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 Background LAR-1DNDP algorithm is a hybrid route discovery algorithm in mobile 
ad hoc networks (MANETs). It utilizes two route discovery algorithms, the location-
aided routing scheme 1 (LAR-1) algorithm and the novel dynamic noise-dependent 
probabilistic (DNDP) algorithm. LAR-1DNDP was developed  to  enhance  the  
performance  of  the  hybrid  LAR-1 algorithm and (fixed / dynamic) probabilistic 
algorithm, namely, (LAR-1P) algorithm,  in  noisy MANETs.  Objective: In this paper 
we develop a hybrid LAR-1 algorithm and the enhanced DNDP algorithm. In the 
enhanced DNDP algorithm the maximum retransmission probability (pt,pcmin)is 
calculated as  a  function of number of first hop neighbors (k) rather than a fixed value. 
This is why was called k-dependent pt,pcmin. We calculate and compare the performance 
of the fixed and several k-dependent LAR-1DNDP algorithms using the MANET 
simulator (MANSim). Effects of nodes densities (n) and nodes speeds (u) on the 
performance of the LAR-1DNDP are also investigated. Results: The simulation results 
obtained showed that k-independent LAR-1DNDP algorithm performs better than the k-
dependent LAR-1DNDP algorithm. The performance of the LAR-1 DNDP algorithms 
are improving as n increases as it can provide higher increase in network reach ability 
(RCH) at less number of retransmissions (RET), i.e., less cost, while node average 
velocity (u) has insignificant effect on the performance of the LAR-1 DNDP 
algorithms. Conclusion: This research presented a description and performance 
evaluation of LAR-1 k-dependent DNDP algorithm. We compare the performance of 
LAR-1, LAR-1 fixed, LAR-1 DNDP,  LAR-1 k-dependent (linear), and LAR-1 k-
dependent (parabolic) in terms of reach ability and number of retransmission. We try to 
increase the reach ability and decrease the number of retransmissions, and to avoid the 
drawbacks of the broadcast storm problem that is caused by pure flooding algorithm. 
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INTRODUCTION 
 

A mobile ad hoc network (MANET) is a self configuring network of mobile routers connected by wireless 
links with no access point (Bani-Yassein et al., 2006). A data packet in a MANET is forwarded to other mobile 
nodes within the network through a reliable and an efficient route established by routing protocols (Sasson et al., 
2003). The most widely used routing protocols in MANETs are known as dynamic routing protocols, such as ad 
hoc on-demand distance vector routing (AODV) (Perkins and Royer, 2000), dynamic source routing (DSR) 
(Johnson and Maltz, 1996), zone routing protocol (ZRP) (Haas and Pearlman, 1998), and location-aided routing 
(LAR) (Ko and Vaidya, 2000). 

Although pure flooding is one of the earliest and simplest broadcasting mechanisms, it causes what is 
known by broadcast storm problem (Tseng et al., 2002). Many techniques have been developed to alleviate the 
effect of this problem. Probabilistic (Bani-Yassein et al., 2006), LAR (Ko and Vaidya, 2000), multipoint 
relaying (Qayyum et al., 2002), counter-based and distance-based (Rahman et al., 2004), cluster-based 
(Bettstetter 2004) are examples of flooding optimization techniques algorithms. 

Probabilistic algorithm is widely-used for flooding route discovery in MANETs. In this scheme, when a 
node receives a route request (RREQ) packet, a node retransmits the packet with a certain probability pt and 
with probability (1−pt) it discards the packet, and the node is allowed to retransmit a given RREQ packet only 
once. 

