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! CGV/ skel / cgv_02. F90

RN RN RN N RN RN NN N RN RN RN RN RN RN RN RN RN RN
| |
! This file has been witten as a sanple solution to an !
! exercise in a course given at the H gh Perfornmance !
! Conputing Centre Stuttgart (HLRS). !
' It 1s made freely available with the understanding that !
! every copy of this file nust include this header and that !
I HLRS takes no responsibility for the use of the enclosed !
! teaching material. !
| |
! Authors: Dr. Rolf Rabenseifner !
! St ephan Schei derer !
| |
| |
| |
|

Cont act: rabenseifner@lrs. de

1 >5555555555555>>>>>>>> hegin of task 00 <<<<<<<<K<LKLKLLKLKLLLLLLLL
PROGRAM cgv_fortran
#i fndef serial
I NCLUDE ' mpif.h’
#endi f

| *xx*xxxxx*xxxxxxxx%* decl| arati ons and g| obal data ****x*xxxkkkxxk

ix

omai n deconposition

! -—— options: --—-—
INTEGER :: mn ! size of the physical -heat matrix without borders
! nmrvertical, n=horizontal
I NTEGER :: iter_max I maxi mal nunber of iterations in CG
REAL :: epsilon ' Limt for sqr( || residual vector || )
INTEGER :: print_level ! print_level = 1: Only result-error and partial result matr
! = 2: and residual normafter each iteration
! = 3: and result physical -heat matrix
! = 4: and all vector and halo data in first iteration
! =5 and all vector and halo data in _all_ iterations
I NTEGER :: deconp_dins ! dinensins of the donain deconposition
INTEGER :: mprocs, n_procs ! nunber of processes in both directions of the 2-dimd
INTEGER :: nprt, nprt ! nunber of rows and col ums when printing the partial

! global structures and data:

#i f ndef serial
INTEGER :: ierror, conmcart
DOUBLE PRECI SION :: commtine_start=0, commtine_end=0, commti me_sunx0
#endi f
I NTEGER :: nunprocs, ny_rank
REAL :: flops

size of the physical area this process is about to calculate

chunksi ze : nunber of data entries in the local chunk PLUS hal o data

|

I start_i : start row

I endl_i :end row + 1

I start_j : start colum

I endl_j : end colum + 1

! rowsize : nunber of data entries in a row of the Iocal chunk
! (endl_j - start_j)

! colsize : nunber of data entries in a colum of the local chunk
! (endl_i - start_i)

|

|

! ((rowsize + 2) * (colsize + 2))
INTEGER :: start_i, endl_i, start_j, endl_j, rowsize, colsize, chunksize

I SIDX (Serial InDeX): conputes the serial index of a two-di nensional array
! input: i = 0...(colsize + 1) and j = 0...(rowsize + 1)

! output: SIDXin O0..((colsize + 2) * (rowsize + 2) - 1)

#define SIDX(i, j) ((rowsize + 2) * (i) + (j))

! -—— data structures ——
! halo structure

TYPE hal o_struct
REAL, DI MENSION(:), PONTER :: north

| NTEGER :: north_rank
| NTEGER :: north_size
REAL, DI MENSION(:), PO NTER :: east
| NTEGER :: east_rank
| NTEGER 11 east_size
REAL, DI MENSION(:), PO NTER :: south
| NTEGER 11 south_rank
| NTEGER ;1 south_size
REAL, DI MENSION(:), PO NTER :: west
| NTEGER : west_rank
| NTEGER 1 west_size
END TYPE hal o_struct
TYPE(hal o_struct) :: halo

! needed gl obal vectors

REAL, DI MENSI ON(:), ALLOCATABLE :: x, b

! needed send and receive scratch buffers

REAL, DI MENSI ON(:), ALLOCATABLE :: recv_scratch_buff_east, recv_scratch_buff_west,
& recv_scratch_buff_north, recv_scratch_buff_south

I SS55555555555555>>5>>> —end— of task 00 <<<<<<<<<<<L<<LLLLLLLL LKL

result matrix
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1 >>>>>>55555555>>>>>>>> hegin of task 08 <<<<<<<<<<<L<LLLLLLL<L<<

| Xk kkkxkkkkkkkkkkkxkxkxx% pin program kkkkhkhkhkkhhkhkkhhkkhhhkkkhkk

| NTEGER oonumiter

REAL rronormr, normerr, maxnormerr

REAL, DI MENSI ON(:), ALLOCATABLE :: u, e

REAL ;1 time_start_cpu, time_end_cpu, tine_elapsed_cpu

#i f ndef seri al
DOUBLE PRECI SION :: tine_start=0, tinme_end=0
INTEGER :: dims(0:1)
I NTEGER :: percentage
#endi f
REAL :: nflops = 0, global _nflops = 0, tine_el apsed, global_nflops_cpu

#i fdef serial

#i fndef serial
CALL MPI_INIT(ierror)
CALL MPI_COMM_SIZE( MPI _COW WORLD, nunprocs, ierror)
CALL MPI_COMM_RANK(MPI _COVWM WORLD, ny_rank, ierror)
#endi f

—h

lops =0

=3
o
INFN7)

iter_max = 500
epsilon = 1e-6
print_level =
deconp_di ms =
mprt = 11
nprt = 11
m _procs=1
n_procs=1

1
1

di ms(1)

m procs = d
n_procs = di
#endi f

! Parse comrand |ine options
CALL read_options()

! Init the donai n deconposition

CALL Init_Decomp()

IF (print_level >= 1) THEN
CALL print_decomp()

END | F

! reserve chunk of vector b and assign border data
ALLOCATE( b( 0: chunksi ze-1))
b=0

CALL Init_Boundary_Vec(b)

I'F (print_level >=4) THEN
CALL print_vec(' b, b)
END | F

! x is initialized with zeros
ALLOCATE( x( 0: chunksi ze-1))
x =0

#i f ndef serial
time_start = MPl _WII ME()
#endi f
CALL CPU_TIME(tine_start_cpu)

CALL CG_solve(num.iter, normr)

#i f ndef seri al

time_end = MPl _WII ME()

time_elapsed = time_end - tinme_start

nflops = flops / (1000000 * tinme_el apsed)

CALL MPI_REDUCE(nfl ops, global _nflops, 1, MPI_REAL, MPI_SUM 0, commcart,
#endi f

CALL CPU_TIME(ti me_end_cpu)

time_el apsed_cpu = tine_end_cpu - tinme_start_cpu

gl obal _nfl ops_cpu = flops / (1000000 * time_el apsed_cpu)
#i f ndef seri al

gl obal _nfl ops_cpu = gl obal _nfl ops
#endi f

ALLOCATE( u( 0: chunksi ze-1))

u=2~0

ALLOCATE( e( 0: chunksi ze-1))

e=0

CALL Init_Exact_Solution_vec(u)

! =u - X

CALL add_vec_vec(u, -1.0, x, e)
normerr = SQRT(sqr_normyvec(e))
maxnormerr = max_normyvec(e)

I'F (print_level >=3) THEN

ierror)
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CALL print_vec2d(’ x’
END | F

195 , X, mn)
196
197
198

I'F (my_rank==0) THEN

199 WRI TE(*, " (A, 15 A, E82 A, E82) ) 'main:’, num.iter, ’ iterations sgrt(eps)=', SQRT(epsilon), &

200 &, normalized: ’ , SQ?T(epS| | on/(n*nj)

201 WRI TE(*,’ (A,E82,A,E82) ) 'main: Irll =", normr, ', normalized:’, normr/SQRT(REAL (n*m))

202 WRI TE(*,’ (A,E82,A,E82) ) 'main: |lerror||=", normerr, ', normalized:’, normerr/SQRT(REAL (n*m))
203 WRI TE(*,’ (A,E82,A,E82) ) 'main: max(error)— , mexnormerr, ’ =normalized: ', maxnorm.err

