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EXTENDED SUMMARY 
 

I.  INTRODUCTION 
 

Recently there has been much interest in studying relay networks and wireless relay communication 
scenarios [1], [2].Wireless networks with base stations (cell networks) are relatively well understood by 
considering the multiple access and the broadcast channels. However, the networks without base stations ( adhoc 
networks) in which any node can act both as a terminal and as a relay for other transmissions are less well 
understood and have many open problems. Adhoc networks was studied in [3],[4] as networks having n nodes 
communicating with each other and multiple source-destination pairs to obtain an achievable rate region using 
point to point coding. Later, in [5] mobile adhoc networks have been studied. In [6], adhoc networks with one 
randomly selected source-destination pair was named as relay networks. Also, in [6] arbitrary network coding was 
suggested to increase the overall efficiency and was used to obtain achievable rates and to derive upper bounds 
from max-flow min-cut theorem. 

Here we consider the relay network introduced in [6] with two relays and no interference to obtain a new 
achievable rate using a new network coding (decode-and-broadcast). In other words, we investigate the two-level 
relay channel studied in [4,Fig.1] using a new network coding instead of point to point coding.  

At first, in this section we recall some definitions, define the network model considered, describe the 
network coding.  

A. Some definitions 
Relay network [6] : A relay network is a wireless network having one source-destination pair and some 

relays where the relays act as terminals (transmitters and receivers). 
Stochastic (deterministic) relay network with no interference [7],[8] : Stochastic (deterministic) relay 

network with no interference is a network where the output of every link is some stochastic (deterministic) 
function of only the input of that link.  

So, a stochastic (deterministic) relay network with no interference is a special case of relay network 
introduced in [6]. Deterministic relay networks introduced in [7] have been named as Aref networks in [8]. 

Remarks : 
1. The assumption of no interference is applicable only for broadcast channels and does not apply to multiple 
access channels and hence to Z-channels. For this reason, we will use decode-and-broadcast coding ( namely, the 
source and the relays act as broadcast channels). 
2. In [9],[10], the relay networks have been studied  with a more general definition of determinism ( 
approximately Gaussian determinism).  
3. In deterministic wired network with independent channels [11], we don’t have broadcasting while in a 
stochastic (deterministic) relay network with no interference and in other wireless networks such as wireless 
erasure networks [12] we have broadcasting. 

B. Network model :  
Here we consider a stochastic two relay network with no interference (Fig.1) consisting of one source 

(x0), one destination (y3), two relays (x1 and x2) and seven links: the link between the source and the destination 
(y03), two links between the relays (  , ), two links between the source and the relays (  ,  ) and two 
links between the relays and the destination (  ,  ).  

Fig.2 illustrates the network model where the message  is sent and ultimately   is estimated at the receiver. 
C. The network coding (decode-and-broadcast) :  
Here we apply a new technique (decode-and-broadcast) established from the combination of superposition 

encoding [13]-[18] and random binning [18]-[21]. This technique is a generalization of the coding scheme used in 
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[16, theorem 7, special case by  , ] to two relays, but with the addition of the cooperation 
between the relays (or adding the links  , ) . Therefore, at first we split the message  (as in [16], theorem 
7) into  ,  ,  such that the total effective single rate  from the source  to the destination  in 
Fig.1 equals   and secondly we allow the relays to broadcast for cooperating with 
each other and the receiver. 

 

 
The remainder of the extended summary is organized as follows. In section II, the main theorem and in 

section III, new results are stated. In the summary, the proofs are omitted. 
 

II.  MAIN THEOREM 
 

Regarding the network (Fig.1), for every cut-set bound achieving capacity theorem, the converse can be 
proved from general upper-bound at least under special cases and only the achievability proof is of importance.  

Therefore, by using binning method [18]-[21], superposition encoding [13]-[17] and combining all of the 
known coding techniques, we establish the decode-and-broadcast strategy and in order to apply this strategy we 
choose the appropriate distribution (the distribution (A) in the main theorem). By noting to the fact that the new 
message to be sent to the receiver in block i is  ,  ,  with the rate  , we 
first introduce an achievable rate (main theorem) for  and then derive its special cases, e.g., some certain 
capacity theorems . 

Main Theorem : For the stochastic network (Fig.1) with no interference, the following rate is achievable: 

sup

; | ; ; ; | | ,
; | ; ; ; | | ,
; ; | | ,                                                     

| | | |                                

 

where supremum is taken over the joint distribution of the form : 
,

 |  |  |  |  |  | ,     (A) 

A-1 and A-2 represent input and random output distributions, respectively. A-1 satisfies : 
  ,   ,   ,                                (B) 

Proof: The proof is omitted. 
III.  NEW RESULTS 

The new achievable rate we have obtained (section II, main theorem) for the two relay network in Fig.1: 
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Fig.2  Network Model 

x0 

y1 x1

y2 x2  

y3
y03 

 y21

 y12

y01 

y23y02 

y13

 Fig.1 Two Relay Network 



3 
 

• Gives a lower bound for general relay channel the same as obtained by Cover and El Gamal [16, 
theorm7, special case] , but with slight difference due to no interference assumption at the receiver and includes 
the rates of a two-level relay channel studied by Gupta and Kumar using point to point coding, 

• Includes the rate of deterministic two relay network [7], 
• Meets max-flow min-cut upper bound [22] under additional assumptions, yielding to certain capacity 

theorems. 
• Is validated by its consistency with previous results related to special cases of broadcast channels [23]-

[25]. 
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