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1: Begin
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13: end

14: End

B7 EREKRHEERITHKEHE

S BEHL A K 408 g itk ] Bl HL I 51
Msg, o5 » 3L LDPC A U G X Msg, o5 P17 9
A5 3K K 816 (1) kil 3 Encoder, g 5 %
T R SR T TA AR T (SR A —
AR 1, Y — 3 Encoder, ¢ JE 505 —17) ,
FRARRE R 816 1 RIS RIT A Err, g (0 F£IR
TR KL 1 RIRA IR EA) % Encoder, 4,
—{ZHUR Y1 = H( Encoder, s ) I AREHLEE R Y2
= Y17 Erry 5 5, Y2 30 PR AR BRI AT Out, 6,
THIA Out 5.6 BT 408 135 Mg o XA E {HA—
FIAHLL T K Sum, BER = Sum/N, 15 LR FHE [
Kl 8 i,

FEAATR] S REAE & IS B0 T 4 000 43 5004 K
6 000Ul if TMR . FMR L Ko {5 B ICA A 5 45+

A FLARFER SR (it error rate, BER) HiZnf&] 9 K 5]
10 fi7R o BEE 2R nT SEME RO 32 i, R AR BT
RABEEHIN BER B AR, JF B 42 B
B R e <0.5, RIZMBIATEEMER = (1 -6) >
0.95 I}, & Hl WBF 535 915 R TUAR A 5 4540 19 24
FEPEREOL T TMR 224545 H) (FMR 245454

4 FE | g AR R LI

15 B ITR AR BTrp 1Y BRI i A
B,z A He ok O WBEF 2R 65 5 vk, HFE Vivado
2015.4JF k& T. H. RTL Analysis- > Schematic 1 JiL #
FIanE 11I7R o SR Jr 28 B B, 4 S B3R ke
FIT A 96 19 LDPC 8 5], AT 1 52 8L )5
PSRN, A SO AR XS AL e B AT



FEORIEI 2019 4F 1 A 5529 & 55 1 Il

VightkAr Bpacknum. N. & WA B packnum . N. &

il 4
[ Faemuwenen | [ Fekmonmmurs |

1 I
—_— Jt+ | R4 BELFFBIHEAT 4

| = | — - |
}
| BB 95 Fbimse| | Fiﬁﬁlﬂmﬂiﬁ |
. | |
YES | ZHET A Hout ‘ | *?’***’EEWE? |
v
| wmmmwsn | ws | wemnsam |
YES l
AR A
I;Io
| Y o R \ @»
D
sEn. T b R
I;Io
| e | e
p ¥
e
sk

B8 ZHRARGFERARBFELENHEREFRER

10° - - 10° :
—o— ZRILRFME F| —o— =#uaasdii
(oo [| = Tl AEb 1 A —— IO AT L
—— R RAR NS 1078 pensmasn 3
1071 3 107?
10°E 3 10° 3
z 2
s3]
m B
107 3 10° 3
-5
107 3 10°
-6
10°L 3 10°
107 4 = =3 o 0 107 e e e
10 10 10 10 10 10% 107 102 o 1o

€ €

E9 4000 E1%#E TMR . FMR {5 B T £ B4 45+ BER ik 10 6000 E%3E TMR FMR = 5 T & 254L 254 BER g2



TR AT LDPC R A AR B 7 5T

E11 FEERREEE

PERSASEHL ) R IR BRI A 1 12 i Ah
A MR elk, A7 st n FITH BT A msg  in
[95:0] . s FARSHLARZS, s =00000 Al s =00010 43
BT ] ul B AR 7 AN A S AR S Y
B s =01000 PR ZE bR

Horp ul B R PR A L ds AR e, LS5 R HE

clk_IBUF_inst
1 o

ck [
IBUF c_temp_reg[95:0]
c_temp_i e

A40] O] —{CE Q|

K 13 pros . b R iR AR THE B RS
T A HREE | R B S5 DI RE

S DRED; B, AR BN 14 Bk, &
3 WEAUR IR EBIE msg  out[ 95 :0 V4 tH RS H

o

ﬁ
5|
oy

msg_in[95:0] [ — :::: ﬁ;g&s 0]
D
B 12 FREREENEEE

R R

ﬁkﬁ_r ik = A

T IH R | E#H RIS | Y ;

BAfE l %t BfE B BAE
AR ERE
b

I A

B 13 ul #EREEIEE

B 14 FRERIngE T EE

ul BEERDIREQF BN 15 B, ¢ _in A
EEURIEIRE DT ¢ in BRADEERALE A 1 RS HER
HZE b addr _out, WE T h _ addr  out KK M 0,

3,5,13, -+ ,45 FoRX AT BRLE T e, RIS A _ val
_in R 2R IR D R X IO A T L LR, Bl numO
~num5  JEXNA AT 1 B4, Z RS HE R



FEORIEI 2019 4F 1 A 5529 & 55 1 Il

(ORGP AIETR S i e e iR e 1= R P N G E A ]

