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Outline

@ Channel-source duality for BCs

@ Semi-deterministic BC with decoder cooperation
@ Source coding dual

@ Capacity results

@ Summary
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Duality - Preface

“There is a curious and provocative duality between the properties of a
source with a distortion measure and those of a channel...”
(C. E. Shannon, 1959)
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(C. E. Shannon, 1959)

PTP Duality: [Shannon, 1959], [Cover and Chiang, 2002], [Pradhan et
al., 2003], [Gupta and Verdd, 2011].

@ The solutions are dual - Information measures coincide.

@ A formal proof of duality is still absent.
@ Solving one problem = Valuable insight into solving dual.
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Point-to-Point Case:

Empirical Coordination: (X,Y) € ﬁ(n)(PXP;lX)

——> Encoder ——— Decoder ———>

~
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Duality - Preface

Point-to-Point Case:
R*=1(X;Y)

—— > Encoder —— Decoder ———>

~

——~—» Encoder — > Pyjx ——"—» Decoder M,

C=I(X;Y)
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Duality - Preface

Point-to-Point Case:

R* =I(X;Y)

X T

Y
~ " » Encoder — > Pyix " » Decoder
C=I1(X;Y)
&———Channel Coding > Source Codingr————"—=—>
. |
' |
0 I(X;Y) R
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Multi-User Duality - Broadcast Channels

Channel Y1 Decoder 1 Mﬁ
(Mﬂ Encoder X Py, v, |x
Y2 | Decoder 2 N(Y
X41> Encoder 1 Ti(%)
Decoder Y,
Xy T5(X2)

— Encoder 2
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Multi-User Duality - Broadcast Channels
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Multi-User Duality - Broadcast Channels

Mi(Y1)
Moy(Yo

Channel |1 [aes
My, M.
( 1’42)> Encoder X Py, v, |x
Y, Decoder 2
X T (X
i - Encoder 1 1(X4)
Decoder ———
X3 T5(X3)

——{ Encoder 2
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Multi-User Duality - Broadcast Channels

Probabilistic relations are preserved:
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Multi-User Duality - Broadcast Channels

Probabilistic relations are preserved:

Broadcast Channel Dual Source Coding Setting
(X,Y1,Y,) € T (P)*(PYl,Yg\X) - (X,X,Y)c AR (PXI,XZP{;‘XhX,z)
e.g., Markov relations, deterministic functions, etc.

Additional Principles:
@ Causal/non-causal encoder CSI <— Causal/non-causal decoder S|
@ Decoder cooperation «+— Encoder cooperation

Result Duality: Information measures at the corner points coincide!
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Cooperative SD-BC vs. Cooperative WAK Problem

Without cooperation: [Gelfand vs. Pinsker, 1980] and [Wyner, 1975]&[Ahlswede-Kérner, 1975]

(Mla MQ)

Encoder

Goldfeld /Permuter/Kramer

Channel Yi Decoder 1 — M1
Livi=p(x))
Mq5(Yq) € 1:2nf2
. (Y1) €120
Y A~
2 Decoder 2 — M2
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Cooperative SD-BC vs. Cooperative WAK Problem

Without cooperation: [Gelfand vs. Pinsker, 1980] and [Wyner, 1975]&[Ahlswede-Kérner, 1975]

Channel Yi Decoder 1 My
M., M Livi—rx)
( 142)’ Encoder X Ee=HES) M12(Y1)€[122RR12]
XPYQ‘X
Y; Decoder 2 My

BCs with Cooperation:

@ Physicaly degraded (PD) [Dabora and Servetto, 2006].

@ Relay-BC [Liang and Kramer, 2007].

@ State-dependent PD [Dikstein, Permuter and Steinberg, 2014].

