/ 4 “-a%?\\\

')
‘\\Q‘ g
(\w g /

TOHOKU

IIIIIIIIII

kK #
YALAN—YLIIAEV5—

KRR Y A7 LILER

SENAC

Vol.55 No.3 20227

S2

Cyberscience
Center

Supercomputing System
Tohoku University

www.ss.cc.tohoku.ac.jp

ISSN 2436-0066



KEBRPHE S AT LEEER

< KEEREHHE T T ABEBEEEIL, A4 —F [ =L X2y Z—KENOEFRHESERRENHY LTWES, >
https://www. ss. cc. tohoku. ac. jp/

EE = (PR * . . . —B AR
e—mail ¥ H
022-795-6153 (6153) AR MBI TaME | 8:30~17:15
. —-sodan@grp. tohoku. ac. jp
FI AR Lo
" R R R LERS KEFV 5 FIHZIASED | 9:00~16:00
022-795-3406 (3406) I
b5 | R akeses (3444) SRR 8:30~21:00
J& TR T (B | * RO SRR SRR E T . _
= A TR 2 AL ol A R . ~ .
A b oA ) * S TR, JEAR D RBIGH RS D JR R 9:00~16:00
B 1R 022-795-3407(3407) . Y ANl Nt 8:30~17:15
cc—som@grp. tohoku. ac. jp
Azl 022-795-3405 (3405) SFHcETAZE AL D A {7 -
=ArtR cc—kaikei @grp. tohoku. ac. jp | F&E=RICBEH T DL 8:30~17:15
. _ - 022-795-3406 (3406) FIHFFes, FIRHMR, EE
= | FL[EF £ . .
@ - Iﬁjjﬁ)ﬁ?ﬁ{_ﬁ 022-795-6251 (6251) & IA4TIY, A% TV | 8:30~17:15
> cc—uketuke@grp. tohoku. ac. jp | —>avici45zL
— - 022-795-6252 (6252) HFEAFIE, FHEME S AT A
i 72 A 130~17:
RIRIBFTE SRR rs—sec@cc. tohoku. ac. jp B4szL 8:30~17:15
F v — 1% (.)%2779576253%253) R SANE A i N 8:30~17:15
i—network@grp. tohoku. ac. jp
[lz;zk T2 BA FE &R 022-795-6095 (6095)
En
pe | AR (3445) PC S A (X 51 ) 8:30~17:15
¥ () WIEHIEKRFZENOAONMEEREE ST, HEEWL - JINHXLS D 6 FFEIC 92 2 M £7,
AFED4 HiTSENAC | D H 3k

BEFN 33 AL MR DB IO B EEL LT, AL KFERIBENIZEFTIC B Tk E
NI T Ak R EHERE D4 BT C SENAC-1 (SENdai Automatic Computer—1) 2 3bHE-THr4
STz,




SENAC Vol. 55, No. 3 (2022. 7) — 1 —

[BER5HE]

A—N—aYEa1—%4ABADY S5 FH—ER LDEHE

A N—P A T AT X —F, A—/3— L Fa—X& AOBA & K 57 RYy—E R b
HE LT LW —E X2 ARE 10 A GBMET 5 TETT,

779 R —E X NECT —& & ¥ —I|ZRE LI EmH A MERE 2. 3PFLOPS @ SX-Aurora
TSUBASA ZFtH Y VY —R & LTRMEET 26 0T, EZERFHIFERT O SINET6 Z#kH L, &
— =3 B2 —4% AOBA & 2 fELL EOMEREICHITR L E 4, AOBA O — b AN ik
IR EB VI, T E CEBIRAEET o o KEB AR EE T ICHE VB FO LWEHES—E
AREEERME L ET, L0 RHBREEN L) | [REY Y — XG5 ORMME ) 72
L RAZFEOTERIIBISA LET, RUTNMAEENLEDLH LWA— R—a L P a—X
AOBA ZBHFH L 128 W, FEllR Y —EARNEIZOW TR, A==V TERBM S L
EJ N

