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Abstract— We introduce a decoding method based on the low
complexity decoding scheme of LT codes, called avalanche
decoding. Other than LT codes, where the intermediate nodes
must encode packets according to a specific degree
distribution, avalanche decoding enables a network to
implement random network coding where intermediate nodes
may encode packets randomly and independently.
When compared to traditional decoding methods that
implement Gaussian elimination, a decrease can be seen in
decoding time as well as a significant increase in decoding
success.
Index Terms— Decoding, Fountain codes, LT codes,
Network Coding, Random Network Coding.
I. INTRODUCTION
In practical networks, the topology of a network is not
always known or frequently changing, and maintenance of
network coordination can be expensive or impractical [3].
Random Network Coding, introduced in [2], is a
decentralized approach to Network Coding, introduced in [1],
which can be implemented in networks without the need for
network control and planning and knowledge of network
topology. Random Network Coding is optimal, since only
channel packets are needed by the receiver to obtain the
original source packets with a very high probability [2].
When traditional erasure codes are implemented in a
Random Network Coding network,
( − ) redundant
symbols are generated at the source node from the
information packets. A total of encoded packets are then
transmitted over the Random Network Coding network (which
acts as an erasure channel), where the receiver node can
recover the original message from a received subset of the
encoded packets. The subset needed to recover the original
message is ′ ⊆ [2, 7, 9]. The receiver node of such a
network would wait until it receives a set of ′ channel
packets in order to decode the original message of packets
using Gaussian elimination techniques [10].
With this method optimal coding can be achieved, without
the need for any coordination between neighbouring nodes
[10]. The intermediate nodes in the network only need the
information sent to it by its neighbour, which it encodes
uniformly at random. The receiver and source nodes do not

need to carry any knowledge of the topology of the network,
or how the channel packets are encoded.
Due to the non-deterministic nature of Random Network
Coding, the global encoding vectors sent in the packet header
provide the information of each packet’s content in order for
the receiver to decode the data. The lack of knowledge
concerning the topology of the network and therefore the
content/combination of the channel packets that will be
received makes it difficult for the receiver node to know how
long it should wait to obtain sufficient channel packets for
decoding.
Another problem associated with traditional erasure codes
is that the size of the linear block code must be chosen before
the encoding process begins and remains fixed throughout the
transmission [9]. Also, these codes become impractical as the
values of and become too large, due to the increase in
decoding complexity of Gaussian elimination [4, 7]. In energy
constraint networks, such as wireless sensor networks, high
computational complexity leads to greater energy
consumption, which is not ideal.
In this paper, we aim to address these shortcomings of
Random Network Coding. We aim to eliminate the need for a
fixed size of code before transmission, as well as the high
decoding complexity at the receiver nodes. In Section II, we
look at related work that helps us in the development of an
effective method. In Section III we introduce the avalanche
decoding method and evaluate the method in Section IV. This
paper is concluded in Section V.
II. RELATED WORK
A. Fountain Codes
The random linear fountain code, described in [7, 9] is a
rateless erasure code which means that from a set of source
symbols, potentially endless encoded symbols can be
generated as needed by the decoder. This means that more
encoded packets can be generated for the decoder if needed to
decode the source data.
Random linear fountain codes work as follow [9]:
The source sends messages, data containing
symbols,
, , … , ., from the source alphabet, in a finite field .
Every clock cycle, , the encoder generates random bits,
∈ {0,1} and an encoded packets is generated, consisting
of the source symbols for which
= 1.
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=

(1)

receiver constructs the generator matrix, , from the received
packets for decoding.
encoded packets from encoder

We assume that the receiver knows the global encoding
vector of each packet i.e. the original symbols, , , … , ,
that each packet contains. For each new encoded packet the
receiver obtains, another column, , is added to the generator
matrix, .
If the receiver collects less than encoded packets, it will
be unable to decode the source message, due to insufficient
received information. Random linear fountain codes have a
very low probability of being an optimal code for the erasure
channel, because when the receiver collects exactly encoded
packets, successful decoding is possible, but unlikely due to
the probability of the occurrence of the same encoded packet
more than once. However, if the receiver collects ′ encoded
packets, the successful decoding of these codes become more
likely as
becomes larger. When
becomes larger, the
probability for the generator matrix, , to consist of at least
linearly independent columns increases and successful
decoding can take place [9]. When generator matrix consists
of linearly independent columns, the matrix can be inverted
by Gaussian elimination and the original symbols can be
recovered.
=

(2)

