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Abstract-A MANET (Mobile Ad-hoc Network) is a group of 

mobile network nodes dynamically forming a network without 
any pre-existing infrastructure. Multi-path routing protocols in 

MANETs try to discover and use multiple routes between source 

and destination nodes. Multipath routing is typically used to 

reduce average delay, increase transmission reliability, provide 

load balancing among multiple routes, and improve security and 

overall QoS (Quality of Service). In this paper, the Cluster Based 

Routing Protocol (CBRP), which is a single path MANET 

protocol is enhanced to use multiple paths. The traffic will be 

distributed among multiple paths to reduce network traffic 

congestion and decrease delay. An analytical model is used for 

multipath and single path CBRP routing protocols in MANETs 

to estimate the end-to-end delay and queue length. The analytical 

results show that the average delay and average queue length in 
multipath CBRP are less than the average delay and queue 
length in single path CBRP. 

Keywords-MANET; routing protocols; single path; multi path; 

CBRP 

I. INTRODUCTION  

A Mobile Ad-hoc Network (MANET) is a collection of 
wireless mobile nodes/routers. The nodes dynamically form a 
temporary network without the use of any existing network 
infrastructure or centralized administration. The mobile nodes 
are equipped with wireless interfaces that utilize radio channels 
to communicate with each other, without the need for 
centralized management [1]. MANETs can be used in 
classrooms, battlefields, and disaster recovery situations [1, 2]. 
Routing protocols are an important part of any network. They 
play the main role for any communication in the network and 
they are used to establish and correct efficient routes among a 
pair of network nodes and to deliver messages in a timely 

manner [3-5]. Routing protocols in MANETs are differentiated 
in terms of hop-by-hop or source routing, reactive or proactive 
approach, single path or multipath, distance vector or link state, 
and unicast or multicast [6]. Multipath routing is a technique to 
overcome the problems of frequent topological changes and 
link instability because the use of multiple paths could diminish 
the effect of possible link failures between the nodes [7, 8]. 
Thus, multipath routing protocols of wireless ad-hoc networks 
are superior over conventional single-path ad-hoc routing 
protocols [9] because the multipath routing protocols reduce 
end-to-end delay, provide more reliable network services, 
allow load balancing among multiple routes, provide higher 
aggregate bandwidth, improve security, and overall they 
improve the Quality of Service (QoS) [10, 11]. Various 
multipath routing protocols have been proposed for wireless ad 
hoc networks. A multipath routing protocol based on the source 
routing protocol DSR is the Salvage capable opportunistic 
Node-disjoint Multipath Routing (SNMR) [12]. A multipath 
routing protocol based on the Ad hoc On-demand routing 
scheme is the Ad hoc On-demand Multipath Distance Vector 
(AOMDV) [3, 10]. 

II. MANET ROUTING PROTOCOLS 

MANET routing protocols based on the schemes of 
discovering and maintaining paths are classified into three 
classes: reactive, proactive, and hybrid [13, 14] (Figure 1). In 
terms of reactivity, they are classified as reactive or proactive, 
and regarding the number of paths as single or multi-path. The 
reactive method is more efficient than the proactive method. 
The most common-known reactive routing protocols in 
MANETs (single-path and multipath) are described below. 
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A. MANET Single-Path Routing Protocols 

MANET single path routing protocols mainly intend to 
maintain a single route between a source and a destination 
node. The most popular routing protocols of this type are 
AODV, DSR, and CBRP. 

 

 
Fig. 1.  MANET routing protocol taxonomy. 

1) Dynamic Source Routing (DSR) 

DSR [15, 16] is an on-demand routing protocol that is 
based on the concept of source routing. It is a simple and an 
efficient routing protocol, specifically designed for use in 
multi-hop wireless ad hoc networks. It consists of two 
mechanisms, Route Discovery and Route Maintenance, that 
work together to allow nodes to discover and maintain routes 
from the sources to arbitrary destinations in network. DSR 
computes the paths when necessary and then maintains them. It 
applies on-demand schemes for both path discovery and path 
maintenance. Thus, it makes the routing overhead traffic to 
scale automatically to the actual needed size, which is 
considered as its main advantage.  

2) Ad hoc On-demand Distance Vector (AODV) 

AODV [17] is a reactive on-demand routing protocol that 
allows dynamic, self-starting, multi-hop routing among mobile 
nodes desiring to establish and maintain an MANET. It is 
essentially a combination of DSR and DSDV (Destination 
Sequenced Distance Vector) protocol. AODV uses the basic 
on-demand mechanisms of Route Discovery and Route 
Maintenance as in DSR and a next hop routing model with 
sequence numbers and periodic beacons to discover and 
maintain routes of DSDV. Also, when the ad-hoc network 
topology changes, an AODV sequence number method is used 
to avoid long-term loops. Moreover, AODV allows the mobile 
nodes to obtain routes quickly and does not require maintaining 
routes that are not in active communication. 

