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(FO®IC

AZE(F, HILAFEHAN—HA(I>Z> 49— AOBA-A(LLTF AOBA-A)CHBWVT. T—IDHEITD
JL—LD-ITH? Frovedis ZFAIBHDRIFELTE. BLUOF1—-NTIL(HOTIVET)DF
BZEELIEBDTY .

1 Frovedis

1.1 Frovideis #i&

Frovedis (37— AT OIL—LT—ITT, SX-Aurora TSUBASA 0 VE ZFL\. MPI %
FVWEBIEITZITICE T, BT —F D2 IREICLET (x86 TOERITHRIRETY) .
Python MoFIFT21>9TJ1—RE C++NBFIARTZ1>T1—ANHDES , Python 5[4,
MmFEZ LT -5 — MBI DWT, scikit-learn &Y Pandas EEIRMEDHZA>HT1—
ATHIAHTIEET T . C++NOIHEMFERD. T -9 —LAIB%EIRIS API HLU. Apache
Spark ([CZBEUIARLAILD API ZiBHHL TVET,

Frovedis (IA—T>Y—-IXYIRNII7THO. https://github.com/frovedis/frovedis T2
SN TLEY,

)

SEZEHR : https://jpn.nec.com/hpc/sxauroratsubasa/column/009.html

1.2 AOBA-A T® Frovedis &R

Frovedis (3A—=T>VYIRII7THO, - R-XZ17IENFHEINTOEITH AOBA-A Tl
FABEOEANIRIBETESICHAITZENTESRLS(C, Singularity OITFAX=JELTR
HEnTLEd,

ZOID. NN TVBRIBRTES SMEEELLEVNHDEI DT, AEDOFIEZSERL
THIAUTEZL,

Fe. LT ORICBEUTHIRALTIIZAL,

@ python 424971 2%FIFAT3EA(CE. 1 /—R(1VH+8VE, =X 64 W5 ETO
FIFAHE]EET T,
@ C++API ZzF|HI IS, EED./— ReFBULSI B ZITIENBIEET T,


https://github.com/frovedis/frovedis
https://jpn.nec.com/hpc/sxauroratsubasa/column/009.html

2 Frovedis > FOFAAE

2.1 AOBA Singularity FIFEIRIE

Singularity (. AOBA DL TFOFTALIRNICAAR=ILENTHD., 0J4 D ORIEEER
PATH OEEFEMBICERTESNTVEY .
/mnt/stfs/ap/singularity

BU. FIARIBZENZIVAAUT PATH [CEFNTORWMEE(E LITORET PATH ADIENN
ZATOTLIE,

$ export PATH=/mnt/stfs/ap/singularity/bin: $PATH

2.2 Singularity OfEW\A

Singularity (Y R) OFIREESEOFFHICOVTIE. BEA - NEDIBEHRZSEU T
220\,

IR, RETHEAIZIV ROBIEZ S EHLUET .

$ singularity [global option] <command> [option] ...

<Command> aBA
exec IFFRTEEIN FZ2EITUET
shell AT FATS I ZEEILE S
option Bl
-e (--cleanenv) T FATINVIREES DIV EFEITI BRI, 1hR
MATER ESNIIRIRE 2 )UT7UES

2.3 Frovedis A>T F A XA —0%A R
Frovedis M > AN=ILaNI>TFHAA-2(F. U TFICEfRmINTLET,

/mnt/stfs/ap/Frovedis/frovedis.sif

AOBA-A JO> IV RY—/)N LT KR—LFT4LINIETOEROTALINIC, ATFAA-
ZIE—-UTLIEE W,



2.4 RIRETE

(1) TALINIDONA> METE
Singularity Tl& RAMADOT(LINZIFTHINAY R BIET RAMAIDT LI N7
FTTANSSIRIZENBIRELIRDE T,
FTIANCTATOTALININNA> REN., I T FRNTSEIRIGELRDET,
-$HOME
-$PWD
-/tmp
- /etc
-/proc
-/sys
-/dev

Frovedis 1>7 1 %ZFAI35E(CE. HEERZRIAMIDOT (LI NDINA > RE2BINT Zwh
BHHDFT , UTOAETTALINZIL1ORUFET .

