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Abstract—Network Coding is a method that effectively 
combines several packets from different sources and broadcasts 
the combined packet to several destinations in single 
transmission time slot. Each destination is capable to extract the 
intended information by decoding from a common packet. In 
short, network coding is a method that improves the throughput 
for wireless networks and wired networks. However, while it 
increases the throughput of networks, it also causes side effects 
such as complexity of packets management and increased delay 
for coding opportunity. In this paper, genetic algorithm is 
proposed to optimize the resources for network coding. Genetic 
algorithm will search for suitable routes to the destination 
according to the desired throughput with a desired multicast 
rate. The simulation results show that the average end to end 
delay of network after minimizing coding nodes is less than 
normal network coding.  

Index Terms—Network coding, wireless networks, genetic 
algorithm, coding nodes, multicast. 

I. INTRODUCTION  
Wireless technology is applied in many modern 

applications due to the mobility, robustness, and simplification 
of the networks distribution. Although some protocols in 
wireless technology have been developed based on custom 
applications related to the wireless sensor networks, most of 
the wireless networks still suffering from the throughput 
limitation [1]. To overcome this limitation, network coding is 
introduced to increase the network throughput [2, 3, 4]. For the 
future application network coding based methods are currently 
being explored to increase the performance of the networks in 
terms of coding opportunity in packet waiting time and coding 
aware routing [5, 6].  

Network coding is a method that combines packets from 
different incoming flows to a single encoded packet and then 
transmits it in a single transmission time slot. Conventional 
wireless technology can only transport single content in a 
transmission but network coding offer multiple contents in a 
transmission, which lead to the increase in network throughput. 
Fig. 1 and Fig. 2 show the scenario of two nodes exchanging 
packet through a middle node. Fig. 1 illustrates conventional 
store and forward method while Fig. 2 shows network coding 
method. For Example, node 1 wants to send packet to node 3, 
but both nodes are out of wireless coverage range, therefore 

node 1 and node 3 need an intermediate node 2 at the center to 
relay the packet. Consider the case shown in Fig. 1, Node 1 
will forward packet a to node 3 and node 3 will forward packet 
b to node 1. In conventional store and forward method, node 1 
will send packet a to node 2, and then node 2 will forward to 
node 3. In total, this process requires two transmission time 
slots. Similarly, node 3 will send packet b to center relay node 
2 and then forward to node 1. In overall, the exchange process 
needs four time slots to deliver packet a and packet b to their 
destinations. Fig. 2 shows how network coding delivers 
packets with fewer time slots than store and forward method. 
Node 1 will send packet a to node 2, now instead of directly 
forwarding packet a to node 3, node 2 will hold the packet for a 
short amount of time. Then node 3 will send packet b to center 
relay node 2. In this stage, instead of sending packet a and 
packet b separately like store and forward, center relay node 2 
will combine both packet a and packet b into a packet with 
same size length of packet a or packet b. The common length 
depends on which packet has the larger size, packet a or packet 
b. Node 2 will then broadcast the coded packet to both node 1 
and node 3, node 1 and node 3 will be able to get the native 
packet they want since they have another native packet to 
extract from the coded packet. In total, network coding only 
requires three transmission time slots to deliver packet a and 
packet b to the respective node 1 and node 3.     

  
Fig. 1.  Exchanging packet with bidirectional forwarding. 

 
Fig. 2.  Exchanging packet with network coding forwarding. 
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Fig. 3 shows a butterfly network topology to illustrate how 
network coding can increase the throughput of a network. 
Node s is the source of the network while node 4 and node 5 
are the sinks of the network. Node s wants to transmit packet x 
and packet y to node 4 and node 5, but node s cannot reach 
directly to node 4 and node 5, so these packets will be routed 
through several nodes before packets x and y reach node 4 and 
node 5. Fig. 3 (a) shows the store and forward method to 
transfer packet x and packet y to its destination. Before the 
node identifies how to route the packets to the destination, 
node s will broadcast a route request to the network and wait 
for route reply to decide the route to reach node 4 and node 5. 
In this case, link quality will affect the selected route. To 
overcome the problem, adaptive modulation can be introduced 
to make sure the link quality at every link is reasonably 
preserved [7]. Node s will send packet x to node 1 and then 
forward to node 4, same goes to packet y. For packet x and 
packet y to reach node 4 requires four transmission time slots 
to deliver the packets. Node s also uses another four 
transmission time slots to send packet x and packet y to node 5 
as shown in Fig. 3 (a). Then the total transmission time slots 
required to deliver packet x and packet y to node 4 and node 5 
are eight transmission time slots. Network coding scenario 
requires fewer time slots to deliver packet x and packet y to the 
same destination. In network coding scenario, the route to node 
4 and node 5 are different from store and forward method as 
shown in Fig. 3. If the network follows the route of AODV 
routing protocol [8], every nodes do not have opportunity to 
perform network coding, where a different route is required to 
create coding opportunities. Node s sends the packet x to node 
1 and packet y to node 2, this require two transmission time 
slots. Node 1 will broadcast packet x to node 3 and node 4, 
node 2 broadcast packet y to node 3 and node 5. At this stage, 
node 4 already has packet x and node 5 consists packet y. 
Before transmission take place, node 3 will then combine both 
packets to a single packet and then broadcast to both respective 
nodes. Node 4 will decode the coded packet using packet x to 
get packet y, node 5 doing the same process to get packet x. In 
overall, network coding requires only five time slots while 
store and forward method needs eight. As a conclusion, fewer 
time slots lead to higher throughput since network coding is 
able to deliver more information compare to the store and 
forward method within a same period of time. 

