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F X : Simulation of phase separated structures of polymeric materials with fillers

AH [E
Takashi Honda
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http://www.admat.or.jp/

3 BEMGIF. 7741\ — R OBKRD I 5—FHEIE R FAMAKICE T80 FIRIVI XD HE
TEEEEER S FD SCF AT MPI+GPU StEAIBEETHTAT S LERK LI, - AFHBRDT15—
ThHNIE AFRREREICEEAEZE B KEREELIZZRAERNF (Diffuse Interface Particle: DIP) &
LTk, FIFRIBEELHES ﬁﬁffﬁa_mﬂﬂé’rn—ﬁmé‘l &u‘:o E5IC DIP MFZEHMBIERTUOvILTHRSEL.
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Analyzer) &L TARZRALT=,

We developed a program that enables MPI + GPU calculation of the phase separated structure of
polymer matrix in which three type fillers (particles, fibers, and plates) exist with the SCF method
of polymers. We also developed a method to simulate simultaneous optimization of filler’s positions
and phase separated structure, for particle fillers of which the interfaces have concentration
gradients (Diffuse Interface Particle: DIP). In addition, the DIP particles can be combined by using
coarse graining potential and treated as a flexible fibrous filler. The developed program has been
released as Soft Blends Analyzer (SOBA).

Keywords: SCF theory, polymer composite, particle filler, fiber filler, plate filler, diffuse interface

particle
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B 3 : Simulation of Low frequency Magnetic Field Leakage from an automotive electrical system
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In the low frequency electromagnetic field analysis of the kHz band, a simulator of the finite
element method in the frequency domain is generally used, but there is a problem that the calculation
time increases in proportion to the number of frequency points. In this report, TSUBAME is used to study
time domain simulation of FI (Finite Integral) simulation with almost no change in calculation time even if the

number of frequency points increases
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WA, SRHESC AN A EON BRI W TSR RIERATEH T 527 77 Mens#EA TS, KA
BN TORELZEE RERBEA2ERTIZOOERBEE S AT L L LT, EHLAN V2T AH
5ﬁﬁﬁﬁﬁﬁyx?A(%)ﬁ8ﬂﬁﬁéMTﬁw FNENOEERL AT DT LT T F RN NE
Lt KREEBOHRESENICKIT581E & LTIE56GHz #i2 WM LAN A& 2 bh, #B#Hsns 7
T OMEREOFHEN RO HND. LN LARRD, KEEMICEH LT > 7 TR E2ET 57201213 %
KB EHHINMLETHY, FEEHMRA L I a2 — 3 TIEERE AR KBS AERH 5.
ZF Z TR T, 5GHz HHERL LAN 2T %D 25 L2 L, 5.2GHz # CEfET 57 T F &2 &(T
B LA 0T T FHEEIC DWW T, TSUBAME3.0 Z W= BRI 2 L—y g VI K VT 5.

HECHEE (100 words F2 )

The system into a cloud has been advanced to utilize various kinds of information in public transportation such as
railroads and buses in recent years. Wireless LAN and the 5th generation mobile communication system (5G) are
proposed, as a wireless communication system for achieving stable high-speed and large-capacity communication in a
large vehicle, a suitable antenna for each wireless system is requited. Wireless LAN using 5 GHz band is conceivable
as communication in the large-scale vehicle, and the evaluation of the antenna performance installed on the
large-scale vehicle is required. However, the antenna measurement with large-scale vehicle involves immense amount
of time and effort, and the antenna electromagnetic simulation requires the enormous analysis cells because of the
volume of the vehicle. In this paper, we adopt the wireless LAN as the target system of the cloud service, and
evaluate the 5.2 GHz antenna performance installed on the bus by electro- magnetic simulation using supercomputer
TSUBAME 3.0.

