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(b) DOG w/ single decoder
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GREFME oTLES O THS. Tz, 4K
BROEXESNT 27010, ERXhRE L
n, ERL7-ARHLOEX % [;, AFTERINEZR
H L DE X% len & L T Average Length Error (ALE)
(=13" l—len) ZHHT 2.

5 2 F1E13 Transformer 2 X— ZAETFI)LE L
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K 2: TERTFIES L CIRETF RO LSRR, SR BIREEMHIE, PRFIZZNZIESR/MEIEF e 15,

SR ROUGE-1 ROUGE-2 ROUGE-L ALp Params
P/R/F P/R/F P/R/F x109

Transformer [6] 52.0 55.8/50.0/51.4 29.7/26.4/27.1 46.4/41.5/42.8 -3.3 72
Fan et al. (2018) [2] (Transformer Ver.)  94.0 57.7/51.2/52.7 31.1/27.4/28.2 48.0/42.4/43.9 -2.5 72
He et al. (2020) [4] (Transformer Ver.) 959 52.7/49.3/49.4 26.5/24.8/24.8 43.5/40.0/40.6  -1.2 72
DOG w/ dual-independent decoder 100.0 59.6/44.3/48.3 33.1/24.5/26.6 53.9/38.7/43.1 -5.8 106
DOG w/ dual decoder 100.0 60.3/47.5/51.5 32.9/25.8/27.9 50.9/40.1/43.6  -5.0 106
DOG w/ single decoder 100.0 59.3/47.9/51.4 31.9/25.6/27.5 50.0/40.2/43.3 -4.6 80
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HDE-RHELEERLEZET, ET A A XB XY
ROUGE O FHARI% TH 3 IETFEIE, EISA L
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BT B 7D, FEEEMA) O XHEEB XK
F2 - TR L Z4 S % Dual Outward Generation
mechanisum (DOG) Z$2Z% L 7z. INC % H\ T DOG
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EXH R

The temperature rise of the entire vibration system due to the heat generated by the voice coil
cause damage to the adhesive layer of the component and deterioration of the component itself.
However, practical analysis has been difficult because the number of elements becomes enormous and
the calculation scale increases significantly. In this case, we will consider thermo-fluid analysis by

OpenFOAM using TSUBAME.
Keywords: OpenFOAM, Voice Coil, Thermofluid
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IR ICHe R E B E SN T=a1% TH S DIP(Diffuse Interface Particle) €L THRY KLY MPI+GPGPU KiR#EEt
EATREL T OS5 L SOBA(Soft Blend Analyzer) DFAFEEF#MEGLI-, Hi-HBBERELT,. 745—DEEHLD
— NI E=RLGHEEICHRSEVESICHEERT TR ESELFEFLCONEALL:,

SOBA (Soft Blend Analyzer) is developed to calculate the phase separation structure of particle filler
and polymer mixing system and use MPI + GPU computers. The SCF theory of the polymeric materials
is introduced, and the particle filler is treated as DIP (Diffuse Interface Particle), which is a solvent
whose shape is fixed in a spherical shape. To avoid local minimum structure, we introduced several

methods of moving the filler in the SCF calculation.

Keywords: SCF theory, polymer composite, particle filler, diffuse interface particle, phase

separation
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Figure 1. Phase separated structure of DIPs in an
A/B polymer blend

System size is 323, ypp =106, two-dimensional
system and periodic boundary conditions were
introduced. (a) initial structure, (b) after 50 step
without the shape of DIPs, (c) after 100 step with the
shape of DIPs.
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Figure 2. Phase separated structure of DIPs in an
A/B polymer blend

System size 1283, mesh size 2563, ypp=108, periodic
boundary conditions were introduced. The number
of DIPs is 782 and the volume fraction of the DIPs is

0.1. X aB= X ap=0.4.
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Figure 3. X parameter dependence of pair
distribution function of DIPs

The condition is almost same as Figure2 but x =X
AB= X apare changed.
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Figure 4. Comparison of calculation times [sec] for
various system sizes
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Figure 5. Calculation efficiency using 1 GPU
“b” means the block size of CUDA calculation.
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Figure 6. Calculation efficiency of weak scaling
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Theoretical study on the reaction mechanism of CO2z reduction reaction utilizing metal complexes.
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AIREHOEREIZAEIT, CO ETRICDHBRANROONTIVD, AFETIL ab initio EFLF
FEZAL. Rulbpy)(CO)MeCN)Clo Zfiif &9 %5 HCOOH 4R, CO £ B LU EIR IS &4 He A RLIZD
W EBRBLUHENHEESN TS RGHBOBHI R —F (VI SLEFMEL=. RISAEITT
BEAIEEA axial (L DIGHE & equatorial LDIZEEFHELIZHER. FA VIS LICKELERIEL LWTh
DEMETHLRBRDEBICE O TRICHNEITLIDETFRISN Tz, Tz bpy LICEAShIEMENRIED
BECEZADHEELRITLE EFEEQOEVPRANEBREDZEEZRTOPI ENREEDELIZE
AL TRGDOEEANER T DHBAREINT -,

It is of importance to finding out the mechanism of CO:z reduction reaction toward the practical
use of artificial photosynthesis. In this study, free energy diagrams of HCOOH/CO/H2 generation
reactions were evaluated using ab initio quantum chemical calculations. The reaction mechanisms
were hypothesized based on experimental results and calculations. Here, the H2 generation is a side
reaction. The calculation results suggested that the three reactions at the axial position proceed in a
similar manner with those at the equatorial position. The effects of substituents introduced on the

bpy ligand were also

investigated. The reactions could be

seriously affected through

stabilization/destabilization of intermediates with low electron density.

Keywords: COz reduction, photocatalysis, metal complex, reaction mechanism, DFT calculation

1. EREEW

REXIRILF—ZFFALTK(H0) EZB L RER
(CO)MLFEMEEMT HAIRAERIE. TRILF
—MEEHEKRR L RFICARRLIAEMELTE
BEh TS, HRE. SMBNATREREELIZLA
IHEREEHRICEBRTTRELL. Z0HEROM
EER-TERLR2], —A. ZALICATTE. BG5S
PDEORL EEEEAEDER. € CO: BRETT
DEBLEENROLNTIND, ChbEERT H LT,
CO: ETDRIGHERAIIEELEZAOND,

CoO: Ex RIEDMPFELLTHMO N B
Ru(bpy)(CO)2Clz(bpy: 2,2-EE )M CO BEiLF
FABUFRBREICEYTEF=R) L (MeCN) I
E#:L71= Rulbpy)(CO)MeCN)Clz [, KYUBLVEHEE
KL, FEBEREEBEDERN(TUVERAEBLTE
WEET DN RESNT[8]l, 22T EFILFHE
TRV, COBREMELT D COETRICDEIER
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BEHEH TS,

ZNETIX. Rulbpy)(CO)(MeCN)Cle AY axial i T
ERLE-2ERBEZR IS EEREL.
equatorial i (bpy B FDHFEIZKFEDHM) T
#1795 CO: BRRISEMHFTLTE =, LOLIEDS,
INTYYRREB T, bpy BEFIZTIILF/ILEO—
IWEEBAL, #iAFER)T—{ELTRAWSI3], RU<
—HOEKRESD FEEBDHBEINL-0H. TELLE
FICHERLLTHEETSEHEEIHIEEAOND F
=, CO2ETT RIS DRI £75 % Ru B A D H ([ axial
L TETTIRGEBUINRESNTLEEDLH D,
CDIENL, BERELTHETHEEIL, axial
TULRIEDEITT LHAIREMELH D, TEILDERER
YZBIEEEET HE, axial FID A equatorial £z
FULRIEENEL KYBEMICRIELEITT S
ML H D, TS TAMETIE. axial LI TETTEIR
BIZOWTHRIRLF—FAVISLEFEL.



