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ABSTRACT 
 

In Mobile Ad hoc Networks (MANETs), due to the limited 
transmission range of wireless network nodes; multiple hops are 
usually needed for a node to exchange information with any other 
node across the network. Thus routing is a crucial issue to the 
design of a MANET. Different schemes are suggested to classify 
these protocols1 viz. based on routing information update 
mechanism, based on the use of temporal information for routing, 
based on the routing topology, based on the utilisation of specific 
resources. Another classification could be based on modality of 
utilising the possible paths in the topology i.e. single path Vs. 
Multipath. Several routing schemes have been proposed in the 
context of mobile ad hoc networks that uses multiple paths in 
different ways. One way is to use single path for sending data 
from a source node to destination node while keeping the other 
path as alternate as a backup. Another way of using multiple paths 
is use all the path simultaneously by splitting the information 
among the multitude of paths. There are different routing protocols 
which follows these different techniques to use multiple paths. In 
this paper, we specifically examine different multipath routing 
protocols in MANETs. Multipath routing is typically proposed in 
order to increase the reliability of data transmission (i.e., fault 
tolerance) or to provide load balancing.  
 

Keywords: MANET, Multipath routing, node disjoint, load balance. 
 

1. INTRODUCTION  
 
 A mobile ad hoc network (MANET) 
is a collection of mobile wireless devices or 
nodes that communicate with each other. 

These wireless devises have limited battery 
power, hindering long distance commu-
nication. Due to the limited transmission 
range of wireless network nodes, multiple 
hops are usually needed for a node to 
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exchange information with any other node in 
the network resulting in multi-hop routing. 
Thus mobile nodes in ad hoc networks act as 
hosts as well as routers. 
 

 With the advent of various types of 
mobile communication devices like laptops, 
tablet PCs, PDAs, Cellular phones 
multimedia based applications are being 
used extensively hence a need of  
multimedia based data communication has 
been increased. In a MANET, to be capable 
of carrying real-time multimedia applications 
such as voice and video as well as textual 
data, these applications place stringent 
requirements on networks for delivering real 
time audio and video packets, and other data 
packets. Mobile ad hoc networks are 
characterized by a dynamic topology, 
limited channel bandwidth and limited 
power at the nodes. Because of these 
characteristics, paths connecting source 
nodes with destinations may be very 
unstable and go down at any time, making 
communication over ad hoc networks 
difficult. On the other hand, since all nodes 
in an ad hoc network can be connected 
dynamically in an arbitrary manner, it is 
usually possible to establish more than one 
path between a source and a destination. 
When this property of ad hoc networks is 
used in the routing process, it is called 
multipath routing.  
 

 An overview of these protocol is 
studied in various papers earlier2-8 but 
number of protocols covered are limited in 
numbers, moreover all the aspects of these 

protocols are not studied and they are 
covered with a point of view to compare 
some of their performance parameters 
against some new proposed protocols. Thus 
this paper gives a complete picture of 
various contemporary multipath routing 
protocols of MANET.  
 The rest of this paper is organized as 
follows: Section 2 introduces requirements 
for multipath routing with multimedia data 
transfer in ad hoc networks, In Section 3 a 
brief overview of existing multipath routing 
protocols are described, in Section 4 
comparison of their properties to meet out 
the need of multimedia based data commu-
nication is given, Section 5 concludes this 
paper: 

 
2. REQUIREMENTS FOR MULTIPATH  
    ROUTING WITH MULTIMEDIA  
    DATA TRANSFER IN AD HOC  
    NETWORKS 
 
 To use a routing protocol for the 
multimedia based application which requires 
high packet delivery rate, a low delay and a 
small jitter, it has to have certain properties 
as described below: 
 

I. The routing protocol must provide 
multiple complete paths to destinations. 

II.  The routing protocol must provide 
loop-free paths to destinations. 

III.  The routing protocol should preferably 
provide node-disjoint paths to 
destinations. 

IV.  The multiple paths need to be used 
simultaneously for data transport. 

V. Routes need to be completely known 
at the source.  

VI.  For each route the QoS metrics must 
be known (bandwidth, delay and cost). 
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3.  INVESTIGATING MULTIPATH  
     ROUTING PROTOCOLS FOR  
     MOBILE AD HOC NETWORKS 
 
