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1. IEC®HIC

K&, Arm Forge (|A Allinea Forge) & R T £ K ZMiEIIEHRtE >~ 2 — O TSUBAME THIBT 3 AEICOWTHBALTVWEY. Hi.
TSUBAME3%FIAT 2 IcHT=> Tlk. TSUBAMEFIHDFS|EETETEV. 4—NOFBRECIEZIER EHNFHALTZRINTOETOT. &
CRATLRES L.

https://www.arm.com/

11 FATES/N—Yay

TSUBAME3THI AT RER RE/\— ¥ 3 Y [CDUWTIETSUBAMEETEH—EAWebH A hD 77U Hr—2 3y R—IECHRET I,
ARICEZESRZWRY.. NTEBEODA>TWSRIRESFETE L.

111 =2 3>ty A

module A< > KTmodule 7 7 1 L EFHALZETN—Ia v DIYBAHLFIEETT .
MAREBEOUIRA AT Y B AL TEETT.
FHADDBN—T IV EOVWTREHYR—FEINTWET7 TV —2 a3 v & CHERET S,

avx > kM

# ver 18.0.1%EAT 3HE
$ module load forge/18.0.1

# ver 7.0.5ZfEHYI BIHBE
$ module load forge/7.0.5

1.2. i E

Arm Forgel&. MPI. UPC. CUDA. OpenMP# EDIRILWIEG| T —%F o F v L EFTILEHR—bT 5557 /{vH ArmDDT &MPI,OpenMPE
FURBIS—TAISABDEA—N—"y FDSAYLRLTAT 74 S5AMMAP)EETHY—ILTT.
ArmDDT [F/IRT TUETF Ny JiEEBLE Y. BRIFXOBY T .

+ Single process and multithreaded software

* OpenMPI

« Parallel (MPI) software

* Heterogeneous software GPUZZ &

* Hybrid codes mixing paradigms ~ MPI + OpenMP. MPI + CUDA

* Multi-process software client-server applications
AMMAP [R5 LLTRTI7A45Y—ILTT. HRIZXDEY TT.

* MPI, OpenMP and single-threaded programs D+ R —
cRITORMBIICEHLL T HEEhLdT—2lFhEn
HFOMPIZTAOERTHHTMNS OF7FUir—>a viEERT
CNYFE—REAVESIT 4 TE— ROEMEEYR—

cAEVERAE. FEVNESHE. BLUMPHERAERORKREL. £ AVXHIEREEO RS MUEESNESIMDGSO/N—E > F—Y a— ROEED
THREX.
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https://helpdesk.t3.gsic.titech.ac.jp/manuals/handbook.ja/
https://www.arm.com/
https://www.t3.gsic.titech.ac.jp/applications
https://helpdesk.t3.gsic.titech.ac.jp/manuals/handbook.ja/software/#modules
https://www.t3.gsic.titech.ac.jp/applications
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1.3.%=a7J)L

R=ZaZllFE AYAR=ILTALIPMYRICPDF FFa AV PELTHRIMIENTOET. SN—VavTEDORFa AV MERT ALY MY IE
RDEYTY.

Ver 18.0.1

/apps/t3/slesl2sp2/isv/allinea/forge/18.0.1/doc/userguide-forge.pdf

Ver7.0.5

/apps/t3/slesl2sp2/isv/allinea/forge/7.0.5/doc/userguide-forge.pdf
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2. R R”E

2.1. Arm Forge DE1T

21.1. TSUBAME3ICR S 1 >~

OJAYHEESZECOIAY /) —RICATAVE AVE50F 4T/ —REFMALREXEGEEZSE S/ — REXGE(TETHERLTTI V. L
TLUROBITIR. £2THE/ —FICAd 1Y LIERETITVET.

2.1.2. Arm DDTDOGUIDFEE)
SIS TRy I FTBRITEYa—LEEMLET. LT, Ver18.0.1Ic& 3 % Intel Compiler. Intel MPITMPI 4T 5| DEITHIICAEY £

$ module load cuda

$ module load intel intel-mpi

$ cp /apps/t3/slesl2sp2/isv/allinea/forge/18.0.1/examples/wave.c .

$ mpicc -g -fno-inline-functions -fno-omit-frame-pointer -03 wave.c -o wave_c —-1lm -lrt

CCTlE -gDF T2 a v EAMLET. wave cE WS ZRIDETEY 2 —IAERTVBEFTTY.

