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/************************************************* 
BiblComumRK6.h
Biblioteca compartilhada entre o programa principal e 
a rotina que integra as equaçoes diferenciais
*************************************************/ 

#define DIM 14 //Ajustar de acordo com a dimensão do modelo de neurônio
static double TOLERANCE=1.0e-15;
int RK6Adapt(double *,double ,double *,double *,

void (*)(double,double*,double*));

//fim da BiblComumRK6.h

//---------------------------------
//RK6Adapt1.0.cpp
//---------------------------------

#include "BiblComumRK6.h"
//#include "ExChamaRK6.h"
#include <math.h>
#include <stdio.h>
#include <stddef.h>
#include <stdlib.h>
#define ABS( X ) (((X)>0.0)?(X):-(X))
#define MMAX(X,Y) (((X)>(Y))?(X):(Y))
#define MMIN(X,Y) (((X)<(Y))?(X):(Y))
#define ABSERR   1e-15
/* frame time interval */
#define FRAME_INCT 1
#define NR_END 1

double *dvector(long, long);
void nrerror(char []);
//float **matrix(long,long,long,long);
void funcion(double ,double *,double *);

int intey(double ,double ,double *,double ,double *,void (*)(double,double*,double*));
double inct=1.0e-6; //1e-6  //para este programa funcionar no windows tive que colocar 
o inct para 1e-2
//double TOLERANCE=1.0e-6;
double SS=0.;
double trecor=0.;
//---------------------------------------------------------------------------

int RK6Adapt(double *variables,double time,double *dt,double *TakenDt,void (*funcion)
(double, double*,double*)){
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  long j;
  inct=*dt;
  double variables_loc[DIM];
  for(j=0;j<DIM;++j) variables_loc[j]=variables[j];
  while (intey(time,inct,variables,TOLERANCE,&SS,funcion)) {
    inct=MMAX(SS,0.25*inct);
    for(j=0;j<DIM;++j) variables[j]=variables_loc[j];
  }
  *TakenDt=inct;
  inct=MMIN(SS,4.0*inct);
  inct=MMIN(inct,FRAME_INCT);
  *dt=inct;
  free(variables_loc);
  return(0);
}

/*===============================================*/
/*===============================================*/
/* New integration routine, more powerfull 1,4 */

int intey(double tiempo,double inc_integracion,double *variables,double tol,double 
*SS,void (*funcion)(double,double*,double*))
{

  static double apoyo[DIM],retorno[DIM],variables_hat[DIM];
  static double k[6][DIM];

  double u=0.0,u_y=0.0;
  int j;
  //double kk[6][DIM];
  //double apoyo[DIM];

  funcion(tiempo,variables,retorno);
  for(j=0;j<DIM;++j) k[0][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*.2;

  funcion(tiempo+inc_integracion/5,apoyo,retorno);

  for(j=0;j<DIM;++j) k[1][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*.075+k[1][j]*0.225;

  funcion(tiempo+inc_integracion*0.3,apoyo,retorno);
  for(j=0;j<DIM;++j) k[2][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*.3-k[1][j]*0.9+k[2][j]*1.2;
  funcion(tiempo+inc_integracion*0.6,apoyo,retorno);
  for(j=0;j<DIM;++j) k[3][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*0.075+k[1][j]*0.675-k[2]
[j]*0.6+k[3][j]*0.75;

  funcion(tiempo+inc_integracion*0.9,apoyo,retorno);
  for(j=0;j<DIM;++j) k[4][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*0.660493827160493
                       +k[1][j]*2.5
                       -k[2][j]*5.185185185185185
                       +k[3][j]*3.888888888888889
                       -k[4][j]*0.864197530864197;
  funcion(tiempo+inc_integracion,apoyo,retorno);
  for(j=0;j<DIM;++j) k[5][j]=inc_integracion*retorno[j];

  for(j=0;j<DIM;++j) variables_hat[j]=variables[j]+k[0][j]*0.1049382716049382+
                       k[2][j]*0.3703703703703703+
                       k[3][j]*0.2777777777777777+

                       k[4][j]*0.2469135802469135;

  for(j=0;j<DIM;++j) variables[j]+=k[0][j]*0.098765432098765+
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                       k[2][j]*0.396825396825396+
                       k[3][j]*0.231481481481481+
                       k[4][j]*0.308641975308641-
                       k[5][j]*0.035714285714285;

  for(j=0;j<DIM;++j) {
    u+=ABS(variables[j]-variables_hat[j]);
    u_y+=ABS(variables[j]);
  }

  u=u/(double)DIM;
  u_y=u_y/(double)DIM;
  u_y=u_y*tol+ABSERR;

  if(u>1.0e-20) *SS=0.9*inc_integracion*pow(u_y/u,.14285714285714285714);
  else *SS = 10.0*inc_integracion;

  if (u<u_y) return 0; else return 1;

}

/*===============================================*/
/*===============================================*/

float **matrix(long nrl, long nrh, long ncl, long nch)
     /* allocate a float matrix with subscript range m[nrl..nrh][ncl..nch] */
{
  long i, nrow=nrh-nrl+1,ncol=nch-ncl+1;
  float **m;

  /* allocate pointers to rows */
  m=(float **) malloc((size_t)((nrow+NR_END)*sizeof(float*)));
  if (!m) nrerror("allocation failure 1 in matrix()");
  m += NR_END;
  m -= nrl;

  /* allocate rows and set pointers to them */
  m[nrl]=(float *) malloc((size_t)((nrow*ncol+NR_END)*sizeof(float)));
  if (!m[nrl]) nrerror("allocation failure 2 in matrix()");
  m[nrl] += NR_END;
  m[nrl] -= ncl;

  for(i=nrl+1;i<=nrh;i++) m[i]=m[i-1]+ncol;

  /* return pointer to array of pointers to rows */
  return m;
}

/*=======================================================
==========================================================*/
void nrerror(char error_text[])
     /* Numerical Recipes standard error handler */
{
  fprintf(stderr,"Numerical Recipes run-time error...\n");
  fprintf(stderr,"%s\n",error_text);
  fprintf(stderr,"...now exiting to system...\n");
  exit(1);
}
double *dvector(long nl, long nh)
     /* allocate a double vector with subscript range v[nl..nh] */
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{
  double *v;

  v=(double *)malloc((size_t) ((nh-nl+1+NR_END)*sizeof(double)));
  if (!v) nrerror("allocation failure in dvector()");
  return v-nl+NR_END;

}
float *vector(long nl, long nh)
     /* allocate a float vector with subscript range v[nl..nh] */
{
  float *v;

  v=(float *)malloc((size_t) ((nh-nl+1+NR_END)*sizeof(float)));
  if (!v) nrerror("allocation failure in vector()");
  return v-nl+NR_END;
}
double **dmatrix(long nrl, long nrh, long ncl, long nch)
     /* allocate a double matrix with subscript range m[nrl..nrh][ncl..nch] */
{
  long i, nrow=nrh-nrl+1,ncol=nch-ncl+1;
  double **m;

  /* allocate pointers to rows */
  m=(double **) malloc((size_t)((nrow+NR_END)*sizeof(double*)));
  if (!m) nrerror("allocation failure 1 in matrix()");  

  m += NR_END;
  m -= nrl;