@ Degraded message sets / PD with parallel conf. [Steinberg, 2015].
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Cooperative SD-BC vs. Cooperative WAK Problem

Without cooperation: [Gelfand vs. Pinsker, 1980] and [Wyner, 1975]&[Ahlswede-Kérner, 1975]

~
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M, M. X Lvi=px)
( 142)’ Encoder ' M12(Y1) € [122”R12]
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2 Decoder 2 — M2
X1 Tl
—| Encoder 1
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2 Encoder 2 2
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Cooperative SD-BC vs. Cooperative WAK Problem

Without cooperation: [Gelfand vs. Pinsker, 1980] and [Wyner, 1975]&[Ahlswede-Kérner, 1975]

Channel Y; Decoder 1 My
My, M. Livi=s(x)
( 142)’ Encoder X EE=HES) M12(Y1)€[122RR12]
XPYZ‘X
Y; Decoder 2 My
X1 Tl
— | Encoder 1
[1:272] 5 T2 (X) Decoder Y,
Xs TS

— Encoder 2

Semi-Deterministic BC

WAK Problem

(X,Yl,Yz) S 7—5(”)(P;(]l{y1:f(x)}Py2‘X) - (Y7X17X2) S ﬁ(n)(Pyﬂ{Xlzf(Y)}P)*(z‘Y)
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Cooperative SD-BC vs. Cooperative WAK Problem

Without cooperation: [Gelfand vs. Pinsker, 1980] and [Wyner, 1975]&[Ahlswede-Kérner, 1975]

~

Channel Y; Decoder 1 My
My, M. Livi=s(x)
( 142)’ Encoder X EE=HES) M12(Y1)€[122RR12]
XPYZ‘X
Y; Decoder 2 My
X1 Tl
— | Encoder 1
[1:272] 5 T2 (X) Decoder Y,
X, T,

— Encoder 2

Semi-Deterministic BC

WAK Problem

(X,Y1,Ys) € T (P livicrx)y Praix) <+ (Y, X1,Xy) € ﬁ(n)(Pyﬂ{Xlzf(Y)}P)*(z\y)
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Cooperative WAK Problem - Solution

Theorem (Coordination-Capacity Region)

For a desired coordination PMF Px, Py | x,1{x,—t(v)}:

Rip > I(V; X1) — I(V; X2)
c _ Ry > H(X:1|V,U)
wak = U Ry > I(U; X|V) — 1(U; X4 |V)
R1+R2 2H(X1|‘/7U)+I(‘/,U,X1,X2)

where the union is over all Px, x, Py |x, Pu|x,,v Py|x,,u,v with
Px, Py x,1x,—f(v)} as marginal.
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Corner Point Correspondence

For fixed joint PMFs and Rjs:

Ry Ry
U Xa|V) -
+I(V; X1)
1(U; X,|V)
—I(U; X1]V)
VHX\V,U)  H(X) R 0 Ry

Goldfeld /Permuter/Kramer BCs with Cooperation: Capacity and Duality 9/12



Corner Point Correspondence

For fixed joint PMFs and Rjs:

R2 R2
HU; X2|V) e L
+I(V; X1)
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—I(U; X1|V)
YHXV,U)  H(X) R 0 Ry
‘ Cooperative WAK Problem ‘ Cooperative Semi-Deterministic BC
Ry =1(V; X)) — I(V; X5)
(R1, Rs) at Lower Corner Point: (R1, Rs) at Lower Corner Point:
(H(X0), I X%|V) — 1(U; Xa|V) )
(R1, Rs) at Upper Corner Point: (R1, R2) at Upper Corner Point:
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Corner Point Correspondence

For fixed joint PMFs and Rjs:
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Corner Point Correspondence

For fixed joint PMFs and Rjs:
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Corner Point Correspondence

For fixed joint PMFs and Rjs:

Ry Ry,
1(U; X V) i/—_\ ;
HI(V5 X))
U XV) < 10 Y3I)
—IU X4V | I
0H(X,|V,U) H(X) R HY) R

‘ Cooperative WAK Problem

‘ Cooperative Semi-Deterministic BC |

Ry = I(V; X)) = I(V; X»)

Ry, =1(V;Y1) — I(V;Y3)

(R1, Rs) at Lower Corner Point:
(H(X0), I X%|V) — 1(U; Xa|V) )

(Ry, Ry) at Lower Corner Point:
(H(m), 1 Y|V) — IU V) )

(R1, Rs) at Upper Corner Point:
(HX:V,U) , I(U; X5|V) + 1(V; Xy) )

(R1, R2) at Upper Corner Point:

Goldfeld /Permuter/Kramer
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Corner Point Correspondence

For fixed joint PMFs and Rjs:
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‘ Cooperative WAK Problem ‘ Cooperative Semi-Deterministic BC |
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Semi-Deterministic BC with Cooperation - Solution

Theorem (Capacity Region)

