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Sensors: battery powered 

Base stations: plugged-in

Network Network

Can feedback reduce the forward transmission rate?

Motivation
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Sources: (X1, X2, . . . , Xk)

Network:

Source nodes:{ 1, 2, . . . ,k}

(V, E)

Demands:(X̂i : i ! D) Sink nodes:{s1, s2, . . . ,sm}

 error-free links

Feedback: each sink to each source, unlimited feedback

Does feedback change the rate-region? 

(X1, X2, . . . , Xk) ∼ p(x1, x2, . . . , xk)

Problem Statement
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Error-free link

Source Reconstruction

Encoder Decoder

f (b(Xn
1 ))

Encoder knows                  even without feedback

Feedback does not help

Xn b(Xn)

f (b(Xn
1 ))

!X(b(Xn))

Simplest case
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Decoder

Encoder
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H(X2)

! (" 1|" 2) H(X1)

R2

R

H(X2|X1)

R1

R1 ≥ H(X1|X2)
R2 ≥ H(X2|X1)
R1 + R2 ≥ H(X1, X2)

≥ H(X1|X2)

(X1, X2) ∼ p(x1, x2)X 1

X 2

X1, X2

Can feedback help when it gives encoders extra info?

Cutset bounds still have to be satisÞed(c.f. [Cover, ThomasÕ90])



H(X2)

! (" 1|" 2) H(X1)

R

(R1, R2) ! R iff

R1 ! H(X1|U)

for some U s.t. X1 → X2 → U
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R2 ≥ I(X2; U)

X 1|U

X1 U

Source Coding with Coded Side Information

U

[Ahlswede, KornerÕ75]

Can feedback help when cutset bounds are not tight?

Without feedback
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X1− X1|U

R1 ! H(X1|U)

R2 ! I(X1; U)

I(X1; X2)
!"

R1 ≥ H(X1|X2)

R1 + R2 ≥ H(X1)

U

X 1|U

X1 U

Source Coding with Coded Side Information

for some U s.t. X1 → X2 → U

[Kaspi, BergerÕ82] 1
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(R1, R2) ∈ R if and only if

H(X1|X2)

With feedback



Toy example:

Without 
feedback

With 
feedback

R1

R2

X 2 = X 1 + Z (mod 2n)

log2 n log2 n

log2 2n 1

[Marco, Effros Õ06] 

X 1 ! U{0, 1, . . . , 2n " 1} , Z ! U{0, 1, . . . , n " 1}

R2, no feedback
R2, feedback

may be arbitrarily large for same value of R1
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X1− X1|U

X1|U

(Re : e ! E) ! R iff

!
e! " o(C)

Re " H(X1|X2) if 1 ! C

!
e∈" o(C)

Re ≥ H(X1) if { 1, 2} ⊆ C

Source Coding with Coded Side Information (general network)

- With feedback, the cutset bounds is achievable

- Without feedback, the rate region is unknown and cutset bounds are loose



X1
X2 Xk

. . .

Network

1
2

k

s1

s2

sm
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(X1, X2, . . . Xk)

(X1, X2, . . . Xk) (X1, X2, . . . Xk)

(Re : e ! E) ! R iff

!
e! " o(C)

Re " H(XC#S|XS\C)

∀ cut C ⊆ V s.t. S ⊆ C or C ∩ T = φ

Network with multicast demands

Can feedback change the cutset bounds?

[Ahlswede et alÕ00; Ho et alÕ06]
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(X1, X2) (X1, X2)

Cutset bound with feedback contains rate 
points not achievable without feedback



Two-terminal Lossy Source Coding
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Theorem: With feedback,                                 , where R ⊇ conv(R 1 ∪R 2)

E[d1(X1, g1(U, V))] ≤ D1
E[d2(X2, g2(U, V))] ! D2

(R1, R2) ! R 1 if and only if

for some (U, V) s.t.

R1 ! I(X1; U|V )

R2 ! I(X2; V)

X1 → X2 → V
U → (X1, V) → X2

! g1(á), g2(á) satisfying

(similarly,R2)

V

V

U

R
R

R1

R2

conv(R1 ∪R2)

RBT
Strict improvement over best known inner bound: with feedback

[BergerÕ77, TungÕ78]
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¥ Feedback may help when
¥ Cutset bounds are not tight
¥ Feedback increases the cutset

¥ Feedback may enable cooperation between encoders

¥ Source Coding with one helper node

¥ Multicast network (multiple sources/sinks)

¥ Two-terminal Lossy Source Coding

Conclusion

Tight results

Achievable bound



¥ Feedback link : capacity constrained - tradeoff?
¥ Partial results known

¥ Feedback to/from intermediate nodes in the network

¥ Number of sessions of feedback needed - inÞnite?

Future Work


