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A millimeter wave radar can measure the relative speed and angle of the target like a front vehicle
precisely. This report shows the transmission loss of the glass in the millimeter frequency when the
millimeter wave radar is mounted behind the front glass. We have simulated the radiation patterns of
the antenna by using the TSUBAM, and studied the improvement method.
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In this study, meteorological simulation using the WRF model has been carried out to investigate
the sensitivity of a heave localized rainfall over the Kyushu in July, 2017 with a downscaled grid
resolution in the nesting method. Simulated results showed good agreement with observation
results. Climate change database d4PDF was used to investigate the daily precipitation to find the

increase under global warming.

Keywords: Heave Localized Rainfall, WRF, Climate Change
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Research and development of environment analysis technique of leaked electromagnetic field from wireless power transfer
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The wireless power transfer (WPT) system for electronics devices and so on has been actively developed in recent
years. Since the electromagnetic field leaked from the WPT system interferes with the other devices, it is required to
quantitatively evaluate the electromagnetic interference. In the housing or commercial facilities environment, the WPT
system is located generally close to other various devices. If the frequencies of the fundamental and high-harmonic
component of the WPT system are overlapped with operating frequency of these devices, the electromagnetic field
leaked from the WPT system threatens to interfere with these devices. Thus, it is required to quantitatively evaluate the
leaked electromagnetic field at various frequencies. The measurement in the whole house or commercial facilities
involves immense amount of time and effort, and the simulation requires the enormous analysis size. Therefore, we
have analyzed leaked electromagnetic fields in the housing or commercial facilities environment by using
supercomputer TSUBAME 2.5. It was confirmed that architectural materials, the steel mesh structure and exterior wall,
especially affect the electromagnetic field in the house simulation. In this paper, assuming an environment close to
actual use case of the WPT system, we analyze the leaked electromagnetic field property under simultaneous operating
condition of multiple WPT systems by using supercomputer TSUBAME 2.5.

Keywords: Electromagnetic simulation, Ray launching, Wireless power transfer, Leaked electromagnetic field
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HCHME (100 words F2)

We studied the radome shape of outdoor millimeter wave antenna.
The shape of the radome was a curved surface, and the curvature of the curved surface was varied

between R = 100 and 1000.

The antenna directivity and the antenna gain are shown when the radome-shaped curved surface is
finely changed by electromagnetic field analysis using TSUBAME
Based on the result, we showed the optimum value for the radome shape curved surface.

Keywords’radome, electromagnetic simulation, horn antenna,
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F X #08% (100 words F2E)

Deep learning (DL) technology, which is one of the one of the biggest trend of cutting-edge artificial
intelligence technology, has many open frameworks, and is widely used in various industrial fields
from manufacturing to medical treatment, and in particular, image and sound recognition. However,
there are still many problems in application. For example, DL performance largely depends on the
amount and quality of training data, but using existing frameworks cannot efficiently use large-scale
data.

In our project, we would like to massively parallelize DL and implement efficient DL code that can be
used in the field of manufacturing. A basic survey including efficiency of existing DL code in MPI +
GPU environment is conducted in a one-month trial use, and detailed issues are extracted.

Keywords: deep learning, artificial intelligence, industry, parallelization
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# 3 : Numerical analyses of fluid dynamics in pores of landfill waste layer
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AMETIE. BEVRBRLSBEREDKOAADFNEENERELHERF—LORFEEEMEL T, BEFR
ARBETORIETo-. EFMIZIZZBE A TR Navier-Stokes HFEXFALVT SUPG/PSPG EICEIKRE
IEEREFREICKYBBELz, &5IZ,GPGPU avEa—T4 T CKBHENDEERILEH A=, BIL—RATE
RDKARIZIX GPBi-CG EFEAL, YILF GPU 2F AL TEELFFHEIZELSLIaL—avEiToT=,

EXH R

The purpose of this study is to establish a numerical simulation model of fluid flow in a landfill layer
with high quality and high precision. A 3D finite element method is a powerful tool for flows having
complex geometry such as porous media in landfill. However, it leads a huge amount of computation
cost. In this study, we examined to accelerate the 3D FEM by using the Graphics Processing Unit as a

general-purpose use (GPGPU).

