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function varargout = gui(varargin)

gui_Singleton = 1;

gui_State = struct('gui_Name',       mfilename, ...

                   'gui_Singleton',  gui_Singleton, ...

                   'gui_OpeningFcn', @gui_OpeningFcn, ...

                   'gui_OutputFcn',  @gui_OutputFcn, ...

                   'gui_LayoutFcn',  [] , ...

                   'gui_Callback',   []);

if nargin && ischar(varargin{1})

    gui_State.gui_Callback = str2func(varargin{1});

end

if nargout

    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});

else

    gui_mainfcn(gui_State, varargin{:});

end

function gui_OpeningFcn(hObject, eventdata, handles, varargin)

handles.output = hObject;

guidata(hObject, handles);

function varargout = gui_OutputFcn(hObject, eventdata, handles) 

varargout{1} = handles.output;

function popupmenu1_Callback(hObject, eventdata, handles)

function popupmenu1_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function pushbutton1_Callback(hObject, eventdata, handles)

Params.FcnId  = get(handles.popupmenu3,'Value');

Params.AlgoId = get(handles.popupmenu2,'Value');

Params.MaxIter = str2num(get(handles.edit1,'String'));

Params.PopSize = str2num(get(handles.edit3,'String'));

Params.RunNum = str2num(get(handles.edit4,'String'));

Params.epsilon = str2num(get(handles.edit7,'String'));

Params.gamma = str2num(get(handles.edit8,'String'));

Params.beta0 = str2num(get(handles.edit9,'String'));

Params.alpha = str2num(get(handles.edit10,'String'));

Params.delta = str2num(get(handles.edit11,'String'));

global fcn_lib algo_lib fig_name search_lib

fcn_lib = {'sphere', 'schwefel1','schwefel2','schwefel3',...

'rosenbrock','step','schwefel4', 'rastrigin', 'ackley', 'griewank',...

'dixon_price','exponentioal','high_elliptic',...

    'quartic','axis_parallel_hyperellipsoid','sum_power',...

    'sum_square', 'alpine','expansion_f10','scaffer6', 'inv_cosine_wave',...

    'neumaier3','pathologic', 'non_continuous_rastrigin','salomon','weierstrass','whitley'};

fig_name = {'Axis Parallel Hyperellipsoid','Dixon-Price','Exponential','High Conditioned Elliptic',...

    'Quartic','Rosenbrock','Schwefel Problem 12','Schwefel Problem 2.21','Schwefel Problem 2.22','Sphere','Step','Sum of different power','Sum Squares',...

    'Ackley','Alpine','Expansion of F10','Expanded Scaffer','Griewank','Inverted Cosine Wave','Neumaier 3','Pathologic','Rastrigin',...

    'Non-continuous Rastrigin','Salomon','Weierstrass','Whitley'};

{'FFO','MFFO','LGMS_FFO','IFFO',PFFO','EFFO','IPGS_FFO'}

algo_lib    = {'FA','FA_SA','PSO', 'DE','GA'};

search_lib  = {'exp','power','levy','cauchy','gauss'};

fid = fopen('result.txt','w');

fprintf(fid,'faName      funName        nbSimu      fMin      MaxVal      MinVal      MedianVal      MeanVal      StdVal \n');

fprintf('faName      funName        nbSimu      fMin      MaxVal      MinVal      MedianVal      MeanVal      StdVal \n');

Params.Dim      = 30;

Params.Lb       = -5;                 

Params.Ub       = 5;               

Params.Li       = -5;         

Params.Ui       = 5;           

Params.xBest    = zeros(1,Params.Dim);  

Params.fBest    = zeros(Params.Dim,1);  

Params.Opts     = 0;                    

Params.PopSize = 10;     

Params.MaxIter = 5000;   

Params.MaxEval = 50000;  

Params.ModStep = 5000;       

Params.MaxEvalStep = floor(Params.MaxEval/Params.ModStep);  

Params.RunNum = 30;      

Params.SearchMode = 'exp'; 

Params.LambdaMin = 1e-5;   

Params.LambdaMax = (Params.Ub-Params.Lb)./2;  

Params.LR = 40; 

Params.FR = 40; 

Params.PR = 1;  

Params.ShowFigure = 1;   

Params.Display = 'no';   

Params.FrmStr = '%.6e,'; 

nb_Fun = numel(fcn_lib);

nb_algo = numel(algo_lib);

nb_search = numel(search_lib);

fid = fopen('result.txt','w');

fprintf(fid,'faName      funName        nbSimu      fMin      MaxVal      MinVal      MedianVal      MeanVal      StdVal \n');

fprintf('faName      funName        nbSimu      fMin      MaxVal      MinVal      MedianVal      MeanVal      StdVal \n');

Params.FcnName         = fcn_lib{Params.FcnId};

Params.FittnessFcn     = set_fittness_fcn(Params.FcnId,fcn_lib);

    Params = set_function_params(Params);

    Params.funInfo = {Params.FcnName,Params.fun,Params.Dim,Params.fun_range,Params.f,Params.fBest};

          Params.AlgoName        = algo_lib{Params.AlgoId};

          Params.Legend{algo_id} = Params.AlgoName;

          Params = set_algorithm_params(Params);

          ResultSimu=cell(Params.RunNum,2);

        ValBestSimu=zeros(Params.RunNum,1);

        ValBestGene=zeros(Params.RunNum,Params.MaxIter);

        PopuBestSimu=zeros(Params.RunNum,Params.Dim);

        PopuBestGene=zeros(Params.Dim,Params.MaxIter,Params.RunNum);

           for  iSimu = 1:Params.RunNum             

            [AllStat,Cache]=eval(strcat(Params.AlgoName,'(Params.faInfo,Params.funInfo)'));

            ResultSimu{iSimu,1}=AllStat;

            ResultSimu{iSimu,2}=Cache;

            val_best=AllStat{4,Params.MaxIter};

            ValBestSimu(iSimu,1)=val_best;                      ValBestGene(iSimu,:)=[AllStat{4,:}];                 

            popu_best=AllStat{3,Params.MaxIter};

            PopuBestSimu(iSimu,:)=popu_best';

            PopuBestGene(:,:,iSimu)=[AllStat{3,:}];

            end        ValStatSimu=[max(ValBestSimu);min(ValBestSimu);median(ValBestSimu);mean(ValBestSimu);std(ValBestSimu,1)];        ValStatGene=[max(ValBestGene,[],1);min(ValBestGene,[],1);median(ValBestGene,1);mean(ValBestGene,1);std(ValBestGene,1,1)];        PopuStatSimu=[max(PopuBestSimu,[],1);min(PopuBestSimu,[],1);median(PopuBestSimu,1);mean(PopuBestSimu,1);std(PopuBestSimu,1,1)];        PopuStatGene={max(PopuBestGene,[],3);min(PopuBestGene,[],3);median(PopuBestGene,3);mean(PopuBestGene,3);std(PopuBestGene,1,3)};        fprintf(fid,'%s      %s     %d     %8.4f     %8.4f     %8.4f     %8.4f     %8.4f     %8.4f \n',Params.AlgoName,Params.FcnName,Params.RunNum,Params.f,ValStatSimu');        fprintf('%s      %s     %d     %e     %e    %e     %e     %e     %e \n',Params.AlgoName,Params.FcnName,Params.RunNum,Params.f,ValStatSimu');

fclose(fid);

set(handles.text14,'String',Params.AlgoName);

set(handles.text16,'String',Params.FcnName);

set(handles.text17,'String',Params.RunNum);

set(handles.text18,'String',Params.f);

set(handles.text19,'String',ValStatSimu (1));

set(handles.text20,'String',ValStatSimu (2));

set(handles.text21,'String',ValStatSimu (3));

set(handles.text22,'String',ValStatSimu (4));

set(handles.text23,'String',ValStatSimu (5));

function popupmenu2_Callback(hObject, eventdata, handles)

VAL= get(handles.popupmenu2,'Value');

switch VAL

     case 1

set(handles.edit7,'Visible','on'); 

   set(handles.text28,'Visible','on'); 

   set(handles.text28,'String','最大容许误差:');    

set(handles.edit8,'Visible','on'); 

   set(handles.text29,'Visible','on'); 

   set(handles.text29,'String','吸收系数:'); 

set(handles.edit9,'Visible','on'); 

   set(handles.text30,'Visible','on'); 

   set(handles.text30,'String','相对吸引度:'); 

set(handles.edit10,'Visible','on'); 

   set(handles.text31,'Visible','on'); 

   set(handles.text31,'String','α：'); 

set(handles.edit11,'Visible','on'); 

   set(handles.text32,'Visible','on'); 

   set(handles.text32,'String','δ：');

    case 2  

   set(handles.edit7,'Visible','on'); 

   set(handles.text28,'Visible','on'); 

   set(handles.text28,'String','最大容许误差:');    

set(handles.edit8,'Visible','on'); 

   set(handles.text29,'Visible','on'); 

   set(handles.text29,'String','吸收系数:'); 

set(handles.edit9,'Visible','on'); 

   set(handles.text30,'Visible','on'); 

   set(handles.text30,'String','相对吸引度:'); 

set(handles.edit10,'Visible','on'); 

   set(handles.text31,'Visible','on'); 

   set(handles.text31,'String','α：'); 

set(handles.edit11,'Visible','on'); 

   set(handles.text32,'Visible','on'); 

   set(handles.text32,'String','δ：');

end

function popupmenu2_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function popupmenu3_Callback(hObject, eventdata, handles)

function popupmenu3_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function edit1_Callback(hObject, eventdata, handles)

function edit1_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function popupmenu2_ButtonDownFcn(hObject, eventdata, handles)

function edit3_Callback(hObject, eventdata, handles)

function edit3_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function edit4_Callback(hObject, eventdata, handles)

function edit4_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function edit7_Callback(hObject, eventdata, handles)

function edit7_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function edit8_Callback(hObject, eventdata, handles)

function edit8_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function edit9_Callback(hObject, eventdata, handles)

function edit9_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function edit10_Callback(hObject, eventdata, handles)

function edit10_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end

function edit11_Callback(hObject, eventdata, handles)

function edit11_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))

    set(hObject,'BackgroundColor','white');

end
function Params = set_algorithm_params(Params)

switch Params.AlgoId 

    case 1

        Params.RunNum = 20;

        Params.PopSize = 20;

        Params.MaxIter =300;

        Params.epsilon = 10^(-4);

        Params.beta0 = 1;

        Params.betamin= 0.2;   

        Params.gamma  = 1; 

        Params.alpha  = 0.2;       

        Params.delta  = 0.97;

        Params.faInfo = [Params.RunNum Params.PopSize Params.MaxIter Params.epsilon Params.beta0 Params.betamin Params.gamma Params.alpha Params.delta];

    case 2

        Params.RunNum = 20;

        Params.PopSize = 20;

        Params.MaxIter =100;

        Params.epsilon = 10^(-4);

        Params.beta0 = 1;

        Params.betamin= 0.2;            Params.gamma  = 1;  

        Params.alpha  = 0.2;       

        Params.delta  = 0.97;

        Params.faInfo = [Params.RunNum Params.PopSize Params.MaxIter Params.epsilon Params.beta0 Params.betamin Params.gamma Params.alpha Params.delta];

end
function Params = set_function_params(Params)

switch Params.FcnId 

    case 1

        Params.Li = -100;

        Params.Ui = 100;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun = @(x) sum(x.^2);

        if ~Params.Opts

            Params.f = 0; 

        else

            Params.f = 0; 

        end

    case 2

        Params.Li = -10;

        Params.Ui = 10;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun = @(x) sum(abs(x))+prod(abs(x));

        if ~Params.Opts

            Params.f = 0; 

        else

            Params.f = 0;

        end

    case 3

        Params.Li = -100;

        Params.Ui = 100;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun = @(x) sum(cumsum(x).^2);

        if ~Params.Opts

            Params.f = 0; 
        else

            Params.f = 0;

        end

    case 4

        Params.Li = -100;

        Params.Ui = 100;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun = @(x) max(abs(x));

        if ~Params.Opts

            Params.f = 0; 

        else

            Params.f = 0; 

        end

     case 5

        Params.Li = -30;

        Params.Ui = 30;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun = @(x) sum(100*(x(2:end)-x(1:(end-1)).^2).^2+(x(1:(end-1))-1).^2);

        if ~Params.Opts

            Params.f = 0; 

        else

            Params.f = 0; 

     case 6

        Params.Li = -100;

        Params.Ui = 100;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun = @(x) sum((floor(x+0.5)).^2);

        if ~Params.Opts

            Params.f = 0; 

        else

            Params.f = 0;

        end 

      case 7

        Params.Li = -500;

        Params.Ui = 500;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun =@(x) -sum(x.*sin(sqrt(abs(x))));

        Params.fBest=420.9687*ones(Params.Dim,1);

        if ~Params.Opts

            Params.f = -12569.5; 

        else

            Params.f = 0; 

        end 

      case 8

        Params.Li = -5.12;

        Params.Ui = 5.12;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun = @(x) sum(x.^2-10*cos(2*pi*x)+10);

        if ~Params.Opts

            Params.f = 0; 

        else

            Params.f = 0; 

        end

      case 9

        Params.Li = -32;

        Params.Ui = 32;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun = @(x) -20*exp(-0.2*sqrt(1/30*sum(x.^2)))+exp(1)...

