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TSUBAME4L.O

. T

CPU AMD EPYC 9654 2.4GHz * 2 socket
a7 /AL YRE 9637 /192 AL YK * 2 socket
HE/—F AE) 768GiB (DDR5-4800)
GPU NVIDIA H100 SXM5 94GB HBM2e *4
ARA—aRYk InfiniBand NDR200 200Gbs * 4
/—F# 240
BT 46,080
AT L HmBEE RS RED 66.8PFLOPS
HmBEE MR RE 952PFLOPS
YT —2 InfiniBand NDR200 200Gbs, 77y kY1) —



TSUBAMEL.0 & Ak

[ 202 bIVEFuhD—4 Etheret Network ﬂ

1 '. [ l I

Z7A7oA—AER | | A=K/ RE ay4v/—F B p 2 A 4= CIFSH—hHxAH—r%
. o . e . 2 &
= E—— Ko s
2/—F 2/—FK 2/—F

P l I I
| 8E A4 InfiniBand (200Gbps) |)

* 4link /ncde ‘ ‘
HE/—~F 240/—F

HHARL— =Lk ERFAR—~2
HPE ClusterStor E1000 HPE ClusterStor E1000
Lustre Filesystem Lustre Filesystem
44.223PB 3277B

HPE Cray XD665
CPU: 2x AMD EPYC 9654
GPU: 4x NVIDIA H100 SXM HBM2e




TSUBAME4.0 DRk

« 5T E/—F

== PCle Gen5
e NVLINK
— CPU to CPU
. CPU to Mem

AMD Genoa AMD Genoa IEEEI
CPUOD CPU1

DDR 5
DDR 5




TSUBAMEL.0 M {& ki
e CPU: AMD EPYC 9654
(A—FR—.Ls: Genoa)
- 96 EMD7
- 78y
- ~R—X: 2.4GHz
-] KT —RN 3.7GHz
e Tyya
~L1:32KB
(BRF. T—3EE)
~L2: 1MB
—L3: 32MB (shared)
. TH/OD
— AVX-512

4TH GEN AMD EPYC PROCESSOR
ARCHITECTURES

1/0 die AMD EPYC 95004 SERIES PROCESSORS

12 memory controllers

PCle® Gen 5 controllers : ' ; (16—96 CORES)

Infinity Fabric™ controllers

SATA controllers 5 e BT
CXL™ controllers | ¢

i (i (up to 12 per processor)
AMD Secure Processor ; — 242424 8 Zen A cores

1MB L2 cache per core

" : e AR 7
CPUdie ————— == Shared 32 MB L3 cache

Up to 16 cores per die (8 shown)
Up to 12 dies per processor

(4TH GEN AMD EPYC™ PROCESSOR ARCHITECTURE
https://www.amd.com/en/products/processors/server/epyc/4th-

generation-architecture.html &b)



https://www.amd.com/en/products/processors/server/epyc/4th-generation-architecture.html
https://www.amd.com/en/products/processors/server/epyc/4th-generation-architecture.html
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TSUBAME.0 281534 514

o HHNETHEEIT?
o MBAMITIELT=/NSTZAEITHMEL T, EHONEBE S CRIFIZCETIESAE,

e TSUBAME4.0 IZH 1+l 51|14 /—RERYET—5
 A7RNIZERDEERS
-F—J—F;

SIMD, XUk JL1E . AVX512, ...

« /—FRDEED CPy,
CPURDE#HDOT
-F—J—kK
HEAE) B F{E, OpenMP, NUMA, ...

« ZHD/—k

-F——F
DEAE) B FME, MPI, ...

—




jt?lHl:
o AENERIZKSDFE (Bad)

. HAFYH
- 3’/\(@#%’-%%#\)‘%')’&#&{5 LTS
. SIERATIHY

- %n'f%i%%h\iﬁ BOAEVEHL. MO ERZRDAEIEZERSHETEEL,

« WHTOTSIUTETIL
« SPMD (Single Program, Multi Data) €7 JL

——o%)*jfgwnbvf_\w\ﬁrﬁa“ ZUBEE(ICHHTOTSLNAIE—S, FUEBEETRICLTOT LN

« Master/Worker T JL
-Master 7O S5 LD Worker DERREEELZEIE



T REFTE 4R

s BEHNE
« BRIRDTAT S LEETLI-EEDHERMBZ T, p 8E>THEINFELI-LEDHERFEET, &
THE.BEHIR S, FRDESZHoHEINFET,

S, = Ts/T,

o i HME3HER
o p BEOTERELIERDILINENRE, %] (X, BEHIR S, ZE>T. RO KITHohHSNFET ,

E, =5,/p X100



E’f—)ba)ifﬁll

o H3T0O0 S5 LEXFRFATUBRORITRBD S5, WHMUERIGEAEPD DEIGZa (0<a<1) EUFET, TDT
?E/j ;@7& p WHITHRITUTEIHZEDEERIR S, (& WIHELDA—/\—\y FEZERTETDLITDE. BUTOIIC
TENET,

100 ~




E’i‘—)b@iﬁﬁu

« 2ERIELARD 0% BAFMETESTAT S L (@ = 0.9 ITENTIE. BEHHR S, DRKEIL
10 [TEYFET,

o« TLF—)LOEADRELY ., 2LDT7AyHEHFHLTEWVLSIHREEX T ST-0OIZ(X. E1TH
M DILSNIBE S DENG a ZRETIVELNHYET,
« BREITEHDZFRBOT
e WHIEDA—IN—AYRERF ST




~IkILiE

e SIMD: Single Instruction Multiple Data

« —DDWTZTRFICERDT—2ITE

=

+

=

Aho—EE

o AVX-512

e 512 bit DL R4
—iELTRICER

—

RERY
i

AJ 5L FE,

AT
I K1 £ £ A N L

& N
+
N

SIMD J&E
RYMVEE

14



HFAEYERN F{E

_ o ALYE:
ALYRARAMAES TOERDHTETINBZVEEEEY
 TRTORLYRAAEYERE: LA A RNyt
EDALYREZELAERY(Z < F1t o OpenMP T RITHL,
FLARVISTI7£RATES BORLYREATERET S




AT E AL

e JOLAMNERNLGESR
LD TAERDAEYICEHETZ VLA TELHL
e B RHGEAYE—VDZITELNABDE

JOtX:

EEbDTOS 5L, 05 MoEERIESE
BEOERERZIIYHTONTLS,
MPI [2E+D I H{E DB, NERIZ—
DEHLLIFEHDODRALYEEHED,

16



Intel A/ \1S5EFE{E



Intel A /NS DELNG: IRIFERE

o Intel A INAT

$ module load intel

e Intel MPI

$ module load intel-mpi

18



Intel A/ \LTDELVA (©)

« VT I

$ icx [options] <source>

e OpenMP

$ icx -qopenmp [options] <source>

e MPI

$ mpiicx [options] <source>

e OpenMP-MPI /\N{T1) K

$ mpiicx -qopenmp [options] <source>

19



Intel A /NLTD{ELVA (C ++)