  /* allocate rows and set pointers to them */
  m[nrl]=(double *) malloc((size_t)((nrow*ncol+NR_END)*sizeof(double)));
  if (!m[nrl]) nrerror("allocation failure 2 in matrix()");
  m[nrl] += NR_END;
  m[nrl] -= ncl;

  for(i=nrl+1;i<=nrh;i++) m[i]=m[i-1]+ncol;

  /* return pointer to array of pointers to rows */
  return m;
}
int *ivector(long nl, long nh)
     /* allocate an int vector with subscript range v[nl..nh] */
{
  int *v;

  v=(int *)malloc((size_t) ((nh-nl+1+NR_END)*sizeof(int)));
  if (!v) nrerror("allocation failure in ivector()");
  return v-nl+NR_END;   
}

/�,�����	����������	������
�������������

�%����	�
���
//-------------------------------------------------
//Analise.c
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/*****************************************************/
/* Programa análise de dados de experimentos acoplando um neu biológico*/
/* com um neuronio in silico.
/* Marcelo Bussotti Reyes - Instituto de Física da Universidade de São Paulo*/
/* Fevereiro/2005
/******************************************************/
#include <vcl.h>
#include <math.h>
#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#include <ctype.h>
#include <string.h>
#include <math.h>
#include <conio.h>
//#include <SysUtils.h>

#define NumNeus 2 //represents the number of neurons in the network
//#define DIMTOT DIM+2
#define M 2 //maximo número de medidas de um mesmo neuronio
#define N_MEDIA 30 //pontos utilizados para fazer a média dos pontos para 

   //atenuar problemas com ruídos experimentais
#define DIM M*NumNeus //DIM is the number of 1st order autonomous 

      //differencial equations
#define scale 1.0 //proportionality factor between integr. step and real time
                     //um passo em segundos é iqual a dt/scale
                     // In Mischa model dt(real)=dt(integration)/1000
#define save 0
#define rpt 1
#define CyclicIC 0

#define ABS( X ) (((X)>0.0)?(X):-(X))
#define MMAX(X,Y) (((X)>(Y))?(X):(Y))
#define MMIN(X,Y) (((X)<(Y))?(X):(Y))
#define ABSERR   1e-15
#define FRAME_INCT 1
#define NR_END 1

#define EXTRACEL 1  //ÍNDICE DO SINAL EXTRACELULAR
#define MODEL 0     //indice do potencial do neuronio modelo
#define BIOL 1      //índice do neurônio biológico
#define INTRACEL 0  //extracelular
#define V 0

#define gsyn 0
#define taus 1
#define Sinf 2
#define Ssyn 3

void funcion(double tiempo,double *,double *);
double corrente_sinaptica(double *, double , double , double);
int intey(double ,double ,double *,double ,double *,double *, double *, 

double *, double **,double );
double sigmoid(double Vs, double V_desl,double Incl);
int findpeak(double,double *);
int period_check(double *,int,int,double);
int principal();
float ContaSpikesPorBurst(double*,int,double);
void stat(double */*media*/,double*/*std*/, double*/*vet*/, int/*num*/);
double *dvector(long nl, long nh);
double **dmatrix(long nrl, long nrh, long ncl, long nch);
double MtxSyn[NumNeus][NumNeus][4];
void DeslocaVetor (double*);

double x[NumNeus][M];
double xprev[NumNeus][M];
double xpost[NumNeus][M];
double Ic[NumNeus][NumNeus];
double TOLERANCE=1.e-6;
double SS = 0.0;
//void nrerror(char []);
/*******************************************/

double Itot[NumNeus];//={0.0; //Itot is the total synaptic current entering 
//the neuron [index]
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double I=0.0;
double Ii[NumNeus] = {3.14,3.14};
double Ip;
int contmin[NumNeus];
double avefreq[NumNeus],stdfreq[NumNeus];
double ave_curr[NumNeus];
double gp=0.0;
int prddisp; //this saves the period on burst sequence
int Neu;
double Spb[NumNeus];

double aveISI[NumNeus],stdISI[NumNeus];
double avefase[NumNeus],stdfase[NumNeus];
void Roda(void);

double trigger[NumNeus]={-12.0,-8.0};
double SpkTrigger[NumNeus] = {4.0,.90};

FILE *ps,*ExprData;
int prd;
char name[20],number[20],data[10];

int main(void){
    int i,j,Am,AM;
    char nome[10];
    char lixo[100];
    float aux;
    printf("Arquivo menor: ");
    scanf("%d",&Am);
    printf("Arquivo maior: ");
    scanf("%d",&AM);

    if((ps=fopen("paraspc.dat","a"))==NULL){
          printf("Couldn't read paraspc.dat\n");
          exit(0);
    }
    fprintf(ps,"identif ");
    for(i=0;i<NumNeus;i++)
                fprintf(ps,"cont%d ave%d std%d Spb%d AveISI%d 
                stdISI%d avefase%d stdfase%d ",
                            i,i,i,i,i,i,i,i,i);
    fprintf(ps,"prddisp \n");

    for(j=Am;j<=AM;j++)
    {

      for(int k = 0;k<20;k++){

        if(k==0) sprintf(nome,"%d.atf",j);
        else sprintf(nome,"%d_%d.atf",j,k);
        aux = (float)j+0.01*(float)k;
        printf("\ntentando abrir %s: ",nome);

        if((ExprData=fopen(nome,"r"))==NULL){
            printf("Couldn't read file\n");
            //exit(0);
        }
        else{
        printf("ok\n");
        //Elimina o cabeçalho
        for(i=0;i<31;i++){
            fscanf(ExprData,"%s",&lixo);
            printf("%s ",lixo);
        }//cabeçalho eliminado
        printf("\n\n");

        prd=principal();

        fprintf(ps,"%f ",aux);
        for(int i=0;i<NumNeus;i++){
          fprintf(ps,"%d %e %.2e %lf %e %e %.2e %lf %.2e ",
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            contmin[i],avefreq[i],stdfreq[i],
            Spb[i],aveISI[i],stdISI[i],
            avefase[i],stdfase[i]);
        }
        fprintf(ps,"%d\n",prddisp);
        fflush(ps);
        //------------------

        printf("\n");
        printf("%d\n",prd);
        }
      }
    }
    fclose(ps);
}
//**************************************************************
int principal(){
   FILE *fp,*fp1,*fp2,*ret;
   FILE *freqfile;
   double prevtime[NumNeus],tempo=0.0;

