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J7A4)LabE—, a2/l

FORTRAN.1—H —
>$ cd /lustre/gt00/t00XXX/pFEM

>$ cp /lustre/gt00/z30088/class_eps/F/s2r—-f.tar
>SS tar xvf s2r-f.tar

ci—H—
>$ cd /lustre/gt00/t00XXX/pFEM

>$ cp /lustre/gt00/z30088/class_eps/C/s2r—-c.tar
>$ tar xvf s2r-c.tar

TALO F)HER - a2 iA )L

>$ cd mpi/S2-ref

>$ mpiifort -03 —xCORE-AVX2 —-align array32byte 1d.f
>$ mpicc -03 —xCORE-AVX2 -align 1d.c

CDT4LY M) ZRERTIE <$0-s2r> EHES
<$0-S2r> = <$O-TOP>/mpi/S2-ref
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Fllff1 2 7 4 JL : input.dat
{1 2 74 JL input.dat
4 NE (EFEH)
1.0 1.0 1.0 1.0 Ax (BEFZEEZXL), 90, A, A
100 RE@H% (ceikigit)
l.e-8 CG/io)}i'fE*Tt)] nh%
g ERES
B D (21K)
1 2 3 4
x=0 x=1 X=2 X=3 X=4



S2-ref

gl16.sh: 8 -nodes, 256 -cores, 16x2x8

#!/bin/sh
#PJIM -N "test"
#PJM -L rscgrp=tutorial

- de=8
ﬁ?ﬁ —Em;: :roc=256 256/8= 32 cores/node

#PJIJM -L elapse=00:15:00

#PJIJM -g gtO00

#PIM -3

#PJM -—-e err

#PJM -0 test.lst
32-cores are randomly

mpiexec.hydra -n ${PJM _MPI_PROC} ./lda selected from 56-cores

mpiexec.hydra -n ${PJM _MPI_PROC} ./1ldb

export I_MPI_PIN_PROCESSOR_LIST=0-15,28-43 on the node

mpiexec.hydra -n ${PJM_MPI_PROC} ./lda

mpiexec.hydra -n ${PJM_MPI_PROC} ./1db 32-cores on each

socket are assigned.
A little bit more stable

Intel® Xeon® Intel® Xeon®

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX) { .DDR&, » Memory

2.7GHz, 28-Cores 2.7GHz, 28-Cores < ,DDR4,» 96 GB

2.419 TFLOPS 2.419 TFLOPS
Soc. #0: 0-27th cores Soc. #1: 28th-55 cores

2933 MHz X 6¢ch i ' 2933 MHz X 6¢ch
40.8 GB/se 140.8 GB/sec

Socket #0: 0 th-27th Cores e Socket #1: 28 th-55th Cores




S2-ref

g24.sh: 8 -nodes, 384 -cores, 24x2x8

#!/bin/sh
#PJIM -N "test"
#PJM -L rscgrp=tutorial

- de=8
ﬁ?ﬁ —Em;: :roc=334 384/8= 48 cores/node

#PJIJM -L elapse=00:15:00

#PJIJM -g gtO00

#PIM -3

#PJM -—-e err

#PJM -0 test.lst
48-cores are randomly

mpiexec.hydra -n ${PJM _MPI_PROC} ./lda selected from 56-cores

mpiexec.hydra -n ${PJM _MPI_PROC} ./1ldb

export I_MPI_PIN_PROCESSOR_LIST=0-23,28-51 on the node

mpiexec.hydra -n ${PJM_MPI_PROC} ./lda

mpiexec.hydra -n ${PJM_MPI_PROC} ./1db 24-cores on each

socket are assigned.
A little bit more stable

Intel® Xeon® Intel® Xeon®

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX) { .DDR&, » Memory

2.7GHz, 28-Cores 2.7GHz, 28-Cores < ,DDR4,» 96 GB

2.419 TFLOPS 2.419 TFLOPS
Soc. #0: 0-27th cores Soc. #1: 28th-55 cores

2933 MHz X 6¢ch i ' 2933 MHz X 6¢ch
40.8 GB/se 140.8 GB/sec

Socket #0: 0 th-27th Cores e Socket #1: 28 th-55th Cores
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g28.sh: 8 -nodes, 448 -cores, 28x2x8

#!/bin/sh
#PJIM -N "test"
#PJM -L rscgrp=tutorial

- de=8
FoM ot eroco448 448/8= 56 cores/node

#PJIJM -L elapse=00:15:00
#PJIJM -g gtO00

#PIM -3

#PJM -—-e err

#PJM -o test.lst

mpiexec.hydra -n ${PJM _MPI_PROC} ./lda
mpiexec.hydra -n ${PJM _MPI_PROC} ./1ldb
export I_MPI_PIN_PROCESSOR_LIST=0-55

mpiexec.hydra -n ${PJM_MPI_PROC} ./lda
mpiexec.hydra -n ${PJM_MPI_PROC} ./1db

Intel® Xeon® Intel® Xeon®

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX) { .DDR&, » Memory

2 7GHz, 28-Cores 2.7GHz, 28-Cores | ,DDR&, » 96 GB
2.419 TFLOPS 2.419 TFLOPS
Soc. #0: 0-27th cores Soc. #1: 28th-55 cores

2933 MHz X 6¢ch i 2933 MHz X 6¢ch
40.8 GB/se 140.8 GB/sec

Socket #0: 0 th-27th Cores e Socket #1: 28 th-55th Cores




NUMA Architecture

DDRA4 Intel® Xeon® \ / Intel® Xeon® \
> < - :
S DDR4 0 Platinum 8280 Platinum 8280

Memory (Cascade Lake, CLX) (Cascade Lake, CLX)
96 GB 2.7GHz, 28-Cores 2.7GHz, 28-Cores

2419 TELOPS 2419 TELOPS
DDR4 Soc. #0: 0th-27th cores j kSoc. #1: 28th-55t cores /

! —
2933 MHz x 6¢h I 2933 MHz x 6¢h

40 140.8 GB/sec

Socket #0: 0 th-27th Cores

* Oakbridge-CX (OBCX)
— 2 Sockets (CPU’s) of Intel CLX
- &Yy bF28a7, AEt56a7
e NUMA7 —%7%2 F+ (Non-Uniform Memory Access)

— AEYIZHRBCPUIZEEH I TLWTHIL, EZACPUOAO—AIL A
E)EDT—R22T7O AT B EIEAEE

— O—AIAE) LDT—R2ZE->TEHET 5DHNEY
e numactl -1 : A—AIAEYFER, KA T aVICKBPELLZBHEEEY
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1D FEM: 12 nodes/11 elem’s/3 domains

Internal/External Nodes
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S2-ref

1D FEM: Numbering of Local ID

ego 1 ‘N_-z@ﬁm

00002, T

#0O:
N+1 nodes
N elements

#PETot-1;
N+1 nodes
N elements

Others (General):

N+2 nodes
N+1 elements

15
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045/, :1d.c(1/11)

LK

#include <stdio.h>
#include <stdlib. h>
#include <math. h>
#include <assert.h>
#include <mpi.h>

int main(int argc, char **argv) { MPIZERT 5EEDIEELLLN ]

int NE, N, NP, NPLU, IterMax, NEg, Ng, errno;

double dX, Resid, Eps, Area, QV, COND, QN;

double X1, X2, DL, Ck; double *PHI, *Rhs, *X, *Diag, *AMat;
double *R, *Z, *Q, *P, *DD;

int *Index, *Item, *Icelnod;

double Kmat[2][2], Emat[2][2];

int i, j, inl, in2, k, icel, k1, k2, jS;

int iter, nr, neib;

FILE *fp;

double BNorm2, Rho, Rho1=0.0, C1, Alpha, Beta, DNorm2;
int PETot, MyRank, kk, is, ir, len_s, len_r, tag;

int NeibPETot, BufLength, NeibPE[2];

int import_index[3], import_item[2];
int export_index[3], export_item[2];
double SendBuf[2], RecvBuf[2];

double BNorm20, RhoO, G10, DNorm20;
double StartTime, EndTime;
int 1err = 1;

MPI_Status *StatSend, *StatRecv;
MPI_Request *RequestSend, *RequestRecv;

16



S2-ref

0455/, :1d.c(2/11)
HI{E T — A A+ A -

/%

I pmm===== +

// | INIT. |

f e +

//=== */

/%

//-— CONTROL data

*/
ierr = MPI_Init(&argc, &argv); MPI#D&EAME : A%
ierr = MPI_Comm_size (MPI_COMM_WORLD, &PETot) ; 270t X% : PETot
ierr = MPI_Comm_rank (MPI_COMM_WORLD, &MyRank) ; HBONDS 25 BES (0~PETot-1) MyRank

i f (MyRank == 0) {
fp = fopen("input.dat”, “r”);
assert (fp != NULL) ;
fscanf (fp, “%d”, &NEg);
fscanf (fp, “%If %If %If %If”, &IX, &QV, &Area, &COND) ;
fscanf (fp, “%d”, &lIterMax);
fscanf (fp, “%If”, &Eps);
fclose (fp) ;

MPI Bcast (&NEg

: MPI _INT, O, MPI_COMM_WORLD) ;
MPI Bcast (&I terMax,

MPI_INT, O, MPI_COMM_WORLD) ;

lerr
ierr

= 1,

= ‘]1
ierr = MPI_Bcast (&dX .1, MPI_DOUBLE, 0, MPI_COMM_ WORLD)J
ierr = MPI_Bcast (&QV , 1, MPI_DOUBLE, 0, MPI_COMM_WORLD) ;
ierr = MP]_Bcast (&Area , 1, MPI_DOUBLE, 0, MPI_COMM_WORLD) ;
ierr = MPI_Bcast (&COND , 1, MPI_DOUBLE, O, MPI_COMM_WORLD) ;
ierr = MPI_Bcast (&ps , 1, MPI_DOUBLE, 0, MPI_COMM_WORLD) ;



