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Recap

• Network routing

– Protocol

• DSDV

• Link reversal• Link reversal

• Today

– DSR

– Non-conventional routing for wireless networks
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Recap: DSDV Motivation
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Why Count-to-Infinity

� Routing loop: a loop is a global state (consisting of 

the nodes’ local states) at a global moment 

(observed by an oracle) such that there exist nodes 

A, B, C such that A (locally) thinks B as down stream, 

B thinks C as down stream, C thinks A as down B thinks C as down stream, C thinks A as down 

stream
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Destination-sequenced distance vector 

protocol (DSDV)

• Basic idea:

– DSDV tags each route with a sequence number

• Invariants:

– For any node– For any node

• sequence number is non-decreasing

• for the same sequence number, distance is non-
increasing
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Recap: Link Reversal

• Motivations

– maintain a mesh

– (hopefully) local adaptation

• Full link reversal• Full link reversal

• Partial link reversal
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Link Direction Through Heights

• A node i contains a triple (αi, βi, i)

– αi : an integer (the major integer)

– βi : another integer (the minor integer)

– i : node index (to impose a total order)

• The triple of a node is called the height of the • The triple of a node is called the height of the 

node

• Suppose there is a link from node i to node j, 

the direction is determined by their heights

– i -> j: if (αi, βi, i) > (αj, βj, j)

• For destination D, the height is (0, 0, D)
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Illustration of Heights
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Analysis

• The state of
a node

– its height 
as well as its 
neighbors’ (potentially neighbors’ (potentially 
obsolete) heights

• An invariant over the state of a node

– α is non-decreasing
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Summary: Link Reversal Algorithms

• Advantages

– the DAG provides many hosts the ability to send 
packets to a given destination

– beneficial when many hosts want to communicate 
with a single destinationwith a single destination

• Disadvantages

– paths may not be the best

– loops before convergence hurt performance
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Summary: Routing Algorithms

Global information:

• Routers maintain complete topology, 
link cost info

• “link state” algorithm

Distributed:

• Routers maintain distance to 
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• Routers maintain distance to 
each dest. 

• Iterative process of computation, 
exchange of info with direct neighbors

• “distance vector” algorithm

Partial global information:

• Routers maintain partial topology (mesh)  for each dest.

• “link reversal” algorithm
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Outline

• Today

– DSR

– Non-conventional routing for wireless networks
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DSR Concepts

• On-demand route discovery

– DSDV, link state and link reversal protocols are 
proactive: they continuously maintain 
routes/topology

– DSR is a reactive protocol, maintaining active – DSR is a reactive protocol, maintaining active 
routes only

• Source routing

– no need to maintain information at intermediate 
nodes
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Dynamic Source Routing (DSR)

• When node S wants to send a packet to node 

D, but does not know a route to D, node S 

initiates a route discovery

• Source node S floods Route Request (RREQ)

• Each node appends its own identifier when 

forwarding RREQ
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Route Discovery: RREQ
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Route Discovery: RREQ

B

S E

F
C

Z

Y
Broadcast transmission

M L

[S]

16

A
H

J

D

C

G

I
K

Represents transmission of RREQ

M

N

L

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



Forwarding RREQ

• A request is forwarded by a node if

– the node is not destination

– the node has not seen RREQ with the same 

sequence number (from the same source)sequence number (from the same source)

• When forwarding RREQ, use a random delay 

to avoid collision
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Route Discovery: RREQ

B

S E

F
C

Z

Y

M L

[S,E]

[S,B]

18

A
H

J

D

C

G

I
K

• Node H receives RREQ from two neighbors B and C
• Node C and E send RREQ to each other

M

N

L

[S,C]



Route Discovery: RREQ
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Route Discovery: RREQ
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Route Discovery: RREQ
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Route Reply (RREP)

• Destination D on receiving the first RREQ, 

sends a Route Reply (RREP)

• RREP includes the route from S to D on which • RREP includes the route from S to D on which 

RREQ was received by node D

• Question: how to send RREP from D back to S?
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Route Reply in DSR

• Route Reply is sent by reversing the route in 
Route Request (RREQ) 

– this requires bi-directional link

– to ensure this, RREQ should be forwarded only 
if it received on a link that is known to be bi-if it received on a link that is known to be bi-
directional

