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Case study : mesh networking  
Roofnet + Mad Wifi + Click & BOWL  
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Experimental 802.11b/g multihop mesh network for 
sharing Internet access (community network) 
 Link-level measurements of 802.11 
 Finding high-throughput routes in the face of 
lossy links 
adaptive bit-rate selection 
developing and experimenting new protocols 
http://pdos.csail.mit.edu/roofnet/doku.php   
http://www.bowl.tu-berlin.de/  
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Definition 

 „ A mechanism by which traffic is directed and transported 
through the network from a source to a destination“ 
[Steenstrup] 

 „Routing is the act of moving information across a network 
from a source to a destination“ [CISCO] 
 

 What is the simplest form of routing? 
 

 Core routing functionalities: 
 Routing information dissemination 
 Route generation 
 Route selection 
 Data forwarding 
 Route maintenance 
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Routing in Wired Networks 

 Link State 
 Send the link information to all nodes in the network 
Build a connectivity graph of the network 
 Small vector to all large number of nodes 
Dijkstra for shortest path (compute SP for each destination) 
Example : OSPF 

 Distance Vector 
 Sent the shortest distance to all nodes to neighbors  
 Large vector to small number of nodes 
Bellman Ford for shortest path 
Example: RIP, BGP 
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Routing Table in Wired Networks 
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Linux Commands and Tools 

- ip addr add 192.168.1.100 dev wlan0 
- ip route add 192.168.1.0/24 via 192.168.1.100  
- ip route add default via 192.168.1.100 
- ip route del 192.168.1.0/24 via 192.168.1.100 dev wlan0 
- ip tunnel add tun1 mode ipip remote 10.0.1.1 local 192.168.1.100 

dev wlan0  
- ip route flush 192.168.1.0/24 
- ip route flush cache 
- route –n or  ip route show dev wlan0 
- tcpdum  -n –I wlan0 –vv or wireshark 
- traceroute  www.eurecom.fr or  netstat -nr 
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Historical view  

 Many protocols have been proposed 
 

 Some have been invented specifically for  wireless networks 
 

 Others are adapted from previously proposed protocols for 
wired networks 
 

 No single protocol works well in all environments 
 

 Some attempts made to develop adaptive protocols 
 

 Why is routing in MANET different?  
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Standardization  

 Internet Engineering Task Force 
 Standardization body for Internet Architecture and protocols  
 “above the wire and below the application” 

 Working groups  
Gen, app, int, ops, rai, rtg, sec, tsv,  

Rtg  manet  

http://datatracker.ietf.org/wg/ 

 Open Internet draft  - RFC (request for comment) 
Not all RFC are standards  
 Search through https://datatracker.ietf.org/doc/ 
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Routing in Manet 

 Main Properties:  
 Distributed, Convergent, Dynamic, Loop-free 

 Desired Properties: 
 Scalability, fast route establishment, multiple route selection, energy & bandwidth 

efficiency, fast adaptability to link changes, unidirectional link support 
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Traffic pattern and 
Application Requirements 

Manet Characteristics: 

•Wireless Link 

•Node Mobility 

•Fully Mobile Infrastructure 

•Lack of resources  

Routing 

Network Properties 

Routing Functionalities:  
•Dissemination 

•Generation 

•Selection  

•Forwarding 

•Maintaining  
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Taxonomy of Routing [cheng08] 

 Three design options: 
Disseminated Information 

Topological (sequence of nodes) 
Position or position plus partition 

Radius of the routing zone (1, k, or D) 
Routing structure: flat or hierarchical 

 

 Trade-offs  
Performance metrics 
 Storage and computation Complexity  
 Fairness, i.e. issues related to load balancing  
 Scalability 
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Scalability 

 Scalability is defined as the ability of a network to 
maintain the performance when its limiting factors 
grow [santivanez02] 

 Main limiting factors: 
Mobility rate 
Traffic load and pattern (Local vs. global) 
Network density  and diameter 
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Routing 

 Topology-based  
Broadcasting, one-to-all  
Unicasting, one-to-one  
Multicasting, one-to-some, some-to-some  