S2-ref

0455/, :1d.c(2/11)
HI{E T — A A+ A -

/%
/] At
// | INIT. |
e
//=== */
/%
//-— CONTROL data
*/
ierr = MPI _Init(&argc, &argv); MPI#DER1E : W%
ierr = MPI_Comm_size (MPI_COMM_WORLD, &PETot); 70+t A% : PETot
ierr = MPI_Comm_rank (MPI_COMM_WORLD, &MyRank) ; BRaDo>29&ES (0~PETot-1) : MyRank
i f (MyRank == 0) { MyRank=0 & ZHIEHT—2 Z 5

fp = fopen("input. dat”, “r”);

assert(fp != NULL) ;

fscanf (fp, “%d”, &NEg) . NEg: T2 EERH
fscanf (fp, “%If %If %If %If”, &X, &QV, &Area, &COND);

fscanf (fp, “%d”, &IterMax);

fscanf (fp, “%If”, &Eps);

| fclose (fp) ;

ierr = MPI _Bcast (&NEg .1, MPI_INT, O, MPI_COMM_WORLD) ;
ierr = MPI Bcast (&IterMax, 1, MPI _INT, O, MPI_COMM_WORLD) ;
ierr = MPI_Bcast (&dX -1, MPI_DOUBLE, 0, MPI_COMM_ WORLD);
ierr = MPI _Bcast (&QV "1 MPI_DOUBLE. O, MPI_COMM WORLD) :
ierr = MPI _Bcast (&Area , 1, MPI_DOUBLE, 0, MPI_COMM_WORLD) ;
ierr = MPI _Bcast(&COND , 1, MPI _DOUBLE, 0, MPI_COMM_WORLD) ;
ierr = MPI_Bcast (&Eps 1, MPI_DOUBLE, 0, MPI_COMM WORLD) ;

18



S2-ref

04551, :-1d.c(2/11)
Hl 1T —2 R A A H

/%
e —
// | INIT. |
/] 4mm—mmnnt
//::: */
/%
//-— CONTROL data
*/
ierr = MPI _Init(&argc, &argv); MPI#DERIE : WAZB
ierr = MPI_Comm_size (MPI_COMM_WORLD, &PETot); 70+t A% : PETot
ierr = MPI_Comm_rank (MPI_COMM_WORLD, &MyRank) ; BANDS 5 &S (0~PETot-1) MyRank
i f (MyRank == 0) { MyRank=0 & ZHIEHT—2 Z 5

fp = fopen("input. dat”, “r”);
assert(fp != NULL) ;
fscanf (fp, “%d”, &NEg) Neg: T£] EXRH
fscanf (fp, “%If %If %If %If”, &dX, &V, &Area, &COND);
fscanf (fp, “%d”, &IterMax);
fscanf (fp, “%If”, &Eps);
| fclose (fp) ;

ierr = MPI_Bcast (&NEg MPI_INT, O, MPI_COMM_WORLD); O0FEJOEXMo&/TOLRIZT—HIEE

1
ierr = MPI_Bcast (&1terMax, 1, MPI_INT, 0, MPI_COMM_WORLD) ;
ierr = MPI_Bcast (&dX " 1. MPI_DOUBLE. 0, MPI_COMM_WORLD) :
ierr = MPI_Bcast (&QV -1, MPI_DOUBLE, 0, MPI_COMM_WORLD)
ierr = MPI_Bcast (4Area , 1, MPI_DOUBLE, 0, MPI_COMM_WORLD) ;
ierr = MPI_Bcast (&COND , 1, MPI_DOUBLE, O, MPI_COMM_WORLD) ;
ierr = MPI_Bcast (&Eps , 1, MPI_DOUBLE, 0, MPI_COMM_WORLD) ;



S2-ref 20

P#0 | AO|BO|CO|DO P#0 | AO|BO|CO|DO

MPI_Bcast — ool

P#2 P#2 | A0 |BO|CO|DO
P#3 P#3 | A0 |BO|CO|DO

e JII—T(AZa=4H—4) lcommAD—D2DEE7OtEX oot 1D
Ny I7lbuffer /s, FOMETOTAOVRRD /Ny I 7 buffer J[ZAY
t—FEE,

e MPI_Bcast (buffer,count,datatype, root, comm)
— buffer & 1/0 /\YIFDFKETFTFLZR,
BATEdatatype lIZKYRTE

— count E¥ 1 Ayt—DH AKX

— datatype ZE# T Ayt—NT—RB8AT
FORTRAN MPI_INTEGER, MPI_REAL, MPI_DOUBLE_PRECISION, MPI_CHARACTER etc.
C MPI_INT, MPI_FLOAT, MPI_DOUBLE, MPI_CHAR etc.

— root ] I EETTOEADID(SY)

—~ comm B 1 A= —3(BIETIN—T)FETET S




S2-ref

045/ :1d.c(3/11)

ST R Ay AT —R

L -

/%
//—— LOCAL MESH size

*/

Ng= NEg + 1; Ng : #ET R

N = Ng / PETot; N : EFrEi s
nr = Ng — NxPETot; NgHMPETot TE|Y I L LGS
i f (MyRank < nr) N++;

NE=N -1+ 2;

NP= N + 2;

if (MyRank == 0) NE= N -1 + 1;

if (MyRank == 0) NP= N + 1;

if (MyRank == PETot-1) NE= N - 1 + 1;

i f (MyRank == PETot-1) NP= N + 1;

i f (PETot==1) {NE=N-1;}

if (PETot==1) {NP=N ;}

Arrays

PHI = calloc(NP, sizeof (double));

Diag = calloc (NP, sizeof (double));

AMat = calloc (2xNP-2, sizeof (double)) ;
Rhs = calloc (NP, sizeof (double)) ;

Index= calloc (NP+1, sizeof(int));
[tem = calloc (2xNP-2, sizeof(int));
Icelnod= calloc (2*NE, sizeof (int));

21



S2-ref

o045/, :1d.c(3/11)
BRSO EA Ay 2aT—43, FEFE>—Fk

/%
//—— LOCAL MESH size
*/

Ng= NEg + 1; Ng : "ft*""”—:"’!iﬂl

N = Ng / PETot; N : BFEimsk (RgA)

nr = Ng — NxPETot; NgMPETot TEIY YN Z LGS
if (MyRank < nr) N++;

NE=N-1+ 2; BFTEFZRH _

NP= N + 2; MR+ R (BRATHRE R

if (MyRank == 0) NE=N -1 + 1
if (MyRank == 0) NP= N + 1;
if (MyRank == PETot-1) NE= N - 1 + 1;

i f (MyRank == PETot-1) NP= N + 1; 0—0 o ‘ ®—® — B D FEL -
N-1 0 1 N-2 N

N+28i M, N+1E%
i f (PETot==1) {NE=N-1}
if (PETot==1) {NP=N ;}

/%

/— Arrays

*/
PHI = calloc(NP, sizeof (double));
Diag = calloc (NP, sizeof (double));
AMat = calloc (2xNP-2, sizeof (double)) ;
Rhs = calloc (NP, sizeof (double)) ;

Index= calloc (NP+1, sizeof(int));
[tem = calloc (2xNP-2, sizeof(int));
Icelnod= calloc (2*NE, sizeof (int));



S2-ref

045/, :1d.c(3/11)

/%
//—— LOCAL MESH size
*/

RFIDEAY 1T —3, FER>—Fk

Ng= NEg + 1; Ng : BT S%

N = Ng / PETot; N : BFEimsk (RgA)

nr = Ng — NxPETot; NgMPETot TEIY YN Z LGS
if (MyRank < nr) N++;

NE=N-1+ 2;

NP= N + 2;

if(MyRank == 0) NE= N - 1 + 1;
if(MyRank == 0) NP= N + 1;

i f (MyRank == PETot-1) NE= N - 1 + 1;
i f (MyRank == PETot-1) NP=N + 1;

if(PETot==}§{NE=N—1;}

if (PETot==1) {NP=N ;}

Arrays

PHI = calloc(NP, sizeof (double));
Diag = calloc (NP, sizeof (double));
AMat = calloc (2xNP-2, sizeof (double)) ;
Rhs = calloc (NP, sizeof (double)) ;

Index= calloc (NP+1, sizeof (int));
[tem = calloc (2xNP-2, sizeof(int));
Icelnod= calloc (2*NE, sizeof (int));

OQQ 1 ’N_Z@Em #0: N+181 5, NEZE

23
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045/, :1d.c(3/11)

/%
//-— LOCAL MESH size
*/

Ng= NEg + 1; Ng : "ft*’_"'”—:"’!iﬂl

N = Ng / PETot; N : BFEimsk (RgA)

nr = Ng — NxPETot; NgMPETot TEIY YN Z LGS
if (MyRank < nr) N++;

NE=N-1+ 2;

NP= N + 2;

if (MyRank == 0) NE=N -1 + 1;

if (MyRank == 0) NP= N + 1;

i f (MyRank == PETot-1) NE= N - 1 + 1;
i f (MyRank == PETot-1) NP= N + 1;

i f (PETot==1) {NE=N-1]}

i (PETot==1) {NP=N ] 0-0-0606060-®
Arrays

PHI = calloc(NP, sizeof (double));

Diag = calloc (NP, sizeof (double));

AMat = calloc (2xNP-2, sizeof (double)) ;

Rhs = calloc (NP, sizeof (double)) ;

Index= calloc (NP+1, sizeof (int));
[tem = calloc (2xNP-2, sizeof(int));
Icelnod= calloc (2*NE, sizeof (int));

