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Abstract 
 
 
Network coding is a transmission paradigm that is known to achieve better network throughput in certain 
multicast topologies; however, the practicality of network coding has been questioned due to its high 
computational complexity. One of the drawbacks of using network coding is the long decoding times, this 
is mainly due to the time spent solving the linear equations in order decode the original blocks.  Clearly, a 
more efficient way is mandatory for network coding to be practical for large files. We propose a new 
scheme called structured network coding where in we restricts the size of the universe of allowable 
encodings. This we believe is going to reduce the decoding time that has been major problem with other 
network coding schemes.  
 
In this project we study this new approach. We show how this approach would reduce the decoding 
complexity and evaluate its performance using a wireless mesh simulator.   
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Chapter 1 – Introduction 

 

1.1 Emergence of internet 

"Necessity is the mother of invention" -- Jonathan Swift 

 

Internet was invented because of need for better communication. Some of very early 

forms of communication over distance included using smoke signals, drums, flags, carrier 

pigeons etc...  But these had severe limitations which forced us to search for better ways. 

This led to invention of telegraph, telephone, radio and television. The Internet as such 

couldn't have existed without the big inventions of the 19th century - electricity, 

telegraph, telephone, radio and television. So the building blocks were the existing 

communications and broadcasting technologies. 

 

The Internet is a worldwide collection of computer networks, cooperating with each other 

to exchange data using the standardized Internet Protocol Suite (TCP/IP). It can be 

thought of "network of networks" that includes business, academic, public, private and 

government networks that are connected by copper wires, fiber-optic cables, wireless 

connections, and other technologies.  Internet offers various services and resources such 

as electronic mail, online chat, file transfer and file sharing, the inter-linked hypertext 

documents and other resources of the World Wide Web (WWW). Internet brought about 

revolution by making it possible to use computer as a communicating device which was 

previously only being used for computational purposes. 

 

1.2 Introduction to Network Coding 

Information increasingly travels over shared networks (such as the Internet), in which 

multiple users simultaneously communicate through the same medium, for example a 

cable, an optical fiber or, in a wireless system, air. Shared networks can potentially 
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improve the usefulness and efficiency of communications systems, but they also create 

competition for common resources. Many people must vie for access to these shared 

resources, for example multiple users competing for access to file server. 

 

The challenge, then, is to find ways to make the sharing go smoothly. Copper wires, 

cables or fiber optics, for instance, can now provide high bandwidth for commercial and 

residential users yet are expensive to lay and difficult to modify and expand. Ultra 

wideband and multiple-antenna transmission systems can expand the number of 

customers served by wireless networks but may still fail to meet ever increasing demand. 

 

Techniques for improving efficiency are therefore needed as well. On the Internet and 

other shared networks, information currently gets relayed by routers: switches that 

operate at nodes (places) where two or more networks connect (ex: gateways). Routers 

are like the intermediate nodes that store a packet temporarily to read its routing 

information and then forward it. This mechanism is called "Store and Forward". In this 

method data from source node gets to destination node via one or more intermediate 

routers/nodes. Intermediate routers/nodes act like a buffer, they store the data that they 

receive from the input link and forward a copy of that data to next node present along the 

route to the destination node. 

 

Scenario 1: 

 

Consider a three node topology with nodes 1, 2 and 3. Nodes 1 and 3 have packets a and 

b respectively. If Nodes 1 and 3 wanted to exchange packets a and b they do it via 

intermediate node 2. This scenario can be illustrated by Figure 1. 

 



 

 

Figure 1:  Example of Store and forward mechanism 

 

It can be seen that using store and forward requires four time slots. 

 

In the above scheme the intermediate nodes are "passive" entities. They do not "process" 

incoming data they only produce a copy or "replicate" the data.  

 

In contrast to store and forward mechanism “network coding” is new paradigm proposed 

by R. Ahlswede in [1] where an intermediate node can combine the packets they posses 

to produce new encoded packet. 

 

Consider the three node topology in scenario 1. In this case if nodes 1 and 3 want to 

exchange packets a and b then nodes {1,3} forward packets {a,b} respectively to node 2. 
8 

 



The intermediate node 2 combines packets a and b to produce a b which is then 

broadcast. 

 

 

 

Figure 2:  Example of network coding mechanism 

 

It can be seen that using network coding requires only three time slots as opposed to three 

time slots required by store and forward mechanism. 

 

1.3 Network Coding 

The idea of network coding is readily illustrated by butterfly network shown in Figure 3. 

Each arrow in the butterfly network is a channel that can transmit one bit per unit time. 

Source wants to deliver a message represented by two bits 'a' and 'b' to the two receivers 

R1 and R2. V is the intermediate node. Let us say node T sends bit 'a' to node V and node 

U sends bit 'b' to node V. The dilemma concerns which bit node V should forward to 

node W upon receiving both data bits. If it forwards bit 'a', then receiver R1 will not get 

9 

 



bit 'b' (in single transmission). If it instead forwards 'b', R2 will not receive 'a'(in one 

transmission from node V) 

 

 

Figure 3: Butter fly network dilemma (which bit should node V send to node W in 

order for the message to reach both receivers R1 and R2?) 
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The principle of network coding says "allow intermediate nodes to re-encode the 

packets". Using this principle intermediate node 'V' can combine bits 'a' and ‘b’ (in other 

words, we encode a and b using exclusive-OR operation) to produce a b. Here the 

exclusive-OR operation is a simple form of coding.  Receiver 'R1' gets a and a b , and 

can decode b by XORing a with a a b. Similarly receiver 'R2' gets b and a b, and can 

decode a by XORing b with a b. In this way, all the 9 channels/links in the network are 

used exactly once. 



 

ba⊕

ba⊕ ba⊕

 

Figure 4: Network coding in Butterfly network 

 

The above example shows that network coding can increase the throughput for multicast 

wired network. It is obvious that the nine transmissions that are needed to transmit bits 'a' 

and 'b' from source to two receivers would have to be supplemented with additional 

transmissions(for example between nodes 'V' and 'W') if network coding was not used. In 

other words at least one channel in the network must be used twice so that the total 

number of channel usage would be at least 10. Thus, coding offers the potential 

advantage of minimizing both latency and energy consumption, and at the same time 

maximizing the bit rate  

 

11 

 



12 

 

1.4 Benefits of Network coding 

Network coding has the potential to dramatically speed up and improve the reliability of 

all manner of communications systems and may well spark the next revolution in the 

field. Some of the important benefits are gain in throughput.  

 

One of most obvious advantages of using network coding is the gain in throughput; we 

have illustrated this in earlier examples (butterfly network). We observed that network 

coding required fewer transmissions than its traditional counterpart. This throughput gain 

is achieved by transmitting the packets more efficiently. In other words communicating 

more information with fewer packet transmissions. The extent of throughput 

improvement that network coding can provide depends on the network topology and on 

the frequency and severity of bottlenecks. In no event does network coding reduce the 

throughput compared with the routing method.  