« VT I

$ icpx [options] <source>

e OpenMP

$ icpx -gopenmp [options] <source>

e MPI

$ mpiicpx [options] <source>

e OpenMP-MPI /\N{T1) K

$ mpiicpx -qopenmp [options] <source>

20



Intel A /NS D{ELV (Fortran)

« VT I

$ ifx [options] <source>

e OpenMP

$ ifx -qopenmp [options] <source>

e MPI

$ mpiifx [options] <source>

e OpenMP-MPI /\N{T1) K

$ mpiifx -qopenmp [options] <source>

21



jﬁﬁ‘]@fx‘zﬁ1 tAToay

A7 3

>/

AR
-02 &[EILC

-00

IATORERBEILZENLET

-01

OA—R YA XZBOSENESLBRBEILEITVET

-02

RIPMMEZEORBIEZEICLET , —HREIICHERE SN
BEEIELANILTT, -0[n] AT arHEBELLZWLGED
TIAILNTT,

-03

-02 KYELEBMICHEREILEFITVET IL—TZHRANTEL
DFEN NI R BEZ T oY REDT—2%KHOI-VT BT
T)r—av I BRICEEET,

-Ofast

03 DIENMZFZBEILICE T 54 TLavFREL., B&EIEEEH
UET, (gcc EOBBREDT-HIZAHAEINTLVS)

22



7°_EI-I2“J'U' BB DOBEIEA T ay

A7Fay AR

-x<code>

<code> THREL @Aty bEHR— S BEMI—REER
LET . COFTLavERELIEE RSN/ (UL,
FROGH LYY R—FLENT Oty s ETIFRTT
EEE A,

-ax<code>

<code> CHEEShI=GStybEYR—r 3570wy Y MIT
2. REI—FZERLFET . COATLavFHELI-EE.

A ENf-N\AF)ETROGS YL R—FLAELNT

OtyY ETEITTHE NBI—FTOERITIZHEYET,

-XHost

AVNAIIVEETLTVWS IV RTLATYR—FESNSRLED
SHEYEEIRLET  TSUBAMELO TIXAY (v /—R &Rt
B/—FD CPUNELGYFT D TEEL TS,

23



TSUBAMEA.0 THRINSERBEIEA T Ay

v WAL
-03

>/

AR
RNOMVEGREDFEBEEIZMA., IL—TO@E. 7>A—)L.
IF XADRILEIZLDHET DR AGIL—TEBRGE FIBH
HEARIREZITWVET,

-XCORE-AVX512

TSUBAMEL.0 D CPU, AMD EPYC9654 & Intel AVX-512 B 53 %
HR—rLTWVET . DA TIavIz&kY ., AVX-512 sty
MO T Oty Y EITOEREIENITHhNET,

24



Ty —SrMBiEtt oAy

-ipo

A7 3

>/

2EN

BEHDY—RIT7AINZE=DNBAUSAV RS, FO0HD
JO0 —SvRID&ERBEILEITIVVET, A/ ML a—F(C
XL TEYZLDIFHRMFONDT-O. EMDFZEEIL H AT EE

TY . FHIZKY, AU/ ILEEBOa—R A XHKIEIZHE
ZHELBHBYET,

25



F B/ R BB R T O Fil{E

A7Fay AR

-fp-model=Ffast ERBRICEENHLIRBEILZHFAILET,
-fp-model=precise ATERBRICEELGVRBIEDOAHHFILET .
-fp-model=strict RUBEBGZEE/NIRETIVERRALEY  BRELGEE/NK

RNt TAORETETBIZLET,




AEYETIL

A7Fay AR

-mcmodel=small OA—RET—EANTRLRAERDZRAID 2 GB [TYRFEAH L%
VINASITIETRLES, (TIAHILEM)

-mcmodel=medium O—KFMN7RLAZERBOZRYID 2GB [TUIRFEAZ X2 /IN(S
[ZHRRLET . T—RIZII D LG AT IZET SHIRE R
LEEA

-mcmodel=1arge O—FK., T—2IZBIL T, small ¥ medium IZ&H2T=L 3 AE!

IR T HIRZERLEE A

¢ 2GB/INA+ERBZDELIET O—/NLAEY, Z@?jf‘y?)‘:EUéﬁ’Bjﬂ7\‘5.&(3&
-mcmodel=medium %2 -mcmodel=large Z35E L TE JLFLTLFZELY,
o -mcmodel=small £ L<I& -mcmodel=large Z$§EL1=1F & . --shared-intel &7 T3t BEIRIICFEESNTE T,

— | 27



71\ 8, BBIELK—I T3

« TINVTBHA T3y

-8 TINVTIERDEREITVET . COF T avhiEESINT-

GE . MITEENGITNIE -00 AT av BEESNET,

« RBIELR—FAT L3>

ATy AR

-qopt-report[=<N>] EIELIR—FEERILET , T 74 ILETIE, LAR—RE
optrpt YR FEHE DI T7AILICH AENFE T, LTR—FDL
N)L <N> FHEETHELTEET, 0 (LKR—MEL) S
3(EELEEMGLAR—N) & IRTEET,

-qopt-report-file=<keyword> miEIELLIR—FDHEDEEHELET . <keyword> [ZILH
NEDIT7AIVINRZIEE T D, stdout GRZEH IA~D
70, stderr REIS—HADH D ZIEELET .

E—

28



%ﬁ{b D;I-:—I\ﬁlj $ cat -n matmul.c
$ icx -02 -qopt-report=2 -qopt-report-file=stdout ¥ 17
./matmul.c 18  for(i=@; i<SIZE; i++) {
Global optimization report for : matmul 19 for (j = @; j < SIZE; j++){
20 for (k = 0; k < SIZE; k++) {
. <BE> 21 c[i][J] = c[i][J] + a[illk] * b[k]I[]];
22 }
LOOP BEGIN at ./matmul.c (18, 3) 23 }
remark #15553: loop was not vectorized: outer loop 24 }
vectorization candidate.

LOOP BEGIN at ./matmul.c (19, 5)

remark #15553: loop was not vectorized: outer loop is not an
auto-vectorization candidate.