            -exp(1/30*sum(cos(2*pi*x)))+20;

        if ~Params.Opts

            Params.f = 0; 

        else

            Params.f = 0;

        end 

      case 10

        Params.Li = -600;

        Params.Ui = 600;

        Params.fun_range = repmat([Params.Li Params.Ui],Params.Dim,1);

        Params.fun = @(x) 1/4000*sum(x.^2)-prod(cos(x./sqrt(cumsum(ones(size(x))))))+1;

        if ~Params.Opts

            Params.f = 0; 

        else

            Params.f = 0; 

        end 

end   
function  [AllStat,Cache]=FA(faInfo,funInfo)

nbSimu  =faInfo(1);    

nbPopu  =faInfo(2);   

MaxGene =faInfo(3);   

epsilon =faInfo(4);   

beta0  = faInfo(5);    

betamin= faInfo(6);    

gamma  = faInfo(7);  

alpha  = faInfo(8);        

delta  = faInfo(9);

fName=funInfo{1};

fun=funInfo{2};

dim=funInfo{3};

fun_range=funInfo{4};

fMin=funInfo{5};

fBest=funInfo{6};

Cache=cell(2,MaxGene);

AllStat=cell(2,MaxGene);

 [xn,Lightn]=init_firefly(nbPopu,dim,fun_range,fun);

 [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

stop_cond_method='max_error',stop_cond_method='maxgene_maxerror'

k=1;

continue_flag=(k<=MaxGene);

while (continue_flag==1)

    total_fun_eval=0;

    xn=move_firefly(xn,Lightn,xo,Lighto,alpha,beta0,betamin,gamma,fun_range,fun);

    for i=1:nbPopu,

        Lightn(1,i)=feval(fun,xn(:,i));

    end

    total_fun_eval=total_fun_eval+nbPopu;

    [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

    Cache{1,k}=xn;

    Cache{2,k}=Lightn;   

    AllStat{1,k}=[max(xn,[],2),min(xn,[],2),median(xn,2),mean(xn,2),std(xn,1,2)];

    AllStat{2,k}=[max(Lightn),min(Lightn),median(Lightn),mean(Lightn),std(Lightn,1)];

    [popu_best,val_best]=best_firefly(xn,Lightn);

    AllStat{3,k}=popu_best;

    AllStat{4,k}=val_best;

    AllStat{5,k}=(abs(val_best-fMin) <=epsilon);

    AllStat{6,k}=total_fun_eval;

    alpha=alpha*delta;

    k=k+1;

    continue_flag=(k<=MaxGene);

end
function alpha=alpha_new(alpha,NGen)

delta=1-(10^(-4)/0.9)^(1/NGen);

alpha=(1-delta)*alpha;
function  [popu_best,val_best]=best_firefly(xn,Lightn)

 [Lightn,Index]=sort(Lightn);

xn(:,:)=xn(:,Index);
popu_best=xn(:,1);

val_best=Lightn(1,1);
function best_popu
function [xn,Lightn]=init_firefly(nbPopu,dim,fun_range,fun)

Lb=min(fun_range,[],2);

Ub=max(fun_range,[],2);

xrange=abs(Ub-Lb);

u0=Lb+(xrange).*rand(dim,1);

if length(Lb) ~=length(Ub),

    disp('Simple bounds/limits are improper!');

    return

end
xn=zeros(dim,nbPopu);

if length(Lb)>0,

    for i=1:nbPopu,

        xn(:,i)=Lb+(xrange).*rand(dim,1);

    end

else

    for i=1:nbPopu,

        xn(:,i)=u0+randn(dim,1);

    end

end
Lightn = zeros(1,nbPopu);

for i=1:nbPopu,

    Lightn(1,i)=feval(fun,xn(:,i));

End
function y=init_fun(x)

dim=length(x);

u=x(1);

v=x(dim);

y=exp(-(u-4).^2-(v-4).^2)+exp(-(u+4).^2-(v-4).^2)+2*exp(-u.^2-(v+4).^2)+2*exp(-u.^2-v.^2);
function xn=move_firefly(xn,Lightn,xo,Lighto,alpha,beta0,betamin,gamma,fun_range,fun)

 [dim,nbPopu]=size(xn);

Lb=min(fun_range,[],2);

Ub=max(fun_range,[],2);

xrange=abs(Ub-Lb);

for i=1:nbPopu,

    for j=1:nbPopu,

        if Lightn(i) > Lighto(j),

            r=sqrt(sum((xn(:,i)-xo(:,j)).^2));

            beta=(beta0-betamin)*exp(-gamma*r.^2)+betamin;

            tmpf=alpha.*(rand(dim,1)-0.5).*xrange;

            xn(:,i)=xn(:,i).*(1-beta)+xo(:,j).*beta+tmpf;

        end

        xn(:,i)=reset_firefly(xn(:,i),fun_range);

    end

end
function [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn)

 [Lightn,Index]=sort(Lightn);

xn(:,:)=xn(:,Index);

xo=xn;

Lighto=Lightn;
function xn=reinit_firefly(xn,nbPopu,dim,fun_range,fun,alpha,epsilon)

Lb=min(fun_range,[],2);

Ub=max(fun_range,[],2);

xrange=abs(Ub-Lb);
meanX=mean(xn,2);

for i=1:nbPopu

    xn(:,i)=xn(:,i)-meanX./xrange;

    dist=1/nbPopu*sum((sum(xn.*xn)));

end

u=rand;

if  dist > epsilon && u < alpha

    [xn,~]=init_firefly(nbPopu,dim,fun_range,fun);

End
function xn=reset_firefly(xn,fun_range)

 [dim,nbPopu]=size(xn);

Lb=min(fun_range,[],2);

Ub=max(fun_range,[],2);

xrange=abs(Ub-Lb);
for i=1:nbPopu

    sIndex = find(xn(:,i)< Lb);

    xn(sIndex,i) = Lb(sIndex)+mod(Lb(sIndex)-xn(sIndex,i),xrange(sIndex));

    gIndex = find(xn(:,i)> Ub);

    xn(gIndex,i) = Ub(gIndex)-mod(xn(gIndex,i)-Ub(gIndex),xrange(gIndex));

end
function  [AllStat,Cache]=FA_SA(faInfo,funInfo)

nbSimu  =faInfo(1);    

nbPopu  =faInfo(2);    

MaxGene =faInfo(3);   

epsilon =faInfo(4);   

beta0  = faInfo(5);    

betamin= faInfo(6);    

gamma  = faInfo(7);  

alpha  = faInfo(8);        

delta  = faInfo(9);

fName=funInfo{1};

fun=funInfo{2};

dim=funInfo{3};

fun_range=funInfo{4};

fMin=funInfo{5};

fBest=funInfo{6};

Cache=cell(2,MaxGene);

AllStat=cell(2,MaxGene);

 [xn,Lightn]=init_firefly(nbPopu,dim,fun_range,fun);

 [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

t= (min(Lightn)-max(Lightn))/log(0.2);

scale=fun_range;

Lmax=40;

Lmin=40;

loop_max=Lmin;

MaxIter=MaxGene;

stop_cond_method='max_error',stop_cond_method='maxgene_maxerror'

k=1;

continue_flag=(k<=MaxGene);

while (continue_flag==1)

    total_fun_eval=0;

    xn=move_firefly(xn,Lightn,xo,Lighto,alpha,beta0,betamin,gamma,fun_range,fun);

    for i=1:nbPopu,

        Lightn(1,i)=feval(fun,xn(:,i));

    end

    total_fun_eval=total_fun_eval+nbPopu;

    [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

    SA_Index=1:1:1;

    nbSA=length(SA_Index);

    for  iter=1:1:nbSA

        x0=xn(:,SA_Index(iter));

        val0=Lightn(SA_Index(iter));

        [x0,val0] = SA(t,x0,val0,dim,fun,scale,loop_max);

        total_fun_eval=total_fun_eval+loop_max;

        if val0 < Lightn(SA_Index(iter))

            xn(:,SA_Index(iter))=x0;

            Lightn(:,SA_Index(iter))=val0;

        end

    end

    t=t.*delta;

    loop_max=floor(loop_max*exp(log(Lmax/Lmin)/MaxIter));

    [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

    Cache{1,k}=xn;

    Cache{2,k}=Lightn;

    AllStat{1,k}=[max(xn,[],2),min(xn,[],2),median(xn,2),mean(xn,2),std(xn,1,2)];

    AllStat{2,k}=[max(Lightn),min(Lightn),median(Lightn),mean(Lightn),std(Lightn,1)];

    [popu_best,val_best]=best_firefly(xn,Lightn);

    AllStat{3,k}=popu_best;

    AllStat{4,k}=val_best;

    AllStat{5,k}=(abs(val_best-fMin) <=epsilon);

    AllStat{6,k}=total_fun_eval;

    alpha=alpha*delta;

    k=k+1;

    continue_flag=(k<=MaxGene);

end
function  [AllStat,Cache]=FireFly_SA_SM(faInfo,funInfo)

nbSimu  =faInfo(1);   

nbPopu  =faInfo(2);   

MaxGene =faInfo(3);   

epsilon =faInfo(4);   

beta0  = faInfo(5);    

betamin= faInfo(6);    

gamma  = faInfo(7);  

alpha  = faInfo(8);        

delta  = faInfo(9);

fName=funInfo{1};

fun=funInfo{2};

dim=funInfo{3};

fun_range=funInfo{4};

fMin=funInfo{5};

fBest=funInfo{6};

Cache=cell(2,MaxGene);

AllStat=cell(2,MaxGene);

 [xn,Lightn]=init_firefly(nbPopu,dim,fun_range,fun);

 [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

t= (min(Lightn)-max(Lightn))/log(0.2);

scale=fun_range;

Lmax=40;

Lmin=40;

loop_max=Lmin;

MaxIter=MaxGene;
stop_cond_method='max_error',stop_cond_method='maxgene_maxerror'

k=1;

continue_flag=(k<=MaxGene);

while (continue_flag==1)

    total_fun_eval=0;

    xn=move_firefly(xn,Lightn,xo,Lighto,alpha,beta0,betamin,gamma,fun_range,fun);

    for i=1:nbPopu,

        Lightn(1,i)=feval(fun,xn(:,i));

    end

    total_fun_eval=total_fun_eval+nbPopu;

    [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

    SA_Index=1:1:1;

    nbSA=length(SA_Index);

    for  iter=1:1:nbSA

        x0=xn(:,SA_Index(iter));

        [x0,val0] = simplex(fun,x0);

        total_fun_eval=total_fun_eval+loop_max;

        if val0 < Lightn(SA_Index(iter))

            xn(:,SA_Index(iter))=x0;

            Lightn(:,SA_Index(iter))=val0;

        end

    end

    SA_Index=1:1:1; 

    nbSA=length(SA_Index);

    for  iter=1:1:nbSA

        x0=xn(:,SA_Index(iter));

        val0=Lightn(SA_Index(iter));

        [x0,val0] = SA(t,x0,val0,dim,fun,scale,loop_max);

        total_fun_eval=total_fun_eval+loop_max;

        if val0 < Lightn(SA_Index(iter))

            xn(:,SA_Index(iter))=x0;

            Lightn(:,SA_Index(iter))=val0;

        end

    end

    t=t.*delta;

    loop_max=floor(loop_max*exp(log(Lmax/Lmin)/MaxIter));

    [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

    Cache{1,k}=xn;

    Cache{2,k}=Lightn;

    AllStat{1,k}=[max(xn,[],2),min(xn,[],2),median(xn,2),mean(xn,2),std(xn,1,2)];

    AllStat{2,k}=[max(Lightn),min(Lightn),median(Lightn),mean(Lightn),std(Lightn,1)];

    [popu_best,val_best]=best_firefly(xn,Lightn);

    AllStat{3,k}=popu_best;

    AllStat{4,k}=val_best;

    AllStat{5,k}=(abs(val_best-fMin) <=epsilon);

    AllStat{6,k}=total_fun_eval;

    alpha=alpha*delta;

    k=k+1;

    continue_flag=(k<=MaxGene);

end
function  [AllStat,Cache]=FireFly_SM(faInfo,funInfo)

nbSimu  =faInfo(1);   

nbPopu  =faInfo(2);   

MaxGene =faInfo(3);   

epsilon =faInfo(4);  

beta0  = faInfo(5);   

betamin= faInfo(6);    

gamma  = faInfo(7); 

alpha  = faInfo(8);       

delta  = faInfo(9);

fName=funInfo{1};

fun=funInfo{2};

dim=funInfo{3};

fun_range=funInfo{4};

fMin=funInfo{5};

fBest=funInfo{6};
Cache=cell(2,MaxGene);

AllStat=cell(2,MaxGene);

 [xn,Lightn]=init_firefly(nbPopu,dim,fun_range,fun);
 [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

t= (min(Lightn)-max(Lightn))/log(0.2);

scale=fun_range;

Lmax=40;

Lmin=40;

loop_max=Lmin;

MaxIter=MaxGene;

stop_cond_method='max_error',stop_cond_method='maxgene_maxerror'

k=1;

continue_flag=(k<=MaxGene);

while (continue_flag==1)

    total_fun_eval=0;

    xn=move_firefly(xn,Lightn,xo,Lighto,alpha,beta0,betamin,gamma,fun_range,fun);

    for i=1:nbPopu,

        Lightn(1,i)=feval(fun,xn(:,i));

    end

    total_fun_eval=total_fun_eval+nbPopu;

    [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);

    SA_Index=1:1:1; 

    nbSA=length(SA_Index);

    for  iter=1:1:nbSA

        x0=xn(:,SA_Index(iter));

        [x0,val0] = simplex(fun,x0);

        total_fun_eval=total_fun_eval+loop_max;

        if val0 < Lightn(SA_Index(iter))

            xn(:,SA_Index(iter))=x0;

            Lightn(:,SA_Index(iter))=val0;

        end

    end

    [xo,Lighto,xn,Lightn]=rank_firefly(xn,Lightn);           

    Cache{1,k}=xn;

    Cache{2,k}=Lightn;

    AllStat{1,k}=[max(xn,[],2),min(xn,[],2),median(xn,2),mean(xn,2),std(xn,1,2)];

    AllStat{2,k}=[max(Lightn),min(Lightn),median(Lightn),mean(Lightn),std(Lightn,1)];

    [popu_best,val_best]=best_firefly(xn,Lightn);

    AllStat{3,k}=popu_best;

    AllStat{4,k}=val_best;

    AllStat{5,k}=(abs(val_best-fMin) <=epsilon);

    AllStat{6,k}=total_fun_eval;

    alpha=alpha*delta;

    k=k+1;

    continue_flag=(k<=MaxGene);

end
function xn=move_firefly_SA(xn,Lightn,xo,Lighto,alphan,beta0,betamin,gamma,fun_range,fun)
[dim,nbPopu]=size(xn);

Lb=min(fun_range,[],2);

Ub=max(fun_range,[],2);

xrange=abs(Ub-Lb);

move_flag=zeros(1,nbPopu);

for i=1:nbPopu,

    for j=1:nbPopu,

        if Lightn(i) > Lighto(j),

            move_flag(1,i) =1;

            r=sqrt(sum((xn(:,i)-xo(:,j)).^2));

            attract=(beta0-betamin)*exp(-gamma*r.^2)+betamin;

            xn(:,i)=xn(:,i).*(1-attract)+xo(:,j).*attract+...

                alphan.*(rand(dim,1)-0.5).*xrange;

            xn(:,i)=reset_firefly(xn(:,i),fun_range);

        end

    end

end
function [x0, val0] = SA(t,x0,val0,dim,fun,scale,loop_max)

loop=0;

Lb=min(scale,[],2);

Ub=max(scale,[],2);

bound=abs(Ub-Lb);

x1=x0.*(1+randn(dim,1)/10) ;

x1=reset_firefly(x1,scale);
val1= feval(fun,x1);

xBest=x0;

val_best=val0;
while (loop<loop_max)

    x2=x1.*(1+randn(dim,1)/10) ;

    x2=reset_firefly(x2,scale);

    val2=feval(fun,x2);
    if val2<val_best

        val_best=val2;

        xBest=x2;

    end

   if min(1,exp((val1-val2)/t))>rand

        x1=x2;

        val1=val2;

    end

    loop=loop+1;

end
x0 = xBest;

val0 = val_best;
function [x0,val0] = SA_operators(x0,dim,fun,fun_range,varargin)

if nargin == 5

    t0 = varargin{1};

    delta= varargin{2};

    K = varargin{3};

end
if nargin == 4

    t0=100;

    delta = 0.8;

    K=1;

end
MaxIter=100;

MaxLoop=500;

t=t0;

xBest=x0;

valBest=feval(fun,x0);

Lb=min(fun_range,[],2);

Ub=max(fun_range,[],2);

xrange=abs(Ub-Lb);
VAL2=[];

BEST=[];

for k=1:1:MaxIter

    t=t.*delta;

    val0=feval(fun,x0);

    for loop=1:1:MaxLoop

        x1=x0+rand*randn(dim,1).*xrange;

        x1=reset_firefly(x1,fun_range);

        val1=feval(fun,x1);

        if val1<valBest

            xBest=x1;

            valBest=val1;

        end

        acceptante = min(1,exp((val0-val1)/(K*t)));

        u=rand;

        if acceptante > u

            x0=x1;

            val0=val1;

        end

    end

    VAL2=[VAL2,val1];