Z2—N\—12Ea1—4AOBA SX-Aurora TSUBASA
I3IRT—EZR

RALKFREIEIR
FYbT—225 A SINET6
TAINS

EREEERE2.3PFLOPS

RALARF NEC
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— v 2 A
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(RA—=_—ar Va—7 4 Y 7HFEE, LEOFESCERRR, LR SRR

AOBA Users’ NEWS TAOBA Wit (HEBIEDHY) 1 Vol.3
DARIZDOINT
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[ RKIEERFHES AT L]

B 7S X5 L AOBA-A ICE T B TensorFlow DFIR A&

HBAN—HBAIRAEE— XA—N—OA>2Fa—FT1 VJHEN 515 BF

BIE ¥ 7> 27 4 AOBA-A IZH#B X TV % Vector Engine (VE) 1 X € U HHSIEFHE DXL
HY I 2 —2aryz2ERBEATVETHY, FELEZEI LD TH2HMEER D00 7
V27 LAY AT LABERIEHEIEATOET. AETE, KSHWSRTWSIREEED:
DDA =TV =R 7L =1LV —2TdH% TensorFlow % VE [[IFIZFEHE L 7z TensorFlow-VE
% AOBA-A ECTHIHT 2 FIEZHNL %3, TensorFlow-VE Z W3 Z ¥ T, CPU DA%
WaGE XD, KIEZHIMZESHE T2 TEXT.

1 Python 3.8 >R k—JL

VE [iF TensorFlow (LK TensorFlow-VE) @23 GitHub VAR bV (https://github.
com/sx-aurora-dev/tensorflow) TlX, B/l FFEAD NS F VU ZEE wheel 28y 7 —I DL
N TVWETD, Python 3.8 [MIJD wheel LAREINTVWERA. —F, AOBAIZA VR
F = ZHTWS Python DN—=2a »E 3.6 THB7D, v—24L7 1127 FVIZ Python 3.8
BA VA=V LET.

¥73, EFEDON—=Y 3 O Python ZEZHICA Y A b —VAREICT 5V — )L TH % Pyenv
(https://github.com/pyenv/pyenv) &4 Y A F—)LLET. BB, UFTE7er b K
J—=F DYz LThash ZHALTWEELET.

$ git clone https://github.com/pyenv/pyenv.git ~/.pyenv

$ echo 'export PYENV_ROOT="$HOME/.pyenv"' >> ~/.bashrc

$ echo 'command -v pyenv >/dev/null || export PATH="$PYENV_ROOT/bin:$PATH"' \
>> ~/.bashrc

$ echo 'eval "$(pyenv init -)"' >> ~/.bashrc

RIZ, Python BMEFS 27477 VD 1 DOTH 5 libfi DNy X7 7 £ 15 AOBA 1IZiE 4 >~
A b= LENTVWRNWED, F—AF 4L 27 FPUBTRIA VA=A L %Y.

$ curl -sL https://github.com/libffi/libffi/releases/download/v3.4.2/\
libffi-3.4.2.tar.gz | tar xzvf -

$ cd 1ibffi-3.4.2

$ ./configure --prefix=$HOME/.local

$ make

$ make install
)

libfi OGS4 75 V% 4L A b —)LL7=$HOME/ . local/1ib64 % 5 4 75 VKRR SR8
MUTEEF3. FNid% .bashrc 1B L F7.

[ export LD_LIBRARY_PATH=$HOME/.local/lib64:$LD_LIBRARY_PATH J




B 72 A5 A AOBA-A I281F 5 TensorFlow OFIH 1k — 3 —

Pyenv Z H\WT Python 3.8 4 A =L L ¥73. Python ® configure 227V 7 k23, &
EEA VAP L Llbfi ZRATES X5 ICREERICEID A > a v 2ELET.

