
Ubiquitous Computing Summer 2004

Hannes Frey and Peter Sturm 1

Episode 8: Ad Hoc NetworksEpisode 8: Ad Hoc Networks

Hannes Frey and Peter Sturm
University of Trier

ExampleExample

Where is the 
next restroom?

I must print this 
document now!

Is Hannes 
close-by?

Where is the 
next bookstore?

I need help with this 
exercise?

Who needs help 
in Analysis?

Can I have the lecture 
notes about ad hoc 
networks (Ubicomp, 
chapter 8), please?

Look out! There is a 
banana peel in 
front of you!
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CharacteristicsCharacteristics

• Small devices
– Mobil
– Autonomous
– Own, but limited power supply
– Wireless Communication

• Spontaneous networking
– Traditional administration impossible
– One-time aquaintances are common

• No wired infrastructure scientifically challenging

• In reality hybrid systems with access to wired networks

Golem Dust

Single hop networksSingle hop networks

• State of the Art
• Example: WLAN

– Infrastructure BSS and Extended SS
– GSM and UMTS

• Wireless last mile
– TCP/IP, Mobile IP, …
– Client/Server, WWW, …
– Web Services

• No rethinking required
• QoS for

– IP Telephony
– Audio and Video

Access
Point
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WellWell--known known ……

• Wireless access at the
university campus

• Delivering e-learning and
online lectures

• Feedback about the
quality of lectures and
conference talks ☺

• …

Ea
to

n

Multi Hop NetworksMulti Hop Networks

• Unreliable communication
– Frequent topology changes
– High Error rate (Multipath, Interference, …)

• Natural structure for 1010 nodes and more
• No wired infrastructure

– Essential in case of emergency and disaster

• New programming paradigms required
– Self-organization, Autonomy
– Altruism, Synergy
– Context Awareness
– Power Awareness
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Routing in ad hoc networksRouting in ad hoc networks

• See also Episode 7

• Flooding is not sensible

• Sluggish networks
– Topology-based routing
– Proactive and reactive versions

• Agile networks
– e.g. geographic routing

• Greedy …

Flooding

Greedy

SelfSelf--OrganizationOrganization

• Self-organization refers to a process in which the internal 
organization of a system, normally an open system, increases 
automatically without being guided or managed by an outside 
source.

• The most robust and unambiguous examples of self-organizing 
systems are from physics, where the concept was first noted. Self-
organization is also relevant in chemistry, where it has often been 
taken as being synonymous with self-assembly. The concept of self-
organization is central to the description of biological systems, from 
the subcellular to the ecosystem level. There are also cited 
examples of "self-organizing" behaviour found in the literature of 
many other disciplines, both in the natural sciences and the social 
sciences such as economics or anthropology. Self-organization has 
also been observed in mathematical systems such as cellular 
automata.

• http://en.wikipedia.org/wiki/Self-organization
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Examples in computer science?Examples in computer science?

Examples in Computer ScienceExamples in Computer Science

• Cellular automata
– Game of Life by John Horton Conway (1970)

• Stasis: #Neighbors == 2: Cell state (on or off) remains
• Growth: #Neighbors == 3: Cell will be on
• Death: #Neighbors ∈ {0,1,4-8} Cell will be off

– For some it’s an explanation
for life and everything ☺

• Stephen Wolfram (2002)
“A new kind of science”

• Systolic arrays
– Several processors in an

array
– Synchronous data flow

between neighbors
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Hardware

GecGo

Market places

GecGo MiddlewareGecGo Middleware

• First prototype
– Running on Windows CE 4.2 .NET and .NET CF
– Compaq iPAQ H5550 as

mobile devices

Routing

Mobile Applications
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AssumptionsAssumptions

• Metropolitan sized networking (~ 10km x 10km)

• No wired network infrastructure

• Mobile devices
– Wireless communication facilities
– Communication with

direct neighbors
– Location information

• En passant communication
– Carrying data for longer

periods of time
– Exchange of data during

short periods of contact

BB

BB
BB

A

B

AAA

A

Communication Pattern Communication Pattern „„MarketplaceMarketplace””

• Fixed geographic regions
– High device density expected

• Devices at the market are acting as the execution 
platform

• Geographic routing to and
from marketplaces

• Negotiation at marketplace
– Geographic limited

broadcast
– Topology-based routing

• Home zones
– Destination for results

A

Auction

Bid

A

UbiBay example
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GecGo ModelGecGo Model