LOOP BEGIN at ./matmul.c (20, 7)

remark #15335: loop was not vectorized: vectorization
possible but seems inefficient. Use vector always directive or -vec-
threshold@ to override

remark #25438: Loop unrolled without remainder by 8
LOOP END
LOOP END
LOOP END | 29




4 I8 : AMD Optimizing C/C++ and Fortran Compilers (AOCC)

o IRIBEXTE e Intel Compiler EDA TS a2 DRt
# module load aocc Intel Compiler AMD Compiler
e C H%iﬁ’“f,?_l’j%/ﬂ.‘/ -O<n> -O<n>
& 1o AVINASA T3y
o CH++ TSUBAME4.0 -axCORE-AVX512 -march=znver4
T—XTIF¥TD
$ clang-cpp [options] <source> b4 T ay
T\ T IEHR -g -g
e Fortfran v %=V
J0—UvfEmdE{E -ipo -flto (1) VB mxiE(E)
$ flang [options] <source>
OpenMP -qopenmp -fopenmp (C/C++)

-mp (Fortran)

AMD EPYC 9xx4-series Processors Compiler Options Quick Reference Guide
https://www.amd.com/content/dam/amd/en/documents/developer/version-4-2-documents/aocc/aocc-4.2-quick-reference-guide.pdf

— | 30



e Intel® oneAPI DPC++/C++ Compiler Developer Guide and Reference: Compiler Options
https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-quide-reference/2024-
1/compiler-options.html

e Intel® Fortran Compiler Classic and Intel® Fortran Compiler Developer Guide and Reference: Compiler
Options
https://www.intel.com/content/www/us/en/docs/fortran-compiler/developer-quide-reference/202 4-
O/compiler-options-001.html

e AMD Optimizing C/C++ and Fortran Compilers (AOCC)
https://www.amd.com/en/developer/aocc.html

e AMD EPYC 9xx4-series Processors Compiler Options Quick Reference Guide
https://www.amd.com/content/dam/amd/en/documents/developer/version-4-2-documents/aocc/aocc-
4.2-quick-reference-guide.pdf

— | 5


https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-guide-reference/2024-1/compiler-options.html
https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-guide-reference/2024-1/compiler-options.html
https://www.intel.com/content/www/us/en/docs/fortran-compiler/developer-guide-reference/2024-0/compiler-options-001.html
https://www.intel.com/content/www/us/en/docs/fortran-compiler/developer-guide-reference/2024-0/compiler-options-001.html

OpenMP

32



OpenMP& (3

e OpenMP &ld. B AR BN FFHEHMTTILFALYRE OIS E T OIS LEEDT=DIC

{E5 1= API (Application Programming InTerface)’C'd—

33



OpenMP& (3

e OpenMP MDAV R—ARk
« ¥R (C EETIlL #tpragma omp, Fortran Tl 1$omp TIEESIT)
« 5473
- IRIFZE 2K

o FFE
e V—RAOA—FRIZIERITZER T HETIHIMELET,
« TERAEVRDIAFEIZLEAR, RENR S BRIGEEEMNTEETT,
 HEAR)ELGOT, /—FEQMFEIZIEFEZEFE A,
o C/C++, Fortran THIFARIEETI,

e Fork-join BT JL
—Parallel X TERFEN-ZFTD A DNEHAL YR TIHHNRITEN . ENLUNE—DDAL YR TEITEINE T,



Fork-join model

<block 1> |

] ] 4 [ <block 2> |
l ! !

C/C++
<block 1>
#pragma omp parallel it 51| 4B 15,
: TE
<block 2>
}
<block 3>
Fortran
<block 1>
'$omp parallel A 5l B
<block 2> n%ti
'$omp end parallel
<block 3>

—

‘ <block 3> |




OpenMP DE JLF LEST

o IRIRERE

module load intel

e EJLK

- CEia

icx -gopenmp <source code>

o C++

icpx -qopenmp <source code>

e Fortran

ifx -qopenmp <source code>

—

A7 3> —-qopenmp F5Z5E.
OpenMP MDIETR XL CTHMF{E=
Nfza—FZE/RLET,

-qopenmp MEZLNIELMGE.
OpenMP DIERXITEEAINE T,

o 1T
. IR1EZE$ OMP_NUM_THREADS

OMP_NUM_THREADS=< ifi 51| £k >

OMP_NUM_THREADS A {EE SV S .
intel A INASTaAINMILENT=/\1F)
(ZFNARIEELR T RTOaAT7EFALET,

36



Hello World

#include<stdio.h>

int main(){
#pragma omp parallel

{
printf("Hello, World!¥n");

}
}

$ module load intel

$ icx -qopenmp openmp.c

$ export OMP_NUM THREADS=4
$ ./a.out

Hello, World!

Hello, World!

Hello, World!

Hello, World!

$

——

<block 1> |

] ] d [<block 2> |
Hello, World! Hello, World! Hello, World!

V \ \

‘ <block 3> |




OpenMP FERXDEX

o C/C++ e OpenMP TIX i L DIERZFIHERXTEARFE
ERE
#pragma omp <TALOT«4T%> [Ei[, 0i.]] . ¥R, c/C++ Tl #pragma omp T.

Fortran Tl !Somp TIREYE T,

e Fortran « TALUT4T R E ENTIEENT HET TRE
SNFEJ,

o A2 /NATH OpenMP IZX L TULNVEWLNS S
(HLLIE OpenMP DHEBEZ A L TLVELY
G ), B RXITESRINFET,

l$omp <TALOT«4T%> [Ei[, E1.]]




Parallel 3§77~

o #<TOYIDUBNEIL THAH_EFTIETT D

TALIT4TTY
#pragma omp parallel [&i[, £i..]] _ X
{ o it 51| 7B1E 7 E1T9 5 OpenMP AL YFZ{EY
548> F9,

}

I$omp parallel [Ei[, £i..]]
<3t 5l v g >
I$omp end parallel

—



for/do 357~ 3L

« WHFEETEALET .

#pragma omp do [clause[, clause..]] « B#TT D for L—T/do L—TEKALYKT
for(i=0;i<N;i++){ THEHAEBLET,
<block>
} e TIHILLTIE, AL YRHELLEE S
HLFET,
151
blomp do [clause[, clause..]] double a[100], b[100], c[100];
do i=8, n 0 0-24
<block> #pragma omp parallel for 1 25 - 40
enddo for (i=0; i<100; i++){
$!omp end do a[i] = b[i] + c[i]; 2 50 - 74
} 3 75 -99

—] | 40



for/do 3R DA T ar )

« F3EN

private(list) list DEMEALYRIZT A R—REERIZLET,
shared(list) list DEHEZRZALYENOHEBEINSGZERICLET,

schedule(kind, chunk) kind CHEESNT=AETIL—TERALYRIZEIYHTET,
kind [Z1Z static, dynamic, guided i E D FEE B]GET T,

reduction(operator, var)  var CIETE SN T=E# % operator THEFEELET .
nowait IW—TDHRETORAZITVEL A,

41



for/do ¥5 R T—ARRa—T

« OpenMP [ FH AEI)E.

EARKBIZZE UL shared ZE#(T RXTDHOALYEF
MNoF LT IEREINDERH) T, L—TA
[CINBDZEHL. for/do FERXDEZRDIL—T
ZHIEFHIEL T, shared B LY FET,

e T T ELEH % private T (RLYFT E
[N L CTHERINSZER ICTLIEENIVE
[Z7EYFET,

« OpenMP Tl . private Z#( % private HIIZLYUE
EIAH_EMNAEETT,

private(<E#B>[, <EHL>]..)

