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https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php

- Wisteria-O (Odyssey):>=alb—v 3> /—F##

Fa (Elapsed) (GB)

interactive-o
(interactive-o_n1) 30 &
(interactive-o_n12) 2 ~ 12 10 & 28

- Wisteria-A (Aquarius): 7—% -8 /—F#

0 B R ] AEVBE

interactive-a 1/—FK

share-interactive 1GPU 10 56
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19


https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php

Z=

=

Z 1 T4 T7RITOPY A
(REBESTIEFELEFHA)
Odyssey

C 1/ — REfF

$ pjsub --interact -g 7/ —7% -L rg=interactive-o,elapse=01:00

« 12/ — RE1T

$ pjsub --interact -g 7 /L—7% -L rg=interactive-o,node=12,elapse=01:00
Aquarius

- 1GPUZETT

$ pjsub --interact -g 7/ J/L—7% -L rg=share-interactive,elapse=01:00

« 1/ — F(8GPU)ETT

$ pjsub --interact -g 7/ —7% -L rg=interactive-a,elapse=01:00
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https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php

#lfREFE | AEVERE

debug-o 1~ 144
short-o0 1~72
regular-o
(small-o) 1~ 144
(medium-o0) 145 ~ 576
(large-o) 577 ~ 1152
(x-large-0) 1153 ~ 2304
priority-o ({85317, F—O HEE 1.5(%) 1 ~ 288

#FHE =l WisteriaZ=ik )

8 H%FEE]

48 B¥fE

/)
/)

24 B[]
48 B¥fE

28

28

1/
1/
1/

28
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https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php
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https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php

- /—F# 1 B B AEUYRE
30 7 448

debug-a 1/—F
short-a 1~2/—F 2 B¥fE 448
regular-a
(small-a) 1~2/—K 48 BERS 448
(medium-a) 3~4/—F 7 7
(large-a) 5~8/—F 24 BFfE "
share-debug 1,2, 4 GPU 30 &7 56
share-short 1, 2,4 GPU 2 e 56
share
(share-1) 1 GPU 48 B 56
(share-2) 2 GPU " "

(share-4) 4 GPU 24 B5iE "
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https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php
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https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php

prepost (FHIEEL) 1 6 B 340
prepost1_n1
~ 1 1 ~ 6 BFfE 340

prepost4_n1
prepost1_n4 1~4 1 ~ 6 B¥hE 340

prepost1_n8 1~8 1 ~ 6 BFfH 340


https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php
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lecture-o 1 ~ 12
(HEFBEEARTH
tutorial-o 1 ~ 12 15 43 8
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(BRO) Z/8a VI35

e RO E 1 —%(2011~2019) : 88,128/ —FK x8a7//—FK
« Oakforest-PACS : 8,208/ — K x68a37// — K
 Sunway TaihulLight: 40,960/ — K x 2602 7// — K
« Summit: 94,600/ — K x 6 GPU// — F
=& 158976/ — K x48a7// —F
. Frontler. 9248/ — K x (647 +4 GPU)// — F
« ABCI: 1,088/ — kx4 GPU// — K+120/ — F x8 GPU// — F
« Wisteria: 7,680/ — K x4837// — K +45/ — K x(7237+8 GPU)// — K
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77 LD5

e VILF XL v R

e OpenMP

¢ A—FHETUL IR E T
 VILFT7HAEXR

SITEAR

HEAEY TEME
—iEFIE DFERTZ1F TOK

« MPlI (Message Passing Interface) * /= F?ﬁ“#@fiﬂ’\]ﬁ;i@%/_ )
« A—HHT — K HEIFEE R ICRE * B—/—FTHLT7REREIC

XEY ITHRERNIC T
—ARNLEEIVE

TILF7OLRETILFRL Y FiHETIRE
—nA 7Yy FMPI/OpenMP=X1T



Weak Scaling & Strong Scaling  usiseesrot
Odyssey: &L A4 7>

WHALIBICE W T XA T LEBEEAKE LT BHHE Aquarius: =/\ > Nig
« Weak Scaling: ZNENDORIEY 1 XZEZTLIEH H T 5

>ERDOREY A4 XH (IR BI L T) KELAD

PBEDF =N~y FEHEVEHLoLWD, ROEINT 5
e Strong Scaling: ®ADRIEY A X A2 Z X T ICHINEEH TS

>MEBEY A ANEBRIC AL T/hE b

PBEDF —/N~y NIHEETICKEL LS

Weak Scaling Strong Scalingb EE
ThE ol ah -7 {EERp FUMBRLC, SR
REDRED RIS 5 REBD (LVELLY)
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57805 I DNTEE LA

LTo#ERBESERASE LTI (TED> L)

https://www.cc.u-tokyo.ac.jp/events/lectures/

e [MPIERE: WF 70777 A
 https://www.cc.u-tokyo.ac.jp/events/lectures/176/

e [OpenMPIC&B~IILFa7 - X4 aA7WH7TBTZ I AP
* https://www.cc.u-tokyo.ac.jp/events/lectures/179/

- [GPUZDZ7Z v F AP
 https://www.cc.u-tokyo.ac.jp/events/lectures/178/
o [WHBRERETCEIWI 7077 I > JRUEKAFT]

 https://www.cc.u-tokyo.ac.jp/events/lectures/182/
e [OpenMPIC&B~IILFOT - A a7WHN7T0OTZ I AF]

* https://www.cc.u-tokyo.ac.jp/events/lectures/184/
[CABBBRAMLL | WS
BENHNIEEOT Uy —kA !
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AGAFXZ7 O+t v

| H | 7Oty HE Fujitsu A64FX
TofuD 2~ kB—3 || PCle avba—5
_ - S84y b Arm v8.2 _
/ CMG#0 ~ CMG#2 +SVE (Scalable Vector Extension)
= (of112]s of1f2l3})} 5 Z7Oty (A7) 1@8+T7 &> kaT2o0rd)
THla]s5]s]7 | 41567 S
8o [10]11]]]o 9 [10[11 B 2.2 GHz
] % —  EmEEE 3.3792 TFLOPS
~ 0j]1]12]3 = 011]2]3 - )(-:EUWE BZGB
= [a]s[e 7} ple]s]e]7]- B ﬁ% _
T [s]9[10]1 8|9 [0]n] [N XY migiE 1,024 GB/s
\__ CMG#1 \/ CMG#3

« 4DMCMG(Core Memory Ggup), 125t E37/CMG
« NUMAZ7—F7%2F+ (Non-Uniform Memory Access)

vV AEYEFCMGITEH SN TWTHIL, EGHCMCOO—NILAE) EDT—3ET7 7+
A BHTEIETTHRE

vV A=A AR EDQT—REFE->THET LDHIEM
- KIFEIF|: £CMGIZ1-MPIT O+ X (12-OpenMPRLwE), 7Oty HR470
TRDINAT )y RHELE
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ABG4FX : CMG (Core Memory Group)

TofuD a>kA—= || PCle a2 kO—5

HBM2

¢NgH

\_ CMG#3 /

¢NgH




NUMA kX 4 > (1/3)

$ numactl -H
available: 8
node © cpus:

node 0@ size:

node @ free:
node 1 cpus:
node 1 size:
node 1 free:
node 2 cpus:
node 2 size:
node 2 free:
node 3 cpus:
node 3 size:
node 3 free:

nodes (0-7)

723 MB
704 MB
%)

765 MB
394 MB
1

765 MB
62 MB

759 MB
678 MB

FURZY AT
(OSEA,
I—HIEFEZ AW

BRRAFEREEE 5 —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

node
node
node
node
node
node
node
node
node
node
node
node

N N NOoOOo o vt it it B PH

cpus:
size:
free:
cpus:
size:
free:
cpus:
size:
free:
cpus:
size:
free:

12 13 14 15 16 17 18 19 20 21 22 23
7345 MB
7205 MB
24 25 26 27 28 29 30 31 32 33 34 35
7409 MB
7320 MB
36 37 38 39 40 41 42 43 44 45 46 47
7409 MB
7320 MB
48 49 50 51 52 53 54 55 56 57 58 59
7402 MB
7302 MB