RFIDEAY 1T —3, FER>—Fk

#PETot-1: N+18i &,

NER

24
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7079 54:1d.c(3/11)

w1 T—4

a
/%
/;—— LOCAL MESH size
*
Ng= NEg + 1; Ng : #2801 S %
N = Ng / PETot; N : BFTEias (HR)

nr = Ng — NxPETot;

if (MyRank < nr) N++;

NE=N-1+ 2;

NP= N + 2;

if (MyRank == 0) NE=N -1 + 1;

if (MyRank == 0) NP= N + 1;

if (MyRank == PETot-1) NE= N - 1 + 1;
if (MyRank == PETot-1) NP= N + 1;

i f (PETot==1) NE:N—1:]
if (PETot==1) {NP=N ;

>
=
—
V)
<
n

PHI
Diag
AMat
Rhs
Index=
[tem =

cal loc (NP, sizeof (double)) ;
calloc (NP, sizeof (double)) ;

cal loc (2¥NP-2, sizeof (double)) ;

calloc (NP, sizeof (double)) ;
cal loc (NP+1, sizeof(int));
cal loc (2%NP-2, sizeof (int));

Icelnod= calloc (2xNE, sizeof(int));

NgHPETot TEIY I 7E LGS

NTZKNPTESIZERE L TLAHRISERE

25
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04 5.4 1d. c<4/11>
BCHI#EL, ER~E R

for (i=0; i<NP; i++) ULi] = 0.0;
for (i=0; i<NP;i++) Diagl[i] = 0.0;
for (i=0;i<NP;i++) Rhs[i] = 0.0;
for (k=0;k<2xNP-2;k++) AMat[k] = 0.0;
for (i=0;i<3;i++) import_index[i]= 0
for (i=0;i<3;i++) export_index[l]:
for (i 0 i<2;i++) import_item[i]= 0
for (i=0;i<2;i++) export_item[i]= 0
. . . icel
for (icel=0; icel<NE;icel++) {
[celnod[2*xicel 1= icel; ® ®
| Icelnod[2xicel+1]= icel+1; | celnod[ 2*icel] Icelnod[ 2*icel +1]
=icedl =ice+1

if (PETot>1) {

i f (MyRank==0) {
icel= NE-1;
Icelnod[2xicel ]=
Icelnod[2*icel+1]=

}else if (MyRank==PETo
icel= NE-1;
Icelnod[2*icel ]
Icelnod[2*icel+1]

Jelsef
icel= NE-2;
Icelnod[2*icel ]
Icelnod[2*icel+1]
icel= NE-1;
Icelnod[2*icel ]
Icelnod[2*icel+1]

26
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04554 :1d. c(4/11>
BCHI#EL, ER~E R

for (i=0; i<NP; i++) ULi] = 0.0;

for (i=0;i<NP;i++) Diag[i] = 0.0;

for (i=0; i<NP;i++) Rhs[i] = 0.0;

for (k=0; k<2xNP-2;k++) AMat[k] = 0.0;
for (i=0;i<3;i++) import_index[i]= 0
for (i=0;i<3; i++) export_index[l]:
for (i 0 i<2;i++) import_item[|%=

for (i=0;i<2;i++) export_item[i

for (icel=0;icel<NE;icel++) {
Icelnod[2xicel 1= icel; [0-11DEFZFI01ET 5

Icelnod[2xicel+1]= icel+1;

i f (PETot>1) { _ e

I (MyRank==0) { 0-00-B-0 ronimaNEx
icel= NE-1; = = — —
Icelnod[2xicel ]
Icelnod[2*icel+1]

lelse |f(MyRank =PE
icel= NE-1, .
lcelnod=2*icel 1=
Icelnod[2*icel+1]=

lelse{
icel= NE-2;
Icelnod[2*icel| ]
Icelnod[2*icel+1]
icel= NE-1; ]
Icelnod[2*icel ]=
Icelnod[2*icel+1]=

N
N;
ot-1) {
N
0

QMQ 0 0 1 ’M@ #PETot-1: N+1&i&, NEX

=il ‘ — A& D FELE :
+1; QM@ 0 G 1 ‘N_z@ N e N+§E’ﬁ,'1.]$\, N+1Z& %

27



S2-ref

o045/, -1d.c(5/11)

/e 2

IndexE £
Kmat[0] [0]= +1.0;
Kmat[0] [1]= -1.0;
Kmat[1][0]= -1.0;
Kmat[1][1]= +1.0;

¥ O

*

/ 4 :
; | CONNECTIVITY |
/ .

for (i=0; i<N+1; i++) Index[i]
for (i=N+1; i<NP+1; i++) Index[i]

Index[0] = O; "
if (MyRank == 0) Index[1] = 1; T—0 #o N+1FA NEXR
i f (MyRank == PETot-1) Index[N] ; ° 0 0 1 ’N_Z N-1

for (i=0; i<NP; i++) {
Index[i+1]= Index[i+1] + Index[i];

NPLU= Index [NP]: @M@ 3 o; ’N_z@ #PETot-1: N+1&im, NEX

i1
—h —
-

‘ — & DR :
mma 0 G 1 ‘M@ N @ N+22'E"ﬁ;—(_'\, N+1E%&
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045/, :1d.c(6/11)

ItemE &

for (i=0; i<N;i++) {
jS = Index[i];
i f ((MyRank==0) && (i==0)) {
[tem[jS] = i+1;
}else if ((MyRank==PETot-1)&&(i==N-1)) {
Item[jS] = i-1;

Jelsef
Item[jS] = i-1;
[tem[ jS+1] = i+1;

if(i==0) { Item[jS] = N;}
if(i==N-1) { Item[jS+1]= N+1;}

i f ((MyRank==0) && (i==N-1)) {Item[jS+1]1= N}

0 0 o 7 ’NZ@EQ #0: N+1EiR, NEXR

J
J

i =N;
jS= Index[i];
if (MyRank==0) {
Item[jS]= N-1;

TﬁngjS]: 0; 0-0-06000

I =N+1;
jS= Index[i];
if ((MyRank!=0)&& (MyRank!=PETot-1)) {
Item[jS]= N-1;

N-1

o 0 o 1 ON_z@E@

#PETot-1: N+18i5, NEX

— S DA :
N+28i 5, N+1E &K

29
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04551, :1d.c(7/11)
BIEET—TILER

/%
//—— COMMUNICATION

*/

NeibPETot = 2;

i f (MyRank == 0) NeibPETot = 1;

i f (MyRank == PETot-1) NeibPETot = 1;

if (PETot == 1) NeibPETot = 0;
IR it

ei = MyRank + 1;

0—0—0—C—0 sz

i f (MyRank == 0) NeibPE[0] = MyRank + 1; 0 1 N-2 = N-1

i f (MyRank == PETot-1) NeibPE[0] = MyRank - 1;

import_index[1]=1;

import_index[2]=2;
|mport_|tem%?%: N:1
import_item[1]= N+1; —
QMQ 0 01 QN_ZQ #PETot-1: N+18i 4, NE&

export_index[1]
export_index[2]
export_item[0]=
export_item[1]= N-1;

if (MyRank == 0) import_item[0]=N; — "ﬁ?ﬂ?ﬁﬁﬁﬁ:
i f (M\yRank == 0) export_item[0]=N-1; QM@ 0 Q 1 ‘M@ N @ N+28i R, N+1EHR

BufLength = 1;

StatSend = mal loc (sizeof (MPI _Status) * NeibPETot) ;
StatRecv = malloc (sizeof (MPI _Status) * NeibPETot) ;
RequestSend = mal loc (sizeof (MPI_Request) * NeibPETot) ;
RequestRecv = mal loc (sizeof (MPI_Request) * NeibPETot) ;

1;
2,
0;
N-
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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 IE I EE/NYITFDRETRLX,

—~ count B I Ayt—IDHAX

— datatype E# I I —DT—RE4T

- dest B I SEETAELADTRELR(T2Y)

- tag B I Ayt—U835  FEAVE—DDEEXXANTAHAESIZER,
BEEI0ITEL, ACAYE—U25 B SR TEE.

—~ comm B T OS2 —3%FHETEIT D

~ request EH 0 BIEHANF . MPI Waitall TEMA,
(B35 : A XIIREATEINEDHSMPI_Isend FFUHL
MOBBXFEETORRAHEGL))
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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 {FE&E I ZIE/NYITFDEBETFLX,

—~ count B I Avt—oDHYAX

—~ datatype E# I A= DT —ER3A4T

- dest B I SEETAERDTELR(F27)

- tag B I Ayt—U835 ZIEAVE—UDEEXXANTAESIZER,
BEEI0ITEL, ACAYE—U25 B SR TEE.