$ module load forge/18.0.1

$ module load cuda

$ module load intel intel-mpi
$ ddt mpiexec -np 4 ./wave_c

Chic& Y. UTo&L S SREEEIRRENET. (FOIF4EBELTLARVWESEIREE,HEY)

.
«» Arm DDT - Arm Forge 18.0.1 = @3] %

File Edit View Control Tools Window Help

arm
FORGE

V(X Run [ESREERTXT)

Run: mpiexec -np 4 Jwave_c Details

Command: Inpiexec -np 4 Swave_c

arm

]~ OpenMP Details
DDT I'- CUDA Details
I- Memory Debugging Details..

O rm pugis none Details
MAP

Arm Forge 18.0.1
b Z|

A
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https://helpdesk.t3.gsic.titech.ac.jp/manuals/handbook.ja/start/#login
https://helpdesk.t3.gsic.titech.ac.jp/manuals/handbook.ja/jobs/#x11

[Run]24 Y v &§ % LBAIAE

EHNRTSNET.
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rm DDT - =
Fle Edt MView Contol Tools Window Help
[olu B33 REELEEIER | AA-O~
Ucmm(ieq): Al v |Focuson current: (¢ Group {~ Process (~ Thread ’l_ Step Thire
- CIEIEIE]
Create Group
Project Files X | ¢ wavec [ | Locals  Cumentline(s) | CumentStack |
< T 77 BT, _l Current Line(s) g X
* Main program Variable Name IValue I
[} & Application Code K e e e e %

) 1
B B sources

do_math{mt - void
get_data(void) - void

nit_line(void) : void
main(int arge, char **argv) :int
output_master(void) : void
output_workers(void) - void
reduce_print{const char *format_strin
time_mpi_start( : void

time _mpi_stop() : void

update(nt left, int right) zint

F
F
F
F
F
F
F
F
F
F

2
u
g
g
2
[a]
3

Bl int main(int arge, char **argv)

int left, right, i, iterations;
unsigned long long allt;

/* Learn number of tasks and rank in MPI_COMM_WORLD */
rcode = MPI_Init(&argc, Sargv);

clock_gettime(CLOCK_MONOTONIC, &start);

MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &ntask);
if (rcode >= 0 & rank == 0) printf ("Wave solution with %d processes\n", ntask);

/* determine left and right neighbors */
if (rank == ntask-1) right = MPI_PROC_NULL;
slse right = rank + 1;

if (rank == 0) left = MPI_PROC_NULL;

left = rank - 1;

o

if (argc > 1 & atoilargv[1l]) > 0)
runtime = atoilargv[1]);

d e

[Type: none selected

mp- | e | war  swds | 1 | (b [[maae
Stacks B X [ expression [ value |
Processes | Function 7/

=

TL—oRAY bR EEBTEL[Pause][Run]E 2 Y v 435 EBPiZE. EASBERETT .
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rm DDT -

File Edit View Control Tools Window Help

Arm Forge FIFIDF5|&

| »[u B & % B Be EL Ef EJ ER

! ﬁv\?\v

UC\lrem(‘:wp: AL v Focusoncument: (¢ Group {~ Process { Thread ||‘ Step Threads
A
Create Group
Project Fles Ex| & waecd | locals  Cumentline(s) | CumentStack |
< Current Line(s) & X
' D 192 MPI_Send(&values[1], 1, MPI_DOUBLE, left, E_Rtol, MPI_COMM_WORLD); A
— — 193 MPI_Recv(&values[0], 1, MPI_DOUBLE, left, E_LtoR, MPI_COMM_WORLD, Variable Name [ vatue |
[} & Application Code 194 &status); T 210469
=/ 195 }
; % cources 196 /* Exchange data with "right-hand" neighbor */ = 250000
197 @ if (first + npoints -1 != tpoints)
B 198 MPI_Send(&values[npoints], 1, MPI_DOUBLE, right, E_LtoR, MPI_COMM_WORLI
i @ do_math(nti):void 1 MPI_Recv(&values[npoints+1], 1, MPI_DOUBLE, right, E_Rtol,
i @ get.datatvod):vaid MPI_COMM_WORLD, &status);
o @@ init_line(void) : void time_mpi_stop();
i @@ main(ntarge, char **argy) :int | Lo 14
/* update points along line */
i (@ output_master(void) : void for (§ = 1; j <= npoints; j++)
i (@ output_workers(void) : void { _I
5o @@ reduce_print(const char *format_strin /% (g}?bal endpoints */ -
if ((first +3 - 1==1 (first + j - 1 == tpoints))
o (P tme_mpi_start() - void newval[j] = 0.0;
s @@ tme_mpi_stop() : void else
i @ update(intleft intright):int ' do_math(j);
[} @ Extemal Code for (3 = 1; j <= npoints; j++)
{
oldval[j] = values[jl;
values[j] = newvalljl;
+
. | JJ
4 | _l [Type: none selected
InputiOutput® | Breakpoints | Watchponts  Stacks | Tracepoints | TracepointOutput | Logbook | Evaluate & X