NUMAKR X4 > (2/3)

« CMG:#0-#3, Core:#12-59, Memory:#4-#7

o# Alowa
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NUMA K X4 > (3/3)

« CMG:#0-#3, Core:#12-59, Memory:#4-#7

i

04

e
\_D
>|_

e [y

& I

B

Z
o
=
m
:

" CMG#0

numacti

" CMG#2

numactl

-C 36-47
-m 6

f Memory #5 || Memory #4

numactl
-C 24-35
-m 5

CMG#1

numacti
-C 48-59

o# Alowa

-m 7

\_ CMG#3 /

J# Aowa
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Stream Copyléﬁu (Odyssey, 1.2.35, C)

—e—close trad —e—close trad, Zzfill
 close: FI—CMGRBSE 0 | Soiiin ™
—e—spread trad, zfill —e—spread trad, demand
. Spread CMG %& 200 —e—spread trad, zfill, demand —e—spread clang °
e trad: tradE— F
] ] o - o 600
o zfill: ztillA 7> 3 > &
AN 8 500
e demand: X— =
==l \ = e =
B Y HCEE (k) = a0
e clang: clang®—F = 300

(trad0)7f7°°/ 3 v -
+a (&))

100
0 !
m RRAPEREE TS —  2022/9/15 0 mmarwisdthsm, 20 a7 30 40




Stream Copyléﬁu (Odyssey 1.2.35,

—eo—close zfill

close Zzfill,demand
—e—close +fjomplib PS
—e—spread Zzfill
—e—spread zfill,demand S

close: [Al—CMGE
spread: CMG2EX
trad: tradE— F
zfill: zfillA 7> 3 >~
« demand: R—

=) %TQ&E(@:J@)
«CEEZCIZIZE AR

m RRARIBEHREB T Y — 2022915
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

= (GB/sec)

N R

800

700

600

500

400

300

200

100

0

ortran)

—e—close std
close std,demand
—e—close +fjomplib
—e—spread std
—e—spread std,demand
—e—spread +fjomplib

0 10

30 40 50
A7 39



Stream CopytdEge F & # (Odyssey, 1.2.35)

s RN RDE VA HE (~820 GB)
« 2> /%4 JL(C, Fortran) : -Kfast,openmp,zfill
FEITEF . export XOS_MMM_L_PAGING POLICY=demand:demand:demand
« 3> /%4 JL(C:ClangE— F) :
-Kfast,openmp,zfill -Nclang -msve-vector-bits=512 -fno-builtin
=17 ¢ export XOS_MMM_L_PAGING_POLICY=demand:demand:demand

-XOS MMM L PAGING POLICY=demand:demand:demand
AENE . T RAILA T3 S AHFOBYIZLTH ~ 200 GB/s

. zf1117f)‘72w\<‘: ~560GB/s

« 2fill: EZXRAADADEINZAEY ZSBETF v v ¥ 2 ICHER

c BEOI—FTE TN 72y FAUDTHENRICAZILEHZ VD TIR
* fjomplibDIHFAE, spr‘ead@E%b‘closetﬂi—aE\

libomp (7 7 7Hl/ NYDIGFE. spreadD A D= WVEEE
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284 5 OFERE & £17(0dyssey)

e O A4/ —RK&OdysseyDitE / — K& T, CPUDRStE Y FHAKELLERS
e OJAY/—FK i dapHty 7 —F 72 F v Intel CascadelLake + AVX512, x86_64
« Odysseyst& / — F © Fujitsu AB4FX, sty b7 —F 77 F ¥ ARM v8.2 + SVE, aarch64

Odyssey/—F

V=2
a—F

‘7 aarch64
2 AT47
A

/4 B
N . <
| AVRZ7T47ET > ch64
- E1BE 3> /%4 7 I module load odyssey 4747 | /AR
e - » AT . <OV TDFELEL > S :I/l\'f7 aA/N( 7

s XA T4 T7aAVINA T

l]IIII

c VORIV /IA T 1 <OV A 5 DOFEFEL > +px C fccpx
« MPl:mpi+3> /X4 7% (] : mpifccpx) Ct++ FCC FCCpx
Fortran frt fripx

m RRARIBEHREB T Y — 2022915 HE2TWisteriaE2 i |
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028 A S INEBENMED Y] Y Bz (Odyssey)

°Open|\/|P3‘/9/fA3/f7\\3U\fi_§?R R =z=F

« -Nlibomp: ¥ 7 # /L bk (LLVMA3R) t—F (C:' m@%’\) RN

» -Nfjomplib : E+@OpenMPZ 4 7' | * -Nnoclang : trad & — F (775 1)
. libomp® & = « -Nclang : clang®— F(LLVM~X—X)

— \ s « clang®— F DAL IERENENBEE T
« TT7AINMNIEIVTZ AT TNRY T N—F %aag%\ Eﬁrﬂ%ﬁ@? MRETH

T TN TERTOABL (/272 LCMG « NTEZLAE LA
NDAHBFI. NTLH25HH) . I/ibompib‘TEiEL\OL

export FLIB_BARRIER=HARD

= —
R e i T TAE VSRR ciict:

- p.50-57 22D 0penMPS A 75 U - trad®—F  clang®—F
e p.57 OpenMP microbenchmark O

« fiomplib® A A wASER WA, OpenMP3.1%£ T m (default)

L 2 XdI5 L 7R Ly = task3Zidlibomp % & 5 fjomplib O X O

O (default) O (default)

m RRARIBEHREB T Y — 2022915 HE2TWisteriaE2 i | 42
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EARRY7R O v/ LA 7> 3 > (Odyssey)

* -Kfast,openmp * -Kocl
c BEATAYLS LEERR « ETEOREREZE D HE
¢« -03+ULVA WA * -Koptmsg=2
« %E(Z0penMPZ{E S BAIZIETE - iRBILLAR— b
e -Kzfill[=N] . g;%067’(%<;t%%@&5[/
e ¥y v lEZAAEEETEE
ey v e+ EEEIEWeb T
Hﬂ%f)ﬂ CAEYNY NRRY 71055 /j_e 2R FaAy EE
c REFLUTTIL—FEICHRTRE CERERFsE
C: #pragma loop [no]zfill [N] - C++SRBERFsIE
Fortran: locl loop [no]zfill [N] e Fortranf# HF5|&£

-Koclad 7> 3 o HhmE

m%?ﬁ%l ﬂ% /9— 2022/9/15 HE2TWisteriaE2 i | 43



EORRyA O /814 JLF 7> 3 > (Odyssey, C, -Nclang)

e -msve-vector-bits=512 e SEMR (T Web T
« SVEN 7 LR Z512bitIZETE ;j—‘-’ 9}[/9 l\\\iF__L)(\/ I\I?%ﬁ%:,
e AGAFXTlE 2 NHAREE C=sBEmER|=

(7 7 # /L k Tldscalable)
e -ffj-zfill[=N]

o« ¥y v allE I IAARTEE T EEER
-%b# ICAEYNRY RIER Y 7 RIGEICHE

« C++ERBFEHFHIE

.$%iquw TEICHTRTANE
#pragma fj loop [no]zfill [N]
« -fno-builtinffANBELHZELH S

. -ffj-ocl
s BELEOILRW D EE DSBS

m %?K%I %ﬁ%ﬂxtJQ— 2022/9/15 HE2TWisteriaE2 i | 44



First touch

« NUMAIZH 1T A First touch

@%TT RICT7ERTHEIC, AT7HEITARXA>O—hHILDAXAEYI(C
—ZXHIEEINS
ﬁW%% EDORRICH, EROABERILT7 V7 RANRX—YTETTHIHEHL Y

I$omp parallel do

C(:)=0 €2Ta7ellEBEINTLE do i=1, 100

l$omp parallel do engéi)=@

do i=1,100 S | 1$omp parallel do
C(1) = C(1)+A(1) 0 5 2l ayeach)

enddo enddo

c AGAFXTHCMGZBZ A2BERDEE L K E W
e numactl TiE L W PX/(‘/(ZI EAXATYUDIE) #IBEL THELELDH S

m %?ﬁ%l %ﬁ%ﬂxt/ﬁ— 2022/9/15 HE2TWisteriaE2 i | 45



AXAEYDOT 74Xk

. SVEﬂn-n’C512t VN T —=ZREBHIEDT=DICIE. T—EXHXEIE
HIZR->TWAZ EHwE
¢ K12y b =064 FDIEHDT FLRAIZT 78R BHLDIC
'ﬁ%u%Ti@W@®77ﬂZ;@%
o 5] EFEE R (double) Z B 8(E (=512 v M)A HTIHE