 Position-based 
Geo-unicasting: one-to-one 
Geo-multicast: one-to-some, some-to-some 
Geo-anycasting or geocasting: one-to-any 
Geo-broadcasting or geocasting:  one-to-region 
Topo-broadcasting: one-to-neighbors 
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Routing 
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Ad Hoc Routing 

Topology-based Position-based 

Proactive Reactive Hybrid 

OLSR 
TBRPF 
DSDV 
WRP 
CGSR 
FSH-HSR 
LANMAR 

Proactive Reactive Hybrid 

DSR 
AODV 
RDMAR 
ABR 
SSR 
TORA 

ZHLS 
ZRP 
CBRP 
DDR+HARP 
 

DREAM   LAR  
GEDIR 
GPSR  

Terminodes 
GLS 
ALM 
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Topology-Based Routing 

 Use the information about the sequence of nodes 
towards destination for forwarding 
Without location information 

 Dilemma at a node: 
Do I keep track of routes to all destinations, or instead keep 

track of only those that are of immediate interest? 
Reactive: only those of immediate interests, DSR/AODV 
Proactive: keep track of all, LS, DV(DBF), OLSR  
Hybrid: partial proactive/partial reactive, ZRP, ZHLS 

 Is there any alternative routing strategy? 
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Proactive Routing Protocol  

 Maintain consistent and up-to-date routing table for 
each destination 
Bandwidth is used to exchange routing control packet, which 

may never be used 

 Also known as table-driven protocols 

 Determine routes independent of traffic pattern 
Route is immediately available when requested 

 Traditional Internet link-state (OSPF) and distance-
vector (RIP) routing protocols are proactive 
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Reactive Routing Protocol 

 Maintain routes only if needed  

 Do not take initiative for finding a route instead 
attempt to discover route only on demand 
Bandwidth is used to discover and compute a route 

 Also known as on-demand protocols  

 Based on the route discovery process 
May induce an initial route latency 
 Flooding is a simplistic form of route discovery 

 Once a route is found, bandwidth is consumed for 
data transmissions 
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Hybrid Routing Protocol 

 Incorporate the merits of reactive and proactive routing 
protocols 

 Based on the concept of zone 
 Example : Zone routing protocol  (ZRP) 
 Inside the node’s zone: use a proactive protocol 
 Outside the node’s zone: use a reactive protocol 
 Or vice versa 

 The challenge is to correctly specify the zone radius and 
zone routing behavior, so as to optimize the routing 
performance 
 Each node may be in more than one zones 
 Zones may be of a different size 
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What are the Trade-offs?  

 Delay before data forwarding 
 Proactive protocols may experience lower delay than that of reactive subject 

to the frequency of topology changes since all routes are generated in 
advance  

 Overhead of route generation/maintenance 
 Reactive protocols may produce lower overhead than that of proactive 

subject to the frequency of E2E connections because routes are generated 
on-demand 

 Trade-offs depend on the mobility model and traffic pattern 
 

 What is the common underlying  technique of the topology-based 
routing? 
 

 http://www.ietf.org/html.charters/manet-charter.html 
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Trade-off with Other communication Strategies? 

 Routing, flooding, DTN 
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Static: stateful strategies  
work well 

High mobility: stateful 
strategies can work poorly 

Topology instability 

How the communication strategies could be adjusted? 
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   Control state 
− info about network 
− e.g., what links/paths 

exist? 

Framework 

 What state should communication strategies 
maintain? 

20 

Valuable when network 
is predictable 
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   Control state 
− info about network 
− e.g., what links/paths 

exist? 

Framework 

 What state should communication strategies 
maintain? 

21 

As contention (e.g., # of flows) 
increases, control state may 
be valuable even in an 
unpredictable network (cost  
of control state is amortized) 
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Proposed Framework 
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  Data state 
− info about data pkts 
− e.g., how long to buffer 

data pkts?  

Valuable when network is 
not well-connected 

 What state should communication strategies 
maintain? 
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Proposed Framework 
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  Putting it all together 
− 4 classes of strategies 
− but, how to instantiate 

framework?  

