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Introduction

If P(X ,Y ) perfectly known

Performance : RSW
X |Y = H(X |Y ) bits/symbol

Practical Solution : LDPC codes

If P(X ,Y ) not perfectly known

Performance : ?
Practical Solution : ?
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Time Invariant Parameters

Unknown parameter θ ∈ Pθ fixed for a sequence {Xn,Yn}+∞
n=1,

varying from sequence to sequence

Models

P-Source : (X ,Y ) ∼ P(X ,Y |θ), prior Θ ∼ PΘ(θ)

WP-Source : (X ,Y ) ∼ Pθ(X ,Y )

Stationary, non-ergodic models

Example : X BSS, Y |X BSC(θ)
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Time Varying Parameters

Unknown sequence of parameters {πn}+∞
n=1, πn ∈ Pπ

Models

M-Source : (Xn,Yn) ∼ P(Xn,Yn|πn), prior Π ∼ PΠ(π)

WPM-Source : (Xn,Yn) ∼ Pπn(Xn,Yn)

M-Source stationary and ergodic
WPM-Source non-stationary and non-ergodic

Example : Xn BSS, Yn|Xn BSC(πn)
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Performance

P-Source: Information Spectrum approach [Han03]

RP
X |Y = PΘ-ess. supH(X |Y ,Θ = θ)

WP-Source: Universal Slepian-Wolf [Csi82]

RWP
X |Y = sup

θ∈Pθ
Hθ(X |Y )
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Practical coding scheme (P-Source)

X : BSS, Y |X : BSC(θ), sequence XN
1 to encode as (XuN

1 ,ZM
1 )

First step :

Learning sequence XuN
1

Second step :

LDPC coding of XN
uN+1 as ZM

1 = HTXN
uN+1

where H : degree distributions (λ(x), ρ(x))

Question

How to choose the length uN of the learning sequence?
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Practical coding scheme (P-Source)

The LDPC decoder requires θ = P(X = 1|Y = 0)

Decoding : LDPC decoder initialized with

θr := P(Xn = 1|Yn = 0, xuN1 , yuN1 ) =

∫
θ∈Pθ

P(Xn|Yn, θ)PΘ|xuN1 ,y
uN
1

(θ)dθ

mismatch on the parameter (θr 6= θ)

Performance : Density Evolution initialized with

pX (x) = θδ

(
x + log

1− θr
θr

)
+ (1− θ)δ

(
x − log

1− θr
θr

)
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Practical coding scheme (P-Source)

γ : outage measure

1 Outage set Bγθ|θr s.t.
∫
θ∈Bγ

θ|θr
PΘ|θr (θ)dθ > 1− γ

2 Error Probability : Pe(λ, ρ, θ, θr )

3 Set of admissible parameters (λ, ρ) :

Γ(γ, εt) =
{

(λ, ρ) s.t. ∀θr ∈ Conv(Pθ), ∃Bγθ|θr : ∀θ ∈ Bγθ|θr ,Pe(λ, ρ, θ, θr ) < εt
}

Total rate

RN(γ, εt) =
uN
N

H(X ) +
N − uN

N
inf

(λ,ρ)∈Γ(γ,εt)
R(λ, ρ)
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Performance

M-Source: Classical Slepian-Wolf [SW73]

RM
X |Y = H(X |Y )

WPM-Source: Arbitrarily Varying Sources [Ahl79]

RWPM
X |Y = sup

P(X ,Y )∈Conv({Pπ(X ,Y )}π∈Pπ )
H(X |Y )
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Practical coding scheme

M-Source : Standard soft LDPC decoder :

P(X ,Y ) =
∑
π∈Pπ

P(π)P(X ,Y |π) .

WPM-Source : Standard hard LDPC decoder
Loss in performance
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Experiments

Table: Theoretical (Th.) and practical (Prac.) rate bounds in bit/symbol
when X is a BSS and P(Y |X ) a BSC.

Source Conditions Th. Rate Prac. Rate

P-Source Pθ = [0.1, 0.21] 0.74 0.75

WP-Source Pθ = [0.1, 0.21] 0.74 0.75

M-Source Pπ = {0.1, 0.21} 0.59 0.6

p = 0.143

WPM-Source Pπ = {0.1, 0.143} 0.59 0.75

No SI P(X = 1) = 0.5 1 1

P,WP-Sources : (0.093x3 + 0.720x4 + 0.187x5,x5)
M-Source : (0.099x3 + 0.712x4 + 0.174x5 + 0.015x6,x5)
WPM-Source : (3,4)
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Conclusion and Perspectives

Practical coding scheme for each model

Analysis to extend to the non-binary case

How to avoid the learning sequence?

How to build a coding scheme for the WPM-Source that
performs close to the entropy?
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