equatorial i CHEL RIGELEELT-,

Ff-.bpy BUFEDZIFILEO—ILEITIIRT
WEEZNLTEASNSGD . TIXRTILEDEF KRS
ERIEDIEREEDERBIZBALMTHESTLVELN, £IT,
IRTIEFZEV-ETILOHEZTL. TOEEE
fEMTLT=,

2. Aik
2.1. SHEZIToF-RIGHE

1 ISRy SEATAEET RIS EETEL-, $;{K
DORYT—LFBMELT bpy BERIFLICEASKD
FILFNLEO—LEFT AFITATIL(COOMe) £
TETIELT=,

RIZHBEZITO-RIGHEZR 1 TR, RHPD
X [& axial fiz$,L<IE equatorial i@ Cl ZBRL N =ER AL
XY BIREELGSD He ERKICONTHEEEIToT=,
ERIEDEIEELEDRATYT (f-1, c-1, h-1) 1%, EED
RIEDFEMEEEZONS X(OH)ELT=,

FE.IXATLEOEZEF bpy BEFLED
COOMe # H ELT=EERICDVLVTRIBRDETEEIT-T
fEMTLT=,

£ 1. SHEE TR DHE
 SRPU RISR-EBER
HCOOH 4R
-1 X(OHz2) (aq) + CO2 (g) + 2H*(aq) + 2e-
-2 X(0CO) (aq) + H20 (aqg) + 2H*(aq) + 2e-
-3 [X(OCHO)]*(aq) + H20 (aq) + H*(aq) + 2e~
f-4 X(OCHO) (aq) + H20 (aq) + H*(aq) + e~
-5 [X(OCHOH)]*(aq) + H20 (aq) + e~
-6 X(OCHOH) (aqg) + H20 (aq)
-7 X(OH>) (aq) + HCOOH (aq)
CO &Rk
c1 X(OHz2) (aq) + CO2 (g) + 2H*(aq) + 2e-
c-2 X(COO0) (aq) + H20 (aqg) + 2H*(aq) + 2e-
c3 [X(COO)]-(aq) + H20 (aq) + 2H*(aq) + e~
c4 X(COOH) (aq) + H20 (aq) + H*(aq) + e~
c5 X(CO) (aq) + 2H20 (aq)
c-6 X(OHy) (aq) + CO (g) + H20 (aq)
Hy £ R
h-1 X(OH2) (aq) + 2H*(aq) + 2e~
h-2 [X(HD)]* (ag) + H20 (aq) + H*(aq) + 2e~
h-3 X(H) (ag) + H20 (aq) + H*(aq) + e~
h-4 [X(Ho)]* (aq) + H20 (aq) + H*(aq)
h-5 X(He) (aq) + H20 (aq)
h-6 X(OHb») (aq) + Ha (g)
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2.2. tEOBME

EFLEHEERAN. X 1 OFRTYIOBEAIR
WX —%ROI-, TOEBEZAVTRATYIEOBHET
FILF—ERADEHEL. TOEEEEZTOVLL
THHIRNX—FAYVITILEERLIz, EBEOX
TYIBICIT BB RENTFET HAREMENHLH. 5
FREDTFRESPEMELIBEN ZHFET BT
. —BHIZHENRETHD, ST HAYVI S L
tCRIREKEAIRILF—IERTIRTVTE
(BEELD)EELL:-. ERORTY T TERKELTEH
HAIRLF—IBKRIDEEF. ThoDEEHEMEER
ERIELT=,

2.3. AHEEH

SHEFELLT oBITXD FAEHET HEE N
#% (density functional theory, DFT) . ZEB# %
&L T Ru [Z CEP121G. £ D D Tt & I
6-311++G(d,p)E AL =, HH(aq LIS DK D 5> F7E
DETETIE. E# 9 B IKE T JL (polarizable
continuum model, PCM)Z# L. KD;AEMNRE%E
EELI-, £ TOFEF, AATOS 5L Gaussian &
AWTiTot=,

ENFREOXIRABHIRIIY—G (T BERE
EBICIREBEFEICEYRDT-, HHOKMBBIRIL
¥—% H(ag DBHIRIILF—GH (aglel. &b
FRICEREION-ELELTHONS GlH (ag)] =
—265.9 keal/mol ZRALT=[5], Ff=. e DBEHIRIL
F—Cle 'l EREDRNERBEDATYIOEHRT
FIF—DFELLLGEIEFDILFERTUOVIL(FEHE
fir) LT,



I BWRBLUBER
3.1. axial fii& equatorial 0D ELER

HEICKYB/ONEBRIRIILXF—FAVIILE
2 ISR FAVITILORIKIE, axial L&
equatorial i CHELEZERIIRoNG Moz, K0T,
axial I T3, equatorial L EFHEDIEIET CO2ETT
&IE (HCOOH £ B &U CO £/ U He ERLKR
IENETTEHEEZLND,

HCOOH &£ TIE. -5 i io -6 R T -7I2ESHE
BARLREL AG DBXREHV., RICDEEEF A
Sht=(KE2(a)) , —A. axial i & equatorial LD TR
IWE—ZE(F -3 BELY f-4 THEMAEL, axial LD
ADNENOT-, TOEHZHLMNITEHH. oD
ATYTICBNSPEAED R FHEES LT HOMO
(highest occupied molecular orbital, RE# &GH
DFEE) Z@EALIZ (B 3 8&UR 4), HOMO %
IZ bpy EEHLFLICIEADTULNVD, axial $IIZHITHK
IS TlE, CO: D—EBFIETIETHS OCHO NZEREHY
[Zbpy LIZRELTHEY. HOMO DR FEEZI(T5H, T
NIZxL. equatorial 2D OCHO (£ HOMO &1& Ru
EFRTTRAAIZHY . ZOKSHRFEEZITIZL,
WzIZ, -3, f-4 DIRILF—IX axial FIDANELE
HEEZBND,

CO £l BRI EIZ&K> TR LEDIRTYTIMNE
#7Y. equatorial i A c-1 M5 c-3. axial fiihHY cb M5
c6 EFRENTZ(E 2(0), =L, TDEIFFERE
(0.1 eV)LTF D=8, WEFNA[EEEL DM E B EEIC
(LETE TELLY AT VT ¢-2 A5 ¢-3 [FBEH SEEK
[CEFHLBETIBIETHY.c-3 b c4 (FTALY
MY 51BFETHS, SHETIE. Chox T THR-
= BFOAERT. EEROTON Z5IEMHT5
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LEZLND, RRIC. EBFEF>TOL O mIE
BFBHEFELID, LIzH > T, ShoDiBREIEH
ENICECDAEEMELN HD. COBBICE>TRTYT
c2h5 4 FTOEENLYENET L, axial L FH
& U equatorial SIDWFNE, BFED 5 M5 c6 F
THRGDEREELGYFD,

