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HPC &liZI OV Ea—F1V IR B TREDOKRRNDD, WHNTOTS=VJICEATIREEZSH
HARLTULET, [Developing Multithreaded Applications: A Platform Consistent Approachy
DIRESE | HEE T, 1V FI)LE Microsoft* IC&S Universal Parallel Computing Research
Centers D7OTTL  IR—Iv—EFKHELI,

TOYRT—)L - AVEa—FT1V DR

ESAIFTTICTHEINDBILNETAD, FulE HPC ZIF S TRARLOTIZHL, PEAEBITBALABTY,
ININTA—T VR AV Ea—F1>2 (HPC) ICl&F, —MRIC 2 DOEMRNHDET, 1 DICIF, BICTZ TUT—
23y I\TA—VADBELEEBRLET, HIZIE, IV AS—F—LO—EBDOX /I \—IF 5% ODAE—R 7Y
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NRIFINEICEDINTA—=T Y ADE L) Tl OUTARIVIETZILTUZX LD 1 DAEMART Z5E5%EHBLET,
RO RN DNEEIBIET S, Cld AV FIL® Advisor [CEDIRHSNBBROFR T FERLED, 1VFIL°
MPI SAL7S5U—DTILF EP ICEDINATUYR - P FUT—3VDINT A=V R%ZR L) Tld, Xvt—
V)W T ERIVF ALY REBHFEDERT TV -3V DRI —SE T — %505 BN LET,

HPC BEMNANCH, SESIFEDBFOLENHESNTLEY, JFBEE 'CPU LTV VS —=VT)
F4—=FS5—=Z=00- 7OV OO ENRZINKFEET) TlE T—F-Za—=3I)- RvbDT—=UM[IF
1TV XA A= - TA4TSU— (1F)L° MKL-DNN) (3:8) #FHALT Al JL—LAT—0%FR1T
B ESRBLED, T—5 - YAIVTqARBEIFIC, 2 DDEEE "Numba Z{ER LT Python* TOilliFlin
B, 5RO IS 7@FID—00-FONTA—=TVADME L, BEARLELE, FIE(E, Numba O/ 15—
ZEALT Python* BIEA—RILDINTA—T VA% ARICE LT BDPDEENGT R/I\A 2A=RHELET,
FRBEX, TIT7BFTO—RRGNRFI—ITHD GAP NYFI—0 - A1— (H:E) OFRMEHRBLET,
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NODREL, (FNDINTA—TVRIEBRAOT7 SUT— 30w GBI BOBREEEASTELDZDDOTIE
DOFEBA,. BREET -5 - HYAIVTAARBIFIC, CINODOBREEABATDIDICKRIDEERT—S 55—
U0 JL—=AD—=UORBEBRSNTVET, 1VTILIE, AT TR D= FA4TZU— (A1VFIL°
MKL) REDTA T IU—%FMALT—RINGE LTV T - TOVvIEPERRLEETEZTBILIIC, 71—T5—
—7 JL—LAD—ORBCERTED, FBtSNeT—5——00 - TUZF1 T EBRLELER.

ZDEETIE, 1FIVICEDEBILE N Caffe, TensorFlow*, MXNet 72EDT L —ALD—0DI\NTA =</ A
ERNLET, Fe, T4—7Za—3) - RYrD—=ORIFAVFTIV IR A=KV - SA4TSU—- («(VFIL°
MKL-DNN) (3&3EB) I[CELD, TNoOT7L—AD—0THBURERT7ZIOEI L —YavniEE, SR0ZNsm
7OtwIL—avENBLTIL—AD—0%BE | EILRTZEICDVTHBNLET, I—RE2ZETD
CEF, CPU LoilfReERODETESRIETETERT (B 1 LU 2),

1257 )L° Xeon® TOEYY—D Al NNTA—-T VA intel)

HRAL—Tvk @RI —F XEON
, PLATINUM

=31y A gRF
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ERELSTUz1 /7L
MKLS175U—

1 AT Xeon® RT—3T) - Oy Y —LETN\—RITT7ELVYITLIIT7ORBILICED Al NTA—I VX%

AigICE L
SlllR b3
AI—=Tv A—=Tvh
(intel')
2 fal = PLATINUM
e Tensorfic
(+ FFILICEBEIEIL)
47 JL° Optimization for TensorFlow™ 427 L Optimization for TensorFlow™
@ Resnet-50 MI@AN—Tv & @ Inception V3 @A N—TviE
EHFO TensorFlow* O BR® TensorFlow* @
NIA=TVALLE NIA—-T AR
RS FONHAIL—T v T FPI2 S m e

2 | AUFI° Xeon® AT —57T)L - Oy Y =1 FIL° Optimization for TensorFlow* &V FJL° MKL-DNN
E&DF—T5—=0T - NTA—IYVR%ER[ L
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1>/5)L® MKL-DNN

1> FI)L® MKL-DNN (&, AV FIL® 7—FFOFv—LETT—TF 500 - 7TVT—23veTL—LD—
D@ RILT AT Y —ADINTA—IX VA FATSYU—=CTT, 17)L° MKL-DNN [CIF C/C++ A5 —
T RMBLET—7  Za—3)L - RYbD—ODERICEATES, NIMUESROAL YR LNz
EILTAT - TOvIREaENTLERT (R 1),

1VFIL® MKL-DNN ZUZF A T EB/NTA—TVADH ElE, TL—AD—0OBFKENIZVRIT BHEE
DLANJVICEHLET (B 3) ANT—5%1>2F)L° MKL-DNN FERICEHT REUA—SF—DRFILTA4—
NRETRED, T—I%=ZMLIETSIDIRIFTEZLDEEECVTIL® MKL-DNN R T 52 THlzm A
BboNnxEd,

TL—LD—0RRENSTATSU—0#EEZTILISGERLIZVSEIX, 2-in-1 BXRO 3-in-1 @&a/\—2/3
DLAV— - TFU=ZF4TBRBETEET, el AV—%FBEITDE, T—5/ BB TL —LOEHET7Y
TARU—LETENRZTLIRE, 77F)L° MKL-DNN OBEAESY OV AN )—LOEBOL A V—CREIC
EITETFT, @ta7U=Z77I1C1E, GTEEFOSVVRIEESRIGBICHIRINDIBRIENEENFET,

£ 1. 17J)L° MKL-DNN ICEFENTL\IEH

RIS Mg
e 1D, 2D, 3D ZEEEHAHFBLNEEHIAH

_ . WE

SHE ORISR -

o ORNATTA - 17AIER
e BREZI1-3I) - -RXvETJ—2 (RNN) /L
o« UV
o N\WFIERL
XEU—KEFEH o  BFIRICIERL
o JEMLEIK
« AN

o . UA—5— BT
F—918{E . e
TUSF+TRS o MDEIHFAHETEME

o« fp32
e int8

>R
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~AUSF L=

BiAd v FERI
SF—ThE
ALATIMEE
L
ALATIRE
Bdrirdr + RelU

BHEGHS BN ICTiR Aol

o (A TS5

. KIA—TYREHEDLAILELVAYFIL® MKL-DNN F— SRR DT R

127)L° MKL-DNN 1> A ~—)b

1> 7)L® MKL-DNN &%, Apache* License Version 2.0 O T, A7V V-—IAFATRHESINTLET,
Linux*, macOS*, Windows* TO&RIODOEILRFEIE, Readme (EE) #2RBLTLIESL),

1 >FIL° VTune™ Amplifier O AICIE VTUNEROOT TS0 % (FHIBIMNENHDFET, COTZTDER
J55%1% Readme SRR LTEEL),

1V TFIVCEDHFBILSNTZETIL—LD—DDA VA=)

-1~ 7)L® Optimization for TensorFlow*

BHOTAARIE2—3Y - FvRILIE, PIP, Anaconda*, Docker*, BLOIYV—RADNBDOEILRTY, INT
DOF vV OFMFFIEIEL, T1>F)L° Optimization for TensorFlow* 1~ Xk—JL - 1 (2R5E) =28
LTLIESL,
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Anaconda* — Linux*:

conda install -c defaults tensorflow

Anaconda* — Windows*:

conda install tensorflow-mkl —c defaults

-1 >/5)L® Optimization for Caffe

1> 7)L® Optimization for Caffe (z8) ZFARALTAVTIL® 7—FFOFv—mEIFICHKRBILS NI Caffe
ZEILRT DA, 1 DU LD B/ —RraERLTT—T 5 -0 7L ZIETB54E BRORYE
D—0%F JOAI255%HATZIFa—~ITILDERSINTLET,

(Ubuntu 16.04)

git clone https://github.com/intel/caffe.git

Open a Terminal window

sudo apt-get update

sudo apt-get install build-essential cmake git pkg-config

sudo apt-get install libprotobuf-dev libleveldb-dev libsnappy-dewv
libhdf5-serial-dev protobuf-compiler

sudo apt-get install libatlas-base-dev

sudo apt-get install —--no-install-recommends libboost-all-dev

sudo apt-get install libgflags—-dev libgoogle-glog-dev liblmdb-dew
sudo apl-gel insLtall libopencv-dev

Go to Caffe root directory.

cp Makelfile.config.example Makefile.conflig

vi Makefile.config (add the red part)

INCLUDE DIRS := $(PYTHON INCLUDE) /usr/local/include /fusr/include/hdf5/serial
LIBRARY DIRS := $(PYTHON LIB) /usr/local/lib /usr/1ib /usr/1ib/x86 64
linux-gnu /usr/lib/x86 64-linux-gnu/hdf5/serial

make all j4

1>7)L° Optimization for MXNet
1> 5)L° Optimization for Apache* MXNet (££58) 25T 2F 21— tUFIL (EEE) HESNTLET,

git clone recursive https://github.com/apache/incubator mxnet.git
cd mxnet && make -j $(nproc) USE OPENCV-1 USE BLAS-mkl USE MKLDNN-1

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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INTDA—RVADEZERBEIEE SV ITLEEE

EBHAHF_a2—T)L - RYET—2 (CNN) R THRED/\TA—TVINEDNSD TensorFlow* 51K E
HEITHELLD, COWRIE, 1>7)L° MKL-DNN ZERLTSRILSNEIEFNDTL —LD—0%(ZL 8,
SFERSFELRIA-RAT—RITERTEFIN, HIEEOEIMTAMBETT, HEBICIHLT, /\yFFA X1 D
U7 )LEA LSS (RTI) BROFHEARER/ \WF A ZXORARIL =V (MXT) ICDWVWTRIGDEREAITUET,

BRAZAIN—TYREUTILEIA LS
TA—TS—ZVTHRIIBE, NTA—TVUCEHEENRGD, 2 DORGDIFFEAVNTITONET,

e MRRI=TYk (MxT) &, 517X > 1 ON\YFEELREESIC, 1 WHDICWBTEZEGEOH ERLE
VT YOO EINTHATBCEICEDRRONTA R VA ERTETEHI. COVIa—/3VIE,
WHMEERONTRILEICED, TEBRITZLDT—T% CPU ICO—FRL, TEDRIFIZLDEGRZNIET D
EVDRTERMTY,

o UFPIIALHE (RTI) (. 1 DOEBAETCTIRITERLDLIBITIIEEDELGDY FUATT, ZZTlE,
BEODIALYREES LTI OEABOA—T AL —/a v ICLBIRFILTr—EEBd Bz, &IfRLT
ZERLEITLET,

MXT BEORTI D/ TA—T U REBRA LT D, L<ODDO—IAETFE (BKM) #5HFALET,

INTA—T VAICEET D TensorFlow* S5 1LA T3>

NBDTUIALATIVIE TensorFlow* M/NTA—TVRICKELEELET, INHEOA T3V #IBR
FdElF, AVTICEBIERBILDOERED/N\TA—T VA& FSHIDICRIEFY, xb—REGFIEIF
MXT & RTI TRIGDFY, SVFMLATZ/3VIE, {intra|inter} op_parallelism threads HE
F—=HLALTFIbLD 2 DT,

{intra|inter} op parallelism threads

o MxT OHEIREEE : intra_op parallelism = ¥EIFH
o RTIDHEIZERE : intra op_parallelism = MBI
* inter_op_parallelism DHIREEE : 2

o {EME (>xJ)l): python script.py --num _intra threads=cores --num inter threads=2
--mkl=True

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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intra op parallelism threads B LV inter op parallelism threads |& tensorflow.
ConfigProto CEHBINDIRIBZHTYI, ConfigProto |FzvyavZE/E TR EIFERALET, N5
D 2 DORIBEH CTHEATSIT7HERIELET,

intra op parallelism threads IRIBZHMIFRIEAOIINNIBZFELEIT, FIXIE, TIEE®
US D3V EBBOALYRTETIBICIE, CORBEHZRELFI, TensorFlow* [F, intra op_
parallelism_threads AL VFREZUALYRT—)LTHRDI%H AT T 2—)LLET, OpenMP* XL k(&
RBZATOTEIBRIFEVAL YR - OVFFRRI/ AV ReNFET, COREBEMIIHARREGIEITH
[CRIET D= HRLET,

inter op parallelism_ threads IRIEZH (I, MIZLBREFEAONIINIEZSHLETT, CNoDRE
FEWVICEIELGRL S, TensorFlow* [FTNH5MD#1F% inter_op_parallelism threads AL Wh7%
BLALYRT—)LTRKICEITLEIDELEFT, intra_op parallelsim threads AL YRADEEE
RAMET B, CORBEHIFII—FEEITIDVIVRBICRET S EEMRLETT, 1V TILICEKD
SB{bSt/z TensorFlow* Tld, INTOEITZ 1 DOVITYRTITOTEEHELET,

F=ILALT7 Ik

o WIRFME: data format = NCHW
o ERE (VT
python
script.py --num_intra threads=cores --num_inter_ threads=2 --mkl=True

data_format=NCHW

BHDAVTIL® T—FFO0Fv—TlE, FvvIab XEU—OWERMERIFDARG/NTA—IVRICKE

FELFT, BUBGAEY— -TPOLR - I\I—VEFT—HICT70ERTE/NTA—I VX - DA HR/MELET,
ZNICIE, T—IDRMEETOCRAFFEEEZSENEETT, CNIFBE, T—IL A7 IREHIEN,
ZRTTEIINAEY =7 RFLAZEE TED L DICEMRN TN NNV ERLET,

FEAEDT—ITIE, 2 RTEBROT —FL AT IRIROEIICKIBSNET,

o N: \wFHAX, /\WFOEBOHERLET,
o C:FvRI, BEBIEOFvRILOBAERLET,
e W:iE, BfROEOCET L HAERLET,

e H: 32, BEROMOEIZILEHERLET,

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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/~ chan.n.t::'l \ /4 chan.nf-l \
N S

NHWC:

NCHW:

4 T—RX /LA Tk :NHWC & NCHW

NBDERIE.EDOILT—9D 1D XBEU—ZEBICEDIDICHKRMEINEHN\ZRLET, FIZIENCHW (&,
EOwILT—5DR, 8, Fyril, NvFOIEICHKNSNZ EZRLET (B 4), T—5IFFvRILEL
AVTYVIRACEDENSHICTOERAEINET, NCHW &, CPU THIEXRELEEIT BD1>7)L° MKL-DNN
DR T 5L A7 IRTY, TensorFlow* [T T7AI DT 5L A7 RELT NHWC ZfERLET A,
NCHW HEATEERT,

INTA—TVRAICEETSD NUMA O/~O0—-)L

o WIREE: --cpunodebind=0 --membind=0
o ERE (VL)
numactl --cpunodebind=0 --membind=0 python
script.py --num_intra threads=cores --num_inter_ threads=2 --mkl=True

data_format=NCHW

NUMA UMDY >V TEITTBHEF, NUMA (TMHEEXEU—70€X) 1§, #HOAEY— - OVhO0—5—¢&
JOVIOERBRIERILVFVIVE - Y VOXEU—OBAMZERIT 2L ZBNELE, T—5EV5—DTY
VTERAESNBAXEY—L AT IR THDEEERBLET, 17)L° Optimization for TensorFlow* [&,
ETEXATEU—FRHEE—O NUMA /—RICHRLIZISEICRBICENELED,

A4VF)L® MKL-DNN O =A)L - INTA—X VADOEEEIT

TATIU—=FE, RORUEBICED SIMD 5 e%, WILFALYRIBICEDER OO 7 #ZNENFBLET,
ROMUEIE, FrvyaBRORFOm Ry ENENICHALET, REODMVTFIL® TOtwvEd—7TlF,
1H00)LTEIC 16 DEREEEIE 64 @ int8 B2 FMA (Fused Multiply-Add) J@&% 1 DOI7 THRA
2 DEATEERT, FeNILFRLYREICEKDEHOIRI LI EBZRERICETTCEES, 7—>—=27-
BDROFZLDIFEMILTL\DIEsd, FIRRTEEGEO7ASICETIDE/NTA—TVRIEE ELFT,

