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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 &
10

(interactive-o_n12) 2 ~ 12 7 28

- Wisteria-A (Aquarius): 7—4 %% /—F

10l PR B ] AEVRE

interactive-a 1/—FK

share-interactive 1GPU 10 56
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Odyssey

C 1/ — REfF

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

« 12/ — REfT

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

- 1GPUZETT

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

« 1/ — KF(8GPU)ZELT

$ pjsub --interact -g 7/ —7% -L rg=interactive-a,elapse=01:00
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#lfRERE | AEUBRE

debug-o 1~ 144
short-o 1~72
regular-o
(small-o) 1~ 144
(medium-o0) 145 ~ 576
(large-0) 577 ~ 1152
(x-large-o) 1153 ~ 2304
priority-o ({85317, F—O HEE 1.5(8) 1 ~ 288
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https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php

- /—F# 1l B B FEUYRE
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 " "
(large-a) 5~8/—F 24 FFfE "
share-debug 1,2, 4 GPU 30 &7 56
share-short 1, 2,4 GPU 2 BFfE 56
share
(share-1) 1 GPU 48 B 56
(share-2) 2 GPU " "

(share-4) 4 GPU 24 B5iE "
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prepost (FHIEEL) 1 6 B 340
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~ 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

2021/12/13

HEMADOITHISR 1 \wF37 (Odyssey)

i BB B IEUYRE

lecture-o 1 ~ 12
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ZlEEars A

e RO E 1 —%(2011~2019) : 88,128/ —F x837// — K

» Oakforest-PACS : 8,208/ — K x 681

7//—Fk

« Sunway TaihuLight: 40,960/ — k x 2602377 // — F
« Summit : $94,600/ — K x6 GPU// — K

« 24%: 158,976/ — K x48a7// —F

« ABCI: 1,088/ — kx4 GPU// — K+120/ — K x8 GPU// — K
- Wisteria: 7,680/ — K x4837// —F +45/ — K x(71237+8 GPU)// — F

e 17 YUY TIERNROAVOANEN EHH S
e ZNXNAVENTIZ, BAMERZIE->TI7OY JEREZ TIFTW5

D> Z D4 T A OS

m %?ﬁ%l ét/&— 2021/12/13 HE2TWisteria2 i | 28



WA 7

A NDE
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e OpenMP

¢ A—FHETUL IR E T
c VILFT7AEXR

SITEAR

HEAEY TEME
—iEFIE DFERTZ1F TOK

« MPI (Message Passing Interface) + /= F?ﬁ‘\#@fiﬁ’\]ﬁ;i@%/_ )
« A—HHT — X HEIFEE R ICRE * B—/—FTHLT7RAEREIC

AEVILFHERIIC DB
—HATHNGEEIFBE

TILF7AOLRETILFRL Y FiZHETRE
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Weak Scaling & Strong Scaling  siaesss ot
Odyssey: 1&EL A4 7>

WHLIBIZCE WT XA T LEBEEAKRE LT BHHE Aquarius: &/\ > Fig
« Weak Scaling: ZNENDORIEY 1 XZEZ T LIEH H T3

>ERDOREY A4 XH (MWHNEITEEBI L T) KELAD

PBEDF /1"~y FEHEVEHLoLWD, ROEINT 5
e Strong Scaling: ®FDRIEY A X A2 Z 2T ICHINEEH TS

>MEBEY A ANEBRHICKEFI L T/ha b

PBEDF —/N~y NIEETICKE L L5

Weak Scaling Strong Scalingb EE
ThEcRIb -7 (EERp FURBRET, EHR.
REDREH RIS 5 REBD (LVELLY)
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https://www.cc.u-tokyo.ac.jp/events/lectures/

« [MPIERE 5707737 AP
* https: //vvvvvv cc.u-tokyo.ac.jp/events/lectures/153/

e [OpenMPIZ& B~ FaA7 - A4 aA7WHNTETZ I 7 AP
 https://www.cc.u-tokyo.ac.jp/events/lectures/154/

« [OpenACCEMPIZ & B<ILFGPUT B Z 27 AP
 https://www.cc.u-tokyo.ac.jp/events/lectures/148/

o [WHBERERETCEIMLIZ7O7Z I 7EAF]
 https://www.cc.u-tokyo.ac.jp/events/lectures/150/

[CABBERABRLL | ELS
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AGAFXZ7 O+t v

7Oty Hg Fujitsu AG4FX
| TofuD av+E—3 || PCle avba—5 | Arm v8.2
T cmemo I cmG#2 | | aety b +SVE (Scalable Vector Extension)
= |lof11z]s {1213} | TRy Y (2 T7H) 148+TYR&¥ AT 2o0r4)
THla]5]se]7 | 415]6]7|HS
8o [10]11]]][> 9 [10[11 B 2.2 GHz
- Z T EREEEE 3.3792 TFLOPS
MR EREREER | A o[1]2]3 - PENE T 32 GB
E l1l4a]|l5]|6]|7 1 | 415]|6|7|— ﬁi —
T| [s][o][10[11 slo0]n]l |S X E® ) wmiEE 1,024 GB/s
| \_ CMG#1 \—/ CMG#3 /

e 4DMDCMG(Core Memory Group) 125t HE37/CMG
« NUMA7Z—F7%2F+ (Non-Uniform Memory Access)

v AEYEFCMGITHEH SN TWTHIL, E4HCMCOO—NILAE) EDT—3ET7 7+
A BHTEIETIRE

vV A—HILAEY EDT—3%FEoTEEIT DA ER

o K F: £CMGIZ1-MPIZ7O+1 X (12-OpenMPALwE), 7Oty HR4T0O
BRDINAD )R
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ABG4FX : CMG (Core Memory Group)