    BEST=[BEST,valBest];

end
x0= xBest;

val0 = valBest;
function B = repmat(A,M,N)
if nargin < 2

    error(message('MATLAB:repmat:NotEnoughInputs'))

end
if nargin == 2

    if isscalar(M)

        siz = [M M];

    else

        siz = M;

    end

else

    siz = [M N];

end
if isscalar(A)

    nelems = prod(double(siz));

    if nelems>0 && nelems < (2^31)-1

        B(nelems) = A;

        if ~isequal(B(1), B(nelems)) || ~(isnumeric(A) || islogical(A))

            B(:) = A;

        end

        B = reshape(B,siz);

    elseif all(siz > 0) 

        ind = num2cell(siz);

        B(ind{:}) = A;

        if ~isequal(B(1), B(ind{:})) || ~(isnumeric(A) || islogical(A))

            B(:) = A;

        end

    else

        B = A(ones(siz));

    end

elseif ismatrix(A) && numel(siz) == 2

    [m,n] = size(A);

    if (issparse(A))

        [I, J, S] = find(A);

        I = bsxfun(@plus, I(:), m*(0:siz(1)-1));

        I = I(:); I = I(:,ones(1,siz(2)));

        J = J(:); J = J(:,ones(1,siz(1)));

        J = bsxfun(@plus, J(:), n*(0:siz(2)-1));

        S = S(:); S = S(:,ones(1,prod(siz)));

        B = sparse(I(:), J(:), S(:), siz(1)*m, siz(2)*n, prod(siz)*nnz(A));

    else

        if (m == 1 && siz(2) == 1)

            B = A(ones(siz(1), 1), :);

        elseif (n == 1 && siz(1) == 1)

            B = A(:, ones(siz(2), 1));

        else

            mind = (1:m)';

            nind = (1:n)';

            mind = mind(:,ones(1,siz(1)));

            nind = nind(:,ones(1,siz(2)));

            B = A(mind,nind);

        end

    end

else

    Asiz = size(A);

    Asiz = [Asiz ones(1,length(siz)-length(Asiz))];

    siz = [siz ones(1,length(Asiz)-length(siz))];

    subs = cell(1,length(Asiz));

    for i=length(Asiz):-1:1

        ind = (1:Asiz(i))';

        subs{i} = ind(:,ones(1,siz(i)));

    end

    B = A(subs{:});

End
c1 = 1.49445;

c2 = 1.49445;

maxgen=300;   

sizepop=20;   
Vmin=-1;

popmax=5;

popmin=-5;

for i=1:sizepop

    pop(i,:)=5*rands(1,2);    

    V(i,:)=rands(1,2); 

    fitness(i)=fun(pop(i,:));   

end

 [bestfitness bestindex]=max(fitness);

zbest=pop(bestindex,:);  

gbest=pop;  

fitnessgbest=fitness;  

fitnesszbest=bestfitness;  

for i=1:maxgen

    for j=1:sizepop

        V(j,:) = V(j,:) + c1*rand*(gbest(j,:) - pop(j,:)) + c2*rand*(zbest - pop(j,:));

        V(j,find(V(j,:)>Vmax))=Vmax;

        V(j,find(V(j,:)<Vmin))=Vmin;

        pop(j,:)=pop(j,:)+V(j,:);

        pop(j,find(pop(j,:)>popmax))=popmax;

        pop(j,find(pop(j,:)<popmin))=popmin;

        fitness(j)=fun(pop(j,:)); 

    end

    for j=1:sizepop

        if fitness(j) < fitnessgbest(j)

            gbest(j,:) = pop(j,:);

            fitnessgbest(j) = fitness(j);

        end

        if fitness(j) < fitnesszbest

            zbest = pop(j,:);

            fitnesszbest = fitness(j);

        end

    end 

    yy(i)=fitnesszbest;    

end
NIND=40;     

MAXGEN=20;      
PRECI=20;       

GGAP=0.95; 

px=0.7;       

pm=0.01;    

trace=zeros(2,MAXGEN);           

FieldD=[PRECI;lb;ub;1;0;1;1];                   

Chrom=crtbp(NIND,PRECI);                   

gen=0;                             

X=bs2rv(Chrom,FieldD);              

ObjV=sin(10*pi*X)./X; 
while gen<MAXGEN

   FitnV=ranking(ObjV);                       

   SelCh=select('sus',Chrom,FitnV,GGAP);            

   SelCh=recombin('xovsp',SelCh,px);             

   SelCh=mut(SelCh,pm);                            

   X=bs2rv(SelCh,FieldD);               

   ObjVSel=sin(10*pi*X)./X;            

   [Chrom,ObjV]=reins(Chrom,SelCh,1,1,ObjV,ObjVSel); 

   X=bs2rv(Chrom,FieldD);

   gen=gen+1;                                             

   [Y,I]=min(ObjV);

   trace(1,gen)=X(I);                 

   trace(2,gen)=Y;                                
end
NIND=40;    

MAXGEN=50;      

PRECI=20;       
GGAP=0.95;       
px=0.7;      

pm=0.01;        

trace=zeros(3,MAXGEN);                     

FieldD=[PRECI PRECI;lbx lby;ubx uby;1 1;0 0;1 1;1 1];                     

Chrom=crtbp(NIND,PRECI*2);                     

gen=0;                              

XY=bs2rv(Chrom,FieldD);                 
X=XY(:,1);Y=XY(:,2);

ObjV=Y.*sin(2*pi*X)+X.*cos(2*pi*Y);         
while gen<MAXGEN

   FitnV=ranking(-ObjV);                       

   SelCh=select('sus',Chrom,FitnV,GGAP);          

   SelCh=recombin('xovsp',SelCh,px);             

   SelCh=mut(SelCh,pm);                             

   XY=bs2rv(SelCh,FieldD);         

   X=XY(:,1);Y=XY(:,2);

   ObjVSel=Y.*sin(2*pi*X)+X.*cos(2*pi*Y);             

   [Chrom,ObjV]=reins(Chrom,SelCh,1,1,ObjV,ObjVSel); 

   XY=bs2rv(Chrom,FieldD);

   gen=gen+1;                                             

   [Y,I]=max(ObjV);

   trace(1:2,gen)=XY(I,:);                    

   trace(3,gen)=Y;                            

end
function ret=Code(lenchrom,bound)
flag=0;

while flag==0

    pick=rand(1,length(lenchrom));

    ret=bound(:,1)'+(bound(:,2)-bound(:,1))'.*pick; 
    flag=test(lenchrom,bound,ret);             

end
function ret=Cross(pcross,lenchrom,chrom,sizepop,bound)

for i=1:sizepop 

    pick=rand(1,2);

    while prod(pick)==0

        pick=rand(1,2);

    end

    index=ceil(pick.*sizepop);

    pick=rand;

    while pick==0

        pick=rand;

    end

    if pick>pcross

        continue;

    end

    flag=0;

    while flag==0

        pick=rand;

        while pick==0

            pick=rand;

        end

        pos=ceil(pick.*sum(lenchrom)); 

        pick=rand; 

        v1=chrom(index(1),pos);

        v2=chrom(index(2),pos);

        chrom(index(1),pos)=pick*v2+(1-pick)*v1;

        chrom(index(2),pos)=pick*v1+(1-pick)*v2; 

        flag1=test(lenchrom,bound,chrom(index(1),:));  

        flag2=test(lenchrom,bound,chrom(index(2),:));  

        if   flag1*flag2==0

            flag=0;

        else flag=1;

        end   

    end

end

ret=chrom;
maxgen=30;                  

sizepop=100;             

pcross=[0.6];                

pmutation=[0.01];             

lenchrom=[1 1 1 1 1];           

bound=[0 0.9*pi;0 0.9*pi;0 0.9*pi;0 0.9*pi;0 0.9*pi];  

individuals=struct('fitness',zeros(1,sizepop), 'chrom',[]);  

avgfitness=[];                                         

bestfitness=[];                                           

bestchrom=[];                                               

for i=1:sizepop

    individuals.chrom(i,:)=Code(lenchrom,bound);       

    x=individuals.chrom(i,:);

    individuals.fitness(i)=fun(x);                     

end

 [bestfitness bestindex]=min(individuals.fitness);

bestchrom=individuals.chrom(bestindex,:);  

avgfitness=sum(individuals.fitness)/sizepop; 

trace=[]; 

for i=1:maxgen

     individuals=Select(individuals,sizepop); 

     avgfitness=sum(individuals.fitness)/sizepop;

     individuals.chrom=Cross(pcross,lenchrom,individuals.chrom,sizepop,bound);

     individuals.chrom=Mutation(pmutation,lenchrom,individuals.chrom,sizepop,[i maxgen],bound);

    for j=1:sizepop

        x=individuals.chrom(j,:);

        individuals.fitness(j)=fun(x);   

    end

    [newbestfitness,newbestindex]=min(individuals.fitness);

    [worestfitness,worestindex]=max(individuals.fitness);

    if bestfitness>newbestfitness

        bestfitness=newbestfitness;

        bestchrom=individuals.chrom(newbestindex,:);

    end

    individuals.chrom(worestindex,:)=bestchrom;

    individuals.fitness(worestindex)=bestfitness;

    avgfitness=sum(individuals.fitness)/sizepop;

    trace=[trace;avgfitness bestfitness]; 

end
function ret=Mutation(pmutation,lenchrom,chrom,sizepop,pop,bound)

for i=1:sizepop  

    pick=rand;

    while pick==0

        pick=rand;

    end

    index=ceil(pick*sizepop);

    pick=rand;

    if pick>pmutation

        continue;

    end

    flag=0;

    while flag==0
        pick=rand;

        while pick==0

            pick=rand;

        end

        pos=ceil(pick*sum(lenchrom));  
        v=chrom(i,pos);

        v1=v-bound(pos,1);

        v2=bound(pos,2)-v;

        pick=rand; 
        if pick>0.5

            delta=v2*(1-pick^((1-pop(1)/pop(2))^2));

            chrom(i,pos)=v+delta;

        else

            delta=v1*(1-pick^((1-pop(1)/pop(2))^2));

            chrom(i,pos)=v-delta;

        end   

        flag=test(lenchrom,bound,chrom(i,:));     

    end

end

ret=chrom;
function ret=Select(individuals,sizepop)
individuals.fitness= 1./(individuals.fitness);

sumfitness=sum(individuals.fitness);

sumf=individuals.fitness./sumfitness;

index=[];

for i=1:sizepop   

    pick=rand;

    while pick==0

        pick=rand;

    end

    for j=1:sizepop

        pick=pick-sumf(j);

        if pick<0

            index=[index j];

            break;  

        end

    end

end

individuals.chrom=individuals.chrom(index,:);

individuals.fitness=individuals.fitness(index);

ret=individuals;
function flag=test(lenchrom,bound,code)
flag=1;

[n,m]=size(code);

for i=1:n

    if code(i)<bound(i,1) || code(i)>bound(i,2)

        flag=0;

    end

end
function err=Bpfun(x,P,T,hiddennum,P_test,T_test)

inputnum=size(P,1);       

outputnum=size(T,1);     

net=newff(minmax(P),[hiddennum,outputnum],{'tansig','logsig'},'trainlm');

net.trainParam.epochs=1000;

net.trainParam.goal=0.01;

LP.lr=0.1;

net.trainParam.show=NaN;

w1num=inputnum*hiddennum; 

w2num=outputnum*hiddennum; 
w1=x(1:w1num);   

B1=x(w1num+1:w1num+hiddennum);  

w2=x(w1num+hiddennum+1:w1num+hiddennum+w2num); 

B2=x(w1num+hiddennum+w2num+1:w1num+hiddennum+w2num+outputnum); 

net.iw{1,1}=reshape(w1,hiddennum,inputnum);

net.lw{2,1}=reshape(w2,outputnum,hiddennum);

net.b{1}=reshape(B1,hiddennum,1);

net.b{2}=reshape(B2,outputnum,1);

net=train(net,P,T);

Y=sim(net,P_test);

err=norm(Y-T_test);
inputnum=size(P,1);      

outputnum=size(T,1);     

net=newff(minmax(P),[hiddennum,outputnum],{'tansig','logsig'},'trainlm');

net.trainParam.epochs=1000;

net.trainParam.goal=0.01;

LP.lr=0.1;

net=train(net,P,T);

Y1=sim(net,P_test)

err1=norm(Y1-T_test);     

err11=norm(sim(net,P)-T); 

inputnum=size(P,1);       

outputnum=size(T,1);      

net=newff(minmax(P),[hiddennum,outputnum],{'tansig','logsig'},'trainlm');
net.trainParam.epochs=1000;

net.trainParam.goal=0.01;

LP.lr=0.1;

w1num=inputnum*hiddennum; 

w2num=outputnum*hiddennum; 
w1=bestX(1:w1num);   

B1=bestX(w1num+1:w1num+hiddennum);  

w2=bestX(w1num+hiddennum+1:w1num+hiddennum+w2num); 
B2=bestX(w1num+hiddennum+w2num+1:w1num+hiddennum+w2num+outputnum); 

net.iw{1,1}=reshape(w1,hiddennum,inputnum);

net.lw{2,1}=reshape(w2,outputnum,hiddennum);

net.b{1}=reshape(B1,hiddennum,1);

net.b{2}=reshape(B2,outputnum,1);

net=train(net,P,T);

Y2=sim(net,P_test)

err2=norm(Y2-T_test);

err21=norm(sim(net,P)-T);

load data

hiddennum=31;

threshold=[0 1;0 1;0 1;0 1;0 1;0 1;0 1;0 1;0 1;0 1;0 1;0 1;0 1;0 1;0 1];

inputnum=size(P,1);       

outputnum=size(T,1);     

w1num=inputnum*hiddennum; 
w2num=outputnum*hiddennum; 
N=w1num+hiddennum+w2num+outputnum; 

NIND=40;       

MAXGEN=50;     

PRECI=10;       

GGAP=0.95;     

px=0.7;     

pm=0.01;        

trace=zeros(N+1,MAXGEN);                       
FieldD=[repmat(PRECI,1,N);repmat([-0.5;0.5],1,N);repmat([1;0;1;1],1,N)];                     

Chrom=crtbp(NIND,PRECI*N);                     

gen=0;                                 

X=bs2rv(Chrom,FieldD);                 

ObjV=Objfun(X,P,T,hiddennum,P_test,T_test);      

while gen<MAXGEN

   fprintf('%d\n',gen)

   FitnV=ranking(ObjV);                              

   SelCh=select('sus',Chrom,FitnV,GGAP);        

   SelCh=recombin('xovsp',SelCh,px);                  
   SelCh=mut(SelCh,pm);                               

   X=bs2rv(SelCh,FieldD);               

   ObjVSel=Objfun(X,P,T,hiddennum,P_test,T_test);             

   [Chrom,ObjV]=reins(Chrom,SelCh,1,1,ObjV,ObjVSel); 

   X=bs2rv(Chrom,FieldD);

   gen=gen+1;                                            

   [Y,I]=min(ObjV);

   trace(1:N,gen)=X(I,:);                       

   trace(end,gen)=Y;                              

end

bestX=trace(1:end-1,end);

bestErr=trace(end,end);

callbackfun
function Obj=Objfun(X,P,T,hiddennum,P_test,T_test)
[M,N]=size(X);

Obj=zeros(M,1);

for i=1:M

    Obj(i)=Bpfun(X(i,:),P,T,hiddennum,P_test,T_test);

end
function D=Distanse(a)

row=size(a,1);

D=zeros(row,row);

for i=1:row

    for j=i+1:row

        D(i,j)=((a(i,1)-a(j,1))^2+(a(i,2)-a(j,2))^2)^0.5;

        D(j,i)=D(i,j);

    end

end
function varargout = dsxy2figxy(varargin)

if length(varargin{1}) == 1 && ishandle(varargin{1}) ...