 In this section ten different 
multipath routing protocols for mobile ad 
hoc networks are described, each in a 
separate subsection. At the end of each 
subsection the basic properties of each 
protocol are listed. The protocols examined 
are all, with the exception of CHAMP, 
described by the MANET IETF working 
group or based on protocols described by 
them 
 
3.1   Split Multipath Routing (SMR) 
 

3.1.1 SMR description 
 

 The Split Multipath Routing (SMR) 
protocol9 provides a way of determining 
maximally disjoint paths. Paths are 
maximally disjoint when they are node 
disjoint, but when there are no node-disjoint 
paths available, the protocol minimizes the 
number of common nodes. Multiple routes 
are discovered on demand, one of which is 
the path with the shortest delay. The routes 
established by the protocol are not 
necessarily equal in length.  
 

 When a source needs a route to a 
destination but no information is available, it 
floods a RREQ message on the entire 
network. Because of this flooding, several 
duplicates that traversed through the 
network over different routes reach the 
destination. The destination then selects 
multiple disjoint paths, and sends RREP 
packets back via the chosen routes. Since the 
destination needs to select disjoint paths, 
source routing is used. The complete route 
information is in the RREQ packets. 

Furthermore, intermediate nodes are not 
allowed to send RREPs, even when they 
have route information to the destination. If 
nodes reply from their cache (as in DSR15,16 
and AODV12), it is very difficult to 
determine maximally disjoint multiple routes 
since the destination does not receive 
enough RREQs and will not know the 
information of routes formed from 
intermediate nodes cache. 
 
 In SMR intermediate nodes only 
forward those RREQs packets, which used a 
different incoming link than the first 
received RREQ and whose hop count is not 
larger than that of the first received RREQ. 
The SMR algorithm is optimized when the 
destination selects the two routes that are 
maximally disjoint. One of the two routes is 
the route with the shortest delay; the path 
taken by the first RREQ the destination 
receives. This path is used to minimize route 
acquisition latency required by on-demand 
protocols. When the first RREQ is received, 
the destination sends a RREP to the source 
via this path. The RREP includes the entire 
path so the intermediate nodes can determine 
where to forward the packet. 
 After having sent the first RREP, the 
destination waits a certain amount of time to 
receive more RREQs and determine all 
possible routes. In the case where there is 
more than one maximally disjoint route, the 
shortest hop distance is used to select the 
desired route. When even that still leaves 
more than one route, the path that delivered 
the RREQ the fastest is chosen. The 
destination then sends a second RREP to the 
source along the path maximally disjoint to 
the first path. 
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3.1.2 SMR properties 
 

• Source routing, packets contain 
complete routes. 

• Complete route information known at 
source (included in RREP). 

• Provides two paths (can be modified to 
more paths). 

• Provided paths are maximally disjoint. 
• Routes selected at destination. 
• One of the paths is the shortest-delay 

path. 
• RREQs contain the source ID and 

unique sequence number. 
• Intermediate nodes forward all duplicate 

RREQs that traversed through a 
different incoming link. 

• Destination first replies the fastest path 
(shortest-delay path) and then the 
maximally disjoint path after a while is 
replied. 

 
3.2 Ad hoc On-demand Multipath  

Distance Vector routing (AOMDV) 
 

3.2.1 AOMDV description 
 
 Ad hoc On-demand Multipath 
Distance Vector (AOMDV)10 is an extension 
to the AODV12 protocol for computing 
multiple loop-free and link-disjoint paths. 
The protocol computes multiple loop-free 
and link-disjoint paths. Loop-freedom is 
guaranteed by using a notion of “advertised 
hop count”. Link-disjointness of multiple 
paths is achieved by using a particular 
property of flooding. To keep track of 
multiple routes, the routing entries for each 
destination contain a list of the next-hops 
together with the corresponding hop counts. 
All the next hops have the same sequence 
number. For each destination, a node 

