VLSI Implementation of a Soft Bit—Flipping Decoder for PG—LDPC Codes
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Low—density parity—check codes are known to show
higher error correcting performance than conventional
algebraic codes. However, the VLSI implementation
of the codes has been considered very difficult
especially when the row or column weight of them is
high. In this paper, a projective—geometry (PG)
LDPC code is implemented in VLSI employing the
proposed soft bit flipping (SBF) algorithm. In addition
to the processing unit sharing, the pipelining technique
is employed to increase the decoding throughput. With
the (1057, 813) PG-LDPC code, the implemented 4—

bit SBF decoder consumes only a small area of 2.5mm2,

while providing the throughput of 6.5Gbps and good
error performance close to the floating—point sum-—
product algorithm (SPA) by 0.6dB at the frame error
rate (FER) of 107",
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2. Soft bit—flipping &=
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o]-&3tAt. B(m) = {n|hp, = 135 m WA A A (check) =&
o dFd®E WS (variable) ==9  HFoR,  A(n) =
mhp, =1} 5 n 94 HFEEs) d4d9E Aaxz9] F
gtog A3t} FFo|(codeward) = BPSK Wx o]

o =B ANAAY FRFOE BRI ALHE ARG 0E
AG £ 1T SoC A3GAAAGYAY, 2202 Hol
LA FA S A 9g e paE AT i

AWGN Adg AH dsdch. 2873 Wesh Pt W
-}’:LCE 7L7L z_(Zl'ZZ'" ZN) y= (YI!YZ!" 'YN)VQ—i ;<<]
ottt olw) m WA AAXREQ JhEA|= ofdlel 2ol Al
asl=
Wi = Yieaem)lYil € [1,M] (2] 3.1)
W 7} =7 ¢ HER oFAtst \vkd Wil A
AxEe 8] 47 87 <6Y < <bja_ T 5f <85 <
sa_1 Y Y gk(thresholds) o] &EAstH, gatstd 7 =
TE= 405 AYsE [—2971~ — 1]} [1~2971] & S A
o}, WA 7= (flipping strength) & Al 7§19 wkd £¢ 3t

(6] <6 <8)°l dal [-2~+1]9] e W= AFAr

SBF &i#]5e] A4+ OMM Fda=

1) %7|3k B8 £ k 5 0 08 %78 dta, F£AE W
AL FArst Eﬂ“‘é(quantization level) &7 (i€

[1,29-1 o] W g MER P aho] Wi
y¥ (n € [L,N]Doll A7gstet.

2) DA 1t m AR A= TFSA wh (me[LMDE
AArslar, 8f (i €[1,29—1]) 2 o]&sto] %A 3} Fhr},
w3 syndrome vector sk =zKHT & 74]"]'3}01 Tk
sko] o wEgld zkE B33 H3o] Y3ty 23
2 zgaio

3) wA 20 BRE HF
functlon) Alxbstt,

k=D (sl - Dwh - alyk
meA(n)

3 7 Wi =g ofge} o] ZAlSht
H

sl wEE 4= (flipping

4) <A

k+1
In

D
2 e (o], o))
yi+ = sgn(yk — 1.5) - max(1, [yX| - 1),
®. 74 (eke (6f,5f]) Y+ = sgn(y¥) - |y,
@. 733} (ek € (—oo, 6f]) Y+ = sgn(y¥) - min(29, |y¥| +
1).
vk ou sk E‘i—’F‘I_Eﬁ]HE HIE gbdo] AIsH=] oFgk
(=R 6; = maxy en,Sf
5 A 4: HkE £ k% 1 %7} EAL= 3 ‘?}"a] o] gko] A}
el Fod RHE F Koy B0 291 535 F5(5
T A sta, 2¥A 4oid &4 1 2 o] F it
SBF 7|8k B35+ A Ao vEg A ElAAE
AbE-E B olyel HE H|ES HHUEE MNFEF o]f
Eig=

= sgn(yy — 2.5) - max(1, |y¥| — 2),

- WBF
-—4- IMWBF
<[] —>—pF
—A— SBF 1bit
—— SBF 2bit
5[ | —O— SBF 3bit
10" —0— sBF 4bit
—O— SBF 5bit -
—h—sBF6bit | — — — — - — — — - — —
T

2 25 3 35 a4 45 5 55
E,/N, (dB)

a3 1. (1057,813) PG-LDPC #3 9] st og A%

Frame Error Rate
5,

A1




1057,813) PG-LDPC #Z o th3t o] &
ettt g3elA SBF ¢rnElE9 4w
A dAAke] Adfoln], UHAE Fg AFd A

]tk SPA o w8 A& Aatze 7} SBF ¢
g Zo] o] 42l SPA o 7MhE AES Rl
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b) ®WEFZ (Parallel Architecture)
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29 #3949 Z742 918 SNPU o so]= kel 7ol
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Bl A Z (critical path) 2] £7F #7<91 Wallace tree
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QA ko,
Conventioal SNPU Pipelined SNPU
srial p=64 srial p=64 srial p=64
Total area (um2) 500,201 | 2,599,362 496,535 2,366,348 |1499,037 | 2,509,915
Max. frequency (MHz) | 149.25 136.24 135.14 120.92 | 248.76 215.52
Max. throughput (Mbps) | 74.63 4235.45 67.57 | 3759.16 | 124.32 | 6508.62
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