204 WRI TE(*, " (A, 1,A,I,A1)) ' main: n*m="' n, * =’ n*m

205 WRI TE(*,’ (A,E82,A) ) 'main: T,otime_ el apsed_ cpu ' sec(exec time CPU_TIME)’

206 #ifndef serial

207 WRI TE(*,’ (A,E82,A) ) ' main: ', time_el apsed, ' sec(exec.timeMPI_WTIME)'

208 WRI TE(*,’ (A,E82,A) ) ’''main: ', commtine_sum ' sec(comm.time)

percentage = commti me_ sum* 100.0 / tine_el apsed
VIRI TE(*, 7 (A, 12,A) ) ’ main: ratio (comm. time) / (exec. time): * ,

21 #endi f

212 WRI TE(*,’ (A,F82) ) ' Calculated MFLOPS (avg) CPU_TIME: ', gl obal _nfl ops_cpu / nunprocs
213 WRI TE(*,’ (A,F82) ) ' Calculated MFLOPS (all) CPU_TIME: ', gl obal _nfl ops_cpu

24 #i fndef serial

215 WRI TE(*,’ (A,F82) ) ' Calculated MFLOPS (avg) MPI_WTIME: *, gl obal _nflops / nunprocs
216 WRI TE(*, ' (A,F8.2)' ) ' Calculated MFLOPS (all) MPI_WTIME: ', gl obal _nfl ops

217 #endi f

218 END | F

219

220 I'F (print_level >=1) THEN

221 CALL print_vec2d(’ X', x, nprt, nprt)

222 END | F

#i f ndef seri al
CALL MPI_FINALIZE(i error)
#endi f

28 | beginning of the subroutine part
CONTAI NS

khkhkhkkhhhhkkhhhkhhhkkhkhk nenory nﬁnagenent khkhkhkkhkhhhkkhhhkkhhhkhkkkhkhk

231 |
SUBROUTI NE abrt
#i f ndef seri al

CALL MPI_ABORT( MPI _
#endi f

STOP
END SUBROUTI NE abrt

COW WORLD, -1, ierror)

240 | FExFkkxxkkkxkkkxXkxxx% conmandl i ne Options Khkkhkhkkhkhhkhkkhhhkkkhh*

SUBROUTI NE read_options()

243 INTEGER :: optid = 1! start at first optional argunent
244 I NTEGER :: argc

245 LOG CAL :: err_detected = . FALSE.

246 CHARACTER( | en=255) arg

247 argc = iargc()

248 IF ( my_rank == 0 ) THEN

DO WHI LE( optid <= argc )
CALL getarg(opu d, ar g)
IF (arg =="'-m') T
optld = optid + 1
CALL getarg(opt|d arg)
READ (arg, *)
I F (nx=0) THEN

256 err_detected = . TRUE.
257 EXIT

258 END | F

250 ELSE IF (arg == '-n’) THEN
260 optid = optid + 1

261 CALL getarg(optid, arg)

262 READ (arg, *) n

263 I F (n<=0) THEN

264 err_detected = . TRUE.
265 EXIT

266 ENDI F

267 ELSE | F (arg == ' -imax’) THEN

optid = optid + 1

CALL getarg(optid, arg)
READ (arg, *) iter_max
IF (iter_max<=0) THEN

272 err_detected = . TRUE.
273 EXI T

274 ENDI F

275 ELSE IF (arg == ' -eps’) THEN

optid = optid + 1
CALL getarg(optid, arg)
READ (arg, *) epsilon
I F (epsil on<=0) THEN

280 err_detected = . TRUE.
281 EXIT

282 END I F

283 ELSE I F (arg == ' -prtlev’) THEN
284 optid = optid + 1

285 CALL getarg(optid, arg)

286 READ (arg, *) print_|evel
287 I'F (print_level <0) THEN
288 err_detected = . TRUE.
289 EXIT

290 END I F

201 ELSE I F (arg == ' -twodims ) THEN

per cent age,

" 0
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292
293
294
295
296

331

340
341
342
343

deconp_dins = 2

ELSE IF (arg == ' —-mprocs ) THEN
optid = optid + 1
CALL getarg(optid, arg)

READ (arg,

*) m_procs

I F (m_procs<=0) THEN
err_detected = . TRUE.
EXIT

END | F

ELSE IF (arg == ' -nprocs ) THEN
optid = optid + 1
CALL getarg(optid, arg)

READ (arg,

*) n_procs

I'F (n_procs<=0) THEN
err_detected = . TRUE.

EXIT
END | F
ELSE
err_detected = . TRUE
EXIT
END | F
optid = optid + 1
END DO
IF (err_detected) THEN
WRI TE(*, *) ’ unknown command lineoption:*, arg
WRI TE(*, *) ’ Synopsis: mpirun —np <number of processes> ./cg_all <options>’'
WRI TE(*, *) ’ with options[defaults]:’
WRI TE(*, *) ' —m<number of rowsin physical area of the L aplace equation> [4]’
WRI TE(*, *) ' —n <number of columnsin physical area of the L aplace equation [4]’
WRI TE(*, *) * -imax <maximal number of iterations> [500]'
WRI TE(*, *) ' -—eps <epsion>[le-6]’
WRI TE(*, *) ' -—prtlev <print and debug level 0..5> [1]’
WRI TE(*, *) ' -twodims[only one-dimensional domain decomposition (DD)]’
WRI TE(*, *) * —mprocs<horizontal number of processesin 2-dim DD’
WRI TE(*, *) * -nprocs<vertical number of processesin 2—-dim DD’
WRI TE(*, *) '’
CALL abrt
END | F
END | F
#i f ndef seri al
CALL MPI_BCAST(m 1, MPI_I NTEGER, 0, MPI _COW WORLD, i
CALL MPI_BCAST(n, 1, MPI_I NTEGER, 0, MPI_COW WORLD, i
CALL MPI_BCAST(i ter_max, 1, MPI_I NTEGER, 0, MPI_COW WORLD, i
CALL MPI_BCAST(epsilon, 1, MPI_REAL, 0, MPI_COW WORLD, i
CALL MPI_BCAST(print_level,1, Ml _INTEGER 0, MPI_COW WORLD, i
CALL MPI_BCAST(deconp_dins, 1, Ml _|I NTEGER 0, MPI_COW WORLD, i
CALL MPI_BCAST(m procs, 1, MPI_I NTEGER, 0, MPI_COW WORLD, i
dC}ALL MPI_BCAST(n_procs, 1, MPI_I NTEGER, 0, MPI_COW WORLD, i
#endi

