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ABSTRACT 
 

Considering that most of the methods and algo`rithms used in solving mathematical problems is the use of 
living organisms, therefore to provide a new method, the number of live animals was studied and among them, 
how whales live witch seemed interesting and was studied more closely. And the behavior of these animals, a 
new method for solving the problems presented. In this paper, using an optimization algorithm SWSO, reviewed 
and analyzed and compared with the PSO algorithm. 
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Introduction 

 
In recent years, with enlargement issues, increasing the volume of calculations, speed and time of problem 

solving and the lack of suitable methods of classical to solve the problem of random search algorithms to search 
the whole space, is more used. Among these methods, innovative search algorithms such as ant population 
algorithm, genetic algorithms, etc. have been used more. And so far have had more growth. Algorithm bird 
community is one of the newest methods of searching, which set the direction and speed and the best experience 
to each bird and the best experience neighbors of each bird the search function does. Birds gathering algorithm, 
an algorithm is inherently continuous but discrete problems there is the binary version (J. Kennedy, et al., 2001). 

Algorithms mentioned in this article, the behavior of sperm whales as a method for optimization and solving 
problems are used. 

 
1- The sperm whale: 

 
The sperm whale, Physeter macrocephalus, is a marine mammal species, order Cetacea, a toothed whale 

(odontocete) having the largest brain of any animal. The name comes from the milky-white waxy substance, 
spermaceti, found in the animal's head. The sperm whale is the largest toothed whale, with adult males measuring 
up to 20.5 meters (67 ft) long and weighing up to 57,000 kilograms (56 long tons; 63 short tons) (H. Whitehead, 
2002). By contrast, the second largest toothed whale, Baird's Beaked Whale measures 12.8 meters (42 ft) and 
weighs up to 15 short tons (14,000 kg) (H.  Shirihai, B. Jarrett, 2006). The Nantucket Whaling Museum has a 5.5 
meters (18 ft)-long jawbone. Sperm whales, along with bottlenose whales and elephant seals, are the deepest-
diving mammals. Sperm whales are believed to be able to reach 3 kilometers (1.9 mi) and remain submerged for 
90 minutes. More typical dives are around 400 meters (1,300 ft) and 35 minutes in duration (H. Whitehead, 
2002). At these great depths, sperm whales sometimes become entangled in transoceanic telephone cables and 
drown. 

The social structure of the female and immature sperm whales is hierarchically organized into several levels 
based on differing spatial and temporal scales. Female and immature sperm whales reside in sub-tropical and 
tropical waters and live in stable social groupings, called "Units". Members of the same social unit are associated 
over decades and are thought to be constant companions. Unit members are often, but not always, matrilineally 
related. Units range in size from the smaller units of the Caribbean (~7 animals) to larger units in the Pacific (~12 
animals). (T. Ura, et al., 2004). 

 Associations within a unit appear to be correlated with relatedness. In the Pacific, individual social units 
associate for periods of a few days with other units to form what are called "Groups". These are casual 
acquaintances over a few hours to days in which two or more units are associated. In contrast to work in the 
Atlantic, the group tends to be the assemblage that is most commonly observed at sea in the Pacific. Finally, tens 
of thousands of sperm whales make up one of several "Vocal Clans" each with a distinct vocal dialect. Members 
of different vocal clans also appear to differ in their movement patterns, habitat-use, feeding success, diet, and 
reproductive success. The social structure in the Meditterranean appears to be much less defined with animals 
often been sighted alone (C. Laplanche, et al., 2005; R. Hirotsu et al., 2008). 
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2- Definition and implementation of new algorithms: 

 
Note that this method is used sperm whale behavior and this method is also very similar to the PSO method, 

so this method SWSO (Sperm Whales Swarm Optimization) were named. The sperm whale a few live bands 
each of which is a maximum of 50 members. Each group has a head group; all members are associated with it. 
Also, all the head groups are in contact with each other. Behavior of this algorithm is shown in Figure 1. 
 

 
 
Fig. 1: The sperm whale's behavior as a model of how the algorithm SWSO 

 
With this information, run the following algorithm is proposed: 
1 - The number n of the population, are randomly formed. ( 10,...,3 ,2 ,1n ) 

2 - Determine the competence of particles with their present position for n the population. 
3 - Comparison of current competence and the best experiences of particles and their necessary replacement 

for n the population. 
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4 - Comparison of current competence of each particle's best previous result of all particles and placement 
for the n population. 
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5 - Comparison of current competence of each particle's best previous result of all particles in n population 
and the necessary placement. 

