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Introduction

Ad hoc networks

Ad hoc networks

@ Spontaneous networks

o Nodes are independent and play all roles : emitter, relay and
receiver

Properties :
e Dynamic (mobility, usage)
ﬂ e Without any infrastructure

@ No central control point

@ Uncontrolled environment

Thesis defense - 24 november Tom Leclerc 5



Introduction

Ad hoc networks

Ad hoc networks

@ Spontaneous networks

o Nodes are independent and play all roles : emitter, relay and
receiver

Properties :
Q e Dynamic (mobility, usage)
Q] ﬂ e Without any infrastructure

@ No central control point

@ Uncontrolled environment

Thesis defense - 24 november Tom Leclerc 5



Introduction

Ad hoc networks

Ad hoc networks

@ Spontaneous networks

o Nodes are independent and play all roles : emitter, relay and
receiver

Properties :

e Dynamic (mobility, usage)
e Without any infrastructure

@ No central control point

@ Uncontrolled environment

Thesis defense - 24 november Tom Leclerc 5



Introduction

Ad hoc networks

Ad hoc networks

@ Spontaneous networks

o Nodes are independent and play all roles : emitter, relay and
receiver

Properties :

e Dynamic (mobility, usage)
e Without any infrastructure

@ No central control point

@ Uncontrolled environment

Thesis defense - 24 november Tom Leclerc 5



Introduction

Ad hoc networks

Ad hoc networks

@ Spontaneous networks

o Nodes are independent and play all roles : emitter, relay and

receiver
3

ﬂ Properties :

e Dynamic (mobility, usage)

e Without any infrastructure
@ No central control point

@ Uncontrolled environment

Thesis defense - 24 november Tom Leclerc 5



Introduction

Service discovery

Service discovery

Find services in a network :
o In an automated way
o Knowing only a basic set of information

e For a remote usage

?Service? ii
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Service discovery

Service discovery

Find services in a network :

o In an automated way
o Knowing only a basic set of information

e For a remote usage

Discovery mechanisms

o Active
@ Passive

e Services are announced
periodically

o Client listen and collect
services over time

?Service? ii
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Routing protocols

Find routes to nodes :

@ Proactive : Maintain route information up-to-date

@ Reactive : Obtain routes only on demand
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Routing protocols

Find routes to nodes :

@ Proactive : Maintain route information up-to-date

@ Reactive : Obtain routes only on demand

Distance-vector a Routing strategies
Advertise to its neighbors the distance to all @ Distance Vector
17 other nodes in the network Q o Distance to a destination
o Vector(direction) towards
destination
Q o Announce known routes to
neighbors
= Known info : Next hop
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Routing protocols

Find routes to nodes :
@ Proactive : Maintain route information up-to-date

@ Reactive : Obtain routes only on demand

Link state Routing strategies
e Distance Vector
e Link State

o Disseminate announces
containing the list of
neighors in all the network

Q \j% = Known info : Complete

topology

Thesis defense - 24 november Tom Leclerc 7



Introduction

Routing

Routing protocols
lo)

Find routes to nodes :

@ Proactive : Maintain route information up-to-date

@ Reactive : Obtain routes only on demand

Link state

Thesis defense - 24 november

@ Distance Vector

o Link State
o Disseminate announces
containing the list of
neighors in all the network
= Known info : Complete
topology

Tom Leclerc 7



Introduction

Routing

Routing protocols

Find routes to nodes :

@ Proactive : Maintain route information up-to-date

@ Reactive : Obtain routes only on demand

Link state Routing strategies
@ Distance Vector

e Link State
e Hybrid/Mix
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Introduction

Problematic

What we want to achieve :

Find the best service

o Stability
e Distance
o Quality
o Availability

Find services efficiently
o Bandwidth used

@ Number of nodes involved

o Use all available information wisely

How can we achieve both ? = Find the right balance
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Node and Link Weighted Clustering sorithm

NLWCA [Andr 08b]

o Constructs one-hop clusters

e Uses beacons to advertise its node weight
o Clusterhead is the neighbor with highest node weight
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Dissemination

‘Weighted Cluster-Based Path Discovery Protocol

WCPD[Andr 08a]

e Is on top of NLWCA

@ Provides dissemination capabilities
o Disseminate a message

e Broadcast : inside the cluster LT T
o Unicast : between the clusterheads N
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Dissemination

Optimized Link State Routing

OLSR/[Clau 03]

Dissemination in OLSR
o Exchanges HELLO messages for 2-hop neighborhood
discovery

e MPR (Multipoint Relay) : Smallest set of 1-hop neighbors
to reach all 2-hop neighbors
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Stable Linked Structure Flooding

Why this structure ? [Lecl 0

WCPD '__‘,; OLSR v‘ {
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o OLSR uses high bandwidth but provides good reachability
o WCPD reaches few nodes but uses very low bandwidth
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Dissemination

Stable Linked Structure Flooding

Why this structure ? [Lecl 08]

= Idea : Combine OLSR and NLWCA

WCPD * OLSR ”‘,. .