PCle a>rA—35

TofuD 2> FA—7

HBM2

¢NgH

" CMG#0 \W  cmG#2 )
01]112]3 0j1]112]3
4[s]6]7m  [m{a]5]6]7

KB 9110 11/ ‘; KB 9 110 11/

/ NIRG B\

1121 3 11213
4°5 6°7 < A | 4 | 5)16]|7

9 1101 11 9 110]| 11
CMG#1 /| cmG#3
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$ numactl -H
available: 8
node © cpus:

node O 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,
a—HIEEZ AW

RREAFEREEE 5 —
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node
node
node
node
node
node
node
node
node
node
node
node

N N NOoOo o ittt S PS

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
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« CMG:#0-#3, Core:#12-59, Memory:#4-#7
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Z
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f Memory #5 || Memory #4

o# Alowa

CocmGH#o ) |\| [ CcMG#2 )
1211314 |15 3613713839
16°17 18019 <> J <] 40141)142|43

GO 21122 23/ ‘/ K44 45146 47/

- | KA V= N
24 |125]126]| 27 48149 |50 | 51
28129130 31 | A <] 52153154 |55
32 [ 33|34 [ 35 56157 |58]59
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« CMG:#0-#3, Core:#12-59, Memory:#4-#7

e [y

i
04
\_D
>|_

_
2
2
2 ik
zl‘|‘]
o
8 Tt

B

Z
o
=
m
:

f Memory #5 Memory #4

o# Alowa

 cme#0  \|M\| [ cmG#2
| numactl |, | numactl |,
-C 12-23 || , ) [ -C 36-47
- ~ - ~
-m 4 s, -m 6
N/ . =/
/ Y Y Y \ /ﬁ / Y Y Y \
| numactl /|| o /|l numactl |
-C 24-35 ||| =] -C48-59
> ~ >~ ~
-m 5 -m 7
CMG##1 L\ CMG#3
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Stream Copy4gE (Odyssey)

spread: CMG4H8X
trad: trad®— K
zfill: zfillA 7> 3 >~
« demand: *R—¥

B HTERE (Bak
e clang: clang®— K
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close: FI—CMGEL

700

600

500

400

300

200

100

—e—close trad
—o—close trad, zfill
close trad, demand

close trad, zfill,demand
—e—close clang
—o— spread trad
—e—spread trad, zfill
—e—spread trad, demand
—e— spread trad, zfill,demand
—@—spread clang

5 10 15
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40

45
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284 5 OfERE & £77(0dyssey)

e O A/ —K&OdysseyDEtE/ — K& T, CPUDEBEStEy PAKZTCERS
e OJA4Yv/—F @Sty b7 —F7T 27 F v Intel CascadeLake + AVX512, x86 64
« Odysseyst& / — K : Fujitsu AGAFX, #pt v b7 —F7 2 F + ARM v8.2 + SVE, aarch64

Odyssey/—F -
/Ny FALEER Shal
‘ aarcho4

XA T47
://\43

um (85074 7% > .che4

e E+EE OV /INA T

module load fj TEARIEEICZA S (F 7zlfodyssey) FMT7T473 | 7AR3AYV
FATATAVRAT 0 <AV, TDEFEL > /A47 AY

JOAXAVNNAZ 0 <AaAvRAg 3@$§§E%>px

f
MPI: module load '%mpl HAINE C CCpX
mpi+3 > /34 Z 2 (1 - mpifccpx) e FCC FCCpx
Fortran frt fripx
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O 8 A S INEBENMEDE] Y Bz (Odyssey)

« OpenMPZ > & A4 L7477 UER -
« -Nlibomp : 77 # /L b (LLVME ) T—Fh (C:.nm@%k)

« -Nfjomplib : E+EOpenMP> 4 75 1 » -Nnoclang : trad € — F (7 7L 1)
 libomp® & =  -Nclang : clang®— F(LLVM~X—X)
« TT7AIMIEFVT b 1 AL i e clangE®E— KD AIERENENTEE CTH
IN=FT T/ T '%‘0)75& LY . ATMELNH B
(7=72 LCI\/IGW@J% % e NTEL AL LA
export FLIB_BARRIER=HARD . “bompbb\@%z\_t;h\
- B o
. |‘7 73_i VIOHA K s o s RAIEE& Eoe
e l@%}zj HAEhE EIERES clang®—F
e p.50-57 22D0penMPZ 4 771 O
« p.57 OpenMP microbenchmark m (default) O (default) O (default)

+ fjomplibd A A EREALEZ RN
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EARRY7 O v /84 LA 73 3 > (Odyssey)

