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> 1S0O/0SI Layers
» Physical Layer
— Fourier Transformations
— Frequency
— Modulation
» Theory

— Unit Disk Graphs, Random Placement, Data Flow, Min-Cut-Max-Flow,
Multi-Commodity, Network Flow in Random Unit Disks

>»MAC

— Aloha, Slotted Aloha, CSMA/CD, MACA, MACAW, Power-Aware MAC
» Measures

— Interference, Congestion, Energy Diversity
» Topology Control

— Spanner Graphs, Yao Graph Family, Hierarchical Layer Graph
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> Network Coding
— Theory, Practical Network Coding, XOrs in the Air, COPE
» Routing
— Proactive, Reactive, Hybride
— Dijkstra, Distance Vector (Count-to-Infinity)
— Flooding, Dynamic Source Routing, Geographic Distance Routing
— AODV, Link Reversal, Partial Reversal, TORA, OLSR
— DSDV
» Mobility
— Mobility Patterns
— Mobility Models
— Random Waypoint (considered Harmful)
— Particle Based Mobility
— Mobility helps
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Topics not covered by this
lecture

» General
— Self-Organization
— Pricing Scheme
» Physical Layer
> Quality of Service
» Wireless Internet
> Security
» Energy Management
> Related Wireless Networks
>»MAC
» Network Layer
» Transport Layer
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. . . Computer Networks and Telematics
The following pictures are from this book Prof. Christian Schindelhauer

» Murthy and Manoj

— Ad Hoc Wireless Networks, M “00 'e|ss IIGI\WIIS

Architectures and Protocols Architectures and Protocols
— Pearson/Prentice Hall, 2004

» Comprehensive Monography on Ad
hoc Wireless Networking

» Recommended as one book covering
early all aspects of wireless
communication

— 802.3, 802.11, HiperLAN, GSM,
ATM, WATM, MobilelP, MANET,
MAC for Wireless, Routing and
Multicast Routing in MANETS,
Transport layer, QoS, Energy
Management, Sensor Networks,
Hybrid Networks

Prentice Hall Communications Engineering and Emerging Technologies Series
Theodore S. Rappaport, Series Editor
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» No central control
» Participants may change their own protocols
> Incentives needed for cooperation?
— What makes my neighbor route my message
»or completely self-organization
— Tit for tat
— If the other does not cooperate | punish him
» Game theoretic appraoch
— prisoner‘s dilemma, etc.
» Pricing Schemes
— Auction system
— How to pay?
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Physical Layer

»Voice Coding

— most prevalent usage of mobile devices: telephone

- mp3

— Pulse Code Modulation

— Vocoders
» Error Control: Coding

— Hamming Code

— CRC

— Convolutional Codes

— Turbo Codes

Mobile Ad Hoc Networks 11.07.2007 12th Week - 7



University of Freiburg
Energy Management Gomputer Networks and Telematics
Prof. Christian Schindelhauer
» Battery Management
— Mobile nodes rely on batteries
» Transmission Power Management
— Besides CPU and screen mobile communication is a major energy drain
» System Power Management

— Balance energy usage (computation versus communication)
» Network Power Management
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» Synchronization
» Directional Antennae

> Multi-channel MAC Protocols
— Control channels
— Preferenced channels '

Destigatign Node

Figure 6.29. Packet transmission.
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» Addressing and Service Discovery
— IP address carry routing information

— Locator and Identifyer should be treated separately
» Numerous Routing Protocols

— Fisheye State Routing

— Hierarchical State Routing

— DYMO Routing
» Multicast Routing
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Transport Layer

> TCP over Ad Hoc Networks

— TCP‘s AIMD mechanism is
not working well in wireless

connections

TCP over wireless
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Link layer
solutions

:

Snoop TCP [10]
TCP-unaware link layer [11]

Split approach
based solutions

l: ITCP [12]
M-TCP [13]

End—to—end
solutions

L ELN [14]

| WTCP [15]

L TCP SACK [16]
— TTCP [18]

Figure 4.6. Classification of approaches for TCP over wireless.
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Wireless Internet

» Addressing

> Mobile IP
» Handoffs

> WAP

— Wireless Application Protocol Stack

WwWw
TITML WAE (Application Layer) I
JavaScript
WSP (Session Layer) ]
HTTP

TLS SSL

TCP/IP

WTP (Transaction Layer) ]

WTLS (Security Layer) |

WDP (Transport Layer) I

SMS USSD CSD CDMA I

1. Addressing model
2. WML standards
3. Wireless telephony

PRTIN

1. Session estat and discc

University of Freiburg
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TCP/IP protocol stack TCP/IP protocol stack

Application Layer

Application Layer ,
| (HTTP, TELNET, SMTP, etc.)

