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freq B CPU Socket + 2000000000 (NORMALE— ) /
+ 220000000Q(BOOSTE — R EIEI) D

| [P . XEV 7T TS == Xt UBD/ AL 5l

throttling_state s ) XEY 0,12.,9: N
0:/\A{EAZK100% (REEEE) |, 1: 90%, 2: 80%, .., 9: 10%
CPUO N A (CHIE T Dap w1l

issue_state R FITHIR cPUud 0: 4575
1: 26
BEEE/\A T o1 >z

ex_pipe_state EXA only cPU Y’ 0: /N1 A, )\ TB&FIF
1: )\ T ADFHFIF /
FLA only(BFINV B =aa/\1 J o1 o B=FRU. T I1E— RF=H

TOE—RE& (CENHIRZNRE Z B> I HEEE,
eco_state FLAonlyfEA&  |CcPUY 0: TOE&— REESD. FLA onlyEXh
nteE 1: TOE— REZH. FLA onlyB%)

2: TOE— R, FLA only K (RCTIE— REFHRS 3BNSY)
741 R)LEEDIKEIIRRE (RetentionfREE) ~DBEEZHI1H,

retention_state | Retention®lfil ~ |cPu” 0: RetentionfREE(CBFE LX)
1: RetentioniRBE& (B 9 B
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c) 7IUDHTPowerAPIZFIFE : BHHH=ECEAREE. CEREICIE

o JHEEHDWRAE

n DITEBEBYINOE D(statsTrAI) : SaTEBOEEEN
) PTIOHFTPMIbzFIA : IEEXRBIEBOEEE ., Fortran/C/C++/Python( X i
) 7T)OFTPowerAPIZFIA : I8 EXEBOHEE . CEFE(CWIS.
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%pFE'C‘TTU%HIEJ;U:%ﬁ\ fapppxE CPUMERERRATL R— R TRR(Y : IBEXBEEOHE
e5./1. Fortran/C/C++(CXF fithe
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(*1) FBAFEIE FMBEBLUTITETR 7.2. \D-E—PEE

(*2) A—=T>Y—X PMiIib tutorial

(*3) FAF5IZE FABLVTITEITHR 7.3 Power API

(*4) XZa7I) JOJrPASERFSIE 3. 5FHfliJ0J7435, 4. CPU MHEEREATL R—b



https://www.fugaku.r-ccs.riken.jp/doc_root/ja/user_guides/use_latest/PowerControlFunction/index.html
https://github.com/mikami3heart/PMlib/tree/master/doc/tutorial
https://www.fugaku.r-ccs.riken.jp/doc_root/ja/user_guides/use_latest/PowerControlFunction/index.html
https://www.fugaku.r-ccs.riken.jp/doc_root/ja/manuals/tcsds-1.2.41/lang/Tool/j2ul-2568-01z0.pdf
https://www.fugaku.r-ccs.riken.jp/doc_root/ja/manuals/tcsds-1.2.41/lang/Tool/j2ul-2568-01z0.pdf
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o fBIA) : AT ARFDIERITCTIERE
o ROBMECIEEDIRE, FIAFEIE FIRAHLUTITETIR 7.2. NU-E-REF
o TATVRMHEBELTORRTHIELIERTD

# >3 TR0V T MERIT COERH * stats 7 77 1 )LHR(CERIR @ 132,1331T7H

#PJM --rsc-list "freq=2000" AVG POWER CONSUMPTION OF NODE (IDEAL) : 142.9 (HEE/ : W)
#PJM --rsc-list "eco_state=2" ENERGY CONSUMPTION OF NODE (IDEAL) : 4.2796  (HEEHNE : wh)
H#PJM --rsc-list "retention_state=0"

H#PJM -s

o 20254 4 AHS, BBRIFCIUATOETE (GBI —-AM-IJE-R) MMEAEINTWLS

H#PJM --rsc-list "freq=2200"
#PJM --rsc-list "eco_state=2"
#PJM -s

o MERDIFHENTE (BN —YILE—R) TPITEFEITIBICIATZIEETS
#PJM --rsc-list "freq=2000"