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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CPU B AEZRRICT B, 17T )L° MKL-DNN (&, BHAHPREZSOCETEEROS UV RIEIC/\—RDT
TEBD/I\Y I 77— AT IrEERITBIENHDET, [FHNDOEFRIEICIE, I\—RIT7EBOL A7 IORERIE
TJL—AD—OTHERASNBDEEDL 177D/ \WI7—h\ERTNET,

1> 7)L® MKL-DNN (&, 5] OpenMP* Z{E AL FJ, OpenMP* [FTHFIFRIRIBEEH (RMP_
AFFINITY, KMP_BLOCKTIME, OMP_NUM THREADS, KMP_SETTINGS) IC&DHHTEET, CNOSDIRIE
ZHIF, ROEIYIVTHLGBLTLWET, CNOORBEHELZEITDETL—LT—ID/\TA—<
VRAICEEIDRH, EA—T—BEBEDZ1-3) - RvED—=0  EFTILERIVTIVRITA—LICEDET
Fa—UT T ERm<HELET,

KMP_ AFFINITY
o HWREE:
KMP AFFINITY=granularity=fine,verbose, compact,1,0
o ERE (VTI):
numactl --cpunodebind=0 --membind=0 python
script.py --num_intra_ threads=cores --num _inter threads=2 --mkl=True

data format=NCHW --kmp affinity=granularity=fine,verbose,compact,1,0
KMP_AFFINITY [, RHEDALYROETZVI/ILFIOwYvY— OV Ea—45—0¥R7O0L> V7 - 22k
OUTYHICRELET, CORBEHIIRIDEIIICEELTT,

KMP AFFINITY=|<modifier>,...]<type>|,<permute>][,<offset>]

e modifier [£, F—DJ—REIBEEFHNOEBHINDIXZFESITT,

o type |, FHITBALYR -FI4Z571—%RI XFEFITY,

e permute |&, ¥V VORROY —TVTEY—rLEESICREAICTRLANIILEZGHHTIEOEKETT,
BESNESORLALNIDEMIICYYEYTSN, BN ANEDDET, WU—DIL—~/—RIZ,
V— R ETIHERIDLANILEIFREGESNE R A

o offset|d, ALVFEIDHTORBRNERZRI EOEMBETY,

CORBEHOEANINE ZRAT Deth, PleLT KMP_AFFINITY DR EZEALET,

KMP AFFINITY=granularity=fine, verbose,compact,1,0

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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modifier |& granularity=fine,verbose T9Y, fine |37 OpenMP* XLwvk%E 1 DOALYE -JVF
FANT/AVRL, verbose [FHM—ELTWBT7 74 Z74—ICEATIRODAY - #HILET,

o J\WT—IH

o B/\WwH—DIT7H

o BOTMALYE - OVFFINH

o« WIEIL YR - OVFFALT/\AVRENE OpenMP* LW

compact |& type MMET, OpenMP* XL Wk <n>+1 % OpenMP* XL wWR <n> H'EIDHTENTZ AL YE -
OAVFFRAMITEZRIFEVWTU—DAL YR - OV FFICEINETET,

B 5 & KMP_AFFINITY Z_NODEICRELZIBAEDORY Y - MROY— - TV T TI, OpenMP* LWk
<n>+1 (&, BIO3I7® OpenMP* AL WE <n> [CTEBJRITEVALYR-OVFFINI /A VRENET, L\D
i, ZFNZENOITIC 1 DO OpenMP* ZLYREMEIDHTHONDE, D OpenMP* XL wRIEF] A B EE
FO7ICECIBETRIDHTONET N, ADHTENBALYE - OV FHEINIERDET,

Machine/Node
Package O Package 3
Core 1 Core 0 Core 1

6@ OO OO @O wm

OpenMP' global thread IDs

5 KMP_AFFINITY=granularity=fine,compact,l,0 [CRRELERIEEDYIY - MROY— -3y

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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COREDH RIE, BEA—/I\—AVE, FvvIaT1VEWEA—/\—AYR R=T - ATV VITHER/N
RICIEDELDIC, BHELEALYRDBEZL T/ AV RESNZZETY, BHOILYRAELIZIC/\A VRS
NTIENOITHF ANV VIREZ B TD ez DT T</ES L), KMP_AFFINITY OFFMlllE, 1 FIL°
C++ AVINAT— - TAROYIN— - HARBELVOUTFLV R (EEE) #2RBLTLIESL,

KMP_ BLOCKTIME

o CNN QO#3EEEE : KMP_BLOCKTIME=0

« JE CNN OH#IEERE : KMP BLOCKTIME=1 (Ei&:l)

o ERE (VTIL):
numactl --cpunodebind=0 --membind=0 python
script.py --num_intra threads=cores --num_inter_ threads=2 --mkl=True
data_ format=NCHW --kmp affinity=granularity=fine,verbose,compact,1,0
--kmp blocktime=0 (XX 1)

CORBEHIE, WHEHOETHRTLIEE, RU—"TREICEDETALY RO R T D[ (ZUREN)
ZRELFRYT, T IAIMMEIF 200 ZUMTY,

1T DOWANBEHDETNT T I E, ALYERIFHLWILSD—OMNETIIRRICIRDETHMLET, 2DE—
EHENRBT L, ALYRDEFHEIRENSRU—TREICKITLERT, AU—IRETIE, ROWSFID—2
METHREICRDET, MWIEEHETEITSNSDIE OpenMP* ALY RO—ROMDT7 U -3V TRALY
REEATEERT, \S/HME%Z KMP_BLOCKTIME [CIEET L, 7 7UT—avHilislEEE cETan
33E OpenMP* AL wRIO—REZTIHE, 2UEMNG/(TA—< V2N @ ELEYT, AZF%: KMP_BLOCKTIME
BIFALYEN OpenMP* ETEIFICFHNEINTUVDIIBRICIFBELTVERT N, BFETINDEND
OpenMP* ®IL vk -7 FUT -3 VICBEEASXZAEMENDDET, (NN R—ZADETILOEERE
(£ 07T,

OMP_NUM THREADS
o CNN #3258 E : oMP_NUM THREADS = #JHEI7H
« {#F% (VTJL): Export OMP NUM THREADS= )IEI7H

TV 3avTIFNDEMNMEESNTULVRLISE, CORIEZHIE OpenMP* WiFtEBIE THERAT & A
ALYRHEBBE TR ELEFIT, FEANTFLANILOUSEEOALYREEUIANTIEET 2156, UARD
EADONUBIFENMNNFILNILEZRLET, TIAINMEIEITOTSLEERTITDIARL —FT10 T - I AT A
TR#eNTL2RmEBIOYvT—0H Ty, EEEIIMEIT7H T,

KMP_ SETTINGS

o {EM% (¥T)L): Export KMP_SETTINGS=TRUE

CORBERIE, TOTSLETHD OpenMP* SUFAL - SATSU—RIBREDHNIEER (TRUE) F/e
[FHERD (FALSE) ICLETS

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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BEE B ER

A VFIVICEDERBIbENETIL—LD—0%FRLT, CPUOT1—FZ5——27 - D—o0—REaER{ILLELL
S, www.intel.ai () OB DUV —IXEZSRBL KISV, UR—RITVFIL® Al TAOVIN— - TA—S 1\
(ZEE) TEIFBENTEET, TensorFlow* 7OV zOEERILIBDVI1—/3viEEOUYV—I A1 7FIL®
Al Model Zoo (ZEE) HbSBLTKIESL\, INBDIBHmAFERLT, CPU UV AERARISGERLTIESL,

H8HE1
FP32 \wF Y X&EALIEHER, Caffe, GoogleNetv1 128, AlexNet 256,

HRAIL—TYEOWER 2018 F 6 B 7 BREDTAVFILHERNTOREBE. FS5YhTA—LA:2x 1 FI)L° Xeon® Platinum 8180 YOt vt —, 2.50GHz, 28 17,
AVFILE INAN=RLYT AT Fo./09 -8, AVFIL F—R-T—2-Fo/00—-EBM. G5t XEU—:376.28GB (12 RD‘J?\/32GB/2666MHZ)\ 414
AV AMT L —ALT =20, CentOS* Linux*-7.3.1611-Core, SSD sda RS3WC080 HDD 744.1GB, sdb RS3WC080 HDD 1.5TB, sdc RS3WC080 HDD 5.5TB,
FA4—FS -0 - TJL—LT—72 Caffe /\—2/ 3> :a3d5b022fe026e9092fc7abc7654b1162ab9940d, 7R O —: GoogleNet v1, BIOS: SE5C620.8
6B.00.01.0004.071220170215, 1>F)L® MKL-DNN /\—3/3>/ : 464c268e544bae26f9b85a2acb9122c766a4c396, F—~L 1 Vv—7%lL, /EU/QE 11449 Eif&R [
2018 £ 6 B 15 BIREDQT Y FILHRTOREE, TS vhTa—LI: 2x 1V FIL® Xeon® Ot wH— E5-2699 v3, 2.30GHz, 18 O77, 1 FIL® I\1/\—RLvF+
VO Foa9 -8, AVFILC F—R-T—R - To/0V—ER, intel_pstate RSAN—ICEDRT—U> T - H/\F—[& "performance" ICE8E, 64GB DDR4-
2133 ECC RAM, BIOS: SE5C610.86B.01.01.0024.021320181901, CentOS* Linux*-7.5.1804 (Core) 71— =)L 3.10.0-862.3.2.el7.x86_64, SSD sdb 1> F)L°
SSDSC2BW24 SSD 223.6GB, 7L —ATJ—7% BVLC-Caffe: https://github.com/BVLC/caffe (5258), #imEIBICEMLIZIT VR "caffe time", "ConvNet" ~RO
J—TIFF=— Tt vrEFER, ZOMRORROY—TIET—5%0—NIILARL =TV ICEML, HEEDOFIIC XTI —ICFvv/a, BVLC Caffe (http://github.com/
BVLC/caffe (53E)), U3V 2a1c552b66f026¢7508d390b526f2495ed3be594,

SRy DB - 2018 £ 5 B 29 HIRAED TV FILARDRIEE, TZvhTa—LI: 2x 1 >F)L® Xeon® Platinum 8180 7Ot wt—, 2.50GHz, 28 7, 1>FIL®
I\AIN=ALYT AT -F0/09—=88, 1VFTIH—R-T—2-70/09—-BM,. G5t XEJ—376.28GB (12 ROV /32GB/2666MHz), 4 A VAV ADTL—LDT—
2. CentOS* Linux*-7.3.1611-Core, SSD sda RS3WC080 HDD 744.1GB, sdb RS3WC080 HDD 1.5TB, sdc RS3WCO080 HDD 5.5TB, T4— 5 —=% - JL—LD—
2 Caffe /\—3/3>/: a3d5b022fe026e9092fc7abc765b1162ab9940d, ~ROZ/—: AlexNet, BIOS: SE5C620.86B.00.01.0004.071220170215, - >/F)L° MKL-DNN
J\—33 : 464c268e544bae26f9b85a2ach9122¢766a4¢396, F—HL1v—#L, HIE : 1257 Ei& / B, 2018 4 6 B 15 ABRED VTN TOAEE, TS5y
TA—L:2x 1T Xeon® Ot — E5-2699 v3, 2.30GHz, 18 a7, A VFIL® I\ AIN—AL VYT 1T - Fo/0I -8B, 1VFIL° 59— - T—R - Fo/00—%
2. intel_pstate RSA/\—=ICEKDRT—U2 - 73/\F—(& "performance" ICEXE, 64GB DDR4-2133 ECC RAM, BIOS: SE5C610.86B.01.01.0024.021320181901,
CentOS* Linux*-7.5.1804 (Core) 1—=xJ)L 3.10.0-862.3.2.el7.x86_64, SSD sdb 1>/ F)L® SSDSC2BW24 SSD 223.6GB, 7L —A™7J—72 BVLC-Caffe: https://
github.com/BVLC/caffe (38), #imLAlFRICERLIEI YR "caffe time', "ConvNet" FROY—TIFY =— - T—HVrEFER, ZOMHONROY—TIET—5%
O—HILARL = ITIEHL ., nm‘ﬁ(DHIJLXJEU—L:\:‘V‘//:LQ BVLC Caffe (http://github.com/BVLC/caffe (#7g)), UET3>/ 2a1c552b66f026c7508d390b526f
2495ed3be594,

18 2

JATFLRER  AT7HIEDDALYREL: 2. VI vkHIzDOI7E 28, VI vREL: 2, NUMA /—R#:2 CPU 77=U—:6, EFI)L:85, EFILE 1 FIL°® Xeon®
Platinum 8180 YOt wt—_ 2.50GHz, 1V FIL® NAN\—RLvF«T - Fo/0I—-BM, AVFIL® I—MR-T—2 - Fo/09—-B%), G5fXEU—:376GB
(12x32GB), 24 2OV, 12 EYa—)L (2666MHz), T1X% : RS3WC080x3 (800GB, 1.6TB, 6TB), BIOS: SE5C620.86B.00.01.0004.070920180847 (w10 —
INEASS= D O><200004d) 0S: CentOS* Linux* 7.4.1708 (Core) 1—=JL 3.10.0-693.11.6.el7.x86_64, TensorFlow* V—X : https://github.com/tensorflow/
tensorflow (%58) J=wt : 6a0b536a779f485edc25f6a11335b5e640acc8ab, 1>/7/L° MKL-DNN /\—>/3>/ : 4e333787e0d66aldcal218e99a891d493dbc8
ef1, TensorFlow NFI—7 : https://github.com/tensorflow/benchmarks (%:E)

1> 7)° MKL E*ﬂ
VTN F—FFTOFv—R—ADY AT LCEENERRL SOTE

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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X | . ;
> 5 L O, alll0 ) ‘ 4 \
by \ b, ¥ ot (P ; 3. T
N . A
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; N X W | / b, WA
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XL'}-- Hd i \

Numba % {&] bT.': Python* T |
i 51 038

BBGEBEIELV B/

David Liu 17 O—RL—3ay VYIL9x7 - FOZHAN - AV BINF1V 5 - T IZF7

Python* TOWIFILIBIFZ<LDRAFEEICEOTCERFERBE CTI, The Parallel Universe 35 Tl&, Python*
SEOEAREMINIBOSFEZHRALELIE, CDERETIF, Numba ZEALTE Python* TOWFAIE%ER

=aR

L&Y,
Python* Ti7|ABZ KRR AT D3I 3 DHDET,

o Python* M ctypes F/zl& c££i (Python* D C O—RESVY) #ERLTRIT47 CA—RICF1RANYFTS,
o NUMPy* ® SciPy* BEDBEBBERAIT1 T SV I1LZERTS,
o Python* @YU RUVIEERANSRATATREDI—REERTDIT VY VELTIL—LD—D%ERTS,

VI AS—ORBELICET2FHMIE, RELICEATDIEEEESH
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3 DOFEIFINT, Python* =127 4—RNTRIFANGN TS HETTIO—/UL - A5 U5— - 0Oy
2 (GIL) ZEE#LEY, Numba ZL—AD—DI(FIv A5 (JIT) & LLVM OV/\NOLIV I V& FERLT
RATATREOI—REIERR T B2, 3 BEOFEICEENET,

Numba ZFERITIOHRNICTOTEIE, T £l LLYM OV IV cREL T 35— v hO—RaRE#IC
FEDIRTZETY, Python* 45— US—DRIMO/\NA (/\1+O—RICEH#E) 0. Numba (& Numba 1>
U — NADBERES—T ke D7 —5—%E L FT, XIC, Numba 15— U5—%E{TLT
mRRIR (IR) #E K LET, ZOR, Y= vk \—ROzT7BIFOIVTFEAREERL, T Field LLVM O
VINMIVICEHFET, B{LDESH, Numba IR (&, EFRFICAYVIOTYVRBHNGLIY Y- VRIBIC
LEINET, CCh\b, ATYIVOlINLIEBT AL OFT« TN ERINET,

ROBITIE, Numba W&RBEILEITDORDIC, TALOT1 T &IBELEVTE 27778 Python* ZERLTULET,

import array

import random

from numba import jit

a = array.array('l', [random.randint (0,10) for x in range
(0,10000000)1)

@jit (nopython=True, parallel=True)
def ssum(x):
total = 0
for items in 5t
total+=items
return total

Ztimeit sum(a)
111 ms £ 861 ns per loop (mean ¥ std. dewv. ot 7 runs, 10 loops each)

Ztimeit ssum(a)
4.2 ms + 108 ps per loop (mean + std. dev. of 7 runs, 100 loops each)

# Nearly 26X faster!

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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Numba 15 —7US—I%, CPython & NumPy* hNEZELIEO—REDHE 2777 CPython /\r~O—F®
(FSNEBICMIBCETET.@jit TIL—5—IE Numba [C B8 AEEITIBHIIC IR BEOIZDOI/\A)L/N\—
AV EEMTBDLDICHERLET, TIL—5—0 nopython BHITTFELTIZEL, COREMIF Numba
NIA—FOEBICKBMLUIEIERICI VST U—0EFE Ay ILBEWCEEERLET FlIFEIR). 0
BlTlE, UARORDDIC Numba @I/ \(ILICEL TS Python* E25IAERLTULWET, Fiz, Python*
DIZZEDHICIE Numba TOV/ LS NBRVERIGA TL —5— - TO/(Ta—DNEENDIcs, DAL
REZER L CL\ET,