Traditional network coding will choose the route which has 
the most coding opportunities as these will increase the 
throughput for the entire network. While network coding is 
increasing the network throughput, it also introducing 
complexity of packet management and requiring larger buffer 
size in order to perform packet encoding. Therefore, the route 
which has more coding opportunities does not necessary to be 
the most efficient way to deliver information.    

Within a given topology, optimization problem in network 
coding means minimizing the disadvantages caused by the 
network coding and at the same time maximizing the 
throughput of the network. Kim has proven that optimization 
of coding resources is an NP-hard problem, and thus proposed 
simple genetic algorithm approach to deal with it [9, 10, 11].  

 
Fig. 3.  Butterfly network topology: (a) Store and forward. (b) Network 

coding. 

II. GENETIC ALGORITHM 
Genetic algorithm is a searching method that can 

potentially search a best solution for a given controlled 
scenario. The mechanism of Genetic algorithm is built based 
on Darwin’s biological evolution process. Genetic algorithm is 
widely used in education and industry. Theoretical research of 
Genetic algorithm has been used to solve many optimization 
problems including the manufacturing industries of batch 
process control [12]. Fig. 4 shows the process flow chart of 
genetic algorithm. The mechanism starts with initial set of 
population that is located in a specific environment. The best 
species or best individual that can fit into the environment will 
survive longer and finally only the strongest chromosomes will 
remain.   

 
Fig. 4.  Flow chart of genetic algorithm. 
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III. NETWORK CODING IN WIRELESS AD HOC NETWORKS 
In this section, the development of network coding 

implemented in wireless networks will be described in detail. 
The simulation is programmed using Matlab m-file. 
Modification on standard 802.11 is based on the mechanism of 
the network coding. Sachin proposed COPE, a way of doing 
network coding in a practical wireless network [13]. The 
simulation of wireless network coding will be programmed 
according to some of the key theories in COPE. In COPE, the 
coding scheme principle of not delaying packets is applied. 
Conversely, it has been proven that waiting the incoming 
packets intelligently will lead to an increasing of opportunities 
of the nodes coding [14, 15]. An increment on coding 
opportunities also leads to increment in network throughput 
since coding will happen more often.  

A. Packet management  
The packet management scheme on each node is based on 

first in first out (FIFO) principle. When a node receives a 
packet, it will be appended to the bottom of a queue list as 
shown in Fig. 5. The first received packet will be placed at the 
top of the list which will have the priority to send first. With 
the store and forward method, the node will deliver packet a 
immediately once it has been received.  

Queue management for network coding has an additional 
step before the first packet is sent. Before packet a proceeds to 
the physical layer in OSI model, the node will search through 
the entire queue list to look for another packet that can encode 
with the packet a. Let’s say packet c qualify to encode with 
packet a, then packet c will be extracted from the queue list 
and broadcasted out together with packet a as shown in Fig. 5.  

Fig. 5 shows that packet a will XOR with packet c. Due to 
the nature of XOR, encoded packet is the same size with 
packet a or packet c, depending on whether packet a and 
packet c which one has bigger size. In this simulation, the node 
will search the packet with almost the same size as the first 
packet because coding gain is not significant if coding occurs 
with a packet size that differ far from the first packet.  

Transferring and exchanging data in network coding consist 
of bidirectional and cross exchange as shown in butterfly 
network. Intermediate node can check each native packet route 
to estimate what kind of packets owned by the neighbors. In 
bidirectional exchange data, the intermediate node will only 
check the route of the packets instead of guessing the packets’ 
id at the neighbor nodes. The reason is because the information 
of every packets that go through the intermediate node will be 
stored.     