TIASINE=TIER BRMINTNDEH,
=SHEALI KRERICIEERET I ERIZED

‘ ‘ . ‘

AN DIER
m %?ﬁ%l %ﬁ%ﬂxt/ﬁ— 2022/9/15 #HT A Wisteria= i | 46



AEYTS54 X FDOIFETE

-CS&
« attribute ((aligned(64))) %3187 (64 byte
« ] © double A[1024] _ attribute ((aligned(64)))
- BIRFHER DKL posix_memalign() % {EMH
o bERERDB
#include <stdlib.h>

double *A;
posix_memalign(&A, 64, 8192);

5L

e Fortran
. E4THFIC FLIB_ALLOC_ALIGN BEL# 4 I5F

export FLIB ALLOC_ALIGN=64
o AllocatexX|ICEBINS

m%/’?ﬁﬁ?—'l‘%iﬁgﬁétyg— 2022/9/15 HE2TWisteriaE2 i |
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AV RIBEDOFHIREMN (restrict, CE35

« R VR AERAT S EEmBILDFHIEL DS
« 7 FL XH'sourcet destination TEE L 723FE, N7 bILtT 2B LLLAD

(aliasing)

* restrict{EEiF CaliasingldiZaW T &

void mycopy (double * restrict a, double * restrict b, int n)

{
for(int i=0; i<n; i++)
b[i] = a[i];

e $7/213 2 /A LEFICtradE— R TlE -Krestp %1ETE
« clang®— K TldrestrictZI8TE T 2 LUIA T EL AL

m%?ﬁ%l ﬂ% /9— 2022/9/15 HE2TWisteriaE2 i | 48



IRIE 2

R=2EN)HTHI - NUMAZ D £<LFESIZIE. UTDORENDE
export XOS MMM L PAGING POLICY=demand:demand:demand
¢« T=UR=IUDPDTIVER=I VT BDODOAEY LI avEHID)

cMBICH X EYRE, OpenMPBEEEL & TEHRRABF T a v hdHh 5

QZAT%'
« VaUEBRYV NV TV FaA—YmiFHA K HPCIHLEHEERR

m %?ﬁ%l %ﬁ%ﬂxt/Q— 2022/9/15 HE2TWisteriaE2 i | 49



XEH I ERETLA

\|||'|

1. Cl\/l;%if:@@ﬁt:ﬁ'lﬁ EAMET T 25 H %L, MPIOFHEAZEE]
LEXL &£ D,

2. First Touchlx 478,

3. 79— R—TJH+TIVRR=VITDOF T HEANTHEL &
Jo

A AEBYDT 74 A b HEREBENRL64 bytelliiiZ 5,

m %?K%I %ﬁ%ﬂxtjg— 2022/9/15 HE2TWisteriaE2 i | 50



OpenMPI(Z & 3SIMD1t

RRARIEHRER TS —  2022/9/15 HE2TWisteriaE2 i |
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OpenMPDEANLARICOWVWTIE, UTDHEER
OpenMP+S|MD FOpenl\/IPL:ot%g)ld—:l) - X437
WH7os oI A SR

https://www.cc.u-tokyo.ac.ip/events/lectures/154/

« SIMD (Single Instruction - Multiple Data)
o 1nnﬂf*§*&7 ﬁ%kfﬁ
« SVEGS  1ip5h CERBE FZE/ NS 28 E = LR
. A64FXT£2¥SVE$ i AREALATNIESWVWEELN T L NG W
« SIMDEIZ0penMP 4.0Hh HHR—F
c AVINATZHBEEINRY FILELE L TLANBED, 18R% LIZAHHESE
« AVNATHBSTBFRAEZHT ZEHDH DD TEREDR (REREH)

e I—FDEZXBZ 20 E LT HEE5D (LIFLIX) H5
cAFYDTITA VAV FHEE (F1R)

m %?ﬁ%l %ﬁ%ﬂxt/ﬁ— 2022/9/15 HE2TWisteriaE2 i | 52
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OMP For - Do+SIMD

+ CEH :
#pragma omp parallel for simd
for (i=0; i < num; i++) {

sum[i] = sum[i] + a[i];
}

e Fortran:
I$omp parallel do simd
do i=1, num
sum(i) = sum(i) + a(i)
I$omp end parallel

m%ﬁﬁ?—'l‘%iﬁgﬁétyg— 2022/9/15 HE2TWisteriaE2 i |
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OMP SIMDE 4

«CE&E: « Fortran:
#pragma omp parallel for I$omp parallel do
for (i=0; i < num; i++) { do i=1, num
#pragma omp simd I$omp simd

for (j=0; j < num; Jj++) { do j=1, num

sum[i] = sum[i] +a[i][]]; sum(i) = sum(i) + a(j,1i)

} enddo

} I$omp end simd
enddo

I$omp end parallel

m RRARIBEHREB T Y — 2022915 HE2TWisteriaE2 i | 54
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Declare SIMD

« B A £ 5T ESIMDIL L 7=\ 5
»%@%&iompammmﬁf@imé IZSIMDIL 113

#pragma omp declare simd notinbranch
float min (float a, float b)
{ return a < b ? a : b; }

void minner (float *a, float *b, float *c) {
#pragma omp parallel for simd
for (i=0; i<N; i++)

c[i] = min(a[i], b[i]);

m %?ﬁ%l %ﬁ%ﬂzt/Q— 2022/9/15 HE2TWisteriaE2 i |
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st oa): /1) 77 —]

#pragma omp parallel for #pragma omp parallel
for (i=0; i<N; i++) {

c[i] = a[i] + b[i];
/* BBEED/N T [EER */

#pragma omp for nowait
for (i=0; i<N; i++)

/* —Esingle regionllR 3% */ c[i] = a[i] + b[i];
#pragma omp parallel for W:>:#pragma omp for N
for (i=0; i<N; i++) for (i=0; i<N; i++) waﬁ;£%£¢\

f[i] = d[i] + e[i]; €141 = d[i] + e[1:
} // parallelf&h ¥

m %?ﬁ%l %ﬁ%ﬂxt/ﬁ— 2022/9/15 HE2TWisteriaE2 i | 56



Wisteria-Odyssey
MPI+OpenMP/NA 7Y w K

BRRAFEREEE 5 —
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MPHIEEY %15

« [MPIERE : 5707737 AF] BERER
« https://www.cc.u-tokyo.ac. Jp/events/lectures/165/

« [MPILE#IR] #EESER
e https://www.cc.u-tokyo.ac.jp/events/lectures/166/

« MPI{EE:ZE (3.1)
o https://www.mpi-forum.org/docs/mpi-3.1/mpi31-report.pdf

« MPI{EE:ZE (4.0)
o https://www.mpi-forum.org/docs/mpi-4.0/mpi40-report.pdf

m %?ﬁ%l %ﬁ%ﬂxtjﬁ— 2022/9/15 HE2TWisteriaE2 i |
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https://www.cc.u-tokyo.ac.jp/events/lectures/165/
https://www.cc.u-tokyo.ac.jp/events/lectures/166/
https://www.mpi-forum.org/docs/mpi-3.1/mpi31-report.pdf
https://www.mpi-forum.org/docs/mpi-4.0/mpi40-report.pdf

Wisteria-Odyssey® Tofu-D

+ Tofu-D FEtk: £205 v 7 s
+ (X,Y,Z,ab,c)=(10,8,8,23,2) S x 7St
> 3RTT. 2RT. LRFTICREL TEEAR L B h02S2
AN (%) [z
« 3RIT: 20 x 24 x 16 PEARLEL LT
« X*a, Y*b, Z*c MPIERF5[E
« 2%7T: 60 x 128 i
o X*a*b, Y*/Z*c (2L TILT X 559
« 1R5T: 7680 =10 h—3%