   //ajustar estes parametros

   double freq[NumNeus][1000],sum,fase[NumNeus][100];
   double derivant[NumNeus],deriv[NumNeus],prevpeak[NumNeus];
   double isi[NumNeus][10000];
   double sum_itot[NumNeus];//=0.0;
   float meanspike=10.0;
   double disp[500];//used double to take advantage of the function period_check
   int contdisp=-1; //used to map the burst sequence (hiperpolir. seq)
   int rtrn;
   int prd_hip;
   long int sum_itot_count[NumNeus];//=0;
   unsigned long int tc;
   int i,j,pre,pos,triggerflag[NumNeus];
   int indexpeak[NumNeus];
   time_t t;  //used to estimate the time for running the program
   bool FlagSpk[NumNeus] = {true,true};
   double FrameSpk[NumNeus] = {0.,0.};
   t=time(NULL);
   bool sai = false;
   double lixo=0.0;
   int ans;

   double HxBE[2*N_MEDIA+1],Htempo[2*N_MEDIA+1],
   HxMV[2*N_MEDIA+1],HxBV[2*N_MEDIA+1];//historia das variaveis 
   // xME[i] = xMI[i];

   for(i=0;i<NumNeus;i++){  //Iniciates the synaptic variables
        derivant[i]=0;
        deriv[i]=1;
        triggerflag[i]=0;//mudei aqui para zero, antes era 1
        prevtime[i]=0;
        prevpeak[i]=0.0;
        contmin[i]=0;//-1;
        sum_itot[i]=0.0;
        indexpeak[i]=0;
   }

   //******************************************************************************
   //open files to write dynamical variables
   /*
   if((fp=fopen("teste.dat","w"))==NULL){     //file for membrane potentials
       printf("Couldn't create file\nprogram aborted\n");
       exit(1);
   }
   //*/
   printf("same parameters? (1=yes)");
   scanf("%s",&ans);
   if(ans!=1){
     printf("\nThreshold for spike detection for model neuron: ");
     scanf("%lf",&SpkTrigger[0]);
     printf("\nThreshold for spike detection for biologic neuron: ");
     scanf("%lf",&SpkTrigger[1]);

ΧΚΓ



��0
����

     printf("\nThreshold for hyperpolarization detection for model neuron: ");
     scanf("%lf",&trigger[0]);
     printf("\nThreshold for hyperpolarization e detection for model neuron: ");
     scanf("%lf",&trigger[1]);
   }

   for(i=0;i<2*N_MEDIA+1;i++){ //N_MEDIA é o # de pontos para fazer a média
     if(i==N_MEDIA){
        fscanf(ExprData,"%lf",&tempo);
        fscanf(ExprData,"%lf",&x[BIOL][EXTRACEL]);
        fscanf(ExprData,"%lf",&x[MODEL][V]);
        fscanf(ExprData,"%lf",&x[BIOL][V]);
        x[MODEL][EXTRACEL] = x[MODEL][INTRACEL];//igualei os sinais intra e extra-
celulares para facilitar
                                                //a utilização na rotina de deteccao 
de spikes...
     }
     else{
        fscanf(ExprData,"%lf",&Htempo[i]);
        fscanf(ExprData,"%lf",&HxBE[i]);
        fscanf(ExprData,"%lf",&HxMV[i]);    //História das variaveis lidas, passado e 
futuro...
        fscanf(ExprData,"%lf",&HxBV[i]);
        //xME[i] = xMI[i];
     }
   }

   do{

       DeslocaVetor(Htempo);
       DeslocaVetor(HxBE);
       DeslocaVetor(HxMV);    //desloca elementos dos vetores que contem os dados para 
comportar o
       DeslocaVetor(HxBV);    //novo elemento que será lido do arquivo
       fscanf(ExprData,"%lf",&Htempo[2*N_MEDIA]);
       fscanf(ExprData,"%lf",&HxBE[2*N_MEDIA]);        //le arquivo e coloca no último 
elemento do vetor
       fscanf(ExprData,"%lf",&HxMV[2*N_MEDIA]);
       if((fscanf(ExprData,"%lf",&HxBV[2*N_MEDIA])==EOF)) sai=true; //verifica se 
terminou arquivo

       tempo = Htempo[N_MEDIA];
       x[BIOL][EXTRACEL] = HxBE[N_MEDIA];
       x[MODEL][V] = HxMV[N_MEDIA];        //as variáveis consideradas sao o elemento 
médio do vetor histórico!
       x[BIOL][V] = HxBV[N_MEDIA];
       x[MODEL][EXTRACEL] = x[MODEL][INTRACEL];//gambi para utilizar rotinas prontas 
intra=extra

       //void stat(double */*media*/,double*/*std*/, double*/*vet*/, int/*num*/);
       stat(&xprev[MODEL][V],&lixo,HxMV,N_MEDIA); //xprev é a média dos N_media pontos 
anteriores
       stat(&xprev[BIOL][V],&lixo,HxBV,N_MEDIA);

       stat(&xpost[MODEL][V],&lixo,&HxMV[N_MEDIA+1],N_MEDIA); //xpost é a média dos 
N_media pontos posteriores
       stat(&xpost[BIOL][V],&lixo,&HxBV[N_MEDIA+1],N_MEDIA);

       //fprintf(fp,"%lf %lf\n",tempo,xprev[MODEL][V]);
       //printf("tempo = %f\n",tempo);

       //neurons dynamical variables updated

       for(i=0;i<NumNeus;i++){//incluir a análise para o biol apos testes
           if( ((xprev[i][V]-trigger[i])*(xpost[i][V]-trigger[i]))<=0 && xpost[i]
[V]<=trigger[i] && triggerflag[i]){
                   printf("tempo = %lf   trigger %d\n",tempo,i);
                   if(i==0) //neu de referência é sempre o zero
                       for(j=1;j<NumNeus;j++){
                           fase[j][contmin[0]]=(prevtime[j]-prevtime[0])/(tempo-
prevtime[0]);
                       }
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                   triggerflag[i]=0;
                   contmin[i]++;

           freq[i][contmin[i]]=(double)1.0/(tempo-prevtime[i]);
           prevtime[i]=tempo;

                   //contdisp++;
                   disp[contdisp++]=(double)i;
           }
           if(tempo>FrameSpk[i]) FlagSpk[i] = true; //passado mais de 8ms 
           //desde o último spke
           if(x[i][EXTRACEL]>=SpkTrigger[i] && FlagSpk[i]){ //significa que 
           //encontrou um spike
                   triggerflag[i]=1;//libera a deteccao de hiperpolarizacoes
                   FlagSpk[i] = false; //usado para esperar um pouco de tempo 
                   //até detectar novamente um spike
                   FrameSpk[i] = tempo + 0.008; //aguarda 8 ms para detectar 
                   //spk novamente
                   //if(findpeak(x[i][Vax]-xprev[i][Vax],&derivant[i])==1){
                       isi[i][indexpeak[i]]=tempo-prevpeak[i];
                       prevpeak[i]=tempo;
                       indexpeak[i]++;
                       printf("Spike Neu%d at %lf\n",i,tempo);
                   //}
           }
       }
   }while(!sai);//fecha o for de contagem do tempo
   //fclose(fp);

   //***************************************************
   //compute de average main frequency and std deviation

   for(pos=0;pos<NumNeus;pos++)
     stat(&avefreq[pos],&stdfreq[pos],&freq[pos][2],contmin[pos]-2);

   //---------------------------------------------------------------------------------
--
   //This computes de average phase and std deviation
   for(pos=1;pos<NumNeus;pos++)
       stat(&avefase[pos],&stdfase[pos],&fase[pos][1],contmin[pos]-1);

   //This computes de average ISI and std deviation
   for(pos=0;pos<NumNeus;pos++)
       stat(&aveISI[pos],&stdISI[pos],&isi[pos][2],indexpeak[pos]-2);