$ export SINGULARITY_BIND=/mnt/stfs,/var/opt/nec,/opt/nec/aur_license




3 Python 1> 71— XDOFAESGE

AOBA-A T. Frovedis python 4>%71—2%FIFHI2FIE. BLUF1—-NTILOETFIREE.
TFoEBHTY,

i&l. Frovedis 1257 T python 1>%J1—-XZ2FIAI31%5(C(d. 1 /—R(1VH+8VE, &KX 64
5N FTOFIFANAIEETT

3.1 #&FI B python /\wo—%EfiE

Frovedis @ Python 1>47J1—X(&. EOEIZED Python /\wi—S(HKFLTLE T, 2D
. Python DIRABERIBZVERRL . B IR) W —SB¥ 21V AM=)LUET

Python {RI8IRIE(E. R—LAT1LINIOERBOT (LI NITHERLET .
PIBEOFINEDRBE T, ~/venv/frovedis (ARIBIRIEZVERRUEISEELTEREHUET .
BAEX. 2T AOBA-A JOY RIYRY—/)N ETITVET,

8. AFNEE, bash FRIBTEHEL TS,
$ mkdir ~/venv

$ python3 -mvenv ~/venv/frovedis
$ source ~/venv/frovedis/bin/activate
(frovedis) $ pip install scikit-learn pandas "gensim==4.0.0" networkx

%AOBA-A T Frovedis Z{E 9 2R CAER python /\wor—2 .
scikit-learn, pandas, genism(4.0.0), networkx

3.2 Frovedis > 7 FDOEITHEER
Frovedis J>TFHEEICEMWET 2H . LT OFINETHEZEZLET .

PABEOFNEDFREA T R—LT(LINIBETD ~/singularity/sif/frovedis.sif (1274
A=S7IC-UIBa LT EUET .



$ cp /mnt/stfs/ap/Frovedis/frovedis.sif ~/singularity/sif/frovedis.sif

$ export IMAGE=~/singularity/sif/frovedis.sif %$IMAGE TI1>7F%iEETES
JORIEE N ZHTELTVET,

$ singularity shell ${IMAGE}

Singularity> Is /opt/nec/frovedis

data getting_started.md ve x86

Singularity> exit

1>57F %3 LT T FAROS T ZEEIL. ITFRICA VA R=ILaNTL frovedis 74
L2 NJ(/opt/nec/frovedis)% Is JX> RTESBBRLTVWET,
LFEOIITALININSIBI RN TENL, T T OEEFIIERETT .

3.3 Fa1—hUTILDOFET

Frovedis J>7F(C(&. python 1>9J1—20F 1— N7ILHHEHEN TVET,
F1—-NIT7ILZERLUT. python 1>4971—AD AOBA-A TOERITHEZICEH LET.

(1) F1—-NJ7ILOIE—
Frovedis J>5Hh5. i—AF4LY NIE FOEEOT (LY NICF1— N7 EIE-UE
R

$ singularity exec ${IMAGE?} cp -r /opt/nec/frovedis/ve/doc/tutorial_python .
$ Is tutorial_python

src tutorial_python.md tutorial_python.pdf

$ cd tutorial_python/src

$ls

tut3 tut5-1 tut5-2 tut5-3 tut5-4 tut5-5 tut6-1 tutb-2
$ cd tut3

$ls

tut.py

$

tutorial_python.[md, pdf]: F1—N7ILAX

src: F1—N7IVTOIS LTI

BABET(E. src/tut3 (TAS#NENIZH > IV T0I 5 A(tut.py ) 2RTUE D,



(2) F1—NIT7INTOT S LEITAIVT SOVERK
Frovedis 17 TN TF1—N7INTOTS £ eERITI DDAV T N AR L E T .
(F1—BNU7ILD src/tut3 Be FICFERK. )

