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a—YF7hHT v b

« EF XF7 L ¢ Wisteria/BDEC-01 (Wisteria)
* $ ssh USERNAME@wisteria.cc.u-tokyo.ac.jp

Zlin%“/\’c NDI1—HH

- FFEEZES ©  tABCDE (ABCDE|X, BEEZXEHZ TLFEFEW)
« 7“1l/—7°: gt00
« F]FHERER

¢« 1/13 9:00%X TEXN

 FAEELSBEEDER Zhanawa[at]cc.u-tokyo.ac.jpE T
e Slack TERI L TW=1-WTiEETT
BEET7H7 v bTlE) AROBREMISY X T LlEEDBRLTLZET W
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INYFFXF2—DHED L H7-

e Wisteria TO /NNy FAE (I, E+TEDONYFIRATLTEEZX
NTWET,

’ J//(_F\ FEaOv Y FZ=EAALET,
a7 D’AN Ipjsub < a TR UTRTFAILE>
s BOAEALZY 3 7@4j</RE?’Enlb > pjstat
« AT a 7DHIBR - pjdel <P 3 71ID>
e Ny FXa1—DIKEZ RS : pjstat --rsc
e Ny F X1 —DFMERZTRS : pjstat --rsc -x
c RITHNTWEY a7HAER S pjstat -b
s BEDIWANEREZR %  pjstat -H
s FIFICIRATEBRR ERITTZEDHZ RSB  pjstat --1imit

2021/12/13 HEES  WisteriaEik - BE



PJ

stat --rsc

D 1T IH

1

$ pjstat --rsc
SYSTEM: Odyssey
RSCGRP
lecture-o

A(,/)TlectureS—o

EZ %
*a1—%
(VY/—X
=)

SYSTEM: Aquarius
RSCGRP

lecture-a
lecture8-a

STATUS
[ ENABLE,START]
[ ENABLE, START]

STATUS
[ ENABLE, START]
[DISABLE,STOP ]

/

2021/12/13

/=D
M FH R BEEL

NODE /

2x12x16

NODE GPU

96

7 56
2 16

1

BEEZ S D

HEES  WisteriaEik - BE

GPUD
H AR BE 2

(Aquarius)




pjstat --rsc -x DOEITEEH

$ pjstat --rsc -x
SYSTEM: Odyssey

RSCGRP STATUS MIN NODE MAX NODE MAX ELAPSE REMAIN ELAPSE MEM(GiB) PROJECT
lecture-o [ ENABLE,START] 1 12 00:15:00 00:15:00 28 gt68
lecture8-o [DISABLE,STOP] 1 12 00:15:00 ——i--i-- 28 gt68

SYSTEM: Aquarius

RSCGRP STATUS MIN NODE MAX NODE AVAIL GPU MAX ELAPSE REMAIN ELAPSE MEM(GiB) PROJECT
lecture-a [ ENABLE,START] 1 1 1,2,4 00:15:00 00:15:00 448 gt68
lecture8-a [DISABLE,STOP] 1 1 1,2,4 00:15:00 —-i--i-- 448 gt68
fEz % zf f

— IRt A EE
*aod | S 2eER (B17)
(VY= e EE TR 1ODH
7“}[/_7°) %TT B

2021/12/13 HEES  WisteriaEik - BE 5



el

pjstat --rsc -b DEITIH

$ pjstat --rsc -b
SYSTEM: Odyssey

RSCGRP STATUS TOTAL RUNNING QUEUED HOLD OTHER NODE
lecture-o [ ENABLE, START] 5 0 0 5 0 96
lecture8-o [DISABLE,STOP] (%] (%] %) %) (%] 2Xx12x16

SYSTEM: Aqguarius

RSCGRP STATUS TOTAL RUNNING QUEUED HOLD OTHER NODE
lecture-a [ENABLE, START] 0 0 0 0 0 7
lecture8-a [DISABLE,STOP] 90 5] 0 0 (5] 2
FEZx32F1—4 '\ /ﬁ,_ / ,:\ /‘
(YUY —REIL— R Ya7o|RITLTW [FleshTw [/ —FD
) EZ 5h || F% 52370 |B2a70 | FNERBEX