Routing Flooding 

Hybrid DTN 

 What state should communication strategies 
maintain? 
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0                                         1  

Framework 

24 

 Unpredictability 
− average link-up 

entropy, h 

 

 Contention 
− number of flows in 

network, N 

 

 Connectivity 
− probability arbitrary 

path exists, φ 
h=0.5  f(N)                

φ=0.5                 

1 

0 
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DSR - Dynamic Source Routing 

 http://www.ietf.org/rfc/rfc4728.txt  
 Source node initiates a route discovery procedure by flooding 

a route request (RREQ) 
 Each intermediate node appends its own ID during the path 

generation phase 
 Upon receiving the first RREQ by the destination node, a route 

reply (RREP) is sent back through the reverse path to the 
source node 
 RREP piggybacks the route traversed by RREQ  

 Route Maintenance  
 

 How does the packet size grow? 
 What happens if the link is unidirectional? 
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DSR- Dynamic Source Routing 

 Source node routes all its data packets by tagging them 
with the complete route to be traversed  
 Routing is done by the source: Source Routing 
 All intermediate nodes determine the next hop based on the tag 

information    

 Source node caches the route included in RREP 
 Possible Optimization: All nodes that overhears the RREQ/RREP 

can cache the route and react to the future RREQs 
Speedup RREQ, and may reduce the overhead 

 How may the caching technique degrade the routing 
performance? 
 Stale or invalid cached routes can pollute the network 
 Reply storm problem 
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DSR Route Request 

 Search route cache for routes previously learned 
 If no route is found, initiate a route request 
 Source is called "initiator" and the destination "target“ 
 Unique identification for each route request 
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DSR Route Reply 

 Set the route record to list the sequence of hops over which this copy 
of the route request was forwarded 

 If the target is reached, return a route reply with the route record  
 Otherwise, search route cache for a route to the target 

 If it is found, return a route reply to the initiator 
 Concatenate the route record with the source route to the target obtained 

from the route cache 
 Check no duplicate nodes listed in the route record 
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AODV - Ad Hoc On-Demand Distance Vector 

 http://www.ietf.org/rfc/rfc3561.txt  
 Routes a packet on hop-by-hop basis 
 During RREQ propagation, several reverse routes towards the 

source node are set up 
 RREP then activates only one of the reverse path by re-reversing 

the route toward the destination  
 RERR is send when the next hop is unreachable 

 Other techniques used in AODV 
 Neighborhood discovery using hello message 
 Time out 
 Sequence number  
 Expanding ring search  

 What are the usage of these techniques ? 
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AODV 
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Source 

Destination 

Destination 

Source 

Route Request 

Route Reply 
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AODV - Sending Route Request 

 Source node first broadcasts a RREQ throughout the 
network 

 When receiving the RREQ, an intermediate node re-
broadcasts the RREQ, and will set up a reverse path 
pointing towards the source node 

 When the intended destination receives the RREQ, it will 
reply by sending back a RREP 

 RREP traveling along the reverse path will activate the 
reverse path 
 

• Does AODV work on an unidirectional link?  
 AODV assumes symmetric (bi-directional) links 
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AODV - Sending Route Request 
 Source node sends a RREQ when 

 No route to reach the destination node is available  
 The available route is marked invalid 

     +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-++++++++ 
     |        Type              |J |R|G|D|U|            Reserved              |       Hop Count    |  
     +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-++++++++   
     |     RREQ ID                                     | 
     +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ +++++ +   
     |                                          Destination IP Address                                                | 
     +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-++++++++              
     |                                     Destination Sequence Number                                       |  
     +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ ++++++ 
     |                                            Originator IP Address                                                |  
     +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ ++++++ 
     |                                       Originator Sequence Number                                       | 
     +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ ++++++ 

 Sequence number: 
 The RREQ ID =  last RREQ ID + 1 
 If the destination sequence number is unknown, the flag U is activated  
 The originator sequence number is the node’s own sequence number 

 See http://www.ietf.org/rfc/rfc3561.txt 
©Navid Nikaein 32 
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AODV - Receiving Route Request 

 When a node receives a RREQ, it creates or updates a 
route to the previous hop without a valid sequence 
number 
 if it has already received a similar request with the same 