Z%h
(4x23 1)L 7=8)
F—52%

< — » 1> IV
m R APIESRER T Y —  2022/9/15 smaiwiseraz=XH 2YTILT X4597 =8) AyTa 59
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JOBRZ7 U 7 bH 7 ILdEiEE (Odyssey, 77 v FMPI)

#!/bin/bash

#PJM -L rscgrp=lecture-o

#PJM -L node=12
#PIM --mpi proc=576

«—

)Y —RTIL—T 4
-lecture-o

<

#PIM -L elapse=00:01:00 \

#PIJM -g gtoo

module load odyssey

MPIZ7 O+ X%k

< EITEE IR

15

mpiexec ./hello‘;\\\§

~ FIARY IL—T 4

MPI237%48*12 = 576 7Ot RATEITT 5,

:gt00

RARIEHREB LY — 2022915
MATION TECHNOLOGY C ER, SITY OF TOKYO

ENTER, THE UNIVER:

#EE 4l WisteriaZ=E
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JOBR 7 ) 7 b Y > 7ILDiER (Odyssey, /x4 7 U v EMPI)

1)) —RGI—T 4

#!/bin/bash

#PIM --mpi proc=12
#PIM --omp thread=48
#PIJM -g gtoo

module load odyssey
mpiexec ./hello omp

#PJM -L rscgrp=lecture-o

/

—" :lecture-o

FA/—F#

#PJM -L node=12 <€

#PIM -L elapse=00:01:

FEAIT7H

<«

o —
\

(MPIZ7OtX%0)

~ TMPIZ7O0tR &7
48 ALy AR

N = EmEHE 4

~~FIRIIL—T%

MPIC37%1%12=12 7Ot ATETT 3,

:gt00

m%/‘?ﬁﬁ?—'l‘%ﬁ%ﬂﬁtyg— 2022/9/15
INFORMATION TECHNOLOGY Cl ER, SITY OF TOKYO

ENTER, THE UNIVER:
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MPIE8E (Odyssey, pt2pt, 1.2.35)

« LA 7> i osu_latency « /N KIE: osu_bw
o &/N(5#2): 1.00us - xA(B4I%): 6.3 GB/s
o0 « BKBDEHIAA:
-mca btl tofu eager limit 8192 CiE
7000
)
& 100 6000 —e—default
= /\‘55000 —e—38K
PAY aa)
i = 4000
|
v~ 10 !,%3000
A
2 2000
<
1000
1
1 16 256 4096 65536 1048576 0
Ay k—SE (byte) 1 16 256 4096 65536 1048576

Xyvt—YE (byte)
m RRAFIEREB TS — 2022915 HE2TWisteriaE2 i | 62
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J — FARDIETE & rank-map

« RARDIEE (-L node) « MPI#F 7> 3~ (--mpi)
* node=N; « proc=7 A+t X%
* node=N,xN, * rank-map-bychip, rank-map-
* node=N;XN;xN3 hostfile= RX b7 74 )L
cE) Y THOEE L KA RN ORI T
* node=N;XxN,XxN5:torus (proc/node)
.« TOFUBfL (12/ — F: 2x3x28 1) © * rank-map-bynode, rank-map-
g1y g hostfile="RX F 7 7 A JL
* node=N;XxN,XxN;3:mesh « RAMZIEYTDEIYHT
o [z LY LYY -
LT ~1\ 7] *node=2x3D1l
* node=N;XN,XN5:nocont Y,
s BENTULWTHLEWL ,.;/Y * (@)@) (611) (@.’2) (1.’@)
- HEFETLTHLLAD B (1,1) (1,2)
I KETLEWES 4 > KRICIEIRITICIESR

m RRARIBEHREB T Y — 2022915 HE2TWisteriaE2 i | 63
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MHEE~7"0 7 7 4 Z (Odyssey)

s BBV /NA ZICIE, HEET O T 7 A THBENDH D

s BBV NNATTOVRAILER, BEITOX N TEELAAT S
« UTO3EELHY £

cHATO 7745

s 70T LK T. ELEEOIND > TWABEHMARET A4 L. HEROIEIE
';35%57137147 " =
=bLEEONID > TWBE DIFEDBDICHBWNT, AT 7747 RFHI,
vfiltv?+\zf/m ﬁx MP ﬁ%ﬁﬁ%ﬁ%@ﬁ%ﬁ%

« CPU MgefiEMTL R— b

« $5F X E D CPUMBERRATIE IR D AI 121t
¢ Eizl%lﬂ ‘j:\

- [FAFEIE]

« J2UL-2483-0270(10) 2022%3H, Technical Computing Suite V4.0L20,

Development Studio 7R 7 7 A S{EFEF5E|&

m %?ﬁ%l %ﬁ%ﬂzt/g— 2022/9/15 HE2TWisteriaE2 i |
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M Re Bt IEmR DR (1/2)

. C, _F_ortran%lanﬁff’)@s\ OV TP T TemBILIBIHR TR D Z & I 1EEE
@t CEETH S
e BT TFAINLDY —ROA—-—FKZTEIZ, EDL D AFEBEIITTHONI=NIE
N5, A4 TF T arvhhHsd
e C, Fortran T B OFERIFHR
« -Nist=p : fBEDRE{IFERELEH(T 7+ 1)
e -Nlst=t : EFHALEELIEHRE H

m %?ﬁ%l %ﬁ%ﬂzt/Q— 2022/9/15 #HT A Wisteria= i | 65



HREsE L IERDIET (2/2)

« Fortran W&, p. tLIAHIETE A BE
« -NIst=a : ZRIOBMHIFHR = H ]
“Nlst=d : JRER DERIEH % HH
-Nlst=l A v Zi—FEn=7r7410707 7 LY Rk
BLOAM VY IL—FT77ANE—EBZ2ENxEN
-Nlst=m : B&jar 5t DK R Z OpenMPIERIIZ L - T
XBLIZRB 7077 LAEHA
-Nilst=x ! BRI LVOXEFESDOHAESREIFEHR = HT]
e EME. A TAVYY D aTILESEBOZ &
- CEEEEFERFEIE
- C++ERBFERAFEIE
« FortranfEF5|E

mﬁfﬁﬁi’l‘%iﬁgﬁétyg— 2022/9/15 #HT A Wisteria= i |
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Wisteria-Aquarius
GPUFIF % f a2

m%ﬁﬁ?—'l‘%iﬁgﬁétyg— 2022/9/15 HE2TWisteriaE2 i |
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Aquarius DFERX

« Intel Xeon Platinum 8360Y (36¢ 2.4GHz) x2V 4 v b, 512GBX &Y

« /— FZH7-Y8EDNVIDIA A100 GPU

<

XEY Ny RIF:

<
<«

IB HDR:

200 Gbps x 4 link

(/—F &7

BRRAPIRHRERE L5 —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

409.6 GB/sec
/ UPI
CPU1 p > CPU2
i Intel Xeon Platinum _Intel Xeon Platinum
8360Y h . 8360Y
Sa (ICX) < > (ICX) DDR4
PCI Express:
Gen4 x16 = 16 GHz x 16 (128b130b)
x16 x16 x16 x16 =31.5 GB/s (R A1)
16 16
(B % PLX we- PLX PLX - 0 PLX ¢ B |1
IB-
> IB- |
PCle qug 6 x16 x16 x16 <16 @‘m PCle Gen4
NVLink3:
A100 A100 A100 A100 A100 A100 A100 A100
Y) GPUZ 7=l 50 GHz x4x2 x6
= 300 GB/s (H‘ﬁﬁ"l)

NVSwitch

J

2022/9/15

#EE el WisteriaR= i ]
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CPU®DRERX

e T DlcelLake’=hH, F—7
SBENNGPUEXEZL o TCPUMD A
DB IZFBEND TE LW
(/— K%Y, Odysseyd 24z
DEE)

ey FRNH2 NUMA K X A >
I25E (1873 D)

e share %, 1GPUZ77-VY9a7

m%?\ﬁ?'rﬁ%ﬁ ét/&— 2022/9/15
INFORMATION TECHNOLOGY CENTER, THI

nvidia-smi topo -mp®H 7]
(lecture-adFE)

