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AL ECGEDNTILT X A

compute r%= Db - Ax(® for some initial guess x(9)
for i=1,2,...

solve M zUW = rG-D (M: preconditioning matrix) Preconditioning

(i-1)T o (i-1) Dot Product (1)

else

Bii= Pi1/Pis

end

p(i): z (1-1) 4 Bi—l p(i-l)
endif
qil= A p®
;= p;_;/ (pHT g
xW= g1 4 g p

r= rG-1 _ o g

check convergence; continue if necessary

DAXPY (1)

MATVEC

Dot Product (2)
DAXPY (2)

DAXPY (3)
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SPMD Programming Style

= Large file handling — Local distributed data

= FE analysis modules just consider local operation
(element matrix assemble)

= Global operation occurs only in linear solver.
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Iprogram fstr_main I
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end program

T1 = hecmw_Wtime ()

hecmw_get mesh

hecmw2fstr_mesh_conv

fstr_init I

fstr_rcap_initialize

T2 = hecmw_Wtime ()

Ifstr | inear_static analysisI

+~  [FSTR_SOLVE_LINEAR |

+- |solve_LINEQ

‘— Ihecmw solve GG _33
L ] T

+— Ihecmw precond 33 I

+— Ihecmw matvec 33

I
+ Ihecmw update \R I

+ |heemw_solve SEND RECV 33

|

|~ MPLISEND \
|+ MPI_IRECV
|

|

C_é iter. =

NP1 WAITALL
+  WPI_WAITALL

+= Ihecmw InnerProduct R I

+ 11.2015274: Block LU

L]
L]
ecmw_solve_33
L

+ |h

+= Mw al lreduce RT I
|

+= m»f solve_CG_33 I

T3 = hecmw Wtime ()

+-  |hecmw_al Ireduce_R

\

L]
.

|
I
|
|
I
_— +  WPI_al IREDUCE
| CG iter.

EIL—RAEXDKAEE (CGE)

FrontISTR7O 4 S LDiEE —— HFH|C6E

| Solve b = Az by the Conjugate Gradient (CG) method
with the left preconditioner:

0. Choose the preconditioner M such that M ~ A

0-a. by Incomplete LU factorization, M = LU,
0-b. by Diagonal block scaling,

or others

1. Set © = @®;,;: initial guess, and b: rhs vector.

2. Set MAXIT: maximum number of iterations,

and TOL: tolerance of convergence.

3.r=b- Ax

4. do iter = 1, MAXIT

5. z=M'r

6. p=(r,z)

7. if (iter .eq. 1) then

8. p==z

9. else

10. B=p/pm

11. p==z+0p

12.  endif

13. q=Ap THIRIRILIE

4. a=p/(p.q)

15 x=xz+ap, r=1r—aq

16.  Compute the scaled residual norm,
RESID = {[r[|/|[bl|

17. if (RESID .le. TOL) exit do-loop

18 p1=p

19. enddo
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(PEB LUV EEER)

type hecmwST_IocaI_mesh :: hecMESH

NR) R -ER-MHEER PEELVEERR
45180 hecmw _get_mesh [Z&YU+t k.
HPC-MW 47351 D /R ILESEREE

[Z (iﬁ D rEEE D& "

%Fﬁ T— /5‘ [ 52 58 15k i FE LK BN )
(2) PEB &K VEETEER (1) &&1EEHR .81
integer (kind=kint) Il zero HOTEIE AN ?
integer (kind=kint) L1 my_rank Svh (3) B AIEHR ...AIH
integer (kind=kint) :: PETOT FarRI A
integer (kind=kint) .. n_subdomain I (BRAABT—42 0 DDHEHAH) = ar
integer (kind=kint) .. n_neighbor_pe M?&pﬁiﬁ%& (4) ERH/H ..ATH
integer (kind=kint), pointer :: neighbor_pe(:) PEEFEKID . L
integer (kind=kint), pointer :: import_index(:) Z{ET—ITIEH—RTAVTYIIR (5) TEMEE . ETH
integer (kind=kint), pointer :: import_item(:) ={ET—JILEZFI
integer (kind=kint), pointer :: export_index(:) ZIET—TILA—RTAVTYIR
integer (kind=kint), pointer :: export_ item(:) =Z{ETF—TILEF
integer (kind=kint), pointer :: shared_index(:) EZET—ITILHA—RTAVTYIR
integer (kind=kint), pointer :: shared item(:) =2EFT— JILEZFI
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At~ )V ADELIAAGZEDNEZZEETIIIZERT H1-OIZIE,
F—nN—5 vy TERDERINLE