—~ comm B I OS2 —3%FHETEIT D

~ request EH 0 BIEHANF . MPI Waitall TEMA,
(B2 : A XIIREATEINEDHSIMPI_IrecvIFFUHL
MOBBXFEETORRAHEGL))

32
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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 BIE#AIF. TMPI_ISENDJ, TMPI_IRECV]THIBEL=#EA
FRIZxG . (EEFIH 4 X : (count))
~ status B 0 WiRA T/ MEES (BEFIH (4 X : (MPI_STATUS_SIZE,count))
MPI_STATUS_SIZE: “mpif.h”,”mpi.h” CTEHOLND
INTA—A




SSSSSS

—fRiESh-@IET—T I E(E

« EEHEF
— NelbPETot, NelbPE[NelbPETot]

s TNETNDEEMFITESI AvE—IH AKX
— export_index|[NelbPETot+1]

s [IRRRIES
— export_item|export_index|NelbPETot+1]]

¢« TENETNDEEMFITEDAvE—
— SendBuf[export_index[NelbPETot+1]]
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35

=15 (MPI Isend/Irecv/Waitall )

neib#0 neib#1 neib#2 neib#3

® @ @
}4 | - L D‘
BUFlength_e BUFlength_e BUFlength_e BUFlength_e
export_index[0] export_index[1] export_index[2] export_index[3] export_index[4]

export_index[neib] ~export_index[neib+1]-1Z&& B Mexport_itemhineibFE B DEEMEEICEE SIS

for (neib=0; neib<NeibPETot; neib++) {
for (k=export_index[neib];k<export_index[neib+1];k++) {
kk= export_item[k];

SendBuf[k]= VAL[kk]; EE/NYTFADEA
}

for (neib=0; neib<NeibPETot; neib++) {
tag= O;
iS_e= export_index[neib];
iE_e= export_index[neib+1];
BUFlength_e= iE_e - iS_e

ierr= MPI TIsend

(&SendBuf[iS_e], BUFlength_e, MPI_DOUBLE, NeibPE[neib], O,
MPI_COMM_WORLD, &ReqgSend[neib])
}

MPI_Waitall (NeibPETot, RegSend, StatSend);
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1%- /kEF:ﬁL

Holo—o-o

_@

H{EMTF

SendBuf [0]=VALI[O] SendBuf [

— NelbPETot, NeibPE[NeibPETot]
 NeibPETot=2, NeibPE[O]= my_rank-1, NelbPE[1]= my rank+1
TNTNOEERFIZEDIAYE—IH AKX
— export_index[NeibPETot+1]
o export_index[0]=0, export_index[1]= 1, export_index[2]= 2

[ERRIETS

— export_item[export_index|[NelbPETot+1]]
o export_item[0]= 0, export_item[1]= N-1
TNENDEEEFITELAvE—D
— SendBuf[export_index[NelbPETot+1]]
o SendBuf[0]= VAL[O], SendBuf[1]= VAL|[N-1]

1]=VAL[3]

36
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. ZEHEF
— NelbPETot, NelbPE[NelbPETot]

s TNENDZERFEIOZITEAIAYVE—DH AKX
— export_index[NelbPETot+1]

« INRIBS
— export_item|[export_index|NelbPETot+1]]

¢« TNETNDZERFEIOZITDOAYE—D
— SendBuf[export_index[NelbPETot+1]]

1]
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218 (MPI Isend/Irecv/Waitall )

for (neib=0; neib<NeibPETot; neib++) {
tag= O;
iS_i= import_index[neib];
iE_i= import_index[neib+1];
BUFlength_i= iE_i - iS_1i

ierr= MPI_TIrecv

(&RecvBuf[iS_i], BUFlength_i, MPI_DOUBLE, NeibPE[neib], O,
MPI_COMM_WORLD, &ReqRecv[neib])
}

MPI_Waitall (NeibPETot, ReqRecv, StatRecv);

for (neib=0; neib<NeibPETot; neib++) {
for (k=import_index[neib];k<import_index[neib+1];k++) {
kk= import_item[k];
VAL[kk]= RecvBufl[k]; == . ~ .
} ZENVITTHLDKA
}

import_index[neib] ~ import_index[neib+1]1-1FB M import_itemHineibFE B DEEEEMN O ZIESN D

neib#0 neib#1 neib#2 neib#3

- S + + -

BUFlength_i BUFlength_i BUFlength_i BUFlength_i

import_index[0] import_index[1] import_index[2] import_index[3] import_index[4]




Zi&: — RITiRE
0000

. BT
O\{%L [4]=RecvBuf[0] VAL[5]=RecvBuf[l]

— NeibPETot, NeibPE[NeibPETot
 NeibPETot=2, NeibPE[0]= my_rank-1, NeilbPE[1]= my rank+1
s TNTNDZERFHIORZITIEEIAVvE—DH AKX
— Import_index [NelbPETot+1]
o iImport_index[0]=0, import_index[1]= 1, import_index[2]= 2

« R I1ES
— Import_item [import_index[NeibPETot+1]]
o import_item[0O]= N, import_item[1]= N+1
¢« TNENDZEBRFENLZITRDOAVE—D
— Import_item [import_index[NeibPETot+1]]
 VAL[N]=RecvBuf[0], VAL[N+1]=RecvBuf[1]
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— b T=@{ET—7 )L :Fortran

NEIBPETOT= 2
@—M-@ NEIBPE(1l)= my_rank - 1
NEIBPE (2)= my_rank + 1

SENDbuf (1) =BUF (1) SENDbuf (2) =BUF (4)

import_index(1l)=1
import_index (2)= 2

import_item (1)= N+1
.@ import_item (2)= N+2

-le-oo0o0

BUF (5) =RECVbuf (1) BUF (6) =RECVbuf (2)

export_index(1l)= 1
export_index (2)= 2
export_item (1)= 1
export_item (2)= N

if (my_rank.eq.0) then
import_item (1)= N+1
export_item (1)= N
NEIBPE (1)= my_rank+l
endif



S2-ref

4| Y (W e

BIET—TIL:CEEE

-ol-0—o-o

ﬁC)

NEIBPETOT= 2
NEIBPE[O]= my_rank - 1
NEIBPE[l]= my_rank + 1

SENDbuf [0]=BUF[0] SENDbuf [1]=BUF [3]

import_index[1l]= O
import_index[2]= 1

leo-o-oo

import_item [0]= N
import_item [1]= N+1

BUF [4]=RECVbuf[0] BUF [5]=RECVbuf[1]

export_index[1]
export_index|[2]
export_item [0]
export_item [1]

20K, O

if (my_rank.eq.0) then
import_item [0]= N
export_item [0]= N-1
NEIBPE[O]= my_rank+l
endif

41
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| MATRIX assemble |

¥ O
NN ¥

for (icel=0; icel<NE; icel++) {
inl= Icelnod[2*icel];
in2= IceInod[Z*lceI+1]
DL = dX;

Ck= AreaxCOND/DL ;

Emat[0] [0]= Ck*Kmat[O
Emat [0] [1]= Ck+Kmat[O
Emat[1] [0]= Ck*Kmat[}

O
1
O
Emat[1] [1]= CkxKmat[1] [1

| IS | IS | S— | —
e | e | o | o |
| S | IS | [— | E—

Diaglin1]= Diagl[in1] + Emat[0][O
Diag[in2]= Diag[in2] + Emat[1

if ((MyRank==0)8& (icel==0)) {

k1=Index[in1];
}else {kl=Index[in1]+1;}

k2=Index[in2];

AMat[k1]= AMat[k1] + Emat[0][1];
AMat [k2]= AMat[k2] + Emat[1][0];

QN= 0. 5%QV*Area*dX;
Rhs[in1]= Rhs[in1] + QN;
Rhs[in2]= Rhs[in2] + QN;

0455/, :1d.c(8/11)
EARIN)ORER :1ICPUND EZTEEL

AL BZER-—F

42
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pFEM3D-2

MAT _ASS MAIN: Overview

do kpn=1, 2
do jpn=1, 2
do ipn=1, 2
Define Shape Function at Gaussian Quad. Points (8-points)
Its derivative on natural/local coordinate is also defined.

enddo
enddo
enddo

do icel= 1, ICELTOT

Jacobian and derivative on global coordinate of shape functions at
Gaussian Quad. Points are defined according to coordinates of 8 nodes. (JACOBI)

do ie= 1, 8
do je=1, 8
Global Node ID: ip, jp

N

Address of A, ;, in “item” : kk €
O|O0|O|OO0|0|0]|0
do kpn=1, 2
do jpn=1, 2 OlO1O0[O0|1O0]|O|10]|0O
do ipn=1, 2 :
integration on each element .| ©|0]0|10|0|0|@|O
coefficients of element matrices OlOIOIOIO10O[0O10
enﬁggumulatlon to global matrix olololololololo
,nddo olo|lo|o|o|o|o|o
enddo O|lO|O|OO0|0|0|0O
cnado ololololololo]e




pFEM3D-2

ETHDERDFAREZERRT D

NERZBELCA—N—FVTBEEOEZRDFHELER

PE#1
PE#1 PE#0 4 5 6 12 15 6
O O O @) O O O
21 29 23 24 25 PE#0
O O O O O Y ) 7\ [ )\ M) [
1 (J ./ ./ \)11 O \/ W/ \)
2 3 14 13 5
17 ]8 19 M) [ '\ M) [
7 8 9 10 10 |1 3
|| Lis e n 10 12 e—O0—0O0—0
ne Q O O 15 O—O—O0 8 9 1 12
: 8 9 10 9 1 12
e M) M)
3@ .4 O 8 8 @ ()4 O O 6
@ @ O O O
1 2 3 4 5
@ @ O @ O O O
PE#3 PE#2 1 2 Ji 7 1 2 3
PE#3 PE#2



FFFFF

NP

NP

nnnnnnn
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04 5.,:1d.c(9/11)

EREH 1ICPUNDEELIFEALRIL
/%
// 4 —- :
// | BOUNDARY conditions |
4; : :
/* X=Xmin */ #0 agoleze§°
i f (gyRank =0) {
e |
Diagll J= 1.0 n 0—0-00-0—-0
Rhs [i 1= 0.0; 3 0 1 2 4
for (k=0; k<NPLU; k++) { 1 T

i f (Item[k]==0) {AMat [k]=0.0;}
} 2 O 3 o 0 01 o 2 e

49
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50

045514 :1d.c(10/11)
H1Z AELE

/%
7/ 4 . . : Compute r®= b-[A]x(
% | CG iterations | for i= 1, 2,
//::: */ 1 (1i-1) = (1i-1)
R = calloc (NP, sizeof (double)); SOTYE [Dill] i )
/Z = calloc(NP, sizeof (double)); Pi = ri=h z G
P = calloc (NP, sizeof (double)) if 1i=1
Q = calloc (NP, sizeof (double)); -
DD= cal loc (NP, sizeof (double)) pit= z®
for (j=0;i<N;i++) { 2l2e
DD[i]= 1.0 / Diag[il; Bioi= Pi1/Pi_s
/ pl= zG-D 4 B, pd-D
* ; o
7/~ {r0}= b} - [A] {xini} | s v
for (neib=0;neib<NeibPETot;neib++) { = (1) o (1)
for (k=export_index[neib] ;k<export_index[neib+1] k++) { a; = Pia/Pa
kk= export_item[k]; x1= xGE-1) 4+ g.p@
SendBuf [k1= ULkK]: | | P
r(l)— r(l_l) — alq(l)
J check convergence |r|



