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Wireless Internet Routing

Wireless Routing in the 
Beginning

1

Wireless Internet Routing

ÇThis course: routing in MANET/ad hoc networks and 
mesh networks
o Internet? = Gateway(s) wireless/wired
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Outline

ÇReview of last time

ÇWired routing algorithms: why are they not usable in 
wireless scenarios

Ç In the beginning: ( unicast ) routing for MANET
o Proactive vs on-demand

o DSR, AODV, DSDV
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Review: Mesh Networks with Internet 
Access

AP

AP
AP

AP

AP

Internet
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Internet

ÇWireless infrastructure (backbone)
o Static backbone

ÇGateways to the Internet
o Eg: Freifunk , Seattle Wireless

ÇClients connects to AP
o Transparent wireless network 

o Mobility, roaming
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Review: Multi -Hop Wireless Networks
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ÇNo infrastructure : ad-hoc network
o MANET: Mobile Ad Hoc Networks

o Sensor networks

o VANET

ÇOrigins: packet radio networks 
(1978, òAdvances in packet radio 
technologyó)

ÇNodes: transmit, receive, forward

ÇNodes can be mobile

ÇWireless routing becomes necessary

Review: Wireless Physical Layer and its 
effect on the upper layers

Unlike a wired connection!

ÇCharacteristics
o Time-varying channel: propagation, connectivity and available 

capacity

o Shared medium: interference, collisions

ÇConsequences for the upper layers: links exhibit
o Time-varying behavior: connectivity, rate, delay

o Low reliability: packets are lost (typical 10^ -2 PER)

o Smaller bandwidth than wired counterpart (10 to 100 Mbit /s)

o Asymmetric / bidirectional and unidirectional links
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Review: Time-Varying Environment
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Connectivity is not a unit -disc

Received power is time -varying

Variable packet loss

Review: What is Routing

Control Plane:

ÇTopology discovery
o Neighborhood discovery

ÇRoute discovery and maintenance
o Fault recovery

Data Plane:

ÇForwarding

8
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Challenges of Wireless Routing

ÇRouting in a wireless network = routing in a network 
with:
o High time variability

o Dynamic topology

o Links: unreliable, asymmetric, time -varying
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Detour: How is Wired Routing Working?

ÇDistance vector algorithms (e.g. RIP)
o Decentralized information

o Router knows physically -connected neighbors, link costs to 
neighbors

o Iterative process of computation, exchange of info with 
neighbors

ÇLink-state algorithms (e.g. OSPF)
o Global information

o All routers have complete topology, link cost info

10



5/13/2009

6

A Distance Vector Routing Algorithm 

Decentralized algorithm:

ÇRouter knows its neighbors and link costs to 
neighbors

Ç Iterative computation, exchange of info with 
neighbors

Bellman-Ford Equation (dynamic programming)

Define dx(y) := cost of least -cost path from x to y
Then

dx(y) = min {c(x,v) + dv(y)}

where min is taken over all neighbors v of x
ÇCalculate direction and distance to any link in a 

network 11

v

Distance Vector Algorithm

Iterative, asynchronous: 
ÇEach local iteration caused 

by: 
o Local link cost change 
o DV update message from 

neighbor
Distributed:
ÇEach node notifies 

neighbors only when its 
Distance Vector changes
o Neighbors then notify 

their neighbors if 
necessary

o Region not concerned by 
topology change are not 
affected
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wait for (change in local link 

cost of  msg from neighbor)

recompute estimates

if  Distance Vector to any 

dest has changed, notify
neighbors 

Each node:
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A Link -State Routing Algorithm

Ç Net topology, link costs 
known to all nodes
o Accomplished via òlink 
state broadcastó 

o All nodes have same info
Ç Computes least cost paths 
from one node (ôsourceó) to 
all other nodes
o Gives routing table for 

that node
Ç Example: 
Dijkstraõs algorithm
o Iterative: after k iterations, 

know least cost path to k 
dest.õs

Notation: Dijkstraõs 
algorithm

Çc(i,j): link cost from node i to 
j . cost infinite if not direct 
neighbors

ÇD(v): current value of cost 
of path from source to dest. 
v

Çp(v): predecessor node along 
path from source to v

ÇNô:set of nodes whose least 
cost path definitively known
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Link State Routing

ÇEach node periodically floods status of its links

ÇEach node re-broadcasts link state information 
received from its neighbor

ÇEach node keeps track of link state information 
received from other nodes

ÇEach node uses above information to determine next 
hop to each destination

14
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Example

ÇJava applet:

http :// www.mathiaz.com/index.php?n=Routage.Routage
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Distance Vector and Link State in 
Wireless Networks

ÇLink state
o Fully network topology must be distributed throughout the 

network

o Can lead to short terms loop

o OSPF elected router to solve distribution issues

Not practical in wireless: mobility induces lots of topology changes, 
need to flood information throughout the network

ÇDistance vector
o Monitor neighbors and outgoing links

o Periodically broadcast shortest distance table to every 
neighbors

Not practical in wireless: periodic update wastes bandwidth/power, 
links/connectivity time -varying, solutions to prevent loops are 

not directly applicable
16

http://www.mathiaz.com/index.php?n=Routage.Routage
http://www.mathiaz.com/index.php?n=Routage.Routage
http://www.mathiaz.com/index.php?n=Routage.Routage
http://www.mathiaz.com/index.php?n=Routage.Routage
http://www.mathiaz.com/index.php?n=Routage.Routage
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Problems of conventional routing 
algorithms in wireless networks

(RIP, OSPF) are not designed for dynamic topologies

ÇLinks are asymmetric

ÇMany links available

ÇPeriodic information ( route,topology ) update or dump 
broadcast
o Bandwidth

o Power
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Routing in Wireless Networks: Disclaimer!