Cluster 1 A A

Cluster 3
Cluster 2

a ‘@

N Yy W
»
‘*V‘/ ~—
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Dissemination

Stable Linked Structure Flooding

SLSF|[Lecl 10b]

Use NLWCA as stable structure
@ Reduce the number of forwarding nodes

@ Reduce the structure setup overhead

Cluster 1, ~ @ Inter Cluster Relay nodes (ICR)

o Smallest set of neighbors that
reach all nearby clusterheads

@ Only ICR nodes forward
messages

Cluster2 — — — Tluster 3
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Dissemination

Stable Linked Structure Flooding

SLSF : Stable Linked Structure Flooding

Clu/stej;z — Cluster3__ (O slave Node
/ N / 4 N\ . Clusterhead
\ ) ) O Inter Cluster Relay (ICR)
N /
o % \ N -
Cluster 1/
Cluster4_/ > £ ~ Cluster 5
- N

—_—

Thesis defense - 24 november Tom Leclerc 18



Dissemination

Stable Linked Structure Flooding

Static Simulation Results
Network with 100 nodes
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Stable Linked Structure Flooding

Static Simulation Results
100 nodes ; OLSR : 74 forwarders
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Stable Linked Structure Flooding

Static Simulation Results
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Dissemination

Stable Linked Structure Flooding

Static Simulation Results

SLSF OLSR
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Stable Linked Structure Flooding

Static Simulation Results
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Stable Linked Structure Flooding

Simulations and settings

e JANE : Java Ad Hoc Network Development Environment [Gorg 07]
@ Restricted random walk / 1000 seconds / 100-300 devices / 10 seeds

i
Al
i |
|

Different modes :

e Simulation
e Hybrid

e Platform

time 75.4476

Simulation Visualization Screenshot

Console

A
W

oL [ swa ]

@ DefaultiPlan

O Perspeciive
® Zoom
I Rotate
© Move
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D mination

Stable Linked Structure Flooding

Dynamic Simulation Results

o Bandwidth usage o Reachability

Overall results for 10 distribution seeds. Devices: 300

Distribution seeds: 10, devices: 300
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Dissemination

Stable Linked Structure Flooding

SLSF with Fault Recovery[Lecl 10c]

= Provide recovery only between nearby clusterheads

Acknowledge messages between clusterheads

o Each message has a sequence number

@ Beacon relay acknowledgements

Not ICR nodes :

o Await acknowledgements for messages
o React on lost messages

o Re-emit lost messages

Thesis defense - 24 november Tom Leclerc 23



Dissemination

Stable Linked Structure Flooding

SLSF with Fault Recove

Restricted random walk / 1000 seconds / 100-300 devices / 10 seeds

Distribution seeds: 10, devices: 100,200,300

Simulation_Visualization _Screonshot
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O perspective
® Zoom
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© Move
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Dissemination

able Linked Structure Flooding

Dynamic Simulation Results

Overall results for 10 distribution seeds. Devices: 100 Overall results for 10 distribution seeds. Devices: 300
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Stable Linked Structure Routing

SLSR

= Simplify the routing to its clusterheads

SLSF as dissemination structure

o Reduce the number of announcing nodes

o Aggregate information

o Clusterheads :
e Make routing announces

o Gather routing table
o Take all routing decisions

e Slaves :
e Take no decisions
o Rely exclusively on their clusterhead
o Merely forward information
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Stable Linked Structure Routing

SLSR

Routing

. Clusterhead
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Stable Linked Structure Routing

SLSR

= Wisely uses information

e No overlapping information

Distance-vector a
‘ Advertise to its neighbors the distance to all b

Link state

17 other nodes in the network
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Stable Linked Structure Routing

SLSR

= Wisely uses information

e No overlapping information

o Discarding a route to a clusterhead, also discards all its members

O sem

20
IcR
—5 Cluster selection 6
17 Jmmm et 14

Thesis defense - 24 november Tom Leclerc 29




Stable Linked Structure Routing

SLSR

= Wisely uses information

e No overlapping information
o Discarding a route to a clusterhead, also discards all its members

o If an update does not affect the route : do not forward it
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Service discovery

SARAH ANR Project

Service Discovery Architecture
[Ciar 09, Lecl 10a, Reyn 10]

Service provider

Service provider

Spontaneous

Service provider
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Service discovery

service discovery protocol

Find an adapted service discovery protocol

Requirements :

Without central server

(]

Handles dynamicity

Can aggregate information
Lightweight

Can include context awareness

Bonus option :

o Exists, well known

o Can take advantage of infrastructure
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Service discovery