* -Kfast,openmp * -Kocl
c BEATAYLS LEERR « ETEOREREZE D HE
¢« -03+ULVA WA * -Koptmsg=2
« %E(Z0penMPZ{E S IBAEIZIETE e HEIL L R— b
e -Kzfill[=N] . Ki\_;)_%’)ﬁfio<g_é:%$3§j]&bt
c Fr v |lEZAAEGE ERE
o o et s o =¥l (TWebT---
. e ND 24 ~ 12 o S . —
Ef\lc'/\):%%])(%')/ v Figxy 771035 }j_ _ﬁ_ﬂ/el\#l)(/l\ﬁéﬁ%
- AEFUTCIL—7TBICHRTRE CEREFERFsIZE
C: #pragma loop [no]zfill [N] - C++SRBERFsIE
Fortran: locl loop [no]zfill [N] e FortranfE BF 5| &

-Kocl#A 7> 3 rhwmE
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ERRY 3 /A LA 7S 3 > (Odyssey, -Nclang)

e -msve-vector-bits=512 « 40 X Web T -
« SVERN 7 MILERZ512bitIZETE ;j—s’ )L = F\ﬂ?l)(\/ I\E%ﬂ%:,
e AGAFXTlZ 2 NHARE(E C=EfEER| =

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

e ¥y llE AL A EE
FEE IR
c BALDCHXEY N YRR Y 77545
BIZEY
« KEIFUTTL—TEICHRIANE
C: #tpragma fj loop [no]zfill [N]
(7=72 LEMERERR CTE 9)
. -ffj-ocl
s ETBOIGRM D ERE D HE
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First touch

« NUMAIZF (7 5 First touch

-ym CT—RICTIV7ERTEHEIC, AT7HETAEXA>AO—hHILDXEYI(C
—XHIEINS
mmm EDBRICEH, EROGFTELRL T 7R /RKX— 2V TET

* ABAFXTHCMGZ B A 5 RITZENRE L

c ZHZHnumactlTIELW R XA (A7 EXTY DHEAZERTEL THELLED
&5
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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— 2021/12/13 #HT A Wisteria= i | 44



AEY TS5 X FDIETE

-CE5A

 _ attribute_ ((aligned(64))) =87 (64 byte = 512 bit)
« 5] : double A[1024] _ attribute_ ((aligned(64)))

« BIRYFER DR IZ posix_memalign() % {FF5

o FEEIBRDA
#include <stdlib.h>
double *A:

posix_memalign(&A, 64, 8192);

5L

e Fortran
o E1THFIC FLIB_ALLOC _ALIGN IRIEZH > I57F
export FLIB ALLOC_ALIGN=64
« AllocatexXICEBAINS

m%/’?ﬁﬁ?—'l‘%iﬁgﬁétJQ— 2021/12/13 HE2TWisteria2 i |
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AV RIBEDOFHIREMN (restrict, CE35

« R VR AERAT S EEBILDFHIEL DS
« 7 F L XH'sourcetdestination TEE L723FE, N7 bILtT2E&BHNLLAD

(aliasing)

« restrict{EEi¥ CaliasingldiZa W T &

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

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

e £33 /A LEFICtradE— R TlE -Krestp %387
« clang®— F CldrestrictZEET 2 Lok L

m%?ﬁ%l ﬂ% /9— 2021/12/13 HE2TWisteria2 i | 46



IRIE 2

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

cBICH X EYRE, OpenMPEEEL & THRRABF T a v hdHh 5

QZAT%'
« VaUBRYV NV TV FaA—YmiFHA K HPCIHLELEERR

m %?ﬁ%l %ﬁ%ﬂxt/Q— 2021/12/13 HE2TWisteria2 i | 47



X EH I ERETLAIL

\|||'|

1. Cl\/l;%if:@@ﬁt:ﬁ'l‘i ENMET I 5550 % W\, MPIOBHZ1E5T
LEL &2,

2. First Touchlx w78,
3. ATVDT 74X MaTBXL64 bytelTHIZ 5,

m ERRAFIE %ﬁ%ﬂzt/Q— 2021/12/13 HE2TWisteria2 i | 48
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OpenMPI(Z & 5 SIMD1t
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OpenMPDEARLARICOWVWTIE, UTDOHEER
OpenMP+S|MD FOpenl\/IPL:ot%;k)lxd-:U - X437
WH7os oI A SR

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

« SIMD (Single Instruction - Multiple Data)
o 1n|ﬂ‘nf*§*&7 ﬁ%kfi
« SVEGS  1iph CERBE ZEI/ NS 28 ME = JLE
. A64FXT£2¥SVE$ i ARERALATNIESWVWEEL T L NG WL
« SIMDEIZ0penMP 4.0Hh HHR— b
c AVINATHBEEINRY FILELE L TLANBED, 1E8R% LI-AHHESE
c AVNATHBSTBRAEZHT ZEHDH DD TEREDR (REREH)

e I—FRDEZXBZ 20 E LT 5D (LIFLIX) H5
cAFYDTIA Ay FHEE (F1R)

m %?ﬁ%l %ﬁ%ﬂxt/ﬁ— 2021/12/13 HE2TWisteria2 i | 50
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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— 2021/12/13 HE2TWisteria2 i |
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OMP SIMDE %

«CE& « 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; j++) { 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 RRARIBEHRERTY— 20211213 HE2TWisteria2 i | 52
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Declare SIMD

