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ABSTRACT 
 
The Probability of Reachability (POR) is defined as fraction of possible reachable routes to all possible 
routes between all different sources to all different destinations. In network like Mobile Ad-hoc Network 
(MANET) adequate level of POR is desirable for its smooth functioning. Its value depends upon various 
factors such as Transmission Range (T), Number of Nodes (N), node mobility, channel fading, shape and 
size of the region where the ad-hoc network is to be deployed. To find the impact of N,T, size and shape  on 
the value of POR, a shortest path routing algorithm was implemented in MATLAB and effect of the above 
said parameters was studied. We observe significant impact of varying not only N and T but also of varying 
size and shape of the region on the POR values. 
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1. INTRODUCTION 

 
Routing is a process to establish a route from source to destination. The design of routing protocol 

for the ad-hoc network like MANET is a challenging task even today for researchers due to 

multiple constraints such as limited bandwidth, transmission range, residual battery power and 

computational capacity of the nodes. In spite of all these constraints it mandatory to have a good 

connectivity among the nodes of ad-hoc network. It is therefore necessary for routing protocols to 

provide good POR. Mathematically: 

 

                                        ∑ Reachable Paths between Source and Destination 

POR=       ____________________________________ 

                nC2 

 
where n is no of nodes deployed. 
 

This network parameter is a very important as it tells us about quality of connectedness of the 

network nodes. If the POR value is very low, it may result into partitioning of the network, 

defying the very purpose of MANET. On the other hand if POR value is very high it may indicate 
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over deployment of resources which may not be a desirable feature in network like MANETs. In 

order to have adequate value of POR, various factors to be taken into consideration are: 

transmission range, mobility, multi-path fading, number of nodes deployed and size and shape of 

the region where the network is to be deployed. 

 

In this paper we try to find the impact of varying number of nodes deployed in MANET, 

transmission range of nodes, size and shape of the region on the POR values. For this purpose a 

simulator was designed in MATLAB. The results obtained show a significant impact of these 

parameters on POR.  

 

The rest of the paper has been organized as follows: In Section 2, we provide the literature survey 

of this field. In section 3, the design of the simulator and experimental set up is shown. Section 4 

provides the simulation results along-with their analysis. Section 5 provides concluding remarks.  

 

2. LITERATURE SURVEY  

 
MANET literature provides research on the impact of various parameters on POR values. The 

literature shows that the POR values depend on the following factors: 

 

Transmission Range: The transmission range is a vital parameter that affects the POR. When it 

is too high, helps in having high POR value but at the same time results in over consumption of 

the transmission energy as it is directly proportional to transmission range [2]. On the other hand 

when transmission range is low, it results in lower value of POR, which is not a desirable feature 

in MANET [2, 12]. 

 

Mobility: As the nodes in MANETs are mobile, its topology is dynamic that results in 

fluctuations in neighbours per node, therefore the POR value may decrease to unacceptable levels 

[3, 13].  It is also shown by many researchers that different mobility models [14] [15] [16] have 

different impact on POR values. 

 

Multi-path Fading: The atmospheric condition like multi-path fading also affects the POR. 

Choong Hock MAR [3] studied the impact of multi-path fading on connectivity probability under 

the Rayleigh fading channel. It is observed that as the values of N and T fluctuates under fading, 

connectivity decreases significantly. 

 

Number of Nodes: The number of nodes deployed in a given region also plays an important role 

in providing good POR. If the number of nodes is too low then it results in very low POR. On the 

other hand if it is too high then it results in high POR value but at the same time results in 

unnecessary wastage of resources [2].  

Francois Ingelrest et al. [2] studied the combined impact of N & T to achieve 100 % POR and 

gave following relation: 

 
N*T2 = constant 

 

Since the study was done with uniform distribution of nodes in a given region, these results were 

not applicable to network like MANET where topology is dynamic and the number of neighbours 

per node keeps on changing. For this scenario various approaches are proposed in [4, 5, 6, 7, 8] to 

achieve 100 % POR. They introduced a term magic number which is defined as the number of 

neighbours per node to achieve 100 % POR. It was proposed that the magic number should be in 

the range 5 to 8 [9, 10, 11].  
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Shape:   The shape of the region in which ad-hoc network is to be deployed have a significant 

impact on the POR value. N. Meghanathan et. al [1] studied the impact of shape on connectivity 

and found that as the shape of the ad-hoc network changes from square to rectangle the 

connectivity is affected i.e. more is the length to breadth ratio (>1) lesser is the connectivity.  

