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WHBREFREZDLIE: SPMD
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o Eimi~A—X : Node-based partitioning
e RATT—RIZEENDHD :
ZDEEICAEEENDEH R
FNODNEREEVCER
AREBEHNTHSD, TNODERICEFNIEHR
o EIRIILLTDIFELHICH4E
A= : Internal nodes TDBEICKREESENDEI A
4\ /5 : External nodes RKEFEHNTHAINT M) D RERKICHELE A
155 | : Boundary nodes {iDREE®D [4tm] EH->TULHETIR
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Node-based Partitioning

Internal nodes - elements - external nodes
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Node-based Partitioning
Internal nodes - elements - external nodes

®Partitioned nodes themselves (Internal Nodes) =
®Elements which include Internal Nodes REZELER

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

®|nfo of External Nodes are required for completely local
element—based operations on each processor.
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®Partitioned nodes themselves (Internal Nodes) MM
®Elements which include Internal Nodes RRZ&2ER

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

®|nfo of External Nodes are required for completely local
element—based operations on each processor.
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Parallel Computing in FEM
SPMD: Single-Program Multiple-Data

Linear Solvers

Local Data

Local Data Linear Solvers

Linear Solvers

Local Data

Local Data

Linear Solvers
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Parallel Computing in FEM

SPMD: Single-Program Multiple-Data
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Linear Solvers

Local Data
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Parallel Computing in FEM
SPMD: Single-Program Multiple-Data

Linear Solvers

Linear Solvers

Linear Solvers

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

Local Data ===p> m Linear Solvers
Local Data == m
Local Data ===> m Linear Solvers

Intro pFEM 17
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MPIIZ &4 514k : SPMD

Single Program/Instruction Multiple Data
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Preconditioned Conjugate Gradient Method (CG)

31

Compute r®= p-[A]x©®
mpi: 1, 2, . i o HIWLLEEQ
solve [M]z(-D= (G- ﬁZIT_U./7
pi = r@-10 zG-n .
if i1 ® lﬁljﬁLLIEi MNLELZITOER
pD= 7
i1~ Pi-1/Pi- 1781~ g
l;(i%: F;(il—l)p+2[5i_1 pGi-1 (el a7
endif _ _
qO= [A]p® D 0 0 0
o; = pi_/pPqd®
¥ (D= i(i%l)p+ gip(i) 0 D2 0 0
r= rG-D - g.qM M]=] ...
check convergence |r]| 0 0 D 0
ﬂ N-I1
0O O 0 D,
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for (i=0; i<N; i++) {
WLZILi]l = WIDD][i] = W[RILil;
}

/%
//— {x}
/] Arl
*/
for (i=0; i<N; i++) {
ULi] += Alpha * W[P][i];
WIRI[i] —= Alpha * W[QI[il;
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NiE
ERTHZEDDELHLH=EIE?
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//—— ALPHA= RHO / {p} {a}
%/ 2
Cc1 =0.0;
for (i=0; i<N; i++) { 3
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] 4
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P#0 | A0 |BO|CO|DO P#0 | op.A0-A3|0op.B0-B3 |op.C0-C3|op.DO-D3
MPI_Reduce miioomesl
— 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 | starting address of send buffer
— recvbuf choice O starting address receive buffer
type is defined by datatype”
— count int I number of elements in send/receive buffer
— datatype wmpPI_Datatype | data type of elements of send/recive buffer
FORTRAN MPI_INTEGER, MPI_REAL, MP1 _DOUBLE PRECISION, MPI_CHARACTER etc.
C MPI_INT, MP1_FLOAT, MPI_DOUBLE, MPI_CHAR etc
— op MPI_Op I reduce operation

MPI_MAX, MPI1_MIN, MPI_SUM, MP1_PROD, MPI_LAND, MPI_BAND etc
Users can define operations by MP1 _OP_CREATE

— root int I rank of root process
— comm MPI_Comm | communicator
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P#0 | A0 |B0|CO|DO P#0 | A0 B0 |CO|DO

M PI BC a st P#1 Broadcast P#1 | A0 |BO|CO|DO
. P#2 P#2 | A0 |BO|CO|DO

P#3 P#3 | A0 |B0|co|Do

« Broadcasts a message from the process with rank "root" to all other
processes of the communicator

e MPI1 _Bcast (buffer,count,datatype,root,comm)

— buffer choice 1/0 starting address of buffer
type is defined by datatype”

— count int I number of elements in send/receive buffer

— datatype MPI_Datatype | data type of elements of send/recive buffer
FORTRAN MPI_INTEGER, MPI_REAL, MPI_DOUBLE PRECISION, MPI_CHARACTER etc.
C MP1 _INT, MPI_FLOAT, MPI1_DOUBLE, MPI_CHAR etc.

