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    /* diagonalize S */ 
 
    dtime(&Stime); 
 
    if (parallel_mode==0){ 
      EigenBand_lapack(S,ko,n,1); 
    } 
    else if (SCF_iter==1 || all_knum!=1){ 
      Eigen_PHH(MPI_CommWD2[myworld2],S,ko,n,n,1); 
    } 
 
    dtime(&Etime); 
    time2 += Etime - Stime; 
 
    if (SCF_iter==1 || all_knum!=1){ 
 
      if (3<=level_stdout){ 
        printf(" myid0=%2d spin=%2d kloop %2d  k1 k2 k3 %10.6f %10.6f %10.6f¥n", 
               
myid0,spin,kloop,T_KGrids1[kloop],T_KGrids2[kloop],T_KGrids3[kloop]); 
        for (i1=1; i1<=n; i1++){ 
          printf("  Eigenvalues of OLP  %2d  %15.12f¥n",i1,ko[i1]); 
        } 
      } 
 
      /* minus eigenvalues to 1.0e-14 */ 
 
      for (l=1; l<=n; l++){ 
        if (ko[l]<0.0) ko[l] = 1.0e-14; 
        koS[l] = ko[l]; 
      } 
 
      /* calculate S*1/sqrt(ko) */ 
 
      for (l=1; l<=n; l++) ko[l] = 1.0/sqrt(ko[l]); 
 
      /* S * 1.0/sqrt(ko[l]) */ 
 
#pragma omp parallel shared(BLAS_S,ko,S,n) private(OMPID,Nthrds,Nprocs,i1,j1) 
      { 
 
        /* get info. on OpenMP */ 
 
        OMPID = omp_get_thread_num(); 
        Nthrds = omp_get_num_threads(); 
        Nprocs = omp_get_num_procs(); 
 
        for (i1=1+OMPID; i1<=n; i1+=Nthrds){ 
          for (j1=1; j1<=n; j1++){ 
 
            S[i1][j1].r = S[i1][j1].r*ko[j1]; 
            S[i1][j1].i = S[i1][j1].i*ko[j1]; 
 
            BLAS_S[(j1-1)*n+i1-1] = S[i1][j1]; 
          } 
        } 
      } /* #pragma omp parallel */ 

s−1/2 = ko−1/2 → ko 

Consruction of X matirix 

X = U * s−1/2 = S * ko → S 

S → BLAS_S 

Diagonalization of S matrix 

・eigenvector of S = U → S 

・eigenvalue of S = s → ko 

    } 
 
 
    /**************************************************** 
     1.0/sqrt(ko[l]) * U^t * H * U * 1.0/sqrt(ko[l]) 
    ****************************************************/ 
 
    dtime(&Stime); 
 
    /* first transposition of S */ 
 
    /* 
    for (i1=1; i1<=n; i1++){ 
      for (j1=i1+1; j1<=n; j1++){ 
        Ctmp1 = S[i1][j1]; 
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        S[i1][j1] = Ctmp2; 
        S[j1][i1] = Ctmp1; 
      } 
    } 
    */ 
 
    /********************************** 
      for parallel in the second world 
    **********************************/ 
 
    if (all_knum==1){ 
 
      /* H * U * 1.0/sqrt(ko[l]) */ 
      /* C is distributed by row in each processor */ 
 
      /* 
      for (j1=is1[myid2]; j1<=ie1[myid2]; j1++){ 
        for (i1=1; i1<=n; i1++){ 
 
          sum  = 0.0; 
          sumi = 0.0; 
 
          for (l=1; l<=n; l++){ 
            sum  += H[i1][l].r*S[j1][l].r - H[i1][l].i*S[j1][l].i; 
            sumi += H[i1][l].r*S[j1][l].i + H[i1][l].i*S[j1][l].r; 
          } 
 
          C[j1][i1].r = sum; 
          C[j1][i1].i = sumi; 
 
        } 
      } 
      */ 
 
      /* note for BLAS, A[M*K] * B[K*N] = C[M*N] */ 
 
#pragma omp parallel shared(myid2,ie1,is1,BLAS_S,BLAS_H,BLAS_C,n) 
 private(OMPID,Nthrds,Nprocs,Ctmp1,Ctmp2,BM,BN,BK,ns,ne) 
      { 
 
        /* get info. on OpenMP */ 
 
        OMPID = omp_get_thread_num(); 
        Nthrds = omp_get_num_threads(); 
        Nprocs = omp_get_num_procs(); 
 
        ns = is1[myid2] + OMPID*(ie1[myid2]-is1[myid2]+1)/Nthrds; 
        ne = is1[myid2] + (OMPID+1)*(ie1[myid2]-is1[myid2]+1)/Nthrds - 1; 
 