2

Z
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module DI E

c AVNRAZ - FATZVEDREZEY b T v 7T
e OdysseyAIlTET @IV /8( T MPI%EH
$ module load fj fjmpi 7=
$ module load odyssey
 Aquariusf@lfgcc. cuda, OpenMPI(CUDAXI/E) % {#FH
$ module load gcc cuda ompi-cuda F7zI&
$ module load aquarius cuda ompi-cuda

o K- 7-HFI
$ module purge

2021/12/13 HEES  WisteriaEik - BE



module?d—&
IR AROBECENTE 3 b DA R

$ module avail

---/work/opt/local/modules/modulefiles/LN/aquarius/mpi/gcc/8.3.1/ompi-cuda/4.1.1-11.2 -----
gromacs/2021.2 lammps/290ct2020

« 2 TDIRIEHTES

$ show_module

ApplicationName ModuleName Node BaseCompiler/MPI

Archiconda archiconda3/0.2.3 odyssey -
Arm Forge forge/21.0.2 aquarius -



Y7070 5 L0EE (1/2)

EITLTHbo2a3v > FE $ UFICEFETEE=H L TWET
c R— I FILADANDEH 75 [Enter] F—%IFLTLAFEL

1. Lustre 7 7 ALY X T LICTEE)
$ cd /work/gtee/tABCDE # THREEIEE D DIDICEE

2. /work/gteo/share/Wisteria (CHB YV TILT7 74 I)L% O
t_
$ cp /work/gt@@/share/Wisteria/* .
(Fvy b)) oBICEAERR—X

3. 47L/7ll/7 A IV % &[]
$ tar xvfz Samples-wo.tar.gz

2021/12/13 HEES  WisteriaEzlk - BE 9



Yo 7Lu7ns 7 L0EE (2/2

4. Samples-wo 74 L 27 FUIZAS
$ cd Samples-wo

5. B% @ﬁmtm§%@74v7~u IZA
$ cd C CEE%(F T% A=)
$ cd F # For‘tr‘an%ﬁ 14 212

6uﬂy7w7m73Aﬁ%%_t%ﬁmA
$ 1s

2021/12/13 HEES  WisteriaEzlk - BE
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TIPS (X 7%558)

« X—IF I ETIE[Tab]F—Z AN L TR T7TRBTEZ N ELED
D ANTHERWL
« F—ANEDRSZDTHEE (BBRICtypob D)
- BEIHTE CE BRI ZANTHDOT, &WHAT[Tab]z AAL
I~ETHR->TULITIFREWL
* Windows & [FEWY, EHZIEFICKTTH LI BRI LWL
cFIFEANLTH OOy FEDIFZE -
1. $ cd /wo[Tab]/gtee/tABCDE
2. $ cp /wo[Tab]/gtee/z30105/W[Tab]/* .
3. $ tar xvfz S[Tab]
4. $ cd S[Tab]




Stream7 A7 7 LZa/N4IILL &S
(1/2)

1. Samples-wo 7 # /LR IZ A%
$ cd Samples-wo

2. CE& . $ cd C
Fortran99=:E: $ cd F

3. 77VEZDTHILKICAD
$ cd stream



Stream7 A7 7 LZa/N4IILL &S
(2/2)

6. module loadlL Tmake 9 %
$ module load odyssey
$ make

E?T? A I (stream) N TETWB T L ZMERT

7.5
$ 1



7R LZEITLLED

1. stream7 #/LXHTLUUTZEI1TT 5
$ pjsub stream.bash

2. BRADEASIN=Y 3 7% MERT D
$ pjstat

3. EITHRTIDE, UTOT7 74 ILHERSND
stream.bash.XXXXXX.err 5
stream.bash.XXXXXX.out  (XXXXXX|Z#=F)

4, FROEEBR D774 L0 EEXRTHS
$ cat stream.bash.XXXXXX.out

5. T7—HAIZUTDOT77ANIIHDDTEDT-HHER
$ cat stream.bash.XXXXXX.err

2021/12/13 HEES  WisteriaEik - BE 14



Tea Leaf (1/2)