Keywords: Electromagnetic simulation, Large-scale vehicle, Cloud service, Wireless LAN
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Detailed analysis of target scattering and propagation structure in on-board radar by FDTD method
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Yasunori Yamamoto
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Mazda Motor Corporation
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BHHL—F (X, BEEE AT LACREEGEXEVATLADETREREBELERILILTEELRTN
ARATHY. REPCEBERETTEENTHS, RESBHEAEERTLH-OICIE. HEEFOELZEMEN SR
VT HTEEZRHICRETEIENRELLDIN ., WATHEDR L Y TIEIRICE#THD, —FH. BiK
DOEFMEETHATENIEL. RELNEHEBRIMAL—FEFRATEELL S, 4B, TSUBAMES.0 ZERALT:
FDTD ;%(Finite Difference Time Domain method) #U{BfEHTICLY . #EZV)KH (24GHz) 72T F AR
BERROEANEFL, 2—T I AFLEERIBEL R ERIRTHERFLTZUTTHFETRY AR
REMHERTE,

The on-vehicle radar is an important device for an automatic driving system or a safety assistance
system. In order to achieve zero traffic accidents, it is necessary to detect pedestrians jumping out
from behind, such as the back of a parked vehicle at an early stage, but it is difficult to handle with
optical sensors such as cameras. On the other hand, if the diffraction effect of radio waves can be used,
radar can also be used for out-of-sight area detection. The realization of out-of-sight area detection is
expected. By FDTD method simulation using TSUBAME 3.0, we confirmed that the quasi-millimeter
wave band (24GHz) radio waves were diffracted to the back of the shielding plate, and after the radio
wave incident on the target is scattered, were diffracted again at the shielding plate and comes back

to the antenna.

Keywords: Millimeter wave band radar, Electromagnetic simulation, GPU multi-node, FDTD

1 BHREEM

BHEGATLPREIL—FLRENDLEER
XESV XT L (ADAS : Advanced Driver Assistance
System) ICEWTEHL—F IXETRIERHDO=5H
DEERBEV VT TNARTHD, LHL. RRET
X, BEBIEPLHITELGERALGRESLBKEET S
AT OERIT R BRELDREETHLITMA
TER. A—FL—IL. BB ETEIILFNRFS
MNEIH-OICEHL —F EIFE L+ CfERTE
TWEW FIC.HEEFRORISRUVETHITES
BHICRET AN EELRETHY . ERIRET
D=7y HEELR DI F RSB ET
H5b.

CDE=HIZE ERDDEANDEIHOZ—7 VR
ABRROBITICNA . WBLERFEBTE/1XETY
DI THRELBITILENH LN, EERTIEHFHIL
EREEOBMESFHRANH#LL GIRERREAHRIL

17

TAHELELAEHTH S, — A . FDTD ( Finite
Difference Time Domain)i% [1] 2alL—avid,
BMEDIRSBEVZSREICBRTE, BRIDOEHE
HEBMICANGFERTHD. 2L, BINEMZR
ED 10 20 1 LTORIVIZHBEILTHERTYI&E
[CEZEMERYBRLAETH-OBEXGEHEERET Y
BL95,

4[E., TSUBAME 3.0 D GPU Y3 RZIZ/NAT1)yk
MPI 5|5t EE A EHE DT, £ KT (AR
#:24GHz. K&K :12.5mm) DERIGHMIRREIREN
HRETERAREEL. ERIREDI—T VNI T S
BELR DG IEERAT 5L BET B,

2 HE
BEERORICFEETSSITEI T yrEERL

FEBFETILER 1 ISR, SEIE. BEEFAIEERE

L. BITEI—TYMNIERBAZEL-, €I



(= 20) RRHES

y ERY:EBIR  2—7yh2EMAE(P200mm)

KRS AR—LTFF Tm

1

266 3m
=

5 R
m

1. EREHTOI—7YMNRELBITETIL

x1 HEEH
BER% 24.0 [GHz]
fRATZER 3D ZEfd
L YA 0.001249135241667 [m](=1/101)
AEAF—L FDTD(2.4)
J—>2% CFL 1.3632124270e-01
B RTvT 5.68e~13 [#)]
BER FAR—ILTUTH+ERRK
WEEH 7.75 [dBm]
RERTYTH 20000 [[E1]
MR U 155 57 PML 24 &, R=1.0E-32, M=4
EHOE float (GPU)

A= YrERFEMICEEERT HLIICHEL . 5
BEHIFIR1THY. EIKRH 24GHz DERRIELIK
EFAR—IToTFHLMETL. FDTD(2,4) i[2-3]
ITkYFHELT=,

ER.ERREZEHFLTEI—YFETEELLER
N A= ybTHELL-%. BEERRZEHRLTT
UTTETRSTRAGIRBREETHETE .

SEOFHEIZIE 25 /—F, 100 GPU #ERAL. AE
21 1.5TB. FtEMIE 21.6 BRI TH-T-.

