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What is Cribbing !

Each encoder knows the output of other encoder with some fixed delay [Willems82]
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What is Cribbing !

Each encoder knows the output of other encoder with some fixed delay [Willems82]
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® Motivation : Cognitive Radio, Cooperation, Relay.

® Cribbing with State [BrosslLapidoth|0]

® Interference Channel with Cribbing Encoder [BrossSteinbergTinguely | 0]

® Trivial for Gaussian [Willems05]



Partial (deterministic-function) Cribbing

Case A : The cribbing at both encoders is strictly causal.
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Partial (deterministic-function) Cribbing

Case B : The cribbing at one encoder is strictly causal and at other
encoder is causal.
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Strictly Causal Cribbing (Case A)

Capacity Region R 4

4

Ry < H(Z,|U) + I(X,;Y | X2, Z,,U),

Ry < H(Z,|U) + I(X2;Y | X1, 2,,U),

R+ Ry, < I(X,,X5;Y|U, Z,,25) + H(Z,, Z5|U),
R+ Ry, < I(X1,X5;Y), for

P(u)P(z1, z1|u)P(z2, 2o|u) P(y|z1, z2).
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Mixed Strictly Causal and Causal Cribbing (Case B)

Capacity Region R 5

4 \

Ry < H(Z|U) + I(X1;Y | X2, Z1, U),
Ry < H(Z,|U) + I(X2;,Y | X1, Zo,U),
RB=1{ Ri+ Ry <I(X1,Xs;Y|U, 21, 25) +H(Z1,2Z5|U), ¢
Ry + Ry < I(X1,X2,Y), for

| P(u)P(z1, 21|u) P(xs, 22|21, uw) P(y|z1, ). )
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Strictly Causal Cribbing (Case A)

Capacity Region

Ry < H(Z,|U) + I(X1;Y | X2, Z1,U),
Ry < H(Z2|U) + I(X;Y | X1, Z2,U),
Ra=1{ Ry+ Ry <I(X1,X;Y|U,Z1,25) + H(Z,,2Z,|U), ¢
R+ Ry, < I(X1,X5;Y), for

P(u)P(z1, z1|u)P(z2, 2o|u) P(y|z1, z2).

4y = ¢, 2y = ¢ Z1 = X1,22 = Xo
\
[ Ry < I(X1:Y|X0), ‘ Ry < H(X,|U),
R - R2SI(X2;Y|X1), > R _ R2 S H(X2|U),
ne Ri + Ry < I(X1,X5;Y), for R+ Ry < ](XI,XQ;Y)’ for
| Pla)Pr2) Plyle., z2) ) P(u)P(xy|u)P(xo|u)P(y|z1, x2). )

MAC with no cooperation MAC with perfect cribbing




Achievability Outline : Coding Techniques Used

® Block Markov Coding.
® Superposition Coding.
® Shannon Strategies.

® Backward Decoding.

® Rate Splitting.



Achievability Outline : Code Book Generation (Case A)

Divide a block of length Bn into B blocks of length n.
Ry, =Ri+R! Ry=R,+ R}
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Achievability Outline : Code Book Generation (Case A)

Divide a block of length Bn into B blocks of length n. onky
Ry = R|+R! R,=R)+Rj 2n ki ~ Plzi]21,u)

~ P(z1|u)
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Achievability Outline : Encoding/Decoding (Case A)

Encoding : Block Markov Coding
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Encoding : Block Markov Coding
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Achievability Outline : Encoding/Decoding (Case A)

Encoding : Block Markov Coding

m
(m’l,b’ mlll,b m) , -
’ O
(27, u", m,ll,b)
O O

(ml1,b—1’ mf?,b—1)




Achievability Outline : Encoding/Decoding (Case A)

Backward Decoding

At block b, (m],,my,) is already known



Achievability Outline : Encoding/Decoding (Case A)

Backward Decoding

At block b, (mj,,my,) is already known
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Achievability Outline : Error Analysis (Case A)
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Achievability Outline : Error Analysis (Case A)
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Additive White Gaussian MAC with Quantized Cribbing
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Additive White Gaussian MAC with Quantized Cribbing
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Additive White Gaussian MAC with Quantized Cribbing
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Additive White Gaussian MAC with Quantized Cribbing
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Additive White Gaussian MAC with Quantized Cribbing

0.8

0.7

0.6

0.5

0.3

0.2

0.1

no cooperation

1

no coperation
full coperation
1-bit cribbing

—— 2-bit cribbing

4-bit cribbing

full cooperation

1.2

1.4

1.6



Controlled Cribbing

Encoder 1

X1,4(m1)

MAC

21, = g1(a1,:(2}

—1)7 xl,i)

Encoder 2

I

X2,i(m2a Z{)

PY|X1,X2

Decoder




Controlled Cribbing
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Controlled Cribbing
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Case A : Strictly Causal Controlled Cribbing

RE =

( Rl < H(Z1|U7A1) + I(XI;Y|X23Z17 Ua A1)7
Ry < I(X9;Y|X1,U, Ar),

< Ri+ Ry < I(X1,X2;Y|U,A1, Zl) - H(Z1|U, Al),
R1 + Ry < I(X1,X2;Y), for

P(’U,, al)P(xlazllua al)P(leu)al)P(ylxlaw2)

S.t. E[Al(Al)] < Fl.
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Case B : Causal Controlled Cribbing
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To Crib or Not to Crib
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To Crib or Not to Crib
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To Crib or Not to Crib

Capacity Region
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delay in the cribbing (Case A) [EIGamalAref82]
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Capacity Region
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no delay in the cribbing (Case B), i.e., X5 ;(Z*) [ElGamalHassanpourMammen07]

Ry = max min{H (Z|U, A) + I(X1; Y| X2, Z,U, A), I(Y; X1, X2)}.
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To Crib or Not to Crib
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® Cribbing is an important concept in cognitive radios, cooperation
and relaying.

® (Capacity region of deterministic using : block markov codes,
strategies, superposition coding, backward decoding and rate
splitting

® We see that for AWGN MAC with causal quantized cribbing, few
bits are enough.

® Controlled Cribbing.



® Non-causal Partial (deterministic) cribbing.

® Controlled Cribbing with actions dependent on messages,
. i—1
l.e., al,z’(zl 7m1)
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