« B A £ 5T ESIMDIL L 7=\ 5
»%@%&iompammmﬁfﬁiné 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— 2021/12/13 HE2TWisteria2 i |
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sk oFl: [/ 7 71) —)

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

c[i] = a[i] + b[i];
/¥ BEEAD /N F[R]ER */

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

/* —Esingle regionllR 5 */ c[i] = a[i] + b[i];
#pragma omp parallel for W:>:#pragma omp for R
for (i=0; i<N; i++) for (i=0; i<N; i++) OLIEE"

f[i] = d[i] + e[i]; FTL] = d[4] + e[1:
} // parallelf&h Y
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Wisteria-Odyssey
MPI1+OpenMP/NA 7Y w K
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MPHIEE Y %15

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

« [MPILE#KiR] BESER
. https://vvvvvv.cc.u tokyo.ac.jp/events/lectures/166/

« MPI{EE:ZE (3.1)
e 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— 2021/12/13 HE2TWisteria2 i |
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Wisteria-Odyssey® Tofu-D

> TI)LT7NIC
e Tofu-D FE4k: 2207 v 7 \ 24 i H
+ (X, Y, Z,a,b,¢c)=(10,8823,2) g it i i
> 3XJT. 2RI7T. LRITICER L TIEE R ci

it O I ESED)

¢ 3XTT: 20 x 24 x 16
e X*a, Y*b, Z*c

« 2%7T: 60 x 128 ~ X
o X*a*b, Y* 7% (2*/1)=lz7x5z\27

. 1% 7T: 7680 R

VA

« & . (4x2> )L T=8)

- Yav7ERyZbyzy A
Ty RFI-YREFHA

- MPIERIF51&

m ERARIBHRER LYY —  2021/12/13 smaiwiseriaz=XH 2YTILT X459 =8) Avia 57
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JOBRZ7 U 7 b7 IILdEiEH (Odyssey, 7 7 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

| EITHFE SR

15

mpiexec ./hello‘k\»
N

~ FIRJIL—T4&

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

:gt00

RARIEHREBER TS — 20211213
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JOBR 7 ) 7 b H > 7ILDFER (Odyssey, /x4 7 VU v EMPI)

J)—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)

~ TMPIZO0tX &1
48 ALy AR

N =eEmHE 15

S~ AR L—T%

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

:gt00
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MPI4EBE (Odyssey, pt2pt)

e LA T osu_latency
e /N 0.9us

1000

100

10

L1457 (us)

0.1

16

256 4096 65536

1048576

Xyve—I R (byte)

RRARIBEHRERTY— 20211213

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

= (MB/s)

AN

/N> Ki&: osu_bw

7000

6000

5000

4000

3000

2000

1000

0

#EE 4l WisteriaZE |

&KX 6.3 GB/s

1 8 64 512 4096 32768 262144 2097152
Xvt—Y R (byte)
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J — FARDIETE & rank-map

« XARDIEE (-L node) « MPI#F 7> 3 > (--mpi)
* node=N, « proc=7 At X%
* node=N;xN, * rank-map-bychip,rank-map-
* node=N;XN;xN3 hostfile=s RX b7 74 )L
o E ) ¥ THDIETE « KA MIENET DF Y HT
* node=N;XxN,XxN5:torus (proc/node)
. TOFUE(I (12/ — F: 2x3x28 1) T * rank-map-bynode, rank-map-
)Y He hostfile="Kk X 7 7 A )L
* node=N;XxN,XxN;3:mesh « RAMZIEYTDEIYHT

e BEEL TULNIELL 9 ®
* node=N;XN,XxN5:nocont - %

e node=2x3 D4l

s BENTULWTHLEWL -v. * (@)@) (611) (@.’2) (1.’@)
- EEEIFETLTHLLAS o (1,1) (1,2)

ALK ETLEWES EERICITRITICIESR

m RRARIBEHRERTY— 20211213 HE2TWisteria2 i | 61
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



MHEE~7"0 7 7 4 Z (Odyssey)

e BB VA TICIE. MEET AT 7 A THEEDN B B
e BB VNNATTOVRAILE, EifTav FTIEELAAT S
e UTO3IBEELNDHY £

c BEATOT AT
e 7077 LT, RLEREODI D> TWAEKEZRIET 574 L
+

° ;E'E%EH 7:613 J T /r 7 *& N
BEOHN-T D DEFBNICHNT, XEUT
O R RDTNRER L W Sk
« CPU £t L R — b
+ B TE BRI OO CPUTE AEARAR 1B 4R 0 T4 L
o SIS
M E=EEIET

« J2UL-2483-0270(07) 202153 A, Technical Computing Suite V4.0L20,

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

m%?ﬁ%l %ﬁ%ﬂzt/g— 2021/12/13 HE2TWisteriaE2 i |
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HREsE b ERDER (1/2)

. C, Eortran%lapﬁfbf\ OV TP T TemBILIBIHR TR D Z & I 1EEE
BBt CEETH S
e BT TFAINLDY —ROA—-—FKZTEIZ, EDL D AFEBELIITHONI=NIE
N5, AN TF T avhhsb
e C, Fortran CHE B OFERIGHR
« -Nist=p : ZEDOREIERAEHA(T 7 +/LF)
e -Nlst=t : FHLEBE{LIEHRE H

m %?ﬁ%l %ﬁ%ﬂzt/Q— 2021/12/13 #HT A Wisteria= i | 63



HREsE L IERDIETR (2/2)

