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Abstract
Mobile Ad-Hoc Networks (MANETs) are promising wireless 
technology. MANETs are collections of mobile nodes that can 
dynamically form temporary networks without an infrastructure 
or centralized administration. Each node in MANET can 
communicated with other neighbored nodes using multi-hop 
wireless link. These nodes can be arbitrarily located and can 
move freely. Hence, the network topology can change rapidly and 
dynamically, MANET faces several challenges such as routing. 
Several routing algorithms have been proposed for MANETs. In 
this article we can analyses the performance of the three routing 
protocols based on effects of mobility. We can consider the 
performance analysis metrics such as throughput, packet delivery 
ratio, average end-to-end delay and average jitter.
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I. Introduction
A Mobile Ad-Hoc Network (MANET) is comparatively 
new communication paradigm and budding technology. The 
Infrastructure networks rely on a fixed base station or access point, 
where all the mobile nodes are connected to it. The infrastructure 
less networks is the ad hoc networks, where all the mobile nodes 
are connected to each other with the absence of an access point 
a centralized point of management. A mobile ad hoc network 
consists of nodes. Nodes within radio range of each other can 
communicate directly over wireless links, and those that are far 
apart use other nodes as relays. Each host in a MANET also acts 
as a router and routers are mostly multi hop [1].
A route setup between nodes for data transmission is a major 
problem in mobile ad hoc networks. Due to this problem, 
researchers are developed several protocols under the authority 
of Mobile Ad hoc networking group. MANET is a charter of 
Internet Engineering Task Force (IETF). Lots of research has 
also been done about the performance of ad hoc networks under 
varying scenarios. Different kind of metrics or Characteristics 
may be used to analyze the performance of an ad hoc network. 
The fig 1 shows the mobile ad hoc networks. 

Fig. 1: Mobile Ad-Hoc Networks

It is used in areas of Sensor networks for environmental monitoring, 
Rescue operations in remote areas, Remote construction sites, 
and Personal area Networking, Emergency operations, Military 
environments, Civilian environments. The scopes of the ad-hoc 
network are also associated with Dynamic topology changes, 
Band width constrained, Energy constrained operation, Limited 
physical security, Mobility-induced packet losses, Limited 
wireless transmission range, Broadcast nature of the wireless 
medium, Hidden terminal problem, and Packet losses due to 
transmission errors attention due to many potential military and 
civilian applications. A MANET uses multi-hop routing instead 
of a static network infrastructure to provide network connectivity 
[2].

II. MANET Routing Protocols  
Routing protocols are playing vital role in MANET for 
establishment of communication path between any nodes over 
the networks. Each routing protocols should have its own merits 
and demerits, so that any of the protocols could not asserted as 
absolutely better than other protocols. In MANET routing protocol 
design and classification are consider different scenarios such as 
what type of information can broadcast, when and how the routing 
information can communicate and when and how the routing 
algorithm can computing, etc.,
There are three kinds of routing protocols such as Table 
Driven (Proactive), On-demand (Reactive) and Hybrid routing 
protocols.

A. Proactive (Table-Driven) Routing Protocol
In proactive routing protocol perform reliable and up-to-date 
routing information to all the nodes is maintained at each node.

B. Reactive (On-Demand) Routing Protocol
This type of protocols find route on demand by flooding the 
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network with Route Request packets.

C. Hybrid Routing Protocol
The advantages of Reactive and Proactive protocols are combined 
and a new protocol is created. This routing scenario is known as 
Hybrid Routing Protocol (HRP). Thus in this the performance is 
improved by finding the rout faster. Zone Routing Protocol (ZRP) 
and Temporally- Ordered Routing Algorithm (TORA) are coming 
under this category [3]. 

Fig. 2: Classification of Routing Protocols in MANET

III. Ad-Hoc On-Demand Distance Vector (AODV)
AODV combines some properties of both DSR and DSDV. It uses 
route discovery process to cope with routes on demand basis. It 
uses routing tables for maintaining route information. 

A. Route Discovery
Whenever a node S would like to desires to communicate with a 
node T, AODV initiates RREQ message which including the last 
known sequence number for T and a unique RREQ id. The RREQ 
message is broadcasted to the neighbor node.  This message is 
flooded throughout the network.  Each node can forwarding the 
RREQ generates a reverse route for itself back to S using the 
address of the previous hop as the next hop entry for the node 
originating the RREQ. When the RREQ reaches a node with a 
route to T a RREP, containing the number of hops to T and the 
sequence number for that route, is sent back along the reverse 
path. An intermediate node must only reply if it has a fresh route, 
i.e., the sequence number for T is greater than or equal to the 
destination sequence number of the RREQ. Since replies are sent 
on the reverse path. Route discovery is illustrated in fig. 3[3, 6, 
and 7].