#pragma omp do private(j, factor)
for(i=0;i<N;i++){
factor=b[1i]
for(j=0;j<N;i++){
a[j] += factor * c[j]
}

42



for/do IR T—ARRO—7

« TDIEFHIDT—RRI—TEi

firsTprivaTe jﬁﬁljﬁﬁiﬂiﬁ-ﬁ&ﬁﬂ%(i??(’)’l—z |/“J P@ﬂE’E@Z '/“J I:l:: I:O_in-d_o

lastprivate WHGEBR THOITRAI—ALYEDEZFHFEITHOREDIEELE
ERR

copyprivate single 38 R X CHEESN-EHEZETR. [ExE£ALYFIZOE—LET,

default BRXPH TEEMEESNTUVVENWEHDOT IHILEDEEEIEEL
E3



for/do 571 3 : reduction

. ?li@ﬂ?ﬂ a DIMZEFHEITLHIL—TT

« ALYKRIZREITHE ENEND ALY
FAVs DIEZZESHASHD T, IELLME
MEtESNFEE A,

es NDT—ARRXOA—T% private °

lastprivate [CL T4, MBI BERSNF
A,

12 R

s=0
for(i=0;i<100;i++){
s+=a[1i]

}

ALYk 0

S=0
for(i=0;i<49;i++){
s+=a[1i]

}

ALwk 1

s=0

for(i=50;i<100;i++){

}

s+=a[1i]

Lb



for/do 571 3 : reduction

e Reduction EH’ELHIH—%);&( KU, #AF0

n-l_ﬁh\_.r ( fébjij—

reductionCEE ¥, ZT#HA)

- WEHETER . FALYRIE— R

%’ivate BHEDODERIGTRERFREZELNL

(o]

S=0
#pragma omp for reduction (+:
for(i=0;i<100;i++){

s)

- WG RR TR, EESNTEE TIE

E%%’JLT’F%%WLiTO
- S EIEEAERTOT S LEELY
ZDHEEE. ;twbn,\%m CETHER

NERIREEL 5o LD BYET

—

3—0
R

s+=a[1i]
}
ALwko ALwk 1
s=0 s=0
for(i=0;i<49;i++){
s+=a[1i] s+=a[1i]
} }

for(i=50;1<100;i++){

s(ALwko) s(ALwk1)

/

s = s(ALYKO) + s(ALwF1)

45



for/do 571 3 : reduction

#include<stdio.h>

int main(){
double

a[12]1={3.,8.,12.,5.,6.,4.,9.,11.,2.,7.,10.,1.};

double s;
int 1i;
s=0.;
#pragma omp parallel
{
#pragma omp for reduction(+:
for (i=0;i<12;i++){
s+=a[i];
}
}
printf("s= %1f¥n",s);
return 0;

. BRAE

1l

$ icx reduction.c
$ ./a.out
s= 78.000000

e OpenMP reduction &I

$ icx -gopenmp reduction.c
$ export OMP_NUM_THREADS=4
$ ./a.out

s= 78.000000

e reduction Ei- & I&EF

$ icx -qopenmp reduction.c
$ export OMP_NUM_THREADS=4
$ ./a.out

s= 33.000000




for/do IR Rroa—12 4

« R Ta— T EEEMTHIEICKY ALYRADLEDE|Y LB TE
EABHENTEFT,

schedule(kind, chunksize)

e kind TEIYETHEEZHRELETT . ELGELDIETEREDESYTT,

kind AR

static JL—T% chunksize DF ¥ V125 EIL, ALYRESIETERALYRIZE]
UTI+ET,

dynamic &AL YK chunksize DE T IL—TEETL. ETNKHL=0RD
FrDEBERKLET,



for/do *ET_\I: Xb-:):l._u ?/7“ Private EiZBHIKL TLVET

« TIFILETIK, L—TIEEREENFET, « TREDHZEIX, AL YK [CKYMEBENKEL

BigYUFERT,

#pragma omp do #pragma omp do
for(i=0;i<8;i++){ for(i=0;i<8;i++){

factor=b[i] t=a[i]

for(j=0;j<8;j++){ for(j=1;3j<8;j++){

a[j] += factor * c[]] c[i][3] = c[1][]] / ¢

} }

} }

i=0 1 2 3 i=0 1 2 3
4 5 6 7
4 5 6 7

— | 48



for/do 35”3 Ry a—)4

o shedule ¥§RETZE{FELY, chunk YA XZEFS5T
EIZKY ., O—kAUNSURZEZEMTHIENT

=FI,

#pragma omp do schedule(static, 1)
for(i=0;i<8;i++){
t=a[i]
for(j=1;7j<8;j++){
c[i][J] = c[1][]] / t
}

Private BiZ B BEL TLVET

« A7 a—1)7 | dynamic Z{E AT HE. &
SIZEMNTAEMTEET,

i=0 2 L 6
e |
1 3 5 7

—

#pragma omp do schedule(dynamic, 1)

for(i=0;1i<8;i++){
t=a[i]

for(j=1;3j<8;j++){

c[i][]] =
}

c[i][j] / t

et

dynamic R4 a—1J 452
FUMIEEZEIYHF(ZEY
HTAHIENAEETT AN
H|Y BT static £V
BRI DY ET,



TDENDEFHETRX
« ALYEDHIEIZM M HEHIERX

R AR

single BELE-SEEZ—DODALYRTEITLET,

master EE L& B Z master ALYRTEITLET

barrier EALYFDNENERHDLETHLERYT

critical HEEL-EBZERFFICRITI DAL YEZL DICHIBRLET,

atomic BEEORAXICTOVWT. EHORLIYRDREICTHEEHZEHTEDS

£OIZLFET,
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OpenMP D E/FIRIZFEMN

REZH =k
OMP_NUM_THREADS WA B THORALYRHERRELET

OMP_STACKSIZE OpenMP DHEALYEIMESIRZVIH A XEHRELET,
BEfI%BKMGTTCTHEETCEET, HUNEESNLIVGS.
(Kilobytes) IZTEYE T,
T4k 4M
HEZE: 16M

OpenMP Z#{E57 05 S LT
segmentation fault WFEEL-IGE

OMP_STACKSIZE Z 1039 Z & TRIEMN

FRHSNSZENHYFET,
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OpenMP DELS 3 A L=F53A4TI) IL—F>