In (Al-Bahadili and Sabri, 2011) the authors developed a dynamic noise-dependent probabilistic (DNDP) 
algorithm for route discovery in noisy MANETs. In this algorithm, the pt is modeled as a function of two 
independent variables; these are: the number of first-hop neighbors (k) and the noise level within the network 
area which can be indicated by the probability of reception pc. The model also shows another independent 
variable, namely, the maximum retransmission probability that can be assigned to the transmitting node (pt,pcmin), 
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which is a fixed value. In (Sabri and Al-Shqeerat, 2011) the authors developed a hybrid route discovery 
algorithm in MANETs, namely, (LAR-1DNDP). It utilizes two route discovery algorithms, the location-aided 
routing scheme 1 (LAR-1) algorithm and DNDP algorithm. LAR-1DNDP was developed  to  enhance  the  
performance  of  the  hybrid  LAR-1 algorithm and (fixed / dynamic) probabilistic algorithm, namely, (LAR-1P) 
algorithm,  in  noisy MANETs. The authors in (Al-Bahadili et al., 2011) enhanced the DNDP algorithm where 
the pt,pcmin is calculated as  a  function of k rather than a fixed value. Hence, this enhanced algorithm is called k-
dependent DNDP. 

In this paper we develop a hybrid LAR-1, and k-dependent DNDP algorithms. In order to evaluate and 
analyze the performance of the k-dependent LAR-1 DNDP algorithm, a number of scenarios are simulated using 
the mobile ad hoc network simulator (MANSim) (Al-Bahadili and Sabri, 2011). 

 
Related Work: 

(Khan et. al., 2008)  proposed a coverage-based dynamically adjusted probabilistic forwarding scheme and 
compared its performance with simple flooding and fixed probabilistic schemes. The proposed scheme keeps up 
the reachability of pure flooding while maintaining the simplicity of probability based schemes. 

(Hanash et al., 2009)  proposed a dynamic probabilistic broadcast approach. The algorithm dynamically 
calculates pt according to k. They compared their approach against simple flooding approach, fixed probabilistic 
approach, and adjusted probabilistic flooding and the simulation results showed that broadcast redundancy can 
be significantly reduced through their approach while keeping the reachability high. It also demonstrates lower 
broadcast latency than all the existing approaches presented. 

(Al-Bahadili, 2010) developed a new retransmission probability adjusting model, in which the 
neighborhood densities are divided into three regions (low, medium, and high). The performance of the new 
model was evaluated and compared with pure and other probabilistic algorithms. The model enhances the 
performance of probabilistic broadcast by reducing the number of transmissions while keeping almost the same 
network reachability. 

(Al-Bahadili and Sabri, 2011) proposed a dynamic noise-dependent probabilistic DNDP algorithm for route 
discovery in noisy MANETs. In this algorithm, the retransmission probability of the transmitting node pt is 
modeled as a function of two independent variable; these are: the number of first-hop neighbors (k) and the 
noise level within the network area which can be indicated by the probability of reception pc. The authors 
enhanced the DNDP algorithm by calculating the maximum retransmission probability that can be assigned to 
the transmitting node (pt,pcmin) as  a  function of k rather than a fixed value (Al-Bahadili et al., 2011). 

(Sabri and Al-Shqeerat, 2011) developed a hybrid route discovery algorithm in MANETs, namely, (LAR-
1DNDP). It utilizes two route discovery algorithms, the location-aided routing scheme 1 (LAR-1) algorithm and 
DNDP algorithm. 

 
The DNDP Algorithm: 

The DNDP algorithm was proposed to enhance the performance of dynamic probabilistic algorithm in noisy 
MANETs. In this algorithm, instead of calculating the probability of retransmission (pt) as a function of first hop 
neighbor (k) only, pt is determined locally by the retransmitting nodes considering both k and probability of 
reception (pc) as:  
 
pt(k, pc) = pt(k) + pt(pc)             (1) 

 
Where pt(pc) is the noise-dependent pt. 
It can be seen from Eqn. 1 that in order to calculate pt(k, pc), we need to calculate pt(k) and pt(pc). pt(k) can 

be calculated using the discrete function presented in (Al-Bahadili, 2010), and the following main constraints 
should be considered when calculating pt(pc),: 

1. The value of pt(pc) should be greater than or equal to 0 and less than or equal to 1- pt(k) (i.e., 0 ≤ pt(pc) 
≤ 1- pt(k)), so that pt(k, pc) will always be less than or equal to 1. 