                            && strcmp(get(varargin{1},'type'),'axes')   

    hAx = varargin{1};

    varargin = varargin(2:end);

else

    hAx = gca;

end;

if length(varargin) == 1

    pos = varargin{1};

else

    [x,y] = deal(varargin{:});

end

axun = get(hAx,'Units');

set(hAx,'Units','normalized'); 

axpos = get(hAx,'Position');

axlim = axis(hAx);

axwidth = diff(axlim(1:2));

axheight = diff(axlim(3:4));

if exist('x','var')

    varargout{1} = (x - axlim(1)) * axpos(3) / axwidth + axpos(1);

    varargout{2} = (y - axlim(3)) * axpos(4) / axheight + axpos(2);

else

    pos(1) = (pos(1) - axlim(1)) / axwidth * axpos(3) + axpos(1);

    pos(2) = (pos(2) - axlim(3)) / axheight * axpos(4) + axpos(2);

    pos(3) = pos(3) * axpos(3) / axwidth;

    pos(4) = pos(4) * axpos(4 )/ axheight;

    varargout{1} = pos;

end

set(hAx,'Units',axun)
function FitnV=Fitness(len)

FitnV=1./len;
X=data;

D=Distanse(X); 
N=size(D,1);    

NIND=100;       

MAXGEN=200;    

Pc=0.9;         

Pm=0.05;        

GGAP=0.9;      

Chrom=InitPop(NIND,N);

OutputPath(Chrom(1,:));

Rlength=PathLength(D,Chrom(1,:));

gen=0;

ObjV=PathLength(D,Chrom);  

preObjV=min(ObjV);

while gen<MAXGEN

    ObjV=PathLength(D,Chrom); 

    line([gen-1,gen],[preObjV,min(ObjV)]);pause(0.0001)

    preObjV=min(ObjV);

    FitnV=Fitness(ObjV);

    SelCh=Select(Chrom,FitnV,GGAP);

    SelCh=Recombin(SelCh,Pc);

    SelCh=Mutate(SelCh,Pm);

    SelCh=Reverse(SelCh,D);

    Chrom=Reins(Chrom,SelCh,ObjV);

    gen=gen+1 ;

end
function Chrom=InitPop(NIND,N)

Chrom=zeros(NIND,N); 
for i=1:NIND

    Chrom(i,:)=randperm(N); 
End
function SelCh=Mutate(SelCh,Pm)

[NSel,L]=size(SelCh);

for i=1:NSel

    if Pm>=rand

        R=randperm(L);

        SelCh(i,R(1:2))=SelCh(i,R(2:-1:1));

    end

end
function p=OutputPath(R)

R=[R,R(1)];

N=length(R);

p=num2str(R(1));

for i=2:N

    p=[p,'—>',num2str(R(i))];

end
function len=PathLength(D,Chrom)

[row,col]=size(D);

NIND=size(Chrom,1);

len=zeros(NIND,1);

for i=1:NIND

    p=[Chrom(i,:) Chrom(i,1)];

    i1=p(1:end-1);

    i2=p(2:end);

    len(i,1)=sum(D((i1-1)*col+i2));

end
function SelCh=Recombin(SelCh,Pc)

NSel=size(SelCh,1);

for i=1:2:NSel-mod(NSel,2)

    if Pc>=rand 

        [SelCh(i,:),SelCh(i+1,:)]=intercross(SelCh(i,:),SelCh(i+1,:));

    end

end

function [a,b]=intercross(a,b)

L=length(a);

r1=randsrc(1,1,[1:L]);

r2=randsrc(1,1,[1:L]);

if r1~=r2

    a0=a;b0=b;

    s=min([r1,r2]);

    e=max([r1,r2]);

    for i=s:e

        a1=a;b1=b;

        a(i)=b0(i);

        b(i)=a0(i);

        x=find(a==a(i));

        y=find(b==b(i));

        i1=x(x~=i);

        i2=y(y~=i);

        if ~isempty(i1)

            a(i1)=a1(i);

        end

        if ~isempty(i2)

            b(i2)=b1(i);

        end

    end

end
function Chrom=Reins(Chrom,SelCh,ObjV)

NIND=size(Chrom,1);

NSel=size(SelCh,1);

[TobjV,index]=sort(ObjV);

Chrom=[Chrom(index(1:NIND-NSel),:);SelCh];
function SelCh=Reverse(SelCh,D)

[row,col]=size(SelCh);

ObjV=PathLength(D,SelCh);  

SelCh1=SelCh;

for i=1:row

    r1=randsrc(1,1,[1:col]);

    r2=randsrc(1,1,[1:col]);

    mininverse=min([r1 r2]);

    maxinverse=max([r1 r2]);

    SelCh1(i,mininverse:maxinverse)=SelCh1(i,maxinverse:-1:mininverse);

end

ObjV1=PathLength(D,SelCh1);  

index=ObjV1<ObjV;

SelCh(index,:)=SelCh1(index,:);
function SelCh=Select(Chrom,FitnV,GGAP)

NIND=size(Chrom,1);

NSel=max(floor(NIND*GGAP+.5),2);

ChrIx=Sus(FitnV,NSel);

SelCh=Chrom(ChrIx,:);
function NewChrIx = Sus(FitnV,Nsel)

[Nind,ans] = size(FitnV);

cumfit = cumsum(FitnV);

trials = cumfit(Nind) / Nsel * (rand + (0:Nsel-1)');

Mf = cumfit(:, ones(1, Nsel));

Mt = trials(:, ones(1, Nind))';

[NewChrIx, ans] = find(Mt < Mf & [ zeros(1, Nsel); Mf(1:Nind-1, :) ] <= Mt);

[ans, shuf] = sort(rand(Nsel, 1));

NewChrIx = NewChrIx(shuf);
fitnessfcn = @GA_demo;           

nvars = 2;        

options = gaoptimset('PopulationSize',100,'EliteCount',10,'CrossoverFraction',0.75,'Generations',500,'StallGenLimit',500,'TolFun',1e-100,'PlotFcns',{@gaplotbestf,@gaplotbestindiv}); 
[x_best,fval] =ga(fitnessfcn,nvars,[],[],[],[],[],[],[],options);
function f=GA_demo(x)

f1=4*x(1).^3+4*x(1)*x(2)+2*x(2).^2-42*x(1)-14;

f2=4*x(2).^3+4*x(1)*x(2)+2*x(1).^2-26*x(1)-22;

f=f1.^2+f2.^2;
NIND=40;               

NVAR=1;                

PRECI=20;             

GGAP=0.9;               
MP=10;                 

FieldD=[PRECI;0;1;1;0;1;1]; 

for i=1:MP

    Chrom{i}=crtbp(NIND, NVAR*PRECI);                       

end

pc=0.7+(0.9-0.7)*rand(MP,1);   

pm=0.001+(0.05-0.001)*rand(MP,1); 

gen=0;  

gen0=0; 

MAXGEN=10;  

maxY=0; 

for i=1:MP

    ObjV{i}=ObjectFunction(bs2rv(Chrom{i}, FieldD)); 
end

MaxObjV=zeros(MP,1);           

MaxChrom=zeros(MP,PRECI*NVAR); 

while gen0<=MAXGEN

    gen=gen+1;      

    for i=1:MP

        FitnV{i}=ranking(-ObjV{i});          

        SelCh{i}=select('sus', Chrom{i}, FitnV{i},GGAP); 

        SelCh{i}=recombin('xovsp',SelCh{i}, pc(i));      

        SelCh{i}=mut(SelCh{i},pm(i));                   

        ObjVSel=ObjectFunction(bs2rv(SelCh{i}, FieldD)); 

        [Chrom{i},ObjV{i}]=reins(Chrom{i},SelCh{i},1,1,ObjV{i},ObjVSel);     
    end

    [Chrom,ObjV]=immigrant(Chrom,ObjV);   

    [MaxObjV,MaxChrom]=EliteInduvidual(Chrom,ObjV,MaxObjV,MaxChrom);     

    YY(gen)=max(MaxObjV);    

    if YY(gen)>maxY   

        maxY=YY(gen); 

        gen0=0;

    else

        gen0=gen0+1;

    end

end
function [MaxObjV,MaxChrom]=EliteInduvidual(Chrom,ObjV,MaxObjV,MaxChrom)

MP=length(Chrom);  

for i=1:MP

    [MaxO,maxI]=max(ObjV{i});   

    if MaxO>MaxObjV(i)

        MaxObjV(i)=MaxO;         

        MaxChrom(i,:)=Chrom{i}(maxI,:);  

    end

end
function [Chrom,ObjV]=immigrant(Chrom,ObjV)

MP=length(Chrom);

for i=1:MP

    [MaxO,maxI]=max(ObjV{i}); 

    next_i=i+1;             

    if next_i>MP;next_i=mod(next_i,MP);end

    [MinO,minI]=min(ObjV{next_i});         

    Chrom{next_i}(minI,:)=Chrom{i}(maxI,:);

    ObjV{next_i}(minI)=ObjV{i}(maxI);

End
NIND=40;               

NVAR=2;                

PRECI=20;              

GGAP=0.9;             

MP=10;                 

FieldD=[rep(PRECI,[1,NVAR]);[-3,4.1;12.1,5.8];rep([1;0;1;1],[1,NVAR])]; 

for i=1:MP

    Chrom{i}=crtbp(NIND, NVAR*PRECI);                       

end

pc=0.7+(0.9-0.7)*rand(MP,1);    

pm=0.001+(0.05-0.001)*rand(MP,1);  

gen=0;  

gen0=0; 

MAXGEN=10;  

maxY=0; 

for i=1:MP

    ObjV{i}=ObjectFunction(bs2rv(Chrom{i}, FieldD)); 
end

MaxObjV=zeros(MP,1);           

MaxChrom=zeros(MP,PRECI*NVAR); 

while gen0<=MAXGEN

    gen=gen+1;      

    for i=1:MP

        FitnV{i}=ranking(-ObjV{i});                      

        SelCh{i}=select('sus', Chrom{i}, FitnV{i},GGAP); 

        SelCh{i}=recombin('xovsp',SelCh{i}, pc(i));      

        SelCh{i}=mut(SelCh{i},pm(i));                    

        ObjVSel=ObjectFunction(bs2rv(SelCh{i}, FieldD)); 

        [Chrom{i},ObjV{i}]=reins(Chrom{i},SelCh{i},1,1,ObjV{i},ObjVSel);    

    end

    [Chrom,ObjV]=immigrant(Chrom,ObjV);     

    [MaxObjV,MaxChrom]=EliteInduvidual(Chrom,ObjV,MaxObjV,MaxChrom);     

    YY(gen)=max(MaxObjV);   

    if YY(gen)>maxY   

        maxY=YY(gen); 

        gen0=0;

    else

        gen0=gen0+1; 

    end

end
function obj=ObjectFunction(X)

col=size(X,1);

for i=1:col

    obj(i,1)=21.5+X(i,1)*sin(4*pi*X(i,1))+X(i,2)*sin(20*pi*X(i,2));

End
pc=0.7;     

pm=0.05; 

NIND=40;       

MAXGEN=500;     

NVAR=2;             

PRECI=20;           

GGAP=0.9;             

trace=zeros(MAXGEN,1); 

FieldD=[rep(PRECI,[1,NVAR]);[-3,4.1;12.1,5.8];rep([1;0;1;1],[1,NVAR])]; 
Chrom=crtbp(NIND, NVAR*PRECI);                      

gen=0;                                                

ObjV=ObjectFunction(bs2rv(Chrom, FieldD)); 
[maxY,I]=max(ObjV); 

X=bs2rv(Chrom, FieldD);

maxX=X(I,:);

while gen<MAXGEN                                      
    FitnV=ranking(-ObjV);                           

    SelCh=select('sus', Chrom, FitnV, GGAP);        

    SelCh=recombin('xovsp', SelCh, pc);           

    SelCh=mut(SelCh,pm);                            

    ObjVSel=ObjectFunction(bs2rv(SelCh, FieldD));           

    [Chrom ObjV]=reins(Chrom, SelCh, 1, 1, ObjV, ObjVSel); 

    gen=gen+1;           

    if maxY<max(ObjV)

        [maxY,I]=max(ObjV);

        X=bs2rv(Chrom, FieldD);

        maxX=X(I,:);

    end

    trace(gen,1)=maxY;

end
function X=bin2decFun(x,lenchrom,bound)

M=length(lenchrom);

n=1;

X=zeros(1,M);

for i=1:M

    for j=lenchrom(i)-1:-1:0

        X(i)=X(i)+x(n).*2.^j;

        n=n+1;

    end

end

X=bound(:,1)'+X./(2.^lenchrom-1).*(bound(:,2)-bound(:,1))';
function binary=collapse(chrom)

 [M,N]=size(chrom);  

M=M/2; 

binary=zeros(M,N);  

for i=1:M

    for j=1:N

        pick=rand; 

        if pick>(chrom(2.*i-1,j)^2)    

            binary(i,j)=1;

        else

            binary(i,j)=0;

        end

    end

end
function [fitness,X]=FitnessFunction(binary,lenchrom)

sizepop=size(binary,1);

fitness=zeros(1,sizepop);

num=size(lenchrom,2);

X=zeros(sizepop,num);

for i=1:sizepop

    [fitness(i),X(i,:)]=Objfunction(binary(i,:),lenchrom);       

End
function chrom=InitPop(M,N)

for i=1:M

    for j=1:N

        chrom(i,j)=1/sqrt(2);

    end

end
function [Y,X]=Objfunction(x,lenchrom)

bound=[-3.0 12.1;4.1 5.8];   

X=bin2decFun(x,lenchrom,bound);

Y=sin(4*pi*X(1))*X(1)+sin(20*pi*X(2))*X(2);
function chrom=Qgate(chrom,fitness,best,binary)

sizepop=size(chrom,1)/2;

lenchrom=size(binary,2);

for i=1:sizepop

    for j=1:lenchrom

        A=chrom(2*i-1,j);   

