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0 ,D0)Um

PU|S

m(R1 + R2) ≥ I(Sm;M1,M2)− I(Um;M1,M2)

+ I(Um;M1) + I(Um;M2) + I(M1;M2|Um)

3 / 7



Multiple Description Problem

Sm

Enc1 M1 Dec1 (Ŝm
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2 ,D2)

Dec0 (Ŝm
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1 ,D1)

Enc2 M2
Dec2 (Ŝm
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1 ) + I(Um; Ŝm
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Multiple Description Problem

Theorem
If (R1,R2,D0,D1,D2) are achievable for the MD problem, then for
any choice of PU|S we have

R1 + R2 ≥ FP(R(D0)) + R̄P(D1) + R̄P(D2)

Remarks:
Agrees with Ozarow for quadratic Gaussian
Can be obtained as a corollary of [Song-Shao-Chen IT’14]
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2 )

≤ I(Um;Yn
2)

DPI

5 / 7



JSCC Over Broadcast

Sm f(Sm) Xn
QYn

1,Yn
2|Xn

Yn
1 g1(Yn

1) (Ŝm
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2 ,D2)

Um
PU|S

m · R̄P(D2) ≤ GQn

(
m · FP

(
I(Sm; Ŝm
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R̄P(D2) ≤ ρGQ

(
FP (R(D1))

ρ

)
If Qn is degraded memoryless BC, then GQ⊗n(nt) = nGQ(t)
In this case:

The BC capacity region boundary is (C1,GQ(C1))

The maximizing W in definition of GQ⊗n is n-letter iid, so
bound can’t be tight for m ̸= n
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For Quadratic Gaussian over GBC, recovers
[Reznic-Feder-Zamir, IT’06]
Can be obtained as a corollary of [Khezeli-Chen IT’15]
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In particular, for D2 = D∗
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taking q → 0 yields
6 / 7



Example

S ∼ Bernoulli(1/2) i.i.d
Hamming distortion
Y1 = X ⊕ Z1, Y2 = Y1 ⊕ Z2
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2) is achievable, then
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Example

S ∼ Bernoulli(1/2) i.i.d, ρ = 2
Hamming distortion
Y1 = X ⊕ Z1, Y2 = Y1 ⊕ Z2

Z1 ∼ Bernoulli(δ1), Z2 ∼ Bernoulli(δ2), δ1 ∗ δ2 = 0.2
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Z1 ∼ Bernoulli(δ1), Z2 ∼ Bernoulli(δ2)

For D1 = D∗
1 = h−1

b (log 2 − ρ(log 2 − hb(δ1))), taking q → 1/2
yields

Theorem
If (D∗

1,D2) is achievable, then

D2 ≥ δ2 ∗ D∗
1
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Example

S ∼ Bernoulli(1/2) i.i.d, ρ = 2
Hamming distortion
Y1 = X ⊕ Z1, Y2 = Y1 ⊕ Z2

Z1 ∼ Bernoulli(δ1), Z2 ∼ Bernoulli(δ2), δ1 ∗ δ2 = 0.2
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Conclusions

For a source PS, an auxiliary channel PU|S, and a distortion
measure d(·, ·), we defined two functions:

FP(t) , min
V : U−S−V

I(S;V)≥t

I(S;V|U)

R̄P(D) , min
Ŝ : U−S−Ŝ
Ed(S,Ŝ)≤D

I(U; Ŝ)
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For memoryless source, the two functions tensorize, and an
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derived, in terms of FP(t) and R̄P(D)
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For a broadcast channel QYn
1,Yn

2|Xn we further defined

GQn(t) , max
W,Xn : W−Xn−(Yn

1,Yn
2)

I(Xn;Yn
1|W)≥t

I(Yn
2;W)

For degraded memoryless BC G(·) tensorizes, and a single-letter
Reznik-Feder-Zamir type bound was derived, in terms of
FP(t), R̄P(D) and GQ(t) 7 / 7