He £ RIZDVTIE h-3 A5 h-4 2T h-5 12ES
BENEREFASNE (R 2(0). RIGDOEEL,
axial LD A D equatorial L kY BIELNEF RIS =,
NIE FITRTYTh-4 DI R)LF—H axial LD
MNMEW=HEEZOND, EDREZHALMNCT 51
O . h-4 [CBRNDPEAERDOD FRESIVHEEDIE
BRIODMIZH ST SH LUMO (lowest unoccupied
molecular orbital, RIEZE D FENE) FLLELT- (X
5), axial fIMD K& TIL H2 A Ru ITFHEELTLSDIZ
*fL. equatorial fZM K> Tl&k Ha A Ru M S RREEL T
V3, LUMO [£X1= bpy LIZEA>TIN, axial £
D Hz &, 20 LUMO 3584, EBRIZSIEfIFoh
5128 .Ru LICHE-TWEEEZLOND, —A.
equatorial 2D Hs &, Ru Zf@TT bpy BEEFHMD
FEREN RN, EBREDHEEERAMNTEL, BEEL
PFNEEZLOND, He LIEBRIOHEEERDFED,
h-4 [2BETHIRILF—EITHIET HERMTES,

RISDREEE L, HCOOH £/ H$50.9 eV, CO &Rk
A9 0.7 eV, H: £EFAH 0.8 eV EFBENT-, BE
FEICE-oTRENIVERTHIEEERT HE. LT
NLERTETTHREEMELHSH. LHLELS, EER
TIZ HCOOH £@mARLEVEIG TERLTEY. [E
BORESEMELEN, ZOZEND, BEIELIEE
RO AR ER DB O, “EL EDERMENREELT-
WENFET HAREMNHLHEHEAEINT,

(a) () ()
+1.0 +1.0 +1.0
+0.8 +0.8 +0.8
0.6 0.6 +0.6
+0.4 +0.4 04
S +02 Z 02 = +02
— 0.0 ~ £0.0 — 0.0
g -02 2 -02 2 -02
04 —0.4 0.4
0.6 0.6 0.6
0.8 0.8 0.8
-1.0 _ -1.0 -1.0

1 £2 f3 f4 £5 f£6 7 el 2 3 4 5 b bl h2 h3 h4 b5 h6
AT T AT T AT 7

& 2.

HEICKYBONF-BHIRILEF—F (V5L (a) HCOOH 4HL, (b) CO A RL, (o) He R

(@:axial fif, A :equatorial {iI)
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B 3. RTv7 -3 2815 X(OCHO)D 7 FHEE
H LU HOMO (a) axial {iz, (b) equatorial i

(b)

B 4. R7v7 -4 (2N X(OCHO) D7 FiEiE
H &Y HOMO (a) axial iz, (b) equatorial {iz

(b)

B 5. X7v7 h-5 I2Bhd X(H) D5 FHEiE
H &Y LUMO (a) axial fiz, (b) equatorial fif

3.2. IRTILEDEEDRET

HEICKYBONEBEBRIRAILY—FIVYISLE
6 ITRT . TIRTILEDEVEREAMELT DRIG
FIRTFILEDOHDEADIGZE IYLEMIZ AG HME
W B BERIEDRRELEHEDATYT (£5, ¢4,
h-3) DIRIILF—HPET I HHER. WThDORIGLE
BAKTHEF RSN,

HCOOH £ Tld. A7y 7 -3 % £-5 128N 5 HfH
ENTOL DR INIZE->T+HL DEFRZHUVTHY,
BFBEMNMEL, PRI BFRKREIMED COOMe £
NENVANRELLHYZ D He £ TH. XATYT h-2
 h-4 [2+]1 OBEREFUFHEELHY . ChsDT

(B 20) KR |HESE

RILF—DETAZAVTSLEEEHITHLTIFT
W%, Ff=, CO £ TIE, C AITERAMLz CO:ELU
ZTDEXTHPEEDSIANEFRIINELD=O.
COOMe EMNEVWANEEMICKREELLZYED. T
SR WTNDBELRRELLGDRATY TN LE
EAHEDBEIZRSDICKYREGIRILF—A
BLRY BEMERT HEMINTESD,
LEDHERRIT. EFEEDEVFREAS bpy
LICBASh-EREDEEERHICRITPILLZD
ZEMDELISERLTEERNERT HHEBETE
5, £oTC. RIGDERICKEMICEE I HHREK
E.EDEFEENEERMBEDON FREERIATS
ETRIZGURFDEEZLOND,

4. FLH. SEORE

Ru(bpy)(CO)(MeCN)Cl: il % CO2 EITKR
it (HCOOH £/ME LU CO £RK) & ZDEIRETH
B Ho ERKIZ DT, 81K D axial S CTHITT DRIGED
BHRHIRLNF—FANYITILEFTEL. equatorial i
THETTIRIGELE Lz, WTADRIEIZDNTE,
FANT S LIZKEGERTEL, axial ML THEHD
BEICI S TRIENETTHEFASNI, =L &
BOR5lE HCOOH &M B LG HERIER T
SLEM ST, ZEIELI-EBEHDONE ZENBESL
TETTHIRENEELTLDAEELHY. 5.
RITEEDDILENH D, F1-. bpy LICEAIIDHE
BEOEZELBALI EFEEQERUVPREAIF
[CEREDEELZZTOI TOXREEDEICE
ELTREDEENER T HEENREEINT-, 51
FAREREBFEZ. LYBLEES LU ERYZERE
NRIADHDAMELF IR ETL IRETHILA K

2T 7 257

HEIZKYBONEBHIRILTF—FA4YST 5L (a) HCOOH AR, (b) CO £/, (¢) Ho &R
(@ :Ru(bpy)(CO)(MeCN)Clz, A :Rui4,4-(COOMe):bpy}(CO)(MeCN)Cls)
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TSUBAME £EIFIA SN2 EE EEXEMNA BEREE

BEHL—FIZETH5—7 oD REFBFEREZEFED FDTD EKIZ KL HHIEHET
Numerical analysis of target reflection and reception characteristics in automotive radar by FDTD
method

A HsE

Masashi Yamamoto

ELX: %L
Mazda Motor Corporation
http://www.mazda.co.jp

RCS(Radar Cross Section) [EA—4 " YrMoDL—4 RETEREETT EEZLTHETHSH . RCS FHEX
DEASEFEN THHAEREICEET S IEMA— VMM LT, RCS ERFRE NE LB ETLUBX D%
LY, 4Bl TSUBAMES.0 #;EFAL. EROEHL—F FEIKE(24GHz) . EMKRD 3-D Eilff CAD €T /L%
AWLT.RCS £x5tREH%E FDTD % (Finite Difference Time Domain method) THEBEHTLT=, FHE.
RERBAMNSEBEL- RCS OAEFMHX. STEXHISKOT- RCS DAEHFMEE—BLEVLEAH-T-,
L. RCSOAEHFEOEIMRILIZIZ—HBL TV, IHIZKY ., BEHOBETEERYI—7 vrOI—F
FEALSEEETDZIEENDEHEE RCS EEFMNLRIBFLHENTELAREMEREELT-,

RCS (Radar Cross Section) is an important characteristic to estimate intensity of reflected wave
from a target, but there are few studies on comparison analysis between reflected power from a target
vehicle and RCS for it in the case where the target exists at a short distance from a radar antenna,
which means it exists out of the RCS definition. This study addresses comparison analysis between
RCS and reflected power by the FDTD method with an actual onboard radar frequency of 24GHz and
full-sized 3D vehicle CAD model, using TSUBAMES3.0. As a result, the angle characteristics of the
estimated RCS from the reflected power calculated by the FDTD was not partially coincident with
the one of RCS, but the both fluctuation ranges were almost the same. Therefore, it was confirmed
that the fluctuation range of the received power with changes in the yaw angle of the target vehicle
could be estimated from the RCS fluctuation even when the target is at a short distance from the
radar antenna.