$ PYTHON_CONFIGURE_OPTS="CFLAGS=-I$HOME/.local/include \
PKG_CONFIG_PATH=$HOME/.local/lib/pkgconfig" pyenv install 3.8.13
$ pyenv global 3.8.13

&P&IZ, python a2~ FZ2HE(TLBITEE T % Python D N—T 3 ¥ 2338 IZYIh Eb o
TWbZ e 2R LET.

$ python3 -V J

Python 3.8.13

2 TensorFlow-VED1 > X =L

GitHub VK> + U (https://github.com/sx-aurora-dev/tensorflow) TR I TV
% wheel 28y 77— % W T TensorFlow-VE 24 Y A b =)L LET. I ZTIX, AfEZHER
MTHEHD 2.5.0 update 1 24 YA+ —ILLET.

$ curl -sL -0 https://github.com/sx-aurora-dev/tensorflow/releases/download/\
tf-ve-2.5.0-ul/tensorflow_ve-2.5.0-cp38-cp38-1linux_x86_64.whl
$ pip3 install tensorflow_ve-2.5.0-cp38-cp38-linux_x86_64.whl

3 BOTINROVT MK ZENERED

GitHub V7R + VU (https://github.com/sx-aurora-dev/tf-samples) TA XN T
W5 TensorFlow-VE @O > 7 v7 X b 2 HOCEIEHRZITVWET. 22 TlE BARAA
Za=FNEy P2 ED FHEESKFOEGT — Xy b MNIST 2908F 2229 7 b
(mnist_cnn/mnist_cnn.py) ZHEHL E7.

[ $ git clone https://github.com/sx-aurora-dev/tf-samples.git ]

ZORZVZMTIE, MNIST 7—%t v b Z2#EFETRICHBIICX Y > a— R L Th—
TALZMVIZHFry v 2T 5L ->TVWET. La2L, AOBA DFHE — 26134 >
R—F v MZBELZVWDT, 7rY by K/ — K ETHENZ MNIST 7—&Xtvy b2 XD v
2—FL, Frv>alTEBZET.

£7$ python3 -c "import tensorflow as tf; tf.keras.datasets.mnist.load_data()" J

LROANBEDY a 7A2Z YT b% gsub 2~ RTHRAL T EZEITL £3. TensorFlow-
VEKuya7x&yl—§miofﬂbﬁf%h1mmmVE%@ﬁbfbiiﬁ%ﬂ%ék
¥, VE_NODE_NUMBER BRIFZE % 0 W CAEL £3. 72, AOBA-A T!¥, OMP_NUM_THREADS

%k®771w%1MQk REZINTWS 78, VE_OMP_NUM_THREADS BRIZZR % 8 1Tk
ib, VEO2a7zfH3T2Lk51CL 7.
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#PBS -q sz

#PBS -1 elapstim_req=00:05:00
#PBS --venode 1

#PBS -S /bin/bash

cd $PBS_O_WORKDIR

export VE_NODE_NUMBER=0
export VE_OMP_NUM_THREADS=8

python3 mnist_cnn/mnist_cnn.py -d /device:ve:0 --epoch 5 --verbose

Ca TR T s ANEHRT I, FitDXII1 Ry Z2H7=D 4~5 B THlfzEE
TTCETVWAZ Db T,

batch_size=128 num_classes=10 epochs=5

x_train shape: (60000, 1, 28, 28)

60000 train samples

10000 test samples

Epoch 1/5

469/469 [==============================] - 5.064797s 10ms/step - loss:
0.2160 - accuracy: 0.9346 - val_loss: 0.0528 - val_accuracy: 0.9826

(R B&)

Epoch 5/5

469/469 [==============================] - 4.515069s 10ms/step - loss:
0.0492 - accuracy: 0.9863 - val_loss: 0.0356 - val_accuracy: 0.9894

Test loss: 0.035571131855249405

Test accuracy: 0.9893999695777893

J

PRELLE O R LT, A—ONEDIIZ T a7 Zx 27 7 T AOBA-A ® VH
(AMD EPYC 7402P) A ZfH L CTEFLTAET. &E, AMD EPYC 7402P 124 a7
PREBELTOETH, AOBA-A TETRT LTS a7 ZRL CTWd7®, FIHENERT
X2a78OLERIZ1I6 a7eRoTVWET.