SO HEAT HERR RS

B 15 ul HRIEEHEE

5 #

T B R T R A AR R KT
0.05 B, W R TCAR A FE S50 LA BT R B 451
BER fI§; )R 2, {5 BIUR B H5 4549 BER IX (47T
AAASLERY o AT D R0 R I AR
FEMERART 0. 05 B, 2L LDPC 53 4% 1945 BT
RAEE L HURE AR TUAR M A R 25 A ) T e g
TR ARGE ST B, R BTUAY I 2R A 4
P BRI AESOR B T D28 M ey, 0 AR
2 B R P I 1 O 2 IR o, 450 e B
B YR T 328 w5 T G B s A 2% T B B, SR AR
BIUREAEGEG 23 ORI TUR A A5 45K 15 48 BE R
TP B TAE R PR A A T I ik i RE RS2, OF
U5 BRI T RE MY LR H A

[ 1] Ve, Wi, X L. Wt SEU J 3 i 58 M2 H: 1
[Cl. W55+ E T SE Y B R bFig 2,
,HRITHE 2007, 51-55

[ 2] Raine M, Gaillardin M, Lagutere T, et al. Estimation of

the single-event upset sensitivity of advanced SOI SRAMs

[J]. IEEE Transactions on Nuclear Science, 2018, 65

(1):339-345

[ 3] Von Neumann J. Probabilistic logic and the synthesis of

reliable organisms from unreliable components[J]. Au-

tomata Studies, 1956 :43-98

[ 4] Sleeba S Z, Jose J, Mini M G. Energy-efficient fault tol-

[10]

[11]

[12]

erant technique for deflection routers in two-dimensional
mesh Network-on-Chips [ J ].
Techniques, 2018, 12(3) :69-79

let Computers & Digital

Ban T, Naviner L. Progressive module redundancy for
fault-tolerant designs in Nano electronics[ J]. Microelec-
tronics Reliability, 2011, 51(9-11) . 1489-1492
Martorell F, Cotofana S D, Rubio A. Fault tolerant struc-
tures for nanoscale gates[ C]. In: Proceedings of the 7th
IEEE Conference on Nanotechnology, Hong Kong, Chi-
na, 2007.605-610

Soltani H, Dolatshahi M, Sadeghi M. Comparing the reli-
ability in systems with triple and five modular redundancy
[C]. In:Proceedings of the International Conference on
Computer Science and Network Technology, Changchun,
China, 2016.437-442

SRR, NG, SRAM J FPGA 1 n] i H 28485 45 4 F
FELI]. i IEEHAR, 2016, 39(11) :41-45

Bhaduri D, Shukla S. NANOLAB-a tool for evaluating re-
liability of defect-tolerant nanoarchitectures [ J ]. IEEE
Transactions on Naneotechnology, 2005 ,4(4) :381-394
Gallager R G. Low-density parity-check codes[J]. IRE
Transactions on Information Theory, 1962, 8(1) . 21-28
Mackay D J C, Neal R M. Near Shannon limit perform-
ance of low density parity check codes[]J]. Electrionics
Leiters, 1996, 32(18) . 1645-1646

Fossorier M P C, Mihaljevic M, Imai H. Reduced com-
plexity iterative decoding of low-density parity check
codes based on belief propagation[ J]. IEEE Transactions
on Communications, 2002, 47(5) :673-680

Xue W, Ban T, Wang J X. A modified normalized min-



TR AT LDPC R A AR B 7 5T

[14]

[15]

sum algorithm for LDPC decoding using order statistics
[J]. International Journal of Satellite Communication
and Networks , 2017 ,35.163-175

Zhang J, Fossorier M P C. A modified weighted bit-flip-
ping decoding of low-density parity-check codes [ J].
IEEE Communications Letters, 2004, 8(3) :165-167

Guo F, Hanzo L. Reliability-ratio based weighted bit-flip-

ping decoding for low-density parity check codes[ J]. E-

[16] Winstead C, Howard S. A probabilistic LDPC-coded fault

compensation technique for reliable nanoscale computing
[J]. IEEE Transactions on Circuits & Systems II Express
Briefs, 2015, 56(6) :484-488

[17] Tang Y, Winstead C, Boutillon E, et al. An LDPC deco-

ding method for fault-tolerant digital logic[ C]. In: Pro-
ceedings of the IEEE International Symposium on Circuits

and Systems, Seoul, Korea, 2012. 3025-3028

lectronics Letters, 2004, 40(21) :1356-1358

Fault-tolerant design method based on LDPC decoding

Wang Dengchao, Ban Tian, Xue Wen
(School of Electronic and Optical Engineering,Nanjing University of Science and Technology, Nanjing 210094 )
Abstract

The miniaturization of semiconductor processes has rendered fault tolerance of digital circuits essential. The
traiditional method such as triple modular redundancy (TMR) results in excessive consumption of area and power.
In this paper, a fault-tolerant design method based on information redundancy is proposed for logic circuits, which
is implemented by low density parity check (LDPC) code. Since the probability of error in the probability gate
model in digital circuits is similar to that of the binary symmetric channel (BSC) , the channel coding method in the
communication system is applied to fault-tolerant design of digital circuits. The proposed design adds an LDPC en-
coder and decoder at the input and output of logic gates. The LDPC in this paper takes 816 code length and 1/2
code rate as example, and uses weighted bit flip ( WBF) algorithm to design the decoder. Within the range of
0.0001 to 0.1, the performance of hardware-redundant and information-redundant fault-tolerance is simulated. The
bit error rate (BER) curve shows that when ¢ is higher than 0.05, the hardware redundancy is lower than the in-
formation redundancy BER; conversely, BER of the information redundancy is lower than that of the hardware re-
dundancy.

Key words: digital circuit, reliability, low density party check, hardware redundancy, information redundan-

cy