Fig. 3: Route Discovery in AODV. Node 2 wants to Communicate 
with Node 9. Each Node Forwarding the RREQ Creates a Reverse 
Route to Node 2 used when Sending back the RREP

If a middle node has a route to a requested destination and sends 
back an RREP, it must discard the RREQ. Furthermore, it may send 
a gratuitous RREP to the destination node containing address and 
sequence number for the node originating the RREQ. Gratuitous 
RREPs are sent to improve any route discovery initiated by the 
destination node.

Fig. 4: Generation of an RREP by an Intermediate Node. Node 
4 has a Route to Node 9 and Sends an RREP to node 2 and a 
Gratuitous RREP to Node 9

B. Route Maintenance
Due to MANET characteristic topologies are changed frequently. 
So, Route Maintenance of AODV to maintain paths, nodes 
continuously tries to detect link failures. Nodes listen to RREQ 
and RREP messages to do this. Furthermore, each node promises 
to send a message every n seconds. If no RREQ or RREP is sent 
during that period, a Hello message is sent to indicate that the 
node is still present. Alternately, a link layer technique can be used 
to discover link failures. When a node detects a link break or it 
receives a data packet it does not have a route for, it creates and 
sends a Route Error (RERR) packet to inform other nodes about 
the error. The RERR contains a list of the unreachable destinations. 
If a link break arises, the node adds the unreachable neighbor to 
the list. If a node receives a packet it does not have a route for, the 
node adds the unreachable destination to the list. In both cases, all 
entries in the routing table that make use of the route through the 
unreachable destination are added to the list. The list is pruned, as 
destinations with empty precursor lists, i.e., destinations that no 
neighbors currently make use of, are removed. The RERR message 
is either unicasted (in case of a single recipient) or broadcasted to 
all neighbors having a route to the destinations in the generated 
list. This specific set of neighbors is obtained from the precursor 
lists of the routing table entries for the included destinations in 
the RERR list. When a node receives an RERR, it compares the 
destinations found in the RERR with the local routing table and 
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any entries that have the transmitter of the RERR as the next hop, 
remains in the list of unreachable nodes. The RERR is then either 
broadcasted or unicasted as described above. The intention is to 
inform all nodes using a link when a failure occurs. For example, 
in fig. 5, a link between node 6 and node 9 has broken and node 
6 receives a data packet for node 9. Node 6 generates a RERR 
message, which is propagated backwards toward node 2 [8].

Fig. 5: Generation of RERR Messages. The Link Between Node 
6 and Node 9 has Broken, and Node 6 Generates an RERR

IV.   Dynamic Source Routing (DSR)
The Dynamic Source Routing (DSR) protocol is used in multi-
hop MANET. It is a simple and efficient, highly reactive, 
routing protocol. This routing protocol, each node can discover 
dynamically a source route to any destination in the network over 
multiple hops. Data packets are moved through a network using 
a path predetermined with the source node. The path information 
to use during the routing is placed in the packet [9].

A. Route Discovery
Route discovery mechanism is shown in figure-6. Node 2 has a 
data packet to send to node 9 and floods a RREQ in the network. 
The RREQ packet contains a unique request id generated by the 
source node and a record listing the addresses of all intermediate 
nodes. Each node receiving the RREQ rebroadcasts the packet, 
if the node is not the target, it has not forwarded the packet 
previously, and it does not find its own address already listed in 
the route record. The request id of the RREQ is used to check for 
already forwarded packets, i.e., duplicate RREQs. Finally, the 
node appends its address to the route record of the packet.

Fig. 6: The Route Discovery Process for DSR. Node 2 is the 
Initiator and Node 9 is the Target

The RREQ enters at node 9 through different routes and the node 
then returns a Route Reply (RREP) to node 2, the initiator of 
the route discovery, containing the recorded route. When node 
2 receives the RREP sent by node 9, it saves the listed route in 
its route cache for use for subsequent sending. The RREP can be 
returned various ways shown in above fig. 6.

Route Maintenance
Each node in MANETs is transmitting packets to neighbor nodes. 
It is a responsible for ensuring that the next hop neighbor receives 
the packet. This can be performed in three ways:
It can either per-hop acknowledgements, passive acknowledgements, 
or finally a flag set in a DSR control packet requesting explicit 
next hop acknowledgement. Upon detection of a link break when 
forwarding a packet, a RRER error packet is sent to the node 
originating the packet, stating the link that is currently broken. 
For example, in figure, node 9 has moved outside the transmission 
range of node 6 and it is unable to deliver the data packet to node 
9.

Fig. 7: Route Maintenance. Node 9 Cannot be Reached by Node 
6 Anymore and a RERR is Returned to Node 2.