END SUBROUTI NE read_options

1 >5555555555555>5>5>>>>> —end- of task 08 <<<<<<<<<<<<<L<<LL<LLLLL<L

error);
error);
error);
error);
error);
error);
error);
error);
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344 1 S>>>>>5SS55S5555>>>>>>> hegin of task 01 <<<<<<<K<KKLKLKLKLKLKLKLKLLLLL<L
zzz | LR EEE R EEEEEEEEEEEEEEES] VeCt Or routl nes IR R R R R EEEEEEEEEEEEEEEEESE]
347
3 |
u9 | add_vec_vec
sso0 ! IN REAL(0:) vi : vector 1
st ! IN REAL lanbda : factor |anbda
ss2 | IN REAL(0:) v2 © vector 2
s | OUT REAL(O0:) v3 : vector 3
35a |
35 | RETURNS:
356 | -
357 |
38 | TASK:
3s9 | cal cul ate: v3 := vl + lanbda * v2
360 !
361 | GLOBAL DATA:
32 | I'N I NTEGER rowsi ze : nunber of data entries in a row of the local chunk
363 ! I'N I NTEGER col size : nunber of data entries in a colum of the local chunk
364 ! I N OQUT REAL flops amount of FLOPS
365 |
s | USED FUNCTI ONS:
367 | -
ses SUBROUTI NE add_vec_vec(v1, |anbda, v2, v3)
369 REAL, DI MENSION(O0:), INTENT(IN) :: vl
370 REAL, | NTENT(IN) ::  lanbda
371 REAL, DI MENSION(O0:), INTENT(IN) :: wv2
372 REAL, DI MENSION(0:), INTENT(OUT) :: v3
373 | NTEGER NN
374
375 ! addition of two vectors, second vector is nultiplied by a scalar
376 DOi = (rowsize + 2), ((rowsize + 2) * (colsize + 1)) -1
377 v3(i) = vi(i) + lanbda * v2(i);
378 END DO
379
380 ! for the MFLOPS cal cul ation
381 flops = flops + (rowsize + 2) * colsize * 2
ss2 END SUBROUTI NE add_vec_vec
383
sgs |
sss | dot_product_vec_vec
s ! IN REAL(O:) vl vector 1
37 ! IN REAL(O:) v2 vector 2
sss |
ss9 |  RETURNS:
300 ! REAL: dot product
s01 |
392 | TASK:
303 ! cal cul ate dot product for vector 1 and vector 2
304 |
395 | GLOBAL DATA:
306 ! I'N | NTEGER rowsi ze : nunber of data entries in a row of the |ocal chunk
307 | I'N I NTEGER col size : nunber of data entries in a colum of the local chunk
308 ! I N OUT REAL flops : ampunt of FLOPS
399 !
40 ! USED FUNCTI ONS:
q01 ! APPL:
402 ! -
403 ! MPI
404 ! MPI _Al' | reduce
405 REAL FUNCTI ON dot_product_vec_vec(vl, v2)
406 REAL, DI MENSION(O0:), INTENT(IN) :: vi
407 REAL, DI MENSION(O:), INTENT(IN) :: v2
408
409 I NTEGER :: i
410 REAL sum gl obal _sum
411
412 ! sum = dot product of vectors
213 sum= 0
414 DOi = (rowsize + 2),((rowsize + 2) * (colsize + 1)) -1
415 sum = sum + v1(i) * v2(i)
416 END DO
417
a8 ! global sum
a9 #ifdef serial
420 gl obal _sum = sum
w21 #endi f
422 #ifndef serial
423 comtine_start = MPI _WIT ME()
422 101! CALL MPI _ALLREDUCE(sum gl obal _sum 1, MPI_REAL, MPI_SUM comnmcart, ierror)
425 comtinme_end = MPI _WI'I ME()
426 commti me_sum = commtime_sum + comtine_end - commtinme_start
427 flops = flops + 1
w28 #endi f
429
430 ! for the MFLOPS cal cul ation
431 flops = flops + (rowsize + 2) * colsize * 2
432
433 dot _product _vec_vec = gl obal _sum
43¢ END FUNCTI ON dot_product_vec_vec
435
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436
437
438
439
440
441
442
443
444

]
! max_normvec
|
|
|
|
|
|
|

425 |
|
|
|
|
|
|
|
|
|

IN REAL(O0:) vl : vector 1

RETURNS:
REAL: maxi mum norm

TASK:
cal cul ate (vector maxi mumnorm) for vector 1

GLOBAL DATA:
I'N I NTEGER rowsi ze : nunber of data entries in a row of the |local chunk
I N I NTEGER col size : nunber of data entries in a colum of the |ocal chunk

USED FUNCTI ONS:
APPL:
MPl
MPI _ALLREDUCE
455 REAL FUNCTI ON max_norm_vec(v1l)

456 REAL, DI MENSION(O:), INTENT(IN) :: vi

457

458 I NTEGER :: i

459 REAL :: global _max =0

460 ! maxabs = maxi mum norm of the |ocal vector
461 REAL :: maxabs = 0

42 101'DOi = (rowsize + 2), ((rowsize + 2) * (colsize + 1)) -1
463 101! IF ( vl(i) > maxabs) THEN

464 101! maxabs = Vv1(i)

45 101! END | F

466 1 01! IF (-v1(i) > maxabs) THEN

467 101! maxabs = -v1(i)

48 ! 01! END | F

40 ! 01! END DO

an ! gl obal nmaxi num
a2 #i fdef serial
473 101! gl obal _nax = nmaxabs

474 #endi f

a5 #i fndef serial

476 commtinme_start = MPI_WII ME()

477 101! CALL MPI _ALLREDUCE( maxabs, gl obal max, 1, MPI_REAL, MPlI_MAX, commcart, ierror)
478 comtime_end = MPI _WII ME()

479 comti me_sum = comtinme_sum + comtine_end - commtine_start

40 #Hendi f

481 ! no flops added, because we have only assignments and no operations

452 1 01! max_normvec = gl obal _max
483 END FUNCTI ON max_norm_vec

sqr_norm vec
IN REAL(O0:) vl : vector 1

!
!
!
!
489 | RETURNS:
a0 ! REAL: square of norm
491 |
492 1 TASK:
493 ! cal cul ate global (vector norm Euklid)”~2 for vector 1
494 |
45 | GLOBAL DATA:
296 ! I'N | NTEGER rowsi ze : nunber of data entries in a row of the local chunk
297 | I'N I NTEGER col size : nunber of data entries in a colum of the local chunk
408 | I N QUT REAL flops : armount of FLOPS
499 !
so0 | USED FUNCTI ONS:
so1 ! APPL:
s02 ! -
503 | MPI
!

MPI _ALLREDUCE
sos REAL FUNCTI ON sqr_norm_vec(v1)

506 REAL, DI MENSION(O:), INTENT(IN) :: vi1

507

508 I NTEGER :: i

500 REAL :: sum gl obal _sum

510

511 ! sum = dot product of vector

512 101llsum= 0

si3 101!DO i = (rowsize + 2), ((rowsize + 2) * (colsize + 1)) -1
s14 1 01! sum = sum + v1(i) * vi(i)

si5 1 01! END DO

517 ! global sum
si8 #i fdef serial
s19 1 01! gl obal _sum = sum

s20 #Hendi f

s21 #i fndef serial

522 comtine_start = MPI _WII ME()

s23 1 01! CALL MPI _Al | reduce(sum gl obal _sum 1, MPI_REAL, MPI_SUM commcart, ierror)
524 comtinme_end = MPI _WII ME()

525 commti ne_sum = comtime_sum + comtine_end - commtine_start

526 flops = flops + 1

s27 #endi f

528 ! for the MFLOPS cal cul ation

529 flops = flops + (rowsize + 2) * colsize * 2

ss0 1 01!sqr_normyvec = gl obal _sum
s31 END FUNCTI ON sqr_norm_vec
532 | >S>>>55>5555555555>>>>>> —end- of task 01 << <<<L<<

