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Abstract 

ue to the highly dynamic nature of a mobile ad hoc network (MANET) and the node mobility, 

as well as the possibility of short- and long-term disconnections, the most important point is 

subscriber routing and information delivery in a short period of time. Therefore, in this study,  

we  proposed the geographic zone routing (GZR) protocol which used the publish/subscribe  

system  for receiving and sending information, a positioning system for determining the node location, 

and the zoning to structure a MANET in order to achieve the high packet delivery rates. The GZR can 

increase the rate of successful packet delivery and reduce the end-to-end delay and it performs well in 

large-scale dynamic networks.  

Keywords: Mobile ad hoc network, Publish/subscribe system, Routing Methods, Zone routing 

protocol, Packet delivery 

 

1. Introduction 

A mobile ad hoc network (MANET) is a collection of mobile nodes that communicate with each 

other via wireless links without using a fixed infrastructure. Given that the MANET nodes are free to 

move around and constantly change their geographic location, thus, the network topology is very 

dynamic due to the high node mobility [1,2,3]. In areas where there is unpredictable communication 

due to the users' mobility, efficient centralized networks cannot be implemented, there is no proper 

communication infrastructure, the existing infrastructures are costly or difficult to use, the MANET is 

the best solution [4]. Publish/subscribe approach with diverse communication patterns and ease of 

adaptation to the different user needs is nowadays considered as an effective key communication 

paradigm for information dissemination and delivery in the MANET [6,3,5]. MANETs require 

approaches that not only respond to frequent network changes, but also minimize the response time 

and communication costs. Publish/subscribe can protect anonymity, which leads to fault tolerance to 

the failure of the publisher or disconnecting with it.  In the publish /subscribe, communication is 

inherently asynchronous and multicasting in nature. Also,  the publish /subscribe  decouples publishers 

from subscribers (possibility of the dissemination of events belonging to subscribers  with  minimal  

communication cost and fast adaptation to frequent connections and disconnections of mobile nodes), 

reduces  communication needs in the publish/subscribe communication paradigm,  limits  bandwidth,  

and accelerates growth and ease of network. A context-aware publish-subscribe model of 

communication using the content-based form and its advantages creates more efficient 

communications by adding context to its communication paradigm, that brings many advantages that 
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the most important of these are as follows: Preventing the dissemination of useless information, ease 

of scalability, reducing communication needs, minimizing communication costs, reducing bandwidth 

traffic, increasing system performance and supporting many users. The publish/subscribe model along 

with its many advantages becomes more powerful by adding context, and thus can used in the MANET 

[7].    

The remainder of this paper is structured as follows. Section 2 presents the related works with a focus 

on the packet delivery in the MANET. In Section 3, the details of the proposed method are illustrated.  

Section 4 presents the simulation results of the proposed method through the increase of the number 

of nodes and the increase in mobility speed of the nodes. 

1. Related works 

     In [8], robust and scalable geographic multicast protocol (RGSM) is presented, which uses 

geographic forwarding to achieve further scalability and robustness. In RGSM, each node has GPS and 

nodes and leader can move. RGSM can extend to the large-scale node networks and groups and 

guarantee the high  packet delivery rates which are highly dynamic. The RGSM uses the location 

information to develop an active and scalable area-based model for efficient membership 

management, whereby the nodes can join or leave the group easily and quickly. 

     Location-aided opportunistic routing protocol (LAOR) [9] applies nodes' location information to 

define the forwarding candidate set and to prioritize candidates. The priority of nodes in forwarding 

candidate set can be defined by their distances to the destination node, the closer to the destination 

node, the higher the priority. In the LAOR, each node is aware of its position in the network using GPS. 

Using the routing protocol for content-based publish/subscribe [10], an optimized multicast mesh is 

produced where events are sent only to the nodes matching their subscription, thus avoiding the 

dissemination of unnecessary events. To do this, the subscription language and event format including 

event domain type are defined. This can reduce network costs, save bandwidth, and increase efficiency 

and scalability of the system. 