GPU® mIx5_@ mlx5_1 mlx5_2 mlx5_3 CPU Affinity NUMA Affinity
GPU@ X PXB SYS SYS SYS 0-8 0-3
mlx5_0© PXB X SYS SYS SYS
mlx5_1 SYS SYS X SYS SYS
mlx5_2 SYS SYS SYS X SYS
mlx5_3 SYS SYS SYS SYS X

#EE 4l WisteriaZ=E 69



NVIDIA A100 Tensor Core GPU (1/2

« 108 SM (Streaming Multiprocessor

PCI Express 4.0 Host Interface

Memory Controller

Kiowsy | 19)j01u09 Atowsyy | 13)101)u0) Alowspy

s
3
[
H
§
=
s
2
=
s
3
2
§
=

43100009 Liouny | 13j|0u0D

Memory Contry

Memory Controller

U0 Aoy | 19110110 Aloussiy

Memory Controller

£ o
NVLink NVLink

REAFEREB LY —  2022/9/15 #E R Wisteria R Hi#2: NVIDIA A100 Tensor core GPUZ —¥7 45+
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IDIA A100 Tensor Core GPU (2/2

ZHEE (12 H XIS L 7=Tensor Core & 153

« 195 TF @ FP64, FP32

« 156 TF @ TF32 (EE19bit
« 312 TF @ FP16, BF16

*« 624 TF @ INT8

« 1248 TF @ INT4

« X&' HBM2 40GB & 5!
+ 1.555 TB/s

BRRAFEREEE 5 —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

2022/9/15 EE = Wisteria3= i |

L1 Instruction Cache

LO Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-

INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64.
INT32INT32 FP32 FP32  FP64
TENSOR CORE
INT32INT32 FP32 FP32  FPe4
INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FPe4
INT32INT32 FP32 FP32  FP64

LD/ LD W L/ LD LD W D gpy
ST ST ST ST ST ST ST ST

LO Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-

INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64
TENSOR CORE
INT32INT32 FP32 FP32  FP64.
INT32INT32 FP32 FP32  FPed
INT32INT32 FP32 FP32  FPe4.
INT32INT32 FP32 FP32  FP64

LD LD/ LD/ LD/ LD LD/ LD LD gpy
ST ST ST ST ST ST ST ST

Instruction Cache
‘Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

INT32INT32 [FP32 FP32 FP84
INT32INT32 FP32 FP32 FP64
INT32INT32 FP32 FP32 FP64
INT32INT32 FP32 FP32 FP64
TENSOR CORE
INT32INT32 FP32 FP32 FP84
INT32INT32 FP32 FP32 FP64

INT32INT32 FP32 FP32  FP64

INT32INT32 FP32 FP32  FP64

LD/ LD/ LD LD LD/ LD LD LD gy
ST ST ST ST ST ST ST ST

LO Instruction Cache
Warp Scheduler (32 thread/clk)
Dispatch Unit (32 thread/clk)

Register File (16,384 x 32-bit)

INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64
TENSOR CORE
INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FP64
INT32INT32 FP32 FP32  FPe4

LD/ LD LD LD/ LD/ LD LD LD gpy
ST ST ST ST ST ST ST sT

192KB L1 Data Cache / Shared Memory

Tex

Tex

Hi88: NVIDIA A100 Tensor core GPU7 —*%THF ¥



VoltafHf D H o

. Independent thread schedulingh® B A &N, (F7 4/ bk TIE) warp
2T 5322 Ly FROBEERDRIERA 74 < 1 - 7=
e OV /A JLEFIC arch= compute_60,code=sm_70 % EXE 9 111E, Pascaltf{tiXd
B & RERICEEER O RIEAAYEE
(BsF(CPascalE— FE&EMERZ &L TWD)
« A100Clxarch=compute_ 60 Code sm_80 CREEA[EHANEE
« BHY Y —O— KFDIFA, PascalE— FOAHINBR2ENEEZE - 7-
- BREHFHOFMLIIRELFEDLD
« A100I54, Pascal®— FIZHRKIEEESE
(%b‘%ﬁio?‘- 13, LIBETRBRN T 2FEEICL25RILAINTILND)
 BEUEE 1=y FACUDAD T Hh oML Lz7-8%, ML EE D[RR
E17 Ji%/ihkﬁ—rﬁzﬁa)ﬁé’\b\ &> THE ?ﬂtéﬁﬂf:
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Independent thread scheduling

INFORMATION TECHNOLOGY CEN

Pseudocode

AOQ;
if( threadIldx.x < 4 ){
FO;
F1;
} else {
S0,
S1;
+
Al;
#if  CUDA_ARCH__ >= 700
__syncwarp();
#endif
A2;

Pascal or earlier

$9$2:9$$

Volta or later

$9$2:9$8

2022/9/15

diverge diverge
FO; sFO; $
S\ vy . .
F1i; $SO; s
v Vv - . - . v v
SO; sFl; $
S\ vy . s
S1; 581; $
A 4NN 4 - v Vv
reconverge $A1; $
@ . vV . "
Al; $A1; $
\\ Y Vv
A2; synchronize
v v

#EE 4l WisteriaZ=E

$5$ 12883




Independent thread scheduling

Pseudocode

AOQ;
if ( threadIdx.x < 4 ){
FO;
F1;
} else {
S0;
S1;
+
#if CUDA ARCH _
__syncwarp();
#endif
Al;
A2;

>= 700

Pascal or earlier

$$$2:9$8

Volta or later

$$$2:9$8

2022/9/15

%_._ sy ’l‘EE %E:
m R 5 ;
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

#T2

diverge diverge
FO; $FO;$
S\ vy L AN
F1; sso;s
vy - " - vy
S0; $F1;$
S\ vy LR N
S1; $Sl;$
v Vv v v
reconverge synchronize
Al; Al;
S\ S\
A2; A2;
isterid=mX,| Y vy 74



A100/CUDA 117 o B A S N7 RE

« (IExX&FRNVIDIA A100 Tensor Core GPUIZH A>T 3)
7>/ AT BTIIOBEMEEAK TS Y EAﬁ T TlER W8, L
TCIHBEMEEL A TTRTAF Yy

« Sparsity, TF32 (FEBILFP19) A7 > v L 1 7 REEtksE
« TYINATHR LTI, BEBimE— 7 MELIZVI00 SXM2ELTL.2415
« Asynchronous copy/barrier
e JO—NIXEYUASLI 27— K XEYIZEE (LYZZENITID) T7—X
ZBET5
« |2 cache residency control
« FSIEZD—EAEL2F v v aICBEX IR LICLTHITS

« Warp-wide reduction
s WarpRTO U X7 > 3V EEROESRLEmS I IREINT

m %?ﬁ%l ét/&— 2022/9/15 HE2TWisteriaE2 i | 75



Asynchronous copy (memcpy async)

7III—/\}I/)<—‘EU7§‘ I T —FXAEVIZE . Svedin et al. 2021

E(LYRZAENET ) T—REBITS - (arXiv:2106.04979)
s BIINNy 7T Ty v RTeES (LEYK- |0
T, E#bLBE) Z ol Rl hien
« MPI_Send/MPI Isend &S &2 &4 X — £ =
JLRTL gﬁ Observed
« A1007TIZx, hardware accelerated § ,D'5 et
« DF Y, ERBTEAEAVRRETLE( AL 5 e ——
- Svedin et al. (2021): —
« Pipeline API (Z Barrier APl & V) £ &3& ’
- XE ) @EEAME TR Mo ; 0

Arithmetic Intensity (Bytes / FLOP)

® Async Pipeline ® Async Barrier
O NoAsync  ====-=- Roofline

m %?ﬁ%l %ﬁ%ﬂxt/ﬁ— 2022/9/15 HE2TWisteriaE2 i | 76



R0 (BEE YRR EN D D)