The above mentioned research is limited to square or rectangular shaped region of fixed size. Our 

contribution to the research is to carry out exhaustive study of impact on POR for large ranges of 

N, T, size and shape of region. 

3. SIMULATOR DESIGN AND EXPERIMENTAL SETUP 

A shortest path routing protocol was implemented in MATLAB using Dijkstra’s algorithm. To 

calculate the POR value a counter is used which is initialized to zero.  The routes from all source 

nodes to all destination nodes are calculated. If the path exists between a particular source 

destination pair then the value of the counter is increased by one. At the end of every iteration the 

POR is calculated. This process is repeated for 25 iterations and average value of POR is taken. 

The whole process is explained with the help of flowchart as shown in Figure 2. Table 1 shows 

the basic simulation parameters along-with their values used in simulation. The snapshots of 

different shapes used in the simulation are also shown in Figures 2a. - 2g. The random 

distribution of nodes in the region along-with a route between a sample source destination pairs is 

shown. The experimental set up to record impact of various factors is as follows: 

 

Table 1.  Simulation set up parameters 

 

Parameter Value 

Size of the region 250000 to 2250000 sq. unit 

 

 

Shape of the 

region 

 

Shape 1 

Shape 2 

Shape 3 

Shape 4 

Shape 5 

Shape 6 

Shape 7 

 

1. Square  :1500 units X 1500 units 

2. Rectangle  :3000 units X 750 units  

3. Rectangle  :1875 units X 1200 units 

4. Circle  : 846.11  units radius  

5. Rectangle  :4800 units X 468.75 units  

6. Rectangle :2400 units X 937.50 units  

7. Ellipse  :1500 units, 477.27 unit (major,  

minor axis) 

Number of nodes deployed 20, 40, 60, 80 and 100 

Transmission range 200 to 600 varied in step of 5 

Routing algorithms used Dijkstra’s shortest path algorithm 

Placement of nodes Random using Rand() function 

No. of iterations 25 

 

Set up for transmission range: The shape is chosen one at time from seven different shapes and 

the number of nodes is varied from 20-100 with step size 20. The size of the region taken is 

2250000 sq. units. For all combination of shapes and number of nodes the POR results are recorded 

by varying transmission range from 200 to 600 in steps of 5 units.  

 
Set up for number of nodes: The shape is chosen one at a time from seven different shapes and 

the transmission range chosen is 200 to 600 units increasing in step of 100 units. Size of the region 

is fixed at 2250000 sq units. For all combinations of shapes and the transmission ranges the POR 

results are recorded by varying number of nodes from 20 to 100 in steps of 5.  

 
Set up for shape: The number of nodes are varied from 20-100 with step size of 20 in the region 

of fixed size of 2250000 sq units. The transmission range of the node is fixed at 200 units. The 

POR results are calculated for seven different shapes. 
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Set up for size: To study the impact of size on POR a square shaped region is chosen whose size is 

changed from 250000 to 2250000 sq. units in step of 250000 sq. units. For each choice of size the 

number of nodes deployed in region is 20 and transmission range of the nodes is fixed at 200 units.  

 

 

Figure 1.  Simulator flow chart 
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Figure 2a.  Snapshot for shape 1 
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Figure 2b.  Snapshot for shape 2 
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Figure 2c.  Snapshot for shape 3 
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Calculation of POR for shape no. 4

 

Figure 2d.  Snapshot for shape 4 
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Figure 2e.  Snapshot for shape 5 
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Figure 2f.  Snapshot for shape 6 
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Figure 2g.  Snapshot for shape 7 

 

4. RESULTS AND DISCUSSION 

 
The impact of various parameters on POR is described as follows: 

 

4.1. Impact of transmission range 
 
Figures 3a. to 3g. show the impact of varying transmission range on POR values for seven 

different shapes. The following inferences can be drawn from the results:  
 

� As the transmission range of the node increases, the area covered by a node increases 

which results in increase of the neighbours per node that ultimately leads to high POR 

values.  