3 BRBLUER

H—FE#0 24GHz EXEREEZEREETO
AFS—7YNCBHLEZBEOEERRICHE TAER
REDEHNEMH)HER 2 (a) 2. FOHEHKRID
ToTTREKREELSIE, ERAEE NS O BEL R
HLUEBAZEMSHZER 2 (b) (2. K2 (a) DEHESRE
BOoToTHMGHREERENSDERELKEZELSI
E AU ODEEREHMEL-ENEM A FE
2 () IZFRY,

COFERELY. 24GHz OERKITEMAEMIZIEITS
BERIN-FHTCLERROEQFECEFTLEI—Y
YMIRBHINSILEHBTE . £ . 23— YT
BELL-BEREKRFNERIRTESNLA, —FIFT
yOEEHLTC. PUoTHFRBEETCRLOTWNSIELHE

18

(0 ERI—TVNOBERDEHNZEMS M
2. 24GHz ERUEBHSFOEFEIREOFHEHR

BTEL 7UTHRBIZHETHERRI SO RS Z
EENEIE-101dBm., ERIRESI—T VoD K5t
ZIEEN1EIL-107dBm & 6dB ELMER L1301,

A= YDA RICEEL LI BIRA . ERK
WRTvCTRIFLTTUTFTETR->TASTOERIC
Mz, ERRECHERSSN-ERNVBEAFSI—T
YRAAFLERE T 2T 0 ERZMELRYERT LD
R TE,

CDZERFEMNERRET—Y Y NE D EEREIZ*
ISLIBMETZETUTHARDEMHEALHIZT
5T RABLNDE—7yMEROYIRERIZER
AEEEEZ D,



4 FEH.SROFRE

BEREHTORESI—7 VNS K 24GHz &
RIELKERBET T 54T, FDTD jkIckBL—4
BREWMEERBITL-ER. ERRZBITLT2—
FYMZASUBELL =B BEERIRZERTLT
FoTTHFETROWKABRREHERTE -, I, ERK
WS D REREARI—T IS D RETKEDZ1E
BHEFLLELI-EZA. 6dB OETHY. BRKRI—
YMIHLTERZIEB AL ARNILIEBIHICET LRI E
Nohot=, SEINEEIZIE 25 /—K, 100 GPU #{#
L. AEVE(F 1.5TB, 5 EBRHIE 21.6 BFFETH-
f=.

S#k. JVEEZRBELEZETRERVI—T v E
HEL. BEHL AR ROHERICERYVET,

ZE Rk

[1] F%H =, FDTD KICKPBHMABLUVTUTF
fig#r, JnF 3L, p.22(2009)

2] BE B KEEERGRETICSEL-KES
2 CHO< FDTD(2,M)ik D #fiE 3 g & i 51 51
M, E%EER, AP2009-12, p.7-12(2009)

[3] EHE 8 && FDTD k&I5R4%FAL 15
HEICEDIRREERIEMAENICETIHE,
RILRFELTZA/, p.78-83(2005)

19

(7= 20) RBEE



20



(B 20) KR |HESE

TSUBAME £ EFIA T30 £E EEFRA RERKEE

FIRRESR KERT —HeEMRVET 7T OV — AT LM

B : A Study on radome for millimeter-wave antenna
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7T HERMEDOELERLTNS, ZOHERLS, BBEIELELF—LDEM M ZHEZELTINS,

X% (100 words F2 &)
We studied the radome of the outdoor millimeter wave antenna.
The antenna gain radiated to the radome was varied between 13 and 18 dBi.
Electromagnetic field analysis using TSUBAME shows changes in antenna gain and antenna
directivity when chang the antenna gain radiated to the radome.
As a result, the effectiveness of the optimized radome was confirmed.