SSSSSS

HIZ B EE

e ITHIRIRMILIE

« NI

e HIALIE: 1ICPUDEZLEFEL
e« DAXPY:1CPUMDEELRIL
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BIALEE DAXPY

/%
//— {z}= [Minv] {r}
*/

for (i=0; i<N; i++) {
Z[i] =DDLi] * R[i];

— {x}= {x} + ALPHA*{p}
{r}= {r} - ALPHA*{q}
{
b 3
b S

% O
SN ¥

for (i=0; i<N; i++)
ULi] += Alpha

PLi];
R[i] —= Alpha * Q[i];

52



S2-ref 53

THRIRILEE (1/2)
BIET—JILER, {pPIOEHEFEERIICERG

/%
//— {at= [A] {p}
*/

for (neib=0;neib<NeibPETot;neib++) {
for (k=export_index[neib];k<export_index[neib+1] k++) {
kk= export_item[k];
SendBuf [k]= P[kk];

for (neib=0;neib<NeibPETot;neib++) {
is = export_index[neib];
len_s= export_index[neib+1] — export_index[neib];
MPI Isend (&SendBuf[is], len_s, MPI_DOUBLE, NeibPE[neib],

} 0, MPI_COMM_WORLD, &RequestSend[neib]):;

for (neib=0;neib<NeibPETot;neib++) {
ir = import_index[neib];
len_r= import_index[neib+1] — import_index[neib];
MPI_Irecv (&RecvBuf[ir], len_r, MPI_DOUBLE, NeibPE[neib],

} 0, MPI_COMM_WORLD, &RequestRecv[neib]);

MPI Waitall (NeibPETot, RequestRecv, StatRecv);

for (neib=0;neib<NeibPETot;neib++) {
for (k=import_index[neib];k<import_index[neib+1] ;k++) {
kk= import_item[k];
P[kk]=RecvBuf [k] ;




S2-ref

THIRTRILEE (2/2)
{a)= [Al{p}

MPI Waitall (NeibPETot, RequestSend, StatSend);

for (i=0; i<N; i++) {
QLi] = Diag[i] = P[i];
for (j=Index[i]; j<Index[i+1]; j++) {
Q[i] += AMat[jI*P[Item[j]];
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NI

£T7AEXTEEL-{EZ, MPI_AllreduceTE &t

/%
//—— RHO= {r} {z}
*/

RhoO= 0. 0;
for (i=0; i<N; i++) |
RhoO += R[i] * Z[i];

lerr = MPI_AlIreduce (&RhoO, &Rho, 1, MPI_DOUBLE,
MPI_SUM, MPI_COMM_WORLD) ;
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MPI Allreduce

56

P#0 | AO|BO|CO|DO P#0 | op.A0-A3 | 0p.B0-B3 |0op.C0O-C3|op.DO-D3
All reduce

P#1 |A1|B1|C1|D1 P#1 | op.A0-A3|0p.B0-B3|0p.CO-C3|0p.D0O-D3

P#2 | A2|B2|C2|D2 P#2 | op.A0-A3 | 0p.B0-B3 |0p.C0O-C3|0p.DO-D3

P#3 |A3|B3|C3|D3 P#3 | op.A0-A3|0p.B0-B3|0p.CO-C3|0p.D0O-D3

« MPI_Reduce + MPI_Bcast
M, RREFZHELT, £270EXICEE

.

] 1R

e MPI Allreduce
(sendbuf, recvbuf, count, datatype, op, comm)

sendbuf
recvbuf

count
datatvype

op
comm

=
=

2

=2

B
2

[ IEAN: | R AN,

1\al

I
O

H H H H

EE/NVITTFDFRBETRLR,
ZIE/NVITFDIHEETFL X,
BATEdatatype lIZKYIRTE
Iyt—oNDHAX

Ay —DT—E2E4T
HEDESE

OS24 —3%ETEIT S
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CGi& (1/5)

Compute r¥= b-[A]x(®
for (neib=0;neib<NeibPETot;neib++) { for i= 1, 2,
for (k=export_index[neib];k<export_index[neib+1];k++) { — (1i-1) (i-1)
kk= export_item[k]; solve [M]z = r
SendBuf [k]= PHI [kk];

/%
//—— {r0}= {b} - [A]{xini} |
%/

} 0, 1= r(i-1) o (i-1)
} if i=1
A . (L= 5 (0)

for (neib=0;neib<NeibPETot;neib++) { P

is = export_index[neib]; else

len_s= export_index[neib+1] — export_index[neib]; -

MPI_Isend (&SendBuf[is], len_ s, MPI_DOUBLE, NeibPE[neib] Biii= Pi1/Pis
} 0, MPI_COMM_WORLD, &RequestSend[neib]); pi= 71 4 Bi—l p (i-1)

endif

for (neib=0;neib<NeibPETot;neib++) { i i
ir = import_index[neib]; q*’= [A]lp™

len_r= import_ |ndex[ne|b+1] — import_index[neib];
MPI Irecv (&ecvBuf[ir], len_r, MPI_DOUBLE, NeleE[nelb]
} 0, MPI_COMM WORLD &RequestRecv[nelb])

MPI Waitall (NeibPETot, RequestRecv, StatRecv);
for (neib=0;neib<NeibPETot;neib++) {
for (k=import_index[neib];k<import_index[neib+1];k++) {

kk= import_item[k];
} PHI [kk]=RecvBuf [k] ;

}
MPI Waitall (NeibPETot, RequestSend, StatSend);

ai = pi_l/p(l)q(l)

xW= x0E-1D 4+ g p@
ri= r@-b — q,q@
check convergence |r|
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CGi%(2/5)

for (i=0;i<N;i+H) {
R[i] = Diag[i]*PHI[i];
for (j=Index[i]: j<Index[i+1]; j++) {
RLi] += AMat[j]*PHI[Item[j]];

}

BNorm20 = 0.0;

for (i=0; i<N; i++) {
BNorm20 += Rhs[i] * Rhs[i];
RLi] = Rhs[i] - R[i];

}
ierr = MPI_Allreduce (&BNorm20, &BNorm2, 1,
MPI _SUM, MPI_COMM_WORLD) ;

for (iter=1;iter<=IterMax; iter++) {

/%
//— {z}= Minv] {r}

*/
for (i=0; i<N; i++) {
| Z[i] = DD[i] = R[i]:

/%
//— RHO={r} {z}

*/
RhoO= 0.0;
for (i=0; i<N;i++) {
RhoO += R[i] * Z[i];

ierr = MPI_Allreduce (&Rho0, &Rho, 1, MPI_DOUBLE,
MPI_SUM, MPI_COMM_WORLD) ;

MPT_DOUBLE,

Compute r(®= b-[A]x(?
for i= 1, 2,
solve [M]zG D= p(E-1)
P, ,= ri-1 zGE-1)

Bi—'lz pi—.l/pi—Z
p(l)= -z (1-1) 4 Bi_l
endif

p(i—l)

check convergence |r|
end
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S2-ref

Vi ol = ) i ITER
/; BETA= RHO / RHO1 otherwise
*
if(iter = 1) {
for (i=0; i<N;i++) {
PLil = Z[i];
}else{

Beta = Rho / Rhol;
for (i=0;i<N;i++) {
} PLi] = Z[i] + BetaxP[i];

}

/%
//— lal= [A]l {p}
*/

for (neib=0;neib<NeibPETot;neib++) {
for (k=export_index[neib];k<export_index[neib+1];k++) {

kk= export_item[k];
SendBuf [k]= P[kk];

J

for (neib=0;neib<{NeibPETot;neib++) {

is = export_index[neib];

len_s= export_index[neib+1] — export_index[neib];
MPI Isend (&SendBuf[is], len_s, MPI DOUBLE, NeibPE[neib],
0, MPI_COMM_WORLD, &RequestSend[neib]);

CGi%(3/5)

Compute r¥= b-[A]x(®
for i= 1, 2,

solve [M]zG D= rG-1
p. 1= r(i_l) Z(i_l)
i
if i=1
pli= z(0
else

Bi—_1= pi—_l/ Pi-2 _
pi= zG D 4 B, pl-1)

ai = pi_l/p(l)q(l)

xW= x0E-1D ¢+ o p@
ri= rd-b — q,q@
check convergence |r|
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S2-ref

CGi% (4/5)

for (neib=0;nei 1k2<Ne(iijIETo’ltt;)?e ib++) {
ir = import_index[neib]; o
len_r= import_index[neib+1] - import_index[neib]; Compute r{®= b-[A]x®
MPI_Irecv (&RecvBuf[ir], len_r, MPI_DOUBLE, NeibPE[neib] for i= 1, 2,
0, MPI_COMM_WORLD, &RequestRecv[neib]);

] solve [M]zG D= rG-D
) ) p = r(i_l) Z(i_l)
MPI_Waitall (NeibPETot, RequestRecv, StatRecv); }‘1 . q
if i=
for (neib=0;neib<NeibPETot;neib++) { (1) — o (0)
for (k=import_index[neib] ;k<import_index[neib+1];k++) { |prr= 2
kk= import_item[k]; else