(originator IP address, RREQ ID) pair in the last 
PATH_DISCOVERY_TIME , then it discards the message 

else, a node creates/updates a reverse route towards the 
originator IP address in its routing entry 

A node broadcasts the RREQ message to its neighbors after 
updating the TTL, Hop Count, Destination Sequence number 
fields 
 

 Why does a node setup up a reverse route ? 
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AODV - Expanding Ring Search 

 AODV uses similar features as DSR for buffering and 
limiting the rate of RREQ messages sent by a node 

 To prevent unnecessary network-wide broadcasting of 
RREQs, the originating node should use an expanding ring 
search : 
 TTL(0) = TTL_START  
 If  TTL(i-1) + TTL_INCREMENT < TTL_THRESHOLD 

   TTL(i)= TTL(i-1) + TTL_INCREMENT 
 else 

        TTL(i) = NET_DIAMETER 
 If a NEW route for the same destination is required then 
  TTL(0) = Hop_Count + TTL_INCREMENT 

 Can you write the Pseudo Algorithm of ERS? 
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AODV - Generating Route Reply 

 A node generates a RREP if: 
 It is itself the destination, or 
 It is an intermediate node and it has an active route to the 

destination and the "destination only" ('D') flag is NOT set 

 To determine whether a route known to an 
intermediate node is more recent than that of RREQ, 
destination sequence numbers are used: 
This should be valid and greater than or equal to the 

Destination Sequence Number of the RREQ 

©Navid Nikaein 35 

htpp://www.eurecom.fr/


AODV - Sending Route Reply 

 Route Reply generation by the destination 
Adjusts the destination sequence number  
 Set the hop count to 0 

 Route Reply generation by an intermediate node 
Adjust the destination sequence number 
Places its distance in terms of hop count from the destination 

in the Hop Count field of the RREP 
 If the ‘G’ flag is set, this node sends a Gratuitous RREP to the 

originating node  
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AODV - Receiving Route Reply 

 Searches for a route to the previous hop 
 If needed, a route is created but without a valid sequence number 

 Increments the hop count in the RREP by one  

 If an entry to the destination exists, it is updated only if: 
1. the sequence number in the routing table is marked as invalid in 

route table entry.  
2. the destination sequence number in the RREP is greater than the 

node's copy of the destination sequence number and the known 
value is valid, or  

3. the sequence numbers are the same, but the route is marked as 
inactive, or  

4. the sequence numbers are the same, and the New Hop Count is 
smaller than the hop count in route table entry.  
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AODV - Timeout 

 A routing table entry maintaining a reverse path is 
purged after a timeout interval 
 timeout should be long enough to allow RREP to come back 

 A routing table entry maintaining a forward path is 
purged if not used for an active_route_timeout 
interval 
 if there is no data being sent using a particular routing table 

entry,  that entry will be deleted from the routing table (even 
if the route may actually still be valid) 
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AODV - Link Failure Detection 

 Nodes periodically exchange hello message with the 
neighboring nodes  

 

 Absence of hello message is used as an indication of 
link failure 

 

 Alternatively, failure to receive several MAC-level 
acknowledgements may be used as an indication of 
link failure 
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AODV - Link Failure Reporting 

 A neighbor of node X is considered active for a routing 
table entry if the neighbor sent a packet within 
active_route_timeout interval which was forwarded using 
that entry 

 

 When the next hop link in a routing table entry breaks, all 
active neighbors are informed 

 

 Link failures are propagated by means of route error 
messages RERR, which also update destination sequence 
numbers 
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AODV - Route Error 

 A RERR is generated when node X is unable to forward 
packet P (from node S to node D) on link (X,Y) 
 

 Node X increments the destination sequence number for D 
cached at node X 
 

 The incremented sequence number N is included in the 
RERR 
 

 When node S receives the RERR, it initiates a new route 
discovery for D using destination sequence number at 
least as large as N 
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AODV - Why Sequence Numbers? 