Keywords:landfill, Numerical simulation, FEM, Navier-Stokes equations, GPGPU
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FETEHIIEVSFETHD, COFEICKY. BEERETHIENTE,

Deep learning allows us to detect feature objects (houses, roads, vehicles, etc.) in satellite image, but
there is space to improve accuracy and the sample images preparation. We advanced research mainly
for vehicles from the ease of preparation and verification of sample data. As one of the
accomplishments is a method called Hard Example Mining (HEM). In the training of the deep learning
method, it is a method to learn an image (image with a large loss value) that is easily erroneously
detected in a vehicle (minivan) in the target area. By this method, accuracy could be improved.

Object detection, Deep Learning, House-footprint, Vehicle detection
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H X : estimation of protein-ligand association/dissociation rate constant from equilibrium
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To calculate rate constants for association and dissociation of biomolecules in an explicit solvent,
we performed two types of effective conformational sampling methods: Adaptive umbrella sampling
and virtual-system coupled molecular dynamics. The system consisted of two alanine molecules
embedded in an explicit solvent. We obtained the association and dissociation events many times for
the system during the simulations with using the TSUBAME 3.0 system, and stored a large number
of snapshots from the simulation trajectories. These snapshots are used for calculating the rate
constants.

Keywords: reaction coordinate, enhanced conformational sampling, rate constant, free-energy
landscape, molecular dynamics
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F X ER (100 words F2E)

We have developed a domain specific language (DSL) for high-performance stencil computing and
examined its execution performance on TSUBAME by writing equivalent programs in that DSL to NAS
Parallel Benchmark CG and LU. This work was performed under the ExaStencil project of the joint
research program SPPEXA of JST CREST and German DFG. Part of the performance evaluation of the
ExaSlang language developed in the ExaStencil project was also conducted on TSUBAME. Furthermore,
we also studied a distributed resource management system for the execution environment of DSLs. We
used TSUBAME to study an efficient MPI-based execution platform for the original implementation of
Hadoop.

Keywords: domain specific languages, reflection, deep reification, stencil computing, Java.
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The high-performance FDTD code DTmaxwell, which uses LRnLA algorithm DiamondTorre, has
been ported to the new TSUBAMES3.0 supercomputer, and its performance has been tested. The
efficiency of the algorithmic method allowed to predict the performance and the prediction was verified
by the test runs. This experience has shown both the advantages of NVidia GPGPU hardware and the
advantages of the programming with LRnLA algorithms. The necessity of a full 4D space-time
localization has emerged more distinctly with the new hardware. A new FDTD code benchmark was
developed with a new LRnLA algorithm DiamondCandy, and it was verified to be more efficient on the
new GPGPU.

Keywords: LRnLA algorithm, GPU, FDTD, high performance
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The aggregation-induced emission (AIE) of a cyanostilbene derivative, called CN-MBE, was studied
theoretically by using electronic structure calculations, together with molecular dynamics (MD)
simulations. The Eform of CN-MBE has been known to exhibit the AIE, which is non-emissive in
dilute solutions but becomes highly emissive in solid or aggregated states; however, its Z-isoform is
non-emissive even in a crystal. In this study, we have investigated the conformation-dependent AIE
mechanism of CN-MBE. The method combining the quantum chemistry calculation and the MD
simulation used in this study can not only be utilized for analysis of various other various AIE
phenomena but also in the development of new photochemical devices making use of the specificity of

molecular crystals.
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In this project, we aim to establish robust and accurate knowledge-intensive structural NLP, and to
construct a knowledge infrastructure which can relate, retrieve and compare knowledge from various
texts. We perform linguistic analysis to a large-scale Web corpus and use the resulting analyses to