2. The value of pt(k, pc) lies between pt(k) and pre-adjusted maximum allowable retransmission 
probabilities at a certain minimum value of probability of reception (pc,min), namely, pt,pcmin.  

3. The value of pt,pcmin should be less than or equal to 1 and  greater than or equal to pt(k) (i.e., pt(k) ≤  
pt,pcmin ≤1).  

Considering the above constraints, pt(pc) can be calculated as: 
 

pt(pc) = α (pt,pcmin - pt(k))            (2) 
 
Where α is called the noise-correction factor, which is a function of pc, and has a value that lies between 0 

and 1. Substituting Eqn. 2 into Eqn. 1 yields: 
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pt(k, pc) = pt(k) + α (pt,pcmin - pt(k))           (3) 

 
In  (Al-Bahadili and Sabri, 2011), the value of α is calculated using the following equation: 
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Now, substituting Eqn. 4 into Eqn. 3 yields the following general equation for pt(k, pc): 
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Fig. 1: The dynamic probabilistic algorithm 

 
From Eqn. 5 it can be seen that pt(k, pc) depends on pt(k), k, pc, pc,min, and pt,pcmin. In a noiseless environment 

pc=1, α=0, and consequently pt(k, pc)=pt(k), i.e., pt is a function of k only. In a noisy environment, when 
pc=pc,min, then α =1 and pt(k, pc)= pt,pcmin. If pc is any value between pc,min and 1, then pt(k, pc) varies between 
pt(k) and pt,pcmin depending on pc. According to the above discussion, pt(k, pc) always lies between pt(k) and 
pt,pcmin as shown in Figure 2. 
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Fig. 2: Variation of pt(k, pc) (solid area) with k (constant pt,pcmin) 

 
The Enhanced DNDP Algorithm: 

In Eqn. 4, pt,pcmin is assumed to be a constant value, and as it can be seen in Figure 2 that the computed pt  is 
increased considerably with decreasing pc. This may result in a significant increase in the number of 
retransmission, especially at high k. To control the increase of pt is simply based on using a k-dependent 
distribution for calculating pt,pcmin, i.e., pt,pcmin can be set as a function of k (pt,pcmin(k)) as shown in Figure 3. 

 

 
 
Fig. 3: Variation of pt(k, pc) (solid area) with k (pt,pcmin(k)) 

 
This distribution can be discrete similar to pt(k) or continuous distribution, such as linear, parabolic, 

exponential, etc. Thus, Eqn. 5 can be re-written as: 
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Mathematical representation of the linear, and parabolic distributions of pt,pcmin(k) can be given as follows: 

Linear distribution:  
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Parabolic distribution:  
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Where 
pt,pcmin1 is the maximum allowable retransmission probability in presence of noise and at k=0.  
pt,pcmin2 is the maximum allowable retransmission probability in presence of noise and at k=n-1. 
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By comparing Figure 2 with Figure 3 it is clear that pt(k, pc) can be tuned in a controlled way by choosing a 

proper distribution for pt,pcmin(k) to achieve optimum performance in terms of network reachability and number 
of redundant retransmissions. 

 
The Location-Aided Routing Scheme 1(LAR-1) Algorithms: 

LAR (Ko and Vaidya, 2000) utilizes location information which could be provided by Global Positioning 
System (GPS) to obtain the location information of a node and in turn to reduce routing overhead. There are two 
schemes for LAR algorithms: LAR-1 and LAR-2. In this work, we mainly concern on LAR-1 scheme. The 
source node in LAR-1 knows the speed, and the location of a destination node at an initial time. After a certain 
time, the source node can draw a circular area for a destination node called an “expected zone”. It is the 
expected movement area of the destination node. The smallest rectangular area includes current location of the 
source node and the expected zone is called “requested zone”. Now when the source node sends a request packet 
to the destination node, only the intermediate nodes that are located within the requested zone will rebroadcast 
the packet towards the destination node. 