#PBS -q sz

#PBS -1 elapstim_req=00:05:00
#PBS --wvenode 2

#PBS -S /bin/bash

#PBS --cpunum-lhost=16

cd $PBS_O_WORKDIR

export OMP_NUM_THREADS=16

python3 mnist_cnn/mnist_cnn.py -d /cpu:0 --epoch 5 --verbose --nhwc

VH LETil#fz5E1752, 1 TRy Z7H7D 15~16 Bhrnb k3. LidoT, ZOET
e F—=Xty bOBEIIE, VER2#FHT2 22k b VH of 3 f5EEIcilifizE 51735 2
EMTEET. TensorFlow-VE 3B D VE ZH WA XHE L TWa 70, VH IZHEH
ENTWVW3 8 &L TO VE ZfEH UL, BER2EE(A G TE%T.
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MATLAB® Z#RBULERREFHDEN

MathWorks®
THHRAD G AR AR LRI SR 1R

MATLAB® (& @& HE 2 BUIE R I B ASAE & 2R 2 nl BULASRE & i 2 o Heffigt Y 7 v w2 7 C
T BIEM. TR OB & R BUEEHE (RRCATHEE), 7 — 2, > Ia21—>yar, B&
PP a7 74 €—2arDlbOREREERELTVET,

KLV R—DRA—=—aYEa2—& AOBA TlE, ¥ 7> X724 AOBA-BEBXIUy7ur> bV R
P —NTMATLAB® 7 7V r— a v —E R %&2{ToTWVWE T, HILK¥ ¥ MathWorks® #t
DYA P T4 RE D, XN 22 TD Toolbox ZFIHFTEET T HALKZAMERE LIS D F|
HHAHET A, AAREANOXMENTOME GEMAFMH) KREShZT,

AFTIEY 72 X7 4 AOBA-B ZiEH L7 AR EE ORRERZ TNV LETS,

 BULREEBRART SR, HIRR - K PRI B > 2 — =l 2%
- HACREE AR fii2e 7 T2 ER KRR B
* ALK ELGEENIEA  (ZFER] FHEEE%

[ty X—~=a27 V=% (T 7V —>a YRAGE FHABGERERE)]
https://www.ss.cc.tohoku.ac. jp/manual/

(£ > %—o MATLAB® FIHicoWToOMEE FIFMEZK 7 +—2)]
https://www.ss.cc.tohoku.ac. jp/consultation/

[MathWorks® # R — FZ&[1]
https://jp.mathworks.com/support/contact_us.html

(232=71 Q&A ¥ A1 }]
https://jp.mathworks.com/matlabcentral/answers/
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[AOBAxMATLAB] #iR&HFT—5 2RV
RKUNETOVIVEHETIVY

EYHEY R - EAFARERNEY - =8 I I8 <4\ MathWorks

HIFE - A TR EIIE > 2 — o =jili#dzid, MUEAFEICE S YN T 0 RO HATVET. b0
WHFE 21791, ERHEI, GNSS B, 2 SAR Witz EHETEMI NS T—20 5, KLFEHORKETHZ <7< D
EERFER IR Z0ENH D EI. MATLABIE, VE— bty U7 TF—=ROEGIIIDETIVIST XA—ZOHEE, HR
HfET 72 & B E Ry — VDo T T T a g I IV IWEBTH B8, REMKTHMLTEE L.

SRR

Al KO BHEEORHWS FIEIT TV ERMET 5725, KEO InSAR Bl ¥ 7 )L L TCEHEOBIEY S 2 L—r 3>
DR UITI REAH D E Uiz, @l URZTTS 2dicid, O 7 oty 2 FDUSEENETH 5 T L IdHER L
TWELRED, WHEREEIERICEMTH D, MAEHNTEATIZ LRI TEEFLATL.