« Fortran @&, p. tUAANHIETE AIEE
« -NIst=a : ZRIOBMHIFHR = H ]
“Nlst=d : JREBR DERKIEHRZ HH
Nlst=l A v oZi—FEnt=7r7410707 7 LY X b
BV IL—=FT77ANE—EZ2ENEEN
-Nlst=m : B&ja 5t DK A2 OpenMPIERIZ L - T
XBLIZRB 7077 LA5HA
-Nist=x : ZBIB L UOXESDODHEESRIEHRZ LT
T AV TAYY D ATILAESBOZ &
- CEEEFERFEIE
- C++ERBFERAFEIE
« FortranfE B F5| £
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Wisteria-Aquarius
GPUFIF % f a2
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Aquarius DHERK

e Intel Xeon Platinum 8360Y (36¢ 2.4GHz) x2v 4 v b, 512GBX &Y

« /— FH7-YBEDNVIDIA A100 GPU

<

XEY Ny RIg:

<&
<«

IB HDR:

200 Gbps x 4 link

(/—F &=

BRRAPIRHRERE L5 —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

409.6 GB/sec
/ UPI
CPU1 < > CPU2
i Intel Xeon Platinum . Intel Xeon Platinum “
DDR4 8360Y ) - 8360Y
(ICX) h ” (ICX) DDR4
PCI Express:
Gen4 x16 = 16 GHz x 16 (128b130b)
x16 x16 x16 x16 =31.5 GB/s (FA M)
16 16
(B % PLX we- PLX PLX - 0 PLX ¢ B |«
IB-
> IB- |
PCle qug 6 x16 x16 x16 <16 @‘m PCle Gen4
NVLink3:
A100 A100 A100 A100 A100 A100 A100 A100
Y) GPU%7-Y) 50 GHz x4x2 x6
=300 GB/s (FA M)

NVSwitch

J

2021/12/13

#HE el Wisteria= i ]
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CPU®DREEX

e T DlcelLake?=H, b—72 >~
SHENGPUEXEL O TCPUD &
DFBIZEENDH TEH L
(/ — K%/, Odysseyd24Z
DHE)

e FARBH2 NUMA K X A v~
IS E (1879 D)

e share %, 1GPUZ7-VY9a7

m%?\ﬁ?'rﬁ%ﬁ ét/&— 2021/12/13
INFORMATION TECHNOLOGY CENTER, THI

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

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 WisteriaZE | 67



NVIDIA A100 Tensor Core GPU (1/2)

« 108 SM (Streaming Multiprocessor)

m RAAPEREBE LY — 20211213 HE R Wisteria R | Hi#2: NVIDIA A100 Tensor core GPU7 —F 7567+

ENTER, TH INIVER:



NVIDIA A100 Tensor Core GPU (2/2)

« (FHEEICH TG L7=Tensor Core®#&
« 19.5 TF @ FP64, FP32
« 156 TF @ TF32 (=& 19bit)
- 312 TF @ FP16, BF16
« 624 TF @ INTS
« 1248 TF @ INT4

« X&) HBM2 40GB #%&&
+ 1.555 TB/s

m %ﬁﬁﬁﬁ%ﬁ%ﬁ%ﬁiﬁ@ H 8- NVIDIA A100 Tensor core GPU7 —3XT9F v



VoltafHf LD H o

. Independent thread schedulingh® B A &N, (F7#/L bk TIE) warp
RN T 5322 Ly FRNOBEOREAA L < o7
e OV /NAJLEFIC arch= compute_60,code=sm_70 ZIEEJd NIL, Pascaltt{tLL
B & Rk ICEEER O RIEAAEE
(BsF(CPascalE— F &R Z &ICLTWD)
« A100ClZarch=compute_60, Code sm_80 CREEA[EHANEE
« BHYY—O— FDIFAE, PascalE— FOAINBR2ENIRESE > 7-
- BREHHOFMLIIRELFEDLD
« A100I54, Pascal®— FIZRKIEEESE
(#ﬁ‘%ﬁio?‘- 13, LIBETRBRN T 2FEEICL2ERILAINTILND)
 BEUEE 1= FACUDAD T Hh oML L7278, ML EE D[RR
1T Ji%/ikkﬁ—rﬁzﬁwﬁé’\b\ & ->TH ﬁﬁ’”ﬁéﬂ?ﬁ.
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Independent thread scheduling
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Independent thread scheduling
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A100/CUDA 1171 o B A S N7k RE

« (IEXXZFFNVIDIA A100 Tensor Core GPUIZH A>T 3)
7>/ A7 BTIIOBEMESAK TS Y TjArﬁ TR Lz, UL
T CHEBERELED CTRTAFy

« Sparsity, TF32 (FEREIZFP19) A7 > v/ O 7 BEEAE
e TUVIILOATHRLTIH, B — 7 MEELIFV100 SXM2ELTL.241%
 Asynchronous copy/barrier
c JA—NIUXEYUNLY T —FXEVIZEE (LYRXEZNITID) T—X
BT S
« L2 cache residency control
c B ERD—B % 2F v v allBE SR LICLTHITS