 To avoid using old/broken routes and determine which route is newer 
 To prevent formation of loops 

 
 

 

 
 

 Assume that A does not know about the failure of link C-D because 
RERR sent by C is lost 

 Now C performs a route discovery for D. Node A receives the RREQ 
(say, via path C-E-A) 

 Node A will reply since A knows a route to D via node B 
 Results in a loop (for instance, C-E-A-B-C ) 
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AODV - Destination Sequence Number 

 The destination sequence number is created by the 
destination to be included along with any route 
information it sends to requesting nodes 

 When node D receives a RREQ with destination sequence 
number N, node D will set its sequence number to N, 
unless it is already larger than N 

 

 This ensures the loop freedom 

 Given the choice between two routes to a destination, a 
requesting node is required to select the one with the 
greatest sequence number 
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Destination Sequence Number 

 The destination sequence number is incremented in 
two circumstances: 
 Immediately before a node originates a route discovery 

Prevents conflicts with previously established reverse routes towards 
the originator of a RREQ 

 Immediately before a destination node originates a RREP in 
response to a RREQ,  
First it MUST update its own sequence number to the maximum of its 

current sequence number 
Second it MUST update the destination sequence number in the RREQ 

packet 
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OLSR – Optimise Link-state Routing 

 http://www.ietf.org/rfc/rfc3626.txt  
 Proactive (table-driven) routing protocol 

 Based on the link-state algorithm 
 Optimized for ad hoc networks 

 In contrast to the traditional link state algorithm, not all nodes 
flood routing information throughout the network 
 Selective flooding  

 Techniques  
 Hello messages  
 Multipoint relay selector set  
 Periodical link state information   
 Sequence number  
 Hop-by-hop  routing  

 What are the usage of the above techniques ? 
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OLSR – Link State  

 Each node periodically floods 
status of its links 

 Each node re-broadcasts link 
state information received 
from its neighbors 

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

 Each node uses above 
information to determine 
next hope to each destination 
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24 retransmissions to diffuse a 
message up to 3 hops 

Retransmission node 
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OLSR – Multipoint Relay 

 Only selected neighbors 
(MultiPoint Relays, MPRs) 
retransmit messages 

 

 Select MPRs such that they 
cover all 2hop neighbors 

 

 2-hop neighbors taken from 
neighbors' HELLO messages 
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11 retransmission to 
diffuse a message up to 3 
hops 

Retransmission node 
- MPR 
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OLSR – Multipoint Relay 

 A node X selects a set of neighbors as multipoint relays, 
MPR(X), such that  
 Each two-hop neighbor of X is an one-hop neighbor of at least one 

multipoint relay of X 
 MPR(X) is selected such that all two-hop neighbors of X are covered by 

one-hop neighbors of MPR(X) 
 

• MPR selector set of X, MS(X), is a node which has selected node 
X as MPR 
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OLSR - Hello Message  

 Periodically broadcast 
HELLO messages to 
one-hop neighbors 
 Link sensing  
 Neighbor Detection  

 Determine 2-hop 
neighbors 

 Recalculate the MPR 
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OLSR Hello Message Format  

 Local Topology Discovery 
 Link sensing  
 Neighbor detection  
 MPR selection 

 Link Types  
 UNSPEC_LINK 
 ASYM_LINK 
 SYM_LINK 
 LOST_LINK 

 Neighbor Types 
 SYM_NEIGH 
 MPR_NEIGH 
 NOT_NEIGH 
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OLSR - Topology Control Message 

 MPR set nodes periodically generate topology 
information in topology control message (TC) 
 List of advertised neighbors (link information) 
 Sequence number (to prevent use of stale information) 

 Each node processes all received TC messages 

 TC messages are only forwarded by MPR nodes 
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OLSR – MPR Selector Set  
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ZRP - Zone Routing Protocol 

 All nodes within hop distance at most d from a node X are said to be in the 
routing zone of node X 

 All nodes at hop distance exactly d are said to be peripheral nodes of node 
X’s routing zone 

 Neighbor discovery protocol  (NDP) 
 Intra-zone routing protocol (IARP) 

 Proactively maintain state information for links within a short distance from any given 
node 

 Routes to nodes within short distance are thus maintained proactively (using, say, link 
state or distance vector protocol) 