 

Network coding increases the robustness of the network. In network coding intermediate 

node produces encoded packets from its input packet, where each encoded packet is 

“equally important”. We can decode the original packets if we receive a sufficient 

number of encoded packets, no matter which, we are able to decode. With network 

coding the linear combining is performed opportunistically over the network, not only at 

the source node, and thus it is well suited for the cases where nodes only have incomplete 

information about the global network state. 

 

In network coding, the data does not depend only on one transmitted message but also on 

the contents of other messages that happen to be sharing the route at the time of 

transmission. For this reason, network coding is more resistant to hacking, eavesdropping 

and other forms of attack than traditional data transmission. 
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1.5 Applications of Network coding 

 

Network coding represents one of the most important recent breakthroughs in network 

communications. It has stimulated multi-disciplinary research with a great variety of 

potential applications, including multicast networks, wireless networks, sensor networks, 

digital file distribution and peer-to-peer (P2P) file sharing.  

 

The two most prominent applications of network coding have been in wireless 

communications and peer-to-peer (P2P) content distribution. In the example wireless 

scenario we saw that network coding required only three time slots as opposed to four by 

traditional method which translates into 33% gain in bandwidth.  

 

A recent study [2] shows that the dominant traffic on the Internet is P2P based. In a P2P 

setting a node is connected to other nodes (neighbors), with which it exchanges blocks of 

file it wants to download. Since a node transmits a block to different peers at different 

times, this is logically an asynchronous form of broadcasting, and hence it has a good fit 

with network coding. Microsoft research project "Avalanche"[9] which is a P2P file 

distribution solution is based on network coding. 

 

1.6 Challenges in using Network coding for P2P 

 

Though there are no major concerns about the benefits of network coding but its 

applicability to P2P networks has been questioned in recent times. Even Dr. Yeung , one 

of the author who proposed the concept of network coding mentioned in his paper “Can 

Network Coding Help in P2P”[3] that Network Coding does not necessarily help P2P 

network. 
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Some of the open issues for use of network coding in P2P are high decoding time, 

resource intensive, generating unique coefficients during the encoding process. When a 

peer wants to decode a file after receiving the required number of encodings it might 

need to spend a huge amount of time on decoding the different encoded blocks. Moreover 

the decoding process is resource intensive (in terms of CPU, memory etc...) Generating 

unique coefficients for encoding is also difficult when the number of blocks to be 

transferred is large. 

 

1.7 Project Outline 

Our project aims to reduce the decoding complexity by using a technique called 

structured network coding which will be discussed in subsequent chapters.  

 

The remainder of this report is divided into four chapters (ch2‐6). In chapter two, we 

present background theory that is necessary for the better understanding of network 

coding theory.  In chapter three, we present our scheme of structured network coding and 

explain the concept behind it.  In chapter four we present implementation part of the 

project. Chapter five outlines our conclusions and presents ideas for future work. 
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be crossing the cut and is called a cut edge 

Chapter 2 – Network Coding 

 

This chapter will focus on providing the theoretical background for Network coding. In 

chapter 1 we showed that network coding will give better resource utilization in a 

multicast scenario. We will show that this is because of the fact that network coding 

achieves max-flow which is the theoretical upper bound of network resource utilization. 

 

2.1 Max Flow and Min Cut  

 One of the problems of communication networks is to find out maximum amount of 

information that can be transmitted at a given time. For example traffic engineers want to 

know the maximum flow rate of vehicles on roads. This information will be used to make 

decision on the width of the roadways. Another example is to find out the maximum 

number of simultaneous phone calls between two cities via various land lines, satellites 

and microwave towers operated by a telephone company. 

 

An infinite flow rate in impossible because the individual roads or telephone lines have 

limited capacity to carry flow. Finding the maximum flow involves looking at all possible 

routes of flow between two end points (source and destination nodes). When the system 

is mapped as a network, the arcs represent channel of flows with limited capacities. To 

find out maximum flow, assign flow to each arc in the network such that the total 

simultaneous flows between two end points is as large as possible. 

 

 Cut of a graph G (V, E)  is a partition of the vertices V into two sets S and T. A cut is 

any set of directed arcs containing at least one arc in every path from the origin node to 

the destination node. If the arcs in the cut are removed, then flow from the origin to the 

destination is completely cut off. Any edge (u, v)   with    and    is said to 



The size of a cut is the total number of edges crossing the cut. In weighted graphs, the 

size of the cut is defined to be sum of weights of the edges crossing the cut. In network 

flow, the size of a cut is defined to be the sum of weights of the edges crossing the cut 

from the source side to the sink side.  In other words cut value is the sum of flow 

capacities in the origin-to-destination direction over all of the arcs in the cut. The 

minimum cut problem is to find the cut that has minimum cut value over all possible cuts 

in the network. One can think minimum cut as a bottleneck for information transmission 

between source S and receiver T. 

 

2.2 The Max-flow min-cut Theorem:  

The Max-flow min-cut theorem[4] gives the maximum flow in flow  networks. It states 

that for a graph G= (V,E) with unit capacity edges,  a source vertex S, and a receiver 

vertex R. If the min-cut between S and R equals h, then the information can be send from 

S to R at a maximum rate of h. 

 

The maximum possible flow from origin to destination equals the minimum cut value for 

all cuts in the network. One example is the maximum flow through a series of linked 

pipes will be equal to the maximum flow in the smallest pipe in the series ie the flow is 

limited by the bottleneck pipe as shown in the figure. 

 

Figure 5: Maximum Flow Example (maximum flow through above series of pipes is 

4 liters/sec) 
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2.3 Theory behind network coding 

 

The core notion of network coding is to allow intermediate network nodes such as a 

router to encode its received data before forwarding it. Each node implemented with 

network coding function receives information from all the input links, encodes, and sends 

information to all output links. 

 

In the case where the network has one or more independent sources of information but 

only one sink, it is known that the transmitted information behaves like water in pipes 

and the capacity can be obtained by classical network flow methods. Specifically, the 

capacity of this network will then follow from the max-flow min-cut theorem, which 

asserts that the maximal amount of a flow (provided by the network) is equal to the 

capacity of a minimal cut. 

 

Max-flow min-cut arguments are useful also in the case of multicast networks, in which a 

single source broadcasts a number of messages to a set of sinks. This network capacity 

problem was solved in [1], where it is shown that applying coding operations at 

intermediate nodes (i.e. network coding) is necessary to achieve the max-flow/min-cut 

bound of a general network. 

