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Node -based Partitioning
Internal nodes - elements - external nodes
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Node-based Partitioning o
Internal nodes - elements - external nodes
®Partitioned nodes themselves (Internal Nodes) M
®Elements which include Internal Nodes REZESER
®External Nodes included in the Elements 4} &=
In overlapped region among partitions.
®Info of External Nodes are required for completely local
element—based operations on each processor.
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®Partitioned nodes themselves (Internal Nodes) M
®Elements which include Internal Nodes NEZ&ER

® External Nodes included in the Elements 4} =
In overlapped region among partitions.

®Info of External Nodes are required for completely local
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Parallel Computing in FEM
SPMD: Single -Program Multiple -Data

FEM code

Local Data Linear Solvers

Local Data FEM code Linear Solvers

FEM code Linear Solvers
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Parallel Computing in FEM
SPMD: Single -Program Multiple -Data
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Parallel Computing in FEM
SPMD: Single -Program Multiple -Data

FEM code

Linear Solvers
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Parallel Computing in FEM
SPMD: Single -Program Multiple -Data

Local Data FEM code Linear Solvers

FEM code

Local Data Linear Solvers

FEM code Linear Solvers

MPI
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Compute r®= b-[A]x(®
for 1= 1, 2, ..

TS HEDEE

Preconditioned Conjugate Gradient Method (CG)

solve [M]zG V= p@-1)

0, ,= r(i-1 z(i-1)
i-
if i=1

pu4=  (0)
else

Bi—lz Pi-1/Pi

pi= zG-1D 4 B, pi-D

endif

q¥’= [A]lp™

a, = pi_l/p(i)q(i)
x4 + ap®
ri= r@-1 — gq.qg®
check convergence
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BTG ETE (REA D) HAR[EE= 3

/%
//— {z}= [Minv]{r}
*/

for (i=0; i<N;i++) {

} WLZI[i]l = WIDD][i] = W[RILil;
/%
//— {x}= {x} + ALPHA*{p}
/; {r}= {r} - ALPHA*{q}
X

for (i=0;i<N; i++) {
ULi] += Alpha * W[P][i];
W[RI[i] —= Alpha * W[Q][i];
}

O 0| N/ O O Bx~ W N |+ | O

=
o

w | N = | O

w | N = | O

w | N = | O
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/%
//
*/

Nig

SR THZELIVELHL=>EIE?

—— ALPHA= RHO / {p} {q}
c1 = 0.0;

for (i=0;i<N; i++) {
C1 += W[PIL[i] = WIQ][i];
}

Alpha = Rho / C1;

IIII

w | N = | O

w | N = | O
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o
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P#0 |A0|BO|CO|DO P#0 | op.A0-A3|0p.B0-B3|0p.CO-C3|0p.DO-D3
MP|_Reduce ] s
s P#2 |A2|B2|C2|D2 P#2
P#3 | A3|B3|C3|D3 P#3

 Reduces values on all processes to a single value
— Summation, Product, Max, Min etc.

e MPI_Reduce (sendbuf, recvbuf, count, datatype, op, root, comm)

— sendbuf choice I starting address of send buffer
- recvbuf choice © starting address receive buffer
type is defined by "datatype”
— count int T number of elements in send/receive buffer
— datatype MPI_Datatype I data type of elements of send/recive buffer
FORTRAN MPI_INTEGER, MPI_REAL, MPI_DOUBLE_PRECISION, MPI_CHARACTER etc.
C MPI_INT, MPI_FLOAT, MPI_DOUBLE, MPI_CHAR etc
- op MPI_Op I reduce operation

MPI_MAX, MPI_MIN, MPI_SUM, MPI_PROD, MPI_TLAND, MPI_BAND etc
Users can define operations by MPI_OP_CREATE

- root int I rank of root process
— comm MPI_Comm I communicator
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Preconditioned Conjugate Gradient Method (CG)

solve [M]zG V= p@-1)

0, ,= r(i-1 z(i-1)
i-
if i=1

pu4=  (0)
else

Bi—lz Pi-1/Pi

pi= zG-1D 4 B, pi-D

endif

q¥’= [A]lp™

a, = pi_l/p(i)q(i)
x4 + ap®
ri= r@-1 — gq.qg®
check convergence
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for (i=0;i<N; i++) {
WLQI[i] = Diagli] = W[PI[i];
for (j=Index[i]; j<Index[i+1]; j++) {
WLQI[i] += AMat[jI+W[P][Item[jI1];
}
}
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1D FEM: 12 nodes/11 elem’s/3 domains
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1D FEM: 12 nodes/11 elem’s/3 domains