//---------------------------------------------------------------------------
//Check periodicity on hiperpolarization

   prd_hip=period_check(&freq[0][2],contmin[0]-2,2,5e-5);
   printf("Hiperpolarization period = %d\n",prd_hip);

//**************************************************
   //Check periodicity on bursts

   prddisp=period_check(disp,contdisp-1,contmin[0]-3,5.e-5);
   printf("Periodic on bursts = %d\n",prddisp);

//------------------------------------------------------------------------
//********** Let's check periodicity on spikes*******************************

   rtrn=period_check(&isi[0][10],indexpeak[0]-11,20,0.2);

//---------------------------------------------------------------------
//Calcula o número médio de spikes por burst

   for(i=0;i<NumNeus;i++)
      Spb[i] = ContaSpikesPorBurst(&isi[i][2],indexpeak[i]-2,0.2); 
      //Retorna o número de Spikes

//de spikes por burst
//--------------------------------------------------------------------
//Computes the average synaptic current
//sum_itot_count=int((float)t_integr*(float)scale/(float)dt/(float)1000.0);
/*   for(i=0;i<NumNeus;i++){
        ave_curr[i]=sum_itot[i]/(double)sum_itot_count[i];
        printf("Average synaptic current = %e\n",ave_curr[i]);
   }
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//---------------------------------------------------------------------
*/

   printf("Program finished successfully in %ld s\n\n",time(NULL)-t);
   return(rtrn);
}
//-----------------------------------------------------------------

int findpeak(double deriv,double *ant){
    int peakflag=0;
    if(ant[0]>0 && deriv<0){
        peakflag=1;
        //printf("pico, prod=%e\n",ant[0]*deriv);
    }
    ant[0]=deriv;
    return(peakflag);
}
//----------------------------------------------------------------------

void DeslocaVetor(double *Vetor){
        for(int j=0;j<2*N_MEDIA+1;j++) Vetor[j]=Vetor[j+1];
}
//***********************************************************************

int period_check(double *vet,int peaknum,int test,double eps){
    //#define eps 5.0000e-4
    int i,j;

    if(peaknum<2*test+3){
        printf("insufficient number of peaks to detect periodicity\n");
        return(-1);
    }
    for(i=1;i<peaknum+2;i++){
            //printf("%d=%f\n",i,vet[i]);
            if(fabs(vet[i]-vet[0])<eps) break;
    }
    for(j=0;j<test;j++){
            if(fabs(vet[j]-vet[j+i])>eps) break;
    }
    if(j==test){
           printf("period %d found\n",i);
           return(i);
    }
    else {
           printf("no periodic behavior detected\n");
           return(-10);
    }
}
//---------------------------------------------------------------------------
float ContaSpikesPorBurst(double*VetIsi,int NumIsi,double LargHiperpol){
    //#define LargHiperpol 0.2
    int i,j,cont=0;
    int Vspb[10000];
    int Nspb=0; //numero de spikes por burst
    float aux=0.0;
    if(NumIsi>10000) return(-1);
    if(NumIsi<2) return(-11);
    for(i=2;i<NumIsi;i++){
       if(VetIsi[i]>LargHiperpol){
           Vspb[cont] = Nspb;
           Nspb = 0;
           cont++;
       }
       Nspb++;
    }
    for(i=1;i<cont;i++) aux+=Vspb[i];//soma para calcular a média
                                     //eliminada a contagem Vnspb[0] da soma

    if(cont>1) {
        return(aux/(float)(cont-1));
    }
    else{
        return(-10); //menos de duas hiperpolarizacoes encontradas
    }
}
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/****************************************************************************/
/****************************************************************************/

double *dvector(long nl, long nh)
     /* allocate a double vector with subscript range v[nl..nh] */
{
  double *v;

  v=(double *)malloc((size_t) ((nh-nl+1+NR_END)*sizeof(double)));
  if (!v) exit(0);//nrerror("allocation failure in dvector()");
  return v-nl+NR_END;

}
/*************************************************************************/
double sigmoid(double Vs, double V_desl, double Incl){
    return(1.0/(1.0+exp((Vs+V_desl)/Incl)));
}
//---------------------------------------------
double **dmatrix(long nrl, long nrh, long ncl, long nch)
     /* allocate a double matrix with subscript range m[nrl..nrh][ncl..nch] */
{
  long i, nrow=nrh-nrl+1,ncol=nch-ncl+1;
  double **m;

  /* allocate pointers to rows */
  m=(double **) malloc((size_t)((nrow+NR_END)*sizeof(double*)));
  if (!m) exit(1);//nrerror("allocation failure 1 in matrix()");

  m += NR_END;
  m -= nrl;

  /* allocate rows and set pointers to them */
  m[nrl]=(double *) malloc((size_t)((nrow*ncol+NR_END)*sizeof(double)));
  if (!m[nrl]) printf("nrerror(\"allocation failure 2 in matrix()\"\n");
  m[nrl] += NR_END;
  m[nrl] -= ncl;

  for(i=nrl+1;i<=nrh;i++) m[i]=m[i-1]+ncol;

  /* return pointer to array of pointers to rows */
  return m;
}
//--------------------------------------------------------
void stat(double *ave,double *std, double* vet, int num){
     int k;
     double sum=0,media;
     if(num<=2) {//needs at least three values of periods to calculate frequency
       *ave = -1.0;
       *std = 0.0;
     }
     else{
       for(k=0;k<num;k++) sum+=vet[k];//sum to compute average
       media = sum/num;
       sum=0;
       for(k=0;k<num;k++) sum+=(media-vet[k])*(media-vet[k]);
       *std = sqrt(sum/(num-1.0));
       *ave = media;
     }
}

//Fim do programa Analise.c
//--------------------------------------------
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/******************************************************************
IntegraRede.c
Programa de integração de pequenas redes neurais biológicas
com um número arbitrário de neurônios e conexões sinápticas
entre eles. Os modelos de neurônios podem ser modificados e consistem
em equaçoes diferenciais acopladas. Método de solução é o Runge-Kuta
de sexta ordem com passo adaptado.
Marcelo Bussotti Reyes - Instituto de Física da Universidade de São Paulo
Rotina de integração: Runge-Kutta de 6a ordem com passo ajustável adaptado de:
Pablo Varona - Institute for Non-Linear Science - UCSD, CA, USA*/
/****************************************************************/
/****************************************************************/
#include <math.h>
#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#include <ctype.h>
#include <string.h>
#include <math.h>

#define NumNeus 2 //represents the number of neurons in the network
//#define DIMTOT DIM+2
#define M 14 //number of equations for each neuron
#define DIM M*NumNeus //DIM is the number of 1st order autonomous differencial 
equations
#define scale 1.0 //proportionality factor between integr. step and real time
                     //um passo em segundos é iqual a dt/scale
                     // In Mischa model dt(real)=dt(integration)/1000
#define save 1
#define RPT 1  //go through the parameter space
#define CyclicIC 1
#define BIF_DIAGRAM 0

#define INCREASE_RESOLUTION 0 //mode for changing the parameters
                              //set to zero to make a zigzag or bifurcation diagram

