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Connectivity Aware Routing In Ad-Hoc Networks

Context

Ad-Hoc Networks
 Properties

 Ease the spontaneous set up of communication systems
 Several mobile nodes sharing the same wireless channel
 Nodes only communicate with the ones within their transmission

range
 Nodes have routing capabilities for multi-hop communications

 Performances issues at MAC/PHY layers (IEEE 802.11b)
 MAC

 Contention due to the competition to access the media
 Route lengths impacts end-to-end performance
 Each transmission have a large impact on the neighborhood

 PHY
 Interferences level impact on performances
 Channel suffers highly from quality variations
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Connectivity Aware Routing In Ad-Hoc Networks

Motivations

Impact of the network connectivity
 Simulation parameters

 Play ground: 100m x 100m
 Transmission range: 250m
 CBR: 4 packets/sec – Packet size: 512 bits
 MAC 802.11 b – Rate: 2 Mbits – RTS/CTS
 AODV
 Simulation time: 300s

 Results with ns2

Delay Delivery ratio
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QoS Routing framework

Basic Idea
 Benefits from low connected parts of the topology

 Solution: QoS routing using local connectivity metrics

S

D
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QoS Routing framework

Integration with OLSR
 OLSR – Optimized Link State Routing protocol (MANET - IETF)

 Proactive Ad Hoc routing protocol
 Use MPR (Multi-Point Relays) to:

 To optimise the broadcast mechanism
 To reduce the amount of control traffic

 Each node maintains a view of the network topology.

 Integration
 Modification of the route computation algorithm:

 Dijkstra with weights on links representing the local connectivity level
 Additive metric combination (Multiplicative could also be interesting as well)
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Connectivity Aware Routing In Ad-Hoc Networks

Metrics

The different link-metrics we used:
 K-hop node density

 Number of node in the k-hop neighborhood

 K-hop link density
 Number of links in the k-hop neighborhood

 Link clustering coefficient
 Probability that two links in the neighborhood of a

link are connected.

 K-hop beta index
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QoS Routing framework

QoS routing with local connectivity metrics
 Advantages

 Easy to compute (computation remains at the network layer)
 Easy to integrate with routing protocols
 Do not suffer from self-interference

 Drawbacks
 May lead to the overload of low connected parts
 May induce path inflation
 Only relies on implicit properties of MAC layer (not on real-time

measurements)
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Connectivity Aware Routing In Ad-Hoc Networks

Performances evaluation

Methodology
 Type of graphs

 Node degree variance: low / medium / high

 Graph oriented performances evaluation
 Correlation with a very simple metric: 1-hop node density
 Path length inflation
 Routing discrimination level
 Path stability

 Networking oriented  performances evaluation
 Average delay
 Average delivery ratio
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Performances evaluation

Graph oriented simulations
 With a stand alone simulator

 Simulation parameters
 200 nodes
 Play ground: 2000m * 2000m
 Transmission range: 250m
 Simulation time: 300s
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Performances evaluation

Graph oriented simulations
 Correlation with a very simple metric: 1-hop node density

 Path length inflation
Clustering CoefficientBeta_2_hops
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Performances evaluation

Graph oriented simulations
 Routing discrimination level

 Path stability
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Performances evaluation

Networking oriented simulations
 Simulation parameters (ns2+click router)

 30 static nodes
 Play ground: 500m x 500m
 Topology with node variance degree: low / medium / high
 MAC 802.11b – 2 Mbits – RTS/CTS
 Transmission range: 250m
 CBR traffic sources: from 10 to 90 randomly allocated
 Simulation time: 300s
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(Click router)

 NS2 + click router
 The Click Modular Router

 Modular, extensible, and flexible.
 Elements are implemented in C++
 A router (combination of several

elements) is build through a simple
configuration file.

 Basic elements are provided in the
distribution

 An element can be a data structure
share by other elements.

 The optimized Click IP router's
steady-state forwarding rate is
400,000 minimum-size packets
per second;

www.pdos.lcs.mit.edu/click/
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Performances evaluation

Networking oriented simulations
 Results

 Low traffic load

   Connectivity level:
       Low

       Medium

       High
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Performances evaluation

Networking oriented simulations
 Results

 High traffic load

   Connectivity level:
       Low

       Medium

       High

Up to a diminution of 9% for the average delay and a gain of 4% for the delivery ratio.
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Conclusion & Future works

 Conclusions
 Study around the impact of the connectivity
 Proposition of an easy solution with no additional control traffic to

improve network utilization
 Analysis of metrics behaviours and achievements (density_1_hop)

 Future Works
 Proposition of metrics more related to multi-rate MAC layers
 Simulations (ns2) with mobility of nodes
 Combination with other QoS metrics
 Hybrid mechanism (aware of the context)
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