� As the POR approaches unity the slope of the curves tends to be zero i.e. very high 

increment in T is required for marginal increase in POR values. High value of 

transmission range implies unnecessary wastage of battery power.  The POR value 

chosen should be a trade off between network connectedness and minimum consumption 

of battery power. 

� As the number of nodes increases, the POR increases more rapidly for each and every 

shape where ad-hoc network is to be deployed. It implies that we can use smaller 

transmission range to achieve same POR by employing higher number of nodes and vice 

versa. 
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Figure 3a.  POR vs. T for 20 to 100 nodes for 

shape 1 

 

Figure 3b.  POR vs. T for 20 to 100 nodes for 

shape 2 

 

Figure 3c.  POR vs. T for 20 to 100 nodes for 

shape 3 

 

Figure 3d.  POR vs. T for 20 to 100 nodes for 

shape 4 

 

Figure 3e.  POR vs. T for 20 to 100 nodes for 

shape 5 

 

Figure 3f.  POR vs. T for 20 to 100 nodes for 

shape 6 

 

Figure 3g.  POR vs. T for 20 to 100 nodes for shape 7 
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� For circular shape the POR value is highest among all given shapes for a given 

transmission range and number of nodes. This is due to periphery effect which is “As the 

periphery of the region increases the number of nodes lying on the periphery increases 

which have half the number of neighbour per node compared to number of neighbours for 

nodes placed away from periphery.” Since the periphery of the circular shape is smallest 

among all shapes for a given size, the number of neighbours per node is highest; as a 

result the POR value is highest. Also it may be observed that for the circular shape the 

POR value reaches unity faster than any other shape.  

 

� On comparison of the result of circular shape and elliptical shape we observe that the 

ellipse has higher periphery and hence higher periphery effect and lower POR. On 

comparison of the result of square shape and rectangular shape 3, we observe that the 

POR value is lower for rectangular shape due to periphery effect. As we increase length 

to breadth ratio of the region, the periphery effect goes on increasing and POR value goes 

on decreasing. The descending order of shapes on the basis of POR values is as follows: 

 

1. Circle   : Radius = 846.11 units   

2. Ellipse   : Major Axis = 1500 units, Minor Axis = 477.27 units  

3. Square   : Side = 1500 units 

4. Rectangle  : Length = 1875 units, Breadth =1200 units 

5. Rectangle : Length = 2400 units, Breadth = 937.50 units  

6. Rectangle  : Length = 3000 units, Breadth = 750 units  

                   7. Rectangle  : Length = 4800 units, Breadth = 468.75 units  

 

4.2. Impact of number of nodes  

 
Figures 4a. to 4g. show the impact of varying number of nodes on POR for seven different 

shapes. The following inferences can be drawn from the results: 

  
� As the number of nodes increases, number of neighbours per node increases thus the POR 

value increases for all of the shapes. 

 

� For all the shape, as the POR approaches unity the slope of the curves tends to be zero i.e. 

very high increments in N is required for marginal increase in POR. Large value of N is 

very costly in terms of resources requirements. Hence a trade-off is required between 

adequate POR value and allocation of resources. 

 

� For circular shape the POR value is highest among all shapes for a given value of N. The 

reason for the same has been discussed in the previous subsection.  

 

� For circular shape the POR value reaches unity faster than any other shape. Again it is 

attributed to periphery effect, since the circle has smallest periphery and has smallest 

periphery effect as a result of which it has highest value of POR. 

