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Algorithm 1 Black Hole
Initialize a population of stars with random locations in the search space
Loop

For each star, evaluate the objective function

Select the best star that has the best fitness value as the black hole

Change the location of each star according to the equation (1.3)

If a star arrives at a location with a lower cost than the black hole, swap their locations.

If a star crosses the black hole’s neighborhood in a radius of (2.3), replace it with a new star at a random
location in search space.

If a termination criterion (a maximum number of iterations or a sufficiently good fitness) is met, exit
the loop

End loop
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Algorithm 2 Ant Scanning
Mesh—grid(L,U,Dx).
For all ants do
scan related line by determined step size(Dx).
best position(i) = position of the best fitness function value in i-th line .

end for.
Return best position
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Algorithm 3 BB-BC
Determine (nn, maxiter,p)

nn = number of neighbors in each promising area.
maxiter = number of iterations
p = Radius size reduction rate
Input ( bestposition, Dx ) % The best positions were obtained in phase 1
For i =1 to maxiter do
If i=1 do use the best positions to calculate the center of mass by 1.2
else
By adding or subtracting normal random numbers, determine nn neighbors in a promising area
Calculate the fitness function of each neighbors
Calculate center of mass by (1.2)
end for
Return center of mass
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Algorithm 4 New Black Hole
Input(bestpoint,nbh,Dx)
Create stars located at a distance of Dx in each dimension around the bestpoint

Calculate the fitness value of all stars and determine the Black hole between the stars and the
bestpoint
Fori = 1 tonbh do
For each star do
Move all the stars towards the black hole using the equation (1.3)
Check if the new location of the star is in W
Compare the fitness value of the black hole with the star
Swap their location, if necessary
End
End
Return best-fit point
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Algorithm 5 Main Function calls BB-BC
Input (L,U,Dx,fitness function).
bestgrid = Ant Scanning (L,U,Dx).
For bestgrid(i) in bestgrid do
bestneighbor(i) = BB-BC (bestgrid(i),Dx) .
End.
Find bestneighbor(j) that has best fitness.

Algorithm 6 Main Function calls BH
Input (L,U,Dx fitnessfunction,maxiter,nbh)
nbh is number of iteration in NBH
bestgrid = Ant Scanning (L, U, Dx)
For each bestpoint in each line do
For i = 1 to maxiter
bestpoint = NBH (bestpoint,nbh,Dx)
update Dx by equation (1.4)
End
End
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Table 1: Test Functions

Function name Domain Minimum parameters
Schaffer [-100,100] x*=(0,0)f*=0 p=2 nn=3
Rastrigin [-5.12,5.12] x*=(0,0) f*=0 =2 nn=3

Rosenbrock [-100,100] x*=(L,1) f*=0 p=3 nn=>
Levy [-10,10] x*=(1,1)*=0 p=2 nn=3
Ackley [-32.768, 32.768] x*(0,0) f* =0 p=2 nn=3
Drop-Wave [-5.12,5.12] x*=(0,0) f*=-1 p=7 nn=2>5
Special test function [-10,10] x*=1(0,0) f*=0 =2 nn=3

Table 2: BB-BC on schaffer function

Dx  maxiter X1 X9 f
0.13 5 3.22851 x 10°°  1.44106 x 10°  1.2499 x 10 12
0.033 1.01316 x 106 -1.48658 x 104 2.22019 x 10713
0.033 - 3.08258 x 100 5.49498 x 106 3.96971 x 1014
0.003 0.0 0.0 0.0

Table 3: BB-BC on Rastrigin Function

Dx  maxiter X1 X9 f
0.13 30 2.64547 x 100 5.09492 x 107° 5.16380 x 1077
0.13 50 9.17583 x 10° 2.38430 x 10 1.78310 x 106
0.003 0.0 0.0 0.0
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Table 4: BB-BC on Rosenbrock Function

Dx  maxiter |x1 — 1] |xo — 1] f

0.011 70 2.00783 x 104 4.02553 x 10°%  4.04034 x 108
0.003 5 1.62378 x 104 3.25719 x 104 3.64544 x 1078
0.0015 9.69347 x 1077 2.52907 x 106 1.75646 x 10712

0.003 70 6.47156 x 10° 1.29739 x 104  4.19783 x 107?

Table 5: BB-BC on Levy Function

Dx  maxiter |x1 — 1] |xo — 1] f

0.13 % 290273 x 104 1.01771 x 104 9.51876 x 108
0.03 3.61892 x 10° 8.09492 x 107° 1.87887 x 107?
0.13 5 3.78707 x 10°  7.89551 x 10  1.99861 x 1079
0.03 249589 x 100 6.04911 x 106 9.27577 x 10712

0.011 50 8.46194 x 108 1.70004 x 107° 1.80714 x 1011

Table 6: BB-BC on Ackley Function

Dx maxiter x; X9 f

0.3 20 0.0 00 3x1039

Table 7: BB-BC on Drop Wave Function

Dx maxiter X1 X9 If + 1

0.1 5 297430 x 107 1.18631 x 107 3.71692 x 10 12
0.05 2.12861 x 108 -4.99360 x 10  1.06783 x 1013
0.1 % 1.15674 x 109 9.45810 x 1010 0.0

