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1- Artificial intelligence
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1- Evolutionary algorithm
2- Optimization functions
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1- Ant Colony Optimization
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#include <stdlib.h>
#include <math.h>
#include <conio.h>
#include <time.h>
/* Control Parameters of ABC algorithm*/
#define NP 20 /* The number of colony size (employed bees+onlooker bees)*/
#define FoodNumber NP/2 /*The number of food sources equals the half of the colony size*/

#define limit 100 /*A food source which could not be improved through "limit™ trials is
abandoned by its employed bee*/

#define maxCycle 2500 /*The number of cycles for foraging {a stopping criteria}*/
/* Problem specific variables*/

#define D 100 /*The number of parameters of the problem to be optimized*/
#define Ib -100 /*lower bound of the parameters. */

#define ub 100 /*upper bound of the parameters. Ib and ub can be defined as arrays for the
problems of which parameters have different bounds*/

#define runtime 30 /*Algorithm can be run many times in order to see its robustness*/

double Foods[FoodNumber][D]; /*Foods is the population of food sources. Each row of
Foods matrix is a vector holding D parameters to be optimized. The number of rows of Foods
matrix equals to the FoodNumber*/

double f[FoodNumber]; /*fis a vector holding objective function values associated with
food sources */

double fitness[FoodNumber]; /*fitness is a vector holding fitness (quality) values associated
with food sources*/

double trial[FoodNumber]; /*trial is a vector holding trial numbers through which solutions
can not be improved*/

double prob[FoodNumber]; /*prob is a vector holding probabilities of food sources
(solutions) to be chosen*/

double solution [D]; /*New solution (neighbour) produced by
v_{ij}=x_{ij}+\phi_{ij}*(x_{kj}-x_{ij}) j is a randomly chosen parameter and k is a
randomlu chosen solution different from i*/
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double ObjValSol; /*Objective function value of new solution*/
double FitnessSol; /*Fitness value of new solution*/

int neighbour, param2change; /*param2change corrresponds to j, neighbour corresponds to k
in equation v_{ij}=x_{ij}+\phi_{ij}*(x_{kj}-x_{ij})*/

double GlobalMin; /*Optimum solution obtained by ABC algorithm*/
double GlobalParams[D]; /*Parameters of the optimum solution*/

double GlobalMins[runtime]; /*GlobalMins holds the GlobalMin of each run in multiple
runs*/

double r; /*a random number in the range [0,1)*/
[*a function pointer returning double and taking a D-dimensional array as argument */

[*1f your function takes additional arguments then change function pointer definition and
lines calling "...=function(solution);" in the code*/

typedef double (*FunctionCallback)(double sol[D]);
[*benchmark functions */

double sphere(double sol[D]);

double Rosenbrock(double sol[D]);

double Griewank(double sol[D]);

double Rastrigin(double sol[D]);

[*Write your own objective function name instead of sphere*/
FunctionCallback function = &sphere;

[*Fitness function*/

double CalculateFitness(double fun)

double result=0;

if(fun>=0)
{
result=1/(fun+1);
b
else
{
result=1+fabs(fun);
¥
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return result;
¥
[*The best food source is memorized*/
void MemorizeBestSource()
{
inti};
for(i=0;i<FoodNumber;i++)
{
if (fli]<GlobalMin)
{
GlobalMin=f[i];
for(j=0;j<D;j++)
GlobalParams[j]=Foods[i][j];
}

[*Variables are initialized in the range [Ib,ub]. If each parameter has different range, use
arrays Ib[j], ub[j] instead of Ib and ub */

/* Counters of food sources are also initialized in this function*/
void init(int index)
{

int j;

for (j=0;j<D;j++)

{
r=( (double)rand() / ((double)(RAND_MAX)+(double)(1)) );
Foods[index][j]=r*(ub-1b)+Ib;
solution[j]=Foods[index][j];
}

f[index]=function(solution);
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fitness[index]=CalculateFitness(f[index]);

trial[index]=0;

/*All food sources are initialized */
void initial()
{
inti,
for(i=0;i<FoodNumber;i++)
{
init(i);
}
GlobalMin=f[0];
for(i=0;i<D;i++)
GlobalParams[i]=Foods[0][i];