 

� As the transmission range is increased, the POR increases more rapidly for each and 

every shape of the region where ad-hoc network is to be deployed. The increase of 

transmission range increases no. of neighbours per node, which results in increase of 

POR. It implies that we can use lesser no. of nodes if we employ higher transmission 

range to achieve same POR. 
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POR vs. N for shape 1
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Figure 4a.  POR vs. N for T = 200 to 600 unit 

for shape 1 
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Figure 4b.  POR vs. N for T = 200 to 600 unit 

for shape 2 
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Figure 4c.  POR vs. N for T = 200 to 600 unit 

for shape 3 

POR vs. N for shape 4
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Figure 4d.  POR vs. N for T = 200 to 600 unit 

for shape 4  
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Figure 4e.  POR vs. N for T = 200 to 600 unit 

for shape 5 

POR vs. N for shape 6
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Figure 4f.  POR vs. N for T = 200 to 600 unit 

for shape 6 

POR vs. N for shape 7

0

0.2

0.4

0.6

0.8

1

1.2

20 30 40 50 60 70 80 90 100

N ode s

T = 200

T = 300

T = 400

T = 500

T = 600

 

Figure 4g.  POR vs. N for T = 200 to 600 unit for shape 7 
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4.3. Impact of size 

 
Figure 5 shows the impact of varying size on POR for square shaped region having 20 numbers 

of nodes with each node having fixed transmission range of 200 units. The following inferences 

can be drawn from the result: 

 

� As the size of the region increases, the node density decreases, number of neighbours per 

node decreases which ultimately leads to decrease in POR. 

 

� The POR starts from unity and at approaches zero within size interval of 250000 to 

2250000 sq. units for fixed of T, N and shape.  

 

� Though the results are shown for square shaped region only, similar results can be 

obtained for other shapes and therefore same remarks are applicable. 
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Figure 5.  POR vs. Size for T = 200 and N = 20 for shape 1 

 

4.4. Impact of shape 

 
Figure 6 shows the impact of varying shape of the region on POR with fixed transmission range 

of 200 units and for different value of number of nodes (20-100 with step size = 20). The 

following inferences can be drawn from the results: 

 

� The POR is highest for circular shape for all value of number of nodes. In circular shape 

the no. of neighbors per node is highest due to periphery effect resulting into highest 

value of POR. 
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Figure 6.  POR vs. Shape for T = 200 and N = 20, 40, 60, 80 and100, size = 2250000 

� In case of square and rectangle, it is seen that as the ratio of length to breadth for a region 

increases, the periphery effect increases, which result into decrease of POR. 
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� For a particular shape, the POR value increases steadily with increase in N. However 

marginal increase in POR is smaller for higher value of N. 

  

� Though the results have been shown for T = 200 and size = 2250000 sq. unit, similar 

results can be obtained for other values of T and size. 

 

5. CONCLUSIONS 
 

Following conclusions may be drawn from the results: 

 

� For given values of N and T the POR value is highest for circular shape as compared to any 

other shape. In other words to have same POR value the circular shape requires smallest 

value of N and T hence resource requirements are minimum for circular shape. 

 

� The POR consistently increases with increase in transmission range and/or number of 

nodes. However marginal increase in POR is low for large increase in N or T values when 

POR is near to unity. Hence achieving unity POR may be exorbitantly costly. 

 

� The values of N and T have inverse relation to achieve a given POR value i.e. value of T 

should be decreased if value of N is increased and vice versa. Use of this inverse relation 

can be helpful in optimising the resources requirements.  

 

� Increase in the size of region results in scarceness of the nodes in a region resulting in fall 

of POR value. 

 

� The resource requirements are dependent on periphery effect which increases with the 

increase in periphery of the region. The periphery effect and hence resource requirement 

for an ad-hoc network can be arranged in following order.  

 

1. Circle   : Radius = 846.11 units   

2. Ellipse   : Major Axis = 1500 units, Minor Axis = 477.27 units  

3. Square   : Side = 1500 units 

4. Rectangle  : Length = 1875 units Breadth =1200 units 

5. Rectangle : Length = 2400 units Breadth = 937.50 units  

6. Rectangle  : Length = 3000 units Breadth = 750 units  

7. Rectangle  : Length = 4800 units Breadth = 468.75 units  
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