maintains the advertised hop count, which is 
defined as the maximum hop count for all 
the paths. This is the hop count used for 
sending route advertisements of the 
destination. Each duplicate route 
advertisement received by a node defines an 
alternative path to the destination. 
  To ensure loop freedom, a node only 
accepts an alternative path to the destination 
if it has a lower hop count than the 
advertised hop count for that destination. 
Because the maximum hop count is used, the 
advertised hop count therefore does not 
change for the same sequence number. 
When a route advertisement is received for a 
destination with a greater sequence number, 
the next-hop list and advertised hop count 
are reinitialized.  
 To find disjoint routes, each node 
does not immediately reject duplicate 
RREQs. Each RREQ carries an additional 
field called firsthop to indicate the first hop 
(neighbour of the source) taken by it. Also, 
each node maintains a first hop list for each 
RREQ to keep track of the list of neighbours 
of the source through which a copy of the 
RREQ has been received. In an attempt to 
get multiple link-disjoint routes, the 
destination replies to duplicate RREQs 
regardless of their first hop. To ensure link-
disjointness in the first hop of the RREP, the 
destination only replies to RREQs arriving 
via unique neighbours. The trajectories of 
each RREP may intersect at an intermediate 
node, but each takes a different reverse path 
to the source to ensure link-disjointness. 
 

3.2.2 AOMDV properties 
 

• Extension of AODV. 
• RREQs from different neighbors of the 

source are accepted at intermediate 
nodes. 
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• Multiple link-disjoint routes are created 
(with modification at the destination 
they can be node-disjoint). 

• Maximum hop count to each destination 
(“advertised hopcount”) is used to avoid 
loops. 

• Multiple routes are established in single 
route discovery process. 

• Nodes maintain next-hop info for 
destinations (multiple next-hops possible). 

• No complete route(s) information 
known at a source. 
 

3.3 Ad hoc On-demand Distance Vector 
– Backup Routing (AODV-BR) 

 
 

3.3.1  AODV-BR description 
 
 The AODV-BR11 protocol uses the 
same route construction process as AODV12. 
When a source needs a route to a 
destination, and there is no route to that 
destination in its route cache, it searches a 
route by flooding a route request (RREQ) 
packet. Each of these packets has a unique 
ID so intermediate nodes can detect and 
drop duplicates. When an intermediate node 
receives a RREQ, it records the previous hop 
and the source node info and then broadcasts 
the packet or sends a route reply (RREP) 
packet back to the source if a route to the 
desired destination is known. The destination 
sends a RREP via the selected route when it 
receives the first RREQ or later RREQs that 
traversed a better route (with fewer hops). 
 The alternate route creation part is 
established during the RREP phase, and uses 
the nature of wireless communications. 
When a node that is not part of the selected 
route overhears a RREP packet not directed 
to it, it records the sending neighbor as the 
next hop to the destination in its alternate 

route table. In this way a node may receive 
numerous RREPs for the same route, select 
the best route among them and insert it into 
the alternate route table. When the RREP 
finally reaches the source of the route, a 
primary route between that source and 
destination has been established. All the 
nodes that have an alternate route to the 
destination in their alternate route table form 
a fish bone, as shown in figure 1. 
 
 
 
 
 
 
 
 

         : Primary Route         : Alternate route  
     

Figure1: Multiple routes forming a fish bone 
       structure 
 
3.3.2  AODV-BR properties 
 

• Extension of AODV. 
• Floods RREQs with unique IDs so 

duplicates can be discarded. 
• Each node maintains backup route(s) in 

alternative route table. 
• Distance-vector protocol so only 

destination, next hop and number of 
hops known. 

• Alternative route (backup) route(s) used 
when primary fails. 

• No multiple complete routes available. 
• Alternative route(s) determined in RREP 

phase. 
• Alternative route(s) by overhearing 

RREPs to other nodes. 
• No complete route(s) information 

known at source. 
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3.4 Temporally-Ordered Routing Algorithm  
(TORA) 

 

3.4.1  TORA description 
 

 TORA13 is a highly adaptive, distri-
buted routing algorithm based on the 
principle of link-reversal. It provides 
multiple loop-free paths from source to 
destination. The key design concept of 
TORA is to localize control messages to a 

small set of nodes in the neighborhood of the 
topological changes. The protocol consists 
of three basic functions: route creation, route 
maintenance and route erasure. 
 To establish and maintain routes the 
protocol creates a directed a-cyclic graph 
(DAG), which is based on a “height” metric 
(see figure 2). This height differs per 
destination and thus there is one DAG per 
destination. 