The capacity region is:

Ry > I(V:Yh) — I(V;Y2)

. R, < H(Y1)
CBC_U Ry < I(V,U;Y3) + Rio
Ri+ Ry < HW|V,U) + I(U; Yo|V) + I(V; Y1)

where the union is over all Py uy, x Py, xL{y,—f(x)}-
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Semi-Deterministic BC with Cooperation - Solution

Theorem (Capacity Region)

The capacity region is:
Ry > I(V;Y1) — I(V;Ya)
. R, < H(Y1)
CBC_U Ry < I(V,U;Y2) + Ri2
Ri+ Ry < HWV,U) + I(U; Y2|V) + I(V; Y1)

where the union is over all Py uy, x Py, xL{y,—f(x)}-

@ Later: Achievability and converse proofs for an alternative region.
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Semi-Deterministic BC with Cooperation - Solution

Theorem (Capacity Region)

The capacity region is:

Ry > I(V:Yh) — I(V;Y2)

. R, < H(Y1)
¢gc=U Ry < I(V,U;Y3) + Rz
Ri+ Ry < HW|V,U) + I(U; Yo|V) + I(V; Y1)

where the union is over all Py uy, x Py, xL{y,—f(x)}-

@ Later: Achievability and converse proofs for an alternative region.

@ Cgc emphasizes duality.
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Cooperative Semi-Deterministic BC - Achievability Outline
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Cooperative Semi-Deterministic BC - Achievability Outline

@ Rate Splitting: M; = (MjQ,ij), 7=12:
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Cooperative Semi-Deterministic BC - Achievability Outline
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Cooperative Semi-Deterministic BC - Achievability Outline

@ Rate Splitting: M; = (Mo, M;;), j = 1,2: Y1 Dec 1
> (Mio, M2o) - Common message;
» (M1, Mss) - Private messages. X

—> Enc —— Channel

@ Codebook Structure: Marton (with common Y2 ) Dec 2

message).
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@ Rate Splitting: M; = (Mo, M;;), j =1,2: Y1 Dec 1
> (Mio, M2o) - Common message;
Mo - _ 1 X
> (Mi1, M) - Private messages. e —
@ Codebook Structure: Marton (with common Y2 ) Dec 2

message).

y1-codebook ~ P{f‘ %

u-codebook ~ PI’/,H
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> (Mi1, M) - Private messages. e —
@ Codebook Structure: Marton (with common Y2 ) Dec 2

message).

y1-codebook ~ P{f‘ %
@ Cooperation:
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Cooperative Semi-Deterministic BC - Achievability Outline

@ Rate Splitting: M; = (MjQ,ij), 7=12:
> (Mio, M2o) - Common message;
» (M1, Mss) - Private messages.

o Codebook Structure: Marton (with common

message).

@ Cooperation:

Y,

Dec 1

—> Channel

1. Partition common message c.b. into 2"%12 bins.

Goldfeld /Permuter/Kramer

Yo

Dec 2

y1-codebook ~ P{f‘ |

%

u-codebook ~ PI’/,H

BCs with Cooperation: Capacity and Duality 11/12



Cooperative Semi-Deterministic BC - Achievability Outline

@ Rate Splitting: M; = (Mo, M;;), j =1,2: Y1 Dec 1
> (Mio, M2o) - Common message;
Mo - _ 1 X
> (Mi1, M) - Private messages. e —
@ Codebook Structure: Marton (with common Y2 ) Dec 2

message).

y1-codebook ~ Py %
@ Cooperation:
1. Partition common message c.b. into 2"%12 bins.
2. Convey bin number via link.

g V(mw-, ’"Lzo)

X X
x X/
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@ Rate Splitting: M; = (Mo, M;;), j =1,2: Y1 Dec 1
> (Mio, M2o) - Common message;
Mo - _ 1 X
> (Mi1, M) - Private messages. e —
@ Codebook Structure: Marton (with common Y2 ) Dec 2

message).

y1-codebook ~ Py %
@ Cooperation:
1. Partition common message c.b. into 2"%12 bins.
2. Convey bin number via link.

g V(mw-, ’"Lzo)

@ User 2 Gain:
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Cooperative Semi-Deterministic BC - Achievability Outline