        BM = n; 
        BN = ne - ns + 1; 
        BK = n; 
 
        Ctmp1.r = 1.0; 
        Ctmp1.i = 0.0; 
        Ctmp2.r = 0.0; 
        Ctmp2.i = 0.0; 
 
        F77_NAME(zgemm,ZGEMM)("N","N", &BM,&BN,&BK, 
                              &Ctmp1, 
                              BLAS_H, &BM, 
                              &BLAS_S[(ns-1)*n], &BK, 
                              &Ctmp2, 
                              &BLAS_C[(ns-1)*n], &BM); 
 
      } /* #pragma omp parallel */ 
 
 
      /* 
      BM = n; 
      BN = ie1[myid2] - is1[myid2] + 1; 
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      Ctmp1.r = 1.0; 
      Ctmp1.i = 0.0; 
      Ctmp2.r = 0.0; 
      Ctmp2.i = 0.0; 
 
      F77_NAME(zgemm,ZGEMM)("N","N", &BM,&BN,&BK, 
                            &Ctmp1, 
                            BLAS_H, &BM, 
                            &BLAS_S[(is1[myid2]-1)*n], &BK, 
                            &Ctmp2, 
                            &BLAS_C[(is1[myid2]-1)*n], &BM); 
      */ 
 
 
      /* 1.0/sqrt(ko[l]) * U^+ H * U * 1.0/sqrt(ko[l]) */ 
      /* H is distributed by row in each processor */ 
 
      /* 
      for (j1=is1[myid2]; j1<=ie1[myid2]; j1++){ 
        for (i1=1; i1<=n; i1++){ 
 
          sum  = 0.0; 
          sumi = 0.0; 
 
          for (l=1; l<=n; l++){ 
            sum  +=  S[i1][l].r*C[j1][l].r + S[i1][l].i*C[j1][l].i; 
            sumi +=  S[i1][l].r*C[j1][l].i - S[i1][l].i*C[j1][l].r; 
          } 
 
          H[j1][i1].r = sum; 
          H[j1][i1].i = sumi; 
 
        } 
      } 
      */ 
 
      /* note for BLAS, A[M*K] * B[K*N] = C[M*N] */ 
 
#pragma omp parallel shared(H,myid2,ie1,is1,BLAS_S,BLAS_H,BLAS_C,n) 
 private(OMPID,Nthrds,Nprocs,Ctmp1,Ctmp2,BM,BN,BK,ns,ne,i1,j1) 
      { 
 
        /* get info. on OpenMP */ 
 
        OMPID = omp_get_thread_num(); 
        Nthrds = omp_get_num_threads(); 
        Nprocs = omp_get_num_procs(); 
 
        ns = is1[myid2] + OMPID*(ie1[myid2]-is1[myid2]+1)/Nthrds; 
        ne = is1[myid2] + (OMPID+1)*(ie1[myid2]-is1[myid2]+1)/Nthrds - 1; 
 
        BM = n; 
        BN = ne - ns + 1; 
        BK = n; 
 
        Ctmp1.r = 1.0; 
        Ctmp1.i = 0.0; 
        Ctmp2.r = 0.0; 
        Ctmp2.i = 0.0; 
 
        F77_NAME(zgemm,ZGEMM)("C","N", &BM,&BN,&BK, 
                              &Ctmp1, 
                              BLAS_H, &BM, 
                              &BLAS_S[(ns-1)*n], &BK, 
                              &Ctmp2, 
                              &BLAS_C[(ns-1)*n], &BM); 
 
      } /* #pragma omp parallel */ 
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      BM = n; 
      BN = ie1[myid2] - is1[myid2] + 1; 
      BK = n; 
 
      Ctmp1.r = 1.0; 
      Ctmp1.i = 0.0; 
      Ctmp2.r = 0.0; 
      Ctmp2.i = 0.0; 
 
      F77_NAME(zgemm,ZGEMM)("N","N", &BM,&BN,&BK, 
                            &Ctmp1, 
                            BLAS_H, &BM, 
                            &BLAS_S[(is1[myid2]-1)*n], &BK, 
                            &Ctmp2, 
                            &BLAS_C[(is1[myid2]-1)*n], &BM); 
      */ 
 
 
      /* 1.0/sqrt(ko[l]) * U^+ H * U * 1.0/sqrt(ko[l]) */ 
      /* H is distributed by row in each processor */ 
 