 

 

 

                                 

 

 

 

 

 

 

         

 

 

 

Figure 2. (a) Route creation and   (b) Route Maintenance in TORA. 
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 For a node to initiate a route, it 
broadcasts a QUERY to its neighbors. This 
is re-broadcasted through the network until it 
reaches the destination or a node that has a 
route to the destination. This node replies 
with an UPDATE that contains its height 
with respect to the destination, which is 
propagated back to the source. Each node 
receiving the UPDATE sets its own height 
to one greater than that of the neighbor that 
sent it. 
 As figure 2(b) shows, when the last 
downstream link fails, a node generates a 
new reference level which results in the 
propagation of that reference level by 
neighbors, thus co-ordinating an effective 
and structured reaction. Links are reversed 
(see figure 2 (b)) to reflect the change in 
adapting to the new reference level. The 
effect of this reversal is the same as 
changing the direction of links when a node 
has no downstream links. 
 Timing is very important in TORA 
because the earlier mentioned “height” 
metric is time-dependent (it depends on the 
logical time of a link failure). Because of 
this time dependence, TORA requires all 
nodes having a common clock (some sort of 
timing protocol or an external clock e.g. 
GPS).. Every time a node loses its last 
downstream link due to a failure a new 
reference level is defined. The route erasure 
phase involves flooding a broadcast “clear 
packet” through the network to erase invalid 
routes. 
 

3.4.2 TORA properties 
 

• For the creation of routes a directed a-
cyclic graph is used (DAG). 

• QUERIES are sent and replied with 
UPDATES to create DAG(s). 

• A DAG is formed using height metrics. 
• When links go down nodes get new 

reference levels (heights) and links are 
reversed to notify the source. 

• All nodes need to have a common clock. 
• TORA provides multiple routes to 

destinations. 
• Routes from source to destination may 

not be optimal (not the shortest routes). 
• No complete route info known at source. 

 
3.5  MultiPath Dynamic Source Routing  
       (MP-DSR) 
 
3.5.1 MP-DSR description 
 
 MP-DSR14 is a QoS-aware multipath 
source routing protocol, based on Dynamic 
Source Routing protocol (DSR)15,16. It is a 
fully distributed QoS protocol, which creates 
and selects routes based on a newly defined 
QoS metric, end-to-end reliability. The 
protocol seeks to compute a set of routes that 
satisfy a minimum end-to-end reliability 
requirement. Given a specific end-to-end 
reliability requirement, MP-DSR tries to 
discover multiple node-disjoint paths for 
data transmission, to satisfy such a 
requirement. The end-to-end reliability is 
defined as the probability of having a 
successful transmission between two nodes 
in the network within a defined period. 
 When a host needs a route to a 
destination but no information is in its route 
cache, it will initiate a route discovery by 
flooding a RREQ packet throughout the 
network. A route record will be contained in 
the header of each RREQ in which the 
sequence of hops that the packet passes 
through is recorded. Any intermediate node 
contributes to the route discovery by 
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appending its own address to the route 
record. Once the RREQ reaches the 
destination, a RREP will reverse the route in 
the route record of the RREQ and traverse 
back through this route. 
 When an application wants to use 
MP-DSR for route discovery it supplies a 
minimum end-to-end requirement, based on 
which the protocol determines the number of 
paths needed (m0) and the lowest path 
reliability (Πlower) requirement that each path 
needs to provide. The relationship between 
m0 and Πlower is simple: when there are fewer 
paths between a source and a destination (m0 
is low), more reliable paths are needed 
(Πlower is higher) to ensure the end-to-end 
reliability. 
 

 
 RREQ   RREP 
 

Figure 3: MP-DSR RREQ and RREP Message 
 

 The Πlower is determined in such a 
way that when all paths have their reliability 
equal to Πlower, the resulting end-to-end 
reliability still satisfies the required 
reliability.   
 Additionally m0 needs to be 
determined in such a way that there are at 
least m0 neighbors whose link availability is 
greater than Πlower. Since it is preferred to 
keep the data and RREQ traffic at a 
minimum while still meeting the end-to-end 
reliability the protocol starts this process by 
setting m0 to 1 and incrementing it by 1 
every time, as long as there are no neighbors 

that satisfy Πlower. This procedure is stopped 
when the required end-to-end reliability 
condition is met. 
 