A representation of random linear fountain codes can be
seen in Fig. 1. The encoder encodes the source packets and
transmits them over the erasure channel, where some packets
are not received (grey). The collected packets are used by the
receiver to construct a generator matrix, , for decoding.
Note that the encoding process is only implemented on
native source packets, where only the source node is able to
generate more encoded packets. This means that once a packet
is encoded, it is sent to the receiver node via intermediate
nodes that simply forward these packets over the erasure
channel [10].
In a Random Network Coding environment, all the
intermediate nodes perform Random Network Coding on the
packets they receive. This means that each node is able to
generate new encoded packets from original or already
encoded packets. Due to this network characteristic, random
linear fountain codes can be implemented very easily in a
Random Network Coding environment. The intermediate
nodes of the Random Network Coding network act as the
fountain encoder and generate a supply of encoded packets for
the receiver node until it has collected sufficient packets which
it can use to decode the original message.
A representation of the implementation of random linear
fountain codes can be seen in Fig. 2. Encoded packets are
generated by intermediate nodes and transmitted over the
network to the receiver node. The white packets are
successfully transmitted and collected by the receiver node,
while the transmission of the grey packets is unsuccessful. The
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Figure 1: Random linear fountain codes (adapted from [9])

Another advantage of the implementation of this code in a
Random Network Coding environment is that there is no
fixed, predetermined size for fountain codes, as with
traditional erasure codes. In a network where a block code is
implemented, the values of and of the block code must be
determined before transmission, because the source node must
encode the information packets into encoded packets.
For fountain codes this is not necessary, because the
encoded packets can be generated as needed for the receiver
node to decode the original data [7, 8]. As with the
implementation of traditional erasure codes in such an
environment, however, the decoding complexity becomes
significantly large as the value of increases.
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Figure 2: Implementation of random linear fountain codes in a Random
Network Coding scenario.
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B. LT codes
In 1998 [5], Luby proposed a variation of traditional
fountain codes, called the Luby Transform (LT codes). These
codes can be seen as sparse linear fountain codes [8] that
reduce the decoding complexity associated with random linear
fountain codes by eliminating the use of Gaussian elimination
at the receiver.
For LT codes, encoded symbols are not generated
randomly, but according to a specific degree distribution,
( ). The degree of an encoded packet is an indication of the
number of source symbols present in the packet. For instance:
the degree of encoded packet = { , , } is
= 3.
This probability distribution ensures that certain encoded
packets have a low degree to ensure that the decoding process
can start, keep going, and that the number of iterations is kept
to a minimum. Packets with a higher degree must also be
generated to ensure that all packets contain a different
collection of source symbols and that all source symbols are
included in the received set of encoded packets.[9].
This specific encoding algorithm guarantees efficient LT
decoding times, through the use of a low complexity decoding
algorithm. This algorithm uses a dedicated data structure
instead of constructing the traditional generator matrix [7, 8].
The decoding process of LT codes can be described in the
following steps [8].
1. Find an encoded packet, , that is only connected to a
single source symbol, .
2. Set = .
3. Add the value of
to all the encoded packets that is
connected to :
(3)
= + , ∀ where
= 1.
4. Remove source node and disconnect.
5. Repeat from (1) until all , ∈ {1, } is determined.
An example of this decoding method can be seen in Fig. 3,
where 3 source symbols (bits in finite field, ), are
transmitted and 4 encoded packets, { , , , } = {1 0 1 1},
are received, [9].
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Figure 3: LT code example [9]
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In the first iteration the only encoded packet that contains
only one source symbol is , and will be used as the first
check node (panel a). It is clear to see that the value of = 1
and the check node is deleted (panel b). The value of
is
added to all the encoded packets containing symbol and the
node is disconnected. In the second iteration packet
is the

