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 40 ways to simulate liquid argon
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gcc -o ljmd.x ljmd.c -lm
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  %   cumulative   self              self     total           
 time   seconds   seconds    calls  ms/call  ms/call  name    
 73.70     13.87    13.87    10001     1.39     1.86  force
 24.97     18.57     4.70 346714668     0.00     0.00  pbc
  0.96     18.75     0.18                             main
  0.37     18.82     0.07    10001     0.01     0.01  ekin
  0.00     18.82     0.00    30006     0.00     0.00  azzero
  0.00     18.82     0.00      101     0.00     0.00  output
0.00     18.82     0.00       12     0.00     0.00  getline
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for(i=0; i < (sys->natoms)-1; ++i) {
  for(j=i+1; j < (sys->natoms); ++j) {
    rx=pbc(sys->rx[i] - sys->rx[j], 0.5*sys->box);
    ry=pbc(sys->ry[i] - sys->ry[j], 0.5*sys->box);

rz=pbc(sys->rz[i] - sys->rz[j], 0.5*sys->box);
    r = sqrt(rx*rx + ry*ry + rz*rz);
    if (r < sys->rcut) {
      ffac = -4.0*sys->epsilon*(-12.0*pow(sys->sigma/r,12.0)/r
                                +6*pow(sys->sigma/r,6.0)/r);
      sys->epot += 0.5*4.0*sys->epsilon*(pow(sys->sigma/r,12.0)
                                -pow(sys->sigma/r,6.0));
      sys->fx[i] += rx/r*ffac;      sys->fx[j] -= rx/r*ffac;
      sys->fy[i] += ry/r*ffac;      sys->fy[j] -= ry/r*ffac;
      sys->fz[i] += rz/r*ffac;      sys->fz[j] -= rz/r*ffac;
}}}
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c12=4.0*sys->epsilon*pow(sys->sigma,12.0);
c6 =4.0*sys->epsilon*pow(sys->sigma, 6.0);
rcsq = sys->rcut * sys->rcut;
for(i=0; i < (sys->natoms)-1; ++i) {
for(j=i+1; j < (sys->natoms); ++j) {

    rx=pbc(sys->rx[i] - sys->rx[j], 0.5*sys->box);
    ry=pbc(sys->ry[i] - sys->ry[j], 0.5*sys->box);
    rz=pbc(sys->rz[i] - sys->rz[j], 0.5*sys->box);
    rsq = rx*rx + ry*ry + rz*rz;
    if (rsq < rcsq) {
      double r6,rinv; rinv=1.0/rsq;  r6=rinv*rinv*rinv;
      ffac = (12.0*c12*r6 - 6.0*c6)*r6*rinv;
      sys->epot += r6*(c12*r6 - c6);
      sys->fx[i] += rx*ffac;  sys->fx[j] -= rx*ffac;
      sys->fy[i] += ry*ffac;  sys->fy[j] -= ry*ffac;
      sys->fz[i] += rz*ffac;  sys->fz[j] -= rz*ffac;
}}}
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for(i=0; i < sys->npair; ++i) {
    cell_t *c1, *c2;
    c1=sys->clist + sys->plist[2*i];
    c2=sys->clist + sys->plist[2*i+1];

        for (int j=0; j < c1->natoms; ++j) {
            int ii=c1->idxlist[j];
            double rx1=sys->rx[ii];
            double ry1=sys->ry[ii];
            double rz1=sys->rz[ii];
        
            for(int k=0; k < c2->natoms; ++k) {
                double rx,ry,rz,rsq;
                int jj=c2->idxlist[k];
                rx=pbc(rx1 - sys->rx[jj], boxby2, sys->box);
                ry=pbc(ry1 - sys->ry[jj], boxby2, sys->box);
                ... 
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O(N^2)
2915 atoms / 
O(N^2)
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#if defined(_OPENMP)
#pragma omp parallel for default(shared) \
    private(i) reduction(+:epot)
#endif

for(i=0; i < (sys->natoms)-1; ++i) {
        double rx1=sys->rx[i];
        double ry1=sys->ry[i];
        double rz1=sys->rz[i];
        [...]