For the case of cross exchange as shown in Fig. 6, it is 
necessary for an intermediate node to recognize the next hop 
has the required packet to decode it. Fig. 6 shows two different 
scenarios whether packet j can be received or not at node 5. 
First, node 3 can XOR both packets in the scenario where 
packet j received at node 5 because both next hop nodes can 
decode them. However, in another case, node 3 cannot XOR 
both packets since next hop node 5 cannot decode to get native 
packet. Hence, the buffer information of a neighbor node can  
be known from receiving hello packet that used to check 

 

 
 

Fig. 5.  Queue management in network coding. 

 
Fig. 6.  Network coding scenario of ‘can XOR’ and ‘Cannot XOR’. 

the connectivity between two nodes, the packet id will be sent 
along with the hello packet. Another method to estimate the 
buffer of next hop is simply by guessing it. After a couple 
times on receiving the buffer packet of the neighbor, the node 
is able to predict the probability of the same type packet that 
will be received on the next hop.  

Packets heading to the same next hop with the first packet 
will not be chosen to perform network coding since it is 
impossible to decode due to the next hop do not have the 
decoding packet. The source of the packet will never be 
considered as a coding packet since it has no other packets to 
combine with. 

The packet that has been chosen to be encoded with first 
packet is extracted from the queue list where the packet will 
skip the queue. However, in this strategy the scenario will not 
add extra time slots or cause extra waiting time for the others.   

B. Buffer 
In network coding scheme, buffers are separated into two 

types, buffer that store queue list, and buffer to store any 
unintentional heard packets. Due to the broadcast nature, any 
nodes in the wireless coverage range of the transmitter can hear 
the neighboring packets sent no matter the packets are intended 
or not. Fig. 7 shows node 1 sending packet a to node 2, while 
other nodes surrounding the transmitter will notice the packet. 
In traditional network protocol, these packets will be dropped 
since they are not there for node 1. However, in network 
coding, these nodes will store the packet for a short amount of 
time instead of dropping the packet immediately. This is 
mainly because each packet stored has the potential to be used 
to decode a coding packet.  
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Fig. 7.  Source sending a packet to neighbor. 

IV. NETWORK RESOURCE OPTIMIZATION 

A. Chromosome Definition 
Binary encoding in genetic algorithm is a simple 

representation because the straightforward computational 
complexity of binary encoding can be evaluated by human 
standard. Binary encoding also simplifies the computation 
processes such as crossover and mutation operation in genetic 
algorithm. The binary symbol in genetic algorithm is used to 
represent the individual’s existence. But in network coding, the 
binary symbol represents the existence of the link of the node. 
Every node in a given topology with several incoming flow 
will become a potential network coding node. Let’s say in a 
given topology there are i number of nodes that has the 
potential to become network coding node, then the 
chromosome will split into i segments to represent the link 
existence of each potential node. The packet will definitely 
flow through this link if it exists. Let’s say a potential node i 
has j incoming flow and k outgoing flow, the total bit of the 
segment node i is shown in (1). The total bit needed for the 
segment i is g.    

 kjgi ×=  (1) 

Fig. 8 shows an example of a potential node V2 with three 
incoming links and two outgoing links, since V2 have three 
incoming links, g2 have 3 bits to represent input link x1, x2, x3 
link to y1 and another 3 bits to represent input link x1, x2, x3 link 
to y2, in total, g2 have 6 bits. Referring to Fig. 3, a1 = 000 
represents link y1 is not going to send any packet, a2 = 101 
denotes the node will perform network coding by combining x1 
and x3, and send through link y2. Other nodes in the network 
with only a single incoming flow will forward the incoming 
packets without delay. So chromosome only contains link state 
for node with several incoming flow or potential coding node 
information. 

 
Fig. 8.  Chromosome representative for node V with three incoming flow and 

two outgoing flow. 

B. Fitness Function 
Fitness function is very important in genetic algorithm as 

inappropriate fitness function will cause the solution set to 
diverge, thus, unable to obtain the most optimized solution. For 
the case of minimizing network coding resources, fitness 
function used in the simulation is shown in (3). 
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nmax represents the total number of all the possible coding 
nodes whereas nnode is the amount of coding nodes used in the 
network. Feasibility test will be conducted on the newly 
generated chromosomes, if the chromosome passed the test, 
nnode will be the fitness value for that combination of 
chromosome. However, if the test failed, then nmax + 1 will be 
the fitness value. Besides that, the chromosome should also 
meet the multicast scenario requirement. The chromosome 
which fails to do so will be eliminated. It can be observed that 
if all chromosomes are 1 then it implies a solution of the 
maximum possible coding node in the network, which means 
that all coding nodes are chosen, therefore nnode will never 
bigger than nmax. 