next check node (panel c). The process repeats where is set
to = 0, the check node deleted (panel d) and the value of
added to the remaining encoded packets and disconnected
(panel e). Finally, there exist two check nodes that show the
value of
= 1.
This encoding distribution differentiates LT codes from
random linear fountain codes. Due to the specific encoding
distribution of an LT encoder, this decoding algorithm, called
avalanche decoding [8], has a very low complexity compared
to that of generator matrix construction.
This however is not so easily implemented in a Random
Network Coding environment, because encoding must take
place according to LT distribution, and not randomly as with
random linear fountain codes. Another problem associated
with the implementation of LT codes in a decentralized
network is that not only source packets get encoded by the
nodes. As already encoded packets are sent to another
intermediate node, that packet will get recoded with other
encoded packets.
A novel approach to reduce the computational complexity
of the decoding process for erasure codes in a Network
Coding network is introduced by Champel et. al. in 2009 [10].
The authors propose a method, called LT Network Coding,
where the intermediate network nodes encode the packets
according to the specific distribution of LT codes [5]. Each
intermediate node encodes each packet so that its degree
distribution matches that of LT codes so that low complexity
decoding (belief propagation decoding) can be implemented at
the receiver node. This method leads to a significant reduction
in decoding complexity, but adds to the overall
communication overhead [7, 10].
III. AVALANCHE DECODING IN RANDOM NETWORK CODING
When looking at the implementation of LT Network Coding
in [10], the advantages can clearly be seen. In practical
networks, however, where the topology is unknown or
constantly changing, LT Network Coding can become difficult
to implement.
We showed in Section II a that the implementation of
fountain codes in a Random Network Coding scenario
eliminates the need for the length of the code to be fixed as
with traditional erasure codes. Intermediate network nodes are
able to generate encoded packets on the fly.
We aim to add to the advantage of implementing random
linear fountain codes by developing a decoding method based
on the low complexity decoding scheme of LT codes to
eliminate the need for Gaussian elimination at the receiver
nodes.
A. Model
We adopt the notation used in [2, 5, 6] for an acyclic
network model. The network is represented by graph
= ( , ℇ), where is the set of nodes in the network and ℇ
the set of edges in
which represents the communication
channels. An edge from node
to
is indicated by
( , ) ∈ ℇ.
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B. Preliminaries
When we look at the construction of the degree distribution
designed by Luby [7] we can see that the specific degree
distribution is created to have certain important characteristics.
These characteristics can also be concluded from the example
in Fig. 3. They are the following:
1. The decoding complexity is a function of the connectivity
of the graph. This means that in order for decoding to be
successful, all the source symbols must be included in the
received encoded packets at least once.
2. Reduce redundancy as far as possible. This means that the
packets must be encoded in such a way that for each
decoding iteration, a single encoded packet has a degree
of = 1, and after it is processed a new single-degree
packet appears.
3. A single received encoded packet must only contain one
source symbol to start the decoding process.
By considering these characteristics, we are going to
construct a more general avalanche decoding version and
implement it in a Random Network Coding network.
C. Proposed method
The source node, , arranges the source data of
information symbols, , , … , , into a data carousel. A data
carousel is a transmission mechanism that arranges the source
data in a circular fashion, with each data symbol in a set
position in the circle, and the transmission point as a fixed
point. As the circle rotates, the data symbols passing the
transmission point is transmitted into the network. The
transmission of the contents of the carousel is cyclically
repeated. This source data is transmitted over a Random
Network Coding network, = ( , ℇ), where the intermediate
nodes form random linear combinations of their inputs,
creating encoded packets.
The encoded packets are generated by using randomly
generated coefficients
from a finite field
so that
′ =

, = 1,2, … , .

2.
3.
4.

5.
6.

Evaluate their encoding vectors to determine their degree.
Find an encoded packet, , ∈ {1, ′}, of degree = 1.
Avalanche decoding:
a. Evaluate encoding vector to determine which source
symbol , ∈ {1, } is present in the packet.
b. Set the source symbol = .
c. Add (x-or) the value of to all the encoded packets
(can be seen in
that contains the source symbol
encoding vector) to obtain their new value:
= + , ∀ where
= 1 and ≠ .
d. Reduce the degree value of these packets by one:
= − 1.
packets in
e. Replace old packets with the updated
buffer.
f. Evaluate updated packets in buffer for packet,
, ∈ {1, ′}, of degree = 1.
Repeat step (4) as long as a packet with degree = 1 is
present.
Repeat from (1) until all , ∈ {1, } is determined.

This process eliminates the need for the receiver to wait
until it receives sufficient encoded packets in order to
construct an invertible generator matrix. This avalanche
decoding method reduces the decoding complexity as well as
the speed of decoding.
An example of this method can be viewed in Fig. 4. The
following steps are taken by the receiver node to decode
source packets { , , , }.
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The set of coefficients
, ,…,
can be referred to as
the encoding vector for
and this vector is sent as a packet
header in order to record the linear combination of the
messages present in the received packet [2, 12]. These
encoded packets are transmitted to the other intermediate
nodes where they are recoded and transmitted once again until
eventually collected by the receiver node, . Network
properties, such as connectivity, min-cut and the presence of
cycles influence the contents and the time of arrival of the
encoded packets. As the encoded packets are collected by the
receiver node, their encoding vectors are evaluated to
determine their degree. As soon the receiver obtains a packet
of degree = 1, the decoding process can start.
The avalanche decoding process operates in the following
steps for every cycle:
1. Collect new encoded packets from network and store in
buffer.
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Figure 4: Example of decoding method
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Note: In this example, all the source symbols are
transmitted in a single transmission and successful decoding
does not require more than a single iteration of the method. In
a data carousel, not all source symbols are transmitted
simultaneously, but in a fixed periodic sequence. This means
that all the source symbols transmitted in the data carousel
will not reach the receiver in the first cycle, which will require
more than a single iteration.
IV. EVALUATION
In this section we evaluate the decoding performance of the
proposed decoding method. In order to do so, we compare it
against the traditional decoding method of matrix construction
and Gaussian elimination.
A. Experimental setup
We consider a randomly generated network of nodes and
a single source node, , that transmits the source symbols on a
data carousel into the network in a fixed periodic sequence.
The intermediate network nodes randomly encode the packets
they receive and transmit them to other nodes in the network,
including the receiver node.
We randomly generated a set of 1000 Random Network
Coding networks with the following properties:
1. Source data from finite field
of length, .
2. Network size:
3. Each intermediate node randomly and independently
generates a linear combination of its input packets.