               {
                    sys->fx[i] += rx*ffac;

sys->fy[i] += ry*ffac;
sys->fz[i] += rz*ffac;

                    sys->fx[j] -= rx*ffac;
                    sys->fy[j] -= ry*ffac;
                    sys->fz[j] -= rz*ffac;
                }
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#if defined(_OPENMP)
#pragma omp parallel for default(shared) \
    private(i) reduction(+:epot)
#endif

for(i=0; i < (sys->natoms)-1; ++i) {
        double rx1=sys->rx[i];
        double ry1=sys->ry[i];
        double rz1=sys->rz[i];
        [...]

#if defined(_OPENMP)
#pragma omp critical
#endif

{
                    sys->fx[i] += rx*ffac;
                    sys->fy[i] += ry*ffac;
                    sys->fz[i] += rz*ffac;
                    sys->fx[j] -= rx*ffac;
                    sys->fy[j] -= ry*ffac;
                    sys->fz[j] -= rz*ffac;
                }
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#if defined(_OPENMP)
#pragma omp parallel reduction(+:epot)
#endif
    {  double *fx, *fy, *fz;
#if defined(_OPENMP)
        int tid=omp_get_thread_num();
#else
        int tid=0;
#endif
        fx=sys->fx + (tid*sys->natoms); azzero(fx,sys->natoms);
        fy=sys->fy + (tid*sys->natoms); azzero(fy,sys->natoms);
        fz=sys->fz + (tid*sys->natoms); azzero(fz,sys->natoms);

for(int i=0; i < (sys->natoms -1); i += sys->nthreads) {
            int ii = i + tid;
            if (ii >= (sys->natoms -1)) break;
            rx1=sys->rx[ii];
            ry1=sys->ry[ii];
            rz1=sys->rz[ii];
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#if defined (_OPENMP)
#pragma omp barrier
#endif
    i = 1 + (sys->natoms / sys->nthreads);
    fromidx = tid * i;
    toidx = fromidx + i;
    if (toidx > sys->natoms) toidx = sys->natoms;

    for (i=1; i < sys->nthreads; ++i) {
        int offs = i*sys->natoms;
        for (int j=fromidx; j < toidx; ++j) {
            sys->fx[j] += sys->fx[offs+j];

sys->fy[j] += sys->fy[offs+j];
            sys->fz[j] += sys->fz[offs+j];
        }
    }
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__global__ void g_force(double *pos, double *frc, double *res, 
gdata_t *sys)
{
    __shared__ double mye[BLKSZ];
    const int tid = threadIdx.x;
    const int idx = blockIdx.x*blockDim.x + tid;
    const int offs1 = sys->nwords;
    const int offs2 = 2*offs1;
    const double rx = pos[idx];

const double ry = pos[idx+offs1];
const double rz = pos[idx+offs2];

[...]
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    double fx, fy, fz;
fx = fy = fz = 0.0;

    const int natoms = sys->natoms;
    for (int j = 0; idx < natoms && j < natoms ; ++j) {
        const double rx2=g_pbc(rx - pos[j], boxby2, box);
        const double ry2=g_pbc(ry - pos[j + offs1], boxby2, box);
        const double rz2=g_pbc(rz - pos[j + offs2], boxby2, box);
        const double rsq = rx2*rx2 + ry2*ry2 + rz2*rz2;
        if (rsq > 0.1 && rsq < rcsq) {
            const double rinv=1.0/rsq;
            const double r6=rinv*rinv*rinv;
            const double ffac = (12.0*c12*r6 - 6.0*c6)*r6*rinv;
            mye[tid] += 0.5*r6*(c12*r6 - c6);
            fx += rx2*ffac;
            fy += ry2*ffac;

fz += rz2*ffac;
    }}
    frc[idx] = fx;
    frc[offs1+idx] = fy;
    frc[offs2+idx] = fz;
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    /* tree reduction */
    for (int i=BLKSZ/2; i > 0; i >>= 1) {
        __syncthreads();
        if (tid < i)
            mye[tid] += mye[i+tid];
    }

/* tid 0 has the sum over BLKSZ elements */
if (tid == 0) res[blockIdx.x] = mye[0];
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  [...]
        incr = sys->mpisize * sys->nthreads;
        /* self interaction of atoms in cell */
        for(n=0; n < sys->ncell; n += incr) {
            int i,j;
            const cell_t *c1;

            i = n + sys->mpirank*sys->nthreads + tid;
            if (i >= sys->ncell) break;
            c1=sys->clist + i;

            for (j=0; j < c1->natoms-1; ++j) {
[...]
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