#define DELTA_PAR1 0.1 //only works when INCREASE_RESOLUTION = 0
#define DELTA_PAR2 0.0e-6 //only works when INCREASE_RESOLUTION = 0

#define INTEGRATION_TIME 5.0e3
#define TRANSIENT_TIME 10.0e3

#define ABS( X ) (((X)>0.0)?(X):-(X))
#define MMAX(X,Y) (((X)>(Y))?(X):(Y))
#define MMIN(X,Y) (((X)<(Y))?(X):(Y))
#define ABSERR   1e-15
#define FRAME_INCT 1
#define NR_END 1

//Inlcluir aqui o índice de variáveis dinâmicas

#define gsyn 0
#define taus 1
#define Sinf 2
#define Ssyn 3

void funcion(double tiempo,double *,double *);
double corrente_sinaptica(double *, double , double , double);
int intey(double ,double ,double *,double ,double *,double *, double *, double *, 
double **,double );
double sigmoid(double Vs, double V_desl,double Incl);
int findpeak(double,double *);
int period_check(double *,int,int,double);
int principal(double,double,char *);
float ContaSpikesPorBurst(double*,int,double);
void stat(double */*media*/,double*/*std*/, double*/*vet*/, int/*num*/);
double *dvector(long nl, long nh);
double **dmatrix(long nrl, long nrh, long ncl, long nch);
double MtxSyn[NumNeus][NumNeus][4];
; //Matrix with synaptic variables
                                  //MtxS[pre][pos][0] = g[pre][pos]
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                                  //MtxS[pre][pos][1] = Sinf[pre][pos]
                                  //MtxS[pre][pos][2] = Ssyn[pre][pos]
                                  //MtxS[pre][pos][3] = taus[pre][pos]
double x[NumNeus][M];
double xprev[NumNeus][M];
double Ic[NumNeus][NumNeus];
/*******************************************/

double Vthres=-45.0;
double Vslope=40.0;   //±amplitude do spike
double Vrev=-80.0;   //± 30% abaixo do mínimo da hiperpolariz
                         //alterei o valor de 1.5 para 1.58 pois estavam acontecendo
                         //correntes positivas
/***************************************************/

double Itot[NumNeus];//={0.0; //Itot is the total synaptic current entering the neuron 
[index]
double I=0.0;
double Ip;
int contmin[NumNeus];
double avefreq[NumNeus],stdfreq[NumNeus];
double ave_curr[NumNeus];
double gp=0.0;
int prddisp; //this saves the period on burst sequence
int Neu;
double Spb[NumNeus];
double Iaux=0.0;
double aveISI[NumNeus],stdISI[NumNeus];
double avefase[NumNeus],stdfase[NumNeus];
void Roda(void);

FILE *ps,*Diabif;
int prd;
char name[20],number[20],data[10];

//Parameters for parameter generator
static double MinPar1=1.9,  //gKCa
              MaxPar1=2.2,              //Adjust here
              MinPar2=5.0e-4,  //gsin
              MaxPar2=0.0e-4;
//----------------------------------

double ld1=(MaxPar1-MinPar1)/4.,lp1=(MaxPar1-MinPar1)/2.,
ld2=0,lp2=(MaxPar2-MinPar2)/2.,cd1=0,cp1=(MaxPar1-MinPar1)/4.,cd2=(MaxPar2-
MinPar2)/4.,cp2=(MaxPar2-MinPar2)/2.;
double Par1,Par2;

int main(void){
    int i;
    if((ps=fopen("paraspc.dat","w"))==NULL){
        printf("Couldn't read paraspc.dat\n");
        exit(0);
    }

    if((Diabif=fopen("diabif.dat","w"))==NULL){
        printf("Couldn't read diabif.dat\n");
        exit(0);
    }

    fprintf(ps,"g_KCa gp prd ");
    for(i=0;i<NumNeus;i++)
                fprintf(ps,"cont%d ave%d std%d Spb%d avecurr%d AveISI%d stdISI%d 
avefase%d stdfase%d ",i,i,i,i,i,i,i,i,i);
    fprintf(ps,"prddisp \n");
    //--------------------------------------
    //This goes through the parameter space increasing uniformly its resolution

    if(RPT){
       for(Par1=MinPar1;Par1<=MaxPar1;Par1+=DELTA_PAR1)
           for(Par2=MinPar2;Par2<=MaxPar2;Par2+=DELTA_PAR2)
           Roda();
    }
    //end of parame
    else{
        Par1 = 1.50;
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        Par2 = 0.0e-6;
        Roda();
    }
    //--------------------------------------
    fclose(ps);
    fclose(Diabif);
    printf("\n");
    printf("%d\n",prd);
}
//-----------------------------------------------------------
void Roda(void){
    g_KCa = Par1;
    gp    = Par2;
    printf("%e %e\n",gp,g_KCa);

    if(RPT) sprintf(name,"lixo.dat");
    if(save) sprintf(name,"KCa%.2lfg%.2lf.dat",Par1,Par2*1.0e6);

    prd=principal(INTEGRATION_TIME,TRANSIENT_TIME,name);
    fprintf(ps,"%e %e %d ",Par1,Par2,prd);
    for(int i=0;i<NumNeus;i++){
        fprintf(ps,"%d %e %.2e %lf %e %e %.2e %lf %.2e ",
            contmin[i],1000.0*avefreq[i],1000.0*stdfreq[i],
            Spb[i],ave_curr[i],aveISI[i]/1000.0,stdISI[i]/1000.0,
            avefase[i],stdfase[i]);
    }
    fprintf(ps,"%d\n",prddisp);

    fflush(ps);
}

//**************************************************
int principal(double t_integr,double t_tran,char filename[25]){
   FILE *fp,*fp1,*fp2,*ret;
   FILE *freqfile;
   double prevtime[NumNeus],tempo=0.0;
   double trigger=-43.0,freq[NumNeus][1000],sum,fase[NumNeus][100];
   double derivant[NumNeus],deriv[NumNeus],prevpeak[NumNeus];
   double isi[NumNeus][10000];
   double sum_itot[NumNeus];//=0.0;
   float meanspike=10.0;
   double disp[500]; //used double to take advantage of the function period_check
   int contdisp=-1; //used to map the burst sequence (hiperpolir. seq)
   int rtrn;
   int prd_hip;
   long int sum_itot_count[NumNeus];//=0;
   unsigned long int tc;
   int i,j,pre,pos,triggerflag[NumNeus];
   int indexpeak[NumNeus];
   time_t t;  //used to estimate the time for running the program
   double aux[NumNeus];
   double time_int,t0transient1 = 5.;
   double inct=1e-6; //1e-6  //para este programa funcionar no windows tive que 
colocar o inct para 1e-2
   double inct_ant=0.;
   double *variables_hat,**kk, *apoyo,*retorno, *variables;
   double *variables_loc;
   double time_step = 0.0;

   t=time(NULL);

   variables=dvector(0,DIM);

   apoyo=dvector(0,DIM);
   retorno=dvector(0,DIM);
   variables_hat=dvector(0,DIM);
   variables_loc=dvector(0,DIM);
   kk=dmatrix(0,6,0,DIM);

   for(i=0;i<NumNeus;i++){  //Iniciates the synaptic variables
        derivant[i]=0;
        deriv[i]=1;
        triggerflag[i]=0;//mudei aqui para zero, antes era 1
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        prevtime[i]=0;
        prevpeak[i]=0.0;
        contmin[i]=0;//-1;
        sum_itot[i]=0.0;
        indexpeak[i]=0;
        for(j=0;j<NumNeus;j++){
            MtxSyn[i][i][gsyn]=0.0;
            MtxSyn[i][i][taus]=0.0;   //zerando a matriz de variáveis sinápticas
            MtxSyn[i][i][Sinf]=0.0;
            MtxSyn[i][i][Ssyn]=0.0;
        }
   }