IW—F>
omp_set _num_threads

Bk

ALYRHEFERTFLET . MUHELED parallel fEIE TEAINAX
Ly #IZEELET,

omp_get_num_threads

REDF—LDALYFHEREBLET,

omp_get_thread_num

BEDALYFESEMRILET

omp_get_num_procs

TNARATHRAAREGR T Oy HERBLET,

« FAT VI —FUEFEIHEEE. FERDKI% includeX/use XMNILETT
o C/C++

#include<omp.h>

e Fortran

use omp_ lib

—
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@ﬂ:t%m\)b—j

o L—TENHEELTLEWIL—T
« C @ while JL—7 . Fortran @ do while JL—T 73 &

o LI—TRPTHDIL—TRTHE

e L—TNDIKRTFEH
. BAKEN
. BIARTFMS
- BESBOHZIL—T

o BEE: R0 EE
e L—TRIZEKEFEELH AN, HFILTEBHIL—T
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CZLSear:

for(i=0;i<100;i++){
a[i] = a[i-1] + b[i]
}

for(i=0;i<50;i++){
a[i] = a[i-1] + b[i]
}

for(i=50;1<100;i++){
a[i] = a[i-1] + b[i]
}

o i=50 METEFF, alt9l NIAETHY . ALYF 1 DHENBRDOBEETEHI-ZWIELWERR

RRFLoNEE A

—
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BT

for(i=0;i<100;i++){
a[i] = a[i+1] + b[i]

}

for(i=0;i<50;i++){ for(i=50;1<100;i++){
a[i] = a[i+1] + b[i] al[i] = a[i+1] + b[i]

} }

=49 DEFEE, BAEHINBHID al50] BBETH D=0, ALK 1 T als01AtF TIZEHS
NTONSESCHERREICRYET.

. —B ST —AE RIS BEFIEIEY. a %— BZOERSIKMT ZTET. KB IR TE
BISEHHYET,

— |
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HESBOHIL—T

for(i=0;i<100;i++){
a[index[1]] = b[i]+c[1i]
}

o Fi2%l a ZHRAFELS Index TEHRLTWET , Index[il [CER I HENHMNIL, HHEL-IEZE

[CERDIGEEERENELSRREEENHYET,
o Index[i] ICEEMNGEWNZEMNREESNTULINIL, AFHEMT]EETT,
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RHA

S=0

for(i=0;i<100;i++){

¥

s += a[i]

cistep MDsZEETB=OIZIX -1 ATYTD s DIENRELOTWBLENH LD THFIEIZA
a[ReE[CBZFE T, LH L. for FERIX D reduction BTN ERBA TR -8Y . ERILALFIIE A A EET

-3_0
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e A ¥ THHTOT32I09 AM: 9277055 LTEAS OpenMP & OpenACC
RRKRFHIRE, 2015

e OpenMP: The OpenMP API specification for parallel programing
https://www.openmp.org/

o OpenMP Reference Guides
https://www.openmp.org/resources/refguides/
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https://www.openmp.org/

MPI
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MPI &3

e Message Passing Interface (MPD) &l Ayt—2 1\ DT DSAT I DBED—DOTY,

o FFi
o DPEIAEVEDIEFIEZTITLET
e SATIVEEZERAV., ARMICAYE—2 -y U T F T2 ET, WIMEEITVET,
o /—FREIDIEFMEIZE, /—FRDIEFEIZEFEZFET,
« SPMD (Single Program Multiple Data) ET JL
-—DOHBEDOTOTFLM, EFNNEFIGRICTXTOTAyY ETEHLET,
-MPMD (Multi Program Multiple Data) £ RIBETY o

e« C/C++, Fortran NOH|ARIEETT . FDIEIDTATSIVITEEBTH. BEDA—IL/II\VT—D/154T5

UNAESNTWT, MPIARIATERESEENHYFET . (il Python [ZE 1T mpispy)
« HEORBMAERINTLET, (TITHN. HYEHBERANIE TS T
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MPI DE JLF

o IRIRERE

module load intel
module load intel-mpi

5
A

s
ia[[]]}

o C

mpiicx <source file>

o C++

mpiicpx <source file>

e Fortran

mpiifx <source file>

—

Intel DED2A—ILIF7AILIZINA T,
intel-mpi £HA—FL TLF=S0Y

e« MPI DE1T

mpiexec.hydra -np <7OtEX#> ./a.out
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Hello World

«)—RATF7AIL

« 21745

#include<stdio.h>
#include<mpi.h>

int main(int argc, char **argv ) {
int myrank;
MPI Init( &argc, &argv );
MPI Comm_rank( MPI_COMM_WORLD, &myrank );
printf("Hello, from rank %d¥n", myrank);

MPI Finalize();

$ mpiicx ./hello.c
$ mpirun -np 4 ./a.out
Hello, from rank 1
Hello, from rank ©
Hello, from rank 2
Hello, from rank 3
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MPI 0) FHEE MPI_COMM_WORLD

e A=/ —4
 JOVRDTI—T
« MPI_COMM_WORLD : 270t R& &L 03Ia=
r—%, MPI OFHLECE RSN, BIZHIA oo
MAE[RETT ,
- TR S LATERLEICIGLTEERAHETT, Rank 2
_ Rank O
« 7 (SUB_COMM)

e DS =7 —RANTHOTAELRDHEANES, 0H

B&é‘i%%%‘ﬂ Rank 3
\
Rank 1

(SUB_COMM)

SUHLAZ A —ADHEAEDHE
TIOVREEBETHENTEET,




MPI ) BE%X

o« XA TLEH
« MPIZF|HT H=0IEL, EME. R TOELZEDEM T,

« 1% 1 BIEEH

e HAHTOALEANLHEZTACARANT—REREHTH-HDOEHTT . MPIDBREDEKRIT 1 % 1 E{ET.
SEGRERAHL 11 BERBZRAWNSLTEETEET,

o 7|:| J:L\"/b J—1I=Is /./7'3 J#'-/g L1|=|‘~ \H—b;hvij_

« EEME(E
« HBTI—TICBRIHETALANOIOLBENHDEYTY , —2DTAEANoE2TOEAAN
T —R3%1%5 MPI_BCAST ., €70 ANDT—4Z—2D7OvXIZEDH A MPL_GATHER, €70 XD
F—AEMET 21 E DIEEFTS MPILREDUCE HEMRBHYET .



MPI | B #: R T LEAH

e MPI_INIT

« MPIZMHEIELE T,
e« J321 =4 —% MPI.COMM_WORLD A%
EENET,

e MPI_FINALIZE
« MPIZRTLET,

int MPI_Init(int *argc,char ***argv)

MPI_INIT(IERROR)
INTEGER IERROR

int MPI_Finalize(void)

MPI_FINALIZE(IERROR)
INTEGER IERROR
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MPI | B #: O X T LA

e MPI_COMM_RANK(comm, rank)
—comm: A2 =4 —~A
~rank: comm RDS%
e X245 —42ATHEED
UM ELET,

e MPI_COMM_SIZE(comm, size)
—comm: A=/ —~A
—size: A= —RNOTOEREK
. :lE:L:/T_g‘:ﬁi;haé
TOERBERB/LETS,

—

int MPI_Comm_rank(MPI_Comm comm, int *rank)

MPI_COMM_RANK(COMM, RANK, [ERROR)
INTEGER COMM, RANK, IERROR

int MPI_Comm_size(MPI_Comm comm, int *size)

MPI_COMM_SIZE(COMM, SIZE, IERROR)
INTEGER COMM, SIZE, IERROR
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EDT—R3%ESHDHV? -> BUF
ECITT—R3%HHMT HHV? -> BUF
T—REAM{EEDDH ? -> COUNT
T —2A % [£? -> DATATYPE
SESE (X2 FETTIE?

