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Abstract
Mobile ad hoc network (MANET) is an autonomous system of mobile nodes connected by wireless links. Infrastructure-less environment and frequently changing
topology due to mobility of nodes makes routing a difficult task. There is no centralized control such as base station and can be set up according to demand wherever
required. Effective routing protocol is required for finding the optimum path as per
the application requirement. In this paper, analysis has been carried out about various basic routing protocols techniques, issues related to them especially in MANETs
routing and performance comparison of different proposed approaches in terms of
different network performance parameters.
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1. Introduction
The data communication is transmission of data between different devices [1]. The basic requirements of any communication system are source, destination and communication medium. The communication can be of two types based on medium used wireless or wired. The mobile ad hoc networks are wireless and they do not require any
fixed infrastructure as shown in Figure 1. Mobile Ad hoc Networks (MANET) are selfconfiguring network of wireless devices with no access point or a centralized control
[1]. Every node in the network is independent to join or leave the network at any time.
Each intermediate node in the network can act as a router to forward a packet for path
discovery. Due to node mobility, the topology of the network changes randomly and
frequently. The most unique feature of a MANET is that it does not need any fixed
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Figure 1. Mobile ad hoc network.

infrastructure. Network can be set up anywhere without the aid of any fixed infrastructure. MANETs have gained a lot of attention because of its significant advantages
brought like multi-hop, infrastructure-less transmission. Due to tremendous growth in
wireless technology, a lot of researches have been carried out to replace traditional infrastructure environment into the ad hoc environment. Although MANETs have
changed the wireless scenario for data communication, a number of issues still remain
to be touched. The most important and challenging issue is routing of data packets. As
the nodes can enter or leave the network at any moment, topology changes frequently
and it becomes very difficult to select a forwarding node to route the packets. To find
an optimal path from the source node to the destination node also remains a challenge.
The absence of a centralized control also adds to this issue.
MANETs find its application in locations with extreme terrain. The major application of mobile ad hoc networks includes sharing tactical information by military persons in Battlefield, communication in disaster such as earthquake, business associates
sharing information during a meeting. MANET does not use a static network infrastructure [2] [3].
In this paper, routing related problems that arise due to unpredictable behavior of
MANETs have been discussed. As there is no centralized administration or control, it
becomes a challenging task to discover a desired route in such a dynamic environment.
We have focused upon the most important challenge i.e. routing in such highly dynamic networks and list out various network parameters that has to be considered for
data communication while designing and selecting a particular routing protocol. Analysis on performance metrics and issues related to ad hoc networks is given in Section 2
and Section 3 respectively. Different types of routing techniques have been explained in
Section 4. Finally, the comparison of various routing protocols considering certain
network parameters is mentioned in tabular form in Section 5.

2. Performance Metrics
THROUGHPUT: It is amount of data that reaches receiver successfully in given time
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period. Higher the value of throughput better is the network connection [4]. The commonly used units of throughput measurement are bits per second (bps), megabits per
seconds (mbps) and gigabits per second (gbps).
END-TO-END DELAY: It is the sum of time taken from the source to the destination for a packet to reach [5]. It depends upon number of hops and congestion on the
network.
JITTER: It is variation in the delay of the receiving packet [6]. The adverse effects of
Jitter are observed in real time applications such as video streaming. It is caused due to
congestion or improper queuing in the network.
PACKET DELIVERY RATIO: It is the ratio of number of packets received by destination to the number of packets transmitted by the source [7]. Higher the value of this
ratio more reliable is the network.

3. Issues in Ad Hoc Wireless Network
BANDWIDTH EFFICIENCY: It is defined as ratio of bandwidth used for by data
transmission to total bandwidth available [8]. In case of ad hoc networks, the bandwidth is shared among different transmission going on simultaneously in the network,
so the task of protocol is to use the scarce bandwidth available effectively.
LACK OF CENTRAL COORDINATION: In case of ad hoc networks no node acts
as central or master node each and every node is independent in the network [9]. This
makes the diagnosis and maintenance of network difficult task.
MOBILITY OF NODES: The nodes are not stationary in ad hoc network they are
mobile as they change their position [1]. Due to this dynamic nature, route discovery
and establishment becomes difficult.

4. Routing Techniques
Routing is a process of selecting a path through which data is to be transmitted [10]. In
ad-hoc network this is achieved by multi-hop wireless links. There is no fixed path defined. Each node in the network acts as a router and forwards the data packets to other
nodes. To find a feasible route is one of the most important issues in the MANET. Due
to highly dynamic and error prone wireless links, design and selection of the suitable
routing protocol for such networks is very challenging. Because of such characteristics,
any routing protocol will operate on imprecise information. As the nodes can join and
leave the network, the established routing path failure can be there at any time even
during the process of data transfer. Thus, the need arises of routing protocols for reliable data delivery from the source to the destination. The challenge is to find the most
stable, fast and low jitter path between nodes. There are three basic types of routing
protocols as shown in Figure 2.