— root int I rank of root process

— comm MPI_Comm | communicator
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P#0 | AO|BO|CO|DO P#0 | op.A0-A3|0p.B0-B3|0p.CO-C3|op.D0O-D3

All reduce
M PI AI I red u Ce #1 |A1|B1|C1|D1 d P#1 | op.A0-A3 | 0p.B0-B3|0p.C0-C3|0p.D0-D3
— P#2 P#2

A2|B2|C2|D2 0p.A0-A3 | 0p.B0-B3 | 0p.CO-C3|0p.DO-D3
P#3 | A3|B3|C3|D3 P#3 | op.A0-A3 | 0p.B0-B3 |0p.CO-C3|0p.D0-D3

Y

« MPI_Reduce + MPI|_Bcast

« Summation (of dot products) and MAX/MIN values are likely to utilized in
each process

e« call MP1_Allreduce

(sendbuf, recvbuf,count,datatype,op, comm)
— sendbuf choice | starting address of send buffer
— recvbuf choice O starting address receive buffer

type is defined by datatype”

— count int | number of elements in send/receive buffer
— datatype wPI_Datatype | data type of elements of send/recive buffer
— op MPI_Op I reduce operation

— comm MPI_Comm | communicator
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“op” of MPI_ReducelAIIreduce

MP1_ Reduce
(sendbuf, recvbuf,count,datatype,op, root,comm)

« MPI_MAX, MP1_MIN Max, Min
« MPI_SUM, MP1_PROD Summation, Product
 MPI_LAND Logical AND
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Preconditioned Conjugate Gradient Method (CG)
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Compute r®= p-[A]x©®
mpi: 1, 2, . i o HIWLLEEQ
solve [M]z(-D= (G- ﬁZIT_U./7
pi = r@-10 zG-n .
if i1 ® lﬁljﬁLLIEi MNLELZITOER
pD= 7
i1~ Pi-1/Pi- 1781~ g
l;(i%: F;(il—l)p+2[5i_1 pGi-1 (el a7
endif _ _
qO= [A]p® D 0 0 0
o; = pi_/pPqd®
¥ (D= i(i%l)p+ gip(i) 0 D2 0 0
r= rG-D - g.qM M]=] ...
check convergence |r]| 0 0 D 0
ﬂ N-I1
0O O 0 D,
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for (i=0; i<N; i++) {
WLQI[i] = Diag[i]l = W[P][i];
for (j=Index[i]; j<Index[i+1]; j++) {
WIQIL[i] += AMat[jI+W[P][Item[j]];
}
}
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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

Internal/External Nodes
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e J)L—7 3815 : Collective Communication
— MPI_Reduce, MPI_Scatter/Gather 7&:&
— ELCAZ 2=y —2ANETOEREBIET S
— & 57 B

« MREREK, ARJMVE, R FRAEFIO—NILGHEERDHLFIE
- AtE, RKELGEDFRL—23Yy

« 1%t1:815 : Point-to-Point
— MPI1_Send, MPI_Receive
—-BEOTORREDHBIENHD n 0-0,0-0,0.0
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SEND (3X1E)

50

- IBREDEE

EEN\YI7DEFEL-T—2EBIZETOERITES
« MPI_Isend
(sendbuf,count,datatype,dest, tag,comm, request)

sendbuf
count
datatype

dest

(E3)
B
B
B

EENYITTFDERETRLX,
IytE—SNDH AR
A= DT —REA4T
EETOELRADTRLA(S29)
PE#3

laasl
L

C%——%D———{) 8 9 11 12
10 9 11 12
5.—.6—()9 T T
36— @©® O 38 8 6
4 :I4 :I5
e—0 O O O
1 ) 7 7 1 2 3
PE#1 PE#2
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MPI Isend

o FEIE/NvTF7Isendbuf IND, EHELI=TcountlBDEEAVE—%, 44 Ttag]
T, OS2 =5 —2D, ldestl[ZiEET S, TMPI_Waitall JZFESFE T, £
ENVI7ORNBTZRBHLTIELELEL,