acquire wide-coverage knowledge. We accomplished several knowledge acquisition processes quite
rapidly using TSUBAME.
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To simulate high Reynolds number turbulent airfoil flows by the lattice Boltzmann method, a
wall-function method is introduced to the LBM. To impose the wall-shear stress determined by the
wall-function, a slip velocity is imposed to the wall. For the validation, large eddy simulation of
turbulent channel flow at friction Reynolds number of 2,000 is carried out by the D3Q27
multiple-relaxation-time lattice Boltzmann method. For the wall function, we test the standard
wall-function and the analytical wall-function. It is found that the standard wall-function successfully
works while the analytical wall function does not provide precise wall-shear stress due to the
overpredicted pressure and velocity fluctuations at the wall adjacent cells.
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large-eddy-simulation
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H X : Structural analysis of surface glycoproteins derived from anti-influenza virus broadly
neutralizing antibody-escape mutants influenza A viruses
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FRAR, TOHER. MHEEEE. HA REOBHKEIZE ATZEH (hydrophobic

groove) DIEBEHMEEILEFET LM O of=, COBEA, F11 DIEL—TTHLAIBREMEERET D,

X ER (100 words F2E)
We aim to develop effective vaccine and antibody preparation against influenza virus. Thus far, we
have isolated an anti-HA monoclonal antibody F11, which neutralizes various influenza virus strains
and identified two resistant mutations against F11. However, underlying mechanisms for the
Fll-mediated neutralization and antibody resistance remains unclear. To address this issue, we here
examined effects of resistant mutations on the structural properties of HA protein by using molecular
dynamics simulations. The study revealed that the mutations could induce structural changes around
a particular hydrophobic groove of HA trimer surface, suggesting that this region may be an epitope of

F11
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influenza virus, broadly neutralizing antibody, neutralization escape, HA protein, molecular dynamics
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H W : Towards a data analysis framework for smart data centers
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Operating datacenters by traditional manual operations becomes unfeasible because they become
larger and more complicated systems than before.
that collects sensor data generated from components that compose datacenters, analyze the data
and propose system parameters that can improve system efficiency. In this work, we surveyed
sensor data of a datacenter and evaluated machine learning libraries on TSUBAMES3.0 and then
propose a basic design of data collector for datacenters.

Our focus in this research is to develop a system

Keywords’ smart data center, machine learning, system operation
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In this research, numerical analysis of optical responses of Si nano-pillar structures coated by Au
thin film was performed. Our research group is investigating on a Si based infrared photodetector
based on the nano-pillar structure, and finite element method calculation is used to analyze its
photo response. This year, we mainly focused on an investigating regarding how to construct a

calculation environment using TSUBAME.

Keywords: Si infrared photodetector, surface plasmon resonance, FEM, nano-pilllar, MEMS
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We simulated long-period ground motion of Nankai-Trough megathrust earthquakes by the 3-D
FDM of the Ground Motion Simulator (GMS) adapted to GPU on TSUBAME. We used 112 cases of
seismic source model which have different source parameters such like hypocenter and asperity and
simulated long-period ground motion for vast area from Kanto to Kyushu. These simulation results
enable us to estimate long-period ground motions by considering uncertainties of source model on
long period ground motions.
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Data assimilation of Doppler lidar data into the Large Eddy Simulation aiming at the improve
convective generation forecasts in the Metropolitan area
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R ER
This study focused on the characteristics of convective initiation by combining Coherent Doppler Lidar
(CDL) and Large Eddy Simulation (LES), aiming to explicate the developing mechanism of the active
convective cell, which often causes localized heavy rainstorms. The convergence near the ground is one
of the most important triggers of the convective activity. The observed data using with CDL were
assimilated into the LES model by using the three-dimensional variational assimilation method.