@ Rate Splitting: M; = (Mo, M;;), j =1,2: Y1 Dec 1
> (Mio, M2o) - Common message;
Moo) - i X
> (Mi1, M) - Private messages. e —
@ Codebook Structure: Marton (with common Y2 ) Dec 2

message).

y1-codebook ~ P{f‘ %
@ Cooperation:
1. Partition common message c.b. into 2"%12 bins.
2. Convey bin number via link.

g V(mw-, mzo)

@ User 2 Gain: Reduced search space of common
message c.w. by Rjs. "x

X X
X X%/

X X
X

x
X
X
X
u-codebook ~ PI”H
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Cooperative Semi-Deterministic BC - Achievability Outline

@ Rate Splitting: M; = (MjQ,ij), 7=12:
> (Mio, M2o) - Common message;
» (M1, Mss) - Private messages.

o Codebook Structure: Marton (with common

message).

@ Cooperation:

Y,

Dec 1

—> Channel

1. Partition common message c.b. into 2"%12 bins.

2. Convey bin number via link.

@ User 2 Gain: Reduced search space of common

message c.w. by Rjs.

= More channel resources for private message.
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Cooperative Semi-Deterministic BC - Achievability Outline

@ Rate Splitting: M; = (MjQ,ij), 7=12:

> (Mio, M2o) - Common message;

» (M1, Mss) - Private messages.

o Codebook Structure: Marton (with common
message).

@ Cooperation:

1. Partition common message c.b. into 2"%12 bins.
2. Convey bin number via link.

@ User 2 Gain: Reduced search space of common
message c.w. by Rjs.

= More channel resources for private message.
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Summary

@ Channel-source duality for BCs.
@ Cooperative semi-deterministic BCs:

» Source coding dual - Cooperative WAK problem.
» Corner point correspondence.

@ Achievability via Marton coding with a common message.

@ Full version undergoing review for IEEE Trans. Inf. Theory;
available on ArXiV at http://arxiv.org/abs/1405.7812.
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Summary

@ Channel-source duality for BCs.
@ Cooperative semi-deterministic BCs:

» Source coding dual - Cooperative WAK problem.
» Corner point correspondence.

@ Achievability via Marton coding with a common message.

@ Full version undergoing review for IEEE Trans. Inf. Theory;
available on ArXiV at http://arxiv.org/abs/1405.7812.

Thank you!

Goldfeld /Permuter/Kramer BCs with Cooperation: Capacity and Duality 12/12



Multi-User Duality - Additional Examples

State-Dependant Semi-Deterministic BC vs. Dual:
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Multi-User Duality - Additional Examples

State-Dependant Semi-Deterministic BC vs. Dual:

Y Y X T
Channel L Dec 1 M, = Enc 1 !
(My, My) X | Lm=rxs) ] Y
— Enc Dec —
X Py,|x,s I
Y Y X T
T 2, Dec 2 My 2 Enc 2 2 T
S Z
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Multi-User Duality - Additional Examples

State-Dependant Semi-Deterministic BC vs. Dual:

Channel

X | L=rxs)

My, M.
(23, —>2) Enc
S
Ry
I(U;Y2)
—1(U;S)

1(U;Ya) = 1(U; S)
—I(U;11]9)

YHoalsu) HMIS)

X Py,|x,s

Y y X3 Ty
L Dec1 M ~— Enc1
Y
Dec —
Y Y X T T
% Dec 2 My — Enc 2
V/
Ry
I(U; Xs) [
—I(U; 2)
(U X2) — I(U: 2)
~I(U; X1|2)
0
Ry H(X\|Z,U)  H(X1|2) B
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Multi-User Duality - Additional Examples

State-Dependant OQutput-Degraded BC vs. Dual:
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Multi-User Duality - Additional Examples

State-Dependant OQutput-Degraded BC vs. Dual:

S Z
Y1 l ~ Xl l

Channel Dec 1 | M, Enc 1 !
M, M. X L %
(M i)> Enc —— Py v x,s Dec —

—>
Y Y X T
2L, pec 2| Mz 2Ly} Enc 2——
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Multi-User Duality - Additional Examples

State-Dependant OQutput-Degraded BC vs. Dual:

S Z
Y, l N X4 l
/ s T
Channel Dec 1 4}]\{1 Enc1 !
My, M. X v
(M1, M2) Enc ol Py yapx.s L e LY
—>
Y Y X T
2L, Deco Mz 2L Enc2—2
Ry Ry
1(UsY2) J(0£0. &) ) S — |
—I(U;S) —I(U; Z) |
0 I nus) R 0 WXL XU.2) R
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Multi-User Duality - Additional Examples

Action-Dependant Output-Degraded BC vs. Dual:
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Multi-User Duality - Additional Examples

Action-Dependant Output-Degraded BC vs. Dual:

vy At .
— 1
Channel Dec 1 %» Enc 1 L
My, M- X yn
(M i» Enc Py, v,1x,5 Dec —
Yy M. X3 T,
An(]\/fl- ]uz) SL Dec 2 2 Enc 2 A" (quTZ) Zl
PS|A 4T Pz1x,,X2,4
Si
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Multi-User Duality - Additional Examples

Action-Dependant Output-Degraded BC vs. Dual:

Y’Vl R X’IL
! o8 RN T
Channel Dec 1——— Enc 1 L
My, M- X"  ly»
() [, v
Yy M. X3 Ty
A"(My, Ms)| | gt Dec 22 Enc2 ANTLT)| |z
PS|A 4T Pz1x,,X2,4
Si
Ry Ry
1(U;Y2) J{(T£5 ey ) P |
0 I(V, A1, Ya|U) i 0 IV AX,X,U) R
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AK Problem with Cooperation - Achievability Outline

X T1(X
= Encoder 1 1(X0)

Y
Ta(Xa) Decoder —

X To(T12, X2)
=2, Encoder2 ——272
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AK Problem with Cooperation - Achievability Outline

X T1(X
= Encoder 1 1(%)
T2(X4) Decoder Y,
X Ty (T2, X
=2, Encoder 2 2Tz Xo)

‘ Rate ‘ Corner Point 1 ‘ Corner Point 2
Rio I(V; X1) — I(V; X2) I(V; X1) = 1(V; Xa)
R H(X)) H(X,|V,U)

Rs I(U; Xo|V) — I(U; X1|V) I(U; Xo|V) + I(V; X41)
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AK Problem with Cooperation - Achievability Outline

X T (X
=, Encoder 1 1X)
Ti2(X4) Decoder Y,
A\ 4
X Ty(T1a, X
= Encoder 2 o0t Xo)

‘ Rate ‘ Corner Point 1 ‘ Corner Point 2 ‘
Ryo I(V; X1) — I1(V;X32) I(V; X1) — I(V; X2)
Ry H(X1) H(X:1|V,U)
Ry HU; X5|V) — I(U; X41]V)

I(U; Xo|V) + I(V; X1)

@ Cooperation: Wyner-Ziv scheme to convey V via cooperation link

Goldfeld /Permuter/Kramer BCs with Cooperation: Capacity and Duality

12/12



AK Problem with Cooperation - Achievability Outline

X T (X
= Encoder 1 1X)
Th2(Xy) > Decoder Y,
X Ty(T1a, X
= Encoder 2 o0t Xo)

‘ Rate ‘ Corner Point 1 ‘ Corner Point 2
Ry I(V; X1) — I(V; X2) I(V; X1) = 1(V; Xa)
Ry H(X1) H(X4|V,U)

Ry I(U; X»|V) — I(U; X4|V)

I(U; Xo|V) + I(V; X1)

@ Cooperation: Wyner-Ziv scheme to convey V via cooperation link.
@ Corner Point 1: V is transmitted to dec. by Enc. 1 within X;.
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AK Problem with Cooperation - Achievability Outline

X T (X
= Encoder 1 1(%)
Th2(Xy) Decoder Y,
X Ty (Th2, X
=2 . Encoder 2 aa X
‘ Rate ‘ Corner Point 1 ‘ Corner Point 2
Ria I(V; X1) — I(V; X2) I(V; X1) = 1(V; Xa)
Ry H(X,) H(X,1|V,U)
Ry I(U; Xo|V) = I(U; X4|V) I(U; X»|V) + I(V; X4)

@ Cooperation: Wyner-Ziv scheme to convey V via cooperation link.
@ Corner Point 1: V is transmitted to dec. by Enc. 1 within X;.
@ Corner Point 2: V is explicitly transmitted to dec. by Enc. 2.
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AK Problem with Cooperation - Proof Outline

Converse:
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AK Problem with Cooperation - Proof Outline