3.5.2 MP-DSR properties 
 

• Extension of DSR. 
• Source routing, so packets contain 

complete path (in header). 
• Complete route information known at 

source. 
• QoS awareness: end-to-end reliability, 

defined as the probability of having a 
successful transmission between two 
nodes in the network within a defined 
period. 

• Provides multiple routes from source to 
destination. 

• Provides node-disjoint paths. 
• Intermediate nodes compare received 

RREQs with the required end-to-end 
reliability and determine whether they 
forward or discard them. 

• At the destination RREPs are sent back 
along the node-disjoint paths that meet 
the end-to-end reliability (i.e. routes are 
selected by the destination). 

 
3.6   Zone Routing Protocol (ZRP) 
 

3.6.1  ZRP description 
 

 The Zone Routing Protocol (ZRP)17,18 
combines the advantages of pro-active 
protocols and re-active protocols in a hybrid 
scheme. It uses a pro-active protocol in the 
neighborhood of a node (Intrazone Routing 
Protocol, IARP) and a re-active protocol for 
routing between neighborhoods (Interzone 
Routing Protocol, IERP).  
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   Figure 4. Routing Zone of node A with ρρρρ = 2.     Figure 5. The different ZRP Components 
 

  
The local neighborhoods are called zones 
and are different for each node. Each node 
may be in multiple overlapping zones, which 
may all differ in size. 
 
 The “size” of a zone is determined 
by a certain radius of length ρ, and not by 
some geographical measurement. Where the 
length ρ is the number of hops to the 
perimeter of the zone (see figure 4). 
Obviously a node needs to know its 
neighbors before it can determine its 
neighborhood (routing zone) and its 
peripheral nodes. A Neighbor Discovery 
Protocol (NDP) is used for this. This, 
together with the earlier mentioned 
difference between local and inter-local 
routing, shows that the ZRP is not a distinct 
routing protocol, but more a framework for 
other protocols. For example a re-active 
protocol such as AODV12 might be used as 
the IERP, while OLSR19 can be used as the 
pro-active IARP. Figure 5 illustrates the 
different protocols and their interactions. 
The IARP in ZRP must be able to determine 
a node’s neighbors itself, for situations 
where the NDP does not work. This protocol 
is usually a pro-active protocol and is 
responsible for the routes to the peripheral 
nodes.  

 The IERP on the other hand is 
responsible for the routing among the 
peripheral nodes and thus for the routing 
between different zones. When a node has a 
packet with a destination outside its own 
zone, it forwards the packet to its peripheral 
node’s, which maintain routing information 
about neighboring zones and can forward the 
packet further. The packets are not just 
flooded to all the peripheral nodes, instead a 
bordercast algorithm is used to make this 
process more efficient (Bordercast Resolution 
Protocol, BRP, see also figure 5). 

 

3.6.2  ZRP properties 
 

• Hybrid protocol (combining pro-active 
and re-active routing). 

• No distinct protocol but framework.  
• May or may not provide multiple paths 

(dependent of protocols used as IARP 
and IERP). 

• Neighbor discovery through NDP. 
• Locally pro-active. 
• Inter-locally re-active. 
• Framework, needs other protocols to 

function. 
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3.7 Optimized Link State Routing (OLSR) 
 
3.7.1  OLSR description 
 
 The Optimized Link State Routing 
protocol (OLSR)19,20 is an optimization of a 
pure link state protocol (complete link 
information is flooded though network) as it 
compacts the size of information sent in 
each message, and reduces the number of 
retransmissions to flood these messages in 
the entire network. The protocol uses a 
multipoint relaying technique to flood its 
control messages in an efficient and 
economic way.  
 The idea of multipoint relays is to 
minimize the flooding of broadcast packets 
in the network by reducing retransmissions 
in the same region. Each node selects a set 
of 1-hop neighbors, which retransmits its 
packets. These neighbors are called the 
multipoint relays (MPRs) of that node. The 
neighbors of any node N that are not in the 
MPR set, read and process packets but do 
not retransmit the broadcast packets received 
from node N. For the retransmission, each of 
the nodes maintains a set of neighbors called 
MPR Selectors. The node is assumed to 
retransmit every broadcast message coming 
from one of these MPR Selectors. 
 