Local ID: Starting from O for node and elem at each domain
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1D FEM: 12 nodes/11 elem’s/3 domains
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1xt1LE{EEE ?

e 5 )L—71&{E : Collective Communication
— MPI_Reduce, MPI_Scatter/Gather &
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MPI Isend

o EE/N\vT7Isendbuf]AD, E#ELT=Icount 1B DEEAvE—T%, 44 Ttagl
T, a2 =45 —42RN0D, ldestlITiXEET S, [MPI_Waitall JZFF5FE T, i+
ENVI7ORNBTZEHLTIEGELEL,

e MPI Isend
(sendbuf, count, datatype, dest, tag, comm, request)

- sendbuf EE I EE/NVITTDHETFLX,

—~ count 2 I Avt—oDHYAX

—~ datatype E# I A= DT —ER3A4T

- dest B I SEETAERADTRLR (VD)

~- tag B I Ayt—TR5 EEAVE—VDEEXXANTHESITER,
BEIXI0ITEW, ACAYE—D2 BEFRITTEE,

— comm MPI_Comm I O =4 —3%ZHETETH

— request MPI_Request O BIEHAF,.MPI_Waitall T{HEH,

(B YA XIIREATEILEDHAIMPI_IsendIFFUNHL
MOBEREIIBEEITORRELEE)) :cEEBIZDOLTIEED
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MPI lrecv

o ZE/\vT7lrecvbuf]RD, EfELT=Icount B DEEAvE—T%, 449 Ttag]
T, 2225 —2AD, TdestiM5ZIET S, TMPI_Waitall JZFF 5FE T,
ZENVITFTORNBZTHALE-LIEBEFERL TIEESALY,

e MPI Irecv
(recvbuf, count, datatype, dest, tag, comm, request)

- recvbuf EE I ZIE/NVITFDEETRLUR,

—~ count 2 I Ayt—UDHAX

— datatype E# I Ayt—DT—REA4T

- dest B I SEETAERDTRLR(S2Y)

~ tag B I Ayt—TRY5, FIEAVE—VDEEXX AT HESITEA,
BEIXI0ITEW, ACAYE—D2 BEFRITTEE,

— comm MPI_Comm I O =4 —3%ZHETETH

— request MPI _Request O BIEHAF., MP I_Waitall‘(“{ﬁﬁﬁo

(B YA XIIREATEILEDHAIMPI_IrecvIFFUHL
HMOBERIIBEEITOLRHLGE)) cEEICDOLTIFER



Intro pFEM 53

MPI Waitall

o 1x1IETOVXUVBIEBMTHAIMPI Isend]ETMPI IrecviZ{FERALI=EE, 7
OCXDREEAZIMADIZFEHAT S,

o EERIXZOIMPI_ Waitall JZMFESRIEE /N I7TORNBEERLTIIELELY,
ZERFETMPI_Waitall IZFESFIICZE /NI 7OARBZFI AL TIEGELELY,

« EHMHAENTLNIL, TMPI Isendl&ETMPI IrecviZFRERFIZEIZAL TEH LKLY,
— TMPI_lIsend/Irecv ] CTRICBIEH A FEFERT L

« [MPI_Barrier]ERBIC KI5 HEEETH LAY, KAIXTEHELY,
— BREI(ZH KB, lrequest], Istatus I DRBENIELLEFHINT, [EDL

[MPI_Isend/Irecv]ZFUH I EMEAGELE D, ELVSKIEIRERLH D,

e MPI_ Waitall (count, request, status)
-~ count B I REAT AL EDHAMPI_ISEND], TMPI_RECVIFEUH LK,
- request E# I/0 BIEEAF. TMPI_ISENDJ, TMPI_IRECVITH|IBELT= A
FRAIZx G, (BRFIH4X: (count))
—~ status  MPI_Status O WiRA TN
MPI_STATUS_SIZE: “mpif.h”,”mpi.h” CTEHOLND
INTGA—H CEREIC DL TIE R