HIZEDOR YV FT—7
emantevo7 Az bDOIZ=ZF7T7YD—D

& 5

$ tar xvfz Tealeaf-wo.tar.gz
$ cd TealLeaf ref-1.3

eWisteria-O@EIlF/ XA F+UdDar/( )L

$ make COMPILER=FJ MPI_COMPILER=mpifrtpx
C_MPI COMPILER=mpifccpx


http://uk-mac.github.io/TeaLeaf/

Tea Leaf (2/2)  pguuTFoBcs<sziEs
77y bOMP << /N1 7Y v FMPI
OpenMP+MPI/ A 7Y v K < NATY Y FHPRIEE
(7 7 v FOMP)

$ pjsub tea leaf.sh
OpenMP+MPI/NA 7'V K

$ pjsub tea leaf2.sh
OpenMP+MPI/NA 7 U v K+/ — FFARIETE

$ pjsub tea leaf3.sh

o /—FaAx3FIR. D/ —FR4ATAER D> 8x6DIE VU TEAT
SITIRFE Z bR (2N ZNITITD)
$ grep Wall tea leaf.sh.XXXXX.err | tail -1

|



1-V.& 204

e EERXDH—FRIL
HELAREELETDIRZS

—\‘

(Etid

v

TlE%Z =

14 V)7 LIESREH
%ﬁfﬁﬁ%@ﬁ%éﬁ

[
Risz

B4 X . 256%384*384

AGAFXH48a 7 DT-%, 48*8 =

384

Byte/Flop = 16/13

V4

BARAT Y 7T CHMAATT— ﬁué
THFyyalcE3 EREL THRE

A

—ZX3a-—F
/work/gt00/share/wisteria_trial.tar.gz

© [0 ~ @) ot =~ W N =

N N N N = = = = = = = = = =
w N = o Xe} (0] ~ (o)) t [I’N w N = o

N
=

do {

#pragma omp parallel for

for (int

for (int y

for (int

Z

int c

int
int
int
int
int

int

o n B 0 =

t

0; z < nz; z++) {
= 0; y < ny; y++) |

x++) {

x = 0; x < nx;

= X + y * nx +

= (x == 0) ?
= (x == nx-1) 7
= (y == 0) ?
= (y == ny-1) 7
= (z == 0) ?
= (z == nz-1) 7

f2_t[c] = cc x f1_t[c]
+ cw * f1_t[w] + ce *x f1_tl[e]

}

zZ * nx * ny;

C
C
c
C
C
C

C
C
. C
C
C

. C

- 1;
+ 1;

- nx;
+ nx;
- nx * ny;

+ nx * ny;

+ cs * f1 _t[s] + cn * f1_t[n]
+ cb *x f1_t[b] + ct * f1_t[t];

double *tmp

fi1_t = £2_t;

f2_t = tmp;

time += dt;

} whiles(time

= fi1_t;

+ 0.5%xdt < 0.1);




4 5EZE(E : Odyssey 1 node CE&EhR

Y — R ! wisteria_trial/Odyssey/C

ker0O  naive FA4—JiRE
>0 kerl firstTouch 27—X M2y FiEH
ker2  firstTouch_yDim Ili) l\//v—altjo’!&‘:lg %ragma omp for
— 400 . ) SE —
g ker3  firstTouch_yzDim g\l/I/G ijélfl\ﬂGF ’TLU Y—T%
E ker4d  firstTouch_yzDim_peeling IW—TE—1) VR
é 300 ker5  firstTouch_yzDim_peeling_intrinsic intrinsiczEZ%<
[eTo}
5
F 200 - - os
- ZOMETIEZFERICTrad modeh &Ly
- clang modeTld. IntrinsicsZZL L EDWME% L
100 UL ESIMDIEE Ly
I I I I v S dDcompiler update (ZBATF
. |