Keywords: Automotive radar, RCS, FDTD, Electromagnetic simulations, vehicle target

1. Ex&EHW

HEEES AT LACREEGIEVATLIZEN
TEHL A EETRERBOEELGE VT TN
AR THB, L—FHEER LD =HIZIX. 7Tt
TR AEI—FH) M 360 ELLTEERMEI—Y Y
MIBWT. AEEILICHSZREENEEBEEREL:
ET. 7T . EERE BELATINEOERE
HERFITDIDLENH S, RCS[IFE—F v oD
L—4 REREFIBET I L TEELFETHLH.
RCS M ERXTEERETUTHITHLTE—7 Vb
DNERRAICHFEL. RKESOBVRLERLGEDHIEN
BiREG D, EEL—F DIHE. RMI—TILETD
BRI R KT 200m FBEETHY.RCS FHERXDEHA
EENEL D, SEHIC A=Y ERDIBZE (&, S
R (24GHz, 7T6GHz) EFL—F DR RICERTH
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ARXNKREEH LUK THD-. I—AELITHL
TRZIEENP RCS BN KREEGH TN DS
TW3I[2], BHIK. RCS KYLEREICE—TYEDLDL
— 5 RETREERE CEAIEZILREILIIN TV,
FrOREMICEETIERI—Y VML T, k&
REHNE RCS ZLLEMBTLI-6BI[B]IE DA,
BRIRSSaL—2av(E 7oTHIcwT 554y
OB LCHMAEDEGERFILTCEVER
HCTRERELZEERT CEEREMETRILTES
. BRI —T VoD RENRDRELE LD AN
ZRAL RUZENSEZEREOBRMEEHRET S L
TEMTHD. — BB ERBFEOEMFRNIL.
LARL —REPCYBERFELE (PO &) . BAxF
LA (GO F)DALSND, LHL, ChEDEITF
RITERE O RBIEL R T LR O3B FiE



THEBEIALZEMRLLELUZEATHS A, BB
EICRELH D, - BREBRHOBFT TEERDH
=Ty D REIKDFE LG EFFEZEREED
[CERBWLCTHENT HILIETERL, — A, BEMEET
BINTHFELLT, BHRDXEXTHASYIRIT
IWARRZRICHBNEMLSAOERRE. BERATY
TEEDHIEMNSECFDTD i% (Finite Difference Time
Domain method) [4]h%8%%. FDTD i%(&. BHLK D
REMELAFHEONAZEREICBRTE, BEXT
VT EEDENOBYBLEESFETHAD. 23—y
FADARFINCT T FTETOEIBERRZFHICE
ERMTCTEARIELBERLAETHS, LHL., FDTD
EITRED 1050 1 UTORILTRTERZESEIL
THETLHH.ZVERFL—F OBITICITEKRGE
BEEROEVE. HERM)ZVELT HEENHD.
CNEIILF/—FTILF GPU 2H7T 5
TSUBAMES.0 W5 ETRRLEz, A0S
FTlE. TSUBAMES.0 LTERBEEEZEDSAX—LD
FDTD(2,4)i5EEYRD 3-D Eili CAD £7TI/LEH
WAIET. BREELEERMERREELT-,

SHEIX, EEMICHEEITIERI—7vrDI—F
#EieSE. (VAT VrREERSHE Poynting
Vector ZEIDMDAMHLRFKENDEHERE
BN H_E. ) RFKENE RCS ZHEBENT S
CEEHEMELT,

2. FEEH

FDTD ZTEBEI—TYMoDRFKEBET S
FODToTHEI—T YD BB R R MMEHRIRE
EHER1IC. ZDOMOFEZFHER 1 (27T, SE.
BHEBRICKDRITRFELE LT EREICRETT 51
HIZ.EYWAD 3-D Bl CAD 7—4% FDTD #H
[CAW:-. L. ETMOEEHILDRE M XEM
THIEEZ . ZAVYDITLROIAVEIDHSIRAED
FEAMBEIRYBRW -T2 A -, ElRY—7
YNMIL—EToT A EMLEICEEL, 7T IR
LTEREENMEXNTEHAEE 0° LT 54— vk
NIA—H{E£25° QEETEILSE . ToTTHHD
A—FIRBEIDFETOHERE. 8.0m &LT-, AN LD
TUoTIESIF S OEHMEEBELT 0.5m &L
o REKBENDERARE, 3—TIEELNSTUT

20

(B 20) KR HMESE

12 KTGAR-I - P5F Bk

+25deg

CBA=

« p i *AA\I
V 7+ 0.5m \\ T “:‘v_ - -~ -

o~
. " d, =3.1m

N
1.44m

gl
o 1.76m

EEK (RIFHSy=-1)

1. EfEA—45 D50 REHE D BT &4
%= 1. FDTD EDHEEHE

Bk 24.0 [GHZ]
fEHTZE M 1408 x 1152 x 5568 [cell]
TILHAX 1.249x10°[m] (=1/102
HEFE FDTD(2,4)

H—52%1 CFL 1.3632x10™

ATy 5.68x107"° [sec]
TEtR 1/2 BREAR—ILToTF +EHFELRK
EEEAN 7.575 [dBm]

SEXTyTH 45000 [E]

U iE R PML 32 B, R=1.0%2, M=4
EHOE float (GPU)

FTAHRAAN31Im OEEELIz, 7T G RIK LS
)RFEHL—F THLSN TS 24GHz &LT=,
JI77LURELTRAWS RCS AEHMEE. F—DE
i CAD T—4%MAL T Remcom #HEDLAFL—X
i% (PO j&& GO S EM/\(T1)yR)CAE TEELT-,
3. HERBLUBE
(1) REHRE N DR HRER D FET

FDTD &¥2al—2avTROEEA—7vbREE
RAMER2ITRT . 3—7ybDI—FHELD 4 54
DIERETRT A—TIVINREABRITDEBEERD
LT RENRDBFEIEET HENTE, 23— vk
NN REHREEAN_XLEMBFERNYELD,
2 &Y. A=yt DIA—AICLLTRAERDMILK
ERAMICEFRIZHHBL. BEEFRICEEBLDRBEOD
NwBHoT=, CNIF. B—TIYMIATT HERNT
UTTOODEEKEBEANMNDORFAEETENETS
2 DD/ NARDHY ., TD 2 DOEREHTDAEE
[CEYTFER/ONBENT-HEBREEZ D, T, COT SR
EIERIZ N IR—DTL— LGOI RIRF. T



(a)3—7vhAE:0°

()A—T Y AE:20°

(B 200 REBEE

(b) 32—y AE:10°

() B—4 v AR 25°

2. 3—=FyrREERSM

TAN—RBEDITYOHTHEVWREAEREHBILI=, 2
—SykDIA—/NEDHOIGE . SO DERIEIXE
Eg B0 2= Y2 AP TIEEMMICEVEE
THY., BORFTEIFEEL TSI LEHERTET,
A—FyMNEEIZB ITARMNRDEN ST (X-Z &
Y-Z Mm% 3 [TRY . AvhE 7o T HELEF D
ERRALTIETERRBOMETHS, V-Z H(EE
) CORFBEDEADHERSE. RE2 DD
[CHRETE . 7oTTARICHRRFAT 2R D ELZE
FRICRHTEIRADTHD COERNHBRITHE,
ToTHARICBIIRFTEHD DEWHANRE. T
THFOBA—7YNEREIZARGFTHERE/ARERE
EERBALTI—T YN AT LTZORITELN T T
FTICRBNRADEETHDHEERD. —H. LEAM
[ZLUET DD DIEIH/ AR, 7oTHFHALDE
BRSNSy THREL TEZARICETT 5/8X
CHRERFTENI—T Y TRARILOERIZHELV R 5T
LTIEWRI AN\ ADEELEEAD, X-Z BOKFEE)T
DREFERDE. A—TIENDI—ALO>TTUTTA
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FMANEHT S REBEDBEIIKRESELG LTIV = &
—7YbDIA—FHA 0° DLEFICRFREHERLKRE
LCHAENRKEGBIFEIZBEANMETTRIERTH-
fzo 1zfZ2L. 3—AD 20° HD 25° DEFF.ETR
FHRBHAMKEE>T M=,