BB E—MREY7E Python* TEYIICEIMELEF T, LH\L, I—RT NumPy* *® SciPy* IGREDEUE / Rl 5t
B\ —VRFEATRIERIFEDITLEDON, HIZIE, BIFEOE -3 F >V P— (RC) BEHETEITDRD
I—FEZZXFT,

import numpy as np
test voltages = np.random.rand(1,1000)*12

test constants = np.random.rand(1,1000)

def filter time constant (voltage, time constant):
return voltage * (l—np.exp(1/time_constant)}

Stimeit filter time constant (test voltages, test constants)
112 s = 445 ns per loop (Mean £ std- dev. ot ¥ mins, 100000 feaps each)

ZMIFAE. NumPy* @ ufuncs EERDEH, @jit DRODIC @vectorize T IL—5—%FAHLET,

from numba import wvectorize

@vectorize

def v filter time constant(voltage, time constant]:
return voltage * (l-np.exp(l/time constant))

%timeit v filter time constant (test voltages, test constants)
4.74 ps + 46.8 ns per loop (mean * std. dev. of 7 runs, 100000 loops

each)

# Over 2x faster!

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,


https://software.intel.com/articles/optimization-notice#opt-jp

< The Parallel Universe 20

NumPy* ¥ SciPy* &M T L —AD—0%FERTDIEE. Numba (& Python* 7213 TR ufunc &F(E
N3 NumPy*/SciPy* XFVODFRIGETUZT14T7ICHNISGLET, BFEIE, C J—FT NumPy* ufunc
EEMTDRENDDERT, COT—XTlE, BEEKTHDA>TIL° 32/ Z—0 Short Vector Math
Library (SVML) & Numba T —45 W hkICTE % np.exp() NMBYGIEHE TYI, @vectorize BXLV
Qguvectorize |[FEEHH AV TILD SVML 17 ZU—%FHTE, NumPy* ufuncs ICRIIBET,

Numba [&F ufunc Z[A< S/ \=LEITH, IRTD NumPy* ° SciPy* 3—RAR—XH' Numba TEY]IC&E1Y
SNBEIEBRDFEBA. TNIE D NumPy* 7U=ZF+4 T (39 CICESEICHRBILINTLBEHTT, HIRIE,
numpy .dot () &, R EIFICHEBE LI/ C APl THS BLAS (Basic Linear Algebra Subprograms)
HERLET, Numba 15— US—%FHATDE, BLAS BEHASOICHKEBE(L TSR\ T, BLBEHENE
SN &ET, Numba T ufunc ZEYIMERTDICIE, EIIXREIGINTRIITHTIZLOBRIFNEEGS NS,
AFvoENfe NumPy* IFOE LRI BB HOET, RICHIZERLET,

Stimeit np.exp(np.arcsin(np.random.rand (1000)))
19.6 as £ 85.9 ng per loop (mean £ std. dewv. of 7 runs, 100000 loeps

each)

@it (nopython=True)
det test func(size) :
np.exp(np.arcsin (np.random.rand (1000) ))

stimeit test func (1000)
16 ps £ 80.2 ns per loop (mean = std. dev. of 7 runs, 100000 loops each)

COEtEICIE 3 DO NumPy* & FENS2s, Numba @jit D/ TA—TVAIFBED NumPy* J—REDH
ZDEENET, Numba (&, ufuncs ZEEHTL T, NumPy* KDBBEGERINILE T ZAX Y S EEHE TS
ESYE N

Numba OOV/IAIL - TALOT4 TEINTA— Y RWAEITDRIOEIF, 8EBRIV/I\AIILAT 3%
FAITBIETY, FHSINSEAT/3/(4, nopython, nogil, cache, parallel T9d, @jit T IL—5—
HERTHE, Numba [FfEESNcI—REHBINTdFEEBIRLLOELEFT, LML, O—FORENEL
AHOTVBIEEIFE, OV L - TALOT1 T ZEREEELTHNEVE A,

nopython A 72/3V(&, Python* A7 10k E—RTOV/I\AIILLIGFWKDICLEY, I—REZETET/EL)
Za. KODICIS—MAO—aNET, nogil ATV IVIFE, FATI O O—RZLRIBLRVESIC GIL
EUU—ZLEYT, COATVavid, —ENEOREREBEEDTILFALYRREENE RBEH THDIEARELET,
cache A3k, JOV/\MIILLIEEAE AT 71ILR—ADOFvvallEmL T, XEICELCEBNFOHS
NEESICTVIILLIGWRDICLET, parallel A3 v(E, O—R% CPU ICIGLCTESA NumPy*

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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STEREOBRADEE TS TIZTATICEMLET, COATYaVIE, YVRUYIEEZETON—FRILTIE
RROERKTY,

B UXRTF v—ZEI®ICTDE Numba BN I—FZRBELITSAREMENSEDERT, YITRFv—C&/SA—
S—IT@ENGT —FEEEETDE, Numba 1 VF—TUF—ICH—RILORROTY VRIBEAEI—EID
HTICBEBEGRBHIMEMESNTT, TNiFE C IV A S—ICHRINGREEIERT D EITBTVERT, RO,
Numba ICBYEHRZIRIL T L EERLTLET,

it {ant 52 (int 32, Sy 32 )
# Expecting int32 values when being processed

@jit ([ (int64d4[:], inté6d, int64[:])]
# Expecting int64 arrays values when being processed

Bvectorize ([floated (floated, floated)])
# Expecting float64 values when being processed

—MRIC, Numba Z{ERLT Python* OMFIAIRIC 7O AT BICIE, Python* OO—F+VIJHICTNHD
FFEEERLTDO—O70-%EBIELFT, COFIEZRITRLET,

1. A7 H—RILOMKFIEDBEITHBICEZEEBLET, Numba TIERELY—T VD BEMICHDIHNENHD
F9, BDEP EICEMZO—RIE Numba O/ \1MILCATI O - O—RICENET,

2.BHMDT—BDOIN—TTTF—HERBLTVWBRI—-REZRDIFET, HI2IF. BROUALEKRETS for
)=, Ea777% Python* TEAIAZNMIBIT2EMETEEXZBEDIFTET,

3.NumPy* % SciPy* ZERLTL\BIESE, 1 DOXTRAYYITESD, BLAS ¥ LAPACK BAMTHELETHEIC
FBELET, Snsld Numba @ ufunc 8B ORENERTT,

4.Numba QI FRSFZIVNAIATYav#mLET,

5.AMBLVI7I—-ROBET—IRVIRFv—2RELFT, 7 —YENEA (int8 > int32 13&) MISA.
FRINFANT—HE)SA—5—% Numba ICEHISEET,

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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Numba ZFERALEISRIBICHBIGEOIE, BREEZBEIELVWERNETY, GIL #ERETITRT IR
O—RZZIRTDEVSTEOH mNESNIEZEIE, Python* IZa=F1—ORFEABEDBICHITEIZKRE
BAMIELTT, Numba [E, IRTD Python* BIFEENMERINGE, /\TA—< V%[ LTS NIEE
MATRIROOESDY—ILD 1 DTT,

BLOG HIGHLIGHTS

1IFN IS5T4YVIR - INTA—I VR 7 FS14H— 2019 R1 UU—X
GISELLE G. INTEL CORPORATION

ATV TS5TAVIRX - INTA—I VR -TFS5AY— (17 FIL° GPA) W—)LAA— D= FitkRE
L<DOMBTLET,

o TJL—UL-FFSA4H— -AMU=L - FVvTF¥y—TD Vulkan OB R—k: TILFTIL—LAL-
A= FVv IFv—ICEDT7 TV —3VDSA T LTV I FVv—LET, F—TL—
LAMgEZFERLT, 7O077MLHRORFRBZRRICBETE, FvTIFv—BICLYFUVID
REARICHICERTED E—TRI1VE BERLET,

VI—HF—DRE: 7TV —aVAEZELENDIO—REZBIVI\MILTBRIEHL, Yxz—5—
I—ROEEERBEENDIRICENTEET,

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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JS7@Bro—o0—ko
INT A= AN L

1VFIL° Xeon® FOYY—LEDIT ST - RUYFI—DOER

Stijn Eyerman, Wim Heirman, Kristof Du Bois 1 >5)L =KL —3> UY—F - U147 X+
Joshua B. Fryman, Ibrahim Hur ¥>5)L =KL -3y XTI VI=7

T271F, RKEFT IV EZOBREOERZRIBRNGHEATY, JI70FERIFEREZRL,
DIFREITZIERAZGELET, TV bEITSTELTERIZEIE, TSTEBBODINETORELAEFED
B2EERKLET, ZLT, IS 7N BRHGBRZMEITZISESTEGZTVILIVILNGOET, DL
ETIE, BERANGTST7@EFTZILIVILDERFHEEA Y TIL® Xeon® OV —LETOERSEE
HAALET,

VI AS—ORBELICETZHMIE, RELICETIEEEEZS
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OS50 >T M

J271F, BEREOBREEET -t vhOBELRIRTY, FERFTEREL RSN, BEXBEOBRE
2 DOIERBDBELTRSNE T, [EREBIFEESD, BROFUFRLFBROVINOEXRTEIEZST
CENTEXRT, HBERDOETEHBSNDIARIE TBIZETDIER) I, BEITSIEROME DR
EFIENET,

TSI 7TIVT—avid, BRGEBEHRARETITST (EIFERODTST) heXROEL SR EHE
LET,

s BEDHHEZETER
o ERBEDRIEREE

o JERBOERER

EvIF—INeBRFBRAMETDI_—ANSEFdDEEDIC, IS7@A7 T Io—avids—o9ter59—&
ITYvIOMATCEERLGD—IO—RICGEOTUVET,

ZORABICIE, C++ TEESN—BHNET ST - 7TV LDV RTHD, AUTAILZTRKF/I\—TL —K
DODAREICEDEBEXEY— - <)LFI7 - 7Oy —@IFIC N\ TA—<T VA &E{L SN, GAP RVFI—
- Z4—K m#FEBRLELE (1), 1FI)L° Xeon® Ot vH— - R—=IDY—/\—C GAP DI\ TA—T VA%
ML, =HBIC/NTA—TVRAE EOFBEMERAELE LR,

£ 1.GAPRYFI—Y - A1—FOBE

BE
PageRank* pr T RERNEEE 2L L ERNEEE ZTELET,
Triangle counting tc B ODIERANIRTEGSNG) =ZAFOBZEHDIVRLET,
Connected components cc IS5 7% DI S TDIERUNDBHENER TS TITHEILET,
TR et scarch) ofs  IEEATYSTERELET.
i;ﬁfﬁﬁﬁﬂfmrtest path) sssp BEOTEACIENOLTER OROREREEHELET,
Betweenness centrality bc JEREBEIREREORICELD, TEEOHRLEESTELET,

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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057 - 7TV LD

57 - PINTUXLIFEROTOEY S — - 7= T OF v—CEoTRBERDENFZ DB LET, HAKR

ESN, BEIZTRETYT, ZDH, BROBEANDOT7ILANAIRERT —S8IE FICHEBS NS, KR
AXEBEU—TOINTHONET, BEXEY—TIOEATCIET—YDBEFRMENMEL, FvvVaRiEMNMERLET,

BT BIEROBMZEEI D LlE, BE7IERZERAT I LZERLET, AIXIE, N D EZEITSIERD
AT, A NEMZSCEIIDHEE, BEITIERDOREMLEE AIN[i]] TVIEASNET, CD/\F—(&
FRBFONTHLED REETHB26, MATRBEGETEVY —RXEXEY-UY—RDERSNEE A,

—A. 27 - 7ILTUXAICIF—MRICZLDIFINEBEBNEENET, GAP Z1—rO7I)LTUXLDEYHF
WHRIBORINS 2 DONTIV—ICHESNET, |RAOATIU—(F, INTDIERZRFICERIET S,
TERN—AD7)LITUXLTT (pr. te, cc)e CNBICIFTARMHNENHD, Z<LDALYRTEITTETET,
HIB(FT ST DA XIS LSTOHHIRSNET,

2 BEEOAHTIVU—F, ERETEROY Ty @iran GREOTZOVE, FHLLWZOYEROKRETL
Band, 70/R—ROF7ILTUXLTY (bfs, sssp, be)e CNBOFILTUIAIZEE, 1 DOIERES

DMIETIELTERSINET, FRAORETIE, 70FOTAX (BELOFNBTEIHINIE) (FHEIRSNT
WEY, Fe, BEREIFTO—/ULNNUTZ TR L, BINMOBEAA—/\—AYRNELELFET, CNoO7ILTIX
Ll BITNSETSTTIE, ALYRENEBILCH@EYICRT—U T LER A,

1> F)L® Xeon® Z7OwvH—ETOITST77)LTUXLDELT
57 -7ILTUX LOEIEIZTZE AR TITH, <ILFI7 1T Xeon® FOzvH— - R—IADH—/\—
Tld, WOD\DFEICED, TNBO7 FUT— 3V OETIIREG ETEET,

NIV

RORIXEU—m S FERL T, WIO—-RBEQOHEIELTEICKD, LAT7YY—0—8hRMmE 1,
IZT7T7INIAVILDINTA—X Y A%2B LTCETEIT.EERMNICIET DOMSTEHROEEO—REERTTES,
AVTIL PRINVAS - ROBL -TORFT2/37 2 (AVFIL° AVX2) BEROAVFIL® 7RIV - RO+
V- ITORF23> 512 (A FIL® AVX-512) OO NLFv S —moEFERLET, LHWL, I/ (5 —IF
NBOBET7ZICRINI— R TIRHTEIBEIFRDERA, Fe, Ea—URAFAvIICEDVTIRI ML
{EETODIZVWCEDHDET, ZDs, #pragma vector always ZENNLTINTNULZEDIV/I\1AZ—IC
AT REEDIC, VAT REET7IER/\I—ZRICERE TS LIICOI—REEZTBELET,

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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11 cc DHITY, ZOAUIFILOA—RIERTN)LFvF—inSEERLETAD, AOT—RIERTH)LFv
H—moEEMLET, COZTEICLD, 1VFTIL® Xeon® FTOzvH—ET cc MEE (S 5 EITHDELIZ,

for (NodeID v : g.out neigh(u)) { NodeID *a = g.out neigh (u) .begin();
NodeID comp v = comp[v]; #ipragma vector always
if ((comp u < comp V) && for (ant a0 a<n:s atE) |
(comp v == comp[comp v])) { NodeID comp v = compl[a[i]]:
change = true; if ((comp u < comp v) &&
comp[comp ¥] = comp u; (comp v == comp[comp v])) {
| B B I change = BT B
1 comp[comp v] = comp u;
1

}

ERERSORNBIL—T, EOAVIFII—RRERIMLFrTF—mPRENMLERA. AOXEROI—-RIIEETIE
ANF—=r=EDBARICLT, XRTMUEZIY NS —ITREILET,

EDDARI A DTEENEAETAN, ZNEEFBTETBLSIC BIRIE, HAHFEHAEFERLT) J—RAEBEYT
BER/INTA—TVADE LICRIBEET, HIZIE, te TlE, 2 DOBEITIEROUAFDEREO—HH
HERHIVRTBUENHOET, Katsov (&, 71T SSE anpAEFERLT—HTIL IV LEAE—RT7YV ST
ZILTUZ LAEFHBBLTWET?, 1 VFIL® AVX-512 ICHISLEZILIUX L% te NUFI—DICEDETS,
JRTA—TVRIF 2.5 EITHRDELRES,

i 51 AL FE

GAP RUFT—2I% OpenMP* AL CIIFMEEINTULEY, BIRLIELDIC, TERAR—XRETOYFR—X
D 2 DOUWINRIBOATIU—DHDET, TERR—ADT7ILTUX LA (pr. ce. te) Tld, TEROUIERFE
N TDIEROMIMTL, ERICKDZOHNARETLERDIEENH B, OpenMP* M parallel for
IW—TTHHNRT V1)L FERTRENEETY, BRI 1)L TlE, ZLOBEITIERNHDIESR
[CEIDHEToONRALYROETRBNIENDALYROETRBEIDDELIRD), O—F - 1V/I\ZV A%
SIERRILFET, AT Va—ILOFRHMEAREDDRAT IV 1—I)LOA—/\—A\YREFSTICIE, FvIF14X
% 16 F£feld 32 ICERELFT,

70 RR=20O7)LIUX L (bEs, sssp, be) [FIFMEHNREEE T, TOvI—O#EEAT)LICERTEFE
A (ATEEDBHILYRENDIEN), IREOTZOVMIEENIERIFITOT ZTLDBIEINITDEL RO
JOVHFIBEOTZOVER T LEBAICOHFLIBEINET, 1FTI)L° Xeon® Oy — - R—XADHT—
N—DIENT 2278 TILICHATBICIE, WINBEEBDOPTLSIC, CNBOFVIINITUXLEZLZETINE
NHpNET,

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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ZOZEHE|L, bfs TITICEEINTLET, IREOTZOVROMETIESET CICABLIEHEDHF VY
92 (BIE7)ILTUXL) KHODIC, ABLTCVWVEGEVWINRTDIEEAZEL, ZNHDIESNRAEOTZOVFDIES
DFEITBIEENE DN ETFTVILET (BE7ILTUXL), ABELTCVVEVWESIEZTZ7OVRDIBELDHZ

~OBHET BTERTRLEEIC, NERMEEZITOITETY,
Z0res, PIVIVZXLDOERATVIT, 2 DOFFERIRTESLIICLELIz, COBRRIFREDTOV D

IR (D7 RI2IFRALYRE) HEDBINETLELD.