kerO kerl ker2 ker3 ker4d ker5

B Trad mode m Clang mode
2021/12/13 BES L WisteriaZZ ik - (B S 18



4 5ESFH : Odyssey 1 node Fortranhi

Y — R ! wisteria_trial/Odyssey/F

ker0O  naive FA4—JiRE
>0 kerl firstTouch 27—X M2y FiEH
ker2  firstTouch_noPointer it B FEIE AN 5 Pointer & T4 % HEFR
g 400 ker3  firstTouch_noPointer_yDim \c(ii) [/novz;[l; g%m%’ do /!$omp end
~ /\ —
g ker4d  firstTouch_noPointer_yzDim g\l/I/G W?‘;&LSI\ﬁGF ’Till YW—T%
é 300 kerS EfrgstTouch_noPointer_yzDim_peeIi —TFE—1 L&
[oT0]
o firstTouch_noPointer_yzDim_peeli - . ] .
2 ker6 ng contiglous B2 %l [Zcontiguous/& 4 Z 1B 0
= 200
- FortrankR Tl Trad mode, Clang mode TIZ & A &
100 v AN A
- PointerBl&z{E 5 BEICIEERVDE
T | V AV FZOREBILDIFE A EFID L
0

v EDFERIT. FirstTouch®EM|RHBEWLDITTIZAE L
k k k k ki k ki >
Ut em e ken e Pointerd € LWTHREARZ TLALET
B Trad mode m Clang mode

2021/12/13 FEES D Wisteria®Ek - 8BS 19



14 5ESEMH - Aquarius 1 CPU socket CS&EhR

Y — R { wisteria_trial/Aquarius-CPU/C

ker0  naive A —JHEE
120
kerl firstTouch TJ7—RXA M3y FiEH

: : YJL— J[Z #pragma omp for
ker2  firstTouch_yDim nowait % 58 58

. . ZIL—TECMGRE|, YIL—T %
ker3  firstTouch_yzDim CMGRIZ L v K4 =

20 kerd  firstTouch_yzDim_peeling IW—TE—1 VI ER
ker5  firstTouch_yzDim_peeling_intrinsic intrinsic3E
6 - Intel Xeon Platinum 8360Y (lce Lake)l%. socket
AT 2numa B EL>TWB78%, AGAFX D
4 CMG M} &E{t h’ EERICE D
numactl --cpubind=0,1 --membind=0,1 ./a.out
2 D& 5 IC numactl 28 &EL TW3
BEATEZS lecture-a ¥ 22— CPUZHBLT

0 Wb, BEL<L3TAgErH5
ker0 ker1 ker2 ker3 kerd ker5

2021/12/13 EE 42 WisteriaE% - BS 20
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14 5ESEMH - Aquarius 1 CPU socket

Throughput [GB/sec]

100

90

80

70

6

o

5

o

4

o

3

o

2

o

1

o

o

2021/12/13

Fortranhi

Y — R { wisteria_trial/Aquarius-CPU/F

kerO

kerl
ker2
ker3
ker4
ker5
ker6
- Odyssey & LbEd % &, pointerEBHEDREIZ/ME W

kerO kerl ker2 ker3 ker4 ker5 ker6

naive
firstTouch

firstTouch_noPointer

TA—TLRE

J7—A K32y FEH

it 5| §E 1L AN 5 Pointer B 14E % HERR
YJL— Z(Z ISomp do / !$omp end

firstTouch_noPointer_yDim do nowait % & F

firstTouch_noPointer_yzDim

Z\—TECMGRE|. YIL—T %
CMGAR Ly FHE|

firstTouch_noPointer_yzDim_peeli L—TFE—1 L5 EE

ng

firstTouch_noPointer_yzDim_peeli B2 5] (= contiguous B % % B0

ng_contiguous

HEEE  WisteriaEik - BS

21



14 8ESEMM - Aquarius 1 GPU CS&EhR

1400

1200
1000
800
600
400
e FHAIS R%Z5EH IFEERWL
0 - E32 OpenACC REDE S TIZIFEEE, ThLERELOD
FHAH 7§.L\ (EHE = X HBE (TN
) e .

vV RRADBROD o5 TEEKCFE L -> hoshino @ cc.u-
tokyo.ac.jp

2021/12/13 HBLS D Wisteria®=E - B Y 22
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14 8ESEMM - Aquarius 1 GPU FortranhR

Throughput [GB/sec]