6/17 Freitag MA€rz 10, 2006



Gedruckt von Rolf Rabenseifne

MAEr 10, 06 13:49 cgv_02.F90 Seite 7/17
533 | S>>>>>>>>555555>>>>>>> hegin of task 02 <<<<<<<<<<<LLLLLLLLL<<
Zz: !*********************** hal 0 l'OUtI nes IR EE R R EEEEEEEEEEEEEEEEESS
536
ss7  #i fndef seri al
538 |
s !l nit_Hal o_Struct
540 !
sa1 | TASK:
sa2 | Initialize the halo structure.
543 |
sa2 | GLOBAL DATA:
545 | I N I NTEGER rowsi ze : nunber of data entries in a row of the |local chunk
546 | I N I NTEGER col size : nunber of data entries in a colum of the local chunk
547 | I N QUT hal o_structure halo : the halo
548 | OUT REAL(O:) recv_scratch_buff_north : receive buffer for north halo
549 | QUT REAL(O:) recv_scratch_buff_east : receive buffer for east halo
ss0 | OUT REAL(0:) recv_scratch_buff _south : receive buffer for south halo
ss1 | OUT REAL(0:) recv_scratch_buff_west : receive buffer for west halo
ss2 | USED FUNCTI ONS:
553 | APPL
554 |
555 | I\/Pl
556 | MPI _CART_SHI FT
557 SUBROUTI NE Init_Halo_Struct(v1)
558 REAL, DI MENSI ON(0:), TARGET :: vl
559 | NTEGER :: maxScrat chBuf f Si ze
560
561 ! allocate sufficient menory for the send scratch buffer
562 I'F (rowsize > col size) THEN
563 maxScr at chBuf f Si ze = rowsi ze
564 ELSE
565 maxScr at chBuf f Si ze = col si ze
566 END | F
567 ! allocate sufficient nenory for the receive scratch buffer for the halo
568 ALLOCATE(recv_scratch_buff_north(0: maxScr at chBuf f Si ze-1))
569 ALLOCATE(r ecv_scrat ch_buff _east (0: maxScr at chBuf f Si ze-1))
570 ALLOCATE(r ecv_scrat ch_buf f_sout h(0: maxScr at chBuf f Si ze-1) )
571 ALLOCATE(recv_scrat ch_buff_west (0: maxScr at chBuf f Si ze-1))
572
573 ! deternine neighbors (1-dimand 2-di ns)
574 hal o%orth => vl(l rowsi ze)
575 hal o%orth_size = rowsi ze
576 hal o%sout h => vl((rowsize + 2) * (colsize + 1) + l:(rowsize + 2) * (colsize + 1) + rowsize)
577 hal o%out h_si ze = rowsi ze
578 ! conpute north_r ank and sout h_rank
579 CALL MPI_CART_SHIFT(comm cart, 0, 1, hal o%orth_rank, hal o%south_rank, ierror)
580
581 hal 0%west => vi((rowsize + 2):(colsize * (rowsize + 2)):(rowsize + 2))
582 hal 0%\est _si ze = col si ze
583 hal o%ast => vi((rowsize + 2) * 2 — 1:((colsize + 1) * (rowsize + 2) - 1):(rowsize + 2))
584 hal 0% ast _si ze = col si ze
585 I conpute west_rank and east_rank
ss6 | 02!
ss7  END SUBROUTI NE Init_Halo_Struct
588
ss9 | hal o conmunication: e.g. FROM WEST_TO EAST
500 !
st ! halo is included in the |ocal vector chunk
|
:Zz 1 EEEEEREEREEEEREEEEEEREESEEEEEES] EEEEREEEEEEEEEEEEEEEEEEREEESE]
so4 | ¥ NORTH HALO----- * ¥ NORTH HALO----- *
505 | *W******************** E* *W******************** E~k
596 | *E * ~k| * A* *E * * A*
so7 | *S * WEST PROCESS  *———————————— > * EAST PROCESS * S*
598 1 *T * *l* T* *T * * T*
599 1 * * * | * * * * * *
600 1 *H LR EEEEEEEEEEEEEEEEEEYS l_rk *H ER R R R R EEEEEEEEEEEEE] '_rk
601 ! ¥ SOUTH HALO----- * ¥ SOUTH HALO----- *
602 1 IR E R R R EEEEEEEEEEEEEEEEEESE] EEEEEEEEEEEEEEEEREEEEEEESEE]
603
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604
605
606
607
608

659

661
662

665

698

700

SUBROUTI NE comm_vec_halo(v1)

102!
102!

102!
102!

102!
102!

102!
102!
102!

102!
102!
102!

102!
102!
102!

102!

102!
102!
102!
102!

comm vec_hal o
IN REAL(O0:) vi1: the vector with the data to send to other processes

TASK:
Send neccessary data to the neighbors
and receive the needed data fromthe neighbors into
the halo area.

USED GLOBAL DATA:
I N OQUT hal o_structure halo : the halo

I'N I NTEGER rowsi ze : nunber of data entries in a row of the |ocal chunk
I'N I NTEGER col size : nunber of data entries in a colum of the local chunk
OQUT REAL(O:) recv_scratch_buff_north : receive buffer for north halo

QUT REAL(O:) recv_scratch_buff_east : receive buffer for east halo

OUT REAL(O:) recv_scratch_buff_south : receive buffer for south halo

OUT REAL(O:) recv_scratch_buff_west : receive buffer for west halo

USED FUNCTI ONS:
MPI
MPI _I RECV, MPI _SEND, MPI _WAI TALL
message tags for the different communication directions

REAL, DI MENSION(O:), INTENT(IN), TARGET :: vl
I NTEGER :: i

INTEGER :: req_array(4)
I NTEGER :: status_array(MPl _STATUS_SI ZE, 4)
I NTECER :: TAG FROM NORTH TO SOUTH = 101

I NTEGER :: TAG FROM EAST TO WEST = 102
I NTEGER :: TAG FROM SOUTH TO NORTH = 103
I NTEGER :: TAG FROM WEST_TO EAST = 104

REAL, DI MENSION(:), PO NTER :: send_to_east_val ues
REAL, DI MENSION(:), PO NTER :: send_to_west_val ues
REAL, DI MENSION(:), PO NTER :: send_to_north_val ues
REAL, DI MENSION(:), PO NTER :: send_to_south_val ues

! make a non-bl ocki ng receive

! Receive halo (non blocking). If current rank has no nei ghbors,
! the neighbor rank is MPI_PROC NULL and nothing is sent.

I ATTENTI ON\:

' It is NOT allowed to use pointers or strided arrays in NON-bl ocki ng send/receive routines,
! because the nenory MAY NOT be contiguous. One nust use a contiguous scratch buffer

! for sending and receiving, if the menory is not contiguous or a pointer to an array.

! receive north halo

CALL MPI_IRECV(recv_scratch_buff_north, hal o%orth_size, MI_REAL, hal o%orth_rank, &
& TAG _FROM NORTH TO SQUTH, commcart, req_array(1l), ierror)

! receive east halo

! receive south halo

! receive west halo

! send to north neighbor (bl ocking)

send_to_north_values => v1(SIDX(1, 1):SIDX(colsize, 1):1)

CALL MPI_SEND(send_to_north_val ues, hal o%orth_size, MPI_REAL, hal o%orth_rank, &
& TAG FROM SOUTH TO NORTH, comm cart, ierror)

! send to east neighbor (bl ocking)

! send to south neighbor (bl ocking)
! send to west neighbor (bl ocking)
! wait for all halo info
! copy the received halo fromthe scratch buff into the real halo
! ATTENTION: pointers always start with the index 1!!!
I'F (hal o%orth_rank /= MPI _PROC_NULL) THEN

DOi =0, halo%orth_size - 1

hal o%orth(i+1) = recv_scratch_buff_north(i)

END DO

END | F

8/17
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01 102! _

702 102!

703 102!

704 102!

705 102! .

06 102! _ _

707 102!

708 102!

700 102!

70 102! .

1 102! _ _

712 END SUBROUTI NE comm_vec_halo

713 #endi f

714

715 | S>>555555555555555>>>> —end- of task 02 <<<<<<<<<<<<L<L<L<LLL<L<L<L<L

716 | SS>>>>>555555555>>>>>> hegin of task 03 <<<<<<<<<LLLLLLLLLL<K

;1; !********************** rratrlx_vector_rmltlply EEE SRS EE SR EEEEEEEEEEEEEEEEEE]

719

720 !

721 ! mult_A vec

722 | IN REAL(0:) vl : vector to multiply Awth

723 | QUT REAL(O0:) v2 : output vector

724 |

725 | TASK: Cal cul ates matrix vector product v2 = A * vl

726 !

727 | USED GLOBAL DATA:

728 | I'N | NTEGER rowsi ze: nunber of data entries in a row of the |ocal chunk

729 | I'N I NTEGER col si ze: nunber of data entries in a colum of the |local chunk

730 | I N OQUT REAL flops armount of FLOPS

731 |

732 | USED FUNCTI ONS:

733 | -

73¢  SUBROUTI NE mult_A_vec(vl, v2)

735 REAL, DI MENSION(O:), INTENT(IN :: vl

736 REAL, DII\/ENSIO\I(O), I NTENT(QUT) :: v2

737 I NTEGER : : i ,

738

739 #i fdef FASTMEMXS

740 I NTEGER :: k, calcend

741 #endi f

;jz !**************************************************************************

744 I'* Matrix-Vector mult. w thout distinction of border/halo nei ghbored data *

745 !**************************************************************************

746

747 #i f def FASTMVEMXS

748 ' mul ti pl ication only for the inner val ues

749 calcend = (colsize +1) -2 -1

750 I F (MODULQ( cal cend, 2) == 0) THEN

751 calcend = calcend - 1

752 END | F

753 DOi =1, calcend, 2

754 DOj =1, (rOWSIZE+l) -1

755 v2(SIDX(i, j)) = -1 * v1(SIDX((i —1) i)) &

756 & - 1 * vi(SIDX(i, (j 1)) &

757 & + 4 * vI(SIDX(i, j)) &

758 & - 1 * vi(SIDX(i, (J +1))) &

759 &—1*v1(SIDX((| + 1), 1))

