HEC-MWHgEE A1) 28I AYY 25K

(PEE LU EERFHR)

type hecmwST_IocaI_mesh :: hecMESH

AR iR -EXR-MHIER, PERIUVAEERR
Y510 hecmw_get_mesh (&Yt vh.
HPC-MW SA4 731D\ R ILEIEREE

%FET 9‘ (iﬁﬂj\/\ﬁiﬁfﬁ'ﬁw 'ﬁ;Iﬂ:/\ ]%-/)

ET—TJILEEFENTLS BB AL (IR
(2Q) PEE LUV AETRHR (1) &&KEHR ..7IH
integer (kind=kint) 1 zero OfEIE A 2
integer (kind=kint) T my_rank 5 /7 3) BiREH,R ...AIHE
integer (kind=kint) . PETOT HaBIE B
integer (kind=kint) . n_subdomain REEEE (BFSEHT—2 0 bDHEHAH) I s
integer (kind=kint) : n_neighbor_pe Bﬁ?&pﬁﬂiﬁ (4) ZREH| ..AIH
integer (kind=kint), pointer :: neighbor_pe(:) [i%fEEID . L
integer (kind=kint), pointer :: import_index(:) ZET—TILA—RTA VTYVI R (5) TEMEE ...ATH

integer (kind=kint), pointer :: import_item(:) =Z{ET—JILEF

integer (kind=kint), pointer :: export_index(:) ZET—TILA—RTAVTYHI R
integer (kind=kint), pointer :: export_item(:) =Z{ET—JILEF

integer (kind=kint), pointer :: shared_index(:) EZ{ET—TILA—RTAVTIIR
integer (kind=kint), pointer :: shared_item(:) =Z{ET—JILEF
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PE# PE#2 v o2, ror_ 2 03
3 PE#3 PE#2
Himld, BEOBANSLUTDIRIEIZHTEINS { 1 A& PE#O Ol
- AmR (Internal Nodes) : BfEBHICE|IY B ToNnf-ER {1,2,3,4,5, 6,7}

- 54| (External Nodes) : ftDfEEEICEL TLZ\EAM, EEEOERICEEFNTULSEHSA
{8.9.10, 11,12, 13, 14, 15}
- 355/ 5 (Boundary Nodes) : fDFEEHDNRELE->TULNSAAA {1,2,3, 4,6}




BRRIZHEITHEIIEZEEEATEE (send) 1SN, X1E L
TlIH R ELTIZ4E (receive) IS5

SEND phase  (PE#2 ®5l)

do neib= 1, NEIBPETOT
istart= EXPORT_INDEX(neib—l)
inum = EXPORT_INDEX(neib ) — istart
do k= istart+1l, 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




(DDXE)
RECEIVE phase (PE#2 O 151)

do neib= 1, NEIBPETOT
istart= IMPORT_INDEX(neib—l)
inum = IMPORT INDEX (neib ) - istart
call MPI TRECV
(WR (istart+1l), inum, MPI DOUBLE PRECISION, &
NEIBPE (neib), 0, SOLVER COMM, &
reg2 (neib), ierr)
enddo

call MPI WAITALL (NEIBPETOT, reqg2, sta2, ierr)

do neib= 1, NEIBPETOT
istart= IMPORT INDEX (neib-1)
inum = IMPORT INDEX(neib ) - istart
do k= istart+l, istart+inum
X (IMPORT NODE (k) )= WR (k)
enddo
enddo

call MPI WAITALL (NEIBPETOT, reql, stal, ierr)

11 10 12
O)




Solve b = Az by the Conjugate Gradient (CG) method
4~ lhecmw_solve C6 33 |

brogram fstr main | g with the left preconditioner:

Jl" oo precond 33| 0. Choose the preconditioner M such that M ~ A
1_ T4 = hecmw_Wtime () Jlr_ |hecmw tves 23 | 0-a. by Incomplete LU factorization, M = LU,
| e———— | N 0-b. by Diagonal block scaling,