« MPI_Isend
(sendbuf,count,datatype,dest,tag,comm, request)
— sendbuf EZE I EE/NYITFDRETRLX,
— count B I Ayt—TDHAX
— datatype E# I A= DT—R34T
— dest B I SEETAERDTRLR(S2Y)
— tag B I Ayt—RYT, EEAVE—CDEEERANTHEEIZER,
BEXIOITEL, RLAYE—D 2T BERILTTREIE,
— comm MPI_Comm | O =47 —3%FHETETH
— request MPI_Request O BIEHEAF. MP1_Waital I CEH,

(B2 : A XIXREATEIHEDHSIMPI_Isend IFFUHL
HOBEIIBEEIOERAHGE)) :CEEIZ DL\ TE &



RECV(Z{E) S mADZE
ZENYI7IZBETOEANSESRELI-T—2ZFZ (TS

 MPI _lrecv
(recvbuf,count,datatype,dest, tag,comm, request)

— recvbuf = | ZE/NVITFDHETRFLX,
— count B I Iyt—oDH AR
— datatype E#{ | It—NT—REAT

|

— dest B BETALADTRLR(SUY)

52
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MPI Irecv

o Z{E/NvT7lrecvbuf IRD, EHELI=TcountlBDEEAVtE—T%, 44 Ttag]
T, A2 = —3RD, ldestihoZ{ET S, TMPI_Waitall J7ZESE T,
ZENYVITFORBREMALE-NIEBEZERL TIEESELY,

e MPI1 _lrecv

(recvbuf,count,datatype,dest,tag,comm, request)

— recvbuf HFE

|
— count B |
— datatype ZE#{ I
— dest B |
— tag B |
— comm MPI_Comm |

— request wMPI_Request O

ZAE/NVITTDRETRL R,

Ayt—UDHAX

Ayt—oDT—REA4T

SEIETAERADTRELR(TY)

Ayt—IRY  ZIEAYVE—VDREEERXRANTHESIZER,

BEEI0ITEL, ACAYE—U25 B SR TEE.

O =47 —3%FHETETH

BEHAF. MP1_Waital I TEM,

(B YA XIIREEATEILEDHAIMPI_IrecvIFFEUHL
HOBEIIBEEIOEREGE)) CEEIZ DLW TIE&R
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MPI Waitall

e 1¥MMIETOvF S EERMTHAIMPI IsendIETMPI IrecviZEALI-EE, 7
Ot ADREHAZIMADIZFERT 5,

o FEEBFIXZDOIMPI_Waitall J7ZMESRIIEE /N I7TORNBEZRLTIIESAELY,
SIERFETMPI_Waitall IZFESFIICZE/ W I7ORBEF AL TIFASHLY,

« EHMEAERNTLINIE, TMPIL Isend]ETMPIL IrecviZRIFICRIZIL TH KLY,
— TMPI_Isend/Irecv] CRICBIEH A FEFERTHE

« [MPI_Barrier]ERC&I7GEHEETH AN, KAIXTEGLY,
— BRI LB, Trequest], Tstatus I DRBENELLEHFHFINT, {EDL

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

 MPI Wairtall (count,request,status)
— count B I FHIT AL EDHSIMPI_ISENDJ, TMPI_RECVIFEUH L3,
— request E# 1/0 BIEEAF. TMPI_ISENDJ, TMPI_IRECV | CHI L5
F A%t (E2FIH 4 X: (count))
— status  MPI_Status O WiRA T MBS
MPI_STATUS SIZE: “mpif.h”,”mpi.h”TEHLNDB
INGA—H . CEEBIZDOL\TIEZ R
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Node-based Partitioning
Internal nodes - elements - external nodes

PE#1
PE#1 4 5 6 12 15 6 ]
i PE#0 O—O—0O0—0 O—O0—0
21 22 23 24 25 PE#0
Q O O f) O Y '\ ) e 7\ /) [
1(/ ./ ./ \)11 O ./ O/ \)
2 3 14 13 4 )
17 18 19 ) [ ) ) [
160 O O O O 20 e— 0 O0—0O0 6—0O0—0—0
7 8 9 10 10 1 2 3
12 13 14 1 10 12
1@ @ O O O 15 O O O
i 8 ©
5 6 o IO oLy 5 @—0—0 9
30—0-—03
@ @ O O O
1 2 3 4 5
e—0 O
PE#3 PE#2 1 2 T
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EHREBT —2 (BT —4%) L#&

12 « NA, 4} & (internal/external nodes)
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6+ BEHESEIL B
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« S RIEER
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[ %48 :import]9 5 hH
- IBR AR
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External Nodes (4} 51) : RECEIVE

PE#2 : receive information for “external nodes”
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Boundary Nodes (#Z5 ) : SEND

PE#2 : send information on “boundary nodes”
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