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(D-NASHQ)/ CONTINUOUS STATE NASH Q-LEARNING (C-NASHQ)

Wireless Sensor Networks (WSNs) have increasingly attracted much interest
in a wide range of application scenarios in recent years. For certain applications, it is
possible that multiple sensor networks which are controlled by different authorities
can coexist independently within a region of interest. These networks may even be
physically overlapping and their sensor nodes may be interleaved. Such networks are
referred to as multi-domain WSNs. However, these networks usually have limitation
in energy capacity. In such a situation, resource sharing and cooperation between
sensor node belonging in different domain authorities may prolong network lifetime
and enhance reliability on packet delivery ratio. However, selfish behaviors of sensor
nodes in order to conserve their energy refuse to cooperate. Hence, the underlying
objective of this thesis is to propose an adaptive routing algorithm to 1) identify the
parameters that effect cooperation between multiple co-located networks and fairness
of benefits that the networks can achieve; 2) to apply non-cooperative game theory to
allocate packet forwarding problem in distributed multi-domain WSNs based on
common sink and separate sink scenarios; 3) to obtain routing schemes which can

achieve the best mutual packet forwarding strategy in non-cooperative multi-domain
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WSNs in a distributed manner using game theoretic reinforcement learning
algorithm.

The main contributions of this research are six-fold. The first contribution is
identification of parameters that effect cooperation between multiple co-located
networks and fairness of benefits that the networks can achieve. The second
contribution is design of payoff matrix for non-cooperative packet forwarding game
in distributed multi-domain WSNs. The third contribution is to propose non-
cooperative game algorithm (NCG-LH) to distributed packet forwarding scheme in
non-cooperative multi-domain  WSNs under common sink and separate sink
scenarios. The fourth contribution is design of feature function that suitable for
continuous state Nash Q-learning. The fifth contribution is a proposed adaptive
routing algorithms (D-NashQ and C-NashQ) and its application to packet forwarding
problems in multi-domain WSNs under separate sink scenario. The sixth contribution
is fair cooperative routing comparison is made between routing algorithm based on
load balancing technique, non-cooperative game theory technique and game theoretic
reinforcement learning technique,

The experiments show that by using the proposed algorithm which provides
fair route selection, all networks can send their packets more reliably and gain longer
network lifetime In addition, the proposed algorithms achieve higher robustness in
changing of network condition (i.e., network density, path loss exponent, node

failure, types of network topologies and connectivity).
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