Zeroconf

Zeroconf[Ches 05]

@ Uses the DNS standard
e Without infrastructure
e Handles conflicts

@ Uses Multicast IP for dissemination

o Auto-IP

e Local IP address assignment mechanism
o mDNS

o DNS name resolution
e DNS-SD

e DNS service discovery
o naming/DNS entry structure guidelines
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Service discovery

Zeroconf

Find an adapted service discovery protocol

Zeroconf

e Works without central serverv’

o Handles dynamicityv’
o Aggregates informationv’
o Is lightweightv’

e Can include context datav’

v
Bonus option :

o It is a standard and very populary’

@ Can use DNS servers when availablev’

A\
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Zeroconf

Zeroconf for ad hoc networks

Adapt Zeroconf for ad hoc networks

o Replacing the multicast structure

Original Zeroconf stack Modified Zeroconf stack
DNS-SD DNS-SD
mDNS mDNS
Multicast IP SLSF

O

IP (Self-assigned or DHCP) IP (Self-assigned or DHCP)
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Service

Experiments

Software development and experiments on real devices

Experiments :
e N800 tablets, Windows PC, Linux
o JANE platform mode

We implemented in Java :

OLSRv2

NLWCA modifications

o SLSF

e SLSR

Adaptation of Zeroconf (JmDNS code)

Example application : Chat/Http on
top of SLSF
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Service discovery

Experiments

Zeroconf on ad hoc devices

Provides a http service: €
"serviceBob"

| Bob

Table:
192.168.123.18
[Charlie.local. > 192,168.123.15

1192.168.123.18

Alice
192.168.123.16

~ Charlie

1192.168.123.15
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Experiments

Zeroconf on ad hoc devices

3 500
415
RegisterService / Show Path Messages
® NLWCA info I Own Services |
425 DAS Table 8 DNS Cache
400 CH: 2 CH:Nizight 1.0 own weight 1.0 LST:2 isCH:true
ES DS Table
350 SR printer-18._printer _printlocal
l&: myDeevice1 8 acal.
325

A yDevice B Iocal
300 4 ryDevice local.
A ryDevices Incal.

2 4 ryDevice 0local.

250 SRV printer-9._printer._printlocal
4 ryDeviceg local.

225 | pryDeviced 7 local

=11 SRY: web-15_httn._tep.lacal
la: ryDievicealocal

175 i ryDevice 1 ocal

= [a: ryDievicet oc al

SRV web-7_hita_tcp local
125 SRY: printer-3_printer_printlocal
|t myDevica1 2 ocal

a: pryDieice 20 10c 3l

75 s myDevica 4 local

s myDevice 5 local.

i myDeice7 local.

] s myDevice3 ocal,

SRY: web-6 _nhtip._tep lacal

1 1 D] g (A ryDieviced.local,

i myDievice 3 0cal

o myDevice 8 ocal.

120 e Bk Ax Wzx Mk 2% 4% Bx 1Bx 32x  G4w  128x 280w S12¢ 1024w
Simulation Time: 362

Exit Simulation Show Console
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Mobility models

Multiagent based mobility

New mobility models

Couple existing simulators and models
o In a joint work with Julien Siebert

o Couple existing simulators

Physical

o From different domains Sciences

= AA4MM][Sieb 10]

MASDYNES JANE

Users positions

TN

s &
Y,
/\/\

)

H >

N

_|
_|
(ol |

N

Network connectivity
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Mobility models

Multiagent based mobility

New kind of experiments|Lecl 10d]

Go further than ”classic” simulations :

Evaluation, prototyping of network protocols and applications

e users react to network (QoS) and environment (obstacles) ?

@ behaviors evolve (over time and space) ?

e 160051 O % | @ | comee R
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Conclusion

Conclusion

= Propose a thorough solution for service discovery in ad hoc
networks

Contribution st

@ Dissemination
o Routing
@ Research tools

o Context
= Service discovery

That works in a symbiotic way

o Take advantage when available

e But also, work when not available
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Conclusion

Conclusion

@ Involves all contributions

o Provides a solution to use ad hoc networks within a sparse
infrastructure

Simulation and Experiments

o Small experiments to validate the approach and feasibility

e Simulation to measure performances

Technical aspects

@ Protocols implementations

o Simulators and research tools
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Conclusion

Perspectives

Perspectives

Short term

o Adapt protocols to context using metrics

o Advanced mobility models and scenarios

o Large scale experimentation on real devices

o New kind of protocols and design approaches :

o User behavior aware
e Scenario oriented optimistic protocols
e Context-based protocol switching

o Other usages of the proposed structure

o Ad hoc multicast
o Content distribution
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Perspectives

Thank you for your attention
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