 Inter-zone routing protocol (IERP) 
 Use a route discovery protocol for determining routes to far away nodes 
 Route discovery is similar to DSR with the exception that route requests are propagated 

via peripheral nodes 

 Broadcast resolution protocol (BRP) 
 Provide the packet delivery services  
 Build a broadcast tree 
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ZRP  

 Zone radius r=2 
 A’s zone={B, C, D, E, F, G, H, I, J } 
 Interior nodes={C, G, I } 
 Peripheral nodes={B, D, E, F, H, J } 

1. if  D  in Zsrc then forward using IARP 
2. Else Bordercast RouteRequest (Peripheral) 
3. if D in Zperipheral then send RouteReply 
4. If Source node then select the path 
5. If D in Zperipheral then forward using IARP 
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Different blocks of ZRP Rendered topology  

What are the pros and cons ? 
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ZHLS Zone-Based Two-Level Link State Routing 

 Hybrid 2-level Hierarchical Link State routing Protocol 
 Proactive within a zone and reactive between zones  
 Divide the network into non-overlapping zones  
 There is no concept of zone head  
 Each node knows its position , and map  its position to zone ID 
 Each node maintains node –level and zone-level link state information 
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Intra-zone routing Inter-zone routing 

Draw the zone level topology? 
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Other Issues  

 Route caching 
 Source routing vs. hop by hop routing  
 Local route repair 
 Periodical Beaconing and battery life 
 Unidirectional link 
 Shortest path is not enough! 
 Power-aware routing 
 Stability-based routing 

 Load balancing 
 Effect of mobility model and traffic pattern on protocol 

performance 
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Complexity 

 Average number of messages (time) to perform protocol operation  
 τ : rate of information dissemination 
 β : rate of beaconing (or hello)   
 m : number of zones 
 R :  number of forwarding nodes , R << N 
 ρ  : routing zone radius 
 P : probability that the destination belongs to the same zone 
 N : number of nodes 
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Protocol Information 
Dissemination 

Routing 

Reactive O(βN) O(N + R) 
Link State Routing O(τN2) O(R) 
OLSR O(βN+ τRN)) O(R) 
ZRP O(Nρ2) O(P(N+R))  
Zone-based 
Protocols 

O(βN + τN2/M +NM)  O(P(N+R))  
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MULTICASTING  
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Multicast : basic concept  

 Point to multipoint (P2MP) or multipoint to multipoint 
(MP2MP)  
Community-centric /group-oriented computing and 

communication 
 Interactive online multiplayer game  
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Broadcast 
One-to all  

Multicast 
One-to-many  

Unicast  
One-to-one 

htpp://www.eurecom.fr/


Definition 

 Transmission of packets to a group of nodes identified 
by a single destination address (224.0.0.0) 

 Nodes may join/leave the multicast group anytime 

 Node mobility makes the multicasting even more 
complex than that of traditional networks 

 Scalability  
 Increase of group size 
 Increase of number of groups 
 Increase the number of sources 
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Multicast Addressing  

 Routers forward the multicast packets to the hosts 
identified by the multicast group 
 Addressing scheme  

well-known : for service and routing (e.g. 224.0.0.5 OSPF/224.0.0.9 RIP2) 
Temporary : for multicast groups  

 Ethernet : 01:00.00.00.00.0 0(e.g. IPv4 Multicast 01:00:5E:xx:xx:xx)  
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128.119.40.186 

128.59.16.12 

128.34.108.63 

128.34.108.60 

multicast  
group 

226.17.30.197 

Source: K. Ross 
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Group membership  

 Local area:  IGMP (Internet Group Management Protocol) 
 It helps a multicast router create and update a list of loyal members related to  

each router interface 

 Wide area in support of  multiprotocol 
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IGMP 

 a communications protocol used by hosts and adjacent routers 
on IP networks to establish multicast group memberships 
 Part of IP multicast (as ICMP for unicast) 

 Multicast management on IPv6 networks is handled by 
Multicast Listener Discovery (MLD) 
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Reference Architecture  

 Group Management 
handling group membership 

when nodes’ join/leave and/or 
moving 

 Multicast Packet Forwarder 
builds one or multiple 

forwarding tables based on 
multicast structure information 
and potentially routing table 

makes a forwarding decision 
based on interactions with 
PHY/MAC/Network layers  
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Issues in Multicasting  