      /* 
      for (j1=is1[myid2]; j1<=ie1[myid2]; j1++){ 
        for (i1=1; i1<=n; i1++){ 
 
          sum  = 0.0; 
          sumi = 0.0; 
 
          for (l=1; l<=n; l++){ 
            sum  +=  S[i1][l].r*C[j1][l].r + S[i1][l].i*C[j1][l].i; 
            sumi +=  S[i1][l].r*C[j1][l].i - S[i1][l].i*C[j1][l].r; 
          } 
 
          H[j1][i1].r = sum; 
          H[j1][i1].i = sumi; 
 
        } 
      } 
      */ 
 
      /* note for BLAS, A[M*K] * B[K*N] = C[M*N] */ 
 
#pragma omp parallel shared(H,myid2,ie1,is1,BLAS_S,BLAS_H,BLAS_C,n) 
 private(OMPID,Nthrds,Nprocs,Ctmp1,Ctmp2,BM,BN,BK,ns,ne,i1,j1) 
      { 
 
        /* get info. on OpenMP */ 
 
        OMPID = omp_get_thread_num(); 
        Nthrds = omp_get_num_threads(); 
        Nprocs = omp_get_num_procs(); 
 
        ns = is1[myid2] + OMPID*(ie1[myid2]-is1[myid2]+1)/Nthrds; 
        ne = is1[myid2] + (OMPID+1)*(ie1[myid2]-is1[myid2]+1)/Nthrds - 1; 
 
        BM = n; 
        BN = ne - ns + 1; 
        BK = n; 
 
        Ctmp1.r = 1.0; 
        Ctmp1.i = 0.0; 
        Ctmp2.r = 0.0; 
        Ctmp2.i = 0.0; 
 
        F77_NAME(zgemm,ZGEMM)("C","N", &BM,&BN,&BK, 
                              &Ctmp1, 
                              BLAS_S, &BM, 
                              &BLAS_C[(ns-1)*n], &BK, 
                              &Ctmp2, 
                              &BLAS_H[(ns-1)*n], &BM); 
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        for (j1=ns; j1<=ne; j1++){ 
          for (i1=1; i1<=n; i1++){ 
            H[j1][i1] = BLAS_H[(j1-1)*n+i1-1]; 
          } 
        } 
 
      } /* #pragma omp parallel */ 
 
      /* broadcast H */ 
 
      BroadCast_ComplexMatrix(MPI_CommWD2[myworld2],H,n,is1,ie1,myid2,numprocs2, 
                              stat_send,request_send,request_recv); 
    } 
 
    else{ 
 
      /* H * U * 1.0/sqrt(ko[l]) */ 
 
      /* 
      for (j1=1; j1<=n; j1++){ 
        for (i1=1; i1<=n; i1++){ 
 
          sum  = 0.0; 
          sumi = 0.0; 
 
          for (l=1; l<=n; l++){ 
            sum  += H[i1][l].r*S[j1][l].r - H[i1][l].i*S[j1][l].i; 
            sumi += H[i1][l].r*S[j1][l].i + H[i1][l].i*S[j1][l].r; 
          } 
 
          C[j1][i1].r = sum; 
          C[j1][i1].i = sumi; 
 
        } 
      } 
      */ 
 
      /* note for BLAS, A[M*K] * B[K*N] = C[M*N] */ 
 
#pragma omp parallel shared(BLAS_S,BLAS_H,BLAS_C,n) 
 private(OMPID,Nthrds,Nprocs,Ctmp1,Ctmp2,BM,BN,BK) 
      { 
 
        /* get info. on OpenMP */ 
 
        OMPID = omp_get_thread_num(); 
        Nthrds = omp_get_num_threads(); 
        Nprocs = omp_get_num_procs(); 
 
        BM = n; 
        BN = (OMPID+1)*n/Nthrds - (OMPID*n/Nthrds+1) + 1; 
        BK = n; 
 
        Ctmp1.r = 1.0; 
        Ctmp1.i = 0.0; 
        Ctmp2.r = 0.0; 
        Ctmp2.i = 0.0; 
 
        F77_NAME(zgemm,ZGEMM)("N","N", &BM,&BN,&BK, 
                              &Ctmp1, 
                              BLAS_H, &BM, 
                              &BLAS_S[(OMPID*n/Nthrds)*n], &BK, 
                              &Ctmp2, 
                              &BLAS_C[(OMPID*n/Nthrds)*n], &BM); 

Introducing X (1) 