 

Let us consider the single source problem where one single information source ‘s’ is 

transmitting information to a set of nodes t1, …,tL, called the sinks. For a specific L, the 

problem is referred to as the one-source L-sink problem.  

 

In graph theory, a flow network is an assignment of flow to the edges of a directed graph, 

where each edge has a capacity, such that the amount of flow along an edge does not 

exceed its capacity. A directed graph with edge capacities is called a network.  Consider a 

directed graph G = (V,E) where E is the set of edges such that information can be sent 
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∑ : ,     ∑ : ,  

i.e. the total flow into node i is equal to the total flow out of node i.  Fij is referred to as 

The value of F is defined as 

∑ : ,   - ∑ : ,      

which is equal to  

: ,      

F is a max-flow om s to tL in G  F is a flow from s to tL whose value is greater than or 

equal to any other flow from s to tL. For a graph with one source and one sink, the value 

In multicast communication, there can be multiple receivers with different max-flows 

ax-flow is defined for a point-to-point communication. In order to evaluate a 

noiselessly from node i to node j for all (i, j) Є E(i.e. an edge represents a link between 

two nodes). Let V be the set of nodes of a network. The capacity of an edge (i, j) Є E is 

given by Rij. 

 

A flow must satisfy the restriction that the amount of flow into a node equals the amount 

of flow out of it, except when it is a source, which has more outgoing flow, or sink, 

which has more incoming flow. A network can be used to model traffic in a road system, 

fluids in pipes, currents in an electrical circuit, or anything similar in which something 

travels through a network of nodes. 

 

Let F = [Fij ,(i, j) Є E ] be a flow in G from s to tL if for all (i, j) Є E    0 ≤ Fij ≤ Rij 

Such that for all i Є V except for s and tL 

  

the value of F in the edge(i, j). 

∑ : ,   - ∑

 fr  If

of a max-flow from source to sink is called the capacity of the graph [1]. 

 

because a m
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where F(i) is the max-flow from s to i, and i Є (t1, …,tL) the set of multicast receivers (i.e. 

sinks)[5].This realization resembles the well known Max-flow min-Cut Theorem in graph 

theory. 

e Max-Flow Min-Cut theorem for network information flow states that the 

ulticast capacity of a network represented by a graph G = (V, E) (i.e. the maximum 

number of bits that can be transmitted from the source to all the receivers simultaneously) 

a one source two sinks graph as shown below. Figure 6(a) shows the capacity of 

ach edge in the network. We can easily check that the value of the max-flow from s to tL 

is 2, for L = 1, 2. The Max-Flow Min-Cut Theorem states that we can then send 2 bits to 

unique capacity of multicast communication, we define the max-flow of a point-to-

multipoint communication as 

 
…

 

 

Then, th

m

is equal to the minimum value of the max-flows of all the receivers. So, in order to find 

the capacity of the network we first calculate the max-flow for every receiver 

individually and then the minimum value of these max flows is the capacity of the 

network 

 

Consider 

e

t1 and t2 simultaneously because of the value of the max-flows in the graph. Figure 6(b) 

shows a design that can produce the desired rate. It is obvious that each receiver can 

correctly deduce the sent 2 bits from the data it is receiving. For this specific 

configuration, it is impossible to transmit at a rate of 2 bits without the use of network 

coding. 



  

21 bb ⊕

21 bb ⊕ 21 bb ⊕

Figure 6: One source two sinks network 

 

The main idea behind network coding was to design networks being able to achieve the 

max flow bound on the information transmission rate in a multicast scenario. Another 

advantage of network coding is the saving in bandwidth. Compression of the information 

will result from using network coding because bits (or packets) from the input links are 

incorporated (encoded) into one bit (or packet) and sent to the output links. Instead, in 

traditional multicast schemes they are just replicated and sent to the output links. So, 

network coding is able to save in bandwidth. 
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to occur for every symbol position, i.e. Xk=∑     where  and Xk is the kth 

symbol of Mi and X respectively. 

 

2.4 Linear Network Coding 

In network coding information is encoded at the sender in packets of length N with 

entries from a finite field Fq.  For example if F is a GF(2) then the information symbol is 

a bit. A message consists of ω data units and is therefore represented by an 

ω‐dimensional row vector x  Fω.  The source node S generates a message x and sends it 

out by transmitting a symbol over the outgoing channels. Message propagation through 

the network is achieved by the transmission of a symbol over every channel e in the 

network.   

 

A non‐source node may not receive enough information to identify the value of the whole 

message x. Its encoding function simply maps the incoming symbols from all the 

incoming channels to a symbol for each outgoing channel. A network code is specified 

by such an encoding mechanism for every channel. 

 

In linear network coding, outgoing packets are linear combinations of the original 

packets, where addition and multiplication are performed over the finite field F. if we 

linearly combine packets of length L, the resulting encoded packet also has size L. When 

the packets to be combined do not have the same size, the shorter ones are padded with 

trailing 0s. 

  

2.4.1 Encoding 

Assume that a number of original packets M1, ...,Mn are generated by one or several 

sources. In linear network coding, each packet through the network is associated with a 

sequence of coefficients g1, ..., gn in F2
s and is equal to X=∑  .The summation has 



22 

 

A packet contains both the coefficients g = (g1, ..., gn), called encoding vector, and the 

encoded data Xk=∑   , called information vector [6]. The encoding vector is used 

erformed r

 a set (g1,X1), ..., (gm,Xm) of encoded packets, where gj 

esp. Xj ] is the encoding [resp. information] vector of the jth packet.  This node may 

generate a new encoded packet (g`,X`) by picking a set of coefficients h , ..., h  and 

n  in contrast it is given by g` = ∑   . 

This operation may be repeated at several nodes in the network 

 

2.4.2 Decoding 

e origina

nowns are  Mi. This is a 

near system with m equations and n unknowns. We need m ≥ n to have a chance of 

ta, i.e. the number of received packets needs to be at least as large as the 

rk coding there is a certain probability of 

 

by recipients to decode the data.  

 

Encoding can be p ecursively, namely, to already encoded packets. Consider a 

node that has received and stored

[r

1 m

computing the linear combination X` = ∑      

 

The corresponding encoding vector g is not simply equal to h, since the coefficients are 

with respect to the original packets M1, ...,M

If a node has received the set (g1,X1), ..., (gm,Xm).  In order to retrieve th l 

packets, it needs to solve the system Xj = ∑   where unk

li

recovering all da

number of original packets. Conversely, the condition m ≥ n is not sufficient, as some of 

the combinations might be linearly dependent. 