0.05 264122 x 109 1.69901 x 109 3.32067 x 1016
0.1 100 1.35008 x 1079 -8.78500 x 10 1! 0.0

Table 8: BB-BC on Special test function
Dx maxiter X1 X9 f

0.3 50 2.01105 x 107° 291750 x 10°  3.43251 x 10°®

0.3 100 2.02966 x 10°  9.45799 x 106 8.90490 x 107
0.03 3.67922 x 107 1.36408 x 107 2.56373 x 1012
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Table 9: NBH on Schaffer Function
Dx  maxiter X1 X9 f
0.13 1.04612 x 1072 2.10391 x 107 0.55207 x 10712
0.033 1.39860 x 107° 452032~ x10° 2.16049 x 10713
0.033 0 4.64960 x 100 4.76960 x 106  4.32370 x 10713
0.003 0.0 0.0 0.0
Table 10: NBH on Rastrigin Function
Dx  maxiter X1 X9 f
0.13 30 1.14857 x 109 1.06002 x 109 0.0
0.13 1.61971 x 1079 225987 x 102 0.0
0.033 2.89574 x 1019 9.42731 x 10710 0.0
Table 11: NBH on Rosenbrock Function
Dx  maxiter |x1 —1] |xo — 1] f
0.011 70 2.00783 x 104 2.00783 x 104 4.04034 x 108
0.003 5 1.62378 x 104 3.25719 x 104 3.64544 x 108
0.0015 9.69347 x 1077 2.52907 x 106 1.75646 x 1012
0.003 70 6.47156 x 10° 1.29739 x 104  4.19783 x 107
Table 12: NBH on Levy Function
Dx  maxiter |x1 — 1] |x9 — 1 f
0.13 % 2.62390 x 104 6.96503 x 104 1.07569 x 1077
0.03 1.56250 x 1074 1.56240 x 104 2.89176 x 1078
0.13 s 1.59283 x 104 4.43910 x 104 4.407877 x 1077
0.03 513753 x 10°  1.17942 x 104 3.82088 x 1077
0.011 50 1.77635 x 10°1°  1.44328 x 10715 0.0
Table 13: NBH on Ackley Function
Dx maxiter X1 X9 f
0.3 20 5.00947 x 10713 3.62088 x 10712 -1.03428 x 1012
.. >
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Table 14: NBH on Drop Wave Function

Aol § KoK w55 p (e (55893 (jlwdinne (B9,

Dx  maxiter X1 X9 If + 1]
0.1 o | 293801 x 10:2 1.27601 x 10133 0.0
0.05 1.83567 x 103 ~1.26745 x 10 0.0
0.1 s 305739 x 10j>1 1.26745 x 10134 0.0
0.05 2.35840 x 107%  2.358401 x 10 0.0
0012 100  5.12000 x 10 ~5.12000 x 10° 0.0
Table 15: NBH on Special test function
Dx maxiter X1 X9 f
0.3 50 9.47674 x 107 1.28000 x 1073 6.78840 x 107°
0.3 1.48078 x 107*  1.28000 x 103  5.55330 x 1076
0.03 1.28000 x 1074 1.28000 x 104 7.84900 x 107
Table 16: BB-BC on Rastrigin function maxiter = 50
x and f Dx = 0.3 Dx = 0.03 Dx = 0.03
X1 5.53591 x 1079 1.31321 x 10711 1.21621 x 10712
xo  5.26253 x 109 1.31321 x 1011 1.21621 x 10712
X3 5.34801 x 1079  1.31321 x 10711 1.21621 x 10712
x4 5.26803 x 109 1.31321 x 10711 1.21621 x 10712
x5 3.51230 x 109 1.31321 x 10711 1.21621 x 10712
f 244921 x 10711 0 0
Table 17: BB-BC on Rosen function maxiter = 50
Dx = 0.3 Dx = 0.03 Dx = 0.015
x]  9.13827 x 1077 3.79400 x 1078 2.56272 x 1071
x9 577634 x 1077 2.49001 x 1078 4.15762 x 10710
x3 1.07602 x 100 6.51311 x 107  3.09483 x 10719
x4 7.17250 x 1077 9.29732 x 1070 4.79768 x 10710
x5 1.049320 x 106 1.97429 x 108 3.44209 x 10710
f  6.56916 x 10 5.77007 x 108  6.95724 x 10710
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Abstract: This research proposes a two-phase algorithm whose main idea is based on meta heuristic algo-
rithms, Big Bang and Black Hole. In the first phase of this algorithm, the artificial ants scan the reticulated
rectangular region in parallel directions. The best points in the ant’s navigations are used as starting points
for the second stage of this algorithm. Big Bang and Black Hole algorithms, as an exploitation phase, try to
investigate more accurate answers in the neighborhood of the starting points by reducing the neighborhood
radius. Numerical examples confirm that this algorithm is capable to achieve an optimal solution with the
desired accuracy and low computational costs.

Keywords: Optimization , Meta heuristic algorithm, Black Hole algorithm, Big Bang- Big Crunch
method.
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