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Motivation

Sensors battery powerec

/7 N\
/ /{ \\\‘

({ ) ) A L rf:!w‘:"'.
I-‘{\\\ ////} / Q \ -.\‘l\\\ )///:}", @ I

Base stationsplugged-in

Can feedback reduce the forward transmission rat




Sources (X1, Xa, ..., Xk)
Demands (X; :i! D)

Network: (V,E) error-free links

Problem Statemer

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

Sink nodes{s1,S, ...,Sm}

Feedback: each sink to each source, unlimited feedba

Does feedback change the rate-regior

(X1, X, ..

.,Xk) ~ p(Xl,Xz,...,Xk)




Simplest cas

Reconstructior
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Encoder knows f(b(X7)) even without feedbac
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Can feedback help when it gives encoders extra infc

> H(X1]|X>2)
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(X1,X2) ~ p(x1,x2)
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Ry > H(X1|X2) H(X5) |-
Ry > H(Xa|Xy) \
R1+ Ry > H(Xy, X3) H(Xp|X1) |
Cutset bounds still have to be satisb¢ (c.f. [Cover, ThomasO9( |, ("1]"2)  H(Xy)
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Can feedback help when cutset bounds are not tigh

Source Coding with Coded Side Informatio

X1—>
01 R,
X1|U
Without feedback o0—> X,
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[Ahlswede, KornerO7!
(R1,Rp) ! R iff
R H(X3|U)
Rz > I(Xz; U)

for some U s.t. X{ — X, — U

H(X>)




Source Coding with Coded Side Informatio

X1 —)i
1
. Xy |u
With feedback o—> X;
X1 — X1|U )
Xo —@
P2 X, |U
(R1,R2) € R if and only if
Ry ! H(X;|U) ) Ry > H(X1|X»)
Ry ! I(Xy;U) ' R+ R, > H(X;)

for some U s.t. X{ — X, — U
X; e Ry
[Kaspi, BergerO8 ) \
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Toy example

X9 :X1—|—Z(mod Qn)

X!

u{0,1,...,2n" 1},Z !

Without With

feedback feedback
R, log, n log, n
Ry log, 2n 1

[Marco, Effros OOt

R

2, no feedback

Rz, feedback

u{o,1,...,n" 1}

may be arbitrarily large for same value ¢ R;




Source Coding with Coded Side Information (general networ

(Re:e! E)! Riff
| Re" H(Xq|Xp)ifl! C

el "o(C)

|  R.>H(Xy)if{1,2} CC
ec” 5 (C)

- With feedback, the cutset bounds is achievabl

- Without feedback, the rate region is unknown and cutset bounds are 100




Can feedback change the cutset bound:

Network with multicast demands

LX)

(Re:e! E)! Riff

I Re” H(Xc#s|Xs\c)
el "o(C)

VeutCCVst. SCCorCNT =¢

[Ahlswede et alO00; Ho et alO(

Cutset bound with feedback contains rat:
points not achievable without feedback




Two-terminal Lossy Source Codin

Theorem: With feedback, R 2 conv(R1UR>3), where

(R1,R2)! Ry if and only if
Ry ! 1(Xy;UlV)
Ry! (X V)
for some (U, V) s.t.
X; — Xo — V
U—(X1,V) = Xz
I 91(9, £2(9 satisfying

E[dl(Xllgl(u/ V))] < Dl
Eldz(X2,82(U, V)] ! D>

(similarly, R;)

Strict improvement overbest known inner bound: with feedback

[BergerO77, TungO




ideas

Key

Results

Conclusion

¥ Feedback may help when
¥ Cutset bounds are not tight
¥ Feedback increases the cutset

¥ Feedback may enable cooperation between encode

¥ Source Coding with one helper node
l Tight results

¥ Multicast network (multiple sources/sinks

¥ Two-terminal Lossy Source Coding ‘ Achievable bound




Future Work

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

¥ Feedback to/from intermediate nodes in the networ

¥ Number of sessions of feedback needed - inbnite?



