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AWGN:  Additive White Gaussian Noise 
 

BC:  Broadcast Channel 

 

CSI: Channel Side Information 

 

CSIR:  Channel Side Information at Reciever 

 

CSIT:  Channel Side Information at Transmitter  

 

DMC: Discrete Memoryless Channel  

 

DPC:  Dirty Paper Coding 

 

IC:   Interference Channel 

 

MAC:  Multiple Access Channel 

 

ML: Maximum Likelihood 

 

OWC:  One-Way Channel 

 

SI:  Side Information   

 

TWC: Two-Way Channel 
 

 

 

 

 



 

 

-

                                                      
-Random coding 

-Side information  



 

 

                                                      
- One way channel 

4- Dirty paper coding 



 

 

                                                      
5- Gaussian random binning  
6-  Linear structured binning 
7-  Lattice coding 

- Gaussian doubly dirty multiple access channel  



 

 

-

-

 

 

 
 

 

 



 

 

 

 

 

 

 

 

 

𝒳 = { , }   𝒴 = { , , } 

                                                      
 -Discrete alphabet channel 



 

 

 

 

 

 

 

(𝒳, 𝑝(𝑦|𝑥), 𝒴)

  𝑥 ∈ 𝒳𝑦 ∈ 𝒴

𝒳𝒴𝑝(𝑦|𝑥)

𝑝(𝑦𝑘|𝑥
𝑘, 𝑦𝑘− ) = 𝑝(𝑦𝑘|𝑥𝑘)     𝑘 = , , … , 𝑛

𝑛

𝑋𝑛𝐻(𝑌|𝑋)𝑌

𝑋𝑌

𝑋𝑌

𝑛𝐻(𝑌)𝑛𝐻(𝑌|𝑋)

𝑋 

𝑛(𝐻(𝑌)−𝐻(𝑌|𝑋)) = 𝑛𝐼(𝑋;𝑌) 

𝑛𝐼(𝑋;𝑌)𝑛

𝑊

{ , , …𝑀}𝑋n(𝑊) 

                                                      
 - Continous alphabet channel 

 Typical sequences 



 

 

𝑌𝑛~𝑝(𝑦𝑛|𝑥𝑛) 

�̂� = 𝑔(𝑌𝑛)𝑊�̂� 𝑊-

(𝑀, 𝑛)(𝒳, 𝑝(𝑦|𝑥), 𝒴)

 { , , … ,𝑀} 

 𝑋𝑛: { , , … ,𝑀} → 𝒳
n

  𝑋𝑛( ), 𝑋𝑛( ),… , 𝑋𝑛(𝑀)-

 

 𝑔:𝒴𝑛 → { , , … ,𝑀} 

:

𝜆𝑖 = 𝑃𝑟(𝑔(𝑌
𝑛) ≠ 𝑖|𝑋𝑛 = 𝑋𝑛(𝑖)) =∑𝑝(𝑦𝑛|𝑥𝑛(𝑖))𝐼(𝑔(𝑦𝑛) ≠ 𝑖)

𝑦𝑛

𝑖𝐼(∙)

𝜆(𝑛)(𝑀, 𝑛)

𝜆(𝑛) = max
𝑖∈{ , ,…,𝑀}

𝜆𝑖

𝑃𝑒
(𝑛)(𝑀, 𝑛)

𝑃𝑒
(𝑛)
=
𝑀
∑𝜆𝑖

𝑀

𝑖=

𝑃𝑒
(𝑛) = 𝑃𝑟(𝐼 ≠ 𝑔(𝑌𝑛))𝑃𝑒

(𝑛) ≤ 𝜆(𝑛) 

 𝑅( 𝑛𝑅 , 𝑛)

{𝜆
(𝑛) →
𝑛 → ∞   

                                                      
 -Achievable rate 



 

 

(𝒳, 𝑝(𝑦|𝑥) , 𝒴)𝒳𝒴

𝐶 =  max
𝑝(𝑥)

𝐼(𝑋; 𝑌)