Node 6 then returns RERR to node 4 that in return propagates it 
to node 2, the original sender, which removes the route from its 
route cache. It can then use another cached route (for example, 
the path 2-4-5-9 learned from the previous route discovery), or 
perform a new route discovery for node 9.

V.   The DYMO Routing Protocol 
Dynamic MANET On-demand (DYMO) routing protocol facilitates 
reactive, multihop unicast routing between participating DYMO 
routers. DYMO is an improved version of AODV.  DYMO routing 
protocol consists of two protocol operations: route discovery and 
route maintenance. Routes are discovered on-demand when a 
node needs to send a packet to a destination currently not in its 
routing table. A route request message is flooded in the network 
using broadcast and if the packet reaches its destination, a reply 
message is sent back containing the discovered, accumulated path. 
Routing table consists of Destination Address, Sequence Number, 
Hop Count, Next Hop Address, Next Hop Interface, Is Gateway, 
Prefix, Valid Timeout, and Delete Timeout.

A. Route Discovery
Whenever a node S wishes to communicate with a node T, it 
initiates a RREQ message. The nodes are creating RREQ message 
and the RREP message, called as Routing Messages (RM). The 
sequence numbers are maintained by the node is incremented 
before it is added to the RREQ. Figure 8 shows the route discovery 
processing, node 2 wants to communicate with node 9 and thus, 
node 2 is S, the source, and node 9 is T, the target destination. 
In the RREQ message, the node 2 includes its own address and 
its sequence number, which is incremented before it is added to 
the RREQ. Finally, a hop count for the originator is added with 
the value 1. Then information about the target destination 9 is 
added. The most important part is the address of the target. If the 
originating node knows a sequence number and hop count for 
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the target, these values are also included. The message is flooded 
using broadcast, in a controlled manner, throughout the network, 
i.e., a node only forwards an RREQ if it has not done so before. 
The sequence number is used to detect this. Each node forwarding 
an RREQ may append its own address, sequence number, prefix, 
and gateway information to the RREQ, similar to the originator 
node. Upon sending the RREQ, the originating node will await 
the reception of an RREP message from the target. If no RREP 
is received within RREQ WAIT TIME, the node may again try to 
discover a route by issuing another RREQ. RREQ WAIT TIME 
is a constant defined in the DYMO specification and the default 
value is 1000 milliseconds. 
In figure-8, the nodes 4 and 6 append information to the RREQ 
when they propagate the RREQ from node 2. When a node receives 
an RREQ, it processes the addresses and associated information 
found in the message. An RREP message is then created as a 
response to the RREQ, containing information about node 9, 
i.e., address, sequence number, prefix, and gateway information, 
and the RREP message is sent back along the reverse path using 
unicast. Since replies are sent on the reverse path, DYMO does 
not support asymmetric links. The packet processing done by 
nodes forwarding the RREP is identical to the processing that 
nodes forwarding an RREQ perform, i.e., the information found 
in the RREP can be used to create forward routes to nodes that 
have added their address block to the RREP.

Fig. 8: The DYMO Route Discovery Process. Node 2 Wants to 
Communicate with Node 9. Each Node Forwarding the RREQ 
Creates a Reverse Route to 2 used when Sending Back the RREP. 
When Sending Back the RREP, Nodes on the Reverse Route 
Create Routes to Node 9.

We shortly summarize the route discovery process depicted in 
figure-8. Node 2 wants to communicate with node 9 and floods 
an RREQ message in the network. As can be seen in the figure, 
when node 2 begins route discovery, the RREQ initially contains 
the address of the originator and target destination. When node 
4 receives the RREQ, it installs a route to node 2. After node 4 
has forwarded the RREQ, it has added its own address to the 
RREQ, which means it now contains three addresses. Identical 
processing occurs at node 6 and it installs a route to node 2 with 
a hop count of 2 and node 4 as the next hop node. When node 9 
receives the RREQ, it contains four addresses and has travelled 
three hops. Node 9 processes the RREQ and install routes using 
the accumulated information and as it is the target of the RREQ, 
it furthermore creates an RREP as a response. The RREP is sent 
back along the reverse route. Similar to the RREQ dissemination, 
every node forwarding the RREP adds its own address to the RREP 

and installs routes to node 9.

B. Route Maintenance
Route maintenance is the process of responding to changes in 
topology that happens after a route has initially been created. 
To maintain paths, nodes continuously monitor the active links 
and update the Valid Timeout field of entries in its routing table 
when receiving and sending data packets. If a node receives a 
data packet for a destination it does not have a valid route for, it 
must respond with a Route Error (RERR) message. When creating 
the RERR message, the node makes a list containing the address 
and sequence number of the unreachable node. In addition, the 
node adds all entries in the routing table that is dependent on 
the unreachable destination as next hop entry. The purpose is to 
notify about additional routes that are no longer available. The 
node sends the list in the RERR packet. The RERR message is 
broadcasted. The dissemination process is illustrated in figure-9. 
A link between node 6 and node 9 breaks and node 6 receives a 
data packet for node 9. When we say a link is broken, it could just 
be that the time stamp in the route table entry for a node timed 
out and the entry has become invalid. Node 6 generates an RERR 
message, which is propagated backwards towards node 2.