PE#O
PE#1 PE#O 15 6 .
21 22 23 24 25
O O O O o
U 92 5
160——0—280 H o 20 O 66— &
a'i:x«/\iu 172 P
13 |14 5> & &
ll® 12. © © Q15 9 11 1
9 11 12
6@ @ O @, 010
7 8 9 I I
6
o ® O O O 4 5
1 2 3 4 5 I I
2 1 2 3
PE#3 PE#2 PE#3 PE#Z
ERlE,. BEDEENLLUTDIELEICHFEINS { } WIZ PE#0 Ol
- N& (Internal Nodes) : RfEEICE|Y L TONI-ER {1,2,3,4,5,6, 7}

- 54 & (External Nodes) : {hDfEEIZEL TLVEA ., REEHOERIZEENTWLSE A
{8.9.10, 11,12, 13, 14, 15}
- R A (Boundary Nodes) : #tdD4EHDNEELZH>TWLBAA {1, 2,3, 4,6}




ERRIZCBITAHIEEBEEMEEAEE (send) ]IS, EEE
TlIHN R ELTIZ4E (receive) IS5

SEND phase  (PE#2 D5l)

do neib= 1, NEIBPETOT
istart= EXPORT_INDEX(neib—l)
inum = EXPORT_INDEX(neib ) — istart
do k= istart+l, istart+inum
WS (k) = X (EXPORT NODE (k) )
enddo

call MPI TSEND 15 6 4
(WS (istart+1l), inum, MPI DOUBLE PRECISION, & PE#O
NEIBPE (neib), 0, SOLVER COMM,
reql (neib), ierr)
enddo

11



(DDE)
RECEIVE phase

(PE#2 > 151)

do neib= 1, NEIBPETOT
istart= IMPORT_INDEX(neib—l)
inum = IMPORT INDEX(neib ) - istart

call MPI IRECV

(WR (istart+l), inum, MPI DOUBLE PRECISION,
NEIBPE (neib), 0, SOLVER COMM,
reg2 (neib), ierr)

enddo

call MPI WAITALL

(NEIBPETOT, reg2, sta2, ierr)

do neib= 1, NEIBPETOT
istart= IMPORT INDEX (neib-1)
inum = IMPORT INDEX(neib ) - istart

do k= istart+1,

istart+inum

X (IMPORT NODE (k) )= WR (k)

enddo
enddo

call MPI WAITALL

(NEIBPETOT, reqgl, stal, ierr)
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hecmw_matvec MDA TIX, BIHPRIEZFIToI=-DHIZ, B A E(ZAF] 2L
TOTH-ROMILEZTET

+= |hecmw solve_CG_33 |

%ecmw precond_33 | do i= 1, N
isL= INL(i-1) + 1
ieL= INL(i )
+= |hecmw matvec 33 | WVAL= WW (L,R)
14
| do j= isL, ielL

+- |hecmw_update 3 R inod = TIAL(])

|
|
| WVAL= WVAL - AL(j) * WW(inod, Z)
|+ |hecmw_solve SEND REGV 33 | enddo
I WW(i,Z)= WVAL * DD(i)
||+ |NPL_ISEND Sndio
| | + |MPI_IRECV do i= N, 1, -1
| |  + |MPI_WAITALL SW = 0.040
||+ MPLWAITALL isU= INU(i-1) + 1
| ieU= INU(i )
+= |hecmw InnerProduct_R | do j= 1sU, ieU
| inod = IAU(J)
— hgmwa|”emmeR1 | SW= SW + AU(J) * WW(inod, Z)
| enddo
WW(i,Z)= WW(i,Zz) - DD(i) * SW
enddo

|
+  WPLaliREDUCE | 1751-RURILIE

|
|
|
| += %ecmw al lreduce_R |
|
|
|






Local Data Structure

Node-based Partitioning
Internal nodes - elements - external nodes

PE#1 PE#O
21 22 23 24 25
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17 18 19
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Local Data Structure : PE#O

Internal nodes - elements - external nodes

PE#1
4 5 6 12 15 6 7
O O —O0 O— Partitioned nodes themselves
PE#O internal nodes
10 O —O 11| O——0O—
2 3 14 13 4 5 . ”
—— Elements which include “internal nodes
0—0— ..{:(a_%)f# Provide data locality in order to carry
7 8 9 10 1 21 |3 out element-by-element operation in
T 5 each partition
11 10 12 () O
O O 8 11 12
10 . .
Nodes included in the elements
5 Qo

12
? external nodes

i Numbering : internal -> external
3

Internal nodes which are “external nodes”

for other partitions
PE#3 PE#2 boundary nodes

Communication table provides boundary~external node relationship