In this simulation, we assume that there is no processing
delay at the intermediate nodes and that a single unit time is
allowed for each packet transmission. This time delay
approach is used in [11]. Also note that this network is
randomly generated, so the presence of network cycles is not
eliminated. An example of one of the generated random
networks, with = 10, and = 4, can be seen in Fig. 5. The
circles indicate the broadcast area of the nodes and the line if a
connection is established.
At the receiver node, two different decoding methods will
be implemented, namely traditional decoding and avalanche
decoding. The traditional decoding method will instruct the
receiver to wait until it receives enough linearly independent
encoded packets to create an invertible generator matrix, .
Through Gaussian elimination it will then determine the
values of the original source symbols.

Randomly generated network, N=10
50
45
40

8

35

10
1

Area

30
7

9

3

25

6

20

4

15

2

5

10
5
-5

0

5

10

15

20
Area

25

30

35

40

45

Figure 5: Random Network Coding network

For the avalanche decoding method, the receiver follows
the steps discussed in Section III c. As soon as the receiver
collects an encoded packet with degree = 1, the avalanche
decoding process is started.
Note: Due to the random generation of the networks as well
as the absence of a specific encoding degree distribution, the
encoded packets collected by the receiver may not adhere to
the specifications for successful LT decoding, named in
Section III b. This means that successful avalanche decoding
is not guaranteed in the networks generated for this
simulation.
In Random Network Coding networks, however, a large
amount of encoded packets are generated and transmitted to
the receiver by intermediate nodes. This characteristic of
Random Network Coding makes the receiver’s chances of
collecting packets that do adhere to the LT specifications
significantly higher.
We compare the performance of these two methods to
determine the difference in their decoding time.
B. Experimental results
Fig. 6 plots the decoding times of both methods in terms of
network size, . The solid lines represent the decoding
performances with the transmission of the minimum amount
of source data
= 4, and the broken lines with the
transmission of larger amount of source data, = 8.
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Panel a: The packets encoded by the intermediate nodes are
transmitted over the erasure channel and collected by the
receiver (step 1). Panel b: The receiver evaluates the degree of
the received packets (step 2), and determines that packet
has a degree of one (step 3). The receiver determines the value
of
= = 1 (step 4 a-b). Panel c: The receiver adds the
value of
to packets that contain the source symbol and
reduce their degree by one. The updated packets are now
evaluated to determine if a new packet is present with degree
= 1 (step 4 c-f). Step 4 a-b is repeated to determine that
= , = 1. Panel d: Step 4 is completed and iterated again
to determine the values of = 0 and = 1.
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In networks where small amounts of source data are
transmitted, we can see that the decoding time of both models
are nearly the same. With the transmission of more source
packets over the network, the avalanche decoding method
outperforms that of traditional Gaussian elimination.
Fig. 7 plots the decoding success of both methods in terms
of network size, . The solid lines represent the decoding
performances with the transmission of the minimum amount
of source data
= 4, and the broken lines with the
transmission of larger amount of source data, = 8.
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linearly independent encoding vectors. This leads to a
matrix that cannot be inverted, and data that cannot be
decoded.
In the case with avalanche decoding, linearly independent
packets are not necessary for successful decoding, which
improves the decoding chances.
V. CONCLUSION
In this paper we implemented avalanche decoding, a
decoding method based on the low complexity decoding
scheme of LT codes, in a Random Network Coding network.
This decoding method is based on that of LT codes, without
the complication of nodes encoding according to a specific
degree distribution. This proposed method can be
implemented in a Random Network Coding network where
intermediate nodes encode packets randomly and
independently.
Through the implementation of random linear fountain
codes and a data carousel, we were able to implement
avalanche decoding without the need for a specific degree
distribution, to obtain favourable results.
When compared to traditional decoding methods
implementing Gaussian elimination, a decrease can be seen in
decoding time as well as a significant increase in decoding
success.

Figure 7: Decoding success in networks of size
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