Fig. 9: Generation and Dissemination of RERR Messages. The 
Link Between Nodes 6 and 9 Breaks, and Node 6 Generates an 
RERR. Only Nodes Having a Route Table Entry for Node 9 
Propagate the RERR Message Further

When a node receives an RERR, it compares the list of nodes 
contained in the RERR to the corresponding entries in its routing 
table. If a route table entry for a node from the RERR exists, it is 
invalidated if the next hop node is the same as the node the RERR 
was received from and the sequence number of the entry is greater 
than or equal to the sequence number found in the RERR. If a 
route table entry is not invalidated, the corresponding entry in the 
list of unreachable nodes from the RERR must be removed. If no 
entries remain, the node does not propagate this RERR further. 
Otherwise, the RERR is broadcasted further. The sequence number 
check mentioned is performed to only invalidate fresh routes and 
to prevent propagating old information. The intention of the RERR 
distribution is to inform all nodes that may be using a link, when 
a failure occurs. RERR propagation is guaranteed to terminate 
as a node only forwards an RERR message once. In fig. 9, when 
the RERR is broadcasted, additional nodes beside node 4 and 2 
will receive the message, for example, the nodes 5, 7, and 10. As 
none of these use nodes 6 as a next hop towards node 9, they all 
drop the RERR after processing the message. In addition to acting 
upon receiving a packet to a destination without a valid route 
table entry, nodes must continuously try to detect link failures to 
maintain active links [5, 10].
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VI. Performance Metrics
The performance of routing protocols is compared on the basis 
of following performance metrics.

A. Throughput
Ratio of the packets delivered to the total number of packets 
sent. 
DYMO shows substandard throughput as compared to AODV 
and DSR routing protocols, and its performance further declines 
with increase in maximum velocity of nodes.

Fig. 10: Throughput of 50 Nodes

A. Packet Delivery Ratio (PDR)
Packet Delivery Ratio in this simulation is defined as the ratio 
between the number of packets sent by Constant Bit Sources (CBR) 
and numbers of packets received by CBR sink at destination. 

AODV delivers almost 75 percent of packets and less performance 
degradation with increase in velocity as compared to other 
protocols.

Fig. 11:  Packet Delivery Ratio of 50 Nodes

B. Average End-to-End Delay
Average end-to-end delay is that time taken for the packets to 
reach the destination. Lost packets are not considered. AODV 
show least delay with maximum of 0.14 second at velocity of 30 
meter/second. DYMO is worst performer with maximum delay.

Fig. 12: Average End-to-End delay of 50 Nodes

C. Average Jitter
Jitter describes standard deviation of packet delay between all 
nodes. This is caused by network congestion, timing drift, or route 
changes. For an efficient routing protocol, it should be as low as 
possible. DSR and AODV shows average jitter as compared to 
DYMO.

Fig. 13: Average Jitter of 50 Nodes

VII. Conclusion
In this article we studied and compared the characteristics of 
AODV, DSR and DYMO and also evaluated its performance based 
on different velocity of nodes. We concentrated on metrics such 
as throughput, packet delivery ratio, average end-to-end delay 
and average jitter. As a result AODV performs is best in terms of 
PDR and Delay. DSR also performs best in terms of throughput. 
In jitter, AODV and DSR prove average performance. DYMO 
prove worst performance in terms of throughput and average 
jitter. In future study, different node placement strategy, mobility 
model, additional metrics such as residual energy, average packet 
size of routing packets and normalized routing overhead may be 
considered. 
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Table 1: Comparison of Characteristics of Routing protocols
SL.NO PROTOCOL  PROPERTY AODV DSR DY MO
1 Multicost Route NO YES MULTI HOP ROUTING
2 Unidirectional Link NO YES NO
3 Multicast YES NO NO
4 Periodic Broadcast YES NO YES
5 QOS support NO NO YES

6 Route Information Maintained In ROUTE TABLE ROUTE CACHE
FORWARDING INFORMATION 
BASE (FIB) OR KERNAL 
FORWARDING/ROUTE TABLE

7 Reactive YES YES YES
8 Loop Free YES YES YES
9 Route Optimization YES YES YES
10 Scalability YES YES YES
11 Routing Philosophy FLAT FLAT FLAT
12 Distributed YES YES YES

13 Route Reconfiguration Erase Route Notify 
Source

Erase Route Notify 
Source Delete  Route Notify Source

14 Proactive NO NO NO