        B=chrom(2*i,j);    

        x=binary(i,j);

        b=best.binary(j);

        if ((x==0)&(b==0))||((x==1)&(b==1))

            delta=0;                 

            s=0;                        

        elseif (x==0)&(b==1)&(fitness(i)<best.fitness)

            delta=0.01*pi;

            if A*B>0

                s=1;

            elseif A*B<0

                s=-1;

            elseif A==0

                s=0;

            elseif B==0

                s=sign(randn);

            end

        elseif (x==0)&(b==1)&(fitness(i)>=best.fitness)

            delta=0.01*pi;

            if A*B>0

                s=-1;

            elseif A*B<0

                s=1;

            elseif A==0

                s=sign(randn);

            elseif B==0

                s=0;

            end

        elseif (x==1)&(b==0)&(fitness(i)<best.fitness)

            delta=0.01*pi;

            if A*B>0

                s=-1;

            elseif A*B<0

                s=1;

            elseif A==0

                s=sign(randn);

            elseif B==0

                s=0;

            end

        elseif (x==1)&(b==0)&(fitness(i)>=best.fitness)

            delta=0.01*pi;

            if A*B>0

                s=1;

            elseif A*B<0

                s=-1;

            elseif A==0

                s=0;

            elseif B==0

                s=sign(randn);

            end

        end

        e=s*delta;       

        U=[cos(e) -sin(e);sin(e) cos(e)];     

        y=U*[A B]';       

        chrom(2*i-1,j)=y(1);

        chrom(2*i,j)=y(2);

    end

end
MAXGEN=200;                      

sizepop=40;                      

lenchrom=[20 20];          

trace=zeros(1,MAXGEN);     

best=struct('fitness',0,'X',[],'binary',[],'chrom',[]);  
chrom=InitPop(sizepop*2,sum(lenchrom));

binary=collapse(chrom); 

 [fitness,X]=FitnessFunction(binary,lenchrom);        

 [best.fitness bestindex]=max(fitness);   

best.binary=binary(bestindex,:);

best.chrom=chrom([2*bestindex-1:2*bestindex],:);

best.X=X(bestindex,:);

trace(1)=best.fitness;

fprintf('%d\n',1)

for gen=2:MAXGEN

    fprintf('%d\n',gen)  

    binary=collapse(chrom);

    [fitness,X]=FitnessFunction(binary,lenchrom);

    chrom=Qgate(chrom,fitness,best,binary);

    [newbestfitness,newbestindex]=max(fitness);    

    if newbestfitness>best.fitness

        best.fitness=newbestfitness;

        best.binary=binary(newbestindex,:);

        best.chrom=chrom([2*newbestindex-1:2*newbestindex],:);

        best.X=X(newbestindex,:);

    end

    trace(gen)=best.fitness;

end
fitnessfcn = @my_first_multi; 

nvars = 2;                   

lb = [-5,-5];               

ub = [5,5];                  

A = []; b = [];                

Aeq = []; beq = [];            

options = gaoptimset('ParetoFraction',0.3,'PopulationSize',100,'Generations',200,'StallGenLimit',200,'TolFun',1e-100,'PlotFcns',@gaplotpareto);

[x,fval] = gamultiobj(fitnessfcn,nvars, A,b,Aeq,beq,lb,ub,options);
function f = my_first_multi(x)
f(1) = x(1)^4 - 10*x(1)^2+x(1)*x(2) + x(2)^4 - (x(1)^2)*(x(2)^2);

f(2) = x(2)^4 - (x(1)^2)*(x(2)^2) + x(1)^4 + x(1)*x(2);
objnum=size(P,1); 

weight=92;       

Dim=5;  

xSize=50;  

MaxIt=200; 
c1=0.8;    

c2=0.8;   

wmax=1.2;  

wmin=0.1;  
x=unidrnd(4,xSize,Dim);  

v=zeros(xSize,Dim);      
xbest=x;           

gbest=x(1,:);      

px=zeros(1,xSize);    
rx=zeros(1,xSize);  

cx=zeros(1,xSize);   

pxbest=zeros(1,xSize); 
rxbest=zeros(1,xSize); 

cxbest=zeros(1,xSize);  

pxPrior=zeros(1,xSize); 
rxPrior=zeros(1,xSize); 
cxPrior=zeros(1,xSize); 
for i=1:xSize

    for j=1:Dim 

        px(i) = px(i)+P(x(i,j),j); 

        rx(i) = rx(i)+R(x(i,j),j);  

        cx(i) = cx(i)+C(x(i,j),j);  

    end

end

pxbest=px;rxbest=rx;cxbest=cx;

flj=[];

fljx=[];

fljNum=0;

tol=1e-7;

for i=1:xSize

    flag=0;  

    for j=1:xSize  

        if j~=i

            if ((px(i)<px(j)) &&  (rx(i)>rx(j))) ||((abs(px(i)-px(j))<tol)...

                    &&  (rx(i)>rx(j)))||((px(i)<px(j)) &&  (abs(rx(i)-rx(j))<tol)) || (cx(i)>weight) 

                flag=1;

                break;

            end

        end

    end

    if flag==0

        fljNum=fljNum+1;

        flj(fljNum,1)=px(i);flj(fljNum,2)=rx(i);flj(fljNum,3)=cx(i);

        fljx(fljNum,:)=x(i,:); 

    end

end

for iter=1:MaxIt

    w=wmax-(wmax-wmin)*iter/MaxIt;

    s=size(fljx,1);       

    index=randi(s,1,1);  

    gbest=fljx(index,:);

    for i=1:xSize

        v(i,:)=w*v(i,:)+c1*rand(1,1)*(xbest(i,:)-x(i,:))+c2*rand(1,1)*(gbest-x(i,:));

        x(i,:)=x(i,:)+v(i,:);

        x(i,:) = rem(x(i,:),objnum)/double(objnum);

        index1=find(x(i,:)<=0);

        if ~isempty(index1)

            x(i,index1)=rand(size(index1));

        end

        x(i,:)=ceil(4*x(i,:));        

    end

    pxPrior(:)=0;

    rxPrior(:)=0;

    cxPrior(:)=0;

    for i=1:xSize

        for j=1:Dim 

            pxPrior(i) = pxPrior(i)+P(x(i,j),j);  

            rxPrior(i) = rxPrior(i)+R(x(i,j),j);  

            cxPrior(i) = cxPrior(i)+C(x(i,j),j);  

        end

    end

    for i=1:xSize

         if ((px(i)<pxPrior(i)) &&  (rx(i)>rxPrior(i))) ||((abs(px(i)-pxPrior(i))<tol)...

                 &&  (rx(i)>rxPrior(i)))||((px(i)<pxPrior(i)) &&  (abs(rx(i)-rxPrior(i))<tol)) || (cx(i)>weight) 

                xbest(i,:)=x(i,:); 
                pxbest(i)=pxPrior(i);rxbest(i)=rxPrior(i);cxbest(i)=cxPrior(i);

          end

        if ~( ((px(i)<pxPrior(i)) &&  (rx(i)>rxPrior(i))) ||((abs(px(i)-pxPrior(i))<tol)...

                &&  (rx(i)>rxPrior(i)))||((px(i)<pxPrior(i)) &&  (abs(rx(i)-rxPrior(i))<tol)) || (cx(i)>weight) )...

                &&  ~( ((pxPrior(i)<px(i)) &&  (rxPrior(i)>rx(i))) ||((abs(pxPrior(i)-px(i))<tol) &&  (rxPrior(i)>rx(i)))...

                ||((pxPrior(i)<px(i)) &&  (abs(rxPrior(i)-rx(i))<tol)) || (cxPrior(i)>weight) )

            if rand(1,1)<0.5

                xbest(i,:)=x(i,:);

                  pxbest(i)=pxPrior(i);rxbest(i)=rxPrior(i);cxbest(i)=cxPrior(i);

            end

        end

    end

    px=pxPrior;

    rx=rxPrior;

    cx=cxPrior;

    s=size(flj,1); 
    pppx=zeros(1,s+xSize);

    rrrx=zeros(1,s+xSize);

    cccx=zeros(1,s+xSize);

    pppx(1:xSize)=pxbest;pppx(xSize+1:end)=flj(:,1)';

    rrrx(1:xSize)=rxbest;rrrx(xSize+1:end)=flj(:,2)';

    cccx(1:xSize)=cxbest;cccx(xSize+1:end)=flj(:,3)';

    xxbest=zeros(s+xSize,Dim);

    xxbest(1:xSize,:)=xbest;

    xxbest(xSize+1:end,:)=fljx;

    flj=[];

    fljx=[];

    k=0;

    tol=1e-7;

    for i=1:xSize+s

        flag=0; 
        for j=1:xSize+s 

            if j~=i

                if ((pppx(i)<pppx(j)) &&  (rrrx(i)>rrrx(j))) ||((abs(pppx(i)-pppx(j))<tol) ...

                        &&  (rrrx(i)>rrrx(j)))||((pppx(i)<pppx(j)) &&  (abs(rrrx(i)-rrrx(j))<tol)) ...

                        || (cccx(i)>weight) 

                    flag=1;

                    break;

                end

            end

        end

        if flag==0

            k=k+1;

            flj(k,1)=pppx(i);flj(k,2)=rrrx(i);flj(k,3)=cccx(i); 
            fljx(k,:)=xxbest(i,:); 
        end

    end

    repflag=0;  

    k=1;         

    flj2=[];  

    fljx2=[];    

    flj2(k,:)=flj(1,:);

    fljx2(k,:)=fljx(1,:);

    for j=2:size(flj,1)

        repflag=0;  

        for i=1:size(flj2,1)

            result=(fljx(j,:)==fljx2(i,:));

            if length(find(result==1))==Dim

                repflag=1; 
            end

        end

        if repflag==0 

            k=k+1;

            flj2(k,:)=flj(j,:);

            fljx2(k,:)=fljx(j,:);

        end

    end

    flj=flj2;

    fljx=fljx2;

end
function FitnV = ranking(ObjV, RFun, SUBPOP)

   [Nind,ans] = size(ObjV);

   if nargin < 2, RFun = []; end

   if nargin > 1, if isnan(RFun), RFun = []; 
end, end

   if prod(size(RFun)) == 2,

      if RFun(2) == 1, NonLin = 1;

      elseif RFun(2) == 0, NonLin = 0;

      else error('Parameter for ranking method must be 0 or 1'); 
end

      RFun = RFun(1);

      if isnan(RFun), RFun = 2; 
end

   elseif prod(size(RFun)) > 2,

      if prod(size(RFun)) ~= Nind, error('ObjV and RFun disagree'); 
end

   end

   if nargin < 3, SUBPOP = 1; end

   if nargin > 2,

      if isempty(SUBPOP), SUBPOP = 1;

      elseif isnan(SUBPOP), SUBPOP = 1;

      elseif length(SUBPOP) ~= 1, error('SUBPOP must be a scalar'); end

   end

   if (Nind/SUBPOP) ~= fix(Nind/SUBPOP), error('ObjV and SUBPOP disagree'); end

   Nind = Nind/SUBPOP; 

      if isempty(RFun),

         RFun = 2*[0:Nind-1]'/(Nind-1);

   elseif prod(size(RFun)) == 1

      if NonLin == 1,

         if RFun(1) < 1, error('Selective pressure must be greater than 1');

         elseif RFun(1) > Nind-2, error('Selective pressure too big'); end

         Root1 = roots([RFun(1)-Nind [RFun(1)*ones(1,Nind-1)]]);

         RFun = (abs(Root1(1)) * ones(Nind,1)) .^ [(0:Nind-1)'];

         RFun = RFun / sum(RFun) * Nind;

      else

         if (RFun(1) < 1 | RFun(1) > 2),

            error('Selective pressure for linear ranking must be between 1 and 2');

         end

         RFun = 2-RFun + 2*(RFun-1)*[0:Nind-1]'/(Nind-1);

      end

   end;

   FitnV = [];

for irun = 1:SUBPOP,

      ObjVSub = ObjV((irun-1)*Nind+1:irun*Nind);

      NaNix = isnan(ObjVSub);

      Validix = find(~NaNix);

      [ans,ix] = sort(-ObjVSub(Validix));

      ix = [find(NaNix) ; Validix(ix)];

      Sorted = ObjVSub(ix);

      i = 1;

      FitnVSub = zeros(Nind,1);

      for j = [find(Sorted(1:Nind-1) ~= Sorted(2:Nind)); Nind]',

         FitnVSub(i:j) = sum(RFun(i:j)) * ones(j-i+1,1) / (j-i+1);

         i =j+1;

      end

      [ans,uix] = sort(ix);

      FitnVSub = FitnVSub(uix);

      FitnV = [FitnV; FitnVSub];

End
function [Chrom, ObjVCh] = reins(Chrom, SelCh, SUBPOP, InsOpt, ObjVCh, ObjVSel);

   if nargin < 2, error('Not enough input parameter'); 
end

   if (nargout == 2 & nargin < 6), error('Input parameter missing: ObjVCh and/or ObjVSel'); 
end

   [NindP, NvarP] = size(Chrom);

   [NindO, NvarO] = size(SelCh);

   if nargin == 2, SUBPOP = 1; 
end

   if nargin > 2,

      if isempty(SUBPOP), SUBPOP = 1;

      elseif 
isnan(SUBPOP), SUBPOP = 1;

      elseif 
length(SUBPOP) ~= 1, error('SUBPOP must be a scalar'); 
end

   end

   if (NindP/SUBPOP) ~= fix(NindP/SUBPOP), error('Chrom and SUBPOP disagree'); 
end

   if (NindO/SUBPOP) ~= fix(NindO/SUBPOP), error('SelCh and SUBPOP disagree'); 
end

   NIND = NindP/SUBPOP;  

   NSEL = NindO/SUBPOP;  
   IsObjVCh = 0; IsObjVSel = 0;

   if nargin > 4, 

      [mO, nO] = size(ObjVCh);

      if nO ~= 1, error('ObjVCh must be a column vector'); 
end

      if NindP ~= mO, error('Chrom and ObjVCh disagree');
 end

      IsObjVCh = 1;

   end

   if nargin > 5, 

      [mO, nO] = size(ObjVSel);

      if nO ~= 1, error('ObjVSel must be a column vector'); 
end

      if NindO ~= mO, error('SelCh and ObjVSel disagree');
 end

      IsObjVSel = 1;

   end

   if nargin < 4, INSR = 1.0; 
Select = 0; end   

   if nargin >= 4,

      if isempty(InsOpt), INSR = 1.0; 
Select = 0;   

      elseif 
isnan(InsOpt), INSR = 1.0; 
Select = 0;   

      else

         INSR = NaN; Select = NaN;

         if (length(InsOpt) > 2), error('Parameter InsOpt too long'); 
end

         if (length(InsOpt) >= 1), Select = InsOpt(1); 
end

         if (length(InsOpt) >= 2), INSR = InsOpt(2); 
end

         if isnan(Select), Select = 0;
end

         if isnan(INSR), INSR =1.0; 
end

      end

   end

   if (INSR < 0 | INSR > 1), error('Parameter for insertion rate must be a scalar in [0, 1]'); 
end

   if (INSR < 1 & IsObjVSel ~= 1), error('For selection of offspring ObjVSel is needed'); 
end 

   if (Select ~= 0 & Select ~= 1), error('Parameter for selection method must be 0 or 1'); 
end

   if (Select == 1 & IsObjVCh == 0), error('ObjVCh for fitness-based exchange needed'); 
end
   if INSR == 0, return; end

   NIns = min(max(floor(INSR*NSEL+.5),1),NIND);     
   for irun = 1:SUBPOP,

         if Select == 1,   

            [Dummy, ChIx] = sort(-ObjVCh((irun-1)*NIND+1:irun*NIND));

         else               
            [Dummy, ChIx] = sort(rand(NIND,1));

         end

         PopIx = ChIx((1:NIns)')+ (irun-1)*NIND;
         if (NIns < NSEL),  

            [Dummy,OffIx] = sort(ObjVSel((irun-1)*NSEL+1:irun*NSEL));

         else              

            OffIx = (1:NIns)';

         end

         SelIx = OffIx((1:NIns)')+(irun-1)*NSEL;

         Chrom(PopIx,:) = SelCh(SelIx,:);

         if (IsObjVCh == 1 & IsObjVSel == 1), ObjVCh(PopIx) = ObjVSel(SelIx); end

   end
function NewChrIx = rws(FitnV,Nsel);

 [Nind,ans] = size(FitnV);

cumfit  = cumsum(FitnV);

trials = cumfit(Nind) .* rand(Nsel, 1);

Mf = cumfit(:, ones(1, Nsel));

Mt = trials(:, ones(1, Nind))';

[NewChrIx, ans] = find(Mt < Mf & ...