Keywords: 5DF2E
radome, electromagnetic simulation, horn antenna
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H23L : Large—scale electromagnetic analysis of radar cross—section of vehicles
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Takashi Owaki
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CST #HBUDER 2L —a Y7 =7 Thd MW STUDIO Z vy, AERAE MEICED 3 otk T
—X~_—2TdHh% NTU 3D Model Database |27 415 20 543 DHl{IZ OV TL—4 —WiiifE (RCS) ZatH L
770 fRATIE B PAA 0~19.2 GHz £L T, GPU D AEUNARELARWEIFH T TEX L7217 0 ) — R v
TRHE Lz, ElET VOERHIT 29~111 8T, FHEICHW - /—RE0T 3~12, “FHIFHEREHITK 7,000
~13,000 #Th -7z, RCS OFFEAFEEID, Bl ZIRIZE ST RCS O/RF—U INKRE B2 DT LB LT,

Radar cross-section (RCS) values of 20 vehicle models included in a 3D object model database called NTU 3D
Model Database were calculated with the finite integration technique implemented in MW STUDIO, an
electromagnetic simulator from CST. The frequency range of RCS calculation was set to 0-19.2 GHz. The vehicle
models had 2.9-11.1 billion meshes. The number of employed computing nodes for each vehicle model ranged
from three to twelve, and the averaged computation time for each vehicle model ranged from about 7,000 to
13,000 s. Different vehicle models yielded significantly different RCS patterns.

Keywords: Vehicle, Radar, Electromagnetic Field Analysis, Finite Integration Technique,3D Model Database
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# X :Development of High-performance Polymer Electret
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TELIFZRIVHRRII—ILIMNYNDEFHRMAZEEMT 518, VIR RAT—r2FILEHEEZTO-. &
EAESERITETEONIENFIRILY—IZ, SBFERAIRIILE—ZHEEELTERET A ETEAEATE
IWI7ARYI—RIZEBITREFHRMAZHEL-. GONE-BEFENAIL, ACESRESFHEANT—HL, HF

EDEMEERLE:.
B S

A solid-state quantum chemical analysis is performed to quantitatively calculate amorphous
fluorinate polymer electret. Solid state molecular energy is calculated by density functional theory
calculation and correction term acknowledging multipole-multipole interaction of charge trap site and
neighboring system. Obtained electron affinity made quantitative agreement with experimental result,
indicating the present method reflects well for the amorphous polymer electret system.

Keywords: Dielectric, Electret, Quantum Chemistry, Solid-state analysis, Multipole
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CTX-S: X=CF;

CTX-A: X = COOH
CTX-M : X = CONH-C,Hg-Si(OC,Hs),

Fig. 1. Chemical structure of CYTOP series.
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Electron Affinity [eV]
Fig. 2. Solid state electron affinity of CYTOP
series.
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# 3 : Numerical analyses of fluid dynamics in pores of landfill waste layer
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E X

A numerical method for simulating pore flow in landfills is presented. The Navier-Stokes equation is
used as a governing equation and discretized using the streamline upwind Petrov-Galerkin/pressure
stabilizing Petrov-Galerkin stabilized finite element method(FEM). Moreover, wall-shear stress(WSS)
was calculated to elucidate fluid-flow dynamics, affecting the geometry of porous media in waste
materials. We focus on the relationship between the geometry of porous media and the fluid dynamics

of a landfill.

Keywords-landfill, Numerical simulation, FEM, Navier-Stokes equations, WSS
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ABETIE, Cs / Ru/ SrZrO: I ICEIBE M HEMET U E- T ERERNABEIAN=XLE
fREAY 510, BEABBEROFDICLSERIEERTL. TOHERE. NoH PREAZEATS
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TWAIENHLMEL ST, Ff=. Ba & Ca DHMIF NoH EFIRIILF—FETSEHIELHALNE
BY. PUOEZTEREEDORALICFEELTWSIELHALMELE ST,

E X

We earlier reported that application of an electric field on Cs/Ru/SrZrOs catalyst enhances catalytic
NHs synthesis activity. Efficient NHs synthesis proceeds by an “associative mechanism,” in which N3
dissociates via N2H intermediate, even at low temperatures. The governing factor of NHs synthesis
activity for active metals differed from that in the conventional mechanism. Effects of dopants (Al, Y,
Ba, Ca) on this mechanism were investigated using activity tests and density functional theory (DFT)
calculations to gain insights into the support role in the electric field. Ba and Ca addition showed
positive effects on N2H formation energy, leading to high NHs synthesis activity.
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HCHDER

Envelope proteins on the surface of human immunodeficiency virus (HIV) are known to mask
major neutralizing epitopes by forming trimers. However, the molecular mechanism of the shielding
structure has not been clarified yet. We investigated the structural features of the envelope protein
trimer of the neutralization-resistant strain and the neutralization-sensitive strain by Gaussian
accelerated molecular dynamics (GaMD) simulation. The equilibrium structure of the envelope
protein trimer suggested that the envelope protein trimer of the neutralization-sensitive strain had
a looser structure than the neutralization-resistant strain. It is believed that this structural feature

controls the ability to escape antibody neutralization.