FvrvwvabANTST
757 - J—00—RIF—MIC, FvvaTdlLVRU—GT7IR)I\I—mERLETA. 1 DOEIMNE, T

AV FIL® Xeon® 7Ot v —TIEVT vhHIZDE&EA 38MB) ICNEBIHETI, CNETHOERNS, 57
DUAXNKREIRD, FvvYallNFEET —INDERBIFE, /NTA—T VX (GTEPS, 1 #IC 10 REID
TS TREREATI) METTDEMDMDELIZ, T5T7HKOT ST - ZITUXLOHEEICED, Frvam
BTt ER £ aFEIE, BYICEMELGULD ZILTUXLBREDDT STOBERICRENDNDET,

DRI S TAIE

GAP RUFT—2(% (OpenMP* W5k 2 ERLT) VT IL/—RTOETEIFICERETSNTLET, LH\L,
NETORBICEDVT, BHO/—REFRALER) BT 70EBAOFEICDVWTHEICHBELET,
INANTA=RVRA-RILF/—RETTIEF, BEEZRIMELTO—NILT =L BEZRARILTDIENEE
TY, 7ORR/\I—DBRBAITIBANGT Z7 -7 FUT—3 0 Tld, TNIEAKSEEETT, D
Ham/MITBLDICTTT7REITELIF, ZNEERN NP RE2BETHD, LIFLIET7ILTIUXABIK
FDDEEBRENEGZDET, Z0o, RO/ —RICTST@EF7ZIVIVALET TO1T3I56(1&, /—
RREIOKEOBEICHILT B, 1F)L° Omni-Path 7—FFUOFv—REDLA B R, &L1F7VY—
DRYED—=DOT/—REZGINETI,

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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BRATICED/INTA—TADME L

057 - 7FTVT—=23vE, XBEU-BRANETILRAbARATHS D, Z00—00—RIF&HOTO
YT —CHRENB S TIEHDFEBA., TERCERLT RIMNLIZYRERXL Y RIS IR ZF BT
CICED, NTA—RVRZRIBICEALTERT, LK\, KICHBULIEICEETDIHAIE, 1>7T)L° Xeon®
TJOeyY—  R=AOY—/\—ORENZETILICEISHILDICTIIITUXLZBREA T 25D, Z<DFHA
BENLETT,

\ -l+§£
SZ 3k (REE)
1. S. Beamer, K. Asanovic, and D. A. Patterson, “The GAP Benchmark Suite,” 2015. http://gap.cs.berkeley.
edu/benchmark.html

2. 1. Katsov, “Fast Intersection of Sorted Lists Using SSE Instructions,” 2012. https://highlyscalable.
wordpress.com/2012/06/05/fast-intersection-sorted-lists-sse/

3.S. Eyerman et al., “Many-Core Graph Workload Analysis,” 2018. https://dl.acm.org/citation.
cfm?id=3291686.

BLOG HIGHLIGHTS

OpenVINO™ Y—=)L¥v DIt DA L, Fr—F5—=2 T8 NDILER

SHUBHA R. INTEL CORPORATION

OpenVINO™ W—)LFv D &FHFIUU—X 2019 R1 (OpenVINO™ (&, Open Visual Inference and
Neural network Optimization—A—>> - EJa7I)L - AV T7LVREZa—ZI)L « RYET—0D
RE{L—DIETY) TlE, WiMbZE@M EL, TA—TS5—ZVTREN%ZIRTDEHLLERENENSEN

BEEBIC, macOS* WY R—bSNFELe, EEFHEEZBEICHMBLEE, JILFRVYED—T -
VFUATRBEGF/INTA—T VAEEIRITDFHLWVLF{LEEEEICDULVTEFLERBLE T,

2019 R1 D¥itéeE
« F 21K 1UFIL® Xeon® RT—FT)L - FOtYY— (BFI—RE Cascade Lake) DY HR—I,
B LA FIL® Deep Learning Boost (VNNI @i Btz k) ICKDH#R/INTA—T VADERTE,

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,


https://software.intel.com/articles/optimization-notice#opt-jp
http://gap.cs.berkeley.edu/benchmark.html
http://gap.cs.berkeley.edu/benchmark.html
https://highlyscalable.wordpress.com/2012/06/05/fast-intersection-sorted-lists-sse/
https://highlyscalable.wordpress.com/2012/06/05/fast-intersection-sorted-lists-sse/
https://dl.acm.org/citation.cfm?id=3291686
https://dl.acm.org/citation.cfm?id=3291686
https://software.intel.com/en-us/blogs/2019/04/02/improved-parallelization-extended-deep-learning-capabilities-in-intel-distribution

< The Parallel Universe

. i
: rd P
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i

P / . I‘I‘N\

NI FINEDINFZIBETD

1> FIL° Advisor Z{EARAL T TUT—aryhEnREMERL
NIRINEESNTLBADVBEHRZED

Kevin O' Leary 17T A—KRL—2a>y FOZHII - AVBIIWNTF«V T - TIIZF

T7IVT— 3 NEOREMERNRINUMEESN TV SHNBET 2 L(F, Y AT LATRED/I\TA—T Y %
ERITDEDICERICEERTY, COELETIE, 1VTIV° Advisor ZERLT, NINUEOREEEE > R~
FCHREL., \—ROz7OERRIEELEL, /\TA—T U REHKBELLET, 17/L° Advisor 1F, BRI D
AV REFOVKR (35E) Fizldf >~ FIV° Parallel Studio XE 5LV FIL° System Studio DI/ R—R/
L THATEETS

A 7)L® Advisor ZEBLTORDBEHREBD_ENTETET,

o NORUEnfeIL—7

o« T—HE RUMNLE, DYk AVFIL® PRINVRAR - ARNTRL - ITORF/3 512 (1 FIL® AVX-
512), A FIL® PRINU AR - RO - TORTVY3V 2 (AVFTIL® AVXR2) 1)

BLICEIT 25 MIE, SBLICEITZIEEEZSR
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o ETSNITFEVNGRIRIF | BEIRIFOR
o ABERNEDGHEEAE-RIFOmDE
o LYRH—fEMA%E

o NIRUEDHETSE

. T

BaD/I\TA—IV/R%ZZENT D

T TG =3I TA—X Y AR ARICEIEHTICIE, INTOVRATLAUY—OFERIRRICET B EH
MRETT, 1F)L° Advisor OF LIRS NTE [Summary (F<U—)] Ea— (B 1) 1, 7FUr—3>
2RO TA—TVANEDRRE RN ERLET,

(V) Program metrics

Elapsed Time 154.92s b INTH+FLOAT Giga OPS  11.89
Vector Instruction Set  AVX512, AVX2, AVX, SSE2, SSE » GFLOPS 10.16
Number of CPU Threads 1 b GINTOPS 1.72
Effective Program Characteristics Utilization @ Hardware Peak
> GFLOPS 10.16 10% outof 100.1 (DP) FLOPS
201.7 (SP) FLOPS
> GINTORS 1.723  3.2% outof 53.94 (Int64) INTOPS

106.2 (Int32) INTOPS
> CPU <-> Memory [LL+NTS GBfs] 34.71 1.2e+3% outof 450.6 GBfs [bytes]

(V) Performance characteristics

Metrics Total &
Total CPU time 15455 I (O
Time in 3 vectorized loops 14289 R 92.5%
Time in scalar code 1166 1R 7.5%

() Vectorization Gain/Efficiency
Vectorized Loops GainfEfficiency® [3.37x (4% &

Program Approximate G ain? 3.19x

1 TVF)° Advisor @ [Summary (YU—)] Ea—

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,


https://software.intel.com/articles/optimization-notice#opt-jp

< The Parallel Universe 31

FERSNERINLGE R EYREBERR/INTA—T VR - AUy OEERTIET, FLIhRenizEa—IClE,
XN TA—RVRAEV AT LDE=D - [\ TA—X VA% LR T2TOT LRIV arynHmnET, B 1
o, 77UT—23vdW<onnREZmPtybrEERAL TV ZENDHNDEY, TNIFFHEINETT,
Fle, TOTSLONRTUERIZEIFDT D 42% TY, 58% OMENEZTEONIZON, RUILT T LT
AELFET,

RUILS DY

[Survey & Roofline (H—AA & JL—TF1 V)] 57 (B 2) CeHllzER TS ET, [Survey (F—RA)] Ea2—7T
(F, T CEDFMINEONEYT, RDPEZLDOF[BZEPLTCVBIL—TITEELT, INbDIL—TNTES
RIFMERINTNIbENBELDICLET, 1F)L° Advisor &, IL—HBIRT ) UL NIEhEDH\EZDR)
KERLET, AV AT—DIL—TERTN L TEGEDSRIBE, 17 FIL® Advisor [FZDEHAERLET,
[Performance Issues (/\T7A—< X)) 5ITlE, FFNRFIEBHOE Y MESNET,

()l Summary | @, Survey & Roofline | ¥ Refinement Reports

T @ Perf CPU Time 3 Vectorized Loops
1+ E Function Call Sites and Loops W T Type Why Mo Vectorization?
lssues Self Time w | Total Time Wecto....| Efficiency
# 0 [loop In matvec at Multiply.c:69] @ 1 Ineffective pe.. 119.010s Ml 119.010s Ml Vectorized (Body ... & 1 vectorization possibl... AVXS ... | 16%
5| (0 [loop in matvec at Multiply.c:60] @ 1 Misaligned lo... 29.500s i 29.500s 11 Vectorized {Body) Avx2 EJDDI
« [F] 0 [loop in matvec at Multiply.c:82] g1 Misaligned lo... 22.610s 1 22.610s1 Vectorized (Body) Avx2 71%
HEO [loop in matvec at Multiply.c:49] ' 1172051 182.840s I ScalarVersions & 1 inner loop was already ..

2 [Survey & Roofline (U—~A & IL—=T51V)] 57

[Instruction Set Analysis (&85t ~EE#T)]
[Instruction Set Analysis (fa stz T (B 3) (&, 3>/ \AS—NO—REXRTN LT BlzsIciToleC e
HEFLERBBLEY, XOBHIELSNET,

o BRSNEANINLGBEYE
o« NUMLE
o BIEDT—5E

[Traits )] FlIE, —MRICT —FBEZERTHILICI D267/ A S—h T ofe XEU—#BFZRLF T,
CNBOAEU—RIFIZE, IR CTHDIEZERI AIREENHOET,

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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! Instruction Set Analysis
|ﬂ E| Function Call Sites and Loops
Traits Data Ty ... | Numb...| Vector Widths Instruction Sets
O [loop In matvec at Multiply.c:69] FMA; Inserts; Unpacks Float32 12;2 128/256 AVX; AVX512F_256
| (0 [loop in matvec at Multiply.c:60] FMA Float32 256 AVX; FMA
O [loap in matvec at Multiply.c:82) FMA Float32 256 AV FMA
O [loop in matvec at Multiply.c:49] Extracts; Shuffles Float32; ... 128/256 AVX; AVX2; AVXS12F_256
u| f matvec Extracts; FMA; Inserts; Shu... Float32; .. 128/256 AV AVX2, AVX512F_256; FMA

. [Instruction Set Analysis (% v 8&1)]

ST -7 TUT—3 Tl XAV —TIFAVFIL® AVX-512 #FRLTVEITH, RINLEIF 128 &
256 T, Ffe, 7 IVT—3uh I\ Ta—< U AERBTETCULEWES, 7F/L° Advisor [FEBEXvEz—
ERAOLT, Fa——T - FRI\AZERHELEFT (A 4),

/A Your application might be underperforming

Your application might be underperforming due to disabled zmm registers by default. To define a level of zmm registers, use the
-qopt-zmm-usage option. Refer to Compiler Guide for more information.

. B Xy r—Y

ZMM LI 25 —EBICLTBIV/ILdBE, [Instruction Set Analysis (it T 1B 5 D&D
[CIEDET, [FEAEDIL—TIE 512 EVEORINILLI A —=FRLTWET, BV )L - 7T UT—23
VTIF, ZIMM LY R —%FRTRET/NIA—TVANE ELELE, LWL, BICTORET/ATA—
TVANEETBEIFRDEBA, CNIFT7TUT—3aVITKFLET,

Instruction Set Analysis

[=] Function Call Sites and Loops -
Vector Widths Instruction Sets

Traits

|FM!\: Inserts; Unpacks Float32 AVX; AVX512F_128; AVX512F_256
Extracts; FMA: Gathers; Ma... Float32: ... 12B8/256/512 AvX; AVXS12F_256: AVXS12F_512

1 [loop In matvec at Multiply .c:69]
[F O [loop In matvec at Multiply.c:49]

[1] (0 [loop in matvec at Multiply.c:60] FMA Float32 512 AUX512F_512
[# 0 [loop in matvec at Multiply.c:82] FMA Float32:1.. 512 AVXE12F_512
(= (5 [loop in main at Driver.c:155] Type Conversions Float32: ...

. [Instruction Set Analysis (% v &)

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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14>7)L® Advisor GUI O DR D{ER
1> F)L® Advisor GUI O TDRA VDA TICIF,. 7O SAICET RS ZIFRBERIAEENTLET (B 6),

P e

Top Down | Code Analytics | Assembly | ¥ Recommendations | @ Why No Vectorization?

. 1YFIL° Advisor GUI DT

[Recommendations (JREFIE)] Y7 ClE, /\Txa—<VAB Lo ESNET (B 7). HIXIE, IL—
THIRT )L b ngh orizig &, [Why No Vectorization? (NI R)LL TERVWER)] ¥ 7 CREACEREED
BIEREERLIEO—RY Y )L 2R TEET,

o Potential underutilization of FMA instructions

Your current hardware supports the AVX2 instruction set architecture (ISA), which enables the use of fused multiply-add (EMA)
instructions. Improve performance by utilizing FMA instructions.

Target the higher ISA
Although static analysis presumes the loop may benefit from EMA instructions available with the AVX2 or higher ISA, no FMA
instructions executed for this loop. To fix Use the following compiler options:
e xCORE-AVX2 to compile for machines with and without AVX2 support
s axCORE-AVX2 to compile for machines with AVX2 support only
* xCOMMON-AVX512 to compile for machines with AVX-512 support only
« axCOMMON-AVXS512 to compile for machines with and without AVX-512 support
Mote: the compiler options may vary depending on the CPU microarchitecture.

All Advisor-detectable issues: C++| Fortran

. 1> 5)L° Advisor @ [Recommendations (#3EEIF)] 47

O— R
[Code Analytics (O—REEM)] 57 (B 8) &, IL—TTANEIoTL2ONFElEZRMILES, SLANILT
INTA—=RVREMERBLIED, INTORIEODRET PR BIVIADY IU—ZEETEET,

1>/5)L° Advisor

IBEO/\—Fox7EIFICO—RE&IE(L

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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Loop in matvec at Multiply.c.69

Vectorized (Body) Total time

AVX; AVX512F_128; 101.682s
AVX512F_256 Seff time

Instruction Set

P Static Instruction Mix Summaryr'?)

CPU Total Time

Per iteration | Per Instance

P Dynamic Instruction Mix Summaryr}"'

3.73009e-09s | 2.16345e-

101.682s

07s

Average Trip Counts: © 58

GFLOPS: 4.29
GINTOPS: 1.34
AVX-512 Mask Usage: 100%!