#include <cooperative groups.h>

#include <cooperative groups/memcpy async.h>
Using namespace cooperative groups;

/] TINARABEMATDELE:
thread block tile<TSUB> tile = tiled partition<TSUB>(this thread
_block());

// TSUB (&, CORBAEAT memcpy async [CEETBRALYRE(COEZTAHDS
EI1E32LUTF)

cooperative groups::memcpy async(tile, &shared _mem, &global mem,
sizeof(uint) * num);

// RIMETELEWLVREAHNIE, ZZIZEL

cooperative groups::wait(tile);// CcCTAE—DETHFLZT S




NVIDIA Developer Blog T M E 24

o htts://de\/e|oer_n\/idia_com/ using namespace nvcuda::experimental;

_shared__ extern int smem[];

blog/cuda-11-features-revealed/ —_shared__ ext
pipeline pipe;

__shared _ extern int smem[]; hile ( ) {
while e

__syncthreads();

while ( ... ) {

_ syncthreads(); for (int 1 = ... ) {

for (int i = ...) { . memcpy async(smem[i], gmem[i], pipe
smem[i] = gmem[i]; )5
} }

syncthreads();
__SY 9 pipe.commit_and_wait();

__syncthreads();



https://developer.nvidia.com/blog/cuda-11-features-revealed/

2 cache residency control

« Best Practice GuideF @ 2 uh -
"A portion of the L2 cache can be set aside for persistent accesses
to a data region in global memory"
cL2F v v a1 DAEIF40 MB (V100TIE6 MB7E - 72)
« 1/16 (=25 MB) ZA TCHETZ3 (white paperd V))
« CUDAR b U =L Z EIZ1 DD d oD EFTHEE % T8 1€ Al BE
c I6ERECETCHRIZ DD, BREADDZ Do TITWAL

m RRARIBEHREB T Y — 2022915 HE2TWisteriaE2 i | 79
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NVIDIA Developer Blog T %]

cudaStreamAttrValue attr ;

attr.accessPolicyWindow.base ptr
attr.accessPolicyWindow.num_bytes =

attr.accessPolicyWindow.hitRatio =

attr.accessPolicyWindow.hitProp = cudaAccessPropertyPersisting;
attr.accessPolicyWindow.missProp = cudaAccessPropertyStreaming;

cudaStreamSetAttribute(stream, cudaStreamAttributeAccessPolicyWindow, &attr);



https://developer.nvidia.com/blog/cuda-11-features-revealed/

Warp-wide reduction

e Throughput(316 (FP32/E&EA647%2 DT, AHEMEY)
« Warp shufflen’32 (2;EEMEY) AT, 5 (32X L v K) »mEARIH
EEICHANT CEEOXMEEERLTH) ERAIISEN

*  reduce_* sync(unsigned mask, T value)

e T: unsigned/intlZx$ L Tlfadd, min, max
o NI T NILfloaticxd L Tmin/maxzREH 5 Z & LA 8
 T: unsigned(ZXt L TlZand, or, xor % AIRE
« Supported by devices of compute capability 8.x or higher
« PascalE— F (arch=compute_60,code=sm_80) DZEICIX, AV /XA IILHES
-7 (compute SODIEEHNHE)
« PascalE— NEAIC & 25%E D, AmpereE— K +warp-wide reductioniZ & %
SELD, OFEE (I—RFXELHDOT, EboELHIEERL TN

m RRARIBEHREB T Y — 2022915 HE2TWisteriaE2 i | 81
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vz 77— R AEVFERABDTES

« FEMICHERTZEDDIE 7 Ay 7Y~V 48 KBE T (ZO#HIKIZE
TotEHIOH-HT)
« VIOOTIESMBHT=1) 96 KBE T =z 7— FXEVICEZH, (BHEMW
ZIX) SMB Y ICER T Ay VTR, EENICHNARLE -7
« A100 T, SMBH7-Y 164 KBETEZ S (178 v 7 Tld163 KBE T)
 Dynamic allocationZ{# X (348 KB#iZ TH AL L)

extern _ shared  real dynamic_shared_memory|[ ];
~_global  void calc_acc(int num){
floatd* pj = (floatd*)dynamic_shared_memory;
uint* queue = (uint *)&pj[num];
. Skip ..

calc_acc<<<blck, thrd, size of shared memory, CUDA stream>>>(num);



GPUBHR D&~

L L Ld L L L
* nvidia-smi * nvidia-smi -q
o + Timestamp : Wed Sep 14 20:09:53 2022
| NVIDIA-SMI 470.57.02 Driver Version: 476.57.02 CUDA Version: 11.4 | Driver Version 1 470.57.02
___________________________________________________________________________ CUDA Version : 11.4
| + + +
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util Compute M. | Attached GPUs 21
GPU 00000000:C7:00.0
| | | MIG M. |
| | Product Name : NVIDIA A100-SXM4-40GB
| © NVIDIA Al100-SXM... On | ©0000000:C7:00.0 Off | | T
Applications Clocks
| N/A 24C Po S1W / 400W | OMiB / 40536MiB | 0% Default | .

Graphics ¢ 1095 MHz
| | | Disabled | Memory : 1215 MHz
FoTmmTmmmommmmmmommmmmmommoees Hommmmmmmommmmm e Fommmmmmmmmmmmmeees + Default Applications Clocks

Graphics : 1095 MHz
e et + Memory : 1215 MHz
| Processes: | Max Clocks

GPU GI (I PID Type Process name GPU Memor Graphics : 1410 MHz
| yp y p
| ID D Usage | SM : 1410 MHz
| | Memory ¢ 1215 MHz

| No running processes found | Video : 1290 MHz
Max Customer Boost Clocks

Graphics : 1410 MHz

RRARIBEHREB T Y — 2022915 HE2TWisteriaE2 i |
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08 A S 0fEEE & E47(Aquarius)

O A >/ —RK&Aquariusit& ./ — K & TlE, CPUDmSt Y bAHY (1F1F)

EIN®:
O/ —F sty b7 —F7T 7 F v Intel CascadelLake + AVX512, x86_64

« Aquariusgt®/ —F @ @HtE vy b7 #?77’-% Intel IceLake + AVX512, x86_64
« BRA RO VN A T AR FERIEE: GPUMIT 213 gcc+CUDAD NVIDIA% #EEE

$ module load aquarius cuda ompi- cuda
(2022/9337E, gcc=8.3.1, CUDA=11.4, OMPI-CUDA=4.1.1-11.4)

$ module load nvidia cuda ompi-cuda
(2022/9@5]_ NVIDIA=22.5, CUDA=11.4, OMPI-CUDA=4.1.4-11.4)

NVIDIA a /<4
E GNUa /4 F | Intela> /45 | S(IBPGI) CUDAay /x4 5

11||||

C nvc (pgce) nvce
C++ g++ icpc nvc++(pgc++)
Fortran gfortran ifort nvfortran (pgfortran)

OpenACC O
%?j(—_l—lﬁﬂx’;bm ;/ 7 LULLIIID 08 R Z=' VVIDLCI AR ES | O
OF TOKYO



NVIDIAZ > 734 Z (OpenACC)

e AVNAZF T arveLT
-ta=tesla,cc80 = {J I % Y — R

HIIL—F 4
a2\ S Ayt—(fortran)

—F

8.

9.

10.

1.

12.

