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A Clustering Routing Method Based on Semi-Markov Process and
Path-Finding Strategy in DTN
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Abstract  In delay tolerant network, we have proposed a clustering routing method based on
semi-Markov process and path-finding strategy (CRSMP), which considers not only the nodes’
social properties but also the time and maximum probability of node contacts. This method firstly
clusters nodes according to path similarity, then predicts node contact probabilities at some point
in the future by applying semi-Markov process and determines a collection of nodes used in the
routing on the basis of cluster or clusters containing the source node and the destination node.
Lastly, dynamic routing tables related to the current time are obtained by executing path-finding
algorithm. Simulation results show that the delivery rate of CRSMP is much higher than Direct-
DeliveryRouter, FirstContactRouter and SimBetRouter which are also single-copy routing
schemes under the condition that the size of caches is small, and the delivery rate of CRSMP is also

higher than Spray and Wait, Epidemic and Prophet which are multi-copy routing schemes, and
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CRSMP with 10 M caches is similar to Epidemic with 500 M caches in routing performance.

Furthermore, experiments with the real data set are done, and CRSMP still keeps better routing

performance.

Keywords
path similarity; path-finding
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Background

Delay tolerant networks (DTNs) are such challenged
networks in which end-to-end transmission latency may be
arbitrarily long due to occasionally-connected links. Examples
of such networks are those operating in mobile or extreme
scenarios such as interplanetary networks, military networks,
rural area networks, wildlife tracking sensor networks,
pocket switched networks (PSNs), etc. Some of the existing
routing protocols in DTNs focus on clustering nodes based on
social attributes, some focus on contact possibilities between
nodes, others focus on choosing a proper next hop. However,
there are three defects in the majority of the existing routing
protocols on the whole. (1) Conditions such as the number
of contacts and the length of communication time which
clustering bases on change a lot, resulting in frequent changes
of cluster members and high maintenance overhead; (2) most
of the existing prediction-based routing protocols focus on the
prediction of whether two nodes would have a contact without
considering when the contact happens, which leads to contact
prediction inaccurate; (3) routing protocols can only determine
the next hop of the current node, but can’t guide multi-hop
routing. The main contributions of this article are as follows:
(1) Considering the identity of people on campus doesn’ t
change and the node’s social role determines its daily route
that is relatively fixed, a clustering method is proposed
according to path similarity, which can reduce cluster changes
and maintenance overhead; (2) we have improved a node

mobility model and applied semi-Markov process to predict

contact probabilities between nodes and their time which is
beneficial to choosing a better next hop. For instance, a former
routing protocol has predicted successfully that there are two
nodes with a high contact probability (maybe 0. 8 or higher).
However, this contact may occur after quite a long time since
then, which causes a large amount of delivery latency. This
problem can be avoided by applying semi-Markov process in
this paper; (3) a delivery path to destination node is found
and time-related dynamic tables are generated by executing
path-finding strategy so that we can overcome the limitations
that only the next hop can be determined in most routing
protocols and guide as many hops as possible. In this paper,
we propose a clustering method based on semi-Markov
process and path-finding strategy CRSMP, which firstly
clusters nodes according to path similarity. then predicts the
maximum contact probabilities within a certain period of time
in the future and the corresponding time based on semi-Markov
process and determines a collection of routing nodes on the
basis of cluster or clusters containing the source node and the
destination node, and lastly obtains dynamic routing tables
by executing path-finding strategy and forwards packets
according to the routing tables.
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