S

Cyberscience
Center

Yai—3v

MATLAB O£ 2. R [ [f11) 5 1 2 > X (Campus-Wide License) DA &Nz Lic kb, %4, 2LWANTXTO
Toolbox (7 FA V8 WMEZZKHICEDE L. ZHUCHEV, YAN—P ALV ALY Z—DRHFOA—/S—a/Ea—
% AOBA T MATLAB O 5 {IHERBE DR S Nz DT, KBRIC KR LEAGRE 2 K5Iz £ Lz,

R

Efli7aN— R = 7 E RN THET 5 T L, REEEEEY S 2 L—ra v &ir5 T e TEE L. MATLAB I3,
I— REERLUET C LR BHICA—/N—aAY Ea—RICAT =) VI TELZDT, A—/3—AYVEa—ZOHHIcDOVT
BHLDET LD, WHIEE Z L— 7)) TEMTEE L.

MATLAB DFl =
LART— 2, BRI, 255 K UST— 2 DN, (5 BN : & OBRF — 2 2 e LTI T £ 9.
A==V a—2 %S TRHT 2 E THEIC TS L E I TARA—ICAr—) V7 TEET.

Wrzlag%ped INSAR Data: DATA Wrapﬁed INSAR Data: MODEL Wrappgd InSAR Data: RESIDUAL

Y distance from local origin (m)
Y distance from local origin (m)

-2 0 2

Wrapoged InNSAR Data: MODEL

-2 0 2

%

LOS velocity (m/yr)

Y distance from local origin (m)g Y distance from local origin (m

Y distance from local origin (m)
Y distance from local origin (m)

2 0 2
X distance from local origin {of) X distance from local origin {of) X distance from local origin {of)

7V YT« Domuyo KiILD T — 2 fi#i 4] (2016 4F)

[/e3]] InSAR fEHTIC & D #F 5 N 7ziifg (LIEJEZID 10km PU5 ORIFD . SR> O@OZ(LAMIZE L SAR fFRHD 2.8cm OHFEZE (LIS
[FLOFPRD PO LML GLUIARHEISHIS) AR L2

[Fhok] HE5E S NRTEIRE TV (EEH Tkm, 9 47 ol QAR 1S & 2 R,

[H31] BRI & RO,

EBHIATEGE, TRUIERITHIED T — X 2 IV RS R,
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[AOBAxMATLAB] KERITHRDEBIE , i,
HIEDOHMEY I a2 L—>a v ETORRE - ER

TemEy nesaTyen A &7 B

Cyberscience
OHO
UNIVERSITY Center

4\ MathWorks

TATRSERHITZS T LA O IR, KBTI D 7o e REOWIUCI D A TR T, (RAELP I AR — X
fiKDTdIC, AT T 2278 BMIFENTE D, Wifk, WG, SIEo=&2E UREREERETY > 7 - |
IHFHBISEAE LTV g, MATLAB IIfTAIRFRIAMERTT, »D, AL BEHICITA 20T, Ml - k2o Ial—va

YOY—)VE LTRSMHLTER L.

BE

FHE, YIal—arODICKHBIC AT 25 N H D X L. £ie, ZOBRBEEWREA VN—2EMIZ

LHEICUIcnWEEZEZ L. L, OVEa—RDRAVTF U ARRELMSEEEZ S L,

C OB ZAEFT 5 ENT

TERRATLZ. GETRA—NN—aYCa—2 25BN ED > 17z, WO DFRICFIHTE 3 FiE2HER L THWE L.