1400

1200

) SEMETIREVEIA Y E

naive async

2021/12/13 HBLS D Wisteria®=E - B Y 23



First Touch

170X T13A Ly FULE(Q2 CMGILE)ES H5EwnE
BEFD AT Y ADFERIE. malloclETIEARLK 707 7 LhRYICE~7-24 VI TiTh

nsd, 0FAL Y FOATHIHLT 2355

. EEFUIZCMG OFISIEWA T Y LICHEREI NS

=%, ZDt CMG 677 t2RX9 % &iEL, => First touchT[E]E,
export XOS_MMM_L_ PAGING POLICY=demand:demand:demand OEREHEHHE T

M\/Eo - Uﬂxiﬁzﬁﬁl ‘\-

diffusion_ker00.c

it 55EE (diffusionBd#) Tk S BLFUIC
& 7 ICHEFET B,

. BRL Y Flzc—&RWXAEY) LIcERIIDRERINS,

diffusion_ker01.c

)

RAICE S ERT (initBi#) ZiEFIEEERL



& A EDREL%Z

Pointer [B]:8 (Fortran® &)

- E+@Fortrana v /54 J3h i Y RSF

& 75 =

v allocatable Eg5%{E 5,

i &S5 T,

AV REIIDH S L (F

B, C pointerTHrestrictlfFiF=HAH ULy,

VEBFEUOHBLICKY.,. BT EpointerBlEThHEVWEN 213, (TE)

diffusion_ker01.f90

diffusion_ker02.f90

11 chBgI

2021/12/13 HmER Wis'teriﬁﬁglﬁé@’&ﬁﬁﬁm L. pointerE'I.&..’é':?é '

11 BgI

11 BgI

25



W=7 REFELE

T1TRRATVYIVDEERIL,
U7 7 ERADBRET S,

diffusion_ker01.c

R®b—iRNE2EGE

Z8h 5 &l

AT7EDAEY T 7 ADEHI’ELBSHDT,

FyrvapEIRFEWL

diffusion_ker02.c

nowaith w8

Yih 52

vy a1 ONABDRLLH S
CMGRIDT— 2 {£BEHHRET B7-%, HHCMG%E

AE2IBEICITEL LS

diffusion_ker03.c

11BN

BEDAAX—D

CMG FEﬁ DAEYTZ7R G)EE #Pfr:;?z;n: g-n;lif:;-r;,(:.‘fi{it (Thread % Ell)
BizBtL>>, CMGA®D AL
¥ry aELEES

—OBDT—RICT IR T B8, LTI ETTREATE
=>HFxXxvva1DHATHEL

Y-ZEh 53 E

Y-2Eh 43 E(Y-Zdim)

#pragma omp for (CMG%El))
for (z=0; z < nz; z++){

KELTBEIAVNATTRIDES B
OMP#ETRXDEVWAIITEEEA

4 MPI process + 12 OpenMP

HBES Wisteriagﬁreﬁ%j T‘%EL\

26



W=—7E—=1U 7k 3 7BHEIB

TRRATVVILVDETETIIE. BRIBADITEDI-HICHIEDLHEL LS
N=7=Jvs (BRTE) ICKYVBAL—TD o595 %HERT 3,
AGAFX T IEIZTE WV & S5 B DT, $hEM,

diffusion_ker03.c diffusion_ker04.c

=

x=0,0<x<nx-1,x=nx-1([CNBERITBZ &
T. 0<x<nx-1 DXBETIEDEENEL < EITAJEE



contiguousEBED{FE (Fortran® )

- contiguous (X E Y EITEGNICTER
INTWB) HEShbhHhLERLEFTIN
DT I RATIE, #FEDEVgatherds®
BMEHLNTLE S,

v contiguousEBHEDF &I & V) E]E R GE

diffusion_ker05.f90

diffusion_ker06.f90

!