Poynting Vector ® X-Z & K@) ZR D MEE 4
2R, Poynting Vector #R5&. 2—45 VyhAEMD
0° DFEIE, FAISEWLWNA/IR—TL—LHISDR
SERAT T ARICEURKRL T, f=7=L. k5
BO—BET7oTFARUNDEAIZHLEREL TS
CEEHRTE, COZERIE. AFENFEKRTIEA
ARRISEVLRTI—7YMIEEL TR AR
TW=l&s NyN—TL—LETL2EFETIELEL,
EHNICHEELG O TVWAIENSERARMICAEES
LI=&EZ %, - 3—7VrDIA—ANKELGDHET
UTFARNDRGHRIEFTEIGEO T =, Thik, /Y
N=—DL—LOFEBIAT7UTFITHLTERLI-CEE.
FoTTOEE#MEICEERI—F—EHHIEELT. 2
HADFNF=a—F—EBICAFLI-BIRA AL TR 5T



BhH [dBn.ﬁ]

(a) 84—y AR 0°

&5 [dBm]

@7 [A]

e
Poynting Vector [W/m?2]

(a)3—47vhAE:0°

— l—
Poynting Vector [W/m?2]

(c)A—TvrARE:20°

4, 83—y NEED RS D Poynting Vector

(B 200 REBEE

(b) #—4 v AE:10°

() Z—4 A :25°

- —
Poynting Vector [W/mZ2]

(b)Z—4 A :10°

Poynting Vector [W/m?2]

() A—T v ARE:25°

ZMs#Hm(LER. X-Z @)




T T T T
—O— LIhL-ERER
— © —FDTDRETEBANGROEHER

E#R{ERCS [dBsm]
I I

—20 |

25 |

-30
-25

L | | | | . | | |
-20 -15 -10 -5 0 5 10 15 20 25
target yaw angle [deg]

B 5. RCS AAERMOHAERR

LTz &EZ S, I—AN 25" DIFEIL. /A /N—D
L—LEERRTALEDDHEFERNI—F—TLIE
DEINGHTFoTFHFARICAE. BAEKLYLEIVR
FHEMNMEHL TSI LERERETE . Tz RA1—L
BOIYOMoDREEN T TFHARICEHKLTL
BENNHEIELHERTE . ChoDERIZKY. 3
—AMN 200 kUD 25° DA EHITREREAMN
REHoI2EEZ D,
(2) REHEE N E RCS O LLEfEMT
L—aARREERLERX (1) IZ&Y FDTD ETE
BLEREEBEAEBREL RCS & LAFL—RE
CAE T&HELT- RCS AEHMELEL-, CORE
#EX 5 ITRT L, L. B’ 5 ® RCS [E. mKIED 0
dBsm &745KSICIERIELT,

P.(4m)3d?d3
- I(DCGC)GT/;Z : 1)
CZT.oldRCS. PP (FE-ZEEN. G, -G, [TE -5
EB7oTFHTA0 . dd,[XT7 T eDE—7 v EE
BEI—T I DB AR DEMETRT,

CORERTIE. I—AHMN 0° (1° fHE) DEZIZWA
M RCS [FmPRELAGLTUL =, T = LAMFL—RiE
DFERTIE 10° (FF=(F-10° ) DEFIEFKREETL
THY.1° OHfELLEARSE 25dB EBEEDENHoT=,
—7. REEEBE AN DRDHT= RCS DIERTIZ 10° T,
BETHERIZHINLAN —REDHRIZTERIEY
RCS ETIFRonGEhot-, COERF. LAL—R
FEHETCETERBHICEDIAFTRERSFTRDOLET
RCS #5tHT5DIZxLT. $ED FDTD AZFHHET
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FEAR—IWToTFHILDMEITMA T, 2—7 vk
FTOEBMNEN-OHICHBERICEVERAASL
TRELEIET, ARFEDO MBI BI>TLAENIE
NEZOND, T, T T BE—yhETOIERE
DRV ETEA—F IR DRIREY A X DEEE KEL
RERLT=- RETRMN BRI AICHZELTSY., RCS &=
DEHEEGSI21=HEEZ D, 21ZL.0° ~25° D
HEE TR E WADFERICITRKIED RCS ITHA
T# 25dB OEBLHY. EHEEIFIF—HL TV,
4. FL&H. SHORE

TSUBAME3.0 #EFRAL. ZEEOEHL —F BEIKRH
(24GHz) . E¥R® 3-D Eifj CAD ETI/ILERALT.
RCS LR TR EHDBEHRE FDTD A THRIERETLT =,
R RFRENNSHBELT- RCS BERMEELAH
L—Xi%k CAE T &L= RCS AERKME. —HLE
WATA S o= EEMR X FIF—HLTLV =, Thic
&Y EEHOIGETLERI—7 YOI —AZEL
SE-EEDZEENDOLEHEE RCS ZEMNORIR
HHIENTEH AR Z LT -,

SE® FDTD &M 1 FHOFHEICIE. 29 /—FD
116GPU ZfERAL. A€V E (I 3TB, FHEFMIE 11.8
B TH o7,

SHOBREIE. BRI RES A XDEB/I—7 Vb
[CXLT. REOEHL—FEKHD 76GHz %
24GHz DB T, RCS LZEHF M DB R AZAIZERY
HEZETHS,

ZE X
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Free energy analysis on stable structures of amyloid—forming peptide
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RFHAFEIZ AL -3 TEHIRNF—F5HETHILICKY. PIOMNRBREARTFROREREEE
EMICEHELIZWV AV NV BIEBEROBEETRYS5-H. FTIEFEOADHEEZEIDE=OIZ, FBEN
KYBRAELRER D FTHASDNADKFEEHAWTEIDRYSIaL— 3 E T RELRLEEEHELEZ. 20
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W= KFFEEUNDFEELNINTNSEEZ NS,

I would like to quantitatively evaluate the stable structure of amyloid-forming peptides by
calculating the free energy in simulations. Since proteins can take on multiple conformations, I first
performed steered molecular dynamics simulations using a fragment of DNA, a biomolecule with a
clearer structure, to verify the effectiveness of the method by calculating the work to unwind the
double strand. As a result, I obtained the unexpected result that a chain with only adenine-thymine
base pairs, which has the lowest number of hydrogen bonds between bases, requires the most work.
Since the change in the number of hydrogen bonds is actually the smallest for the adenine-thymine

base chain, it is likely that contributions other than hydrogen bonds are in effect.

Keywords: #2/189& . DNA, SMD, +%. BHIR/IL¥—
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Materials science of batteries and catalysts via first principles calculation
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EBM-MEIEBSIVERE (R)MOEBHEEIN. EMHOYMENEE N -MIEDREICKEGEEE
BZ%, SBIZENoDREFRAICESITHIEERIGIEIEZLGRBIELLGO>TLD, LOALEGASFREEESOHMH
NEDEF - AAVBBEZERNICZOGEHRETHEIEVELICEHLL FRALGRANZLD, EAXID L%
MARBRICOVT, EF- RFREBEEBEICRICLEDTELIE—REHEZRAVV - BRI EARET
TEf-, AFARETIE TSUBAME #Ff AL T, FIc2BER BN ORI MEREICE T4 EiEE i
THIRFICOWTC, F—REDFENFHEEREL-RREETL . TOHER. (A UBEBOFREIKED
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We have been working on microscopic processes in materials in battery and catalyst by means of
density functional theory (DFT) based first-principles calculations with certain accuracy. In this
project, with TSUBAME, we examined the effective descriptors for ion transport in Sulfide-based
solid electrolyte by DFT molecular dynamics, and demonstrated that, in addition to the bottleneck
volume around the transition state, the Wyckoff-site volume around the metastable site for ion is also

responsible for the ion transport.