     The location-based distributed clustering algorithm (LDCA) presented in [11] takes advantage of a 

bounded area along with the multicast clustering method. The LDCA divides the area into several 

separate ranges and selects a cluster head for each range that is responsible for transferring the 

packet. Distributed multicast algorithm and distributed location algorithm are used to develop the 

LDCA. In the end, MAODV is used to search, establish, and maintain the route.  Bounding the MANET 

against non-bounding improves transmission efficiency and reduces bandwidth loss and avoids the 

unnecessary broadcast. 

      Position-based opportunistic routing (POR) presented in [12] takes full advantage of the broadcast 

nature of wireless medium and opportunistic forwarding. The objective of the POR is to deliver packets 

for highly dynamic mobile ad hoc networks in a reliable and timely manner. The POR reduces the delay 

caused by recovering the local route and reduces the replay repeat caused by the packet re-routing. 

The POR is also highly efficient due to the nodes' high mobility and has the acceptable communication 

overhead. 

     A geographical awareness routing protocol [24] acts on based on hybrid routing protocol, the Zone 

Routing Protocol (ZRP), in the MANET. ZRP combines the advantages of both, active routing and on-

demand routing. Geographical awareness ZRP (GeoZRP) limits the area detected in route in ZRP and 

reduces the routing overhead of ZRP.  In the GeoZRP, all the nodes in the network can obtain their 

location information through GPS. 
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2. Geographical Awareness Zone Routing Protocol (GZRP)  

     In the GZRP,  by recording  a new position or leaving  interface range, a  robust network can construct 

against the nodes' high mobility which can be easily detected the node's movement route . Each 

intermediate node and candidate intermediate node can know the position of other nodes in 

intermediate-range through GPS.  

 Figure 1 shows the flowchart of the GZRP. 
 

 

Figure 1. A flowchart of the GZRP 

A. Entering nodes 

    In this phase, nodes in a publish-subscribe system (content producers and consumers)  and  the 

intermediary node, and the candidate intermediate node (node in a publish-subscribe system having 

GPS) are randomly generated in the network.  

 

B. Brocker Selection 

    At the start of the network setup, if multiple intermediates are interconnected according to the 

Equation   (3.1), in the middle of the operation, the intermediate node is selected according to Equation 

(3.2). 
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  (1) 

  (2) 

Where ci is the candidate intermediate node, NM is the number of messages received, and D is the 

difference in location   between each intermediate and  intermediate-range, E is the energy value of 

node, and M is the memory of node. If c1 is greater than c2, the first candidate node is mediated, 

and vice versa . 

 

C. Zoning through the brocker node  

In this phase, the ranges and nodes within each range are specified. Due to the dynamic topology in 

the MANET, the intermediate nodes periodically propagate messages containing their own 

information in the network over a specified range to inform other nodes of their existence. 

 

D. Subscription  

The subscription phase is started by zoning phase and the nodes are connected to the nearest 

intermediate. However, over the lifetime of the network and the nodes’ mobility, the node may receive 

the message through two intermediates, and if another intermediate becomes near, node can 

disconnect from the previous intermediate and connect to the new one. 

 

E. Receiving information and subscriptions and matching them via the intermediary 

node 

This phase involves getting content produced by publishers, receiving subscriptions from   subscribers, 

and matching them and forwarding content to subscribers. If an intermediate does not have the 

information which needs, it will notify the neighbor's intermediate. 

 

F. Loss of the intermediate node  

If there are no intermediate nodes in the range, then the nodes propagate the message with length L 
plus a constant value C. If they do not receive any response, they will send their membership request 
with length C + C. If there is an intermediate node, it computes position of nodes receiving the message 
from them and updates it in the intermediate table. If there are two intermediate nodes in the 
intermediate-range, the intermediate node receiving the highest message and closer to the center of 
the range, it acts as an intermediate by receiving messages from the nodes . 
 