F1—-NI7I(tut3) TOYSLELTAIUT M tut_cont.sh

#1/bin/sh
source ~/venv/frovedis/bin/activate
python tut.py

% Frovedis OB RFIXD NT(E. EATICPRL.
“source /opt/nec/frovedis/ve/bin/veenv.sh”

%#3E1TUL. Frovedis ADRIBSEZITONENDDDTI N, AOBA-A DI>THIRIE

TEIBEFNICINEITIIICROTVRED, FETY,

VERLIZT 0T SLARITRAIVT NCERITHERSRTELET

$ls
tut.py tut.sh tut_cont.sh
$ chmod +x tut_cont.sh

$

(3) D3TEITRIVT NOVERK
gsub JY>RT Frovedis 25479337 %IX AT ZTITHEITRAIVT MAERRLET .
(F1—NJ7ILD src/tut3 Be T I(C/ER% )

Fa1— M7 (tut3) TITERITRIVT M tut.sh

#1/bin/sh

#PBS -q sx

#PBS --venode 1

#PBS -l elapstim_req=0:10:00

export SINGULARITY_BIND=/mnt/stfs,/var/opt/nec,/opt/nec/aur_license
export PATH=/mnt/stfs/ap/singularity/bin: $PATH
IMAGE=~/singularity/sif/frovedis.sif

cd ${PBS_O_WORKDIR}

singularity exec ${IMAGE} ./tut_cont.sh




(4) SATEITRIVT DA
VERRUTZZ a0 EATADU T Nz AOBA (IR ALEY
$ gsub tut.sh

(5) EITHEERDOHESR
EITME T I2L. ETZITDOERER S (.0 TrvL) AT o AMENTONE, T0J35
LAJIEECERITENTVET,

score: 0.9560632688927944




4 C++API XA E

C++ API Z{ESTET, #F BT —5IL — MEBELISNCE MPI Z[EHEL CE S (COBULIEN
SCIRTERHEEER L. Frovedis MRIET BLDRL NIV OEEZFIAT 2N TETT,

AOBA-A T. Frovedis C++API ZFIFF23FIE. SLUF1—MNTILOERITFIEE LITFOEHD
_Ga_o
5. C++API T3, #BE 0D/ — ReFBULIFIIIBZITSEN'BIRET T,

4.1 Fai—h~UTILOFET

(1) F2—-N7ILOIE-
Frovedis J>FFh5, iIk—AT LI NEFOEROT LI NICF1- N7 ZIE-UF
ER

$ singularity exec ${IMAGE?} cp -r /opt/nec/frovedis/ve/doc/tutorial .

$ Is tutorial

src tutorial.md tutorial.pdf

$ cd tutorial/src

$ls

Makefile.each tut2.4.4-1 tut2.5.5 tut3.1.3-2 tut4.5.1-2 tut5.3
Makefile.each.omp tut2.4.4-2 tut2.6.1 tut3.2.1-1 tut4.5.2-1 tut5.4
Makefile.in.ve tut2.4.5 tut2.6.2 tut3.2.1-2 tut4.5.2-2 tut5.5

exec_ve.sh tut2.4.6  tut2.7-1 tut3.2.2 tut4.5.3-1 tut5.6
make.sh tut2.4.7-1 tut2.7-2 tut3.2.3 tut4.5.3-2 tut5.7
make_clean.sh tut2.4.7-2 tut2.7-3 tut4.1-1 tut4.6 tut5.8
tut2.1 tut2.4.7-3 tut2.7-4 tut4.1-2 tut4.7-1 tut5.9-1
$ cd tut2.1

$ls

Makefile tut.cc

$

tutorial_python.[md, pdf]: F1—RI7ILAKX
src: F1—-NT7ITOTSLT1LIN)

BABFTIE. src/tut2.1 (SA8#ENI=Y> IV T 09 5 A(tut.cc)2E1TLET .