Keywords: large eddy simulation, Doppler lidar, boundary layer, localized heavy rain, metropolitan
area
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[1] Siegfried Raasch and Michael Schroter, "PALM- A
large-eddy simulation model performing on massively
parallel computers", Meteorologische Zeitschrift, Vol.
10, No. 5, pp,363-372, 2001.
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# X : Development of combined method of first-principle method and
chemical kinetics for catalyst activity prediction

FRAREREE Bl B2

First name Surname

e
Affiliation

Atsushi Ishikawa

WE - M REE

National Institute of Materials Science

X AL TIE. Ru, Os, Rh fifIc&d NHs A RGEAEMNRELTE—REHELRIGEE
WEAWSIEICEY NHs ERODESEFTAETE =z, BRFAEDNHER. Ru AL TRELEN-KREZE
R ENDOMY, REEE—HIT ARG o=, T, EHEROHIERFDFHIEIRIILE—, QFHEY
1D EEE, QFEEY MO D3ONETHAIZEMN RTINS,

E X% NHs synthesis on Ru, Os, and Rh nanoparticle catalysts was investigated using density
functional theory calculations. For all metal species, step sites appeared at nanoparticle diameters
(d) >2—4 nm. The calculated activation barriers (E.) were small at step sites, and Ru and Os step
sites exhibited similar Ea values despite the former having a higher turnover frequency. This is
likely due to the surface coverage of vacant sites being higher on Ru. Our results show that Ea
values, surface vacant sites, and the number of step sites are important factors for NH3 synthesis.
The Ru nanoparticles exhibited high activity due to satisfying all three factors.

Keywords' fiiif. F—REFHE. RE. LZRIL. EFIRE

ERLBM

I KBHEDOEEICKYENT- NHs & Bt i
NROLNTNS, ARARTIE. F—REFHEZA
—REL-EwmETEICE>T NHs ERICHELI-£E
g iR ET LT =

B

A#ETIL. Ru, Os, Rh il 12 &5 NH3 £ RIG
ERRRMRELTCE—REBHAELRICEEREZALD
C&IT&Y NHs EROEEFRETEof-, F—RE
HEICETFEEEEBRICKSIEENBEEEEZRAL.
7055 LY Iz 7ELT Vienna ab initio
simulation package (VASP)ZFIFHLT=,

BRELIUVER

H1c, E—REHEICKYKRDHOMNT= Ru, Os, Rh
DATYTEIZESD Ne R RIGD N2 REFIKEEL BT
KEDEEZTRT . RuP OsITEVTIFREIRELE
BIRED N EERED Rh [THERTNEE. Y
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LE—FRANTRE BHERICOBBIKNE
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FEH, SERDFE
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# 3 : High Performance Computing for Natural Language Processing Technology Research

FIRREREEE
ST fHERER

g
EN AR ENEREEHEHEE 1N\ —SF)La3 a5 —S a3 R
T—RERENRIBES R T LR 22—
http://www2.nict.go.jp/direct/

X ER (300 FIEE) BRGECPXEZEDESELEASENERMICIE. KEDTFALDEKRMITHE
WA HIHDNBETHEH., BMHERED Web XEDHHTIZIE. BROHEREFAVLIETHABLETHS,
KEBHETIE. EEONH IO S5 LEEE TSUBAME L TE2HAHETL. KED Web TF R EEEICALIE
THIEEHIELz, TORRE. KIFE Web 1FHOTI AT L WISDOM X THELLESHHFZE.1 B 1 8
Web R—J LU EDEETEITTE, £12. 200 ELO—FASTBEOT—ZICHL T, ®HERXT L
WEKDA TRWOLNSEBEE OIS LFEAL. &KX 100 Ll LD GPGPU #EAL. 16 BHE CTRETE
Tzo EBIT. Za—JIU VTV D BB A BT LS. HH GPU ZRALV-it 5| 0EZEFL. ALK WEKDA
THWOIhSERFE IO SLNDEEEH 2 EE&E{ELT =,