                        [ zeros(1, Nsel); Mf(1:Nind-1, :) ] <= Mt);

function ChromNew=aberranceJm(Chrom,MUTR,Jm,T)

 [NIND,WNumber]=size(Chrom);

WNumber=WNumber/2;
ChromNew=Chrom;
[PNumber MNumber]=size(Jm);

Number=zeros(1,PNumber);

for i=1:PNumber

  Number(i)=1;

end

for i=1:NIND    

    S=Chrom(i,:);

       WPNumberTemp=Number; 

       for j=1:WNumber

          JMTemp=Jm{S(j), WPNumberTemp(S(j))};

          SizeTemp=length(JMTemp);

          if MUTR>rand;

                if SizeTemp==1      

                       S(j+WNumber)=1;

                else

                    S(j+WNumber)=selectJm(S(j++WNumber),T{S(j),WPNumberTemp(S(j))});

                end

          end

            WPNumberTemp(S(j))=WPNumberTemp(S(j))+1;

        end         

    ChromNew(i,:)=S;

End
function NewChrom=across(Chrom,XOVR,Jm,T)
[NIND,WNumber]=size(Chrom);

WNumber=WNumber/2;

NewChrom=Chrom; 
[PNumber MNumber]=size(Jm);

Number=zeros(1,PNumber);

for i=1:PNumber

  Number(i)=1;

end

SelNum=randperm(NIND);   
Num=floor(NIND/2); 
for i=1:2:Num

    if XOVR>rand; 

        Pos=unidrnd(WNumber); 
        while Pos==1

            Pos=unidrnd(WNumber);

        end

        S1=Chrom(SelNum(i),1:WNumber);

        S2=Chrom(SelNum(i+1),1:WNumber); 

        S11=S2;S22=S1;   

        S11(1:Pos)=S1(1:Pos);      

        S22(1:Pos)=S2(1:Pos);        

        S3=S11;S4=S1;

        S5=S22;S6=S2;

        for j=1:WNumber         

           Pos1=find(S4==S3(j),1);

           Pos2=find(S6==S5(j),1);

           if Pos1>0

               S3(j)=0;

               S4(Pos1)=0;

           end                         

           if Pos2>0

               S5(j)=0;

               S6(Pos2)=0;

           end

        end

        for j=1:WNumber          

          if S3(j)~=0         

            Pos1=find(S11==S3(j),1);        

            Pos2=find(S4,1); 
            S11(Pos1)=S4(Pos2); 
            S4(Pos2)=0;       

          end 

          if S5(j)~=0              

            Pos1=find(S22==S5(j),1); 

            Pos2=find(S6,1);           

            S22(Pos1)=S6(Pos2);

            S6(Pos2)=0;          

          end  

        end                         

        S1=Chrom(SelNum(i),:);

        S2=Chrom(SelNum(i+1),:); 

               for k=1:WNumber            

            Pos1=Find(S11(k),S1);           

            S11(WNumber+k)=S1(WNumber+Pos1);

            S1(Pos1)=0;

            Pos1=Find(S22(k),S2);           

            S22(WNumber+k)=S2(WNumber+Pos1);

            S2(Pos1)=0;

        end

        NewChrom(SelNum(i),:)=S11;

        NewChrom(SelNum(i+1),:)=S22;

    end

 end
function [PVal ObjV P S]=cal(Chrom,JmNumber,T,Jm)

NIND=size(Chrom,1);

ObjV=zeros(NIND,1);
[PNumber MNumber]=size(Jm);
for i=1:NIND  

    S=Chrom(i,:);
    P= calp(S,PNumber);

    PVal=caltime(S,P,JmNumber,T,Jm); 

    MT=max(PVal);

    TVal=max(MT);  

    ObjV(i,1)=TVal;

    if i==1

        Val1=PVal;

        Val2=P;

        MinVal=ObjV(i,1);

        STemp=S;

    end

    if MinVal> ObjV(i,1)

        Val1=PVal;

        Val2=P;

        MinVal=ObjV(i,1);

        STemp=S;

    end   

end 

PVal=Val1;

 P=Val2;

 S=STemp;
function P=calp(S,PNumber)
WNumber=length(S); 
WNumber=WNumber/2;

S=S(1,1:WNumber);

temp=zeros(1,PNumber);

P=zeros(1,WNumber);
for i=1: WNumber 

  temp(S(i))=temp(S(i))+1; 

  P(i)=S(i)*100+temp(S(i));

end

function PVal=caltime(S,P,JmNumber,T,Jm)

[PNumber MNumber]=size(Jm);

M=S(1,PNumber*MNumber+1:PNumber*MNumber*2); 

WNumber=length(P);

TM=zeros(1,JmNumber);

TP=zeros(1,PNumber);

PVal=zeros(2,WNumber);
for i=1: WNumber 

    val= P(1,i);

    a=(mod(val,100)); 

    b=((val-a)/100);  

    Temp=Jm{b,a};

    m=Temp(M(1,i));

    Temp=T{b,a};

    t=Temp(M(1,i));

    TMval=TM(1,m);

    TPval=TP(1,b); 

    if TMval>TPval 

        val=TMval;

    else

        val=TPval;

    end

    PVal(1,i)=val;

    PVal(2,i)=val+t;

    TM(1,m)=PVal(2,i);

    TP(1,b)=PVal(2,i); 

End
function  Pos=Find(FindVal,S)

 [m n]=size(S);
Pos=-1;

for i=1:n 

    if FindVal==S(i)

      Pos=i;

      break;

    end

end
NIND=40;      

MAXGEN=50;     

GGAP=0.9;      

XOVR=0.8;       

MUTR=0.6;       

gen=0;         

 [PNumber MNumber]=size(Jm);  

trace=zeros(2, MAXGEN);      

WNumber=PNumber*MNumber;    

Number=zeros(1,PNumber);    

for i=1:PNumber

    Number(i)=MNumber;        

end

Chrom=zeros(NIND,2*WNumber);

for j=1:NIND

    WPNumberTemp=Number;

    for i=1:WNumber

        val=unidrnd(PNumber);

        while WPNumberTemp(val)==0

            val=unidrnd(PNumber);

        end

        Chrom(j,i)= val;

        WPNumberTemp(val)=WPNumberTemp(val)-1;

        Temp=Jm{val,MNumber-WPNumberTemp(val)};

        SizeTemp=length(Temp);

        Chrom(j,i+WNumber)= unidrnd(SizeTemp);

    end

end

 [PVal ObjV P S]=cal(Chrom,JmNumber,T,Jm);  

while gen<MAXGEN

    FitnV=ranking(ObjV);  

    SelCh=select('rws', Chrom, FitnV, GGAP);       

    SelCh=across(SelCh,XOVR,Jm,T);          

    SelCh=aberranceJm(SelCh,MUTR,Jm,T);            

    [PVal ObjVSel P S]=cal(SelCh,JmNumber,T,Jm);   

    [Chrom ObjV] =reins(Chrom, SelCh,1, 1, ObjV, ObjVSel);       

    gen=gen+1;       

    trace(1, gen)=min(ObjV);       

    trace(2, gen)=mean(ObjV);  

    if gen==1

        Val1=PVal;

        Val2=P;

        MinVal=min(ObjV); 
        STemp=S;

    end

    if MinVal> trace(1,gen)

        Val1=PVal;

        Val2=P;

        MinVal=trace(1,gen);

        STemp=S;

    end

end

PVal=Val1;

P=Val2;  

S=STemp; 
MP=S(1,PNumber*MNumber+1:PNumber*MNumber*2);

for i=1:WNumber  

    val= P(1,i);

    a=(mod(val,100));  
    b=((val-a)/100); 

    Temp=Jm{b,a};

    mText=Temp(MP(1,i));

    x1=PVal(1,i);

    x2=PVal(2,i);

end
function SelCh = select(SEL_F, Chrom, FitnV, GGAP, SUBPOP);

   if nargin < 3, error('Not enough input parameter'); end

   [NindCh,Nvar] = size(Chrom);

   [NindF,VarF] = size(FitnV);

   if NindCh ~= NindF, error('Chrom and FitnV disagree'); end

   if VarF ~= 1, error('FitnV must be a column vector'); end

   if nargin < 5, SUBPOP = 1; end

   if nargin > 4,

      if isempty(SUBPOP), SUBPOP = 1;

      elseif isnan(SUBPOP), SUBPOP = 1;

      elseif length(SUBPOP) ~= 1, error('SUBPOP must be a scalar'); end

   end
   if (NindCh/SUBPOP) ~= fix(NindCh/SUBPOP), error('Chrom and SUBPOP disagree'); end

   Nind = NindCh/SUBPOP;  
   if nargin < 4, GGAP = 1; end

   if nargin > 3,

      if isempty(GGAP), GGAP = 1;

      elseif isnan(GGAP), GGAP = 1;

      elseif length(GGAP) ~= 1, error('GGAP must be a scalar');

      elseif (GGAP < 0), error('GGAP must be a scalar bigger than 0'); end

   end

   NSel=max(floor(Nind*GGAP+.5),2);
   SelCh = [];

   for irun = 1:SUBPOP,

      FitnVSub = FitnV((irun-1)*Nind+1:irun*Nind);

      ChrIx=feval(SEL_F, FitnVSub, NSel)+(irun-1)*Nind;

      SelCh=[SelCh; Chrom(ChrIx,:)];

   End
function SelS=selectJm(S,S_T)
Num=length(S_T);
MaxVal=0;

for i=1:Num

  if S_T(i)>MaxVal;

   MaxVal=S_T(i);

  end

end

MaxVal=2*MaxVal;
for i=1:Num

 S_T(i)=MaxVal-S_T(i);

end

eVal=0;

for i=1:Num

 eVal=eVal+S_T(i);

end
for i=1:Num

 P(i)=S_T(i)/eVal;

end
for i=2:Num

  P(i)=P(i)+P(i-1);

end
 num=rand;

 SelS=1;

 while(num>P(SelS))

     SelS=SelS+1;    

 End
sizepop=50;          

overbest=10;        

MAXGEN=100;            

pcross=0.5;          

pmutation=0.4;        

ps=0.95;             

length=6;             

M=sizepop+overbest;

individuals = struct('fitness',zeros(1,M), 'concentration',zeros(1,M),'excellence',zeros(1,M),'chrom',[]);

individuals.chrom = popinit(M,length);

trace=[]; 

for iii=1:MAXGEN

     for i=1:M

         individuals.fitness(i) = fitness(individuals.chrom(i,:));               individuals.concentration(i) = concentration(i,M,individuals); 

     end
     individuals.excellence = excellence(individuals,M,ps);

     [best,index] = min(individuals.fitness);  

     bestchrom = individuals.chrom(index,:);   

     average = mean(individuals.fitness);       

     trace = [trace;best,average];             

     bestindividuals = bestselect(individuals,M,overbest);   

     individuals = bestselect(individuals,M,sizepop);      
     individuals = Select(individuals,sizepop);                                                             

     individuals.chrom = Cross(pcross,individuals.chrom,sizepop,length);                                    

     individuals.chrom = Mutation(pmutation,individuals.chrom,sizepop,length);   

     individuals = incorporate(individuals,sizepop,bestindividuals,overbest);                                
end
city_coordinate=[1304,2312;3639,1315;4177,2244;3712,1399;3488,1535;3326,1556;3238,1229;4196,1044;4312,790;4386,570;                3007,1970;2562,1756;2788,1491;2381,1676;1332,695;3715,1678;3918,2179;4061,2370;3780,2212;3676,2578;                4029,2838;4263,2931;3429,1908;3507,2376;3394,2643;3439,3201;2935,3240;3140,3550;2545,2357;2778,2826;2370,2975];

carge=[20,90,90,60,70,70,40,90,90,70,60,40,40,40,20,80,90,70,100,50,50,50,80,70,80,40,40,60,70,50,30];

for i=1:31

    distance(i,:)=dist(city_coordinate(i,:),city_coordinate(bestchrom,:)');

end

[a,b]=min(distance');
index=cell(1,length);
for i=1:length

index{i}=find(b==i);

end

cargox=city_coordinate(bestchrom,1);

cargoy=city_coordinate(bestchrom,2);

for i=1:31

    x=[city_coordinate(i,1),city_coordinate(bestchrom(b(i)),1)];

    y=[city_coordinate(i,2),city_coordinate(bestchrom(b(i)),2)];

end
function ret=Mutation(pmutation,chrom,sizepop,length1)

for i=1:sizepop   

    pick=rand;

    while pick==0

        pick=rand;

    end

    index=unidrnd(sizepop);

    if pick>pmutation

        continue;

    end

    pos=unidrnd(length1);

    while pos==1

        pos=unidrnd(length1);

    end

    nchrom=chrom(index,:);

    nchrom(pos)=unidrnd(31);

    while length(unique(nchrom))==(length1-1)

        nchrom(pos)=unidrnd(31);

    end

    flag=test(nchrom);

    if flag==1

        chrom(index,:)=nchrom;

    end

end
ret=chrom;

end
function pop = popinit(n,length)

for i=1:n

    flag=0;

    while flag==0

        [a,b]=sort(rand(1,31));    

        pop(i,:)=b(1:length);

        flag=test(pop(i,:));

    end

end
function ret=Select(individuals,sizepop)
excellence=individuals.excellence;

index=[]; 

for i=1:sizepop 

    pick=rand;

    while pick==0    

        pick=rand;        

    end

    for j=1:sizepop   

        pick=pick-pselect(j);        

        if pick<0        

            index=[index j];

            break; 

        end

    end

end
individuals.chrom=individuals.chrom(index,:);

individuals.fitness=individuals.fitness(index);

individuals.concentration=individuals.concentration(index);

individuals.excellence=individuals.excellence(index);

ret=individuals;
end
function resemble = similar(individual1,individual2)
k=zeros(1,length(individual1));

for i=1:length(individual1)

    if find(individual1(i)==individual2)

        k(i)=1;

    end

end
resemble=sum(k)/length(individual1);
end
function flag=test(code)

city_coordinate=[1304,2312;3639,1315;4177,2244;3712,1399;3488,1535;3326,1556;3238,1229;4196,1044;4312,790;4386,570;                 3007,1970;2562,1756;2788,1491;2381,1676;1332,695;3715,1678;3918,2179;4061,2370;3780,2212;3676,2578;

