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Abstract—A data Publish/Subscribe method with network
coding (DPS-NC) used in delay tolerant network is pro-
posed. Based on the publish/subscribe mechanism, the topic
data are encoded and transmitted using random network
coding method, which can take full advantage of the net-
work capacity to multicast. At the same time, for working
out the problem of large data redundancy and vast invalid
de-liveries in the network coding broadcast process, a pack-
et routing scheme based on ant colony algorithm is brought
forward. In the end, some simulation experiments are car-
ried out and the results show that the DPS-NC method can
get better delivery performance.

Index Terms—delay tolerant network, random network
coding, ant colony algorithm, data dissemination.

L INTRODUCTION

As a new transmission mode in Delay Tolerant Net-
works (DTN) [1, 2] network, network coding has been
proved that it can improve network utilization, reduce
transmission delay and enhance network security.
R.Ahlswede, et al [3] proved that the bandwidth utiliza-
tion can be increased by 33% for butterfly network. S Y
Robert Li, et al [4] pointed out that for the general mul-
ticast network, using the linear network encoding can
reach the multicast capacity. But in the DTN environment,
the flood broadcast mechanism of network coding will
bring out some problems such as information redundancy,
invalid transmission, and data congestion [5].

The data publish/subscribe mechanism [6] was brought
out for improving the data delivery efficiency and reduc-
ing information redundancy. It establish efficient and
loose coupling of information distribution channels be-
tween data producers and consumers, to improve data
transmission efficiency [7]. However, the data pub-
lish/subscribe mechanism was often used in reliable net-
work environment [8]; the applications in DTN network,
and particularly applications with network coding get few
focus.

Direct at the demand of data distribution in DTN net-
work, a network coding-based data publish/subscribe
method (DPS-NC) is proposed. It introduce the network
coding method into data transmission process to improve
data delivery performance and reduce data redundancy. At
the same time, it brought out a packet routing method
based on ant colony algorithm to improve data delivery
efficiency.
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II. DATA PUBLISH/SUBSCRIBE WITH NETWORK CODING

A. network coding based data transmission

Assuming that the multicast rate of source is £, and the
topic package P ={p,p,>--p,} is distributed. When
transmitting data packet P , it is discomposed
to 111> Pia»++> Pt , encoded and transmitted to the output
channel, the encoded value is
Ife)=e=(,)),i= tail(e), j = head (e)

In node &, an encoding vector 1, =(n,,7,,,....7,,) is
randomly generated for each of the output channel k. the
I(E) is the calculated value of the topic data with the en-

. h .
coding vector. /(e) = 2i=1ng,,-xi,tall (e)=k.

For every encoding vector in node’s output channel e,
n,=(1,,n,,,1,,) they compose a random network
coding scheme. The destination received data /(e) is the
global encoded value calculated by several encoding
nodes.

1(e)=2f=,g,p,-,g,- =n,M,; M,;is the first i element of
encoding vector in output channel e, M, is the first i input
vector of node k. The encoding vector and encoded value
in packets received by destination construct a matrix equa-
tion:

(g g L g ][x [/, ]
gy &, L gl||% I,

MMO M M M
gnl gnZ L gnh_ ‘xh [n

According to the linear equations solvable conditions, if

the coding vector matrix composed by &; is full rank,
then the data from source node can be decoded at sink.

B. Data publication and subscription

The source divides the distribute information into sev-
eral topic packets, and then every topic packet is decom-
posed to a number of encoded packets according to the
multicast rate, and published to neighbor nodes. In order
to reduce the information redundancy in the network, the
max survival time and the max non-subscribe time are set
in every topic data, if it up to the max time, the topic
packet will be picked out. The topic diffusion level is
denoted by the max times of data packet relayed, the high-
er diffusion level, the more packet copies, and the more
chance to establish topic publish/subscribe relationships,
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but with the higher network load and information redun-
dancy.

The destination generates topic subscription packets ac-
cording to information demand, and diffuses them in the
network to tell the nodes where are subscribing. For re-
ducing data redundancy and delivery delay, the ant colony
algorithm is introduced in guiding published topic packets
delver to sinks with subscription pheromone. During the
process of subscribe packet transmitting, the relay nodes
will select the higher subscription pheromone road to
delivery.

The Fig 1 and Fig 2 shows the publication packet for-
mat and the subscription packet format.

Take example of the Fig 3, the source node b publishes
topic data p, the destination nodes x,y subscribe it, p is
published to 2,3,5,4,9,6,8, the subscription packets from
x,y transmit by mnodes 7,11,12,1,8,9,6, the pub-
lish/subscribe relationship is established at nodes 8,9,6,
and the topic data will transmit around the better subscrip-
tion roads to sinks according to the subscription phero-
mone.

C. routing of encoded packet based on ant colony algo-
rithm

For improving the data delivery efficiency and reducing
data redundancy, the thought of ant colony algorithm is
introduced in packets routing process, using the subscrip-
tion pheromone to guide the published packet transmit
around better subscription road to destinations.

The subscription pheromone comprehensively reflec-
tion the relay times, transmission delay and carry delay in
data delivery process. The update strategy of the subscrip-
tion pheromone is as follows:

delay

t . r
p,(pe_d )= (p,(pc_d )(1-————) )" (1 - ——)
TTL TTL

i,j,kEV,(i,/))EE , the topic packet tpc_d, published
by node k transmit from node i to node j, p,(tpc_d,) and
p;(tpc_d,) are the subscription pheromone of packet
tpc _d, atnode i and j, %, is the carry delay of the pack-
et at node i, TTL,. , is the max survival time of the packet,
a =1/ topic diffusion level | 7 is the transmit delay of packet
transmit from node i to ;.

III. SIMULATION EXPERIMENTS

We designed a typical DTN network scenario in the
simulation tool ONE[9], and simulated the Epidemic
Routing method(ER) , the Random Network Coding
method(RNC), and the DPS-NC method introduced by
this paper, and then analyzed the data delivery ratio, delay
and data redundancy of the three methods.

The Fig 4, Fig 5 and Fig 6 are the analysis of the data
delivery ratio, delay and data redundancy of the three
methods with the change of node numbers.

In order to verify check the data delivery performance
in the condition of network topology varies sharply. We
analyzed the delivery ratio, delay and data redundancy
with the changes of nodes moving speeds, the results are
as shown in the Fig 7, Fig 8 and Fig 9.

As the simulation results show, compare with the ER
and RNC method, the DPS-NC method obtained better
delivery performance.
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Figure 3. Sketch map of data publish/subscribe with DPS-NC method
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Figure 4. Comparison of data delivery ratio with node numbers
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Figure 5. Comparison of data delivery delay with node numbers
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Figure 6. Comparison of data redundancy ratio with node numbers
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Figure 7. Comparison of data delivery ratio with speed changes
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Figure 8. Comparison of data delivery delay with speed changes
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Figure 9. Comparison of data redundancy ratio with speed changes
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IV. CONCLUSIONS S

Combined with the network encoding and data pub-
lish/subscribe mechanism, it proposed a network coding
based data distribution method with ant colony algorithm
for DTN environment. For improving the data distribution
performance, the network coding method is intruded into
the data publish/subscribe mechanism, and using the ant
colony algorithm for packet routing to improve the deliv-
ery performance. The method makes up for the shortcom-
ings of network utilization in-sufficient and large risk of
data re-transmission in traditional DTN routing method,
and remedies the defect of large data redundancy, invalid
delivery, and low delivery efficiency of random network
encoding method. The simulation results show that the
method can get better data delivery performance.
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