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Introduction

Nowadays in electronic devices

n Important chip size reduction, increase in integration factors

n Computation units much more sensitive to noise

n Hardware assumed to be faulty

faulty

pxor = P(c̃ 6= a⊕b)

Transmission 

channel

Faulty 

LDPC decoder

Context

LDPC decoding on faulty hardware
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Introduction

Transmission 

channel

Faulty 

LDPC decoder

n Are LDPC decoders inherently robust to hardware noise?

n Noisy Gallager A [Var11], B [VC07, HLD13, YCD13], E [HD13]
n Noisy quantized min-sum decoder [NSD13, BSB14]

n What makes a decoder robust?

Objective

Design decoders robust to faulty hardware
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The FAID framework [PDDV13]

BSC(α), �nite message alphabet M = {−Ls , . . . ,Ls}, y ∈ {−C ,+C}

n CN computation: Φc(µ1, . . . ,µdc−1) =
dc−1

∏
j=1

sign(µj )min
j
|µj |

n VN computation: Φv (η1, · · · ,ηdv−1,yn)

η1/η2 −L3 −L2 −L1 0 +L1 +L2 +L3

−L3 −L3 −L3 −L3 −L3 −L3 −L3 −L1
−L2 −L3 −L3 −L3 −L3 −L2 −L1 L1
−L1 −L3 −L3 −L2 −L2 −L1 −L1 L1
0 −L3 −L3 −L2 −L1 0 0 L1
L1 −L3 −L2 −L1 0 0 L1 L2
L2 −L3 −L1 −L1 0 L1 L1 L3
L3 −L1 L1 L1 L1 L2 L3 L3

De�nes a large collection of mappings

n APP computation: Φa(η1, · · · ,ηdv ,y) =
dv
∑
j=1

ηj +y

Objective

Design mapping Φv for robustness to hardware errors
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Error Model in the decoder

n Noise e�ect assumed to be at the end of function computation

Noise 

effect

Sign-Preserving (SP) model

Message
Noiseless

Message
Noisy

Message
Noiseless

p0/3 p0/3 p0/3

p0/3

/6p0

/6p0 /6p0 /6p0 /6p0 /6p0 /6p0

Possible

Error Events

0

0(1−p )

(1−p )

0(1−p )

−3

−2

−1

 0

+1

+2

+3

−3

−2

−1

 0

+1

+2

+3

−3 −3

−3

−3

−1−2 −2

−1 −1

−2

−2

−1 0

0

0

+1 +1

+2 +2

+3 +3

0

0

0

+1

+1

+2

+2

+3

+3

−3 −1 0  0 −2 +2+1 +3

Full-Depth (FD) model
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VN: pv CN: pc APP: pa
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Noisy Density evolution1

n Assumptions: In�nite codeword length, cycle-free graph,

all-zero codeword

Density evolution

n Recursion on the probabilities of the messages (` > 1)

CN output p
(`)
η = FΦc (p

(`−1)
µ ,pc ) VN output p

(`)
µ = FΦv (p

(`)
η ,α,pv ,Φv )

n Probabilities of the APP

APP output p
(`)
app = FΦa (p

(`)
η ,α,pa)

Error probability

n P
(`)
e (α,pv ,pc ,pa,Φv ) = 1

2
p

(`)
app,0 + ∑

k<0

p
(`)
app,k

1
Elsa Dupraz, David Declercq, Bane Vasic, Valentin Savin, Analysis and Design of Finite Alphabet

Iterative Decoders Robust to Faulty Hardware Submitted at IEEE Trans. on Comm., October 2014
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Functional threshold1

If exists, P
(+∞)
e (α,pv ,pc ,pa,Φv ) = lim

`→∞
P

(`)
e (α,pv ,pc ,pa,Φv )

Noiseless threshold [RU01]

max α s.t. P
(+∞)
e (α,pv ,pc ,pa,Φv ) = 0

Condition impossible to reach in general in the noisy case

Functional threshold

Transition between low level and high level of error probability
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1
Christiane L. Kameni Ngassa, Valentin Savin, Elsa Dupraz, David Declercq, Density Evolution and

Functional Threshold for the Noisy Min-Sum Decoder IEEE Trans. on Comm., May 2014
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FAIDs design1

n collection of ND = 5291 FAIDs optimized for low error-�oor

n Functional threshold for each of the ND FAIDs
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Functional threshold (SP-Model)

For each model, select two decoders

n Φ
(robust)
v : minimizes discrepancy between noiseless and noisy th.

n Φ
(non-robust)
v : maximizes discrepancy between noiseless and noisy th.

1
Elsa Dupraz, David Declercq, Bane Vasic, Valentin Savin, Analysis and Design of Finite Alphabet

Iterative Decoders Robust to Faulty Hardware Submitted at IEEE Trans. on Comm., October 2014
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Finite-length simulation results

(155,93) Tanner code, dv = 3, dc = 5

SP-Model, pv = pc = pa = 0.05
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FD-Model, pv = pc = pa = 0.02
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Conclusions

n Summary

n Functional threshold to characterize the asymptotic behavior of
the noisy decoders

n Design of FAIDs robust to noise introduced by the faulty
hardware

n Perspectives

n Analysis of more accurate error models (Not sign-preserving,
not symmetric, etc.)

n Other applications: reliable storage and function computation
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