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Abstract:Numerous system applications require 

transmitting the same single replica of information 

packages simultaneously to numerous destinations, it is 

called multicasting. The Multicast routing has 

substantial impact in MANET’s.Effective and efficient 

use of system is life-threatening for system applications 

such as sound, video-pouring, which are touchy to 

information conveyance delay in last ten years. In this 

paper, we proposed a Unified Water Swirl Algorithm 

(UWSA) to determine the optimal path for the 

considered network models with the satisfactory QoS 

parameter such as maximum allowed delay, maximum 

allowed jitter and minimum requested bandwidth and for 

a particular case, the packet loss rate is also considered 

as a constraint. It is substantiated in this paper that the 

proposed UWSA algorithm shows a more satisfactory 

performance convergence than the regular Water Swirl 

Algorithm (WSA) and the other existing algorithms in 

the literature by determining an optimum path that 

satisfies more than one QoS parameters in MANETs. 

This algorithm has better convergence speed and noble 

performance as shown in experimental results. 

Keywords: Unified Water Swirl Algorithm (UWSA), 

Water Swirl Algorithm (WSA), Quality of Service 

(QoS), Multicasting, MANET, Routing. 

1. Introduction 

   A MANET is a multi-hop network consists of mobile 

nodes that create a wireless network dynamically 

without having any fixed infrastructure. A multicast 

routing has extended a lot of attention in recent years in 

MANET, because it gives an ability of sending 

information from one source to a group of destinations 

and applications that requires a group communication 

such as real time audio and video for news, 

entertainment etc. [20]. Quality of Service in MANETs 

is a difficult task [4]. The main idea of Quality of Service 

routing is to find optimal and feasible path that satisfies 

QoS constraints such as bandwidth, delay, and jitter and 

packet loss. [12].. Heuristic approaches are used for 

searching optimal or near – optimal solutions. Adaptive 

systems are clever for finding solution to complex 

problems, like finding the minimum or maximum in a 

complex search space, by simultaneously evaluating the 

function and using this evaluation to decide the direction 

of the future researches. The adaptive system faces the 

challenge in determining an efficient method to sample 

the search space and convergence to the peak. Fluid 

dynamics can be used to obtain a new optimization 

technique that searches for the solution like water seeks 

the lowest spot. 

      Answer for the question “how does water 

continuously locate the hole in the sink?” will lead to a 

technique that searches the peak solution of a complex 

function. The answer is opened drain causing mass 

directly above the vent to leave the control volume. 

Because of this, an empty space is created immediately 

above the drain and the remaining mass falling on itself 

causes the sink to drain. The rotation of the water is due 

to the combination of deficiency in the sink surface or 

vent surface, uneven shape of the sink or vent, the 

velocity in the initial condition of the mass and the rotary 

motion of the earth. By applying this concept in 

computer algorithm, each particle in the mass can be 

taken as an individual answer in the search space. 

Boundary conditions limiting the space are represented 

by the sink holding the mass. The drain will signify the 

best solution to be found. The rotation helps to certify 

that early convergence which will lead to best solution 

does not happen. The water swirl motion is given in 

Figure1.1. 
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Figure 1.1. Water swirl motion in sink 

Further, Water Swirl Algorithm is proposed for 

observing the flowing and searching behaviour of water 

to drain and develop suitable updated equations to locate 

the optimum solution iteratively from the start of 

randomly generated search space.  

       Considering the contributions of the bio-

inspired/nature inspired optimization algorithms, a 

Unified Water Swirl Algorithm (UWSA) is proposed 

here in order to determine the optimal path for the 

considered network models with the satisfactory QoS 

parameter guarantee. This proposed UWSA with an 

inclusion of a unification factor follows the search 

behaviour of water to drain, and by considering the 

parameter variation of the drains, an update equation is 

derived to locate the optimum solution. In MANET, the 

experimental results with different number of nodes 

(routes) are taken with the constraints maximum allowed 

delay, maximum allowed jitter and minimum requested 

bandwidth. For a particular case, the packet loss rate is 

also considered as a constraint. It is substantiated in this 

chapter that the proposed UWSA algorithm exhibits a 

more satisfactory performance convergence than the 

regular Water Swirl Algorithm (WSA) and the other 

existing algorithms in the literature by determining an 

optimum path that satisfies more than one QoS 

constraints in MANET. 

2. System Model 

      The proposed algorithm UWSA is based on the 

fundamental concept of WSA (Rani 2012).  

