m)\n
(2)
i 1+ mmn
e = log R (5)
1 —Tmn

stepl-b0n =1,2,---,NOODODOODODOOODOOO

000

0D00OmeM(r) 000000000000
Z ESL),HD

m’eM(n)\m

step20 00000000000000000000.

(00D00000)n=1,2,---,NODOOODODOOO

oooooooosoo0o00o00000 8@ =3,

20 i)yooooo

sz ’...7xN
{07

1,
oooozY o

27(11') =X+ Z ng;)nﬂ
meM(n)

Zr(rzz)n = A+ (6)

it 2 <o;

fcgf) = (7)

otherwise.

(8)

0000
Oooo00) aPHT =0000 4 = Ina 000
2 0000020000000000000000
000 i:=i+100 stepl 0000 o

BpOOOODOOOOODOOOODOOOOODOO
000oo0o0ooO0o0oo0o0o PooooDoOo0oo
b0 HOOOooooo NODOODOOoOooOoooo

O si,89,---,sy0000000 MOOOOOOODD

19

0000 e1,¢,-,epy 000H,,,=10000000
00000 s,00000000e¢,000000200
0000O00BPOOOOOOOOOOOOOOOODO
0o00000ooooo

3 oo
3.1 Shuffled BP 0 OO

2200000000 BPO0O0ODDOOOOODO
00000000000000000 Shuffied BP OO
0 [5,06],[710000000000000000000
000000000

000 BPOOODOOO 4),(5)0 Y, 000000
00i—10000000000000 % Pooooan
0000000000000000000004000
ooooo % oooooooooooooon 2@
0000000000000000 Shuffied BPOOD
0000000000000000000000000
000000000000 :00000000 29,0
000 e 000ooo

[Shuffled BP OO O] O

O Shufled BPODOOODOODOO step200000
00o0oooooooood BpOOoooooooono
Shufied BPOOOOOOOO BPOOOO stepl-a,
stepl-b 000000000 OOO

stepl’) n=1,2,---,NOOOOOOOOOOOOO
gooooo
O000OmeM(n)0OO0O0OOOOOOOOO

11 tanh (21, /2)

n’eN(m)\n,n’'<n
n’eN(m)\n,n’>n

&

1+
K

(4
— Tmn

il =

X tanh (zfqi;,l) /2).

sﬁ,’}n = log

O000OmeM(n)0OO0O0OOOOOOOOO

S

z,(fl)n::)\n—l— NV
m/eM(n)\m

3.2 Group Shuffled BP O 00O
Shufled BPOOOOOOOOOOOOOOOOOO
gooobboobooooboooooboboobooaon
Joo0doo0oDoo00oooooooovLsIooo
o0oooooooooooogooooooooooo
000000000 Group Shuffled BP O OO [5],[6],[7]
gooooobboooooooooooooooooon
gooooooooooboobooooobooooboon
o0ooooooooooooooooogoogoooo



gbooooooooooooooobooooobooooo
gbooboboooboooboobooooOobbooooboo
oboooooboobooboooobooboo

oooDo NODOODOOOOOODOOODOOO
GO0O0oooooooooDoOoobobooDbooobooo
ooooooo NgEIDDDDDNgz%DDDDDD
ooooGNOOOoOo

[Group Shuffled BP 00O0O] O

O Group Shuffled BPOOOOO BPOOOOOOO
O0step20000000DO00O0O0OOOOOOO0O
00000 Group Shufflied BPOOOOOOOO BP
0000 stepl-a, stepl-b 000 0000O0O0OO0O
stepl’) g=1,2,---,GO00000000O00000
00000n=(9—1)Ng+1,(9—1)Ng+2,---,9Ng
0000 meM(n)0DODOOOOOOOOOO

7',(,22I = H tanh(zfé)n,/Z)

' EN M\, < (g_1yNy -1
% H tanh (27(,;,1) /2).
W EN (m)\nn’>(g—1)Ny—1

(12)

1+ Ty(y:)n
(1)

1—Tmn

e = log (13)
000O00n=(9—1)Ng+1,(g—1)Ng+2,---,9Ng
0000 meM((n)DOOOOOOOOOOO

S

m/eM(n)\m

20 =\, + (14)