                 4029,2838;4263,2931;3429,1908;3507,2376;3394,2643;3439,3201;2935,3240;3140,3550;2545,2357;2778,2826;2370,2975];
flag=1;

if max( max(dist( city_coordinate(code,:)') ) )>3000

    flag=0;

end
end
function rets=bestselect(individuals,m,n)

s=3;

rets=struct('fitness',zeros(1,n), 'concentration',zeros(1,n),'excellence',zeros(1,n),'chrom',[]);

[fitness,index] = sort(individuals.fitness);

for i=1:s

    rets.fitness(i) = individuals.fitness(index(i));   

    rets.concentration(i) = individuals.concentration(index(i));

    rets.excellence(i) = individuals.excellence(index(i));

    rets.chrom(i,:) = individuals.chrom(index(i),:);

end

leftindividuals=struct('fitness',zeros(1,m-s), 'concentration',zeros(1,m-s),'excellence',zeros(1,m-s),'chrom',[]);

for k=1:m-s

    leftindividuals.fitness(k) = individuals.fitness(index(k+s));   

    leftindividuals.concentration(k) = individuals.concentration(index(k+s));

    leftindividuals.excellence(k) = individuals.excellence(index(k+s));

    leftindividuals.chrom(k,:) = individuals.chrom(index(k+s),:);

end
 [excellence,index]=sort(1./leftindividuals.excellence);

for i=s+1:n

    rets.fitness(i) = leftindividuals.fitness(index(i-s));

    rets.concentration(i) = leftindividuals.concentration(index(i-s));

    rets.excellence(i) = leftindividuals.excellence(index(i-s));

    rets.chrom(i,:) = leftindividuals.chrom(index(i-s),:);

end
end
function concentration = concentration(i,M,individuals)

concentration=0;

for j=1:M

    xsd=similar(individuals.chrom(i,:),individuals.chrom(j,:)); 

    if xsd>0.7

        concentration=concentration+1;

    end

end
concentration=concentration/M;
end
function ret=Cross(pcross,chrom,sizepop,length)

for i=1:sizepop  

    pick=rand;

    while prod(pick)==0

        pick=rand(1);

    end

    if pick>pcross

        continue;

    end

    index(1)=unidrnd(sizepop);

    index(2)=unidrnd(sizepop);

    while index(2)==index(1)

        index(2)=unidrnd(sizepop);

    end

    pos=ceil(length*rand);

    while pos==1

        pos=ceil(length*rand);

    end

    chrom1=chrom(index(1),:);

    chrom2=chrom(index(2),:);

    k=chrom1(pos:length);

    chrom1(pos:length)=chrom2(pos:length);

    chrom2(pos:length)=k; 

    flag1=test(chrom(index(1),:));

    flag2=test(chrom(index(2),:));

    if flag1*flag2==1

        chrom(index(1),:)=chrom1;

        chrom(index(2),:)=chrom2;

    end

end
ret=chrom;

end
function exc=excellence(individuals,M,ps)
fit = 1./individuals.fitness;

sumfit = sum(fit);

con = individuals.concentration;

sumcon = sum(con);

for i=1:M

    exc(i) = fit(i)/sumfit*ps +con(i)/sumcon*(1-ps); 

end
end
function fit=fitness(individual)

city_coordinate=[1304,2312;3639,1315;4177,2244;3712,1399;3488,1535;3326,1556;3238,1229;4196,1044;4312,790;4386,570;                 3007,1970;2562,1756;2788,1491;2381,1676;1332,695;3715,1678;3918,2179;4061,2370;3780,2212;3676,2578;              4029,2838;4263,2931;3429,1908;3507,2376;3394,2643;3439,3201;2935,3240;3140,3550;2545,2357;2778,2826;2370,2975];

carge=[20,90,90,60,70,70,40,90,90,70,60,40,40,40,20,80,90,70,100,50,50,50,80,70,80,40,40,60,70,50,30];

for i=1:31

    distance(i,:)=dist(city_coordinate(i,:),city_coordinate(individual,:)');

end
[a,b]=min(distance');

for i=1:31  

    expense(i)=carge(i)*a(i);

end

fit=sum(expense) + 4.0e+4*length(find(a>3000));

end
function newindividuals = incorporate(individuals,sizepop,bestindividuals,overbest)

m = sizepop+overbest;

newindividuals = struct('fitness',zeros(1,m), 'concentration',zeros(1,m),'excellence',zeros(1,m),'chrom',[]);
for i=1:sizepop

    newindividuals.fitness(i) = individuals.fitness(i);   

    newindividuals.concentration(i) = individuals.concentration(i);   

    newindividuals.excellence(i) = individuals.excellence(i);   

    newindividuals.chrom(i,:) = individuals.chrom(i,:);   

end

for i=sizepop+1:m

    newindividuals.fitness(i) = bestindividuals.fitness(i-sizepop);   

    newindividuals.concentration(i) = bestindividuals.concentration(i-sizepop);   

    newindividuals.excellence(i) = bestindividuals.excellence(i-sizepop);   

    newindividuals.chrom(i,:) = bestindividuals.chrom(i-sizepop,:);   

end
end
X1 = 25;

Y1 = 25;

H1 =410;

H2=zeros(1,1200);

i=1:200;

H2(i)=450-fix(i/5);

i=201:700;

H2(i)=410;

i=701:1000;

H2(i)=350 + fix((i-500)/10)*3;

i=1001:1200;

H2(i) = 500;
X2=zeros(1,1200);

i=1:1200;

Y2(i)=-25;

i=1:500;

X2(i)=-25 + (i-1)*25/500;

i=501:1000;

X2(i)=0;

i=1001:1200;

X2(i)=(i-1000)*25/200;

n = 20;

pop = unidrnd(501,[n,2]);

popTest = unidrnd(501,[5*n,2]);

h = DF1function(X1,Y1,H1,X2(1),Y2(1),H2(1));

V = unidrnd(100,[n,2])-50;

Vmax=25;Vmin=-25;

fitness=zeros(1,n);

fitnessTest=zeros(1,n);

for i=1:n

    fitness(i)=h(pop(i,1),pop(i,2));

    fitnessTest(i)=h(popTest(i,1),popTest(i,2));

end

oFitness=sum(fitnessTest); 

[value,index]=max(fitness);

popgbest=pop;

popzbest=pop(index,:);

fitnessgbest=fitness;

fitnesszbest=fitness(index);

vmax = 10;

vmin = -10;

popMax=501;

popMin=1;

m = 2;

nFitness = oFitness;

Tmax=100; 

fitnessRecord=zeros(1,1200);

for k = 1:1200

    h = DF1function(X1,Y1,H1,X2(k),Y2(k),H2(k));

    for i=1:5*n

        fitnessTest(i)=h(popTest(i,1),popTest(i,2));

    end

    oFitness=sum(fitnessTest);

    if abs(oFitness - nFitness)>1

        index=randperm(20);

        pop(index(1:10),:)=unidrnd(501,[10,2]);

        V(index(1:10),:)=unidrnd(100,[10,2])-50;

    end

    for i=1:Tmax

            for j=1:n

            V(j,:)=V(j,:)+floor(rand*(popgbest(j,:)-pop(j,:)))+floor(rand*(popzbest - pop(j,:)));

            index1=find(V(j,:)>Vmax);

            V(j,index1)=Vmax;

            index2=find(V(j,:)<Vmin);

            V(j,index2)=Vmin;

            pop(j,:)=pop(j,:)+V(j,:);

            index1=find(pop(j,:)>popMax);

            pop(j,index1)=popMax;

            index2=find(pop(j,:)<popMin);

            pop(j,index2)=popMin;

            fitness(j)=h(pop(j,1),pop(j,2));

            if fitness(j) > fitnessgbest(j)

                popgbest(j,:) = pop(j,:);

                fitnessgbest(j) = fitness(j);

            end   

            if fitness(j) > fitnesszbest

                popzbest= pop(j,:);

                fitnesszbest = fitness(j);

            end

        end

    end

    fitnessRecord(k)=fitnesszbest;

    fitnesszbest=0;

    fitnessgbest=zeros(1,20);

end
function ff = DF1function(X1,Y1,H1,X2,Y2,H2)

XX=[X1,X2];

YY=[Y1,Y2];

N=2;

Hbase=[H1,H2];

D_ab=sqrt((XX(1)-XX(2))^2+(YY(1)-YY(2))^2);

[x,y]=meshgrid(-50:0.2:50);

Hbase(1)=Hbase(1);

Rbase=[Hbase(1)/D_ab,Hbase(2)/D_ab];

for i=1:N

    H(i)=Hbase(i);

    R(i)=Rbase(i);

    f(:,:,i)=H(i)-R(i)*sqrt((x-XX(i)).^2+(y-YY(i)).^2);

end

[m,n,p]=size(f);

for i=1:m

    for j=1:n

       [OrderZ,IndexZ]=sort(f(i,j,:));

       ff(i,j)=f(i,j,IndexZ(N));

   end

end
end
function[out]=forcecol(in)

len=prod(size(in));

out=reshape(in,[len,1]);
function [x_cnt,y_cnt] = spiral_dyn(n,a)

  if ~exist('tnot') | length(tnot)==0

     tnot = cputime;

  end

theta = cputime-tnot;

r = a*(theta.^n);

 x_cnt = r*cos(theta);

 y_cnt = r*sin(theta);

 return
function [OUT,varargout]=pso_Trelea_vectorized(functname,D,varargin)
rand('state',sum(100*clock));

if nargin < 2

    error('Not enough arguments.');

end
if nargin == 2     

    VRmin=ones(D,1)*-100;

    VRmax=ones(D,1)*100;

    VR=[VRmin,VRmax];

    minmax = 0;

    P = [];

    mv = 4;

    plotfcn='goplotpso';

elseif nargin == 3  

    VRmin=ones(D,1)*-100;

    VRmax=ones(D,1)*100;

    VR=[VRmin,VRmax];

    minmax = 0;

    mv=varargin{1};

    if isnan(mv)

        mv=4;

    end

    P = [];

    plotfcn='goplotpso';

elseif nargin == 4  

    mv=varargin{1};

    if isnan(mv)

        mv=4;

    end

    VR=varargin{2};

    minmax = 0;

    P = [];

    plotfcn='goplotpso';

elseif nargin == 5  

    mv=varargin{1};

    if isnan(mv)

        mv=4;

    end

    VR=varargin{2};

    minmax=varargin{3};

    P = [];

    plotfcn='goplotpso';

elseif nargin == 6  

    mv=varargin{1};

    if isnan(mv)

        mv=4;

    end

    VR=varargin{2};

    minmax=varargin{3};

    P = varargin{4};

    plotfcn='goplotpso';

elseif nargin == 7  

    mv=varargin{1};

    if isnan(mv)

        mv=4;

    end

    VR=varargin{2};

    minmax=varargin{3};

    P = varargin{4}; 

    plotfcn = varargin{5};

elseif nargin == 8  

    mv=varargin{1};

    if isnan(mv)

        mv=4;

    end

    VR=varargin{2};

    minmax=varargin{3};

    P = varargin{4}; 

    plotfcn = varargin{5};

    PSOseedValue = varargin{6};

else

    error('Wrong # of input arguments.');

end

Pdef = [100 2000 24 2 2 0.9 0.4 1500 1e-25 250 NaN 0 0];

Plen = length(P);

P    = [P,Pdef(Plen+1:end)];
df      = P(1);

me      = P(2);

ps      = P(3);

ac1     = P(4);

ac2     = P(5);

iw1     = P(6);

iw2     = P(7);

iwe     = P(8);

ergrd   = P(9);

ergrdep = P(10);

errgoal = P(11);

trelea  = P(12);

PSOseed = P(13);

if strcmp(functname,'pso_neteval')

    net = evalin('caller','net');

    Pd = evalin('caller','Pd');

    Tl = evalin('caller','Tl');

    Ai = evalin('caller','Ai');

    Q = evalin('caller','Q');

    TS = evalin('caller','TS');

end

if ((minmax==2) & isnan(errgoal))

    error('minmax= 2, errgoal= NaN: choose an error goal or set minmax to 0 or 1');

end
if ( (PSOseed==1) & ~exist('PSOseedValue') )

    error('PSOseed flag set but no PSOseedValue was input');

end
if exist('PSOseedValue')

    tmpsz=size(PSOseedValue);

    if D < tmpsz(2)

        error('PSOseedValue column size must be D or less');

    end

    if ps < tmpsz(1)

        error('PSOseedValue row length must be # of particles or less');

    end

end

if (P(1))~=0

    plotflg=1;

else

    plotflg=0;

end

tr = ones(1,me)*NaN;

if length(mv)==1

    velmaskmin = -mv*ones(ps,D);     

    velmaskmax = mv*ones(ps,D);      

elseif length(mv)==D

    velmaskmin = repmat(forcerow(-mv),ps,1); 

    velmaskmax = repmat(forcerow( mv),ps,1); 

else

    error('Max vel must be either a scalar or same length as prob dimension D');

end

posmaskmin  = repmat(VR(1:D,1)',ps,1);  

posmaskmax  = repmat(VR(1:D,2)',ps,1);  

posmaskmeth = 3; 

pos(1:ps,1:D) = normmat(rand([ps,D]),VR',1);
if PSOseed == 1         

    tmpsz                      = size(PSOseedValue);

    pos(1:tmpsz(1),1:tmpsz(2)) = PSOseedValue;

end

vel(1:ps,1:D) = normmat(rand([ps,D]),...