     Water is unavoidable or most important for the life of 

living organisms to go on. One characteristics of water 

is that being poured either on the floor or on whatever 

place, the flow of water is in such a manner as to identify 

a drain at the sink point left out continuously. This 

characteristic of water has been brought out in detail in 

the area of fluid dynamics which deals with the nature of 

fluid flow. On opening the drain of the sink point, the 

user can observe a swirling motion getting started in the 

water mass that exists near the drain. This will get the 

flowing water released through the drain. The noted 

swirling motion of water towards the drain forms a 

phenomenon called vortex formation as shown in Figure 

1.2. 

 

Figure 1.2. Vortex ring formation during the swirl 

motion of water.  

3. Problem Formulation 

     Let it be thought that each water particle in the vortex 

has a position ‘x’ and possess strength ‘α’ which 

interacts with each other and evolves during the swirl 

motion of the water drain. During the swirl motion, 

water particle undertake constant change of position in 

every layer with an increased tangential velocity (ϴ1, ϴ2, 

ϴn) and decreasing radius (r1, r2, rn) towards the vortex. 

Based on the vortex particle theory, the water particle’s 

strength vector is updated using Equation (3.1) (Rani 

2012) every time until it gets released from the drain. 

𝑑
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The position of the water particle is updated using 

Equation (3.2) (Rani 2012), till it finds the drain point 

𝑑
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Where, 

𝑿𝒑 is the water particle’s position,  

𝑿𝒒 is the water particle’s reference position, 

𝜶𝒑 is the water particle’s strength vector,  

𝜶𝒒  is the water particle’s reference strength vector,  
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pvol  And qvol are the original and reference volume of 

the water particle 

  is the vortex core radius.
 

As per vortex particle theory, after removing some 

system dependent and constant parameters like
1

4
, 

5

2

,
7

2
, 

9

2
,  , v , pvol , and qvol , it is found that the 

strength and position update equations depend on four 

variable parameters which are actual and reference 

positions, actual and reference strengths respectively.  

      The new strength of the motion of the water particle 

is based upon its previous strength, reference strength 

and the difference between the actual and reference 

positions at any instant. In a similar manner, the new 

position of the water particle is based on the new 

strength, reference strength and the difference between 

actual and reference positions. Utilizing the above 

theory, Equations (3.1) and (3.2) used by the water 

particle during the swirl motion to identify the lowest 

point is modified suitably and Water Swirl Algorithm 

(WSA) is originated to search for an optimal solution. 

          The Water Swirl Algorithm (WSA) takes a number 

of water particles for denoting the number of possible 

solutions for a variable in the considered search space. 

The boundary conditions that is the boundary (limit) of 

the search space is represented using the sink that takes 

the water particle. On swirling motion, the water particle 

tries to move continuously in the direction of the greatest 

value in the search space when the vortex is in motion. 

It is noted that the particles will be drawn in the direction 

of the vortex point and the search will be concentrated 

on the areas which have yielded good results during the 

previous motion (Previous Best). The drain specifies that 

the best among the previous best and it is considered as 

the Global Best. 

           Due to the existence of water particles for an 

appreciable amount of time, the updation of the previous 

and global best position is carried out until an overall 

best solution is computed. As a result, strength updates 

Equation (3.3) and position update Equation (3.4) (Rani 

2012) are as given below:  
 

𝛼𝑛𝑒𝑤 = 𝛼𝑜𝑙𝑑 + 𝛼𝑞,𝑟𝑒𝑓 × (𝑋𝑝𝑟𝑒𝑣𝑏𝑒𝑠𝑡 − 𝑋𝑞,𝑟𝑒𝑓) +

𝛼𝑞,𝑟𝑒𝑓 × (𝑋𝑔𝑏𝑒𝑠𝑡 − 𝑋𝑝,𝑜𝑙𝑑)  

    -(3.3)
 

𝑋𝑝,𝑛𝑒𝑤 = 𝛼𝑛𝑒𝑤 + 𝛼𝑞,𝑟𝑒𝑓 × (𝑋𝑝,𝑜𝑙𝑑 −

𝑋𝑞,𝑟𝑒𝑓)   
 

   -(3.4)
 

In this case, 

α, Xp, and Xq,ref are randomly generated using the range 

given for the solution variable.  

αq,ref is a random number generated between zero and 

one.  

αold and αnew are the strength vectors of water particles 

at it hand (i+1) th iterations respectively.  

Xp,old and Xp,new are the positions of water particles at it 

hand (i+1)th iterations.  

Xq,ref, Xprevbest and Xgbest,denotes the reference position, 

previous best position and global best position of the 

water particle, respectively.  