Keywords:

human immunodeficiency virus, envelope protein, neutralization resistance, structural feature,

Gaussian accelerated molecular dynamics
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YIbER

Enterovirus infection is becoming an important research subject in the public health because it can cause
childhood neurosis. At present, molecular mechanisms for the neuropathogenesis remain unclarified. In this
study, we have obtained a clue for elucidating a structural basis for the neuropathogenesis by a single mutation
in a capsid protein. Molecular dynamics (MD) simulation study using TSUBAME disclosed that VP1-145 is
the cis-allosteric regulator to coincidentally modulate physical properties of multiple interaction surfaces of

the capsid protein.

Keywords: Enterovirus, capsid, mutation, neutralization escape, cell-tropism change, pathogenesis
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FEXHER (100 words FEE)

HIV Pr55%% protein plays key roles in virus particle formation, whereas its entire structure still remains elusive.
This has been a major obstacle for elucidating molecular mechanisms of virion morphogenesis and for conducting
structure-based drug design. In this study, we constructed and analyzed full-length Pr55%% models by molecular
dynamics simulations using TSUBAME Amber. These models were strikingly similar to reported ones of HIV-1
partial Pr55%% molecule (Gag Ap6) from small-angle neutron scattering measurements and suggested that the
Pr55¢% folding mode play a crucial role in directing ordered molecular interactions of Pr55%% during virion

formation.

Keywords: 5Df2E

Human immunodeficiency virus, Pr55%% entire structure, virion morphogenesis, molecular dynamics
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In this research, we aim to develop multi-GPU parallel solution method for 3D incompressible
Navier-Stokes equations discretized by the stabilized finite element method and perform
numerical simulations of blood flow in the human aorta. We aim to investigate the mechanism of
various pathological conditions in the aorta from the viewpoint of the difference in blood flow.
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E X

We test a benchmark program on TSUBAME to develop a GPU program of two and four dimensional
SYM theories, which describe a quantum blackhole according to the gauge/gravity duality.

Keywords: BB, RAT 57— [RE, (& FER
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ATODIHICIIBEBRBT —ANICRONIEY REZFEZE IS ~TEHRBTINEE HhET—4
ELTHRATAEHDIVEL T MEBEBHEELTAET, LEBIZERT-ODRTLREEZERL-,
TSUBAME @ GPU 95 RALEELIZVATLEREL. SAR-YIDF5r—RR LD L2E =T7D 17
BEXRELT. £ 2,000,000 DEEEAIL(256 px X 256 px) [CHIAMEEHIZOVWTEY-REEZYVELS
Ltz MEBEOREICIESDZEHDEOD, LEICHh->T—ENETILTHENIET ZIENTE, SEI(IF.
MEEE-WEENENITEDDIFIE-FEEZMERAREL. BORTLNDEREEZED D,

This project aims to apply automated building mapping from satellite images by deep learning to large-
scale geographical extent, such as national and provincial scale. We developed the system with
TSUBAME’s GPU cluster and applied the building-mapping algorithms to the extent of Savannakhet
Province in Laos, the whole land of Rwanda, and 17 provinces in Kenya with more than 2,000,000 image
times of 256 X 256 pixels. The process was succeeded with models applied to the broad areas while
the quality and accuracy varied by region. We will develop the system further on methods and processes

of quality control and improvement and implement it on the system.

Keywords: deep learning, satellite images, building mapping, large-scale processing
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HCHME (100 words T2 )

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.

Keywords: 5Df2E
natural Language processing, knowledge acquisition, predicate-argument structure analysis, text
generation
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KGR B OB RE CHEE LARITUER 502 Lz, R (talik) O fFEEN HUERTSR IS T %
SlEEIFTIEBMOENTNBEZ ETH D, ’@?ﬁi/\JV%Va/T$MTé;EﬁT%\%
DFLFRE AT 5 Z L2 X 0 R ISR L 7= BRI O AT S RO W THIIE 21TV, BRI 2 1B/
WZEHZXDIEDRAEETH D, Z O TIXLARNIE R S 7z DTmaxwell # R ICEEICKR Lz
DiamondSeism # A L7-, ZOa— FiT 1 EICRK 14OV EHZZT L, RBIREARO HE#
ME T 24T 9 Z &N A[RECTH D, Fx 1T Putorana GHOHEBEEFT AL ZEH L., 1 4H7- 9 50GB
DAFYNLERYI 2L —2 3% 1000 0L E179 Z &N T& 7,