H#PJM --rsc-list "eco_state=0"
H#PJM -s


https://www.fugaku.r-ccs.riken.jp/doc_root/ja/user_guides/use_latest/PowerControlFunction/index.html
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o Fortran/C/C++/Python(CHET3A -T2V —-254T3Y, PMIibURS hJE. F1—MIT)L
o LDFFHHRYIUNIEEXBIEOHEE HEFTREMREIEHRZRRFCLR—h
o BEDLTEI/IAIEHDspackE>1—)LELTHIFATIEE

lex Fortran/ 047 5 I\ TOHUH LA
call f_pm_initialize (1)

call f_pm_start ("label")

DAIE ULIZWVETEERD

call f_pm_stop (”label")

call f_pm_report ("")

spack load pmlib@10.0-clang
export PMLIB_REPORT=BASIC
export POWER_CHOOSER=NODE

.Ja.out

REHNT 7 A ILHRIZLR— FRIR

Report for option HWPG_CHOOSER=FLOPS is generated.
Section |  HP_OPS SP_OPS DP_OPS Total_FP [Flops] [%Peak]

|abel : 0.00e+00 0.00e+00 1.60e+11 1.60e+11 7.35e+10 9.57e+00

Report is generated for POWER_CHOOSER=NODE option.

Estimated power inside node [W]
Section | total | CMG+L2 MEMORY TF+A+U | Energy[Wh]

|abel © 156.5 106.0  45.8 8.1 4 24e+00


https://github.com/mikami3heart/PMlib
https://github.com/mikami3heart/PMlib/tree/master/doc/tutorial

#include "pwr.h"

#define MAX_P_OBJ_NODE 20

PWR_Cntxt pacntxt = NULL;

PWR_Time pa64timer[MAX_P_OBJ_NODE][2];

PWR_Obj p_obj_array[MAX_P_OBJ_NODE];

double d_time, ave_watt, w_joule[MAX_P_OBJ_NODE][2];
char p_obj_name[MAX_P_OBJ_NODE][30] = {

"plat.node", "plat.node.cpu.cmg0.cores”, .., "plat.node.tofuopt",
Iy
irc = PWR_Cntxtinit(PWR_CNTXT_DEFAULT, PWR_ROLE_APP, "app", &pacntxt);
for (int i=0; i<MAX_P_OBJ_NODE; i++) {
irc = PWR_CntxtGetObjByName (pacntxt, p_obj_name[i], &p_obj_array]i]);
irc = PWR_ODbjAttrGetValue (p_obj_array[i], PWR_ATTR_ENERGY, &w_joule[i][0],
&pabatimer(i][0]);

}

/] . AIEUTZWETESRD .

for (int i=0; i<MAX_P_OBJ_NODE; i++) {

irc = PWR_ODbjAttrGetValue (p_obj_array[i], PWR_ATTR_ENERGY, &w_joule[i][1],
&pabatimer(i][1]);

d_time = (double)(pa64timer][i][1] - pab4timer][i][0])/1.0e9;

ave_watt = (w_joule[i][1] - w_joule[i][0]) / d_time;

printf("rank %d [%-30s] %f [W]¥n", my_rank, p_obj_nameli], (float)ave_watt);

}

B K\T— )7 OB EROHRT s

e 5IC) : 7TDH TPower APIZF)F (IRHCY—R-#ER)
o FIAFSIZ FABLUTITEITHR 7.3 Power API

rank O [plat.node 1116.648102 [W]

rank O [plat.node.cpu.cmg0O.cores ]27.563534 [W]
rank O [plat.node.cpu.cmgl.cores ]22.250008 [W]
rank O [plat.node.cpu.cmg2.cores ] 22.250008 [W]
rank O [plat.node.cpu.cmg3.cores ] 22.250008 [W]
rank O [plat.node.cpu.cmg0.12cache ]4.583274 [W]
rank O [plat.node.cpu.cmgl.l2cache ] 1.314807 [W]
rank O [plat.node.cpu.cmg2.l2cache ] 1.312501 [W]
rank O [plat.node.cpu.cmg3.12cache ] 1.312501 [W]
rank O [plat.node.cpu.acores.core0 ] 0.533256 [W]
rank O [plat.node.cpu.acores.corel ]0.534289 [W]
rank O [plat.node.cpu.uncmg 10.312500 [W]

rank O [plat.node.cpu.tofu 15.250001 [W]
rank O [plat.node.mem0 ] 2.565995 [W]
rank O [plat.node.mem1 1 1.750000 [W]
rank O [plat.node.mem?2 1 1.750000 [W]
rank O [plat.node.mem3 1 1.750000 [W]
rank O [plat.node.pci ] 0.000000 [W]

rank O [plat.node.tofuopt 1 2.625001 [W]


https://www.fugaku.r-ccs.riken.jp/doc_root/ja/user_guides/use_latest/PowerControlFunction/index.html
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Power Consumption [ fon | ¢