760 v2(SIDX(i + 1, j)) = -1 * vi(SIDX((i -1 + 1)

761 & — 1 * vI(SIDX((i + 1), (j 1

762 &+ 4 * vI(SIDX((i + 1), j)) &

763 & - 1 * vI(SIDX((i + 1), (] 1

764 & - 1 * vi(SIDX((i +1 + 1), j)

765 END DO

766 END DO

767

768 ! calculate the remaining rows

769 DO k = calcend + 2, (colsize + 1) - 1

770 DOj =1, (rowsize + 1) -1

77 v2(SIDX(k, j)) = -1 * vi(SIDX((k - 1), j)) &

772 & - 1 * vi(SIDX(k, (j - 1))) &

773 & + 4 * vI(SIDX(k, j)) &

774 & - 1 * vi(SIDX(k, (] + 1)))

775 & - 1 * vI(SIDX((k + 1), j))

776 END DO

777 END DO

778 #endi f

779 #i f ndef FASTMEMXS

780 ! multiplication only for the inner val ues

781 DOi =1, (colsize + 1) -1

782 DOj =1, (rowsize + 1) -1

783 v2(SIDX(i, j)) = -1 * vi(SIDX((i - 1), j)) &

784 & - 1 * vi(SIDX(i, (j —1))) &

785 &+ 4 * v1i(SIDX(i, j)) &

786 & - 1 * vi(SIDX(i, (] + 1)))

787 & — 1 * vI(SIDX((i + 1), J))

788 END DO

789 END DO

790 #endi f

791

792 ! for the MFLOPS cal cul ation

793 flops = flops + rowsize * colsize * 9

794 END SUBROUTI NE mult_A_vec

795

796 | >>>>>>>>>5>5>5>>>>>>>>>>> —end- of task 03 <<
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797
798
799
800
801

849
850
851

853
854

1 >>>>>>555555555>>>>>>>> hegin of task 04 <<<<<<<<<<LLLLLLLLLL<<

| Xk kkkxdkkkkkkxkxkkx% domai n deconposition khkkkkkkhkhkkhhhkkhhkhkkkk*x

1-di m deconposition

!
!
! Exanpl e: me6, n=7, nunprocs=2
!
! | j =0 1 2 3 4 5 6 |
! t t
1 i=0 | 0 1 2 3 4 5 6 |
! 1] 7 8 9 10 11 12 13 | process 1
! 2| 14 15 16 17 18 19 20 |
! t
! 3| 21 22 23 24 25 26 27 |
! 4 | 28 29 30 31 32 33 34 | process 2
! 5 | 35 36 37 38 39 40 41 |
! t
Init_1dim
TASK:

Do the one dinensional domain deconposition as depicted above.

|

|

|

|

|

|

| USED GLOBAL DATA:
| OUT INTEGER sta
! OUT INTEGER end
| OUT INTEGER sta
! OUT INTEGER end
|

|

|

|

|

|

|

|

|

I N QUT | NTEGER ny_rank . the rank of the current process
OUT | NTEGER comm cart : cartesi an communi cat or
N | NTEGER nunprocs : nunber of used processors

|
IN I NTEGER m
IN INTEGER n

USED FUNCTI ONS:
MPI

MPI _CART_CREATE, MPI_COWVM RANK

SUBROUTI NE Init Zdim(

I NTEGER :: slice_size

#i f ndef serial

I NTEGER :: dins(0:1)
LOG CAL :: periods(0:1)

IF ((print_leve

WRI TE(*, "’ (A,13)’") ' Using 1-dim domain decomposition, numprocs=", nunprocs

END | F

! Init the virtual topology (1-dim
di ms(0) = nunprocs

dins(1) =1

periods(0) = .FALSE.

periods(1l) = .FALSE

104! CALL MPI _CART_CREATE(MPI _COWM WORLD, 2, dins, periods, .FALSE., conmcart, ierror)
104! CALL MPI _COW RANK(comm cart, ny_rank, ierror)

#endi f

! the size of each slice
' If mis not a multiple of nunprocs, we round up the slice size
slice_size = ((m- 1) / nunprocs) + 1

start_i = m
END | F
endl_i = start_i +
IF (endl_i > m) THEN
endl_i = m
END | F
! we have the full
start _j =0
endl_j = n

rt_i
1

rt_j
1]

)

I >=

the rows of the physical area are distributed in slices of equal size
(maybe except for the last slice) to each process

start_i = (my_rank * slice_size)

IF (start_i > m THEN

END SUBROUTI NE Init_1dim

start row of the physical area this process is to calculate

end row + 1 of the physical area this process is to calculate
start columm of the physical area this process is to calculate
end colum + 1 of the physical area this process is to calcul ate

vertical size of the physical problem
hori zontal size of the physical problem

1) .AND. (my_rank == 0)) THEN

slice_size

vertical extent (all n colums) for each row

2-di m deconposi tion

!

!

! Exanpl e: me5, n=7, m.procs=2, n_procs=2

!

| | j =0 1 2 3 | 4 5 6 |
! t t +
I i=0 | 0 1 2 3 ] 4 5 6 |
! 1] process 1 7 8 9 10 | 11 12 13 process 2 |
! 2| 14 15 16 17 | 18 19 20 [
! t t +
! 3 | process 3 21 22 23 24 | 25 26 27 process 4 |
! 4 | 28 29 30 31 | 32 33 34 [
!

+

+ +

10/17
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sss |
sgo ! Init_2dim
890 !
g1 ! TASK:
82 ! Do the two di nensional domain deconposition as depicted above.
893 !
g4 | USED GLOBAL DATA:
gos ! QUT | NTEGER start _i . start row of the physical area this process is to calculate
896 ! QUT | NTEGER end1_i : end row + 1 of the physical area this process is to calculate
go7 | QUT | NTEGER start_j . start colum of the physical area this process is to calculate
8o ! QUT | NTEGER endl_j : end colum + 1 of the physical area this process is to calculate
899 ! IN | NTEGER ny_rank : the rank of the current process
900 ! I'N I NTEGER m procs : vertical nunber of processors
s01 ! I'N | NTEGER n_procs : horizontal nunber of processors
902 ! QUT | NTEGER comm cart : cartesian comruni cator
903 ! IN | NTEGER m . vertical size of the physical problem
904 ! IN | NTEGER n : horizontal size of the physical problem
95 !
o6 ! USED FUNCTI ONS:
97 ! APPL:
o0s ! abrt
99 ! MPI :
010 ! MPI _CART_CREATE, MPI _COMM RANK
011 SUBROUTI NE Init_2dim()
912 I NTEGER :: bl ocksize_i, blocksize_j
913 INTEGER :: startblock_i, startblock_j
914 #i fndef serial
915 I NTEGER :: dins(0:1)
916 LOG CAL :: periods(0:1)
917 IF ((print_level >= 1) .AND. (ny_rank == 0)) THEN
918 WRI TE(*, "’ (A,13,A,13,A,13)) ' Using 2-dim domain decomposition, m_procs=", m procs, ', &
919 & n_procs=', n_procs, ’,Numprocs=, nNunmprocs
920 END | F
921 ! Init the virtual topology (2-dins)
922 di ms(0) = m.procs
923 dinms(1l) = n_procs
924 peri ods(0) = .FALSE.
925 periods(1l) = .FALSE.
9026 | 04! CALL MPI _CART_CREATE(MPI _COVW WORLD, 2, dins, periods, .FALSE., commcart, ierror)
927 104! CALL MPI _COW RANK(comm cart, ny_rank, ierror)
928 #endi f
929
930 IF ((my_rank == 0) .AND. ((m_procs * n_procs) /= nunprocs)) THEN
931 WRI TE(*, *) ' Number of processorsdoesnot fit! Use’, (m_procs * n_procs), ' processorsinstead. &
932 & Aborting...’
933 CALL abrt()
934 END | F
935
936 ! the nunber of rows for each block (the last block m ght have
937 ! less than the first bl ocks)
o8 ! 04! bl ocksize_ i = ((m-1) / mprocs) + 1
939
940 ! the nunber of columms for each block (the last block nmight have
941 ! less than the first bl ocks)
92 104! bl ocksize_ j = ((n - 1) / n_procs) + 1
943
944 ! calculate the start and end row and col um
as 104!startblock_i = ny_rank / n_procs
as 1 04!startblock_j = MODULO (my_rank, n_procs)
a7 104!'start_i = blocksize i * startblock_i
as 104'endl_i = start_i + bl ocksize_i
a9 1041 F (endl_i > m THEN
950 ! 04! endl_i = m
w1 ! 041END | F
52 104!start_j = blocksize j * startblock_j
53 104'endl_j = start_j + bl ocksize_j
osa 10411 F (endl_j > n) THEN
955 | 04! endl_j =n
w6 ! 0O41END | F
957 END SUBROUTI NE Init_2dim
958
959 |
%0 ! Init_Deconp
961 !
o2 | TASK:
%63 ! Do the donmai n deconposition.
964 !
s ! USED GLOBAL DATA:
966 ! I N QUT | NTECGER rowsi ze . nunber of data entries in a row of the |local chunk
%67 | I N QUT | NTECGER col si ze : nunber of data entries in a colum of the local chunk
%68 ! I N QUT | NTEGER chunksi ze : nunber of data entries in the local chunk PLUS hal o data
969 ! I'N | NTEGER deconp_di ms : dinmension of the domain deconposition
970 ! I'N I NTEGER ny_r ank : the rank of the current process
o1 |
o2 | USED FUNCTI ONS:
973 | APPL:
974 | abrt, Init_1dim Init_2dim
975 SUBROUTI NE Init_Decomp()
976 SELECT CASE (deconp_di irs)
977 CASE (1)
978 CALL Init_1dim()
979 CASE (2)
980 CALL Init_2dim()
981 CASE DEFAULT
982 WRI TE(*, *) * Wrongdecomp_dims=", deconp_di ns
983 CALL abrt()
984 END SELECT
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985 I calculate the size of the rows, cols and the whol e chunk