 

The problem of network code design is to select what linear combinations each node of 

the network performs. A simple algorithm is to have each node in the network select 

uniformly at random the coefficients over the field F2
s, in a completely independent and 

decentralized manner [7]. With random netwo
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lecting linearly dependent combinations [7]. This probability is related to the field size 

tions. In practice, this can be done as 

follows. A node stores the encoded vectors it receives as well as its own original packets, 

ding matrix. Initially, it contains only the non-encoded 

ackets issued by this node with the corresponding encoding vectors (if any, else it is 

ed packet is received, it is inserted as last row into the decoding 

.5 Network coding in P2P 

twork, a server splits a large file into a number of blocks. Peer nodes try to 

trieve the original file by downloading blocks from the server but also distributing 

downloaded blocks among them. Peers maintain connections to a limited number of 

se

2s. Simulation results indicate that even for small field sizes (for example, s = 8) this 

probability becomes negligible [8]. 

 

2.4.3 Practical Considerations 

 

Decoding:  

Decoding requires solving a set of linear equa

row by row, in a so-called deco

p

empty). When an encod

matrix. The matrix is transformed to triangular matrix using Gaussian elimination. A 

received packet is called innovative if it increases the rank of the matrix. If a packet is 

non-innovative (linearly dependent), it is reduced to a row of 0s by Gaussian elimination 

and is ignored. The complexity of Gaussian elimination algorithm is [14]. 

 

As soon as the matrix contains a row of the form ei, this node knows that x is equal to the 

original packet Mi. This occurs at the latest when n linearly independent encoded vectors 

are received. 

 

2

One of the areas where Network coding could be used is P2P.   One such implementation 

of P2P application using network coding is Avalanche [9]. In a peer‐to peer content 

distribution ne

re
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scale distributed peer-to-

tem, optimal packet scheduling is very complex, particularly if the participating 

hosts only have very limited information about the underlying network topology. With 

nds much less on the specific overlay 

pology and schedule. Consequently, very simple mechanisms that construct a random 

ely after finishing their download).  

neighboring peers (randomly selected among the set of peers) with which they exchange 

blocks. In Avalanche, the blocks sent out by the server are random linear combinations of 

all original blocks. Similarly, peers send out random linear combinations of all the blocks 

available to them (idea of Random Network Coding presented by Ho). A node can either 

determine how many innovative blocks it can transmit to a neighbor by comparing its 

own and the neighbor’s matrix of decoding coefficients, or it can simply transmit coded 

blocks until the neighbor receives the first non‐innovative block. The node then stops 

transmitting to this neighbor until it receives further innovative blocks from other nodes. 

Coding coefficients are transmitted together with the blocks, but since blocks usually 

have a size of hundreds of kilobytes, this overhead is negligible. 

 

2.6 Benefits of Network coding in P2P networks  

 

Using Network coding minimizes the download times.  In large 

peer sys

network coding, the performance of the system depe

to

overlay can be used. The authors of Avalanche paper show that network coding 

outperforms traditional forwarding or FEC based peer-to-peer systems by a significant 

margin.  

 

 Due to the diversity of the coded blocks, a network coding based solution is much more 

robust in case the server leaves early(before all peers have finished their download) or in 

the face of high churn rates (where nodes only join for a short period of time or leave 

immediat
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 In contrast to forwarding based protocols, the network coding protocol suffers only a 

small performance penalty when incentive mechanisms to cooperate are implemented 

(e.g., tit-for-tat to prevent free-riding). 
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Chapter 3 – Structured Network Coding 

This chapter will present a new approach in network coding which we call structured 

network coding.  In the first half of the chapter we discuss the various works on network 

coding then describe the motivation for our project.  The second half focuses on 

presenting the idea of structured network coding and the analysis of it. 

  

3.1 Survey of Related Previous Works 

Ahlswede et al. in their pioneering work [1] showed that maximal network flow and sum 

of cut-edge capacities of any minimal cut that separates sender and receiver are equal and 

it is the maximum achievable capacity. Li et al. in [10] showed that linear coding with 

finite field size suffices to achieve max-flow from the source to each receiving node. 

Koetter and M`edard in  [11] presented algebraic framework for network coding for 

networks with delays and cycles and showed that if a multicast connection is achievable 

under different failure scenarios, a single static code can ensure robustness of the 

connection under all those failure scenarios without re-routing. 

 

Gkantsidis and Rodriguez in [9] used network coding for content distribution of large 

files. The randomization introduced by the coding process eases the scheduling of block 

propagation. They showed that expected file download time and robustness of the system 

is significantly improved with network coding. Hamra et al. in [12] showed that network 

coding can improve the performance of the file sharing application in wireless mesh 

networks but not as in wired networks inspite of wireless broadcast advantage and cited 

reasons for the behaviour. They also identified the main parameters that influence the 

performance of network coding in wireless environment and showed how these 

parameters interact with each other and influence the behavior of network coding. 
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3.2 Motivation for the Project 

ing techniques to simultaneously 

btain different pieces of a file from multiple nodes. One problem of such systems is that 

slower downloads, 

, etc. 

w combinations from the 

nes it has, and send those out to other peers. Once a peer has enough of these pieces it 

 lower 

omputational complexity. 

Existing Peer-Assisted file delivery systems use swarm

o

as the number of receivers increases it becomes harder to do optimal scheduling of pieces 

to nodes. One possible solution is to use a heuristic that prioritizes exchanges of "locally 

rarest" pieces. But such local-rarest policies often fail to identify the "globally rarest" 

piece when peers have a limited view of the network. The end result is 

stalled transfers

 

To overcome this problem C. Gkantsidis and P. Rodriguez in their paper [9] proposed to 

use concept of network coding for content distribution of large files that is based on 

network coding.  With network coding, each node of the distribution network is able to 

generate and transmit encoded blocks of information. The randomization introduced by 

the coding process eases the scheduling of block propagation, and, thus, makes the 

distribution more efficient. 

 

 Once a peer has downloaded a few of these, it can generate ne

o

will have enough information to reconstruct the whole file. Peers can make use of any 

new piece, instead of having to wait for specific chunks that are missing. This means no 

one peer can become a bottle neck, since no piece is more important than any other. It 

also means overall network traffic is lower, since the same information doesn't have to 

travel back and forth multiple times. 

 

The most important issue concerning the usage of network coding to peer assisted file 

distribution is the speed of encoding and decoding. The complexity of these operations is 

very high, this was the motivation for us to search for a better scheme with a

c



28 

 

here is a trade-off between the complexity of encoding and decoding and download 

hile encoding new packet as linear combination of received packets eliminates rarest 

block problem, it introduces complexity in decoding. We suggest to limit the size of 

out to the peers participating in a download even 

efore the peer starts the download. This structure serves as a references for the encoding 

and decoding operations. Unlike the traditional network coding, a peer cannot combine 

 

In order to decode the file with N blocks of information, a peer needs to receive at least N 

independent equations. Each time a peer receives a block from its neighbors it needs to 

check if the received piece is independent or dependent. This can be accomplished by 

running the Gaussian elimination algorithm, the complexity of this operation is O(N3). 