G. Changing the position of nodes in the publish-subscribe system and intermediate 
nodes 

If either the node in the publish-subscribe system or the candidate intermediate node in the 
intermediate-range moves, it will send a message to the intermediate to compute the intermediate’s 
position and update it in the intermediate table. If the node moves outside the range of its 
intermediate, it will send a message to find the intermediate. If the node receives a response from 
multiples intermediates, it will give a subscription request to an intermediate which has  a lower 
message length. If the intermediate node moves, the intermediate computes the position of the nodes 
relative to its new position and updates each node in the corresponding field. The intermediate then 

 
𝑐𝑖 =

𝑁𝑀𝑖 + 𝐸𝑖 + 𝑀𝑖

3
 

𝑐2 =
𝑁𝑀2 + 𝐷2 + 𝐸 + 𝑀

4
 𝑐1 =

𝑁𝑀1 + 𝐷1 + 𝐸 + 𝑀
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propagate a message to all nodes within its range- intermediate to allow other nodes in the area to 
know its new position. 

 

3.  Simulation Settings and Criteria of GZRP 

In this study, proposed method was implemented in the OMNET simulator, as shown in Table 1, 

and evaluated in accordance with criteria such as number of exchanged messages (NM), packet 

delivery rate (PDR) and mean packet delivery delay (PD). Also, the performance of the proposed 

method was evaluated with respect to the increase of the number of nodes and the increase in the 

nodes’ mobility speed. The results are as follows. 

As shown in Table 1, a total of 50–200mobile nodes were considered to simulate the GZRP. The speed 

of the nodes was 10 m / s and their failure rate was 20%. 

Table1: Simulation Parameters 

 

The following criteria were used evaluate the packet delivery approaches: 

-  Number of exchanged messages (NM): The total number of messages is exchanged in the 

network to deliver packets. 

- Packet delivery rate (PDR):  the PDR is the success rate of the packet delivery process,   

indicating the number of delivered messages to the total number of requests. It indicates the 

ratio of packets successfully received. 

- Mean packet delivery delay (PD): The amount of delay where a subscriber sends a packet 

request until it receives a response. 

The proposed method was evaluated with respect to increasing the number of nodes from 50 to 200 

as shown in Figure 3. Figure 4 also shows the results of the evaluation of the proposed method with 

respect to increasing the nodes’ mobility speed from 5 to 20. 

Parameters Values 
Number of nodes (N) 50 100 150 200 

Network area (m2) 800 100  1200 1400 

Simulation time (min) 20     

Transmission radius (m) 200    

Routing protocol AODV    

MAC  protocol IEEE 802.11    

Node failure rate 20 %    

Mobility model Random waypoint   

node speed maximum m/s 20 ،m/s 10  ،m/s 5   

node speed minimum m/s 5    

Node Stop Time (ms) 1    
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 B) Number of node versus packet delivery delay   A) Number of node versus packet delivery. 

 

C) Number of node versus number of messages 

Figure 3. Evaluation of the proposed method with respect to increasing the number of nodes 

         

A) nodes’ mobility speed versus packet delivery  B) nodes’ mobility speed versus end-to-                                                  
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C) nodes’ mobility speed versus number of messages 

Figure 4. Evaluation of the proposed method with respect to increasing the nodes’ mobility speed 

4.  Conclusions and Future Work 

In the present study, we proposed geographical zone pouting protocol that used publish/subscribe 

system to communicate between producers and consumers of information, GPS to know the position 

of the nodes, and the zoning to structure a MANET. The main challenge of the methods using the 

intermediates to exchange information is to eliminate the problem. For this purpose, in this study, the 

proposed method used the network's candidate node to reduce the effect of this event on the 

network’s efficiency that potentially had intermediate capabilities and acted similar to other nodes, 

but acted as an intermediate when needed. 

By reducing the need for communication between nodes in the publish-subscribe system to send 

information using the intermediary node, the proposed method was further adapted to the network’s 

dynamics and the loss of nodes.  Therefore, it can be concluded that GZRP can be more efficient in the 

environments with higher failure rates compared to the above-mentioned methods. Therefore, GZRP 

is a fault-tolerant approach that performs well in large-scale dynamic environments. The objectives of 

GZRP were to: 1) manage the high mobility of nodes by considering the highly dynamic nature of a 

mobile ad hoc network, 2) reduce time delay for a routing protocol,  3) reduce  the  packet overhead, 

4)  increase  the packet delivery rate,  5) reduce packet loss and 6)  avoid not detecting the mobile 

node that   can  use in the MANET. 
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