O

Group Shufled BPOO OO G=1000 BPOOO
00D00000G=NO0OO Shuffled BPO OO OO
dododooDooooooooDpooooon Gao
00000000000 0o0oUoooooooa [5,6]0

Shufffed BPOOOOOOOOOODOOOOOOOO
0000000Group Shufled BPOOOOOOOOO
0000000000o000o00oooooooooon
do0o00ooOooooooooooooo

4 0000
4.1 00O0OOO

Shufled BPOOOOODOOOOODOOOOODOODO
00oooooooooooooooooooooon
00000 Group Shufled BPOODOOOOOOODOO
Group Shufled BPOOOOOOODOOODOOOOOO
0000000000 DOShufled BPOOOOOODOO
0000oooooooood Group Shufled BP O
00ooooooooooooooooooooogo

0000000000000000000000000
000000000000000
310000000000000:i-1000 %90
000 <Y, 00000000000000000040
0o % oooooooooooooo 2?0000
0000000 [5,[6000000000000000 i
oooooooo Y, 00009, 00000000
0000000000000000000000000
0000000000000 Group Shuffled BP0 0D
000000000
000000000000000000000000
0000000000000000000000000
01(00000000000000 ¢, 00000
000 $p,8, 000000000000s,,sy 000
000000000000001(b)00000000
000000000000000 ¢, ey e D000
000000S$,,s,» 000000000000 CGroup
Shufled BPODOOOODODO0OD0O00D00D00000O
0000000000001 (00000000 (12)
0s,000000000000000:000 2%,
0000000000000000
S S S S

c, Cyp Cn  Cw Cw

m

C

@A U —F b iy B ofl| OF L7 r—F2EGn 5 v v R of

m

U1 o0b00b0o0o0booobood

42 0000000000000000
000000000000000000000000
0oooo
000000000 NOODOOOOOO GOO00000
00GINOOOOODOD0O000000 & ={1,2,---,N}
O000A,(g=1,2,---,G)00000¢0000000

gboooooboobobooooooobobobon
G

00000000 A=2\(JA,0000
g=1
[DoooOoooo] O
1.g=1,2,---,G0000 A,:=00000
2.9=1,2---,GO000 4, 0000000000
ncAD0D0000000000g:=1000
3.0000000 k000 A,0000000
k= argmig‘ U M(G) N M(n)].
neAl .
jEAy
0000 (1500000 00000000000
00000000000000A4,0000000

(15)



4.0000g<GO00g:=¢+10003.009=G
000 5.00
5.4, < ¥0000g:=1000 3.00|4,| =
0000000D0000O0000
5 OdUdobooooooooood
51 0000000000
O0000000000000000000000
D000000000000000000000000
OO0O0O0OBP 000 [1],[2]0Shufled BP OO 000
00 Group Shuffled BP 000 (G = 2,4,10)[5]00
000000000000 Group Shuffied BP 000
(G=2,4,10)0000000000000 MacKay 00
0000 200000000 N =40000000 w, = 6,
000 w.=3000 LDPCOODOOOO N =50000
00 w,=60000 w.,=3000 LDPCOOODOO
00000000000000000 (AWGN)OOO
0000000000 10°0000000000000
01000000000000000000000
000000000000000000000000
O00000000000000000000000 (a)
GO0000000000000000000000( (b)
0000000000000000000000000
00000000000000000000000 (c)
D000000000D000000

N
G
O

5.2 000D00OOO0OODOO

Oooooooooooooooo 2030000 N =
4000000000000 Inax 0O 10, 60000000
0000000000 BEROODOOOOOO 400
N =500l =50000000000 BEROOO
dooooooosooboooooodoooooaon
0 GO0O0O00000O0 BEROODOODOOO

00000oooooooooednnon N =40000
Lhw.w=10000000000000000000004d
000000 700 N =400001,.,=1000000
O00o000ooUoooooouooooDoouoooooon
Oo0o0ooooOooooooooooood

0205 700000000000 (SNO)BJOO
00000000000 (BER)DOODODO 60000
OSNOODOOoOoOooDoooooooooogoooo
Oo0oooo«“00r’o G=2,4,10000000000
00000000 Group Shufled BPO OO OO0 O”
O0G=2410000000000000000000
00 Group Shufled BPOO OO OOO
53 00O