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

m %?ﬁ%l ét/&— 2021/12/13 HE2TWisteria2 i | 73



Asynchronous copy (memcpy async)

c JA—NILAEY MLz T—FXEYICE
B (LYRXENSTID) T—XE2EITS
« I (LN T 779 RTES (L1=A- T,
FEH 0 E)
« MPI_Send/MPI Isend &XFio 5 & A X —
TLPdT L
« A100TIlZ%, hardware accelerated
e DF Y, ERPATHHIERWVRETHELRS

« Svedin et al. (2021):
« Pipeline APl |Z Barrier APl & U £ 5%

« AEVFERAGMEETILERER L

m%/’?ﬁﬁ?—'l‘%iﬁgﬁétyg— 2021/12/13 HE2TWisteria2 i |
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Svedin et al. 2021
(arXiv:2106.04979)
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R0 (BEE YRR ENH D)

#include <cooperative groups.h>

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

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

// TSUB I&, CORBAEAT memcpy async [TEAS5FTBRALYREH(ZOEZTHDIS
BIX32L0TF)

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

// AIMETELEZWLWRE NHNIE, ZII2EL

cooperative groups::wait(tile);// CCTCaAE—DZETHFLET S




NVIDIA Developer Blog T M EZ4]

htts://deve|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]; )
} }

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 1 DAEEIF40 MB (V100TIE6 MB7: - 72)
« 1/16 (=25 MB) Z|A THETZ3 (white paperd V))
« CUDAR b U =L Z & 21D DS d oD EFTSEE % T8 1€ Al BE
c I6ERECETCHRIZ DD, BREADBZ Do TITWAL

m RRARIBEHRERTY— 20211213 HE2TWisteria2 i | 77
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NVIDIA Developer Blog T ZEZEA]

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

 Throughput(316 (FP32/E&EA6472 DT, AEHEMEY)
« Warp shuffle’n’32 (2JEEBHMY) DT, b (32X L v K) HEARIH
EEICHANT CEEOXMEEERLTH) ERIRYISEN

* reduce_* sync(unsigned mask, T value)

e T: unsigned/inttZx$ L Tlfadd, min, max
o MNET T NILfloaticxd L Tmin/maxzREH 5 Z & XA 8
« T: unsigned(Zx} L Tlxand, or, xor & AJ&E
« Supported by devices of compute capability 8.x or higher
« PascalE— F (arch=compute_60,code=sm_80) DZEICIX, AV /XA IILHES
-7 (compute S0ODIEEHNHE)
« PascalE— NEAIC & 25E D, AmpereE— K +warp-wide reductioniZ & %
21D, OFSE (I—FXRBADT, EbLoMEVWHIEERAL LT

m RRARIBEHRERTY— 20211213 HE2TWisteria2 i | 79
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vz 77— R AEVFERABDTES

« FEMICHERTZEDDIE 7 Ay 747~V 48 KBE T (ZO#HIFIZ
TosEHIOHHT)
« VIOOTIESMBHT-1) 96 KBE T =z 77— FXEVICEZLH, (BEM
ZIX) SMB Y ICER T Ay VTR, EENICHNARLE -7
« A100TIl, SMBH7-Y 164 KBETEZ S (178 v 7 Tld163 KBE T)
 Dynamic allocationZ{# X (348 KB#Z 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);



GPUEER D&~

L L L L Ld L
* nvidia-smi * nvidia-smi -q
i + Timestamp ¢ Fri Jun 4 01:53:34 2021
| NVIDIA-SMI 460.32.03 Driver Version: 468.32.03 CUDA Version: 11.2 | Driver Version : 460.32.03
e m e e e P + CUDA Version :11.2
| 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 o1
GPU 00000000:27:00.0
| | [ MIG M. |
| | Product Name : A100-SXM4-40GB
| © A100-SXM4-40GB On | 00000000:27:00.0 Off | o|
Applications Clocks
| N/A 24C Po 52W / 400W | OMiB / 40536MiB | 0% Default | Graphics 1095 MH
1 : z
| | | Disabled | Memory : 1215 MHz
Fommmmmmmmmmmmmmmmmmmmmmmmoees Hommmmmmmmmmmmmme s Fommmmmmmmmmmmmmmemees + Default Applications Clocks
Graphics : 1095 MHz
ettt ettt et ettt ettt + Memory : 1215 MHz
| Processes: | Max Clocks
GPU GI (I PID  Type Process name GPU Memor Graphics : 1410 MHz
yp y P
| ID ID Usage | SM : 1410 MHz
| | Memory ¢ 1215 MHz
| No running processes found | Video : 1296 MHz
e el + Max Customer Boost Clocks
Graphics : 1410 MHz
=gl v~ 4k 3z . . 3
RRAFBMER T Y —  2021/12/13 BE ST WisteriaEH |
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08 A S ofEEE & E47(Aquarius)

074>/ —RK&Aquariusit& ./ — K & TlE, CPUDmSty Y (1F1F)