: ::z:xﬁ::rmz::h conv__ | .': +- |hecmw—uDdate—kR | or others

: :E: : 2;2 |initia| — Jlr_ ooms solve SEMA RECV 33| 1. Set & = x;,;: initial guess, and b: rhs vector.

|
|
|
: | . . .
| : | 2. Set MAXIT: maximum number of iterations,
"lL_ 12.= hecmy_time ) _ | ] + WP1 ISEND  \ and TOL: tolerance of convergence.
+ |fstr_linear_static_analysis| (E:G ITer. == | |+ IMPI IRECV . r=b-— Ax
| | |+ MPI_WAITALL do 1 - XTT
— . do 1iter = 1, MAXIT
- ITSTR SOLVE_LINEAR ] || o+ WPLwAlTALL  \ o e
- I \
| | +- |hecmw_lnnerProduct_R |

| if (iter .eq. 1) then

+- |hecmw al lreduce_R1 |

3
4
5.
6. g ={r,z)
7
8
9

|

|

|

|

| :
I +— |hecmw_solve 83 |
| .
|

|

|

|

I
+ ||_201_.i.274: Block LU : | ’ D=2
I : | . T duce R \ : else
o +_
— @w solve CG 33 | | |ecmw allreduce 10. B = P/Pl
+= T3 = heom_Witine( { e + WpLanimeouce [\ 11 p=2z+[p
P 12.  endif
i | o iter. ™ o
P 13. q=Ap THIRNIRILIE

- ';. . . . 4. a=p/(p,q)
BEIT—RAFEXDKEE (CGE) 15, z=xz+ap, r=r—aq
16.  Compute the scaled residual norm,

RESID = {[r]|/][b]|

FrontISTRZ O 7\3A®*§5ﬁ o jﬁﬁIJCGif 1; ;fl(:R];D)SID le. TOL) exit do-loop

19. enddo
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' fg‘.’"ﬁ BATH1- R LR

hecmw_matvec MDA TIX., BIHPBIEZIToI=DBIZ., B R E(ZAEH]IZLL
T8 -ROKILFEZET

|hecmw_so|ve_CG_33 |

do i= 1, N
isL= INL(i-1) + 1
ielL= INL (i )
WVAL= WW (i, R)
do j= isL, ielL

|hecmw_precond_33 |

+= |hecmw_matvec_33 |

+- |hecmw update 3 R

inod = IAL(j)

|
|
| WVAL= WVAL - AL(3) * WW(inod,Z)
|+ |hecmw solve SEND RECV 33 | enddo
| | | WW(i,Z)= WVAL * DD (1)
| | + MPL_ISEND enddo
|+ IMPI IRECV G iew, 1, 1
||+ |MPIWAITALL S = 0040
||+ |WPLWAITALL isU= INU(i-1) + 1
[ ieU= INU(i )
+- |hecmw InnerProduct R | do j= 1sU, ieU
| inod = IAU(j)
+- |hecmw al lreduce R1 | SW= SW + AU(Jj) * WW(inod,Z)
| enddo
WW(i,Z)= WW(i,zZ) - DD(i) * SW
enddo

|
MPI_al IREDUCE | 155 - A5 LIS

|
|
|
| +- %ecmw_allreduce_R |
|
|
|



’R'Iss__!!gseamh and Development of Innovative Simulation Software




Local Data Structure

Node-based Partitioning
Internal nodes - elements - external nodes
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Local Data Structure : PE#O

Internal nodes - elements - external nodes
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Partitioned nodes themselves
internal nodes

Elements which include “internal nodes”
Provide data locality in order to carry
out element-by-element operation in
each partition

Nodes included in the elements
external nodes
Numbering : internal -> external

Internal nodes which are “external nodes”
for other partitions
boundary nodes

Communication table provides boundary~external node relationship