3) Cluster-Based Routing Protocol (CBRP) 

CBRP [18-20] is a hierarchical on-demand routing protocol 
that uses source routing, like DSR, to avoid forming loops. 
CBRP is an efficient, scalable, and robust routing protocol for 
MANETs. It features more advantageous metrics than existing 
routing protocols, its overhead is less and its throughput is 
higher than AODV's. The CBRP is designed to be used in 
medium-to-large MANETs. CBRP groups the nodes of a 
network into several clusters. Each cluster has a cluster head 
which coordinates data transmission within the cluster and with 

other clusters. There are four possible states of the node in the 
cluster: NORMAL, ISOLATED, CLUSTERHEAD, and 
GATEWAY. Figure 2 shows these states. One of the 
advantages of CBRP is that only cluster heads exchange 
routing information, therefore the number of control overhead 
transmitted through the network is far less than the traditional 
flooding methods. Other features of CBRP [20] are: 

• Distributed operation is fully used. 

• During the dynamic route discovery process there is less 
flooding traffic. 

• Explicit exploitation of uni-directional links that would 
otherwise be unused. 

• Broken paths can be repaired locally without route 
rediscovery. 

• Sub-optimal routes can be shortened as they are used. 

 

 
Fig. 2.  Cluster Based Routing Protocol (CBRP). 

B. MANET Multi-Path Routing Protocols 

Multi-path routing protocols try to discover a multiple route 
from the source node to the destination node. Multipath routing 
can effectively improve reliability, end-to-end delay, and 
achieve load balancing, but it is more complicated than single 
path routing [11]. Most multipath routing protocols proposed 
for wireless ad hoc networks are based on reactive routing. 
They are mostly created on the basis of DSR and AODV.  

1) Ad hoc On-demand Multipath Distance Vector routing 

(AOMDV)  

AOMDV [3, 10] extends the AODV protocol to compute 
multiple paths between the source and the destination during 
route discovery. Multiple paths are computed to guarantee that 
the route is loop-free and disjoint. The AOMDV protocol 
calculates multiple loop-free paths, where every node maintains 
an advertised hop count for each destination node. Therefore, 
loop freedom is accomplished, and the advertised hop count 
represents the maximum hop count for all multiple paths. 
AOMDV has three novel aspects compared to other on-demand 
multipath protocols. First, it does not have high intermodal 
coordination overhead. Second, it ensures disjointness of 
alternate routes via distributed computations without the use of 
source routing. Finally, it computes alternate paths with 
minimal additional overhead. 
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2) Salvage Capable Opportunistic Node-Disjoint Multipath 

Routing (SNMR)  

SNMR [12] is based on DSR. In SNMR, a route discovery 
attempt, a primary path, and a node disjoint route are created 
between the source and the destination node along with 
alternative routes for the intermediate nodes of the primary 
route. SNMR reduces the overhead caused by duplicate RREQ 
broadcasting in creating multiple routes and recovers quickly 
from connection failures due to its packet salvaging ability. 
Minimum overhead, node disjoint multipath, non-duplicate 
RREQ rebroadcasting, and packet salvaging are the main 
advantages of SNMR protocol. A bloom filter is used in SNMR 
for space saving. Within the primary route, the intermediate 
nodes are compressed in a bloom filter containing their hashed 
addresses. SNMR uses the hashed node address to check the 
presence of a node in the bloom filter. Therefore, an 
intermediate node can check if a neighboring node is included 
in the primary path or not. 

III. THE PROPOSED MULTIPATH CBRP 

This paper focuses on the enhancement of CBRP routing 
protocol to work as a multipath routing protocol with improved 
QoS. 

A. Overview 

Multipath CBRP routing protocol extends the single path 
CBRP to use multiple paths in distributing traffic from the 
source node (S) to destination node (D). CBRP is selected due 
to its above mentioned features. For example, CBRP has less 
routing overhead and higher throughput than the AODV 
protocol. CBRP repaires broken links locally without 
rediscovery, which leads to the reduction of broken links in the 
network and increased QoS. On the other hand, CBRP has 
higher average delay than AODV. Therefore, it should be 
enhanced to reduce the average delay. The proposed Multi Path 
CBRP (MP-CBRP) improves the QoS in MANETs. MP-CBRP 
uses the idea of disjoint paths to distribute data packets over 
multiple routes. This distribution increases packet delivery 
ratio, data throughput, and reduces the average delay and queue 
length because it decreases congestion. An analytical model is 
used for multipath CBRP routing protocol and single path 
CBRP routing protocol to estimate the end-to-end delay and 
queue length. 

 

 
Fig. 3.  The proposed Multipath CBRP Routing Protocol (MP-CBRP). 

As shown in Figure 3 two paths are discovered from the 
source node (S) to destination node (D). Data traffic λ is 
distributed through these two paths, divided to λ1 and λ2. The 
λ1 is sent through path1 and λ2 is sent through path2. S is the 
source node and D the destination node. CH is the cluster head, 
RREQ is the Route Request, RREP the Route Reply and RC is 
the Route Cache. The pseudo code of the proposed MP-CBRP 
is illustrated in Figure 4 and the flow diagram of the proposed 
MP-CBRP is shown in Figure 5. 