If hbestPF i )(  Then 
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6 - Set the speed vector for each particle in n population using the relationship 1. 
 

)_(.)_(.)(.)1( 21 iddidididid xbesthrandcxbestprandctvwtv                                               (1) 

 
Comparison of g_best in groups and choosing the smallest, h_best is obtained. 
7 - Particles move to their new positions in n population using the relationship 2. 

 
)1()()1(  tvtxtx ididid                                                                                                                             (2) 

 
8 - Return to step 2 and repeat the algorithm to reach convergence. 



1028 
J. Appl. Sci. Res., 8(2): 1026-1034, 2012 

 

 

In the above relations, w  Inertia weight, 1c  and 2c  are learning factors and are assumed equal to 2. 

Convergence strongly depends on the amount of w is better dynamic and must be defined. Thus, the linear trend 
in the evolution of population 0.4 to 0.9 decreases (T. Meena, K. Selvi, 2005; M. Saravanan, 2006). Initially this 
number must be large as possible by good answers to provide early and late stages Small w causes a better 
convergence. This reduction in the related form can be defined (H. I. Shaheen, 2008). 
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In this study, n = 2 is selected. The two population group to implement the algorithm is used. 
 

3- Study Algorithm performance: 
 
To verify the performance of the algorithm SWSO, Five functions are mathematically considered and the 

performance of the algorithm has been studied. 
 

3-1-  2x  Function: 

 
To see how the algorithm SWSO, mathematical function 4 as a function of the sample is considered and 

performance of the PSO and SWSO algorithm has been evaluated. 
 

   2xxF                                                                                                                                                       (4) 

 
To minimize the amount of 4 by the PSO and SWSO algorithm the number 10 has run out that in each run 

50 iterations and has performed with the software program. Results are shown in Table 1. This table shows the 
results of the mathematical average of at least 4, run by the PSO, the amount of 0.0003503392 is. This amount 
in the algorithm SWSO the value 0.0003227881 is down. Also, the minimum value for the function 4 performed 
by the PSO, 0.000088742 is. While the lowest values run by SWSO, 0.000047721 is. The final point about 15 
iterations the algorithm PSO and 5 iterations the algorithm SWSO is obtained. 

Results, high accuracy the algorithm SWSO shows. The only disadvantage of this algorithm computation 
time is high. Figure 2 shows the rapid convergence of the algorithm. This figure shows that the convergence rate 
SWSO is higher than the PSO. 

 
Table 1: Comparison of results of PSO algorithms and SWSO on the 4 function 

Implementation PSO algorithms SWSO algorithms 
1 0.00013286 0.00052099 
2 0.000088742 0.00036467 
3 0.00026216 0.00021199 
4 0.00033808 0.00029352 
5 0.00040903 0.00046748 
6 0.00022179 0.00014872 
7 0.0014076 0.000047721 
8 0.0001181 0.00056114 
9 0.00015604 0.00020107 
10 0.00036899 0.00041058 
Average 0.0003503392 0.0003227881 
Lowest result obtained 0.000088742 0.000047721 

 
 

3-2- Sinc function: 
 
Function 5 is related to the Sinc function. In Figure 3 it is shown in three-dimensional mode. As seen from 

Figure 3 this function is a local optimal point. This function by the PSO algorithm and the SWSO algorithm to 

find the maximum value of the function 10 is executed the results are shown in Table 2. (   1xF is the 

maximum actual value of the function). 
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Fig. 2: Comparison of convergence rate between PSO algorithm and SWSO algorithm 
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Table 2: Comparison of results of PSO algorithms and SWSO on the 5 function 

Implementation PSO algorithms SWSO algorithms 
1 0.99889 0.99959 
2 0.99965 0.99996 
3 0.99632 0.99964 
4 0.99939 0.99858 
5 0.99576 0.99996 
6 0.99673 0.99993 
7 0.93507 0.99988 
8 0.99934 0.99982 
9 0.99812 0.99991 
10 0.97935 0.99993 
Average 0.98986 0.99972 
Average time 0.1313 0.1503 
The best results 0.99965 0.99996 

 
Fig. 3: The three-dimensional Sinc function 

 
Results Table 2 shows that Average maximum function 5, run by the PSO, the amount of 0.98986 is. This 

amount in the algorithm SWSO the value 0.999 is increased. Also, the maximum value for the function 5 
performed by the PSO, 0.99965 is. While the highest values run by SWSO, 0.99996 is. For the function of 5 by 
PSO algorithms the mean time was 0.1313 seconds and by SWSO algorithms the mean time was 0.1503 
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seconds. In Figure 4 the convergence rate between the two algorithms in solving the Sinc function has been 
compared. According to this figure the maximum point Sinc functions by PSO algorithm for 5 iterations and by 
the SWSO algorithm for 3 iterations is obtained. This comparison shows that the convergence rate SWSO is 
higher than the PSO. 
 