This has to be done for each block it receives. If M is the number of received blocks then 

this check has to be done M times resulting in overall complexity of , . 

 

T

time(better performance). We in our project tried to find the balance between these two 

quantities and focus on reducing the complexity of decoding operation. 

 

3.3 Structured Network coding 

3.3.1 Concept 

W

encodings thereby simplifying the process of encoding and decoding. By introducing 

“structure” in encoded blocks we make it easy to decode. In our scheme each node 

maintains a structure of encodings(similar to a binary tree) which represent valid 

encodings. It uses the structure to decide whether or not to combine the received blocks. 

 

The structure of encodings is sent 

b

all blocks that it has before sending it over the outgoing link. It has to adhere to the 

encoding rules imposed by the structure. This restriction would facilitate faster decoding.  
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.3.2 Encoding 

encoding operation depends on the set of blocks that a node currently has.  

 sent out to participating peers ahead of time. The structure of encodings is a simple 

inary tree represent allowable encodings. This implies 

ncodings can be generated during network coding operation.   

Figure 7: Example encodings tree used in structured network coding approach 

3

In linear network coding, encoding is a linear operation. In a P2P network when a peer 

wants to forward a block to its neighbors it combines all the blocks that it has to produce 

a linearly combined block. For example if a peer has blocks a, b then it produces block 

a b. This encoded block is forwarded to its neighbors.  Now if same peer receives 

another block c, using the same encoding principle(combine all blocks that a node 

currently has) it produces a b c which used for subsequent forwarding. In this way 

 

In contrast to above approach where there are no rules for combining two blocks, 

structured network coding makes use of a structure to impose restriction on the 

combining blocks. Lets take an example in which we have a structure of encodings which 

is

binary tree.   The nodes in the b

that only these e

dcba ⊕⊕⊕

ba⊕ dc⊕

a b c d
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we can determine the encodings(nodes in tree) that needs to combined to get the required 

he leaves of the tree are un-encoded blocks which need to be obtained in order to realize 

eer-to-peer 

network receive the above structure of encodings ahead of time.  

 

The encoding follows the encoding tree ie decision regarding combining two encodings 

are made based on the encoding structure.  For example let us suppose the peer has block 

’ a’ then subsequently if it receives ‘b’, then it encodes a and b according to the structure 

it has and produces a b which is sent to its neighbors. Next if the peer receives block ‘d’ 

then it does no encoding since it is not allowed according to the structure. This is in 

contrast with the traditional approach of combining all the blocks that a node currently 

holds which would produce a b d. 

 

 

 

For example the above figure shows encoding tree of a file with four blocks ‘a’, ‘b’, ‘c’ 

and ‘d’.  The root of the tree a b c d is formed by combining a b and c d.  The 

second level consists of  encodings a b which is formed by combining ‘a‘ and ‘b’ and 

c d which is obtained by combining ‘c’ and ‘d’. The encoding tree captures the parent-

child relationship at each level. This facilitates faster encoding since by a simple lookup 

encoding.   

 

T

the full file.  The tree is constructed in a bottom-up fashion ie first the leaves are 

combined to obtain nodes in level above leaves then the resulting encodings are 

combined and this process is repeated until the root node.  The nodes of the tree represent 

valid encodings. If we construct an encoding tree for a file with N blocks, the number of 

possible encodings is equal to 2N -1(number of nodes of tree = number of leaves + 

number of internal nodes = N +N-1). All the participating peers in the p
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.3.3 Decoding 

l network coding decoding can start when the peer has received just enough 

ncodings(linearly independent equations) to start the decoding process. But with 

ding we received in the 

ncoding tree. In the second step we update all the encodings that are dependent on the 

f finding received combination is dependent (has 

lready been received) or ind tains new information) is trivial. To check if a 

lock is dependent we look at the parent and siblings of corresponding node in the 

ncoding tree. If they are marked received then the received block is dependent otherwise 

3

Decoding is based on the structure of encodings. The decoding operation can be as 

simple as an exclusive-OR operation. Unlike traditional network coding decoding can 

happen on fly. For example if  peer has block ’ a’ then subsequently if it receives a b 

then it can decode the block ‘b’ by performing XOR operation( a [ a b] = b). The 

decoding operation stops when all the nodes in the encoding tree are marked received.  

 

In traditiona

e

structured network coding approach each block is decoded as and when there is an 

opportunity to decode. This can be deduced by a look-up operation on structure of 

encodings.  To find out if an encoding can be decoded we need to check for the parent, 

children and siblings of a given node in the encoding tree.  If two of the three encodings 

that form a sub-tree are present then we know that the third encoding can be decoded. For 

example if we receive a and a b we can find out that we can decode b.   

 

Decoding is a two step process, in the first step we mark the enco

e

received encoding. For example in above tree if a peer already has blocks ‘a’,’c’, 

a b c d and if it gets a b. In the first step it will mark that it received a b. In next 

step ie update step it will mark c d as dependent(received) by looking at the encoding 

tree, similarly it marks b and d as received. So it is likely that when a peer receives an 

encoding it might result in realizing multiple encodings in the tree.  

 

With this setup in place the problem o

ependent(cona

b

e
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. This operation can be done in constant time O(1) with help of array. 

.4 Analysis of structured network coding 

locks received.  

his is considerably large when dealing with large value of N.  Due to this high 

rly independent 

quation in order to decode any block. But with structured network coding we decode as 

it is independent

However the update operation would take log N operations this is because in worst case 

when we receive an encoding we need to update number of nodes proportional to the 

height of the encoding tree(log N). Hence the complexity of entire decoding operation(to 

realize entire file with N blocks) is N×(log N). 

 

3

 The main advantage of structured network coding approach can be seen in the time to 

decode the file.  Since universe of encodings is limited, the complexity of decoding 

operation is significantly reduced.  Due to this restriction the number of possible 

encodings is reduced from order of exponential to that of linear.  This in turn serves to 

keep the decoding complexity a lot smaller when compared to traditional approach. 

 

In traditional network coding the complexity of decoding operation for a file of N blocks 

is in order of ,  where M is the number of encoded b

T

complexity the practicality of network coding has come into question in recent years. In 

contrast the decoding complexity of structured network coding is of order N×(log N). 

This makes it possible to take the concept of network coding and apply it different 

communication systems. 

 

Another advantage of our approach is the instant decoding capacity. In a traditional 

network coding one has to wait until we get sufficient number of linea

e

we receive the blocks, so we do not to wait until we receive sufficient independent 

blocks. This property is extremely useful for media streaming applications which are time 

sensitive.  
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o this effect our simulation results indicate that the download time for structured 

On the contrary there are also some disadvantages with structured network coding 

approach. There is essential a trade-off between the complexity of decoding operation 

and performance. Hence while our approach gains on having low decoding complexity, 

we lose on performance when compared to traditional network coding approach. 