 The multipoint relay set is chosen 
among a node’s one-hop neighbors in such a 
manner that it is the minimum set that covers 
(radio range) all the nodes that are two hops 
away. The multipoint relay set of N, 
MPR(N), satisfies the following condition: 
every node in the two hop neighborhood of 
N must have a bi-directional link towards 
other nodes in MPR(N).  These bi-
directional links are determined by 
periodically broadcasting HELLO messages, 

containing the information about neighbors 
and their link status. Figure 6 shows the 
multipoint relay selection around a node N. 
 

 
Figure 6. MPR node sends the TC message 

 
OLSR protocol depends on the selection of 
multipoint relays and determines routes 
through these nodes. The MPR nodes are 
selected as intermediate nodes in the path. 
To use this scheme every node periodically 
broadcasts its one-hop neighbors, which 
have selected it as multipoint relay. Each 
node uses this information to calculate and 
update each known destination. A route is a 
sequence of hops through the multipoint 
relays from source to destination. 
 
3.7.2  OLSR properties 
 

• Pro-active protocol. 
• Optimization of pure link-state protocol. 
• Neighbors discovered via HELLO 

messages containing all neighbors and 
link-states. 

• Routes created from multipoint relays 
(MPRs) (intermediate nodes are all MPR 
nodes). 
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• MPRs are 1-hop neighbors via a bi-
directional link covering all 2-hop 
neighbors. 

• Multiple routes to destination possible. 
• No complete routes known at the source 

(only next hops). 
 

3.8  Topology Dissemination Based on  
       Reverse-Path Forwarding (TBRPF) 
 
3.8.1  TBRPF description 
 
 The Topology Dissemination Based 
on Reverse-Path Forwarding (TBRPF)21, 22 
uses the concept of reverse-path forwarding 
to broadcast link-state updates in the reverse 
direction along the spanning tree formed by 
the minimum-hop paths from all nodes to 
the source of the update. The information 
received along these broadcast trees is used 
to compute the minimum-hop paths that 
form the trees themselves. Since minimum-
hop paths are computed, each source node 
broadcasts link-state updates for its outgoing 
links along a minimum-hop tree rooted at 
the source. So a separate broadcast tree is 
created for each source. 
 A topology update reporting the 
state of link (u, v) is a tuple (u, v, c, sn), 
where c and sn are the cost and the sequence 
number associated with the link. Node u is 
the head node of the link; it is the only node 
that can report changes in the parameters of 
link (u, v). Thus, any link-state update (u, v, 
c, sn) originates from node u. 
 
 The protocol stores the following 
information at each node of the network:  
 

- A topology table, consisting of all link-
states stored at the node.  

- A list of neighbor nodes. 

- For each node: a parent (next node on 
the minimum-hop path to the source), a 
list of children and the sequence number 
of the most recent link-state update. 

 
 The parents form a minimum-hop 
spanning-tree toward the source of an 
update. The idea in TBRPF is to broadcast 
topology updates in reverse direction along 
this tree, while at the same time modifying it 
based on the new topology information, 
received along the tree. 
 In TBRPF the broadcast of a link-
state update originated at a source is 
accepted by another node if it is received 
from the parent of that node and if it has a 
larger sequence number than the 
corresponding link-state entry in the 
topology table. If the link-state update is 
accepted, the topology table is updated and 
then forwarded to all children of the node. 
 

3.8.2  TBRPF properties 
 

• Pro-active protocol. 
• Uses a minimum-hop spanning tree to 

broadcast link-state updates. 
• Minimum-hop spanning tree is rooted at 

the update of the source. 
• The minimum-hop tree is maintained 

with info received from the tree itself. 
• Each node is provided with full topology 

information. 
• Multiple paths to destinations possible. 
 