Converse:

@ Standard techniques while defining

‘/i = (TlQaXIL\i?Xg,H»lL
U; =15,

for every 1 <i <n.
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AK Problem with Cooperation - Proof Outline

Converse:

@ Standard techniques while defining

‘/i = (TlQaXIL\i?Xg,H»lL
U; =15,

for every 1 <i <n.
@ Time mixing properties.
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Semi-Deterministic BC with Cooperation - Achievability

Outline

e Rate Splitting: M, = (Mo, M;;), j =1,2:
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Semi-Deterministic BC with Cooperation - Achievability
Qutline

o Rate Splitting: M; = (Mo, M;;), j =1,2: Y Dec 1
> (Mio, M2o) - Public message; N
> (Mi1, M) - Private messages. | Enc X Channel
Yn
% Dec 2
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Semi-Deterministic BC with Cooperation - Achievability
Qutline

o Rate Splitting: M; = (Mo, M;;), j =1,2: Y Dec 1
> (Mio, M2o) - Public message; N
> (Mi1, M) - Private messages. | Enc X Channel
}/'Z’IL D 2
@ Codebook Structure: Marton: e
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Semi-Deterministic BC with Cooperation - Achievability
Qutline

o Rate Splitting: M; = (Mo, M;;), j =1,2: Y Dec 1
> (Mio, M2o) - Public message; N
> (Mi1, M) - Private messages. | Enc X Channel
}/'Z’IL D 2
@ Codebook Structure: Marton: e

> Public Message: (Mo, M2o) — V.
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Semi-Deterministic BC with Cooperation - Achievability

Outline

e Rate Splitting: M, = (Mo, M;;), j =1,2:

> (Mio, M2o) - Public message;
> (Mi1, Ma2) - Private messages.

@ Codebook Structure: Marton:

— Enc
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> Public Message: (Mo, M2o) — V.

» Private Messages - Superposed
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Outline

e Rate Splitting: M, = (Mo, M;;), j =1,2:
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> (Mi1, Ma2) - Private messages.

@ Codebook Structure: Marton:
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Semi-Deterministic BC with Cooperation - Achievability

Outline

e Rate Splitting: M, = (Mo, M;;), j =1,2:

> (Mio, M2o) - Public message;

> (Mi1, Ma2) - Private messages.

Enc

XxXn

@ Codebook Structure: Marton:
> Public Message: (Mo, M2o) — V.
> Private Messages - Superposed on V:
1. ]\"'Ill — Yl;
2. Moy — U.
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Semi-Deterministic BC with Cooperation - Achievability

Outline

e Rate Splitting: M, = (Mo, M;;), j =1,2:

> (Mio, M2o) - Public message;
» (M1, M) - Private messages.

Enc

XxXn

@ Codebook Structure: Marton:
> Public Message: (Mo, M2o) — V.
> Private Messages - Superposed on V:
1. /\fﬁl — Yl;
2. Moy — U.

Goldfeld /Permuter/Kramer BCs with Cooperation:
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Semi-Deterministic BC with Cooperation - Achievability
Qutline

o Rate Splitting: M; = (Mo, M;;), j =1,2: e
> (Mio, M2o) - Public message; .
> (Mi1, M) - Private messages. | Enc X Channel

Dec 1

Yn
2> Dec 2

@ Codebook Structure: Marton:
> Public Message: (Mo, M2o) — V.
> Private Messages - Superposed on V: y1-codebook ~ Py |y,
1. /\fﬁl — Yl;
2. Moy — U.

<\
—~
3
3
> \
=
=)
3
S
IN)
S
N

@ Decoding: Joint typicality decoding.

x

u-codebook ~ 1’(’,1“.
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Semi-Deterministic BC with Cooperation - Achievability
Qutline

o Rate Splitting: M; = (Mo, M;;), j =1,2: Y Dec 1
> (Mio, M2o) - Public message; N
> (Mi1, M) - Private messages. | Enc X Channel
e Dec 2
@ Codebook Structure: Marton: e

> Public Message: (Mo, M2o) — V.
> Private Messages - Superposed on V: y1-codebook ~ Py |y,
1. /\r"[n — Yl;
2. Moy — U.

@ Decoding: Joint typicality decoding.