diffusion_ker05.f90 D 7' 07 7 1 ILFER

Lil¥vv>a77RAGFLH

RELTWS

- BB I N7-iiFIREE, pointerElE%E &L T

L 7=ET. contiguousE&E% 15,

2021/12/13

KRELTLS

TS L WisteriaE ik -

Non-contiguous gather
load instruction A* K& d

28




AGAFX L AGRBEIL X & &

it 5 sHIs A D Fortran PointerBlEHERR (-Knoalias T3 & X)
DLW CISEARTEELEESIC IXcontiguousBIEZ 15T %
FortranlZ & Tl3Zm LA, Chpointerbrestrictz DT =AHRL

EISIMDILD 7= DEmAIN— T HADEE
HEBR#ZER L TRZ2EZX (FortranfiAABE#IZOK, A /31 F DBEREIC &
3474 ERIEING)

W=7 ICHE B PR E D £ HERR

%42$%?7w7yn Yo TERWEYRLAE (BEIRALRE) O

CMGRIBERFT VT 1 #BR(1 7R X/noded & ¥F)
export XOS_MMM_L_PAGING_POLICY=demand:demand:demand

First touch
ALy FOBEESEAFHOZEE, 470X /node~nEE

AEVERLGED—FRIVTIERIELIRY O T — X EHGEE




Tea Leaf CUDARR

» MRB DNV F I — 7 DCUDARR
emantevo7 Az 7 bDODIZ=Z77)D—D

& 5]

$ tar xvfz Tealeaf wa.tar.gz
$ cd TealLeaf CUDA-Qecblad74304c4ea916503fe6ef594f5d3f6703d/

eWisteria-Am@IF/NA4 VDO /NA L
$ module purge; module load gcc cuda ompi-cuda
$ make COMPILER=GNU

= /,

>3/ E1T
$ pjsub tea leaf.sh



http://uk-mac.github.io/TeaLeaf/

Singularity

e Tensorflowld. 74 77U DKEFEENEL ., RIEHEEH K EH
> Smgulantyffi TDockerA X —< % #|

TANYAZIDNKREND T, AEIA iS@ﬁti LaWwTL7Za e
$ 51ngular1ty build tf-image.file docker://tensorflow/tensorflow:latest-gpu

e https://hub.docker.com/r/tensorflow/tensorflow @ latest-gpu X 7 H X 7
va—Fk

* singularity exec /work/gte0/share/tf-image.file python
X7 UT M
tf-image.file WD python% {# > TENE
e R X FDOS|ZRedHat 8, > 75+ TIl% Ubuntu 18.04.5
« A MDCUDAIX11.2, a7+ Tix 11.0

DEIITESRFETERITCES

R AKFIEREERT Y — 2021/12/13 ST \VisteriaE g - BT 31
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https://hub.docker.com/r/tensorflow/tensorflow

MNIST=E D17 (Keras+Tensorflow)

. Tensorflow 2.5.0 (KerasifTensorflowlZ 2 F 41 5)

$ singularity exec /work/gt@@/share/tf-image.file python -c "import
tensorflow as tf; print(tf._ version_ , tf.keras._ version_ )"

2.5.0 2.5.0
« LT ZET (T /A ILgAE )
$ pjsub keras-tf-mnist.bash

« EITHMRT Licn, UTZEITT S
$ cat keras-tf-mnist.log.XXXX

BERARIEREB T Y— 2021/12/13 HW|L - \VisteriaE - HE
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MINIST by Keras+ T ensorflow

e https://www.tensorflow.org/tutorials/images/cnn?hl=ja

FERIFZARERL

« Epoch: T—%+t v b TEE L 7B
n/1875: RiE[E% (600004 > 7' )L /3278 F=1875)
Loss: (FERHBHRD) EEL DRE
Accuracy: 7 R b EfRTODIEES

313/313 - Os - loss: 0.0316 - accuracy: 0.9914
0.9914000034332275

Epoch 1/5
1875/1875 [======..=======] - 9s 4ms/step - loss:
Epoch 5/5
1875/1875 [======..=======] - 8s 4ms/step - loss:

.. Successfully opened dynamic library libcudart.so.11.0

0.1511 - accuracy: 0.9539

0.0219 - accuracy: 0.9935

BERARIEREB T Y— 2021/12/13 HW|L - \VisteriaE - HE

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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https://www.tensorflow.org/tutorials/images/cnn?hl=ja