986 rowsi ze = endl_j - start_j

987 colsize = endl_i - start_i

988 chunksize = (rowsize + 2) * (colsize + 2)

989

990 IF ((rowsize < 2) .OR (colsize < 2)) THEN

901 WRI TE(*, *) ' Each process must have at least 2 entriesin each dimension.’

992 WRI TE(*, *) ' Decreaseamount of processesor increase physical areasize’

993 WRI TE(*, ' (A, I13,A1,A 1)) "Rank[', ny_rank, ’']:rowsize=’, rowsize, ' —-—colsize=", colsize
994 WRI TE(*, *) ' Aborting.’

995 CALL abrt()

996 END | F

997 END SUBROUTI NE Init_Decomp

999 | >>>>>>>>>>>5>>>>>>>>>>> —end- of task 04 << <<<<<<
1000 | >S>SS555>>>>>>>>>>>>>>> pegin of task 05 <<<<<<<<<<LLLLLLLLLLLL
1001 | ¥rFFEEEkxxAX phoundary and exact solution init FEREREErrkkkkkkkxx
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011

!
!
!
!
!
!
!
!
!
1012 | GLOBAL DATA:
!
!
!
!
!
!
!
!
|

I ni t_Boundary_Vec
QUT REAL(O0:) b : the boundary vector

TASK: Store all boundary values in the vector menory
(that is already allocated).
In this exanple, the boundaries are given by:
u(i,j) =h* (i+1) wth h =10/ (ml) for i=-1, mand j=-1,n

1013 IN INTEGER start _i : start row of the physical area this process is to calculate

1014 IN INTEGER end1_i : end row + 1 of the physical area this process is to calculate
1015 I'N I NTEGER start_j : start columm of the physical area this process is to calculate
1016 IN INTEGER endl_j : end colum + 1 of the physical area this process is to calculate
1017 I'N I NTEGER m . vertical size of the physical problem

1018 I'N I NTEGER n : horizontal size of the physical problem

1019
1020
1021

w022 SUBROUTI NE Init_Boundary_Vec( b)

USED FUNCTI ONS:

1023 REAL, DI MENSI ON(0:), INTENT(OUT) :: b

1024 | NTEGER S |

1025 REAL v, h

1026

1027 h = 1.0/ (ml)

1028 ! boundary vector data is all zero at this point
1029 DOi = start_i, endl_i -1

1030 DOj = start_j, endl j -1

1031 =0.0

1032
1033
1034
1035
1036

next |ine not neccessary, because boundary value is zero

if (i==0) v=v+u(-1,j) =0

next line sinplified to add 1.0 to vector, because of the boundary value of 1.0
if (i==m-1) v =v +u(m j): h* (ml) =1

F (i ==m-1) THEN

——mmm<

1037 v =10

1038 END | F

1039 Pou(i,-1): h* (i+1)
1040 IF (j==0) THEN

1041 v=v+h?* (i +1)
1042 END | F

1043 Pu(i, n): h* (i+l)
1044 IF (j==n-1) THEN

1045 v=v+h?* (i +1)
1046 END | F

1047 b(SIDX((i - start_i + 1), (j - start_j + 1))) =v
1048 END DO

1049 END DO

1050 END SUBROUTI NE Init_Boundary_Vec
1051
1052
1053
1054
1055
1056
1057
1058
1059

!
!
!
|
|
|
|
!
we0 ! GLOBAL DATA:
!
!
!
!
!
!
!
|

I ni t_Exact _Sol ution_Vec
OUT REAL(0:) u : the local chunk of the exact solution vector

TASK: Store the exact solution for the given boundary in the vector u.
In this exanple, the inner values are given by:
u(i,j) =h* (i+1) with h =10/ (m1l) for i=0..m1 and j=0..n-1

1061 IN INTEGER start i : start row of the physical area this process is to calculate

1062 IN INTEGER end1l_i : end row + 1 of the physical area this process is to calculate
1063 IN I NTEGER start_j : start columm of the physical area this process is to calculate
1064 IN INTEGER endl_j : end colum + 1 of the physical area this process is to calculate
1065 I'N I NTEGER m : vertical size of the physical problem

1066
1067
1068

100 SUBROUTI NE Init_Exact_Solution_vec(u)

USED FUNCTI ONS:

1070 REAL, DI MENSI ON(0:), INTENT(OUT) :: u

1071 | NTEGER N B

1072 REAL ::h

1073

1074 h=1.0/ (m+ 1)

1075 DOi = start_i, endl_i -1

1076 DOj = start_j, endl_j -1

1077 u(SIDX((I - start_i + 1), (j - start_j +1))) =h* (i + 1)
1078 END DO

1079 END DO

1080 END SUBROUTI NE Init_Exact_Solution_vec
1081 | >>>>55555555555555>>>>> —end-— of task 05 <<<<<<<<<<<<<<<L<L<L<LL<L<L
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1082
1083

1084 !******************* pl‘ln'[ I’OU'[I nes EEEEREEEEEEEREEEEEEREEEEEEEEEESSESES]

1085 SUBROUTI NE appl_print_vec(name, v, nprint, nprint)

1086 CHARACTER, | NTENT(IN) 1onanme

1087 REAL, DI MENSION(0:,0:), INTENT(IN) :: v

1088 I NTEGER, | NTENT(IN) ©oonprint, nprint

1089 | NTEGER i,

1090 IF (my_rank == 0) THEN

1001 WRI TE(*,’ (A,A), ADVANCE='NO’) nane, ': =

1002 DOj=0, n -1

1003 IF ( (n<=nprint) .OR ( (n > nprint) .AND.
) THEN

1094 VRI TE(*,’ (I16) , ADVANCE='NO') j

1095 END | F

1096 END DO

1097 WRI TE(*, *)

1008 DOi=0, m-1

1099 IF ( (m<=nprint) .OR ( (m> nprint) .AND.
) ) THEN

VRI TE(*,’ (A, A, I3 A),
DOj=0, n -1
IF ( (n <= nprint)

1100 ADVANCE=" NO’ ) nane,
1101
1102 .OR ((n > nprint)
n-1)))) THEN
WRI TE( *,
END | F
END DO
VRI TE(*, *)
END | F
END DO
END I F