P[kk]=RecvBuf [k] ;
Bi—lz pi—l/pi—Z

} pi= zG-1 4 B, pi-D
MPI _Waitall (NeibPETot, RequestSend, StatSend):; endif
fani]:O;isN;iF%{ . qi= [A]lp®D
i] = Diag[i] * P[il; = 0. (1) o (1)
for (j=Index[i]; j<Index[i+1]; j++ { Oy = Pia/PHA™
QLi1 += AMat[J1+P[Item[j1]; xW= xG-1 + a,p®
| ri= rG-bH - q,q
/* ALPHAZ RHO check convergence |r|
>I/(;—— = RHO / {p} {a} end
G10 = 0.0;

for (i=0; i<N; i++) {
€10 += P[i] * Q[i];

ierr = MPI_Allreduce (&C10, &C1, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_WORLD) ;
Alpha = Rho / C1;
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S2-ref

L R Y
NN ¥

CGi%(5/5)

TS AR

for (i=0; i<N;i++) {
PHI[i] += Alpha * P[i];
} R[i] —= Alpha * Q[i];

for

DNorm20 = 0.0;
for (i=0; i<N; i++) |
DNorm20 += R[i] * R[i];

ierr = MPI_AIlIreduce (&DNorm20, &DNorm2, 1, MPI_DOUBLE,
MPI_SUM, MPI_COMM _WORLD) ;
Resid = sqrt (DNorm2/BNorm2) ;
if (MyRank==0)
printf ("%8d%s%16. 6e¥n”, iter, “ iters, RESID=", Resid);
if (Resid <= Eps) {

lerr = 0;
break;

Rhol = Rho; end
]

Compute r¥= b-[A]x(®

i= 1, 2,

solve [M]zG D= rG-1
p. 1= r(i_l) Z(i_l)

i-

Bi—'lz pi—.l/pi—Z |
pt= z0G"1 4 Bi_l p -1
endif
ai = pi_l/p(l)q(l)
xW= x(-1) 4 q,pE)
ri= pGE-1) - q,qtd
check convergence |r|
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S2-ref 62

J045.4:1d.c(11/11)
R EBLXH - K TOVRITEIZER

/%
//— OUTPUT

*/
printf ("¥n%s¥n”, “### TEMPERATURE") ;
for (i=0; i<N; i++) {
printf ("%3d%8d%16. 6E¥n”, MyRank, i+1, PHI[i]);

ierr = MPI Finalize();
return ierr;

}
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S2-ref

‘Jri%:"f‘*% (1% 7T)

1,000[s
13 7_‘|'§|ﬁ|aﬁﬂ %3
o518, HED L D EHEIR

o8

up to 1 node,
56cores

Speed-Up

70

60 |

40 f

50 f

30 f
20 f

10 |

O Random, O3+AVX512

B Random, O3 Q
¢ Specified, O3+AVX512 : .
A Specified, O3

64

- CG :iir."g/\’ 106

IZE T HFFE, Strong Scaling
#, 2/ —FLULTIES5607// — &,

up to 16 nodes,
896 cores

900 [

Speed-Up

800 [
700 [
600 [
500 |
a00 |
300 |
200 |

100 f

0

O Random, O3+AVX512
m Random, O3
¢ Specified, O3+AVX512
A Specified, O3
—Ideal
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Core #



S2-ref

1-node, 24 -cores

#!/bin/sh
#PJM -N "test"

#PJIM -L
#PJIM -L
#PJIM

#PJIM -L
#PIM —g
#PIM -3
#PJIM -e
#PJIM -o
mpiexec.
mpiexec.

export I_MPI_PIN_PROCESSOR_LIST=0-23
mpiexec.hydra -n ${PJM_MPI_PROC} ./lda
mpiexec.hydra -n ${PJM_MPI_PROC} ./1db

rscgrp=tutorial
node=1

——mpi proc=24

Socket #0: 0 th-27th Cores e Socket #1: 28 th-55th Cores

2933 MHz X 6¢ch i 2933 MHz X 6¢ch

elapse=00:15:00

gt00
err 24-cores are randomly
test.lst

selected from 56-cores
hydra -n ${PJM_MPI_PROC} ./1lda on the node
hydra -n ${PJM_MPI_PROC} ./1ldb RANDOM

24-cores on Socket #0
are assigned.
SPECIFIED

Intel® Xeon® Intel® Xeon®

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX) { .DDR&, » Memory

2.7GHz, 28-Cores 2.7GHz, 28-Cores < ,DDR4,» 96 GB

2.419 TFLOPS 2.419 TFLOPS
Soc. #0: 0-27th cores Soc. #1: 28th-55 cores

140.8 GB/sec
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S2-ref

1-node, 28 -cores

#!/bin/sh
#PJM -N "test"

#PJIM -L
#PJIM -L
#PJIM

#PJIM -L
#PIM —g
#PIM -3
#PJIM -e
#PJIM -o
mpiexec.
mpiexec.

export I_MPI_PIN_PROCESSOR_LIST=0-27
mpiexec.hydra -n ${PJM_MPI_PROC} ./lda
mpiexec.hydra -n ${PJM_MPI_PROC} ./1db

rscgrp=tutorial
node=1

——mpi proc=28

Socket #0: 0 th-27th Cores e Socket #1: 28 th-55th Cores

2933 MHz X 6¢ch i 2933 MHz X 6¢ch

elapse=00:15:00

gt00
err 28-cores are randomly
test.lst

selected from 56-cores
hydra -n ${PJM_MPI_PROC} ./1lda on the node
hydra -n ${PJM_MPI_PROC} ./1ldb RANDOM

28-cores on Socket #0
are assigned.
SPECIFIED

Intel® Xeon® Intel® Xeon®

Platinum 8280 Platinum 8280
(Cascade Lake, CLX) (Cascade Lake, CLX) { .DDR&, » Memory

2.7GHz, 28-Cores 2.7GHz, 28-Cores < ,DDR4,» 96 GB

2.419 TFLOPS 2.419 TFLOPS
Soc. #0: 0-27th cores Soc. #1: 28th-55 cores

140.8 GB/sec
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'Jrﬁ‘f‘*% (1Rkjt) : CGiEBRy, 107
1,000[= &9 HEFfEL, Strong Scaling
13 7n+ﬁH#FEﬁ€' #, 2/ —FLETIE56a7// — K&,

SEIEHE, &EDLD E?“'#R

up to 1 node,
56cores

up to 16 nodes,
896 cores

70 900
i O Random, O3+AVX512 O Random, O3+AVX512
60 | ® Random, O3 800 ® Random, O3
- | ¢ Specified, O3+AVX512 200 L4 Spec?ﬁed, 0O3+AVX512
50 [ | A Specified, O3 A Specified, O3
L | —Ideal 600 —Ideal
o i o
2 40t 2 500
° yo]
S 8
N 400
& 30 ¢ &
[ 300
20 -
[ 200
O 100
' ®
0 | 0 |||||||||||||||||||||||||||||||||||||||||
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Core #
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KRFREH R - BEEEM DTN

« MPIBIEZDHDIZET SHHFHE
— T—R & LTS HFHE
— /= FREIZEVWTIEBENY FIEIZCE2TRES
» Gigabit EthernetTIld 1Gbit/sec. (FEF8{E)
— BERBIEEZE/NY T 7D A4 XIZHA
o MPIDILH LAY BFfE]
— latency
- EZENYITF7OHA XL BTN
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Speed-Up

Speed-Up

70

0| —|deal

40 t

70

40 t

30 |

60 |

O Random, O3+AVX512
B Random, O3

¢ Specified, O3+AVX512

A Specified, O3

30 |

20 f

10 |

- [ 0 Random, O3+AVX512
60 |
- | # Specified, O3+AVX512
50 |
- | —ldeal

B Random, O3

A Specified, O3

20 f

10 |
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S2-ref

R B N AV R I
BANFIHTES

c AANS—7ALYYTIL = CPU
A% 1 Z e Eiﬁ*ﬁh\/]\ S WMTEH
IERAN= Register
—#VV&J@ﬁﬁﬂ_ FAST *
Performance of CG Solver
Cache
250 F (MB)
S o |
oo Main Memory
0.50 é (GB)

DOF: Problem Size



Intro

X-Way

Category Capacity Set Associative
L1$Data 32 KB/core 8-Way
L1$Instruction 32 KB/core 8-Way
L2 1.00 MB/core 16-Way
L3 38.5 MB/socket 11-Way
Intel® Xeon® Intel® Xeon®

(T

Platinum 8280
(Cascade Lake, CLX)
2.7/GHz, 28-Cores

2.419 TFLOPS
Soc. #0: 0th-27t cores

i

Platinum 8280
(Cascade Lake, CLX)
2./GHz, 28-Cores

2.419 TFLOPS
Soc. #1: 28th-55th cores

Ultra Path Interconnect
10.4 GT/sec X3
= 124.8 GB/sec

2933 MHz x 6¢h
140.8 GB/sec

64B
64B

64B
648

Memory
96 GB

\____
2933 MHz X 6¢h
140.8 GB/sec
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Speed-Up

Speed-Up

70

40 t

30 |

70

50 f
- | —ldeal
40 t

30 |

60 |

50 f

O Random, O3+AVX512
B Random, O3
¢ Specified, O3+AVX512
A Specified, O3
—Ideal

20 f

10 |

10 20 30

Core #

60 |

O Random, O3+AVX512
B Random, O3
¢ Specified, O3+AVX512
A Specified, O3

20 f

10 |

73

Up to 56 cores
(single node)

Required Memory
N=10°: 80MB

— Very Close to Cache Size
N=10’: 800MB

Memory throughput on each
socket Is constant for 8+ cores
(Stream)

If problem size is small, cache can
be well-utilized. Therefore, effect
of memory bandwidth is small.