 
The Proposed LAR-1 k-Dependent DNDP Algorithm: 

 
For a source node (S) and a destination node (D), a requested zone is determined 
Determine the number of nodes that are located within the requested zone 
Loop over the number of nodes within the requested zone 
To find out the parameters IRec(i) and IRet(i): 
Call the dynamic probabilistic algorithm as listed in Figure 1  
pt(k, pc) can be tuned using the appropriate distribution as Eqn. 7 or Eqn. 8 
Fig. 4: LAR-1 k-dependent DNDP algorithm 

 
LAR-1 k-dependent DNDP algorithm utilizes two flooding optimization algorithms discussed earlier, 

namely, the k-dependent DNDP and the LAR-1 algorithms. Figure 4 outlines the description of this algorithm is 
straightforward. It is simply, when receiving a broadcast message, a node within the requested zone rebroadcasts 
the RREQ with a certain pt determined using either linear Eqn. 7, or parabolic Eqn. 8  and each node is allowed 
to rebroadcast the received message only once. 

 
RESULTS AND DISCUSSION 

 
The network simulator used in this work is MANSim (Al-Bahadili and Sabri, 2011), which is developed to 

simulate and evaluate the performance of a number of flooding optimization algorithms for MANETs. It is 
written in C++ language, and it consists of four major modules: (1) Network module, (2) Mobility module, (3) 
Computational module, and (4) Algorithm module. 

In order to evaluate and compare the performance of the proposed LAR-1 k-dependent DNDP algorithm 
MANSim is used to simulate different scenarios. These scenarios investigate the effect of node density n, and 
node velocity u, on retransmission RET and reachability RCH. 
 
Scenario #1. Comparison of Performance: 

In this scenario, we compare the performance of six broadcasting algorithms in noiseless and noisy 
environments. These algorithms are: 

(1) LAR-1(pt=1)   
(2) LAR-1P with fixed retransmission probability (pt=0.75) 
(3) LAR-1P with dynamic retransmission probability 
(4) LAR-1 DNDP 
(5) LAR-1 k-dependent DNDP (linear) 
(6) LAR-1 k-dependent DNDP (parabolic) 
The input parameters for this scenario are given in Table (1) 

 
Table 1: Input parameters for Scenario #1. 

Parameters Values 
Geometrical model Random node distribution 
Network area 600x600 m 
Number of nodes (n) 100 nodes. 
Transmission radius (R) 100 m 
Average node speed (u)  5 m/sec  
Probability of reception (pc) From 0.5 to 1.0 in step of 0.1 
Simulation time (Tsim) 1200 sec  
Pause time ()  = 0.75*(R/u)  = 15 sec 
Size of the mobility loop (nIntv) 80 



41                                                                    Alia Sabri, 2013 
Australian Journal of Basic and Applied Sciences, 7(14) December 2013, Pages: 36-44 

 
 

 
 
Fig. 5: Comparing RCH for various route discovery algorithms in a noisy MANET. 

 

 
 
Fig. 6: Comparing RET for various route discovery algorithms in a noisy MANET. 

 
The main points that are concluded from this scenario can be summarized as follows:  
For all of the algorithms, RCH decreases as pc decreases (i.e., noise-level increases). This is because the 

high packet-loss introduced by the high noise-level, and no  measure is taken by the existing probabilistic 
algorithms to accommodate the negative effect of the noise-level or to replace the high packet-loss.  

The LAR-1DNDP and LAR-1 k-dependent DNDP (paraboloic) algorithms present an excellent 
performance in terms of increasing RCH in presence of noise by effectively adjusting pt based on both k and pc. 
The algorithms provide the highest RCH for various network noise-level, when compared with fixed LAR-1P 
and LAR-1 k-dependent DNDP(linear).  

It can be seen from Figure. 5 that the LAR-1DNDP and LAR-1 k-dependent DNDP (paraboloic) algorithms 
almost produce the same RCH. However, enhancing RCH is paid by increasing RET as shown in Figure. 6. 
 
