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Mobile Ad Hoc Networks
• MANETs are self-organising and rapidly-deployable networks

• Bandwidth-constrained, variable-capacity and possibly asymmetric  links
• Highly heterogeneous
• Network topology changes dynamically and unpredictably

MANET

{sizeA, densityA, mobilityA, churnA, node_degreeA, 
link_capacityA [Nodex, Nodey], 
NodeCapabilityA[][], appsA[]} 

{sizeB, densityA, mobilityB, churnB, node_degreeB, 
link_capacityB [NodeB, NodeB], 

NodeCapabilityB[][], appsB[]} 
≠

heterogeneitydynamicity{size, density, mobility, churn, node_degree, link_capacity [Nodex, Nodey], 
NodeCapability[][], traffic_pattern, apps[]} {sizeA,T1, densityA,T1, mobilityA,T1, churnA,T1, 

node_degreeA,T1,   link_capacityA,T1 [NodeX, NodeY], 
NodeCapabilityA[][], appsA,T1} 

{sizeA,T2, densityA,T2, mobilityA,T2, churnA,T2, 
node_degreeA,T2,   link_capacityA,T2 [NodeX, 

NodeY], NodeCapabilityA[][], appsA,T2
} 
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Mobile Ad Hoc Networks

• Hard to design generically-applicable routing protocols

MANET Routing

Variability in Application Requirements

Variability in Network Context

• MANETs are self-organising and rapidly-deployable  networks
• Bandwidth-constrained, variable-capacity and possibly asymmetric  links
• Highly heterogeneous
• Network topology changes dynamically and unpredictably
• Variability



Protocol optimisation schemes
• Efficiency (routing overhead) - Route caching, Path accumulation, fish-eye 

routing, efficient | limited | epidemic flooding
• Efficiency (energy) - power-aware routing
• Resilience, load-balancing, QoS differentiation: Multi-path routing, Pre-

emptive routing

Mobile Ad Hoc Routing
Hybrid 
routing

• Proliferation of ad hoc routing protocols: 
• DSR, AODV, DYMO, OLSR, HSLS, ZRP, TORA, CEDAR, DREAM, LAR, GPSR, etc

• A one-size-fits-all ad hoc routing algorithm is a chimera
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Node

Relay 
Flooding

Neighbour 
Discovery

Reliable 
Forwarding

Epidemic 
Flooding

• Support dynamic deployment of ad hoc routing protocols 
serially

• Shorten protocol development cycle
• Support fine-grained dynamic reconfiguration

Frameworks for Ad Hoc Routing

DYMO

Support protocols

Routing protocol

Middleware Services & 
Overlay Networks

Applications

Protocol building 
blocks

Service Discovery

OLSR
Ext. 1
Ext. 2

P2P
ALM
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Frameworks for Ad Hoc Routing

Node Z

Relay 
Flooding

ALM

OLSR

Neighbour 
Discovery

Reliable 
Forwarding

P2P

Ext. 2

Node X

Neighbour 
Discovery

Reliable 
Forwarding

Service 
Discovery

DYMO Ext. 1

DYMO-MANET OLSR-MANET

Node Y

Relay 
Flooding

Neighbour 
Discovery

Reliable 
Forwarding

P2P

OLSRDYMOExt. 1 Ext. 2

• Support dynamic deployment of ad hoc routing protocols 
serially and simultaneously

• Shorten protocol development cycle
• Support fine-grained dynamic reconfiguration
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• Underpinned by run-time deployable software components (OpenCom) and 
Component Frameworks (CFs)

• Recursive use of ManetProtocolCF

• Inter-Protocol interaction: use of events and standard interfaces
• Each ManetProtocolCFdefines a tuple: 

<required-events, provided-events>
• Automatic inter-protocol binding 

based on event tuples

MANETKit: Protocol Composition (1/2)

System CF SysControl CF Forward State

Framework 
Manager 

CF

ICFMetaInterface
Reconfigure()
HasX()
ConfigureCtxSensor()

Base Layer

Manet
Control

CF
Forward State

Manet
Control

CF
Forward State

Manet
Control

CF
Forward State

ManetProtocol CF

Events and direct 
calls
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ManetControl CF

IEvent
Src

IEvent
Sink

MANETKit: Protocol Composition (2/2)