    [forcecol(-mv),forcecol(mv)]',1);

pbest = pos;

out = feval(functname,pos);  

pbestval=out;   

if minmax==1

    [gbestval,idx1] = max(pbestval);

elseif minmax==0

    [gbestval,idx1] = min(pbestval);

elseif minmax==2

    [temp,idx1] = min((pbestval-ones(size(pbestval))*errgoal).^2);

    gbestval    = pbestval(idx1);

end

bestpos        = zeros(me,D+1)*NaN;

gbest          = pbest(idx1,:);  

if strcmp(functname,'pso_neteval')

    net=setx(net,gbest);

end

bestpos(1,1:D) = gbest;
sentryval = gbestval;

sentry    = gbest;
if (trelea == 3)

    kappa   = 1; 

    if ( (ac1+ac2) <=4 )

        chi = kappa;

    else

        psi     = ac1 + ac2;

        chi_den = abs(2-psi-sqrt(psi^2 - 4*psi));

        chi_num = 2*kappa;

        chi     = chi_num/chi_den;

    end

end

rstflg = 0; 

cnt    = 0; 

cnt2   = 0; 

iwt(1) = iw1;

for i=1:me  

    out        = feval(functname,[pos;gbest]);

    outbestval = out(end,:);

    out        = out(1:end-1,:);

    tr(i+1)          = gbestval; 

    te               = i; 

    bestpos(i,1:D+1) = [gbest,gbestval];

    if plotflg==1

        if (rem(i,df) == 0 ) | (i==me) | (i==1)

            fprintf(message,i,gbestval);

            cnt = cnt+1; 

            eval(plotfcn); 

        end 

    end 

    chkdyn = 1;

    rstflg = 0; 

    if chkdyn==1

        threshld = 0.05;  

        letiter  = 5; 

        outorng  = abs( 1- (outbestval/gbestval) ) >= threshld;

        samepos  = (max( sentry == gbest ));

        if (outorng & samepos) & rem(i,letiter)==0

            rstflg=1;

            pbest     = pos; 

            pbestval  = out;

            vel       = vel*10;

            if minmax == 1

                [gbestval,idx1] = max(pbestval);

            elseif minmax==0

                [gbestval,idx1] = min(pbestval);

            elseif minmax==2

                [temp,idx1] = min((pbestval-ones(size(pbestval))*errgoal).^2);

                gbestval    = pbestval(idx1);

            end

            gbest  = pbest(idx1,:);

            if strcmp(functname,'pso_neteval')

                net=setx(net,gbest);

            end

        end  

        sentryval = gbestval;

        sentry    = gbest;

    end 

    if rstflg == 0

        if minmax == 0

            [tempi]            = find(pbestval>=out); 

            pbestval(tempi,1)  = out(tempi);   

            pbest(tempi,:)     = pos(tempi,:);

            [iterbestval,idx1] = min(pbestval);

            if gbestval >= iterbestval

                gbestval = iterbestval;

                gbest    = pbest(idx1,:);

                if strcmp(functname,'pso_neteval')

                    net=setx(net,gbest);

                end

            end

        elseif minmax == 1

            [tempi,dum]        = find(pbestval<=out); 

            pbestval(tempi,1)  = out(tempi,1); 

            pbest(tempi,:)     = pos(tempi,:); 

            [iterbestval,idx1] = max(pbestval);

            if gbestval <= iterbestval

                gbestval = iterbestval;

                gbest    = pbest(idx1,:);

                if strcmp(functname,'pso_neteval')

                    net=setx(net,gbest);

                end

            end

        elseif minmax == 2  

            egones            = errgoal*ones(ps,1); 

            sqrerr2           = ((pbestval-egones).^2);

            sqrerr1           = ((out-egones).^2);

            [tempi,dum]       = find(sqerr1 <= sqrerr2); 

            pbestval(tempi,1) = out(tempi,1);

            pbest(tempi,:)    = pos(tempi,:); 

            sqrerr            = ((pbestval-egones).^2); 

            [temp,idx1]       = min(sqrerr);

            iterbestval       = pbestval(idx1);

            if (iterbestval-errgoal)^2 <= (gbestval-errgoal)^2

                gbestval = iterbestval;

                gbest    = pbest(idx1,:);

                if strcmp(functname,'pso_neteval')

                    net=setx(net,gbest);

                end

            end

        end

    end

    rannum1 = rand([ps,D]); 

    rannum2 = rand([ps,D]);

    if     trelea == 2

        vel = 0.729.*vel...                        

            +1.494.*rannum1.*(pbest-pos)...           

            +1.494.*rannum2.*(repmat(gbest,ps,1)-pos); 

    elseif trelea == 1

        vel = 0.600.*vel...                          

            +1.700.*rannum1.*(pbest-pos)...       

            +1.700.*rannum2.*(repmat(gbest,ps,1)-pos); 

    elseif trelea ==3

        vel = chi*(vel...                              

            +ac1.*rannum1.*(pbest-pos)...     

            +ac2.*rannum2.*(repmat(gbest,ps,1)-pos)) ; 

    else

        if i<=iwe

            iwt(i) = ((iw2-iw1)/(iwe-1))*(i-1)+iw1;

        else

            iwt(i) = iw2;

        end

        ac11 = rannum1.*ac1;   

        ac22 = rannum2.*ac2;

        vel = iwt(i).*vel...                 

            +ac11.*(pbest-pos)...                     

            +ac22.*(repmat(gbest,ps,1)-pos);           

    end

    vel = ( (vel <= velmaskmin).*velmaskmin ) + ( (vel > velmaskmin).*vel );

    vel = ( (vel >= velmaskmax).*velmaskmax ) + ( (vel < velmaskmax).*vel );

    pos = pos + vel;

    minposmask_throwaway = pos <= posmaskmin;  
    minposmask_keep      = pos >  posmaskmin;

    maxposmask_throwaway = pos >= posmaskmax;

    maxposmask_keep      = pos <  posmaskmax;

    if     posmaskmeth == 1

        pos = ( minposmask_throwaway.*posmaskmin ) + ( minposmask_keep.*pos );

        pos = ( maxposmask_throwaway.*posmaskmax ) + ( maxposmask_keep.*pos );

    elseif posmaskmeth == 2

        pos = ( minposmask_throwaway.*posmaskmax ) + ( minposmask_keep.*pos );

        pos = ( maxposmask_throwaway.*posmaskmin ) + ( maxposmask_keep.*pos );

    elseif posmaskmeth == 3

        pos = ( minposmask_throwaway.*posmaskmin ) + ( minposmask_keep.*pos );

        pos = ( maxposmask_throwaway.*posmaskmax ) + ( maxposmask_keep.*pos );

        vel = (vel.*minposmask_keep) + (-vel.*minposmask_throwaway);

        vel = (vel.*maxposmask_keep) + (-vel.*maxposmask_throwaway);

    else

    end

    tmp1 = abs(tr(i) - gbestval);

    if tmp1 > ergrd

        cnt2 = 0;

    elseif tmp1 <= ergrd

        cnt2 = cnt2+1;

        if cnt2 >= ergrdep

            if plotflg == 1

                fprintf(message,i,gbestval);

                disp(' ');

                disp(['--> Solution likely, GBest hasn''t changed by at least ',...

                    num2str(ergrd),' for ',...

                    num2str(cnt2),' epochs.']);

                eval(plotfcn);

            end

            break

        end

    end

    if ~isnan(errgoal)

        if ((gbestval<=errgoal) & (minmax==0)) | ((gbestval>=errgoal) & (minmax==1))

            if plotflg == 1

                fprintf(message,i,gbestval);

                disp(' ');

                disp(['--> Error Goal reached, successful termination!']);

                eval(plotfcn);

            end

            break

        end

               if minmax == 2

            if ((tr(i)<errgoal) & (gbestval>=errgoal)) | ((tr(i)>errgoal) ...

                    & (gbestval <= errgoal))

                if plotflg == 1

                    fprintf(message,i,gbestval);

                    disp(' ');

                    disp(['--> Error Goal reached, successful termination!']);

                    eval(plotfcn);

                end

                break

            end

        end

    end  

end 
OUT=[gbest';gbestval];

varargout{1}=[1:te];

varargout{2}=[tr(find(~isnan(tr)))];
return
function[out]=forcerow(in)

len=prod(size(in));

out=reshape(in,[1,len]);
function out = linear_dyn(sf)

  persistent tnot

  if ~exist('tnot') | length(tnot)==0

     tnot = cputime;

  end

out = (cputime-tnot)*sf;

 return
function [out,varargout]=normmat(x,newminmax,flag)
if flag==0
  a=min(min((x)));

  b=max(max((x)));

  if abs(a)>abs(b)

     large=a;

     small=b;

  else

     large=b;

     small=a;

  end

  temp=size(newminmax);

  if temp(1)~=1

     error('Error: for method=0, range vector must be a 2 element row vector');

  end  

  den=abs(large-small);  

  range=newminmax(2)-newminmax(1);

  if den==0

     out=x;

  else     

     z21=(x-a)/(den);  

     out=z21*range+newminmax(1)*ones(size(z21));

  end

elseif flag==1

 a=min(x,[],1);

 b=max(x,[],1);

  for i=1:length(b)

     if abs(a(i))>abs(b(i))

        large(i)=a(i);

        small(i)=b(i);

     else

        large(i)=b(i);

        small(i)=a(i);

     end

  end

  den=abs(large-small);

  temp=size(newminmax);

  if temp(1)*temp(2)==2

     newminmaxA(1,:)=newminmax(1).*ones(size(x(1,:)));

     newminmaxA(2,:)=newminmax(2).*ones(size(x(1,:)));

  elseif temp(1)>2

     error('Error: for method=1, range matrix must have 2 rows and same columns as input matrix');

  else

     newminmaxA=newminmax;

  end

  range=newminmaxA(2,:)-newminmaxA(1,:);  

  for j=1:length(x(:,1))    

     for i=1:length(b)

        if den(i)==0

           out(j,i)=x(j,i);

        else

           z21(j,i)=(x(j,i)-a(i))./(den(i));

           out(j,i)=z21(j,i).*range(1,i)+newminmaxA(1,i);

        end

     end     

  end  

elseif flag==2

  a=min(x,[],2);

  b=max(x,[],2);

  for i=1:length(b)

     if abs(a(i))>abs(b(i))

        large(i)=a(i);

        small(i)=b(i);

     else

        large(i)=b(i);

        small(i)=a(i);

     end 

  end

  den=abs(large-small);

  temp=size(newminmax);

  if temp(1)*temp(2)==2

     newminmaxA(:,1)=newminmax(1).*ones(size(x(:,1)));

     newminmaxA(:,2)=newminmax(2).*ones(size(x(:,1)));    

  elseif temp(2)>2

     error('Error: for method=2, range matrix must have 2 columns and same rows as input matrix');

  else

     newminmaxA=newminmax;

  end

  range=newminmaxA(:,2)-newminmaxA(:,1);  

  for j=1:length(x(1,:))

     for i=1:length(b)

        if den(i)==0

           out(i,j)=x(i,j);

        else           

           z21(i,j)=(x(i,j)-a(i))./([forcecol(den(i))]);

           out(i,j)=z21(i,j).*range(i,1)+newminmaxA(i,1);

        end

     end     

  end  

end

varargout{1}=a;

varargout{2}=b;
return
fishnum=50; 

MAXGEN=50; 

try_number=100; 

visual=1; 

delta=0.618; 

step=0.1; 

lb_ub=[-1,2,1];

X=AF_init(fishnum,lb_ub);

LBUB=[];

for i=1:size(lb_ub,1)

    LBUB=[LBUB;repmat(lb_ub(i,1:2),lb_ub(i,3),1)];

end

gen=1;

BestY=-1*ones(1,MAXGEN); 

BestX=-1*ones(1,MAXGEN); 

besty=-100; 

Y=AF_foodconsistence(X);

while gen<=MAXGEN

    fprintf(1,'%d\n',gen)

    for i=1:fishnum

        [Xi1,Yi1]=AF_swarm(X,i,visual,step,delta,try_number,LBUB,Y); 

        [Xi2,Yi2]=AF_follow(X,i,visual,step,delta,try_number,LBUB,Y); 

        if Yi1>Yi2

            X(:,i)=Xi1;

            Y(1,i)=Yi1;

        else

            X(:,i)=Xi2;

            Y(1,i)=Yi2;

        end

    end

    [Ymax,index]=max(Y);

    figure(1);

    plot(X(1,index),Ymax,'.','color',[gen/MAXGEN,0,0])

    if Ymax>besty

        besty=Ymax;

        bestx=X(:,index);

        BestY(gen)=Ymax;

        [BestX(:,gen)]=X(:,index);

    else

        BestY(gen)=BestY(gen-1);

        [BestX(:,gen)]=BestX(:,gen-1);

    end

    gen=gen+1;

end
function D=AF_dist(Xi,X)

col=size(X,2);

D=zeros(1,col);

for j=1:col

    D(j)=norm(Xi-X(:,j));

End
function [Xnext,Ynext]=AF_follow(X,i,visual,step,deta,try_number,LBUB,lastY)

Xi=X(:,i);

D=AF_dist(Xi,X);

index=find(D>0 & D<visual);

nf=length(index);

if nf>0

    XX=X(:,index);

    YY=lastY(index);

    [Ymax,Max_index]=max(YY);

    Xmax=XX(:,Max_index);

    Yi=lastY(i);

    if Ymax/nf>deta*Yi;

        Xnext=Xi+rand*step*(Xmax-Xi)/norm(Xmax-Xi);

        for i=1:length(Xnext)

            if  Xnext(i)>LBUB(i,2)

                Xnext(i)=LBUB(i,2);

            end

            if  Xnext(i)<LBUB(i,1)

                Xnext(i)=LBUB(i,1);

            end

        end

        Ynext=AF_foodconsistence(Xnext);

    else

        [Xnext,Ynext]=AF_prey(X(:,i),i,visual,step,try_number,LBUB,lastY);

    end

else

    [Xnext,Ynext]=AF_prey(X(:,i),i,visual,step,try_number,LBUB,lastY);

End
function [Y]=AF_foodconsistence(X)

fishnum=size(X,2);

for i=1:fishnum

     Y(1,i)=X(i)*sin(10*pi*X(i))+2;

End
function X=AF_init(Nfish,lb_ub)

row=size(lb_ub,1);

X=[];

for i=1:row

    lb=lb_ub(i,1);

    ub=lb_ub(i,2);

    nr=lb_ub(i,3);

    for j=1:nr

        X(end+1,:)=lb+(ub-lb)*rand(1,Nfish);

    end

end
function [Xnext,Ynext]=AF_prey(Xi,ii,visual,step,try_number,LBUB,lastY)
Xnext=[];

Yi=lastY(ii);

for i=1:try_number

    Xj=Xi+(2*rand(length(Xi),1)-1)*visual;

    Yj=AF_foodconsistence(Xj);

    if Yi<Yj

        Xnext=Xi+rand*step*(Xj-Xi)/norm(Xj-Xi);

        for i=1:length(Xnext)

            if  Xnext(i)>LBUB(i,2)

                Xnext(i)=LBUB(i,2);

            end

            if  Xnext(i)<LBUB(i,1)

                Xnext(i)=LBUB(i,1);

            end

        end

        Xi=Xnext;

        break;

    end

end

if isempty(Xnext)

    Xj=Xi+(2*rand(length(Xi),1)-1)*visual;

    Xnext=Xj;

    for i=1:length(Xnext)

        if  Xnext(i)>LBUB(i,2)

            Xnext(i)=LBUB(i,2);

        end

        if  Xnext(i)<LBUB(i,1)

            Xnext(i)=LBUB(i,1);

        end

    end

end

Ynext=AF_foodconsistence(Xnext);
function [Xnext,Ynext]=AF_swarm(X,i,visual,step,deta,try_number,LBUB,lastY)

Xi=X(:,i);

D=AF_dist(Xi,X);

index=find(D>0 & D<visual);

nf=length(index);

if nf>0

    for j=1:size(X,1)

        Xc(j,1)=mean(X(j,index));

    end

    Yc=AF_foodconsistence(Xc);

    Yi=lastY(i);

    if Yc/nf>deta*Yi

        Xnext=Xi+rand*step*(Xc-Xi)/norm(Xc-Xi);

        for i=1:length(Xnext)

            if  Xnext(i)>LBUB(i,2)

                Xnext(i)=LBUB(i,2);

            end

            if  Xnext(i)<LBUB(i,1)

                Xnext(i)=LBUB(i,1);

            end

        end

        Ynext=AF_foodconsistence(Xnext);

    else

        [Xnext,Ynext]=AF_prey(Xi,i,visual,step,try_number,LBUB,lastY);

    end

else

    [Xnext,Ynext]=AF_prey(Xi,i,visual,step,try_number,LBUB,lastY);

End
function D=dist(Xi,X)

col=size(X,2);

D=zeros(1,col);

for j=1:col

    D(j)=norm(Xi-X(:,j));

end