Keywords: F—[REFE. 7 FENE. EEM., MF. HEHRYK
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IE, BKBEEYDOBBEREFZLELTEARSBAENLGHARIN TS, ERIFINETIC MD 222l
—3312&% carbamazepine EFTIRARMEFITH S Rutin-G NS DEA D EUAD AR - FEEICIILIz. KK T
[E.MD 22alb—2avERANT, FEEYE Rutin-G Mo 5EERS BUADEB 4T lEEMRELIz, MD >2al
—2avDEFHMFHEAN SFON - YL Rutin-G DFFMEIL. DSCBIEICEYERITRO-BBMDHEREEL
LTz, COFERKIY . MD 22al—2avItkHEE A . RS BEADORE T MEZLLTERT
HHEBRELT-,

33X 8% (100 words F2E)

Nowadays, solid dispersions have been widely investigated to improve the solubility of poorly water-
soluble drugs. We have succeeded in preparing and evaluating the solid dispersion consisting of
carbamazepine(CBZ) and Rutin-G by MD simulation. In this study, the molecular mobility of the solid
dispersions containing various drugs with Rutin-G was evaluated. The miscibility between drug and
Rutin-G obtained from MD simulation was in good agreement with that obtained by DSC measurement.
The evaluation of molecular mobility by MD simulation can be a useful method to evaluate the stability
of solid dispersion.

Keywords: FEen &, EIESHIK ZFREIBEEH MD >3al—3>
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BE FIREEREFED DS IDKITBEITFIZLKL, W FBADHKEEENZEFREILTSHET.EY
BOKEBHUFNELTRHWSICITZDAEMEERET D DBERERUVNATTRASE)T4EHETESL
CENRBETHS, ChoHKAEYDBHERE PH|ESN TS, T, REEBHERITE (DSC)IZ
FEELTEKRD AN EITONS, BESEIKIZE KUY, HALEYE Rutin-G DEERS AL RSH
WT.EMTERERETHEELTEY . ERIKEX BIENTREINTULS, LHL. Rutin-G LR ELEES
YIRILF—MICEVKETHL-O. GVNBEHRER BMAERRT 2EMDRFEICOVTIEITHATHY. £
VBREEZTRY . — A EMERMBNICHBESES DIRHIESA X ITF—TH T, AARTIE MD L=
CET.EYOREREEMFIL. BALSBAEDREL alb—2avEANT, FEEYE Rutin-G MHEHE
IZHF5LTWS, AKRBAELHREL. TN DERSBAEDREILAS
BEADBAEDF Y IT7ELT, &R0 FIEEAENARS =X LOBRAEIT T,
NTWE, LIOLELS, SR FIEAEDDFEIXKE
W=o . REMLERHFDOEBENRELGL>TLED, W=
BROBARTIL—TTIEFREEEERFIMNEITH 1. BEMRsaAE0RS
%a-glucosyl rutin (Rutin-G) & EHAZBUKICALS T+ RILTYIRZFH—FRANT, EYPR U Rutin-G %
)7 ELTHEL TS, Rutin-G [X Rutin(E4I> P) & EILE 11 TIHNMEREL. MEMESYMPMNZERFT=,
EERWEIZELY glucosyl fELI-ILEMTHY . BRKE  EHPMZEEL. FYO—TRYIRZAVT. $4mg D
T 5 flavonol B3R EHKETHAIMEZTE T 5. Ch Al 7AA—FRBLE-BZEZEFH/NNVIZANT,

29



HITACHI DSC7000X Z FiLY, 50 mL/min @ N, SRE K
TCERADBADAES LY DSC BIEEIT>T=, #]
812 10°C/min T 200°C £THIEL . 3 min FE#FLT=,
#ELYT 10°C/min [2T-20°C £THHLEERS BUAZE R
L1z, ZLT. 10°C/min T 200°C FTHREBL =,
2. BEERSEADMD 2alb—3ay
4 DD EY) (acetaminophen (ACT), bifonazole (BFZ),
nifedipine (NIF), phenylbutazone (PBZ)) Z AL =, E¥)
SFE Rutin-G 50 B FEIUF LICEABEREH

DEIIZEELT-, cNEIRIILF—REILTHIET,

VEABEZEEL-, DSC NTEBL-EHEEL-
BEBEIZT MD YIal—iarvEHRL, KREEYL
Rutin-G M55 EAR S EARZRE L=,

BRBLUBR

DSC NTHREL-EARSBAED DSC g% Fig. 1.
[Z5RLT=o ACT R U BFZ EAS 8RR D DSC #ifRIZEH
WC.E—DHSREBR(T)HEHLA ERRY
Rutin-G HIMIFERBEDHSREBICHEXT HE—VIF
BRI Hh 21z, COTEMD, ACT BV BFZ (&
Rutin-G &+4ITRFLTWSIEN RSNz, —A.
NIF R U PBZ EA 7804 D DSC BIfRICH LTI, &
RANCEMERD T, LE R I (data no shown) , 5
[CEPOERZIERUBMAEICHET IE—IHRHL
Nz, ZOZeEMD, ThoDERSEADIXEYE
Rutin-G A3 M85 AL . NIF R U PBZ & Rutin-G DR

HIFIENEEZSNT=,
BFZ/Rutin-G T,
T
NIF/Rutin-G

J\Af//

PBZ/Rutin-G
/\ ﬂf**‘__’/

f T T T T T T T T T T 1

100 150
Temperature (°C)
Fig. 1. DSC profiles of each solid dispersions.
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Fig. 2. ACT/Rutin-G and NIF/Rutin-G solid
dispersions in MD simulation.
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E X

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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AR, BHRTIZIIELARVS, 2 F IS HRE T DL RO T DR AR S HOLAHEATE R S T\ 5, ZOH
BITEHEFH LRI CND, VT JAFL_UFHERD CN-MBE [ JEEF LR A R aHET
HY, TR Sy B LT IRAE T B IR (9) fE1E 0.001 THDHAS, BEHEL TR TR i 107258 O fE
12 0.69 £THIRKT 5, 20 CN-MBE (1ZiZ E (k& Z (R0 2 FEEHD BMERDR DY, 20 2 DD BAEARDI B EEE
FEFBBNSNDDIZL EAROZTHY, ZIRITHEEEE THRALDBMSI20, Z0L5I1Z CN-MBE i1
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B HHER (100 words F2EE)

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 Fform 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 Zisoform 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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FE: Analysis of transmembrane transporters by molecular dynamic simulation
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[REE 2 NV BIRBEYMECERGED S FERRRNICEEX T H2EELRINZRLLTLS, LHALELDEY
NYETIIZDFHMED FHBEIASHIZE>TOEN KRR TIHE Y7 [E#E S22/ UE SLC26A9 D
FARBIVEFEEZERDODFHNFEII2L—2a3 T EEMEORBORRZHA-. ZEEDY
2aL—YavTREBS FORBEOEENGBSN ., FLEENIV /N VEDTMERICLREESA TV CE
Mo, BEEBED-OICEEZLD FOESHDLERANBASNIGoT=, =, CO 5 FHEEITEIKRNRNT SLC26A9
MM DIEEE I N\ BICHMGREER T THERMICEBILEZTRTELTID,

Transmembrane transporters play an important role in transporting molecules such as nutrients and
drugs into cells. However, the detailed molecular mechanism of many proteins has not been clarified.
In this study, we performed molecular dynamics simulations of the wild-type and a pathological
mutant of the chloride ion transmembrane transporter SLC26A9 to elucidate the mechanism of
substrate transport. In the mutant simulation, inhibition of substrate binding was observed, and
mutations also affected the dynamic behavior of the protein. From these results, the mechanism of
molecular motion, which is important for substrate transport, was clarified. This molecular
mechanism also indicates that SLC26A9 collectively functions the dynamics influence of the other
transmembrane transporter in living cells.