10



(2) C++70%93 L0 make
Frovedis Z{EfA3% C++ JOJ3L%. Frovedis 1>7FHWT make UEF T,
(F1—HNJ7ILD src/tut2.1 BEFTEIT. JOVMIY R =N/ A R=)LEN TS MPI
CRIBEBORENFRLE S DRI EN DD, IRIBE S|SBV ATS 3> (-e)%D
ITTVET, )

$ singularity exec -e ${IMAGE} make

mpinc++ -c -04 -fno-defer-inline-template-instantiation -finline-functions -finline-
max-depth=10 -finline-max-function-size=200 -fno-cse-after-vectorization -Wno-
unknown-pragma -fdiag-vector=2 -fdiag-inline=0 -msched-block -
D_MPIPP_INCLUDE -I/opt/nec/frovedis/ve/opt/boost/include -
I/opt/nec/ve/nlc/3.1.0/include -I/opt/nec/frovedis/ve/include tut.cc -o tut.o

$ls
Makefile tut.cc tut tut.o

I>FFRTIVINATHEEENL. tut.cc AT/NAILEN. tut ELINNAFUDERRENE T,
COINAFNIATFAOTFAIVAKRTIFLURWN MPI OEITIFAINCRO TVET , 2Dz,
BEO MPI OV S AORITERBRODRAIN TN CEITIZENTEET,

(3) ITHATRIVT RDVERK
gsub JY>RT Frovedis 2E479%S3) %K AT ZTITETRIVT MAERRLET .
(F1—BUZILOD src/tut2.1 B TI(TVERR. )

Fa1—-NT)L(tut2.1) TITETAIVTMI: tut.sh
#1/bin/sh
#PBS -q sx
#PBS --venode 1
#PBS -l elapstim_req=0:05:00
cd $PBS_O_WORKDIR
mpirun -np 4 ./tut

make Ue/\/FUIL, BED MPI JOJSATID T, mpirun TERITUET,

11



(4) SATEITRIVT DA
VERRUTZZ a0 EATADU T Nz AOBA (IR ALEY
$ gsub tut.sh

(5) EITHROMEER
ETMET I5L. ETTITOEELE N (.0 TP (LA TFoR AN TONE, 0I5
AFIEBLCETEINTVET,

2

4

6

8

10

12

14

16
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£% 1 : python 1>9J1—-XF1—-N7ILTOJS A tut.py

import os

from sklearn.datasets import load_breast_cancer

from frovedis.exrpc.server import FrovedisServer
from frovedis.mllib.linear_model import LogisticRegression

#from sklearn.linear_model import LogisticRegression # sklearn

X, y = load_breast_cancer(return_X_y=True)

FrovedisServer.initialize("mpirun -np 4 {}".format(os.environ['FROVEDIS_SERVER']))
clf = LogisticRegression(random_state=0).fit(X, y)
score = clf.score(X, y)

FrovedisServer.shut_down()

print("score: {}".format(score))

from frovedis.exrpc.server import FrovedisServer (C&DT. & THIFI S FrovedisServer
Z import UTWE T,

R (C . from sklearn.linear_model import LogisticRegression ® X H D (C from
frovedis.mllib.linear_model import LogisticRegression % import LTWE 9, CDLIIC,
scikit-learn Tl sklearn.*MEP53% frovedis.mllib. *(CEEFBET, ZLDT7ITUXLH
Frovedis TEITTERLI(RDFET,