STREAM benchmark

http://www.cs.virginia.edu/stream/

 Benchmarks for Memory Bandwidth

— Copy:
— Scale:
— Add:

— Triad:

c(1)= a(l)
c()=s*b(1)

c(i)= a(l) + b()
c(h)=a(i) + s*b(i)

Double precision appears to have 16 digits of accuracy
Assuming 8 bytes per DOUBLE PRECISION word

Number of processors = 16
Array size = 2000000
Offset = 0

The total memory requirement is 7132.4 MB
( 45. 8MB/task)
You are running each test 10 times
The *best* time for each test is used
*EXCLUDING* the first and last iterations

Function Rate (MB/s) Avg time Min time Max time

Copy: 18334. 1898 0. 0280 0.0279 0.0280
Scale: 18035. 1690 0. 0284 0. 0284 0. 0285
Add: 18649. 4455 0.0412 0.0412 0.0413

Triad: 19603. 8455 0. 0394 0. 0392 0.0398

74



75

470t y50EMm
CPUMRE AFUYNY RKIEOXyw T

tTiny bandwidth == HUGE EBOTTLEMECE

loBg ¢ | | | | | |
1608 CPU Speed —— E
" : IRAM Speed — ]
:
=
i 18
(= -
e
<
it
o
1
A.1
1975 19808 1985 13998 1935 208 2805 2818

Year
http://www.cs.virginia.edu/stream/



Sparse/Dense Matrices  (Ef - %)

for (i=0;i<N;i++ { for (i=0;i<N;i++) {
Y[il= DLi]*X[i]; for (j=0; j<N; j++) {
for (k=index[i] k<index[i+1] ,k++) { YLi] += A{i][j]*X[j];

Y[k]™ += AMAH[k]*X[item[k]]:
}

}

o “X"In RHS

_FTH] BT I ER, Fvyl 1 ENFIE

— BT EEEIXFRIEESNTUOEL, Tyl aF/W
F B R &

e £ YY" memory-bound”

]

-.-]




GeoFEM Benchmark
ICCG In FEM for Solid Mechanics

SR11K/J2 SR16K/M1 T2K

Core #/Node

Peak Performance
(GFLOPS)

STREAM Triad (GB/s)
B/F

GeoFEM (GFLOPS)
% to Peak

LLC/core (MB)

Sparse Linear Solver: Memory-Bound

128.0

43.3
0.338
11.0
8.59
0.75
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Copy, Compile and Run

cd /work/gt00/t00XXX/pFEM
cp /work/gt00/z30088/pFEM/F/stream.tar
tar xvf stream.tar
cd mpi/stream

mpiifort -align array64byte -03 -—-axCORE-AVX512 stream.f -o stream

pjsub XXX.sh

—

/ Intel® Xeon®
Platinum 8280

2./GHz, 28-Cores
2.419 TFLOPS

(Cascade Lake, CLX)

N

\Soc. #0: 0t-27t cores J

Ultra

K Intel® Xeon®
Platinum 8280

2./GHz, 28-Cores
2.419 TFLOPS

\Soc. #1: 281-55% cores

DDR4
),

(Cascade Lake, CLX) S DDR4

} DDR4
DDR4
DDR4

—

2933 MHz X 6¢h
140.8 GB/sec
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s01.sh: Use 1 core

#!/bin/sh
#PJM —-N "test"

#PJM -L rscgrp=tutorial
#PJM -L node=1l

#PJIJM ——mpi proc=1

#PJM -L elapse=00:15:00
#PJIM —-g gtO00

#PJIM —j

#PIM —-e err

#PJM -o s01l.1st

mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream

mpiexec.hydra -n ${PJM MPI_PROC}

export I_MPI_PIN_PROCESSOR_LIST=0
mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream
./stream

mpiexec.hydra -n ${PJM_MPI_PROC}

Intel® Xeon®

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #0: 0t-27t cores

—
2933 MHz x 6¢ch
108 GR/se

Ultra Path Inter@onnect
104 GT/secfx 3

i =¥ 4.8 GB
Socket #0: 0 th-27t Cores

./stream

Intel® Xeon®
Platinum 8280

(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS

Soc. #1: 28"-55% cores

—
2933 MHz X 6¢h
140.8 GB/sec

Socket #1: 28 th-55t Cores

Cores are randomly
selected

Core are specified



s16.sh: Use 16 cores

#!/bin/sh
#PJM —-N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=1

#PJIJM ——mpi proc=16

#PJM -L elapse=00:15:00

#PJIM —-g gtO00

#PJIM -3

#PIM —-e err

#PJM -o sl6.1st

mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream
mpiexec.hydra -n ${PJM_MPI_PROC} ./stream

export I_MPI_PIN_PROCESSOR_LIST=0-15
mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream

mpiexec.hydra -n ${PJM_MPI_PROC}

Intel® Xeon®

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #0: 0t-27t cores

~—
2933 MHz x 6¢ch
108 GR/se

Ultra Path Inter@onnect
104 GT/secfx 3

i =¥ 4.8 GB
Socket #0: 0 th-27t Cores

./stream

Intel® Xeon®
Platinum 8280

(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS

Soc. #1: 28"-55% cores

—
2933 MHz X 6¢h
140.8 GB/sec

Socket #1: 28 th-55t Cores

Cores are randomly
selected

Core are specified



s32.sh: Use 32 cores

#!/bin/sh
#PJM —-N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=1l

#PJIJM ——mpi proc=32

#PJM -L elapse=00:15:00

#PJIM —-g gtO00

#PJIM -3

#PIM —-e err

#PJIM -o s32.1st

mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream
mpiexec.hydra -n ${PJM_MPI_PROC} ./stream

export I_MPI_PIN_PROCESSOR_LIST=0-15,28-43
mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream

mpiexec.hydra -n ${PJM_MPI_PROC}

Intel® Xeon®

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #0: 0t-27t cores

~—
2933 MHz x 6¢ch
108 GR/se

Ultra Path Inter@onnect
104 GT/secfx 3

i =¥ 4.8 GB
Socket #0: 0 th-27t Cores

./stream

Intel® Xeon®
Platinum 8280

(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS

Soc. #1: 28"-55% cores

—
2933 MHz X 6¢h
140.8 GB/sec

Socket #1: 28 th-55t Cores

Cores are randomly
selected

Core are specified



s48.sh: Use 48 cores

#!/bin/sh
#PJM —-N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=1

#PJIJM ——mpi proc=48

#PJM -L elapse=00:15:00

#PJIM —-g gtO00

#PJIM -3

#PIM —-e err

#PJM -o s48.1st

mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream
mpiexec.hydra -n ${PJM_MPI_PROC} ./stream

export I_MPI_PIN_PROCESSOR_LIST=0-23,28-51
mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream

mpiexec.hydra -n ${PJM_MPI_PROC}

Intel® Xeon®

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #0: 0t-27t cores

~—
2933 MHz x 6¢ch
108 GR/se

Ultra Path Inter@onnect
104 GT/secfx 3

i =¥ 4.8 GB
Socket #0: 0 th-27t Cores

./stream

Intel® Xeon®
Platinum 8280

(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS

Soc. #1: 28"-55% cores

—
2933 MHz X 6¢h
140.8 GB/sec

Socket #1: 28 th-55t Cores

Cores are randomly
selected

Core are specified



s56.sh: Use 56 cores

#!/bin/sh
#PJM —-N "test"

#PJM -L rscgrp=tutorial

#PJM -L node=1

#PIJM —-mpi proc=56

#PJM -L elapse=00:15:00

#PJIM —-g gtO00

#PJIM -3

#PIM —-e err

#PJM -o s56.1st

mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream
mpiexec.hydra -n ${PJM_MPI_PROC} ./stream

export I_MPI_PIN_PROCESSOR_LIST=0-55
mpiexec.hydra -n ${PJM_MPI_PROC} numactl -1 ./stream

mpiexec.hydra -n ${PJM_MPI_PROC}

Intel® Xeon®

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #0: 0t-27t cores

~—
2933 MHz x 6¢ch
108 GR/se

Ultra Path Inter@onnect
104 GT/secfx 3

i =¥ 4.8 GB
Socket #0: 0 th-27t Cores

./stream

Intel® Xeon®
Platinum 8280

(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS

Soc. #1: 28"-55% cores

—
2933 MHz X 6¢h
140.8 GB/sec

Socket #1: 28 th-55t Cores

Cores are randomly
selected

Core are specified



Triad on a Single Node of OBCX

Peak i1s 281.57 GB/sec.
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Triad on a Single Node of OBCX

Peak i1s 281.57 GB/sec.
AFEY - XTrvviald TRandom] OEN LY HERIZ

FIASNTLS (12-28a7 DIHFH)
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2933 MHz x 6¢ch
1408 GEsec 10

Socket #0: 0 th-27th Cores

N CO O H N —

16
24
28
32
48
56

Intel® Xeon® )
Platinum 8280 (10l
Memory (Cascade Lake, CLX)
96 GB 2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #0: 0"-27" cores )

Ultra Path Inter@onnect

Intel® Xeon®
Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores
2.419 TFLOPS
Soc. #1: 28-55t cores

2933 MHz X 6¢ch
140.8 GB/sec
I

Memory
C'BoRaS| 96 GB

1

1.
3.
0.
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Triad on a Single
Node of OBCX
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Triad on a Single Node of OBCX

Peak is 281.57 GB/sec.
AFEY - TrvvwalEt TRandom] OFEHNE Y HERIZ

F.