 

T

network coding is more when compared to traditional network coding. This is because by 

restricting the size of universe we are essentially imposing a constraint on new 

information being rapidly spread across all the peers in a p2p network.  

 

 

 

 



34 

 

Chapter 4 – Performance Evaluation 

d 

resent the simulation results.  

.1.1 Simulator requirements 

he requirements for simulators were simple: we needed a setup where we could verify 

e idea of structured network coding for file sharing applications and compare its 

performance to traditional network coding approach.  

 

 In “Network coding for wireless mesh networks: A case study” A. A. Hamra, C. Barakat, 

and T. Turletti  built a simulator to evaluate the performance of file sharing application 

over wireless mesh networks.  In this simulator they compared download time of network 

coding with that of no coding (simple block forwarding).  With the consent of the authors 

we modified and extended the simulator to include the structured network coding 

approach.   

 

NOTE: The simulator and algorithm discussed in this report has been proposed by A. A. 

Hamra, C. Barakat, and T. Turletti  in their paper "“Network coding for wireless mesh 

networks: A case study". With the consent of the authors we are including excerpts about 

the simulator from their paper. 

 

In this chapter we will describe the experimental setup and the different transmission 

strategies used by the simulator.  Then we will discuss the implementation details an

p

 

4.1 Experimental setup 

In this section we describe the experimental setup that was done for simulating the 

structured network coding concept. 

 

4

T

th
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4.1.2 Wireless mesh simulator 

xed wireless nodes having a well defined 

ansmission radius that want to share a file of size |C| chunks. At the beginning, few 

ir chunks over the wireless medium, then one unit of time 

 the time needed to download the entire file at rate b. One round is the time needed to 

k at rate b. For a file of |C| chunks of equal size, one round is 

equivalent to 1/|C| unit of time. The simulator splits the time space into rounds each of 

(which are decided based on transmission 

dius). The algorithm for the transmission will be discussed in subsequent sections. The 

esh deployment with transmission radius ‘R’ =1 

 

The simulator simulates the existence of N fi

tr

nodes possess the entire file, which we call the sources. The simulator calculates the time 

required to share the file to all nodes which is called the service time. If b represents the 

rate at which nodes transmit the

is

download one single chun

1/|C| unit of time. At the beginning of each round nodes in the wireless mesh network 

send chunks of the file to their neighbors 

ra

figure below shows 3×3 square m

 

 

Figure 8: Wireless mesh simulator (with a square 3×3 deployment and Transmission 

Radius ‘R’ = 1) 
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a node 

ceives chunks from its neighbors with a probability of (100-l)%.  

b: The run number. This parameter allows to run a same simulation many times.  

d: The directory where the results will be stored. 

 

These parameters need to be provided at command line when the simulator program is 

invoked. The transmission radius of all nodes is set to R = 2 units. We assume that the N 

nodes are randomly deployed within a square of area S. Hence the values of S, N, and R 

have to be chosen carefully so that the density of nodes is high enough to ensure total 

connectivity in real world scenario. These values must satisfy the following inequality as 

showed in a previous study by Philips et al. [13]. They showed in their paper that to 

ensure network connectivity the number

number of nodes should be N = 80. As a result, when changing N, we 

hange the area of deployment in accordance while keeping the radius constant so that 

e nodes density remains constant. 

Parameters used in simulation:

This simulator takes 9 arguments as inputs: 

c : Number of chunks the file is split into. 

r :Transmission radius of nodes. We assume a fixed and homogeneous radius for all 

nodes. 

x : The length of the area S where the nodes are deployed. 

y: The width of the area S where the nodes are deployed. 

n:The number of sources that hold the entire file at the beginning of the simulation.  

s:The placement of the sources in the network. We consider two placements Random and 

Extreme. s=’r’ means that the source is placed at random. s=’e’ means that the source is 

placed at one of the corners of the area S. 

l: The loss rate in the network. We assume a very simplified model for losses; 

re

 of nearest neighbors (N) is given by 

/ . For the simulator, we choose  / . For example, when R = 2 and S 

= 102 = 100, the 

c

th
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without collisions and that gives contending nodes the sam

 

Figure 9: Screenshot of Structured network coding simulator 

 

4.2 Implementation Details: 

4.2.1 Assumptions: 

Simulator makes an abstraction of the MAC layer by assuming an ideal MAC protocol 

e probability to access the 

medium.  Simulator splits the time space into rounds each of 1/|C| unit of time. A node 

can transmit only at the beginning of a round.   
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4.2.2 Algorithm 

During each round the simulator executes the following algorithm. 

Step 1: Build the candidate transmitter list: 

In the first step, we identify the candidate transmitters, i.e., nodes that have information 

to send. These candidate transmitters are then placed in a list, called the Candidates-List. 

Given that we assume an ideal MAC protocol without collisions, only a part of these 

candidate transmitters can perform a transmission. The selection of the transmitters 

is done during the second step as follows. 

Step 2: Build the transmitter list:  We pick up at random one candidate transmitter, let 

us say node A, and move it from the Candidates-List to a new list that we call 

Transmitters-List. Then, to ensure that there are no collisions, we prohibit all A’s 

neighbors from transmitting during the current round. As a consequence, A’s neighbors 

are deleted from the Candidates-List (if there is any). We also delete from Candidates-

List the neighbors of A’s neighbors. The purpose is to avoid the situation where a node 

receives from more than one neighbor at once (i.e., the hidden terminal situation). Then, 

the Candidates-List is accessed again and a new node is moved to the Transmitters-List 

and so on. This process continues until the Candidates-List becomes empty. This 

e can easily verify 

that, the probability of selecting a transmitter takes into account the neighbors and 

eighbors of neighbors that are willing to transmit and give them the same chance to 

n:  In the third step, we scan the Transmitters-List and all selected 

selection algorithm of the transmitters is simple and fair at once. W

n

access the medium. 

Step 3: Transmissio

transmitters send one chunk each. 

Step 4: Update:  In the fourth and final step, we update the list of chunks at all nodes. 

These four steps are performed recursively until all nodes receive the entire file. 
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.2.3 Cooperation Strategy: 

deployment area must establish a co-operation strategy. This strategy 

 downloading all the 

ween the nodes. In the first scheme which 

is called flooding, there is minimal co-operation between nodes.   As the name suggests 

eds, it generates and transmits a combination of all information in 

ission and therefore, every node transmits as many 

4

The nodes in the 

identifies the way in which nodes interact so that they can finish

chunks. We study two classes of interaction bet

the nodes in this scheme forward the chunks as they receive to their neighbor regardless 

of the whether or not the neighbor already has them. The simulator simulates the flooding 

with no-coding, with network coding and with structured network coding.  