• The ManetProtocol CF
• Control-Forward-State (CFS) pattern

• Applies to ad hoc routing and support protocols
• Composed of generic and user-provided components

• Micro-protocol modules to be implemented by user
• Comes by default with generic machinery

• Event distribution & management, integrity checks, configuration, context sensing

Configurator
ICFMeta
Interface

ConfiguratorMsgParser
MsgGen

ITimer

IThreadpool

Context
Sensor

ContextSensorICtx

Forward

IForward

IForward

State

IState

Tables

IState

Demux

IPop

Control
Event 

Registry

IPush IConfig

IPop IForward

IQueue

Params Map

Demux

IPush

Event Producers & 
Handlers

Micro-Protocol
ModuleMicro-Protocol

ModuleMicro-Protocol
Module

IState

I<Proto>State dynamic 
receptacles
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MANETKit: Other Key Features 

• Alternative concurrency models
• Single-threaded 
• Thread-per-message or 
• Thread-per-ManetProtocol

• Dynamic Reconfiguration 
• Context monitoring (link quality, system load ...)

• Context components deployed and context sensors re-configured
• Reconfiguration Enactment (Local)

• Fine-grained: use OpenCom reflective capabilities and CFs integrity 
checking facilities

• Coarse-grained: update event tuples of ManetProtocol instances

ManetControl
CF

IEvent
Src

IEvent
Sink

Configurator
ICFMeta
Interface

ConfiguratorMsgParser
MsgGen

ITimer

IThreadpool

Context
Sensor

ContextSensorICtx

Forward

IForward

IForward

State

IState

Tables

IState

Demux

IPop

Control
Event 

Registry

IPush IEvent

IPop IForward

IQueueDemux

IPush

Event Producers 
& Handlers

Micro-Protocol
ModuleMicro-Protocol

ModuleMicro-Protocol
Module

IState

I<Proto>State 
dynamic receptacles



MANETKit-OLSR

IPop

ManetControl CF

Forward

IStateIPop

Control

IPush

TC Handler

TC Generator

OLSR State
RouteTable

Topology Set

IForward

IPush

ManetControl CF

Forward

IState
IPop

Control

IPush

Power Status OS Kernel 
State

IForward

ManetControl CF

Forward

IStateIPop

Control Hello Handler

MPR Calculator

MPR State
Link Set

Neigh Table

IForward

IPop

IPush

2-Hop Neigh

Hysteresis

IPush

OLSR ManetProtocol CF
Pevents = {TC_OUT}
Revents = {TC_IN, NEIGH_CHANGE, 
MPR_CHANGE}

MPR ManetProtocol CF
Pevents = {HELLO_OUT, MPR_CHANGE }
Revents = {HELLO_IN, POWER_STATUS}

System CF
Pevents = {HELLO_IN, TC_IN, 
POWER_STATUS }
Revents = {HELLO_OUT, TC_OUT}
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MANETKit-OLSR power-aware

IPop

ManetControl CF

Forward

IStateIPop

Control

IPush

TC Handler

TC Generator

OLSR State
RouteTable

Topology Set

IForward

IPush

ManetControl CF

Forward

IState
IPop

Control

IPush

Power Status OS Kernel 
State

IForward

ManetControl CF

Forward

IStateIPop

Control Hello Handler

MPR Calculator

MPR State
Link Set

Neigh Table

IForward

IPop

IPush

2-Hop Neigh

Hysteresis

IPush

PA-MPR Calculator

PA- Hello Handler

OLSR ManetProtocol CF
Pevents = {TC_OUT}
Revents = {TC_IN, NEIGH_CHANGE, 
MPR_CHANGE}

MPR ManetProtocol CF
Pevents = {HELLO_OUT, MPR_CHANGE }
Revents = {HELLO_IN, POWER_STATUS, 
BATTERY_LEVEL}

System CF
Pevents = {HELLO_IN, TC_IN, 
POWER_STATUS, BATTERY_LEVEL }
Revents = {HELLO_OUT, TC_OUT}

Battery Level
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MANETKit-DYMO

ManetControl CF

Forward

IPop

Control

IPush

Reactive.k OS Kernel 
State

IForward System CF
Pevents = {NO_ROUTE, RTE_UPDATE, 
SND_RTE_ERR, RE_IN, RERR_IN, 
HELLO_IN }
Revents = {HELLO_OUT, RE_OUT, 
RTE_FOUND}

ManetControl CF

Forward

I<NB>StateIPop

Control Hello Handler

NB State

Neigh Table

IForward

IPop

IPush

IPush

IPop

ManetControl CF

Forward

IStateIPop

Control

IPush

RE Handler

Route Disc.