In the seismic surveys in the areas of permafrost, the regions of melted soil, talik, are known to cause
interference on the seismograms. The interference may be predicted with computer simulation, and
this is used to introduce corrections into real seismogram analysis. We use the code DiamondSeism,
which is an advanced version of a previously developed and tested code DTmaxwell. The code
simulates seismic elastic waves in a layered media with a performance up to 1.4 billion cell updates
per second. We have used the seismic model of the Putorana plateau, and obtained results for more
than 1000 simulations, while each required about 50GB of memory.

Keywords' LRnLA Algorithm, Hooke’s law, synthetic seismogram, FDTD
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FE X ER (100 words F2E)

NICT has been developing language processing applications including WEKDA, where deep
learning is intensively used to analyze a large-scale Web archive. Although it is common to use
GPGPUs to speed up deep learning, extremely huge modern neural networks contain billions of
parameters to learn and single GPGPU cannot store them in its memory. Our approach to learn
such huge neural networks is model parallelism, which divides a neural network into smaller parts
and distributes them onto multiple compute nodes. In this work, we analyzed an intermediate
representation of a neural network that an existing framework outputs and successfully learned

the network in a distributed manner.
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Development and Application of GPU-Accelerated Fragment Molecular Orbital Program
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GPU MEIELI=755 A5 FEVE(FMO)iZ 70455 L 0penFMO” D E X ZADIEAZEHIEL. DNA
KEEBROEFBIBREAEETHEoz. DNA XEEBZEOHR D FIFEVHEF FAD AAXETS
NEE. BIEHIIEEREINE==28M) T 77 (TRP-triad) # B> Ca M ETE R BEE I LB FRE
BRIGAFED, COMETHLIL. GPUMFELESNE=DFEHFEMD)I2L—a>E FMO StEFH A
AhHE=FEZALT, Class IVIII DNA JtEIEE R THRIZR DM of= TRP-triad T, WEMNGERIZE
MRRIAHIEFERAMICEHSMIZLT,

IR

We have developed a GPU-accelerated FMO (fragment molecular orbital) method program called
OpenFMO. In this project, toward the efficient application of the OpenFMO program to biological
electron-transfer (ET) reactions, we have studied the photoactivation process in class II and III DNA
photolyases by using the combined method of GPU-accelerated molecular dynamics (MD) simulations
and FMO calculations. Our simulations confirmed that an efficient ET reaction can occur through a
triad of tryptophan (TRP) residues which were newly found by recent X-ray crystal structure
studies.
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ARBEETEHR/NNAVDAERVBEDRAFZFBADIOLBRREEEDEREZBEMNEL. VI IZTOMEREREE
1To1=. COEBMD =012, TSUBAMES.0 BMEZ 55 &E NVMe SSD 25O AEUEBERA V-, COATYME
BOFERE7T)r—a R ENSBRRICTITASHZEEBREL T, Partitioned global address space(PGAS)
ETIVIZEDEDD.SSD DABEZFIAAEELIFILDITT vGASNet DEREHRR - KB MEEITo71=,
TSUBAME3.0 @ 32 6D E/—REMALLERE. 7/ /ARVFI—0- ATV VLG EERRICITO. £
NIZ&Y,.SSD 7UERDF—NAYRDOIHFHE LY., /—FHEBNZ NS EITIRET SHBAF v a2 AN R —

SEUTAERECHET D EEFEIELT=,
XD ER

We have promoted software research and development, whose objective is to realize extreme big data
computation that exceeds memory capacity of supercomputers. For this purpose, we used memory
hierarchy including high-performance NVMe SSDs. Towards easier use of the hierarchy, we have
implemented and evaluated vGASNet, which is a middleware to support usage of large capacity of
SSDs. The evaluation has been done with 32nodes of TSUBAMES3.0, using microbenchmarks, matrix
computation and stencil computation. The evaluation has shown that vGASNet reduces overhead for
SSD accesses, and our cooperative caching method improves scalability largely.