(w)

Power Power
Power 5

consumption

used by core used by L2 used by

cache memory

o JOJ7AS{ERAFSIE 3. 3HllJ0J743, 4. CPU MEERRATL

Process

Thread [N NN

1.97E+00

1.97E+00

o 4-1 518 /—RTfappeRIEFEIT

1.97E+00

1.97E+00

foriin’'seq117°

1.97E+00

1.97E+00

do

5.29E+00 1.14E+01
1.97E+00

fapp -C -d ./repS{i} -Hevent=paS{i} mpiexec -n S{NPROCS} ./mix_fapp.ex

oiNjo|ln|salw|Nv|=O

1.97E+00

1.97E+00

done

0

1.97E+00

10 1.97E+00

[=1l=1i=11=1 =1 =1 =1E=21=11=1=](=]

11 1.97E+00

CMG 0 total 2.37E+01 5.29E+00 1.14E+01]

o 4-2 #WL\TOVA> )— RTlapppxzZALIEELT

foriin’'seq117°

do
fapppx -A -d repS{i} -o paS{i}.csv -tcsv -lcpupa
done l‘ L qﬂ
pwd I
o 4.3 PC_LTCHADEXCELY — I\’iﬁﬁb\"c_ﬁﬁﬂf:?im |
open cpu_pa_report_*.xlsm I |

|

|
|

-— = = o)

(w)

4.5E+01 -

4.0E+01

3.5E+01 -
3.0E+01 -
2.5E+01 -

2.0E+01

1.5E+01 -
1.0E+01 -
5.0E+00 -
0.0E+00 -

Power Consumption

Bused by memory
Oused by L2 cache
mused by core

1 CMG



https://www.fugaku.r-ccs.riken.jp/doc_root/ja/manuals/tcsds-1.2.41/lang/Tool/j2ul-2568-01z0.pdf
https://www.fugaku.r-ccs.riken.jp/doc_root/ja/manuals/tcsds-1.2.41/lang/Tool/j2ul-2568-01z0.pdf
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o T—HEIMERTEERE - EE MG - MEBEXTITA X HEECKRE(FETD
o N\=ROI7anSHY MR- NI 22/ NEmT -5
double o BHFT-ARIEEERIC
data type - single precision| half precision 64 /32 /16 /8 By NER# 7
bits wide 64 32 16
accuracy 15 digits 6 digits 3 digits \Jj l\ljﬁ:&[: %‘EED‘\?:/_KT NI
fortran real(kind=8) real(kind=4) real(kind=2) /)-,;;. (L7“ %ﬁ%iLnb@T—
C/C++ double float _Floatl6
Python float64 float32 float1l6
64 bit wide ‘|
double precision : 15 digits (52 bits) accurate 30 20 10 '0
64 bits | I I I |
60 50 40 30 20 10 0

single precision : 6 digits (23 bits) accurate

half precision : 3 digits (10 bits) accurate
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lex (T ERIAES
éiﬁmﬁiwn—ﬁzh73uﬁ\%%%Euzuu

module data_type

real(Ckind=2),allocatable :: a2h(:,:), b2h(:,:), c2h(:,:)
real(kind=4),allocatable :: a2s(:,:), b2s(C:,:), c2s(:,:)
real(kind=8),allocatable :: a2d(:,:), b2d(C:,:), c2d(:,:)
real(Ckind=2) r_half

real(kind=4) r_single

real(kind=8) r_double

end module data_type

subroutine sub_dmix(n)

use data_type

integer :: n

1$omp parallel do private(i,j,k)
do k=1,n

do j=1,n

do i=1,n

c2d(i,j) = c2d(i,j) + a2d(i,k)*b2dCk,j)
end do

end do

end do

1$omp end parallel do

r_double = c2d(1,n) + c2d(n,1)
return

end subroutine

subroutine sub_smix(n)
use data_type
integer :: n

1$omp parallel do private(i,j,k)

do k=1,n
do j=1,n
do i=1,n

c2s(i,3) = c2s(i,j) + a2s(i,k)*b2sCk,j)

end do
end do
end do
!$omp end parallel do

r_single = c2s(1,n) + c2s(n,1)

return
end subroutine

subroutine sub_hmix(n)
use data_type
integer :: n

1$omp parallel do private(i,j,k)

do k=1,n
do j=1,n
do i=1,n

c2h(i, ) = c2h(i,j) + azh(i,k)*b2h(k, )

end do

end do

end do

1$omp end parallel do

r_half = c2h(1,n) + c2h(n,1)
return

end subroutine
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power[W] breakdown for double precision kernel