DYMO State
RouteTable

Msg Cache

IForward

IPush

RERR Handler

DYMO ManetProtocol CF
Pevents = {RE_OUT, RERR_OUT, 
RTE_FOUND}
Revents = {RE_IN, RERR_IN, 
NEIGH_CHANGE, NO_ROUTE, 
RTE_UPDATE, SND_RTE_ERR}

Neighbour Discovery ManetProtocol CF
Pevents = {HELLO_OUT, NEIGH_CHANGE }
Revents = {HELLO_IN}
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MANETKit-DYMO multi-path

ManetControl CF

Forward

IPop

Control

IPush

Reactive.k OS Kernel 
State

IForward System CF
Pevents = {NO_ROUTE, RTE_UPDATE, 
SND_RTE_ERR, RE_IN, RERR_IN, 
HELLO_IN }
Revents = {HELLO_OUT, RE_OUT, 
RTE_FOUND}

ManetControl CF

Forward

I<NB>StateIPop

Control Hello Handler

NB State

Neigh Table

IForward

IPop

IPush

IPush

IPop

ManetControl CF

Forward

IStateIPop

Control

IPush

Route Disc.

DYMO State

RouteTable.M

Msg Cache

IForward

IPush

RERR Handler

RE Handler DYMO ManetProtocol CF
Pevents = {RE_OUT, RERR_OUT, 
RTE_FOUND}
Revents = {RE_IN, RERR_IN, 
NEIGH_CHANGE, NO_ROUTE, 
RTE_UPDATE, SND_RTE_ERR}

Neighbour Discovery ManetProtocol CF
Pevents = {HELLO_OUT, NEIGH_CHANGE }
Revents = {HELLO_IN}

MRE Handler

MRERR Handler

MDYMO ManetProtocol CF
Pevents = {MRE_OUT, MRERR_OUT, 
RTE_FOUND}
Revents = {MRE_IN, MRERR_IN, 
NEIGH_CHANGE, NO_ROUTE, 
RTE_UPDATE, SND_RTE_ERR}

System CF
Pevents = {NO_ROUTE, RTE_UPDATE, 
SND_RTE_ERR, MRE_IN, MRERR_IN, 
HELLO_IN }
Revents = {HELLO_OUT, MRE_OUT, 
M_RERR_OUT, RTE_FOUND}
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Evaluation(1/4)

• Testbed consists of an 802.11b/g network of 5 Linux 
computers
• MANETKit implemented in C
• Used Unik-olsrd and DYMOUM v0.3 as comparators
• Single-threaded model, identical protocol parameters

• Measurements
• Resource overhead
• Protocol performance
• Time to develop ad hoc routing protocols
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Evaluation(2/4)

• Resource Overhead
• Memory footprint (KB)

• MANETKit-OLSR incurs 31% memory overhead
• MANETKit-DYMO incurs 48% memory overhead
• Deploying MANETKit-OLSR + MANETKit-DYMO is 8% smaller than Unik-

olsrd + DYMOUM

0

50

100

150

200

250

300

Unik-olsrd MKit-OLSR DYMOUM-0.3 MKit-DYMO Unik-olsrd + 
DYMOUM-0.3

Mkit-OLSR + 
Mkit-DYMO

22 22 22

136.3
157

120.4

156.1
256.7 214.6
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Evaluation(3/4)

• Protocol Performance
• Time to Process Message

• Very small difference in time 
to process a protocol 
message (< 0.2 ms)

• Route Establishment Delay
• MANETKit-OLSR is 3% 

slower than Unik-olsrd
• MANETKit-DYMO is 35% 

faster than DYMOUM-0.3
• On-the-par performance 

attained

0.045

0.096

0.135
0.122

0

0.05

0.1

0.15

Unik-olrsd MKit-OLSR DYMOUM-0.3 MKit-DYMO

Time to Process Message (ms)