//Set the sinaptic connections here
//usage:
//MtxSyn[PreSinapticNeuron][PostSinapticNeuron][sinapticParameter]

//These first are for two reciprocally inhibitory connections
//Set: NumNeus = 2
   MtxSyn[0][1][gsyn]=gp;
   MtxSyn[0][1][taus]=10.0;

   MtxSyn[1][0][gsyn]=gp;
   MtxSyn[1][0][taus]=10.0;
//---------------------------------------------------------
//These are for the simplified cpg
//set NumNeus = 3

   //MtxSyn[0][1][gsyn]=gp;
   //MtxSyn[0][1][taus]=10.0;

   //MtxSyn[1][0][gsyn]=gp;
   //MtxSyn[1][0][taus]=10.0;
   
   //MtxSyn[1][2][gsyn]=gp;
   //MtxSyn[1][2][taus]=0.010;  

   //MtxSyn[2][0][gsyn]=2.0*gp;
   //MtxSyn[2][0][taus]=0.010;

   //MtxSyn[0][2][gsyn]=2.0*gp;
   //MtxSyn[0][2][taus]=0.010;

   //MtxSyn[2][1][gsyn]=gp/5.0;
   //MtxSyn[2][1][taus]=0.010;

   //---------------------------------

   //*******************************************************
   //open files to write dynamical variables
   if((fp=fopen(filename,"w"))==NULL){     //file for membrane potentials
       printf("Couldn't create file\nprogram aborted\n");
       exit(1);
   }

   if((fp1=fopen("initcond.dat","r"))!=NULL){ //try to read 
   //initial conditions from intitcond.dat
     for(i=0;i<NumNeus;i++){
        for(j=0;j<M;j++){
           fscanf(fp1,"%lf",&x[i][j]);
        }
     }
     fclose(fp1);
     printf("Ic read from initcond.dat\n");
   }
   else{
     printf("Couldn't read IC\nload default\n",fp1);
     //exit(0);
     for(i=0;i<NumNeus;i++){

 x[i][0]=-52.6896657132625989600+(float)i*0.5; //deltax gives the 
 x[i][1]=2.1790550738448457580;//difference in initial conditions 
 x[i][2]=0.0056935725624609398;//condicoes iniciais
 x[i][4]=0.6836680498672979000;

         x[i][5]=0.0260241567723770370;
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         x[i][6]=0.9842652361470087818;
         x[i][7]=0.0708515410780189148; //initial conditions for the HH2C model
         x[i][8]=0.3398902413785575005; //for HR model almost any initial 
         x[i][9]=0.0474145467346798327; //condition converges
         x[i][10]=0.3654065423783397493;
         x[i][11]=0.0526824330148126588;
         x[i][12]=0.0302975756966933421;
         x[i][13]=0.0269675034394964604;
         x[i][14]=-52.7998664152913690400;
       }
   }

   variables = &x[0][0];
   /*********************Transient***********************************/
   for (tempo = 0.0;tempo<t_tran;)
   {
       for(j=0;j<DIM;++j) variables_loc[j]=variables[j];

       for(pos=0;pos<NumNeus;pos++){
           Itot[pos]=0.0;
           for(pre=0;pre<NumNeus;pre++){
               if(pre!=pos) Itot[pos]+=Ic[pre][pos]; //soma correntes sinapticas de 
todos os neus pre-sinapticos
           }
       }

       RK6Adapt(VarDin,tempo,&dtSugerido,&dtDado,&funcao);
       tempo +=dtDado/scale;
       //***********************************
       for(pre=0;pre<NumNeus;pre++){
                for(pos=0;pos<NumNeus;pos++){
                    if(pre!=pos)  //remove if cnnctns from one neu to itself allowed

                 if(MtxSyn[pre][pos][gsyn]!=0.0)
                              Ic[pre][pos]=corrente_sinaptica(&MtxSyn[pre][pos]
[0],x[pre][V],x[pos][V],inct);
                }
       }
   }//for do tempo
   printf("Transient finished\n");

//************ After transient ************************************

   for(tc=0;tempo < (t_tran+t_integr);tc++)
   {
       for(i=0;i<NumNeus;i++)for(j=0;j<M;j++) xprev[i][j]=x[i][j];  //saves the 
membrane potentials for future usage
       for(j=0;j<DIM;++j) variables_loc[j]=variables[j];

       for(pos=0;pos<NumNeus;pos++){
           Itot[pos]=0.0;
           for(pre=0;pre<NumNeus;pre++){
               if(pre!=pos) Itot[pos]+=Ic[pre][pos]; //soma correntes 
               //sinapticas de todos os neus pre-sinapticos
           }
       }

       RK6Adapt(VarDin,tempo,&dtSugerido,&dtDado,&funcao);
       tempo +=dtDado/scale;
       //***********************************
       for(pre=0;pre<NumNeus;pre++){
                for(pos=0;pos<NumNeus;pos++){
                    if(pre!=pos)  //remove if cnnctns from one neu to itself allowed

                 if(MtxSyn[pre][pos][gsyn]!=0.0)
                              Ic[pre][pos]=corrente_sinaptica(
                              &MtxSyn[pre][pos][0],
                              x[pre][0],
                              x[pos][0],inct);
                              Ic[pre][pos]=corrente_sinaptica(
                              &MtxSyn[pre][pos][0],
                              x[pre][V],
                              x[pos][V],inct);
                }
       }
       //neurons dynamical variables updated
       for(i=0;i<NumNeus;i++){
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           if( ((xprev[i][V]-trigger)*(x[i][V]-trigger))<=0 && 
           x[i][V]<=trigger && triggerflag[i]){
                   if(i==0) //neu de referência é sempre o zero
                       for(j=1;j<NumNeus;j++){
                           fase[j][contmin[0]]=
                           (prevtime[j]-prevtime[0])/(tempo-prevtime[0]);
                       }

                   triggerflag[i]=0;
                   contmin[i]++;

           freq[i][contmin[i]]=(double)1.0/(tempo-prevtime[i]);
           prevtime[i]=tempo;