 Advantage of multicast 
comparing to unicast 
 Offer efficient bandwidth 

utilization 
 Avoid server overload 

 Criteria 
 Cost => Bandwidth and power 
 Delay and Robustness 

 Challenges 
 Dynamic join and leave 
 Dynamic topology changes 
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Multicasting  

 Multicasting structure and group 
membership management 
(dynamic join/leave) 
 Tree-structure (figure above) 

 Source-based 
Group shared 

 Mesh-structure (figure below) 
Multiple path between any 

source and receiver pair 
forwarding group concept 

 State-less  
Explicitly mention the list of 

receivers  

 Forwarding strategy 
 On tree  
 Unicasting 
 Boadcasting 
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Multicast topology  

Group-shared (core) 
 One single tree for all 

sources in a multicast 
group 

 Single sub-optimal path 
from a source to receivers 

 Extra delay 

 Uses less memory 

Source-based tree 

 One single tree per source 
in a multicast group 

 Multiple paths from a 
source to receivers 

 Minimizes delay 

 Uses more memory 
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 Tree structure : 

• Pros : Less overhead, no loop, reduce collision/redundancy  

• Cons: vulnerable to mobility and traffic load, unreliable    
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Multicast topology  

 Mesh:  
multiple paths exist between any sender and receiver pair 
 forwarding group: only a subset of nodes forward multicast 

packets 
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 Pros: simple, route diversity  

 Cons: redundancy, congestion  
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ARMIS - Ad Hoc Multicast Routing Protocol 
Utilizing Increasing ID Numbers  
 On-demand Shared tree rooted 

at source 
 Dynamically assigns an ID number 
 Build a shared tree based on IDs   

 SID 
 Smallest-ID node, holder is the 

source/core; 

 msm-id 
  multicast session member ID 
 

 Multicast Messages: 
 NEW-SESSION (N-S, includes msm-

id/route table)  
 JOIN-REQ (J-R)  
 JOIN-ACK (J-A) 
 JOIN-NAK (J-N) 
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ARMIS  

 Downstream 
Receive N-S; 
Calculate own msm-id; 

 Upstream 
Generate J-R message; 
Send J-R up to a potential 

parent with min msm-id 
Receive J-A, path 

established! 
Timeout or received J-N 

• Retry J-R (BR1 & BR2) 
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MAODV 

 On-demand tree-based associated with the AODV  

 Concept of group leader  to maintain the group 
sequence number through periodical hello message  
 First node that request membership to the group (≠ source) 

  messages  
RREQ    
RREP 
MACT 

Select the best next hop 
Activate the link 
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ODMRP - On Demand Multicast Routing Protocol  

 On-demand mesh-based 
 Soft state approach  

 Multicast Messages: 
 JOIN-QUERY (J-Q): periodic broadcast   
 JOIN-REPLY (J-R) :periodic  

 Implicit join and leave  
 Downstream  

 If source: generate J-Q 
 Else  

 receive J-Q 
 Store upstream node info 
 Re-Broadcast J-Q 

 Upstream 
 Received J-R; 
 If node is on the path 

 Generate new J-R’ with node info and 
broadcast, established! 
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Conclusion 
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 Protocol designed for fixed network may fail in manet 

 Tree-based on-demand are not the nest choice for all 
type of application   

 In harsh environment, mesh-based protocol are 
preferred due to route diversity and  

Protocols Initiate Structure 
Routing 
dependency 

Periodic 
message  Forwarding 

AMRIS Group GroupTree Independent Yes  On tree 

MAODV Group GroupTree dependent Yes  On tree 

ODMRP Traffic Mesh Independent Yes  Flooding 
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Conclusion 

 Routing Problem Statement 

 Routing in wired networks 

 Tools and command to manipulate routing table 

 Taxonomy of Routing  

 Topology-based Routing 

 Experimental MANET Routing under IETF  

 Graph Theory, Algorithm and Protocols  

 Pseudo Algorithm, Flowchart, and State Machine 
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