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/* diagonalize S */

dtime (&Stime) ;

if (parallel mode==0) { .
EigenBand lapack(S,ko,n,1);

dtime (&Etime) ;
time2 += Etime - Stime;

if (SCF_iter==1 || all knum!=1) {

if (3<=level stdout) {

else if (SCF_iter==1 || all knum!=1) {
Eigen PHH(MPI CommWD2 [myworld2],S,ko,n,n,1);
}

Diagonalization of S matrix
eigenvector of S=U —» S

eigenvalue of S =s — ko

printf (" myid0=%2d spin=%2d kloop %2d k1 k2 k3 %10.6f %10.6f %10.6f¥n",

myid0, spin,kloop, T KGridsl [kloop], T KGrids2[kloop], T KGrids3 [kloopl) ;

for (il1=1; il<=n; il++){

printf (" Eigenvalues of OLP %2d %15.12f¥n",il,kol[il]);

}

/* minus eigenvalues to 1.0e-14 */

for (1=1; l<=n; 1++){
if (ko[l]<0.0) kol[l] = 1.0e-14;
koS [1l] = koll];

for (1=1; l<=n; 1l++) ko[l] = 1.0/sqgrt(kol[l]);

/* 8 * 1.0/sqrt(ko[1l]) */

/* calculate S*1/sqrt (ko) */ /;;Ei/////

s =ko™ 5 ko

#pragma omp parallel shared(BLAS S,ko,S,n) private (OMPID,Nthrds,Nprocs,il,j1)
{

/* get info. on OpenMP */

OMPID = omp_get thread num(
Nthrds
Nprocs

omp_get num_ procs (

Consruction of X matirix

) _
omp get num threads () ; X=U*s™=5%Kko S
)i S — BLAS_

S

for (i11=1+0OMPID; il<=n; il+=Nthrds) {
for (jl=1; jl<=n; jl++){

S[i1] [1].r = S[i1] [§1].r*ko[j1];
S[i1][j1].1 = S[i1][j1].i*ko[j1];

BLAS S[(j1-1)*n+il-1] = S[il] [j1];

} /¥ #pragma omp parallel */

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

1.0/sqgrt(ko[l]) * Ut * H * U * 1.0/sqgrt(ko[1])

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






145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216



217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
2568
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288



289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
3568
359
360

else

/* H * U * 1.0/sqrt(ko[1l]) */

/* 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, Ctmpl, Ctmp2, BM, BN, BK)

/* get info. on OpenMP */

OMPID = omp get thread num(

Introducing X (1)
H*X=H*S—>C

)
Nthrds = omp get num threads() ;
Nprocs = omp_get num procs() ;
BM = n;
BN = (OMPID+1)*n/Nthrds - (OMPID*n/Nthrds+1) + 1;
BK = n;
Ctmpl.r = 1.0;
Ctmpl.i = 0.0;
Ctmp2.r = 0.0;
Ctmp2.i = 0.0;
F77_NAME (zgemm, ZGEMM) ("N", "N", &BM, &BN, &BK,
&Ctmpl,
BLAS H, &BM,
&BLAS_S[(OMPID*n/NthrdS)*n], &BK,
&Ctmp2,
&BLAS_C[(OMPID*n/NthrdS)*n], &BM) ;
} /* #pragma omp parallel */
/* 1.0/sqgrt(ko[l]) * U+ H * U * 1.0/sqrt(ko[l]) */
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376 /* note for BLAS, A[M*K] * B[K*N] = C[M*N] */
377

378 #pragma omp parallel shared(H,BLAS S,BLAS H,BLAS C,n)
379 private (OMPID,Nthrds, Nprocs, Ctmpl, Ctmp2,BM,BN,BK,11,j1)
380

381

382 /* get info. on OpenMP */

383

384 OMPID = omp get thread num() ;

385 Nthrds = omp get num threads();

386 Nprocs = omp_get num procs () ;

387

388 BM

389 BN = (OMPID+1)*n/Nthrds - (OMPID*n/Nthrds+1l) + 1; Introducing X (2)
gg(l) BK = n; X'* (H*X)=BLAS_S"*BLAS C

392 Ctmpl.

n;

—H

393 Ctmpl.
394 Ctmp2.
395 Ctmp2 .
396
397 F77 NAME (zgemm, ZGEMM) ("C", "N", &BM, &BN, &BK,

398 &Ctmpl,

399 BLAS S, &BM,

400 &BLAS C[(OMPID*n/Nthrds) *n], &BK,
401 &Ctmp2,

402 &BLAS H[ (OMPID*n/Nthrds)*n], &BM) ;
403
404 for (jl=(OMPID*n/Nthrds+1); jl<=(OMPID+1)*n/Nthrds; jl++)
405 for (il=1; il<=n; il++){