VY )ya—<3v

MATLAB O£ #F 1A T 1 > X (Campus-Wide License) WEA TNz &Ic kD, XA—/8—a 2 ¥ 2—% T MATLAB »}
iz &2, FRICKBEBEEDTEERERBENMEMINE Lz, ZHNOGEY AT LEDT, T7—XZDNOHD 44
WKATA, FIiEY R—be202 28N TEE L. Tz, %% - 2BEREN A VX b —)LOEEHINRZ < MATLAB Z

MTE5DT, WEBOPARICFERREZRTEX L.

AR

MR CIRERIER DO Y ¥ 2 —2 218 25 T L2 SRR A 20 B L SR RREZ 2RIt cE R L.
YAN—Y A TR Z—DOHARNET R— FDBNS T, LU TA—/R—aEa—2TE MATLAB ZRHTEX L .

MATLAB DFl =

ITHIEHEL, BUEfRNT, 2 0T « 3 RTD T — X DAIFHLIMEE.
MG, Wk, GIEOZBE2RE LIz I ab— 3 YAFRE

RED = AN

W
MU

\ \\‘v"\&%t‘*‘“&%&&\\\\\\\\\\

| MMM

¢ \ W N AN
4 ARMARIANANY (RN (IR X
WA T T \\\Q\\ N

¢ SN “\\\\\\\
\,\“‘v\\\&&&\\\\\\\

R

RN
NSRS

S ODZE S ERTAT

WSS
IR R
S
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[AOBAxMATLAB] TIZRE#R loT DER %=

/:M'

Neewe 7

BZ2ITZEBLFBY7ZILY A LBRERERANR R s

IS LEZY—DFRF 4\ MathWorks:
ESEEHRH =~ [Ew] [HEHR

ERGAS LT O ZRHEBEZIE, AN — FU = 7 Hil 7z N— R Ul @S BB OWMZeic iU fHHA TV E J.
MATLAB (&, \—Z/3Y FESMEE, RF, 727 72 GTHENEE S AT LOYBIEOREANG Y S 2 L— 3 VHMHICAT
ZZDTHRETEFICHEOFIH L TEL LD, SHEIIIEHFRY 7 IV 2 A LEHEEART -5 LEZ X —ORFEICHEH U E
L7z
R

BifE, THO T ZE HIcHE LD 2 753EE LT MEFME] DIHREENTOE I, HBUTIT AR oT Bas VR 9 2 #EL
DR WG L UTc ) 7 IV R A a2 TEIR RO 5N TR T, [WRIE, HENEIEERDEHE T, ik
K> 7"V > Z A ADC (Analog to Digital Converter) TAXY b T LEHAMGHENS, XA L b RE7 VX =827V
VI RHNCHKEBL, BBOREZY 7)) VT EHRE BN REIR AR Y NI LA EZRELUE L. ZOMReZ T
Zizdic, YTV VTN R 2 L— 3 Y CRHB LIeh > e DT, FHEREZEMR L EE T L.

Y a—o3v

MATLAB O£ AR AT 5 A 2> A (Campus-Wide License) WEA TNz &ic kb, A—/8—a2E2—%T MATLAB 7
22 X510, FRICKHEHEDNREGERENEMINE Lz, S1lld 30 BOX Y V2 ffio e il z 9479 5 2 &
T, FIERFMZEHTEE L. A==V ¥a—KZTYVa TOHRART 7 A NVIEREEYD TITVE LD, YA\ —H 1
I A Y Z—OHEMiEY R— b OBNS CRIERITAE L.

R
WHERED~ > T 1EK (168 Bl FEDD - eatiHiifZ 6 R 2 2 &N TEE L. TAN—T ATV AL
V2 —DHEANNIEY R— P DBMNS T, DOHULTA—8—a2¥a—%TE MATLAB ZRIH TE X L.

MATLAB DFl =
HERDEE Y AT LOYFEOREANZ Y I 2L —ya VIMTAZDT, BiLOARDT A T4 7 EZBICLA DY —ILTT.
A==V a—REHOTHHATZMAETCEBEIC T I L E I TAR—ICAT—) VT TEET.