 

 
Fig. 4.  Pseudo code of the proposed MP-CBRP. 

B. Network Model  

To obtain the Average Delay and Queue Length for 
multipath CBRP, let us characterize the disjoint multipath 
network as follows: 

• The network with N disjoint path resources is characterized 
by the set of values � � 	 ��1,�2, �3, �	, … , ���  for the 
individual resources. A resource could be the data 
transmission capacity of the given communication channel. 

• The set 	 � 	 �1, 2, 3, . . , 	, … , ��  represents the 
average arrival rate distribution across the set of the 
resources (�). 

• The set � �	��1,�2,�3,… , �	, … , ���  represents the 
delay of values that applied on each of the n paths when the 
distribution of the traffic along the paths is λ, and the 
distribution of the resources along the paths is µ. 

• The set � �	��1,�2,�3,… , �	, … ,���  represents the 
queue length values experienced on each of the n paths 
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when the distribution of the traffic along the paths is λ, and 
the distribution of the resources along the paths is µ. 

According to the above assumption, and using the queuing 
model M/M/1 queue [21] the delay (�	) and queue size (�	) 
can be calculated as:  

�	 �
�

�����
    (1) 

�	 �
��

����
	 and �	 �

��

��
    (2) 

 

 
Fig. 5.  Flow diagram of the proposed MP-CBRP. 

IV. RESULTS AND DISCUSSION 

The results are shown in the form of graphs. Graphs show 
the comparison between single path CBRP and MP-CBRP with 
two paths, based on the terms of average delay and queue 
length. Values of average arrival rate (λ): 0.1, 0.3, 0.5, 0.7, 0.9 
are used for all the nodes in the network model of MP-CBRP 
and service rate µ=1. 

A. Average Delay 

Average delay is calculated by (1). Figures 6 and 7 
illustrate the average delay for single path and MP CBRP 
routing protocol. Two paths have been considered for the MP 
CBRP, and two different scenarios have been considered.  

1) Average Delay Scenario 1 

Traffic is split equally between the two paths in the MP 
CBRP model. Figure 6 shows that the average delay for MP 
CBRP is lesser than the average delay of single path CBRP 
using different arrival rates. 

2) Average Delay Scenario 2 

Traffic is not split equally between the two paths in MP 
CBRP model. The traffic for path 1 is 30% and for path 2 is 
70%. Figure 7 shows that the average delay of MP CBRP is 
lesser than the average delay of single path CBRP using 
different arrival rates. 

 

 
Fig. 6.  Average delay for single path CBRP and equally divided traffic 

MP CBRP. 

 
Fig. 7.  Average delay for single path CBRP and MP CBRP using 30% 

traffic for path1 and 70% traffic for path 2 
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Figure 8 shows the results of average delay for scenario 1 
and scenario 2. The average delay for MP-CBRP in scenario 1 
is better than the average delay for MP-CBRP in scenario 2 due 
to the high network congestion in scenario 2. 

 

 
Fig. 8.  Average delay for single-path CBRP and MP-CBRP (scenarios 1 

and 2). 

B. Average Queue Length 

The average queue length is calculated by (2). Figures 9 
and 10 illustrate the average queue length for single path CBRP 
and MP CBRP. Two paths have been considered for CBRP 
multipath, and two different scenarios have been considered.  

 

 
Fig. 9.  Average queue length for single path and MP CBRP for scenario 1. 

1) Average Queue Length Scenario 1 

The traffic is split equally between the two paths in MP 
CBRP. Figure 9 shows that the average queue length for MP 
CBRP is better than the average queue length in single path 
CBRP that uses different arrival rates. 

2) Average Queue Length Scenario 2 

Traffic is not split equally between the two paths in MP 
CBRP model. The traffic for path 1 is 30% and for path 2 is 
70%. Figure 10 shows that the average queue length for MP 
CBRP is better than average queue length in single path CBRP 
that uses different arrival rates. 

Figure 11 shows the results of average queue length for 
scenario 1 and scenario 2. The queue length of MP-CBRP in 
scenario 1 is better the average queue length of MP-CBRP in 
scenario 2 due to the high network congestion in scenario 2. 

 

 
Fig. 10.  Average queue length for single path and MP CBRP for scenario 2. 

 
Fig. 11.  Average queue length for single-path CBRP and MP-CBRP 

(scenarios 1 and 2). 

V. CONCLUSION 

This paper proposes the enhancement of the single path 
CBRP MANET protocol to work as an MP routing protocol. 
The mathematical model using the M/M/1 queueing model was 
used to evaluate the performance of MP-CBRP and single path 
CBRP routing protocols. The results show that the average 
delay and average queue length in MP-CBRP are better than 
the average delay and average queue length in single path 
CBRP. In the future, the Network Simulator (NS) will be used 
to evaluate the MP-CBRP. 
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