Scenario #2. The Effect of Node Density: 

 This scenario evaluates and compares the performance of LAR-1 DNDP, LAR-1k-dependent DNDP 
(linear), and LAR-1k-dependent DNDP (parabolic) with different number of nodes (n), namely, n=100, 150. 
The input parameters for this scenario are given in Table (2). 
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Table 2: Input parameters for Scenario #2. 

Parameters Values 
Geometrical model Random node distribution 
Network area 600x600 m 
Number of nodes (n) 100, 150 nodes. 
Transmission radius (R) 100 m 
Average node speed (u)  5 m/sec  
Probability of reception (pc) From 0.5 to 1.0 in step of 0.1 
Simulation time (Tsim) 1200 sec  
Pause time ()  = 0.75*(R/u)  = 15 sec 
Size of the mobility loop (nIntv) 80 

 

 
 
Fig. 7: Comparing RCH for various route discovery algorithms in a noisy MANET with different n. 

 

 
 
Fig. 8: Comparing RET for various route discovery algorithms in a noisy MANET with different n. 

 
All of the algorithms will perform better in terms of RCH when increasing the number of nodes, but 

increase in RCH is paid by increasing RET. It also can be seen that LAR-1DNDP works better than parabolic 
where it increases the RCH and have approximately the same number of retransmission. Parabolic and LAR-
1DNDP have the same reachability for the different noise level when increasing the number of nodes. 
 
Scenario #3. The Effect of Node Velocity: 

This scenario evaluates and compares the performance of LAR-1 DNDP, LAR-1k-dependent DNDP 
(linear), and LAR-1k-dependent DNDP (parabolic) with different velocity (u), namely, u=2, 5, 8 m/sec. 
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The input parameters for this scenario are given in Table (3).  
It can be estimated from both Figures 9 and 10 that the average velocity (u) has insignificant effect on the 

performance of the all listed algorithms. 
 

Table 3: Input parameters for Scenario #3. 
Parameters Values 
Geometrical model Random node distribution 
Network area 600x600 m 
Number of nodes (n) 100 nodes. 
Transmission radius (R) 100 m 
Average node speed (u)  2, 5, 8 m/sec  
Probability of reception (pc) From 0.5 to 1.0 in step of 0.1 
Simulation time (Tsim) 1200 sec  
Pause time ()  = 0.75*(R/u)  = 15 sec 
Size of the mobility loop (nIntv) 80 

 

 
 
Fig. 9: Comparing RCH for various route discovery algorithms in a noisy MANET with different speed u. 

 

 
 
Fig. 10: Comparing RET for various route discovery algorithms in a noisy MANET with different speed u. 

 
Conclusions: 

This research presented a description and performance evaluation of LAR-1 k-dependent DNDP algorithm. 
We compare the performance of LAR-1, LAR-1 fixed, LAR-1 DNDP,  LAR-1 k-dependent (linear), and LAR-1 
k-dependent (parabolic) in terms of reachability and number of retransmission. We try to increase the 
reachability and decrease the number of retransmissions, and to avoid the drawbacks of the broadcast storm 
problem that is caused by pure flooding algorithm. 
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Based on the simulation results, the RCH achieved by LAR-1 and LAR-1 fixed/dynamic algorithms 

decreases as noise-level increases. This is because of the high packet-loss introduced by the increasing noise-
level. 

The LAR-1DNDP algorithm with (k- independent, k-dependent (linear), and k-dependent (parabolic) 
demonstrated an excellent performance in terms of increasing RCH in noisy network by effectively adjusting pt 
of the intermediate nodes based on both k and pc compared to LAR-1 fixed/dynamic algorithms. Enhancing 
RCH is paid by slight increasing in RET.  

The results of Scenario #2 demonstrated that the performance of the LAR-1 DNDP algorithms are 
improving as n increases as it can provide higher increase in network RCH at less RET, i.e., less cost, while the 
results of Scenario #3 demonstrated that the node average velocity (u) has insignificant effect on the 
performance of the LAR-1 DNDP algorithms.   
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