𝑝(𝑥)𝐼(𝑋; 𝑌)

𝑝(𝑥)𝑝(𝑦|𝑥)𝑝(𝑦|𝑥)

𝑝(𝑥)

𝐴ε
(n){(𝑥𝑛, 𝑦𝑛)}𝑝(𝑥, 𝑦)

𝐴𝜀
(𝑛)
= {(𝑥𝑛, 𝑦𝑛) ∈ 𝒳

𝑛
× 𝒴𝑛:  |−

𝑛
log 𝑝(𝑥𝑛) − H(𝑋)| < 𝜀 ,

|−
𝑛
log 𝑝(𝑦𝑛) − H(𝑌)| < 𝜀 , |−

𝑛
log 𝑝(𝑥𝑛, 𝑦𝑛) − H(𝑋, 𝑌)| < 𝜀}

𝑝(𝑥𝑛, 𝑦𝑛) = ∏ 𝑝(𝑥𝑖 , 𝑦𝑖)
𝑛
𝑖= 

𝑝(𝑥𝑛, 𝑦𝑛) = ∏ 𝑝(𝑥𝑖 , 𝑦𝑖)
𝑛
𝑖=( 𝑋𝑛, 𝑌𝑛)𝑛 

.  Pr (( 𝑋𝑛, 𝑌𝑛) ∈ 𝐴𝜀
(𝑛)) →  as 𝑛 → ∞

.  |𝐴𝜀
(𝑛)| ≤ 𝑛(H(𝑋,𝑌)+𝜀)

C 

𝑅 < 𝐶( 𝑛𝑅 , 𝑛) 

𝜆(𝑛) →

  

( 𝑛𝑅 , 𝑛) 𝑅 < 𝐶 𝑛 → ∞ 𝑃𝑒
(𝑛) ⇾ 

 

                                                      
 - Jointly typical sequences 

 Channel coding theorem 

Discrete memoryless channel 



 

 

 

( 𝑛𝑅 , 𝑛)  𝑅 > 𝐶𝑛 → ∞ 𝑃𝑒
(𝑛) ⇾ 

 

 𝑛𝑅

𝑃(𝑥𝑛) = ∏ 𝑝(𝑥𝑖)
𝑛
𝑖=  

  

𝐶 =  (
𝑥1(1) ⋯ 𝑥𝑛(1)
⋮ ⋱ ⋮

𝑥1(2
𝑛𝑅) ⋯ 𝑥𝑛(2

𝑛𝑅)
) 

𝑝(𝑥)

ℓ 

𝑃𝑟(ℓ) =∏∏𝑝(𝑥𝑖(𝑤)).

𝑛

𝑖=

𝑛𝑅

𝑤=

 ℓ𝑝(𝑥) 

                                                      
  Broadcast channel

  Multiple access channel

  Interference channel

  Code book generation



 

 

 ℓ 

 𝑊 

𝑃𝑟(𝑊 = 𝑤) = −𝑛𝑅 ,   𝑤 = , , … , 𝑛𝑅 

 𝑤Xn(w)𝑤 ℓ 

 Yn 

𝑝(𝑦𝑛|𝑥𝑛(𝑤)) =∏𝑝(𝑦𝑖|𝑥𝑖(𝑤)).

𝑛

𝑖=

 

 

ML

 

�̂�

 (𝑋𝑛(�̂�), 𝑌𝑛) 

 𝑊 ´ ≠ �̂�(𝑋𝑛(𝑊 ´), 𝑌𝑛) ∈ 𝐴𝜖
(𝑛)

 

 �̂� 

 𝑊 ≠ �̂� 

   

  

  

  

  

 

 

 

 

                                                      
- Maximum likelihood  



 

 

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 



 

 

 

CSI

CSITCSIR

CSITCSIT

CSI

CSIT

CSIT

𝑆𝑇 = 𝑓(𝑆𝑅)

CSIRCSI

                                                      
 Casual side information 

-  Non-Casual side information  

- Channel side information 

- Channel side information at transmitter  

- Channel side information at receiver 