Keywords: SSD, Memory hierarchy, PGAS, Caching algorithm
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AFETE.HAHTOXKERBICE TAROANEFMIZRITTES LES (Large Eddy Simulation) Z#FHUL\T,
8km AN EEHEN CTERARBAIOEBELESEHEBRTHELEIC. HOBORKERBIZETIRA
#iEZHBIEL. CDL (Coherent Doppler Lidar) DEAFER D LLEF1ToT-,

FX#8% (100 words F2E)
It is important to understand the fine structure generated in the boundary layer in order to
understand the mechanism of the meteorological phenomena influenced by the boundary layer. Urban
areas are considered to have complex surface conditions and affect the structure of the boundary layer.
In this project, we used the LES (Large Eddy Simulation) to express the flow of wind in the boundary
layer in the urban area in detail, and reproduce the high-rise building around Tokyo Station. The

atmospheric structure in the boundary layer was reproduced and compared with the observation
results of CDL (Coherent Doppler Lidar).
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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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FX#8% (100 words F2E)

One of the main challenges in deep learning is to improve the generalization capability of models
when trained on noisy and incomplete training data. Bayesian inference can learn the uncertainty in
the data and has good generalizability even for noisy and incomplete data. However, Bayesian
inference is computationally expensive and a fast approximation method is needed to train in a
realistic timeframe. Using TSUBAMES3.0 we aim to train on real-world datasets using approximate
Bayesian inference.

Keywords: Deep learning, Bayesian inference, Data-parallel, Sample-parallel
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#HEZELELT =,

FEXHEE We have developed the method of neural source-filter (NSF) models for high-speed,
high-quality speech synthesis. This new technique, which combines the recent deep-learning
algorithms and a classical speech production model dated back to the 1960s, is capable not only of
generating high-quality voice waveforms--closely resembling the human voice--but also of

conducting stable learning via neural networks.

Keywords: speech information processing, speech synthesis, deep learning, Wavenet, source filter
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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 126 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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Recently the, reconstruction of Computed Tomography by iterative methods were developed for reducing
patients dose level. The iterative methods characterized by low noise and low artifacts. But it takes much

reconstruction time.

On the other hand, the deep learning technique is achieved good results in the noise reduction, super
resolution and segmentation domains of image processing. The deep learning can create high accuracy model

easily. But it needs many labeled image for training.

We create reconstruction model by using natural images without medical images. As a result, we get low noise,

and low artifact reconstruction time model.

Keywords: deep learning, reconstruction, inverse problem, computed tomography, U-Net
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E X8k Recently fake image, fake video, and fake audio have achieved very high quality because
development of advanced deep learning algorithms and it is difficult for human to distinguish the
synthesized image, video, and audio samples from natural ones. In order to mitigate the threats
from such fake samples, our work aims to develop an algorithm to detect these fake samples. In this

report, we show our initial result of fake video detection.
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We found that the electronic states of X in endohedral fullerenes X@Cg (X = Xe, Cu, and Au) can be selectively
excited by laser radiation with resonance frequencies that are not absorbed or scattered by the Cg cage.
Time-dependent density-functional theory calculations predict the splitting of absorption peaks in these systems.
The result suggests that X@Cg, would be promising candidate to realize microscopic assembly of pseudo-isolated
atoms, where the possibility of rare events can be magnified by utilizing quantum coherency.

Keywords: endohedral fullerenes, time-dependent density functional theory, optical absorption spectra
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Soft crystals are novel substances in which functions such as light emission and optical properties
can be changed by phase transition of crystal structure with low energy stimulations. By controlling
the crystal phase transition between stable and metastable crystal polymorphs, it is expected to create
innovative material functions. In this work, we try to develop new computational techniques as a basis
for analyzing the functional properties of such soft crystals’ phenomena. In particular, using GPUs, the
characteristics of TSUBAME, we expected to develop the materials’ property analysis in molecular
level by machine learning techniques, empirical crystal energy potentials using large scale structural
database, and automatic construction of conformational and lattice polymorph database.

Keywords: Crystal Structure Prediction, Dynamic Reaction Coordinate Analysis of Soft Crystal,
Vapochromism, Mechanochromism, Superelasticity
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We have been working on reactions around buried interfaces between electrolyte and electrolyte in
battery and catalyst by means of density functional theory based first-principles calculations with
certain accuracy. In this project, we set up the first-principles calculation scheme on TSUBAME for
future expensive studies on interesting battery and catalyst issues.
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