406 H([j1] [11] = BLAS HI[(jl1-1)*n+il-1];

407
408 }
409
410 } /* #pragma omp parallel */
411

412 } /* else */

413

414 /* H to C (transposition) */ H—->C

415

416 for (il=1; il<=n; il++){
417 for (j1=1; jl<=n; jil++){
418 } CI51] [11] = HI[i1] [91];

419
420 }
421
422 /* penalty for ill-conditioning states */
423

424 EV_cut0 = Threshold OLP Eigen;

425

426 for (il=1; il<=n; il++){

427
428 if (koS[il]<EV_cuto0) {

429 C[i1] [11] .r += pow((koS[il]/EV cut0),-2.0) - 1.0;
430
431

432 /* cutoff the interaction between the ill-conditioned state */

oOoor
[eNeoNeoNe)

R PR

y




433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
4717
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504

if (1.0e+3<C[i1][i1].x){
for (j1=1; jl<=n; jil++){
C[i1] [jJ1] = Complex(0.0,0.0);
C[j1] [11] = Complex(0.0,0.0);

C[1i1] [1i1] .xr = 1.0e+4;

} Diagonalization of X' * H * X (= H’)

dtime (&Etime) ; _ - eigenvectorof H’=C’ > C
time3d += Etime - Stime;

+ eigenvalue of H’ = ¢ — ko

/* diagonalize H' */
dtime (&Stime) ; ;;;;Ef://////'

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;

ko — EIGEN

for (1l=1; l<=MaxN; 1++){
EIGEN [spin] [kloop] [1] = kol[l]; “45;:15221////,
}

if (3<=level stdout && O<=kloop) {
printf (" myid0=%2d spin=%2d kloop %i, k1 k2 k3 %10.6f %10.6f %10.6f¥n",
myid0, spin, kloop,T KGridsl[kloop], T KGrids2[kloop],T KGrids3 [kloopl]) ;
for (il=1; il<=n; il++){
if (SpinP_switch==0)
printf (" Eigenvalues of Kohn-Sham %2d %15.12f %15.12f¥n",
i1,EIGEN[O0] [kloop] [i1] ,EIGEN[O0] [kloop] [11]) ;
else
printf (" Eigenvalues of Kohn-Sham %2d %15.12f %15.12f¥n",
} i1,EIGEN[O0] [kloop] [i1] ,EIGEN[1] [kloop] [11]) ;
}

/* calculation of wave functions */
dtime (&Stime) ;
if (all knum==1) {

/* The H matrix is distributed by row */

C — BLAS_H

for (il=1; il<=n; il++)
for (jl=is2[myid2]; jl<=ie2[myid2]; ji++){

BLAS H[(§1-1)*n+i1-1] = C[il] [§1];
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/* 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, Ctmpl, Ctmp2,BM,BN,BK,ns,ne,il,j1)

/* get info. on OpenMP */

+ OMPID* (ie2 [myid2] -is2 [myid2]+1) /Nthrds;

ig2 [myid2] + (OMPID+1)* (ie2[myid2]-is2[myid2]+1)/Nthrds - 1;

OMPID = omp_get thread num() ;
Nthrds omp_get num threads() ;
Nprocs omp_get num procs () ;
ns = is2[myid2]

ne =

BM = n;

BN = ne - ns + 1;

BK = n;

Ctmpl.r = 1.0;

Ctmpl.i = 0.0;

Ctmp2.r = 0.0;

Ctmp2.i = 0.0;

C=X*C’=BLAS S*BLAS H
— BLAS C

F77_ NAME (zgemm, ZGEMM) ("N", "N",

&Ctmpl,

BLAS S, &BM,
&BLAS H[ (ns-1)*nl,
&Ctmp2,

&BLAS C[(ns-1) *n],

&BM, &BN, &BK,

&BK,

&BM) ;

}

for (jl=ns; jl<=ne; jl++){
for (il=1; il<=n; il++){
Clj11[4i1]

= BLAS C[(§1-1)*n+il-1];

BLAS C—C

/

} /* #pragma omp parallel */

/* broadcast C:
C is distributed by row in each processor

*/

dtime (&Stime0) ;



577 BroadCast ComplexMatrix (MPI_CommWD2 [myworld2],C,n,is2,ie2,myid2, numprocs2,

578 stat_send, request_send, request_recv) ;
579

580 /* C to H (transposition)

581 H consists of column vectors

582 */ C—o>H
583

584 for (il=1; il<=MaxN; il++) {

585 for (j1=1; jl<=n; jil++){

586 H[§1] [i1] = C[il][§1];

587

588 }

589

590 dtime (&Etime0) ;

591 time51 += EtimeO - Stimeo0;

592

593 } /* 1if (all _knum==1) */

594

595 dtime (&Etime) ;

596 time5 += Etime - Stime;

597

598 } /* kloopO */