" -> DEST/SOURCE, COMM
HAIDT-ODIEHR -> TAG

ﬂﬁﬁ%

MPI_COMM_WORLD

Rank O

MPI|_Recv

MPI_Send
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ﬂﬂﬂ%&ﬂ@‘ 1815

o MPI_SEND(buf, count, datatype, dest, tag, comm)
MPI_RECV(buf, count, datatype, source, tag, comm)

-buf: T—RMDFEETFL X

—count: T—RMD{E %K

—datatype: T—42 %

—dest: IEYSED rank

— source: 1% {§ 7T D rank

~tag: R . EX{EERIET
—HstE5

—comm: A1 =4H—4

int MPI_Send(const void *buf, int count, MPI_Datatype
datatype, int dest,
int tag, MPI_Comm comm)

MPI_SEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM,
IERROR)

<type> BUF(*)

INTEGER COUNT, DATATYPE, DEST, TAG, COMM, IERROR

int MPI_Recv(void *buf, int count, MPI_Datatype
datatype, int source, int tag,
MPI Comm comm, MPI Status *status)

MPI_RECV(BUF, COUNT, DATATYPE, SOURCE, TAG,

COMM, STATUS, IERROR)

<type> BUF(*)

INTEGER COUNT, DATATYPE, SOURCE, TAG, COMM, &
STATUS(MPI_STATUS_SIZE), IERROR
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MPI B8%: 1 % 1 BIERE TRT S5 LA

#include<stdio.h>
#include"mpi.h"

int main(int argc, char **argv){
int size, rank, buf, tag, root, src, i src;
MPI Status status;

MPI Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &size);
MPI_Comm_rank (MPI_COMM_WORLD, &rank);
root=0;
tag=1;
if( rank == 0) {

for(src=1; src<size; src++) {

printf("Hello from %d¥n", buf);

}
} else {

buf=rank;

}
MPI Finalize();

$ mpiexec.hydra -np 4 ./a.out
Hello from rank 1
Hello from rank 2
Hello from rank 3

MPI Recv(&buf, 1, MPI_INT, src, tag, MPI_COMM _WORLD, &status);

MPI_Send(&buf, 1, MPI_INT, root, tag, MPI_COMM WORLD);

I—
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JAvxog@EE/ 7y T8 E
e JOVF T EIE

MPI_SEND

MPI_RECV

JOyx2 & E
TlIX. BENMET
I HETHDANIE
7O EIFTEE
A,

/o7Ovx g8
{ETIX. DM
UHLMASLTCIZ
MEBHLRY ., &IE
hHthDANIEEE
TFHoEMNTE
*9, MPLLWAIT T
BIENERTITHD
b, TDRIE
BEMNMETLES
EDNVREESNFE T,



TOvFL S EEL T AR HIE

e MPI_ISEND(buf,count,datatype, dest, tag, comm, request)
MPI_IRECV(buf,count,datatype, source, tag, comm, request)

—buf: T—HRDFKXETFLR

—count: T—RMD{E %K

—datatype: T—42 %

—dest/source 1XY 5t /35 {E Tt D rank

~tag: 29 , BEERIET—HSES

—comm: A1 =45 —4A

—request: EE/ZIEMBICDITo N5 A F

int MPI_Isend(const void *buf, int count,
MPI_Datatype datatype, int dest,
int tag, MPI_Comm comm, MPI|_Request *request)

int MPI_Irecv(void *buf, int count,
MPI_Datatype datatype, int source,
int tag, MPI_Comm comm, MPI|_Request *request)

MPI_ISEND(BUF, COUNT, DATATYPE, DEST, TAG, &
COMM, REQUEST, IERROR)
<type> BUF(*)
INTEGER COUNT, DATATYPE, DEST, TAG, COMM, &

MPI_IRECV(BUF, COUNT, DATATYPE, SOURCE, TAG, &
COMM, REQUEST, IERROR)
<type> BUF(*)

INTEGER COUNT, DATATYPE, SOURCE, TAG, COMM,

REQUEST, IERROR

&

D REQUEST, IERROR

L




TOvFL S EEL T AR HIE

e MPI_WAIT(request, status)
—requestaX{E/RIEMFIZ DTN T3 A F
-status: 52 T L= @BIEICDULNTDIEER

- ERIHIBIEDETZFLET

o MPI_WAITALLC(cout, request_array, status)
~count: FFDOUI IR D EEL
—request_array:
EIE/ZIETRICDIToNT=H A FDEF
~status: 5 T LTz BIEIZDWLVTDIRIRDBEZ S
e request_array CHZLMNT=T T
ERIEABEDETZHFBEYT

int MPI_Wait(
MPI_Request *request, MPI_Status *status)

MPI_WAIT(REQUEST, STATUS, IERROR)
INTEGER REQUEST, STATUS(MPI_STATUS_SIZE), IERROR

int MPI_Waitall(int count,
MPI_Request array_of requests|],
MPI_Status array_of_statuses]])

MPI_WAITALL(COUNT, ARRAY_OF REQUESTS,
ARRAY_OF_STATUSES, IERROR)

INTEGER COUNT, ARRAY_OF REQUESTS(*), &
ARRAY_OF_STATUSES(MPI_STATUS_SIZE, *), &
IERROR




/ij‘tl‘y#‘/b“iﬁ{%

for(i=0; i<N; i++){
a[il=... // a[] Z{E-of-AniE
}

for(dest=0; dest<N_dest; dest++) {
MPI_Isend(a T—HMi%(E)

}

for(src=0; src<N_src; src++) {
MPI_Irecv(a T—HMDRIE)

}

for(i=0; i<N; i++){
b[i]=... //BIEDKRTZEFOLEDLGIVNIE
}

MPI_Waitall(3 _RTH/>IAVFUJEIE)
for(i=0; i<N; i++){

a[il=... // RELLT2EE0E
}
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ﬂﬂﬂﬁ:i‘_iﬁ =

e MPI_BCAST
° éjol:ltX':: to_

e MPI_SCATTER
270X (ZHER

e« MPI_ GATHER
« 270t XAMSINE

 MPI_REDUCE
- 270 RDIEEE

: | 74




££ [ 8 {§45]: MP1_Reduce 4 op DB

e MPI_REDUCE(sendbuf, recvbuf, count, datatype, op, root, comm) oP NE
—sendbuf: FEE/N\NVIFDTFL R MPI_MAX ®XIE
—recvbuf: 2{E/\VIT7DTKRL R MPI_MIN f/IME
—count: 7_:_?0)915?& MPI_SUM ,I%E
—datatype: T—5 %! -
~op: JEEDIELE MPI_PROD Tﬁ
—root: $EREZZITERATOEX MPI_LAND :®mIEfE
—~comm: A2 =4 —4 MPI_LOR ERIEFO

e ASA=H—ARNOETAEANLT—3%FZ(TEY.
op ITHEZAONSEEIZK>TEETLERZ root D
sendbuf [ZF&HFHLET,

e ASAZH—ARAANDITARTOHOTALANE UCEA#MEZTESNENHYET,
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MPI_REDUCE

e 70455 L4 « E1THI

#include<stdio.h>
#include "mpi.h" $ mpiicx ./reduction_mpi.c
$ mpirun -np 4 ./a.out
int main(int argc, char **argv){ result= 78.000000
double a[12]={3.,8.,12.,5.,6.,4.,9.,11.,2.,7.,10.,1.};

double s, result;
int i, myrank;