Oothers

@ Memory

@mL2s

@ Cores Cores : 48 cores total
L2$ : L2D cache total

NORMAL BOOST&ECO NORMAL BOOST&ECO

vector kernel

Y(EETEI7 O

Memory : HBM2 memory total
others : TofuD and optical modules

scalar kernel

(*) Power API does not provide further breakdown such as L1$ or functional pipelines
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https://www.fugaku.r-ccs.riken.jp/docs/guides_r01
https://www.fugaku.r-ccs.riken.jp/doc_root/ja/guidances/Fugaku_tuning_seminar_part1_202406.pdf
https://www.fugaku.r-ccs.riken.jp/doc_root/ja/guidances/Fugaku_tuning_seminar_part2_202407.pdf
https://www.fugaku.r-ccs.riken.jp/doc_root/ja/guidances/Fugaku_tuning_seminar_part3_202409.pdf
https://www.fugaku.r-ccs.riken.jp/docs/guides_r01

Fugaku Point Program ‘Rets

R-CCS

e Fugaku point program has begun to incentivize user cooperation
since Apr. 2023.

e Points Acquisition: t .-
Projects (groups of users) can earn , . =
points based on the difference between

the baseline power and the actual
power consumption.

Power

Baseline Actual Power Consumption

and Energy-efficiency Improvement

e Points Redeeming:
Jobs can be executed with high priority Normal Prioriy
using the "computational resources for 108
priority execution" redeemed with points. ‘
am
Users

Job-queue (basically FCFS*)

Submit JOB
High Priority

* First-Come, First-Served

i

~.

=

A

=
=
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R Fugaku Point Program o
e Results of FY2024 (Points Acquisition and Redeeming (all groups))

20,000,000
18,000,000

- Resource for priority jobs (allocated by earned points)
16,000,000

== Consumed resource by priority jobs
14,000,000
12,000,000

10,000,000

8,000,000

Resource [Nodehour]

6,000,000

cannot be executed

Priority Jobs

4,000,000

cannot be executed

Priority Jobs
2
)
>
2,

4
v
4
>
25
O

2,000,000

The redeeming rate was low.
We are considering improving
Fugaku point program and
easier way to consume resource
for priority jobs.
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e Example

Fugaku Point Program

e You can check the status of Fugaku point on the login nodes in real time.

login $ accountj_pt

COLLECTDATE :

SUBTHEME
groupool

GROUP

GROUP
group0o2

2024-02-08 17:18:26 unit[Node Second,Wh]

For more details, access here.
(Fugaku User Only)

---------------------- [ SUBTHEME === = === = = oo m o oo o o oo e e o e oo
PARENT LIMIT(N) USAGE (N) LIMIT(E) USAGE (E)

Y23FMo1 2,231,676,000 1,160,135,414 67,849,149 5,001,217,071
---------------------- [ SUBTHEME_PERIOD ] === - === === o= = oo o @ oo o o e e o e ook
PERIOD LIMIT(N) USAGE (N) LIMIT(E) USAGE (E)

20230401-20230930 1 1,115,838,000 85,942,585 33,924,574 2,388,876
20231001-20240331 2 1,115,838,000 44,297,414 33,924,574 1,217,071
---------------------- [ o BESEUREE GREUY o moomo s oo — o oo s o e mimim = o = S e e A e S e o A e
POINT LIMIT(N) USAGE (N) AVAILABLE (N)

1,299 200 100 100
---------------------- [ SUBTHEME === = === = = o m o m oo o o o e o e o e e e e oo
PARENT LIMIT(N) USAGE (N) LIMIT(E) USAGE (E)

Y23FMo2 3,600,000 9,704 109,450 250
---------------------- [ 2o ESEUIRES GO |mmmmomm s o oo = o o s A o mm = S e = S S S S S e S A e S A e
POINT LIMIT(N) USAGE (N) AVAILABLE (N)

600 100 50 50

& |||
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