Keywords: Membrane protein; Transporter; Molecular dynamics; Pathological mutation; Ligand
binding;
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In this study, the influence of floodwater on a ship response and longitudinal bending strength of a
damaged hull was investigated. By using hybrid parallel computation on TSUBAMES3.0, nonlinear
fluid behavior including internal floodwater was simulated by a large-scale explicit MPS method
with 150 million particles. Then influences on an added mass force and a damping force of a
damaged hull were presented. In particular, in order to discuss the details of internal floodwater
effects, we investigated the importance of the existence of a damage hole on the radiation forces of a

slender ship.

Keywords: Damaged ship, Floodwater, Radiation force, Explicit MPS, GPGPU
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Fig.2 Time series of simulated radiation forces Fig.3 Time series of simulated radiation forces
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Fig.4 Interaction of water and a damaged hull Fig.5 Interaction of water and a damaged hull

under a forced sway motion at period of 1.39s under a forced sway motion at period of 0.57s
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H 3 . Simulation of Physical Processes with LRnLA Algorithms

Yasunari Zempo
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Computer and Information Sciences
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A, W% CPU-GPU R CTT — ¥ O AEIT S L. KIERA—/N—~y RPEUART 4 —<  ARKT
T B AR H D, temporal blocking ZfEHT D &, T — X RWMOEELE T LN TE D, Fxid
wavefront %! temporal blocking 7/ = U XA TOT —Z B ICERGF SN 728 LT — 2 15 % B %
HTHD, ZOH LT —XREEERICHIT, BT RLVY <~ EOFEOTSDO LRnLA 713U X A
ConeFold IZDOWTTARLTWHEZATH B,

For memory-bound problems with local stencil, the GPU increases the simulation speed compared to
CPU processing. But if the data size does not fit the GPU device memory the CPU-GPU exchange
can become a significant overhead, and decrease the performance. With temporal blocking, the
exchange can be concealed. We develop a new data structure that is designed for the data
synchronization in the wavefront-type temporal blocking algorithms. The data structure is tested for

LRnLA algorithms ConeFold for Lattice Boltzmann Method computations.

Keywords: LRnLA algorithms, temporal blocking, data structure
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In this project, we improved the efficiency of communication of RaNNC, automatic parallelization
middleware for training very large-scale neural networks, and tested RaNNC’s features using
TSUBAME. RaNNC automatically partitions a neural network for model parallelism. After we
performed comprehensive performance tuning using TSUBAME and our clusters, we compared
RaNNC with some existing frameworks. The experimental results showed that RaNNC can train
models five times larger than Megatron-LM, a well-known framework for training very large
neural networks with model parallelism, and RaNNC’s training throughputs are comparable to
Megatron-LM’s when training the same models. We also improved the robustness of RaNNC
though tests using TSUBAME and released the source code on GitHub.
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A wide range of combinatorial optimization problems can be reduced to the quadratic
unconstrained binary optimization (QUBO) problem. In recent years, researchers have proposed to
solve QUBO on FPGAs, GPUs, and special-purpose processors. The adaptive bulk search (ABS) is a
framework for solving QUBO in parallel on multiple GPUs. In this study, we propose a scalable
implementation of the ABS Our results on TSUBAMES3.0 suggest that the solution quality improves

as the number of GPU increases, and show linear improvement of the search rate.

Keywords: parallel computing,
optimization
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FCHME (100 words T2 )

High-order numerical methods can offer several advantages over conventional, low order methods for
fluid dynamics simulations such as higher accuracy and computational performance. A major
limitation of high-order methods is their susceptibility to the Gibbs phenomenon, preventing them
from accurately resolving sharp interfaces. This work presents a method for capturing sharp interfaces
using the high-order Flux Reconstruction approach. The numerical accuracy of interface normal
vectors i1s improved by utilizing a preconditioning procedure based on the level set method with

localized artificial viscosity stabilization.

Keywords: Flux-reconstruction, High-order methods, Multiphase, Phase-field, GPU computing

E=LBEM
Recent trends in CFD research indicate a
steadily increasing interest 1in high-order

numerical methods. The ability of such methods
to produce results with more accuracy on coarser
grids when compared to conventional low order
methods resulted in a growing consensus among
CFD practitioners that high-order methods may
constitute the basis of next-generation CFD
research tools. Furthermore, high-order methods,
such as the flux-reconstruction and discontinuous
Galerkin methods have compact stencils which
renders them  particularly  suitable for
computation on modern hardware such as general
purpose graphical processing units (GPGPUs).
However, these methods have seen little use for
multiphase simulations due to their susceptibility
to the Gibbs phenomenon; the appearance of
spurious oscillations in the wvicinity of
discontinuities and steep gradients makes it
difficult to accurately resolve shocks or sharp
interfaces.

In order to address this issue in the context of
sharp interface capturing, a novel, preconditioned
and localized phase-field method is developed in
this work and hereafter referred to as the Flux

55

Reconstruction Preconditioned Phase Field
method (FR-PCPF). The numerical accuracy of
interface normal vectors is improved by utilizing
a preconditioning procedure based on the level set

method with localized artificial viscosity
stabilization. The developed method was
implemented in the framework of the

multi-platform Flux Reconstruction open-source
code PyFR [1]. Kinematic numerical tests in 2D
and 3D conducted on different mesh types showed
that the preconditioning procedure significantly
improves accuracy with little added
computational effort.

i

This research aims to develop next generation
CFD techniques for solving incompressible, free
surface flows. Such phenomena are important in
a variety of fields and applications such as
flooding and tsunami simulations, applications in
naval and marine engineering, and nuclear fusion
applications  (flow of liquid metal as
plasma-facing material). This development is
based on the high-order Flux Reconstruction
method, which allows obtaining more accurate
results while utilizing modern hardware more



efficiently when compared to conventional CFD
techniques. The TSUBAME super-computer was
used to carry out simulations for testing and
validation of GPU-accelerated, high-order CFD
code for solving free surface incompressible flows.
The simulations aimed to test the accuracy and
computational efficiency and scaling of the code
for problems involving a large number of degrees
of freedom.

BRBLUBE

Results from numerical benchmark tests that
were carried out have shown that the FR-PCPF
method 1s able to produce results that are
comparable to some of the most accurate low and
high order methods by using second order
polynomial basis. Increasing the polynomial order
further improves numerical accuracy. Figure 1
shows simulations of the Rider-Kothe vortex
benchmark case [2], where the black dashed line
is the initial state of the droplet, and the red line
shows the final state, which demonstrates the
good accuracy of the method.
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0.4 0 0.4

Figure 2° Rider-Kothe simulation using the
FR-PCPF method (red line is final state and black
line is initial state of droplet)

The FR-PCPF method is shown to be able to
conserve mass and resolve challenging interface

features even with long time integration.
Increasing effective resolution (by either
increasing the polynomial order per

computational element or by increasing the mesh
resolution) was shown to produce consistent
improvements in global mass conservation,
accuracy and the ability to resolve complicated
interface features.

