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• Strong typicality

• (Extended) Markov lemma
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Gratitude #

But life is short and information endless:

nobody has time for everything. In

practice we are generally forced to choose

between an unduly brief exposition and

no exposition at all. Abbreviation is a

necessary evil and the abbreviator’s

business is to make the best of a job which,

though intrinsically bad, is still better than

nothing. He must learn to simplify, but not

to the point of falsification. He must learn

to concentrate upon the essentials of a

situation, but without ignoring too many

of reality’s qualifying side issues.

—Aldous Huxley

Brave NewWorld Revisited
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Point-to-Point Communication System

Sn Source–channel Source–channel
encoder decoder

p(y∣x)
X n Y n Ŝn

Question

Find the sufficient and necessary condition to achieve

lim sup
n→∞



n

n

∑
i=

d(Si , Ŝi) ≤ D

 / 



Point-to-Point Communication System

Sn MSource Channel SourceChannel
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Find the sufficient and necessary condition to achieve

lim sup
n→∞



n
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∑
i=

d(Si , Ŝi) ≤ D

Answer: Source–channel separation (Shannon , )

• Sufficient and necessary condition:

R(D) = min
p(ŝ∣s)∶E(d(S,Ŝ))≤D

I(S; Ŝ) < max
p(x)

I(X ; Y) = C
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Answer: Source–channel separation (Shannon , )

• Sufficient and necessary condition:

R(D) = min
p(ŝ∣s)∶E(d(S,Ŝ))≤D

I(S; Ŝ) <−max
p(x)

I(X ; Y) = C

• Digital source–channel interface
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Uncoded Transmission

Sn Source–channel Source–channel
encoder decoder

p(y∣x)
X n Y n Ŝn

 / 



Uncoded Transmission
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x(s) ŝ(y)p(y∣x)

X n Y n Ŝn
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Uncoded Transmission
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x(s) ŝ(y)p(y∣x)

X n Y n Ŝn

• Optimal for quadratic Gaussian source coding over the Gaussian

channel with average power constraint (Goblick )
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Hybrid Coding

Sn Source–channel Source–channel
encoder decoder

p(y∣x)
X n Y n Ŝn
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Hybrid Coding

Sn Un(M)Source Channelx(u, s) ŝ(u, y)
encoder

p(y∣x)
decoder

X n Y n Un(M̂) Ŝn
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Hybrid Coding

Sn Un(M)Source Channelx(u, s) ŝ(u, y)
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p(y∣x)
decoder

X n Y n Un(M̂) Ŝn

• Sufficient condition:

I(U; S) < I(U; Y)

for some p(u∣s), x(u, s), ŝ(u, y) such that E(d(S , Ŝ)) ≤ D
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• Analog/digital hybrid source–channel interface

• U = ∅: uncoded transmission

• U = (Ŝ , X) ∼ p(ŝ∣s)p(x): separate source and channel coding
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encoder

p(y∣x)
decoder

X n Y n Un(M̂) Ŝn

• Sufficient condition:

I(U; S) < I(U; Y)
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Proof of Achievability
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encoder

p(y∣x)
decoder

X n Y n Un(M̂) Ŝn

Random codebook generation

nR sequences un(m) ∼ ∏n
i= pU(ui) form ∈ [ ∶ 

nR]
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Correlated Sources over a MAC
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Ŝn
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Hybrid coding

• Berger–Tung source coding + MAC coding
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Ŝn , Ŝ
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Hybrid coding

• Conceptually simple yet performs very well

• Paolo Minero’s talk on Monday : am (right before David Tse)

 / 



Diamond Network

M M̂X n
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Encoder Decoder
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Relay 

Existing coding schemes

• Decode–forward (digital-to-digital interface)
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Existing coding schemes

• Decode–forward (digital-to-digital interface)

• Amplify–forward (analog-to-analog interface)
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Diamond Network

M M̂X n
 p(y , y ∣x) p(y ∣x , x)

Y n


Y n


Y n


X n


X n


Encoder Decoder

Relay 

Relay 

Existing coding schemes

• Decode–forward (digital-to-digital interface)

• Amplify–forward (analog-to-analog interface)

• Noisy network coding (analog-to-digital interface)

Question

Can we do better than these coding schemes?
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Answer

• Hybrid coding (analog-to-[analog/digital] interface)
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Answer
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Diamond Network

M M̂X n
 p(y , y ∣x) p(y ∣x , x)

Y n


Y n


Y n


X n


X n


Encoder Decoder

Relay 

Relay 

Answer

• Hybrid coding (analog-to-[analog/digital] interface)

Y n
j Un

j (M j)Source

Channel

x j(u j , y j)
encoder

X n
j

• Naturally combines noisy network coding and amplify–forward
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Example : Deterministic Diamond Network
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Example : Deterministic Diamond Network

M M̂X n
 (y , y)(x) y(x , x)
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
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
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
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

Encoder Decoder

Relay 

Relay 

Cutset bound

C ≤ max
p(x ,x ,x)

min{H(Y, Y), H(Y)+H(Y ∣X), H(Y)+H(Y ∣X), H(Y)}
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Hybrid coding lower bound

C ≥ max
p(x)p(x ∣y)p(x ∣y)

min{H(Y, Y), H(Y)+H(Y ∣X), H(Y)+H(Y ∣X), H(Y)}
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
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
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Blackwell BC (y(x), y(x))














X

Y

Y

Binary erasure MAC y(x , x)

Y = X + X

X , X ∈ {, },

Y ∈ {, , }
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Example : Deterministic Diamond Network

M M̂X n
 (y , y)(x) y(x , x)

Y n


Y n


Y n

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
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

Encoder Decoder

Relay 

Relay 

Blackwell BC (y(x), y(x))














X

Y

Y

Binary erasure MAC y(x , x)

Y = X + X

X , X ∈ {, },

Y ∈ {, , }

General lower bound = . < log  = Hybrid coding lower bound
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Example : Gaussian Diamond Network
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Example : Gaussian Diamond Network
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
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AF vs. NNC vs. Hybrid Coding
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AF vs. NNC vs. Hybrid Coding
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Example : Gaussian Two-Way Relay Channel

X X

X

Y Y

Y

Z Z

Z

g g

g g
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Example : Gaussian Two-Way Relay Channel

X X

X

Y Y

Y

Z Z

Z

r−/ ( − r)−/

r−/ ( − r)−/

  

r


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Hybrid Coding vs. Other Coding Schemes
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Concluding Remarks

Hybrid coding
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Concluding Remarks

Hybrid coding

• Versatile interface for source–channel coding and relaying

• Joint source–channel coding can be simple (and fun too!)

• Hybrid coding > amplify–forward + noisy network coding

• Hybrid coding + structured coding > decode–forward

Back to reality

• Barron and Oppenheim (): US Patent ,,

• Meir Feder: Amimon high-definition wireless audio-video modem

• Any good code for both (source) encoding and (channel) decoding?
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