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Short Abstract

Network coding is all about combining a variety of packets and forwarding as much packets as possible in each transmission operation. The network
coding technique improves the throughput efficiency of multi-hop wireless networks by taking advantage of the broadcast nature of wireless channels.
Most previous studies in wireless multi-hop networks, were foucesed on improving network coding gain as the most important parameter, while if some
decision rules in the network nodes were modified, the overall performance of network coding technique will improve. In this paper the two
aforementioned approaches, To Overhear or Not to Overhear and To Send or Not to send were combined together to propuse a new efficient framework.
In particular, all network nodes when act in the coder role, use the To Send or Not to Send decision rule and when they operate in the decoder role, use
the To Overhear or Not to Overhear decision rule. We called this framework ENCODE and we compared it with COPE as the reference framework in
wireless multi-hop networks.
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1-  Short Introduction

In this research, by modifying two sensitive decision-making approaches in multi-hop wireless networks, one in coder nodes and the other in decoder
nodes, we have created an effective framework for using network coding in these networks. In the first decision-making approach (in coder nodes)
using optimal stopping theory, nodes try to find the best moment to send packets; Because by postponing the transmissions, the nodes can increase the
chance of finding better patterns for coding and thus increasing the coding gain. This approach is actually a trade-off between coding gane and end-to-
end delay. In the second decision-making approach (in decoder nodes), by using SMDP and reinforcement learning, the nodes learn over time which is
the best? 1) turning off the radio madule in order to conserve energy, or staying awake to increase the coding opportunities. In the proposed framework,
named ENCODE, network nodes simultaneously use these two decision-making approaches.

2-  Proposed Work and Methodology

In many inter-flow network coding schemes nodes are encouraged to overhear neighbour’s traffic in order to improve coding opportunities at the
transmitter nodes. In the first approach, we formulate network coding aware sleep/wakeup scheduling as a semi Markov decision process (SMDP) that
leads to an optimal node operation. In the proposed solution for SMDP, the network nodes learn when to switch off their transceiver in order to conserve
energy and when to stay awake to overhear some useful packets. One of the main challenges here is the delay in obtaining reward signals by nodes. We
employ a modified Reinforcement Learning (RL) method based on continuous-time Q-learning to overcome this challenge in the learning process.

On the other hand, there are some scenarios where the coding cannot be exploited due to the stochastic nature of the packet arrival process in the
network. In these cases, the coding node faces two critical choices: forwarding the packet towards the destination without coding, thereby sacrificing
the advantage of network coding, or, waiting for a while until a coding opportunity arises for the packets. In the second approach, we address this
sequential decision making problem by using the solid framework of optimal stopping theory, and derive the optimal stopping rule for the coding node
to choose the optimal action to take, i.e. to wait for more coding opportunity or to stop immediately. In this research, the two approaches, were combined
together to propuse ENCODE, a new efficient framework for using network coding in multi-hp wireless networks.

3-  Conclusion

The mission of this paper is to provide a comprehensive and efficient framework for using network coding in multi-hop wireless networks based on the
combination and combined use of two decision-making approaches: "to send or not to send" and "to overhear or not to overhear". For this combination,
the system model was redefined and the impact of the two approaches on each other's performance was evaluated precisely. Finally, the proposed
ENCODE framework was compared with the COPE framework (as a reference model) and the advantages and disadvantages of each were obtained.
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