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A New Method of Solving the Bernoulli Quadrisection Problem: Diagrams 

 

Figure 1 

 

 

Figure 2 
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Figure 3 was drawn using the dynamic geometry software program Geogebra. It shows the 

quadrisection generated by the results obtained in Figure 2 for a triangle whose vertices are 

(7,8), (0,0) and (10,0), and whose area is 40 units. 

Figure 3 

 

  



3 

 

 

 

Figure 4 

 

 

 

Figure 5 
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Figure 6 

 

# Weights Time Iterations Error Distance 

20000 1.4811 10 0.0353 29514.66 

40000 3.0626 10 0.0399 58900.98 

60000 4.4438 10 0.0368 87986.05 

80000 5.2032 8 0.0310 116233.30 

100000 6.5437 8 0.0316 145273.32 

120000 7.8562 8 0.0275 174716.35 

140000 8.5593 8 0.0328 203034.79 

160000 9.5345 7 0.0325 230432.22 

180000 10.2125 7 0.0351 257866.14 

200000 11.9561 7 0.0272 288373.60 

 

Figure 7 



5 

 

 

Figure 8 

 

 

 

Figure 9 
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Figure 10 
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       Figure 11 
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Figure 12 
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        Figure 13 
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Schaffer F6 Function: VCSC Test 

Inputs   Iterations 

Population Size = 40  52 

Cut-off Error = 1.00E-06  61 

Maximum Position = 2  72 

Maximum Velocity = 0.5  53 

Maximum Iterations = 5000  56 

Initial Inertia Weight = 0.9  54 

   56 

   74 

Outputs   86 

Iterations =  52  52 

Error =  9.29E-07 Average = 62 

 

The Schaffer F6 function is defined as  
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minimum value is 0 and this occurs at (0,0). All of the tests using the Schaffer F6 function 

shown in Figure 16 and Figure 18 have the same inputs as in Figure 14, with the exception 

of the cut-off error which can be either 1.00E-06 or 1.00E-10. The number of iterations 

required to achieve the specified accuracy for ten successive test runs are shown. 

Figure 14 

Griewank Function: VCSC Test 

Inputs   Iterations 

Population Size = 40  48 

Cut-off Error = 1.00E-06  74 

Maximum Position = 2  73 

Maximum Velocity = 0.2  61 

Maximum Iterations = 5000  64 

Initial Inertia Weight = 0.9  70 

   61 

   72 

Outputs   58 

Iterations =  69  69 

Error =  2.28E-07 Average = 65 

 

The Griewank function in n dimensions is   2
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global minimum is zero and occurs at the origin. We used the three-dimensional Griewank 

function in all of our tests. All of the tests using the Griewank function shown in Figure 17 

and Figure 19 have the same inputs as in Figure 15, with the exception of the cut-off error 

which can be either 1.00E-06 or 1.00E-10. 

Figure 15 
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Schaffer F6 Function
6Cut-off error = 1.0 10  

  

Test No. PSO PSO-SPSA VCSC VCSC-SPSA 

1 1675 133 52 53 

2 418 37 61 73 

3 155 98 72 53 

4 211 152 53 55 

5 4705 94 56 68 

6 647 74 54 73 

7 214 97 56 60 

8 3816 131 74 68 

9 261 140 86 38 

10 4211 135 52 65 

Average =  1631 109 62 61 

 

In this table the performance of the standard PSO algorithm is compared with that of the 

hybrid PSO-SPSA algorithm, the VCSC algorithm, and the hybrid VCSC-SPSA algorithm by 

recording the number of iterations required in ten successive test runs to achieve the desired 

accuracy. In each test run, the program is terminated if the value of the objective function is 

less than 
61.0 10 .  

Figure 16 

 
Griewank Function 

6Cut-off error = 1.0 10  

 

Test No. PSO PSO-SPSA VCSC VCSC-SPSA 

1 799 137 48 47 

2 783 169 74 57 

3 986 141 73 56 

4 984 164 61 56 

5 1576 46 64 65 

6 1542 110 70 61 

7 1332 90 61 64 

8 1251 190 72 60 

9 1543 176 58 65 

10 1738 219 69 69 

Average = 1253 144 65 60 

 

In this table we compare the performance of the four algorithms using the Griewank function. 

Figure 17  
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Schaffer F6 Function 
10Cut-off error = 1.0 10  

 

Test No. PSO PSO-SPSA VCSC VCSC-SPSA 

1 >5000 1014 141 158 

2 >5000 830 152 140 

3 >5000 985 140 120 

4 >5000 963 142 142 

5 >5000 806 121 142 

6 >5000 825 156 135 

7 >5000 876 135 148 

8 >5000 932 142 133 

9 >5000 1031 124 157 

10 >5000 882 121 139 

Average =  >5000 914 137 141 

 

In these tests, using the Schaffer F6 function, the standard PSO algorithm was unable to 

achieve the desired accuracy even once in less than 5000 iterations. In each test run, the 

program is terminated if the value of the objective function is less than 101.0 10 .  The 

superior performance of the VCSC algorithm compared to the PSO-SPSA algorithm is even 

more evident than in Figure 16 and Figure 17. 

Figure 18 
 
Griewank Function 

10Cut-off error = 1.0 10  

Test No. PSO PSO-SPSA VCSC VCSC-SPSA 

1 >5000 1018 121 137 

2 >5000 1341 115 137 

3 >5000 1142 125 149 

4 >5000 1014 113 141 

5 >5000 1215 121 127 

6 >5000 1173 122 134 

7 >5000 987 111 125 

8 >5000 1244 110 158 

9 >5000 1074 118 153 

10 >5000 1119 110 146 

Average = >5000 1133 117 141 

 

In these tests, using the Griewank function, the VCSC algorithm performs best.  

We used the Schaffer F6 and Griewank functions for our tests because they are well-known 

standard test functions and are widely used for assessing the efficiency of optimisation 

algorithms. 

Figure 19 
 