X 8% (100 words F2E) Advanced natural language processing applications including
question-answering and dialogue systems require semantic deep analyses on a large amount of texts.
Such analyses should be distributed on many compute nodes because the semantic analyses consist
of computationally heavy programs. In this project, we introduce our middleware RaSC and tuned
the configurations for TSUBAME. As the result, we processed 100 million web pages per day with
analysis programs for WISDOM X. We also processed 20 billion records in 16 hours with our deep
learning programs for WEKDA using more than 100 GPUs. We also automated automatic model
parallelism on multiple GPUs and doubled the training speed of the deep learning programs.

Keywords: BRAEENE, KBBEIFHRIT, THEALDH, ETILASLIL

ERLEH

BREECHEFEOESELTBASENERMICIE.
REOTHFRALDEERMISEVNASTINRLATHS. Hi
ZIE, FRBEAEHENFARELTLDIARE Web
FMOTL AT L WISDOM X105 EES AT 4
WEKDA2IZ[E, 40 Bl LD Web R—UDEMHER
RRALLATWNS, C5LET IV r—23r 0o 0T
FAFDOAFE HEHEFIE BTHERED
Web XEDHMICIF. SHOEREZRALTASII
PMEERTTHIIENBETHD,

ZLTARETE, HRBOF ONW IO T LE
% TSUBAME ETEZ#Ai5IETL. KED Web TF
ArEERIZNEYTSHEEBIELT,

1 http://wisdom-nict.jp
2 https://www.nict.go.jp/press/2017/10/24-1.html
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FUENIFRLATHY . BHOSTTOYSLEERSE
BIZHiz>T BffilceTOTRISLER—TOER
HIZTRBLTNATSIUEERmT 5L AT)HEE
BEEORTHENETHD. ioT. AELIFRLS
FILYx7 RaSC L, BFAMTOT I LITRELE
DTAERFRBELTT—ILL, ThoERN)—32T
BISIC&>TEETHHERELT-,

NYF TR TIOEHEERRT 50,7\
FOITDEET, P TOYSLOETIREEEL,
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BHOET/—F~ADERES. TATSLOEEER
% —1ELTITA %, LH L. TSUBAME REIZHUT
(FENIICEE/—FAEIY B TONST=0H. EHD O3
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X, BBRZED=HDSA4TS")IZ Theano U
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FEfEEEL T, GPGPU O— R D A&V A ILEST
5. BHDHE/—FHR—D/IRESBTHI LI
5=, AV IRBFL LA XD /INENT 7S ILH S
HERAEEINDD. INTF—IVRANMET T 5, %
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— ORI IRHEES 1 —ILDERMETOD
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ERDr—R DIZEWTIE, dRELDET—RIE
EMEIREETHE TB RiELnd=H. XA EB/TIEZD
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#E X : Elucidation of semiconducting and photo response properties of organic molecular assemblies

AIRE EX
Michio Katouda

E LR RBAREANBILFEBRRT

FIREEFHREKE

RIKEN Advanced Institute for Computational Science
https://researchmap.jp/michio_katouda/

FRDFRENRENRIC. FERFERE AL EFEORRAKBZE —REEBFREHECT RS
FEANFS AL —2aVBEDKRBHERFE LI aL—2avITEYERATL ARMRELT. REEDE
BEBAROFEREAMBLET T A AGEOHBRIBISEL TRELS LV LT 2B F EAREE
PAN/ OOV IR IFUERT A FERRIC.EAICEESNTHRET I N BEFHREEDOHK T KIEL
fREAT B, SHIC RBMGH EMREREREL. HHT ARSI FMHOERM D FREE. A NGEDHERRI
BICHFLBMTFERFE ORI EREOHHAZDRELHAD,

The object of this project is to elucidate mechanisms of hole and electron transport and
photoluminescence processes in organic molecular assemblies responded to the external stimulus
such as pressure, rubbing, light, and heat. In this project, we use TSUBAME for large-scale
massively parallel electronic structure calculations of organic molecular assemblies.