4.1. Proactive Protocol
In this type of technique each node maintains a routing table that contains the information of routes to other nodes in the network [10]. However, these protocols are not
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Figure 2. Types of routing protocols.

suitable for larger network due to congestion in the network caused by transmission of
routing tables and periodic updates frequently. The routing information is maintained
in a routing table. This table updates periodically when the network topology changes.
The most commonly used proactive protocol is DSDV (Destination Sequenced Distance Vector) [11]. It is based on Bellman and Ford algorithm [12]. Each route is identified with a sequence number, which indicates how old the route is. In DSDV packets
are transmitted according to the routing table [13]. The main contribution of the algorithm was to solve the routing loop problem. Each entry in the routing table contains a
sequence number, the sequence numbers are generally even if a link is present; else an
odd number is used. The number is generated by the destination, and the emitter needs
to send out the next update with this number. Routing information is distributed between nodes by sending full dumps infrequently and smaller incremental updates more
frequently.
Figure 3 describes the working of DSDV protocol. It is defined with three terms:
destination node, next node and distance between them. Destination node is the node
where the data is to be transmitted. Distance is defined as the number of hops from
source node to destination node. In Figure 3, routing table for node 1 is shown. For instance, if the destination node is 10, next node will be 6 and the distance would be 2.
Since, the number of hops from source node is two.
As it can be seen that in proactive or table driven protocols, each node maintains the
routing information of whole network. It can be done by transmission of complete
routing dump in the network or frequent updates must be sent to neighboring nodes
for any change in the network. As in MANETs, due to mobility of nodes, there are frequent topology changes and route failure which needs routing tables to be updated
more frequently. This makes the network congested and inefficiently utilized.

4.2. Reactive Protocol
These protocols are also called on-demand routing protocols. They do not maintain
routing information in advance at network nodes if there is no communication. A relevant route is discovered in an on-demand manner; if a node wants to send a packet to
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Figure 3. Mobile ad hoc network.

other node the route request packets are flooded through the entire network for the
same [10].
AODV (Ad-hoc On demand Distance Vector) [14] is one of the most popular reactive routing protocols. It enables self-initiating or self-starting dynamic, multi-hop
routing between mobile nodes that helps to establish and maintain ad hoc network. It
searches for destination routes quickly and routes by the non-active nodes in a network
that are not required to be maintained. The operation of AODV protocol is carried out
with two message signals RREQ (Route Request) and RREP (Route Reply). An RREQ
message is broadcasted from route discovery to a destination. The RREQ message is also used by intermediate nodes to update their routing table. When an RREQ reaches
the destination node, the route is made available by unicasting RREP back to the source
node. As RREP propagates towards source node, it again updates its routing table. An
example of AODV protocol is shown in Figure 4, here data packets propagate from
source node to destination node. The RREQ message is depicted by solid line and dotted line shows paths of RREP through symmetric link.
As we have seen that proactive protocols discovers routes with minimum hop count
only despite considering the link quality and network parameters like bandwidth availability, end-to-end delay, jitter etc. As in wireless scenario, channel bandwidth is shared
among multiple ongoing transmissions, so much more modifications are required to
make reactive protocols suitable for MANETs.

4.3. Hybrid Protocol
Hybrid Routing is also commonly known as balanced-hybrid routing [10]. It is a combination of distance-vector routing, which works by sharing data to the entire network
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Figure 4. Working of AODV.

with its neighbors and link-state routing which works by having the routers tell every
router on the network about its closest neighbors [15]. Hybrid routing protocols use
distance-vectors for more accurate measurements to determine the optimum paths to
destination networks, and reports the routing information only when there is any
change in the topology of the network. Hybrid routing allows for rapid convergence but
requires less processing power and memory as compared to link-state routing.
The ZRP (Zone Routing Protocol) is commonly used hybrid protocol. It is adaptive
in nature. Proactive routing uses excess bandwidth to maintain routing information,
whereas reactive routing involves long route delays [16]. Therefore, ZRP aims at improving both of these disadvantages. In ZRP, most part of the traffic is directed to
nearby nodes [17]. Hence, most of the routing information available is used. Also, optimal routes can be detected and the network congestion is reduced. Nodes at the
boundary of routing zone are called peripheral nodes. In ZRP each node, called source
node(s) has a zone. The routing process in ZRP is divided into two parts. First, the
packet is sent within routing zone of source node proactively like in DSDV protocol to
peripheral nodes shown in Figure 5 and Figure 6. Then in second step the packets are
sent from peripheral nodes towards destination nodes [18].
In hybrid routing protocols, they take benefit of both proactive and reactive protocols as per the applications requirement but still not considering any QoS parameters
like bandwidth availability, delay, jitter or packet delivery ratio etc. for path discovery.
Therefore, some network parameter constraints must be imposed on such protocols
during path discovery for data transmission.
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Figure 5. Routing zone for source node.

Figure 6. Zone routing protocol.
Table 1. Parameters wise comparison of different routing protocols.
Parameter

Proactive

Reactive

Hybrid

Route discovery

Periodically

On-demand

Both

Overhead cost

High

Low

Moderate

Reaction on failure

Slow

Fast

Fast

Data requirement for maintenance

Large

Small

Medium

Connection establishment delay

Low

High

Low

Probability of congestion

Low

High

Low

Route reconfiguration

Difficult

Easy

Easy

Periodic updates

Yes

No

Yes

5. Comparison of Various Routing Protocols
Please see Table 1 above.

6. Conclusion
In this paper, we have examined the main issues and challenges related to mobile ad
hoc networks. Initially various characteristics that are unique to MANETs are discussed. The most important issue of routing due to mobility of nodes in MANETs was
examined in detail. Finally, we have also discussed the various aspects that need to be
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considered for designing and selecting a routing protocol in such networks. In this research paper, an effort has been made to concentrate on the overview study of various
basic routing protocols and also discussed about behavioral study and performance
analysis with working diagrams. Also comparison between these routing techniques has
been discussed with different parameters. The focus of the study is on the issues in
MANETs especially routing and efforts are made to propose solution for routing in
ad-hoc networks by tackling these core network parameters. The field of MANETs is
rapidly growing and changing and while there are still many challenges that need to be
met, it is likely that such networks will see widespread use within the next few years.
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