}
void SendEmployedBees()

{

intij;

/*Employed Bee Phase*/

for (i=0;i<FoodNumber;i++)
{
[*The parameter to be changed is determined randomly*/
r = ((double)rand() / ((double)(RAND_MAX)+(double)(1)) );
param2change=(int)(r*D);
/*A randomly chosen solution is used in producing a mutant solution of the solution i*/
r=( (double)rand() / ((double)(RAND_MAX)+(double)(1)) );
neighbour=(int)(r*FoodNumber);

/*Randomly selected solution must be different from the solution i*/
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while(neighbour==i)

{ r=( (double)rand() / ((double)(RAND_MAX)+(double)(1)) );
neighbour=(int)(r*FoodNumber); }

for(j=0;j<D;j++)

solution[j]=Foods[i][j];
Pev_{ijy=x_{ij}+\phi_{ij}*(x_{kj}-x_{ij}) */

r=( (double)rand() / ((double)(RAND_MAX)+(double)(1)) );

solution[param2change]=Foods[i][param2change]+(Foods[i][param2change]-
Foods[neighbour][param2change])*(r-0.5)*2;

[*if generated parameter value is out of boundaries, it is shifted onto the boundaries*/
if (solution[param2change]<Ib)
solution[param2change]=Ib;
if (solution[param2change]>ub)
solution[param2change]=ub;
ObjValSol=function(solution);
FitnessSol=CalculateFitness(ObjValSol);
[*a greedy selection is applied between the current solution i and its mutant*/
if (FitnessSol>fitness[i])

{ /*If the mutant solution is better than the current solution i, replace the solution with
the mutant and reset the trial counter of solution i*/

trial[i]=0;

for(j=0;j<D;j++)

Foods[i][j]=solution[j];

f[i]=ObjValSol;

fitness[i]=FitnessSol; }

else

{ /*if the solution i can not be improved, increase its trial counter*/
trial[i]=trial[i]+1; }

}

/*end of employed bee phase*/
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/* A food source is chosen with the probability which is proportioal to its quality*/
[*Different schemes can be used to calculate the probability values*/

[*For example prob(i)=fitness(i)/sum(fitness)*/

[*or in a way used in the metot below prob(i)=a*fitness(i)/max(fitness)+b*/

[*probability values are calculated by using fitness values and normalized by dividing
maximum fitness value*/

void CalculateProbabilities()
{
inti;
double maxfit;
maxfit=fitness[0];
for (i=1;i<FoodNumber;i++)
{
It (fitness[i]>maxfit)
maxfit=fitness][i];
}
for (i=0;i<FoodNumber;i++)
{
prob[i]=(0.9*(fitness[i]/maxfit))+0.1,
}
}

void SendOnlookerBees()
{ inti,,t;
i=0;
t=0;
/*onlooker Bee Phase*/
while(t<FoodNumber)
{ r=( (double)rand() / ((double)(RAND_MAX)+(double)(1)));

if(r<prob[i]) /*choose a food source depending on its probability to be chosen*/
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{ t++;

[*The parameter to be changed is determined randomly*/

r = ((double)rand() / ((double)(RAND_MAX)+(double)(1)) );
param2change=(int)(r*D);

/*A randomly chosen solution is used in producing a mutant solution of the solution i*/
r=( (double)rand() / ((double)(RAND_MAX)+(double)(1)) );
neighbour=(int)(r*FoodNumber);

/*Randomly selected solution must be different from the solution i*/
while(neighbour==i)

{

r=( (double)rand() / ((double)(RAND_MAX)+(double)(1)) );
neighbour=(int)(r*FoodNumber);

}

for(j=0;j<D;j++)

solution[j]=Foods[i][j];

Fev_{ij}=x_{ij}+\phi_{ij}*(x_{kj}-x_{ij}) */

r=( (double)rand() / ((double)(RAND_MAX)+(double)(1)) );

solution[param2change]=Foods[i][param2change]+(Foods[i][param2change]-
Foods[neighbour][param2change])*(r-0.5)*2;