EIR®:
e OJAYv/—K @5ty 7 —F727F+ Intel CascadeLake + AVX512, x86_64

« Aquariusgt8/ —F . o5ty F7 #?77‘% Intel lceLake + AVX512, x86 64

e BRA4Z IO NA T HFAAIEE: GPUMITIZ (X gcc+CUDAD NVIDIAZ HESRE
$ module load gcc cuda/11.2 omp1-cuda/4.1.1 11.2 F7:=1Z
$ module load nvidia/21.3 ompi-cuda/4.1.1-11.2

NVIDIA o> /<4
E GNUa /4 F | Intela> /435 | S(IBPGI) CUDAay /x4 5

11||||

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

OpenACC O
%?j(—_l—lﬁﬂx’;bm ;// PAVV R VEVANES) B8R Z=' VVIDLC A ES | o<
OF TOKYO



NVIDIAZ > 734 Z (OpenACC)

e AVNATZF T arveELT
-ta=tesla,cc80 = {J T 5% 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: ﬁﬂﬁllald:copyln blXcopyoutEL THHonFES

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

m%j@ﬁg@% 15, 16 7B M2E IL—T1X(B32x4) DAL YR TI OV R EIL TRULVET .

acc_compute.f90 -o




JOBXZ Y 7 Y7 ILdEiR (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 gcc cuda/11.2 '
./a.out

MATIL—T4£
:gt00

m RRARIBEHRERTY— 20211213 HE2TWisteria2 i | 84
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Wisteria-Aquarius
GPU+MPIERIE

RREAFEREEE 5 —
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OpenMP|

« AquariusTlE. MPIEGPUZE D Dl OpenMPIA HE)&H
« CUDA Aware: GPUX £ ) 2 B %={S 0] 8t
« GPU Direct RDMA: & 5 [CRDMABEEE T HR|Z#HRIX
« TT7HILETINGDEEBENONIZIR > TS

« export UCX_MAX_RNDV_RAILS=1 (/ — FARTIEERZAD LAY
 export UCX_RNDV_THRESH=32K

cHEA Yy =Y A X THENELAD & T ITAE
s NEEGMER A I U TZzHall <7z W

* export UCX_MEMTYPE CACHE=n

* export UCX _IB GPU DIRECT_RDMA=n

m%?ﬁ%l ﬂ% /9— 2021/12/13 HE2TWisteria2 i |
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JOBZ 2 U 7Y 7FniEA (Aquarius, MPI)

: )J—RTI—T %
#!/bin/bash / locture.a
#PIM -L rscgrp=lecture-a ]

|FAGPU#%K.
#PIM -L gpu=4 < IT/Ijlflqu:l-tzi%z
#PIM --mpl proc=4 A —
#PIM -L elapse=00:01:00 TR IR 15
#PIM -g gtoo < FMATIL—T4
:gt00

module load gcc cuda/11.2 ompi-cuda/4.1.1-11.2
mpiexec -machinefile $PIM_O NODEINF -n ¥

$PIM_MPI_PROC -npernode 4 ./wrapper.sh ./a.out
MPIC37%470+ X TETT 5,
m %‘?‘ﬁ?—l%%ﬁ%ﬂ%tng— 2021/12/13 EE M Wisteria | 87




Aquarius/ — RN TEH S ~ 7155 ok i=)

e 7077 LAITEKGPUZERE L TLWAWEEIZIZ. UTO LS5 &
IRV TN AEABRE

e wrapper.sh (chmod +x wrapper.sh %5419 (2)

#!/bin/sh

export LOCAL_ID=$OMPI_COMM_WORLD LOCAL_RANK
export CUDA_VISIBLE DEVICES=$LOCAL_ID
$>I<

m%?ﬁ%l %ﬁ%ﬂzt/g— 2021/12/13 HE2TWisteria2 i | 88



GPU Direct RDMA (GDR)D3h &
OSU MPI microbenchmark (Bl—/ — KA.

« pingpongL- A4 7> 270+t XH)
e DtoH, HtoDI[Z[Z
e 512KBLL L 1x DtoDAYEFEIRYE &

400
350
§ 300
X 250
;: 200
|
< 150
S 100

50

ECAD

—e—HitoH
—e—DtoH
HtoD
DtoD

IO OOt OToOT OO oY

1024

32768

X v t—U R(byte)

m%?ﬁ%l %ﬁ%ﬂxt/ﬁ— 2021/12/13

1048576

/
4
/ -

« N RIE(Q27 0+ X))

250000

200000

(MB/s)

150000

100000

AN

50000

M REEEMER)

« DtoH, HtoDIZ (ZIZ[A] L | NVLink3ic & 3
GPUM#Rx
/
—e—HtoH /
—e—DtoH
HtoD /
DtoD / /
WA
_a o ,W
16 256 4096 65536 1048576

#EE 4l WisteriaZE |

X yvt—LR(byte)

89




MPIEEE (Aquarius, pt2pt,
GPU Direct RDMA 4 EE L)

« /— KM/ FigE: osu_bw

e« /— KW/ Kig: osu_bw
« Aquarius: DtoD &K
209.0GB/s
« NVLink3 300GB/s

« HtoH &KX 24.5GB/s

1Y 7

« Aquarius: &= X 24.6 GB/s
e /N4 T3 1.58us (HtoH), 2.27us (DtoD)
« UCX: UCX_RNDV_THRESH=32K