 

Blind Forwarding (BF):   

When a node receives a new chunk and after getting access to the medium, it blindly 

forwards the chunk to its neighbors even if none is interested.  Given that neighbors share 

the same wireless medium, a node may receive multiple chunks before it could perform 

one single transmission. 

 

In this case, and whenever the medium is free, the node schedules the chunks that have 

not yet been transmitted in the same order of reception, i.e.,first received first transmitted. 

Under this strategy, every node transmits as many chunks as it receives. 

 

Blind-Forwarding with network coding(BF-NC): 

In this strategy, when a node receives a new combination, it competes to get access to the 

medium. When it succe

its possession and forwards the result to its neighbors. Each reception of a new 

combination leads to a new transm

chunks as it receives. 

 



40 

 

urce nodes(which has all chunks/blocks of file) generating 

 block, it needs to check if the received combination 

has new information (independent)  or has already been received(dependent). The node 

es it already has using Gaussian 

Blind-Forwarding with structured network coding(BF-SNC):  In this case when a 

ode receives an encoding the node looks at the encoding structure and determines if it 

The process begins with the so

|C| random coefficients k1,k2,..kc  assuming a file has |C| blocks. Each block ci is sub-

divided into code words bk,i where k = 1,2…n. These coefficient are multiplied by each 

block of the file c1, c2 …c3 to produce encoded block k1*c1 k2*c2 ...  kn*cn . The 

source then sends the encoded block and the coefficient vector to neighboring node. This 

is process is repeated |C| times (number of chunks) producing |C| different encodings.  

 

Figure 10: Example information matrix (file with c blocks and codeword length n) 

 

When a node receives this encoded

compares the received combination with the on

elimination. If the received block is dependent it is discarded. Otherwise it again 

produces n random coefficient and follows the above encoding process. This is done 

recursively at each node.  

 

n
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to 

received_combinations, a boolean array indicating if the block has been received or not.  

igure 11: Encoding Tree with unique Ids 

to see if it has already been received or not. Hence checking 

r dependency is reduced to array access. 

exchange information about the chunks they have. This information can be used to 

should combine the received encoding with any combination already present with it.  

Each reception of a new combination may or may not lead to new transmission. 

 

An encoding tree with ‘ c’ leaves has 2c-1 total elements/nodes. In our implementation 

we assign a unique id to every element in the tree. Each node maintains an array of size 

2c-1 called received_combinations. The unique id is used as index 

 

F

dcba ⊕⊕⊕

ba⊕ dc⊕

a b c d

 

Consider the encoding tree as shown in figure 11. Assume that a node currently has block 

'a' with id 3.  If it now gets block: b with id 4. It can encode a and b as a b according to 

the encoding tree. Hence it updates received_combinations[1] =1 and sets  

received_combinations[4] = 1. Now if a node receives a b in future it checks 

received_combinations[1] 

fo

 

The second class of co-operation is selective forwarding. In this scheme the nodes 
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ding and 

aintaining these tables can be done through update messages exchanged regularly 

 

We evaluate the performance of the above three schemes based on service time, which is 

defined as the time needed to distribute the whole file to all nodes in the system. We 

compute this metric in terms of units of time. A shorter service time would imply shorter 

time to distribute to all systems in the network and hence desirable.  

 

We illustrate the performance of the three schemes by varying parameters in the 

simulator. The parameters that are varied are: number of chunks ’c’, number of sources 

‘n’ and loss rate ‘l’. Each one of these is discussed as a separate scenario. Our results are 

 

selectively request the chunks that a node wants. Every node maintains a table that offers 

a complete knowledge about the list of chunks at each of its neighbors. Buil

m

between neighbors. This feature is currently not implemented for the case of structured 

networking.  

 

4.3 Simulation Results 

averaged over multiple runs.  

 

Scenario 1: 

Let us consider the scenario where there is one single source (n=1) that is placed at 

random within the area S. We also assume that there is no loss at all(l = 0). Under this 

scenario, following Figure plots the service time against the number of nodes and 

for a number of chunks of file ‘c’ = 10, 50, 100.  
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Figure 12: Plot of Service time vs number of nodes for c = 10 

 

Figure 13: Plot of Service time vs number of nodes for c = 50 

  

 

 



 

Figure 14: Plot of Service time vs number of nodes for c = 100 
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The first graph (figure 12) shows the service time vs Number of nodes for c = 10, second 

graph(figure 13) shows the plot for c= 50 chunks and the third graph(figure 14 )shows the 

service times plot for c = 100 chunks.       

 

In all the three cases network coding performs better than other two schemes.  As we 

increase the number of chunks from c = 10 to 100 the gap between the between the blind 

forwarding and structured network coding widens indicating that network coding 

performs better when number of chunks are more. The service time of structured 

network(SNC) coding  is between blind forwarding(BF) and network coding(NC) in all 

three cases.  

 

From the above graphs, we can deduce that increasing the number of chunks improves

the performa he file into 

 

nce of all schemes. The reason behind this is when we divide t

multiple chunks, a node can start serving a chunk as soon as it finishes downloading it 
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instead of waiting to download the whole file. As a result, the larger the numbers of 

chunks, the faster the nodes are engaged into the distribution process and the better the 

system performance. 

 

Scenario 2: 

In this scenario we try to find out the relationship between number of sources and 

performance.  We can recall that  source is a node which has the entire file(all chunks). 

For this scenario we consider two values for number of source n = 1,2. We also assume 

that there is no loss at all(l = 0) and number of chunks ‘c’ = 100.  

 

e can see from the above plot that the performance of all three schemes improves with 

 

Figure 15: Plot of Service time vs number of nodes for c = 100, N = 2 

 

W

having multiple sources(when compared to n =1 from scenario 1 plots). In case of 

network coding schemes the improvement is even more. This is because with multiple 



sources the network has more diverse information which is known to benefit network 

coding.  
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cenario 3: 

y to analyze the performance of the three schemes in lossy 

er of source n = 1 and 

umber of chunks c = 100. 

Figure 16: Plot of Service time vs number of nodes for c = 100, l = 20 

rom above graph we can see that there is not much difference between in the 

S

In this scenario we tr

environments. A packet can be lost in a wireless network due to variety of reasons. This 

scenario tries to simulate this behavior by setting the value of loss rate ‘l’ parameter. 

Every node receives the chunks from its neighbors with a probability 1 − l/100. We 

consider three values of loss rate = {20, 50, 80}. We set numb

n

 

 

F

performance between the three schemes for l =20. 
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Figure 17: Plot of Service time vs number of nodes for c = 100, l = 50 

Figure 18: Plot of Service time vs number of nodes for c = 100, l = 80 
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But as we increase the value of loss rate ’l’ to 50 and 80 we can see that both network 

coding and structured network coding schemes perform better than blind forwarding.  