N 0 3.10x

39% Vectorization Efficiency Vectorization Gain

. 1 >5)L° Advisor @ [Code Analytics (O—RE#F)] 47

INTOHFIEDMET

34

FENBURIRIE (FLOPS), EBEURIE (INTOP), E2l&Zd@ /5 (INT+FLOAT) ZETINTORIFDME
ENATEET (B 9), CNICED, L<DOND/ITA—T VR XU ODEMEE 1—NE RSN, 1 RIS
RITSNRBFEFEDDNDORT, Fe, COEI—TIE, IL—THXEU-BEZEDEEPRRIEBLTL

DN RI ARV IHEENET,

Statistics for ﬁ!.[_QEv_a_ﬁt_t_i_?_r_':_s_'
And Data Transfers Self
Per loop Per Iteration
GFLoP ® 4.36e4+02 1.60e-08
GFLOPS @ 429
e 0.25
Mask Utilization 100%
GINTOP © 1.36e+02 5.00e-09
GINTOPS © 1.34
INT ALY 0.08
Mask Utilization 2
INT+FLOATOP®  5.72e+02 2.10e-08
INT+FLOAT OPS © 5.63
INT+FLOAT A1 © 0.33
Mask Utilization 100%
L16b® 1.74e4+03  6.40e-08
L16Gb/s® 17.16
Elapsed Time 1.02e+02s 3.73e-09s

©
Total

Per Instance

9.28e-07

2.90e-07

1.22e-06

3.71e-06

2.16e-07s

. FTRTCDBIEDHE
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EfTSNicamslL ?

JI—TIERSNTVWRaSDRELEIL ? STER—AH, XEU—R—2AH? 1F)L° Advisor &, B S
SVOROB U= EBICERNGEm P REFN T PHOmAERMLET (B’ 10), EfTSNEZGPD
IN—VF—=INohBleth, BDEICIHGCTHLLWGSHNERSINTLINEINEER TEET,

¥ Static Instruction Mix Summary” ¥ Dynamic Instruction Mix Summary D
¥ Memory 61% (11) ¥ Memory 61% (299860000000, 11)
¥ Vector 39% (7) ¥ Vector 39% (190820000000, 7)
AVX 28% (5) B8 AVX 28% (136300000000) (D
AVX-512 11% (2) @ AVX-512 11% (54520000000) @
> Scalar 22% (A) @8  , scalar  22% (109040000000, 4) (D
» Compute 1% )8, compute 11% (54520000000, 2) @
¥ Mixed 6% (1) v Mixed” 6% (27260000000, 1)
¥ Vector 6% (1) ¥ Vector 6% (27260000000, 1)
AVX-512 6% (1) 0 AVX-512 6% (27260000000) B
Other 22% (@8 other  22% (109040000000, 4) M

10 NGRSV IRDOYIU-—

NI )LD &E1L

TO0 SOOI EIEAESHBDZENEETY, 17/ Advisor LRV —)LAEFERLTCTOT T AN
EDORERTNIEESNTVINERETDIET, /\— RO 7O AR ARICE I SHE TSN\ ERTEET,

EECS
FIL® Advisor DIL—T 51 (BREE)
FIL® Advisor DEHIL—T751 (REE

o« 1
« 1V
o 1VFIL® Advisor BN —T 51 (HEE

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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PIC O—FOARNIMEICEKD
INT A=YV ADM L

EEATER

Bei Wang ZUY AR KRE HPC Y I+ 7 - TVIZT
Carlos Rosales-Fernandez 1)V A—RL—3> VYIkox7 - AVYIF1 VT - TVIZF7
William Tang ZUV RN - TS XTI L ATEAT 2152

BEARNGRFEIE, WaMITBH O LU CHBEER I HERFOEBFHZ/ =1l —/3 VT BHOEL
SNEFETT, BRATVITlE, TNBOFEINEAICISLTHRIFORFUNEHRINET, FBL\Fvryya
EEAEER TR NITRIORA—/\—O > Ea—~5— 07 TUT—/37Tld, R EIdBEmts B8R E
GEtEH®E) Om5ICEELTCRIRKN T,

Femh'n, ON°) OBEMSICLD, TOATEICHBERDORNFEFERITZIISAY - V=al—3vIteés

THIFEIZERRTIEHDERA. H%E ONY) BETETZK10DIC, PIC (particle-in-cell) k(. EIFESEM
NESEITDERELTRFEFALET, TNITED, EHSIH ON°) 15 O(N + M log M) I[CERISNET,

T MIFRFEOHT, BE N ZDENED/NSVMBIZIEDET, LHWL, ZILTDUXLTEvH— | 2F vy
F—%{FAT S PIC3%Tld, BULNIFBEONT7—FFIFv—RERAIZERT D EIIASIHERETT,

VI AS—ORBELICETZHMIE, RELICETIEEEEZS
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HPC =2./0¥ —hHEXEU— - TOv T —ETELDALYRERT N LTIF B ZF BT B<)LFI7/
X7 - 7—FFOFv—ORRICEITIBICDONT, /\TA—TVADE LIZSOICEHICEDES, RT—
SEUF—%2B0HDEEFIRBRITDIEIE, DFENFE, FTHA, MNRB[YEE, TIATEBEZEEE,
NTF - Xy 25 ERITRIEIFYIBT7 T U -3 VI KT ELET,

CDEREIF, PIC O—RERTN UL TN TA— V%[ LT B2EETTRTT,

PIC O—FREIFO&IiE(L

CITHERATZI—RYYIILIE, G+ TRABSNE XA BZHNHSIAEAIZE (MHD) J—RTH D
Athena++ O particle 752 Td ', particle 75R(&, PIC SEFOEAT—FESEBRAEHTzILLLIZDD
TY, NFRMIFNEZEEUE, DROVIBEE[AB (x1, x2, x3) ERE (vl, v2, v3) TRSNFI, 75
AL, PICSED 3 DOERNGERFR—ADIRIEEEELET,

1. B (deposit): K FH\SIE FRA\DERFDH L.
2.3 E8) (move): BFR EOBHAENFUBICHEL, TOEMRZFERLU TR FREEZEH,

3.188) (shift): D EUIREICHITRTOCRBONFORE), BE, HESEBEFHRETERBDO 80 ~ 90% %
EHHTHED, BB TIFINSISEELET,

T—=IDLATIRETFTAAY
RIFAS S, FSIAIES] (AoS) I3 BFIBISH (SoA) F—5L A P kcitmcaEs (B 1),

A0S (&, BENDRONF%/)\WD | 7]\ TBDICKIEFEI N, deposit & move TIEFARTIR 1T DX
TU—TUOEINTEYT, RINEEHITEY, deposit & move (&, I—RORYRARY ~CHBIES, T
TIFRIFDRIRIC SoOA T—FLAT7IOrZFERLET, EFNICIE, posix_memalign() B ZEAL
TTTAAVRSNEXAEU—EEIDHTET (B 2),

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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HFRIFAD AoS T—FL 17T+

. . TRTORFO x1 BF (F1Z n)

- S Bi . TATORFO x2 5 (Y1 X n)
B3 x3 3

e o o [Wy3 IATORFO x3 B (UrXn)

_ . FTRTORFO v3 BF (H1X n)
FIFERIRD SoOAF—45L17Ik

. HIFEHD AoS & SoA LA Pk

posix_memalign((void s%%)&x1, CACHELINE_BYTES, max_prtl*sizeof(Real));
posix_memalign((void *%)&x2, CACHELINE_BYTES, max_prtl*sizeof(Real));
posix_memalign((void %%)&x3, CACHELINE_BYTES, max_prtl*sizeof(Real));
posix_memalign((void *%)&vl, CACHELINE_BYTES, max_prtl*sizeof(Real));
posix_memalign((void %%)&v2, CACHELINE_BYTES, max_prtl*sizeof(Real));
posix_memalign((void *%)&v3, CACHELINE_BYTES, max_prtl*sizeof(Real));

. posix_memalign() BMEBALTTSAAYFENEXEU—BINYET

=AIC, deposit.cpp & move.cpp (B 3) OAUTIFILO—RONRTNUELLIR—FZRERLT, &EL%E
MREHFET,
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https://software.intel.com/articles/optimization-notice#opt-jp

< The Parallel Universe

188
181
182
183
184
185
186
187
188
129
118
111
112
113
114
115
116
117

. deposit.cpp (£) & move. cpp () DAVUIFI)LI—K

for (long p=@; p<nparticle; p++)

{

Real x1tmp = x1plpl;
Real x2tmp = x2plpl;
Real x3tmp = x3plpl:
Real vitmp = viplpl;
Real v2tmp = v2plpl;
Real v3tmp = v3plpl:

Real a = (xltmp - x15) #* dx1 + isg;

int ig = (int)(a);

int is = ig - 1;

Real d = a - ig;

Real weil[3];

weill@] = 8.5 = (1.0 - d) * (1.0 - d);
weil[l] = 8.75 = (d = 8.5) = (d = 8.5);
weill2] = 0.5 = d * d;

a = (x2tmp - x2s5) = dx2 + jsg;

ig = (int}{a);

int js = ig = 1;

d=a-1ig;

Real wei2[3];

weiz[@] = 8.5 = (1.8 - d)} * (1.8 - d);
wei2[1] = 8.75 = (d - 8.5) = (d - 8.5);
weiZ2[2] = 8.5 * d = d;

a = (x3tmp - x3s5) * dx3 + ksg;

ig = (int}{a);

int ks = ig = 1;

d=a~-ig;

Real wei3[3];

weid[@] = 8.5 % (1.8 - d) * (1.9 - d);
wei3[1] = 8.75 = (d = 8.5) = (d - 9.5);
weild[2] = 8.5 = d * d;

for (int k@=8; kBe=2; k++){
for (int j@=8; j@<=2; jo++){
for (int i8=8; i@e=2; i0++){

Real w = weid[kB] * weiZ[j0] = weil(i@];
f/@pragma omp ordered simd
mcoup (IDM, ks+k@, js+j8, i5+i0) += w;
S/épragma omp ordered simd
mcoup (IM1, ks+k®, js+j@, i5+i0) += w * vltmp;
S/#pragma omp ordered simd
meoup{IM2Z, ks+k8, js+]@, i5+i8) += w = vZtmp;
f/é#pragma omp ordered simd
mcoup (IM3, ks+k@, js+j@, i5+10) += w = vitmp;

ki)

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,

for [long p=8; penparticle; pes)

{

Real xitmp = x1plpl;
Real s2tmp = w2plpl;
Real x3tmp = w3plpl}
Real vitep = wiplpl;
Real w2tmp = viplply
Real wItmp = w3p[pl;

Real ®ln = xltep + vitep * halfdt;
Real s2n = a2tep + vZtep = halfdt;
Aeal &30 = a3tep + v3tep ¥ halfut;

Real @ = (xltmp = x15) * dxl + 150;

int 1g = (1nthia);

int 15 =g =1

Heal @ = 3 = 10!

Real welll3l:

weill@l = 0.5 = (1.2 = d) » [1.@ = d):
willl) = 8.75 - (4 - 0.5) = (4 - 8.5)¢
weill2] = 0.5 = d = dr

5= [Mltmp - w2e) = dxd & jeg:

ig = dintdlalz

int js = ig = 1;

d=a- digs

Real wei2(3];

weid[8) = 8.5 o (1.0 - d} = (1.0 - d)y
wei2(1] = 0.75 - {d - 0.5) » {d - 0.5);
wed2[2] = 0.5 = d » d;

@ = (x3tep = x3s) = du3 * Ksg;

ig = {intHial;

int ks = ig = 1;

d=a - ig;

Real weid[3];

wei3[0) = 0.5 = (1.0 = d) = (L@ - 0);
wed3[1) = .73 = (d = 9.3) = {d = 0.3);
weldlzl = 0.5 = 0 = 0

Heal DTLAL = U0 Real DTlaZ = 0.0 Real oTlas = o.@:
Real efldl = 8.0; Real efld2 = 0.0; Real efldl = 0.8;
Real totweisd.d; Real shed.f;
far [int kisd; kies2; kiee){
for (imt jl=f; jOe=2; jdes){
for (int ibei; iBend; iBes){
Real w = weld (k@] + wei2[8) = velllin);
totwel &= W
Bfldl = w = feoupl(IB1, kssk®, fs=§0, is+i0);
bIld2 += w » ToouplIB2, ks+k®, s+ ]9, is+i0);
bfld3 += w o foouplIB3,ksekd, j5+ 0, is+id);
efldl += w = feouplIE], ks+hi, f5+ 10, is+10);
efldZ 4= w o foouplIER,kseki, j5+ 10, ised0);
efldd += w & foouplICd, kavkd, j3+i0, is+i0);
eb 4= w » foouplIED, kavkd, ja+i0, a+i0);
¥
¥
¥
Real bsq = std:imaxibfidl & bfldl + bfld? & bfld? + bfldd « bfld3, TINY_MKUMBER);
Keal esoth = efidl & BILAL & erlol « BYLAY & aTldd » Brlos;
Real diff = [ebstotwed - edotbl/bsa;
efldl e= diffsbfldl;
efld2 += diffebfldd;
eildd e= diffebfldd;
Totwel = gomftotwel = halfge;

BTLEL &= TOTweL) BFLOZ &= totwel] DYLOS *= totwed)
efldl a= totwei; efld? += totwed; efld) += totwei;

Real vin = vitep + efldl;
Real vin = vitep » efldl;
Real v3n = v3tep + efldd

Feal vpl = A # vEn & BELAS - vin = bYLOd}
Real vpl = v2n « vin = bildl = vin = bfld};
Keal vpd = vin + vIn = BYLOZ - vin = DTLOL}

Redl b = 1.0 & BLq * TOTWEL % TOTWEL} // 1 => 1.9 JW0Ld Type conversion
b= 2.0/ bi /7 reduce the divident coll from 3 to 1

Real 51 = bfldish;

Real 52 = bflddsh;

Real 53 = bildsh;

witmp = vin = efldl » vp2 » 33 = wpd = 33;
WITAD = vEn & efloX & vpE ® €1 - WPl ® 43}
witmp = vIn # efldd + vpl & 52 - wp2 * 31;
x1plpl = %1 + witep = halfar)

x2plpl = x2n + w2tmp = halfdt;

x3plpl = x3n « witmp = halfdt;

wlplpl = witmpj

wiplp) = witmp;

wiplpl = witmp;

40
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AVFTIL® C++ TV)\AZ— 19.0 TROATVav#=IBELTCI—REIV/\(ILLET: -03 -g -gopt-

report5 -xCORE-AVX512, 7 JA/LNTIE, OV/\15—I&% deposit (T 106) & move (1T 121) @
WMADERRIL—"TORI)EZEHIFET, RTRELIR—EMN5S, deposit.cpp DBARGET —5
KZEE (B 4) & move.cpp OXMELMER (B 5) [CKD, OV/I\AZ—IIRTMUILEITHIEN\ DI
ENDMDERT,

LOOP BEGIN at src/particle/deposit.cpp(67,3)
remark #15344: loop was not vectorized: vector dependence prevents vectorization
remark #15346: vector dependence: assumed ANTI dependence between x1plpl (69:18) and mcoup.pdata_[?-1+i@+mcoup
remark #15346: vector dependence: assumed FLOW dependence between mcoup.pdata_[?-1+i@+mcoup.nx1_%(?-1+j@+mcoup

LOOP BEGIN at src/particle/deposit.cpp(104,5)
remark #15344: loop was not vectorized: vector dependence prevents vectorization
remark #15346: vector dependence: assumed OUTPUT dependence between mcoup.pdata_[?-1+i@+mcoup.nx1_x(?-1+j0+
remark #15346: vector dependence: assumed OUTPUT dependence between mcoup.pdata_[?-1+i@+mcoup.nx1_%(?-1+70+

LOOP BEGIN at src/particle/deposit.cpp(105,7)
remark #15344: loop was not vectorized: vector dependence prevents vectorization
remark #15346: vector dependence: assumed OUTPUT dependence between mcoup.pdata_[?-1+i@+mcoup.nxl_%(?-1+
remark #15346: vector dependence: assumed OUTPUT dependence between mcoup.pdata_[?-1+i@+mcoup.nxl_%(?-1+

LOOP BEGIN at src/particle/deposit.cpp(106,9)
remark #15344: loop was not vectorized: vector dependence prevents vectorization
remark #1534&: Vector dependence: assumed ANTI Eepenaence Ee{ween mcoup.paafa_ 5-1+ia+mcoup.nx1_*(?-1

remark #15346: vector dependence: assumed FLOW dependence between mcoup.pdata_[?-1+i@+mcoup.nx1_%(?-1

4 deposit.cpp ORI ML R—F

LOOP BEGIN at src/particle/move.cpp(76,3)
remark #15541: outer loop was not auto-vectorized: consider using SIMD directive

LOOP BEGIN at src/particle/move.cpp(119,5)
remark #15541: outer loop was not auto-vectorized: consider using SIMD directive [ src/particle/move.cpp(12@,7) 1

LOOP BEGIN at src/particle/move.cpp(128,7)
remark #15541: outer loop was not auto-vectorized: consider using SIMD directive [ src/particle/move.cpp(121,9)