-
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~, ‘1
1
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A \ O, 4//'
: \g"@ H |55 (BE
o, I
7ol A
N B !
— = (((l)))

JHERR ToT Bl
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[FIREKEREY ]

SHAEEDORAMEHEIZDOINT

YA N—=F A 2 2 Z—DFHRIZONWT ZRZNNWE LET, SFEES, Hililan i vy
IV RG] 1 D T 80 22 R & e B SEIC B 2 MRRIZ SRR 7 4+ — D b2 T £,
Ko SHREOTT, FRNFIAMER T +— 5 T THAE < 7230, FHRNEA, FaIs Lo T, B
MEzET 25600 T, FHEORMEMRRIZLT THEOTEY £7,

o2 —FMICEALTIEM, SRHAZRENHUTBREBICHMAHERZ ZHH 7230,

s O0SAFFELETBICIZES LESL0WVD?

s TO0SAFHINELTE2EESFHFELAL!

XN TITATSLFE N L TEESHPCEZEDLSLVALTE, ES5LT?
CFEEDPDIE 21— TIEXEYDEY L !

HEEDELANESHETH > TS,

I E 2 — B DEBILERE, FEICEZLEL,
cH—EXLTWBTFT T r—2 3 2 FREENSFIFTBICIEE S TAILD ?

DX, A= —arEa—XRAHICET LEESCHEEBELO S, 2 bR L TR
T2WEBEZDON, —EMHERL THTUIWLMATL & 90,

FIRARFE 7 #—2 ¢+ https://www. ss. cc. tohoku. ac. jp/consultation/

R — o

PAN—F A = R H—KEE ().
2 ZfE (f6)
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THMAFEFMRAEXBRBRLECHESSTH

M2 H - RFE

TN T TV AK K

EERAE EE I

A 14 #~16 8

(CREF PN
(I AR AR R E SR AR

¢ A—/N—a B a—H
cWHa B a—H
* Fortran

e N

14 Ff~16 B

x

ik B
(I PRI R E SR AR

s A—N—a B a—X
cWFla B a—H
s KT oH

AR 14 BE~16 B

s A= N—a B a—X
N IEAS
* Fortran

s R¥7D X

HHITH E;fé%;%{ﬂ) - Gaussian
e A—/X—a B a—X
" e B W B a—&
% ™ L .
WA (A NP TR H—) | - EEIE (R kL. EFHE)
« Fortran + C/C++
s TV — g e
N LF (L (R Fub. AR
% ) B
R (s R R PR S0 Fortran
44
HATTAIE. AT 4 — 2D S 2 S0 (EBR).
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[JHPCN & Ry L]

JHPCN ZZRRXHRIRFIE R FAA - ARABIERMLR
F14RD VRO LEE

R
HILRFYPA N—P A o R X — A== ¥ a—F v THFFEE

TH T B2D 8 BT/ THME S NI AR O BRSO LR A - L REAFERLA
(JHPCN) > AR T A, HIOAAE LTEIMIBERE AT A U BEDONAT Y v RBAMfEE 720 F
L7z, #ila a oA LA (COVID-19) &G YL KBS 1k D 7= O BIHI S N AT B AL IS 50 44 (il R & 40T
WE LD, ZNTH, S TITEEBEWVWT A2 LR W HA2 &bl TEEWNWTHZ LN T
EOLRERBER LRV ELL.