The reason for the better performance is due to the fact that network coding combines 

different blocks and thereby introduces diversity in the network.  Hence even if some of 

the blocks are lost they can be constructed from one of the combinations.  

 

This implies that network coding can be a good option to be deployed for content 

distribution in lossy wireless environments. This is because it provides us with the ability 

to recover lost information from received encoded blocks. 

 

4.4 Analysis 

The above simulation results from different scenario places traditional network coding at 

the top of the three schemes.  The structured network coding approach fares better than 

blind forwarding but is behind the traditional network coding approach.  Due to the low 

decoding complexity structured network coding solution is still a good choice in cases 

where performance can be compromised at the cost of decoding complexity.     

 

The structured network coding approach emerges as a viable alternative to application 

which require better performance than blind forwarding but low complexity when 

compared to network coding approach.   

 

4.5 Improving Further 

We have tried to research a few ways to improve the performance of structured network. 

The aim is to bring the performance of structured network coding as close to network

 

 

coding as possible at the same time offering the low decoding complexity.

 



Our analysis showed that the reason network coding was faring better was due to 

diversity of information (allowing all combinations) it encourages in a network.  Hence 

one way to improve our scheme is to add more encoding combinations (nodes) to our 

encoding trees. This will add diversity since there are more allowable encodings.  
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o add more nodes in the approach we could use multiple trees instead of single 

he idea of multiple tree approach is to maintain multiple encoding trees which can be 

ing and decoding operations. The nodes in each tree are distinct except for 

Figure 19: Multiple trees Approach(Number of trees =3 for a, b , c and d blocks) 

T

encoding tree. This observation leads us to multiple encoding tree approach. 

 

4.6 Multiple Tree Approach 

T

used for encod

the root and the leaves. There should be some synchronization mechanism between the 

multiple trees so that updating of nodes in the multiple trees occurs seamlessly. Let us 

take the case of four chunks ‘a’, ‘b’ , ‘c’ and ‘d’ and three trees. 

 

 

dcba ⊕⊕⊕

ba⊕ dc⊕

a b c d

da⊕ ca⊕ db⊕ cb⊕
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t nodes 

e add N -2 nodes so if we have T trees the total internal nodes is T*(N-2). By increasing 

near number 

f  nodes in these ‘T’ trees which equals T×N, the overall complexity of decoding 

process becomes N×(T×N) where T is number of trees(a constant usually very less than 

 trees scenario with 

number of trees = 1, 2 and 3.   

Figure 20: Plot of Service time vs number of nodes for  Trees ‘T’ =1,2,3 and c = 50 

 

In  figure 19 we can see that with multiple trees(identified with three colors blue,black 

and red lines)the number of internal combinations (nodes other than leaves and root) 

increases (here level 2 nodes increases). With each independent tree with distinc

w

the number of internal nodes the complexity of decoding increases since the update 

process has to scan additional nodes to set their status. In worst case update li

o

N). 

 

Since there are multiple trees the number of encodings(nodes in the encoding tree) is 

going to be greater than a single tree approach, this we hope would improve the 

performance in terms of service time. We try to simulate the multiple
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Another issue that we found was detecting dependent combinations, contrary to single 

ee approach detecting dependent encodings was not a simple parent-child check. The 

s no way of relating the above 

combinations in the encoding tree. A more efficient algorithm is required to detect such 

dependencies. 

 

We propose to use number of trees as a parameter to control the performance (service 

times) as required. For example we could use more number of trees whenever high 

performance is desired and lower number of trees when better decoding complexity is 

needed. 

 

 

Our simulation results are inline with our expectations. As we increases the number of 

trees we observe an improvement in the service times.  This increase is more prominent 

when number of nodes is greater than 25. Figure 20 shows the graph of service time vs 

number of nodes for number of chunks ‘c’ =50 and trees ‘T’ =1,2,3.  It is clear that as we 

increase the number of trees the performance improves. One trade-off with increasing the 

number of trees is increase in the complexity of decoding.  

 

tr

current multiple tree algorithm does not detect all dependent combinations. For example 

if a peer has combinations a d and c d then encoding a c should be marked as 

dependent. But this is not the case with current algorithm which approximates this kind 

of encodings to not dependent (not received) because it ha
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Chapter 5 – Conclusion and Future Work 

ns like file distribution, media 

ing etc…  

red multiple trees approach as a way to improve the performance of 

ructured network coding. It has been found from the experimental results that 

irection: 

 chapter 4 we discussed two cooperation strategies: flooding and selective forwarding. 

Our simulation results are based on push based approach(flooding) where the nodes in a 

peer-to-peer network send encoded blocks without any explicit request from their 

neighbors. 

 

 

One of the major problems in network coding is the coding complexity. This issue has 

limited the widespread applicability of network coding. In our project “Structured 

network coding” we try to address this issue by proposing a new way of performing 

network coding which can reduce the decoding complexity.  This we hope would open 

the doors to apply network coding to a variety of applicatio

stream

 

In this project the performance of structured network coding has been studied with help 

of wireless mesh simulator. We compared the performance of the structured network 

coding with other two schemes blind forwarding and network coding. Our simulation 

results indicate performance of structured network coding to be better than blind 

forwarding but worse than network coding. 

 

We also explo

st

increasing the number of trees does improve the performance of structured network 

coding.  

 

Future D

In
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We can also implement structured network coding for pull based approach (selective 

 the blocks based on their current 

ncoding structure. This switch would improve the performance but would introduce the 

time initially to pull-in enough blocks from its neighbors. Once it has 

nough blocks to share it switches to push based strategy where its pushes the blocks to 

could be used.  Though we can use different 

ructures for encoding, decoding the main idea of our approach remains the same namely 

ownload. One other way would be to build the structure dynamically based on 

me parameters like number of nodes, leaves, levels etc… This would mean that all 

on a fixed structure (have different encodings)and hence we cannot 

 

greater flexibility and should be considered in future work.  

 

forwarding) where peers do explicit requesting of

e

overhead of exchanging the request-response messages.  

 

We also suggest a hybrid scheme for future work which instead of using either a pure-

push or pure-pull based methods uses a mix of both these schemes. One instance of such 

scheme is when a node joins a peer-to-peer network it could use a pull strategy for some 

finite amount of 

e

its neighbors. 

 

One area which could use additional research is the design of structure of encodings. We 

have designed the structured network coding with a simple binary tree encoding structure 

but there are possibly better structures that 

st

“restricting the universe of encodings”. 

 

In our approach we use a fixed encoding structure which gets passed before the peers 

start the d

so

peers do not agree 

use a simple decoding process like the one with fixed scheme. But this scheme has
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