         Equation (3.4) for updating particle strength has 

well balanced exploration and exploitation abilities.  On 

updating the particle strength using Equation (3.3), 

variables with different αq,ref  value will be  provide a  

huge search space . Henceforth WSA performs better 

due to the independent updating of each variable. 

Position updation is performed using Equation (3.4) and 

it performs a local selection task by utilizing new 

strength vector αnew and reference position Xq,ref to 

determine the next adjacent position around the vortex 

ring.  

        Alternatively, when a new value is produced by 

Equations (3.3) and (3.4) and if these values crosses the 

predefined range, then it is assigned as randomly 

generated acceptable value within its range. It is 

observed that the three key control parameters such as 

the number of water particles ‘N’, boundary of each 

water particle ‘B’ and the maximum iterations ‘I’ are to 

be initialized in this algorithm. 

        The parameters, such as initial position, reference 

position and the strength of the water particle are 

generated in random within the actual range of each 

particle, and the fitness of each water particle is 

evaluated. The point up to, which the water particle is 

exhausted and the previous best (prevbest) will be 

updated, and set the best of prevbest as the global best 

(gbest). In due course, the strength and position of the 

water particle are updated using Equations (3.3) and 

(3.4), respectively, until the maximum iteration is 

reached. Finally, global best value is returned as an 

optimal solution. 

          With the knowledge of the above basic concept, a 

work has been made to increase the convergence 
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capability of the WSA by combining the properties of 

the local and global variants and merging them together 

with the factor called ‘Unification factor’. The proposed 

UWSA is a variation of WSA which aggregates its local 

and global variant that combine their exploration and 

exploitation capabilities without striking any additional 

requirements regarding the function evaluation. In 

UWSA the innovative parameter which is called as 

unification factor controls the influence of the local and 

global WSA variants. The search variant is expressed as,        

𝑊𝐺𝑖(𝑡 + 1) = 𝑋 [𝑉𝑖(𝑡) + 𝑐1𝑟1(𝑃𝑖(𝑡) − 𝑋𝑖(𝑡)) +

𝑐2𝑟2 (𝑃𝑔(𝑡) − 𝑋𝑖(𝑡))] −(3.5) 

𝑊𝐿𝑖(𝑡 + 1) = 𝑋 [𝑉𝑖(𝑡) + 𝑐1𝑟1(𝑃𝑖(𝑡) − 𝑋𝑖(𝑡)) +

𝑐2𝑟2 (𝑃𝑔𝑖(𝑡) − 𝑋𝑖(𝑡))] −(3.6) 

Where, 

Xi    is the i-th water particle  

g is the index of the best particle in the entire water 

particle   

gi is the index of the best water particle in the 

neighborhood of Xi. 

WGi (t + 1) is the strength update of Xi for the global 

WSA variant  

WLi (t +1) is the strength update of Xi for the local WSA 

variant 

t denotes the generation count.  

    Based on the search directions defined by Equations 

(3.5) and (3.6) the functional equations of the proposed 

UWSA method is written as follows, 

𝑊𝑈𝑖(𝑡 + 1) = 𝑢𝑊𝐺𝑖(𝑡 + 1) + (1 −

𝑢)𝑊𝐿𝑖(𝑡 + 1), 𝑢 ∈ [0,1] −(3.7) 

𝑋𝑖(𝑡 + 1) =  𝑋𝑖(𝑡) + 𝑊𝑈𝑖(𝑡 + 1) 

                             - (3.8) 

Where ‘u’ is the ‘unification factor’ that balances the 

influence of the global and local search directions. On 

setting the value of unification factor equal to 1 (u = 1) 

in Equation (3.7), the global WSA variant process takes 

place. When the value of unification factor ranges 

between 0 to 1, the combined feature of the local and 

global variant of WSA is brought to define the proposed 

UWSA performing the exploration and exploitation 

properties to achieve the optimal solution.     

    In the above Equation (3.7) a stochastic parameter 

namely ‘r3’, is introduced to enhance the potential of 

UWSA’s exploration capabilities. Henceforth based on 

whether it is a local or a global variant of UWSA, and 

depending on which variant UWSA is mostly based, 

Equation (3.7) becomes,  

𝑊𝑈𝑖(𝑡 + 1) = 𝑟3𝑢𝑊𝐺𝑖(𝑡 + 1) + (1 −

𝑢)𝑊𝐿𝑖(𝑡 + 1)                    −(𝟑. 𝟗) 

for the local variant and 

𝑊𝑈𝑖(𝑡 + 1) =  𝑢𝑊𝐺𝑖(𝑡 + 1) + 𝑟3(1 −

𝑢)𝑊𝐿𝑖(𝑡 + 1)              −(3.10) 

for the global variant.  