[*if generated parameter value is out of boundaries, it is shifted onto the boundaries*/
if (solution[param2change]<Ib)
solution[param2change]=Ib;
if (solution[param2change]>ub)
solution[param2change]=ub;
ObjValSol=function(solution);
FitnessSol=CalculateFitness(ObjValSol);
[*a greedy selection is applied between the current solution i and its mutant™/
if (FitnessSol>fitness[i])

{ /*If the mutant solution is better than the current solution i, replace the solution with
the mutant and reset the trial counter of solution i*/
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trial[i]=0;

for(j=0;j<D;j++)

Foodsl[i][j]=solution[j];

f[i]=ObjValSol;

fitness[i]=FitnessSol; }

else

{ /*if the solution i can not be improved, increase its trial counter*/
trial[i]=trial[i]+1; }

}IFif*/

i++;

if (i==FoodNumber-1)

i=0; H*while*/

/*end of onlooker bee phase  */

}

[*determine the food sources whose trial counter exceeds the "limit" value. In Basic ABC,
only one scout is allowed to occur in each cycle*/

void SendScoutBees()
{int maxtrialindex,i;
maxtrialindex=0;
for (i=1;i<FoodNumber;i++)
{
if (trial[i]>trial[maxtrialindex])
maxtrialindex=i;
}
if(trial[maxtrialindex]>=limit)
{ init(maxtrialindex);
3s
[*Main program of the ABC algorithm*/
int main()

{int iter,run,j;
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double mean;

mean=0;

srand(time(NULL));

for(run=0;run<runtime;run++)

{

initial();

MemorizeBestSource();

for (iter=0;iter<maxCycle;iter++)
{ SendEmployedBees();
CalculateProbabilities();
SendOnlookerBees();
MemorizeBestSource();
SendScoutBees(); }

for(j=0;j<D;j++)

{printf("GlobalParam[%d]: %f\n" j+1,GlobalParams[j]);}

printf("%d. run: %e \n",run+1,GlobalMin);

GlobalMins[run]=GlobalMin;

mean=mean+GlobalMin;}

mean=mean/runtime;

printf(""Means of %d runs: %e\n",runtime,mean);

getch();

}

double sphere(double sol[D])

{intj;

double top=0;

for(j=0;j<D;j++){

top=top+sol[j]*sol[j];}

return top;

¥
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double Rosenbrock(double sol[D])
{ intj;

double top=0;

for(j=0;j<D-1;j++)

{top=top+100*pow((sol[j+1]-pow((sol[j]),(double)2)),(double)2)+pow((sol[j]-
1),(double)2);}

return top;
}
double Griewank(double sol[D])
{
intj;
double topl,top2,top;
top=0;
top1=0; N
top2=1; POWEREN.IR

for(j=0;j<D;j++)

{ topl=topl+pow((sol[j]),(double)2);
top2=top2*cos((((sol[j])/sqrt((double)(j+1)))*M_PI)/180); }
top=(1/(double)4000)*topl-top2+1;

return top; }

double Rastrigin(double sol[D])

{
int j;
double top=0;
for(j=0;j<D;j++)
{top=top+(pow(sol[j],(double)2)-10*cos(2*M_PI*sol[j])+10); }
return top;

¥
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Abstract

Man has always looked for inspiration to the living world around. One of the
best known projects, plans Lyvrnardv Prvazansan the first da Vinci (1519-1452)
sketch of a flying machine based on body building will draw a bat. Four
hundred years later the bird machine Klman address that was used with the
engine and propellers instead of wings.

In recent decades, evolutionary methods and Frakavshy as a search tool and
business optimization in various fields such as science and engineering has been
used. Breadth of scope, ease of use and ability to achieve near optimal solution
Is absolute, including the reasons for this success.

Collective intelligence, the branch of artificial intelligence is based on the
collective behavior of decentralized systems and self-organizing map is built.
An example of collective intelligence, is the bee colony.

One application of this algorithm, multiple optimization problems is why some
say the bees optimization algorithm. In this paper, bee colony algorithm used
and the results produced by the algorithm are compared.

Subject of his bee colonies of bees mating process is divided into two parts and
searching for food.

Keywords: evolutionary algorithms, collective intelligence, and the bee colony

optimization
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