250
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150 r

GB/sec

100 |

50 r

K.

| | ORadom

® Specified #0-#55

ISNTWLWAS (12-2807DIEE)

-Sockets

B go2.sh, random

1>

1-Socket

M gol.sh, compact

Core #
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Triad on a Single Node of OBCX

Peak I1s 281.57 GB/sec.
®  AEUY/NY RIEX8-280F TIEIE—5F (89F0)
32-56aF7 ClXEIZH B
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| | ORadom m
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Q
s
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Exercises

 Running the code
e Try various number of processes (1-56)

 OpenMP-version and Single PE version are
available

— Fortran, C
— Web-site of STREAM
— http://www.cs.virginia.edu/stream/
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Speed-Up
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O Random, O3+AVX512
B Random, O3
¢ Specified, O3+AVX512

A Specified, O3
—Ideal
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Core #

O Random, O3+AVX512
B Random, O3
¢ Specified, O3+AVX512
A Specified, O3
—Ideal
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Core #
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Up to 896 cores
(16-nodes)

Performance at a Single
Core=1.00
/ — FEMET EN=10°0D
T—RIFHERET (BFIE
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S2-ref

Strong-ScalinglZ#& (14 [Super-Linear]

Speed-Up

ideal
super-linear ®
®
®
®
@
PS PS actual
®

PE#

- BEREZEEL T, FRAPEH#A
EIMSETIT o158, @&FI5RE
DEEDT=H1Z, HETEIFEEE (m
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S2-ref

GFLOPS

MR ICERERREND ST LM

Super -Linear 4 L 5B H

e Xy aAMEE
e AANS—TOtvyY Tl &£

L LS
BEME L)Y,

— vy a1 DEDFE

3.00 [
oo | Node # is smaller
Ok Larger problem size
200 F per MPI process
1.50 F 1
1.00 :
Node # is larger
050 f Smaller problem size
per MPI process
000 b i
1.0E+04 1.0E+05 1.0E+06 1.0E+07

DOF: Problem Size

CPU

Reqister

FAST *

Cache
(MB)

SLOW 1

Main Memory
(GB)
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S2-ref

AE—a Pt EHCBREAND (1/2)

neib#1 neib#2 neib#3 neib#4

@ ® @
}4 - - < D‘
BUFlength_e BUFlength_e BUFlength_e BUFlength_e
export_index(0)+1 export_index(1)+1 export_index(2)+1 export_index(3)+1 export_index(4)

do neib= 1, NEIBPETOT
do k= export_index(neib-1)+1, export_index (neib)
kk= export_item (k)
SENDbuf (k) = VAL (kk) _ _
enddo Copied to sending buffers

enddo

do neib= 1, NEIBPETOT
iS_e= export_index(neib-1) + 1
iE_e= export_index(neib )
BUFlength_e= iE_e + 1 - iS_e

call MPI_ISEND &
& (SENDbuf (iS_e), BUFlength_e, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_send(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_send, stat_send, ierr)



S2-ref

AE—aE—LESNCERNNS (2/2)

do neib= 1, NEIBPETOT
iS_i= import_index(neib-1) + 1
iE_i= import_index(neib )
BUFlength_i= iE_i + 1 - iS_i

call MPI_IRECV &
& (RECVbuf (iS_i), BUFlength_i, MPI_INTEGER, NEIBPE (neib), 0, &
& MPI_COMM_WORLD, request_recv(neib), ierr)
enddo

call MPI_WAITALL (NEIBPETOT, request_recv, stat_recv, ierr)

do neib= 1, NEIBPETOT
do k= import_index(neib-1)+1, import_index (neib)
kk= import_item (k)
VAL (kk) = RECVbuf (k)
enddo
enddo

Copied from receiving buffer

neib#l neib#2 neib#3 neib#4

}4 < < L
BUFlength_i BUFlength_i BUFlength_i BUFlength_i

import_index(0)+1  import_index(1)+1 import_index(2)+1 import_index(3)+1 import_index(4)

4
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Core #
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Speed-Up

Speed-Up

900 r
. O Random, O3+AVX512
B Random, O3

| o Specified, 03+AVX512 U p to 896 Cores
o | e (16-nodes)

500 |

400% ° 56:7 (1/_ P) @ll‘éiﬁg

300 |

200% s =B $ 9 %560&?%
« BE/ —FDFZBICIE, 1

800 |

0 b o

o 0 100 200 300 4(3&.3?0 600 700 800 900 / — I\ (56 ] 7 ) -ts 0) 1|E ;&
000 £ andom g2 g HELT DHDhreasonable
00 F| 3 eed o . — L2 cache: 1MB/core

3000 p| —ldeal — L3: 38.5MB/socket (shared)
2500 o N — 106
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Intro

X-Way

Category Capacity Set Associative
L1$Data 32 KB/core 8-Way
L1$Instruction 32 KB/core 8-Way
L2 1.00 MB/core 16-Way
L3 38.5 MB/socket 11-Way
Intel® Xeon® Intel® Xeon®

(T

Platinum 8280
(Cascade Lake, CLX)
2.7/GHz, 28-Cores

2.419 TFLOPS
Soc. #0: 0th-27t cores

i

Platinum 8280
(Cascade Lake, CLX)
2./GHz, 28-Cores

2.419 TFLOPS
Soc. #1: 28th-55th cores

Ultra Path Interconnect
10.4 GT/sec X3
= 124.8 GB/sec

2933 MHz x 6¢h
140.8 GB/sec

64B
64B

64B
648

Memory
96 GB

\____
2933 MHz X 6¢h
140.8 GB/sec
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Max-Min Fluctuation (%)

SEIDOEHAEIIZ B (T AL

N=10°

100

o]
o

[o2]
o

N
o

N
o

® Random, -O3+AVX512

® Random, -O3

m Specified, -O3+AVX512
Specified, -O3

56 112 224 336
Core #

448

672

896
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S

c

S

2 60
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©

>

LL

c 40

=

©

= 2
0

B Random, -O3+AVX512

® Random, -O3

m Specified, -O3+AVX512
Specified, -O3

56 112 224 336
Core #

448

672

896
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Performance Differnce (%)

“-O3+AVX512" and “

-O3"

Best Case of 5 Measurements

+: -O3 Is better, -: -O3 Is worse

“-O3” Is rather faster in 10

up to 1 node,
56cores

100 [
8.0
6.0
40 F
2.0
0.0
@0 |
(4.0)
(6.0)
©0) |

(10.0) :

® Random, 10”6
Specified, 10”6
® Random, 107
Specified, 1077

Core #

° cases with many cores

up to 16 nodes,
896 cores

100 [
8.0 F}

6.0 |

Performance Differnce (%)

©0) |

(10.0) :

® Random, 1076
Specified, 1076
® Random, 10"7
Specified, 10’\7

4.0
2.0
0.0
(2.0)
(4.0)

6.0 |

rhykht

Core #
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[A{p}= {q} (Original): 1d.c

StatSend = mal loc (sizeof (MPI_Status) * NeibPETot) ;
StatRecv = mal loc(sizeof (MPI_Status) * NeibPETot) ;
RequestSend = mal loc (sizeof (MPI_Request) * NeibPETot) ;
RequestRecv = malloc (sizeof (MPI_Request) * NeibPETot) ;

for (neib=0;neib<NeibPETot;neib++) {
for (k=export_index[neib] ;k<export_index[neib+1];k++) {
kk= export_item[k];
SendBuf [k]= P[kk];

}

for (neib=0;neib<NeibPETot;neib++) {
is = export_index[neib];
len_s= export_index[neib+1] - export_index[neib];

MPI Isend (&SendBuf[is], len_s, MPI_DOUBLE, NeibPE[neib],

} 0, MPI_COMM_WORLD, &RequestSend[neib]);

for (neib=0;neib<NeibPETot;neib++) {
ir = import_index[neib];
len_r= import_index[neib+1] — import_index[neib];

MPI Irecv(&RecvBuf[ir], len_r, MPI_DOUBLE, NeibPE[neib],

} 0, MPI_COMM_WORLD, &RequestRecv[neib]);
MPI_Waitall (NeibPETot, RequestRecv, StatRecv);
for (neib=0;neib<NeibPETot;neib++) {

for (k=import_index[neib];k<import_index[neib+1];k++) {

kk= import_item[k];
P [kk]=RecvBuf [Kk] ;

}
MPI_Waitall (NeibPETot, RequestSend, StatSend);

103



104

[A{p}={g} (Mod.): No Copy for RECV
1d2.c

StatSend = mal loc(sizeof (MPI_Status) * 2 * NeibPETot) ;
RequestSend = mal loc (sizeof (MPI_Request) * 2 % NeibPETot) ;

for (neib=0;neib<NeibPETot;neib++) {
for (k=export_index[neib];k<export_index[neib+1];k++) {
kk= export_item[k];
SendBuf [k]1= P[kk]:

}

for (neib=0;neib<NeibPETot;neib++) {
is = export_index[neib];
len_s= export_index[neib+1] - export_index[neib];
MPI_Isend (&SendBuf[is], len_s, MPI_DOUBLE, NeibPE[neib],
} 0, MPI_COMM_WORLD, &RequestSend[neib]);

for (neib=0;neib<NeibPETot;neib++) {
ir = import_index[neib];
len_r= import_index[neib+1] - import_index[neib];
MPI_Irecv (&P[ir+N], len_r, MPI_DOUBLE, NeibPE[neib],
} 0, MPI_COMM_WORLD, &RequestSend[neib+NeibPETot]) ;

MPI_Waitall (2«NeibPETot, RequestSend, StatSend);



Performance Differnce (%)

“Original” and “Modified”

Best Case of 5 Measurements
+: “Modified” is better, -: “Modified” is worse

“Modified” Is faster in 10

° cases with many cores

But differences are small

up to 1 node,
56cores

100
8.0 é
6.0 é
40 F
2.0 é
0.0 f
@0 |
@0 |
(6.0) é
(&0)5

uoo):

Specified, 1076
Specified, 10°7

Core #

up to 16 nodes,
896 cores

10.0
8.0 Specified, 1076

6.0 Specified, 107

0.0 ==

F P56 112 224 336 448 672

Performance Differnce (%)

896

Core #
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