         The parameter r3 ~ N (M, ) is normally a 

distributed parameter with mean vector M and 

covariance matrix ∑. The presence of ‘r3’ in Equations 

(3.9) and (3.10) specifies the operation of the mutation 

process in the evolutionary algorithms. However, the 

mutation in the proposed UWSA is biased towards the 

directions that are consistent with the WSA dynamic, in 

contrast to the pure random mutation process that takes 

place in the evolutionary algorithms.  

4. Proposed Algorithm 

        The algorithm for the proposed UWSA is explained 

below and the flow diagram is given in Figure 4.1.  

Algorithm for proposed UWSA 

              

Step1:  The number of water particles, range of 

water particle and maximum Iterations are 

selected. 

Step2:  The particle position, strength and 

unification factor are initialized. 

Step3:   For each water particle (xp), fitness function 

is evaluated using Equation (2.11) 

Step4:   The particle global best value 

                   is selected.  

  

Step5: The fitness value of (xp) is compared  

                   With fitness value of (xprevBest).  If it is 

Higher Value, then xprevBestas xp is set. 

Otherwise, move to Step 3 for evaluating 

fitness value. 

Step6:  The particle individual best (XprevBest) and 

the global best (XgBest) are updated in the 
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strength update Equation (3.7) and get the 

position of the particle using Equation (3.8). 

Step 7:  The optimal solution is attained when the 

cost of the network route is   the minimum.  

Step 8:  let it be stopped. 

 

 

       This section describes the experimental network 

model chosen to apply the proposed UWSA approach to 

obtain the best optimal route. The trial network models 

for the three particular constraints (Case 1, Case 2 and 

Case 3) are measured in this case also to implement the 

proposed UWSA approach. Here the proposed UWSA 

approach is carried out for 30 trials in each case.     

 
Figure 4.1. New network model created to test 

proposed UWSA 

identified multicast tree are summarized in table 5.1. The 

number of water particle taken as 40 and 200 iterations 

were performed for 30 trails 

 

 

 
 

Figure 5.1. Best Multicast tree generated by UWSA 

with the exisiting QPSO method as well as the regular 

WSA Algorithm. 

      To prove the validity of the proposed UWSA, a new 

network model as shown in Figure 4.1 is designed and 

evolved to compute the feasible network route. 

     In this case, the constraints are selected to be, delay 

constraint QD=20, delay-jitter constraint QDJ =30, 

bandwidth constraint QB= 40 and packet loss rate 

constraint loss rate constraint, QPL=30. The 

implementation is carried out to start the superiority of 

the proposed UWSA for QoSR in Comparison with the 

existing QPSO method as well as the regular WSA 

Algorithm 

 

5. EVALUATION OF MULTICAST TREE USING 

PROPOSED UWSA IMPLEMENTATION 

RESULTS  

     The proposed UWSA algorithm is implemented and 

simulated for the network models as given in section 

4(fig 4.1). The calculated network optimal path with the 

guarantee on QoS parameters are tabulated for its 

validity. 

    The multicast tree with the best fitness value of   the 

network model as in figure 4.1 that satisfies the 

constraints estimated out of 30 runs for the proposed 

algorithm is shown in figure5.1. The least cost, delay and 

delay-jitter of each. 

    It is observed from Figure 5.1 and table 5.1 that for 

the network model in figure 4.2, the best fitness values 

computed using proposed USWA possess least costs, in 

comparison with that of QPSO, the proposed DGKH and 

the conventional WSA. 

Table 5.1. Summary of performance metrics by 

various methods for multi-constrained QoSR for various 

cases  

 

 

Nodes 
Best 

cost 

Average 

delay 

Average 

delay-

jitter 

Average 

Cost 

Standard 

Deviation 

10 146.72 21.9 34.9 148.21 3.51 

20 300.97 21.6 34.8 302.43 4.19 

30 479.91 21.9 35.1 481.02 3.76 

40 561.78 21.7 34.3 562.47 4.50 

50 774.97 21.8 34.2 775.19 4.95 

60 925.03 21.5 34.6 925.43 3.65 

70 1050.92 21.5 34.9 1052.65 4.22 

80 1217.76 21.3 34.7 1217.63 3.86 

90 1383.21 21.4 34.4 1384.71 5.30 

100 1571.54 21.5 34.5 1572.96 6.53 
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6. Simulation Results And Analysis 

     Simulations were conducted to investigate the 

scalability of the proposed UWSA algorithm. The data 

is shown in table 6.1. In this case, all the four constraints 

delay, delay-jitter, bandwidth and packet loss rate are 

considered. The number of nodes of each network was 

set at random from 10 to 100. 