Stacks 8 X [ expresson [vatue [
Processes | Function A
4 5] main (wave 339

G| [ update (wave.c21l)
& do_math (wave.c137)
+ do_math (wave.c146)

7095 ANTET S EInput/Output ICERZ ENRRESNET.
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rm DDT - =
File Edit View Control Tools Window Help
Y (R [He
AL
X | ¢ wavec [ I locals  Cumentline(s) | CumentStack |
< Current Line(s) & X
! ° I [
e (S—a j Variable Name [ vatue |
E} B Application Code 20 [F /* Increase or decrease these to change the total running time
® / 21 * and the balance of computation vs communication
B B Sources 22 * The defaults are fine for a quad-core workstation */
5 25 #define MAXPOINTS 1000000
24 /* default to 30 seconds duration; this can be overridden on the command line */
i @ do_math(inti) :void 25 #define DURATION 30
i @ get-data(void) : void 26 i )
27 #include <stdlib. h>
3 @ nit-line(void) : void 25 #include <math. h>
s @@ main(ntarge, char **argy) :int 29 #include <stdio. h>
i @@ output_master(void) - void *%nckuge ‘:SYS/t'l'“e h=>
#include <time. h>
i @ output_workers(void) : void #include "mpi.h"
b @ reduce_printiconst char *format_strin #define PI 3.14159265
s (@ time_mpi_start() - void .
int E_RtoL = 10;
b @ tme_mpi_stop() :void int E_LtoR = 20;
L. @@ update(ntleft intright) :int int E_OUTL = 30;
G- 5 Extemal Code int E_OUT2 = 40;
void get_data(void);
void init_line(void);
int update (int left, int right);
void output_master(void);
void output_workers(void); _,_|
4| |
4 | _l [Type: none selected
Input/Output | Breakpoints | Watchponts | Stacks | Tracepoints | TracepomtOutput | Logbook | Evaluate & X

Input/Output

Expression | Value [

Wave solulicn with 4 processes
1000000, running Ter 30 seccnds

points =

min max
103011
102988
-
CFU Time (W) : 100 100 100
MPI Time (W) : © o o
Iteraticns : 2410 2410 2410

points/second: 23.4M (5.8M per process)
wave Iinished

Note: Arm DDT can only send input to the mpiexec process with this MP| implementation

Type here (Enter tosend): |

2.1.3. Arm MAP DO GUID#ZE]

LTD&L S ICArm MAPEZEIL £ .

module load forge/18.0.1
module load cuda

module load intel intel-mpi

W o o

map mpiexec -np 4 ./wave_c

ChickY. UToL S SREEEIRRENET. (FOIFAZBELTLARVWEBIREBENHEY)

-8/13 -

2023-12-29



Arm Forge FIFIDF5|&

Fle Edt Miew lMeticc Window Help

arm
FORGE

arm
DDT

Rawrx Run

Q rm Run: mpiexec -np 4 Swave c

MAP Command: [mpiexec-np 4 Jwave_c

Duration: Sampling entire program

|~ CUDA Kernel analysis

I~ Opentip

Help | Options

Run22 Y v o3 % ERITRKMSNET .

-9/13 -
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Fle Edt MView Metics
wave_c
4/4 processes running

Started on Thu Jan 4 2018 16:01:42 (UTC+05)
Elapsed ime: 14s

Stop and Analyze

wilh 4 precesses

= [Minutes
. Tunning for 30 seconds

Note: Amm MAP can only send input to the mpiexec process with this MPI implementation
Type here (Enter tosend): |

WYL EA 2> R ET[Stop and Analysys|& 2 U v 03 % LIERNSRREINET.

-10/13 -
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File Edit Miew Metics Window Help

Profiled: wave_c on 4 processes, 1 node, 4 cores (1 per process) Sampled from: Thu Jan 4 2018 16:01:42 (UTC+09) for 30.0s

Main thread acthity

CPU floating-point
183%

Memory usage
290MB

16:01:42-16:02:12 (30.019s): Main thread compute 58.6 % MPI 41.4%

£ wavec [ | Time spent on line 215

/* global endpoints */ of the 7.1% timi
if ((first +j - 1 ==1) || (first + j - 1 == tpoints)) o . :
newval[j] = 0.0; Executing instructions 1

else
39. 7% do_math(j);
}

| reenenemndbe e e e for (3 = 1; j <= npoints; j++)
2

Calling other functions 0

Time in instructions executed:

Scalar floating-point 0.0%
T 1%, ks mm ] oldval[y] = values[j]; S

= L N Y R p————— values[j] = newvalljl; Vector g
21

Scalarinteger

} Vector integer

return iterations; Memory access®

Branch

Other instructions [

K| * 74 3% memory access instructions, 25.7%implicit
memory L L i It di

InputOutput | ProjectFles  MainThveadStacks | Functons |
Main Thread Stacks

Total core tme < [mp1 [ Functionts) ontine Source Poston

B & wave_c[program]
B ¢ man { wave.c302
[=] update iterations = update(left, right); wave.c334
397% [#] do_math do_math(j); wave.c211
36.8% 3 MPI_Recv WPI_Recv(§values[0], 1, WPI_DOUBLE, left, E_LtoR, MPI_COMN_WORLD, wave.c193
71% m

7% values(j] = newvallj);
44%

wave.c216
mekm i mal duls for (j = 1; j == npoints; je+) wave.c205
N T T MPI_Beast WPI_Bcast(8stop, 1, PI_INT, 0, WPI_CONN_WORLD); wave c181
i O T for (j = 1; j = npoints; j++) wave.c213
0.8% T A Ay, [# 2others

01% | 2others

Showing data from 4,000 samples taken over 4 processes (1000 per process) MainThread View |

[Metrics]2 2V v 045 L Z1E8T— 2 & SBBARETT .

-11/13 - 2023-12-29
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Arm Forge RN F5F|E

Profiled: wave_con:  Preset Default

Preset: Activity Timelines
Preset: CPU Instructions
Preset: CPU Time

Main thread acti

ocess) Sampled from: Thu Jan 4 2018 16:01:42 (UTC+09) for 30.0s

Hide Metrics_

CPUfloating-poi  Freset Energy
183% Preset 10
Preset: Lustre

Memoryusage  procet Memory
20MB prosetMPl
Preset: Nvidia

Activity Timelines >

16:01:42-16:02:12 ( 6% MPI 41.4%

£ wavec m CPU Instructions. 3

Time spent on line 215 g X

224
227

Kl

207 /* global endpoints */ = of the 7.1% time spe:
Energy Y| 208 if ((first + 3 - 1 == 1) || (first + j - 1 == tpoints)) A Ee
10 » 209 newval[j] = 0.0; ecuting instructions
210 & _ _
else Calling other functions
39 Tome Yl do_math(j); o
Memory » | 212 } — —
L8 mp , | 228 for (j = 1; j <= npoints; j++)
214 { Scalar floating-point
» 215 oldval[j] = values[j]; -
= 216 values(j] = newvalljl; Vector g
217 } .
218 } _ ar integer
2k } Vector integer
220
221 return iterations; Memory access* |
222 |} Branch

Other instructions |
*743% memory access instructions, 25.7% implict

T sl

Main Thread Stacks

InputOutput | ProjectFles  MainThveadStacks | Functons |

1%, g i el bkl i

LU TR e e P e g

A4% o hmminie o Ialin tommn vismb 1w
3Ty A vne ol 1] ol el

18% wrrwmw weslee e 0 meo0om
03%“ R TR TT R B I TR} "
01%) |

(] = values(j];

values(j] = newvallj);

for (= 1; j == npaints; j++)

MPI_Bcast WPI_Bcast(Sstop, 1, WPI_INT, 0, WPI_COMM_WORLD);

for (= 1; j = npaints; j++)

[ 2others
2others

Showing data from 4,000 samples taken over 4 processes (1000 per process)

Total core tme < [mp1 [ Functionts) ontine Source Poston
B & wave_c[program]
B ¢ man { wave.c302
[=] update iterations = update(left, right); wave.c334
397% kbl unile [ do_math do_math(j); wave.c211
368% ek MPI_Recv WPI_Recv(Svalues(0], 1, WPI_DOUBLE, left, E_LtoR, PI_COMM_WORLD, wavec193

wave c215
wave.c216
wave.c205
wave.cl8l
wavec213

[Arm Forge 1801 [ Main Thread View

22. 54> R {ERA

webTSUHTRDURLICT IR THIEICEY. SAEY RFBRAEHEETEET.

Rt DRERD

http://lice0.int.t3.gsic.titech.ac.jp:4241/status.html

AJAY /) —RETHS AV RFIFRREERTEET.

w3m —dump http://lice0:4241/status.html
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SERT

2019/07/31
2018/10/26

2018/01/03

2017/11/17

2017/09/15

AR
mkdocshRIERY
URLE X E %ZIEIE

7TV —2 3> OFFR%EAllinea Forgeh 5 Arm Forge[CZ 8
Arm Forge 18.0.10fEA AL #IBEC

URLE1{EIE
URLY > 7t @ = IR

HIRRAERL
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