LOOP BEGIN at src/particle/move.cpp(121,9)
remark #15389: vectorization support: reference weil[i®] has unaligned access [ src/particle/move.cpp(122,642)
remark #15389: vectorization support: reference fcoup.pdata_[?-1+i8+fcoup.nx1_%(?-1+j@+fcoup.nx2_%(ig-1+k@))] h
remark #15389: vectorization support: reference fcoup.pdata_[?-1+i@+fcoup.nxl_#(7?-1+j@+fcoup.nx2_%(ig-1+k@+fcou
remark #15389: vectorization support: reference fcoup.pdata_[?-1+i@+fcoup.nx1_%(?-1+j@+fcoup.nx2_%(ig-1+k@+fcou
remark #15389: vectorization support: reference fcoup.pdata_[?-1+i@+fcoup.nxl_#(?-1+j@+fcoup.nx2_%(ig-1+k@+fcou
remark #15389: vectorization support: reference fcoup.pdata_[?-1+i8+fcoup.nx1_%(?-1+j8+fcoup.nx2_*(ig-1+k@+fcou
remark #15389: vectorization support: reference fcoup.pdata_[?-1+i8+fcoup.nxl_%(?-1+j@+fcoup.nx2_%(ig-1+k@+fcou
remark #15389: vectorization support: reference fcoup.pdata_[?-1+i8+fcoup.nx1l_%(?-1+j@+fcoup.nx2_x(ig-1+k@+fcou
remark #15381: vectorization support: unaligned access used inside loop body
remark #15335: loop was not vectorized: vectorization possible but seems inefficient. Use vector always directi
remark #15305: Vectorization SUPPOTT: Vector 1ength &
remark #15427: loop was completely unrolled
remark #15309: vectorization support: normalized vectorization overhead 1.832
remark #15456: masked unaligned unit stride loads: 8
remark #15475: ——- begin vector cost summary --—-—
remark #15476: scalar cost: 61
remark #15477: vector cost: 25,258
remark #15478: estimated potential speedup: 0.630
remark #15488: --- end vector cost summary ---

LOOP END

5 move.cpp DRI MILELK—F
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OpenMP* 1L 05« 7ICKBERRIE SIMD

deposit & move [FEE5D &IV —TDRIEH (nparticle) [FAE &ML —TDOREHIF/ NS\ 26,
BN —"DIFSHRT)UEICELTWVED, &HIC, OpenMP* SIMD F+4L U717 %#FHRL T, deposit
& move D ADRML—TORISbLETHHET, EELDOH—RILD, MAVEF— - ITAUT7YTICREE
Lle 7 —9GFEERIEHOFER A, deposit DERMIL—TDODRINUETIE, BE—ORTNLERD 2 DO
FHIEFAR—ZADEFIDECXAEU—E (mcoup) \EZTADDIETIEBANGT —YRKEEENKEELET,
AVFTILE PRINV I - RORL - TORTVY3>7 2 ((VFIL° AVX2) BIFICOVI LT Bi5E, IL—ThL
EIINTNEENBELDIC #pragma omp ordered simd ZFHIBIENEETY, 17/ 7R/
A ROML - TORFT3> 512 (AT AVX-512) TlEFREaiRHa S (vpeconflict) HMRENZ/E
B, 1T AVX-512 TIEINIEFBEHDFEEA, TITIE, TV AT—DEDMERNGRI ) LanpESE
g BEDIC, OpenMP* SIMD L2757+ 7T aligned fi& simdlen BiZ=FAHLTUVET, 17/L° IV
JA1Z5— 19.0 DIETIE, &BIELANIL 02 DLENBRNRISEE, -qopenmp-simd N'T 7A4)LETHERIITIRD,
#pragma omp simd NEEIRSNEY, ZDEsH, I/ \A)LEFIC -qopenmp-simd ZIEE T DN E(FHDFE
BA.

#pragma omp simd aligned(x1p,x2p,x3p,vip,v2p,v3p:64) simdlen(SIMD_WIDTH)
for (long p=0; p<nparticle; p++)

{
Real x1tmp = x1plpl;
Real x2tmp = x2plpl;
Real x3tmp = x3plpl;
Real vitmp = viplpl;
Real v2tmp = v2plpl;
Real v3tmp = v3plpl;

WE, ATV C++ V)1 5—[%, aligned HIOURACO—NIILEHBZDOHEFTLTWVET, ITX -
F—IAVN—BHBEIEEIDEIV/I\MILIT—ITEDEYT, ZDes, CZTlEO—HIILEHEERLT,
DS FT—5 - AUNN—EBHAERKALTUVET,

Real *__restrict xlp = x1;
Real *__restrict__ x2p = x2;
Real *__restrict__ x3p = x3;
Real *__restrict vip = vl;
Real *__restrict__ v2p = v2;
Real *__restrict__ v3p = v3;
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OpenMP* SIMD 4L 01 7 H#EMLIEEBONRINELLIR— 2RI e, IV AT—IFRFFT—5N
DT ZAAY SN T IR ATRIMIL—TE#RTRUELIEZENDNOET (B 6), ESEh s, RINLE
SNE/N\=T3aVIFFENT, I—RILOFvH— | AFvvH—BIEICKD, AAT—/\—T/3VE RS
AE—RT7VTEBBNFEEA. AIZIE, PERSNZIBAENRIAE—RT7 VL, deposit & move TZEINZE
NiIH 0.55 & 0.67 ¢TI,

LOOP BEGIN at src/particle/deposit.cpp(67,3)
remark #15388: vectorization support: reference x1plpl] has aligned access
remark #15388: vectorization support: reference x2p[p] has aligned access
remark #15388: vectorization support: reference x3p[pl has aligned access

remark #15388: vectorization support: reference vilplpl] has aligned access
remark #15388: vectorization support: reference v2p[p] has aligned access
remark #15388: vectorization support: reference v3plpl has aligned access

remark #15305: vectorization support: vector length 8

remark #15309: vectorization support: normalized vectorization overhead ©.€97

remark #26012: vectorization support: data layout of a private variable weil was optimized, converted to SoA
remark #26012: vectorization support: data layout of a private variable wei2 was optimized, converted to SoA
remark #26012: vectorization support: data layout of a private variable wei3 was optimized, converted to SoA
remark #15301: OpenMP SIMD LOOP WAS VECTORIZED

remark #15448: Unmasked a[1gnea unit stride loads: &

remark #15458: unmasked unaligned unit stride loads: 27

remark #15451: unmasked unaligned unit stride stores: 9

remark #15462: unmasked indexed (or gather) loads: 36

remark #15463: unmasked indexed (or scatter) stores: 36

remark #15475: --- hegin vector cost summary —--

| remark #15476: scalar cost: 552
remark #15477: vector cost: 968.500

remark #15478: estimated potential speedup: ©.550
remark #15487: Type converts: &

remark #15488: ——— end vector cost summary ——

6 OpenMP*SIMD FrL U5 1 7EM#ED deposit DI —TDRIMIELR—F

ARUYTAZ0

ARUYTRAZ D%, T—HUWHEERSNCLTIV/ M5 —ICEBI—ROBEINI ML ESR BT —
BRBRFERTT, B—DIL—TEANFEBESOIL—TICEBLT, MDD —TIFRARUYTEIRSARL,
REIDIL—TIFARIYTROINTOREZASSIRTDLIICLET (B 7).

BE, ARUYTOTAXERTRLEOEH T, —MOABEENEDOIL—T TR, ARIYTRIZVTF
SEEBATRRITT/IN A=<V A% AIGICE L TEEY, deposit & move Tld, particle L—TF% 2 D
DANFREED)L—FICEBLTH, Frvif— ) AFvvI—BEICEDNTA—<TVRIFE ELEEA. FIZIE,
ARIVT A Z VO BRBOYASNDBENGZAE—RT7 YL, deposit & move TZENZNHT H 0.52
&£ 0.67 T9Y (A 8),

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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for (long p=@; p<nparticle; p+=SIMD_WIDTH)

{

int remains = nparticle - p;
Real *_
Real *_
Real *_
Real =
Real =_
Real *_

_restrict__
_restrict__
_restrict__
_restrict__
_restrict__
_restrict__

x1lp = x1l+p;
X2p = x2+p;
Xx3p = x3+p;
vip = vi+p;
v2p = v2+p;
v3p = v3+p;

44

#pragma omp simd aligned(xlp,x2p,x3p,vip,v2p,v3p:64) simdlen(SIMD_WIDTH)

for (int pp=@;

Real
Real
Real
Real
Real
Real

x1tmp = x1plppl;
x2tmp = x2plppl;
x3tmp = x3plppl;
vitmp = viplppl;
v2tmp = v2plppl;
vatmp = v3plppl;

7 particle L=TDANIYTI1ZUT

remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark

#15305:
#15309:
#26012:
#26012:
#26012:
#15301:
#15448:
#15462:
#15463:
#15475:
#15476:
#15477:

vectorization
vectorization
vectorization
vectorization
vectorization

OpenMP SIMD LOOP
unmasked aligned
unmasked indexed
unmasked indexed
-—- begin vector

support:
support:
support:
support:
support:
WAS VECTORIZED

unit stride loads: 6
(or gather) loads: 36
(or scatter) stores: 36
cost summary ———

scalar cost: 515
vector cost: 942.500

#15478: estimated potential speedup: ©.520

vector length 8

normalized vectorization
data layout of a private
data layout of a private
data layout of a private

#15487: type converts: 6

#15488: --- end vector cost summary —--

#15305: vectorization support: vector length 8
#15309:

#15301: OpenMP SIMD LOOP WAS VECTORIZED
#15448: unmasked aligned unit stride loads: 6
#15449: unmasked aligned unit stride stores: 6
#15462: unmasked indexed (or gather) loads: 189
#15475: --- begin vector cost summary ---
#15476: scalar cost: 2089

#15477: vector cost: 2959.870

#15478: estimated potential speedup: 0.670
#15486: divides: 3

#15487: type converts: 6

#15488: ——— end vector cost summary ———

pp<std::min(SIMD_WIDTH, remains); pp++) {

overhead 0.896

variable weil was optimized, converted to SoA
variable wei2 was optimized, converted to SoA
variable wei3 was optimized, converted to SoA

vectorization support: normalized vectorization overhead 9.879

8 AMUYTIAZVIEMED deposit & move DRI MILELEK—F
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5@ Real bfldlv[SIMD_WIDTH] __attribute__((aligned(CACHELINE_BYTES)));
51 Real bfld2v[SIMD_WIDTH] __attribute__({aligned(CACHELINE_BYTES)));
52 Real bfld3v[SIMD_WIDTH] _ attribute_ ((aligned(CACHELINE_BYTES)));
53 Real efldlv[SIMD WIDTH] _ attribute  ((aligned(CACHELINE_BYTES))};
54 Real efld2v[SIMD_WIDTH] __attribute__((aligned(CACHELINE_BYTES)));
55 Real efld3v[SIMD_WIDTH] __ attribute__{(aligned(CACHELINE_BYTES)));
56 Real ebv[SIMD_WIDTH] _ attribute_ ((aligned(CACHELINE_BYTES)});
' Real totweiv[SIMD_WIDTH] _ attribute__((aligned(CACHELINE_BYTES)));
B for (long p=0; p<nparticle; p+=SIMD_WIDTH)
79 {
80 int remains = nparticle = p;
81 Real #__restrict__ x1lp = x1+p;
Real #__restrict__ x2p = x2+p;
Real *__restrict__ x3p = x3+p;
Real %__restrict__ vlp = vl+p;
Real #__restrict__ v2p = v2+p;
Real =__restrict__ v3p = v3+p;

N

#pragma omp simd aligned(xlp,x2p,x3p,vlp,v2p,v3p:64) simdlen(SIMD_WIDTH)
89 for (int pp=0; pp<std::min(SIMD_WIDTH, remains); pp++) {

91 Real x1tmp = x1plppl;
92 Real x2tmp = x2plpp]l;
3 Real x3tmp = x3plppl;
94 Real vitmp = vlplppl;
95 Real v2tmp = v2plppl;
96 Real v3tmp = v3plppl;

98 Real x1n = x1tmp + vitmp % halfdt;
99 Real x2n = x2tmp + v2tmp * halfdt;

108 Real x3n = x3tmp + v3tmp * halfdt;
101
182 Real a = (x1tmp - x1s) * dx1 + isg;
int ig = (int}{a);
16 int is = ig - 1;
105 Real d = a - ig;
Real weill3];
weil[@] = @.5 * (1.0 = d) * (1.9 - d};
@8 weill[l]l = .75 = (d - 2.5) % (d - 8.5);
@9 weill2] = 0.5 % d = d;

. AUV T IA=ITEN—T « T4y aVBREOHLL nove 22 (/i—Fk 1)
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bfldivipp] = 0.@; bfld2vipp]l = 0.8; bfld3vippl = 0.80;
38 efldivipp] = 8.9; efld2vipp] = 0.8; efld3vipp] = 0.8;
131 ebvippl = 0.2; totweiv(ppl = @.0;

132 for (int k@=8; k@<=2; k0++){

133 for (int j@=0; jO<=2; jO++){

134 for (int i0=0; i0<=2; i@++){

135 Real w = wei3[k@] * wei2[j@] = weil[i@];

136 totweiv[ppl += w;

bfldivippl += w * fcoup(IBl,ks+k@,js+j@,is+i0);
138 bfld2vipp] += w * fcoup(IB2,ks+k@d,js+j@,is+id);

34 bfld3vipp]l += w * fcoup(IB3,ks+k@,js+j@,1is+10);
149 efldivippl += w * fcoup(IE1l,ks+k@,js+j@,1i5+10);
141 efld2vpp] += w * fcoup(IE2,ks+k@,js+j@,is+10);
142 efld3vipp]l += w % fcoup(IE3, ks+k@,js+j@,is+i0);
143 ebv [ppl 4= W * fcoup(IEB,ks+k@,js+i0,is+i0);
144 I
145 }

e }

17 }

19 #pragma omp simd aligned(x1p,x2p,x3p,vlp,v2p,v3p:64) simdlen(SIMD_WIDTH}
158 for (int pp=0; pp<std::min(SIMD_WIDTH, remains); pp++) {
151 Real x1tmp = x1plppl;

152 Real x2tmp = x2plppl;

153 Real x3tmp = x3plppl;

154 Real vitmp = viplppl;

55 Real v2tmp = v2plppl;

156 Real v3tmp = v3plppl;

158 Real x1n = x1tmp + vltmp * halfdt;

159 Real x2n = x2tmp + vZtmp * halfdt;

160 Real x3n = x3tmp + v3itmp * halfdt;

161

Real bsq = std::max(bfldlv(pp] = bfldiv(pp] + bfld2v[ppl * bfld2v(pp] + bfld3v[pp] * bfld3v[ppl, TINY_NUMBER);

187 vitmp = vin + efldlvipp]l + vp2 *% s3 - vp3 *% s2;
vZtmp = vZn + efld2vippl + vp3 * s1 - wpl % s3;
v3tmp = v3n + efld3v(pp]l + vpl * 52 - vp2 * s1;

198 x1plpp]l = x1n + vitmp * halfdt;

91 *2plpp]l = x2n + v2tmp * halfdt;

9 *3plpp] = x3n + v3tmp * halfdr;

19: viplppl = vitmp;

194 v2plppl = w2tmp;

195 viplppl = v3itmp;

. ARUYTIIL=ITEN—T - T4v Y3V EREDELL move £ (J\—F 2)
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remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark

remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark

#163066:
#15309:
#26012:
#26012:
#26012:
#15301:
#15448:
#15440:
#15450:
#15451:
#15462:
#15475:
#15476:
#15477:
#15478:
#15487:
#15488:

#153A5:
#15309:
#15301:
#15448;
#15449:
#15475:
#15476:
#16477:
#15478:
#15486:
#15488:

vectorizatien support:
vectorization support:
vectorization support:
vectorization support:
vectorization support:

vector length 8

normalized vectorization
data layout of a private
data layout of a private
data layout of a private

OpenMP SIMD LOOP WAS VECTORIZED

unmasked aligned unit stride loads: 193

unmasked aligned unit stride stores: 224
unmasked unaligned unit stride loads: 81
unmasked unaligned unit stride stores: 9
unmasked indexed (or gather) loads: 189

--- begin vector cost summary ---

scalar cost: 2182
vector cost: 2898.250

estimated Entential seeedup: A.718
ype converts: o

-—- end vector cost summary ———

vectorization support: vector length 8
vectorization support: normalized vectorization overhead ©.147
OpenMP SIMD LOOP WAS VECTORIZED
unmasked aligned unit stride loads: 49
unmasked aligned unit stride stores: 16
-—- begin vector cost summary ---

scalar cost: 367
vector cost: 48.588

estimated potential speedup: 6.5%90

divides: 3

-== gnd vector cost summary =--—

10 ZHE#OD move A—RORIMLELK—~

overhead
variable
variable
variable

B8.855

weil was optimized, converted to SoA
wei2 was optimized, converted to SoA
wel3 was optimized, converted to SoA
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Real weilx2v[9] ISIMD_WIDTH] __attribute__((aligned(CACHELINE_BYTES)));
Real weidv(3) [SIMD_WIDTH] __attribute__((aligned(CACHELINE_BYTES)));
int ind1[SIMD_WIDTH] __attribute_ ({aligned(CACHELINE_BYTES)));

int indZ[SIMD_WIDTH] __attribute__((aligned(CACHELINE_BYTES)));

int ind3[SIMD_WIDTH] __attribute__((aligned(CACHELINE_BYTES)));

for (int i=0; icRedsncellsigsncells2gencellsig; i++){

mcoupw[i] = a.9;
}

time = clock();

for {long p=0; p<nparticle; p+=SIMD_WIDTH)