                   disp[contdisp++]=(double)i;
           }
           if(x[i][Vax]>=meanspike){   // && x[0][0]>1.5){
                   triggerflag[i]=1;
                   if(findpeak(x[i][Vax]-xprev[i][Vax],&derivant[i])==1){
                       isi[i][indexpeak[i]]=tempo-prevpeak[i];
                       prevpeak[i]=tempo;
                       indexpeak[i]++;
                       if(BIF_DIAGRAM) 
                         if(i==0 && indexpeak[i]>2) 
                             fprintf(Diabif,"%lf %lf\n",
                             g_KCa,isi[i][indexpeak[i]]);
                   }
           }
       }
       if (time_step<tempo) {// Here we stored the simulation each FRAME_INCT times
           time_step+=FRAME_INCT;
           for(pos=0;pos<NumNeus;pos++){
                aux[pos]=0.0;
                for(pre=0;pre<NumNeus;pre++){  //computes the total synaptic 
currentfor the first neuron
                        aux[pos]+=Ic[pre][pos];   //aux[pos] = Itot for neuron pos
                }
                sum_itot[pos]+=aux[pos];
                sum_itot_count[pos]++;//printf("%f %f \n",sum_itot,Ic[1][0]);
           }
           if(save){
                fprintf(fp,"%.5e ",tempo);
                for(j=0;j<NumNeus;j++){
                        //for(i=0;i<1;i++) fprintf(fp,"%f ",x[j][i]);
                        //fprintf(fp,"%f ",aux[j]);
                        fprintf(fp,"%lf %lf ",x[j][V],x[j][Vax]);
                }
                //for(i=0;i<4;i++)
                fprintf(fp,"%lf %lf %lf %lf ",MtxSyn[0][1][Sinf],
                      MtxSyn[0][1][Ssyn],
                      MtxSyn[1][0][Sinf],
                      MtxSyn[1][0][Ssyn]);
                fprintf(fp,"\n");
           }
       }
   }//fecha o for de contagem do tempo
   //fclose(fp);

   //***************************************************
   //compute de average main frequency and std deviation

   for(pos=0;pos<NumNeus;pos++)
     stat(&avefreq[pos],&stdfreq[pos],&freq[pos][2],contmin[pos]-2);

   //--------------------------------------------------------
   //This computes de average phase and std deviation
   for(pos=1;pos<NumNeus;pos++)
       stat(&avefase[pos],&stdfase[pos],&fase[pos][1],contmin[pos]-1);

   //This computes de average ISI and std deviation

   for(pos=0;pos<NumNeus;pos++)
       stat(&aveISI[pos],&stdISI[pos],&isi[pos][2],indexpeak[pos]-2);

//---------------------------------------------------------
//Check periodicity on hiperpolarization
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   prd_hip=period_check(&freq[0][2],contmin[0]-2,2,5e-5);
   printf("Hiperpolarization period = %d\n",prd_hip);

//**************************************************
   //Check periodicity on bursts

   prddisp=period_check(disp,contdisp-1,contmin[0]-3,5.e-5);
   printf("Periodic on bursts = %d\n",prddisp);

/**************************************************/

   //save initial conditions to file, if desired
   if(CyclicIC){
     if( (fp1=fopen("initcond.dat","w"))==NULL){
       printf("Couldn't open file\n to write IC\nquiting",fp1);
       exit(1);
     }
     else{
       for(i=0;i<NumNeus;i++){
         for(j=0;j<M;j++) fprintf(fp1,"%.19lf ",x[i][j]);
         fprintf(fp1,"\n");
       }
     }
     fclose(fp1);
   }
//------------------------------------------------------
//********** check periodicity on spikes***************

   rtrn=period_check(&isi[0][10],indexpeak[0]-11,20,0.2);

//----------------------------------------------------
//Calcula o número médio de spikes por burst

   for(i=0;i<NumNeus;i++)
      Spb[i] = ContaSpikesPorBurst(&isi[i][2],indexpeak[i]-2,150.0); 
      //Retorna o número de Spikes
                //spikes por burst
//-----------------------------------------------------
//Computes the average synaptic current
//sum_itot_count=int((float)t_integr*(float)scale/(float)dt/(float)1000.0);
   for(i=0;i<NumNeus;i++){
        ave_curr[i]=sum_itot[i]/(double)sum_itot_count[i];
        printf("Average synaptic current = %e\n",ave_curr[i]);
   }
//------------------------------------------------------

   printf("Program finished successfully in %ld s\n\n",time(NULL)-t);
   //getch();
   fclose(fp);
   //fclose(ret);
   return(rtrn);
}
/*=================================================
  ================================================*/
/* funcion to integrate */

//The function to be integrated must be included here
/*===============================================*/

double corrente_sinaptica(double *VarSynPrePos,
  double Vpre, 
  double Vpos,
  double dt)

//Used to update the synaptic currents
{
       //remembering: Varpre[0..DIM-1]=neuron variables
       // Varpre[DIM]=Sinf e Varpre[DIM+1]=Ss
       double Isynaptic,S_inf_ant,S_ant,S_inf,Ss;
       double gprepos,tausprepos;

       gprepos = VarSynPrePos[gsyn];
       tausprepos = VarSynPrePos[taus];
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       S_inf_ant = VarSynPrePos[Sinf];
       S_ant = VarSynPrePos[Ssyn];
       //Vpre=VarDinPre[0];
       //Sinf_ant=S_inf;
       //S_ant=Ss;
       if(Vpre>Vthres)
                S_inf=tanh((Vpre-Vthres)/Vslope);
       else S_inf=0.0;
       VarSynPrePos[Sinf]=S_inf;

       if(S_inf_ant==1.0)
                 Ss=1.0;
       else Ss=S_inf_ant+(S_ant-S_inf_ant)*exp((-dt/scale)/((1-
S_inf_ant)*tausprepos));
       VarSynPrePos[Ssyn]=Ss;
       Isynaptic=gprepos*Ss*(Vrev-Vpos);
       //} verificar
       return(Isynaptic);
}
//-----------------------------------------------------------------

int findpeak(double deriv,double *ant){
    int peakflag=0;
    if(ant[0]>0 && deriv<0){
        peakflag=1;
        //printf("pico, prod=%e\n",ant[0]*deriv);
    }
    ant[0]=deriv;
    return(peakflag);
}
//***********************************************************************

int period_check(double *vet,int peaknum,int test,double eps){
    //#define eps 5.0000e-4
    int i,j;

    if(peaknum<2*test+3){
        printf("insufficient number of peaks to detect periodicity\n");
        return(-1);
    }
    for(i=1;i<peaknum+2;i++){
            //printf("%d=%f\n",i,vet[i]);
            if(fabs(vet[i]-vet[0])<eps) break;
    }
    for(j=0;j<test;j++){
            if(fabs(vet[j]-vet[j+i])>eps) break;
    }
    if(j==test){
           printf("period %d found\n",i);
           return(i);
    }
    else {
           printf("no periodic behavior detected\n");
           return(-10);
    }
}
//---------------------------------------------------------------------------
float ContaSpikesPorBurst(double*VetIsi,int NumIsi,double LargHiperpol){
    //#define LargHiperpol 0.2
    int i,j,cont=0;
    int Vspb[10000];
    int Nspb=0; //numero de spikes por burst
    float aux=0.0;
    if(NumIsi>10000) return(-1);
    if(NumIsi<2) return(-11);
    for(i=2;i<NumIsi;i++){
       if(VetIsi[i]>LargHiperpol){
           Vspb[cont] = Nspb;
           Nspb = 0;
           cont++;
       }
       Nspb++;
    }
    for(i=1;i<cont;i++) aux+=Vspb[i];//soma para calcular a média
                                     //eliminada a contagem Vnspb[0] da soma
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    if(cont>1) {
        return(aux/(float)(cont-1));
    }
    else{
        return(-10); //menos de duas hiperpolarizacoes encontradas
    }
}
/*************************************************************************/
double sigmoid(double Vs, double V_desl, double Incl){
    return(1.0/(1.0+exp((Vs+V_desl)/Incl)));
}