3.9     Multipath Source Routing (MSR) 
 

3.9.1  MSR description 
 
 Multipath Source Routing (MSR)23, 

24 is an extension of the on-demand DSR 
protocol. It consists of a scheme to distribute 
traffic among multiple routes in a network. 
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MSR uses the same route discovery process 
as DSR with the exception that multiple 
paths can be returned, instead of only one. 
 When a source requires a route to a 
destination but no route is known (in the 
cache), it will initiate a route discovery 
process by flooding a RREQ packet 
throughout the network. A route record in 
the header of each RREQ records the 
sequence of hops that the packet passes. An 
intermediate node contributes to the route 
discovery by appending its own address to 
the route record. Once the RREQ reaches the 
destination, a RREP will reverse the route in 
the route record of the RREQ and traverse 
back through this route. 
 Each route is given a unique index 
and stored in the cache, so it is easy to pick 
multiple paths from there. Independence 
between paths is very important in multipath 
routing; therefore disjoint paths are preferred 
in MSR. As MSR uses the same route 
discovery process as DSR, where the 
complete routes are in the packet headers, 
looping will not occur. When a loop is 
detected, it will be immediately eliminated. 
  

 Since source routing is used in 
MSR, intermediate nodes do nothing but 
forward the packet according to the route in 
the packet-header. The routes are all 
calculated at the source. A multiple-path 
table is used for the information of each 
different route to a destination. This table 
contains for each route to the destination: the 
index of the path in the route cache, the 
destination ID, the delay and the calculated 
load distribution weight of a route. The 
traffic to a destination is distributed among 
multiple routes. The weight of a route 
simply represents the number of packets sent 
consecutively on that path. 

2.9.2  MSR properties 
 
• Re-active protocol (on-demand), 

extension of DSR. 
• Provides multiple paths from source(s) 

to destination(s). 
• Provides loop-free paths. 
• Provides disjoint paths. 
• Traffic load is distributed (based on 

delay: lower delay means more traffic). 
• Complete route(s) known at source. 

 
3.10   CacHing And Multipath routing  
 Protocol (CHAMP) 
 
3.10.1   CHAMP description 
 
 The CacHing And Multipath routing 
Protocol (CHAMP)25,26 is a protocol which 
uses data caching and shortest multipath 
routing to reduce packet loss due to frequent 
route breakdowns. 
 Co-operative packet caching is a 
technique that exploits temporal locality in 
dropped packets. Every node maintains a 
small buffer for caching packets that pass 
through it. So when a downstream node 
encounters a forwarding error, an upstream 
node with the pertinent data in its buffer and 
alternative route can retransmit the data. To 
do this, nodes must have multiple routes to 
every active destination. This is done by a 
simple mechanism that selects the shortest 
multipath routes, a criterion based on 
minimizing delay and enabling a node to use 
any of the paths for data forwarding without 
severely disrupting the arrival order of 
packets at the destination. When forwarding 
packets, intermediate nodes use the least 
used successor to the destination, thus 
spreading the data in a round robin-way. 
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 In CHAMP every node maintains a 
route cache containing forwarding 
information and a route request cache 
containing recently received and processed 
route requests. The route cache contains the 
following for each entry: a destination 
identifier, the distance to the destination, the 
set of successor or next hop nodes for the 
destination, the time each successor node 
was last used and the number of times each 
successor node is used. Entries that have not 
been used for a period of time 
(RouteLifetime) are deleted from the route 
cache. 
 The route request cache is a list 
containing for each entry: source identifier, 
identifier of node being searched, the 
sequence number, the minimum forward 
count, the set of nodes that forwarded the 
same request, and the status of the route 
request (i.e. Replied or NotReplied). 
In addition each node also maintains a send 
buffer for packets waiting or routes and a 
data cache for storing recently forwarded 
packets. 
 A node initiates a route discovery 
when it has no route available. It floods the 
network with a RREQ for the destination 
establishing a DAG rooted at the source. 
When the destination receives a RREQ, it 
sends back a RREP. Multiple routes of equal 
length are established via a minimum 
forwarding count value. A forwarding count 
is initialized at 0 (source) and increased by 1 
with every retransmission. 
 