13.

subroutine acc_kernels()
double precision :: A(N,N), B(N,N)
double precision :: alpha = 1.0
integer :: i, j
A(,)=1.0
B(:,:) =
I$acc kernels
doj=1,N
doi=1,N
B(i,j) = alpha * A(i,j)
end do
end do
I$acc end kernels
end subroutine acc_kernels

acc_compute

14, Generating implicit copyin(a(:,:))
Generating implicit copyout(b( 1))

15, Loop is parallelizable

16, Loop is parallelizable
Accelerator kernel generated
Generating Tesla code

INFORMATION TECHNOLOGY CENTER, Ti

pgfortran -03 —acc -Minfo=accel -ta=tesla,cc80 -Mpreprocess

acc_kernels: ﬁﬂﬁlla(d:copyln blXcopyoutEL THHOnFES

15, !$acc loop gang, vector(4) ! blockidx%y threadidx%y
16, !$acc loop gang, vector(32) ! blockidx%x threadidx%x

S AR SR 15, 16 TE D 2EIL—T (X (32x4) DAL YR TT OV IR L THRWET,

acc_compute.f90 -o




JOBXZ ) 7 Y7 ILdEiRE (Aquarius, MPI7%: L)

1)) —RGI—T 4

#!/bin/bash | :lecture-a

#PIM -L rscgrp=lecture-a |
#PIJM -L gpu=4 < FI FIGPUH

#PIM -L elapse=00:01:00
#PIM -g gtoe \ -
52 17 B fia] il BR

. 1%\
module load aquarius cuda '
./a.out

MATIL—T4£
:gt00

m RRARIBEHREB T Y — 2022915 HE2TWisteriaE2 i | 86
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Wisteria-Aquarius
GPU+MPIERIE

BRRAFEREEE 5 —
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OpenMP|

« AquariusTTlE. MPIEGPUZE D Dl OpenMPIA HEI&H
« CUDA Aware: GPUX £ ) 2 B X={E 0] 8t
« GPU Direct RDMA: & & [CRDMAKERE CEE ICEnix
e T FILETINGDHEBENONICHR >TWD

« export UCX_MAX_RNDV_RAILS=1 (/ — FWNBETITECTNE)
« export UCX_RNDV_THRESH=32K

cHEA Yy =Y A X THENELAD & T ITAE
s FEBANEI B UTaEBHL CLE W

* export UCX_MEMTYPE CACHE=n

* export UCX _IB GPU DIRECT_RDMA=n

m RRARIBEHREB T Y — 2022915 HE2TWisteriaE2 i | 88
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JOBZ 2 U7 b4 iR (Aquarius, MPI)

)y —RGI—T 4

: :lecture-a
#!/bin/bash .
#PIM -L rscgrp=lecture-a FIFAGPU%L,

#PIM -L gpu=4 <« MPIZ7 Bt R %k

#PIM --mpi proc=4 g, - 1A

#PIM -L elapse=00:01:00 < %HH#FE'EI]%]BE- 7]

#PIM -g gtee <« SR —T 2
:gt00

module load aquarius cuda ompi-cuda

mpiexec -machinefile $PJM O _NODEINF -n $PJIM_MPI_PROC ¥
-npernode 4 ./wrapper.sh ./a.out

MPICa D%/ —R Y4 T O LR TETT 3.
m %‘?‘ﬁ?—l%%ﬁ%ﬂ%tng— 2022/9/15 EE M Wisteria i | 89




Aquarius/ — RN TEH S ~ 7155 ok i=)

e 7077 LAITEKGPUZERE L TLWAWEEIZIE. UTO LS5 &
IR Y TN ABE

e wrapper.sh (chmod +x wrapper.sh Z&5419 (2)

#!/bin/sh

export LOCAL_ID=$OMPI_COMM_WORLD_ LOCAL_RANK
export CUDA VISIBLE DEVICES=$LOCAL_ID
¢ *

m %?K%I %ﬁ%ﬂxtjg— 2022/9/15 HE2TWisteriaE2 i | 20



— KR3@1E (CUDA: 11.4, OpenMPI 4.1.1)

e LA 7> osu_latency « /N K& osu_bw
« HtoH: 1.57 us (CPU&REIL) « EK:~25GB/s
« DtoH, HtoDIZ(ZIX[R) L: 2.22 us e 32KB~1MB® *toDA% A &
« DtoD: 2.9 us export UCX_MAX_RNDV_RAILS=1
1000 30000
S - —e—HtoH
P} —e—HtoH Q
100 0y —eo—HtoD
§ —o—HtoD g 20000 DtoH
AN DtoH é 15000 —eo—DtoD
A 12
Ik ——DtoD bl
< 10 N 10000
AY <
D 5000
1| 0
39 1024 39768 1048576 1 32 1024 32768 1048576

X vt—I R(byte)
m %7‘??7(% I%iﬁgﬁxt/s/ 2022E}9/$5 yte) HE2TWisteriaE2 i | 91



/ — KREE{E (CUDA: 11.4, OpenMPI 4.1.1, 785 X —#&

e« /XY NIE: osu_bw

« LA 7 P osu_latency
« HtoH: 1.57 us (CPU&RIL)
« DtoH, HtoDIZ(ZIZ[E L: 2.22 us

« DtoD: 2.9 us
1000
——CPU
—eo—HtoH
) HtoD
3 100 DtoH
= —e—DtoD
AN
AN
IN 10
V
N Y 28

1
m R

32

32768 1048576

Xvte—Y R (byte)
ERERT Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

#EE 4l WisteriaZ=E

« 2k ~25 GB/s

%ll:li

B2iR)

- *toDDELAZKE (32KBTHI Y )

export UCX_MAX_RNDV_RAILS=1
export UCX_RNDV_THRESH=32K

30000
—o—CPU
25000 —e—HtoH
o HtoD
$ 20000 DtoH
[a'a) —e—DtoD
=
— 15000
!g
i
N 10000
v
<

5000

32

X vt—YR(byte)

1048576

92



/ — FAN@B1E (CUDA: 11.4, OpenMPI 4.1.1,

o /N> Kig: osu_bw
« T 7 4Lk TInfiniBand %&£ 5

e XEURALYERERN

e DtoD: ~280 GB/sec, NVLink3 (300GB/s) D4 8E
o ZNUUMNIL ~25GB/s (1 rail)

. EHEEETAESND

300000
250000
(&)
()
£200000
m

\E/l 50000

° /\\\\/ I\\\rl]E:

e WILTF L —)

L

Fa1—=v7%)
osu_bw (CPU)

* export UCX_MAX_RNDV_RAILS=4
. expor‘t UCX MAX EAGER_RAILS=4

export UCX_RNDV_THRESH=32K

~ CPUDIZEIC

NNBRIN T EZ S
. 2ra11. 5@GB/s, 4rail: 76GB/s

aU000
——CPU —o—1rail
HtoD @ Arail
DtoH (0]
—eo—DtoD \E/ 40000
I3
2
,{} 20000
Z
\a-a-0
0 . oot
2M 256M
1 128 16K 1 39

Xvt—YR(byte)

RRARIBEHREB T Y — 2022915
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#EE 4l WisteriaZ=E

™ |
1024

32768

X vt —YR(byte)

1048576

93




/ — K@ (CUDA: 11.4, OpenMPI 4.1.4+UCX 1.13.1 BHj

EILR)
« /N> Ki@E: osu_bw s 0
« T 7 # L bk TlnfiniBand &% 5 * OpenMPI 4.1.1 or UCXD /X7
o JEzus%%é/UEL\NVL' R * (31T 25GB/sITHNA
¢ Dtobr ~ Sec, In s) DTERE o Z DIRIE TIFIUCX_RNDV_THRESH(I~
o ZTNLSE ~25GB/s (1 rail) T B N =

o THMEEETHAR SN 3B | export UCX_MAX_RNDV_RAILS=1
export UCX_RNDV_THRESH=32K

300000 300000
——CPU
/6250000 —e—HtoH - 250000
D HtoD @
“200000 @
2 Stoh = 200000
3150000 —e—DtoD =] 150000
1ot L
A A
% 4
S 50000 S 50000
) ‘iii:iii
0 0

1 .
X vt —I K (byte) * v t—YRbyte)
m RRAFIEREB TS — 2022915 HE2TWisteriaE2 i |
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/ — FAiB{E (CUDA: 11.4, OpenMPI 4.1.4+UCX 1.13.1 B&l
EIL R+ & 5 (2/855 X — R JFEK)
cDIO* SR — Y DE R A b — S THEEA A LD LT okE
« export UCX_RNDV_THRESH=1
e D/ — > TIXEIERH Y

300000 35000
——CPU

250000 || —e—HtoH 30000 | —e—DtoH
/g HtoD = —e—DtoD i
g 200000 DtoH é 25000 DtoH (RNDV=1) /U