FrovedisServer.initialize("mpirun -np 4 {}".format(os.environ['FROVEDIS_SERVER']))T
(Z. VE ETENMESZH-N\TOJSLZEELET . SIZEEIDZHOIN RT. CZTE 'mpirun
-np 4"OE3EC 4 AP TH-NZEEBLTVWET . B -—NTOTSLDONAFVDNX(E
FROVEDIS_SERVER ¢(UVORIBZECGGETESNTVWAD T, INZEUSL TBIERICLTVET,
COIN>Y FZESHIZ DT, MIAI7HZZEATD, BED VE TEITURDI DN TEFT &

FIFAMETURS. " FrovedisServer.shut_down()"#UHICET, Y- N\TOCRZELLELE
ER

Kt FEDOARZA (L. load_breast_cancer TFAMNEDT—4%0—RU. LogisticRegression T
FB. TOBBROFBEE(COVWTRIATZRRI D, EVIEDT. ZOEBFHDVTIF scikit-learn LEL

13



(FHDFE A

DL, B—=)\DIELE. #2ENE import DEEZFRIFIE. scikit-learn EEUA>FT1— X THEMZF:
BEITOICENTEET, Frovedis NEMIZHMEBZ7IITVILOYING
https://github.com/frovedis/frovedis/blob/master/doc/misc/ml_algorithms.md (C
HhE9,

Fa1—-NT7NESBUTIBE(ZET, T—FTL—LREMD Frovedis @ Python 1 >7J1—ADHLEE

BRUTRITRERVET,

ESHICEELCIEE. O>FFAHD Jopt/nec/frovedis/ve/doc/manual/manual_python.pdf 1

GitHub (C»DYZ17 )L
(https://github.com/frovedis/frovedis/tree/master/doc/manual)

ZSIRU T,

Ffz. I>7FAD/opt/nec/frovedis/x86/foreign_if _demo/python/(C Python 4>%J1—2X

ZESITOI S LEINGDES DT IEEEEE (LTI,

14


https://github.com/frovedis/frovedis/tree/master/doc/manual

£2% 2 : C++API F1—NJ7)LJOY5 A tut.cc

#include <frovedis.hpp>

int two_times(int i) {return i*2;%}

int main(int argc, char* argv[]){

frovedis::use_frovedis use(argc, argv);

std::vector<int> v ={1,2,3,4,5,6,7,8%};

auto d1 = frovedis: :make_dvector_scatter(v);
auto d2 = dl.map(two_times);

auto r = d2.gather();

for(auto i: r) std::cout << i << std::endl;

“frovedis::use_frovedis use(argc, argv);”(3FER{L T,

"auto d1 = frovedis::make_dvector_scatter(v);”Tl&. vector T3 v & MPI D& rank
(C scatter U. EX&N Iz vector T3 d1 Z/ERULET .

“auto d2 = d1.map(two_times);" " Tl&. 73BN vector THD d1 DEREZR(CWUL. MFIC
REEE BRI 2HEE T3 map 2L TWET , CCTE ETEELTLS two_times &£0VS
REEZ T (SERALTVWET . COBE two_times (E5131% 2 59 3EEB0T. BELHDZERN
2 fEENBTEIRDFT  TNICELD T, IERENIC vector THD d2 ZFTZVERRLE T

“auto r = d2.gather();"T. S3B&NIz vector %z gather U. std::vector T&H3 r Z{ERLE
ER

RDITTIOFERZAZER N(CHDALTVET,

ZOIzs. FEMNC 1,2,3---EVSEEHIN 2 fEFENTHERTHD 2,4,6---LWIRERNMEHENFET,

ZDE3IC, Frovedis ® C++ API Z{ESE, MPI ZEIEF I 2D(CEEN, BT F LR % 55522
SR BCENTEFET, HB3A. HMFEPT -9 - LHBVNEIZOERTHIITIEE LD
HEBEBIRMBLTVLET,

C++ API ((DWTEELL(E. tutorial.[md, pdf|BLUZIMSSIBEN TS sre/LITF oIO35 L%
SECLTIZEL,

15