The FR-PCPF method’s

applicability to
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multi-phase flows has been demonstrated by
coupling the interface capturing algorithm to the
Entropically Damped Artificial Compressibility
(EDAC) Navier-Stokes system of equations, and
simulations of the Rayleigh-Taylor instability (in
figure 2) and bubble rise problems yielded good
matching with previously published results.

t=05 t=15

t=25 t=30
Figure 1° Simulation of the Rayleigh-Taylor
Instability using the FR-PCPF coupled with the
EDAC formulation using different polynomiai
orders
FEH, SEOEE

In this report, progress on the development of a
high-order method for interface capturing for use
in high-accuracy and large-scale simulations has
been summarized. Satisfactory results of
benchmark tests were obtained. Future work
includes optimization of model parameters and
extending the range of tractable density ratios to
cover those needed in applications such as liquid
metal flow in low pressure environments.
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Since dielectric properties of natural materials such as soils are frequency-dependent and they are
often expressed by the Cole-Cole model, it is difficult to incorporate the material properties into
time-domain electromagnetic simulations for analyses of propagation in millimeter-wave band. In this
study, we use a new finite-difference time-domain method and perform parallelization on the
TSUBAME 3.0 GPU cluster to accelerate the calculation of millimeter-wave propagations. As a result,
the acceleration rate performed on the 4 nodes with 16 GPUs was approximately 20 times faster than

that using common workstation with 24 parallel threads.

Keywords: Large-scale simulations, Flectromagnetic pulse, Frequency-dependent, Finite-difference
time-domain method, millimeter-wave
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H 3% (100 words F2E)

B-lymphocytes produce antibodies (immunoglobulins) with diverse DNA sequences even within the
same individual in order to respond to all antigens. Understanding the diversity of antibodies is one of
the most important clues to understanding humoral immunity. However, little is known about the
structural diversity of antibodies produced by a single individual and the extent of structural diversity
of antibodies among multiple individuals, due in part to the use of many computational resources. In
this project, based on the human antibody amino acid sequences obtained by our laboratory using
single-cell sequencing technology, the structures of a large number of antibodies were analyzed by
molecular dynamics simulations to obtain results on their structural diversity.
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HCHME (100 words F2)

Recurrently high prediction accuracy is achieved by applying graph neural networks (GNN) to
predict the activity of drug candidate compounds and physical properties of new functional
materials, and machine learning models such as RNN / LSTM to predict vegetable market prices. It
has been realized. In this application, in order to further improve the prediction accuracy, we
collected various data on a large scale, applied proper scrutiny, and verified the most advanced
machine learning model. In this year, calculations were mainly made for efforts to improve the
accuracy of activity prediction. As a result, we were able to grasp the effect of hyperparameter
changes on prediction accuracy and the nature of prediction due to differences in target proteins.

Keywords: DNN, GNN, RNN/LSTM, QSAR
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In this study, we developed a model for detecting urban slums by image recognition using deep
learning on satellite image data. We trained a semantic segmentation model on high-resolution
satellite images for cities of Maputo and Beira in Mozambique. The accuracy (IoU, F1) was 0.833 and
0.909 at 3.0 m resolution, 0.842 and 0.914 at 1.5 m resolution, and 0.872 and 0.932 at 0.3 m resolution,
respectively. However, the results of applying the model to a wide area were with cases not matching
with the training data. We will proceed future works to apply not only image data from satellite
observation, but also features of the spatial structure of cities, such as density and regularity of roads.
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Model Data Overall
Resolution Resolution Accuracy
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Precision Recall F1Sc loU
0.909 0.889 0.932 0.872
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In order to establish a four-dimensional imaging method from cryo-electron microscopy data, a
simulation for a cryo-electron microscopy experiment of a protein was performed. Projection direction
was assumed to be fixed at a certain value. It was found that the structural change of the protein
obtained using the four-dimensional imaging method was consistent with the correct structural change.
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X ER (100 words F2E)
To explore the effectiveness of the heat transfer enhancement by fractal roughness which has the same
roughness elements at different scales, we performed the direct numerical simulation of turbulent heat
transfer over walls roughened by multi-scale roughness elements. The roughness increases the heat
and momentum transfer leading to the enhancement of the skin friction and heat transfer rate; however,
the augmentation of the heat transfer is generally smaller than that of the skin friction. However, it is
found that the multi-scale roughness yields more ideal heat transfer performance than the single scale
roughness; that is, the multi-scale roughness leads smaller drag increasing but larger heat transfer
enhancement. This suggests that the fractal roughness has high heat transfer performance.

Keywords-:rough wall, turbulent heat transfer, lattice Boltzmann method, direct numerical simulation,
fractal structure.
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3 : Large-scale computing of pouring coolant on the electric coil
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FEXHER (100 words FEE)

To investigate the coolant behavior poured on the electric coil, the large scale two-phase simulations
were carried out for the liquid poured onto the simplified electric coil. The accumulated horizontal rod
arrays are employed for the simplified coil model, of which layer is crossed with angle. The
computational results show that the poured liquid spreads on each rod layer not only for the rod
direction but also the spanwise direction, then goes down to the layer below. On the layers below the
top, due to the capillary force between the above and below rods, the liquid spreads wider than the

upper layer.

Keywords: 5DF2E Cooling of electric devices, coolant behavior, two-phase flow, phase-field, lattice

Boltzmann method
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FE 3 : A study of light emission phenomena using fluctuational electromagnetic simulation
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AMETIE, FEEFENLEF (light emitting diode ; LED)ZFAL V= #4274 +,=% X (Thermophotonics ;
TPX)FEEVATLIZERL:. SNIEXIIVARIZ LED ZHWVWAIENEHTHS. LED TlE, EEXZEHML
TIHFEIKREBIZTEHILET, TV VDEAICKDERMETLIFRLESI-IL YA LEREUREFE(ENDH
KEELD. ZODR0, BABICEBVWTEENELIRILF—EENTELAEEMENHS. TPX L RT LI,
RELBNEEZAIAREFETHS. T, NMTRAOMNTAEIRTHIETHAEELTHLIRATE
5.

FE X ER (100 words F2E)

In this study, we focused on a thermophotonics (TPX) power generation system using
semiconductor light emitting diodes (LEDs). This is characterized by using LEDs as the emitter. In
LEDs, by applying a voltage to bring them into an unbalanced state, light emission called
electroluminescence, which is different from blackbody radiation according to Planck's law, is
generated. Therefore, there is a possibility that highly efficient energy transportation can be
performed even in a distant field. The TPX system is a power generation method with a large power

density. It can also be applied as a cooler by devising how to apply bias.

Keywords:thermophotonics, light emitting diodes, electroluminescence, power generation
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Fig. 2. Spectral heat fluxes with different gaps.
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F X :Quantum chemical calculations for the physical properties of the passive film
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The steel in a high pH environment forms oxide film called a passivation film. However, if a lot of
chloride ions exists, the passivation film is destroyed. One of the major issues in corrosion chemistry is
that the mechanism of formation and destruction of passivation films has not been elucidated. The
purpose of this study is to clarify the physical properties of the passivation film by quantum chemistry

calculation.

The main substance of the passivation film formed by steel in a high pH environment is a-FeOOH. In
this study, we calculated the stable structure of a-FeOOH. After that, the -OH of a-FeOOH was
replaced with chloride ion, and the stable structure was calculated again. As a result, it was clarified
that the lattice constant of a-FeOOH changes according to the substitution of chloride ions.

Keywords: Passivasion Film, Quantum chemistry, goethite, Chloride ion, lattice constant
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