{

int remains = nparticle - p;

Real #_restrict__
Real = restrict__

Real = restrict

Real #_ restrict
Real *__restrict

Real # restrict

#pragma omp simd aligned(x1p,x2p,x3p,vip,v2p,v3ip:64) simdlen(SIMD_WIDTH)
for (int pp=0; pp<std::min(SIMD_WIDTH, remains); pp++) {

x1p = xl+p;
x2p = x2+p;
x3p = x3vp;
vlp = vl+p;
v2p = v2+pi
vip = v3i+p;

Real x1tmp = xlp(ppl;
Real =2tmp = x2plppl;
Real x3tmp = x3plppl;
Real vitmp = viplppl;
Real v2tmp = v2plppl;
Real vitmp = v3plppl;

Real a = (x1tmp - x1s) *= dxl + isg;

int ig = (int}{a);

int i = 19 - 1;
Real d = a = ig;

Real weil[3];

weil(@) = 0.5 * (1.8 - d) = (1.8 - d);
weil[1] = 8.75 - (d - 8.5) = (d - @.5);

weil(2] = 0.5 = d = d;

ind1lpp] = is = isg + NGHOST;

11 deposit ONIMNULRAIBEGEFIB7IIVIL

¥
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weils2v (] [pp) = wedl[)swed2(8];
weilx2v (il [pp] = weillilewei2[d];
weilx2v(2] [pp] = weill2]ewei2(e];
weilx2v (3] [pp] = weil[0)swei2(1];
weilx2v (4] [pp] = weillllswei2[1]:
weilx2v 5l lppl = weill2lewei2l1];
weilxZv (6] [pe] = weilleleweizlzl;
weilx2v (7] lpp] = weillllewei2(2];
weilx2v (8] [pp]l = weill2lwwei2(2];

for (inT pp=A; ppesTd: :min(STMO_WIOTH, remains): ppeed {

Real vitep = viplppl:

weal vzmep = viplppl:

Real vitap = v3pippl;

for (int k=8; ke=2; kes){
int ingex = indllppl + indlpplencellslg + (ina3[ppl+k)encelisigencallsly;
Real snCOUPVP = MEOUPVHIndexs32;
Real weiltmp = weildvik] [ppl;

#pragaa omp Sind alignedimcoupvp) simdlen|SIMD_WIDTH)

¥

for (int 1j=8; ij<8; ij++}{
Real weight = weidtmpeweilx2v([ij] lppl;

meoupwpl[ij] += weight;
mcoupwp[B+ij] += weightsvitmp;
mcoupwp[16+1] += weightsvitmp:
meoupwp[24+ij] += weightevitmp:
I
Real weightf = wei3tmpeweilx2v(8] [ppl;
int indexB = 32={indexslencellsigl;
meoupy [ indesA] += weightf;
meoupv(indexB+8] += weightBsvitap;
meoupy [ index8e16] sz weightfev?tmp;
meoupy [ indexA+74] += weightRsvitap;

for (int k=pmy_block->ks-NGHOST} ke<=pmy_block—>ke+MGHOST; k++) {

for (int jepay_block-»js-NGHOST; j<mpmy_block-»>jetNGHOST-2; j++) {
#progea onp 3imd sindlen(SIMD_WIDTH)
far (int ispmy block-=is-MGHOST: i<=pay block-=ieNGHOST-2; i++) {

¥

¥

¥

int index = 32#((i-isg+NGHOST)+(i=]sq+NGHOST) sncel Lsho+(k-ksgeHGHOST) sncellslgsncells2e);
acoup(ION. k. 4.4} += mcoupv[index]:
ncoup( 10N, k, §,i+1) »= mcoupv(index+1];

meoup(IM3, k, j+2,1) += mcoupv[index+30];
meoup (I3, ki §+2, 4410 += meoupv [index+211:

12 (£, FILLWEEODARINIUELLR—RCTY, B0 ——& 2 DEOIL—TOFBNDIBENEAE—R

TV INFENZEN 572 £ 5.69 T,
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LOOP BEGIN at src/particle/deposit.cpp(86,62)

remark #15388: vectorization support: reference x1p[pp] has aligned access [ src/particle/deposit.cpp(88,15) ]
remark #15388: vectorization support: reference x2pl[pp] has aligned access [ src/particle/deposit.cpp(8%,15) ]
remark #15388: vectorization support: reference x3pl[ppl] has aligned access [ src/particle/deposit.cpp(9@,15) ]
remark #15388: vectorization support: reference indl[pp] has aligned access [ src/particle/deposit.cpp(183,2) ]
remark #15388: vectorization support: reference ind2[pp] has aligned access [ src/particle/deposit.cpp(113,2) 1]
remark #15388: vectorization support: reference wei3v[@][pp] has aligned access [ sre/particle/deposit.cpp(119,2) 1
remark #15388: vectorization support: reference wei3w[11[ppl has aligned access [ src/particle/deposit.cpp(128,2) ]
remark #15388: vectorization support: reference wei3w[2][pp] has aligned access [ src/particle/deposit.cpp(121,2) ]
remark #15388: vectorization support: reference ind3[pp] has aligned access [ src/particle/deposit.cpp(122,2) ]
remark #15388: vectorization support: reference weilx2v[@][pp] has aligned access [ src/particle/deposit.cpp(124,2)
remark #15388: vectorization support: reference weilx2v[1][pp] has aligned access [ src/particle/deposit.cpp(125,2)
remark #15388: vectorization support: reference weilx2v[2][pp] has aligned access [ src/particle/deposit.cpp(126,2)
remark #15388: vectorization support: reference weilx2v[3][pp] has aligned access [ src/particle/deposit.cpp(127,2)
remark #15388: vectorization support: reference weilx2v[4][pp] has aligned access [ src/particle/deposit.cpp(128,2)
remark #15388: vectorization support: reference weilx2v[S51[pp] has aligned access [ src/particle/deposit.cpp(129,2)
remark #153B8: vectorization support: reference weilx2v[é6]1[pp] has aligned access [ src/particle/deposit.cpp(138,2)
remark #15388: vectorization support: reference weilx2v[7]1[pp] has aligned access [ src/particle/deposit.cpp(131,2)
remark #15388: vectorization support: reference weilx2v[8][pp] has aligned access [ src/particle/deposit.cpp(132,2)
remark #15385: vectorization support: vector length 8
remark #15309: vectorization support: normalized vectorization overhead 8.229
remark #15301: OpenMP SIMD LOOP WAS VECTORIZED
remark #15448: unmasked aligned unit stride loads: 3
remark #15449: unmasked aligned unit stride stores: 15
remark #15475: --- begin vector cost summary -——
remark #15476: scalar cost: 219
remark #15477: vector cost: 31.120
remark #15478: estimated potential speedup: 5.720
Temark #15087; THRE TV Erre T it
remark #15488: --- end vector cost summary ———

LOOP END

LOOP BEGIN at src/particle/deposit.cpp(l44,15)
remark #15388: vectorization support: reference mcoupvp[ij] has aligned access [ sre/particle/deposit.cpp(147,6) 1
remark #15388B: vectorization support: reference mcoupwplij] has aligned access [ src/particle/deposit.cpp(l47,6) ]
remark #15388: vectorization support: reference mcoupvplij+8] has aligned access [ src/particle/deposit.cpp(148,6) 1]
remark #1538B: vectorization support: reference mcoupvp[ij+8] has aligned access [ src/particle/deposit.cpp(l48,6) ]
remark #15388: vectorization support: reference mcoupvp[ij+16] has aligned access [ src/particle/deposit.cpp(149,6) ]
remark #15388: vectorization support: reference mcoupvp[ij+16] has aligned access [ src/particle/deposit.cpp(149,6) ]
remark #15388: vectorization support: reference mcoupvp[ij+24] has aligned access [ src/particle/deposit.cpp(158,6) ]
remark #15388: vectorization support: reference mcoupvp[ij+24] has aligned access [ src/particle/deposit.cpp(158,6) ]
remark #15415: vectorization support: non-unit strided load was generated for the variable <weilx2v[ijllppl>, stride is
remark #15385: vectorization support: vector length 8
remark #15427: loop was completely unrolled
remark #15389: vectorization support: normalized vectorization overhead @.182
remark #15381: OpenMP SIMD LOOP WAS VECTORIZED
remark #15448: unmasked aligned unit stride loads: &
remark #15449: unmasked aligned unit stride stores: &
remark #15452: unmasked strided loads: 1
remark #15475: --- begin vector cost summary ---
remark #15476: scalar cost: 37
remark #15477: wvector cost: 5.580
remark #15478: estimated potential speedup: 5,698
remark #15488: --— end vector cost summary -—-

LOOP END

12 deposit DRI MILELKR—
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bFEERLET,

SR (HEE
2L a8 (=58
1. https://princetonuniversity.github.io/athena/

2. Andrey Vladimirov "Optimization Techniques for the Intel MIC Architecture, part 2 of 3: Strip-Mining for
Vectorization," Colfax International, June 26, 2015.

3. https://picsar.net/features/optimized-morse-nielson-deposition/
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TYINBITIRET Al Z25RILLELELD,
OpenVINO™ Y—)LFwvkId, OJVE21—5—-
EYavono—o0—REIAE—R7YIL,
TA—TS—ZVIDERZEELL,
»r/wb@ TSV RIA—LARBITON
SOV ARTEBRICLED,

wmElOSYO>O— (HESE) >

= ,
IUINA5— @r@{bkﬂﬁ?’é#’?ﬂil&* RELICEATEREIE ( ) % ‘ lntel

SRLEZL
Iﬁ%}%l ;/T)I/ lntel O, OpenVINO &, ZXUAEREH LD/ FIFZDMDEICHIFS Intel Corporation EIZIFZDF LD
Ee
P ZOROIE, BREABLE, —RICRHORT, BELLEERHETT, S OftW are
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1F7)IL° MPI 14 7S5U—DVILF
EP ICEDI\TTUVER -7 TUT—
3avDINTA -/ A%Z[ L

R/PROI—FZEETIIOVRT—ILERICHZSD

Rama Kishan Malladi T>FI)I =KL -3 IF5T4vIR - NTA—=I VA -EFUIT - TIIZF
Dr. Amarpal Singh Kapoor 1 FJ)L A—KRL—23a>y FOZAII - AV YILFT1VT - TVIZF

1990 FEREIELAEE, MPI [ZDBEIATEU—B)\A/N\NTA—T VR - OV Ea—F«>4 (HPC) 7 TUr—/3VIC
BlFBARY V)WYV IDERIERLGOCVWEY, 8l <IILFI7 - TOwvt—nHRICED, MPI E
HEXEU—VZAFTLARADOXA V=)W VT ICBH BN TLET,

MPI S+ 7 SU—DIEREUITIEFA—/S—AY RS2, WILF TV AT NTERITT DRIE MPI 7 FUT—
2AVTIFREL EOA—/\—AYRNFEELFT, COERERELT, (Pthreads ¥ OpenMP* i2E%{ERLT)
MPI 7 JUT—2 3V ERILFALYRIELT, /—RZED MPI SV OERBT/\1 7 Uy RIEFILIEH IR A

SNELIE,

BLICRIT 25 MIE, RBICEETIEEIEEZSR
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INA Ty RTFILIB A Y IR— T 228, MPI /\—=2/3> 21 TA—H—1BEDALYE - BiR—k - LARLT
ALvRIRIEZ#HA1Y TS MPI_INIT THREAD BIHNVEMENELIZ, KD 4 LNILOALYRYR—F%
MEATEFRT,

« MPI_THREAD SINGLE

e MPI_THREAD FUNNELED

e MPI_THREAD SERIALIZED
¢ MPI_THREAD MULTIPLE

=D 3 DOLANIVICIFHEHKINHD, ALY EHNEEIICMPI ZIFO0HET CEEFALTVEE A, MPI_
THREAD MULTIPLE Y /R—ELAJLICIFHEIKNHOEEAD, ALY FEORESRIEBICED/TA -V AN
BRI B, HERDEASNTVEEA,

1FIL° MPI 5475 U— 2019 TRILSNIEHEBED 1 DI, RAT—ZT)L - TURRAVEQILFI VR
AV (RILF EP) TY, ZOH#EEIE, MPI_THREAD MULTIPLE HR—KLANJLT—EDOEBEHIRIZHD
FIN, I ATUYR - TTUT—2ay BN /NN TA—T YV ZAERBLET . <ILF EP OFFHERIE, MPI
SVIMLTEMDORAZRBEERTICEBMDAL YR ZRIFFICTIT4TICTESHETI, UTED 1D
D MPI SYOTEBOALYRZFERALTRY D —OBEHRZRENSBIENTE, /—RIEITERHEOD
SYODNAREITZNET,

ZDEETIZ VWILF EP [CDWVWTEHBL A VTIL® MPI 514735 U—CILF EP #eexFE R I D EEBN L.
I TIIGNR Y FR—DEEREBOT7 TVT—2 3w FERLOBENG/I N IA—< VR T4V ERLET,

BHROTRRT1VE

MPI TV RMRA V&, MPI BEOMILEETEYR—RTBUY—ADEYRTT?, TVRRA &, MPI
AZa=0—59—0OTVIICHIBLES, /\ATUYRERETIE, TVRRAVRIEHMOILYRETYYVFTS
ZENAEET, ALYRIEHIGT DIV RRA >V EOUY & FRLTBIETETET, NICKD, BERDE
BOT—HFARU—LDERSN, JIZLIE/N\—RDx7 - OV FFRLEWHICBEBEAE N L TEETETET,
ZORER, 7TUT— 3 LAV—0BAL YR MPI, OFl, BEV/\—RIOT 7 LAV—A\OVIELTT —
HERETEET (B’ 1),

127 )L® MPI S1735U— 2019 TVILF EP 2RI 5%

TILF EP AR T REHICHELGI—REBIEBICDVWTEZICHELLD, —ZTld, ALYEXIGOD MPI O—
RN TICERTRERELET, <ILF EP [FIEXD MPI #EETIFRLVesh, BIEZHAERELTENICTS
MWENHNET,

$ export I_MPI_THREAD SPLIT=1

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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£

I 1

Threads threadl thread2
I I

w ="
I I

S - o
I I

w

. FIUT =9I NBA Y I—TRTF - \—RITPADOYIHEL Ay E—VR(E

TILF EP (F, AV TIL° MPI 5147 5U—0 release mt #& debug mt B TOHTR—~S1, TNH
OERKICIFTO—/VLOvOIEHDEBA. XOWLWITNHDEETIELLVEREZEIRLET,

$ source <installdir>/intel64/bin/mpivars.sh release_mt
Frelx
$ export I_MPI_ LIBRARY KIND=release mt

PSM2 SATSU—RNTTILF EP HIR—rZBMCLET (T T7AILHFER), Fe, FRTEIALYRSY
SALEEELEFT (OpenMP* SUFILIFTILF EP ZHR—LTVWEIT N, EDNORLYRSVYSAL%E
ERTRZEHTEERT), KOOIV FZEERTLET,

$ export PSM2 MULTI_ EP=1
$ export I_MPI THREAD RUNTIME=openmp

11— —3—FAT MPI_INIT THREAD % /1L C MPI_THREAD MULTIPLE Y /R—hrLNJLEERLFET,
MPI_COMM WORLD J=1"U—%5—%JVICEDALYRHERLCHIZITRELET, COXT VI IF, OV
RLAYVE—VREEEERICLET, PO MPIBE#RFOELTHLVIZa = —5—ZERALET.