• this also necessary for IEEE 802.11 MAC is used to 
send data, then links have to be bi-directional (since 
Ack is used)

• If unidirectional (asymmetric) links are 
allowed, then RREP may need a route 
discovery from D back to S
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Route Reply
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Data Delivery in DSR
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When node S sends a data packet to D, the entire route is 

included in the packet header, hence the name source routing



DSR Optimization: Route Caching

• Each node caches a new route it learns by 
any means, e.g.,

– when node S finds route [S,E,F,J,D] to node D, 
node S also learns route [S,E,F] to node Fnode S also learns route [S,E,F] to node F

– when node K receives Route Request [S,C,G], 
node K learns route [K,G,C,S] to node S

– when node F forwards Route Reply RREP
[S,E,F,J,D], node F learns route [F,J,D] to node D

– a node may also learn a route when it overhears 
data packets
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Using Route Cache

• Advantages

– using route cache can speed up route discovery and 

reduce RREQ propagation

• check route cache before issues RREQ

• intermediate nodes can send Route Reply using route cache

• Disadvantages

– stale caches can adversely affect performance

• e.g., a sender may try several stale routes (obtained from 

local cache, or replied from cache by other nodes), before 

finding a good route
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DSR: Summary

• Advantages

– reactive: routes maintained only between nodes who need 
to communicate

– route caching can further reduce route discovery overhead

• a single route discovery may yield many routes to the destination, • a single route discovery may yield many routes to the destination, 
due to intermediate nodes replying from local caches

• Disadvantages

– packet header size grows with route length due to source 
routing

– flood of route requests may potentially reach all nodes in 
the network

– care must be taken to avoid collisions between route 
requests and route reply propagated by neighboring nodes
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Ad Hoc On-Demand Distance Vector

• Combination of ideas in DSR and DSDV

– on-demand mechanism of route discovery and 

route-maintenance from DSRroute-maintenance from DSR

– plus the hop-by-hop routing (not source routing), 

sequence numbers and periodic beacons from 

DSDV
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Comparison of Routing Algorithms in the 

Presence of Topology Dynamics



Comparisons of The Protocols

• Some key parameters affecting the performance of a routing 
protocol

– number of nodes

– mobility model,

• e.g., the way-point model, where each node picks a random target, moves 
to the target at a random speed picked uniformly in a range, pauses for to the target at a random speed picked uniformly in a range, pauses for 
some time after arrival

– traffic model, e.g., Constant Bit Rate (CBR)

• Performance metrics

– packet delivery ratio

– routing overhead

– path optimality
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Comparison: Packet Delivery Ratio
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Comparison: Packet Delivery Ratio
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Routing Overhead
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Path Optimality: Difference from Optimal
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Traditional Routing

• So far, all routing protocols in the framework 

of traditional wireline routing

– select a single route for each src-dest pair

– commit to a specific route before forwarding– commit to a specific route before forwarding

• Problem: don’t fully exploit path (spatial) 

diversity and wireless broadcast 

(opportunities)
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Motivating Scenario: I
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Motivating Scenario: II
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• Traditional routing picks a single route, e.g., 
src -> B -> D -> dst

• Packets received off path are useless

Motivating question: can 
we take advantage of 
transmissions that reach 
unexpectedly far or 
unexpectedly short?



Motivating Scenario: III

• Src A sends 1 packet to dst B; src B sends 

packet 3 to dst A

• The network needs to transmit 4 packets
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• Motivating question: can we do better?

A BR



Motivating Scenario: III

• If R has both packets 1 and 3, it can combine 

them and explore coding and broadcast 

nature of wireless
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Network Coding

• Source coding (FEC, compression)

• The new approach uses opportunistic network 

coding
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coding

• goal: increase the amount of information that 

is transported



Opportunistic Coding: Basic Idea

• Each node looks at the packets available in its 

buffer, and those in its neighbors’ buffers

• It selects a set of packets, computes the XOR • It selects a set of packets, computes the XOR 

of the selected packets, and broadcasts the 

XOR 

42



Opportunistic Coding
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Key Issue in Opportunistic Routing

44Key Issue: opportunistic forwarding may lead to duplicates.