 
 
Fig. 4: Comparison of convergence rate between PSO algorithm and SWSO algorithm (for Sinc function) 

 
3-3- Peaks function: 

 
Function 6 is related to the Peaks function. In Figure 5 it is shown in three-dimensional mode. As seen from 

Figure 5 this function is a local optimal point and a peak point. This function by the PSO algorithm and the 
SWSO algorithm to find the maximum value of the function 10 is executed the results are shown in Table 3. 
(   8xF  is the maximum actual value of the function). 
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Fig. 5: The three-dimensional Peaks function 

 
Results Table 3 shows that Average maximum function 6, run by the PSO, the amount of 7.78585 is, which 

2.67% error is. This amount in the algorithm SWSO the value 7.98622 is increased, which 0.17% error is. Also, 
the maximum value for the function 6 performed by the PSO, 7.9908 is. While the highest values run by SWSO, 
7.9958 are. For the function of 5 by PSO algorithms the mean time was 0.128 seconds and by SWSO algorithms 
the mean time was 0.1328 seconds. In Figure 6 the convergence rate between the two algorithms in solving the 
Peaks function has been compared. According to this figure the maximum point Peaks functions by PSO 
algorithm for 7 iterations and by the SWSO algorithm for 3 iterations is obtained. 
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Table 3: Comparison of results of PSO algorithms and SWSO on the 6 function 
Implementation PSO algorithms SWSO algorithms 
1 7.9318 8.0658 
2 6.5781 7.9955 
3 7.7108 7.8885 
4 6.8069 8.1048 
5 7.9098 8.0512 
6 7.9808 7.5858 
7 7.7796 8.0007 
8 8.085 8.0859 
9 8.0864 7.9613 
10 7.1824 8.0978 
Average 7.60518 7.98373 
Average time 0.1173 0.1344 
The best results 7.9908 8.0007 

 

 
 
Fig. 6: Comparison of convergence rate between PSO algorithm and SWSO algorithm (for Peaks function) 

 
3-4- Spherical function: 

 
Spherical function is a quadratic function with n variables (Figure 7). This function has a convex surface is 

smooth. Most Optimization algorithmscan be to find the maximum of the function. In this study, two-variable 

function is considered. Function 7 shows spherical n-variable function. If 5ix , then the maximum function 

would be 10)( xF . This function by the PSO algorithm and the SWSO, 10 times has been implemented and 

the results are shown in Table 4. 
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Fig. 7: The three-dimensional Spherical function 
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Table 4: Comparison of results of PSO algorithms and SWSO on the 7 function 
Implementation PSO algorithms SWSO algorithms 
1 9.9975 10 
2 9.9996 9.9981 
3 9.8612 9.9981 
4 9.9778 9.997 
5 9.9944 9.9999 
6 9.9944 9.9975 
7 9.9549 9.9994 
8 9.9979 9.9999 
9 9.9972 9.9992 
10 9.995 9.9993 
Average 9.9739 9.9988 
The best results 9.9996 10 

 
Results Table 4 shows that Average maximum function 7, run by the PSO, the amount of 9.9739 is. This 

amount in the algorithm SWSO the value 9.9988 is increased which is closer to 10. Also, the maximum value 
for the function 7 performed by the PSO, 9.9996 is. While the highest values run by SWSO, 10 are. In Figure 8 
the convergence rate between the two algorithms in solving the Spherical function has been compared. 
According to this figure the maximum point Spherical functions by PSO algorithm for 5 iterations and by the 
SWSO algorithm for 2 iterations is obtained. This comparison shows that the convergence rate SWSO is higher 
than the PSO. 

 
 
Fig. 8: Comparison of convergence rate between two algorithms (for Spherical function) 

  
3-5- Sinc function of two-dimensional: 

 
To compare the two algorithms, single-variable function that is the most definitive, is expressed as a 

function of 8. This function is shown in Figure 9. The maximum value of this function is 2. This function by the 
PSO algorithm and the SWSO, 10 times has been implemented and the results are shown in Table 5. 
 