 

Table 6.1. Parameters of the network model considered 

 

 

 

Table 6.2. Performance metrics on the random networks 

of 10 -100 nodes by the proposed UWSA algorithm 

 

 

 
 

Figure 6.1 (a) Dynamic changes of cost for QPSO, 

proposed DGKH and proposed UWSA 

 

Figure 6.1 (b) Dynamic changes of average delay for 

QPSO, proposed DGKH and proposed UWSA 

 

Figure 6.1 (c) Dynamic changes of average delay jitter 

for QPSO, proposed DGKH and proposed UWSA 

 

Figure 6.2 Convergence plot for the WSA and 

proposed UWSA algorithm while optimizing the fitness 

function 

      Table 6.2 shows the results of the proposed 

algorithm. Figure 6.1 shows the dynamic changes of the 

cost, average delay and average delay-jitter with the 

progress of iteration for the simulated algorithms. From 

Figure 6.1, it is clear that the proposed UWSA algorithm 

has a better search ability than the existing QPSO and 

the proposed DGKH on the tested problem. Figure 6.2 

shows the convergence properties of the proposed 

algorithm UWSA with respect to WSA averaged over 30 

trials runs on the problem for the given Constraints. 

       The process of simulation being carried out, the 

scalability of the algorithm with the problem size was 

Parameter Range 

Cost of link 2 – 10 

Bandwidth 50 – 200 Kbps 

Delay jitter 5 – 20 ms 

Inde

x 

Method

s 

Bes

t 

Cos

t 

Ave

rag

e 

dela

y 

Aver

age 

delay

- 

jitter 

Aver

age 

cost 

Sta

nda

rd 

Dev

iati

on 

Averag

e 

Packet 

loss 

rate 

Setu

p 2 

QD=

20 

QDJ

=30 

QB=

40 

QPL

=30 

(Figu

re 

3.4) 

QPSO 141 21.9 31.6 
135.7

6 
2.10 0.9872 

Propose

d 

DGKH 

Algorith

m 

136 22.7 32.9 
131.9

1 
2.14 0.9751 

WSA 138 21.6 32.1 
131.3

3 
2.17 0.9431 

Propose

d 

UWSA 

132 23.1 33.0 
129.6

1 
2.12 0.9165 
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performed with respect to the execution time and the 

least cost of the obtained multicast tree. Comparison 

results are obtained for the proposed UWSA and the 

proposed DGKH. Figure 6.3 (a) shows the least cost 

generated for the proposed algorithms that are averaged 

over different constraints for the problems with different 

numbers of network nodes and Figure 6.3 (b) shows the 

execution time of the proposed two algorithms. It can be 

observed that the multicast tree obtained by UWSA on 

each problem has the best fitness value compared to the 

DGKH method. The results convey the superiority of the 

proposed method. To summarize the three algorithms 

(QPSO, DGKH and UWSA) for QoS in multi-cast 

routing problem of MANETs, the proposed UWSA 

method could generate the best multicast trees (with best 

fitness (cost) values) compared to QPSO and the 

Proposed DGKH. 

 

Figure 6.3(a) The average cost in 30 runs of  

each problem with different No of network  

nodes (b) The execution time of each algorithm  

on the problems, with different No of network  

nodes. 

 

 

Figure 6.4. Comparison of routing request  

success ratio (a) Delay, (b) Bandwidth and 

(c) Delay-Jitter 

The performance is verified by each of QoS parameters 

as well. The comparison of the routing request success 

ratios among QPSO,and the proposed DGKH and 

USWA for the experimental setup model in figure 4.2 

are curved and shown in Figure 6.4. It is proved   that the 

proposed UWSA has a high routing success ratio 

according to each QoS parameter and thus has the best 

convergence performance 

 

7. Conclusion 

     The multicast routing method based on a  modified 

water swirl algorithm UWSA, which decides the local or 

a global search variant based on the included unification 

factor. Further, the stochastic parameter included leads 

to the faster convergence of the network leading to the 

computation of feasible network route minimizing the 

cost incurred.                                               

    The experimental results reveal that the proposed 

UWSA algorithm searches for the solution space in a 

very effective and efficient manner. Simulation results 

and the comparison made with the solutions available in 

the early literature prove that the proposed algorithm 

searches for the better multicast trees with a faster 

convergence.  
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