• Device

• Code
– Mobile code conceivable

but not implemented

• Venue
– Geographic position
– Devices nearby

• State
– Mobile state between devices
– Traditional messages

Device

Code

Tracable
Gizmo

State

Venue

residence: 1

n
◄ knows others

◄
resides at

n

GeoTracesGeoTraces

• Store context information
– Past, Present, and Future

• Increasing data structure
– Present moves into past
– Pruning the past
– Configurable LoD

• Primary access by given date 
and time

Tracable
Gizmo

1

1 Past

1 Present

1 Future

GeoTrace
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GepotGepot

= Geographic Piece of Time

• Fundamental datastructure
– Time interval
– Position (optional)
– Reason (reference)

• gizmo or venue, why am i here?
– Acquaintances (references)

• with other gizmos or mobile code only
– Confidence (see next slides)

Past GepotsPast Gepots

• Where has gizmo been in time and space (piecewise)
– Depth and LoD of history configurable

• Reasons
– Why gizmo has been there

• Acquaintances
– Who has been there too
– maybe only neighboring devices

within reach, maybe interactions
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Present GepotPresent Gepot

• Where gizmo is now

• Reason
– Why gizmo is here and not somewhere else

• Acquaintances
– Devices currently in the neighborhood

Future GepotFuture Gepot

• Where gizmo will be in the future
– Destination(s) for a message, device, or adhac (e.g. device 

schedule)
– Scheduled venues (marketplaces etc.)

• Confidence
– Trustworthiness of the extrapolation
– High confidence for scheduled venues
– Somewhat high confidence

for others in the near future
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OptionsOptions

Adhac

????Venue

MarketplaceFollow meMessage

?
Navigation

System
?Find a friend 

of mineDevice

AdhacVenueMessageDeviceGizmo

Destination for a gizmo

En Passant CommunicationEn Passant Communication

• Kind of a new communication paradigm?
– Short periods of possible interaction
– New acquaintances each time

• Which gizmos should change host?
– Destination of new neigbor
– Importance
– Size with respect to

estimated interaction period
– …



Ubiquitous Computing Summer 2004

Hannes Frey and Peter Sturm 12

GecGo ArchitectureGecGo Architecture

• Lobby
– Gizmos in transit

• Residence
– Gizmos executing code on the device
– Access control
– Resource control

• Porter
– Securing identity of incoming gizmos

• Directory
– Gizmos at lobby & residence
– Callbacks for specified changes

Lobby

Residence

DirectoryPorter

Application
Gizmo

Application
Gizmo

.NET Implementation.NET Implementation

• Middleware

• GecGoDirectory

• Beacon
– Sending periodic beacon
– UDP broadcast

• UDPListener
– Receiving and processing 

beacons of other devices
– Initiating gizmo exchange

• TCPServer
– „Reliable UDP“
– Receives gizmos

Hardware / OS / CF

GecGo MiddlewareBeaconBeacon

UDPListenUDPListen
TCPServerTCPServer

TCPWorker(s)TCPWorker(s)

IMiddleware IGecGoDirectory

Application
Gizmo
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Example program: Ping PongExample program: Ping Pong

Ping PongPing Pong
ImplementationImplementation
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First ResultsFirst Results

• Hardware
– IPAQ H5550

• 400 MHz Xscale processor
• 128 MB memory
• Integrated WLAN

• Software
– Windows CE 4.2
– .NET Compact Framework

• GecGo prototype
– Approx. 3000 LOC
– 84 KB runtime executable

Exchange of State GizmosExchange of State Gizmos

• Sending state gizmos from 
lobby to lobby
– 2 devices
– X: Size of gizmo
– Y: Throughput in bytes per 

second

• Minor interference with 4 
devices
– Spread spectrum of WLAN

• Much space left for 
improvements ☺
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Example applications: Mobile learningExample applications: Mobile learning

• Required application properties
– Tolerates high latencies
– Natural distribution
– Utilizing the campus structure

• Negotiating tutorials
– Brokering of help offers and requests

• Mobile lecture notes
– Access to distributed documents
– Collective editing

• Distributed quiz to prepare for the next exam
– Something like “Wer wird Millionär“