MPI Init(&argc, &argv);

MPI Comm_rank(MPI_COMM_WORLD, &myrank);

s=0.;

for (i=myrank*3; i<(myrank+1)*3; i++){
s+=a[i];

}

MPI Reduce(&s, &result, 1, MPI DOUBLE,

MPI_SUM, ©, MPI_COMM_WORLD);

if (myrank == @) printf("result= %1f¥n",result);

MPI_Finalize();

return 0;

—



IN1)wK MPI/OpenMP i Fl{k

e MPI, OpenMP DEHEHE
« MPl: /—FFR., /—FRRWT h Dt 5|4t 12 FI A el gE
« OpenMP: /—R N D I 5L 12D 5 Iis

o i 514t D A &t
o« 7Yk MPI:
-/—FA., /—FEWT D HiF]{E+d MPI T
« N1 J1)wK MPI/OpenMP:
- /—FFElE MPI TEEiR . /—FRIE OpenMP, £, L<LIE OpenMP & MPI D#EH & & TEak

Bl:4 /—K . & /—K 4 A7 DI AT L
MPI JOEA# oOpenMP AL YE#

Zovk 16
INT)yk 8 2 &/—FKIZ2MPIZEER
4 A /—F A% OpenMP, /—KE] & MPI

—
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N T1)yE MPI/OpenMP i FIl{L TO4'S L4

#include<stdio.h> $ mpiicx -qopenmp ./hybrid.c
#include<mpi.h> $ grsh <grsh @A 73>
#include<omp.h> $ export OMP_NUM_ THREADS=2
$ mpiexec.hydra -np 2 ./a.out |[sort

int main(int argc, char **argv){ Hello thread 0@ of rank ©

int rank, nprocs; Hello thread © of rank 1

int threadid, nthreads; Hello thread 1 of rank ©

MPI Init(&argc, &argv); Hello thread 1 of rank 1

MPI Comm_rank(MPI_COMM WORLD,&rank);
MPI Comm_size(MPI_COMM _WORLD,&nprocs);
nthreads=omp get num_threads();
#pragma omp parallel private(threadid)
{
threadid=omp_get thread num();
printf("Hello thread %d of rank %d¥n",threadid,rank);

}

MPI Finalize();




« A FF TR0 T07 3307 AF: i 5I0LE EMPI DEE
RRKRFHRS, 2013

e Peter S. Pacheco &, FAZEEIHER TMPIii5ITOT 535 |
1% JRVEE, 2001

e Message Passing Interface Forum, https://www.mpi-forum.org/

e Intel® MPI Library Developer Guide for Linux* OS

https://www.intel.com/content/www/us/en/docs/mpi-library/developer-guide-linux/2021-
11 /overview.html

e Intel® MPI Library Developer Reference for Linux™* OS

https://www.intel.com/content/www/us/en/docs/mpi-library/developer-reference-linux/2021-
11/overview.html

: | 79


https://www.mpi-forum.org/
https://www.intel.com/content/www/us/en/docs/mpi-library/developer-guide-linux/2021-11/overview.html
https://www.intel.com/content/www/us/en/docs/mpi-library/developer-guide-linux/2021-11/overview.html
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Linaro Forge

e Linaro DDT
e TILFRLYKR, MiFNT T — a2 )it L= C/C++, Fortran T/ \'wH—

e Linaro MAP
« NANTF—TURERILFALYR/RILFITAERRARITITAIT7AS
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Linaro DDT

File Edit View Control Tools Window Help

BEaS KREBlEEIER ! -0 ©

O D I V4 \ - : Current Group: $ |Focus on current: @ Group () Process () Thread Step Threads Together
® Y 512 processes (0-511) Paused: 512 Playing: 0  Finished: 0

256 processes (0,2,4,6,8,10,12,14,16,18,20,... (256 total)) Paused: 256 Playing: 0 Finished: 0
171 processes (0,3,6,9,12,15,18,21,24,27,30,... (171 total)) Paused: 171 Playing: 0 Finished: 0
7° At X y L 7° Create Group
—
i ) Eroecines @® | ¢ hello.c X | © hello.c X Locals | CurrentLine(s) | CurrentStack |
Search (Ctri+K) EN 178 ) |Locals ®
— T 129 Variable Name Value
= & Application Code test.anotherList.subList.charStar = "hello"; ~arge —
) ;:i;é;a:c:ed:z 0; -argv Ox7fffffffdc58
* : ~beingWatched —0
f m rank != 0 && ! ==T7 && my_rank==3 iberately mismaf -bi
« TT ALY DRE e e ey ol (SO
L4 A ® func2() :int sprintf (message, d!", my_rank); donamicArE 0x818020
® func3() : void printf("s rank) ; o ol
® main(int argc, char** ar i —0
@ typeOne tag, Mo messa "
> tag, MF ge
: gsg::’ee -my_rank =1
% Ee —
— -~ source —32767
« J7AILERABD—F i S
Im (%) \nTomource); o o BN iAD 0x603050
PI R, source, tag, MPI_COMM_WOR
printf ("%s\n", message); -tables
beingWatched++; ~tag —50
} | | -test
b - X ——10000
N S » -y —12
«J—A1 Ea | . I
. ( I D
(] [ [») Type: none selected
Input/Output | Breakpoints | Watchpoints | Parallel Stack View | Tracepoints | Tracepoint Output | Logbook Evaluate P®
Parallel Stack View ® | Expression  Value |
3 IS Y - Processes Function v gArra{B] ——80003
([ ] / J 511 s main (hello.c:141) [mycank Rl
17 ] main (hello.c: =Xty —10012
sle
BRIV Y
Allinea Ultimate 7.1 34ab281cb50a+ Sep 11 2017

E— |
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Linaro DDT

« ZRIUEINDIEZREIELTRRLET,

Multi-Dimensional Array Viewer

Array Expression: tables[$il[$j]

Distributed Array Dimensions; |None || How do | view distributed arrays?

Staggered Array What does this do?