\ J—

= 150000 —o—DtoD g 20000 DtoD (RNDV=1) / /
o = ,
N 58
N 100000 = 15000
< > 10000

50000 7

; A A o /
! 128 16K 2M 256M 0 e—e—e—o—o—o—o- P N - 4

X vt—IE(byte) 1 16 256 4096 65536
Xt —YK(byte)
RRAFIEREB TS — 2022915 HE2TWisteriaE2 i | 95



Wisteria/BDEC-01o X b L —<

« FEFS (Fujitsu Exabyte File
System
« 057 7 A I X T L(4 rack
- 25 PB, 500 GB/s

« 4 MDS

« OSS: DDN SFA7990XE x16 1

+ /work & i
« B 7 7 A I X T L(2 rack

. 1PB,1TB/s

« 2 MDS y

« OSS: DDN SFA400NVXE x16

+ NVMe SSD

/data/scratch: X7 5 v F
/data/perm: [EA

R ]
R .
St ia T ast i
AR AR AR AR AR ARSI T et

E & WisteriaE i |

RRARIBEHREB T Y — 2022915
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2 L —MRE

o XX T —XMEE (mdtest)

PAAESEHL, RO 7L T b
o, T « FUICXWT BT 7
?w%ﬁ 71 3 ’ N

. EEFSLATIFSE AR
+ 0:4% x L7 100*4=400 GbpsE%h?

« 77 A ILEETAMERE
« XH/HFS| S(T LN 7 74 ILDE

(MiB)

.« A:8/ — K 200%4*8=6.4 Thps cAiE/—F

Odyssey Aquarius
4x4x8/ — F 8/—F
102470+ X 1287'At R

File =ERFS
. 63,596 53,856
creation
File stat 120,498 281,756 .
_ W 3IFS
Fille 26.720 92 472
removal

— 7
70N o
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

RARARFEWRBEETC /Y —  2022/9/15 EE I WisteriaE i |

20x12x16

/ — FRER
960

yARE 3

16x24x16

/ — FHER
3072
7’Aat X

455,372

281,480

(I0R)

« 0: 1 BAGIO/ — FZ&FY HT

45/ — K
720 322,115
yARE3

45/ — K
720 236,643
7’At X
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Singularity ® #]
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Singularity: 3
L]

s Singularity Hub / \ = \ FA % P
AVTFAA—D ;
shub:// s T7 AN ﬁ
-

T F R

Productionm(# (Read only) v 7 FIBERNTET (shell)
@ docker Docker Hub $ singularity build $ singularity shell
container.img <source> container.img
— > python mnist.py
container.img
BRIGHEE (writable image) e T
Singularity recipe - & HH|:> avTFrEREBED O~y FTEIT(exec)
$ sudo singularity build
—_— --writable container.img $ singularity exec
<source> container.img python
mnist.py
:"f;rﬂ':{fi—’) BRIBHEE (sandbox) &SN YIZET (run)
7
— $ sudo singularity build $ singularity run
--sandbox container.img container.img
<source> or

k $ ./container.img
RRAPIERERE Y — 20229715 EE 2 WisteriaZZ i | \ 99/
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N

Singularityf@lF>a 77X 27U 71/ —F)

#!/bin/bash
#PIM -L rg=tutorial-a
#PIM -L gpu=1

#PIM -g gtoo ] ] -

#PIJM -L jobenv=singularity Smgulanty@ﬁﬁﬁ%t:%% L
#PJIM -L elapse=00:15:00

#PIM -j

cd $PIM_O_WORKDIR
module load gcc cuda singularity

S~ = - 57
SIF=/work/gt@0/share/tf-image.file :/Tj_wﬂc“‘j 7’&]@_
i - - B /INAFICHE
singularity exec $SIF which python —

singularity exec $SIF python --version

singularity exec --ny --bind “pwd’ --bind /work/share/MNIST|$SIF python keras-tf-mnist.py ¥
>& keras-tf-mnist.log.$PIJM_JOBID

BRRAFEREEE 5 —
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JupyterHub, Guacamole ®#&J1




JupyterHub

u-tokyo.ac.jp:8

« JupyterNotebook7s & DIRIE % 7K —

2L e L TR
e ElIX—IFIEELFEZRD

« Windows: InternetExplorer TlEA~
NEZBZELNDH S

AN
25

« MacOS: SafaricldF — A% =Tt
(T2 &EAH 5. Firefox or Chrome

HELR

2022/9/15

ATRWiste

: File Edit View Run Kernel Tabs

= e : o

Q

o .,
Name - Last Modified
T e plot_strea... 2 minutes ago
@ ™ sample_pl... a month ago

» [ Untitled.ip... a minute ago

Help

#| Untitled.ipynb X #| sample_plots.ipynb ® 7 plot_streamplot.ij
B+ XO [ » m C » Code v

import numpy as np
import matplotlib.pyplot as plt

x1 = np.linspace(0.0, 5.0)
x2 = np.linspace(0.9, 2.0)
yl = np.cos(2 * np.pi * x1) * np.exp(-x1)

y2 = np.cos(2 * np.pi * x2)

fig, (ax1, ax2) = plt.subplots(2, 1)
fig.suptitle('A tale of 2 subplots')

axl.plot(x1, y1, 'o-')
ax1l.set_ylabel('Damped oscillation')

ax2.plot(x2, y2, '.-')
ax2.set_xlabel('time (s)')
ax2.set_ylabel('Undamped')
plt.show()

A tale of 2 subplots

Damped oscillation
°
°

o
-
~
w
A

Undamped
o

|
N

000 025 050 075 100 125 150 175 200
time (s)

'wget https://matplotlib.org/stable/_downloads/8248040a71d5b

--2021-09-09 06:53:40-- https://matplotlib.org/stable/_down
Resolving matplotlib.org (matplotlib.org)... 172.67.74.104,
Connecting to matplotlib.org (matplotlib.org)|172.67.74.104|
HTTP request sent, awaiting response... 200 0K

Length: 3500 (3.4K) [application/octet-stream]

Savina to* ‘nlot <streamnlot.iovnb’


https://wisteria08.cc.u-tokyo.ac.jp:8000/jupyterhub/

JupyterNotebookh b D 3 7% A

o S e pysubad~ ¥ K T¥ 3 7R AREE
~/ .notebook/template job.sh %{E
23 [4] %cd /work/gt@e/tABCDE/job_dir
#!/bin/sh [5] import os
#PIM -L rscgrp=tutorial-a [6] print(os.getcwd())
#PIM -L gpu=1 [7] £ = open(’./tmp.txt’,”a’)

[8] (fAIAALIE)

[9] f.close()
[10] !pysub -f Notebook.ipynb 5,6,7,8,9
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Python® ]

» [PythonIRIEDHA] X/8arv =21 —X, 2021%F118

« miniconda®F| A%
« JupyterHubO Hh X X< A4 X
e Singularity D/


https://www.cc.u-tokyo.ac.jp/public/VOL23/No6/12_202111Python.pdf

Apache Guacamole

779 ETYUE-bTRY
by 7 EIR

 VNC (Virtual Network
Computing) D2 54 7> b

* X-Window? 74 77 >~ kb %= FITIC
RITTIYT - EmE

« Windows: In ternet ExplorerT &
REAIWERIBZEHH D



https://wisteria09.cc.u-tokyo.ac.jp:8443/guacamole/

Apache Guacamole® ZEfig

. ggg)// — F TvncserveritE) (vncARB /Y X 7 — FDEREN KD b N
$ vncserver
« ETE) L /- R — FESHER: 5900+F==> 5903

$ vncserver -list
X DISPLAY # PROCESS ID

:3 891292
« EHTIEHRETR: set_vncserver -h EEIRRA FE -p EEIFR— FES

$ set _vncserver -h wisteria®3 -p 5903
Enter LDAP Password: R—XJILD/XXT)— |
modifying entry "cn=z30105-vnc,..”

* DISPLAYIRIRZ DX TE
$ export DISPLAY=:3
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PENKRTLE!
To—MIZHABEWLET

Of-A0

)

[=] e



https://forms.office.com/r/E3bPsYd9sM