     8sin4sin2sin)(  xcxcxcxF                                                                                                    (8) 

 
Table 5: Comparison of results of PSO algorithms and SWSO on the 8 function 

Implementation PSO algorithms SWSO algorithms 
1 1.9831 2 
2 1.9869 2 
3 1.7166 1.9971 
4 1.9727 1.9976 
5 1.9949 1.9997 
6 1.9889 2 
7 1.9986 1.9999 
8 1.998 1.9996 
9 1.9517 1.9997 
10 1.8551 2 
Average 1.9447 1.9994 
The best results 1.9986 2 
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Fig. 9: Two-dimensional Sinc function 

 
Results Table 5 shows that Average maximum function 8, run by the PSO, the amount of 1.9447 is, which 

2.77% error is. This amount in the algorithm SWSO the value 1.9994 is increased, which 0.03% error is. Also, 
the maximum value for the function 8 performed by the PSO, 1.9986 is. While the highest values run by SWSO, 
2 are. In Figure 10 the convergence rate between the two algorithms in solving the Peaks function has been 
compared. According to this figure the maximum point Sinc function of two-dimensional by PSO algorithm for 
6 iterations and by the SWSO algorithm for 3 iterations is obtained. 

 

 
 

Fig. 10: Comparison of convergence rate between two algorithms (for Sinc function of two-dimensional) 
 

Conclusion: 
 
The results of the implemented algorithm SWSO on a different test function, indicating that the SWSO 

algorithm is more careful than the PSO algorithm. The results indicate that the method SWSO optimization 
methods are very smart and have the ability, because of the inspiration of nature it is easy to understand. In 
addition to simply learning the concepts, relationships in this algorithm are also simple. According to the results 
of two algorithms to run on the functions, benefits SWSO approach to PSO method is summarized as follows: 

 The convergence rate SWSO is higher than the PSO. 
 Because the particles are as a group, the number of populations used in the algorithm is less. 
 With the increase in the number of particles and Groups, the better results can be achieved. 
Finally, it is suggested that the new SWSO algorithm used to solve various problems the best performance 

for this algorithm is achieved. 



1034 
J. Appl. Sci. Res., 8(2): 1026-1034, 2012 

 

 

Refrences 
 
Kennedy, J., R.C. Eberhart and Y.  Shi, 2001. “Swarm intelligence”, Academic Press. 
Whitehead, H., 2002. “Sperm whale Physeter macrocephalus”,  In Perrin, W., Würsig B. and Thewissen, J. 

Encyclopedia of Marine Mammals Academic Press, pp: 1165-1172. 
  Shirihai, H., B. Jarrett, 2006. “Whales Dolphins and Other Marine Mammals of the World”, Princeton: 

Princeton Univ. Press, pp: 112-115. 
Ura, T., R. Bahl, M. Sakata, J. Kojima, T. Fukuchi, J. Ura, 2004. “Development of AUV-based system for 

acoustic tracking of diving sperm whales”, IEEE Techno-Ocean, 4: 2302-2307. 
Laplanche, C., O. Adam, M. Lopatka, J.F. Motsch, 2005. “Real time sperm whale depth estimation using 

passive acoustics” IEEE Ocean, 1: 137-141. 
Hirotsu, R., T. Ura, J. Kojima, H. Sugimatsu, R. Bahl, M. Yanagisawa, 2008. “Classification of sperm whale 

clicks and triangulation for real-time localization with SBL arrays” IEEE Oceans Conference, pp: 1-7. 
Chen, Z.X., L.Z. Zhang, J. Shu, 2005. "Congestion Management Based on Particle Swarm Optimization", 

Power Engineering Conference, The 7th International, 2: 1019-1023. 
Meena, T., K. Selvi, 2005. "Cluster Based Congestion Management in Deregulated Electricity Market using 

PSO", IEEE Indicon Conference, Chennai, India, 11-13. 
Saravanan, M., S. Mary Raja Slochanal, 2006. “Application of particle swarm optimization technique for 

optimal location of FACTS devices considering cost of installation and system loadability”, Elsevier B.V., 
77: 276-283. 

Shaheen, H.I., G.I. Rashed, S.J. Cheng, 2008. “Optimal location and parameters setting of UPFC based on GA 
and PSO for enhancing power system security under single contingencies”, IEEE Power and Energy 
Society General Meeting-Conversion and Delivery of Electrical Energy in the 21st Century, pp: 1-8. 