Range of $i Range of $j
From: 0 = From:
To: 11 = To:
Display: Display:
Only show if:

Data Table | Statistics

S Goto ¥ visualize [ Export

0

11

See Examples

ik

Full Window

Evaluate

j(.'! 1 2 3 4 5 6 9 10 11
i 0 E sl 6 7] 8 o 10 1| 12
1 2 4 10 12| 14| 16| 18 20( 22| 24
2 3 e[ of 12] 15| 18] 21 24] 27] 30] 33] 36
3 4 8 12| 16| 20| 24 28| 32| 36 40 44| 48
4 5| 10| 15| 20| 25| 30| 35| 40| 45 50| 55 60
5 6| 12[ 18] 24] 30| 36] 42[ as] sa] 60| e6] 72
6 7 14) 21| 28| 35| 42| 49| 56| 63| 70| 77| 84
7 8 16| 24| 32| 40| 48| 56| 64| 72| 80| 88 96
8 of 18] 27] 36| as| sa| e3] 72| 1] 90| o9f 108

Help

| Align Stack Frames
Auto-update

Close
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Linaro MAP

HSRBME T OEREREITY—IL T MPI, I ILFRALYRIR
o EfTICEIM-I-FFEZEY—RXO—

%35-?—0

™= /home/7/guest03144/application/forge_slow/a_4p_1n_2024-06-24 22-20.map - Linaro MAP - Linaro Forge 23.1.2

File Edit View Metrics Reports Window Help
Profiled: a.out on 4 processes, 1 node, 4 cores (1 per process) for 14.2s  Sampled from: Mon jun 24 22:20:18 2024

Main thread activity

CPU floating-point
56.7 %

BIZXLTE
—RLAR)LTHERR. ED IR

RIS

@-0

y/

L

AeZ TR 1t

G'&'

[=[=]x]

Main Thread Only Hide Metrics

Memory usage
638 MB

22:20:18-22:20:32 (14.232s): Main thread compute 84.5 %, MP1 15.5 %

Zoom &1 :=

f slow.fao X
5 » do iterations=1,4
84 a=1.1 + iterations
85 - do j=0,pe
86 - do i=1,sizela)
8. 8%shhik 87 a=sqrt({a)+1.1%j
88 end do
89 end do
5.6% dddd a8 call MPI_ALLREDUCE(a,b,size(a),MPI_REAL,MPI_SUM,MPI_COMM_WORLD,ierr)
91 end do
92 if (pe == @) print *,"imbalance answer",b(1)
& call MPI_BARRIER{MPI COMM WORLD,ierr)
a4
95 end subroutine imbalance
96
97 = subroutine stride
a8
L] implicit none
1680 real{kind=8). allocatable :: arr in(:.:)

Input/Output | Project Files | Main Thread Stacks | Functions  Libraries
Main Thread Stacks
Total core time - MPI Function{s) on line Source
~ & a.out [program]

~ ¢ slow program slow
call stride
call imbalance
call overlap

» slow::overlap

Showing data from 2,516 samples taken over 4 processes (629 per process, each representing ~ 0.02s wallclock time)

Position

slow.fa0:1

slow.f90:10
slow.f0:12

Time spent on line 87 =]E)

Breakdown of the 8.8% time spent

on this line:
Executing instructions  100.0% I
Calling functions 0.0%

Time in instructions executed:

Scalar floating-point 0.0%

Vector floating-point 91.4% I
Scalar integer 0.0%

Vector integer 0

Memory access* 91.4% I
Branch

Other instructions

* B.6% memory access instructions,

82.9% implicit memery accesses in

other instructions, also counted in their
categories -

BE
Library

a.out

L&

ih)b*v’]tt;o’a\é@ﬁ

o

FaC



Linaro Forge | FH {5l

X EEEFEMIZLTOY AV /—RIzOaF (Y
« g IREDTINVT AT 3VERFITTE IR

module load intel intel-mpi
mpiifx -g -03 slow.f90

« AVBSUT4TO3aTEEA

$ qrsh <grsh A T3>
$ cd <work directory>

o forge TDMDED 2 —)LOO—FK & forge DFEEY

$ module load intel intel-mpi forge
$ forge
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™ Run
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Ap pli:ati:: .-”hﬂ W“‘ﬂm-ﬂpmmﬁﬁ |WE2LI£D Details
Applicati oRy, E{: me/7/guest03144/application/forg e_ﬁluwja.{:uy - ]

Arguments: |10

stdin file:
Working Directory:
Duration: Sampling entire program

Metrics

Perf Metrics: None selected, click Details... to configure.

GPU

Capture Environment Variables
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.

Number of Processes: | 4 = >
“rriplementationi-/ntel MRl (MBMB) =Change...

mpiexec.hydra arguments

L T T TT L Lk

Details
Details
Details...

Details

Details

Profile selected ranks: |

OpenMP
Submit to Queue

Environment Variables: none

Help Options

Details
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/home/7/guest03144/application/forge_slow/a_4p_1n_2024-06-24 _22-20.map - Linaro MAP - Linaro Forge 23.1.2

Eile Edit View Metrics Reports Window Help

Profiled: a.out on 4 processes, 1 node, 4 cores (1 per process) for 14.2s Sampled from: Mon Jun 24 22:20:18 2024

Main thread activity

©-0

=1 E3

| & Main Thread Only | Hide Metrics |

CPU floating-point
56.7 %

Memory usage

638 MB

22:20:18-22:20:32 (14.232s): Main thread compute 84.5 %, MPI 15.5 %

F slowf90 X | Time spent on line 87 %]
33 + do iterations=1,4 +  Breakdown of the 8.8% time spent
. . on this line:
84 a=1.1 + iterations
85 - do j=0,pe Executing instructions 100.0%: N
86 ¥ do i=1,size(a) Calling functions 0.0%
.83 &7 = t 1.1%j - fe =
2 S%M a=sqrt(a)+ 1 Time in instructions executed:
88 end do
89 end do Scalar floating-point 0.0%
5.6% dddi 90 call MPI_ALLREDUCE(a,b,size(a),MPI REAL,MPI SUM,MPI COMM WORLD,ierr) Vector floating-point ~ 91.4%
91 end do ] ) Scalar integer
92 if (pe == 0) print *,"imbalance answer”,b(1) i e
93 call MPI_BARRIER(MPI_COMM_WORLD,ierr) 9
94 Memory access*
95 end subroutine imbalance Branch
96 Other instructions 0.0%
97 ¥ subroutine stride * 8.6% memory access instructions,
98 82.9% implicit memory accesses in
99 implicit none other instructions, also counted in their
100 real(kind=8). allocatable :: arr in{:.:) ~ | categories -
Input/Output | Project Files | Main Thread Stacks | Functions  Libraries
Main Thread Stacks [=]Es]
Total core time ~ MPI Function(s) on line Source Position Library
= & a.out [program]
~ ¢ slow program slow slow.fa0:1

slow.fo0:11

call stride

E—

slow.fo0:10
slow.fo0:12

call imbalance
call overlap

b slow::imbalance
b slow::overlap

Showing data from 2,516 samples taken over 4 processes (629 per process, each representing ~ 0.02s wallclock time)

a.out
a.out
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