H * X = H * S → C 

 
      } /* #pragma omp parallel */ 
 
      /* 1.0/sqrt(ko[l]) * U^+ H * U * 1.0/sqrt(ko[l]) */ 
 
      /* 
      for (j1=1; j1<=n; j1++){ 
        for (i1=1; i1<=n; i1++){ 
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          sum  = 0.0; 
          sumi = 0.0; 
 
          for (l=1; l<=n; l++){ 
            sum  += S[i1][l].r*C[j1][l].r + S[i1][l].i*C[j1][l].i; 
            sumi += S[i1][l].r*C[j1][l].i - S[i1][l].i*C[j1][l].r; 
          } 
 
          H[j1][i1].r = sum; 
          H[j1][i1].i = sumi; 
        } 
      } 
      */ 
 
      /* note for BLAS, A[M*K] * B[K*N] = C[M*N] */ 
 
#pragma omp parallel shared(H,BLAS_S,BLAS_H,BLAS_C,n) 
 private(OMPID,Nthrds,Nprocs,Ctmp1,Ctmp2,BM,BN,BK,i1,j1) 
      { 
 
        /* get info. on OpenMP */ 
 
        OMPID = omp_get_thread_num(); 
        Nthrds = omp_get_num_threads(); 
        Nprocs = omp_get_num_procs(); 
 
        BM = n; 
        BN = (OMPID+1)*n/Nthrds - (OMPID*n/Nthrds+1) + 1; 
        BK = n; 
 
        Ctmp1.r = 1.0; 
        Ctmp1.i = 0.0; 
        Ctmp2.r = 0.0; 
        Ctmp2.i = 0.0; 
 
        F77_NAME(zgemm,ZGEMM)("C","N", &BM,&BN,&BK, 
                              &Ctmp1, 
                              BLAS_S, &BM, 
                              &BLAS_C[(OMPID*n/Nthrds)*n], &BK, 
                              &Ctmp2, 
                              &BLAS_H[(OMPID*n/Nthrds)*n], &BM); 
 
        for (j1=(OMPID*n/Nthrds+1); j1<=(OMPID+1)*n/Nthrds; j1++){ 
          for (i1=1; i1<=n; i1++){ 
            H[j1][i1] = BLAS_H[(j1-1)*n+i1-1]; 
          } 
        } 
 
      } /* #pragma omp parallel */ 
 
    } /* else */ 
 
    /* H to C (transposition) */ 
 
    for (i1=1; i1<=n; i1++){ 
      for (j1=1; j1<=n; j1++){ 
        C[j1][i1] = H[i1][j1]; 
      } 
    } 
 
    /* penalty for ill-conditioning states */ 
 
    EV_cut0 = Threshold_OLP_Eigen; 
 
    for (i1=1; i1<=n; i1++){ 
 
      if (koS[i1]<EV_cut0){ 
        C[i1][i1].r += pow((koS[i1]/EV_cut0),-2.0) - 1.0; 
      } 

H → C 

Introducing X (2) 

X† * (H * X) = BLAS_S† * BLAS_C

→ H 

 
      /* cutoff the interaction between the ill-conditioned state */ 
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      if (1.0e+3<C[i1][i1].r){ 
        for (j1=1; j1<=n; j1++){ 
          C[i1][j1] = Complex(0.0,0.0); 
          C[j1][i1] = Complex(0.0,0.0); 
        } 
        C[i1][i1].r = 1.0e+4; 
      } 
    } 
 
    dtime(&Etime); 
    time3 += Etime - Stime; 
 
    /* diagonalize H' */ 
 
    dtime(&Stime); 
 
    if (parallel_mode==0){ 
      EigenBand_lapack(C,ko,n,all_knum); 
    } 
    else{ 
      /*  The output C matrix is distributed by column. */ 
      Eigen_PHH(MPI_CommWD2[myworld2],C,ko,n,MaxN,0); 
    } 
 
    dtime(&Etime); 
    time4 += Etime - Stime; 
 
    for (l=1; l<=MaxN; l++){ 
      EIGEN[spin][kloop][l] = ko[l]; 
    } 
 
    if (3<=level_stdout && 0<=kloop){ 
      printf(" myid0=%2d spin=%2d kloop %i, k1 k2 k3 %10.6f %10.6f %10.6f¥n", 
             myid0,spin,kloop,T_KGrids1[kloop],T_KGrids2[kloop],T_KGrids3[kloop]); 
      for (i1=1; i1<=n; i1++){ 
        if (SpinP_switch==0) 
          printf("  Eigenvalues of Kohn-Sham %2d %15.12f %15.12f¥n", 
                 i1,EIGEN[0][kloop][i1],EIGEN[0][kloop][i1]); 
        else 
          printf("  Eigenvalues of Kohn-Sham %2d %15.12f %15.12f¥n", 
                 i1,EIGEN[0][kloop][i1],EIGEN[1][kloop][i1]); 
      } 
    } 
 