ÇThere is not a unique solution!
o No one size fits all

ÇLots of different algorithms and proposals
o Different design goals and objectives

18
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Routing in MANET: Assumptions

ÇFully symmetric environment

ÇAll nodes/stations have identical capabilities and 
responsabilities

19

Route Discovery and Maintenance (control 
plane): Proactive vs Reactive

ÇProactive protocols
o Determine routes independent of traffic pattern

o Traditional link -state and distance -vector routing protocols 
are proactive

ÇReactive protocols
o Maintain routes only if needed

ÇHybrid protocols

20
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Reactive vs Proactive: Trade -Off

Ç Latency of route discovery
o Proactive protocols may have lower latency since routes are 

maintained at all times
o Reactive protocols may have higher latency because a route 

from X to Y will be found only when X attempts to send to Y

ÇOverhead of route discovery/maintenance
o Reactive protocols may have lower overhead since routes are 

determined only if needed
o Proactive protocols can (but not necessarily) result in higher 

overhead due to continuous route updating

ÇWhich approach achieves a better trade -off depends on 
the traffic and mobility patterns
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Taxonomy of Routing Protocols for 
Wireless Networks

Responsetime,
bandwidth
Responsetime,
bandwidth

EnergyEnergy

(Mobile) ad hoc networks Sensor networks

Proactive
protocols
Proactive
protocols

Reactive
protocols
Reactive
protocols

Destination -Sequenced
Distance -Vector (DSDV)

Optimized Link-
State Routing
(OLSR)

Ad Hoc On -Demand
Distance -Vector
(AODV)

Dynamic
Source
Routing
(DSR)

Geography-
based routing

Cluster -based
(or hierarchical )
routing

22
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Flooding

ÇThe wireless channel is a broadcast medium after all
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Flooding for Data Delivery

Ç Sender S broadcasts data packet P to all its neighbors

ÇEach node receiving P forwards P to its neighbors

ÇSequence numbers used to avoid the possibility of 
forwarding the same packet more than once

ÇPacket P reaches destination D provided that D is 
reachable from sender S

ÇNode D does not forward the packet

24
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Flooding for Data Delivery
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Represents that connected nodes are within each 
otherõs transmission range
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Flooding for Data Delivery

26

B

A

S E

F

H

J

D

C

G

I
K

Represents transmission of packet P

Represents a node that receives packet P for
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Flooding for Data Delivery
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ÇNode H receives packet P from two neighbors:
potential for collision
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Flooding for Data Delivery
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ÇNode C receives packet P from G and H, but does not forward
it again, because node C has already forwarded packet P once
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Flooding for Data Delivery
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ÇNodes J and K both broadcast packet P to node D
ÇSince nodes J and K are hidden from each other, their

transmissions may collide
Packet P may not be delivered to node D at all, 
despite the use of flooding
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Flooding for Data Delivery
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Flooding for Data Delivery
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ÇFlooding completed
ÇNodes unreachable from S do not receive packet P (e.g., node Z)
ÇNodes for which all paths from S go through the destination D also do 
not receive packet P (example: node N)
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Flooding for Data Delivery
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ÇFlooding may deliver packets to too many nodes (in the worst 
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Flooding for Data Delivery: Advantages

Ç Simplicity

ÇMay be more efficient than other protocols when rate of 
information transmission is low enough that the overhead 
of explicit route discovery/maintenance incurred by other 
protocols is relatively higher
o this scenario may occur, for instance, when nodes transmit small 

data packets relatively infrequently, and many topology changes 
occur between consecutive packet transmissions

Ç Potentially higher reliability of data delivery
o Because packets may be delivered to the destination on multiple 

paths
o (we will talk about it later)
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Flooding for Data Delivery: Disadvantages

ÇPotentially, very high overhead
o Data packets may be delivered to too many nodes who do not 

need to receive them

ÇPotentially lower reliability of data delivery
o Flooding uses broadcasting -- hard to implement reliable 

broadcast delivery without significantly increasing overhead

o Broadcasting in IEEE 802.11 MAC is unreliable
o In our example, nodes J and K may transmit to node D 

simultaneously, resulting in loss of the packet 
o in this case, destination would not receive the packet 

at all  

34
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Flooding of Control Packets

ÇMany protocols perform (potentially limited ) flooding 
of control packets, instead of data packets

ÇThe control packets are used to discover routes

ÇDiscovered routes are subsequently used to send data 
packet(s)

ÇOverhead of control packet flooding is amortized
over data packets transmitted between consecutive 
control packet floods
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DSR: Dynamic Source Routing

ÇRFC 4728: http:// tools.ietf.org/html/rfc4728

ÇDavid B. Johnson. Routing in Ad Hoc Networks of 
Mobile Hosts. Proceedings of the Workshop on Mobile 
Computing Systems and Applications, pp. 158 -163, 
IEEE Computer Society, Santa Cruz, CA, December 
1994

ÇReactive protocol
o Source routing for data delivery

o Route discovery / route maintenance

36

http://tools.ietf.org/html/rfc4728
http://tools.ietf.org/html/rfc4728
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Dynamic Source Routing

ÇWhen node S wants to send a packet to node D, but 
does not know a route to D, node S initiates a route 
discovery

ÇSource node S floods Route Request (RREQ)

ÇEach node appends own identifier when forwarding 
RREQ
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Route Discovery in DSR
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Route Discovery in DSR
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[S]

[X,Y]     Represents list of identifiers appended to RREQ

Route Discovery in DSR
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ÅNode H receives packet RREQ from two neighbors:
potential for collision
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