(a)000ooooo0
0200 GOOOOOOOO0OO0OO0OO0OOBEROOOO
000000000000000000000 GOOO0

21

1.00E-01

1.00E-02

1.00E-03

G=1GEE DBP)
cone- fEEG=2

o fERG=4

B fERG=10
—a—BZEG=2

—— XG4

|| —=—123EG=10
---©--- G=4000(Shuffled BP)

1.00E-04 I

BER

1.00E-05 [

1.00E-06

1.00E-07

1.0 1.2 1.4 1.6

SNEE[dB]

1.8

O 2: N =40000 In.x = 100000 BER

1.00E-01
1.00E-02

o
L1.00E-03 [
o

G=1GB% DBP)
fEEG=2
X G=4
f€kG=10
——12XEG=10
---o-- G=4000(Shuffled BP)

1.00E-04 ||

1.00E-05

1.0 1.2 1.4

SNEE[dB]

1.6

O 3: N =40000 Inx =600000 BER

0000000000000000000000000
0000000000000000000000000
00000000000000:0000000000
ooo 2z, 00000 (12)000000000000
0000000000 Shufled BP OO D (G = 4000)
000000000000000000 G=4,1000
000000 BERODOODOOGOODOODODOD
0000000000000000000000000
0000000000000000000000000
0000 Group Shuffled BPOODOO0O0000000
000000000000

030000000000 LywOOoooooooo
BEROODOUODOOOOOInmax =6000000 Ipax =



1.00E-01

1.00E-02

1.00E-03

G=1GEE DBP)
HEEG=2
ek G=4
fiEkG=10
——IBEG=2
——REG=4
| —=—1282EG=10
o~ G=500(Shuffled BP)

1.00E-04 1

BER

1.00E-05 [

1.00E-06

1.00E-07

10 14 18 22 26 30

SNEE[dB]

3.4

O 4: N=5000I,,x=50000 BER

100000000000000000 BEROOOO
00000L.,00000000000000000
0000 BEROOOOOOOO0O0000 fya 000
0000000000000000000 ¢OO00
0000000D0000000000D0000000
[5,6000000 NOODODODDDOOOODO 400
N=5000 In. =5000000000000000
0 G=24,100000 Shufled BP O OO (G = 500)
00000000000000000000NDODOOO
000000000000000000
00000GO0O02,4,10000000000000
0000000005000000000000000
00000000000000000000G = 20,50
0000 BEROOOOOOODOOOOOOODOOOO
00000000000000000000 G=10,20
0000000000000000000000000
000000G=10000000000000000
00000
(b) 0000000000
00000000000000 1000000000
0000000000000000000000000
0000000000000000000060000
0000000000000000000000000
000000000 6000000000000 GO0
0000000000000000000000000
GO000000000000000000000000
0000000000000000000000000
G=10000000000000000000 Shuffled
BPOOOOO0OO0O0O0D000000O0O00000O0O
0000000000000000000000000

22

1.00E-01

1.00E-02 |

1.00E-03

1.00E-04 |-

BER

= GE1GRE DBP)
-~ G=4000(Shuffled BP)

1.00E-05 | o 4ozeqop

—o—1REG=4
|| —a— 1R EG=10

1.00E-06
—8— 12 %EG=20

——1REG=50

1.00E-07 :

1.0 1.2 1.4 1.6

SNLE[dB]

1.8 2.0

O 5 N=40000 1. =10000000 GOOOO
obo00 BER

gooobobobooooooooooobobon
goooo

10

ViR LE%K

¢ G=1GB % DBP)

&
o)

—a—1RZEG=2

6 [ ——12%G=4
—a— IREG=10

---0--- G=4000(Shuffled BP)

5 L L L
1.0 1.2 1.4 1.6

SNLk[dB]

1.8 2.0 2.2

O 6: N=40000 I =10000000000000

(c)000000D00OD0
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000 Group Shuffied BP0 00 0
0000000 i00000000 29, 0000000
000000000G=20000000000000
0000000000000 00000000 40300
40400000000000000000000 39960
30998000000000G=40000000000



gbobooo 13300140000 0boboooonoonn
goooO0oOo woeodolo0bbooboGE=100000
gboooooboobobooobog2o0200000000
goooooooogoowo20b0boogoGooo
gboooboobobooooooobooboooooo
oboboooog