    /* calculation of wave functions */ 
 
    dtime(&Stime); 
 
    if (all_knum==1){ 
 
      /*  The H matrix is distributed by row */ 
 
      /* 
      for (i1=1; i1<=n; i1++){ 
        for (j1=is2[myid2]; j1<=ie2[myid2]; j1++){ 
          H[j1][i1] = C[i1][j1]; 
        } 
      } 
      */ 
 
      for (i1=1; i1<=n; i1++){ 
        for (j1=is2[myid2]; j1<=ie2[myid2]; j1++){ 
          BLAS_H[(j1-1)*n+i1-1] = C[i1][j1]; 
        } 
      } 

C → BLAS_H 

ko → EIGEN 

Diagonalization of X† * H * X (= H’)

・eigenvector of H’ = C’ → C 

・eigenvalue of H’ = ε → ko 

 
      /* the second transposition of S */ 
 
      /* 
      for (i1=1; i1<=n; i1++){ 
        for (j1=i1+1; j1<=n; j1++){ 
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          Ctmp1 = S[i1][j1]; 
          Ctmp2 = S[j1][i1]; 
          S[i1][j1] = Ctmp2; 
          S[j1][i1] = Ctmp1; 
        } 
      } 
      */ 
 
      /* C is distributed by row in each processor */ 
 
      /* 
      for (j1=is2[myid2]; j1<=ie2[myid2]; j1++){ 
        for (i1=1; i1<=n; i1++){ 
 
          sum  = 0.0; 
          sumi = 0.0; 
          for (l=1; l<=n; l++){ 
            sum  += S[i1][l].r*H[j1][l].r - S[i1][l].i*H[j1][l].i; 
            sumi += S[i1][l].r*H[j1][l].i + S[i1][l].i*H[j1][l].r; 
          } 
 
          C[j1][i1].r = sum; 
          C[j1][i1].i = sumi; 
        } 
      } 
      */ 
 
      /* note for BLAS, A[M*K] * B[K*N] = C[M*N] */ 
 
#pragma omp parallel shared(C,myid2,ie2,is2,BLAS_S,BLAS_H,BLAS_C,n) 
 private(OMPID,Nthrds,Nprocs,Ctmp1,Ctmp2,BM,BN,BK,ns,ne,i1,j1) 
      { 
 
        /* get info. on OpenMP */ 
 
        OMPID = omp_get_thread_num(); 
        Nthrds = omp_get_num_threads(); 
        Nprocs = omp_get_num_procs(); 
 
        ns = is2[myid2] + OMPID*(ie2[myid2]-is2[myid2]+1)/Nthrds; 
        ne = is2[myid2] + (OMPID+1)*(ie2[myid2]-is2[myid2]+1)/Nthrds - 1; 
 
        BM = n; 
        BN = ne - ns + 1; 
        BK = n; 
 
        Ctmp1.r = 1.0; 
        Ctmp1.i = 0.0; 
        Ctmp2.r = 0.0; 
        Ctmp2.i = 0.0; 
 
        F77_NAME(zgemm,ZGEMM)("N","N", &BM,&BN,&BK, 
                              &Ctmp1, 
                              BLAS_S, &BM, 
                              &BLAS_H[(ns-1)*n], &BK, 
                              &Ctmp2, 
                              &BLAS_C[(ns-1)*n], &BM); 
 
        for (j1=ns; j1<=ne; j1++){ 
          for (i1=1; i1<=n; i1++){ 
            C[j1][i1] = BLAS_C[(j1-1)*n+i1-1]; 
          } 
        } 

BLAS_C → C 

C = X * C’ = BLAS_S * BLAS_H 

→ BLAS_C  

 
      } /* #pragma omp parallel */ 
 
      /* broadcast C: 
       C is distributed by row in each processor 
      */ 
 
      dtime(&Stime0); 
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      BroadCast_ComplexMatrix(MPI_CommWD2[myworld2],C,n,is2,ie2,myid2,numprocs2, 
                              stat_send,request_send,request_recv); 
 
      /* C to H (transposition) 
         H consists of column vectors 
      */ 
 
      for (i1=1; i1<=MaxN; i1++){ 
        for (j1=1; j1<=n; j1++){ 
          H[j1][i1] = C[i1][j1]; 
        } 
      } 

C → H 

 
      dtime(&Etime0); 
      time51 += Etime0 - Stime0; 
 
    } /* if (all_knum==1) */ 
 
    dtime(&Etime); 
    time5 += Etime - Stime; 
 

  } /* kloop0 */ 