//--------------------------------------------------------
void stat(double *ave,double *std, double* vet, int num){
     int k;
     double sum=0,media;
     if(num<=2) { //needs at least three values of periods to calculate frequency
       *ave = -1.0;
       *std = 0.0;
     }
     else{
       for(k=0;k<num;k++) sum+=vet[k];//sum to compute average
       media = sum/num;
       sum=0;
       for(k=0;k<num;k++) sum+=(media-vet[k])*(media-vet[k]);
       *std = sqrt(sum/(num-1.0));
       *ave = media;
     }
} 

//Fim do arquivo IntegraRede.c
//----------------------------------------------------------------

/****************************************************************
Rotina de integração de equações diferenciais ordinárias 
acopladas.
Marcelo Bussotti Reyes
Instituto de Física da Universidade de São Paulo
Programa adaptado do original gentilmente fornecido por:
Pablo Varona
Institute for Nonlinear Science
University of California - San Diego
*****************************************************************/

#include "BiblComumRK6.h"
#include <math.h>
#include <stdio.h>
#include <stddef.h>
#include <stdlib.h>
#define ABS( X ) (((X)>0.0)?(X):-(X))
#define MMAX(X,Y) (((X)>(Y))?(X):(Y))
#define MMIN(X,Y) (((X)<(Y))?(X):(Y))
#define ABSERR   1e-15
/* frame time interval */
#define FRAME_INCT 1
#define NR_END 1

double *dvector(long, long);
void nrerror(char []);
//float **matrix(long,long,long,long);
void funcion(double ,double *,double *);

int intey(double ,double ,double *,double ,double *,void (*)(double,double*,double*));
double inct=1.0e-6; //1e-6  //para este programa funcionar no windows tive que colocar 
o inct para 1e-2
double SS=0.;
double trecor=0.;

int RK6Adapt(double *variables,double time,double *dt,double *TakenDt,void (*funcion)
(double, double*,double*)){

  printf("entrei RK6\n");
  long j;
  inct=*dt;
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  double variables_loc[DIM];
  for(j=0;j<DIM;++j) variables_loc[j]=variables[j];
  while(intey(time,inct,variables,TOLERANCE,&SS,funcion)) {
    printf("sai do intey\n");
    inct=MMAX(SS,0.25*inct);
    for(j=0;j<DIM;++j) variables[j]=variables_loc[j];
  }
  *TakenDt=inct;
  inct=MMIN(SS,4.0*inct);
  inct=MMIN(inct,FRAME_INCT);
  *dt=inct;
  free(variables_loc);
  return(0);
}

/*===============================================*/
/*===============================================*/
/* New integration routine, more powerfull 1,4 */

int intey(double tiempo,double inc_integracion,double *variables,double tol,double 
*SS,void (*funcion)(double,double*,double*))
{

  double apoyo[DIM],retorno[DIM],variables_hat[DIM];
  double k[6][DIM];

  double u=0.0,u_y=0.0;
  int j;

  funcion(tiempo,variables,retorno);
  for(j=0;j<DIM;++j) k[0][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*.2;

  funcion(tiempo+inc_integracion/5,apoyo,retorno);

  for(j=0;j<DIM;++j) k[1][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*.075+k[1][j]*0.225;

  funcion(tiempo+inc_integracion*0.3,apoyo,retorno);
  for(j=0;j<DIM;++j) k[2][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*.3-k[1][j]*0.9+k[2][j]*1.2;
  funcion(tiempo+inc_integracion*0.6,apoyo,retorno);
  for(j=0;j<DIM;++j) k[3][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*0.075+k[1][j]*0.675-k[2]
[j]*0.6+k[3][j]*0.75;

  funcion(tiempo+inc_integracion*0.9,apoyo,retorno);
  for(j=0;j<DIM;++j) k[4][j]=inc_integracion*retorno[j];
  for(j=0;j<DIM;++j) apoyo[j]=variables[j]+k[0][j]*0.660493827160493
                       +k[1][j]*2.5
                       -k[2][j]*5.185185185185185
                       +k[3][j]*3.888888888888889
                       -k[4][j]*0.864197530864197;
  funcion(tiempo+inc_integracion,apoyo,retorno);
  for(j=0;j<DIM;++j) k[5][j]=inc_integracion*retorno[j];

  for(j=0;j<DIM;++j) variables_hat[j]=variables[j]+k[0][j]*0.1049382716049382+
                       k[2][j]*0.3703703703703703+
                       k[3][j]*0.2777777777777777+

                       k[4][j]*0.2469135802469135;

  for(j=0;j<DIM;++j) variables[j]+=k[0][j]*0.098765432098765+
                       k[2][j]*0.396825396825396+
                       k[3][j]*0.231481481481481+
                       k[4][j]*0.308641975308641-
                       k[5][j]*0.035714285714285;

  for(j=0;j<DIM;++j) {
    u+=ABS(variables[j]-variables_hat[j]);
    u_y+=ABS(variables[j]);
  }
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  u=u/(double)DIM;
  u_y=u_y/(double)DIM;
  u_y=u_y*tol+ABSERR;
    
  if(u>1.0e-20) *SS=0.9*inc_integracion*pow(u_y/u,.14285714285714285714);
  else *SS = 10.0*inc_integracion;

  if (u<u_y) return(0); 
  else return(1);

}

/*===============================================*/
/*===============================================*/

float **matrix(long nrl, long nrh, long ncl, long nch)
     /* allocate a float matrix with subscript range m[nrl..nrh][ncl..nch] */
{
  long i, nrow=nrh-nrl+1,ncol=nch-ncl+1;
  float **m;

  /* allocate pointers to rows */
  m=(float **) malloc((size_t)((nrow+NR_END)*sizeof(float*)));
  if (!m) nrerror("allocation failure 1 in matrix()");
  m += NR_END;
  m -= nrl;

  /* allocate rows and set pointers to them */
  m[nrl]=(float *) malloc((size_t)((nrow*ncol+NR_END)*sizeof(float)));
  if (!m[nrl]) nrerror("allocation failure 2 in matrix()");
  m[nrl] += NR_END;
  m[nrl] -= ncl;

  for(i=nrl+1;i<=nrh;i++) m[i]=m[i-1]+ncol;

  /* return pointer to array of pointers to rows */
  return m;
}

/*=======================================================
==========================================================*/
void nrerror(char error_text[])
     /* Numerical Recipes standard error handler */
{
  fprintf(stderr,"Numerical Recipes run-time error...\n");
  fprintf(stderr,"%s\n",error_text);
  fprintf(stderr,"...now exiting to system...\n");
  exit(1);
}
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