V. SIMULATION AND PERFORMANCE EVALUATION 
In this section, the simulation setup of the wireless network 

and performance analysis of the network will be discussed in 
detail. The route for the source to the destination will be 
determined using genetic algorithm where the best solution will 
be tested in the simulation.  

A. Simulation Setup 
The simulation of wireless ad hoc network with network 

coding capability has been programmed in Matlab m-file and 
the protocol in the simulation follows 802.11 standards. 
However, this protocol is only limited to conventional store 
and forward method. To develop the network simulation 
network coding based, an additional modification on MAC 
layer and network layer is conducted accordingly to the 
mechanism that has been discussed on the previous sections.  

In MAC layer, the decision to determine which packet in 
the queue list will be taken to perform coding with the first 
packet is implemented. Network layer defines whether packet 
needs to be decoded or not. This layer will also read the header 
in the packet to obtain which packet in the buffer will be used 
to decode the receive packet.  

In this paper, fourteen nodes will be generated based on the 
topology shown in Fig. 9 and Fig. 10. Node s has prepared 100 
packets send to node t1, t2, t3, and t4. The performance of the 
throughput for the entire network and end to end delay of each 
packet will be evaluated. The simulation will terminate when 
the last packet is delivered to its destination. The performance 
of network coding with minimization of coding nodes using 
genetic algorithm will be compared with the normal network 
coding. 
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 Node 8, node 9, and node 10 will become potential 
network coding nodes. All these nodes have two outgoing 
links, so in total there will be 12 bit in chromosome to 
represent the packet flows. The crossover rate of the simulation 
in genetic algorithm is fixed at the rate of 0.7. The population 
size is set to 10 chromosomes, and the stopping criterion is 
either 80% of the total population becomes the common 
chromosome or reaches 100 generations. The mutation rates 
used in this paper are set to 0, 0.05, 0.1 and the final dynamic 
mutation rate.  

B. Simulation Result 
After using genetic algorithm to search an optimal route, 

only coding node 9 will be used, It can be observed that the 
link from node 4 to node 8 as well as node 7 to node 10 are 
save. It means communication failures between these two 
nodes are not important and hence packets missing between 
them can be ignored.  

Table I shows the convergence results of genetic algorithm 
used in the topology shown in Fig. 9. Mutation rate of 0, 0.05, 
0.1 and dynamic mutation rate are able to achieve the best 
minimized number of node which is 1. However, the average 
results obtained during mutation rate 0 is the worst although 
the convergence speed is the fastest among all. Therefore 
mutation rate 0 is not suitable in this scenario. Mutation rate 
0.1 takes more generations to converge as compared to 
mutation rate 0.05, and dynamic 0 to 0.1 mutation rate where 
the solution obtains an average of 1.5. In average, dynamic 
mutation rate produces better solution than mutation rate 0.05, 
although both of the mutation rates converge at almost the 
same generations in average.  

 
Fig. 9.  Simulation topology of multiple nodes.  

 
Fig. 10.  Minimize coding nodes using genetic algorithm.  

TABLE I.  GENETIC ALGORITHM CONVERGENCE TABLE 

Mutation 
rate  

 Minimal coding 
node Average result Average 

Generation needs 

0 1 1.8 22.8 

0.05 1 1.4 30.4 

0.1 1 1.5 47.9 

[0 0.1] 1 1.2 30.7 

 
Fig. 11 shows the throughput measurement for the entire 

network, store and forward has the lowest throughput 
performance comparing to the minimize and non-minimize 
routes. However, packet delivery speed for minimize route is 
faster than store and forward, and non-minimize route.  

Comparisons of end to end delay of each packet are 
presented in Fig. 12 and Fig. 13. End to end delay for minimize 
route are less than end to end delay of non-minimize route 
since minimize route simplified the traffic routing of the 
network.  

 

 
Fig. 11.  Average throughput.  
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Fig. 12.  Comparison of minimize route against non-minimize route. 
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Fig. 13.  Comparison of store and forward against network coding. 

VI. CONCLUSION 
Network coding is a proven method that increases network 

throughput. In a given network, the more coding node will 
increase overall network throughput. However, network coding 
also provides a shortfall of delay and network overhead cost. 
Therefore it is not necessary use all the coding nodes in a 
network. In this paper, genetic algorithm is used to minimize 
the usage of the coding nodes in the network in order to reduce 
the deficit of network coding while increasing the throughput. 
The simulation result shows that after minimizing the coding 
nodes, network coding with genetic algorithm provides less 
end to end delay and more throughput as compared to store and 
forward network. For the future work, genetic algorithm in 
wireless network with multiple sources and multiple 
destinations will be considered.  
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