0000000000000 00OO0OOOoooo (a),
(h)0OOOOOOOOOOOOoOooooooooood
gbooboooboooobooobboobooooDo
gobooooobooooboobooobooooooo
grooobooooooboooboooobooonboo
gbooooooobooooooboooboooobooo
gooroooG=24,100000000000DDO
00000000000000000000 0 Shuffled
BpOOOODOOOOOOODODOOOOODOOOODO
gbooooooooooboooboboooboooooo
gboooobooobbooobooooboooooooo
goboooooboooooooocoooooooooo

1.00E-01
AL .
1.00E-02 F N :
A, ><
1.00E-03 [~ G=1(BE DOBP) o
n. 1B3EGo2 ‘\“ ‘
5 RE %
@' 0004 |, semg=2. 23 LT
BRMIES v
o REG=4
TOOEZ05 | _o sema=4:2somLT
FEREIEE N
B EEG=10 N
100B-06 |, tomg=10.23 fT
BRUZES }
—o— G=4000(Shuffled BP)
1.00E-07 : ‘ ‘ |

1.0 14 1.6 1.8
SNLE[dB]

O 70 N=40000 Inx =10000000000000
go0ooOoo0ooooOoOooDoOoOoo0DnO BER

6 UOoOooon

00000 Group Shuffled BP OO ODOOOOOO
00ooooooooooooooooooooooon
do0boooooooOoooooObO Goooooooo
0 Group Shuffled BP O 000000 Group Shuffled
BpOOoOUOOOOOOOOOoODOOoOOoODOOOO
oooooo0oGE=41000000000000000
0000 Group Shuffled BP 00 00O Shuffled BP O
Jdoodo00o00o0ooooooonoooooGEoon
go0ooooooooooooooooooooooo

23

00000000000000000 Shuffled BP OO
0000000000000000000000000
0000000000000000000000000
000

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000 00000 [§)00000
Shuffled BPOODOOOOOOO0ODO [6],[7]00000
0000000000000000000000000
Ooooooooon

oood
[1] R. G. Gallager, Low density parity check codes, MIT
Press, 1963.

[2] D. J. C. MacKay, “Good error-correcting codes based
on very sparse matrices,” IEEE Trans. Inform. The-
ory, vol. 45, no. 2, pp. 399431, Mar. 19990
T. Richardson and R. Urbanke, “The capacity of low-
density parity-check codes under message-passing de-
coding,” IFEFE Trans. Inform. Theory, vol. 47, no. 2,
pp- 599-618, Feb. 2001.

T. Richardson and R. Urbanke, “Design of capacity-
approaching irregular low-density parity-check codes,”
IEEFE Trans. Inform. Theory, vol. 47, no. 2, pp. 619—
637, Feb. 2001.

J. Zhang and M. P. C. Fossorier, “Shuffled iterative
decoding,” IEEE Trans. Commun., vol. 53, No. 2, pp.
209-213, Feb. 2005.

J. Zhang, Y. Wang, and M. P. C. Fossorier,“Replica
shuffled iterative decoding” Proc. of 2005 IEEE Int.
Symp. on Information Theory (ISIT2005), pp. 454—
458, Adelaide, Austrailia, Sept. 2005.

J. Zhang, Y. Wang, and M. P. C. Fossorier, J. S.
Yedidia, “Iterative decoding with replica” IEEE Trans.
Inform. Theory, vol. 53, no. 5, pp. 1644-1663, May.
2007.

OO0 00000 oogoo oo, “0oooooooo
Shuffled BPOO,” 0 29 0000000000000
0000000SITA2006, vol. 29, No. 2, pp. 823-826,
Nov. 2006.

Z. Chuan-Gang, Y. Jin-Sheng, .. Xue-Hong, L. Jia-Ru,

“Improvement of shuffled iterative decoding” Proc. of
2006 IEEE Information Theory Workshop, pp. 114—
116 , Chengdu, China, Oct. 2006.

3]



	typ_page1: 19
	typ_page2: 20
	typ_page3: 21
	typ_page4: 22
	typ_page5: 23
	tyt_no: 
	typ_page: 