ROIRBERE, MPI SV OZEOHmRARIALY FEZHELET,

$ export I_MPI_THREAD MAX=n
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OpenMP* S5 -(/\ClE, I_MPI_THREAD MAX Df{1DDIC OMP_NUM THREADS RIBEZH & FHLET,

SVOTIBT ST DD ITIT, ZOSVIDNSRELEZALYRED (ZOSVIODNMET D) FED
T TYRICHTEMBEEZRES, 20T —IDHRIE (AOEHN) T2LIICLET, ZDiER, MPI
BEFOELORFEMLETH, FEHTOHLTERBSINGT —FEIF, SVITEDALYRHICLES)
LTRADLETS

MPI_THREAD MULTIPLE H/R—bLANIILTFFASNTVNDDDOELR T DL, YILF EP ZEATIMRICIE
W<OD\DOHIBRNHDET (FMllE, AVFAY - FBFaAV (HEE) #8RBLTIEE LY,

NIFI—0 7 TIVo—2/3>

CC7Tl&, MPI_ALLREDUCE JOVFVIESBEMEFEAL, MRR MPI 7 7O—-F&/\ATUvk - 77
O—F=#ERALT, B8O/ —FIChizd 2,097,152 EOEHMOEF =L 71—X (A& LET (B 2 & 3).
INATUyR - 7F7O0—-FTld OpenMP* h\MERSINET, /A1 X 7U—ORFRBEZIAEB DS, UFD3y
#EIE 100 @#gNIRLET, 7TUT—/3 V(% Fortran TRk THN /\—/3> 2019.0 DAV FIL®
Fortran AVN\A5—=&1>VFI)L® MPI 1473 U—CcdV/(ILaNTLET,

!  Reduce data
Starttime—MPI_WTIME()
dof = lonitar
Call MPI_BLLREDUCE(mydata(;;l),myres,n,MPI_INTEGER,MPI_SUM, &
MPI COMM WORLD, ierr)

enddo !'i
endtime=MPI_WTIME()
write(*, *)”Time for MPI ALLREDUCE=”,endtime-starttime

2 %873 MPI ) MPI_ALLREDUCE

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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'Duplicate communicators for each thread
allocate (NEWCOM(num threads))
do 1 = 1,num threads

call MPT COMM(MPI COMM WORLD, NEWCOMM (i) ,ierr)
enddo !1

!Reduce

starttime=MPT WTTME ()

!SOMP PARALLEL PRIVATE (11,12,tid)

Lid = OMP_GET THREAD NUM()

11 = offset (tid+l, 1)

12 = offset (tid+l,2)

do T = l,niter
call MPI ALLREDUCE (mydata(11:12,1) ,myres(11:12,1),chunk, &
MPI INTEGER,MPI SUM,NEWCOMM(Lid+1),ierr)

enddo !i

'$OMP END PARALLEL

Endtime=MPT WTTML ()

Write(*,*)"Time for MPI ALLREDUCE=",endtime-starttime

3  VF EP M MPI_ALLREDUCE

3 (&, ¥JLF EP (O MPI_ALLREDUCE = ALIEIEAEDEVERLET, RIBDOESD, MPI_COMM _
WORLD (I EBICIGCTHETHEEIN, USFTY3aVHFOHLIE mydata & myres OB ALY RNR—X
OFTEERIFDISFIBIIATRITSNET, ATYRE, INTORLYROBBE R TIBEN YT VI %
BUTFIZHTI, Ffe, MPI_ALLREDUCE HOMEL O, MH7E MPI TlE (niter x MPI SVIH)
THADICHL, RILF EP TlE (niter x MPI VI x SVOUTEDALYEH) TT,

MPI RIBIFBIRDR TV I DEEDT, 7 FUT =23V (FROIAR Y R TREIENE T,
$ mpiexec.hydra -n —ppn 1 -f hostfile -prepend-rank —genv OMP NUM _THREADS NT ./multiEP

ZZTlE, 177 IL° Trace Analyzer & Collector Z#FBL 7 FUT—av=7O0771)LL, SVDER LY
ROEIERERLET GHAlE, AVSIY - FFaXVRESRLTIESLY,
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4 - 507077 MILTlE, 4 /—R, J—RZEIC1 S0, SUOTEIC 2 ALYRAFRLTULET, Fio,
BEEG IO 7L EESRL®T LEDIC, BORLEAE 1 ICERELTULET,

PO TO

P1TO P1T1

Legend

= MPI_Comm_size
= MPI_Comm_rank
= MPI_Comm_dup
= MPI_Finalize

= MPI_Wtime

= MPI_aAllreduce

= G Application

P2 TO P2T1

P3TO P3T1

4 /—R, /—RCIT13V0, 002kIC2 ALY REERLEBAEODO—RNSVR

0.142 5 0.146 5 0.150 5 0.154 5 0.158s
0.144 = 0.148 s 0.152s 0.156 s 0.160s
PO TO MPI_Comm_dup ME I L MPI_Finalize
P1 TO |7 MPI_allreduce MPI_Finalize
Pl T1 MPI_aAllreduce
P2 TO
P2 T1 MPI_Allreduce
P3 TO MPI_Comm_dup MPI_Allreduce . ze
0.142s 0.146 s 0.150 s 0.154 s 0.158s
0.144 s 0.148 s 0.152s 0.156 s 0.160s

. FTRTDS Y ITOBBIFOHLEZDAL Y RDEBICKELTERENEANRY b - 91L51Y

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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4 (L, BREBDIRTOTVIN 2 DOALYE (TO & T1) ZRIR—VLIeCEAERLTUVEY, TITE
TLI/NSRBETIE, YU7IILERE (BBTRERTR) NZLWTENHDET, £, BLTVIDALYERE
OO—R/N\NSUIANHEDILHDER A, lEL, BIVIDRADALYRICEOTEITEINLEDT—DE(F
BN S VY ADENTVET, F500 2 DEOALYRTHELCIENERFT,

5 DKFERIFTALTAY BELBIFT VD (EALYR) ZRLET, 77UT—3v(F, ALYRTE
[COZa2Z5—5—%EHITIEIC, INTOSZVITYUZIL -O—F - BOY3VOETHLEBL, REIC
INTOTVDIEZDALYRT MPI_ALLREDUCE ZIF UL ET, 2L TETVDIE, MFIEEST MPT_
FINALIZE ZFOHL TR TLET,

6 (&, 16 /—F /—RZXIC1 SVITHEERTLEEED, ALYRHITIGLU Tz MPI_ALLREDUCE
DAE—RT7YvTHZRLET, E=0 - NTA—-TVRIF 16 ALYRTERSNTED, COTAFIZTA
(1>7)L® Omni-Path A5 —OxRT b L TEHRS A~ FTIL° Xeon Phi™ 7250F 70ty Y—no5
25 —) TIFINNRBFAL YR TH D EZRLTVET,

16 /—FT@ MPI_ALLREDUCE ALY FDOAT—U2 T

4.5

3.0

2.3

AE—=FFPuwT

1.5

0.3

1 2 4 3 16 32 b4
SUOZEDA LY FE

6 ~IFEPICEBALYRORT-UYT
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EF®1%F (QCD) O—FTHOVILF EP OfER

EBROFTIT—23a vV TRILF EP 2RI 2DIFFERICEHETT, B7I1E, /—R (T BOT—5ERD
\NO—#AETTS QCD 7 U —3VnfIcd, QCD I—RO®BE/(5— (CG VIL/I\—d Wilson-Dslash
ARL—=5—) 1F. X Y, Z, BEO T AROGRIEERT >V RY—RA1 > (send-recv) RIBTT, Xk, MPI
SDZEIC 2 ALYREFHATBIVILTF EP EED Y AEOXAVE—I XA RLTVED, BFIX 4 0
(>0 0 ~ 3) ICpElan, SVIBOBEIEX, BRT—ID/\O—-XXBOREEIFEE, SE>FETRIN
TWEY, 8 ALYREFERIZTILF EP GLOI—R(E B 8 IC, W/LF EP HDOI—RIZR 9 IT/RLET,
7 DAONTIE, T8Il 2 ALYRZEFERTZYILF EP O MPlI Xvt—I/)\wa v Id%RLTVET,
TO & T1 ELTRESNTVB AL YRIE, MPI OREEZEZDEIL, COBEZMIICEITLT, RyvED—0
wIROFMBAEEZR ELET,

[

o = mow =

¥
3
Z

serd 1 end
[1]

o o o ow
L]
=

o 1 1 3 4 5 &6 70 1 2 3 4 }=—

a1 2 30s 5 6 7o 1 2 308 x—

. VILF EP ZfEALEIBEELEBVEAD 16*8*Z*T QCD R FLTH Y HRADIERE

SZ NS
tstart = MPI wtime ()
call MPI Sendrecv(send yu,sz y,MPI DOUBLE COMPLEX,node dn(2),

+ 2, recv_yu,sz y,MPT DOUBLE COMPLEX,node up(2),
+ 2,MP1L COMM WORLD,iStatus,ierr)

call MPI Sendrecv(send yd,sz y,MPI DOUBLE COMPLEX,node up(2),

i 3, recv_yd, sz y,MPT DOUBLE COMPLEX, node dn(?2),

i 3,MPI COMM WORLD, iStatus,ierr)
Tend = MPI Wtime ()
If (nodeid.eq.0) write(*,*)’Time taken for devault MPI send-recv’, tend-tstart

. 8 ALY REFALETILF EP BLO Y B (LT) OEfE

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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sz y = szy/8

tstart = MPT Wtime ()
!SOMP parallel do default(shared) num threads(8) private(ls,le)

do iy=1,8

lisE=aGy =i sz vt

fle = (iy )*sz y

call MPI Sendrecv(send yu(ls:le),sz y,MPI DOUBLE COMPLEX,node dn(2),
| 2,recv_yu(ls:1le),sz y,MPI DOUBLE COMPLEX,node up(2),
I 2,comm(1iy),1Status,ierr)
call MPI Sendrecv(send yd(ls:le)sz y,MPI DOUBLE COMPLEX,ncode up(2Z),

+ 3,recv_yd(ls:1le),sz y,MPl DOUBLE COMPLEX,node dn(Z2),
+ 3,comm(iy),iStatus, ierr)
enddo

tend — MPI Wtime ()
if (nodeid.eq.0) write(*,*)’'time taken for multii-EP send-recv’, tend-tstart

9 8ALYRZERALEILFEP HDDY B (LT) DBEE

16 /—Fo MPI_Sendrecy - {83 MPI ET ILF EP FEDS/—FHTO 8 ALYEDOTIFEPOT T
ne 141 Lo 142
140 130 140
§ 130 = - e § 120 1.07 103 111
i 108 100
| |
: 0.0 ._': [oF-)
S om = 060
E 040 ;-_: Q=0
0.2 0.20
000 000
1 w &t & 1 4 B 16
il ZILF EP: PPH-1 S=EH

PPH=1

10 EH3ALYEBE/—RFETILF EP £ERALEIBAOEN/NTA—T Y ROM L

BIGDALYREE /R TTILTF EP 2FERALEBEDNITA—T V- T4V %B 10 ITRLET, BF
14X 64*64*64*16, /—RE 2 ~ 16, ALYRE 1 ~ 8 T, WILF EP #FERALEIBED/\TA—<
2T RRABLELR, TARCIE, 7FIL° Omni-Path 4 A —OXRDOENLCEHRSNET Y TIL®
Xeon Phi™ 7250F 7OtwvtH— - R—=AD/—RTHERSNBIISAY—EFRALTLET,

IVIAS—ORBELICET2HMIE, RELICETIEREEESRBLTIZEL,
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INTUYR - 77U —23DI\NTA—< >V AD'E L

1FIL° MPI S473U— 2019 OVILF EP #FERALEE&RBEKICKD, /\ATUVR -ZTUT—23>70
NIA—=TVANBELELE, COFMLVWEEAFRATRICIE, - REEEREBBEDRENVETITN,
CCTEHBLEERBD, BEIIF/NRTEHSF, TOTITARAROBSEIIEEINEFFA, TIOYRT—ILER
ICETICDONT, I\ A TUYE - T7—FFI0Fv—CRED/N\TA—IVAZIENT BDICIF, WILF EP DKLD&
MEEDNNEICTFDTLELED,

BE (B R
- REmIEH
o 1VFIN°MPI S173U—-DSFoO—-k

SEZEHR
1.4V FIL° MPI S5 735 J— for Linux* 7R0Ow/\—- 731K, https://software.intel.com/en-us/mpi-
developer-guide-linux-multiple-endpoints-support (:258)
2. Enabling MPI Interoperability Through Flexible Communication Endpoints. James Dinan, Pavan Balaji,
David Goodell, Douglas Miller, Marc Snir, and Rajeev Thakur. EuroMPI 2013.

3. 1>7)L® Trace Analyzer & Collector, https://www.isus.jp/itatc/

4. Intel® Omni-Path Architecture Multiple Endpoints. James Erwin, Edward Mascarenhas, and Kevin Pine
- Intel. IXPUG September 2018. https://www.ixpug.org/resources/download/intel-omni-path-
architecture-multiple-endpoints (32z8)

5. Multiple Endpoints for Improved MPI Performance on a Lattice QCD Code - Larry Meadows, Ken-Ichi
Ishikawa, Taisuke Boku, Masashi Horikoshi. HPC Asia 2018 WS, January 31, 2018, Chiyoda, Tokyo,
Japan.

145IL° MPI S 75U—

FET, RV, RT—FTINIGISREI— - Xvte—I VT

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,


https://software.intel.com/articles/optimization-notice#opt-jp
https://www.isus.jp/intel-mpi-library/
https://www.isus.jp/intel-mpi-library/
https://software.intel.com/en-us/mpi-developer-guide-linux-multiple-endpoints-support
https://software.intel.com/en-us/mpi-developer-guide-linux-multiple-endpoints-support
https://www.isus.jp/itatc/
https://www.ixpug.org/resources/download/intel-omni-path-architecture-multiple-endpoints
https://www.ixpug.org/resources/download/intel-omni-path-architecture-multiple-endpoints
https://www.isus.jp/intel-mpi-library/
https://www.isus.jp/intel-mpi-library/

< The Parallel Universe 63

E 34

1> 5I)L° System Studio Z{ERLTT7Z TV -3V 2ERLT/IN\VY,
fEth, EIWRTDEE

Ramya Chandrasekaran 1 F)L d—KRL -3y RR¥—I 57100 - TVI=F7
Thorsten Moeller 1 F)L O—KL—3Y HEGY—I T4V 0 - TII=ZF

loT. BEIE., /No5. NILAT 7, BEELREONBH T TUT—a VI RIBHRICKETBICDONT, BIAHY T
FOTTERIGCCHETEINISELLELZ, ENEEDBIC, BRERF—LIFBLWART Y 2—)L, UV—ARE,
B/ TA—TVAICEATRIELLWEBILEAEANOTUEKDHENBDLDICED, VIITT7RFEORED
BXFELR,

CNBORBICHISTD 1 DOEIE, 1VFIL° System Studio ZFEFITHETI, 1FT/L° System
Studio [FEMSICTNT Bz RRIICEHETESNTHED, AT EHSNTLET, COFEVPIBENGRD
OXTSYRTIA—=LDY—ILAA— &, YRAFAE loT 7FUr— a8l c REN IO
1T RBIRNICHPETETDILIICKE LET, 17)L° System Studio IC[F, &FBEILTV/\AZ—,
SEICFa—Z—vIaNeIATIU— FET7F 1P~ 7/\vH— BLROBAERZICTDI—RIrH—
REG Y TILNEENTULET,

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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17 )L® System Studio &, P T&E&ILIT D EEBIZELTVET,
o AWK, 77 JOkvH— (CPU & GPU/ 1VFIL® JOtvH— - TS5 T74vIR) AR TIEIFRT—Y
O—RO/INTA—TVAEBINEEB ELET,
o HEM., - ROBBAREUWELT, BHEATION I TIHBRBILLEYT, AY—HiEEEE 400 ZB X3
T —A\OT IO RERELET,
o YATFLDEFENE., VATLOEEFENEL, TOIVEIA—AICREETRFMRBERESEGRNL —REEA
NETEET,

YV—)VIFREORD 3 DOANTIV—ICHEETEERT : BV, @i, BXOT/\wT (B 1),

FINwd REAR EILR
: = o SAFTZU—
AU —aY FIud & =7 & NI RIHE, C/C++ OV IN1T5— g =2 B3,

e & NS xTEU-8 it
& YRFI FL—Z RIA=TYR  TJOY OwanEL e i ztrl:_rl-é!:ﬁ:; Kt

Linux*, Android*, Windows* EZlZ VxWorks* TET T3V AT ALV P FUr—3-0—F

HSPARIRIE (IDE): Eclipse* 3, Microsoft* Visual Studio*, Wind River Workbench*
A 05 Hik—|: Linux*, Windows*, macO5*

TUTFINE P=FFo0Fv—N=ANTZvLTx=1

. £YFIL° System Studio ICIFARABI—ROEILE, @i, F\vTY—IBEENS

ELEY—)L

JO0VxOROEIILRIE, TOMATHZRBITBRODRIDAT VI TI, 127)L° System Studio 11,
ROE LY —ILNEENTLET,

o AVFIL® C++ dVI\15—: Eclipse* *® Microsoft* Visual Studio* RED—MRINGRERBEICHELTHE
TEEXRT, 1T C++ O/ S5—[F, Visual C++* (Windows*) ¥> GNU* O>/\1S— -aLo¥3> (GCC)
(Linux*, macOS*, Android*) 7&& ., 1FH\OOV/I\AS—&V—RAB LN \1FHU—HIB T,

o AUFIC TR -HN—=FI - SA4TSU— (1VFIL° MKL): BEICRE{L. ALVR{b, BEORTNLbENT
HZ2EMCLDEABEESRILLET, B/ X/ R (BLAS, LAPACK, PARDISO), FFT, RINVEE,
YT U—MET, ATSAVBREQTERBERMLEYS, Fo, I—REQIRETICETOwvT—BIFIC&EB
SNEI—REBENT R/ WFLET,

VIS —ORELICETZFMIE, &BLICTIEIEREZSRL IS,
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