M v(mio, mao)

o Cooperation: Bin number of V™ - 2712 bins.

u-codebook ~ 1’(’!“,
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Semi-Deterministic BC with Cooperation - Achievability
Qutline

o Rate Splitting: M; = (Mo, M;;), j =1,2: Y Dec 1
> (Mio, M2o) - Public message; N
> (Mi1, M) - Private messages. | Enc X Channel
e Dec 2
@ Codebook Structure: Marton: e

> Public Message: (Mo, M2o) — V.
> Private Messages - Superposed on V: y1-codebook ~ Py |y,
1. /\r"[n — Yl;
2. Moy — U.

@ Decoding: Joint typicality decoding.

M v(mio, mao)

o Cooperation: Bin number of V™ - 2712 bins.

@ Gain: Dec. 2 reduces search space of V by Rjs.

u-codebook ~ 1’(’!“,
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Semi-Deterministic BC with Cooperation - Converse
Outline

Via telescoping identities:
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Semi-Deterministic BC with Cooperation - Converse
Outline

Via telescoping identities:

1. Auxiliaries: V; = (Mo, Yy ™", Y3 1) and U; = M.
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Semi-Deterministic BC with Cooperation - Converse
Outline

Via telescoping identities:
1. Auxiliaries: V; = (Mo, Yy ™", Y3 1) and U; = M.

2. Telescoping identities [Kramer, 2011], e.g.,
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Semi-Deterministic BC with Cooperation - Converse
Outline

Via telescoping identities:
1. Auxiliaries: V; = (Mo, Yy ™", Y3 1) and U; = M.

2. Telescoping identities [Kramer, 2011], e.g.,

H(Mg) — NE€Ep,
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Semi-Deterministic BC with Cooperation - Converse
Outline

Via telescoping identities:
1. Auxiliaries: V; = (Mo, Yy ™", Y3 1) and U; = M.

2. Telescoping identities [Kramer, 2011], e.g.,

H(Mg) — NE€Ep, < I(MQ;Y'QTL|M12) + I(Mg;Mlg)
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Semi-Deterministic BC with Cooperation - Converse
Outline

Via telescoping identities:
1. Auxiliaries: V; = (Mo, Yy ™", Y3 1) and U; = M.

2. Telescoping identities [Kramer, 2011], e.g.,

H(Ms) —ne, < I(Mo; Y3 | Mi2) + I(Ma; Mio)
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Semi-Deterministic BC with Cooperation - Converse
Outline

Via telescoping identities:
1. Auxiliaries: V; = (Mo, Yy ™", Y3 1) and U; = M.

2. Telescoping identities [Kramer, 2011], e.g.,

H(Ms) —ne, < I(Mo; Y3 | Mi2) + I(Ma; Mio)

n

{I(M% Y27?1'|M127 Yli_l) _I(M2§ Y27?1+1 |M127 Yli) +I(M2; M12)

1

(2
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Semi-Deterministic BC with Cooperation - Converse
Outline

Via telescoping identities:
1. Auxiliaries: V; = (Mo, Yy ™", Y3 1) and U; = M.
2. Telescoping identities [Kramer, 2011], e.g.,

H(Ms) —ne, < I(Mo; Y3 | Mi2) + I(Ma; Mio)

Z {I(M% Yy | M2, Y1i_1) —I(M2; Y3} 1| M2, Yf)} +1(Ma; M2)

i

[l
,_.

{I(M2;Y2,i|M12,Yl LY rvit1) —L(Mz2; Y7, i| M2, Y7, Yy z—l—l)}

s
[l
,_.

+ I(My; Mi2)
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Semi-Deterministic BC with Cooperation - Converse
Outline

Via telescoping identities:
1. Auxiliaries: V; = (Mo, Yy ™", Y3 1) and U; = M.

2. Telescoping identities [Kramer, 2011], e.g.,

H(Ms) —ne, < I(Mo; Y3 | Mi2) + I(Ma; Mio)

Z {I(M% Yy | M2, Y1i_1) —I(M2; Y3} 1| M2, Yf)} +1(Ma; M2)

(2

[l
,_.

{I(M% Yao,i| Mia, Y771, Y3hiv1) —I(M2; Y1,i| M2, Yy, Y2T,Li+1)}

@
[l
,_.

+ I(My; Mi2)

Replaces 2 uses of Csiszar Sum Identity.
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