END SUBRQUTI NE appl_print_vec

1103 " (A, F5.3), ADVANCE=' NO')
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125 ! Process 0 nmust wait until
1126 IF (nmy_rank == 0) THEN

1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142

SUBRCQUTI NE recv_token()

#i fndef seri al
I NTEGER :: dummy, status(MPl_STATUS S| ZE)
IF (ny_rank > 0) THEN

END I F
#endi f
END SUBROUTI NE recv_token

SUBROUTI NE flush_and_send_token()
#i f ndef serial
| NTEGER

dumy, status(MPl_STATUS_SI ZE)

END | F
#endi f
END SUBROUTI NE flush_and_send_token

SUBRQUTI NE print_halo()
#i f ndef serial
I NTEGER :: i

CALL recv_token()

VRI TE(*, *)

WRI TE(*,*) 'Haloofrank’,

VRI TE(*, *) ’

I'F (hal o%orth_rank == MPI _PROC_NULL) THEN
VRI TE(*, *) ' North: NO halo’

1143 ELSE

1144 WRI TE(*, *) ' North:’

1145 WRI TE(*, *) ' ————— '

1146 WRI TE(*, *) ’'values:’, hal o%orth_size, ', neighborrank:’,
1147 DO i = 1, hal o%orth_size

1148 WRI TE(*,*) 'halo[", i, "]:', halo%orth(i)

1149 END DO

1150 END | F

1151 I F (hal o%ast _rank == MPI _PROC_NULL) THEN

1152 WRI TE(*, *) ' East: NO halo’

1153 ELSE

1154 WRI TE(*, *) ' East”’

1155 WRI TE(*, *) ' ————— ’

1156 WRI TE(*, *) ’'values.’, hal o%ast_size, ’,neighborrank:’,
1157 DO i = 1, hal o%ast_size

1158 WRI TE(*,*) 'halo[", i, ']:’, hal o%ast (i)

1159 END DO

1160 END | F

I'F (hal o%sout h_rank == MPl _PROC _NULL) THEN
WRI TE(*, *) ’ South: NO halo’

1161
1162

1163 ELSE

1164 WRI TE(*, *) ' South:’

1165 WRI TE(*, *) ' —————— ’

1166 WRI TE(*, *) ’values:’, hal o%sout h_size, ', neighbor rank:’,
1167 DO i = 1, hal o%outh_size

1168 WRI TE(*,*) 'halo[', i, "]:", hal o%south(i)
1169 END DO

1170 END | F

171 I F (hal o%wvest _rank == MPI _PROC_NULL) THEN

172 WRI TE(*, *) ' West: NO halo’

1173 ELSE

1174 WRI TE(*, *) ' West:’

1175 WRI TE(*, *) ' —————— ’

1 >>>>>>55555555>>>>>>>> hegin of task 06 <<<<<<<<<<LKLLLLLLLLL<<

CALL MPI_RECV(dummy, 0, Ml _I NTEGER, ny_rank-1, 333,

CALL MPI_SEND(dunmmy, 0, MPI | NTEGER, NODULO((my_rank+1),
the | ast process (nunprocs-1) has finished its output

CALL MPI_RECV(dumry, 0, MPI _| NTEGER, nunprocs-1,

((nprint=1)*(j+n-2)/(n-1) /= (nprint-1)*(j+n-1)/(n-1)))

((mprint=1)*(i+m2)/(m1) /= (nmprint-1)*(i+m-1)/(m1))

’ PR

.AND. ((nprint=1)*(j+n-2)/(n-1) /= (nprint-1)*(j+n-1)/(

o, )
conm cart, status, ierror)
nunprocs), 333, commcart, ierror)

333, commcart, status, ierror)

hal o%nort h_rank

hal o%ast _r ank

hal o%sout h_r ank
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1176
1177
1178
1179
1180
1181
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WRI TE(*, *) 'values.’, hal o%west_size, ', neghborrank:’, hal o%est_rank
DO i = 1, hal o%west_size
WRI TE(*,*) 'halo[", i, ']:', hal o%est (i)

END DO

END | F

WRI TE(*, *) '’

CALL flush_and_send_token()

1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272

#endi f
END SUBROUTI NE print_halo

SUBRQOUTI NE print_halo_struct()
#i f ndef seri al
CALL recv_token()

WRI TE(*,*) '’
WRI TE(*, *) 'Haloofrank’, mny_rank
WRI TE(*, *) ' ———————————————— ’
I'F (hal o%orth_rank == MPI _PROC_NULL) THEN
WRI TE(*, *) ' North: NO halo’
ELSE
WRI TE(*, *) ’ North: values:’, hal o%orth_size ,’, neighbor rank:’, hal o%orth_rank
END | F
I F (hal o%ast _rank == MPI _PROC_NULL) THEN
WRI TE(*, *) ' East: NO halo’
ELSE
WRI TE(*, *) ' East: values:’, hal o%ast _si ze ,’,neighbor rank: ', hal o%ast _rank
END | F
I'F (hal o%sout h_rank == MPI _PROC_NULL) THEN
WRI TE(*, *) ' South: NO halo’
ELSE
WRI TE(*, *) ’ South: values:’, hal o%out h_si ze ,’, neighbor rank:’, hal o%sout h_rank
END | F
I F (hal o%wvest _rank == MPI _PROC_NULL) THEN
WRI TE(*, *) ' West: NO halo’
ELSE
WRI TE(*, *) * West: values:’, hal o%west _size ,’,neighbor rank:’, hal o%west _rank
END | F
WRI TE(*,*) '’
CALL flush_and_send_token()
#endi f
END SUBROUTI NE print_halo_struct

SUBRQUTI NE print_vec2d(nane, v2, nprint, nprint)

CHARACTER, T NTENT(I N) ©: name
REAL, DI MENSI ON(O:), INTENT(IN) :: v2
I NTEGER, | NTENT(IN) ©onprint, nprint
INTEGER :: i,]
REAL ;. whole_v2(0: m1, 0:n-1)
#i f ndef serial
| NTEGER 11 rank
REAL oo buff(0:(n +2) * (m+2) - 1)
| NTEGER ;. extent(0:3), new offset
| NTEGER 11 status(MPI _STATUS_SI ZE), status2(MPI_STATUS_SI ZE)
I'F (nmy_rank > 0) THEN
! send the start_i, endl-i, start_j, endl_j
extent (0) = start_i
extent(1l) = endl_i
extent(2) = start_j

extent(3) = endl_j
CALL MPI_SEND(extent, 4, MPI _INTEGER, 0, 666, commcart, ierror)

! send the vector data to rank O
CALL MPI_SEND(v2, chunksize, MPI_REAL, 0, 333, commcart, ierror)
ELSE
! copy the rank 0 chunk into the whol e physical vector
DOi = start_i, endl_i -1
DOj = start_j, endlj -1
whol e_v2(i, j) = v2(SIDX((i - start_i + 1), (j - start_j + 1)))
END DO
END DO

! receive the halo data and data extent fromall other ranks into the buffer
! and copy the buffer to where it belongs into the whol e physical vector
DO rank = 1, nunprocs - 1
CALL MPI_RECV(extent, 4, MPI_I NTEGER, rank, 666, commcart, status, ierror)

CALL MPI_RECV(buff, ((extent(1l) - extent(0) + 2) * (extent(3) - extent(2) + 2)), MPI_REAL, &

& rank, 333, conmcart, status2, ierror)
new of fset = extent(3) - extent(2) + 2

DO i = extent(0), extent(1l) - 1
DOj = extent(2), extent(3) - 1
whol e_v2(i, j) = buff((i - extent(0) + 1) * new offset + (j — extent(2) + 1))
END DO
END DO
END DO
END | F

CALL appl_print_vec(nane, whole_v2, nprint, nprint)
#endi f
#i fdef serial
! copy the data without halo into the whol e physical vector
DOi = start_i, endl_i -1
DOj = start_j, endl_j -1
whol e_v2(i, j) = v2(SIDX((i - start_i + 1), (j — start_j + 1)))
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1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369

END DO
END DO
CALL appl_print_vec(nane, whol e_v2, nprint, nprint)
#endi f
END SUBROUTI NE print_vec2d