(HTTP, TELNET, SMTP, elc,)‘

2. Binary form of HTTP
3. Asynchronous push mechanism

1. Lightweight TCP
2. Three classes of service

1. Data integrity

2. Authentication

3. Optimizations for low
bandwidth medium

1. UDP or TCP functionality
2. WCMP

Bearer networks

Figure 4.9. The WAP protocol stack.
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T
Transport Layer i : Transport Layer
(TCP/UDP) ,' | (TCP/UDP)
Network Layer : . Network La)\rcr\ SK 1 Network Layer
’
(IPv4/IPv6) ! L apvapve) N X (IPv4/IPv6)
! ! 0211 3 :
‘RL. | 1 : 802.3/802.4/802.5 802.3/802.4/802.5
802.11/HIPERLAN : HIPERLAN \ |
\ I}
l ' i
\ | ! !
\ 2 T
1

Wireless AP
connected to a
subnet of the Internet

Mobile node that
can be connected to
any AP running WLAN
protocol
1 1 1
| Wireless part of wireless Internet | Traditional wired Internet [
1 1 1
| | !

—————— = Flow of an IP packet from the wired Internet to a mobile node

Transceiver antenna

Figure 4.1. An illustration of wireless Internet.
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Quality of Service

> Real-Time Traffic

— control of delay and
throughput

» Challenges
— dynamics
— Inaccurate state information
— lack of central coordination
— error-prone radio channel
— limited resources

¢ batteries, bandwidth,
storage space

> MAC-Layer
» Network Layer
» Application Layer

Mobile Ad Hoc Networks
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Layer—Wise QoS Solutions

MAC/DLL
Solutions

ClusterTDMA [3]
802.11e [4, 7-10]
DBASE [11]
MACA/PR [12]
RTMAC [13]

Network Layer Q‘[)Ergssrafllg}‘fgrks
Solutions solutions]
[ | E INSIGNIA [30]
INORA [31]
On-Demand | |Table-Driven Hybrid SWAN [32]
— TBP [14] L PLBQR [15] |: BR [18] PRTMAC [33]
— TDR [16] CEDAR [24]
— QoSAODV [17]
— OQR [20]
— OLMQR [21]
L- AQR [22, 23]

Figure 10.3. Layer-wise classification of QoS solutions.
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» Network Layer Attacks
— Denial of Service
— Host impersonation
— Information disclosure
— Resource consumption
» Key Management

— How to distributed public keys and prove identity without contact to a
central server

»Secure Routing
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» Cellular Networks
> Wireless Sensor Networks

— Lecture of its own (see last Hybrid Architetures
winter semester) \ !

- - Systems with Systems with Dedicated
> Hybrld WI reless Networks Host-cum—Relay Stations Relay Stations
I I
. I ] | 1
- CO m b I n e Cel I u | ar n etWO rkS a n d Single-Mode Systemsg Multi-Mode Systems| | Single-Mode Systems| Multi-Mode Systems
ad h OC n etWO rkS MCN [1, 2] | |— SOPRANO [5] E iCAR [3]
MWLAN [18] | |
SMCN [20]
High—Mobility Limited—Mobility
Systems Systems
HWN [4] l: TWILL [8]
MuPAC [6, 7] DWILL [14]
MADF [12]
A-GSM [13]
UCAN [15]

|

Ly
/
’ ,/Roulcchly

d

RouteRequest ,,
’

Figure 13.1. Classification of hybrid architectures.

Control Ch: |l —-=-=--- >
ontrol Channel E BS

Data Channel —_—

Path from node A to node B is A-C-D-B ﬂ

Figure 13.2. MCN best-effort architecture. Reproduced with permission from [16], -
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Thank you!
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