250000
30000
_ 200000 o HioHl —e—DioD 25000
2 C)
m . 20000
= 150000 )
= = 15000
“ 100000 '*"5
AN L
Z A 10000
4
50000 <
5000
0
1 16 256 4096 65536 1048576 0
*vE—Y R (byte)
RRAFIEREB TS — 20211213 HE2TWisteria2 i |

—eo— HtoH
—o— DtoH
HtoD
DtoD

16

256 4096 65536 1048576
X “/‘lz—:)E (byte) 90



Wisteria/BDEC-01D X b L —

« FEFS (Fujitsu Exabyte File
System)

o« WH| 7 7 A I X T L(4 rack)
- 25 PB, 500 GB/s
« 4 MDS
« OSS: DDN SFA7990XE x16
e /work

e BT 7 A I RT L(2 rack)
- 1PB,1TB/s
« 2 MDS

« OSS: DDN SFA400NVXE x16
« NVMe SSD
 /data/scratch: X 7 5 v F

 /data/perm: [E/A

m%/’?ﬁﬁ?—'l‘%ﬁ%ﬂﬁtJQ— 2021/12/13 HE2TWisteria2 i |
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2 L —RE

o XX T —XMEE (mdtest)

PHBESEHL, RO 7L T b
o, T « FUICKWT BT 7
?»%ﬁ 7 ! ’ N

. EEFSLIATIFSE AR
+ 0:43 x L7 100*4=400 GbpsE%h?

« 77 AIILEZTIAAERE
« ZLH/FS| S(T LM77 7 A4 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 oo
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

RARAARFEWRBEETC/Y— 202112113 EE I Wisteria i |

20x12x16

/ — FRER
960

VARE 3

16x24x16

/ — FHER
3072
7’Aat X

T Odyssey | Aquarius —

455,372

281,480

(IOR)

« 0:BAGIO/ — FZFY HT

45/ — K
720 322,115
yARE3

45/ — K
720 236,643
7’At X

92



Singularity ® #l]

RRARIBEHRERB T Y— 20211213 HE2TWisteria2 i |
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Singularity: O3> 7 F k48

Singularity Hub /
shub:// ==

~

Production@ ¥ (Read only)

Docker Hub

$ singularity build

container.img <source>

IBIEfEEE (writable image)

Singularity recipe

--writable container.img
<source>

$ sudo singularity build
4

ATFA A=

IEIEREEE (sandbox)

I7AIL

RREAFEREEE 5 —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

) $ sudo singularity build

--sandbox container.img
<source>

AT FHA A=
T714I)L

container.img

[

2021/12/13 FEE I WisteriaX i |

$ singularity shell
container.img
> python mnist.py

aryFFBED vy K teE{T(exec)

$ singularity exec
container.img python
mnist.py

ERINEY ICET(run)
$ singularity run

container.img
or

$ ./container.img
\\\\\¥ 944/////




N

Singularityf@lF>a 77X 27U 71/ —F)

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

#PIM -g gtoe _ _ R

#PIJM -L jobenv=singularity Smgulanty@ﬁﬁﬂ%t:%% A
#PIM -L elapse=00:15:00

#PIM -7

cd $PIM_O_WORKDIR
module load gcc cuda singularity

S, = - =7
SIF=/work/gt@e/share/tf-image.file AT T OD%C“‘ r7 X—a_
i - - 5 /N2 BICHE
singularity exec $SIF which python —

singularity exec $SIF python --version
singularity exec|--bind “pwd® --bind /work/gt@@/share/MNIST |$SIF python keras-tf-mnist.py ¥
>& keras-tf-mnist.log.$PIM JOBID

RREAFEREEE 5 —
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Wisteria/BDEC-01®
B EWTT :
JupyterHub, Guacamole D #E T




JupyterHub

« JupyterNotebook7s & DIRIE % 7K —
ZI)LE L TIRM
c ElZ X — I FILBERELER B

« Windows: InternetExplorer Iz REA
NI DBIEHLDH D

« MacOS: SafariTlEF —AN%E2=IT{
[Tl WZ &EAdH B, Firefox or Chrome
HLE


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

2021/12/13 #EE 4l WisteriaZ= | 98



Python® ]

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

» miniconda®#| A%
« JupyterHubO Hh XX v A4 X
« Singularity®#|


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

Apache Guacamole

779 ETUE-bTRY
by 7EIR

 VNC (Virtual Network
Computing) D2 54 7> b

* X-Window? 74 77 >~ b %= FITIC
RITT LY T - EmE


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

Apache Guacamole® ZEfig

. gngé)// — N TvncserveritB) (vncB /Y X 7 — FDEREL KD LN
$ vncserver
« ETE) L 7= R — FESHER: 5900+F==> 5903

$ vncserver -list
X DISPLAY # PROCESS ID

:3 891292
s EHTIEHRETK: 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

2021/12/13 #EE 4l WisteriaZ= | 101



BRERNAKTLE: !
Vo= MIZTHAERWNLET
 https://forms.office.com/Pages/ResponsePage.aspx?id

=T6978HAr10eaAghlyv1lMhG6 jnHh60pdFpbcTH-
KEtg5UNU9PRjc3RDIPODC3NFhRRTVIVZzUYSTNFUi4u

2021/12/13 EE=lwisteria%= i | 102
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