995 1026

37 27.3
0

200

400

600

800

1000

1200

Unik-olrsd MKit-OLSR DYMOUM-0.3 MKit-DYMO

Route Establishment Delay (ms)
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Evaluation(4/4)

• Time to develop and port Protocols
• Degree of code reuse

Reusable 
code
57%

Bespoke 
code
43%

MKit-OLSR

Reusable 
code
66%

Bespoke 
code
34%

MKit-DYMO
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Future Work
• Further evaluation and experimentation

• Hybrid OLSR and DYMO deployment issues
• Additional protocol implementations
• Further investigation of reconfiguration strategies to hybridise 

protocols and experiment with optimisation schemes
• Integrate MANETKit in a distributed reconfiguration 

environment
• Incorporate policy-driven decision making
• Concensus-based distributed reconfiguration
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Conclusion
• Framework approach to

• Compose reactive, proactive and hybrid ad hoc routing protocols 
• Support dynamic deployment of the protocols serially and 

simultaneously
• Dynamically reconfigure protocols at a fine-grained level to 

produce protocol variants

• Overhead/flexibility tradeoff in MANETKit’s favour
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Questions?

MANETKit’s List of Generic Components:
RouteDiscovery, Configurator, Counter, ContextSensor, DecisionEngine, EventBus, 
EventClassifier, EventRegistry, FromDevice, FromHost, Queue, FrontDropQueue, Jitter, 
MsgCache, NotifierQueue, PacketBBGen, PacketBBParser, RadioSim, Reactive.k, Reactive.u, 
RoutingTable, RoutingTable.m, RouteDiscovery, Scheduler, SocketParser, Threadpool, 
iThreadpool, ToDevice, ToHost, FrameworkManager, Control, PolicyDB, ProtocolState
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MANETKit-OLSR fish-eye

IPop

ManetControl CF

Forward

IStateIPop

Control

IPush

TC Handler

TC Generator

OLSR State
RouteTable

Topology Set

IForward

IPush

Fish-eye

ManetControl CF

Forward

IState
IPop

Control

IPush

Power Status OS Kernel 
State

IForward

ManetControl CF

Forward

IStateIPop

Control Hello Handler

MPR Calculator

MPR State
Link Set

Neigh Table

IForward

IPop

IPush

2-Hop Neigh

Hysteresis

IPush

OLSR ManetProtocol CF
Pevents = {TC_OUT}
Revents = {TC_IN, NEIGH_CHANGE, 
MPR_CHANGE}

MPR ManetProtocol CF
Pevents = {HELLO_OUT, MPR_CHANGE }
Revents = {HELLO_IN, POWER_STATUS}

System CF
Pevents = {HELLO_IN, TC_IN, 
POWER_STATUS }
Revents = {HELLO_OUT, TC_OUT}
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ManetControl CF

Forward

I<NB>StateIPop

Control Hello Handler

NB State

Neigh Table

IForward

IPop

IPush

IPush

MANETKit-DYMO relay-flood

ManetControl CF

Forward

IStateIPop

Control Hello Handler

MPR Calculator

MPR State
Link Set

Neigh Table

IForward

IPop

IPush

2-Hop Neigh

Hysteresis

IPush

ManetControl CF

Forward

IPop

Control

IPush

Reactive.k OS Kernel 
State

IForward System CF
Pevents = {NO_ROUTE, RTE_UPDATE, 
SND_RTE_ERR, RE_IN, RERR_IN, 
HELLO_IN }
Revents = {HELLO_OUT, RE_OUT, 
RTE_FOUND}

IPop

ManetControl CF

Forward

IStateIPop

Control

IPush

RE Handler

Route Disc.

DYMO State
RouteTable

Msg Cache

IForward

IPush

RERR Handler

DYMO ManetProtocol CF
Pevents = {RE_OUT, RERR_OUT, 
RTE_FOUND}
Revents = {RE_IN, RERR_IN, 
NEIGH_CHANGE, NO_ROUTE, 
RTE_UPDATE, SND_RTE_ERR}

Neighbour Discovery ManetProtocol CF
Pevents = {HELLO_OUT, NEIGH_CHANGE }
Revents = {HELLO_IN}

MPR ManetProtocol CF
Pevents = {HELLO_OUT, MPR_CHANGE }
Revents = {HELLO_IN}
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