AHEID TR YT AT, MEEERIRSNT 48 EOREREREN DV L. £REILIZ
WEARRE & [AIRRIC 20 43 (&K 15 47, BELE 5 ) BFE0 Y Toh, Wty arTrus 7 A
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Background Target Application

We have been developing a high-performance implementation of We aim to analyze the neural activity of an entire larval zebrafish brain
Empirical Dynamic Modeling (EDM), an emerging framework for non-  that we recored at singe-neuron resolution using light sheet fluorescence
linear time series analysis, and applying it to large-scale datasets. EDM  microscopy. So far, we identified a manifold that predicts turns of the fish at
enables a variety of analyses such as short-term forecasts, quantification of  least 0.5 seconds ahead of time. Whenever the neural activity trajectory
non-linearity, and causal inference. These analyses are achieved by enters one of the loops of the manifold, the fish will turn.

reconstructing the latent dynamics behind the data without assuming a

parametric model or using prior knowledge (thus the name empirical). GCaMP6f (calcium indicator) Light sheep fluorescence
transgemc larval Zebrafish microscopy image
Observations )
Shadow Manifold _ Reconstructed Manifold
! o ]

Activity (i.e, firing rate) Causal relationship
of individual neurons between neurons

Diffeomorphism
Topological features
are preserved

Objective
Although EDM is a generic method for modeling non-linear time series Preliminary Performance ReSUItS

data, it was originally developed in the field of ecology. Existing libraries
for EDM analysis are thus designed to target a small number of short
time series. While recent studies have applied EDM to datasets including
neural activity, gene expression and meteorology, the lack of a high-
performance implementation limits the scale of datasets that can be &-NN on AMD EPYC 7742 -NN on NVIDIA V100
analyzed. To handle large-scale datasets, we have been developing a

high-performance EDM libraries [1, 2]. In this research, we continue this 1o |/ Parise dstances "

Using our EDM implementations mpEDM and kEDM, we have conducted
preliminary performance measurements and roofline analysis on AMD EPYC
7742 and NVIDIA V100.

B Parvise distances

effort by tackling the following challenges: (S Partaloon 1z || Partalsor
1. Porting our EDM implementation to the SX-Aurora TSUBASA ) K H

Runtime [ms]
Runtime [ms]

vector engine: Since EDM is a highly memory-bound algorithm, we
will port EDM to the SX-Aurora TSUBASA vector engine to take
advantage of its massive memory bandwidth. We plan to

use our implementation of EDM named 0

KEDM (https://github.com/keichi/kEDM) based y

on the Kokkos performance portability framework. ce

E E
2. Enhancing the scalability of EDM by utilizing approximation Lookups on AMD EPYC 7742 Lookups on NVIDIA V100
algorithms: A time-consuming kernel in EDM is the All k-Nearest ) B
Neighbor (AKNN) Search in the state space. Existing implementations E
use a brute-force algorithm, but this is clearly not scalable.We will thus ©

integrate various approximate k-NN search algorithms (spatial trees, - I ‘
20
1R I
1 2 5 0 0
E

proximity graphs, product quantization, etc.) into EDM and evaluate
[1] K. Takahashi, W. Watanakeesuntorn, K. Ichikawa, J. Park, R. Takano, J. Haga, G. Sugihara, G. M.

which algorithm is best suited.
Pao, "kEDM: A Performance-portable Implementation of Empirical Dynamic Modeling using
Kokkos’, PEARC 2021, Jul. 2021.
: [2] W. Watanakeesuntorn, K. Takahashi, K. Ichikawa, J. Park, G. Sugihara, R. Takano, J. Haga, G. M.
]HPCN ° Pao, “Massively Parallel Causal Inference of Whole Brain Dynamics at Single Neuron Resolution’,
Where cures beg‘” o ICPADS 2020, Dec. 2020.

A

eom T
KEDM i)

KEDM
PEDM
KEDM
mpEDM
KEDM
mpEDM
KEDM
mpEDM
KEDM
mPEDM
mpEDM
KEDM
mpEDM
KEDM
mpEDM
mpEDM
mpEDM

20 1 2 5 10 2

Runtime [ms]
Runtime [ms]

3. Analyzing neural activity datasets to evaluate the performance of

eov

peow I

eov

peow I

o
peov N
peov I

the ported implementation: Our main goal is to perform EDM causal ’ = 2

inference between neurons in an animal brain and elucidate how each 2 2 EREE

individual neuron interacts with one another. ! 2 : K =
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