Keywords: H#+EK, BEHFEAHH. EHEXBEEY. F—REZFREFE. A FHHFIaL—>3
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B X : Extracting regulatory code on genome by deep learning

R ##E

Hisanori Kiryu

REKE #HEFAIRHMERRR AT AILEREGER
Dept. of Computational Biology and Medical Sciences, GSFS, Univ. of Tokyo
httpsi//sites.google.com/edu.k.u-tokyo.ac.jp/kiryulab

FSCHER (300 FFRE)

HIETOEEGEFORBEFEICORILAVREIENSS /L LD DNA BHIZ&K>THIEISN TS,
AHARTIE, T/ LPFDOVRAILAVIERELIBE T H-OIC EEFRALOAILAVIEETLFE
SN2 DNABHZEANELZFDBIEFORR/NNI—2EHNETEEHAHAZ21—FILRYET—2(CNN)E
TIVEER LIz, KRFEFER(C. elegans) DELFHRIE=T—43 (single cell RNA-seq) [CxtL TERALT
EZAH.CNN DINSGAID—ETHIEHAH TN AZEERFOHEEEF—T728L. VRAILAVREF
HINSEIFENEZT NI,

FX#8% (100 words F2E)

Gene expression in a cell is controlled mainly by DNA sequences on genome called cis-regulatory
elements. In this study, we developed a convolutional neural network (CNN) model to predict an
expression pattern of a gene from DNA sequence around the gene, which may harbor cis-regulatory
elements. We have applied our model to a gene expression data (single cell RNA-seq) of worm (C.
elegans). The CNN model learned sequence features including transcriptional factor binding motifs,
which may be cis-regulatory elements.

Keywords: deep learning, convolutional neural network, single cell RNA-seq, cis-regulatory

elements, worm
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#3: Thermal transport properties at nanostructured interfaces

FRREREESE
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Junichiro Shiomi
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Affiliation: Department of Mechanical Engineering, The University of Tokyo
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BEF/MIEMDOFEEICKY, F/RT—ILIZEITHE - EFEEFEHREARIEEICGEYDOHS. —F, T/1
EIZEHOBHMEICEET LD, TNEFNOEMERMIICHET I EARETHS. HIZIE, BELTHEAME
LE=MITIEF/BENR-BEFImADEEEIIHILTLEY, MEERNFDOHENREMICH>TLESSE
MNZL. ZCTEAMETIE, JU—VBHEEERAWN R -EFEEFERTENA ARBELEHAEHEDHILT,
BELTBREMERLEZBMNELTISTIoF /R DORE T /BEEFRERLE:. ZTOHRE, BEREICKYEME
ERMIHEEFREFERLEZMIISE, AELTRBFUEREMLIEIIENARETHHZEMNHLHIZK

>f=.

Recent development of nanotechnology enables to tune thermal and electronic properties at nanoscale.
Because nanostructures affect different properties, independent tuning of these transport properties is
difficult. For instance, nanostructures for thermoelectric applications suppress both of heat and
electron transport. Here, we perform optimization of nanostructures of thermoelectric graphene
nanoribbons by combining phonon and electron transport simulations with a Green’s function method
and a Bayesian optimization. We found that the multifunctional structural optimization can

independently tune phonon and

electron transport properties and considerably accelerate
nanostructure design for thermoelectric properties.

Keywords: Nanostructure, thermoelectric property, Green's function method, Bayesian optimization
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We aim to achieve high performance by recurrent neural network, which is suitable for time series of
multimedia information, speech and video. Research and development of deep neural network-based
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novel system combination method which manages heterogeneous image, speech and text information.
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HIXHEX (100 words F2E) We conducted performance studies for distributed deep learning to
ImageNet1K datasets. The results basically show good scalability on TSUBAMES3, however, we
observe performance degradation derived from network interconnects.
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