3.10.2  CHAMP properties 
• Re-active protocol (on-demand). 
• Delivers multiple paths to destinations. 
• No complete route(s) known at a source. 
• Uses temporal caching to reduce packet 

losses. 

• Cached routes for backup (used when 
another route fails). 

• Delivers non-disjoint multiple paths. 
• Protocol selects shortest multipath 

routes. 
• Traffic is distributed among multiple 

paths (in a round-robin way). 
 

4.   MULTIPATH   ROUTING  
      PROTOCOL COMPARISON 
 
 To use a routing protocol for the 
Application which requires high packet 
delivery rate, a low delay and a small jitter, 
it has to have certain properties as described 
in section 2. In this section each of the 
protocols described in section 3 will be 
compared with that list of properties. 
 
I.  Protocol must provide multiple 

complete paths from source to 
destination. 
 

 AODV-BR, OLSR and TBRPF do 
not provide multiple complete routes from 
source to destination and thus are not suited 
for the use of multimedia based data 
communication. The AODV-BR only 
provides local backups. With TBRPF all 
nodes have full topology information and 
could compute multiple paths to a 
destination. 
 

II.  Protocol should preferably provide 
loop-free paths. 

 

 All described protocols provide 
loop-free paths from sources to destinations. 
The source routing protocols, MP-DSR, 
SMR and MSR all have the complete routes 
included in the packet headers, so it is easy 
to detect and remove loops. AODV-BR uses 
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sequence numbers to avoid loops while 
AOMDV uses the notion of advertised hop 
count to avoid loops. TORA and CHAMP 
both use directed a-cyclic graphs to establish 
loop-free routes. The pro-active protocols, 
TBRPF and OLSR all create routes when the 
topology is already known, so here also 
loops can be avoided. 
 

III.  The protocol must provide node-
disjoint paths. 

 

 AODV-BR, OLSR, and TBRPF do 
not provide node-disjoint paths, since these 
protocols are not able to provide multiple 
complete routes. AOMDV and SMR do not 
always provide multiple node-disjoint paths. 
With AOMDV the paths could be node-
disjoint, but only link-disjointness is 
guaranteed. A modification at the destination 
is needed to ensure node-disjointness in the 
paths.  
 With SMR, when node-disjoint 
paths are available it will provide them, but 
when only link disjoint paths are available, 
two link-disjoint paths will be provided. 
 
IV.  The complete path information is 

known at the source. 
 

 The only protocols where complete 
route information is known at the source are 
the pro-active protocols, OLSR, and TBRPF, 
and the source routing protocols, MP-DSR, 
SMR and MSR. With AODV-BR and 
AOMDV, which are both distance vector 
protocols, only the next hop to the 
destination is known. This is also the case 
with TORA and CHAMP. 
 

V. The delay of each path is known. 
 

 MSR is the only protocol that uses 
the delay of each path in some way. It uses 

the delay of each path to distribute traffic 
along these paths. This is done in such a way 
that paths with smaller delay will get more 
traffic. However MP-DSR also is a QoS-
aware routing protocol. It uses QoS 
measurement: end-to-end reliability for 
creating and selecting routes. 
 
VI.  The multiple paths are used 

simultaneously. 
 
 AOMDV, TORA, MP-DSR, SMR, 
CHAMP and MSR are the protocols that 
provide multiple complete paths from a 
source to a destination. In AOMDV, TORA 
and CHAMP there is only one route (mostly 
the shortest route) used for data transport, 
the others function as backups for when the 
primary route fails. MP-DSR, SMR and 
MSR the multiple routes are all used for data 
transport. The traffic originated at the source 
is split up and sent over different routes to 
avoid congestion and use resources more 
efficiently. 
 
5.  CONCLUSION 
 

 Several existing multipath routing 
protocols are discussed here; some of them 
have little original contribution and are 
extensions of existing methods. Extensions 
are accepted only if they can satisfy the 
requirement properly and yields good 
communication performance. If an approach 
cannot be realised or cannot provide 
reasonable communication performance to 
support useful applications, then it is 
unlikely that the protocol be accepted and 
deployed. It is essential that one perform his 
own reasoning of the advantage or 
disadvantages, impact of these protocols 
depending upon need.  
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