SUBRQUTI NE print_vec(name, v1)
CHARACTER, | NTENT(IN) 11 oname
REAL, DI MENSION(O0:), INTENT(IN) :: vl
| NTEGER N B
CALL recv_token()
DOi =1, (colsize + 1) -1
DOj =1, (rowsize +1) -1
WRI TE(*, ' (A,A,12,A,F6.3)) nanme, '[', ((i * rowsize) + j), "1=", vI(SIDX(i, j))
END DO
END DO
CALL flush_and_send_token()
END SUBROUTI NE print_vec

SUBROUTI NE print_decomp()
CALL recv_token()
WRI TE(*, " (AJI3 A LA LA ILA1)) "Rank’, ny_rank, ’:start_i,endl i,start j,endl j:’', &
& start_i, ',’, enddl_i, ',’, start_j, ',’, endl_j
CALL flush_and_send_token()
END SUBRCUTI NE print_decomp

I >>5555555>555>>5>>>>>> —end— of task 06 <<<<<<<<<<<<<<L<LLLLLL<L<L
I >>>>>5555555555>>>>>>> hegin of task 07 <<<<<<<<<<<<LLLLLL<<

[ AKX FHAXRKIAXKK KRR K KRR K AX (OG5 gO| YOI FHXFFHX KKk Ak k kA Kk kXX Kk kX KK %

CG _sol ve
OUT I NTEGER num.iter : return the nunber of iterations
OUT REAL normr : return the normof r

TASK:
sol ve Lapl ace equation

GLOBAL DATA:
I'N | NTEGER iter _max : nmaxi mal nunber of iterations
I'N REAL epsilon : epsilon for maxi mal error
I'N REAL(0:) b : local chunk of vector b
I N OUT REAL(O:) X . local chunk of vector x
I'N | NTEGER my_rank : rank of the |ocal process
USED FUNCTI ONS:
APPL:
comm vec_hal o, print_vec, add_vec_vec
sqr_normyvec, print_halo, nult_A vec, dot_product_vec_vec
MPI -1 i b:
! MPI _WI'I ME
SUBROUTI NE CG_solve(num.iter, normr)
I NTEGER, | NTENT(INOUT) :: num.iter
REAL, | NTENT( | NOUT) :oonormr

! only p has a halo

REAL, DI MENSI ON(O: chunksi ze-1) :: p, r, Vv

REAL .. al pha, al pha_new, |anbda
I NTEGER cooiter

set the content of the vectors to zero
=0

!
p
r 0
v 0
#i f ndef serial

I 11l determ ne conmuni cation partners for vector p !!!

CALL Init_Halo_Struct( p)

I'F (print_|level >=4) THEN

CALL print_halo_struct()

END | F

#endi f

! x isinitialized with 0

! instead of p = Ax
' p:=x
p =X
#i f ndef seri al

! update halo

comtine_start = MPI _WIT ME()

CALL comm_vec_halo(p)

comtinme_end = MPI _WII ME()

comtinme_sum = comtine_sum + comtine_end - commtine_start
#endi f

v =

CALL mult_A_vec(p, V)

I'F (print_level >=4) THEN
CALL print_vec(' V', V)

END I F

I'p=b-v

CALL add_vec_vec(b, -1.0, v, p)
I'F (print_level >=4) THEN

CALL print_vec(’'p’, p)
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1370 END | F

1371

1372 'r:=p

1373 r=mp

1374 I'F (print_level >=4) THEN

1375 CALL print_vec('r’, r)

1376 END | F

1377

1378 ! alpha = ||r||**2, Caution: sqr_normvec() conputes already ||.]|]|**2
1379 al pha = sqr_norm.vec(r)

1380

1381 iter = 1

1382 DO WH LE ((iter < iter_max) .AND. (al pha > epsilon))

1383 iter = iter + 1

1384 I F ((print | evel >=5) CR ( (p rint_level>=4) .AND. (iter==0) )) THEN
1385 VRI TE(*, " (A, I3,A,1,A,F96) ) 'CG-my rank=", ny_rank, ',i=", liter, ', alpha=', al pha
1386 END | F

1387

1388 #i fndef serial

1389 ! update hal o

1390 comtine_start = MPI _WII ME()

1301 CALL comm_vec_halo( p)

1392 comtine_end = MPI _WII ME()

1393 commt i ne_sum = conmti me_sum + comtinme_end - commtine_start

1394 #endi f

1395

1396 IF ((print_level>=5) .OR ( (print_level>=4) .AND. (iter==0) )) THEN
1397 CALL print_vec('p’, p)

1398 CALL print_halo()

1399 END | F

1400

1401 v =

1402 CALL mult_A_vec(p, V)

1403 IF ((print_level>=5) .OR ( (print_level>=4) .AND. (iter==0) )) THEN
1404 CALL print_vec(' V', V)

1405 END | F

1406

1407 ! lanbda = alpha / (v, p)2

1408 | anbda = al pha / dot_product_vec_vec(v, p)

1409

1410 IF ((print_level>=5) .OR ( (print_level>=4) .AND. (iter==0) )) THEN
1411 WRI TE(*,’ (A, 13,A,I,A,F9.6,A,F9.6))) "CG-my_rank=", ny_rank, ',i=", iter, ',vp=, &
1412 & dot _product _vec_vec(v, p), ',lambda=", | anbda

1413 END | F

1414

1415 I X := x + lanbda * p

1416 CALL add_vec_vec(x, lanbda, p, x)

1417 IF ((print_level >=5) .OR ( (print_level>=4) .AND. (iter==0) )) THEN
1418 CALL print_vec(' X', X)

1419 END | F

1420

1421 'r :=r - lanbda * v

1422 CALL add_vec_vec(r, -lanbda, v, r)

1423 IF ((print_level >=5) .OR ( (prlnt | evel >=4) . AND. (iter==0) )) THEN
1424 CALL print_vec('r’, r)

1425 END | F

1426

1427 I alpha_new = ||r]]|**2, Caution: sqgr_normvec() conputes already ||.]]|**2
1428 al pha_new = sqr_normvec(r)

1429

1430 IF ((print_level>=5) .OR ( (print_level>=4) .AND. (|ter——0) ) THEN
1431 WRI TE(*,” (A, 13,A,1,A,F96)) 'CG-my rank=", ny_rank, ’,i=, iter, ', aphanew=", alpha_new
1432 END | F

1433

1434 I p:=r + (al pha_new al pha) *

1435 CALL add vec_vec(r, al pha_new al pha, p, p)

1436 IF ((print_level >=5) .OR™ ( (print_level>=4) .AND. (iter==0) )) THEN
1437 CALL print_vec('p’, p)

1438 END | F

1439

1440 ! al pha := al pha_new

1441 al pha = al pha_new

1442

1443 IF ((print_level >=2) . AND. (ny_rank==0)) THEN

1424 VRI TE (*, ' (A, 1, A, ES.2, A), ADVANCE='NO') 'CGi=", iter, ', |r|**2=", al pha_new, '’
1445 I F (al pha_new <= epsi | on) THEN

1426 WRI TE (*,’ (A), ADVANCE=" NO') <=

1447 ELSE

1428 WRI TE (*,’ (A), ADVANCE='NO') ' >

1449 ENDI F

1450 WRI TE (*,' (A,E82,A E82 A), ADVANCE='NO') ' ', epsilon, ', |r||=", sqrt(al pha_new), '’
1451 I F (SQRT(al pha_| new) <= SQ?T(epS| | on)) THEN

1452 WRITE (*,’ (A), ADVANCE=' NO')

1453 ELSE

1454 WRI TE (*,' (A), ADVANCE='NO') >

1455 ENDI F

1456 WRITE (*,” (A,E82)) ' ', sqrt(epsilon)

1457 END | F

1458 END DO

1459

1460 ! updat e out put —argunents

1461 numlter =iter

1462 normr = SQ?T( al pha)

1463 END SUBROUTI NE CG_solve

1464

165 | SSSSSSS>S555>5>5>5>>>>>>>> —end- of task 07 <<<<<<<<<<<LLLLLL<L<L<L<<

1466 END PROGRAM cgv_fortran
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